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' ()+*,�.-0/1 #-#"324 #"$-#�5�768"�9;:�"���<3�.��=��5>?*$-#68�$�5� @
ACBDA E3FDG8HJI5KMLNKPORQ8SUT0V8KPV WXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW [

A\BDACBDA ],^_a` G8V8b `dc KPSfegT0FihjKPVkHDV+lmT `j` KPS;G8VgI+LNKPORQ8SnT#V5Q8HiF!I5GoV8bpWZWYWMWXWMWXWMW [
A\BDACBrq s�FiFDbCKPOtKPHiV8K;u�HDb\KvV `jw egTyx�hfKPVtzgG8HJI5KPS{LNKvO|Q8SUT0V8KvV+WZWYWMWZWYWMWXWMWXWMW }

ACBrq ~�HDV.��KPH ` K�T0G5x�KPHDV8K ^� QgKPS ` hjSjGo�5hfG8S WMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �
A\Brq.BDA LNKPORQ8SUT0V8KPVROtHih��.T#hjhjKvFD�.SC^G8OtO�GoV8b
WMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �
A\Brq.Brq ~�TPx�hjG8Vob c�_ VNLNKvO|Q8SUT0V8KvV�WMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �
A\Brq.Br[ � V.hjKvS ` G w e.G8V8bCKPV+I5KPS;��HiKPb\K ` hjKvH��gbC��KPHDhkWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �
A\Brq.B�� u�FDKv�5hfS _ VoKPV8OtHi�5S _�` � _C� H `fw eoK � V5hfKPS ` G w e5G8Vob\KPV�WYWZWYWMWZWYWMWXWMWXWMW �
A\Brq.Br} �gG ` T0OtO�KPV5x�T `f` G8Vob|WMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW A\A

� � "3-�����68/� P���\�! (65 #/� #�$�.��-P���?:�"���<$�5-t=��.>?*3-#68�$�.� ' @
q.BDA s�FDFib\KPOtKvHDV8K;u�F!T ` hfHD�PHih#^T0h ` hfe8K _ SfHDK
WYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW AP[

q5BDACBDA ��KvS{��KvSj�PKPSfSjG8Vob ` hfKPV ` _ S¡WYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW AP[
q5BDACBrq ��KvS�� � T0VoV5G8Vob ` hfKPV ` _ S¢WZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW AP}
q5BDACBr[ ��Kve8V5GoV8b8£g¤ _ O � SjK `f` H _ V+G8VgIN� w e8KPSfG8V8b�QgKPH�H ` _ hfS _\� KPV¥¤R^_ S � KPSfV WMW AP�
q5BDACB�� ��HiKY¤¦SC^G8OtORG8V8b ` KPFJT ` hfHD�PH§hy^T0h,KPHDVoKPS�H `d_ hfS _C� KvV?I$^G8VoV8KPVk¨�F!T0hfhjK©WMWXWMW AP�

q.Brq E3FDG8HJI5KMLNKPORQ8SUT0V8KPV WXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW q\ª
H
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q5Brq.BDA ¤�SC^GoOtO|GoV8b8£ ��KPe8V.G8V8b G8VgI � w e8KvSjG8V8b QgKPH zgGoH!I5KPV
LNKPORQ8SUT0V8KPV WXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW q\ª

q5Brq.Brq ��HiKM�5FJT `j` H `fw e8K¦��HDKPbCKPKPV8KPSfb\HiK+WXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW q5A
q5Brq.Br[ LNHi�5S _�` � _C� H `fw eoKM��K ` hfHDOtO�GoV8bMI5KPS;��HiKPb\KvO _ I5G8FiV WYWMWZWYWMWXWMWXWMW q\[
q5Brq.B�� ��HiK u�V5h �{H w �.FDG8V8b I5KPS ��HDKPbCKPKPV8KPSfb\HiK �PG e$^_ e8KPSfKPV

� SnI.V5G8Vob\KPV WXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW q\}
q.Br[ ��KPS;L _ I5G8F���� WXWMWMWXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW q\}

q5Br[.BDA ��HiKYu�FiKPOtKPV.hnT#Sj�PKvFDF§K{KPHDVoKPS ` T0hjhfKPF�xU^_ SjOtHib\KPV ^� QgKPS ` hjSjGo�5hfG8S�WMWXWMWXWMW q\�

@ = ������> ���.-0"$��%4/v65�!% ��-P�! #�$> �.� @ '
[.BDA ��KPhjKvSjOtHiV8H ` hjH `fw eoK{G8VgI+L _ V8hfK���� T0SjF _ ��s�FDb _ SfHDhjeoOtKPV WMWYWZWYWMWZWYWMWXWMWXWMW [5A
[.Brq ��KPhjKvSjOtHiV8H ` hjH `fw eoK;s�FDb _ SjHihje8O�KPV WYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW [0�
[.Br[ L _ V.hjK���� T0SfF _ ��s�Fib _ SfHDhfe8OtKPV WYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW [0�

[5Br[.BDA L?T#Sj� _#c5� S _ �vK `j` K WXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW [0�
[5Br[.Brq ��KvS;LNKPhjS _\�g_ FiH ` ��s�Fib _ SfHDhfe8O|G ` WMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW [\�
[5Br[.Br[ ����HDORG8F!T#hjK#IRs�V8VoK#T0FiHDV8b�� WYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW [\�
[5Br[.B�� ��HiKYs�G8h _ � _ SfSjKPFJT0hjH _ V ` �PKPHih�WMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW [\�

 ! ���?� "3> �.-P��/�"#�3�$#��565�!��/1���5-#"$��%  �'
�oBDA % K#T#FDH ` HDKvSjG8V8b I5K `{� e'& ` HD�CT0FiH `jw e8KPV�L _ I5KPFiF ` T#G5x I5KPO(� _ O � G8hjKvS WYWMWXWMWXWMW �8A
�oBrq ��HDK c KPSf��KPVgI.KPhjKPV�s�Fib _ SfHDhfe8OtKPV WYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW ��q

�8Brq.BDA LNKPhfS _C��_ FDH ` T0Fib _ SjHDhfe8ORG ` G8V I)� �aHDORG8F!T#hjK#IRs�V8V8KvFDHDVob*��WZWYWMWXWMWXWMW ��q
�oBr[ ��HDKY��KPSfK w eoV5G8Vob�I5KPS;u�V8KvSjb\HiK©WZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW ��}

�8Br[.BDA ��KPSfK w e8V5GoV8b�I5KvS;s�Q8FDKvHDhjGoV8b\KPV WMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW ��}
�8Br[.Brq ��KPSfK w e8V5GoV8b�I5KvS;E3F ^T w e8K�WYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �,+
�8Br[.Br[ ��KPSfK w e8V5GoV8b�I5KvS�-�SUT\I5HiKPV.hjKPVkI5KPS;¤�SC^G8OtORG8V8b\KvV WYWMWZWYWMWXWMWXWMW �,+
�8Br[.B�� ��KPSfK w e8V5GoV8b�I5KvS;u�VoKPSjbCHDK.^T#VgI5KPSfG8V8b WMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW ���

�oB�� .�K w e8V8H `jw e8KM��KvhnT0HiF ` WXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW ���
�8B��oBDA �gG8S{bCSnT � e8H `fw eoKPVk��T0S ` hjKvFDFDGoV8b�WMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW ���
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� ! ���?��-��Y���! #�5-#"$��% <3�./����$�5-P%g���5<�� "#�� #��9 "$�324 v�����$65��/ � '
}.BDA u�Sfb\KPQoV8H `f` KMOtHDh I5KPO KvSj��KvHDhjKvSjhjKvVtu�V8KPSfb\HiK�x�G8V8�.hjH _ VgT#FNWYWZWYWMWZWYWMWXWMWXWMW }5A
}.Brq ��HDKYu�Sj� KPHDhfKPSjG8Vob�I5G8S w e$-;SnTCI5HDKvV5hfKPV5hfKPSjO�K WMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW } +

� � 65 P y� ��/� y-0"$24 #"$-#�5�¢�3��% 65 P�!& �5-R���$�5-P%g��� ��'
�.BDA ��HDKY� � �.T#hjhjKvF ` hfSjG8�.hjGoS{WXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �5A

�5BDACBDA u�S ` hjK��.T#hjhjKvF ` hfSjG8�.hjGoS{OtHDh V8KPb�T#hjH c KPS{u�V8KPSfb\HiK WYWZWYWMWZWYWMWXWMWXWMW �5A
�.Brq ��HDKYq � �.T#hjhjKvF � ��hjSfG8�5hfG8S�WMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �0�
�.Br[ ��HDK _\� hjHDO T0FDKM�*& ` hfKPOtF ^T#V8b\K WYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\�

�5Br[.BDA ��GoOtKPSjH `jw e8K;��K ` hjHDO�O�G8V8bYI5KPS;¨3KvSjH _ I.K WMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\�
�5Br[.Brq s�V T0F &.hjH `jw e8KM��K ` hjHiOtOXG8Vob c�_ V��
	���
kWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW +#ª

�.B�� ��HDKYLNK `f` G8V8bRI.KPS;u�V8KPSjbCHDKPQ T0SjSfHDKPSfKMWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW +#[
�.Br} ��KPS;u�HDV5z G��tI.KPS{F!T#hjKPSUT0FDKvVN� � T#V8V5GoV8b
WMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW +#}
�.Br� ¤ _ V5hfS _ FDFDO�K `j` G8V8b\KvV WXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW +#}

�5Br�.BDA ��HiK���HDORG8F!T#hjH _ V�I5K ` u�V8KPSfb\HDK c KPSjFJT0G5x�K ` WXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW +#}
�5Br�.Brq � V.hjKvS ` G w e.G8V8b I5K ` u�HiV5zgG `f` K ` I.KPS���hC^Gohj� ` hjKPFiFDKPVgI.H w e5hfKMWZWYWMWXWMWXWMW +#�
�5Br�.Br[ s�Q `jw e ^T0hf�PG8V8bRI5KvS .�e8KPSjO T0FDH ` HiKPSjG8Vob ` �vKPHDh WXWMWYWZWYWMWZWYWMWXWMWXWMW +#�
�5Br�.B�� u�SjbCKPQ8V8H `j` KXQgKPH4FJT0V8bCKPV$%{K w e8KPV8�vKPHDhfKPV�WXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\ª

� � "3/v68> > �.��9 68/P/P"$��% � '
+aBDA ��HDK��;GgT0FiHDhy^T0h;I5KPS��aHDORG8F!T#hjH _ V WZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �5A
+aBrq ��T ` u�V8KPSjbCHDK�x�GoV8�5hfH _ VgT0F©WXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\q
+aBr[ ��HDK��.T#hjhjKvF ` hfSjG8�.hjGoS�WMWXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\q
+aB�� ��H ` �5G `f` H _ V?I.KPS�� G T0V.hjHDhUT0hfH c KPV�u�Sjb\KvQ8V8H `f` K WMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\[
+aBr} ��KvSjb\FiKPH w eROtHDh I5KPVkQgKP�CT0V8V.hjKPVk��K�x�GoVgI5KPV WXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �0�
+aBr� s�G ` QoFDH w � WMWXWMWXWMWMWXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\}
+aB + E�T#�PHDh WZWYWMWXWMWXWMWMWXWMWXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\�
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� � "3- ! ��� �.-#�5�g P��65�!% �5�g> �� #-P��� � '
sYBDA�¤¦SC^G8OtORG8V8bMKPHiV8KPS{¤�G8S c K WMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �5A
sYBrq©¤¦S ^G8OtORG8V8bMKPHiV8KPS{E$F ^T w e8K WMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �\q
sYBr[¡�.T0hf� c�_ V -�T0G � ��� _ V8V8Kvh WXWMWYWZWYWMWXWMWMWXWMWXWMWXWMWYWZWYWMWZWYWMWXWMWXWMW �0�



� � � �3������� � �

��HDKR��H _\� e'& ` HD�+G8VgI `d� KP�vHDKPFiF�I5HiK�LNKPORQ8SUT0V � e'& ` HD� ` HDV I KPHiV?SjKPFJT0hfH c�� G8V8bCK ` .�KPHiFDbCKPQ8HDKvh�I5KvS¨�e'& ` HD� B�� V?I5KvS���H _\� e'& ` HD�t� KPSnI.KPVkI5HDK � e,& ` Hi�CT0FDH `jw e8KPV+u�Hib\KPV `fw e Tyx�hjKvVNQ8H _ F _ b\H `jw e8KPSM�*& ` hjK��OtK _ I5KvS c�_ VtL _ I.KPFDF ` & ` hjKvOtKPVMG8V.hjKPS ` G w e5hvB\u�HiV � V.hjKvS ` G w e.G8V8b ` b\Kvb\KPV ` hnT#VgI|I.KPS,��H _C� e'& ` HD�
` HDV I�I5HDK��gKPFiFDOtKvOXQ8SUT0V8KPV B#��T0QgKPHgHDV.hjKvSjK `f` HDKvSjh�O+T#V ` H w e�V8H w e.h3V.G8S�x ^G8S,I.HDK{b�T#V8�PK�LNKPORQ8SnT#V�£
`d_ V I5KPSjV¥T0G w e x ^GoS{HDe8SfKX��K ` hnT#VgI5hfKPHDFiK�£5�{HiKZ�aBr��Bg]4H � H!I8I _C�8� KPF `fw eoH w e5hfKPV�B.u ` �{HiSnINT#V8b\KvV _ O �OtKPV�£.I8T � ` H w e+KPHiV8K %{KPHDe8K c�_ V QoH _ F _ bCH `jw e8KPVk¨�e$^T#V _ OtKvV8KPVkT0G5x�I5HDK � e'& ` HD�CT0FiH `fw e8KvV+u�HDb\KvV �
`jw egTyx�hfKPVtI.KPS{�gKPFDFiOtKPOXQoSnT0VYG8VgI ` � KP�PHDKvFDFgI5KvS�� _\�8� KPF `jw e8H w e5h �PG8SC^G w ��x1^G8e8SfKPV�F!T `j` KvV	� ` _ �PG8O��KPH ` � HDKPF I5HDKY¤�V _a`d� KPV.Q8HDFJI5G8V8b�
�A
� _ I5KvS�I5HiK�E _ SfO�I5KPS;S _ hjKPV¥��FDG8hf��^_ S � KPS w e8KvV�
 q����nBg��HiKX]4H �
� H!I8I _\�8� KPF `jw e8H w e5hfKPVN� KPSnI.KPV I.K ` egT#FDQ7T#G w e Q8H _ F _ b\H `jw e8K�L _ I5KPFDFiOtKPO�Q8SUT0V8KvVNb\KvVgT0V8V.hPB���HiKQ8HDFJI5KPV�HDVRlmT `j` KPS���KvHDV8K�% KvHDe8K c KPS `jw e8HDKyI5KPV8KPS ¨�egT ` KPV+T#G ` £oI5HDK ` H w e��PGoO .�KPHiFgHDVRHDe8SfKPO�s�b �
b\SjKvb�T0hf�PG ` hnT0V I4£4T#QgKPS;T0G w e+HDVtHie8SjKvSY^T0G��CKPSjKPVkE _ SfO G8V.hjKPS `jw e8KPHJI5KPV�B � V5hfKPS{T#VgI5KPSfKPO Q8HiF!I5KPV
` HDK+bCK `jw e8F _a`j` KPV8K�£��.G8b\KvFDHDbCK _ I5KPS `fw e8FJT0G w e5xU^_ SjOtHib\K�E _ SjOtKvV�B���HiK ` Kk��KPSUI5KPV¢I8T#V8V��������������
b\KPVgT#V8V.hPB�� e8S;��G8S w eoOtK `j` KPS,QgKPhjSy^T0b\h � KMVgT w ek¨�S#^T � T0SnT#SjhfH _ V�}Cª! #"©QoH ` }\ª%$&"mB

u�HiVX�{H w e.hjHib\K ` ¤ _ Vo�PK � h$HDVRI5KvS�.�e8K _ SjHiK{I5KvS�]4H � H!I8I _\�8� KPF `jw e8H w e5hfKPVMH ` h�I5HiK{u�F!T ` hfHD�PHih#^T0h ` hfe8K _ �SjHDK G8VgI ` � Kv�PHDKPFiF.I5HDK;��HiKPb\KvKPF!T ` hjHi�PHDhy^T0hvBPLNHDh$HDeoSjKPS ~�HDF§x�K�F ^T �\h ` H w e ` _ � _ eoFgI5HDK O+T0�.S _a` � _C� H `fw e8KE _ SjO KvHDV8KPS �,K ` Hi��KPF T0F ` T#G w eNI.HDKMOtHD�.S _a` � _C� H `fw e8KM��hfSjG8�.hjG8S{Hie8SjKvS � QgKPSdz ^T w eoKZQgK ` hjHiOtOtKPV�B��HDK ` �CT0VoV G8V.hjKPS+T#VgI5KPSfKPO I5G8S w e I5HiK LNHiV8HDOtHiKPSjGoV8b�I5KPSk��HDKvb\KPKPVoKPSjbCHDK _ I5KPSkI5GoS w e I5HiK
],^_�` GoV8btKPHiV8K ` �;H(' KPSjKvV5hfH!T0Fib\FiKPH w e5GoV8b `f` & ` hjKvO ` � I.KPS `d_ b8B E _ SjOtbCFDKPH w e.G8V8bCKPV#��bCK `jw e8KPeoKPV�B
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`jw e5G��+�PG?SfK w e8V8KPV?H ` hPB$��T#QgKPH,�PKPHDbChjKPV ` H w e?KPHDVoHDb\K�V T0e8KP�vG `d� e�^T0SjH `jw e8K��,K ` Hi�5FiKPVNO�HDh�KPHiV8KPSb\SnT#V5GoF ^T0SfKPV ^� QgKPS ` hjSfG8�5hfG8S;T0G.x I5KPS{�,K ` HD��KPF _ QgKPSdz3^T w e8K+� ` HiKPe8KMs�QoQ8HDFJI5G8V8b+ACBr[ �UB

��G8S w eRKPHDV8K;��KvHDhjKvSjK ^s�VgI.KPSjG8Vob�I5KPS ¨�S#^T � T0SUT0hfH _ V ` hjK w e8VoHD� � �PG ` ^T0hf�PFDH w e8K ` .�KvO � KPSjVRI5KvS���G ` �
� KvV ` H _ V�QgKPH�V8HiK#I5SfHDb\KvV .�KPO � KvSnT0hfG8SjKvV#�XbCKPF!T#V8b7K ` £,�,K ` Hi��KPFDV7OtHih|KvHDV8KPO � T0e8S `jw e8KPHDVoFDH w eV _.w e+bCS#^_ �CKPSjKvVNE$F ^T w e8KPV ^G8QgKPS `fw e.G��Me8KPSf�PG ` hfKPFDFiKPV�B\��HDKPFiK�I5KvS `d_�� S#^T � T0SjHiKPSjhfKPV+�,K ` Hi��KPFDV��PKvHDb �hjKPV E _ SjOtKvV�£#I5HDK{� KPHDh c�_ VYKPHDVoKPS�� � e$^T0SfK{KPV.hdx�KPSfV5h$�{T#SjKPV�B���HiK{egT0hfhjKPV�e$^T#G5�gb `jw egT#Sdx�K�l�HiV8��KPF
_ I5KPS{¤MT#V5hfKPV � ` HiKPe8K�s�Q8Q8HiF!I5G8Vob|ACB��?�nB.��HDKM� w e$^T0S x�K�I.KPS,l�HDV8��KPFoG8VgIt¤MT0V.hjKvV|H ` h�O ^_ b\FiH w e8KPS ���KPH ` K�KPS ` h;I5GoS w eNI.HDKY¨�S _J� KP�.hjH _ VtKvV5h ` hnT#VgI5KPV B

s�Q8QoHDF!I.G8V8b+A\B [ #8�,K ` HD��KPFgOtHih�b\SUT0V.G8F ^T#SjKPS ^� Q�KvS ` hfSjG8�.hjGoS � s�Q8QoHDF!I.G8V8b 
�Av}���KPV.hjV _ OtOtKvV#�

s�G w e HiV?T#VgI5KPSfKPV ^T#e8V8FDH w eoKPV?�*& ` hjKPO�KPV ` HDV I ` T#hjhfKPF!T#SjhjHib\K ^� QgKPS ` hjSjGo�5hfG8SjKPVkb\K�x�GoVgI5KPVk� _ S �I5KPV�Bg� _t` HDVgIt�PGoO���KPH ` � HDKvF�QgKPH � V5hfKPS ` G w e.G8V8bCKPVtOtHihjhfKPF ` -;K�x�SjHiKPSjQoSjG w e+T0V¥]4H � HJI5OtH `jw e5G8V �b\KPV�£ �{T0�.hjKvSjHDKvV8OtKPOYQ8SnT#V8KPV 
§AP���;G8VgI¢T0VpLNH `jw e5G8Vob\KPV¢T0G ` ]4H � HJI5KPV¢G8VgI�¨�S _ hjKPHiV8KPV 
§A + �
b\SnT#V5GoF ^T0SfKMQ8�P�MB8KPHiKPSj�CT0Sfh _ VgT0SfhjHDbCK���hjSfG8�5hfG8SjKvV KvV5hUI5K w �5h,� _ SnI5KvV�B
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s�Q8Q8HiF!I5G8VobNACB�� # ��K ` HD��KvF4OtHih �0e8KPSf��xU^_ SfOtHDbCKPS ��Q8�P�MB��0K w �.HDbCKPS �RE _ SjO � s�QoQ8HDFJI5G8V8b�
�Av}J�3KPV.h��
V _ OtO�KPV#�
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u ` b\HiQ8hMT#F `d_ KPHDV8Hib\KMQ8H ` e8KPS;V8H w e.h c KPS ` hnT#VgI5KPV8KY��K _ QgT w e.hjG8V8bCKPV�B u�HDV8Hib\K�IoT c�_ VNFJT `j` KPV ` H w e�{T0eoS `jw e8KPHiV8FDH w e I5G8S w eNKvHDV8K ` T0hfhjKPF§xU^_ SfOtHDbCK ^� Q�KvS ` hfSjG8�.hjGoS�T#G5x I5KPS�LNKPO|QoSnT0V+KPSf�5F ^T0SfKPV�Bg��KPHI5KPV O�KPH ` hjKPV ` HDVgI � K#I _.w e � _ O � FDK
)8KPSfKt��hjSfG8�.hjG8SfKPV�£ I5HDK+��B ��B�OtKPe8S E3F ^T w e8KkT#Q `d_ SjQ8HiKPSjKPV £V _ h ��KvVgI5HDboB���HiK ` bCHDFihXHDV ` QgK `d_ VgI5KPSfKtx1^G8SRI5HDK�HDV7I5KvS ��&5S _ � .{u�L QgK _ Q T w e5hfKPhjKPV �0K w �5Hib\KPV ���K ` HD��KvFDV�B��;HDK ` KMu w ��KPV�F!T `f` KPV ` H w e VoH w e5h I5G8S w e+KPHiV8K�SfKPb\KPFiO�^T �CHDbCK ^� QgKPS ` hfSjG8�.hjG8S{KvSj�.F ^T0SfKPV�B� _ F w e8K{� _ O � FiK^)8KvSjKPVMG8VgI�SnT#G8e8KPVk��hjSfG8�5hfG8SjKvV�� ^_ V8V5hfKPV�T0G ` KPHDV8KvS�b\KPKvHDb\VoKPhjKPVRs;V8V _ SUI5V.G8V8b
c�_ Vt�.T#hjhjKvF ` hfSjG8�.hjGoSjKPV�QgK ` hjKPe8KvV 
�����B���HiK��.T0hfhjKPF ` hjSfG8�.hjG8S�H ` h `d_ OtHDh$KPHiV -�SfG8VgI5KvFDKPOtKvV5h�KPHiV8KPS� _ O � FiK^)oKPSjKPVt�ahjSjGo�5hfG8SPB
��KPH�KvHDV8Hib\KPVpI5KvS+I8T0Sfb\K ` hjKPFiFDhfKPVp��K _ Q T w e5hfG8V8b\KvV�H ` hkI5HiK�E3F ^T w eoKPV8�PG8V T0e8OtK+QgKPHM�;KPe8V.G8V8bI5G8S w e+F!T#hjKPSUT0FDKY� � T0VoV5G8Vobtb\Sy^_ �\KvS�T#F ` �PG+KPSf�{T0SfhjKPV £8Q8�P�MBgI5HiKZV T w eNI.KPS{�5FJT `f` H `fw eoKPV+u�F!T ` hjH ��PHDhy^T0h ` hje8K _ SjHiK��PG `d_ F w e�KPHiV8KPSME3F ^T w e8KPV8�vG8VgT0eoOtKXQgKPV$^_ hjHib\hjKvV
� � T0V8V.G8V8bCKPV FDHiKPb\KvVp^G8QgKPS�I5KvS
�gKPSjSfKPH � `d� T#V8V5GoV8bRI5KPS;LNKPORQ8SUT0V�B.u�HDV8K ^� QgKPS ` hjSjGo�5hfG8S;T0G5x�I5KPS;LNKPORQ8SnT#V _ I.KPS�%;T0Goe8HDbC��KPHDhI5KPS LNKPO|QoSnT0V £PI5HiK�I.HDK ` KPSj�.F ^T#SjKPV `d_ FDF £PORG�� ` H w e�I8T#e8KPS$b\KPbCKPV ^G8QgKPS�FJT0hfKPSnT#FDKPS�� � T0V8V.G8V8b ^T0eoV �FDH w e+�{HDKYE3FiG8�5hfGgT0hfH _ V8KPV c KvSjegT#FDhjKvV�B�� V ` QgK ` _ VgI5KvSjK�ORG�� ` HiK ` H w ekI5GoS w eNF!T#hjKPSUT0FiK|� � T#V8V.G8V8bb\F!T#hjhf�PHDKPeoKPVtF!T `j` KPV�B
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� V�I.HDK ` KPO
¤MT � HDhjKvF�� _ FDFDKvVN�{HDSMKPHiV8KPV�s�G ` I5SfG w �tx ^G8SYI5HiKRu�V8KPSjbCHDK�KPHiV8KPS�z G8H!I5KvV�LNKPO|QoSnT0Vb\KP�{HiV8V8KPV�Bo��T0QgKPH$HDV.hjKvSjK `f` HDKvSjKPVRG8V ` I5HDKY��KPHihjSy^T0b\Ka£8I5HiKXT#G ` I5KPV+KPF!T ` hfH `jw e8KPV u�Hib\KPV `jw egTyx�hfKPVx _ FDbCKPV�B
� O KPS ` hjKvV).�KPHiF�I5K ` ¤MT � HDhfKPF ` �{HiSnItKPHDVoKMu�HDV5x ^G8eoSjG8V8bRHDVkI5HiKMT0FiFDbCKPOtKPHiV8K�u�FJT ` hfHD�PHih#^T#h ` hfe8K _ SjHDKb\KPbCKPQgKPV�B���T#QgKPH,Q�K `jw e8S#^T#V8��KPVN�{HiSMG8V ` T#G5x;I5KvV .�KPHiF £ I5KPS�x ^GoSXI.HDK�u�FJT ` hfHD�PHih#^T#h ` hfe8K _ SjHDK c�_ VLNKPO|QoSnT0VoKPV c�_ V � V.hjKvSjK `f` K�H ` hPB � O �P��KvHDhjKvV .�KPHDF��{HiSnI+I8T#V8VkI5KPS `d� KP�vHDKPFiFDKMEgT0FiF�I5KvS�zgG8H!I.KPVLNKPO|QoSnT0VoKPVMQ�KvegT0VgI.KPFDhvB�u ` �{HiSnI ` H w eRI8T0QgKPHg�PKPHib\KPV £\I8T �YI5HDK;¤�SC^GoOtO|GoV8b;I5HDK ��K�x _ SjO+T#hjH _ VH ` hv£�I.HDK?I.KPV�b\Sy^_ �\hfKPV ��KPHDhfSnT0bm�PG8StKPFJT ` hjH `fw eoKPV¢u�VoKPSjbCHDK?FDKvH ` hfKPhPB��gGoS+��K `jw e8SfKPHDQgKPG8Vob I5KvS¤¦SC^G8OtORG8V8bM��KvSnI5KPVkI5H ' KPSjKPV.hjHJT0Fib\K _ OtKPhjSfH `fw e8K��gG ` T0O�OtKPV8e$^T#V8b\KMQgKPV$^_ hjHib\hPB�� O�s�V8e T0V8b�s
�gVgI5KPh ` H w etKPHiV8KM�5G8Sf�Mu�HDV8FiKPHDhfG8V8b�HiVNI.HDK�QgKPV$^_ hjHib\hjKvV?¤MT � HihjKPF I5KPS;��H ' KPSjKPV.hjHJT0Fib\K _ OtKPhjSfHDK�B
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¤¦Kve8Sjh�KvHDV�¤|^_ S � KPSv£ V T w egI5KPO�KPS�I5G8S w e¥^T0G��CKPSjK�¤�S#^Tyx�hfK�I.K�x _ SfOtHDKPSfh3�{GoSnI5K�£��{HiK#I5KPS�HiV ` KPHDVoKPVG8S ` � SC^G8Vob\FDH w eoKPV �gG ` hUT0VgI��PG8SC^G w � £ ` _ V8KvV8V5h�O+T0V�I5HiK ` K ` �,KPSfegT0FihjKPV ��� ��� ������� S B��;HDKRu�F!T ` hjH ��PHDhy^T0h ` hje8K _ SjHiK�QgK `jw e8SfKPHDQ8h I5HDK ` K ` �,KPSfegT0FihjKPV�B
��G8S w e7��K1x _ SjO T0hjH _ V KvHDV8K ` ¤ ^_ S � KPS ` �{HiSnI7I5HiK+]�T0bCK ` KPHDVoKPS�L?T `j` K � G8V8�.hjK c�_ V��� VgT w e�����b\K.^T#VgI5KPSfhPBg��HiK ` K ^s;VgI5KPSfG8V8bRF ^T �Ch ` H w ekI5G8S w ekI5KvV �,KPS `jw e8HDKvQ8G8V8b `dc KP�.h _ S��
 T0G ` I5SC^G w ��KPV #
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��HDK ` K��,KPS `jw e8HDKPQoG8V8b{egT#h�KPHDVoK ^s�VgI.KPSjG8VobMI5KPS s�Q ` h ^T0V I5K{�P�{H `fw eoKPVX�P� KPH.¨�G8V8�.hjKPV��vG8S�E _ FDb\KaB��KPS{HDV.�gV5hfK ` HiO+T0FiK;s�Q ` hnT0V I H ` h{HDO G8VgI5K1x _ SjO�HDKPSfhjKPVN�gG ` hnT#VgI+I5G8S w e
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b\KPbCKPQgKPV�BE� � O I.K�x _ SfOtHDKPSfhjKPV+�gG ` hnT0V I �{HDSUI+I8T0SUT0G ` #
��� � ��� � � � � ��� � 
 � � � � ��� � � q � � 
 � � � ��� � � 
 ��

� O
I5HiK ^s�VgI5KvSjG8V8b ��� � T#F ` E8G8V8�.hjH _ V�I5KPSY��H ' KPSjKPV.hjHJT0FiK � � � �PG T#G ` �vGgI5SC^G w ��KPV £ ` KPhf�PKPV?�{HiSx1^G8S � 
 � ` KPHiV h _ hUT0FDK ` ��H ' KPSjKPV.hjHJT0F
� 
 � � � �

� 
 �� � � � � �
KPHDV�Bo��KPH4hfKPHDFi��KPH ` KPO�l�K w e ` KvF4I.KPS � VgI5HD�vK ` KPSje ^T0FDh O+T0VkI8T#V8V #
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 �� � � � � � � � � � � q5B q �

� # ��� � � A
q � ��� � 
 �
�

� � � � � � � q5B [ �
��KPS�I8T0QgKPHMI.K��gV8HiKPSjhfK).�KPV ` _ S 
 �
� e8KPH �\h ��� X�� � X\X � �"!�� �:� �P� Y�X B{E;^G8St�.FDKvHDV8Kk��K�x _ SjO+T#hjH _ V8KPV
c KPSjKPHiV5x�T w e.h�KvS ` H w et�PG #
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u�S;H ` h _ ' KPV5Q T0S ` &5OtO�K�hfSjH `fw e B���KPOt�vG5x _ Fib\KMH ` h{KPS�T#V � K#I5KPO ¨�GoV8�5h�I5HJT0b _ VgT0FiH ` HDKPSfQgT0SvB4E;^GoS��� � KPSfe$^T0Fih�O+T#VNIoT0V8V
��� � � � �nA � q 
 �:� � � � �� � �nA � q 
 � � � � � �� � �nA � q 
 &�& � � � �&

l�HDKMO+T0V ` HDKPe.hP£.�PKPSdx ^T#FDFih;I5KPS;s�G ` I5SjG w �tHiV � KMKPHiV8KPV .�KvSjO x ^G8S � K#I5KYu�HDVoe8KPHDh ` SfH w e5hfG8V8b8£oT0F `d_� � �� ��� A � 
 � � � � � Bg��T0OtHih�KPSfe$^T0Fih{O+T0V|x ^GoS;I8T ` E3F ^T w eoKPV8KPFiKPOtK1V5h�HiVkI5KPS�� � ��� � u�QgKPV8K
� � � ��� � � � � � � A � q � 
 � ��� 
����
� � �#
 � � 
���� �-�

� �UA � � 
 � � � 
 ��� � � q 
 � � 
 ��� � �-� � q5B } �
� q5B � �

��HDK�SfKPF!T#hjH c KPV ^s�VgI.KPSjG8Vob\KPV �  � � ��� � ��� ���� � KPSnI5KvV+I8T0VoVN�PG #
 � � � 
 � ��� 
����^� � q 
 � � 
 ��� � q5B +J�

� � 
 � ��� 
����^�
s�VgT0F _ b�KPSfb\HiQ8h ` H w etx ^G8S;I8T ` � _ FDG8OtKvV8KPFDKvO�KPV5h$#

��! � � �nA � q 
 �:� � � �nA � q 
 ��� � � �UA � q 
 &�& � ��!�"
� �nA � 
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��^T0e8KvSjG8V8bC��KPH ` K��CT#V8V�I8T ` � _ FDG8OtKvV+��HDOp�P��KPHJI5HDO�KPV ` H _ VgT#FDKPV;EgT#FDF�I.KPS$E3F ^T w eoKPV8HDVoegT0Fih^�gI.G8S w eI5HDK+� � G8SYI5K ` �,KPSj�vKPSjSfG8V8b ` hjKPV `d_ S ` Q�K `jw e8SjHiKPQgKPV � KPSnI.KPV�B���T?I.HDKt� � GoSXKPHiV8K ` .�KvV `d_ S ` GoV �hjKPS;¤ _�_ SUI5HDV T0hjKvV5hfSnT0V ` x _ SfO+T0hfH _ V8KPVNHiV c T#SjH!T#V5h{H ` hv£8b\HDFih;I5HDK ` KME _ SfOtKPF T0G w e�£8��KvV8V 
 �'� VoH w e5hI5H!T#b _ V T0FDH ` HiKPSjh{�{G8SUI5K�B
,fs�B # ]
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� O�GoVgI5K�x _ SjOtHiKPSjhfKPVt�gG ` hUT0VgItQgK��gV I5KPh ` H w e|KvHDVtKPFJT ` hjH `fw eoKPS,¤R^_ S � KvS{HDO -;FDKPH w eob\KP�{H w e.hPBCs�F �FDK�HDVoV8KPSjKvV ¤�S#^TPx�hjKR�P�{H `fw eoKPV�I5KPV�KPHDVo�PKPFDVoKPV�L _ FiKP�$^GoFDKPV¥I5K ` ¤R^_ S � KPS ` � _ O � KPV ` HDKvSjKPV ` H w e�B��KPhjSUT w e5hfKPV �{HDSRV.G8V KPHiV8KPV¢I5K�x _ SjOtHiKPSjhfKPVm¤|^_ S � KPSvB���HiK ` KvS�Q�K1�gVgI5KPh ` H w e7V8H w e.h�OtKPeoSXHDO
-�FiKPH w e8bCKP�{H w e5hvB���T#e8KPSRhjSjKvhjKPV7HDV7Hie8O %�^G w � ` hfKPFDFi�5Sy^Tyx�hfKtT#G5xf£rI5HiKkT0G5xYI.KPV7l K w e ` KPFD�{HiSj�.G8V �b\KPVk�P�{H `fw e8KvVNI.KPVNKPHiV8�PKPFiV8KPV+L _ FDKP� ^G8FiKPV+Q�KvSjG8e8KvV�B4��T ` QgK#I5KvG8hjKPhv£gI8T � I5HDK ` K�¤�S ^TPx�hjKYF _ �CT#F
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VXI iwQ GzIMO `&{X� GzI S*U O¬VXI �RYJY I § ¤}¤�¤ ZiS I&I � Z � IML�I ZpZ I Q { u]I � IMNwI Q I QXl��4YJYÊZ _ b Q^Qa` IÌVXGJI Z I �4UwoWq%_ b Q x` G QaU GzIMO Y G oWq´� I Zporq I q I Q�{ FHGJI�fdIMO ` IEVXIMO ® L � Y G `yU VXI S*U O¬VXI Q V �RQPQ � Opb ` b _ b YzY GJI&O `M{

� �*) 7 3&" +²"E'�">6*8d:=)d: < +,"E'-, :,"E':<�3M"

.�A0/DA�E 1 G HIG32�S[V54�VUQ W�G H ]76 KOG�L98:4�V�Q G#V
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l ~U O]VXGJIEIMO Zi` I ® N Y IMG `yU^Q^� �§ ¦ § j c ! egf �ihkj � � ) ! ��� $ & 1 
 � ) ! 
 � $ & 1P � ¯ x � U^Q^_a` x \ b}OyLTI Y§ ¦ ¯ j c ! egf �ihkj � 
 � ) ! � P � $ & 1 ��� � ) ! ��� $ & 1 
 � � ) ! 
 � $ & 1 � � ) ! 
 � $ & 1' P � � x � U^Q^_a` x \ b}OyLTI Y
l ~U O]VXGJI >ROpI oWqX`¬ZyZ I&G ` G � I�>EIMO Z ` I ® N Y IMG `pU^Q^� �¯ ¦ § j c ! � egf �ihkj � � ) ! ��� $ & 1 
 � ) !%$ & 1� ¯ x � U^Q^_a` x \ b}OyLTI Y¯ ¦ ¯ j c ! � egf �ihkj � 
 � ) ! � P � $ & 1 ��� � ) ! ��� $ & 1 
�� � ) !�$ & 1P � ? x � U^Q^_a` x \ b}OyLTI Y
l ~U O]VXGJI «MS IMG ` I ® N Y IMG `pU^Q^� �

? ¦ § j c !*! egf �ihkj � � ) ! ��� $ & 1 
 P � ) !%$ & 1 � � ) ! 
 � $ & 1�
	
>RI QP� I�> ? x � U^Q^_a` x \ b}OyLTI Y

? ¦ ¯ j c !*! egf �ihkj � � ) ! � P � $ & 1 
 P � ) !%$ & 1 � � ) ! 
 P � $ & 1���
	 ? x � U^Q^_a` x \ b}OyLTI Y
? ¦ ? j c !*! egf �ihkj � 
 � ) ! � P � $ & 1 � '
� � ) ! ��� $ & 1 � � ) !�$ & 1 � '
� � ) ! 
 � $ & 1 
 � ) ! 
 � $ & 1' P � 	 ¾ x � U^Q^_a` x \ b}OyLTI Y

l ~U O]VXGJI � I&L�G Zporqa` I «MS IMG ` I ® N Y IMG `pU^Q^� �
� ¦ § j c !*& egf �ihkj � � ) ! ��� $ & ��� 1 � ) ! 
 � $ & ��� 1 � ) ! ��� $ & 
 � 1 � ) ! 
 � $ & 
 � 1��� 	

� x � U^Q^_a` x \ b}OyLTI YFHGJI Y G Q^_PZyZ IMG ` G � I QÂ® N Y IMG `pU^Q^� I QÂc ! 
 S IMOWVaI Q �RQ��4Y b �|� I&N^G Y VXI `M{
FHGJI - IMO Zporq GJI4VXI Q I Q´\ b�OyL�I YzQ2l ~U O7IMG Q I ® N Y IMG `yU^Q^�ÌU^QX` IMO Zporq IMG[VXI Q|Z G oWq G Q|«MS IMGzIMO Y IMG ,HG QwZ G oWqX` �

� �}I�L�I q O�� U^Q^_a` I - I&O S I Q VXI `kS IMO¬VXI Q�� VXI Zi` b � I Q��RU IMO Z ` GzL�L ` VXIMO�F]G�;kIMOyI Q^« I Q m U b ` GJI QX`L�G ` VXI&O ® N Y I&G `yUPQ^� ~U NwIMOpIMG Q {
� �}I=L�I q O
� U^Q^_a` I - I&O S I Q VXI `´S IMOWVXI Q�� VaI Zi` b q ~b q IMOyI \ b�OWVXI&O U^Q^� I Q S I&OWVXI QM�RQ VXGzIu Y4�R`p`yq I&G ` VaIMO \^U^Q^_a` GJb QÂ� I Z ` I YzYJ`M{

¿ÀQPQ IMO q��RY NµVXIMO � GzL U^Y<�R` GJb Q]_��RQ^Qº_ IMG Q IMO Y IMG}u Y4�4`y`yq IMG ` VXI&O��HNwIMO d ~�}oWq I - b�O �4UwZi� I Z I `p«M`­S IMO¬VXI Q�{¹»IMG7FHG�;�I&OyI Q^« I Q m U b ` GJI Qa` I Q � VXGJI q b q I ®HQal b}OWVaIMO U^QP� I QO�RQ VaGJI�u Y4�4`y`yq IMG ` VXIMO «MU VXG�;�I&OyI Q x« GJIMOpI Q VXI Q|\¸UPQ^_X` GJb Q�Z ` I YzY I Q���_��4Q^Q VXGzI ® N S IMG oWqXUPQ^��- b�L f I&O ` VXIMO ® N Y I&G `yUPQ^� NwIMG S I Q G � I&O�}Y4�4`y` I Q|\^U^Q^_a` GJb Q I Q´� Oyb}± S IMO¬VXI Q�{�� b Y[oWq I \^U^Q^_a` GJb Q I Q|Z G Q V � N�I&O �4UwoWq ¼ Y I&L�I Qa` I7VXI Z ��b Q x
iw�}U O �R` GJb Q¸Z O �4U L�I Z {^� GJI Z b YJYz` I Q � NwIMO S I � I Q G q OyIMO q b q I Q ¼ Q IMO � GJI - b}L ®HYz� b}OpG `pq L U¸Z G Q VXI&O�¶I � I YI- IMO S b}O l I Q%S IMOWVaI Q�{ ¹»IMG^IMG Q G � I Q VXGJI Z IMO S I Q G �2��Y4�4`y` I QÂ\^U^Q^_a` GJb Q I Q|Y GzI l IMO ` I Q VXGzIEFHG l xl IMOyI QP« I Q m U b ` GJI Qa` I Q L�G `�q ~b q IMOyI Q�®HQXl b�OWVXI&O U^Q^� I Q �4Q VXGJIÂu Y4�4`y`yq IMG `�«&U�_XY IMG Q I f IMO ` I � Z bV � ± l ~U O]VXGzIE¼ Q IMO � GJI�I&N�I QXl��RYzY[Z IMG Q�«MUÂ_XY IMG Q IMO�f IMO ` NwIMOyI oWq^Q I `»S*U O¬VXI { F �Rq IMO S*U O¬VXI QÂQXU OVXGJI!* I S IMG Y[Z IMO Z ` I Q FHG�;kIMOpI Q^« I Q m U b ` GzI Qa` I Q9e �wI&G Y I Q § { § j ��¯X{ § j � ?X{ § j U^Q V � { § j(j - IMO S I Q VXI `&{¼ G QÂS I Z I QX`pY G orq I&O 37IMO YzUwZi`��4Q u]I Q��RU G �}_ IMG `*S � O Q G oWqX`7l I Zi`p«MUwZi` I YJY I Q�{
K=G ` VXGzI Z I Q FHG�;kIMOyI QP« I Q m U b ` GJI Qa` I Q2S*U O¬VXI Q V �4Q^Q L�G `y` I Y[Z VXIMO7GJL ®HQ^q��4Q^�´® �RQP� I � IMNwI Q I Q\ b�OyL�I YJQ VXGJIº��O�~U LTL U^QP� I Q NwIMOpI orqPQ I `M{
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Y ~��orq I´VXIMOºK=IML|N^O �RQ G QVXIMO )HL � IMN U^Q^� VXGzI Z I Z ¼jr ` OpIML U L Z G Zi` * I4VXb oWq�� O4~b}±�IMO �4Y[Z VXGJI|I Qa`WZ � OyI oWq I Q VaI � Oyb * G « GJI&O ` I\
Y ~��orq I { F]GJI Z IMO \
Y ~��orq I Q^«MUaS ��orqwZ�S GzOWV Z b - b YzYJ_ b}LTL%I Q - IMO Q��}oWq^Y ~� ±}G ��`M{ FHI Ziq��RY N S*U OWVaI l ~U OVXGJIÌK=I ` OpG _ IMG Q I�L�baVaG iw« GzIMO ` I \ b}OyLTI Y L�G ` OpI oWqX`¬Z x U^Q V Y G Q^_PZyZ IMG ` G � I Q�® N Y IMG `yU^Q^� I Q - IMO S I Q xVXI ` � � ��� § 0 c P! � 0 c P! 
¯ 0 c P& � 0 c P& 
¯FHGJI Z I�K=baVXG iw_��4` GJb Q Z ` I YzYJ` VXGzI \­Y ~�}oWq I�I&G Q I Z´Zporq�� O l I Q ¼jr ` OyIML U L Z�� I Q��4U IMOTV � O � V � VXI&O\
Y ~��orq I Q^«MUaS �}oWqwZ G Q VaI Q \
Y<�RQ^_ I Q V U O oWq VXGzI Z IMG `yY G orq I Q½® N Y IMG `pU^Q^� I Q½S I Z I QX`pY G orq�� I Q��4U xIMOEN�I Zi` GzL�L `HS IMOWVXI Q�_��RQ^Q�{ ¹»IMG - IMO q ~�RYJ`pQ G Z Ld~� ±�G � I&N�I Q I Q �]NwIMO d ~�}oWq I Q2- IMO U O Z��}oWqX` VXGJI Z I\ b�OyL�I Y * IÉVXb orq IMG Q I Q�_aY I&G Q I Q/\ I q^Y IMO {
\ ~U O]VXGzIE¹»IMOyI orq^QaU^Q^� - b Q�� U^Q V�� S*U O¬VXI S IMG ` IMO VXGJI U O Z � O�~U^Q^�}Y G oWq I \ b}OpL�I YI- IMO S I Q VaI `M{
.�A0/DA0/ 1 G HIG32�S[V54�VUQ W�G H�� HIP#WbLOG#V 8IG#V W�G H�� H��4�T T 4�VUQ:G�V
¹»IMG�VaIMOº¹»IMOyI oWq^QaU^Q^� VXIMO2u]O � VXGzI QX` I Qa` IMOpL�I � VXIMOE��O�~U L�L UPQ^� I QÂ` O �R` I Q ~�Rq^Q^Y G oWq I ��Opb}N Y IMxL�I �RUal»S GzI2NwIMG�VXIMO \
Y ~��orq I Q NwIMOpI oWq^QXUPQ^�^{ ¹»IMG � G `pU��R` GJb Q I Q LTG `*Zporq�� O l I Q ¼jr ` OyIML � G Q VaI Q�µO�~U L�L U^Q^� I Q½S ~U OWVXI Q VXGzI�u]O � VaGJI Qa` I Qa` I&OyL�IÂNwIMG�37IMO S I Q V U^Q^� VXIMOC~U N Y G orq I Q£¯ x � UPQ^_X` x\ b�OyL�I YwZ I q O _aY IMG Q%S IMOWVXI Q�e FHIMO:fdIMO ` VXIMO Y G Q^_ I Q|U^Q V%OpI orqa` I Q +���orq N � O � U^QP_X` I S GzOWV%I ` S���}Y I&G oWq j { FHGzI Z»Y ~� ± `ÌZ G oWq * I4Vab orq L�G ` ,HG Y l IÌVXIMO � IMG ` I Q�� N Y IMG `pU^Q^� I Q - IMOyLTIMG[VXI Q �

e�� � j P � � P! � 0�� P! 
¯ 0 � P& � 0�� P& 
¯ e �RQ��4Y b �´l ~U O � jF � QaU^Q � ! � eÇf �ih�jÂ��� ! 
 eÇf 0 § �ih�j>G Zi`&� S*U OWVXI �7U L �¶I oWq I QP« IMG `º«MU£Z � � OyI Q�� l b Yz� I Q VXI3 I&OyIMG QXl��}oWqXUPQ^��- b}O � I Q b�L�L�I Q �e�� � j P � � P! � 0�� P& � e �RQ��RY b �%l ~U O � j
f I QPQ VXGJIµK=I ` OpG _!�
eÇf �ih�j _ b QwZi`��RQa` G Zi`7l ~U O �RYzY I f �ih � V �RQ^Q NwI4VXI U^` I ` VaGJI Z I ~®HQ VXI&O U^Q^�´_ I&GJxQ I Q½\ I q^Y IMO { ¼ Qa`WZ � OyI oWq I Q V Z b YzYJ` IÂVXIMO \ I q^Y IMOENwIMG �}Y<�R`y` I Q �]N�I&O d ~��orq I Q�e�U^Q V Z G oWq V � L�G `Y4�RQP��Z � L ~�RQ VaIMO Q VaIMOºK=I ` OpG _�� j _XY IMG Q,Z IMG Q�{ ¹»IMG­O �4U^q IMOpI Q �HNwIMO d ~�}oWq I Q � NwIMG�VXI Q I QdZ G orq��I QX`¬Z � OpI oWq I Q V ZyoWq^Q I YzY IMO ~�RQ VaIMO `&� S GzOWV|VXGJI Z IMO \ I qPY IMO � O ~b�±}IMO { F]b}O ` Z G Q V � NwIMO�VXGJI4fdIMO ` I - b Q���BU^Q V � � �RQÂZ G oWq|ZyoWq b Q|� Opb}± { F � LTG ` G Zi` VXGJI]¼ Q I&O � GzI�Vab}O `7� Oyb}± { FHI&O»K=I ` Oyb � b Y G Z �4YJ� b�xOyG `pq L UwZ S GzOWV9V �4q IMO Z b Y[oWq I ��` O U^_a`yU OpI Q�- IMOpL�IMG[VaI Q�{ FHGzI � GzL UPY4�R` GJb Q�S GzOWV�VXI Ziq��RY NdV U O oWqVXGJI Z I QÂ\ I q^Y IMO Q G oWqX` N�I&IMG Qa` O ~�}oWqX` G �}`&{"�knmpo"qMrtsvu�w�u�x
y�z�{|u�xl}|r�~|�=r�z��6u�zb�gz>X q�Y��@{|u Z$#:��r�x w�u u�} z&%�6{|�@� �=w�qM}(' z�u�xl���gu svr�z*)�{|�@��z�q�Z�� rUu xl�Ru��g{lu�x|z"�
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.�A0/DA . 1 G HIG32�S[V54�VUQ W�G H���VUG HIQ4LOG �P:V�W�G H:4�VUQ
¹»IMGEVXIMO,¹»IMOyI orq^QaU^Q^� VXIMO9¼ Q I&O � GzIa~�RQ VXIMO UPQ^��S*U O¬VXI Q¨QaU O�VXGzI2f I&O ` I�VXIMO ® N Y IMG `yU^Q^� I Q���µO�~U L�L U^Q^� I Q�UwZ SE{�Q I U N�I&OyI oWq^Q I `&� VXGJI Z G orq V U O oWq VXGzI ~®HQ VaIMO U^QP� VXI&O ®HUwZ Y I Q^_aU^Q^� L�G ` x� Ia~�4Q VXIMO ` q��R`y` I Q�{a\ ~U O �4YJY I�� U^Q^_a` I � �RQ VXI Q I QTZ G oWq I ` S ��Z�� Ia~�4Q VXIMO ` q��R`y` I ��S*U OWVaI�V �4Q^Q VXGzIQ I U I Y b _��RY Iµ¼ Q IMO � GJI Æ U^Q VÂVXGzIº¼ Q IMO � GJI4VXG�;kIMOyI QP« NwIMOyI oWq^Q I `M{Æ ����� � P 0 � ' e���� j P 0�� P � P 0 �

�
e�� � j P 0 �

�
� �

FHGJI|K=baV UPYJQ �4UwZÈeÀ¯X{g? ³ j S*U OWVXI Q GzL � Opb � O � LTL «MU � � � ¯ ��� U^Q V�� P �
		� U L%NwI Q��RQ^Qa`M{FHGJIEVaOyIMG �4Q VXIMOpI Q Ë IMOpL�I�IMO � � N�I Q9Z G orqTS ~�Rq OpI Q V=VaIMO!) Qa` IMO ZiUwoWqXUPQ^� I Q�e Z GzI q I ¾ j {
�
��� ���26*8d: 34576*8�� 7 �ED�1%3��45
FHGJIEu]I ZyoWqXS G Q VXG �}_ IMG ` VXI&O � GJL U^Y4�4` GJb Q2Y ~� ± ` Z G orq V U O orq IMG Q G � I5� � O � L�I ` IMO oWq�� O �R_a` IMOpG Z GzIMOyI Q�{\ b YJ� I Q VXI�fdIMO ` I�IMO S GzI Z I Q=Z G oWq �RYÊZ*Z G Q^Qe- b YJY �

®H_a« I � `��RQ^« O �R` I � ? ¤ v ³ ¤ QK=I ` Oyb � b Y G Z Y4�4Ued ~�RQP� I � § ¤a¦ ¤}¤�¤ v ? ¤a¦ ¤�¤}¤ ` IMG YzS IMG Z I]N^G Z»«MU § ¤}¤ { ¤}¤�¤e OyIMG Q IEK=I ` Oyb � b Y G Z Y ~�4UXl I}jË I&L � IMO �4`yU O l��R_a` b}Ov� ¤X¦ 
4¾ ¦M¦&¦ª¤a¦ ?Ë�IML � IMO �R`pU OyNwIMOpIMG oWq � a"c � § ¤ 
 P ' N^G Z § ¤ 
 P � �

®HQXl��RQP��Z*S � OpI Q VaGJI Z I[fdIMO ` I U^Q^� ~U^QwZi` G � IMO � I S ~�RqPYJ`M{ ¹»IMG­VXI Q I&O Zi` I Q � GJL U^Y4�4` GJb Q I Q|Y4�4� VXGzI®H_X« I � `��4Q^« O �R` IºNwIMG�I ` S �Âe § ¦M¦&¦ ¾ j�� § ¤ 
 � U^Q VdVXGzI ZiS IMI � Z�� Ë�IML � IMO �R`yU O�NwIMG QaU O § { ¤}¤�¤�N^G Z� { ¤�¤}¤ { FHGzI7¼�O � IMN Q G ZyZ I�G Qº¾X{ § S*U OWVaI Q L�G `kZ b YÊorq I Q f IMO ` I QÌ� I S b Q^Q I Q�{ ¹»IMG�VaI Q ¼ O � IMN Q G ZpZ I Q
�RUwZ]¾X{°¯2Y4�R� VXGzI ®H_a« I � `��RQ^« O �R` I Q b orq NwIMG § Q�N^G Z § ¤ Q {FHGJI ` �RUXlÇ� I ZyoWqXS G Q VXG �}_ IMG ` VXI Z � Opb � O � LTL�I Z NwI ` O U^� ¾a{ ¤}¤�¤ ZiS I&I � Z�����`yUPQ VXI �4UXl IMGJxQ IMO½F�¼ � Z `��R` GJb Q9¾ ¤�¤}¤ � § ¯�¾ UPQ V � ¤ { ¤}¤�¤ Z S IMI � Z��}� `yU^Q VaI �4UXl IMG Q I&O½F�¼ � Zi`��R` Gzb Q ®�� �
? ¤}¤�¤ � � ¤}¤ {
.�A .UA�E �(4UH Q H P�JbS�LON 2%SUG#V�� P�H N�8IG#KMK*4�VUQ
F � L�G ` G Qa` I&OyI ZpZ �RQa` I ��` O U^_a`yU OpI Q � L � �4Q V½VXIMOENwIMOyI oWq^Q I ` I Q K=IML|N^O �4Q9Q G oWqX` ~U NwIMO Z I q I QS IMO¬VXI Q�_ ~b Q^Q I Q��MS*U O¬VXI�VXGJI�NwIMOpI oWq^Q I ` I7K=IML|N^O �4Q�- GJIMOpL �RY��4Q IMG Q��RQ VXI&O � I Z I `p«M`
e L�G `w«MUwZ ~�R`p« xY G oWq IML � �RQ V�j �4UwZi� I � I&N�I Q�{FHGJI ��_��RY GJIMO U^Q^� VXI&O « x ®ÌorqwZ I S*U OWVXI Z b%IMG Q^� I Zi` I YJYJ`&� V � ±%GzL � IMG ` I Q OyGJ±>VXGJIº¹»IML � ± UPQ^���4YJY I&O®�orq¸Z I Q VXI Q ��Y IMG orq I Q K � ± Z `�� N q�� NwI Q � { FHGzI � N � I4VaO UwoW_X` I Q u]O � � q G _ I Q¨Z G Q V Q��R` ~U O Y G orq«MUwZ ~�4`y«MY G oWq � IMO Z � I _X` G - G Zporq - IMO « IMOyO `M{
 �!���svu�xlz )6u��gz�u %y#" u�x|�&%�6��r�z��4��w�u x$!�{ qMr�~|��r�z��4�gzUwtu�z&% x q Y���� )6u�z�q�z��6u���u'" u�z��g}l{��
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¿ÀQ VXIMO Y G Q^_ I Q(UPQ VÈOpI oWqX` I Q b}NwIMOyI Q ¼ oW_ I»NwI i¸Q VXI Q|Z G oWq VXGzI:fdIMO ` I]VXIMOI* I S IMG Y[Z G Qa` IMOpI ZyZ��RQa` I QuHOÉ~b}±�I Q�{ FHGzI �4Q^� I � IMNwI Q I Q u]O4~b�±}I Q,Z G Q V/GzLBIMG Q^« I YzQ I Q �
Æ � FHGJI Y b _��RY Iº¼ Q IMO � GzI4VXG oWqa` I
aa¤ �&¦M¦M¦���a � � FHGJIºK=baV U^YzQ � �ÌN^G Z � �N < Æ > A � FHGJI Y4�4` IMO �RY I � � �4Q^QXUPQ^���Ä � FHGJI´u]I Z � L ` I Q IMO � GzI�VXI&O]K=IML%NPO �RQÄ ��¯ � ¹»IMG ` O �R�´«&U O�u]I Z � L ` I Q IMO � GJIÌV U O orq ��� � PÄ2Á � � ¹»IMG ` O �R�´«&U O�u]I Z � L ` I Q IMO � GJIÌV U O orq � ' e�� � j PÄ � ¯ � ¹»IMG ` O �R�´«&U O�u]I Z � L ` I Q IMO � GJIÌV U O orq � P � PÄ2Á � � ¹»IMG ` O �R�´«&U O�u]I Z � L ` I Q IMO � GJIÌV U O orq �

�
e�� � j PÄ � � � ¹»IMG ` O �R�´«&U O�u]I Z � L ` I Q IMO � GJIÌV U O orq � � � �Ä � � ¹»IMG ` O �R�´«&U O�u]I Z � L ` I Q IMO � GJIÌV U O orq��
e � �9� ��� v � ��� 3
	Wj� �¨OyI �4Y I \
Y ~��orq I e � N Z b YJU^`]U^Q V �RUal � ��� 3
	 N�I « b � I Q ja"c � �R_a`yU I YzY I `pq IMOpL�G Zporq IÌ¼ Q IMO � GJI

A > � �¨L � rPGJL �4Y I ®HU¸ZiY I Q^_XUPQ^� VXIMO]K=IML|N^O �RQÁ c > � �¨L � rPGJL �4Y IMO ,´~b q I QXU^Qa` I&O ZyoWq GzI4VÈNwI Q��}oWq N � O ` IMO ��` ~UP`y«4Z ` I YzY I Q
C � �wIMG ` G Q�ZiS IMI � ZA B8B � ®H_X« I � `��4Q^« O �R` IFHGJI*G Q VXI Q u]O ��iw_ I Q=�RQP� I � IMNwI Q I Q ¼ Q IMO � GJI S IMO ` I*I Qa`yq��4YJ` I Q L�G `�®HU¸ZiQ��4q L�I*VaIMO fdIMO ` I*N�I&GVXIMO]¹»I Z ` GJLTL U^Q^� VXI&O*b � ` GJL �4Y I Q �­IMOyGzbaVXIºVXGJIE¼ Q I&O � GzIºVXIMO \
YzU^_X`pU��R` GJb Q I Q�{
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¼ Z*« IMG �}` I Z G oWq�� V � ±ÂV �}Z G Q � � � G ` I Y­¯ �4UXlÇ� I Zi` I YJYJ` Iº¼ Q IMO � GJI lÇU^QP_X` GJb Q��RY7e ¯X{@? ³ j «MU O�¹»G Y V U^QP�
- b Q Z `�� N^G Y I Q�U^Q V � qa�^Z G _��RY G Zporq�Z G Q^Q"- b YJY I Q���` O U^_a`yU OyI Q�Q G oWqX`=�4UwZ OpIMG oWqa` I { ¼ Z|S � OTV �4q IMOQ b ` S I Q VXG �P� V ��Z ¼ Q I&O � GzI lÇU^Q^_a` Gzb Q��4Y�«MU IMO S IMG ` IMO Q {
( �*) ,,+:< �.-C:d345 5$�v@ 3&D0/��2@ �.+ 9 �23&D �.+»D$�>: , :��.+:<�3 �E?21d:9043D73M<�:,1 �
¿ÀQ VXIML q GJI&O - I&O S I Q VXI ` I Q K=baVXI YJY9e K=b Q^� IMx·F � O Zi` I YJYzU^Q^� ~U NwIMO m U�� VXO �4` G ZyoWq IML u]G `y` I&OL�G ` � IMOpGJbaVXG ZyoWq I Q � �RQ VXNwI4VaG Q^��U^Q^� I Q j _ ~b Q^Q I Q «&S IMGÌË I&OyL�I �RUwZ u Y IMG orqaU^Q^�½e ¯a{g? ³ j - IMOyxQ��}oWq^Y ~��ZyZ G �}`*S IMOWVaI Q �

� ¿ L `pq IMOyLTbaV �XQ�� L�G ZyoWq I Q u Y IMG orqP� I S G orqa` G Zi`�_ I&G Q I � IMG ` I7VXI&O­K=IML%NPO �RQ]� I � I Q ~U N�I&O�VXI&O
�RQ VaIMOyI Q �RUwZ � I « I&G oWq^Q I `&{ FHGJI ��� L�L�I ` OyGzI «&S G ZyoWq I Q NwIMG[VaI Q�� IMG ` I Q G Z `EQ G oWqX`E� IMN^Oyb�xorq I Q�{ F �4q IMO - IMO ZyoWqXS G Q VXI ` VXGJI Z � b Qa`��4Q IT�µO�~U L�L U^Q^�ºU^Q V9V � L�G `��4Uworq VXIMO Y G Q I � OyIË I&OyL�VXIMO�¹»GzI � IMI Q IMO � GJI { F � O�~U NwIMO q G Q��4UwZ G Zi` G Q VXGzI Z IML �7b�L � U^` IMOyLTbaVXI YJY VXGzI]K=IML�xN � O QN�4Y[Zº\¸UPQ^_X` GJb Q VXI&O2¹ ��Z G ZCd ~��orq I � I � I&N�I Q�{ ¼ ZE_ ~b Q^Q I QO�RYÊZ b _ IMG Q I|� Q b Z � I Q b { ~�a{V � O � I Z ` I YzYJ`]S IMO¬VXI Q�{ FHGzI Z G Z `W� NwIMO l ~U O�L�G `]Z � b Qa`��4Q IMOº��O�~U L�L U^Q^�´Q G oWqX`��4UwZi«MU¸ZyoWq xY GzIM±}I Q

� f I � I Q VXI Z*�\�R`p« I Z#- b Q u �4U ±}x·¹»b Q^Q I `4- IMO ZporqaS G Q VXI ` VXIMO Y G Q I � OyI]Ë�IMOpL�G Q VXI&O¶u �4U ±}xZyoWq I Q ��O�~U L�L U^Q^� � GJL ¿�QX` I � O �RY ~U N�I&OHIMG QÂ\
Y ~�}oWq I QwZ ` ~UwoW_ L�G ` OpI orqa` I or_ G � IMO»u]O U^Q VXx
d ~�}oWq I UPQ V � IMOpGJbaVXG ZyoWq I Q � �4Q VXNwI4VXG Q^�}UPQ^� I Qde Z GJI q I´u Y I&G oWqXU^QP�´®2{ ³ ; { j {

f GJO q�� N�I Q6�RYÊZ b �4Y[Z ¼ Q IMO � GJI4VXG orqa` I lÇU^Q^_a` GJb Q��RY �Æ � ��� � P 0�� P � P 0 ��5 � eÀ¾X{ § j
¾ §
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\ ~U O ��� e � ¯ � � j S*U O¬VXI�I&G Q L�G `p`yY IMOyIMO�I(r � IMOpGJL�I QX` I YJY�� IML�I ZpZ I Q IMO�fdIMO `p- I&O S I Q VXI `e ��� � § � § ¤ 
 '�� � N «MSE{ ����� ¯ � § ¤ 
 '�� � j { FHI&O f I&O ` - b Q � P S*U O¬VXI S ~�Rq OpI Q V VXGzI Z I&O) QX` IMO Z UwoWqXU^QP� I QÂZ �^Z ` IML �R` G ZyoWq%«&S G ZyoWq I Q § ¤ 
 � ' � > P»U^Q V § ¤ 
 ��� � > P:-�� OyGzIMO `&{
FHGJI ®HUwZ � �RQP��ZyZ G `pU��R` GJb Q S � O=G Q NwIMG[VaI Q¨\ ~�RYJY I Q VXGJI¼ NwI Q IHL�G ` I&G Q IMO _XY IMG Q I Q � Z I U VXb Z��R`y` I Y[Z ` O U^_X`pU O eÀZ GzIMxq I Q IMNwI Q¸Zi` I q I Q VXI ® NPN^G Y V U^Q^� j { F U O oWq VXGzI Z I ��` O U^_ x`yU O Z b YJYz` I*IMG Q >}��OyG Zi`��4YJY G Z �4` Gzb Q � UPQ^_X` > l ~U O VXGJI �\�R`p` I Y xN^G Y V U^Q^� - b}O � I � IMNwI Q�S IMOWVXI Q�{ ¼ Z IMO S GJI Z´Z G oWq�� N�I&O �V � ±TVXGJI Z I ��` O U^_a`yU OyI QÂ_ IMG Q I Q 37b}O ` IMG Y N^OpG Q^� I Q�{

’Pseudosattel’

0 1 2 3 4 5 6 1 2 3 4 5 6 7 8-0.2
0

0.2

x
y

z/nm

FHGJI � GzL U^Y<�R` GJb Q L�G ` VXGzI Z IML ¼ Q IMO � GJI lÇU^QP_X` GJb Q��RY�e ¾a{ § j2IMO � � N�NwIMG l I Z ` IML ��� «MS I&G U^QX` IMOyxZyoWq GJI4V Y G oWq I]� Y4��ZyZ I Q.- b Q � ` O UP_X`pU OyI Q �

� IMG Q I�> Z��R`y` I Y4� O ` G � It> ��` O U^_a`yU O e ® N^NPG Y V U^Q^�|¾X{ § jFHGJI Z I � ` O UP_X`pU O�I Qa`WZ � OyG orqa`�Zporq b Q9S I&G `y� I q I Q V9VXIMO�G Q9® N ZporqPQ G `p`�¯a{g?X{ § � b Zi`pU^Y GzIMO ` I Q��` O U^_a`yU O e ® N^NPG Y V U^Q^��¯X{@? j { F]GJI ��` O U^_X`pU O2G Zi` � NwIMO´G QCZ G oWq - IMO « I&OyO `&{�¿�QwZ NwI Z b Q VaIMOyIZ G Q V½VXGJI � ~�R`y` I Y��}Z � LTL�I ` OpG Zpoyq�{ FHGzI Z I � ` O UP_X`pU OyI Q½` O �R` I Q½QXU O l ~U O e NwI ` O �R� Z Ld~� ±}G � j_XY IMG Q IMOyI!f I&O ` I - b Q � P �RUXl�e ' � P ' 	M? � § ¤ 
 � ' � > P j {
g = k0*H^2 + k2*K^2

k0  = 1.0 e-19 J
k2  =-5.0 e-41 Jm^2
sigma = 0.1   J/m^2
A   =  65.51   nm^2

kT  = 1.33e-23 J
t   =  80.000  sw

g   = 0.595   mJ/m^2 E   =   189.10 e-21J !!
EH2 =    34.00  e-21J
EK2 =     0.0002e-21J
E_A =   155.10  e-21J

    =   102.36  %

10-fach ueberhoeht
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® N^NPG Y V U^Q^�|¾X{ § �	��
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� IMG Q I�> U^QP� IMb�OWV Q I ` I�> ��` O U^_a`yU O eÀ® N^N^G Y V U^QP�|¾X{ ¯ j {� GJI ` O �4`
l ~U O ' � P ' @ § � § ¤ 
 � � � > P��RUXlp{ FHGzI Z I � ` O UP_X`pU OyI Q´S�� OpI Q G Q´_ IMG Q IML ` �RUal��RUwoWqQXU O �RQ^Q ~�4q IMO Q V _ b Qe- IMO � GzIMO `&{ F]GJI�¼ Q IMO � GJI �4\­Y ~�}oWq I UPQ V ® L � Y G `yU VXI­VaGJI Z IMO ��` O U^_a`yU OpI Qq��R`p` I Q|Q b oWq�_ IMG Q I Q u Y IMG oWq^� I S G oWqX`¬ZiS I&O ` IMOyOpIMG oWqX`&{ Ë � � G Zporq2l ~U O»VaGJI Z I ��` O U^_a`yU OyI Q G Z `VXGJI � Oyb}±�I � �Rq^Y�- b Q´Z I q O q b q I Q%� � G `y« I Q[- b Q IMG Q G � I Q § ¤�� > ,´~b q It' { F � VaIMO ,>~b q I QaU^Q x` IMO ZyoWq GJIÉV «MS G ZyoWq I Q�«&S IMG ��` ~U^`p«4Zi` I YJY I Q�P�Z I q O - GJI Y�� OÉ~b}±�IMO �RYÊZ VXGzIEFHb �^� I Y[Zporq G orqa` VaG oW_ IG Z `M�X_��4Q^Q VXGJI Z I ��` O U^_a`yU O _ IMG Q IHOpI �RY IEK=IML|N^O �4Q NwI Zporq OpIMGJNwI Q {X¿�Q IMG Q IMO7OyI �4Y I Q K=IML�xN^O �4QÂS ~� OyI Q=«MU(- b�O*x q GzIMO Q G oWqa` NwIMO�~U¸or_PZ G orqa` G �}` I]x»u]I � I Q^_ O4~�ÉlÇ` I �RUXlÇ� I ` OpI ` I Q {®HQ VaI Q�� � G `y« I Q´S IMOWVaI Q VXGzI]��O�~U L�L UPQ^� I QºZ I q O � Oyb}± { F � V U O oWq VXb}L�G Q GJI&O ` GJL ¼ Q IMOpx� GzI4VXG oWqa` I lÇU^QP_X` GJb Q��RY Æ ����� � P 0�� P � P � ��� B P v ' � P ' B �VXIMO>m U�� O ` G ZyoWq ITË I&OyL { �}I q ~b q IMO|VXGzI � � G `y« I Q S IMOWVXI Q�� VXI Zi` b � O4~b�±}IMO S GzOWV�VXb�O ` VXGzI��O�~U L�L U^Q^�ÌU^Q V=VaI Zi` b � O4~b}±�IMO S GJOWVÂVXI&O]¹»I ` O �R� VXIMO]¼ Q I&O � GzI {

g = k0*H^2 + k2*K^2
k0  = 1.0 e-19 J
k2  =-1.0 e-40 Jm^2
sigma = 0.1   J/m^2
A   = 7.16 e+8 nm^2

kT  = 1.00e-23 J
t   =  23.000  sw

g   = 1.5 e+16 J/m^2 E   =     1.10 e+9 J !!!
EH2 =    36.37     J
EK2 =     1.10 e+9 J !!!
E_A =     7.16 e-11J

     = 1.12e9 %

10.000-fach gestaucht
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® N^N^G Y V U^QP�|¾X{ ¯ �	��
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F � NwIMG[VXI ��` O U^_X`pU OyI Q%l ~U O»I&G Q G � I § ¤ { ¤�¤}¤ ZiS IMI � Z N�I&G Z G Q^_ I Q VaIMO�Ë IML � I&O �R`pU O»I&O q��4YJ` I Q N Y GJIMxN�I Q���Z G Q V2NwIMG[VaI ��` O U^_X`pU OyI Q%«MU L�G Q VaI Zi`�Y b _��RY I]K=G Q GzL �X{ F ��QaU O l ~U O�NwI Z ` GJLTL ` I f I&O ` I - b Q� P IMG Q ~)HNwIMO � �RQ^� G Q VXGzI > U^Q^� IMb}O¬V Q I ` I�> ��` O U^_a`yU O Zi`��4`y` l��RQ V �­Y GzI �}` IMG Q I�¼ Q I&O � GzIMN � OyOyGzIMOyI«MS G Zporq I Q NwIMGÊVXI Q K=G Q GJL �a{ F]IMOyI Q ,´~b q I Q GzL�L ` L�G `kS �}oWqwZ I Q VXIML ' � P ' � N eÀZ GJI q I ® N^N^G Y V U^QP�¾X{g?a{ FHGzI�> \ b�OyL ��orqwZ I�> Z b YzY V � N�I&G­VXI Q�q b oWq VXGzL�I QwZ GJb Q��RY I Q ��b Qeiw�}U O �R` GJb QwZ O �RU L �RUal IMG Q IMO®�orq¸Z I «&UwZ � L�L�I QXl���ZyZ I Q�{ j {^® N ' � P ' @ § ¤ 
 � � � > P G Z `EZ GzI´V �4Q^Q�Z b Q GzI4VXOpG �^� V � ±�G Q^Q IMO q��RY NVXIMO - b}O � I � IMNwI Q I Q K=I ` Oyb � b Y G ZiY4�4Ued ~�4Q^� I>VXIMO ~)HNwIMO � �RQP��Z `��R`p` iwQ VXI `M{
j�� �gu�}lu
	 %����u���qMx
z q6~|� wtu�m '(z�w�u:u��gz�u�}��(x|�6��x qMm�m�ZgqMr�svu } u�x|xlu�� ~|��{O��� �gu�	 %����u wt�@u }lu�x�!�Y��g{|��u �g}|{\q�" u�x

}|u���x � q���xl} ~l��u��gz�Zg��~|��z�� ~|��{ " u��6x|u�z���{��
T
� u�x$!t{ %r�{|��{l}|{lu Z Zgu�z�q�"�}l{ qMz�w��g}|{����gu�x )�Z@u �@z�u�x
q�Zg}
w�u�x�� �8Zgu�)&%r�Z q�"�}|{ q�z�w�u��gz�u�}�{���Y��g} ~|��u�zbo�� Y�� w�}O�



¾ � ���������
	#����������	p	���� 	����
	��$�
�$& ��	:��	���	��b& ��	������
�$�
	��[�
��� �
�\� ����� �
¹»IMG[VXI K=G Q GzL � I(r^G Zi` GJIMOpI Qb- IMOpL UP`yY G oyq9�RUXl VXI&L � �4Q^« I QTU^QX` IMO Z UwoWqX` I Q � P x·¹»IMOyIMG orq { )HL�VXGJI Z«MU ~U NwIMO � O�~UXl I Q���S*U OWVaI�I&G Q ��Oyb � O � L�L Y<�RUXl LTG ` VXIMO > U^Q^� I&b}OWV Q I ` I Q > ��` O U^_a`yU O �4Y[Z´®HUwZ x� �RQP��Zi_ b Qeiw��U O �4` GJb Q½U^Q V9IMG Q I&L l ~U OºVXGzI > Z �4`y` I Y4� O ` G � I�> ��` O U^_a`yU O ` � � G Zporq I Q fdIMO `�- b Q � PeMv 
 � § ¤ 
 � ' � > P j � I Z `�� O ` I `&{^¿�Q^Q I&O q��4Y N S I Q G � IMO ZiS IMI � ZHeC? ¤}¤�¤ Z S IMI � Z j S*Uworq¸Z I Q VaGJI � � G ` x« I QÂS IMG ` IMO eÀZ GzI q I ® N^N^G Y V U^Q^�T¾X{ � j { FHGzI´¼ Q IMO � GzI Z��RQ^_ V � NwIMG�I ` S �´U LnIMG Q I Q=\��4_X` b}O ; � Ne Z GzI q I ® N^N^G Y V U^Q^�|¾a{g?´Y G Q^_^Z j {

E

"Form"Ebene

Strukturen

"sattelartige"chaotische

Strukturen

−40
2

−40
κ  < −10 κ  > −10

2κ 2 /Jm^2

−7 10
−41

−3 10
−41

−10
−40

10
−20

Energie

ungeordenter 

Strukturen

10
9

E/J
Energie ’’sattelartiger’’ Strukturen

divergent

® N^N^G Y V U^QP�´¾X{@? ��� 692X698M8+6 �i69%����i6 % . 
 6�� 69% � 0�'�� ' �^4 0��*.76 �^,�232X6 �i6���,�%(2 0
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g = k0*H^2 + k2*K^2
k0  = 1.0 e-19 J
k2  =-7.0 e-41 Jm^2
sigma = 0.1   J/m^2
A   = 9.9e10   nm^2

T   = 1.33e-20 J
t   =   3.000  sw

g   = 0.0197  J/m^2XS E   =     1.95 e+9 J !!!
EH2 =    67.95     J
EK2 =   - 1.95 e+9 J !!!
E_A =     9.9  e-9 J

    = 1.54 e17 %
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¼ Z»« IMG ��`*Z G orq �RYÊZ b � V � ±TVXGJI > U^Q^� IMb}O¬V Q I ` I�> ��` O U^_a`yU O l ~U O �RYzY I UPQX` IMO Z Uworqa` I Q fdIMO ` I - b Q � P� ~U^QwZ ` G � IMO*G Zi`M{ ¼�G Q I�OpI �RY IEK=IML|N^O �4Q%S ~U OWVXI Z G orq � NwIMO Q G orqa` G Q VXGJI Z I ��` O U^_a`yU O»I Qa` S G oW_ I YJQ��V ��- b}O q IMO*uHI � I Q^_ O4~�MlÇ` I �RUXlÇ` OyI ` I Q�� VaGJI Z b q b q I ®HU¸ZiY I Q^_XUPQ^� I Q|U^Q V|��O�~U LTL U^QP� I Q - IMO q G Q xVXIMO Q { F � V �}Z�- IMO S I Q VaI ` Iº¼ Q IMO � GJI lÇU^Q^_a` GJb Q��RY­QaU OHI&G Q I Q,®HUwZpZyoWq^Q G `p`��4UwZ VXIMO - b YzY I Q ¼ QX` xS G oW_XYzU^Q^�Âe Z GzI q I ¯X{g? § jÌV � O Zi` I YJYz`M�w_ ~b Q^Q I Q9S GzO�IMG Q I Q9� I&IMG ��Q I ` I Q Ë�IMOyL q G Q^«&UXl ~U^� I Q�� V U O oWqVXI Q VXGJI Z I2u]I � I Q^_ O4~�ÉlÇ` IºV � O � I Z ` I YzYJ`*S I&OWVXI Q { F U O orq VXI Q Ë�IMOpL

�
�
� �

Y ~� ± `]Z G orq IMG Q � UP` b ;dG Q VXIMO�u �RU ± ZyoWq I Q �µO�~U L�L U^Q^� NwIMG � Opb}±�I Q ��O�~U L�L UPQ^� I Q IMOpOyIMG orq I Q�{FHGJI Z IMOºË I&OyL _ b Z ` I ` NwIMG � Oyb�±}IML ' � ' - GzI Y�� N�I&G _aY IMG Q IML � NwIMO _��RU Lv¼ Q IMO � GzI { F U O oWq G q^Q_ ~b Q^Q I QO�RYÊZ bdVXGzI�u]I � I Q^_ O ~�ÉlÇ` I �4UwZi� I4VXO ~Uwor_a`2S IMOWVaI Q�{ FHGzI�¼�G Q^q IMG ` VaI Z(Q I U I Q K=baV U^Y[Z G Z `¢ �
� © � � > � {­¿�Q VXI&O�`�G ` IMO �4`yU OºG Zi` L�GzO _ I&G Q I>K=I ZyZ U^Q^� baVaIMO ® N ZyoWq ~�R`p«MU^Q^� VXGzI Z I|K=baV UPY[ZN�I _��4Q^Qa`M{ ¼ Z G Z `HQaU^Q9Q��4q I Y GJI � I Q VÂVXGJI Z I Z K=baV U^Y��RUwZ VXIML�K=baV U^Y � P � Opb}N � N «MUwZyoWq ~�4`y« I Q �V � NwIMGÊVXI´K=baV U^YJQ�- b Q �­b ` I Q^« I Q VXIMOEu �RU ± ZyoWq I Q ��O ~U L�L UPQ^�ºZ G Q V { F]GJIºFHGJLTI QwZ Gzb QÂS GJO¬VV U O oWq I&G Q I oWq�� O �R_a` IMOpG Zi` G Zporq I�`7~�4Q^� IdVXI Z/���PZi` IML Z%e VaIMO�K=b Q b Zporq G oWqX` VXG oW_ I L �v¯ E">dj_ b}OyOpG � GJIMO `M{ K �RQ IMO q ~�4YJ` � �

� � � P L � � § � § ¤ 
 � ' � > � eÀ¾X{°¯ j
F �=S GJO´x S GzI ZyoWq b Q G Q � � � G ` I Y § I&O S ~�RqPQX` x�I&O S � O ` I Q�� V � ± Z G oWq VXGzI ~)HNwIMO Z ` O UP_X`pU O � IMx� I Q ~U N�I&O2VaIMO Y4�4` IMO �RY I Q�� � �4Q^QXUPQ^� ~�4q^Q^Y G orq9S GzI \
YJUP_X`pU��R` GJb Q I Q�- IMO q ~�RYJ`&��S GzOWV Z GzI´N�I&G - IMOyxZyoWqXS G Q VXI Q VaIMO Y<�R` I&O �RY IMO � � �4Q^QaU^Q^� � L �4UwZi� I � OÉ~�R�}` I Zi` I QdZ I&G Q�{ f GzO S IMOWVXI Q�UPQwZ V �Rq IMO]GJLl b YJ� I Q VXI Q=«MU^Q ~�}oWqwZi`>�RUXl VXGJI Z I Q9\��4YJY�_ b QP« I Qa` OyGzIMOyI Q�{ F � L�G ` I&O q��4YJ` I Q�S GzO �4Y[Z*Q I U I Z ¼ Q IMOpx� GJI lÇU^Q^_a` GJb Q��RY � Æ ��� � � P 0 � P � P 0 � � � � eÀ¾X{@? j
OQPS`Gmihj`\`1PSno_ e@R7Z��"PSa hikS]7c\PSn$_@`\q@]HZ+]Ha R�c+R7Z

¹»IMG�VXI Q G Q VXGzI Z I&L ® N ZyoWq^Q G `p` NwI ZyoWq OyGzIMNwI Q I Q ¼ O � IMN Q G ZpZ I Q�Y4�R� I Q VaGJI ®H_a« I � `��RQ^« O �R` I U^Q VVXGJIºK=I ` Oyb � b Y G Z Y4�4Ued ~�RQP� I Z I q O Q GJIÉVXOyG ��e A B:B � e ¤a¦ § ¦&¦M¦W¤X¦ ¾ j�Q UPQ V § ¤}¤}¤ 	 587 	 � ¤�¤}¤�j { ¼ ZS*U OWVXI � NwIMO�I&G QÂ� OÉ~b}±}I&OyIMOEË�IML � IMO �R`pU OyNwIMOpIMG oWq=e - b Q9o��X{ a"c � § ¤ 
 '�� � N^G Z a"c¨� § ¤ 
 P � �G Q�?}¯ Ë I&L � IMO �4`yU O ZyoWq OyG `y` I Q j�V U O oWq^Y<�RUXl I Q �RY[Z NwIMG Z � ~�R` I&OyI Q �*I orqPQXU^QP� I Q�{
f I � I Q VXGzI Z I&O U^Q^� ~U^QwZ ` G � I Q f �4q^Y VXIMO � GJL U^Y<�R` Gzb QwZ � � O � L�I ` IMO i¸Q VXI ` VXIMO ~)HNwIMO � �RQP� G Q VXGzI> U^Q^� IMb}O¬V Q I ` I�> ��` O U^_a`yU O Q G orqa`�Zporq b Q N�I&G�NwI ` O �R��Z Ld~� ±�G ��Q b orq9_aY I&G Q IMOpI Q fdIMO ` I Q�- b Q � PZi`��4`y`&{ ¹»IMG�IMO q ~b qa` IMO ®H_a« I � `��RQ^« O �R` I Z G Q^_ I Q VXGJI ~)HNwIMO � �RQ^� Zi« I&G ` I Q�{ F � V U O orq9S ~U OWVXI ZyoWq b QN�I&G _XY IMG Q I&OyI Q fdIMO ` I Q�- b Q ' � P ' VXIMO ~)HNwIMO � �RQP��Z `��R`p` iwQ VXI Q�{ FHI QwZ I Y NwI Q ¼ ;�I _X`]q�� NwI Q�- IMOyx� O4~b�±}IMO ` IºK=I ` Oyb � b Y G Z Y4�4Ued ~�RQP� I Q�{
� Z+`(c+R �;Z [^R*Wj_iPS`\`\R a P&c � �

¹»IMGaVXI Q IMO Zi` I Q ` ~�RUXl I Q L�G ` VXI&L�IMO S IMG ` IMO ` I Q ¼ Q I&O � GzI lÇU^Q^_a` Gzb Q��4Y�e ¾a{g? j�IMO � � NwI Q|Z G oWq%��` O U^_ x`yU OpI Q�� VXGzI�VaI Q I Q G QT® N^N^G Y V UPQ^�º¾X{ § Z I q O�~�4q^Q^Y G oWq%S�� OyI Q�{ FHGJIU> U^QP� IMb�OWV Q I ` I Q > ��` O U^_a`yU OpI Q` O �4` I QÂQ G orqa` LTI q O �RUXlp{ � U O]�µb QX` Oyb YJY I S*U O¬VXIEIMG Q ` �RUXl LTG ` VaIMO _aY4��ZyZ G ZyoWq I Q ¹»GJI � IMI Q IMO � GJI
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Æ � ��� � P V U O orqP� I l ~U^q O `M{w\ ~U O�VaGJI Z I Z ¼ Q IMO � GJI lÇUPQ^_X` GJb Q��RY G Z ` VXIMOEuHO U^Q V «&UwZi`��RQ V=NwI _��RQPQX`&{¼ Z G Z ` VaGJI´¼�NwI Q I { K �RQ IMO S � O ` I ` V �Rq IMO � V � ±ÂV ��Z ��Oyb � O � L�L�VXGJI Z I iwQ VXI `M{ ¼ Z IMO � � N Z G oWq
* I4VXb oWq S GzI4VXIMOEIMG Q I «&U�® NPN^G Y V U^Q^�,¾X{ § ~�Rq^QPY G oWq I ��` O U^_a`yU O { ¹»IMG�VXGJI Z IMO ��` O U^_a`yU O _��RQPQ I ZZ G oWq V �4q IMO QXU O U L \­YJU^_a`yU��4` Gzb Q I Q ~U NwIMO7VaIMO�¼ NwI Q I q��4Q VXI YzQ�{ )HL «MU ~U NwIMO � O�~UXl I Q�� b}N �RUwoWqVXGJI �RQ VXI&OyI Q > Z �4`y` I Y4� O ` G � I Q > ��` O U^_a`yU OpI Q´\
YzU^_a`yU��4` GJb Q I Q ~U NwIMO7VXIMO�¼�NwI Q I Z G Q V �4S*U OWVaI Q VXGzIN�I&G[VXI Q ��Oyb � O � L�L Y ~�RUXl I e L�G ` Æ � � PEU^Q V LTG `2eÀ¾X{g? jyj]L�G ` IMO q ~b qa` IMO ®H_a« � I `��4Q^« O �R` I e o��e ¯ ¦&¦M¦ § ¤�j Q|j UPQ V(IMO q ~b qa` I Q K=I ` Oyb � b Y G ZiY<�RUed ~�4Q^� I Q�e - b Q IMG Q G � I Q § ¤ { ¤}¤�¤ ZiS IMI � Z j S GzI4VXIMO q b Yz`M{¼ Z IMO � � NwI QdZ G oWq G Q NwIMG[VXI Q9\ ~�4YJY I Q�S GzI4VXIMO U L ~�Rq^Q^Y G oWq I ��` O U^_a`yU OpI Q�� VXIMOpI Q9® L � Y G `yU VaI#* IMxVXb orq VXI U^`pY G oWq|_XY IMG Q I&O S � O { ¹»I&G�VaI Q IMO Z ` I Q �¶I orq^QaU^Q^� I Q�S�� OyI Q VXGJI ��` O U^_X`pU OyI Q �RYÊZ b Q b orqQ G oWqX`�_ b Q"- IMO � GJIMO `M{
®HY[Z �*I l IMOpI Q^«*«MU VXGzI Z I Q �*I oWq^QaU^Q^� I Q´S*U OWVXIÌVXGzI ® L � Y G `yU VXI�VXI&O \­YJU^_a`yU��4` Gzb Q I Q I&OyL�G `y` I YJ`M{F �R«MUÂS*U O¬VXI Q OpIMG Q IEK=I ` Opb � b Y G Z Y ~�RUal I�L�G `�Z I q O Y<�RQ^� I Q ` �RUed ~�RQ^� I Q NwIMG l I Z ` IMO Ë I&L � IMO �4`yU OV U O oWq^� I l ~U^q O `ªe ¼�O � IMN Q G ZyZ I Z GJI q I�Ë � N�I YJY I ¾a{ § j { F � NwIMG « IMG �}` I Z G oWq�l b YJ� I Q VXI&O � UwZ � L�L�I Q^q��RQ^�«MS G Zporq I QÂ® L � Y G `pU VXI U^Q V�Ë I&L � IMO �4`yU OG�

f��	� a"c

FHIMOb37IMO �}Y IMG oWq VXIMO ® L � Y G `yU VXI Q VXIMO U^Qa` IMO ZiUwoWqX` I Q½��` O U^_X`pU OyI Q L�G ` VXI Q I Q VXI&O \
YzU^_X`pU�� x` GJb Q I Q�« IMG ��`M� V � ±9G QwZ NwI Z b Q VXIMOpI�NwIMG VXI Q IMO Z ` I Q �¶I oWq^QaU^Q^� I Q VaGJI ® L � Y G `yU VXI Q�l ~U O>VXGJI Z I��` O U^_X`pU OyI Q VXI UP`yY G orqE� O4~b}±�IMO S � OyI Q�{ F � VXGzI Z I��¶I oWq^QaU^Q^� I Q2Q b oWq´Q G orqa` L�G `�_ b QwZi`��RQa` IMO ®H_ x« I � `��RQ^« O �R` I´V U O orqP� I l ~U^q O `]S*U OWVXI Q���Q��Rq L�I Q VXGzI��*I Y4� r �4` GJb QwZi« IMG ` I Q L�G `]Z G Q^_ I Q VXIMO]Ë�IML�x� I&O �R`pU O «MU�{ ¹»IMG _aY I&G Q I Q Ë�IML � IMO �4`yU OpI QdY4�R� I Q�Z GzIÂV �RQPQ VXI UP`yY G orq ~U NwIMO|VXI&O´K=I ` Oyb � b Y G Z xY4�RU"d ~�RQ^� I { ¼ ZES � OpI Q V �4q IMO _ IMG Q I S I Z I QX`pY G oWq I Q ~®HQ VXI&O U^Q^� I Q VXI Z>� �^Z ` IML Z L�I q O l I Z `y«MU xZi` I YJY I Q�{ FHGJI ��` O U^_a`yU OpI Q9S*U OWVaI Q9� I S G ZyZ IMOyL � ±}I Q�Q��Rq I «MU IMG Q^� I l Opb}OpI Q�{ FHGJI Z IMOÌ¼�;kI _a`�S�� OQ��R` ~U O Y G oWq NwIMG VXI Q=_aY I&G Q I Q,®H_a« I � `��RQ^« O �R` I QÂU^Q V9K=I ` Oyb � b Y G Z Y4�4Ued ~�RQP� I Q VXIMO]IMO Z ` I Q �¶I orq xQXU^QP� I Q NwI Z b Q VXI&O Z �RUwZ � I � O ~�R��`M{ F ��Y4�RQP�}S I YJY G � I K=baVXI Q´Y ~�4Q^� I&OyI��*I Y4� r �4` GJb QwZi« IMG ` I Q2q�� NwI Q��S IMO¬VXI QTZ GJIÌG Q IMG Q IMO >RI&G Q^� I l Oyb�OyI Q I Q > ��` O U^_a`yU O]VXb}L�G Q GJI&OyI Q�{ FHGzI ��` O U^_a`yU O�IMG Q I Z IMG Q^« I YzQ I Q\
YJU^_a`yU��R` Gzb QwZ L�baVXIÂx �4Y[Z b I&G Q IMO �7b Z G QXUwZ�lÇU^Q^_a` Gzb Q ~U NwIMOÂVaIMOÂ¼�NwI Q I9xEG Z ` VXIMO � I Z UwoWqX` I Q�\�R`p` I YÊZi` O U^_a`yU O Z I q O ~�Rq^Q^Y G oWq�{�®HU¸Z VXGzI Z IMLtu]O U^Q V Z I q I Q VXGzI > Z �4`y` I Y4� O ` G � I Q > ��` O U^_a`yU OpI QVXIMO �\�4`y` I Y[Zi` O U^_a`yU O ~�Rq^Q^Y G oWq�{ fdI � I Q G q OyI Z 37IMO q��RYz` I Q¸Z NwIMG Y4�4Q^� I Q K=I ` Oyb � b Y G Z Y4�4Ued ~�RQP� I QU^Q V�G q OpIMO � b Z G ` G - I Q ¼ Q IMO � GJI Z G Q V Z GzID* IÉVXb orq �4Y[Z >RI&G Q^� I l Oyb�OyI Q It> \
YzU^_a`yU��4` GJb Q I Q ~U N�I&O�VXI&O¼ NwI Q I «&U GÊVXI Qa` G iw« GJI&OyI Q�{



�����"�.�U� 	 	���� 	����
	��$�
�$&p���
�b�
� & ���U����	#� �
	#� �
	#�!��	 ¾�

( �65 7 � � , + 9 ���&D �.+ 1 : < / 1 +��*8 � +�� /�� �2:ÂD$�>:/D �.+¶@ �

)HL «MU�U^QX` IMO Z UwoWq I Q���S GzI S IMG `|Z G oWq VXGzI�¼ Q IMO � GJI9V U O oWq 3 I&O � OÉ~b}±�IMO Q - b Q ' � P ' � N Z I QP_ I QY ~� ± `M��U^Q V S GJI,VXGJI ��` O U^_a`yU OyI Q�� VaGJI Z G orq V � N�I&GHN^G Y VXI Q����4UwZyZ I q I Q��7S*U O¬VXI9VXI&O f IMO `$- b Q
' � P ' «MS G ZyoWq I Q � P � v § � § ¤ 
 � � � > P�U^Q V � P � v � � § ¤ 
�� � � > P�-�� OyGzGJIMO `M{ F � NwIMG7IMO � � NwI QZ G oWq9��` O U^_a`yU OpI Q=Q I � �R` G - IMO]¼ Q I&O � GzI { F � VaGJI QaU^Q�- IMO S I Q VXI ` I Q fdIMO ` I - b Q � P Z G oWq IMO q IMN^xY G oWq - b Q VXI&L � N � I Zporq ~�R`y«&` I Q fdIMO `;v ¤X¦ ¾ � § ¤ 
�� � � > P»U^Qa` I&O ZyoWq GzI4VXI Q���S*U OWVXI - IMO ZiUwoWqa` VaI Q
f IMO `�- b Q � P Z b «MU S ~�4q^Y I Q�� V �}Z IMOELd~b ��Y G oWqwZ ` VXG oWqa`W�RQ VaIMO ® N ZyoWq ~�4`y«MU^QP��Y<�R�P� � NwIMO´VXGzI¼ Q IMO � GJITVXIMO � ` O UP_X`pU O Q I � �4` G - N Y GJIMN { F � NwIMG S*U OWVaIÂVXIMO ��` ~U^`p«M`WZ ` I YzY I Q�� N Z `��RQ V �4UXl I&G Q I QL�G `p`yY I&OyI Q K=b Y I _ ~UPY4� N Zi`��4Q V�IMG QP� I Z ` I YzYJ`M{ f ~�Rq OpI Q VºVXGJI Z IMO
) Qa` IMO ZiUwoWqaU^Q^� I Q(S*U OWVXI Q VXGJI�K=IMx` Oyb � b Y G ZiY<�RUed ~�4Q^� I U^Q V|VXGzI ®H_a« I � `��RQ^« O �R` I*N^G Z­«MU VXI Q G Q|® N ZyoWq^Q G `y` � { � � I Q��4Q^QX` I Q fdIMO ` I Qb � ` GJL�GzIMO `&{\ ~U O � P � v § ¦ § � § ¤ 
�� � � > P IMO � � N Z G oWq IMG Q I ��` O U^_X`pU O e Z GJI q I ® N^N^G Y V UPQ^�|¾X{°¾ j � NwIMG VXIMO]VXGzI®HUwZiY I Q^_aU^Q^� I Q6�4Q VXI Q u]G `p` IMO � U^Q^_a` I Q x � N � I Z I q I Q�- b Q9\
YzU^_a`yU��4` GJb Q I Q L�G `]Z I q O _aY IMG Q IMO® L � Y G `yU VXIHx QaU OÌVXOyIMG - I&O ZyoWq GzI4VXI Q I!fdIMO ` I �4Q^Q I q L�I Q � � ¤X¦ § ¾ E"> e ,¨N «MSE{ ËHj U^Q V=¤=E^>e ¤ j { FHGJI Z IEVXOpIMG�fdIMO ` I Z G Q V�G Q I&G Q IML�OyI � I Y Ld~� ±�G � I Q K UwZ ` IMO �4Q^� I&b}OWV Q I ` �

, v ¤ v , v
' ' '¤ v Ë v ¤ v
' ' ', v ¤ v , v
' ' '

FHGJIÂ� �4QX` I Q G Q�® N^N^G Y V UPQ^�d¾X{°¾ IMO � IMNwI Q�Z G oWq V U O orq VaGJI Y G Q I � OpI ¿�QX` IMO � b Y4�R` GJb Q «&S G ZyoWq I QVXI Q9��` ~UP`y«4Z ` I YzY I Q�{ FHGzIEOyI �4Y IEK=IML|N^O �RQ�S GzOWVb* I4VXb oWq IMG Q I �}Y4�4`y` IMOyI ��` O U^_a`yU O q�� NwI Q�{ ) Qa` IMOVXGJI Z IMO ®HQ^Q��4q L�I*NwI iwQ VXI `�Z G orq NwIMG�VXGzI Z I&O ��` O U^_a`yU O �RQ * I4VaIML >}¤4x � U^Q^_a` >2I&G QÂ�\�R`p` I Y·{ K �RQq��R` �4Y[Z b �RUXl * I «MS IMG ��` ~U^`p«4Zi` I YJY I QE� I Q��RU IMG Q I Q%�\�4`y` I Y	� GJL � �4Q^« I Q=�4UXl IMG Q I&L §M³ s §M³ xiu]G `p` IMO
�RY[Z b § ¯�;�� ~�R`p` I Y·{¿ÀQ IMG Q IMO �\�R`p` I YÊZi` O U^_a`yU O � GzN ` I Z¶«&S IMG � U^Q^_a` IºL � rPGJL �RY I O*��O ~U L�L U^Q^�^{ FHGzI Z]Z G Q V=VXGzI2¼jrPx` OyI&L �2U^Q V�VXGJI �\�R`p` I Y � U^Q^_a` I {�� G Q V9VXGzIº�µO ~U L�L U^Q^� I Q �RQ��4YJY I Q VXGzI Z I Q � U^QP_X` I Q x S GJI2G Q® N^N^G Y V U^QP�|¾X{ ¾ x7GÊVXI Qa` G Zporq �XZ b%I&O q ~�4YJ` L �RQ�l ~U O]VXGzI2¹»GzI � I&I Q IMO � GJIÌVXb�O ` �Æ � ��� B Piv ' � P ' B � 0 � � B � �RQ VXI Q ¼jr ` OpIML �Æ � ' � P ' B � 0 � � B � ©�
�
 f�A Á �RQ VaI Q9� ~�R`p` I YzQFHGJI Z I�u Y IMG orqaU^Q^� I Q=q�� NwI Q NwIMG � IMIMG �}Q I ` IML���b�I=< « GJI Qa` I Q IMG Q K=G Q GzL U L L�G ` B P�
 ¤ { F �VXGJIE¼ Q I&O � GzIºVXIMO]¼�NwI Q I +HU^YzY G Z `M�^S GzOWVÂVXGJI Z I Z K=G Q GJL U L Q I � �4` G - Iµ¼ Q IMO � GJI q�� NwI Q {¼ Z G Z `2QaU^Q Ld~b �}Y G orq VaGJI �\�R`p` I YÊZi` O U^_a`yU O � I Q��4U�Z b �4UXl IMG Q u]G `y` IMO «&U�Y I � I Q�� V � ± QaU O´VXGzI¼
r ` OpIML �2U^Q V �\�R`p` I Y � U^Q^_a` I �RUal VaIML uHG `y` IMO Y GJI � I Q�{w¿�Q VaGJI Z IML \S�4YJY IMO q��RYJ` I Q=S GzO l ~U O�VXGzI¼ NwIMO � GzI(I&G Q IMO Z b � IMNPG Y VaI ` I Q ¼ Y IML�I Qa`�� O « I YJY I��Ä�� e ¯ � ��� B P v � � ' � P ' B � 0 � � �

� B � j Ã��
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¹»IMG � IMIMG ��Q I ` I Q �µb�I < « GzI Qa` I Q½q��4` VXGzI Z I9u Y I&G oWqXU^QP� IMG Q K=G Q GJL U L l ~U O B P 
 ¤ { � F �4q IMOS GJOÌVXIMO �\�R`p` I Y<� N Z `��RQ V=G Q VXGzI Z IMO � ` O UP_X`pU O QaU O Q b orq V U O oWq VXI Qd��` ~UP`y«4Z ` I YzY I Q�� N Zi`��RQ VÂNwIMxZi` GzL�L `M{ ¹»IMO�~UwoW_^Z G oWqX` G ��` L �RQ VXGzI=¼ Q I&O � GzI9VXI&O ��` O U^_X`pU O «MS G Zporq I Q VXI Q£��` ~U^`p«4Zi` I YJY I Q���Z b
- IMO ZporqaS G Q VaI ` VXGJI Q I � �R` G - IÂ¼ Q IMO � GzI { ¼ Z2q��RQ VaI YJ`TZ G orq �4Y[Z b NwIMG]VXI&O § ¯�; x �R�R`y` I Y x ��` O U^_a`yU OU LBIMG Q I Q u]G `p` IMOpx ® O ` I l��R_a`M{

k0  = 2.0 e-19 J
k1  = 0.0 e-38 Jm^2
k2  =-1.1 e-36 Jm^2
k3  = 0.0 e-54 Jm^4
k4  = 1.0 e-71 Jm^6
A   = 169.20   nm^2 = 103.27 %
kT  = 1.33e-23 J
t   = 320.000  sw

g   = 8.06 e-3 J/m^2 E   = -1364.26 e-21J
EH2 =  3516.68 e-21J
EdH =     0.00 e-21J
EK2 = -8036.70 e-21J
EdK =     0.00 e-21J
EK4 =  3155.70 e-21J

10-fach ueberhoeht
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¹»I ` O �}oWqX` I Q2S GzO QXUPQ VXGzI]��O�~U L�L U^Q^� I Q9�RQ VXI Q u]G `y` IMO � U^Q^_a` I Q´� I Q��RU IMO {�®]Q VXI Q ¼
r ` OpIML �Z G Q V VXGzI���O�~U L�L U^Q^� I Q=�}Y IMG oWq b�OyGJI QX` GJIMO `M���RQ VXI Q��\�4`y` I Y � UPQ^_X` I Q I QX`p� I � I Q^� I Z I `p«M`M{ ¹»IMG[VXI, �RU � `y_ O�~U L�L U^Q^� I Q=q�� NwI Q��4Q * I4VXIML � U^Q^_a` VXI Q¸Z I Y N�I Q ¹»I ` O �R�P{ f GJOºIMO q��RYJ` I Q �4Y[Z b l ~U OVXGJI´L�G `y`pY IMOpI´��O�~U LTL U^QP��� IMG Q I Qd«MU O ®HUwZ Y I Q^_aU^Q^� �4Q��RY b � I Q 37IMO Y4�4UXl]e �RQ VXI Q K � rPGJL �q��R` � VaI Q f IMO ` B � �RQ VXI Q K=G Q GJL �wv B U^Q V �RQ VXI Q£�\�R`p` I Y � U^Q^_a` I Q VXI Q fdIMO ` +HU^YJY j {\ ~U O]VXGzI2u �RU ± ZyoWq I´��O�~U L�L UPQ^� � IMO q��RYz` I QÂS GzO*IMG Q I Zi` ~� O _ IMOpI � Z « G YzY4�4` GJb Q�{ FHGJI´u �RU ± ZyoWq I�µO�~U L�L U^Q^�EQ GzL�L ` �RQ VaI Q ¼
r ` OpIML � VXI Q f I&O ` B PHU^Q V �RQ VXI Qd�\�R`p` I Y � U^Q^_a` I Q VXI Q fdIMO `v B P �RQ�{
)HL
VXGzI Z I ��` O U^_a`yU O «MU|U^Qa` IMO¬VXO ~U¸or_ I Q �RS IMOWVXI Q´S GJO�V �}Z ¼ Q IMO � GJI lÇUPQ^_X` GJb Q��RYwU L
IMG Q I Q Ë�IMOyLIMO S IMG ` IMO Q�� VXIMO l ~U O»IMG Q I Q|U^QX` IMOyI Q � U^` b ;dNwI « ~UP�}Y G orq VXI Z*�\�R`p` I Y<� N Z `��4Q VXI Z*Z b}O ��`M{P®HUXlÇ� O U^Q VVXIMO Zi`�� O _ I Q � Z « G YzY4�4` GJb Q VXIMO�u �4U ± Zporq I Q ��O ~U LTL U^QP� G Q VXGJI Z IMO � ` O UP_X`pU O _��RQ^Q VXGJI Z V U O oWqVXI Q u]O � VaGJI Qa` I Q VXI&O�u �4U ± Zporq I Q �µO�~U L�L U^Q^� IMOpOyIMG orqa`7S IMO¬VXI Q �

�
�
e�� � j PF U O oWq VXGJI Z I Q Ë�IMOyL Z G Q V ��` O U^_a`yU OpI Q L�G `�� O4~b�±}IMOpIML �\�R`p` I Y<� N Z `��4Q V U^Q V�V � L�G `»� IMOyG Q^� IMOpI~®HQ VXIMO U^Q^� VXIMO|��O�~U LTL U^QP� I Q IMO � I ` G Zporqd� ~U^Q¸Zi` G � IMO { F � LTG `Eq��R` L �4QN�4Y[Z2Q I U I Z ¼ Q IMO � GJIMx
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FHGJI � GJL U^Y4�4` GJb Q L�G ` VaIML Z b%I&O S I&G ` I&O ` I Q ¼ Q IMO � GJI lÇUPQ^_X` GJb Q��RY IMO � � N$* IÉVXb orq IMG Q IEVXI&O!> § ¯�; x�\�R`p` I Y >Rx ��` O U^_X`pU O e Z GzI q I ® N^N^G Y V U^QP��¾a{ ¾ j/~�RqPQ^Y G orq I ��` O U^_a`yU O eÀZ GJI q I ® NPN^G Y V U^Q^��¾X{ ³ j {�¿�QVXGJI Z IMO ��` O U^_a`yU O ` OyI ` I Q * I4VXb oWq%QaU O Q b oWq K=G Q GzL ��e ËHj UPQ V%K � r^GzL � e ,(j �RUXlp{ FHGJI Z I*b}O¬V Q I QZ G oWq�S GzI4VXIMO U L�x � N � I Z I q I Q�- b Q IMG Q IMO � ` ~b}O U^Q^� x «MU IMG Q I&O»OyI � I Y Ld~� ±�G � I Q=��` O U^_a`yU O �4Q �
, v Ë v , v Ë v
' ! ' ! ' ! ', v Ë v , v Ë v
' ! ' ! ' ! ', v Ë v , v Ë v
' ' ' 'F � VXGJIdOyI �4Y IdK=IML|N^O �RQ IMG Q I �}Y<�R`y` I � ` O UP_X`pU O q�� NwI Q¨S GzOWV ��iwQ VXI ` L �4Q «&S G ZyoWq I Q VaI QuHG `y` IMO � Y ~�R`p« I Q=�\�4`y` I Y � UPQ^_X` I { K �4Q IMO q ~�4YJ`]Z b%IMG Q I Q9�\�4`y` I Y � U^QP_X`]e !7j � Oyb ��` ~U^`p«4Zi` I YJY I {

k0  = 2.0 e-19 J
k1  = 0.0 e-38 Jm^2
k2  =-4.0 e-36 Jm^2
k3  = 4.0 e-52 Jm^4
k4  = 2.5 e-71 Jm^6
A   = 171.19   nm^2 = 104.49 %
kT  = 1.00e-23 J
t   = 160.000  sw
acc =  0.78    %

g   = 0.104    J/m^2 E   =-17797.99 e-21J
EH2 =  9387.60 e-21J
EdH =     0.00 e-21J
EK2 =-50059.40 e-21J
EdK =     1.30 e-21J
EK4 = 22872.50 e-21J
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k0  = 2.0 e-19 J
k1  = 1.0 e-37 Jm^2
k2  =-4.0 e-36 Jm^2
k3  = 1.0 e-54 Jm^4
k4  = 1.0 e-71 Jm^6
A   = 193.31   nm^2

T   = 1.1e-23 J
t   =   1.000  sw
acc = 36.33    %

g   = -6.356  mJ/m^2 E   = -1228.62 e-21J
EH2 =  1788.65 e-21J
EdH =   862.23 e-21J
EK2 = -8382.15 e-21J
EdK =  3688.95 e-21J
EK4 =   813.71 e-21J

    =   117.99 %
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k0  = 2.0 e-19 J
k1  = 1.0 e-37 Jm^2
k2  =-4.0 e-36 Jm^2
k3  = 1.0 e-54 Jm^4
k4  = 1.0 e-71 Jm^6
A   = 216.04   nm^2

T   = 1.0e-23 J
t   = 112.000  sw
acc = 27.25    %

g   = 15.9 e-3 J/m^2 E   = -3435.73 e-21J
EH2 =  3833.44 e-21J
EdH =  2037.71 e-21J
EK2 =-30115.50 e-21J
EdK = 15235.40 e-21J
EK4 =  5573.27 e-21J

    =   131.86 %
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k0  = 2.0 e-19 J
k1  = 1.0 e-37 Jm^2
k2  =-4.0 e-36 Jm^2
k3  = 1.0 e-55 Jm^4
k4  = 1.0 e-71 Jm^6
A   = 106.84   nm^2

T   = 5.00e-22 J
t   =       0  sw

g   = 4.119   mJ/m^2 E   = -4400.98 e-21J
EH2 =  1803.86 e-21J
EdH =  1882.41 e-21J
EK2 =-13869.30 e-21J
EdK =  1301.20 e-21J
EK4 =  4480.86 e-21J

    = 166.93   %
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k0  = 2.0 e-19 J
k1  = 1.0 e-37 Jm^2
k2  =-4.0 e-36 Jm^2
k3  = 1.0 e-55 Jm^4
k4  = 1.0 e-71 Jm^6
A   = 135.70   nm^2

T   = 5.00e-22 J
t   =  32.000  sw
acc = 46.43    %

g   = 0.06074  J/m^2 E   = -8242.47 e-21J
EH2 =  2283.28 e-21J
EdH =  1269.31 e-21J
EK2 =-16919.40 e-21J
EdK =   964.53 e-21J
EK4 =  4159.81 e-21J

    =   212.02 %
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k0  = 2.0 e-19 J
k1  = 1.0 e-38 Jm^2
k2  =-1.0 e-36 Jm^2
k3  = 1.0 e-56 Jm^4
k4  = 8.4 e-72 Jm^6
A   = 63.92    nm^2

T   = 3.75e-23 J
amp = 1.73     nm
dzmx= 0.51     nm
t   = 120.000  sw
acc = 36.95    %

g   = 0.0652 mJ/m^2 E   =     4.17 e-21J
EH2 =   983.28 e-21J
EdH =    93.11 e-21J
EK2 = -1578.49 e-21J
EdK =    48.38 e-21J
EK4 =   449.55 e-21J

    =   130.43 %
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k0  = 2.0 e-19 J
k1  = 1.0 e-38 Jm^2
k2  =-2.0 e-36 Jm^2
k3  = 1.0 e-56 Jm^4
k4  = 8.2 e-71 Jm^6
A   = 54.66    nm^2

T   = 3.75e-23 J
amp = 1.03     nm
dzmx= 0.28     nm
t   = 100.000  sw
acc = 50.20    %

g   = 0.040 m J/m^2 E   =    -2.16 e-21J
EH2 =   457.89 e-21J
EdH =    51.28 e-21J
EK2 =  -770.72 e-21J
EdK =    15.04 e-21J
EK4 =   244.35 e-21J

    =   111.16 %
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 - � �$#%!5)5("�$�1( * $ �&�1(�!'� �&�$# � �$#(� � - �%�)�9(*� $ l,+ � (�-N)5(.�6(��/-:(����+(�� {
* )5( + $ �0�+)5(�� - �&� ("�$- $ �$�9(��1( %1�$#%�2�(� �&�$# � �$#%�43 �65(5 )7!8�)#%� � p {!�:9¬{ �D)5(�; - #(�9)5(�� $ � $ !21%�6(��+("�
* $ �&�1(�!'� �$�&# � �$#(� (�� � $<5A� � $ -=�7)5( $ (�!7!5(�� 
 ( � � - �9(�� $ !�!5("�?> - �+("� )�� � )8@ + �$#(� �3� (�� $ # (;)7�/(��
�+(�� � -<- ���+)7� $ �9(�� $ @ + �3(���-:(;)'�6(�� { > $ � �

$ �(�A�7)5( *($ �$�9(�!8�B�$�&# � �&#(� $ !8� - $ !8� * #80?0?(:A3(P(;)7�/(��
;C#%� � �9) - �£~# 5 (��D�+("� ��� � @ + �6(E#(�2�F�+(��@1 � � @ + �6( 5 (G�&@ + �1(;) 5 ("� {IH #=�+),(G�6("��;(#(� � �1) - ���&� $ � (��
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� $ ��~# 5 (�� + )�� $ #2�
�)#%���+),(�#(� � (�� $ �+(���> - �+(�� 5 (;) { � $ � 	 ~# + �$� � $.� # � � $ - �+),( * ~$ �$�9(�! #(�2� �+),(
, � �$�9(;0 $ ),0 � (�� � !5(;)'@ + � # (;)7�/(�� �1(;)7�/(���� - �3)�� #2� 	 #(� � �9) - � 
 ("� 5 �9(;)��9(��$�D#(�2���+),(�;I! $ � � (��
� -N)8�&@ + ("� �+(���, � �$�9(;0 $ #(�2� �+(�� * ~$ �&�1(�!7�?�B�1(;)7!5(�� �6)��C� { ��(�� , �/(�� � ),( � (�-N)7�(� -N)���� 5 (;)2�+),(G�6("�
* �$�&# � �&#(� - * (�� 5 $ � $ # 	 (;)��/(�0 � )�� � $ 0 ��$ �2�0�+(�� * $ �&�1(�!,( 5 (��/(J(�� � )5(�!7� { ��),(�, �/("� � ),(4(;)7�/(��
�1(;)7�/(���� - �3)�� #2� - 5 ("� � ~$ @ + ( )8�B�B),0 � (�� � !5(;)'@ + � #E�7(�� �+(�� * $ �&�1(�!'� �&�$# � �$#(� �7(�#(�$!,)8@ + � �4~- ->(�� { � $ �
5 (.�+(�#(�9(�� � � $ - �+(�� , �/(�� � ),( � (�-N)7�(� -:(G�3(�� �$!5)'@ + �)#(��@ + �+),( + ~- + (��1("��> - �+(�� (�� � )5("!��
-N)7��� {
� $?5 (�) �+(;0 
 (��$- (��2�+(��9(��3, �/("� � ),( 	 #(� � �1) - � $ ! �+),( * � $ !5("�/)�� 

$ �1) $ � ��� ( 5 � - @ + (��%)8� � � (�� + ~$ !7�0 $ �?(�)��/( - 
(�1),0 $ !,( �=(��1) - �+(D�+(�� * $ �$�1("!8� �&�$# � �$#%� { � � (;)7�/(�� 	 �9(;)5("�?#(�/(��C�)!5)'@ + $ #2� � (G�7( + � �1(��>G(;0 5 � $ ��-N)7���A�3)8@ + �+),(G�6( �B(��9) - �+(?(�)��2�B�1(�!7!5(�� { , ��- #(���7(�� $ (��&�1( )50 �:(��1(�)8@ + 
<- ��(��B- $
J���� 5 )'�
	 � � � ( 	 #(�2�+("� { �6#(��@ + * � $ !5(�� �$� $ �2� 	&$ �90 $ �9) - �0! $ �$�6("���6)8@ + �+),(G�6( $ (��&�1( $G5 ("� $ �( � 
2(��9)50?("�)�9( !7!5( � $ �1("� $ ��
 $ �$�3(�� { ��("� $ (��$� �+(�� �=(��1) - �+( � �7(�� �3)8@ + $ #2�:(;)��8(�� $ � $ !21 �1)8�&@ + (���65 �$@ + ~$ � � #(� � (�� � $<5A� �B�1)50E0 �*0E)�� �7(;0 � #/0?("�1)8�&@ + (�� $ (��&� $ # 	 (��B- $ p ��� ~# 5 (��1(�)�� {
��)5( %6�É~- -.(�� - ���)#(� � �+),(G�6("� * �&�$# � �$#%��!5),( � � � #(� 5 (;)=(;)��8) � ("��� )8�7)2
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<- � (;)��8(�� #(�/(;)7� � (.�$@ + �4~$ � � �9(�� %È~#(!7�1) � � (;)�� (;)��8(�� � - �)�9)�� #/)5(��&!5)'@ + ("�8 + ( - �9)5( $ #2� � # � ( � $ � � (��A- (����7(�� { L�(�#8(40 - !5( � #(! $ ���;1 � $ 0?)8�&@ + ( � (G@ + �)#(� � (���
 � p�� � ��~#(� � (��

$ !�!,(����7)�� � ���+)5( , � )'� �1("� � (;)��8(�� *($ �$�9(�!8�B�$�&# � �&#(� {�� #2@ + � ) 5 �"(G��(;)7�/( ~ 5 (��9(;)��2�B�1),0?0 #(� � 0?)��(;)��/) � (�� �+(��D)�� �%$ 
/)7�1(�! �D� $ � � (G�B�1(�!7!��9(�� ( � 
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<- � �+(�� $ $ + !2�+(�� � $ � $ 0?( �
�1(�� $<5 + ~$ � � (�� { � $

� (;)7�/( + )7�(�1(�)8@ + (��2� � ("� $ #/("�P( � 
2(��9)50?("�)�9(�!�! (���>G(+- -:("�$�1( � #%� � ��
 $ �&� #(� �
�+(�� �/(�#?(�)�� � ( 	 ~# + �&�1(�� > - �)#(!7�?( � )8� �9)5(��9(�� � �6
/)5( � (�!7�
�7)5(G�3( � $ � $ 0?(��1("��� $ � ��$G5 + ~$ � � ) � � (;)7�
� $ �
* 
2( � �&�$#/0 0d~-�� !5)8@ + (��J( � 
2(��1),0?(�� �1(�! !,(���� $ �1(��/-N)5(G�+("� { ��(�� * 
/)5(�!7� $ #/0 )8�B� � $<5 (;) 	 ~#(� �+),(

 (����&@ + ),(G�+(��8(�� %1�É~- ->("�*#(� �1(����$@ + )5(.�)!5)'@ + { *<- �

$ �(���+),(�, �8(�� � )5( $ ("�$�1( 
<- � 5 )8� � # � � ��� �7Q
$ �(�/( + 0?(�� { ��(�� ;I! ~$ @ + ("� � # - $ @ + � !5),( � � $G5 (�� � #(� � -N)'�$@ + (�� � ��� #(�2� � ��� #(�2���+)5( - 
(�1) �0 $ !,( �B("�1) - �7( � -N)8�&@ + (�� J � � #(�2��	 � � { ��(�� � � - ->( ��$ �1) $ �1) - �2� 5 ("�1(;)'@ + �+(���, �/(�� � ),(?)8�B�

<- � $ !7!5(;0 $ # 	 �+),( �$@ + !,(G@ + �1( �"- �2�7)��1) - �/),(��$#%� �3� #(��~#2@ � � # 	 ~# + �1(�� { �D)5( �:(��$�É~$.� (*�7(�� , �/(�� �
� )5( 5 (�)��$�É~$.� ( �+(��J(;)�� � (�!��8(�� * #/0?0 $ �2�+(����+(G�@, �/(�� � )5( 	 #(� � �1) - � $ !'�6- $ �1(�� 5 (;) �+("��0?(�)8� �9(��
� ( 	 #(�C�+(��/(�� * $ �$�9(�!8�B�$�$# � �&#(�1(��/�+("#(�$!,)8@ + � �4~- -.(�� $ !8�E�+),(�%D(G� $ 0 �1(��8(�� � )5( { � $ + (��E�1( $.� ),(��$�9(
�+)5(G�3( 5 (��1(�)���� $ # 	 �9(�! $ �1) 
 � !5(;)7�/( ~� �2�+(��&#(� � ("� (�)��/(G� > - � #(!8� {
��)5( , �/(�� � )5( 5#$ �$�9)5(��9(N(��$-N),(G� �6)'@ + 5 (;) � $ � $ 0?(��1("��� ~$ � � ("� � �+(��9(���, �8(�� � )5(1�)#(�T(;)7�/) � ( �RQ�� #%� �
�1(�� L6#(!�! !5),( � � ��$ !8� �3( + � + - @ + { * )5(�!5),(�-E�3)8@ + �)#%� 5 (;)�� $ � $ 0E(��1(����M~$ � � (�� 0?)7�U("� + ( 5 !5)8@ + $<5�� ( �
�6(�� � �1(�0 , �/("� � ),(;0?)7�/)50E#/0 0?(G�&�6(�� { � � �+(�� $ �2�+(��9(�� ;*~$ !7!5(��D!5)5( � � �3)5( �A� #/0E)��2�+(.� � $ # 	 �+(;0
� v � � v � %D)��&�1(�� � � - + - @ + � � $ -D�6),( �/)8@ + � � #P0E(G�$�3(�� - $ � { ��)5(A 6��� $ @ + ( � $ 	 ~#%� � ~- �%�)�9(N)�� �+(;0
#(� 
<- !�!'� �4~$ �2�+) � (��?, �8(�� � )5( 	 #(� � �9) - � $ ! 5�� - { )7���+(�� � #C� - $ + ! �+(��@8�(��10E( 3W)��2� 5 (G� - �2�+(��9(?�+(.�
� � (G� � � !5),(G�)�9(��10 � � 9 !5),( � (�� { , �U)'� � - $ + ���$@ + (;)7�(!5)'@ + � � $ -E� $ �)#(��@ + �+)5( � ~- + ( �+(�� , �/(�� � ),( 5 $ � �
�1)5("�1( 5 (;(;)�� � #�- � #(�2��� $ 0?)��1�+),( ~ 5 (�� � $ � � � � (�)�� � -N)8�&@ + ("���+(�� 
 ("���$@ + ),(G�+(��/("� * �$�&# � �$#(�9(��
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* 1(�B�1(;0 � $ # 	 ! $ �1(�� $ !,( * 
 $ �(�)#%� � (�� { >G)��T(;)��8(;0
(��$- (;)��9(��$�9(���, �8(�� � )5( 	 #(� � �9) - � $ ! -º~$ �1( � 5 (�)
�/)5(G� �1) � (��1("� , �/(�� � ),( 5 $ �&�1),(��1( � (;)��/( � �&@ + �8(�!�!,(��1( � � ( $

� �1) - � �+(G� * 1(�B�1(;0 � $ # 	 ! $ �1("� $ !,( * 
 $ � �
�)#(� � (�� � #?(��$- $ �&�1(�� { ,*)�� ~ 5 (�� � $ � � )7� �+)5( , 5 (��/( � - �(�)�9( � 
 (��10 #(�$!,)7@ + -:( � (��?�7(�� + - + (��, �8(�� � )5( 5 $ �$�9)5(��9( � �/)8@ + � � ( 	 #%�2�+(��A- (����7(�� { ,*)�� � (����$@ + -N)7�2�+(����+(.��, �/(�� � )5(�0?)��/),0E#2� 5 (�)
� � - ->(��=! $ �1("� $ !,(�� * 
 $ �%�)#(� � (�� � - �(� �1( 5 (�) �+(��F#(�)�9(����B#2@ + �9(�� * 
 $ �(�)#%� � (��=�/)'@ + � 	 (G�B� � ( �
� �1("!�!�� -:(����+(�� { �D)5(�! $ �1(�� $ !5("� * 
 $ �(�)#%� � (�� � �+),(D� $.� #C)��0�+),(G�6(;0 > - �+(�!�! 0?)��C�+(G� �9(��2� �­~- �9) �
� (�- (G�6(�� -º~$ �1(�� � !,)5( � (�� �+("#(�$!,)8@ + ~# 5 (��1�+(�� H ("�$�1(�)2- �6
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>G)��D�+(����>(�� #(�C�+(��/(���� $ �&�1(�!'� �$�&#�� �$#(�D! ~$�� � �6)'@ + (�)����O(;)7! �+(��4)7��� $�� )7�1(�!�� 5 (G�$@ + �1),( 5 (��/(�� :(�� #(�2�+(c(��!� ! ~$ �1(�� { ��(�� ;I! ~$ @ + ("��"�# - $ @ + � �)#%��@ + �+)5(#� $ �&�1(�!'� �$�&#�� �$#(�$�>(%�.(���~# 5 (�� �+(�� � � - A3)'&
";)5(��&�1(�� ; ! ~$ @ + ( 
<- �(� ��� 5 )'� � ��� 0 $ @ + � 
 (���� �4~$ �2�)!,)8@ +*) - $ �&#/0��+)5( � (G�6)+�<(�!�� 5 (;) �+("� �-, � - &
��. > �/)8@ + �/"�(��$�9)8�$�3(����6)7�2� {10 !7!5(����+)���� ��)8�B�E�+),( � ( $ �)�9) - �C�2�>(.�$@ + -N)7�2�+)'�3�<(;)�� $ #4� �+)5(5� � $ ��&
�)#(�6�>(�� ) -N),( - 5 ("� �+)8�7�)#%�1)5("�$� ) ),0 0 - 0?(�� � $ �8(��E> - �+("!�!2� - @ + "�#8� � -9�P{ $ (%�>("� �+(��-"�#2�&~$ �:"%&
!5)8@ + (���;I! ~$ @ + (E-º~$ �1("�;& 5 (;) $ #C� �1(�)8@ + (��2�+("� � ( $ � �1) - �2�2�.(G�$@ + -N)��2�+)+�9�<(;)7��&��7)5( $ #4� �$�1("�1(��2�7(��
� � $ �%�)#(�6�>(����)!,(;)��/("� { �D(��?; ! ~$ @ + (�� 5 (G� $ �2� )8� � $<5 (�� - * (�� 5 $ � �+(��(� - @ + �/)8@ + � 
<- !�!'� �4~$ �2�+)+�
$ #2�?�7(�� ~ 5 ("��� �&�$#�� �$#%� #(�C���+(���; !�#�� �$# $ �1) - �/(���"�#��7(G@<�<("� ) � $�� (.�6)'�<("!���0?)7�
�.(��1)7���>(;0
;I! ~$ @ + ("��~# 5 (����&@ + # � 
<- �1�+(;0=.\)7�
� �1),(��1("� � �&� $ * ("���$@ + (;)7�/(�� 
>� " � {
0 #
� $ � $ ! - �>( $ (;)'�6(?� $ �(� $ #2@ + �+("�1;I! ~$ @ + ("��~# 5 (����&@ + # � �+(�� 5 (;) �7(��1��(�� - �10 $ �1) - �?)50 (�!5(%�4&
�$�1)'�$@ + (�� ;/(�!'�
�>(�� #(�C�+(��/(�� � ( �/- �1)8�&@ + (�� � � (G�6)+�<(�!�� 
 (����B� $ �C�+(�� -:(����+(�� { ��),(1�)#(��@ + �+)5(@� $ �:&
�1(�!'� �$�&#�� �$#(�N(�� + ~- + �1(�� - 0 � !5( � )��É~$ � �+(�� >G(;0 5 � $ �/(��8� ~- �%�)�9( $ #2@ + ""#(�?. �:�)!À~$ �$#%���?�7(��1��)8�7&
�)�9( � $ �6"��+(�� >G( � - (��$�9(��+("� 5 (;)8�7(��?)��A� {CBa{/� �+)8�7�)#(�9)5(��&�1(�� >G( �;
 (��2� $ + �1(��#"�#(�D :(G� �9)50?0E#%���
�+(��$ :)5(E�>(G�B�1(;) � �9�<(;)7� 5 (;)��&� $ �>(�� {
��(�� + )5(����.(�� #(�2�+("�/(�;I!À~$ @ + (���~# 5 (����$@ + # � )8�B� $G5 ("�F� !5(;)7�/(�� $ !'� �+(�� )��0�+(��$� + ( - �1),(��+(��N)7�2�)#�&
";)5(��&�1(�� � $ � �$#(�6�43 �6),( + (8� {CBa{CB:915 (��­~- �1)+� �1( { .*)��/( �)#(��@ + �>(�(;)'� �/(��1( 0 � - ���)� #(��� 
<- �G� $ �$�9(�!'&
� �$�&#�� �$#(�9(��?(��:";(�#�� �1( ��$ # + )'�9�<(�)�� �+(�� >G(;0 5 � $ �#� ~- �(� �1(:A3(.� - @ + (;)��/("� + )��%�1(;)'@ + ("�2�H� � -3� (��
;I! ~$ @ + ("��"�# - $ @ + � + $<5 (�� { .*)��/)+�>(5� �$�&#�� �$#(�9(�� ) �+)5( � $G5 (�)I""#�(��&- $ �$�1("�=�6)7�2� 3J" {  {�� ("�$-:("�!&
� #(���>("� 9 ) !,)5( � (��0�6)8@ + 0?)�� �+(;0 + )5(�� 
 (��&-:(��C�+(��1("�*> - �7(�!�!*"�#%�1� $ ��� �1("!�!�#%���?�7(���>G(�0 5 � $ ��&
- 5 (�� � ~$ @ + (��/)8@ + � �1( $ !5)'�6)5("�1(�� {
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