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1('26(.$ $�<$�� 1('26(.$ 6�$�� 2/(,1,. 5�$� 3URSDJDWLRQ RI DFRXVWLF
HPLVVLRQ ZDYHV LQ SODWHV� LQGXFHG E\ D ORFDO UDGLDWLRQ VRXUFH ������������������������������ �

5$'<6+ <8�9�� .,5((9 $�6� ,PSURYHPHQW RI WKH PHWKRGV RI FRQWURO
RI WKH JHRPHWULFDO VKDSH RI YHUWLFDO VWHHO WDQNV LQ WHFKQLFDO GLDJQRVWLFV �������������� ��

6.$/6.< 9�5�� ,9$1,76.< <D�/� 0HDQV IRU PDWHULDO LQYHVWLJDWLRQ LQ
KLJK�SDUDPHWHU K\GURJHQ PHGLXP �������������������������������������������������������������������� ��

52,70$1 $�%�� $13,/2*29 '�,� 'LDJQRVWLFV RI GDPDJH LQ IUHHO\
YLEUDWLQJ VKDOORZ F\OLQGULFDO VKHOOV ���������������������������������������������������������������������� ��

0$.296.< $�0� 0HWKRGRORJ\ RI WHFKQLFDO GLDJQRVWLFV
RI ORDG�FDUU\LQJ FUDQHV ������������������������������������������������������������������������������������� ��

*(/0$1 /�0�� 8'29(1.2 /�1� 1HZ IHDWXUHV EDVHG RQ )RXUULHU

WUDQVIRUPDWLRQ IRU LPDJH GLDJQRVWLFV DQG LGHQWLILFDWLRQ �������������������������������������� ��

121�'(6758&7,9( 7(67,1*

5<=+,.29 9�'�� 67$5=+,16.< 1�*�� .2=,1 '�1�� *$/&+,1(76.< /�3�� (�.�/,6(76�
.$<$ (�.�� 69,6+&+ 9�0�� 232/,1 $�'� 6FLQWLOODWRU�/('
GHWHFWRUV IRU LQVSHFWLRQ RI ;�UD\ LQWURVFRS\ V\VWHPV ������������������������������������������ ��

*,5(1.2 9�6�� 6(0(129 6�(�� *21&+$5(1.2 /�9� 'HIRUPDWLRQDO
DJHLQJ RI SLSH VWHHOV ���������������������������������������������������������������������������������������� ��

7685,.29 2�1� ,PSURYHPHQW RI GLDJQRVWLF SURFHGXUH IRU DLUFUDIW HQJLQHV ���������� ��

5$.+,029 1�3�� .$6<0$.+8129$ $�0�� 8602129 6K� 2SWLFDO
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*� *� /XWVHQNR�

1� 9� 1RYLNRY� (� 6� 3HUHYHU]HY�

3� 3� 3URNKRUHQNR� 9� 3� 5DGNR�

,� <D� 6KHYFKHQNR� $� ,� 6WHSD�
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7KH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH
7KH (� 2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH RI WKH 1$6 RI 8NUDLQH
,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�
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¹ºÓ«�Ò« ­Ë°}ºÓË�Óº°�Ò m �Ë²ÓÒ�Ë°}Ò² ¯È°�Ë�È²�
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Èä¹ãÒ��� ¹Ë¯ËäË�ËÓÒ®�

{ ¹ãÈ°�ÒÓÈ² �ºã�ÒÓº® � °ä Ò ­ºãËË ¯ËÏ}Ò® ¹Ò}
¹º«mã«Ë�°« ÓÈ ¯È°°�º«ÓÒÒ ��� °ä º� �ËÓ�¯È ÒÏã��Ë�
ÓÒ«� w�º� ¹Ò} °ºº�mË�°�m�Ë� mºãÓË� �mÒ�È
�Ë®°« °º
°}º¯º°�	
 ���� ä�°� �Ë¯ËäË�ËÓÒ« ­ãÒÎÈ®�Ë® }
ª�º® mºãÓË �È°�Ò ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ© ¹¯º�ºãÎÈ�

� Óº°Ò�	 ²Èº�Ò�Ë°}Ò® ²È¯È}�Ë¯� v �Èã	ÓË®�Òä
�mËãÒ�ËÓÒËä �ºã�ÒÓ© ¹ãÈ°�ÒÓ© m ¹¯º�Ë°° Áº¯äÒ�
¯ºmÈÓÒ« °�ääÈ¯Óº® mºãÓ© mºmãË}È
�°« m°Ë Óºm©Ë
ªãËäËÓ�È¯Ó©Ë mºãÓ©� Ò ²È¯È}�Ë¯ mºãÓºmº® ¹ºmË¯²�
Óº°�Ò äËÓ«Ë�°«� �¯Ò ª�ºä °º²¯ÈÓ«Ë�°« ¹Ò} mºãÓ©�
¯È°¹¯º°�¯ÈÓ«
�Ë®°« °º °}º¯º°�	
 ���� ä�°� Ò
­ºãËË �Ë�}ÒË º�Ë¯�ÈÓÒ« ¹¯Òº­¯Ë�È
� �mÈ ¹Ò}È °
äËÓ	�Ë® Èä¹ãÒ���º®� ¯È°¹ºãºÎËÓÓ©Ë ¹ºÏÈ�Ò Ò m¹Ë�
¯Ë�Ò ª�º® mºãÓ©� v}º¯º°�	 Ò² ¯È°¹¯º°�¯ÈÓËÓÒ« °º°�
�Èmã«Ë� ���� Ò ���� ä�°� w�Ò °}º¯º°�Ò ¹¯Ò­ãÒÎËÓ�
Óº °ºº�mË�°�m�
� °}º¯º°�«ä ¯È°¹¯º°�¯ÈÓËÓÒ« ¹º¹Ë�
¯Ë�Óº® v� Ò ¹¯º�ºã	Óº® v� mºãÓ©�

vãË��Ë� º�äË�Ò�	� ��º ÓÈãÒ�ÒË m�º¯º® ¹ºmË¯²�
Óº°�Ò m ¹ãÈ°�ÒÓË Ò�¯ÈË� °��Ë°�mËÓÓ�
 ¯ºã	 m Áº¯�
äÒ¯ºmÈÓÒÒ mºãÓ� �ºª�ºä� ° �mËãÒ�ËÓÒËä �ºã�ÒÓ©

¹ãÈ°�ÒÓ©� }È} mÒ�Óº ÒÏ �¯ÈÁÒ}ºm� ¹¯Ë�°�ÈmãËÓÓ©²
ÓÈ ¯Ò°� �� mºãÓºmºË ¹ºãË ¹ãÈ°�ÒÓ© ÓË °�¯ËäÒ�°« }
º­¯ÈÏºmÈÓÒ
 º�Óº® mºãÓ©� }È} m °ã��ÈË ¹ºã�¹¯º°�
�¯ÈÓ°�mÈ �mºãÓÈ cªãË«�� { ¹ãÈ°�ÒÓÈ² ­ºã	�Ò² �ºã�
�ÒÓ º�Óºm¯ËäËÓÓº °��Ë°�m�
� ÓË°}ºã	}º �Ò¹ºm
mºãÓ� ¯È°¹¯º°�¯ÈÓ«
�Ò²°« ° ¯ÈÏãÒ�Ó©äÒ °}º¯º°�
�«äÒ� �Ë¯ËäË�ËÓÒ« ¹ºmË¯²Óº°�Ò �ã« ¹ãÈ°�ÒÓ º�ËÓ	
­ºã	�º® �ºã�ÒÓ© º¹¯Ë�Ëã«
�°« ¹º Áº¯ä�ãË� ¹º�
ã��ËÓÓº® ÒÏ m©¯ÈÎËÓÒ« ���� ¹��Ëä ¹¯Ë�Ëã	Óº�º ¹Ë�

¯Ë²º�È� }º��È δ → ∞�
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vãË��Ë� ­ºãËË ¹º�¯º­Óº º°�ÈÓºmÒ�	°« ÓÈ ²È¯È}�Ë�
¯Ë ¯È°¹¯º°�¯ÈÓËÓÒ« �¹¯��Ò² mºãÓ m �ºÓ}Ò² ¹ãÈ°�Ò�
ÓÈ²� tÈ¯È}�Ë¯Ó©ä mºãÓºm©ä ¹ºãËä �ã« ª�Ò² ¹ãÈ°�ÒÓ
«mã«Ë�°« ¹ºãË� ¹¯Ë�°�ÈmãËÓÓºË ÓÈ ¯Ò°� �� È� ­� { �º
ÎË m¯Ëä« ¯È°¹¯º°�¯ÈÓ«
�È«°« ¹º ¹ãÈ°�ÒÓË mºãÓÈ
° �mËãÒ�ËÓÒËä ¯È°°�º«ÓÒ« º� Ò°�º�ÓÒ}È ÒÏã��ËÓÒ«
�Ë¯«Ë� m °¹Ë}�¯Ë� rºãËË }º¯º�}ÒË ªãËäËÓ�È¯Ó©Ë °º°�
�Èmã«
�ÒË mºãÓ© ÏÈ��²È
� ° �mËãÒ�ËÓÒËä ¯È°°�º�
«ÓÒ« ­ºãËË ÒÓ�ËÓ°ÒmÓº� �Ëä �ãÒÓÓ©Ë� �¯º�Ë��È«
­ºã	�ºË ¯È°°�º«ÓÒË mºãÓÈ �ªä­È ÒäËË� ­ºãËË �Ï}Ò®
°¹Ë}�¯ ¹º °¯ÈmÓËÓÒ
 ° Ò°²º�Óº®� iÒÓÈäÒ�Ë°}È« ÏÈ�
�È�È �Ëº¯ÒÒ �¹¯��º°�Ò ° ��Ë�ºä °º¹¯º�ÒmãËÓÒ« °¯Ë�
�© äÓº�º °ãºÎÓËË� Ò ËË ¯Ë�ËÓÒË m©²º�Ò� ÏÈ ¯Èä}Ò
ÓÈ°�º«�Ë® °�È�	Ò�

cÒ°� �� zºªÁÁÒ�ÒËÓ� ªãË}�¯ºÈ}�°�Ò�Ë°}º�º ¹¯Ëº­¯ÈÏºmÈÓÒ« z
�ã« �È��Ò}È kw �Ò¹È ikw����c�

cÒ°� �� cÈ°¹¯º°�¯ÈÓËÓÒË �¹¯��º® mºãÓ© ¹º ¹ºmË¯²Óº°�Ò ¹ãÈ°�
�ÒÓ© ÒÏ °¹ãÈmÈ kl�� �ºã�ÒÓº® �°ä m �ÒÈ¹ÈÏºÓË mºãÓºm©² �Ò°Ëã
º� � �º � °ä
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iã« ¹¯Ò­ãÒÎËÓÓº® º�ËÓ}Ò mãÒ«ÓÒ« Ò°�ËÏÓºmË�
ÓÒ« }º¯º�}Ò² mºãÓ ÒÏ °¹Ë}�¯È Ò°²º�Óº® mºãÓ© ÓÈ
ËËÁº¯ä� Ò Èä¹ãÒ���©¯È°°äº�¯Òä ¹ºãË mºãÓ m ¹ãÈ°�
�ÒÓË �ºã�ÒÓº® � °ä m °¹Ë}�¯Ë kw �È��Ò}È �Ò¹È
ikw����c� ¯È­º�È
�Ë�º m �ÒÈ¹ÈÏºÓË mºãÓºm©² �Ò�

°Ëã � ≤ α ≤ � °ä
Ü�
�¯Ò°� ���

sÈ ¯Ò°� � ¹¯Ë�°�ÈmãËÓÈ ª¹
¯È mºãÓ©� ¯È°¹¯º°�
�¯ÈÓ«
�Ë®°« º� Ò°�º�ÓÒ}È ÒÏã��ËÓÒ«� }º�º¯©® ÓÈ�
²º�Ò�°« ÓÈ �ã�­ÒÓË ��� °ä º� ¹ºmË¯²Óº°�Ò ¹ãÈ°�ÒÓ©
�ºã�ÒÓº® � °ä� v¯ÈmÓÒmÈ« ¹È¯ÈäË�¯© ª�º® mºãÓ©
° ÈÓÈãº�Ò�Óº® m �Ò¯º}ºä �ÒÈ¹ÈÏºÓË �È°�º�
�¯Ò°� �� m�� mÒ�Òä �º°�È�º�Óº °��Ë°�mËÓÓ�
 ¯ÈÏÓÒ�
��� �È}Òä º­¯ÈÏºä� ÓÈãÒ�ÒË º�¯ÈÓÒ�ËÓÓº® ¹ºãº°©
�È°�º�� m }º�º¯º® ¯È­º�È
� �È��Ò}Ò kw� äºÎË� ¹¯Ò�
mË°�Ò } °��Ë°�mËÓÓºä� Ò°}ÈÎËÓÒ
 Áº¯ä© mºãÓ©
kw Ò� }È} °ãË�°�mÒË� } �ã���ËÓÒ
 ÒãÒ �²���ËÓÒ

¯Ë�Ò°�¯È�ÒÒ mºãÓ� �º�Óº°�Ò º¹¯Ë�ËãËÓÒ« }ºº¯�ÒÓÈ�
Ò°�º�ÓÒ}ºm kw�

�È}Òä º­¯ÈÏºä� ¹ºã��ËÓ© �Ëº¯Ë�Ò�Ë°}ÒË ÏÈmÒ�
°Òäº°�Ò� º¹Ò°©mÈ
�ÒË �ËÓË¯Ò¯ºmÈÓÒË �¹¯��Ò²
mºãÓ m äÈ�Ë¯ÒÈãÈ² ° �ËÁË}�ÈäÒ� ãº}Èã	Óº ¯ÈÏmÒmÈ�

�ÒäÒ°« m ÓÒ² ¹¯Ò �ËÁº¯äÒ¯ºmÈÓÒÒ� imÒÎËÓÒË
º�ÒÓº�Óº�º äÒ}¯º�ËÁË}�È� ÓÈ¹¯ÒäË¯� �Ò°ãº}È�ÒÒ�
m ¹¯ÒmË�ËÓÓ©² m©�Ë m©}ãÈ�}È² äº�ËãÒ¯�Ë�°« �mÒ�
ÎËÓÒËä �º�Ë�Óº�º Ò°�º�ÓÒ}È� p°ãÒ ¹Ë¯ËäË�ËÓÒË Ò°�
�º�ÓÒ}È ÓË ÏÈ}ÈÓ�ÒmÈË�°« º�ÒÓº�Ó©ä °}È�}ºä� �º
}È¯�ÒÓÈ mºãÓºmº�º ¹ºã«� º­¯ÈÏºmÈÓÓÈ« ¹Ë¯ËäË�È
�
�Ë®°« �Ò°ãº}È�ÒË® ÒãÒ ¯ÈÏmÒmÈ
�Ë®°« �¯Ë�ÒÓº®�
äºÎË� ­©�	 ¹ºã��ËÓÈ ¹��Ëä °�¹Ë¯¹ºÏÒ�ÒÒ }mÈÓ�ºm
}ÈÎ�º�º Ë�ÒÓÒ�Óº�º Ò°�º�ÓÒ}È ° ¯È°�Ë�ºä ÓÈãºÎË�
ÓÒ« Ò² �Ë®°�mÒ« �¯�� ÓÈ �¯��È�

�� rº­¯ºm {� ��� vmÒ¯Ò�ºm �� r� �¯ÈÓ°Áº¯äÈ�Ò« Òä¹�ã	°ºm
¯ªãËËm°}Ò² mºãÓ m Óº¯äÈã	Ó©Ë mºãÓ© m �¹¯��ºä °�Ë¯ÎÓË�
}ºÓ�È}�Ò¯�
�Ëä ° ¹ºã�¹¯º°�¯ÈÓ°�mºä �� kÓÓº�� �º}ã� ;,
{°Ë°º
Ï� È}�°�Ò�� }ºÓÁ� �lº°}mÈ� ���� ���� Û l�� k}�°�Ò��
ÒÓ��� ����� Û v� ���

�� r��ËÓ}ºm �� k��sË�ÏmË�}È«|�{�{ºãÓ©cªãË«� ÒÏã��ÈËä©Ë
äº�Ëã«äÒ Ò°�º�ÓÒ}ºm È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ �� iËÁË}�º°�
}º¹Ò«� Û ����� Û ¢ �� Û v� �Ü���

�� {È²ÈmÒºãº° v� iÎ�� {ºÓ� {� iËmÒ�� vºmË¯�ËÓ°�mºmÈÓÒË äË�
�º�È Ò °¯Ë�°�m È}�°�Ò�Ë°}º�ªäÒ°°ÒºÓÓº�º }ºÓ�¯ºã« ¯È­º�È�

�Ë�º º­º¯��ºmÈÓÒ«� |�ËÓ}È mºÏäºÎÓº°�Ò �Èã	ÓË®�Ë® ª}�
°¹ã�È�È�ÒÒ �{iw� Ò ÓË¯ÈÏ¯��È
�Ò® }ºÓ�¯ºã	 ÓÈ º°ÓºmË
ÈÓÈãÒÏÈ ¯Ò°}ºm �|{iw�z|kc� �� �ËÏ� �º}ã� ��® äËÎ���
ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯�­º¹¯ºmº�ºm�� lº°}mÈ� ��Ü��
äÈ« ���� �� Û v� ����

�� �ÈãÈÏ
} {� k�� sË�º°Ë}È k� Ð��  �äÈ} k� z� j°°ãË�ºmÈÓÒË
ÏÈmÒ°Òäº°�Ò mºãÓºmº�º ¹¯º�Ë°°È ÓÈ ¹ºmË¯²Óº°�Ò �¹¯��º�º
°ãº« º� ¯ÈÏäË¯ºm Ò °}º¯º°�Ò mºÏÓÒ}ÓºmËÓÒ« mÓ��¯ËÓÓË�º
�ËÁË}�È �Ò¹È �¯Ë�ÒÓ© �� �Ë²Ó� �ÒÈ�Óº°�Ò}È Ò ÓË¯ÈÏ¯���
}ºÓ�¯ºã	� Û ����� Û ¢ �� Û v� �Ü���

�� j°¹ºã	ÏºmÈÓÒË äÓº�ºÁ�Ó}�ÒºÓÈã	Óº® È}�°�Ò}º�ªäÒ°°ÒºÓ�
Óº® °Ò°�Ëä© lkwv �ã« }ºÓ�¯ºã« ¹¯º�Ë°°È °mÈ¯}Ò � {� k�
��äËÓ
}� k� {� Ð}ºmãËm� {� k� v�ã	ÎËÓ}º� s� k� zÈÏÈ}ºm
�� �ËÏ� �º}ã� ��® äËÎ��ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯�­º¹�
¯ºmº�ºm�� lº°}mÈ� ��Ü�� äÈ« ���� �� Û v� ����

�� iº°ã��ÎËÓÓ« m}ãÈ�� ²mÒã	 cËãË« m È}�°�Ò�ÓË ¹ºãË� �º mÒ�
ÓÒ}È¼ ¹¯Ò ¯ºÏmÒ�}� mÓ��¯��Ó	º�º �ËÁË}�� � |� �� kÓ��
¯Ë®}�m� |� l� vË¯��¼Ó}º� l� {� �Ò°È}� {� c� v}Èã	°	}Ò®
�� n�Ï��²�ä� äË²ÈÓ�}È äÈ�Ë¯�Èã�m� Û ����� Û ¢ �� Û
v� ��Ü���

�� jmÈÓºm{�j�k}�°�Ò�Ë°}È« ªäÒ°°Ò« m ¹¯º�Ë°°Ë}º�Ë¯ËÓ�Óº�º
¯ÈÏ¯��ËÓÒ« �� iº}ã� ks vvvc� Û ����� Û ���� ¢ ��
Û v� ���Ü����

�� jmÈÓºm {�j��¯ÒäËÓËÓÒË äË�º�È È}�°�Ò�Ë°}º® ªäÒ°°ÒÒ �ã«
ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã« Ò Ò°°ãË�ºmÈÓÒ« äÈ�Ë¯ÒÈãºm �|­�
Ïº¯ º°ÓºmÓ©² ¹¯º­ãËä Ò ÏÈ�È�� �� iËÁË}�º°}º¹Ò«� Û
����� Û ¢ �� Û v� ��Ü���

�� zºÎÈ¯ÒÓºm {� �Ë¯°¹Ë}�Òm© ¹¯ÒäËÓËÓÒ« È}�°�Ò}º�
ªäÒ°°ÒºÓÓº�ºäË�º�È ÓË¯ÈÏ¯��È
�Ë�º }ºÓ�¯ºã« m ¹¯ºÒÏmº��
°�mË �� �ËÏ� �º}ã� ��® äËÎ��ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯��
­º¹¯ºmº�ºm�� lº°}mÈ� ��Ü�� äÈ« ���� �� Û v� ����

��� �©}ºm �� j�� �ÈÓÒÓ {� j�� b�ãÈ�ºm k� {� jÏã��È�Ëã	
mºãÓ©cªãË« Òä¹�ã	°Ó©® �º�Ë�Ó©®j{cj������ËÏ� �º}ã�
��® äËÎ��ÓÈ¯� }ºÓÁ� ½iÒÈ�Óº°�Ò}È �¯�­º¹¯ºmº�ºm�� lº°�
}mÈ� ��Ü�� äÈ« ���� �� Û v� ����

��� sË�º°Ë}È k� Ð�|°Óºm© ¯È°�Ë�È Ò �ÒÈ�Óº°�Ò}Ò °mÈ¯Ó©² }ºÓ�
°�¯�}�Ò® � zÒËm� jÓ�¹¯ºä� �����Û ��� °�

��� &HUDQRJOX $� 1�� 3DR <��+� 3URSDJDWLRQ RI (ODVWLF 3XOVHV
DQG $FRXVWLF (PLVVLRQ LQ D 3ODWH �� $SSOHG 0HFKDQLFH� Û
����� Û 9RO� ��� Û 3� ���Ü����

��� 3DR <��+�� *DMHZVNL 5� 5�� &HUDQRJOX $� 1� $FRXVWLF HPLV�
VLRQ DQG WUDQVLHQW ZDYHV LQ DQ HODVWLF SODWH �� $FRXVWLFDO
6RFLHW\ RI $PHULFD� Û ����� Û ��� ¢ �� Û 3� ��Ü����

��� 3DR <��+�� *DMHZVNL 5� 5� *HQHUDOL]HG UD\ WKHRU\ DQG WUDQ�
VLHQW UHVSRQVH RI OD\HUHG HODVWLFVROLGV �� 3K\VLFDO DFRXVWLFV�
Û ����� Û ��� ¢ �� Û 3� ���Ü����

��� :HDYHU 5� /�� 3DR <��+� 6SHFWUD RI WUDQVLHQW ZDYHV LQ HODVWLF
SODWHV �� $FRXVWLFDO 6RFLHW\ RI $PHULFD� Û ����� Û ���
¢ �� Û 3� ����Ü�����

��� *LOOLV 3� 3� 'LVORFDWLRQ PRWLRQV DQG DFRXVWLF HPLVVLRQV��
3URF� RI V\PSRVLXP SUHVHQWHG DW WKH 'HFHPEHU &RPPLWWHH
:HHN $PHULFDQ 6RVLHW\ IRU 7HVWLQJ DQG 0DWHULDOV RQ DFMXVWLF
HPLVVLRQ� %DO +DUERXU� )ORULGD� �Ü� 'HFHPEHU ����� Û 3� ��Ü
���

��� 7HWHOPDQ $� 6�� &KRZ 5� $FRXVWLF HPLVVLRQ WHVWLQJ DQG PLF�
URFUDFNLQJ SURFHVVHV �� �Èä ÎË� Û c� ��Ü���

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

zÒËm

�º°��¹ÒãÈ m ¯Ë�È}�Ò

����������
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�� {� ckihb� k� v� zjcpp{

�¯º�¯ÈääÈ ÒÓ°�¯�äËÓ�Èã	Óº�º º­°ãË�ºmÈÓÒ« ¯ËÏË¯�
m�È¯ºm ¹º°ãË äºÓ�ÈÎÈ Ò m ¹¯º�Ë°°Ë ª}°¹ã�È�È�ÒÒ�

ÒÏãºÎËÓÓÈ« m Óº¯äÈ�ÒmÓ©² �º}�äËÓ�È² >�Ü�@�

m}ã
�ÈË� }ºÓ�¯ºã	 �ËºäË�¯Ò�Ë°}º® Áº¯ä© }º¯¹�°È

�°�ËÓ}Ò� ¯ËÏË¯m�È¯È ¹º �¯Ë­ºmÈÓÒ«ä >�@� { °ºº�mË��
°�mÒÒ ° ÓÒäÒ ¹¯Ë��°äÈ�¯ÒmÈ
�°« °ãË��
�ÒË ÒÏäË�

¯ËÓÒ«�

�ÒÈäË�¯È °�ËÓ}Ò ÓÈ �¯ºmÓË �ÓÒ�È �m }ºÓ�¯ºã	�

Ó©² º°Ëm©² °Ë�ËÓÒ«²��

¯È�ÒÈã	Ó©² º�}ãºÓËÓÒ® °�ËÓ}Ò º� �ÒãÒÓ�¯Ò�Ë°�

}º® ¹ºmË¯²Óº°�Ò {�� º­¯ÈÏºmÈÓÓº® mË¯�Ò}Èã«äÒ�

mº°°�ÈÓºmãËÓÓ©äÒ ÒÏ ÓÒÎÓË�º }ºÓ��¯È °�ËÓ}Ò �m

}ºÓ�¯ºã	Ó©² �º�}È² º°Ëm©² °Ë�ËÓÒ®��

mË¯�Ò}Èã	Ó©² º�}ãºÓËÓÒ® ÓÒÎÓË�º }ºÓ��¯È

°�ËÓ}Ò º� ¹¯ºË}�Óº® �º¯ÒÏºÓ�Èã	Óº® ¹ãº°}º°�Ò ���

° ÒÏmË°�Óº® º�äË�}º® �¯ºmÓ« �m }ºÓ�¯ºã	Ó©² �º�}È²

}ºÓ��¯È��

ÓÈÒ­ºã	�Ò² äË°�Ó©² º�}ãºÓËÓÒ® °�ËÓ}Ò º� ¹¯«�

äºãÒÓË®Ó©² º�¯ËÏ}ºm� °ºË�ÒÓ«
�Ò² mË¯²ÓÒ® Ò

ÓÒÎÓÒ® }¯È« �ËÁº¯äÒ¯ºmÈÓÓº�º ��È°�}È °�ËÓ}Ò m

º°Ëmºä °Ë�ËÓÒÒ�

|�Óºm¯ËäËÓÓº ¹¯ºÒÏmº�Ò�°« >�@ ¹º°ãË��
�È«

º�ËÓ}È °ºº�mË�°�mÒ« �ÓË°ºº�mË�°�mÒ«� �ËºäË�¯Ò�Ë°�

}º® Áº¯ä© °�ËÓ}Ò �¯Ë­ºmÈÓÒ«ä Óº¯äÈ�ÒmÓº® �º}��

äËÓ�È�ÒÒ ¹º ¯ËÏ�ã	�È�Èä ª�Ò² ÒÏäË¯ËÓÒ®�

|­�Ëä© Ò äË�º�© }ºÓ�¯ºã« �ËºäË�¯Ò�Ë°}º®

Áº¯ä© °�ËÓ}Ò ¯ËÏË¯m�È¯È� ¹¯Ë��°äÈ�¯ÒmÈËä©Ë
�Ë®°�m�
�Ë® Óº¯äÈ�ÒmÓº® �º}�äËÓ�È�ÒË®� ÒäË
�

°��Ë°�mËÓÓ©Ë ÓË�º°�È�}Ò� {º�¹Ë¯m©²� º�ËmÒ�Óº�

��º ¹º ¯ËÏ�ã	�È�Èä ÒÏäË¯ËÓÒ® ÓËmºÏäºÎÓº ¹º°�¯º�

Ò�	 �ËºäË�¯Ò�Ë°}�
 Áº¯ä� °�ËÓ}Ò ÒÏ�ÏÈ º�°��°�mÒ«
¯ËÏ�ã	�È�ºm ÒÏäË¯ËÓÒ« ¯È�ÒÈã	Ó©² º�}ãºÓËÓÒ®

ÓÒÎÓË�º }ºÓ��¯È °�ËÓ}Ò º� ¹¯ºË}�Óº® ¹ºmË¯²Óº°�Ò

mË¯�Ò}Èã	Óº�º }¯��ºmº�º �ÒãÒÓ�¯È{� ÏÈ�ÈÓÓº�º ¯È�

�Ò�°È� w�Ò º�}ãºÓËÓÒ« m¹ºãÓË º¹¯Ë�Ëã«
�°« ¹¯«�

ä©äÒ ÒÏäË¯ËÓÒ«äÒ ¯È�Ò�°È °�ËÓ}Ò ÓÈ �¯ºmÓË �ÓÒ�È

�m }ºÓ�¯ºã	Ó©² º°Ëm©² °Ë�ËÓÒ«²�� }º�º¯©Ë ¹¯Ë��°�

äÈ�¯ÒmÈãÒ°	 �°�È¯Ëm�ÒäÒ �¯Ë­ºmÈÓÒ«äÒ >�@� |�ÓÈ�

}º m �°ãºmÒ«² º�°��°�mÒ« äÈ¯}Ò¯ºm}Ò ãÒ­º ÓË�º°�

��¹Óº�º ¹¯Ò ÓÈãÒ�ÒÒ �ËÓ�¯Èã	Óº® °�º®}Ò �ËÓ�¯È

�ÓÒ�È �}ÈÏÈÓÓ©Ë ÒÏäË¯ËÓÒ« ¯È�Ò�°È °�ËÓ}Ò ÓËº°��

�Ë°�mÒä©� �ºª�ºä� m Óºmº® ¯Ë�È}�ÒÒ >�@ }ºÓ�¯ºã	

¯È�Ò�°È °�ËÓ}Ò ÏÈäËÓËÓ }ºÓ�¯ºãËä ËË �ÒÈäË�¯È °

°ºº�mË�°�m�
�Òä �mËãÒ�ËÓÒËä m � ¯ÈÏÈ �º¹�°�Òä©²

º�}ãºÓËÓÒ® º� ¹¯ºË}�È �ÒÈäË�¯È °¯ÈmÓÒ�Ëã	Óº ° �º�

¹�°�Òä©äÒ º�}ãºÓËÓÒ«äÒ ¯È�Ò�°È� sË ¹º�ãËÎÈ�ÒË

°º�ãÈ°Óº >�@ }ºÓ�¯ºã
 ¯È�ÒÈã	Ó©Ë º�}ãºÓËÓÒ«

ÓÒÎÓË�º }ºÓ��¯È °�ËÓ}Ò º� ¹¯ºË}�Óº® ¹ºmË¯²Óº°�Ò

{� mäË°�Ë ° }ºÓ�¯ºãÒ¯�Ëä©äÒ ¯È�ÒÈã	Ó©äÒ º�}ãº�

ÓËÓÒ«äÒ °�ËÓ}Ò º� ¹ºmË¯²Óº°�Ò {� º}ÈÏ©mÈ
� °��

�Ë°�mËÓÓºË mãÒ«ÓÒË ÓÈ ÓÈ¹¯«ÎËÓÓº��ËÁº¯äÒ¯�Ë�

äºË °º°�º«ÓÒË ¯ËÏË¯m�È¯È ¹¯Ò �Ë®°�mÒÒ �Ò�¯º°�È�

�Ò�Ë°}º® ÓÈ�¯�Ï}Ò >�Ü��@� vãË��Ë� º�äË�Ò�	� ��º

¹º¹©�}È Óº¯äÈ�ÒmÓº�º ��Ë�È mãÒ«ÓÒ« ÓË ¹º�ãËÎÈ�

�Ò² }ºÓ�¯ºã
 ¯È�ÒÈã	Ó©² º�}ãºÓËÓÒ® ÓÒÎÓË�º

}ºÓ��¯È °�ËÓ}Ò ¹¯Ò º�ËÓ}Ë ª}°¹ã�È�È�ÒºÓÓº® ÓÈ�

�ËÎÓº°�Ò ¯ËÏË¯m�È¯È ¹¯Ë�¹¯ÒÓ«�È m ¯È­º�Ë >�@� |��

ÓÈ}º äË�º�Ò}È }ºÓ�¯ºã« ¯È�ÒÈã	Ó©² º�}ãºÓËÓÒ®

º�°��°�m�Ë��

{º�m�º¯©²� º�ËmÒ�Óº� ��º ¯ËÏ�ã	�È�© ÒÏäË¯ËÓÒ®

°º�Ë¯ÎÈ� äË�º�Ò�Ë°}ÒË �°ã��È®Ó©Ë Ò °Ò°�ËäÈ�Ò�Ë°�

}ÒË� ¹º�¯Ë�Óº°�Ò� �ã« �äËÓ	�ËÓÒ« ãÒ­º ¹ºãÓº�º

Ò°}ã
�ËÓÒ« }º�º¯©² ÓË ¹¯Ë��°äº�¯ËÓ© m �Ë®°�m��


�Ë® Óº¯äÈ�ÒmÓº® �º}�äËÓ�È�ÒÒ ªÁÁË}�ÒmÓ©Ë

¹¯º�Ë��¯© ¹Ë¯mÒ�Óº® äÈ�ËäÈ�Ò�Ë°}º® º­¯È­º�}Ò�

�¯Ò°��°�mÒË äË�º�Ò�Ë°}Ò² ¹º�¯Ë�Óº°�Ë® ÓË �ºã	}º

°ÓÒÎÈË� �º°�ºmË¯Óº°�	� Óº Ò ¹¯Òmº�Ò� } ÓËº�ÓºÏ�

ÓÈ�Óº°�Ò m ¯ËÏ�ã	�È�È² ÒÓ°�¯�äËÓ�Èã	Óº�º }ºÓ�¯º�

ã«� È °ãË�ºmÈ�Ëã	Óº� Ò } ÓËº¹¯Ë�ËãËÓÓº°�Ò m º�ËÓ}Ë

�Ë²ÓÒ�Ë°}º�º °º°�º«ÓÒ« ¯ËÏË¯m�È¯È�

¡Ëã	 ¯È­º�©� cÈÏ¯È­º�}È �°ºmË¯�ËÓ°�mºmÈÓ�
Ó©² äË�º�ºm ÒÓ°�¯�äËÓ�Èã	Óº�º }ºÓ�¯ºã« Ò ¹¯º�Ë�

��¯ ¹Ë¯mÒ�Óº® äÈ�ËäÈ�Ò�Ë°}º® º­¯È­º�}Ò ¯ËÏ�ã	�

�È�ºm }ºÓ�¯ºã« �ËºäË�¯Ò�Ë°}º® Áº¯ä© °�Èã	Ó©²

mË¯�Ò}Èã	Ó©² ¯ËÏË¯m�È¯ºm� }º�º¯©Ë �ºãÎÓ© º­Ë°�

¹Ë�Ò�	 mºÏäºÎÓº°�	 ¹º°�¯ºËÓÒ« ÁÈ}�Ò�Ë°}º® �Ëº�

äË�¯Ò�Ë°}º® Áº¯ä© °�ËÓ}Ò ¯ËÏË¯m�È¯È �ã« ÈÓÈãÒÏÈ

Ë�º ÓÈ¹¯«ÎËÓÓº��ËÁº¯äÒ¯�Ëäº�º °º°�º«ÓÒ« ¹º�

�Ë®°�mÒËä �Ò�¯º°�È�Ò�Ë°}º® ÓÈ�¯�Ï}Ò� È �È}ÎË º��

ÓºÏÓÈ�Óº°�	 ¯ËÏ�ã	�È�ºm ÒÓ°�¯�äËÓ�Èã	Óº�º }ºÓ��

¯ºã« °ºmäË°�Óº ° äÒÓÒäÒÏÈ�ÒË® m¹ãº�	 �º ¹ºãÓº�º

�°�¯ÈÓËÓÒ« äË�º�Ò�Ë°}Ò² ¹º�¯Ë�Óº°�Ë® ÒÏäË¯ËÓÒ«�

cË�ËÓÒË ÏÈ�È�� �� |¹¯Ë�ËãËÓÒË �ËÓ�¯È �ÓÒ�È

Ò ¯È�ÒÈã	Ó©² º�}ãºÓËÓÒ® ÓÒÎÓË�º }ºÓ��¯È °�ËÓ�

}Ò º� ¹¯ºË}�Óº® ¹ºmË¯²Óº°�Ò mË¯�Ò}Èã	Óº�º }¯��

�ºmº�º �ÒãÒÓ�¯È ÏÈ�ÈÓÓº�º ¯È�Ò�°È� ¡Ëã	
 ¯È°�Ë�È

¹¯Ò º�°��°�mÒÒ äÈ¯}Ò¯ºm}Ò �ËÓ�¯È �ÓÒ�È ¯ËÏË¯m��

È¯È «mã«Ë�°« º¹¯Ë�ËãËÓÒË °ãË��
�Ò² ²È¯È}�Ë¯Ò°�

�Ò}� äË°�º¹ºãºÎËÓÒ« ª�º�º �ËÓ�¯È� ÁÈ}�Ò�Ë°}º�º

mÓ��¯ËÓÓË�º ¯È�Ò�°È ¯ËÏË¯m�È¯È� ¯È�ÒÈã	Ó©² º�}�

ãºÓËÓÒ® ÓÒÎÓË�º }ºÓ��¯È °�ËÓ}Ò º� ¹¯ºË}�Óº® mË¯�

�Ò}Èã	Óº® ¹ºmË¯²Óº°�Ò }¯��ºmº�º �ÒãÒÓ�¯È {� ÏÈ�

�ÈÓÓº�º ¯È�Ò�°È 5
Óºä

� º�}ãºÓËÓÒ® �ÒÈäË�¯È ¯ËÏË¯�

m�È¯È�

j°²º�Ó©äÒ �ÈÓÓ©äÒ �ã« ¯È°�Ë�È «mã«
�°« ¹º�

ã��ËÓÓ©Ë ¹¯Ò º­°ãË�ºmÈÓÒÒ ¯ËÏ�ã	�È�© ¹¯«ä©² ÒÏ�

äË¯ËÓÒ® ¯È�Ò�°È °�ËÓ}Ò 5L′ ÓÈ �¯ºmÓË �ÓÒ�È� º¹�

¯Ë�Ëã«Ëä©Ë }È} ¯È°°�º«ÓÒË º� �°ãºmÓº�º �ËÓ�¯È �′
�º }ÈÎ�º® L�® }ºÓ�¯ºã	Óº® mË¯�Ò}ÈãÒ� mº°°�ÈÓºm�

ãËÓÓº® ÒÏ ÓÒÎÓË�º }ºÓ��¯È °�ËÓ}Ò�

lË�º�Ò}È ¯È°�Ë�È º°ÓºmÈÓÈ ÓÈ º�©°}ÈÓÒÒ ÓÈÒ�

ã���Ë�º ¹º >��@ ¯Ë�ËÓÒ« °Ò°�Ëä© ãÒÓË®Ó©² Èã�Ë­�

¯ÈÒ�Ë°}Ò² �¯ÈmÓËÓÒ® mÒ�È

5L′ = 5 + $
[
FRVϕL + $\VLQ ϕL� L = �� �� ���� Q� ���

º�Óº°Ò�Ëã	Óº ÁÈ}�Ò�Ë°}º�º mÓ��¯ËÓÓË�º ¯È�Ò�°È

¯ËÏË¯m�È¯È 5 Ò }ºä¹ºÓËÓ�ºm k[� k\ mË}�º¯È äÈãº�º� �� {� cÈ�©�� k� v� zÒ¯ËËm� ����

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨�

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



°äË�ËÓÒ« �′� ÁÈ}�Ò�Ë°}º�º �ËÓ�¯È �ÓÒ�È ¯ËÏË¯m��

È¯È � º� �°ãºmÓº�º �ËÓ�¯È �′� ~�Ë°	 Ò°¹ºã	ÏºmÈÓ©

°ãË��
�ÒË º­ºÏÓÈ�ËÓÒ«� 5L′ Û ¯ËÏ�ã	�È�© ÒÏäË¯Ë�

ÓÒ« ¯È°°�º«ÓÒ® º� �°ãºmÓº�º �ËÓ�¯È �′ �º L�® }ºÓ��

¯ºã	Óº® mË¯�Ò}ÈãÒ� ϕL Û ¹ºã«¯Ó©® ��ºã ÓÈ¹¯ÈmãË�

ÓÒ« ÓÈ L�
 }ºÓ�¯ºã	Ó�
 mË¯�Ò}Èã	 ÒÏ ÁÈ}�Ò�Ë°}º�º

�ËÓ�¯È �� QÛ �Ò°ãº }ºÓ�¯ºã	Ó©² mË¯�Ò}ÈãË®� mº°�

°�ÈÓºmãËÓÓ©² ÒÏ °ºº�mË�°�m�
�Ò² }ºÓ�¯ºã	Ó©² �º�

�Ë} ÓÒÎÓË�º mÓ��¯ËÓÓË�º }ºÓ��¯È °�ËÓ}Ò� iã« ¯Èm�

ÓºäË¯Óº ¯È°¹ºãºÎËÓÓ©² }ºÓ�¯ºã	Ó©² mË¯�Ò}ÈãË®

ϕL  ����L Ü ���Q� ���

j°¹ºã	Ï�« ÓÈ®�ËÓÓ©Ë ÏÓÈ�ËÓÒ«ä 5� k[� k\� m©�

�Ò°ã«
� ¯È°°�º«ÓÒ« 5L º� ÁÈ}�Ò�Ë°}º�º �ËÓ�¯È �

�º }ÈÎ�º® L�® }ºÓ�¯ºã	Óº® mË¯�Ò}ÈãÒ ¹º Áº¯ä�ãË�

5L = Ü ($[FRV ϕL + $\VLQ ϕL) + >(5L′)
�

Ü

Ü ($
[
VLQ ϕL Ü $\FRV ϕL)

�

@
���

� L = �� ���� Q�

���

cÈ�ÒÈã	Ó©Ë º�}ãºÓËÓÒ« ÓÒÎÓË�º }ºÓ��¯È °�ËÓ�

}Ò º� mË¯�Ò}Èã	Óº® ¹ºmË¯²Óº°�Ò }¯��ºmº�º �ÒãÒÓ�

�¯È ¯È�Ò�°È 5
Óºä

ÒÏäË¯«
�°« ¯ÈÏÓº°�	


8�L  5L Ü 5Óºä
� ���

rºãËË �Ë�Èã	ÓÈ« }È¯�ÒÓÈ �ËºäË�¯Ò�Ë°}º®Áº¯ä©
ÓÒÎÓË�º }ºÓ��¯È °�ËÓ}Ò º¹¯Ë�Ëã«Ë�°« °¹ãÈ®Ó�È¹�

¹¯º}°ÒäÈ�ÒË® }�­Ò�Ë°}ÒäÒ ¹ºãÒÓºäÈäÒ >��@ ¯È�Ò�

Èã	Ó©² º�}ãºÓËÓÒ® ��¯ÈmÓËÓÒË ���� �º�Ë} ª�º�º

}ºÓ��¯È� �¯Ë��°äº�¯ËÓÓ©Ë �Ë®°�m�
�Ë® Óº¯äÈ�Òm�

Óº® �º}�äËÓ�È�ÒË® º�}ãºÓËÓÒ« mÓ��¯ËÓÓË�º �ÒÈ�

äË�¯È ÓÈ �¯ºmÓË �ÓÒ�È º¹¯Ë�Ëã«
�°« °�ääº® ¯È�Ò�

Èã	Ó©² º�}ãºÓËÓÒ® �ã« ã
­º® ¹È¯© �ÒÈäË�¯Èã	Óº
¹¯º�Òmº¹ºãºÎÓ©² �º�Ë} }ºÓ��¯È�

�� |¹¯Ë�ËãËÓÒË �ËºäË�¯Ò�Ë°}º® Áº¯ä© Ò ¯È�ÒÈã	�

Ó©² º�}ãºÓËÓÒ® °�ËÓ}Ò º� ¹¯ºË}�Óº® ¹ºmË¯²Óº°�Ò

mË¯�Ò}Èã	Óº�º}¯��ºmº�º�ÒãÒÓ�¯ÈÏÈ�ÈÓÓº�º¯È�Ò�°È�

j°²º�Ó©äÒ �ÈÓÓ©äÒ �ã« ¯È°�Ë�È «mã«
�°«�

�� ¯ËÏ�ã	�È�© ¹¯«ä©² ÒÏäË¯ËÓÒ® ¯È�ÒÈã	Ó©²

º�}ãºÓËÓÒ® 8LM ¹ºmË¯²Óº°�Ò °�ËÓ}Ò º� �ÒãÒÓ�¯Ò�

�Ë°}º® ¹ºmË¯²Óº°�Ò {�� º­¯ÈÏºmÈÓÓº® mË¯�Ò}Èã«�

äÒ� mº°°�ÈÓºmãËÓÓ©äÒ ÒÏ ÓÒÎÓË�º }ºÓ��¯È °�ËÓ�

}Ò�

�� ¯È°�Ë�Ó©Ë ÏÓÈ�ËÓÒ« ¯È�ÒÈã	Ó©² º�}ãºÓËÓÒ®
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¹ºã��Ò}ãË� yË°�}º°�	 º­ºãº�}Ò �ã« º�}¯©�º�º ¹º�

ã��Ò}ãÈ °ãË��Ë� m©�Ò°ã«�	 m °ºº�mË�°�mÒÒ ° m©¯È�

ÎËÓÒËä ���� ¹º�°�Èmã«« mäË°�º �ºã�ÒÓ© K º°�È�º��
Ó�
 �ºã�ÒÓ� K
  K Ü K�� v�Ò�È« º­ºãº�}� ¹ºãº�

�º®� È ËË ¯È�Ò�° Û �º°�È�º�Óº ­ºã	�Òä� ¹¯ËÓË­¯Ë�

ÎËä °ãÈ�ÈËä©ä ��D
�
� �º��È ÎË°�}º°�Ò °ºº�mË�°�

�mËÓÓº ÓÈ ÏÈ}¯©�ºä Ò º�}¯©�ºä ¹ºã��Ò}ãÈ² ¯ÈmÓ©

.� = (

ρ(� Ü µ�)
K
�

��

N
�

V�
�
� .� = (

ρ(� Ü µ�)
K
�(� Ü α)�

��

N
�

V�
�
�

��Ë α  K��K Û º�Óº°Ò�Ëã	ÓÈ« �ã�­ÒÓÈ °Ë�Ò �¯Ë�

�ÒÓ� p°ãÒ °ºº�Óº�ËÓÒË ��� �¯È}�ºmÈ�	 }È} m�º¯º®

ÏÈ}ºÓ s	
�ºÓÈ� �º m©¯ÈÎËÓÒ« .�ϕ Ò .�ϕ ­���� °Ò�

ãÈäÒ �¹¯��º°�Ò� °ºº�mË�°�m�
�ÒäÒ ÏÈ}ºÓ� ��}È�

7 = ρK
� ∫
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�

∫
�
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�









∂X
∂W





�

+ 


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

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



�




G[ GV�

°£³«¦µ£¯¨�½ ¢¦�¡«¬¯°¦¨�

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



�È}Òä º­¯ÈÏºä� mº°°�ÈÓÈmãÒmÈ
�È« °ÒãÈ º}ÈÏ©mÈ�

Ë�°« }�°º�Óº�ãÒÓË®Óº® Á�Ó}�ÒË® }ºº¯�ÒÓÈ�© ϕ�
¹ºª�ºä� }ºãË­ÈÓÒ« �ã« }ÈÎ�º�º ¹ºã��Ò}ãÈ «mã«�


�°« �È¯äºÓÒ�Ë°}ÒäÒ Ò ¹¯ºÒ°²º�«� ° �È°�º�ÈäÒ

ω� = √.� � ω� = √.� � �¯Ò ª�ºä

ω��ω�  � Ü α� ����

~È}ºÓ �mÒÎËÓÒ« ¹¯ºÒÏmºã	Óº® �º�}Ò °¯Ë�ÒÓÓº®

¹ºmË¯²Óº°�Ò º­ºãº�}Ò ÒäËË� mÒ�

ϕ(W) =




VLQ ω�W� � ≤ W ≤ π ⁄ ω��

Ü βVLQ ω�(W Ü π⁄ ω�)� π ⁄ ω� < W ≤ �π ⁄ ω�
����

~�Ë°	 βÛ º�Óº�ËÓÒË Èä¹ãÒ��� º�}¯©�º�º Ò ÏÈ}�

¯©�º�º ¹ºã��Ò}ãºm� ω Û �°¯Ë�ÓËÓÓÈ« �È°�º�È }º�

ãË­ÈÓÒ®� ¯ÈmÓÈ«

ω = �π
π ⁄ ω� + π ⁄ ω�

=
�ω�ω�

ω� + ω�

� ����

{©­º¯ ÁÈÏºmº�º °�mÒ�È ÓÈ º�}¯©�ºä ¹ºã��Ò}ãË

º­Ë°¹Ë�ÒmÈË� ÓË¹¯Ë¯©mÓº°�	 Á�Ó}�ÒÒ ���� m �º�}Ë

W�  π�ω� Ò ¹¯º�ÒmºÁÈÏÓº°�	 º�}¯©�º�º Ò ÏÈ}¯©�º�

�º ¹ºã��Ò}ãºm� �Ë�}º ¹º}ÈÏÈ�	� ��º ¹¯Ò m©¹ºã�

ÓËÓÒÒ �°ãºmÒ« β  ω��ω�Á�Ó}�Ò« ���� º}ÈÏ©mÈË�°«

�ãÈ�}º®� z¯ºäË �º�º� ¹¯Ò m©¹ºãÓËÓÒÒ �}ÈÏÈÓÓº�º

�°ãºmÒ« º}ÈÏ©mÈ
�°« ¯ÈmÓ©äÒ äÈ}°ÒäÈã	Ó©Ë ÏÓÈ�

�ËÓÒ« ¹º�ËÓ�ÒÈã	Ó©² ªÓË¯�Ò®� �º°�Ò�ÈËä©Ë ÓÈ ¯ÈÏ�

ãÒ�Ó©² ¹ºã��Ò}ãÈ²� jäËËä β  �� Ü α�Ü�� v ��Ë�ºä

m©¯ÈÎËÓÒ« ���� °ºº�Óº�ËÓÒË ���� ÏÈ¹Ò�Ëä m mÒ�Ë

ω�ω�  ��� Ü α���� Ü α��

�º��È Á�Ó}�Ò« ���� ¹¯ÒÓÒäÈË� mÒ��

ϕ(W) =




VLQ ω�W� � ≤ W ≤ π ⁄ ω��

βVLQ>(� Ü α)ω�W + απ@� π ⁄ ω� < W ≤ �π ⁄ ω�
����

cÈ°°äº�¯Òä ¯ÈÏãºÎËÓÒË Á�Ó}�ÒÒ ���� m ¯«�

n�¯	Ë ÓÈ ÒÓ�Ë¯mÈãË W ∈ >���π�ω@�

ϕ(W) =
D�

�
+ ∑

N = �

∞

(DNFRV NωW + ENVLQ NωW)�

{©�Ò°ãËÓÒË }ºªÁÁÒ�ÒËÓ�ºm ª�º�º ¯«�È ° Ò°¹ºã	�

ÏºmÈÓÒËä m©¯ÈÎËÓÒ® ���� ¹¯Òmº�Ò� } ¯ËÏ�ã	�È�Èä�

DN = �

π
ω
ω�

0N (� + FRV Nπ ω
ω�

)�

N = �� �� �� ���� EN = �

π
ω
ω�

0NVLQ Nπ ω
ω�

� N ∈ 1�

����

0N = �

� Ü N
�(ω ⁄ ω�)

�
Ü

Ü
βω� ⁄ ω�

(ω� ⁄ ω�)
�
Ü N

�(ω⁄ ω�)
�
� N = �� �� �� … �

����

��Ò�©mÈ« º�Óº�ËÓÒ« �È°�º� ω�� ω�� ω� ÏÈ}ã
�È�
Ëä� ��º }ºªÁÁÒ�ÒËÓ�© �¯ÈmÓËÓÒ« ����� È �È}ÎË ¹¯º�

ÒÏmºã	Ó©Ë Ò² }ºä­ÒÓÈ�ÒÒ «mã«
�°« �È°�º�Óº ÓËÏÈ�

mÒ°Òä©äÒ Á�Ó}�Ò«äÒ ¹È¯ÈäË�¯È α Ò ¹ºª�ºä� äº���

­©�	 ¹¯ÒÓ«�© m }È�Ë°�mË {j��

cÈ°°äº�¯Òä m }È�Ë°�mË º�Óº�º ÒÏ �È}Ò² ÒÓ�Ò}È�

�º¯ºm º�Óº�ËÓÒË 'N Èä¹ãÒ���© GN = √DN

� + EN

�
N�®

�È¯äºÓÒ}Ò Á�Ó}�ÒÒ ���� } Èä¹ãÒ���Ë

G� = √D�

� + E�

�
Ë�º ¹Ë¯mº® �È¯äºÓÒ}Ò� 'N = GN ⁄ G��

jäËËä

GN = �

π
ω
ω�
� 0NFRV

Nπ
�

ω
ω�
�� N ∈ 1�

'N = �
0N FRV

Nπ (� Ü α)
� Ü α

0� FRV
π(� Ü α)
� Ü α

�� N  ½ 1�

kÓÈãº�Ò�Óº �ã« ¹º°�º«ÓÓº® °º°�Èmã«
�Ë® �Ó��

ãËmº® �È¯äºÓÒ}Ò� ¹ºã��ÈËä

'� = � D� ⁄ �

√D�
� + E�

� � = � 0�

�0�FRV
π(� Ü α)
� Ü α
��

�¯ÈÁÒ}Ò ÏÈmÒ°Òäº°�Ë® 'N�α� ¹¯Ë�°�ÈmãËÓ© ÓÈ

¯Ò°� � È� ­� ÒÏ }º�º¯©² mÒ�Óº� ��º Èä¹ãÒ���© ÓË�

�Ë�Ó©² �È¯äºÓÒ} «mã«
�°« ÓÒÏ}º��m°�mÒ�Ëã	Ó©äÒ

{j��

cºã	 {j� äºÎË� Ò�¯È�	 �È}ÎË ÓÈ�Èã	ÓÈ« ÁÈÏÈ

¹Ë¯mº® �È¯äºÓÒ}Ò Á�Ó}�ÒÒ ����� �¯Ë�°�ÈmÒä ¹Ë¯�

m�
 �È¯äºÓÒ}� ϕ��W�  D�FRV ωW � E�VLQ ωW Á�Ó}�ÒÒ
���� m mÒ�Ë ϕ��W�  G�VLQ�ωW � ψ��

~�Ë°	 ψ  DUFWJ D��E�� jäËËä

ψ = DUWJ >(� + FRV πω ⁄ ω�) ⁄ (VLQ πω ⁄ ω�)@�

j°¹ºã	Ï�« º�Óº�ËÓÒË �È°�º�� ÓÈ²º�Òä

ψ  ���απ��� Ü α��

��  �m°�mÒ�Ëã	Óº°�Ò ÒÓ�Ò}È�º¯ºm ¹ºm¯ËÎ�Ë�
ÓÒ«� iã« °¯ÈmÓËÓÒ« ¯È°°äÈ�¯ÒmÈËä©² {j� °¯Èm�

ÓÒä Ò² ��m°�mÒ�Ëã	Óº°�Ò } mºÏÓÒ}ÓºmËÓÒ
 ¹ºm¯ËÎ�

cÒ°� �� ~ÈmÒ°Òäº°�	 Èä¹ãÒ��� �È¯äºÓÒ} º� º�Óº°Ò�Ëã	Óº® �ã�­ÒÓ© �¯Ë�ÒÓ©� È Û ¹º°�º«ÓÓÈ« °º°�Èmã«
�È« Ò Èä¹ãÒ���È m�º¯º®
�È¯äºÓÒ}Ò �� Û N  �� � Û N  ��� ­ Û Èä¹ãÒ���© m©°�Ò² �È¯äºÓÒ} �� Û N  �� � Û �� � Û �� � Û ���
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�ËÓÒ«� { º°Óºm� º¹Ò°ÈÓÒ« }È�Ë°�mÈ ÒÓ�Ò}È�º¯È ¹º�

ãºÎÒä ²È¯È}�Ë¯ Ë�º ¹ºmË�ËÓÒ« m º}¯Ë°�Óº°�Ò �º�}Ò

α�  �� |¹¯Ë�ËãÒä ¹ºÓ«�ÒË ��m°�mÒ�Ëã	Óº°�Ò 6�;�
ÒÓ�Ò}È�º¯È ; °ºº�Óº�ËÓÒËä

6(;) = ∂;
∂α �α = �

�

 �m°�mÒ�Ëã	Óº°�Ò ÒÓ�Ò}È�º¯ºm ��º­Óº ÓÈ²º�

�Ò�	� ¹ºã	Ï�«°	 Ò² ¯ÈÏãºÎËÓÒ«äÒ m ¯«� lÈ}ãº�

¯ËÓÈ ¹º ¹È¯ÈäË�¯� α� iã« Èä¹ãÒ���Ó©² {j�

ÒäËËä

'�(α) = �

π
α + … � '�(α) = �

�π
α + … �

'N(α) = �⋅α� . = �Q + �� Q ∈ 1�

vºº�mË�°�mËÓÓº

6('�) = �

π
� 6('�) = �

�π
�

6('N) = �� N = �Q + �� Q ∈ 1�

iã« ÁÈÏºmº�º {j�

ψ�α�  �π����α � … �� 6�ψ�  π���

�È}Òä º­¯ÈÏºä� }¯Ò�Ë¯ÒÒ '�� '�� ψ °ãË��Ë� ¯È°�

°äÈ�¯ÒmÈ�	 }È} m©°º}º��m°�mÒ�Ëã	Ó©Ë� È }¯Ò�Ë¯ÒÒ

'�Q��� Q ∈ 1� Û }È} ÓÒÏ}ºªÁÁË}�ÒmÓ©Ë� �Ë�}º mÒ�

�Ë�	� ��º }¯Ò�Ë¯Ò® ¹º°�º«ÓÓº® °º°�Èmã«
�Ë® Á�Ó�

}�ÒÒ ���� º­ãÈ�ÈË� ÏÓÈ�Ò�Ëã	Óº ­ºã	�Ë® ��m°�mÒ�

�Ëã	Óº°�	
� �Ëä }¯Ò�Ë¯Ò® Èä¹ãÒ���© m�º¯º® �È¯�

äºÓÒ}Ò� z¯Ò�Ë¯Ò® ψ ÓË�¯��Óº °mË°�Ò } m¯ËäËÓÓºä�

ÏÈ¹ÈÏ�©mÈÓÒ
 Á�Ó}�ÒÒ ���� ¹º º�Óº�ËÓÒ
 } °mºË®

¹Ë¯mº® �È¯äºÓÒ}Ë� vºº�mË�°�m�
�Ò® m¯ËäËÓÓº®

°�mÒ� º­¯È�Óº ¹¯º¹º¯�ÒºÓÈãËÓ �È°�º�Ë Ò� °ãË�ºmÈ�

�Ëã	Óº� ¹¯Ë�¹º��Ò�ËãËÓ ¹¯Ò Ò°°ãË�ºmÈÓÒÒ °�Ë¹ËÓÒ

¹ºm¯ËÎ�ËÓÓº°�Ò }¯�¹Óº�È­È¯Ò�Ó©² }ºÓ°�¯�}�Ò®�

�ã« }º�º¯©² ²È¯È}�Ë¯Ó© äÈã©Ë �È°�º�© °º­°�mËÓ�

Ó©² }ºãË­ÈÓÒ®�

�� jÏ�Ò­Ó©Ë }ºãË­ÈÓÒ« ¹ºãº�º® �ÒãÒÓ�¯Ò�Ë°�
}º® º­ºãº�}Ò ° º�Óº® �¯Ë�ÒÓº®� ��°�	 ÓÈ ÓÈ¯�Î�
Óº® ¹ºmË¯²Óº°�Ò º­ºãº�}Ò ÒäËË�°« º�ÓÈ ¹¯º�ºã	ÓÈ«

�¯Ë�ÒÓÈ �ã�­ÒÓº® K�� ¯È°¹ºãºÎËÓÓÈ« m�ºã	 }ºº¯�

�ÒÓÈ�Óº® ãÒÓÒÒ V  V�� cÈÏº­	Ëä º­ºãº�}� ÓÈ äÈã©Ë
ªãËäËÓ�© °ËäË®°�mºä ¹ãº°}º°�Ë® [  FRQVW� �¯Ò

¯È°°äÈ�¯ÒmÈËäº® Áº¯äË }ºãË­ÈÓÒ® °äË�ËÓÒË Z ÓË

ÏÈmÒ°Ò� º� ÏÓÈ�ËÓÒ« [� iã« }ÈÎ�º�º ÒÏ ªãËäËÓ�ºm

}ºãË­ÈÓÒ« ¹¯ºÒ°²º�«� m ¹ãº°}º°�«² [  FRQVW� ¹¯Ò�

�Ëä ° º�ÒÓÈ}ºm©äÒ ¯È°¹¯Ë�ËãËÓÒ«äÒ Èä¹ãÒ���© ¹º

}ºº¯�ÒÓÈ�Ë V� �ºª�ºä� �º°�È�º�Óº º¹Ò°È�	 �mÒÎË�

ÓÒË º�Óº�º ªãËäËÓ�È� º�¯ÈÓÒ�ËÓÓº�º ¹ãº°}º°�«äÒ

[  [�Ò [  [� � G[� {°
 º­ºãº�}� äºÎÓº ¹¯Ë�°�È�

mÒ�	 }È} ÓÈ­º¯ ÓËÏÈmÒ°Òäº Ò °ÒÓ²¯ºÓÓº }ºãË­ã
�

�Ò²°« ªãËäËÓ�ºm� �ºã��Ò¯ÒÓ� ¯ÈÏ�¯�Ïº�Óº® º­�

ãÈ°�Ò º­ºÏÓÈ�Òä �Ë¯ËÏ G �¯Ò°� ��� �º°}ºã	}� º­º�

ãº�}È «mã«Ë�°« ¹ºãº�º®� ¹¯ÒäËä� ��º ¹ºã��Ò¯ÒÓÈ

¯ÈÏ�¯�Ïº�Óº® º­ãÈ°�Ò m º�Óºä ËË ªãËäËÓ�Ë ¹¯Ò ¯È°�

}¯©�ÒÒ �¯Ë�ÒÓ© ¯ÈmÓ«Ë�°« ¹ºã��Ò¯ÒÓË ¯ÈÏ�¯�Ïº��

Óº® º­ãÈ°�Ò m °�Ë¯ÎÓË� ~ÓÈ�ËÓÒ« ¹ºã��Ò¯ÒÓ© ¯ÈÏ�

�¯�Ïº�Óº® º­ãÈ°�Ò m °�Ë¯ÎÓË º�ËÓËÓ© �Ëº¯Ë�Ò�Ë°}Ò

° Ò°¹ºã	ÏºmÈÓÒËä }ºªÁÁÒ�ÒËÓ�È ÒÓ�ËÓ°ÒmÓº°�Ò

ÓÈ¹¯«ÎËÓÒ® >�@� È �È}ÎË ÓÈ º°ÓºmÈÓÒÒ ª}°¹Ë¯ÒäËÓ�

�Èã	Ó©² �ÈÓÓ©² >��@� w�Ò º�ËÓ}Ò ÓË°}ºã	}º º�ãÒ�

�È
�°« �¯�� º� �¯��È� Óº ¹¯Òmº�«� } ­ãÒÏ}Òä ÏÓÈ�

�ËÓÒ«ä mËãÒ�ÒÓ© G�

{©�Ò°ãÒä ÎË°�}º°�	 º­ºãº�}Ò ÓÈ º�}¯©�ºä ¹º�

ã��Ò}ãË� �º ÈÓÈãº�ÒÒ ° m©¯ÈÎËÓÒ«äÒ ���� ¯È°°äÈ��

¯ÒmÈ« �� ÎË Áº¯ä� }ºãË­ÈÓÒ®� º¹¯Ë�ËãÒä �ã« º��

}¯©�º�º ¹ºã��Ò}ãÈ °äË�ËÓÒË �º�Ë} °¯Ë�ÒÓÓº® ¹º�

mË¯²Óº°�Ò º­ºãº�}Ò °ºº�Óº�ËÓÒËä

Z�  %<�V�ϕ��W�� ����

~�Ë°	 Èä¹ãÒ���È { Ò�¯ÈË� �� ÎË ¯ºã	 �ã« º�}�

¯©�º�º ¹ºã��Ò}ãÈ� ��º Ò Èä¹ãÒ���È k m m©¯ÈÎËÓÒÒ

��� �ã« ÏÈ}¯©�º�º� j°¹ºã	Ï�« °ºº�Óº�ËÓÒË ��� ÈÓÈ�

ãº�Ò�Óº ���� ¹ºã��ÈËä
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�(W) Ü ∆Π��
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~�Ë°	 ∆Π Û ªÓË¯�Ò«� }º�º¯È« ­©ãÈ ­© ãº}ÈãÒ�

ÏºmÈÓÈ m ¯ÈÏ�¯�Ïº�Óº® º­ãÈ°�Ò ¹¯Ò º�°��°�mÒÒ ¯ÈÏ�

�¯�Ï}Ò� v ��Ë�ºä ¯ÈÏäË¯ºm �G���K� Ò ¯È°¹ºãºÎË�

ÓÒ« V  V� ± G ¯ÈÏ�¯�Ïº�Óº® º­ãÈ°�Ò ÓÈ º°ÓºmÈÓÒÒ

m©¯ÈÎËÓÒ« ��� ¹¯Ò °ºº�mË�°�m�
�Ëä ÒÏäËÓËÓÒÒ

¹¯Ë�Ëãºm ÒÓ�Ë�¯Ò¯ºmÈÓÒ« ÒäËËä
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ÎÏÇÁÊÄÉ¿ÝØÇÄ Á ÎÍÐÊÄÃÌÄÄ ÁÏÄËÞ ÁÐÄ ÀÍÊÛ×ÄÄ ÁÌÇË¿ÌÇÄ Ì¿ÏÞÃÒ Ð ËÄÑÍÃ¿ËÇ ÏÄÉÍÌÐÑÏÒÉÕÇÇ Ã¿ÌÌÚÔ Ç ÇÆÍÀÏ¿ÅÄÌÇÈ
Ç Ô¿Ï¿ÉÑÄÏÌÚÄ ÃÊÞ ÌÇÔ ÐÎÍÐÍÀÚÇ ÐÏÄÃÐÑÁ¿ ÐÀÍÏ¿ ÇÌÓÍÏË¿ÕÇÇ�
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• ¡ÚÐÑÒÎÊÄÌÇÄ Ð ÃÍÉÊ¿Ã¿ËÇ
• £ÇÐÉÒÐÐÇÇ Æ¿ ÉÏÒÂÊÚË ÐÑÍÊÍË
• §ÆÃ¿ÌÇÄ ÑÄÆÇÐÍÁ ÃÍÉÊ¿ÃÍÁ

¥¾ÝÀÈÑ Ë¾ ÑÕ¾ÏÐÆÃ ÏÉÃÂÑÃÐ Ë¾ÍÎ¾ÀÉÝÐÚ ÍÌ ¾ÂÎÃÏÑ�
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• «ÍÃÄÊÇÏÍÁ¿ÌÇÄ ÓÇÆÇÖÄÐÉÇÔ ÎÏÍÕÄÐÐÍÁ Á ¬©�
• ¡ÚÖÇÐÊÇÑÄÊÛÌ¿Þ ÃÇ¿ÂÌÍÐÑÇÉ¿�

• ­ÀÏ¿ÑÌÚÄ Æ¿Ã¿ÖÇ ÜÊÄÉÑÏÍË¿ÂÌÇÑÌÍÈ ÃÄÓÄÉ�
ÑÍÐÉÍÎÇÇ�

• ³ÒÌÃ¿ËÄÌÑ¿ÊÛÌÚÄ ÎÏÍÀÊÄËÚ ÏÄÉÍÌÐ�
ÑÏÒÉÕÇÇ Ç ÁÍÐÐÑ¿ÌÍÁÊÄÌÇÞ Á ¬©�

• ­ÀÏ¿ÑÌÚÄ Æ¿Ã¿ÖÇ Á ÑÄÎÊÍÁÍË Ç ÍÎÑÇÖÄÐÉÍË
ÉÍÌÑÏÍÊÄ�

• «ÍÃÄÊÇÏÍÁ¿ÌÇÄ ÑÄÔÌÍÊÍÂÇÈ ¬©�
• «ÍÃÄÊÇÏÍÁ¿ÌÇÄ ÃÊÞ ¬© Á ÎÏÍÇÆÁÍÃÐÑÁÄÌ�
ÌÚÔ ÎÏÍÕÄÐÐ¿Ô Ç Á ÜÉÐÎÊÒ¿Ñ¿ÕÇÇ�

• ­ÀÏ¿ÑÌÚÄ Æ¿Ã¿ÖÇ ÉÍËÎÛÝÑÄÏÌÍÈ ÑÍËÍ�
ÂÏ¿ÓÇÇ�

• ®ÍÁÚ×ÄÌÇÄ ÃÍÐÑÍÁÄÏÌÍÐÑÇ ÍÀÌ¿ÏÒÅÄÌÇÞ
ÎÏÍÑÇÁÍÎÄÔÍÑÌÚÔ ËÇÌ�

• ¡ÚÖÇÐÊÇÑÄÊÛÌÚÄ ¿ÊÂÍÏÇÑËÚ� ÍÀÏ¿ÀÍÑÉ¿
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• ­ÀÏ¿ÑÌÚÄ Æ¿Ã¿ÖÇ ¿ÉÒÐÑÇÖÄÐÉÍÂÍ ÉÍÌÑÏÍÊÞ�
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sÈ º°ÓºmË ªãËäËÓ�È ÓÈ¯��ËÓÓº�º ¹ºãÓº�º mÓ���
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s�{| ÓÈ º°ÓºmË °mË�ºÒÏã��È
�Ò² �Òº�ºm Ò kns�
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�°«

°mË�º�Òº�© °º °¹Ë}�¯ºä ÒÏã��ËÓÒ« ÓÈ º¹º¯Óº® Ò
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 �m°�mÒ�Ëã	Óº°�	 �¡s�� ������������������������������ ����
�¯Ë�Ëã ÒÏäË¯ËÓÒ« mãÈÎÓº°�Ò� � ���������������� �…��

�¯Ë�Ëã ÒÏäË¯ËÓÒ« ä��Óº°�Ò� � ������������������� �…��
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�� 5DKLPRY 1� 5� 0LU]DPDNKPXGRY 7� 0� &RQWURO GHYLFH IRU
TXDOLWDWLYH SDUDPHWHUV RIOLTXLGV RQ WKH EDVLV RI SKRWRVHQVLWLYH
VHPLFRQGXFWRU VHQVRUV ½�ni��k�� Û 0RVFRZ� 9QHVKWRUJL]�
GDW� ����� Û ¢ ���� 7� Û 3� ��

�� 5DKLUQRY 1� 5�� *DIXURY 8�$�� =RNLURY 5� 6HPLWUDQVSDUDQW
IOXLG FRORXU VHQVRU�DQDOLVHU i¡��l� Û 0RVFRZ� 9QHVKWRU�
JL]GDW� ����� Û ¢ ���� 7� Û 3� ��

�� 5DKLUQRY 1� 5�� *DIXURY 8� $�� =RNLURY 5�� ,VDTRY 0�)OXLG
TXDOLW\ SDUDPHWV FRQWURO GHYLVH �ni Û � 0� Û 0RVFRZ�
9QHVKWRUJL]GDW� ����� Û ¢ ���� 7� Û 3� ��

�� 5DKLUQRY 1� 5� *DIXURY 8� $�� $NKXQMDQRY 0� 6HQVRU�SUREH
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«ÆÄÃ ÍÎÆÀÃÂÃË¾ ÏÎ¾ÀËÆÐÃÉÚË¾Ý Ð¾¿É� � ÏÌÌÐÀÃÐÏÐÀÆÝ Î¾ÅÉÆÕËÙÓ Î¾ÂÆÌÁÎ¾ÒÆÕÃÏÈÆÓ ÍÉÃËÌÈ ÏÌÁÉ¾ÏËÌ
ÊÃÄÂÑË¾ÎÌÂËÌÇ ÈÉ¾ÏÏÆÒÆÈ¾ÔÆÆ ÍÌ (1 ������
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Â¾ËËÙÃ ÊÌÄËÌ ÍÎÆ ÌÂËÆÓ Æ ÐÃÓ ÄÃ Í¾Î¾ÊÃÐÎ¾Ó ÈÌËÐÎÌÉÝ ÂÌ¿ÆÐÚÏÝ

ÍÌÉËÌÁÌ ÏÌÌÐÀÃÐÏÐÀÆÝ ÎÃÅÑÉÚÐ¾ÐÌÀ�   ÉÜ¿ÌÊ ÏÉÑÕ¾Ã ÎÃÄÆÊÙ ÏÉÃÂÑÃÐ

ÍÌÂ¿ÆÎ¾ÐÚ À È¾ÄÂÌÊ ÈÌËÈÎÃÐËÌÊ ÏÉÑÕ¾Ã� °¾È� ÍÌÐÎÃ¿ÆÐÃÉÆ� ÆÏÍÌÉÚ�
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ÅÃÎËÆÏÐÌÏÐÚ� ÉÑÕÖÃ ÈÌËÐÎ¾ÏÐ Æ� È¾È

ÏÉÃÂÏÐÀÆÃ� ¿ÌÉÚÖ¾Ý ÀÙÝÀÉÝÃÊÌÏÐÚ ÂÃ�

ÒÃÈÐÌÀ��

¢ÉÝ ÍÃÎÃÓÌÂ¾ ÌÐ ÍÉÃËÈÆ ÌÂËÌÁÌ ÈÉ¾Ï�

Ï¾ ÕÑÀÏÐÀÆÐÃÉÚËÌÏÐÆ È ÍÉÃËÈÃ ÂÎÑÁÌÁÌ

ÈÉ¾ÏÏ¾ ÐÎÃ¿ÑÃÐÏÝ ÆÅÊÃËÃËÆÃ ÛÈÏÍÌ�

ÅÆÔÆÆ� ÈÌÊÍÃËÏÆÎÑÜ×ÃÃ ÆÅÊÃËÃËÆÃ

ÕÑÀÏÐÀÆÐÃÉÚËÌÏÐÆ� ®¾ÏÏÊÌÐÎÆÊ ÏÓÃÊÑ

ÍÃÎÃÓÌÂ¾ Ë¾ ÍÎÆÊÃÎÃ Î¾ÂÆÌÁÎ¾ÒÆ�

ÕÃÏÈÆÓ ÍÉÃËÌÈ ÒÆÎÊÙ ¨¬¢�¨� ¬ÐËÌ�

ÏÆÐÃÉÚËÙÇ Ò¾ÈÐÌÎ ÛÈÏÍÌÅÆÔÆÆ ÂÉÝ

ÍÉÃËÈÆ ����� ÍÎÆËÝÐ Î¾ÀËÙÊ ÃÂÆËÆÔÃ

�Ð¾¿É� ���

»ÈÏÍÌÅÆÔÆÝ ÂÉÝ ËÌÀÌÇ ÍÉÃËÈÆ

Î¾ÏÏÕÆÐÙÀ¾ÃÐÏÝ ÍÌ ÒÌÎÊÑÉÃ� »ËÍ  

 »ÏÍ
�¨ÛË�¨ÛÏ�� ÁÂÃ »ËÍ x ÛÈÏÍÌÅÆÔÆÝ ËÌÀÌÇ ÍÉÃËÈÆ� »ÏÍ x ÛÈÏÍÌÅÆÔÆÝ ÏÐ¾ÎÌÇ ÍÉÃËÈÆ� �¨ÛË�¨ÛÏ� x

ÌÐËÌÖÃËÆÃ ÈÌÛÒÒÆÔÆÃËÐÌÀ ËÌÀÌÇ Æ ÏÐ¾ÎÌÇ ÍÉÃËÌÈ ÆÅ Ð¾¿ÉÆÔÙ� °¾È� ÍÎÆ ÍÃÎÃÓÌÂÃ ÌÐ Î¾¿ÌÐÙ Ï ÍÉÃËÈÌÇ

����� È Î¾¿ÌÐÃ Ï ÍÉÃËÈÌÇ ¯³� ÃÏÉÆ ÂÉÝ ����� ÐÎÃ¿ÌÀ¾É¾ÏÚ ÛÈÏÍÌÅÆÔÆÝ �ÆÏÍÌÉÚÅÑÃÐÏÝ ,U�
���
� � ¨Æ�Õ� ÐÌ

ÛÈÏÍÌÅÆÔÆÝ ÂÉÝ ¯³� »ËÍ  �
��������  ����

±Í¾ÈÌÀÈ¾ ÍÉÃËÌÈ� ­ÎÌÆÅÀÌÂÆÐÃÉÆ� ÌÏÌ¿ÃËËÌ Å¾ÎÑ¿ÃÄËÙÃ� ÍÎÃÂÉ¾Á¾ÜÐ ÂÌÏÐ¾ÐÌÕËÌ ¿ÌÉÚÖÌÇ
ÀÙ¿ÌÎ ÑÍ¾ÈÌÀÈÆ ÍÉÃËÈÆ� ¨Î¾ÐÈÌ ÌÏÐ¾ËÌÀÆÊÏÝ Ë¾ ÐÃÓ ÐÆÍ¾Ó ÑÍ¾ÈÌÀÌÈ� ÈÌÐÌÎÙÃ Ë¾ÖÉÆ ÍÎÆÊÃËÃËÆÃ

À ±ÈÎ¾ÆËÃ�

1,) x Ï¾ÊÙÇ ËÃÂÌÎÌÁÌÇ ÐÆÍ ÑÍ¾ÈÌÀÈÆ� ­ÉÃËÈ¾ ÑÍ¾ÈÌÀ¾Ë¾ À Í¾ÈÃÐÙ ÆÅ ÐÃÎÊÌÅ¾Í¾ÝËÌÇ ÒÌÉÚÁÆ

ÆÉÆ À ÏÍÃÔÆ¾ÉÚËÙÇ ÍÌÉÆÛÐÆÉÃË� ËÃÍÃÎÃÉÌÄÃË¾¿ÑÊ¾ÁÌÇ�­¾ÈÃÐÙÐÎ¾ËÏÍÌÎÐÆÎÑÜÐÏÝÀ È¾ÎÐÌËËÙÓ

ÈÌÎÌ¿È¾Ó�   Í¾ÈÃÐÃ ��� ÉÆÏÐÌÀ�

,17 x ÍÉÃËÈ¾ ÑÍ¾ÈÌÀ¾Ë¾ À ÈÌËÀÃÎÐÙ� ÍÃÎÃÉÌÄÃË¾ ¿ÑÊ¾ÄËÌÇ ÍÎÌÈÉ¾ÂÈÌÇ� ±Í¾ÈÌÀÈ¾ x ���

ÆÉÆ �� ÉÆÏÐÌÀ�

/HDGSDFN 5ROO�3E�UROOSDFN��ÎÑÉÌËÙ ÏÌ ÏÀÆËÔÌÀÙÊÆ ÛÈÎ¾Ë¾ÊÆ �ÏÀÆËÔÌÀ¾Ý ÒÌÉÚÁ¾ ÐÌÉ×ÆËÌÇ

�� ÆÉÆ �� ÊÈÊ�� ¢ÉÆË¾ ÎÑÉÌË¾ ��� �ÆÉÆ ��� Ê� ÖÆÎÆË¾ ��� ��� ��� ÊÊ� »Ð¾ ÑÍ¾ÈÌÀÈ¾ ÑÂÌ¿Ë¾ ÍÎÆ

ÈÌËÐÎÌÉÃ ÏÀ¾ÎËÙÓ ÖÀÌÀ� ÌÏÌ¿ÃËËÌ� ÃÏÉÆ Î¾¿ÌÐÙ ÀÃÂÑÐÏÝ Ë¾ ÐÎÑ¿ÌÍÎÌÀÌÂ¾Ó Ï Í¾ËÌÎ¾ÊËÙÊ

ÍÎÌÏÀÃÕÆÀ¾ËÆÃÊ�

3E FRQWDFWSDN x ÉÆÏÐÙ ÑÍ¾ÈÌÀ¾ËÙ À À¾ÈÑÑÊËÑÜ ÁÃÎÊÃÐÆÕËÑÜ ÑÍ¾ÈÌÀÈÑ ÏÌ ÏÀÆËÔÌÀÙÊÆ ÛÈ�

Î¾Ë¾ÊÆ �ÏÀÆËÔÌÀ¾Ý ÒÌÉÚÁ¾ ÐÌÉ×ÆËÌÇ �� ÆÉÆ �� ÊÈÊ��±Í¾ÈÌÀÈ¾ ËÃÍÎÌËÆÔ¾ÃÊ¾ ÂÉÝ ÀÌÂÙ� Ê¾ÏÉ¾�

ÀÌÅÂÑÓ¾� ¡¾Î¾ËÐÆÎÑÃÐ Ë¾ÆÉÑÕÖÆÇ ÈÌËÐ¾ÈÐ ÛÈÎ¾ËÌÀ Ï ÍÉÃËÈÌÇ� Æ� È¾È ÏÉÃÂÏÐÀÆÃ� ÂÌÏÐÆÄÃËÆÃ

Ë¾ÆÉÑÕÖÃÁÌ È¾ÕÃÏÐÀ¾ ÏËÆÊÈ¾�

¬¿Î¾¿ÌÐÈ¾ ÛÈÏÍÌËÆÎÌÀ¾ËËÙÓ ÍÉÃËÌÈ�  ÌÅÊÌÄÃË ¾ÀÐÌÊ¾ÐÆÅÆÎÌÀ¾ËËÙÇ ÍÎÌÔÃÏÏ À ÍÎÌÝ�

ÀÌÕËÌÊ ¾ÀÐÌÊ¾ÐÃ ÆÉÆ ÐÎ¾ÂÆÔÆÌËËÙÇ ÎÑÕËÌÇ À ÈÜÀÃÐ¾Ó� À Ð¾ËÈ¾Ó� ¦ÏÍÌÉÚÅÑÜÐÏÝ ÊÃÐÌÉ�

ÁÆÂÎÌÓÆËÌËÌÀÙÃ� ¾ Ð¾ÈÄÃ ÒÃËÆÂÌËÁÆÎÌÓÆËÌËÌÀÙÃ ÍÎÌÝÀÆÐÃÉÆ� ¦ÅÁÌÐÌÀÆÐÃÉÆ� È¾È ÍÎ¾ÀÆÉÌ� ËÃ

Î¾ÏÈÎÙÀ¾ÜÐ ÓÆÊÆÕÃÏÈÆÇ ÏÌÏÐ¾À ÈÌËÔÃËÐÎ¾ÐÌÀ� ÍÎÃÂÉ¾Á¾ÃÊÙÓ ÂÉÝ Ì¿Î¾¿ÌÐÈÆ ÍÉÃËÌÈ� ¢ÉÝ ÎÑÕ�

ËÌÁÌ ÍÎÌÔÃÏÏ¾ Ì¿Î¾¿ÌÐÈÆ Ë¾Æ¿ÌÉÚÖÃÃ Î¾ÏÍÎÌÏÐÎ¾ËÃËÆÃ ÍÌÉÑÕÆÉÆ ÈÌËÔÃËÐÎ¾ÐÙ ÍÎÌÝÀÆÐÃÉÝ

¨¬¢�¨ ,QGXVWUH[ PDQXDO GHYHORSHU� ÈÌËÔÃËÐÎ¾Ð ÒÆÈÏ¾Ä¾ ,QGXVWUH[ PDQXDO IL[HU� ÈÌËÔÃËÐÎ¾Ð

ÍÎÌÝÀÆÐÃÉÝ $*)$ *���� ÈÌËÔÃËÐÎ¾Ð ÒÆÈÏ¾Ä¾ x $*)$ *���� ÈÌËÔÃËÐÎ¾Ð ÍÎÌÝÀÆÐÃÉÝ )20$'8;�

/37� ÈÌËÔÃËÐÎ¾Ð ÒÆÈÏ¾Ä¾ )20$),;� ÈÌËÔÃËÐÎ¾Ð ÍÎÌÝÀÆÐÃÉÝ )8-, 683(5'2/��� ¾ Ð¾ÈÄÃ ÌÐÃÕÃÏ�

ÐÀÃËËÙÃ ÏÑÓÆÃ Ë¾¿ÌÎÙ ÎÃ¾ÈÐÆÀÌÀ x ÍÎÌÝÀÆÐÃÉÚ �®£«°¡£«��� Æ ÒÆÈÏ¾Ä ��¨²��

¤ÆÂÈÆÃ ÈÌËÔÃËÐÎ¾ÐÙ ÍÌÏÐ¾ÀÉÝÜÐÏÝ À ÍÝÐÆÉÆÐÎÌÀÙÓ È¾ËÆÏÐÎ¾Ó� ÍÎÃÂË¾ÅË¾ÕÃËËÙÓ ÂÉÝ ÍÎÆÁÌÐÌÀÉÃËÆÝ

��…��ÉÆÐÎÌÀ ÁÌÐÌÀÌÁÌÎ¾ÏÐÀÌÎ¾� °¾ÈÆÊÈÌÉÆÕÃÏÐÀÌÊÎ¾ÏÐÀÌÎ¾ÊÌÄËÌÌ¿Î¾¿ÌÐ¾ÐÚÍÎÆÊÃÎËÌ��Ê
�
ÍÉÃËÈÆ�

»ÐÌ ��� ÉÆÏÐÌÀ ÍÉÃËÈÆ ÒÌÎÊ¾Ð¾ ����� ÏÊ� ¦ÅÁÌÐÌÀÆÐÃÉÆ ÍÉÃËÈÆ ÎÃÈÌÊÃËÂÑÜÐ ÆÏÍÌÉÚÅÌÀ¾ÐÚ ÎÃ¾ÈÐÆÀÙ

ÆÓ ÍÎÌÆÅÀÌÂÏÐÀ¾�


  ÏÃ Å¾ÎÃÁÆÏÐÎÆÎÌÀ¾ËËÙÃ ÐÌÎÁÌÀÙÃ Ê¾ÎÈÆ Æ ÐÌÀ¾ÎËÙÃ ÅË¾ÈÆ
ÝÀÉÝÜÐÏÝ ÏÌ¿ÏÐÀÃËËÌÏÐÚÜ ÆÓ Ì¿É¾Â¾ÐÃÉÃÇ�
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