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��� ~ms�pts�rtk.y<s�gms�{[pts?|LqTntsC|L{[zTl�g'p���rts�vwl��<s u.p$o5g)p���o5rhv�o?g�o5p+q�rtl��)qml3��o5rhv�o�p$o5{[v[vwl�l�pVv�o��¦k.r+zTl�|�l�ntlCn y r$o5{[gHugH��lCn+p3��o.n3n+q�r+��rtl�g�o5g'ptlxs�p$o5g'p�|�k.g�gmsx�)qml�vwl?z�o5pts�r+{wl�vHo�s�pts���rts�vwl��<sx|mo5gmn�vwl?}8o5g�o5v�|�l?v�o �`}8o5r+��l?k��¿vwlntsC|L{[zTl�g'p?}Ck.r+rtlCn+��k.gm| �Bq�g�z�o5pts�r+{wl�vT!+l�q�gml �
Y ILKM 	)e¼U)R¿NQeW:QImPJMOFHGJU'R�U<K :Qe¼ImMbPJR�N �VI�FHGcU)R
; g�p+rtk.q��<l3s�y'o5vwl�zTl�g)p |�lCnV|�s���r+{wn |�l �<s�y<s�p$o5qL� § z�o5p+{w��rtl�k.r+y'o5g�{w�)qml �Or$o¼»�}$~ml¾l�pVv[{[y g�{[ptl«��.�xo5gmnV}Cl�r+p$o5{[gmns�vws�zTl�g'ptnh|�l¾v[{[y g�{[ptl u5vwlCnJn+p+r+qm}�p+q�rtlCn l�g>z�{w}�rtk.�]k.rtlCn ntk.g)pJrtl�z���v[{wnV��o5r |�lCnJ}�r+{wntp$o5v[v[{wn$o5p+{wk.gmnhntlC}Ck.gm|mo5{[rtlCn8�
; gXoB��q·k.�mn$l�r+�<l�r�s�y'o5vwl�zTl�g'p?|Lq�y r$o5��~�{[ptl § y r$o5{[gmn�~ml���o5y<k.g�o5qL��«�}Cl�r+p$o5{[gml�zTl�g)p�~ms�r+{[pts�|�l�v��ªo.}�p+{[�){[pts{[gm|Lqmn+p+r+{wl�v[vwl ��Á v�� {[g'pts�r+{wl�q�r?|�l"}ClCn�y r$o5{[gmn8umk.g�k.�mn$l�r+�<l�|�lxv�o>�'�`r+{[ptl u��`{wn+{[��vwl"l�g�v[q�z�{w��rtl"rts�8�sC}$~�{wl ��fhgv[q�z�{w��rtl�o5g�o5v[�`ntsCl § �HÁ"«�|�lCnxl�gm}�rtk%<�ptl�zTl�g'ptn�k)}�rtlCn?k.g'pxs�pts�k.�mn$l�r+�<sCn?o5q�ptk.q�r"|�l�}Cl�r+p$o5{[gmn"}Ck.z���k ntsCn8uv�o5{wntn$o5g)pTn+q����]k n$l�r>|�lCnB��rtsC}�{[��{[p$o5p+{wk.gmnT|®��k8�`�L|�lCn�|�l¿�bl�r8� fhgLÂmgHuh|�l¶gmk.z���rtl�qL�Ày r$o5{[gmn�k.��o.�)qmlCn�k.g'ps�ptsTk.�mntl�r+�<sCn8� ; gµ|L{wntp+{[g�y qmlT|�lCn�nt}Ck.r+{wlCn�l�p�|�lCn���o5r+p+{w}�q�vwlCn�zTs�p$o5v[v[{w�)qmlCn"��o5r7�bk.{wn�|�lBy r$o5gm|�lCn�p$o5{[v[vwlCn8us�y'o5vwl�zTl�g'p?z�{wntlCn�l�g�s��`{w|�l�gm}Cl �>v�o>vwk.q���l"��{[gmk`}�q�v�o5{[rtl �
� K8e.GJ\ KGce5U·U`P I�:Qe¼Z�:�ILK
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�Hl NXf ] oT}Ck.gLÂmr+zTs�v�o���rtsCntl�gm}Cl>|®�ªo5y rts�y'o5ptnx|�l��'�`r+{[ptl��Or$o5z��]k%5�|mo5vwl � � lCn?o5y rts�y'o5ptnx|®��l�g)�){[rtk.g ��	 �
�8©�_®z	|�lx|L{�o5zT��p+rtl"ntk.g)p�}Ck.z���k ntsCn�|�l�y r$o5{[gmn�}�q���{w�'qmlCn�|®��l�g)�){[rtk.g � _®z	|�lx} �.pts �T�)q�r�v�o�Âmy q�rtl"©L�/¹`uk.g_��l�q�p�k.�mntl�r+�<l�r>q�gml��br$o5z���k%5�|�lTrtl�v�o5p+{[�<l�zTl�g)pB��{wl�gÀ}Ck.gmntl�r+�<sCl § Áx«�l�p>o5qÀ|�lCntntk.qmn ��|Lrtk.{[ptl ucq�gml�'�`r+{[ptl¶o8�'o5g'p>q�gml�n+p+r+qm}�p+q�rtl¿p+rt�CnBo5v[pts�rtsCl�k.q_��{wl�g�rtlC}Ck.q��<l�r+ptl¶��o5r�|�lCn�z�{[gms�r$o5qL�ÀntlC}Ck.gm|mo5{[rtlCn §X] «��
� l�p+ptl�}Ck.gLÂmy q�r$o5p+{wk.g��br$o5z���k%5�|mo5vwl?|�l�v�o��'�`r+{[ptl�v[q�{]}Ck.gL�b��rtl�q�gml�p+rt�Cn¾y r$o5gm|�l�rts8o.}�p+{[�`{[pts?|Lq���o5{[p¾|®� q�gmly r$o5gm|�l�n+q�r7��o.}Cl¶nt�]sC}�{;Â��)qml � � l¿p-�)��l�|�l¶�'�`r+{[ptl uV�OrtsC�)qml�g'pT|mo5gmnBvwlCnBn+�Ln+pt��zTlCn�o5gmkC�L{w�'qmlCnu �]k.q�r+r$o5{[p
��p+rtl¿|®��k.r+{[y {[gml¶��{wk.vwk.y {w�)qml¿k.q���{wl�gÀ|®� q�gml¶nts�r+{wl¶|�lT��rtk`}ClCntn+qmn>}t~�{[z�{w�)qmlCnBl�p���~'�Ln+{w�)qmlCn���{wl�gÀ��rtsC}�{wn§ 
a{[v[Î`{[gµl�p ] o5r+gmlCn8uS�8Ñ Ñ<¹ «�� � l>pÉ�`�]lB|�l�n+p+r+qm}�p+q�rtl�ntlB|L{wn+p+{[g�y qml�|�lCn"ntp+r+qm}�p+q�rtlCn�}�q���{w�'qmlCnxrtsCntq�v[p$o5g'p|®� q�g¢zTk)|�l¿k.qÀ|®� q�g¢|�l�y rts�|�lT��rtsC}�{[��{[p$o5p+{wk.gd|L{;Ì®s�rtl�g'p8� .�g�y r$o5{[gÀ}�q���{w�)qml § � «�o���q ��p+rtl¶k.�mntl�r+�<s§ ÍV{[ym�m©L�ªÄ<«¾z�o5{wn�}Cl�p+ptl?ntp+r+qm}�p+q�rtl"ntl�z���vwlxz�{[gml�q�rtl�|mo5gmn3vwl?z�o5pts�r+{wl�vHs�p+qm|L{ws"}Ck.z���o5rtsCl���v�o��brtsC�'qml�gm}Cl|�lCn��)�)r+{[ptlCn��Or$o5z��]k%5�|mo5vwlCn8��xlCnT}8o5r+ptk.y r$o5��~�{wlCn¿f �K�½l�pT|�lCnTn+��lC}�p+rtlCn�k.g'p�s�pts�rts8o5v[{wn$sClCnTn+q�rT}Cl�r+p$o5{[gmn�|�l�}ClCnTy r$o5{[gmn8� � vwk.��o5vwl��zTl�g'p8u)|LqTiC{[gm}�l�p �5k.q�|Lq���vwk.z��¿n$k.g'p n+�Ln+pts�z�o5p+{w�)qml�zTl�g'p3o.ntntk`}�{wsCn o5qL��y r$o5{[gmn |�l��)�)r+{[ptl3�br$o5z���k%5�|mo5vwlo5g�o5v[�`n$sCn8� � l�r+p$o5{[gmn�z�{[gms�r$o5qL��}Ck.g)p+{wl�g�gml�g'p !1qmnt�)qH� � � uª´ �	|�l?iC{[gm} § l�g���k.q�rt}Cl�g'p$o5y<l�s�vws�zTl�g'p$o5{[rtl«3l�go5�mntl�gm}Clx|�l?��vwk.z���l�p3l�g'p+rtl@	Luª´>l�p-	Lu/¹ � l�g�n$o���rtsCntl�gm}Cl �L�Hl?��vwk.z��·o���q>��p+rtl��)q�o5g'p+{;Â�s"l�g)p+rtl@	Lu/¹�l�p
���¶�QÁ�qm}�q�gX|�lCn�y r$o5{[gmn"o5g�o5v[�`n$sCn�gml�}Ck.g'p+{wl�g'p"|®�ªo5rtntl�g�{w}>l�gX�)q�o5g'p+{[pts>n+q ��n$o5g)ptl���k.q�rU��p+rtl�|�s�ptlC}�ptsCl �
� lCn�� o5vwl�q�rtn�ntk.g)p���k.gm}�p+qml�v[vwlCn�l�p�gml�rtl���rtsCntl�g'ptl�g)p?��o.n�|�l�� o5vwl�q�rtn�n+p$o5p+{wn+p+{w�)qmlCn���k.q�r�v���l�gmntl�z���vwl�|�lCn�'�`r+{[ptlCn�}Ck.g)ptl�g'qmlCnx|mo5gmn�vwl"z�o5pts�r+{wl�vcs�p+qm|L{ws ��xlCn¾y r$o5{[gmn���rtsCntl�g)p$o5g'p�q�gmlxo.ntntk`}�{�o5p+{wk.g � g��
�¿k.g)p�s�y'o5vwl�zTl�g)p�s�pts�k.�mntl�r+�<sCn� � k.z���o5rtsCn�o5qL�¿ntq�v;�Oq�rtlCn|�l?�bl�r��)q�{®ntl�z���vwl�g)p���{wl�g�}Ck.gmntl�r+�<sCn8u`vwlCn�n+q�v;�bq�rtlCn�|�lxiC{[gm}xntk.g'p�p+rt�Cn�o5v[pts�rtsCn �Lvwl�q�r�ntp+r+qm}�p+q�rtl"}�q���{w�'qmlntl¶|�l��){[gml¶|L{���}�{[vwl�zTl�g'p8�L�)q�r>v�o�Âmy q�rtl¶©L�ªÑXk.g½|�l��){[gml¿v�o·ntp+r+qm}�p+q�rtl¿}�q���{w�)qml�|�l�v�oXn+��~�o5vws�r+{[ptl�l�pH�|Lrtk.{[ptl�|Lq�z�{[gms�r$o5vVk.g��]l�q�p��<k.{[r�q�gml��'�`r+{[ptlx�Or$o5z��]k%5�|mo5vwl ��?q iC{[gm}Xoµs�y'o5vwl�zTl�g'p�s�pts·k.�mntl�r+�<sXl�gao.ntntk`}�{�o5p+{wk.gºo8�<lC}��){ � ; § ÍV{[ym�¾©L����	<« ��{[v��]k.q�r+r$o5{[p�n8�ªo5y {[r�|�l
� {[v[vws�z�{[ptl §�� g � �){ ;�� «�u�z�{[gms�r$o5vJ|�s"!#��k.�mn$l�r+�<s"|mo5gmn�}Cl"ntsC|L{[zTl�g)p���o5rEQ1n$o5q�rtl § J
	
	 �«���Hl��¦l�r¿oj��q���p+rtl�k.�mn$l�r+�<s·o.ntntk`}�{ws ��|�l�v���kC�L�`y<��gml�ntk.qmnT|L{;Ì®s�rtl�g'ptlCn��bk.r+zTlCn�SQÉv�o�gmk.p$o5z�zTl�g)p¿s�ptsrtl�gm}Ck.g'p+rtsBl�g·n+q�r7��o.}Cl�|�l�n+{[v[{w}8o5ptlCn�n$k.qmn��¦k.r+zTl § { «�|�l�}�{[zTl�g'pxl�gm}�rtk%<�p$o5g'p § ÍV{[ym�Q©L���
�«�u § {[{ «�|�l"y r$o5{[gmn|�l��)qml�vw�'qmlCn�z�{w}�rtk.gmn § ÍV{[ym��©L����J<«�u § {[{[{ «3|�l�y rtk ntntlCn���o5r+p+{w}�q�vwlCn?|�lxp$o5{[v[vwl�n+q���s�r+{wl�q�rtl��	Luª©	_®zËl�p § {[��«|®��l�gm}�rtk%<�ptl�zTl�g'p"n+q�r�|�lCn�o5y rts�y'o5ptn�
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A

B

���z��� �<D � I � A-A-# �t,;�C*1,9#¼% � � � �(�!V<,9�@%>�$6-,;AÉ*1�8� ��9,;AÉ0@� � � �®�t*c�8�9*-0@6-0@� ����� ��#WV'A-�$61�0$� �8(��(� ��$%�=x# & �x0$�!�@�t*-61#%'A�A-�@�t#¼%'&<�,961�@A@D � 0@& ,!=x�$%5*& � ���8�!�;�8,!%\�'D

D

C

���z�N� � D + I � A1A-#.�$,!�8*-,!#% � � � � ��AÉ*-61('�+*1(<6-�J�t(��V<,;:5(<� � � �h�t*�Uw61�= V`#��b& ��� � � ��#WV'AÉ�@6-�¼0$���(
�(� �d�$%¶=?# & �?0$�!�@�t*-61#%'A3A-�@�$#%'&<�,961�@A@D �.0 �& ,!=x�$%5* & � ����9�;�8,!%\�'D

���z��� �<D ) I � A-A-# �t,;�C*-,!#% � % � ��#EV'A-�$61�0@���8(
�(� �X�$%�=x# & ��0@�9���+*-61#%)A®6-0$*-61# & , � ('A-0@A@D �.0 �& ,9=x�@%¼* &<�q�Q�8�!�!�,9%,�'D ���z�N� � D��=� I � A1AÉ# �$,!�8*-,!#% � % ���., ���·#EV'A-�$61�0@��8( �(�!���@%�=x#.&<��0$�!�@�t*-61#%'A 610t*16-# & , � ()AÉ0�A$D

�.0�& ,9=x�@%¼* &<�q�Q�8�!�!�,9%,�'D
Fe/O

Silicate

���z��� �<D���� I % 2<#8*1# �H� � �$%�=?# & �¶0$�!�@� �*-61#%'A3A-�@�t#¼%'&<�,961�@A�=x#%5*-67�8%5*�(<%��$%)�t61#�� *1� �=?�@%5* � � ���½A-(<6h(<%f�67�8,!%�& ��A-,!�9,;�$�8*-�D�� 0@& , �=?�@%5*h&<�G���8�!�;�8,!%\�'D

Fe/O

���z�N� � D��r� I % 2<#*-# �(� � �@%_=x# & �¿0@�9��� �*-61#%)A�AÉ���t#¼%'&<�8,!61�@AV=x#%5*-67�8%5* & ��A��67�8,!%'A�& �
� � ��� AÉ(<6�(<%dAÉ,!�!,!�@�C*-�¼D �.0�& ,9=x�@%¼*¶& �!���� ��;�8,!%\�'D
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� � � � �,���$* 	�&<6-#¼,/*1��(<%'N'2<#¼A N<2'�8*-��& �x�$��!�$,9('= � � � � % �+D ��� L 0��72<�$�!�9��& �@A¾,9%5*1�$%'A-,/*10@A�& �x�t#('�9�@(<6¾�$6-#¼,!A1A-�%5*-���@AÉ*
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A

���z�N� � D�� � I % 2'#8*-# �(� �d�$%�=x# & �0$�!�@�t*-61#%'A 6-0$*-61#.&<, � ('A-0@A³=x#%5*161�%¼*(<% �67�8,!%��t#¼%¼*1�$%'�%5*V& (�N<�9#¼= VQ� � �tD ���z��� �<D���
 I �%N`�@�t*-61� #WV *-�@%5(�����@���!��AÉ#¼%'& �d� � ���t#(�N<�90@�¾�( �(� ��A-(<6�ML 0$�!0$=x�$%5* � � � , �'D$�<D�� �7���.0@&<,9=x�$%5* & �G�Q�8�!�!�,9%,�'D
�?q���vwk.z���o?s�pts�|�s�ptlC}�pts�|mo5gmn�|�lCn y r$o5{[gmn ��{wl�g�{[gm|L{[�`{w|Lq�o5v[{wntsCn § ÍV{[ym� ©L���8©<«��<�Hl3n+��lC}�p+rtl�f �K�]u.��rtsCn$l�g'ptsn+q�r vwl�Âmy q�rtl�©L���8´Lu)gml���l�r+zTl�p¾��o.n¾|�l�}Ck.gm}�v[q�rtl?n+q�r v�o"}Ck.z���k n+{[p+{wk.g�|Lq�y r$o5{[gH��QÉvQ�]k.q�r+r$o5{[p�n8�ªo5y {[r¾|®� q�gn+q�v;��o5ptl u�|®� q�g�}8o5r+�]k.g�o5ptl"�<k.{[rtl"|®� q�g�ntq�v;�Oq�rtl ���co>r$o5{wlK� * |Lq�ntk.qL�brtl"lCn+p�}Ck.gL�bk.gm|Lqml�oC�<lC}"v�o�r$o5{wlKN *|LqB��vwk.z��Hu<n+{`��{wl�g��'qH� {[v�lCn+ph|L{���}�{[vwl3|�l3|L{wn+p+{[g�y qml�rhvwl3ntk.qL�brtl vwk.rtnt�)qml�vwl���vwk.z��TlCn+phs�y'o5vwl�zTl�g'ph��rtsCn$l�g'p8�
�`l�q�vwl¶q�gml¿�)q�o5g'p+{;Â�}8o5p+{wk.g��·v��ªo5{w|�l�|�l�v�oXntk.gm|�l¶f��@�µ}Ck.q���vwsCl�o5q NXf ] o5q�r$o5{[pB��q�vwlCn>|L{wn+p+{[g�y qml�r8uz�o5{wn�l�v[vwl�gH�ªoB��o.n���q ��p+rtl�rts8o5v[{wntsCl�vwl-!+k.q�r�|�l"v��ªo5g�o5v[�Lntl ���xl"��v[qmnum{[vclCn+p�|L{���}�{[vwl�|�l�}8o5r$o.}�pts�r+{wn$l�r�vwlCn}8o5r+�]k.g�o5ptlCn?oC�<lC}�}Cl�p+ptl"zTs�p+~mk)|�l �
� l�r+p$o5{[gmn�y r$o5{[gmn�|�l � g��
�¶�]l�q��<l�g)p���rtsCntl�g)ptl�r�|�lCn�o.ntntk`}�{�o5p+{wk.gmn�o8�<lC}"vwl"��vwk.z��Xk.q�vwl?�bl�r § ÍV{[ym��©L��� ¨ «�u�<k.{[rtl�vwl¾z�o5g�y'o5gm�Cn$l�l�p vwl�}t~�rtk.zTl � �HlCn }8o5r+ptk.y r$o5��~�{wlCnhrts8o5v[{wn$sClCn�oC�<lC}�v�o�n$k.gm|�l�f �K��}Ck.q���vwsCl�o5qHNXf ] u��rtsCntl�g'ptsClCn�Âmy q�rtlx©L����Òmu`zTk.g'p+rtl�g)p3|�lCn�y r$o5{[gmn3|®��kC�L�L|�l�|�l�p+{[p$o5gml���rtsCn$l�g'p$o5g'p�|�lCn3l�g�r+{w}t~�{wn$ntl�zTl�g'ptn�l�g�bl�r�l�p�l�g�z�o5g�y'o5gm�Cntl �
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��0�� ��785:9<;8@$EGFKF1J 
 J�FP; HKJ(BL=�O$= 
 J(FG;8B 
 = ;>5�OCO3@����KJ(B J ; HKJ(B 
 = ;>5:O3O3E�� HKJ(B�HlCnBl��`p+r$o.}�p+{wk.gmn�n$s�vwlC}�p+{[�<lCnBo5����k.r+ptl�g'p�|�lCn�{[gL�bk.r+z�o5p+{wk.gmn�}Ck.gm}Cl�r+g�o5g)p�vwlCn�{[g)ptl�r$o.}�p+{wk.gmn�|�lCn>zTs�p$o5qL�oC�<lC}�vwlCn�}Ck.z���k n$o5g)ptn�|LqjntsC|L{[zTl�g'p?ptl�vwn�vwlCn?o5r+y {[vwlCn8umv�oTz�o5p+{w��rtl�k.r+y'o5g�{w�)qml�l�p�v�oTntk.v[q�p+{wk.gj|�l�ntk.vV�'q�{gml���l�q��<l�g'p¿��o.n���p+rtl·s�p+qm|L{wsClCn¿��o5r�k.�mntl�r+� o5p+{wk.gmn�o5q�NXf ] �Éf �K�]������l��Lp+r$o.}�p+{wk.gants�vwlC}�p+{[�<lX}Ck.gmn+{wn+ptl
�jzTl�p+p+rtl�l�g½ntk.v[q�p+{wk.g½q�g½k.q½��v[qmn+{wl�q�rtn�s�vws�zTl�g'ptn���rtsCn$l�g'ptnT|mo5gmnBv�oj��~�o.ntl�ntk.v[{w|�l�s�p+qm|L{wsCl�y r"!.}Cl �q�g¢rts8o.}�p+{;�"o5����rtk.��r+{ws �hfhv[vwl¶rtl�gmntl�{[y gml�ntq�r�vwl�q�r�rts�ptl�g)p+{wk.gdk.qÀv�oXzTk.��{[v[{[pts�|�lCn>zTs�p$o5qL�do5q¢n$l�{[gÀ|LqntsC|L{[zTl�g'p8�
�/15021XW ? �®K8e5I�\ KMONQPJRTR8Z)WOU)\ KM �QU'R¿R8Z'FHGJU)P]KMOU`WOWOU)R
�Hl���rtk.ptk`}Ck.vwl�q�p+{[v[{wnts�lCn+p�}Cl�v[q�{���rtk.�]k nts¶��o5rBvwl ] � ¸ § � qml��.o5q��`{[v[vwl�rTl�p�o5v��[u-�8Ñ Ñ<¹ «��SQÉv3|L{wn+p+{[g�y qml�v�o�Or$o.}�p+{wk.g�sC}$~�o5g�y<l8o5��vwl"l�p�o.}�{w|�k5�Éntk.v[q���vwl uLv�o"�br$o.}�p+{wk.g�rtsC|Lqm}�p+{[��vwlH& R SURmvwlCn3kC�L�`|�lCn�l�p�vwlCn�~'�L|LrtkC�L�`|�lCn8u`v�o�Or$o.}�p+{wk.g¿kC�L�`|mo5��vwlU&$RTS R<vwlCnhntq�v;�Oq�rtlCn�l�p v�o?z�o5p+{w��rtl�k.r+y'o5g�{w�)qml�l�p v�o��Or$o.}�p+{wk.g�rtsCnt{w|Lqml�v[vwlU& R SUR){[gm}�v[qmnh|mo5gmnvwlCn�nt{[v[{w}8o5ptlCn8�m�HlCn���rtsC}8o5q�p+{wk.gmn �T��rtl�gm|Lrtl���k.q�r�v�oT|�s�Âmg�{[p+{wk.g�|�l�}ClCn�}Ck.z���o5r+p+{[zTl�g'ptn"l�p�vwl���rtk.ptk)}Ck.vwlntk.g'p���rtsCntl�g'ptsCn?|mo5gmn�vwlx��o5r$o5y r$o5��~ml�Òm��� � ¨�§ ��o5y<l�© Ä<«���HlCnxrtsCn+q�v[p$o5ptn"|�lCnxl��Lp+r$o.}�p+{wk.gmn"nts�vwlC}�p+{[�<lCnxrts8o5v[{wntsClCnxl�g�p+r+{[��v[{w}8o5ptn"n+q�r�vwlBntsC|L{[zTl�g)p�|�l��Jo5v[v�o5{[g�ymu®ntk.g'p��rtsCntl�g'ptsCn�Âmy q�rtl�©L���¹`�TQ-vwn�k.g'p��]l�r+z�{wn�|®�ªo5�]k.q�p+{[r�o5qL��}Ck.gm}�v[qmn+{wk.gmn?n+q�{[� o5g'ptlCn �
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