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²ºÀ]�Á°Z¸º] ®ºº£°�Ä¦z]�Â�®¦z-¾d³Z��`k°®�ÏÐ Zc�ÏÍ ²À]���ºd¯
±Â°�ÐÍ ±¦�~º� Á°Z¸ºº] ÄZ³º�°Z¯��®º]�®¦z-¾d³Z��`k°®�ÏÕ Zc�ÏÒ
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zºººs¡�ÁZº¯ °®�Á|À¿Zº� ¿Zº£°¦�ÄÂ°�¾ºc°¦zo�ÄZº·v´¿¦z���vº¿®z-
®Zºl¿¦�¦°�²À³Çººº� °¦v¤¯�²¿zd�À]�¶§�Ä¦¶³º°³�ÄÂ°�Â�Ä°¦®°Z^³¦
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ÖÖ ±¦��ºÀ]´ºº¬s�Zº] ¾.ºº°·�¶§��vÀ¿v«Z¯z��Â�vÀ�¦�¦¿z ��
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±¦�¾º¨c�©°ºº� ¶º] ¾´À¯±\Àº� ÄZºº·Áv��´º�t¯�À±Â
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Ä¦zº] �º ´]�Ä¦°ÂZºº¯ �¯Ç�Â�ª³Zd¯�¾Èo�Â�¾ÞZ¨À¬À��Ä¦¶�À�

��Ñ��b�°�°Z§�¶]�¶p ��ÄÂ°�Á®z§�b§zo�`¨«�¾�°z]
bºº�t³��Z·¶º³º°³�°®�²À³Çºº� °¦vº¤¯�ÄzºÀ-Á±¦vº³¦�Ä¦zº]
vÀº�¦�¦Àdº�¦�°®�bÀ «ºº�¾]�®¿vºº� ¾º¬p¯�`¬À�Â�¶]�²À³Çº�
±¦�À®zº§ Þº ¿zd³Zºº� ±¦�~��ª�Zo�¨°Z���Â�«¦ztd�¦�¾ZÀ�È-
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ÀZº¯±�²ºÀÀ�c�²º°���²ºÀ�¯�ÄZº·b�¬��°®�²À³Çººº� ®°¦v³Zd�¦
�±¦zº� `º�¤³�zºº¿±�n���²Z�¦�z]���5HWHQWLRQ�WLPH� Ä°Z-v³Z¯
Z·¶º³º°³�°®�²À³Çºº� ¾ºº�°§�z¿®Z¤¯�²ÀÀ�c�Ä¦z]�¾l´�¦Â�¾´p´¯
zd¯º³Zºº³ ÏÎÍ «º¯�¾º��°®�zd¯ºd�Âzd¨��¦�z-Z�Z´��Â��v��®�°
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¢ººÀ£®�°¦v¤¯�Z·¶³º°³�±¦�¾¨¿�¶]�Â�¶À¸c�¾´À¯±\À��¦¿�±¦�ÀZ�¨¿
°®�²À³Çººº� °¦v¤¯�~����v��Á®Â|�¦�®°¦v³Zd�¦�²À³Çº��²À�¯�Â

�v¿®z-�²ÀÀ�c�¶³º°³�Â®�z·
bº�t³��ªº§ vÀ¿º«Zº¨«¡º¨À¬-�À¦|Àº¯ ÄzººÀ-Á±¦v³¦�°º�´¯�¶]
Â��vº� ¾º³º �v��ª³Zºc¦�Zºº] Áv��°Z^³¦�¾´À¯±\À��¾´À�¯�°¦v¤¯
°®�§ººº�z¯�x�Zºº§ Â®�²ººÀ]�¾¿Z·¶ººº£°Â�©°ºº� ¶º] ~�º�
Ä°¦vº¸.³�±Â°�°Z¸º# ©vº¯ ¶º] ¼Zººc¦�ÄZ¯®�°®�¾¿Z·�¿®Äzd�
°®�À®zº§ ¦ºº�s�±¦�~��Â�v��¦vk�Z·¶£°Â�²¿¦�b�º���v¿®z-
Zº] ��ÎÒ��vº¿®z-�¶ºÀ¸c�¦º�s�°®ºº� ©°º��¶]�Äs�bpc�ÀÂ¡
��Ö�Î�ÎÍ��ª³Zºººd¯�vÀº�¦�¦Àdº�¦�¿zº�Âz¬§�¾ºº¬p¯�±¦�Á®Z dº�¦
�«Zººs °º�´¯�¶]��v��«¦ztd�¦�°®º��²¿¦�±¦�ª§�vÀ¿º«Z¨«¡º¨À¬-
z¿®Zºº¤¯��Áv´´§�¦vk��À£�¦¿�±¦�Á®Z d�¦�Z]��ª�Zo�¨°Z���Ä±Z�
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¾ºº¬p¯�S+ �À®zº§ Þº ¿zd³Zº� ±¦�~º� Â���À¬�c�¾�®z-�zÀt^c
§ºº�°��vº� ¾¿ZºÀ¬£�>È¯Zº§ ½ZºÀ³º¯¡�±¦�Á®Z dºº�¦�Z]�Áv��»Z�
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°¦vº¤¯��v·Zº� À¦ººº´��¶]�vÀ¿v«Z¯z�¦°Z��±¦�Á®Z d�¦ Z]�~���Â�v�
zd¯º³Zº³ ÓÍÍ «ºº¯ ¾ºº� °®�®°¦v³Zdºº�¦�¾º¬p¯�Â�Á°Z���§xk

��Ñ��v¿®z-�ÄzÀ-Á±¦v³¦
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fp]�Â�j¿Zd³
®º£°�¾´À¯±\Àº� Ä¦zº] ¦º�s�Á®Zº¯ vºº�°®�ÄzÀ-Á±¦v³¦�j¿Zd³
Á®°Â¡�Î ¾Âvºººk °®�Á|À¿Z��ÄZ³º�°Z¯�Â�Z°¿±º§��Á°Z¸]�ÄZ³º�°Z¯
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¾c°¦zo�v´¿¦z��Â�Ä°¦v¸.³�¾º��°®�¾´À¯±\À��°®�²À³Çº�Z «¡�Â�ª§�vÀ¿º«Z¨«¡º¨À¬-�À¦|À¯�©¦zÀÀ�c

ÎÔÒ

Ä°¦®°Z^³¦ �¬dt¯��¿¦z��bpc�¾´À¯±\À��¦�s�Á®Z¯�v�°®�©¦zÀÀ�c �Î ¾Âvk
Á°Z¸]�ÄZ³º�°Z¯
�±Â°��ÀZ¯±

Á|À¿Z��ÄZ°¿±º§
�±Â°��ÀZ¯±
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�±Â°��ÀZ¯± Ä°¦®°Z^³¦��¿¦z�
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ÎÓ�Ò
ÎÓ�Ò
ÎÓ�Ò
ÎÓ�Ò
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ÎÓ�Ó
ÎÔ�Í
ÎÔ�Î

ÎÓ�Ó
ÎÔ�Ï
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ÎÕ�Î
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ÎÕ�Ð
ÎÕ�Ð
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ÎÕ�Ó
ÎÕ�Ô
ÎÖ�Î

ÎÕ�Ô
ÎÕ�Õ
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n�ºº� ¢À^�c�Z]�¶§��v��Á®z]�°Z§�¶]��,QWHUQDO�VWDQGDUG� ¾¬s¦®
�®°¦v³Zdº�¦�¾º´p´¯�Zº] Z·¶º³º°³�±¦�Ávºº¯¡�b�®�¶]�±¦z��`�¤³ z¿±
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Á®Z d�¦�®°º¯��]Z´¯
�� $EGHO�*DZDG�� $��� (�� $�� 2PHU� DQG� 6��6��$KPHG��������(IIHFW�RI�VWRUDJH�RQ�WKH�JO\FRDONDORLGV�DQG�FDUERK\GUDWH

FRQWHQWV�LQ�GLIIHUHQW�SRWDWR�YDULHWLHV��(J\SW��-��+RUW���������������
�� $2$&�� ������ 2IILFLDO� 0HWKRGV� RI� $QDO\VLV�� $VVRFLDWLRQ� RI�2IILFLDO�$QDO\WLFDO�&KHPLVWV����WK HG���:DVKLQJWRQ�

'�&���86$�
�� %XVKZD\�� 5�� -�� DQG� /�� %�� 3HUNLQV�� ������ +LJK� SHUIRUPDQFH� OLTXLG� FKURPDWRJUDSKLF� VHSDUDWLRQ� RI� SRWDWR

JO\FRDONDORLGV��&KURP�����������������
�� &DGOH�� /�� 6�� ������ 7KLQ�OD\HU� FKURPDWRJUDSKLF� V\VWHP� IRU� LGHQWLILFDWLRQ� DQG� TXDQWLILFDWLRQ� RI� SRWDWR� WXEHU

JO\FRDONDORLGV��-��$JULF��&KHP�������������������
�� &DUPDQ�� $�� 6�� ������ 5DSLG�KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSKLF�GHWHUPLQDWLRQ�RI�WKH�SRWDWR�JO\FRDONDORLGV�

D�VRODQLQH�DQG�D�FKDFRQLQH��-��$JULF��)RRG�&KHP�����������������
�� )LW]SDWULFN�� 7�� -�� DQG� 6�� )�� 2VPDQ�� ������ $� FRPSUHKHQVLYH� PHWKRG� IRU� WKH� GHWHUPLQDWLRQ� RI� WRWDO� SRWDWR

JO\FRDONDORLGV��$P��3RWDWR�-��������������
�� +HOOHQDV��.��(��������*O\FRDONDORLG�FRQWHQW�RI�HDUO\�SRWDWR�YDULHWLHV��-��6FL��)RRG�$JULF��������������
�� +O\ZND�� -�� -��� *�� 5�� 6WHSKHQVRQ�� 0�� .�� 6HDUV DQG�5��<��<DGD��������(IIHFWV�RI�LQVHFW�GDPDJH�RQ�JO\FRDONDORLG

FRQWHQW�LQ�SRWDWRHV��6RODQXP�WXEHURVXP���-��$JULF��)RRG�&KHP��������������������
�� /LVLQVND��*��DQG�:��/HV]\QVNL��������3RWDWR�6FLHQFH�DQG�7HFKQRORJ\��:URFWDZ��3RODQG�
��� 0DFUDH�� 5��� 5�� .�� 5RELQVRQ� DQG� 0�� -�� 6DGOHU�� ������ (QF\FORSHGLD� RI� )RRG� 6FLHQFH�� )RRG� 7HFKQRORJ\�DQG

1XWULWLRQ��$FDGHPLF�3UHVV��/WG���/RQGRQ��86$�
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ÎÐÕÏ ÀZd�]Zc���¿Â®�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÎÕÏ

��� 0RQG\�� 1�� ,�� DQG� %�� *RVVHOLQ�� ������ (IIHFW� RI� SHHOLQJ�RQ�WRWDO�SKHQROV��WRWDO�JO\FRDONDORLGV��GLVFRORUDWLRQ�DQG
IODYRU�RI�FRRNHG�SRWDWRHV��-��)RRG�6FL�����������������

��� 3DWLO�� %�� &��� '�� .�� 6DOXQNKH� DQG� %�� 6LQJK�� ������ 0HWDEROLVP� RI� VRODQLQH� DQG�FKORURSK\OO�LQ�SRWDWR�WXEHUV�DV
DIIHFWHG�E\�OLJKW�DQG�VSHFLILF�FKHPLFDOV��-��)RRG�6FL��������������

��� 3RUWHU��:��/��������$�QRWH�RQ�WKH�PHOWLQJ�SRLQW�RI�VRODQLQH��SRWDWRHV���$P��3RWDWR�-��������������
��� 6DOXQNKH��'��.���0��7��:XR�DQG�6��-��-DGKD\��������(IIHFWV�RI�OLJKW�DQG�WHPSHUDWXUH�RQ�WKH�IRUPDWLRQ�RI�VRODQLQH�LQ

SRWDWR�VOLFHV��-��)RRG�6FL��������������
��� 6KLK�� 0�� -�� DQG� -�� .XF�� ������D DQG E�VRODPDULQH�LQ�.HQQHEHF�6RODQXP�WXEHURVXP�OHDYHV�DQG�DJHG�WXEHU�VOLFHV�

3K\WRFKHP���������������
��� 6LQGHQ�� 6�� /�� DQG� 5�� (��:HEE��������(IIHFW�RI�YDULHW\�DQG�ORFDWLRQ�RQ�WKH�JO\FRDONDORLG�FRQWHQW�RI�SRWDWRHV��$P�

3RWDWR�-��������������
��� 6L]HU�� &�� (��� -�� $��0DJD�DQG�&��-��&UDYHQ��������7RWDO�JO\FRDONDORLGV�LQ�SRWDWRHV�DQG�SRWDWR�FKLSV��-��$JULF��)RRG

&KHP�����������������
��� 6XWWRQ�� :�� 5��� 2�� 0��3��$JDUZDOD�DQG�*��0��3LJRWW��������(IIHFWV�RQ�WKH�DONDORLG�FRQWHQW�RI�SRWDWRHV�JURZQ�IURP

VHHGV�VXEMHFWHG�WR�ORZ�GRVH�JDPPD�LUUDGLDWLRQ��-��)RRG�6FL��������������
��� 7KRPVRQ�� &�� $��DQG�3��6SRUQV��������)OXRUHVFHQFH�SRODUL]DWLRQ�LPPXQRDVVD\V�IRU�SRWDWR�JO\FRDONDORLGV��-��$JULF�

)RRG�&KHP�����������������
��� :DWVRQ��2��+��������1DWXUDO�7R[LFDQWV�LQ�)RRG��7KH�&DPHORW�3UHVV��*UHDW�%ULWDLQ�
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