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<XVKFKHQNR .� $�� .DUDVHYVND\D 2� 3�� .RWHQNR 6� 6�� 3ROLVK�
FKXN (� 3�� 6DYFKHQNR 9� 6�� 6DGHU\ %� $� 2Q WKH SUREOHP RI
ZHOGHG MRLQWV LQKHULWLQJ WKH VWUXFWXUH�RULHQWHG FRQGLWLRQ RI PHWDOOLF
PDWHULDOV ��������������������������������������������������������������������������������������������������� �
6KOHSDNRY 9� 1� 0RGHUQ PHWKRGV RI LQYHVWLJDWLRQ� SUHGLFWLRQ DQG
HYDOXDWLRQ RI SURSHUWLHV RI IOX[�FRUHG ZLUHV ����������������������������������������������� ��

9HOLNRLYDQHQNR (� $�� 5R]\QND *� )�� 3LYWRUDN 1� ,� &DOFXODWLRQ
DOJRULWKP IRU HYDOXDWLRQ RI DGPLVVLEOH GLPHQVLRQV RI ODFNV�RI�SHQH�

WUDWLRQ LQ ZHOGHG MRLQWV H[SRVHG WR D FRPSOH[ VSHFWUXP RI F\FOLF

ORDGV ������������������������������������������������������������������������������������������������������� ��
5\PDU 6� 9� 2SWLPL]DWLRQ RI WUDQVIRUPHU ZLWK LQWHQVLYH WUDQVYHUVH
PDJQHWLF OHDNDJH IORZV ���������������������������������������������������������������������������� ��

.RU]K 9� 1�� 3RS\O <X� 6� 3URGXFLQJ D IODPH�VSUD\HG FRDWLQJ LQ
XVH RI K\GURJHQ�R[\JHQ IODPH ����������������������������������������������������������������� ��

,1'8675,$/

3LVPHQQ\ $� 6�� 3ROXNKLQ 9� 9�� 3ROXNKLQ 9O� 9�� 3ROXNKLQ
<X� 9�� 3URNRIMHY $� 6�� 8GRYHQNR 9� *� 0DQXIDFWXUH DQG DSSOL�
FDWLRQ RI WKLQ�ZDOOHG VSLUDOO\�ZHOGHG SLSHV ������������������������������������������������ ��
.RQRQHQNR 9� <D� 7HFKQRORJ\ RI ZHW PHFKDQL]HG ZHOGLQJ LQ FRQ�
VWUXFWLRQ RI 3ULUD]ORPQD\D RII�VKRUH SODWIRUP �������������������������������������������� ��

%ODVKFKXN 9� (�� 6KHOHQNRY *� 0�� 7UR\DQRYVN\ 9� (� :HOGLQJ
RI WXEHV WR WXEHVKHHWV LQ WLWDQLXP DOOR\ KHDW H[FKDQJHUV ��������������������������� ��

0DVKLQ 9� 6�� 3RNO\DWVN\ $� *�� )HGRUFKXN 9� (� 0HFKDQLFDO

SURSHUWLHV RI MRLQWV RQ DOXPLQLXP DOOR\V LQ FRQVXPDEOH DQG QRQ�

FRQVXPDEOH HOHFWURGH ZHOGLQJ ����������������������������������������������������������������� ��

%5,() ,1)250$7,21

(U\RPLQ (� 1� $ GHYLFH IRU ZHOG IRUPDWLRQ LQ HOHFWURVODJ ZHOGLQJ ������������� ��
/HEHGHY 9� $�� 3RVWRODW\ 1� ,�� 0RWU\ $� 9� 0XOWL�IXQFWLRQDO
ZHOGLQJ FXUUHQW VRXUFH ����������������������������������������������������������������������������� ��

6NRVQ\DJLQ <X� $�� /HVQR\ $� %� ,QIRUPDWLRQ�UHWULHYDO V\VWHP
�(OHFWURGHV IRU DUF ZHOGLQJ� ��������������������������������������������������������������������� ��

1HZV ������������������������������������������������������������������������������������������������������� ��

3DWHQWV LQ WKH ILHOG RI ZHOGLQJ ������������������������������������������������������������������� ��

1(:6

�QG ,QWHUQDWLRQDO &RQIHUHQFH �/DVHU WHFKQRORJLHV LQ ZHOGLQJ DQG
SURFHVVLQJ RI PDWHULDOV� ��������������������������������������������������������������������������� ��

�WK ,QWHUQDWLRQDO 6FLHQWLILF�7HFKQLFDO &RQIHUHQFH �&XUUHQW WHQGHQ�
FLHV LQ SLSH PDQXIDFWXUH IRU WKH PDLQ JDV SLSHOLQHV LQ 2-6&
�.KDUWV\VN 3LSH 3ODQW� ����������������������������������������������������������������������������� ��

,,, <RXWK &RQIHUHQFH �:HOGLQJ DQG $OOLHG 7HFKQRORJLHV� ���������������������������� ��
7HFKQLFDO 6HPLQDU LQ WKH .DNKRYND 3ODQW RI (OHFWULF :HOGLQJ (TXLS�
PHQW �������������������������������������������������������������������������������������������������������� ��
,QWHUQDWLRQDO 6FLHQWLILF�7HFKQLFDO &RQIHUHQFH �0RGHUQ WHFKQROR�
JLHV RI PHWDO WUHDWPHQW� �������������������������������������������������������������������������� ��

,1)250$7,21 ��������������������������������������������������������������������������������� ��

'HYHORSHG DW WKH 3:, ������������������������������������������������������������ ��� ��� ��� ��

(',725,$/ %2$5'�

(GLWRU�LQ�&KLHI

%�(�3$721

<X� 6� %RULVRY� 1� 0� 9RURSDL�

9� )� *UDELQ� $� 7� =HOQLFKHQNR�

$� <D� ,VKFKHQNR� ,� 9� .ULYWVXQ�

6� ,� .XFKXN�<DWVHQNR�

<X� 1� /DQNLQ�

9� .� /HEHGHY �YLFH�FKLHI HG���

9� 1� /LSRGDHY �YLFH�FKLHI HG���

/� 0� /REDQRY� $� $� 0D]XU�

9� ,� 0DNKQHQNR� 9� )� 0RVKNLQ�

2� .� 1D]DUHQNR� ,� .� 3RNKRGQ\D�

,� $� 5\DEWVHY�
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ÒãÒ È°ÒääË�¯Ò�Ó©Ë }¯Òm©Ë� ��º ÓÈ­ã
�ÈË�°« ¹¯Ò
m©°º}Ò² °}º¯º°�«² °mÈ¯}Ò� nº¯äÈ ¯È°¹¯Ë�ËãËÓÒ«
δ
T⊥ m ÓËº�Óº¯º�Ó©² �Ò°ãº}È�ÒºÓÓ©² ÈÓ°Èä­ã«²

°��Ë°�mËÓÓº ÏÈmÒ°Ò� º� °ºº�Óº�ËÓÒ« ¯ÈÏäË¯ºm Ò
��ãºm ¯ÈÏº¯ÒËÓ�È�ÒÒ }¯�¹Ó©² Ò ­ºãËË äËã}Ò²
Á¯È�äËÓ�ºm Ò ­ãº}ºm� º­¯ÈÏ�
�Ò² ª�� °�¯�}��¯��

w�º ¹ºÏmºã«Ë� ¹º ¯È°¹¯Ë�ËãËÓÒ
 δ
T⊥ º�ËÓÒmÈ�	

º�Óº¯º�Óº°�	 �Ò°ãº}È�ÒºÓÓº�º ÈÓ°Èä­ã« ÓÈ ¯ÈÏ�
ãÒ�Ó©² °�¯�}��¯Ó©² �¯ºmÓ«²� �� Ë� mÒ� ¯È°¹¯Ë�
�ËãËÓÒ« δ

T⊥ °ã�ÎÒ� }È�Ë°�mËÓÓ©ä ¹º}ÈÏÈ�ËãËä äÓº�

ÎË°�mËÓÓº°�Ò °Ò°�Ëä �Ò°ãº}È�Ò® Ò Ò² º�Óº¯º��
Óº°�Ò ¯È°¹¯Ë�ËãËÓÒ« m äÈ�Ë¯ÒÈãË� { ÓËº�Óº¯º�Óº
¯ÈÏº¯ÒËÓ�Ò¯ºmÈÓÓ©² �Ò°ãº}È�ÒºÓÓ©² °�¯�}��¯È²
�m©°º}ÒË °}º¯º°�Ò °mÈ¯}Ò� º­¯ÈÏ�
�°« ãº}Èã	Ó©Ë
��È°�}Ò m©°º}º® °}Èã«¯Óº® ¹ãº�Óº°�Ò �Ò°ãº}È�Ò®�
w�º mË�Ë� } �°}º¯ËÓÒ
 �ËÁº¯äÈ�ÒÒ ¹º� mãÒ«ÓÒËä
m¯ËäËÓÓ©² Ò º°�È�º�Ó©² °mÈ¯º�Ó©² ÓÈ¹¯«ÎËÓÒ®
Ò� }È} °ãË�°�mÒË� } Á¯È�äËÓ�È�ÒÒ äÈ�Ë¯ÒÈãÈ� |��
Óº¯º�Óº°�	 �Ò°ãº}È�ÒºÓÓº® °�¯�}��¯© Ò ¹ãº�Óº°�	
�Ò°ãº}È�Ò® º¹¯Ë�Ëã«
�°« �Ëä¹Ë¯È��¯Óº�ÓÈ¹¯«�
ÎËÓÓ©äÒ �°ãºmÒ«äÒ m äË�ÈããË �mÈ� j² �¯ºmËÓ	
º­�°ãºmãËÓ ¯ËÎÒäÈäÒ °mÈ¯}Ò� ¹¯Ò }º�º¯©² °ºÏ�
�È
�°« �°ãºmÒ« º�Óº°Ò�Ëã	Óº m©°º}º�Ëä¹Ë¯È��¯�
Óº�º Áº¯äÒ¯ºmÈÓÒ« °�¯�}��¯© ¹¯Ò äÈãº® °}º¯º°�Ò
°mÈ¯}Ò Ò ÓÒÏ}º�Ëä¹Ë¯È��¯Ó©® äË²ÈÓÒÏä ËË º­¯È�
ÏºmÈÓÒ« ¹¯Ò m©°º}Ò² °}º¯º°�«² °mÈ¯}Ò� �ãº�Óº°�	
�Ò°ãº}È�Ò® m äË�ÈããË �mÈ� ¹ºã��ËÓÓº�º ÓÈ ÓÒÏ}Ò²

°}º¯º°�«² °mÈ¯}Ò �∆δ
T⊥

≅ ���… ���Å� °ºº�mË�°�m�Ë�

�mËãÒ�ËÓÒ
 ¹ãº�Óº°�Ò �Ò°ãº}È�Ò® m �…� ¯ÈÏ ¹º
°¯ÈmÓËÓÒ
 ° Ò°²º�Ó©ä ÏÓÈ�ËÓÒËä� È ¹¯Ò °mÈ¯}Ë ÓÈ

m©°º}Ò² °}º¯º°�«² ¹ãº�Óº°�	 �Ò°ãº}È�Ò® mºÏ¯È°�
�ÈË� m ��…�� ¯ÈÏ�

�È}Òä º­¯ÈÏºä� ÓÈ¹¯«ÎËÓÒ« m °mÈ¯Óºä �mË ¹¯Ò
È°ÒääË�¯Ò�Óºä ¯È°¹ºãºÎËÓÒÒ °mÈ¯º�Óº® mÈÓÓ©
°ºÏ�È
� ¯ÈÏÓ©Ë ÏÓÈ�ËÓÒ« ¹ãº�Óº°�Ò �Ò°ãº}È�Ò® m
¹Ë¯mÒ�Ó©² Ò m�º¯Ò�Ó©² °Ò°�ËäÈ² °}ºã	ÎËÓÒ« Ò
º¹¯Ë�Ëã«
� Ò² ¯È°¹¯Ë�ËãËÓÒË m äË�ÈããË °mÈ¯Óº�º
°ºË�ÒÓËÓÒ«� �mËãÒ�ËÓÒË ¹ãº�Óº°�Ò �Ò°ãº}È�Ò®
m°ãË�°�mÒË ¹¯º�Ë}ÈÓÒ« ¹¯º�Ë°°ºm ¹ºãÒ�ºÓÒÏÈ�ÒÒ Ò
º°º­ËÓÓº°�Ò Áº¯äÒ¯ºmÈÓÒ« °�­°�¯�}��¯© m©Ï©mÈ�

� ¯ÈÏmÒ�ÒË ÓËº�Óº¯º�Ó©² ¯ÈÏº¯ÒËÓ�Ò¯ºmº} °�­�
°�¯�}��¯Ó©² ªãËäËÓ�ºm Ò º­¯ÈÏºmÈÓÒË ¯ÈÏãÒ�Ó©²
°�¯�}��¯Ó©² �¯ºmÓË®� �º}Èã	Óº ÒÏäË¯ËÓÓÈ« °}È�
ã«¯ÓÈ« ¹ãº�Óº°�	 �Ò°ãº}È�Ò® m ¯ÈÏãÒ�Ó©² ��È°�
�}È² ÓËº�Óº¯º�Óº® äÓº�º�¯ºmÓËmº® °�­°�¯�}��¯©
ÏÓÈ�Ò�Ëã	Óº mºÏ¯È°�ÈË� ¹º °¯ÈmÓËÓÒ
 °º °¯Ë�ÓË®
¹ãº�Óº°�	
 �Ò°ãº}È�Ò®� ��º mË�Ë� } Á¯È�äËÓ�È�ÒÒ
Ò mºÏäºÎÓºä� º­¯ÈÏºmÈÓÒ
 �ËÁË}�ºm m mÒ�Ë äÒ}�
¯ºÓÈ�¯©mºm ÒãÒ ÏÈ¯º�©�Ëm©² �¯Ë�ÒÓ�

{©mº�©

�� �¯Ò °mÈ¯}Ë ¹ãÈmãËÓÒËä °�¯�}��¯Óº�º¯ÒËÓ�Ò¯º�
mÈÓÓ©² äË�ÈããÒ�Ë°}Ò² äÈ�Ë¯ÒÈãºm mºÏäºÎÓº ÓÈ°�
ãË�ºmÈÓÒË }¯Ò°�ÈããÒÏ�
�Òä°« äË�Èããºä �mÈ
°�¯�}��¯Óº® Ò }¯Ò°�Èããº�¯ÈÁÒ�Ë°}º® º¯ÒËÓ�È�ÒÒ
Ò°²º�Óº�º äÈ�Ë¯ÒÈãÈ� w�º º­�°ãºmãËÓº }ºÓ�¯ºãÒ�
¯�Ëä©ä ª¹Ò�È}°ÒÈã	Ó©ä ¯º°�ºä }¯Ò°�ÈããÒ�ºm äË�
�ÈããÈ �mÈ º� º¹ãÈmãËÓÓº® ¹ºmË¯²Óº°�Ò ÏË¯ËÓ ÏºÓ©
°¹ãÈmãËÓÒ«�

�� iã« |¡z �äºãÒ­�ËÓ� mºã	Á¯Èä� Ò �¡z
�ÓÒ}ËãËm©Ë °¹ãÈm©� äºÓº}¯Ò°�Èããºm °º²¯ÈÓËÓÒË
äºÓº}¯Ò°�ÈããÒ�Óº°�Ò °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ÓÈ­ã
�
�ÈË�°«� }º��È ÓÈ¹¯ÈmãËÓÒË °mÈ¯}Ò °ºm¹È�ÈË� ° ÓÈ¹�
¯ÈmãËÓÒ«äÒ m©°º}º® °ÒääË�¯ÒÒ °mÈ¯ÒmÈËäº�º äº�
Óº}¯Ò°�ÈããÈ�

�� �¯Ò È°ÒääË�¯Ò�Óº® º¯ÒËÓ�È�ÒÒ °mÈ¯º�Óº®
mÈÓÓ© ¹º ¯ÈÏÓ©Ë °�º¯ºÓ© º� º°Ò °mÈ¯Óº�º °ºË�Ò�
ÓËÓÒ« mºÏÓÒ}È
� º�ãÒ�È
�ÒË°« ¹º ÏÓÈ�ËÓÒ
 }È�
°È�Ëã	Ó©Ë ÓÈ¹¯«ÎËÓÒ«� cÈÏãÒ�ÒË m °�mÒ�ºm©²
ÓÈ¹¯«ÎËÓÒ«² äºÎË� ¹¯Òmº�Ò�	 } ÓÈ¯��ËÓÒ
 °º�
mË¯�ËÓ°�mÈ äºÓº}¯Ò°�ÈããÒ�Ë°}º® °�¯�}��¯© °mÈ¯�
Óº�º °ºË�ÒÓËÓÒ«�

�� �Èã	äË c� {ãÒ«ÓÒË �Ë}°��¯ �ËÁº¯äÈ�ÒÒ ÓÈ °mº®°�mÈ
���º¹ãÈm}Ò² äË �Èããºm ��sºm©Ë ���º¹ãÈm}ÒË äË�Èã�
ãÒ�Ë°}ÒË äÈ�Ë¯ÒÈã©� Û l�� lÒ¯� ����� Û v� ��Ü���

�� *DXPDQQ l�� %H]HQFRQ v�� .XU] :� &ROXPQDU WR HTXLD[�
HG WUDQV LWLRQ LQ VROLGLILFDWLRQ SUºFH VV LQJ ��6FL� DQG
7H FKQ� RI $GYDQ� 0DWH ULDOV � Û ����� Û ¢ �� Û 3�
���Ü����

�� .ULYRJOD] 0� $� ;�UD\ DQG QHXWURQ GLIIUDFWLRQ LQ QRQLGH �
DO FU\V WDOV � Û %H UOLQ� 6SULQJH U 9H UO�� ����� Û ��� 6�

�� .DUDVHYVND\D 2� 3� 2ULHQWDWLRQ ;�UD\ H[SHULPHQWDO PHW�
KRG IRU SKDVH DQDO\V LV RI SRO\FU\VWDOV ��0HW� 3K\V� DQG
7H FK� Û ����� Û ��� ¢ �� Û 3� ��Ü���

cÒ°� �� lÒ}¯º°�¯�}��¯È °mÈ¯Óº�º °ºË�ÒÓËÓÒ«
äºÓº}¯Ò°�ÈããÒ��Ë°}º�º ÓÒ}ËãËmº�º °¹ãÈmÈ 1LÜ&UÜ$OÜ:Ü
&R �°�ääÈ¯ÓºË °º�Ë¯�ÎÈÓÒË Èã
äÒÓÒ«� �Ò�ÈÓÈ Ò ÓÒº­Ò«

�� ������



�� )HZVWHU 3� )� &RPPLVV LRQ RQ SRZGH U GLIIUDFW ��,QWH UQ�
XQLRQ RI FU\VWDOORJUDSK\� PLFURV WUXFWXUH RI PDWH ULDOV �
1HZV OH WWH U� ��� 'HF�� ����� Û c� ���

�� zÈ¯È°Ëm°}È« |� �� lÓº�º�¯ºmÓËm©Ë °�¯�}��¯© ��lË�
�ÈããºÁÒÏÒ}È Ò ÓºmË®�ÒË �Ë²Óºãº�ÒÒ� Û ����� Û ���
¢ ��� Û v� ��Ü���

�� v�¯�}��¯È� �Ë}°��¯È Ò äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ �Ë �
Áº¯äÒ¯ºmÈÓÓ©² °¹ãÈmºm äºãÒ­�ËÓÈ �{� j� �¯ËÁÒ�
ãºm� �� {� lÒã	äÈÓ� c� z� jmÈ�ËÓ}º Ò �¯� ��º�

º­�� ¯Ë�� {� j� �¯ËÁÒãºmÈ� Û zÒËm� sÈ�}� ��ä}È�
����� Û ��� °�

�� nº¯äÒ¯ºmÈÓÒË }¯Ò°�Èããº�¯ÈÁÒ�Ë °}º® �Ë}°��¯© m äË �
�ÈããË °mÈ¯Ó©² °ºË�ÒÓËÓÒ® äºãÒ­�ËÓºm©² °¹ãÈmºm �
r� k� ~È�Ë¯Ò®� v� v� zº�ËÓ}º� k� p� lÈ¯ÒÓ�ËÓ}º Ò �¯�
��km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

�� bäÒ� p�� rºÈ° {� �ãÈ°�Ò�Óº°�	 }¯Ò°�Èããºm� m º°º�
­ËÓÓº°�Ò äË�ÈããÒ�Ë°}Ò²� Û l�� �|s�j zz�� vvvc�
����� Û ��� °�

7KH SDSHU GHDOV ZLWK WKH IHDWXUHV RI IXVLRQ ZHOGLQJ RI WH[WXUHG DQG SURGXFHG E\ GLUHFWLRQDO VROLGLILFDWLRQ SRO\� DQG VLQJH�FU\VWDO
DOOR\V RI PRO\EGHQXP� WXQJVWHQ DQG QLFNHO� ;�UD\ LQYHVWLJDWLRQ PHWKRGV ZHUH XVHG WR REWDLQ GDWD RQ LQKHULWLQJ WKH VWUXFWXUDO
DQG FU\VWDOORJUDSKLF RULHQWDWLRQ LQ GLIIHUHQW ]RQHV RI WKH ZHOGHG MRLQW� ,W LV HVWDEOLVKHG WKDW DW ZHOG SRRO VROLGLILFDWLRQ WKH
HSLWD[LDO JURZWK RI ZHOG PHWDO FU\VWDOOLWHV IURP WKH VXEVWUDWH �VXUIDFH RI SDUWLDOO\ PHOWHG JUDLQV RI WKH IXVLRQ ]RQH� PD\
UHVXOW LQ WKH ZHOG PHWDO UHSURGXFLQJ WKH FU\VWDOORJUDSKLF RULHQWDWLRQ RI WKH VWUXFWXUDO HOHPHQWV RI WKH LQLWLDO PDWHULDO� %DVLF
SRVVLELOLW\ RI SUHVHUYDWLRQ LQ WKH ZHOGHG MRLQW RI FU\VWDOORJUDSKLF RULHQWDWLRQ DQG VWUXFWXUDO FRQGLWLRQ FORVH WR WKDW RI WKH
EDVH PHWDO LV FRQILUPHG�

IhklmibeZ \ j_^Zdpbx ����������
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®¾ÅÎ¾¿ÌÐ¾Ë¾ ÐÃÓËÌÉÌÁÆÝ ÏÀ¾ÎÈÆ ÂÉÝ ÆÅÁÌÐÌÀÉÃËÆÝ È¾ÊÃÎÙ ÀÃÎÐÆÈ¾ÉÚËÙÓ ÆÏÍÙÐ¾ËÆÇ� ÍÎÃÂÏÐ¾ÀÉÝ�

Ü×ÃÇ ÏÌ¿ÌÇ ÔÆÉÆËÂÎÆÕÃÏÈÆÇ ÏÌÏÑÂ ÂÆ¾ÊÃÐÎÌÊ ����� ÊÊ� ÂÉÆËÌÇ ÍÎÆÊÃÎËÌ ����� ÊÊ Æ Ì¿ØÃÊÌÊ

ÍÎÆÊÃÎËÌ ����� Ê
�
� ¨¾ÊÃÎ¾ ÍÎÃÂË¾ÅË¾ÕÃË¾ ÂÉÝ ÆÊÆÐ¾ÔÆÆ ÈÌÏÊÆÕÃÏÈÆÓ ÑÏÉÌÀÆÇ Æ ÆÏÍÙÐ¾ËÆÇ À ÛÐÆÓ

ÑÏÉÌÀÆÝÓ Î¾ÅÉÆÕËÙÓ ÆÅÂÃÉÆÇ À ÀÃÎÐÆÈ¾ÉÚËÌÊ ÍÌÉÌÄÃËÆÆ� ¦ÊÆÐ¾ÐÌÎ ÈÌÏÊÌÏ¾ ÏÌÏÐÌÆÐ ÆÅ ÔÆÉÆËÂÎÆÕÃÏ�

ÈÌÇ Õ¾ÏÐÆ� ÆÅÁÌÐ¾ÀÉÆÀ¾ÃÊÌÇ ÆÅ ÏÐ¾ÉÆ ��³���¡�� �µ¯����� ÐÌÉ×ÆËÌÇ �� ÊÊ� ÂÀÑÓ ÂÌËÙÖÃÈ ÆÅ ÏÐ¾ÉÆ

��³��«��° ÐÌÉ×ÆËÌÇ �� ÊÊ Æ ÏÆÉÌÀÌÁÌ Ë¾¿ÌÎ¾ ÆÅ ÏÐ¾ÉÆ ��¡�¯ ÐÌÉ×ÆËÌÇ ÂÌ �� ÊÊ�

¥¾ÁÌÐÌÀÈÆ ÔÆÉÆËÂÎÆÕÃÏÈÌÇ Õ¾ÏÐÆ È¾ÊÃÎÙ �Ì¿ÃÕ¾ÇÈÆ ��� ÂÆ¾ÊÃÐÎ¾� ÆÅÁÌÐ¾ÀÉÆÀ¾ÉÆ À Å¾ÀÌÂÏÈÆÓ

ÑÏÉÌÀÆÝÓ ÀÊÃÏÐÃ Ï ÏÆÉÌÀÙÊ Ë¾¿ÌÎÌÊ Æ ÍÌÏÐ¾ÀÉÝÉÆ Ë¾ ÊÌËÐ¾ÄËÑÜ ÍÉÌ×¾ÂÈÑ� «¾ ÊÌËÐ¾ÄÃ ÀÃÎÐÆÈ¾ÉÚËÙÃ

ÖÀÙ Ì¿ÃÕ¾ÃÈ ÂÉÆËÌÇ ���� ÊÊ ÀÙÍÌÉËÝÉÆ »¶¯ ÍÎÌÀÌÉÌÈÌÇ ¯À���³��«��¡� �µ¯���� ÍÌÂ ÒÉÜÏÌÊ �«����

¢ÉÝ ÏÀ¾ÎÈÆ ÁÌÎÆÅÌËÐ¾ÉÚËÙÓ ÖÀÌÀ Ë¾ ÀÃÎÐÆÈ¾ÉÚËÌÇ ÍÉÌÏÈÌÏÐÆ ÍÎÆ Ë¾Î¾×ÆÀ¾ËÆÆ Ì¿ÃÕ¾ÃÈ ÆÏÍÌÉÚÅÌÀ¾ÉÆ

ÛÉÃÈÐÎÌÂÙ �« ����

¥¾ÁÌÐÌÀÈÆ ÂÌËÙÖÃÈ ÆÅ ÏÐ¾ÉÆ ��³��«��° ÏÀ¾ÎÆÀ¾ÉÆ À Å¾ÀÌÂÏÈÆÓ ÑÏÉÌÀÆÝÓ� »ÈÎ¾ËÙ� ÍÌ ÈÌÐÌÎÙÊ

ÍÎÌÍÑÏÈ¾ÃÐÏÝ ÄÆÂÈÆÇ ÁÃÉÆÇ ÂÉÝ ÆÊÆÐ¾ÔÆÆ ÐÃÊÍÃÎ¾ÐÑÎ ÈÌÏÊÌÏ¾� ÆÅÁÌÐ¾ÀÉÆÀ¾ÉÆ ÆÅ ÏÍÉ¾À¾ ÆËÀ¾Î Æ

ÏÀ¾ÎÆÀ¾ÉÆ ¾ÎÁÌËÌÂÑÁÌÀÙÊ ÏÍÌÏÌ¿ÌÊ� ¨¾ÕÃÏÐÀÌ ÖÀÌÀ ÈÌËÐÎÌÉÆÎÌÀ¾ÉÆ ÎÃËÐÁÃËÌÊ� À¾ÈÑÑÊËÑÜ ÍÉÌÏ�

ÈÌÏÐÚ x ÁÃÉÆÃÀÙÊ ÐÃÕÃÆÏÈ¾ÐÃÉÃÊ�

«¾ÅË¾ÕÃËÆÃ Æ Ì¿É¾ÏÐÚ ÍÎÆÊÃËÃËÆÝ� ¨¾ÊÃÎ¾ ÀÃÎÐÆÈ¾ÉÚËÙÓ ÆÏÍÙÐ¾ËÆÇ ÍÎÃÂË¾ÅË¾ÕÃË¾ ÂÉÝ

ÆÊÆÐ¾ÔÆÆ ÈÌÏÊÆÕÃÏÈÆÓ ÑÏÉÌÀÆÇ �ÐÃÊÍÃÎ¾ÐÑÎ¾� À¾ÈÑÑÊ� ÌÏÀÃ×ÃËËÌÏÐÚ� Æ ÆÏÍÙÐ¾ËÆÝ Î¾ÈÃÐ� ®¾ÅÎ¾¿ÌÐ¾Ë�

Ë¾Ý ÐÃÓËÌÉÌÁÆÝ ÍÎÆÊÃËÃË¾ ÍÎÆ ÆÅÁÌÐÌÀÉÃËÆÆ È¾ÊÃÎÙ ÀÃÎÐÆÈ¾ÉÚËÙÓ ÆÏÏÉÃÂÌÀ¾ËÆÇ À ®ÌÏÏÆÆ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��

¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ� ÌÐÂ� � ��

°ÃÉ��Ò¾ÈÏ� ������� ��� �� ��� ��� �� ��

������ ��
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{� s� b�p�kz|{� ��¯ �Ë²Ó� ÓÈ�} �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�
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®¾ÅÎ¾¿ÌÐ¾Ë¾ ÍÌÎÌÖÈÌÀ¾Ý ÍÎÌÀÌÉÌÈ¾ ­­�«Í���³��ª« Æ ÐÃÓËÌÉÌÁÆÝ ÛÉÃÈÐÎÌÂÑÁÌÀÌÇ Ë¾ÍÉ¾ÀÈÆ ÖÐÌ�

ÈÌÀ ÁÆÂÎÌÔÆÉÆËÂÎÌÀ Î¾ÅÉÆÕËÙÓ ÊÃÓ¾ËÆÅÊÌÀ Æ Ê¾ÖÆË x ÈÎÃÍÃÇ Ö¾ÓÐËÙÓ ÍÎÌÓÌÂÕÃÏÈÆÓ ÈÌÊ¿¾ÇËÌÀ�

È¾ÎÚÃÎËÙÓ ¾ÀÐÌÏ¾ÊÌÏÀ¾ÉÌÀ Æ Ð�Â�

¶ÐÌÈÆ ÁÆÂÎÌÔÆÉÆËÂÎÌÀ ÆÅÁÌÐ¾ÀÉÆÀ¾ÜÐ ÆÅ ÏÐ¾ÉÃÇ ÐÆÍ¾ ��³ Æ ÂÉÝ Å¾×ÆÐÙ ÌÐ ÈÌÎÎÌÅÆÆ ÆÓ Î¾¿ÌÕÑÜ

ÍÌÀÃÎÓËÌÏÐÚ ÓÎÌÊÆÎÑÜÐ� ­Ì ÍÎÃÂÉÌÄÃËËÌÇ ÐÃÓËÌÉÌÁÆÆ Ë¾ÍÉ¾ÀÈ¾ ÆÅËÌÖÃËËÙÓ ÖÐÌÈÌÀ ÊÌÄÃÐ

ÍÎÌÆÅÀÌÂÆÐÚÏÝ ÍÌÏÉÃ ÍÎÃÂÀ¾ÎÆÐÃÉÚËÌÇ ÊÃÓ¾ËÆÕÃÏÈÌÇ Ì¿Î¾¿ÌÐÈÆ Î¾¿ÌÕÃÇ ÍÌÀÃÎÓËÌÏÐÆ ÆÉÆ ËÃÍÌÏÎÃÂ�

ÏÐÀÃËËÌ ÍÌ ÓÎÌÊÌÀÌÊÑ Á¾ÉÚÀ¾ËÆÕÃÏÈÌÊÑ ÍÌÈÎÙÐÆÜ�

¶ÐÌÈÆ Ë¾ÍÉ¾ÀÉÝÜÐÏÝ À ÌÂÆË ÏÉÌÇ ÍÌÂ ÒÉÜÏÌÊ �«���­� ®¾ÅÎ¾¿ÌÐ¾ËË¾Ý ÍÌÎÌÖÈÌÀ¾Ý ÍÎÌÀÌÉÌÈ¾

Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÍÌÉÑÕÃËÆÃ Ë¾ÍÉ¾ÀÉÃËËÌÁÌ ÊÃÐ¾ÉÉ¾ ÏÆÏÐÃÊÙ ÉÃÁÆÎÌÀ¾ËÆÝ )Hw&Uw1Lw0R� Ì¿É¾Â¾Ü×ÃÁÌ

ÀÙÏÌÈÌÇ ÈÌÎÎÌÅÆÌËËÌÇ ÏÐÌÇÈÌÏÐÚÜ À ÍÃÎÀÌÊ Ë¾ÍÉ¾ÀÉÃËËÌÊ ÏÉÌÃ� ¶ÉÆÒÌÀÈ¾ Ë¾ÍÉ¾ÀÉÃËËÌÇ ÍÌÀÃÎÓ�

ËÌÏÐÆ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ËÃÌ¿ÓÌÂÆÊÑÜ ÕÆÏÐÌÐÑ� ¾ ÀÙÏÌÈ¾Ý ÈÌÎÎÌÅÆÌËË¾Ý ÏÐÌÇÈÌÏÐÚ Ë¾ÍÉ¾ÀÉÃËËÌÁÌ ÏÉÌÝ

ÆÏÈÉÜÕ¾ÃÐ ÌÍÃÎ¾ÔÆÜ ÓÎÌÊÆÎÌÀ¾ËÆÝ� ¦ÊÃÃÐÏÝ ÌÍÙÐ Ë¾ÍÉ¾ÀÈÆ ÖÐÌÈÌÀ ÂÆ¾ÊÃÐÎÌÊ �� ÊÊ Æ ÀÙÖÃ�

«¾ÅË¾ÕÃËÆÃ Æ Ì¿É¾ÏÐÚ ÍÎÆÊÃËÃËÆÝ� «¾ÍÉ¾ÀÈ¾ ÖÐÌÈÌÀ ÁÆÂÎÌÔÆÉÆËÂÎÌÀ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��
¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ� ÌÐÂ� � �
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®ÏÇËÄÌÇÑÄÊÛÌÍ É ÐÁ¿ÏÌÚË ÐÍÄÃÇÌÄÌÇÞË Ï¿ËÁÄÑÏÍÜÌÄÏÂÄÑÇÖÄÐÉÇÔ ÒÐÑ¿ÌÍÁÍÉ Ï¿ÐÐËÍÑÏÄÌ Ï¿ÐÖÄÑÌÚÈ ¿ÊÂÍÏÇÑËÍÎÏÄÃÄÊÄÌÇÞ
ÃÍÎÒÐÑÇËÚÔ ÌÄÎÏÍÎÊ¿ÁÊÄÌÇÈ Á ÐÍÍÑÁÄÑÐÑÁÒÝØÇÔ ÐÁ¿ÏÌÚÔ ÐÍÄÃÇÌÄÌÇÞÔ ÎÏÇ ÕÇÉÊÇÖÄÐÉÍË Ì¿ÂÏÒÅÄÌÇÇ Ï¿ËÚ ÐÊÍÅÌÚË

ÐÎÄÉÑÏÍËÌ¿ÂÏÒÆÍÉ �ÒÐÇÊÇÈÇËÍËÄÌÑÍÁ�Ì¿À¿ÆÄ �⋅���ÕÇÉÊÍÁ�§ÐÎÍÊÛÆÍÁ¿ÌÚ ÜÉÐÎÄÏÇËÄÌÑ¿ÊÛÌÚÄÌ¿ÀÊÝÃÄÌÇÞÍÑÌÍÐÇÑÄÊÛÌÍ

ÐÎÄÉÑÏ¿ Ï¿ÆË¿ÔÍÁ ×ÄÐÑÇ ÑÇÎÍÁ Ì¿ÂÏÒÆÍÉ ÎÍ 4M �M  �� ��� � �� Ç ÖÇÐÊÄÌÌÍÄ ÏÄ×ÄÌÇÄ ÍÑÌÍÐÇÑÄÊÛÌÍ ÌÍËÇÌ¿ÊÛÌÚÔ ËÄËÀÏ¿ÌÌÚÔ
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ÓÒ« �ãÈ}ºmº® mÈÓÓ© } °mÈ¯}Ë� v ª�º® �Ëã	
 ¯ÈÏ�
¯È­º�ÈÓº �°�¯º®°�mº �ã« °Ò�ÓÈãÒÏÈ�ÒÒ º¹ãÈmãËÓÒ«
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�Òããº�¯Èää©�� w�º� ¹º�ËÓ�ÒÈã Ò «mã«Ë�°« }ºÓ�¯ºã	�
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�º ¯È°¹ãÈmãËÓÓº�º äË�ÈããÈ� {²º�ÓºË °º¹¯º�ÒmãË�
ÓÒË }ºÓ�¯ºãÒ¯�
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ÓÈ�ÒÓÈË� ¹º°�Ë¹ËÓÓº ¹º�ÓÒäÈ�	 ªãË}�¯º� ÒÏ �ãÈ�
}ºmº® mÈÓÓ©� º­Ë°¹Ë�ÒmÈ« �Ëä °Èä©ä m©mº� �°È�
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}º® mÈÓÓ© ­ËÏ }È°ÈÓÒ« ËË ��¹ºä� ��º ¹ºÏmºã«Ë�
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�º�Óº® ¯È}ºmÒÓ©�

�� cÈ°°äº�¯ËÓÓ©Ë �°�¯º®°�mÈ� ¹ºm©�È
�ÒË }È�
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cÒ°� �� v²ËäÈ ¹Ë¯Ë�ÓË® ÓÈ}ãÈ�}Ò ° �È��Ò}ºä º¹ãÈmãËÓÒ« }¯ºäº}�
�Û Áº¯äÒ¯�
�È« ÓÈ}ãÈ�}È� �Û ��¹� �Û }º¯¹�° ��¹È� � Û
°Ò°�ËäÈ º²ãÈÎ�ËÓÒ«

cÒ°� �� rãº}�°²ËäÈ �°�¯º®°�mÈ �ã« m©mº�È �°È�º�Óº® ¯È}ºmÒÓ©�
� Û °mÈ¯º�Ó©® �¯ÈÓ°Áº¯äÈ�º¯� � Û ¹ãÈm«�Ò®°« ªãË}�¯º�� ��
�Û °ºº�mË�°�mËÓÓº �ãÈ}ºmÈ« Ò äË�ÈããÒ�Ë°}È« mÈÓÓÈ� �Û �ºm�
� Û ��¹� � Û }ºÓ�¯ºãÒ¯�
�Ò® º¯�ÈÓ

������ ��



1HZ WHFKQLTXHV� DV ZHOO DV HTXLSPHQW DQG IL[WXUHV DUH GHVFULEHG� ZKLFK DUH XVHG WR SUHYHQW GHIHFW IRUPDWLRQ LQ ZHOGV
PDGH E\ HOHFWURVODJ ZHOGLQJ� 7R DFKLHYH D VRXQG ZHOG IRUPDWLRQ� D GHYLFH VLJQDOLQJ WKH VXUIDFH�PHOWLQJ RI WKH HGJHV EHLQJ
ZHOGHG LV XVHG DW WKH VWDUW RI WKH ZHOGLQJ SURFHVV� WKLV HQVXULQJ WUDQVLWLRQ IURP WKH VWDJH RI LQGXFLQJ D VODJ SRRO WR WKH

ZHOGLQJ SURFHVV SURSHU� $ GHYLFH FRQWUROOLQJ WKH PHWDO SRRO OHYHO LV XVHG WR HOLPLQDWH WKH VKULQNDJH FDYLW\� WKXV SURYLGLQJ
D VRXQG ZHOG IRUPDWLRQ DW WKH ILQDO VWDJH�

�º°��¹ÒãÈ m ¯Ë�È}�Ò
 ����������

M>D ��������������������


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

<� :� E?;?>?<� dZg^� l_og� gZmd �Bg�l we_dljhk\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu��

G� B� IHKLHE:LBC� :� <�FHLJBC� bg`_g_ju �DAWKH�

­ÎÇÐ¿Ì Ï¿ÆÏ¿ÀÍÑ¿ÌÌÚÈ Ç ÁÚÎÒÐÉ¿ÄËÚÈ Ì¿ ©¦¼°­ ËÌÍÂÍÓÒÌÉÕÇÍÌ¿ÊÛÌÚÈ ÇÐÑÍÖÌÇÉ ÃÊÞ ÐÁ¿ÏÍÖÌÍÂÍ ÑÍÉ¿

ÎÏÇËÄÌÄÌÇÞ Á Ï¿ÆÊÇÖÌÚÔ ÎÏÍÕÄÐÐ¿Ô ÐÁ¿ÏÉÇ� Ì¿ÎÊ¿ÁÉÇ� ÏÄÆÉÇ� Á ÑÍË ÖÇÐÊÄ Ð ÇÐÎÍÊÛÆÍÁ¿ÌÇÄË ÃÒÂÍÑÏÍÌÍÁ�

zã
� Ë m © Ë ° ã º m È � �Ë²Óºãº�ÒÒ °mÈ¯}Ò� ¹ãÈÏäËÓÓº����ºmº®
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�© �ã« ¯��Óº® ���ºmº® °mÈ¯}Ò�� ¯ÈÏ¯È­º�ÈÓÓº�º m
jÓ°�Ò���Ë ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks
�}¯ÈÒÓ©�

jÓÁº¯äÈ�ÒºÓÓÈ« °Ò°�ËäÈ °º�Ë¯ÎÒ� ÒÓÁº¯�
äÈ�Ò
 º­ ªãË}�¯º�È²� m©¹�°}ÈËä©² °�¯ÈÓÈäÒ }È}
vs�� �È} Ò ÓË}º�º¯©äÒ ÏÈ¯�­ËÎÓ©äÒ� n�Ó}�ÒºÓÈã	�
Óº ¹¯º�¯ÈääÈ °¹¯ºË}�Ò¯ºmÈÓÈ �È}� ��º «mã«Ë�°«
ªãË}�¯ºÓÓ©ä °¹¯Èmº�ÓÒ}ºä� }º�º¯©® ¹¯Ë�º°�Èmã«�
Ë� ÓÈÒ­ºãËË ¹ºãÓ©Ë °mË�ËÓÒ« º m©­¯ÈÓÓºä ªãË}��
¯º�Ë� }¯ºäË �º�º� m ÓËä ¯ËÈãÒÏºmÈÓ© �Ò¯º}ÒË mºÏ�

äºÎÓº°�Ò ¹ºÒ°}È ªãË}�¯º�ºm ¹º ÏÈ�ÈÓÓ©ä
}¯Ò�Ë¯Ò«ä�

v¹¯Èmº�Ó©Ë °mË�ËÓÒ« º­ ªãË}�¯º�È² m}ã
�È
��
º°ÓºmÓºË ÓÈÏÓÈ�ËÓÒË� º­ãÈ°�	� �Ë²Óºãº�Ò�Ë°}ÒË º°º�
­ËÓÓº°�Ò Ò �º¹ºãÓÒ�Ëã	Ó©Ë °mË�ËÓÒ« º ¹¯ÒäË�
ÓËÓÒÒ� mÒ� ªãË}�¯º�Óº�º ¹º}¯©�Ò«� ¯º� �º}È� ¹º�
ã«¯Óº°�	� �º¹�°�Òä©Ë ¹¯º°�¯ÈÓ°�mËÓÓ©Ë ¹ºãºÎË�
ÓÒ«� ¯Ë}ºäËÓ��Ëä©Ë ¯ËÎÒä© Ò ¹¯ºÒÏmº�Ò�Ëã	�
Óº°�	 °mÈ¯}Ò� }ºªÁÁÒ�ÒËÓ�© ¯È°²º�È Ò m©²º�È�
äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ Ò ²ÒäÒ�Ë°}Ò® °º°�Èm ÓÈ�
¹ãÈmãËÓÓº�º äË�ÈããÈ �mÈ� È �È}ÎË °mË�ËÓÒ« º ¹º°�
�Èm�Ò}È² �ÈÓÓº�º ªãË}�¯º�È� �°ãºmÓ©Ë º­ºÏÓÈ�
�ËÓÒ«� äÈ¯}Ò¯ºm}� ªãË}�¯º�ºm m °ºº�mË�°�mÒÒ °
ÈäË¯Ò}ÈÓ°}Òä �$:6�� äËÎ��ÓÈ¯º�Ó©ä �,62�� ÓË�
äË�}Òä �',1� °�ÈÓ�È¯�ÈäÒ Ò �|v�ºä �°�¯ÈÓ
vs��� sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓº �ãÈmÓºË º}Óº ¹¯º�
�¯Èää©� m ãËmº® �È°�Ò }º�º¯º�º ¯È°¹ºãºÎËÓ °¹Ò�
°º} ªãË}�¯º�ºm� �Ë�Èã	Ó©Ë °mË�ËÓÒ« �ã« º��Ëã	Óº
m©­¯ÈÓÓº�º ªãË}�¯º�È �ÓÈ¹¯ÒäË¯� �|sjj��������
m©mº�«�°« m �º¹ºãÓÒ�Ëã	Óºä ÒÓÁº¯äÈ�ÒºÓÓºä º}�
ÓË� ÈÓÈãº�Ò�Óº m º��Ëã	Óºä º}ÓË m©mº�«�°« °mË�
�ËÓÒ« º ¹º°�Èm�Ò}Ë �¯Ò°� ���

iã« ¹ºÒ°}ºm©² �ËãË® m ¹¯º�¯ÈääË ¯ËÈãÒÏºmÈÓ
äÓº�º¹È¯ÈäË�¯Ò�Ë°}Ò® ÒÓ}¯ËäËÓ�Èã	Ó©® º�­º¯ ÒÏ
°¹Ò°}È ÒäË
�Ò²°« ªãË}�¯º�ºm� sÈÒ­ºãËË ¹¯º°�º
m©¹ºãÓ«Ë�°« ¹ºÒ°} ¹º ÏÈ¯ÈÓËË ÒÏmË°�Óº® äÈ¯}Ë
ªãË}�¯º�È� }º��È ÓËº­²º�Òäº ¹ºã��Ò�	 �ºã	}º

cÒ°� �� v¹¯Èmº�ÓÈ« ÒÓÁº¯äÈ�Ò« ¹º ªãË}�¯º�� �|sj�������

�� ������



cÒ°� �� jÓÁº¯äÈ�Ò« º ¹º°�Èm}Ë ªãË}�¯º�È ksyc��

cÒ°� �� v¯Ë�°�mÈ äÓº�º¹È¯ÈäË�¯Ò�Ë°}º�º ¹ºÒ°}È ªãË}�¯º�ºm

������ ��



°¹¯Èmº�Ó©Ë �ÈÓÓ©Ë� { ª�ºä °ã��ÈË �º°�È�º�Óº
mmË°�Ò ÓÈÏmÈÓÒË äÈ¯}Ò m �Ë}°�ºmºË ¹ºãË� ¯È°¹ºãº�
ÎËÓÓºË ÓÈ� °¹Ò°}ºä ªãË}�¯º�ºm� ¹¯Ò ª�ºä �Ë}��Ò®
°¹Ò°º} ªãË}�¯º�ºm ­��Ë� ¹º°�º«ÓÓº º�¯ÈÓÒ�ÒmÈ�	�
°« m °ºº�mË�°�mÒÒ ° mmº�Òäº® �Ë}°�ºmº® äÈ°}º®�

{ �Ë² °ã��È«²� }º��È ÓËº­²º�ÒäÈ« äÈ¯}È ªãË}�
�¯º�È ÏÈ¯ÈÓËË ÓËÒÏmË°�ÓÈ� ¹¯º�¯ÈääÈ ¹¯Ë�º°�Èmã«�
Ë� mºÏäºÎÓº°�Ò äÓº�ºmÈ¯ÒÈÓ�Óº�º ¹ºÒ°}È ° Ò°�
¹ºã	ÏºmÈÓÒËä }¯Ò�Ë¯ÒËm �m�² �Ò¹ºm� z ¹Ë¯mºä�
�Ò¹� º�Óº°«�°« mÏÈÒäºÒ°}ã
�È
�ÒË }¯Ò�Ë¯ÒÒ� �Ò¹
ªãË}�¯º�È ��� ÓÈÒäËÓºmÈÓÒ®�� ¯Ë}ºäËÓ�È�ÒÒ ¹º
°mÈ¯ÒmÈËäº°�Ò ��� �¯�¹¹ ¯ÈÏÓº¯º�Ó©² äÈ�Ë¯ÒÈ�
ãºm�� ÁÒ¯ä©�¹º°�Èm�Ò}Ò ªãË}�¯º�ºm ���� ÓÈÒäË�
ÓºmÈÓÒ®�� zº m�º¯ºä� �Ò¹� º�Óº°«�°« mÏÈÒäº�º�
¹ºãÓ«
�ÒË }¯Ò�Ë¯ÒÒ� È ÒäËÓÓº� ²ÒäÒ�Ë°}Ò® °º°�
�Èm Ò äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ �mÈ ��� ²È�
¯È}�Ë¯Ò°�Ò} m }ÈÎ�ºä }¯Ò�Ë¯ÒÒ�� mÒ� ªãË}��
¯º�Óº�º ¹º}¯©�Ò« ��� ÓÈÒäËÓºmÈÓÒ®�� ÓÈãÒ�ÒË
ÒÓÁº¯äÈ�ÒÒ º ¹º°�Èm�Ò}È²�

�¯Ò Ò°¹ºã	ÏºmÈÓÒÒ }¯Ò�Ë¯ÒËm ¹ºÒ°}È ¹Ë¯mº�º
�Ò¹È m©­Ò¯ÈË�°« ÓËº­²º�ÒäÈ« m}ãÈ�}È �ãÈmÓº�º
º}ÓÈ �¯Ò°� ��� �ÈãËË ÓÈ ÓË® m©­Ò¯ÈË�°« °ºº�mË�°��
m�
�Ò® ¹º�}¯Ò�Ë¯Ò®� °º�ãÈ°Óº ° }º�º¯©ä º�¯È�
ÓÒ�ÒmÈË�°« �Ë}��Ò® °¹Ò°º} ªãË}�¯º�ºm� { °ã��ÈË�
¹¯ÒmË�ËÓÓºä ÓÈ ¯Ò°� �� �ËäºÓ°�¯Ò¯�Ë�°« ¹º¯«�º}
m©­º¯È ªãË}�¯º�ºm� Ò°²º�« ÒÏ ¯Ë}ºäËÓ�È�Ò® ¹º
°mÈ¯ÒmÈËäº°�Ò ¯ÈÏÓº¯º�Ó©² �¯�¹¹ °�ÈãË®� vÓÈ�È�
ãÈ m ¹¯Èmº® }¯È®ÓË® �È­ãÒ�Ë �}ÈÏ©mÈË�°« �¯�¹¹È
°�ÈãÒ ¹Ë¯mº�º äÈ�Ë¯ÒÈãÈ �ÓÒÏ}º��ãË¯º�Ò°�©Ë °�È�
ãÒ ¹Ë¯ãÒ�Óº�º }ãÈ°°È�� �ã« m©­¯ÈÓÓº® �¯�¹¹© m
�È­ãÒ�Ë� ¯È°¹ºãºÎËÓÓº® ãËmËË� m©mº�«�°« ÒäË
�
�ÒË°« mÈ¯ÒÈÓ�©� ¹¯Ò m©­º¯Ë m�º¯º® �¯�¹¹© °�ÈãÒ
�°¯Ë�ÓË��ãË¯º�Ò°�©Ë Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©Ë ¹ºm©�
�ËÓÓº® ¹¯º�Óº°�Ò ¹Ë¯ãÒ�Óº�º }ãÈ°°È� }¯È®Ó««
ãËmÈ« �È­ãÒ�È ­��Ë� °º�Ë¯ÎÈ�	 ¯Ë}ºäËÓ��Ëä©®
�ã« °mÈ¯}Ò °¹Ò°º} ªãË}�¯º�ºm� kÓÈãº�Ò�Óº äºÎÓº
¹ºã��Ò�	 m©­º¯}� �ã« º��Ëã	Óº�º �Ò¹È ªãË}�¯º�ºm
ÒãÒ ¹º°�Èm�Ò}È� ���Ëä }ºä­ÒÓÒ¯º� mÈÓÒ« m©mº�È
°¹Ò°}ºm ¹º°�Èm�Ò}ÜªãË}�¯º�© Ò ªãË}�¯º�Ü¹º°�
�Èm�Ò}Ò äºÎÓº ÈÓÈãÒÏÒ¯ºmÈ�	 Èã	�Ë¯ÓÈ�ÒmÓ©Ë
mÈ¯ÒÈÓ�© ¹¯Òº­¯Ë�ËÓÒ« ªãË}�¯º�ºm�

cÈ°°äº�¯Òä ¹º¯«�º} Ò°¹ºã	ÏºmÈÓÒ« }¯Ò�Ë¯ÒËm
¹ºÒ°}È m�º¯º�º �Ò¹È� }º�º¯©Ë äº��� ¹¯ÒäËÓ«�	°«
°Èäº°�º«�Ëã	Óº Ò m }È�Ë°�mË mÏÈÒäº�º¹ºãÓ«
�Ò²
¹È¯ÈäË�¯ºm } }¯Ò�Ë¯Ò«ä ¹ºÒ°}È ¹Ë¯mº�º �Ò¹È� {
°ã��ÈË� ¹¯ÒmË�ËÓÓºä ÓÈ ¯Ò°� �� ÏÈ�ÈÓ© �º¹ºã�
ÓÒ�Ëã	Ó©Ë }¯Ò�Ë¯ÒÒ ¹ºÒ°}È ªãË}�¯º�ºm Û º��
¯ÈÓÒ�ËÓÒ« ÓÈ ²ÒäÒ�Ë°}Ò® °º°�Èm Ò äË²ÈÓÒ�Ë°}ÒË
°mº®°�mÈ ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ� È �È}ÎË ÓÈãÒ�ÒË
ÒÓÁº¯äÈ�ÒÒ º ¹º°�Èm�Ò}Ë�

vãË��Ë� º�äË�Ò�	� ��º ¹¯º�¯ÈääÈ Èm�ºäÈ�Ò�
�Ë°}Ò º­Óºmã«Ë� �Ë}��Ò® °¹Ò°º} ªãË}�¯º�ºm� }º�
�º¯©® ��ºmãË�mº¯«Ë� }ÈÎ�ºä� Óºmºä� º¹¯Ë�Ë�
ãËÓÒ
 }¯Ò�Ë¯Ò« ¹ºÒ°}È� �È}Òä º­¯ÈÏºä� ¹ºã	ÏºmÈ�
�Ëã	 ÒäËË� mºÏäºÎÓº°�	 ¹º°ãË�ºmÈ�Ëã	Óº ��º�Ó«�	
¯ËÏ�ã	�Ò¯�
�Ò® ÓÈ­º¯ �ÈÓÓ©²� |°º­ËÓÓº°�	

º¯�ÈÓÒÏÈ�ÒÒ ¹¯º�¯Èää© «mã«Ë�°« º�}¯©�º°�	
}¯Ò�Ë¯ÒËm ¹ºÒ°}È� }º�º¯È« °º°�ºÒ� m �ºä� ��º ÓÈ
°ºº�mË�°�m�
�Ò² m}ãÈ�}È² ¹¯Ë�°�ÈmãËÓÈ °ºº�mË��
°�m�
�È« °mº�ÓÈ« ÒÓÁº¯äÈ�Ò«� }º�º¯È« ¹ºÏmºã«Ë�
º¯ÒËÓ�Ò¯ºmÈ�	°« ÓÈ �º°��¹Ó©® �ÒÈ¹ÈÏºÓ ÏÓÈ�ËÓÒ®�
Ò°}ã
�È« ªÁÁË}� ½­ã�Î�ÈÓÒ« m �ËäÓº® }ºäÓÈ�Ë��
¹¯Ò ¹ºÒ°}Ë ÒÓÁº¯äÈ�ÒÒ�

jÓÁº¯äÈ�ÒºÓÓÈ« °Ò°�ËäÈ °¹¯ºË}�Ò¯ºmÈÓÈ �È�
}Òä º­¯ÈÏºä� ��º Á�Ó}�ÒÒ ­¯È�ÏË¯È Ò ¯Ë�È}�º¯È
­ÈÏ© �ÈÓÓ©² °ºmäË�ËÓ© m º�Óº® ¹¯º�¯ÈääË� ��º
¹ºÏmºã«Ë� }ºÓË�Óºä� ¹ºã	ÏºmÈ�Ëã
 ¹º��Ë¯ÎÒmÈ�	
È}��Èã	Óº°�	 �ÈÓÓ©² ¹��Ëä �º­ÈmãËÓÒ« Óºmº® Ò
}º¯¯Ë}�Ò¯ºm}Ò ÒäË
�Ë®°« ÒÓÁº¯äÈ�ÒÒ� Ò°²º�« ÒÏ
°º­°�mËÓÓ©² ¹º�¯Ë­Óº°�Ë®�

�¯º�¯ÈääÓºË º­Ë°¹Ë�ËÓÒË ¹¯Ë�ÓÈÏÓÈ�ËÓº �ã«
ÒÓÎËÓË¯Óº��Ë²ÓÒ�Ë°}Ò² ¯È­º�ÓÒ}ºm ¹¯ºä©�ãËÓ�
Ó©² Ò °�¯ºÒ�Ëã	Ó©² ¹¯Ë�¹¯Ò«�Ò®� ¹¯ºË}�Ó©²�
}ºÓ°�¯�}�º¯°}Ò² Ò ÓÈ��Óº�Ò°°ãË�ºmÈ�Ëã	°}Ò² º¯�
�ÈÓÒÏÈ�Ò®� ¹¯ºÒÏmº�Ò�ËãË®� ¹º°�Èm�Ò}ºm Ò �Ò°��
¯Ò­	
�Ë¯ºm ªãË}�¯º�ºm�

�¯º�¯ÈääÓºË º­Ë°¹Ë�ËÓÒË Á�Ó}�ÒºÓÒ¯�Ë� m °¯Ë�Ë
:LQGRZV �[�0H������ �ã« �°�ÈÓºm}Ò �¯Ë­�Ë�°«
� 0r� �Ò°}ºmº�º ¹¯º°�¯ÈÓ°�mÈ� �º¹ºãÓÒ�Ëã	ÓÈ«
ÒÓÁº¯äÈ�Ò« ÓÈ²º�Ò�°« ¹º È�¯Ë°��

KWWS���ZZZ�SDWRQ�NLHY�XD�

6RIWZDUH DOORZLQJ VHOHFWLRQ RI FRYHUHG HOHFWURGHV IRU PDQXDO DUF ZHOGLQJ LV FRQVLGHUHG� 7KH LQIRUPDWLRQ V\VWHP FRQWDLQV

WKH PRVW FRPSUHKHQVLYH GDWD RQ HOHFWURGHV �PRUH WKDQ ��� JUDGHV� PDQXIDFWXUHG LQ WKH &,6 FRXQWULHV� ,Q DGGLWLRQ WR WKH
UHIHUHQFH LQIRUPDWLRQ� WKH VRIWZDUH SURYLGHV ZLGH SRVVLELOLWLHV IRU PXOWL�SDUDPHWULFDO UHWULHYDO RQ WKH EDVLV RI FULWHULD VHW
E\ D XVHU�

�º°��¹ÒãÈ m ¯Ë�È}�Ò
 ����������

�� ������



�cpt��bp skÐ �v�ks|{zk z����� i�Ð w�pz��
c|ss|��� p{|q v{kczj r�c|{ht i|�|�

{ jÓ°�Ò���Ë ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ ¯ÈÏ�
¯È­º�ÈÓÈ Ò ÒÏ�º�ºmãËÓÈ �°�ÈÓºm}È �ã« w�v ­�¯º�
m©² �ºãº� �¯Ò°� ��� |ÓÈ ¹¯Ë�ÓÈÏÓÈ�ËÓÈ �ã« ªãË}�
�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ò ­�¯ºm©² �ºãº� �ÒÈäË�¯ºä
�º ����� ° º�Óºm¯ËäËÓÓ©ä m©¹ºãÓËÓÒËä �¯Ë² �mºm�
­ãÈ�º�È¯« �Ëä� ¹ºm©�ÈË�°« �º�Óº°�	 ¯ÈÏäË¯ºm ­��
¯ºm©² �ºãº� Ò ¹¯ºÒÏmº�Ò�Ëã	Óº°�	 °mÈ¯}Ò�

�¯ÒäËÓËÓÒË m Ò°�º�ÓÒ}Ë �°}º¯«
�Ë�º ÓÈ¹¯«�
ÎËÓÒ« äº�Óº® ¹¯º²º�Óº® ªãË}�¯ºÓÓº® ãÈä¹© ¹¯Ë�
�º�m¯È�ÈË� ���ºm©Ë ¹¯º�Ë°°© m °mÈ¯º�Óº® ¹��}Ë
¹��Ëä }¯È�}ºm¯ËäËÓÓº�º ¹¯Ë¯©mÈÓÒ« �°}º¯«
�Ë�º
ÓÈ¹¯«ÎËÓÒ«� ÓË mË���Ë�º } ÓÈ¯��ËÓÒ
 Áº¯äÒ¯º�
mÈÓÒ« °mÈ¯Ó©² �mºm�

vÒ°�ËäÈ ckv�c �¯Ò°� ��� Á�Ó}�ÒºÓÒ¯�
�È«
ÓÈ ¹¯ÒÓ�Ò¹È² ¯È°�¯ºmº�º ªãË}�¯ºÓÓº�º äÒ}¯º°}º�
¹È� º­Ë°¹Ë�ÒmÈË� mºÏäºÎÓº°�	 ÓÈ­ã
�ËÓÒ« m ¯ËÎÒ�
äË ¯ËÈã	Óº�º m¯ËäËÓÒ ÏÈ ²º�ºä °mÈ¯º�Óº�º ¹¯º�Ë°�
°È Ò Èm�ºäÈ�Ò�Ë°}º�º °ºmäË�ËÓÒ« }ÈÎ�º�º ÒÏ �¯Ë²
¹��}ºm ªãË}�¯ºÓºm °º °�©}ÈäÒ °mÈ¯ÒmÈËä©² }¯º�
äº}�  Ë�}È« }È¯�ÒÓÈ °mÈ¯º�Óº�º ¹¯º�Ë°°È º�º­¯È�
ÎÈË�°« ÓÈ ª}¯ÈÓË äºÓÒ�º¯È Ò ÓË ¹º�mË¯ÎËÓÈ mãÒ�
«ÓÒ
 ¹È¯ºm °mÈ¯ÒmÈËäº�º äË�ÈããÈ� ��º ²È¯È}�Ë¯Óº
�ã« �¯È�Ò�ÒºÓÓ©² º¹�Ò�Ë°}Ò² °Ò°�Ëä ÓÈ­ã
�ËÓÒ«�

�°�ÈÓºm}È º°ÓÈ�ËÓÈ °Ò°�Ëäº® �ÒÈ�Óº°�Ò}Ò ¹���
}È ªãË}�¯ºÓºm� ¹ºÏmºã«
�Ë® º¹Ë¯È�º¯��
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����� fZy \ DZpb\_eb gZ [Za_ >hfZ l\hjq_kl\Z mq_guo

G:GM khklhyeZkv ��y F_`^mgZjh^gZy dhgn_j_gpby

©/DVHU 7HFKQRORJLHV LQ :HOGLQJ DQG 0DWHULDO 3URFHVVLQJ�

/7:03���ª� hj]Zgbah\ZggZy BWK bf ?�H�IZlhgZG:GM b

GBB eZa_jghc l_ogbdb b l_ogheh]bb GLMM ©DIBª�

?s_ gZ ��c dhgn_j_gpbb� mki_rgh ijhr_^r_c \ fZ_

���� ]�� [ueh ijbgylh j_r_gb_ h ijh\_^_gbb ih^h[guo

f_`^mgZjh^guo dhgn_j_gpbc jZa \ ^\Z ]h^Z� B \hl kgh\Z

\ ���� ]� ki_pbZebklu ba MdjZbgu� Jhkkbb� ;_ehjmkFbb�

KR:� =_jfZgbb� DGJ� Ihevrb� R\_cpZjbb� BajZbey�

;_ev]bb� BjZgZ� Lmjpbb b Kbjbb \ h[eZklb eZa_jghc l_o�

gheh]bb kh[jZebkv ^ey h[km`^_gby ihke_^gbo j_amevlZ�

lh\ k\hbo bkke_^h\Zgbc� Ke_^m_l hlf_lblv� qlh ihke_ md�

jZbgkdhc kZfufb fgh]hqbke_ggufb [ueb ^_e_]Zpbb ba

=_jfZgbb� Jhkkbb b Ihevrb�

< ihke_^gb_ ]h^u eZa_ju ^bgZfbqgh \hreb ijZdlb�

q_kdb \h \k_ kn_ju q_eh\_q_kdhc ^_yl_evghklb� K_cqZk

gZkqblu\Z_lky [he__ ��� jZaebqguo ijbf_g_gbc eZa_jh\�

=eh[Zevguc jughd eZa_jh\ b eZa_jguo l_ogheh]bc khk�

lZ\ey_l [he__ �� fej^ ^he� KR: \ ]h^ �[_a mq_lZ \h_gguo

ijbf_g_gbc�� Hkh[_ggh wnn_dlb\gh bkihevah\Zgb_ eZa_�

jh\ ^ey h[jZ[hldb fZl_jbZeh\ \ jZaebqguo hljZkeyo ijh�

fure_gghklb� Ijbq_f bgl_j_k ijhba\h^kl\_ggbdh\ d

wlbf l_ogheh]byf hkh[_ggh \hajhk \ ihke_^gb_ ^_kylb�

e_lby \ k\yab k ihy\e_gb_f gh\uo ihdhe_gbc eZa_jh\�

hlebqZxsboky ih\ur_gguf dhwnnbpb_glhf ihe_agh]h

^_ckl\by ² l\_j^hl_evguo eZa_jh\ k ^bh^ghc gZdZqdhc�

fhsguo KH��eZa_jh\� wdkbf_jguo eZa_jh\� eZa_jh\ gZ iZ�

jZo f_lZeeh\� dhfiZdlguo ^bh^guo eZa_jh\� hilh\heh�

dhgguo eZa_jh\ b ^j� Wlbf b ^jm]bf \hijhkZf \ h[eZklb

eZa_jghc l_ogheh]bb [ue ihk\ys_g ijh]jZffguc ^hdeZ^

©EZa_jgZy l_ogheh]by� hl fZdjh ^h gZghª khij_^k_^Zl_ey

dhgn_j_gpbb ijhn� <� K� Dh\Ze_gdh� Hg ijha\mqZe ihke_

\_ebdhe_ighc fmaudZevghc iZmau \ bkiheg_gbb ZgkZf[ey

kdjbiZq_c Djufkdh]h ]hkm^Zjkl\_ggh]h bg`_g_jgh�i_^Z�

]h]bq_kdh]h mgb\_jkbl_lZ �j_dlhj� ijhn� N� Ydm[h\ qe_g

Hj]dhfbl_lZ dhgn_j_gpbb��

;hevrhc bgl_j_k mqZklgbdh\ \ua\Ze ie_gZjguc ^hd�

eZ^ ^�jZ N� ;ZofZgZ� \bp_�ij_ab^_glZ nbjfu ©Jhnbg�Kb�

gZjª �=_jfZgby�� ihk\ys_gguc ijh[e_fZf bkihevah\Zgby

^bh^guo eZa_jh\ ^ey gZdZqdb l\_j^hl_evguo eZa_jh\ b

h[jZ[hldb fZl_jbZeh\� Ijhn� =� Lmjbqbg �=hkm^Zjkl\_g�

guc l_ogbq_kdbc mgb\_jkbl_l KZgdl�I_l_j[mj]Z� Jhkkby�

jZkkdZaZe h j_amevlZlZo bkke_^h\Zgby dbg_lbdb hilbq_k�

dh]h jZajy^Z \ ieZaf_gghf h[eZd_ ijb eZa_jghc k\Zjd_

\ aZsblghf ]Za_�

< ie_gZjghf ^hdeZ^_ ijhn� O� FZgZ ba =hgdhg]kdh]h

ihebl_ogbq_kdh]h mgb\_jkbl_lZ jZkkfhlj_gu \hafh`ghk�

lb eZa_jgh]h gZg_k_gby ihjbkluo ihdjulbc 1L7L gZ ki_�

pbZevgu_ kieZ\u� h[eZ^Zxsb_ iZfylvx nhjfu� bkihev�

am_fu_ \ objmj]bb�

Ba\_klguc ki_pbZebkl \ h[eZklb l_hjbb eZa_jghc h[�

jZ[hldb ijhn� <� K� =hem[_\ �aZf� ^bj_dlhjZ BgklblmlZ

eZa_jguo b bgnhjfZpbhgguo l_ogheh]bc J:G� Fhkd\Z�

Jhkkby� ij_^klZ\be ]em[hdbc ZgZeba Zwjh^bgZfbq_kdbo

b ]b^jh^bgZfbq_kdbo y\e_gbc ijb ]ZaheZa_jghc j_ad_ fZ�

l_jbZeh\�

Kj_^b ie_gZjguo ^hdeZ^h\ lZd`_ hkh[h ke_^m_l hl�

f_lblv ^hdeZ^ jmdh\h^bl_e_c EZa_jgh]h p_gljZ Bgklb�

lmlZ NjZmg]hn_jZ �:Zo_g� =_jfZgby� ^�jZ ?� <� DjhcpZ

b ^�jZ J� Ihijwc\Z ©Gh\u_ \hafh`ghklb bkihevah\Zgby

baemq_gby l\_j^hl_evguo eZa_jh\ª�

<k_]h [ueh ijh\_^_gh ljb ie_gZjgu_ k_kkbb�

>Zevg_crZy jZ[hlZ dhgn_j_gpbb ijhoh^beZ ih l_fZ�

lbq_kdbf gZijZ\e_gbyf� k\ZjdZ� fh^_ebjh\Zgb_� kbgl_a

lj_of_jguo h[t_dlh\ �[ukljh_ ijhlhlbibjh\Zgb_��

l_jfhh[jZ[hldZ� ihdjulby� h[hjm^h\Zgb_ b ^jm]b_ ijh]�

j_kkb\gu_ ijhp_kku eZa_jghc h[jZ[hldb fZl_jbZeh\ �\k_�

]h � k_kkbc�� Ki_pbZevgZy k_kkby [u�

eZ hl\_^_gZ ^ey kl_g^h\uo ^hdeZ^h\

�\k_]h �� ^hdeZ^Z��

Kj_^b k_kkbhgguo ^hdeZ^h\ h[jZ�

sZ_l \gbfZgb_ \hajhkrbc bgl_j_k d

qbke_gguf f_lh^Zf bkke_^h\Zgby�

fh^_ebjh\Zgbx ijhp_kkh\� ZgZebam

nbabq_kdbo y\e_gbc ijb \aZbfh^_ck�

l\bb eZa_jgh]h baemq_gby k fZl_jb�

Zehf� Hq_\b^gh� qlh hq_gv keh`gu_

ijhp_kku eZa_jghc h[jZ[hldb fZl_�

jbZeh\ h^gbfb wdki_jbf_glZevgufb

f_lh^Zfb bkke_^h\Zgby [_a fh^_eb�

jh\Zgby ^ey \u[hjZ hilbfZevguo mk�

eh\bc hkms_kl\blv [ueh [u hq_gv ^h�

jh]h� Ihwlhfm \k_ rbj_ \ jZajZ[hld_

j_Zevguo ijhba\h^kl\_gguo ijhp_k�

kh\ bkihevamxlky bgnhjfZpbhggu_

�� ������



l_ogheh]bb� LZd� ki_pbZebklu ;j_f_gkdh]h bgklblmlZ em�

q_\uo l_ogheh]bc �=_jfZgby� ^�j L� Ij_lhjbmk� ijhn�

N� <hee_jlk_g ij_^klZ\beb k\hb l_hj_lbq_kdb_ j_amev�

lZlu bamq_gby \hafh`ghkl_c bkihevah\Zgby eZa_jgh]h ba�

emq_gby ^ey ijh]jZffbjm_fh]h ^_nhjfbjh\Zgby ebklh�

\h]h fZl_jbZeZ� < kh\f_klghf ^hdeZ^_ dZg^� l_og� gZmd

H� <�FZog_gdh �BWK bf� IZlhgZ� MdjZbgZ� b ^�jZ I� AZc�

nnZjlZ �6/9� Jhklhd� =_jfZgby� ij_^klZ\e_gu jZkq_lgu_

mjh\gb ^_nhjfZpbc [Zedb ijb eZa_jghc k\Zjd_� :gZebam

kms_kl\mxsbo fh^_e_c Zwjh^bgZfbq_kdbo y\e_gbc ijb

]ZaheZa_jghc j_ad_ f_lZeeh\ [ue ihk\ys_g ^hdeZ^ J�@m�

dZ b <� Dh\Ze_gdh �GBB eZa_jghc l_ogbdb b l_ogheh]bb

GLMM ©DIBª� MdjZbgZ�� Khljm^gbdb BWK bf� IZlhgZ

G:GM ^�jZ B� :� Djb\pmg b :�B� ;mrfZ jZkkfhlj_eb

nbabq_kdb_ y\e_gby \aZbfh^_ckl\by eZa_jgh]h baemq_gby

k f_edh^bki_jkgufb fZl_jbZeZfb ijb eZa_jghf b ]b[�

jb^ghf eZa_jgh�ieZaf_gghf gZiue_gbb�

=b[jb^gu_ eZa_jgu_ ijhp_kku� gZoh^ysb_ky \ p_glj_

\gbfZgby fgh]bo ki_pbZebklh\ ba jZaebqguo kljZg� iha�

\heyxl kms_kl\_ggh ih\ukblv wnn_dlb\ghklv eZa_jghc

h[jZ[hldb� memqrblv __ dZq_kl\h� :gZeba nmg^Zf_glZev�

guo bkke_^h\Zgbc \ h[eZklb ]b[jb^ghc eZa_jghc k\Zjdb

k^_eZg \ ^hdeZ^_ [j_f_gkdbo ki_pbZebklh\ K� Lhffb b

N� <hee_jlk_gZ �=_jfZgby� b B� Djb\pmgZ� <� R_ey]bgZ

�BWK bf� ?� H� IZlhgZ� b ^j� =b[jb^ghc eZa_jghc k\Zjd_

Zexfbgb_\uo kieZ\h\ ihk\ys_g ^hdeZ^ >� =_^h[lZ �NeZ�

fZg^kdbc bgklblml l_ogheh]bq_kdbo bkke_^h\Zgbc� EZ�

a_jguc p_glj� ;_ev]by��

=b[jb^guf eZa_jgh�^m]h\uf b eZa_jgh�fbdjhieZaf_g�

guf ijhp_kkZf k\Zjdb� ih\_joghklghc h[jZ[hld_� gZg_�

k_gbx ihdjulbc [ueb ihk\ys_gu fZl_jbZeu ki_pbZebk�

lh\ BWK bf� IZlhgZ G:GM dZg^b^Zlh\ l_og� gZmd <�R_�

ey]bgZ� <� OZkdbgZ b ^j�

Jy^ ^hdeZ^h\ [ue ihk\ys_g ZdlmZevguf \hijhkZf eZ�

a_jgh]h ki_dZgby ihjhrdh\uo fZl_jbZeh\ ijb j_Zeb�

aZpbb ijhp_kkh\ kbgl_aZ lj_of_jguo ba^_ebc ² G� :gy�

dbgZ� D� Jm^Zdh\Z b ^j� �GBB eZa_jghc l_ogbdb b l_o�

gheh]bb GLMM ©DIBª��X� Qb\_ey k khljm^gbdZfb �Dhg�

p_jg ihjhrdh\hc f_lZeemj]bb� Fbgkd� ;_eZjmkv� b ^j�

Bkke_^h\Zgb_ \hafh`ghkl_c bkihevah\Zgby eZa_jgh]h ba�

emq_gby ^ey ki_dZgby ZefZahkh^_j`Zsbo dhfihablh\ ijb

ba]hlh\e_gbb ZefZagh]h j_`ms_]h bgkljmf_glZ jZkkfZl�

jb\Zehkv \ h[s_f ^hdeZ^_ bkke_^h\Zl_e_c ^\mo hj]Zgb�

aZpbc� GBB eZa_jghc l_ogbdb b l_ogheh]bb GLMM

©DIBª �<� Dh\Ze_gdh� E� =heh\dh� :� =hgqZjmd� b Bg�

klblmlZ k\_jol\_j^uo fZl_jbZeh\ bf� <� G� ;Zdmey G:GM

�G� Gh\bdh\� :� R_i_e_\� <� Khjhq_gdh��

G_ kh\k_f h[uqguc ^hdeZ^ [ue ij_^klZ\e_g khl�

jm^gbdZfb :j]hgkdhc gZpbhgZevghc eZ[hjZlhjbb �KR:�

�:� Dh\Zevq_gdh� H� :jZb� b nbjfu ©L_ogbhgª� OZcnZ�

BajZbev �B� Wlkbhg�� Hgb bamqbeb ljb[heh]bq_kdb_

k\hckl\Z \ mkeh\byo `b^dhc kfZau\Zxs_c kj_^u f_lZe�

ebq_kdbo ih\_joghkl_c� ih^\_j]gmluo eZa_jghfm l_dklm�

jbjh\Zgbx� b gZ hkgh\Zgbb j_amevlZlh\ ij_^eh`beb hi�

lbfZevgu_ mkeh\by l_dklmjbjh\Zgby ih\_joghklb�

<ua\Ze bgl_j_k b aZdexqbl_evguc ^hdeZ^ dhgn_�

j_gpbb ©Bkihevah\Zgb_ ZHE�l_ogheh]bc ^ey ih\ur_gby

wnn_dlb\ghklb wdkiemZlZpbb eZa_jgh]h l_ogheh]bq_kdh]h

h[hjm^h\Zgbyª �<� DheiZdh\� <� Dh\Ze_gdh� GBB eZa_j�

ghc l_ogbdb b l_ogheh]bb GLMM ©DIBª b :� FZfZebk�

GZpbhgZevguc l_ogbq_kdbc mgb\_jkbl_l :nbg� =j_pby��

< ^hdeZ^_ ihdZaZgu hkgh\gu_ ijbgpbiu jZ[hlu \bjlm�

Zevgh]h ij_^ijbylby� bkihevamxs_]h \ dZq_kl\_ ijhba�

\h^kl\_gghc [Zau eZa_jgh_ l_ogheh]bq_kdh_ h[hjm^h\Z�

gb_ jZaebqguo hj]ZgbaZpbc ^ey \uiheg_gby aZdZah\ ih

eZa_jghc h[jZ[hld_ k ijbf_g_gb_f kh\j_f_gguo bgnhj�

fZpbhgguo kbkl_f b bgl_jg_lZ�

Dhgn_j_gpby ihdZaZeZ� qlh eZa_jgZy l_ogheh]by ih�

ij_`g_fm hklZ_lky ^bgZfbqgh jZa\b\Zxs_cky h[eZklvx

gZmdb b l_ogbdb� klZ[bevgh ih\urZxs_c wnn_dlb\ghklv

kms_kl\mxsbo ijhp_kkh\ eZa_jghc h[jZ[hldb b ihklhyg�

gh hldju\Zxs_c gh\u_ ijbf_g_gby eZa_jh\ \ ijhba\h^�

kl\_gghc kn_j_�

JZ[hqbf yaudhf dhgn_j_gpbb [ue Zg]ebckdbc� ohly

\ hl^_evguo kemqZyo ijb[_]Zeb d ^bklZgpbhgghfm kbg�

ojhgghfm i_j_\h^m� ij_^hklZ\e_gghfm Mdjl_e_dhfhf�

Mki_rghfm ijh\_^_gbx dhgn_j_gpbb kihkh[kl\h\ZeZ

keZ`_ggZy jZ[hlZ Hj]dhfbl_lZ ih^ jmdh\h^kl\hf dZg^�

nba��fZl� gZmd :� L� A_evgbq_gdh�

D hldjulbx dhgn_j_gpbb [ueb \uims_gu k[hjgbd l_�

abkh\ b ijh]jZffZ dhgn_j_gpbb �gZ Zg]ebckdhf yaud_��

< dhgp_ hdly[jy ² gZqZe_ ghy[jy ���� ]� [m^ml ba^Zgu

ljm^u dhgn_j_gpbb gZ Zg]ebckdhf yaud_� AZdZaZlv k[hj�

gbd ljm^h\ fh`gh \ j_^Zdpbb `mjgZeZ ©:\lhfZlbq_kdZy

k\ZjdZª�

>h[jh`_eZl_evgZy� ]hkl_ijbbfgZy� l\hjq_kdZy h[klZ�

gh\dZ dhgn_j_gpbb kihkh[kl\h\ZeZ jZa\blbx ihe_aguo

^bkdmkkbc� mklZgh\e_gbx ^_eh\uo dhglZdlh\� MqZklgbdb

dhgn_j_gpbb ba jZaguo kljZg� hlf_lb\ __ [_amkeh\guc

mki_o� \ujZabeb ih`_eZgb_ ijbgylv mqZklb_ \ ke_^mxs_c�

��c dhgn_j_gpbb /7:03��� \ ���� ]�

<� K� Dh\Ze_gdh� ^�j l_og� gZmd

������ ��
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��±�� fZy ���� ]� H:H ©OZjpuakdbc ljm[guc aZ\h^ª

ijh\_eh \ Yel_ Iylmx f_`^mgZjh^gmx gZmqgh�l_ogbq_k�

dmx dhgn_j_gpbx� ihk\ys_ggmx i_jki_dlb\Zf jZa\blby

l_ogheh]bb ijhba\h^kl\Z k\Zjguo ljm[ [hevrh]h ^bZf_l�

jZ� Hkgh\gZy l_fZ dhgn_j_gpbb [ueZ jZkdjulZ \ ���fb

^hdeZ^Zo mq_guo� jZ[hlZxsbo \ h[eZklb f_lZeemj]bq_k�

dh]h b ljm[gh]h ijhba\h^kl\Z� \_^msbo ki_pbZebklh\

ij_^ijbylby� ij_^klZ\bl_e_c hj]ZgbaZpbc b nbjf� y\ey�

xsboky kf_`gbdZfb H:H OLA� ² ihklZ\sbdh\ l_ogheh�

]bq_kdbo fZl_jbZeh\ b h[hjm^h\Zgby� ihlj_[bl_e_c ijh�

^mdpbb�

MqZklb_ \ jZ[hl_ dhgn_j_gpbb dhee_] b iZjlg_jh\ g_

lhevdh ba MdjZbgu� gh b ba [eb`g_]h b ^Zevg_]h aZjm�

[_`vy k\b^_l_evkl\m_l h agZqbfhklb b \hklj_[h\Zgghklb

ijh^mdpbb H:H OLA dZd gZ \gmlj_gg_f� lZd b \g_rg_f

jugd_� Jhkkbckdbo ihlj_[bl_e_c b jhkkbckdmx gZmdm

ij_^klZ\eyeb lZdb_ hj]ZgbaZpbb b bgklblmlu� dZd H:H

©=Zaijhfª�HHH ©Bgklblml<GBBKLª �]�Fhkd\Z��PGBBq_j�

f_l bf� B� I� ;Zj^bgZ �]�Fhkd\Z�� H:H ©=bijh]Zap_gljª

�]� Gb`gbc Gh\]hjh^�� &R: ² nbjfZ ©(:, 0LFURDOOR\�

LQJ ,QW�ª� =_jfZgbx ² nbjfZ ©1LRELXP 3URGXFWV &RPSD�

Q\ª�R\_cpZjbx² nbjfZ ©+DHXVOHU $*ª�GZb[he__ ij_^�

klZ\bl_evguf gZ dhgn_j_gpbb [ue hljy^ mq_guo b ki_�

pbZebklh\� jZ[hlZxsbo gZ ij_^ijbylbyo� \ gZmqgh�bkke_�

^h\Zl_evkdbo b ijh_dlguo bgklblmlZo� y\eyxsboky ]hj�

^hklvx hl_q_kl\_gghc gZmdb� f_lZeemj]bq_kdh]h b ljm[�

gh]h ijhba\h^kl\Z� BWK bf� ?� H� IZlhgZ �]� Db_\�� =GBB

ljm[ghc ijhfure_gghklb �]� >g_ijhi_ljh\kd�� FGP <GB�

LB�L?KL �]� >g_ijhi_ljh\kd�� ©X`GBB]bijh]Zaª �]� >h�

g_pd�� Mdj]hkGBBieZklfZkk �]� >hg_pd�� H:H Mdjljm�

[hijhf �]� >g_ijhi_ljh\kd�� H:H FD :ah\klZev �]� FZ�

jbmihev��

Khklhygb_� ijh[e_fu� aZ^Zqb b i_jki_dlb\u hl_q_kl�

\_ggh]h ljm[gh]h ijhba\h^kl\Z \ p_ehf� b H:H OZjpua�

kdbc ljm[guc aZ\h^ \ qZklghklb gZdZgmg_ \klmie_gby Md�

jZbgu \h <k_fbjgmx lhj]h\mx hj]ZgbaZpbx ij_`^_ \k_�

]h h[km`^Zebkv \ l_ogbq_kdhf b wdhghfbq_kdhf Zki_dlZo�

<uklmiZxsb_ hlf_lbeb� qlh aZ\h^ dZq_kl\_ggh f_gy�

_lky gZ ]eZaZo� Lh� h q_f jZgvr_ ]h\hjbehkv dZd h kf_euo

ijh_dlZo� klZeh j_Zevghklvx b ^Z`_ h[u^_gghklvx� GZ

l_ogheh]bq_kdhc ebgbb ih ijhba\h^kl\m h^ghrh\guo

ljm[� iheghklvx aZ]jm`_gghc b h[_ki_q_gghc aZdZaZfb�

m`_ ba]hlh\e_gh [he__ h^ghc q_l\_jlb fbeebhgZ lhgg

ljm[� K_cqZk j_rZxlky \hijhku fh^_jgbaZpbb h^ghrh\�

gh]h ijhba\h^kl\Z² baf_g_gby nhjfu jZa^_edb djhfhd�

memqr_gby nhjfu ljm[ghc aZ]hlh\db� mf_gvr_gby dhg�

p_\hc h[j_ab b l�^� >\morh\guc ihlhd \uimkdZ_l g_

hiulgu_� Z ijhfure_ggu_ iZjlbb ljm[ ^bZf_ljhf

��������� ff k lhesbgZfb kl_ghd ^h �� ff ba \ukh�

dhijhqguo klZe_c O�� b O��� >h wlh]h gb h^bg ba ljm[�

guo aZ\h^h\ gZ l_jjblhjbb KG= lZdb_ ljm[u g_ ijhba�

\h^be� Hgb aZdmiZebkv \ Yihgbb� =_jfZgbb b ^jm]bo kljZ�

gZo ^Zevg_]h aZjm[_`vy�

Hk\h_gZ q_luj_o^m]h\Zy k\ZjdZ ljm[ ih^ keh_f d_jZ�

fbq_kdh]h nexkZ� \ ijhba\h^kl\_ bkihevamxlky jZagh�

h[jZagu_ kbkl_fu ihebf_jguo fZl_jbZeh\ ^ey gZg_k_gby

Zglbdhjjhabhgguo ihdjulbc� \g_^jyxlky j_kmjkhk[_j_�

]Zxsb_ l_ogheh]bb�

�� ������



Ijh\_^_gh agZqbl_evgh_ l_ogbq_kdh_ i_j_\hhjm`_gb_

aZ\h^Z� ijbh[j_l_gh kZfh_ kh\j_f_ggh_ h[hjm^h\Zgb_ ^ey

g_jZajmrZxs_]h dhgljhey� gh\h_ k\Zjhqgh_ h[hjm^h\Z�

gb_� ^jh[_f_lu� bg^mdpbhggZy i_qv� wdkljmabhggh_ h[h�

jm^h\Zgb_� \uihegyxlky djmigu_ f_jhijbylby ih Z\lh�

fZlbaZpbb b fhgblhjbg]m ijhba\h^kl\Z� aZdmiZ_lky i_j�

ki_dlb\gh_ bkiulZl_evgh_ b bkke_^h\Zl_evkdh_ h[hjm^h�

\Zgb_� GZqZlZ j_ZebaZpby fZkrlZ[gh]h ijh_dlZ ih kha�

^Zgbx ebgbb h^ghrh\gh]h ijhba\h^kl\Z k _s_ [hevrbf

^bZiZahghf ^bZf_ljh\ b lhesbg kl_ghd ljm[� q_f gZ km�

s_kl\mxs_c ebgbb� IhklZ\sbdhf h[hjm^h\Zgby ihke_

ijh\_^_gby hldjulh]h l_g^_jZ klZe h^bg ba fbjh\uo eb�

^_jh\ \ ijhba\h^kl\_ ih^h[gh]h h[hjm^h\Zgby ² dhf�

iZgby ©+DHXVOHU $*ª� R\_cpZjby�

Gug_rg__ khklhygb_ ^_e \ H:H ©OLAª b \ ljm[ghc

ijhfure_gghklb MdjZbgu \ p_ehf hp_g_gh mqZklgbdZfb

dhgn_j_gpbb \_kvfZ hilbfbklbqgh� kljhylky gh\u_ ljm�

[hijh\h^gu_ kbkl_fu� j_fhglbjmxlky b fh^_jgbabjmxl�

ky bf_xsb_ky� gZjZsb\Zxlky h[t_fu ^h[uqb b bkihev�

ah\Zgby ijbjh^gh]h ]ZaZ b g_nlb� <k_ wlh h[_ki_qb\Z_l

mdjZbgkdbo ljm[gbdh\ jZ[hlhc� AZ]jm`_gghklv H:H OLA

\hajhkeZ aZ ihke_^gb_ ]h^u \ g_kdhevdh jZa� Ijb wlhf

hk\Zb\Z_lky ijhba\h^kl\h ijh^mdpbb� ihevamxs_cky

kijhkhf gZ jugd_ ljm[� \uihegyxlky hl\_lkl\_ggu_ aZ�

jm[_`gu_ aZdZau� ?keb jZgvr_ \ ^Zevg__ aZjm[_`v_ ihk�

lZ\eyebkv ljm[u ^ey f_lZeehdhgkljmdpbc b \h^h\h^h\

�dZl_]hjbb ijhqghklb *UDGH % � ;���� lh l_i_jv OZjpua�

kdbc ljm[guc aZ\h^ j_]meyjgh hlijZ\ey_l ^_kyldb b khlgb

dbehf_ljh\ ljm[ dZl_]hjbc O�� b ;�� ^ey fZ]bkljZevguo

]Zah� b g_nl_ijh\h^h\ \ DZaZoklZg� BjZg� Kbjbx� Lmj�

df_gbklZg� ?]bi_l� KR:� <hklhqgmx ?\jhim� DblZc b

^jm]b_ kljZgu� >h ���� ]� _^bgkl\_gguf jugdhf k[ulZ

^\morh\guo oZjpuakdbo ljm[ [ueb kljZgu� h[jZah\Z\�

rb_ky ijb jZkiZ^_ Kh\_lkdh]h KhxaZ� L_i_jv gZqZlh hk�

\h_gb_ gh\h]h ihl_gpbZevgh h]jhfgh]h jugdZ ljm[ [hev�

rh]h ^bZf_ljZ² bjZgkdh]h� < jheb aZdZaqbdZ \uklmiZ_l

bjZgkdZy gZpbhgZevgZy ]Zah\Zy dhfiZgbx ©1,*&ª�

B \k_�lZdb djmig_crbf jhkkbckdbf aZdZaqbdhf ^\mo�

rh\guo oZjpuakdbo ljm[ [ue b hklZ_lky H:H ©=Zaijhfª�

Ijhba\h^kl\h H:H OLA [ueh kha^Zgh bf_ggh ^ey =Za�

ijhfZ b ijh^he`Z_l hklZ\Zlvky \hklj_[h\Zgguf� g_kfhl�

jy gZ iheblbq_kdb_ b wdhghfbq_kdb_ dZlZdebafu ihke_^�

gbo e_l� Bkq_aZxl klZju_ b \hagbdZxl gh\u_ ]hkm^Zjkl\Z�

f_gyxlky ijZ\bl_evkl\Z� Z oZjpuakdb_ ljm[u ijh^he`Z�

xl bkihevah\Zlvky b aZdmiZlvky ^ey i_j_dZqdb jhkkbck�

dh]h ]ZaZ� < kZfhc Jhkkbb� gZ hl_q_kl\_gguo ljm[guo

aZ\h^Zo j_Zebamxlky fZkrlZ[gu_ l_ogbq_kdb_ ijh_dlu�

^_deZjbjm_lky ]hlh\ghklv hldZaZlvky hl gZrbo ljm[� gh

klZlbklbdZ ihdZ ]h\hjbl kZfZ aZ k_[y� < fZjl_ wlh]h ]h^Z

LWKP�� H:H OLA ba]hlh\be ���lb fbeebhggmx lhggm

ljm[ kh \j_f_gb k\h_]h \\h^Z \ wdkiemZlZpbx� Ih^Z\ey�

xsZy qZklv wlbo ljm[ mreZ gZ =Zaijhf�

KZfu_ l_ieu_ keh\Z gZ dhgn_j_gpbb [ueb kdZaZgu jm�

dh\h^bl_e_f ij_^ijbylby \ Z^j_k kf_`gbdh\ b dhee_]�

jZ[hlZxsbo kh\f_klgh kh ki_pbZebklZfb aZ\h^Z gZ^

ijh[e_fZfb ijhba\h^kl\Z b gZ^_`ghklb ]Zahg_nl_ijh�

\h^guo ljm[� Ij_`^_ \k_]h� h ihlj_[bl_eyo² H:H ©=Za�

ijhfª� G:D ©G_nl_]Za MdjZbguª� :LAL ©=Za[m^bg\_klª�

H:H ©:D ©LjZgkg_nlvª� A:H ©AZjm[_`g_nl_]Zaª� HHH

©DZaZoklZgkdh�DblZckdbc ljm[hijh\h^ª� GZpbhgZevghc

bjZgkdhc ]Zah\hc dhfiZgbb ©1,*&ª� >:H ©Q_jghfhj�

g_nl_]Zaª b ^j�

;ueZ ih^q_jdgmlZ hkh[Zy jhev gZmdb \ jZa\blbb b k_�

]h^gyrgbo mki_oZo ij_^ijbylby ² \_^msbo gZmqgh�bk�

ke_^h\Zl_evkdbo b ijh_dlguo bgklblmlh\ MdjZbgu b

Jhkkbb� BWK bf� ?� H� IZlhgZ� =hkm^Zjkl\_ggh]h ljm[�

gh]h bgklblmlZ bf� Y� ?� HkZ^u� <GBLB�L?KL� <GB�

B=:A� <GBBKL� PGBBQ?JF?L bf� B� I� ;Zj^bgZ

X`GBB]bijh]Za� BgklblmlZ ljZgkihjlZ g_nlb� <GB�

IBLJ:GK=:A� MDJ=:AIJH?DL� =BIJHki_p=:A�

=BIJH=:AP?GLJ� =:AGBBIJH?DL� Mdj=hkGBBieZk�

lfZkk� MDJ=BIJHF?A b ^j�

GZ^_`gufb ^_eh\ufb iZjlg_jZfb OZjpuakdh]h ljm[�

gh]h \uklmiZxl f_lZeemj]bq_kdb_ dhf[bgZlu ² ijhba�

\h^bl_eb ebklh\hc klZeb� FD ©:ah\klZevª� FD bf� Bev�

bqZ� :eq_\kdbc f_lZeemj]bq_kdbc dhf[bgZl ² bf_ggh

hgb ihfh]eb aZ\h^m klZlv kh\j_f_gguf� \ukhdhl_ogheh�

]bqguf ij_^ijbylb_f� bf_ggh k bo ihfhsvx b mqZklb_f

mki_rgh hg jZ[hlZ_l gZ ljZ^bpbhgguo jugdZo b hk\Zb�

\Z_l gh\u_�

GZ dhgn_j_gpbb k ^hdeZ^Zfb \uklmibeb aZ\� hl^_eZfb

BWK bf� ?� H� IZlhgZ dZg^� l_og� gZmd :� :� Ju[Zdh\

b ^�j l_og� gZmd <� :� Ljhbpdbc�

Ih j_amevlZlZf dhgn_j_gpbb l_ogbq_kdbfb kem`[Zfb

OZjpuakdh]h ljm[gh]h aZ\h^Z jZajZ[hlZgZ ki_pbZevgZy

ijh]jZffZ ih j_ZebaZpbb j_dhf_g^Zpbc gZmdb k mq_lhf

gh\uo lj_[h\Zgbc d ijh^mdpbb ihlj_[bl_e_c�

Y� <� ;_j_`gyd� bg`�
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��±�� fZy ���� ]� ih bgbpbZlb\_ Kh\_lZ gZmqghc fheh^_�

`b BWK bf� ?� H� IZlhgZ \ i]l <hja_ev khklhyeZkv ,,,

<k_mdjZbgkdZy gZmqgh�l_ogbq_kdZy dhgn_j_gpby fheh�

^uo mq_guo b ki_pbZebklh\ ©K\ZjdZ b jh^kl\_ggu_ l_o�

gheh]bbª� M`_ klZeh ^h[jhc ljZ^bpb_c jZa \ ^\Z ]h^Z� \

dhgp_ \_kgu� ijh\h^blv k[hj emqrbo ij_^klZ\bl_e_c gZ�

mqghc fheh^_`b MdjZbgu \ h[eZklb k\Zjdb gZ [Za_ dZj�

^bheh]bq_kdh]h kZgZlhjby ©<hja_evª� < wlhf ]h^m [ueh

aZy\e_gh ��� ^hdeZ^h\ fheh^uo mq_guo b ki_pbZebklh\

�\ lhf qbke_ �� hl khljm^gbdh\ BWK�� dhlhju_ ij_^klZ\�

eyeb �� gZmqguo� mq_[guo hj]ZgbaZpbc b ij_^ijbylbc ba

�� ]hjh^h\� <i_j\u_ kj_^b mqZklgbdh\ [ueb ij_^klZ\bl_�

eb Jhkkbb ba Fhkdh\kdh]h bgklblmlZ klZeb b kieZ\h\� G_�

ihkj_^kl\_ggh_ mqZklb_ \ jZ[hl_ dhgn_j_gpbb ijbgyeb

hdheh �� q_eh\_d�

������ ��



Hldjue dhgn_j_gpbx ZdZ^_fbd G:G MdjZbgu E� F�

Eh[Zgh\� < k\h_c \klmibl_evghc j_qb hg hlf_lbe \Z`�

ghklv b ZdlmZevghklv ijh\_^_gby lZdbo dhgn_j_gpbc� g_�

h[oh^bfhklv ijb\e_q_gby fheh^uo dZ^jh\ \ gZmdm b jZa�

\blb_ bo l\hjq_kdh]h b bgl_ee_dlmZevgh]h ihl_gpbZeZ�

Ij_^klZ\e_ggu_ gZ dhgn_j_gpbb ^hdeZ^u ho\Zlu\Zeb

ke_^mxsb_ gZijZ\e_gby� ijh]j_kkb\gu_ l_ogheh]bb k\Zj�

db b kh_^bg_gby fZl_jbZeh\� ijhqghklv� gZ^_`ghklv b

^he]h\_qghklv k\Zjguo dhgkljmdpbc� l_ogheh]bb gZieZ\�

db� gZg_k_gby ihdjulbc b h[jZ[hldb ih\_joghkl_c� ijh�

p_kku ki_pwe_dljhf_lZeemj]bb� gh\u_ dhgkljmdpbhggu_

fZl_jbZeu� fZl_fZlbq_kdh_ fh^_ebjh\Zgb_ \ k\Zjd_� Z\�

lhfZlbaZpbx ijhp_kkh\ k\Zjdb b jh^kl\_gguo l_ogheh�

]bc� nmg^Zf_glZevgu_ bkke_^h\Zgby nbabdh�obfbq_kdbo

ijhp_kkh\�

Dhgn_j_gpby ijhoh^beZ ljb ^gy \ j_`bf_ ie_gZjguo

aZk_^Zgbc� < oh^_ __ jZ[hlu aZkemrZgh �� ^hdeZ^h\� agZ�

qbl_evgZy qZklv dhlhjuo [ueZ ih^]hlh\e_gZ gZ \ukhdhf

gZmqghf b l_ogbq_kdhf mjh\g_� Ij_^klZ\e_gb_ [hevrbg�

kl\Z ^hdeZ^h\ �[he__ �� �� \uiheg_gh k bkihevah\Zgb_f

dhfivxl_jghc l_ogbdb gZ fmevlbf_^bcghf ijh_dlhj_�

Ijhqbc beexkljZlb\guc fZl_jbZe [ue ij_^klZ\e_g gZ

ijhajZqguo ie_gdZo dZd \ q_jgh�[_ehf� lZd b \ p\_lghf

\b^_� < p_ehf fh`gh hlf_lblv agZqbl_evguc jhkl gZ�

mqgh]h b ^_fhgkljZpbhggh]h mjh\gy wlhc dhgn_j_gpbb

ih kjZ\g_gbx k ij_^u^msbfb�

GZ dhgn_j_gpbb \i_j\u_ [ueb ij_^klZ\e_gu ^hdeZ^u

gZ Zg]ebckdhf yaud_� Hkh[_ggh ijbylgh hlf_lblv� qlh

wlh [ueb ij_^klZ\bl_eb BWK bf� ?� H� IZlhgZ� GZ^__fky�

qlh \ ^Zevg_cr_f dhebq_kl\h ^hdeZ^h\ gZ bghkljZgguo

yaudZo [m^_l m\_ebqb\Zlvky�

Ohl_ehkv [u hlf_lblv \uklmie_gby ij_^klZ\bl_e_c ba

GLMM ©DIBª� MdjZbgkdhc bg`_g_jgh�i_^Z]h]bq_kdhc

ZdZ^_fbb� Z lZd`_ ljZ^bpbhggh kbevgu_ jZ[hlu ba Q_j�

gb]h\kdh]h =LM� GZpbhgZevgh]h mgb\_jkbl_lZ dhjZ[e_k�

ljh_gby bf� :^fbjZeZ FZdZjh\Z� NLBFKZ�

Ih hdhgqZgbb dhgn_j_gpbb khklhyehkv \jmq_gb_ ij_�

fbc ih[_^bl_eyf� Kms_kl\_ggh \hajhkrbc mjh\_gv ij_^�

klZ\e_gguo ^hdeZ^h\ h[mkeh\be j_r_gb_ hj]dhfbl_lZ

m\_ebqblv dhebq_kl\h ijbah\uo f_kl� :\lhju emqrbo

^hdeZ^h\ [ueb gZ]jZ`^_gu ^biehfZfb b ^_g_`gufb ij_�

fbyfb� Kihgkhjkdmx ihfhsv gZ ij_fbjh\Zgb_ hdZaZe

GLD ©BWK bf� ?� H� IZlhgZª�

>biehf , kl_i_gb [ue \jmq_g K� =� <hcgZjh\bqm �BWK

bf� ?� H� IZlhgZ� ©FbdjhieZaf_ggh_ gZiue_gb_ ihdju�

lby ba hdkb^Z pbjdhgbyª� ^biehfu ,, kl_i_gb ² <� <�

KZ\bpdhfm �BWK bf� ?� H� IZlhgZ� ©Hij_^_e_gb_ hklZ�

lhqguo gZijy`_gbc gZ hkgh\_ bkihevah\Zgby f_lh^h\ dh�

g_qguo we_f_glh\ b we_dljhgghc ki_de�bgl_jn_jh�

f_ljbbª� B� :� Ijb[ulvdh �Q_jgb]h\kdbc =LM� ©Ijh_d�

lbjh\Zgb_ k\Zjguo maeh\ ^Zlqbdh\ ^Z\e_gbyª� ^biehfu

,,, kl_i_gb ² ?� D� Dmafbq�Ygqmdm �BWK bf� ?� H� IZ�

lhgZ� ©6XVSHQVLRQ SODVPD VSUD\LQJ RI ELRFHUDPLF FRDWLQJVª�

?� <� Iheh\_pdhfm �BWK bf� ?� H� IZlhgZ� ©AZdhghf_j�

ghklb nhjfbjh\Zgby kljmdlmju kh_^bg_gbc lblZgZ kh

klZevx� ihemq_gguo k\Zjdhc \aju\hfª� :� <� EZ[ZjldZ\_

�GZpbhgZevguc mgb\_jkbl_l dhjZ[e_kljh_gby bf� :^�

fbjZeZ FZdZjh\Z� ©<ebygb_ ^_n_dlh\ gZ gZijy`_ggh�^_�

nhjfbjh\Zggh_ khklhygb_ iZyguo kh_^bg_gbc ba jZagh�

jh^guo fZl_jbZeh\ª� >� >� Dmgdbgm �BWK bf� ?� H� IZ�

lhgZ� ©J_ahgZgkg_ ^`_j_eh ^ey a\Zjx\Zggy fh^mevh\Zgbf

kljmfhfª�

Bgklblml we_dljhk\Zjdb bf� ?� H� IZlhgZ ijbeh`be

\k_ mkbeby� qlh[u dhgn_j_gpby ijhreZ gZ \ukhdhf hj�

]ZgbaZpbhgghf b gZmqgh�l_ogbq_kdhf mjh\g_� D hldju�

lbx dhgn_j_gpbb [ue ba^Zg k[hjgbd ljm^h\ b ijh]jZffZ

jZ[hlu�

;hevrmx ihfhsv \ ijh\_^_gbb dhgn_j_gpbb hdZaZeb

K� G� Kl_iZgxd� K� =� =jb]hj_gdh� K� =� <hcgZjh\bq� <� ?�

N_^hjqmd� :� ;� E_kghc� <� <� KZ\bpdbc� :� <� EZ\j_gxd�

Z lZd`_ mq_guc k_dj_lZjv BWK bf� ?� H� IZlhgZ ^�j l_og�

gZmd E� K� Dbj__\ b ^bj_dlhj L_oghiZjdZ ©BWK bf� ?� H�

IZlhgZª :� :� FZamj�

Ohl_ehkv [u lZd`_ \ujZablv [eZ]h^Zjghklv i_jkhgZem

kZgZlhjby ©<hja_evª� Hlebqgu_ mkeh\by ijh`b\Zgby b

[eZ]hmkljh_ggZy l_jjblhjby kZgZlhjby kihkh[kl\h\Zeb g_

lhevdh ieh^hl\hjghc jZ[hl_� gh b iheghp_gghfm hl^uom

mqZklgbdh\ dhgn_j_gpbb�

K� =� <hcgZjh\bq� bg`�

�� ������
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� bxgy ���� ]� gZ H:H ©DZoh\kdbc

aZ\h^ we_dljhk\Zjhqgh]h h[hjm^h\Z�

gbyª �DAWKH� khklhyeky m`_ ljZ^b�

pbhgguc k_fbgZj ©@_e_agh^hjh`�

guc ljZgkihjl ² K\ZjdZ ����ª� <

g_f ijbgyeb mqZklb_ hdheh �� ki_�

pbZebklh\ ba MdjZbgu� Jhkkbb b ;_�

ehjmkkbb� Hgb ij_^klZ\eyeb we_dl�

jh\hah� b \Z]hghkljhbl_evgu_ ij_^�

ijbylby �]� Gh\hZelZckd� Dj_f_g�

qm]� Em]Zgkd� KlZoZgh\�� \Z]hgh� b

ehdhfhlb\gu_ aZ\h^u �]� Fbgkd�

Ev\h\� IhelZ\Z�� klj_ehqguc aZ\h^

�]� D_jqv�� fZrbghkljhbl_evgu_

ij_^ijbylby �]� >g_ijhi_ljh\kd�

FZjbmihev� Fhkdh\kdmx `_e_agmx

^hjh]m� Db_\f_ljhkljhc�� Kj_^b

mqZklgbdh\ [ueb lZd`_ jmdh\h^bl_�

eb H[s_kl\Z k\Zjsbdh\ MdjZbgu�

ij_^klZ\bl_eb GLD ©BWK bf� ?� H�

IZlhgZª� F_`^mgZjh^ghc Zkkhpb�

Zpbb ©K\ZjdZª� `mjgZeh\ ©:\lhfZ�

lbq_kdZy k\ZjdZª b ©K\Zjsbdª� GZpbhgZevgh]h mgb\_jkb�

l_lZ dhjZ[e_kljh_gby� Em]Zgkdh]h Zll_klZpbhggh]h p_gl�

jZ� Hl DAWKH \ jZ[hl_ k_fbgZjZ ijbgyeb mqZklb_ jmdh�

\h^bl_eb b ]eZ\gu_ ki_pbZebklu l_ogbq_kdbo kem`[�

P_ev k_fbgZjZ ² [he__ [ebadh_ hagZdhfe_gb_ ihl_g�

pbZevguo ihlj_[bl_e_c k ijh^mdpb_c aZ\h^Z� hj]ZgbaZ�

pb_c b dmevlmjhc ijhba\h^kl\Z� l_ogbq_kdhc iheblbdhc

ij_^ijbylby ih kh\_jr_gkl\h\Zgbx \uimkdZ_fhc l_ogb�

db� mq_l ih`_eZgbc b ZgZeba \hafh`guo aZf_qZgbc kh

klhjhgu ihlj_[bl_e_c� ^hklb`_gb_ ^h\_jbl_evguo \aZ�

bfhhlghr_gbc gZ i_jki_dlb\m�

Hldju\ k_fbgZj� ^bj_dlhj H:H ©DKWKHª Y� B� Fb�

dblbg ^Ze djZldmx bklhjbq_kdmx kijZ\dm h[ hkgh\Zgbb

aZ\h^Z b _]h jZa\blbb� ;he__ ih^jh[gh hg hklZgh\beky

gZ hkh[_gghklyo ^_yl_evghklb aZ\h^Z \ ihke_^gb_ ]h^u�

K_]h^gy ghf_gdeZlmjZ \uimkdZ_fhc ijh^mdpbb gZkqb�

lu\Z_l k\ur_ �� gZbf_gh\Zgbc� Mkeh\gh bo fh`gh hl�

g_klb ih ki_pbnbd_ ijbf_g_gby d lj_f lbiZf�

ki_pbZevgZy k\ZjdZ� Ijh^mdpby \dexqZ_l fZrbgu b

dhfie_dku ^ey k\Zjdb j_evkh\� ljm[� klj_ehqguo i_j_�

\h^h\ b ^j��

mgb\_jkZevgZy k\ZjdZ� Hdheh �� gZbf_gh\Zgbc ijh�

^mdpbb \dexqZxl ljZgknhjfZlhju b \uijyfbl_eb

����…���� :�� ihemZ\lhfZlu ^ey k\Zjdb \ aZsblguo ]Z�

aZo ����…��� :�� h[hjm^h\Zgb_ ^ey \Zgghc k\Zjdb Zj�

fZlmju� ZiiZjZlu ^ey WRK� Z\lhfZlu ^ey k\Zjdb ih^

nexkhf b \ aZsblghc kj_^_� fZrbgZ ^ey dhglZdlghc k\Zj�

db ij_kkh\h]h lbiZ �de_sb� klZpbhgZjgu_ fZrbgu gZ lh�

db ����…����� :�� rh\gu_ fZrbgu�

we_dljhfZkeygu_ jZ^bZlhju �h[t_f \uimkdZ ^hklb] ��

luk� \ ]h^��

AZ\h^ gZ kh\j_f_gghf wlZi_ ^bgZfbqgh jZa\b\Z_lky�

H[t_fu ijhba\h^kl\Z DAWKH \ ���� ]� ij_\ukbeb \^\h_

h[t_fu� ^hklb]gmlu_ \ �����_ ]h^u� H[_ki_qb\Z_lky aZ]�

jm`_gghklv _]h fhsghkl_c� M^_ey_lky ihklhyggh_ \gb�

fZgb_ ih\ur_gbx ijhn_kkbhgZevgh]h mjh\gy jZ[hlgb�

dh\ aZ\h^Z� B^_heh]by dhgkljmbjh\Zgby gh\uo h[jZaph\

h[hjm^h\Zgby b kh\_jr_gkl\h\Zgby \uimkdZ_fh]h [Zab�

jm_lky gZ l_kghf khljm^gbq_kl\_ k aZdZaqbdZfb� Bf_ggh

wlZ k\yav hij_^_ey_l [ZeZgk \ p_gh\hc iheblbd_ b mjh\g_

dZq_kl\Z ijh^mdpbb�

>_\ba jZ[hlu ij_^ijbylby² l_ogbq_kdZy gh\bagZ� dZ�

q_kl\h� k_j\bk �©fu klj_fbfky ij_\ukblv <Zrb h`b^Z�

gbyª��

>Ze__ Y� B� Fbdblbg ih^_ebeky iheh`bl_evguf hiu�

lhf jZ[hlu k djmigufb aZdZaqbdZfb �:ah\fZr� ©Hd_Zgª�

Djxdh\kdbf \Z]hghkljhbl_evguf aZ\h^hf�� Wlb ij_^i�

jbylby gZ k_]h^gy \ agZqbl_evghc f_j_ mdhfie_dlh\Zgu

������ ��



h[hjm^h\Zgb_f DAWKH� < p_ehf ijh^mdpby gZ wdkihjl

\ ^_g_`ghf bkqbke_gbb ^hklb]Z_l �� ��

JZkl_l bgl_j_k aZjm[_`guo nbjf d ijh^mdpbb DAWKH�

<hajhkeh dhebq_kl\h ^_e_]Zpbc� ihk_sZxsbo aZ\h^�

<kdhj_ [m^_l ih^ibkZgh kh]eZr_gb_ h khljm^gbq_kl\_ gZ

iylv e_l k DGJ�

Qlh dZkZ_lky `_e_aguo ^hjh]� lh ihdZ g_l _^bghc ih�

eblbdb \ wlhf \_^hfkl\_ ih hj]ZgbaZpbb j_fhglgh�\hk�

klZgh\bl_evguo jZ[hl� qlh aZljm^gy_l \aZbfh^_ckl\b_ k

_]h j_fhglgufb ij_^ijbylbyfb�

GZ k_fbgZj_ hl DAWKH lZd`_ \uklmibeb ]eZ\guc dhg�

kljmdlhj K� <� >mo� \_^msbc dhgkljmdlhj G� B� Ihklh�

eZlbc� dhlhju_ hagZdhfbeb mqZklgbdh\ k_fbgZjZ k dhg�

kljmdlhjkdbfb j_r_gbyfb� aZeh`_ggufb ij_^ijbylb_f

ijb kha^Zgbb gh\uo h[jZaph\ k\Zjhqghc l_ogbdb�

AZl_f [ueZ kh\_jr_gZ wdkdmjkby ih hkgh\guf ijhba�

\h^kl\_gguf p_oZf b mqZkldZf DAWKH� \ oh^_ dhlhjhc

khklhyeky h`b\e_gguc h[f_g fg_gbyfb h ^hklhbgkl\Zo

\uimkdZ_fh]h h[hjm^h\Zgby b� ij_`^_ \k_]h� gZ^_`ghklb�

\ukdZaZg jy^ ih`_eZgbc ih _]h kh\_jr_gkl\h\Zgbx�

<� G� Ebih^Z_\� ^�j l_og� gZmd
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��±�� bxgy ���� ]� \ Fbgkd_ �J_kim[ebdZ ;_eZjmkv� khk�

lhyebkv f_`^mgZjh^gZy gZmqgh�l_ogbq_kdZy dhgn_j_gpby

©Kh\j_f_ggu_ l_ogheh]bb f_lZeehh[jZ[hldbª b [_ehjmk�

kdh�mdjZbgkdbc gZmqguc�l_ogbq_kdbc k_fbgZj ©G_�

jZat_fgu_ kh_^bg_gby i_jki_dlb\guo fZl_jbZeh\� l_h�

jby b ijZdlbdZª� Dhgn_j_gpby b k_fbgZj [ueb hj]Zgbah�

\Zgu GZpbhgZevghc ZdZ^_fb_c gZmd ;_eZjmkb� =hkm^Zjk�

l\_gguf dhfbl_lhf ih gZmd_ b l_ogheh]byf J_kim[ebdb

;_eZjmkv� =GM ©Nbabdh�l_ogbq_kdbc bgklblmlª �Fbgkd��

< wlbo f_jhijbylbyo ijbgyeb mqZklb_ mq_gu_ b ki_pbZ�

ebklu ba J_kim[ebdb ;_eZjmkv� Jhkkbckdhc N_^_jZpbb�

MdjZbgu� Ihevrb� DZaZoklZgZ� J_kim[ebdb Dhj_y� DblZy�

Bg^bb� ;jZabebb� ² \k_]h [he__ ��� q_eh\_d�

GZ dhgn_j_gpbb b k_fbgZj_ h[km`^Zebkv j_amevlZlu

bkke_^h\Zgbc \ h[eZklb kha^Zgby jZaebqguo \ukhdhwg_j�

]_lbq_kdbo l_ogheh]bc �eZa_jguo� we_dljhggh�emq_\uo�

we_dljhwjhabhgguo�� l_ogheh]bc b h[hjm^h\Zgby h[jZ�

[hldb f_lZeeh\ ^Z\e_gb_f �bfimevkgZy rlZfih\dZ b nhj�

fh\dZ ebklh\uo f_lZeeh\� debgh\Zy ijhdZldZ� \hehq_gb_

b mevljZa\mdh\Zy h[jZ[hldZ�� mijhqg_gb_ h[jZ[Zlu\Zx�

s_]h bgkljmf_glZ gZghdhfihabpbhggufb ZefZahih^h[�

gufb ihdjulbyfb� gh\u_ i_jki_dlb\gu_ fZl_jbZeu we_d�

ljhgghc l_ogbdb� fZl_jbZeh\_^_gb_ dhgkljmdpbhgguo

fZl_jbZeh\� ki_pbZevgu_ \b^u eblvy� l_jfhh[jZ[hldb b

f_oZgbq_kdhc h[jZ[hldb� j_fhgl b \hkklZgh\e_gb_ ^_lZ�

e_c b maeh\ fZrbg b f_oZgbafh\� <k_]h [ueh ij_^klZ\�

e_gh [he__ �� ^hdeZ^h\� <k_ hgb him[ebdh\Zgu \ k[hj�

gbd_� ba^Zgghf d hldjulbx dhgn_j_gpbb�

DZd \_kvfZ iheh`bl_evguc nZdlhj ke_^m_l hlf_lblv�

qlh [hevrbgkl\h ij_^klZ\e_gguo j_amevlZlh\ bkke_^h\Z�

gbc m`_ bf_xl ijZdlbq_kdh_ ijbf_g_gb_ \ jZaebqguo

hljZkeyo ijhfure_gghklb� < lh `_ \j_fy jy^ ^hdeZ^h\

[ue ihk\ys_g [he__ ]em[hdhfm bamq_gbx nbabq_kdbo y\�

e_gbc \ l\_j^uo l_eZo ijb l_ogheh]bq_kdbo ijhp_kkZo

b jZajZ[hld_ Zevl_jgZlb\uo ih^oh^h\ d kha^Zgbx gh\uo

l_ogheh]bc� fZl_jbZeh\ b l_ogheh]bq_kdh]h h[hjm^h\Z�

gby� GZb[hevr__ dhebq_kl\h ^hdeZ^h\ [ueh ihk\ys_gh

bg`_g_jbb ih\_joghkl_c� Z bf_ggh l_ogheh]byf mijhq�

g_gby b gZg_k_gby ihdjulbc�

Mijhqg_gb_ ih\_joghklb ZefZahih^h[gufb gZghkl�

jmdlmjgufb ihdjulbyfb [ueh jZkkfhlj_gh \ ^hdeZ^_

W� B� Lhqbpdh]h �GBP ©IeZafhl_]ª Nbabdh�l_ogbq_kdh�

]h bgklblmlZ� Fbgkd�� \ dhlhjhf ij_^klZ\e_gu gh\Zy l_o�

gheh]by bfimevkgh]h ieZaf_ggh]h hkZ`^_gby� gh\uc \u�

khdhijhba\h^bl_evguc dZlh^gh�^m]h\hc bklhqgbd ieZafu

k lhqghklvx aZ^Zgby lhesbgu ihdjulby � � gf b gh\uc

Z[jZab\guc fZl_jbZe ^ey ij_pbabhgguo ihdjulbc� Ih�

dZaZgh� qlh m]e_jh^gu_ ZefZahih^h[gu_ ihdjulby hq_gv

wnn_dlb\gu ^ey h[jZ[Zlu\Zxs_]h baf_jbl_evgh]h bgk�

ljmf_glZ� ^_lZe_c lhieb\ghc ZiiZjZlmju ^ba_evguo ^\b�

]Zl_e_c� f_^bpbgkdbo ba^_ebc� ]heh\hd l_jfhi_qZlb� fhe�

^bg]h\uo nhjf ijb ba]hlh\e_gby ba^_ebc ba ieZklfZkk�

Fgh]he_lgbc mki_rguc hiul ijbf_g_gby b jZa\blby

l_ogheh]bc bg^mdpbhggh]h gZ]j_\Z ^ey h[jZ[hldb ^_lZ�

e_c Z\lhfh[be_c �am[qZlu_ dhe_kZ� ^_lZeb keh`ghc nhj�

fu� ijhly`_ggu_ ^h � f ^_lZeb� klZevgZy ^jh[v� ^Zg \

^hdeZ^_ :� B�FboexdZ �Fbgkdbc Z\lhfh[bevguc aZ\h^��

:� =� Dgya_\Z �Bgklblml nbabdb ijhqghklb b fZl_jb�

Zeh\_^_gby� Lhfkd� ij_^klZ\beZ j_amevlZlu bkke_^h\Zgbc

f_lh^Z gZg_k_gby k\_jol\_j^uo gZghdhfihablguo

�7L1�&X� ihdjulbc gZ Zmkl_gblgu_ klZeb b l\_j^u_ kieZ�

\u� Ij_^eh`_gu gh\u_ dZlh^u k fbgbfZevghc ihjbk�

lhklvx b h^ghjh^ghc f_edha_jgbklhc kljmdlmjhc ^ey

ieZaf_ggh�^m]h\h]h gZiue_gby�

< ^hdeZ^_ B� E� Ih[hey �Nbabdh�l_ogbq_kdbc bgklb�

lml� Fbgkd� baeh`_gZ l_ogheh]by nhjfbjh\Zgby ]jZ^b�

�� ������



_glguo kljmdlmj lbiZ ©kwg^\bqª gZ qm]mg_ k bkihevah�

\Zgb_f ]hjyq_c ieZklbq_kdhc ^_nhjfZpbb b we_dljhggh�

emq_\hc h[jZ[hldb ih\_joghklb�

< ^hdeZ^_ <� <� B\Zrdh �Nbabdh�l_ogbq_kdbc bgklb�

lml� Fbgkd� ihdZaZgh� qlh bkihevah\Zgb_ jZajZ[hlZgguo

l_ogheh]bc eZa_jghc aZdZedb beb gZieZ\db gh`_c dhj�

fhm[hjhqguo dhf[Zcgh\ kms_kl\_ggh ijh^e_\Z_l bo kjhd

kem`[u�

Ij_^klZ\beh bgl_j_k khh[s_gb_ K� <� <Zs_gdh

�H[t_^bg_gguc bgklblml wg_j]_lbq_kdbo b y^_jguo bk�

ke_^h\Zgbc� Fbgkd� h[ wdheh]bq_kdb [_ahiZkghc l_ogh�

eh]bb ieZaf_ggh�we_dljheblghc ihebjh\db f_lZeebq_k�

dbo ba^_ebc k ihemq_gb_f r_jhoh\Zlhklb 5D  ���� ff�

Bkihevah\Zgb_ bfimevkguo fZ]gblguo ihe_c k wg_j�

]b_c � d>` ^ey ihemq_gby [he__ \ukhdhdZq_kl\_gguo hl�

eb\hd ij_^klZ\e_gh \ ^hdeZ^_ <� :� =ems_gdh\Z �KZfZj�

kdbc ]hkm^Zjkl\_gguc Zwjhdhkfbq_kdbc mgb\_jkbl_l bf�

:dZ^_fbdZ K� I� Dhjhe_\Z�� Ij_^eh`_g khhl\_lkl\mxsbc

ebl_cguc dhdbev kh \kljh_gghc bg^mdlhjghc kbkl_fhc�

Jy^ bfimevkguo l_ogheh]bc rlZfih\db f_lZeeh\ [ue

ijh^_fhgkljbjh\Zg \ ^hdeZ^_ =� G� A^hjZ �Bgklblml k\Zj�

db b aZsblguo ihdjulbc� Fbgkd��

I_jki_dlb\u jZa\blby l_ogheh]bc b h[hjm^h\Zgby ^ey

ki_pbZevguo f_lh^h\ eblvy \ fZrbghkljh_gbb J_kim[�

ebdb ;_eZjmkv ijhZgZebabjh\Zgu \ ^hdeZ^_ >� :� <hedh\Z

�Bgklblml ;_eGBBEbl� Fbgkd��

< fgh]hqbke_gguo ^hdeZ^Zo� ihk\ys_gguo l_ogheh�

]byf ihemq_gby gh\uo dhgkljmdpbhgguo b bgkljmf_g�

lZevguo fZl_jbZeh\ b bo h[jZ[hld_� [ueZ ij_^klZ\e_gZ

h[rbjgZy bgnhjfZpby h[ hiul_ bo ijbf_g_gby b h ihk�

e_^gbo eZ[hjZlhjguo ^hklb`_gbyo�

Jy^ mkh\_jr_gkl\h\Zgguo l_ogheh]bc b h[hjm^h\Zgby

^ey k\Zjdb b jh^kl\_gguo ijhp_kkh\ [ue ij_^klZ\e_g \

^hdeZ^Zo BgklblmlZ we_dljhk\Zjdb bf� ?� H� IZlhgZ �Db�

_\�� BgklblmlZ k\Zjdb b aZsblguo ihdjulbc �Fbgkd��

GBB bfimevkguo ijhp_kkh\ �Fbgkd�� Nbabdh�l_ogbq_k�

dh]h bgklblmlZ �Fbgkd�� ;_ehjmkkdh]h ]hkm^Zjkl\_ggh]h

Z]jZjgh]h l_ogbq_kdh]h mgb\_jkbl_lZ �Fbgkd�� ;_ehjmk�

kdh�jhkkbckdh]h mgb\_jkbl_lZ �Fh]be_\�� KI ©;_enbgª

�Fbgkd��

< h^ghf ba ^hdeZ^h\ <� N� Ohjmgh\Z [ueb ijh^_fhg�

kljbjh\Zgu j_amevlZlu jZajZ[hlhd BgklblmlZ we_dljhk�

\Zjdb bf� ?� H� IZlhgZ \ h[eZklb kh_^bg_gby `Zjhijhq�

guo klZe_c k bkihevah\Zgb_f \ukhdhl_fi_jZlmjghc iZc�

db� IhdZaZgZ \hafh`ghklv h[_ki_q_gby [he__ gbadhc ih

kjZ\g_gbx k ljZ^bpbhggufb kihkh[Zfb k\Zjdb l_fi_jZ�

lmju gZ]j_\Z kh_^bg_gbc� bkdexq_gby jZkieZ\e_gby hk�

gh\gh]h f_lZeeZ� \hafh`ghklv ijbf_g_gby \ dZq_kl\_

ijbih_\ kieZ\h\ kZfuo jZaghh[jZaguo dhfihabpbc� \ lhf

qbke_ dhfihabpbhgguo ijbih_\ b� l_f kZfuf� ih\ur_gb_

klhcdhklb kh_^bg_gbc ijhlb\ h[jZah\Zgby ]hjyqbo hdh�

ehrh\guo lj_sbg beb lj_sbg \ ahg_ l_jfbq_kdh]h \eb�

ygby�

Hiulhf jZ[hl ih \hkklZgh\e_gbx k bkihevah\Zgb_f

l_ogheh]bc k\Zjdb b ijh^e_gby j_kmjkZ wdkiemZlZpbb

p_evghebluo maeh\ ijhba\h^kl\_ggh]h h[hjm^h\Zgby ih�

^_ebeky k dhee_]Zfb <� >� Ihagydh\ �Bgklblml we_dljhk�

\Zjdb bf� ?� H� IZlhgZ�� < _]h ^hdeZ^_ [ueb hljZ`_gu

hkgh\gu_ ih^oh^u d ih^]hlh\d_ b ijh\_^_gbx j_fhglguo

jZ[hl� Z lZd`_ ijh^_fhgkljbjh\Zgu j_amevlZlu gZmqguo

bkke_^h\Zgbc� dhlhju_ ij_^r_kl\h\Zeb jZajZ[hld_ l_o�

gheh]bq_kdbo ijhp_kkh\ k\Zjdb�

K ^hdeZ^Zfb ©I_jki_dlb\gu_ gZijZ\e_gby ijbf_g_�

gby j_adb dmfmeylb\gufb aZjy^Zfb gZ h[t_dlZo g_nl_�

]Zahijh\h^gh]h ljZgkihjlZª b ©H i_jki_dlb\Zo bkihev�

ah\Zgby dhjhldbo bfimevkh\ \ fZl_jbZehh[jZ[hld_ª \uk�

lmibe ;� B� IZeZfZjqmd �Bgklblml we_dljhk\Zjdb bf�

?� H� IZlhgZ�� < gbo hibkZg hiul ijbf_g_gby \ukhdhi�

jhba\h^bl_evguo b [_ahiZkguo l_ogheh]bc j_adb \aju�

\hf b gh\u_ gZijZ\e_gby jZa\blby bfimevkguo l_ogh�

eh]bc h[jZ[hldb fZl_jbZeh\�

K [hevrbf bgl_j_khf [ue \hkijbgyl ^hdeZ^ :� :�

DZc^Zeh\Z �Bgklblml we_dljhk\Zjdb bf� ?� H� IZlhgZ�

©Kbkl_fZlbaZpby gZmqgh�l_ogbq_kdhc ijh^mdpbb \ h[eZk�

lb k\Zjdb b jh^kl\_gguo ijhp_kkh\ª� < g_f ^ZgZ ^_lZev�

gZy oZjZdl_jbklbdZ hkgh\guo l_ogbq_kdbo� wdhghfbq_k�

dbo b xjb^bq_kdbo Zki_dlh\� dhlhju_ g_h[oh^bfh j_rZlv

ijb ijh^\b`_gbb gZmqgh�l_ogbq_kdhc ijh^mdpbb \ ijh�

ba\h^kl\h�

< p_ehf dhgn_j_gpby b k_fbgZj ijh^_fhgkljbjh\Zeb

\ukhdbc gZmqguc b bg`_g_jguc mjh\_gv jZa\blby l_o�

gheh]bc f_lZeehh[jZ[hldb� gh \ lh `_ \j_fy g_^hklZ�

lhqgh [hevrhc h[t_f bo ijbf_g_gby \ ijhfure_gghklb

kljZg KG=� Ij_^eh`_gb_ gZmqgh�l_ogbq_kdhc ijh^mdpbb

b bggh\Zpbc y\gh ij_\urZ_l kijhk ijhfure_gghklb�

GZb[he__ i_jki_dlb\gufb l_ogheh]bq_kdbfb gZijZ\�

e_gbyfb ba jZkkfhlj_gguo gZ mdZaZgguo nhjmfZo y\ey�

ebkv� \hkklZgh\e_gb_ ba^_ebc� bfimevkgu_ b dhf[bgbjh�

\Zggu_ ijhp_kku h[jZ[hldb� kha^Zgb_ b ijbf_g_gb_ gZ�

ghfZl_jbZeh\� ihemq_gb_ ]jZ^b_glguo kljmdlmj fZl_jb�

Zeh\�

:� :� DZc^Zeh\� ^�j l_og� gZmd�

<� >� Ihagydh\� dZg^� l_og� gZmd

������ ��
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�¯º�Ë°° �ãº­ÈãÒÏÈ�ÒÒ äÒ¯ºmº® ª}ºÓºäÒ}Ò °º¹¯ºmºÎ�ÈË�°« �°ÒãËÓÒËä °��Ë°�m�
�Ò² Ò °ºÏ�ÈÓÒËä
Óºm©² ¯Ë�ÒºÓÈã	Ó©² º­�Ë�ÒÓËÓÒ®� �}¯Ë¹ã«
�Ò² ¹È¯�ÓË¯°}ÒË º�Óº�ËÓÒ« °�¯ÈÓ m º­ãÈ°�Ò °º�ãÈ°ºmÈÓ�
Óº�º ¹¯ÒÓ«�Ò« ª}ºÓºäÒ�Ë°}Ò² ¯Ë�ËÓÒ®� ª}ºÓºäÒ�Ë°}º® ¹ºãÒ�Ò}Ò Ò ¯È°�Ò¯ËÓÒ« °º�¯��ÓÒ�Ë°�mÈ m
º­ãÈ°�Ò ÓÈ�}Ò� �Ë²ÓÒ}Ò� ¹º��º�ºm}Ò }È�¯ºm Ò �� ¹� z ÓÈÒ­ºãËË ¯ÈÏmÒ�©ä ¯Ë�ÒºÓÈã	Ó©ä º­�Ë�ÒÓËÓÒ«ä
°ãË��Ë� º�ÓË°�Ò pv� |rvp m pm¯º¹Ë� skn�k �vËmË¯ºÈäË¯Ò}ÈÓ°}È« ÏºÓÈ °mº­º�Óº® �º¯�ºmãÒ� m

käË¯Ò}Ë Ò kvpks �k°°º�ÒÈ�Ò« �º°��È¯°�m ��º�{º°�º�Óº® kÏÒÒ� m kÏÒÒ� { ÈÏÒÈ�°}ºä ¯Ë�ÒºÓË

°¯ÈmÓÒ�Ëã	Óº äËÓ	�Ë �È}Ò² ª}ºÓºäÒ}º�¹ºãÒ�Ò�Ë°}Ò² º­�Ë�ÒÓËÓÒ®� }º�º¯©Ë }º°mËÓÓº º�¯ÈÎÈ
� º°º�

­ËÓÓº°�Ò mÏÈÒäºº�Óº�ËÓÒ® äËÎ�� ¯ÈÏmÒ�©äÒ Ò ¯ÈÏmÒmÈ
�ÒäÒ°« °�¯ÈÓÈäÒ kÏÒÒ Ò ��º�{º°�º�Óº®

kÏÒÒ� �°ÒãËÓÒË ÏÓÈ�ËÓÒ« ¯Ë�ÒºÓÈã	Ó©² äËÎ�º°��È¯°�mËÓÓ©² ÒÓ°�Ò���ºm Ò Ò² ¯ºãÒ m °º�ãÈ°ºmÈÓÓºä

¯ÈÏmÒ�ÒÒ ª}ºÓºäÒ}Ò ¯Ë�ÒºÓÈ� Ë°�Ë°�mËÓÓº� °º¹¯ºmºÎ�ÈË�°« °ºÏ�ÈÓÒËä º�¯È°ãËm©² Ò ¹¯ºÁË°°ÒºÓÈã	Ó©²

º­�Ë�ÒÓËÓÒ®� È°°º�ÒÈ�Ò®� ÁË�Ë¯È�Ò® Ò �¯�� m �ºä �Ò°ãË Ò m º­ãÈ°�Ò °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ Ò

°mÈ¯º�Óº® ÓÈ�}Ò� �È}� °ºÏ�ÈÓÓÈ« m ~È¹È�Óº® pm¯º¹Ë m ���� �� pm¯º¹Ë®°}È« °mÈ¯º�ÓÈ« ÁË�Ë¯È�Ò«

�pvn�� m }º�º¯�
 mº�ãÒ �� °�¯ÈÓ© ~È¹È�Óº® Ò {º°�º�Óº® pm¯º¹©� �°¹Ë�Óº ¯Ë�ÈË� äÓº�ÒË È}��Èã	Ó©Ë

¹¯º­ãËä© Ëm¯º¹Ë®°}º�º °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ� iË«�Ëã	Óº°�	 pvn °��Ë°�mËÓÓº Ò ­ºãËË }ºÓ}¯Ë�Óº

�º¹ºãÓ«Ë� �Ë«�Ëã	Óº°�	 m Ëm¯º¹Ë®°}ºä ¯Ë�ÒºÓË lËÎ��ÓÈ¯º�Óº�º ÒÓ°�Ò���È °mÈ¯}Ò �ljv��

{ ���� �� ¹º ÒÓÒ�ÒÈ�ÒmË vÒÓ�È¹�¯°}º�º °mÈ¯º�Óº�º º­�Ë°�mÈ ­©ãÈ ��¯ËÎ�ËÓÈ kÏÒÈ�°}È« °mÈ¯º�ÓÈ«

ÁË�Ë¯È�Ò« �kvn�� m }º�º¯�
 mº�ãÒ °�¯ÈÓ© �¯�¹¹© kvpks��� �� Ë� �Ë°«�Ò °�¯ÈÓ kvpks �jÓ�ºÓËÏÒ«�

lÈãÈ®ÏÒ«� vÒÓ�È¹�¯� �ÈÒãÈÓ�� nÒãÒ¹¹ÒÓ©� r¯�ÓË®� {	Ë�ÓÈä� �Èº°� l	«ÓäÈ� zÈä­º�ÎÈ� ¹ã
° zÒ�È®�

Ð¹ºÓÒ« Ò �ÎÓÈ« zº¯Ë«� |°ÓºmÓ©ä äº�Òmºä ËË º¯�ÈÓÒÏÈ�ÒÒ ��¯Ë�Ò�ËãÒ °�Ò�È
� ÓËº­²º�Òäº°�	

°º�ãÈ°ºmÈÓÓº�º mÏÈÒäº�Ë®°�mÒ« m ¯ÈÏmÒ�ÒÒ º°ÓºmÓ©² È°¹Ë}�ºm °ºm¯ËäËÓÓº�º °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ

m �°ãºmÒ«² �ãº­ÈãÒÏÈ�ÒÒ Ò ¯È°���Ë® }ºÓ}�¯ËÓ�ÒÒ ÓÈ äÒ¯ºmºä ¯©Ó}Ë °mÈ¯º�Óº® ¹¯º��}�ÒÒ� �Ë²Óºãº�Ò®

Ò ÒÓÓºmÈ�Ò®� lÓº�ÒË ÈÏÒÈ�°}ÒË °�¯ÈÓ©� mº�Ë��ÒË m kvn� «mã«
�°« �ãËÓÈäÒ ljv� tÈ¯È}�Ë¯Óº�

��º ¯ºã	 Ò È}�ÒmÓº°�	 mº�Ë��Ò² m °º°�Èm ljv �ËãË�È�Ò®� vÒÓ�È¹�¯È� j¯ÈÓÈ� �È®mÈÓ«� jÓ�ºÓËÏÒÒ

Ò rÈÓ�ãÈ�Ë� mºÏ¯È°�ÈË� ° }ÈÎ�©ä �º�ºä�

{ °º°�Èm ¹¯ÈmãËÓÒ« kvn mº�ãÒ �� �ãËÓºm� ¹¯Ë�°�Èmã«
�Ò² �� °mÈ¯º�Ó©² º¯�ÈÓÒÏÈ�Ò® ÒÏ �Ë°«�Ò

ÈÏÒÈ�°}Ò² °�¯ÈÓ� È �È}ÎË �ÓÒmË¯°Ò�Ë�© Ò ÓÈ��Ó©Ë ÒÓ°�Ò���© �ÎË ÒäË
�ÒË º¹©� °º�¯��ÓÒ�Ë°�mÈ m

ljv� zºº¯�ÒÓÈ�ÒºÓÓ©® ��¹¯Èmã«
�Ò®� °ºmË� kvn ÓÈ°�Ò�©mÈË� ¹«�	 �ËãºmË}� ¹¯Ë�°Ë�È�Ëã	 Û

0L\DGD �Ð¹ºÓÒ«�� °º¹¯Ë�°Ë�È�Ëã	 Û 6XFKLQ .DWDYXW ��È®mÈÓ	� Ò :X <L ;LRQJ �zÒ�È®�� $QJ &KHH

3KHQJ �vÒÓ�È¹�¯� ÒÏ­¯ÈÓ ¯�}ºmº�Ò�ËãËä °¹Ë�ÒÈã	Óº�º ¯È°¹º¯«�Ò�Ëã	Óº�º }ºäÒ�Ë�È� ÁÒÓÈÓ°ºm©Ë mº¹�

¯º°© mºÏãºÎËÓ© ÓÈ 6DNDR �Ð¹ºÓÒ«�� �¯Ë��°äº�¯ËÓº� ��º m ¹ºãÓº¹¯ÈmÓ©Ë �ãËÓ© ÁË�Ë¯È�ÒÒ äº���

m²º�Ò�	 º�ÒÓ��mÈ ¹¯Ë�°�ÈmÒ�Ëã« ÒÏ }ÈÎ�º® °�¯ÈÓ©��ãËÓÈ kvn� ¹¯Ë��°äº�¯ËÓÈ ¹Ë¯Òº�Ò�Ë°}È« ¯º�È�Ò«

ÓÈ�ÒºÓÈã	Ó©² �ËãË�È�Ò® m °º°�ÈmË ¹¯ÈmãËÓÒ« kvn� v��« ¹º °º°�Èm� ¯�}ºmº�«�Ë® °�¯�}��¯© kvn�

È �È}ÎË ¹º �ºä�� ��º mºÏ�ãÈmã«Ë� kvn ¹¯Ë�°Ë�È�Ëã	 Ð¹ºÓ°}º�º °mÈ¯º�Óº�º º­�Ë°�mÈ �Ðv|� ��Ó

0L\DGD� ÓÈ �ÈÓÓºä ª�È¹Ë mË���È« ¯ºã	 m kvn º�mË�ËÓÈ Ð¹ºÓÒÒ�

sÈ ¹Ë¯mºä ÏÈ°Ë�ÈÓÒÒ kvn ����� ��� º­ºÏÓÈ�ËÓ© Ò °Áº¯äÒ¯ºmÈÓ© °ãË��
�ÒË º°ÓºmÓ©Ë ÓÈ¹¯ÈmãËÓÒ«

�Ë«�Ëã	Óº°�Ò kvn ÓÈ ­ãÒÎÈ®�Ò® ¹Ë¯Òº��

• �È¯äºÓÒÏÈ�Ò« Ò �ÓÒÁÒ}È�Ò« ¯Ë�ÒºÓÈã	Ó©² ¹¯º�¯Èää º­��ËÓÒ« Ò Óº¯ä °Ë¯�ÒÁÒ}È�ÒÒ °mÈ¯º�Óº�º

¹Ë¯°ºÓÈãÈ m °�¯ÈÓÈ²��ãËÓÈ² kvn ° ÈÓÈãº�Ò�Ó©äÒ Óº¯äÈäÒ mË���Ò² °�¯ÈÓ äÒ¯È� m �È°�Óº°�Ò� °º

°�ÈÓ�È¯�ÈäÒ $:6� $60(� %6� ',1� -$6 Ò ,,:�

• °Ò°�ËäÈ�Ò�Ë°}ºË ¹¯ºmË�ËÓÒË äËÎ��ÓÈ¯º�Ó©² ÈÏÒÈ�°}Ò² Áº¯�äºm �$:6)� ¹º °�ÈÓ�È¯�ÒÏÈ�ÒÒ m

º­ãÈ°�Ò °mÈ¯}Ò ¹¯ËÎ�Ë m°Ë�º ¹º °�ÈÓ�È¯�Èä ,62 �����

• ¯È°�Ò¯ËÓÒË m ÈÏÒÈ�°}ºä ¯Ë�ÒºÓË °Ò°�Ëä© º¹�ÒäÒÏÈ�ÒÒ Ò°¹ºã	ÏºmÈÓÒ« }mÈãÒÁÒ�Ò¯ºmÈÓÓº® ¯È­º�Ë®

°Òã© �026 Û PDQ SRZHU RSWLPL]DWLRQ V\VWHP� ¹¯ÒäËÓÒ�Ëã	Óº } ÓÈ�ÒºÓÈã	Ó©ä °mÈ¯º�Ó©ä ¹¯ºÒÏ�

mº�°�mÈä�

• º�­º¯ Ò °Ò°�ËäÓÈ« ¯ÈÏ¯È­º�}È ° °ºº�mË�°�m�
�ÒäÒ º�¯È°ã«äÒ ¹¯ºä©�ãËÓÓº°�Ò È}��Èã	Ó©² Ò

ÒÓÓºmÈ�ÒºÓÓ©² ¹¯ºË}�ºm� ÒäË
�Ò² º­�Ë¯Ë�ÒºÓÈã	ÓºË ÏÓÈ�ËÓÒË�

• mÏÈÒäÓ©® º­äËÓ ¯ÈÏãÒ�Ó©äÒ ÒÓÁº¯äÈ�ÒºÓÓ©äÒ °Ò°�ËäÈäÒ Ò ­ÈÏ �ÈÓÓ©² Û �Ë²Óºãº�Ò�Ë°}ÒäÒ�

ª}°¹Ë¯�Ó©äÒ� ��Ë­Ó©äÒ Ò °¹¯Èmº�Óº�ÁÈ}�º�¯ÈÁÒ�Ë°}ÒäÒ�

• °ºÏ�ÈÓÒË Ë�ÒÓº® ÒÓÁº¯äÈ�ÒºÓÓº® °Ë�Ò� º­�Ë�ÒÓ«
�Ë® m°Ë °�¯ÈÓ©��ãËÓ© kvn� Ò º�}¯©�ÒË

{Ë­�°È®�È kvn m °Ë�Ò jÓ�Ë¯ÓË�È�

{ �Ò°ãº ¹¯Òº¯Ò�Ë�Ó©² ÓÈ¹¯ÈmãËÓÒ® �Ë«�Ëã	Óº°�Ò kvn m}ã
�ËÓ© Ò �È}ÒË È}��Èã	Ó©Ë ¹¯º­ãËä©

°ºm¯ËäËÓÓº�º °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ� }È} ªÓË¯�º� Ò ¯Ë°�¯°º°­Ë¯ËÎËÓÒË� º¯�ÈÓÒÏÈ�Ò« ª}ºãº�Ò�Ë°}º�º

äËÓË�ÎäËÓ�È m ¯ÈÏ¯ËÏË ,62 ������ º¯�ÈÓÒÏÈ�Ò« äºÓÒ�º¯ÒÓ�È ª}°¹ã�È�È�ÒºÓÓº® ÓÈ�ËÎÓº°�Ò °mÈ¯Ó©²

}ºÓ°�¯�}�Ò® Ò °ºº¯�ÎËÓÒ®� °Ò°�ËäÈ�Ò�Ë°}È« ¯È­º�È ° äºãº�ËÎÓ©ä ¹Ë¯°ºÓÈãºä� m �È°�Óº°�Ò� ¹¯ºmË�ËÓÒË

°ËäÒÓÈ¯ºm äºãº�©² °¹Ë�ÒÈãÒ°�ºm�°mÈ¯�Ò}ºm� È �È}ÎË ¯Ë��ã«¯ÓºË ÈÓ}Ë�Ò¯ºmÈÓÒË m °�¯ÈÓÈ²��ãËÓÈ²
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kvn ¹º ¯ÈÏãÒ�Ó©ä ÓÈ¹¯ÈmãËÓÒ«ä �Ë«�Ëã	Óº°�Ò °mÈ¯º�Óº�º ÓÈ��Óº��Ë²ÓÒ�Ë°}º�º °ºº­�Ë°�mÈ °�¯ÈÓ
¯Ë�ÒºÓÈ�

{ �}¯�¹ÓËÓÓºä ¹¯Ë�°�ÈmãËÓÒÒ ¹Ë¯Ë� kvn °�ºÒ� �mÈ �ãÈmÓ©² ÓÈ¹¯ÈmãËÓÒ«�

�Ë¯mºË ÓÈ¹¯ÈmãËÓÒË Û ª�º ¹Ë¯Ë²º� ÓÈ °�ÈÓ�È¯�© °Ë¯ÒÒ ,62 ���� Ò �°}º¯ËÓÓÈ« �È¯äºÓÒÏÈ�Ò«
mÓ��¯ËÓÓÒ² ÓÈ�ÒºÓÈã	Ó©² Óº¯ä ¹º °mÈ¯}Ë ° äËÎ��ÓÈ¯º�Ó©äÒ °�ÈÓ�È¯�ÈäÒ ª�º® °Ë¯ÒÒ� { Ð¹ºÓÒÒ�
��Ë �Ë®°�m�Ë� ¹¯ÈmÒãº ½iË¯ÎÒ ¹º }ºÓ�¯ºãËä °�ÈÓ�È¯�© Ò ­��Ë�	 �¹¯Èmã«�	 ¯©Ó}ºä�� �È¯äºÓÒÏÈ�Ò«
°�ÈÓ�È¯�ºm ÓÈÒ­ºãËË ¯ÈÏmÒ�È� { «¹ºÓ°}ÒË ¹¯ºä©�ãËÓÓ©Ë °�ÈÓ�È¯�© mmË�ËÓº �ÎË ­ºãËË �� ÒÏ ���
°�ÈÓ�È¯�ºm ,62 °Ë¯ÒÒ ����� º�Óº°«�Ò²°« } °mÈ¯}Ë� cË}ºäËÓ�ºmÈÓÓ©Ë ljv Óº¯ä© �È}ÎË mmº�«�°« m
ÈÏÒÈ�°}Ò² °�¯ÈÓÈ²��ãËÓÈ² kvn� Óº m �Ëãºä ¹ºãºÎËÓÒË ° �È¯äºÓÒÏÈ�ÒË® ÓÈ�ÒºÓÈã	Ó©² ¯Ë�ãÈäËÓ�ºm�
°�ÈÓ�È¯�ºm Ò Óº¯ä ¹º °mÈ¯}Ë º°�Èmã«Ë� ÎËãÈ�	 ã���Ë�º � kvn ¯È°°�Ò�©mÈË� È}�ÒmÒÏÒ¯ºmÈ�	 ª��
°�º¯ºÓ� �Ë«�Ëã	Óº°�Ò� Ò°¹ºã	Ï�« º¹©� �È}Ò² °�¯ÈÓ� }È} Ð¹ºÓÒ«� vÒÓ�È¹�¯� zÒ�È® Ò �¯�

kvn ¹ãÈÓÒ¯�Ë� ¹¯ÒÓÒäÈ�	 °ÈäºË È}�ÒmÓºË ��È°�ÒË m ¯È­º�Ë �Ë²ÓÒ�Ë°}º�º }ºäÒ�Ë�È �z��� �°mÈ¯}È�
,62� ¯È­º�È }º�º¯º�º m°«�Ë°}Ò ¹º��Ë¯ÎÒmÈË�°« Ëm¯º¹Ë®°}ÒäÒ °�¯ÈÓÈäÒ� È �È}ÎË Ð¹ºÓÒË®� Óº m©Ï©mÈË�
°Òã	ÓºË °º¹¯º�ÒmãËÓÒË käË¯Ò}Ò� |°º­º ª�º ¹¯º«mã«Ë�°« ÓÈ ª�È¹Ë ��mË¯Î�ËÓÒ« º}ºÓ�È�Ëã	Ó©² ¹¯ºË}�ºm
äËÎ��ÓÈ¯º�Ó©² °�ÈÓ�È¯�ºm� �¯Ë�¹ºãÈ�ÈË�°«� ��º kvn °ãË��Ë� ¹¯ÒÓ«�	 °�º¯ºÓ� pm¯º¹© Ò Ð¹ºÓÒÒ Ò
¹¯º«mã«�	 �ºãÎÓ�
 ÒÓÒ�ÒÈ�Òm� m º­ãÈ°�Ò äËÎ��ÓÈ¯º�Óº® °�ÈÓ�È¯�ÒÏÈ�ÒÒ�

�º °ãºmÈä ¹¯Ë�°�ÈmÒ�Ëã« lÒÓÒ°�Ë¯°�mÈ ª}ºÓºäÒ}Ò� �º¯�ºmãÒ Ò ¹¯ºä©�ãËÓÓº°�Ò Ð¹ºÓÒÒ ��ÓÈ jmÈ�
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