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ÄZ·®°¦v³Zdº�¦��Ï���¶¨^º� ¾¨À³º¯°Zºº· ¾-®º«¡�bÀ��Â��Î���±¦
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Â�¾-®Zº� ¶º] ¦°�zº¿x�Zº³ ¢dºº�¯�Â�ÁvÀ$À��®ºÀ£�Â�»v·��]¦ºc�Z]
°® ®ºd¿°º.«¦�²¿¦�¾�z��±¦��v´§¾¯�ªo�ÄzÀ-�¢d�¯�¶]�±ZÀ³�ÀÂv]
®®z-¾ºº¯ ¢¬�¯�`´À¸]�¾Z^³®�¶]�Â�vd�¦¾°³� ¿¦®�¶] ¾¬p¯�ÄZ·¶´À¸]
®ºd¿°º.«¦�°®��¸ºk z.º¬°��¬Èºº�¦�Z] ¶«Z¤¯�²¿¦�°®��>ÎÑ�ÎÍ@
Ä¦�¶º�oÈ¯�ª]Zºº£ ©°º��¶]�Z¸°d¿°º.«¦�b£®�Â�b�z���¦Àd³Þ

�b�¦�¶d�Z¿��¿¦|�¦
Ä±Zº�«v¯��Ï�ººt]�°®�¶§�b�¦�©°º��²¿v]�¶«Z¤¯�°ZdsZ�
zº] ÁZºcº§�Ä°Âzº¯ ±¦�vº�] ��Ð���ºt] �®ºº�¾¯�n¿zº�c�¶¬X�¯
j¿Zºd³��®±¦®zº�¾ºº¯ ¶¬X�¯�°® À¡ Ä±Z��Á®ZÀ��¶]��¦Àd³Þ�®d¿°º.«¦

�b�¦�Áv��¶W¦°¦�Z¸d³¦�°®�ÄzÀ-�¶lÀd³�Â��Ñ���t]�°®�Ä®v�
¶¬X�¯�Ä±Z�«v¯��Ï

®ºÀ£ Â�»v·��]¦ºc��Î�Ï
ÄZº·zd¬À��¾]Zº¿ Á±¦vºº³¦�Â�¾]Z¿Zk�`¬X�¯�°®�¶d�°�°Z§�¶]�®ºÀ£
°ZdsZº� zº] ¶º§ v´dº�·�Ä®ººÀ£�¾Â¦�¸ºº³ �vº´�º³�Â®�zºº] �ºÀd§¦
bººº¿®Âvp¯��º«¦���±¦�v³¦©°Zº^��Â�v³¦®§Zºo ººÀd§¦�ÄZº·zd¬À�
Â�vºº·®�ª¿ºpc�v³¦ºc¾¯�ºÀd§¦�zd¬À��z·�¶§�ÄzgR¯�ÀZ¿zk�zh§¦vo
¨±¦vº³¦�À®ºº] ¶dº��-�§���®ºÀ¿º-¾º¯ ºÀd§¦zdº¬À��¨±¦vºº³¦�À¡�¶]
Zº¿ Z¸º³±Zs�¨±¦vºº³¦�À®º]�¶d��-�±¦�¾�Z³��®ºkº¯�ºÀd§¦�ÄZ·zd¬À�

�ºÀd§¦�ÄZ·zd¬À��°ZdsZ��°®�ÄÞz³¦�¨v´´§�ÁzÀs¯�ÄZ¸ ¬�
�¦À³º¯°Zºº· ÄZ·®°¦v³Zd�¦���ºc�¶§�v´d�·�Ä®ºÀ£�¿Â®�¸º³

°®�ªº§ ¾¨À³º¯°Zº· «Zººkº�¦�\¿z��Â�¾¨À³º¯°Z·�ÄZ·ÞZd«Â�z]
²¿zdººº�Âz�¯�¶º¬°k�±¦��®ºº�¾¯�¶ºd¨¿®��¶¨^º� �º¬dt¯ ¶Zº¤³

�>ÎÒ@ b�¦�,(((���� ®°¦v³Zd�¦��Z·®°¦v³Zd�¦
Ä¦zº] ¦°�¾º�º´d¯�®ººÀ£Â�»v·��]¦ºc��>Ö�Ï@ �¬dt¯��k¦z¯
À¦ººc¾¯�¶º§ vºº³¦�Á®z§�ÀZÀ]�ºÀd§¦�ÄZ·zd¬À��¾]Z¿�Á±¦v³¦�Â�¾]Z¿Zk
b¸ºk °®�Z¸º³¡�±¦�Ä¦�Á°Zº� �®zº§ ®Àºº�¤c�¾¬§�¸º³�Â®�¶]�¦°�Z¸³¡
\ºÀczc�²º¿v]�Â�vº³¦�Á®z§���º§�ÞZd«Â�©Z�Z�d�¦�Ä±Z��¶´À°§
°ººº�o�±¦�¾º�Z³  ºº� ©¦zºg¦�zdº�À]�¶º# zº· �·Zº§ ¾Zº^³v]
²ººd�z-�zºº�³�°®�Zºº] z.ºº¿®�ÁÂz-��v³¦¶¨^ººº� °®�Z¸º¨À³º¯°Z·
°®�7+' Â�¦À³º¯°Zº· ÄZº·ÞZººd«Â�Ä¦z]�®°¦v³Zd�¦�ÄZ¸d¿®Âvp¯
ÄZº· zdº¬À��¾ºº¤¿°|c�ÀZ¿zk Ä±Z��¶´À°§�¶]��¶¨^���¬dt¯�¶Z¤³
bº°À£�¨vº´´§�²ººÀÀ�c�ª¯¦º��±¦�¾¨¿�¶§�Zl³¡�±¦��v³±¦®z�¾¯�ºÀd§¦
�vº´´§�¢ºº¿°|c�v´³¦ºc¾¯�¶§�b�¦�¾³Z¿zk�zh§¦vo�ºÀd§¦�ÄZ·zd¬À�
Ä±Zº� ¶º´À°§�°®�¾º¬�¦�°ºd§Zºº� À¦º´��¶]�À¦ºc¾¯�¦°�°ºd§Z��²¿¦
®ºd¿°º.«¦�Â®�¶ºº«Z¤¯�²¿¦�°®��b�z-�z�³�°®�ºÀd§¦�ÄZ·zd¬À��`´¿|·
°®��bº�¦�Ávº� ¾º�z�¯�»vº· �]Zºc ¸ºº³ Â®�zºº· Ä¦zk¦�Ä¦z]
vºÀ£�Â�bº�¦�ÞZºd«Â�©Zº�Z�d�¦��·Zº§ »vºº· �]Zc��Î®d¿°º.«¦
�Ï®ºd¿°º.«¦�°®��bºº�¦�Áv��¾Z°�¦�ºÀd§¦�zd¬À��ÀZ¿zk�b¿®Âvp¯
°®��b�¦�ºÀd§¦�ÄZ·zd¬À� ¾¤¿°|c�ÀZ¿zk�Ä±Z��¶´À°§�»v·��]Zc
ÀZººº¿zk�bº¿®Âvp¯�Â�¦À³º¯°Zº· ®°¦v³Zdº�¦�®ººÀ£��³Â°�²º¿¦
¶ºd�°�°Zºº§ ¶]�®ºÀ£�\Àczc�²¿v]��b�¦�Áv��·Zp«�ºÀd§¦�ÄZ·zd¬À�

�b�¦�Áv��·Zp«�ª¯Z§�°º��¶]��¢]Z��©ÇZ¤¯�°®
©°v£�`¨^� ¾v¯��Ï�Ï

¾�szÀº� ÄZº·°Z]�Â�®ººº�¾¯µz��¾�s�©°º��¶]�¶¨^�
�v³ºº�¾¯�¶ºd�z-�z�³�°®�ÀZ¿zk��]Z´¯�©°º��¶]�~³Z§z��z·�°®
Ä¦zº] ¶ºÀ«Â¦�©ZºÀ�z� ÀZºº°·�©ZÀ�z��²¿¦�¶§�b�¦�z§¯�¶]�¿±Ç
³Â°�²¿zd«Â¦vd¯�¶§�b�¦�~³Z§z��¨±ºo�°®�¾�s�ªÀ¬pc�³Â°
©°ºº� ²º¿¦�°®��>ÎÓ@ bºº�¦�©°v£�®d�À��¾¨À³º¯°Z·�ªÀ¬pc
±¦�ª¤dºº�¯�©°ººº� ¶ºº] ~³Zººº§z��zº· °®�¦°�¶¨^º� À¦ººc¾¯
~º³¦v�¯¦�~¿zcZº¯ ¦º¿ Zº] Â�bº�z-�zºº�³�°®�z.¿®�ÄZ¸�³Z§z�
Zº] ®º· Â�¶^º�Zp¯�Zºº] ®·�À¦ºc¾¯ ¦°�Z¸�¿zcZ¯�²¿¦��®¦®��¿Z°³
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bº£®�Â�b�zº� �vºº´§��¸k�¿Â±º¯Âz§�\À§zc�°®�®ºs�°¦v¤¯

�b�¦�¶d�Z¿��¿¦|�¦�®d¿°º.«¦�²¿¦
Zº] ÞZººd«Â�ÄZ·®°¦v³Zd�¦�®ºÀ£�ÄZ�°¦��»v·�¿Â®�®d¿°º.«¦�°®
¶º] ººÀd§¦�ÄZº·zd¬À��¨±¦vºº³¦��b�¦�ºÀd§¦�ÄZ·zd¬À��¨±¦v³¦�²¿zd°§
�µzº� ²º¿¦�Zº] �vº� ¶ºd�z-�zº�³�°®�¶d��-�ÄZ·zÀ�d¯�©°º�
®v��Z]�¶dtÀ¯¡�¾�szÀ��Ä|¿°�¶¯Z³z]�`¬X�¯�¦¿�¶]�¿Â®�®d¿°º.«¦

�v��ª¿v^c�nÀp�
¾º�°z]�Â�¶´Àºº� ÎÕ `¨^��ÄÂ°�z]�¸º´d¯�©Z�¿Z¯±¡�¿Zl³¦�Z]
Á®¦®�ÀZ�³��¬dt¯�ª¿Z�¯�ªo�Ä¦z]�Z¸°d¿°º.«¦�¾¿¦°Z§�Z¸³¡�j¿Zd³
Â�¾�Z�ºº� ¶#��Z·�¶¨^��¸¦º³¦ ¶]�¾Z°�¦�ª]Z£�Z¸°d¿°º.«¦�²¿¦��v�

�v´d�·�Äº¤¬o�¶#

¶¯Z³�ÁÞ¦Â
�� QRQ�OLQHDU�PL[HG�LQWHJHU�SURJUDPPLQJ �� JHQHUDOL]HG�EHQGHUV�GHFRPSRVLWLRQ�WKHRU\

�k¦z¯
�� *UDG\�� :�� 0��� 6DPRW\M�� 0��-���DQG�1R\ROD��$��+��

³6XUYH\� RI� $FWLYH� 3RZHU� /LQH� &RQGLWLRQLQJ
0HWKRGRORJLHV�´ ,(((� 7UDQVDFWLRQV� RQ� 3RZHU
'HOLYHU\��9RO�����1R�����SS�������������-XO\������

�� *UDG\�� :�� 0��� 6DPRW\M�� 0�� -��� DQG�1R\ROD��$��+��
³0LQLPL]LQJ� 1HWZRUN� +DUPRQLF�9ROWDJH�'LVWRUWLRQ
ZLWK� DQ� $FWLYH� 3RZHU� /LQH� &RQGLWLRQHU�´� ,(((
7UDQVDFWLRQV� RQ� 3RZHU� 'HOLYHU\�� 9RO�� ��� 1R�� ��
SS�����������������

�� *UDG\�� :�� 0��� 6DPRW\M�� 0�� -��� DQG�1R\ROD��$��+��
³7KH� $SOLFDWLRQ�RI�1HWZRUN�2EMHFWLYH�)XQFWLRQV�IRU
$FWLYHO\� 0LQLPL]LQJ� WKH� ,PSDFW� RI� 9ROWDJH
+DUPRQLFV� LQ� 3RZHU� 6\VWHPV�´� ,(((�7UDQVDFWLRQV
RQ� 3RZHU� 'HOLYHU\�� 9RO�� ��� 1R�� ���SS������������
�����

�� &KDQJ�� :�� .��� *UDG\�� :�� 0��� DQG�6DPRW\M��0��-��
³0HHWLQJ� ,(((���� +DUPRQLF� 9ROWDJH�DQG�9ROWDJH
'LVWRUWLRQ� &RQVWUDLQWV� ZLWK� DQ� $FWLYH� 3RZHU� /LQH
&RQGLWLRQHU�´� ,(((�7UDQVDFWLRQV�RQ�3RZHU�'HOLYHU\�
9RO�����1R�����SS�����������������

�� &KDQJ�� :��.���*UDG\��:��0���DQG�6DPRW\M��0��-���³$
3UDFWLFDO� 0HWKRGH� IRU� 6LWLQJ� DQG� 6L]LQJ� 0XOWLSOH
$FWLYH� 3RZHU�/LQH�&RQGLWLRQHUV�LQ�D�3RZHU�6\VWHP�´
,(((� 7UDQVPLWLRQ� DQG� 'LVWULEXWLRQ� &RQIHUHQFH�
&KLFDJR��,/�������

�� &KDQJ�� :�� .��� *UDG\�� :�� 0��� DQG� 9HUGH�� 3��
³'HWHUPLQLQJ� WKH� 2SWLPDO� &XUUHQW� ,QMHFWLRQ� DQG
3ODFHPHQW� RI� DQ� $FWLYH�3RZHU�/LQH�&RQGLWLRQHU�IRU
6HYHUDO� +DUPRQLF�5HODWHG� 1HWZRUN� &RUUHFWLRQ
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ÎÐÕÎ °º¿z¸���Î ¨°Z°���ÏÎ ¾Z���¾È¤d�¦ÑÎ

6WUDWHJLHV�´� WKH� 6L[WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ
+DUPRQLFV�LQ�3RZHU�6\VWHPV��%RORJQD��,WDO\�������

�� &KDQJ�� :�� .��� *UDG\�� :�� 0��� DQG�6DPRW\M��0��-��
³&RQWUROOLQJ� +DUPRQLF� 9ROWDJH� DQG� 9ROWDJH
'LVWRUWLRQ� LQ� D� 3RZHU� 6\VWHP�ZLWK�0XOWLSOH�$FWLYH
3RZHU� /LQH� &RQGLWLRQHUV�´� ,(((� 7UDQVDFWLRQV� RQ
3RZHU� 'HOLYHU\�� 9RO�� ���� 1R�� ��� SS������� �����
�����

�� +RQJ�� <�� <��� DQG� &KDQJ�� <��.���³'HWHUPLQDWLRQ�RI
/RFDWLRQV� DQG� 6L]HV� IRU� $FWLYH� 3RZU� /LQH
&RQGLWLRQHUV� WR� 5HGXFH� +DUPRQLFV� LQ� 3RZHU
6\VWHPV�´� ,(((� 7UDQVDFWLRQV� RQ� 3RZHU� 'HOLYHU\�
9RO������1R�����S�������������������

�� &KDQJ�� :�� .��� DQG� *UDG\�� :�� 0��� ³0LQLPL]LQJ
+DUPRQLF� 9ROWDJH�'LVWRUWLRQ�ZLWK�0XOWLSOH�&XUUHQW��
&RVWUDLQHG� $FWLYH� 3RZHU� /LQH�&RQGLWLRQHUV�´�,(((
7UDQVDFWLRQV� RQ� 3RZHU� 'HOLYHU\�� 9RO�� ���� 1R�� ��
SS�����������������

���*ROGEHUJ�� 'DYLG� (��� *HQHWLF� $OJRULWKPV�LQ�6HDUFK�
2SWLPL]DWLRQ�� DQG� 0DFKLQH� /HDUQLQJ�� $GGLVRQ�
:HVOH\�������

���5LFKDUGV�� *��*���DQG�<DQJ��+���³'LVWULEXWLRQ�6\VWHP
+DUPRQLF� :RUVW� &DVH� 'HVLJQ� 8VLQJ� D� *HQHWLF
$OJRULWKP�´� ,(((� 7UDQVDFWLRQV�RQ�3RZHU�'HOLYHU\�
9RO�����1R�����SS�������������������

Zº] ÂzÀº³ �ºº¿±ºc�ÄZ·�¶¨^��`´À¸]�¾o¦z�ù��¶³¦Âz���\�c�¾]��ÎÏ
�vº�°¦�¾º�Z´�°Z§�`º¯Z³�ÀZº¿Z� ø�v´°ºº�º·�³Â°�±¦�Á®Z d�¦

�ÎÐÔÑ �²°v¯�bÀ]zc�ÁZ.�³¦®��¼z]�Áv¨�³¦®
���&KXQJ�� $�� 6��� DQG� :X�� )���³$Q�([WHQVLEOH�*HQHWLF

$OJRULWKP� )UDPHZRUN� IRU� 3UREOHP� 6ROYLQJ� LQ� D
&RPPRQ� (QYLURQPHQW�´ ,(((� 7UDQVDFWLRQV� RQ
3RZHU�6\VWHPV��9RO������1R�����)HE�������

���<RNRWD�� 7��� *HQ�� 0��� DQG� /L�� <LQ�;LX�� ³*HQHWLF
$OJRULWKP� IRU� 1RQ�/LQHDU� 0L[HG� ,QWHJHU
3URJUDPPLQJ� 3UREOHPV� DQG� LWV� $SSOLFDWLRQ�´
&RPSXWHUV� LQG�� (QJQJ� 9RO������1R�����SS����������
�����

���,(((� 5HFRPPHQGHG�3UDFWLFHV�DQG�5HTXLUHPHQWV�IRU
+DUPRQLF�&RQWURO�LQ�(OHFWULF�3RZHU�6\VWHPV��3URMHFW
,(((������-XQH������©°vºº£ ÄZ¸°d�À��¾¨À³º¯°Z·�|À«Z³¡ù��²Àc°¡��~³ZÀ�Z´À¯°® �ÎÓ

Áv¨º�³¦®��vº�°¦�¾º�Z´�°Z§�¶ºº¯Z³�ÀZ¿Z� ø�°Z-v³Z¯�b«Zo�°®
�ÎÐÔÓ �zÀ^§zÀ¯¦�¾d�´��ÁZ.�³¦®��¼z]

���KWWS���ZZZ�HFH�XWH[DV�HGX�aJUDG\��� 3&)/2�9HUVLRQ
�����0D\���������

b�ºÀ�
¦Àd³Þ�®d¿°º.«¦�Ä¦zk¦�v³Â°�±¦�Ä¦¶�Ès

Â�®ºº�¾¯�vºÀ«ºc�¾�®Zº�c�©°ºº�]��Z¸ºº¯Â±º¯Âz§�±¦�¶À«Â¦�bÀ�°k�¦¿�¦vd]¦�¶§�b�¦�©°º��²¿v]�¦Àd³Þ�®d¿°º.«¦�Ä¦zk¦�v³Â°
¦º¿ �Ávºº� vÀ«ºc�ÊÀ¦v³±z��Â�¶À«Â¦�bÀ�°k�²À]�±¦�§Ztd³¦�z.¬°���®º�¾¯�¾Z°�¦�À¡�ÄZ¸¯Â±º¯Âz§�¶]��¸k�Â���Z¤c�ÄZ·z.¬°��~��

�v·®¾¯�°¦z£�¶À«Â¦�bÀ�°k�ÄZk�¶]�Â�v´§¾¯�§Ztd³¦�¦°�bÀ�°k
Zº¿ Â��tºº�¯�vo�¦¿�Zc�°¦z¨c�v³¦ºc¾¯��¿¦z��²¿¦��v¿¡�®·¦z��¾¿Z¸³�§¦ºk�¶]�ÀvÀ�°��¿¦z��Zc�®º�¾¯�°¦z¨c�°v£�À¡�v´¿¦z��²¿¦

�v�Z]�²À�¯�°¦z¨c�v´#�Zc�r�Z��zÀÀ�c�¿v�
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