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ÓÈ¹©ã«Ëäº® �È°�Ò�©� �È} Ò ¯ËÏ�ã	�Ò¯�
�Ë�º �Ë�

¹ãºmº�º mºÏ�Ë®°�mÒ« ¹ãÈÏäËÓÓº® °�¯�Ò ÓÈ �È°�Ò��

�Ò°¹Ë¯°Óº�º äÈ�Ë¯ÒÈãÈ m �Ò¯º}ºä �ÒÈ¹ÈÏºÓË ÏÓÈ�

�ËÓÒ® �Ëä¹Ë¯È��¯ ¹ãÈÏä© Ò ¹ºmË¯²Óº°�Ò �È°�Ò�©�

È �È}ÎË Ò² º�Óº°Ò�Ëã	Óº® °}º¯º°�Ò� ²È¯È}�Ë¯Ó©²

�ã« �°ãºmÒ® �ºÏm�}ºmº�º ¹ãÈÏäËÓÓº�º ÓÈ¹©ãËÓÒ«�

{©mº�©

�� ��Ë� äÓº�º}ºä¹ºÓËÓ�Óº°�Ò ¹¯Ò¹ºmË¯²Óº°�Óº®

¹ãÈÏä©� º�°ãºmãËÓÓº® ÓÈãÒ�ÒËä m ÓË® Ò°¹È¯ËÓ�

Ó©² È�ºäºm Ò ÒºÓºm äÈ�Ë¯ÒÈãÈ �È°�Ò�©� °ÓÒÎËÓÒ«

�Ëä¹Ë¯È��¯© ªãË}�¯ºÓºm ÓÈ �¯ÈÓÒ�Ë °ãº« zÓ��°ËÓÈ

¹º º�Óº�ËÓÒ
 } �Ëä¹Ë¯È��¯Ë ÓËmºÏä��ËÓÓº® ¹ãÈÏ�

ä© Ò �¯��Ò² ÁÈ}�º¯ºm� º¹¯Ë�Ëã«
�Ò² �¹ºä«Ó��©Ë

�Ë¹ãºm©Ë ¹º�º}Ò� ¹ºÏmºã«Ë� ºãËË }º¯¯Ë}�Óº ¹¯º�

mË°�Ò ÈÓÈãÒÏ ÓÈ�¯ËmÈ �È°�Ò�©� �mÒÎ��Ë®°« m °�¯�Ë

ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹ãÈÏä© ¹¯Ò ÓÈãÒ�ÒÒ Ò°¹È�

¯ËÓÒ« ËË äÈ�Ë¯ÒÈãÈ�

�� �¯ºmË�ËÓÓ©® �Ò°ãËÓÓ©® ÈÓÈãÒÏ ¹º}ÈÏÈã� ��º

¹¯Ò m©°º}Ò² �Ëä¹Ë¯È��¯È² ¹ãÈÏäËÓÓº® °�¯�Ò ¹º�

�º}Ò ªÓË¯�ÒÒ ªãË}�¯ºÓÓº® Ò ÒºÓÓº® }ºä¹ºÓËÓ�

¹ãÈÏä© äº��� Ò�¯È�	 ÏÈäË�Ó�
 ¯ºã	 m ¹ºãÓºä ªÓË¯�

�Ë�Ò�Ë°}ºä ÈãÈÓ°Ë ÓÈ¹©ã«Ëäº® �È°�Ò�©� �È}� ÓÈ¹�

¯ÒäË¯� ¹¯Ò º�Ë}ÈÓÒÒ Èã
äÒÓÒËmº® �È°�Ò�© ¹º�

�º}ºä È¯�ºÓºmº® ¹ãÈÏä© È�äº°ÁË¯Óº�º �ÈmãËÓÒ«�

ÒäË
�Ë® �Ëä¹Ë¯È��¯� m©�Ë ����� z� �}ÈÏÈÓÓ©Ë

¹º�º}Ò °º°�Èmã«
� ��… �� � °ºº�mË�°�m�
�Ë�º ÏÓÈ�

�ËÓÒ« }ºÓmË}�ÒmÓº�}ºÓ��}�ÒmÓº�º �Ë¹ãºmº�º ¹º�º�

}È ÓÈ ¹ºmË¯²Óº°�	 �È°�Ò�© Ò Ò² ÓËº²º�Òäº ��Ò�

�©mÈ�	 ¹¯Ò ÈÓÈãÒÏË ÓÈ�¯ËmÈ �È°�Ò� m ¯È°°äÈ�¯Ò�

mÈËä©² �°ãºmÒ«²�

�� �º�º}Ò ªÓË¯�ÒÒ ÒºÓºm Ò ªãË}�¯ºÓºm ¹ãÈÏä©

ÓÈ ¹ºmË¯²Óº°�	 �È°�Ò�© °��Ë°�mËÓÓº ÏÈmÒ°«� º�

�Ëä¹Ë¯È��¯© �}ÈÏÈÓÓº® ¹ºmË¯²Óº°�Ò� ��º º�°ãºm�

ãËÓº äÓº�º}ºä¹ºÓËÓ�Óº°�	
 ¹¯Ò¹ºmË¯²Óº°�Óº®

¹ãÈÏä©� °m«ÏÈÓÓº® ° ÓÈãÒ�ÒËä m ÓË® Ò°¹È¯ËÓÓ©²

È�ºäºm Ò ÒºÓºm äÈ�Ë¯ÒÈãÈ �È°�Ò�©� { �È°�Óº°�Ò�

¹¯Ò �Ëä¹Ë¯È��¯Ë ¹ºmË¯²Óº°�Ò Èã
äÒÓÒËmº® �È°�

�Ò�© ���� z ª�Ò ¹º�º}Ò ¹º��Ò m�mºË ¹¯Ëm©�È
�

°ºº�mË�°�m�
�ÒË ÏÓÈ�ËÓÒ« �ã« �È°�Ò�©� ÒäË
�Ë®

�Ëä¹Ë¯È��¯� ¹ºmË¯²Óº°�Ò ���� z�

�� p°ãÒ �Ëä¹Ë¯È��¯È ¹ºmË¯²Óº°�Ò ÓÈ¹©ã«Ëäº®

�È°�Ò�© ¹¯Ëm©�ÈË� �Ëä¹Ë¯È��¯� }Ò¹ËÓÒ« ËË äÈ�Ë�

¯ÒÈãÈ� �º º¹¯Ë�Ëã«
�Òä ÁÈ}�º¯ºä m ªÓË¯�Ë�Ò�Ë°�

}ºä ÈãÈÓ°Ë �È°�Ò�© «mã«Ë�°« Ò°¹È¯Ò�Ëã	ÓºË

º²ãÈÎ�ËÓÒË� °m«ÏÈÓÓºË ° �Óº°ºä ªÓË¯�ÒÒ Ò°¹È¯ËÓÒ«

È�ºäºm ËË äÈ�Ë¯ÒÈãÈ ¹º�º}ºä ¯È°�Ò¯«
�Ë�º°« ¹È�

¯È� cÈ°�Ë�© ¹º}ÈÏÈãÒ� ��º� ÓÈ¹¯ÒäË¯� m °ã��ÈË Èã
�

äÒÓÒËmº® �È°�Ò�©� ¹ºäË�ËÓÓº® m È¯�ºÓºm�


¹ãÈÏä� ° �Ëä¹Ë¯È��¯º® ����� z� ¯ËÏ�ã	�Ò¯�
�Ò®

�Ë¹ãºmº® ¹º�º} ÓÈ ¹ºmË¯²Óº°�	 �È°�Ò�© °�ÈÓºmÒ�°«

¯ÈmÓ©ä Ó�ã
 ¹¯Ò �Ëä¹Ë¯È��¯Ë ËË ¹ºmË¯²Óº°�Ò

���� z Ò ¹¯Ò �Èã	ÓË®�Ëä �mËãÒ�ËÓÒÒ ª�º® �Ëä�

¹Ë¯È��¯© ÓÈ�¯Ëm �È°�Ò�© °äËÓ«Ë�°« º²ãÈÎ�ËÓÒËä�

�� rº¯Ò°ºm �� v�� ~È�Ë¯}ºmÓ©® k� v�� z¯Òm��Ó j� {� zºÓ�
mË}�ÒmÓº�}ºÓ��}�ÒmÓ©® Ò ¯È�ÒÈ�ÒºÓÓ©® �Ë¹ãººäËÓ ¹º�º�
}È ¹ãÈÏä© ° �È°�Ò�ÈäÒ �Ò°¹Ë¯°Óº�º äÈ�Ë¯ÒÈãÈ m �°ãºmÒ«²
¹ãÈÏäËÓÓº�º ÓÈ¹©ãËÓÒ« �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� �Ü���

cÒ°� �� cËÏ�ã	�Ò¯�
�Ò® �Ë¹ãºmº® ¹º�º} ��� Ò Ë�º °º°�Èmã«
�ÒË
�� Û 4U� � Û 4Y� ¹¯Ò }ºÓmË}�ÒmÓºä ¯ËÎÒäË Ò°¹È¯ËÓÒ« äÈ�Ë�
¯ÒÈãÈ �È°�Ò�©

cÒ°� �� ~ÈmÒ°Òäº°�	 °�ääÈ¯Óº�º �Ë¹ãºmº�º ¹º�º}È �Ë¯ËÏ ¹ºmË¯�
²Óº°�	 Èã
äÒÓÒËmº® �È°�Ò�©�D �� ä}ä�� ÓÈ²º�«�Ë®°« m ¹º�º}Ë
È¯�ºÓºmº® ¹ãÈÏä© �7S  ����� z� X  ��� ä�°�� Ò Ë�º °º°�Èmã«�

�Ò² º� 7PV� � Û 4L � 4H� � Û 4F � 4U� � Û 4Y� � Û ¯ËÏ�ã	�
�Ò¯�
�Ò® �Ë¹ãºmº® ¹º�º}

�� ������



�� 6KLPDQRYLFK 9� '�� 6P\DJOLNRY ,� 3�� =RORWRYVN\ $� ,� $Q
HIIHFW RI QHDU�FDWKRGH UHJLRQ SODVPD RI DQ DUJRQ DUF RQ
PHWDO SDUWLFOHV �� 3URJUHVV LQ SODVPD SURFHVVLQJ RI PDWHUL�
DOV ����� 3URF� RI WKH �WK (XURSHDQ FRQI� RQ WKHUPDO SODVPD
SURFHVVHV� )UDQFH� 6WUDVERXUJ� -XQH ��Ü��� ����� Û 1HZ
<RUN� %HJHOO +RXVH ,QF�� ����� Û 3� ���Ü����

�� z¯Òm��Ó j� {� lº�Ëã	 Ò°¹È¯ËÓÒ« äË�ÈããÈ ¹¯Ò ���ºmº®�
ãÈÏË¯Óº® Ò ãÈÏË¯Óº����ºmº® °mÈ¯}Ë �� km�ºäÈ�� °mÈ¯}È�
Û ����� Û ¢ �� Û v� �Ü���

�� ~ºÓ�ºm©Ë ÒÏäË¯ËÓÒ« m ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹ãº�Óº® ¹ãÈÏ�
äË ¹¯Ò m©°º}Ò² °�Ë¹ËÓ«² ÒºÓÒÏÈ�ÒÒ � n� �� rÈ}��� �� k�
i
ÎËm� s� z� lÒ�¯ºÁÈÓºm Ò �¯� �� y�¯Ó� �Ë²Ó�
ÁÒÏÒ}Ò� Û ����� Û ��� ¢ ��� Û v� ����Ü�����

�� %RKP '� 7KH FKDUDFWHULVWLFV RI HOHFWULFDO GLVFKDUJHV LQ PDJ�
QHWLF ILHOGV � (G� $� *XWKULH� 5� .� :DNHUOLQJ� Û 1HZ
<RUN� 0F*UDZ�+LOO� ����� Û �� S�

�� y�ÈÓºm {� l� ÐmãËÓÒ« ¹Ë¯ËÓº°È m äÓº�º}ºä¹ºÓËÓ�Óº®
¹ãÈÏäË� Û l�� wÓË¯�ºÒÏ�È�� ����� Û ��� °�

�� lº�ËãÒ¯ºmÈÓÒË ¹¯º�Ë°°ºm ¹Ë¯ËÓº°È m äÓº�º}ºä¹ºÓËÓ�Óº®
¹ãÈÏäË °�ºãÈ °mÈ¯º�Óº® ���Ò � {� v� �mºÏ�Ë�}Ò®� {� n�
iËä�ËÓ}º� j� {� z¯Òm��Ó Ò �¯� �� �¯ºã� °mÈ¯}Ò Ò
°¹Ë�� ªãË}�¯ºäË�Èãã�¯�ÒÒ� Û zÒËm� sÈ�}� ��ä}È� �����
Û v� ���Ü����

�� nÒÏÒ}È Ò �Ë²ÓÒ}È ÓÒÏ}º�Ëä¹Ë¯È��¯Óº® ¹ãÈÏä© � v� {�
i¯Ë°mÒÓ� k� {� iºÓ°}º®� {� l� �ºã	�ÁÈ¯ Ò �¯� Û l��
k�ºäÒÏ�È�� ����� Û ��� °�

�� .QLJKW &K� -� 7KHRUHWLFDO PRGHOLQJ RI UDSLG VXUIDFH YDSRUL�
]DWLRQ ZLWK EDFN SUHVVXUH �� $,$$ -� Û ����� Û ���
¢ �� Û 3� ���Ü����

��� {ºÏ�Ë®°�mÒË ãÈÏË¯Óº�º ÒÏã��ËÓÒ« ÓÈ äÈ�Ë¯ÒÈã© � c� {�
k¯��
Ó«Ó� {� �� rÈ¯ÈÓºm� �� k� rºã	�ºm Ò �¯� Û l��
sÈ�}È� ����� Û ��� °�

6XJJHVWHG LV WKH SURFHGXUH IRU FDOFXODWLRQ RI WKH LRQ HQHUJ\ DQG SODVPD HOHFWURQ IORZV RQ WKH VXUIDFH RI D GLVSHUVHG PDWHULDO

SDUWLFOH LQ WKH DWPRVSKHULF�SUHVVXUH LQHUW�JDV SODVPD� DV ZHOO DV HQHUJ\ ORVVHV IRU HYDSRUDWLRQ RI LWV PDWHULDO�

IhklmibeZ \ j_^Zdpbx ����������
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¯À¾ÎÈ¾ ÍÌÂ ÒÉÜÏÌÊ ÍÑÉÚÏÆÎÑÜ×ÃÇ ÂÑÁÌÇ x ËÌÀ¾Ý� ÍÎÌÁÎÃÏÏÆÀË¾Ý� ¿ÙÏÐÎÌ Î¾ÅÀÆÀ¾Ü×¾ÝÏÝ ÐÃÓ�
ËÌÉÌÁÆÝ� ¦ÊÍÑÉÚÏËÙÇ Ó¾Î¾ÈÐÃÎ ÁÌÎÃËÆÝ ÂÑÁÆ ÍÎÆ ÏÀ¾ÎÈÃ ÍÌÂ ÒÉÜÏÌÊ ÌÈ¾ÅÙÀ¾ÃÐ ÏÑ×ÃÏÐÀÃËËÌÃ
ÍÌÉÌÄÆÐÃÉÚËÌÃ ÀÉÆÝËÆÃ È¾È Ë¾ ÒÌÎÊÆÎÌÀ¾ËÆÃ ÊÆÈÎÌÏÐÎÑÈÐÑÎÙ ÊÃÐ¾ÉÉ¾ ÖÀ¾� Ð¾È Æ Ë¾ ÏÉÑÄÃ¿ËÙÃ Ó¾�
Î¾ÈÐÃÎÆÏÐÆÈÆ ÏÀ¾ÎËÌÁÌ ÏÌÃÂÆËÃËÆÝ À ÔÃÉÌÊ� ¢ÉÝ ÌÏÑ×ÃÏÐÀÉÃËÆÝ ÏÀ¾ÎÈÆ ÍÌÂ ÒÉÜÏÌÊ ÍÑÉÚÏÆÎÑÜ×ÃÇ
ÂÑÁÌÇ À ¦»¯ ÆÊ� £�¬� ¾ÐÌË¾ ÏÌÅÂ¾Ë ¿ÉÌÈ ÏÆËÃÎÁÃÐÆÕÃÏÈÌÁÌ ÑÍÎ¾ÀÉÃËÆÝ� ÀËÃÖËÆÇ ÀÆÂ ÈÌÐÌÎÌÁÌ ÍÌÈ¾Å¾Ë
Ë¾ ÎÆÏÑËÈÃ�

�ÉÌÈ Î¾ÅÎ¾¿ÌÐ¾Ë ÂÉÝ ÏÐ¾ÔÆÌË¾ÎËÙÓ Æ ÊÌËÐ¾ÄËÙÓ ÑÏÉÌÀÆÇ ÌÏÑ×ÃÏÐÀÉÃËÆÝ ÏÀ¾ÎÈÆ� ¬Ë ÆÊÃÃÐ ÂÀ¾
ËÃÅ¾ÀÆÏÆÊÙÓ È¾Ë¾É¾ ÑÍÎ¾ÀÉÃËÆÝ� ÎÆ ËÃÌ¿ÓÌÂÆÊÌÏÐÆ ÈÌÉÆÕÃÏÐÀÌ È¾Ë¾ÉÌÀ ÑÍÎ¾ÀÉÃËÆÝ ÊÌÄÃÐ ¿ÙÐÚ
ÑÀÃÉÆÕÃËÌ� ¢ÉÆÐÃÉÚËÌÏÐÚ ÆÊÍÑÉÚÏÌÀ ÑÍÎ¾ÀÉÃËÆÝ� ÀÙÎ¾¿¾ÐÙÀ¾ÃÊÙÓ ¿ÉÌÈÌÊ ÂÉÝ ÏÌÅÂ¾ËÆÝ ÍÑÉÚÏ¾ÔÆÇ
ÏÀ¾ÎÌÕËÌÁÌ ÐÌÈ¾ Æ Ë¾ÍÎÝÄÃËÆÝ Ë¾ ÂÑÁÃ� ÆÅÊÃËÝÃÐÏÝ ÀÖÆÎÌÈÆÓ ÍÎÃÂÃÉ¾Ó� «¾ÉÆÕÆÃ ÍÉ¾ÀËÙÓ ÛÉÃÈÐÎÌËËÙÓ
ÎÃÁÑÉÆÎÌÀÌÈ� ¾ Ð¾ÈÄÃ ÍÌÀÙÖÃËË¾Ý Ë¾ÁÎÑÅÌÕË¾Ý ÏÍÌÏÌ¿ËÌÏÐÚ ¿ÉÌÈ¾ Ï Å¾×ÆÐÌÇ ÀÙÓÌÂÌÀ ÌÐ ÈÌÎÌÐÈÆÓ
Å¾ÊÙÈ¾ËÆÇ Ì¿ÃÏÍÃÕÆÀ¾ÃÐ ÀÌÅÊÌÄËÌÏÐÚ ÃÁÌ ¿ÃÏÍÃÎÃ¿ÌÇËÌÇ Î¾¿ÌÐÙ ÀÌ ÀÏÃÊ ÂÆ¾Í¾ÅÌËÃ ÏÀ¾ÎÌÕËÙÓ
ÐÌÈÌÀ� Ë¾ÍÎÝÄÃËÆÇ Æ ÏÈÌÎÌÏÐÃÇ ÍÌÂ¾Ü×ÆÓ ÊÃÓ¾ËÆÅÊÌÀ�
ÆÐ¾ÃÐÏÝ ¿ÉÌÈ ÌÐ ÏÃÐÆ ���  �   ¿ÉÌÈÃ ÆÊÃÃÐÏÝ ÏÓÃÊ¾ ¾ÀÐÌ�
Ê¾ÐÆÕÃÏÈÌÁÌ ÖÑËÐÆÎÌÀ¾ËÆÝ ÀÙÓÌÂ¾ ÂÉÝ Å¾×ÆÐÙ ÌÐ ÍÃÎÃË¾Í�
ÎÝÄÃËÆÇ�

 ÏÃÏÐÌÎÌËËÆÃÆÏÍÙÐ¾ËÆÝ ÐÃÓËÌÉÌÁÆÕÃÏÈÆÓ ÀÌÅÊÌÄËÌÏÐÃÇ
¿ÉÌÈ¾ Æ ÏÀÌÇÏÐÀ ÏÀ¾ÎËÙÓ ÏÌÃÂÆËÃËÆÇ� ÍÌÉÑÕ¾ÃÊÙÓ ÏÀ¾ÎÈÌÇ
ÍÌÂ ÒÉÜÏÌÊ Ï ÆÏÍÌÉÚÅÌÀ¾ËÆÃÊ ¿ÉÌÈ¾ À ÏÌÕÃÐ¾ËÆÆ ÏÌ ÏÐ¾Ë�
Â¾ÎÐËÙÊÆ ÆÏÐÌÕËÆÈÌÊ ÍÆÐ¾ËÆÝ  ¢±����� Æ ÏÀ¾ÎÌÕËÙÊ ÐÎ¾È�
ÐÌÎÌÊ �¢²����� Ï Å¾ÀÆÏÆÊÌÇ ÏÈÌÎÌÏÐÚÜ ÍÌÂ¾ÕÆ ÛÉÃÈÐÎÌÂ�
ËÌÇ ÍÎÌÀÌÉÌÈÆ� ÍÌÈ¾Å¾ÉÆ�

• �mËãÒ�ËÓÒË ¹¯ºÒÏmº�Ò�Ëã	Óº°�Ò ¹¯º�Ë°°È °mÈ¯}Ò�

    • �äËÓ	�ËÓÒË ¯È°²º�È ªãË}�¯ºªÓË¯�ÒÒ ÓÈ ������� ��

    • °ÓÒÎËÓÒË �Ëä¹Ë¯È��¯© ÒãÒ º�}ÈÏÈ º� ÓËº²º�Òäº°�Ò ¹¯Ë�mÈ¯Ò�Ëã	Óº�º

¹º�º�¯ËmÈ °mÈ¯ÒmÈËä©² }ºÓ°�¯�}�Ò® ÒÏ m©°º}º¹¯º�Ó©² °�ÈãË®�

    • °ÓÒÎËÓÒË �¯ºmÓ« ¹º�ºÓÓº® ªÓË¯�ÒÒ ËÏ �äËÓ	�ËÓÒ« �ã�ÒÓ© ¹¯º¹ãÈmãËÓÒ«�

    • �äËÓ	�ËÓÒË m ����� ¯ÈÏÈ ¯ÈÏäË¯È ��È°�}È }¯�¹Óº�º ÏË¯ÓÈ m ÏºÓË �Ë¯äÒ�Ë°}º�º mãÒ«ÓÒ«

°mÈ¯Ó©² °ºË�ÒÓËÓÒ®�

    • ¹ºm©�ËÓÒË °ã�ÎËÓ©² ²È¯È}�Ë¯Ò°�Ò} äË�ÈããÈ �mÈ Ò °mÈ¯Ó©² °ºË�ÒÓËÓÒ® m �Ëãºä�

º°ºËÓÓº °�º®}º°�Ò ¹¯º�Òm º¯ÈÏºmÈÓÒ« ²ºãº�Ó©² �¯Ë�ÒÓ�

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