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Û �,QWHUQ� ,QVW� RI :HOGLQJ� 'RF� ,;Ü����Ü����

�� $WODV RI WLPH�WHPSHUDWXUH GLDJUDPV IRU LURQV DQG VWHHOV �
(G� &� 9� 9DQGHU 9RRUW� Û $60 SXEO�� ����� Û �� S�

�� lÈ²ÓËÓ}º {� j� cÈ°�Ë�Ó©Ë äË�º�© Ò°°ãË�ºmÈÓÒ« }ÒÓË�Ò�
}Ò °mÈ¯º�Ó©² ÓÈ¹¯«ÎËÓÒ® Ò �ËÁº¯äÈ�Ò®� Û zÒËm� sÈ�}�
��ä}È� ����� Û ��� °�

�� 8HGD <�� 0XUDNDZD +�� 1DNDFKR .�� 0D 1� (VWDE�
OLVKPHQW RI &RPSXWDWLRQDO :HOGLQJ 0HFKDQLFV �� 7UDQV�
RI -:5-� Û ����� Û ��� ¢ �� Û 3� ��Ü���

�� lÈ²ÓËÓ}º {� j�� �º­ÈÓºm �� l�� lÈ²ÓËÓ}º |� {� �¯º��
ÓºÏÒ¯ºmÈÓÒË º­�Ò² �ËÁº¯äÈ�Ò® °mÈ¯Ó©² �Ïãºm ÓÈ º°ÓºmË
­ÈÓ}È �ÈÓÓ©² ¹º ¹º¹Ë¯Ë�Óº® Ò ¹¯º�ºã	Óº® �°È�}Ë Ò ��ãº�
m©ä �ËÁº¯äÈ�Ò«ä °ºº�mË�°�m�
�Ò² º­¯ÈÏ�ºm �� km�º�
äÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û v� �Ü��

7KH SDSHU GHVFULEHV D FRPSXWHU SURJUDP DQG GHPRQVWUDWHV LWV FDSDELOLWLHV LQ HYDOXDWLRQ RI ERWK WKH ORFDO SKHQRPHQD UHODWHG
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¡ÌÉÌÀË¾Ý Ë¾ÑÕË¾Ý ÌÎÁ¾ËÆÅ¾ÔÆÝ À ±ÈÎ¾ÆËÃ ÍÌ ÍÎÌ¿ÉÃÊ¾Ê ÍÌÂÀÆÄËÌÁÌ ÏÌÏÐ¾À¾ Ê¾ÁÆÏÐÎ¾ÉÚËÌÁÌ Æ

ÀÃÂÌÊÏÐÀÃËËÌÁÌ ÄÃÉÃÅËÌÂÌÎÌÄËÌÁÌ ÐÎ¾ËÏÍÌÎÐ¾� ÏÐ¾ËÂ¾ÎÐÆÅ¾ÔÆÆ ÍÎÌÂÑÈÔÆÆ ÛÐÌÇ ÌÐÎ¾ÏÉÆ� ÌÎÁ¾Ë ÍÌ

ÏÃÎÐÆÒÆÈ¾ÔÆÆ ÍÎÌÂÑÈÔÆÆ À¾ÁÌËÌÏÐÎÌÃËÆÝ Æ À¾ÁÌËËÌÁÌ ÉÆÐÚÝ�   ÏÐÎÑÈÐÑÎÃ ÆËÏÐÆÐÑÐ¾ x ÃÂÆËÏÐÀÃËËÙÇ
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��� ÈÊ�Õ�� ÀÙÏÌÈÌÈÀ¾ÉÆÒÆÔÆÎÌÀ¾ËËÙÇ ÍÃÎÏÌË¾É� ÑËÆÈ¾ÉÚËÙÇ ÊËÌÁÌÉÃÐËÆÇ ÌÍÙÐ À Ì¿É¾ÏÐÆ À¾ÁÌËÌÏ�

ÐÎÌÃËÆÝ�

ªÙ ÏÐÎÃÊÆÊÏÝ Ë¾ÇÐÆ Í¾ÎÐËÃÎÌÀ ÂÉÝ ÛÒÒÃÈÐÆÀËÌÁÌ ÏÌÐÎÑÂËÆÕÃÏÐÀ¾ À Ì¿É¾ÏÐÆ
ÏÌÅÂ¾ËÆÝ ÈÌËÈÑÎÃËÐÌÏÍÌÏÌ¿ËÌÇ ÍÎÌÂÑÈÔÆÆ ÂÉÝ ÄÃÉÃÅËÌÂÌÎÌÄËÌÁÌ ÐÎ¾ËÏÍÌÎÐ¾�
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ÔÇÍ�� ������
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��Ò¯ºmº�Óº�º �¯ÈÁÒ}È ¹ãÈmãËÓÒ« Ò }¯Ò°�ÈããÒÏÈ�ÒÒ
ª�ÈãºÓÓº�º º­¯ÈÏ�È m �Ë² ÎË �°ãºmÒ«²� { }È�Ë°�mË
ª�ÈãºÓÈ m ª}°¹Ë¯ÒäËÓ�È² Ò°¹ºã	ÏºmÈãÒ º­¯ÈÏË� ÒÏ
�Ò°�º�º mºã	Á¯ÈäÈ� lÈ°°È Ò°°ãË��Ëä©² º­¯ÈÏ�ºm Ò
ª�ÈãºÓÈ ¯ÈmÓ«ãÈ°	 ¹¯ÒäË¯Óº �� ± ���� ��

v�È�Ò«ä ÁÈÏºm©² ¹¯Ëm¯È�ËÓÒ®� ¹ãÈmãËÓÒ« Ò
}¯Ò°�ÈããÒÏÈ�ÒÒ °¹ãÈmÈ °ºº�mË�°�m�
� º�}ãºÓËÓÒ«
º� ¹¯«äº�º ²º�È }¯Òm©² ÓÈ�¯ËmÈ ÒãÒ º²ãÈÎ�ËÓÒ«�
°mÒ�Ë�Ëã	°�m�
�ÒË º ¹¯º�Ë}ÈÓÒÒ ªÓ�º� ÒãÒ ª}Ïº�
�Ë¯äÒ�Ë°}Ò² ¹¯º�Ë°°ºm� v�Ë¹ËÓ	 ª�Ò² º�}ãºÓËÓÒ®
ÏÈmÒ°Ò� º� ²ÒäÒ�Ë°}º�º °º°�ÈmÈ Ò°°ãË��Ëäº�º äÈ�
�Ë¯ÒÈãÈ�

sÈ ¯Ò°� � ¹¯ÒmË�ËÓ© }¯Òm©Ë ÓÈ�¯ËmÈ Ò º²�
ãÈÎ�ËÓÒ« º­¯ÈÏ�ºm º¹©�Ó©² °º°�Èmºm ÓÈ¹ãÈmãËÓ�
Óº�º äË�ÈããÈ� È m �È­ã� � �}ÈÏÈÓ© �Ëä¹Ë¯È��¯©
Ò² ¹ãÈmãËÓÒ« Ò }¯Ò°�ÈããÒÏÈ�ÒÒ� vº�ãÈ°Óº äË�º��
i�k �Ëä¹Ë¯È��¯È ÓÈ�ÈãÈ ¹ãÈmãËÓÒ« º¹¯Ë�Ëã«Ë�°«
¹º }¯Òmº® ÓÈ�¯ËmÈ� È �Ëä¹Ë¯È��¯È ÓÈ�ÈãÈ }¯Ò°�
�ÈããÒÏÈ�ÒÒ Û ¹º }¯Òmº® º²ãÈÎ�ËÓÒ«�
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,…9� }¯Òm©Ë ��� �º °º�Ë¯ÎÈÓÒ« Áº°Áº¯È� ¯ÈmÓº�º
¹¯ÒäË¯Óº ��� �� m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË �Ò¹È °�È�
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ãÒ�Ë°�mº Áº°ÁÒ�Óº® ªm�Ë}�Ò}Ò� º �Ëä °mÒ�Ë�Ëã	�
°�m�Ë� �mËãÒ�ËÓÒË ¹Ò}ºm ÓÈ }¯Òm©² ÓÈ�¯ËmÈ� °º�
º�mË�°�m�
�Ò² ¹ãÈmãËÓÒ
 Áº°ÁÒ�Óº® ªm�Ë}�Ò}Ò�

sÈ }¯Òm©² º²ãÈÎ�ËÓÒ« °�ÈãÒ ° º�Óº°Ò�Ëã	Óº
ÓËm©°º}Òä °º�Ë¯ÎÈÓÒËä Áº°Áº¯È ¹Ë¯m©® �m©°º}º�
�Ëä¹Ë¯È��¯Ó©®� ¹Ò} °ºº�mË�°�m�Ë� ÓÈ�Èã� }¯Ò°�Èã�
ãÒÏÈ�ÒÒ �mË¯�º�º ¯È°�mº¯È� È m�º¯º® Û ¹Ë¯Ò�Ë}�
�Ò�Ë°}º® ¯ËÈ}�ÒÒ� }º�º¯È« °º�ãÈ°Óº ¯È­º�Ë >��@ ¹¯º�
�Ë}ÈË� ¹¯È}�Ò�Ë°}Ò ¹¯Ò ¹º°�º«ÓÓºä� Óº ¯ÈÏãÒ�Ó©²
�ã« }ÈÎ�º�º ÒÏ Ò°°ãË��Ëä©² äÈ�Ë¯ÒÈãºm� ÏÓÈ�ËÓÒ«²
�Ëä¹Ë¯È��¯© �¯Ò°� �� º­¯ÈÏ�© ,…9� }¯Òm©Ë ���
iã« ª�Ò² °�ÈãË® }¯Ò°�ÈããÒÏÈ�Ò« ÓÈ�ÒÓÈË�°« ° º­�
¯ÈÏºmÈÓÒ« α��mË¯�º�º ¯È°�mº¯È� { ¯ËÏ�ã	�È�Ë ¹Ë¯Ò�
�Ë}�Ò�Ë°}º® ¯ËÈ}�ÒÒ º­¯ÈÏ�Ë�°« α�ÁÈÏÈ�

�¯Ò °º�Ë¯ÎÈÓÒÒ Áº°Áº¯È ���� Ò ���� � ÓÈ
}¯Òm©² º²ãÈÎ�ËÓÒ« m m©°º}º�Ëä¹Ë¯È��¯Óº® º­�
ãÈ°�Ò ÏÈÁÒ}°Ò¯ºmÈÓ º�ÒÓ ¹Ò} �¯Ò°� �� º­¯ÈÏ�©
9,,� 9,,,� }¯Òm©Ë ��� ��º °mÒ�Ë�Ëã	°�m�Ë� º­ º��
°��°�mÒÒ m °�ÈãÒ Áº°Áº¯È ¹Ë¯Ò�Ë}�Ò�Ë°}º�º ¹¯Ëm�
¯È�ËÓÒ«� z¯Ò°�ÈããÒÏÈ�Ò« äÈ�¯Ò�© ª�Ò² °�ÈãË®
¹¯ºÒ°²º�Ò� °¯ÈÏ� ° º­¯ÈÏºmÈÓÒËä γ�ÁÈÏ©�

jÏ �ÈÓÓ©² �È­ã� � äºÎÓº °�ËãÈ�	 m©mº� º �ºä�
��º ° ¹ºm©�ËÓÒËä °º�Ë¯ÎÈÓÒ« Áº°Áº¯È ÏÓÈ�ËÓÒ«
�Ëä¹Ë¯È��¯© ÓÈ�ÈãÈ ¹ãÈmãËÓÒ« Ò }¯Ò°�ÈããÒÏÈ�ÒÒ
°�ÈãÒ ��t�v ÒäË
� �ËÓ�ËÓ�Ò
 } ¹ºÓÒÎËÓÒ
�

�¯ºmË�ËÓº äË�Èããº�¯ÈÁÒ�Ë°}ºË Ò°°ãË�ºmÈÓÒË
º­¯ÈÏ�ºm °�ÈãÒ ��t�v ° ¯ÈÏãÒ�Ó©ä °º�Ë¯ÎÈÓÒËä
Áº°Áº¯È� sÈ¹ãÈmãËÓÓ©® äË�Èãã �Ò¹È °�ÈãÒ ��t�v
­ËÏ Áº°Áº¯È ÒäËË� ­Ë®ÓÒ�Ó�
 °�¯�}��¯� ° ÓË�
­ºã	�Òä }ºãÒ�Ë°�mºä ÁË¯¯Ò�È �¯Ò°� �� È�� {mË�
�ËÓÒË Áº°Áº¯È m }È�Ë°�mË ªãËäËÓ�È�ÁË¯¯Ò�ÒÏÈ�º¯È
�mËãÒ�ÒmÈË� }ºãÒ�Ë°�mº ÁË¯¯Ò�Óº® ÁÈÏ© �¯Ò°� ��
­�� iÈã	ÓË®�ËË ¹ºm©�ËÓÒË °º�Ë¯ÎÈÓÒ« Áº°Áº¯È
¹¯Òmº�Ò� } ÒÏäËÓËÓÒ
 °ºº�Óº�ËÓÒ« äËÎ�� ª�ÒäÒ
ÁÈÏÈäÒ� Óº ��È°�}ºm Áº°ÁÒ�Óº® ªm�Ë}�Ò}Ò m °�¯�}�
��¯Ë ª�Ò² °�ÈãË® ÓË º­ÓÈ¯�ÎËÓº�

�º«mãËÓÒË Áº°ÁÒ�Óº® ªm�Ë}�Ò}Ò ÏÈÁÒ}°Ò¯º�
mÈÓº ¹¯Ò äÈ°°ºmº® �ºãË Áº°Áº¯È ���� � �¯Ò°� ��
m�� w�Ò �ÈÓÓ©Ë ¹º��mË¯Î�È
� ¯ËÏ�ã	�È�© i�k�
ÓÈ }¯Òmº® ÓÈ�¯ËmÈ º­¯ÈÏ�È ª�º® °�ÈãÒ ­©ãº ÏÈ�
ÁÒ}°Ò¯ºmÈÓº ¹Ë¯mºË ¹º«mãËÓÒË ¹Ò}È� °ºº�mË�°�m��

�Ë�º ¹ãÈmãËÓÒ
 Áº°ÁÒ�Óº® ªm�Ë}�Ò}Ò �¯Ò°� ��
º­¯ÈÏË� 9,� }¯Òm©Ë �� ��� �¯Ò °º�Ë¯ÎÈÓÒÒ Áº°�

Áº¯È º}ºãº ���� Ò ­ºãËË m °�¯�}��¯Ë °�ÈãÒ ��t�v
º­¯ÈÏ�Ë�°« °¹ãº�ÓÈ« °Ë�}È Áº°ÁÒ�Óº® ªm�Ë}�Ò}Ò�
º}È®äã«
�Ë® ÏË¯ÓÈ äÈ�¯Ò�© °¹ãÈmÈ �¯Ò°� �� ���

�È}Òä º­¯ÈÏºä� m ¹¯º�Ë°°Ë Ò°°ãË�ºmÈÓÒ®� m©�
¹ºãÓËÓÓ©² ° ¹ºäº�	
 äË�º�È i�k� �°�ÈÓºmãËÓº�
��º m ÓÈ¹ãÈmãËÓÓºä äË�ÈããË �Ò¹È ��t�v º¹È°Ó©Ë
° �º�}Ò Ï¯ËÓÒ« °}ãºÓÓº°�Ò } �º¯«�Òä �¯Ë�ÒÓÈä
Áº°ÁÒ�Ó©Ë ªm�Ë}�Ò}Ò ¹º«mã«
�°« ¹¯Ò °º�Ë¯ÎÈÓÒÒ
Áº°Áº¯È ­ºãËË � �� w�º� ÁÈ}� �ºãÎËÓ ��Ò�©mÈ�	°«
¹¯Ò ¯ÈÏ¯È­º�}Ë ÓÈ¹ãÈmº�Ó©² äÈ�Ë¯ÒÈãºm� ¹¯Ë�ÓÈÏ�
ÓÈ�ËÓÓ©² �ã« mº°°�ÈÓºmãËÓÒ« Ò �¹¯º�ÓËÓÒ« �Ë�È�
ãË®� }º�º¯©Ë ¯È­º�È
� m �°ãºmÒ«² �¯ËÓÒ« äË�ÈããÈ
¹º äË�Èãã��

�� l��ÓÒ} v� {� tÒäÒ« Ò �Ë²Óºãº�Ò« Áº°Áº¯°º�Ë¯ÎÈ�Ò²
°¹ãÈmºm� nº°Áº¯°º�Ë¯ÎÈ�ÒË °¹ãÈm© �� tÒäÒ« Ò �Ë²Óº�
ãº�Ò« Áº°ÁÒ�ºm Ò Áº°Áº¯°º�Ë¯ÎÈ�Ò² °¹ãÈmºm� Û zÒËm�
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�� {ãÒ«ÓÒË Áº°Áº¯È ÓÈ °�¯�}��¯� Ò °mº®°�mÈ äË�ÈããÈ �mºm
¹¯Ò °mÈ¯}Ë ÓÒÏ}ºãË�Ò¯ºmÈÓÓ©² °�ÈãË® � k� k� kãË}°ËËm�
j� c� Ðm�º�ÒÓ� {� �� {º®�}ËmÒ�� �� i� lº¯ºÏºm �� km�
�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� �Ü���

�� 6SUHWQDN -�:� 3KRVSKRUXV LQ PHWDOOXUJ\� 3KRVSKRUXV DQG
LWV FRPSDXQGV �� 7HFKQRORJ\� ELRORJLFDO IXQFWLRQV DQG DS�
SOLFDWLRQ� Û ����� Û 9RO� �� Û 3� ����Ü�����

�� zÈ�}º l� |�� lÈ¯}ºm°	}Ò® p� k�� ´ã	�ËÓ}º {� i� kÓ�ÒÁ�
¯Ò}��®Ó� °¹ãÈmÒ ÏÈãLÏÈ Ï ÁÈÏÈäÒ �mË¯�º�º äÈ°�ÒãÈ ��
lË�ÈãºÏÓÈm°�mº �È º­¯º­}È äË�ÈãLm� Û ����� Û ¢ �� Û
v� ��Ü���

�� {ãÒ«ÓÒË °º°�ÈmÈ Ò °�¯�}��¯© ÈÓ�ÒÁ¯Ò}�ÒºÓÓº�º °¹ãÈmÈ
ÎËãËÏÈ ÓÈ Ë�º ÒÏÓº°º°�º®}º°�	 � p� k� lÈ¯}ºm°}Ò®� {� i�
jã	�ËÓ}º� �� j� r��ËÓ}º Ò �¯� �� �¯º�Ë°°© ãÒ�	«� Û
����� Û ¢ �� Û v� ��Ü���

�� rÈ}ÁÈ¯� n� ��� iÈÓÒËã v� �� sºmºË º °äÈÏº�Ó©² äÈ�Ë¯Ò�
ÈãÈ² �� v­� �º}ã� lËÎ��ÓÈ¯� }ºÓÁ� ¹º °äÈÏº�Ó©ä äÈ�Ë�
¯ÒÈãÈä �{È�ÒÓ��ºÓ� ������ Û l�� tÒäÒ«� ����� Û ��� °�

�� vÈä°ºÓºm �� {�� �ÈÓÈ°
} k� i�� rº¯ºmÒ}ºmÈ l� v� {ãÒ«�
ÓÒË Áº°Áº¯È ÓÈ È��ËÏÒ
 ÎÒ�}Ò² äË�Èããºm } ���º¹ãÈm}Òä
°ºË�ÒÓËÓÒ«ä �� �ºã��ËÓÒË� °mº®°�mÈ Ò ¹¯ÒäËÓËÓÒË Áº°�
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�� ��¯ËmÒ� v� l�� ~Èä}ºm {� s� vmÈ¯}È �Ò�ÈÓÈ °º °�Èã	

�� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ �� Û v� ��Ü���

�� cÈ­}ÒÓ i� l�� c«­ºm {� c�� ��¯ËmÒ� v� l� vmÈ¯}È ¯ÈÏÓº�
¯º�Ó©² äË�Èããºm� Û zÒËm� �Ë²Ó�}È� ����� Û ��� °�

�� vmÈ¯}È ¯ÈÏÓº¯º�Ó©² äË�Èããºm Ò °¹ãÈmºm � {� c� c«­ºm�
i� l� cÈ­}ÒÓ� c� v� z�¯º�}º� �� �� v�¯ÒÎËm°}È«� Û l��
lÈ�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� �È¯Ò}ºm �� s�� c«­ºm {� c�� nÈã	�ËÓ}º {� l� iÒÁÁ��
ÏÒºÓÓ©Ë ¹¯º�Ë°°© m �mË¯�º® ÁÈÏË ¹¯Ò °mÈ¯}Ë� Û l�� lÈ�
�ÒÓº°�¯ºËÓÒË� ����� Û ��� °�

�� �ºÓ°Ë¯ºm°}Ò® n� �� {ãÒ«ÓÒË ��ãË¯º�È ÓÈ ��È¯Ó�
 m«Ï�
}º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® mÈÓÈ�Ò« ° ÎËãËÏºä Ò ÁË¯¯Ò��
Ó©äÒ °�Èã«äÒ �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û
v� �Ü��

�� �ºÓ°Ë¯ºm°}Ò® n� �� {ãÒ«ÓÒË ãË�Ò¯�
�Ò² ªãËäËÓ�ºm ÓÈ
��È¯Ó�
 m«Ï}º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® mÈÓÈ�Ò« ° ÓË¯ÎÈmË�

�Ë® °�Èã	
 �� km�ºäÈ�� °mÈ¯}È� Û ����� Û ¢ ��� Û
v� ��Ü���

��� wãË}�¯ºÓÓºã��ËmÈ« °mÈ¯}È �Ò�ÈÓºmº�º °¹ãÈmÈ |���� °º
°�Èã	
 {sv�� � {� c� �Ë�¯ËÓ}º� n� s� c©Î}ºm� k� {�
rÈ�}È�ºm Ò �¯� �� vmÈ¯º�� ¹¯�mº� Û ����� Û ¢ ��� Û
v� ��Ü���

��� �ºÓ°Ë¯ºm°}Ò® n� �� |°º­ËÓÓº°�Ò ¹ºã��ËÓÒ« ¹ãÈ°�Ò�Ó©²
°mÈ¯Ó©² °ºË�ÒÓËÓÒ® mÈÓÈ�Ò« °º °�Èã	
 �� �Èä ÎË� Û
����� Û ¢ ��� Û v� ��Ü���

��� v�¯ÒÎËm°}È« �� ��� v�È¯ºmÈ �� ��� z�ãÒ}ºm n� c� vmÈ�
¯ÒmÈËäº°�	 Ò °mº®°�mÈ °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �Ò�ÈÓÈ °º
°�Èã	
� m©¹ºãÓËÓÓ©² ° ¹¯ÒäËÓËÓÒËä mÈÓÈ�ÒËmº�º °¹ãÈmÈ�

�Ë}�ÒÒ ¹º °mÈ¯}Ë ¯ÈÏÓº¯º�Ó©² äË�Èããºm� Û l�� |�mº
½~ÓÈÓÒË�� ����� Û  � �� Û v� ��Ü���

��� v�¯ÒÎËm°}È« �� ��� z�ãÒ}ºm n� c�� z�¯º�}º c� v� {©°º�
}º¯Ë°�¯°Ó©Ë °mÈ¯Ó©Ë °ºË�ÒÓËÓÒ« �Ò�ÈÓÈ °º °�Èã	
 ��
lÈ�Ë¯ÒÈã© ���º m°Ë°º
Ï� °ºmË�� ¹º °mÈ¯}Ë ¯ÈÏÓº¯º�Ó©²�
}ºä¹ºÏÒ�ÒºÓÓ©² Ò äÓº�º°ãº®Ó©² äÈ�Ë¯ÒÈãºm� Û zÒËm�
jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ��Ü���

��� ��¯ËmÒ� v� l�� z�ãÒ}ºm n� c�� i¯�ÎÒÓÒÓÈ j� �� zº¯¯º�
ÏÒºÓÓÈ« °�º®}º°�	 °mÈ¯Ó©² °ºË�ÒÓËÓÒ® �Ò�ÈÓÈ °º °�Èã	

�� lÈ�Ë¯ÒÈã© ���º m°Ë°º
Ï� °ºmË�� ¹º °mÈ¯}Ë ¯ÈÏÓº¯º��
Ó©²� }ºä¹ºÏÒ�ÒºÓÓ©² Ò äÓº�º°ãº®Ó©² äÈ�Ë¯ÒÈãºm� Û
zÒËm� jwv Òä� p� |� �È�ºÓÈ� ����� Û v� ��Ü���

��� r©}ºm°}Ò® |� �� �ãÈ}Ò¯ºmÈÓÒË �Ò�ÈÓºä °�Èã	Ó©² È¹¹È¯È�
�ºm �ã« ²ÒäÒ�Ë°}º�º ¹¯ºÒÏmº�°�mÈ �� vmÈ¯º�� ¹¯�mº� Û
����� Û ¢ ��� Û v� ��Ü���

��� | ¯ºãÒ m©¹ãË°}È ¹¯Ò ¯Ëã	ËÁÓº® °mÈ¯}Ë �Ò�ÈÓÈ °º °�Èã	

� |� �� r©}ºm°}Ò®� j� {� �ÒÓ	}ºm°}Ò®� v� s� lÒÓ«®ãº
Ò �¯� �� �Èä ÎË� Û ����� Û ¢ �� Û v� �Ü��

��� {©­º¯ ¹È¯ÈäË�¯ºm ¯ËÎÒäÈ ¯Ëã	ËÁÓº® °mÈ¯}Ò �Ò�ÈÓÈ °º
°�Èã	
 � |� �� r©}ºm°}Ò®� j� {� �ÒÓ	}ºm°}Ò®� v� s�
lÒÓ«®ãº Ò �¯� �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ ��� Û v� ��Ü���

��� {ãÒ«ÓÒË °º°�ÈmÈ Ò°²º�Ó©² äÈ�Ë¯ÒÈãºm ÓÈ Áº¯äÒ¯ºmÈÓÒË Ò
°mº®°�mÈ �º�Ë�Ó©² °mÈ¯Ó©² °ºË�ÒÓËÓÒ® °¹ãÈmºm �Ò�ÈÓÈ °º
°�Èã«äÒ Ò ÓÒ}ËãËä � |� �� r©}ºm°}Ò®� j� {� �ÒÓ	}ºm°�
}Ò®� v� s� lÒÓ«®ãº Ò �¯� �� vmÈ¯º�� ¹¯�mº� Û ����� Û
¢ ��� Û v� ��Ü���

��� r©}ºm°}Ò® |� ��� �º¯­�Óºm k� i� lÈ�ËäÈ�Ò�Ë°}ºË äº�ËãÒ�
¯ºmÈÓÒË �Ë¹ãºmº�º °º°�º«ÓÒ« äË�ÈããÈ ¹¯Ò }ºÓ�È}�Óº® �º�
�Ë�Óº® °mÈ¯}Ë �� �Èä ÎË� Û ����� Û ¢ �� Û v� ��Ü���

��� r©}ºm°}Ò® |� ��� �ÒÓ	}ºm°}Ò® j� {�� c«­ºm {� c� n¯È}�
�º�¯ÈÁÒ�Ë°}ºË Ò°°ãË�ºmÈÓÒË ¯ÈÏ¯��ËÓÒ« °mÈ¯Ó©² �Ò�ÈÓº�
°�Èã	Ó©² °ºË�ÒÓËÓÒ® �� km�ºäÈ�� °mÈ¯}È� Û ����� Û
¢ �� Û v� �Ü��

��� |°º­ËÓÓº°�Ò }ºÓ�È}�Óº® °mÈ¯}Ò �Ò�ÈÓÈ {���� ° ÓÒÏ}º���
ãË¯º�Ò°�º® °�Èã	
 � j� {� �ÒÓ	}ºm°}Ò®� |� �� r©}ºm°�
}Ò®� j� {� �}È�ËÓ}º� {� c� c«­ºm �� vmÈ¯º�� ¹¯�mº� Û
����� Û ¢ �� Û v� ��Ü���

��� �º�Ë�ÓÈ« ¯Ëã	ËÁÓÈ« °mÈ¯}È �Ò�ÈÓÈ °º °�Èã	
 m äºÓ�ÈÎ�
Ó©² �°ãºmÒ«² � |� �� r©}ºm°}Ò®� j� {� �ÒÓ	}ºm°}Ò®�
v� s� lÒÓ«®ãº� {� c� c«­ºm �� �Èä ÎË� Û ����� Û
¢ ��� Û v� �Ü��

��� väÈ�ÒmÈËäº°�	 �Ò�ÈÓÈ Ò °�ÈãÒ °¹ãÈmÈäÒ °Ò°�Ëä© 7LÜ)H
¹¯Ò °mÈ¯}Ë ¹ãÈmãËÓÒËä � {� c� c«­ºm� |� �� r©}ºm°}Ò®�
{� p� vÈäº®ãºm� j� {� �}È�ËÓ}º �� km�ºäÈ�� °mÈ¯}È� Û
����� Û ¢ ��� Û v� ��Ü���

5HYLHZ RI OLWHUDWXUH RQ WLWDQLXP�VWHHO IXVLRQ ZHOGLQJ LV SUHVHQWHG� HOHFWURQ EHDP DQG DUJRQ�DUF WXQJVWHQ HOHFWURGH
ZHOGLQJ� ,W LV VKRZQ WKDW LW LV GLIILFXOW WR ZHOG WLWDQLXP ZLWK VWHHO GLUHFWO\ GXH WR IRUPDWLRQ RI EULWWOH LQWHUPHWDOOLF SKDVHV�
,Q WKLV FRQQHFWLRQ WKH WHFKQRORJ\ RI ZHOGLQJ ZDV VXJJHVWHG XVLQJ LQWHUPHGLDWH EDUULHU LQVHUWV� 7LWDQLXP�VWHHO ZHOGLQJ

LQ D VROLG�OLTXLG VWDWH LV SRVVLEOH ZLWKRXW XVH RI LQWHUPHGLDWH LQVHUWV� 7KLV MRLQW LV PDGH XVLQJ D SURMHFWLRQ UHVLVWDQFH
ZHOGLQJ ZLWK D SURJUDPPHG ILQDO LQQHU VSODVK DQG VXEVHTXHQW IRUJLQJ RI WKH MRLQW ]RQH�

�º°��¹ÒãÈ m ¯Ë�È}�Ò� �����������
m º}ºÓ�È�Ëã
Óºä mÈ¯ÒÈÓ�Ë ����������
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r� �� ¡h�ks� �� j� �jc|�|{� }ÈÓ�Ò�È�© �Ë²Ó� ÓÈ�} �z¯ËäËÓ���� �º°� ¹ºãÒ�Ë²Ó� �Ó����

k� {� i|s psz|� }ÈÓ�� �Ë²Ó� ÓÈ�}��� k� �c�rk p{� ÒÓÎ� ��}¯� �º°� sjj mÈ�ºÓº°�¯ºËÓÒ«� �� z¯ËäËÓ����

¯¿ÐÐËÍÑÏÄÌÚ ÎÏÍÂÏÄÐÐÇÁÌÚÄ ÑÄÔÌÍÊÍÂÇÖÄÐÉÇÄ ÎÏÍÕÄÐÐÚ� ÇÆÂÍÑÍÁÊÄÌÇÞ ÐÁ¿ÏÌÚÔ ËÄÑ¿ÊÊÍÉÍÌÐÑÏÒÉÕÇÈ Á¿ÂÍÌÍÁ� ÀÒÌ�

ÉÄÏÌÍÂÍ ÑÇÎ¿ Ç ÎÏÇËÄÌÞÄËÍÄ ÃÊÞ ÇÔ ÍÐÒØÄÐÑÁÊÄÌÇÞ ÑÄÔÌÍÊÍÂÇÖÄÐÉÍÄ ÍÀÍÏÒÃÍÁ¿ÌÇÄ� «ÄÔ¿ÌÇÆ¿ÕÇÞ Ç ¿ÁÑÍË¿ÑÇÆ¿ÕÇÞ

Ì¿ÇÀÍÊÄÄ ÑÏÒÃÍÄËÉÇÔ ÍÎÄÏ¿ÕÇÈ ÎÍÆÁÍÊÞÄÑ ÐÒØÄÐÑÁÄÌÌÍ ÎÍÁÚÐÇÑÛ ÎÏÍÇÆÁÍÃÇÑÄÊÛÌÍÐÑÛ ÑÏÒÃ¿ Ç ÒËÄÌÛ×ÇÑÛ Æ¿ÑÏ¿ÑÚ�

ÐÁÞÆ¿ÌÌÚÄ Ð ÇÆÂÍÑÍÁÊÄÌÇÄË Á¿ÂÍÌÍÁ� ­ÎÇÐ¿ÌÌÚÄ ÉÍÌÐÑÏÒÉÕÇÇ ÑÄÔÌÍÊÍÂÇÖÄÐÉÍÂÍ ÍÀÍÏÒÃÍÁ¿ÌÇÞ� ËÍÂÒÑ ÀÚÑÛ ×ÇÏÍÉÍ

ÇÐÎÍÊÛÆÍÁ¿ÌÚ Ì¿ ËÌÍÂÇÔ Ë¿×ÇÌÍÐÑÏÍÇÑÄÊÛÌÚÔ Æ¿ÁÍÃ¿Ô ÎÏÇ ÁÚÎÍÊÌÄÌÇÇ ÐÀÍÏÍÖÌÍ�ÐÁ¿ÏÍÖÌÚÔ Ï¿ÀÍÑ�

zã
� Ë m © Ë ° ã º m È � äË²ÈÓÒÏÈ�Ò«� Èm�ºäÈ�ÒÏÈ�Ò«� °mÈ¯}È�
mÈ�ºÓº°�¯ºËÓÒË� �Ë²Óºãº�Ò�Ë°}Ò® ¹¯º�Ë°°� �Ë²Óºãº�Ò�Ë°}ºË
º­º¯��ºmÈÓÒË

sÈ ÎËãËÏÓ©² �º¯º�È² äÓº�Ò² °�¯ÈÓ äÒ¯È �°¹Ë�Óº
ª}°¹ã�È�Ò¯�
�°« °Èäº¯ÈÏ�¯�ÎÈ
�ÒË°« mÈ�ºÓ© °
}�Ïºmºä m mÒ�Ë ­�Ó}Ë¯È �²º¹¹Ë¯©�� }º�º¯©Ë Ò°�
¹ºã	Ï�
�°« �ã« ­Ë°�È¯Óº® ¹Ë¯ËmºÏ}Ò °©¹��Ò² �¯��

Ïºm� ÓÈ°�Ò�©mÈ
�Ò² º}ºãº ��� ÓÈÒäËÓºmÈÓÒ®� |ÓÒ

­©mÈ
� �m�² �Ò¹ºm� }¯©�©Ë ��ã« ¹Ë¯ËmºÏ}Ò °©�

¹��Ò² �¯�Ïºm� �¯Ë­�
�Ò² ÏÈ�Ò�© º� È�äº°ÁË¯Óº�º

mºÏ�Ë®°�mÒ«� Ò º�}¯©�©Ë ��ã« º°�Èã	Ó©² �¯�Ïºm

Û ��ºã	� ÎËãËÏÓ©Ë º}È�©�Ò� �¯ÈmÒ® Ò ¹¯���

{È�ºÓ©�²º¹¹Ë¯©� m©¹�°}ÈËä©Ë m �}¯ÈÒÓË �ã«

¹Ë¯ËmºÏ}Ò �ËäËÓ�È� äÒÓË¯Èã	Ó©² ��º­¯ËÓÒ®� �º¯�

ÁÈ� ÎËãËÏÓ©² º}È�©�Ë® Ò �� ��� ¹º °mºÒä mÈÎ�

ÓË®�Òä ¹È¯ÈäË�¯Èä �}ºªÁÁÒ�ÒËÓ�� �È¯©� º­�Ëä�

Ò äÈ°°Ë ¹Ë¯ËmºÏÒäº�º �¯�ÏÈ� ¹¯Ëmº°²º�«� ÈÓÈãº�Ò

ÒÏ cº°°ÒÒ� �Ë¯äÈÓÒÒ� n¯ÈÓ�ÒÒ Ò �¯��Ò² °�¯ÈÓ�

�¯È}�Ò�Ë°}Ò m°Ë ­�Ó}Ë¯Ó©Ë mÈ�ºÓ© ÒäË
� �Ò¹ºm�


�Ëã	Óº°mÈ¯Ó�
 äË�Èããº}ºÓ°�¯�}�Ò
 }�ÏºmÈ� { �º

ÎË m¯Ëä« ºÓÒ º�ãÒ�È
�°« äËÎ�� °º­º® }ºÓ°�

�¯�}�ÒË® Ò }ºãÒ�Ë°�mºä ­�Ó}Ë¯ºm� ÏÈ�¯�Ïº�Ó©²

Ò ¯ÈÏ�¯�Ïº�Ó©² ã
}ºm� ¯È°¹ºãºÎËÓÒËä ¹º°ãË�ÓÒ²

º�Óº°Ò�Ëã	Óº ¹��Ò� äË²ÈÓÒÏäÈäÒ ¯ÈÏ�¯�Ï}Ò� sÈ�

Ò­ºãËË m©°º}Ò® �¯ºmËÓ	 äË²ÈÓÒÏÈ�ÒÒ Ò Èm�ºäÈ�

�ÒÏÈ�ÒÒ °­º¯º�Óº�°mÈ¯º�Ó©² ¯È­º� ¹¯Ò ¹¯ºÒÏmº��

°�mË ­�Ó}Ë¯Ó©² mÈ�ºÓºm m �}¯ÈÒÓË �º°�Ò�Ó�� ÓÈ

|k| ½v�È²ÈÓºm°}Ò® mÈ�ºÓº°�¯ºÒ�Ëã	Ó©® ÏÈmº���

jÏ�º�ÈmãÒmÈËä©® m ÓÈ°�º«�ËË m¯Ëä« ÓÈ ª�ºä ÏÈmº�Ë

�Ë�©¯Ë²º°Ó©® }¯©�©® °Èäº¯ÈÏ�¯�ÎÈ
�Ò®°« mÈ�ºÓ

�¯Ò°� �� ¹¯Ë�ÓÈÏÓÈ�ËÓ �ã« ¹Ë¯ËmºÏ}Ò ¹º m°Ë® °Ë�Ò

ÎËãËÏÓ©² �º¯º� °�¯ÈÓ vs� �}ºãËÒ ���� ää� ÓÈ�

°©¹Ó©² �¯ÈÓ�ãÒ¯ºmÈÓÓ©²� }¯�¹ÓºÏË¯ÓÒ°�©²�

}¯Ò°�ÈããÒ�Ë°}Ò² ÓË°ãËÎÒmÈ
�Ò²°« ÓË}º¯¯ºÏÒºÓ�

ÓºÈ}�ÒmÓ©² äÒÓË¯Èã	Ó©² ��º­¯ËÓÒ®� È �È}ÎË °©�

¹��Ë�º ¹º¯º�}ºº­¯ÈÏÓº�º °©¯	« �È¹È�Ò�ºmº�º }ºÓ�

�ËÓ�¯È�È� Áº°Áº¯Óº® ä�}Ò��

{È�ºÓ ¹¯Ë�°�Èmã«Ë� °º­º® �Ëã	Óº°mÈ¯Ó�
 }ºÓ�

°�¯�}�Ò
� ~È�¯�Ï}È º°��Ë°�mã«Ë�°« �Ë¯ËÏ ã
}Ò�

¯È°¹ºãºÎËÓÓ©Ë m }¯©�Ë� |ÓÒ º­º¯��ºmÈÓ© }¯©��

}ÈäÒ� }º�º¯©Ë º­Ë°¹Ë�ÒmÈ
� ÓÈ�ËÎÓºË ÏÈ¹Ò¯ÈÓÒË

Ò �¹ãº�ÓËÓÒË �ã« ¹¯Ë�º�m¯È�ËÓÒ« ¹º¹È�ÈÓÒ« mãÈ�Ò

mÓ��¯	 mÈ�ºÓÈ� { ÓÒÎÓË® �È°�Ò }�ÏºmÈ ¹º º­Ë

� r� �� ¡©�ÈÓ� �� j� �Ò¯º�ºm� k� {� iºÓ�ËÓ}º� �� k� �¯�­È�Ëm� ����

cÒ°� �� {È�ºÓ�²º¹¹Ë¯ �ã« äÒÓË¯Èã	Ó©² ��º­¯ËÓÒ® �äº�Ëã	 �������� �Û }�Ïºm ° ­�Ó}Ë¯ÈäÒ� � Û ¯ÈäÈ� �Û äË²ÈÓÒÏä ¯ÈÏ�¯�Ï}Ò�
� Û }¯©�}Ò ¯ÈÏ�¯�Ïº�Ó©² ã
}ºm� � Û ²º�ºmÈ« �È°�	� � Û Èm�º°�Ë¹ÓºË �°�¯º®°�mº� � Û Èm�ºäÈ�Ò�Ë°}Ò® �º¯äºÏ� � Û °�ËÓÈ
­º}ºmÈ«� � Û }¯©�È ° ÏÈ�¯�Ïº�Ó©äÒ ã
}ÈäÒ
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°�º¯ºÓ© mÈ�ºÓÈ ¯È°¹ºãºÎË�
Ó© ¹º �mÈ �ËãËm©² ¯ÈÏ��
¯�Ïº�Ó©² ã
}È� º�}¯©mÈÓÒË
Ò ÏÈ}¯©mÈÓÒË }º�º¯©² ¹¯º�
ÒÏmº�Ò�°« äË²ÈÓÒÏäºä °
¹ÓËmäÈ�Ò�Ë°}Òä ¹¯Òmº�ºä�
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7KH SDSHU GHDOV ZLWK DGYDQFHG SURFHVVHV RI IDEULFDWLRQ RI ZHOGHG PHWDO VWUXFWXUHV IRU KRSSHU�W\SH FDUULDJHV DQG SURFHVV
HTXLSPHQW DSSOLHG IRU WKHLU LPSOHPHQWDWLRQ� 0HFKDQL]DWLRQ DQG DXWRPDWLRQ RI WKH PRVW ODERXU�FRQVXPLQJ RSHUDWLRQV DOORZV
D VLJQLILFDQW LPSURYHPHQW RI WKH ODERXU HIILFLHQF\ DQG UHGXFWLRQ RI WKH FRVW RI FDUULDJH PDQXIDFWXUH� 7KH GHVFULEHG GHVLJQV
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Ò ÏÈ�Ò�Óº�º �ÈÏÈ ¹¯Ò ãÈÏË¯Óº® °mÈ¯}Ë �ºÓ}ºãÒ°�ºm©² äÈ�ÓÒ�
Ëm©² °¹ãÈmºm� F� ���Ü����

6HWR 1� HW DO� lË²ÈÓÒÏä© ¹º¯ºº­¯ÈÏºmÈÓÒ« ¹¯Ò °mÈ¯}Ë
v|��ãÈÏË¯ºä ÓË¯ÎÈmË
�Ë® °�ÈãÒ Ò °¹º°º­© Ë�º ¹º�ÈmãËÓÒ«�
F� ���Ü����

+LUDWD +� HW DO� {ãÒ«ÓÒË ²ÒäÒ�Ë°}º�º °º°�ÈmÈ °�ÈãÒ ÓÈ
°º°�º«ÓÒË ¹ºmË¯²Óº°�Ò º­¯È�Óº�º mÈãÒ}È ¹¯Ò °mÈ¯}Ë �j��  � ��
{ãÒ«ÓÒË ²ÒäÒ�Ë°}º�º °º°�ÈmÈ ÓÈ °mÈ¯ÒmÈËäº°�	 m©°º}º�
ãË�Ò¯ºmÈÓÓº® °�ÈãÒ� F� ���Ü����

8WVXPL $� HW DO� {ãÒ«ÓÒË ÓÈ¹¯ÈmãËÓÒ« °mÈ¯}Ò ÓÈ ¹ºmË�ËÓÒË
���Ò �j��  � �� jÏ��ËÓÒË }ºä­ÒÓÒ¯ºmÈÓÓ©² ãÈÏË¯Óº����ºm©²
°¹º°º­ºm m©°º}º°}º¯º°�Óº® ¹ºmË¯²Óº°�Óº® º­¯È­º�}Ò�
F� ���Ü����

<DPDPRWR 7� HW DO� lº�Ëã	 °mÈ¯}Ò lk�� F� ���Ü����

+DVHJDZD 0� HW DO� jÏ��ËÓÒË °mÈ¯}Ò �¯ËÓÒËä ¹ºãÒª�ÒãËÓÈ�
F� ���Ü����

)XNXPRWR ,� HW DO� lºãË}�ã«¯Óº��ÒÓÈäÒ�Ë°}Ò® ÈÓÈãÒÏ
«mãËÓÒ« È­ã«�ÒÒ ¹¯Ò Ò°¹ºã	ÏºmÈÓÒÒ ãÈÏË¯È ° ¹Ò}º°Ë}�Ó�Ó©ä
Òä¹�ã	°Ó©ä ÒÏã��ËÓÒËä�  � �� lº�Ëã	 º­¯È­º�}Ò äÈ�Ë¯ÒÈãºm
ãÈÏË¯ºä °º °mË¯²}º¯º�}Òä Òä¹�ã	°Ó©ä ÒÏã��ËÓÒËä� F� ���Ü����

2KPXUD (� HW DO� �¯Ë²äË¯ÓÈ« äºãË}�ã«¯Óº��ÒÓÈäÒ�Ë°}È«
äº�Ëã	 ãÈÏË¯Óº® È­ã«�ÒÒ äºÓº}¯Ò°�ÈããÒ�Ë°}º�º }¯ËäÓÒ«�  � ��
lº�Ëã	 º­¯È­º�}Ò äÈ�Ë¯ÒÈãºm ãÈÏË¯ºä °º °mË¯²}º¯º�}Òä
Òä¹�ã	°Ó©ä ÒÏã��ËÓÒËä� F� ���Ü����

<DPDJXFKL 7� HW DO� {ãÒ«ÓÒË ÒÏäËÓËÓÒ« }ºãÒ�Ë°�mÈ ¯È°��
mº¯ËÓÓº�º äÈ�ÓÒ« ÓÈ ��È¯Ó�
 m«Ï}º°�	 °¹ãÈmÈ k���� ¹¯Ò °mÈ¯}Ë
° m©°º}º® ¹ãº�Óº°�	
 ªÓË¯�ÒÒ� F� ���Ü����

+LUDWD +� HW DO� jÏ��ËÓÒË äË²ÈÓÒÏäÈ �¯Ë�ÒÓºº­¯ÈÏºmÈÓÒ«
m äË�ÈããË �mÈ ÓÈ °¹ãÈmË ÒÓmÈ¯�  � �� vmÈ¯}È )HÜ�� � 1L °¹ãÈmÈ
ÒÓmÈ¯� F� ���Ü����

+LUDWD +� HW DO� jÏ��ËÓÒË äË²ÈÓÒÏäÈ ¹º�ÈmãËÓÒ« �¯Ë�ÒÓº�
º­¯ÈÏºmÈÓÒ« m äË�ÈããË �mÈ ÓÈ °¹ãÈmË ÒÓmÈ¯�  � �� vmÈ¯}È
)H�Ü�� � 1L °¹ãÈmÈ ÒÓmÈ¯� F� ���Ü����

+LUDWD +� jÏ��ËÓÒË mãÒ«ÓÒ« ��ãË¯º�È Ò ÓÒº­Ò« ÓÈ º­¯È�
ÏºmÈÓÒË }¯Ò°�ÈããÒÏÈ�ÒºÓÓ©² �¯Ë�ÒÓ m °¹ãÈmË ÒÓmÈ¯�  � ��
vmÈ¯}È )H�Ü�� � 1L °¹ãÈmÈ ÒÓmÈ¯� F� ���Ü����

6DLWR 6�� 2Q]DZD 7� {©°º}º�Ëä¹Ë¯È��¯Ó©® ¹¯Ë�Ëã ¹¯º��
Óº°�Ò ¹È«Ó©² °ºË�ÒÓËÓÒ® ÓË¯ÎÈmË
�Ë® °�ÈãÒ� m©¹ºãÓËÓÓ©²
¹¯Ò¹º«äÒ ÓÈ 1LÜ&X º°ÓºmË� F� ���Ü����

6KLPXUD -�� +LJXFKL ,�� 6DZD 7� kÓÈãÒÏ äË�º�ºä }ºÓË�Ó©²
ªãËäËÓ�ºm ²È¯È}�Ë¯Ò°�Ò} ÓÈ¹¯«ÎËÓÒ« ¹º� �Ë®°�mÒ« ÒÏ�Ò­È
�
�Ë�º äºäËÓ�È ¹¯Ò ��È¯Ë m }ãËËm©² ¯ÈÏÓº¯º�Ó©² °ºË�ÒÓËÓÒ«²
° }º°©ä °�©}ºä� F� ���Ü����

6XLWD <� HW DO� v�È�Ò°�Ò�Ë°}ÒË ²È¯È}�Ë¯Ò°�Ò}Ò °mÈ¯º�Ó©²
¹È¯ÈäË�¯ºm Ò �ËÁº¯äÈ�Ò® ¹¯Ò °�©}ºmº® °mÈ¯}Ë ° ¹º�}ãÈ�}ÈäÒ�
 � �� v�È�Ò°�Ò�Ë°}È« º­¯È­º�}È °mÈ¯º�Ó©² �ËÁº¯äÈ�Ò®� F� ���Ü
����

.D\DPRUL <� HW DO� {ãÒ«ÓÒË �ºã�ÒÓ© ãÒ°�È ÓÈ ²È¯È}�
�Ë¯Ò°�Ò}Ò äÒÓÒ�Ò}ãºmº® ��Èãº°�Ò �ËÁË}�Ó©² °mÈ¯Ó©²
°ºË�ÒÓËÓÒ®�  � �� jÏ��ËÓÒË �º¹�°�Òä©² ¯ÈÏäË¯ºm }ºã	�Ëmº�º
�mÈ ÓÈ �¯�­È² �ÈÏº¹¯ºmº�ºm� F� ���Ü����

+LUDJD +� HW DO� vmÈ¯}È ÓË¯ÎÈmË
�Ë® °�ÈãÒ ° �Ò°�©ä
�Ò�ÈÓºä 1G�jk� ãÈÏË¯ºä� F� ���Ü����

������ ��


