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%21'$5(1.2 <8� .�� )850$1 <$� 0�� %21'$5(1.2 $� <8��

.29$&+8. 2� 9� 3UREOHPV RI GHWHUPLQDWLRQ RI WKH UHVLGXDO OLIH

RI ZHOGHG VWUXFWXUHV �5HYLHZ� ����������������������������������������������������������������������� �

%,*86 *� $�� 675(/.29 3� %� ,QYHVWLJDWLRQ RI DFRXVWR�HPLVVLRQ VLJQDOV

LQ GHIRUPDWLRQ DQG IUDFWXUH RI VDPSOHV RI VWHHO ��. ������������������������������������� ��

'<$',1 9� 3�� '$9<'29 (� $�� /,79,1(1.2 $� (�� *21&+$5 (� $�

(QJLQHHULQJ DSSURDFK WR HYDOXDWLRQ RI DGPLVVLEOH GLPHQVLRQV RI DLU�WLJKW

�EXEEOHV� LQ WHFKQLFDO GLDJQRVWLFV RI SHWURFKHPLFDO HTXLSPHQW

VXVFHSWLEOH WR ORZ�WHPSHUDWXUH K\GURJHQ FUDFNLQJ ��������������������������������������� ��
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$SSURDFKHV WR GHYHORSPHQW RI VWDQGDUG VDPSOHV IRU WKHUPDO 1'7 ��������������� ��

675,=+$/2 9� $�� 1292*58'6.< /� 6�� =(07629 0� 3� 2Q GHWHUPL�
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/(9,76.< 2� (� 2Q JHQHUDWLRQ RI SURMHFWLRQ GDWD LQ 87 UHFRQVWUXFWLYH
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*25'(/< 9� ,�� &+$%$129 9� (� ,QYHVWLJDWLRQ RI RSHUDWLRQ RI (0$�WUDQVGX�

FHUV RQ HPLVVLRQ RI IRFXVHG 5DOHLJK ZDYHV �������������������������������������������������� ��

*252'1,&+< 9� 9�� $67$.+29 '� 6� 7KHRUHWLFDO HYDOXDWLRQ RI WKH LQIOXHQFH

RI VLJQDO GLVWRUWLRQV RQ VLJQDO�WR�QRLVH UDWLR DW GRXEOH (0$7 ������������������������ ��

%(/< 1� *�� 32120$5(1.2 9� .�� .$50$129 0� 0�� 752,76.$<$ 1� 9�
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�WK -XELOHH 6HPLQDU�([KLELWLRQ �0RGHUQ 7HFKQRORJLHV DQG ,QVWUXPHQWV

RI 1'7 DQG 7HFKQLFDO 'LDJQRVWLFV� �������������������������������������������������������������� ��

$OO�8NUDLQLDQ IRUXP �6WDQGDUGV DQG 4XDOLW\ x ����� ������������������������������������ ��

)LUVW 6FLHQWLILF�3UDFWLFDO &RQIHUHQFH �&RQWURO DQG 7HVWLQJ� 3UREOHPV�

6ROXWLRQV� 3URVSHFWV� ���������������������������������������������������������������������������������� ��

5HVXOWV RI FRQGXFWLQJ ,QWHUQDWLRQDO ,QGXVWULDO )RUXP �3URGXFWLRQ DQG

SURWHFWLRQ x ����� ������������������������������������������������������������������������������������ ��

*25'(/< 9� ,� :LGH UDQJH IODZ GHWHFWLRQ UDLOFDU $6�' IRU DQH FOLPDWLF

FRQGLWLRQV ��������������������������������������������������������������������������������������������������� ��

(',725,$/ %2$5'�

(GLWRU�LQ�&KLHI

%� (� 3$721

$� <D� 1HGRVHND �YLFH�FKLHI HG���

9� $� 7URLWVN\ �YLFH�FKLHI HG���

=� $� 0DLGDQ �H[HF� VHFU���

,� 3� %HORNXU� <X� .� %RQGDUHQNR�

9� /� 9HQJULQRYLFK� (� )� *DUI�

$� $� *UX]G� <X� %� 'URERW�

9� ,� ,YDQRY� 2� 0� .DUSDVK�

9� 9� .O\XHY� /� 0� /REDQRY�

$� $� /HEHGHY� 9� .� /HEHGHY�

*� *� /XWVHQNR� 1� 9� 1RYLNRY�

(� 6� 3HUHYHU]HY�

3� 3� 3URNKRUHQNR� 9� 3� 5DGNR�

,� <D� 6KHYFKHQNR�

$� ,� 6WHSDQHQNR� 9� $� 6WUL]KDOR�

$� <D� 7HWHUNR� 9� 1� 8FKDQLQ�

$� )� 8OLWNR� 7� 0� 6KYHWV�

1� 1� =DWVHSLQ�

$� 9� 6KLPDQRYVN\

$GGUHVV�

7KH (� 2� 3DWRQ (OHFWULF

:HOGLQJ ,QVWLWXWH

RI WKH 1$6 RI 8NUDLQH�

�� %R]KHQNR VWU�� ������

.\LY� 8NUDLQH

7HO�� ������� ���w��w���

)D[� ������� ���w��w��� ���w��w��

(�PDLO� MRXUQDO#SDWRQ�NLHY�XD

WWS���ZZZ�QDV�JRY�XD�SZM

6FLHQWLILF HGLWRUV�

1� *� %HO\� $� $� *UX]G

(OHFWURQ JDOOH\�

,� 5� 1DXPRYD� /� 1� *HUDVLPHQNR�

,� 9� 3HWXVKNRY

6WDWH 5HJLVWUDWLRQ &HUWLILFDWH

.9 ���� RI ����������

$OO ULJKWV UHVHUYHG�

7KLV SXEOLFDWLRQ DQG

HDFK RI WKH DUWLFOHV

FRQWDLQHG KHUH LQ DUH

SURWHFWHG E\ FRS\ULJKW�

3HUPLVVLRQ WR UHSURGXFH PDWHULDO

FRQWDLQHG LQ WKLV MRXUQDO

PXVW EH REWDLQHG

LQ ZULWLQJ IURP WKH 3XEOLVKHU�

� 1$6 RI 8NUDLQH� 3:,� ,QWHUQDWLRQDO $VVRFLDWLRQ ½:HOGLQJ�� ����
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)RXQGHUV� 7KH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH 3XEOLVKHU� ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�
7KH (� 2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH
,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�

&RQFHUQLQJ SXEOLFDWLRQ RI DUWLFOHV� VXEVFULSWLRQ DQG DGYHUWLVLQJ� SOHDVH� FRQWDFW WKH HGLWRULDO ERDUG



M>D ����������

�������������	���
�����
��
�

���
�����

�������� �������

�� z� r|sikcpsz|� Ð� l� n�clks� k� �� r|sikcpsz|� |� {� z|{k�e �z

Ijb\_^_g h[ahj hkgh\guo nZdlhjh\� \ebyxsbo gZ j_kmjk f_lZeehdhgkljmdpbc� Hibku\Zxlky hkgh\gu_ iheh`_gby

^he]h\_qghklb k\Zjguo kh_^bg_gbc ijb i_j_f_gguo gZ]jmadZo� >ZgZ h[ahjgZy kljmdlmjgZy ko_fZ� dhlhjZy fh`_l

[ulv iheh`_gZ \ hkgh\m j_r_gby ijh[e_f hij_^_e_gby hklZlhqgh]h j_kmjkZ klZevguo dhgkljmdpbc� MdZaZgh� qlh

l_ogbq_kdbf ^bZ]ghklbjh\Zgb_f f_lZeehdhgkljmdpbc j_dhf_g^h\Zgh aZgbfZlvky lhevdh Zddj_^blh\Zgguf bkiu�

lZl_evguf eZ[hjZlhjbyf �p_gljZf�� ih^l\_j^b\rbf k\hx dhfi_l_glghklv \ khhl\_lkl\bb k lj_[h\Zgbyfb f_`�

^mgZjh^gh]h b gZpbhgZevgh]h klZg^ZjlZ >KLM ,62�,(& �����±���� \ GZpbhgZevghf Z]_glkl\_ Zddj_^blZpbb \

MdjZbg_ \ khhl\_lkl\bb k lj_[h\Zgb_f AZdhgZ MdjZbgu ©H[ Zddj_^blZpbb hj]Zgh\ ih^l\_j`^_gby khhl\_lkl\byª

�� �������� hl ���������� ]���

7KH SDSHU JLYHV D UHYLHZ RI WKH PDLQ IDFWRUV LQIOXHQFLQJ PHWDO VWUXFWXUH OLIH� 7KH PDLQ DVSHFWV RI ZHOGHG MRLQW IDWLJXH OLIH

DW DOWHUQDWLQJ ORDGV DUH GHVFULEHG� $ JHQHUDO EORFN GLDJUDP LV SURYLGHG� ZKLFK VKRZV WKH TXHVWLRQV WR VROYH WKH SUREOHPV

RI GHWHUPLQDWLRQ RI UHVLGXDO OLIH RI VWHHO VWUXFWXUHV� ,W LV VWDWHG WKDW WHFKQLFDO GLDJQRVWLFV RI PHWDO VWUXFWXUHV FDQ EH SHUIRUPHG
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m ÓËº¹¯Ë�ËãËÓÓº°�	 ¯ËÏ�ã	�È�È ÒÏäË¯ËÓÒ«� �º

ÎËãÈ�Ëã	Óº ¹ºã��Ò�	 �º¹ºãÓÒ�Ëã	Ó©Ë �ÈÓÓ©Ë

�ã« ËË ­ºãËË ¹ºãÓº�º º�ËÓÒmÈÓÒ«�

j°²º�« ÒÏ �ËÓ�¯Èã	Óº® �¯ÈÓÒ�Óº® �Ëº¯Ëä© �Ë�

º¯ÒÒ mË¯º«�Óº°�Ò� äºÎÓº °�ËãÈ�	 �º¹��ËÓÒË º

�ºä� ��º ¯È°¹¯Ë�ËãËÓÒË ¹¯Ò­ãÒÏÒ�Ëã	Óº Óº¯äÈã	�

ÓºË� { °ã��ÈË Óº¯äÈã	Óº�º ¯È°¹¯Ë�ËãËÓÒ« ÒÓ�

�Ë¯mÈã PT ± �σ�T� ¹º}¯©mÈË� ¹¯Ò­ãÒÏÒ�Ëã	Óº

����� � ¯È°¹¯Ë�ËãËÓÒ«� { ª�ºä °ã��ÈË äºÎÓº °�Ò�

�È�	

8
�(T) = (D+

Ü D
Ü)

��
� ���

|�ÓÈ}º� Ë°ãÒ �mË¯ËÓÓº°�Ò m Óº¯äÈã	Óº°�Ò ¯È°�

¹¯Ë�ËãËÓÒ« ÓË�� �º �äË°�Óº ¹¯ÒÓ«�	 }ºä¹¯ºäÒ°°

äËÎ�� ¯ÈmÓºäË¯Ó©ä Ò Óº¯äÈã	Ó©ä ¯È°¹¯Ë�ËãËÓÒËä�

�º¹�°}È
�ÒË� ÓÈ¹¯ÒäË¯� ¯È°¹¯Ë�ËãËÓÒË vÒä¹°ºÓÈ

��¯Ë��ºã	ÓºË�� �º��È

8
�(T) = (D+

Ü D
Ü)

��
� ���

p°ãÒ äË�º� ÒÏäË¯ËÓÒ« �º°�È�º�Óº ÒÏ��ËÓ� �º

�ã« ÓË�º äºÎË� ­©�	 ÒÏmË°�ÓÈ }ºä­ÒÓÒ¯ºmÈÓÓÈ«

º�ËÓ}È �Ò°¹Ë¯°ÒÒ 6S
�
� { °ã��ÈË� }º��È m ¯ËÏ�ã	�È�Ë

ÒÏäË¯ËÓÒ® ¹¯ÒÓÒäÈ
� °¯Ë�ÓËË ÒÏ ¯ËÏ�ã	�È�ºm ÓÈ­�

ã
�ËÓÒ®� °�ÈÓ�È¯�ÓÈ« ÓËº¹¯Ë�ËãËÓÓº°�	 ­��Ë��

8 = 6S ⁄ √Q� ����

cÒ°� �� kã�º¯Ò�ä ¹¯ÒÓ«�Ò« ¯Ë�ËÓÒ« ¹¯Ò º�ËÓ}Ë º°�È�º�Óº�º ¯Ë°�¯°È °mÈ¯Óº® }ºÓ°�¯�}�ÒÒ >��@
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{ÈÎÓº ÓÈ®�Ò ¹º�²º� } ¯Ë�ËÓÒ
 °ãºÎÒm�Ë®°«

¹¯º­ãËä©� ­ãÈ�º�È¯« }º�º¯ºä� äºÎÓº ¹¯ºmË°�Ò

º­ÓºmãËÓÒË °�È¯º�º ¹È¯}È äË�Èããº}ºÓ°�¯�}�ÒÒ�

�È} }È} ÓÈ�Ë �º°��È¯°�mº ÓË m °º°�º«ÓÒÒ ¹ºãÓº°�	


ÏÈäËÓÒ�	 °�È¯©® ¹È¯} äË�Èããº}ºÓ°�¯�}�ÒÒ ÓÈ Óº�

m©®� �º ¯Ë}ºäËÓ��Ë�°«� m °ºº�mË�°�mÒÒ ° �}ÈÏÈÓÓº®

°�¯�}��¯Óº® °²Ëäº® ¹¯º�ÓºÏÒ¯ºmÈÓÒ« º°�È�º�Óº�º

¯Ë°�¯°È }ºÓ°�¯�}�ÒÒ �¯Ò°� �� ��� º¹¯Ë�ËãÒ�	� }È}ÒË

}ºÓ°�¯�}�ÒÒ m ÈmÈ¯Ò®Óºä �¹¯Ë�Ëã	Óºä� °º°�º«ÓÒÒ�

È }È}ÒË m ¯È­º�Ëä >��@�

kmÈ¯Ò®Ó©Ë äË�Èããº}ºÓ°�¯�}�ÒÒ ÓËº­²º�Òäº

ãÒ­º º�¯ËäºÓ�Ò¯ºmÈ�	 ãÒ­º ÏÈäËÓÒ�	� j°�Ë¯¹Èm�

�ÒË °mº® ¯Ë°�¯° }ºÓ°�¯�}�ÒÒ� Óº m ¯È­º�Ëä °º°�

�º«ÓÒÒ� äºÎÓº ª}°¹ã�È�Ò¯ºmÈ�	 ¹¯Ò °ºº�mË�°�mÒÒ

Ò² �¯Ë­ºmÈÓÒ«ä si ° ¹Ë¯Òº�Ò�Ë°}ÒäÒ ¹¯ºmË¯}ÈäÒ

�äºÓÒ�º¯ÒÓ�ºä� Ò ¹¯º�ãËÓÒËä ¯Ë°�¯°È� ÓÈ¹¯ÒäË¯

° ¹¯ÒäËÓËÓÒËä �ã« ¹ºm©�ËÓÒ« }È�Ë°�mÈ� ÓÈ�ËÎ�

Óº°�Ò Ò �ºã�ºmË�Óº°�Ò äË�Èããº}ºÓ°�¯�}�Ò® mºÏ�

�Ë®°�mÒ« äË�º�È �ã	�¯ÈÏm�}ºmº® ��È¯Óº® º­¯È­º��

}Ò >��@�

iº°�ºmË¯Ó�
 º�ËÓ}� º°�È�º�Óº�º ¯Ë°�¯°È äº���

º­Ë°¹Ë�Ò�	 �ºã	}º Ò°¹©�È�Ëã	Ó©Ë ãÈ­º¯È�º¯ÒÒ� È}�

}¯Ë�Ò�ºmÈÓÓ©Ë ÓÈ �Ë²ÓÒ�Ë°}�
 }ºä¹Ë�ËÓ�Óº°�	 m

°ºº�mË�°�mÒÒ ° �¯Ë­ºmÈÓÒ«äÒ iv�� ,62�,(&

�����Ü�����

�� �º­ÈÓºm �� l�� lÈ²ÓËÓ}º {� j�� �¯�Á«}ºm {� j� cÈÏmÒ�
�ÒË ¯È°�Ë�Ó©² Ò �Ë²Óºãº�Ò�Ë°}Ò² äË�º�ºm ¹ºm©�ËÓÒ«
¹¯º�Óº°�Ò� �ºã�ºmË�Óº°�Ò Ò �º�Óº°�Ò ÒÏ�º�ºmãËÓÒ« °mÈ¯�
Ó©² }ºÓ°�¯�}�Ò® �� v­� �¯� äËÎ�� }ºÓÁ� ½vmÈ¯}È Ò ¯º��
°�mËÓÓ©Ë �Ë²Óºãº�ÒÒ Û m tt, mË}� �Óº«­¯	 ���� ��� zÒ�
Ëm�� Û v� ���Ü����

�� rËÏã
�	}º �� Ð� w}°¹ã�È�È�ÒºÓÓ©® }ºÓ�¯ºã	 �°�Èãº°�Óº�
�º °º°�º«ÓÒ« Ò ¯Ë°�¯°È äË�Èããº¹¯º��}�ÒÒ ÓË¯ÈÏ¯��È
�
�Òä äÈ�ÓÒ�Ó©ä �}ºª¯�Ò�ÒäË�¯Ò�Ë°}Òä� äË�º�ºä ��
�Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓÈ¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û
¢ �� Û v� ��Ü���

�� vmÈ¯Ó©Ë °�¯ºÒ�Ëã	Ó©Ë }ºÓ°�¯�}�ÒÒ� �� �� |°Óºm© ¹¯ºË}�
�Ò¯ºmÈÓÒ« }ºÓ°�¯�}�Ò® � �� l� �º­ÈÓºm� {� j� lÈ²ÓËÓ�
}º� {� j� �¯�Á«}ºm Ò �¯� Û zÒËm� ����� Û ��� °�

�� w}°¹Ë¯ÒäËÓ�Èã	Ó©Ë äË�º�© Ò°°ãË�ºmÈÓÒ« �ËÁº¯äÈ�Ò® Ò
ÓÈ¹¯«ÎËÓÒ® � v¹¯Èm� ¹º°º­ÒË� Û zÒËm� sÈ�}� ��ä}È�
����� Û ��� °�

�� �º¯�È�ÒmÓ©® ¯ËÓ��ËÓºm°}Ò® º¹¯Ë�ËãÒ�Ëã	 ÓÈ¹¯«ÎËÓÒ®
�c|s Ò äË�º�Ò}Ò �ã« ÒÏäËÓËÓÒ« äÈ}¯ºÓÈ¹¯«ÎËÓÒ® m äË�
�ÈããË ªÓË¯�ºº­º¯��ºmÈÓÒ« � �� �� rºã	�È}ºm Ò �¯� ��

lÈ�� ,,, {°Ë°º
Ï� °Òä¹ºÏ� ½�Ë²Óºãº�Ò�Ë°}ÒË º°�È�º�Ó©Ë
ÓÈ¹¯«ÎËÓÒ«�� Û l�� ����� Û v� ��Ü���

�� rÒ¯�Ë¯ j� k�� zºÏãºm l� �� |°�È�º�Ó©Ë ÓÈ¹¯«ÎËÓÒ«�
¹¯º­ãËä© Ò ¹Ë¯°¹Ë}�Òm© �� �º ÎË� Û l�� ����� Û
v� ��Ü���

�� {ËÓ�¯ÒÓºmÒ� {� ��� ¡�}Ë¯äÈÓ {� ��� r�°	}º {� s� lÈ�ÓÒ�
�º��äºmº® äË�º� Ò È¹¹È¯È��¯È ÒÏäËÓËÓÒ« ÓÈ¹¯«ÎËÓÒ® m
ÁË¯¯ºäÈ�ÓÒ�Ó©² äÈ�Ë¯ÒÈãÈ² �� �º ÎË� Û l�� ����� Û
v� ���Ü����

�� i�­ºm k� k�� t¯ºä�ËÓ}º n� k� c�}ºmº�«�Ò® �º}�äËÓ� �
sË¯ÈÏ¯��È
�Ò® äÈ�ÓÒ�Ó©® äË�º� �ÒÈ�Óº°�Ò¯ºmÈÓÒ« °mÈ¯�
Ó©² °ºË�ÒÓËÓÒ® �¯�­ºm©² °Ò°�Ëä� }º�ãºm Ò �¯�­º¹¯ºmº�ºm
ªÓË¯�Ë�Ò�Ë°}Ò² �°�ÈÓºmº}� ci� ���������Ü��� Û l�� v�|
½|c�cwv�� �����

�� iÒÈ�Óº°�Ò}È Ò ¹¯º�ÓºÏÒ¯ºmÈÓÒË º°�È�º�Óº�º ¯Ë°�¯°È
°�Èã	Ó©² }ºÓ°�¯�}�Ò® ¹º°ãË �ãÒ�Ëã	Óº® ª}°¹ã�È�È�ÒÒ �
{� j� ~È�¯Ë­Ëã	Ó©®� k� k� i�­ºm� k� {� lºÏ�ºmº®� k� s�
c��È}ºm �� lÈ�Ë¯� ,9 sÈ�ÒºÓ� ÓÈ�����Ë²Ó� }ºÓÁ� ½sË�
¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	 Ò �Ë²ÓÒ�Ë°}È« �ÒÈ�Óº°�Ò}È�� Û
zÒËm� ��Ü�� äÈ« ����� Û v� ���Ü����

��� rºÓ�È¯ËÓ}º �� z�� zºmÈã	��} |� {� ~È­ËÏ¹Ë�ËÓÓ« «}º°��
¹¯º��}���� ¹¯º�Ë°�m� ¹º°ã�� ÏmÈ¯
mÈã	Óº�º �È °¹º¯��ÓËÓÒ²
mÒ¯º­ÓÒ��m� Û {Ò¹� �� Û ����mË¯�ÎËÓÓ« }ºä¹Ë�ËÓ�Óº°��
mÒ¹¯º­�mÈã	Óº� ãÈ­º¯È�º¯�� �ã«²ºä �� È}¯Ë�Ò�È��� ÓÈ
m��¹ºm��Ó�°�	 mÒäº�Èä °�ÈÓ�È¯�� iv�� ,62�,(& �����Ü
����� Û zÒ�m� ����� Û �� °�

��� sºmÒ}ºm {� l�� zº�
­È k� l� |°ÓºmÒ ¯ºÏ¯º­}Ò °Ò°�ËäÒ
«}º°�� �È mÒäº�Ò �º }ºä¹Ë�ËÓ�Óº°�� ãÈ­º¯È�º¯�® �
m��¹ºm��Óº°�� �º ,62�,(& ������ |­¯º­}È ¯ËÏ�ã	�È��m
mÒä�¯
mÈÓÓ« �È ÓËmÒÏÓÈ�ËÓÓº°�� mÒä�¯
mÈÓ	 �� |°ÓºmÒ
äË�¯ºãº��� �È äË�¯ºãº���ÓÈ ��«ã	Ó�°�	�  � �� Û zÒ�m� �����
Û v� ����

��� {ºã�ËÓ}º i� j� �ºm©�ËÓÒË }È�Ë°�mÈ� ÓÈ�ËÎÓº°�Ò Ò �ºã�º�
mË�Óº°�Ò äË�Èããº}ºÓ°�¯�}�Ò® äË�º�ºä �ã	�¯ÈÏm�}ºmº®
��È¯Óº® º­¯È­º�}Ò �� vmÈ¯�Ò}� Û ����� Û lÈ®ÜÒ
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Û v� ��Ü���

��� rºÓ�È¯ËÓ}º �� z�� zºmÈã	��} |� {�� rºÓ�È¯ËÓ}º k� ��
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 �È �Ë²Ó��Óº� ��È�Óº°�Ò}Ò Û �ºãºmÓÈ
¹¯º­ãËäÈ �¹¯Èmã�ÓÓ« «}�°�
 ¹¯Ò mÒ�º�ºmãËÓÓ�� Ë}°¹ã�È�
�È��� �È ¯ËäºÓ�� ÏmÈ¯ÓÒ² }ºÓ°�¯�}��® �� �Ë²Ó� �ÒÈ�Óº°�Ò�
}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û ¢ �� Û v� ��Ü���

��� �º­ÈÓºm �� l�� rºÓ�È¯ËÓ}º �� z�� rºÓ�È¯ËÓ}º k� ��
|�ËÓ}È °mÈ¯Ó©² °ºË�ÒÓËÓÒ® }ºÓ°�¯�}�Ò® äÈ�ÓÒ�Ó©ä �}º�
ª¯�ÒäË�¯Ò�Ë°}Òä� äË�º�ºä �ã« ¹¯º�ÓºÏÒ¯ºmÈÓÒ« ÒÓ�ÒmÒ�
��Èã	Óº�º º°�È�º�Óº�º ¯Ë°�¯°È �� �Èä ÎË� Û ����� Û
¢ �� Û v� �Ü��

��� �¯º­ãËä© º¹¯Ë�ËãËÓÒ« ¯Ë°�¯°È °mÈ¯Ó©² }ºÓ°�¯�}�Ò® �
�� z� rºÓ�È¯ËÓ}º� Ð� l� n�¯äÈÓ� k� �� rºÓ�È¯ËÓ}º� |�
{� zºmÈã	��} �� lÈ�� lËÎ��ÓÈ¯º�Óº® }ºÓÁË¯ËÓ�ÒÒ
½vºm¯ËäËÓÓ©Ë äË�º�© Ò °¯Ë�°�mÈ ÓË¯ÈÏ¯��È
�Ë�º }ºÓ��
¯ºã« Ò �Ë²ÓÒ�Ë°}º® �ÒÈ�Óº°�Ò}Ò�� Û ����� Û �� Ðã�È� Û
v� ����

��� rºÓ�È¯ËÓ}º �� z�� n�¯äÈÓ Ð� l� �¯º­ãËäÒ mÒÏÓÈ�ËÓÓ«
¹º²Ò­}Ò mÒä�¯
mÈÓÓ« m mÒ¹¯º­�mÈã	Ó�® ãÈ­º¯È�º¯�� ��
�Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û
¢ �� Û v� ��Ü���

Bg�l we_dljhk\Zjdb bf ?� H� IZlhgZ G:G MdjZbgu�

Db_\

IhklmibeZ \ j_^Zdpbx
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�� k� rj��v� �� r� v�cp�z|{

>ebl_evgZy wdkiemZlZpby h[hjm^h\Zgby b ljm[hijh\h^h\ Zlhfguo wg_j]_lbq_kdbo klZgpbc ijb\h^bl d m\_ebq_gbx

jZ^bZpbhgghc aZ]jyag_gghklb h[hjm^h\Zgby b khhl\_lkl\_ggh m\_ebq_gbx ^ha� ihemqZ_fuo i_jkhgZehf ijb ijh\_�

^_gbb j_]eZf_glguo jZ[hl ih dhgljhex khklhygby f_lZeeZ b k\Zjguo kh_^bg_gbc� H^gbf ba kihkh[h\� iha\heyxsbf

mf_gvrblv \j_fy gZ ijh\_^_gb_ dhgljhey ijb \ukhdhc ^hklh\_jghklb� fh`_l kem`blv dhf[bgbjh\Zggh_ bkihev�

ah\Zgb_ f_lh^Z Zdmklbq_kdhc wfbkkbb �:W� k ihke_^mxsbf dhgljhe_f \uy\e_gguo ahg ljZ^bpbhggufb f_lh^Zfb

g_jZajmrZxs_]h dhgljhey� H^gZdh ^ey jZajZ[hldb f_lh^bdb dhgljhey ^_n_dlghklb k\Zjguo kh_^bg_gbc f_lh^hf

Zdmklbq_kdhc wfbkkbb g_h[oh^bfh ijh\_klb jy^ bkke_^h\Zgbc� hij_^_e_gb_ :W k\hckl\ fZl_jbZeh\ we_f_glh\ h[h�

jm^h\Zgby dhglmjZ fgh]hdjZlghc ijbgm^bl_evghc pbjdmeypbb� hkh[_gghkl_c :W k\hckl\ k\Zjguo r\h\� dhgkljmdpbc

b l� i�

/RQJ�WHUP RSHUDWLRQ RI HTXLSPHQW DQG SLSLQJ RI QXFOHDU SRZHU VWDWLRQV OHDGV WR D KLJKHU OHYHO RI FRQWDPLQDWLRQ RI WKH

HTXLSPHQW DQG DFFRUGLQJO\� JUHDWHU H[SRVXUH RI WKH SHUVRQQHO GXULQJ SHUIRUPDQFH RI VFKHGXOHG FRQWURO RI WKH FRQGLWLRQ

RI PHWDO DQG ZHOGHG MRLQWV� 2QH RI WKH SURFHVVHV DOORZLQJ UHGXFWLRQ RI WKH FRQWURO WLPH DW D KLJK YDOLGLW\� FDQ EH D

FRPELQHG DSSOLFDWLRQ RI WKH DFRXVWLF HPLVVLRQ PHWKRG �$(� ZLWK VXEVHTXHQW FRQWURO RI WKH GHWHFWHG ]RQHV E\ WUDGLWLRQDO
1'7 PHWKRGV� +RZHYHU� GHYHORSPHQW RI D SURFHGXUH WR FRQWURO WKH GHIHFW OHYHO LQ ZHOGHG MRLQWV E\ DFRXVWLF HPLVVLRQ

PHWKRG UHTXLUHV FRQGXFWLQJ VHYHUDO VWXGLHV� QDPHO\ GHWHUPLQDWLRQ RI $( SURSHUWLHV RI PDWHULDOV RI HTXLSPHQW FRPSRQHQWV

LQ WKH PXOWLSOH IRUFHG FLUFXODWLRQ FLUFXLW� )HDWXUHV RI $5( RI ZHOGV� VWUXFWXUH� HWF�

|°ÓºmÓÈ« ÏÈ�È�È ¯È­º�© Û �°�ÈÓºmãËÓÒË °m«ÏÒ

äËÎ�� ¯ÈÏäË¯ÈäÒ ¯ÈÏmÒmÈ
�Ë�º°« �ËÁË}�È Ò ¹È¯È�

äË�¯ÈäÒ °Ò�ÓÈãºm kw�

j°°ãË�ºmÈÓÒ« ¹¯ºmº�ÒãÒ ÓÈ º­¯ÈÏ�È²� ÒÏ�º�ºm�

ãËÓÓ©² ÒÏ °�ÈãÒ ��z ° ¹ãÈ}Ò¯ºm}º® ÒÏ °�ÈãÒ

��t��s���� |­¯ÈÏ�© �ËÁº¯äÒ¯ºmÈãÒ º�Óºº°Ó©ä

°�È�Ò�Ë°}Òä ¯È°�«ÎËÓÒËä ÓÈ Ò°¹©�È�Ëã	Óº® äÈ�

�ÒÓË ÒmÈÓºm°}º�º ÏÈmº�È |k| ½�º�¹¯Ò­º¯�

jc�������� �¯Ò°� ��� iã« Ò°}ã
�ËÓÒ« ¹Ë¯Ë}º°ºm

º­¯ÈÏ�È ¹¯Ò ÓÈ�¯�ÎËÓÒÒ mË¯²ÓÒ® ÏÈ²mÈ� ­©ã �°�

�ÈÓºmãËÓ m }º¯¹�°Ë ÓÈ�¯�ÎÈ
�Ë�º �°�¯º®°�mÈ ÓÈ

°ÁË¯Ò�Ë°}Ò® °Èäº�°�ÈÓÈmãÒmÈ
�Ò®°« ¹º��Ò¹ÓÒ}�

|�°��°�mÒË �¯ËÓÒ« m �È¯ÓÒ¯È² Ò ¹¯º°}Èã	Ï©mÈÓÒ«

º­¯ÈÏ�È m ÏÈ²mÈ�È² ¹¯ºmË¯«ãº°	 ª}°¹Ë¯ÒäËÓ�Èã	Óº�

vÒ�ÓÈã© È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ º�Óºm¯ËäËÓÓº

° ¯È°�«ÎËÓÒËä ¯Ë�Ò°�¯Ò¯ºmÈãÒ°	 È}�°�Ò}º�ªäÒ°�

°ÒºÓÓº® °Ò°�Ëäº® $�/LQH ��' ÁÒ¯ä© ||| ½jÓ�

�Ë¯
ÓÒ°� �¯Ò°��� >�@� { }È�Ë°�mË �È��Ò}ºm ­©ãÒ

Ò°¹ºã	ÏºmÈÓ© ¹ºãº°ºm©Ë �È��Ò}Ò *7����� iã« Ò°�

}ã
�ËÓÒ« °Ò�ÓÈãºm kw º� ��È°�}ºm ÏÈ²mÈ�ºm Ò²

¹¯Ë�mÈ¯Ò�Ëã	Óº º¹¯Ë°°ºm©mÈãÒ� {º m¯Ëä« ª}°¹Ë¯Ò�

äËÓ�È º°��Ë°�mã«ãÈ°	 ÏÈ¹Ò°	 m°Ë² ¹È¯ÈäË�¯ºm kw�

{ ¹¯º�Ë°°Ë ª}°¹Ë¯ÒäËÓ�È Ò°¹ºã	ÏºmÈãÒ°	 �mÈ

}ÈÓÈãÈ kw °Ò°�Ëä© $�/LQH ��'� �¯ºmËÓ	 �Ò°}�

¯ÒäÒÓÈ�ÒÒ ¹º }ÈÓÈãÈä °º°�Èmã«ã �� �r� iã« mÒ�Ëº

ÓÈ­ã
�ËÓÒ« ÏÈ ¹¯º�Ë°°ºä �ËÁº¯äÒ¯ºmÈÓÒ« º­¯ÈÏ�È

Ò°¹ºã	ÏºmÈãÈ°	 �ÒÁ¯ºmÈ« mÒ�Ëº}ÈäË¯È 621<� iã«

ª}°¹Ë¯ÒäËÓ�È ­©ãÒ ÒÏ�º�ºmãËÓ© º­¯ÈÏ�© ÒÏ °�ÈãÒ

��z� �¯Ò ¹¯ºmË�ËÓÒÒ ª}°¹Ë¯ÒäËÓ�ºm Ò°¹ºã	ÏºmÈ�

ãÒ°	 º­¯ÈÏ�© ° ¯ÈÏãÒ�Ó©äÒ °Ë�ËÓÒ«äÒ �¯Ò°� ���

iã« ÓÈ­ã
�ËÓÒ« ÏÈ ¯ÈÏmÒ�ÒËä ¹ºm¯ËÎ�ËÓÒ« m

º­¯ÈÏ�Ë m©¹ºãÓ«ã°« ÓÈ�¯ËÏ ¹¯Ò ¹ºäº�Ò ªãË}�¯º�

ª¯ºÏÒºÓÓº�º °�ÈÓ}È� bÒ¯ÒÓÈ ÓÈ�¯ËÏÈ ���� ää� �ã��

­ÒÓÈ Û ÓÈ � ää ­ºã	�Ë �ºã�ÒÓ© ¹ãÈ}Ò¯ºmÈÓÓº�º

°ãº«�

� =� :� ;b]mk� I� ;� Klj_edh\� ����

cÒ°� �� j°¹©�È�Ëã	ÓÈ« äÈ�ÒÓÈ jc�������� cÒ°� �� k}�°�Ò}º�ªäÒ°°ÒºÓÓÈ« °Ò°�ËäÈ $�/LQH ��'

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



�º°ãË �°�ÈÓºm}Ò º­¯ÈÏ�ºm m ÏÈ²mÈ�© ¯ÈÏ¯©mÓº®
äÈ�ÒÓ© Ò Ò² ¹¯Ë�mÈ¯Ò�Ëã	Óº® º¹¯Ë°°ºm}Ò ¹¯ºmº�
�ÒãÈ°	 °�Ëä}È ��È°�}È ÓÈ�¯ËÏÈ �ÒÁ¯ºmº® }ÈäË¯º®
621<� �¯Ò ª�ºä °ÒÓ²¯ºÓÒÏÒ¯ºmÈãÒ°	 m¯ËäËÓÈ kw
ÒÏäË¯ËÓÒ® Ò ¹ºã��ËÓÒ« �ËãËÒÏº­¯ÈÎËÓÒ« �ËÁº¯äÒ�
¯�Ëäº�º ��È°�}È m ¯È®ºÓË º}ºÓ�ÈÓÒ« ÓÈ�¯ËÏÈ� iÈ��Ò}Ò
kw �°�ÈÓÈmãÒmÈãÒ°	 ÓÈ ¯È°°�º«ÓÒÒ �� ää º� ÓÈ�¯ËÏÈ�
cÈ­º�È« �È°�	 º­¯ÈÏ�È °º°�Èmã«ãÈ ��� ää�

|­¯ÈÏË� ¹º� �Ë®°�mÒËä }mÈÏÒ°�È�Ò�Ë°}º® ÓÈ�¯�Ï}Ò

ÓÈ�¯�ÎÈã°« �º �¯ºmÓ« ÓÈ¹¯«ÎËÓÒ® σ� ¯ÈmÓ©² ¹¯Ë�Ëã�
�¹¯��º°�Ò� v}º¯º°�	 �ËÁº¯äÈ�ÒÒ ε a��Ü� °äÜ�� { ÏºÓË
�¹¯º�ÓËÓÒ« °}º¯º°�	 �ËÁº¯äÈ�ÒÒ º¹¯Ë�Ëã«ãÈ°	
°mº®°�mÈäÒ äÈ�Ë¯ÒÈãÈ�

�¯Ë�mÈ¯Ò�Ëã	Óº ¹¯ºmË�ËÓ© °Ë¯ÒÒ È}�°�Ò}º�
ªäÒ°°ÒºÓÓ©² �Ë°�ºm ° �Ëã	
 º¹¯Ë�ËãËÓÒ« ¹È¯È�
äË�¯ºm È}�°�Ò�Ë°}Ò² ��äºm� ¯È­º�È
�Ë® Ò ÓË¯È�
­º�È
�Ë® ¯ÈÏ¯©mÓº® äÈ�ÒÓº®� r©ãº �°�ÈÓºmãËÓº�
��º È}�°�Ò�Ë°}ÒË ��ä© ¯ÈÏ¯©mÓº® äÈ�ÒÓ© ÓË ¹¯Ë�
m©�È
� �� �r� ~È�Ëä ¹¯ºmº�ÒãÈ°	 }ÈãÒ­¯ºm}È �È��
�Ò}ºm Ò ÓÈ°�¯º®}È kw °Ò°�Ëä© ° ¹ºäº�	
 ÒäÒ�
�È�º¯È kw �¯Ë�ÒÓ© ¹��Ëä °ãºäÈ �¯ÒÁËã« }È¯ÈÓ�
�È�È >�@�

sÈ ¯Ò°� � ¹¯ÒmË�ËÓ ¯ËÏ�ã	�È� �Ë°�È º� °ãºäÈ
�¯ÒÁËã« m ¯È®ºÓË ÓÈ�¯ËÏÈ� ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©®
�È��Ò}ÈäÒ � Ò � }ÈÓÈãÈ�

{ �ÈÓÓºä °ã��ÈË } °Ò�ÓÈãÈä º� ÒäÒ�È�º¯ºm
º�Óº°«�°« �mÈ °º­©�Ò« ° Èä¹ãÒ���ÈäÒ �� Ò �� �r
�¯Ò°� ��� |­È ª�Ò °º­©�Ò« ­©ãÒ ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓ©
�m�ä« }ÈÓÈãÈäÒ º�Óºm¯ËäËÓÓº�

cÈÏãÒ�Ò« ¹º Èä¹ãÒ���Ë ±� �r m©ÏmÈÓ© ¯ÈÏÓº®
��m°�mÒ�Ëã	Óº°�	
 ¹º }ÈÓÈãÈä� zÈãÒ­¯ºm}È ¹¯Ò�
­º¯È ¹ºÏmºã«ãÈ ¹º�º­¯È�	 �È��Ò}Ò kw ° ­ãÒÏ}ÒäÒ
k t Ò È­°ºã
�Óº® ��m°�mÒ�Ëã	Óº°�	
� �È}Òä º­�
¯ÈÏºä ­©ãÒ ¹º�º­¯ÈÓ© Ò�ËÓ�Ò�Ó©Ë ¹º ��m°�mÒ�
�Ëã	Óº°�Ò � }ÈÓÈãÈ kw °Ò°�Ëä©�

{ ¹¯º�Ë°°Ë ÓÈ�¯�ÎËÓÒ« º­¯ÈÏ�È �ãÈ ÏÈ¹Ò°	
m°Ë² ¹È¯ÈäË�¯ºm kw °Ò�ÓÈãºm� ¯Ë�Ò°�¯Ò¯�Ëä©² °Ò°�
�Ëäº® $�/LQH ��'� ~È¹Ò°	 ¹¯ºmº�ÒãÈ°	 ­ËÏ }È�
}Ò²�ãÒ­º ÁÒã	�¯ºm Ò ÒÏäËÓËÓÒ® m ¹¯º�Ë°°Ë ÓÈ��
¯�ÎËÓÒ« º­¯ÈÏ�È ��� Ë� m°Ë ÏÓÈ�ËÓÒ« ¹º¯º�ºm� �°Ò�
ãËÓÒ® Ò �� �� º°�ÈmÈãÒ°	 ÓÈ º�Óºä Ò �ºä ÎË �¯ºmÓË

m �Ë�ËÓÒË m°Ë�º ª}°¹Ë¯ÒäËÓ�È� ° º�Óºm¯ËäËÓÓº®
mÒ�ËºÏÈ¹Ò°	
 ¯È°�«ÎËÓÒ« º­¯ÈÏ�È ° ¹ºäº�	
 �ÒÁ�
¯ºmº® mÒ�Ëº}ÈäË¯© 621<�

�ºã��ËÓÓ©Ë kw �ÈÓÓ©Ë ÓË ¹ºÏmºã«ãÒ º�ËÓÒ�	
mÏÈÒäº°m«Ï	 äËÎ�� °Ò�ÓÈãºä kw Ò ¹º�¯È°�ÈÓÒËä
�¯ÈÏmÒ�ÒËä� �ËÁË}�È ��¯Ë�ÒÓ©� �¯Ò°� ���

zºãÒ�Ë°�mº °º­©�Ò®� ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©² kw
°Ò°�Ëäº®� }È} ¹¯ÈmÒãº� ¹¯Ëm©�Èãº ��� �©°«�� |­�
¯È­º�}È �È}º�º äÈ°°ÒmÈ ­ËÏ ÁÒã	�¯ºm �¯Ë­�Ë� ÏÓÈ�
�Ò�Ëã	Ó©² º­�Ëäºm ¯È°�Ë�ºm� ¹ºª�ºä� ¹º º}ºÓ�È�
ÓÒ
 ª}°¹Ë¯ÒäËÓ�È �°­º¯È �ÈÓÓ©²� ¹¯ºmº�ÒãÒ ÓË�
º­²º�Òä�
 ÁÒã	�¯È�Ò
�

nÒã	�¯È�Ò« �ÈÓÓ©² kw ¹¯ºmº�ÒãÈ°	 ¹º °ãË�
��
�Òä ¹È¯ÈäË�¯Èä�

ªÓË¯�Ò« °Ò�ÓÈãºm kw ≥ ��Ü�� iÎ �Ï�Ë°	 Ò �ÈãËË
¹º� ÏÓÈ�ËÓÒËä ªÓË¯�ÒÒ ¹ºÓÒäÈË�°« ÏÓÈ�ËÓÒË� º¹�
¯Ë�ËãËÓÓºË kw °Ò°�Ëäº®� �� Ë� ºÓº äºÎË� º�ãÒ�È�	°«
º� ¯ËÈã	Óº�º��

Èä¹ãÒ���È °Ò�ÓÈãÈ kw ≥ �� �r�
°ÒÓ²¯ºÓÒÏÈ�Ò« ¹º m¯ËäËÓÒ °Ò�ÓÈãÈ� ¹ºã��ËÓ�

Óº�º �m�ä« ¯ÈÏãÒ�Ó©äÒ }ÈÓÈãÈäÒ�
�¯ÒÓÒäÈãº°	� ��º °Ò�ÓÈã©� ¹¯Ò�Ë��ÒË ÓÈ �mÈ

¯ÈÏÓ©² }ÈÓÈãÈ� �ºãÎÓ© º�ãÒ�È�	°« ÓË ­ºãËË� �Ëä
ÓÈ � ä}°�

iÈÓÓ©Ë� º­¯È­º�ÈÓÓ©Ë ° ¹ºäº�	
 �È}º® ÁÒã	�
�¯È�ÒÒ� ¹¯ÒmË�ËÓ© ÓÈ ¯Ò°� �� �º}ÈÏÈÓÈ �ÒÈ�¯ÈääÈ
ªÓË¯�ÒÒ °Ò�ÓÈãºm kw� ÓÈãºÎËÓÓÈ« ÓÈ �¯ÈÁÒ} ÓÈ��
¯�ÎËÓÒ«� {©�ËãËÓÓ©Ë º­ãÈ°�Ò k Ò { ²È¯È}�Ë¯Ó©
�ã« ­ºã	�Ò² ªÓË¯�Ò®� iã« ª�Ò² º­ãÈ°�Ë® ¹º}ÈÏÈÓ©
°�º¹�}È�¯©� m©¯ËÏÈÓÓ©Ë ÒÏ mÒ�Ëº¯«�È�

jÏã��ËÓÒË Ò ¯Ë�Ò°�¯È�Ò« °Ò�ÓÈãºm kw ¹¯ºÒ°�
²º�ÒãÈ m ¯ËÏ�ã	�È�Ë º­¯ÈÏºmÈÓÒ« Ò ¯ÈÏmÒ�Ò« ãº�
}Èã	Ó©² ÏºÓ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ º­¯ÈÏ�È
�¯Ò°� ��� w�º� ¹¯º�Ë°° °º¹¯ºmºÎ�Èã°« ¯Ë�Ò°�¯È�ÒË®

°Ò�ÓÈãºm kw ­ºã	�º® �ãÒ�Ëã	Óº°�Ò �τ ! ���� ä}°�.

cÒ°� �� vÒ�ÓÈã© º� ÒäÒ�È�º¯È kw °Ò�ÓÈãºm
cÒ°� �� kä¹ãÒ���© °Ò�ÓÈãºm kw� ÏÈÁÒ}°Ò¯ºmÈÓÓ©Ë m ¹¯º�Ë°°Ë
ª}°¹Ë¯ÒäËÓ�È

cÒ°� �� |­¯ÈÏË� ÒÏ °�ÈãÒ ��z ° ÓÈ�¯ËÏºä� �� � Û äË°�È �°�ÈÓºm}Ò �È��Ò}ºm
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�¯º�Ë°° º­¯ÈÏºmÈÓÒ« ãº}Èã	Ó©² ÏºÓ ¹ãÈ°�Ò�
�Ë°}º® �ËÁº¯äÈ�ÒÒ º­¯ÈÏ�È ¹¯ºÒ°²º�Òã m �Ë�ËÓÒË
�… � äÒÓ�

sÈ ¯Ò°� �� � ¹º}ÈÏÈÓ© Áº¯äÈ Ò °¹Ë}�¯ �Ò¹Ò�Ó©²
°Ò�ÓÈãºm� }º�º¯©Ë ­©ãÒ ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓ© mº m¯Ë�
ä« ¯ÈÏmÒ�Ò« ÏºÓ© ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ� m©�
�ËãËÓÓº® ÓÈ ¯Ò°� � º­ãÈ°�Ò º­¯ÈÏ�È�

vÒ�ÓÈã� ¹¯Ë�°�ÈmãËÓÓ©® ÓÈ ¯Ò°� �� «mã«Ë�°«
¯ËÈ}�ÒË® ¹	ËÏº�È��Ò}È ÓÈ mºÏ�Ë®°�mÒ« ÓË°}ºã	}Ò²
äË²ÈÓÒ�Ë°}Ò² Òä¹�ã	°ºm� ¹¯Ò�Ë��Ò² } �È��Ò}�
ÒÏ ¯ÈÏãÒ�Ó©² �º�Ë} ãº}Èã	Ó©² ÏºÓ ¹ãÈ°�Ò�Ë°}Ò
�ËÁº¯äÒ¯ºmÈÓÓº�º º­�ËäÈ º­¯ÈÏ�È� �¯Ò �º°�Ò�

ÎËÓÒÒ ¯È°�«�ÒmÈ
�Ò² ÓÈ¹¯«ÎËÓÒ® σ m º­¯ÈÏ�Ë

mËãÒ�ÒÓ© σ
���

Ò ­ºãËË ÓÈ­ã
�ÈË�°« äÈ}°Òä�ä °}º�
¯º°�Ò °�Ë�È 1 ����� Ò ­ºãËË Òä¹�ã	°ºm m °Ë}�Ó����
�º º}ºÓ�ÈÓÒ« �Ë®°�mÒ« ¹Ë¯mº�º Òä¹�ã	°È ÓÈ m²º�
¹	ËÏº�È��Ò}È ¹º°��¹ÈË� Óºm©®� }º�º¯©® ÓÈ}ãÈ�©�
mÈË�°« ÓÈ ¯È�ÒºÒä¹�ã	° ¹Ë¯mº�º� |­¯ÈÏ�Ë�°« ¯È�
�Òº°Ò�ÓÈã� ÓÈ¹ºäÒÓÈ
�Ò® ½­ÒËÓÒ«� ­ºã	�º® �ãÒ�
�Ëã	Óº°�Ò �°ä� ¯Ò°� ��� �¯ºÈÓÈãÒÏÒ¯�Ëä Áº¯ä�
°Ò�ÓÈãºm kw� ¹¯ÒÓÒäÈËä©² �È��Ò}ºä ÓÈ ª�È¹Ë
¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ ãº}Èã	Ó©² ��È°�}ºm�
vm«Ï	 äËÎ�� m²º�Ó©ä Òä¹�ã	°ºä �}È} ¹¯ÈmÒãº
º�Óº¹ºã«¯Ó©ä >�@�� �Ë®°�m�
�Ëä ÓÈ m²º�Ë �È��Ò}È
��W�� Ò m©²º�Ó©ä °Ò�ÓÈãºä ¹	ËÏº¹¯Ëº­¯ÈÏºmÈ�Ëã«
²�W� º¹¯Ë�Ëã«Ë�°« º¹Ë¯È�ÒË® °mË¯�}Ò >�@�

[(W) = ∫
�

τ
8

\(W)J(W Ü τ)Gτ� ���

��Ë J�W Ü τ� Û Òä¹�ã	°ÓÈ« ²È¯È}�Ë¯Ò°�Ò}È ¹	ËÏº¹�

¯Ëº­¯ÈÏºmÈ�Ëã«� τ Û �Ë}��ËË m¯Ëä«� �W Ü τ� Û
°�mÒ� mº m¯ËäËÓÒ�

p°ãÒ �ãÒ�Ëã	Óº°�	 m²º�Óº�º Òä¹�ã	°È äÈãÈ τ
Ò

�¹º¯«�}È � ä}°�� È Òä¹�ã	°ÓÈ« ¹Ë¯Ë²º�ÓÈ« Á�Ó}�Ò«

J�W Ü τ� ÓË ÏÈmÒ°Ò� º� äºäËÓ�È ¹¯Ò²º�È } ¹	ËÏº�

�È��Ò}� äË²ÈÓÒ�Ë°}º�º Òä¹�ã	°È� �� Ë� J�W Ü τ�  

 J�τ�� �º ��� ¹¯ÒäË� mÒ��

[(W) = J(W) ∫
�

τ
8

\(W)Gτ = J(W)6(X)�

��Ë 6(X) = ∫
�

τ
8

\(W)Gτ Û ¹ãº�È�	 Òä¹�ã	°È \�W��

vãË�ºmÈ�Ëã	Óº� mºÏÓÒ}�Ò® ªãË}�¯Ò�Ë°}Ò® °Ò��
ÓÈã ¹	ËÏº�È��Ò}È ¹º°ãË mºÏ�Ë®°�mÒ« ÓÈ ÓË�º äË�
²ÈÓÒ�Ë°}º�º º�Óº¹ºã«¯Óº�º Òä¹�ã	°È� ­��Ë� ­ãÒ�

Ïº} } Òä¹�ã	°Óº® Á�Ó}�ÒÒ J�τ�� È Ë�º Èä¹ãÒ���È
º¹¯Ë�Ëã«Ë�°« ¹ãº�È�	
 m²º�Óº�º Òä¹�ã	°È 6�X��
{ºÏ�Ë®°�mÒË ÓÈ �È��Ò} �©°«� Òä¹�ã	°ºm m °Ë}�Ó��
¹¯Òmº�«� } mºÏÓÒ}ÓºmËÓÒ
 äÓº�º}¯È�Ó©² ÒÏäË�
ÓËÓÒ® ÁÈÏ© m©²º�Óº�º °Ò�ÓÈãÈ Ò } °ºº�mË�°�m��

�Ëä� �Ò¯º}ºä� ÓÒ°¹È�È
�Ëä� �È°�º�Óºä� °¹Ë}�
�¯� ªãË}�¯Ò�Ë°}º�º °Ò�ÓÈãÈ� ¯Ë�Ò°�¯Ò¯�Ëäº�º kw
°Ò°�Ëäº®� }º�º¯©®� ¹Ë¯ËäÓºÎÈ«°	 ° k t �È��Ò}È
�°ä� ¯Ò°� �� ¹¯Òmº�Ò� } mÒ�� �È°�º�Óº�º °¹Ë}�¯È
ÓÈ ¯Ò°� �� vãË�ºmÈ�Ëã	Óº� ÓÈ °�È�ÒÒ ¹ãÈ°�Ò�Ë°}Ò²
�ËÁº¯äÈ�Ò® kw ¹¯º�Ë°° m �È°�º�Óº® º­ãÈ°�Ò ¹ºm�
�º¯«Ë� k t �È��Ò}È�

cÒ°� �� cÈÏmÒ�ÒË ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ

cÒ°� �� iÒÈ�¯ÈääÈ ªÓË¯�ÒÒ Ò ÓÈ�¯�Ï}Ò º­¯ÈÏ�È

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



lÈ}°Òä�ä �È°�º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« ¹¯Ò²º�Ò�°«
ÓÈ �È°�º�� ��� }��� �È}È« Áº¯äÈ kw °Ò�ÓÈãºm Ò
°¹Ë}�¯© �°ä� ¯Ò°� �� ²È¯È}�Ë¯Ó© �ã« ��È°�}È k�

iã« º¹¯Ë�ËãËÓÒ« ¹¯ÒÓÈ�ãËÎÓº°�Ò �m�² ÏÈ¯Ë�
�Ò°�¯Ò¯ºmÈÓÓ©² °Ò�ÓÈãºm ¯ÈÏÓ©äÒ }ÈÓÈãÈäÒ kw
°Ò°�Ëä© º�Óºä� Ò �ºä� ÎË Ò°�º�ÓÒ}� ÒÏã��ËÓÒ«
ÒÏ ÏºÓ© ãº}Èã	Óº® ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ m©�
�Ò°ã«ãÈ°	 Óº¯äÒ¯ºmÈÓÓÈ« }º¯¯Ëã«�ÒºÓÓÈ« Á�Ó}�
�Ò« �m�² °Ò�ÓÈãºm kw [�W� Û ���º �È��Ò}È� \�W�
Û ���º �È��Ò}È� ¹¯º�Ë��Ò² ÁÒã	�¯È�ÒÒ m °ºº��
mË�°�mÒÒ ° Èã�º¯Ò�äºä� º¹Ò°ÈÓÓ©ä m©�Ë�
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�¯ÒÓÈ�ãËÎÓº°�	 �m�² ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©² kw
°Ò�ÓÈãºm [�W� Ò \�W� } º�Óºä� °º­©�Ò
 ²È¯È}�

�Ë¯ÒÏ�Ë�°« °¯Ë�ÓÒä ÏÓÈ�ËÓÒËä ρ
[\
�τ� ¹¯Ò τ  �

�°ä� ¯Ò°� ���� iã« °Ò�ÓÈãºm� º�äË�ËÓÓ©² ÓÈ ¯Ò°� �
ÏºÓº® k� ª�Ò mËãÒ�ÒÓ© ãËÎÈ� m �ÒÈ¹ÈÏºÓË
����… ����� �¯Ò ¹¯ºmË�ËÓÒÒ ¯ËÈã	Óº�º }ºÓ�¯ºã«
º­�Ë}�È kw äË�º�ºä ÏºÓ© ¹ãÈ°�Ò�Ë°}º® �ËÁº¯�
äÈ�ÒÒ �È}ÎË ­���� ²È¯È}�Ë¯ÒÏºmÈ�	°« ãÒ­º ÓÒÏ}Òä�
ãÒ­º °¯Ë�ÓÒä �äËÓËË ����� }ºªÁÁÒ�ÒËÓ�ºä }º¯�

¯Ëã«�ÒÒ ρ
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�τ��

�º«mãËÓÒË �¯Ë�ÒÓ© Ò ËË ¹º�¯È°�ÈÓÒË �¯Ò°� ���
¹¯º²º�Òãº ÓË m äË°�Ë º­¯ÈÏºmÈÓÒ« ãº}Èã	Ó©² ÏºÓ
¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ� È m �ËÓ�¯Ë ÓÈ�¯ËÏÈ �²º�«

ÓÈ �È°�Ò ¯ÈÏ¯��ËÓÓ©² ÈÓÈãº�Ò�Ó©² º­¯ÈÏ�ºm º­�
¯ÈÏºmÈÓÒË �¯Ë�ÒÓ© ¹¯ºÒ°²º�Òãº m ÏºÓË ¹ãÈ°�Ò�
�Ë°}º® �ËÁº¯äÈ�ÒÒ�� lºäËÓ� º­¯ÈÏºmÈÓÒ« �¯Ë�Ò�
Ó© Ò ËË ¹Ë¯mº�º ¹º�¯È°�ÈÓÒ« °º¹¯ºmºÎ�Èã°« ÒÓ�
�ËÓ°ÒmÓº® kw� }º�º¯È« ¹¯Ë}¯È�ÈãÈ°	 ¹º°ãË º°�È�
Óºm}Ò �¯Ë�ÒÓ©� iã« ËË ¹º°ãË��
�Ë�º °�¯È�ÒmÈÓÒ«
ÓËº­²º�Òäº ­©ãº �mËãÒ�ÒmÈ�	 ÓÈ�¯�Ï}� �}¯ÒmÈ«
ÓÈ�¯�ÎËÓÒ« ÏÈ °�Ë� �äËÓ	�ËÓÒ« °Ë�ËÓÒ« º­¯ÈÏ�È
ÒäËãÈ ÓÒ°¹È�È
�Ò® ²È¯È}�Ë¯��

cÈÏ¯��ËÓÒË º­¯ÈÏ�È ¹¯ºÒ°²º�Òãº ÏÈ ��� ¹º��
¯È°�ÈÓÒ« �¯Ë�ÒÓ© ÓÈ �mËãÒ�ÒmÈ
�ÒË°« ÒÓ�Ë¯mÈã©

∆O� ¯ÈmÓ©Ë ÓË°}ºã	}Òä äÒããÒäË�¯Èä� �º�¯È°�ÈÓÒË
�¯Ë�ÒÓ©� ¹º}ÈÏÈÓÓº® ÓÈ ¯Ò°� ��� ¹¯ºÒ°²º�Òãº m
�Ë�ËÓÒË ÓË°}ºã	}Ò² °Ë}�Ó��

�¯Ò º­¯ÈÏºmÈÓÒÒ Ò ¹Ë¯mÒ�Óºä ¹º�¯È°�ÈÓÒÒ �¯Ë�
�ÒÓ© �¯Ò°� �� º­ãÈ°�	 {� ¯Ë�Ò°�¯Ò¯ºmÈãÒ°	 °Ò�ÓÈã©
�¯Ò°� ��� äËÓ	�Ë® �ãÒ�Ëã	Óº°�Ò �τ ≈ ���…��� ä}°��
�Ëä ¹¯Ò ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ m ãº}Èã	Óº® ÏºÓË�
Óº ° ­ºã	�Ë® Èä¹ãÒ���º® Ò ªÓË¯�ÒË® °Ò�ÓÈãºm�

sÈ ¯Ò°� �� ¹º}ÈÏÈÓ �Ò¹Ò�Ó©® °Ò�ÓÈã ­ºã	�º®
Èä¹ãÒ���© m äºäËÓ� m¯ËäËÓÒ� º�äË�ËÓÓº® ÓÈ ¯Ò°� �

cÒ°� ��kä¹ãÒ���Óº��È°�º�ÓÈ« ²È¯È}�Ë¯Ò°�Ò}È�kw*7����� � Û
¹¯º�ºã	Ó©Ë mºãÓ©� � Û mºãÓ© cªãË«

cÒ°� ��  È°�º�Ó©® °¹Ë}�¯ Ò Áº¯äÈ kw °Ò�ÓÈãÈ
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ÏºÓº® {� jÏ º°�Òããº�¯Èää© mÒ�Óº� ��º º°ÓºmÓÈ«
ÓË°��È« �È°�º�È I ­ãÒÏ}È } I  ��� }��� ��º °º�
º�mË�°�m�Ë� �È°�º�Ë �°ä� ¯Ò°� ��� ÓÈ }º�º¯º® �º°�

�Ò�ÈË�°« äÈ}°ÒäÈã	ÓÈ« È­°ºã
�ÓÈ« ��m°�mÒ�Ëã	�
Óº°�	 �È��Ò}È� |�ÓÈ}º Áº¯äÈ �È°�º�Óº�º °¹Ë}�¯È
�¯Ò°� ��� º�ãÒ�ÈË�°« º� Áº¯ä© �È°�º�Óº�º °¹Ë}�¯È
º°ÓºmÓº® äÈ°°© °Ò�ÓÈãºm� ÒÏã��ÈËä©² Ò°�º�ÓÒ�
}ÈäÒ kw ÒÏ ÏºÓ ¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ �¯Ò°� ���
{Ë°	 °¹Ë}�¯ °º°¯Ë�º�º�ËÓ m ¯È®ºÓË ¯ËÏºÓÈÓ°Óº®

�È°�º�© ��� }��� p°ãÒ mmË°�Ò }ºªÁÁÒ�ÒËÓ� Ω� ¯Èm�
Ó©® º�Óº�ËÓÒ
 �È°�º�©� ÓÈ }º�º¯º® ÓÈ­ã
�ÈË�°«
äÈ}°Òä�ä m °¹Ë}�¯Ë �ÓÈ ¯Ò°� � Ò �� ºÓ Óº¯äÒ¯ºmÈÓ
ÓÈ ��� } �Ò¯ÒÓË °¹Ë}�¯È� ��Ë º�äË�È
�°« º°ãÈ­�
ãËÓÒ« Èä¹ãÒ���© �º mËãÒ�ÒÓ© ���� �º ÏÓÈ�ËÓÒË
ª�º�º }ºªÁÁÒ�ÒËÓ�È ­��Ë� °��Ë°�mËÓÓº º�ãÒ�È�	°«

�ã« °ã��È«� º�äË�ËÓÓº�º ÓÈ ¯Ò°� � �Ω ≈ ��� Ò
°¹Ë}�¯© kw °Ò�ÓÈãÈ� ²È¯È}�Ë¯Óº�º �ã« ¯ÈÏmÒ�Ò«

�¯Ë�ÒÓ© Û Ω ≈ ����� w�º� }ºªÁÁÒ�ÒËÓ� äºÎË�
°ã�ÎÒ�	 º�ãÒ�Ò�Ëã	Óº® º°º­ËÓÓº°�	
 ¯ÈÏmÒ�Ò«

�¯Ë�ÒÓ©�
{�º¯º® º°º­ËÓÓº°�	
� ²È¯È}�Ë¯Óº®

�ã« kw °Ò�ÓÈãºm� m©ÏmÈÓÓ©² ¯ÈÏmÒ�ÒËä
�¯Ë�ÒÓ©� «mã«Ë�°« ÏÓÈ�ËÓÒË mÏÈÒäÓº
}º¯¯Ëã«�ÒºÓÓº® Á�Ó}�ÒÒ [�W� Ò \�W�
�m�² kw °Ò�ÓÈãºm� ¹¯Ò�Ë��Ò² ÓÈ �mÈ

�È��Ò}È� {ËãÒ�ÒÓ© ρ
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�τ� ãËÎÈ� m ÒÓ�

�Ë¯mÈãË ����������� �°ä� ¯Ò°� ��� Ò m
­ºã	�ÒÓ°�mË °ã��ÈËm ª�Ò ÏÓÈ�ËÓÒ« m©�Ë

���� �äÈ}°ÒäÈã	Óº�º ÏÓÈ�ËÓÒ« ρ
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�τ��

º�äË�ËÓÓº�º �º äºäËÓ�È mÒÏ�Èã	Óº�º º­�
ÓÈ¯�ÎËÓÒ« �¯Ë�ÒÓ©��

�È}Òä º­¯ÈÏºä� ¹º«mãËÓÒË °Ò�ÓÈãºm

kw m©°º}º® ªÓË¯�ÒÒ ���…���⋅��Ü��iÎ�
º�äË�ËÓÓ©² �m�ä« Ò ­ºãËË �È��Ò}ÈäÒ�
��ºmãË�mº¯«
�Ò² ÏÈ¯ÈÓËË �°�ÈÓºmãËÓ�
Ó©ä ÏÈ�Ë¯Î}Èä m¯ËäËÓÒ� ²È¯È}�Ë¯Ó©ä

�ã« ÏºÓ© }ºÓ�¯ºã« Ò ÁÒ}°Ò¯ºmÈÓÓ©² ¯È°°�º«ÓÒ®
äËÎ�� �È��Ò}ÈäÒ� ÒäË
�Ò² °¹Ë}�¯Èã	Ó©Ë Ò }º¯�

cÒ°� ���  È°�º�Ó©® °¹Ë}�¯ kw °Ò�ÓÈãÈ Ò Áº¯äÈ kw °Ò�ÓÈãÈ

cÒ°� ��� zº¯¯Ëã«�Ò« °Ò�ÓÈãºm� ÏÈ¯Ë�Ò°�¯Ò¯ºmÈÓÓ©² �� Ò ��ä }È�
ÓÈãÈäÒ º�Óºm¯ËäËÓÓº

cÒ°� ��� �º«mãËÓÒË �È� Ò ¹º�¯È°�ÈÓÒË �­� �¯Ë�ÒÓ©
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¯Ëã«�ÒºÓÓ©Ë ²È¯È}�Ë¯Ò°�Ò}Ò Ω Ò ρ[\�τ�� m©�Ë ÈÓÈ�
ãº�Ò�Ó©² ²È¯È}�Ë¯Ò°�Ò} kw Ò°�º�ÓÒ}ºm� º­�°ãºm�
ãËÓº ãº}Èã	Ó©äÒ ÏºÓÈäÒ ¹ãÈ°�Ò�Ë°}º®
�ËÁº¯äÈ�ÒÒ Ò °mÒ�Ë�Ëã	°�m�Ë� º­ º­¯ÈÏºmÈÓÒÒ Ò
¯ÈÏmÒ�ÒÒ �¯Ë�ÒÓ© m äÈ�Ë¯ÒÈãË�

{©mº�©

|­¯ÈÏºmÈÓÒË Ò ¹º�¯È°�ÈÓÒË �¯Ë�ÒÓ© m �ÒÈ¹ÈÏºÓË
�… � ää °º¹¯ºmºÎ�ÈË�°« ¯Ë�Ò°�¯È�ÒË® kw °Ò�ÓÈ�

ãºm ° ªÓË¯�ÒË® ���…���⋅��Ü���iÎ�
tÈ¯È}�Ë¯Ò°�Ò}º®� ¹ºÏmºã«
�Ë® º�ãÒ�Ò�	 ¹ãÈ°�

�Ò�Ë°}�
 �ËÁº¯äÈ�Ò
 º� ¹º�¯È°�ÈÓÒ« �¯Ë�ÒÓ©� äº�
ÎË� °ã�ÎÒ�	 �ãÒ�Ëã	Óº°�	 kw °Ò�ÓÈãÈ� �È}� �ã«

¹ãÈ°�Ò�Ë°}º® �ËÁº¯äÈ�ÒÒ ­��Ë� ²È¯È}�Ë¯ÓÈ ­ºã	�
�È« �ãÒ�Ëã	Óº°�	 kw °Ò�ÓÈãÈ a����…���� ä}°�
È �ã« ¹º�¯È°�ÈÓÒ« �¯Ë�ÒÓ© �ãÒ�Ëã	Óº°�	 kw °Ò��
ÓÈãÈ ­��Ë� a���…��� ä}°�

zºªÁÁÒ�ÒËÓ� Ω� ¯ÈmÓ©® º�Óº�ËÓÒ
 �È°�º�©�
ÓÈ }º�º¯º® ÓÈ­ã
�ÈË�°« äÈ}°Òä�ä m °¹Ë}�¯Ë }
�Ò¯ÒÓË °¹Ë}�¯È� ��Ë º�äË�È
�°« º°ãÈ­ãËÓÒ« Èä�
¹ãÒ���© �º mËãÒ�ÒÓ© ���� ­��Ë� °��Ë°�mËÓÓº º��
ãÒ�È�	°« �ã« °Ò�ÓÈãºm kw� ²È¯È}�Ë¯Ó©² �ã« ¹¯º�
�Ë°°È º­¯ÈÏºmÈÓÒ« ÏºÓ ãº}Èã	Óº® ¹ãÈ°�Ò�Ë°}º® �Ë�

Áº¯äÈ�ÒÒ �Ω ≈ �� Ò °Ò�ÓÈãºm kw� ²È¯È}�Ë¯Ó©²

�ã« ¯ÈÏmÒ�Ò« �¯Ë�ÒÓ© �Ω ≈ �… ���� w�º� }ºªÁ�
ÁÒ�ÒËÓ� äºÎË� °ã�ÎÒ�	 º�ãÒ�Ò�Ëã	Óº® º°º­ËÓ�
Óº°�	
 ¯ÈÏmÒ�Ò« �¯Ë�ÒÓ©�

iã« ¹¯º�Ë°°È ¹º�¯È°�ÈÓÒ« �¯Ë�ÒÓ© ²È¯È}�Ë¯�
Ó©ä «mã«Ë�°« °¯Ë�ÓÒË Ò ­ºã	�ÒË ÏÓÈ�ËÓÒ« mÏÈÒäÓº
}º¯¯Ëã«�ÒºÓÓº® Á�Ó}�ÒÒ [�W� Ò \�W� �m�² kw °Ò��
ÓÈãºm� ¹¯Ò�Ë��Ò² ÓÈ �mÈ �È��Ò}È� w�Ò ÏÓÈ�ËÓÒ«
ãËÎÈ� m ÒÓ�Ë¯mÈãË ����… ���� Ò m ­ºã	�ÒÓ°�mË °ã��
�ÈËm ª�Ò ÏÓÈ�ËÓÒ« m©�Ë ���� �äÈ}°ÒäÈã	Óº�º ÏÓÈ�

�ËÓÒ« ρ[\�τ�� º�äË�ËÓÓº�º �º äºäËÓ�È mÒÏ�Èã	Óº�º
º­ÓÈ¯�ÎËÓÒ« �¯Ë�ÒÓ©��
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ÓÈ}ãË®}Ò ¹¯ÒäËÓ«ã°« °º�ãÈ°Óº ÒÓ°�¯�}�ÒÒ ÒÏ�º�
�ºmÒ�Ëã« }ãË® ¡ÒÈ}¯ÒÓ w|� �Ë¯Ë� ¹¯ºmË�ËÓÒËä
ÒÏäË¯ËÓÒ® m©¹ºãÓ«ãÈ°	 �È¯Ò¯ºm}È �ËÓÏº¯ËÏÒ°�º�
¯ºm� iã« ª�º�º Ò°¹ºã	ÏºmÈãÈ°	 �È¯Ò¯ºmº�ÓÈ« ­È�
ãº�}È� ÓÈ�¯�ÎÈm�È«°« �Ò°�©ä ÒÏ�Ò­ºä� cËÏ�ã	�È�©
�È¯Ò¯ºm}Ò ¹º}ÈÏÈãÒ� ��º Ë�ÒÓÒ�È ÒÏäËÓËÓÒ« °º¹�
¯º�ÒmãËÓÒ« �ËÓÏº¯ËÏÒ°�º¯È� ÏÈÁÒ}°Ò¯ºmÈÓÓºË ¹º°�
¯Ë�°�mºä �ËÓÏº°�ÈÓ�ÒÒ� °ºº�mË�°�m�Ë� ÒÏäËÓËÓÒ

ÓÈ¹¯«ÎËÓÒ« ���� l�È�

�ËºäË�¯Ò�Ë°}ÒË ¯ÈÏäË¯© �ËÁË}�ºm

iËÁË}�
iÒÈäË�¯

�ËÁË}�È� ää
�¯Ò°� �� �D�

v¯Ë�Ó«« �ºã�Ò�
ÓÈ W� ¹ãÈ°�Ò�Ë°�
}º�º °ãº«� ää

�ºã�ÒÓÈ
}º¯¹�°È W� ää

{©°º�È Z ¹ãÈ°�
�Ò�Ë°}º�º m©¹��
�ÒmÈÓÒ«� ää

iÈmãËÓÒË m ¹º�
ãº°�Ò ¹º ����

l�È

cÈ°�Ë�Ó©Ë ÓÈ¹¯«ÎËÓÒ« ÓÈ mÓË��
ÓË® °�ËÓ}Ë� l�È

ÓÈ }¯È

�ËÁË}�È ���

m �ËÓ�¯Ë
�ËÁË}�È ���

¢ � �� ��� �� ��� ���� ���� ����

¢ � ��� ���� �� ��� ���� ����� ����

cÒ°� �� cËÏ�ã	�È�© �ã	�¯ÈÏm�}ºmº�º °}ÈÓÒ¯ºmÈÓÒ« ��È°�}È ° �ËÁË}�ºä ¢ � �º �È� Ò ¹º°ãË �­� �Ò�¯ÈmãÒ�Ë°}º�º ÓÈ�¯�ÎËÓÒ«

cÒ°� �� v²ËäÈ ÓÈ}ãË®}Ò �ËÓÏº¯ËÏÒ°�º¯ºm �Ü� m ÏºÓË �ËÁË}�È ¢ �
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sÈ�¯�ÎËÓÒË °Ë¹È¯È�º¯È mÓ��¯ËÓÓÒä �ÈmãËÓÒËä
º°��Ë°�mã«ãº°	 ¹ºª�È¹Óº ° �È�ºä ��� l�È ° ¹º�
äº�	
 �Ò�¯ÈmãÒ�Ë°}º�º ÓÈ°º°È� �Ë¯Ë� ÓÈ�¯�ÎË�
ÓÒËä� È �È}ÎË ¹º°ãË }ÈÎ�º�º ª�È¹È ÓÈ�¯�ÎËÓÒ«
° m©�Ë¯Î}º® °ºº�mË�°�m�
�Ë�º �ÈmãËÓÒ« ÓË äËÓËË
� äÒÓ º°��Ë°�mã«ã°« º¹¯º° �ËÓÏº¯ËÏÒ°�º¯ºm ° ¹º�
äº�	
 ¹Ë¯ËÓº°Óº® °�ÈÓ�ÒÒ�

jÏäË¯ËÓÓ©Ë ÒÏäËÓËÓÒ« mËãÒ�ÒÓ© �°ãºmÓ©²
ÓÈ¹¯«ÎËÓÒ® ∆σ ��ËÁº¯äÈ�Ò®� ÓÈ ÓÈ¯�ÎÓº® °�ËÓ}Ë
m �ËÓ�¯Ë Ò°°ãË��Ëä©² �ËÁË}�ºm� ÓÈ Ò² }¯È
 Ò
m�ÈãÒ º� ÓÒ² ¹¯Ë�°�ÈmãËÓ© ÓÈ ¯Ò°� �� ��

zÈ} mÒ�Óº ÒÏ ¯Ò°� �� ¹¯Ò¯È�ËÓÒË �°ãºmÓ©²
ÓÈ¹¯«ÎËÓÒ® ��ËÁº¯äÈ�Ò®� ÓÈ }¯È
 �ËÁË}�È ¢ �
¹¯Ò ¯º°�Ë �Ò�¯ÈmãÒ�Ë°}º�º �ÈmãËÓÒ« �º ��� l�È
¹¯È}�Ò�Ë°}Ò °ºm¹È�È
� ° ¯È°�Ë�Ó©äÒ ÏÓÈ�ËÓÒ«äÒ
Ò m ��� ¯ÈÏÈ m©�Ë� �Ëä m Ë�º �ËÓ�¯Ë� �¯Ò �mËãÒ�ËÓÒÒ
�ÈmãËÓÒ« °m©�Ë ��� l�È º�äË�ÈË�°« ¹Ë¯Ëãºä }¯Ò�
mº® ¹¯Ò¯È�ËÓÒ« �°ãºmÓ©² ÓÈ¹¯«ÎËÓÒ® ��ËÁº¯�
äÈ�Ò®� �ã« }¯È« �ËÁË}�È� ��º }º°mËÓÓº °mÒ�Ë�
�Ëã	°�m�Ë� º ãº}Èã	Óºä ÒÏäËÓËÓÒÒ ÓÈ¹¯«ÎËÓÓº�
�ËÁº¯äÒ¯ºmÈÓÓº�º °º°�º«ÓÒ« m ª�º® º­ãÈ°�Ò�

|¹¯Ë�ËãËÓÓ©® ÒÓ�Ë¯Ë° �È}ÎË ¹¯Ë�°�Èmã«
� ¹º�
ã��ËÓÓ©Ë ÏÓÈ�ËÓÒ« ÒÏäËÓËÓÒ« ÓÈ¹¯«ÎËÓÒ® ��ËÁº¯�
äÈ�Ò®� m �ËÓ�¯Èã	Óº® �È°�Ò �ËÁË}�È �¹¯Ò¯È�ËÓÒË
�ËÁº¯äÈ�Ò® �ÓÈ¹¯«ÎËÓÒ®� ÓÒÎË ¯È°�Ë�Ó©² ÏÓÈ�ËÓÒ®
ÓÈ �� ��� ��º� ¹º m°Ë® mÒ�Òäº°�Ò� «mã«Ë�°« °ãË�°�mÒËä
mºÏäºÎÓº�º mãÒ«ÓÒ« ÒÏ�Ò­Ó©² äºäËÓ�ºm m �ÈÓÓº®
º­ãÈ°�Ò ¹¯Ò ÓÈ�¯�ÎËÓÒÒ È¹¹È¯È�È >�@�

iã« �ËÁË}�È ¢ � }È}Ò²�ãÒ­º º�}ãºÓËÓÒ® m
¹¯Ò¯È�ËÓÒÒ �°ãºmÓ©² ÓÈ¹¯«ÎËÓÒ® ��ËÁº¯äÈ�Ò®�
º� ¯È°�Ë�Ó©² ÓË ÓÈ­ã
�ÈË�°«� ��º }º°mËÓÓº °mÒ�
�Ë�Ëã	°�m�Ë� º­ º�°��°�mÒÒ ¯ËÏ}º�º ÒÏäËÓËÓÒ« m
ÓÈ¹¯«ÎËÓÓº��ËÁº¯äÒ¯ºmÈÓÓºä °º°�º«ÓÒÒ m ª�º®
º­ãÈ°�Ò m ¹¯º�Ë°°Ë ÓÈ�¯�ÎËÓÒ« �¯Ò°� ���

�È}Òä º­¯ÈÏºä� �ÈÎË Ò°²º�« ÒÏ ¹¯Ë�mÈ¯Ò�Ëã	�
Óº® º�ËÓ}Ò mãÒ«ÓÒ« mÓ��¯ËÓÓË�º �ÈmãËÓÒ« m È¹�
¹È¯È�Ë ÓÈ ÓÈ¹¯«ÎËÓÓº��ËÁº¯äÒ¯ºmÈÓÓºË °º°�º«ÓÒË
m ÏºÓË ¯È°°äÈ�¯ÒmÈËä©² �ËÁË}�ºm� °ãË��Ë� º�äË�
�Ò�	 Ë�º ÓËº�ÓºÏÓÈ�Ó�
 ÏÈmÒ°Òäº°�	 º� �ËºäË�¯Ò�
�Ë°}Ò² ¯ÈÏäË¯ºm ÓË°¹ãº�Óº°�Ë® Ò �ã�­ÒÓ© Ò²

ÏÈãË�ÈÓÒ«� iË�Èã	ÓºË ¯È°°äº�¯ËÓÒ« �È}º�º mãÒ«ÓÒ«
m©²º�Ò� ÏÈ ¯Èä}Ò �ÈÓÓº® ¯È­º�© Ò ­��Ë� ¯È°°äº��
¯ËÓº º��Ëã	Óº�

{©mº�©

sÈ º°ÓºmË �Ò�¯ÈmãÒ�Ë°}º® äº�ËãÒ m©¹��ÒmÈÓÒ«
¯ÈÏ¯È­º�ÈÓ �¹¯º�ËÓÓ©® ¹º�²º� } º�ËÓ}Ë mÓ���
¯ËÓÓË�º �ÈmãËÓÒ« m �Ë¯äË�Ò�Óºä ½¹�Ï©¯Ë� m ÏÈ�
mÒ°Òäº°�Ò º� Ë�º �ËºäË�¯Ò�Ë°}Ò² ¯ÈÏäË¯ºm Ò �ã��
­ÒÓ© ÏÈãË�ÈÓÒ«�

�¯Ë�ãºÎËÓ }¯Ò�Ë¯Ò® } �º¹�°�Òä©ä ¯ÈÏäË¯Èä
�ËÁË}�ºm Ò ¹¯Ë�°�ÈmãËÓ© º­ãÈ°�Ò Ò² º¹¯Ë�ËãËÓÒ«�
}º�º¯©Ë äº��� ­©�	 ¹ºãËÏÓ© �ã« ¹¯Ë�mÈ¯Ò�Ëã	Óº®
º�ËÓ}Ò �Ë²ÓÒ�Ë°}º�º °º°�º«ÓÒ« º­º¯��ºmÈÓÒ« °º�
º�mË�°�m�
�ÒäÒ °ã�Î­ÈäÒ �Ë²ÓÒ�Ë°}º�º ÓÈ�Ïº¯È�

|�äË�ËÓº ÓËº�ÓºÏÓÈ�ÓºË mãÒ«ÓÒË mÓ��¯ËÓÓË�º
�ÈmãËÓÒ« m È¹¹È¯È�Ë ÓÈ ÒÏäËÓËÓÒË �ËÁº¯äÒ¯ºmÈÓÓº�º
°º°�º«ÓÒ« m ÏºÓÈ² ½¹�Ï©¯Ë®� m ÏÈmÒ°Òäº°�Ò º� Ò²
�ËºäË�¯Ò�Ë°}Ò² ¯ÈÏäË¯ºm Ò �ã�­ÒÓ© ÏÈãË�ÈÓÒ«�

�� sË}º�º¯©Ë ¯ËÏ�ã	�È�© �Ë²ÓÒ�Ë°}º® �ÒÈ�Óº°�Ò}Ò °º°��ºm
Ò �¯�­º¹¯ºmº�ºm m ÓËÁ�Ë²ÒäÒ�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò �
{� v� �Ò¯ËÓ}º� l� i� cÈ­}ÒÓÈ� {� �� i«�ÒÓ Ò �¯� ��
�Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯��� }ºÓ�¯ºã	� Û ����� Û
¢ �� Û v� ��Ü���

�� �Ò¯ËÓ}º {� v�� l��È° {� {�� �Ò¯ËÓ}º v� {� �¯º�Óº°�	
�¯�­º¹¯ºmº�ºm Ò °º°��ºm ° }º¯¯ºÏÒºÓÓ©äÒ m©Ëä}ÈäÒ ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

�� �Ò¯ËÓ}º {� v�� i«�ÒÓ {� �� ~ÈmÒ°Òäº°�Ò äËÎ�� ��È¯Óº®
m«Ï}º°�	
 Ò }¯Ò�Ë¯Ò«äÒ äË²ÈÓÒ}Ò ¯ÈÏ¯��ËÓÒ« }ºÓ°�¯�}�
�ÒºÓÓ©² äÈ�Ë¯ÒÈãºm Ò Ò² °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� ��Ü���

�� rÈã�ËmÈ k� {�� iÈ�Ëm°}Ò® j� s� cº°� mº�º¯º�Ó©² º�°ãºË�
ÓÒ® m äË�ÈããË �� jÏm� cks� lË²ÈÓÒ}È �mË¯�º�º �ËãÈ� Û
����� Û ¢ �� Û v� ���Ü����

�� z�¯}ÒÓ v� k� �¯º�Óº°�	 °mÈ¯Ó©² �ºÓ}º°�ËÓÓ©² °º°��ºm�
¯È­º�È
�Ò² ¹º� �ÈmãËÓÒËä� Û l�� lÈ�ÒÓº°�¯ºËÓÒË�
����� Û ��� °�

�� �Òäº�ËÓ}º v� ��� {º®Óºm°}Ò®�z¯Ò�Ë¯ v� �ãÈ°�ÒÓ© Ò º­º�
ãº�}Ò� Û l�� sÈ�}È� ����� Û ��� °�

�� zºÓ�ËÓ�¯È�Ò« ÓÈ¹¯«ÎËÓÒ® ÓÈ ��È°�}È² }º¯¯ºÏÒºÓÓ©²
¹ºm¯ËÎ�ËÓÒ® �¯�­º¹¯ºmº�ºm � w� n� �È¯Á� l� k� sË��
¯Ë­°}Ò®� �� v� �²ÒäË�� v� {� zº­Ëã	°}Ò® �� km�ºäÈ��
°mÈ¯}È� Û ����� ¢ �� Û v� �Ü��

�� i«�ÒÓ {� �� vº¹º°�ÈmãËÓÒË ÏÓÈ�ËÓÒ® ��È¯Óº® m«Ï}º°�Ò
º­¯ÈÏ�ºm bÈ¯¹Ò Ò lËÓÈÎË ¹¯Ò m«Ï}ºä ¯ÈÏ¯��ËÓÒÒ ��
�Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

Bg�l we_dljhk\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu�

Db_\

IhklmibeZ \ j_^Zdpbx

����������

cÒ°� �� cËÏ�ã	�È�© �ËÓÏºäË�¯Ò¯ºmÈÓÒ« ¹º ÓÈ¯�ÎÓº® °�ËÓ}Ë m
�ËÓ�¯Ë� ÓÈ }¯È
 Ò m�ÈãÒ º� �ËÁË}�È ¢ � ��Ü� Û °ä� ¯Ò°� ��

cÒ°� �� cËÏ�ã	�È�© �ËÓÏºäË�¯Ò¯ºmÈÓÒ« ¹º ÓÈ¯�ÎÓº® °�ËÓ}Ë m
�ËÓ�¯Ë� ÓÈ }¯È
 Ò m�ÈãÒ º� �ËÁË}�È ¢ �

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



M>D ����������

��������������	
����
	
�	�

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

����

{� k� v�|c|ypsz|� s� n� t|c�|� v� s� lpbz|{� {� k� lkv�|{k

JZkkfhlj_gZ h^gZ ba ZdlmZevguo ijh[e_f jZa\blby l_ieh\h]h f_lh^Z g_jZajmrZxs_]h dhgljhey \ MdjZbg_� Z

bf_ggh² kha^Zgb_ klZg^Zjlguo h[jZaph\ ^ey gZkljhcdb b ih\_jdbl_ieh\bahjh\�Ij_^eh`_gh \ dZq_kl\_ ijhlhlbiZ

bkihevah\Zlv j_r_gby� ba\_klgu_ \ mevljZa\mdh\hf dhgljhe_� JZajZ[hlZgZ dhgkljmdpby klZg^Zjlgh]h h[jZapZ

^ey l_ieh\hc ^_n_dlhkdhibb ba^_ebc k gZjmr_gbyfb kiehrghklb b jZaghlhesbgghklvx� GZ __ hkgh\_ kha^Zg \bjlm�

Zevguc �dhfivxl_jguc� klZg^Zjlguc h[jZa_p� h[eZ^Zxsbc mgb\_jkZevgufb nmgdpbyfb�

2QH RI WKH XUJHQW SUREOHPV LQ GHYHORSPHQW RI WKHUPDO PHWKRG RI 1'7 LQ 8NUDLQH LV FRQVLGHUHG� QDPHO\ GHYHORSPHQW RI

VWDQGDUG VDPSOHV IRU DGMXVWPHQW DQG FKHFNLQJ RI WKHUPRYLVRUV� ,W LV SURSRVHG WR XVH VROXWLRQV NQRZQ LQ 87 DV WKH SURWRW\SH�

$ GHVLJQ RI D VWDQGDUG VDPSOH KDV EHHQ GHYHORSHG IRU WKHUPDO IODZ GHWHFWLRQ RI LWHPV ZLWK GLVFRQWLQXLWLHV DQG GLIIHUHQW
WKLFNQHVV� ,W ZDV WKH EDVLV WR GHYHORS D YLUWXDO �FRPSXWHU� VWDQGDUG VDPSOH KDYLQJ XQLTXH IXQFWLRQV�

{mË�ËÓÒË Ò ¹º°�ÈÓºm}È ÏÈ�È�Ò� �Ë¹ãºmº® ÓË¯ÈÏ�

¯��È
�Ò® }ºÓ�¯ºã	 ��sz� Ò�¯ÈË� m°Ë ­ºãËË mÈÎ�

Ó�
 ¯ºã	 m �Ë²ÓÒ�Ë°}º® �ÒÈ�Óº°�Ò}Ë ¹¯ºä©�ãËÓ�

Óº�º º­º¯��ºmÈÓÒ«� �Ë¹ãºm©Ë äË�º�© }ºÓ�¯ºã«

º­º¯��ºmÈÓÒ« ¹ºÏmºã«
� ¹¯ºmº�Ò�	 �Ë²ÓÒ�Ë°}Ò®

äºÓÒ�º¯ÒÓ� Û �ÒÈ�Óº°�Ò}� m ¹¯º�Ë°°Ë ª}°¹ã�È�

�È�ÒÒ� �� Ë� ­ËÏ º�}ã
�ËÓÒ« ÓÈ m¯Ëä« ¹¯ºmË�ËÓÒ«

¹¯ºÁÒãÈ}�Ò�Ë°}Ò² ¯È­º�� ��º º°º­ËÓÓº È}��Èã	Óº

�ã« ÓË¹¯Ë¯©mÓ©² ¹¯ºÒÏmº�°�mËÓÓ©² ¹¯º�Ë°°ºm�

vºm¯ËäËÓÓ©Ë ¹¯Ò­º¯© �ã« �Ë¯äº�¯ÈÁÒÒ º­ãÈ�È
�

�Ò¯º}ÒäÒ mºÏäºÎÓº°�«äÒ �ã« º�°ãËÎÒmÈÓÒ« �Ë¹�

ãºmº® ÒÓÁº¯äÈ�ÒÒ m ¯ËÈã	Óºä m¯ËäËÓÒ� ��º °��

�Ë°�mËÓÓº ¹ºm©�ÈË� º¹Ë¯È�ÒmÓº°�	 }ºÓ�¯ºã«� �º�

ª�ºä� �Ë¹ãºmº® }ºÓ�¯ºã	 }È} º�ÒÓ ÒÏ äË�º�ºm sz

ÓÈ²º�Ò� m°Ë ­ºã	�ËË ¹¯ÒäËÓËÓÒË m ª}°¹Ë¯�ÒÏË ¹¯º�

ä©�ãËÓÓº® ­ËÏº¹È°Óº°�Ò�

kÓÈãÒÏ ÏÈ¯�­ËÎÓ©² ¹�­ãÒ}È�Ò® >�Ü�@ ¹º}È�

Ï©mÈË�� ��º ÓÈÒ­ºã	�ËË ¯È°¹¯º°�¯ÈÓËÓÒË �Ë¹ãºmº®

äË�º� ¹ºã��Òã m ¹Ë¯Ë�Ò°ãËÓÓ©² ÓÒÎË º�¯È°ã«²�

ªãË}�¯ºº­º¯��ºmÈÓÒÒ Ò ªãË}�¯ºªÓË¯�Ë�Ò}Ë� äÈ�Ò�

Óº°�¯ºËÓÒÒ� äË�Èãã�¯�Ò�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò�

²ÒäÒ�Ë°}º® Ò ÓËÁ�Ë²ÒäÒ�Ë°}º® ¹¯ºä©�ãËÓÓº°�Ò�

Ï�ÈÓÒ« Ò °ºº¯�ÎËÓÒ«� �¯ÈÓ°¹º¯��

{ÈÎÓ©ä Ò ¹Ë¯°¹Ë}�ÒmÓ©ä ¹¯ÒäËÓËÓÒËä �Ë¹ãº�
mº�º }ºÓ�¯ºã« «mã«Ë�°« �È}ÎË ª}ºãº�Ò�Ë°}Ò® äº�

ÓÒ�º¯ÒÓ�� {ºÏ���ÓÈ« Ò }º°äÒ�Ë°}È« �Ë¹ãºmÒÏÒºÓÓÈ«

°�Ëä}È ãÈÓ��ÈÁ�È äºÎË� ­©�	 Ò°¹ºã	ÏºmÈÓÈ �ã«

¯«�È �ËãË®� ÒäË
�Ò² ­ºã	�ºË ¹¯Ò}ãÈ�ÓºË ÏÓÈ�ËÓÒË�

È �È}ÎË ¹¯ÒÓË°�Ò °�¯ÈÓË Ò }¯�¹Ó©ä ¹¯Ë�¹¯Ò«�Ò«ä

ÏÓÈ�Ò�Ëã	Ó©Ë ª}ºÓºäÒ�Ë°}ÒË m©�º�©�

iã« ¯ÈÏmÒ�Ò« �Ë¹ãºmº�º äË�º�È sz ÓËº­²º�Òäº

ÓË �ºã	}º m°Ë°�º¯ºÓÓËË �Ëº¯Ë�Ò�Ë°}ºË Ò ÓÈ��Óº�

�Ë²ÓÒ�Ë°}ºË º­º°ÓºmÈÓÒË� Óº Ò ÓÈãÒ�ÒË ­ÈÏ© Óº¯�

äÈ�ÒmÓº��Ë²ÓÒ�Ë°}º® �º}�äËÓ�È�Ò«� ¯Ë�ãÈäËÓ�Ò�

¯�
�Ë® Ë�º ¹¯ÒäËÓËÓÒË ÓÈ ¹¯ºä©�ãËÓÓ©² º­�Ë}�

�È²� �¯Ò °ºÏ�ÈÓÒÒ °Ò°�Ëä© Óº¯äÈ�ÒmÓº �Ë²ÓÒ�Ë°�

}º® �º}�äËÓ�È�ÒÒ ¹º �Ë¹ãºmºä� sz ÓËº­²º�Òäº

¹¯Ò�Ë¯ÎÒmÈ�	°« ¹¯ÒÓ�Ò¹ºm }ºä¹ãË}°Óº® °�ÈÓ�È¯�

�ÒÏÈ�ÒÒ� }º�º¯È« º­Ë°¹Ë�ÒãÈ ­© mÏÈÒäÓ�
 °m«Ï	

º­�Ë}�ºm °�ÈÓ�È¯�ÒÏÈ�ÒÒ °º�ãÈ°ºmÈÓÒËä ¹º}ÈÏÈ�Ë�

ãË®� Óº¯ä Ò �¯Ë­ºmÈÓÒ® } ª�Òä º­�Ë}�Èä�

|°ÓºmÓ©Ë mÒ�© °�ÈÓ�È¯�ºm� ÓËº­²º�Òä©Ë� �ã«

}ºä¹ãË}°Óº�º ¯ÈÏmÒ�Ò« äË�º�È�

º­�Ë�Ë²ÓÒ�Ë°}ÒË °�ÈÓ�È¯�© ��Ë¯äÒÓ© Ò º¹¯Ë�

�ËãËÓÒ«� º­ºÏÓÈ�ËÓÒ«� ÓºäËÓ}ãÈ��¯È Ò �� ����

º¯�ÈÓÒÏÈ�ÒºÓÓº�äË�º�Ò�Ë°}ÒË °�ÈÓ�È¯�© �º°�

ÓºmÓ©Ë ¹ºãºÎËÓÒ«� ¹º¯«�º} Ò �� ����

°�ÈÓ�È¯�© ÓÈ ¹¯º��}�Ò
 �¹È¯ÈäË�¯© Ò ¯ÈÏäË¯©�
äË�º�© }ºÓ�¯ºã«� ¹¯ÒËä}È� ²¯ÈÓËÓÒË Ò �� ����

�ãÈmÓÈ« ÏÈ�È�È °�ÈÓ�È¯�ÒÏÈ�ÒÒ °º°�ºÒ� m °ºÏ�

�ÈÓÒÒ °Ò°�Ëä© Óº¯äÈ�ÒmÓº��Ë²ÓÒ�Ë°}º® �º}�äËÓ�

�È�ÒÒ� �°�ÈÓÈmãÒmÈ
�Ë® ¹¯º�¯Ë°°ÒmÓ©Ë �¯Ë­ºmÈ�

ÓÒ« } ¹¯º��}�ÒÒ� ËË ¯ÈÏ¯È­º�}Ë� ¹¯ºÒÏmº�°�m� Ò

¹¯ÒäËÓËÓÒ
� rºã	�ºË ÏÓÈ�ËÓÒË m ÓÈ°�º«�ËË m¯Ëä«

¹¯Ò�ÈË�°« °ºÏ�ÈÓÒ
 °�ÈÓ�È¯�ºm ° ¹Ë¯°¹Ë}�ÒmÓ©äÒ

�¯Ë­ºmÈÓÒ«äÒ� }È�Ë°�mº Ò �¯ºmËÓ	 }º�º¯©² �ºã�

ÎÓ© º}ÈÏ©mÈ�	 ¯Ë�È
�ËË mãÒ«ÓÒË ÓÈ �Ë²ÓÒ�Ë°}ÒË

²È¯È}�Ë¯Ò°�Ò}Ò äÈ�ÒÓ� ¹¯Ò­º¯ºm Ò °¯Ë�°�m Èm�º�

äÈ�ÒÏÈ�ÒÒ�

{ vvvc ­©ã ¯ÈÏ¯È­º�ÈÓ ¯«� �º°��È¯°�mËÓÓ©²

Óº¯äÈ�ÒmÓ©² �º}�äËÓ�ºm� ¯Ë�ãÈäËÓ�Ò¯�
�Ò² ¹¯Ò�

äËÓËÓÒË �Ë¹ãºmº�º äË�º�È ÓÈ ¹¯ºä©�ãËÓÓ©²

º­�Ë}�È²� �|v� �����Ü�� ½zºÓ�¯ºã	 ÓË¯ÈÏ¯��È�


�Ò®� lË�º�© �Ë¹ãºmº�º mÒ�È� |­�ÒË �¯Ë­ºmÈ�

ÓÒ«�� �|v� �����Ü�� ½zºÓ�¯ºã	 ÓË¯ÈÏ¯��È
�Ò®

�Ë¹ãºmº®� �Ë¯äÒÓ© Ò º¹¯Ë�ËãËÓÒ«�� �|v� �����Ü

�� ½zºÓ�¯ºã	 ÓË¯ÈÏ¯��È
�Ò®� iËÁË}�º°}º¹© º¹�

�Ò�Ë°}ÒË Ò �Ë¹ãºm©Ë� |­�ÒË �Ë²ÓÒ�Ë°}ÒË �¯Ë­º�

mÈÓÒ«�� �|v� �����Ü�� ½�Ò¯ºäË�¯©� |­�ÒË �Ë²�

ÓÒ�Ë°}ÒË �¯Ë­ºmÈÓÒ«�� �|v� �����Ü�� ½lË�º�

�Ë¹ãºmÒÏÒºÓÓº�º }ºÓ�¯ºã« }È�Ë°�mÈ� �Ë¹ãºÒÏºã«�

�Ò« º�¯ÈÎ�È
�Ò² }ºÓ°�¯�}�Ò®�� �|v� �����Ü��

½~�ÈÓÒ« Ò °ºº¯�ÎËÓÒ«� lË�º�© º¹¯Ë�ËãËÓÒ« °º¹�

¯º�ÒmãËÓÒ« �Ë¹ãº¹Ë¯Ë�È�Ë º�¯ÈÎ�È
�Ò² }ºÓ°�

�¯�}�Ò®�� �|v� �����Ü�� ½lË�º� �Ë¹ãºmÒÏÒºÓ�

Óº�º }ºÓ�¯ºã« }È�Ë°�mÈ� �Ë¹ãºÒÏºã«�Ò« º�¯ÈÎ�È�


�Ò² }ºÓ°�¯�}�Ò®��

lË�º� �Ë¹ãºmº�º }ºÓ�¯ºã« �Ò¯º}º ¹¯ÒäËÓ«Ë�°«

m ¯ÈÏãÒ�Ó©² º�¯È°ã«² ¹¯ºä©�ãËÓÓº°�Ò cº°°Ò®°�

}º® ÁË�Ë¯È�ÒÒ� { ¹º°ãË�ÓËË m¯Ëä« ¹¯ÒÓ«�º ¯«�

Óºm©² �º}�äËÓ�ºm� °¯Ë�Ò ÓÒ²� ci ������������Ü��

½|­�Ëä© Ò Óº¯ä© Ò°¹©�ÈÓÒ® ªãË}�¯ºº­º¯�ãºmÈ�

ÓÒ«�� ck| ½pwv cº°°ÒÒ�� {vs ��Ü�� ½{Ë�ºä�

� {� k� v�º¯ºÎËÓ}º� s� n� tº¯ãº� v� s� lË�}ºm� {� k� lÈ°ãºmÈ� ����

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



°�mËÓÓ©Ë °�¯ºÒ�Ëã	Ó©Ë Óº¯ä© ¹º �Ë¹ãº�Ë²ÓÒ�Ë°�
}Òä º­°ãË�ºmÈÓÒ«ä ÓÈ¯�ÎÓ©² º�¯ÈÎ�È
�Ò² }ºÓ�
°�¯�}�Ò® Ï�ÈÓÒ® ° ¹¯ÒäËÓËÓÒËä äÈãº�È­È¯Ò�Óº�º
�Ë¹ãºmÒÏº¯È�� iË¹È¯�ÈäËÓ� °�¯ºÒ�Ëã	°�mÈ �� lº°�
}m©� v� ������Ü�� ½�¯ÈmÒãÈ ÓÈ�Ïº¯È� º­°ãË�º�
mÈÓÒ«� ¹¯ºmË�ËÓÒ« �Ë²ÓÒ�Ë°}º�º º­°ã�ÎÒmÈÓÒ« Ò
¯ËäºÓ�È ¹¯ºä©�ãËÓÓ©² �©äºm©² Ò mËÓ�Òã«�ÒºÓ�
Ó©² �¯�­�� �º°°�¯º® cn� ½lË�º�Ò�Ë°}ÒË �}ÈÏÈÓÒ«
¹º ÒÓÁ¯È}¯È°Óº® �ÒÈ�Óº°�Ò}Ë �Ë¹ãºäË²ÈÓÒ�Ë°}º�º
º­º¯��ºmÈÓÒ«�� ck| ½pwv cº°°ÒÒ��

vÒ��È�Ò«� °ãºÎÒm�È«°« m ÓÈ�Ë® °�¯ÈÓË� ÓË
¹ºÏmºã«Ë� �ºmº¯Ò�	 º �ºãÎÓºä ¯ÈÏmÒ�ÒÒ �Ë¹ãºmº�º
äË�º�È� |�ÓÈ ÒÏ ¹¯Ò�ÒÓ� °�Ë¯ÎÒmÈ
�Ò² mÓË�¯Ë�
ÓÒË �Ë¹ãºmº�º sz ÓÈ �}¯ÈÒÓË� Û º�°��°�mÒË °ºm�
¯ËäËÓÓº® Óº¯äÈ�ÒmÓº® ­ÈÏ©� z ÓÈ°�º«�Ëä� m¯Ë�
äËÓÒ ÒäËË�°« �ºã	}º º�ÒÓ Óº¯äÈ�ÒmÓ©® �º}�äËÓ�
Û �zi ���������Ü���� ½sº¯ä© Ò°¹©�ÈÓÒ® ªãË}�
�¯ºº­º¯��ºmÈÓÒ«�� }º�º¯©® ¹¯È}�Ò�Ë°}Ò «mã«Ë�°«
¹ºm�º¯ËÓÒËä �º}�äËÓ�È ci ������������Ü���

lÓº�ÒË ¹ºãºÎËÓÒ« ¹Ë¯Ë�Ò°ãËÓÓ©² m©�Ë
�|v�� ¯ÈÏ¯È­º�ÈÓÓ©² ¹¯È}�Ò�Ë°}Ò ��… �� ãË� ÓÈ�
ÏÈ�� �°�È¯ËãÒ Ò �¯Ë­�
� ¹Ë¯Ë°äº�¯È� { �È°�Óº°�Ò�
m ÓÒ² ÓË º�¯ÈÎËÓº ¹¯ÒäËÓËÓÒË �Ë¹ãºmÒÏº¯ºm� °��
�Ë°�mËÓÓº ¯È°�Ò¯«
�Ò² mºÏäºÎÓº°�Ò äË�º�È�
{°ãË�°�mÒË ª�º�º º�ËmÒ�Ó©Ë ¹¯ËÒä��Ë°�mÈ äË�º�È�
°m«ÏÈÓÓ©Ë ° ¹¯ÒäËÓËÓÒËä �Ë¹ãºmÒÏº¯ºm� º°�È
�°«
°ãÈ­º mº°�¯Ë­ºmÈÓ©äÒ m ¹¯ºä©�ãËÓÓº°�Ò� °�¯º�
Ò�Ëã	°�mË� ªÓË¯�Ë�Ò}Ë Ò �¯��Ò² º�¯È°ã«²� ÏÈÒÓ�Ë�
¯Ë°ºmÈÓÓ©² m º­Ë°¹Ë�ËÓÒÒ Ò ¹º��Ë¯ÎÈÓÒÒ m©°º�
}º�º �¯ºmÓ« ÓÈ�ËÎÓº°�Ò º­�Ë}�ºm ¹ºm©�ËÓÓº®
º¹È°Óº°�Ò�

iã« ÓÈ°�¯º®}Ò Ò ¹Ë¯Òº�Ò�Ë°}º® ¹¯ºmË¯}Ò ¯È�
­º�º°¹º°º­Óº°�Ò È¹¹È¯È��¯© �|v� �����Ü�� ¯Ë�
}ºäËÓ��Ë� Ò°¹ºã	ÏºmÈÓÒË }ºÓ�¯ºã	Ó©² º­¯ÈÏ�ºm�
}º�º¯©Ë �ºãÎÓ© ÒÏ�º�ÈmãÒmÈ�	°« ¹º �Ë²ÓÒ�Ë°}º®
�º}�äËÓ�È�ÒÒ ¯ÈÏ¯È­º��Ò}È È¹¹È¯È��¯©� { �º}��
äËÓ�Ë ¹¯È}�Ò�Ë°}Ò º�°��°�m�
� }ºÓ}¯Ë�Ó©Ë �¯Ë�
­ºmÈÓÒ« } �Ë²ÓÒ�Ë°}Òä ¹È¯ÈäË�¯Èä }ºÓ�¯ºã	Ó©²
º­¯ÈÏ�ºm� ��º °ÓÒÎÈË� �º°�ºmË¯Óº°�	 }ºÓ�¯ºã« Ò
ÏÈ�¯��Ó«Ë� ÒÓ�Ë¯¹¯Ë�È�Ò
 ¹ºã��ËÓÓ©² ¯ËÏ�ã	�È�
�ºm }ºÓ�¯ºã«�

j°²º�« ÒÏ °}ÈÏÈÓÓº�º� �ã« ªÁÁË}�ÒmÓº�º Ò°�
¹ºã	ÏºmÈÓÒ« �Ë¹ãºmº�º äË�º�È ÓËº­²º�Òäº ¹¯ºmË°�
�Ò ¯«� ÓÈ��Óº�Ò°°ãË�ºmÈ�Ëã	°}Ò² Ò º¯�ÈÓÒÏÈ�ÒºÓ�
Ó©² ¯È­º� ¹º °�ÈÓ�È¯�ÒÏÈ�ÒÒ Ò äË�¯ºãº�Ò�Ë°}ºä�
º­Ë°¹Ë�ËÓÒ
 äË�º�È�

v¯Ë�Ò ÏÈ�È�� }º�º¯©Ë ÓËº­²º�Òäº ¯Ë�Ò�	� °ãË�
��Ë� m©�ËãÒ�	 °ãË��
�ÒË� È� °Áº¯ä�ãÒ¯ºmÈ�	 ¹º�
Ó«�ÒË ��m°�mÒ�Ëã	Óº°�Ò �Ë¹ãºmº�º äË�º�È }ºÓ�¯ºã«
�m �È°�Óº°�Ò� ¹¯Ò ¹¯ºmË�ËÓÒÒ �ËÁË}�º°}º¹ÒÒ
º­�Ë}�È }ºÓ�¯ºã«� �� Ë� º­ÓÈ¯�ÎËÓÒÒ ÓÈ¯��ËÓÒ®
°¹ãº�Óº°�Ò º­�Ë}�ºm }ºÓ�¯ºã«�� º¹¯Ë�ËãÒ�	 Ò
}ãÈ°°ÒÁÒ�Ò¯ºmÈ�	 ÁÈ}�º¯©� º¹¯Ë�Ëã«
�ÒË ��m°�
�mÒ�Ëã	Óº°�	 äË�º�È�

­� º­º°ÓºmÈ�	 Ò �°�ÈÓºmÒ�	 º¹¯Ë�ËãËÓÓ©Ë �¯ºm�
ÓÒ ��m°�mÒ�Ëã	Óº°�Ò äË�º�È� ¹ºÏmºã«
�ÒË �ÓÒ�
ÁÒ�Ò¯ºmÈ�	 ¹¯ÒäËÓËÓÒË �Ë¹ãºmº�º äË�º�È m ¯ÈÏ�
ãÒ�Ó©² º�¯È°ã«² ¹¯ºä©�ãËÓÓº°�Ò� °�¯ºÒ�Ëã	°�mÈ
Ò ªÓË¯�Ë�Ò}Ò�

m� ¯ÈÏ¯È­º�È�	 �¯Ë­ºmÈÓÒ« } ÓÈ°�¯ºË�Ó©ä
�°�ÈÓ�È¯�Ó©ä� º­¯ÈÏ�Èä� }º�º¯©Ë ¹ºÏmºã«� ¹¯º�
mº�Ò�	 ÓÈ°�¯º®}� ��m°�mÒ�Ëã	Óº°�Ò äË�º�È� º¹¯Ë�
�ËãËÓÒË �ËºäË�¯Ò�Ë°}Ò² ¯ÈÏäË¯ºm º­ÓÈ¯�ÎËÓÓ©²

�ËÁË}�ºm �ÓÈ¹¯ÒäË¯� äË�º�ºä °¯ÈmÓËÓÒ« ° �Ë°��
º­¯ÈÏ�ºä�� �ã�­ÒÓ© ÏÈãË�ÈÓÒ« �ËÁË}�È Ò �� ��

�� ¯ÈÏ¯È­º�È�	 �¯Ë­ºmÈÓÒ« } äË�º�Ò}Èä ¹¯º�
mË�ËÓÒ« }ºÓ�¯ºã«� �È} }È} º� }È�Ë°�mÈ äË�º�Ò}Ò
ÏÈmÒ°Ò� �º°�ºmË¯Óº°�	 Ò mº°¹¯ºÒÏmº�Òäº°�	 ¯Ë�
Ï�ã	�È�ºm }ºÓ�¯ºã«�

�� m©¯È­º�È�	 º°ÓºmÓ©Ë ¹¯ÒÓ�Ò¹© ¯È°�ÒÁ¯ºm�
}Ò �Ë¯äº�¯Èää Ò �Ë¯äºÁÒã	äºm� ¹ºã��ÈËä©² m
¹¯º�Ë°°Ë ¹¯ºmË�ËÓÒ« �Ë¹ãºmº�º }ºÓ�¯ºã«� ¹ºÏmº�
ã«
�ÒË ¹¯ÈmÒã	Óº ÒÓ�Ë¯¹¯Ë�Ò¯ºmÈ�	 ¹ºã��ËÓÓ©Ë
¯ËÏ�ã	�È�© �º¹¯Ë�ËãËÓÒË ¹º ²È¯È}�Ë¯Ó©ä º°º­ËÓ�
Óº°�«ä �Ò¹ºm º­ÓÈ¯�ÎËÓÓ©² �ËÁË}�ºm Ò È¯�ËÁÈ}�
�ºm��

�Ë¯mºº�Ë¯Ë�Óº® ÏÈ�È�Ë® °�ÈÓ�È¯�ÒÏÈ�ÒÒ �Ë¹�
ãºmº�º äË�º�È sz «mã«Ë�°« ¯ÈÏ¯È­º�}È äË�º�ºãº�
�Ò�Ë°}º�º ¹º�²º�È ¹º ¯ÈÏ¯È­º�}Ë °Ò°�Ëä© °�ÈÓ�
�È¯�Ó©² Ò ÓÈ°�¯ºË�Ó©² º­¯ÈÏ�ºm� �¯Ë�°�Èmã«Ë�°«
�ËãË°ºº­¯ÈÏÓ©ä ¯Ë�ËÓÒË �ÈÓÓº® ÏÈ�È�Ò °�¯ºÒ�	
¹º ÈÓÈãº�ÒÒ °º °�ÈÓ�È¯�ÒÏÈ�ÒË® �~ ÓË¯ÈÏ¯��È�

�Ë�º }ºÓ�¯ºã«� ÓÈ�Ë��Ë�º �º°�È�º�Óº �Ò¯º}ºË
¹¯ÒäËÓËÓÒË�

v�ÈÓ�È¯�Ó©Ë º­¯ÈÏ�© m �~ }ºÓ�¯ºãË� { �~
ÓË¯ÈÏ¯��È
�Ëä }ºÓ�¯ºãË °¹º°º­© ¹¯ºmË¯}Ò ¹È�
¯ÈäË�¯ºm È¹¹È¯È��¯© �¯�¹¹Ò¯�
�°« ¹º �m�ä }ãÈ°�
°Èä ÏÈ�È��

z ¹Ë¯mºä� º�Óº°«� ¹¯ºmË¯}�� m©¹ºãÓ«Ëä�

¹º°ãË m©¹�°}È È¹¹È¯È��¯©� ËË }È¹Ò�Èã	Óº�º ¯Ë�
äºÓ�È Ò ¹¯Ò ¹¯ºäËÎ��º�Óº® È��Ë°�È�ÒÒ� �È}�

¹¯ºmË¯}� m©¹ºãÓ«
� °º�ãÈ°Óº �|v� �����Ü�� Ò
�|v� �����Ü�� ° ¹ºäº�	
 °�ËÓ�ºm Ò ªãË}�¯ºÓÓ©²
¹¯Ò­º¯ºm� }È} ¹¯ÈmÒãº� m °¹Ë�ÒÈã	Ó©² äË�¯ºãº�
�Ò�Ë°}Ò² º¯�ÈÓÒÏÈ�Ò«²� �¯ºmË¯}� ¹¯Ëº­¯ÈÏºmÈ�Ë�
ãË® º°��Ë°�mã«
� m °ºº�mË�°�mÒÒ ° �|v� �����Ü��
Ò �|v� �����Ü��� iËÁË}�º°}º¹© Ò ¹¯Ëº­¯ÈÏºmÈ�
�ËãÒ ¹¯ºmË¯«
�°« ¹¯Ò ª�ºä º��Ëã	Óº� rºãËË °º�
mË¯�ËÓÓ©Ë °�ÈÓ�È¯�© ÓÈ ¹¯ºmË¯}� ¹¯Ëº­¯ÈÏºmÈ�
�ËãË® Ò �ËÁË}�º°}º¹ºm ¯ÈÏ¯È­º�ÈÓ© pm¯º¹Ë®°}Òä
°ºº­�Ë°�mºä� ª�º (1 ������� Ò (1 ��������

z ÏÈ�È�Èä m�º¯º�º }ãÈ°°È º�Óº°«� ¹ºm°Ë�ÓËm�
Ó�
 �º¹Ë¯È�ÒmÓ�
� ¹¯ºmË¯}� È¹¹È¯È��¯©� }º�º¯È«
�ºãÎÓÈ ¹º��mË¯�Ò�	 ËË ¯È­º�º°¹º°º­Óº°�	 Ò �°�
�ÈÓºmÒ�	 ÏÓÈ�ËÓÒ« ²È¯È}�Ë¯Ò°�Ò}� äËÓ«
�Ò²°« mº
m¯Ëä« ª}°¹ã�È�È�ÒÒ� �¯ºmË¯«
� °ºmäË°�Óº �ËÁË}�
�º°}º¹� ¹¯Ëº­¯ÈÏºmÈ�Ëã	 Ò °ºË�ÒÓ«
�Ò® Ò² }È�
­Ëã	� �È}�
 ¹¯ºmË¯}� º°��Ë°�mã«
� ° ¹ºäº�	

°�ÈÓ�È¯�Ó©² º­¯ÈÏ�ºm �v|�� ÓË Ò°¹ºã	Ï�« �º¹ºã�
ÓÒ�Ëã	Ó©² ¹¯Ò­º¯ºm� v¹Ë�ÒÈã	Ó©® °�ÈÓ�È¯� ÓÈ
�È}�
 ¹¯ºmË¯}� º�°��°�m�Ë�� m ÏÓÈ�Ò�Ëã	Óº® °�Ë�
¹ËÓÒ ¯ºã	 �È}º�º °�ÈÓ�È¯�È Ò�¯ÈË� �|v� �����Ü
��� { pm¯º¹Ë®°}º® °Ò°�ËäË °�ÈÓ�È¯�ÒÏÈ�ÒÒ ÏÈ�È�Ò
m�º¯º�º }ãÈ°°È m©¹ºãÓ«
�°« °º�ãÈ°Óº (1 �����Ü��

zÈ} mÒ�Òä� ¹¯Ò ¯Ë�ËÓÒÒ ÏÈ�È� m�º¯º�º }ãÈ°°È
ÓËº­²º�Òäº ÓÈãÒ�ÒË v|� }º�º¯©Ë m©¹ºãÓ«
� ¯ºã	
�ÓÒmË¯°Èã	Óº�º °¯Ë�°�mÈ ¹¯Ò ¹¯ºmË¯}Ë Ò ÓÈ°�¯º®}Ë
È¹¹È¯È��¯© �~� v�ÈÓ�È¯�Ó©® º­¯ÈÏË� �ã« °¯Ë�°�m
È}�°�Ò�Ë°}º�º sz Û °¯Ë�°�mº ÒÏäË¯ËÓÒ« m mÒ�Ë
�mË¯�º�º �ËãÈ� ¹¯Ë�ÓÈÏÓÈ�ËÓÓºË �ã« ²¯ÈÓËÓÒ« Ò
mº°¹¯ºÒÏmË�ËÓÒ« ÏÓÈ�ËÓÒ® ÁÒÏÒ�Ë°}Ò² mËãÒ�ÒÓ�
¹¯ÒÓ«�©² m }È�Ë°�mË Ë�ÒÓÒ� �ã« ÒÏäË¯ËÓÒ« äË��
¯ºãº�Ò�Ë°}Ò² ²È¯È}�Ë¯Ò°�Ò}� º�¯ÈÎÈ
�Ò² ¹º}È�
ÏÈ�ËãÒ }È�Ë°�mÈ ¹¯º��}�ÒÒ m °ºº�mË�°�mÒÒ ° ÓÈÏ�
ÓÈ�ËÓÒËä °¯Ë�°�m È}�°�Ò�Ë°}º�º sz Ò ÁÒÏÒ�Ë°�
}ÒäÒ º°º­ËÓÓº°�«äÒ ¯ËÈãÒÏ�Ëä©² ÒäÒ äË�º�ºm >�@�
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cÈÏãÒ�È
� �º°��È¯°�mËÓÓ©Ë °�ÈÓ�È¯�Ó©Ë º­¯ÈÏ�
�© ��v|� Ò °�ÈÓ�È¯�Ó©Ë º­¯ÈÏ�© ¹¯Ë�¹¯Ò«�Ò«
�v|���

�v| ¹¯Ë��°äº�¯ËÓ© °�ÈÓ�È¯�ÈäÒ� m }º�º¯©²
�}ÈÏÈÓ© äÈ�Ë¯ÒÈã� ÒÏ }º�º¯º�º ºÓÒ ÒÏ�º�ºmãËÓ©�
Ò² }ºÓ°�¯�}�Ò«� w�Ò º­¯ÈÏ�©� }È} ¹¯ÈmÒãº� ¹¯Ò�
äËÓ«
� �ã« ¹¯ºmË¯}Ò Ò ÓÈ°�¯º®}Ò È¹¹È¯È��¯© ¹¯Ò
}ºÓ�¯ºãË �Ò¯º}º�º È°°º¯�ÒäËÓ�È ¹¯º��}�ÒÒ�

v|� ¯Ë}ºäËÓ�ºmÈÓ© mË�ºä°�mËÓÓ©äÒ Óº¯äÈ�
�ÒmÓº��Ë²ÓÒ�Ë°}ÒäÒ �º}�äËÓ�ÈäÒ �s�i� ÒãÒ s�i
¹¯Ë�¹¯Ò«�Ò®� |ÓÒ ¹¯Ë�ÓÈÏÓÈ�ËÓ© �ã« ¹¯ºmË¯}Ò
Ò ÓÈ°�¯º®}Ò È¹¹È¯È��¯© ¹¯Ò }ºÓ�¯ºãË º¹¯Ë�ËãËÓ�
Óº�º mÒ�È ¹¯º��}�ÒÒ� ��Ë �v| ÓË¹¯ÒäËÓÒä© �ÓÈ¹�
¯ÒäË¯� ¹¯Ò }ºÓ�¯ºãË ÒÏ�ËãÒ® ° ­ºã	�º® }¯ÒmÒÏ�
Óº® ¹ºmË¯²Óº°�Ò� ÒãÒ ��Ë ¹¯ÒäËÓËÓÒË v|� �Ë²�
ÓÒ�Ë°}Ò ­ºãËË ��º­Óº� jÏ �Ò°ãÈ v|� ÒÓº��È m©�
�Ëã«
� º�¯È°ãËm©Ë °�ÈÓ�È¯�Ó©Ë º­¯ÈÏ�© �|v|��
}º�º¯©Ë ¯Ë}ºäËÓ��
�°« mË�ºä°�mËÓÓ©äÒ s�i�

�v|� v|� Ò |v| «mã«
�°« º­«ÏÈ�Ëã	Óº® ¹¯Ò�
ÓÈ�ãËÎÓº°�	
� ­ËÏ ÓÒ² ÓËmºÏäºÎËÓ �º°�ºmË¯Ó©®
}ºÓ�¯ºã	 m °ºº�mË�°�mÒÒ ° �¯Ë­ºmÈÓÒ«äÒ s�i�

{ È}�°�Ò�Ë°}ºä sz º°ÓºmÓ©ä ªãËäËÓ�ºä v|
«mã«Ë�°« Ò°}�°°�mËÓÓ©® º�¯ÈÎÈ�Ëã	�

j°}�°°�mËÓÓ©® º�¯ÈÎÈ�Ëã	 Û äº�Ëã	 �ËÁË}�
�È ÒãÒ ¹ºmË¯²Óº°�	 °�ÈÓ�È¯�Óº�º º­¯ÈÏ�È� ¹¯Ë��
ÓÈÏÓÈ�ËÓÓ©Ë �ã« ¹ºã��ËÓÒ« ª²º°Ò�ÓÈãÈ >�@�

v��Ë°�m�Ë� äÓºÎË°�mº �Ò¹ºm Ò°}�°°�mËÓÓ©² º��
¯ÈÎÈ�ËãË®� ÓÈÒ­ºãËË �È°�º ¹¯ÒäËÓ«Ëä©² m �Ë²ÓÒ}Ë

}ºÓ�¯ºã« �ã	�¯ÈÏm�}ºä� {º� ÓË}º�º¯©Ë ÒÏ ÓÒ²�
¹ãº°}º�ºÓÓ©®� ¹ãº°}Ò® ��ãºmº®� °ÁË¯Ò�Ë°}Ò®� �Ò�
ãÒÓ�¯Ò�Ë°}Ò®� °Ë�äËÓ�Ó©®�

{ }È�Ë°�mË ¹¯ÒäË¯È ¯È°°äº�¯Òä �º°��È¯°�mËÓ�
Ó©® °�ÈÓ�È¯�Ó©® º­¯ÈÏË� v|��� }º�º¯©® ¹¯ÒäË�
Ó«Ë�°« �ã« ÒÏäË¯ËÓÒ« Ò ¹¯ºmË¯}Ò º°ÓºmÓ©² ¹È�
¯ÈäË�¯ºm È¹¹È¯È��¯© Ò }ºÓ�¯ºã« ¹¯Ò ª²ºÒä¹�ã	�
°Óºä äË�º�Ë �~ ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã« >�@�

v�ÈÓ�È¯�Ó©® º­¯ÈÏË� v|�� �¯Ò°� �� ¹¯ÒäËÓ«
�
�ã« º¹¯Ë�ËãËÓÒ« �°ãºmÓº® ��m°�mÒ�Ëã	Óº°�Ò� ¹¯º�
mË¯}Ò ¯ÈÏ¯Ë�È
�Ë® °¹º°º­Óº°�Ò Ò ¹º�¯Ë�Óº°�Ò
�ã�­ÒÓºäË¯È �ËÁË}�º°}º¹È�

|­¯ÈÏË� v|�� �ºãÎËÓ ­©�	 ÒÏ�º�ºmãËÓ ÒÏ º¯�
�ÈÓÒ�Ë°}º�º °�Ë}ãÈ äÈ¯}Ò �|v� ¹º �|v� �����Ü
��� v}º¯º°�	 ¯È°¹¯º°�¯ÈÓËÓÒ« ¹¯º�ºã	Óº® �~ mºã�

Ó© ÓÈ �È°�º�Ë ����±���� l�� ¹¯Ò �Ëä¹Ë¯È��¯Ë
���±�� Åv �ºãÎÓÈ ­©�	 ¯ÈmÓÈ �����±���� ä�°� jÏ�
äË¯ËÓÓºË ° ¹º�¯Ë�Óº°�	
 ÓË ²�ÎË ���� ÏÓÈ�ËÓÒË
°}º¯º°�Ò �ºãÎÓº ­©�	 �}ÈÏÈÓº m ¹È°¹º¯�Ë ÓÈ º­�
¯ÈÏË��

�¯ÒÓ�Ò¹© °ºÏ�ÈÓÒ« °�ÈÓ�È¯�Ó©² º­¯ÈÏ�ºm
�ã« �Ë¹ãºmº® �ËÁË}�º°}º¹ÒÒ� nÒÏÒ�Ë°}�
 °���
Óº°�	 ¹¯º�Ë°°ºm º­ÓÈ¯�ÎËÓÒ« �ËÁË}�ºm �ÓÈ¹¯Ò�
äË¯� �Ò¹È ÓÈ¯��ËÓÒ« °¹ãº�Óº°�Ò� ¹¯Ò �Ë¹ãºmº®
�ËÁË}�º°}º¹ÒÒ äºÎÓº }¯È�}º ÒÏãºÎÒ�	 °ãË��
�
�Òä º­¯ÈÏºä�

jÓÁº¯äÈ�ÒºÓÓ©ä ¹¯ÒÏÓÈ}ºä ÓÈãÒ�Ò« mÓ��¯ËÓ�
ÓË® ÓËº�Óº¯º�Óº°�Ò ��ËÁË}�È� «mã«Ë�°« ÈÓºäÈãÒ«

cÒ°� �� v�ÈÓ�È¯�Ó©® º­¯ÈÏË� v|��� � Û º�mË¯°�Ò« �ã« º¹¯Ë�ËãËÓÒ« �°ãºmÓº® ��m°�mÒ�Ëã	Óº°�Ò� � Û °�ËÓ}È� � Û º°ÓºmÈÓÒË� �
Û ¹¯º}ãÈ�}È� ÏÈ�Ò�È
�È« º�mË¯°�Ò« � º� ÏÈ�¯«ÏÓËÓÒ«� � Û º�mË¯°�Ò« �ã« º¹¯Ë�ËãËÓÒ« ¯ÈÏ¯Ë�È
�Ë® °¹º°º­Óº°�Ò� � Û ¹ÈÏ©

�ã« º¹¯Ë�ËãËÓÒ« ¯ÈÏ¯Ë�È
�Ë® °¹º°º­Óº°�Ò� � Û ¹ÈÏ �ã« º¹¯Ë�ËãËÓÒ« ¹º�¯Ë�Óº°�Ò �ã�­ÒÓºäË¯È� ½�� ä}°� Û m¯Ëä«� ÒÏäË¯ËÓÓºË

�º �Ëã©² ÏÓÈ�ËÓÒ® äÒ}¯º°Ë}�Ó�
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�Ëä¹Ë¯È��¯Óº�º ¹ºã« ∆� ÓÈ ¹ºmË¯²Óº°�Ò º­�Ë}�È
}ºÓ�¯ºã«� {ãÒ«ÓÒË mÓ��¯ËÓÓË® ÓËº�Óº¯º�Óº°�Ò
��ËÁË}�È� ÓÈ �Ëä¹Ë¯È��¯ÓºË ¹ºãË �Ëº¯Ë�Ò�Ë°}Ò
º­º°Óºm©mÈË�°« ¯Ë�ËÓÒËä ÓË°�È�ÒºÓÈ¯Óº�º �¯Èm�
ÓËÓÒ« �Ë¹ãº¹¯ºmº�Óº°�Ò �ã« ÓËº�Óº¯º�Óº® °�¯�}�
��¯© ¹¯Ò °ºº�mË�°�m�
�Ò² �¯ÈÓÒ�Ó©² �°ãºmÒ«²
>�@� jãã
°�¯È�ÒË® ª�º�º äË²ÈÓÒÏäÈ äºÎË� °ã��
ÎÒ�	 ÈÓÈãÒÏ mãÒ«ÓÒ« ¯ÈÏÓº�ºã�ÒÓÓº°�Ò ¹ãÈ°�ÒÓ©
ÓÈ ËË �Ëä¹Ë¯È��¯ÓºË ¹ºãË �¯Ò°� �� >�@�

{ Ò°²º�Óºä °º°�º«ÓÒÒ �Ëä¹Ë¯È��¯È ¹ãÈ°�ÒÓ©
¯ÈmÓÈ �Ëä¹Ë¯È��¯Ë º}¯�ÎÈ
�Ë® °¯Ë�© 7°�

iã« °ºÏ�ÈÓÒ« ÓË¯ÈmÓºmË°Óº�º �Ë¹ãºmº�º ¯ËÎÒ�
äÈ ¹¯ÒäËÓ«Ë�°« mºÏ�Ë®°�mÒË ÓÈ ÓÒÎÓ

 ¹ºmË¯²�
Óº°�	 ¹ãÈ°�ÒÓ© �Ë¹ãºm©ä ¹º�º}ºä ¹ãº�Óº°�	
 T
Ò ��Ò�©mÈË�°« �Ë¹ãºº��È�È m º}¯�ÎÈ
��
 °¯Ë��

° }ºªÁÁÒ�ÒËÓ�ºä α ÓÈ mÓË�ÓÒ² ¹ºmË¯²Óº°�«²�
iã« ÓÈ²ºÎ�ËÓÒ« �Ëä¹Ë¯È��¯Óº�º ¹ºã« ÓÈ mË¯�

²ÓË® ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ© ¯Ë�ÈË�°« �¯ÈmÓËÓÒË
�Ë¹ãº¹¯ºmº�Óº°�Ò >�@ ¹¯Ò °ºº�mË�°�m�
�Ò² �¯È�
ÓÒ�Ó©² �°ãºmÒ«² �Ò°ãËÓÓ©ä äË�º�ºä �äË�º�ºä
}ºÓË�Ó©² ¯ÈÏÓº°�Ë®��

|°º­ËÓÓº°�	
 ¯Ë�ËÓÒ« «mã«Ë�°« �º� ��º ¹¯Ò
ÓË°�È�ÒºÓÈ¯Óºä ¯ËÎÒäË �Ëä¹Ë¯È��¯ÓºË ¯È°¹¯Ë�Ë�
ãËÓÒË ÓÈ ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ© ° �Ë�ËÓÒËä m¯Ë�
äËÓÒ ÒÏäËÓ«Ë�°«� ¹¯Ò ª�ºä äËÓ«Ë�°« Ò ∆�� º­�°�
ãºmãËÓÓºË �ËÁË}�ºä �¯ÈÏÓº�ºã�ÒÓÓº°�	
��

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓº �Ëä¹Ë¯È��¯ÓºË ¯È°¹�
¯Ë�ËãËÓÒË ÓÈ mË¯²ÓË® ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ© ÒÏ

äÈ�Ë¯ÒÈãÈ ° ÓÒÏ}º® �Ë¹ãº¹¯ºmº�Óº°�	
� ¹ºã��ËÓ�

ÓºË �ã« äºäËÓ�È m¯ËäËÓÒ� }º��È ∆� äÈ}°ÒäÈã	Óº
�È�� ~�Ë°	 ÎË ¹º}ÈÏÈÓº ¯È°¹¯Ë�ËãËÓÒË �­� ¹¯Ò
­ºã	�Ë® ¯ÈÏÓº�ºã�ÒÓÓº°�Ò� {Ò�Óº� ��º �Ëä¹Ë¯È�

��¯Ó©® ¹Ë¯Ë¹È� ∆� °��Ë°�mËÓÓº ÏÈmÒ°Ò� º� ¹È�

¯ÈäË�¯È �ËÁË}�È ∆K�K�
cÈ°°äº�¯ËÓÓ©® ¹¯ÒäË¯ ¹º��mË¯Î�ÈË� ¹ºãºÎË�

ÓÒË º �ºä� ��º ÓË°�È�ÒºÓÈ¯ÓºË �Ëä¹Ë¯È��¯ÓºË ¹ºãË�
°ºÏ�ÈmÈËäºË m º­�Ë}�Ë }ºÓ�¯ºã« Ò°}�°°�mËÓÓ©ä ¹��
�Ëä� ÓË°Ë� m °Ë­Ë ÒÓÁº¯äÈ�Ò
 º Ë�º mÓ��¯ËÓÓË®
°�¯�}��¯Ë�

v¹Ë�ÒÁÒ}È ¹¯º�Ë°°ºm Áº¯äÒ¯ºmÈÓÒ« °Ò�ÓÈãÈ
º� �ËÁË}�È ¹¯Ò �sz ÓË ¹ºÏmºã«Ë� ¹¯ÒäËÓ«�	 v|�
ÏÈÒä°�mºmÈÓÓ©Ë ÒÏ È}�°�Ò�Ë°}º�º �ÒãÒ ã
­º�º
�¯��º�º� äË�º�È� º�ÓÈ}º ÓË}º�º¯©Ë ¹¯ÒÓ�Ò¹©
äºÎÓº Ò°¹ºã	ÏºmÈ�	� ÓÈ¹¯ÒäË¯� ÓÈãÒ�ÒË ÓÈ­º¯È
äº�ËãË® �ËÁË}�ºm }È} m º­¯ÈÏ�Ë� ¹º}ÈÏÈÓÓºä ÓÈ
¯Ò°� ��

�¯º�º�Ò¹ºä v| �ã« �Ë¹ãºmº�º }ºÓ�¯ºã« äºÎË�
«mã«�	°« }ºÓ°�¯�}�Ò«� ¹¯Ë�ãºÎËÓÓÈ« t� lÈã�È�
�ºä >�@� ¹º}ÈÏÈÓÓÈ« ÓÈ ¯Ò°� ��

|�ãÒ�Ò�Ëã	Óº® º°º­ËÓÓº°�	
 ª�º® }ºÓ°�¯�}�ÒÒ
«mã«
�°« ÓÈãÒ�ÒË m äº�ËãÒ º�Óºm¯ËäËÓÓº �m�²
mÒ�ºm �ËÁË}�ºm �ÓÈ¯��ËÓÒË °¹ãº�Óº°�Ò Ò ¯ÈÏÓº�

�ºã�ÒÓÓº°�	�� ¹È¯ÈäË�¯© }º�º¯©² �K� ∆� mÈ¯	�
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�Òm ÓÈ�¯Ëm
v| °º °�º¯ºÓ© ¹ºmË¯²Óº°�Ò � �¯Ò°� ��� �¯Ò ª�ºä
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�
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Óº�º �ÓÈ°�¯ºË�Óº�º� º­¯ÈÏ�È �ã« �ÈÓÓº�º mÒ�È ÒÏ�
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jãã
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¹¯º­ãËä© «mã«Ë�°« °ºÏ�ÈÓÒË °�ÈÓ�È¯�Ó©² �ÓÈ°��
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¹ºÏmºã«Ë� ¹¯Ò�È�	 v| º¹¯Ë�ËãËÓÓ�
 �ÓÒmË¯°Èã	�
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�Ò® È}�°�Ò�Ë°}Ò®�

�Ë¯äÒÓ© Ò º¹¯Ë�ËãËÓÒ«� Û l�� jÏ��mº °�ÈÓ�È¯�ºm� �����
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Baeh`_g ^hklZlhqgh ijhklhc wdki_jbf_glZevguc f_lh^ hij_^_e_gby ^hklh\_jguo agZq_gbc mijm]bo� ^_nhj�
fZpbhgguo b wg_j]_lbq_kdbo oZjZdl_jbklbd dhgkljmdpbhgguo fZl_jbZeh\� iha\heyxsbc mq_klv mijm]mx ^_nhj�

fZpbx kbehgZ]jm`Zxs_c p_ib bkiulZl_evghc fZrbgu�

7KLV SDSHU GHVFULEHV D VXIILFLHQWO\ VLPSOH H[SHULPHQWDO SURFHGXUH IRU GHWHUPLQDWLRQ RI YDOLG YDOXHV RI WKH HODVWLF� GHIRUPDWLRQ

DQG HQHUJ\ FKDUDFWHULVWLFV RI VWUXFWXUDO PDWHULDOV� ZKLFK DOORZV IRU WKH HODVWLF GHIRUPDWLRQ RI D ORDGLQJ IRUFH FLUFXLW RI

WKH WHVWLQJ PDFKLQH�
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Knhjfbjh\Zgu mkeh\by dhjj_dlgh]h \u[hjZ ebg_cgh]h rZ]Z ^bkdj_^blZpbb b qbkeZ gZijZ\e_gbc ahg^bjh\Zgby \

ZabfmlZevghc iehkdhklb h[t_dlZ ijb ihemq_gbb ijh_dpbhgguo ^Zgguo \ mevljZa\mdh\hc ljZgkfbkkbhgghc j_dhg�

kljmdlb\ghc lhfh]jZnbb�
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�ËÓÓºË �Ò°ãº ¹º ¯ÈÏÓºä� º¯ÒËÓ�Ò¯ºmÈÓÓ©² �È}Ò²
¹¯ºË}�Ò®� �� Ë� ��ãºmº® ¹È¯ÈäË�¯ °}ÈÓÒ¯ºmÈÓÒ«

ϕ ¹¯º­Ë�ÈË� m°Ë ÏÓÈ�ËÓÒ« ÒÏ º­ãÈ°�Ò º¹¯Ë�ËãËÓÒ«
��� ���Å�� |�ÓÈ}º ÓÈ ¹¯È}�Ò}Ë ÏÓÈ�ËÓÒ« ãÒÓË®Ó©²

¹¯ºË}�Ò® �ÓÈ­º¯ ãÒÓË®Ó©² ÒÓ�Ë�¯Èãºm ¹º ¹¯«ä©ä

/ m ÓÈ¹¯ÈmãËÓÒ« ϕ� äºÎÓº º¹¯Ë�ËãÒ�	 �ºã	}º �ã«
}ºÓË�Óº�º �Ò°ãÈ ÓÈ¹¯ÈmãËÓÒ®� �� Ë� mº°°�ÈÓºmãËÓÒË
¹¯ºmº�Ò�°« ¹º ÓË}º�º¯ºä� }ºÓË�Óºä� ��ãºmºä� ÓÈ�
­º¯� ¹¯ºË}�Ò®� ¹ºã��ËÓÓ©² �ã« �Ò°}¯Ë�Ó©² ÏÓÈ�
�ËÓÒ® ÈÏÒä��Èã	Óº�º ��ãÈ º­ã��ËÓÒ« ° ÓË}º�º¯©ä
�È�ºä ∆ϕ� �ºª�ºä� ¹¯Ò ¯Ë�ËÓÒÒ ÏÈ�È�Ò �Ò°}¯Ë�
�ÒÏÈ�ÒÒ ¹º ÈÏÒä��Èã	Óºä� ��ã� ÏºÓ�Ò¯ºmÈÓÒ« mºÏ�
ÓÒ}ÈË� ¯«� ¹¯È}�Ò�Ë°}Ò² mº¹¯º°ºm�

�� zÈ} m©­¯È�	 º¹�ÒäÈã	Ó©® ÒÓ�Ë¯mÈã �Ò°}�

¯Ë�ÒÏÈ�ÒÒ ∆ϕ Ò }È}ÒäÒ °ºº­¯ÈÎËÓÒ«äÒ ¹¯Ò ª�ºä
¯�}ºmº�°�mºmÈ�	°«"

�� zÈ}È« äÈ}°ÒäÈã	Óº �º¹�°�ÒäÈ« mËãÒ�ÒÓÈ ÒÓ�

�Ë¯mÈãÈ �Ò°}¯Ë�ÒÏÈ�ÒÒ PD[∆ϕ� ¹¯Ò }º�º¯ºä Ë�Ë
¹¯ÒÓ�Ò¹ÒÈã	Óº mºÏäºÎÓº }º¯¯Ë}�ÓºË mº°°�ÈÓºm�
ãËÓÒË Ò°²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« ¹º Ë�º ��ãºm©ä
¹¯ºË}�Ò«ä"

�ºã��Ò�	 º�mË�© ÓÈ ¹º°�ÈmãËÓÓ©Ë mº¹¯º°©
äºÎÓº ãÒ�	 m °ã��ÈË� Ë°ãÒ ÏÈ�È�� �Ò°}¯Ë�ÒÏÈ�ÒÒ
¯È°°äÈ�¯ÒmÈ�	 mäË°�Ë ° º­¯È�Óº® ÏÈ�È�Ë® Û mº°�
°�ÈÓºmãËÓÒË Ò°²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« ¹º Ë�º �Ò°�
}¯Ë�Ó©ä ¹¯ºË}�Ò«ä� v��	 ÏÈ�È�Ò ÏÈ}ã
�ÈË�°« m
�ºä� ��º °º�ãÈ°Óº �Ëº¯ËäË º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ
>�Ü�@ ÓËº­²º�Òäº mº°°�ÈÓºmÒ�	 ��¯È�ËÓÓ©Ë m ¹¯º�
�Ë°°Ë �Ò°}¯Ë�ÒÏÈ�ÒÒ ��È°�}Ò ÓË¹¯Ë¯©mÓº�º °¹Ë}�
�¯È ¯È°¹¯Ë�ËãËÓÒ«� }º�º¯©Ë ãËÎÈ� m ��ãºm©² ¹¯º�
äËÎ��}È² äËÎ�� º�°�Ë�ÈäÒ �mË¯ÓËË Û mº°°�ÈÓº�
mÒ�	 ¹ºmË�ËÓÒË °¹Ë}�¯È m ª�Ò² ¹¯ºäËÎ��}È²��

cÈ°°äº�¯Òä �Ëº¯Ëä� º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ
��m�äË¯Ó©® °ã��È®��

��°�	 Á�Ó}�Ò« I�[� \� È­°ºã
�Óº ÒÓ�Ë�¯Ò�

¯�ËäÈ m º­ãÈ°�Ò º¹¯Ë�ËãËÓÒ« ∆�[� \�� È ËË Á�¯	Ë�
°¹Ë}�¯ º�¯ÈÓÒ�ËÓ ÓË}º�º¯º® º­ãÈ°�	
 :�X� ν��
�º��È º�ÓºäË¯ÓºË Á�¯	Ë�¹¯Ëº­¯ÈÏºmÈÓÒË ¹¯ºË}�ÒÒ

I

_
(S) _ϕ = ϕ

L
�m�äË¯Óº® Á�Ó}�ÒÒ I�[� \�� ¹ºã��ËÓÓº®

¹º� ��ãºä ϕ  ϕL m ¹¯º°�¯ÈÓ°�mË °Ò�ÓÈãºm

�¯Ò°� �� È�� ¹¯Ë�°�Èmã«Ë� °º­º® �ËÓ�¯Èã	ÓºË °Ë�

�ËÓÒË ¹º� �Ëä ÎË ��ãºä ϕ  ϕL m ¹¯º°�¯ÈÓ°�mË

°¹Ë}�¯ºm ¹¯Ëº­¯ÈÏºmÈÓÒ« n�¯	Ë Ò°²º�Óº® Á�Ó}�ÒÒ

�¯Ò°� �� ­��
i¯��ÒäÒ °ãºmÈäÒ� Á�¯	Ë�º­¯ÈÏ ¹¯ºË}�ÒÒ

I

_
(S) _ϕ = ϕ

L
�ã« ��ãÈ ϕL �¯Ò°� �� È� ¹¯Ë�°�Èmã«Ë� °º­º®

°¹Ë}�¯ Á�Ó}�ÒÒ I�[� \� m�ºã	 ¹¯«äº®� }º�º¯È«
¹¯º²º�Ò� �Ë¯ËÏ ÓÈ�Èãº }ºº¯�ÒÓÈ� m �È°�º�Óº®
¹ãº°}º°�Ò :�X� ν� ¹º� �Ëä ÎË ��ãºä ϕL �¯Ò°� ��
­� Ò ÁÈ}�Ò�Ë°}Ò «mã«Ë�°« �ËÓ�¯Èã	Ó©ä °Ë�ËÓÒËä
�m�äË¯Óº�º Á�¯	Ë�¹¯Ëº­¯ÈÏºmÈÓÒ« Ò°²º�Óº® Á�Ó�

}�ÒÒ )ϕL�X� ν�  )�XFRVϕL � νVLQϕL��

cÒ°� �� z �Ëº¯ËäË º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ
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v º�Óº® °�º¯ºÓ©� �Ëº¯ËäÈ º �ËÓ�¯Èã	Óºä °Ë�
�ËÓÒÒ ¹ºÏmºã«Ë� ¹ºã��Ò�	 ¹¯Ëº­¯ÈÏºmÈÓÒË n�¯	Ë
Ò°²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« I�[� \�� Ë°ãÒ ÒÏmË°�Ó©
Ë�º ¹¯ºË}�ÒÒ� È °ãË�ºmÈ�Ëã	Óº� Ò °Èäº ¯È°¹¯Ë�Ë�
ãËÓÒË� Ò°¹ºã	Ï�« �ã« ª�º�º ÒÏmË°�ÓºË °ºº�Óº�ËÓÒË
�ã« º­¯È�Óº�º ¹¯Ëº­¯ÈÏºmÈÓÒ« n�¯	Ë� v �¯��º®
°�º¯ºÓ©� }È} °ãË��Ë� ÒÏ ¹¯ÒmË�ËÓÓº® �Ëº¯Ëä©�
�ã« �º�Óº�º mº°°�ÈÓºmãËÓÒ« Ò°²º�Óº�º ¯È°¹¯Ë�Ë�
ãËÓÒ« ÓËº­²º�Òäº ÒäË�	 ÓËº�¯ÈÓÒ�ËÓÓºË }ºãÒ�Ë°�
�mº ¹¯ºË}�Ò® ¹º� ¯ÈÏÓ©äÒ ��ãÈäÒ�

cËÈã	Óº ÓÈ ¹¯È}�Ò}Ë ä© º­©�Óº ÒäËËä �Ëãº
° }ºÓË�Ó©ä �Ò°ãºä ¹¯ºË}�Ò®� vºmË¯�ËÓÓº ¹ºÓ«��
Óº� ��º �Ëä äËÓ	�ËË }ºãÒ�Ë°�mº º�°�Ë�ºm ä© ­Ë¯Ëä
ÓÈ ��ãºmºä ÒÓ�Ë¯mÈãË ��� ���Å�� �Ëä �ãÒÓÓËË ÒÓ�
�Ë¯mÈã �Ò°}¯Ë�ÒÏÈ�ÒÒ ∆ϕ  ϕV Ò ­ºãËË °ãºÎÓº
m©¹ºãÓÒ�	 ¹¯º�Ë��¯� �º�Óº�º mº°°�ÈÓºmãËÓÒ« Ò°�
²º�Óº�º ¯È°¹¯Ë�ËãËÓÒ« I�[� \�� j ÓÈº­º¯º�� �Ëä
­ºã	�Ë ��ãºm©² º�°�Ë�ºm� �Ëä }º¯º�Ë ÒÓ�Ë¯mÈã
�Ò°}¯Ë�ÒÏÈ�ÒÒ Ò �º�ÓËË ¹¯º�Ë��¯È mº°°�ÈÓºmãËÓÒ«
�¯ÒF� �� m��

sÈ®�Ëä º�ËÓ}� ¯ÈÏ¯Ë�È
�Ë® °¹º°º­Óº°�Ò ¹º
��ã� �ã« °ã��È« °�ÈÓ�È¯�Óº® ¹È¯ÈããËã	Óº® °²Ë�

ä© °}ÈÓÒ¯ºmÈÓÒ«� }º��È ¹¯ºË}�ÒÒ �¹¯Ëº­¯ÈÏºmÈ�
ÓÒË cÈ�ºÓÈ� º¹¯Ë�Ëã«
�°« �ã« }ºÓË�Óº�º �Ò°ãÈ
ÓÈ¹¯ÈmãËÓÒ® ÒÏ ¹¯º°�©² ªm¯Ò°�Ò�Ë°}Ò² °ºº­¯È�
ÎËÓÒ®� �º°}ºã	}� �°ãºmÒ« �Ò°}¯Ë�ÒÏÈ�ÒÒ ¹º ��ã�
m �¯Ë²äË¯Óºä °ã��ÈË äºÎÓº ¹ºã��Ò�	 ÒÏ �°ãºmÒ®
�Ò°}¯Ë�ÒÏÈ�ÒÒ ÓÈ ¹ãº°}º°�Ò� º�¯ÈÓÒ�Òä°« ¯È°�
°äº�¯ËÓÒËä �m�äË¯Óº�º °ã��È«� �Ëº¯Ë�Ò�Ë°}ºË
º­º°ÓºmÈÓÒË ¹¯º�Ë°°È �Ò°}¯Ë�ÒÏÈ�ÒÒ ¹º ��ã� °º�
�Ë¯ÎÒ� �Ëº¯ËäÈ º �ËÓ�¯Èã	Óºä °Ë�ËÓÒÒ Û �Ëº�

¯ËäÈ �Ò°}¯Ë�ÒÏÈ�ÒÒ bËÓÓºÓÈ�
��°�	 �m�äË¯ÓºË °Ë�ËÓÒË m ¹¯«äº��ºã	Óº® °Ò°�

�ËäË }ºº¯�ÒÓÈ� �[� \� Ò°°ãË��Ëäº�º º­�Ë}�È º¹Ò�
°©mÈË�°« Á�Ó}�ÒË® ¯È°¹¯Ë�ËãËÓÒ« V�[� \� �m �~
�ºäº�¯ÈÁÒÒ ª�º äºÎË� ­©�	 ¯È°¹¯Ë�ËãËÓÒË °}º�
¯º°�Ò ¯È°¹¯º°�¯ÈÓËÓÒ« �~ }ºãË­ÈÓÒ® ÒãÒ ãÒÓË®�
Ó©® }ºªÁÁÒ�ÒËÓ� ¹º�ãº�ËÓÒ« m ¯ËÓ��ËÓºm°}º® �º�
äº�¯ÈÁÒÒ�� iã« º¹¯Ë�ËãËÓÓº°�Ò º­ãÈ°�	 ÏÈ�ÈÓÒ«
Á�Ó}�ÒÒ ¯È°¹¯Ë�ËãËÓÒ« ¹¯ÒäËä m mÒ�Ë }¯��È ¯È�
�Ò�°ºä 5 �¯Ò°� �� È�� vºº�mË�°�mËÓÓº ¹�°�	 ªÁ�

ÁË}�ÒmÓÈ« �Ò¯ÒÓÈ ¹¯º°�¯ÈÓ°�mËÓÓº�º °¹Ë}�¯È

)�X� ν� ª�º�º °Ë�ËÓÒ« m ¹¯«äº��ºã	Óº® °Ò°�ËäË

}ºº¯�ÒÓÈ� �X� ν� º�¯ÈÓÒ�ËÓÓÈ ¯È�Ò�°ºä :P

�¯Ò°� �� ­�� �È} }È} º­ãÈ°�	 º¹¯Ë�ËãËÓÒ« ½ÒÏº­�
¯ÈÎËÓÒ« ¯È°¹¯Ë�ËãËÓÒ«� m ¹¯º°�¯ÈÓ°�mËÓÓ©² }º�
º¯�ÒÓÈ�È² º�¯ÈÓÒ�ËÓÈ ¹º¹Ë¯Ë�ÓÒ}ºä �ãÒÓº® �5�
�º °º�ãÈ°Óº º­¯È�Óº® �Ëº¯Ëä© bËÓÓºÓÈ Ë�º °¹Ë}�¯
º¹¯Ë�ËãËÓ �ºã	}º �ã« �Ò°}¯Ë�Óº® ¹¯«äº��ºã	Óº®
°Ë�}Ò �È°�º� �¯Ò°� �� ­�� ¯ÈÏ�ËãËÓÓ©² ¹¯ºäËÎ���
}ÈäÒ ���5  ��15V� ��Ë 5V Û �È� �Ò°}¯Ë�ÒÏÈ�ÒÒ
ÒÏº­¯ÈÎËÓÒ« m ¹¯º°�¯ÈÓ°�mËÓÓº® º­ãÈ°�Ò� 1 Û
�Ò°ãº º�°�Ë�ºm ÒÏº­¯ÈÎËÓÒ« ¹º ¹º¹Ë¯Ë�ÓÒ}�� vº��
ãÈ°Óº �Ëº¯ËäË �Ò°}¯Ë�ÒÏÈ�ÒÒ Á�Ó}�Ò® ° º�¯ÈÓÒ�
�ËÓÓ©ä °¹Ë}�¯ºä �È� �Ò°}¯Ë�ÒÏÈ�ÒÒ m©­Ò¯ÈË�°«

ÒÏ �°ãºmÒ« 5V ≤ ���:P� |�°
�È �È� �È°�º�Óº®
°Ë�}Ò

∆X = ∆Y = ∆I =
�:P

1
�

���

cÒ°� �� |­ãÈ°�Ò º¹¯Ë�ËãËÓÒ« �m�äË¯Óº�º ÒÏº­¯ÈÎËÓÒ«� È Û m ¹¯º°�¯ÈÓ°�mËÓÓº® º­ãÈ°�Ò �[� \�� ­Û m °¹Ë}�¯Èã	Óº® º­ãÈ°�Ò �X� Y�

cÒ°� �� �ºã«¯ÓÈ« �Ò°}¯Ë�ÒÏÈ�ºÓÓÈ« °Ë�}È mÏ«�Ò« º�°�Ë�ºm m °¹Ë}�
�¯Èã	Óº® º­ãÈ°�Ò
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l© ²º�Òä ÓÈ®�Ò �È}ºË �Ò°}¯Ë�ÓºË äÓºÎË°�mº
0 ÓÈ¹¯ÈmãËÓÒ®� }º�º¯ºË ­© º­Ë°¹Ë�ÒmÈãº }º¯¯Ë}�
�ÓºË mº°°�ÈÓºmãËÓÒË ÒÏº­¯ÈÎËÓÒ« V�[� \�� �� Ë� Û
�ã« ¯ÈÏ�ËãËÓÒ« �Ë�ÈãË® ¯ÈÏäË¯ºä ���:P� �º°�È�
�º�Óº ÏÓÈ�	 ¹¯ºË}�ÒÒ ÓÈ ª�ºä äÓºÎË°�mË� �¯Ë�°�
�ÈmÒä º­ãÈ°�	 º¹¯Ë�ËãËÓÒ« °¹Ë}�¯È ÒÏº­¯ÈÎËÓÒ« m
¹ºã«¯Óº® °Ë�}Ë� }È} ¹º}ÈÏÈÓº ÓÈ ¯Ò°� ��

bÈ� °Ë�}Ò m ¯È�ÒÈã	Óºä ÓÈ¹¯ÈmãËÓÒÒ °º°�Èm�

ã«Ë� �:P�1� È ¹º ��ã� Û ∆ϕ  ���Å�0� vÈä©Ë
}¯�¹Ó©Ë «�Ë®}Ò ¹ºã��ËÓÓº® °Ë�}Ò� }º�º¯©Ë Ë�Ë
¹¯ÒÓÈ�ãËÎÈ� º­ãÈ°�Ò º¹¯Ë�ËãËÓÒ« °¹Ë}�¯È ãËÎÈ�
m }ºã	�Ë ° mË¯²ÓÒä ¯È�Ò�°ºä :P� zÈÎ�È« �È}È«
«�Ë®}È ¹¯Ò l� 1 !! � ¹¯Ë�°�Èmã«Ë� °º­º® ¹¯Ò­�
ãÒÎËÓÓº ¹¯«äº��ºã	ÓÒ} °º °�º¯ºÓÈäÒ °ºº�mË�°�

�mËÓÓº �:P�1 Ò π:P�0� |�ËmÒ�Óº� ��º �ã«
}º¯¯Ë}�Óº® �Ò°}¯Ë�ÒÏÈ�ÒÒ ¹º ��ã� ÓËº­²º�Òäº�
��º­© m©�ËãËÓÓ©Ë «�Ë®}Ò ÒäËãÒ Áº¯ä� }mÈ�¯È�ºm
°º °�º¯ºÓº® �:P�1� �� Ë� �ºãÎÓº m©¹ºãÓ«�	°«
�°ãºmÒË�

�:P

1
=

π:P

0
� ����

|�°
�È ¹ºã��ÈËä�

0 = π1
�
�

����

�¯Ò �Ò°}¯Ë�ÒÏÈ�ÒÒ �m�äË¯Óº�º °Ò�ÓÈãÈ �ÒÏº­�
¯ÈÎËÓÒ«� V�[� \� ° º�¯ÈÓÒ�ËÓÓ©ä ¹¯º°�¯ÈÓ°�mËÓ�
Ó©ä °¹Ë}�¯ºä m ¹È¯ÈããËã	Ó©² ÓÈ¹¯ÈmãËÓÒ«² °
¹¯º°�¯ÈÓ°�mËÓÓ©ä �È�ºä °º�ãÈ°Óº �Ëº¯ËäË bËÓ�
ÓºÓÈ 5V  ���:P �Ò°ãº ÈÏÒä��Èã	Ó©² ÓÈ¹¯Èm�
ãËÓÒ® ÏºÓ�Ò¯ºmÈÓÒ« �ºãÎÓº ��ºmãË�mº¯«�	 �°ãº�

mÒ
 0 ≥ π1���
lºÎÓº ¹º}ÈÏÈ�	� ��º °ºº�Óº�ËÓÒË ���� °¹¯È�

mË�ãÒmº �ã« º­ãÈ°�Ë® º¹¯Ë�ËãËÓÒ« ÒÏº­¯ÈÎËÓÒ« Ò

°¹Ë}�¯È ¹¯ºÒÏmºã	Óº® }ºÓÁÒ��¯È�ÒÒ ° �º® ãÒ�	
¯ÈÏÓÒ�Ë®� ��º �ã« ¯È°�Ë�È m }È�Ë°�mË ÏÓÈ�ËÓÒ® 5

Ò :P� ­Ë¯��°« °ºº�mË�°�mËÓÓº mËãÒ�ÒÓ© PD[�5P[�
5P�� Ò PD[�:PX� :PY��

{©mº�©

{ ­ºã	�ÒÓ°�mË ¹¯È}�Ò�Ë°}Ò² °ã��ÈËm äºÎÓº ¹¯º�
mº�Ò�	 �Ò°}¯Ë�Ò�È�Ò
 m º�¯ÈÓÒ�ËÓÓºä ¹ºãË ¯ÈÏäË�
¯ºä /P�/P� ¹¯Ë�¹ºãÈ�È«� ��º ËË °¹Ë}�¯Èã	Ó©®
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JZkkfhlj_gh \ebygb_ ^ebl_evghklb ijyfhm]hevgh]h bfimevkZ gZ khhlghr_gb_ kb]gZe�rmf ijb ^\hcghf WF: ij_�

h[jZah\Zgbb� JZkkfhlj_gu kemqZb WF: ij_h[jZah\Zgby \ fZl_jbZeZo k fZeufb we_dljhijh\h^ghklvx b fZ]gblghc

ijhgbpZ_fhklvx� <uiheg_gu jZkq_lu gZ fZl_fZlbq_kdhc fh^_eb ^\hcgh]h WF:I� dhlhju_ ihdZau\Zxl� qlh bkdZ�

`_gby ijyfhm]hevgh]h jZ^bhbfimevkZ ^ey ijh^hevguo b ihi_j_qguo \heg g_agZqbl_evgu�

,QIOXHQFH RI VTXDUH�ZDYH SXOVH GXUDWLRQ RQ WKH VLJQDO�WR�QRLVH UDWLR DW GRXEOH (0$ WUDQVIRUPDWLRQ LV FRQVLGHUHG� &DVHV RI

(0$ WUDQVIRUPDWLRQ LQ PDWHULDOV ZLWK D ORZ HOHFWULF FRQGXFWLYLW\ DQG PDJQHWLF SHUPHDELOLW\ DUH DQDO\]HG� &DOFXODWLRQV

KDYH EHHQ PDGH� XVLQJ D PDWKHPDWLFDO PRGHO RI GRXEOH (0$7� ZKLFK VKRZ WKDW GLVWRUWLRQV RI D VTXDUH�ZDYH UDGLR SXOVH

DUH QHJOLJLEOH IRU WKH ORQJLWXGLQDO DQG WUDQVYHUVH ZDYHV�
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��±�� ghy[jy ���� ]� \ OZjvdh\_ khklhyeky ��c X[b�

e_cguc k_fbgZj�\uklZ\dZ ©Kh\j_f_ggu_ l_ogheh]bb b

ijb[hju g_jZajmrZxs_]h dhgljhey b l_ogbq_kdhc ^b�

Z]ghklbdbª� K_fbgZj [ue hj]Zgbah\Zg <hklhqguf j_�

]bhgZevguf hl^_e_gb_f MdjZbgkdh]h h[s_kl\Z g_jZa�

jmrZxs_]h dhgljhey b l_ogbq_kdhc ^bZ]ghklbdb kh\�

f_klgh k H:H ©Ijhba\h^kl\_ggh�l_ogbq_kdbf ij_^i�

jbylb_f ©Mdjwg_j]hq_jf_lª� Ih^]hlh\dZ f_jhijbylby

hkms_kl\eyeZkv ijb ih^^_j`d_ IjZ\e_gby MH GDL>�

:kkhpbZpbb ©Mdjwdki_jlª� GLP ©L_jfhdhgljhevª

OGMJW� dZn_^ju ©Ijb[hjh\ b f_lh^h\ GDª GLM

©OIBª� ]jmiiu ij_^ijbylbc ©MevljZdhgª b ^j�

< jZ[hl_ ��]h X[be_cgh]h k_fbgZjZ�\uklZ\db ijb�

gyeb mqZklb_ k\ur_ ��� mqZklgbdh\ ba ���lb ij_^ijb�

ylbc b hj]ZgbaZpbc MdjZbgu� Z lZd`_ wdki_jl G_f_p�

dh]h ]heh\gh]h hj]ZgZ ih Zddj_^blZpbb �7*$� ^hdlhj
=Zgk]_hj] Lbe_� GZ k_fbgZj_ [ueb rbjhdh ij_^klZ\�

e_gu gZmqgu_ hj]ZgbaZpbb b mqj_`^_gby� ijhba\h^k�

l\_ggu_ b wdkiemZlZpbhggu_ ij_^ijbylby \ h[eZklb

GD b L>� Kj_^b gbo�

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

MdjZbgu �]� Db_\��
� GZpbhgZevguc Z\bZpbhgguc mgb\_jkbl_l �]� Db�

_\��
� GZpbhgZevguc l_ogbq_kdbc mgb\_jkbl_l ©OIBª

�]� OZjvdh\��
� F_`hljZke_\hc bgklblml ih\ur_gby d\Zebnb�

dZpbb GLM ©OIBª �]� OZjvdh\��
� GZpbhgZevguc gZmqguc p_glj ©ONLBª �]� OZjvdh\��
� =I ©OZjvdh\klZg^Zjlf_ljheh]byª �]� OZjvdh\��
� BkiulZl_evguc p_glj ©MdjGBBF_lª Mdj=GLP

©Wg_j]hklZevª �]� OZjvdh\��
� H:H ©Lmj[hZlhfª �]� OZjvdh\��
� MdjGBBobffZr �]� OZjvdh\��
� GLP ©L_jfhdhgljhevª OGMJW �]� OZjvdh\��
� DhjihjZpby ©Bgl_jih^t_fljZgkfZrª� �]� OZjvdh\��
� <MA MGIP ©Mdjl_oijh]j_kkª �]� OZjvdh\��
� Bg`_g_jguc p_glj ©Wg_j]hfZrª �]� OZjvdh\��
� =IM ©R_[_ebgdZ]Za^h[uqZª �OZjvdh\kdZy h[�

eZklv� i]l Q_j\hguc >hg_p��
� A:H Ehah\kdhc aZ\h^ ©LjZdlhjh^_lZevª �OZjv�

dh\kdZy h[eZklv� ]� Ehah\Zy��
� J_fhglgh�^bZ]ghklbq_kdZy nbjfZ ©:j]hg�exdkª

�]� IhelZ\Z��
� H:H ©Dj_f_gqm]kdbc dhe_kguc aZ\h^ª �]� Dj_�

f_gqm]��
� A:H ©Dj_f_gqm]kdh_ mijZ\e_gb_ f_oZgbaZpbb

kljhbl_evkl\Zª �]� Dj_f_gqm]��
� =hkm^Zjkl\_ggh_ D; ©X`gh_ª bf� F� D� Y]_ey

�]� >g_ijhi_ljh\kd��
� H:H ©Ijb^g_ijh\kdbc JFAª �]� >g_ijhi_ljh\kd��
� H:H ©Fhlhj Kbqª �]� AZihjh`v_��
� H:H ©>hg_pdbc f_lZeemj]bq_kdbc aZ\h^ª �]� >h�

g_pd��

� H:H ©FZjbmihevkdbc aZ\h^ ly`_eh]h fZrbghk�

ljh_gbyª �]� FZjbmihev��

� A:H Kljhbl_evgh�fhglZ`gZy nbjfZ ©>hg[Zkkf_�
oZghfhglZ`ª �]� FZjbmihev��
� H:H ©:\^__\kdbc DOAª �]� :\^__\dZ��
� H:H ©GbdheZ_\ijhfkZgl_ofhglZ`ª �]� GbdheZ_\��
� GIP ©>bZ]ghklbdZ b dhgljhevª �]� GbdheZ_\�
� >I ©BjrZgkdbc =HDª �@blhfbjkdZy h[eZklv�

]� BjrZgkd��
� Ehdhfhlb\gh_ ^_ih ©Dhjhkl_gvª �@blhfbjkdZy

h[eZklv� ]� Dhjhkl_gv�
� HHH GIN ©Ahg^ª �]� B\Zgh�NjZgdh\kd��
� H:H ©AZiZ^wg_j]hª �]� Ev\h\��
� H:H ©Jh\gh]Zaª �]� Jh\gh��
� H:H ©Jh\gh]Zakljhcª �]� Jh\gh� b ^j�

;ueb rbjhdh ij_^klZ\e_gu wdki_jlgh�l_ogbq_kdb_

p_glju =hkgZ^ahjhojZgljm^Z MdjZbgu�

� >g_ijhi_ljh\kdbc PK b DDK g_nl_]Zah\h]h dhf�

ie_dkZ MdjZbgu�

� Djb\hjh`kdbc WLP�

� <hklhqguc WLP�

� >hjh`guc wdki_jlgh�l_ogbq_kdbc p_glj X@>�

{©°��¹ãËÓÒË ÓÈ ¹ãËÓÈ¯Óºä ÏÈ°Ë�ÈÓÒÒ �º}�º¯È �ÈÓ°�Ëº¯�È �ÒãË
�sËäË�}Ò® �ºãºmÓº® º¯�ÈÓ ¹º È}}¯Ë�Ò�È�ÒÒ �7*$�� �� i
°�
°Ëã	�º¯Á� �Ë¯äÈÓÒ«��

��È°�ÓÒ}Ò °ËäÒÓÈ¯È��¯ËÓÒÓ�È ª}ÏÈäËÓÈ�º¯ºm °Ò°�Ëä© °Ë¯�ÒÁÒ�
}È�ÒÒ ¹Ë¯°ºÓÈãÈ ¹º sz k°°º�ÒÈ�ÒÒ ½�}¯ª}°¹Ë¯�� �°ãËmÈ ÓÈ¹�
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ÎËÓ}º v� {�� cÈ�	}º {� j��
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� Kmfkdhc WLP�

� GbdheZ_\kdbc WLP�
LjZ^bpbhggh \ukhdmx Zdlb\ghklv \ jZ[hl_ k_fbgZ�

jZ�\uklZ\db ijhy\beb mq_[gu_ b Zll_klZpbhggu_ p_g�
lju ih g_jZajmrZxs_fm dhgljhex kbkl_fu k_jlbnb�
dZpbb i_jkhgZeZ :kkhpbZpbb ©Mdjwdki_jlª =hkgZ^ah�
jhojZgljm^Z MdjZbgu� Kj_^b gbo�
� :PGD ijb BWK bf� ?� H� IZlhgZ G:G MdjZbgu�
� MP b :PGD LD ©Ki_pfhglZ`ª�
� :PGD GIN ©Ahg^ª�
� MP b :PGD H:H ©ILI ©Mdjwg_j]hq_jf_lª�
� OJ MP b :PGD KI ©OZjvdh\kdbc ijhn_kkbh�

gZevguc dhee_^`ª�
� Ijb^g_ijh\kdbc MP b :PGD�
� :PGD ©G_nl_]Zaª�
� :PGD GLP ©Kbq K_jlª�
� :PGD =:WD ©AZiZ^wg_j]hª�
< oh^_ ^\mo ie_gZjguo aZk_^Zgbc� ijh\_^_gguo \

jZfdZo k_fbgZjZ�\uklZ\db� ij_^klZ\e_gh b aZkemrZgh
�� ^hdeZ^h\� ;ueb aZkemrZgu \uklmie_gby ih ke_^m�
xsbf gZijZ\e_gbyf ijh]jZffu k_fbgZjZ�

�� L_hjby b l_ogheh]by nbabq_kdbo f_lh^h\ dhgljh�
ey dZq_kl\Z ² � ^hdeZ^Z�

�� Kj_^kl\Z� kbkl_fu� f_lh^bdb GD b L> ² � ^hd�
eZ^Z�

�� Hij_^_e_gb_ hklZlhqgh]h j_kmjkZ b wdkiemZlZ�
pbhgguo oZjZdl_jbklbd ² � ^hdeZ^h\�

�� KlZg^ZjlbaZpby f_lh^h\ b kj_^kl\ GD ² � ^hd�
eZ^�

�� F_ljheh]bq_kdh_ h[_ki_q_gb_ kj_^kl\ GD ² �

^hdeZ^�
�� K_jlbnbdZpby ki_pbZebklh\ b Zddj_^blZpby eZ�

[hjZlhjbc GD b L> ² � ^hdeZ^Z�
Ijb ijh\_^_gbb ie_gZjguo aZk_^Zgbc g_h^ghdjZlgh

\hagbdZeb ^bkdmkkbb �ihjhc ^h\hevgh hklju_� ijb h[�
km`^_gbb ^hdeZ^h\�< qZklghklb� [hevrhc bgl_j_k \ua�
\Zeb \uklmie_gby�

± Kmqdh\ =� F�� GZpbhgZevguc l_ogbq_kdbc mgb\_j�
kbl_l ©OIBª� ]� OZjvdh\� ² JZajZ[hldZ ijb[hjh\ ^ey
g_jZajmrZxs_]h dhgljhey WF: kihkh[hf�

± Khdheh\ K� E�� GZpbhgZevguc mgb\_jkbl_l dhjZ[�
e_kljh_gby� ]� GbdheZ_\� ² D \hijhkm mevljZa\mdh\h]h
dhgljhey k\Zjguo kh_^bg_gbc maeh\ ]Zah\uo lmj[bg�
\uiheg_gguo we_dljhggh�emq_\hc k\Zjdhc gZ hkgh\_
kieZ\h\ WI���� b WB�����

± Rlhfi_ev B� H�� A:H ©LWP��ª� ]� OZjvdh\� ²
GZkljhcdZ qm\kl\bl_evghklb ih [hdh\hfm pbebg^jb�
q_kdhfm hl\_jklbx ijb MAD dhgljhe_ k\Zjguo r\h\ \
^bZiZahg_ hl � ^h ��ff�

± ;_euc G� =�� BWK bf� ?� H� IZlhgZ G:GM� ]� Db_\�
² L_ogbq_kdZy ^bZ]ghklbdZ b g_jZajmrZxsbc dhgl�
jhev ijhfure_gguo mklZgh\hd� jZ[hlZxsbo \ mkeh\b�
yo bkq_jiZgby wdkiemZlZpbhggh]h j_kmjkZ�

± Ihih\ <� :�� HHH ©Ih^t_fk_j\bkª DhjihjZpbb
©Bgl_jih^t_fljZgkfZrª� ]� OZjvdh\� ² Hkgh\gu_
gZijZ\e_gby bkke_^h\Zgbc b ijZdlbdb ijbf_g_gby
fZ]gblghc kljmdlmjhkdhibb�

± @Z^Zg ;� J�� H:H ©ILI ©Mdjwg_j]hq_jf_lª�
]� OZjvdh\� ² L_ogbq_kdh_ ^bZ]ghklbjh\Zgb_ h[t_dlh\
dhlehgZ^ahjZ�

± F_rdh\ K� G�� GLP ©L_jfhdhgljhevª OGMJW�
]� OZjvdh\� ² H[ke_^h\Zgb_ ]b^jhl_ogbq_kdbo khhjm�
`_gbc l_jfh]jZnbq_kdbf f_lh^hf�

± Lbe_ =Zgk]_hj]� G_f_pdbc ]heh\ghc hj]Zg ih Zd�
dj_^blZpbb �7*$�� ² :ddj_^blZpby bkiulZl_evguo
eZ[hjZlhjbc b k_jlbnbdZpby ki_pbZebklh\ ih GD \
=_jfZgbb�

± JZ^vdh <� B�� :kkhpbZpby ©Mdjwdki_jlª� ]� Db_\�
² Ihjy^hd ijbagZgby k_jlbnbdZlh\ dhfi_l_glghklb�
\u^Zgguo \g_ kbkl_fu k_jlbnbdZpbb i_jkhgZeZ ih GD
:kkhpbZpbb ©Mdjwdki_jlª�

< jZ[hl_ \uklZ\db ijb[hjh\ b kj_^kl\ g_jZajmrZ�
xs_]h dhgljhey b l_ogbq_kdhc ^bZ]ghklbdb ijbgyeb
mqZklb_ wdkihg_glu ba�H:H ©ILI ©Mdjwg_j]hq_jf_lª
�]� OZjvdh\�� GIP ©>bZ]ghklbdZ b dhgljhevª �]� Gbdh�
eZ_\�� dZn_^jZ ©Ijb[hjh\ b f_lh^h\ GDª GZpbhgZev�
gh]h l_ogbq_kdh]h mgb\_jkbl_lZ ©OIBª� Djhf_ lh]h�
k\hb j_deZfgh�bgnhjfZpbhggu_ fZl_jbZeu ij_^klZ\b�
eb� GLP ©L_jfhdhgljhevª OGMJW �]� OZjvdh\�� HHH
©GIN ©MevljZdhgª �]� Db_\�� GIN ©>bZ]ghklbq_kdb_
ijb[hjuª �]� Db_\�� >I�L_kl �]� Db_\��

< jZfdZo ��]h X[be_cgh]h k_fbgZjZ�\uklZ\db
©Kh\j_f_ggu_ l_ogheh]bb b ijb[hju g_jZajmrZxs_�
]h dhgljhey b l_ogbq_kdhc ^bZ]ghklbdbª [ueh ijh\_�
^_gh g_kdhevdh Z\lhghfguo f_jhijbylbc�

�� ghy[jy gZ [Za_ :ll_klZpbhggh]h p_gljZ ih g_jZa�
jmrZxs_fm dhgljhex �:PGD� H:H ©ILI ©Mdjwg_j�
]hq_jf_lª [ue ijh\_^_g k_fbgZj�lj_gbg] wdaZf_gZlh�
jh\ kbkl_fu k_jlbnbdZpbb i_jkhgZeZ ih GD :kkhpb�
Zpbb ©Mdjwdki_jlª k mqZklb_f wdki_jlZ G_f_pdh]h ]h�
eh\gh]h hj]ZgZ ih Zddj_^blZpbb �7*$� ^hdlhjZ =Zgk�
]_hj]Z Lbe_� Ijh]jZffZ k_fbgZjZ�lj_gbg]Z \dexqZeZ
\ k_[y ijh\_^_gb_ ijhp_^mju d\ZebnbdZpbhggh]h wd�
aZf_gZ dZg^b^ZlZ ih h^ghfm ba f_lh^h\ g_jZajmrZx�
s_]h dhgljhey kh]eZkgh lj_[h\Zgbc (1 ��������� <
dZq_kl\_ dZg^b^ZlZ gZ Zll_klZpbx \uklmiZe wdki_jl
7*$ �^hdlhj =Zgk]_hj] Lbe_�� \ dZq_kl\_ wdaZf_gZlhjZ
² ^bj_dlhj :PGD H:H ©ILI ©Mdjwg_j]hq_jf_lª
�Ohjeh G� N�� ki_pbZebkl 07�,,,�� < ijh]jZff_ k_fb�
gZjZ�lj_gbg]Z [ueb aZljhgmlu ke_^mxsb_ \hijhku�
� ih^]hlh\bl_evgu_ jZ[hlu ih ijh\_^_gbx d\Zeb�

nbdZpbhggh]h wdaZf_gZ�
� ijhp_^mjZ ijh\_^_gby h[s_c� ki_pbZevghc b

ijZdlbq_kdhc qZklb d\ZebnbdZpbhggh]h wdaZf_gZ�
� hp_gdZ wdaZf_gZlhjhf ^_ckl\bc dZg^b^ZlZ�
� ZgZeba ^_ckl\bc wdaZf_gZlhjZ�
� ZgZeba ijhlhdheh\ qZkl_c d\ZebnbdZpbhggh]h wd�

aZf_gZ�
� j_dhf_g^Zpbb ih \uiheg_gbx ijhp_^mju ijh\_�

^_gby d\ZebnbdZpbhggh]h wdaZf_gZ�
Wdki_jl 7*$ ^hdlhj =Zgk]_hj] Lbe_ ijb ih^\_^_gbb

blh]h\ k_fbgZjZ�lj_gbg]Z hlf_lbe ^he`guc mjh\_gv
ih^]hlh\db wdaZf_gZlhjh\ kbkl_fu k_jlbnbdZpbb i_j�
khgZeZ ih GD :kkhpbZpbb ©Mdjwdki_jlª� >Zgguc k_�
fbgZj ^Ze hl\_lu gZ fgh]b_ \hijhku� k\yaZggu_ k \\_�
^_gb_f ijhp_^mju Zll_klZpbb ih _\jhi_ckdhfm klZg�
^Zjlm (1 �������� \ :PGD� Zddj_^blh\Zgguo \ Hj]Zg_
ih k_jlbnbdZpbb i_jkhgZeZ ih GD :kkhpbZpbb ©Md�
jwdki_jlª�

Ih hdhgqZgbb ie_gZjguo aZk_^Zgbc ��]h X[be_c�
gh]h k_fbgZjZ�\uklZ\db [ueh ijh\_^_gh kh\_sZgb_
jmdh\h^bl_e_c mq_[guo b Zll_klZpbhgguo p_gljh\ kbk�
l_fu k_jlbnbdZpbb i_jkhgZeZ ih GD :kkhpbZpbb ©Md�
jwdki_jlª =hkgZ^ahjhojZgljm^Z MdjZbgu� GZ kh\_�
sZgbb [ueb aZljhgmlu \hijhku ih ijb\_^_gbx [eZg�
dh\ ijhlhdheh\ dhgljhey b ijhlhdheh\ h[s_]h� ki_pb�
Zevgh]h b ijZdlbq_kdh]h wdaZf_gh\ d lj_[h\Zgbyf
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klZg^ZjlZ (1 ��������� LZd`_ [ueZ jZkkfhlj_gZ \ha�
fh`ghklv bkihevah\Zgby \ ijhp_^mjZo h[mq_gby b Zl�
l_klZpbb _^bguo nhjf ijhlhdheh\ dhgljhey wdaZf_gZ�
pbhgguo h[jZaph\� WdaZf_gZlhju [ueb hagZdhfe_gu k
jmdh\h^kl\hf ih kgb`_gbx [Zeeh\ ijb hp_gd_ j_amev�
lZlh\ ijZdlbq_kdh]h wdaZf_gZ� H[km`^Zebkv l_dmsb_
\hijhku k_jlbnbdZpbb i_jkhgZeZ ih GD�

< aZdexq_gb_ k_fbgZjZ�\uklZ\db [ueh ijh\_^_gh
hlq_lgh�\u[hjgh_ kh[jZgb_ <hklhqgh]h j_]bhgZevgh]h
hl^_e_gby MdjZbgkdh]h h[s_kl\Z g_jZajmrZxs_]h
dhgljhey b l_ogbq_kdhc ^bZ]ghklbdb� GZ kh[jZgbb [ue
aZkemrZg hlq_lguc ^hdeZ^ Ij_^k_^Zl_ey <hklhqgh]h
hl^_e_gby Ohjeh G� N� h ijh^_eZgghc jZ[hl_ aZ ����±
���� ]]� Ihke_ h[km`^_gby ^hdeZ^Z mqZklgbdZfb ij_^�
k_^Zl_e_f kh[jZgby [ue ihklZ\e_g \hijhk h[ ba[jZgbb
gZ ke_^mxsbc i_jbh^ �� ]h^Z� Ij_^k_^Zl_ey b GZmq�
gh�l_ogbq_kdbc kh\_l <hklhqgh]h hl^_e_gby MH
GDL>� Ih ij_^eh`_gbx ij_^k_^Zl_ey kh[jZgby qe_gZ
IjZ\e_gby MH GDL> ;_eh]h G� =� [ue \u^\bgml gZ
ihkl ij_^k_^Zl_ey <hklhqgh]h j_]bhgZevgh]h hl^_e_�
gby MH GDL> b i_j_ba[jZg Ohjeh G� N�� ^bj_dlhj
:PGD H:H ©ILI ©Mdjwg_j]hq_jf_lª� <gh\v ba[jZg�
guc ij_^k_^Zl_ev <hklhqgh]h j_]bhgZevgh]h hl^_e_�
gby ij_^eh`be hklZ\blv \ lhf `_ khklZ\_ GZmqgh�l_o�
gbq_kdbc kh\_l j_]bhgZevgh]h hl^_e_gby� lZd dZd ^Zg�
guc khklZ\ mqZklgbdh\ ohjhrh aZj_dhf_g^h\Ze k_[y \
ijhp_kk_ nmgdpbhgbjh\Zgby hl^_e_gby aZ bkl_drbc
i_jbh^� < oh^_ kh[jZgby [ueb aZkemrZgu ij_^eh`_gby
b ml\_j`^_g ieZg jZ[hl <hklhqgh]h j_]bhgZevgh]h hl�
^_e_gby gZ ���� ]� < aZdexq_gb_ kh[jZgby ij_^k_^Z�
l_ev <hklhqgh]h j_]bhgZevgh]h hl^_e_gby Ohjeh G� N�
hlf_lbe Zdlb\guo qe_gh\ MH GDL> <hklhqgh]h j_]b�
hgZevgh]h hl^_e_gby ihq_lgufb ]jZfhlZfb b \ujZabe
[eZ]h^Zjghklv jmdh\h^bl_eyf ij_^ijbylbc b \_^msbf

ki_pbZebklZf� jZ[hlZxsbf \ h[eZklb GD b L>� ih lZ�
dbf ghfbgZpbyf�
� aZ \g_^j_gb_ gh\uo l_ogheh]bc \ h[eZklb GD�
� aZ jZa\blb_ gh\uo gZijZ\e_gbc GD�
� aZ ijhn_kkbhgZevgu_ ^hklb`_gby \ h[eZklb GD�
� aZ gZmqgu_ jZajZ[hldb \ h[eZklb GD�
� aZ agZqbl_evguc \deZ^ \ jZa\blb_ GD gZ ijhba�

\h^kl\_ b ^j�

BgnhjfZpbhggZy ih^^_j`dZ k_fbgZjZ ljZ^bpbhggh

hkms_kl\eyeZkv Bgl_jg_l kZclhf <hklhqgh]h j_]bh�

gZevgh]h hl^_e_gby MH GDL> ZZZ�QGW�YRVWRN�FRP�XD�

Ih hdhgqZgbb f_jhijbylby mqZklgbdb ��]h X[be_c�

gh]h f_`^mgZjh^gh]h k_fbgZjZ�\uklZ\db ihemqbeb

bf_ggu_ k\b^_l_evkl\Z h[ mqZklbb \ k_fbgZj_� k[hjgbd

^hdeZ^h\ ie_gZjguo aZk_^Zgbc� Z lZd`_ j_deZfgh�bg�

nhjfZpbhggu_ fZl_jbZeu \uklZ\db l_ogbq_kdbo kj_^�

kl\ GD� MqZklgbdb k_fbgZjZ�\uklZ\db \ukdZaZeb \ Z^�

j_k hj]ZgbaZlhjh\ ij_^eh`_gby ih hilbfbaZpbb klZ�

lmkZ ^Zggh]h f_jhijbylby� ;ueb ij_^eh`_gby h i_j_�

\h^_ k_fbgZjZ�\uklZ\db gZ mjh\_gv dhgn_j_gpbb� qlh

iha\hebl [he__ ihegh hk\_lblv \hijhku ijh]jZffu f_�

jhijbylby g_ lhevdh gZ ie_gZjguo aZk_^Zgbyo� gh b \

hl^_evguo k_dpbyo ² hljZke_\uo� b \ gZmqguo gZi�

jZ\e_gbyo� Hj]ZgbaZlhju aZ\_jbeb mqZklgbdh\ k_fb�

gZjZ�\uklZ\db� qlh ijbeh`Zl \k_ mkbeby ^ey j_Zeb�

aZpbb \ [m^ms_f ���� ]� ^Zggh]h f_jhijbylby h klZlmk_

dhgn_j_gpbb�

BgnhjfZpbhggh_ khh[s_gb_ ih^]hlh\e_gh ij_^k_^Zl_e_f

<hklhqgh]h j_]� hl^�y MH GDL> G� N� Ohjeh
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L_fZlbdZ�

• ijbf_g_gb_ GD ^ey bkiulZgby dhgkljmdpbc

• dhgljhev fZl_jbZeh\ b dhgkljmdpbc jZaebqgufb
f_lh^Zfb GD

• jZajZ[hldZ gh\uo f_lh^h\ ^ey GD fZl_jbZeh\ b
dhgkljmdpbc

• fZl_fZlbq_kdh_ fh^_ebjh\Zgb_ ijb GD
• dhfivxl_jbah\Zggu_ f_lh^u GD fZl_jbZeh\ b

dhgkljmdpbc

• ijbf_g_gb_ jZaebqguo f_lh^h\ GD ^ey bkiulZgby
fZl_jbZeh\ ijb ba]hlh\e_gbb b wdkiemZlZpbb

• Z\lhfZlbaZpby GD fZl_jbZeh\ b ijh^mdpbb fZk�
kh\h]h ijhba\h^kl\Z

• kh\_jr_gkl\h\Zgb_ f_lh^h\ bkiulZgbc

• ij_a_glZpby gh\uo f_lh^h\ b h[hjm^h\Zgby ^ey GD
fZl_jbZeh\ b dhgkljmdpbc

• hp_gdZ ijbagZdh\� hp_gdZ gZ^_`ghklb b ^himklb�
fhklb ^_n_dlh\

• h[mq_gb_ GD
• d\ZebnbdZpby b k_jlbnbdZpby i_jkhgZeZ ^ey GD
• k_jlbnbdZpby [Za b h[hjm^h\Zgby b \u^ZqZ jZaj_�

r_gbc gZ ijh\_^_gb_ GD

• klZg^Zjlu ih GD b bo ijbf_g_gb_�

7KH 6ORYHQLDQ 6RFLHW\ IRU 1RQ�GHVWUXFWLYH 7HVWLQJ
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Kvh]h^g� \ mkvhfm k\�l� Zdlb\gh jha\b\Zxlvky gh\� f_�
lh^b dhgljhex ydhkl� � [_ai_db ijh^mdp��� ijbgpbih�
\hx \�^f�gg�klx ydbo } gZp�e_g�klv gZ aZih[�]Zggy
\�^obe_gv gZ _lZiZo `bll}\h]h pbdem ijh^mdp��� Z g_
[hjhlv[Z a \by\e_gbfb ^_n_dlZfb� GZ kmqZkghfm
i�^ijb}fkl\� kbkl_fZ dhgljhex ydhkl� ijh^mdp�� klZeZ
g_\�^¶}fghx kdeZ^h\hx \bjh[gbqh]h ijhp_km�

AZ[_ai_q_ggx \bkhdh� ydhkl� lh\Zj�\ � ihkem]� ^hky]�
g_ggx mki�o�\ m [�ag_k� kijby} \ijh\Z^`_ggy gZ \�lqba�
gygbo i�^ijb}fkl\Zo ijbgpbi�\ aZ]Zevgh]h mijZ\e�ggy
yd�klx� _n_dlb\gbo kbkl_f mijZ\e�ggy� P_ hkh[eb\h Zd�

lmZevgh \ mfh\Zo ]eh[Ze�aZp�� jbgdm lZ i_jki_dlb\b
ijb}^gZggy MdjZ�gb ^h KHL�

<k_mdjZ�gkvdbc nhjmf ©KlZg^Zjlb lZ Yd�klvª ijh�
ihgm} h[]h\hj_ggy lZ j�r_ggy ijh[e_f� ih\¶yaZgbo �a
aZklhkm\Zggyf kmqZkgbo l_ogheh]�c � f_lh^�\ dhgljh�
ex� a dhfie_dkgbf aZ[_ai_q_ggyf \bijh[m\Zevgbo eZ�
[hjZlhj�c�

< ijh]jZf� Nhjmfm�

• Ki_p�Ze�ah\ZgZ \bklZ\dZ ©QZk Ydhkl�ª�
• GZmdh\h�ijZdlbqgZ dhgn_j_gp�y ©Dhgljhev � \bi�

jh[m\Zggy� ijh[e_fb� j�r_ggy� i_jki_dlb\bª�

�Ë¯�È ä�ÎÓÈ¯º�ÓÈ °¹Ë��Èã�ÏºmÈÓÈ mÒ°�Èm}È ½ È° Ð}º°�� Û �����

Hkgh\g� jha^�eb \bklZ\db�

² EZ[hjZlhjgbc dhgljhev
² :gZe�lbdZ
² >_n_dlheh]�y
L_fZlbqg� gZijZ\e_ggy \bklZ\db�

• \bgZoh^b lZ \bijh[m\Zggy ² k\�l gh\bo fh`eb�
\hkl_c� gh\Z dhgdmj_glgZ ijh^mdp�y� ^_n_dlheh]�y ²

g_jmcg�\gbc dhgljhev lZ l_og�qgZ ^�Z]ghklbdZ �GD ²

[_adhglZdlg� \bf�jx\Zggy \ ijhfbkeh\hkl���

• ZgZe�lbqg� ijbeZ^b lZ h[eZ^gZggy� aZkh[b dhfie_d�
kgh]h aZ[_ai_q_ggy [_ai_db jh[hlb� eZ[hjZlhjgZ l_og�dZ�
h[eZ^gZggy� ijbeZ^b� fZl_j�Zeb� f_[e�� ki_ph^y]�

• Z\lhfZlbaZp�y lZ jh[hlhl_og�dZ� _dkdexab\g� ijb�
eZ^b� h[eZ^gZggy ^ey \bkhdbo kmqZkgbo l_ogheh]�c�
dhgljhevgh�\bf�jx\Zevg_ h[eZ^gZggy� ijbeZ^b�
ih\�jhqgbc lZ ijhfbkeh\bc �gkljmf_gl�

• \Z]h\bf�jx\ZevgZ lZ ^hamxqZ l_og�dZ�
• hilbqg� ijbeZ^b�
• h[eZ^gZggy ^ey ojhfZlh]jZn���
• [�hl_ogheh]�� lZ aZkh[b [�heh]�qgh� [_ai_db�

• ijbeZ^b ^ey o�f�qgh]h ZgZe�am� o�f�qg� j_Zdlb\b�
gZ^qbkl� j_qh\bgb lZ dZlZe�aZlhjb�

• Zki_dlb dhgljhex ^ey f_^bpbgb� nZjfZp_\lbdb�
oZjqh\h� ijhfbkeh\hkl��

• Z]jhl_og�qgh]h dhfie_dkm lZ \_l_jbgZj���
dhfie_dlg� fh[�evg�� i_j_km\g� lZ ihevh\� eZ[hjZ�

lhj�� ^ey o�f�qgh�ZgZe�lbqgh]h dhgljhex�

• _dheh]�qgbc dhgljhev�
• klZg^ZjlbaZp�y� k_jlbn�dZp�y�
• ih\gbc ki_dlj k_j\�kgbo ihkem] GD�
• _dki_jlg� hj]Zg�aZp��� Zl_klZp�cg� p_gljb�
• ijh]jZfg_ aZ[_ai_q_ggy gZmdh\h�^hke�^gbo p_g�

lj�\�

• ki_p�Ze�ah\Zg� \b^Zggy� f_lh^bqgZ e�l_jZlmjZ
¨ÌËÐ¾ÈÐÆ� °ÌÎÁÌÀÌ�ÍÎÌÊÆÏÉÌÀ¾ Í¾É¾Ð¾ ±ÈÎ¾�ËÆ
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�|�pcpisÐ �c|�cklk

, k_k�y�F_g_^`f_gl \bijh[m\Zevgh� eZ[hjZlhj��� Zd�
j_^blZp�y a]�^gh a \bfh]Zfb >KLM ,62�,(K ������

����� kbkl_fZ mijZ\e�ggy yd�klx aZ FK ,62 ����� f_l�
jheh]�qg_ aZ[_ai_q_ggy� ijh_dlb f�`^_j`Z\gbo klZg�
^Zjl�\ sh^h ijh\_^_ggy \bijh[m\Zgv �a aZklhkm\Zggyf
f�`eZ[hjZlhjgbo ihj�\gygv� �gnhjfZp�cg� l_ogheh]���
k_dj_lb ^�eh\h]h mki�om� ^hk\�^ i�^\bs_ggy ^hkdhgZ�
ehkl��

,, k_k�y� L_ogheh]�� � f_lh^b dhgljhex �\ l� q� g_�
jmcg�\gh]h�� \bijh[m\Zevg_� ^�Z]ghklbqg_ � dhgljhevg_
mklZldm\Zggy� aZkh[b Z\lhfZlbaZp��� jh[hlhl_og�dZ� km�
qZkg� ijb[hjb ^�Z]ghklbdb� \bgZoh^b�

,,, k_k�y� Yd�klv � [_ai_dZ `blly� _dheh]�qgbc dhgl�
jhev� [_ai_dZ ijh^mdp��� f_lh^b dhgljhex

K_f�gZj� ?dhghfg_ \bjh[gbpl\h� Gh\bc i�^o�^ ^h
hj]Zg�aZp�� \bjh[gbqbo ijhp_k�\�

Djm]ebc kl�e� >hk\�^ \bijh[m\Zevgbo � dZe�[jm�
\Zevgbo eZ[hjZlhj�c �a aZ[_ai_q_ggy \bkhdh� ydhkl�
\bf�jx\Zgv�

¨ÌËÐ¾ÈÐÆ� ±ÈÎ¾�ËÏÚÈ¾ ¾ÏÌÔ�¾Ô�Ý ÝÈÌÏÐ��

��� ÍÎ�Ð �È¾ÂÃÊ�È¾ ¡ÉÑÖÈÌÀ¾� ������ ¨Æ�À� ±ÈÎ¾�Ë¾�

l_e��nZdk� � �� ��� ��� ����� ��� ����� ��� �����

H�PDLO� QW]#TXDOLW\�NLHY�XD
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Bg^mkljbZevguc [ehd * ;_ahiZkghklv ijhba\h^kl\Z * H[jZapu� klZg^Zjlu� wlZehgu� ijb[hju

<lhjhc ]h^ F_`^mgZjh^gZy ki_pbZebabjh\ZggZy \u�
klZ\dZ ©H[jZapu� klZg^Zjlu� wlZehgu� ijb[hjuª ijh�
oh^beZ \ jZfdZo F_`^mgZjh^gh]h \uklZ\hqgh]h nhjm�
fZ ©Ijhba\h^kl\h b aZsblZ ² ����ª k Zdlb\guf
mqZklb_f hj]ZgbaZpbc b ij_^ijbylbc =hkihlj_[klZg�
^ZjlZ MdjZbgu� wdkihabpby dhlhjuo ijh^_fhgkl�
jbjh\ZeZ \_kv ki_dlj kn_ju l_ogbq_kdh]h j_]meb�
jh\Zgby�

L_fZlbq_kdb_ gZijZ\e_gby�

• Dhgljhevgh�baf_jbl_evgu_ ijb[hju b ZiiZjZlmjZ

• K_jlbnbdZpby� klZg^ZjlbaZpby� f_ljheh]by
• G_jZajmrZxsbc dhgljhev b l_ogbq_kdZy ^bZ]�

ghklbdZ

Hj]ZgbaZpby \uklZ\db ijhoh^beZ ijb ih^^_j`d_
=hkm^Zjkl\_ggh]h dhfbl_lZ MdjZbgu ih \hijhkZf
l_ogbq_kdh]h j_]mebjh\Zgby b ihlj_[bl_evkdhc
iheblbdb�

Hj]ZgbaZlhju \uklZ\db�

• MdjZbgkdbc gZmqgh�ijhba\h^kl\_gguc p_glj klZg�
^ZjlbaZpbb� f_ljheh]bb b k_jlbnbdZpbb

• MdjZbgkdh_ h[s_kl\h g_jZajmrZxs_]h dhgljhey
b l_ogbq_kdhc ^bZ]ghklbdb

• A:H ©F_`^mgZjh^guc \uklZ\hqguc p_gljª

< \uklZ\d_ [ueb ij_^klZ\e_gu mkem]b �� j_]bhgZev�
guo =PKFK� ijh^mdpby �� ij_^ijbylbc ² ijhba�
\h^bl_e_c dhgljhevgh�baf_jbl_evguo ijb[hjh\� ^bZ]�
ghklbq_kdh]h h[hjm^h\Zgby b ijb[hjh\ ^ey g_jZajm�
rZxs_]h dhgljhey b l_ogbq_kdhc ^bZ]ghklbdb� \_kh�
\h]h b eZ[hjZlhjgh]h h[hjm^h\Zgby� Mdjf_ljl_klklZg�
^Zjlhf b OZjvdh\klZg^Zjlf_ljheh]b_c [ueb hj]Zgbah�
\Zgu gZmqgh�ijZdlbq_kdb_ k_fbgZju ih f_ljheh]bq_k�

dhfm h[_ki_q_gbx ijhba\h^kl\Z b klZg^ZjlbaZpbb� ih
\hijhkZf Zddj_^blZpbb bkiulZl_evguo eZ[hjZlhjbc�
ZdlmZevguf ijh[e_fZf hl_q_kl\_gguo ijhba\h^bl_e_c
\_khbaf_jbl_evghc l_ogbdb�

< jZfdZo \uklZ\db ijhreZ rbjhdZy ijh]jZffZ
k_fbgZjh\ ih g_jZajmrZxs_fm dhgljhex b l_ogbq_k�
dhc ^bZ]ghklbd_� hj]ZgbaZlhjhf dhlhjuo \uklmibeh
MdjZbgkdh_ h[s_kl\h g_jZajmrZxs_]h dhgljhey b
l_ogbq_kdhc ^bZ]ghklbdb� GZ k_fbgZjZo jZkkfZljb�
\Zebkv ijh[e_fu g_jZajmrZxs_]h dhgljhey ijhfur�
e_gguo h[t_dlh\ k p_evx ij_^hl\jZs_gby bo jZajm�
r_gby� \hijhku klZg^ZjlbaZpbb� k_jlbnbdZpbb b f_l�
jheh]bq_kdh]h h[_ki_q_gby� kj_^kl\ GD L>� G_ihk�
j_^kl\_ggh_ mqZklb_ \ jZ[hl_ k_fbgZjh\ ijbgyeb
\_^msb_ ki_pbZebklu b mq_gu_ BgklblmlZ we_dljhk�
\Zjdb bf� ?� H� IZlhgZ G:G MdjZbgu� OZjvdh\kdh]h
gZpbhgZevgh]h mgb\_jkbl_lZ jZ^bhwe_dljhgbdb� B\Zgh�
NjZgdh\kdh]h gZpbhgZevgh]h mgb\_jkbl_lZ g_nlb b ]ZaZ�
Nbabdh�f_oZgbq_kdh]h bgklblmlZ bf� =� <� DZji_gdh
G:G MdjZbgu� MdjZbgkdh]h gZmqgh�bkke_^h\Zl_evkdh]h
b ijh_dlgh�dhgkljmdlhjkdh]h bgklblmlZ Fbglhiwg_j]h�
MdjZbgkdh]h gZmqgh�bkke_^h\Zl_evkdh]h bgklblmlZ ob�
fbq_kdh]h fZrbghkljh_gby� ki_pbZebklu fZrbghkl�
jhbl_evghc� lhieb\gh�wg_j]_lbq_kdhc b ljZgkihjlghc
hljZke_c ijhfure_gghklb ijZdlbq_kdb ba \k_o j_]bhgh\
MdjZbgu�

Ijhfure_gguc nhjmf hk\_sZeb �� Zddj_^blh\Zg�
guo `mjgZebklh\�

AZ \j_fy jZ[hlu nhjmfZ _]h ihk_lbeb hdheh ���

lukyq wdki_jlh\� ijhn_kkbhgZeh\ b lhi�f_g_^`_jh\

hljZkeb� KlZlmk p_e_\hc Zm^blhjbb ihk_lbl_e_c ^Ze

\hafh`ghklv ih^Z\eyxs_fm [hevrbgkl\m wdkihg_glh\

aZdexqblv jy^ \u]h^guo dhgljZdlh\ gZ ihklZ\dm h[h�

jm^h\Zgby� hp_gblv j_amevlZlu k\h_c jZ[hlu \ p_ehf

dZd iheh`bl_evgu_� b k^_eZlv aZy\db gZ mqZklb_ \ ijh�

fure_gghf nhjmf_ ���� ]�� dhlhjuc khklhblky \ Db_\_

k �� ghy[jy ih � ^_dZ[jy�

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������
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­ÎÆÁÉ¾Ö¾ÃÊ ÍÎÆËÝÐÚ ÑÕ¾ÏÐÆÃ À ÈÎÑÍËÙÓ ÏÌ¿ÙÐÆÝÓ ���� Á� �Ë¾ÑÕËÙÇ ÐÑÎÆÅÊ�

ªÃÄÂÑË¾ÎÌÂË¾Ý ÀÙÏÐ¾ÀÈ¾ �6&+:(,66(1 	 6&+1(,'(1�
�»ÏÏÃË� ¡ÃÎÊ¾ËÆÝ� ��w�� ÏÃËÐÝ¿ÎÝ��

�ªÆÎ ÊÃÐ¾ÉÉÌÌ¿Î¾¿ÌÐÈÆ x £ª¬ ����� �¡¾ËËÌÀÃÎ� ¡ÃÎÊ¾ËÆÝ� ��w�� ÏÃËÐÝ¿ÎÝ�

Djmig_crbfb kh[ulbyfb \ h[eZklb fZrbghkljh_gby b k\Zjdb \ ���� ]� [m^ml F_`^mgZjh^gZy \uklZ\dZ
©K\ZjdZ b j_adZª �©6&+:(,66(1 	 6&+1(,'(1ª� Wkk_g� ��±�� k_gly[jy�� gZ dhlhjhc [m^ml ij_^klZ\e_gu
fbjh\u_ ^hklb`_gby \ h[eZklb k\Zjdb b jh^kl\_gguo ijhp_kkh\� j_adb� ih\_joghklghc h[jZ[hldb� Z lZd`_
dhgljhey dZq_kl\Z b bkiulZgby fZl_jbZeh\ �47,� b F_`^mgZjh^gZy \uklZ\dZ ©Fbj f_lZeehh[jZ[hldb² ?FH
����ª �=Zggh\_j� ��±�� k_gly[jy�� gZ dhlhjhc [m^ml ij_^klZ\e_gu fbjh\u_ ^hklb`_gby \ h[eZklb klZgdhkl�
jh_gby� h[jZ[hldb f_lZeeh\ b ^jm]bo fZl_jbZeh\� kh\j_f_ggh_ h[hjm^h\Zgb_� jh[hlu� bgkljmf_gl�

PGBBLF:R �]� Fhkd\Z� kh\f_klgh k JKGLH hj]Zgbam_l \ jZfdZo ijh\_^_gby gZmqgh�l_ogbq_kdh]h k_fbgZjZ
©Gh\u_ l_ogheh]bq_kdb_ ijhp_kku \ fZrbghkljh_gbbª g_^hjh]mx ih_a^dm� \dexqZxsmx ihk_s_gb_ \uklZ\hd \
Wkk_g_ b =Zggh\_j_� ���^g_\gZy ih_a^dZ� hj]Zgbam_fZy PGBBLF:R� \dexqZ_l `_e_agh^hjh`guc b Z\lh[mkguc
i_j__a^ ih fZjrjmlm�Fhkd\Z±;j_kl±D_evg �Wkk_g�±=Zggh\_j±;_jebg±Fhkd\Z k \hafh`ghklvx ��^g_\ghc jZ[hlu
gZ k\Zjhqghc \uklZ\d_ \Wkk_g_ b ��^g_\ghc jZ[hlu gZ \uklZ\d_ ©?0Hª \=Zggh\_j_� Z lZd`_ dmevlmjghc ijh]jZffu
�wdkdmjkbb \ D_evg_� =Zggh\_j_� ;_jebg_� h^gh^g_\gu_ ih_a^db \ :fkl_j^Zf b ih ]hjh^Zf ©J_cgkdZy JhfZglbdZª��
JKGLH hj]Zgbah\u\Z_l gZ \uklZ\d_ \ Wkk_g_ dhee_dlb\guc kl_g^�

Ijh]jZffZ gZmqgh�l_ogbq_kdh]h k_fbgZjZ ©Gh\u_ l_ogheh]bq_kdb_ ijhp_kku \ fZrbghkljh_gbbª \dexqZ_l
h[km`^_gb_ \hijhkh\ ih ijh[e_fZf fZrbghkljh_gby� gh\u_ fZl_jbZeu� l_ogheh]by b h[hjm^h\Zgb_ ^ey \ui�
eZ\db klZeb� ebl_cgh_ ijhba\h^kl\h� ]hjyqZy b oheh^gZy h[jZ[hldZ f_lZeeZ� k\ZjdZ b jh^kl\_ggu_ ijhp_kku�
g_jZajmrZxsb_ f_lh^u dhgljhey� ijh[e_fu ijhqghklb b wdkiemZlZpbb fZl_jbZeh\ b dhgkljmdpbc� ijh[e_fu
wdheh]bb b [_ahiZkghklb� JZ[hlZ k_fbgZjZ [m^_l ijhoh^blv \ PGBBLF:R b \h \j_fy i_j__a^h\ Z\lh[mkhf
f_`^mgZjh^gh]h deZkkZ� \ dhlhjhf [m^ml kha^Zgu g_h[oh^bfu_ mkeh\by ^ey jZ[hlu k_fbgZjZ� \ l� q� aZkem�
rb\Zgb_ \uklmie_gbc b ijhkfhlj \b^_hnbevfh\ ih h[km`^Z_fuf ijh[e_fZf� \dexqZy khh[s_gby mqZklgbdh\
h kh[kl\_gguo jZajZ[hldZo b j_deZf_ \uimkdZ_fhc ijh^mdpbb� MqZklgbdZf [m^ml i_j_^Zgu fZl_jbZeu h
ihke_^gbo jZajZ[hldZo PGBBLF:R�

Hjb_glbjh\hqgZy klhbfhklv mqZklby \ jZ[hl_ k_fbgZjZ b ih_a^d_ ² ��� _\jh� \dexqZy \k_ i_j__a^u�
ijh`b\Zgb_ \ hl_e_� \bam b f_^kljZoh\dm� wdkdmjkbb�

­ÎÌÁÎ¾ÊÊ¾ ÍÌÃÅÂÈÆ À »ÏÏÃË ��w�� ÏÃËÐÝ¿ÎÝ ���� Á��

������ ®¾¿ÌÐ¾ ÏÃÊÆË¾Î¾ À ´«¦¦°ª�¶�  ÙÃÅÂ ÆÅ ªÌÏÈÀÙ�

������ ®¾ÅÊÃ×ÃËÆÃ À ¾ÀÐÌ¿ÑÏÃ� ­ÃÎÃÏÃÕÃËÆÃ ÁÎ¾ËÆÔÙ� ­ÃÎÃÃÅÂ ÕÃÎÃÅ ­ÌÉÚÖÑ� ¬ÐÃÉÚ�

������ ­ÃÎÃÏÃÕÃËÆÃ ¡ÃÎÊ¾ËÆÆ Æ ÍÎÆ¿ÙÐÆÃ À ¨ÃÉÚË� ®¾ÅÊÃ×ÃËÆÃ À ÌÐÃÉÃ�

������ ­ÌÃÅÂÈ¾ À »ÏÏÃË Æ Î¾¿ÌÐ¾ Ë¾ ÀÙÏÐ¾ÀÈÃ� ¢ÉÝ ÄÃÉ¾Ü×ÆÓ� ÏÀÌ¿ÌÂËÌÃ ÀÎÃÊÝ�

������ ®¾¿ÌÐ¾ Ë¾ ÀÙÏÐ¾ÀÈÃ À »ÏÏÃËÃ ÆÉÆ ÌÂËÌÂËÃÀË¾Ý ÍÌÃÅÂÈ¾ À �ÊÏÐÃÎÂ¾Ê�

������ ®¾¿ÌÐ¾ Ë¾ ÀÙÏÐ¾ÀÈÃ ÆÉÆ ÌÂËÌÂËÃÀË¾Ý ÍÌÃÅÂÈ¾ �®ÃÇËÏÈ¾Ý ÎÌÊ¾ËÐÆÈ¾��

������  ÙÃÅÂ À ¡¾ËËÌÀÃÎ Æ Î¾¿ÌÐ¾ Ë¾ ÀÙÏÐ¾ÀÈÃ �£ª¬�� ¥Ë¾ÈÌÊÏÐÀÌ Ï Á� ¡¾ËËÌÀÃÎÌÊ�

������ ­ÎÌÂÌÉÄÃËÆÃ Î¾¿ÌÐÙ Ë¾ ÀÙÏÐ¾ÀÈÃ� ­ÃÎÃÃÅÂ À �ÃÎÉÆË� ¬ÐÃÉÚ À ­ÌÉÚÖÃ�

������ ­ÃÎÃÏÃÕÃËÆÃ ­ÌÉÚÖÆ� ­ÎÆ¿ÙÐÆÃ À �ÎÃÏÐ�  ÙÃÅÂ À ªÌÏÈÀÑ�

¨ÌËÁÎÃÏÏ ªÃÄÂÑË¾ÎÌÂËÌÁÌ ÆËÏÐÆÐÑÐ¾ ÏÀ¾ÎÈÆ �­Î¾Á¾� µÃÓÆÝ� �w�� ÆÜÉÝ ���� Á��

Ih_a^dZ \ IjZ]m k \hafh`ghklvx mqZklby \ jZ[hl_ Dhg]j_kkZ F_`^mgZjh^gh]h bgklblmlZ k\Zjdb� @^ �

Z\lh[mk� DjZdh\±IjZ]Z �� ^g�� ² <ZjrZ\Z b [hevrZy wdkdmjkbhggZy ijh]jZffZ� Klhbfhklv mqZklby hjb_glb�
jh\hqgh ² ��� _\jh�

 ÙÏÐ¾ÀÈ¾ Æ ÈÌËÒÃÎÃËÔÆÝ ÍÌ ËÃÎ¾ÅÎÑÖ¾Ü×ÏÊÑ ÈÌËÐÎÌÉÜ
�©ÌËÂÌË�  ÃÉÆÈÌ¿ÎÆÐ¾ËÆÝ� �w�� ¾ÍÎÃÉÝ ���� Á��

< jZfdZo gZmqgh�l_ogbq_kdh]h k_fbgZjZ ih g_jZajmrZxs_fm dhgljhex \ fZrbghkljh_gbb b wg_j]_lbd_
ij_^mkfZljb\Z_lky \hafh`ghklv ihk_s_gby ijhoh^ys_c \ Ehg^hg_ ��±�� Zij_ey \uklZ\db b dhgn_j_gpbb ih
g_jZajmrZxs_fm dhgljhex �0DWHULDOV 7HVWLQJ ������ Hjb_glbjh\hqgZy klhbfhklv ² ��� _\jh� \dexqZy Z\bZ�
i_j_e_l� ljZgkn_j� hl_ev �
�

Ij_^mkfZljb\Z_lky lZd`_ hj]ZgbaZpby ihk_s_gbc f_`^mgZjh^guo \uklZ\hd ih wg_j]_lb� d_� hojZg_ hdjm�
`Zxs_c kj_^u b l_ogheh]byf h[jZ[hldb \h^u �:[m >Z[b� H:W� �� yg\Zjy±� n_\jZey ���� ]�� b ih mijZ\�
e_gbx ij_^ijbylbyfb b [bag_k�l_ogheh]bb �FbeZg� BlZeby� �±�� fZy ���� ]���

­Ì ÀÏÃÊ ÀÌÍÎÌÏ¾Ê Ì¿Î¾×¾ÐÚÏÝ È ®ÙÊÈÃÀÆÕ �� ¦�
°ÃÉ��Ò¾ÈÏ� ����� ���������� Ê�° ���������������� (�PDLO� ULPDL#XPDO�UX

²¡±­ ´«¦¦°ª�¶ �¡«´ ®² ÍÌ ÐÃÓËÌÉÌÁÆÆ Ê¾ÖÆËÌÏÐÎÌÃËÆÝ�
������� ªÌÏÈÀ¾ ¤���� ¶¾ÎÆÈÌÍÌÂÖÆÍËÆÈÌÀÏÈ¾Ý� ��

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� ������� ��
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< Z\]mkl_ wlh]h ]h^Z gZmqgh�kihjlb\gZy wdki_^bpby
N_^_jZpbb ZevibgbafZ b kdZeheZaZgby MdjZbgu b
GZpbhgZevghc ZdZ^_fbb gZmd MdjZbgu h[ke_^h\ZeZ
]hjguc jZchg� dhlhjuc ijbe_]Z_l k \hklhdZ d Wev�
[jmkm�

Fgh]h kdZevgh�e_^h\uo \_jrbg hdjm`Zxl Wev[jmk
b khklZ\eyxl _]h dhjhgm� ;_aufygguc ibd \ukhlhc
���� f y\ey_lky maeh\uf \ oj_[l_� dhlhjuc jZa^_ey_l
e_^gbdb QZl b Bjbd� dhlhju_ kl_dZxl k \hklhqgh]h
kdehgZ Wev[jmkZ� MqZklgbdb wdki_^bpbb ijheh`beb gZ
wlhl ibd ljb fZjrjmlZ� ih \hklhqghfm b x`ghfm ]j_[�
gyo� Z lZd`_ ih k_\_jghfm j_[jm� I_j\h\hkoh`^_gby
[ueb k^_eZgu ��±�� Z\]mklZ ���� ]�

DZd khh[sbeb \ ij_kk�kem`[_ N_^_jZpbb Zevibgba�
fZ b kdZeheZaZgby MdjZbgu� ih ijZ\m� dhlhjh_ bf_xl
i_j\hijhoh^pu� [_aufygguc ibd ���� gZa\Zg ©Ibd IZ�
lhgZª \ q_klv ;hjbkZ IZlhgZ� Ij_ab^_glZ GZpbhgZev�
ghc ZdZ^_fbb gZmd MdjZbgu� GZ \_jrbgguo kdZeZo mk�
lZgh\e_g iZfylguc agZd�

< khklZ\_ wdki_^bpbb� dhlhjZy i_j\hc ih^gyeZkv gZ
ibd� [ueb <Ze_glbg Kbfhg_gdh �ij_ab^_gl N_^_jZpbb
ZevibgbafZ b kdZeheZaZgby MdjZbgu� jmdh\h^bl_ev

Kq_lghc iZeZlu MdjZbgu� <eZ^bfbj Rmfbobg ² aZk�
em`_gguc ^_yl_ev gZmdb b l_ogbdb MdjZbgu�FklbkeZ\
=hj[_gdh ² aZkem`_gguc lj_g_j MdjZbgu� aZkem`_g�
guc fZkl_j kihjlZ� <eZ^bfbj E_[_^_gdh ² aZkem`_g�
guc \jZq MdjZbgu b ^jm]b_�

������,�-
-���5�<6����-�.����/<)
��!&���:������(�	������:����:���������:7

(�%����!'�:������$��������:�����:&��7�(:�������$�
�����������������(����%�

A �� ih �� ]jm^gy ���� j� \ 1\Zgh�NjZgd�\kvdhfm gZp�hgZevghfm l_og�qghfm mg�\_jkbl_l� gZnlb � ]Zam \�^[m�
^_lvky ��Z F�`gZjh^gZ gZmdh\h�l_og�qgZ dhgn_j_gp�y � \bklZ\dZ ©KmqZkg� ijbeZ^b� fZl_j�Zeb � l_ogheh]��
^ey g_jmcg�\gh]h dhgljhex � l_og�qgh� ^�Z]ghklbdb ijhfbkeh\h]h h[eZ^gZggyª�

¨ÌËÒÃÎÃËÔ�Ý ¿ÑÂÃ ÍÎÌÀÌÂÆÐÆÏÝ Å¾ Ð¾ÈÆÊÆ Ë¾ÍÎÝÊÈ¾ÊÆ�

�� F_lh^b � l_og�qg� aZkh[b ijh\_^_ggy g_jmcg�\gh]h dhgljhex � l_og�qgh� ^�Z]ghklbdb ijhfbkeh\h]h
h[eZ^gZggy�

�� Hkh[eb\hkl� ijh\_^_ggy g_jmcg�\gh]h dhgljhex � l_og�qgh� ^�Z]ghklbdb gZnlh]Zah\h]h h[eZ^gZggy�
�� I�^]hlh\dZ� Zl_klZp�y � k_jlbn�dZp�y ki_p�Ze�kl�\ \ ]Zema� g_jmcg�\gh]h dhgljhex � l_og�qgh� ^�Z]ghklbdb

ijhfbkeh\h]h h[eZ^gZggy�
��I�^]hlh\dZ nZo�\p�\ aZ ki_p�Zevg�klx ©IjbeZ^b lZ kbkl_fb g_jmcg�\gh]h dhgljhexª m \bsbo gZ\qZevgbo

aZdeZ^Zo MdjZ�gb�
Ih fZl_j�ZeZo dhgn_j_gp�� i_j_^[ZqZ}lvky \b^Zggy fZl_j�Ze�\ ^hih\�^_c� yd� [m^mlv \bagZg� <:D MdjZ�gb

yd nZoh\_ \b^Zggy�
< jh[hl� \bklZ\db [m^mlv ijbcfZlb mqZklv \�^hf� n�jfb � hj]Zg�aZp���\bjh[gbdb l_og�qgbo aZkh[�\ g_�

jmcg�\gh]h dhgljhex � l_og�qgh� ^�Z]ghklbdb MdjZ�gb � aZjm[�``y�

�ÂÎÃÏ¾ ÌÎÁÈÌÊ�ÐÃÐÑ ÍÌ ÍÎÌÀÃÂÃËËÜ ÈÌËÒÃÎÃËÔ���
È¾ÒÃÂÎ¾ �ªÃÐÌÂÆ Ð¾ ÍÎÆÉ¾ÂÆ ÈÌËÐÎÌÉÜ ÝÈÌÏÐ� � ÏÃÎÐÆÒ�È¾Ô�� ÍÎÌÂÑÈÔ���
�À¾ËÌ�²Î¾ËÈ�ÀÏÚÈÌÁÌ Ë¾Ô�ÌË¾ÉÚËÌÁÌ ÐÃÓË�ÕËÌÁÌ ÑË�ÀÃÎÏÆÐÃÐÑ Ë¾ÒÐÆ � Á¾ÅÑ�

ÀÑÉ� ¨¾ÎÍ¾ÐÏÚÈ¾� ��� Ê� �À¾ËÌ�²Î¾ËÈ�ÀÏÚÈ� ������
°ÃÉ� ��������� �������� ������� (�PDLO� PGTF#LIGWXQJ�LI�XD

± * ± * ± * ±

�� °£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨� ¦ «£®�¥®±¶�¼·¦§ ¨¬«°®¬©º� �������
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�ÀÐÌÊÌÐÎÆÏ¾ ÏÌÀÊÃ×ÃËËÌÁÌ ÐÆÍ¾ ÍÌÀÙÖÃËËÌÇ ÈÌÊÒÌÎÐËÌÏÐÆ �¯�¢ �ÍÌÈ¾Å¾Ë¾ Ë¾ ��Ç ÏÐÎ�
Ì¿ÉÌÄÈÆ�� À ÈÌÐÌÎÌÇ ÏÉÃÂÝ×¾Ý� ÆÏÈ¾ÐÃÉÚË¾Ý Æ Ë¾Ê¾ÁËÆÕÆÀ¾Ü×¾Ý ÏÆÏÐÃÊÙ Î¾ÏÍÌÉÌÄÃËÙ Ë¾ ¿¾ÅÃ

ÐÎÃÐÚÃÇ ÂÌÍÌÉËÆÐÃÉÚËÌÇ ÏÎÃÂËÃÇ ÐÃÉÃÄÈÆ �ÍÌ ¾Ë¾ÉÌÁÆÆ Ï À¾ÁÌËÌÊ�ÂÃÒÃÈÐÌÏÈÌÍÌÊ�� ÝÀÉÝÃÐÏÝ ÌÂËÌÇ

ÆÅ ÍÌÏÉÃÂËÆÓ Î¾ÅÎ¾¿ÌÐÌÈ «­­ � ¦¡¬®� À ÏÌÐÎÑÂËÆÕÃÏÐÀÃ Ï ¬¬¬ �­ÎÌÆÅÀÌÂÏÐÀÃËË¾Ý ÈÌÊÍ¾ËÆÝ

�©ÜÂÆËÌÀÌÐÃÍÉÌÀÌÅ�� �ÀÐÌÊÌÐÎÆÏ¾ ÍÎÃÂË¾ÅË¾ÕÃË¾ ÂÉÝ ÂÆ¾ÁËÌÏÐÆÎÌÀ¾ËÆÝ ÎÃÉÚÏÌÀ ÐÆÍ¾ ®��� ®���

®�� Æ ÝÀÉÝÃÐÏÝ ÊÃÓ¾ËÆÅÆÎÌÀ¾ËËÌÇ ÏÆÏÐÃÊÌÇ ÂÉÝ ÂÆ¾ÁËÌÏÐÆÈÆ ÎÃÉÚÏÌÀ Ï ÍÎÆÊÃËÃËÆÃÊ ÑÉÚÐÎ¾ÅÀÑ�
ÈÌÀÌÁÌ Æ Ê¾ÁËÆÐËÌÁÌ ÊÃÐÌÂÌÀ ÈÌËÐÎÌÉÝ� ÈÌÐÌÎÙÃ ÊÌÁÑÐ ÍÎÆÊÃËÝÐÚÏÝ È¾È À ÏÌÀÊÃ×ÃËËÌÊ� Ð¾È Æ À

Î¾ÅÂÃÉÚËÌÊ ÎÃÄÆÊ¾Ó�   ËÌÀÌÊ ÏÎÃÂÏÐÀÃ ÏÈÌÎÌÏÐËÌÁÌ ÈÌËÐÎÌÉÝ ÎÃÉÚÏÌÀ ÑÕÐÃË ÌÍÙÐ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ

ÍÎÃÂÙÂÑ×ÆÓ ÍÌÈÌÉÃËÆÇ ¾ÀÐÌÊÌÐÎÆÏ ÂÃÒÃÈÐÌÏÈÌÍËÙÓ Æ À¾ÁÌËÌÀ�ÂÃÒÃÈÐÌÏÈÌÍÌÀ�

¬ÏËÌÀËÙÃ ÐÃÓËÆÕÃÏÈÆÃ Ó¾Î¾ÈÐÃÎÆÏÐÆÈÆ
 ÎÃÊÝ ÍÌÂÁÌÐÌÀÈÆ È Î¾¿ÌÐÃ�

¾ÀÐÌÊÌÐÎÆÏÙ� Õ� ËÃ ¿ÌÉÃÃ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

ÂÃÒÃÈÐÌÏÈÌÍÆÕÃÏÈÌÁÌ ÈÌÊÍÉÃÈÏ¾� ÊÆË� ËÃ ¿ÌÉÃÃ � � � � � � � � � � � � � � � � � � � � � ��

ÐÃÉÃÄÈÆ ÂÃÒÃÈÐÌÏÈÌÍËÌÇ� ÊÆË� ËÃ ¿ÌÉÃÃ � � � � � � � � � � � � � � � � � � � � � � � � � � � �

¢Æ¾Í¾ÅÌË Î¾¿ÌÕÆÓ ÐÃÊÍÃÎ¾ÐÑÎ ÈÌËÐÎÌÉÝ� �¯�
ÂÉÝ ÑÉÚÐÎ¾ÅÀÑÈÌÀÌÁÌ È¾Ë¾É¾ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � w��…���

ÂÉÝ Ê¾ÁËÆÐËÌÁÌ È¾Ë¾É¾ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � w��…���

 ÎÃÊÝ ËÃÍÎÃÎÙÀËÌÇ Î¾¿ÌÐÙ ¾ÀÐÌÊÌÐÎÆÏÙ� Õ � � � � � � � � � � � � � � � � � � � � � � � � � � � �

¨ÌÉÆÕÃÏÐÀÌ È¾Ë¾ÉÌÀ Ë¾ ÎÃÉÚÏÌÀÑÜ ËÆÐÚ� ËÃ ÊÃËÃÃ � � � � � � � � � � � � � � � � � � � � � � � �

¨ÌÉÆÕÃÏÐÀÌ ÆËÒÌÎÊ¾ÔÆÌËËÙÓ È¾Ë¾ÉÌÀ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

®¾¿ÌÕ¾Ý ÏÈÌÎÌÏÐÚ ÈÌËÐÎÌÉÝ� ÈÊ�Õ�
À ÏÌÀÊÃ×ÃËËÌÊ ÎÃÄÆÊÃ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �������

Ï Ê¾ÁËÆÐËÙÊ È¾Ë¾ÉÌÊ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �������

Ï ÑÉÚÐÎ¾ÅÀÑÈÌÀÙÊ È¾Ë¾ÉÌÊ� ËÃ ¿ÌÉÃÃ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

­ÌÁÎÃÖËÌÏÐÚ ÌÍÎÃÂÃÉÃËÆÝ ÍÑÐÃÇÏÈÌÇ ÈÌÌÎÂÆË¾ÐÙ� �� ËÃ ¿ÌÉÃÃ � � � � � � � � � � � � � �

¥¾Í¾Ï ÐÃÓËÌÉÌÁÆÕÃÏÈÌÇ ÄÆÂÈÌÏÐÆ� Ê
�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
¥¾Í¾Ï ÀÌÂÙ ÂÉÝ ¿ÙÐÌÀÙÓ ËÑÄÂ� É � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

¥¾Í¾Ï ÐÌÍÉÆÀ¾� É � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

¬ÏËÌÀËÙÃ Í¾Î¾ÊÃÐÎÙ Æ Î¾ÅÊÃÎÙ�
ÊÌ×ËÌÏÐÚ ÛËÃÎÁÌ¾ÁÎÃÁ¾Ð¾� È Ð � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

Á¾¿¾ÎÆÐ ÀÍÆÏÙÀ¾ËÆÝ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �w°

Ê¾ÏÏ¾ ¾ÀÐÌÊÌÐÎÆÏÙ� ÈÁ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �����

¡¾¿¾ÎÆÐËÙÃ Î¾ÅÊÃÎÙ� ÊÊ�
ÂÉÆË¾ ÍÌ ÌÏÝÊ ¾ÀÐÌÏÔÃÍÌÈ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����� ± ��

ÖÆÎÆË¾� ËÃ ¿ÌÉÃÃ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����

ÀÙÏÌÐ¾� ËÃ ¿ÌÉÃÃ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
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¨ÌËÏÐÎÑÈÔÆÝ ¾ÀÐÌÊÌÐÎÆÏÙ �¯�¢ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ Î¾ÅÊÃ×ÃËÆÃ ÏÍÃ�
ÔÆ¾ÉÚËÌÇ ÀÙÏÌÈÌÏÈÌÎÌÏÐËÌÇ ÂÃÒÃÈÐÌÏÈÌÍËÌÇ ÐÃÉÃÄÈÆ� ÒÌÎÊÆÎÑÜ×ÃÇ
Ê¾ÁËÆÐËÙÇ ÍÌÐÌÈ ÍÌÕÐÆ À ÂÀ¾ Î¾Å¾ ÊÌ×ËÃÃ� ÕÃÊ À ÏÆÏÐÃÊ¾Ó Ë¾ ¿¾ÅÃ
ÓÌÂÌÀÙÓÐÃÉÃÄÃÈ� ÏÌÀÊÃ×ÃËÆÃÊ¾ÁËÆÐËÌÁÌÆÑÉÚÐÎ¾ÅÀÑÈÌÀÌÁÌÏÍÌÏÌ¿ÌÀ
ÀÙÝÀÉÃËÆÝ ÂÃÒÃÈÐÌÀ ÎÃÉÚÏÌÀ� «¾ ÎÝÂÃ ¾ÀÐÌÊÌÐÎÆÏ ÆÏÍÌÉÚÅÑÃÐÏÝ ÛÉÃÈ�
ÐÎÌÊ¾ÁËÆÐËÌ�¾ÈÑÏÐÆÕÃÏÈÆÇ �»ª�� ÏÍÌÏÌ¿ ÀÌÅ¿ÑÄÂÃËÆÝ Æ ÎÃÁÆÏÐÎ¾ÔÆÆ
ÑÉÚÐÎ¾ÅÀÑÈÌÀÙÓ ÈÌÉÃ¿¾ËÆÇ ¿ÃÅ ÈÌËÐ¾ÈÐËÌÇ ÄÆÂÈÌÏÐÆ Æ ¿ÃÅ ÏÌÍÎÆÈÌÏ�
ËÌÀÃËÆÝ ÆÏÈ¾ÐÃÉÚËÙÓ ÉÙÄ Ï ÎÃÉÚÏ¾ÊÆ� ÕÐÌ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÍÌÏÐÌÝËÏÐÀÌ
Æ ÏÐ¾¿ÆÉÚËÌÏÐÚ ¾ÈÑÏÐÆÕÃÏÈÌÁÌ ÈÌËÐ¾ÈÐ¾� ÑÀÃÉÆÕÆÀ¾ÃÐ ÂÌÉÁÌÀÃÕËÌÏÐÚ Æ
Ë¾ÂÃÄËÌÏÐÚ Î¾¿ÌÐÙ ÆÏÈ¾ÐÃÉÚËÙÓ ÉÙÄ�

�ÀÐÌÊÌÐÎÆÏ¾ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÀÙÏÌÈÑÜ ÐÌÕËÌÏÐÚ ÌÍÎÃÂÃÉÃËÆÝ ÍÌ�
ÉÌÄÃËÆÝ ÂÃÒÃÈÐËÙÓ ÊÃÏÐ� ¾ÍÍ¾Î¾ÐËÌ�ÍÎÌÁÎ¾ÊÊËÑÜ Ì¿Î¾¿ÌÐÈÑ ÂÃ�
ÒÃÈÐÌÏÈÌÍÆÕÃÏÈÌÇ ÆËÒÌÎÊ¾ÔÆÆ� Å¾ÍÌÊÆË¾ËÆÃ ÆËÒÌÎÊ¾ÔÆÆ Ï ÍÌÏ�
ÉÃÂÑÜ×ÃÇ Î¾ÏÖÆÒÎÌÀÈÌÇ �ÂÃÖÆÒÎÌÀÈÌÇ� Æ ÈÉ¾ÏÏÆÒÆÈ¾ÔÆÜ ÂÃÒÃÈ�
ÐÌÀ ÍÌ ÀÆÂ¾Ê� ¾ Ð¾ÈÄÃ ÀÌÅÊÌÄËÌÏÐÚ ÂÉÆÐÃÉÚËÌÁÌ ÓÎ¾ËÃËÆÝ ÆËÒÌÎ�
Ê¾ÔÆÆ Ì ÈÌËÐÎÌÉÃ Ë¾ Ê¾ÁËÆÐËÌÊ ËÌÏÆÐÃÉÃ�

  ¾ÀÐÌÊÌÐÎÆÏÃ ÏÌÅÂ¾ËÙ ÈÌÊÒÌÎÐËÙÃ ÑÏÉÌÀÆÝ ÂÉÝ Î¾¿ÌÐÙ Æ ÌÐÂÙÓ¾
ÛÈÆÍ¾Ä¾� ¨¾¿ÆËÙ Ê¾ÖÆËÆÏÐ¾ Ì¿ÌÎÑÂÌÀ¾ËÙ ÍÑÉÚÐÌÊ ÑÍÎ¾ÀÉÃËÆÝ� Î¾¿Ì�
ÕÆÊÆ ÊÃÏÐ¾ÊÆ Ê¾ÖÆËÆÏÐ¾ Æ ÍÌÊÌ×ËÆÈ¾� ÏÍÃÔÆ¾ÉÚËÙÊ ÍÑÉÚÐÌÊ ÂÉÝ
ÑÍÎ¾ÀÉÃËÆÝ ÍÎÌÔÃÏÏÌÊ Ì¿ÏÉÃÂÌÀ¾ËÆÝ ÍÑÐÆ Ï ÍÎÆÀÝÅÈÌÇ È ÈÌËÈÎÃÐËÌÊÑ
ÊÃÏÐÑ Ë¾Õ¾É¾ Æ ÌÈÌËÕ¾ËÆÝ ÈÌËÐÎÌÉÝ ÏÌÏÐÌÝËÆÝ ÎÃÉÚÏÌÀ�

  ¾ÀÐÌÊÌÐÎÆÏÃ Ì¿ÌÎÑÂÌÀ¾ËÌ ÏÍÃÔÆ¾ÉÚËÌÃ ÍÌÊÃ×ÃËÆÃ ÂÉÝ Î¾¿ÌÐÙ ÌÍÃÎ¾ÐÌÎÌÀ ÂÃÒÃÈÐÌÏÈÌÍÆ�
ÕÃÏÈÌÁÌ ÈÌÊÍÉÃÈÏ¾� °ÎÆ Î¾¿ÌÕÆÓ ÊÃÏÐ¾ Ì¿Î¾ÅÑÜÐ ÉÌÈ¾ÉÚËÑÜ ÈÌÊÍÚÜÐÃÎËÑÜ ÏÃÐÚ�   ÍÌÊÃ×ÃËÆÆ
Î¾ÅÊÃ×ÃË ¾ÍÍ¾Î¾ÐËÌ�ÍÎÌÁÎ¾ÊÊËÙÇ ÎÃÁÆÏÐÎÆÎÑÜ×ÆÇ ÈÌÊÍÉÃÈÏ ÑÉÚÐÎ¾ÅÀÑÈÌÀÌÁÌ Æ Ê¾ÁËÆÐËÌÁÌ ÈÌË�
ÐÎÌÉÝ Ï ÊËÌÁÌÈ¾Ë¾ÉÚËÌÇ ÛÉÃÈÐÎÌËËÌÇ ÏÐÌÇÈÌÇ �­ÌÆÏÈ������� ¨ÌÊÍÉÃÈÏ ÏÃÎÐÆÒÆÔÆÎÌÀ¾Ë Æ Î¾ÅÎÃÖÃË
È ÍÎÆÊÃËÃËÆÜ Ë¾ ÄÃÉÃÅËÌÂÌÎÌÄËÌÊ ÐÎ¾ËÏÍÌÎÐÃ�

¯ÌÀÊÃ×ÃËËÙÇ ÊÃÐÌÂ ÈÌËÐÎÌÉÝ ÎÃÉÚÏÌÀ� ÍÎÆÊÃËÃËËÙÇ Ë¾ �¯�¢� Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÀÙÏÌÈÑÜ ÛÒÒÃÈ�
ÐÆÀËÌÏÐÚ ÀÙÝÀÉÃËÆÝ ÌÏÐÎÌÂÃÒÃÈÐËÙÓ ÎÃÉÚÏÌÀ �

«¾ÉÆÕÆÃ ¿ÙÐÌÀÌÁÌ Ï¾ÉÌË¾ Ï Ì¿ÃÂÃËËÙÊ ÏÐÌÉÌÊ� ÈÑÓÌËËÙÊ Ì¿ÌÎÑÂÌÀ¾ËÆÃÊ� ÏÍ¾ÉÚËÙÊÆ ÊÃÏÐ¾ÊÆ�
¾ Ð¾ÈÄÃ ÂÀ¾ ÌÐÂÃÉÚËÙÓ ÂÀÑÏÍ¾ÉÚËÙÓ ÈÑÍÃ� ÂÑÖÃÀ¾Ý Æ Ê¾ÏÐÃÎÏÈ¾Ý� ¾ Ð¾ÈÄÃ ¿ÌÉÚÖÌÇ Å¾Í¾Ï ÐÌÍÉÆÀ¾
Æ ÐÃÓËÌÉÌÁÆÕÃÏÈÌÇ ÀÌÂÙ Ì¿ÃÏÍÃÕÆÀ¾ÜÐ ÀÌÅÊÌÄËÌÏÐÚ ÆÏÍÌÉÚÅÌÀ¾ËÆÝ ¾ÀÐÌÊÌÐÎÆÏÙ À ÂÉÆÐÃÉÚËÙÓ
Ì¿ÏÉÃÂÌÀ¾ËÆÝÓ ÄÃÉÃÅËÌÂÌÎÌÄËÌÁÌ ÍÑÐÆ�

 ÏÃ ÛÐÌ ÝÀÉÝÃÐÏÝ ÎÃÖ¾Ü×ÆÊ Ò¾ÈÐÌÎÌÊ ÍÌÏÐÃÍÃËËÌÁÌ ÍÃÎÃÓÌÂ¾ È ÑÏÐ¾ËÌÀÉÃËÆÜ ÍÃÎÆÌÂÆÕËÌÏÐÆ
ÈÌËÐÎÌÉÝ ÑÉÌÄÃËËÙÓ À ÍÑÐÚ ÎÃÉÚÏÌÀ Ï ÑÕÃÐÌÊ Ò¾ÈÐÆÕÃÏÈÌÁÌ ÏÌÏÐÌÝËÆÝ ÍÑÐÆ Æ ÍÎÌÁËÌÅÆÎÌÀ¾ËÆÃÊ
ÃÁÌ Ë¾ ÂÉÆÐÃÉÚËÙÇ ÍÃÎÆÌÂ�

¢ÃÒÃÈÐÌÏÈÌÍËÙÃ ¾ÀÐÌÊÌÐÎÆÏÙ� ÌÐËÃÏÃËËÙÃ �­ÌÉÌÄÃËÆÃÊ Ì ÏÆÏÐÃÊÃ ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ
ÎÃÉÚÏÌÀ Æ ÛÈÏÍÉÑ¾Ð¾ÔÆÆ ÏÎÃÂÏÐÀ ÎÃÉÚÏÌÀÌÇ ÂÃÒÃÈÐÌÏÈÌÍÆÆ À ÍÑÐÃÀÌÊ ÓÌÅÝÇÏÐÀÃ ÄÃÉÃÅËÙÓ ÂÌÎÌÁ
®ÌÏÏÆÇÏÈÌÇ ²ÃÂÃÎ¾ÔÆÆ� È ÏÎÃÂÏÐÀ¾Ê ÍÃÎÀÆÕËÌÁÌ ÈÌËÐÎÌÉÝ ÎÃÉÚÏÌÀ� ¿É¾ÁÌÂ¾ÎÝ ÏÀÌÃÇ ÊÌ¿ÆÉÚËÌÏÐÆ
ÍÌÅÀÌÉÝÐ À ËÃÂ¾ÉÃÈÌÊ ¿ÑÂÑ×ÃÊ ÍÃÎÃÇÐÆ À ÌÏËÌÀËÌÊ Ë¾ ÊÃÓ¾ËÆÅÆÎÌÀ¾ËËÙÇ ÈÌËÐÎÌÉÚ ÎÃÉÚÏÌÀ�

¯ÐÌÆÊÌÏÐÚ ÈÌËÐÎÌÉÝ ÎÃÉÚÏÌÀ� ÑÉÌÄÃËËÙÓ À ÄÃÉÃÅËÌÂÌÎÌÄËÙÇ ÍÑÐÚ� À ÐÎÆ Î¾Å¾ ËÆÄÃ� ÕÃÊ
ÏÐÌÆÊÌÏÐÚ ÈÌËÐÎÌÉÝ Ð¾ËÂÃÊÌÊ �À¾ÁÌË�ÂÃÒÃÈÐÌÏÈÌÍ w ÉÌÈÌÊÌÐÆÀ��

¥¾ ¿ÌÉÃÃ ÍÌÂÎÌ¿ËÌÇ ÆËÒÌÎÊ¾ÔÆÃÇ ÍÎÌÏÆÊ Ì¿Î¾×¾ÐÚÏÝ ÍÌ ¾ÂÎÃÏÑ�
������� Á� ªÌÏÈÀ¾� ÑÉ� «ÌÀ¾Ý �¾ÏÊ¾ËË¾Ý� Â� �� ¾�Ý ��� «­­ � ¦¡¬®��
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�°ÃÓËÆÕÃÏÈ¾Ý ÂÆ¾ÁËÌÏÐÆÈ¾ Æ ËÃÎ¾ÅÎÑÖ¾Ü×ÆÇ

ÈÌËÐÎÌÉÚ�� � ËÌÊÃÎ¾ À ÁÌÂ� ÆÅÂ¾ÃÐÏÝ Ï ���� Á�  

ÄÑÎË¾ÉÃ ÍÎÃÂÏÐ¾ÀÉÃËÙ ÍÌÏÉÃÂËÆÃ ÂÌÏÐÆÄÃËÆÝ À

Ì¿É¾ÏÐÆ ÐÃÓËÆÕÃÏÈÌÇ ÂÆ¾ÁËÌÏÐÆÈÆ Æ

ËÃÎ¾ÅÎÑÖ¾Ü×ÃÁÌ ÈÌËÐÎÌÉÝ �¾ÈÈÑÏÐÆÕÃÏÈÌÃ

ÆÅÉÑÕÃËÆÃ� Ê¾ÁËÆÐËÙÃ� Î¾ÂÆÌÀÌÉËÌÀÙÃ�

ÐÃÎÊÆÕÃÏÈÆÃ� ÌÍÐÆÕÃÏÈÆÃ� Î¾ÂÆ¾ÔÆÌËËÙÃ Æ ÂÎ�

ÊÃÐÌÂÙ�� ¶ÆÎÌÈÌ ÌÏÀÃ×¾ÜÐÏÝ ÊÃÐÌÂÆÈÆ ÌÔÃËÈÆ

Æ ÍÎÌÁËÌÅÆÎÌÀ¾ËÆÝ Î¾ÅÎÑÖÃËÆÇ À ÏÀ¾ÎËÙÓ

ÈÌËÏÐÎÑÈÔÆÝÓ�

°ÃÉ�� ������� ���w��w��� ���w��w��

��ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý ÏÀ¾ÎÈ¾�� �� ËÌÊÃÎÌÀ À ÁÌÂ�

ÆÅÂ¾ÃÐÏÝ Ï ���� Á�   ÄÑÎË¾ÉÃ ÍÎÃÂÏÐ¾ÀÉÃË¾

Î¾ÅËÌÌ¿Î¾ÅË¾Ý Ë¾ÑÕËÌ�ÐÃÓËÆÕÃÏÈ¾Ý ÆËÒÌÎÊ¾ÔÆÝ

ÍÌ ÏÀ¾ÎÈÃ� Ë¾ÍÉ¾ÀÈÃ� ÎÃÅÈÃ� Í¾ÇÈÃ Æ Ë¾ËÃÏÃËÆÜ

Å¾×ÆÐËÙÓ ÍÌÈÎÙÐÆÇ� ÍÎÌÆÅÀÌÂÏÐÀÃËËÙÇ ÌÍÙÐ

ÍÎÆÊÃËÃËÆÝ ÏÌÀÎÃÊÃËËÙÓ ÐÃÓËÌÉÌÁÆÇ ÂÉÝ

ÏÌÃÂÆËÃËÆÝ Ê¾ÐÃÎÆ¾ÉÌÀ Æ ÀÌÏÏÐ¾ËÌÀÉÃËÆÝ

ÆÅÂÃÉÆÇ� ÏÀÃÂÃËÆÝ Ì ËÌÀÙÓ ÈËÆÁ¾Ó Æ Í¾ÐÃËÐ¾Ó�

Ì¿ÅÌÎË¾Ý ÆËÒÌÎÊ¾ÔÆÝ Ì ÍÎÌÒÆÉÚËÙÓ ÀÙÏÐ¾ÀÈ¾Ó Æ

ÈÌËÒÃÎÃËÔÆÝÓ� ¿¾ËÈ ÍÎÌÆÅÀÌÂÆÐÃÉÃÇ ÐÌÀ¾ÎÌÀ Æ

ÑÏÉÑÁ Ë¾ ÎÙËÈÃ ÏÀ¾ÎÌÕËÌÁÌ ÍÎÌÆÅÀÌÂÏÐÀ¾

±ÈÎ¾ÆËÙ Æ ®ÌÏÏÆÆ�

°ÃÉ�� ������� ���w��w��� ���w��w��

�¯ÌÀÎÃÊÃËË¾Ý ÛÉÃÈÐÎÌÊÃÐ¾ÉÉÑÎÁÆÝ� � ËÌÊÃÎ¾ À

ÁÌÂ� ÆÅÂ¾ÃÐÏÝ Ï ���� Á�   ÄÑÎË¾ÉÃ ÌÏÀÃ×¾ÜÐÏÝ

Î¾ÅÎ¾¿ÌÐÈÆ À Ì¿É¾ÏÐÆ ÛÉÃÈÐÎÌÖÉ¾ÈÌÀÌÇ�

ÛÉÃÈÐÎÌËËÌ�ÉÑÕÃÀÌÇ Æ ÍÉ¾ÅÊÃËËÌ�ÂÑÁÌÀÌÇ

ÐÃÓËÌÉÌÁÆÇ� À¾ÈÑÑÊËÌ�ÂÑÁÌÀÌÁÌ ÍÃÎÃÍÉ¾À¾ Æ

ÆËÂÑÈÔÆÌËËÌÇ ÍÉ¾ÀÈÆ� ¾ Ð¾ÈÄÃ À Ì¿É¾ÏÐÆ

ÀËÃÍÃÕËÌÇ Ì¿Î¾¿ÌÐÈÆ ÏÐ¾ÉÆ� ÛËÃÎÁÌ� Æ

ÎÃÏÑÎÏÌÏ¿ÃÎÃÁ¾Ü×ÆÓ ÊÃÐ¾ÉÉÑÎÁÆÕÃÏÈÆÓ

ÐÃÓËÌÉÌÁÆÇ Æ ÂÎ� ¢Ì ���� Á� ÄÑÎË¾É ÆÅÂ¾À¾ÉÏÝ

ÍÌÂ Ë¾ÅÀ¾ËÆÃÊ �­ÎÌ¿ÉÃÊÙ ÏÍÃÔÆ¾ÉÚËÌÇ

ÛÉÃÈÐÎÌÊÃÐ¾ÉÉÑÎÁÆÆ��

°ÃÉ�� ������� ���w��w��� ���w��w��

�7KH 3DWRQ :HOGLQJ -RXUQDO�� �� ËÌÊÃÎÌÀ À ÁÌÂ�

­ÌÉËÙÇ ÍÃÎÃÀÌÂ Ë¾ ¾ËÁÉÆÇÏÈÆÇ ÝÅÙÈ ÄÑÎË¾É¾

��ÀÐÌÊ¾ÐÆÕÃÏÈ¾Ý ÏÀ¾ÎÈ¾��

°ÃÉ�� ������� ���w��w��� ���w��w��

�$GYDQFHV LQ (OHFWURPHWDOOXUJ\�� � ËÌÊÃÎ¾ À ÁÌÂ�

­ÌÉËÙÇ ÍÃÎÃÀÌÂ Ë¾ ¾ËÁÉÆÇÏÈÆÇ ÝÅÙÈ ÄÑÎË¾É¾

�¯ÌÀÎÃÊÃËË¾Ý ÛÉÃÈÐÎÌÊÃÐ¾ÉÉÑÎÁÆÝ��

°ÃÉ�� ������� ���w��w��� ���w��w��

«¾ ÌÒÆÔÆ¾ÉÚËÌÊ Ï¾ÇÐÃ ÄÑÎË¾ÉÌÀ ZZZ�QDV�JRY�XD�SZM
ÍÎÆÀÃÂÃËÙ ÎÃÒÃÎ¾ÐÙ ÌÍÑ¿ÉÆÈÌÀ¾ËËÙÓ ÏÐ¾ÐÃÇ Ï ���� Á�

­ÌÂÍÆÏÈ¾ ÍÌ È¾Ð¾ÉÌÁ¾Ê ÍÌÂÍÆÏËÙÓ ¾ÁÃËÐÏÐÀ�
¾ Ð¾ÈÄÃ ÕÃÎÃÅ ÎÃÂ¾ÈÔÆÜ�

�ÂÎÃÏ ÎÃÂ¾ÈÔÆÇ ÄÑÎË¾ÉÌÀ�
������ Á� ¨ÆÃÀ� ÑÉ� �ÌÄÃËÈÌ� ��
°ÃÉ��Ò¾ÈÏ� ������� ���������� ����������
���w��w��
(�PDLO� MRXUQDO#SDWRQ�NLHY�XD
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£ÏÉÆ  ¾Ï Å¾ÆËÐÃÎÃÏÌÀ¾ÉÌ Ë¾ÖÃ ÍÎÃÂÉÌÄÃËÆÃ� Å¾ÍÌÉËÆÐÃ� ÍÌÄ¾ÉÑÇÏÐ¾� ÈÑÍÌË Æ ÌÐÍÎ¾ÀÚÐÃ Å¾ÝÀÈÑ

ÍÌ Ò¾ÈÏÑ ÆÉÆ ÛÉÃÈÐÎÌËËÌÇ ÍÌÕÐÃ�

°ÃÉÃÒÌËÙ Æ Ò¾ÈÏÙ ÎÃÂ¾ÈÔÆÆ ÄÑÎË¾É¾ �°ÃÓËÆÕÃÏÈ¾Ý ÂÆ¾ÁËÌÏÐÆÈ¾ Æ ËÃÎ¾ÅÎÑÖ¾Ü×ÆÇ ÈÌËÐÎÌÉÚ��

ÐÃÉ�� ������� ���w��w��� ���w��w��� ���w��w��� Ò¾ÈÏ� ������� ���w��w��� ���w��w���

­ÌÂÍÆÏÈÑ Ë¾ ÄÑÎË¾É �°ÃÓËÆÕÃÏÈ¾Ý ÂÆ¾ÁËÌÏÐÆÈ¾ Æ ËÃÎ¾ÅÎÑÖ¾Ü×ÆÇ ÈÌËÐÎÌÉÚ� ÊÌÄËÌ ÌÒÌÎÊÆÐÚ

Ð¾ÈÄÃ� À ±ÈÎ¾ÆËÃ� ÍÌÂÍÆÏËÙÃ ¾ÁÃËÐÏÐÀ¾ �­ÎÃÏÏ¾�� �¦ÂÃÝ�� �¯¾ÊÊÆÐ�� �­ÎÃÏÏÔÃËÐÎ�� .66� ��ÉÆÔ�

¦ËÒÌÎÊ�� À ®ÌÏÏÆÆ� ÍÌÂÍÆÏËÙÃ ¾ÁÃËÐÏÐÀ¾ �®ÌÏÍÃÕ¾ÐÚ�� ­ÎÃÏÏ¾ ®ÌÏÏÆÆ�

������������������	�
���	

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

¯ÐÌÆÊÌÏÐÚ

ÍÌÂÍÆÏÈÆ

ÕÃÎÃÅ ÎÃÂ¾ÈÔÆÜ


±ÈÎ¾ÆË¾ ®ÌÏÏÆÝ ¯ÐÎ¾ËÙ ¢¾ÉÚËÃÁÌ Å¾ÎÑ¿ÃÄÚÝ

Ë¾ ÍÌÉÑÁÌÂÆÃ Ë¾ ÁÌÂ Ë¾ ÍÌÉÑÁÌÂÆÃ Ë¾ ÁÌÂ Ë¾ ÍÌÉÑÁÌÂÆÃ Ë¾ ÁÌÂ

�� ÁÎË� ��� ÁÎË� ��� ÎÑ¿� ��� ÎÑ¿� �� ÂÌÉÉ� ¯¶� �� ÂÌÉÉ� ¯¶�


{ °�ºÒäº°�	 ¹º�¹Ò°}Ò m}ã
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IH>IBKGHC DMIHG

:^j_k ^ey ^hklZ\db `mjgZeZ

Kjhd ih^ibkdb k ��� �� ¹º ��� �� m}ã
�Ò�Ëã	Óº

NZfbeby B� H�

DhfiZgby

>he`ghklv

L_e�� nZdk� (�PDLO

Iheghp\_lgZy j_deZfZ

I_j\Zy kljZgbpZ h[eh`db

�������� ff� ² ����

<lhjZy kljZgbpZ h[eh`db

�������� ff� ² ����

Lj_lvy kljZgbpZ h[eh`db

�������� ff� ² ����

Q_l\_jlZy kljZgbpZ h[eh`db

�������� ff� ² ����
Q_jgh�[_eZy j_deZfZ

� ihehkZ �������� ff� ² ���

��� ihehku �������� ff� ² ���

��� ihehku ������ ff� ² ���

• HieZlZ \ ]jb\gyo beb jm[eyo JN ih

hnbpbZevghfm dmjkm�

• >ey hj]ZgbaZpbc ± j_ab^_glh\MdjZ�

bgu p_gZ kG>Kb gZeh]hf gZ j_deZfm�

• KlZlvy gZ ijZ\Zo j_deZfu ² ���

klhbfhklb j_deZfghc iehsZ^b�

• Ijb aZdexq_gbb j_deZfguo dhgljZd�
lh\ gZ kmffm� ij_\urZxsmx �����

ij_^mkfhlj_gZ ]b[dZy kbkl_fZ

kdb^hd�

L_ogbq_kdb_ lj_[h\Zgby d

j_deZfguf fZl_jbZeZf

• JZaf_j `mjgZeZ ihke_ h[j_ab

������� ff�

• < j_deZfguo fZd_lZo ^ey l_dklZ�

eh]hlbih\ b ^jm]bo we_f_glh\ ijhkv�

[Z hlklmiZlv hl djZy fh^mey � ff k

p_evx ba[_`Zgby ihl_jb qZklb bg�

nhjfZpbb�

<k_ nZceu \ nhjfZl_ JK

• &RUHOO 'UDZ� \_jkby ^h ����

• $GREH 3KRWRVKRS� \_jkby ^h ���

• Bah[jZ`_gby \ nhjfZl_ 7,))� p\_lh�

\Zyfh^_ev&0<.� jZaj_r_gb_ ��� GSL�

• D nZceZf ^he`gZ ijbeZ]Zlvky jZk�

i_qZldZ

• FZd_lu \nhjfZl_:hUG g_ ijbgbfZ�

xlky
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�°ã� ¹Ë�� ã� ���� �°ã� }¯��º��� ����� ����ÒÏ�� ã� ���� � � �m� m}ãË®}È�
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