
� �������	��
�
�
���� 
���� � ��������������������������
����
� ������� ��!"��������� �#���$
�
&%('�'�)&* 
����

�#����
�
&%('�'�'�)+!-,$��. ���/���

02143657398;:=<4>=14<4>@?4ACBD:=EF:=?GACH�IJBLKNMGAC<�OP3L:=?4ACB6AQIJ<4AQBRTSTUTVDSTWYX	R&5"W[Z]\7V6^]W�_a`bX4XG5"Z&X4c(dD\&efV65"Zg R]3Chi3LAQ3Ch4<4:kjlhnm
oqp <�?4AC3Der:=Es148tjNukj(vxwG3YcyMGACH�IJA?4AQ3^]<GI o AQ3LB9IzjNuFjDU{:k3L8JB93L14MGA:=<4>qAQ< p H�H|AQ<4AR}`~X�X(5|W�V�\�V�`~S�Z

oqp <
���7���G�����������~�~�����Y�"�Y�

:=14B6V�3LIJAQ3

R]ACEF:=<�� �"3 p v�hiRY3Qh���h���A�j��C8zAC3� hrOP1~jN:=KNM�j�AQ3LIz<�� �"3 p v�hiRY3Qhi\�h�U�hr� p¡  AQ8J8¢ hrOP1~jN:=KNM�j�AQ3C� �-R�RY3Qhi`£<4> p UP3 p BLB9IJ<4>V¤:=>@?4AQ3DH�w4<4?48zIJKNM4AQ<��73Lw~vx14<4>4� �¡¥ hn¦�§�h ¢ ¦=¦q¨



' ������
���� � ����� ����� �������

� �	��

����������
�� �
� h � ZDAQj��   AQ3LEsB9jL3L14E�jL143LAQ< 14<4?PH�ACM439E=AC39<4IJ>=A7B�:=14AQ3LBbj p���o AQ3��439w4KNE�j�A���� AQ3L>�:k<4>qB��H�AQj�:=8J8zE p H! 48JA#"~A h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h �
� h ¢ e p 39H|IJ:kj�A�h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¨
� h�¨ ��A�jN:=8z8 g `L`bm�v p 3LH�I;:kjL?4IJM%$�?43�:Fj�A#h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h &
� h(' \]1Gvx>�:���AC<4Bbj�AQ8J8J1G<4> h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¥

) *,+�
,��-���./� 0
¢ h � X p 8 oqp j�M4AQ3LH|:=8JB�$~<�jLM4ACB9A h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¦
¢ h ¢ � p ?4I21iEF:kj�I p <�?4AQ3]53"4 �AC3LIzH|AQ<�j�A h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h �=�
¢ h�¨ R&:k3LB9jLAC8z8J14<4>�?GAC3De p 3LH�I;:kjLA�h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨

¢ h�¨Gh � 57?414E�j�A�h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨
¢ h�¨Gh ¢ ��:=<4>q:=<Gv p 39H|IJ:kj�A g ��<ie�\TmPh+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨
¢ h�¨Gh�¨ 57IJBLAQ<Gv p 39H|IJ:kj�A g eiAle~\&m@h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨
¢ h�¨Gh(' U p �4:=8zj9v p 3LH�I;:kj g c p e~\Tm�h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � &
¢ h�¨Gh5& Z]IzKNE=AC8tv p 3LH�I;:Fj g ZDI;e�\Tm h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h �76
¢ h�¨Gh 6 02IJ<4E�v p 39H|IJ:kj�A g 02<ie�\Tm h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h �76
¢ h�¨Ghn§ c(:=?4H�IJ14H@v p 39H|IJ:kj g cy?ie�\Tm h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � §
¢ h�¨Gh ¥ ��:=>q<GACBLIz14H@v p 3LH�I;:kjLA g ��>�e~\&m hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � §
¢ h�¨Gh98 57IJBLAQ<Gv p 39H|IJ:kj�KNM48 p 3LIz?4M%$�?43�:kj g eiAle�\Dcy8 m]h{h{h+h{h+h{h{h{h{h{h+h{h+h �l¥

: ;<-�=?>�=?@A�B�C>D�E./���C>D��
�� ��0¨Gh � WGFq<�j�>qAQ<C� AQ14>q14<4> h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � 8¨Gh � h � W�F=<sjL>qAC<GACIJ<GE�39IJBbjN:=8z8J?4I � 3L:=E�j p H�AQjL3LIJA h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � 8

I



���������
	���
��������������������

¨Gh � h ¢ W�F=<sjL>qAC<  4148 o AC39?4I � 3�:=E�j p H|A�j�39IJA h+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¢ ¦¨Gh ¢ V�M4AQ3LH p :=<i:k8 $sj�IzE h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¢��¨Gh ¢ h � X~IJH�148zj�:=<4A&V�M4AQ3LH p :=<i:k8 $�BLA h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¢��¨Gh ¢ h ¢ V¤AQH  �AC3L:kj�1G3�:��4M4u=<4>qIz>qATWGFq<�j�>qAQ<���AC1G>q14<4> h+h{h+h{h{h{h{h{h+h{h+h ¢��¨Gh�¨ `�W��bX4 �ACE�jL3 p B9E p  4IzA h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¢=¢¨Gh(' ��AQBLB914<4> ?GAC36H :k>q<4AQjLIJB9KNM4AC<�X~14B9�CA/ ~j�I �GIJ8JItjNukj h{h{h+h{h+h{h{h{h{h{h+h{h+h ¢=¢¨Gh5& ��AQBLB914<4> ?GAC3�_ u=3LH�ACEF:� 4:=�CItjNukj h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¢=¢
� � >�� ���3

��.7./�����C>! �%�B= ����"$#%#%&('
) >�* � = �B� ) :

'4h � ��<4e~\,+!-/.103242457698;: h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¢ ¨
'4h ¢ `£B p H p 3� 4M4APW6ACIzM4AP?4AC3   :=BLB9AC3bvx3LACIzAC<���AQj�:=8J8 g `9`bm�v p 39H|IJ:kj�A h{h{h{h{h{h+h{h+h ¨=¨

'4h ¢ h � <>= eiAle~\?+ < ��@BAC03242457698;:ED?FG 695H242I6 h+h{h+h{h{h{h{h{h+h{h+h ¨=¨
'4h ¢ h ¢ c p e~\?+J5LK�0�2M24576N8�:OD FG 695H242I6PD FG 6O:Q2 h+h{h{h{h{h{h+h{h+h '%&
'4h ¢ h�¨ Z]IJe~\R+TSVU�0�2M24576N8�:WDYX�6N2M5H576ZD\[!6V:(2 h+h{h{h{h{h{h+h{h+h &k¦
'4h ¢ h(' < ��02<ie~\R+ < ��]^.10�2M24576N8�:VD?FG 695H242I6_DRFG 6O:(2 h{h{h{h{h+h{h+h &D'
'4h ¢ h5& < ����>�e~\?+ < ��-/`�0�242M576N8�:aDYXb6N245H576cD\[d6O:Q2 h{h{h+h{h+h & 6
'4h ¢ h 6 e AC39>q8JAQIJKNM�?4AC3PIzB p H p 3� GM4AC<�W6ACIzM4A�?4AC3   :=BLB9AC3bvx3LACIzAC< ��AQj�:=8J8 g `L`bm �v p 3LH�I;:Fj�A h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h &=§

'4h�¨ f ��eiACe~\/14<G?hg ��eiACe~\ h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h 6 ¨
'4h�¨Gh � f ��eiAle�\R+df���@BAC03242457698;: h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h 6 '
'4h�¨Gh ¢ g ��eiAle�\?+dg ��@�Ai03242457698;: h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h 6 8
'4h�¨Gh�¨ e AC39>q8JAQIJKNM oqp <hf ��eiAle�\/14<4?Jg ��eiAle�\ h+h{h{h+h{h+h{h{h{h{h{h+h{h+h § ¢

'4h(' f �b02<4e~\R+df ��]^.10�242M576N8�: h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h §D'
'4h5& f �bcy?4e~\?+df ��5Lj10�2M24576N8�:&h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h ¥ &
'4h 6 f �b��>�e~\R+kf ��-/`B03242457698�: h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h 8=¨
'4hn§ e AQ3L>q8zACIJKNM�?4AQ3YIJ<�14<�j�AQ3LB9KNM4IJAQ?48JIzKNM4AC< � p ?4I21iEF:kj�I p <4AC<�:=1~v j�3LA�j�AQ<4?4AC<�e p 3 �H�I;:kjLA+h{h{h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¦q¦

'4hn§~h � < ��l�f �"14<4?Jg ��eiAle�\ h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¦q¦
'4hn§~h ¢ < �"1G<4?mf �b02<4e~\ h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¦ �
'4hn§~h�¨ < �"1G<4?mf �b��>�e~\ h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¦ ¢

'4h ¥ eiAle�\Dcy8n+k@�A G 03242457698;oQ5Lp�0�246V:(8�h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¦q¨
q � >�� ���3

��.7./�����C>! �%�B= ����"$#%#%#%&('
) >�* � = �B� � ��r

&~h � eiAle�\&¨s+k@BAC03242457698 G Dm695H242I6 h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h �q� ¦

IJI



���������
	���
��������������������

&~h ¢ ��<4e~\&¨<�L-/. 03242457698 G D Go 695H242I6PD :o 6O:Q2 h{h+h{h+h{h{h{h{h{h+h{h+h �q� '
� � ��./=�* * ��
 ' = .7.7�


� � ��0

� � > ��. �B=?�E� ) � >�=���-
�E.��D-��
	 = �7�4
 ��) :§~h � ��<4e~\ h{h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¢ '§~h ¢ IzB p H p 3� GM4ATW6ACIJMGAT?4AC3   :=BLB9AC39vx39ACIzAC<}e p 39H|IJ:kj�A�h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¢�6§~h ¢ h � < ��@�A�@��PD?FG 6N5H24246 h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¢=¥§~h ¢ h ¢ 5LKC@��_D?FG 6N5H24246_DRFG 6V:Q2�h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨q¦§~h ¢ h�¨ < �;]^.B@��PD FG 6N5H24246PD FG 6V:Q2 h+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨ ¢§~h�¨ f ��eiACe~\/14<G?hg ��eiACe~\ h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨�'§~h�¨Gh � f ��eiAle�\ h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨%&§~h�¨Gh ¢ g ��eiAle�\�h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨�§§~h(' f �b02<4e~\ h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � ¨ 8§~h5& f �bcy?4e~\ h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � '�¨§~h 6 f �b��>�e~\ h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � 'C&§~hn§ eiAle�\Dcy8�h{h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � '%8§~h ¥ eiAle�\&¨�h{h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � & ¢§~h98 ��<4e~\&¨@h{h+h{h+h{h{h{h{h{h+h{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � & '

 � 

-
=?

� � q�q¥ h � V�ACH! AQ3�:kjL143LAQIJKNMs14<4>|:=H �"1G8 o AQ3L?4I � 3L:=E�j p H�AQjLAC3(vxw436?4AQ<�dDACIz� p vxAQ< h{h+h � & &¥ h ¢ o AC3   AC<G?4AQjLA�\ �GE�wG3L�C1G<4>qAC<ah{h+h{h{h+h{hPh+h{h+h{h{h+h{h+h{h{h{h{h{h+h{h+h � &q§
0 � � �7��>�= �B�
>�� �C>��%����� -


�E. �����

IJIzI



� ���!� ����� ���

	 ��
 ���
�(�Y���

e¤w43��9AC?4AQB�^D<�j�AC39EF:� 4IzjLAC87>qIz8zjYACIJ<�AQIJ>qAQ<4AC3{X�$�H�H|A�j�39IJACK p ?GA=h�573   IJ39? IzH�WD:=M4H�AC<�ACIz<4ACB^D<�j�AC39EF:� 4IzjLAC8zB�IJH�H|AQ3(<s1436ACIJ<GH :=8,� AQIJH AC3LBbj�AQ<�\Y1~v j�3LA�j�AQ<�AQ3LEs8;u=3bjlh

I o



� � ����
�������
����

����� ���
	���
��
������	�������	�������� ���� ! ��"����#�
�$��%'&#�
��(#���
����	�)+*-,.�
��/��$0�1$�2	��
3 /-�
��&4(���&4��! �
	�(+565'�4)#! 7�56��8��
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_a`�bMcedgfihefkj-l�monRpPmrq�sutuvxwPyzs6{D|x}�sz~��r�i�
�ituwutu�i{g�x�T�����T�'�evT{
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��AQj�:=8J8 e p 3LH�I;:kjLA \�KCA�jN:kjLA Z]IzjL3�:kjLA��> + g � 8�§�8�> ¥ ? m + g � 8 &�8�>98 ? m + g � 8 6 'Z> � ¦ ? m��< + g � 8 6 'Z> �=��? m � 8�8 6 > � ¢e? ¢ ¦q¦ ¢ l�> � ¨ ?eiA + g � 8 6 6 > � ' ? m � 8q§=¨�> � & ? + g ¢ ¦q¦ ¢ > � ¨ ? mc p + � 8q§=¨�> � & ? ¢ ¦q¦ ¢ > � ¨ ?Z]I + � 8q§ ¢ > �B6I? + g ¢ ¦q¦ ¢ > � ¨ ? mcy1 � 8 8q¨�> � § ? + � 8 6 &�> �¡¥ ?02< + g � 8 8 8�> � 8 ? m � 8q§�8�> ¢ ¦ ? + g ¢ ¦q¦ ¢ > � ¨ ? mcy? � 8 ¥ ¦�> ¢~��? + + g � 8�§ 6 > ¢q¢I? m
�������
	�	���
���
���������������������� �"!#�%$'&(�")����+*-,.��� �/��0#1/2�3��/�4�'5�176�08)9!#�%$':;��<������/=%6����")����>&@?7���A�B��C/D9:FE%1

�4�'<4�'GH��0JI�KH1MLJ��</�%$'$ �N&@6�&@O�5P$'� C�DQLR�%5P08�@�4�'6�,S6�08)JTU��)#,V�'6�,XW�*>0�5H��5H��YF��0J� �4<Z)8���
[ �%D���)�����\U�@��C/D������'Y�6�0�5])����7!^<4�46�_
<46��(2H3`� ����0#1�6�08)ba-� C/_H��$c��C@��</�%<d�4�'08)"0���C/Dbe`6�$A1
GH���4��f�0g<45H��0^YF��6�5P6�0�5H��)8�%<���0h� ��E�,.E��4:�Di&@6kj-E�Y��%$'</��C@��</�%<(WUlm�'<����/�%<46����4<���$'$ ��0�2U)#� �
�'09j+$c�%,V,.���40��%0�5H��5H��YF��0n�4�'08)m2F5H��Y;��09o-�'0^?d��� ���.�%6#�U)#� �p3`q
� �4<���0�&"08E
C�DQ0�� C�D^<
YF�@�/C�D��4� ��Y;��08���r!^<4�46�_
<46�����0�WdLR��� �4<.D��%08)���$'<s�@�b��� C�Dt)8�%Y;���-6�,uGH����f%v;��0^<4$'� C�Dg<��
e`6�$'GH���4��f�0g<45H��08)8�%<���0�W

Z]A � AQ< ?4AQH `£<sjLAC39ACBLB9A�:=< H|AQM43LEkAC39<4IJ>qAQ< U p H  G8JA "~AQ< B� GIJAC8tj�A@BLKNM p < IJH�H�AC3&?4IzA 573bv p 3��B9KNMs14<4> o=p < d p M48z3�:=1GH �&14<4? Z]AQjL�   AC39E�Bbj�3914E�j�1439AC<�ACIz<4A�>q3 p:9 A	W p 8J8zA=h�\Y1GvY?4AC3�X~1GKNM4A<4:=KNM�?4AQ3�e�:k3���A�?GACB|^]8zjL3�:=H|:=39IJ<4B l¤?4AQ3 5739E�8Ju=3L1G<4> vxwG3�?GIJA�3LA o AQ3LBLI �48JA�RYAQMC$�?43L:kjN:Fj�I p <1G<4? ?GAC3	` p <4AQ<i:=14BbjN:=14B9KNM4H!Fq>q8JIzKNM4E=AQIzjLAC< ?4AC3�02A p 8JItj�M4A   1G3L?4AQ< ��AC3LAQIzjLB�BLACMG3	vx39w4Ma?4IJA��Fq>q8JIzKNM4E=AQIzjLAC<}AQ3LEF:=<4<�j l�?4IzA�IJ<}02A p 8zIzjLM4AC<�14<4? ?4AQ<}IJMG<4AC< o AC3   :=<G?Gj�AQ< ��Iz<4AC3L:=8JIzAC<�8JIzA �>=AC< > ¢ ¨ ? h�R]IJA@e p 3LB9KNMs14<4>�:=<�?4IJAQBLAC<�:=< p 3L>�:=<GIJBLKNMGAC<�Z]AQjL�   AC39E=AC< Mi:kjPM4AQ1Gj�A@< p KNM�AQIJ<4A>=3 p:9 A+; AC?4AQ1Gj�14<G> > ¢ '�+ ¢�6 ? l4A/��AC<4B p�  IzAT?4IJAP:k<�ZDAQjL�   AC3LEkAC< :k14B p 3L>q:=<4IJB9KNM4AC< [�IJ>�:k<4?4AC<1G<4?}��AQjN:k8J8JEF:kjLI p <GAC< > ¢ §%+ ¢ 8 ? hRY:=B `£<�j�AQ3LAQBLBLA�:k<�?4AC<��C148zAQj���j�>qAQ<i:=<4<�jLAC<aX�jL3L14E�jL143LAQ<�B9j�IzAC>�IJH WD:=M4H�AC<�?GAC3�573bv p 3��B9KNMs14<4>@?4AC3yH :=>=<4AQjLIJBLKNMGAC<	57IJ>qAQ<4BLKNM4:kv j�AQ<�?4AC3�:k<Gv :=<4>qB � AQBLKNM439IJA � AQ<4AC<�U p H! 48zA "~A=h~57IJ<4�?GIJH�AC<4B9I p <i:k8JATUTAQj9j�AQ< li�   ACIz?4IJH�AC<4B9I p <4:=8JAT5 ��AC<4AQ<�14<G?�?439ACIz?4IJH�AC<4B9I p <4:=8JAYZ]AQjL�CA{8;:=B9BLAQ<B9IJKNM ��AC�CwG>q8JIzKNM�IJM439AC3fH|:=>q<GAQj�IzBLKNM4AQ<�5"Iz>qAC<GBLKNMi:kv jLAC<@?i:=<GE�IJMG3LACBfACIJ<~v :=KNM4AC39AC<�\Y1Gv �4:=14B p v j8zACIzKNMsjLAC3 ��ACB9KNM43LAQI ��AC<|:=8JB¤<s148J8z?4IJH�AC<4B9I p <4:=8JA"H�ACM439E=AC39<4IJ>=A6U p H! 48JA#"~A=h:; ACIG?GIJACB9AC<@3LAQIJKNM4AQ<
  AC>=AC<@IJM439AC3 o IzAC8tv u=8zjLIJ>qAQ<{_�ACKNM4B9AC8   IJ3LEs14<G>qAC<@IJ<G<4AC39Mi:=8 ��?4ACB"U p H  G8JA "~AQB�l=?GIJA���ACBLB9?i:kjLAC<H�ACIzB9j <4IzKNM�j :=1GB�l¡14H[?4IzA o AC39BLKNM4IzAC?4AQ<4AC<�\]14B9j�:=14B9KNM4E p <GB9jN:k<sjLAC<��Q1<��AC3LAQKNM4<4AQ<�hF_ ukM43LAQ<4?Iz< ?4IzACBLAQ<#e u=8z8JAC< ?4IzA \Y1GB9jN:k14BLKNM4E p <4BbjN:=<�j�AQ< vxw43 u=M4<48zIJKNM4A@_ AQKNM4BLAQ8   Iz3LEs14<4>qAQ<#�C14BL:=H �

¢
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H�AC<�>=AQv :=B9B9j p ?4AC3�?4IzATR&:kjLAC<	w?��AC3  i:=3�:kH|A�j�3LIzBLIzAC39j   AQ3L?4AQ<�H�w4BLB9AC< liEF:=<4<	H|:=<�IzH er:=8z8JA?GAC3�ACIJ<��<�GIJB@?43LAQIJ?4IzH|AQ<4BLI p <i:=8zAC< X�jL3L14E�jL143LAQ<�?4IJA   AC<4Iz>qAC< \Y14BbjN:=1GBLKNM4E p <4B9j�:=<�j�AQ< �4IzB��
  ACIz8JAQ< w?� AQ3T�f:k3�:=H�AQjLAC3&:k14BP:=<}?4IzA A "4 �AC39IJH�AC<�j�AQ8J8JAQ< R&:kjLAC<�:=<G>qA/ i:kBLB9jLAC< ei14<4E�j�I p <4AQ<
��AC39ACKNM4<GAC<�hS �   p M48GE p H! 48JIz�CIJAQ39jLA"Z]AQjL�   AC39E�Bbj�3914E�j�1439AC< 1G<4? 14<�j�AQ3LB9KNM4IJAQ?48JIzKNM4B9jLA(H|AQM43LEkAC39<4IJ>qA U p H �
 G8JA "~A&H�Izj ACIz<4AC3 e IJAQ8J�C:=M48 oqp <Z[�IJ>q:=<4?4AQ< l~H�ACIzB9jLAC<4B6c(:k3�� p "�$�8;:Fj�?4AQ3LI o :kjLA l�� AQEF:=<4<�j�BLIz<4? lB9IJ<4?|?4IJA]X�jL3L14E�jL143LAQ< ?4AQ3 AQIJ<Gv :=KNMGB9j�AQ<   :=BLB9AC39vx39ACIzAC<	��A�jN:=8z8 g `L`bmbKC:=3�� p "�$~8J:kj�A lq<iu=H�8JIzKNM�?4IJA?GAC3�\�KQAQj�:kj�A|14<4? e p 39H|IJ:kj�A l��C1GH V�ACIz8"< p KNM�IJH�H|AQ3T<4IJKNM�j<� AQBLKNM439IJA/��AC< p ?4AQ3+B9IJA   143��?GAC<aACB	AC39B9j	Iz<�?4AC< 8JA�j��QjLAC<��q:=M439AC< g V¤:���h � h � m�h _ ukM43LAQ<4?a?4IJA X�jL3L14E�jL143LAQ< ?4AQ3���A �j�:=8J8 g `9`bmbKl:k3�� p <i:kjLA�BLKNM p < �C1 ; AC>qIz<4< ?4AQ3�WGFq<�j�>=AC<4Bbj�3L1GEsjL143�:k1GvxEs8;u=3914<4> o=p < ?4AQ3LAQ< �7I p �<GIJAC39AC< ��ACB9KNM43LIzA/��AC<   143L?GAC<Z>�¨=¦�l ¨ ��? lFBLIJ<G?@:=14KNM�?4IzA   :kBLBLAQ39vx39ACIJAQ<|��AQj�:=8J8 g `L`bm�<4IzjL3�:kjLA"�C14HV�ACIz8�AC39B9j]3LAQ8;:kjLI o B� iukj p ?4AC3 �GIJBLMGAC36< p KNM�>�:k3�<4IJKNM�j�� AQBLKNM439IJA � AQ<   p 3L?GAC<�hR]AC3	��:k<4>qAC8]:=<�_aIzBLB9AC<�w?��AC3|?4IJA   :kBLBLAQ39vx39ACIJAQ< XG:=8z�CA�ACIJ<~v :=KNM4AC3�XGu=1439AC<�IzB9j � AQI]?4AQ<e p 39H|IJ:kj�AQ<�:=H :k1 � :k8J8JAQ<4?4Bbj�AC<2h

����� ��)+�$! %6(+	��

; ACIY?GAC3 \]H|AQIJB9AC<4BLu=143LA�Mi:=<4?4AQ8zj|ACB�B9IJKNM�1GH ?4IzA�AQIJ<Gv :kKNM4B9jLA p 3L>q:=<4IJB9KNM4A X~u=143LAkh(57IJ<GI2�>=A�IzM43LAQ3|XG:=8J�QA�BLIz<4? B9KNM p <�8J:=<4>qA ��ACEF:=<G<sj�14<G? ��ACBLKNMG3LIJA � AQ<�h ;yAC39ACItj�B � 8 � ¦ ��AC39IJKNM�j�A�jOT3 p j�M�w?� AQ3 �   AQI o=p 3LMGAC3L39BLKNM4AQ<4?4A{X�jL3L14E�jL143LAQ<�?4AC3y��A�jN:=8z8 g `9`bm�v p 39H|IJ:kj�AJ>�¨ ¢I? h�Xsj�3 p <sjLIJ14Hhl
;y:=3LIz14H�14<4? ;y8zACI�l7?4IJA�ACIJ<GAC<�` p <GAC<43L:=?4IJ1GB >q3 F 9 AC3 :=8JB � l�¨ ¢�� � AQBLItj��CAQ< >�¨=¨ ? l-Es3LIzB9jN:k82�8zIJB9IJAC39AC<�IJ< ACIz<4AC3PIzB p H p 3� GM4AC< W6ACIJMGA|:k8JB   :kBLBLAQ39vx39ACIJA���AQj�:=8J8 g `9`bm�v p 39H|IJ:kj�Akh2��:=>q<4AQBLIJ1GH/l��:=<4>�:=<^l 57IzBLAC<^l2U p �i:=8tj liZDIJKNE=AQ83l UT1? GvxAC3 l 02IJ<4E�1G<4?�c(:=?4H�IJ1GH �4IJ8z?4AC<�H�Izj6` p <4AQ<43�:k?4I2�AQ<��   IzBLKNM4AQ<	¦�l ¥�6 14<4? � ln¦ 8 � > ¨q¨ ? �C14AQIJ<i:k<4?4AC3yIJB p H p 3  4M4AY��AQj�:=8J8 g `9`bm�v p 39H|IJ:kj�?4IzM%$~?G3�:kjLAg \ �?�2h � h � m+>�¨ ' ? h efw43YX�jL3 p <�j�Iz14H�IJBbjYA � AQ<4B p AQIJ< R]IJM%$�?43�:kj � AQEF:=<4<�j l�?i:=BY:�� AQ3Y<4IzKNM�j&IJ<?GIJACB9A(IJB p H p 3� 4MGA(W6ACIJMGA(>qACM Fq39j�> ¨%& ? h=0214B�ukjL�C8zIJKNM �Q14H RYIzM%$~?G3�:kj7Es39IJB9j�:=8J8zIJB9IJAC3bj¤UP1  GvxAC3bv p 3��H�I;:FjD:=14KNM�< p KNM�:=8JB6V�AQj�3L:=M%$�?43�:kj4> ¨ 6 ? hrU{:k8J�CIz14H IzB9jDIJ<�?439ACI 14<�j�AQ3LBLKNMGIJAC?G8JIJKNMGAC<   :=BLB9AC3 �vx39ACIzAC<@e p 3LH�I;:Fj�AC< ��ACBLKNMG3LIJA � AQ<Z>�¨�§ l ¨ ¥ ? 14<4?��Q1 cyMG3 p H g `9`bm�A "~IzB9j�IzAC39AC<�<4A � AQ<�?GAC3   :=BLB9AC3 �vx39ACIzAC<}e p 39H�:=14KNM}< p KNM dG$�?43�:kjLA�H�IzjD14<�j�AQ3LB9KNM4IJAQ?48JIzKNM4AC<�_ :=B9BLAC39>qACM4:=8zjLAC< > ¨ 8�l '�¦ ? h�RYIJA�   AQIzv :=KNM�>=AC8;:k?4AC<4AQ<�` p <4AQ< oqp <�V�ItjN:=<�1G<4? e :=<i:=?GIJ14H B9IJ<4?�Iz<   u=BLB93LIJ>=ACH ��AC?4Iz14H <�1G3
��AC?GIJ<4>=j+B9j�:��4Iz8 h�57B BLIz<4? <s143�V�ItjN:=< g e `bm � �G�   h e :k<i:=?4Iz14H g `L`9`bm�v p 39H|IJ:kj�A ��ACEF:=<4<�j�>(' �6? h
� 14AQKNEsBLIJ8 � AQ3 g `L`bm�v p 3LH�I;:kjyIJB9j6A � AQ<Gv :=8z8JB�<4IzKNMsj���ACB9KNM43LIzA/��AC<�h

¨
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M(OOCH)2

isomorph

H

Li

Na

K

Rb

Cs

Be

Mg

Ca

Sr

Ba

B

Al

Ga

In

Tl

C

Si

Ge

Sn

Pb

N

P

As

Sb

Bi

O

S

Se

Te

Po

F

Cl

Br

I

At

Ne

Ar

Kr

Xe

Rn

He

Sc

Y

Lu

Ti

Zr

Hf

V

Nb

Ta

Cr

Mo

W

Mn

Tc

Re

Fe

Ru

Os

Co

Rh

Ir

Ni

Pd

Pt

Cu

Ag

Au

Zn

Cd

Hg

kein M(II)formiat bekanntM(OOCH)2×2H2O

isomorph
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X~ACItj7\Y<~v :=<4>T?4AQB ¢ ¦Gh �q:kM43LMs14<4?GAC39jLB   IJ3L?�\]H|AQIJB9AC<4BLu=143LA�w � AQ3"ZY:kjL3LIJ1GH�v p 39H|IJ:kj lC?i:=B":=14BZ]:kj�39IJ14H�M%$�?43 p "~IJ? H|ItjPU p M48JAQ<4H p < p "GIz?�IJ<   u=B9BL39IJ>qAQ34[�FqB914<4>�14<�j�AC3+AC39M?FqM�j�AQH RY3L14KNEB�$�<sjLM4AQjLIJB9IJAC3bj   IJ3L?^lf?i:=39>qACBbj�AQ8J8zjChf\]14KNM MGAC1GjLA�< p KNM#H|:=KNM�j@?4IJAQBLAC3�XC$~<�jLM4ACB9A   AC> AQIJ<4AQ<\]<�j�ACIz8 oqp < ¢�6�� :=<�?4AC3]OTACB�:kH�j  43 p ?G14E�j�I p < oqp <�\YH�ACIzBLAC<GB�u=1439A{:=14B�>(' ¢I? h� 8 6 ¨ ��ACB9KNM43LAQI �Gj�S&B�:=EsI�?4IJAYX�j�3914E�j�143 ?4ACB(��:=>q<GACBLIz14H@v p 3LH�I;:kjL?4IJM%$�?43L:kj�B":=8zB AQ3LBbj�AC< e AC3��jL3LA�j�AC3y?4AC3�IzB p H p 3� GM4AC<�W6ACIzM4A l�IJ< ?4IJA&B9IJKNM   IzA � AQBLKNM439IJA � AQ<   ACItj�AQ3LAP��A�jN:=8z8 g `L`bm�v p 3LH�I;:kj��?GIJM%$�?43�:kjLA AQIJ<439ACIzM4AC<�>�¨�' ? h `£<�?GIJACB9AC3 02ACIzj�Bbj�ACIz>=j�?4IJA-\Y<G�l:=M48�?4AQ3 e AQ3�F � AC<�j�8zIJKNMs14<4>=AC< w?��AC3e p 39H|IJ:kj�A l�?4IJA]IJ<|?4AC<�cyM4AQH|IzKl:=8�\ �GB9j�3L:=KQjLB(3LA�vxAC39IJAC3bj   AC39?4AC< lGB� 43914<4>qMi:Fv j�:=<�h~e p 3LH�I;:Fj�A  AC39?4AC<�:=8JB e p 39B9j�1~vxAC<��Q1���A�jN:=8z82��> '�¨�l#' ' ? 14<4?���AQjN:k8J8 p "~IJ?GEk:FjN:=82$~BL:kj p 3LAC< > 'C& ? ?GIJBLEs14�jLIJAQ39j lF?4IzA(�=h�;Yh=�Q1437RYAQM%$~?G3LIJAQ3L14<G> o=p <��(j�Mi:k< p 8G>=AC<s1Gj���j   AC3L?GAC<�h�`£<�?4IzACB9ACH�0214B�:=H�H�AC<4�M4:=<4>   Iz3L?�:=14KNM}?4IzA ��IJBLKNMGE�39IJBbjN:=8z8 �4Iz8J?414<G>�?4AC3]e p 3LH�I;:kjL?4IJM%$�?43L:kj�AT14<�jLAC3LB914KNM�j�>(' 6 +4&=¦ ? hR]IJA�� Fq>q8zIJKNM4EkACItj�:=1Gv&?GIJACB9A�_�ACIzBLA	�=h�;Yh"AC8zACH�AC<�jN:k3LACB�ZDIJKNE=AQ8�vxACIJ<GB9j o AQ39j�AQIJ8tj :k1Gv&AQIJ<4AQ<��:=>q<4AQBLIJ1GH p "~IJ?4� V¤3Lu=>qAQ3]�Q1}AC39�CAC1G>qAC< l vxw4M439jY�C1 UP:kj�:=8 $�BL:kj p 39AC<}H�IzjDM p M4AC< ^DH|BLukj��QAC<�hR]IJA{`£<sjLAC<4B9Izj�ukjD?4AC3]e p 3LB9KNM�1G<4>�A/� �GjYIz<�?GAC< §k¦=AC3 �q:=M439AC<�?4ACB o AC39>�:=<4>=AC< �q:kM43LMs14<4?GAC39jLB  IzAC?4AQ3D:���h

'
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RY:=B�:=E�j�14AQ8J8JA   IzBLB9AC<4B9KNMi:kv j�8zIJKNM4A�`£<�j�AQ3LACB9BLA�:=<�e p 39H|IJ:kj�AQ< g   :=B9BLAC3bvx3LAQI]14<G?   :=BLB9AC39Mi:=82�jLIJ>sm<��AC�QIJAQMsj BLIzKNM�:=1GvY?4AC39AC<a� p ?4AQ8J8zKNMi:=3�:kEsjLAC3 ��AC�CwG>q8JIzKNM IzM43LAQ3�H|:=>q<GAQj�IzBLKNM4AQ<�57IJ>=AC<4�B9KNMi:kv jLAC< > � §Tl & � +�&=¨ ? 14<4?#?4AC39AC<#RYAQM%$~?G3�:kj�:kj�I p <4BL39Al:=E�jLI p <4AQ< >5& '�+4& 6 ? h7S �   p M48yvxw43+?4IJA
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Länge/Å

r(M2+)/Å

Ni

Mg Zn

Co

Fe

0,82 0,84 0,86 0,88 0,90 0,92
0,0

0,2

0,4

0,6

0,8

1,0

a - 10,5 Å
b - 9,4 Å
c - 14,3 Å

0,82 0,84 0,86 0,88 0,90 0,92

1560
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1660

V/Å3

r(M2+)/Å
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91,25

91,30

91,35

91,40

91,45

91,50

V
β

β/°
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Fe(O2CH)2 × 2H2O α-Fe(O2CH)2 × 1/3 HCOOH

Fe2O3

γ -Fe(O2CH)2

70°C,
p

170°C,
p

120°C,
1 atm

240°C,
1 atm

β -Fe(O2CH)2 α-Fe(O2CH)2

170°C,
p

254°C,
1 atm

256°C,
1 atm
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Zn(O2CH)2 × 2H2O β-Zn(O2CH)2 Zn3O4

α-Zn(O2CH)2 × 1/3HCOOH × 1/3H2O α-Zn(O2CH)2

170°C,
p

288°C,
1 atm

120°C,
p

130°C,
1 atm

285°C,
1atm
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GIHKJML+N�OQPMPRPTSVUXWZYR[\H^]`_)abYMHKJR_c]`d^d^HKJMHKL+YR_�H^N�efL+YgabhfifH^J Ycj L+Nlk8]Dhf[gmZYRhfnfnoL�pbqsrC OutvYxw:yDzD{bS|[gHK_e}L+Y~GId^Lx[\LxNb_�]DYM�xL+dKd^L+N}d��DNfmDL������Z�D���D�D��yfOT�+{bS/��OX��]`i�w���w��}��S�w���HKL1]DJT��[g[gLx_�YRH^J Ycj L)GIH^N��j L+HK_~LxN�_ j �Dd�_~L+HKN�G!HKJMLxN��c��LxH^N���WZYM[gH�] _�H^WDN�hfN}e¡�£¢¤LxH¥NbhfY�_ML+HKdK¢:L+H^JRL1i¦LxJML£_��x_ML.§¨WZJMH�_�HKWZNfL+N© WZN�ª�[gL+H^JRL+NfJM�DhfYRL+[gWZd^Lxa¬«}d^L+N­w��]DJ®GIH^JRL+NfHKWZN�d^HKL+mD_:]Dh�U¯efL+[°P±N © L+YRJMHKWZNfJM�xL+N�_�YRhf[�]Dh}U¯e}L+Y�efYRL+HK�<� j dKH^mZLxN\ª Ycj JMLgOu²D³+S����`wµ´�wO<¶· �V¶· �±¶· S£w¬��]DJ:¸vW j d^LxNfJR_MWD¹�] _�WZ[»º¼OV��SIefL+Y:��WZYM[gH�]`_MmZYMh}nfn¦L®JRHK_M�x_<��Lxi¦LxNfJMW½¢/H^L8e�]DJ:§!YRWD_�WDN¾�OT��S��Z]Dh�U­LxH^NfLxY!¿�nfHKL+mZLxd^L+ioL+N}L~Ou§IhfNfa�_Md�]DmZL8À ÁDÂ}S£� e�]DJ¥¿}]Dh}L+YMJT_�WD¹­]`_MWZ[ÄÃ)OT�ÅSÆd^HKL+mD_�]Dh}U¦efL+Y]`d^d^mDL+[gL+H^N}L+N)Ç¯]DmZL½OQÁZ²�ÈÉS£wb��hfY Ycj efHKL�¿¬nfH^LxmZL+dKL+ioL+NfL`��efH^L/efhfY Ycj º¼OT�ÅSImDL j _<��¢/H^YRe\e}H^L8��WZYT�[gH�] _�mZYRhfnfnoL�Ã)OT�ÅS±�Tº¼OV��SR¾�OT��SÊ�TÃ)OT�xË�S © LxY © WDd^d^JT_c�DN}efH^mD_+w}�vH^L¼GIH^JRL+N�] _�WZ[gL�JRH^Nfe�WDab_�]DL+e}YMH^J Ycj© WZNÌJML Ycj JÍ¿}]Dh}L+YMJT_�WD¹­]`_MWZ[\LxN=ÃgOV��S © LxYMJ Ycj H^LxefL+NfLxYs��WZYR[\H^]`_�mZYRhfnfnoL+NÎh}[\mZLxi¦LxN�w/ÏvioL+Ye}H^Lv�ÉWDYM[gH�]`_MmZYMhfn}n¦LxN)¢:L+YRefL+N.JMH^L8�+h}[°Nf� Ycj JR_ML+NÐGIH^JRL+N�] _�WZ[ © L+YMi}YM« Y a�_½OQªvifi�w�Ñ�w���S£wbªvh}Ue}H^L+JRLvÒ¡L+HKJML�LxN�_�JR_ML j _/L+HKN\¢/«fYTUXL+d�UXÓZYM[gH^mZLxY¥¸Ô� Õ�mf�bH^N\efL+JRJML+N�G Y aDLxN�G!HKJMLxN�]`_�WD[\L8hfNfe�]`h}Ue}L+JMJRL+NA¸~]DN�_�LxN���WZYM[gH�]`_MH^WZN}L+NÍd^HKL+mZLxN�w¨��L+Y�GIH^JMLxN��VGIHKJML+N¬�±ª�i}JR_c]`NfeÖioLx_�YM�DmD_1Ñ��µ×Z�Dz�OT�ÅS¼�OX��]`i�w�Ñ�w���S�w���HKL1��WZYM[gH�]`_MmZYMh}nfn¦LxN�JRH^Nfes[gHK_�i¦LxH^efLxN�¿}]DhfLxYMJT_�WD¹­]`_�WD[\LxNsL+HKN}UQ] Ycj aDW¬WZYRefH��N}H^L+YRL+Nfe­w´¤L+e}H^NfmD_ÆefhfY Ycj efH^L¥efYMLxH^�+� j d^HKmZL!ª Ycj JML/mZHKi}_ÆL+JØabYMHKJR_�]Dd^dKWZmZY�]`n j H^J Ycj mZL+JRL j LxNg�£¢¤LxH © LxYMJ Ycj H^L��e}L+NfL�GIHKJML+N�UXWZYM[gH�]`_T�V¸~�`Õ�mDLD��efHKL\«}i¦LxY|H j YRL.�Æd�� Ycj LxNÙ[gHK_ML+H^Nf]DNfefLxY © L+YRa¬Nb«fn�UÚ_)JMH^N}e�w�§IYRWGIdKL+[gL+N�_c]DYR�+Lxd^d^L�mZH^i}_/LxJ/�x¢:L+H^[\]Dd�e}L+N�¸Ô� Õ�mgtvY+w­�.OXL+HKNf[.]`d­H^NÐefLxYvÛ�HK_R_�L¼hfNfe�] Ycj _�Û�]Dd]`N�e}L+N�G Y aDL+NÎO ¶Ü SRS�hfNfe�JML Ycj J½Û�]DdØefLxNÙ¸~�`ÕfmÐtvY+w�yÍOQJML Ycj J�Û�]DdI]DNÍe}L+N���d�� Ycj L+N�O ¶Ý Sh}Nfe.�£¢¤ÓZd�U¨Û�]Ddo]DN\efL+N.¸~]DN�_�L+NsOÅ¶· SRS£w¬��H^L8efYRL+H^�+� j dKH^mZLxNgª Ycj JML+N�i}H^d^e}L+NgefH^L8k8]Dhf[gefH�]DmDW`�Nf]Dd^LxN�e}L+Y/¸~�`Õ�mZL¼e}L+Y/tvYxw��ZwfP±N�ÞRLxefL+[ß¸~�`Õfm1i¦L£Õ�NfefL£_vJRH Ycj L+HKN�ª�[gL+H^JRL+NfJM�DhfYRL+[gWZd^Lxa¬«}dàw�vH^LgÇ�ÓZJMhfN}mZJM[gHK_R_�L+dK[\WDd^L+ab«fdKL½JRH^Nfe�«fioL+Y~[gL j YRL+YMLg§¨WZJMH�_�H^WDNfL+NÍUXL j d^mZLxWZYMefN}Lx_<w���hfY Ycj efH^L
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a) b)

*�+,+,-/.�021434576
8/9;:,<	=�>@?BADCFEBA#GHA#I�JK<MLONPA#EQEBASRTA�UWVXA�VZY\[]U^NPA#?Q_�JW`�aTL�b/A#Ecb'd]LOGe?Q_	A�fhgjiX_	ADaTk�A#L@VXl]L�m
Ge?n<MJK<MIT?Bl]IXA#I&o	A#LOkTLOaXp)qrJ)A#LsCF?BUKA#IT?Bl]IXA#IutXk(=wvxA#?BRTA\q�LO?BU)JK<MEQEBl]_�LK<MyTzT?BU)p)z|{TI�J)A#L�m
U)p)zT?BA�RZEQ?BpKzXA#IHfhgjiX_	A}UO?QIXRDGe?QJ4A#?QIXA#G~b/A#zTEQ_	A�l]L)RZIXA#J)A#IeYWGHA#?BU)A#IXUKgM{TL)A#GHl]EBA#qraTE
k�A�U)A#JON�JPt;��IXUO_	A�U�<MGDJ^?BUOJ�?QIS�OA�RTA#G�fhgjiX_�A#?QI��rl]EQo]<MJOGHl]EBA#qraTE�A#I�JOz;<MEQJ)A#Iut

vw?QIXRZ{TIT_	UOEngMIT_	A#I���� � ´¤H^N}efhfNfmZJT¢/H^Nfa`L+ds�����
VXA �Z�S����= �D�µ�Z�r��OT��S Ã)OT��S!����LP�}Ã)OT�xË�ËÚS �Zz}�µyr��OQ��S
� ����=��Z�S����= �D��y`{Z��OT��S Ã)OT��S!����LP�}Ã)OT� Ë�Ë�Ë S ×Z�}�µ�`{ÉOQ��S
� ����=���� z��µ×��}Ou��S Ã)OT��S!����LP�}Ã)OT� Ëc� S �Å×Zz}��zZz�OX{bS
VXAH�Q�Q�;VXA	� Ë = Ñ¬�µ×��`z�OT��S Ã)OT��S!�}º^�}Ã)OT� Ë S ��yZy���×�OuyZS

��� +��r./.���6
8/9(:�vw?QIXRZ{TIT_	UOEngMIT_	A#I�{TIXR�m�`�?QITq	A#E,?QI&VXA�VZY@[Zt ��¡rGeGHA#JOLO?BA�p�l�RTA�¢2��?�=x£,¤�¥^¦7§�¤X¨;©4��?Q?�=
§�¤T¨;¤T£4©u��?Q?Q?�= ¶Ý ¦7¨X¤ ¶Ý ¦�£,¤ ¶Ý ¦�§
©u��?QoT= ¶Ý ¦�£,¤ ¶Ý ¦�§
¤ ¶Ý ¦ª¨Xt

¿b��[g[gLx_�YRH^LxWZn¦LxY�]`_MH^WZN}L+N�i¦L£Õ�NfefLxN�JMH�« j H^N�ÞRL+efLx[ ¸Ô� Õ�m�]�« j _�[\ÓDmZd^H�« j L)§ÆWZJRHK_MH^WZNfLxN¡UX«fYe}H^L~¸vW j d^LxNfJR_MWD¹�] _�WZ[gLDw}��H^LxJML~JMHKNfe�ÞRLx¢:L+H^dKJ®[\H�_®efLxY�ÒÖ] j YMJ�« j L+H^N}d^H�« j aDL+H�_ © WZN ¶Ü ioL+JRLx_M�x_<wP±[ ¸~�`Õ�m1t8Y+w­�¼dKH^LxmZL+N�e}H^L¼¸8W j d^LxNfJR_MWD¹­]`_�WZ[gLv]Dh}U¨efL+N�G�«caDLxN�LxH^NfLxJ�Òl«fYRUXLxd^Jxwf��HKL�JMLj« j J[gÓZmZdKH�« j LxN�¿}]`hfL+YRJR_�W`¹�]`_MWZ[gL.«fioL+YRa`]`nfn¦LxNFefH^L.��d��r« j L+N�efLxJ|Òl«fYRUXLxd^J1]Dh}J1¸vW j d^L+N}JR_�W`¹o�] _�WZ[gL+N�w�¬8[�e�]DJ½��WZYM[gH�] _�H^WDN��+h © LxY © WDd^d^JT_c�DN}efH^mZLxN�� j ]DioL+N¡JMHKLgLxH^NfLg´¤LxJML£_��+h}NfmZJR¢¤] j YV�J�« j L+HKNfd^H�« j aDLxHK_ © WZNÙ¶­ w P±[ ¸Ô� Õ�m¼tvYxwZy/d^HKL+mZLxN�efHKL¤¸8W j d^LxNfJR_MWD¹­]`_�WZ[gL:]Dh}UÉefLxN1G�«caDL+NgL+HKNfL+J
® h�]`efL+YRJ+wT¯¦¢:L+H�hfN�_�LxYMJ�« j H^L+e}d^H�« j L8¿}]DhfLxYMJR_MWD¹¦n¦WZJRHK_MH^WZNfLxN�dKH^L+mDL+N�HKN|L+HKNfL+Y�GIi¦LxNfL�H^N}NfL+Y j ]Dd^ie}L+J8JML+dKi¦LxN�woGIH^NfL~efLxYvioL+HKefL+N�Ã)Ou�Z]�SÊ�V§¨WZJMH�_�H^WDNfL+N�JRW�¢/HKL½LxH^NfL~efLxY © HKL+YvÃ)Ou�Di�S±�V§¨WZJMH�_�HKWZNfL+N
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HKJR_/ioL+JRLx_��£_<w´:Lx_�YM]r« j _�L£_�[\]DN�e}H^L�¿¬_�YRhfa�_�hfYgH^N�¿(« j H�« j _ML+N��:JMW�L+YRmZH^i}_gJRH�« j LxH^N�� j NfdKH�« j LxJ.t8Lx_��Ð¢/H^LLxJ8]Dh
« j i¦LxH¯Û�N��¬ª ioL+WDi�]r« j _�L£_8¢/HKYMe��f��H^LÔÛ�L£_c]DdKd�]`_MWZ[gL�JMHKNfeÐ«fioL+Y8�������M���������X�V��WZYM[gH�] _R�i}YM«
«ca`L+N © LxYMabNb«fn}UÚ_8OXª�ifi�wDÑ�w��¤HK[	�!L+YMmDd^L+H�« j [gHK_¨ª�i}i�w`{}wµ�Z]ZS£wÅP±[�¬vN�_�LxYMJ�« j H^Lxe1�+h)Û�Nf��ª��ioL+H¦efL+[°L+HKN�Y�]`h}_�LxN}UXÓZYM[gH^mDL+J:tvLx_M��L+N�_MJR_�L j _<�}¢:L+HKJR_/��L<�¬ª���LxH^N�
¬hf]DefY�] _�H^J�« j L+J/t8Lx_M�¼]Dh}UV�]`N�efL+JRJML+N�¸~]DN�_�LxN���WZYR[\H^]`_�mDYMhfnfnoL+N\JMH�_��+LxN��fefHKL�[gHK_¤i¦LxH^efLxN�¿}]DhfLxYMJR_MWD¹­]`_�WZ[gL+N�LxH^N}UQ]�« ja`W�WDYMefHKNfH^LxYML+N­w�ª�h}UXmZYRhfNfe�efL+Y j Ó j LxYMLxN�Û�Lx_�]Dd^dKd�]De}hfNfm1hfNfe�efL+Y8e�]D[gHK_/mZYRÓ
�ZLxYML+N�ª�N}�<] j de}L+Y��¼L+mZLxNfH^WZN}L+N��­¢/HKYMe�H^[ ��L<�¬ª���aDLxH^NfL�� Ý �±J�]`hfL+YRJR_�W`¹ © L+YMi}YM«
«ca�_�L.¸¼Lx_M_ML © WZYRmZLxUXh}NfefL+N­w��]DJ8tvLx_M�Ô¢/HKYMeÐH^NÐ]`d^d^L�efYMLxH¯kv]Dh}[\YRH�« j _�hfN}mZL+NÐUXWZYR_MmZLxUX« j YR_+w
��L+��ª��Ô�+LxYMJML£_��£_®JMH�« j ioL+H¦kv]Dh}[�_�Lx[\noL+YM]`_�hfY!d^]DNfmZJM]D[�wb�vH^L8mZYM«fN}d^H�« j _�YM]DNfJRn�]DYMLxN�_�L+NÐ¸¼YRH��JT_c]DdKd^LÔ¢¤LxYMefLxN¡ifYM]DhfN�w���]DJ�ªvifi�]Dhfn}YMW¬efhfa�_~H^JT_¼abYMH^JT_c]DdKd^HKNÖOXª�ifi�w�Ñ�w�yDS£w��vhfY�« j efH^L�a¬h}ifH��

2θ / °5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0
0

800

1600

Intensität

Abbau-
produkt

FeFA3

* +4+2-/.�021,3�576 8�� :��F{TEQo	A#LOy;<MJOJ)A#LOI o	l]I|VXA�VZY@[e?QG���A#LO_�EBA#?Bp)z Ge?QJsRTA#G YskTk;<M{TyTL)lrRZ{TqrJPt

J�« j L¼¿b��[g[gLx_�YRH^L�JRH^Nfe\]DdKd^L+YRefH^N}mZJØJMW © H^Lxd^L/ª�ifif]Dh�¢¤LxmZL�[gÓZmZdKH�« j � e�]DJRJ:efHKL8¸~YRH^JT_c]DdKd^L¤Nf]r« j]`h��ZL+N��x¢¤]DY j L+HKdØ¢/H^YRaDL+N­�Æ]`i¦LxYÔnoWZd���abYRH^JR_�]Dd^dKH^NfLxN�º j ]DYM]Da�_�LxY j ]`i¦LxN�w¨¿�L+dKifJR_ÔhfN�_ML+YÔefL+[GIdKL+a�_�YRWZNfL+N}[\HKa¬YRWZJMa`WZnÐd�]DJRJMLxN�JMH�« j a`L+H^N}L~k8HKJMJML�L+YMa`L+NfN}L+N�wÉP±N�efLxY8¿�H^[|h}dK_c]`NfL+N�� j L+YM[gW`�]`N�]DdK�¬JRL�H^JT_�efHKL�GIN�_MUXL+YRNbhfNfm)efL+Y®ªv[\LxH^JRL+NfJM�DhfYMLx[\WDd^L+ab«fdKL�]`hfJ�efLxN�¸~�`ÕfmZL+N�N}H�« j _®JR_MYMLxNfm
© WZN�efL+Y ¯­L+YRJML£_��+h}Nfm�e}L+J½�ÉWDYM[gH�]`_MJ��+h}[
Ã��}HKe��+h�_�YMLxNfNfLxN�w�P±N¡e}L+YÔ�¼¿fº L+YMa`L+NfN�_�[.]DNLxH^NfLxN.LxNfefWD_ j L+YR[\LxN�§ÆL+]Da)i¦LxH¯�Z�Z���cº��befLxY¤efLxY¤GIN�_MUXLxYMNbhfNfm�efL+Y:Ç�ÓZJMhfN}mZJM[gHK_R_�L+dK[\WDd^L+ab«fdKL
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LxN�_�JMn}YMH�« j _+��hfNfeÐi¦LxH�yD�D�Z�cº L+H^N}L+N�L ��WD_ j L+YR[\LxY/§ÆL+]DaÉ�fefL+Y®e}L+Y �!L+YRifYMLxNfNbhfNfmgefL+J/��WZYR[\H �] _�J~L+N�_�JRnfYMH�« j _<wÆÛ�HK_Ô¾8H^d�UXL�efLxY½��¿fº¥�V¸¼hfY © LghfNfe�efL+YÔ��� ���V¸¼hfY © LgH^JR_~LxJ~[\ÓZmDd^H�« j �¦efLxNÛ�]DJMJRL © LxYMdKhfJR_:]Dh}UÉe}H^L+JRL�ioL+H^e}L+Ng¿¬_Mh}UXL+N)]Dh�UX�+h}_ML+H^dKL+N�w ª�h�UÉefH^L:L+YMJT_�L8¿¬_Mh}UXL�LxNb_RUQ]Dd^dKL+N½JMWZ[gHK_�<×}��Ñ � OX_ j L+WDY+w��Å�}� { � S£�f]Dh}UÆefH^L �!L+YRifYMLxNfNbhfNfm\�+hf[�Ã���H^eÐ{�× � OX_ j L+WDY+w�{T�}��� � S£w
��]DJ�P±N�UXY�]DYRWD_R�V¿�n¦Lxa�_�YMh}[ ioL+d^LxmD_�efHKLsª�N}N�] j [gLD��ef]DJMJ�ªv[\LxH^JMLxNfJ��`hfYML�H^N e}L+NÌ¸~�`Õ�mZLxN

�rp)z�`�?QIT_�{TIT_ �Q����� � ��L<��ª��
� � � �@� �Z�Z����J
fsl]G�kT?QI;<MJO?Bl]IXU)U)pKz�`�?QIT_�{TIT_	A#I �Zz}���½¢~�oy`�Z�Z�|¢~�yD�}��Ñ½¢~�oyD�`{Z{
� � � �@� ���ZyD×|J
� · ¤;� � �sm!��JOL)A�p)q
tQ¤�<]U)¡�G ��ÑZÑD�|J
��� ¤ � Ý ©;� � �sm�>\A�b/l]LOG|tQ¤�<]UO¡�G|¤ �Å���`{1J

� � �sm!��JOL)A�p)q
tQ¤;UO¡rG
� � � �@� �Z��yr�|J
� ­ ¤;� � �sm�>\A�b/l]LOG|tQ¤(UO¡�G ×Z�}�~J�`{Z{1¢

�D{f�~J
��� +��r./.���6
8 � :	�ªA#EQEBA#ITN�<MzTEBA#I��/p#G�
 ¶ =FRTA#L��
�^m�YskXUKl]LOyTJO?Bl]IXUOk;<MIXRTA#I�o	l]Ieb'A�UOJ)A#G VXA�VZY\[Z¤�U�U)JK<MLOq�¤

G Ge?QJOJ)A#E�¤T` U)pKz�`x<]p)zu¤�UOz �rp)z�{TEQJ)A#LP¤;or` U)A#zTLsU)pKz�`x<]p)zut

© WZYMdKH^LxmD_<w¯��Lxh}_�dKH�« j H^JR_ÔefHKL�Ã¼¾®�T¿(« j ¢/H^N}mZhfNfm�i¦LxH¤�Z�D���ª«x[ 
 ¶ hfNfe¡efH^L.¿(« j ¢/H^NfmDhfNfmsioL+H�Å�ZyD×|«+[ 
 ¶ �+h�JML j L+N�woÒÖ]`JMJMLxY�HKJR_8efL+[�PVk��T¿�noL+a�_MYMhf[�N�]r« j H^N�efL+Y�¿¬_�YRhfa�_�hfYvNfH�« j _vL+N�_R�
j ]DdK_ML+N¡OQ�Æ]Di�woÑ�wµyZS�w
º¤WDYMNfH^]�Lx_�]`dàw®Õ�NfefLxN H^N%efLx[ �xh ��L<��ª���JR_MYMhfa�_MhfYMLxd^d © L+YT¢�]DN}e}_�LxN Û�Nf��ª�� ¸8W j dKL+N��e}H^W ��H^e � ×}�M�uw:��]DJ�a ]DNfN�UX«fY.e�]`J�GIH^JMLxN¯OQPRPMPTS±UXWZYM[gH�]`_)N}H�« j _�ioL+JR_��`_�HKmD_g¢¤LxYMefLxN�w®��]DJ.PVk®�¿¬n¦Lxab_MYMhf[ ¢:L+HKJR_�NfH�« j _�efH^LÍUX«fY���� Ý _±�¬nfHKJ�« j LxN ´�]DNfefLxN?efLxY�]`JR�¬[\[gLx_MYMHKJ�« j LxN º¥�TÃv�
¿b_�YMLj«cabJ�« j ¢/H^NfmDhfNfm�ioL+H¨yD�`{�z1hfNfe�yD�Z��y «x[ 
 ¶ ]Dh}UVw
�¥]`N�]DefHKhf[sOXPMPRPTSVUXWZYR[\H^]`_�L ��H^JT_�H^LxYR_�HKN L+H^N}L+YÍH^JRWZ[gWZYMn j L+N ¿¬_MYMhfa�_�h}Y+w~��HKL+JML�¢/HKYMe L+ioL+N��JRW�¢/H^LÍe�]DJ j H^L+Y.i¦LxJ�« j YRH^L+ioL+N}L¡��L+��ª���]`d^JÐÛ�WDNfWZJMWDd © ]`_�efLxY�ª�[gL+HKJML+N}J��DhfYRL�i¦LxJ�« j YRH^L£�ioL+N � �Z�Å�}�c�Z�+{r�àw
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_ML+N¡a`]`NfN¡e}H^L\¿¬_�YRhfa�_�hfYÔNfH�« j _½mZLxd^ÓZJT_Ô¢:L+YRefL+N­�ÆLxJ½HKJR_½]Dd^dKL+YRefH^NfmDJ�[\ÓDmZd^H�« j �­efHKL)a¬h}ifH^J�« j L¿b��[g[gLx_�YRH^Lv�+h�¢/H^e}L+YMdKL+mZLxN�w���H^L¼��]`_�LxN�efL+Y®GIHKNfabYMH^JT_c]DdKd^efH�¹­YM]Da�_�WZ[gLx_MYMHKL�i¦LxH�yDzDz|¸ ioL+dKL£�mDL+N|Lxi¦LxNfJMW�¢/HKL¤efHKL¤§Ihfd © LxYMYMÓDNb_MmZL+N}e�]`_�LxN1i¦LxH¬kv]Dh}[�_�Lx[\noL+YM]`_�hfY¯UX«fY�Û�N��¬ª���LxH^NfL¥WZYR_ j W`�Y j WZ[gifH^J�« j Lgkv]`hf[\mDYMhfnfnoLDw¦P±[�§Ihfd © L+YRn�]`_M_ML+YRNÙJMHKL j _Ô[.]`NÍefL+h}_Md^H�« j �­¢/H^L)efHKL1L+HKNf�+Lxd^NfLxN§¨L<]DabJx�ÆefHKL1efL+Y~abhfifHKJ�« j LxN ¯­L+dKd^L|LxN�_�JMn}YMLM« j L+NÖ¢/«fYRefL+N��¨]Dh�UXmZL+JRn�]DdK_ML+N�JMHKNfe�OQª�i}i�w¨Ñ�w���S£w�vH^L ¯­Lxd^dKn�]DY�]`[\L£_�L+Y�¢:L+YRefL+N1[gHK_¨efLxN)��]`_ML+N|ioL+H}yDzZzv¸Ì]`h}UÉ�Ô�?�Z�Z� �D{Z{ÉOuyZS£�$(¥�?�Z�Z�µ�ZÑD×fOàyZS
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h}NfeÖ³)���Z�Z��×ZzZ��OQ��S��»i¦LxJR_�HK[\[½_<w���HKL)��]`_ML+NÙe}L+Y½§!h}d © LxYMYRÓZN�_�mZLxN¬ioL+h}mZhfNfm�i¦LxH!kv]Dh}[)�_ML+[gn¦LxY�]`_MhfY¤LxYMmZLxi¦LxN��\�Ä�D�Z��Ñ`�Z��OàÑDS£� (v�Ä�D�Z���D�Dz�Ou�ZSIh}NfeÐ³�� �Z�D�µ×Zzr��Ou×�SØ� OQ�Æ]Di�w��¬wµ�D{�S£w�vH^L �¼HK_R_�L+YRn�]DYM]D[\L£_�LxYÔdKH^LxmZL+NÖNf] j L�]DNÙefL+Y © WZN�º¤WZYMN}H�]�L£_)]DduwÆioL+JT_�H^[g[�_ML+NÙabhfi}H^J�« j L+N
¯­Lxd^dKLDw^¬vN�_ML+Y.e}L+Y.ªvNfN�] j [\L`�¥ef]DJMJ\efH^L�Û�]DNfmZ]DN��T¿�]DhfL+YRJR_MWD¹o�±´¤H^N}efhfNfmZLxN�LxNb_Md�]DN}mÙL+HKNfL+Yª « j JML�hf[�ÞRLxefL+J\Û�]DN}m�]DN�]`_MWZ[ © L+YRd��DNfmDL+YR_)JRH^Nfe�h}Nfe�ef]DJMJ © WZNÍÞRLxefL+Y)��WZYR[\H^]`_�mDYMhfnfnoLj Ó(« j JT_�LxNfJ¼L+HKN�¿}]DhfLxYMJT_�WD¹­]`_�WD[�LxH^NfL½JMWZd�« j L © L+YRd��DNfmDL+YR_ML1´¤HKNfefhfNfm\L+HKNfmZL j _+�¦HKJR_�LxJ�[gÓZm`�dKH�« j efL+N�[\HKNfH^[\]DdKL+N�¿b��[g[gLx_�YRH^L+]Difi�]Dh��+h�i¦LxJR_MH^[g[\LxN�wÉÛ�H�_ve}L+NÍ¿b��[g[gLx_�YRH^LxL+d^Lx[\LxN�_�L+Ne}L+Y\kv]Dh}[\mZYRhfnfnoL���ÀDÀZÀFOutvYxw®����S|H^JT_)L+Jg[\ÓDmZd^H�« j ��efHKLÐmZLxUXWZYRefL+YT_�LxNÎGIH^mZLxNfJ�« j ]`UÚ_�LxN�H^NLxH^NAÛ�W¬efLxd^d¥�+hFH^N�_�LxmZYMHKL+YRL+N��Æe�]DJ © WZNFefL+Yg¿¬_MYMhfa�_MhfY|efLxJ)_�]`_�JM�r« j dKH�« j HKN�efL+Y|abhfi}H^J�« j L+Nk8]Dhf[gmZYRhfnfnoL¼p¬q rC abYMHKJR_�]Dd^dKH^JMHKL+YRL+NfefLxNÐ��L<��ª��)]DhfJMmDL j _�OQª�i}i�woÑ�w {bS£w�vL+Y8¿¬�¬[g[\L£_�YMHKL<]Di}i�]Dh © WDN�efLxY/kv]`hf[\mDYMhfnfnoL�pbqsrC �+h���ÀDÀZÀÔUX« j YT_/«fioL+Y®efYRL+H © LxYMJ�« j H^L��e}L+NfL|Ò¡L+mZL`w���LxY��V´��DYRNfH^m j ]DhfJRL+N��V¿¬_c]D[g[|i�]`hf[��~H^JR_�H^NÍª�i}i�w�Ñ�wµÑ�]DifmDL+ifHKd^efL£_<wµº¤WZYMNfH^].Lx_]`dàwfioL+YRH�« j _�LxN�ioL+YMLxHK_MJ © WZN �!LxYMJMh�« j L+N��oefHKL�¿b_�YMh}ab_MhfY8efL+J�Û�N��¬ª��DJ8H^N�efL+Yvk8]Dhf[gmZYMhfn}n¦L
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yT{TITq�J)A#J)Axvw?QIXRZ{TIT_	A#I(=�¤�RZ?BA^��¡�GeGHA#JOLO?BA�A#EBA#GHA#I�J)A^RTA#L �@<M{TGe_�LO{TyTy�AxUO?QIXRS<MIZm
_	A#_	A#k�A#I �'<	=�tTC�I�JOEn<MIT_�RTA#L � m�Y�pKzXU)A `}A#L)RTA#I&q	A#?QIXA\o	A#LOEngMIT_	A#LOJ)A#I vw?QIXRZ{TIT_	U�m
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_	A�UOJ)A#EQEQJ���k(=�t
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A�! # %' �/VXA�VZY@[	=wN�{ � �����&� � IXVrY\[	=�t

pbq�q�q �+h�d^ÓZJRL+N�w­��]D[gHK_�i¦LxYM«
«cabJMH�« j _�H^mDL+N�JMH^L|]Di¦LxY¼NbhfY¼efL+N �!LxYMd^h}JR_~efLxY¼efYMLxH^�<� j d^HKmZL+Nª « j JMLÔefL+JvÛ�]DN}m�]DN�]`_MWZ[gJ�efhfY�« j efHKL����¬È��o������
�
����Å� �!L+YR�+LxYMYMh}NfmsOÚÒÙLxmZL�_c�ZS£w���HKL~´¤L+e}H^N��mDhfNfmf��e�]DJRJ�ÞRLxefL���WZYR[\H^]`_�mDYMhfnfnoLØ[\] ��H^[\]DdZLxH^NfL © LxYMd^�DNfmZLxYR_�L¤¿}]Dh}L+YMJT_�WD¹É�TÛ�Lx_c]`d^d��±´¤H^N}efhfNfmLxH^NfmDL j _<� UX« j YR_Ø�+hfYIk/L+e}hfa�_�H^WDN1efL+Y!¿¬nfH^LxmZL+dKL+ioL+NfL�Lxi¦LxNfJMW¼¢/HKL¤efLxYIP±NfNfL+N}�+L+N�_MYMH^LxhfNfm\OXÒ¡L£�mDL~_cy|hfNfe�a}yDS£wP±NgefLxY:GIdKL+[gL+N�_c]DYR�+Lxd^d^L¤efL+J¤Û�N��¬ª��DJ!a ]DNfNg[.]`Ng�£¢¤LxHÉd��DNfmDL+YML®ª « j JML+NÍO (¤hfN}e.³xS © WZN\efL+Yab«fYR�+LxYML+N��D�±ª « j JRLÔ_MYML+N}NfL+N�w�P±NÐefLxY (£³��VGIioL+NfL~ioLxÕ�N}efL+N�JMH�« j HKN�efH^LxJML+[ßÛ�W�e}L+d^d­efH^L © L+YV�
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UX«}Y�Û�N���ª��)noWZJT_�hfdKH^L+YT_�L~´¤LxJML£_��+h}Nfm.efLxY8¸Ô� Õ�mZL¼H^JT_8]Dh}UXmZYRhfNfe © WDN�abYMHKJR_c]`d^d^WDmZY�]Dn j H^J�« j L+N
�¼L+JRH�« j _�JRnfhfNfa�_ML+N�NfH�« j _:JMHKNfN © WZdKdàw���]½nfYRW1Û�L£_c]DdKd^�+LxN�_�YMh}[ NbhfY:LxH^N.¸Ô� Õ�m © WZY j ]DNfefLxN.H^JT_<�JRH^Nfe¡N�]r« j e}H^L+JRL+Y��ÉWDYM[gL+dØUQ]DJT_|efHKL.¾v�DdKUÚ_MLge}L+Y|¸~�`ÕfmZLsO �¶ Ý SÔefWDnfn¦LxdK_ÔioL+JML£_��£_<wØ�Æ«fY½LxH^NfLe}L+Y�]`YR_�HKmZL~��WZn}n¦Lxd^ioL+JML£_��xhfNfm.e}L+Y8¸~�`Õ�mZL¼JRH^NfeÐefHKL+JMLÔ]DdKd^LxYMefHKNfmZJ��xh�abd^LxH^N�w�vH^L:G ��HKJR_�LxNf�¥efL+Y¨NfH�« j _�]Dh}UXmZLxd^ÓZJT_�LxN|º^�}Ãv�V¿¬_�YRLM«cabJ�« j ¢/H^N}mZhfNfm¼efLxJ ��� Ý H^[%PVk��T¿�noL+a�_MYMhf[

�Z�Å�



� �������	��

���������
�����������������������! #"!$	��%&�'�(�)�

a ]DN}Nsi¦LxJR_��`_�HKmD_v¢:L+YRefL+N­w���H^L�´�]DNfe}L+NÍefLxJ�ÒÖ]`JMJMLxYMJ¼hfN}esefL+Y�ª�[gL+H^JRL+NfJM�DhfYRL�JMHKNfeÍ]DdKd^LxYT�e}H^NfmZJØ¢:L+H�_:]DhfJMmDL+nfYM�DmD_�LxY+��JRW½e�]`JMJ!L+J¥JMH�« j ioL+H�LxH^NfmZLxi�]Dh}_ML+[ ��� Ý hf[ LxH^NfL8k8]DNfefLxYMJ�« j L+H��NbhfN}m j ]DN}efL+dKN�JRWZd^d�_�L�OX��]Di­w¨Ñ�wµ�ZS£w�ÒÌ� j YRL+Nfe¡��L<�¬ª��ÐL+H^N�abd�]`YML+J~PVk��T¿�noL+a�_MYMhf[
]Dh�UÚ¢¤LxH^JR_h}NfeÔÞRL+e}L~¿(« j ¢/H^NfmDhfNfm|NbhfY�[gHK_¥LxH^NfLxY¤´�]`NfefL © WZYMdKH^L+m`_<��[\]r« j _�JMH�« j ioL+H­Û�N���ª��|]Dh
« j HK[PVk��T¿¬n¦Lxab_MYMhf[°efLxY����¬È��o������
�
����Å�VGØ¹­Lxa�_/i¦Lx[\LxYMabi�]DYxw}��HKL¼��WZYM[gH�] _�mZYRhfnfnoL+N j ]DioL+N�NfH�« j _[gL j Y.efHKL�mZdKL+H�« j L�¬8[\mZLxifhfNfm}�:efHKLs´�]`NfefL+NÎ_MYML£_�L+N e}WZnfnoL+dK_.]Dh}UVw¥P±[ ¬vN�_�LxYMJ�« j H^L+e �xh��L+��ª��1LxYMaDLxNfN�_�[\]DN�efLxh}_�dKH�« j ��e�]`JMJ®ÒÖ]`JMJMLxYvHKN�efL+N�¸~�`Õ�mZLxN © WZY j ]DNfefLxN�H^JT_<w
º¤WZYMNfH^]�L£_)]Ddàw¨ioL+WZi�]�« j _ML+N�UX«fY|H j Y½§!YRW�e}hfa�_)L+H^N}L+NÖa`WZN�_�H^NbhfHKL+YRd^H�« j L+NFÛ�]`JMJML © LxYMd^h}JR_gifH^J
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�xhfY|¯­LxYMJML£_��xhfNfmÍioL+H@«+]}w¨{�×Zzs¸1w¨P±[5k8] j [gL+NÖmDL+N�]Dh}L+YMLxY)¿��¨ª8�±G ��noL+YRH^[gL+N�_�L�a ]DN}NÖefH^L
¯­LxYMJRLx_��xhfNfmÐ]Dh�U!�x¢:L+HI¿b_�h}UXLxNÍ]Dh}UXmZL£_�LxH^dK_/¢:L+YRefL+N�w�´¤H^Jv�+hsLxH^NfLxY��¨L+[gn¦LxY�]`_MhfY © WZN���ÑDzr�cº�xL+YRJMLx_M�x_/JRH�« j ��
%� � � ����� ­:� ­

�
� ��� � � � Ý� � Ý �|w���H^LS¯­L+YMJRLx_M�+hfNfm)ioL+mZHKNfN�_�ioL+YRL+HK_MJ¤ioL+Hk8]Dhf[½_�L+[gnoL+Y�] _�hfYx�}efLxY�Û�]DJMJRL © LxYMdKhfJR_vefL+Y/LxYMJR_ML+N�¿¬_�h�UXL¼i¦L£_�Y��`mD_8�D{f�µÑ � wfP±NÐefL+Y/�£¢¤LxHK_�LxN¿b_�h}UXLvi¦LxH�yZy��Z�cº © LxYMifYRL+NfN�_ ��
%� � � ����� Ý �+h ��
 ­ � · w¬ª�h}J¤efLx[ �!LxY j �`dK_�N}H^J¥efL+Y:i¦LxH^efLxN¿b_�h}UXLxN1�+hfLxH^N�]DN}efL+YIa ]DNfN�e�]DJØªv[\LxH^JMLxNfJ��`hfYML��ÊÒÙ]DJMJRL+YT� �!L+Y j �DdK_MNfH^J�H^N�e}L+Y �!L+YRifH^N}efhfNfm¼]`h}U� ��y½ioL+YRLM« j N}Lx_®¢:L+YMe}L+N�wÉ��HKL�nfYRWZ�+LxN�_�h�]DdKL+N�Û�]`JMJML © LxYMd^h}JR_�L~efLxY¤� j LxYM[gWZmZYM] © HK[\L£_�YMHKLva`WZYT�YRL+dKH^L+YRL+NÖ[gHK_½efLxN�i¦LxYMLM« j NfLx_ML+NFÒÙLxYR_�LxNÌOT�ZwØ¿¬_�h�UXL��D{f�µÑ � �Øy¬wI¿¬_Mh}UXLÐyD�}� � ��� i¦LxYMLM« j NfLx_ ��ZÑ���Ñ � hfNfe��Zz}� � � S£w´:L+HIefLx[ ¯¦¢/H^J�« j L+N}nfYMW¬efhfa�_ ��
)�
� � ����� Ý j ]DNfefLxdK_¼LxJÔJRH�« j NfH�« j _~h}[�e�]DJ¼ioL+HØe}L+YÔ��L£�

j �¬efYM]`_c]`_MH^WZN © WZN�Û�N��Ø�?ioL+WZif]r« j _�Lx_ML¼hfNfe�HK[»kv] j [\LxN�efHKL+JMLxY¤ªvYMioL+HK_W« j ]DYM]Da�_�LxYMH^JRH^LxYR_�LÛ�N���ª½w���«fY¯abYMH^JT_c]DdKd^HKNfL+J�Û�N���ª�¢/HKYMe~L+HKNfLW¯­L+YMJRLx_M�+hfNfmDJR_�Lx[\noL+YM]`_�h}Y © WZN|yDÑ�� � º�i¦LxWZi�]r« j �_MLx_+wb��L+Y¥NfH^LxefYMHKmZL+YRL®ÒÙLxYR_¥H^N)efHKL+JMLx[»�É]Dd^dKL�JMnfYRH�« j _¥UX«fY!L+H^N\]D[gWZYMn j L+JW¯¦¢/H^J�« j L+N}nfYMW¬efhfa�_<w
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�vH^L���WZYR[\H^]`_�L!efLxYØ�x¢:L+H�UQ]r« j noWZJMH�_�H © L+N)Û�Lx_c]`d^d^L:efL+Y�L+YMJT_�LxN)ÏvioL+YMmZ]DNfmZJR[\L£_c]DdKd^YMLxH j LI¢¤]DYMLxN[gHK_/ªvhfJMNf] j [gL�efLxJ�¸¼hfn}UXLxYMJ�i}H^J j L+Y8N¬h}Y�]DdKJv�vH j �¬efY�]`_ML�ioL+J�« j YMHKL+ioL+N�w �~Lx[\LxH^NfJM]D[ß[gHK_Û�]DmZNfLxJMH^h}[3hfNfe¡º�]De}[\HKhf[ i}H^d^e}L+NÍJMHKL1L+HKNfL|H^JRWZ[gWZYMn j L1k8LxH j L�efL+YÔÛ�L£_c]DdKd±OXPMPTSVUXWDYM[gH�]`_T�e}H j �¬efY�]`_MLDw�º�]Def[gH^hf[)UXWZYM[gH�] _®H^JT_�L+ioL+N�UQ]Dd^dKJvioL+YRL+HK_MJ�]DdKJv¢¤]DJMJRL+YTUXYML+HKL+JÔ¿}]`d^��ioL+J�« j YMHKL+ioL+N�w
¬8N�_�L+Y:[\HKd^efLxN1JMWZd © WD_ j L+YR[.]`d^L+N\´¤LxefH^NbhfNfmDL+N�HKJR_¥L+J¥[\ÓDmZd^H�« j �ZefHKL/UXL j d^LxNfefLxN.¢�]`JMJMLxYRUXYRL+H^LxN��WZYR[\H^]`_�Lg�+h�JT�¬Nb_ j Lx_MH^JRH^L+YRL+N�w	
DL.N�]r« j k8L+]Da�_�HKWZNfJMioL+e}H^NfmZh}Nfms¢¤LxYMefLxNFifH^J|�xhFefYMLxH®Û�W`�e}HKÕ�a ]`_MH^WZNfLxN�i¦LxWZi�]r« j _MLx_<w!ªvh
« j UX«}Y1efH^L�¢¤]DJMJRL+YTUXYML+HKL+N�¿}]DdK�+L�L ��HKJR_�HKL+YT_)L+H^N}L�H^JMWD[\WZYRn j Lk/L+H j LD�¦H^NÍefHKL�JRH�« j ]Dd^dKL+YRefH^NfmDJvNfH�« j _Ô]Dd^dKL|Û�L£_c]DdKd^L`�¦efHKL|efHKL|H^JRWZ[\WDYMn j L�k8LxH j L�efL+Y~��H j �b�e}Y�]`_MLÔi}H^d^e}L+N���L+H^N�UX«fmZL+N­w
�vH^L|HKNsefH^LxJMLxY�ª�YRi¦LxHK_�ioL+J�« j YMHKL+ioL+NfLxNÖÛ�Lx_c]`d^d±OXPMPTS±UXWZYM[gH�]`_ML¼d�]DJRJMLxNÍJMH�« j HKNsefYRL+H �¼YMhfn}n¦LxNmDd^H^LxefL+YRN��
� H^JMWD[\WZYRn j L�k/L+H j L�e}L+Y)¢�]DJRJMLxYRUXYMLxH^LxNlÛ�Lx_�]Dd^dÊOQPRPTSVUXWZYR[\H^]`_�L\[\H�_)WD¹­LxNfL+Y\tvL£_��£¢¤LxYMaZ�JR_�YRhfa�_�hfY � @¯�V��L+��ª��fº¤W���ª½�ÉtvH^��ª�� @¯�K¯­Nf��ª�� @¯�VÛ�m���ª½w
� mZL+J�« j d^WZJRJMLxNfL��ÉWDYM[gH�]`_MLD�¥efH^LÍ]`hfJÐ¸¼Lx_M_ML+N © WDNÌe}H^YMLxa�_�«fioL+Y � Ý �V¿}]DhfLxYMJT_�WD¹­]`_�WD[\L© L+YRifYM«�«cab_ML+NsÛ�Lx_�]Dd^dK�+L+N�_MYML+NÐioL+JT_�L j L+N�hfNfe�efH^L��xhfL+HKN�]DNfe}L+Y®NfH�« j _/HKJMWZ[gWZYRn j JMHKNfe��Û�N���ª½�����V��L<�¬ª������V��L+��ª������K¯­N��¬ª������TÛ�m���ª½w
� mZL+J�« j d^WZJRJMLxNfL���WZYR[\H^]`_�L`�¯efH^L�]`hfJ)��d���« j L+N © WZNFefH^YRL+a�_)«fioL+Y�� Ý �V¿}]DhfLxYMJT_�WD¹­]`_�WD[\L© L+YRifYM«�«cab_ML+N�Û�L£_c]DdKd^�+LxN�_�YMLxN¡ioL+JT_�L j L+N��Æe�]DJ ¯­L+N�_�YM]Dd�] _�WZ[�HKJR_ÔJMHKL+ioL+N}UQ]�« j aDW¬WZYRefH��NfH^LxYR_ �����Vº¤e���ª½w

��]DJÐGIH^JMLxN}UXWZYR[\H^]`_#« j dKWZYMHKe j �¬efY�]`_ ��� ­ � � � ����� � ��� � � � Ý �\ifH^dKefLx_\L+HKNfLsHKNb_ML+YRL+JMJM]DN�_�L�GIYT�¢:L+H�_�LxYMhfNfmgefLxY8�£¢¤LxHK_ML+N �¼YMh}nfn¦L`w
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�vH^L|HKJMWZ[gWZYMn j L�k/L+H j L�e}L+Y�¢¤]DJMJRL+YTUXYML+HKL+N¡Û�L£_c]DdKd±OQPRPTSVUXWZYR[\H^]`_�L¼LxN�_�JR_ML j _~ioL+H�e}L+Ye¬8[\abYMHKJT�_�]Dd^dKH^JM]`_�HKWZN½e}L+J¥Û�L£_c]DdKd±OQPRPTSVUXWZYR[\H^]`_�e}H j �¬efY�]`_MJ¯H^[ ª�h}_MWZabd�] © h}Nb_ML+YIJRL j Y![gH^d^e}L+N�JRWZd © WD_ j L+YT�[\]DdKL+N¡´¤L+efHKNfmZhfN}mZL+N¡i¦LxH¥�¨L+[gnoL+Y�] _�hfYRL+NÖhf[ �<zZzZ�cº�w¨��HKL.¸8W�WZYRefH^Nf]`_�HKWZNfJMnoWZd��ZL+e}L+Y~efL+YWDab_�]DL+e}YMH^J�« j © WZN�¿}]`hfL+YRJR_�W`¹�]`_MWZ[gL+NÍefLxY¼��WZYM[gH�]`_MH^WZN}L+N�hf[\mDL+ioL+NfLxNÙÛ�Lx_c]`d^d�] _�WZ[gL~JMH^N}e[gHK_ML+HKN�]DNfefLxY¼JMWÅ¢:W j d¥a`]`Nb_ML+N���]DdKJ½]`h
« j LM«ca`L+N © LxYMabNb«fn}UÚ_+w!G!N�_Md�]DNfm�efL+Y����±ª « j JRL.�+HKL j LxNJRH�« j ¸¼Lx_R_�L+NF�£¢¤LxHKUQ]r« j «fioL+Yg¿}]Dh}L+YMJT_�WD¹ © L+YRifYM«�«cab_ML+Y.Û�Lx_�]Dd^d^]`_�WD[\L j H^N­w^¯­hfJ�� _��+dKH�« j �xhe}L+NÎLxNb_Md�]DN}m¡efLxY.¸¼L£_M_�LxNÎa ]DN�_�LxN © L+YRa¬Nb«fn�UÚ_�L+N=Ã�a�_c]DLxefL+YRNÎJMHKNfeAefH^L�¸¼Lx_M_ML+N�JML+N}a¬YRLM« j _ef]D�+h�efh}Y�« j ¢¤LxHK_ML+YML¼Û�Lx_�]Dd^d^]`_�WZ[gL/hfN�_�LxYML+HKN�]DNfe}L+Y © LxYMabNb«fn}UÚ_+w���H^L��+hfJM�`_��xd^H�« j L+N�Û�L£_c]DdKd��] _�WZ[gL�JMHKNfeÐ«fioL+Y®efHKL~G^«ca`L+N�H j YRL+Y/¸vW¬WZYRefH^N�] _�H^WDNfJMnoWZdK�DL+efLxY¤[gHK_¤efL+N�Û�Lx_�]Dd^d^]`_�WD[\LxN�efL+Y¸¼L£_M_�L © L+YMi}hfNfefLxN�wÆªvh}U�e}H^L+JRL1ÒÙLxH^JML)LxNb_MJR_ML j LxN�¸~]DN��DdKLD��efHKL1Lx_±¢¤]�efHKL)¾��Dd�UÚ_�L1efLxYÔG!dKL£�[gL+N�_�]DYM�xL+d^dKL�LxH^NfN}L j [gL+N hfN}e H^[ k/W j nfYRW�efh}ab_�Ç¯ÓDJMhfNfmDJM[gHK_M_ML+d�O � Ý ��W�efLxY � ��� � ��SLxN�_ j ]Dd�_�LxN�w���]DJ/Ç�ÓZJRhfNfmZJR[\H�_M_ML+d­a ]DN}N�ioL+H¦�ÆLx[\noL+YM]`_�h}YML+NÐhf[ �Å�Zz � ºÌ]Dh}JMmZL£_�YMHKL+ioL+N�¢:L+YV�e}L+N�wÉ��HKLÔ¸Ô]`N�]Dd^JT_�YRhfa�_�hfY®ifdKL+HKi}_®L+Y j ]Dd�_�L+N­w@��V��L<�¬ª��Dº¤W���ª h}NfeK@¯�)¯­N���ª�aDÓZNfN}L+NgH^N�UX«fY�efH^L®GIHKNfabYMH^JT_c]DdKd^efH�¹­YM]Da�_�WZ[gLx_MYMHKLI]DhfJRYML+H�« j L+N¬�e}L+Y �~YRÓ
�ZL®abYMHKJR_�]Dd^dKH^JMHKL+YT_�¢:L+YMe}L+N�w @¯�VÛ�m��¬ª H^JR_!Lxi¦LxNfJMWÔ¢/H^L/t8H���ª NbhfY¥]DdKJIn¦WDdK�¬abYMH^JT_c]DdKd^HKNfL§IYRWZi¦L~LxY j �Dd�_�dKH�« j w�P±[ß�É]Dd^dKL�efLxJ�t8H�«caDLxdKUXWZYR[\H^]`_�J¤L+YMmDL+ioL+N�JMH�« j ¢:L+HK_ML+YRL�¿;« j ¢/HKL+YRH^mZa`L+HK_ML+N��ef]�e�]DJ�¿}]Dd^�v]Dh��DL+Y j ]Dd^i\efL+Y/Û�h}_M_ML+YMd^]DhfmZL8NfH�« j _¤JR_�]DifH^doH^JT_<w¬ÏvioL+Y:efH^L�¿¬�¬N�_ j LxJML¼H^N�Û�]DYRa��YRÓ j Y�« j L+NÐhfNfeÐ]`NfJ�« j dKH^L �ZL+Nfe}L�ª�N�]`dK�¬JML�HKJR_®LxJ®]DioL+Y�[gÓZmZdKH�« j ��mDL+N�]Dh}L+YMLH¬8N�_�L+YRJMh
« j hfN}mZL+N
© WZYM�xhfNfL j [\LxN�wo��«fYvÛ�]DN}m�]DN��¥hfN}e�¸¼hfn}UXLxYRUXWZYR[\H^]`_�Lv¢/H^YMeÐefHKL+JRL�Û�W�efH�Õ�a ]`_�HKWZN�NfH�« j _vioL£�WDi�]r« j _�L£_<w
P±N�e}L+Y��¼YMh}nfn¦L.efL+Y½aDLx_R_�LxN¬i}H^d^e}L+NfefLxNA�ÉWDYM[gH�]`_MLgmDH^i}_½L+J|JRL j Y�hfN�_�L+YRJ�« j HKL+efdKH�« j L�¿b_�YMh}a��_MhfYMLxN�w �!WZNÎ�ÉWDYM[gH�]`_ML+N�[gHK_ j W j L+YÐ¿¬�¬[g[\L£_�YRH^L�OuÛ�N��¬ª �¤LxH^NlÛ�]DNfm�]DNf]`_�WZ[ hfNfe LxH^NfL��WZYR[\H^]`_�mDYMhfnfnoL|HKN¡efLxY�]`JR�¬[\[gLx_MYMHKJ�« j LxNÖGIH^N j L+HK_cS�ifH^J j HKN��xhÙJRL j Y½aDWZ[gnfd^L ��L+N�¿b_�YMh}a��_MhfYMLxNÍ[\H�_8ifH^Jv�+hÍJMLj« j J~��WZYM[gL+dKL+HKN j L+H�_�LxN�nfYRW�]DJT��[g[gLx_�YRH^J�« j L+Y¼GIHKN j L+H�_1O ���TÛ�m��¬ª h}Nfe
���)¯­N���ª�SÔ¢¤LxYMefLxN�efHKL�hfN�_�LxYMJ�« j H^L+e}d^H�« j JR_�LxN �!LxYMabNb«fn}UXhfNfmDJM[|hfJT_�LxY.H^N}NfL+Y j ]Dd^i�h}Nfe��£¢/H��J�« j L+N�efL+N�¸¼Lx_M_ML+N�i¦LxWZi�]r« j _MLx_<wÛ�HK_ ���K¯­N��¬ª
¢/HKYMeÌe�]DJ�L+YRJR_�LÙÛ�]Dd~LxH^NfLÙ¿¬_�YRhfa�_�hfY�ioL+J�« j YMH^Lxi¦LxN��8efH^L�H^NfN}L+Y j ]Dd^ilL+HKNfL+YLxH^N}UQ]�« j L+N�¸¼L£_M_�L\]DdKd^L\Û�ÓZmZdKH�« j a`L+H�_�L+N¡efL+Y �!L+YRabN¬«}n}UXhfNfmÍefLxY�WZa�_�]DL+efYRH^J�« j L+N�¸8W�WDYMefHKN�] �_MH^WZN}JMnoWZdK�DL+efLxY�hf[3LxH^N ¯­LxNb_MY�]Dd^]`_�WD[3]Dh�UÚ¢¤LxH^JR_+w���HKL)Ã�ab_�]DL+e}L+Y¼hf[ efH^L&¯­HKNfa ]`_�WZ[gLÔJMH^N}e[gHK_ML+HKN�]DNfefLxY�LM«ca`L+N����Éa`]`Nb_ML+N��:hfN}e��É��« j L+N © LxYMabNb«fn}UÚ_+wP±N.]Dd^dKL+N\]DNfefLxYMLxN���WZYM[gH�]`_ML+N1JRH^Nfe\efH^L�Û�Lx_�]Dd^dK�+LxNb_MYMLxN.NbhfY¥«fi¦LxY¤efHKL8¸Ô]`Nb_ML+N�H j YMLxY¥¸vW¬WZYT�e}H^N�]`_MH^WZN}JMnoWZdK�DL+efLxY © L+YRa¬Nb«fn�UÚ_<w�Û�HK_¥ª�hfJRN�] j [gL8efL+Y:GIH^JMLxN}UXWZYR[\H^]`_�L®JT_�L j L+N�efHKL/NfH�« j _ © L+YV�i}YM«
«ca`L+NfefLxNÎ¿�]DhfL+YRJR_MWD¹�] _�WZ[gL¼ÞRL£¢¤LxH^dKJ|³ �
	��+hfLxH^N�]`NfefL+Yxw�P±NÖe}L+N�ioL+H^e}L+NÖJRL j Y�� j NfdKH�« j LxN
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Û�W�efH�Õ�a ]`_�HKWZNfLxN�efLxJ ���¤hfNfe ���V��L+��ª L ��H^JT_�H^LxYMLxNsGIH^JRL+N�]`_MWZ[gL½JRW�¢:W j dÆ[\H�_8³ � 	x�/]DdKJv]`h
« j[gHK_ ���`��� 	x�±JT_c�DNfe}H^mZLxN|NfH�« j _ © L+YRifYM«�«caDL+N}efL+N.Ç¯HKm�]DNfef]`_�WZ[gL+N­w<ÒlH^L¥i¦LxH @��V��L<�¬ª�hfN}e)º¤W���ª�xL+HKmZL+NsJRH�« j ioL+H ���¤hfNfe ���±�ÉL+��ª efH^L½ª�hfJT¢/H^YMabhfN}mZL+NÍefLxJ����¬È��o������
�
����Å�VGØ¹­Lxa�_�L+Jx��efhfY�« je}L+N�ioL+H � � �ØhfNfe ���T�±G!dKL+a�_�YRWZNfLxNfaDWZN�Õ�mZhfYM]`_�HKWZNfL+N.[\H�_M_�Lxd^J¤¿¬_c]`h
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M(OOCH)2

isomorph

H

Li

Na

K

Rb

Cs

Be

Mg

Ca

Sr

Ba

B

Al

Ga

In

Tl

C

Si

Ge

Sn

Pb

N

P

As

Sb

Bi

O

S

Se

Te

Po

F

Cl

Br

I

At

Ne

Ar

Kr

Xe

Rn

He

Sc

Y

Lu

Ti

Zr

Hf

V

Nb

Ta

Cr

Mo

W

Mn

Tc

Re

Fe

Ru

Os

Co

Rh

Ir

Ni

Pd

Pt

Cu

Ag

Au

Zn

Cd

Hg

kein M(II)formiat bekanntM(OOCH)2×2H2O

isomorph

isomorph

isomorph
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º�]D��ª ¸~]Dd^�xH^hf[)UXWZYR[\H^]`_º¤ef��ª ¢¤]DJMJRL+YRUXYRL+HKL+J�º�]Def[gH^hf[)UXWZYM[gH�] _º¤ef�Ø� º�]Def[gH^h}[gUXWZYR[\H^]`_�e}H j �¬efY�]`_º¤WZ��ª ¢¤]DJMJRL+YRUXYRL+HKL+J�º¤WZi�]Dd�_MUXWZYR[\H^]`_
���?��� ��� � ������� � ¶­ � ��� � � � ¶­ � Ý �º¤WZ�Ø� ¸vWDi�]DdK_RUXWZYM[gH�] _�efH j �¬efYM]`_º¤hf��ª ¢¤]DJMJRL+YRUXYRL+HKL+Jv¸~h}n}UXL+YTUXWZYM[gH�]`_º¤hf�Ø� ¸¼hfn}UXLxYRUXWZYR[\H^]`_�efH j ��e}Y�]`_º¤hf��� ¸¼hfn}UXLxYRUXWZYR[\H^]`_M_MLx_�YM] j �¬efY�]`_�v�Æª ��H�¹­LxYML+N�_MH^L+dKd^L�� j L+YM[gW�]DNf]DdK�¬JML��L+��ª ¢¤]DJMJRL+YRUXYRL+HKL+JvG!HKJMLxN}UXWZYM[gH�] _@�� ��� ��� ��� � @¯� ��� ��� � ¶­ � ��� � ���L+��ª�� ¢¤]DJMJRL+YRUXYRL+HKL+JvG!HKJMLxN¯OQPRPMPTSVUXWDYM[gH�]`_��L+�Ø� GIH^JRL+N}UXWZYR[\H^]`_�e}H j �¬efY�]`_Û���ª ¢¤]DJMJRL+YRUXYRL+HKL+J�Û�Lx_�]Dd^dÊOQPMPTS±UXWZYM[gH�] _
Û��Ø� Û�L£_c]DdKd±OQPRPTSVUXWZYR[\H^]`_�e}H j �¬efY�]`_Û�m���ª ¢¤]DJMJRL+YRUXYRL+HKL+J�Û�]DmZNfLxJMHKhf[gUXWDYM[gH�]`_Û�m��Ø� Û�]DmDNfL+JRH^hf[)UXWZYM[gH�] _�efH j �¬efYM]`_Û�N���ª ¢¤]DJMJRL+YRUXYRL+HKL+J�Û�]DNfm�]`N}UXWZYM[gH�] _Û�N��Ø� Û�]DN}m�]DN}UXWZYR[\H^]`_�e}H j �¬efY�]`_t8H��¬ª ¢¤]DJMJRL+YRUXYRL+HKL+JvtvH�«ca`L+d�UXWZYM[gH�]`_t8H��Ø� tvH�«caDLxdKUXWZYR[\H^]`_�efH j ��e}Y�]`_¿¬�Æª ¿�HK[|hfdK_�]DNfL�� j L+YM[gW�]DNf]DdK�¬JML� � � j LxYM[gWZmZY�] © H^[gLx_MYMHKL
¯­Nf��ª ¢¤]DJMJRL+YRUXYRL+HKL+J ¯­H^Nfa�UXWZYR[\H^]`_
¯­Nf�Ø� ¯­H^N}abUXWDYM[gH�]`_MefH j �¬efY�] _
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�Zw�� ÒÙ]DJMJRL+YTUXYML+HKL½¿}]Dd^�xL¼efL+Y/ªv[\LxH^JMLxN��c�fG!JRJMHKm`�¥hfNfe�¿}]DdKn¦L£_�L+YRJ��Dh}YML wÔwÔw½wÔw½w y
�Zwµy �¼HK_R_�L+YRn�]DYM]D[\L£_�LxY¥e}L+Y�HKJMWZ[gWZYMn j L+N�k/L+H j L�e}L+Y/Û�L£_c]DdKd±OXPMPTSVUXWDYM[gH�]`_MefH j �¬efY�] _�L �

{fw�� ´¤HKNfefhfN}mZJMd^�DNfmZLxN�h}NfeÐ�à¢/H^Nfa`L+d�HKN�Û�N���ª�w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w yD�
{fwµy Û�Nf��ª���PVk wÔw½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ���
{fw�� GIH^JRL+N��±GIH^JMLxN��±ªvifJR_��DNfefL~HKN @��V��L<�¬ª w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D�
{fw { @�� ��� ��� � ¶­ � ��� � �½��PVk wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w {}�
{fwµÑ º¤W��¬ª��fPVk wÔw½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w {Z�
{fw � @��K¯­N��¬ª��}PVk w½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w Ñ {
{fwµ� @��TÛ�m��¬ª��fPVk w½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w Ñ��
{fw�× �¼HK_R_�L+YRn�]DYM]D[\L£_�LxY®efL+Y8H^JRWZ[\WDYMn j LxN�k8LxH j LÔH^[ �!LxYMmZdKL+H�« j [gHK_/efLxN�P±WZN}L+N��YM]DefH^LxNÐefL+YvÛ�L£_c]DdKd^L8wÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ÑD�
{fw�� Û���Ã��±´¤H^N}efhfNfmZJRd��DN}mZL�H^N @��V��L<�¬ª���º¤WZ��ª�� @��K¯­N��¬ª wÔw½wÔwÔwÔwÔwÔw½wÔw½w Ñ`�
{fw��ÅzlÃD�}Û���Ã��àÒlH^Nfa`L+d�HKN @¯�V��L+��ª��fº¤W���ª½� @¯�)¯­N���ª wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Dz
{fw��Z�F´¤HKNfefhfN}mZJMd^�DNfmZLxN�h}NfeÐ�à¢/H^Nfa`L+d�HKN����±��L<��ª wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Z�
{fw���yÎGIH^JRL+N��±GIH^JMLxN��±ªvifJR_��DNfefL~HKN ���±�ÉL+��ª w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Z�
{fw��Å� ´¤HKNfefhfN}mZJMd^�DNfmZLxN�h}NfeÐ�à¢/H^Nfa`L+d�HKN �É�±��L<��ª wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �¬�
{fw��<{ ���!hfN}e ���V��L+��ª��}PVk wÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �`�
{fw���Ñ ¯­N;��Ã��±´¤H^N}efhfNfmZJRd��DN}mZL+N�HKN����)¯­N���ª wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �`�
{fw����lÃD�}Û���Ã��àÒlH^Nfa`L+d�HKN ���)¯­N���ª w½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ×Dz
{fw���� ¯­HKNfaZ�K¯­H^N}a��Êª�ifJT_c�DN}efL�H^N ���K¯­Nf��ª w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ×��
{fw��Å× ´¤HKNfefhfN}mZJ © ]DdKL+Nf�xL+N�H^N����K¯­N��¬ª wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ×Zy
{fw��Å�����K¯­Nf��ª���PVk w½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ×`{
{fwµyDz ´¤HKNfefhfN}mZJMd^�DNfmZLxN�h}NfeÐ�à¢/H^Nfa`L+d�HKN�º¤e���ª w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ×Z�
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{fwµy��Aº¤e��¬ª���PVk wÔw½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ���
{fwµyZy Û���Ã��±´¤H^N}efhfNfmZJRd��DN}mZL�H^N ���TÛ�m���ª w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �r�
{fwµyD�lÃD�}Û���Ã��àÒlH^Nfa`L+d�HKN ���VÛ�m��¬ª wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D×
{fwµy`{ÌÛ�]`mZNfL+JRH^hf[1�TÛ�]DmZNfLxJMH^h}[)�Êª�ifJT_c�DNfe}L�H^N ���TÛ�mZ��ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D�
{fwµyZÑ ���TÛ�m���ª½�}PVk w½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D�
{fwµyr�lÛ���Ã��±´¤H^N}efhfNfmZJRd��DN}mZL�H^N���L<�¬ª8º¤d
w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �ÅzZ×
{fwµyZ� ÃD�}Û���Ã��àÒlH^Nfa`L+d�HKN��ÉL+��ª8º¤d�w½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �ÅzZ�
{fwµyD× GIH^JRL+N��±GIH^JMLxN��±ªvifJR_��DNfefL~HKN���L+��ª8º¤d¨w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �ÅzZ�
Ñ�w�� ´¤HKNfefhfN}mZJMd^�DNfmZLxN�h}NfeÐ�à¢/H^Nfa`L+d�HKNÐ�ÉL+��ª��|w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Z�Z�
Ñ�wµy ��L<�¬ª��}�}PVk wÔw½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Z�Å�
Ñ�w�� Û�Nf��ª�����PVk w½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Z�Å×
��w�� ¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZNsÛ�N��Ø� hfNfe�Û�N���ª w½wÔwÔwÔwÔwÔw½wÔw½w ��y`{
��wµy ª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fYvÛ�N��¬ª wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��yZÑ
��w�� ªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fYvÛ�N��¬ª wÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��yZÑ
��w { ¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN @��V��L<�¬ª��Éº¤WZ��ª hfNfe @¯�)¯­N���ª wÔw½wÔw½w ��yr�
��wµÑ ¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN�t8H��¬ª hfNfe @¯�TÛ�m���ª w½wÔwÔwÔwÔwÔw½wÔw½w ��yZ�
��w � ª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY @¯�±�ÉL+��ª wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��yD×
��wµ� ªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY @¯�±�ÉL+��ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��yD�
��w�× ª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fYvº¤W���ª wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å�Zz
��w�� ªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fYvº¤W���ª wÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å�}�
��w��ÅzÎª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY @¯�)¯­N���ª wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å��y
��w��Z��ªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY @¯�)¯­N���ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å�Z�
��w���yÎ¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN ���¥hfN}e ���V��L+��ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å�D{
��w��Å�Îª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY ���V��L<�¬ª wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å��Ñ
��w��<{ ªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY ���V��L<�¬ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å�Z�
��w���Ñ�ª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY ���V��L<�¬ª wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å���
��w����ÎªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY ���V��L<�¬ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å�Z×
��w����Î¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN ���)¯­N���ª wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Å�Z�
��w��Å×Îª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY ���K¯­N��¬ª wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{�z
��w��Å��ÒÙ]DJMJRL+YRJR_�W`¹�]`_MWZ[gaDW¬WZYMefHKN�]`_ML+N�UX«fY ���K¯­N��¬ª w½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{f�
��wµyDzÎªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY ���K¯­N��¬ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{by
��wµy��F¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN @��¥hfNfe ���Tº¤e��¬ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{��
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��wµyZy�ª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY ���Tº¤e��¬ª wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{Z{��wµyD�ÎªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY ���Tº¤e��¬ªßw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{Z{��wµy`{l¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN ���VÛ�m���ª wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{bÑ��wµyZÑ�ª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY ���TÛ�m��¬ª wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{T���wµyr��ÒÙ]DJMJRL+YRJR_�W`¹�]`_MWZ[gaDW¬WZYMefHKN�]`_ML+N�UX«fY ���TÛ�mZ��ª w½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{b�
��wµyZ��ªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY ���TÛ�m��¬ª wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{�×��wµyD× ¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN���L+��ª8º¤d�wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �<{����wµyD�Îª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY8��L<��ª8º¤d wÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��ÑDz��w��ZzÎªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY8��L<��ª8º¤dÙw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��Ñ����w��}�F¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZN���L+��ª�� w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��ÑZy��w���y�ª�_MWZ[\a`W�WDYMefHKN�]`_�LxN�UX«fY8��L<��ª���wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��ÑD���w��Z�ÎªvNfH^JRWD_�YRWZn¦L¼ªvhfJMdKL+NfabhfN}mZJMn�]`Y�]D[gLx_ML+Y®UX«fY8��L<��ª��.wÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��ÑD���w��D{l¸¼YMHKJR_�]Dd^dKWZmZY�]`n j H^J�« j L���]`_�LxN © WZNsÛ�N���ª�� wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��Ñ`{
×}w�� GIH�« j hfN}m\efLxJvÃ�UXLxNfJ8efL+J8§Ihfd © L+YRefHK¹¦Y�]Da�_MWZ[\L£_�LxYMJ�wÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ��ÑZÑ
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�Zw�� Û�L£_c]DdKd±OXPMPTSVUXWDYM[gH�]`_ML¼wÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w {
�Zwµy Û�Nf�Ø���É¸¼YMHKJR_c]`d^d^JT_�YRhfa�_�hfY:w½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �
y�w�� ¿}�`hfYML+]Dh}UXJ�« j d^hfJRJ�]Dh}_MWZabd�] © wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Åy
{fw�� k/L<]Da�_MH^WZNfJRJ�« j Lx[.])�+h}Yv´:H^d^e}hfNfm © WDNsÛ�Nf��ª�w¦w½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w y`�
{fwµy Û�Nf��ª��É¸¼YRH^JR_�]Dd^dKJR_MYMhfa�_�h}Y+�f§IYRW ÞRL+a�_�HKWZNÐL+N�_�d^]DNfm � w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w yDÑ
{fw�� ¸¼YMHKJR_�]Dd^dKJR_�YRhfa�_�hfY:efL+J�Û�N��¬ª H^[ �!LxYMmZdKL+H�« j �xhsÛ�N��Ø� w½wÔwÔwÔwÔwÔw½wÔw½w y��
{fw { §Ihfd © L+YRYMÓZN�_MmZL+N j L+H^�+]Dh}UXN�] j [\LxNsÛ�N��Ø��� Û�Nf��ª w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w y`×
{fwµÑ [\]DmZNfL£_�HKJ�« j LxN�¿¬hfJM�xL+n}_MH^ifHKd^HK_��`_ © WZNsÛ�N���ª wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Zy
{fw � @��V��L<�¬ª��f¸¼YRH^JR_�]Dd^dKJR_MYMhfa�_�h}Y+�f¸¼L£_M_�L5w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �`{
{fwµ� @��V��L<�¬ª��f¸¼YRH^JR_�]Dd^dKJR_MYMhfa�_�h}Y+�f§IYRW ÞRL+a�_�HKWZN�L+N�_�d^]DNfm � w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �r�
{fw�× @��V��L<�¬ª��f¸¼YRH^JR_�]Dd^dKJR_MYMhfa�_�h}Y+�f��LZOu��S w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Z�
{fw�� @��V��L<�¬ª��f¸¼YRH^JR_�]Dd^dKJR_MYMhfa�_�h}Y+�f��LZOQ{bS w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D×
{fw��Åz §Ihfd © L+YRYMÓZN�_MmZL+Nfnf]`_M_ML+YMN @¯� � �C��� � ¶­ � ��� � � � @¯�±�ÉL+��ª wÔwÔwÔw½wÔw½w {Zz
{fw��Z��[\]DmZNfL£_�HKJ�« j LxN ¿�hfJR�+L+n�_�H^i}H^d^H�_c�`_�hfNfe%ÒÌ�`YM[gL+a ]Dn�]D�xHK_��`_ © WZN @¯� ��� ��� �¶­ � ��� � � wÔw½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w {�y
{fw���y�[\]DmZNfL£_�HKJ�« j LxJ�Û�WZ[\LxN�_ © WZN @¯� ���C��� � ¶­ � ��� � � wÔw½wÔwÔwÔwÔwÔw½wÔw½w {Z�
{fw��Å� ]r«��T¿�h}JM�+Lxn}_�HKifH^dKHK_��`_�LxN © WZN @¯� ��� ��� � ¶­ � ��� � � wÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w {D{
{fw��<{lk/L<]Da�_MH^WZNfJRJ�« j Lx[.])efLxYv¸8WZi�]Dd�_MUXWZYR[\H^]`_�L5w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w {�Ñ
{fw���ÑÎ§Ihfd © L+YRYMÓZN�_MmZL+Nfnf]`_M_ML+YMN ������� � ¶­ � ��� � � � ¶­ � Ý ��� @¯�Vº¤W���ª w½wÔw½w {��
{fw����Î[\]DmZNfL£_�HKJ�« j LxN�¿¬hfJM�xL+n}_MH^ifHKd^HK_��`_ © WZNsº¤WZ��ª wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w {Z�
{fw����Î§Ihfd © L+YRn�]`_R_�L+YRN © WZN�tvH��¬ª���� 	�w½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w Ñ`z
{fw��Å× �!LxYMmZdKL+H�« j efLxY8§!h}d © LxYMYRÓZN�_�mZLxNfe�]`_ML+N © WZN�tvH��¬ª%hfNfe @¯� ��� ��� � ¶­ � ��� � � Ñ¬�
{fw��Å� §Ihfd © L+YRYMÓZN�_MmZL+N j L+H^�xe�]`_ML+N © WZN�tvH��¬ª wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ÑDy
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{fwµyDz k/L<]Da�_MH^WZNfJRJ�« j Lx[.])efLxYvt8H�«ca`L+dKUXWDYM[gH�]`_ML|w~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w Ñ`�
{fwµy�� ¯­Lxd^d^nf]DY�]D[gLx_ML+YoefL+Y�HKJMWZ[gWZYRn j L+N~k/L+H j LØefLxY�¢�]`JMJMLxYRUXYRL+H^LxN1Û�L£_c]DdKd±OXPMPTSVUXWDYM[gH�]`_MLHK[ �!L+YRmZd^LxH�« j w½wÔwÔwÔwÔwÔw½wÔw½wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w Ñ`×
{fwµyZyÎGId^Lxa�_�YMWDNfL+Nfa`WZN}Õ�mDhfY�]`_MH^WZN�� � ��� �8hfN}e�� ¶�� wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ���
{fwµyD� §Ihfd © L+YRYMÓZN�_MmZL+Nfef]`_�LxN © WDN ���!hfN}e ���V��L<�¬ª3wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D�
{fwµy`{ ���V��L+��ª��}¸¼YMH^JT_c]DdKd^JT_�YMh}ab_MhfY+�}¸¼Lx_M_ML w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �`{{fwµyZÑ ���V��L+��ª��}¸¼YMH^JT_c]DdKd^JT_�YMh}ab_MhfY+� �!L+YRa¬Nb«fn�UXhfNfm.e}L+Y8¸¼Lx_M_ML+N w½wÔwÔwÔwÔwÔw½wÔw½w �ZÑ
{fwµyr� ���V��L+��ª��f¸~YRH^JT_c]DdKd^JR_MYMhfa�_MhfY+��¸¼Lx_M_ML+N�w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D�
{fwµyZ� ���!hfN}e ���V��L+��ª��f¸~YRH^JT_c]DdKd^JR_MhfYMa�_MhfYMLxN © L+YRmZd^LxH�« j wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Dy{fwµyD×����K¯­Nf��ª��}¸¼YMH^JT_c]DdKd^JT_�YMh}ab_MhfY+�}§IYMW ÞRLxab_MH^WZNÐLxNb_Md�]DN}m �¡w½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �DÑ
{fwµyD�����K¯­Nf��ª��}¸¼YMH^JT_c]DdKd^JT_�YMh}ab_MhfY+�}¸¼Lx_M_MLD� wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ���
{fw��Zz����K¯­Nf��ª��}¸¼YMH^JT_c]DdKd^JT_�YMh}ab_MhfY+�}¸¼Lx_M_ML)� wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �D�{fw��}� ���K¯­Nf��ª��}¸¼YMH^JT_c]DdKd^JT_�YMh}ab_MhfY+�}¸¼Lx_M_ML½y»wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �`×
{fw���y ���Tº¤ef��ª��f¸vW¬WZYMefHKN�]`_MH^WZNfJRJMn j �DYML�e}L+J�º¤e w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ×r�
{fw��Z� �!LxYMmZdKL+H�« j ���Tº¤ef��ª [gHK_�@��Tº¤e��¬ª���§IYMW�ÞRL+a�_�HKWZNÐL+N�_�d^]DNfm�� wÔwÔwÔwÔw½wÔw½w ×D×{fw��D{ �!LxYMmZdKL+H�« j ���Tº¤ef��ª [gHK_8Û�Nf��ª?wÔwÔw½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w ×D�
{fw���Ñ �!LxYMmZdKL+H�« j ���Tº¤ef��ª [gHK_�@��Tº¤e��¬ª���§IYMW�ÞRL+a�_�HKWZNÐL+N�_�d^]DNfm � wÔwÔwÔwÔw½wÔw½w �Dz
{fw��Z� k/L<]Da�_MH^WZNfJRJ�« j Lx[.])efLxY�º�]`ef[\HKhf[)UXWZYM[gH�]`_ML�wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Zy{fw���� ���TÛ�m���ª½�f¸¼YMHKJR_c]`d^d^JT_�YRhfa�_�hfYx�f§IYMW ÞRLxa�_�H^WDN�LxNb_Md�]DN}m � wÔw½wÔwÔwÔwÔwÔw½wÔw½w �`{
{fw��Z×����TÛ�m���ª½�f¸¼YMHKJR_c]`d^d^JT_�YRhfa�_�hfYx�f¸¼Lx_R_�L�w½wÔw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �ZÑ
{fw��Z� k/L<]Da�_MH^WZNfJRJ�« j Lx[.])efLxYvGIHKJML+N�UXWZYM[gH�]`_MLÄw~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �ÅzZz{fw {�z k/L<]Da�_MH^WZNfJRJ�« j Lx[.])efLxY ¯­HKNfa�UXWZYM[gH�] _�L w~w½wÔw½wÔwÔw½wÔw½wÔwÔwÔwÔwÔw½wÔw½w �Åz}�
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