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Ì¿É¾ÏÐÆ ÈÌËÐ¾ÈÐ¾ ÛÉÃÈÐÎÌÂËÌÇ ÍÎÌÀÌÉÌÈÆ Ï ÊÑËÂÖÐÑÈÌÊ
ÁÌÎÃÉÈÆ ÍÎÆ ÊÃÓ¾ËÆÅÆÎÌÀ¾ËËÙÓ ÏÍÌÏÌ¿¾Ó ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ ��������������������� ��
¶ÉÃÍ¾ÈÌÀ  � «�� ¨ÌÐÃÉÚÕÑÈ �� ¯�� «¾ÑÊÃÇÈÌ ¯� ª�� �ÆÉÆËÃÔ
��  �  ÉÆÝËÆÃ ÏÌÏÐ¾À¾ ÏÃÎÂÃÕËÆÈ¾ ÍÌÎÌÖÈÌÀÌÇ ÍÎÌÀÌÉÌÈÆ Æ
Å¾×ÆÐËÌÁÌ Á¾Å¾ Ë¾ ÏÐ¾¿ÆÉÚËÌÏÐÚ ÍÎÌÔÃÏÏ¾ ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ �������������������� ��
¶ÃÇÈÌ ­� ­� � ¤ÃÎËÌÏÃÈÌÀ �� ª�� ©ÌÅÌÀÏÈ¾Ý ��  ��
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<XVKFKHQNR .� $�� 6DYFKHQNR 9� 6�� &KHUY\DNRYD /� 9��
'DYLG 6�� 9LWHN -� 6WXG\ RI ZHOGDELOLW\ RI QLFNHO VSHFLDO DOOR\V DQG
GHYHORSPHQW RI WHFKQRORJ\ RI UHSDLU RI JDV WXUELQH EODGHV �������������������������� �
%RULVRY <X� 6�� =DWVHUNRYQ\ $� 6�� .ULYWVXQ ,� 9� &RQYHFWLYH�
FRQGXFWLYH DQG UDGLDWLRQ KHDW H[FKDQJH RI SODVPD IORZ ZLWK SDUWL�

FOHV RI GLVSHUVHG PDWHULDO XQGHU FRQGLWLRQV RI SODVPD VSUD\LQJ ������������������� �

3HQWHJRY ,� 9�� 3HWULHQNR 2� ,�� 3XVWRYRLW 6� 9�� 6LGRUHWV
9� 1�� /DYUHQ\XN $� 9� 'HWHUPLQDWLRQ RI YROWDJH GURS LQ WKH DUHD
RI FRQWDFW RI HOHFWURGH ZLUH ZLWK D WRUFK QR]]OH LQ PHFKDQL]HG
PHWKRGV RI DUF ZHOGLQJ ���������������������������������������������������������������������������� ��

6KOHSDNRY 9� 1�� .RWHOFKXN $� 6�� 1DXPHMNR 6� 0�� %LOLQHWV
$� 9� (IIHFW RI FRPSRVLWLRQ RI IOX[�FRUHG ZLUH FRUH DQG VKLHOGLQJ
JDV RQ WKH DUF ZHOGLQJ VWDELOLW\ ����������������������������������������������������������������� ��

6KHLNR 3� 3� � =KHUQRVHNRY $� 0�� /R]RYVND\D $� 9��
6KLPDQRYVN\ <X� 6� 7ZR�FKDQQHO V\VWHP RI DXWRPDWLF VWDELOL]D�
WLRQ LQ SXOVHG�DUF FRQVXPDEOH HOHFWURGH ZHOGLQJ �������������������������������������� ��
5\]KRY 5� 1�� .X]QHWVRY 9� '� 6HOHFWLRQ RI RSWLPXP SDUDPHWHUV
RI H[WHUQDO HOHFWURPDJQHWLF DFWLRQ LQ DUF PHWKRGV RI ZHOGLQJ �������������������� ��

,1'8675,$/

%HUQDGVN\ 9� 1� 6WHHO DQG ZHOGLQJ LQ FLYLO HQJLQHHULQJ ���������������������������� ��
5\DEWVHY ,� $� +LJK�HIILFLHQF\ ZLGH�EDQG VXUIDFLQJ XVLQJ HOHF�
WURGH ZLUHV DQG VWULSV �5HYLHZ� ����������������������������������������������������������������� ��

0DWYHHY 9� 9� 6XUIDFLQJ RI UDLOZD\ FDU ZKHHO IODQJHV DIWHU DQQHDO�
LQJ RI D UROOLQJ VXUIDFH DW FDU�UHSDLU SODQWV LQ 8NUDLQH ������������������������������� ��
6NXOVN\ 9� <X�� 0RUDYHWVN\ 6� ,� )LOOHU PDWHULDOV IRU DXWRPDWLF
VXEPHUJHG DUF ZHOGLQJ RI KHDW�UHVLVWDQW VWHHOV ZLWK � � &U ���������������������� ��

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

6H\IIDUWK 3� $SSOLFDWLRQ RI ILEHU ODVHU RI �� N: FDSDFLW\ �������������������������� ��
2UORY /� 1�� *RO\DNHYLFK $� $�� 8S\U 9� 1�� *L\XN 6� 3� )OX[�

FRUHG ZLUH IRU ZHOGLQJ LQ VKLS EXLOGLQJ ������������������������������������������������������ ��

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

7KHVLV IRU VFLHQWLILF GHJUHH ���������������������������������������������������������������������� ��

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

5HYLHZ RI IRUHLJQ MRXUQDOV ������������������������������������������������������������������������ ��

1HZ ERRNV ����������������������������������������������������������������������������������������������� ��

1(:6

6FLHQWLILF�SUDFWLFDO VHPLQDU IRU PDQDJHUV DQG VSHFLDOLVWV LQ WKH
ILHOG RI ZHOGLQJ ����������������������������������������������������������������������������������������� ��

,QWHUQDWLRQDO VHPLQDU �)ODVK�EXWW ZHOGLQJ DQG RWKHU W\SHV RI SUHV�
VXUH ZHOGLQJ� 7HFKQRORJ\ DQG HTXLSPHQW� ������������������������������������������������ ��
,QWHUQDWLRQDO 6KRZ RI PDWHULDOV� HTXLSPHQW DQG WHFKQRORJLHV
�:HOGLQJ� $OOLHG 3URFHVVHV ����� ������������������������������������������������������������� ��
2XU FRQJUDWXODWLRQV ���������������������������������������������������������������������������������� ��
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'HYHORSHG DW WKH 3:, �������������������������������������������������������������� ��� ��� ��� ��
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(GLWRU�LQ�&KLHI

%�(�3$721

<X� 6� %RULVRY� 1� 0� 9RURSDL�

9� )� *UDELQ� 9� 1� =DPNRY�

$� 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�

%� 9� .KLWURYVND\D �H[HF� VHFU���

9� )� .KRUXQRY� .� $� <XVKFKHQNR
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$GGUHVV�
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k}È�ËäÒ} sks �}¯ÈÒÓ© z� k� �upsz|� {� v� vk{ psz|� ��¯ �Ë²Ó� ÓÈ�}� �� {�  pc{Ðz|{k� ÒÓÎ�

�jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©��

v� ip{ji� iÎ� {j�pz� �º}�º¯È �2$. 5LGJH 1DWLRQDO /DERUDWRU\� 86$�

­ÎÇÐ¿ÌÚ Ï¿ÀÍÑÚ ÎÍ ÍÕÄÌÉÄ ÐÁ¿ÏÇÁ¿ÄËÍÐÑÇ ÐÒÎÄÏÐÎÊ¿ÁÍÁ Ì¿ ÍÐÌÍÁÄ ÌÇÉÄÊÞ� ÎÏÇËÄÌÞÄËÚÔ ÎÏÇ ÇÆÂÍÑÍÁÊÄÌÇÇ ÊÍÎ¿ÑÍÉ

Â¿ÆÍÁÚÔ ÑÒÏÀÇÌ� °ÍÃÄÏÅ¿ÌÇÄ ÒÎÏÍÖÌÞÝØÄÈ γ′�Ó¿ÆÚ Á ÐÎÊ¿Á¿Ô ÃÍÐÑÇÂ¿ÄÑ �� �� ®ÏÄÃÊÍÅÄÌ¿ ÑÄÔÌÍÊÍÂÇÞ ÁÍÐÐÑ¿ÌÍÁÊÄÌÇÞ

ÊÍÎ¿ÑÍÉ ËÄÑÍÃÍË ÎÊ¿ÆËÄÌÌÍ�ÎÍÏÍ×ÉÍÁÍÈ Ì¿ÎÊ¿ÁÉÇ�

zã
� Ë m © Ë ° ã º m È � ¹ãÈÏäËÓÓº�¹º¯º�}ºmÈ« ÓÈ¹ãÈm}È� ÓÒ}Ë�

ãËm©Ë °�¹Ë¯°¹ãÈm©� ãº¹È�}Ò �ÈÏºm©² ��¯­ÒÓ� �¹¯º�Ó«
�È«

γ′�ÁÈÏÈ� ¹¯ºmÈã ¹ãÈ°�Ò�Óº°�Ò� �Ë²Óºãº�Ò« mº°°�ÈÓºmãËÓÒ«

|°ÓºmÓ©äÒ °¹ãÈmÈäÒ ° m©°º}ÒäÒ m©°º}º�Ëä¹Ë�
¯È��¯Ó©äÒ äË²ÈÓÒ�Ë°}ÒäÒ °mº®°�mÈäÒ� Ò°¹ºã	Ï��
Ëä©äÒ �ã« ÒÏ�º�ºmãËÓÒ« �ÈÏº��¯­ÒÓÓ©² �mÒ�È�Ë�
ãË®� «mã«
�°« F�¹Ë¯°¹ãÈm© ÓÈ º°ÓºmË ÓÒ}Ëã«�
�º°}ºã	}� m ¹º°ãË�ÓÒË �º�© �¯Ë­ºmÈÓÒ« } �Ëä�
¹Ë¯È��¯Ë ª}°¹ã�È�È�ÒÒ �mÒ�È�ËãË® ÏÓÈ�Ò�Ëã	Óº ¹º�
m©°ÒãÒ°	� äº�ÒÁÒ}È�ÒÒ °¹ãÈmºm ¹¯ÒmËãÒ } �mË�
ãÒ�ËÓÒ
 m äÒ}¯º°�¯�}��¯Ë ÓÒ}ËãËm©² °¹ãÈmºm

�¹¯º�Ó«
�Ë® γ′�ÁÈÏ© �­ºãËË �� ��� ��ºmãË�mº¯««
ª}°¹ã�È�È�ÒºÓÓ©ä °mº®°�mÈä� ª�Ò äÈ�Ë¯ÒÈã© ÒäË�

� ¹ãº²�
 °mÈ¯ÒmÈËäº°�	 �¹¯Ò °mÈ¯}Ë Ò �Ë¯äº�
º­¯È­º�}Ë ºÓÒ °}ãºÓÓ© } º­¯ÈÏºmÈÓÒ
 �º¯«�Ò²
�¯Ë�ÒÓ��

sÈ°�º«�È« ¯È­º�È m©¹ºãÓËÓÈ m ¯Èä}È² �}¯È�
ÒÓ°}º�ÈäË¯Ò}ÈÓ°}º�º ¹¯ºË}�È ¹º ¹È¯�ÓË¯°�m� ½cË�
äºÓ�ÓÈ« °mÈ¯}È Ò ¹È®}È }ºä¹ºÓËÓ�ºm �mÒ�È�ËãË®
Ò ¹È¯ºm©² ��¯­ÒÓ� ÏÈ °�Ë� °¯Ë�°�m �s�¡� v

ÈäË¯Ò}ÈÓ°}º® °�º¯ºÓ© m ¹¯ºË}�Ë ¹¯ÒÓ«ãÒ ��È°�ÒË

2$. 5LGJH 1DWLRQDO /DERUDWRU\� 2$. 5LGJH� 7HQ�
QHVHH 8QLWHG 6WDWHV �8�6�� 'HSDUWPHQW RI (QHUJ\�V�
3UDWW DQG :KLWQH\�3DWRQ� ° �}¯ÈÒÓ°}º® Û jÓ°�
�Ò��� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ Ò lËÎ�
��ÓÈ¯º�ÓºË º­�Ë�ÒÓËÓÒË ½jÓ�Ë¯ä��

¡Ëã	 ¹¯ºË}�È Û �°ºmË¯�ËÓ°�mºmÈÓÒË Ò mÓË��
¯ËÓÒË ¯ËäºÓ�Ó©² �Ë²Óºãº�Ò® °mÈ¯}Ò Ò ¹È®}Ò }ºä�
¹ºÓËÓ�ºm ÒÏ °�¹Ë¯°¹ãÈmºm ÓÈ º°ÓºmË ÓÒ}Ëã«� Ò°�

¹ºã	Ï�Ëä©² m ÈmÒÈ�mÒ�È�Ëã«² Ò ÓÈÏËäÓ©² �ÈÏºm©²

��¯­ÒÓÈ²� ��º �ÈË� mºÏäºÎÓº°�	 �äËÓ	�Ò�	 ¯È°�

²º�© ÓÈ Ò² mº°°�ÈÓºmãËÓÒË Ò ÒÏ�º�ºmãËÓÒË� iã«

Ò°°ãË�ºmÈÓÒ® m©­¯ÈÓ© °¹ãÈm©  v��� Ò yv����

¹¯ÒäËÓ«Ëä©Ë °Ë�º�Ó« ¹¯Ò ¹¯ºÒÏmº�°�mË ãº¹È�º}

�ÈÏºm©² ��¯­ÒÓ ÓÈÏËäÓ©² �°�ÈÓºmº} Ò ÈmÒÈ�ÒºÓ�

Ó©² �mÒ�È�ËãË®�

v¹ãÈm  v��� º�Óº°Ò�°« } °�¹Ë¯°¹ãÈmÈä ÓÈ ÓÒ�

}ËãËmº® º°ÓºmË ° �¹¯º�ÓËÓÒËä γ′�ÁÈÏº®� }ºãÒ�Ë°�mº
}º�º¯º® �º°�Ò�ÈË� ��…�� �� �¯Ò ãÒ�	Ë º­Ë°¹Ë�

�ÒmÈË�°« ¯ÈmÓºº°ÓÈ« °�¯�}��¯È� �È¯ÈÓ�Ò¯�
�È«

¹º°ãË °ºº�mË�°�m�
�Ë® �Ë¯äºº­¯È­º�}Ò �È�°�ËÓÒ�

ÏÈ�ÒÒ Ò °�È¯ËÓÒ«� m©°º}ÒË ¹¯º�Óº°�Ó©Ë �m �ºä

�Ò°ãË ¹¯Ò ¹ºm©�ËÓÓ©² �Ëä¹Ë¯È��¯È²� °mº®°�mÈ�

v¹ãÈm yv��� «mã«Ë�°« °¹ãÈmºä ÓÈ ÓÒ}ËãËmº®

º°ÓºmË ° m©°º}Òä }ºãÒ�Ë°�mºä ªãËäËÓ�ºm� °¹º°º­�
°�m�
�Ò² º­¯ÈÏºmÈÓÒ
 γ′�ÁÈÏ©� v¯Ë�ÓËË °º�Ë¯�
ÎÈÓÒË ÁÈÏ© �º°�Ò�ÈË� ��…�� �� v¹Ë�ÒÈã	ÓÈ« �Ë²�
Óºãº�Ò« ãÒ�	« º­Ë°¹Ë�ÒmÈË� ÓÈ¹¯ÈmãËÓÓ�
 }¯Ò°�
�ÈããÒÏÈ�Ò
 m ãº¹È�}Ë� �Ë¯äºº­¯È­º�}È °º°�ºÒ� m
È�°�ËÓÒÏÈ�ÒÒ �ã« �°�¯ÈÓËÓÒ« äËÎ�ËÓ�¯Ò�Óº® ÓË�
º�Óº¯º�Óº°�Ò �¹¯Ò ���� Åv� Ò °�È¯ËÓÒ«� �º°ãË

°�È¯ËÓÒ« º­¯ÈÏ�
�°« �¹¯º�Ó«
�ÒË γ′�ÁÈÏ© ° �¯È�
ÓË�ËÓ�¯Ò¯ºmÈÓÓº® }�­Ò�Ë°}º® ¯Ë�Ë�}º® Ò º¹�Ò�
äÈã	Ó©ä ¯ÈÏäË¯ºä ���… ��� ä}ä ¹¯ËÒä��Ë°�mËÓÓº
}�­Ò�Ë°}º® Áº¯ä©�

tÒäÒ�Ë°}Ò® °º°�Èm Ò äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ
°¹ãÈmºm  v��� Ò yv��� ¹¯ÒmË�ËÓ© m �È­ãÒ�Ë�
sÒ}ËãËm©Ë °�¹Ë¯°¹ãÈm© «mã«
�°« °ãºÎÓºãË�
�Ò¯ºmÈÓÓ©äÒ äÈ�Ë¯ÒÈãÈäÒ� ÒäË
�ÒäÒ m °º°�ÈmË

¯«� ªãËäËÓ�ºm� º�¯ÈÓÒ�ËÓÓº ¯È°�mº¯Òä©² m γ��mË¯�
�ºä ¯È°�mº¯Ë� ~ÓÈ�Ò�Ëã	ÓÈ« ²ÒäÒ�Ë°}È« ÓËº�Óº�
¯º�Óº°�	 äË�ÈããÈ Ò ¯ÈÏmÒ�ÒË �Ë¯äº�ËÁº¯äÈ�ÒºÓ�
Ó©² ¹¯º�Ë°°ºm °¹º°º­°�m�
� º­¯ÈÏºmÈÓÒ
 ¹¯Ò
°mÈ¯}Ë ¹ãÈmãËÓÒËä �ËÁË}�ºm �Ò¹È �º¯«�Ò² �¯Ë�ÒÓ
>�@� iã« }ºãÒ�Ë°�mËÓÓº® º�ËÓ}Ò °mÈ¯ÒmÈËäº°�Ò Ò°�
¹ºã	ÏºmÈãÒ �ÒÓÈäÒ�Ë°}ºË �ËÁº¯äÒ¯ºmÈÓÒË °mÈ¯Ò�
mÈËä©² º­¯ÈÏ�ºm ÓÈ Ò°¹©�È�Ëã	Óº® �°�ÈÓºm}Ë �Ò¹È
9DUHVWUDLQW 7HVW >�@� �¯Ò ª�ºä mºÏäºÎÓÈ º�ËÓ}È
¹ãÈ°�Ò�Óº°�Ò äË�ÈããÈ �mÈ m �Ëä¹Ë¯È��¯Óºä ÒÓ�

� z� k� ��ËÓ}º� {� v� vÈm�ËÓ}º� �� {�  Ë¯m«}ºmÈ� v� iËmÒ�� iÎ� {Ò�Ë}� ����

cÒ°� �� ~ÈmÒ°Òäº°�	 �Ëä¹Ë¯È��¯© º� ¹ãÈ°�Ò�Óº°�Ò äË�ÈããÈ �mÈ
° ÏºÓÈäÒ º­¯ÈÏºmÈÓÒ« °Ë�¯Ë�È�ÒºÓÓ©² �¯Ë�ÒÓ Ò �¯Ë�ÒÓ ¹¯ºmÈãÈ
¹ãÈ°�Ò�Óº°�Ò

������ �



�Ë¯mÈãË ½�Ëä¹Ë¯È��¯È }¯Ò°�ÈããÒÏÈ�ÒÒ Û }ºäÓÈ��

ÓÈ« �Ëä¹Ë¯È��¯È�� |­º­�È
�È« }¯ÒmÈ« ÒÏäËÓËÓÒ«

¹ãÈ°�Ò�Óº°�Ò ¹¯ÒmË�ËÓÈ ÓÈ ¯Ò°� �� ��Ò�©mÈ«� ��º }ºÓ�

°�¯�}�ÒmÓ©Ë ªãËäËÓ�© ÒÏ ¯È°°äÈ�¯ÒmÈËä©² äÈ�Ë�

¯ÒÈãºm äº��� ­©�	 ¹ºã��ËÓ© �ºã	}º ãÒ�	Ëä Ò ÒäË
�

º�¯ÈÓÒ�ËÓÓ©Ë ¯ÈÏäË¯©� �ã« Ò°°ãË�ºmÈÓÒ® Ò°¹ºã	�

ÏºmÈãÒ °º°�ÈmÓ©Ë º­¯ÈÏ�©�

{ÓË�ÓÒ® mÒ� ¯È­º�Ë�º �ÏãÈ �°�ÈÓºm}Ò �ã« ¹¯º�

mË�ËÓÒ« º¹©�ºm ¹º º�ËÓ}Ë °mÈ¯ÒmÈËäº°�Ò °¹ãÈmºm

¹¯ÒmË�ËÓ ÓÈ ¯Ò°� �� �ºã�ÒÓÈ Ò°¹©��Ëä©² º­¯ÈÏ�ºm

°º°�Èmã«ãÈ ��� ää� �¯º¹ãÈmãËÓÒË º­¯ÈÏ�ºm ¹¯Ò Ò°�

¹©�ÈÓÒ«² º°��Ë°�mã«ãÒ °mÈ¯}º® �j� ÓÈ °ãË���


�Ëä ¯ËÎÒäË� ,
°m

 �� k� 8
�
 ���� {� Y

°m
 

 ��� ä��� ¯È°²º� È¯�ºÓÈ �� ã�äÒÓ�

�¯Ò Ò°°ãË�ºmÈÓÒÒ ãÒ�©² º­¯ÈÏ�ºm °¹ãÈmÈ

yv��� ° ÓÈ¹¯ÈmãËÓÓº® }¯Ò°�ÈããÒÏÈ�ÒË® m º­ãÈ°�Ò

°mÈ¯Óº�º �mÈ Ò äË�ÈããË ~�{ ÓÈ²º�Òã°« äºÓº}�

¯Ò°�Èãã ° ÓÈ¹¯ÈmãËÓÒËä ^���`� {©°º}º�Ëä¹Ë¯È��¯�

Ó©Ë äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ äË�ÈããÈ º�ËÓÒmÈãÒ ÓÈ

�°�ÈÓºm}Ë $/$�722� ¹¯ÒÓ�Ò¹ �Ë®°�mÒ« }º�º¯º®

ÈÓÈãº�Ò�ËÓ Ò°¹©�È�Ëã	Óº® äÈ�ÒÓË �Ò¹È ½&OHHEO��

j°¹©�ÈÓÒ« ¹¯ºmº�ÒãÒ m mÈ}��äÓº® }ÈäË¯Ë�

{ÓË�ÓÒ® mÒ� º­¯ÈÏ�È ¹º°ãË Ò°¹©�ÈÓÒ® ¹¯ÒmË�ËÓ

ÓÈ ¯Ò°� �� cÈ­º��
 �È°�	 º­¯ÈÏ�È Ò°°ãË��Ëä©²

äÈ�Ë¯ÒÈãºm mmÈ¯ÒmÈãÒ m ¹ãº°}ÒË ÏÈ²mÈ�©� rãÈ�º�

�È¯« �È}º® }ºÓ°�¯�}�ÒÒ º­¯ÈÏ�È ¹¯Ò ÓËº­²º�Ò�

äº°�Ò mºÏäºÎÓÈ º�ËÓ}È °mº®°�m äË�ÈããÈ ÒÏ ¹Ë¯È

¯ËÈã	Óº® ãº¹È�}Ò� �¯Ò Ò°°ãË�ºmÈÓÒÒ ãº¹È�º}�

­©m�Ò² m ª}°¹ã�È�È�ÒÒ� ¹¯Ë�mÈ¯Ò�Ëã	Óº ¹¯ºmº�

�ÒãÒ mº°°�ÈÓºmÒ�Ëã	Ó�
 �Ë¯äºº­¯È­º�}� Ò �È}Òä

º­¯ÈÏºä º�ËÓÒmÈãÒ °mÈ¯ÒmÈËäº°�	 äË�ÈããÈ�

tÒäÒ�Ë°}Ò® °º°�Èm Ò äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ °¹ãÈmºm  v��� Ò yv��� ¹¯Ò }¯È�}ºm¯ËäËÓÓºä ¯È°�«ÎËÓÒÒ

lÈ¯}È

°¹ãÈmÈ

lÈ°°ºmÈ« �ºã« ªãËäËÓ�ºm� �

1L & &U &R 0R : $O 7L 1E &H )H %

 v��� |°ÓºmÈ ���������� ��������� ���������� ��������� ��������� ��������� ��������� ����������� ���� ≤ ��� ≤ 0,2

yv��� �� ����������� ��������� ���������� ��������� ����������� ��������� ��������� ��������� ����� ��� �����

�¯º�ºãÎËÓÒË �È­ãÒ�©

lÈ¯}È

°¹ãÈmÈ

�Ëä¹Ë�

¯È��¯È

Ò°¹©�ÈÓÒ®�
º

v

lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ

σ
m
� l�È σ

�
� l�È δ

�
� � ψ� �

 v��� �� ��� ��� � sË º¹¯�

��� ��� sË º¹¯� � ���

��� sË º¹¯� �� sË º¹¯� sË º¹¯�

yv��� �� ��������� ��� ������ �������

��� ���������� ��������� ������ ������
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�� {ãÒ«ÓÒË ¯ËÎÒäºm Òä¹�ã	°Óº����ºmº® °mÈ¯}Ò Èã
äÒÓÒ«
ki| ÓÈ Áº¯ä� Ò ¹º¯Ò°�º°�	 �mºm � {� v� lÈ�ÒÓ� {� l�
�Èm��}� j� {� iºm­Ò�ËÓ}º Ò �¯� �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� ��Ü���

�� *KRVK 3� .�� *XSWD 6�5�� *XSWD 3� &�� 5DWKL 5� ,QIOXHQFH
RI SXOVHG FXUUHQW ZHOGLQJ RQ WKH PLFURVWUXFWXUH DQG SRURVLW\
FRQWHQW RI $OÜ=QÜ0J DOOR\ ZHOGPHQW �� 3UDFW� 0HWDOORJU�
Û ����� Û ¢ ��� Û 3� ���Ü����

�� *KRVK 3� .� $Q DQDO\VLV RI ZHOG FKDUDFWHULVWLFV DV D IXQFWLRQ RI
SXOVH FXUUHQW 0,* ZHOGLQJ SDUDPHWHUV �� ,QWHUQ� -� IRU WKH
-RLQLQJ RI 0DWHULDOV� Û ����� Û �� ¢ �� Û 3� ���Ü����

�� vmÈ¯}È }ºÓ°�¯�}�Ò® ãË�È�Ëã	Ó©² È¹¹È¯È�ºm ÒÏ Èã
äÒÓÒË�
m©² °¹ãÈmºm ­ºã	�Ò² �ºã�ÒÓ � |� s� z��¯«�ºm� |� l�
sºmÒ}ºm� j� {� kãË}°ËËm Ò �¯� �� vmÈ¯º�� ¹¯�mº� Û
����� Û ¢ ��� Û v� ��Ü���

�� v�È­ÒãÒÏÈ�Ò« ¹¯º�Ë°°È Òä¹�ã	°Óº����ºmº® °mÈ¯}Ò ¹ãÈm«�
�Òä°« ªãË}�¯º�ºä � r� p� �È�ºÓ� �� �� bË®}º� k� l�

yË¯Óº°Ë}ºm Ò �¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��
Û v� �Ü��

�� bË®}º �� ��� yË¯Óº°Ë}ºm k� l�� bÒäÈÓºm°}Ò® �� |�
jä¹�ã	°Óº����ºmÈ« °mÈ¯}È ¹ãÈm«�Òä°« ªãË}�¯º�ºä ° Èm�º�
äÈ�Ò�Ë°}º® °�È­ÒãÒÏÈ�ÒË® ¹È¯ÈäË�¯ºm ¯ËÎÒäºm �� �Èä
ÎË� Û ����� Û ¢ �� Û v� �Ü���

�� k� °� ������� vvvc� lzj
�
{ �� z ����� j°�º�ÓÒ} �º}È

�ã« Òä¹�ã	°Óº����ºmº® °mÈ¯}Ò � {� l� �Èm��}� �� ��
bË®}º� Û |¹�­ã� ��������� r
ã� ¢ ���

�� jä¹�ã	°Óº����ºmÈ« °mÈ¯}È ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®
¹ãÈm«�Òä°« ªãË}�¯º�ºä m °äË°Ò È¯�ºÓÈ ° ��ãË}Ò°ã©ä �È�
Ïºä � v� �� cÒä°}Ò®� {� �� vmË�ÒÓ°}Ò®� �� �� bË®}º Ò
�¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� 0DQGDO $�� 3DUPDU 5� 6� (IIHFWV RI SXOVH SDUDPHWHUV RQ
ZHOG EHDG JHRPHWU\ �� -RLQLQJ RI 0DWHULDOV� Û ����� Û
�� ¢ �� Û 3� ��Ü���

7KH HIIHFWLYHQHVV RI DSSOLFDWLRQ RI WZR�GLPHQVLRQDO V\VWHPV RI DXWRPDWLF VWDELOL]DWLRQ RI WKH SURFHVV RI FRQVXPDEOH�HOHFWURGH
SXOVHG�DUF ZHOGLQJ RI DOXPLQLXP DOOR\V XQGHU WKH HIIHFW RI GLVWXUELQJ IDFWRUV KDV EHHQ HVWDEOLVKHG H[SHULPHQWDOO\� ,W LV VKRZQ
WKDW WKH PHFKDQLFDO SURSHUWLHV RI EXWW ZHOGHG MRLQWV RI $0J� DOOR\ GHWHULRUDWH ZLWK LQFUHDVH RI HOHFWURGH ZLUH H[WHQVLRQ DQG
ORZHULQJ RI WKH PDLQV YROWDJH� 8VH RI WZR�GLPHQVLRQDO V\VWHPV RI DXWRPDWLF VWDELOL]DWLRQ DOORZV HQVXULQJ WKH PHFKDQLFDO
SURSHUWLHV RI EXWW ZHOGHG MRLQWV RQ WKH OHYHO RI SURSHUWLHV DFKLHYHG LQ ZHOGLQJ LQ RSWLPXP PRGHV ZLWKRXW GLVWXUEDQFHV�
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¬ÏËÌÀËÙÃ ÌÏÌ¿ÃËËÌÏÐÆ ËÌÀÌÁÌ ÏÍÌÏÌ¿¾ ÏÀ¾ÎÈÆ ÈÌËÏÐÎÑÈÔÆÌËËÙÓ ÕÑÁÑËÌÀ Å¾ÈÉÜÕ¾ÜÐÏÝ À ÏÉÃÂÑÜ�
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• ÆÏÍÌÉÚÅÑÃÐÏÝÐÌËÈ¾ÝÍÎÌÀÌÉÌÈ¾ ÏÍÉÌÖËÌÁÌ ÏÃÕÃËÆÝÊ¾ÎÈÆ­�«µ��� ÆÅ ÏÍÃÔÆ¾ÉÚ�
ËÌÁÌ ÏÍÉ¾À¾ Ë¾ ËÆÈÃÉÃÀÌÇ ÌÏËÌÀÃ�

• ÊÃÓ¾ËÆÅÆÎÌÀ¾ËË¾Ý ÏÀ¾ÎÈ¾ ÀÙÍÌÉËÝÃÐÏÝ ÌÐÈÎÙÐÌÇ ÂÑÁÌÇ�

• ÖÀÙ Ë¾ ÐÌËÈÌÏÐÃËËÙÓ ÂÃÐ¾ÉÝÓ ÀÙÍÌÉËÝÜÐÏÝ Ï ÌÕÃËÚ ËÆÅÈÆÊ ÐÃÍÉÌÀÉÌÄÃËÆÃÊ

ÍÌ ÏÎ¾ÀËÃËÆÜ Ï ÎÑÕËÌÇ ÏÀ¾ÎÈÌÇ ÖÐÑÕËÙÊÆ ÛÉÃÈÐÎÌÂ¾ÊÆ�

• ÆÏÈÉÜÕÃËÙ ÀÙÏÌÈÆÇ ÍÌÂÌÁÎÃÀ ÂÃÐ¾ÉÆ Æ ÍÌÏÉÃÂÑÜ×¾Ý ÐÃÎÊÆÕÃÏÈ¾Ý Ì¿Î¾¿ÌÐÈ¾�

ªÃÐ¾ÉÉ ÖÀ¾ ÍÎÃÂÏÐ¾ÀÉÝÃÐ ÏÌ¿ÌÇ

ÍÉ¾ÏÐÆÕËÙÇ ÄÃÉÃÅÌËÆÈÃÉÃÀÙÇ ÏÍÉ¾À Ï

ÍÎÃÂÃÉÌÊ ÍÎÌÕËÌÏÐÆ ÂÌ ��� ª­¾ Æ ÐÀÃÎ�

ÂÌÏÐÚÜ «9 ���������� ­ÎÌÕËÌÏÐÚ ÏÌÃÂÆËÃ�

ËÆÇ À ÔÃÉÌÊ ÌÍÎÃÂÃÉÝÃÐÏÝ È¾ÕÃÏÐÀÌÊ

ÏÀ¾ÎÆÀ¾ÃÊÌÁÌ ÕÑÁÑË¾� Î¾ÅÎÙÀ Ì¿Î¾ÅÔÌÀ

ÍÎÆ ÆÏÍÙÐ¾ËÆÆ ÍÎÌÆÏÓÌÂÆÐ ÍÌ ÌÏËÌÀËÌÊÑ

ÊÃÐ¾ÉÉÑ�

¬ÏËÌÀËÌÃ Ë¾ÅË¾ÕÃËÆÃ� ®ÃÊÌËÐ ÂÃÐ¾�

ÉÃÇ ÆÅ È¾ÕÃÏÐÀÃËËÙÓ ÕÑÁÑËÌÀ� ÆÊÃÜ×ÆÓ

ÀÎÃÊÃËËÌÃ ÏÌÍÎÌÐÆÀÉÃËÆÃ Î¾ÅÎÙÀÑ ÂÌ

��� ª­¾� Ï Á¾Î¾ËÐÆÃÇ ÀÙÏÌÈÌÇ ÍÎÌÕ�

ËÌÏÐÆ� ÁÃÎÊÃÐÆÕËÌÏÐÆ Æ Ì¿Î¾¿¾ÐÙÀ¾Ã�

ÊÌÏÐÆ ÏÀ¾ÎËÙÓ ÏÌÃÂÆËÃËÆÇ�

ª¾ÏÏÌÀÙÇ ÎÃÊÌËÐ ÐÌËÈÌÏÐÃËËÙÓ ÈÌÎ�

ÍÑÏËÙÓ ÂÃÐ¾ÉÃÇ Ê¾ÖÆË Æ ÊÃÓ¾ËÆÅÊÌÀ

ÌÐÀÃÐÏÐÀÃËËÌÁÌ Ë¾ÅË¾ÕÃËÆÝ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��
¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ� ÌÐÂ� � ��

°ÃÉ��Ò¾ÈÏ� ������� ��� �� ��
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®ÏÄÃÊÍÅÄÌÚ Æ¿ÁÇÐÇËÍÐÑÇ� ÎÍÆÁÍÊÞÝØÇÄ ÍÎÑÇËÇÆÇÏÍÁ¿ÑÛ Î¿Ï¿ËÄÑÏÚ ÜÊÄÉÑÏÍË¿ÂÌÇÑÌÍÂÍ ÁÍÆÃÄÈÐÑÁÇÞ� �ÃÄÉÁ¿ÑÌÍÐÑÛ

ÎÍÊÒÖÄÌÌÚÔ Æ¿ÁÇÐÇËÍÐÑÄÈ ÏÄ¿ÊÛÌÚË ÒÐÊÍÁÇÞË ÐÁ¿ÏÉÇ ÎÍÃÑÁÄÏÅÃÄÌ¿ ÐÏ¿ÁÌÇÑÄÊÛÌÚË ¿Ì¿ÊÇÆÍË Ï¿ÐÖÄÑÌÚÔ Ç ÜÉ�

ÐÎÄÏÇËÄÌÑ¿ÊÛÌÚÔ Ã¿ÌÌÚÔ� ®ÏÍÁÄÃÄÌ ¿Ì¿ÊÇÆ ÁÊÇÞÌÇÞ Î¿Ï¿ËÄÑÏÍÁ ÏÄÅÇËÍÁ ÐÁ¿ÏÉÇ Ç ÑÄÎÊÍÓÇÆÇÖÄÐÉÇÔ ÐÁÍÈÐÑÁ

Ë¿ÑÄÏÇ¿ÊÍÁ Ì¿ ÍÎÑÇË¿ÊÛÌÚÄ ÏÄÅÇËÚ ÜÊÄÉÑÏÍË¿ÂÌÇÑÌÚÔ ÁÍÆÃÄÈÐÑÁÇÈ�

zã
� Ë m © Ë ° ã º m È � ªãË}�¯ºäÈ�ÓÒ�ÓºË mºÏ�Ë®°�mÒË� �¹�

¯Èmã«
�ÒË äÈ�ÓÒ�Ó©Ë ¹ºã«� �ËºäË�¯Ò�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò�

}Ò °mÈ¯º�Óº® mÈÓÓ©� �Ë¹ãºÁÒÏÒ�Ë°}ÒË °mº®°�mÈ äÈ�Ë¯ÒÈãºm

zºÓ�¯ºãÒ¯�ËäºË �¹¯ÈmãËÓÒË m©Ó�Î�ËÓÓ©äÒ ¹Ë¯Ë�
äË�ËÓÒ«äÒ ¹º�º}ºm ¯È°¹ãÈmÈ mÈÓÓ© ¹¯Ò °mÈ¯}Ë
° ªãË}�¯ºäÈ�ÓÒ�Ó©äÒ mºÏ�Ë®°�mÒ«äÒ �wl{� ¹ºÏ�

mºã«Ë� ÏÓÈ�Ò�Ëã	Óº �ã���Ò�	 äË²ÈÓÒ�Ë°}ÒË °mº®°�

�mÈ �mºm� ¹ºm©°Ò�	 Ò² }º¯¯ºÏÒºÓÓ�
 °�º®}º°�	

Ò °�º®}º°�	 ¹¯º�Òm º­¯ÈÏºmÈÓÒ« �º¯«�Ò² Ò ²º�

ãº�Ó©² �¯Ë�ÒÓ� °ÓÒÏÒ�	 �¯ºmËÓ	 ¹º¯Ò°�º°�Ò� kÓÈ�

ãÒÏ �ÈÓÓ©² ¯ÈÏãÒ�Ó©² Èm�º¯ºm �}ÈÏ©mÈË� ÓÈ �º�

��º ÓËÏÈmÒ°Òäº º� °¹º°º­ºm Ò �°ãºmÒ® °mÈ¯}Ò °��

�Ë°�m�Ë� º¹¯Ë�ËãËÓÓ©® �ÒÈ¹ÈÏºÓ ¹È¯ÈäË�¯ºm

wl{� ¹¯Ò }º�º¯ºä �º°�Ò�ÈË�°« äÈ}°ÒäÈã	ÓºË ¹º�

m©�ËÓÒË �Ë²Óºãº�Ò�Ë°}Ò² Ò ÁÒÏÒ}º�²ÒäÒ�Ë°}Ò²

°mº®°�m °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� vãË�ºmÈ�Ëã	Óº� m

ª�ºä �ÒÈ¹ÈÏºÓË ¹¯º«mã«
�°« ÏÈ}ºÓºäË¯Óº°�Ò� º¹�

¯Ë�Ëã«
�ÒË �°ãºmÒË º¹�ÒäÈã	Óº°�Ò wl{�

¡Ëã	 �ÈÓÓº® ¯È­º�©Û �°�ÈÓºmãËÓÒË ÁÒÏÒ�Ë°}Ò

º­º°ÓºmÈÓÓº�º }¯Ò�Ë¯Ò« º¹�ÒäÈã	Óº°�Ò wl{ Ò

¯ÈÏ¯È­º�}È ° Ë�º Ò°¹ºã	ÏºmÈÓÒËä ÒÓÎËÓË¯Óº® äË�

�º�Ò}Ò m©­º¯È ¹È¯ÈäË�¯ºm wl{ ° ��Ë�ºä ÏÈ}º�

ÓºäË¯Óº°�Ë®� º¹¯Ë�Ëã«
�Ò² ªÁÁË}�ÒmÓº°�	 Ë�º

¹¯ÒäËÓËÓÒ«�

�º� �Ë®°�mÒËä �¹¯Èmã«
�Ë�º äÈ�ÓÒ�Óº�º ¹ºã«

��l�� m °mÈ¯º�Óº® mÈÓÓË �¯Ò°� �� Áº¯äÒ¯�
�°«

¹º�º}Ò� ¹Ë¯ËäË�ËÓÒË }º�º¯©² ÒÏ �ºãºmÓº® m ²mº°�

�ºm�
 �È°�	 ¹¯ºÒ°²º�Ò� ¹ºº�Ë¯Ë�Óº m�ºã	 }ÈÎ�º�º

ÒÏ ­º}ºm©² Á¯ºÓ�ºm }¯Ò°�ÈããÒÏÈ�ÒÒ ° �È°�º�º®�

°ºº�mË�°�m�
�Ë® ÒÓ�Ë¯mÈã� ¯ËmË¯°Ò¯ºmÈÓÒ« �l��

�¯Ò ª�ºä Á¯ºÓ� }¯Ò°�ÈããÒÏÈ�ÒÒ� º�Óº°Ò�Ëã	Óº }º�

�º¯º�º ¹¯ºÒ°²º�Ò� ¹Ë¯ËäË�ËÓÒË ¹Ë¯Ë�¯Ë�º�º ¯È°�

¹ãÈmÈ ÒÏ �ºãºmÓº® �È°�Ò °mÈ¯º�Óº® mÈÓÓ©� º¹�

ãÈmã«Ë�°«� È ¹¯º�Òmº¹ºãºÎÓ©® }¯Ò°�ÈããÒÏ�Ë�°« °

äÈ}°ÒäÈã	Ó©äÒ °}º¯º°�«äÒ �ÓÈ ¹ºmË¯²Óº°�Ò mÈÓÓ©

°ºº�mË�°�mËÓÓº ÏÈ�ËäÓËÓÓÈ« Ò ÏÈ��¯Ò²ºmÈÓÓÈ« º­�

ãÈ°�Ò�� |°�ÈÓºm}È Ò º¹ãÈmãËÓÒË º�Óº�º ­º}ºmº�º

Á¯ºÓ�È ÏÈ�mË¯�ËmÈÓÒ« Ò� ÓÈº­º¯º�� �°}º¯ËÓÓºË ¹Ë�

¯ËäË�ËÓÒË ¹¯º�Òmº¹ºãºÎÓº�º }ºÓ�¯ºãÒ¯�
�°« �¯È�

�ÒËÓ�ÈäÒ �Ëä¹Ë¯È��¯© ¹Ë¯Ë� Á¯ºÓ�ÈäÒ ° ¹Ë¯Òº�

�Ò�Óº°�	
� °ºº�mË�°�m�
�Ë® �È°�º�Ë ÒÏäËÓËÓÒ«

ÓÈ¹¯ÈmãËÓÒ® ¹Ë¯ËäË�ËÓÒ« ¹º�º}ºm m mÈÓÓË ¹¯Ò

¯ËmË¯°Ò¯ºmÈÓÒÒ äÈ�ÓÒ�Óº�º ¹ºã«� { ¯È­º�Ë >�@ °�Ë�

ãÈÓ m©mº� º �ºä� ��º ÓËº­²º�Òä©ä Ò �º°�È�º�Ó©ä

�°ãºmÒËä }ºÓ�¯ºãÒ¯�Ëäº® ¹Ë¯Òº�Ò�Óº°�Ò ¯º°�È

}¯Ò°�ÈããÒ�ºm ¹º m°Ë® äËÎÁÈÏÓº® ¹ºmË¯²Óº°�Ò� È

°ãË�ºmÈ�Ëã	Óº� Ò Áº¯äÒ¯ºmÈÓÒ« äËã}ºÏË¯ÓÒ°�º®

°�¯�}��¯© ° äÒÓÒäÈã	Óº® ²ÒäÒ�Ë°}º® ÓËº�Óº¯º��

Óº°�	
 «mã«Ë�°« ¹Ë¯Òº�Ò�Ë°}ºË �º°�ÒÎËÓÒË �Ë¹�

ãºm©ä Á¯ºÓ�ºä ¹º�º}È ¯È°¹ãÈmãËÓÓº�º äË�ÈããÈ

ÓÈÒ­ºãËË ��ÈãËÓÓº® º� ���Ò ÏºÓ© }¯Ò°�ÈããÒÏ�
�

�Ë®°« �È°�Ò mÈÓÓ©� �°ãºmÒË º¹�ÒäÈã	Óº°�Ò wl{

¹¯Ë�°�ÈmãËÓº ¯ÈmËÓ°�mºä 6
¹º�

 /
}¯
� ��Ë 6

¹º�
Û

¹��	� ¹¯º²º�Òä©® ¹º�º}ºä ¹¯Ò Ë�º ¯ËmË¯°ÒmÓºä

�mÒÎËÓÒÒ� /
}¯

Û �ãÒÓÈ ­º}ºmº® }¯ºä}Ò }¯Ò°�

�ÈããÒÏ�
�Ë®°« �È°�Ò mÈÓÓ©�

�º äË¯Ë ¯ÈÏmÒ�Ò« ¯È­º� m ª�ºä ÓÈ¹¯ÈmãËÓÒÒ

¹ºã��ËÓ© �ÈÓÓ©Ë� ��º�Ó«
�ÒË mÏÈÒäº°m«Ï	 äËÎ��

°}º¯º°�«äÒ }¯Ò°�ÈããÒÏÈ�ÒÒ Ò �¯È�ÒËÓ�ÈäÒ �Ëä¹Ë�

¯È��¯© � äËÎÁÈÏÓº® ¹ºmË¯²Óº°�Ò� �º}ÈÏÈÓº >�@�

��º m ¹ºãÓºä ¹Ë¯Òº�Ë }¯Ò°�ÈããÒÏÈ�ÒÒ °��Ë°�m�Ë�

äÈ}°Òä�ä ¹ºm©�ËÓÒ« ÁÈ}�Ò�Ë°}Ò² °}º¯º°�Ë® ÏÈ��

mË¯�ËmÈÓÒ«� ¹¯Ò²º�«�Ò®°« ÓÈ º¹¯Ë�Ëã«Ëä�
 �¯È�
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�Ë®°�mÒ« �¹¯Èmã«
�Ë�º äÈ�ÓÒ�Óº�º ¹ºã« ÓÈ }¯Ò°�ÈããÒÏÈ�
�Ò
 ¹¯Ò ���ºmº® °mÈ¯}Ë �� �Èä ÎË� Û ����� Û ¢ �� Û
v� ��Ü���

��  Ë¯Ó©� {� �� cÈ°�Ë� ¹È¯ÈäË�¯ºm �mÒÎËÓÒ« äË�ÈããÈ °mÈ�
¯º�Óº® mÈÓÓ© ¹¯Ò ªãË}�¯ºäÈ�ÓÒ�Óºä ¹Ë¯ËäË�ÒmÈÓÒÒ ��
�Èä ÎË� Û ����� Û ¢ ��� Û v� ��Ü���

�� �¯º²º¯ºm s� s� nÒÏÒ�Ë°}ÒË ¹¯º�Ë°°© m äË�ÈããÈ² ¹¯Ò
°mÈ¯}Ë� Û l�� lË�Èãã�¯�Ò«� ����� Û �� �� Û ��� °�

�� c©Îºm c� s�� v}È�}ºm j� |��  Ë¯Ó©� {� �� �ºm©�ËÓÒË
°º¹¯º�Òmã«Ëäº°�Ò °mÈ¯Ó©² �mºm º­¯ÈÏºmÈÓÒ
 �º¯«�Ò² �¯Ë�
�ÒÓ ¹¯Ò ¯��Óº® ���ºmº® °mÈ¯}Ë ÓË¹ãÈm«�Òä°« ªãË}�¯º�ºä
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��  Ë¯Ó©� {� ��� z�ÏÓË�ºm {� i� vº¹¯º�Òmã«Ëäº°�	 �º¯«�
�Òä �¯Ë�ÒÓÈä �mºm� }¯Ò°�ÈããÒÏ�
�Ò²°« m �°ãºmÒ«² ¹Ë�
¯ËäË�ÒmÈÓÒ« �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ �� Û
v� ��Ü���

��  Ë¯Ó©� {� ��� �º¹ºm°}Ò® {� �� |°º­ËÓÓº°�Ò �mÒÎËÓÒ«
äË�ÈããÈ °mÈ¯º�Óº® mÈÓÓ© ¹¯Ò ªãË}�¯ºäÈ�ÓÒ�Óºä ¹Ë¯ËäË�Ò�
mÈÓÒÒ �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� �Ü��

��  Ë¯Ó©� {� ��� z�ÏÓË�ºm {� i�� ��¯©} w� {ãÒ«ÓÒË ªãË}��
¯ºäÈ�ÓÒ�Óº�º ¹Ë¯ËäË�ÒmÈÓÒ« °mÈ¯º�Óº® mÈÓÓ© ÓÈ �Ëä¹Ë�
¯È��¯Ó©® ÒÓ�Ë¯mÈã ²¯�¹}º°�Ò äË�ÈããÈ �mÈ �� �Èä ÎË�
Û ����� Û ¢ �� Û v� ��Ü���

�� �È²È¯ËÓ}º {� k� zÒÓË�Ò}È }¯Ò°�ÈããÒÏÈ�ÒÒ Ò Áº¯äÒ¯ºmÈ�
ÓÒË °mº®°�m °mÈ¯Ó©² �mºm ¹¯Ò °mÈ¯}Ë ° ªãË}�¯ºäÈ�ÓÒ�Ó©ä
¹Ë¯ËäË�ÒmÈÓÒËä� iÒ°� ��� }ÈÓ�� �Ë²Ó� ÓÈ�}� Û zÒËm�
z�j� ����� Û ��� °�

��� vmÈ¯}È ¹ãÈm«�Òä°« ªãË}�¯º�ºä m ÏÈ�Ò�Ó©² �ÈÏÈ² ° ªãË}�
�¯ºäÈ�ÓÒ�Ó©ä ¹Ë¯ËäË�ÒmÈÓÒËä � {� �� j��äÓºm� v� s�
lÈã	�Ëm� �� i� zºÓ	}ºm Ò �¯� �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� ��Ü��� ���

��� v�¯�}��¯È Ò °mº®°�mÈ äË�ÈããÈ �mºm ÓÈ °¹ãÈmË kl�� ¹¯Ò
°mÈ¯}Ë ° ªãË}�¯ºäÈ�ÓÒ�Ó©ä ¹Ë¯ËäË�ÒmÈÓÒËä � {� ��  Ë¯�

cÒ°� �� {©­º¯ º¹�ÒäÈã	Óº�º ¯ËÎÒäÈ wl{� �Ü� Û ª}°¹Ë¯ÒäËÓ�
�Èã	Ó©Ë ¯ËÎÒä© wl{ °ºº�mË�°�mËÓÓº �ã« ÓË¯ÎÈmË
�Ò²� Èã
�
äÒÓÒËm©² Ò �Ò�ÈÓºm©² °¹ãÈmºm� }¯Òm©Ë� º�¯ÈÓÒ�ÒmÈ
� º­ãÈ°�	
º¹�ÒäÈã	Ó©² ÏÓÈ�ËÓÒ® ÒÓ��}�ÒÒ �l� ¹¯Ò ÏÈ�ÈÓÓº® �ãÒ�Ëã	�
Óº°�Ò W¯� W¯ PD[

�
� W¯ PD[

�
Û äÈ}°ÒäÈã	Ó©Ë �ãÒ�Ëã	Óº°�Ò W¯ �ã«

ÓË¯ÎÈmË
�Ò² Ò Èã
äÒÓÒËm©² °¹ãÈmºm

�� ������



Ó©�� {� {� v©¯ºmÈ�}È� k� n� �¯Ò�ËÓ}º� r� �� cÎÈÓºm
�� �Èä ÎË� Û ����� Û ¢ ��� Û v� ��Ü���

��� sºmÒ}ºm |� l�� z¯
}ºm°}Ò® {� s�� yÈÓ�È¯Ëm k� �� {ãÒ�
«ÓÒË ªãË}�¯ºäÈ�ÓÒ�Óº�º ¹Ë¯ËäË�ÒmÈÓÒ« °mÈ¯º�Óº® mÈÓÓ©
ÓÈ ¹¯º�Ë°°© �Ë�ÈÏÈ�ÒÒ Ò ¯ÈÏ¯��ËÓÒ« º}Ò°Ó©² ¹ãËÓ m
°mÈ¯Ó©² �mÈ² °¹ãÈmÈ kä�� �� vmÈ¯º�� ¹¯�mº� Û �����
Û ¢ ��� Û v� ��Ü���

��� {ãÒ«ÓÒË �¹¯Èmã«
�Ë�º äÈ�ÓÒ�Óº�º ¹ºã« ÓÈ °�¯�}��¯� Ò
�Ë¯äË�Ò�Óº°�	 °mÈ¯Ó©² �mºm °¹ãÈmÈ kl�� � �� j� vÒ�«�
mÒÓ� �� �� ~�­¯ÒËÓ}º� k� p� w®�Ëã	��Ë®Ó Ò �¯� �� �Èä
ÎË� Û ����� Û ¢ �� Û v� ��Ü���

���  È
Ó k� ��� v©¯ºmÈ�}È {� {�� lÈ�«� {� j� i��ºmÈ«
°mÈ¯}È Èã
äÒÓÒËmº�º °¹ãÈmÈ ����� ° ¹¯ÒäËÓËÓÒËä ªãË}��
¯ºäÈ�ÓÒ�Óº�º ¹Ë¯ËäË�ÒmÈÓÒ« �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ �� Û v� ��Ü���

��� {ãÒ«ÓÒË ªãË}�¯ºäÈ�ÓÒ�Óº�º ¹Ë¯ËäË�ÒmÈÓÒ« ÓÈ °�¯�}��¯�
Ò °mº®°�mÈ °¹ãÈmÈ {��v � {� i� z�ÏÓË�ºm� j� {� lÈãÒÓ�

}ÒÓ� {� ��  Ë¯Ó©� Ò �¯� �� vmÈ¯º�� ¹¯�mº� Û ����� Û
¢ �� Û v� �Ü��

��� {ãÒ«ÓÒË ªãË}�¯ºäÈ�ÓÒ�Óº�º ¹Ë¯ËäË�ÒmÈÓÒ« ÓÈ °mº®°�mÈ
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® �ºÓ}ºãÒ°�ºmº�º �Ò�ÈÓÈ � �� l� bË�
ãËÓ}ºm� {� w� �¯º«Óºm°}Ò®� k� s� r¯Ò°}äÈÓ Ò �¯� ��
�Èä ÎË� Û ����� Û ¢ ��� Û v� ��Ü���

��� {ãÒ«ÓÒË ªãË}�¯ºäÈ�ÓÒ�Óº�º ¹Ë¯ËäË�ÒmÈÓÒ« °mÈ¯º�Óº®
mÈÓÓ© ÓÈ °mº®°�mÈ °ºË�ÒÓËÓÒ® °¹ãÈmÈ {���� � {� p� rãÈ�
��}� v� l� ��¯ËmÒ�� �� l� |Óº¹¯ÒËÓ}º Ò �¯� �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� |°º­ËÓÓº°�Ò Áº¯äÒ¯ºmÈÓÒ« �mºm ¹¯Ò ���ºmº® °mÈ¯}Ë �Ò�
�ÈÓÈ ° ªãË}�¯ºäÈ�ÓÒ�Ó©ä ¹Ë¯ËäË�ÒmÈÓÒËä � �� l� bË�
ãËÓ}ºm� {� ��  Ë¯Ó©�� v� l� ��¯ËmÒ� Ò �¯� �� vmÈ¯º��
¹¯�mº� Û ����� Û ¢ �� Û v� ��Ü���

��� k­¯Èãºm l� k�� k­��¯È²äÈÓºm c� ��� q�ã�È�Ëm k� ��
{ãÒ«ÓÒË ªãË}�¯ºäÈ�ÓÒ�Óº�º mºÏ�Ë®°�mÒ« ÓÈ ¹¯º�Ë°° ¹Ë¯�
mÒ�Óº® }¯Ò°�ÈããÒÏÈ�ÒÒ �Ò�ÈÓÈ �� �Èä ÎË� Û ����� Û
¢ �� Û v� �Ü��

'HSHQGHQFLHV DUH JLYHQ ZKLFK DOORZ RSWLPL]LQJ WKH SDUDPHWHUV RI HOHFWURPDJQHWLF DFWLRQ� $GHTXDF\ RI WKH GHULYHG GHSHQGHQFLHV

WR WKH DFWXDO ZHOGLQJ FRQGLWLRQV LV FRQILUPHG E\ FRPSDUDWLYH DQDO\VLV RI WKH FDOFXODWHG DQG H[SHULPHQWDO GDWD� $QDO\VLV LV
SHUIRUPHG RI WKH LQIOXHQFH RI ERWK WKH ZHOGLQJ SDUDPHWHUV DQG WKHUPRSK\VLFDO SURSHUWLHV RI PDWHULDOV RQ WKH RSWLPXP
UDQJH RI WKH PRGH RI HOHFWURPDJQHWLF DFWLRQ�

IhklmibeZ \ j_^Zdpbx ����������

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

¢ÉÝ ÑÉÑÕÖÃËÆÝ È¾ÕÃÏÐÀ¾ É¾ÅÃÎËÌÇ ÏÀ¾ÎÈÆ ÈÌËÏÐÎÑÈÔÆÌËËÙÓ ÏÐ¾�

ÉÃÇ À ¦»¯ ÆÊ� £� ¬� ­¾ÐÌË¾ Î¾ÅÎ¾¿ÌÐ¾ËÙ ËÌÀÙÃ ÐÃÓËÌÉÌÁÆÆ Ï ÆÏÍÌÉÚ�

ÅÌÀ¾ËÆÃÊ ÂÌÍÌÉËÆÐÃÉÚËÙÓ ÐÃÓËÌÉÌÁÆÕÃÏÈÆÓ ÍÎÆÃÊÌÀ� É¾ÅÃÎË¾Ý ÏÀ¾Î�

È¾ ÍÌ ÏÉÌÜ ÒÉÜÏ¾� É¾ÅÃÎË¾Ý ÏÀ¾ÎÈ¾ Ï ÍÎÆÏ¾ÂÌÕËÌÇ ÍÎÌÀÌÉÌÈÌÇ Æ

ÁÆ¿ÎÆÂË¾Ý É¾ÅÃÎË¾Ý � ª�¡ ÏÀ¾ÎÈ¾� ®¾ÅÎ¾¿ÌÐ¾ËËÙÃ ÐÃÓËÌÉÌÁÆÆ ÍÌÅ�

ÀÌÉÝÜÐ ÀÙÍÌÉËÝÐÚ ÏÀ¾ÎÈÑ À Î¾ÅÉÆÕËÙÓ ÍÎÌÏÐÎ¾ËÏÐÀÃËËÙÓ ÍÌÉÌ�

ÄÃËÆÝÓ�

°ÌÉ×ÆË¾ ÏÀ¾ÎÆÀ¾ÃÊÙÓ ÈÌËÏÐÎÑÈÔÆÌËËÙÓ ÏÐ¾ÉÃÇ x �������� ÊÊ Å¾

ÌÂÆË ÍÎÌÓÌÂ� ÂÌ �� ÊÊ x Å¾ ÕÃÐÙÎÃ ÍÎÌÓÌÂ¾� ÂÆ¾Í¾ÅÌË ÊÌ×ËÌÏÐÃÇ

É¾ÅÃÎËÌÁÌ ÆÅÉÑÕÃËÆÝ x ������� È Ð� ÏÈÌÎÌÏÐÚ ÏÀ¾ÎÈÆ x �������� Ê�Õ�

ÁÆ¿ÎÆÂËÌÇ x �������� Ê�Õ Ë¾ ÎÃÄÆÊ¾Ó ÂÑÁÌÀÌÇ ÏÀ¾ÎÈÆ ,  �������� ��

8  �������  �

ªÃÐ¾ÉÉÌÁÎ¾ÒÆÕÃÏÈÆÃ ÆÏÏÉÃÂÌÀ¾ËÆÝ Æ ÊÃÓ¾ËÆÕÃÏÈÆÃ ÆÏÍÙÐ¾ËÆÝ

ÍÌÈ¾Å¾ÉÆ ÑÉÑÕÖÃËËÌÃ È¾ÕÃÏÐÀÌ ÖÀÌÀ ÍÌ ÏÎ¾ÀËÃËÆÜ Ï Ì¿ÙÕËÌÇ É¾ÅÃÎ�

ËÌÇ ÏÀ¾ÎÈÌÇ À Å¾×ÆÐËÙÓ Á¾Å¾Ó �ÎÆÏ� ���

®¾ÅÎ¾¿ÌÐ¾Ë¾ ËÃÌ¿ÓÌÂÆÊ¾Ý ÐÃÓËÌÉÌÁÆÕÃÏÈ¾Ý ÌÏË¾ÏÐÈ¾ �ÎÆÏ� ���

­Ì ÏÎ¾ÀËÃËÆÜ Ï ÂÎÑÁÆÊÆ ÏÍÌÏÌ¿¾ÊÆ ÏÀ¾ÎÈÆ ÍÎÌÆÅÀÌÂÆÐÃÉÚËÌÏÐÚ

Î¾ÅÎ¾¿ÌÐ¾ËËÙÓ ÐÃÓËÌÉÌÁÆÇ ÅË¾ÕÆÐÃÉÚËÌ ÀÙÖÃ �ÏÈÌÎÌÏÐÚ ÏÀ¾ÎÈÆ ÏÐ¾ÉÆ

ÐÌÉ×ÆËÌÇ � ÊÊ x ÂÌ ��� Ê�Õ�� ­ÎÌÔÃÏÏ ÆÊÃÃÐ ÀÙÏÌÈÑÜ ÐÃÎÊÆÕÃÏÈÑÜ

ÉÌÈ¾ÉÚËÌÏÐÚ� ÕÐÌ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÊÃËÚÖÑÜ ¥° � ³¾Î¾ÈÐÃÎ ÍÎÌÍÉ¾À�

ÉÃËÆÝ x ÈÆËÄ¾ÉÚËÙÇ� ÈÌÛÒÒÆÔÆÃËÐ ÒÌÎÊÙ ÖÀ¾ x ÊÃËÃÃ �� ÌÐÏÑÐÏÐ�

ÀÑÜÐ ÐÃÎÊÌÂÃÒÌÎÊ¾ÔÆÆ ÏÀ¾ÎÆÀ¾ÃÊÙÓ ÆÅÂÃÉÆÇ� ËÃ ÐÎÃ¿ÑÃÐÏÝ

ÒÆËÆÖË¾Ý ÊÃÓ¾ËÆÕÃÏÈ¾Ý Ì¿Î¾¿ÌÐÈ¾�   ÏÀÝÅÆ Ï Ê¾ÉÙÊ ������ ÊÊ� Î¾Å�

ÊÃÎÌÊ ÏÀ¾ÎÌÕËÌÇ À¾ËËÙ ÀÙ¿ÎÌÏ ÀÎÃÂËÙÓ ¾ÛÎÌÅÌÉÃÇ ÀÌ ÊËÌÁÌ Î¾Å

ÊÃËÚÖÃ� ÕÃÊ ÍÎÆ ÂÑÁÌÀÙÓ �ÍÉ¾ÅÊÃËËÙÓ� ÏÍÌÏÌ¿¾Ó ÏÀ¾ÎÈÆ� ÕÐÌ ÂÃÉ¾ÃÐ

ÐÃÓËÌÉÌÁÆÜ ÛÈÌÉÌÁÆÕÃÏÈÆ ¿ÃÅÌÍ¾ÏËÌÇ Æ ÑÉÑÕÖ¾ÃÐ ÑÏÉÌÀÆÝ ÐÎÑÂ¾�

«ÌÀ¾Ý ÐÃÓËÌÉÌÁÆÝ ÍÎÃÂË¾ÅË¾ÕÃË¾ ÂÉÝ ÏÀ¾ÎÈÆ Ì¿ØÃÊËÙÓ ÏÌÐÌÀÙÓ

Í¾ËÃÉÃÇ� ÐÎÑ¿ �À ÐÌÊ ÕÆÏÉÃ ÍÌÀÌÎÌÐËÙÓ Æ ËÃÍÌÀÌÎÌÐËÙÓ ÏÐÙÈÌÀ�� Î¾Å�

ËÌÐÌÉ×ÆËËÙÓ Å¾ÁÌÐÌÀÌÈ� ÀÙÏÌÈÌÏÈÌÎÌÏÐËÌÇ ÏÀ¾ÎÈÆ ÐÌËÈÆÓ ÏÐ¾ÉÃÇ À

ÏÑÂÌ�� ¾ÀÐÌÊÌ¿ÆÉÃ�� À¾ÁÌËÌÏÐÎÌÃËÆÆ Æ ÂÎÑÁÆÓ ÌÐÎ¾ÏÉÝÓ ÍÎÌÊÙÖÉÃË�

ËÌÏÐÆ�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��
¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ�

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

(�PDLO� VKHO\DJLQ#SDWRQ�NLHY�XD

cÒ°� �� |­�Ò® mÒ� Á¯È�äËÓ�È �m�²}ºº¯�
�ÒÓÈ�Óº�º äÈÓÒ¹�ã«�º¯È °º °mÈ¯º�Óº® �º�
ãºm}º® Ò äË²ÈÓÒÏäºä ¹º�È�Ò ¹¯Ò°È�º�Óº®
¹¯ºmºãº}Ò

cÒ°� �� lÈ}¯º°�¯�}��¯È °ºË�ÒÓËÓÒ«
m©¯�­ãËÓÓ©² ÓÈ �Òã	º�ÒÓÓ©² ÓºÎÓÒ�È²
ãÒ°�ºm ÒÏ °�ÈãÒ ��}¹ �ºã�ÒÓº® � ää�
m©¹ºãÓËÓÓº�º ãÈÏË¯Óº® °mÈ¯}º® ° ¹¯Ò°È�

������ ��
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{� s� rpcskivzjq� }ÈÓ�� �Ë²Ó� ÓÈ�} �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©�

¡ ÍÀÆÍÏÄ� ÐÍÐÑ¿ÁÊÄÌÌÍË ÎÍ Ë¿ÑÄÏÇ¿Ê¿Ë Æ¿ÏÒÀÄÅÌÍÈ ÎÄÖ¿ÑÇ� ÐÍÁÏÄËÄÌÌÍÄ ÐÑÏÍÇÑÄÊÛÐÑÁÍ ÎÍÉ¿Æ¿ÌÍ É¿É Ð¿ËÍÐÑÍÞÑÄÊÛÌ¿Þ

ÍÑÏ¿ÐÊÛ ÜÉÍÌÍËÇÉÇ ÁÄÃÒØÇÔ ÐÑÏ¿Ì ËÇÏ¿� ÃÊÞ ÉÍÑÍÏÍÈ Ô¿Ï¿ÉÑÄÏÌÍ Ï¿ÐÑÒØÄÄ ÎÏÇËÄÌÄÌÇÄ ÐÑ¿ÊÛÌÍÈ ËÄÑ¿ÊÊÍÎÏÍÃÒÉÕÇÇ

Ç ÐÁ¿ÏÍÖÌÍÈ ÑÄÔÌÇÉÇ� ­ÕÄÌÄÌÚ ÎÏÇËÄÏÌÚÄ ÍÀÙÄËÚ ÇÐÎÍÊÛÆÍÁ¿ÌÇÞ ÐÑ¿ÊÇ Ç ÐÑ¿ÊÛÌÍÈ ËÄÑ¿ÊÊÍÎÏÍÃÒÉÕÇÇ Á ÎÏÍËÚ×�

ÊÄÌÌÍË Ç ÂÏ¿ÅÃ¿ÌÐÉÍË ÐÑÏÍÇÑÄÊÛÐÑÁÄ ÏÞÃ¿ ÐÑÏ¿Ì� ®ÍÉ¿Æ¿ÌÍ� ÖÑÍ ÐÁ¿ÏÉ¿ Ç ÏÍÃÐÑÁÄÌÌÚÄ ÑÄÔÌÍÊÍÂÇÇ ÞÁÊÞÝÑÐÞ ÀÄÆ�

¿ÊÛÑÄÏÌ¿ÑÇÁÌÚËÇ ÎÏÍÕÄÐÐ¿ËÇ ÍÀÏ¿ÀÍÑÉÇ Ç ÐÍÄÃÇÌÄÌÇÞ Á ÎÏÍÇÆÁÍÃÐÑÁÄ Ç ÐÍÍÏÒÅÄÌÇÇ ÐÑ¿ÊÛÌÚÔ ÐÑÏÍÇÑÄÊÛÌÚÔ ËÄ�

Ñ¿ÊÊÍÉÍÌÐÑÏÒÉÕÇÈ� ®ÏÄÃÐÑ¿ÁÊÄÌÚ ÎÏÍÂÌÍÆÌÚÄ ÑÄÌÃÄÌÕÇÇ Ï¿ÆÁÇÑÇÞ ÐÄÉÑÍÏ¿ ÐÁ¿ÏÍÖÌÍÂÍ ÍÀÍÏÒÃÍÁ¿ÌÇÞ ÃÊÞ ÐÁ¿ÏÉÇ Ì¿
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p� |� �È�ºÓÈ� ����� Û v� ��Ü���
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ÓÈ¹ãÈm}Ò ¹¯ºÁÒãÒ¯ºmÈÓÓ©ä ãËÓ�º�Ó©ä ªãË}�¯º�ºä ��
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�Ò�Ë°}Ò² º°º­ËÓÓº°�Ë® ªãË}�¯º�ãÈ}ºmº® ÓÈ¹ãÈm}Ò ãËÓ�È�
äÒ � j� j� n¯�äÒÓ� {� z� zÈãËÓ°}Ò®� �� k� �ÈÓ�Ò�ÒÓ
Ò �¯� ���Ëº¯Ë�Ò�Ë°}ÒË Ò �Ë²Óºãº�Ò�Ë°}ÒË º°Óºm© ÓÈ¹ãÈm�
}Ò� sºm©Ë ¹¯º�Ë°°© äË²ÈÓÒÏÒ¯ºmÈÓÓº® ÓÈ¹ãÈm}Ò� Û zÒ�
Ëm� jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ��Ü���

��� n¯�äÒÓ j� j� sÈ¹ãÈm}È m È�ºäÓºä ªÓË¯�ºäÈ�ÒÓº°�¯ºËÓÒÒ
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

��� �¯ÒäËÓËÓÒË ªãË}�¯º�ãÈ}ºmº® ÓÈ¹ãÈm}Ò °¹Ë�ËÓÓ©äÒ ãËÓ�
�ÈäÒ �ã« ÒÏ�º�ºmãËÓÒ« �m�²°ãº®Ó©² ãÒ°�ºm©² ÏÈ�º�ºmº}
� {� z� zÈãËÓ°}Ò®� �� k� �ÈÓ�Ò�ÒÓ� v� Ð� bË²�Ë¯� ��
s� �«�}ºm �� �Ëº¯Ë�Ò�Ë°}ÒË Ò �Ë²Óºãº�Ò�Ë°}ÒË º°Óºm©
ÓÈ¹ãÈm}Ò� sÈ¹ãÈm}È �Ë�ÈãË® º­º¯��ºmÈÓÒ« äË�Èãã�¯�ÒÒ Ò
ªÓË¯�Ë�Ò}Ò� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û
v� ��Ü���

��� j°°ãË�ºmÈÓÒË ¹¯º�Ë°°È ªãË}�¯º�ãÈ}ºmº® ÈÓ�Ò}º¯¯ºÏÒºÓ�
Óº® ÓÈ¹ãÈm}Ò �m�ä« ãËÓ�º�Ó©äÒ ªãË}�¯º�ÈäÒ � {� k� j��

�� ������



ÓÈ�ºm� {� {� l�¯ÏÒÓ� w� k� cº²ãÒÓ� �� {� tÈ�È��¯	«Ó�
�� �Ëº¯Ë�Ò�Ë°}ÒË Ò �Ë²Óºãº�Ò�Ë°}ÒË º°Óºm© ÓÈ¹ãÈm}Ò�
sÈ¹ãÈm}È �Ë�ÈãË® º­º¯��ºmÈÓÒ« äË�Èãã�¯�ÒÒ Ò ªÓË¯�Ë�Ò�
}Ò� Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ���Ü����

��� j°°ãË�ºmÈÓÒË ÈÓ�Ò}º¯¯ºÏÒºÓÓº�º °ãº«� ÓÈ¹ãÈmãËÓÓº�º
ãËÓ�ÈäÒ �m�²ªãË}�¯º�Ó©ä °¹º°º­ºä ÓÈ °�Èã	 ��t�slnk
� k� {� ~ÈãÒÓºm� k� p� c�Óºm� p� �� v�È¯�ËÓ}º Ò �¯� ��
�Ëº¯Ë�Ò�Ë°}ÒË Ò �Ë²Óºãº�Ò�Ë°}ÒË º°Óºm© ÓÈ¹ãÈm}Ò� sÈ¹�
ãÈm}È �Ë�ÈãË® º­º¯��ºmÈÓÒ« äË�Èãã�¯�ÒÒ Ò ªÓË¯�Ë�Ò}Ò� Û
zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ���Ü����

��� zÈãËÓ°}Ò® {� z�� �ÈÓ�Ò�ÒÓ �� k� |­ ªÁÁË}�ÒmÓº°�Ò ÈÓ�
�Ò}º¯¯ºÏÒºÓÓº® ÓÈ¹ãÈm}Ò ªãË}�¯º�Ó©äÒ ãËÓ�ÈäÒ ��

sÈ¹ãÈm}È� |¹©� Ò ªÁÁË}�ÒmÓº°�	 ¹¯ÒäËÓËÓÒ«� Û zÒËm�
jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ��Ü���

��� lÈãÒ}ÒÓ {� ��� |¹È¯ÒÓ �� j� wãË}�¯º�ãÈ}ºmÈ« ÓÈ¹ãÈm�
}È ÓË}º�º¯©² ÒÏÓº°º°�º®}Ò² °�ÈãË® °¹Ë�ËÓÓ©äÒ ªãË}�¯º��
Ó©äÒ ãËÓ�ÈäÒ �� �Ëº¯Ë�Ò�� Ò �Ë²Óºãº�Ò�� º°Óºm© ÓÈ¹�
ãÈm}Ò� sºm©Ë ¹¯º�Ë°°© äË²ÈÓÒÏÒ¯ºmÈÓÓº® ÓÈ¹ãÈm}Ò� Û
zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ��Ü����

��� lÈãÒ}ÒÓ {� �� cÈÏ¯È­º�}È äÈ�Ë¯ÒÈãºm Ò �Ë²Óºãº�ÒÒ ÒÏÓº�
°º°�º®}º® ªãË}�¯º�ãÈ}ºmº® ÓÈ¹ãÈm}Ò °¹Ë�ËÓÓ©äÒ ªãË}��
¯º�Ó©äÒ ãËÓ�ÈäÒ� ��Ëº¯Ë�Ò�� Ò �Ë²Óºãº�Ò�� º°Óºm© ÓÈ¹�
ãÈm}Ò� vºm¯ËäËÓÓ©Ë °¹º°º­© ÓÈ¹ãÈm}Ò Ò Ò² ¹¯ÒäËÓËÓÒË�
Û zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ��Ü���

0DLQ PHWKRGV RI KLJK�HIILFLHQF\ ZLGH�EDQG VXUIDFLQJ XVLQJ HOHFWURGH ZLUHV DQG VWULSV DUH GHVFULEHG� 7KHLU DGYDQWDJHV DQG

GUDZEDFNV DUH VKRZQ� ([DPSOHV RI LQGXVWULDO DSSOLFDWLRQ DUH JLYHQ

IhklmibeZ \ j_^Zdpbx ����������
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­ÎÃÂÍÌÉ¾Á¾ÃÐÏÝ ÍÎÆËÔÆÍ ÍÌÉÑÕÃËÆÝ ÆËÒÌÎÊ¾ÔÆÆ Ì ÏÌÏÐÌÝËÆÆ ÍÌÀÃÎÓËÌÏÐÆ ÆÅÂÃÉÆÝ ÍÑÐÃÊ

ÏÈ¾ËÆÎÌÀ¾ËÆÝ Ï ÍÌÊÌ×ÚÜ ÅÌËÂ¾ x ÌÏÐÎÌÏÒÌÈÑÏÆÎÌÀ¾ËËÌÁÌ ÛÉÃÈÐÎÌËËÌÁÌ ÉÑÕ¾�

­ÎÆ ÐÌÇ ÄÃ ÏÐÌÆÊÌÏÐÆ ÌÏËÌÀËÙÊÆ ÍÎÃÆÊÑ×ÃÏÐÀ¾ÊÆ ÏÆÏÐÃÊÙ 5$675 ÍÌ ÏÎ¾ÀËÃËÆÜ Ï ÌÍÐÆÕÃÏÈÆÊÆ

Æ ÐÃÉÃÀÆÅÆÌËËÙÊÆ ÏÆÏÐÃÊ¾ÊÆ ÝÀÉÝÜÐÏÝ ÌÐÏÑÐÏÐÀÆÃ ÌÍÐÆÕÃÏÈÆÓ ÌÏÀÃÐÆÐÃÉÃÇ� ÈÌÐÌÎÙÃ Å¾ÍÙÉÝÜÐÏÝ Í¾�

Î¾ÊÆ ÊÃÐ¾ÉÉ¾� Æ ÉÑÕÖÆÃ ÑÏÉÌÀÆÝ ÂÉÝ Î¾¿ÌÐÙ ÌÍÃÎ¾ÐÌÎ¾�

­ÎÆËÔÆÍ Î¾¿ÌÐÙ� ¦ÅÌ¿Î¾ÄÃËÆÃ Î¾ÅÊÃÎÌÊ ����� ÊÊ ÏÌ

ÖÀÌÊ� ÏÀ¾ÎÌÕËÌÇ À¾ËËÌÇ Æ ÏÐÙÈÌÊ ÒÌÎÊÆÎÑÃÐÏÝ ÐÎÆ Î¾Å¾ À

ÏÃÈÑËÂÑ ÍÎÆ ÏÈ¾ËÆÎÌÀ¾ËÆÆ ÉÑÕ¾ ÍÌ ÍÌÀÃÎÓËÌÏÐÆ ÂÃÐ¾ÉÆ À

ÐÃÕÃËÆÃ ÈÌÎÌÐÈÌÁÌ ÍÃÎÆÌÂ¾ ÀÎÃÊÃËÆ� ­ÎÌÔÃÏÏ »©¯ ËÃ ÆÏÈÉÜ�

Õ¾ÃÐ ÀÌÅÊÌÄËÌÏÐÆ ÃÁÌ ÍÎÃÎÙÀ¾ËÆÝ Ë¾ ÛÐÌÐ ÈÌÎÌÐÈÆÇ ÍÃÎÆÌÂ

ÀÎÃÊÃËÆ τÍÎ  ����G�YÏÀ�� ÁÂÃ G x ÂÆ¾ÊÃÐÎ ÉÑÕ¾� YÏÀx ÏÈÌÎÌÏÐÚ

ÏÀ¾ÎÈÆ� ¢ÉÝ G  � ÊÊ �Î¾ÅÊÃÎ ÉÑÕ¾� ÐÆÍÆÕËÙÇ ÂÉÝ ÊÌ×ËÙÓ

ÍÑÖÃÈ� ÍÎÆ YÏÀ  � Ê�Õ ���� ÊÊ�Ï� ÍÎÃÎÙÀ¾ËÆÝ ÍÎÌÔÃÏÏ¾ Ë¾ τÍÎ
� �� ÊÏ ËÃ ÀÙÅÙÀ¾ÜÐ ËÆÈ¾ÈÆÓ ÀÌÅÊÑ×ÃËÆÇ ÍÎÆ Ì¿Î¾ÅÌÀ¾ËÆÆ

ÖÀ¾� ­ÎÆ YÏÀ  �� Ê�Õ ��� ÊÊ�Ï� ÛÐÌ ÀÎÃÊÝ ÏÌÈÎ¾×¾ÃÐÏÝ ÂÌ

� ÊÏ�   ÐÃÕÃËÆÃ ÛÐÆÓ ÍÃÎÆÌÂÌÀ ÏÀ¾ÎÌÕËÙÇ ÉÑÕ ÊÌÄÃÐ ÍÃÎÃÈ�

ÉÜÕ¾ÐÚÏÝ À ÎÃÄÆÊ ÅÌËÂÆÎÌÀ¾ËÆÝ� ÏÐÙÈ� À¾ËË¾ Æ ÖÌÀ À ËÃÍÌÏ�

ÎÃÂÏÐÀÃËËÌÇ ¿ÉÆÅÌÏÐÆ ÌÐ À¾ËËÙ ÊÌÁÑÐ ¿ÙÐÚ ÀÆÅÑ¾ÉÆÅÆÎÌÀ¾ËÙ�

¯ÆÏÐÃÊ¾ ¾ÀÐÌÊ¾ÐÆÕÃÏÈÆ ÀÙÕÆÏÉÝÃÐ ÀÃÉÆÕÆËÑ ÌÐÈÉÌËÃËÆÝ ÖÀ¾

Æ Ï ÍÌÊÌ×ÚÜ ÊÃÓ¾ËÆÅÊÌÀ ÆÉÆ ÏÆÏÐÃÊÙ ÌÐÈÉÌËÃËÆÝ ÏÌÀÊÃ×¾ÃÐ

ÉÑÕ Ï ÉÆËÆÃÇ ÏÐÙÈ¾�

°ÃÓËÆÕÃÏÈÆÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ ÏÆÏÐÃÊÙ

zºãÒ�Ë°�mº m©­º¯º}� ¹Ò}°Ëã��������������������������������������������������������������������������� �������
iÒÓÈäÒ�Ë°}È« º�Ò­}È ¹¯Ò °ãËÎËÓÒÒ ¹º �m�� ää ���������������������������������������������� ±���

¯ÆÏÐÃÊ¾ Î¾¿ÌÐ¾ÃÐ Ï ¿ÉÌÈ¾ÊÆ ÍÆÐ¾ËÆÝ ÐÆÍ¾ (/$ ÊÌ×ËÌÏÐÚÜ ��� �� Æ ��� È Ð�

¨ÌËÐ¾ÈÐÙ� ������ ±ÈÎ¾ÆË¾� ¨ÆÃÀ����� ÑÉ� �ÌÄÃËÈÌ� ��
¦ËÏÐÆÐÑÐ ÛÉÃÈÐÎÌÏÀ¾ÎÈÆ ÆÊ� £� ¬� ­¾ÐÌË¾ «�« ±ÈÎ¾ÆËÙ� ÌÐÂ� � ��

°ÃÉ��Ò¾ÈÏ� ������� ��� �� ��
(�PDLO� QD]DUHQNR#WHFKQREHDP�FRP�XD

������ ��
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{� {� lk�{pp{� �Ò¯Ë}�º¯ ~k| ½{Òã�¯ÈÓ°�

¯¿ÐÐËÍÑÏÄÌÚ ÍÐÍÀÄÌÌÍÐÑÇ ÇÆÌÍÐ¿ ÅÄÊÄÆÌÍÃÍÏÍÅÌÚÔ ÉÍÊÄÐ Ç ÎÏÇËÄÌÞÄËÚÄ ÑÄÔÌÍÊÍÂÇÇ ÁÍÐÐÑ¿ÌÍÁÊÄÌÇÞ Ì¿ÎÊ¿ÁÉÍÈ

ÇÔ ÂÏÄÀÌÄÈ� ­ÎÇÐ¿Ì ÍÎÚÑ ÎÍ ÁÍÐÐÑ¿ÌÍÁÊÄÌÇÝ ÂÏÄÀÌÄÈ ÉÍÊÄÐ ÎÍÐÊÄ ÍÑÅÇÂ¿ ÎÍÁÄÏÔÌÍÐÑÇ É¿Ñ¿ÌÇÞ� ­ÑËÄÖÄÌÚ ÎÏÄÇËÒ�

ØÄÐÑÁ¿ Ñ¿ÉÍÈ ÑÄÔÌÍÊÍÂÇÇ�

zã
� Ë m © Ë ° ã º m È � ���ºmÈ« ÓÈ¹ãÈm}È� mÈ�ºÓÓ©Ë }ºãË°È� ¹º�
mË¯²Óº°�	 }È�ÈÓÒ«� m©°º}º�È°�º�Ó©® º�ÎÒ�� �mË¯�º°�	�
äÒ}¯º°�¯�}��¯È� ¹ºm©�ËÓÒË ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò

�¯Ò �º¯äºÎËÓÒÒ ÓÈ ¹ºmË¯²Óº°�Ò }È�ÈÓÒ« }ºãË°
m ¯ËÏ�ã	�È�Ë ¹º«mãËÓÒ« ¹ãÈ°�Ò�Ë°}Ò² �ËÁº¯äÈ�Ò®
mºÏÓÒ}ÈË� ¯«� �ËÁË}�ºm� m©�ÈmãÒmÈÓÒË äË�ÈããÈ
ÓÈ ¹Ë¯ÒÁË¯Ò
 ¹ºmË¯²Óº°�Ò }È�ÈÓÒ«� ¯È°°ãºËÓÒË
äË�ÈããÈ� �¯Ë�ÒÓ©� ¹ºm¯ËÎ�ËÓÒ« �°�Èãº°�Óº�º
²È¯È}�Ë¯È m ÏºÓË }ºÓ�È}�È }ºãË°È ° ¯Ëã	°ºä >�@�
{ ��… �� � °ã��ÈËm �È}ÒË �ËÁË}�©� }È} ¹ºãÏ�Ó©�
m©�Ë¯­ÒÓ©� ÓÈmÈ¯© ÓÈ ¹ºmË¯²Óº°�Ò }È�ÈÓÒ«� «m�
ã«
�°« ¹¯Ò�ÒÓº® º��Ë¹º} �¯�Ïºm©² mÈ�ºÓºm �ã«
�Ë}��Ë�º ¯ËäºÓ�È }ºãË°Ó©² ¹È¯ �z��� |°ÓºmÓº®
¹¯Ò�ÒÓº® ÓÈ­ã
�ÈËäº�º m �����Ë �º�© �mËãÒ�ËÓÒ«
}ºãÒ�Ë°�mÈ }ºãË° ° �ËÁË}�ÈäÒ }ºÓ�È}�Óº��°�Èãº°�
�Óº�º ¹¯ºÒ°²ºÎ�ËÓÒ« «mã«Ë�°« °ÓÒÎËÓÒË }È�Ë°�mÈ
äË�ÈããÈ }ºãË°� ÒÏ�º�ºmãËÓÓ©² ÓÈ äË�Èãã�¯�Ò�Ë°�
}Ò² ÏÈmº�È² >�@� { ¹¯º�Ë°°Ë ª}°¹ã�È�È�ÒÒ �ËÁË}�©
äº��� ¯È°¹¯º°�¯ÈÓ«�	°« ÓÈ �ã�­ÒÓ� �� ää Ò ­ºãËË
m º­ãÈ°�	 ¯È°�«�ÒmÈ
�Ò² ÓÈ¹¯«ÎËÓÒ® m }ºãË°Ë�
ª�ºä� °¹º°º­°�m�
�� m �È°�Óº°�Ò� ��È¯Ó©Ë ÓÈ�
�¯�Ï}Ò� ~È¯ºÎ�ËÓÒË �¯Ë�ÒÓ mºÏäºÎÓº ÓÈ �ã�­ÒÓË
��…�� ää º� ¹ºmË¯²Óº°�Ò }È�ÈÓÒ« m äË°�È² ÏÈ�
ãË�ÈÓÒ« �ËÁË}�ºm äË�Èãã�¯�Ò�Ë°}º�º ¹¯ºÒ°²ºÎ�Ë�
ÓÒ« äË�ÈããÈ }ºãË°� }º�º¯©Ë ¯ÈÏmÒmÈ
�°« ¹º� �Ë®°�
�mÒËä �Ò}ãÒ�Ë°}Ò² ÓÈ�¯�Ïº}� �È}ÒË �ËÁË}�©
º­©�Óº ¯È°¹¯º°�¯ÈÓ«
�°« ¹È¯ÈããËã	Óº ¹ºmË¯²Óº°�
�Ò }È�ÈÓÒ« Ò ÏÈ}ÈÓ�ÒmÈ
�°« ÓÈ ÓÈ¯�ÎÓº® ¹ºmË¯�
²Óº°�Ò �¯Ë­Ó«� cÈÏmÒ�ÒË �¯Ë�ÒÓ© äË�ÈããÈ ��È°�}È
�¯Ë­Ó« äºÎË� ¹¯ÒmË°�Ò } º�}ºã� äË�ÈããÈ �ãÒÓº®
�º ���… ��� ää Ò ¹º�Ë¯Ë ÓÈ¹¯Èmã«
�Ò² Á�Ó}�Ò®
}ºãË°È� sÈãÒ�ÒË ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® m }º�
ãË°Óº® °�ÈãÒ Ò ËË ¹ºÓÒÎËÓÓÈ« �ËÁº¯äÈ�ÒºÓÓÈ«
°¹º°º­Óº°�	 �È}ÎË äº��� ­©�	 ¹¯Ò�ÒÓº® ¹º«mãËÓÒ«
�¯Ë�ÒÓ m �Ò°}È² }ºãË° >�@� iËÁË}�© �°�Èãº°�Óº�º
¹¯ºÒ°²ºÎ�ËÓÒ« ²È¯È}�Ë¯ÒÏ�
�°« ÓË­ºã	�ÒäÒ
äÒ}¯º�¯Ë�ÒÓÈäÒ� ¯È°¹¯º°�¯ÈÓ«
�ÒäÒ°« ¹¯Ò­ãÒ�
ÏÒ�Ëã	Óº ÓÈ �� ää m�ã�­	 äË�ÈããÈ º� ¹ºmË¯²Óº°�Ò
}È�ÈÓÒ« Ò � º°ÓºmÈÓÒ« �¯Ë­Ó«� w�Ò äÒ}¯º�¯Ë�ÒÓ©
º¯ÒËÓ�Ò¯ºmÈÓ© ¹º� ��ãºä ��Å º�Óº°Ò�Ëã	Óº ÓÈ¹�
¯ÈmãËÓÒ« }È�ÈÓÒ« Ò º­©�Óº ÓË ¯ÈÏmÒmÈ
�°« �º
º¹È°Ó©² ¯ÈÏäË¯ºm� { �Ëãºä m ¯ËÏ�ã	�È�Ë mºÏ�Ë®°�
�mÒ« ��È¯Ó©² ÓÈ�¯�Ïº}� ¹¯ºÓÒ}ÓºmËÓÒ« mº�º¯º�È
m °�Èã	 m �°ãºmÒ«² ¹ºm©�ËÓÓº® mãÈÎÓº°�Ò äºÎË�
¹¯ºÒ°²º�Ò�	 °ÓÒÎËÓÒË ¹ºmË¯²Óº°�Óº® Ò �°�Èãº°�

�Óº® ¹¯º�Óº°�Ò� ¹ãÈ°�Ò�Óº°�Ò� ��È¯Óº® m«Ï}º°�Ò
Ò m©Óº°ãÒmº°�Ò >�@�

iã« mº°°�ÈÓºmãËÓÒ« º�Óº�º äÒããÒäË�¯È ÒÏÓº�
�ËÓÓº�º �¯Ë­Ó« mÈ�ºÓÓ©² }ºãË° �¹ºã��ËÓÒË °�ÈÓ�
�È¯�Óº�º ¹¯ºÁÒã« ° �Ò¯ÒÓº® �¯Ë­Ó« �� ää ÓÈ
¯È°°�º«ÓÒÒ �� ää º� Ë�º mË¯�ÒÓ©� ÓËº­²º�Òäº
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�������������� v� k� bÈäÒÓ �|k| ½ Ë¯Ë¹ºmË�}Ò® °�ÈãË¹�
¯º}È�Ó©® ÏÈmº��� >�@�

v¹º°º­ ¯ËäºÓ�È �Ë�ÈãË® äÈ�ÒÓ� m}ã
�È
�Ò® ¹º��º�ºm}�
¹ºmË¯²Óº°�Ò �Ë�ÈãÒ Ò mº°°�ÈÓºmãËÓÒË ÏÈ�ÈÓÓ©² �ËºäË�¯Ò�Ë°}Ò²

¹È¯ÈäË�¯ºm �Ë�ÈãÒ ° Ò°¹ºã	ÏºmÈÓÒËä äÓº�º°ãº®Óº® ÓÈ¹ãÈm}Ò
¹¯Ò°È�º�Óº�º äÈ�Ë¯ÒÈãÈ� È �È}ÎË äË²ÈÓÒ�Ë°}º® º­¯È­º�}Ò�
º�ãÒ�È
�Ò®°« �Ëä� ��º ÓÈ ¯ËäºÓ�Ò¯�Ëäº® �Ë�ÈãÒ ¹Ë¯Ë� ÓÈ¹ãÈm}º®
°ãº« ¹¯Ò°È�º�Óº�º äÈ�Ë¯ÒÈãÈ äºÓ�Ò¯�
� Ë�º ÏÈ�º�ºm}�� ÓÈ¹ãÈm}�
°ãº« º°��Ë°�mã«
� ªãË}�¯ºÓÓ©ä °}ÈÓÒ¯�
�Òä ã��ºä m mÈ}��äË�
È äË²ÈÓÒ�Ë°}�
 º­¯È­º�}� º°��Ë°�mã«
� ¹º°ãË ÓÈ¹ãÈm}Ò }ÈÎ�º�º
°ãº« ¹¯Ò°È�º�Óº�º äÈ�Ë¯ÒÈãÈ� ~È«m}È cn �������������� {� k�
�Ë®}ÒÓ� {� {� iº}È�Ëm� �� v� pãÒ°ËËm Ò �¯� �n��� ½ll��
½vÈã
��� >�@�

�°�¯º®°�mº �ã« °ºË�ÒÓËÓÒ« �Ë�ÈãË®� º�ãÒ�È
�ËË°« �Ëä� ��º
ºÓº °ÓÈ­ÎËÓº ÓË¹º�mÒÎÓº ÏÈ}¯Ë¹ãËÓÓº® mÓ��¯Ò }ÈäË¯© ÏÈ�
�¯�Ï}Ò ¹ãÈ�Áº¯äº® ° ¯ÈÏäË�ËÓÓº® ÓÈ ÓË® ¹ãÒ�º®� �°�ÈÓºmãËÓ�
Óº® ° mºÏäºÎÓº°�	
 ¹Ë¯ËäË�ËÓÒ« ¹º ¹ãÈ�Áº¯äË� ­ãº}ºä �Èm�
ãËÓÒ«� �°�ÈÓºmãËÓÓ©ä m }ÈäË¯Ë ÓÈ�¯ËmÈ� º¹º¯ÈäÒ ° }ÈÓÈãÈäÒ
�ã« ¯ÈÏäË�ËÓÒ« mÒ�}ºm ÒÓ��}�º¯È� �°�ÈÓºmãËÓÓ©äÒ ÓÈ ¯È­º�Ëä
°�ºãË� Ò ­ãº}Ë �ÈmãËÓÒ« Ò �¯ÈÁÒ�ºm©äÒ ¹ãÒ�ÈäÒ� ¯ÈÏäË�ËÓ�
Ó©äÒ ÓÈ º¹º¯È²� }ºÓ�Ë®ÓË¯ �ã« ¯ÈÏäË�ËÓÒ« º­¯È­È�©mÈËäº®
�Ë�ÈãÒ m©¹ºãÓËÓ ¯ÈÏ­º¯Ó©ä Ò °º�Ë¯ÎÒ� äË�ÈããÒ�Ë°}�
 Áº¯ä��
mÓ��¯ËÓÓ«« �È°�	 }º�º¯º�º m©¹ºãÓËÓÈ ¹º Áº¯äË º­¯È­È�©mÈË�
äº® �Ë�ÈãÒ� ~È«m}È cn �������������� k� �� vÒ�È�Ëm� c� v�
z�¯º�}È� {� v� nÈ�ËËm Ò �¯� >�@�

�°�¯º®°�mº �ã« °mÈ¯}Ò äº��ãÒ¯ºmÈÓÓ©ä �º}ºä� º�ãÒ�È
�Ë�
Ë°« �Ëä� ��º äº��ã«�º¯ �°�ÈÓºmãËÓ m ¯ÈÏ¯©m �Ë¹Ò �¹¯ÈmãËÓÒ«
°mÈ¯º�Ó©ä �º}ºä äËÎ�� °Ò°�Ëäº® Èm�ºäÈ�Ò�Ë°}º�º �¹¯ÈmãËÓÒ«
Ò Ò°�º�ÓÒ}ºä ¹º°�º«ÓÓº�º �º}È� ¹¯Ò ª�ºä äº��ã«�º¯ °º°�ºÒ�
ÒÏ }ºää��È�º¯È� °²Ëä© �¹¯ÈmãËÓÒ« Ò² Ò �ËãÒ�Ëã«� ¹¯Ò�Ëä }ºä�
ä��È�º¯ m©¹ºãÓËÓ ° º�ÓÒä m©²º�ºä� }º�º¯©® «mã«Ë�°« Ò m©�
²º�ºä äº��ã«�º¯È� Ò ° �¯Ëä« m²º�ÈäÒ� º�ÒÓ ÒÏ }º�º¯©² «mã«�
Ë�°« �¹¯Èmã«
�Òä Ò ¹º�}ã
�ËÓ } m©²º�� °²Ëä© �¹¯ÈmãËÓÒ«
}ºää��È�º¯ºä� m�º¯º® m²º� ¹º�}ã
�ËÓ } °Ò°�ËäË Èm�ºäÈ�Ò�Ë°�
}º�º �¹¯ÈmãËÓÒ«� È �¯Ë�Ò® Û } �ËãÒ�Ëã
� ~È«m}È cn
�������������� v� c� käÈÓºm� k� c� bÒ�}ÒÓ� k� {� zº¯�ÒÓ�
i� �� zº¹©ãºm �|k| ½km�ºmÈÏ�� >�@�

�º¯º�}ºmÈ« ¹¯ºmºãº}È �ã« ÒÏÓº°º°�º®}º® ÓÈ¹ãÈm}Ò� º�ãÒ�È�

�È«°« �Ëä� ��º m °º°�Èm �È°�Ò� ¹º¯º�}È ÓÈ º°ÓºmË }È¯­Ò�È
mºã	Á¯ÈäÈ m²º�«� �È}ÎË }È¯­Ò� �Ò�ÈÓÈ Ò }º­Èã	�� È º­ºãº�}È
¹¯ºmºãº}Ò m©¹ºãÓËÓÈ ÒÏ äÈãº��ãË¯º�Ò°�º® °�ÈãÒ ¹¯Ò °ãË���

�Ëä °ºº�Óº�ËÓÒÒ }ºä¹ºÓËÓ�ºm� äÈ°� �� ��…�� }È¯­Ò�È mº�
ã	Á¯ÈäÈ� ���…��� }È¯­Ò�È �Ò�ÈÓÈ� �…� }º­Èã	�È� ���…���
¹º¯º�}È Èã
äÒÓÒ«� ���…��� }¯ËäÓËÁ�º¯Ò°�º�º ÓÈ�¯Ò«� º°�Èã	�
Óº® °�Èã	ÓÈ« º­ºãº�}È� ~È«m}È cn �������������� {� {�
c©­ÒÓ� k� {� rÈ¯ÈÓºm� p� {� kÓ�¯ºÓºm Ò �¯� �n��� ½¡sjj
½�¯ºäË�Ë®�� >�@�
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%,8/(7<1 ,167<7878 63$:$/1,&7:$ Z */,:,&$&+ ��ºã	�È�� ����� Û
5RF� ��� ¢ � �¹ºã� «Ï��

&]ZRUQRJ %� �ºã	°}Ò® °mÈ¯º�Ó©® �ËÓ�¯ °ºmË¯�ËÓ°�mÈ� ¯ËÏ�ã	�È�© ¯È­º� Ò �º°�ÒÎËÓÒ« ¹Ë¯mº®

ÁÈÏ© ¹¯ºË}�È� °� ��Ü���

%UR]GD -� vºm¯ËäËÓÓ©Ë ÎÈ¯º°�º®}ÒË äÈ�Ë¯ÒÈã© Ò Ò² °mÈ¯}È� F� ��Ü���

2SLHNXQ =�� 2UORZLF] $� :� nº¯äÒ¯ºmÈÓÒË °�¯�}��¯© ¹ºmË¯²Óº°�Óº�º °ãº« º�ãÒmº} ÒÏ }º­Èã	�º�

m©² °¹ãÈmºm ° ¹ºäº�	
 ¹ãÈÏä© ªãË}�¯Ò�Ë°}º® ���Ò� F� ��Ü���

0DWXVLDN -� {¯Ë�ÓºË mºÏ�Ë®°�mÒË ¹©ãÒ Ò �ÈÏºm� m©�Ëã«
�Ò²°« m ¹¯º�Ë°°Ë °mÈ¯}Ò äË�Èããºm ÓÈ

Ï�º¯ºm	Ë ¹Ë¯°ºÓÈãÈ� {©­º¯ �Ë²Óºãº�Ò�Ë°}Ò² �°ãºmÒ® °mÈ¯}Ò m È°¹Ë}�Ë º�¯ÈÓÒ�ËÓÒ« ªäÒ°°ÒÒ m¯Ë��

Ó©² mË�Ë°�m� F� ��Ü���

2UORZLF] $� :�� 7U\WHN $� �¯ÒäËÓËÓÒË °¹º°º­È *7$: ¹¯Ò ¹ºmË¯²Óº°�Óºä �¹¯º�ÓËÓÒÒ ����ÓÓ©²

º�ãÒmº}� F� ��Ü���

3LDWHN 0� jÓ��}�ÒºÓÓ©® ÓÈ�¯Ëm m ¹¯ºä©�ãËÓÓº® ¹¯È}�Ò}Ë� F� ��Ü���


 cÈÏ�Ëã ¹º��º�ºmãËÓ °º�¯��ÓÒ}ÈäÒ ÓÈ��Óº® ­Ò­ãÒº�Ë}Ò jwv Òä� p� |� �È�ºÓÈ�

�� ������



-2851$/ RI /,*+7 0(7$/ :(/',1* 	 &216758&7,21 �Ð¹ºÓÒ«�� ����� Û
9RO� ��� ¢ � �«¹� «Ï��

sÈ¹¯ÈmãËÓÒ« ¯ÈÏmÒ�Ò« �Ë²Óºãº�Ò® °ºË�ÒÓËÓÒ« Èã
äÒÓÒ«� F� �Ü���

0DHGD .� HW DO� �¯ÒäËÓËÓÒË °mÈ¯}Ò Èã
äÒÓÒ« ¹ºã�¹¯ºmº�ÓÒ}ºm©ä ãÈÏË¯ºä� F� ��Ü���

7HUDVDNL 7� HW DO� vmÈ¯º�Ó©Ë �ËÁº¯äÈ�ÒÒ Ò º°�È�º�Ó©Ë ÓÈ¹¯«ÎËÓÒ« °ºË�ÒÓËÓÒ® �Ò°�º�º �Ò�ÈÓÈ�

F� ��Ü���

-2851$/ RI /,*+7 0(7$/ :(/',1* 	 &216758&7,21 �Ð¹ºÓÒ«�� ����� Û
9RO� ��� ¢ � �«¹� «Ï��

<DPDJXFKL 6�� 2VXPL 6� v�¯ºÒ�Ëã	°�mº ¹Ë�Ë²º�Ó©² Èã
äÒÓÒËm©² äº°�ºm� F� �Ü���

6DVDEH 6� HW DO� vmÈ¯ÒmÈËäº°�	 Èã
äÒÓÒËm©² °¹ãÈmºm ¹¯Ò ãÈÏË¯Óº® °mÈ¯}Ë �Ë�ÈãË® Èm�ºäº­ÒãË®�

F� ��Ü���

2JDZD .� HW DO� vmÈ¯}È �¯ËÓÒËä äÈ�ÓÒËmº�º °¹ãÈmÈ $=��� F� ��Ü���

.R\DPD .� HW DO� �ºm©�ËÓÒË ¹¯º�Óº°�Ò ¹È«Ó©² °ºË�ÒÓËÓÒ® ¹��Ëä Ò°¹ºã	ÏºmÈÓÒ« °Ë¯Ë­¯«Ó©² m°�È�

mº}�  � �� cÈÏ¯È­º�}È °¹º°º­È ¹È®}Ò ¯ÈÏÓº¯º�Ó©² kOÜ&X °ºË�ÒÓËÓÒ®� F� ��Ü���

-2851$/ RI /,*+7 0(7$/ :(/',1* 	 &216758&7,21 �Ð¹ºÓÒ«�� ����� Û
9RO� ��� ¢ � �«¹� «Ï��

�¯ºÒÏmº�°�mº Èã
äÒÓÒ« Ò Èã
äÒÓÒËmº® ¹¯º��}�ÒÒ m ���� ��� F� �Ü���

7DNDKDVKL .� vºm¯ËäËÓÓ©Ë °¹º°º­© }ºÓ�¯ºã« ãÈÏË¯Óº® °mÈ¯}Ò� F� ��Ü���

$L]DZD 7� sºm©® °¹º°º­ �ºmÓº® °mÈ¯}Ò �ÈmãËÓÒËä ° Ò°¹ºã	ÏºmÈÓÒËä äÈ�ÓÒ�Óº�º ¹º�º}È m©°º}º®

¹ãº�Óº°�Ò �ºÓ}ºãÒ°�ºmº�º Èã
äÒÓÒ«� F� ��Ü���

7DNDKDVKL .� �¯º�Óº°�	 ÏºÓ© �mÈ °ºË�ÒÓËÓÒ® �ºÓ}ºãÒ°�ºmº�º Èã
äÒÓÒ«� m©¹ºãÓËÓÓ©² m©°º}º°�

}º¯º°�Óº® °mÈ¯}º® &2��ãÈÏË¯ºä� F� ��Ü���

Ð¹ºÓ°}Ò® ¹¯ºä©�ãËÓÓ©® °�ÈÓ�È¯� ÓÈ Ò°¹©�ÈÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ® Èã
äÒÓÒ«� F� ��Ü���

1DNDJDZD <� |¹�ºmºãº}ºÓÓºË º­º¯��ºmÈÓÒË �ã« ÓÈ�¯ËmÈ ½ä«�}Òä� ã��ºä� °� ��Ü���

-2851$/ RI WKH -$3$1 :(/',1* 62&,(7< �Ð¹ºÓÒ«�� ����� Û 9RO� ���
¢ � �«¹� «Ï��

�Ë²ÓÒ�Ë°}È« °¹Ë�ÒÁÒ}È�Ò«� �¯Ë��¹¯ËÎ�ËÓÒË ¹º¯ºº­¯ÈÏºmÈÓÒ« ¹¯Ò ãÈÏË¯Óº® °mÈ¯}Ë ° m©²º�Óº®

äº��ã«�ÒË®� F� ��

v¹Ë�ÒÈã	Ó©® m©¹�°} �ã« äºãº�©² °¹Ë�ÒÈãÒ°�ºm�

+LURNDZD 1� �¯ÒäËÓËÓÒË äº�ËãË® ¹ºmË¯²Óº°�Ò º�}ãÒ}È Ò äË�º�È ÓÈ}º¹ãËÓÓ©² È¹¹¯º}°ÒäÒ¯�
�Ò²

Á�Ó}�Ò® �ã« ¹¯ºË}�Ò¯ºmÈÓÒ«� F� �Ü���

,]XL .�vºm¯ËäËÓÓºË °º°�º«ÓÒË º¹�ÒäÒÏÈ�ÒÒ �ËÓË�Ò�Ë°}Ò² Èã�º¯Ò�äºm Ò Ò² ¹¯ÒäËÓËÓÒË ÓÈ ÓÈ�Èã	Ó©²

ª�È¹È² ¹¯ºË}�Ò¯ºmÈÓÒ«� F� ��Ü���

<RQH]DZD 6� |°ÓºmÓ©Ë ÓÈ¹¯ÈmãËÓÒ« ¯ÈÏmÒ�Ò« Ò ¹¯ÒäË¯© ¹¯ÒäËÓËÓÒ« Óºm©² }ºä¹	
�Ë¯Ó©² ¹¯º��

¯Èää Èm�ºäÈ�ÒÏÈ�ÒÒ �ÒÓ�Ë�¯È�ÒÒ� Ò º¹�ÒäÒÏÈ�ÒÒ ½6,*+7�� F� ��Ü���

2MLUR <� HW DO� |¹�ÒäÈã	Ó©® äË�º� ¹¯ºË}�Ò¯ºmÈÓÒ« ãº¹È�º} }ºä¹¯Ë°°º¯È� ��Ò�©mÈ
�Ò® ¯ÈÏ­¯º°

�ËmÒÈ�ÒÒ �È°�º�©� F� ��Ü���

0L\DVDND )� �Ë}�ÒÒ ¹º �Ëº¯ÒÒ ���ºm©² «mãËÓÒ®� |°Óºm© äº�ËãÒ¯ºmÈÓÒ« °mÈ¯º�Ó©² ¹¯º�Ë°°ºm�

F� ��Ü���

0DWVXGD +�� 2QR 0� �Ë}�ÒÒ �ã« ¹¯È}�Ò}�
�Ò²°« ÒÓÎËÓË¯ºm� vºm¯ËäËÓÓºË °º°�º«ÓÒË Ò ¹¯º­ãËä©

�Ë²Óºãº�Ò® °mÈ¯}Ò ãÒ°�ºmº® °�ÈãÒ ° º­¯È­º�ÈÓÓº® ¹ºmË¯²Óº°�	
� F� ��Ü���

35=(*/$' 63$:$/1,&7:$ ��ºã	�È�� ����� Û ¢ �Ü� �¹ºã� «Ï��

3LODUF]\N -�� %DQDVLN 0� HW DO� �ÈÏË¯Ó©Ë �Ë²Óºãº�ÒÒ m Èm�ºäº­Òã	Óº® ¹¯ºä©�ãËÓÓº°�Ò� F� ��Ü���

:RMFLFNL 6�� 6LHODQNR :� HW DO� �Ë²Óºãº�Ò« ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ò m Èm�ºäº­Òã	Óº® ¹¯ºä©��

ãËÓÓº°�Ò� F� ��Ü���

.OLPSËO $�� /LVLHFNL $� HW DO��ÈÏË¯ÓÈ« °mÈ¯}È °�©}ºm©² °ºË�ÒÓËÓÒ® �ºÓ}Ò² º�ÒÓ}ºmÈÓÓ©² °�Èã	Ó©²

ãÒ°�ºm� F� ��Ü���

)DHUEHU 0� cºã	 �ÈÏÈ m ¹¯º�Ë°°Ë ãÈÏË¯Óº® °mÈ¯}Ò� F� ��Ü���

3DSNDOD +�� 3LHWUDV $� HW DO� �º�Ë�ÓÈ« °mÈ¯}È º�ÒÓ}ºmÈÓÓ©² ãÒ°�ºm� F� ��Ü���

6HQNDUD -�� =KDQJ +� lË²ÈÓÒÏä m©¹ãË°}È ÎÒ�}º�º äË�ÈããÈ mº m¯Ëä« �º�Ë�Óº® °mÈ¯}Ò� F� ��Ü���

0LNQR =�� .R]DF]\QVNL -� HW DO� zºÓ�¯ºã	 }È�Ë°�mÈ °ºË�ÒÓËÓÒ®� m©¹ºãÓËÓÓ©² °mÈ¯}º® �ÈmãËÓÒËä

° Ò°¹ºã	ÏºmÈÓÒËä °Ò°�Ëä ° Ò°}�°°�mËÓÓ©ä ÒÓ�ËããË}�ºä ÓÈ º°ÓºmË ÓË®¯ºÓÓ©² °Ë�Ë®� F� ��Ü���

0LUVNL =�� 3LZRZDUF]\N 7� v}ãËÒmÈÓÒË ¹¯Ò ¹¯ºÒÏmº�°�mË Èm�ºäº­ÒãË®� F� ��Ü���

.UDZF]\N 5�� 3OHZQLDN -� HW DO� lË²ÈÓÒÏÒ¯ºmÈÓÓÈ« ãÒÓÒ« ÒÓ��}�ÒºÓÓº�º ÓÈ�¯ËmÈ �Ò­}Ò² mÈãÒ}ºm

�ã« Èm�ºäº­Òã	Óº�º �¯ÈÓ°¹º¯�È� F� ��Ü���

0LUVNL =�� *UDQDW .� �È®}È Èm�ºäº­Òã	Ó©² äË�ÈããÒ�Ë°}Ò² }È�ÈãÒÏÈ�º¯ºm� F� ��Ü���

$PEUR]LDN $�� .LVLHO $� HW DO� �¯ÒäËÓËÓÒË �ã	�¯ÈÏm�}ºm©² Ò°°ãË�ºmÈÓÒ® ¹¯Ò º�ËÓ}Ë �º�Ë�Óº®

°mÈ¯}Ò �ºÓ}º°�ËÓÓ©² ªãËäËÓ�È²� F� ��Ü���

7DQL -� |­Ïº¯ °¹º°º­ºm m©°º}º¹¯ºÒÏmº�Ò�Ëã	Óº® °mÈ¯}Ò lj�� F� ��Ü���

&HJLHOVNL 3�� .RODVD $� HW DO� vÒ°�ËäÈ �¹¯Èmã«
�Ò² ÒÓ�Ë¯ÁË®°ºm Ò }ºÓ�¯ºã« Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº®

°mÈ¯}Ò� F� ��Ü���

������ ��



.R]DN 7�� 2OHMQLN .� �¯ÒäËÓËÓÒË °�ÈÓ�È¯�Óº�º ���ºmº�º ¹Ò�È�Ëã« ¹¯Ò ¯º­º�ÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ë�

F� ��Ü���

.XGOD .� kã�º¯Ò�ä m©­º¯È ¹È¯ÈäË�¯ºm Òä¹�ã	°Óº® °mÈ¯}Ò m ÏÈ�Ò�Ó©² �ÈÏÈ²� F� ��Ü���

/XNRPVNL $� |­º¯��ºmÈÓÒË �ã« ¹¯º�Ë°°ºm °mÈ¯}Ò m Èm�ºäº­Òã	Óº® ¹¯ºä©�ãËÓÓº°�Ò� F� ��Ü���

5DXVFKHQEDFK'�� 1RZDN0� HW DO�sºmÈ« }ºÓ�Ë¹�Ò« ÏÈÎÒäºm ¹¯Ò ¹¯ºÒÏmº�°�mË }�Ïºmºm Èm�ºäÈ�ÒÓ�

F� ���Ü����

1RZDFNL -�vmÈ¯ÒmÈËäº°�	 äÈ¯�ËÓ°Ò�Óº°�È¯Ë
�Ë® °�ÈãÒ ¹¯ÒäËÓÒ�Ëã	Óº } }ºÓ°�¯�}�ÒÒ Ò �Ë²Óºãº�ÒÒ

ÒÏ�º�ºmãËÓÒ« ãº¹È°�Óº�º }ºãË°È �ËÓ�¯º­ËÎÓº�º }ºä¹¯Ë°°º¯È� F� ���Ü����

.DOLWD :�� +RIIPDQ -� vmº®°�mÈ °ºË�ÒÓËÓÒ® ÒÏ °¹ãÈmºm äÈ�ÓÒ«� °mÈ¯ÒmÈËä©² &2��ãÈÏË¯ºä�

F� ���Ü����

0DWXVLDN -� �Ë²Óºãº�Ò�Ë°}ÒË È°¹Ë}�© °º}¯È�ËÓÒ« }ºãÒ�Ë°�mÈ ÏÈ�¯«ÏÓËÓÒ®� m©�ËãËÓÒ« mº m¯Ëä«

°mÈ¯}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä m ÏÈ�Ò�Ó©² �ÈÏÈ²� F� ���Ü����

'REDM (�� 'REDM�7XPLGDMHZLF] %� vmÈ¯º�ÓºË º­º¯��ºmÈÓÒË m �È¯äºÓÒÏÒ¯�
�Ò² °�ÈÓ�È¯�È²�

F� ���Ü����

35=(*/$' 63$:$/1,&7:$ ��ºã	�È�� ����� Û ¢ �Ü� �¹ºã� «Ï��

6]XOF �� j°�º¯Ò�Ë°}Ò® º­Ïº¯ ¹º ¹È®}Ë� F� ��Ü���

0LUVNL =�� *UDQDW .� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« ¹È®}È °�Èã	Ó©² º�º¹Ò�Ëã	Ó©² ¯È�ÒÈ�º¯ºm �ã« mÈÓÓ©²

}ºäÓÈ�� F� ��Ü���

0LUVNL =�� *UDQDW z� �ºm©�ËÓÒË }È�Ë°�mÈ ¹È«Ó©² °ºË�ÒÓËÓÒ® ÒÓ°�¯�äËÓ�ºm ÓÈ º°ÓºmË °¹Ë�ËÓÓº�º

��ãË¯º�È� F� ��Ü���

/HRQF]\N l� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« ¹È®}È ÒÓ°�¯�äËÓ�ºm ÓÈ º°ÓºmË °¹Ë�ËÓÓº�º ��ãË¯º�È ÓÈ ¹¯ÒäË¯Ë

°ºË�ÒÓËÓÒ« °º °�Èã	
� F� ��Ü���

3OHZQLDN -�� .UDZF]\N 5�� /XWR 0� �¯ÒäËÓËÓÒË ÒÓ��}�ÒºÓÓº�º ÓÈ�¯ËmÈ m ¹¯º�Ë°°È² m©°º}º�Ëä¹Ë�

¯È��¯Óº® ¹È®}Ò� F� ��Ü���

3DVNRY ,�� 6RNLQ 6� |¹©� m º­ãÈ°�Ò ¯ÈÏ¯È­º�}Ò� ¹¯ºÒÏmº�°�mÈ Ò Ò°¹ºã	ÏºmÈÓÒ« ¹¯Ò¹º« ÓÈ º°ÓºmË

äË�Ò� F� ��Ü���

:LHODJH %�� 0XFNOLFK 6�� +R\HU ,� v�Èã	Ó©Ë ¹È«Ó©Ë °ºË�ÒÓËÓÒ« �����ÓÈ� ° ­¯ºÓÏº® m �Ë¯m«�Ó©²

�Ë°�Ë¯Ó«²� F� ��Ü���

%RUHWLXV 0� {È}��äÓÈ« ¹È®}È Û °º°�º«ÓÒË �Ë²Óºãº�ÒÒ Ò ËË ¯ÈÏmÒ�ÒË� F� ��Ü���

5HLQNHQVPHLHU ,� {ÓË�¯ËÓÒË �Ë²ÓÒ}Ò mÈ}��äÓº® ¹È®}Ò Ò �Ë¯äºº­¯È­º�}Ò Û ¹¯º�¯Ë°°ÒmÓ©® äË�º�

°ºË�ÒÓËÓÒ« äË�ÈããÒ�Ë°}Ò² ªãËäËÓ�ºm� F� ��Ü���

%DUDQRZVNL -�� %DEXO 7�� HW DO� {ãÒ«ÓÒË �Ë²Óºãº�Ò�Ë°}Ò² ÁÈ}�º¯ºm ÓÈ ¹È®}� °�ÈãÒ ���� ¹¯Ò¹ºËä

$J&X��1L�� F� ��Ü���

%DUDQRZVNL -� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« ¹È®}È }ºä¹ºÓËÓ�ºm m ÈmÒÈ�ÒºÓÓº® ¹¯ºä©�ãËÓÓº°�Ò� F� ��Ü���

:LQLRZVNL $� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« ¹È®}È m mÈ}��äË Û mºÏäºÎÓº°�Ò Ò ¹¯ÒäË¯©� F� ��Ü���

%DUWQLN =�� 'HUOXNLHZLF]:��È®}º°mÈ¯}È �ÈmãËÓÒËä äË�Ó©² ãÒ°�ºm ° Ò°¹ºã	ÏºmÈÓÒËä �º¹ºãÓÒ�Ëã	�

Óº�º °º¹¯º�ÒmãËÓÒ«� F� ��Ü���

*UXV]F]\N $� �ºmË¯²Óº°�Ó©Ë °mº®°�mÈ ÎÒ�}Ò² °¹ãÈmºm �Ò¹È 1LÜ%� F� ��Ü���

%HUJPDQQ -�� :LOGHQ -� �Ë²Óºãº�Ò�Ë°}ÒË È°¹Ë}�© ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® �ÒÁÁ�ÏÒºÓÓº® ¹È®}Ò º�Óº�

¯º�Ó©² Ò ¯ÈÏÓº¯º�Ó©² °ºË�ÒÓËÓÒ®� F� ��Ü���

:LOGHQ -�� %HUJPDQQ -� vºË�ÒÓËÓÒË º�ÒÓ}ºmÈÓÓº® °�ÈãÒ Û °ºm¯ËäËÓÓºË °º°�º«ÓÒË Ò ¹Ë¯°¹Ë}�Òm©�

F� ��Ü���

.OLPSHO $�� &]XSU\QVNL $�� *RUND -� km�º�ËÓÓÈ« ¹È®}È �ºÓ}Ò² º�ÒÓ}ºmÈÓÓ©² ãÒ°�ºm ° ¹ºäº�	


°¹º°º­È lj�� F� ��Ü���

$PEUR]LDN $�� /DQJH $� j°°ãË�ºmÈÓÒË äÒ}¯º°�¯�}��¯ °ºË�ÒÓËÓÒ« $OÜ&X� ¹È«Ó©² °¹ãÈmºä

$O&X��$J��� F� ��Ü���

3DQWHOHMHQNR )� �Ë¯°¹Ë}�ÒmÓ©Ë m°¹ºäº�È�Ëã	Ó©Ë ªm�Ë}�Ò�Ë°}ÒË äÈ�Ë¯ÒÈã© ¹¯Ò ¯ËÈ}�ÒºÓÓº® ¹È®}Ë�

F� ��Ü���

:LHODJH %�� 7URPPHU )� HW DO� �¯ÒäËÓËÓÒË ¹¯Ò¹º« ÓÈ º°ÓºmË $O Ò =Q ¹¯Ò m©°º}º�Ëä¹Ë¯È��¯Óº®

¹È®}Ë ° �º­ÈmãËÓÒËä Áã
°È m ¹Ë�È² ° ÏÈ�Ò�Óº® È�äº°ÁË¯º®� F� ��Ü���

:ORGDUVNL =� j°°ãË�ºmÈÓÒË °mº®°�m Áã
°ºm �ã« ¹È®}Ò Èã
äÒÓÒ« Ò Ë�º °¹ãÈmºm� F� ��Ü����

$PEUR]LDN $�� )HOED -�� .LVLHO 5� rË°°mÒÓ�ºm©Ë ¹¯Ò¹ºÒ �ã« ªãË}�¯ºÓÒ}Ò� F� ���Ü����

6HQNDUD -� wÓË¯�Ë�Ò�Ë°}ºË °º°�º«ÓÒË ¹ºmË¯²Óº°�Ò äË�ÈããÈ ¹¯Ò °äÈ�ÒmÈËäº°�Ò ÎÒ�}Òä ¹¯Ò¹ºËä�

F� ���Ü����

1RZDFNL -� v�¯�}��¯È Ò °mº®°�mÈ °ºË�ÒÓËÓÒ® ÒÏ ÓË¯ÎÈmË
�Ò² äÈ¯�ËÓ°Ò�Óº°�È¯Ë
�Ò² °�ÈãË®�

¹È«Ó©² m mÈ}��äË ¹¯Ò¹ºËä $XÜ1L� F� ���Ü����

.X]LR 7� vË¯�ÒÁÒ�Ò¯ºmÈÓÓÈ« �Ë²Óºãº�Ò« Ò }ºä¹Ë�ËÓ�Ó©® ¹Ë¯°ºÓÈã Û º°ÓºmÈ º­Ë°¹Ë�ËÓÒ« }È�

�Ë°�mÈ ¹È«Ó©² ÒÏ�ËãÒ®� F� ���Ü����

6R]DQVNL /� �ã	�¯ÈÏm�}ºmº® }ºÓ�¯ºã	 °ºË�ÒÓËÓÒ®� ¹È«Ó©² ¹¯Ò m©°º}º® �Ëä¹Ë¯È��¯Ë� F� ���Ü����

35$.7,.(5 ��Ë¯äÈÓÒ«�� ����� Û ¢ � �ÓËä� «Ï��

6LPOHU +� .ULQN 9�� /DXULVFK )� cÈ°�Ò¯ËÓÒË º­ãÈ°�Ò ¹¯ÒäËÓËÓÒ« ¯ËÏ}Ò �ºÓ}Òä ¹ãÈÏäËÓÓ©ä ¹��}ºä�

F� ���Ü����

{©°�Èm}È ½(XUR%/(&+ ����� �p{c|�jv�� Û �Ë¯Ë�È�È �Ë²Óºãº�Ò® m ¹Ë¯Ë¯È­È�©mÈ
��
 ãÒ°�

º�¯È°ã	� F� �Ü���

vmÈ¯º�Ó©Ë ¯È­º�© m º­ãÈ°�«² ° ¹º�ËÓ�ÒÈã	Óº® º¹È°Óº°�	
 mÏ¯©mÈ Ò ¹ºÎÈ¯È� F� ���Ü����

�� ������



6SULQJIHOG 3� �º¯�Èã	ÓÈ« ¯º­º�ÒÏÒ¯ºmÈÓÓÈ« �°�ÈÓºm}È �ã« °mÈ¯}Ò }ºãº°ÓÒ}ºm©² ¯Ë�Ë�º}�

F� ���Ü����

48$57(5/< -2851$/ RI WKH -$3$1 :(/',1* 62&,(7< �Ð¹ºÓÒ«�� ����� Û
9RO� ��� ¢ � �0È\� �«¹� «Ï��

+HUROG +�� 3FKHQQLNRY$�� 6QUHLWHQEHUJHU 0�|�ËÓ}È ÏÈ¯ºÎ�ËÓÒ« �º¯«�Ò² �¯Ë�ÒÓ ¹º ãÈ­º¯È�º¯Ó©ä

äË�º�Ò}Èä Ò ¯ËÏ�ã	�È�Èä ª}°¹Ë¯ÒäËÓ�Èã	Ó©² ÒÏäË¯ËÓÒ® ÓÈ }ºÓË�ÓºªãËäËÓ�Óº® äº�ËãÒ m ¹¯º�Ë°°Ë

°mÈ¯}Ò }¯�¹Óº�È­È¯Ò�Ó©² ÒÏ�ËãÒ®� F� ���Ü����

6XLWD <�� 1DJDL +�� 6KLQLNH 6� HW DO� ÐmãËÓÒ«� ÓÈ­ã
�ÈËä©Ë m mÈ}��äË� ¹¯Ò ���ºmº® °mÈ¯}Ë ¹ºã©ä

mºã	Á¯Èäºm©ä ªãË}�¯º�ºä Èã
äÒÓÒ«� F� ���Ü����

+LUDWD <�� 2VDPXUD 7�� 2QGD 0� HW DO� lº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°È }È¹Ëã	Óº�º ¹Ë¯ËÓº°È }º¯º�}ÒäÒ

ÏÈä©}ÈÓÒ«äÒ�  � �� jÏ��ËÓÒË ¹¯º�Ë°°È ¹º äº�ËãÒ «mãËÓÒ® }È¹Ëã	Óº�º ¹Ë¯ËÓº°È� F� ���Ü����

.LPXUD 0�� .XVDND 0� HW DO� {ãÒ«ÓÒË mÓ��¯ËÓÓË�º �ÒÈäË�¯È ÓÈ äºäËÓ� �¯ËÓÒ« ¹¯Ò °mÈ¯}Ë �¯ËÓÒËä

�¯�­� F� ���Ü����

7RQJ +�� 8H\DPD 7� cË�ËÓÒË ¹¯º­ãËä� °m«ÏÈÓÓ©² ° ¹º�¯ËÏºä ���Ò Ò º­¯ÈÏºmÈÓÒËä äÒ}¯º­¯©Ï��

¹¯Ò Òä¹�ã	°Óº® °mÈ¯}Ë lj� ÓÈ ¹Ë¯ËäËÓÓºä �º}Ë� F� ���Ü����

6DVDNL 6�� 2JXPD0� HW DO� �ãÈmãËÓÒË Ò ¯ËÏ}È ¹��}ºm äË�Óº® ¹¯ºmºãº}Ò�  � �� jÏ��ËÓÒË äË²ÈÓÒÏäºm

¯ÈmÓºäË¯Óº�º ¯È°¹ãÈmãËÓÒ« ¹��}ºm äË�Óº® ¹¯ºmºãº}Ò jk� ãÈÏË¯ºä� F� ���Ü����

1LVKLR .�� .DWRK 0� HW DO� {ÒÏ�Èã	ÓºË Ò°°ãË�ºmÈÓÒË äÒ}¯º°�¯�}��¯© ÏºÓ© °ºË�ÒÓËÓÒ« ¹ãÈ}Ò¯ºmÈÓ�

Óº�º $O�7L äÈ�Ë¯ÒÈãÈ�  � �� v�¯�}��¯È Ò °mº®°�mÈ ¹ãÈ}Ò¯ºmÈÓÓº�º äÈ�Ë¯ÒÈãÈ ¹º°ãË mÈ}��äÓº®

°mÈ¯}Ò ¹¯º}È�}º®� F� ���Ü����

-HRQJ %�� 1LVKLPRWR .�� 6DLGD .� lÒ}¯º°�¯�}��¯È ¹ºmË¯²Óº°�Ò ¯ÈÏ�ËãÈ �Ò¹Ë¯°ºË�ÒÓËÓÒ« �ã	�¯È�

äËã}ºÏË¯ÓÒ°�º® °�ÈãÒ�  � �� �ºmË¯²Óº°�	 ¯ÈÏ�ËãÈ �Ò¹Ë¯FºË�ÒÓËÓÒ« �ã	�¯ÈäËã}ºÏË¯ÓÒ°�º® °�ÈãÒ�

F� ���Ü����

0RUL 7�� 0LQDPL .� HW DO� {ãÒ«ÓÒË ¯ËÎÒäÈ äË�ÈããÒÏÈ�ÒÒ Ò °mº®°�mÈ °�ÈãÒ ÓÈ �°�Èãº°�Ó�
 ¹¯º�Óº°�	

ÒÏ�ËãÒ® ¹º°ãË �º¯«�Ë�º �ÒÓ}ºmÈÓÒ«�  � ���°�Èãº°�ÓÈ« ¹¯º�Óº°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� º­¯È­º�ÈÓÓ©²

�º¯«�Òä �ÒÓ}ºmÈÓÒËä ¹º�¯�ÎËÓÒËä m ¯È°¹ãÈm� F� ���Ü����

.DZDJXFKL 6�� 2KDWD 0�� 2NL <� HW DO� z¯Ò�Ò�Ë°}ÒË �°ãºmÒ« ÏÈ¯ºÎ�ËÓÒ« m«Ï}Ò² �¯Ë�ÒÓ m �¯�­Ó©²

°�Èã«² Ò Ò°¹ºã	ÏºmÈÓÒË ÓÈ�¯ËÏºm m ÓÈ��¯Ó©² �¯�­º¹¯ºmº�È² �ã« º�ËÓ}Ò ¯ÈÏ¯��ËÓÒ® ¹º� �Ë®°�mÒËä

mÓ��¯ËÓÓË�º �ÈmãËÓÒ«� F� ���Ü����

.DZDQR 7�� 0DWVXL 0� HW DO� v�¯�}��¯Ó©Ë mÒÏ�Èã	Ó©Ë Ò°°ãË�ºmÈÓÒ« ÏºÓ© °ºË�ÒÓËÓÒ« ¹ãÈ}Ò¯ºmÈÓ�

Óº�º äÈ�Ë¯ÒÈãÈ $�����686���/�  � �� vmº®°�mÈ °ºË�ÒÓËÓÒ® ¹ãÈ}Ò¯ºmÈÓÓº�º äÈ�Ë¯ÒÈãÈ

$�����686���/� m©¹ºãÓËÓÓ©² mÈ}��äÓº® °mÈ¯}º® ¹¯º}È�}º®� F� ���Ü����

.DZDQR 7�� 0DWVXL 0� HW DO� {ãÒ«ÓÒË �Ë¯äºº­¯È­º�}Ò ÓÈ äÒ}¯º°�¯�}��¯� ÏºÓ© °ºË�ÒÓËÓÒ®

¹ãÈ}Ò¯ºmÈÓÓº�º äÈ�Ë¯ÒÈãÈ $�����686���/�  � �� vmº®°�mÈ °ºË�ÒÓËÓÒ® ¹ãÈ}Ò¯ºmÈÓÓº�º äÈ�Ë¯ÒÈãÈ

$�����686���/� m©¹ºãÓËÓÓ©² mÈ}��äÓº® °mÈ¯}º® ¹¯º}È�}º®� F� ���Ü����

)XNXPRWR0�� 7VXEDNL0� HW DO�vºË�ÒÓËÓÒË °¹ãÈmÈ $'&�� ° ÓË¯ÎÈmË
�Ë® °�Èã	
 ��� ¹º� �Ë®°�mÒËä

¹Ë¯ËäË�ÒmÈÓÒ« ¹¯Ò °mÈ¯}Ë �¯ËÓÒËä� F� ���Ü����

6RQJ :�� 6DLGD .� HW DO� �Ëº¯Ë�Ò�Ë°}ÒË Ò°°ãË�ºmÈÓÒ« ¹È«Ëäº°�Ò ¹¯Ò ¹¯ÒäËÓËÓÒÒ Èã
äÒÓÒËm©²

¹¯Ò¹ºËm�  � �� �ºã��ËÓÒË ¯ÈÏÓº¯º�Ó©² °ºË�ÒÓËÓÒ® °�Èã	�Èã
äÒÓÒËm©® °¹ãÈm ãÈÏË¯Óº® ¹È®}º®�

F� ���Ü����

$VDNXUD <�� 7DNDKDVKL <� jÏ��ËÓÒË °¹Ë�ÒÁÒ�Ë°}º�º m©�ÈmãÒmÈÓÒ« �Èã�ËãÒ ­Ë°°mÒÓ�ºmº�º ¹¯Ò¹º«

¹��Ëä º­¯È­º�}Ò ÒÏº­¯ÈÎËÓÒ® ° ��Ë�ºä ¯ÈÏ­¯º°È ¹È¯ÈäË�¯ºm ¹¯ºÁÒã«� F� ���Ü����

48$57(5/< -2851$/ RI WKH -$3$1 :(/',1* 62&,(7< �Ð¹ºÓÒ«�� ����� Û 9RO� ���
¢ � �$XJXVW� �«¹� «Ï��

$EGHO�$OHHP +� HW DO� {ãÒ«ÓÒË º}°Ò�Óº® ¹ãËÓ}Ò ÓÈ °mÈ¯ÒmÈËäº°�	 Èã
äÒÓÒ« ¹¯Ò �ã	�¯ÈÏm�}ºmº®

°mÈ¯}Ë Ò º�ËÓ}Ë °mº®°�m äË�ÈããÈ �mÈ� F� ���Ü����

0L\DVDNDI )� HW DO� {ãÒ«ÓÒË Áº¯ä© mºãÓ© �º}È ÓÈ ¹¯º�Ë°° °mÈ¯}Ò �j� ÓÈ ¹Ë¯ËäËÓÓºä �º}Ë

Èã
äÒÓÒËm©² °¹ãÈmºm� F� ���Ü����

)XMLQDJD 6� HW DO� cÈÏ¯È­º�}È °¹º°º­È jk��ãÈÏË¯Óº® °�©}ºmº® °mÈ¯}Ò mº m°Ë² ¹¯º°�¯ÈÓ°�mËÓÓ©²

¹ºãºÎËÓÒ«² ° ¹¯ÒäËÓËÓÒËä ¹¯Ò°È�º�Óº® ¹¯ºmºãº}Ò� F� ���Ü����

7RQJ +� HW DO� jÏ��ËÓÒË äË²ÈÓÒÏäºm ¹º�ÈmãËÓÒ« �©äºº­¯ÈÏºmÈÓÒ« ¹¯Ò Òä¹�ã	°Óº® °mÈ¯}Ë lj� ÓÈ

¹Ë¯ËäËÓÓºä �º}Ë $OÜ0J °¹ãÈmºm� F� ���Ü����

7RQJ +� HW DO� jÏ��ËÓÒË «mãËÓÒ® Áº¯äÒ¯ºmÈÓÒ« mÈãÒ}È Ò ¹ãÈmãËÓÒ« ¹¯ºmºãº}Ò ¹¯Ò Òä¹�ã	°Óº®

°mÈ¯}Ë lj� ÓÈ ¹Ë¯ËäËÓÓºä �º}Ë� F� ���Ü����

)XNXPRWR 0� HW DO� jÏ��ËÓÒË mãÒ«ÓÒ« ÓÈ�¯ËmÈ ¹º�ãºÎ}Ò ÓÈ äË²ÈÓÒÏä °¹ã
�ÒmÈÓÒ« ÓÈ¹©ã«Ëä©²

�È°�Ò�� F� ���Ü����

.LPXUD 0� HW DO� vmº®°�mÈ °ºË�ÒÓËÓÒ® °�Ë¯ÎÓË® ¹¯«äº��ºã	Óº�º Ò }¯��ãº�º °Ë�ËÓÒ®� m©¹ºãÓËÓÓ©²

°mÈ¯}º® �¯ËÓÒËä� F� ���Ü����

0XUDL 5� HW DO� jÏ��ËÓÒË äÈ�ÓÒ�º°�¯Ò}�ÒºÓÓº�º °¹º°º­È ÒÏäË¯ËÓÒ« �ÒÓÈäÒ�Ë°}Ò² ÓÈ¹¯«ÎËÓÒ® Ò

°¹º°º­È }ÈãÒ­¯ºm}Ò °�ÈãË®� Ò°¹ºã	Ï�Ëä©² m äº°�º°�¯ºËÓÒÒ�  � �� w}°¹Ë¯ÒäËÓ�Èã	Ó©Ë Ò°°ãË�ºmÈÓÒ«

¹¯ÒäËÓËÓÒ« äÈ�ÓÒ�º°�¯Ò}�ÒºÓÓº�º °¹º°º­È �ã« ÒÏäË¯ËÓÒ« ¹ºãÓ©² ÓÈ¹¯«ÎËÓÒ® °�Èã	Ó©² °mÈ¯Ó©²

}ºÓ°�¯�}�Ò®� F� ���Ü����

6DWR <�� ,VKLGD 0� jÏ��ËÓÒË °¹º°º­È �¹¯ÈmãËÓÒ« ¹¯º�Ë°°ºä °mÈ¯}Ò º¹ãÈmãËÓÒËä ° Ò°¹ºã	ÏºmÈÓÒËä

bjl ÒÓmË¯�º¯È�  ��� ÐmãËÓÒË º¹ãÈmãËÓÒ« ¹¯Ò ¹¯º¹�°}ÈÓÒÒ ¹Ë¯ËäËÓÓº�º �º}È ° ¹¯«äº��ºã	Óº®

Áº¯äº® Òä¹�ã	°È� F� ���Ü����

6DWR <�� ,VKLGD 0�  � �� v¹º°º­ �¹¯ÈmãËÓÒ« ÓË¹¯Ë¯©mÓ©ä º¹ãÈmãËÓÒËä� F� ���Ü����

������ ��



6DWR <�� ,VKLGD0� � �� v¹º°º­ �¹¯ÈmãËÓÒ« ÓÈ�Èã	Ó©ä º¹ãÈmãËÓÒËä ¹¯Ò ÓÈ�¯ËmË �Îº�ãËm©ä �Ë¹ãºä�

F� ���Ü����

.R\DPD $� HW DO� jÏ��ËÓÒË ¯È°�¯Ë°}ÒmÈÓÒ« ¹º}¯©�Ò® �º¯«�Ë�º �ÒÓ}ºmÈÓÒ« m ÏºÓË °ºË�ÒÓËÓÒ« }º�

Ï©¯	}È °º °�Èã	Óº® }ºãºÓÓº®� F� ���Ü����

0L\DQR <� HW DO� lÒ}¯º­Òºãº�Ò�Ë°}È« }º¯¯ºÏÒ« °mÈ¯Ó©² �mºm ÓÈ ÓË¯ÎÈmË
�Ë® °�ÈãÒ ���/ m

äº¯°}º® mº�Ë� F� ���Ü����

1LVKLR .� HW DO� {ãÒ«ÓÒË ²¯ºäÈ ÓÈ °mÈ¯ÒmÈËäº°�	 &XÜ&U °¹ãÈmÈ ° �ÈããÒËä ¹¯Ò �ÒÁÁ�ÏÒºÓÓº®

°mÈ¯}Ë�

F� ���Ü����

,WR 5� HW DO� vmº®°�mÈ äË�ÈããÈ ~�{ °ºË�ÒÓËÓÒ® °mË¯²äËã}ºÏË¯ÓÒ°�º® °�ÈãÒ ¹¯Ò ���ºmº® °mÈ¯}Ë m

°mË¯²�Ï}�
 ¯ÈÏ�Ëã}��  � �� lÒ}¯º°�¯�}��¯È Ò ¯ÈÏ�¹¯º�ÓËÓÒË ~�{� F� ���Ü����

<DVXGD 2� HW DO� �¯ÒäËÓËÓÒË }¯Ò�Ë¯Ò« }¯Ò�Ò�Ë°}º�º ÏÈ¯ºÎ�ËÓÒ« m«Ï}º® �¯Ë�ÒÓ© �ã« º�ËÓ}Ò

°º°�º«ÓÒ« ��ãºm©² °ºË�ÒÓËÓÒ® ­Èã}Ò ° º¹º¯º®�  � �� �¯ÒäËÓËÓÒË }¯Ò�Ë¯Ò« }¯Ò�Ò�Ë°}º�º ÏÈ¯ºÎ�ËÓÒ«

m«Ï}º® �¯Ë�ÒÓ© �ã« º�ËÓ}Ò °º°�º«ÓÒ« °�Èã	Ó©² °mÈ¯Ó©² }ºÓ°�¯�}�Ò® ¹º� äÓº�º�Ò}ãºmº® ÓÈ�¯�Ï�

}º®� F� ���Ü����

7DNHJDPL +�� 6KLQRGD 7� vmÈ¯}È �¯ËÓÒËä &XÜ&UÜ=U °¹ãÈmÈ� F� ���Ü����

6&,(1&( DQG 7(&+12/2*< RI :(/',1* DQG -2,1,1* �kÓ�ãÒ«�� ����� Û 9RO� ��
¢ � �ÈÓ�ã� «Ï��

+RQJ z� HW DO� lº�Ëã	 ��¯­�ãËÓ�Óº°�Ò �ã« äº�ËãÒ¯ºmÈÓÒ« �Ë¹ãºm©² ÎÒ�}Ò² ¹º�º}ºm m °mÈ¯Ó©²

°ºË�ÒÓËÓÒ«²� F� ���Ü����

:HL <� +� HW DO� �È}Ë� ¹¯º�¯ÈääÓº�º º­Ë°¹Ë�ËÓÒ« �ã« äº�ËãÒ¯ºmÈÓÒ« Ò ¹¯º�ÓºÏÒ¯ºmÈÓÒ« º­¯ÈÏº�

mÈÓÒ« }¯Ò°�ÈããÒÏÈ�ÒºÓÓ©² �¯Ë�ÒÓ ¹¯Ò °mÈ¯}Ë� F� ���Ü����

0RRQ '� :� HW DO� �Ëä¹Ë¯È��¯È� äÒ}¯º°�¯�}��¯È Ò �mË¯�º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m©°º}º¹¯º�Óº®

ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ� F� ���Ü����

'H$�� 3DUOH '�vÒ°�ËäÈ °ãËÎËÓÒ« m ¯ËÈã	Óºä m¯ËäËÓÒ ¹¯º�Ë°°È Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® ���ºmº® °mÈ¯}Ò

¹ãÈmãËÓÒËä� F� ���Ü����

.LP ,� 6� HW DO� v¯ÈmÓËÓÒË äË�º�ºm äÓºÎË°�mËÓÓº® ¯Ë�¯Ë°°ÒÒ Ò ¹º�²º�ºm ° ¹ºäº�	
 º­¯È�Óº�º

¯È°¹¯º°�¯ÈÓËÓÒ« ÓË®¯ºÓÓ©² °Ë�Ë® ¹¯Ò äº�ËãÒ¯ºmÈÓÒÒ m©°º�© mË¯�ÒÓ© mÈãÒ}È m äÓº�º¹¯º²º�Ó©²

°ºË�ÒÓËÓÒ«²� m©¹ºãÓËÓÓ©² ���ºmº® °mÈ¯}º® ¹ãÈm«�Òä°« ªãË}�¯º�ºä m °¯Ë�Ë ÏÈ�Ò�Óº�º �ÈÏÈ�

F� ���Ü����

(FNHUOLG -� HW DO� �°�Èãº°�Ó©Ë ²È¯È}�Ë¯Ò°�Ò}Ò ¹¯º�ºã	Ó©² }¯Ë¹ãËÓÒ®� °mÈ¯ËÓÓ©² ° Ò°¹ºã	ÏºmÈÓÒËä

¹¯Ò°È�º�Óº�º äÈ�Ë¯ÒÈãÈ ° ÓÒÏ}º® �Ëä¹Ë¯È��¯º® ¹¯Ëm¯È�ËÓÒ«� F� ���Ü����

&ROHJUDYH 3� $�� 6KHUFOLII +� 5� w}°¹Ë¯ÒäËÓ�Èã	Ó©® Ò �Ò°ãËÓÓ©® ÈÓÈãÒÏ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®

°¹ãÈmÈ Èã
äÒÓÒ« �����7����� m©¹ºãÓËÓÓ©² °mÈ¯}º® �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� F� ���Ü����

%DQJ +��6� HW DO�lË²ÈÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� m©¹ºãÓËÓÓ©² äÓº�º�º�Ë�Óº®

}ºÓ�È}�Óº® °mÈ¯}º®� F� ���Ü����

'H $�� 0DLWL 6� .� HW DO� lº�ËãÒ¯ºmÈÓÒË }ºÓË�Ó©äÒ ªãËäËÓ�ÈäÒ ãÈÏË¯Óº® �º�Ë�Óº® °mÈ¯}Ò�

F� ���Ü����

/DPEUDNRV 6� *� HW DO� kÓÈãÒÏ °mÈ¯Ó©² �mºm� m©¹ºãÓËÓÓ©² °mÈ¯}º® �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä�

° ¹ºäº�	
 ÒÏäË¯ËÓÒ® �Ë¯äº¹È¯ÈäÒ� F� ���Ü����

6&,(1&( DQG 7(&+12/2*< RI :(/',1* DQG -2,1,1* �kÓ�ãÒ«�� ����� Û 9RO� ��
¢ � �ÈÓ�ã� «Ï��

%DEX 6� 6�� 'DYLG 6� $� HW DO� vºË�ÒÓËÓÒË äºÓº}¯Ò°�Èããºm °�¹Ë¯°¹ãÈmÈ ÓÈ ÓÒ}ËãËmº® º°ÓºmË�

F� �Ü���

+HQGHUVRQ 0� %�� $UUHOO '� HW DO� �¯È}�Ò�Ë°}Ò® º¹©� °mÈ¯}Ò °�¹Ë¯°¹ãÈmºm ÓÈ ÓÒ}ËãËmº® º°ÓºmË�

¹¯ÒäËÓ«Ëä©² m ¹¯ºä©�ãËÓÓ©² �ÈÏº��¯­ÒÓÓ©² �°�ÈÓºm}È²� F� ��Ü���

$EH )�� 7DEXFKL l� lÒ}¯º°�¯�}��¯È Ò ¹¯Ë�Ëã ¹ºãÏ��Ë°�Ò °mÈ¯Ó©² �mºm °ºm¯ËäËÓÓ©² ÁË¯¯Ò�Ó©²

°�ÈãË® �ã« ªÓË¯�Ë�Ò�Ë°}º�º º­º¯��ºmÈÓÒ«� F� ��Ü���

/HWRIVN\ p�� &HUMDN s� lË�Èããº�¯ÈÁÒ« äÒ}¯º°�¯�}��¯© °mÈ¯Ó©² �mºm °�ÈãÒ �&U �ã« ªÓË¯�Ë�Ò�Ë°�

}º�º äÈ�ÒÓº°�¯ºËÓÒ«� F� ��Ü���

6KLU]DGL $� $�� :DOODFK (� 5� sºm©® äË�º� �ÒÁÁ�ÏÒºÓÓº�º °ºË�ÒÓËÓÒ« °�¹Ë¯°¹ãÈmºm� F� ��Ü���

%UHWW 6� -� |­¯ÈÏºmÈÓÒË �¯Ë�ÒÓ �Ò¹È ,,,È m °mÈ¯Ó©² �mÈ² ¹È¯º¹¯ºmº�ºm ÒÏ °�ÈãÒ ��� �vU0R9�

F� ��Ü���

0XWKXSDQGL 9�� %DOD 6ULQLYDVDQ 3� HW DO� {ãÒ«ÓÒË �º­Èm}Ò ÈÏº�È ÓÈ º­¯ÈÏºmÈÓÒË m�º¯Ò�Óº�º È�°�

�ËÓÒ�È m °mÈ¯Ó©² �mÈ² ÓË¯ÎÈmË
�Ë® ��¹ãË}°Óº® °�ÈãÒ Ò ¹ºã��ËÓÓ©Ë °mº®°�mÈ� F� ��Ü���

<DQJ 7� &� HW DO�lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ ÓË¯ÎÈmË
�Ë® °�ÈãÒ ��� ¹º°ãË ¯ËäºÓ�È ° ¹ºäº�	
 ãÈÏË¯Óº®

°mÈ¯}Ò ° ¹º�È�Ë® ¹¯ºmºãº}Ò� F� ��Ü���

6RSRXVHN -�� )RUHW 5� HW DO�lº�ËãÒ¯ºmÈÓÒË ¯ÈÏÓº¯º�Ó©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ c��� F� ��Ü���

+DIHUNDPS +�� %XQWH -� HW DO� �ÈÏË¯ÓÈ« °mÈ¯}È ¹º¯Ò°�º�º Èã
äÒÓÒ«� F� ��Ü���

5DPLUH] $� -�� %UDQGL 6� '� �¯ÒäËÓËÓÒË äº�ËãÒ �º�Ë�Óº�º Ò°�º�ÓÒ}È �Ë¹ãÈ ° �Ò°}¯Ë�Ó©ä ¯È°¹¯Ë�

�ËãËÓÒËä �ã« äº�ËãÒ¯ºmÈÓÒ« �Ë¯äÒ�Ë°}Ò² °mÈ¯º�Ó©² �Ò}ãºm m ãÒ°�ºm©² äÈ�Ë¯ÒÈãÈ² °¯Ë�ÓË®

�ºã�ÒÓ©� F� ��Ü���

)XML $� vmÈ¯}È �¯ËÓÒËä °¹ãÈmÈ $OÜ0JÜ6L ° ÓÒÏ}º��ãË¯º�Ò°�º® °�Èã	
 1LÜ&UÜ0R� F� ��Ü���

:DQJ -� HW DO� j°°ãË�ºmÈÓÒË ¹ºmË�ËÓÒ« ���Ò ¹¯Ò °mÈ¯}Ë �j� Ò Áº¯äÒ¯ºmÈÓÒ« �mÈ� F� ��Ü���

�� ������



�����	
����

±§±�¬� ±¤´¬­ª­¢§§ ­ ­¯²£­¡�¬§¤ ®¯­§¦¡­£°±¡­� x

zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË��
Áº¯äÈ� ������� ää�

v­º¯ÓÒ} °º�Ë¯ÎÒ� ¹º�­º¯}� °�È�Ë®� º¹�­ãÒ}ºmÈÓÓ©² m Î�¯ÓÈãÈ²

½v¹Ë�ÒÈã	ÓÈ« ªãË}�¯ºäË�Èãã�¯�Ò«� Ò ½km�ºäÈ�Ò�Ë°}È« °mÈ¯}È� ÏÈ

¹Ë¯Òº� ����Ü���� ��� ¹º ªãË}�¯ºäË�Èãã�¯�ÒÒ Ò °mÈ¯}Ë �Ò�ÈÓÈ Ò Ë�º

°¹ãÈmºm� km�º¯ÈäÒ °�È�Ë® «mã«
�°« ÒÏmË°�Ó©Ë m �}¯ÈÒÓË Ò ÏÈ ¯�­ËÎºä

��ËÓ©Ë Ò °¹Ë�ÒÈãÒ°�© m º­ãÈ°�Ò �Ò�ÈÓÈ Ò Ë�º ¹¯ºÒÏmº�°�mÈ� iã«

�Ò¯º}º�º }¯��È �Ò�È�ËãË®� ÏÈÓÒäÈ
�Ò²°« ¹¯º­ãËäÈäÒ ¹¯ºÒÏmº�°�mÈ�

º­¯È­º�}Ò Ò ¹º�¯Ë­ãËÓÒ« �Ò�ÈÓÈ�

&�È�	Ò ÒÏ Î�¯ÓÈãÈ ½vºm¯ËäËÓÓÈ« ªãË}�¯ºäË�Èãã�¯�Ò«�
k²ºÓÒÓ v� {� lÈ�ËäÈ�Ò�Ë°}ºË äº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°È ¯È°�mº¯ËÓÒ«
m}ã
�ËÓÒ® 7L1 m ¯È°¹ãÈmË �Ò�ÈÓÈ ¹¯Ò w��
bË®}º j� {�� �È�È� �� {�� zºÓ°�ÈÓ�ÒÓºm {� v�� v�Ë¹ÈÓËÓ}º
{� {� z mº¹¯º°� º ¹¯ÒäËÓËÓÒÒ ÓËÏÈmÒ°Òä©² Ò°�º�ÓÒ}ºm ÓÈ�¯ËmÈ �ã«
��ÒãÒÏÈ�ÒÒ ¹¯ºä©�ãËÓÓ©² º�²º�ºm �Ò�ÈÓÈ Ò Ë�º °¹ãÈmºm
�¯Ò�º¯ËÓ}º �� l�� bË®}º j� {�� �ºäÈ¯ÒÓ �� l��  È�
} w� s��
|¯ãºm°}Ò® {� �� cÈÏ¯È­º�}È �Ë²Óºãº�Ò�Ë°}Ò² ¹¯ÒÓ�Ò¹ºm m©¹ãÈm}Ò
�ºäº�ËÓÓ©² °ãÒ�}ºm Èã
äÒÓÒ�È �Ò�ÈÓÈ ° ¹¯ÒäËÓËÓÒËä ¹ãÈÏäËÓÓº�
���ºmº�º Ò ÒÓ��}�ÒºÓÓº�º Ò°�º�ÓÒ}ºm ÓÈ�¯ËmÈ
zÈãÒÓ
} k� s�� y�} �� {�� �¯Ò��­ s� �� |¹¯Ë�ËãËÓÒË �ã�­ÒÓ©
ÏÈãË�ÈÓÒ« �°È�º�Óº® ¯È}ºmÒÓ© m °ãÒ�}È² w��p �Ò�ÈÓºmº�º °¹ãÈmÈ
7LÜ�$OÜ�9
�¯Ò�º¯ËÓ}º �� l�� �ºäÈ¯ÒÓ �� l�� |¯ãºm°}Ò® {� �� zÒÓË�Ò}È
mÏÈÒäº�Ë®°�mÒ« ÈÏº�È ° ÎÒ�}ÒäÒ �Ò¯}ºÓÒËä Ò �Ò�ÈÓºä
r�¯«} �� s�� {È²¯��ËmÈ {� v�� �È�º²ÒÓ v� {�� �È¹��} �� {��
�ËmÒ�}Ò® s� j�� lÒ¯º�ÓÒ�ËÓ}º {� j� �ºã��ËÓÒË �Ò�ÈÓºm©² �¯�­
ÒÏ ÏÈ�º�ºmº} ªãË}�¯ºÓÓº�ã��Ëmº® ¹ãÈm}Ò ° Ò°¹ºã	ÏºmÈÓÒËä º�²º�ºm
c«­�Ëm k� i�� �¯º«Ó°}Ò® k� k� �¯ºÒÏmº�°�mº °ãÒ�}ºm �Ò�ÈÓÈ� ²¯ºäÈ
Ò °¹ãÈmºm ÓÈ Ò² º°ÓºmË m }ÈäË¯Ó©² ªãË}�¯º�ãÈ}ºm©² ¹Ë�È² ¹º�
½È}�ÒmÓ©äÒ� äË�Èããº°º�Ë¯ÎÈ�ÒäÒ Áã
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��±�� Zij_ey \ <hjhg_`kdhf ]hkm^Zjkl\_gghf l_ogbq_k�

dhf mgb\_jkbl_l_ �<=LM� khklhyeky gZmqgh�ijZdlbq_kdbc

k_fbgZj ©Hj]ZgbaZpby kh\j_f_ggh]h k\Zjhqgh]h ijhba�

\h^kl\Z ijb ba]hlh\e_gbb� fhglZ`_ b j_fhgl_ h[hjm^h\Z�

gbyª� hj]Zgbah\Zgguc Jhkkbckdbf khxahf jZajZ[hlqbdh\

b ijhba\h^bl_e_c k\Zjhqghc ijh^mdpbb� Jhkkbckdbf gZ�

mqgh�l_ogbq_kdbf k\Zjhqguf h[s_kl\hf� dZn_^jhc h[h�

jm^h\Zgby b l_ogheh]by k\Zjhqgh]h ijhba\h^kl\Z <=LM b

A:H ©:]jhfZrª �]� <hjhg_`�� < jZ[hl_ k_fbgZjZ ijbgy�

eb mqZklb_ [he__ �� ki_pbZebklh\ \ h[eZklb k\Zjdb b jh^�

kl\_gguo l_ogheh]bc \ hkgh\ghf ba P_gljZevgh�Q_jgh�

a_fgh]h j_]bhgZ Jhkkbckdhc N_^_jZpbb�

Hldju\Zy k_fbgZj� aZ\_^mxsbc dZn_^jhc h[hjm^h\Z�

gby b l_ogheh]bb k\Zjhqgh]h ijhba\h^kl\Z <=LM ^�j

l_og� gZmd� ijhn� <� <� I_rdh\ hlf_lbe� qlh gZ k_fbgZj_

ij_^klZ\e_gh [he__ ^\Z^pZlb ^hdeZ^h\ b khh[s_gbc mq_�

guo b ki_pbZebklh\ \ h[eZklb k\Zjdb b jh^kl\_gguo l_o�

gheh]bc ba Jhkkbckdhc N_^_jZpbb b MdjZbgu� Hg ih^�

q_jdgme� qlh \i_j\u_ aZ ihke_^gb_ ]h^u \h <=LM m^Zehkv

kh[jZlv lZdhc ij_^klZ\bl_evguc gZmqgh�l_ogbq_kdbc k_�

fbgZj ih k\Zjd_ k ijb\e_q_gb_f ki_pbZebklh\ ba ba\_k�

lgh]h \h \k_f fbj_ BgklblmlZ we_dljhk\Zjdb bf� ?� H�

IZlhgZ G:G MdjZbgu� <k_ ^hdeZ^u k_fbgZjZ [ueb him[�

ebdh\Zgu \ ki_pbZevghf k[hjgbd_� dhlhjuc mqZklgbdb

k_fbgZjZ ihemqbeb ijb j_]bkljZpbb�

AZl_f <� <� I_rdh\ ijhbgnhjfbjh\Ze mqZklgbdh\ k_�

fbgZjZ h l_fZlbd_ _]h jZ[hlu�

khklhygb_ b i_jki_dlb\u jZa\blby kh\j_f_ggh]h k\Z�

jhqgh]h ijhba\h^kl\Z�

klZg^ZjlbaZpby b k_jlbnbdZpby ijh^mdpbb k\Zjhqgh]h

ijhba\h^kl\Z� ih^]hlh\dZ b Zll_klZpby ki_pbZebklh\ ^ey

k\Zjhqgh]h ijhba\h^kl\Z \ khhl\_lkl\bb k j_]eZf_glZfb

?\jhi_ckdhc k\Zjhqghc n_^_jZpbb b F_`^mgZjh^gh]h

bgklblmlZ k\Zjdb�

l_ogheh]bb� h[hjm^h\Zgb_ b fZl_jbZeu ^ey k\Zjdb b

kf_`guo ijhp_kkh\�

k\Zjgu_ dhgkljmdpbb� dhgljhev bo dZq_kl\Z� hp_gdZ

ijhqghklb b hklZlhqgh]h j_kmjkZ�

M mqZklgbdh\ k_fbgZjZ agZqbl_evguc bgl_j_k \ua\Zeb

^hdeZ^u ki_pbZebklh\ ba Jhkkbckdhc N_^_jZpbb b Md�

jZbgu ih ijh[e_fZf klZg^ZjlbaZpbb� k_jlbnbdZpbb b

ih^]hlh\db dZ^jh\ \ h[eZklb k\Zjhqgh]h ijhba\h^kl\Z b

bo Z^ZilZpby d lj_[h\Zgbyf _\jhi_ckdbo klZg^Zjlh\�

Hl Jhkkbckdhc N_^_jZpbb ih wlbf ijh[e_fZf ^hdlhjZ

l_og� gZmd <� <� Kfbjgh\ b H� :� Pmdmjh\ �L_ogbq_kdbc

dhfbl_l ih klZg^ZjlbaZpbb ©K\ZjdZ b jh^kl\_ggu_ ijh�

p_kkuª ² LD���� Fbgijhfwg_j]h JN� ij_^klZ\beb g_k�

dhevdh ^hdeZ^h\� L_ogbq_kdbf dhfbl_lhf LD���� ijb f_�

lh^bq_kdhc ihfhsb G_f_pdh]h k\Zjhqgh]h h[s_kl\Z [u�

eb i_j_\_^_gu gZ jmkkdbc yaud hdheh ��� _^bgbp _\jh�

i_ckdhc b f_`^mgZjh^ghc ghjfZlb\gh�l_ogbq_kdhc ^h�

dmf_glZpbb� agZqbl_evgZy qZklv dhlhjhc Z^Zilbjh\ZgZ

^ey ihevah\Zl_e_c \ Jhkkbckdhc N_^_jZpbb�

Hl BWK bf� ?� H� IZlhgZ dZg^� l_og� gZmd X� D� ;hg�

^Zj_gdh ih^_ebeky hiulhf Z^ZilZpbb gZpbhgZevguo

klZg^Zjlh\ MdjZbgu d lj_[h\Zgbyf f_`^mgZjh^guo� <

MdjZbg_ jZajZ[hlZgu ]hkm^Zjkl\_ggu_ klZg^Zjlu k_jbb

>KLM ,62 ����±���� ©Lj_[h\Zgby d dZq_kl\m k\Zjdb�

K\ZjdZ ieZ\e_gb_f f_lZeebq_kdbo fZl_jbZeh\ª� dhlhju_

dhgdj_lbabjmxl lj_[h\Zgby klZg^Zjlh\ k_jbb >KLM ,62

����±���� ijbf_gbl_evgh d k\Zjhqghfm ijhba\h^kl\m�

Wlb klZg^Zjlu iheghklvx khhl\_lkl\mxl f_`^mgZjh^�

guf�

DZg^� l_og� gZmd <� ?� IhghfZj_\ �F_`hljZke_\hc

mq_[gh�Zll_klZpbhgguc p_glj �FM:P� BWK bf� ?� H� IZ�

lhgZ G:G MdjZbgu� jZkkdZaZe h[ hkh[_gghklyo ijhn_k�

kbhgZevghc ih^]hlh\db k\Zjsbdh\ \ khhl\_lkl\bb kh

klZg^ZjlZfb dhfi_l_glghklb� H[mq_gb_ \ FM:P \_^_lky

gZ [Za_ fh^mevguo mq_[guo kbkl_f� j_dhf_g^h\Zgguo

F_`^mgZjh^ghc hj]ZgbaZpb_c ljm^Z b Fbgbkl_jkl\hf

h[jZah\Zgby b gZmdb MdjZbgu b ij_^mkfZljb\Zxsbo bg�

^b\b^mZevguc ijbgpbi ih^]hlh\db k mq_lhf j_amevlZlh\

\oh^gh]h l_klbjh\Zgby dZg^b^ZlZ gZ h[mq_gb_� Ih j_amev�

lZlZf l_klbjh\Zgby ih^[bjZ_lky iZd_l h[mqZxsbo ijh]�

jZff ^ey dhgdj_lgh]h kemrZl_ey� < ijhp_kk_ h[mq_gby

rbjhdh bkihevamxlky \b^_hnbevfu b dhivxl_jgu_ Zgb�

fZpbb h ijhp_kkZo \ k\Zjhqghc ^m]_� hkh[_gghklyo i_�

������ ��



j_ghkZ f_lZeeZ ijb jZaebqguo kihkh[Zo ^m]h\hc k\Zjdb

b l� i�

<lhjZy qZklv gZmqgh�ijZdlbq_kdh]h k_fbgZjZ [ueZ

ihk\ys_gZ \hijhkZf jZajZ[hldb k\Zjhqguo b gZieZ\hq�

guo fZl_jbZeh\� k\Zjhqgh]h h[hjm^h\Zgby b l_ogheh]bc

k\Zjdb b gZieZ\db dhgdj_lguo ^_lZe_c�

MqZklgbdb k_fbgZjZ bf_eb \hafh`ghklv \ k\h[h^ghc

^bkdmkkbb h[km^blv ijh[e_fu \aZbfh\u]h^gh]h khljm^�

gbq_kl\Z \ h[eZklb k\Zjhqgh]h ijhba\h^kl\Z f_`^m mq_�

gufb b ijhba\h^kl\_ggbdZfb Jhkkbb b MdjZbgu�

< j_r_gbyo k_fbgZjZ [ueh \ujZ`_gh ih`_eZgb_ k^_�

eZlv _]h jZ[hlm j_]meyjghc b \ [m^ms_f jZkrbjblv djm]

_]h mqZklgbdh\� F_`^m FM:P �BWK bf� ?� H� IZlhgZ��

dZn_^jhc h[hjm^h\Zgby b l_ogheh]bb k\Zjhqgh]h ijhba�

\h^kl\Z <=LM b A:H ©:]jhfZrª �]� <hjhg_`� aZdexq_gh

kh]eZr_gb_ h[ hj]ZgbaZpbb \ <hjhg_`_ kh\f_klgh]h p_g�

ljZ ih h[mq_gbx ki_pbZebklh\ k\Zjhqgh]h ijhba\h^kl\Z�

d\ZebnbdZpby dhlhjuo ^he`gZ khhl\_lkl\h\Zlv f_`^mgZ�

jh^guf lj_[h\Zgbyf�

Mqblu\Zy \k_\hajZklZxsmx jhev gZieZ\db \ kh\j_f_g�

ghc ijhfure_gghklb� j_r_gh lZd`_ gZeZ^blv khljm^gb�

q_kl\h \ wlhc h[eZklb k\Zjhqgh]h ijhba\h^kl\Z f_`^m

BWK bf� ?� H� IZlhgZ G:G MdjZbgu� dZn_^jhc h[hjm�

^h\Zgby b l_ogheh]bb k\Zjhqgh]h ijhba\h^kl\Z <=LM b

aZbgl_j_kh\Zggufb ij_^ijbylbyfb P_gljZevgh�Q_jgh�

a_fgh]h j_]bhgZ Jhkkbckdhc N_^_jZpbb�

B� :� Jy[p_\� dZg^� l_og� gZmd
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K �� ih �� Zij_ey \ KZgdl�I_l_j[mj]_ [ue ijh\_^_g

k_fbgZj ©DhglZdlgZy k\ZjdZ b ^jm]b_ \b^u k\Zjdb ^Z\�

e_gb_f� L_ogheh]bb b h[hjm^h\Zgb_ª� Hj]ZgbaZlhjZfb

k_fbgZjZ \uklmibeb� H:H ©Bgklblml k\Zjdb Jhkkbbª�

Bgklblml we_dljhk\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu�

KZgdl�I_l_j[mj]kdbc ]hkm^Zjkl\_gguc ihebl_ogbq_kdbc

mgb\_jkbl_l� H:H ©AZ\h^ We_dljbdª� K_fbgZj ijhoh^be

gZ [Za_ p_gljZ ©Ijhn_kkbhgZeª� bf_xs_]h \kx g_h[�

oh^bfmx bgnjZkljmdlmjm ^ey ijh\_^_gby ih^h[guo f_�

jhijbylbc�

GZ k_fbgZj_ [ueb aZkemrZgu ke_^mxsb_ ^hdeZ^u�

I� >� N_^hjh\ �Bgklblml k\Zjdb Jhkkbb� ]� K��I_l_j�

[mj]� \ ^hdeZ^_ ©L_g^_gpbb jZa\blby dhglZdlghc k\Zjdb

\ Jhkkbbª hlf_lbe� qlh h[t_f \uimkdZ dhglZdlguo fZrbg

\ Jhkkbb b KG= ihke_ ���� ]� khdjZsZeky �d gZklhys_fm

\j_f_gb ihqlb \ �� jZa�� <f_kl_ k l_f� ^hey bo \ p_ehf

khklZ\ey_l ������� � h[s_]h h[t_fZ k\Zjhqgh]h h[hjm�

^h\Zgby� >ey kjZ\g_gby ² ^hey h[hjm^h\Zgby ^ey ^m�

]h\uo kihkh[h\ k\Zjdb khklZ\ey_l ijbf_jgh �� �� IZjd

dhglZdlgh]h we_dljhk\Zjhqgh]h h[hjm^h\Zgby �WKH� gZ

aZ\h^Zo Jhkkbb khdjZlbeky \ �±� jZaZ� OZjZdl_jgh� qlh

gZ ©:<LH<:A?ª iZjd WKH g_ lhevdh g_ khdjZlbeky� gh

b m\_ebqbeky� Hkgh\gufb ijhba\h^bl_eb dhglZdlgh]h

WKH \ Jhkkbb y\eyxlky ©AZ\h^ We_dljbdª �]� K��I_l_j[mj]��

©Ikdh\we_dljhk\Zjª� aZ\h^ ©BkdjZª �K\_j^eh\kdZy h[e���

aZ\h^ ©WK<:ª �]� DZebgbg]jZ^�� ©L?OGHLJHGª �]� Q_[hd�

kZju�� Bgklblml k\Zjdb Jhkkbb �]� K��I_l_j[mj]�� ©We_dl�

jZ�BLKª �]� K��I_l_j[mj]�� H[t_f gh\uo jZajZ[hlhd \

h[eZklb dhglZdlghc k\Zjdb \ gZklhys__ \j_fy agZqbl_evgh

khdjZlbeky b fh`gh ml\_j`^Zlv� qlh hkgh\gu_ k_jbcgu_

fZrbgu jZajZ[hlZgu ��±�� e_l gZaZ^�K_cqZk gZ jhkkbckdhf

jugd_ jZajZ[hldb \_^mlky \ h[eZklb kha^Zgby ki_pbZevguo

fZrbg� fh^_jgbaZpbb k_jbcguo fZrbg b kha^Zgby

ki_pbZevgh]h l_ogheh]bq_kdh]h h[hjm^h\Zgby�

:� <� Dbk_e_\ �H:H ©:<LH<:Aª� ]� Lhevyllb� \ ^h�

deZ^_ ©K\ZjdZ lhieb\guo [Zdh\ ba klZevgh]h ijhdZlZ k

Zexfhdj_fgb_\uf ihdjulb_f ^ey Z\lhfh[bevgh]h

ijhba\h^kl\Zª hlf_lbe� qlh k � bxey ���� ]� \\ha \ kljZgu

?K Z\lhfh[be_c k lhieb\gufb [ZdZfb ba hk\bgph\Zggh]h

ijhdZlZ aZij_s_g� qlh aZklZ\beh Z\lhijhba\h^bl_e_c

gZclb aZf_gm ^ey fZl_jbZeZ [_gah[ZdZ� m^h\e_l\hjyxs_�

]h dZd l_ogbq_kdbf lj_[h\Zgby� lZd b lj_[h\Zgbyf wdh�

eh]bq_kdhc [_ahiZkghklb� GZbemqrb_ j_amevlZlu ih dhj�

jhabhgghc klhcdhklb \ dhglZdl_ k Zlfhkn_jhc b lhieb\hf

ihdZaZeZ klZev k $O6L�ihdjulb_f lhesbghc ������� fdf�

Ijb dhglZdlghc k\Zjd_ ihemdhjimkh\ lhieb\guo [Zdh\

ijhbkoh^bl aZ]jyag_gb_ we_dljh^h\ fZl_jbZehf ihd�

julby� qlh \ k\hx hq_j_^v ijb\h^bl d g_ijh\Zjm�

Ijbf_g_gb_ ijhf_`mlhqghc \klZ\db ba f_^ghc ijh\h�

ehdb k hij_^_e_gguf ijhnbe_f bkdexqZ_l g_h[�

oh^bfhklv aZqbkldb jZ[hq_c ih\_joghklb jhebdh\ �we_d�

ljh^h\�� lZd dZd \ ahgm k\Zjdb ih^Z_lky gh\Zy ©ihjpbyª

we_dljh^ghc ijh\hehdb�

�� ������



L_ogheh]by dhglZdlghc jhebdh\hc k\Zjdb k ijhf_`m�

lhqguf we_dljh^hf hljZ[hlZgZ gZ fh^_jgbabjh\Zgghc

fZrbg_ ^ey dhglZdlghc rh\ghc k\Zjdb k ijb\h^hf gZ

h[Z jhebdZ nbjfu ©(OILQª �BlZeby�� < gZklhys__ \j_fy

^ey ijh]jZffu \uimkdZ Z\lhfh[be_c \ H:H ©:<LH<:Aª

ijb k\Zjd_ lhieb\guo [Zdh\ ba klZevgh]h ijhdZlZ k $O6L�

ihdjulb_f bkihevamxl \ukhdhijhba\h^bl_evgu_ fZrb�

gu ^ey dhglZdlghc rh\ghc k\Zjdb k ijhf_`mlhqguf

we_dljh^hf nbjfu ©6RXGURQLFª �R\_cpZjby��

< ^hdeZ^_ ©JZ[hlu BgklblmlZ k\Zjdb Jhkkbb

�<GBBWKH� ih kha^Zgbx h[hjm^h\Zgby ^ey dhglZdlghc

k\Zjdb gZ ihklhygghf lhd_ª �;� G� J_agbdh\� Bgklblml

k\Zjdb Jhkkbb� ]� K��I_l_j[mj]� ^ZgZ j_ljhki_dlb\Z jZ[hl

bgklblmlZ aZ �� e_l�

>hdeZ^ ©H jZajZ[hld_ h[hjm^h\Zgby ^ey dhglZdlghc

lhq_qghc k\Zjdb [_a \fylbg gZ ebp_\uo ih\_joghklyo

ba^_ebcª [ue k^_eZg K� F� NmjfZgh\uf� <� I� ;_j_ab_gdh

�©;_ehjmkkdh�jhkkbckdbc mgb\_jkbl_lª� ]� Fh]be_\��

I� G� Q\_jldh �BWK bf� ?� H� IZlhgZ� ]� Db_\� \ \b^_

h[ahjZ hk\_lbe ^hdeZ^u khljm^gbdh\ BWK� ©K\ZjdZ j_ev�

kh\ �hiul ijbf_g_gby b i_jki_dlb\u kh\_jr_gkl\h�

\Zgby�ª� ©Dhfivxl_jgZy kbkl_fZ mijZ\e_gby b dhgljhey

gZ hkgh\_ g_cjhk_l_\hc fh^_ebª� ©DhglZdlgZy kludh\Zy

k\ZjdZ \ukhdhijhqguo kieZ\h\ gZ hkgh\_ Zexfbgbyª�

©H[hjm^h\Zgb_ b l_ogheh]by ^ey dhglZdlghc kludh\hc

k\Zjdb `_e_agh^hjh`guo dj_klh\bg k j_evkh\ufb hdhg�

qZgbyfb q_j_a Zmkl_gblgmx \klZ\dmª� ©Kbkl_fu dhgljhey

dhglZdlghc kludh\hc k\Zjdbª� ©Fh^_ebjh\Zgb_ ijhp_kkZ

dhglZdlghc kludh\hc k\Zjdb g_ij_ju\guf hieZ\e_gb_f

ba^_ebc dhfiZdlgh]h k_q_gbyª� ©L_ogheh]by b h[hjm^h�

\Zgb_ ^ey k\Zjdb lj_gb_f jZaghjh^guo f_lZeeh\ b kieZ�

\h\ª b ©Ij_kkh\Zy k\ZjdZ k gZ]j_\hf ^m]hc� mijZ\ey_fhc

fZ]gblguf ihe_f� ^_lZe_c iheh]h b kiehrgh]h k_q_gbyª�

GZjy^m k hlf_q_ggufb [ueb aZkemrZgu lZdb_ ^hdeZ�

^u� ©DhglZdlgZy k\ZjdZ \u\h^h\ k hkgh\Zfb we_dljh^h\

^ey Zddmfmeylhjh\ lbiZ GD=ª �H� I� ?\iylv_\� <� :�

Nhfbg� H:H GB:B ©Bklhqgbdª� ]� K��I_l_j[mj]� I� >�

N_^hjh\� Bgklblml k\Zjdb Jhkkbb� ]� K��I_l_j[mj]��

©<u[hj we_dljh^gh]h fZl_jbZeZ ^ey dhglZdlghc

k\Zjdb hpbgdh\Zgguo klZe_cª �K� J� :fZgh\� E� G� Jm�

ky_\Z� H:H ©:<LH<:Aª� ]� Lhevyllb��

©:\lhfZlbq_kdb_ kbkl_fu dhgljhey b ^bZ]ghklbdb

h[hjm^h\Zgby b iZjZf_ljh\ ijhp_kkZ dhglZdlghc we_dl�

jhk\Zjdbª �?� F� S_\_e_\� G� G� Am_\� A:H ©D; :KLª�

]� Ikdh\��

©DhglZdlgZy kludh\Zy k\ZjdZ khijhlb\e_gb_f k ^\hc�

ghc hkZ^dhcª �<� Y� OZah\� I� >� N_^hjh\� <� G� Lheyj_gdh�

Bgklblml k\Zjdb Jhkkbb� ]� K��I_l_j[mj]��

©Wg_j]_lbq_kdb_ iZjZf_lju dhglZdlghc kludh\hc

k\Zjdb hieZ\e_gb_f k j_]meylhjhf hieZ\e_gby kbevgh]h

^_ckl\byª �E� K� K_j]__\� H:H KDL; IALWKH� ]� Ikdh\��

©JZ[hlZ Fbgkdh]h ljZdlhjgh]h aZ\h^Z ih bkke_^h�

\Zgbx b \g_^j_gbx k\Zjdb lj_gb_fª �<� :� EZdlbhgh\�

<� B� >vyq_gdh� K� H� JZ^xd� Fbgkdbc ljZdlhjguc aZ\h^��

>hdeZ^qbd khh[sbe� qlh \ ���� ]� gZ FLA [m^_l \g_^j_gZ

mgb\_jkZevgZy fZrbgZ ^ey k\Zjdb lj_gb_f ^_lZe_c

kiehrgh]h k_q_gby ^bZf_ljhf ^h �� ff b fZdkbfZevguf

mkbeb_f ^h ��� dG� < gZklhys__ \j_fy FLA bf__l \ha�

fh`ghklv ijbgbfZlv aZdZau gZ ihklZ\dm mgb\_jkZevguo

fZrbg dhf[bgbjh\Zgghc k\Zjdb lj_gb_f�

©Khklhygb_ b i_jki_dlb\u \uimkdZ h[hjm^h\Zgby \

h[eZklb mevljZa\mdh\hc k\Zjdb b jh^kl\_gguo l_ogh�

eh]bcª �B� <� I_lmrdh� <GBB L<Q bf� <� I� <heh]^bgZ�

]� K��I_l_j[mj]��

������ ��



©FZrbgZ F><K����� ^ey ^bnnmabhgghc k\Zjdb ^_�

lZe_c gbadh\hevlghc ZiiZjZlmjuª �F� :� Khjhdbg�

Bgklblml k\Zjdb Jhkkbb� ]� K��I_l_j[mj]��

©Ijbf_g_gb_ l_ogheh]bb b h[hjm^h\Zgby oheh^ghc

k\Zjdb \ we_dljhl_ogbq_kdhc ijhfure_gghklbª �X� D�

Fhjhah\� GII ©K\ZjdZ�DhglZdl�K_j\bkª� ]� K��I_l_j�

[mj]��

©GZmqgh�l_ogbq_kdb_ ba^Zgby BWKª �:� L� A_evgbq_gdh�

BWK bf� ?� H� IZlhgZ�� Bf� \ qZklghklb� ij_^klZ\e_g

k[hjgbd klZl_c ih l_fZlbd_ k_fbgZjZ� hlh[jZgguo aZ ihk�

e_^gb_ iylv e_l ba `mjgZeZ ©:\lhfZlbq_kdZy k\ZjdZª�

JZ[hlZ k_fbgZjZ �� Zij_ey [ueZ ijh^he`_gZ gZ H:H

©AZ\h^ We_dljbdª� =_g_jZevguc ^bj_dlhj X� ?� Bhnn_

hlf_lbe� qlh aZ\h^ m`_ hdheh �� e_l \uimkdZ_l fZrbgu

^ey dhglZdlghc k\Zjdb b aZ wlb ]h^u gZdhie_g dhehk�

kZevguc b \h fgh]hf mgbdZevguc hiul ih jZajZ[hld_�

ba]hlh\e_gbx b \g_^j_gbx fZrbg dhglZdlghc k\Zjdb kZ�

fh]h jZaebqgh]h gZagZq_gby� < gZklhys__ \j_fy aZ\h^

ij_^eZ]Z_l [he__ �� gZbf_gh\Zgbc fZrbg ^ey dhglZdl�

ghc k\Zjdb� Djhf_ lh]h� aZgbfZ_lky jZajZ[hldhc l_ogh�

eh]bb k\Zjdb� ijb wlhf qZklh hdZau\Z_l l_ogbq_kdmx

ihfhsv \ \u[hj_ wnn_dlb\guo ih^oh^h\ d kh\_jr_gkl�

\h\Zgbx l_ogheh]bq_kdbo ijhp_kkh\�

<_^msb_ ki_pbZebklu aZ\h^Z k^_eZeb ke_^mxsb_

djZldb_ khh[s_gby� ©H[hjm^h\Zgb_ ^ey dhglZdlghc

k\Zjdb ijhba\h^kl\Z H:H ©AZ\h^ We_dljbdª� Hkgh\gu_

gZijZ\e_gby jZa\blbyª� ©Gh\Zy k_jby fZrbg ^ey rh\ghc

dhglZdlghc k\Zjdb ijhba\h^kl\Z H:H ©AZ\h^ We_dljbdª�

©JZkrbj_gb_ ghf_gdeZlmju h[hjm^h\Zgby H:H ©AZ\h^

We_dljbdª \ qZklb fgh]hwe_dljh^guo fZrbg ^ey k\Zjdb

k_lhd b k_lhqguo dhgkljmdpbcª� ©L_ogheh]bq_kdb_

ij_bfms_kl\Z� \hagbdZxsb_ aZ kq_l baf_g_gby k\Zjhq�

gh]h mkbeby \h \j_fy ijhl_dZgby k\Zjhqgh]h lhdZª� ©Bg�

\_jlhjgu_ bklhqgbdb iblZgby ^ey fZrbg dhglZdlghc

k\Zjdbª� ©:iiZjZlmjZ mijZ\e_gby b dhgljhey ^ey dhg�

lZdlghc k\Zjdbª�

�� Zij_ey ^ey mqZklgbdh\ k_fbgZjZ [ueZ hj]Zgbah\ZgZ

wdkdmjkby gZ aZ\h^ ©Nhj^ª �nbebZe \ ]� <k_\he`kd_�

E_gbg]jZ^kdhc h[e���

Hj]ZgbaZlhju k_fbgZjZ ieZgbjmxl ijh\_klb Lj_lbc

f_`^mgZjh^guc k_fbgZj ©DhglZdlgZy k\ZjdZ b ^jm]b_

\b^u k\Zjdb ^Z\e_gb_fª \ Zij_e_ ± fZ_ ���� ]� \ K��I_�

l_j[mj]_� LhqgZy ^ZlZ ijh\_^_gby k_fbgZjZ [m^_l

him[ebdh\ZgZ \ h^ghf ba ghf_jh\ `mjgZeZ ©:\lhfZlbq_k�

dZy k\ZjdZª�

K fZl_jbZeZfb k_fbgZjZ b dZlZeh]hf ijh^mdpbb AZ�

\h^Z ©We_dljbdª fh`gh hagZdhfblvky \ j_^Zdpbb `mjgZeZ

©:\lhfZlbq_kdZy k\ZjdZª�

:� L� A_evgbq_gdh� dZg^� nba��fZl� gZmd

M>D ����������������

�������������� ���	�������	��
�����

����������
�� 
� 	�������



��������� ����	������� 	�������

� ���	�

�� Zij_ey \ \uklZ\hqghf p_glj_ ©Db_\WdkihIeZaZª khk�

lhyehkv hldjulb_ ©G_^_eb ijhfure_gguo l_ogheh]bc

����ª� \dexqZxs_c k_fv f_`^mgZjh^guo ki_pbZebabjh�

\Zgguo \uklZ\hd k ^_fhgkljZpb_c rbjhdh]h ki_dljZ ijh�

fure_ggh]h h[hjm^h\Zgby b l_ogheh]bc� ©Wedhf MdjZ�

bgZ ² wg_j]_lbdZ� wg_j]hk[_j_`_gb_� we_dljhl_ogbdZª�

©Ijhfure_ggh_ hk\_s_gb_ª� ©We_dljhggu_ b we_dljh�

f_oZgbq_kdb_ dhfihg_gluª� ©FZrF_l ² fZrbghkljh_�

gb_ b f_lZeehh[jZ[hldZª� ©K\ZjdZ� Jh^kl\_ggu_ l_ogh�

eh]bbªª� ©Ljm[hijh\h^guc ljZgkihjlª b ©Bah[j_l_gby b

bggh\Zpbbª� Hj]ZgbaZlhjZfb wlh]h djmigh]h kh[ulby�

klZ\r_]h f_klhf \klj_qb bg^mkljbZevghc weblu MdjZb�

gu� \uklmibeb dhfiZgby ©?\jhbg^_dkª� g_f_pdZy \uklZ�

\hqgZy dhfiZgby ©)DLUWUDGH *PE+ 	 &R� .*ª� GLD ©BWK

bf� ?� H� IZlhgZª� Wdkihp_glj ©GZmdZª G:G MdjZbgu

b G:D ©GZnlh]Za MdjZ�gbª� <uklZ\db G_^_eb ih^^_j`Z�

eb Fbgijhfiheblbdb b Fbgbkl_jkl\h lhieb\Z b wg_j]_�

lbdb MdjZbgu� MdjZbgkdbc khxa ijhfure_ggbdh\ b

ij_^ijbgbfZl_e_c� H[s_kl\h k\Zjsbdh\ MdjZbgu�

<k_]h \ jZfdZo wdkihabpbb ©G_^_eb ijhfure_gguo

l_ogheh]bcª� ijhoh^b\r_c k �� ih �� Zij_ey� ijbgyeb

mqZklb_ hdheh ��� dhfiZgbc ba �� kljZg fbjZ ² MdjZ�

bgu� :\kljbb� =_jfZgbb� BlZebb� DGJ�FZd_^hgbb� Fhe�

^h\u� Gb^_jeZg^h\� Ihevrb� Jhkkbb� Jmfugbb� LZc\Zgy�

Lmjpbb� NjZgpbb� Q_obb� R\_pbb b X`ghc Dhj_b� Hsm�

lbfZy ^hey bghkljZgguo mqZklgbdh\ �ihqlb ��� h[s_]h

dhebq_kl\Z� k\b^_l_evkl\m_l h[ bgl_gkb\ghf jZa\blbb

f_`^mgZjh^gh]h wdhghfbq_kdh]h khljm^gbq_kl\Z \ kn_j_

ih\ur_gby l_ogheh]bq_kdhc aj_ehklb hl_q_kl\_gghc wdh�

ghfbdb� Z lZd`_ h ijbagZgbb fbjh\uf khh[s_kl\hf agZ�

qbl_evgh]h gZmqgh�l_ogbq_kdh]h b ijhfure_ggh]h ih�

l_gpbZeZ MdjZbgu� Ihk_lbl_eb \uklZ\hd ihemqbeb \ha�

fh`ghklv agZdhfkl\Z k ihqlb ��� ba\_klgufb lhj]h\ufb

fZjdZfb gZ h[s_c iehsZ^b wdkihabpbb hdheh ���� f
�
�

�� ������
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P_ev ijhr_^r_c \uklZ\db ©K\ZjdZ� Jh^kl\_ggu_ l_ogh�

eh]bb ����ª ² bggh\Zpbhggh_ jZa\blb_ k\Zjhqguo b

jh^kl\_gguo ijhp_kkh\ b \g_^j_gb_ kh\j_f_gguo l_ogh�

eh]bc \ ijhba\h^kl\h� Ih hp_gd_ ZdZ^_fbdZ ;� ?� IZlhgZ�

\ukdZaZgghc bf gZ hldjulbb \uklZ\db ©…^hklb`_gby

k\Zjhqghc gZmdb b l_ogbdb \ebyxl gZ kh\j_f_ggh_ khklh�

ygb_ b l_g^_gpbb jZa\blby fbjh\hc wdhghfbdbª�

< \uklZ\d_ ©K\ZjdZ� Jh^kl\_ggu_ l_ogheh]bb ����ª

ijbgyeb mqZklb_ hdheh �� hj]ZgbaZpbc b nbjf ba k_fb

kljZg �:\kljby� BlZeby� IhevrZ� Jhkkby� Lmjpby� MdjZ�

bgZ� R\_pby�� Kj_^b mqZklgbdh\ \uklZ\db BWK bf� ?� H�

IZlhgZ� mdjZbgkdb_ ij_^ijbylby ©>HGF?Lªª� ©DAW�

KHª� ©G:<DH�L?Oª� nbjfZ ©KWEF:ª� jhkkbckdb_ ²

=hkm^Zjkl\_gguc JyaZgkdbc ijb[hjguc aZ\h^� ©>`_lª�

F_`]hkf_lba�Fp_gkdª� Ijh^mdpbx \_^msbo _\jhi_ck�

dbo dhfiZgbc ij_^klZ\eyeb nbjfu ©$VND\QDNª� ©;bgp_ev

MdjZbgZª� (6$%� ©DZklhebg�MdjZbgZª� ©Njhgbmk�NZd_eª�

<uklZ\dZ ljZ^bpbhggh ijb\e_deZ rbjhdbc djm] ki_�

pbZebklh\� aZgyluo g_ihkj_^kl\_ggh \ k\Zjhqghf ijhba�

\h^kl\_ fgh]bo hljZke_c ijhfure_gghklb� \ qZklghklb�

\ hl_q_kl\_gghf fZrbgh� b km^hkljh_gbb� f_lZeemj]bb�

aZgbfZxsboky ij_^ijbgbfZl_evkdhc ^_yl_evghklvx�

jZ[hlZxsbo \ kj_^_ h[jZah\Zgby�

AgZqbl_evguc bgl_j_k kj_^b ihk_lbl_e_c \uklZ\db

\ua\Ze ©DZlZeh]� L_ogheh]bb� FZl_jbZeu� H[hjm^h\Z�

gb_ª BgklblmlZ we_dljhk\Zjdb� < g_f gZ i_jbh^ \_kgZ�

e_lh ���� ]� ij_^klZ\e_gh hdheh ��� jZajZ[hlhd \ h[eZklb

k\Zjdb� j_adb� gZieZ\db� iZcdb b gZg_k_gby ihdjulbc�

ihevamxsboky gZb[hevr_c \hklj_[h\Zgghklvx gZ jugd_

k\Zjhqgh]h ijhba\h^kl\Z �aZdZaZlv dZlZeh] fh`gh q_j_a

j_^Zdpbx `mjgZeZ ©:\lhfZlbq_kdZy k\ZjdZª��

H^gh\j_f_ggh k \uklZ\dhc ©K\ZjdZ� Jh^kl\_ggu_ l_o�

gheh]bb ����ª ijhoh^beZ \uklZ\dZ ©Ljm[hijh\h^guc

ljZgkihjl ����ª ² i_j\Zy f_`^mgZjh^gZy ki_pbZebab�

jh\ZggZy \uklZ\dZ ljm[� dhfij_kkhjh\� gZkhkh\ b ZjfZ�

lmj� f_lh^h\ ^bZ]ghklbdb b j_fhglZ� Kh\f_s_gb_ wlbo

kh[ulbc \ua\Zeh ^hihegbl_evguc bgl_j_k ki_pbZebklh\

b ijb\e_deh _s_ [hevr__ \gbfZgb_ ijhn_kkbhgZeh\ ba

\k_o j_]bhgh\ MdjZbgu�

s|{jszj

D gZb[he__ i_jki_dlb\guf jZajZ[hldZf� ij_^klZ\e_gguf

gZ \uklZ\d_� ke_^m_l hlg_klb�

Y l_ogheh]bx k\Zjdb f_lZeebq_kdbo lhdhijh\h^ysbo

dhgkljmdpbc �klZevguo� ba Zexfbgb_\uo kieZ\h\� k m]�

e_]jZnblh\ufb fZl_jbZeZfb� bkihevam_fufb \ f_lZe�

emj]bb� \ qZklghklb p\_lghc� \ dZq_kl\_ we_dljh^h\� L_o�

gheh]by� jZajZ[hlZggZy \ BWK bf� ?� H� IZlhgZ� j_Zeb�

������ ��



am_lky k bkihevah\Zgb_f fhsguo ieZafhljhgh\� jZ[hlZ�

xsbo [_a aZsblguo kj_^ ² gZ hldjulhf \ha^mo_�

Y l_ogheh]bx k\Zjdb g_ih\hjhlguo kludh\ ljm[ k bk�

ihevah\Zgb_f dhf[bgbjh\Zgguo ijhp_kkh\ �7,*� 0,*�

0$*� k bkihevah\Zgb_f kZfhaZsblguo we_dljh^guo ijh�

\hehd� ki_pbZevguo iZkl b nexkh\��

H[jZsZ_l \gbfZgb_ j_adbc jhkl jZajZ[hlhd bklhqgb�

dh\ iblZgby ^m]b k bkihevah\Zgb_f ij_h[jZah\Zgby qZk�

lhlu ² bg\_jlhjh\� ?keb jZg__ jZajZ[hldb mdjZbgkdbo

ijhba\h^bl_e_c ij_^eZ]Zebkv ebrv ^ey j_ZebaZpbb ijb

k\Zjd_ rlmqgufb we_dljh^Zfb� lh k_]h^gy� gZ jughd \u�

oh^yl jZajZ[hldb bklhqgbdh\ iblZgby bg\_jlhjgh]h lbiZ�

ij_^gZagZq_ggu_ ^ey ijbf_g_gby ijb f_oZgbabjh\Zgguo

ijhp_kkZo� Fh`gh iheZ]Zlv� qlh jughd k\Zjhqgh]h h[h�

jm^h\Zgby k ijbf_g_gb_f bklhqgbdh\ iblZgby ^m]b bg�

\_jlhjgh]h lbiZ \ MdjZbg_ fh`_l [ulv gZkus_g kh[k�

l\_gguf ijhba\h^bl_e_f� IjZ\^Z� wlh \ hkgh\ghf hlgh�

kblky d h[hjm^h\Zgbx fZehc fhsghklb �^h ��� :�� A^_kv

lZd`_ g_h[oh^bfh hlf_lblv ihy\e_gb_ \ k_jbcghf ijh�

ba\h^kl\_ ^hklZlhqgh fhsguo qhii_jh\ �©KWEF:ª�

©WFBL:ª�� GZ jy^_ ij_^ijbylbc MdjZbgu gZeZ`_g \u�

imkd ki_pbZevguo dhfie_dlmxsbo maeh\ ^ey ^m]h\h]h

f_oZgbabjh\Zggh]h k\Zjhqgh]h h[hjm^h\Zgby �ih^Zxsb_

f_oZgbafu� hlk_dZl_eb b ih^h]j_\Zl_eb ]ZaZ� reZg]h\u_

^_j`Zl_eb b ^j� �©DAWKHª� H:H ©:JL?F�DHGL:DLª�

Ijbf_qZl_evgh� qlh ij_^ijbylby� dhlhju_ jZg__ ki_pb�

Zebabjh\Zebkv gZ ijhba\h^kl\_ k\Zjhqgh]h h[hjm^h\Zgby�

ijboh^yl d g_h[oh^bfhklb ih\ur_gby wnn_dlb\ghklb

ijbf_g_gby ijhp_kkh\ ihemZ\lhfZlbq_kdhc k\Zjdb b gZi�

eZ\db� Ihy\behkv \ k_jbcghf ijhba\h^kl\_ h[hjm^h\Zgb_�

hlghkys__ky d lZd gZau\Z_fhfm deZkkm h[hjm^h\Zgby fZ�

ehc f_oZgbaZpbb� D qbkem hjb]bgZevguo jZajZ[hlhd \

wlhc h[eZklb ke_^m_l hlg_klb jZaebqgu_ ljZgkihjlgu_

kj_^kl\Z �H:H ©:JL?F�DHGL:DLª�� Z lZd`_ dhe_[Z�

l_eb k\Zjhqguo ]hj_ehd k ijh]jZffbjh\Zgb_f aZdhgZ

^\b`_gby �©KWEF:ª�� Ij_^klZ\e_gh l_ogbq_kdb bgl_�

j_kgh_ wnn_dlb\gh_ mkljhckl\h ^ey ih^]hlh\db djhfhd

ih^ k\Zjdm �©KWEF:ª�� D qbkem gh\uo jZajZ[hlhd \ h[�

eZklb k\Zjhqgh]h h[hjm^h\Zgby ke_^m_l hlg_klb� gZijb�

f_j ihemZ\lhfZl �©KWEF:ª� ^ey ih^Zqb e_]dh^_nhjfb�

jm_fuo we_dljh^guo ijh\hehd k lj_fy iZjZfb ih^Zxsbo

b ijb`bfguo jhebdh\�

Hkh[h ke_^m_l k^_eZlv Zdp_gl gZ jZajZ[hldZo ij_^i�

jbylby ©WFBL:ª �]� >hg_pd�� kj_^b dhlhjuo \u^_eyxlky

klhev g_h[oh^bfu_ \ kh\j_f_gghf ^m]h\hf f_oZgbabjh�

\Zgghf b Z\lhfZlbabjh\Zgghf h[hjm^h\Zgbb qZklhlgu_

we_dljhijb\h^u ����<� Z lZd`_ \_kvfZ bgl_j_kgu_ l_o�

gbq_kdb_ j_r_gby ih Zddmfmeylhjghfm ihemZ\lhfZlm� ]^_

\ dZq_kl\_ bklhqgbdZ bkihevam_lky dhfie_dl Zddmfmey�

lhjh\�

z|snpcps¡jj� vpljskch

< jZfdZo \uklZ\db ©K\ZjdZ� Jh^kl\_ggu_ l_ogheh]bb

����ª khklhyeky F_`^mgZjh^guc gZmqgh�ijZdlbq_kdbc

k_fbgZj ©H[_ki_q_gb_ wdkiemZlZpbhgghc gZ^_`ghklb

kbkl_f ljm[hijh\h^gh]h ljZgkihjlZª� GZ g_f [ueh aZkem�

rZgh k\ur_ �� ^hdeZ^h\ ki_pbZebklh\ MdjZbgu b Jhkkbb

ih gZijZ\e_gbyf�

Y hp_gdZ l_ogbq_kdh]h khklhygby kbkl_f ljm[hijh\h^�

gh]h ljZgkihjlZ�

Y ^bZ]ghklbdZ kbkl_f ljm[hijh^gh]h ljZgkihjlZ�

Y l_ogheh]by j_fhglZ b \hkklZgh\e_gby�

Y ljm[hijh\h^gu_ ZjfZlmju�

Y l_ogheh]bb� h[hjm^h\Zgb_ b fZl_jbZeu ^ey k\Zjdb�

j_adb b hqbkldb ljm[�

Y dhgljhev dZq_kl\Z k\Zjguo kh_^bg_gbc�

Y aZsblZ ljm[hijh\h^h\ hl dhjjhabb�

Y hojZgZ ljm^Z�

Y ghjfZlb\gh�l_ogbq_kdZy ^hdmf_glZpby�

Y ih^]hlh\dZ dZ^jh\�

Ih fg_gbx mqZklgbdh\ dhgn_j_gpbb� fgh]b_ ^hdeZ^u�

^bkdmkkbb ih gbf� dmemZjgu_ h[km`^_gby k\b^_l_evkl\m�

�� ������



xl h ihe_aghklb ijh\_^_gby ih^h[guo l_fZlbq_kdbo k_�

fbgZjh\�

?s_ h^bg k_fbgZj ©K\ZjdZ Zexfbgby b _]h kieZ\h\�

h[hjm^h\Zgb_� fZl_jbZeu b gh\u_ l_ogheh]bbª [ue ijh�

\_^_g ki_pbZebklZfb HHH ©Njhgbmk�NZd_eª� gZ dhlhjhf

kemrZl_e_c hagZdhfbeb k ijhp_kkhf ^m]h\hc k\Zjdb k bf�

imevkghc ih^Zq_c we_dljh^ghc ijh\hehdb� Wlhl ijhp_kk

iha\hey_l k\Zjb\Zlv ex[hc lhgdbc f_lZee �gZqbgZy k lhe�

sbgu ��� ff�� Z lZd`_ \uihegylv dhf[bgbjh\Zggu_ kh�

_^bg_gby klZeb k Zexfbgb_f �kihkh[ hibkZg \ gZr_f

`mjgZe_ � �� aZ ���� ]���

AZ q_luj_ ^gy jZ[hlu gZ \uklZ\d_ ih[u\Zeh hdheh

� luk� ij_^klZ\bl_e_c ijhfure_gguo ]hkm^Zjkl\_gguo

b dhff_jq_kdbo hj]ZgbaZpbc� gZmqguo khljm^gbdh\ jZa�

ebqguo GBB� ij_ih^Z\Zl_e_c mgb\_jkbl_lh\� l_ogbdmfh\

b l_ogbq_kdbo mqbebs� klm^_glh\ b ijhklh aZbgl_j_kh�

\Zgguo ebp� GZ ijhly`_gbb \k_c \uklZ\db \ h]jhfghf

ihf_s_gbb \uklZ\hqgh]h dhfie_dkZ� [eZ]h^Zjy ijb\_l�

eb\hklb i_jkhgZeZ� ^h[jh`_eZl_evghklb wdkihg_glh\� yj�

dbf b wnn_dlgh hnhjfe_gguf kl_g^Zf b h[s_fm ijb�

ih^gylhfm gZkljh_gbx ihk_lbl_e_c [ueh ih�gZklhys_fm

l_ieh b mxlgh�

Bf_ggh gZ \uklZ\dZo aZdeZ^u\Zxlky hkgh\u \aZbfh�

\u]h^gh]h khljm^gbq_kl\Z f_`^m ijhba\h^bl_e_f b ihl�

j_[bl_e_f� bf_ggh a^_kv gZoh^yl gh\uo ^_eh\uo iZjlg_�

jh\ b ihemqZxl ihe_agmx b gm`gmx bgnhjfZpbx� <k_

wlh� g_khfg_ggh� [ueh b gZ \uklZ\d_ ©K\ZjdZ� Jh^kl\_g�

gu_ l_ogheh]bb ����ª�

<� G� Ebih^Z_\� ^�j l_og� gZmd

<� :� E_[_^_\� dZg^� l_og� gZmd

Bkihegbehkv �� e_l ba\_klghfm

mq_ghfm \ h[eZklb fZl_fZlbq_kdbo

f_lh^h\ bkke_^h\Zgby k\Zjhqgh]h

fZl_jbZeh\_^_gby ^hdlhjm l_ogb�

q_kdbo gZmd� \_^ms_fm gZmqghfm

khljm^gbdm BgklblmlZ we_dljhk�

\Zjdb bf� ?� H� IZlhgZ G:GM

He_]m =_hj]b_\bqm DZkZldbgm�

< ���� ]� H� =� DZkZldbg [ue

ijbgyl ih dhgdmjkm \ BWK bf� ?� H�

IZlhgZ� ]^_ ijhr_e imlv hl feZ^�

r_]h gZmqgh]h khljm^gbdZ hl^_eZ fZl_fZlbq_kdbo f_lh�

^h\ bkke_^h\Zgbc nbabdh�obfbq_kdbo ijhp_kkh\ ijb

k\Zjd_ ^h aZ\_^mxs_]h eZ[hjZlhjb_c ©KlZlbklbq_kdb_

f_lh^u fh^_ebjh\Zgby b hilbfbaZpbb k\Zjhqguo ijhp_k�

kh\ª �k ���� ]��� Hkgh\gh_ gZijZ\e_gb_ gZmqghc ^_yl_ev�

ghklb He_]Z =_hj]b_\bqZ \ wlhl i_jbh^ ² k\Zjb\Z_fhklv

\ukhdhijhqguo klZe_c� bamq_gb_ aZ\bkbfhkl_c khklZ\±

kljmdlmjZ±k\hckl\Z k\Zjguo kh_^bg_gbc� jZajZ[hldZ kh�

hl\_lkl\mxsbo fZl_fZlbq_kdbo fh^_e_c� < ���� ]� hg

aZsblbe ^hdlhjkdmx ^bkk_jlZpbx gZ l_fm ©FZl_fZlbq_k�

dh_ bkke_^h\Zgb_ aZ\bkbfhkl_c khklZ\ ± k\hckl\Z k\Zj�

guo kh_^bg_gbc b kha^Zgb_ jZkq_lgh�wdki_jbf_glZevghc

kbkl_fu ^ey hilbfbaZpbb hkgh\guo l_ogheh]bq_kdbo

nZdlhjh\ k\Zjdb gbadhe_]bjh\Zgguo dhgkljmdpbhgguo

klZe_cª� < gZklhys__ \j_fy H� =� DZkZldbg aZgbfZ_lky

\hijhkZfb� k\yaZggufb k ijh[e_fZfb Zlhfghc wg_j�

]_lbdb MdjZbgu� \ qZklghklb� ijh]ghabjh\Zgb_f j_kmjkZ

b ^he]h\_qghklb dhjimkh\ y^_jguo j_Zdlhjh\ <<WJ������

H`b^Z_lky ihemq_gb_ [he__ lhqguo ^Zgguo h[ hp_gd_

j_Zevghc kdehgghklb hkgh\gh]h f_lZeeZ b k\Zjguo

kh_^bg_gbc dhjimkZ j_ZdlhjZ <<WJ����� \ Zdlb\ghc ahg_

d jZ^bZpbhgghfm hojmiqb\Zgbx ijb ^ebl_evguo kjhdZo

wdkiemZlZpbb�

H� =� DZkZldbg ² Z\lhj [he__ ��� him[ebdh\Zgguo

jZ[hl� \ lhf qbke_ ^\mo fhgh]jZnbc� Hg y\ey_lky qe_ghf

^\mo ki_pbZebabjh\Zgguo mq_guo kh\_lh\ ih aZsbl_

^bkk_jlZpbc� \oh^bl \ khklZ\ j_^dhee_]bb ZdZ^_fbq_kdh�

]h `mjgZeZ ©F_lZehagZ\kl\h lZ h[jh[dZ f_lZe�\ª�
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< bxg_ l_dms_]h ]h^Z N_ebdkm

GbdheZ_\bqm Dbkbe_\kdhfm� ^hd�

lhjm l_ogbq_kdbo gZmd� ijhn_k�

Fhjm� aZ\_^mxs_fm hl^_ehf Bgk�

lblmlZ we_dljhk\Zjdb bf� ?� H� IZ�

lhgZ G:G MdjZbgu bkihegbehkv

�� e_l� K\hx ljm^h\mx ^_yl_ev�

ghklv hg gZqZe \ Db_\kdhf iheb�

l_ogbq_kdhf bgklblml_ \ ���� ]��

]^_ jZ[hlZe gZqZevgbdhf <uqbk�

ebl_evgh]h p_gljZ� klZjrbf ij_�

ih^Z\Zl_e_f� ^hp_glhf� ijhn_kkhjhf� K ���� ]� jZ[hlZ_l

\ Bgklblml_ we_dljhk\Zjdb bf� ?� H� IZlhgZ aZ\_^mxsbf

hl^_ehf Z\lhfZlbabjh\Zgguo kbkl_f mijZ\e_gby� Hg y\�

ey_lky h^gbf ba \_^msbo gZmqguo ki_pbZebklh\ \ h[eZk�

lb Z\lhfZlbaZpbb b jh[hlbaZpbb l_ogheh]bq_kdbo ijh�

p_kkh\ k\Zjdb� K ���� ih ���� ]]� [ue =eZ\guf dhgkljmd�

lhjhf Fbgwe_dljhl_oijhfZ KKKJ ih jZajZ[hld_ b hk\h_�

gbx \ k_jbcghf ijhba\h^kl\_ l_ogheh]bq_kdbo jh[hlh\

�\ qZklghklb� k\Zjhqguo�� Ih _]h bgbpbZlb\_ [ueb hj]Z�

gbah\Zgu b mki_rgh jZ[hlZeb Kh\f_klgZy gZmqgh�bkke_�

^h\Zl_evkdZy eZ[hjZlhjby ih kha^Zgbx k\Zjhqguo jh[h�

lh\ k Bgklblmlhf l_ogbq_kdhc db[_jg_lbdb b jh[hlhl_o�

gbdb ;he]Zjkdhc ZdZ^_fbb gZmd� Z lZd`_ kh\f_klgh_ GZ�

mqgh�ijhba\h^kl\_ggh_ h[t_^bg_gb_ KWELH �ki_pbZev�

gh_ we_dljhl_ogbq_kdh_ h[hjm^h\Zgb_�� Hl^_e� dhlhjuc

\ha]eZ\ey_l \ gZklhys__ \j_fy N� G� Dbkbe_\kdbc� y\ey�

_lky [Zah\uf hl^_ehf ih kha^Zgbx Z\lhfZlbabjh\Zgguo

kbkl_f mijZ\e_gby l_ogheh]bq_kdbfb ijhp_kkZfb \ k\Zj�

d_ b kf_`guo l_ogheh]byo� fZl_fZlbq_kdhfm fh^_ebjh�

\Zgbx ijhp_kkh\ k\Zjdb b kha^Zgbx kbkl_f l_ogbq_kdh]h

aj_gby ^ey mijZ\e_gby l_ogheh]bq_kdbfb ijhp_kkZfb�

D gZb[he__ \_khfuf jZ[hlZf N� G� Dbk_eb\kdh]h hl�

ghkylky� kha^Zgb_ ijbgpbih\ mijZ\e_gby we_dljhggh�em�

q_\ufb mklZgh\dZfb ^ey l_ogheh]bq_kdbo ijhp_kkh\ em�

q_\hc eblh]jZnbb �jZ[hlZ \uihegyeZkv \i_j\u_ \ fbj_

b \g_^j_gZ gZ ij_^ijbylbyo Fbgwe_dljhl_oijhfZ KKKJ��

Z lZd`_ jZajZ[hldZ Z^Zilb\guo kbkl_f mijZ\e_gby we_d�

ljhggh�emq_\ufb mklZgh\dZfb ijb k\Zjd_ l_ieh\u^_ey�

xsbo we_f_glh\ Zlhfguo j_Zdlhjh\� f_lh^h\ ]_hf_ljb�

q_kdhc b l_ogheh]bq_kdhc Z^ZilZpbb ijhfure_gguo jh�

[hlh\ ^ey ^m]h\hc k\Zjdb� ijbgpbih\ ihkljh_gby kbkl_f

k\Zjdb maeh\ ^\b]Zl_e_c jZd_lhghkbl_e_c \ ^bgZfbq_kdhf

\Zdmmf_� ijbgpbih\ ihkljh_gby Z\lhfZlbabjh\Zgguo kbk�

l_f mijZ\e_gby k\Zjdhc [Zdh\ b dhjimkh\ jZd_lhghkbl_�

e_c� Hkh[h_ f_klh \ jZajZ[hldZo m^_ey_lky j_r_gbx \Z`�

guo \hijhkh\ ih h[_ki_q_gbx dZq_kl\Z� gZ^_`ghklb b

wdkiemZlZpbhgghc jZ[hlhkihkh[ghklb k\Zjguo dhgkljmd�

pbc�

N� G� Dbk_e_\kdbf ih^]hlh\e_gh [he__ ���lb dZg^b�

^Zlh\ l_ogbq_kdbo gZmd b him[ebdh\Zgh [he__ ��� gZ�

mqguo ljm^h\� kj_^b dhlhjuo Z\lhjkdb_ k\b^_l_evkl\Z

KKKJ� GJ; b iZl_glu MdjZbgu�

>_yl_evghklv N� G� Dbk_e_\kdh]h hlf_q_gZ Hj^_ghf

©AZ aZkem]bª ,,, kl_i_gb ����� ]���
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