
� ���������
	 ���
������������� � �������
������� �����
 �"!��#�$�%!&��� 	 �"! ' �$�����)(+* �,�����-!&�$!&���
�
���.�#�
/&021436570�879;:<0�=,8?>@3A02B6CD:FEHGI87J�KL5M87GN9;:<0�OQP�3A02BR9;:<0�=,87GN9;:<0�OTSDO<UV3A02B657BA368XW
GN9;:<0�O�YZO<KL5[EHGN0�O�KLO�\]BRUD0�ODC<14B6^_0�O�KLS<Ga`bKL=,=cJA021dO<GNB6O<Ue87021dSDO<3A0�O

fHgihkjkl&jnm%hko_p%qsr�tetDuvmiwxhkwxr�ykg
z jdm{Am4o|h;g;l;jdg;lk};u~tDqDy;��w4y;mIl;mIh;};u~t

};u�mn�%h�wI�du��Ah�wNr�t��N�NpI�Hh�wIjdm���r�t�t�u�g;t��N�4h;��wIo|r��N�du�gv�~h;��jdo�w��h;w
};u�mi��g4r���u�mdt�r�w��h;w z jk�x�y;o�g

�;y;mIl;u�o�u~l;wv�;y;g
�6�R�A�A�����¡ ��F¢F���A£
h4j;t<{Aj;t��;r�mI�N�du�g

�x�y;o�g&¤�¥¦¥�¤



§#¨�©Mª�«M¬�­[¨�©M®[­7¯°­[­[¨�©�± ²2©7³�´Xµ�¶6©�µ�·#µN¸¹µ~ºA¨�»¦¼~¯�»¦¨�©
²2©7³�´Xµ~¶6©�µ�§6µ~½;¨�¾�¿°¯�À

½�¯°Á�Â¦¨�©AÃvÄ»�À�Â�Å�ª�«M¬¦¨�À_²2©|Ä»¦´�»�À¦Á¦± Æ|ÇÈµ�É�É°µ Ê°Æ�Æ|Ê



Ë�ÌnÍ
ÎHÎ�ÌnÏ#ÐÒÑÓÑÕÔDÖi×�ÐÒÏ�Ï�ÌnÖiØ

¶6¨�©ÚÙ�ª�À�®7¯°­[¾�Á�¨�³�Û~¬�Ü�®7ªÝ¿°¯�Å�ª�®7«M¬¦¨�©Ú¸Þ¨�®7®[ß�¨�©7´�¯�¬¦©7¨�ÀH¾�»¦©�Ù2©7¿�»�À�Â�»�À¦Á
ß�³|À�®7«M¬�¯�Â�®[­[³°àI¼I¨�Å�¯�®[­[¨�­[¨�À<§áÄ³|Â¦¨�À
¬�¯°­"ª�À�Â¦¨�ÀDÅÝ¨�­[¾�­[¨�ÀQÉ�ÆRâ|¯�¬¦©7¨�À<®[­7¯°©7¿H¾�»¦Á�¨�À¦³|ÃeÃD¨�À4µ�ã6Å�®�¨�ª�À¦¨�¨�äe¾�ªÝ¨�À�­[¨A¸Þ¨�®7®7ÃD¨�­7¬¦³�Â¦¨
¬�¯°­"®7ª�«M¬<Â�¯°¼I¨�ª
Â�¯�®HÛ~¯�®7®7ªÝß�¨�å�¨�ÅÝ¨�¿È­[©7³|Ãe¯°Á|À¦¨�­7ª�®7«M¬¦¨_æ"¨�©7´�¯�¬¦©7¨�ÀiÂ¦¨�©<çA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©MªÝ¿&é�ç6¸+½6êR¬¦¨�©M¯�»�®[Á�¨�®[­[¨�Å�ÅÝ­�å
Â�¯�®RÂ�ªÝ¨DëR¯°©7­7ªÝ¨�©M»�À¦ÁQ»�À�Â¹ìÈ³|À�Â�ªÝ¨�©M»�À¦ÁÒÂ¦¨�®Rí6À�­[¨�©7Á�©M»�À�Â¦¨�®RÀ�¯�«M¬¹Â¦¨�Ãî¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨�Àvï�ª�Â¦¨�©M®[­7¯�À�Âð¨�©[è
Å�¯�»¦¼�­�µ#¶FªÝ¨ðã6»�®[ñ#¨�©7­7»�À¦Á%Â¦¨�©Q¸Þ¨�®7®7Â�¯°­[¨�À�ÃeªÝ­_ÃD¨�¬¦©MÂ�ª�ÃD¨�À�®7ªÝ³|À�¯�ÅÝ¨�Àiï�ª�Â¦¨�©M®[­7¯�À�Â�®7ÃD³�Â¦¨�Å�ÅÝ¨�ÀkÅ�ªÝ¨�´�¨�©7­
ñ#¨�©7­[ß�³|Å�ÅÝ¨áò?À¦´�³�©MÃe¯°­7ªÝ³|À¦¨�ÀiÄ»¦¼I¨�©LÂ¦¨�ÀQß�¨�©7­7ªÝ¿°¯�ÅÝ¨�ÀÞ»�À�ÂQÅ�¯°­[¨�©M¯�ÅÝ¨�ÀÞã6»¦´�¼~¯�»QÂ¦¨�®Lí6À�­[¨�©7Á�©M»�À�Â¦¨�®�µ
§�ª�®7Å�¯�À¦ÁÞ®7ª�À�ÂðÂ�ªÝ¨Dó�Ä¯�«M¬¦¨�À�¬�¯°´�­Rß�¨�©MÃD¨�®7®[¨�À¦¨�Àxç6¸+½�èô¶F¯°­[¨�ÀxÃeªÝ­eÉ�¶AèF»�À�Â¹Ê°¶Aèõò?À�ß�¨�©M®7ªÝ³|À¦¨�Àx¯�»�®[Á�¨öè

ñ#¨�©7­[¨�­Dñ#³�©MÂ¦¨�À4å2®[¨�ÅÝ¼~®[­<ñ#¨�À�ÀnÂ�ªÝ¨Q¶F¯°­[¨�À&Ù"àI¨�¿È­[¨Qß�³|ÀkÂ¦©7¨�ª�Â�ª�ÃD¨�À�®7ªÝ³|À�¯�ÅÝ¨�©Hï�ª�Â¦¨�©M®[­7¯�À�Â�®[ß�¨�©7­[¨�ª�Å�»�À¦Á
¯�»¦´�ñ#¨�ª�®[¨�À4µ�¶F¯D¨�®A¯�ÀÞÅ�¯�»�à2Ä¯�¬�ªÝÁ�¨�ÀÞ÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À�®7¯�ÅÝÁ�³�©MªÝ­7¬�ÃD¨�ÀQÁ�¨�´�¨�¬�ÅÝ­A¬�¯°­�å~ª�®[­LÃeªÝ­�¾�¨�ªÝ­7¯�»¦´�ñ#¨�À�Â�ªÝÁ�¨�©
÷°¶Aèõæ"³�©7ñ�Ä¯°©7­7®7ÃD³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦ÁRß�¨�©M®7»�«M¬�­�ñ#³�©MÂ¦¨�À4åÈ¨�ª�À_Â¦©7¨�ª�Â�ª�ÃD¨�À�®7ªÝ³|À�¯�ÅÝ¨�®"ãA¼�¼~ª�Å�ÂeÂ¦¨�©#ï�ª�Â¦¨�©M®[­7¯�À�Â�®[ß�¨�©[è
­[¨�ª�Å�»�À¦ÁDÂ¦¨�®Lí6À�­[¨�©7Á�©M»�À�Â¦¨�®�¾�»Þ¨�©M¬�¯�ÅÝ­[¨�À4µ
¶FªÝ¨
ß�³�©MÅ�ªÝ¨�Á�¨�À�Â¦¨LãA©7¼I¨�ªÝ­Ú®[­[¨�Å�ÅÝ­2Â�ªÝ¨�¨�©M®[­[¨
¨�©7´�³|ÅÝÁ�©7¨�ª�«M¬¦¨A÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|Àeß�³|À�¸+¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©MªÝ¿�èô·¦¨�Å�Â�Â�¯øè

­[¨�À<ª�ÃaçA¯�Â�ªÝ³�´�©7¨�ùÈ»¦¨�À¦¾�¼I¨�©7¨�ª�«M¬Rß�³�©�µ�¶F»¦©M«M¬<Â¦¨�À<Ù�ª�À�®7¯°­[¾�¨�ª�À¦¨�®�¨�äe¾�ªÝ¨�À�­[¨�Àe÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À�®7¯�ÅÝÁ�³�©MªÝ­7¬�Ã�»�®
»�À�Âeß�³�©
¯�Å�ÅÝ¨�ÃZÂ�»¦©M«M¬_Â�ªÝ¨6§#¨�¯°©7¼I¨�ªÝ­7»�À¦Á�Â¦¨�®�ò?À�ß�¨�©M®7ªÝ³|À�®[Û�©7³�¼~ÅÝ¨�Ãe®2¯�»¦´d¨�ª�À¦¨�ÃúÁ�©7³�û�¨�ÀQ²Ú¯°©M¯�Å�ÅÝ¨�ÅÝ©7¨�«M¬�À¦¨�©
ª�®[­
Â�ªÝ¨�®[¨�©L¶F»¦©M«M¬�¼�©M»�«M¬QÁ�¨�Å�»�À¦Á�¨�À4µ¦í6ÃüÂ�ªÝ¨RºA³�­ôñ#¨�À�Â�ªÝÁ�¿�¨�ªÝ­AÂ¦¨�©A÷°¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á<ß�³|À+ç6¸+½�èô¶F¯°­[¨�À
¼I¨�ª
ã6À�ñ#¨�À�Â�»�À¦Á�¨�Àkª�Ã�ò?À¦Á�¨�À�ªÝ¨�»¦©[èR»�À�Âní6ÃHñ#¨�ÅÝ­[¼I¨�©7¨�ª�«M¬&Â�¯°©7¾�»�ÅÝ¨�Á�¨�À4å"ñ#¨�©MÂ¦¨�À�¸Þ³�Â¦¨�Å�Å�®[­7»�Â�ªÝ¨�ÀiÃeªÝ­
®[Ü�À�­7¬¦¨�­7ª�®7«M¬¦¨�Àn¶F¯°­[¨�Àkß�³�©7Á�¨�®[­[¨�Å�ÅÝ­�µ�¶F¯°¼I¨�ª�ñAªÝ©MÂ%¨�©M®7ª�«M¬�­7Å�ª�«M¬4å"Â�¯�®7®DÂ�ªÝ¨ÞÊ°¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á�Ä»¦¼I¨�©�÷°¶Aè
ï�ª�Â¦¨�©M®[­7¯�À�Â�®[ß�¨�©7­[¨�ª�Å�»�À¦Á�¨�ÀÒÀÈ»¦©
¨�ª�À¦Á�¨�®7«M¬¦©øÄ¯�À¦¿È­L¾�»QÁ�¨�¼�©M¯�»�«M¬¦¨�ÀÞª�®[­�µ
ã6»¦´4¾�ñ#¨�ªIã6ÅÝ­7¯°¼~Å�¯°Á�¨�©M»�À¦Á�¨�À�ª�À�ºA³�©MÂ¦©M¬¦¨�ª�À�èõïv¨�®[­[´�¯�ÅÝ¨�À_®7ª�À�ÂDó�Ä¯�«M¬¦¨�À�¬�¯°´�­�ç6¸+½�èX¸Þ¨�®7®7»�À¦Á�¨�ÀÒÂ�»¦©M«M¬�è

Á�¨�´ýÄ»�¬¦©7­�ñ#³�©MÂ¦¨�À4å¦Â�ªÝ¨áª�ÃþçA¯�¬�ÃD¨�ÀQÂ¦¨�®AìÈ³|À�Â¦¨�©7´�³�©M®7«M¬È»�À¦Á|®[¼I¨�©7¨�ª�«M¬�®#ÿ�É��<¯�ÀÞÂ¦¨�©Lí6À�ªÝß�¨�©M®7ªÝ­�Ä¯°­�¾�»Þë�Ä³|Å�À
Á�¨�Å�¯�»¦´�¨�ÀÞ®7ª�À�Â4µ¦ã6»¦´ÚÂ¦¨�©L¨�©M®[­[¨�ÀÞã6ÅÝ­7¯°¼~Å�¯°Á�¨�©M»�À¦Á¦å~Â¦¨�©7¨�ÀÞ¶F¯°­[¨�À+ÃeªÝ­AÊ°¶Aè�»�À�ÂÞ÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À¦¨�À+¯�»�®[Á�¨öè
ñ#¨�©7­[¨�­6ñ#³�©MÂ¦¨�À+®7ª�À�Â4å~®7ª�À�ÂÞ§#³�Â¦¨�À¦Û�©7³�¼I¨�ÀQ¼~ª�®A»�À�­[¨�©M¬�¯�ÅÝ¼ Â¦¨�©6¶6¨�ÛI³|À�ªÝ¨�®[³|¬�ÅÝ¨HÂ�»¦©M«M¬+çA¯�ÃeÃD¿�¨�©MÀ�¼I³|¬�è
©M»�À¦Á�¨�ÀnÁ�¨�ñ#³|À�À¦¨�Àkñ#³�©MÂ¦¨�À4µ�¶FªÝ¨+§#¨�®[­7ª�ÃeÃ�»�À¦ÁxÂ¦¨�®�®[ÛI¨�¾�ª��~®7«M¬¦¨�Ànï�ª�Â¦¨�©M®[­7¯�À�Â�®eÂ¦¨�©_§#³�Â¦¨�À¦Û�©7³�¼I¨�À
¼~ªÝ¨�­[¨�­á¨�ª�À¦¨�¸%Ä³�Á|Å�ª�«M¬¦¿�¨�ªÝ­�å�Â�ªÝ¨Dï�ª�Â¦¨�©M®[­7¯�À�Â�®7ÃD³�Â¦¨�Å�ÅÝ¨�Â¦¨�©<Ê°¶Aè6»�À�Â¹÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À¦¨�À¹¾�»�Ä»¦¼I¨�©7Û�©|Ä»¦´�¨�À4µ
¶F¯°¼I¨�ª�¬�¯°¼I¨�Àn®7ª�«M¬n®[¨�¬¦©<Á|»¦­[¨ ÄíA¼I¨�©7¨�ª�À�®[­7ª�ÃeÃ�»�À¦Á�¨�Àx¾�ñAª�®7«M¬¦¨�À��;¯°¼I³�©MÂ�¯°­[¨�Àn»�À�Âi¸Þ³�Â¦¨�Å�Å�Â�¯°­[¨�ÀiÁ�¨öè
¾�¨�ªÝÁ�­�µ��6¨�³�«M¬¦¨�Ãeª�®7«M¬¦¨Q»�À�Â¹®[¨�Â�ª�ÃD¨�À�­[³|ÅÝ³�Á|ª�®7«M¬¦¨Òí6À�­[¨�©M®7»�«M¬È»�À¦Á�¨�À%¯�ÀiÂ¦¨�Àx§#³�Â¦¨�À¦Û�©7³�¼I¨�Àx¬¦¨�ÅÝ´�¨�À¹¼I¨�ª
Â¦¨�©L§#¨�®[­7ª�ÃeÃ�»�À¦ÁeÂ¦¨�®Lã6»¦´�¼~¯�»�®L»�À�ÂÒÂ¦¨�®
ò?À�¬�¯�ÅÝ­[¨�®LÂ¦¨�©Aã6ÅÝ­7¯°¼~Å�¯°Á�¨�©M»�À¦Á¦µ





�
	 Ï��
Í
Ð�
��

½L¬¦¨ð»�®[¨ ³�´RÁ�¨�³�Û~¬�Ü�®7ª�«�¯�Å6¨���Û~ÅÝ³�©M¯°­7ªÝ³|À�ÃD¨�­7¬¦³�Â�®�­[³nª�À�ß�¨�®[­7ªÝÁ|¯°­[¨vÛI³|Å�Å�»¦­[¨�Â&®[³|ª�Å6¬�¯�®Ò¯°Û�Û�©7¨�«�ª�¯°¼~ÅÝÜ
Á�©7³�ñAÀ�Â�»¦©Mª�À¦Áv­7¬¦¨ðÅ�¯�®[­ÒÂ¦¨�«�¯�Â¦¨�µ
çA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©Mª�«�®ðé�ç6¸+½6ê�ª�®�³|À¦¨ ³�´R­7¬¦¨ ´�¯�®[­Q¯�À�Â&¨�¯�®[Ü�è
­[³°èô»�®[¨�ÃD¨�­7¬¦³�Â�®Rª�Àð¨�À�ß�ªÝ©7³|À�ÃD¨�À�­7¯�Å2¯�À�Âð¨�À¦Á|ª�À¦¨�¨�©Mª�À¦ÁQÁ�¨�³�Û~¬�Ü�®7ª�«�®�µ4òX­Hª�®á¯QÛ~¯�®7®7ªÝß�¨D¨�ÅÝ¨�«ö­[©7³|Ãe¯°Á|À¦¨�­7ª�«
ÃD¨�­7¬¦³�ÂÒ­[³�Ãe¯°Û ¯�À�ÂQ®[³|»�À�ÂÒ­7¬¦¨R¨�ÅÝ¨�«ö­[©Mª�«�¯�Å4©7¨�®7ª�®[­7ªÝß�ªÝ­ôÜ�³�´Ú­7¬¦¨áÁ�©7³|»�À�Â4µ
½L¬¦¨A®7»¦©7ß�¨�Ü�®#¯°©7¨6«�¯°©7©MªÝ¨�ÂD³|»¦­#¯�ÅÝ³|À¦ÁHÛ~¯°©M¯�Å�ÅÝ¨�Å¦Û�©7³��~ÅÝ¨�®�µ|íAÛ�­[³<À¦³�ñ&­7¬¦¨6Â�¯°­7¯H¯°©7¨6ª�À�­[¨�©7Û�©7¨�­[¨�Â�»�®7ª�À¦Á

É�¶,¯�À�Â�Ê°¶)ª�À�ß�¨�©M®7ªÝ³|À�®7«M¬¦¨�ÃD¨�®�å#¨�ß�¨�À�ªÝ´á­7¬¦¨ðÂ�¯°­7¯%¯°©7¨ ¼~ª�¯�®[¨�Â&¼ÈÜk­7¬¦©7¨�¨öèôÂ�ª�ÃD¨�À�®7ªÝ³|À�¯�Å
©7¨�®7ª�®[­7ªÝß�ªÝ­ôÜ
Â�ª�®[­[©MªÝ¼~»¦­7ªÝ³|À�³�´�­7¬¦¨RÁ�©7³|»�À�Â4µ�½;³�«ö³|À�®7ª�Â¦¨�©L­7¬¦¨R­7¬¦©7¨�¨öèôÂ�ª�ÃD¨�À�®7ªÝ³|À�¯�ÅIÀ�¯°­7»¦©7¨R³�´Ú­7¬¦¨áÁ�©7³|»�À�Â4å¦¨���­[¨�À�®7ªÝß�¨
÷°¶ú´�³�©7ñ�¯°©MÂðÃD³�Â¦¨�Å�Å�ª�À¦ÁeÃ�»�®[­6¼I¨<»�®[¨�Â4µI÷°¶ ª�À�ß�¨�©M®7ªÝ³|À�®A³�´�¯���¨�Å�Â Â�¯°­7¯_®[¨�­F´�¯�ª�ÅÝ¨�Â+¨�ªÝ­7¬¦¨�©6´�³�©áÅ�¯�«7¿+³�´
«ö³|ÃDÛ~»¦­[¨�©LÛI³�ñ#¨�©L³�©A¼I¨�«�¯�»�®[¨á³�´Úñ#³�©M®[¨RÂ�¯°­7¯e®[¨�­7®LñA¬¦³|®[¨R®[­7¯°­7ªÝ³|ÀÞÁ�©Mª�ÂQª�®�­[³È³�®[Û~¯°©M®[¨�µ
½L¬�ª�®#­7¬¦¨�®7ª�®Lª�À�­[©7³�Â�»�«ö¨�®�­7¬¦¨���©M®[­
®7»�«�«ö¨�®7®[´�»�Åd÷°¶bª�À�ß�¨�©M®7ªÝ³|ÀÒ³�´Ú¯<©M¯�Â�ªÝ³°èôÃe¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©Mª�«���¨�Å�ÂQÂ�¯°­7¯

®[¨�­�µ#½L¬¦¨+»�®[¨Þ³�´á¯¹Û�©7³�ß�¨�À�÷°¶c¯�ÅÝÁ�³�©MªÝ­7¬�Ã�ñAªÝ­7¬k¯�Àk¨�ä�«�ªÝ¨�À�­_ª�À�ß�¨�©M®7ªÝ³|Àk®7«M¬¦¨�ÃD¨ ¯�À�Âk©M»�À�À�ª�À¦Áð­7¬¦¨
ª�À�ß�¨�©M®7ªÝ³|À�³|ÀQ¯<¬�ªÝÁ|¬�èõÛI¨�©7´�³�©MÃe¯�À�«ö¨6Û~¯°©M¯�Å�ÅÝ¨�ÅN«ö³|ÃDÛ~»¦­[¨�©LÅÝ¨�¯�Â_­[³e¯�¼�©7¨�¯°¿�èõ­7¬¦©7³|»¦Á|¬Qª�À_Ãe¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©Mª�«
©7¨�®[¨�¯°©M«M¬4µ�Ù���­[¨�À�®7ªÝß�¨6®[­7»�Â�ªÝ¨�®�¯°©7¨F«�¯°©7©MªÝ¨�Â�³|»¦­#´�³�©�¯Hñ�¯�®[­[¨öèô®7ªÝ­[¨FÃD³�Â¦¨�Å~­[³<Â¦¨�ÃD³|À�®[­[©M¯°­[¨6­7¬¦¨6À¦¨�«ö¨�®7®7ªÝ­ôÜ
³�´;¯e÷°¶aª�À�ß�¨�©M®7ªÝ³|À4µ�½L¬¦¨�®[¨F®[­7»�Â�ªÝ¨�®�«�ÅÝ¨�¯°©MÅÝÜ�®7¬¦³�ñ�­7¬�¯°­LÊ°¶ ª�À�ß�¨�©M®7ªÝ³|À�³�´�ç6¸+½�Â�¯°­7¯<ÃD¨�¯�®7»¦©7¨�Â_³�ß�¨�©A¯
÷°¶ Á�©7³|»�À�ÂQ«�¯�ÀÞ©7¨�®7»�ÅÝ­
ª�ÀQª�À�«ö³�©7©7¨�«ö­
©7¨�®7ª�®[­7ªÝß�ªÝ­ôÜ_ÃD³�Â¦¨�Å�®�µ
½
ñ#³_ñ�¯�®[­[¨<®7ªÝ­[¨�®6¯°©7¨�¨���Û~ÅÝ³�©7¨�Â+»�®7ª�À¦Á�¯�Â¦¨�À�®[¨�®[­7¯°­7ªÝ³|À Á�©Mª�Â4µ~½L¬¦¨�ÃD¨�¯�®7»¦©7¨�ÃD¨�À�­7®Añ#¨�©7¨�Û~¯°©7­A³�´2¯

©7¨�®[¨�¯°©M«M¬ÒÛ�©7³��[¨�«ö­
­7¬�¯°­�¼I¨�ÅÝ³|À¦Á|®#­[³D­7¬¦¨R«ö³|Å�Å�¯°¼I³�©M¯°­7ªÝß�¨6©7¨�®[¨�¯°©M«M¬Þ«ö¨�À�­[¨�©�éõì�·Ú§�ÿ�É��|ê�¯°­�­7¬¦¨Rí6À�ªÝß�¨�©M®7ªÝ­ôÜ
³�´��#³|ÅÝ³�Á|À¦¨�µ4½L¬¦¨<ç6¸+½ Â�¯°­7¯Ò³�´2­7¬¦¨���©M®[­6ñ�¯�®[­[¨D®7ªÝ­[¨D¯°©7¨Dª�À�­[¨�©7Û�©7¨�­[¨�Â+ñAªÝ­7¬vÊ°¶ ¯�À�Âv÷°¶Z©7¨�®7ª�®[­7ªÝß�ªÝ­ôÜ
ÃD³�Â¦¨�Å�®
»�®7ª�À¦Á<­7¬¦¨�¸+½.ª�À�ß�¨�©M®7ªÝ³|ÀÞ®7«M¬¦¨�ÃD¨�®L³�´"çRµN¸+¯�«7¿�ªÝ¨�¯�À�Â���µ~ºA¨�ñAÃe¯�À4å�©7¨�®[ÛI¨�«ö­7ªÝß�ª�ÅÝÜ�µ¦½;³eß�¨�©MªÝ´�Ü
¯�À�ÂQ«�¯�Å�ªÝ¼�©M¯°­[¨F­7¬¦¨á©7¨�®7ª�®[­7ªÝß�ªÝ­ôÜ_ÃD³�Â¦¨�Å�®#­7¬¦©7¨�¨RÂ¦©Mª�Å�Å�ª�À¦Á|®2ñ#¨�©7¨R«�¯°©7©MªÝ¨�ÂÒ³|»¦­L¯°­L­7¬¦¨áñ�¯�®[­[¨H®7ªÝ­[¨�µ¦½L¬¦¨�©7¨Rª�®
¯Òß�¨�©7Ü Á�³È³�Âv«ö³�©7©7¨�Å�¯°­7ªÝ³|Àv¼I¨�­ôñ#¨�¨�Àv­7¬¦¨eÃD³�Â¦¨�Å�®F¯�À�Âð­7¬¦¨D©7¨�®7ª�®[­7ªÝß�ªÝ­ôÜÞ³�´#­7¬¦¨e®[³|ª�Å"®7¯�ÃDÛ~ÅÝ¨�®FÃD¨�¯�®7»¦©7¨�Â
ª�À ­7¬¦¨DÅ�¯°¼I³�©M¯°­[³�©7Ü�µ���¬¦¨�Ãeª�«�¯�ÅÚ¯�À�¯�ÅÝÜÈ¾�¨�®á³�´�­7¬¦¨e®[³|ª�ÅÚ®7¯�ÃDÛ~ÅÝ¨�®FÃe¯°¿�¨�ªÝ­FÛI³|®7®7ªÝ¼~ÅÝ¨R­[³+«M¬�¯°©M¯�«ö­[¨�©MªÝ¾�¨e­7¬¦¨
ñ�¯�®[­[¨�µ
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É°µ�ÉÕã6ÅÝ­7Å�¯�®[­[¨�À µRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê

É°µ�É°µ�É ã6ÅÝ­7Å�¯�®[­[¨�À¦Û�©7³�¼~ÅÝ¨�Ãe¯°­7ªÝ¿ µRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê
É°µ�É°µ Ê �6¨�´[Ä¯�¬¦©MÂ�»�À¦Á|®[ÛI³�­[¨�À�­7ª�¯�Å4Â�»¦©M«M¬Qã6ÅÝ­7Å�¯�®[­[¨�À
µRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ ÿ

É°µ Ê4�6¨�³�Û~¬�Ü�®7ªÝ¿°¯�Å�ª�®7«M¬¦¨RÙ2©7¿�»�À�Â�»�À¦ÁHß�³|À+ã6ÅÝ­7Å�¯�®[­[¨�À µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ 5
É°µ ÷ çA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©MªÝ¿ µRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ 6

É°µ ÷Èµ�É ¸Þ¨�®7®7ÃD¨�­7¬¦³�Â¦¨.µRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ 6
É°µ ÷Èµ Ê ã6»�®[ñ#¨�©7­7»�À¦ÁeÂ¦¨�©Aç6¸+½�èô¶F¯°­[¨�À µáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ �

É°µ ÿ87IªÝ¨�ÅÝ¨áÂ¦¨�©AãA©7¼I¨�ªÝ­<µRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�É
9;:=<3,?>A@�,B/�(-C�D$<3,FE�@$1�)3GH+-IJ2A,.) %?K
ÊÈµ�ÉÕçA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©MªÝ¿ µRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�÷
ÊÈµ Ê ¶6¨�©Aò?ÃDÛI¨�Â�¯�À¦¾�­[¨�À�®[³�©cµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Éöÿ
ÊÈµ ÷ ¶FªÝ¨á©øÄ¯�»�ÃeÅ�ª�«M¬¦¨Fæ"¨�©7­[¨�ª�Å�»�À¦ÁeÂ¦¨�®
¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨�ÀQï�ª�Â¦¨�©M®[­7¯�À�Â�®%µáµRµRµRµáµRµRµáµRµRµáµRµRµ Éöÿ
ÊÈµ ÿ ¶FªÝ¨RÙ2©7¿�»�À�Â�»�À¦Á|®[­7ªÝ¨�´�¨sµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�5
ÊÈµ 5T¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�L
ÊÈµ Ç ò?À�ß�¨�©M®7ªÝ³|ÀÒµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É�L

ÊÈµ ÇÈµ�ÉM�;ª�À¦¨�¯°©Mª�®7ªÝ¨�©M»�À¦ÁHµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ É��
ÊÈµ ÇÈµ Ê çL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á%µRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê°Æ
ÊÈµ ÇÈµ ÷ ç6¸ðì�èô·¦¨�¬�ÅÝ¨�©ðµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ê°Æ
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ÊÈµ 6 É�¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�É
ÊÈµ L Ê°¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�É

ÊÈµ LÈµ�É ¸+ª�À�ª�ÃeªÝ¨�©M»�À¦Á<Â¦¨�©Lëá³|®[­[¨�À¦´�»�À¦¿È­7ªÝ³|À$µáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�Ê
ÊÈµ LÈµ Ê �F¯�»¦û°èôºA¨�ñL­[³|À�èôã6ÅÝÁ�³�©MªÝ­7¬�Ã�»�®�µRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�Ê
ÊÈµ LÈµ ÷ º6ª�«M¬�­7Å�ª�À¦¨�¯°©[èôëá³|À��7»¦Á|ªÝ¨�©7­[¨öèX�6©M¯�Â�ªÝ¨�À�­[¨�À�èX¸Þ¨�­7¬¦³�Â¦¨�µRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�÷
ÊÈµ LÈµ ÿ Ê°¶AèX¸Þ³�Â¦¨�Å�ÅÝÁ|ªÝ­[­[¨�©
µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�÷
ÊÈµ LÈµ 5 ìÈ¨�À�®7ªÝ­7ªÝß�ªÝ­�Ä¯°­-µRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Êøÿ

ÊÈµ � ÷°¶AèX¸Þ³�Â¦¨�Å�Å�ªÝ¨�©M»�À¦Á µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�5
ÊÈµ �Èµ�É ÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À�®[Û�©7³�Á�©M¯�ÃeÃüß�³|ÀY��µ~ºA¨�ñAÃe¯�ÀÒµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ Ê�Ç
ÊÈµ �Èµ Ê ÷°¶AèX¸Þ³�Â¦¨�Å�ÅÝÁ|ªÝ­[­[¨�©
µRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÊZ6

ÊÈµ�É�Æ[�6¨�³È¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨H¸Þ¨�®7®[ß�¨�©7´�¯�¬¦©7¨�À µRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÊZ6
K]\^>_G�,.+*+-C`/�13GH(-,.) 9Ja
÷Èµ�ÉVÊ°¶AèX¸Þ³�Â¦¨�Å�Å�®[­7»�Â�ªÝ¨�µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷°Æ

÷Èµ�É°µ�É Ê°¶Aèôã6»�®[Á|¯�À¦Á|®7ÃD³�Â¦¨�Å�Å$µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷°Æ
÷Èµ�É°µ Ê Ê°¶Aèõò?À�ß�¨�©M®7ªÝ³|À+Â¦¨�©A®[Ü�À�­7¬¦¨�­7ª�®7«M¬¦¨�ÀÞ¶F¯°­[¨�À µáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�É
÷Èµ�É°µ ÷ ¶FªÝ¨Rï¹¯�¬�ÅdÂ¦¨�®LçL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á|®[Û~¯°©M¯�ÃD¨�­[¨�©M®�bîµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�É
÷Èµ�É°µ ÿ �F¯�»¦û°èôºA¨�ñL­[³|À�èôã6ÅÝÁ�³�©MªÝ­7¬�Ã�»�®�µRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�Ê
÷Èµ�É°µ 5 º��H�c�Aèôã6ÅÝÁ�³�©MªÝ­7¬�Ã�»�®
µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷øÿ
÷Èµ�É°µ Ç æ"¨�©7Á|ÅÝ¨�ª�«M¬+Â¦¨�©Aã6ÅÝÁ�³�©MªÝ­7¬�ÃD¨�ÀkµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�5
÷Èµ�É°µ 6 ìÈ¨�À�®7ªÝ­7ªÝß�ªÝ­�Ä¯°­[¨�ÀQÂ¦¨�®AÊ°¶AèX¸Þ³�Â¦¨�Å�Å�®QµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�Ç
÷Èµ�É°µ L 7I»�®7¯�ÃeÃD¨�À¦´�¯�®7®7»�À¦ÁDÂ¦¨�©6Ê°¶AèX¸Þ³�Â¦¨�Å�Å�®[­7»�Â�ªÝ¨
µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷�L

÷Èµ Ê ÷°¶Aèôã6»�®[Á|¯�À¦Á|®7ÃD³�Â¦¨�Å�Å¡µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÷��
÷Èµ ÷ Ê°¶Aèõò?À�ß�¨�©M®7ªÝ³|ÀÞÂ¦¨�©6÷°¶AèX¸Þ³�Â¦¨�Å�Å�Â�¯°­[¨�ÀaµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÿ�÷
÷Èµ ÿ ÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|ÀÞÂ¦¨�©6÷°¶AèX¸Þ³�Â¦¨�Å�Å�Â�¯°­[¨�ÀaµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµ ÿBL
÷Èµ 5d7I»�®7¯�ÃeÃD¨�À¦´�¯�®7®7»�À¦ÁÓµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµe5�Ê

fg\^,?C�C�2A,?hH(-,B/�ij>R)32A,?@$(-D$< kJK
ÿ¦µ�ÉÓã6ÅÝ­7¯°¼~Å�¯°Á�¨�©M»�À¦Á#�d³|À¦Á�¨�©Mª�«M¬�µRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµe5�÷
ÿ¦µ Êd�6¨�³|ÅÝ³�Á|ªÝ¨kµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµe5øÿ

ÿ¦µ ÊÈµ�É ã6Å�ÅÝÁ�¨�ÃD¨�ª�À¦¨=�6¨�³|ÅÝ³�Á|ªÝ¨HÂ¦¨�©Aº6ªÝ¨�Â¦¨�©7©M¬¦¨�ª�À�ª�®7«M¬¦¨�À_§�»�«M¬�­ÞµRµáµRµRµáµRµRµRµáµRµRµáµe5øÿ
ÿ¦µ ÊÈµ Ê ½;¨�©7­7ªôÄ¯°©7¨H»�À�ÂQùÈ»�¯°©7­�Ä¯°©7¨�ìÈ¨�Â�ª�ÃD¨�À�­[¨Rª�Ãüë�Ä³|Å�À¦¨�©6ìÈ­7¯�Â¦­[Á�¨�¼~ªÝ¨�­îµáµRµRµRµáµRµRµáµe5øÿ
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ÿ¦µ ÊÈµ ÷mlAÜ�Â¦©7³|ÅÝ³�Á|ªÝ¨ µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�5
ÿ¦µ ÷ çL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�­
µRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�Ç

ÿ¦µ ÷Èµ�Én�6¨�³È¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨<ìÈ³|À�Â�ªÝ¨�©M»�À¦Á�¨�ÀÒª�ÃþçL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�­kµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�Ç
ÿ¦µ ÷Èµ�É°µ�É ì�«M¬�Å�»�ÃH¼I¨�©7Á�¨�©[è?ìÈ³|À�Â�ªÝ¨�©M»�À¦Á.µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5�Ç
ÿ¦µ ÷Èµ�É°µ Ê ¶FªÝÛI³|Å èô¶FªÝÛI³|Å èX¸Þ¨�®7®7»�À¦Á�µRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµe5��

ÿ¦µ ÷Èµ Ê ç6¸+½]ª�ÃþçL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�­.µáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç°Æ
ÿ¦µ ÷Èµ ÷ 7I»�®7¯�ÃeÃD¨�À¦´�¯�®7®7»�À¦Á<çL¨�´�¨�©7¨�À¦¾�Á�¨�¼~ªÝ¨�­eµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�Ê

ÿ¦µ ÿ ¸Þ¨�®7®7»�À¦Á�¨�ÀÞª�Ãþ§#¨�©7¨�ª�«M¬+Â¦¨�©Aã6ÅÝ­7¯°¼~Å�¯°Á�¨�©M»�À¦Á µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�÷
ÿ¦µ ÿ¦µ�Én�6¨�³È¨�ÅÝ¨�¿È­[©MªÝ¿)µáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Çøÿ
ÿ¦µ ÿ¦µ Ê ò?²"èX¸Þ¨�®7®7»�À¦Á�¨�ÀvµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�5
ÿ¦µ ÿ¦µ ÷ ½LÙ#¸QèX¸Þ¨�®7®7»�À¦Á�¨�ÀcµáµRµRµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�5
ÿ¦µ ÿ¦µ ÿ ç6¸+½�èX¸Þ¨�®7®7»�À¦Á�¨�ÀÞ¯�»¦´ÚÂ¦¨�©A¶6¨�ÛI³|À�ªÝ¨ µáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµ Ç�Ç

ÿ¦µ 5TÊ°¶Aèõò?À�ß�¨�©M®7ªÝ³|À+Â¦¨�©Aç6¸+½�èô¶F¯°­[¨�ÀîµRµáµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµo6øÆ
ÿ¦µ 5Èµ�ÉMlA³|ÃD³�Á�¨�À¦¨�©�l6¯�ÅÝ¼�©M¯�»�Ãþ¯�Å�®6ìÈ­7¯°©7­7ÃD³�Â¦¨�Å�ÅaµRµRµáµRµRµáµRµRµRµáµRµRµáµRµRµáµRµRµo6øÆ
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Ù2©7¿�»�À�Â�»�À¦Á�¨�À4å2¨�©7©7¨�ª�«M¬¦¨�À�¯�Å�ÅÝ¨�©MÂ�ª�À¦Á|®e¼I¨�ª6ã6À�ñ#¨�À�Â�»�À¦Á%ª�À&Á�¨�¼�©øÄ¯�»�«M¬�Å�ª�«M¬¦¨�À�ëá³|ÀÒ��Á|»¦©M¯°­7ªÝ³|À¦¨�À�ã6»�®?è
®7¯°Á�¨�­7ªÝ¨�´�¨�À¹ß�³|ÀxÇ�è�L°Ã¡Ä»¦¼I¨�©RÂ¦¨�ÀvÅÝ¨�ªÝ­[´[Ä¯�¬�ªÝÁ�¨�Àv¶6¨�ÛI³|À�ªÝ¨�¿4Ä³�©7ÛI¨�©MÀ4µ4¶F¯�¬¦¨�©Hª�®[­F¨�ª�À¦¨D¨�ÅÝ¨�¿È­[©7³|Ãe¯°Á|À¦¨�­7ª�®7«M¬¦¨
¸Þ¨�­7¬¦³�Â¦¨FÁ�¨�ñeÄ»�À�®7«M¬�­�å¦Â�ªÝ¨6Â�ªÝ¨6æ"³�©7­[¨�ª�ÅÝ¨6ß�³|À+ì�«M¬�À¦¨�Å�Å�ªÝÁ�¿�¨�ªÝ­�»�À�Â�¨�ª�À¦´�¯�«M¬¦¨�©
§#¨�Â�ªÝ¨�ÀÈ»�À¦Á�¨�©7´ýÄ»�Å�ÅÝ­�å|Á|ÅÝ¨�ª�«M¬�è
¾�¨�ªÝ­7ªÝÁi¯°¼I¨�©QÙ2©7¿�»�À�Â�»�À¦Á|®[­7ªÝ¨�´�¨�Ànß�³|À É�5�èXÊ°Æ�Ã ¾�»�Å�¯�®7®[¨�À4å�ñ#³�¼I¨�ªFÂ�ªÝ¨+³�¼I¨�©7ó�Ä¯�«M¬¦¨�À�À�¯�¬¦¨�À�ìÈ­[©M»¦¿È­7»¦©7¨�À
¯�»�«M¬xÀ¦³�«M¬¹Á|»¦­H¯�»¦´�Á�¨�ÅôÄ³|®[­Hñ#¨�©MÂ¦¨�À¹®[³|Å�ÅÝ¨�À4µd¶F¯°¾�»x¼~ªÝ¨�­[¨�­H®7ª�«M¬¹Â�ªÝ¨eçA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©MªÝ¿�èX¸Þ¨�­7¬¦³�Â¦¨
¯�À4µ
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¶FªÝ¨�çA¯�Â�ªÝ³°èX¸+¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©MªÝ¿¹é�ç6¸+½6êDÄ»¦¼I¨�©7­[©øÄ¯°Á�­6Â�¯�®A¼I¨�¿°¯�À�À�­[¨Hæ��;·;èôç
èõæ"¨�©7´�¯�¬¦©7¨�Àð¯�»¦´2¬;Ä³|¬¦¨�©7¨�·¦©7¨öè
ùÈ»¦¨�À¦¾�¨�À4µ�¶F¯�®
¨�ÅÝ¨�¿È­[©7³|Ãe¯°Á|À¦¨�­7ª�®7«M¬¦¨Dì�ªÝÁ|À�¯�ÅNß�³|À+çA¯�Â�ªÝ³|®[¨�À�Â¦¨�©MÀÒª�Ãþ·¦©7¨�ùÈ»¦¨�À¦¾�¼I¨�©7¨�ª�«M¬Qß�³|ÀxÉ�Æ°¿.lA¾R¼~ª�®
É�¸­lA¾LÂ�ªÝ¨�À�­"¯�Å�®Úã6À¦©7¨�Á|»�À¦Á|®7ùÈ»¦¨�Å�ÅÝ¨#´ýÄ»¦©"Â�ªÝ¨
¸Þ¨�®7®7ÃD¨�­7¬¦³�Â¦¨�µ�ò?Ãaæ��;·;èô§#¨�©7¨�ª�«M¬ é ÷�èX÷°Æ°¿.lA¾øê"Â�ªÝ¨�À¦¨�À�Â�ªÝ¨�®[¨
ìÈ¨�À�Â¦¨�©áÂ¦¨�©RÃeª�Å�ªÝ­�Ä¯°©Mª�®7«M¬¦¨�À+ëá³|ÃeÃ�»�À�ªÝ¿°¯°­7ªÝ³|À4åN¾�»v¬;Ä³|¬¦¨�©7¨�Àv·¦©7¨�ùÈ»¦¨�À¦¾�¨�À¹®7«M¬�Å�ªÝ¨�û�¨�Àv®7ª�«M¬ ¾�ªÝß�ª�ÅÝ¨<çA»�À�Â�è
´�»�À¦¿�®[¨�À�Â¦¨�©
¯�Àxé*�;¯�À¦Á�ñ#¨�Å�ÅÝ¨�À�¼I¨�©7¨�ª�«M¬NêMµ
¶F¯�®2¨�ÅÝ¨�¿È­[©7³|Ãe¯°Á|À¦¨�­7ª�®7«M¬¦¨áì�ªÝÁ|À�¯�Å¦Â¦¨�©�ìÈ¨�À�Â¦¨�©�Â¦©Mª�À¦Á�­"ª�ÀDÂ¦¨�ÀD¨�ÅÝ¨�¿È­[©Mª�®7«M¬eÅÝ¨�ªÝ­[´[Ä¯�¬�ªÝÁ�¨�ÀD§#³�Â¦¨�Àe¨�ª�ÀD»�À�Â

¨�©7¾�¨�»¦Á�­AÂ¦³�©7­LÂ�»¦©M«M¬Òò?À�Â�»¦¿È­7ªÝ³|ÀÒ¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨Rí6À�­[¨�©7Á�©M»�À�Â�®[­[©øÄ³|ÃD¨�µ�¶FªÝ¨�®[¨áñAªÝ¨�Â¦¨�©M»�Ã-´ýÄ»�¬¦©7¨�À_¾�»Þ¨�ª�À¦¨�Ã
®[¨�¿�»�À�Â;Ä¯°©7¨�ÀHÃe¯°Á|À¦¨�­7ª�®7«M¬¦¨�À<·¦¨�Å�Â4å°Â�¯�®�®7ª�«M¬<Â¦¨�Ãa¯�À¦©7¨�Á�¨�À�Â¦¨�À�·¦¨�Å�Â Ä»¦¼I¨�©MÅ�¯°Á�¨�©7­�µøã6À�Â¦¨�©"Ù2©MÂ¦³�¼I¨�©7ó�Ä¯�«M¬¦¨
ñAªÝ©MÂ+¯�À�¯�ÅÝ³�ÁÒ¾�»ðÂ¦¨�ÀðÃe¯°Á|À¦¨�­[³�­[¨�Å�Å�»¦©Mª�®7«M¬¦¨�Àð¸Þ¨�­7¬¦³�Â¦¨�Àké ¸+½áå4ãF¸+½áåu�Lì�ãF¸+½6êDÄ»¦¼I¨�©6¨�ª�À¦¨�À Á�¨�¨�©MÂ¦¨öè
­[¨�Ài¶FªÝÛI³|Å�Â�¯�®�¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨Ò·¦¨�Å�Âi»�À�ÂxÃeªÝ­[­[¨�Å�®�¨�ª�À¦¨�©eìÈÛ~»�ÅÝ¨�Â�¯�®<Ãe¯°Á|À¦¨�­7ª�®7«M¬¦¨Q·¦¨�Å�ÂxÁ�¨�ÃD¨�®7®[¨�À4µ"ã6»�®
Â¦¨�À)(F»¦³�­7ªÝ¨�À�­[¨�ÀÞÂ¦¨�©A·¦¨�Å�Â¦¿�³|ÃDÛI³|À¦¨�À�­[¨�ÀQ¨�©M¬;Ä¯�ÅÝ­LÃe¯�ÀQÂ�ªÝ¨áò?ÃDÛI¨�Â�¯�À¦¾�å¦Â�ªÝ¨á®7ª�«M¬Þª�ÀÒ¨�ª�À¦¨F´ýÄ»¦©LÂ�ªÝ¨Fò?À�­[¨�©[è
Û�©7¨�­7¯°­7ªÝ³|À ¨�ª�À¦´�¯�«M¬¦¨�©7¨D·¦³�©MÃî¯�Å�®á®7«M¬¦¨�ª�À�¼~¯°©7¨�©Fï�ª�Â¦¨�©M®[­7¯�À�Â »�À�Âð²�¬�¯�®[¨ Ä»¦¼I¨�©7­[©M¯°Á�¨�ÀvÅôÄ¯�®7®[­�µu�6¨�À�¯�»¦¨�©7¨l6ª�À�ñ#¨�ª�®[¨áÂ�¯°¾�»��~À�Â¦¨�ÀQ®7ª�«M¬Þª�ÃþëR¯°Û~ªÝ­[¨�Å;ÊÈµ
ã6À�¯�ÅÝ³�Áv¾�»¦©<æ��;·;èôç Å�¯�®7®[¨�Ài®7ª�«M¬i¨�À�­7Å�¯�À¦Áðß�³|Àk²2©7³��~ÅÝ¨�ÀiÅ�¯°­[¨�©M¯�ÅÝ¨­�6©7¨�À¦¾�¨�Ànª�Ã$®[ÛI¨�¾�ª��~®7«M¬¦¨�À%ï�ª è

Â¦¨�©M®[­7¯�À�Â�¯�»¦´�Â¦¨�«7¿�¨�À4µÈ¶6¨�©�¨�©7ñ#¨�ªÝ­[¨�©7­[¨6·¦©7¨�ùÈ»¦¨�À¦¾�¼I¨�©7¨�ª�«M¬�¨�©MÃ+Ä³�Á|Å�ª�«M¬�­#Â¦¨�©#ç6¸+½�Â�¯°©|Ä»¦¼I¨�©�¬�ª�À�¯�»�®"¨�ÅÝ¨�¿�è
­[©7³|Ãe¯°Á|À¦¨�­7ª�®7«M¬¦¨ ìÈ³|À�Â�ªÝ¨�©M»�À¦Á�¨�À¹¾�»¦©eÙ2©7¿�»�À�Â�»�À¦Á+Â¦¨�©Dß�¨�©7­7ªÝ¿°¯�ÅÝ¨�À%æ"¨�©7­[¨�ª�Å�»�À¦ÁvÂ¦¨�®<®[ÛI¨�¾�ª��~®7«M¬¦¨�À%ï�ª è
Â¦¨�©M®[­7¯�À�Â¦¨�®�µ|¶6¨�©�·¦©7¨�ùÈ»¦¨�À¦¾�¼I¨�©7¨�ª�«M¬eÂ¦¨�®�ë�Ä³|Å�À¦¨�©�ç6¸+½�èX�6¨�©øÄ¯°­[¨�®#¨�©MÅ�¯�»¦¼�­"¨�ÅÝ¨�¿È­[©7³|Ãe¯°Á|À¦¨�­7ª�®7«M¬¦¨áìÈ³|À�Â�ªÝ¨öè
©M»�À¦Á�¨�À��[¨HÀ�¯�«M¬+®[ÛI¨�¾�ª��~®7«M¬¦¨�Ã-ï�ª�Â¦¨�©M®[­7¯�À�ÂQÂ¦¨�®Aí6À�­[¨�©7Á�©M»�À�Â�®�¾�ñAª�®7«M¬¦¨�À+÷°Ã »�À�Â­6øÆ�Ã ½LªÝ¨�´�¨�µ�ò?ÀQÂ¦¨�©
ãA¼�¼~ª�Å�Â�»�À¦Á_É°µ�ÉR®7ª�À�ÂÒÀ¦³�«M¬�Ãe¯�Å�®LÂ�ªÝ¨FñAª�«M¬�­7ªÝÁ|®[­[¨�À+¶6¨�­7¯�ª�Å�®LÂ¦¨�©Aç6¸+½�èX¸Þ¨�­7¬¦³�Â¦¨HÂ�¯°©7Á�¨�®[­[¨�Å�ÅÝ­�µ

Hy

18.3 kHz

53.0 kHz

234 kHz

y

1
H

xE 2
ρ

yx
a

126 kHz

ω

x

y
z

Im Ex Hy
E HyRe x(

( )
)

/
/ ]

=

ϕ -1[
0µ

yx
= tan

Radiosender
(10-240 kHz)

Komponente
Magnetische Elektrische

Komponente

Ex

*,+-+/.1032547678:9%;19%< =�>@? A�A�BCAED	F�GIHKJ@?ML@NPOQHSR/TUBEVWL@VWBEXYX D	FZ? >\[YGIB�]�^�BEF�_�`/aKaKbdcEegf�?MBCh�F#>@D	TUJ@D	T-R@iZV�?MBMjEBC^�kH@T-R/V�l@L@TJKBETQl@BEFZmnBETUJKBEVWBET,GIHKJ@?ML1j�F#B�oED5BET	A�BETpHKq�e



r {Lr�gdo�u¦r�wIjdg;l

§�¯�®7ªÝ¨�©7¨�À�Âk¯�»¦´FÂ¦¨�©eæ��;·;èôç
èX¸Þ¨�®7®[­[¨�«M¬�À�ªÝ¿kÅ�¯�®7®[¨�Àk®7ª�«M¬&ç6¸+½�èX�6¨�©øÄ¯°­[¨ Â�»¦©M«M¬nïv¨�ªÝ­[¨�©7¨�À�­ôñAª�«7¿�Å�»�À¦Á
¬¦¨�©M®[­[¨�Å�ÅÝ¨�À4µ�Ù�®D¬�¯°­<¯°¼I¨�©D®7«M¬¦³|Ài´�©|Ä»�¬¦¾�¨�ªÝ­7ªÝÁ+¨�ªÝÁ�¨�À¦¨­�6¨�©øÄ¯°­[¨�¨�À�­ôñAª�«7¿�Å�»�À¦Á�¨�Àn´ýÄ»¦©<Â¦¨�ÀiçA¯�Â�ªÝ³�´�©7¨�ùÈ»¦¨�À¦¾öè
¼I¨�©7¨�ª�«M¬ðÁ�¨�Á�¨�¼I¨�À4µ û=²$ÃJÃ�¶�¸�¶ Á�¿ ´�Ðj¹ É��Z6$L º�¼I¨�®7«M¬¦©7¨�ªÝ¼I¨�ÀðãA©7¼I¨�ªÝ­[¨�À ¾�»vï�ª�Â¦¨�©M®[­7¯�À�Â�®7ÃD¨�®7®7»�À¦Á�¨�Àv»�À�­[¨�©ã6»�®7ÀÈ»¦­[¾�»�À¦ÁFß�³|À�çA»�À�Â¦´�»�À¦¿Èñ#¨�Å�ÅÝ¨�À4µ�¶F¯�®2¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨L·¦¨�Å�ÂDñAªÝ©MÂ<ÃeªÝ­2Ù2©MÂ�®[Û~ªÝ¨�û�¨�À�Á�¨�ÃD¨�®7®[¨�À4å�¯�Å�®2ã6»¦´ è
À¦¨�¬�ÃD¨�©L´ýÄ»¦©LÂ�¯�®LÃe¯°Á|À¦¨�­7ª�®7«M¬¦¨H·¦¨�Å�Â+Â�ªÝ¨�À�­�¨�ª�À¦¨R·¦¨�©7©MªÝ­7¯�À�­[¨�À�À¦¨R¨�ª�À¦¨�®L¬�¯�À�Â¦¨�Å�®�Ä»¦¼~Å�ª�«M¬¦¨�À_ëá³°àI¨�©7©M¯�Â�ªÝ³|®�µ
¸Þ¨�®7®7»�À¦Á�¨�À<ª�Ã^�#Ä¯�À¦Á|®[­?è4»�À�Â��;¯�À¦Á�ñ#¨�Å�ÅÝ¨�À�¼I¨�©7¨�ª�«M¬H´ýÄ»¦©�Á�¨�³|ÅÝ³�Á|ª�®7«M¬¦¨AìÈ­[©M»¦¿È­7»¦©7¨�©7¿�»�À�Â�»�À¦Á�¨�Àá®7ª�À�ÂHÂ�¯�ÃeªÝ­
Ã+Ä³�Á|Å�ª�«M¬QÁ�¨�ñ#¨�®[¨�À4µ
¶FªÝ¨Ò¨�©M®[­[¨�Àk¸+½�èX¸Þ¨�®7®7»�À¦Á�¨�Àkª�Ã$çA¯�Â�ªÝ³�´�©7¨�ùÈ»¦¨�À¦¾�¼I¨�©7¨�ª�«M¬%Â�¯°­7ªÝ¨�©7¨�À û�Ë ùRÈ0³y¶ Á�¿ ´�Ð�¹ É�����5 º6ª�À�®Dâ|¯�¬¦©É��Z6°÷ÈµÈ¶F¯�Ãe¯�Å�®"À¦³�«M¬e¸+½�èõæ��;· ³�Â¦¨�©"ò?À¦Á�¨�À�ªÝ¨�»¦©[èX¸+½iÁ�¨�À�¯�À�À�­�å�¼I¨�¿�³|ÃeÃH­2Â�ªÝ¨L¸Þ¨�­7¬¦³�Â¦¨áÉ���L�ÇRÂ¦¨�À<º6¯øè

ÃD¨�À�ç6¸+½ ¹ â ¿ É ¿ ¾�¸µÈ¢¶�´-´·¶ å¦É���L�Ç ºõµ|¶FªÝ¨�ãA©7¼I¨�ªÝ­[¨�À�Â¦¨�©�´�©M¯�À¦¾�Ä³|®7ª�®7«M¬¦¨�À#�6¨�³�Û~¬�Ü�®7ªÝ¿�¨�©"ÃeªÝ­;¨�ª�À¦¨�Ãa´�¯�¬¦©7¼~¯°©7¨�À
ç6¸+½�èX�6¨�©øÄ¯°­�å�Â�¯�®2¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨A»�À�ÂDÃe¯°Á|À¦¨�­7ª�®7«M¬¦¨6·¦¨�Å�Â¦¿�³|ÃDÛI³|À¦¨�À�­[¨�À�ª�Ãú·¦©7¨�ùÈ»¦¨�À¦¾�¼I¨�©7¨�ª�«M¬+É�Æ°¿.lA¾6¼~ª�®
É�¸­lA¾RÃD¨�®7®[¨�ÀÒ¿°¯�À�À4å�´�¯�®7®[¨�À û�Ë ùRÈ0³�¶ Áj¿ ´�Ð3¹ É�����5 º�ª�ÀÒª�¬¦©7¨�Ã ãA©7­7ªÝ¿�¨�ÅI¾�»�®7¯�ÃeÃD¨�À4µ¦¶F¯°©Mª�ÀÒ®7ª�À�Â_ã6À�ñ#¨�À�èÂ�»�À¦Á|®[¼I¨�ª�®[Û~ªÝ¨�ÅÝ¨á¾�»¦©RÙ2©7¿�»�À�Â�»�À¦Áeß�³|À¹¸+¯�»¦¨�©[èA»�À�Â ·�»�À�Â�¯�ÃD¨�À�­[©7¨�®[­[¨�À4åd¬�Ü�Â¦©7³�Á�¨�³|ÅÝ³�Á|ª�®7«M¬¦¨eãA©7¼I¨�ªÝ­[¨�À
»�À�Â¹²2©7³��[¨�¿È­[¨_ÃeªÝ­R¯°©M«M¬;Ä¯°³|ÅÝ³�Á|ª�®7«M¬¦¨�Ài»�À�ÂðÁ|Å�¯°¾�ªÝ³|ÅÝ³�Á|ª�®7«M¬¦¨�Àx·¦©M¯°Á�¨�®[­[¨�Å�Å�»�À¦Á�¨�Àx¼I¨�®7«M¬¦©MªÝ¨�¼I¨�À4µ4·6Ä»¦©H¨�ª�À¦¨
¼I³�Â¦¨�À¦¿�»�À�Â�Å�ª�«M¬¦¨DëR¯°©7­7ªÝ¨�©M»�À¦Á¦åd¼~¯�®7ªÝ¨�©7¨�À�Âx¯�»¦´LÂ¦¨�Ã$®[ÛI¨�¾�ª��~®7«M¬¦¨�À¹ï�ª�Â¦¨�©M®[­7¯�À�Â4å;®[¨�­[¾�¨�À û�Ë ùRÈ0³�¶ Á�¿ ´�Ð¹ É�����Éµº"Â�ªÝ¨�®[¨�®LÃD³�¼~ª�ÅÝ¨Rç6¸+½�èX�6¨�©øÄ¯°­A¨�ª�À4µR�6¨�³�­[¨�«M¬�À�ª�®7«M¬¦¨<·¦©M¯°Á�¨�®[­[¨�Å�Å�»�À¦Á�¨�ÀÞ¼I¨�¬�¯�À�Â¦¨�Å�Às� ¶�Ù ¿ ¶�¸ Á ¶ Á�¿ ´�Ð¹ É���LZ6�º�ª�Àðª�¬¦©7¨�ÃsãA©7­7ªÝ¿�¨�Å µ Û�²$´-´ È¢¶�¸µÖ¢â ¿ ¸Ü²$Ë?³�³�¶�¶ Á�¿ ´�Ð�¹ É����øÿ$º#¾�¨�ªÝÁ�¨�À¹Â¦¨�ÀF�6¨�¼�©M¯�»�«M¬¹Â�ªÝ¨�®[¨�©áãAÛ�Û~¯°©M¯°­7»¦©
´ýÄ»¦©A¸Þ¨�®7®7»�À¦Á�¨�ÀÞ¯�»¦´��6¨�ñ�Ä¯�®7®[¨�©MÀ4µ
¶FªÝ¨�¯�Ã,ò?À�®[­7ªÝ­7»¦­R´ýÄ»¦©��6¨�³�Û~¬�Ü�®7ªÝ¿v»�À�Âx¸Þ¨�­[¨�³�©7³|ÅÝ³�Á|ªÝ¨QÂ¦¨�©�í6À�ªÝß�¨�©M®7ªÝ­�Ä¯°­R¾�»%ë�Ä³|Å�ÀvÁ�¨�ÀÈ»¦­[¾�­[¨ÒãAÛ�Û~¯øè

©M¯°­7»¦©Fª�®[­A¨�ª�À ²2©7³�­[³�­ôÜÈÛvß�³|Àð²2©7³�´Xµuåø±Ë.´-´·¶�¸�¹ É���L�÷ º2ß�³|Ã �#¨�À�­[©7¨<Â_æ lAÜ�Â¦©7³�Á�t¨�³|ÅÝ³�Á|ªÝ¨DÂ¦¨�©áí6À�ªÝß�¨�©M®7ªÝ­%t¨�Â¦¨
ºA¨�»�«M¬�u¯°­[¨�Å åÈì�«M¬�ñ#¨�ªÝ¾Hé�®7ªÝ¨�¬¦¨
ãA¼�¼~ª�Å�Â�»�À¦ÁHÉ°µ Ê|êMµ�¶FªÝ¨�®[¨�®��6¨�©øÄ¯°­2¨�©MÅ�¯�»¦¼�­Úç6¸+½�èX¸Þ¨�®7®7»�À¦Á�¨�ÀDª�Ã ·¦©7¨�ùÈ»¦¨�À¦¾öè
¼I¨�©7¨�ª�«M¬H¾�ñAª�®7«M¬¦¨�À�É�Êø¿.lA¾
»�À�Â�Êøÿ|Æ°¿.lA¾�µ|¶FªÝ¨#¨�ÅÝ¨�¿È­[©Mª�®7«M¬¦¨#ëá³|ÃDÛI³|À¦¨�À�­[¨#ª�À�çAª�«M¬�­7»�À¦Á6Â¦¨�®"ìÈ¨�À�Â¦¨�©M®dñAªÝ©MÂ
ÃeªÝ­A¨�ª�À¦¨�ÃsÙ�ÅÝ¨�¿È­[©7³�Â¦¨�À¦Û~¯�¯°©F¯�»�®Fã6Å�»�Ãeª�À�ª�»�Ã Á�¨�ÃD¨�®7®[¨�À4µ4¶F¯°¼I¨�ª�®[­[¨�¬¦¨�ÀðÃeªÝ­�É�Ã�»�À�Â�5°Ãs¾�ñ#¨�ª�ß�¨�©[è
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GN (Laplacian)            RMS= 1.27 ( 20. iteration)
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GN (Laplacian)            RMS= 1.25 ( 20. iteration)
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NLCG (Laplacian)             RMS= 1.26 ( 71. iteration)
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NLCG (Laplacian)             RMS= 1.27 ( 32. iteration)
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NLCG (Laplacian)             RMS= 1.27 ( 32. iteration)
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2D model: Lines 3D model: Symbols

TM-Mode
TE-Mode

230.0kHz140.0kHz70.0kHz20.0kHz
230.0kHz140.0kHz70.0kHz20.0kHz
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xz-section, y=-62.5m
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yz-section, x=-2.5m
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RMT1D (M. Eckard) - 1D Inversion
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North-South Transmitters
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East-West Transmitters
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Profile Y=0m              Longerich, SFB 419

East-West

North-South

19.6kHz 60.0kHz 123.7kHz 207.0kHz
23.4kHz 68.9kHz 147.2kHz 234.0kHz
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2D Inversion, Profile y=0m,  RMS= 3.05
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2D Inversion, Profile y=0m,  RMS= 3.05
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2D Inversion, Profile y=-50m, RMS= 2.29
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2D Inversion, Profile y=-50m, RMS= 2.29

500 400 300 200 100
X [m]

25

20

15

10

5

0

De
pth

 [m
]

   1  25  50  75 100 125 150 175 200 225 250  
Resistivity [Ohm*m]

      

BC

2D Inversion, Profile x=220m,  RMS= 1.82
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2D Inversion, Profile x=220m,  RMS= 1.82
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2D Inversion, Profile y=0m,  RMS= 3.06
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2D Inversion, Profile y=0m,  RMS= 3.06
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2D Inversion, Profile y=-50m, RMS= 2.28
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2D Inversion, Profile y=-50m, RMS= 2.28
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2D Inversion, Profile x=220m,  RMS= 1.86
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2D Inversion, Profile x=220m,  RMS= 1.86
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2D Inversion, Profile y=0m,  RMS= 2.08
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2D Inversion, Profile y=0m,  RMS= 2.11
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®[³�ñAªÝ¨eÂ¦¨�©�Ä¯�»¦û�¨�©7¨�çAª�À¦ÁÞÂ¦¨�©RÙ2©MÂ�®7«M¬�ª�«M¬�­[¨�Àvñ#¨�©MÂ¦¨�À¹À�ª�«M¬�­á´ýÄ»¦©RÂ�ªÝ¨<ò?À�ß�¨�©M®7ªÝ³|Àð´�©7¨�ªÝÁ�¨�Á�¨�¼I¨�À4µ;¶FªÝ¨�®RÃeª è
À�ª�ÃeªÝ¨�©7­�®[³|ÃeªÝ­DÂ�ªÝ¨Òã6À¦¾�¯�¬�Å�Â¦¨�©�¸Þ³�Â¦¨�Å�ÅÝÛ~¯°©M¯�ÃD¨�­[¨�©D¯�»¦´�É�Æ�Æ°ÿ�ÿ|Æ�µ#¶FªÝ¨Ò¾�»¦©Dò?À�ß�¨�©M®7ªÝ³|À%´�©7¨�ªÝÁ�¨�Á�¨�¼I¨�À¦¨�À7N¨�Å�ÅÝ¨�ÀD¼~ª�Å�Â¦¨�ÀDª�À�Â¦¨�©�¶F¯°©M®[­[¨�Å�Å�»�À¦ÁHÂ¦¨�®#÷°¶AèX¸Þ³�Â¦¨�Å�ÅÝÁ|ªÝ­[­[¨�©M®�ª�ÀeãA¼�¼~ª�Å�Â�»�À¦ÁFÿ¦µ�É�÷�Â¦¨�Àe¾�¨�À�­[©M¯�ÅÝ¨�À_§#¨�©7¨�ª�«M¬
ÃeªÝ­#É�Æ�Ã � É�Æ�Ã �FªÝ­[­[¨�©7¾�¨�Å�ÅÝ¨�À<ª�À�Â¦¨�©�lA³�©MªÝ¾�³|À�­7¯�ÅÝ¨�À4µ�¶FªÝ¨c7N¨�Å�ÅÝ¨�À�Â�ªÝ¨�®[¨�®;¾�¨�À�­[©M¯�ÅÝ¨�ÀD§#¨�©7¨�ª�«M¬�®�ñ#¨�©MÂ¦¨�À<¯�»¦´
Â�ªÝ¨e®[ÛI¨�¾�ª��~®7«M¬¦¨�À¹ï�ª�Â¦¨�©M®[­�Ä¯�À�Â¦¨eÂ¦¨�©<ª�À¹Â¦©7¨�ª2çA¯�»�ÃD©Mª�«M¬�­7»�À¦Á�¨�Àxª�À�­[¨�©7ÛI³|Å�ªÝ¨�©7­[¨�À¹Ê°¶AèX¸Þ³�Â¦¨�Å�ÅÝ¨�Á�¨�®[¨�­[¾�­�µ
¶F¯°¼I¨�ª2®7ª�À�Â¹Â�ªÝ¨e¶F¯°­[¨�ÀiÂ¦¨�©�É��ÞÀ;Ä³�©MÂ�Å�ª�«M¬�®[­[¨�À%ìÈ­7¯°­7ªÝ³|À¦¨�À�é^O Ç É 6$5°Ã_êRÀ�ª�«M¬�­R¼I¨�©|Ä»�«7¿�®7ª�«M¬�­7ªÝÁ�­Rñ#³�©MÂ¦¨�À4å
Â�¯D®7ªÝ¨á¿�¨�ª�À¦¨R²2©7³��~ÅÝ¨F´ýÄ»¦©L¨�ª�À¦¨á®7ª�À�À�ß�³|Å�ÅÝ¨áã6»�®[ñ#¨�©7­7»�À¦ÁD¨�©7Á�¨�¼I¨�Àxé�®7ªÝ¨�¬¦¨RãA¼�¼~ª�Å�Â�»�À¦ÁHÿ¦µ Ç|êMµ
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*,+-+/.1032547678Ô9�;19%äU< ~�?YV�VWBEF7jUkD	F{J@?MB»}�f�NPOQL�JKBEXYX ?MBEFZD	T-R�e%��?M]�^-VnJKH@F�R�BZiZVWBEXYX V�iZ?YTUJ�J@?MB	ª�BEXYX BET�jUkD	F{JKBETèr�DEj�V3^�H@X qENF#H@D	� iSL@m�?MB�jUkD	F�|x?MBMjEBET�R/FUkL�~ÅBEF�b^w@��e
·6Ä»¦©eÂ¦¨�Ài¨�©M®[­[¨�Àk÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À�®7Å�¯�»¦´6®7ª�À�ÂiÂ�ªÝ¨Þ¸Þ¨�®7®7Â�¯°­[¨�ÀkÂ¦¨�©�÷°Æ¦É ìÈ­7¯°­7ªÝ³|À¦¨�Ànß�³|Àk®7«M¬¦¨�ª�À�¼~¯°©7¨�Ã

ï�ª�Â¦¨�©M®[­7¯�À�ÂÒ»�À�ÂÒ²�¬�¯�®[¨Rª�ÀÒçL¨�¯�Å è2»�À�Â_ò?Ãe¯°Á|ª�À;Ä¯°©7­[¨�ª�ÅÝ¨FÂ¦¨�©
ò?ÃDÛI¨�Â�¯�À¦¾�¨�Ày7 � þH»�À�Â�7�þ � ­[©M¯�À�®[´�³�©MÃeªÝ¨�©7­ñ#³�©MÂ¦¨�À4µÚã6Å�®�·¦¨�¬�ÅÝ¨�©<´ýÄ»¦©<Â�ªÝ¨_çL¨�¯�Å èR»�À�Â¹ò?Ãe¯°Á|ª�À;Ä¯°©7­[¨�ª�ÅÝ¨_ª�®[­c�[¨�ñ#¨�ª�Å�®�5ji,Â¦¨�®<§#¨�­[©M¯°Á�¨�®eÂ¦¨�©�¿�³|ÃDÛ~ÅÝ¨öè��¨�À�ò?ÃDÛI¨�Â�¯�À¦¾ ¯�À¦Á�¨�À¦³|ÃeÃD¨�À�ñ#³�©MÂ¦¨�À4µ�¶FªÝ¨ð¨�©M®[­[¨ðæ"³�©7ñ�Ä¯°©7­7®[©7¨�«M¬�ÀÈ»�À¦Á%¨�©7¼�©Mª�À¦Á�­�´ýÄ»¦©QÂ�¯�®Ò¯�»�®ÒÂ¦¨�À
Ê°¶AèX¸Þ³�Â¦¨�Å�ÅÝ¨�À+¾�»�®7¯�ÃeÃD¨�À¦Á�¨�®[¨�­[¾�­[¨�À¹ìÈ­7¯°©7­7ÃD³�Â¦¨�Å�Åd¨�ª�À¦¨�À+·¦¨�¬�ÅÝ¨�©6ª�À+Â¦¨�©6ã6À¦Û~¯�®7®7»�À¦Á�¯�Å�ÅÝ¨�©6¶F¯°­[¨�À ß�³|À
ç6¸ðì ü ÊÈµ ÷°Æ�µ¦¸+ªÝ­#Â¦¨�ÃZçL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á|®[Û~¯°©M¯�ÃD¨�­[¨�© À ü É�ÆRñ#¨�©MÂ¦¨�À�¯�«M¬�­�òX­[¨�©M¯°­7ªÝ³|À¦¨�À�Á�¨�©7¨�«M¬�À¦¨�­�µ�¶F¯øè¼I¨�ªÚª�®[­F¨�©7´�©7¨�»�Å�ª�«M¬¦¨�©7ñ#¨�ª�®[¨<Â�ªÝ¨�ò?À�ß�¨�©M®7ªÝ³|Àv®[­7¯°¼~ª�Å�Á�¨�¼~Å�ªÝ¨�¼I¨�Àð»�À�ÂðÂ¦¨�©Rã6À¦Û~¯�®7®7»�À¦Á|®[´�¨�¬�ÅÝ¨�©F¬�¯°­R®7ª�«M¬v¯�»¦´
ç6¸ðì ü ÊÈµ ÆZLQ©7¨�Â�»¦¾�ªÝ¨�©7­�µ;Ù�ª�Àv¯�À�Â¦¨�©7¨�©�½;¨�®[­7Å�¯�»¦´�ÃeªÝ­ À ü Ée¯�Å�®HçL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á|®[Û~¯°©M¯�ÃD¨�­[¨�©R¬�¯°­HÀ�¯�«M¬É 6áòX­[¨�©M¯°­7ªÝ³|À¦¨�À_Â¦¨�À�ç6¸ðì�èô·¦¨�¬�ÅÝ¨�©�¯�»¦´d»�À�­[¨�©FÉ°µ Ç�LHÁ�¨�Â¦©|Ä»�«7¿È­�å�ñ#³�¼I¨�ªNÂ¦¨�©#·¦¨�¬�ÅÝ¨�©�ª�À�Â¦¨�À�ÅÝ¨�­[¾�­[¨�ÀÒ®7ªÝ¨�¼I¨�À
òX­[¨�©M¯°­7ªÝ³|À¦¨�À&»�Ã Â�ªÝ¨�®[¨�Àiïv¨�©7­�Á�¨�ÛI¨�À�Â¦¨�ÅÝ­eª�®[­�µ2¶FªÝ¨Þò?À�ß�¨�©M®7ªÝ³|À¦¨�Àn¯�»¦´F¨�ª�À¦¨�Ã ®[³¹Á�©7³�û�¨�À��FªÝ­[­[¨�©_»�À�Â
´ýÄ»¦©D·¦¨�Å�Â�Â�¯°­[¨�Àn¾�»k÷°Æ¦É ìÈ­7¯°­7ªÝ³|À¦¨�Àn®7ª�À�Â%ÃeªÝ­DÂ¦¨�Ã ÷°¶Aèõò?À�ß�¨�©Mª�®[³|À�®[Û�©7³�Á�©M¯�ÃeÃ$¨�©7´�³|ÅÝÁ�©7¨�ª�«M¬iß�¨�©MÅ�¯�»¦´�¨�À4µ
ã6»¦´
Â�ªÝ¨eï�ª�Â¦¨�©M®[­7¯�À�Â�®7ÃD³�Â¦¨�Å�ÅÝ¨eÂ�ªÝ¨�®[¨�©H¨�©M®[­[¨�Àxò?À�ß�¨�©M®7ªÝ³|À�®7ÅôÄ¯�»¦´�¨DñAªÝ©MÂ¹À�ª�«M¬�­Hñ#¨�ªÝ­[¨�©�¨�ª�À¦Á�¨�Á|¯�À¦Á�¨�À4µ�ò?Ã
ïv¨�®[¨�À�­7Å�ª�«M¬¦¨�À_ª�®[­2Â�ªÝ¨LçL¨�Â�»¦¾�ªÝ¨�©M»�À¦ÁáÂ¦¨�®�ç6¸ðì�èô·¦¨�¬�ÅÝ¨�©M®2Â�¯°©M¯�»¦´N¾�»¦©|Ä»�«7¿È¾�»¦´ýÄ»�¬¦©7¨�À4å�Â�¯�®7®�Â¦¨�©�®[ÛI¨�¾�ª��~®7«M¬¦¨
ï�ª�Â¦¨�©M®[­7¯�À�Âi¾�ñAª�®7«M¬¦¨�ÀkÂ¦¨�À&ìÈ­7¯°­7ªÝ³|À¦¨�Àkª�Ài¼I¨�ª�Â¦¨�Ài¬¦³�©MªÝ¾�³|À�­7¯�ÅÝ¨�ÀkçAª�«M¬�­7»�À¦Á�¨�ÀkÂ¦¨�®e÷°¶AèX¸Þ³�Â¦¨�Å�Å�®D´�©7¨�ª
ß�¨�©øÄ¯�À�Â¦¨�©7¼~¯°©�ª�®[­�µ|·6Ä»¦©#Â�ªÝ¨�ñ#¨�ªÝ­[¨�©7¨�À_÷°¶Aèõò?À�ß�¨�©M®7ªÝ³|À¦¨�ÀeñAªÝ©MÂDÂ¦¨�©�çL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á|®[Û~¯°©M¯�ÃD¨�­[¨�©Úß�³|À À ü ÉÁ�¨�ñ�Ä¯�¬�ÅÝ­�åNÂ�¯e¨�©6Â�ªÝ¨R¼I¨�®[­[¨H¶F¯°­[¨�À�¯�À¦Û~¯�®7®7»�À¦Á�¨�©7¼�©Mª�À¦Á�­�å~¯�»�«M¬+ñ#¨�À�À+Â�¯�Â�»¦©M«M¬Q©M¯�»¦¨�©7¨<¸Þ³�Â¦¨�Å�ÅÝ¨R¨�©7¾�ªÝ¨�ÅÝ­
ñ#¨�©MÂ¦¨�À4µ
¶FªÝ¨QÿBL�É�Ç¹¶F¯°­[¨�À¦Û~»�À¦¿È­[¨ÞÂ¦¨�©_÷°Æ¦É+¸Þ¨�®7®7®[­7¯°­7ªÝ³|À¦¨�Àkñ#¨�©MÂ¦¨�ÀnÀÈ»�Àn¯�»¦´FÂ¦¨�Ã�Á|ÅÝ¨�ª�«M¬¦¨�À¯�FªÝ­[­[¨�©�å�¯°¼I¨�©

ÃeªÝ­�¨�ª�À¦¨�Ãü¬¦³|ÃD³�Á�¨�À¦¨�Àyl6¯�ÅÝ¼�©M¯�»�Ãîé Ê°Æ�Æ a Ã_ê
¯�Å�®AìÈ­7¯°©7­7ÃD³�Â¦¨�Å�Å4ª�À�ß�¨�©7­7ªÝ¨�©7­�µ¦º6¯�«M¬ ÷Z6�òX­[¨�©M¯°­7ªÝ³|À¦¨�ÀÞ¬�¯°­Â¦¨�©
ã6ÅÝÁ�³�©MªÝ­7¬�Ã�»�®�Â¦¨�ÀÒç6¸ðì�èô·¦¨�¬�ÅÝ¨�©�ß�³|ÀÒ¯�À¦´�¯�À¦Á|®
Ê�ÊÈµ ÆD¯�»¦´2É°µ ��L�Á�¨�®[¨�À¦¿È­�µ¦¶FªÝ¨6ò?À�ß�¨�©M®7ªÝ³|ÀÒÅ�ªÝ¨�´IÛ~¯°©M¯�Å�ÅÝ¨�Å
¯�»¦´"É�Ê�5=��²�í6®�Â¦¨�®�½;¨�©M¯�·ÚÅÝ³�Û¦èôçL¨�«M¬�À¦¨�©M®	¬#­¯®!°M±)²5³	´�Â¦¨�©
ì�¯�À�Â�ª�¯Fº6¯°­7ªÝ³|À�¯�ÅA�;¯°¼I³�©M¯°­[³�©MªÝ¨�®�å�íáì�ãHµ�²2©7³
½�¯°Á�®7ª�À�ÂQ®[³D´ýÄ»�À¦´;¼~ª�®
®[¨�«M¬�®LòX­[¨�©M¯°­7ªÝ³|À¦¨�ÀÞÃ+Ä³�Á|Å�ª�«M¬QÁ�¨�ñ#¨�®[¨�Àié _ ÿ|¬F[�òX­[¨�©M¯°­7ªÝ³|ÀNêMµ



é ßY� à¦qµ 7fMgI��u�mdt�r�y;gi};u�m�U��}Q� Mqáh�wIu�g !U�
3D Inversion, Profile y=0m
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*,+-+/.1032547678�9�;19`9�< R BEFZV�? >KH@X BEFI=à]�^-T5?YV�V�J@D	F#]�^�JKBET?}�f�NPOQL�JKBEXYX F#H@D	�ñBET5V�X H@T-R�S©¨0&@�vjUkD	F�J@?MBu}ìd�eU�ZVWBEF#H@V�?ML@TUe=%VWH@FZV���L�JKBEXYXx?¡iZVgBE?YT�^�L@��L#R�BETUBEF§ �H@X qEF#H@D	� l@L@T�tV&+&Iº{��e
ò?ÀvãA¼�¼~ª�Å�Â�»�À¦Áeÿ¦µ�ÉöÿÞª�®[­F¨�ª�À ß�¨�©7­7ªÝ¿°¯�ÅÝ¨�©�(F»¦¨�©M®7«M¬�À�ªÝ­[­6¨�À�­7Å�¯�À¦ÁÞÂ¦¨�©Rëá³È³�©MÂ�ª�À�¯°­[¨�O ü Æ�ÃîÂ�»¦©M«M¬ðÂ¦¨�À÷°¶AèX¸Þ³�Â¦¨�Å�ÅÝ©M¯�»�ÃZ´ýÄ»¦©#Â�ªÝ¨F÷Z6�µ�òX­[¨�©M¯°­7ªÝ³|À_¾�»_®[¨�¬¦¨�À4µ�§#¨�®[³|À�Â¦¨�©M®�¯�»�à2Ä¯�Å�Å�ªÝÁH®7ªÝ¨�¬�­�Ãe¯�À_Â¦¨�À�Á|»¦­�ÅÝ¨�ªÝ­[¨�À�Â¦¨�À

¶6¨�ÛI³|À�ªÝ¨�¿4Ä³�©7ÛI¨�©�åÚÂ¦¨�©e¼~ª�®Dª�À%¨�ª�À¦¨Þ½LªÝ¨�´�¨Òß�³|À.É�Æ�Ã ÃeªÝ­e®[ÛI¨�¾�ª��~®7«M¬¦¨�À%ï�ª�Â¦¨�©M®[­�Ä¯�À�Â¦¨�Ài¿�ÅÝ¨�ª�À¦¨�©�Ê�5 a Ã©7¨�ª�«M¬�­�µ¦í6À�­[¨�©M¬�¯�ÅÝ¼QÂ�ªÝ¨�®[¨�©AìÈ­[©M»¦¿È­7»¦©�®[­[¨�ªÝÁ�­LÂ¦¨�©
®[ÛI¨�¾�ª��~®7«M¬¦¨6ï�ª�Â¦¨�©M®[­7¯�À�ÂÒ¯�»¦´LÄ»¦¼I¨�©áÉ�Ê°Æ a Ã-ñAªÝ¨�Â¦¨�©
¯�À»�À�ÂÒ®[Û�©Mª�À¦Á�­�Â¦¨�»¦­7Å�ª�«M¬Qª�ÀQÂ¦¨�©L½LªÝ¨�´�¨áß�³|À¹É��°Ã ¯�»¦´�»�À�­[¨�©�5°Æ a ÃQµ~¶F¯�ÃeªÝ­Lª�®[­
Â�ªÝ¨FÁ|»¦­AÅÝ¨�ªÝ­[¨�À�Â¦¨Hì�«M¬�ª�«M¬�­Â¦¨�©�­[¨�©7­7ªôÄ¯°©7¨�ÀÞìÈ¨�Â�ª�ÃD¨�À�­[¨A¨�©7´�¯�®7®[­�µÈò?Ã �6¨�Á�¨�À�®7¯°­[¾F¾�»¦©
Ê°¶Aèõò?À�ß�¨�©M®7ªÝ³|ÀÒÃeªÝ­#¬¦³|ÃD³�Á�¨�À¦¨�Ã l6¯�ÅÝ¼�©M¯�»�ÃZ¯�Å�®
ìÈ­7¯°©7­7ÃD³�Â¦¨�Å�Å;­[©MªÝ­[­R¬�ªÝ¨�©áÂ�ªÝ¨<¨�©7ñ�¯°©7­[¨�­[¨Òì�«M¬�ª�«M¬�­áÂ¦¨�©á­[¨�©7­7ªôÄ¯°©7¨�À%ìÈ¨�Â�ª�ÃD¨�À�­[¨D¯°¼�Á�¨�­[©7¨�À�À�­áß�³|ÃcÅÝ¨�ªÝ­[´[Ä¯�¬�ª è
Á�¨�Ài¶6¨�ÛI³|À�ªÝ¨�¿4Ä³�©7ÛI¨�©<¬¦¨�©7ß�³�©�µ"¶6¨�®<ïv¨�ªÝ­[¨�©7¨�Ài¨�©7¿�¨�À�À�­DÃe¯�ÀiÃD³�Â¦¨�Å�Å�ªÝ¨�©7­[¨ÒìÈ­[©M»¦¿È­7»¦©7¨�À%¯�»�®7®7«M¬�Å�ªÝ¨�û|Å�ª�«M¬
»�À�­[¨�©<¸Þ¨�®7®7®[­7¯°­7ªÝ³|À¦¨�À4µ;ò?Àx§#¨�©7¨�ª�«M¬¦¨�À4å�Â�ªÝ¨�À�ª�«M¬�­Rß�³|Ài¸Þ¨�®7®7Â�¯°­[¨�À%¯°¼�Á�¨�Â¦¨�«7¿È­<®7ª�À�Â4ådª�Ã,§#¨�ª�®[Û~ªÝ¨�Å"Â¦¨�©
ãA¼�¼~ª�Å�Â�»�À¦Áeÿ¦µ�Éöÿ ª�®[­RÂ�ªÝ¨�®F¾�ñAª�®7«M¬¦¨�À�
 ü ÷°Æ�Æ�Ã,»�À�Â}
 ü ÿ|Æ�Æ�Ã)Â¦¨�©R·�¯�Å�Å å4ß�¨�©øÄ¯�À�Â¦¨�©7­H®7ª�«M¬vÂ¦¨�©H®[ÛI¨�¾�ª��¦è®7«M¬¦¨<ï�ª�Â¦¨�©M®[­7¯�À�Â+¨�ª�À¦¨�©�7N¨�Å�ÅÝ¨<ÀÈ»¦©á®[¨�¬¦©Fñ#¨�À�ªÝÁ_ß�³|Ã,ìÈ­7¯°©7­7ÃD³�Â¦¨�Å�Å µI¶FªÝ¨�®Fª�®[­F»�À�­[¨�©R¯�À�Â¦¨�©7¨�Ã�¯�»¦´#Â�ªÝ¨�FÅôÄ¯°­[­7»�À¦Á|®[¼I¨�Â�ª�À¦Á|»�À¦Á¹ª�Ã�÷°¶Aèôã6ÅÝÁ�³�©MªÝ­7¬�Ã�»�®_»�À�Â&¯�»¦´RÂ¦¨�À&Á�¨�ñ�Ä¯�¬�ÅÝ­[¨�À�çL¨�Á|»�Å�¯°©Mª�®7ªÝ¨�©M»�À¦Á|®[Û~¯°©M¯�ÃD¨�­[¨�©
¾�»¦©|Ä»�«7¿È¾�»¦´ýÄ»�¬¦©7¨�À4µ
§#¨�­[©M¯�«M¬�­[¨�­#Ãe¯�À<Â�ªÝ¨#æ"¨�©7­[¨�ª�Å�»�À¦ÁFÂ¦¨�®�ï�ª�Â¦¨�©M®[­7¯�À�Â¦¨�®ÚÃeªÝ­Ú§�Å�ª�«7¿H¯�»¦´~Â�ªÝ¨c7N¨�Å�ÅÝ¨�À¦Á�©øÄ³�û�¨�å°®[³F´[Ä¯�Å�ÅÝ­ÚÂ�ªÝ©7¨�¿È­

ª�À�®Úã6»¦Á�¨�å�Â�¯�®7®2Â¦¨�©2Á|»¦­[¨��d¨�ªÝ­[¨�©�ª�ÀeÊ°Æ�Ãú½LªÝ¨�´�¨
Á�¨�À�¯�»�ÃeªÝ­"Â¦¨�Ãúã6À�ñ�¯�«M¬�®[¨�À�Â¦¨�®j�FªÝ­[­[¨�©M®2ª�À<ß�¨�©7­7ªÝ¿°¯�ÅÝ¨�©
çAª�«M¬�­7»�À¦ÁH¨�ª�À�¬¦¨�©7Á�¨�¬�­�µÈ¶FªÝ¨�®[¨�7N¨�Å�ÅÝ¨�À�®[­[¨�Å�ÅÝ¨�À�ª�ÃZæ"¨�©M¬;Ä¯�ÅÝ­7À�ª�®2¾�»Òª�¬¦©7¨�ÀD³�¼I¨�©7¨�À_º6¯�«M¬�¼~¯°©MÀ_¨�ª�À�Á�©øÄ³�û�¨�©7¨�®
æ"³|Å�»�ÃD¨�ÀeÂ�¯°©�å�»�À�Â<¨�ª�À¦¨Læ"¨�©øÄ¯�À�Â¦¨�©M»�À¦ÁRª�Ãb¾�»¦Á�¨�³�©MÂ�À¦¨�­[¨�À�®[ÛI¨�¾�ª��~®7«M¬¦¨�ÀDï�ª�Â¦¨�©M®[­7¯�À�ÂD¼I¨�¿�³|ÃeÃH­�®[³|ÃeªÝ­
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3D Inversion, Profile y=0m
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3D Inversion, Profile x=220m
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3D Inversion, Profile x=220m
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3D Inversion, z=0.75m
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3D Inversion, z=4.5m
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3D Inversion, z=6.5m
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3D Inversion, z=10.5m
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3D Inversion, z=14.5m
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3D Inversion, z=20.5m
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2D Inversion, y=-25m,  RMS= 2.25
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3D Inversion, Profile y=-25m
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çA¯�À�Â�Å�¯°Á�¨A¿4Ä³|À�À�­[¨áÂ¦¨�©�¶6¨�ÛI³|À�ªÝ¨�¿4Ä³�©7ÛI¨�©�¯�À
Â�ªÝ¨�®[¨�©AìÈ­[¨�Å�ÅÝ¨F¯�»�«M¬Qñ#¨�À�ªÝÁ�¨�©LÃ+Ä¯�«M¬�­7ªÝÁe®[¨�ª�À4å¦®[³DÂ�¯�®7®
Ãe¯�ÀÒÁ�¨�À"Ä»¦Á�¨�À�ÂQ²2©7³�¼I¨�À�Ãe¯°­[¨�©Mª�¯�ÅIÂ¦¨�©AìÈ¨�Â�ª�ÃD¨�À�­[¨
»�À�­[¨�©M¬�¯�ÅÝ¼QÂ¦¨�©A¶6¨�ÛI³|À�ªÝ¨áÁ�¨�ñAª�À�À¦¨�ÀÒñeÄ»¦©MÂ¦¨�µ¦¶FªÝ¨H®7«M¬¦¨�ª�À�¼~¯°©7¨�ÀQã6»¦ó~¯�Â¦¼~¯°©7¿�¨�ªÝ­[¨�ÀÞ®7ª�À�ÂÒ¬�ªÝ¨�©LÀ�ªÝ¨�Â¦©MªÝÁ¦µ
·6Ä»¦©áçA¯�ÃeÃD¿�¨�©MÀ�®[³|À�Â�ªÝ¨�©M»�À¦Á�¨�À ¯�»¦û�¨�©M¬�¯�ÅÝ¼vÂ¦¨�©á¶6¨�ÛI³|À�ªÝ¨<¼~ªÝ¨�­[¨�­á®7ª�«M¬ðÂ¦¨�©á®�Ä»�Â;Ä³|®[­7Å�ª�«M¬ðÂ¦¨�®á¸Þ¨�®7®[Á�¨öè

¼~ªÝ¨�­7®DÁ�¨�ÅÝ¨�Á�¨�À¦¨+ï¹¯�Å�Â�¯�À4å�ª�ÀkÂ¦¨�Ã�¼I¨�©7¨�ªÝ­7®eç6¸+½�è<»�À�Âiò?²"èX¸Þ¨�®7®7»�À¦Á�¨�Àk¾�»&çL¨�´�¨�©7¨�À¦¾�¾�ñ#¨�«7¿�¨�À�¯�»�®?è
Á�¨�´ýÄ»�¬¦©7­�ñ#³�©MÂ¦¨�ÀÞ®7ª�À�Â4µ

ôH���_�-í ��¡_ª�ªs¬u¤J§B¥�£�¨3¥�ò�«¢¤J§Bó�¥�ôu¤A¥öó�¥�ò ��©À¨3ñ�§Bó�¥�ôu¤A¥
7I»¦©;¶F»¦©M«M¬¦´ýÄ»�¬¦©M»�À¦Á
Â¦¨�©"ìÈ³|À�Â�ªÝ¨�©M»�À¦Á�¨�Àáª�®[­d¨�ª�À¦¨�§#³|¬¦©7©M¯�»¦ÛI¨�¯�Å�®;ã6»�®7ÅÝ¨�ª�¬¦¨"ß�³|Ã �6¨�³�Á�©M¯°Û~¬�ª�®7«M¬¦¨�ÀHò?À�®[­7ª è
­7»¦­
Â¦¨�©Lí6À�ªÝß�¨�©M®7ªÝ­�Ä¯°­�¾�»Që�Ä³|Å�À4å�ãA©7¼I¨�ªÝ­7®[Á�©M»¦Û�ÛI¨6²2©7³�´Xµ¦§#©M»�À¦³�­[­[¨�å¦¼I¨�ÀÈ»¦­[¾�­�ñ#³�©MÂ¦¨�À4µ¦¶FªÝ¨�®[¨R§#³|¬¦©7©M¯�»¦ÛI¨
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ÃeªÝ­6¯�»�®[´�¯�¬¦©7¼~¯°©7¨�Ãs§#³|¬¦©7­7»¦©MÃ ¨�©MÃ+Ä³�Á|Å�ª�«M¬�­FÃeªÝ­�l6ª�ÅÝ´�¨H¨�ª�À¦¨�®A¿�ÅÝ¨�ª�À¦¨�À+²2©7¨�®7®7Å�»¦´�­7¬�¯�ÃeÃD¨�©M®AÂ�¯�®Aæ"³�©M¯�À�è
­[©7¨�ªÝ¼I¨�À<ß�³|À_ìÈ³|À�Â�ªÝ¨�©M»�À¦Á|®7®[­7¯�À¦Á�¨�À<ª�ÀDÂ¦¨�ÀDí6À�­[¨�©7Á�©M»�À�Â4µ|¶FªÝ¨LãA©7¼I¨�ªÝ­7®[Á�©M»¦Û�ÛI¨�ß�³|Àe²2©7³�´Xµ|§#©M»�À¦³�­[­[¨A¬�¯°­
Â�ªÝ¨�®[¨�®��6¨�©øÄ¯°­L¼I¨�©7¨�ªÝ­7®
®[¨�ªÝ­
ß�ªÝ¨�ÅÝ¨�ÀÞâ|¯�¬¦©7¨�ÀQ¼I¨�ªIÁ�¨�³|ÃD³�©7Û~¬¦³|ÅÝ³�Á|ª�®7«M¬¦¨�ÀÞí6À�­[¨�©M®7»�«M¬È»�À¦Á�¨�À+ª�ÃþçA¬¦¨�ª�À�Å�¯�À�Â
»�À�ÂDÂ¦¨�©2ë�Ä³|Å�À¦¨�©2§�»�«M¬�­2¨�ª�À¦Á�¨�®[¨�­[¾�­ ¹ ¾�µ §6µ Ä Å�Æ Ë.´ × å~É������ ºõµÈçA¯�ÃeÃD¿�¨�©MÀ�®[³|À�Â�ªÝ¨�©M»�À¦Á�¨�À<®7ª�À�Â�¼~ª�®"ª�À<½LªÝ¨�´�¨�Àß�³|ÀxÉ�ÆøèMÉ�5°Ãs»�À�­[¨�©��6¨�ÅôÄ¯�À�Â¦¨�³�¼I¨�©7¿°¯�À�­[¨HÃ+Ä³�Á|Å�ª�«M¬4µ
§#¨�ª�Ã)Ù�ª�À�®7¯°­[¾_Â�ªÝ¨�®[¨�®�§#³|¬¦©7Á�¨�©øÄ¯°­[¨�®D¯�»¦´LÂ¦¨�©<¶6¨�ÛI³|À�ªÝ¨_¬�¯°­<®7ª�«M¬��[¨�Â¦³�«M¬i¬¦¨�©M¯�»�®[Á�¨�®[­[¨�Å�ÅÝ­�å�Â�¯�®7®�Â�ªÝ¨

ì�«M¬�Å�¯°Á|ÅÝ¨�ª�®[­7»�À¦ÁeÂ¦¨�®6§#³|¬¦©M¬�¯�ÃeÃD¨�©M®L¾�»ÞÁ�¨�©Mª�À¦Á_ª�®[­�µ~ã6ÀkÄ»¦¼I¨�©HÉ�ÆQìÈ­[¨�Å�ÅÝ¨�ÀÞª�À+Â¦¨�À+§#¨�¾�ªÝ©7¿�¨�À í�ÉýèôíAÿÒª�®[­
Â�ªÝ¨�ìÈ³|À�Â�ªÝ¨�©M»�À¦Á_ÃeªÝ­RÂ¦¨�Ãî§#³|¬¦©7Á�¨�©øÄ¯°­R¨�©7´�³|ÅÝÁ|ÅÝ³|®FÁ�¨�¼~Å�ªÝ¨�¼I¨�À4µIò?ÀvãA¼�¼~ª�Å�Â�»�À¦Á�5Èµ ÷Q®7ª�À�ÂðÃeªÝ­F©øÄ³|Ãeª�®7«M¬¦¨�À7I¯�¬�ÅÝ¨�ÀxÉ�5�¸Þ¨�®7®[Û~»�À¦¿È­[¨�¯�»¦´2»�À�ÂÞ»�Ã Â�ªÝ¨H¶6¨�ÛI³|À�ªÝ¨�¬¦¨�©M»�Ã Â�¯°©7Á�¨�®[­[¨�Å�ÅÝ­�µN¶FªÝ¨Hïv¨�©7­[¨<¯�À Â¦¨�ÀðìÈ³|À�Â�ªÝ¨öè
©M»�À¦Á|®7®[­[¨�Å�ÅÝ¨�ÀRÁ�¨�¼I¨�À�Â�ªÝ¨#Ù2©7¿�»�À�Â�»�À¦Á|®[­7ªÝ¨�´�¨�ª�À�7N¨�À�­7ª�ÃD¨�­[¨�©MÀ<¯�À4µ°ã6»¦´�Â¦¨�©Ú¶6¨�ÛI³|À�ªÝ¨�ª�®[­;¨�®ÚÀ�ª�«M¬�­ÚÃ+Ä³�Á|Å�ª�«M¬
Á�¨�ñ#¨�®[¨�À4å¦ÃD¨�¬¦©�¯�Å�®�÷°ÃZ­7ªÝ¨�´d¾�»_®[³|À�Â�ªÝ¨�©7¨�À4å�¯�ÀÒÃe¯�À�«M¬¦¨�ÀQìÈ­[¨�Å�ÅÝ¨�À�À¦³�«M¬ÒÂ¦¨�»¦­7Å�ª�«M¬eñ#¨�À�ªÝÁ�¨�©�µÈ¶F¯°¼I¨�ªN®7ª�À�Â
´�¯�®[­Lª�ÃeÃD¨�©
ã6®[Û~¬�¯�ÅÝ­?è"»�À�ÂÒ½;¨�¨�©7©7¨�®[­[¨HÂ�¯�®
ÅÝ¨�­[¾�­[¨á¨�©7¼I³|¬¦©7­[¨R¸+¯°­[¨�©Mª�¯�Å4¯�»�®L÷°Ãü½LªÝ¨�´�¨�µ¦¶FªÝ¨Hì�«M¬�Å�¯°Á�¿È©M¯°´�­
Â¦¨�®#§#³|¬¦©M¬�¯�ÃeÃD¨�©M®�ª�®[­#¬�ªÝ¨�©2¾�»�Á�¨�©Mª�À¦ÁHÁ�¨�ñ#¨�®[¨�À4å�»�Ã Â�ªÝ¨�®[¨�®#¸+¯°­[¨�©Mª�¯�Å~¾�»_Â�»¦©M«M¬�Â¦©Mª�À¦Á�¨�À4µ�¶FªÝ¨áìÈ³|À�Â�ªÝ¨öè
©M»�À¦Á�¨�Àv¯�»¦û�¨�©M¬�¯�ÅÝ¼xÂ¦¨�©R¶6¨�ÛI³|À�ªÝ¨+é�òXæþ»�À�Â�
6æRê6®7ª�À�Âð¼~ª�®áª�Àv«�¯�µ�É�Æ�Ã,½LªÝ¨�´�¨eÂ�»¦©M«M¬¦Á�¨�´ýÄ»�¬¦©7­Fñ#³�©MÂ¦¨�À4µ
½LªÝ¨�´�¨�©Lª�®[­LÀ�ª�«M¬Þ®[³|À�Â�ªÝ¨�©7­�ñ#³�©MÂ¦¨�À4å�Â�¯eÂ�¯�®L§#³|¬¦©MÅÝ³�«M¬ÞÃeªÝ­
ã6À�À;Ä¯�¬¦¨�©M»�À¦ÁD¯�À+Â¦¨�À­�6©M»�À�Â¦ñ�¯�®7®[¨�©M®[Û~ªÝ¨�Á�¨�Å
ª�ÃeÃD¨�©
ñAªÝ¨�Â¦¨�©Lª�ÀQ®7ª�«M¬Q¾�»�®7¯�ÃeÃD¨�À¦Á�¨�´�¯�Å�ÅÝ¨�ÀÞª�®[­�µ
ò?ÀáÂ¦¨�©;ãA¼�¼~ª�Å�Â�»�À¦Á�5Èµ ÿc�~À�Â¦¨�Àá®7ª�«M¬RÂ�ªÝ¨�ìÈ³|À�Â�ªÝ¨�©M»�À¦Á|®[Û�©7³��~ÅÝ¨�¯�ÀRÂ¦¨�Àá²�»�À¦¿È­[¨�ÀáòXæi»�À�Â�
6æi¯�»¦û�¨�©M¬�¯�ÅÝ¼

Â¦¨�©�¶6¨�ÛI³|À�ªÝ¨�µ�í6À�­[¨�©�¨�ª�À¦¨�©"ì�«M¬�Å�»�à4¯°¼4Â¦¨�«7¿�»�À¦Á�ß�³|À_ÉýèXÊ°Ã ¸%Ä¯�«M¬�­7ªÝÁ�¿�¨�ªÝ­"ª�®[­;Â¦¨�©#É 6�èMÉ��°Ã Ã+Ä¯�«M¬�­7ªÝÁ�¨�ëRªÝ¨�®?è
»�À�Â�ì�¯�À�Â¦¿4Ä³�©7ÛI¨�©;Â¦¨�©Úº6ªÝ¨�Â¦¨�©7­[¨�©7©M¯�®7®[¨�Â¦¨�®�çA¬¦¨�ª�À�®d¯�À¦Á�¨�¼I³|¬¦©7­;ñ#³�©MÂ¦¨�À4µø§�ª�®;ª�ÀR¨�ª�À¦¨�½LªÝ¨�´�¨2ß�³|À<«�¯�µ$�Èµ 5°Ã
®7ª�À�ÂiÂ�ªÝ¨+ìÈ³|À�Â�ªÝ¨�©M»�À¦Á�¨�À%ß�³�©7Á�¨�Â¦©M»�À¦Á�¨�Àk»�À�Âi¬�¯°¼I¨�ÀnÂ¦¨�ÀkëR¯°Û~ª�Å�Å�¯°©M®7¯�»�Ã)Â¦¨�®��6©M»�À�Â¦ñ�¯�®7®[¨�©M®[Û~ªÝ¨�Á�¨�Å�®
¨�©7©7¨�ª�«M¬�­�µ
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Rammkernsondierungen und -bohrungen Koeln-Longerich
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í6ÃZ§#³�Â¦¨�À¦Û�©7³�¼I¨�ÀD¯�»�®�¯�Å�ÅÝ¨�Àe½LªÝ¨�´�¨�ÀeÂ¦¨�©�¶6¨�ÛI³|À�ªÝ¨L¾�»e¼I¨�¿�³|ÃeÃD¨�À4å�®7ª�À�ÂDçA¯�ÃeÃD¿�¨�©MÀ�¼I³|¬¦©M»�À¦Á�¨�ÀDª�À

ã6»¦´�­[©M¯°ÁáÁ�¨�Á�¨�¼I¨�ÀDñ#³�©MÂ¦¨�À4µ|¶F¯RÂ�ªÝ¨�®[¨
ëá³|®[­[¨�À�À�ª�«M¬�­"ß�³|Àe²2©7³��[¨�¿È­7®[¨�ªÝ­[¨A¯°¼�Á�¨�Â¦¨�«7¿È­�®7ª�À�Â4å�¬�¯°­2Â�¯�®"ò?À�®[­7ª è
­7»¦­2Â�ªÝ¨�®[¨<Ä»¦¼I¨�©MÀ¦³|ÃeÃD¨�À4µ°¶FªÝ¨AÀ�ª�«M¬�­2»�À¦¨�©M¬¦¨�¼~Å�ª�«M¬¦¨�À�ã6»¦´�ñ#¨�À�Â�»�À¦Á�¨�À<´ýÄ»¦©2çA¯�ÃeÃD¿�¨�©MÀ�¼I³|¬¦©M»�À¦Á�¨�À<¨�ª�À¦¨�©
§#³|¬¦©ë��©MÃe¯áÅ�¯�®7®[¨�À�ÀÈ»¦©2ñ#¨�À�ªÝÁ�¨6§#³|¬¦©M»�À¦Á�¨�ÀD¾�»4µÈ¶F¯R¼~ª�®2Ãeª�À�Â¦¨�®[­[¨�À�®2»�À�­[¨�©M¬�¯�ÅÝ¼�Â¦¨�©�¶6¨�ÛI³|À�ªÝ¨�®[³|¬�ÅÝ¨LÁ�¨öè
¼I³|¬¦©7­#»�À�Â�Á|ÅÝ¨�ª�«M¬¦¾�¨�ªÝ­7ªÝÁ<¯�À_ß�¨�©M®7«M¬�ªÝ¨�Â¦¨�À¦¨�ÀÒ²�»�À¦¿È­[¨�ÀQ¸+¯°­[¨�©Mª�¯�ÅNÁ�¨�ñ#³|À�À¦¨�ÀÒñ#¨�©MÂ¦¨�ÀÒ®[³|Å�Å å�¼I¨�®7«M¬¦©øÄ¯�À¦¿�¨�À
®7ª�«M¬¹Â�ªÝ¨eçA¯�ÃeÃD¿�¨�©MÀ�¼I³|¬¦©M»�À¦Á�¨�Àv¯�»¦´�ª�À�®[Á�¨�®7¯�ÃH­HÂ¦©7¨�ª2²�»�À¦¿È­[¨eÃeªÝ­R½LªÝ¨�´�¨�Àvß�³|À&É�5°ÃQµ;ò?À¹Â¦¨�©HãA¼�¼~ª�Å è
Â�»�À¦Á�5Èµ ÷x®7ª�À�ÂkÃeªÝ­�Â¦¨�À&§#¨�¾�¨�ª�«M¬�ÀÈ»�À¦Á�¨�À�ãHå#§ü»�À�Â��þÂ�ªÝ¨�v6©7­[¨ Â¦¨�©_Â¦©7¨�ªL§#³|¬¦©M»�À¦Á�¨�À&Ãe¯°©7¿�ªÝ¨�©7­�µ
ã6»¦´�Á�©M»�À�ÂðÂ¦¨�®H®[¨�¬¦©H®7«M¬�ñ#¨�©7¨�Àx§#³|¬¦©7ñ�¯°Á�¨�À�®�»�À�ÂvÂ¦¨�©R¾�»�Ãc½;¨�ª�Å2À�¯�®7®[¨�À¹»�À�Âðñ#¨�À�ªÝÁ�¨�©Hß�¨�©MÂ�ª�«M¬�­[¨�­[¨�À
¶6¨�«7¿�®7«M¬�ª�«M¬�­6Â¦¨�©L¶6¨�ÛI³|À�ªÝ¨�å�®[Û~ªÝ¨�ÅÝ­
Â�ªÝ¨á§#¨�´�¯�¬¦©7¼~¯°©7¿�¨�ªÝ­LÂ¦¨�®��6¨�ÅôÄ¯�À�Â¦¨�®
¼I¨�ªIÂ¦¨�©L¨�©MÀ¦¨�»¦­[¨�ÀQã6»�®[ñ�¯�¬�Å4Â¦¨�©
§#³|¬¦©7Û~»�À¦¿È­[¨L¨�ª�À¦¨LñAª�«M¬�­7ªÝÁ�¨FçL³|Å�ÅÝ¨�µ�§#³|¬¦©M»�À¦Á�¨�À_ª�À�Â¦¨�À�§#¨�¾�ªÝ©7¿�¨�ÀÒíFÊR»�À�Â�íAÿ<®7«M¬¦¨�ª�Â¦¨�Àeñ#¨�Á�¨�ÀÒí6À�¼I¨öè
´�¯�¬¦©7¼~¯°©7¿�¨�ªÝ­
ÃeªÝ­LÂ¦¨�Ãü®7«M¬�ñ#¨�©7¨�À+§#³|¬¦©7Á�¨�©øÄ¯°­6¯�»�®�µ�²2©7³�¼I¨�ÀQ¯�»�®A§#¨�¾�ªÝ©7¿Òí�Éáñ#¨�©MÂ¦¨�ÀÞÃeªÝ­LÂ¦¨�©L§#³|¬¦©M»�À¦Á
ãZÁ�¨�ñ#³|À�À¦¨�À4åd²2©7³�¼I¨�Àv¯�»�®R§#¨�¾�ªÝ©7¿ðíF÷QÃeªÝ­R§#³|¬¦©M»�À¦Á­�6µd§#³|¬¦©M»�À¦ÁQ§bÅ�ªÝ¨�Á�­RÀ�¯�¬¦¨D¨�ª�À¦¨�®F¼I¨�´�¨�®[­7ªÝÁ�­[¨�À
ïv¨�Á�¨�®A¯�»¦´;Â¦¨�©L¶6¨�ÛI³|À�ªÝ¨á»�À�Â_®[³|Å�ÅI²2©7³�¼I¨�À�Ãe¯°­[¨�©Mª�¯�Å~´ýÄ»¦©
Â�»¦©M«M¬�®7«M¬�À�ªÝ­[­7Å�ª�«M¬¦¨6®[ÛI¨�¾�ª��~®7«M¬¦¨Fï�ª�Â¦¨�©M®[­�Ä¯�À�Â¦¨
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A3_p23         Cole-Cole Inversion          RMS= 1.38
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A3_p24         Cole-Cole Inversion          RMS= 0.92
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2D Inversion, Profile 1  RMS= 4.78
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2D Inversion, Profile 1  RMS= 1.74
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2D Inversion, Profile 1  RMS= 1.74
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2D Inversion, Profile 2 RMS= 4.50
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2D Inversion, Profile 2 RMS= 4.50
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2D Inversion, Profile 3  RMS= 2.60
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2D Inversion, Profil 4  RMS= 1.59
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GN (Gradient)            RMS= 1.51 ( 48. iteration)
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GN (Gradient)            RMS= 1.36 ( 48. iteration)
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NLCG (Gradient)          RMS= 1.51 ( 41. iteration)
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NLCG (Gradient)          RMS= 1.39 ( 27. iteration)
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2D-Inversion TM-Mode          RMS= 1.32 ( 37. iteration)
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2D-Inversion TE-Mode,         RMS= 1.17 ( 51. iteration)
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2D-Inversion TE-Mode,         RMS= 1.17 ( 51. iteration)
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NLCG, tau=20          RMS= 1.58 ( 52. iteration)
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NLCG, tau=20,           RMS= 1.44 ( 67. iteration)
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