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JÑ�ÇT2Vup¡jaÝÚo�JUWgV&NRJ O�Z2J@^Rs2K;�
K2f b�C5t2JLQSM&T2t�^P[aO�s2M5O�[aVhT�\lM&T�oBJ�Vho
^RJLN�`hJUt v��ÚZ2J�^RJU\LVhT2t�^PO�M&�hJ�VhN¡NRJU\LVhs2NP^RJ�t2JL\U[ �
^P[]VhT2^Uj�[¹vÇJ5vaj�t2JL\U[]^P[]VhT)M&oBV&s
OS�0Vupß^ f jBM&NRJ!Q�M&t
J�M5W©ORJLN ORZ2J¦^Ps2K2K2f b�C5t2JLQSM&T2t%^P[aORs0M��
OR[]VhT2^ßM5NRJW�#T2VupßT vJ�ÚZ2J�Wgs
T2\UOR[]VhT ~ []^Ú\LM&f]faJLt�ORZ2J
�Hÿ��������*Ouÿ����IO���Q<�N�&�����T���0v� s2NÚ^RJU\LVhT
t�Q�Vmt2JLfB[]^ÚM&faQSV&^POe[at2JLT�OR[]\lM5f�J��;\UJLK
OßO�Z2M5OeO�Z
Jk\lM&K0M5\L[aOcb�J��;K0M&T
^R[]V&T
\UVh^POß[a^Ú[]T2\Uf]s2t2JUt4[]T�ORZ2J¡VhomnPJL\�O�[ `hJ&j0T
V&Oß[]T�ORZ2J3WgVhNRQ V&W M�o2s2t2�hJ�OHM&N�b4\LV&T2^PORN�M&[aT#OR^Lv�ÚZ2JkWgs2T
\UO�[aVhT 2 [a^ßM&t�nPs2^�O�JUt)M&^ÚWgVhfaf]Vupß^ �

2 ä�� î åBæ ô#" ) ë� �¨] ���&ä©å��Læ > L ~ ä�� î åBæ [aW ¬ 6�å��¶6 h � î 	 ô ­ î:9:9:9Uî ÿ j
ü V&O�Z
JLNPpß[a^RJ5j

pßZ2JUNRJ�LØå ¬ [a^,M�\LVmJ�+�\L[aJLT�Oe\HZ
Vh^RJUT�O�V�p,JU[]�hZ�O�Z2J�NRJLf]M5O�[ `hJß[]Q�K�VhNPO�M&T2\LJßV&W ^RZ2VhN�OP�
M&�&Jk\LVh^�O�^ßpß[aO�Z�NPJL^RK�JL\�O�ORV�J��;K0M&T2^P[]VhT�\LV&^PO�^UvjcT@ORZ2J¦^PJL\UVhT2t9K0M5[]NßV&W=Q�V;t
JLf]^Uj0VhT2J�[]T2^P[]^�O�^�VhT)Z0Ml`m[]T
�SO�Z
J!t2JUQ�M5T2t)^RM5O�[a^P�0JUt
^Ps�+�\L[]JUT�O�fab V&W©ORJLT v � T2J�[]T�O�JUNRK2NPJUOR^SO�Z
[]^�O�V�Q�JlM5T�O�Z2M5OSpß[ O�Z�^Rs�+�\L[aJLT�O�f b Z2[]�hZ
K2NPVho0M&o
[]f][ Ocb�ORZ2JLNPJ�pß[af]f·J��;[a^PO�WgJlM&^P[]o2faJ��2V�pß^ ¬ 6 f 6 Í > å)O�Z0M5O�pß[]faf ^�M�O�[]^�W©b4O�Z2J
t2JUQ�M5T2t v=�·JUO� ô
ö ä�� î åBæ,øB�g�9é ê ë ù!� f ø í ¬;î Í > å0ï®^PV�O�Z2M5O � o 4 f �(� � p 4 f �S*ä� 4 îc�W8 ý 9
��J�peM5T#O�ORV%NRJL^�O�NP[]\UO ORZ2J4\HZ2Vh[a\LJ4V&W�å O�V9O�Z
Vh^RJ4WgVhN¦pßZ
[]\HZÞ�Íä ö � ø � ù ä	� î åBæ�ø� ý5æ�*0��pßZ
JLNRJ@��[]^eORZ2J¡NRJUf][iM5o2[]fa[aOcb�f]J�`hJUf O�V�oBJ�M&\HZ
[]JU`&JLt vÍ��[aORZ� ä�� î åBæ ô ­�� �Yä	� î åBæ î ORZ2J¡[]T2t2[a\lM5ORVhN,Wgs2T
\UO�[aVhT�V&W � j
ORZ2J¡K2NRVho
f]JLQ \lM&T�o�J¡WgV&NRQ�s2f]M5O�JUt�M&^ÚWgVhf]faVupß^ �
Q�[]Tàlá:/0N1 ãSägåBæ�pßZ2JUNRJ%ãSägåBæ ô#" ) ë� �¨] ���&ä©å��Læ [ W ¬ 6�åØ6 h î � ö � äÛ� �� î åBæDýM*0�qjü V5O�Z2JUNPpß[]^PJ&v�



�ÚZ2[a^3WgVhNRQ¦s2fiM5OR[]VhT)V&WÍO�Z2J�\lM5K0M&\L[ Ocb9JD�
K2M&T2^R[aVhT�K2NRVho
f]JLQ t2VmJL^RT�ÝwO¡�2O¡[aT�ORZ2J \Lf]M&^R^
V&W�K2NRV&o2f]JUQS^ÍV&W ORZ2JßOcb;K�J � [aT
W�à � ö 2 ä	� î åBæHý#j#[½vwJ&v j#ORZ2J®Q�[]T
[]Q�[]ÞlM�O�[]V&T¦V&W M&T�[aT#ORJL�hNRM&fWgs2T
\UO�[aVhT v U V�pqJU`&JLNUj.ORZ2J \LV&T2^PORN�M&[aT#OR^3V&WÍO�Z
J�K2NRV&o2f]JUQ [aT#`&Vhfa`&J M&T%[aT#ORJL�hNRM&f{Wgs
T2\��
OR[]VhT0M5f½v � T2J�NPJUWgJUNR^!ORV9^Rs
\HZ�M@K2NPVho2f]JUQ M&^�MBO��R�I���n��O����T�%')���$+��,����O��}�	�x�����n���&�Hÿ�����nO����,���	����O�vj�WYNRM5O�Z
JLNÚO�Z0M5T@M�\LV&QSQ�VhT4NRJUf][]M&o2[]fa[aOcb�faJU`hJUf½j2pqJ�p,M&T�OßO�V�^RK�JL\U[aW©b�M NRJUf][]M&o2[]fa[aOcb
faJU`hJUf½j ^�Mlb�� 4 M5O�JlM&\HZ T2Vmt2J 8 j f]J�O
� 4 oBJ�ORZ2J�Q�M&NP�h[]T2M&f,t2[a^PORNR[]o
s
O�[aVhT�V&WÎ��� 4 M&T
t����� ORZ2J®JD�
K�JL\�OHM5OR[]VhTSpß[aO�ZSNRJU^RK�JL\UO,O�V!ORZ2[]^ QSM&NR�h[aT0M&f0t2[a^PORNR[]o
s
O�[aVhT v��ÚZ2J3K2NPVho2f]JUQo�JL\UVhQSJU^

Q�[]Tàlá:/0N1 ãSägåBæ ô EF G ) ë� �¨] ���&ä©å��Læ [ W ¬ 6�åw6 h j� ��� ö � äÛ� �� î åBæDýM*0� 4 îÌ8 ô ­ î:9:9.9Lî*@ j
ü V&ORZ2JLN�pß[]^PJ&v�ÚZ2[a^ÍK2NRVho
f]JLQ [aT�`hVhf `hJL^qM¡Tms
Q�oBJUNqV5W \HZ0M&T
\LJ®\UVhT2^�O�N�M5[]T�O�^ o2s
Oq[]^ M&\�O�s0M&fafab�M�Q�s
\HZ

^P[]Q�K2f]JUNSK2NPVho2faJLQ O�V�^RV&fa`hJ9ORZ0M&T�ORZ2J%K2NRJ�`m[]Vhs2^4V&T2J&v jcT2t2JUJLt j�pß[aO�Z(�` 4 O�Z2J�� 4 �k#s0M&T�OR[]f]J%V5W!ORZ2J�t2[]^�O�NR[ao2s
OR[]VhTä� 4 j®[¹vÇJ5vajÇ� 4 íT� �� 4 6 �` 4 ï ô � 4 j3[aOLÝÇ^4JLM&^Pb�ORV�^RZ2Vup
ORZ0M5O�O�Z2J�^RVhfas
O�[aVhT�V&WeO�Z
J�K2NPJL\LJUt2[]T
�)K2NPVho2f]JUQò\lM&T�oBJ�Vho
O�M&[]T2JUt�o�b�^RVhf `m[]T2��O�Z2J
t2J�O�JUNRQ�[]T2[a^PO�[a\3VhK
OR[]Q�[]ÞLM5O�[aVhT�K2NPVho2faJLQ �

QS[aTmàlá./ 0�1 ) ë� �¨] �K�5ägå��Uæ^RV�ORZ0M5O ¬ 6�åw6 h î�¬ 6 f 6 Í > å î) o 4 f �(� ) p 4 f �S* �` 4 îH8{ô ­ î.9:9:9Lî$@B9
j�WqO�Z2J�T2JUOcpqVhN,��[a^�f]M&NR�&J&j.VhT2J�\lM&T�JU`&JLT�NPJLfab9VhT�M�t2JL\UVhQ�KBVh^P[aOR[]VhT%O�JU\HZ2T2[[kms
JSO�V
O�M��&J�M&t
`5M&T�O�M&�hJ¡V&W O�Z2J¡T2J�Ocp,VhN,�4^PORNRs2\�O�s2NPJ!V&W O�Z
J f �cK2M&NPOÚV5W{ORZ2J¡K2NRVho
f]JLQ�v
���B¡ä�¡  ~�¢¤£{¥ ��ägJLs
ORNRVhK
Z2[]\LM5O�[aVhT�QSM&T0M5�hJLQ�JLT�ODæ � à ÄnÀS°�­<¯&¦h´�¹<µnÀS´�­5©Ñ³�µ²©�µ�¿n§�³�§�©)À¸h§<µ²±M«�ª}´ÂÀ�¦ßÀ�¦¨§Î¯p­5±[±ÂÄhÀ�´�­5©Ø¹l­5©)ÀS°�­I±H­5ÆÙ±	µv��§�«<Ó�°,´ÂÁ5§*°$«<ÓÙ§IÀR¹5É£¢WÄ�°�±	µv��§¶¦�µ²«Wµ²©×´M©¨¸ÌÄ�«*·À�°$´	µ�±�ã�­5©)§�­5©×´ÂÀ�« à µ²«.ÀÎ§*©¨¸�µ�©¨¸�´[«�Ä²«�§.¸�ÆT­5°È°�§l¹�°�§<µnÀS´�­5©Ìµ²±)¯pÄ²°Â¯p­5«�§*«%­5©¤ÀS¦¨§Z¤�§�«:À§*©¨¸)Éw¥�¦¨§yµ�Á�µ²´[±	µh¬�±�§y¹l­5©)ÀS°�­I±M«�µ²°<§�À�¦¨§�´M©h«.ÀÂµ²±[±	µnÀ�´�­5©�­5Æ?«<§Iªrµ�¿n§�ÀS°<§�µnÀ�³�§*©¨ÀH¯&±Ûµ²©)ÀS«´[©ßÁ�µ²°$´�­�Ä�«�±�­�¹�µnÀ�´�­5©n«¶µ²±�­5©n¿ØÀS¦¨§W°$´ÂÁI§�°,«¡ÆT§.§l¸�´M©N¿�ÀS¦¨§W±	µv��§�µ²«�ªH§*±M±rµ²«yÀ�¦¨§Ò¬nÄ�´[±�¸�´[©n¿­5Æ¨°�§l§.¸×¬iµ�«$´M©n«�Ó�ÀS¦¨§7°�§.§l¸�«Îµn¬²«�­5°:¬²´M©N¿�¹*±Û·M¯¨¦¨­5«Â¯¨¦ÌµnÀR§*«¶À�¦ÌµnÀÙµ²°�§¶ÀS¦¨§?³¼µ��.­5°7¹�µnÄ²«�§¡­IÆ¯p­5±M±TÄhÀS´�­5©�É
ÈÄ�°$´[»¨¹�µNÀS´�­I©�´[©h«:ÀTµ²±M±ÛµnÀS´�­5©h«7«,¦¨­�Ä�±�¸�¬n§%¹º¦¨­5«<§�©w«<­�ÀS¦�µnÀ?§�µ�¹º¦×«�§.¹IÀS´�­5© ½B¥¶ÀR­M¥j¦�¾­5Æ�ÀS¦¨§H±Ûµv��§p³�§l§5À�«(¹.§*°:ÀÂµ�´M©y³�´M©h´[³�µ�±hªpµNÀR§�°HÃnÄPµ²±M´TÀ�®�±�§5ÁI§�±[«:É

}­5±M±TÄhÀS´�­5©�´M«J¸n§R¯p§�©¨¸h§*©)À­5©ÖÀ�¦¨§�µnÀS³�­5«T¯&¦¨§�°,´�¹y¹l­5©¨¸�´TÀS´�­5©h«%µh¬n­�ÄhÀÇª}¦h´�¹º¦�ÀS¦¨§*°�§�´[«�§�©¨­�Ä�¿P¦�«:ÀÂµNÀS´M«.ÀS´�¹�µ²±H¸NµnÀÂµÀ�­W°�§*±M´Ûµh¬²±õ®¼§�«.ÀS´M³¼µnÀ�§¶À�¦¨§�´[°È¸P´M«:À�°$´Â¬nÄhÀS´�­5©�É�¥�©BÀS¦)§7±Ûµv��§lÓ�À�°�µ²©h«T¯}­I°:Àp­5Æ}ÀS¦)§H¯p­5±M±TÄhÀS´�­5©­�¹.¹IÄ�°$«�³�­I«:ÀS±#®�Æ	°<­5³ à µ²«:À�ÀR­�¤�§�«:À(µ²«�ÀS¦)§¶³¼µ��.­5°Î´[©h±�§IÀS«�µ²°<§¡´[©¤À�¦¨§ à µ²«:À�¯�µ²°.À7­IÆÀ�¦¨§Ç±	µv��§¡µ²©¨¸wÀS¦¨§%­�ÄhÀ�±�§IÀp´M«¡­5©ÑÀS¦)§Z¤�§�«.ÀÎ§*©¨¸)É

«
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Treatment 
plant

Reed basin

Ü [a�hs2NPJ¡¯ �=§¨ð¨tIùª©pðIñõð:í�ó5öF«­¬?ô�ö®�5ð:ýRün¯!°z<ÙôPí�ýRóIì�ø�î�?�ð:íRî#ó5ö�ï%ðIö�ð¨�Iù<ïWù<ö²í
°4� |u~0§À¥ � Ü0VhN 	 ô ­ î.9:9:9�î ÿ j f]J�Okå���oBJ O�Z
J�^P[]ÞUJ�V5W,O�Z
J�ORNRJLM5O�Q�JLT�O�K2fiM5T#O¡V&N�NPJLJUt
o0M5^R[]T�[aT�faV;\LM5O�[aVhT 	 ð h ��[]^ßM&T�s2K2K�JLNßo�Vhs2T2t�VhT4å���vJ�ÚZ
J�NPJLf]M5O�[aVhTf ô�± ä��#æcå¼�Þg�ä	�#æ
t2J�O�JUNRQ�[]T2JU^�ORZ2J�peM5ORJLN�k#s0M&f][ Ocb�f]J�`hJUf]^ f 4 î�8�ô é î:9.9:9Lî éc² []T�O�Z
J�WgVhs
N�f]M��&J�^PJL\��
OR[]VhT2^Uv}�ÚZ2J3pqJlM5ORZ2JLN�K0M5OPO�JLNPT j2t2JU^R[a�hT0M5ORJLt�o�b�O�Z2J¡K0M5N�M&Q�JUORJLN?�
j0Mv�BJL\UOR^ÚoBV5O�Z4O�Z2J
JD�
V&�hJLT2V&s2^=KBV&f]f]s;O�[]V&T�g�ä���æ{M&T
t�O�Z2JeORN�M&T2^PKBV&NPO=V&W0ORZ2JÚK�Vhf]fas
OHM&T�OR^Lj&�&[a`hJUT o�b ± ä���æ�å.j
WgNPVhQ VhT2J�^PJL\UOR[]VhT9ORV�M&T2V&ORZ2JLNUvW�ÚZ2[]^�fiM5OPO�JUN®\LV&QSK�VhT2JUT#O3[]^®\UVhT�O�NPVhf]faJLt)ORV4M�fiM&NP�hJ
JD�;ORJLT�O�o�b�O�Z
JS\HZ2V&[]\LJ�V&Weå.v¼�ÚZ2JSORJL\HZ2T2[a\lM&f M&T
t�o2s2t
�hJUO�M&NPb�f][aQS[ OHM5OR[]VhT
^�VhT�O�Z2J
\HZ2V&[]\LJ�V&Wqå�M&NRJ�[aT2\Lfas2t2JLt�[]T%O�Z
J9ägf][]T
JlM&N�æ®\LVhT2^�O�NRM&[]T�O�^ � åä6(³�v  ��M&[aT j·p,JSs2^RJ
Q�VhT2[ O�VhNP[]T2��Wgs2T2\UOR[]VhT
^,O�V�JU`5M&fas0M5ORJ3t2JU`m[]M5O�[aVhT2^,WgNPVhQ ORZ2Jkt2JL^P[]NPJLt�kms2M&f][ Ocb�faJU`hJUf []T
JLM&\HZ@K2M&NPOR[]\Ls
fiM&Ne^PJL\�O�[]V&T@V&W O�Z
J�f]M��&J �
 4 ä;V0æ ô EyF yG

¬ [aW�V�û Ía´4 j äÀJD�
\UJLfaf]JLT�OHæµ 4 äxVÒ� Í ´4 æ&%,Qh³2ä ÍD¶4 � Í ´4 æ [aW�V�ø�í Í ´4 î ÍD¶4 ï¹j ä¹M&\U\LJLK;OHM&o2faJuæµ 4 äxVÒ� Ía¶4 ær� µ 4 ä Í ´4 > Ía¶4 æ!Qh³ [aW�V�å ÍD¶4 j äÀs
T0M&\L\UJLK
O�M&o2faJuæ�v
�ÚZ2J%\UVh^PO4Wgs
T2\UOR[]VhT(V&W¡ORZ2J%^PORV;\HZ0M5^PO�[a\%VhK
OR[]Q�[]ÞlM�O�[]V&T�K2NPVho2faJLQ�j�Q�[]T#à �y2 ä©åBæ�j�[]^ORZ2JLT

2 ä	� î åBæ ô · ) /�¸4�� /  4 ä!� ± 4 ä���æ î å��r�Þg 4 ä��#æPæ [aW � åØ60³ î,¬ 6�åw6 h j
ü V&O�Z
JLNPpß[a^RJ5ð

­ ¬



Z2JUNRJ ± 4 ä	�#æ=[]^ O�Z2J 8 ��ORZ�NRVup�V&W ORZ2J3QSM5O�NP[ � ± ä	�#æ�vrj�W&��� Z0M5^ÚM¦t2[a^R\LNPJUORJ®t2[a^PO�NP[]o2s;O�[]V&T j
ORZ2[]^Ú[a^ßM&T@JD�mO�JLT
t2JLt9fa[]T2JLM&N��Âk#s0M&t2NRM5O�[a\®K2NPVh�hN�M5QSQ�[]T2�¦K2NRVho
f]JLQ WgVhNÚpßZ2[]\HZ�K0M&N�O�[a\��
s2f]M&NRf b4J�+�\U[]JLT�Ok^PVhf]s;O�[]V&T�ORJL\HZ2T2[[k#s2JL^kZ0Ml`&J�oBJUJLT9t
JL^R[a�hT2JUt j�J5vÇ�2v jBORZ2J¹�.M&�&N�M&T2�&[iM&T
�0T
[aO�JD�c�hJUT2JLNRM5O�[aVhT�O�JU\HZ2T2[[kms
J&v
º »Êuw� z%ÕÍÛlÙÈ� Ö½¼�Ó9Ö�Ówv�Ó�ÔYÛlÙ�Û.zwv!Ô=Û,¾�ÛUÔK¿
 f]fBORZ2JkJ��
M&Q�K2faJL^eO�Z2M5OepqJ�Z2Mu`&J¡^RJLJUT)^PV�WÀM5NÚM&NRJk\HZ2M&N�M&\�O�JUNR[]ÞUJLt�o�b�O�Z
J3WgVhf]faV�pß[aT2�
^PJ.k#s2JLT
\LJ �

t2JL\U[]^P[]VhT � åÁÀ V&o2^RJUNP`5M5O�[aVhT � �ÂÀ JU`5M&fas0M5O�[aVhT � ä	� î åBæ
jcT�K2M&NPOR[]\Ls
fiM&NUj�ORZ2[]^ Q�JlM&T2^ O�Z0M�O{ORZ2J,t2JU\L[a^R[]V&T¦\lM5T ÝwO t2JLK�JLT
t VhT!ORZ2Jq`5M&fas2J,M5^R^Rs
QSJUt
o�b�O�Z2J�N�M5T2t2VhQ k#s0M&T�OR[aO�[aJL^¶��� v��ÚZ
J�K2NPVho2f]JUQò[]^¡V&WeORZ2JJ�0ÿ��Hÿ,�º���)�6���&�Ã� OcbmKBJ5v�jcT
M9K2NPVho2faJLQ V&WßO�Z2J��J���	�Ä�º���)�6�TOuÿHÿ¡OcbmKBJ4VhT
J�p,Vhs
f]t�M&\�O�s0M&fafab�o�J4M&f]faVup,JUt�O�V9p,M&[aO
QSM��#[]T2��M�t2JL\U[]^P[]VhT s2T�O�[afeO�Z2J�N�M&T
t2VhQ{k#s0M&T�O�[ O�[aJL^�\lM&T�oBJ�Vho
^RJLN�`hJUt vâjcT�V&ORZ2JLN
pqVhNRt
^Lj�ORZ2J�t2JU\L[]^P[]VhT)Q�Mlb�t2JLK�JLT
t�V&TØ�2v ± s2\HZ�M�K2NPVho2f]JUQ \LVhs2fat9o�J¦WgVhNRQ¦s2fiM5ORJLt
M&^ÚWgVhfaf]Vupß^Lj

[]T;Wàlá,Å Y � \ ÆN` / 0N1la é�Ç#í å0ï �õô b � 2 ä	� î å{ä	�#æPæn�ÍäSgi�#æ î
pßZ2JUNRJ¹È ä�� î$� ð�é ê ë æ�[a^�ORZ2J¦^PK0M&\LJ¦V&W M&f]f � �cQ�JlM&^Ps2N�M5o2f]J�Wgs2T2\UOR[]VhT
^�å � � ñ é ê ë v
± [aT2\LJ!O�Z2J t2JU\L[a^R[]V&T2^kM&NPJ¦O�Z2JUT�Q�M&t
J!pß[aORZ%KBJUNPWgJU\UOSäÀ\UVhQ�K2f]J�O�Juæß[]T
WgV&NRQSM5O�[aVhT j0O�Z2Jk#s0M&T�OR[aOcb É�ÊTË j ô []T;Wàlá:/0N1���2 ägåBæ � []T
Wàlá�Å Y � \ ÆN` / 0 1 a é¨Ç#í å0ï 9
[a^Y\lM&faf]JUt¦O�Z2J¦ÿ!Ìl'0ÿ����cÿ$������!#�0ÿ¶�RQr'0ÿ��	Qlÿ����f�	�:Q:���<�����S�T���0v � o�`;[aVhs2^Pfabhj É�Ê�Ë j []^YM&fap,Mlb;^
T2V&T2T2JL�hM5O�[ `hJ&v}j�OÚO�M��&JU^ÚVhT4O�Z2J3`5M&fas2J ¬ VhT
fab�[aW.O�Z
Jk\LVh^�OßM&^R^PV;\U[iM5ORJLt4O�Z
Jkt2JL\U[]^R[aVhT2^
äÀMv��JU\UORJLt�o�b�O�Z2J�N�M&T
t2VhQ K0M&NRM&QSJ�O�JUNR^,V5W O�Z2J�K2NRV&o2f]JUQ�æY[]^ [aOR^RJUfaW ¬ VhN,[ W�ORZ2J®K2NPVho;�
faJLQ [a^3o0M&^P[]\LM&f]f b)T2V&T2^PORV;\HZ0M5^PO�[a\&j.[½vwJ&v j pßZ2JUT�ORZ2JLNPJ�[a^��å ø M5NR�hQ�[]T àlá�Å é�Ç#í å0ï=ORZ0M5O
[a^ßM�\UVhT2^�OHM&T�O�Wgs2T2\UOR[]VhT�v f O�Z2V&s2�hZ j
M&T�VhK
O�[aQ�M5f�^PVhf]s;O�[]V&T�V&W.O�Z2J3p,M&[ OP��M5T2t;�c^PJLJkK2NPVho2faJLQ []^ÚM&T�JUf]JLQ�JLT�O
V&WYM�Wgs2T
\UO�[aVhT�^RK0M&\UJ&jìO�Z2J¡p,M&[aO���M&T2tm�c^RJUJ!K
NRVho2faJLQ [a^�[aT@^PVhQ�J¡p,Mlb�JlM&^P[]JLNßO�V�^RV&fa`hJ
ORZ0M&T@ORZ2J�Z2JLNPJ���M5T2t;�cT
V�p
K
NRVho2faJLQ pßZ
[]\HZ9s2^Ps0M&fafab4NPJ.k#s2[]NPJL^�O�Z2J�NRJUKBJLM5O�JUt9JU`5M&fas0M��
OR[]VhT4V&W Q�s
faO�[at2[]Q�JLT
^R[]V&T0M&f0[]T�ORJL�hNRM&f]^Uvp�ÚZ2J¡NRJLM&^RVhT4WgVhNeORZ2[]^,[]^,ORZ0M5OßVhT2Jk\LM&T�[]T�O�JUN��
\HZ0M5T2�hJ�[]T�O�JU�hN�M5OR[]VhT�M5T2t�Q�[]T2[aQS[aÞlM5OR[]VhT�[]T%ORZ2J�p,M&[ OP��M5T2t;�c^PJLJ�K2NPVho2f]JUQFÍ
� V@t
JlM&f
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pß[ O�ZSORZ2[]^ÍO�JU\HZ2T2[a\lM&fafabhjmVhT2J�T2JLJUt2^,ORV�M&K2K�JlM5f�ORV!O�Z
J�O�Z
JLVhN�b�V&W T2VhNRQSM&f0[aT#ORJL�hNRM&T2t2^
M&T
t�ORZ2J�M&^R^PV;\U[iM5ORJLt�[]T�O�JU�hN�M5f�Wgs2T2\�O�[]V&T0M&f]^Uv ^�WÀM&N3M&^�Vhs2N®M&K2K2fa[]\lM�O�[]V&T2^�M&NRJ!\LVhT2\UJLNPT2JLt%O�Z
JLNRJ¦[]^®T
V�f]Vh^P^®V&WÍ�&JLT2JUN�M&fa[aOcb�[]T
pqVhN$�#[aT2�4pß[aO�Z%ORZ2J�M&^R^Ps2QSK;O�[]V&T9O�Z0M5OkORZ2J
�B���2JLf]t � [a^W�B�c\UVhQ�K2f]J�O�J&v��ÚZ2[]^�M&faf]Vupß^
s2^�O�V�p,VhN,��pß[ O�Z)MSt2J��0T2[aOR[]VhT@V&W=T2V&NRQSM&f.[]T�O�JU�hN�M&T
t@O�Z2M5O3[a^�JLM&^R[aJLNßO�V�^�OHM5ORJ&v ± V2j
Z2JUT2\LJ�WgVhNPORZ@faJUOLÝÇ^ßK2NPV;\UJLJLt�pß[aORZ4O�Z2[a^�M5^R^Rs
QSK
OR[]VhT�V&WÙ�B��\LVhQ�K2f]J�O�JUT2JL^P^ÚV&W � vA���� °4� ¨ ª §©|�§ �Bª�ägT2VhNRQSM&f�[]T�O�JU�hN�M5T2tìæ ��Õ¡«,«:Ä�³�´M©N¿�ÀS¦ÌµnÀ � ´M« � ·R¹l­5³�¯¨±�§5À�§.Ó�µ �&���4�����!��	���cÿT+��,���)� ´M«�µ²©w§$Ë&À�§�©¨¸h§l¸�°<§�µ²±M·$Á�µ²±ÂÄ�§.¸
ÆRÄ�©)¹5ÀS´�­5© 2 � �g�@é ê ë ñ é ê ª}´TÀS¦ÑÀS¦¨§ÆT­5±[±�­²ª}´M©N¿%¯&°�­<¯}§*°:ÀS´�§�«�i
½Ûµ5¾LÀ�¦¨§�ÆRÄ�©¨¹5À�´�­5© ä�� î åBæW�ñ 2 ä�� î åBæ ´[« �gÎÐÏ ·S³�§�µ²«.Ä�°�µh¬�±�§Òª}¦¨§�°<§ Ï ÀS¦¨§ u ­5°<§�±»)§�±�¸�­5© é ê ë Ü
½Â¬5¾wÆT­I°¡§5Á5§*°R® ��øB� ÓÙÀ�¦¨§ÇÆRÄ�©¨¹IÀS´�­I© å��ñ 2 ä�� î åBæ ´M«Î±M«<¹5É
��J!M5NRJ¡[]T�O�JUNRJU^PO�JUt@[aT4O�Z2JkWgVhfaf]Vupß[]T2�¦K2NRVhK�JLN�O�[aJL^ÚV&W T2VhNRQSM&fB[]T�O�JU�hN�M&T
t2^ �A��[�FÑ@Ò �#� } � ¢ ägQSJLM&^Rs
N�M&o2[af][ Ocb¦V&WBVhK
OR[]QSM&f;`5M&fas2JL^ M&T
tS^PVhf]s
OR[]VhT
^Hæ ��_&­5°Jµ²©�®�©)­5°*·³¼µ²±&´[©)ÀR§*¿i°�µ²©¨¸ 2 � �Ó�9é ê�ë ñ é ê Ó)±�§5ÀÔ ä	�#æ ô [aT
W 2 ä�� î.� æ î Õ ä��#æ ô M&NR�&QS[aT 2 ä	� î:� æ 9¥�¦¨§*©ÖÀS¦¨§%ÆRÄ²©¨¹5À�´�­5© Ô � � ñ é ê ´[«¡³�§�µ²«.Ä�°�µh¬�±�§�µ²©)¸"ÀS¦¨§%³¼µ.¯h¯¨´M©n¿ Õ � � ññ é ê ë´[«B¹*±�­5«<§.¸�·,Á�µ²±ÂÄ�§l¸âµ�©¨¸Ô³�§�µ²«.Ä�°�µn¬²±�§lÓ%´ÂÉ §5É Ó�ÀS¦)§w«<§5ÀS« Õ ä	�#æ µ²°<§Ñ¹*±�­5«<§.¸âµ²©¨¸ ö � ø� ù Õ ä��#æ�ÖF×ÙØôÛÚ ý!ø � ÆT­5°�µ²±[±Ù­�¯p§�©�«:Ä�¬�«�§5À�« × ­IÆ é ê®ë É¥�¦¨§*°�§�ÆT­I°�§.Ó}ÀS¦¨§¶«�§IÀ � ô ö � ù M&NP�hQS[aT à 2 ä	� î åBæ£ØôÜÚ ýÒC=� ´M«�³�§�µ²«.Ä�°�µh¬�±�§.Ó�µ²©)¸´TÀ�´[«�¯p­5«$«,´�¬²±�§�ÆT­I°�§<µ�¹º¦ ��ø � ÀR­w«�§*±�§.¹IÀyµ"³�´M©n´M³�´Mã.´[©n¿�¯p­5´M©)À å{ä���æ ´M©�«:Ä�¹º¦ µ³¼µ²©h©¨§*°%ÀS¦ÌµNÀÎÀS¦¨§ÇÆRÄ�©¨¹IÀS´�­5© �y�ñ å{ä���æ ´M«Î³�§�µ²«.Ä�°�µn¬²±�§IÉÝ } � �DÞ � ± JLJSí r j��ÚZ2JLVhNPJLQò­ 2 v � ²�ï½v� V�M&T�[aT#ORJL�hNRM&T2t 2 p,J�M&^P^RVm\L[iM�O�JkO�Z2JkWgVhfaf]Vupß[]T
�¦[]T�ORJL�hNRM&f�Wgs2T2\�O�[aVhT0M&fa^ �

é�Çmí å0ï �õôÛß � 2 ä	� î å{ä���æRæN�=äSgi�#æ'WgVhN�å)ø.È äS� î,� ð�é ê ë æ��2 ägåBæ �õôàß � 2 ä�� î åBæRæN�=äSgi�#æ÷WgV&N�å)ø9é ê ëA��BA�ÑMÒ �m� } � ¢ äÀ[aT#ORJLNP\HZ0M&T2�hJS\LNP[aO�JUNR[aVhTìæ ��ár§5À 2 � �Ð��é ê�ë ñ é ê ¬n§�µ×©¨­I°$³¼µ²±´[©¨À�§*¿P°*µ²©¨¸)ÉÊ¥�¦¨§�³�´M©h´[³Ò´[ãIµnÀ�´�­5© ­5Æ é¨Ç ­�Á5§*° È ¹�µ²© ¬n§�°�§l¸)Ä�¹l§.¸=ÀR­�¯p­5´[©¨ÀÂª}´[«�§³�´M©h´[³Ò´[ãIµnÀ�´�­5©�´M©�À�¦¨§Ç«�§*©h«�§�ÀS¦ÌµnÀ�Ó¨µ²«È±�­I©n¿Òµ²« é¨ÇâØã ü Ó�­5©¨§�¦Ìµ²«
[]T
Wàlá�Å b � 2 ä�� î å{ä���æRæ��=äSgi�#æ ô b �âä []T;Wàlá:/0 1 2 ä�� î åBææå)�Íä�gP��æ 9
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ç ­I°�§.­�ÁI§�°�Ó¶µ²«Ò±�­5©N¿Lµ²«ØÀS¦h´[«�¹l­5³�³�­5©=Á�µ²±ÂÄ�§¼´M«�©¨­�À �®ü ÓW­5©¨§�¦�µ²«wÀ�¦ÌµnÀ�ÆT­I°�µ²±[±�å)ø.È äS� î$� ð�é ê®ë�æ À�¦ÌµnÀ
�å9ø%M5NR�hQ�[]T àlá�Å é¨Çmí å0ï èâé�å{ä���æ®ø�M&NR�&QS[aT àlá./ 0�1 2 ä	� î åBæ ÆT­5° � ·Âµ²±[³�­5«.ÀH§IÁ5§�°�® ��øB� 9
Ý } � �DÞ � �·J�O Ô ä���æ ô [aT
W�à 2 ä�� î åBæ!M5T2t Õ ä	�#æ ô M&NR�&QS[aT à 2 ä	� î åBæDjYNRJU\lM&faf][aT2�@WgNPVhQ­hvëê O�Z0M�O O�Z
JL^RJ,t2JLK�JLT2t�Q�JlM&^Ps2N�M5o2fab¡VhT��2vYÜ0VhN{M&T�b�å9ø.È pqJeZ0Ml`hJ 2 ä�� î å{ä���æRæ�*Ô ä	�#æqWgVhNßM5f]f¨�
ð2Z2JUT2\LJ�[aT
WæÅ
é¨Ç@*0ß � Ô ä	�#æn�Íä�gi�#æ�v� VSK2NPVu`hJ¡O�Z2J¡[]T
J.k#s0M&fa[aOcbS[]T4O�Z2J¡V&ORZ2JLNßt2[aNRJU\UO�[aVhT jmWgVhN'ì�å ¬ j2f]J�O�ªí ä	�#æ ô÷ö å)ø9é ê®ë ù 2 ä	� î åBæ?6(QSM���í Ô ä���æ > ì î ��ìPê ] ï¹ý 9
�ÚZ2J¡QSM&K2K2[aT2�y���ñ �qí ä��#æ,[a^Ú\LfaVh^RJUt;��`5M&fas2JLt�M&T2t�Q�JlM&^Ps2N�M5o2f]J�ä ¦)µ²°$´ÛµnÀS´�­5©Ìµ²±)Õ¡©Ìµ�±Û·®n«$´[« j Ë NRVhK�Vh^R[ O�[aVhT�­ 2 v �î� æ3M&T2t�T2VhT2JUQSK;Ocb#�½`5M&f]s2JUt�WgV&N�����M&faQSVh^�O¡M&fafr�2j.V&ORZ2JLN�pß[]^RJ
VhT
J�pqVhs2fat�Z0Ml`&J�é¨Ç ã ü�v d,VhT2^RJlk#s2JLT�O�f bhj¡O�Z2JUNRJ�[]^�M�QSJLM&^Rs2NRM&o2faJ�^PJLfaJL\UOR[]VhT
å í � � ñ é ê®ë9^Rs
\HZ�ORZ0M5O�å í ä���æ�ø �ªí ä	�#æ¡WgV&N��B�cM&f]Q�Vh^PO¦M&fafJ�
jY\UW�veí r j d,V&NRVhfafiM&N�b
­ 2 v r ï¹v  T
t�WgVhNeORZ2[]^Ú^PJLfaJL\UOR[]VhT�j2VhT2J¡Z0M&^

b � 2 ä�� î å í ä���æRæn�Íä�gP��æJ6Kb �vï Ô ä���æn�ÍäSgi�#æ > ì��Íä�� í æ > ì ê ] �ÍäS�7ðÈ� í æ î
pßZ2JUNRJ�� í ô÷ö ��ø�� ù­Ô ä	�#æ > ìyåc��ì ê ] ý#v=R�JD�mOljìf]J�O1ìòñ ¬ j
O�V�Vho;OHM&[aT

[aT
Wàlá,Å é¨Çmí å0ïf6 fa[]Qí ñ 3 b � 2 ä	� î å{ä	�#æPæn�ÍäSgi�#æ}6 b � Ô ä	�#æn�Íä�gi�#æ 9
j�W{M!Wgs2T2\�O�[aVhTß�å9ø�È M5ORO�M&[]T2^ O�Z2J®QS[aT2[]Q�s
Q V&W.é¨ÇkVhTZÈ j
^R[aT2\LJ 2 ä�� î �å ä���æRæ�*[aT
W 2 ä�� î.� æ ô Ô ä���æ!WgVhN�M&faf(�2j=ORZ0M5OlÝw^�J.k#s2[ `&M5f]JLT�O ORV�Z2Mu`m[aT2���Íä ö � ù 2 ä�� î �å ä���æRæ�åÔ ä	�#æHý5æ ô ¬ s
T2t2JLN!Vhs2N¦M&^R^Ps2QSK;O�[]V&T�O�Z2M5O ß � Ô ä	�#æn�Íä�gP��æ®[]^��0T2[aORJ&v��ÚZ2[a^¦[]^�[]t
JLT;�

OR[]\lM5fqO�V%ORZ2J�^POHM�O�JLt \LNP[aORJLNR[aVhT j=o�JL\LM&s2^RJ 2 ä	� î �å ä	�#æPæ�å Ô ä��#æ¦Q�JlM5T2^�O�Z0M�OÑ�åYä	�#æ9Qø
M&NP�hQ�[]T 2 ä�� î.� æ�v�ÚZ2J¡WÀM&\UOÚORZ0M5O�M�peM5[aOP�cM&T2t;��^RJUJ�K
NRVho2faJLQ t2V;JU^RT Ý O�NRJ.k#s2[aNRJ�M&T�b4\UVhQSK
s
OHM5OR[]VhT2M&f
J,��VhN�OÚO�Z0M�O��&V;JU^ÚQ�s2\HZ�oBJ�bhVhT2t@^RVhf `m[]T2��M T#s2Q�o�JLNLj0K�Vh^P^R[]o
fab�f]M&NR�&J&j2V&W{t2J�O�JLNPQS[aT;�
[a^PO�[a\®VhK;O�[]Q�[]ÞLM5O�[aVhT�K
NRVho2faJLQ�^Lj;f]JlM5t2^Ús2^eO�V�\UVhT2^R[at2JLNeORZ2J3WgVhfaf]Vupß[]T2��`5M&NR[]M&T�OÚV&W.O�Z2J
Z2JUNRJD��M&T2tm�cT2Vup�K
NRVho2faJLQ�j2[]T;W�àlá./0N1 ��2 ägåBæ �

[]T;Wàlá�Å \/óàUá:/0N1 é�Çmí å0ï�^RV�O�Z0M5O å{ä	�#æ ô �å WgVhNÈ�B��M&faQSV&^POÚM5f]f¨��øw�ev
­ �



��J�T2Vup M&faf]Vup'O�Z2J�t2JU\L[a^R[]V&T�ORV�t2JLK�JLT2t�VhTB��o2s
OkORZ2JLT�[]T�O�NPV;t
s2\LJ�M4\LVhT
^PO�NRM&[]T�O
ORZ0M5O�NRJU^PORNR[]\�O�O�Z2J%\HZ2V&[]\LJ�V&W�å�ORV�O�Z2J�f][aT2JlM5N�^Rs2o
^RK0M&\UJ�V&W�Wgs2T2\�O�[aVhT2^�O�Z2M5O@M&NRJ�B�cM&f]Q�Vh^�O,^Ps2NRJUfab�\UVhT2^�OHM&T�OlvH�ÚZ2J¡\UVhT2^PORN�M&[aT�O�^eå{ä���æ ô �å�����M
vw^Lv
M&NRJ3ORZ2J��&���)�����S�T���x�'n�����	�I�	�So������nO��S�,���	���	O�vr�ÚZ2J�b¦NPJLT2t2JUN JD�
K
f][]\U[aO.O�Z
J,NRJlk#s2[]NPJLQ�JLT�O{ORZ0M5O{O�Z2Jq\HZ2Vh[]\UJqV5W2å
\LM&T Ý OeNRJLM&f]f b�t2JLK�JLT
t4VhTÒ�
ð;O�Z
J¡�B�cM
vÇ^Uv#\LVhT2t
[aO�[aVhT�[a^q[aT2\Lfas2t2JUt�WgVhN K2s2NRJUfab�O�JU\HZ2T2[a\lM&f
NPJlM&^PVhT2^Lv

± s�+�\U[]JLT�O®VhK
O�[aQ�M5f][aOcb�\UVhT2t2[ O�[]V&T2^ÚWgVhNÚO�Z2[a^�K
NRVho2faJLQ pqVhs2fat)o�J � ägåaô î �åaôHæÚ[]^�M&T
VhK;O�[]QSM&f�K0M&[aNÚ[aW.O�Z2J�b�M&NRJ3WgJLM&^R[ao2f]J5j

WgVhNÎ�B�cM&f]Q�Vh^POeM&f]f)� � å ô ä	�#æ ô �å ô î
M&T
t�ORZ2JLNPJ!JD�;[]^POR^ þ ø.È äS� î$� ð�é ê ë æ,^Ps2\HZ@ORZ0M5O
ä©å ô î �å ô æeø%M&NP�hQS[aT àlá,Å \�óàLá./0 1 í�é¨Çmí å0ï > b:� � þ ä	�#æ î å{ä���æ$�h�ÍäSgi��æ���� b:� þ ä	�#æn�Íä�gi�#æ î �åP��ï¹ð
WgVhN,JlM&\HZ��2jmO�Z2JkQ¦s2faOR[]K2fa[]JLN þ ä���æ []^eM5ORO�M&\HZ2JLt4ORV�O�Z2Jk\UVhT2^PORN�M&[aT�Oeå{ä���æ��õ�å ô�¬ v}jcT
ORZ2[]^�fiM&^�O�J��;K2NRJU^R^P[]VhT j{p,JS\lM&T�^RK2fa[aO¡O�Z2JSQS[aT2[]Q�[]ÞLM5O�[aVhT@pß[ O�Z�NRJL^PKBJU\UO!O�V@å�ø�È
M&T
t�ORZ0M5Oßpß[aORZ�NRJL^PKBJU\UO�O�Vö�å9ø)é ê ë vY��[aORZ

2j÷ ä	� î åBæ ô 2 ä�� î åBæ > � þ ä���æ î å�� î
ORZ2JL^PJ!^Ps�+�\L[]JUT�O�\UVhT2t2[ O�[aVhT2^Úo�JL\LV&QSJ
ç åaô�ä	�#æ ô �åaôlj��B��M
vw^Lv j
ç åaôßø�M&NP�hQS[aT àlá,Å é�Çùø.í å0ï½j
ç �åaôßø�M&NP�hQS[aT óàUá:/0n1 �)�þ î �å��epßZ
JLNRJâ�þ ô � ö þ äM� �� æHý#vjcT�VhNPt2JLNYWgVhNM�åaô=ORVk^�M5OR[]^�W©b�o�V&O�Z O�Z
Je�0NR^�O M&T2t O�Z2JÚf]M&^POY\LVhT2t
[aO�[aVhT2^UjhVhT2JeQ¦s2^POÍZ0Ml`&J

� ö þ äÛ� �� æDý ô �þ ô�¬n9
jcT�`m[]J�p�V5W ORZ2Jk[]T�ORJLNR\HZ2M&T2�hJk\UNR[aORJLNP[]VhT�[aT9­hv U j
ORZ2J3^Ps�+�\L[]JUT�O�\UVhT2t2[ O�[aVhT2^qWgV&NeVhK
OR[ �
QSM&f][ Ocb�\lM&T�O�Z#s2^�oBJ¡NPJL^PO�M5O�JUt)M5^ßWgV&f]f]Vupß^ �
ç åaô � � ñ é ê®ë�[]^Î�B�cM&f]Q�Vh^PO,^Rs2NPJLf b�M \LVhT2^�OHM&T�O�Wgs2T2\�O�[]V&T j

M&T
t�ORZ2JLNPJ!JD�;[]^POR^ þ ø.È äS� î$� ð�é ê®ë�æqpß[ O�Z � ö þ äÛ� �� æDý ô�¬ ^Rs2\HZ�O�Z0M�O
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� ��¼��kÕ}�kÓ%Ù��¶x
í ­Lï��kv U JLfa��M&^RV&T M&T2t ± vw�
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NRVl�;[]QSM5O�Jq^R\LJUT0M&NP[]V3^PVhf]s
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NRV5�
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�h[]T2�
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t � K�JLNRM5O�[aVhT2^\�JU^RJLM&NR\HZ ± � \ �î� ��­ 2 j Ë NP[]T2\UJUO�V&T)_�T2[a`&JLNR^P[aOcb&j·­ « �î� v
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íw¯�ï@\�v �kvû\�Vm\���M5WgJLfafiM&N�M&T2t�\¡v
���Rq÷��JUOR^Lv ± \LJLT2M&NR[aVh^ M&T2t�KBVhfa[]\�b�M&�h�hNPJL��M5OR[]VhT�[]T
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