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6&,(17,),& $1' 7(&+1,&$/

6KHO\DJLQ 9� '�� .KDVNLQ 9� <X�� 3HUHYHU]HY <X� 1� /DVHU�PLFUR�

SODVPD DOOR\LQJ DQG FRDWLQJ GHSRVLWLRQ RQ VWHHOV ����������������������������������������������� �

'PLWULN 9� 9�� 7VDU\XN $� .�� %XJDHWV $� $�� *ULQFKHQNR (� '�

$VVHVVPHQW RI UHVLGXDO OLIH RI ZHOGHG MRLQWV RI KHDW SRZHU VWDWLRQ

SLSHOLQHV ���������������������������������������������������������������������������������������������������������� �

'LOWKH\ 8�� *XPHQ\XN $� 9�� 7XULFKLQ *� $� (VWLPDWHG GHWHUPLQD�

WLRQ RI NLQHWLFV RI GLIIXVLRQ SKDVH WUDQVIRUPDWLRQV LQ ORZ�DOOR\ VWHHOV LQ

EHDP ZHOGLQJ ������������������������������������������������������������������������������������������������ ��

0DNVLPRY 6� <X�� %RRW 9� 6�� 9DVLOMHY 9� *�� =DNKDURY 6� 0�� =DLW�

VHYD 1� 9� 6WUXFWXUDO FKDQJHV LQ +$= PHWDO RI VWHHO ;�� MRLQWV LQ XQ�

GHUZDWHU ZHOGLQJ �������������������������������������������������������������������������������������������� ��

0DUNDVKRYD /� ,�� *ULJRUHQNR *� 0�� ,VKFKHQNR $� <D�� /R�

]RYVND\D $� 9�� .XVKQDUHYD 2� 6� (IIHFW RI VFDQGLXP DGGLWLRQV RQ

ILQH VWUXFWXUH RI DOXPLQLXP DOOR\ ���� ZHOG PHWDO �������������������������������������������� ��

3RNO\DWVN\ $� *�� /R]RYVND\D $� 9�� *ULQ\XN $� $�� <DYRUVND\D

0� 5�� &KDLND $� $� ,PSURYHPHQW RI ZHOG VWUHQJWK LQ DUF ZHOGLQJ RI

DOXPLQLXP�FRSSHU DOOR\V XVLQJ VFDQGLXP�FRQWDLQLQJ DGGLWLRQV �������������������������� ��

,1'8675,$/

*DUDVKFKXN 9� 3�� 6KHO\DJLQ 9� '� 0RGHUQ WHQGHQFLHV LQ GHYHORS�

PHQW RI WHFKQRORJLFDO ODVHUV ��������������������������������������������������������������������������� ��

*RORYNR 9� 9� :D\V RI GHFUHDVLQJ WKH K\GURJHQ FRQWHQW LQ PHWDO RI

ORZ�DOOR\ VWHHO ZHOGHG MRLQWV LQ VXEPHUJHG DUF ZHOGLQJ ������������������������������������ ��

.X]PHQNR 9� *�� *X]HM 9� ,� 6DQLWDU\�K\JLHQLF FKDUDFWHULVWLFV RI

ZHOGLQJ IOX[HV ZLWK D ORFDOO\ FKDQJHG FKHPLFDO FRPSRVLWLRQ RI JUDLQV ��������������� ��

3RWDSRY 1� 1� ([SHULHQFH RI ZRUN RI $WWHVWDWLRQ &HQWHU RI 761,,7�

0$6+ XVLQJ UXOHV 5RVWHNKQDG]RU ������������������������������������������������������������������� ��

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

%DOLQ $� 1�� %HUH]RYVN\ $� 9�� 9LVKQHYVN\ $� $�� .XOLVKHQNR %� $�

6XUIDFLQJ PDWHULDOV IRU KDUGHQLQJ RI SDUWV RSHUDWLQJ XQGHU VKRFN�DEUD�

VLYH ZHDU FRQGLWLRQV ��������������������������������������������������������������������������������������� ��

6NRULQD 1� 9�� 0DUFKHQNR $� (� &KHPLFDO DFWLYLW\ RI IHUURDOOR\V LQ

PROWHQ JODVV �������������������������������������������������������������������������������������������������� ��

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

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

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

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

1(:6

�QG 6FLHQWLILF�3UDFWLFDO 6HPLQDU �,PSURYHPHQW RI UHOLDELOLW\ RI ZHOGHG

MRLQWV LQ DVVHPEO\ DQG UHSDLU RI WHFKQRORJLFDO HTXLSPHQW LQ SRZHU HQJL�

QHHULQJ� �������������������������������������������������������������������������������������������������������� ��

2XU FRQJUDWXODWLRQV ���������������������������������������������������������������������������������������� ��

7RZDUGV WKH ��WK ELUWKGD\ DQQLYHUVDU\ RI $� 0� 0DNDUD ���������������������������������� ��

9� 9� 3DQDV\XN LV �� ��������������������������������������������������������������������������������������� ��

9� $� 7URLWVN\ LV �� ����������������������������������������������������������������������������������������� ��

,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�
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Óº°�º®}Ò² ¹º}¯©�Ò® °Ò°�Ëä 1LÜ&UÜ%Ü6L Ò 1LÜ)HÜ
%Ü6L ÓÈ ÓÒÏ}º��ãË¯º�Ò°�©Ë °�ÈãÒ� º­�Ë�ÒÓ«
�Ò®
¹¯ËÒä��Ë°�mÈ ãÈÏË¯Óº® ÓÈ¹ãÈm}Ò Ò äÒ}¯º¹ãÈÏäËÓ�
Óº�º ÓÈ¹©ãËÓÒ«� �¯Ë�ãºÎËÓº ¹¯ºmË�ËÓÒË ¯º�°�mËÓ�
Óº�º �Ë²Óºãº�Ò�Ë°}º�º ¹¯º�Ë°°È Û ãÈÏË¯Óº�äÒ}�
¯º¹ãÈÏäËÓÓº�º ãË�Ò¯ºmÈÓÒ«�

�� j°¹ºã	ÏºmÈÓÓ©® ¹¯º�Ë°° ÓÈÓË°ËÓÒ« ¹º}¯©�
�Ò® ¹ºm©�ÈË� ¹¯º�Óº°�	 °�Ë¹ãËÓÒ« ¹º}¯©�Ò® °
ÒÏ�ËãÒËä Ò �°�¯ÈÓ«Ë� äÒ}¯º�¯Ë�ÒÓ© m ÓÈÓº°Òä©²
°ãº«²� È �È}ÎË ÓËº­²º�Òäº°�	 °�¯�®Óº�È­¯ÈÏÒmÓº®
¹º��º�ºm}Ò ¹ºmË¯²Óº°�Ò�

�� �°�ÈÓºmãËÓ© º°ÓºmÓ©Ë ¹È¯ÈäË�¯© ¹¯º�Ë°°ºm
ÓÈÓË°ËÓÒ« ¹º}¯©�Ò® Ò ãË�Ò¯ºmÈÓÒ«� { �°ãºmÒ«²
¹¯ºmº�Òä©² ª}°¹Ë¯ÒäËÓ�ºm º¹¯Ë�ËãËÓ© ÓÈÒ­ºãËË

ÏÓÈ�Òä©Ë ÒÏ ª�Ò² ¹È¯ÈäË�¯ºm� �¯ºmË�ËÓ© äË�Èã�
ãº�¯ÈÁÒ�Ë°}ÒË Ò°°ãË�ºmÈÓÒ«� ¹º}ÈÏÈm�ÒË ÓÈãÒ�ÒË
¹Ë¯Ë²º�Óº® ÏºÓ© Ò º�°��°�mÒË ~�{ ¹¯Ò ÓÈÓË°ËÓÒÒ
¹º}¯©�Ò®� È �È}ÎË ÓÈãÒ�ÒË ~�{ ¹¯Ò ãË�Ò¯ºmÈÓÒÒ�
{ º­ºÒ² °ã��È«² m mË¯²ÓÒ² °ãº«² ¹º}¯©�Ò® ��º�
¯ºÎË} ãË�Ò¯ºmÈÓÒ«� ÒäËË� äË°�º ¹È�ËÓÒË �mË¯�
�º°�Ò� ÓË «mã«
�ËË°« }¯Ò�Ò�Ó©ä� ¹º°}ºã	}� ¯ÈÏ�
äË¯ ª�Ò² °ãºËm °º¹º°�ÈmÒä ° ¹¯Ò¹�°}ºä ¹º� ÁÒ�
ÓÒ�Ó�
 äË²ÈÓÒ�Ë°}�
 º­¯È­º�}��

�� sÈ m©°º�� ÓÈÓº°Òä©² ÏÈ º�ÒÓ ¹¯º²º� ¹º}�
¯©�Ò® ÓÈÒ­ºã	�ËË mãÒ«ÓÒË º}ÈÏ©mÈ
� äÈ°°ºm©®
¯È°²º� ¹º¯º�}È Ò }ºªÁÁÒ�ÒËÓ� ¹Ë¯Ë}¯©�Ò« �º�
¯ºÎË}� { äËÓ	�Ë® °�Ë¹ËÓÒ mãÒ«Ë� °}º¯º°�	 ¹Ë�
¯ËäË�ËÓÒ« º­¯ÈÏ�È Ò ¹ãº�Óº°�	 äº�Óº°�Ò ãÈÏË¯�
Óº�º ÒÏã��ËÓÒ«� jÏäËÓËÓÒË ��ãÈ äËÎ�� º°«äÒ ãÈ�
ÏË¯Óº�º ÒÏã��ËÓÒ« Ò äÒ}¯º¹ãÈÏäËÓÓº® °�¯�Ò ÓÈ
m©°º�� ¹º}¯©�Ò« ¹¯È}�Ò�Ë°}Ò ÓË mãÒ«Ë��

�� �¯Ò�º¯	«Ó� k� �� |°Óºm© ãÈÏË¯Óº® º­¯È­º�}Ò äÈ�Ë¯ÒÈãºm�
Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� 6DVDNL 6�� 6KLPXUD +�� .DZDNDPL <�� 6KDK]DG $� /DVHU DV�
VLVWHG SODVPD VSUD\ FRDWLQJ PHWKRG IRU VXUIDFH PRGLILFDWLRQ
RI WULER�PDWHULDOV �� 3URF� RI ,76&���� .REH� 0D\� �����
Û 9RO� �� Û 3� ���Ü����

�� =UHULV 5�� 1RZRWQ\ 6�� %HUJHU /��0�� +DPEROG /�� %H\HU
(� &KDUDFWHUL]DWLRQ RI FRDWLQJV GHSRVLWHG E\ ODVHU�DVVLVWHG
DWPRVSKHULF SODVPD VSUD\LQJ �� 3URF� RI 7KHUPDO 6SUD\
&RQI� ����� 2UODQGR� 86$� ����� Û 3� ���Ü����

�� &RGGHW &�� 0RQWDURQ *�� 0DUFKLRQH 7�� )UHQHDX[ 2� 6XU�
IDFH SUHSDUDWLRQ DQG WKHUPDO VSUD\ LQ D VLQJOH VWHS� WKH
3527$/ SURFHVV �� 3URF� RI ��WK ,76&� 1LFH� )UDQFH�
����� Û 9RO� �� Û 3� ����Ü�����

�� �ÈÏº�Ë¯äÒ�Ë°}ÒË ¹º}¯©�Ò« ÒÏ ¹º¯º�}ºm©² äÈ�Ë¯ÒÈãºm �
�� v� rº¯Ò°ºm� �� k� tÈ¯ãÈäºm� v� �� vÒ�º¯ËÓ}º� p� s�
k¯�È�ºm°}È«� v¹¯Èmº�ÓÒ}� Û zÒËm� sÈ�}� ��ä}È� �����
Û ��� °�

�� rº�È�Ë} {� ��� ¡©­ÒÓÈ �� s� zÈ�Ë°�mº ¹º}¯©�Ò®� ¹ºã��
�ËÓÓ©² äÒ}¯º¹ãÈÏäËÓÓ©ä ÓÈ¹©ãËÓÒËä �� km�ºäÈ�� °mÈ¯�
}È� Û ����� Û ¢ �� Û v� ��Ü���

�� sÈÓË°ËÓÒË �Ï}º¹ºãº°Ó©² ¹º}¯©�Ò® äË�º�ºä äÒ}¯º¹ãÈÏ�
äËÓÓº�º ÓÈ¹©ãËÓÒ« � �� v� rº¯Ò°ºm� �� s� �Ë¯ËmË¯ÏËm�
v� �� {º®ÓÈ¯ºmÒ�� {� �� rº­¯Ò} �� �Èä ÎË� Û ����� Û
¢ �� Û v� ��Ü���

�� tÈ°}ÒÓ {� ��� {ËãÒ�}º |� k� �¯º�Óº°�	 °�Ë¹ãËÓÒ« °ãº«�
ÓÈ¹ãÈmãËÓÓº�º ãÈÏË¯Ó©ä ÒÏã��ËÓÒËä� ° äË�Èããºä º°Óºm©
�� �Èä ÎË� Û ����� Û ¢ ���� Û v� ��Ü���

�� �ÈÏË¯ÓÈ« ÓÈ¹ãÈm}È �ÒãÒÓ�¯Ò�Ë°}Ò² �Ë�ÈãË® ¹º¯º�}ºm©�
äÒ äÈ�Ë¯ÒÈãÈäÒ � |� k� {ËãÒ�}º� �� n� km¯Èä�ËÓ}º�
j� {� lºã�ÈÓ� {� i� �ÈãÈäÈ¯��} �� �Èä ÎË� Û �����
Û ¢ �� Û v� ��Ü���

��� �¯ËÏËm k� s�� vÈÁºÓºm k� s� �¯Ë�ÒÓºº­¯ÈÏºmÈÓÒË Ò äÒ}�
¯º°�¯�}��¯È ²¯ºä­º¯ÓÒ}ËãËm©² °¹ãÈmºm� ÓÈ¹ãÈmãËÓÓ©² °
¹ºäº�	
 ãÈÏË¯È �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ �� Û
v� �Ü��

��� kÓÈãÒÏ �°ãºmÒ® º­¯ÈÏºmÈÓÒ« �¯Ë�ÒÓ ¹¯Ò ãÈÏË¯Óº® ÓÈ¹�
ãÈm}Ë ¹º¯º�}ºm °Ò°�Ëä© 1LÜ&UÜ%Ü6L � {� �� lº¯ºÏºm�
k� j� lÒ°
¯ºm� k� �� �¯Ò�º¯	«Ó� Ò �¯� �� �Èä ÎË� Û
����� Û ¢ �� Û v� ��Ü���

��� .RYDOHQNR 9�� +DVNLQ 9� 7KH VHOHFWLRQ RI VHOI�IOX[LQJ SRZ�
GHU PDWHULDOV IRU ODVHU FODGGLQJ �� ,QIRUPDW\VDWVL\D WD QRYL
WHNKQRORJLL� Û ����� Û ¢ �� Û 3� ��Ü���

��� lÈ®º¯ºm {� v�� lÈ�¯º°ºm l� �� {ãÒ«ÓÒË ¹ºmË¯²Óº°�Óº�
È}�ÒmÓ©² mË�Ë°�m ÓÈ �Ò�¯º�ÒÓÈäÒ}� ãÈÏË¯Óº�º ãË�Ò¯ºmÈ�
ÓÒ« äË�Èããºm �� zmÈÓ�� ªãË}�¯ºÓÒ}È� Û ����� Û ¢ ��
Û v� ���Ü����

��� �Ë²Óºãº�Ò�Ë°}Ò® &2��ãÈÏË¯ �� ��� äº�Óº°�	
 �� }{� �
{� �� �È¯È��}� {� i� bËã«�ÒÓ� |� z� sÈÏÈ¯ËÓ}º Ò �¯�
�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

7KH K\EULG SURFHVV LV VXJJHVWHG IRU ODVHU�PLFURSODVPD DOOR\LQJ DQG FRDWLQJ� 7KH SURFHVV LV IUHH IURP GUDZEDFNV RI ODVHU
FODGGLQJ DQG PLFURSODVPD VSUD\LQJ� 0DLQ SURFHVV SDUDPHWHUV� FKDUDFWHULVWLF VWUXFWXUH RI WKH WUDQVLWLRQ ]RQH DQG GLVWULEXWLRQ
RI PLFURKDUGQHVV KDYH EHHQ VWXGLHG�

IhklmibeZ \ j_^Zdpbx ����������

cÒ°� �� v�¯�}��¯È �º¯ºÎË} ãË�Ò¯ºmÈÓÒ« ²¯ºäºä ÓÈ v��¹° ­ËÏ
¹Ë¯Ë}¯©�Ò«� ��� �È� Ò ¯È°¹¯Ë�ËãËÓÒË äÒ}¯º�mË¯�º°�Ò ¹º
�ã�­ÒÓË K m �ËÓ�¯Èã	Óº® �È°�Ò �º¯ºÎË} �­�
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{� {� ilj�cjz� }ÈÓ�� �Ë²Ó� ÓÈ�} ��}¯� ÒÓÎ��¹Ë�� È}È��� �� tÈ¯	}ºm��

k� z� ¡kc�z� }ÈÓ�� �Ë²Ó� ÓÈ�} �jÓ�� ªãË}�¯º°mÈ¯}Ò Òä� p� |� �È�ºÓÈ sks �}¯ÈÒÓ©��

k� k� r��kp¡� }ÈÓ�� �Ë²Ó� ÓÈ�}� p� i� �cjs psz|� ÒÓÎ� �|k| ½��¯­ºÈ�ºä�� �� tÈ¯	}ºm�
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� Ë m © Ë ° ã º m È � °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ«� �Ë¹ãº�°�º®�Òm©Ë
°�ÈãÒ� ¹È¯º¹¯ºmº�©� ¹º¯©� ¯Ë°�¯° ª}°¹ã�È�È�ÒÒ� ¹ºm¯ËÎ�ÈË�
äº°�	� °�¯�}��¯È� ¹ºãÏ��Ë°�	

{ ÓÈ°�º«�ËË m¯Ëä« º°ÓºmÓÈ« �È°�	 ��º �� �� º­º�
¯��ºmÈÓÒ« Ò �¯�­º¹¯ºmº�ºm �wv Ò �w¡ Ò°�Ë¯¹ÈãÈ

¹¯ºË}�Ó©® °¯º} °ã�Î­© ���� �©°� �� Ò �È°�Ò�Óº

��º �� �� ¹È¯}ºm©® ¯Ë°�¯° �­ºãËË ��� �©°� ��

>�@� { °m«ÏÒ ° ª�Òä mÈÎÓº® Ò È}��Èã	Óº® ¹¯º­ãËäº®

«mã«Ë�°« º­Ë°¹Ë�ËÓÒË Ò² ª}°¹ã�È�È�ÒºÓÓº® ¯È­º�

�º°¹º°º­Óº°�Ò Ò ÓÈ�ËÎÓº°�Ò�

iã« º¹¯Ë�ËãËÓÒ« º°�È�º�Óº�º ¯Ë°�¯°È °mÈ¯Ó©²

°ºË�ÒÓËÓÒ® �¯�­ ¹È¯º¹¯ºmº�ºm� }¯ºäË äË�º�ºm ¯È°�

�Ë�È ¹º ÓºäÒÓÈã	Ó©ä ÓÈ¹¯«ÎËÓÒ«ä� m ¹º°ãË�ÓËË

m¯Ëä« �Ò¯º}º Ò°¹ºã	Ï�
� äË�º� º�ËÓ}Ò ¹º °�¯�}�

��¯Óºä� ÁÈ}�º¯�� �ã« }º�º¯º�º º°ÓºmÓ©ä ¹º}È�

ÏÈ�ËãËä «mã«Ë�°« äÒ}¯º¹ºm¯ËÎ�ËÓÓº°�	 äË�ÈããÈ�

È ÁÈ}�ã	�È�ÒmÓ©ä Û Ë�º äÒ}¯º°�¯�}��¯È�

�ºm¯ËÎ�ËÓÒ« m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«² Û º�ÒÓ

ÒÏ º°ÓºmÓ©² ÁÈ}�º¯ºm� mãÒ«
�Ò² ÓÈ °ÓÒÎËÓÒË

¯Ë°�¯°È ª}°¹ã�È�È�ÒÒ �¯�­º¹¯ºmº�ºm ªÓË¯�º­ãº}ºm

�wv� zÈ} ¹¯ÈmÒãº� ¯Ë°�¯° °mÈ¯Ó©² °ºË�ÒÓËÓÒ®

�¯�­ °º°�Èmã«Ë� ���…��� ¯Ë°�¯°È º°ÓºmÓº�º äË�

�ÈããÈ >�@� �ºm¯ËÎ�ËÓÒ« °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �¯�­

¹È¯º¹¯ºmº�ºm ¯ÈÏmÒmÈ
�°« ¹º ¯ÈÏãÒ�Ó©ä äË²ÈÓÒÏ�

äÈä� �¯Ò �ãÒ�Ëã	Óº® ª}°¹ã�È�È�ÒÒ ¹È¯º¹¯ºmº�ºm

ÒÏ �Ë¹ãº�°�º®�Òm©² °�ÈãË® °Ò°�Ëä© vUÜ0RÜ9 �ÓÈ�

¯È­º�}È °m©�Ë ��� �©°� �� º°ÓºmÓ©ä mÒ�ºä ¹ºm�

¯ËÎ�ËÓÒ® °mÈ¯Ó©² °ºË�ÒÓËÓÒ® «mã«
�°« äÒ}¯º�

�¯Ë�ÒÓ© ¹ºãÏ��Ë°�Ò >�@� }º�º¯©Ë ÏÈ¯ºÎ�È
�°« Ò

¯ÈÏmÒmÈ
�°« ¹¯ËÒä��Ë°�mËÓÓº ÓÈ ��È°�}Ë ÓË¹ºãÓº®

¹Ë¯Ë}¯Ò°�ÈããÒÏÈ�ÒÒ äË�ÈããÈ ÏºÓ© �Ë¯äÒ�Ë°}º�º

mãÒ«ÓÒ« �~�{�� ¹º�mË¯�È
�Ëä°« ¹¯Ò °mÈ¯}Ë ÓÈ��

¯Ëm� m äËÎ}¯Ò�Ò�Ë°}ºä ÒÓ�Ë¯mÈãË �Ëä¹Ë¯È��¯
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� �¯Ò ª�ºä m ¹¯º�Ë°°Ë ¯ÈÏmÒ�Ò« ¹ºm¯ËÎ�ËÓÒ®

äºÎÓº m©�ËãÒ�	 ÓË°}ºã	}º °�È�Ò® >�� �Ü�@�

¹º��º�ºmÒ�Ëã	Ó�
 �ÓÈ�Èã	Ó�
�� }º��È ÒÏäËÓË�

ÓÒ« äÒ}¯º°�¯�}��¯© ÓË ¹¯Òmº�«� } ÏÈ¯ºÎ�ËÓÒ


äÒ}¯º¹ºm¯ËÎ�ËÓÒ®�

ÒÓ}�­È�ÒºÓÓ�
� }º��È Áº¯äÒ¯�
�°« äÒ}¯º¹º�

¯© ¹ºãÏ��Ë°�Ò ¯ÈÏäË¯ºä ����…���� ä}ä� }º�º¯©Ë
äºÎÓº m©«mÒ�	 ° ¹ºäº�	
 ªãË}�¯ºÓÓº�º äÒ}¯º°�
}º¹È�

¹º«mãËÓÒË äÒ}¯º¹ºm¯ËÎ�ËÓÒ® m mÒ�Ë ¹º¯ ¹ºã�
Ï��Ë°�Ò ¯ÈÏäË¯ºä �… � ä}ä Ò ­ºãËË �ÓÈ­ã
�ÈË�°«
�È}ÎË Áº¯äÒ¯ºmÈÓÒË �Ë¹º�Ë} ¹º¯� Ò² °ãÒ«ÓÒË Ò
º­¯ÈÏºmÈÓÒË äÒ}¯º�¯Ë�ÒÓ� ¹¯Ò ª�ºä ÓÈ ��È°�}Ë
¹ºm¯ËÎ�ËÓÒ« ÒäËË� äË°�º ÏÓÈ�Ò�Ëã	ÓÈ« �Ë�¯È�È�Ò«
äÒ}¯º°�¯�}��¯© äË�ÈããÈ��

¡Ëã	
 ÓÈ°�º«�Ë® ¯È­º�© «mã«Ë�°« º�ËÓ}È º°�
�È�º�Óº�º ¯Ë°�¯°È °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �¯�­ ¹È�
¯º¹¯ºmº�ºm °mËÎË�º ¹È¯È ������� ää� Ò �º¯«�Ë�º
¹¯ºäËÎ��º�Óº�º ¹Ë¯Ë�¯ËmÈ ������� ää� ÒÏ °�ÈãÒ
��t�l�n ÓÈ ~È¹º¯ºÎ°}º® �wv ¹º°ãË Ò² ª}°�
¹ã�È�È�ÒÒ °m©�Ë ��� �©°� �� �¯Ò ª�ºä Ò°¹ºã	�
ÏºmÈãÒ äË�º� º�ËÓ}Ò ¹º °�¯�}��¯Óºä� ÁÈ}�º¯�
ÓÈ º°ÓºmË Ò°°ãË�ºmÈÓÒ® äÒ}¯º°�¯�}��¯© Ò °mº®°�m
äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �¯�­ ¹È¯º¹¯ºmº�ºm
ÒÏ �}ÈÏÈÓÓº® °�ÈãÒ�

tÒäÒ�Ë°}Ò® °º°�Èm º°ÓºmÓº�º Ò ÓÈ¹ãÈmãËÓÓº�º
äË�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ ��t�l�n ¹¯Ò�
mË�ËÓ m �È­ã� ��

cÈ°�Ë�Ó©® ¯Ë°�¯°� ¹¯Ë��°äÈ�¯ÒmÈ
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�Ò² Áº¯äÒ¯ºmÈÓÒË äËã}ºÏË¯ÓÒ°�º®
°�¯�}��¯© äË�ÈããÈ �mÈ� °º°�º«�Ë® ÒÏ ¯ÈmÓºº°Ó©²
¯ÈÏº¯ÒËÓ�Ò¯ºmÈÓÓ©² ÏË¯ËÓ� z¯ºäË �º�º� �°�ÈÓºmãËÓº�
��º ¯ÈÏäË¯ ÓËäË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® m äË�ÈããË
�mÈ� °ºº�mË�°�m�
�Ò® ­Èãã� � ��|v� ����Ü����
¹º°ãË ��� �©°� � ÓÈ¯È­º�}Ò °¹º°º­°�m�Ë� º­¯ÈÏº�
mÈÓÒ
 ¹º¯ ¹ºãÏ��Ë°�Ò� m °m«ÏÒ ° ª�Òä mºÏÓÒ}ÈË�
ÓËº­²º�Òäº°�	 °ÓÒÎËÓÒ« }ºãÒ�Ë°�mÈ �È}Ò² m}ã
�
�ËÓÒ® >��@�

z¯È�}ºm¯ËäËÓÓ©Ë äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ º­¯ÈÏ�
�ºm� m©¯ËÏÈÓÓ©² ÒÏ äË�ÈããÈ �mÈ �¯�­ ¹È¯º¹¯º�
mº�ºm °mËÎË�º ¹È¯È ¹º°ãË ��� �©°� � ª}°¹ã�È�È�ÒÒ
�¯Ò°� ��� ÓÒÎË Ò°²º�Ó©²� ��º °º�ãÈ°�Ë�°« ° �ÈÓ�

Ó©äÒ ¯È­º� >�� �@� σm  ��� l�È� σ�  ��� l�È�

δ  ���� �� ψ  ���� �� .&8  �� iÎ�°ä� �z&8
º­¯ÈÏ�ºm ¯ÈÏäË¯ºä ������ ää� m©¯ËÏÈÓÓ©² ÒÏ ¹È�
¯º¹¯ºmº�ºm ¹º ��È°�}� °¹ãÈmãËÓÒ« �¯Ò°� ��� ÓÈ�
²º�Ò�°« ÓÈ �¯ºmÓË �� }iÎ�°ä���

iã« º�ËÓ}Ò º°�È�º�Óº�º ¯Ë°�¯°È Ò°°ãË�ºmÈÓÓ©²
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ¹È¯º¹¯ºmº�ºm Ò°¹ºã	ÏºmÈÓÈ
äË�º�Ò}È� º¹Ò°ÈÓÓÈ« m ¯È­º�Ë >�@� vº�ãÈ°Óº �ÈÓÓº®
äË�º�Ò}Ë m }È�Ë°�mË }¯Ò�Ë¯ÒËm ¹¯Ë�ãÈ�ÈË�°« }¯Ò�
�Ò�Ë°}È« ¹ºm¯ËÎ�ËÓÓº°�	 ¹º¯ÈäÒ I}¯Ò�� ¹¯Ò }º�
�º¯º® �¯Ë­�Ë�°« ª}°�¯ËÓÓÈ« ÏÈäËÓÈ ªãËäËÓ�ºm �¯��
­º¹¯ºmº�ºm� È �È}ÎË ¹¯Ë�Ëã	Óº �º¹�°�ÒäÈ« ¹ºm�
¯ËÎ�ËÓÓº°�	 ¹º¯ÈäÒ I¹¯Ë�� ¹¯Ò }º�º¯º® ÓËº­²º�Ò�
äÈ ¹ãÈÓºmÈ« ÏÈäËÓÈ ¹ºm¯ËÎ�ËÓÓ©² ªãËäËÓ�ºm ÏÈ

¹Ë¯Òº� m¯ËäËÓÒ ÓË ­ºãËË τ
�º¹  τ�I}¯Ò�� Ü� τ�I¹¯Ë���

z¯Ò�Ò�Ë°}�
 Ò ¹¯Ë�Ëã	Óº �º¹�°�Òä�
 ¹ºm¯ËÎ�ËÓ�
Óº°�	 º¹¯Ë�Ëã«
� ° ��Ë�ºä °�¯�}��¯Óº�º °º°�º«ÓÒ«
äË�ÈããÈ� iã« m©�Ò°ãËÓÒ« m¯ËäËÓÒ º°�È�º�Óº® ¯È�
­º�© Ò°°ãË��Ëäº�º °mÈ¯Óº�º °ºË�ÒÓËÓÒ« �º Ë�º }¯Ò�
�Ò�Ë°}º® ¹ºm¯ËÎ�ËÓÓº°�Ò ÓËº­²º�Òäº ¹¯ºmË°�Ò
¯È°�Ë� }ºªÁÁÒ�ÒËÓ�È ÏÈ¹È°È m¯ËäËÓÒ zτ�

.τ =
����τ}¯Ò�

τ
Ü O�

�¯Ò ª�ºä m¯Ëä« º°�È�º�Óº® ¯È­º�© �º }¯Ò�Ò�

�Ë°}º® �ºã�ºmË�Óº°�Ò °º°�Èmã«Ë� τ
�º¹  τzτ� { °º�

º�mË�°�mÒÒ ° �}ÈÏÈÓÓ©äÒ �°ãºmÒ«äÒ ¹¯Ë�ãºÎËÓÈ
�}ÈãÈ ¯È°�Ë�È }ºªÁÁÒ�ÒËÓ�È ÏÈ¹È°È m¯ËäËÓÒ �º
}¯Ò�Ò�Ë°}º® ¹ºm¯ËÎ�ËÓÓº°�Ò >�@�

�¯ÒmË�ËÓÓ�
 �}Èã� äºÎÓº Ò°¹ºã	ÏºmÈ�	 �ã«
¯È°�Ë�È º°�È�º�Óº® �ºã�ºmË�Óº°�Ò ¹º ¹ºm¯ËÎ�ËÓ�
Óº°�Ò äË�ÈããÈ ¹º¯ÈäÒ�

iã« �ÈÓÓº�º }ºÓ}¯Ë�Óº�º °ã��È« ¹¯Ò º�ËÓ}Ë
¯Ë°�¯°È ¹È¯º¹¯ºmº�È ÒÏ °�ÈãÒ ��t�l�n �°�ÈÓºm�
ãËÓº º­¯ÈÏºmÈÓÒË ¹º¯ ¯ÈÏäË¯ºä °m©�Ë � ää� �Ë�
¹º�Ë} ¹º¯ Ò ÏÈ¯º�©�Ë® äÒ}¯º�¯Ë�ÒÓ m äË�ÈããË

I� � ���� ���� ���� ���� ���� ���� ���� ����

τ�τ
}¯Ò�

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

zτ ���� ���� ���� ���� ���� ���� � �

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË äÒ}¯º�mË¯�º°�Ò +9 m äË�ÈããË °mÈ¯Óº�º
°ºË�ÒÓËÓÒ«

cÒ°� �� v²Ëä© m©¯ËÏ}Ò º­¯ÈÏ�ºm �ã« Ò°¹©�ÈÓÒ® ÓÈ ��È¯Ó©® ÒÏ�Ò­ �zv8� ÒÏ äË�ÈããÈ °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ¹È¯º¹¯ºmº�È ��È°�}È
°¹ãÈmãËÓÒ« �È� Ò äË�ÈããÈ �mÈ �­�� � Û º­¯ÈÏË� lËÓÈÎË� � Û º°ÓºmÓº® äË�Èãã� � Û �ºm� � Û äË°�È ÏÈäË¯ºm äÒ}¯º�mË¯�º°�Ò

�� ������



�mÈ� ~�{ Ò º°ÓºmÓºä äË�ÈããË� �¯Ò ª�ºä ¯È°�Ë�ÓÈ«
¹ºm¯ËÎ�ËÓÓº°�	 I °º°�Èmã«Ë� ­ºãËË ���� �� �º��È
º°�È�º�Ó©® ¯Ë°�¯° ªãËäËÓ�ºm ¹È¯º¹¯ºmº�È äºÎÓº
º¹¯Ë�ËãÒ�	 }È}

τ
�º¹  τ.τ  ������.τ�

{ °ºº�mË�°�mÒÒ ° ¹¯ÒmË�ËÓÓº® �}Èãº® ¯È°�Ë�È
¹¯Ò ¹ºm¯ËÎ�ËÓÓº°�Ò I  ���� � .τ  �� �� Ë�

º°�È�º�Ó©® ¯Ë°�¯° τ�º¹ ¹ºãÓº°�	
 Ò°�Ë¯¹ÈÓ� �È}Òä
º­¯ÈÏºä� Ò°°ãË�ºmÈÓÓ©Ë ªãËäËÓ�© ¹È¯º¹¯ºmº�È ÒÏ
°�ÈãÒ ��t�l�n m �Èã	ÓË®�Ëä ª}°¹ã�È�Ò¯ºmÈ�	�
°« ÓË äº��� Ò ¹º�ãËÎÈ� ª}°�¯ËÓÓº® ÏÈäËÓË�

{©mº�©

�� j°°ãË�ºmÈÓ© °�¯�}��¯È Ò °mº®°�mÈ °mÈ¯Ó©² °º�
Ë�ÒÓËÓÒ® �¯�­ ¹È¯º¹¯ºmº�ºm °mËÎË�º ¹È¯È ÒÏ °�ÈãÒ
��t�l�n ° ÓÈ¯È­º�}º® °m©�Ë ��� �©°� �� �º°ãË
�}ÈÏÈÓÓº® ÓÈ¯È­º�}Ò °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ« �¯�­ ¹È�
¯º¹¯ºmº�ºm ÒäË
� ¹ºm¯ËÎ�ËÓÒ« �¹º¯©� �Ë¹º�}Ò
¹º¯� äÒ}¯º�¯Ë�ÒÓ©� m äË�ÈããË �mÈ� ÓÈ ��È°�}Ë
ÓË¹ºãÓº® ¹Ë¯Ë}¯Ò°�ÈããÒÏÈ�ÒÒ ~�{ Ò m º°ÓºmÓºä
äË�ÈããË� �¯Ò ª�ºä ¯È°�Ë�ÓÈ« ¹ºm¯ËÎ�ËÓÓº°�	 äË�
�ÈããÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °º°�Èmã«Ë� ­ºãËË ���� ��

�� sÈ º°ÓºmÈÓÒÒ ¹ºã��ËÓÓ©² ¯ËÏ�ã	�È�ºm
º¹¯Ë�ËãËÓº� ��º Ò°°ãË�ºmÈÓÓ©Ë °mÈ¯Ó©Ë °ºË�ÒÓË�
ÓÒ« ¹È¯º¹¯ºmº�È ÓË äº��� ­©�	 �º¹��ËÓ© } �Èã	�
ÓË®�Ë® ª}°¹ã�È�È�ÒÒ Ò ¹º�ãËÎÈ� ª}°�¯ËÓÓº®
ÏÈäËÓË�

�� bË­Ë¯°�ºm k� s� vº°�º«ÓÒË �Ë¹ãºm©² ªãË}�¯º°�ÈÓ�Ò®
�}¯ÈÒÓ©� ¹Ë¯°¹Ë}�Òm© Ò² º­ÓºmãËÓÒ« Ò äº�Ë¯ÓÒÏÈ�ÒÒ
�� wÓË¯�Ë�Ò}È Ò ªãË}�¯ÒÁÒ}È�Ò«� Û ����� Û ¢ ��� Û
v� ����

�� t¯ºä�ËÓ}º n� k� cË°�¯° °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ¹È¯º¹¯ºmº�
�ºm� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� �ºÁäÈÓ �� l� iãÒ�Ëã	ÓÈ« ¹¯º�Óº°�	 }È} }¯Ò�Ë¯Ò® ª}°�
¹ã�È�È�ÒºÓÓº® ÓÈ�ËÎÓº°�Ò äË�ÈããÈ ¹È¯º¹¯ºmº�ºm ��
�Ë¹ãºªÓË¯�Ë�Ò}È� Û ����� Û ¢ �� Û v� ��Ü���

�� �
¯ÒÓ �� Ð�� ��ã«Ëm {� s� |­ �mËãÒ�ËÓÒÒ °¯º}È °ã�Î­©
ªãËäËÓ�ºm �Ë¹ãºªÓË¯�Ë�Ò�Ë°}º�º º­º¯��ºmÈÓÒ«� ¯È­º�È
�
�Ò² m �°ãºmÒ«² ¹ºãÏ��Ë°�Ò äË�ÈããÈ �� �Èä ÎË� Û �����
Û ¢ �� Û v� �Ü��

�� kÓº²ºm k� p�� kãË²ºmÈ j� k� sÈ}º¹ãËÓÒË ¹ºm¯ËÎ�ËÓÒ® m
°mÈ¯Ó©² °ºË�ÒÓËÓÒ«² ¹È¯º¹¯ºmº�ºm ÒÏ °�ÈãÒ ��t�ln m
¹¯º�Ë°°Ë ¹ºãÏ��Ë°�Ò �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��
Û v� ��Ü���

�� rË¯ËÏÒÓÈ �� �� v�¯�}��¯Ó©® äË�º� º¹¯Ë�ËãËÓÒ« º°�È�º��
Óº�º ¯Ë°�¯°È �Ë�ÈãË® �ãÒ�Ëã	Óº ¯È­º�È
�Ò² ¹È¯º¹¯ºmº�
�ºm �� �Ë¹ãºªÓË¯�Ë�Ò}È� Û ����� Û ¢ �� Û v� ��Ü���

�� cºÏËÓ­Ë¯� {� l� �ºãÏ��Ë°�	 äË�ÈããÈ� Û l�� lË�Èãã�¯�
�Ò«� ����� Û ��� °�

�� ci ���������Ü��� �Ò¹ºmÈ« ÒÓ°�¯�}�Ò« ¹º }ºÓ�¯ºã
 Ò
¹¯º�ãËÓÒ
 °ã�Î­© äË�ÈããÈ º°ÓºmÓ©² ªãËäËÓ�ºm }º�ãºm�
��¯­ÒÓ Ò �¯�­º¹¯ºmº�ºm �Ë¹ãºm©² ªãË}�¯º°�ÈÓ�Ò®� Û l��
vã�Î­È ¹Ë¯Ë�ºmº�º º¹©�È |c�cwv� ����� Û �� °�

�� kÓ�Ò}È®Ó �� k� |­Ë°¹Ë�ËÓÒË ÓÈ�ËÎÓº® ª}°¹ã�È�È�ÒÒ }º��
ãºm� °º°��ºm Ò �¯�­º¹¯ºmº�ºm ¹º°ãË Ò°�Ë¯¹ÈÓÒ« ¹¯ºË}�Óº�
�º °¯º}È °ã�Î­© �� �Ë¹ãºªÓË¯�Ë�Ò}È� Û ����� Û ¢ ���
Û v� �Ü��

��� ~ËäÏÒÓ {� s�� b¯ºÓ c� ~� ���Ò ¹ºm©�ËÓÒ« ª}°¹ã�È�È�
�ÒºÓÓº® ÓÈ�ËÎÓº°�Ò Ò �mËãÒ�ËÓÒ« ¯Ë°�¯°È °mÈ¯Ó©² °ºË�Ò�
ÓËÓÒ® �Ë¹ãºªÓË¯�Ë�Ò�Ë°}º�º º­º¯��ºmÈÓÒ« �� �Èä ÎË� Û
����� Û ¢ �� Û v� �Ü��

��� lË�Èããº�¯ÈÁÒ« ÎËãËÏÈ�  � �� v�¯�}��¯È °�ÈãË® ° È�ãÈ°ºä
äÒ}¯ºÁº�º�¯ÈÁÒ® � �º� ¯Ë�� n� s� �ÈmÈ�ÏË� Û l�� lË�
�Èãã�¯�Ò«� ����� Û ��� °�

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

��� iäÒ�¯Ò} {� {�� zÈãÒÓÒ�ËÓ}º {� j� lº�ËãÒ¯ºmÈÓÒË ¹¯º�
�Ë°°È ªãË}�¯º���ºmº® °mÈ¯}Ò �� jÏm� m�Ïºm� lÈ�ÒÓº°��
¯ºËÓÒË� Û ����� Û ¢ �� Û v� ��Ü���

��� iäÒ�¯Ò} {� {� lº�ËãÒ¯ºmÈÓÒË °�¯�}��¯© °mÈ¯Ó©² °ºË�Ò�
ÓËÓÒ® �Ë¹ãº�°�º®�Òm©² ¹Ë¯ãÒ�Ó©² °�ÈãË® �� km�ºäÈ��
°mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

��� ¡È¯
} k� z� |°º­ËÓÓº°�Ò mãÒ«ÓÒ« Áº°Áº¯È ÓÈ ¯ÈÏäË¯ ÓË�
äË�ÈããÒ�Ë°}Ò² m}ã
�ËÓÒ® Ò °mº®°�mÈ �mºm °ºË�ÒÓËÓÒ®
�Ë¹ãº�°�º®�Òmº® °�ÈãÒ �� �Èä ÎË� Û ����� Û ¢ �� Û
v� ��Ü���

6WUXFWXUH DQG SURSHUWLHV RI ZHOGHG MRLQWV LQ KHDW�UHVLVWDQW VWHHO ��.K�0�) DIWHU ORQJ�WLPH RSHUDWLRQ DUH GHVFULEHG� $Q

HVWLPDWH RI GDPDJHDELOLW\ RI WKH MRLQWV DQG D QHJDWLYH IRUHFDVW RI IXUWKHU RSHUDWLRQ DUH JLYHQ�

IhklmibeZ \ j_^Zdpbx �����������

\ hdhgqZl_evghf \ZjbZgl_ ����������

����������	
������
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  ¯ÃËÐ�¯ÌÀÃÆÎÃ �ªÌËÎÃ¾ÉÚ� ¨¾Ë¾Â¾� ��w�� ÌÈÐÝ¿ÎÝ ���� Á� ÏÌÏÐÌÆÐÏÝ ��Ç ªÃÄÂÑË¾ÎÌÂËÙÇ ÏÆÊÍÌ�

ÅÆÑÊ ÍÌ ÏÀ¾ÎÈÃ ÐÎÃËÆÃÊ Ï ÍÃÎÃÊÃÖÆÀ¾ËÆÃÊ �)6:�� ¬ÂËÌÀÎÃÊÃËËÌ ¿ÑÂÃÐ ÍÎÌÓÌÂÆÐÚ ��Ç ÏÃÊÆË¾Î

©ÆÔÃËÅÆÌËËÌÇ ¾ÏÏÌÔÆ¾ÔÆÆ ÍÌ ÏÀ¾ÎÈÃ ÐÎÃËÆÃÊ Ï ÍÃÎÃÊÃÖÆÀ¾ËÆÃÊ ��� ÌÈÐÝ¿ÎÝ ���� Á���

°ÃÊ¾ÐÆÈ¾ ÏÆÊÍÌÅÆÑÊ¾�

• °ºmË¯�ËÓ°�mºmÈÓÒË �Ë²Óºãº�Ò�Ë°}Ò² ¹¯º�Ë°°ºm

• °ºmË¯�ËÓ°�mºmÈÓÒË äË�º�ºm äº�ËãÒ¯ºmÈÓÒ« Ò �Ëº¯ÒÒ

• }ºÓ°�¯�Ò¯ºmÈÓÒË ° ¹ºäº�	
 )6:

• Óºm©Ë ¹¯ºä©�ãËÓÓ©Ë ¹¯ÒäËÓËÓÒ« )6:

• º°ÓºmÓ©Ë °mÈ¯ÒmÈËä©Ë äË�Èãã©

• �º�Ë�ÓÈ« )6:

• äÒ}¯º°�¯�}��¯È Ò äË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ

• }ºÓ�¯ºã	 }È�Ë°�mÈ

• ÒÏ��ËÓÒË }º¯¯ºÏÒÒ

cËÁË¯È�© �º}ãÈ�ºm °ãË��Ë� ÓÈ¹¯Èmã«�	 �º �� ÁËm¯Èã« ¹º È�¯Ë°��
5DFKHO :DOO� 0HHWLQJV 6HFWLRQ� 7:, /WG�� *UDQWD 3DUN� &UHDW $ELQJWRQ� &DPEULGJH &%� �$/� 8.�

7HO� ������ ���� ������� (�PDLO� UDFKHO�ZDOO#WZL�FR�XN� )D[� ������ ���� ������

������ ��
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�� ij��kq� ¹¯ºÁ�� k� {� ��lps�z� ��¯�ÒÓÎ� �jÓ�� °mÈ¯}Ò cË®Ó°}º�{Ë°�ÁÈã	°}º® m©°�� �Ë²Ó� �}�� kÈ²ËÓ� �Ë¯äÈÓÒ«��

�� k� ��cj js� ��¯ �Ë²Ó� ÓÈ�} �v���Ë�Ë¯­�¯�� �º°� ¹ºãÒ�Ë²Ó� �Ó��� cn�
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ÓËÓÈ ª}°¹Ë¯ÒäËÓ�Èã	ÓÈ« ªãË}�¯ºÓÓº�ã��ËmÈ« °mÈ¯�
}È º­¯ÈÏ�ºm �ºã�ÒÓº® �� ää ÒÏ ÓÒÏ}ºãË�Ò¯ºmÈÓ�
Óº® °�ÈãÒ 6���4/� |­¯ÈÏ�© °mÈ¯ÒmÈãÒ m°�©} ¹¯Ò
�º}Ë ã��È �� äk� �°}º¯«
�Ëä ÓÈ¹¯«ÎËÓÒÒ ��� }{
Ò ¹ºmË¯²Óº°�Óº® Áº}�°Ò¯ºm}Ë ¹��}È ÓÈ ¯È°°�º«ÓÒÒ
��� ää� v}º¯º°�	 °mÈ¯}Ò °º°�Èmã«ãÈ � ää�°� ��º
°ºº�mË�°�mºmÈãº m¯ËäËÓÒ º²ãÈÎ�ËÓÒ« W���  � °
ÓÈ °¯Ë�ÓËä ��È°�}Ë ~�{� �°�ÈÓºmãËÓº� ��º ª�º�
¹È¯ÈäË�¯ ÏÈmÒ°Ò� º� ¯È°°�º«ÓÒ« º� ãÒÓÒÒ °¹ãÈm�
ãËÓÒ« m ÓËÏÓÈ�Ò�Ëã	Óº® °�Ë¹ËÓÒ� jÏäË¯ËÓÒË äÒ}�
¯º�mË¯�º°�Ò äË�ÈããÈ °mÈ¯Óº�º �mÈ Ò ~�{

cÒ°� �� z¯Òm©Ë ÒÏº� ��� Ò ÈÓÒÏº�Ë¯äÒ�Ë°}º�º ��� ¹¯Ëm¯È�ËÓÒ®�
¹ºã��ËÓÓ©Ë �ã« äº�Ëã	Óº® ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ� °º�Ë¯ÎÈ�
�Ë® ��� � &

cÒ°� �� jÏäËÓËÓÒË }ºÓ�ËÓ�¯È�ÒÒ ��ãË¯º�È m �ËÓ�¯Ë ½­©m�Ë�º�
�ËäËÓ�Ò�Óº�º m}ã
�ËÓÒ« ¯ÈÏäË¯ºä ��� ä}ä� ¯È°¹Èm�Ë�º°« m ¹¯º�
�Ë°°Ë mºÏ�Ë®°�mÒ« °mÈ¯º�Óº�º �Ë¯äÒ�Ë°}º�º �Ò}ãÈ� ÓÈ º­¯ÈÏË� ÒÏ
äº�Ëã	Óº® ÓÒÏ}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ ° ��� � & m ÏÈmÒ°Òäº°�Ò º�
äÈ}°ÒäÈã	Óº® �Ëä¹Ë¯È��¯© ÓÈ�¯ËmÈ� �Û 7PD[  ���� �Û �����
� Û ���� Åv

cÒ°� �� {ãÒ«ÓÒË ÓÈ�Èã	Óº® }ºÓ�ËÓ�¯È�ÒÒ ��ãË¯º�È ÓÈ °�mÒ� }¯Ò�
m©² ¹¯Ëm¯È�ËÓÒ« ¹¯Ò ÒÏäËÓËÓÒÒ äÈ}°ÒäÈã	Óº® �Ëä¹Ë¯È��¯©
ÓÈ�¯ËmÈ º� ���� �º ��� Åv� � Û &LQLW  ���� � Û ���� � Û ��� �

������ ��



°mÒ�Ë�Ëã	°�m�Ë� º ÓÈãÒ�ÒÒ ¹Ë¯Ë²º�È º� äÈ¯�ËÓ�
°Ò�Óº® } ­Ë®ÓÒ�Óº® äÒ}¯º°�¯�}��¯Ë ¹º äË¯Ë ��È�
ãËÓÒ« º� ãÒÓÒÒ °¹ãÈmãËÓÒ«� ��º ¹º��mË¯Î�ÈË�°«
¯ËÏ�ã	�È�ÈäÒ äË�Èããº�¯ÈÁÒ�Ë°}º�º ÈÓÈãÒÏÈ
�¯Ò°� �� ���

v ¹ºäº�	
 �Ë¯äºäË²ÈÓÒ�Ë°}º�º äº�ËãÒ¯ºmÈ�
ÓÒ« ÓÈ �°�ÈÓºm}Ë ½*/((%/( ����� ¹��Ëä �ÒãÈ�
�ºäË�¯Ò�Ë°}º�º Ò äË�Èããº�¯ÈÁÒ�Ë°}º�º ÈÓÈãÒÏÈ º­�
¯ÈÏ�ºm ¹ºã��ËÓ© }¯Òm©Ë ÈÓÒÏº�Ë¯äÒ�Ë°}Ò² ¹¯Ëm�
¯È�ËÓÒ® �ã« �°ãºmÒ®�ÒäÒ�Ò¯�
�Ò² �°ãºmÒ« �Ë¯�
äÒ�Ë°}º�º �Ò}ãÈ ¹¯Ò ã��Ëmº® °mÈ¯}Ë� sÈ ¯Ò°� ��

¹¯Ë�°�ÈmãËÓ© }¯Òm©Ë ¹¯Ëm¯È�ËÓÒ«� °ºº�mË�°�m�
�
�ÒË �¯Ëä ¯ÈÏãÒ�Ó©ä äÈ}°ÒäÈã	Ó©ä �Ëä¹Ë¯È��¯Èä
ÓÈ�¯ËmÈ� sÈ­ã
�ÈËäÈ« �ËÓ�ËÓ�Ò« °�mÒ�È }¯Òm©²
¹º��mË¯Î�ËÓÈ ª}°¹Ë¯ÒäËÓ�Èã	Óº� sË}º�º¯ºË ¯È°�
²ºÎ�ËÓÒË äËÎ�� ¯ËÏ�ã	�È�ÈäÒ ª}°¹Ë¯ÒäËÓ�ºm Ò
¹ºã��ËÓÓ©äÒ ¯È°�Ë�Ó©ä ¹��Ëä º­�«°Ó«Ë�°« ­ºãËË
°ãºÎÓ©ä ²ÒäÒ�Ë°}Òä °º°�Èmºä ¯ËÈã	Óº® °�ÈãÒ Ò
mãÒ«ÓÒËä äÈ¯�ÈÓ�È� È �È}ÎË �¯��Ò² ãË�Ò¯�
�Ò²
ªãËäËÓ�ºm �¹º°ãË�ÓËË m ÓÈ°�º«�Ë® ¯È­º�Ë ÓË ¯È°�
°äÈ�¯ÒmÈãº°	��

jÏ ÒÏãºÎËÓÓº�º m©�Ë °ãË��Ë����º ¯ÈÏ¯È­º�ÈÓ�
ÓÈ« äÈ�ËäÈ�Ò�Ë°}È« äº�Ëã	� º°ÓºmÈÓÓÈ« ÓÈ ¯Ë�Ë�
ÓÒÒ ÏÈ�È� �ÒÁÁ�ÏÒÒ Ò }ÒÓË�Ò}Ò ²ÒäÒ�Ë°}º® ¯Ë�
È}�ÒÒ ° ��Ë�ºä mÏÈÒäÓº�º mãÒ«ÓÒ« m}ã
�ËÓÒ®�
¹ºÏmºã«Ë� º¹Ò°È�	 ¹¯º�Ë°°© ¯º°�È �ËäËÓ�Ò�È Ò ¹Ë�

¯Ë¯È°¹¯Ë�ËãËÓÒ« ��ãË¯º�È m α�ÁÈÏË� cÈ°�Ë�Ó©Ë
¯ÈÏäË¯© �ËäËÓ�Ò�Ó©² m}ã
�ËÓÒ® °ºº�mË�°�m�
�
ª}°¹Ë¯ÒäËÓ�Èã	Ó©ä�

v ¹ºäº�	
 ¯ÈÏ¯È­º�ÈÓÓº® äº�ËãÒ äºÎÓº ¹º�
ã��Ò�	 ¹È¯ÈäË�¯Ò�Ë°}ºË º¹Ò°ÈÓÒË }¯Òm©² ÒÏº� Ò
ÈÓÒÏº�Ë¯äÒ�Ë°}º�º ¹¯Ëm¯È�ËÓÒ®� �¯Ë�ãÈ�ÈËäÈ«
äº�Ëã	�º°ÓºmÈÓÓÈ« ÓÈ ÓË­ºã	�ºä }ºãÒ�Ë°�mË ÁÒ�
ÏÒ�Ë°}Ò ÒÓ�Ë¯¹¯Ë�Ò¯�Ëä©² ¹È¯ÈäË�¯ºm� ¹ºÏmº�
ã«Ë� ��Ë°�	 mãÒ«ÓÒË ÓÈ�Èã	Óº® °�¯�}��¯© äÈ�Ë�
¯ÒÈãÈ Ò ¹È¯ÈäË�¯ºm °mÈ¯º�Óº�º �Ë¯äÒ�Ë°}º�º �Ò}�
ãÈ ÓÈ ¹ºmË�ËÓÒË }¯Òm©² ¹¯Ëm¯È�ËÓÒ«� j°¹ºã	Ïº�
mÈÓÒË ¯ÈÏ¯È­º�ÈÓÓº�º äË�º�È °ºmäË°�Óº ° �ÒÈ�¯Èä�
äÈäÒ ¹¯Ëm¯È�ËÓÒ®� ¹ºã��ËÓÓ©äÒ ª}°¹Ë¯ÒäËÓ�
�Èã	Ó©ä ¹��Ëä� ¯È°�Ò¯«Ë� mºÏäºÎÓº°�Ò ÈÓÈãÒÏÈ
äÒ}¯º°�¯�}��¯© Ò °mº®°�m äË�ÈããÈ °mÈ¯Óº�º °ºË�
�ÒÓËÓÒ«�

km�º¯© m©¯ÈÎÈ
� ­ãÈ�º�È¯Óº°�	 ')* Ò
cnnj ÏÈ ÁÒÓÈÓ°ºm�
 ¹º��Ë¯Î}� ��¯ÈÓ� ������
������ssj|BÈ�� È �È}ÎË k� bÈ¯ÁÁ �6/9�cº°�
�º}� ÏÈ ¹¯Ë�º°�ÈmãËÓÓ©Ë ª}°¹Ë¯ÒäËÓ�Èã	Ó©Ë ¯Ë�
Ï�ã	�È�©�

�� $WODV RI WLPH�WHPSHUDWXUH GLDJUDPV IRU LURQV DQG VWHHOV �
(G� 9DQGHU 9RRUW *� )� Û 0DWHULDOV 3DUN� 86$� $60 ,Q�
WHUQDWLRQDO� ����� Û ��� S�

�� 6H\IIDUWK 3�� 0H\HU %�� 6FKDUII $� *URβHU $WODV 6FKZHLE�=78�
6FKDXELOGHU� Û 'XVVHOGRUI� '96�9HUODJ� ����� Û ��� 6�

cÒ°� �� lÈ}¯º�ãÒÁ °mÈ¯Óº�º °ºË�ÒÓËÓÒ« �È�� ¹ºã��ËÓÓº�º ª}°¹Ë¯ÒäËÓ�Èã	Óº / Ò ¯ËÏ�ã	�È�© äº�ËãÒ¯ºmÈÓÒ« �­�� /Û ¯È°°�º«ÓÒË
º� º°Ò °mÈ¯Óº�º �mÈ

cÒ°� �� cÈ°¹¯Ë�ËãËÓÒË äÒ}¯º�mË¯�º°�Ò +9 ��� Ò äÈ}°ÒäÈã	Óº®
�Ëä¹Ë¯È��¯© ÓÈ�¯ËmÈ ��� ¹º äË¯Ë ��ÈãËÓÒ« ÓÈ ¯È°°�º«ÓÒË /

cÒ°� ��� z¯Òm©Ë ÈÓÒÏº�Ë¯äÒ�Ë°}º�º ¹¯Ëm¯È�ËÓÒ«� ¹ºã��ËÓÓ©Ë
�ã« °�ÈãÒ 6���4/ ª}°¹Ë¯ÒäËÓ�Èã	Ó©ä ¹��Ëä ¹¯Ò 7PD[  ����
���� ���� ��� Ò ��� Åv ���

�� ������



�� 6WDOH\ -� 7� 4XHQFK IDFWRU DQDO\VLV RI DOXPLQLXP DOOR\V ��
0DWHU� 6FL� DQG 7HFKQRO� Û ����� Û ¢ �� Û 3� ���Ü����

�� 'LOWKH\ 8�� 7UXEH 6W� 6FKZHLVVWHFKQLVKH )HUWLJXQJVYHUIDK�
UHQ� Û 'XHVVHOGRUI� 9',�9HUODJ� ����� Û ��� 6�

�� 0DWVXGD +�� {KDGHVKLD +� .�� '� +� $YUDPL� 7KHRU\ IRU
WUDQVIRUPDWLRQ IURP QRQ�XQLIRUP DXVWHQLWH JUDLQ VWUXFWXUHV
�� 0DWHU� 6FL� DQG 7HFKQRO� Û ����� Û ¢ ��� Û
3� ����Ü�����

�� *URQJ 2� 0HWDOOXUJLFDO PRGHOOLQJ RI ZHOGLQJ� Û &DPEULG�
JH� 7KH ,QVWLWXWH RI 0DWHULDOV� ����� Û ��� S�

�� &DKQ -� :� 7KH NLQHWLF RI WKH JUDLQ ERXQGDU\ QXFOHDWLRQ UHDF�
WLRQV �� $FWD 0HWDOOXUJ� Û ����� Û ¢ �� Û 3� ���Ü����

�� /LIVKLW] ,� 0�� 6O\R]RY 9� 9� 7KH NLQHWLFV RI SUHFLSLWDWLRQ
IURP VXSHUVDWXUDWHG VROLG VROXWLRQV �� -� 3K\V� DQG &KHP�
6RO� Û ����� Û ¢ ��� Û 3� ��Ü���

�� :DJQHU &� 7KHRULH GHU $OWHUXQJ YRQ 1LHGHUVFKODJHQ GXUFK
8PORVHQ �� =� (OHNWURFKHPLH� Û ����� Û ¢ ��� Û
6� ���Ü����

��� �
­ºm r� Ð� zÒÓË�Ò�Ë°}È« �Ëº¯Ò« ÁÈÏºm©² ¹¯Ëm¯È�ËÓÒ®�
Û l�� lË�Èãã�¯�Ò«� ����� Û ��� °�

��� 7KHRUHWLFDO LQYHVWLJDWLRQ DQG PRGHOOLQJ RI LQWHUPHWDOOLF LQ�
FOXVLRQV IRUPDWLRQ LQ ODVHU WUHDWPHQW RI $OÜ0J DOOR\V �
9� /RSRWD� *� 7XULFKLQ� (� 9DOGDLWVHYD HW DO� �� 63,(
3URF� Û ����� Û ����� Û 3� ���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 ��� °�

��� �Ò²ºÓºm k� s�� vÈäÈ¯°}Ò® k� k� �¯ÈmÓËÓÒ« äÈ�ËäÈ�Ò�Ë°�
}º® ÁÒÏÒ}Ò� Û l�� sÈ�}È� ����� Û ��� °�

��� (%6,0 D VLPXODWLRQ WRRO IRU HOHFWURQ EHDP ZHOGLQJ �
8� 'LOWKH\� 6W� %RKP� 7� :HOWHUV HW DO� �� &,6)(/����
7RXORQ� )UDQFH� ��Ü�� -XQH� ����� Û 3DULV� ,QVWLWXW GH 6R�
XGXUH� ����� Û 3� ��Ü���

��� �äÈÓ°}Ò® Ð� v�� v}È}ºm �� k� nÒÏÒ}È äË�Èããºm� Û l��
k�ºäÒÏ�È�� ����� Û ��� °�

��� $GLO *� .�� %KROH 6� '� +$= KDUGQHVV DQG PLFURVWUXFWXUH
SUHGLFWLRQV LQ DUF ZHOGHG VWHHOV �� &DQ� 0HW� 4XDUW� Û
����� Û ¢ ��� Û 3� ���Ü����

3DUDPHWULF GHVFULSWLRQ RI 777� DQG &&7�GLDJUDPV KDV EHHQ GHYHORSHG RQ WKH EDVLV RI WKH UHVXOWV RI JURZWK RI FHPHQWLWH
LQFOXVLRQV DQG UHGLVWULEXWLRQ RI FDUERQ LQ WKH IHUULWLF SKDVH XQGHU QRQ�HTXLOLEULXP FRQGLWLRQV IRU ZHOGLQJ RI VWHHOV DW KLJK

FRROLQJ UDWHV� 7KH PRGHO KDV EHHQ GHYHORSHG WR HVWLPDWH WKH HIIHFW RI LQLWLDO VWUXFWXUH RI D PDWHULDO DQG SDUDPHWHUV RI WKH
WKHUPDO F\FOHV RQ WKH WUDQVIRUPDWLRQ GLDJUDPV�

IhklmibeZ \ j_^Zdpbx ����������
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«¾ÍÎ¾ÀÉÃËÆÝ Î¾¿ÌÐÙ�

• ÍÎÌ¿ÉÃÊÙ ÈÌÎÎÌÅÆÆ ÏÀ¾ÎËÙÓ ÆÅÂÃÉÆÇ

• ÌÁÎ¾ËÆÕÃËÆÝ ÍÎÆ ÍÎÌÆÅÀÌÂÏÐÀÃ

• ÀÉÆÝËÆÃÌÈÎÑÄ¾Ü×ÃÇÏÎÃÂÙË¾ÂÃÒÃÈÐÙ

• ÆÂÃËÐÆÒÆÈ¾ÔÆÝ Î¾ÅÊÃÎÌÀ Æ ÍÌÉÌÄÃËÆÝ

ÂÃÒÃÈÐÌÀ

• ÌÔÃËÈ¾ ¿ÃÅÌÍ¾ÏËÌÏÐÆ Î¾¿ÌÐ�
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v� �� lkzvjl|{� {� v� r��� {� �� {kvj�ep{� }ÈÓ�Ò�È�© �Ë²Ó� ÓÈ�}

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

v� l� ~ktkc|{� }ÈÓ�� ÁÒÏ��äÈ�� ÓÈ�}� s� {� ~kq¡p{k� }ÈÓ�� �Ë²Ó� ÓÈ�}

�jÓ�� äË�ÈããºÁÒÏÒ}Ò Òä� �� {� z�¯�
äºmÈ sks �}¯ÈÒÓ©�

¬¿ ÍÐÌÍÁÄ ¿Ì¿ÊÇÆ¿ ÃÇ¿ÂÏ¿ËËÚ ¿ÌÇÆÍÑÄÏËÇÖÄÐÉÍÂÍ ÎÏÄÁÏ¿ØÄÌÇÞ ¿ÒÐÑÄÌÇÑ¿ Ç ÏÄÆÒÊÛÑ¿ÑÍÁ ËÄÑ¿ÊÊÍÂÏ¿ÓÇÖÄÐÉÇÔ ÇÐ�

ÐÊÄÃÍÁ¿ÌÇÈ ÍÕÄÌÄÌ Ó¿ÆÍÁÚÈ ÐÍÐÑ¿Á Ç ËÇÉÏÍÐÑÏÒÉÑÒÏ¿ ÆÍÌÚ ÑÄÏËÇÖÄÐÉÍÂÍ ÁÊÇÞÌÇÞ ÐÁ¿ÏÌÚÔ ÐÍÄÃÇÌÄÌÇÈ ÐÑ¿ÊÇ ´���
ÁÚÎÍÊÌÄÌÌÚÔ ÎÍÃ ÁÍÃÍÈ� ²ÐÑ¿ÌÍÁÊÄÌÍ� ÖÑÍ ÎÏÇ ÐÉÍÏÍÐÑÞÔ ÍÔÊ¿ÅÃÄÌÇÞ� Ô¿Ï¿ÉÑÄÏÌÚÔ ÃÊÞ ÒÐÊÍÁÇÈ ÐÁ¿ÏÉÇ ÎÍÃ ÁÍÃÍÈ�

Á ËÄÑ¿ÊÊÄ ¦±¡ ÌÄÇÆÀÄÅÌÍ ÍÀÏ¿ÆÒÄÑÐÞ Ë¿ÏÑÄÌÐÇÑÌ¿Þ ÐÑÏÒÉÑÒÏ¿� ÍÎÏÄÃÄÊÞÝØ¿Þ ÔÏÒÎÉÇÈ Ô¿Ï¿ÉÑÄÏ Ï¿ÆÏÒ×ÄÌÇÞ ÐÁ¿ÏÌÍÂÍ

ÐÍÄÃÇÌÄÌÇÞ ÎÍÃ ÃÄÈÐÑÁÇÄË ÁÌÄ×ÌÄÈ Ì¿ÂÏÒÆÉÇ�

zã
� Ë m © Ë ° ã º m È � ¹º�mº�ÓÈ« °mÈ¯}È� ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©Ë

°�ÈãÒ� äË�Èãã ~�{� °}º¯º°�	 º²ãÈÎ�ËÓÒ«� °�¯�}��¯Ó©Ë

¹¯Ëm¯È�ËÓÒ«� ²ºãº�Ó©Ë �¯Ë�ÒÓ©

sÒÏ}ºãË�Ò¯ºmÈÓÓ©Ë °�ÈãÒ ¹ºm©�ËÓÓº® ¹¯º�Óº°�Ò
�Ò¹È ;��� ­ãÈ�º�È¯« }ºä¹ãË}°� °mºÒ² äË²ÈÓÒ�Ë°�

}Ò² °mº®°�m� ¹¯ÒËäãËäº® }º¯¯ºÏÒºÓÓº® °�º®}º°�Ò

Ò ²º¯º�Ë® °mÈ¯ÒmÈËäº°�Ò >�@��Ò¯º}º ¹¯ÒäËÓ«
�°«

¹¯Ò °�¯ºÒ�Ëã	°�mË �¯�­º¹¯ºmº�Ó©² °Ò°�Ëä� |�ÓÈ}º

ÓË°äº�¯« ÓÈ È}��Èã	Óº°�	 ¹¯ÒäËÓËÓÒ« ¹º�mº�Óº®

°mÈ¯}Ò ¹¯Ò ¯ËäºÓ�Ë äË�Èããº}ºÓ°�¯�}�Ò®� ª}°¹ã��

È�Ò¯�Ëä©² ¹º� mº�º®� °mÈ¯ÒmÈËäº°�	 ª�Ò² °�ÈãË®

m mº�Óº® °¯Ë�Ë ¹¯È}�Ò�Ë°}Ò ÓË ÒÏ��ËÓÈ�

v �Ëã	
 º¹¯Ë�ËãËÓÒ« mºÏäºÎÓº°�Ò ¹¯ÒäËÓËÓÒ«

äº}¯º® ���ºmº® °mÈ¯}Ò �ã« Òä¹º¯�Óº® °�ÈãÒ äÈ¯}Ò

;�� ¹¯ºÈÓÈãÒÏÒ¯ºmÈÓÈ �ÒÈ�¯ÈääÈ ËË ÈÓÒÏº�Ë¯äÒ�

�Ë°}º�º ¹¯Ëm¯È�ËÓÒ« Ò äË�º�ÈäÒ º¹�Ò�Ë°}º® Ò ¯È°�

�¯ºmº® ªãË}�¯ºÓÓº® äÒ}¯º°}º¹ÒÒ� ¯ËÓ��ËÓº°�¯�}�

��¯Óº�º ÈÓÈãÒÏÈ Ò �
¯ºäË�¯ÒÒ Ò°°ãË�ºmÈÓ© ÁÈ�

Ïºm©® °º°�Èm Ò °�¯�}��¯È äË�ÈããÈ ~�{ °ºË�ÒÓËÓÒ®�

m©¹ºãÓËÓÓ©² ¹º� mº�º®�

iã« ¹¯ºmË�ËÓÒ« äË�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°°ãË�º�

mÈÓÒ® m ãÈ­º¯È�º¯Óºä ­È°°Ë®ÓË ÓÈ �ã�­ÒÓË � ä

mº�ºãÈÏºä�°mÈ¯�Ò}ºä m©¹ºãÓËÓ© ÓÈ¹ãÈm}Ò ÓÈ

¹ãÈ°�ÒÓ© ÒÏ °�ÈãÒ t�� �ºã�ÒÓº® �� ää ¹º¯º�}ºmº®

¹¯ºmºãº}º® ÁË¯¯Ò�Óº�º �Ò¹È ��v�ks� ÓÈ °ãË���


�Ëä ¯ËÎÒäË� ,
°m
 ���…��� k� 8

�
 ��…�� {�

�º} º­¯È�Óº® ¹ºã«¯Óº°�Ò�

jÏäË¯ËÓÒ« äÒ}¯º�mË¯�º°�Ò ¹º}ÈÏÈãÒ� ��º m äË�

�ÈããË ~�{ m ÓË¹º°¯Ë�°�mËÓÓº® ­ãÒÏº°�Ò º� ãÒÓÒÒ

°¹ãÈmãËÓÒ« ¹¯ºÒ°²º�Ò� �¹¯º�ÓËÓÒË äË�ÈããÈ �º

� v� �� lÈ}°Òäºm� {� v� r��� {� �� {È°Òã	Ëm� v� l� ~È²È¯ºm� s� {� ~È®�ËmÈ� ����

cÒ°� �� n¯È}�º�¯ÈääÈ ÒÏãºäÈ º­¯ÈÏ�È ¹º°ãË Ò°�
¹©�ÈÓÒ® ÓÈ ��È¯Ó©® ÒÏ�Ò­� È Û ��È°�º} ÏÈ¯ºÎ�
�ËÓÒ« äÈ�Ò°�¯Èã	Óº® �¯Ë�ÒÓ©� ­ Û ²¯�¹}ºË
¯ÈÏ¯��ËÓÒË ÓÈ ��È°�}Ë }¯�¹ÓºÏË¯ÓÒ°�º�º äÈ¯�ËÓ�
°Ò�È m äË�ÈããË ~�{� m Û ¯ÈÏ¯��ËÓÒË m º­ãÈ°�Ò
­Ë®ÓÒ�Óº® °�¯�}��¯© äË�ÈããÈ ~�{� È� mÛ �����
­ Û �����

�� ������



�¯ºmÓ« +9 ���� �� Ë� ÓË äËÓËË �Ëä m ��� ¯ÈÏÈ ¹º
°¯ÈmÓËÓÒ
 ° º°ÓºmÓ©ä äË�Èããºä m Ò°²º�Óºä °º°�
�º«ÓÒÒ� sÈ­ã
�ÈË�°« °�¯�}��¯È }¯�¹ÓºÏË¯ÓÒ°�º�º
äÈ¯�ËÓ°Ò�È �¯ÈÏäË¯ È�°�ËÓÒ�Ó©² ÏË¯ËÓ °º°�Èmã«Ë�
¹¯ÒäË¯Óº ��� ää�� { ª�Ò² ��È°�}È² °�¯�}��¯© º­�
ÓÈ¯�ÎËÓ© �º°�È�º�Óº }¯�¹Ó©Ë �¯Ë�ÒÓ©� }º�º¯©Ë
¯È°¹ºãÈ�È
�°« ¹º �¯ÈÓÒ�Èä È�°�ËÓÒ�Ó©² ÏË¯ËÓ� tÈ�
¯È}�Ë¯ ¯È°¹ºãºÎËÓÒ« �¯Ë�ÒÓ ¹ºÏmºã«Ë� ¹¯Ë�¹º�
ãºÎÒ�	� ��º Ò² º­¯ÈÏºmÈÓÒË °m«ÏÈÓº ° º°�ÈÓºm}º®
­©°�¯º¯È°���Ò² mÓ��¯Ò È�°�ËÓÒ�Óº�º ÏË¯ÓÈ äÈ¯�
�ËÓ°Ò�Ó©² }¯Ò°�Èããºm�

�º äË¯Ë ��ÈãËÓÒ« º� ãÒÓÒÒ °¹ãÈmãËÓÒ« ¯ÈÏäË¯
äÈ¯�ËÓ°Ò�Ó©² ÏË¯ËÓ �äËÓ	�ÈË�°« �¹º�º­Óº °mÈ¯}Ë
ÓÈ mºÏ��²Ë� Ò }¯�¹ÓºÏË¯ÓÒ°�È« äÈ¯�ËÓ°Ò�ÓÈ« °�¯�}�
��¯È ¹º°ãË�ºmÈ�Ëã	Óº °äËÓ«Ë�°« ÓÈ °�¯�}��¯� ­ºãËË
�Ò°¹Ë¯°Óº�º äÈ¯�ËÓ°Ò�È� ÏÈ�Ëä ­Ë®ÓÒ�È Ò ÓÈ ¹Ë�
¯ÒÁË¯ÒÒ ~�{ Û ¹Ë¯ãÒ�È� { ¹Ë¯ãÒ�Óº® °�¯�}��¯Ë
äÒ}¯º�¯Ë�ÒÓ� «mã«
�Ò²°« ¹º�ËÓ�ÒÈã	Ó©äÒ º�È�
�ÈäÒ }È�È°�¯ºÁÒ�Ë°}º�º ¯ÈÏ¯��ËÓÒ«� ¹¯È}�Ò�Ë°}Ò
ÓË ÓÈ­ã
�ÈË�°«� cËÓ��ËÓº�¯ÈÁÒ�Ë°}Òä ÈÓÈãÒÏºä
m äË�ÈããË ~�{ ¯Ë�Ò°�¯Ò¯�
�°« Ò°}ã
�Ò�Ëã	Óº
ãÒÓÒÒ |¡z��mË¯�º�º ¯È°�mº¯È ÎËãËÏÈ� ��º ¹º���
mË¯Î�ÈË� �ÈÓÓ©Ë äË�Èããº�¯ÈÁÒÒ º ¹¯ËÒä��Ë°��
mËÓÓºä ²È¯È}�Ë¯Ë äÈ¯�ËÓ°Ò�Óº�º ¹¯Ëm¯È�ËÓÒ« m
°�ÈãÒ t�� ¹¯Ò °mÈ¯}Ë ¹º� mº�º®�

v �Ëã	
 º¹¯Ë�ËãËÓÒ« ²È¯È}�Ë¯È ¯ÈÏ¯��ËÓÒ«
°mÈ¯Óº�º °ºË�ÒÓËÓÒ« ¹º� �Ë®°�mÒËä mÓË�ÓË® ÓÈ��
¯�Ï}Ò ¹¯ºmË�ËÓ© Ò°¹©�ÈÓÒ« ÓÈ ��È¯Ó©® ÒÏ�Ò­ º­�
¯ÈÏ�ºm ­ËÏ ÓÈ�¯ËÏÈ m mÒ�Ë �Ëä¹ãË�ºm� m©¯ËÏÈÓÓ©²
¹º¹Ë¯Ë} �mÈ� cÈÏ¯��ËÓÒË ÒÓÒ�ÒÒ¯ºmÈãº°	 ÓÈ ��È°�
�}Ë ¹Ë¯Ë²º�È º� äË�ÈããÈ �mÈ } º°ÓºmÓºä� äË�Èãã��
|­¯ÈÏ�© ¯ÈÏ¯��ÈãÒ°	 ¹¯Ò º�ËÓ	 ÓÒÏ}Ò² ÏÓÈ�ËÓÒ«²
��È¯Óº® m«Ï}º°�Ò Û ���…���� iÎ�°ä�� �È}º®
�¯ºmËÓ	 º�ÓºÏÓÈ�Óº °mÒ�Ë�Ëã	°�m�Ë� º ÓÈãÒ�ÒÒ º�È�
�ºm ¯ÈÏ¯��ËÓÒ« Û ²¯�¹}Ò² äÈ¯�ËÓ°Ò�Ó©² °�¯�}�
��¯� äÒ}¯º�¯Ë�ÒÓ Ò �� ¹�� º­¯ÈÏºmÈm�Ò²°« ¹¯Ò
°mÈ¯}Ë >�@�

�¯ÈË}�º¯Ò« ¯ÈÏmÒ�Ò« �¯Ë�ÒÓ© °ºº�mË�°�m�Ë� ÓÈ�
Ò­ºãËË º°ãÈ­ãËÓÓ©ä ��È°�}Èä äË�ÈããÈ ~�{� cÈÏ�
¯��ËÓÒË ÒÓÒ�ÒÒ¯�Ë�°« m ÏºÓË ¹Ë¯Ë²º�È ÓÈ¹ãÈm�
ãËÓÓº�º äË�ÈããÈ } º°ÓºmÓºä�� �¯Ò ª�ºä� °º�ãÈ°Óº
Á¯È}�º�¯ÈääË� ºÓº Óº°Ò� m«Ï}Ò® ²È¯È}�Ë¯� |­�
¯ÈÏ�
�ÒË°« ¹º� �Ë®°�mÒËä mÓË�ÓË® ÓÈ�¯�Ï}Ò m«Ï�
}ÒË �¯Ë�ÒÓ© ¯ÈÏäË¯ºä ���…� ää äº��� °ã�ÎÒ�	
ªÁÁË}�ÒmÓ©äÒ }ºÓ�ËÓ�¯È�º¯ÈäÒ ÓÈ¹¯«ÎËÓÒ® Ò
ÒÓÒ�ÒÒ¯ºmÈ�	 ¯ÈÏ¯��ËÓÒË �¯��Ò² º­ãÈ°�Ë® äË�ÈããÈ
~�{� |­ãÈ°�Ò� }º�º¯©Ë «mã«
�°« º�ÓÒä ÒÏ º°�
ÓºmÓ©² º�È�ºm ¹º°ãË��
�Ë�º }È�È°�¯ºÁÒ�Ë°}º�º
¯ÈÏ¯��ËÓÒ«� ¹º}ÈÏÈÓ© ÓÈ ¯Ò°� �� È�

{�º¯º® ²È¯È}�Ë¯Óº® ÏºÓº® ¯ÈÏ¯��ËÓÒ« °mÈ¯Óº�º
°ºË�ÒÓËÓÒ« «mã«Ë�°« ÏºÓÈ °º °�¯�}��¯º® }¯�¹Óº�
ÏË¯ÓÒ°�º�º äÈ¯�ËÓ°Ò�È� tÈ¯È}�Ë¯ ÒÏãºäÈ m ÓË®
�¯Ò°� �� ­� «mã«Ë�°« Ò°}ã
�Ò�Ëã	Óº ²¯�¹}Òä� sÈ�
ãÒ�ÒË m ª�º® ÏºÓË ÏÈ¯º�©�Ëm©² äÒ}¯º�¯Ë�ÒÓ�
°ãºÎÓºË ÓÈ¹¯«ÎËÓÓºË °º°�º«ÓÒË Ò m©°º}È« �ËÁË}�
�Óº°�	 °�¯�}��¯© °��Ë°�mËÓÓº º­ãË��È
� ¯ÈÏmÒ�ÒË
m ÓË® äÈ�Ò°�¯Èã	Óº® �¯Ë�ÒÓ©� È �È}ÎË ÏÈ¯ºÎ�ËÓÒË
¯ÈÏ¯��ËÓÒ« ÓË¹º°¯Ë�°�mËÓÓº m ÏºÓË äÈ¯�ËÓ°Ò�Ó©²
}¯Ò°�Èããºm�

sÈ �¯ÈÓÒ�È² Ò ÏÈ ¹¯Ë�ËãÈäÒ ~�{ ²¯�¹}ºË ¯ÈÏ�
¯��ËÓÒË ¹º°ãË�ºmÈ�Ëã	Óº °äËÓ«Ë�°« ²¯�¹}ºm«Ï�
}Òä� È ÏÈ�Ëä Ò �Ò°�º m«Ï}Òä�

{ÈÎÓº® º°º­ËÓÓº°�	
 Á¯È}�º�¯Èää «mã«Ë�°«
ÓÈãÒ�ÒË °¹Ë�ÒÁÒ�Ë°}Ò² äÒ}¯º�¯Ë�ÒÓ� ¯È°¹ºãº�

ÎËÓÓ©² ¹º� ��ãºä } ¯È°¹¯º°�¯ÈÓËÓÒ
 äÈ�Ò°�¯Èã	�
Óº® �¯Ë�ÒÓ© �¯Ò°� �� m�� sÈÒ­ºãËË �È°�º ºÓÒ
m°�¯Ë�È
�°« m º­ãÈ°�«² ° ­Ë®ÓÒ�Óº® °�¯�}��¯º®
m­ãÒÏÒ �¯ÈÓÒ� ~�{�

{©¹ºãÓËÓÓºË äË�Èããº�¯ÈÁÒ�Ë°}ºË Ò°°ãË�ºmÈ�
ÓÒË äË�ÈããÈ ~�{ º�ÓºÏÓÈ�Óº ¹º}ÈÏ©mÈË�� ��º �°�
ãºmÒ« ÓÈ�¯ËmÈ Ò º²ãÈÎ�ËÓÒ« ¹¯Ò ¹º�mº�Óº® °mÈ¯}Ë
¹¯ÒÓ�Ò¹ÒÈã	Ó©ä º­¯ÈÏºä äËÓ«
� °�¯�}��¯� Ò
°mº®°�mÈ °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ¹º °¯ÈmÓËÓÒ
 °º
°mÈ¯}º® ÓÈ mºÏ��²Ë� { �…� ¯ÈÏÈ �äËÓ	�È
�°«
¯ÈÏäË¯© ~�{� mºÏ¯È°�ÈË� ËË �mË¯�º°�	� Áº¯äÒ¯��

�°« ÏÈ}Èãº�Ó©Ë °�¯�}��¯© Ò º­¯ÈÏ�
�°« �¯Ë�Ò�
Ó©� �� Ë� ¹¯ºÒ°²º�Ò� �Ë�¯È�È�Ò« °�¯�}��¯© Ò }ºÓ�
�¯ºãÒ¯�Ëä©² Ë
 äË²ÈÓÒ�Ë°}Ò² °mº®°�m °mÈ¯Óº�º
°ºË�ÒÓËÓÒ«� |�ËmÒ�Óº� ��º °�Ë¹ËÓ	 �Ë�¯È�È�ÒÒ
°mº®°�m �º® ÒãÒ ÒÓº® º­ãÈ°�Ò °mÈ¯Óº�º °ºË�ÒÓËÓÒ«
ÏÈmÒ°Ò� º� ËË ÁÈÏºmº�º °º°�ÈmÈ� }º�º¯©® ¹¯ËÎ�Ë
m°Ë�º º¹¯Ë�Ëã«Ë�°« äÈ}°ÒäÈã	Óº® �Ëä¹Ë¯È��¯º®
ÓÈ�¯ËmÈ Ò °}º¯º°�	
 ¹º°ãË��
�Ë�º º²ãÈÎ�ËÓÒ«�
�� Ë� �Ë¯äÒ�Ë°}Òä �Ò}ãºä °mÈ¯}Ò�

sÈ ¯Ò°� � ¹¯ÒmË�ËÓÈ �ÒÈ�¯ÈääÈ ÈÓÒÏº�Ë¯äÒ�
�Ë°}º�º ¹¯Ëm¯È�ËÓÒ« °�ÈãÒ t�� m ÏÈmÒ°Òäº°�Ò º�
°}º¯º°�Ò º²ãÈÎ�ËÓÒ« m ÒÓ�Ë¯mÈãË �Ëä¹Ë¯È��¯
���…��� Åv m �ÒÈ¹ÈÏºÓË ���… ��� Åv�°� { Ò°�
°ãË�ºmÈÓÓºä �ÒÈ¹ÈÏºÓË °}º¯º°�Ë® º²ãÈÎ�ËÓÒ«
¹¯Ëm¯È�ËÓÒË È�°�ËÓÒ�È ¹¯ºÒ°²º�Ò� m äÈ¯�ËÓ°Ò��
Óº®� ­Ë®ÓÒ�Óº®� ÁË¯¯Ò�Óº® Ò ¹Ë¯ãÒ�Óº® º­ãÈ°�«²�
|°º­ËÓÓº°�	
 �ÒÈ�¯Èää© «mã«Ë�°« ÓÈãÒ�ÒË �Ò�
¯º}º® ­Ë®ÓÒ�Óº® º­ãÈ°�Ò mº m°Ëä �ÒÈ¹ÈÏºÓË °}º�
¯º°�Ë® º²ãÈÎ�ËÓÒ«� w�º °mÒ�Ë�Ëã	°�m�Ë� º ÓËÒÏ�
­ËÎÓºä Áº¯äÒ¯ºmÈÓÒÒ ª�º® °�¯�}��¯Óº® °º°�Èm�
ã«
�Ë® }È} º°ÓºmÓº® m �Ò¯º}ºä �ÒÈ¹ÈÏºÓË °}º�
¯º°�Ë® º²ãÈÎ�ËÓÒ«� iÈÎË ¹¯Ò �È}Ò² ÓËÏÓÈ�Ò�Ëã	�

cÒ°� �� iÒÈ�¯ÈääÈ ÈÓÒÏº�Ë¯äÒ�Ë°}º�º ¹¯Ëm¯È�ËÓÒ« °�ÈãÒ �Ò¹È
t�� m ÏÈmÒ°Òäº°�Ò º� °}º¯º°�Ò º²ãÈÎ�ËÓÒ« º­¯ÈÏ�ºm Z� �Åv�°��
+9Û �mË¯�º°�	� lÛ äÈ¯�ËÓ°Ò�� lÓ Û ÓÈ�Èãº äÈ¯�ËÓ°Ò�Óº�º
¹¯Ëm¯È�ËÓÒ«� rÛ ­Ë®ÓÒ�� �Û ¹Ë¯ãÒ�� nÛ ÁË¯¯Ò�� �ÒÁ¯ÈäÒ
º­ºÏÓÈ�ËÓº }ºãÒ�Ë°�mº °ºº�mË�°�m�
�Ë® °�¯�}��¯Óº® °º°�Èmã«�

�Ë®

������ ��



Ó©² °}º¯º°�«²� }È} ���…��� Åv�°� �ºã« ­Ë®ÓÒ�È
m °�¯�}��¯Ë °º°�Èmã«Ë� ��… �� ��

nË¯¯Ò�ÓºË Ò ¹Ë¯ãÒ�ÓºË ¹¯Ëº­¯ÈÏºmÈÓÒ« º¹¯Ë�
�Ëã«
�°« �º°�È�º�Óº �Ï}ÒäÒ º­ãÈ°�«äÒ �ÒÈ�¯Èää©�
��º °mÒ�Ë�Ëã	°�m�Ë� º °¯ÈmÓÒ�Ëã	Óº ÓËm©°º}º® mË�
¯º«�Óº°�Ò Áº¯äÒ¯ºmÈÓÒ« ÁË¯¯Ò�Óº® Ò ¹Ë¯ãÒ�Óº®
°º°�Èmã«
�Ò² m ÓË¯ÈmÓºmË°Ó©² �°ãºmÒ«² º­¯ÈÏº�
mÈÓÒ« °�¯�}��¯© äË�ÈããÈ ~�{� w�º� ÁÈ}� ¹º���
mË¯Î�ÈË�°« º�Óº°Ò�Ëã	Óº äÈã©äÒ �ºã«äÒ �¹ºä«�
Ó��©² m©�Ë °º°�Èmã«
�Ò² m }ºÓË�Óº® °�¯�}��¯Ë�
�º �� � ¹¯Ò Z���  ��… �� Ò �º �� ¹¯Ò Z���  
 �… ��� Åv�°� �ºã	}º ¹¯Ò °}º¯º°�«² º²ãÈÎ�ËÓÒ«�
äËÓ	�Ò² ��� Åv�°� ÁË¯¯Ò�Ó©Ë Ò ¹Ë¯ãÒ�Ó©Ë °º°�
�Èmã«
�ÒË ÏÈÓÒäÈ
� °��Ë°�mËÓÓ©® º­�Ëä m äË�
�ÈããË ~�{ �¹º��Ò ¹ºãºmÒÓ��� tÈ¯È}�Ë¯Ó©® mÒ�
äÒ}¯º°�¯�}��¯© ¹¯Ò ¯ÈÏÓ©² °}º¯º°�«² º²ãÈÎ�Ë�
ÓÒ« ¹¯ÒmË�ËÓ ÓÈ ¯Ò°� ��

{ °ºº�mË�°�mÒÒ ° m©mº�ÈäÒ ¯È­º� >�� �@ °�Èã	
°�Ò�ÈË�°« ¹¯Ë�¯È°¹ºãºÎËÓÓº® } º­¯ÈÏºmÈÓÒ
 ²º�
ãº�Ó©² �¯Ë�ÒÓ ¹¯Ò ���ºmº® °mÈ¯}Ë� Ë°ãÒ °º�Ë¯�
ÎÈÓÒË äÈ¯�ËÓ°Ò�Óº® °º°�Èmã«
�Ë® m °�¯�}��¯Ë äË�
�ÈããÈ ~�{ ¹¯Ëm©�ÈË� �� � Ò ÒÓ�Ë�¯Èã	ÓÈ« �mË¯�
�º°�	 ¹º {Ò}}Ë¯°� m äË�ÈããË ~�{ �º°�Ò�ÈË�
+9 ���� sÈ ¯Ò°� � ¹º}ÈÏÈÓÈ ÏÈmÒ°Òäº°�	 �ºãÒ
äÈ¯�ËÓ°Ò�Óº® °º°�Èmã«
�Ë® Ò �mË¯�º°�Ò º� °}º�

¯º°�Ò º²ãÈÎ�ËÓÒ« m ÒÓ�Ë¯mÈãË �Ëä¹Ë¯È��¯
���…��� Åv� ¹ºã��ËÓÓÈ« ÓÈ º°ÓºmË ÈÓÈãÒÏÈ �Ò�
È�¯Èää©� ¹¯ÒmË�ËÓÓº® ÓÈ ¯Ò°� �� zÈ} mÒ�Óº ÒÏ
¯Ò°�Ó}È� �� � äÈ¯�ËÓ°Ò�È º­¯ÈÏ�Ë�°« ¹¯Ò Z��� !
! ��� È �mË¯�º°�	 +9 ��� ¹¯Ò Z��� ! �� Åv�°�
�È}Òä º­¯ÈÏºä� äºÎÓº °�Ò�È�	� ��º mº m¯Ëä« °mÈ¯}Ò
¯ËÈã	Ó©² º­�Ë}�ºm ÒÏ °�ÈãÒ �Ò¹È t�� Ò°}ã
�ÈË�°«
º¹È°Óº°�	 º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ� Ë°ãÒ °}º�
¯º°�	 º²ãÈÎ�ËÓÒ« äË�ÈããÈ ~�{ ÓË ¹¯Ëm©�ÈË�
�� Åv�°� �¯Ò °}º¯º°�Ò º²ãÈÎ�ËÓÒ« ¹º¯«�}È
��� Åv�°� ²È¯È}�Ë¯Óº® �ã« �°ãºmÒ® °mÈ¯}Ò ¹º�
mº�º® >�@� °º�Ë¯ÎÈÓÒË äÈ¯�ËÓ°Ò�È �º°�Ò�ÈË� �� ��
È �mË¯�º°�	 s9 ���� ��º °mÒ�Ë�Ëã	°�m�Ë� º m©°º}º®
mË¯º«�Óº°�Ò º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ�

vº¹º°�ÈmãËÓÒË ¯ËÏ�ã	�È�ºm ¹¯ºmË�ËÓÓº�º ÈÓÈ�
ãÒÏÈ ° äË�Èããº�¯ÈÁÒ�Ë°}ÒäÒ Ò°°ãË�ºmÈÓÒ«äÒ ¹ºÏ�
mºã«Ë� ÏÈ}ã
�Ò�	� ��º ¯ËÈã	Ó©® �Ë¯äÒ�Ë°}Ò® �Ò}ã
¹¯Ò ¹º�mº�Óº® °mÈ¯}Ë °�ÈãÒ t�� º­�°ãºmãÒmÈË�
¯Ò°} º­¯ÈÏºmÈÓÒ« �¯Ë�ÒÓ m ­ºã	�Ë® �È°�Ò º­�ËäÈ
äË�ÈããÈ ~�{� º�ÓÈ}º� }È} ­©ãº º�äË�ËÓº m©�Ë�
­ºã	�È« �È°�	 ÏÈ¯º�©�Ëm©² �¯Ë�ÒÓ ÓÈ­ã
�ÈË�°«
ÓÈ �¯ÈÓÒ�È² ~�{ m º­ãÈ°�«² ° ­Ë®ÓÒ�Óº® °�¯�}�
��¯º®� w�º ¹ºÏmºã«Ë� ��mË¯Î�È�	� ��º� ¹ºäÒäº �Ë¯�
äÒ�Ë°}º�º� ÒäËË� äË°�º Ò ÒÓº® ÁÈ}�º¯� mãÒ«
�Ò®
ÓÈ º­¯ÈÏºmÈÓÒË �¯Ë�ÒÓ m äË�ÈããË ~�{� ��Ò�©mÈ«

cÒ°� �� lÒ}¯º°�¯�}��¯È °�ÈãÒ �Ò¹È t�� m ÏÈmÒ°Òäº°�Ò º� °}º¯º°�Ò º²ãÈÎ�ËÓÒ« ������� È Û ��� ­ Û ��� m Û �� � Û ��� Åv�°

�� ������



�°ãºmÒ« �º¯ËÓÒ« ªãË}�¯Ò�Ë°}º® ���Ò ¹º� mº�º®�
�È}Òä ÁÈ}�º¯ºä äºÎÓº °�Ò�È�	 ÓÈ°©�ËÓÒË äË�ÈããÈ
~�{ mº�º¯º�ºä Ò ¹º«mãËÓÒËä� m°ãË�°�mÒË ª�º�º�
mº�º¯º�Óº® ²¯�¹}º°�Ò >�@�

cËÏ�ã	�È�© �Ò°ãËÓÓ©² Ò°°ãË�ºmÈÓÒ® ¹Ë¯Ë¯È°�
¹¯Ë�ËãËÓÒ« mº�º¯º�È m °mÈ¯Ó©² °ºË�ÒÓËÓÒ«²� m©�
¹ºãÓËÓÓ©² ¹º� mº�º® >�@� °mÒ�Ë�Ëã	°�m�
� º ¹º�
m©�ËÓÒÒ }ºÓ�ËÓ�¯È�ÒÒ mº�º¯º�È m äË�ÈããË ~�{
m­ãÒÏÒ ãÒÓÒÒ °¹ãÈmãËÓÒ«� zÈ} ¹º}ÈÏÈãÒ ¹¯ÒmË�
�ËÓÓ©Ë m©�Ë ¯ËÏ�ã	�È�© äË�Èããº�¯ÈÁÒ�Ë°}Ò² Ò°�
°ãË�ºmÈÓÒ®� ÒäËÓÓº m ª�º® ÏºÓË mºÏÓÒ}ÈË� mË°	äÈ
�ËÁË}�ÓÈ« äÈ¯�ËÓ°Ò�ÓÈ« °�¯�}��¯È� °º�Ë¯ÎÈ�È«
ÏÓÈ�Ò�Ëã	ÓºË }ºãÒ�Ë°�mº ¹º�ËÓ�ÒÈã	Ó©² ãºm��Ë}
�ã« �ÒÁÁ�Ó�Ò¯�
�Ë�º °
�È mº�º¯º�È� �¯Ò ÓÈ�
ãÒ�ÒÒ äÒ}¯º�¯Ë�ÒÓ Ò �¯��Ò² ÓË°¹ãº�Óº°�Ë®� È
�È}ÎË ¯ÈÏmÒ�©² ¹ºmË¯²Óº°�Ë® ¯ÈÏ�ËãÈ mº�º¯º��
�ÒÁÁ�Ó�Ò¯�
�Ò® m äË�Èãã ~�{� ÏÈ¹ºãÓ«Ë� mÓ���
¯ËÓÓÒË ¹ºãº°�Ò m äË�ÈããË Ò äºãÒÏ�Ë�°« m ÓÒ²�
{ °ã��ÈË ¹¯ÒãºÎËÓÒ« mÓË�ÓË® ¯È°�«�ÒmÈ
�Ë® ÓÈ��
¯�Ï}Ò mÓ��¯ËÓÓËË �ÈmãËÓÒË mº�º¯º�È °�ääÒ¯�Ë�°«
° ÓË® Ò ¹¯Ò �°ãºmÒÒ Áº¯äÒ¯ºmÈÓÒ« ÓÈ¹¯«ÎËÓÓº�º
°º°�º«ÓÒ«� °ºº�mË�°�m�
�Ë�º �°ãºmÒ«ä ¯ÈÏ¯��ËÓÒ«
¹º �Ëº¯ÒÒ �¯ÒÁÁÒ�°È >�@� m©Ï©mÈË� ¯º°� �¯Ë�ÒÓ©�

{ºÏäºÎÓº Ò ÒÓºË º­�«°ÓËÓÒË ¯ÈÏ¯��ËÓÒ« äË�ÈããÈ
¹¯Ò ÓÈ°©�ËÓÒÒ Ë�º mº�º¯º�ºä� ÓÈ¹¯ÒäË¯� ÓÈ º°ÓºmË
�Ëº¯ÒÒ ãº}ÈãÒÏÈ�ÒÒ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ m
º­ãÈ°�«² ° ¯È°�mº¯ËÓÓ©ä mº�º¯º�ºä Ò ¯ÈÏ¯��ËÓÒË
}È} °ãË�°�mÒË ÓËº�Óº¯º�Óº® �ËÁº¯äÈ�ÒÒ >�@�

�È}Òä º­¯ÈÏºä� m �°ãºmÒ«² äº}¯º® ¹º�mº�Óº®
°mÈ¯}Ò ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË®� °}ãºÓÓ©² } ÏÈ�
}Èã}Ë� mË¯º«�Óº°�	 º­¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ
m äË�ÈããË ~�{ º�ËÓ	 m©°º}È� ��Ò�©mÈ« mË°	äÈ
º�¯ÈÓÒ�ËÓÓ©Ë mºÏäºÎÓº°�Ò °ÓÒÎËÓÒ« °}º¯º°�Ò º²�
ãÈÎ�ËÓÒ« m ¯ËÏ�ã	�È�Ë ¹ºm©�ËÓÒ« ¹º�ºÓÓº®
ªÓË¯�ÒÒ °mÈ¯}Ò� �ã« ¯Ë�ËÓÒ« �}ÈÏÈÓÓº® ¹¯º­ãËä©
ÓËº­²º�Òäº �äËÓ	�Ò�	 ¹º°��¹ãËÓÒË mº�º¯º�È m äË�
�Èãã ~�{� ��º mºÏäºÎÓº ¹��Ëä ¹¯ÒäËÓËÓÒ« ãÒ­º
°¹Ë�ÒÈã	Ó©² �Ë²Óºãº�Ò�Ë°}Ò² ¹¯ÒËäºm� ãÒ­º ªãË}�
�¯º�Ó©² äÈ�Ë¯ÒÈãºm� º­Ë°¹Ë�ÒmÈ
�Ò² È�°�ËÓÒ��
Ó�
 °�¯�}��¯� äË�ÈããÈ �mÈ�

�� :HJVW &� :� 6WDKOVFKOXVVHO� 9HUODJ 6WDKOVFKOXVVHO :HJVW
*0E+� ����� Û ��� ¯�

�� ��}	«Óºm {� n�� sÈ¹¯È°ÓÒ}ºm {� {� {ãÒ«ÓÒË �Ò¹È ÒÓÒ�Ò�
È�º¯È ¯ÈÏ¯��ËÓÒ« ÓÈ ¯ÈÏmÒ�ÒË �¯Ë�ÒÓ m °mÈ¯Ó©² °ºË�ÒÓË�
ÓÒ«² �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ �� Û v� �Ü��

�� lÈ}È¯ºm w� �� tºãº�Ó©Ë �¯Ë�ÒÓ© ¹¯Ò °mÈ¯}Ë ãË�Ò¯ºmÈÓ�
Ó©² °�ÈãË®� Û l�� lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� vËÁË¯ÒÈÓ i� lË�Èãã�¯�Ò« °mÈ¯}Ò� Û l�� lÈ��ÒÏ� �����
Û ��� °�

��  Ò�È¯Ëm {� {�� �°�ÒÓºm k� {� cÈ°�Ë�Óº�ª}°¹Ë¯ÒäËÓ�Èã	�
ÓÈ« º�ËÓ}È mºÏäºÎÓº°�Ò �äËÓ	�ËÓÒ« °}º¯º°�Ò º²ãÈÎ�Ë�
ÓÒ« äË�ÈããÈ ~�{ ¹¯Ò ¹º�mº�Óº® äº}¯º® °mÈ¯}Ë �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� lº¯ºÏºm k� s� {º�º¯º� Ò ÈÏº� m °�ÈãÒ� Û l�� lË�Èãã�¯�
�ÒÏ�È�� ����� Û ��� °�

�� lÈ²ÓËÓ}º {� j�� lÈ}°Òäºm v� ��� zº¯ºãËmÈ �� {� j°�
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(YDOXDWLRQ RI SKDVH FRPSRVLWLRQ RI WKH +$= PLFURVWUXFWXUH LQ ZHOGHG MRLQWV RI VWHHO ;��� PDGH XQGHU WKH ZDWHU� ZDV

SHUIRUPHG SURFHHGLQJ IURP DQDO\VLV RI WKH GLDJUDP RI DQLVRWKHUPDO WUDQVIRUPDWLRQ RI DXVWHQLWH DQG UHVXOWV RI PHWDOORJUDSKLF
H[DPLQDWLRQ� ,W LV HVWDEOLVKHG WKDW DW FRROLQJ UDWHV FKDUDFWHULVWLF IRU WKH FRQGLWLRQV RI XQGHUZDWHU ZHOGLQJ� WKH +$= LQHYLWDEO\
GHYHORSV D PDUWHQVLWLF VWUXFWXUH GHWHUPLQLQJ WKH EULWWOH QDWXUH RI ZHOGHG MRLQW IUDFWXUH XQGHU WKH LPSDFW RI H[WHUQDO ORDG�

IhklmibeZ \ j_^Zdpbx ����������
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«ÄÑÍÃÍË ÑÏ¿ÌÐËÇÐÐÇÍÌÌÍÈ ÜÊÄÉÑÏÍÌÌÍÈ ËÇÉÏÍÐÉÍÎÇÇ ÇÐÐÊÄÃÍÁ¿ÌÚ ÍÐÍÀÄÌÌÍÐÑÇ ÐÑÏÒÉÑÒÏÌÍ�Ó¿ÆÍÁÍÂÍ ÐÍÐÑÍÞÌÇÞ
ËÄÑ¿ÊÊ¿ ×ÁÍÁ Ç ÐÁ¿ÏÌÚÔ ÐÍÄÃÇÌÄÌÇÈ� ÎÍÊÒÖÄÌÌÚÔ ÎÏÇ ¿ÏÂÍÌÍÃÒÂÍÁÍÈ ÐÁ¿ÏÉÄ ÐÎÊ¿Á¿ ���� Ð ÇÐÎÍÊÛÆÍÁ¿ÌÇÄË ÎÏÇÐ¿�

ÃÍÖÌÚÔ ÎÏÍÁÍÊÍÉ ÐÑ¿ÌÃ¿ÏÑÌÍÈ °Á���� Ç ÍÎÚÑÌÍÈ ���� Ð ÃÍÀ¿ÁÉÍÈ ÐÉ¿ÌÃÇÞ� ­ÐÌÍÁÌÚÄ ÇÆËÄÌÄÌÇÞ ÐÑÏÒÉÑÒÏÚ ÎÏÇ

ÁÁÄÃÄÌÇÇ ÐÉ¿ÌÃÇÞ ÐÁÞÆ¿ÌÚ Ð ÇÆËÄÊÛÖÄÌÇÄË ÆÄÏÌ¿� ÒÁÄÊÇÖÄÌÇÄË ÍÀÙÄËÌÍÈ ÎÊÍÑÌÍÐÑÇ ÃÇÐÊÍÉ¿ÕÇÈ� ÓÍÏËÇÏÍÁ¿ÌÇÄË

ÃÇÐÎÄÏÐÌÚÔ ÁÉÊÝÖÄÌÇÈ� ÐÍÃÄÏÅ¿ØÇÔ ÐÉ¿ÌÃÇÈ� Ç ¿ÉÑÇÁ¿ÕÇÄÈ ÎÏÍÕÄÐÐÍÁ Ï¿ÐÎ¿Ã¿ ÑÁÄÏÃÍÂÍ Ï¿ÐÑÁÍÏ¿�
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FHQWUHV DUH GHVFULEHG�

IhklmibeZ \ j_^Zdpbx ����������

|¯�ÈÓÒÏÈ�ÒºÓÓÈ« °�¯�}��¯È °Ò°�Ëä© È��Ë°�È�ÒÒ °mÈ¯º�Óº�º ¹¯ºÒÏmº�°�mÈ

������ ��



M>D �������������

����������	�
��	�
��������������	�
�

�	���	��� ��������
���������
��

������������
������
����
���
�

:� G� ;:EBG� :� <� ;?J?AH<KDBC� :� :� <BRG?<KDBC� ;� :� DMEBR?GDH� dZg^b^Zlu l_og� gZmd

�AZ\h^ k\Zjhqguo fZl_jbZeh\� ]� ;_j_ah\kdbc� JN�

®ÏÇÁÄÃÄÌÚ ÐÁÄÃÄÌÇÞ Í ÎÍÏÍ×ÉÍÁÚÔ ÎÏÍÁÍÊÍÉ¿Ô Ç ÜÊÄÉÑÏÍÃ¿Ô� ÎÏÇËÄÌÞÄËÚÔ Á É¿ÖÄÐÑÁÄ Ì¿ÎÊ¿ÁÍÖÌÚÔ Ë¿ÑÄÏÇ¿ÊÍÁ

ÎÏÇ ÒÎÏÍÖÌÄÌÇÇ ÃÄÑ¿ÊÄÈ� Ï¿ÀÍÑ¿ÝØÇÔ Á ÒÐÊÍÁÇÞÔ ÒÃ¿ÏÌÍ�¿ÀÏ¿ÆÇÁÌÍÂÍ ÇÆÌ¿×ÇÁ¿ÌÇÞ�

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

ãº}È� ¹º}¯©�©Ë ªãË}�¯º�©� ��È¯Óº�È­¯ÈÏÒmÓºË ÒÏÓÈ�Ò�

mÈÓÒË� �¹¯º�ÓËÓÒË �Ë�ÈãË®

iã« �¹¯º�ÓËÓÒ« �Ë�ÈãË®� ¯È­º�È
�Ò² m �°ãºmÒ«²
��È¯Óº�È­¯ÈÏÒmÓº�º ÒÏÓÈ�ÒmÈÓÒ«� ÏÈmº� °mÈ¯º��
Ó©² äÈ�Ë¯ÒÈãºm ÓÈ¯«�� ° ÒÏmË°�Ó©äÒ äÈ¯}ÈäÒ
ÓÈ¹ãÈmº�Ó©² äÈ�Ë¯ÒÈãºm ��È­ã� �� m©¹�°}ÈË� ¯«�

äÈ�Ë¯ÒÈãºm °º­°�mËÓÓº® ¯ÈÏ¯È­º�}Ò�

iã« �¹¯º�ÓËÓÒ« �Ë�ÈãË® �º¯Óº�º­©mÈ
�Ë®

�Ë²ÓÒ}Ò� ª}°¹ã�È�Ò¯�
�Ò²°« m �°ãºmÒ«² È­¯ÈÏÒm�

Óº�º ÒÏÓÈ�ÒmÈÓÒ« °º ÏÓÈ�Ò�Ëã	Ó©äÒ ��È¯Ó©äÒ ÓÈ�

�¯�Ï}ÈäÒ �Ï�­	« Ò �Ëã
°�Ò }ºm�Ë® ª}°}ÈmÈ�º¯ºm�

�¯ÈÎÓ©Ë �Ë¯¹È}Ò� }º¯ºÓ}Ò ¯©²ãÒ�ËãË®�� �°¹Ë�Óº

Ò°¹ºã	Ï�Ë�°« ¹º¯º�}ºmÈ« ¹¯ºmºãº}È äÈ¯}Ò ���

s¹���t��i�c��� v¯º} °ã�Î­© ÓÈ¹ãÈmãËÓÓ©²

ª�º® ¹¯ºmºãº}º® �Ë�ÈãË® ¹º °¯ÈmÓËÓÒ
 ° ÓËÓÈ¹�

ãÈmãËÓÓ©äÒ �mËãÒ�ÒmÈË�°« m ���…���� È ¹º °¯Èm�

ÓËÓÒ
 ° Ò°¹ºã	ÏºmÈÓÒËä ÒÏmË°�Óº® ¹¯ºmºãº}Ò äÈ¯�

}Ò ������t��v��c� Û m ���… ��� ¯ÈÏÈ� cÈÏ¯È­º�

�ÈÓÓÈ« ª}ºÓºäÓºãË�Ò¯ºmÈÓÓÈ« ¹º¯º�}ºmÈ« ¹¯ºmº�

ãº}È ���s¹����t���c Ò°¹ºã	Ï�Ë�°« �ã« �¹¯º�ÓË�

ÓÒ« �Ë�ÈãË®� ¯È­º�È
�Ò² m �°ãºmÒ«² È­¯ÈÏÒmÓº�º

ÒÏÓÈ�ÒmÈÓÒ« Ò �È°�©² ��È¯ºm ��Ë�ÈãÒ �¯�Ó�ºm©²

ÓÈ°º°ºm� �¯º­Òã	Óº�¹ºäºã	ÓºË º­º¯��ºmÈÓÒË��

v¯º} °ã�Î­© �Ë�ÈãË®� ÓÈ¹ãÈmãËÓÓ©² �ÈÓÓº® ¹¯º�

mºãº}º® Ò ª}°¹ã�È�Ò¯�
�Ò²°« ÓÈ º­º¯��ºmÈÓÒÒ

sËm	«Ó°}º�º ¹¯ÒÒ°}È �vmË¯�ãºm°}È« º­ã��� �mËãÒ�

�ÒmÈË�°« m �…� ¯ÈÏÈ ¹º °¯ÈmÓËÓÒ
 ° ÓËÓÈ¹ãÈmãËÓ�

Ó©äÒ �ÒÏ °�ÈãÒ ��������

|°mÈÒmÈË�°« m©¹�°} ¹¯ºmºãº} äÈãº�º �ÒÈäË�¯È

���� ää� �ã« �¹¯º�ÓËÓÒ« �Ë�ÈãË® ÓË­ºã	�º®

�ºã�ÒÓ©� ¹º�mË¯ÎËÓÓ©² È­¯ÈÏÒmÓºä� ÒÏÓÈ�Ò�

mÈÓÒ
 �ãº¹È°�Ò mËÓ�Òã«�º¯ºm� ªãËäËÓ�© }Ò¯¹Ò��

Ó©² ¹¯Ë°°ºm Ò �� ����

{©¹�°}È
�°« �È}ÎË ¹¯ºmºãº}Ò �ã« ÓÈ¹ãÈm}Ò

�Ë�ÈãË®� ¹º�mË¯ÎËÓÓ©² }ÈmÒ�È�ÒºÓÓº�}º¯¯ºÏÒºÓ�

Óºä� Ò }º¯¯ºÏÒºÓÓº�È­¯ÈÏÒmÓºä� ÒÏÓÈ�ÒmÈÓÒ


��Ë�ÈãÒ ÓËÁ�Ë�ÈÏºmº® ÏÈ¹º¯Óº® È¯äÈ��¯©� mº�«�

Ó©Ë ÏÈ�mÒÎ}Ò Ò �� ��� { �È}Ò² �°ãºmÒ«² ª}°¹ã�È�

�È�ÒÒ ²º¯º�º ÏÈ¯Ë}ºäËÓ�ºmÈãÒ °Ë­« ¹¯ºmºãº}Ò

äÈ¯º} ���~vl����� ���~vl����� ���~vl����

Ò �¯�

iã« �Ë�ÈãË®� ¯È­º�È
�Ò² m �°ãºmÒ«² È­¯ÈÏÒm�

Óº�º Ò ��È¯Óº�È­¯ÈÏÒmÓº�º ÒÏÓÈ�ÒmÈÓÒ« �È}ÎË

¯ÈÏ¯È­º�ÈÓ© Ò °Ë¯Ò®Óº ¹¯ºÒÏmº�«�°« ªãË}�¯º�©

~vl�� �w����t���c�� lË�Èãã� ÓÈ¹ãÈmãËÓÓ©® ª�Ò�
äÒ ªãË}�¯º�ÈäÒ m Ò°²º�Óºä °º°�º«ÓÒÒ� ÒäËË�
°�¯�}��¯�� °º°�º«��
 ÒÏ È�°�ËÓÒ�Óº�äÈ¯�ËÓ°Ò�Óº®

� k� s� rÈãÒÓ� k� {� rË¯ËÏºm°}Ò®� k� k� {Ò�ÓËm°}Ò®� r� k� z�ãÒ�ËÓ}º� ����

� È ­ ã Ò � È �� tÒäÒ�Ë°}Ò® °º°�Èm Ò �mË¯�º°�	 ÓÈ¹ãÈmãËÓÓº�º äË�ÈããÈ

lÈ¯}È ¹º¯º��

}ºmº® ¹¯ºmºãº�
}Ò

lÈ°°ºmÈ« �ºã« ªãËäËÓ�ºm m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË� � �mË¯�º°�	

ÓÈ¹ãÈmãËÓ�
Óº�º äË�Èã�
ãÈ +5&

ª

& &U 0Q 6L 0R &X �1E� 1� % 7L 6 3

���~vl���� ���� ���� ��� ��� Û Û Û ��� ≤ ���� ≤ ���� �������

���~vl���� ���� ���� ��� ��� ��� ��� ��� ��� ≤ ���� ≤ ���� �������

���~vl���� ���� ��� ��� ��� Û Û Û ��� ≤ ���� ≤ ���� �������

���~vl���� ���� ��� Û Û Û Û ��� ��� ≤ ���� ≤ ���� �������

���~vl���� ���� ���� ��� ��� Û Û Û ��� ≤ ���� ≤ ���� �������

���~vl���� ���� ���� ��� ��� Û Û ��� ��� ≤ ���� ≤ ���� ���������

���~vl���� ���� ���� Û ��� Û Û ��� ��� ≤ ���� ≤ ���� �������

���~vl���� ���� ���� Û ��� Û �1E Û Û ≤ ���� ≤ ���� ���������

���~vl���� ���� ���� ��� ��� ��� Û Û Û ≤ ���� ≤ ���� �������

���~vl���� ���� ���� Û Û Û Û ��� ��� ≤ ���� ≤ ���� �������

|~s�� ���� ��� ��� ��� Û Û ��� Û ≤ ����� ≤ ���� ≥ ��

|~s�� ���� ��� ��� ��� Û ����1 ��� Û ≤ ����� ≤ ���� ≥ ��

~vl�� ���� ��� Û ≤ � Û Û ��� ��� ≤ ����� ≤ ���� ≥ ��

�� ������



äÈ�¯Ò�© Ò ¹Ë¯mÒ�Ó©² }È¯­Ò�ºm Ò }È¯­º­º¯Ò�ºm
²¯ºäÈ Ò �Ò�ÈÓÈ �¹¯ÒäË¯Óº ��… �� ��� �º� �Ë®°�
�mÒËä ��È¯Ó©² ÓÈ�¯�Ïº} äË�È°�È­Òã	Ó©® È�°�ËÓÒ�
¹¯Ëm¯È�ÈË�°« m äÈ¯�ËÓ°Ò�� ��º ¹ºÏmºã«Ë� º­Ë°¹Ë�
�Ò�	 �º°�È�º�Óº m©°º}ºË °º¹¯º�ÒmãËÓÒË È­¯ÈÏÒm�
Óºä� ÒÏÓÈ�ÒmÈÓÒ
� jÏÓº°º°�º®}º°�	 ¹¯Ò Ò°¹©�
�ÈÓÒÒ ÓÈ �¯ËÓÒË º ÏÈ}¯Ë¹ãËÓÓ©® È­¯ÈÏÒm m �����
¯ÈÏ m©�Ë� �Ëä �ã« °�ÈãÒ ������� sÈãÒ�ÒË
��…�� � È�°�ËÓÒ�È m Ò°²º�Óº® °�¯�}��¯Ë ¹ºÏmº�
ã«Ë� ÓÈ¹ãÈmãËÓÓºä� äË�Èãã� ¹¯º�Òmº°�º«�	 ��È¯�
Ó©ä ÓÈ�¯�Ï}Èä�

�Ë²Óºãº�Ò« ÒÏ�º�ºmãËÓÒ« ¹Ë¯Ë�Ò°ãËÓÓ©² m©�Ë
ÓÈ¹ãÈmº�Ó©² äÈ�Ë¯ÒÈãºm �ºãÎÓÈ º­Ë°¹Ë�ÒmÈ�	 º¹�
¯Ë�ËãËÓÓ©® ²ÒäÒ�Ë°}Ò® °º°�Èm ÓÈ¹ãÈmãËÓÓº�º äË�
�ÈããÈ� º°º­ËÓÓº °º�Ë¯ÎÈÓÒË ��ãË¯º�È� ��ãË¯º� m
ÓÈ¹ãÈmãËÓÓ©® äË�Èãã ¹Ë¯Ë²º�Ò� m mÒ�Ë �¯ÈÁÒ�È ÒÏ
m©°º}º��ãË¯º�Ò°�º�º ÁË¯¯º²¯ºäÈ� {mË�ËÓÒË m
�Ò²�� ¹º¯º�}ºm©² ¹¯ºmºãº} Ò m º­äÈÏ}� ªãË}��
¯º�ºm ªãË}�¯º�Óº�º ­º« �ÒÏäËã	�ËÓÓ©® �¯ÈÁÒ�� ÓË
º­Ë°¹Ë�ÒmÈË� °�È­Òã	Óº�º °º�Ë¯ÎÈÓÒ« ��ãË¯º�È m
ÓÈ¹ãÈmãËÓÓºä äË�ÈããË� �ºª�ºä� ¹¯Ò ¯ÈÏ¯È­º�}Ë

°º°�Èmºm �Ò²�© Ò º­äÈÏº�Ó©² äÈ°° �ËãË°ºº­¯ÈÏÓº
äÒÓÒäÒÏÒ¯ºmÈ�	 °º�Ë¯ÎÈÓÒË �¯ÈÁÒ�È�

zã
�Ëm°}º® ÏÈmº� ÁË¯¯º°¹ãÈmºm m©¹�°}ÈË� m©�
°º}º��ãË¯º�Ò°�©® ÁË¯¯º²¯ºä äÈ¯º} nt�����
nt������ nt������ nt����� ¹º �� ���������Ü
��� �� ���������Ü��� |�ÓÈ}º �ã« Áº¯äÒ¯ºmÈÓÒ«
¹È¯�ÒÒ ÁË¯¯º²¯ºäÈ ÓÈ ÏÈmº�Ë ¹¯ÒäËÓ«Ë�°« °º°�Èm�
Óº® äË�º�� ¹¯Ò }º�º¯ºä Ò°¹ºã	Ï�
�°« �mÈ ÁË¯¯º°�
¹ãÈmÈ �° ÓÒÏ}Òä Ò m©°º}Òä °º�Ë¯ÎÈÓÒËä ²¯ºäÈ��
tÒäÒ�Ë°}Ò® °º°�Èm� �}ÈÏÈÓÓ©® m °Ë¯�ÒÁÒ}È�Ë�
¯È°°�Ò�©mÈË�°« }È} °¯Ë�ÓËmÏmË�ËÓÓ©® �m�² ÁË¯�
¯º°¹ãÈmºm� �È}Òä º­¯ÈÏºä� }ÈÎ�È« �¹È}ºm}È �­º��
}È� °º�Ë¯ÎÒ� �mÈ ÓË¹Ë¯ËäË�ÈÓÓ©² äËÎ�� °º­º®
äÈ�Ë¯ÒÈãÈ� w�º º­°�º«�Ëã	°�mº °Òã	Óº �°ãºÎÓ«Ë�
¹¯ºÒÏmº�°�mËÓÓ©® ¹¯º�Ë°°� �È} }È} ¹¯Ò²º�Ò�°«
mmº�Ò�	 �º¹ºãÓÒ�Ëã	Ó�
 º¹Ë¯È�Ò
 ¹º ��È�Ëã	Óº�
ä� ¹Ë¯ËäË�ÒmÈÓÒ
 °º�Ë¯ÎÒäº�º }ÈÎ�º® ­º�}Ò m
º��Ëã	Óº°�Ò� sË�º°�È�}ºä ÁË¯¯º°¹ãÈmºm nt�����
nt������ nt����� «mã«Ë�°« m©°º}ºË °º�Ë¯ÎÈ�
ÓÒË m ÓÒ² Áº°Áº¯È Ò }¯ËäÓÒ«� { ÓÈ°�º«�ËË m¯Ëä«
ÏÈmº� ¹ºã��ÈË� ° zã
�Ëm°}º�º ÏÈmº�È ��ãË¯º�Ò°�
�©® ²¯ºä äÈ¯}Ò t��r ��È­ã� ��� �¯ÒäËÓËÓÒË ¹º°�
ãË�ÓË�º m ÓÈ¹ãÈmº�Ó©² äÈ�Ë¯ÒÈãÈ² º­Ë°¹Ë�ÒmÈË�
­ºãËË °�È­Òã	Ó©® ²ÒäÒ�Ë°}Ò® °º°�Èm ÓÈ¹ãÈmãËÓÓº�
�º äË�ÈããÈ ¹º °º�Ë¯ÎÈÓÒ
 ��ãË¯º�È Ò ²¯ºäÈ� È
�È}ÎË ¹ºÏmºã«Ë� °ÓÒÏÒ�	 }ºªÁÁÒ�ÒËÓ� ÏÈ¹ºãÓËÓÒ«
¹º¯º�}ºm©² ¹¯ºmºãº} Ò }ºªÁÁÒ�ÒËÓ� äÈ°°© ¹º}�
¯©�Ò« ªãË}�¯º�ºm�

,QIRUPDWLRQ LV JLYHQ RQ IOX[�FRUHG ZLUHV DQG HOHFWURGHV XVHG DV FODGGLQJ FRQVXPDEOHV IRU KDUGHQLQJ RI SDUWV RSHUDWLQJ
XQGHU LPSDFW�DEUDVLYH ZHDU FRQGLWLRQV�

�º°��¹ÒãÈ m ¯Ë�È}�Ò
 ����������

M>D ��������������

�


�	��������
��������	����������

���
���
���	��	�

G� <� KDHJBG:� :� ?�F:JQ?GDH� dZg^b^Zlu l_og� gZmd �Bg�l we_dljhk\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu�

§ÆÊÍÅÄÌÚ ÏÄÆÒÊÛÑ¿ÑÚ ÇÐÐÊÄÃÍÁ¿ÌÇÈ ÔÇËÇÖÄÐÉÍÈ ¿ÉÑÇÁÌÍÐÑÇ ÑÍÌÉÍ ÇÆËÄÊÛÖÄÌÌÚÔ ÓÄÏÏÍÐÎÊ¿ÁÍÁ �ÓÄÏÏÍÐÇÊÇÕÇÞ
³°���� ÓÄÏÏÍË¿ÏÂ¿ÌÕ¿� ÓÄÏÏÍÐÇÊÇÉÍË¿ÏÂ¿ÌÕ¿ Ç ÃÏ��� ÇÐÎÍÊÛÆÒÄËÚÔ ÎÏÇ ÎÏÍÇÆÁÍÃÐÑÁÄ ÜÊÄÉÑÏÍÃÍÁ Á É¿ÖÄÐÑÁÄ

Ï¿ÐÉÇÐÊÇÑÄÊÄÈ Ç ÊÄÂÇÏÒÝØÇÔ ËÄÑ¿ÊÊ¿ ×Á¿� ¡ÚÞÁÊÄÌ¿ ÖÏÄÆÁÚÖ¿ÈÌÍ ÁÚÐÍÉ¿Þ ¿ÉÑÇÁÌÍÐÑÛ ÍÑÃÄÊÛÌÚÔ Î¿ÏÑÇÈ
ÓÄÏÏÍÐÇÊÇÕÇÞ ³°���� ¡ÚÐÉ¿Æ¿ÌÍ ÎÏÄÃÎÍÊÍÅÄÌÇÄ Í ÑÍË� ÖÑÍ Ñ¿É¿Þ ÁÚÐÍÉ¿Þ ¿ÉÑÇÁÌÍÐÑÛ ÐÁÞÆ¿Ì¿ Ð ÍÐÍÀÄÌÌÍÐÑÞËÇ
ÑÄÔÌÍÊÍÂÇÇ ÎÏÍÇÆÁÍÃÐÑÁ¿ x ÒÔÒÃ×ÄÌÇÄË ÂÍËÍÂÄÌÌÍÐÑÇ ÐÊÇÑÉÍÁ ÓÄÏÏÍÐÇÊÇÕÇÞ� ÊÇÀÍ ÍÀÏ¿ÆÍÁ¿ÌÇÄË ÍÐÍÀÍ ¿ÉÑÇÁ�

ÌÚÔ ÐÑÏÒÉÑÒÏÌÚÔ ÐÍÐÑ¿ÁÊÞÝØÇÔ�

zã
� Ë m © Ë ° ã º m È � ¹¯ºÒÏmº�°�mº ªãË}�¯º�ºm� º­äÈÏº�Ó©Ë
äÈ°°©� ÎÒ�}ºË °�Ë}ãº� ÁË¯¯º°¹ãÈm©� ²ÒäÒ�Ë°}È« È}�Òm�
Óº°�	� �ÈÏºm©�ËãËÓÒË� ¹È°°ÒmÈ�Ò«

{ ¹¯º�Ë°°Ë ¹¯Ò�º�ºmãËÓÒ« Ò ¹Ë¯Ë¯È­º�}Ò ªãË}�¯º��
Ó©² º­äÈÏº�Ó©² äÈ°° ÏË¯ÓÈ Ò² ÁË¯¯º°¹ãÈmÓ©² Ò
äË�ÈããÒ�Ë°}Ò² ¹º¯º�}ºº­¯ÈÏÓ©² °º°�Èmã«
�Ò²
mÏÈÒäº�Ë®°�m�
� ° ÎÒ�}Òä °�Ë}ãºä �°m«Ï�
�Òä��
¹¯Ò ª�ºä m©�Ëã«
�°« �Ë¹ãº Ò �ÈÏ� w�º ¹¯Òmº�Ò� }
¹º°�Ë¹ËÓÓºä� ÏÈ��°�ËÓÒ
 º­äÈÏ}Ò m¹ãº�	 �º ¹ºã�
Óº® ¹º�Ë¯Ò Ë
 ¹ãÈ°�Ò�Óº°�Ò� °º¹¯ºmºÎ�ÈË�°« �mË�

ãÒ�ËÓÒËä ¯ÈÏÓº�ºã�ÒÓÓº°�Ò� m°¹�²ÈÓÒËä ¹º}¯©�
�Ò« Ò º­¯ÈÏºmÈÓÒËä m ÓËä ¹º¯ Ò �¯Ë�ÒÓ� È �È}ÎË
°��Ë°�mËÓÓ©ä °ÓÒÎËÓÒËä ¹¯º�Óº°�Ò ¹º}¯©�Ò«
¹º°ãË �Ë¯äºº­¯È­º�}Ò ªãË}�¯º�ºm�

�º °��Ò �}ÈÏÈÓÓ©Ë ¹¯º�Ë°°© mÏÈÒäº�Ë®°�mÒ«
«mã«
�°« ²ÒäÒ�Ë°}ÒäÒ ¯ËÈ}�Ò«äÒ äËÎ�� È}�ÒmÓ©�
äÒ äË�ÈããÈäÒ �}¯ËäÓÒËä� äÈ¯�ÈÓ�Ëä� }È¯­Ò�ºä
äÈ¯�ÈÓ�È Ò �¯�� Ò �Ëãº�	
 52+ ���Ë 5 Û 1D

� È ­ ã Ò � È �� tÒäÒ�Ë°}Ò® °º°�Èm ��ãË¯º�Ò°�º�º ²¯ºäÈ äÈ¯�
}Ò t��r ��� ��������Ü���� äÈ°� �

¢
¹È¯�ÒÒ

&U & 6L $O &X 6 3

. �� ���� ���� ���� ���� ����� ���� �����

. �� ���� ���� ���� ���� ����� ���� �����

. �� ���� ���� ���� ���� ����� ���� �����

� s� {� v}º¯ÒÓÈ� k� p� lÈ¯�ËÓ}º� ����


iÈÓÓ©® äÈ�Ë¯ÒÈã m mÒ�Ë �º}ãÈ�È ¹¯Ë�°�ÈmãËÓ ÓÈ ��ä ÓÈ��Óº�
¹¯È}�Ò�Ë°}ºä °ËäÒÓÈ¯Ë ½i��ºmÈ« °mÈ¯}È� lÈ�Ë¯ÒÈã© Ò }È�Ë°�mº�
��� lÈ�ÓÒ�º�º¯°}� ��Ü�� °ËÓ�� ���� ����

������ ��



Ò�ÒãÒ .�� º­¯ÈÏ�
�Ë®°« m°ãË�°�mÒË �Ò�¯ºãÒÏÈ
ÎÒ�}º�º °�Ë}ãÈ� ÒãÒ mº�º®�

6L � �52+ � +�2  5�6L2� � �+�↑� ���

0Q � �+�2  0Q�2+�� � +�↑� ���

0Q�& � �+�2  �0Q�2+�� � &+�↑ � +�↑� ���

�$O � �52+ � �+�2  �5$O2� � �+�↑� ���

0J � �+�2  0J�2+�� � +�↑� ���

v �¯��Óº°�«äÒ� °m«ÏÈÓÓ©äÒ ° ¹¯º�Ë}ÈÓÒËä ²Ò�
äÒ�Ë°}Ò² ¯ËÈ}�Ò® m º­äÈÏº�Ó©² äÈ°°È² ���Ü����
�Ë²Óºãº�Èä ¹¯Ò²º�Ò�°« °�Ò�È�	°« ° °Èäº�º ÓÈ�ÈãÈ
¹¯ºä©�ãËÓÓº�º ÒÏ�º�ºmãËÓÒ« ¹º}¯©�©² ªãË}�¯º�
�ºm� z ÓÈ°�º«�Ëä� m¯ËäËÓÒ ÓÈ º°ÓºmÈÓÒÒ ¯ËÏ�ã	�
�È�ºm Ò°°ãË�ºmÈÓÒ® Ò ÓÈ}º¹ãËÓÓº�º º¹©�È Ò² ��È�
ãº°	 ¹¯Ëº�ºãË�	 ° ¹ºäº�	
 ¹È°°ÒmÈ�ÒÒ ¹ºmË¯²Óº�
°�Ò �È°�Ò� È}�ÒmÓ©² ¹º¯º�}ºm� �� Ë� ¹��Ëä °ºÏ�È�
ÓÒ« ÓÈ ÓË® ¹¯º�Óº® ¹ãËÓ}Ò º}°Ò�ºm�

�Ëä ÓË äËÓËË ¯«� ¹¯ºÒÏmº�°�m� ÒÏ�º�ºmã«
�Ò²
¹º}¯©�©Ë °mÈ¯º�Ó©Ë ªãË}�¯º�©� m ¯ÈÏÓ©Ë �º�©
¹º°ãË�ÓË�º �Ë°«�ÒãË�Ò« °�Èã}ÒmÈãÒ°	 ° �}ÈÏÈÓÓº®
¹¯º­ãËäº®� �¯ÒäËÓËÓÒË ÓË}º�º¯©² �¯È�Ò�ÒºÓÓ©²
�Ë²Óºãº�Ò�Ë°}Ò² ¹¯ÒËäºm ¹È°°ÒmÈ�ÒÒ ¹º¯º�}ºm
ÁË¯¯º°ÒãÒ�Ò« ¹ºãºÎÒ�Ëã	Ó©² ¯ËÏ�ã	�È�ºm ÓË �È�
ãº� { º��Ëã	Ó©² °ã��È«² º}ÈÏÈãº°	� ��º ºÓÒ ¹¯Ò�
mº�«� } ¹¯º�Òmº¹ºãºÎÓºä� ªÁÁË}��� È ÒäËÓÓº�
�°ÒãÒmÈ
� ²ÒäÒ�Ë°}ºË mÏÈÒäº�Ë®°�mÒË ¹º¯º�}ºm
ÁË¯¯º°ÒãÒ�Ò« ° ÎÒ�}Òä °�Ë}ãºä� ¹¯ºmº�Ò¯�« �Ëä
°Èä©ä °­ºÒ m �Ë²Óºãº�ÒÒ ÒÏ�º�ºmãËÓÒ« ªãË}�¯º�
�ºm�

{ ÓÈ°�º«�Ë® ¯È­º�Ë ¹¯ÒmË�ËÓ© ¯ËÏ�ã	�È�© Ò°�
°ãË�ºmÈÓÒ®� m©¹ºãÓËÓÓ©² m jwv Òä� p� |� �È�º�
ÓÈ m °º�¯�ÎË°�mË ° mË���ÒäÒ m º­ãÈ°�Ò ÒÏ�º�ºm�
ãËÓÒ« ªãË}�¯º�ºm ¹¯Ë�¹¯Ò«�Ò«äÒ �}¯ÈÒÓ© Ò cn�
|ÓÒ Òãã
°�¯Ò¯�
� º°º­ËÓÓº°�Ò ²ÒäÒ�Ë°}º�º mÏÈ�
Òäº�Ë®°�mÒ« ° ÎÒ�}Òä °�Ë}ãºä ¹º¯º�}ºm ÁË¯¯º°�
¹ãÈmºm Ò äË�ÈããÒ�Ë°}Ò² ¹º¯º�}ºm� }º�º¯©Ë �Ò¯º�
}º ¹¯ÒäËÓ«
�°« ¹¯Ò ¹¯ºÒÏmº�°�mË ªãË}�¯º�ºm� j°�
°ãË�ºmÈãÒ ¹¯º­©� º�º­¯ÈÓÓ©Ë ÒÏ ¹¯ºä©�ãËÓÓ©²
¹È¯�Ò® ¹¯º��}�ÒÒ� ÒÏ�º�ºmãËÓÓº® ~È¹º¯ºÎ°}Òä
�~~n�� sÒ}º¹ºã	°}Òä �s~n�� sºmº}�ÏÓË�}Òä
ÏÈmº�ÈäÒ ÁË¯¯º°¹ãÈmºm Ò  Ëã«­ÒÓ°}Òä ªãË}�¯ºäË�
�Èãã�¯�Ò�Ë°}Òä }ºä­ÒÓÈ�ºä� }º�º¯©Ë m ¹¯º�Ë°°Ë
¹¯ºä©�ãËÓÓº�º Ò°¹ºã	ÏºmÈÓÒ« ¹¯º�ËäºÓ°�¯Ò¯ºmÈ�
ãÒ ¯ÈÏãÒ�Ó�
 °�Ë¹ËÓ	 ²ÒäÒ�Ë°}º® È}�ÒmÓº°�Ò� |��
Óºm¯ËäËÓÓº ° ¹ºäº�	
 ÒÏmË°�Ó©² �Ë²Óºãº�Ò�Ë°�
}Ò² ¹¯ÒËäºm ¹¯ºmË¯«ãÒ ªÁÁË}�ÒmÓº°�	 ¹º�ÈmãË�
ÓÒ« Ò² È}�ÒmÓº°�Ò� k}�ÒmÓº°�	 ÁË¯¯º°¹ãÈmºm Ò
äË�ÈããÒ�Ë°}Ò² ¹º¯º�}ºm º�ËÓÒmÈãÒ ¹º º­�Ëä� 9

�ÈÏÈ �äË�º� m©¯ÈmÓÒmÈÓÒ« º­�ËäÈ�� m©�Ëã«
�Ë�º�
°« ÏÈ m¯Ëä« mÏÈÒäº�Ë®°�mÒ« � � ¹º¯º�}È ÁË¯¯º°¹�
ãÈmÈ� ¹¯º°Ë«ÓÓº�º �Ë¯ËÏ °Ë�}� ¯ÈÏäË¯ºä ��� ä}ä�
°º ��� � ÓÈ�¯ÒËmº�}ÈãÒËmº�º ÎÒ�}º�º °�Ë}ãÈ� ÒäË�

�Ë�º ¹ãº�Óº°�	 ���� }��ä

�
Ò m«Ï}º°�	

��…�� ä�È⋅°� lº��ã	 ÎÒ�}º�º °�Ë}ãÈ °º°�Èmã«ã
���…��� Ë��� �Ëä¹Ë¯È��¯È ¯ËÈ}�ÒºÓÓº® ÏºÓ© Û
�� Åv� sÈmË°}Ò ¹º¯º�}ºm ° º�ËÓ	 ÓÒÏ}º® È}�Òm�
Óº°�	
 �mËãÒ�ÒmÈãÒ �º � � �¹ºã��ËÓÓ©Ë ¯ËÏ�ã	�
�È�© �È}ÎË ¹¯ÒmË�ËÓ© } � � ¹º¯º�}È ÁË¯¯º°¹ãÈ�
mÈ�� �¯º�ºãÎÒ�Ëã	Óº°�	 ÓÈ­ã
�ËÓÒ« ÏÈ ¯ËÈ}�ÒË®
º­©�Óº °º°�Èmã«ãÈ ��� ��

sÈ ¯Ò°� �Ü� ¹º}ÈÏÈÓÈ È}�ÒmÓº°�	 ¹º¯º�}ºm
ÁË¯¯º°ÒãÒ�Ò« äÈ¯}Ò nv��� ��� ¹È¯�Ò®� Ò ÁË¯¯º�
°ÒãÒ}ºäÈ¯�ÈÓ�È ���� ¹È¯�Ò«�� È �È}ÎË ÓÒÏ}º��ãË�
¯º�Ò°�º�º Ò ��ãË¯º�Ò°�º�º ÁË¯¯ºäÈ¯�ÈÓ�È �°ºº��
mË�°�mËÓÓº �� Ò �� ¹È¯�Ò®� Ò äË�ÈããÒ�Ë°}º�º äÈ¯�
�ÈÓ�È ��� ¹È¯�Ò®�� �ºã��ËÓÓ©Ë ¯ËÏ�ã	�È�© °mÒ�Ë�
�Ëã	°�m�
� º �ºä� ��º �Ë²Óºãº�Ò äº��� °�ºã}Ó��	°«
° mË°	äÈ m©°º}º® È}�ÒmÓº°�	
 ¹º¯º�}ºm ÁË¯¯º°Ò�
ãÒ�Ò« Ò ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�È m ÎÒ�}º°�Ë}ºã	Óº®
°¯Ë�Ë� |­�Ëä m©�ËãÒm�Ë�º°« �ÈÏÈ ÏÈ �� äÒÓ ¹¯º�
�Ë}ÈÓÒ« ¯ËÈ}�ÒÒ ¹º¯º�}ºm ÁË¯¯º°¹ãÈmºm ° ÎÒ��
}Òä °�Ë}ãºä� ÏÓÈ�Ò�Ëã	Óº ¹¯Ëm©�ÈË� }¯Ò�Ò�Ë°}Ò®
º­�Ëä �� äã�� ���¯Ò²ºmÈ« ãÒÓÒ« ÓÈ ¯Ò°� ��� sË°�
äº�¯« ÓÈ �º� ��º ²ÒäÒ�Ë°}Ò® °º°�Èm ÒÏ��ËÓÓ©²
ÁË¯¯º°¹ãÈmºm º°�ÈmÈã°« m ¹¯Ë�ËãÈ²� ¯Ë�ãÈ�
äËÓ�Ò¯ºmÈÓÓ©² �º°��È¯°�mËÓÓ©ä °�ÈÓ�È¯�ºä� ¹º
°�Ë¹ËÓÒ È}�ÒmÓº°�Ò ºÓÒ °��Ë°�mËÓÓº º�ãÒ�ÈãÒ°	
�¯�� º� �¯��È �°ä� ÏÈ��¯Ò²ºmÈÓÓ©Ë º­ãÈ°�Ò�� tÒ�
äÒ�Ë°}È« È}�ÒmÓº°�	 ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�È äºÎË�
­©�	 �ÈÎË m©�Ë� �Ëä °�ÈÓ�È¯�Óº�º ÁË¯¯º°ÒãÒ�Ò«�
²º�« }ºÓ�ËÓ�¯È�Ò« }¯ËäÓÒ« m ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�
�Ë °��Ë°�mËÓÓº ÓÒÎË� �¯Ò ª�ºä ÓË ��Èãº°	 m©«�
mÒ�	 º�ÓºÏÓÈ�Óº® °m«ÏÒ äËÎ�� ÒÏäËÓËÓÒ«äÒ °º�Ë¯�
ÎÈÓÒ« °º°�Èmã«
�Ò² ÁË¯¯º°¹ãÈmÈ Ò Ò² ²ÒäÒ�Ë°�

cÒ°� �� zÒÓË�Ò}È m©�ËãËÓÒ« �ÈÏÈ ¹¯Ò mÏÈÒäº�Ë®°�mÒÒ ¹º¯º�}È
ÁË¯¯º°ÒãÒ�Ò« äÈ¯}Ò nv��� ° ÎÒ�}Òä °�Ë}ãºä

cÒ°� �� zÒÓË�Ò}È m©�ËãËÓÒ« �ÈÏÈ ¹¯Ò mÏÈÒäº�Ë®°�mÒÒ ¹º¯º�}È
ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�È ° ÎÒ�}Òä °�Ë}ãºä �²ÒäÒ�Ë°}Ò® °º°�Èm
ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�È� äÈ°� �� ���…��� &� ��…�� 0Q� ��…��
6L�

�� ������



}º® È}�ÒmÓº°�	
 m ÎÒ�}ºä °�Ë}ãË� |�ÓÈ}º �°�È�
ÓºmãËÓº� ��º ° �mËãÒ�ËÓÒËä °º�Ë¯ÎÈÓÒ« }¯ËäÓÒ«
m ÁË¯¯º°ÒãÒ�ÒÒ Ò ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�Ë m ¹¯Ë�Ë�
ãÈ² äÈ¯º�Óº�º �º¹�°}È Ò² ²ÒäÒ�Ë°}È« È}�ÒmÓº°�	
mº äÓº�Ò² °ã��È«² mºÏ¯È°�ÈË�� iº­Èm}È .

�
&U

�
2
�

�²¯ºä¹Ò}È� m ÎÒ�}ºË °�Ë}ãº ¹º�Èmã«Ë� ¯ËÈ}�Ò

mÏÈÒäº�Ë®°�mÒ« ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�È ° ÓÒä� |­
ªÁÁË}�ÒmÓº°�Ò ª�º�º °¹º°º­È ¹¯ÒäËÓÒ�Ëã	Óº }
ÁË¯¯º°ÒãÒ�Ò
 ­��Ë� °}ÈÏÈÓº ÓÒÎË�

v¯Ë�ÓË��ãË¯º�Ò°�©® Ò ��ãË¯º�Ò°�©® ÁË¯¯º�
äÈ¯�ÈÓË� ¹¯ºÒÏmº�°�mÈ s~n� È �È}ÎË äË�ÈããÒ�Ë°�
}Ò® äÈ¯�ÈÓË� ²È¯È}�Ë¯ÒÏ�
�°« ÓËm©°º}º® ²ÒäÒ�
�Ë°}º® È}�ÒmÓº°�	
 m ÎÒ�}ºä °�Ë}ãË� w�Ò ÁË¯¯º°�
¹ãÈm© ÓË Ó�Î�È
�°« m ¹È°°ÒmÈ�ÒÒ� { �º ÎË m¯Ëä«
º�äË�Èãº°	 �mËãÒ�ËÓÒË È}�ÒmÓº°�Ò ��ãË¯º�Ò°�º�º
ÁË¯¯ºäÈ¯�ÈÓ�È� ¹º°�Èmã«Ëäº�º ~~n� ��º äºÎÓº
º­�«°ÓÒ�	 ­ºãËË m©°º}Òä °º�Ë¯ÎÈÓÒËä m ÓËä }¯Ëä�
ÓÒ«�

�º¯º�}Ò Èã
äÒÓÒ« äÈ¯}Ò �k�� Ò Èã
äº�
äÈ�ÓÒËmº® äÈ¯}Ò �kl�� º�ãÒ�È
�°« mË°	äÈ ÓÒÏ�
}º® ²ÒäÒ�Ë°}º® È}�ÒmÓº°�	
 m ÎÒ�}º°�Ë}ºã	Óº®
°¯Ë�Ë ���� ���� iº­Èm}Ò ²¯ºä¹Ò}È m ÎÒ�}ºË °�Ë}ãº
¹º�Èmã«
� Ò² È}�ÒmÓº°�	 Ë�Ë ­ºã	�Ë� º°º­ËÓÓº
ª�º }È°ÈË�°« ¹º¯º�}È äÈ¯}Ò �kl��� �º¯º�º} äÈ��
ÓÒ« ²È¯È}�Ë¯ÒÏ�Ë�°« ­ºã	�º® È}�ÒmÓº°�	
� Óº Ò m
ª�ºä °ã��ÈË ²¯ºä¹Ò} «mã«Ë�°« �ºmºã	Óº ªÁÁË}�Òm�
Óº® ¹È°°ÒmÒ¯�
�Ë® �º­Èm}º®� { ¹¯ÒÓ�Ò¹Ë ¹º¯º��
}Ò m°Ë² ÓÈÏmÈÓÓ©² �Ò¹ºm m °º°�º«ÓÒÒ ¹º°�Èm}Ò m
�º¹ºãÓÒ�Ëã	Óº® ¹È°°ÒmÈ�ÒÒ ÓË Ó�Î�È
�°«�

�È°°ÒmÒ¯�
�Ò® ªÁÁË}�� m©Ï©mÈËä©® mÏÈÒäº�
�Ë®°�mÒËä ²¯ºä¹Ò}È� �º­ÈmãËÓÓº�º m ÎÒ�}ºË °�Ë}�
ãº� ° ÁË¯¯º°ÒãÒ�ÒËä ÓËº�ÓºÏÓÈ�ËÓ� ~ÈäË�ËÓº� ��º
Ë°�	 ¹È¯�ÒÒ ÁË¯¯º°ÒãÒ�Ò«� È}�ÒmÓº°�	 }º�º¯©²�
}È} Ò ºÎÒ�Èãº°	� ¹º�Èmã«Ë�°« ¹¯Ò �º­Èm}Ë ²¯ºä�

¹Ò}È m ÎÒ�}ºË °�Ë}ãº �°¯ÈmÓÒ }¯Òm©Ë � Ò �′� � Ò

�′ ÓÈ ¯Ò°� ��� { �º ÎË m¯Ëä« È}�ÒmÓº°�	 �¯��Ò²
¹È¯�Ò® �}ÈÏÈÓÓº�º ÁË¯¯º°¹ãÈmÈ °��Ë°�mËÓÓº mºÏ�
¯È°�ÈË� ¹º� mãÒ«ÓÒËä ª�º® ÎË �º­Èm}Ò �°¯ÈmÓÒ

}¯Òm©Ë � Ò �′� � Ò �′�� sË­ãÈ�º¹¯Ò«�ÓºË mãÒ«ÓÒË
�º­Èmº} ²¯ºä¹Ò}È ÓÈ­ã
�Èãº°	 �È}ÎË ¹¯Ò Ò°°ãË�
�ºmÈÓÒÒ ÁË¯¯º°ÒãÒ�Ò«� m °º°�ÈmË }º�º¯º�º °º�Ë¯�
ÎÈÓÒË }¯ËäÓÒ« ¹¯Ò­ãÒÎÈË�°« } �� �� Ò °�ÈÓ�È¯��
Óº�º ÁË¯¯º°ÒãÒ�Ò« äÈ¯}Ò nv���� lºÎÓº ¹¯Ë�¹º�
ãºÎÒ�	� ��º °ºm¯ËäËÓÓ©Ë �Ë²Óºãº�ÒÒ ¹¯ºÒÏmº�°�mÈ
ÁË¯¯º°ÒãÒ�Ò« äÈ¯}Ò nv��� °¹º°º­°�m�
� ÓËº�Óº�
¯º�Óºä� ¯È°¹¯Ë�ËãËÓÒ
 }¯ËäÓÒ« Ò ¹¯ÒäË°Ë® m

cÒ°� �� zÒÓË�Ò}È m©�ËãËÓÒ« �ÈÏÈ ¹¯Ò mÏÈÒäº�Ë®°�mÒÒ ¹º¯º�}ºm
ÁË¯¯ºäÈ¯�ÈÓ�È �ÈÜm� Ò äË�ÈããÒ�Ë°}º�º äÈ¯�ÈÓ�È ��� ° ÎÒ�}Òä
°�Ë}ãºä �äÈ°� ��� È Û °¯Ë�ÓË��ãË¯º�Ò°�©® ÁË¯¯ºäÈ¯�ÈÓË�
����…��� &� ���…��� &U� ����…���� 0Q�� ­� m Û m©°º}º��ãË�
¯º�Ò°�©® �­ Û ���…��� &� ����…���� 0Q� ���…��� 6L�
����…���� 3� m Û ���…��� &� ����…���� 0Q� ���…��� 6L�
���� 3��� �Û äË�ÈããÒ�Ë°}Ò® äÈ¯�ÈÓË� �����…���� &� ����…����
0Q� ���…��� 6L� ����…���� 3�

cÒ°� �� {ãÒ«ÓÒË �º­Èmº} ²¯ºä¹Ò}È ���� �� m ÎÒ�}ºË °�Ë}ãº ÓÈ
}ÒÓË�Ò}� m©�ËãËÓÒ« �ÈÏÈ �Ò°°ãË�ºmÈÓ© ¯ÈÏãÒ�Ó©Ë ¹È¯�ÒÒ
ÁË¯¯º°ÒãÒ�Ò« nv����� �Ü�Û ÎÒ�}ºË °�Ë}ãº ­ËÏ �º­Èm}Ò� �′Ü�′
Û �º ÎË ° �º­Èm}º® ²¯ºä¹Ò}È

������ ��



°ãÒ�}È² ÒãÒ m©Ï©mÈ
� º­¯ÈÏºmÈÓÒË º°º­º È}�Òm�
Ó©² °�¯�}��¯Ó©² °º°�Èmã«
�Ò²�

k}�ÒmÓº°�	 ¹º¯º�}È ÁË¯¯º°ÒãÒ�Ò« äºÎÓº
�äËÓ	�Ò�	� Ò°¹ºã	Ï�« ¹º¯º�}Ò ° ÓËm©°º}Òä °º�
�Ë¯ÎÈÓÒËä äËã}Ò² Á¯È}�Ò® ��� ä}ä Ò äËÓËË��
¹¯ÒäËÓ«« ¹È°°ÒmÒ¯�
�Ò® ÓÈ�¯Ëm ���� Åv m �Ë�ËÓÒË
� ��� �º­Èmã«« ��� � ÓÈ°©�ËÓÓº�º mº�Óº�º ¯È°�mº�
¯È ¹Ë¯äÈÓ�ÈÓÈ�È }ÈãÒ« m °äË°	 ÒãÒ ¯È°¹©ã«« ��¯È�
Ó�ãÒ¯�«� ¯È°¹ãÈm mº�Óº® °�¯�Ë® �¯Ò°� ��� �º°ãË��
ÓÒ® °¹º°º­ «mã«Ë�°« ÓÈÒ­ºãËË ªÁÁË}�ÒmÓ©ä�

k}�ÒmÓº°�	 ¹º¯º�}È ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�È
�È}ÎË ¹ºÓÒÎÈË�°« ¹¯Ò �äËÓ	�ËÓÒÒ °º�Ë¯ÎÈÓÒ«

äËã}ºÏË¯ÓÒ°�©² Á¯È}�Ò® m ¹º¯º�}Ë �Óº ¹ºã��È�
Ëä©® ªÁÁË}� º� °ÓÒÎËÓÒ« È}�ÒmÓº°�Ò äËÓ	�Ë� �Ëä
� ÁË¯¯º°ÒãÒ�Ò«�� �º­Èm}Ë ²¯ºä¹Ò}È m ÎÒ�}ºË
°�Ë}ãº �ª�È �Ë²Óºãº�Ò« �ºãÎÓÈ ­©�	 Ò°}ã
�ËÓÈ
ÒÏ ¹¯ÒäËÓËÓÒ« ¹º ª}ºãº�Ò�Ë°}Òä °ºº­¯ÈÎËÓÒ«ä�
ÒãÒ ¯È°�mº¯È ¹Ë¯äÈÓ�ÈÓÈ�È }ÈãÒ« m °äË°	� È �È}ÎË
Ò°¹ºã	ÏºmÈÓÒÒ ¹È°°ÒmÒ¯�
�Ë�º ÓÈ�¯ËmÈ ¹¯Ò
��� Åv� �Ë²Óºãº�Ò« �¯ÈÓ�ãÒ¯ºmÈÓÒ« ÁË¯¯º°ÒãÒ}º�
äÈ¯�ÈÓ�È mº�Óº® °�¯�Ë® ÓË �ÈË� Ó�ÎÓº�º �Ë²Óº�
ãº�Ò�Ë°}º�º ªÁÁË}�È �¯Ò°� �� Ò ¹ºª�ºä� ÓË
¯Ë}ºäËÓ��Ë�°« �ã« ¹¯ÒäËÓËÓÒ«�

*LYHQ DUH WKH UHVXOWV RI LQYHVWLJDWLRQ LQWR UHDFWLYLW\ RI ILQH IHUURDOOR\V �IHUURVLOLFLXP )6���� IHUURPDQJDQHVH� VLOLFRPDQJDQHVH�

HWF�� XVHG LQ SURGXFWLRQ RI HOHFWURGHV DV ZHOG PHWDO GHR[LGLVHUV� ,QGLYLGXDO EDWFKHV RI IHUURVLOLFLXP )6��� ZHUH UHYHDOHG
WR KDYH DQ H[WUHPHO\ KLJK UHDFWLYLW\� ,W ZDV VXJJHVWHG WKDW VXFK D KLJK UHDFWLYLW\ PLJKW EH DVVRFLDWHG ZLWK SHFXOLDULWLHV RI
WKH SURGXFWLRQ WHFKQRORJ\� ZKLFK FRXOG HLWKHU GHWHULRUDWH KRPRJHQHLW\ RI IHUURDOOR\ LQJRWV� RU FDXVH IRUPDWLRQ RI SDUWLFXODUO\
UHDFWLYH VWUXFWXUDO FRPSRQHQWV�

�º°��¹ÒãÈ m ¯Ë�È}�Ò
 ����������

cÒ°� �� {ãÒ«ÓÒË �Ò°¹Ë¯°Óº°�Ò ÏË¯ÓÈ ¯ÈÏãÒ�Ó©² °¹º°º­ºm ¹º�ÈmãËÓÒ« ²ÒäÒ�Ë°}º® È}�ÒmÓº°�Ò ¹º¯º�}ºm ÁË¯¯º°ÒãÒ�Ò« nv��� �È�
m� Ò ÁË¯¯º°ÒãÒ}ºäÈ¯�ÈÓ�È �­� �� ÓÈ }ÒÓË�Ò}� m©�ËãËÓÒ« �ÈÏÈ ¹¯Ò Ò² mÏÈÒäº�Ë®°�mÒÒ ° ÎÒ�}Òä °�Ë}ãºä

�� ������



vÒ°�Ëäº�Ë²ÓÒ�Ë°}È« }ºä¹ÈÓÒ«
m©­Ò¯ÈË� �ÒÁ¯ºm©Ë �Ë²Óºãº�
�ÒÒ °mÈ¯}Ò

�¯�­º¹¯ºmº� �ãÒÓº® ��� }ä Ò �ÒÈäË�¯ºä �� �
®�
äÈ �¹¯Ò­ãÒÏÒ�Ëã	Óº ��� °ä� ¹¯Ë�ÓÈÏÓÈ�ËÓ �ã«
�¯ÈÓ°¹º¯�Ò¯ºm}Ò �ÈÏÈ ÒÏ jÓ�ºÓËÏÒÒ m �ÈÒãÈÓ��
�¯Ò }º¯È­ã« º­º¯��ºmÈÓ© °mÈ¯º�Ó©äÒ ãÒÓÒ«äÒ
�ã« °ºË�ÒÓËÓÒ« °Ë}�Ò® �ãÒÓº® �� ä� vÒ°�Ëäº�
�Ë²ÓÒ�Ë°}È« ÁÒ¯äÈ ½&5& (YDQV� m©­¯ÈãÈ �ã«
¹¯ºË}�È ¹º °�¯ºÒ�Ëã	°�m� äº¯°}º�º �¯�­º¹¯ºmº�
�È ¹º°ãË�ÓÒË �Ë²Óºãº�Ò�Ë°}ÒË ¯ÈÏ¯È­º�}Ò ÁÒ¯�
ä© ½)URQLXV�� {¹Ë¯m©Ë ÁÒ¯äÈ º°ÓÈ�ÈË� �Ë°�	
¯È­º�Ò² °�ÈÓ�Ò® �ã« �ÈÓÓº�º ¹¯ºË}�È äº¯°}º�º
�¯�­º¹¯ºmº�È �ÒÁ¯ºmº® �Ë²Óºãº�ÒË® °mÈ¯}Ò�
zÈ�Ë°�mº Ò ¹¯ºÒÏmº�Ò�Ëã	Óº°�	 º}ÈÏÈãÒ°	 ¯Ë�È�

�ÒäÒ ÁÈ}�º¯ÈäÒ �ã« ÏÈ}ÈÏ�Ò}È Û ½+\XQGDL
+HDY\ ,QGXVWULHV��

zÈ�Ë°�mº Ò�¯ÈË� }ã
�Ëm�
 ¯ºã	 m °�¯ºÒ�Ëã	�
°�mË �¯�­º¹¯ºmº�ºm� ¹º°}ºã	}� mº°°�ÈÓºmÒ�Ëã	Ó©Ë
¯È­º�© �¯Ë­�
� °ãÒ�}ºä äÓº�º m¯ËäËÓÒ Ò °¯Ë�°�m�
cÈ°²º�© ÓÈ °�¯ºÒ�Ëã	°�mº äº¯°}º�º �¯�­º¹¯ºmº�È
°º°�Èmã«
� ¹¯Ò­ãÒÏÒ�Ëã	Óº ��� �©°� �ºã� vbk m
�ËÓ	� �¯ÒäËÓËÓÒË ����Ò °mÈ¯º�Ó©² °Ò°�Ëä 7UDQV�
3XOV 6\QHUJLF ���� 3LSH� º�ãÒ�È
�Ò²°« °�È­Òã	�
Óº°�	
 �º¯ËÓÒ« ���Ò Ò º�°��°�mÒËä ¯ÈÏ­¯©Ï�ÒmÈ�
ÓÒ« äË�ÈããÈ� º­Ë°¹Ë�Ò� ¹¯ºÒÏmº�Ò�Ëã	Óº°�	� ÓËº­�
²º�Òä�
 �ã« ¯ËÈãÒÏÈ�ÒÒ �¯Ë�	Ë�º ¹¯ºË}�È °�¯º�
Ò�Ëã	°�mÈ äº¯°}º�º äÈ�Ò°�¯Èã	Óº�º �¯�­º¹¯ºmº�È
c��� iÈÓÓ©Ë °Ò°�Ëä© º­Ë°¹Ë�ÒmÈ
� º�ËÓ	 m©°º}ºË
}È�Ë°�mº �mºm ° �È°�º�º® º�}ÈÏºm ��� � �m ¹º�º­Ó©²
¹¯ºË}�È² �È°�º�È º�}ÈÏºm °º°�Èmã«Ë�� }È} ¹¯ÈmÒãº�
� ���

iã« �ÈÓÓº�º ¹¯ºË}�È }ºä¹ÈÓÒ« &5& m©­¯ÈãÈ
Ò°}ã
�Ò�Ëã	Óº �ÒÁ¯ºm�
 �Ë²Óºãº�Ò
 °mÈ¯}Ò
½)URQLXV�� }º�º¯º® ­���� º°ÓÈ�ËÓ© �mË ¯È­º�ÒË
°�ÈÓ�ÒÒ ÓÈ }ÈÎ�ºä ÒÏ �¯Ë² }º¯È­ãË®� {ÓË�ÓÒ®
�ÒÈäË�¯ �¯�­Ó©² °Ë}�Ò® �ãÒÓº® �� ä ÒÏ m©°º}º¹�
¯º�Óº® °�ÈãÒ t�� °º°�Èmã«Ë� �� �
®äÈ �¹¯Ò­ãÒ�
ÏÒ�Ëã	Óº ��� °ä� ¹¯Ò �ºã�ÒÓË °�ËÓº} ����� ää�
�Ë¯mÈ« °�ÈÓ�Ò«� Ò°¹ºã	Ï�
�È« �Ë�©¯Ë °Ò°�Ëä©
7UDQV3XOV 6\QHUJLF ���� 3LSH� m ¹Ë¯mºä �Ò}ãË ÏÈ�
mÈ¯ÒmÈË� }º¯ÓËmº® �ºm Ò m©¹ºãÓ«Ë� �º¯«�Ò® ¹¯º�
²º�� Ò ÏÈ�Ëä ÓÈÓº°Ò� �mÈ ¹Ë¯m©² ¹Ë¯Ë}¯©mÈ
�Ò²
°ãº«� �¯Ò m©¹ºãÓËÓÒÒ ¹Ë¯mº�º ¹¯º²º�È äË�ÓÈ«
¹º�}ãÈ�}È ¹º� °mÈ¯º�Óº® mÈÓÓº® º­Ë°¹Ë�ÒmÈË� º��
ãÒ�ÓºË Áº¯äÒ¯ºmÈÓÒË }º¯Ó«� { �º ÎË m¯Ëä« mº°Ëä	

°Ò°�Ëä� }º�º¯©äÒ º°ÓÈ�ËÓÈ m�º¯È« °�ÈÓ�Ò«� ÏÈ �mÈ
�Ò}ãÈ ÓÈ¹ãÈmã«
� º� �¯Ë�	Ë�º �º �Ë°�º�º ÏÈ¹ºã�
Ó«
�Ò² °ãºËm�  Ë�©¯Ë �º¯Ëã}Ò ÓÈ ¹Ë¯mº® °�ÈÓ�ÒÒ
°ºË�ÒÓËÓ© ¹º¹È¯Óº Ò ¯È°¹ºãºÎËÓ© º�ÓÈ ÏÈ �¯��º®�
sÈ�ÒÓÈ« ° mË¯²ÓË® �È°�Ò �¯�­©� }ÈÎ�È« ÒÏ �º¯Ë�
ãº} ¹Ë¯Ë}¯©mÈË� ��ºã m ���Å� �� Ë� ¹Ë¯Ë²º�Ò� ÒÏ
¹ºãºÎËÓÒ« ÏËÓÒ�È �mË¯²ÓË® �º�}Ò� mãËmº Ò m¹¯Èmº
mÓÒÏ m ¹ºãºÎËÓÒË ÓÈ�Ò¯È �ÓÒÎÓË® �º�}Ò��

�º¯Ëã}Ò mº°	äÒ °mÈ¯º�Ó©² °Ò°�Ëä ÓÈ m�º¯º®
°�ÈÓ�ÒÒ �È}ÎË °ºË�ÒÓËÓ© ¹º¹È¯Óº� º�ÓÈ ÏÈ �¯��º®�
�¯Ò ª�ºä ºÓÒ ¹¯º²º�«� ÓË ¹ºãºmÒÓ�� È �ºã	}º
�Ë�mË¯�	 }¯��È� rãÈ�º�È¯« ÓÈ}º¹ãËÓÒ
 º¹©�È ¹º
°mÈ¯}Ë �¯�­º¹¯ºmº�ºm m �Ï}Ò® ÏÈÏº¯ ÁÒ¯äÈ ½)UR�
QLXV� °äº�ãÈ �°ºmË¯�ËÓ°�mºmÈ�	 °mºÒ °mÈ¯º�Ó©Ë
¹¯º�¯Èää©� m}ã
�È« °ÒÓ²¯ºÓÒÏÈ�Ò
 �m�² ���� �º�
¯«�Ò² m }ÈÎ�º® °mÈ¯º�Óº® mÈÓÓË�

nÒ¯ä© ½&5& (YDQV� Ò ½)URQLXV� �Ë°Óº °º��
¯��ÓÒ�È
� ÓÈ ¹¯º�«ÎËÓÒÒ ¹º°ãË�ÓÒ² �m�² ãË�� ~È
ª�º m¯Ëä« ÁÒ¯äÈ ½)URQLXV� È�È¹�Ò¯ºmÈãÈ m°Ë °Ò°�
�ËäÓ©Ë }ºä¹ºÓËÓ�© �ã« ��ºmãË�mº¯ËÓÒ« °¹Ë�ÒÁÒ�
�Ë°}Ò² �¯Ë­ºmÈÓÒ®� mºÏÓÒ}È
�Ò² ¹¯Ò °�¯ºÒ�Ëã	�
°�mË �¯�­º¹¯ºmº�ºm� nÒ¯äÈ ½)URQLXV� Û Èm°�
�¯Ò®°}Ò® ÒÏ�º�ºmÒ�Ëã	 °mÈ¯º�Ó©² °Ò°�Ëä Û
�ºã	}º m ���� �� ¹¯º�ÈãÈ º}ºãº ��� °Ò°�Ëä �ã«
°mÈ¯}Ò �¯�­º¹¯ºmº�ºm ÁÒ¯äË &5&� sÈ °Ë�º�Ó«
ÁÒ¯äÈ� ÒäË
�È« ¹¯Ë�°�ÈmÒ�Ëã	°�mÈ m ­ºãËË �Ëä
��� °�¯ÈÓÈ²� °�ÈãÈ °Èäº® }¯�¹Óº® °Ò°�Ëäº�Ë²ÓÒ�
�Ë°}º® º¯�ÈÓÒÏÈ�ÒË® m äÒ¯Ë�

�������

vmÈ¯º�ÓÈ« °Ò°�ËäÈ 7UDQV3XOV 6\QHUJLF ���� 3LSH �ã« º�Óºm¯Ë�
äËÓÓº�º ÓÈÓË°ËÓÒ« �m�² ¹Ë¯Ë}¯©mÈ
�Ò² °ãºËm m º�Óºä °ºË�Ò�
ÓËÓÒÒ

������ ��



M>D �������������

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

v¹º°º­ �¹¯ÈmãËÓÒ« ¹ºãºÎËÓÒËä ªãË}�¯º°mÈ¯º�Óº® �º¯Ëã}Ò
º�Óº°Ò�Ëã	Óº °�©}È� ¹¯Ò }º�º¯ºä ���Ë °ºº­�È
� }ºãË­È�Ëã	Ó©Ë
¹Ë¯ËäË�ËÓÒ« ¹º¹Ë¯Ë} °�©}È� ÒÏäË¯«
� °mÈ¯º�Ó©® �º}� Áº¯�
äÒ¯�
� °Ò�ÓÈã ¯È°°º�ãÈ°ºmÈÓÒ« Ò Ò°¹ºã	Ï�
� Ë�º �ã« }º¯�
¯Ë}�ÒÒ ¹ºãºÎËÓÒ« º°Ò �º¯Ëã}Ò º�Óº°Ò�Ëã	Óº °Ë¯Ë�ÒÓ© °�©}È�
º�ãÒ�È
�Ò®°« �Ëä� ��º }ºãË­ÈÓÒ« ªãË}�¯º�È °ºÏ�È
� Èm�º}º�
ãË­È�Ëã	Ó©ä }ºÓ��¯ºä� ÏÈä}Ó��©ä ¹º ¹Ë¯mº® �È¯äºÓÒ}Ë �º}È
°mÈ¯}Ò� �È�ËÓ� cn �������� {� v� zÈ¯¹ºm� {� l� �ÈÓÈ¯ÒÓ�
�� j� �Ë­Ë�ËÓ}º� k� s� jm��ÒÓ ���ã	°}Ò® ���� >��@�

�°�ÈÓºm}È �ã« Èm�ºäÈ�Ò�Ë°}º® ÒÓ��}�ÒºÓÓº® ÓÈ¹ãÈm}Ò� º��
ãÒ�È
�È«°« �Ëä� ��º ºÓÈ °ÓÈ­ÎËÓÈ ÓË äËÓËË �Ëä �m�ä« äÈÓÒ�
¹�ã«�º¯ÈäÒ� �È��Ò}ºä ¯ËÎÒäÈ ÓÈ¹ãÈm}Ò� ­ãº}ºä ¹Èä«�Ò Ò °¯Èm�
ÓËÓÒ« �r��� ­ãº}ºä �¹¯ÈmãËÓÒ« �r��� äË²ÈÓÒÏäÈäÒ äÈÓÒ¹��
ã«�º¯ºm Ò Ò°�º�ÓÒ}ºä ¹Ò�ÈÓÒ« ÒÓ��}�º¯È� �È��Ò}ÈäÒ
¹ºãºÎËÓÒ® äË²ÈÓÒÏäºm� �È��Ò}ÈäÒ �Ëä¹Ë¯È��¯©� ÏÈ�È��Ò}ÈäÒ
m¯ËäËÓÒ� �¯ÒmË�ËÓ© Ò �¯��ÒË º�ãÒ�Ò�Ëã	Ó©Ë ¹¯ÒÏÓÈ}Ò� �È�ËÓ�
cn �������� v� j� kÓ�Ò¹ËÓ}º� {� {� {�ºm}ÒÓ� k� l� i�­¯Èm}ÒÓ
>��@�

vº°�Èm °mÈ¯º�Óº® ¹¯ºmºãº}Ò� º�ãÒ�È
�Ò®°« �Ëä� ��º ºÓ �º�
¹ºãÓÒ�Ëã	Óº °º�Ë¯ÎÒ� mºã	Á¯Èä� �Ò�ÈÓ Ò �Ò¯}ºÓÒ® ¹¯Ò °ãË�
��
�Ëä °ºº�Óº�ËÓÒÒ ªãËäËÓ�ºm� äÈ°� �� �����…����� ��ãË¯º�
�È� ����…���� }¯ËäÓÒ«� ����…���� äÈ¯�ÈÓ�È� �����…�����
²¯ºäÈ� �����…����� ÓÒ}Ëã«� ����…���� mºã	Á¯ÈäÈ� ����…����
�Ò�ÈÓÈ� ����…���� �Ò¯}ºÓÒ«� º°�Èã	ÓºË Û ÎËãËÏº� �¯Ò ª�ºä
º�Óº�ËÓÒË °�ääÈ¯Óº�º °º�Ë¯ÎÈÓÒ« �Ò�ÈÓÈ Ò �Ò¯}ºÓÒ« } °º�
�Ë¯ÎÈÓÒ
 ��ãË¯º�È �ºãÎÓº ­©�	 ­ºã	�Ë ÒãÒ ¯ÈmÓº ��� �È�ËÓ�
cn �������� �� �� zÈ¯Ïºm� r� j� rË¯ËÎ}º� �� {� ~ËãËÓÒÓ Ò
�¯� �n��� ½¡sjj zl ½�¯ºäË�Ë®�� >��@�

�°�¯º®°�mº �ã« º¹¯Ë�ËãËÓÒ« ¹È¯ÈäË�¯ºm ¯ËÏÈÓÒ« º­�Ë}�ºm
°Áº}�°Ò¯ºmÈÓÓ©ä ãÈÏË¯Ó©ä ã��ºä� º�ãÒ�È
�ËË°« �Ëä� ��º
¹º�mÒÎÓºË º°ÓºmÈÓÒË m©¹ºãÓËÓº m mÒ�Ë m¯È�È
�Ë®°« ¹ãÈ��
Áº¯ä©� �°�ÈÓºmãËÓÓº® ÓÈ mË�ºäºä mÈã� äË²ÈÓÒÏäÈ �Ò°}¯Ë�Óº®
¯Ë��ãÒ¯ºm}Ò °}º¯º°�Ò m¯È�ËÓÒ«� m©¹ºãÓËÓÓº�º m mÒ�Ë ÓÈ­º¯È
°ºË�ÒÓ«Ëä©² ¹¯Òmº�Ó©ä ¯ËäÓËä mË�ºä©² Ò mË���Ò² �}Òmºm�
¹¯Ò�Ëä mË���Ò® �}Òm �°�ÈÓºmãËÓ ÓÈ º°Ò °ÒÓ²¯ºÓÓº�º �mÒ�È�
�Ëã«� È ÓÈ m¯È�È
�Ë®°« ¹ãÈ�Áº¯äË �}¯Ë¹ãËÓÈ m }È�Ë°�mË ¯ÈÏ�
¯ËÏÈËäº�º º­�Ë}�È äº�Ëã	 º­�Ë}�È� ¹¯Ò ª�ºä ¹¯Òmº�Óº® ¯ËäËÓ	�
°ºË�ÒÓ«
�Ò® mË�ºä©® Ò mË���Ò® �}Òm©� m©¹ºãÓËÓ ÒÏ �Ëä¹�
ÁÒ¯�
�Ë�º }ºãË­ÈÓÒ« äÈ�Ë¯ÒÈãÈ� ¹¯Ò�Ëä mË�ºä©® mÈã m¯È�È�

�Ë®°« ¹ãÈ�Áº¯ä© �°�ÈÓºmãËÓ m ¹º��Ò¹ÓÒ}È²� °ÓÈ­ÎËÓ äË�
²ÈÓÒÏäºä ¯Ë��ãÒ¯ºmÈÓÒ« ÓÈ�«ÎËÓÒ« ¹¯Òmº�Óº�º ¯ËäÓ« Ò ¯ÈÏ�
äË�ËÓ ÓÈ }ºº¯�ÒÓÈ�Óºä �°�¯º®°�mË� �È�ËÓ� cn �������� {� ��
r�¯�È}ºm� {� {� Ð�º�ÒÓ �|k| ½czz ½wÓË¯�Ò«� Òä� v� ��
zº¯ºãËmÈ� >��@�

�°�¯º®°�mº �ã« °mÈ¯}Ò °Ë}�ÒºÓÓ©² �¯�­�È�©² º�mº�ºm� º��
ãÒ�È
�ËË°« �Ëä� ��º ºÓº �º¹ºãÓÒ�Ëã	Óº °ÓÈ­ÎËÓº �m�ä« ÓÈ°�
�¯ºË�Ó©äÒ �ÏãÈäÒ� °º�Ë¯ÎÈ�ÒäÒ ¹ãº�È�}� ° ÏÈ}¯Ë¹ãËÓÓº® ÓÈ
ÓË® º­º®äº®� ¹¯Ò ª�ºä �Ïã© ¯ÈÏÓË°ËÓ© Ò º¯ÒËÓ�Ò¯ºmÈÓ© äËÎ��
°º­º® ¹º� ��ãºä� ¯ÈmÓ©ä ��ã� äËÎ�� °Ë}�Ò«äÒ º�mº�È� }ÈÎ�È«
¹ãº�È�}È ÓÈ°�¯ºË�Óº�º �ÏãÈ °äºÓ�Ò¯ºmÈÓÈ ÓÈ ÏÈ}¯Ë¹ãËÓÓ©²
ÓÈ ­Èã}Ë º¹º¯È² ° mºÏäºÎÓº°�	
 ¹Ë¯ËäË�ËÓÒ« º�Óº°Ò�Ëã	Óº
�}ÈÏÈÓÓ©² º¹º¯ ¹Ë¯¹ËÓ�Ò}�ã«¯Óº ÏÈ}¯Ë¹ã«Ëäº® °Ë}�ÒÒ º�mº�È�
�È�ËÓ� cn �������� s� i� ~È°�ã	°}Ò® >��@�

v¹º°º­ ���ºmº® °mÈ¯}Ò ¹ãÈmãËÓÒËä °�©}ºm©² °ºË�ÒÓËÓÒ® °
ÏÈÏº¯ºä� º�ãÒ�È
�Ò®F« �Ëä� ��º ÏÓÈ�ËÓÒ« °Òã© °mÈ¯º�Óº�º
�º}È ,

°m
� ÓÈ¹¯«ÎËÓÒ« ÓÈ ���Ë 8

�
� °}º¯º°�Ò °mÈ¯}Ò Y

°m
Ò m©ãË�È

ªãË}�¯º�Óº® ¹¯ºmºãº}Ò /
ª
º¹¯Ë�Ëã«
� ° �º¹�°}ºä ±� � ¯Ë�Ë�

ÓÒËä °Ò°�Ëä© �¯ÈmÓËÓÒ®

K = H
N




O
°m
8

�
η

7
�λ





P





E

G
ª





Q

αS

Y
°m

�
� µH

�
K + EKJ =

αρ(� Ü ψ
Q
),

°m

γY
°m
����

�

8
�

= Z,
°m

]
G
ª

[

�

��Ë H Û º°ÓºmÈÓÒË ÓÈ��¯Èã	Óº�º ãº�È¯ÒÁäÈ� αρ Û }ºªÁÁÒ�
�ÒËÓ� ¯È°¹ãÈmãËÓÒ«� �È�ËÓ� cn �������� k� v� rÈ­}ÒÓ ��Ò�
¹Ë�}Ò® ���� >��@�

v¹º°º­ Èm�ºäÈ�Ò�Ë°}º® È¯�ºÓº���ºmº® Òä¹�ã	°Óº® °mÈ¯}Ò
°�Èã	Ó©² �¯�­ ÓË¹ãÈm«�Òä°« ªãË}�¯º�ºä� º�ãÒ�È
�Ò®°« �Ëä�
��º ÓÈ mÓ��¯ËÓÓÒ² ¹ºmË¯²Óº°�«² °�©}ºm �¯�­ m©¹ºãÓ«
� }ºã	�
�Ëm©Ë ÁÈ°}Ò� ¹Ë¯ËäË�ËÓÒË °mÈ¯ÒmÈËä©² }¯ºäº} º�Óº°Ò�Ëã	Óº
ªãË}�¯º�È º°��Ë°�mã«
� ¹��Ëä �È�ºmº�º º°Ëmº�º m¯È�ËÓÒ« °º°�
�©}ºmÈÓÓ©² �¯�­ °º °}º¯º°�	
 �…��� º­�äÒÓ� ���� ÏÈÎÒ�È
�
ÏÈ �…� ° �º ÓÈ�ÈãÈ m¯È�ËÓÒ« �¯�­� È °mÈ¯}� mË��� �º¯Ëã}º®�
ÓÈ}ãºÓÓº �°�ÈÓºmãËÓÓº® ¹º� ��ãºä ��…��Å º�Óº°Ò�Ëã	Óº mË¯�
�Ò}ÈãÒ } º°Ò �¯�­©� ¹¯Ò ª�ºä ¹º��Ë¯ÎÒmÈ
� °Òã� �º}È ���Ò
m ÒÓ�Ë¯mÈãË ���…��� k� �ãÒ�Ëã	Óº°�	 Òä¹�ã	°È ���…��� °�
�ãÒ�Ëã	Óº°�	 ¹È�Ï© ���…��� °� �º} ¹È�Ï© ��…�� k ¹¯Ò ¹Ë�
¯Ë}¯©�ÒÒ �mÈ m ÒÓ�Ë¯mÈãË ��…�� ää� �È�ËÓ� cn ��������
{� l� rËã	°}Ò²� k� �� rËã«Ëm� k� l� rãÒÓºm Ò �¯� �|k|
½ Ë¹Ë�}Ò® äË²ÈÓÒ�Ë°}Ò® ÏÈmº��� >��@�

v¹º°º­ äÓº�º¹¯º²º�Óº® Èm�ºäÈ�Ò�Ë°}º® ���ºmº® °mÈ¯}Ò �Ò�
�ÈÓºm©² °¹ãÈmºm� º�ãÒ�È
�Ò®°« �Ëä� ��º ÓÈ °mÈ¯ÒmÈËä©² }¯ºä�
}È² m©¹ºãÓ«
� m©¯ËÏ� }º�º¯©® ¹¯Ò °­º¯}Ë �Ë�ÈãË® ° �ËãËm©ä
ÏÈÏº¯ºä Áº¯äÒ¯�
� m mÒ�Ë ��º­¯ÈÏÓº® ¯ÈÏ�Ëã}Ò }¯ºäº} ° º��
Óº�ËÓÒËä �ã�­ÒÓ© ¯ÈÏ�Ëã}Ò } ËË �Ò¯ÒÓË äËÓËË �� ¹¯Ò ª�ºä
º°�¯©Ë ��ã© ¯ÈÏ�Ëã}Ò °}¯��ã«
�� �È�ËÓ� cn �������� r� j�
iºãº�ºm� �� �� i£ä©�Ëm� {� j� �ÈÓ	}ÒÓ Ò �¯� �|k| ½zºä�
°ºäºã	°}ºË�ÓÈ�kä�¯Ë ÈmÒÈ�ÒºÓÓºË �| Òä� �� k� �È�È¯ÒÓÈ�
>��@�

v¹º°º­ �ã	�¯ÈÏm�}ºmº® �ºmÓº® °mÈ¯}Ò äË�Èããº¹ºãÒäË¯Óº®
�¯�­©� º�ãÒ�È
�Ò®°« �Ëä� ��º °mÈ¯}� ¹¯ºÒÏmº�«� ¹¯Ò °}º¯º°�Ò
9

¯
m¯È�ËÓÒ« ¯ºãÒ}È� ­ºã	�Ë® °}º¯º°�Ò 9

�
¹Ë¯ËäË�ËÓÒ« �¯�­�

�È�º® ÏÈ�º�ºm}Ò� ¹¯Ò ª�ºä °}º¯º°�	 9
¯
m¯È�ËÓÒ« ¯ºãÒ}È m©�

­Ò¯È
� m ¹¯Ë�ËãÈ² 9
¯
 ����÷����9

�
Ò º­Ë°¹Ë�ÒmÈ
� �°ÒãÒË

)
¹¯
¹¯ÒÎÒäÈ ¯ºãÒ}È } �¯�­�È�º® ÏÈ�º�ºm}Ë m ÒÓ�Ë¯mÈãË º� �

�º � }�� �È�ËÓ� cn �������� p� �� r�²È¯Ëm� k� l� lÒ¯Ïº«Ó�
s� s� c©Îºm �~k| s�� ½lÈ«}�� >��@�

v¹º°º­ �ã	�¯ÈÏm�}ºmº® �ºmÓº® °mÈ¯}Ò äË�Èããº¹ºãÒäË¯Óº®
�¯�­©� º�ãÒ�È
�Ò®°« �Ëä� ��º °mÈ¯}� ¹¯ºÒÏmº�«� ¹¯Ò °}º¯º°�Ò
9

�
¹Ë¯ËäË�ËÓÒ« �¯�­�È�º® ÏÈ�º�ºm}Ò� ­ºã	�Ë® °}º¯º°�Ò 9

¯

m¯È�ËÓÒ« ¯ºãÒ}È� ¹¯Ò ª�ºä °}º¯º°�	 9
�
¹Ë¯ËäË�ËÓÒ« �¯�­�È�º®

ÏÈ�º�ºm}Ò m©­Ò¯È
� m ¹¯Ë�ËãÈ² 9
�
 �����÷����9

¯
Ò º­Ë°¹Ë�

�ÒmÈ
� �°ÒãÒË )
¹¯

¹¯ÒÎÒäÈ ¯ºãÒ}È } �¯�­�È�º® ÏÈ�º�ºm}Ë m
ÒÓ�Ë¯mÈãË º� � �º � }�� �È�ËÓ� cn �������� p� �� r�²È¯Ëm�
k� l� lÒ¯Ïº«Ó� s� s� c©Îºm ��º ÎË� >��@�

bÒ²�È �ã« ÒÏ�º�ºmãËÓÒ« °�Ë¯ÎÓË® ªãË}�¯º�ºm ¯��Óº® ���
�ºmº® ÓÈ¹ãÈm}Ò �mË¯�©² °¹ãÈmºm� º�ãÒ�È
�È«°« �Ëä� ��º °äË°	
m}ã
�ÈË� ¹º¯º�}Ò °�¯º�º º¹¯Ë�ËãËÓÓº�º �¯ÈÓ�ãºäË�¯Ò�Ë°}º�º
°º°�ÈmÈ ¹¯Ò °ãË��
�Ëä º�Óº�ËÓÒÒ Á¯È}�Ò®� äÈ°� �� �…� Á¯È}�
�Ò« }¯�¹Óº°�	
 �����…����� ää� �…�� Á¯È}�Ò« }¯�¹Óº°�	

�����…����� ää� ��…�� Á¯È}�Ò« }¯�¹Óº°�	
 ����…���� ää�
º°�Èã	ÓºË Û Á¯È}�Ò« }¯�¹Óº°�	
 ����…���� ää� �È�ËÓ� cn
�������� |� l� lÈ°
�º� s� {� km�ËËm �|¯ËÓ­�¯�°}Ò® ����
>��@�

nã
° �ã« ¹È®}Ò �mË¯�º°¹ãÈmÓº�º ¹¯Ò¹º« ÓÈ ¹ºmË¯²Óº°�	
ÒÓ°�¯�äËÓ�Èã	Óº® °�ÈãÒ� º�ãÒ�È
�Ò®°« �Ëä� ��º m }È�Ë°�mË
Á�º¯°º�Ë¯ÎÈ�Ë�º }ºä¹ºÓËÓ�È ºÓ °º�Ë¯ÎÒ� Á�º¯Ò°�©® ÈääºÓÒ®
¹¯Ò °ãË��
�Ëä °ºº�Óº�ËÓÒÒ }ºä¹ºÓËÓ�ºm� äÈ°� �� �…�� Á�º�
¯Ò°�º�º ÈääºÓÒ«� ��…�� ­º¯Óº® }Ò°ãº�©� º°�Èã	ÓºË Û ­�¯È�
�È�ËÓ� cn �������� |� {� �Ò²ºÓºm� �� p� lÈ}È¯ºmÈ �|||
½rÒ��Ë²ÓÒ}È�� >��@�


 �¯ÒmË�ËÓ© °mË�ËÓÒ« º ¹È�ËÓ�È²� º¹�­ãÒ}ºmÈÓÓ©² m ­
ããË�Ë�
ÓË cn ½jÏº­¯Ë�ËÓÒ«� �ºãËÏÓ©Ë äº�ËãÒ� ÏÈ ���� �� �m }mÈ�¯È�Ó©²
°}º­}È² �}ÈÏÈÓ ÓºäË¯ ­
ããË�ËÓ«��

�� ������



v¹º°º­ ÒÏ�º�ºmãËÓÒ« ����Ó©² ªãË}�¯º�ºm �ã« ���ºmº® °mÈ¯�
}Ò� ¹¯Ò }º�º¯ºä ÓÈ äË�ÈããÒ�Ë°}Ò® °�Ë¯ÎËÓ	 ÓÈÓº°«� ¹º}¯©�ÒË
Ò º­ºãº�}� m mÒ�Ë ªãÈ°�Ò�Óº® ãËÓ�©� º�ãÒ�È
�Ò®°« �Ëä� ��º
¹º}¯©�ÒË ÓÈÓº°«� ¹��Ëä ÓÈäº�}Ò ÓÈ äË�ÈããÒ�Ë°}Ò® °�Ë¯ÎËÓ	
¹ºº�Ë¯Ë�Óº ªãÈ°�Ò�Ó©² ãËÓ� ÒÏ ¯ÈÏãÒ�Ó©² äÈ�Ë¯ÒÈãºm� ÒÏ }º�
�º¯©² Áº¯äÒ¯�
� ¹º}¯©�ÒË �¯Ë­�Ëäº�º °º°�ÈmÈ� È m }È�Ë°�mË
º­ºãº�}Ò ÒÏ ªãÈ°�Ò�Óº® ãËÓ�© Ò°¹ºã	Ï�
� mË¯²ÓÒ® °ãº® ÓÈ�
äÈ�©mÈËäº�º ¹º}¯©�Ò«� �È�ËÓ� cn �������� �� {� zÈÏÈ}ºm�
j� �� �¯ËÓ�ºm ��ºã	«��ÒÓ°}Ò® �º°�ÓÒmË¯°Ò�Ë�� >��@�

�º�}ãÈ�}È �ã« Áº¯äÒ¯ºmÈÓÒ« °mÈ¯Óº�º �mÈ ¹¯ËÒä��Ë°�mËÓÓº
ãÒ°�ºm©² �Ë�ÈãË® ÒÏ Èã
äÒÓÒËm©² °¹ãÈmºm� °º�Ë¯ÎÈ�È« Áº¯�
äÒ¯�
��
 }ÈÓÈm}� Ò º�mË¯°�Ò« �ã« }¯Ë¹ãËÓÒ« ¹º�}ãÈ�}Ò m
°mÈ¯º�Óºä ¹¯Ò°¹º°º­ãËÓÒÒ� º�ãÒ�È
�È«°« �Ëä� ��º ÓÈ ÓË® °
¹¯º�Òmº¹ºãºÎÓº® °�º¯ºÓ© º� Áº¯äÒ¯�
�Ë® }ÈÓÈm}Ò m©¹ºã�
ÓËÓ© ¹º¹Ë¯Ë�Ó©Ë ¹ÈÏ©� �È�ËÓ� cn �������� {� l� l�²ÒÓ
�|k| ½zÈÏÈÓ°}Ò® mË¯�ºãË�Ó©® ÏÈmº��� >��@�

v¹º°º­ ªãË}�¯º}ºÓ�È}�Óº® ÓÈ¹ãÈm}Ò� ¹¯Ò }º�º¯ºä ÓÈ ¹ºmË¯�
²Óº°�	 ÓÈ¹ãÈmã«Ëäº�º mÈãÈ ÓÈÓº°«� �È°�Ò�Óº ¹Ë¯Ë}¯©mÈ
�ÒË
�¯�� �¯��È ¹º �Ò¯ÒÓË mÈãÒ}Ò äË�Èããº¹º}¯©�Ò«� ¹ãÈ°�Ò�Ë°}Ò
�ËÁº¯äÒ¯�« ¯ÈÏº�¯ËmÈËä�
 Òä¹�ã	°ÈäÒ �º}È ¹¯Ò°È�º�Ó�
 ¹¯º�
mºãº}� �°ÒãÒËä m¯È�È
�Ë�º°« Ò ¹º�È
�Ë�º°« m�ºã	 º°Ò mÈãÈ
ÓÈ¹¯Èmã«
�Ë�º ¯ºãÒ}È� º�ãÒ�È
�Ò®°« �Ëä� ��º °ºÏ�È
� ¹º��
mÒÎÓºË º�¯ÈÓÒ�ËÓÒË �ËÁº¯äÈ�ÒÒ ¹¯Ò°È�º�Óº® ¹¯ºmºãº}Ò m ÓÈ¹�
¯ÈmãËÓÒÒ ¹º�È�Ò ¯ºãÒ}È� ¹Ë¯ËäË�È« º�¯ÈÓÒ�ËÓÒË °ºmäË°�Óº °
�mÒÎËÓÒËä ¹º�È�Ò ¯ºãÒ}È� ÓÈ¹¯ÒäË¯� m Áº¯äË }ºã	�È� �È�ËÓ�
cn �������� l� ~� sÈÁÒ}ºm� {� j� zÈ¯Èäºm �rÈ�}Ò¯°}Ò®
�º°��È¯°�mËÓÓ©® È�¯È¯Ó©® �ÓÒmË¯°Ò�Ë�� >��@�

v¹º°º­ ÒÏ�º�ºmãËÓÒ« ¹¯Ë�ÒÏÒºÓÓ©² ­ÒäË�ÈããÒ�Ë°}Ò² �ãÒÓ�
ÓºäË¯Ó©² �ÒãÒÓ�¯Ò�Ë°}Ò² ÒÏ�ËãÒ® �Ò¹È �¯�­� º�ãÒ�È
�Ò®°«
�Ëä� ��º ²ºãº�ÓºË �ËÁº¯äÒ¯ºmÈÓÒË º­ºãº�}Ò Ò ÏÈ�º�ºm}Ò ¯È�
�ÒÈã	Óº® }ºm}º® mË��� ¹¯Ò °�Ë¹ËÓÒ �ËÁº¯äÒ¯ºmÈÓÒ« �…�� ��
¹¯Ò ª�ºä m º�È� �ËÁº¯äÒ¯ºmÈÓÒ« m ¹¯º�Ë°°Ë }ºm}Ò ¹º�È
�
ÎÒ�}�
 °äÈÏ}�� È ¹º°ãË °ºË�ÒÓËÓÒ« º­ºãº�}Ò Ò mÓ��¯ËÓÓË®
ÏÈ�º�ºm}Ò ¹¯ºmº�«� ¹ºmË¯²Óº°�ÓºË �¹¯º�ÓËÓÒË ¯È­º�Ë® ¹ºmË¯�
²Óº°�Ò °Áº¯äÒ¯ºmÈÓÓº�º ­ÒäË�ÈããÒ�Ë°}º�º ÒÏ�ËãÒ« äË�º�ºä
ÓÒÏ}º�Ëä¹Ë¯È��¯Óº�º �Èã	mÈÓÒ�Ë°}º�º ²¯ºäÒ¯ºmÈÓÒ« ¹��Ëä ÓË¹�
¯Ë¯©mÓº�º ¹¯º}È�ÒmÈÓÒ« ²¯ºä°º�Ë¯ÎÈ�Ë�º ªãË}�¯ºãÒ�È �Ë¯ËÏ
mÓ��¯ËÓÓ

 ¹ºãº°�	 ­ÒäË�ÈããÒ�Ë°}º�º �ÒãÒÓ�¯Ò�Ë°}º�º ÒÏ�Ë�
ãÒ«� �¯ÒmË�ËÓ© Ò �¯��ÒË º�ãÒ�Ò�Ëã	Ó©Ë ¹¯ÒÏÓÈ}Ò� �È�ËÓ� cn
�������� v� k� tÈ¯Ë­ºm� {� �� cË�Ë�ºm� s� k� rº�}ºm Ò �¯�
�~k| ½w�jkl�ÓËÁ�ËäÈ�� >��@�

v¹º°º­ ¹ºã��ËÓÒ« ¹ãÈ}Ò¯ºmÈÓÓ©² ãÒ°�ºm ÒÏ Èã
äÒÓÒ« ÒãÒ
ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² Èã
äÒÓÒËm©² °¹ãÈmºm� º�ãÒ�È
�Ò®°«
�Ëä� ��º ¹ãÈ}Ò¯�
�ÒË ÏÈ�º�ºm}Ò ¹¯Ë�mÈ¯Ò�Ëã	Óº ¹ãÈ}Ò¯�
�
Èã
äÒÓÒËä� ¹Ë¯Ë� °­º¯}º® ¹È}Ë�È °ãÒ�}Ò ÒÏ Èã
äÒÓÒ« ÒãÒ
ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °¹ãÈmºm ÓÈ�¯ËmÈ
� �º �Ëä¹Ë¯È��¯©� °º°�
�Èmã«
�Ë® ����…���� �Ëä¹Ë¯È��¯© ¹ãÈmãËÓÒ« Èã
äÒÓÒ«� È
¹ãÈ}Ò¯�
�ÒË ÏÈ�º�ºm}Ò ÓÈ�¯ËmÈ
� �º �Ëä¹Ë¯È��¯© ����…����
�Ëä¹Ë¯È��¯© ¹ãÈmãËÓÒ« Èã
äÒÓÒ«� ÏÈ�Ëä °º­¯ÈÓÓ©® �m�²� ÒãÒ
�¯Ë²°ãº®Ó©® ¹È}Ë� ¹¯º}È�©mÈ
� ¹º äÓº�º¹¯º²º�ºmº® °²ËäË °º
°}º¯º°�	
 �ËÁº¯äÈ�ÒÒ ����…��� °

Ü�
Ò º­ÎÈ�ÒËä �…�� � m

¹Ë¯m©² �¯Ë² ¹¯º²º�È²� �È�ËÓ� cn �������� s� i� ��}È�}ÒÓ�
k� s� ��}È�}ÒÓ �lº°}ºm°}Ò® �º°��È¯°�mËÓÓ©® mË�Ë¯ÓÒ® äË�
�Èãã�¯�Ò�Ë°}Ò® ÒÓ°�Ò���� >��@�

v¹º°º­ ÒÏ�º�ºmãËÓÒ« �¯�­�È�©² ¹Ë¯Ë²º�ÓÒ}ºm ÒÏ �Ò¯}ºÓÒ�
Ëm©² Ò °�Èã	Ó©² m��ãº}� º�ãÒ�È
�Ò®°« �Ëä� ��º ¹º°ãË �ÒÁ�
Á�ÏÒºÓÓº® °mÈ¯}Ò ¹Ë¯Ë²º�ÓÒ} º²ãÈÎ�È
� m ÒÓ�Ë¯mÈãË �Ëä¹Ë�
¯È��¯� m }º�º¯ºä m �Ò¯}ºÓÒËmºä °¹ãÈmË ¹¯Ò°��°�m�Ë� �mº®ÓÈ«
ÁÈÏÈ� °º°�º«�È« ÒÏ Èã	ÁÈ��Ò¯}ºÓÒ« Ò ­Ë�È��Ò¯}ºÓÒ«� ¹º°ãË
�Ë�º ¹¯ºÒÏmº�«� �º¯«��
 �ËÁº¯äÈ�Ò
 mÓ��¯ËÓÓË® ¹ºmË¯²Óº°�Ò
m��ã}Ò ÒÏ �Ò¯}ºÓÒ« ÓÈ �ã�­ÒÓ� ÓË äËÓËË ��� ää ¹¯Ò °�Ë¹ËÓÒ
º­ÎÈ�Ò« ÓË äËÓËË �� �� È ¹º�ºä ¹Ë¯Ë²º�ÓÒ} º²ãÈÎ�È
� �º
ÒÓ�Ë¯mÈãÈ �Ëä¹Ë¯È��¯ ���…���Åv Ò m©�Ë¯ÎÒmÈ
� m ª�ºä ÒÓ�
�Ë¯mÈãË ÓË äËÓËË �� äÒÓ� �È�ËÓ� cn �������� k� s� vËäËÓºm�
{� s� �
¯ÒÓ� �� s� bËmËã£m �n��� sjzj ªÓË¯�Ë�Ò}Ò Òä�
s� k� iºããËÎÈã«� >��@�

�È¯ºmº�«Óº® ¹ãÈÏäº�¯ºÓ� º�ãÒ�È
�Ò®°« �Ëä� ��º °º¹ãº °ÓÈ­�

ÎËÓº ÏÈ�Ò�Ó©ä �Ë²ãºä� �°�ÈÓºmãËÓÓ©ä ° �Ë¹ãºº�mº�«�Òä ÏÈ�
Ïº¯ºä º�Óº°Ò�Ëã	Óº °º¹ãÈ� ¹¯Ò ª�ºä mËãÒ�ÒÓÈ ª�º�º ÏÈÏº¯È ÓÈ
¯È­º�Ëä }ºÓ�Ë °º¹ãÈ �º°�È�º�ÓÈ �ã« º²ãÈÎãËÓÒ« m ¯ËÎÒäË
¹È¯ºº­¯ÈÏºmÈÓÒ«� m©²º� ÏÈÏº¯È º­¯È�ËÓ m ¯È­º��
 ÏºÓ� ¹ãÈÏ�
äº�¯ºÓÈ� È ÓÈ Ë�º m²º�Ë �°�ÈÓºmãËÓÈ }È¹¹Òãã«¯Óº�¹º¯Ò°�È«
°�¯�}��¯È ° mº�º¹º�mº�«�ÒäÒ Ò ¹È¯ºº�mº�Ó©äÒ }ÈÓÈãÈäÒ� °m«�
ÏÈÓÓÈ« ° �Ë¹ãºº�mº�«�Òä ÏÈÏº¯ºä ÓÈ ¯È­º�Ëä }ºÓ�Ë °º¹ãÈ� È
ªãË}�¯º� °ÓÈ­ÎËÓ }È¹Òãã«¯Óº�¹º¯Ò°�º® °�¯�}��¯º® ° mº�º¹º��
mº�«�Òä Ò ¹È¯ºº�mº�Ó©ä }ÈÓÈãÈäÒ� ¯È°¹ºãºÎËÓÓº® mÓ��¯Ò
ÓË�º� �È�ËÓ� cn �������� v� �� �ËÓ}ÒÓ� j� v� �ËÓ}ÒÓ >��@�

v¹º°º­ º¹¯Ë�ËãËÓÒ« }ºªÁÁÒ�ÒËÓ�È ¹Ë¯Ë}¯©�Ò« °mÈ¯Ó©² ¹ãº�
�È�º} ¹¯Ò ªãË}�¯º}ºÓ�È}�Óº® ÓÈ¹ãÈm}Ë� º�ãÒ�È
�Ò®°« �Ëä�
��º ÏÈäË¯«
� °�ääÈ¯Ó�
 º°Ëm�
 �ËÁº¯äÈ�Ò
 ¹¯Ò°È�º�Óº® ¹¯º�
mºãº}Ò� º¹¯Ë�Ëã«
� ¹º ÓË® º�Óº°Ò�Ëã	Ó�
 º°Ëm�
 �ËÁº¯äÈ�Ò
�
È ¹¯Ò º¹¯Ë�ËãËÓÒÒ �ãÒÓ }ºÓ�È}�Ó©² ¹ãº�È�º} ��Ò�©mÈ
� �Ë®°�
�mÒ�Ëã	Ó©Ë ÏÓÈ�ËÓÒ« º°È�}Ò ¹¯Ò°È�º�Óº® ¹¯ºmºãº}Ò °º °�º¯ºÓ©
º­¯ÈÏ�È Ò °º °�º¯ºÓ© ¯ºãÒ}È� �È�ËÓ� cn �������� l� ~�
sÈÁÒ}ºm �rÈ�}Ò¯°}Ò® �º°��È¯°�mËÓÓ©® È�¯È¯Ó©® �ÓÒmË¯°Ò�
�Ë�� >��@�

v¹º°º­ ÒÏ�º�ºmãËÓÒ« �Ò�ÈÓºmº�º º­¯ÈÏ�È�ª�ÈãºÓÈ �ã« �ã	�
�¯ÈÏm�}ºmº�º }ºÓ�¯ºã« ° ¹ãº°}º�ºÓÓ©ä º�¯ÈÎÈ�ËãËä� m}ã
�
�È
�Ò® �ÒÁÁ�ÏÒºÓÓ�
 °mÈ¯}� m �°ãºmÒ«² ÓÈ�¯ËmÈ Ò °ÎÈ�Ò«
ÏÈ�º�ºm}Ò� º­¯ÈÏºmÈÓÓº® °ºË�ÒÓËÓÒËä �m�² �ÒãÒÓ�¯Ò�Ë°}Ò² �Ë�
�ÈãË® ° ¹ãº°}ÒäÒ �º¯�ÈäÒ Ò ÒäÒ�È�º¯ºä �ËÁË}�È m mÒ�Ë º��
mË¯°�Ò« m º�Óº® ÒÏ ÓÒ²� º�ãÒ�È
�Ò®°« �Ëä� ��º �ÒãÒÓ�¯Ò�Ë°}ÒË
�Ë�ÈãÒ ÏÈ�º�ºm}Ò m©¹ºãÓ«
� ° ÁãÈÓ�ÈäÒ °º °�º¯ºÓ© °�©}È�
º�mË¯°�ÒË m©¹ºãÓ«
� ÓË°}mºÏÓ©ä ° m©²º�ºä m ÏºÓ� °�©}È �Ë�
�ÈãË®� ¹Ë¯Ë� °mÈ¯}º® ÏºÓ� °ºË�ÒÓËÓÒ« �Ë¯äË�ÒÏÒ¯�
�� È °mÈ¯}�
¹¯ºmº�«� m �°ãºmÒ«² m°Ë°�º¯ºÓÓË�º °ÎÈ�Ò«� ¹º ÏÈmË¯�ËÓÒÒ }º�
�º¯º® ¹¯ºÒÏmº�«� ��ÈãËÓÒË }ºã	�Ëmº�º m©°��¹È ÁãÈÓ�Ëmº�º °º�
Ë�ÒÓËÓÒ« Ò �ºÓÓº® �È°�Ò �Ë�ÈãÒ ° º�mË¯°�ÒËä �º m©²º�È �¹º�
ä«Ó��º�º º�mË¯°�Ò« ÓÈ ¹ºmË¯²Óº°�	 ¹ºã��ËÓÓº�º º­¯ÈÏ�È�ª�È�
ãºÓÈ� �È�ËÓ� cn �������� �� {� �°È�ËmÈ� {� {� lË�}ºm�
{� n� vËãÒmÈÓºm� {� c� �Ë�¯ËÓ}º �{º¯ºÓËÎ°}Ò® ���� >��@�

v¹º°º­ mãÈÎÓº® ãÈÏË¯Óº® º�Ò°�}Ò �mË¯�©² ¹ºmË¯²Óº°�Ë®�
º�ãÒ�È
�Ò®°« �Ëä� ��º º­ã��ËÓÒË ¹ºmË¯²Óº°�Ò ¹¯ºÒÏmº�«�
¹¯º°�¯ÈÓ°�mËÓÓº�äº��ãÒ¯ºmÈÓÓºä ¹��}ºä ãÈÏË¯Óº�º ÒÏã��ËÓÒ«�
¹¯Ò�Ëä ¯È°°�º«ÓÒË äËÎ�� äÈ}°Òä�äÈäÒ ÒÓ�ËÓ°ÒmÓº°�Ò ¹¯º°��

¯ÈÓ°�mËÓÓº�äº��ãÒ¯ºmÈÓÓº�º ¹��}È °º°�Èmã«Ë� O ! √ατ � ��Ë τ Û

�ãÒ�Ëã	Óº°�	 äÒÓÒä�äÈäÒ ãÈÏË¯Óº�º ÒÏã��ËÓÒ«� α Û ÓÈÒ­ºã	�
�ËË ÏÓÈ�ËÓÒË �Ëä¹Ë¯È��¯º¹¯ºmº�Óº°�Ò ÒÏ �m�² mËãÒ�ÒÓ� �Ëä�
¹Ë¯È��¯º¹¯ºmº�Óº°�Ò º­ã��ÈËäº�º äÈ�Ë¯ÒÈãÈ Ò �Ëä¹Ë¯È��¯º¹�
¯ºmº�Óº°�Ò ÎÒ�}º°�Ò� �È�ËÓ� cn �������� {� �� {Ë®}º� p� k�
bÈ²Óº� k� s� �ºÏ�Ó«}ºmÈ �v���Ë�Ë¯­�¯�°}Ò® �º°�ÓÒmË¯°Ò�Ë�
ÒÓÁº¯äÈ�ÒºÓÓ©² �Ë²Óºãº�Ò®� äË²ÈÓÒ}Ò Ò º¹�Ò}Ò� >��@�

�È°�È �ã« ¹È®}Ò Èã
äÒÓÒ« Ò Ë�º °¹ãÈmºm� º�ãÒ�È
�È«°«
�Ëä� ��º Ò°¹ºã	ÏºmÈÓ ¹º¯º�}ºº­¯ÈÏÓ©® ¹¯Ò¹º® ° ¯ÈÏäË¯ºä
�È°�Ò� ���…��� ä}ä� m }È�Ë°�mË º¯�ÈÓÒ�Ë°}º�º °m«Ï�
�Ë�º
Ò°¹ºã	ÏºmÈÓ ����® ¯È°�mº¯ m©°º}ºäºãË}�ã«¯Óº�º °ºË�ÒÓËÓÒ«
m ÒÏºÈäÒãÈ�Ë�È�Ë� ¹¯Ò ª�ºä ¹È°�È �º¹ºãÓÒ�Ëã	Óº °º�Ë¯ÎÒ� äËã�
}º�Ò°¹Ë¯°Ó©® ¹º¯º�º} Èã
äÒÓÒ« ° ¯ÈÏäË¯ºä �È°�Ò� ¯ÈmÓ©ä
ÒãÒ äËÓ	�Ë �� ä}ä Ò�ÒãÒ ¹Ò�äËÓ�Ó�
 Èã
äÒÓÒËm�
 ¹��¯�
¹¯Ò °ãË��
�Ëä °ºº�Óº�ËÓÒÒ }ºä¹ºÓËÓ�ºm� äÈ°� �� ��…�� ����
�º ¯È°�mº¯È m©°º}ºäºãË}�ã«¯Óº�º °ºË�ÒÓËÓÒ« m ÒÏºÈäÒãÈ�Ë�È�
�Ë� ��…�� äËã}º�Ò°¹Ë¯°Óº�º ¹º¯º�}È Èã
äÒÓÒ« Ò�ÒãÒ ¹Ò��
äËÓ�ÓÈ« Èã
äÒÓÒËmÈ« ¹��¯È� º°�Èã	ÓºË Û ¹º¯º�}ºº­¯ÈÏÓ©®
¹¯Ò¹º® °Ò°�Ëä© Èã
äÒÓÒ®Ü}¯ËäÓÒ®� �È�ËÓ� cn ��������
s� �� �Ò�mÒÓËÓ}º� {� n� bÒ²ÈÓºm� w� {� �º­ºmÈ �n���
sjj ½j°�º}�� >��@�

nã
° �ã« ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ò� º�ãÒ�È
�Ò®°« �Ëä�
��º m }È�Ë°�mË ¹¯ºÒÏmº�Óº® }ÈÓÒÁºãÒ Ò°¹ºã	ÏºmÈÓ ¯ËÏÒÓÈ� �Ë�
ãº�Óº�º äË�ÈããÈ� È m }È�Ë°�mË ¯È°�mº¯Ò�Ëã«Û mº�º¯È°�mº¯Òä©®
°¹Ò¯� ÒãÒ °äË°	 mº�º¯È°�mº¯Òä©² °¹Ò¯�ºm� ¹¯Ò °ãË��
�Ëä
°ºº�Óº�ËÓÒÒ }ºä¹ºÓËÓ�ºm� äÈ°� �� ��…�� ¯ËÏÒÓÈ�È �Ëãº�Óº�º
äË�ÈããÈ� ��…�� mº�º¯È°�mº¯Òäº�º °¹Ò¯�È ÒãÒ °äË°	 mº�È¯È°�
�mº¯Òä©² °¹Ò¯�ºm� �È�ËÓ� cn �������� {� n� bÒ²ÈÓºm� s� ��
�Ò�mÒÓËÓ}º ��º ÎË� >��@�

������ ��



7:, &211(&7 �kÓ�ãÒ«�� Û ����� Û ¢ ��� �-DQXDU\�)HEUXDU\� �ÈÓ�ã� «Ï��

cº­º�ÒÏÒ¯ºmÈÓÓÈ« ���ºmÈ« °mÈ¯}È Û �°¹Ë�ÓºË ÏÈ}ã
�ËÓÒË
�ã« pm¯º¹Ë®°}º�º ¹¯ºË}�È� °� ��

�Ë¯äÒ�Ë°}ºË ÓÈ¹©ãËÓÒË �ã« Óºmº® }ºÓ°�¯�}�ÒÒ
¹º��Ò¹ÓÒ}ºm� °� ��

0DWKHUV *� j°¹©�ÈÓÒË ÓÈ �mË¯�º°�	� °� �Ü��
cË�ËÓÒË ¹¯º­ãËä }È�Ë°�mÈ Ï�­Ó©² ¹¯º�ËÏºm� F� ��

9$5,/1$ 7(+1,.$ �vãºmËÓÒ«�� Û ����� Û /HW� ��� ¢ � �°ãºm� «Ï��

3HNNDUL %� vmÈ¯}È ÒãÒ °ºË�ÒÓËÓÒË m ­����Ëä� °� �Ü��� 3RODMQDU ,� �¯Ë²äË¯Ó©Ë ÒÏäË¯ËÓÒ« ¹ºmË¯²Óº°�Ò }ºÓ�È}�È
ªãË}�¯º�È ¹¯Ò °mÈ¯}Ë ¹º}¯©�º�º �ºã°�ºãÒ°�ºmº�º äÈ�Ë¯ÒÈãÈ�
F� ��Ü���

:(/',1* DQG &877,1* ��Ë¯äÈÓÒ«�� Û ����� Û ¢ � �ÈÓ�ã� «Ï��

:LHEH -� |¹�ÒäÒÏÈ�Ò« ¹¯º�Ë°°È Ò }ºÓ�¯ºã	 ¹¯Ò ãÈÏË¯Óº®
¯ËÏ}Ë� °� ��Ü���

1HXGHO -� {©¹ãË°}Ò äË�ÈããÈ Ò �ËÁË}�© Û ¹¯º­ãËä©�
ÒäË
�ÒË äË°�º ¹¯Ò °mÈ¯}Ë lk� äËã}ºÏË¯ÓÒ°�©² }ºÓ°��
¯�}�ÒºÓÓ©² °�ÈãË® 6���0 Ò 6���0/� F� ��Ü���

7RONH� rËÏº¹È°ÓºË °ºË�ÒÓËÓÒË Û °mÈ¯}È ����ÓÈ °
�È¯ºmÒ�Ó©ä �¯ÈÁÒ�ºä m °Ë¯Ò®Óºä ¹¯ºÒÏmº�°�mË� F� ��Ü���

<XULRND 1� v¯ÈmÓËÓÒË äË�º�ºm ¹¯º�ÓºÏÒ¯ºmÈÓÒ« ¹¯Ë��
mÈ¯Ò�Ëã	Óº�º ÓÈ�¯ËmÈ� F� ��Ü���

+DUW 3� +� 0� {ãÒ«ÓÒË È�äº°ÁË¯Óº® mãÈ�Ò m ¹¯º�Ë°°Ë
°mÈ¯}Ò ÓÈ °º�Ë¯ÎÈÓÒË mº�º¯º�È m °mÈ¯Óºä �mË� F� ��Ü���

:(/',1* ,17(51$7,21$/ �{ËãÒ}º­¯Ò�ÈÓÒ«�� 7UDQVODWLRQV IURP WKH :RUOG�V :HOGLQJ 3UHVV� Û �����
Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

.OLPSHO $�� *RUND -� zÈ�Ë°�mº °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °�ÈãÒ
|s��1� Ò 6W�6� °mÈ¯ËÓÓ©² �Òº�Ó©ä ãÈÏË¯ºä� °� ���Ü����

0HND .� lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ °ºË�ÒÓËÓÒ® ��¹ãË}°Ó©²
°�ÈãË®� F� ���Ü����

,FKL\DPD <�� 6DLWR 7� nÈ}�º¯©� mãÒ«
�ÒË ÓÈ °mÈ¯ÒmÈË�
äº°�	 m©°º}º¹¯º�Ó©² °�ÈãË® Û Ò°°ãË�ºmÈÓÒË ¹ºm©�ËÓÒ« ��È¯�
Óº® m«Ï}º°�Ò °ºË�ÒÓËÓÒ® m©°º}º¹¯º�Óº® °�ÈãÒ� m©¹ºãÓËÓÓ©²
°mÈ¯}º® º¹ãÈmãËÓÒËä� F� ���Ü����

7DNHJDPL +� HW DO� vmÈ¯}È �¯ËÓÒËä �¯�­© } ¹ãÒ�Ë Û
º�ËÓ}È �Ë¹ãºmãºÎËÓÒ« Ò °¯ÈmÓËÓÒË °º °mÈ¯}º® lk�� F� ���Ü����

+RQPD 6�� <DVXGD .� j°°ãË�ºmÈÓÒË ¹ºã�Èm�ºäÈ�Ò�Ë°}º®
°mÈ¯}Ò �j�� F� ���Ü����

+RUL .� HW DO� cÈÏ¯È­º�}È äË�º�ºm °mÈ¯}Ò �j� ¹º�º�¯Ë�º®
¹¯ºmºãº}º® ­ãÈ�º�È¯« Ò°¹ºã	ÏºmÈÓÒ
 Òä¹�ã	°Óº�º �º}È �ã«
ÓÈ�¯ËmÈ ¹¯Ò°È�º�Óº® ¹¯ºmºãº}Ò Û Ò°°ãË�ºmÈÓÒË ¹¯º�Ë°°ºm
Òä¹�ã	°Óº® °mÈ¯}Ò �j� ¹º�º�¯Ë�º® ¹¯ºmºãº}º®� F� ���Ü����

7UHJXERY *� 3�� *UEDFK 9� '� |¹�ÒäÒÏÈ�Ò« ¯ÈÏäË¯ºm
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® ° ¹ºäº�	
 È�È¹�ÒmÓº�º }ºÓ�¯ºã« ¹¯º�Ë°°È
���ºmº® °mÈ¯}Ò� F� ���Ü����

6DUDHY <X� 1� HW DO� nº¯äÒ¯ºmÈÓÒË °�¯�}��¯© Ò °mº®°�m
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® m ¹¯º�Ë°°Ë Òä¹�ã	°Óº����ºmº® °mÈ¯}Ò ¹º}�
¯©�©äÒ ªãË}�¯º�ÈäÒ }¯�¹Ó©² }ºÓ°�¯�}�Ò® m �°ãºmÒ«² ÓÒÏ}º�
�È°�º�Ó©² �Ë¯äÒ�Ë°}Ò² �Ò}ãºm� F� ���Ü����

$PPRVRY $� 3�� .RUQLORYD (� *� cÈ°²º� ªãË}�¯º�ºm ¹¯Ò
¯��Óº® ���ºmº® °mÈ¯}Ë äË�ÈããÒ�Ë°}Ò² }ºÓ°�¯�}�Ò®� F� ���Ü����


 cÈÏ�Ëã ¹º��º�ºmãËÓ °º�¯��ÓÒ}ÈäÒ ÓÈ��Óº® ­Ò­ãÒº�Ë}Ò jwv Òä� p� |� �È�ºÓÈ� rºãËË ¹ºãÓº ­Ò­ãÒº�¯ÈÁÒ« ¹¯Ë�°�ÈmãËÓÈ m
vÒ�ÓÈã	Óº® ÒÓÁº¯äÈ�ÒÒ �vj� ½vmÈ¯}È Ò ¯º�°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ�� ÒÏ�ÈmÈËäº® m jwv Ò ¯È°¹¯º°�¯ÈÓ«Ëäº® ¹º ÏÈ«m}Èä �ÏÈ}ÈÏ ¹º �Ëã�
����� ���������� s�r jwv��

�� ������



$QGUHHYD /� 3� HW DO� iÒÁÁ�ÏÒºÓÓºË ¹Ë¯Ë¯È°¹¯Ë�ËãËÓÒË
��ãË¯º�È m È�°�ËÓÒ�Óº® ÁÈÏË ÏºÓ© �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ« }ºÓ�
�È}�Óº�º �º�Ë�Óº�º °mÈ¯Óº�º °ºË�ÒÓËÓÒ« ÓÒÏ}º��ãË¯º�Ò°�º®
°�ÈãÒ� F� ���Ü����

.Q\D]�NRY $� )� HW DO� �°ºmË¯�ËÓ°�mºmÈÓÒË ¹¯º�Ë°°È
Òä¹�ã	°Óº����ºmº® °mÈ¯}Ò &2

�
m �Ï}Ò® ÏÈÏº¯� F� ���Ü����

/HEHGHY 9� $�� 5RPDQ\XN 9� 6� |�ÓºÁÈÏÓ©Ë °mÈ¯º�Ó©Ë
Ò°�º�ÓÒ}Ò ¹Ò�ÈÓÒ« �ã« äË²ÈÓÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò m &2

�
�

F� ���Ü����
.RORPHLFKHQNR $� 9� �Ë²Óºãº�Ò« mº°°�ÈÓºmãËÓÒ« Èã
�

äÒÓÒËm©² }ºä¹ºÓËÓ�ºm ° ¹ºäº�	
 È¯�ºÓº���ºmº® ÓÈ¹ãÈm}Ò Ò
�¹¯º�ÓËÓÒ« ¹��Ëä äÒ}¯º���ºmº�º º}Ò°ãËÓÒ«� F� ���Ü����

%DNXQRY $� 6�� 0X]KLWVNLL 9� )� zºÓ�¯ºã	 ÓÈäÈ�ÓÒ�ÒmÈÓÒ«
}ºä¹ºÓËÓ�ºm ¹Ë¯Ë� m©¹ºãÓËÓÒËä °mÈ¯º�Ó©² ¯È­º�� F� ���Ü����

:(/',1* ,17(51$7,21$/ �{ËãÒ}º­¯Ò�ÈÓÒ«�� 7UDQVODWLRQV IURP WKH :RUOG�V :HOGLQJ 3UHVV� Û �����
Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

1RZDFNL -� �¯º­ãËä© °mÈ¯}Ò ��¹ãË}°Ó©² °�ÈãË® ¹¯Ò
¹¯ºÒÏmº�°�mË �¯�Ïºm©² °��ºm �ã« �¯ÈÓ°¹º¯�Ò¯ºm}Ò ²ÒäÒ�Ë°}Ò²
¹¯º��}�ºm� °� ���Ü����

2FKL +� HW DO� |­¯ÈÏºmÈÓÒË ÒÓ�Ë¯äË�ÈããÒ�Ë°}Ò²
°ºË�ÒÓËÓÒ® m °mÈ¯Ó©² �mÈ² Èã
äÒÓÒËmº�º °¹ãÈmÈ ° äË�	
�
m©¹ºãÓËÓÓ©Ë °mÈ¯}º® �¯ËÓÒËä� Ò Ò² mãÒ«ÓÒË ÓÈ ªÁÁË}�ÒmÓº°�	
°ºË�ÒÓËÓÒ«� F� ���Ü���

:(/',1* ,17(51$7,21$/ �{ËãÒ}º­¯Ò�ÈÓÒ«�� 7UDQVODWLRQV IURP WKH :RUOG�V :HOGLQJ 3UHVV� Û �����
Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

.OLPSHO HW DO�sÈ¹ãÈm}È mÈãÒ}ºm Èã
äÒÓÒËmº® ­¯ºÓÏ© °mÈ¯�
}º® lj� ° Ò°¹ºã	ÏºmÈÓÒËä ¹º¯º�}ºmº® ¹¯ºmºãº}Ò ÓÈ ÓÒ}Ë�
ãËmº® º°ÓºmË� °� ���Ü����

%UR]GD -� vmÈ¯ÒmÈËäº°�	� ²È¯È}�Ë¯Ò°�Ò}Ò Ò ª}ºÓºäÒ�Ë°}Ò®
ªÁÁË}� Óºmº�º ¹º}ºãËÓÒ« °�ÈãË®� °�º®}Ò² } ¹ºãÏ��Ë°�Ò� Ò °mº®�
°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®� F� ���Ü����

=HPDQ 0� vmÈ¯}È °ºm¯ËäËÓÓº® °�Èã	Óº® È¯äÈ��¯© 5% ��� :�
Ò°¹ºã	Ï�Ëäº® �ã« ÎËãËÏº­Ë�ºÓÈ� F� ���Ü����

.DWD\DPD� �ÈÏË¯ÓÈ« °mÈ¯}È Èã
äÒÓÒËm©² °¹ãÈmºm Ò ¯ÈÏ�
Óº¯º�Ó©² äË�Èããºm� F� ���Ü����

6KLUDL +� HW DO� kÓÈãÒÏ ²È¯È}�Ë¯È �ËÁº¯äÈ�ÒÒ ÒÏ�Ò­È ¹¯Ò
}ºã	�Ëmº® °mÈ¯}Ë �ÒãÒÓ�¯Ò�Ë°}Ò² �Ë�ÈãË® Û Ò°°ãË�ºmÈÓÒË �Ë�
Áº¯äÈ�ÒÒ Èm�ºäº­Òã	Ó©² �Ë�ÈãË®� °mÈ¯ËÓÓ©² ãÈÏË¯Óº® °mÈ¯�
}º®� ÓÈ äÒ}¯ºÓÓºä Ò °�­äÒ}¯ºÓÓºä �¯ºmÓË� F� ���Ü����

6KDUDSRY 0� 4�� 6KYHGLNRY 9� 0� wÁÁË}�ÒmÓº°�	 °�¯�Ò
ÏÈ�Ò�Óº�º �ÈÏÈ ¹¯Ò È¯�ºÓº���ºmº® °mÈ¯}Ë� F� ���Ü����

$Q�VKDNRY $� 6� HW DO� cÈÏ¯È­º�}È mºã	Á¯Èäºmº�º }È�º�È
�ã« äÒ}¯º¹ãÈÏäËÓÓº® °mÈ¯}Ò }ºä¹ºÓËÓ�ºm ÓÈ �º}Ë º­¯È�Óº®
¹ºã«¯Óº°�Ò� F� ���Ü����

/XWIXOOLQ 5� <D� HW DO� vmÈ¯}È �ÈmãËÓÒËä ¹¯Ò ÒÏ�º�ºmãËÓÒÒ
°ÁË¯Ò�Ë°}Ò² °º°��ºm Ò �Ò�ÈÓºm©² °¹ãÈmºm m �°ãºmÒ«² °mË¯²¹�
ãÈ°�Ò�Óº°�Ò� F� ���Ü����

/R]RYDQ $� $� jºÓÓº�¹ãÈÏäËÓÓÈ« äº�ÒÁÒ}È�Ò« ¹ºmË¯²�
Óº°�Ë® }ºä¹ºÓËÓ�ºm °ãºÎÓº® }ºÓÁÒ��¯È�ÒÒ� F� ���Ü����

3RNDWDHY (� 3�� 7U\NRY <X� 3� |°�È�º�Ó©Ë ÓÈ¹¯«ÎËÓÒ«
m äÈ�ÓÒËmº�Èã
äÒÓÒËm©² }ºä¹ºÏÒ�Ó©² äÈ�Ë¯ÒÈãÈ²� ¹ºã��ËÓ�
Ó©² °mÈ¯}º® mÏ¯©mºä� F� ���Ü����

9DVLO�HY .� 9� HW DO� sºmÈ« ¹ãÈÏäËÓÓÈ« �Ë²Óºãº�Ò« �ã«
ÁÈ°ºÓÓº® ¹Ë¯Áº¯È�ÒÒ� F� ���Ü����

)RPLQ 1� ,� HW DO� j°¹ºã	ÏºmÈÓÒË ªÁÁË}�È °mË¯²¹�
ãÈ°�Ò�Óº°�Ò ¹¯Ò °mÈ¯}Ë �¯ËÓÒËä ÏÈ�º�ºmº} ¯ËÎ��Ò² ÒÓ°�¯��
äËÓ�ºm m äÈ�ÒÓË ,����� F� ���Ü����

)URORY 9� $� HW DO� �Ë²Óºãº�Ò�Ë°}ÒË º°º­ËÓÓº°�Ò
¹¯ÒäËÓËÓÒ« ¹ãÈÏäËÓÓº�º ÓÈ¹©ãËÓÒ« ¹¯Ò ÒÏ�º�ºmãËÓÒÒ
ÈmÒÈ�ÒºÓÓ©² �mÒ�È�ËãË®� F� ���Ü����

7HUDVDNL 7�� .MWDPXUD 7� �¯º�ÓºÏÒ¯ºmÈÓÒË °�È�Ò�Ë°}º�º
°º¹¯º�ÒmãËÓÒ« ¯ÈÏ¯��ËÓÒ
 ÓÈ²ãË°�º�Ó©² °ºË�ÒÓËÓÒ®� m©¹ºã�
ÓËÓÓ©² ãÈÏË¯Óº® °mÈ¯}º®� ° ¹ºäº�	
 �Ò°ãËÓÓº�º ÈÓÈãÒÏÈ�
F� ���Ü����

2WDQL 7� HW DO�lË²ÈÓÒ�Ë°}ÒË °mº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®�
m©¹ºãÓËÓÓ©² m©°º}ºäº�Ó©ä &2

�
�ãÈÏË¯ºä ÓÈ °mË¯²äËã}º�

ÏË¯ÓÒ°�º® m©°º}º¹¯º�Óº® °�ÈãÒ� F� ���Ü����
%ORHP $� HW DO� lÒ}¯º°�¯�}��¯ÓºË ÒÏäËÓËÓÒË ~�{ m °mÈ¯�

Óºä °ºË�ÒÓËÓÒÒ� m©¹ºãÓËÓÓºä °mÈ¯}º® lj� ÓÈ Èã
äÒÓÒËmºä
°¹ãÈmË kk���� Û °}º¯º°�	 ¯º°�È �¯Ë�ÒÓ© ¹¯Ò }º¯¯ºÏÒÒ ¹º�
ÓÈ¹¯«ÎËÓÒËä m °mÈ¯Ó©² �mÈ² ÒÏ ¯ÈÏÓº¯º�Ó©² äË�Èããºm�
F� ���Ü����

*ROGVFKPLW] 0� HW DO� cÈÏ¯È­º�}Ò m º­ãÈ°�Ò °mÈ¯}Ò °mË¯�
²äÈ¯�ËÓ°Ò�Ó©² ÓË¯ÎÈmË
�Ò² °�ÈãË® Û ¹º°ãË�ÓÒË �º°�ÒÎËÓÒ«
Ò º­ãÈ°�Ò ¹¯ÒäËÓËÓÒ«� F� ���Ü����

%DENLQ $� 6�� (SLIDQWVHY /� 7� lË�º�© ¯È°�Ë�È º¹�ÒäÈã	�
Ó©² ¯ËÎÒäºm ���ºmº® °mÈ¯}Ò Ò ÓÈ¹ãÈm}Ò� F� ���Ü����

0HO\XNRY 9� 9� HW DO� |¹¯Ë�ËãËÓÒË º¹�ÒäÈã	Ó©² ¯ËÎÒäºm
Òä¹�ã	°Óº® ãÈÏË¯Óº® °mÈ¯}Ò �ºÓ}º°�ËÓÓ©² }ºä¹ºÓËÓ�ºm ° ��Ë�
�ºä �¯Ë­�Ëäº�º ¹¯º¹ãÈmãËÓÒ«� F� ���Ü����

2Q\XVRY 6� )� HW DO� sÒÏ}º�Ëä¹Ë¯È��¯ÓÈ« �ÒÁÁ�ÏÒºÓÓÈ«
°mÈ¯}È ¹ãÈ°�Ò�Ë°}Ò �ËÁº¯äÒ¯ºmÈÓÓº�º äºãÒ­�ËÓÈ� F� ���Ü����

6XVORY $� $� {©°º}º�Ëä¹Ë¯È��¯ÓÈ« ¹È®}È °Ë}�Ò® ÒÏ
Èã
äÒÓÒËmº�º °¹ãÈmÈ m mÈ}��äÓ©² ¹Ë�È² ° Ò°¹ºã	ÏºmÈÓÒËä
È}�ÒmÒ¯�
�Ë�º äË�ÈããÈ� F� ���Ü����

6KYDOHY 1� $�� 6HPHQRY (� ,� lË�º�© �¹¯ÈmãËÓÒ« ªãË}�
�¯ºÓÓ©ä ¹��}ºä m °ºË�ÒÓËÓÒÒ äËÎ�� }¯ºä}ÈäÒ�mÈ� F� ���Ü����

.XVNRY <X� 0�� 6DU\FKHY ,� 6� cËäºÓ� ����ÓÓ©² mÈã}ºm
¹¯º}È�Óº�º °�ÈÓÈ ���� ° ¹ºäº�	
 ªãË}�¯º�ãÈ}ºmº® ÓÈ¹ãÈm}Ò�
F� ���Ü����

6HUJHHY 9� 9� HW DO� cËäºÓ� }ºãËÓ�È�©² mÈãºm º�Ë�Ë°�mËÓ�
Ó©² Ò ÏÈ¯�­ËÎÓ©² �ÒÏËã	Ó©² �mÒ�È�ËãË® ° ¹ºäº�	
 ªãË}�¯º�
���ºmº® ÓÈ¹ãÈm}Ò� F� ���Ü����

*RUEDFK 9� '� HW DO� vÓÒÎËÓÒË }ºãÒ�Ë°�mÈ m¯Ë�Ó©² m©�
�ËãËÓÒ® Ò º�²º�ºm ¹¯Ò ¹ãÈÏäËÓÓº® ¯ËÏ}Ë äË�Èããºm� F� ����

:(/',1* ,17(51$7,21$/ �{ËãÒ}º­¯Ò�ÈÓÒ«�� Û ����� Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

6DNDPRWR +� HW DO� {ãÒ«ÓÒË °²Ëä© �mº®Óº�º ã��È ÓÈ ¹Ë¯Ë�
�È�� ªÓË¯�ÒÒ m ¹¯º�Ë°°Ë °mÈ¯}Ò� j°°ãË�ºmÈÓÒË °mÈ¯}Ò ãÈÏË¯ºä
1G�jk� �mº®Ó©ä ¹��}ºä ¹¯ÒäËÓÒ�Ëã	Óº } Èã
äÒÓÒËm©ä °¹ãÈ�
mÈä� °� ���Ü����

,FKL\DPD <� HW DO� {ãÒ«ÓÒË ¯ËÎÒäºm º°È�}Ò ÓÈ ��È¯Ó�

m«Ï}º°�	 °mÈ¯Ó©² �mºm� m©¹ºãÓËÓÓ©² º¹ãÈmãËÓÒËä� j°°ãË�º�
mÈÓÒË ¹ºm©�ËÓÒ« ��È¯Óº® m«Ï}º°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÒÏ
m©°º}º¹¯º�Óº® °�ÈãÒ� F� ���Ü����

+D\DVKL 7� HW DO� {©°º}ºäº�Ó©® ãÈÏË¯ &2
�
�ã« �Ò­¯Ò�Óº®

°mÈ¯}Ò lj� ¹¯Ò ¹ºm©�ËÓÒÒ �º¹�°}ºm ÓÈ ÏÈÏº¯� vmÈ¯ÒmÈËäº°�	
�ºã°�ºãÒ°�ºmº® °�ÈãÒ ­ËÏ °}º°È }¯ºäº}� F� ���Ü����

+LUDQR 6� HW DO� lÒ}¯º°�¯�}��¯È ¹ºmË¯²Óº°�Ò ¯ÈÏ�ËãÈ ¯ÈÏ�
Óº¯º�Ó©² °ºË�ÒÓËÓÒ® äÈ�ÓÒËmº�º °¹ãÈmÈ ° Èã
äÒÓÒËm©ä� m©�
¹ºãÓËÓÓ©² °mÈ¯}º® �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� F� ���Ü����

/D]]DULQ 3�� /LYLHUL 3� j°°ãË�ºmÈÓÒË �°�Èãº°�Óº® ¹¯º��
Óº°�Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® ÒÏ °�ÈãÒ Ò ãË�}º�º °¹ãÈmÈ
º�Óº°Ò�Ëã	Óº ªÓË¯�ÒÒ �ËÁº¯äÈ�ÒÒ ÓÈ �¯ÈÓÒ�È² ÓÈ¯�ÎÓº®
¹ºmË¯²Óº°�Ò �mÈ Ò m }º¯ÓË� F� ���Ü����

'\XUJHURY 1� *�� 6DJLURY '� |¹¯Ë�ËãËÓÒË °mº®°�m ���Ò
¹¯Ò Òä¹�ã	°Ó©² ¹¯º�Ë°°È² °mÈ¯}Ò� F� ���Ü����

&KHUQ\L 2� 0� {ãÒ«ÓÒË °Òã ¹ºmË¯²Óº°�Óº�º ÓÈ�«ÎËÓÒ« ÓÈ
°�¯�®Ó©® ¹Ë¯ËÓº° äË�ÈããÈ ¹¯Ò °mÈ¯}Ë ÓÈ º­¯È�Óº® ¹ºã«¯Óº°�Ò
�º}È� F� ���Ü����

<D]DYVNLNK 9� 0� HW DO� lË²ÈÓÒÏä ¹¯º�Ë°°ºm m�º¯Ò�Óº®
ªäÒ°°ÒÒ ¹¯Ò ªãË}�¯ºÓÓº�ã��Ëmº® °mÈ¯}Ë ° äº��ãÒ¯ºmÈÓÒËä ªãË}�
�¯ºÓÓº�º ¹��}È� F� ���Ü����

0DUNDVKRYD /� ,� HW DO� |°º­ËÓÓº°�Ò ¹¯º�Ë°°ºm ¹Ë¯ËÓº°È
¹¯Ò °mÈ¯}Ë �ÈmãËÓÒËä ¯ÈÏÓº¯º�Ó©² äË�Èããºm� F� ���Ü����

6KDNKPDWRY 0� 9�� 6KDNKPDWRY '� 0� |°º­ËÓÓº°�Ò }ºÓ�
�È}�Óº® °�©}ºmº® °mÈ¯}Ò ����ÓÈ� F� ���Ü����

6KWULNPDQ 0� 0� HW DO� vmÈ¯}È �¯ËÓÒËä ãÒ°�ºm©² }ºÓ°��
¯�}�Ò® ÒÏ Èã
äÒÓÒËm©² °¹ãÈmºm ���� Ò $0J�� F� ���Ü����

*JQ\XVRY 6� )� HW DO� vmÈ¯}È �¯ËÓÒËä °�ÈãÒ 5�l� m
�°ãºmÒ«² °mË¯²¹ãÈ°�Ò�Óº°�Ò� cÈÏ¯È­º�}È Èã�º¯Ò�äÈ °mÈ¯}Ò Ò
º¹¯Ë�ËãËÓÒË �ÒÈ¹ÈÏºÓÈ ÒÏäËÓËÓÒ« °mÈ¯º�Ó©² ¯ËÎÒäºm�
F� ���Ü����

������ ��



:(/',1* ,17(51$7,21$/ �{ËãÒ}º­¯Ò�ÈÓÒ«�� Û ����� Û 9RO� ��� ¢ �� �ÈÓ�ã� «Ï��

%UR]GD -� %� vmÈ¯ÒmÈËäº°�	 Ò °mº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®
Óºmº�º ¹º}ºãËÓÒ« °�ÈãË®� °�º®}Ò² } ¹ºãÏ��Ë°�Ò� °� ���Ü����

1LVKLR 1� HW DO� cºãÒ}ºmÈ« °mÈ¯}È mÓÈ²ãË°�}� ãÒ°�ºmº�º
äÈ�Ë¯ÒÈãÈ ÒÏ �Ò�ÈÓÈ Ò äÈãº��ãË¯º�Ò°�º® °�ÈãÒ� F� ���Ü����

2QR 0� HW DO� vmÈ¯ÒmÈËäº°�	 ãÈÏË¯ºä m©°º}º¹¯º�Ó©²
°�Èã	Ó©² ãÒ°�ºm ¹¯Ò ¹¯ºÒÏmº�°�mË ãÒ°�ºm©² °mÈ¯Ó©² ¯È°}¯º�
ËÓÓ©² ÏÈ�º�ºmº}� F� ���Ü����

0DVVHWWL )� sºm©Ë �Ë²Óºãº�ÒÒ °mÈ¯}Ò �ã« °ºº¯�ÎËÓÒ« ¹º��
mË°Ó©² äº°�ºm� F� ���Ü����

/DZUMDQLHF '� HW DO� ¡ÒÁ¯ºmºË äº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°È
°mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� F� ���Ü����

1RULQ 3� $�� $UNKLQRYD (� 9� ~ÈÎÒ�ÈÓÒË º�}¯©�º® °mÈ�
¯º�Óº® ���Ò Ò ¹Ë¯Ë²º� } °�È­Òã	Óºä� �º¯ËÓÒ
� F� ���Ü����

'LO�PDQ 9� /�� 2VWVHPLQ $� $� v�È�Ò�Ë°}È« ¹¯º�Óº°�	
°mÈ¯Óº�º °ºË�ÒÓËÓÒ« ° �mË¯�©äÒ ¹¯º°ãº®}ÈäÒ Ò �ËÁË}�© ÓÈ
ãÒÓÒÒ °¹ãÈmãËÓÒ« �mÈ� F� ���Ü����

%RYN /� 3�lÈ�ËäÈ�Ò�Ë°}ºË Ò°°ãË�ºmÈÓÒË º°º­ËÓÓº°�Ë® }ºÓ�
�ËÓ�¯È�ÒÒ Ò �ÒÓÈäÒ�Ë°}Ò² ÓÈ¹¯«ÎËÓÒ® m­ãÒÏÒ ¹È«Óº�º
°ºË�ÒÓËÓÒ« m �°ãºmÒ«² ¯ËÏºÓÈÓ°È� F� ���Ü����

0DNKOLQ 1� 0� HW DO� wãË}�¯ºÓÓ©Ë ¯Ë��ã«�º¯© °mÈ¯º�Óº�º
�º}È �ã« äÓº�º¹º°�ºm©² °mÈ¯º�Ó©² �°�ÈÓºmº}� F� ���Ü����

'HLNXQ 9� .� |¹�ÒäÒÏÈ�Ò« º°ÓºmÓ©² ¯È­º�Ò² ²È¯È}�
�Ë¯Ò°�Ò} º�Óº°��¹ËÓ�È�©² ¯Ë��}�ÒºÓÓ©² �ÈÏºm©² }ãÈ¹ÈÓºm�
F� ���Ü����

%XU\DNLQ $� 9� �°ºmË¯�ËÓ°�mºmÈÓÓºË º­º¯��ºmÈÓÒË �ã«
�Ë¯äÒ�Ë°}º�º ÓÈ¹©ãËÓÒ«� F� ���Ü����

(UHPLQ (� 1� wãË}�¯º�ãÈ}ºmÈ« °mÈ¯}È }ºã	�Ëm©² }ºä¹º�
ÓËÓ�ºm� ÒÏ�º�ºmãËÓÓ©² ÒÏ °¹ãÈmºm� °�º®}Ò² } ¹ºãÏ��Ë°�Ò�
F� ���Ü����

<XUNHYLFK 6� 1� HW DO� �ÈÏË¯ÓÈ« ÓÈ¹ãÈm}È }ºä¹ºÓËÓ�ºm ÒÏ
°�ÈãÒ ��t�vn ­ËÏ �²���ËÓÒ« ÁÒÏÒ}º�äË²ÈÓÒ�Ë°}Ò² °mº®°�m
º°ÓºmÓº�º äÈ�Ë¯ÒÈãÈ� F� ���Ü����

%HUQDGVNLL 9� 1�� 0DNRYHWVND\D 2� .� {}ãÈ� °mÈ¯}Ò m
ª}ºÓºäÒ}� vbk� F� ���Ü����

:(/',1* ,17(51$7,21$/ �{ËãÒ}º­¯Ò�ÈÓÒ«�� Û ����� Û 9RO� ��� ¢ �� �ÈÓ�ã� «Ï��

7DQDND 0� {mË�ËÓÒË m ÁÒÏÒ�Ë°}ÒË «mãËÓÒ«� ÒäË
�ÒË äË°�º
m ¹¯º�Ë°°È² ���ºmº® °mÈ¯}Ò� F� ���Ü����

2NDPXUD +�� $RWD .� vºË�ÒÓËÓÒË ¯ÈÏÓº¯º�Ó©² äÈ�Ë¯ÒÈãºm
° ¹ºäº�	
 °mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� F� ���Ü����

.DWR .�� 7RNLVXH +� vmÈ¯}È �¯ËÓÒËä Èã
äÒÓÒËm©² °¹ãÈmºm
° �¯��ÒäÒ äÈ�Ë¯ÒÈãÈäÒ� F� ���Ü����

$L]DZD 7� lË�º�© ¯ºãÒ}ºmº® °mÈ¯}Ò �ÈmãËÓÒËä m
äÈ�ÓÒ�Óºä ¹ºãË ãÒ°�ºm ÒÏ Èã
äÒÓÒ«�ÎËãËÏÈ� F� ���Ü����

zOLPSHO $� HW DO� sÈ¹ãÈm}È ¯��Ó©ä Ò ¹ºã�Èm�ºäÈ�Ò�Ë°}Òä
äË�º�ÈäÒ ���ºmº® °mÈ¯}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä m °¯Ë�Ë
ÏÈ�Ò�Óº�º �ÈÏÈ �ã« �°�¯ÈÓËÓÒ« �ËÁË}�ºm º�ãÒmº} ÒÏ ����ÓÈ °
�È¯ºmÒ�Ó©ä �¯ÈÁÒ�ºä ° Ò°¹ºã	ÏºmÈÓÒËä ¹º¯º�}ºmº® ¹¯ºmº�
ãº}Ò� F� ���Ü����

$ULVWRWHOH 5� HW DO� vmÈ¯}È °�ÈãË® t��� �ã« �ÈÏº¹¯ºmº�ºm�
F� ���Ü����

1LNLWLQVNLL $� 0� HW DO� {ãÒ«ÓÒË ¯ÈÏÓ©² ²ÒäÒ�Ë°}Ò²
°ºË�ÒÓËÓÒ® ÓÈ °mº®°�mÈ º­¯È­º�}Ò Áã
°ºm �ã« ¹È®}Ò �mË¯�©ä
¹¯Ò¹ºËä äË�Ò ÒãÒ ãÈ��ÓÒ� F� ���Ü����

/XNLQ 9� ,� HW DO� vmÈ¯ÒmÈËäº°�	 äÈ¯�ËÓ°Ò�Ó©² °�ÈãË®�
°�º®}Ò² } ¹ºãÏ��Ë°�Ò� F� ���Ü����

0LNKHHY $� $� iÒÁÁ�ÏÒºÓÓºË °ºË�ÒÓËÓÒË äÈ�ÓÒ�Ó©² °¹ãÈ�
mºm� F� ���Ü����

*Q\XVRY 6� )� HW DO� vmÈ¯}È �¯ËÓÒËä °�ÈãÒ 5�0� m
�°ãºmÒ«² °mË¯²¹ãÈ°�Ò�Óº°�Ò� jÏäËÓËÓÒ« °�¯�}��¯©� ÁÈÏºmº�º
°º°�ÈmÈ Ò °mº®°�m °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m ¹¯º�Ë°°Ë °mÈ¯}Ò�
F� ���Ü����

/HRQW�HY /� %�� $URQ $� 9� vmº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ®
ÒÏ ����ÓÈ� m©¹ºãÓËÓÓ©² ¯ÈÏÓ©äÒ äË�º�ÈäÒ ÓÈ¹ãÈm}Ò Ò °mÈ¯}Ò�
F� ���Ü����

*OHERYD 0� $� HW DO� �ºm©�ËÓÒË }È�Ë°�mÈ �Ë¯äºÓÈ¹©ãËÓ�
Ó©² ¹º}¯©�Ò® ¹¯Ò �Ë¯äºº­¯È­º�}Ë �º}ºä m©°º}º® �È°�º�© Ò
ãÈÏË¯Ó©ä ã��ºä� F� ���Ü����

*RUEDFK 9� '�� (YGRNLPRY <X� $� jÓÁ¯È}¯È°ÓºË ÒÏã��
�ËÓÒË m ���Ë ¹¯Ò °mÈ¯}Ë äË�Èããºm m º­ãÈ°�Ò °��º°�¯ºËÓÒ«�
F� ���Ü����

:(/',1* LQ WKH :25/' �n¯ÈÓ�Ò«�� Û ����� Û 9RO� ��� 6SHFLDO ,VVXH �ÈÓ�ã� «Ï��

,,: ,QWHUQDWLRQDO &RQIHUHQFH ½7(&+1,&$/ 75(1'6 $1' )8785( 35263(&7,9(6 2) :(/',1* 7(&+12/2*<
)25 75$163257$7,21� /$1'� 6($� $,5 $1' 63$&(�

�ËÓ�ËÓ�ÒÒ Ò ¹Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò« �Ë²Óºãº�ÒÒ °mÈ¯}Ò �ã«
¹¯ÒäËÓËÓÒ« ÓÈ �¯ÈÓ°¹º¯�Ë� ÏËäãË� m äº¯Ë� mºÏ��²Ë Ò }º°äº°Ë�

7VXJH $� ~È�È�Ò «¹ºÓ°}Ò² º­¯È­È�©mÈ
�Ò² º�¯È°ãË® m ��
mË}Ë� °� ��

0DWVXL +� vË°°Ò« �� �Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò« m Èm�º�
äº­Òã	Ó©² º�¯È°ã«² �º°ÓºmÓ©Ë Ò�ËÒ�� �ËÓ�ËÓ�ÒÒ� Ò ¹Ë¯°�
¹Ë}�Òm© ¯ÈÏmÒ�Ò« ���ºmº® °mÈ¯}Ò �Ë�ÈãË® �È°°Ò �Òä¹�ã	°ÓÈ«
*0$�� °� �Ü���

'LOWKH\ 8�� 6WHLQ /� �ËÓ�ËÓ�ÒÒ Ò ¹Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò«
Ëm¯º¹Ë®°}º® Èm�ºäº­Òã	Óº® ¹¯ºä©�ãËÓÓº°�Ò� F� ��Ü���

'LOWKH\ 8�� 0RFNHU )� vË°°Ò« �� zã
�Ëm©Ë �Ë²Óºãº�ÒÒ
�ã« ¹¯ÒäËÓËÓÒ« ÓÈ ÏËäãË ���� �º°ãË�ÓÒË ¯ÈÏ¯È­º�}Ò Ò
¹¯ÒäËÓËÓÒË ���ºmº® ¹È®}Ò ¹ãÈm«�Òä°« ªãË}�¯º�ºä m ÏÈ�Ò�Ó©²
�ÈÏÈ²� F� ��Ü���

6KL *� HW DO� vºmË¯�ËÓ°�mºmÈÓÒË ¹¯º�Ë°°ºm °mÈ¯}Ò äº�Ó©ä
ã��ºä �ã« ÓÈÏËäÓº�º �¯ÈÓ°¹º¯�È� F� ��Ü���

6DVDEH 6� vmÈ¯º�Ó©Ë ²È¯È}�Ë¯Ò°�Ò}Ò Èã
äÒÓÒËm©² °¹ãÈ�
mºm �ã« Èm�ºäº­Òã	Ó©² }ºÓ°�¯�}�Ò®� F� ��Ü���

+LUDQR 6� HW DO� �Ë²Óºãº�ÒÒ Ò º­º¯��ºmÈÓÒË �ã« °mÈ¯}Ò
�¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä �ã« ¹¯ÒäËÓËÓÒ« m Èm�ºäº­Òã	Óº®
¹¯ºä©�ãËÓÓº°�Ò� F� ��Ü���

,ZDVKLWD 7� �º�Ë�ÓÈ« °mÈ¯}È �¯ËÓÒËä �ã« °ÓÒÎËÓÒ« äÈ°°©
}º¯¹�°ºm Èm�ºäº­ÒãË®� F� ��Ü���

1LVKLNDZD +�� )XMLPRWR 0� zºÓ�¯ºã	 }º¯º­ãËÓÒ« ¹¯Ò m¯È�
�ËÓÒÒ ¹¯Ò °mÈ¯}Ë �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä� F� ��Ü���

6RQVLQR &� 0� HW DO� |�ËÓ}È �°�Èãº°�Óº® ¹¯º�Óº°�Ò °mÈ¯�
Ó©² °ºË�ÒÓËÓÒ® ¹¯Ò ÓÈ�¯�Ï}Ë ¹Ë¯ËäËÓÓº® Èä¹ãÒ���º® Û
�Ë}��Ò® �¯ºmËÓ	 ÏÓÈÓÒ® Ò ¯Ë}ºäËÓ�È�ÒÒ ¹º ¯ÈÏ¯È­º�}Ë ¹¯ÈmÒã
¯È°�Ë�È ÓÈ �°�Èãº°�	� F� ��Ü����

'RQJ 3� vË°°Ò« �� zã
�Ëm©Ë �Ë²Óºãº�ÒÒ �ã« ¹¯ÒäËÓËÓÒ«
ÓÈ ÏËäãË� zºä¹ãË}°Ó©® äÈ�ËäÈ�Ò�Ë°}Ò® ¯È°�Ë� °mÈ¯Ó©² }ºÓ�
°�¯�}�Ò® ° m©°º}ÒäÒ ¹º}ÈÏÈ�Ëã«äÒ� F� ���Ü����

+HUROG +� HW DO� �¯ÒäËÓËÓÒË m©°º}ºãË�Ò¯ºmÈÓÓº® °�ÈãÒ
¹¯Ò ¯Ë�ËÓÒÒ ¹¯º­ãËä °mÈ¯}Ò }ºÓ°�¯�}�Ò® �¯ÈÓ°¹º¯�Ó©²
°¯Ë�°�m� F� ���Ü����

)XNXL .� HW DO� �Ëä© ¹º°ãË�ÓÒ² ¯È­º� Ò ­����ÒË ¯È­º�©
¹º ãÒ°�ºm©ä °�Èã«ä �ã« Èm�ºäº­Òã	Óº® ¹¯ºä©�ãËÓÓº°�Ò�
F� ����

6X]XNL 5� HW DO� �¯ºmºãº}Ò �ã« °mÈ¯}Ò lk� �ºÓ}ºãÒ°�ºm©²
°�ÈãË® m Èm�ºäº­Òã	Óº® ¹¯ºä©�ãËÓÓº°�Ò Ð¹ºÓÒÒ� F� ���Ü����

8H\DPD 7� HW DO� v}º¯º°�ÓÈ« °mÈ¯}È ãÒ°�ºm©²
Èã
äÒÓÒËm©² °¹ãÈmºm ° ¹ºäº�	
 �Ò­¯Ò�Óº�º ¹¯º�Ë°°È ãÈÏË¯�
Óº® °mÈ¯}Ò Ò Òä¹�ã	°Óº® °mÈ¯}Ò lj�� F� ���Ü����

8UXVKL]DNL 0� HW DO� vÓÒÎËÓÒË °mÈ¯º�Ó©² �ËÁº¯äÈ�Ò®
¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ äË�º�È °�mºËÓÓº�º ã��È� F� ���Ü����

%RHNKROW 5� vË°°Ò« �� �Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò« m °��º°��
¯ºÒ�Ëã	Óº® ¹¯ºä©�ãËÓÓº°�Ò �º°ÓºmÓ©Ë Ò�ËÒ�� �ËÓ�ËÓ�ÒÒ Ò
¹Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò« Ëm¯º¹Ë®°}º�º °��º°�¯ºËÓÒ«� F� ���Ü����

6XJLWDQL <� �ËÓ�ËÓ�ÒÒ Ò ¹Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò« m °��º°��
¯ºÒ�Ëã	Óº® ¹¯ºä©�ãËÓÓº°�Ò Ð¹ºÓÒÒ� F� ���Ü����

.LP 6� +� vË°°Ò« �� zã
�Ëm©Ë �Ë²Óºãº�ÒÒ �ã« äº¯«�
�Ë²Óºãº�ÒÒ Èm�ºäÈ�ÒÏÈ�ÒÒ °��º°�¯ºÒ�Ëã	Óº® ¹¯ºä©�ãËÓÓº°�Ò�
F� ���Ü����

0L\D]DNL 7� sºmºË ¯ÈÏmÒ�ÒË ¹¯ºÒÏmº�°�mËÓÓº® �Ë²Óºãº�ÒÒ
m °��º°�¯ºËÓÒÒ� F� ���Ü����

/XGHZLJ +� :� HW DO�lË�º�© }ºãÒ�Ë°�mËÓÓº�º º¹¯Ë�ËãËÓÒ«
�ã���ËÓÒ« ª}ºãº�ÒÒ m �«ÎËãºä äÈ�ÒÓº°�¯ºËÓÒÒ� F� ���Ü����

�� ������



.DQMR <� vmÈ¯º�ÓÈ« �°�ÈÓºm}È ° ÓË°}ºã	}ÒäÒ ¯º­º�ÈäÒ
ÓÈ º°ÓºmË vk�¯�kv��� Ò º¹�ÒäÒÏÈ�Ò« ¹¯º�Ë°°È� F� ���Ü����

1DNDPXUD .� HW DO� �¯ÒäËÓËÓÒË °mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯Ë�
äË�ÒmÈÓÒËä �ã« °}º¯º°�Ó©² ¹È°°ÈÎÒ¯°}Ò² °��ºm ÒÏ
Èã
äÒÓÒËm©² °¹ãÈmºm� F� ����

9ROOHUWVHQ )� HW DO� vË°°Ò« �� �Ë¯°¹Ë}�Òm© ¯ÈÏmÒ�Ò« m
ÈmÒÈ�ÒºÓÓº® Ò }º°äÒ�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò �º°ÓºmÓ©Ë
ä©°ãÒ�� sºm©Ë °�¯È�Ë�ÒÒ ¹¯ÒäËÓËÓÒ« °mÈ¯}Ò ¹¯Ò ÒÏ�º�ºmãËÓÒÒ
}¯�¹Ó©² °ÈäºãË�ºm� F� ���Ü����

)XMLZDUD &� �Ë²Óºãº�ÒÒ ¹ºã��ËÓÒ« °ºË�ÒÓËÓÒ® �ã« Èª¯º�
}º°äÒ�Ë°}Ò² �k� F� ���Ü����

%ROVHU '� HW DO� vË°°ÒÒ �� zã
�Ëm©Ë �Ë²Óºãº�ÒÒ �ã«
¹¯ÒäËÓËÓÒ« m Èª¯º}º°äÒ�Ë°}ºä ¹¯ºÒÏmº�°�mË� �¯ÒäËÓËÓÒË
°mÈ¯}Ò �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä m }ºä¹ÈÓÒÒ rºÒÓ��
F� ���Ü����

9DLG\D :� 9� HW DO� lË²ÈÓÒ�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò
Èã
äÒÓÒËm©² °¹ãÈmºm� °mÈ¯ËÓÓ©² ãÈÏË¯Ó©ä ã��ºä Ò °mÈ¯}º®
�¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä �ã« Á
ÏËã«ÎË®� F� ���Ü����

,PXWD %�� .DPLPXNL .� cÈÏmÒ�ÒË Ò ¹¯ÒäËÓËÓÒË °mÈ¯}Ò
�¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä �ã« Èª¯º}º°äÒ�Ë°}º® ¹¯ºä©�ãËÓ�
Óº°�Ò� F� ���Ü����

/HYHUW (� vmÈ¯}È �Ë¯äº¯Ë��ãÒ¯�
�Ò² �°�ÈÓºmº} lzv�
½�º��Ë¯ÎÈÓÒË ¹¯º²ãÈ�© m }º°äº°Ë�� °� ���Ü����

<XVKFKHQNR .� sºm©Ë ¹¯º�Ë°°© Ò äÈ�Ë¯ÒÈã© �ã«
°ºË�ÒÓËÓÒ« }ºÓ°�¯�}�Ò® �ã« ¹¯ÒäËÓËÓÒ« m Èª¯º}º°äÒ�Ë°}º®
¹¯ºä©�ãËÓÓº°�Ò ��Ë}°� º�°��°�m�Ë��� F� ����

<DPDRND +�� 2FKLDL +� �Ë²Óºãº�ÒÒ °mÈ¯}Ò Ò �ËÓ�ËÓ�ÒÒ
¯ÈÏmÒ�Ò« ¹¯ºÒÏmº�°�mÈ �Ïãºm ¯ËÈ}�ÒmÓ©² �mÒ�È�ËãË®�
F� ���Ü����

:(/',1* LQ WKH :25/' �n¯ÈÓ�Ò«�� Û ����� Û 9RO� ��� ¢ ��� -XO\�$XJXVW �ÈÓ�ã� «Ï��

&ROHJURYH 3� $� �¯ËäÒ« �¯ÈÓÎºÓÈ ÏÈ ����� 'RF� ,,:�
������� �H[�GRF� ������������� F� ��Ü���

.RGDPD 6� HW DO� lÈ�ËäÈ�Ò�Ë°}È« äº�Ëã	 ¹Ë¯ËÓº°È }º�
¯º�}ÒäÒ ÏÈä©}ÈÓÒ«äÒ ° m©°º}º® �È°�º�º® }ºãË­ÈÓÒ® ¹¯Ò °mÈ¯}Ë
lk�� cÈÏ¯È­º�}È �°�ÈÓºm}Ò �ã« Èm�ºäÈ�Ò�Ë°}º® °mÈ¯}Ò lk�
° �È��Ò}ºä ���Ò Ò ËË ¹¯ÒäËÓËÓÒË �ã« °mÈ¯}Ò �ÈÏº¹¯ºmº�ºm�
'RF� ,,:�������� �H[�GRF� ;,��������;,,���������� F� ��Ü���

.RED\DVKL .� HW DO� �¯È}�Ò�Ë°}ºË ¹¯ÒäËÓËÓÒË m©°º}º¹�
¯ºÒÏmº�Ò�Ëã	Óº�º äË�º�È °mÈ¯}Ò �j� ¹º°ãË�ºmÈ�Ëã	Ó©äÒ

���ÈäÒ �6('$5�7,*� ¹¯Ò ÒÏ�º�ºmãËÓÒÒ ¯ËÏË¯m�È¯ºm �ã« ²¯È�
ÓËÓÒ« °ÎÒÎËÓÓº�º ¹¯Ò¯º�Óº�º �ÈÏÈ� 'RF� ,,:�������� �H[�GRF�
;,��������;,,���������� F� ��Ü���

,ZDWD 7�� 0DWVXRND .� �°�Èãº°�ÓÈ« ¹¯º�Óº°�	 ��ãºmº�º
°mÈ¯Óº�º °ºË�ÒÓËÓÒ« ÒÏ �Ò�ÈÓÈ äÈ¯}Ò � m °��º°�¯ºÒ�Ëã	Óº®
}ºÓ°�¯�}�ÒÒ� 'RF� ,,:�������� �H[�GRF� ;,,,����������
F� ��Ü���

:(/',1* -2851$/ �vbk�� Û ����� Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

:RRGZDUG s� 0� v�Òä�ãÒ¯ºmÈÓÒË ¯È­º� °º�¯��ÓÒ}ºm ãÈ�
­º¯È�º¯ÒÒ ½0RUDLQH 9DOOH\ :HOG /DE�� F� ��Ü���

6SHQFHU 0� zºÓ�¯ºã	 °mÈ¯Ó©² �mºm� m©¹ºãÓ«Ëä©² °���
�ËÓ�ÈäÒ m ¹¯º�Ë°°Ë º­��ËÓÒ«� F� ��Ü���

+LGGHQ 6�� %XKOHU %� |­º°ÓºmÈÓÒË m©­º¯È äËÎ�� ¹ãÈÏ�
äËÓÓº® Ò }Ò°ãº¯º�Óº® ¯ËÏ}º®� F� ��Ü���

&XOOLVRQ $� |� Ò°°ãË�ºmÈÓÒ® } ¹Ë¯Ë�È�Ë �Ë²Óºãº�ÒÒ m
¹¯ºÒÏmº�°�mº� F� ��Ü���

-RKQVHQ 0� 5� {º¹¯º°© ÏÈÓ«�º°�Ò Û ¹¯È}�Ò�Ó©Ë ¯Ë�ËÓÒ«�
F� ��Ü���

:DWDQDEH 7� HW DO� cÈÏ¯È­º�}È Áã
°È Ò ¹¯Ò¹º« �ã« m©�
°º}º�Ëä¹Ë¯È��¯Óº® ¹È®}Ò äÈ�ÓÒËmº�º °¹ãÈmÈ $=��%� F� ��Ü���

0F.HRZQ -� 7� HW DO� |­¯È­º�}È ¹ºmË¯²Óº°�Ë® ¯ÈÏ�ËãÈ
º}°Ò�È Èã
äÒÓÒ«�ÓÒº­Ò« ¹¯Ò °ºË�ÒÓËÓÒÒ ° ¹ºäº�	
 ÎÒ�}º®
¹ãËÓ}Ò� F� ��Ü���

:(/',1* -2851$/ �vbk�� Û ����� Û 9RO� ��� ¢ � �ÈÓ�ã� «Ï��

(PPHUVRQ -� *� v�¯ºÒ�Ëã	°�mº �¯�­º¹¯ºmº�È m �ËÓ�¯Ë
kÁ¯Ò}Ò� °� ��Ü���

0HUULILHOG 7� c�}ºmº�«�ÒË �}ÈÏÈÓÒ« ¹º mÓË�¯ËÓÒ

¯º­º�ÒÏÒ¯ºmÈÓÓº® ���ºmº® °mÈ¯}Ò� F� ��Ü���

/RXWKDQ 0� 5� HW DO� {ãÒ«ÓÒË s
�
m ÏÈ�Ò�Óºä �ÈÏË ¹¯Ò

°mÈ¯}Ë È�°�ËÓÒ�Ó©² ÓË¯ÎÈmË
�Ò² °�ÈãË®� F� ��Ü���

6XULDQ (� HW DO� {ãÒ«ÓÒË äºãÒ­�ËÓÈ ÓÈ °mº®°�mÈ äË�ÈããÈ
�mÈ ¹¯Ò ���ºmº® °mÈ¯}Ë m©°º}º¹¯º�Ó©ä ¹ãÈm«�Òä°« ªãË}�¯º�
�ºä m °¯Ë�Ë ÏÈ�Ò�Óº�º �ÈÏÈ� F� ��Ü���

&DR *�� .RX 6� �Ò}mÈ�ÒºÓÓ©Ë �¯Ë�ÒÓ© ¹¯Ò ¹ºãÓºä ¹¯º¹�
ãÈmãËÓÒÒ °mÈ¯Ó©² �mºm ãÒ�©² Èã
äÒÓÒËmº�}¯ËäÓÒËm©² °¹ãÈ�
mºm� F� ��Ü���

:(/',1* 7(&+12/2*< �Ð¹ºÓÒ«�� -RXUQDO RI WKH -DSDQ :HOGLQJ (QJLQHHULQJ 6RFLHW\� Û ����� Û 9RO� ��� ¢ � �«¹� «Ï��

*RN\X 7� �ºm©�ËÓÒË }È�Ë°�mÈ °mÈ¯}Ò ¹º°ãË mÓË�¯ËÓÒ«
«¹ºÓ°}º® °Ò°�Ëä© ¹¯ºÒÏmº�°�mÈ m Ëm¯º¹Ë®°}ÒË °Ò°�Ëä©�
°� ��Ü���

.XPDNXUD 0� cÈÏ¯È­º�}È Ò ¹¯ÒäËÓËÓÒË m©°º}º¹�
¯ºÒÏmº�Ò�Ëã	Óº�º °¹º°º­È °mÈ¯}Ò �j� äÈ�ÓÒ�Ó©ä �¹¯ÈmãËÓÒËä�
F� ��Ü���

.DZDQR +�� 6DUXKDVKL 6�� 6KLQWDWH +� �¯ÒäËÓËÓÒË m
°�¯ºÒ�Ëã	°�mË °�Èã	Ó©² ãÒ°�ºm �ã« °mÈ¯}Ò °º °mË¯²m©°º}º®
¹º�ºÓÓº® ªÓË¯�ÒË®� F� ��Ü���

1DNDJDZD 1� �¯º­ãËä© °ºm¯ËäËÓÓº® ¯ËÏ}Ò Ò ¹��Ò Ò²
¯Ë�ËÓÒ«� cË�ËÓÒË ª}ºãº�Ò�Ë°}Ò² ¹¯º­ãËä ÓÈ ª�È¹Ë ¯ËÏ}Ò m
ÏÈmº�°}Ò² �°ãºmÒ«²� F� ��Ü���

6DQR <�� 1DJDKRUL 0�� ,VKLL .� w}°¹ã�È�È�ÒºÓÓ©Ë ¯È°²º�©
ÓÈ �Ë¯äÒ�Ë°}�
 ¯ËÏ}� �ºã°�ºãÒ°�ºmº�º äÈ�Ë¯ÒÈãÈ� F� ��Ü���

vmÈ¯}È m äÒ¯Ë� �Ò­¯Ò�ÓÈ« ãÈÏË¯ÓÈ« °mÈ¯}È m °��º°�¯ºËÓÒÒ�
�{Ë°	 �Ë}°� ÓÈ «¹� «Ï��� F� ���

)XNXGD 7� �Ë²ÓÒ�Ë°}Ò® Áº¯�ä� cÈÏ¯È­º�}È °¹º°º­È &2�
0(/' �°ºË�ÒÓËÓÒË äË�Èããºm ° }ºä¹ºÏÒ�ÈäÒ�� F� ��Ü���

.RGDPD 0�� ,ZDEXFKL +�� *RXGD +� HW DO� cÈÏ¯È­º�}È
°¹º°º­È °mÈ¯}Ò lk� ° Ò°¹ºã	ÏºmÈÓÒËä m©°º}º® °}º¯º°�Ò }º�
ãË­ÈÓÒ« �º¯Ëã}Ò Ò ªãË}�¯º¹¯Òmº�È� F� ��Ü���

:DWDQDEH *� cËäºÓ�ÓÈ« ÓÈ¹ãÈm}È jk��ãÈÏË¯ºä� F� ��Ü���
$QGRX 1� �Ë²Óºãº�Ò« °ºË�ÒÓËÓÒ« ÓÈÓºÁº¯äºm}º®

¹ºãÒäË¯ºm ° Èã
äÒÓÒËm©äÒ °¹ãÈmÈäÒ� F� ���Ü����
0XUDNDPL .� k}��Èã	ÓÈ« �ËäÈ� lÒ}¯º°ºË�ÒÓËÓÒ« m ªãË}�

�¯ºÓÒ}Ë� |}ºÓ�ÈÓÒË� �¯ÒäË¯© ¹¯ÒäËÓËÓÒ« ¹È®}Ò ­Ë°°mÒÓ�º�
m©äÒ ¹¯Ò¹º«äÒ Ò ãÈÏË¯Óº® ¹È®}Ò� F� ���Ü����

6KLPL]X .� w}ºãº�Ò« Ò º²¯ÈÓÈ �¯��È�  � �� ~È�Ò�È �ãÈÏ�
F� ���Ü����

,JXFKL 0� zºÓ�¯ºã	 Ò °ãËÎËÓÒ« m ¹¯º�Ë°°Ë °mÈ¯}Ò�  � ��
|¹Ë¯È�ÒmÓ©® äºÓÒ�º¯ÒÓ�� F� ���Ü����

+LUDRND .� vË¯Ò« ãË}�Ò®� vmÈ¯}È m �Ï}Ò® ÏÈÏº¯� |}ºÓ�
�ÈÓÒË� cÈÏ¯È­º�}È °Ò°�Ëä �ã« °mÈ¯}Ò m �Ï}�
 ¯ÈÏ�Ëã}��
F� ���Ü����

:(/',1* 7(&+12/2*< �Ð¹ºÓÒ«�� -RXUQDO RI WKH -DSDQ :HOGLQJ (QJLQHHULQJ 6RFLHW\� Û ����� Û 9RO� ��� ¢ � �«¹� «Ï��

sÈ¹¯ÈmãËÓÒ« ¯ÈÏmÒ�Ò« °mÈ¯}Ò m äÒ¯Ë� °� ��Ü���
$RNL $� vmÈ¯}È ­ËÏ �ËÁº¯äÈ�ÒÒ ãÒ°�ºmº�º äË�ÈããÈ °mË¯�

²äÈãº® �ºã�ÒÓ©� F� ��Ü���
,PDPXUD 6�� ,PDPXUD .� km�ºäÈ�Ò�Ë°}Ò® °¹º°º­ ¹È®}Ò

}¯�¹Óº�È­È¯Ò�Ó©² ÒÏ�ËãÒ®� F� ��Ü���

7RNX\DPD 7� cÈÏ¯È­º�}È °Ò°�Ëä© ½$OL]H� �ã« ¹¯Ë��¹¯ËÎ�
�ËÓÒ« º�}ÈÏºm� º°ÓºmÈÓÓº® ÓÈ ÏÓÈÓÒ«² º ¹ºm¯ËÎ�ËÓÒ«² Ò
äº�ËãÒ¯ºmÈÓÒÒ ÏÈmÒ°Òäº°�Ò ÓÈ�ËÎÓº°�Ò º� ¯È°¹¯Ë�ËãËÓÒ«
¹¯º�Óº°�Ò Ò ÓÈ¹¯«ÎËÓÒ®� F� ��Ü���

������ ��



+DUDGD 6�� +LVDJDL .� v¹Ë�ÒÈã	Ó©® m©¹�°}� lËÎ��ÓÈ�
¯º�ÓÈ« °mÈ¯º�ÓÈ« m©°�Èm}È����� m Ð¹ºÓÒÒ� km�ºäÈ�© �ã« ���
�ºmº® °mÈ¯}Ò� F� ��Ü���

0DVDKLUR 6DWRX� vmÈ¯º�Ó©Ë äÈ�Ë¯ÒÈã©� F� ��Ü���
$UD\D 7� �ÈÏË¯ÓÈ« º­¯È­º�}È� F� ��Ü����
0DVXNL .� cº­º�©� F� ���Ü����
6DQR <� |­º¯��ºmÈÓÒË �ã« ¯ËÏ}Ò� F� ���Ü����
$UDNDZD 7� sË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	� F� ���Ü����
/LGD )� lÒ}¯ºº­¯È­º�}È� F� ���Ü����
<DQDDPRWR <� cÈÏ¯È­º�}È º­º¯��ºmÈÓÒ« �ã« m©°º}º°}º�

¯º°�Óº® w�v� F� ���Ü����
0RWRPXUD .� vÒ°�ËäÈ ãÈÏË¯Óº® º�Ò°�}Ò� F� ���Ü����

<DPDVKLWD 6� HW DO� cÈÏ¯È­º�}È °¹º°º­È °mÈ¯}Ò �ÈmãËÓÒËä
° Ò°¹ºã	ÏºmÈÓÒËä ¹¯Ò¯º�Óº�º �ÈÏÈ� F� ���Ü����

<DPDPRWR 6� vmÈ¯}È m äÒ¯Ë� vmÈ¯}È �¯�­ ÒÏ °�ÈãÒ °mË¯�
²m©°º}º® ¹¯º�Óº°�Ò ¹¯Ò °�¯ºÒ�Ëã	°�mË �ÈÏº¹¯ºmº�ºm� F� ����

6KLGD 6� vmÈ¯º�Ó©Ë äÈ�Ë¯ÒÈã©�  � �� �º}¯©�©Ë ªãË}�¯º�©
�ã« ���ºmº® °mÈ¯}Ò� F� ���Ü����

.RJD 6� vmÈ¯}È �¯ËÓÒËä ° ¹Ë¯ËäË�ÒmÈÓÒËä�  � �� F� ���Ü
����

1DNDWD .� �Ëº¯Ë�Ò�Ë°}ÒË º°Óºm© °mÈ¯}Ò ¯ÈÏÓº¯º�Ó©²
äÈ�Ë¯ÒÈãºm Ò Ò² ¯ÈÏ¯È­º�}È�  � �� �Ëº¯Ë�Ò�Ë°}ÒË º°Óºm© °mÈ¯}Ò
¯ÈÏÓº¯º�Ó©² äÈ�Ë¯ÒÈãºm� F� ���Ü����

=9$5$1,(�69$529$1, �vãºmÈ}Ò«�� Û ����� Û 5F� ��� ¢ �� �°ãºm� «Ï��

+ULYQDN ,� nÒãº°ºÁ°}Ò® È°¹Ë}� ¯ËäºÓ�Óº® °mÈ¯}Ò }ºä¹º�
ÓËÓ�ºm �Ë¹ãºm©² ªãË}�¯º°�ÈÓ�Ò®� ¹ºm¯ËÎ�ËÓÓ©² ¹¯Ò ¹ºãÏ��
�Ë°�Ò�  � �� °� ���Ü����

5DGVFKHLW v� 5�� %ROGRFN\ .� �ãÈÏäËÓÓÈ« ¹È®}È ¹¯Ò ÒÏ�º�
�ºmãËÓÒÒ }�Ïºmºm Èm�ºäº­ÒãË® ½nºã	}°mÈ�ËÓ�� F� ���Ü����

�¯ÒmÈ¯}È �¹ÒãË} m ¹¯ºÒÏmº�°�mË }ºä¹ºÏÒ�Ó©² }ºÓ°��
¯�}�Ò®� F� ���Ü����

=9$5$1,(�69$529$1, �vãºmÈ}Ò«�� Û ����� Û 5F� ��� ¢ ��Ü�� �Fãºm� «Ï��

+ULYQDN ,� nÒãº°ºÁ°}Ò® È°¹Ë}� ¯ËäºÓ�Óº® °mÈ¯}Ò }ºä¹º�
ÓËÓ�ºm �Ë¹ãºm©² ªãË}�¯º°�ÈÓ�Ò®� ¹ºm¯ËÎ�ËÓÓ©² ¹¯Ò ¹ºãÏ��
�Ë°�Ò�  � �� F� ���Ü����

9DJYXOJ\L *� ÈW DO� {ãÒ«ÓÒË ÏÈ�Ò�Óº�º �ÈÏÈ Ò ¹¯ºÁÒã«
¯È­º�Ë�º }ºÓ�È mºã	Á¯Èäºmº�º ªãË}�¯º�È ÓÈ �ËºäË�¯Ò
 °mÈ¯Ó©²
�mºm È�°�ËÓÒ�Ó©² °�ÈãË®� F� ���Ü����

0L]XQR 5� HW DO� cËäºÓ�ÓÈ« °mÈ¯}È °º°��ºm �ÈmãËÓÒ« ÒÏ
°�ÈãÒ 649�$ ­ËÏ ¹º°ãË��
�Ë® �Ë¯äºº­¯È­º�}Ò�  � ��
lº�ËãÒ¯ºmÈÓÒË Ò�ËÈã	Ó©² �Ë¯äÒ�Ë°}Ò² �Ò}ãºm °mÈ¯}Ò�
F� ���Ü����

+XGDN -� |¹©� mº°°�ÈÓºmãËÓÒ« Èã
äÒÓÒËm©² mÈ�ºÓºm�
�Ò°�Ë¯Ó ° ¹ºäº�	
 °mÈ¯}Ò� F� ���Ü����

=9$5$1,(�69$529$1, �vãºmÈ}Ò«�� Û ����� Û ¢ � �Fãºm� «Ï��

%U]LDN 3� HW DO� cËäºÓ�ÓÈ« °mÈ¯}È °º°��ºm �ÈmãËÓÒ« ÒÏ
°�ÈãÒ 649�$ ­ËÏ ¹º°ãË��
�Ë® �Ë¯äºº­¯È­º�}Ò�  � �� j°°ãË�
�ºmÈÓÒË ¹È¯ÈäË�¯ºm Èm�ºäÈ�ÒÏÒ¯ºmÈÓÓº® °mÈ¯}Ò �j� �ã« º¹¯Ë�
�ËãËÓÒ« ÓËº­²º�Òä©² �Ë¯äÒ�Ë°}Ò² �Ò}ãºm� F� �Ü���

&RPDM 0�� =RKQ -� {mÈ¯}È ¹È�¯�­}ºm m }º¯¹�°Ë }¯Òº�ËÓÓ©²
¯ËÏË¯m�È¯ºm�²¯ÈÓÒãÒ� ¹º� �ÈmãËÓÒËä ° ¹ºäº�	
 �¯�­�È�©²
¹º¯º�}ºm©² ¹¯ºmºãº}� F� ��Ü���

+\]D 5�� .XFLN 3� �ã	�¯ÈÏm�}ºm©Ë Ò°¹©�ÈÓÒ« °ºË�ÒÓËÓÒ®�
m©¹ºãÓËÓÓ©² �º�Ë�Óº® }ºÓ�È}�Óº® °mÈ¯}º®�
F� ��Ü���

=9$5$1,(�69$529$1, �vãºmÈ}Ò«�� Û ����� Û ¢ � �Fãºm� «Ï��

/LEUD 2� lÈ�Ë¯ÒÈã© Ò °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ«� ª}°¹ã��
È�Ò¯�
�ÒË°« m °¯Ë�Ë °Ë¯ºmº�º¯º�È� F� ��Ü���

.DOQD .�lË²ÈÓÒ�Ë°}È« º­¯È­º�}È °mÈ¯Ó©² °ºË�ÒÓËÓÒ® }ºÓ�
°�¯�}�Ò® Û ÏÓÈ�ËÓÒË °�ÈÓ�È¯�È 671 �� ����� F� ��Ü���

9\WULVDO -� HW DO� �¯Ë­ºmÈÓÒ« } }È�Ë°�m� °mÈ¯}Ò m °ºº��
mË�°�mÒÒ °º °�ÈÓ�È¯�ºä 671 (1 ����� �ã« m©¹ºãÓËÓÒ« ¯È­º�
ÓÈ �¯�­º¹¯ºmº�È² Ò �¯��Ò² °Ë�«² ¹º� �ÈmãËÓÒËä ­ËÏ º¹Ë¯È�ÒÒ
º�}ã
�ËÓÒ«� F� ��Ü���

 ÍÊÛ×¿ÉÍÁ«� ¡� �ÌÂÊÍ�ÒÉÏ¿�ÌÐÛÉÇÈ ÐÊÍÁÌÇÉ Æ� ÆÁ¿ÏÝÁ¿ÌÌÞ � ÐÎÍÏ�ÃÌÄÌÇÔ ÑÄÔÌÍÊÍÂ�È� ¬¿Á�
Ö¿ÊÛÌÇÈ ÎÍÐ�ÀÌÇÉ� x ªÛÁ�Á� «¿ÂÌÍÊ�Þ ÎÊÝÐ� ����� x ��� Ð�

vãºmÈ¯	 °º�Ë¯ÎÒ� º}ºãº �� �©°� �Ë¯äÒÓºm� º�Óº°«�Ò²°« } ¯ÈÏãÒ�Ó©ä ¯ÈÏ�ËãÈä °mÈ¯º�Óº�º
¹¯ºÒÏmº�°�mÈ� �Ëº¯ÒÒ °mÈ¯º�Ó©² ¹¯º�Ë°°ºm� °mÈ¯Ó©ä }ºÓ°�¯�}�Ò«ä� °mÈ¯º�Óºä� º­º¯��ºmÈÓÒ
�
°mÈ¯º�Ó©ä äÈ�Ë¯ÒÈãÈä� °mÈ¯}Ë ¹ãÈmãËÓÒËä� °mÈ¯}Ë �ÈmãËÓÒËä� �ÈÏº¹ãÈäËÓÓº® º­¯È­º�}Ë� ¹È®}Ë�
¯ËÏ}Ë� ÓÈ¹©ãËÓÒ
� °mÈ¯}Ë ÓËäË�ÈããÒ�Ë°}Ò² äÈ�Ë¯ÒÈãºm� Èm�ºäÈ�ÒÏÈ�ÒÒ� äË²ÈÓÒÏÈ�ÒÒ Ò ¯º­º�Ò�
ÏÈ�ÒÒ� }ºä	
�Ë¯Ó©ä �Ë²Óºãº�Ò«ä� ¹¯º�Óº°�Ò� ÓÈ�ËÎÓº°�Ò Ò �ÒÈ�Óº°�Ò}Ë °mÈ¯Ó©² °ºË�ÒÓËÓÒ®�
�ËÁË}�Èä Ò ÓË¯ÈÏ¯��È
�Ëä� }ºÓ�¯ºã
�

cÈ°°�Ò�ÈÓ ÓÈ ÒÓÎËÓË¯ºm� ¯È­º�È
�Ò² ° ÈÓ�ãº«Ï©�Óº® �Ë²ÓÒ�Ë°}º® ãÒ�Ë¯È��¯º®� ÓÈ °¹Ë�ÒÈãÒ°�ºm�
¹¯ÒÓÒäÈ
�Ò² ��È°�ÒË m äËÎ��ÓÈ¯º�Ó©² }ºÓÁË¯ËÓ�Ò«²� °���ËÓ�ºm m�Ïºm� äºÎË� ­©�	 Ò°¹ºã	ÏºmÈÓ
¹¯Ò ÒÏ��ËÓÒÒ ÈÓ�ãÒ®°}º�º «Ï©}È�

�����	
����

�� ������



�ÌÂÊÍ�ÒÉÏ¿�ÌÐÛÉÇÈ ÐÊÍÁÌÇÉ ÆÁ¿ÏÝÁ¿ÊÛÌÍ� ÑÄÏË�ÌÍÊÍÂ��� ²ÉÏ¿�ÌÐÛÉÍ�¿ÌÂÊ�ÈÐÛÉÇÈ ÐÊÍÁÌÇÉ
ÆÁ¿ÏÝÁ¿ÊÛÌÍ� ÑÄÏË�ÌÍÊÍÂ�� � ¦¿ ÏÄÃ� É¿ÌÃ� ÑÄÔÌ� Ì¿ÒÉ ¡� «�  ÄÏÌ¿ÃÐÛÉÍÂÍ� x ©Ç�Á� ¼ÉÍÑÄÔÌÍ�

ÊÍÂ�Þ� ����� x ��� Ð�

im�«Ï©�Ó©® °ãºmÈ¯	 �Ë¯äÒÓºm ¹º °mÈ¯}Ë Ò ¯º�°�mËÓÓ©ä �Ë²Óºãº�
�Ò«ä ÓÈ �}¯ÈÒÓ°}ºä Ò ÈÓ�ãÒ®°}ºä «Ï©}È² ¹º��º�ºmãËÓ jÓ°�Ò���ºä
ªãË}�¯º°mÈ¯}Ò Òä� p�|� �È�ºÓÈ Ò jÓ°�Ò���ºä �}¯ÈÒÓ°}º�º «Ï©}È
sks �}¯ÈÒÓ©�

vãºmÈ¯	 °º°�ºÒ� ÒÏ �m�² °Èäº°�º«�Ëã	Ó©² ¯ÈÏ�Ëãºm� ½kÓ�ãº��}�
¯ÈÒÓ°}º�º °ãºmÈ¯« °mÈ¯º�Óº® �Ë¯äÒÓºãº�ÒÒ� Ò ½�}¯ÈÒÓ°}º�ÈÓ��
ãÒ®°}º�º °ãºmÈ¯« °mÈ¯º�Óº® �Ë¯äÒÓºãº�ÒÒ�� kÓ�ãº��}¯ÈÒÓ°}Ò®
¯ÈÏ�Ëã °ãºmÈ¯« °º�Ë¯ÎÒ� º}ºãº ����� È �}¯ÈÒÓ°}º�ÈÓ�ãÒ®°}Ò® Û
���� ¹¯º°�©² Ò °º°�ÈmÓ©² �Ë¯äÒÓºm� º�Óº°«�Ò²°« } °mÈ¯}Ë Ò ¯º��
°�mËÓÓ©ä �Ë²Óºãº�Ò«ä�

cÈ°°�Ò�ÈÓ ÓÈ ÓÈ��Ó©² Ò ÒÓÎËÓË¯Óº��Ë²ÓÒ�Ë°}Ò² ¯È­º�ÓÒ}ºm� ¹Ë�
¯Ëmº��Ò}ºm Ò °¹Ë�ÒÈãÒ°�ºm ÒÓÁº¯äÈ�ÒºÓÓ©² °ã�Î­� È°¹Ò¯ÈÓ�ºm
Ò °���ËÓ�ºm�

v�ºÒäº°�	 °ãºmÈ¯« Û �� �¯Ó� iã« °���ËÓ�ºm ¹º ÏÈ«m}Èä ¹¯Ë�º°�
�Èmã«Ë�°« °}Ò�}È�

¥¾È¾Å¾ÐÚ ÈËÆÁÑ ÊÌÄËÌ ÍÌ ÐÃÉ��Ò¾ÈÏ� ���� ���� ��� ����

¼©­¬­«§©­�°±�±§°±§¶¤°©§¤ £�¬¬º¤ ®­ °¡�¯­¶¬­«² ®¯­§¦¡­£°±¡²�
°¡¼°±������ � ®ÍÃ ÏÄÃ� ¿É¿Ã� ¬�¬² ª� «� ªÍÀ¿ÌÍÁ¿� ¿ÁÑÍÏÚ�ÐÍÐÑ¿ÁÇÑÄÊÇ ¡� ¬�  ÄÏÌ¿ÃÐÉÇÈ�

­� ©� «¿ÉÍÁÄÕÉ¿Þ� x ©ÇÄÁ� ¼ÉÍÑÄÔÌÍÊÍÂÇÞ� ����� x �� Ð�

{ º�Ë¯Ë�Óºä ÒÓÁº¯äÈ�ÒºÓÓº�°�È�Ò°�Ò�Ë°}ºä °­º¯ÓÒ}Ë ½v{wv�k�
����� ¹¯Ë�°�ÈmãËÓÈ °Ò°�ËäÈ�ÒÏÒ¯ºmÈÓÓÈ« ª}ºÓºäÒ}º�°�È�Ò°�Ò�Ë°}È«
ÒÓÁº¯äÈ�Ò« º °º°�º«ÓÒÒ Ò ¯ÈÏmÒ�ÒÒ ¯©Ó}È °mÈ¯º�Óº® �Ë²ÓÒ}Ò m
¹Ë¯Òº� ����Ü���� ��� �¯ÒmË�ËÓ© }ºãÒ�Ë°�mËÓÓ©Ë Ò °�ºÒäº°�Ó©Ë
¹º}ÈÏÈ�ËãÒ º­�Ëäºm ¹¯ºÒÏmº�°�mÈ� ¹º�¯Ë­ãËÓÒ«� ª}°¹º¯�È�Òä¹º¯�È
º­º¯��ºmÈÓÒ« Ò ¯È°²º��Ëä©² äÈ�Ë¯ÒÈãºm �ã« °mÈ¯}Ò Ò ¯º�°�mËÓÓ©²
�Ë²Óºãº�Ò® m äÒ¯Ë� º��Ëã	Ó©² ¯Ë�ÒºÓÈ² Ò ¯«�Ë °�¯ÈÓ� �Ë¯äÈÓÒÒ�
�ºã	�Ë� cº°FÒÒ� �}¯ÈÒÓË Ò �¯� {¹Ë¯m©Ë m °­º¯ÓÒ} m}ã
�ËÓ© °mË�
�ËÓÒ« ¹º mË���Òä °�¯ÈÓÈä ÈÏÒÈ�°}º�º ¯Ë�ÒºÓÈ� m �È°�Óº°�Ò� zÒ�È

Ò jÓ�ÒÒ� { }È�Ë°�mË °Èäº°�º«�Ëã	Ó©² ¯ÈÏ�Ëãºm m °­º¯ÓÒ}Ë ¹¯Ë�°�
�ÈmãËÓÈ ÒÓÁº¯äÈ�Ò« º äÒ¯ºmºä� ¯Ë�ÒºÓÈã	Óºä Ò ÓÈ�ÒºÓÈã	Ó©² ¯©Ó�
}È² °mÈ¯º�Ó©² ¯º­º�ºm� È �È}ÎË °�ÈãÒ Û º°ÓºmÓº�º äÈ�Ë¯ÒÈãÈ
°mÈ¯Ó©² }ºÓ°�¯�}�Ò®�

�¯Ë�ÓÈÏÓÈ�ËÓ �ã« ¯�}ºmº�Ò�ËãË® Ò �ãÈmÓ©² °mÈ¯�Ò}ºm ¹¯Ë�¹¯Ò«�
�Ò®� È �È}ÎË �ã« �Ò¯º}º�º }¯��È °¹Ë�ÒÈãÒ°�ºm °mÈ¯º�Óº�º ¹¯ºÒÏ�
mº�°�mÈ� ÏÈÓÒäÈ
�Ò²°« �Ë²ÓÒ}º�ª}ºÓºäÒ�Ë°}ÒäÒ Ò°°ãË�ºmÈÓÒ«äÒ�
º¯�ÈÓÒÏÈ�ÒË® ¹¯ºÒÏmº�°�mÈ� }ºääË¯�Ë°}º® Ò mÓË�ÓËª}ºÓºäÒ�Ë°}º®
�Ë«�Ëã	Óº°�	
�

¥¾È¾Å¾ÐÚ ÈËÆÁÑ ÊÌÄËÌ ÍÌ ÐÃÉ��Ò¾ÈÏ� ���� ���� ��� ����

������ ��



M>D ����������������

���� ����������	
���
	��� 
������

����������� �������

�� 
������� 
���������

�������
���� �� �����
�


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

�±� ^_dZ[jy ���� ]� GLD ©Bgklblml we_dljhk\Zjdb

bf�?�H�IZlhgZ G:G MdjZbguª kh\f_klgh k H:H
©X`l_iehwg_j]hfhglZ`ª b MdjZbgkdbf bgnhjfZ�
pbhgguf p_gljhf ©GZmdZ� L_ogbdZ� L_ogheh]byª ijb

ih^^_j`d_ Fbgbkl_jkl\Z lhieb\Z b wg_j]_lbdb� =h�

km^Zjkl\_ggh]h dhfbl_lZ y^_jgh]h j_]mebjh\Zgby�
G:WD ©Wg_j]hZlhfª b =hkm^Zjkl\_ggh]h dhfbl_lZ ih

gZ^ahjm aZ hojZghc ljm^Z ijh\_eb f_`^mgZjh^guc gZ�

mqgh�l_ogbq_kdbc k_fbgZj ©Ih\ur_gb_ gZ^_`ghklb

k\Zjguo kh_^bg_gbc ijb fhglZ`_ b j_fhgl_ l_ogheh�

]bq_kdh]h h[hjm^h\Zgby \ wg_j]_lbd_ª� < k_fbgZj_

ijbgyeb mqZklb_ mq_gu_ b ki_pbZebklu ba �� hj]Zgb�
aZpbc b ij_^ijbylbc wg_j]_lbdb MdjZbgu b Jhkkbck�

dhc N_^_jZpbb ² \k_]h [he__ �� q_eh\_d� OZjZdl_jgh�

qlh hkgh\ghc khklZ\ mqZklgbdh\ k_fbgZjZ ² wlh khl�

jm^gbdb gZmqgh�bkke_^h\Zl_evkdbo b mq_[guo bgklb�

lmlh\� ki_pbZebklu l_ieh\uo b Zlhfguo we_dljhklZg�

pbc� Z lZd`_ ij_^klZ\bl_eb fhglZ`guo b j_fhglguo

hj]ZgbaZpbc�

GZ k_fbgZj_ h[km`^Zebkv \hijhku h[hjm^h\Zgby b

fZl_jbZeh\ ^ey k\Zjdb� gZieZ\db� j_adb� l_jfhh[jZ�

[hldb b j_fhglZ h[hjm^h\Zgby b ljm[hijh\h^h\ we_d�

ljhklZgpbc� AZkemrZgu jZ[hlu ih gZg_k_gbx ihdju�

lbc� mijhqg_gbx b \hkklZgh\e_gbx ih\_joghkl_c� Z
lZd`_ ih dhgljhex dZq_kl\Z� l_ogbq_kdhc ^bZ]ghklbd_
b hij_^_e_gbx j_kmjkZ� Djhf_ lh]h� [hevrh_ \gbfZgb_
[ueh m^_e_gh \hijhkZf Zll_klZpbb l_ogheh]bq_kdbo
ijhp_kkh\ k\Zjdb� gZieZ\db� j_adb b kha^Zgbx ghj�

fZlb\gh�l_ogbq_kdhc ^hdmf_glZpbb ih k\Zjd_� l_jfh�

h[jZ[hld_ b dhgljhex dZq_kl\Z ijb fhglZ`_ b j_fhgl_

h[hjm^h\Zgby we_dljhklZgpbc� G_ihkj_^kl\_ggh gZ k_�

fbgZj_ [ue aZkemrZg �� ^hdeZ^� h[s__ dhebq_kl\h

^hdeZ^h\� him[ebdh\Zgguo \ k[hjgbd_ ² ���

Ke_^m_l hlf_lblv� qlh l_fZlbdZ k_fbgZjZ b kh^_j�

`Zgb_ ^hdeZ^h\ hlebqZebkv ZdlmZevghklvx� Hkh[uc
bgl_j_k mqZklgbdb k_fbgZjZ ijhy\beb d l_ogheh]byf
j_fhglZ lmj[bg� iZjh]_g_jZlhjh\ b iZjh\hc ZjfZlmju
�H:H ©<k_jhkkbckdbc l_iehl_ogbq_kdbc gZmqgh�bk�
ke_^h\ZlZevkdbc bgklblmlª� ]� Fhkd\Z� JN� BWK bf�

?� H� IZlhgZ� GLMM ©DIBª� GGP ©OZjvdh\kdbc nb�

abdh�l_ogbq_kdbc bgklblmlª� B\Zgh\kdbc wg_j]_lbq_k�
dbc mgb\_jkbl_l� JN� HHH ©DZklhebg MdjZbgZª� ]�
Db_\ b ^j��� Ijb wlhf� ih fg_gbx ki_pbZebklh\ Md�
jZbgu b JN� gZb[he__ ZdlmZevghc ijh[e_fhc y\ey_lky

l_ogheh]by j_fhglZ� \hkklZgh\e_gby b mijhqg_gby jZ�

[hqbo b gZijZ\eyxsbo ehiZlhd iZjh\uo b ]Zah\uo

lmj[bg�

;hevrh_ \gbfZgb_ gZ k_fbgZj_ [ueh m^_e_gh ijh[�

e_fZf k\Zjdb� l_jfhh[jZ[hldb b dhgljhey dZq_kl\Z ijb

j_fhgl_ dhfihg_glh\ h[hjm^h\Zgby b we_f_glh\ ljm�

[hijh\h^h\ Zlhfguo wg_j]h[ehdh\ �HI ©:lhfj_fhg�
lk_j\bkª G:WD ©Wg_j]hZlhfª� ]� KeZ\mlbq� H:H
©<GBBfhglZ`ki_pkljhcª� ]� Fhkd\Z� JN� BWK bf�

?� H� IZlhgZ� HI ©Jh\_gkdZy :WK b HI ©X`gh�Md�
jZbgkdZy :WK G:WD ©Wg_j]hZlhfª��

<_kvfZ bgl_j_kguc ^hdeZ^� ihk\ys_gguc bkihev�

ah\Zgbx \ukhdhwnn_dlb\guo m]hevguo wg_j]hl_ogh�

eh]bc ijb kha^Zgbb gh\uo dhlehZ]j_]Zlh\ ^ey l_ieh�

\uo we_dljhklZgpbc� [ue ij_^klZ\e_g Bgklblmlhf

m]hevguo wg_j]hl_ogheh]bc G:G b Fbglhiwg_j]h Md�

jZbgu �]� Db_\��Ij_^eh`_ggu_ \ukhdhwnn_dlb\gu_ l_o�
gheh]bb k`b]Zgby hl_q_kl\_gguo m]e_c \ agZqbl_evghc

kl_i_gb j_rZxl \hijhk wg_j]hk[_j_`_gby� memqrZxl

l_ogbdh�wdhghfbq_kdb_ ihdZaZl_eb iue_m]hevguo [eh�

dh\� ^Zxl \hafh`ghklv jZ[hlu \ fZg_\j_gghf j_`bf_

b h[_ki_qb\Zxl agZqbl_evgh_ khdjZs_gb_ \u[jhkh\

\j_^guo \_s_kl\ \ hdjm`Zxsmx kj_^m�

MqZklgbdb k_fbgZjZ hlf_lbeb ZdlmZevghklv b \Z`�

ghklv kha^Zgby ghjfZlb\gh�l_ogbq_kdhc ^hdmf_g�

lZpbb \ h[eZklb j_fhglZ b j_dhgkljmdpbb hkgh\gh]h

b \kihfh]Zl_evgh]h h[hjm^h\Zgby \ wg_j]_lbd_ MdjZ�

bgu� Hkh[h ih^q_jdgmlh g_^hklZlhqgh_ dhebq_kl\h

ghjfZlb\guo ^hdmf_glh\ ih \hijhkZf Zll_klZpbb l_o�

gheh]bq_kdbo ijhp_kkh\ k\Zjdb b l_jfhh[jZ[hldb�

Ihke_ h[km`^_gby ^hdeZ^h\ b h[s_c ^bkdmkkbb [u�

eh j_r_gh _`_]h^gh ijh\h^blv k_fbgZj ih h[_ki_q_�

gbx gZ^_`ghklb l_ogheh]bq_kdh]h h[hjm^h\Zgby b

ljm[hijh\h^h\ \ wg_j]_lbd_� Ijb wlhf \ l_fZlbdm k_�

fbgZjZ ij_^eZ]Z_lky \dexqblv hl^_evgh ijh[e_fm

wg_j]hk[_j_`_gby b hj]Zgbah\Zlv k_dpbx ih l_ogheh�

]byf j_fhglZ b \hkklZgh\e_gbx ehiZlhd iZjh\uo b

]Zah\uo lmj[bg� Djhf_ lh]h� ke_^m_l ijb]eZrZlv d
mqZklbx \ k_fbgZj_ jZajZ[hlqbdh\ b dhgkljmdlhjh\
wg_j]_lbq_kdh]h h[hjm^h\Zgby� Z lZd`_ [hevr_ j_fhg�

lguo b fhglZ`guo ij_^ijbylbc \ h[eZklb wg_j]_lbdb�

P_e_khh[jZagh ijh\_^_gb_ ki_pbZebabjh\Zgghc gZmq�

gh�l_ogbq_kdhc dhgn_j_gpbb ih j_fhglguf l_ogheh�

]byf \ LWD� \ qZklghklb� \ h[eZklb ]hjgh^h[u\Zxs_c

b f_lZeemj]bq_kdhc ijhfure_gghklb�

:� D� PZjxd� dZg^� l_og� gZmd
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Dhee_dlb\ BgklblmlZ we_dljhk\Zjdb bf� ?� H� IZlhgZ
G:G MdjZbgu� j_^dhee_]bb b j_^Zdpbb `mjgZeh\
©:\lhfZlbq_kdZy k\ZjdZª b ©Kh\j_f_ggZy we_dljhf_�
lZeemj]byª ]hjyqh b k_j^_qgh iha^jZ\eyxl k ijbkm`�
^_gb_f =hkm^Zjkl\_gghc ij_fbb MdjZbgu \ h[eZklb
gZmdb b l_ogbdb aZ ���� ]� \_^msbf mq_guf bgklblmlZ�
aZ\_^mxsbf hl^_eZfb� ^hdlhjZf l_ogbq_kdbo gZmd
GbdheZx I_ljh\bqm Ljb]m[m� <Z^bfm GbdheZ_\bqm

AZfdh\m �ihkf_jlgh�� K_j]_x <eZ^bfbjh\bqm
:ohgbgm aZ pbde jZ[hl ih l_f_ ©JZajZ[hldZ nbabdh�

f_lZeemj]bq_kdbo b l_ogheh]bq_kdbo hkgh\ ba]hlh\�
e_gby b h[jZ[hldb lblZgZ b kieZ\h\ gZ _]h hkgh\_ b
bo \g_^j_gb_ \ ijhfure_gghklv MdjZbguª� Z lZd`_
dZg^b^Zlm l_ogbq_kdbo gZmd� \_^ms_fm gZmqghfm khl�
jm^gbdm <bdlhjm FboZceh\bqm Dbjvydh\m aZ
mqZklb_ \ jZ[hl_ ©Bkke_^h\Zgby� jZajZ[hldZ b \g_^�
j_gb_ l_ogheh]bc b dhgkljmdpbc fZkdbjh\db ^ey wn�
n_dlb\ghc aZsblu h[t_dlh\ hl kh\j_f_gghc jZa\_^dbª
�MdZa Ij_ab^_glZ MdjZbgu � ��������� hl ����������

	� �����
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�� yg\Zjy ���� ]� bkihegbehkv ��
e_l kh ^gy jh`^_gby \u^Zxs_]h�
ky mq_gh]h ² k\ZjsbdZ� f_lZe�
eh\_^Z� f_lZeemj]Z� qe_gZ�dhjj_k�
ihg^_glZ :G MKKJ� ^hdlhjZ l_o�
gbq_kdbo gZmd� ijhn_kkhjZ� eZm�
j_ZlZ =hkm^Zjkl\_gghc ij_fbb
MKKJ b Ij_fbb bf� ?� H� IZlhgZ
:jk_gby FZjlugh\bqZ FZdZju�
:� F� FZdZjZ jh^beky \ k� Em�

[ygdZ Db_\kdhc h[eZklb� JZ[hlZe ke_kZj_f \ Db_\kdhf
h[eZklghf ljZgkihjlghf lj_kl_ b h^gh\j_f_ggh mqbe�
ky gZ jZ[nZd_�
< ���� ]� ?� H� IZlhg hj]Zgbah\Ze \ DIB ih^]hlh\dm

bg`_g_jh\�k\Zjsbdh\ b :jk_gbc FZdZjZ klZe h^gbf
ba i_j\uo klm^_glh\� Hg kemrZe e_dpbb <� B� >yleh\Z�
I� I� ;mrl_^lZ b ^jm]bo ki_pbZebklh\� kha^Z\Z\rbo
gh\mx l_ogbdm� Ihke_ hdhgqZgby DIB :� F� FZdZjZ
[ue gZijZ\e_g gZ jZ[hlm \ Bgklblml we_dljhk\Zjdb�
K k_j_^bgu �����o ]h^h\ hkh[h_ \gbfZgb_ \

bgklblml_ m^_eyehkv memqr_gbx dZq_kl\Z k\Zjguo kh�
_^bg_gbc b ih\ur_gbx ijhba\h^bl_evghklb ^m]h\hc
k\Zjdb� ?� H� IZlhg hj]Zgbah\Ze dhfie_dkgu_ bkke_�
^h\Zgby� jZpbhgZevgh_ dhgkljmbjh\Zgb_ k\Zjguo ba�
^_ebc� kha^Zgb_ \ukhdhijhba\h^bl_evgh]h h[hjm^h\Z�
gby b hkgh\ f_lZeemj]bb k\Zjhqguo ijhp_kkh\� FeZ^�
rbc gZmqguc khljm^gbd :jk_gbc FZdZjZ jZ[hlZe \
l_ogheh]bq_kdhf hl^_e_ ih^ jmdh\h^kl\hf <� B� >yl�
eh\Z b ih^dexqbeky d j_r_gbx f_lZeemj]bq_kdbo

ijh[e_f� gZ^ dhlhjufb \ wlhl i_jbh^ jZ[hlZeb ki_�
pbZebklu \h fgh]bo kljZgZo� Wlhfm keh`g_cr_fm gZi�
jZ\e_gbx k\Zjhqghc gZmdb hg hklZeky \_j_g ^h dhgpZ
`bagb�
LZeZgl bkke_^h\Zl_ey ijhy\beky m`_ \ ljm^guo mk�

eh\byo jZ[hlu \ \h_ggu_ ]h^u gZ ©MjZe\Z]hgaZ\h^_ª
\ Gb`g_f LZ]be_� Ih ghqZf� \ k\h[h^gh_ hl jZ[hlu
gZ dhg\_c_j_ \j_fy� gZ h^he`_gghf hkpbeeh]jZn_ ;� ?�
IZlhg b :� F� FZdZjZ bkke_^h\Zeb ijhp_kku� ijhl_�
dZxsb_ ijb Z\lhfZlbq_kdhc k\Zjd_ ih^ nexkhf b ^h�
dZaZeb gZebqb_ ^m]h\h]h jZajy^Z� < fhgh]jZnbb fh�
eh^uo mq_guo \i_j\u_ [ueb hibkZgu mkeh\by jZajZ�
[hldb gh\uo nexkh\� \u[hj j_`bfh\� baeh`_gZ l_hjby
kha^Zgby Z\lhfZlh\ ^ey ^m]h\hc k\Zjdb� < wlhl `_
i_jbh^ :� F� FZdZjZ mqZkl\m_l \ wdki_jbf_glZo ih
k\Zjd_ g_kdhevdbfb ^m]Zfb� ijh\_jy_l i_jk�
i_dlb\ghklv jy^Z b^_c� Ihemq_ggu_ j_amevlZlu \ ihk�
e_^mxs_f [ueb jZa\blu \ \ukhdhijhba\h^bl_evgu_
l_ogheh]bb�
H^gZdh ]eZ\guf \ gZmqghc ^_yl_evghklb :� F� FZ�

dZju klZeZ k\ZjdZ ki_pbZevguo klZe_c� Bf_ggh _fm
^h\_ehkv aZdj_iblv ijbhjbl_l BgklblmlZ we_dljhk\Zj�
db \ h[eZklb kha^Zgby �\i_j\u_ \ fbj_� l_ogheh]bb
^m]h\hc Z\lhfZlbq_kdhc k\Zjdb [jhg_\uo klZe_c� <
���� ]� :� F� FZdZjZ aZsbsZ_l dZg^b^Zlkdmx ^bk�
k_jlZpbx� Z k ���� ]� \ha]eZ\ey_l eZ[hjZlhjbx� dhlhjZy
\kdhj_ [ueZ ij_h[jZah\ZgZ \ hl^_e k\Zjdb \ukhdhi�
jhqguo kj_^g_e_]bjh\Zgguo klZe_c�

G� I� Ljb]m[ K� <� :ohgbg <� F� Dbjvydh\<� G� AZfdh\
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D wlhfm \j_f_gb rbjhdh_ ijbf_g_gb_ k\Zjguo dhg�
kljmdpbc ba klZe_c� hkh[_ggh l_o� qlh jZg__ bkihev�
ah\Zeb ^ey de_iZguo dhgkljmdpbc� k^_j`b\Zehkv ba�aZ
kdehgghklb bo d jZajmr_gbyf� ?^bgh]h fg_gby h ijb�
qbgZo jZajmr_gby g_ [ueh� \ukdZau\Zebkv jZaebqgu_
ij_^iheh`_gby�
< ���� ]� klZlvy :� F� FZdZju b ;� B� F_^h\ZjZ

h djbklZeebaZpbb k\Zjhqghc \Zggu bgbpbbjh\ZeZ ^bk�
dmkkbx� \ j_amevlZl_ dhlhjhc knhjfbjh\Zeky jy^ Zd�
lmZevguo gZijZ\e_gbc jZa\blby k\Zjhqghc gZmdb� <
qZklghklb� [ueb ihemq_gu mgbdZevgu_ j_amevlZlu bk�
ke_^h\Zgby mkeh\bc djbklZeebaZpbb r\h\ ijb [hev�
rbo kdhjhklyo k\Zjdb�
:� F� FZdZjZ mqZkl\m_l \ \uiheg_gbb ijh]jZffu

ba �� l_f� \u^\bgmlhc ?� H� IZlhghf \ ���� ]� \ k\yab
k ^bkdmkkb_c h k\Zjguo fhklZo b gZqbgZ_l \_klb _s_
h^gh gZmqgh�ijZdlbq_kdh_ gZijZ\e_gb_ ² memqr_gb_
b kha^Zgb_ gh\uo dhgkljmdpbhgguo gbadhe_]bjh\Zg�
guo klZe_c�
< ���� ]� :� F� FZdZjZ mqZkl\m_l \ jZajZ[hld_ gba�

dhdj_fgbkluo b gbadhfZj]Zgph\bkluo ieZ\e_guo
nexkh\� dhlhju_ h[_ki_qb\Zxl kgb`_gb_ \j_^guo
ijbf_k_c b k^\b]Zxl ihjh] oeZ^ghehfdhklb e_]bjh�
\Zgguo klZe_c� < hl^_e_ kha^Zxlky b gh\u_ we_dljh^�
gu_ ijh\hehdb� JZ[hlu :� F� FZdZju gZoh^yl rb�
jhdh_ ijbf_g_gb_ \ lZgdh� b km^hkljh_gbb� \ ijhba�
\h^kl\_ kljhbl_evguo dhgkljmdpbc� < wlhl `_ i_jbh^
[eZ]h^Zjy \g_^j_gbx \ukhdhkdhjhklghc fgh]h^m]h\hc
k\Zjdb j_rZ_lky ijh[e_fZ \uimkdZ ljm[ gZ aZ\h^Zo
OZjpuakdZ b FZjbmihey�
Ij_bfms_kl\Z we_dljhreZdh\uo ijhp_kkh\ g_ fh]�

eb [u iheghklvx j_Zebah\Zlvky [_a mqZklby :� F� FZ�
dZju b khljm^gbdh\ _]h hl^_eZ� Bkke_^h\Zgby mkeh\bc
\hagbdgh\_gby lj_sbg ijb k\Zjd_ e_]bjh\Zgguo klZ�
e_c� \ebygby iZjZf_ljh\ j_`bfZ k\Zjdb b l_jfhh[�
jZ[hldb gZ f_oZgbq_kdb_ k\hckl\Z kh_^bg_gbc b jy^
^jm]bo jZ[hl hldjueb gh\u_ \hafh`ghklb we_dljhr�
eZdh\hc k\Zjdb klZe_c� ba dhlhjuo ba]hlZ\eb\Zxl dhg�
kljmdpbb fhsgh]h f_lZeemj]bq_kdh]h b wg_j]_lbq_k�
dh]h h[hjm^h\Zgby� klZjlh\uo mklZgh\hd ^ey [Zeebk�
lbq_kdbo jZd_l� dhjimkh\ ih^\h^guo eh^hd b ^j� <
���� ]� :� F� FZdZjZ aZsbsZ_l ^hdlhjkdmx ^bkk_j�
lZpbx�

< ihke_^gb_ ]h^u :� F� FZdZjZ jZ[hlZ_l gZ^ kha�
^Zgb_f l_ogheh]bc b fZl_jbZeh\ ^ey we_dljh^m]h\hc�
we_dljhreZdh\hc� we_dljhggh�emq_\hc b ^bnnmabhg�
ghc k\Zjdb \ukhdhijhqguo b jZaghjh^guo klZe_c� ih�
emq_gby ljZ^bpbhggufb f_lh^Zfb klhcdbo ijhlb\ h[�
jZah\Zgby i_j_]j_\Z klZe_c b bo l_jfbq_kdhc h[jZ�
[hldb� ihemq_gby f_lh^Zfb ki_pbZevghc we_dljhf_�
lZeemj]bb b k\Zjdb dhfihabpbhgguo klZe_c� Hg bam�
qZ_l aZdhghf_jghklb ieZ\e_gby� baf_g_gby obfbq_k�
dh]h khklZ\Z� djbklZeebaZpbb f_lZeeZ� nhjfbjh\Zgby
kh_^bg_gbc ijb k\Zjd_ b jh^kl\_gguo ijhp_kkZo� ^bn�
nmabb we_f_glh\ \ ahg_ kh_^bg_gby� ;hevrh_ \gbfZ�
gb_ m^_ey_l ]em[hdbf b \k_klhjhggbf bkke_^h\Zgbyf
ijbjh^u b f_oZgbafZ h[jZah\Zgby oheh^guo lj_sbg
\ k\Zjguo kh_^bg_gbyo aZdZeb\Zxsboky klZe_c� nZ�
ah\uo b kljmdlmjguo ij_\jZs_gbc ijb k\Zjd_�
< ���� ]� :� F� FZdZjZ gZagZqZ_lky aZf_klbl_e_f

^bj_dlhjZ BgklblmlZ we_dljhk\Zjdb� >ebl_evgh_ \j_fy
y\ey_lky ij_^k_^Zl_e_f gZmqguo k_fbgZjh\� qe_ghf
Mq_gh]h kh\_lZ bgklblmlZ� Ijb wlhf ihklhyggh ih^�
^_j`b\Z_l l_kgmx l\hjq_kdmx k\yav k jZaebqgufb gZ�
mqgufb mqj_`^_gbyfb b ijhba\h^kl\_ggufb ij_^i�
jbylbyfb�
:� F� FZdZjZ ihevah\Zeky [hevrbf m\Z`_gb_f kj_�

^b khljm^gbdh\ b dhee_]� jZ[hlZlv k gbf [ueh bgl_�
j_kgh� H[km`^_gb_ \hijhkh\ bkke_^h\Zgbc ijh\h^b�
ehkv \ mkeh\byo ^h[jh`_eZl_evghklb� mq_lZ fg_gby b
lhqdb aj_gby g_ klhev fZklbluo khljm^gbdh\� qm\k�
l\h\Zehkv klj_fe_gb_ _]h ijhgbdgmlv \ ]em[bgm bam�
qZ_fhc ijh[e_fu� <hijhku gZmqgh]h b hj]ZgbaZpb�
hggh]h oZjZdl_jZ j_rZebkv bf g_ ki_rZ� k lsZl_evguf
h[^mfu\Zgb_f f_ehq_c� qlh h[_ki_qb\Zeh ihegh_ bo
\uiheg_gb_� < dhee_dlb\_ pZjbeZ Zlfhkn_jZ \aZbf�
gh]h m\Z`_gby� ^mo l\hjq_kl\Z b ijbqZklghklb d ^_em
kha^Zgby gh\uo l_ogheh]bc� Bf ih^]hlh\e_gh k\ur_
�� dZg^b^Zlh\ b ^hdlhjh\ gZmd� him[ebdh\Zgh � fh�
gh]jZnbc�
:jk_gbc FZjlugh\bq hklZeky \ iZfylb khljm^gbdh\

^h[juf b h[Zyl_evguf q_eh\_dhf� g_ ebr_gguf bjh�
gbqghklb b hkljhmfby�

Bgklblml we_dljhk\Zjdb bf� ?� H� IZlhgZ�

j_^dhee_]by b j_^Zdpby `mjgZeZ ©:\lhfZlbq_kdZy k\ZjdZª
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�� n_\jZey ���� ]� bkihegbehkv
�� e_l kh ^gy jh`^_gby ^bj_dlhjZ
Nbabdh�f_oZgbq_kdh]h bgklblmlZ
bf� =�<�DZji_gdh G:GMdjZbgu�
ZdZ^_fbdZ G:G MdjZbgu� aZkem�
`_ggh]h ^_yl_ey gZmdb b l_ogbdb
MdjZbgu� ijhn_kkhjZ <eZ^bfbjZ
<Zkbev_\bqZ IZgZkxdZ�
< ���� ]� <eZ^bfbj <Zkbev�

_\bq ihke_ hdhgqZgby nbabdh�fZ�
l_fZlbq_kdh]h nZdmevl_lZ Ev\h\kdh]h gZpbhgZevgh]h
mgb\_jkbl_lZ bf� B\ZgZ NjZgdh [ue gZijZ\e_g ih jZk�
ij_^_e_gbx gZ jZ[hlm \ kha^Zgguc \ wlhf `_ ]h^m
Bgklblml fZrbgh\_^_gby b Z\lhfZlbdb :G MKKJ \h
Ev\h\_ �gug_ Nbabdh�f_oZgbq_kdbc bgklblml bf� =� <�

DZji_gdh G:G MdjZbgu�� < wlhf bgklblml_ hg ijhr_e
imlv hl feZ^r_]h gZmqgh]h khljm^gbdZ b ZkibjZglZ
^h jmdh\h^bl_ey hl^_eZ nbabq_kdbo hkgh\ ijhqghklb
fZl_jbZeh\ �k ���� ]�� b ^bj_dlhjZ �k ���� ]���
< ���� ]� <� <� IZgZkxd aZsblbe dZg^b^Zlkdmx� Z

\ ���� ]� ² ^hdlhjkdmx ^bkk_jlZpbx� < ���� ]� hg
ba[jZg qe_ghf�dhjj_kihg^_glhf� Z \ ���� ]� ² ^_ck�
l\bl_evguf qe_ghf :G MKKJ ih Hl^_e_gbx nbab�
dh�l_ogbq_kdbo ijh[e_f fZl_jbZeh\_^_gby�
<� <� IZgZkxd ² \u^Zxsbcky mdjZbgkdbc mq_guc

\ h[eZklb f_oZgbdb b nbabdb ijhqghklb fZl_jbZeh\
b dhgkljmdpbc� h^bg ba hkgh\Zl_e_c Ev\h\kdhc gZmq�
ghc rdheu f_oZgbdh\�fZl_jbZeh\_^h\� Bf \g_k_g
djmiguc \deZ^ \ nhjfbjh\Zgb_ gZmqguo hkgh\ l_hjbb
f_oZgbdb jZajmr_gby fZl_jbZeh\ k mq_lhf \ebygby

�� ������



dhjjhabhgguo b \h^hjh^kh^_j`Zsbo kj_^� knhjfmeb�

jh\ZgZ rbjhdh ba\_klgZy \ fbj_ σk�fh^_ev mijm]hi�
eZklbq_kdbo l_e k lj_sbgZfb� ihkljh_gu j_r_gby gh�
\uo dhglZdlguo aZ^Zq l_hjbb mijm]hklb�

K\yaZggZy k bf_g_f <� <� IZgZkxdZ δN�fh^_ev kem�
`bl ]eZ\guf bgkljmf_glhf \ jZajZ[hld_ jZkq_lguo
f_lh^h\ ijh]ghabjh\Zgby ih\_^_gby \ mkeh\byo wdk�
iemZlZpbb ieZklbqguo dhgkljmdpbhgguo fZl_jbZeh\�
Dhgp_ipby lj_sbghklhcdhklb dhgkljmdpbhgguo fZl_�
jbZeh\ b \ebygby jZ[hqbo kj_^ gZ bo ijhqghklv� \
qZklghklb� dhgp_ipby dhjjhabhgghc kblmZpbb \ \_j�
rbg_ lj_sbgu� ihemqbeZ gZmqgh_ ijbagZgb_ fbjh\h]h
khh[s_kl\Z b kihkh[kl\h\ZeZ jZa\blbx gh\uo gZmqguo
gZijZ\e_gbc hp_gdb ^he]h\_qghklb fZl_jbZeh\ b dhg�
kljmdpbc� f_lh^h\ hij_^_e_gby lj_sbghklhcdhklb� g_�
jZajmrZxsbo f_lh^h\ dhgljhey fZl_jbZeh\�
J_amevlZlu \uiheg_gguo <� <� IZgZkxdhf nmg^Z�

f_glZevguo l_hj_lbq_kdbo b wdki_jbf_glZevguo bk�
ke_^h\Zgbc ih ijh[e_f_ gZijy`_ggh�^_nhjfbjh\Zg�
gh]h b ij_^_evgh]h khklhygbc� mijm]hieZklbq_kdbo l_e
k lj_sbgZfb� nbabdh�obfbq_kdhc f_oZgbdb fZl_jbZ�
eh\� lj_sbghklhcdhklb fZl_jbZeh\ ih^ \ebygb_f dhj�
jhabhgguo b \h^hjh^kh^_j`Zsbo kj_^ gZreb ijbf_�
g_gb_ \ bg`_g_jghc ijZdlbd_ ^ey hp_gdb ijhqghklb
b j_kmjkZ f_lZeehdhgkljmdpbc� Z lZd`_ kem`beb hk�
gh\hc ijb kha^Zgbb =hkm^Zjkl\_gguo klZg^Zjlh\� f_�
lh^bq_kdbo j_dhf_g^Zpbc b kijZ\hqgbdh\�
AZ pbde bkke_^h\Zgbc ih l_hjbb ij_^_evgh]h jZ\�

gh\_kby ojmidbo l_e k lj_sbgZfb <� <� IZgZkxdm \
���� ]� ijbkm`^_gZ ij_fby bf� :� G� >bggbdZ :G
MKKJ� Z \ ���� ]� hg m^hklh_g a\Zgby eZmj_ZlZ =h�
km^Zjkl\_gghc ij_fbb MKKJ dZd khZ\lhj dhfie_dkghc
jZajZ[hldb f_lh^h\ hp_gdb jZ[hlhkihkh[ghklb fZl_�
jbZeh\ b l_ogheh]bb ih\ur_gby kem`_[guo oZjZdl_�
jbklbd dhgkljmdpbhgguo dhjimkguo klZe_c�
;hevrh_ \gbfZgb_ <� <� IZgZkxd m^_ey_l ijh[e_�

fZf ijhqghklb b ^he]h\_qghklb k\Zjguo f_lZeehdhg�
kljmdpbc� >ey hp_gdb bo hklZlhqgh]h j_kmjkZ jZajZ�
[hlZgZ khhl\_lkl\mxsZy fh^_ev� dhlhjZy mqblu\Z_l
g_h^ghjh^ghklv nbabdh�f_oZgbq_kdbo k\hckl\ k\Zj�
guo kh_^bg_gbc b gZebqb_ hklZlhqguo gZijy`_gbc�
Ih fgh]bf \hijhkZf� dZkZxsbfky g_kms_c kihkh[�
ghklb k\Zjguo f_lZeehdhgkljmdpbc� ki_pbZebklu Nb�
abdh�f_oZgbq_kdh]h bgklblmlZ ieh^hl\hjgh khljm^gb�
qZxl k mq_gufb BgklblmlZ we_dljhk\Zjdb bf� ?� H�
IZlhgZ G:G MdjZbgu� AZ \ukhdbc \deZ^ \ j_r_gb_
ijh[e_fu h[_ki_q_gby jZ[hlhkihkh[ghklb k\Zjguo
f_lZeehdhgkljmdpbc <� <� IZgZkxd \ ���� ]� m^hklh_g
Ij_fbb bf� ?� H� IZlhgZ G:G MdjZbgu�
Ih^ jmdh\h^kl\hf <� <� IZgZkxdZ Nbabdh�f_oZgb�

q_kdbc bgklblml bf� =� <� DZji_gdh G:G MdjZbgu
klZe gZb[hevrbf gZmqgh�bkke_^h\Zl_evkdbf mqj_`^_�
gb_f \ AZiZ^ghc MdjZbg_� < bgklblml_ kha^Zgu mgb�
dZevgZy gZmqgh�wdki_jbf_glZevgZy [ZaZ ^ey j_r_gby
nmg^Zf_glZevguo gZmqguo b djmiguo gZmqgh�l_ogb�
q_kdbo ijh[e_f� Z lZd`_ [eZ]hijbylgu_ mkeh\by ^ey
ih^]hlh\db \ukhdhd\Zebnbpbjh\Zgguo gZmqguo dZ^�
jh\� < gZklhys__ \j_fy Nbabdh�f_oZgbq_kdbc bgklb�
lml aZgbfZ_l i_j_^h\u_ ihabpbb \ MdjZbg_ b \ fb�
jh\hf gZmqghf khh[s_kl\_ ih ijh[e_f_ nbabdh�ob�
fbq_kdhc f_oZgbdb jZajmr_gby� l_hjbb dhjjhabhggh�
f_oZgbq_kdh]h jZajmr_gby b l_ogheh]bb aZsblu f_�

lZeehdhgkljmdpbc hl dhjjhabb� bgnhjfZpbhggh�baf_�
jbl_evguf Fbkl_fZf b g_jZajmrZxs_]h dhgljhey
k\hckl\ fZl_jbZeZ� Kj_^b gZb[he__ \_khfuo nmg^Z�
f_glZevguo j_amevlZlh\ g_h[oh^bfh hlf_lblv kha^Z�
gb_ l_hjbb ^_nhjfbjh\Zgby b jZa\blby jZajmr_gby
dhgkljmdpbhgguo fZl_jbZeh\ k mq_lhf ^_n_dlghklb bo
kljmdlmju� ieZklbq_kdhc ^_nhjfZpbb� keh`guo mkeh�
\bc gZ]jm`_gby� Z lZd`_ \ha^_ckl\by dhjjhabhgguo
b \h^hjh^kh^_j`Zsbo kj_^�
< ���� ]� ih bgbpbZlb\_ b ijb g_ihkj_^kl\_gghf

jmdh\h^kl\_ <� <� IZgZkxdZ [ueh kha^Zgh MdjZbgkdh_
h[s_kl\h ih f_oZgbd_ jZajmr_gby fZl_jbZeh\� Wlh h[�
s_kl\h� khklhys__ ba \_^msbo mq_guo \ h[eZklb jZa�
jmr_gby b ijhqghklb fZl_jbZeh\� ieh^hl\hjgh jZ[h�
lZ_l b k_]h^gy� <� <� IZgZkxd \uklmiZ_l bgbpbZlhjhf
b hj]ZgbaZlhjhf ijh\_^_gby qe_gZfb h[s_kl\Z f_`�
^mgZjh^guo b \k_mdjZbgkdbo dhgn_j_gpbc� Hkh[h_
f_klh kj_^b gbo aZgbfZ_l ijh\_^_gguc \i_j\u_ \ kljZ�
gZo <hklhqghc ?\jhiu �]� Db_\� ���� ]�� fbjh\hc gZ�
mqguc nhjmf ² ��y F_`^mgZjh^gZy dhgn_j_gpby ih
f_oZgbd_ jZajmr_gby �FDJ���� ;eZ]h^Zjy mkbebyf
<� <� IZgZkxdZ MdjZbgZ klZeZ iheghijZ\guf qe_ghf
F_`^mgZjh^gh]h dhg]j_kkZ ih jZajmr_gbx �,&)� b ?\�
jhi_ckdh]h h[s_kl\Z p_ehklghklb dhgkljmdpbc �(6,6��

K\b^_l_evkl\hf ijbagZgby fbjh\uf gZmqguf khh[�
s_kl\hf h]jhfgh]h \deZ^Z <� <� IZgZkxdhf \ gZmdm
h jZajmr_gbb kem`bl ba[jZgb_ _]h \bp_�ij_ab^_glhf
�����±����� ,&)� gZ]jZ`^_gb_ ^biehfhf ,&) b ihq_l�
ghc f_^Zevx =jbnnblkZ ² hkgh\Zl_ey f_oZgbdb jZa�
jmr_gby�
Fgh]h kbe b wg_j]bb hl^Z_l <� <� IZgZkxd ih^�

]hlh\d_ gZmqguo dZ^jh\ ih hkgh\guf gZijZ\e_gbyf
^_yl_evghklb bgklblmlZ� Bf ih^]hlh\e_gh �� ^hdlhjh\
b hdheh �� dZg^b^Zlh\ gZmd�
<� <� IZgZkxd ² Z\lhj hdheh ��� gZmqguo jZ[hl�

\ lhf qbke_ �� fhgh]jZnbc b �� bah[j_l_gbc� Kj_^b
gbo ² i_j\Zy \ <hklhqghc ?\jhi_ fhgh]jZnby ih
ijh[e_f_ f_oZgbdb ojmidh]h jZajmr_gby d\Zabojmi�
dbo fZl_jbZeh\ ������� i_j_\_^_ggZy gZ Zg]ebckdbc
yaud \ KR: ������� Pbde fhgh]jZnbc ©Nbabdh�ob�
fbq_kdZy f_oZgbdZ jZajmr_gby fZl_jbZeh\ b p_ehkl�
ghklv dhgkljmdpbcª [ue m^hklh_g =hkm^Zjkl\_gghc
ij_fbb MdjZbgu \ ���� ]�� Z fhgh]jZnby ©<ebygb_
dhjjhabhgguo kj_^ gZ ehdZevgh_ jZajmr_gb_ f_lZeeh\
\hae_ dhgp_gljZlhjh\ gZijy`_gbcª ² Ij_fbb bf�
=� <� DZji_gdh G:G MdjZbgu�
AZ \_khfuc \deZ^ \ jZa\blb_ gZmdb b ih^]hlh\dm

gZmqguo dZ^jh\ <� <� IZgZkxd m^hklh_g \ukhdbo ijZ�
\bl_evkl\_gguo gZ]jZ^�
G_mklZggZy wg_j]by� rbjhdbc djm]hahj� ]em[bgZ

agZgbc� ihklhyggh_ `_eZgb_ s_^jh ih^_eblvky gZdhi�
e_gguf hiulhf� gZmqgZy h[t_dlb\ghklv� ijhklhlZ b
^h[jh`_eZl_evghklv kgbkdZeb <eZ^bfbjm <Zkbev_\bqm
bkdj_gg__ m\Z`_gb_ dhee_] b \ukhdbc Z\lhjbl_l�
K_j^_qgh iha^jZ\ey_f <eZ^bfbjZ <Zkbev_\bqZ IZ�

gZkxdZ k ���e_lb_f kh ^gy jh`^_gby b `_eZ_f _fm
dj_idh]h a^hjh\vy� kqZklvy b gh\uo l\hjq_kdbo k\_j�
r_gbc�

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

j_^dhee_]by b j_^Zdpby `mjgZeZ ©:\lhfZlbq_kdZy k\ZjdZª
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�� n_\jZey ���� ]� bkihegbehkv
�� e_l ^hdlhjm l_ogbq_kdbo gZmd�
ijhn_kkhjm <eZ^bfbjm :e_dkZg�
^jh\bqm Ljhbpdhfm ² jmdh\h^b�
l_ex h^gh]h ba \_^msbo hl^_eh\
BgklblmlZ we_dljhk\Zjdb bf�
?� H� IZlhgZ G:G MdjZbgu�
K\hx gZmqgmx ^_yl_evghklv hg
gZqZe \ ���� ]� ihke_ hdhgqZgby
k hlebqb_f Fhkdh\kdh]h we_dljh�
f_oZgbq_kdh]h bgklblmlZ� < i_j�

\u_ ]h^u bg`_g_jghc b gZmqghc ^_yl_evghklb hg aZ�
gbfZeky jZaebqgufb we_dljhfZ]gblgufb mkljhckl\Z�
fb� < ���� ]� \i_j\u_ gZqZe bkihevah\Zlv fZ]gblh�
^bwe_dljbdb \ gbadhqZklhlghc l_ogbd_� Wlh gZmqgh_
gZijZ\e_gb_ jZ^bdZevgh baf_gbeh l_ogheh]bx ijhba�
\h^kl\Z g_dhlhjuo we_dljbq_kdbo fZrbg �gZijbf_j�
k_jby ©MdjZbgZª� \uimkdZ_fZy gZ OWFA b ^j��� j_�
Zdlhjh\ b ^jm]bo mkljhckl\� Ih ijh[e_f_ gbadhqZk�
lhlguo fZ]gblh^bwe_dljbdh\ <� :� Ljhbpdbc aZsblbe
dZg^b^Zlkdmx ^bkk_jlZpbx� ihemqbe fgh]h Z\lhjkdbo
k\b^_l_evkl\� gZibkZe ljb dgb]b� �� klZl_c \ \_^msbo
gZmqguo `mjgZeZo� \dexqZy aZjm[_`gu_� GZqbgZy k
���� ]� <� :� Ljhbpdbc ieh^hl\hjgh aZgbfZ_lky jZa�
ebqgufb we_dljhfZ]gblgufb \hijhkZfb k\Zjhqghc
l_ogbdb� < wlhl i_jbh^ bf jZajZ[hlZgu l_hj_lbq_kdb_
hkgh\u ijbgpbiZ Zfieblm^gh]h j_]mebjh\Zgby� ihem�
qb\r_]h gZa\Zgb_ fZ]gblghc dhffmlZpbb� f_lh^bdb
jZkq_lZ jZaebqguo k\Zjhqguo bklhqgbdh\ iblZgby� kha�
^Zgu k\Zjhqgu_ bklhqgbdb k mkdhj_ggufb i_j_oh^Zfb
lhdZ q_j_a gme_\h_ agZq_gb_� j_ahgZgkgu_ bklhqgbdb
k\Zjhqgh]h lhdZ� J_amevlZlu bkke_^h\Zgbc [ueb h[h�
s_gu <� :� Ljhbpdbf \ ^hdlhjkdhc ^bkk_jlZpbb
����� ]��� Kha^Zggh_ \ wlhl `_ i_jbh^ ih^ jmdh\h^�
kl\hf <� :� Ljhbpdh]h h[hjm^h\Zgb_ [ueh hk\h_gh
gZ �� ij_^ijbylbyo KKKJ�
K ���� ]� <� :� Ljhbpdbc jmdh\h^bl hl^_ehf ©G_�

jZajmrZxsbo f_lh^h\ dhgljhey dZq_kl\Z k\Zjguo kh�
_^bg_gbcª� < hl^_e_ ij_^klZ\e_gu \k_ hkgh\gu_ nb�
abq_kdb_ f_lh^u �jZ^bZpbhggu_� fZ]gblgu_� Zdmklb�
q_kdb_� dZibeeyjgu_� \boj_lhdh\u_� l_ieh\u_ b l� i���
Ijb hl^_e_ nmgdpbhgbjmxl :ll_klZpbhgguc p_glj g_�
jZajmrZxs_]h dhgljhey �GD�� P_glj k_jlbnbdZpbb
i_jkhgZeZ MH GDL> b rlZ[�d\ZjlbjZ MdjZbgkdh]h h[�
s_kl\Z g_jZajmrZxs_]h dhgljhey b l_ogbq_kdhc ^b�
Z]ghklbdb� qlh kh^_ckl\m_l [ukljhfm \g_^j_gbx jZa�
jZ[hlhd gZmqgh]h hl^_eZ�
<� :� Ljhbpdbf kha^Zgu l_hj_lbq_kdb_ hkgh\u gZ�

fZ]gbqb\Zgby keh`guo fZ]gblguo p_i_c� \hagbdZx�
sbo ijb fZ]gblguo \b^Zo GD� knhjfmebjh\Zgu mk�
eh\by� h]jZgbqb\Zxsb_ \hafh`ghklb fZ]gblguo f_�
lh^h\ k mq_lhf ]_hf_ljbb ^_lZeb� nhjf qZklbp fZ]�
gblgh]h ihjhrdZ� <i_j\u_ fZ]gblgZy kmki_gaby ij_^�
klZ\e_gZ dZd fZ]gblh^bwe_dljbd� Ih^ _]h jmdh\h^k�

l\hf jZajZ[hlZgZ b \g_^j_gZ \ jZaebqguo hljZkeyo
ijhfure_gghklb ]ZffZ fZ]gblguo ^_n_dlhkdhih\�
ljb ba dhlhjuo \uimkdZ_lky k_jbcgh� Wlh rbjhdh ba�
\_klgu_ fZ]wdku� J_amevlZlu wlbo jZ[hl h[h[s_gu \
fhgh]jZnbb ©FZ]gblhihjhrdh\uc dhgljhev k\Zjguo
kh_^bg_gbc b ^_lZe_c fZrbgª� GZ ijhly`_gbb �� e_l
bf \_^_lky jZajZ[hldZ dhgp_ipbc kbkl_f b hj]Zgb�
aZpbb kem`[ GD gZ jZaguo aZ\h^Zo� \ lhf qbke_ gZ
ljm[hijhdZlguo b fZrbghkljhbl_evguo� LZd� kbkl_fu
GD� \g_^j_ggu_ gZ OZjpuakdhf� <udkmgkdhf b ^jm]bo
ljm[guo aZ\h^Zo� gZ fgh]bo fZrbghkljhbl_evguo
ij_^ijbylbyo� \dexqZxl mqZkldb j_gl]_gh\kdh]h� fZ]�
gblgh]h� mevljZa\mdh\h]h� \bamZevgh]h dhgljhey� jZ[h�
lZxsb_ ih hij_^_e_gghc eh]bd_�
Ih^ jmdh\h^kl\hf <� :� Ljhbpdh]h kha^Zgu mgb�

dZevgu_ f_lh^bdb b ijb[hju ^ey g_hj^bgZjguo aZ^Zq
^_n_dlhkdhibb lZdbo� dZd MAD ijh^hevguo b dhevp_�
\uo r\h\ k jZa^_evghc nbdkZpb_c ^_n_dlh\ r\Z b ahg
l_jfbq_kdh]h \ebygby� k lhqguf ke_`_gb_f aZ hkvx
k\Zjguo r\h\� MAD \Zgghc k\Zjdb ZjfZlmju� kihkh[u
^ey ihkehcgh]h dhgljhey lheklhkl_gguo dhgkljmdpbc�
lj_gZ`_ju jZaebqguo kbkl_f ^ey ih^]hlh\db hi_jZ�
lhjh\ MA dhgljhey� mkljhckl\Z ^ey aZihfbgZgby b ZgZ�
ebaZ j_amevlZlh\ MAD� \g_^j_gu mevljZa\mdh\u_ f_�
lh^u 72)'� 6$)7 ^ey lhqgh]h hij_^_e_gby jZaf_jh\
\gmlj_ggbo ^_n_dlh\� hkgh\Zggu_ gZ bkihevah\Zgbb
^bnjZ]bjh\Zgguo \heg b fZl_fZlbq_kdbo f_lh^h\ ihk�
ljh_gby bkdmkkl\_gguo Zi_jlmj� MA f_lh^bdb b mkl�
jhckl\Z ^ey gZoh`^_gby ^_n_dlh\ lbiZ fZlh\uo iyl_g
b hdkb^guo ie_ghd� g_ bf_xsbo jZkdjulby �h[t_fZ��
y\eyxsboky ij_^\_klgbdZfb [m^msbo mklZehklguo
lj_sbg�
Ih^ jmdh\h^kl\hf <� :� Ljhbpdh]h kha^Zgu dhf�

ie_dku ^ey pbnjh\hc jZ^bh]jZnbb� lZd gZau\Z_fu_
jZ[hqb_ f_klZ j_gl]_gheh]Z ^ey h[jZ[hldb b Zjob�
\Zpbb 5�bgnhjfZpbb� memqr_gby dZq_kl\Z 5�bah[jZ�
`_gbc� ^hdmf_glbjh\Zgby j_amevlZlh\ 5�dhgljhey� bf
jZajZ[hlZgZ f_lh^bdZ ^bZ]ghklbdb l_e \jZs_gby �ljm[�
j_Zdlhjh\ b l� i�� [_a kgylby baheypbb lZd gZau\Z_fuc
f_lh^ lZg]_gpbZevgh]h ijhk\_qb\Zgby�
<� :� Ljhbpdbc y\ey_lky qe_ghf fgh]bo h[s_kl\

GDL> fbjZ� \ lhf qbke_ =_jfZgbb� Jhkkbb� :g]ebb�
KR: b ^j� Hg Zdlb\gh jZ[hlZ_l \h <k_fbjghf dhg�
]j_kk_ �,61'7� b \ ?\jhi_ckdhc n_^_jZpbb �()1'7��

ijbgbfZ_l mqZklb_ \ ih^]hlh\d_ ki_pbZebklh\ ih
ebgbb F:=:LW� aZgbfZ_lky ]ZjfhgbaZpb_c ijZ\be Zl�
l_klZpbb i_jkhgZeZ GD� IjbgbfZe mqZklb_ \ ih^]h�
lh\d_ b ]ZjfhgbaZpbb [he__ �� klZg^Zjlh\ ih ijh[e_f_
GD dZq_kl\Z�
Bgklblml we_dljhk\Zjdb� j_^dhee_]by b j_^Zdpby

`mjgZeZ ©:\lhfZlbq_kdZy k\ZjdZª k_j^_qgh iha^jZ\�
eyxl <eZ^bfbjZ :e_dkZg^jh\bqZ k x[be__f� `_eZxl
_fm ^h[jh]h a^hjh\vy b mki_oh\ \ _]h fgh]h]jZgghc
gZmqghc ^_yl_evghklb�

�� ������
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«¾ÑÕËÌ�ÐÃÓËÆÕÃÏÈÆÇ ÍÎÌÁÎÃÏÏ ÀÌ ÀÐÌÎÌÇ ÍÌÉÌÀÆËÃ ÍÎÌÖÉÌÁÌ ÏÐÌÉÃÐÆÝ ËÃÎ¾ÅÎÙÀËÌ ÏÀÝÅ¾Ë
Ï Î¾ÅÎ¾¿ÌÐÈÌÇ Æ ÏÌÅÂ¾ËÆÃÊ ËÌÀÌÇ ÐÃÓËÆÈÆ À Î¾ÅÉÆÕËÙÓ ÌÐÎ¾ÏÉÝÓ ÍÎÌÊÙÖÉÃËËÌÏÐÆ� ¾ÀÆ¾�
ÈÌÏÊÆÕÃÏÈÌÇ� ÛËÃÎÁÃÐÆÕÃÏÈÌÇ� ÛÉÃÈÐÎÌËËÌÇ� ÏÑÂÌ� Æ Ê¾ÖÆËÌÏÐÎÌÃËÆÆ Æ Ð� Í�

®¾ÅÀÆÐÆÜ ÐÃÓËÌÉÌÁÆÆ Í¾ÇÈÆ À �����Ó ÁÌÂ¾Ó È¾È ÎÃÏÑÎÏÌÏ¿ÃÎÃÁ¾Ü×ÃÁÌ Æ ÀÙÏÌÈÌÍÎÌÆÅÀÌ�
ÂÆÐÃÉÚËÌÁÌ ÍÎÌÔÃÏÏ¾ ÏÍÌÏÌ¿ÏÐÀÌÀ¾ÉÆ Î¾¿ÌÐÙ ÑÕÃËÙÓ ÀÙÏÖÆÓ ÑÕÃ¿ËÙÓ Å¾ÀÃÂÃËÆÇ� ¾È¾ÂÃÊÆÕÃÏÈÆÓ
Æ ÌÐÎ¾ÏÉÃÀÙÓ «¦¦� ª °± ÆÊ� «� »� �¾ÑÊ¾Ë¾ �ËÙËÃ ª¡°±�� ª�°¦ ÆÊ� ¨� »� ´ÆÌÉÈÌÀÏÈÌÁÌ

�ËÙËÃ ®¡°± �ª�°¦���  ¦�ª �ËÙËÃ ²¡±­ � ¦�ª��� ¦»¯ ÆÊ� £� ¬� ­¾ÐÌË¾�   ¦�

ÆÊ� ÍÎÌÒÃÏÏÌÎ¾ «� £� ¤ÑÈÌÀÏÈÌÁÌ� ª¦¦¡� �ËÙËÃ ª¡�°± ¡��� «¨¦ ÆÊ� ¾ÂÊÆÎ¾É¾ ¯� ¬�

ª¾È¾ÎÌÀ¾ �ËÙËÃ «±¨� Æ ÂÎ�� ¾ Ð¾ÈÄÃ ÑÕÃËÙÓ Æ ÏÍÃÔÆ¾ÉÆÏÐÌÀ «¦¦� ÍÎÌÆÅÀÌÂÏÐÀÃËËÙÓ

ÍÎÃÂÍÎÆÝÐÆÇ� Ì¿ØÃÂÆËÃËÆÇ Æ ¨� ¾ÀÆ¾ÔÆÌËËÌÇ� ÏÑÂÌÏÐÎÌÆÐÃÉÚËÌÇ Æ ÛËÃÎÁÃÐÆÕÃÏÈÌÇ ÍÎÌÊÙÖ�

ÉÃËËÌÏÐÆ� «¦°ª �ËÙËÃ ¡­ «­¬ �°ÃÓËÌÊ¾Ö��� «¦¦¢ �ËÙËÃ ÒÆÉÆ¾É²¡±­ª­­ �¯¾ÉÜÐ���

ªª¥ �¯¾ÐÑÎË� �ËÙËÃ ¬�¬ ��� ©ÜÉÚÈ¾�¯¾ÐÑÎË��� ¯­� �ª¾ÖÍÎÌÃÈÐ� Æ ¼°¥ �¥¾ÎÝ�

�ËÙËÃ °­ «­¨¡ �¥ÌÎÝª¾ÖÍÎÌÃÈÐ��� «¦�° �ËÙËÃ ¬�¬ �«¦�°��� ¨ª­¬ �°ÎÑÂ� �ËÙËÃ

�¯«°¨ ÆÊ� «� ¢� ¨ÑÅËÃÔÌÀ¾��� ª­­ �¯¾ÉÜÐ� �ËÙËÃ ²¡¨­ ª­­ �¯¾ÉÜÐ��� «­¬

�­ÎÌÊÃÐÃÇ� �ËÙËÃ ²¡±­ ´«¦¦ ¨ª �­ÎÌÊÃÐÃÇ��� ©ÃËÆËÁÎ¾ÂÏÈÆÓ ÍÎÃÂÍÎÆÝÐÆÇ ©¥°©�

©ª¥ Æ «­¬ ´¨°¦ ÆÊ� ¦� ¦� ­ÌÉÅÑËÌÀ¾ �ËÙËÃ ÒÆÉÆ¾ÉÙ ÍÌÂ ÐÃÊ ÄÃ Ë¾ÅÀ¾ËÆÃÊ� ÀÓÌÂÝ×ÆÃ

À ¬�¬ �¯ÆÉÌÀÙÃ ª¾ÖÆËÙ���

®ÃÅÑÉÚÐ¾ÐÙ Ë¾ÑÕËÌ�ÆÏÏÉÃÂÌÀ¾ÐÃÉÚÏÈÆÓ� ÍÎÌÃÈÐËÌ�ÈÌËÏÐÎÑÈÐÌÎÏÈÆÓ Æ ÍÎÆÈÉ¾ÂËÙÓ Î¾¿ÌÐ À
Ì¿É¾ÏÐÆ ÏÌÅÂ¾ËÆÝ ËÌÀÙÓ ÐÃÓËÌÉÌÁÆÇ� Ì¿ÌÎÑÂÌÀ¾ËÆÝ Æ Ê¾ÐÃÎÆ¾ÉÌÀ ÂÉÝ Í¾ÇÈÆ ÕÃÎËÙÓ Æ ÔÀÃÐËÙÓ
ÊÃÐ¾ÉÉÌÀ� ÏÍÃÔÆ¾ÉÚËÙÓ ÏÍÉ¾ÀÌÀ� ÈÌÊÍÌÅÆÔÆÌËËÙÓ Ê¾ÐÃÎÆ¾ÉÌÀ Æ Ë¾ËÃÏÃËÆÝ Å¾×ÆÐËÙÓ ÍÌÈÎÙÐÆÇ
Ë¾ ÂÃÐ¾ÉÆ Æ ÑÅÉÙ ÁÌÎÝÕÃÁÌ ÐÎ¾ÈÐ¾ ¡°¢ Î¾ÅÉÆÕËÌÁÌ Ë¾ÅË¾ÕÃËÆÝ ÖÆÎÌÈÌ ÆÅÀÃÏÐËÙ Ë¾ÑÕËÌÇ
Ì¿×ÃÏÐÀÃËËÌÏÐÆ Æ ÍÎÌÆÅÀÌÂÏÐÀÃËËÆÈ¾Ê ËÃ ÐÌÉÚÈÌ À ±ÈÎ¾ÆËÃ Æ ®ÌÏÏÆÆ� ËÌ Æ À Â¾ÉÚËÃÊ
Å¾ÎÑ¿ÃÄÚÃ� »ÐÌ Î¾¿ÌÐÙ �� £� ­¾ÐÌË¾� �� �� ªÌÀÕ¾Ë¾� ¯� «� ©ÌÔÊ¾ËÌÀ¾�  � ­� ²ÎÌÉÌÀ¾�

¦� £� ­ÃÐÎÑËÆË¾� ¡� �� «ÆÈÌÉ¾ÃÀ¾� ¡� ¢� «ÆÈÆÒÌÎÌÀ¾� ¼�  � «¾ÇÂÆÕ¾�  � ²� ³ÌÎÑËÌÀ¾�

®� £� £ÏÃË¿ÃÎÉÆË¾� ¦� ¦� ¦ÉÚÃÀÏÈÌÁÌ� ¬� ­� ¶ÉÙÈÌÀ¾� ¯�  � ©¾ÖÈÌ�  � ²� ¨À¾ÏËÆÔÈÌÁÌ�

�� �� �ÉÌÀ¾� �� «� ­ÃÎÃÀÃÅÃËÔÃÀ¾� �� ¼� ¨Î¾ÏËÌÍÃÀÔÃÀ¾� �� �� ®ÌÏÏÌÖÆËÏÈÌÁÌ� ©� ©�

¡ÎÄÆÊ¾ÉÚÏÈÌÁÌ� ¦� ¼� ª¾ÎÈÌÀÌÇ� ¼� «� ª¾ÎÈÆË¾� �� ²� «ÃÏÐÃÎÌÀ¾�  � ¯� «ÌÀÌÏ¾ÂÌÀ¾�

 � �� ¡ÃÇÈÆË¾� ¦� ­� ¨ÉÜÕËÆÈÌÀ¾� ¬� �� �¾Î¾¿¾ËÌÀÌÇ�  � ª� «ÃÎÌÀËÌÁÌ�  � ª� ½ÊÍÌÉÚÏÈÌÁÌ�

ª� ¦� µÃÈÑËÌÀ¾� ¼� ª� ­ÎÌ�

ÓÌÎÌÀ¾� ¦� «� ­¾ÖÈÌÀ¾�  � ��

£ÎÊÌÉÌÀ¾� «� ª� ­ÃÐÎÃËÈÌ�

��  � ¨ÌÅÝÈÌÀ¾� ¯�  � ª¾È�

ÏÆÊÌÀÌÇ� ©� ¡� ­ÑÅÎÆË¾�

¼� ¯� ¢ÌÉÁÌÀ¾� ¼� ¦� �Ã�

ÎÃÅËÆÈÌÀ¾� ²� ©� ¨ÌËÌÍÃÉÚÈÌ�

�� ½� ¨ÑÒ¾ÇÈÆË¾� ¼�  � ¡ÌÎ�

¿¾ÐÏÈÌÁÌ� £� ¦� µÑÉÈÌÀ¾�

 � ¨� £ÎÌÖÃÀ¾� �� ¦� ¡Ñ¿ÆË¾�

«� ¯� �¾Î¾ËÌÀ¾� ¼� ²� ¶Ã�

ÆË¾�  � ­� ­É¾ÑËÌÀ¾�  � «�

¯ÃÊÃËÌÀ¾� «� «� ¯ÆÎÕÃËÈÌ�

¦� ¨� ¯ÈÉÝÎÌÀ¾� ©� ¯� ©¾Ë�

ÐÑÖÃËÈÌ�  � �� ¡ÌÎÌÓÌÀ¾�

£� ¦� ¯ÐÎÌÕ¾Ç�  � ¯� ®ÙÉÚ�

ËÆÈÌÀ¾� ¡� «� ¯ÐÎÃÈ¾ÉÌÀ¾�

«� ¢� ¨ÑÅËÃÔÌÀ¾� ¯� °� ¨ÆÖ�

ÈÆË¾� ¦� ¯� ª¾É¾ÖÃËÈÌ�

¼� �� °¾Ê¾ÎÆË¾ Æ ÊËÌÁÆÓ

ÂÎÑÁÆÓ�

¨ �����Ê ÁÌÂ¾Ê Ë¾ÑÕËÙÃ

ÖÈÌÉÙ À Ì¿É¾ÏÐÆ Í¾ÇÈÆ Ê¾�

ÐÃÎÆ¾ÉÌÀ ÍÌÂÁÌÐÌÀÆÉÆ ¿ÌÉÃÃ

���ÐÆ ÀÙÏÌÈÌÈÀ¾ÉÆÒÆÔÆÎÌÀ¾Ë�

ËÙÓ ÏÍÃÔÆ¾ÉÆÏÐÌÀ�Í¾ÝÉÚ×Æ�

������ ��



ÈÌÀ È¾ËÂÆÂ¾ÐÌÀ ÐÃÓËÆÕÃÏÈÆÓ Ë¾ÑÈ Æ ÌÈÌÉÌ ÂÃ�

ÏÝÐÆ ÂÌÈÐÌÎÌÀ ÐÃÓËÆÕÃÏÈÆÓ Ë¾ÑÈ� ÕÐÌ Ì¿ÃÏÍÃ�

ÕÆÉÌ ÎÌÏÐ Ë¾ÑÕËÌÁÌ ÍÌÐÃËÔÆ¾É¾ À ÛÐÌÇ Ì¿É¾ÏÐÆ�

¦ÅÀÃÏÐËÙÇ Ã×Ã À ÂÎÃÀËÆÃ ÀÎÃÊÃË¾ ÐÃÓËÌÉÌÁÆ�

ÕÃÏÈÆÇ ÍÎÌÔÃÏÏ ÏÌÃÂÆËÃËÆÝ ÊÃÐ¾ÉÉÌÀ Í¾ÇÈÌÇ�

ÍÌÅÀÌÉÆÉ ÏÌÅÂ¾ÐÚ ÏÌÐËÆ ÖÃÂÃÀÎÌÀ� ÑÈÎ¾Ö¾Ü×ÆÓ

ÊÑÅÃÆ ÊËÌÁÆÓ ÏÐÎ¾Ë ÊÆÎ¾�  ÐÌÎ¾Ý ÍÌÉÌÀÆË¾

ÍÎÌÖÉÌÁÌ ÏÐÌÉÃÐÆÝ� Ó¾Î¾ÈÐÃÎÆÅÑÜ×¾ÝÏÝ ¿ÑÎ�

ËÙÊ Ë¾ÑÕËÌ�ÐÃÓËÆÕÃÏÈÆÊ ÍÎÌÁÎÃÏÏÌÊ ÀÌ ÊËÌÁÆÓ

ÌÐÎ¾ÏÉÝÓ ÍÎÌÊÙÖÉÃËËÌÏÐÆ� Â¾É¾ ÆÊÍÑÉÚÏ ÂÉÝ

Î¾ÅÀÆÐÆÝ ËÌÀÙÓ ÐÃÓËÌÉÌÁÆÕÃÏÈÆÓ ÍÎÌÔÃÏÏÌÀ

Í¾ÇÈÆ ÍÎÆ ÏÌÅÂ¾ËÆÆ ÆÅÂÃÉÆÇ ËÌÀÌÇ ÐÃÓËÆÈÆ�

®¾ÅÎ¾¿ÌÐÈÆ ËÃÆÅÀÃÏÐËÙÓ Î¾ËÃÃ ËÌÀÃÇÖÆÓ ÐÃÓ�

ËÌÉÌÁÆÇ À ¾ÀÆ¾ÔÆÌËËÌÇ� ÈÌÏÊÆÕÃÏÈÌÇ� Ê¾ÖÆ�

ËÌÏÐÎÌÆÐÃÉÚËÌÇ Æ ÝÂÃÎËÌÇ ÐÃÓËÆÈÃ Æ ÀÙÏÌÈ¾Ý

ÛÒÒÃÈÐÆÀËÌÏÐÚ ÆÓ ÍÎÆÊÃËÃËÆÝ ÍÌÏÐ¾ÀÆÉÆ ÍÃÎÃÂ

Í¾ÝÉÚ×ÆÈ¾ÊÆ ÏÐÎ¾ËÙ Å¾Â¾ÕÑ ÈÌÌÎÂÆË¾ÔÆÆ Î¾¿ÌÐ À Ì¿É¾ÏÐÆ Í¾ÇÈÆ ÆÅÂÃÉÆÇ ËÌÀÌÇ ÐÃÓËÆÈÆ�

��w�� ÂÃÈ¾¿ÎÝ ���� Á� À ªÌÏÈÌÀÏÈÌÊ ÍÌÉÆÐÃÓËÆÕÃÏÈÌÊ ÊÑÅÃÃ ÍÌÂ ÛÁÆÂÌÇ ´­ «°¬ �ª¾Ö�

ÍÎÌÊ� ¿ÙÉÌ Å¾ÏÉÑÖ¾ËÌ �� ÂÌÈÉ¾ÂÌÀ ÏÍÃÔÆ¾ÉÆÏÐÌÀ ÍÌ Í¾ÇÈÃ À ÀÃÂÑ×ÆÓ ÌÐÎ¾ÏÉÝÓ ÏÐÎ¾ËÙ�

  ÍÎÆËÝÐÌÊ �®ÃÖÃËÆÆ…�� ÀÙÖÃÂÖÃÊ À ÀÆÂÃ ¿ÎÌÖÜÎÙ� ÏÎÃÂÆ ÂÎÑÁÆÓ Å¾Â¾Õ ¿ÙÉ ÍÌÏÐ¾ÀÉÃË

ÀÌÍÎÌÏ Ì ÏÌÅÂ¾ËÆÆ ÁÌÏÑÂ¾ÎÏÐÀÃËËÌÁÌ «¦¦ Í¾ÇÈÆ ÏÌÀÎÃÊÃËËÙÓ Æ ÍÃÎÏÍÃÈÐÆÀËÙÓ ÈÌËÏÐÎÑÈ�

ÔÆÌËËÙÓ Ê¾ÐÃÎÆ¾ÉÌÀ �ÍÌÉÑÍÎÌÀÌÂËÆÈÌÀ� ÈÃÎ¾ÊÆÈÆ� ÁÎ¾ÒÆÐ¾� ÏÐÃÈÉ¾� ÏÍÃÔÆ¾ÉÚËÙÓ ÏÍÉ¾ÀÌÀ�

ÏÐÎ¾ÐÃÁÆÕÃÏÈÆÓ Æ ÐÑÁÌÍÉ¾ÀÈÆÓ Ê¾ÐÃÎÆ¾ÉÌÀ�� £ÁÌ ÏÌÅÂ¾ËÆÃ ÍÌÂÂÃÎÄ¾É À ¿ÃÏÃÂÃ Ï ¯� «� ©ÌÔ�

Ê¾ËÌÀÙÊ ¾È¾ÂÃÊÆÈ �� £� ­¾ÐÌË È¾È ÉÌÁÆÕÃÏÈÑÜ Æ Ì¿ÌÏËÌÀ¾ËËÑÜ Å¾Â¾ÕÑ�   ���� Á� ÍÌ

ÍÎÃÂÉÌÄÃËÆÜ ÆËÆÔÆ¾ÐÆÀËÌÇ ÁÎÑÍÍÙ À ÏÌÏÐ¾ÀÃ ¯� «� ©ÌÔÊ¾ËÌÀ¾�  � ­� ²ÎÌÉÌÀ¾� ¦� £�

­ÃÐÎÑËÆË¾� ®� £� £ÏÃË¿ÃÎÉÆË¾� ¦� ¦� ¦ÉÚÃÀÏÈÌÁÌ Æ ¬� ­� ¶ÉÙÈÌÀ¾ ¿ÙÉ ÏÌÅÂ¾Ë ¨ÌÊÆÐÃÐ

Í¾ÇÈÆ ÏÃÈÔÆÆ ÏÀ¾ÎÈÆ «°¬ �ª¾ÖÍÎÌÊ� ÍÎÆ ªÌÏÈÌÀÏÈÌÊ ÂÌÊÃ Ë¾ÑÕËÌ�ÐÃÓËÆÕÃÏÈÌÇ ÍÎÌÍ¾Á¾ËÂÙ�

­ÎÃÂÏÃÂ¾ÐÃÉÃÊ ÈÌÊÆÐÃÐ¾ ÏÐ¾É ¯� «� ©ÌÔÊ¾ËÌÀ� ¾ ÃÁÌ Å¾ÊÃÏÐÆÐÃÉÃÊ x  � ­� ²ÎÌÉÌÀ� ÈÌÐÌÎÙÇ

Ï ���� Á� ÀÌÅÁÉ¾ÀÆÉ ÛÐÌÐ ÈÌÊÆÐÃÐ� ¬ÐÉÆÕÆÐÃÉÚËÌÇ ÕÃÎÐÌÇ Ì¿ÌÆÓ ÎÑÈÌÀÌÂÆÐÃÉÃÇ ÈÌÊÆÐÃÐ¾

ÝÀÉÝÃÐÏÝ ¿ÃÅÁÎ¾ËÆÕË¾Ý ÍÎÃÂ¾ËËÌÏÐÚ ÂÃÉÑ� ÍÌÏÐÌÝËËÌÃ ÏÐÎÃÊÉÃËÆÃ ÍÌÂËÝÐÚ Í¾ÇÈÑ Ë¾ ÑÎÌÀÃËÚ

ÏÌÀÎÃÊÃËËÌÇ Ë¾ÑÈÆ� Ì¿ØÃÂÆËÃËÆÃ Ë¾ÑÕËÙÓ Æ ÍÎÌÆÅÀÌÂÏÐÀÃËËÙÓ ÏÆÉ Í¾ÝÉÚ×ÆÈÌÀ ÍÌ Î¾ÅÎ¾¿ÌÐÈÃ

Æ ÀËÃÂÎÃËÆÜ À ÍÎÌÊÙÖÉÃËËÌÏÐÚ ËÌÀÙÓ ÐÃÓËÌÉÌÁÆÇ Í¾ÇÈÆ� ÖÆÎÌÈ¾Ý ÍÎÌÍ¾Á¾ËÂ¾ ËÌÀÃÇÖÆÓ
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• lÈ�ËäÈ�Ò�Ë°}ºË äº�ËãÒ¯ºmÈÓÒË Ò ÒÓÁº¯äÈ�ÒºÓÓ©Ë �Ë²Óºãº�ÒÒ m °mÈ¯}Ë Ò ¯º�°�mËÓÓ©² ¹¯º�Ë°°È²� v­� �º}ã�

{�º¯º® lËÎ��ÓÈ¯� }ºÓÁ�� ��Ü�� °ËÓ�� ���� ��� ¹º°� zÈ�ÒmËãÒ� z¯©ä � �º� ¯Ë�� ¹¯ºÁ� {�j� lÈ²ÓËÓ}º� Û

��� °�� Áº¯äÈ� ���×��� ää� ��� �¯Ó����� ¯�­������
• zºÓ�È}�ÓÈ« °mÈ¯}È Ò �¯��ÒË mÒ�© °mÈ¯}Ò �ÈmãËÓÒËä� v­º¯ÓÒ}� vº�Ë¯ÎÒ� ¹º�­º¯}� °�È�Ë®�

º¹�­ãÒ}ºmÈÓÓ©² m Î�¯ÓÈãË ½km�ºäÈ�Ò�Ë°}È« °mÈ¯}È� ÏÈ ����Ü���� ���� ¹º ¹¯º­ãËäÈä ¯ÈÏãÒ�Ó©² mÒ�ºm

°mÈ¯}Ò �ÈmãËÓÒËä� Û ����� Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää� �� �¯Ó����� ¯�­������

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

½km�ºäÈ�Ò�Ë°}È« °mÈ¯}È� Ò ½�Ë²ÓÒ�Ë°}È« �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	� ÏÈ ����Ü���� ����

¹º ¹¯º­ãËäÈä �¯�­º¹¯ºmº�Óº�º �¯ÈÓ°¹º¯�È� Û ����� Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää�

�� �¯Ó����� ¯�­������

• zk�k�|�� �Ë²Óºãº�ÒÒ� lÈ�Ë¯ÒÈã©� |­º¯��ºmÈÓÒË� vº�Ë¯ÎÒ� ÒÓÁº¯äÈ�Ò
 º ¯ÈÏ¯È­º�ÈÓÓ©² m ¹º°ãË�ÓÒË

�º�© m jwv �Ë²Óºãº�Ò«²� äÈ�Ë¯ÒÈãÈ² Ò º­º¯��ºmÈÓÒÒ �ã« °mÈ¯}Ò� ¯ËÏ}Ò� ÓÈ¹ãÈm}Ò� ¹È®}Ò� ÓÈÓË°ËÓÒ« ÏÈ�

�Ò�Ó©² ¹º}¯©�Ò® Ò �¯��Ò² ¯º�°�mËÓÓ©² ¹¯º�Ë°°ºm� ¹¯Ë�ãÈ�ÈËä©² �ã« }ºääË¯�Ë°}º® ¯ËÈãÒÏÈ�ÒÒ� Û �����

Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää� ��� �¯Ó����� ¯�­������

• �j�ks� �Ë²Óºãº�ÒÒ� º­º¯��ºmÈÓÒË� ¹¯ºÒÏmº�°�mº� v­º¯ÓÒ}� vº�Ë¯ÎÒ� ¹º�­º¯}� °�È�Ë®� º¹�­ãÒ}ºmÈÓÓ©²

m Î�¯ÓÈãÈ² ½vºm¯ËäËÓÓÈ« ªãË}�¯ºäË�Èãã�¯�Ò«� Ò ½km�ºäÈ�Ò�Ë°}È« °mÈ¯}È� ÏÈ ����Ü���� ���� ¹º ªãË}��

¯ºäË�Èãã�¯�ÒÒ Ò °mÈ¯}Ë �Ò�ÈÓÈ Ò Ë�º °¹ãÈmºm� Û ����� Û ��� °�� ä«�}Ò® ¹Ë¯Ë¹ãË�� Áº¯äÈ� ������� ää�

��� �¯Ó����� ¯�­������

• �Ò°	äËÓÓ©® k� v� jÓ��}�ÒºÓÓ©® ÓÈ�¯Ëm ¹¯Ò °mÈ¯}Ë Ò ¯º�°�mËÓÓ©² �Ë²Óºãº�Ò«²� Û ����� Û ��� °� Û

Áº¯äÈ� ������� ää� ä«�}Ò® ¹Ë¯Ë¹ãË�� �� �¯Ó����� ¯�­������

• �È¯È��} {��� {°��¹ �º Á�ÏÒ}Ò ãÈÏË¯�m� Û ����� Û ��� °� Û Áº¯äÈ� ������� ää� ä«�}Ò® ¹Ë¯Ë¹ãË��

�� �¯Ó����� ¯�­������

• v­º¯ÓÒ} �º}ãÈ�ºm {�º¯º® äËÎ��ÓÈ¯º�Óº® }ºÓÁË¯ËÓ�ÒÒ ½/DVHU 7HFKQRORJLHV LQ :HOGLQJ DQG 0DWHULDOV

3URFHVVLQJ� ���Ü�� äÈ« ���� ��� ¹º°� zÈ�ÒmËãÒ� z¯©ä� � �º� ¯Ë�� ¹¯ºÁ� {� v� zºmÈãËÓ}º� Û ����� Û

��� °�� Áº¯äÈ� ���×��� ää �ÈÓ�ã� «Ï��� ��� �¯Ó����� ¯�­������

• 0DNKQHQNR 9� ,�� 3RFK\QRN 9� (� 6WUHQJWK &DOFXODWLRQ RI :HOGHG -RLQWV ZLWK $GMDFHQW 6KDUS &DYLWLHV
�ÈÓ�ã� «Ï��� Û ����� Û ��� °� Û Áº¯äÈ� ������� ää� �mË¯�©® ¹Ë¯Ë¹ãË�� ��� �¯Ó������ ¯�­������

• .RQRQHQNR 9� <D� 7HFKQRORJLHV RI 8QGUHZDWHU :HW :HOGLQJ DQG &XWWLQJ� Û ����� Û ��� °� Û
Áº¯äÈ� ������� ää� ä«�}Ò® ¹Ë¯Ë¹ãË�� ��� �¯Ó����� ¯�­������

rÐ ÄÐÑÒÐÓÂÎ ÉÂÌÂÉÂ ÊÉÆÂÏÊË ÓÍÇÆÕÇÔ ÐÃÒÂÛÂÔÞÓÁ
Ä ÒÇÆÂÌØÊà ÈÕÒÏÂÍÂ ªcÄÔÐÎÂÔÊÙÇÓÌÂÁ ÓÄÂÒÌÂ«

uÇÍ��ÖÂÌÓ� ������
 ��� �� ��� ��� �� ��� ��� �� ��
)�QEMP� NSYVREP$TEXSR�OMIZ�YE
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