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Mit Zeilenumbrüchen und mehrfachen Leerzeichen
Ohne Zeilenumbrüche und mehrfache Leerzeichen
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-��x�0!)M),,�&*&/ 5KG 
 �:��#�=2!)f0Ib#';�4x� S/�+#F�68 ? Ib�x���+!)*,�+* /�M �+!$;�4<^~�f�@8 �+!$M$8v�+*x=r�0IU��M)M98 �t:L8j,x�z�7-TM9R
f&4H�~�i�68�/��DCFE�� 5P� !)5 ] �f�'/�M �6!);�4 ? �&5 ���z�08�#';�4x�+* U (���f,�&#f�2�a�x� ��*&,x�z�v� -TM)f&4H�R�d� 8�/�� CIE��+*�f�'/�! �08c#'!);�4 �+!$*
D�4&*&M)!$;�4x�+# 7�!)M),r�

α
/�! �L8��+#C/��6*H�~�

α − 1
H #v�f�0,&( B (��@8 �k,x�f���dD�*&/~� 5~� � � �:��5A!$8 ,x��#C*>D�;�4&#@8 �kH #F�f�LR

,&( B (~�'8 !$5 Vu�t:X8.�+!$* #'(�M);�4x�6#�J !)* ? �+!$;�4x�+*�B�(��'87!)#@8 1d5.�&#'#.�~�0I �+!)*e=r�+!$;�4x�+*�1d,H��#7*&!$;�4<8
,H��#��<�f�z� ? �+!);�4,�+* !$#'8+1 ,H��#��<�z�f� ? �+!$;�4x�+*hIb(�M)/~�+* � �"! ��Y ��4x�'#�;�4x�6!)*&M$!);�4&%R�+!98C4&! �z�'Ib�x�g!$#'8
P1 = ((α − 1)/α)(1/α) = (α − 1)/α2


NH #v�z�&,&( B�(��'8v�7,x�z� �dD�*0/���� /�! �08
�+#
(α − 1)2

�
�"! � Y ��4x�'#�;�4x�6!)*&M$!);�4&%R�+!$8 Ib�x�d!)4,�3-��0Ii8v�v�68v�+* !)#'8

P2 = ((α−1)/α)2(1/α) = (α−1)2/α3
�

-"M$M)/��65��6!)* !$#'8 ,&! �EY���4x��#';�4x�+!$*&M)!$;�4&%~�6!$8
Pn

Ib�x� ,H��# -��LIi8 �v� 8 �6*��6!)*x�6# H #F�f�&,0(WB�(��@8 �+#�,x�f�
�dD�*&/��

n
*h�x�c^�(�*

n
�&*&,

α
�~�&4>D�*0/�!)/��&*0,
/�M �+!$;�4

((α − 1)/α)n(1/α)
�

_�;�4�^~�f�'B �+*0,x�68v���6!)*x� -TM)fH�R�d� 8�/�� CIE�� ^�(�*d5P�,� ���f�:M �68 ? 8 �.�~�&#�/~�6Ib�&M$M$8 �7H\�&*&%�8 /2��* ?�v�6;�4<8�# �d�6! �+!$*x�+5 F"D~�0e&/�%~�6!$8�#@B �z�'8�^�(�*��68�B � 5P�~�,� �~����!)* -��x�&!$M),x�0*&/ 5KG �i�+#@8 �+4�8A!)*
Yh! �'%XM$!);�4&%R�+!98 �~�0#�] ^~�f��#';�4&! �6,x�+*,�+*
H �0*&%�8 �+*210,&! ���&*h�&*�8 �z��#';�4x�+!$,x�H�~� *H��44�d�6! �6!)*H��*0,x�f�
M)! �+/��6* �&JX! �:�F�+fx��D�#v�6*<8�! �z�v�+*C,&! � ]7^��z��#';�4&! �6,x�+*x�6* J !)* ? �+!$;�4x�+*�B�(��'8v�~�K���z� *>D�;�4&#@8 � Hb�Z��%�d�6!d� 8�B �;ZR�����:Bc! ��,l^�(�*g,,�+*�= B �+! ? �+!$;�4x�+*�B�(��'8v�+*C/��z�&!)M$,x�68+12�&*&,g#'(7Ib(��'8f�<,H� ? Bc!$#�;�4x�6*
,x�+*�7�!)M),,�&*&/�#@B ��4,��#�;�4,�+!)*0M)!);�40%~�+!98 �6*`Ib�x�EH #F�f�&,&( B�(��'8v�:,x�f� � D�*&/��

n
�&*&,

n + 1
!)5A5n�f�

,x�f�:Ig�6#'8 �n�Y��%�8�(~�
(α − 1)/α

�i�+#@8 �64<8��&*&,0�+# !$5l5n�f�+�&5 ,x�6* �Y��%�8�(��
α
5n�+4x� H #v�z�LR

,&( B (~�'8 �G,x�z� �dD�*0/��
n + 1

/�! �08 1�#�!)*0, ,0! �GHu�f��%<#j�~�LI",x�z��:XR - ;�4&#v���F�6B �+!$M)# �&5 ,x�6*
#v�6M �i�+*+7 �68 �v��/j/��+/��6*x�+!$*H��*&,,�f� ^��f�'#�;�4&(~�d�6*�1LB D�4x�F�+*&,g#'! �c!)* \�R �c!);�4�8 �0*&/��z�d�6*0IU��M)M$#\�&5
=��  ���! #"

α
6�,5& < �0� �.�0% �	�.���! >��% & /�7 C-����%5%>�������! 5�.%2,+�54>%5��������% E

<I]



,x�+*0#v�+M �d�6* 7 � 8 �v��/�B ��;�40#v�+*r� � �
��� ,0! � �v�6M ��8�!$^~�+*AF"D~�Le>/�%~�6!$8v�+* Ib�x� #v�+M98 �6*x�8J �F�+!$/�*&!)#'#v�EB �+!98 �f� #@8 �v�z�x�+*j��M)#aIb�x� 4>D~�LR

e>/���1LB �f��,,�+*C,&! �"Hu�f��%<# !)5A5��z�D�,�v�+!98 �z�+1<B �6*&*C5j��*j�~�0Id,x�z� :<R�- ;�4&#F�:*H��;�4 M$!)*&%<# /~�+4�8Z�
����#"^IC�M)M)!$/�� -�� � C�#v�6*�,x�f�:Hb�Z��%<#@8 �v�0%<8v�x�:Ib�x� FTD~�0e>/�%~�+!98 �6*�%XM �+!$*x�f����M)#T;Z�+]`%���*0*

5j��*A#'!);�4A*H��;�4A,x�+5 �0!)#�4,�f� /��+#v��/�8v�+*AM �+!$;�4�8 �f��%<M)D~�v�6* 
 �F�+*&#F�+!98�# �+!$*x�f� F"DR�0e>/�%R�+!$8 ^�(�* 5
/�! �L8 �6#E*&(X;�44�&*x�6*&,&M)!$;�4`^X! �6M �TB �+!98 �z�v� Hb�Z��%<#61&,&! �T*&!);�4�8 ,&! �F�+%�8E!$*+J\��#';�4x�+!$*	�0*&/�8 �v� 8 �6*
%FC�*0*x�+*�1�,H� %~�6!)*x� FTD~�0e>/�%~�+!98 �6*�%XM �+!$*x�f�N��M)# 5
�~�0Ii8v�v�68v�+* %cC�*&*x�6* ���"! �E-��0#�M DR�0Ig�f�a,&! �6#v�f�
!)5A5��z�N�x�F�+!98 �f�aB �z��,x�6*&,x�+*`Hu�f��%<#�M$!)*&%<#�,x�z��\�R�- ;�4&#F� �z��#';�4x�+!$*x�+*j��M)#�,0! �E/�M �+!$;�4&5`D�#�#�!$/��
F"D~�LIg�&*&/���*
Z��lE�f,�&*&%�8 �6* �d�6!�#v�64x� %XM �+!$*x�+*GF"DR�0e>/�%R�+!$8v�+* �
p�
 (�
6( ���T %����. /*& 1��-2 g�%�iqMO���!3�#K QP#X 

_�* � �3!�5K]I]2� � Bc! ��, ? �&*>D�;�40#'8
�~�0;�4 ,H��#�=2!$f0Ib#�;�4,� S��6#v� 8 ? Ib�x��/�M �6!);�4�^��z�'8v�+!)M98 �s=r�0IU��M$M$8 �t:X8 ��&*�8 �z��#v�0;�4<8f�X�"(��'8 Bc! ��,�,&! �E�x�&M$!);�4x� -��0Ii8v� ��/��0*&/;	 FTD~�0e>/�%~�+!98 �x�i�f�6� ��*&/ �d/��6B D�4&M98Z��JX(
�f�'/�! �08 #'!);�4n�+!$*x�cU/�x�'^~��1<,&! �E8v�v�6f&fd�6*H�~�@8�!)/ !$*`J<8 �0Ig�6*j�~�LI D�M)M98 �&*&,A#v�64x�D�v�+/~�+M)5lDFE�!$/"5���M
�x�i�f�D�&*&,`5���MH�&*�8v�f� ,,�f��U��,�'^�� Ib�x� *H��8��x��M$!);�4x�cVb�	:X8 �TM)! �6/�8Z��_�*`,&! �+#v�65 �+!)*0/��+#';�4x��D�*0%�R
8 �6* JL!$*&*x� /�!)M98 ,H��# =2!)f0Ib#';�4x�"S��6#v�68 ? 8 ��8�#�D�;�4&M$!);�4��~�&;�4lIb�,��/�M �+!$;�4<^~�f�@8 �+!$M$8v�8=r�0IU��M)M$#'8v�	:X8 �
Bc! ��!)* � �3!q5K]F]2���-�d�64H�~�&fL8 �68f���"! �+#a4>D�*&/�8�,&! �F�+%�8�5A!$8 ,x�z��(��i�+*.�i�+#';�4x��! �f�i�+*x�6* VN��8�# ��;�4,�
? �&#v��5A5��6*�1>,H��#'#+�6# α

5���M�5n�+4x� H #v�z�&,&( B�(��'8v�7,x�z� �dD�*0/��
n + 1

/�! �08 ��M)#c#�(�M);�4x� ,x�z�
�dD�*&/��

n
1>,,�f�v�6* ] (~��%�(�5l5n�+* �~�i�f� �&5 ,x�+*��Y��%�8�(��

α/(α − 1)
B ��4x�'#�;�4x�6!)*&M$!);�4x�z�T!$#'8Z�

7 �f�v�6!$8�#�!)* � �3!q5K]F]2���LBc! �', ��*&/��z�v�+/�8 1�*0!);�4�8'R /�M �6!);�4�^��z�'8 �6!)M98 ��=r�LIU��M)M$#'8 �t:X8 � ? ���&*�8 �z��#v�XR
;�4x�+*21�,H�c,&! �D�i�+(~�H��;�4�8 � 8 �+*�JX8 �0Ig�6*7!$* ,&! �+#F�+5 �Y��M)M ��^��z��#';�4<Bc!$*&,x�6* Bc�,��,x�6*�1W,H�T*h�&* ,&! �
Y���4x��#';�4x�+!$*&M)!$;�4&%~�6!$8 �+!$*x�+# Yk(��'8v�+#c*&!);�4�8c5n�+4x�cM �+,&!$/�M)!$;�4`^�(�*G#v�6!)*x�z� � D�*&/����~�&4&D�*&/�8f�
�+�f�TS��6,H��*&%R�jBc! ��,G!)* � �d!�5K]I]2� �d#v�6M �&#@8+�~�d�z�c*	�,� �F�&,&!$5��6*<8�D~� ,x�x�';�4&/�� Ib�&4x�'8f�N�"(��'8

B �z��,x�6*[M �6,&!)/�M)!);�4 =r�LIU��M)M$#'8 �t:X8 �:5A!$8c-"M$f&4H�~�i�68�/��DCFE��+* ^�(�* �n�0*&,��n�&*�8 �z��#F�&;�4�8 12,,�f�v�6*
=r�+!$;�4x�+*&4&D~�0e>/�%R�+!98 �+* �&*&/�M �+!);�4��~�i�f� Bc!)M$M)%<�x�'M)!);�4g^~�f�@8 �+!$M$8 #�!$*&, �V7 �z�v�+!98�#c,&! �+#v�6#:Z
(X,x�6M)M
�&*�8 �z��#'8��08 ? 8/�~�i�f�c,x�z�08�M$!);�4C,&! � ] �z��5.�L8 �&*&/01>,H��#�# ,&! � FTD~�0e>/�%~�+!98�#@^��f�@8 �6!)M �0*&/l,,�f�
�+*�8'R
#'8v�+4x�6*&,x�+*[H #F�f�&,0(WB�(��@8 ���6!)*x�z� �+;�4�8 �6* =2!$f0Ii^��z�'8 �6!)M �&*&/�*>D�4,�f�c%�(�5A5n�+* �
Yh! ���6*�8�Bc!);�%~�6M)* ,&! � ? �&/��v�0*&,x�+M$! �6/��+*&,,�`_�,x�z�g4&! �z� B �+!98 �f���&*&, #@8 �+M$M �6* ,&! �4�H� ��/~� 


Yh! � B �6!$8T/��+4&(~��;�4x�6* =r�0IU��M$M)#'8v�	:X8 � ,x�65 =2!)f0Ib#';�4x�+*=S/�+#F�68 ? 1N,&! � ,&! ��=r�6!);�4x�6*<^~�f�@8 �+!$M �&*0/
*H��8��x��M$!);�4x�z�"JXfx� ��;�4,� 5fC�/�M$!);�4&#@8c/��+*H�R��#�!$5.�&M$! �f�F�+*0\:-"M$#87 �+!$#�f&! �+M<�i�68 �v��;�4�8 �6*�Bc! �c,H��#
���f�L8�#�;�4,�~� �"! �`�:� 8 �+* B �f�',x�+* !$* -+�x�&!)M$,x�&*&/U5&ZG5A!$8j,x�z�?=2!$f0Ib%h�x�'^~�`,x�6# ,x�f�L8�#�;�4,�+*
UT(��'fx�&# ^��z��/�M$!);�4x�6* �h���x� ,&! �+#F�T���~��#@8 �+M$M �&*0/ Bc! ��,A,&! �EIb�x� ,H��# =2!)fLIb#�;�4x�TS/�+#v� 8 ? �x�&M$!);�4x�
-��0Ii8v� ��/~�&*&/�^��z�'B �+*&,x� 8Z�
�T! ��J\��/��z�&*&!$#�#v�jM ��#�#v�6*C#�!);�4CIb(�M$/��+*&,,�f��5��FE��6* ? �&#v��5l5n�+*LIU��#�#F�+* 

5����+�i�f� B �+!98 � JX8 �F�+;�%R�+*�^~�f��M �~�0Ig�6*��i�+!$,x� U/�x�'^~�+*�*x��4x� ? �
fx�~� ��M$M �6M@�
�-� Y%�+#v�6*�8�M)!$;�4x� -���B �+!$;�4	�0*&/��+* /�! �08.�6# *h�x��!)5 7 �z�v�+!$;�4 #v�64x��%<M �+!$*x�f�7F"D~�Le>/�%~�6!9R
8 �6* 	g�v�6;�4<8�# � 
��T! � ,x�z�08�#';�4LR�#'!)5.�&M$! �z�v�+*0,x�CU/�x�'^~�C^~�f�'M D~�0Ii8 ,0(��'8 � ��;�4x�f�n��M$#�,&! �
*H��8��x��M$!);�4x� U/�x�@^��R�d�"! �6#v� 5j��;�4<8 ? Bc!)#';�4x�+* �+��*0/ 5P�����4�&*0, 5P�~�����4�+!$*x��%<M �6!)*x�
7 ! �+/��&*0/A*x��;�4��0*<8v�+* �

= � ����� �����0%>%5����%D(5%�7�65,5&�7$78,+(>���! ,+��% /�:)4�&)�$�0"$ >;<��7��! 5��% � &���7 "�& 3D4�/0�.���! 5�%7>&�&#"$:)����%2�5< ��7$�! >��% �)��� �
7��! 5���.,+�.%2� ���$"$�.% A9�?<��.�0/�78��% 4�/0�.���! >�%B:3>7 " 6 %�,+�B(5;=4)�?< &)%>,+��/0"�<��.��,5��% E

�2�



 1e−05

 1e−04

 0.001

 0.01

 0.1

 1

 1  10  100  1000  10000  100000  1e+06

H
äu

fig
ke

it 
de

r 
W

or
te

 (
no

rm
ie

rt
)

Rang

Simuliertes Deutsch
Echtes Deutsch

-��x�0!)M),,�&*&/ 5KZ 
N�:��# =2!$f0Ib#�;�4,��S/�+#v� 8 ? Ib�x���6!)*x�6*[���z�08�#';�4LR�#'!)5.�&M$! �z�v�+*0,x�+* =r�0IU��M)M)#@8 �t:L8+1
^��z��/�M$!);�4x�6* 5A!$8:,x�65 ,x�f�L8�#�;�4,�+* U (���fx�0#f�aZ
!$8� �+��*&/ ��!$#'8 ,&! �AO+�&5A5��z�:!)*=,x�z� *H��;�4
F"D~�Le>/�%~�6!$8`#�(��@8�! �z�'8v�+* �3!)#@8 � ��M)M �f��^�(��'%�(�5A5n�+*&,x�6* � �d�z� � D�;�4,�+*0Ib(��'5��6*��i� ? �6!);�4&*,�68 1� ? B�� ,H��# � �h�&!9^~��M �+*�8AIb�x� �+!$*x�+* =r�0IU��M$M)#'8v�	:X8Z���"! �
F"D~�Le>/�%~�6!$8A!)#@8A*&(���5A! �z�'8n�~�LI ,H��#
�F�6B �+!$M)#c4>D~�0e&/�#'8v� Yk(��@8Z�

<,�87 �65��z��%~�6*&#'B �f�@8 !$#'8 10,H��#�# !$*L�d�6!),x�6*
U/�x�@^��6*�� 8�B � ? Bc!$#�;�4x�6*�� ��*&/�5P�.�&*&, 5P���
#v�64x� D�4&*&M$!);�4x� -��0#v�x�&;�4�8v�&*&/��6* *H��;�4 (~�d�6*.e>*0,x�+* � _�4x� JL;�4�B �f��f,�&*&%�8 M)! �+/�8:!$5
�Y��M)M �",x�6#�=r�LIU��M)M$#'8 �t:X8 �+# �i�+!<� 8�B ��#T%<M �6!)*x�z�v�6* � D�*&/~�+* �

�x� �"! � �z��#@8 �+*�	U�i�+!$,x�+*9��Yk(��'8v� 8 �v� 8 �6*`!)5 ���f�L8�#�;�4,�+* Vb�	:X8 �cIU��#'8 /�M �+!$;�4A4&D~�0e>/��~�0Iw�
�"! �+# 8 �'!$Ii8��~�0I ,x�6* #'!)5.�0M)! �z�'8v�+* Vb�	:X8 *&!$;�4�8 ? � �����x��;�4 ,&! � ] �f�'/��DCFE��f�F�&*&/�,x�6#
Z �FE�#'8 �R�d�6#AIb�x� %<M �6!)*x� � D�*&/�� !$*0Ib(�M$/�� ,x�f� M$(�/2�~�'!$8�405l!$#�;�4x�6* -��0Ii8v� ��/��0*&/.8v��!98�8
,&! �+#v�z�
�&*h�d�6,x�f�08v�+*&,,��AT*�8v�f��#';�4&! �6,��x�i�f�'5`DcE�!)/�,x�z�08�M$!);�4C4x�z�'^�(~�f�

_�*0#�/��6# ��578C%���*0* 5���* #v��/��+* 
 �:��#o=2!)fLIb#�;�4x�.S/�+#F�68 ? M)D�#�#@8C#�!$;�4 !$*��d�6!)*H��4x� �&*LR
^��z��D�*&,,�f�'8v�f���K(~��5 �R�&;�4
!$*C#�!)5��&M)! �f�v�6*&,x�6* =r�LIU��M)M$#'8 �t:X8 �+*L�i�+(��x��;�4�8 �+*r� ����5l!98c!)#@8c,&! �
] �f�'5.�08 �0*&/A^�(�* �d!�� �3!q5K]F]2��� �d�6#'8�D 8�!)/�8
�&*&,Gfx��D ? !)#'! �f�@8Z�
�T! �+#F� 7 �+(��x��;�4�8 �&*&/ #'8 �6M)M98 ,&! �g8�! �6Ig�z�v� 7 �6,x�f�08v�&*&/ ,,�+# =2!)f0Ib#';�4x�+* S��6#v� 8 ? �6#`!$*&#@R

/��+#v��578 #@8 �~�'%[!)* �H� ��/��~� J !$*.H 4&D�*&(�5n�+*�12,H��#:#�!$;�4k5A!$8��+!$*x�+5 #�( �+!)*LIU��;�4x�+*kJLf,� ��;�4LR
5l(X,x�6M)MY�v�6fx��(X,x� ? ! �f�F�+*gM)DFE�8+1X#';�4x�+!$*�8c*&!);�4�8 �i�+#'(�*&,x�z��# !$*<8v�f�F�+#�#v��*�8Z�>AT*�8 �z��#v�0;�4x�+*&#@B �z�'8
#�!$*&,�5 C�/�M)!$;�4x�f�@B �6!)#v� ,x�f�"!)*�H\�&*&%�8����i�+#';�4x��! �f�i�+*x�AU:*&!$;�%��&*0,�,&! � -+�&#v�,�&;�4�8 �&*&/~�+*
,x�f��U/�x�'^~�"!$5 7 �f�F�+!$;�4`%<M �6!)*x�z� � D�*&/~�~� 	 H\�&*&%�8�< �p�/7 �6!),x�6# 8v��!98�8 !)*n�f�'#'8 �R�&*&M)!$;�4��0*<^~�f� R

�r5



D�*&,x�z�'8v�f�/�>(��'5 !)*�,,�+* =2!)fLIb%	�,�'^��6* ��M$M �f�c*H� 8��x�'M)!);�40#�fx�v��;�4&!)/~�+*�Vb�	:X8v���~�0Iw�N-"M$M)/��65��6!)*
/�! �L8
�+#c;�4H�~�v��%�8 �f�'!)#@8�!)#';�4x� -���B �+!);�4h�&*0/��+*[,,�f�[=2!)f0Ib%h�x�@^��6*
*H� 8��x�'M)!);�4,�f� JLfx�v��;�4x�6*
^�(�*
,x�f�"!),x�f��M �6*

1/r
R �K(~��5 ��� 1 ,0! �7#'!);�4 �z�d�6*0IU��M)M$# ^�(�*.JLfx�v��;�4x� ? �.JLfx� ��;�4x�7Bc! �6,x�f�'4&(�M �+* �

�"! �6#v�B7 �6(��H��;�4�8 �0*&/`#';�4x�+!$*<8T5A! �E!$*<8v�f�F�+#�#v��*�8 �z����M$# ,H��#8=2!$f0Ib#�;�4x� S/�+#F�68 ? #v�6M �&#@8Z�
_�;�4CIU��#'#v� ,&! � M �68 ? 8 �6* �i�+!$,x�+*
U���f&!98 �+M !)*L�+!$*x�+5 � �6#��&5n�f� ? �0# ��5A5��6* 

• V

R�UT(�*0/��v�x�6* ? �&*0, ,x��# =2!)f0Ib#';�4x� S/�+#v� 8 ? #'!)*&, ? B �6!�%XM �~���0*<8v�f�'#�;�4x�6!),x�H�R�v�
#�f,� ��;�4&#@8 ��8�!)#@8�!)#';�4x� H 4&D�*&(�5n�+*x�R�

•
_�5 S/�+/��6*&# ��8 ?"? �x� V R UT(�*&/��v�,�+* ? M DFE�8�#'!);�4g,x��#�=2!$f0Ib#�;�4,�:S/�+#v� 8 ? �~�&;�4g!$*`#�!$5.�LRM)! �f�F�+*&,x�6*o=r�0IU��M)M$#'8v�	:X8 �6* �i�+(~�H��;�4�8 �6* �

= 

r
��7 " ,+��� � & %54

�h�



�
V (T )

���N��� ��� �B� � � � ��� �N�

7 !)#'4x�f� 4x�~�d�6* Bc! �
V (T )

Ib�,�g%�(�*0#'8 �F�&! �z�'8v� 7 �+!$#�f&! �+M ��1�Ib�x�`*H��8��,��M)!$;�4x��JXfx� ��;�4,�0�0*&,
Ib�x�n�~�08�(�5j� 8�!)#';�4 �0*&, ? �0I D�M)M$!)/ �z��#@8 �+M$M$8v�GVb�	:X8v���&*�8v�f��#F�&;�4�8Z� J #��&! � 8 � 8l#'!);�4 ��*�1 ,x�6*
] �f�'M �~�0Ia^�(�*

V (T )
�~�0;�4�Ib�x� Ib(���5���M �jJLfx� ��;�4x�+* ? � �&*�8v�f��#F�&;�4x�6* �3H\��(�/~� ��5A5l;6(L,,�:!)#'8

5l!98 -��0#'8 ��*&,
,,�f�c/��DCFE�8 ��J !)*0# ��8 ? �i�f�v�6!);�4CIb(���5���M �f�cJLf,� ��;�4x�6* �
_�;�4��&*�8 �z��#v�0;�4x� ,x�F�+!�7 �+!$#�f&! �+M � 
NZ��6!)*x�6* �+!$/��+*,�+*�; � � ^ (L,,��1K,x�f� ,H��#TH\��(�/~� ��5A5

? �&5 J\��#'8v�+M$M �+* ^�(�* J-�19;:-�>DR�&5��6*��d�6#�;�4x�F�+! �08 1 Hb�f�'M9R ^ (X,x� �6!)*x�6#`_�*�8 �z��*x� 8�fx�'( �F�+%�8v�+#
�&*&,kVu�6!)M ��,,�f� �d!$*h�1: �	�,�+M)M �+* � � �3_�*k-"*H��M)(�/�! � ? �05 ] (���/��64x�+*.Ib�x� *H��8��x��M$!);�4&#'fx� ��;�40!)/��
Vu�t:X8 � 	 U���f&!98 �6M<,� 5�� ��� B
�x�',x�+*��~�&;�4G4&! �z�E#�D�578�M$!);�4x�/�>(��'5j� 8�! �z�v�&*0/�# ? �+!);�4,�+*L�~�&# ,,�+5
Vu�t:X8N�6*<8'Ig�f�'*<8f� � � �T! �+	 /�� CIE�8v�+*�8 �6!)M)#3*x��8��x�'M)!$;�4&#�fx�v��;�4&!$/��+*9��U (�5A5��6*<8 �~�v� ,H��/��+/��6* 4x�~�d�
!);�4��d�6! �i�+4H��M98 �6*�1Z�&5 %R�+!)*,� ? �jB �6!$8�/��+4x�6*&,x�6* ] �f��D�*&,x�z�v�&*&/~�+*���* ,x�+* � ��!)/�!)*H��M$,H��8v�+! �6*
^�(�� ? �&*,�+4&5n�+* ���"! � J �'/��f�0*&!)#'#v�EB �f��,,�+* !)* -��x�&!$M),x�0*&/ 5KHT5l!98�,x�65 �F�&#�#'!)#';�4x�+*AUT(~��fx�&#

 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 1  10  100  1000  10000  100000  1e+06  1e+07

Z
ah

l d
er

 K
no

te
n 

/ Z
ei

ch
en

za
hl

 (
V

)

Zeichenzahl T

3

12

4

kommerzieller Perl Code (1)
Eigender Code (2)

Linuxquellen (3)
Natürliche Sprache (Der russische Korpus) (4)

-��x�0!)M),,�&*&/ 5KH 

V (T )

Ib�x�`H\��(�/��v��5A5l;6(L,x�G!)5 ] �z��/�M �+!);�4 5l!98`*H� 8��x�'M)!);�40#�fx�v��;�4&!)/~�+5
Vu�t:X8Z���:�~��/~�+#'8v�+M$M$8d#�!$*&,j,x�v�6!17 �+!)#'f&! �6M � 
WZ��+!$*��6!)/��6*x�f� ;�� � ^ (X,x��1 Vb�+!$M � ,x�z� �3!$*	�": �h�x�6M9R
M �6* 	U�~�&;�4 ; � � �:�&*0,k,x�z��^ (X,x� �+!$*x�+#j%�(�5��z� ? ! �+M$M �+*�_�*�8v�f��*,�68�f,��( �F�6%<8v�+#�	 Hu�z��M � ��=r�&5
] �f�'/�M �6!);�4C!)#@8

V (T )
Ib�x� ,,�+* �v�&#'#�!)#';�4x�+*[UT(��'fx�&#
�f�i�+*0IU��M)M)# �+!)*0/��68v� ��/��6* �

= � ,+�.� ' %5 >&)/ " &)/0/����BE  � > & "$�.�0�.% &)(>7 ,+�.; � �.�$�.�����! 5%5��7 	 (>7$�	 7$��� 	 /��0%3(+@ ��	+E �5E � � � 	�	 �0%>��/0(�,+� 	 /0��%�(5@ ;=��� �
%5�.� 13(�13� �>E � > ��7 "$��� 35(+"$��:)%-E
! � � �!& �5 >��7��! 5��� � ����4)/������! ���.�04)"$��6�,5&�7$7<,+���.7$� � �.� 6)%>,+�.�$(5%>4 ,+�.7 A ���04��0%�& /0"$� @3"��.7 &)(>�!  5������& & (5;

�.�0%5�.% 	 %#"$�.��7��! 5���.,2�0; � (5�$����%3�)�.�$/�& (5* 3��F,+��(+"�� "FE

�Q<



^��z��/�M$!);�4x�6* �"= B �6!0Bc!);�4�8�!)/�� A *<8v�f�'#�;�4&! �+,x� ? Bc!$#�;�4x�6* V (T )
Ib�x� *H��8��x��M$!);�4x� JXfx� ��;�4,� �0*&,

Ib�x� H\��(�/��v��5A578 �t:L8E#�!)*0,GIg�6#'8 ? �&#'8v�+M$M �+* 

5��c-"M$M �c,x�F�+! �/�,�+M)M$;+(X,x�+%h�x�@^��6* M)! �6/��+*A!)5 ZG!$8�8v�+MN,x�f�L8�M)!$;�4`�x�i�f��,x�f� U/�x�'^~�",x�6#E*H� R
8��,��M)!$;�4&#�f,� ��;�4&!$/��+*7Vu�t:L8v�+#z�Q7 �f�F�+!98�#�*x��;�4��68�B ��]�� =r�+!$;�4x�+*7M)! �6/��+* #�! ��^�(�M)M)#@8�D�*0,&!)/
,H�~�'�x�i�f�f�

�-�c_�5 S��6/��+*0# ��8 ? ? �,��#'8v�68�!)/��6* UT(�*�^~�f��/~�+* ? ,x�6# �F�&#�#'!)#�;�4,�+* Vu�t:X8 �+#�/��+/��6* 1/2#'8v�v�z�08 %~�+!$*x� ,x�f� �:�x�6M)M);6(L,,�+%h�x�'^~�+* /��+/~�+* �+!)*,�+* �+!$*&,x�f�L8�!)/~�+* Y �z�'8f���"! �
JL;�4�B ��*&%h�&*&/��6*[B �z��,x�6*�5A!$8EB ��;�4&#F�+*&,,�+5

T
*&!$;�4<8
�6!)*&5���M �6!)*&,,�f�08�!)/ � ��;�4,�f�f�

V (T )
^��z��4>D�M$8j#�!$;�4 ��M$#�( Ib�x�jH\��(�/~� ��5A5l;6(L,,�68 �t:X8 ,x�f�08�M)!$;�4%��*&,x�f�'#���M)# Ib�x� *H��8��x�@R

M)!$;�4&#�fx�v��;�4&!$/��:Vu�t:X8 �~�
����#�#

V
!)5 Z
!$8'8 �6M�Ib�x�7H �'(�/��v��5l5A;+(X,x�A4rC�4x�z� M)! �+/�8���M$# Ib�x� *H��8��,��M)!$;�4x� JXfx� ��;�4,�

!)#@8�M �6!);�4�8��+!$* ? �0#v�+4,�+* 
 V
!$#'8��6!)*��v�6M ��8�!$^~�+# Z �cE=Ib�,� ,&! �lYh! �+,,�f��40(�M �&*0/��+* !$5 Vb�	:X8Z�

] (�* ] �~��! �~�&M �6*&*H��5n�+* 	g�&*&,G*H��8��,��M)!$;�4&#�f,� ��;�4&!$/��+*
UT(�5l5n�+*�8 �R�v�+* �
�R�&/��+#F�+4x�6*�!$#'8 ,x�f�
Y (~�'8�#';�4H��8 ? �6!)*x�z��H\�'(�/�� ��5l5A! �z��#�f,� ��;�4x� %XM �+!$*n�0*&,l^�(���/��6/��f�i�+*r�X-+�&;�4A,&! �TJX\X*�8 �,:A!$#'8
#'8 �~�v�z�K�:��4x�z� !$#'8c5A!$8 �6!)*x�65 4rC�4,�f�v�6*[Z��FEn��*GYh! �+,x�z��4&(�M �&*&/~�+* ? � �v�6;�4&*x�+*r�
�+�f�GS/�v�&*&, Ib�,�g,&! �
Ig�+4&M �+*&,x�=U (�*�^��z��/��6* ? ^�(�* V

!)#@8��&*&%<M �R�f��J # #';�4x�+!$*<8L�6!)*x�
�d�65��z��%R�+*&#@B �z�'8 �"VN��8�# ��;�4,��1X,H��#�#D�+# #v�6M �&#@8 !$*&*x�z��4H��M � �+!)*,�+#�H �'( �F�+%�8v�+# %R�+!$*x�+*4�6!)*&,,�f�LR
8�!$/��+* Y �z�'8AIb�x�l,x��#l-+�&#�5��FE ��* Yh! �+,x�z��4&(�M �&*&/~�+* !$5 ^ (L,,� ? � /��z�d�6* #�;�4x�6!)*�8 1 !)*
#�;�4H�R�'Ig�+5 S/�+/~�+*&#v��8 ? ? �A*H��8��x��M$!);�4x�z� JLfx� ��;�4x��1�B�( #'(�M);�4n�+!$*n�6!)*&,,�f�08�!)/��z��Y �z�'8D�d�z�v�6!$8�#
Ib�x�c#v�64x�c%	�,� ? �jVb�	:X8 ���f�'%~�+*0*	�x�~� Bc! ��, �

���



� � ��
2� � � � ���c�B
�
����	�

_�5 �+!$*&M �6!$8v�+*&,x�6*.U���f&!$8v�+M �`Bc! �',=,x�f�B7 �6/���!9o ,x�+#7J-�>9?:-�H�~�05��6#��6!)*&/~�6Ib�&4x�@8��&*&,.,&! �
S�� CIE��

V
��M)#�,H��# ] �z��4>D�M98�*&!$# ^�(�*GU:*&(�8 �6* ? ��4&M ? � Vu�t:L8�M D�*0/�� ,x� e>*&! �z�'8f�&�"! ���15:�&*�8v�f�@R

#v�&;�4�8v�+* JLfx� ��;�4x�+* B �f�',x�+*n*H��;�4 !$4x�v�z�7/��6*x�68�!)#';�4x�+* ] �f�@B ��*&,08�#';�4H��Ii8 �&*0, *H��;�4 ,x�6*
Ib�x�c#�! � ^��f�@B �6*&,x� 8 �+*.JX;�4x��!9Ii8�#'\X#@8 �+5n�+*
%<M ��#'#�!$e ? ! �z�'8f�
_�*AU���f&!98 �6Mr< B �z��,x�6*`,&! � /��v�0*&,&M �6/��+*0,x�+*lUT(��'fx�&#',H��8 �6* ? �&5 ] �z��4H��M98 �6* ^�(�* V (T )Ib�x� *H� 8��x�'M)!);�40#�fx�v��;�4&!)/~�`Vb�	:X8 �`^�(���/~�+#'8v�+M$M$8.�0*&, ,&! �`#�;�4&*x�6M)M �gUT(�*<^~�f�'/��+* ? ^�(�* V (T )/��+/~�+*e5��~�n��M$#+�t:Lfd�z��!)5n�+*�8v�+M)M � VN��8�# ��;�4,���68 �~�&M$! �f�@8Z�K�"! �+#F�+#:H 4>D�*0(�5��6* �i� ? �+!);�40*x� !);�4��M)#
V
R UT(�*&/��v�,�+* ? �
U���f0!$8 �6M � �i�+#@8�D�8�!)/�8

V
R�UT(�*0/��v�x�6* ? ��M)# �+!$*x�
/~�+/��6*X�,�d�z�`,x�65 =2!$f0Ib#�;�4,�+* S/�+#F�68 ?�+!$/��+*&#@8�D�*0,&!)/���J !$/��+*&#';�4H��Ii8 *H��8��x��M$!);�4&#'fx� ��;�4&!)/��z� Vu�t:X8 �~�

_�*`U���f&!$8v�+MY�:B �6!)#F�T!$;�4`*H��;�421L,H��#�# !)5 S/�+/��6*&# � 8 ? ? �x� V R U (�*&/��F�x�+* ? ,H��#�=2!9Ibf&#�;�4x�S��6#v� 8 ? *0!);�4�8�*h�x�a!)*j*H��8��&M)!$;�4&#�fx�v��;�4&!$/��+* Vu�t:L8v�+*�1 #�(�*&,x�f�'*��~�&;�47!)*��d�6#'8�!$5l5 8 �+*j-��@8 �6*
^�(�*x=r�0IU��M$M)#@8 �	:X8v�+* �~�0Ii8v��!98�8Z� �:��5A!$8"%���*&*=,&! ��-+�&#�#v��/��6%	�v��Ii8j,x�+#B=2!$f0Ib#�;�4,�+* S��6#v�68 ? �6#
#'8 �~��%A!)*+= B �6!$Ig�+MK/�� ? (�/~�+*gB �f��,,�+* �0�"! �6#v�f��J !$*�B ��*0,g/�!)M98D�d� ? �&/�M$!);�4l,x�f� V R U (�*&/��F�x�+* ?*&!);�4�8f�
U���f0!$8 �6MrG ? �6!)/�8+1�,H��#'#�,&! � V (T )

R U/�x�@^�� Ib�x� H\��(�/~� ��5A578 �t:X8 �EBc! �6,x�f�F�&5 �+!$*x�+* Ig�&*LR
,H��5n�+*�8 ��Mx�&*�8 �z��#�;�40! �+,0M)!);�4,�+* ] �z��M �~�0Id�d�6#�!$8 ? 8+1�!)5 ] �f��/�M �+!$;�4 5l!98�*H��8��x��M$!);�4x�z� JLfx�v��;�4x��1�~�i�f� �~�&;�4G!)5 ] �f��/�M �+!$;�4C5l!98 =r�0IU��M$M)#@8 �	:X8v�+* �
����5l!98��f�'B �+!$#'8�#'!);�4

V
R UT(�*&/��v�,�+* ? ��M)#��+!)*.Ib�x�7*x��8��x�'M)!$;�4&#�fx�v��;�4&!$/��`Vb�	:X8 �j�+!)/~�+*LR

8��&5AM)!$;�4x�+# H 4>D�*0(�5��6* 
"J #�!$#'8 !)5 � ��4&5n�+*A5n�+!)*,�f� AT*�8 �z��#F�&;�4h�&*&/��6* �0*H�~�&4>D�*&/�!)/ ^�(�*
JLfx�v��;�4x���0*&,=JL;�4x�'!$Ii8�#'\X#'8v�+5 � � �&*&,G8 ��!98�8+�~�&#'#�;�4&M$! ��E�M)!$;�4G!$*
*x��8��x�'M)!$;�4&#�fx�v��;�4&!$/��+*
Vu�t:XR
8 �6* �~�LIw�
Y%�+!98 �z�'Ib�&4x�F�+*&,,� A *<8v�f�'#v�&;�4h�&*&/~�+* �&! � 8 �6*
#'!);�4 ��* � � or�6*x�.�H� ��/��+*G#�!$*&,��i�+!$#�f&! �+M$#@R

B �6!)#F� 

�a!)*&,x� 8 #�!$;�4

V
R U (�*&/��F�x�+* ? �~�0;�4 !$* B �6!$8 �z�v�6* JLf,� ��;�4x�6*��~�0#��&*�8 �f�'#�;�4&! �+,&M$!);�4x�6*

JLfx�v��;�40IU��5A!)M$! �+*21x�&*&,[!$*[JXfx� ��;�4,�+*�1 ,&! �j5l!98
�&!)#'4x�f� *&(X;�4[*&!$;�4<8��d�64H��*&,,�+M$8v�+*[JL;�4x��!9Ii8'R
#'\X#'8v�+5n�+*
/��+#';�4x��! �f�i�+*
B �f�',x�+*GBc! � ? �@7��NU (��v�f��*&!)#';�40\
Y ��#`Ib�,�4�+!$*x� 7 �+,,�f�08v�&*&/n4H��8 ,0! �[4&! �f�`^�(���/~�+#'8v�+M$M$8 ��S��6#v�68 ? 5lDFE�!$/�%~�6!$8t\[_�#@8C,&! �

UT(�*�^~�f��/~�+* ? ^�(�* V
,&! �.Z ��*&!$Ig�6#'8 � 8�!)(�*7�6!)*x�6#C!)*&*x�z�v�6* S:M �6!);�4&/�� Bc!);�4�8�# *x��8��x�'M)!$;�4x�f�

JLfx�v��;�4x� �&*&,h#'8v�+M$M$8g,,�f�CUT(�*<^~�f�'/��+* ? B �z�'8
^�(�* 5����0�+!)* � f08�!)5.�&5 ,H�R�+1 ? �@7�� �&*�8 �f�
!)*0Ib(~��5���8�!$(�*&#'8�4x�+(~�v�68�!)#';�4x�+*GS/�+#'!);�4�8�#'fx�&*&%�8 �6*0\
Y ��#`Ib�,�NJ !)/��6*&#�;�4H� Ii8 �+*h5.�0#�#��+!$* JLfx�v��;�4&5A(L,x�6M)M 4H�~�i�+*�1 ,H��#g!$* ,x�f���}��/~�[!)#@8 1

V
R U (�*&/��F�x�+* ?j? ���F�+fx�'(L,,� ? ! �f�v�6*0\
���~���x�i�f�'4&!)*x�~�&# #'8v�+M)M98 #�!$;�4`,&! � #'fH��*&*,�+*&,x���H� ��/���1�(��gJ-�>9?:-�>D~�&5n�T*x��8��x�'M)!$;�4&#�fx�v� R

;�4&!)/~�f� Vu�t:X8 � *&(L;�4AB �6!$8v�f�v�c!$*<8v�f�F�+#�#v��*�8 �T#'8 � 8�!)#@8�!$#�;�4x�
�&*&,l#'8v�v�&%�8 �,�v�+M$M � J !)/~�+*&#';�4H��Ii8 �6*
�d�6#�!98 ? �6*�1�,&! �75fC�/�M$!);�4x�z�'B �+!)#F�7*x�z�x�f=r�&/�D�*&/�� ? �&5 ] �z��#@8�D�*&,0*&!)# ,,�+#jJX\X#'8v�+5A#:*H��8��x�@R
M)!$;�4x�f� JLf,� ��;�4x�j!)*0#�/��6# ��578
�z�DC�o *x�6* �

! ��' % 4�(+" �)�.��7 "�&)%>,+�.%5��% B (�7 %>&) 5;=� * 6)/0/���% �.�$4��53	��% 7$���! B:3�< �����! 3(5%54���% �0; � :)%3�)�.�$4���%5�?<��.� "F6��B& �
�5�0"$�./
�5E �

�h�



� � ����� �	�B�

� � � ��� � 46% 	 	 % ��� � � - � 4%� % ,�� %&	6��� . �+) � �&"6��3 ��% , , � '*)�� )�% � �#%�� � � 	 �
�+��� - ���&4�/10+���

� 
!� 
!� L� /*f`  /*,�.MO%�i �VwV�
V

���f� /��6*H�~�x� ] �f�'M �~�LIa^�(�*
V (T )

Ib�x� ,&! ���6!)* ? �+M$*x�+*�JLfx�v��;�4x�+*
!)#@8c!)*C-��x�0!)M),,�&*&/fHn�0*&,
-��x�0!)M),,�&*&/+]l#�;�4�B �z� ? � �z��%~�6*&*x�6* ��_�*[-+�x�&!)M$,x�&*&/o5K]j�R�0I�J-�+!98 ���QH�I #'!)*&,[,0! � J !$* ? �6M9R
%h�x�'^~�+*[�x�i�f�'#�!$;�4<8�M)!$;�4 ? �&# ��5l5n�+*&/~�+#'8v�+M$M$8Z�
� 
!� 
6( g� "��a,b2 1��3�#KM1#&��3	#&���0 "�

_�* ,&! �6#v�z�7-��F�d�6!$8jB �z��,x�6* =r�+!);�4,�+*�	b*&!);�4�8�� 8�B ��Yk(��'8v� ����M)#j,&! �gS��F�&*&,x�6!)*&4,�+!$8��+!$*x�+#
Vu�t:X8 �+#+�d�64H��*&,,�+M$8f�K�:��4x�z�c!)#'8
�6#T!$*�8 �f�F�+#'# ��*�8 1K,&! � F"D~�Le>/�%~�6!$8�#'^��z�'8v�+!)M �&*&/A,x�f�[=r�6!);�4x�6*
!)* ,x�6*l^��z��#';�4&! �6,x�+*x�6*CJLfx�v��;�4x�6* ? �n�d� 8 �v��;�4�8 �+*r�0JX! �c#�!$*&,�Ib�x�D��M)M � �&*�8 �z��#v�0;�4<8v�+*GJLf,� � R
;�4x�+*C5A!$8�-��&#'*H��4&5n� ,x�6# ^ 4&!$*x�+#'!)#�;�4,�+*C!)*g-+�x�&!$M),x�&*0/��~� ? �&# ��5l5n�+*&/~�6IU�FE�8f�XYh! ���i�+!
,x�f� �x�&M$!);�4x�6* �:�~�'#'8 �6M)M �&*&/�#@B �6!)#v�l,x�+#�=2!)f0Ib#';�4x�+* S��6#v�68 ? �6# 	 U���f&!98 �+M �x� 5 �:!)#@8.�~�LI ,x�f�
:<R�- ;�4&#F� ,x�z�=�+��*&/ ��� �~�0Ib/�� 8 �v��/��+*21x�~�0Ia,x�z�E\<R - ;�4&#v� ,&! � F"D~�Le>/�%~�6!$8 ,,�f�8=r�+!$;�4x�+*r�>�"! �
:<R�- ;�4&#F� !)#@8"!$*
-+�x�&!)M$,x�&*&/4�~�n��M)M �f��,0!)*&/�# *0!);�4�8 M$(�/2�~�'!$8�405l!$#�;�4�1XBc! �j,&! �6#+�i�+!a�:�~�'#'8 �6M9R
M �&*0/��+*C,x�6#�=2!$f0Ib#�;�4x�6*[S/�+#F�68 ? �+# /�� B C�40*&M)!$;�4
,x�z� �i��M)M2!$#'8f�
-TM)M �+* U��,�'^��6*�!)#@8�,x�z��#'8v�+!$M � -��&#';�4&*&!$8'8 !)5 7 �f�v�6!);�4�#F�+4x�a4>D~�0e>/~�f�h=r�6!);�4x�6* /��+5n�+!$*LR

# ��5 �LO+�&5n�f�'!)#�;�4,� -"*H��M$\X#v� ? �+!$/�8 1<,H��#'# #�!$;�4g,&! �"U/�x�'^~�+*gIb�x�/� D�*&/~� r < 10
,,�x��;�4C,&! �

�H�&*&%�8�!$(�*
h(r) = const/xb �d�6#�;�4x�F�+! �i�+* M ��#'#v�6*�1�5A!$8.�6!)*x�65 b

^�(�*3�68�B �
−1/2

��J #
4H��*&,,�+M$8 #�!);�43��M$#�( �&5 �+!$*nHa(�8v�+* ? /��+#F�68 ? � ���f��!$* ,x�f���6!)*0IU��;�40M)(�/2�R��!$8�4&5A!)#�;�4,�+* ���~�@R
#'8v�+M)M �&*&/�^�(�*�-��,�&!)M$,x�&*&/��~� M)!$*x�Z�~�F� ] �f�'M �~�0I ? �6!)/�8 ��*�1K,H��#�# ,x�z� -+�0IU��M$M2B �6!$8v�f� �v�+;�4�8�#
!)5 Y �6#v�+*�8�M)!);�4,�+* �t:Lf (�*,�+*�8�! �+M)M ^��f�'M D~�LIi8Z�

7 �+57B �f�'%~�+*0#'B �f�'8 !$#'8 1<,H��#�# ,0! �"Z��+*&/~� ,x�f� �&*�8 �z��#v�0;�4<8v�+*
JLfx�v��;�4x�6* !)* ? B �6! ? ! �+5�R
M)!$;�4G#';�4H�~�@I�/�� 8 �v�6*&*�8 � U:M ��#'#v�+* ? �f�'I D�M)M$8�


5�� �"! � F"D~�0e&/�%~�6!$8�#'%h�x�'^~�+* ,,�f�jJLfx�v��;�4x�6* ,x�z�/�f��#@8 �AU:M ��#'#v� IU��M$M �6* �~� � ��*&/ 5P�g!)*
/��08v�f� O"D�4x�f�F�&*&/n�	:Lf (�*x�+*�8�! �+M$M<�~� �NJL! �/�d�6#�!98 ? �6*�� 8�B � 5P���.�&!$#�5&Z~�;=r�+!$;�4x�+*r�

�-� �"! �e=r�6!);�4x�6*&#'8 ��8�!$#'8�!$%~�6* ,x�f� ? B �+!98 �+* S��F�&f&fi� #�!$*&, !$5 ��M)M$/��+5n�+!$*x�+* B �+*&!$/��f�
/�M ��8�8u��M$# ,0! � ,x�f�b�f�'#'8 �6* S/�v�&f&fi�~�W-+�0o�D�M)M)!$/ !)#@8�,x�z�a#';�4H�~�@Ig� -��,�x�v�&;�4�,,�f�aU��,�'^��6*
��5 �0*<8v�f�F�+* J *&,,�~�NJL! �:4H�~�i�+*G*	�,�sZR� �0!)#�5P���;=r�6!);�4x�6* �

=r�x� �z��#@8 �+*
S/�v�&f0fd� /~�+4rC��F�+*L��M$M � !)*&,0!)#�;�4,�+*GJLfx�v��;�4x�6*�1x�&!$# �~�0IdVu��5A!)M 1�,H��# �6!)*x� %<M �~�v�
-��&#'*H��4&5n���0!)M),,�68Z�0A ��,x�
!)#@8��6!)*�JX(�*&,x�z�'IU��M$M 
 ] (�5 U/�x�@^��+*�^~�f��M �~�0I 4x�z���64x�f� Z
!$8�/�M)! �+,
,x�f� �f�'#'8v�+*=S/�v�&f0fd��1NM$! �6/�8 #v�6!)* =r�+!);�4,�+*�^�(��F� ��8T5A!$8�5P�2�f=r�+!$;�4x�+* �~�0I�,x�f�"S��F�+* ? � ? Bc!9R
#�;�4x�6*[,x�6*��i�+!$,x�+* 7 �z�v�+!$;�4x�+*r�

=r�,� ? B �+!$8v�+* S��F�&f&fi� /��+4rC~�v�+*%��M$M �.�z�x��(�f&D�!)#';�4x�+* JLfx� ��;�4x�+*�1}�6!)*&#';�4&M)! �lE�M$!);�4 �
�&#@R
#�!$#�;�4�1>AT*&/2�R��!)#';�4��&*&,L��!$*&*&!$#�;�4 �<-��0;�4GVu��5A!)MK5A!$8 #v�6!)*x�65 =r�6!);�4x�6*<^�(��v�v��8E^�(�*�GI]?=r�6!9R
! 2 �:�7$��79"��0:�%D��% ,5��� 7$:)�$"$�����$"$��%�75�����#(5�.%5��/���79"��)657$�0�. 5� �53�,�E

�QG



;�4x�+*%�&*&,.,x�+5 #';�4H�~�@Ig�+*.-��x�x�F�&;�4 ,,�f� JX8 � 8�!)#@8�!$% ��5 �&*�8 �f�F�+*xJ *0,x�l/~�+4rC��@8 !)*=,&! �+#v�
S��F�&f&fi�~�
�T! �+#F� Vu�F�+*&*h�&*0/ !$#'8 !)*0#�(�Ig�z��* !)5 J !)*&%<M ��*&/:5l!98�,x�z� V \XfN(�M)(�/�! �E,,�f� JL;�4x�'!$Ii8�#'\X#'8v�+5n�

Bc! � !)*
U���f&!$8v�+Mu�-� G,� � �+!$*&/��6Ib�04x�'8+1d��M)#+��M)M �j-+�x�&/�!$,H��# !)*
,&! ���f�'#'8 ��S��F�&f&fi�jIU��M$M �6*��&*0,
��M)M � -"M$f&4H�~�i�68�#�;�4x�'!$Ii8v�+*G!)* ,&! � ? B �+!$8v� S/�v�0f&fd�R�

A ��,x�21 U���#�;�4&5A! �'! �&*0, H\�&* �v�~�&!EB �f��,,�+*��F�+,&(X;�4 *x��;�4-� �:��*&! �6M)#l5X]I]IG � B �6,x�f� 5A!$8
�+!$*x�f�A-��x�0/�!),H�L1 *&(L;�4 5l!98 �+!)*,�+5 -"M$f&4H�~�i�68A/��6#�;�4x�'! �z�d�6*�1�#'(�*&,x�z��* 5A!$8 �6!)*x�65 -��LR
�v��, ��U���#�;�4&5A! �'! �&*&,nH\�&* �v�~�&!E#'!)*&, ^�(�*n,x�+*n-��,�&/�!),x��#�;�4x�'!$Ii8v�+* !)* S��F�&f&fi�L��%��~�&5
�&*�8 �z��#�;�4,�+!),,�H�~�+1>B D�4x�F�+*&, A+��,,�
%R�+!)*,�f�c,x�f�
�i�+!$,x�+*�S��F�&f&fi�+*C^�(�M$M<��*&/~�+4rC��@8Z�
����#�# ,&! � =r�+!$;�4x�+*0#'8 � 8�!)#@8�!$%g,x�f� Vu��5l!$M)!$#�;�4x�6*�JX;�4x��!9Ii8T,,�+*x�6*[,x�f� �f�,��(�f>D�!)#�;�4,�+*[-TM9R

f&4H�~�i�68�#�;�4x�'!$Ii8v�+* D�4&*&M)!$;�4x�f�:!$#'8+1}��M)#:,x�6* !$*&,&!)#';�4x�+*.-��,�&/�!),x��#+13!$#'8j/��08:^~�f�v�6!)*h�H�~�j5A!$8
,x�+*
!)*GU���f&!98 �+M<,� �,� � ? !98�! �f�'8v�+* 7 �65��z��%h�&*&/��6* �R�&# � �:��*0! �+M$#l5K]F]IG�� 1>,x�6*x�+* ? �0Ib(�M$/��:,H��#
VN��5l!$M)!)#';�4x�:#�!$;�4G^�(�* �6!)*x�z�c-��x�&/�!),H� ? ���+!$*x�+5 -TM)f&4x�~�d� 8
�+*�8�Bc!);�%R�+M98 4H��8f� ] �f�'/�M �6!);�4x�
�~�&;�4o<,� <n�&*0, <,� �x� �-�

7 �68 �v��;�4�8 � 8c5j��*`,&! �:U/�x�@^�� Ib�x��J *0/�M)!$#�;�4 !)*j�+!)*,�+5 ^~�f�'/��DCIE~�f�'8v�+*
Z �FE�#'8 �R�!	 #�! �+4x�
-��x�0!)M),,�&*&/%�15 ��1\�f��%R�+*&*�8`5j��*��6!)*x� B �+!$8v�f�F� 7 �6#�(�*0,x�f�'4x�+!98`,x�z�`U/�x�@^��6*��~�&#AU:M ��#�#v�
� 
2J :Lf (�*,�+*�8�! �+M)M � -��&#';�4&*&!$8'8 �n�+!$*x�f���d�6#'8�!)5A578 �6* J<8 �+!$M)4x�6!$8 B �+;�40#v�+M$* 5l!98 B �+#v�6*�8�M)!$;�4
#'8v�+!)M �f�F�+*C-��&#';�4&*&!98�8 �6* �~�r�0J #
�z��/�! �08c#�!$;�4��6!)*C-��0IU��M)M2!$*
JX8 �0Ig�6* �
Y%�+/~�+* #v�+!$*x�f���6!)* ? !)/2�R�'8�!$/��+* JL;�4x��!9Ii8 �d� 8 �v��;�4�8 �+* Bc! ��,&! � =r�+!$;�4x�+*�^��z�'8v�+!)M �&*&/=,x�6#

^ 4&!)*,�+#�!$#�;�4x�6*�/��+#'(�*&,x�z�'8f� _�*[-+�x�&!$M),x�&*0/4�15 B �f��,,�+*�,&! ��=r�6!);�4x�6*&#'8 ��8�!$#'8�!$%~�6*�,x�z� ? B �+!
JL;�4x�'!$Ii8 �6*�10!$*g,x�6*x�+*��&*0#E,x�f� ;�4&!)*x�6#�!$#�;�4x� U (���fx�0# ^�(��'M)! �+/�85	b8v� ��,&!98�!$(�*x�+M$MH�&*&,CH !)*�\X!)*&� 1
5l!98 ? B �+!38�\Xf&!)#';�4x�+* ] �f�'8v�v� 8 �f�'*�,x�z�"U:M ��#�#F�+* 5��&*0, � ^��f�'/�M)!$;�4x�+* 
�J *&/�M)!)#';�4��0*&,[JX!)*LR
4H��M �,�
-+�&;�4A,&! �cU/�x�@^�� ,x�f� 8 �v��,&!98�!)(�*x�+M$M �+* ;�4&!)*,�+#�!$#�;�4x�6*CJL;�4x�'!$Ii8 ? �+!$;�4x�+*n�i�+#�!98 ? 8�,,�+*A#'8 �6!9R

M �6*
-+�&#�;�4&*0!$8�8 !$5 7 �z�v�+!$;�4�#F�+4x�c%<M �6!)*x�z�+� D�*&/~�~�>���z��� �d�z��/2��*&/ !)*&#
�	:LfN(�*x�6*<8�! �6M)M �:!$#'8
4&! �z�
�~�i�f� B �6*&!)/~�f�c#�;�4H�R�'I\�R�&#�/��6fx��D�/�8Z�
�T! � ] �f�@8 �6!)M �0*&/�,x�f�[=r�6!);�4x�6*&4>D~�0e&/�%~�6!$8 �6*
Ib�x� H !)*�\X!)* 8v�+!)M98 #�( /��L8 Bc! �:%~�6!)*x� ^ 4H� R

� ��%�8v�f��!$#'8�!)%��75A!$8�,x�+*L��*0,x�f�F�+*
JLfx�v��;�4x�+*L�&*0, 5l!98 ,x�6* 8 � ��,&!$8�!)(�*x�6M)M �+*lJL;�4x�'!$Ii8 ? �+!$;�4x�+* �
Y �6,x�f�l/�! �L8 �+#A,x�+* ,,�f�08�M)!);�4,�+*3�	:Lf (�*x�+*�8�! �+M$M �+* =r�f�@IU��M)M ,x�f�lU/�x�'^~��!)5 7 �f�F�+!);�4 ,x�f�
#v�6M$8 �6*x�+*U=r�6!);�4x�6*�1�*&(X;�4=,x�+*=#v�64x�:#'8v�+!$M �+* 7 �f�v�6!);�4[Ib�x�:40(�4x���H�v� �h�x�+* ? �+* ��A 5 #'( �z�@R
#'8 �~�&*&M$!);�4x�z�+1X,H��#�#

V (T )
Ib�x��H !)*�\X!)*g#'!);�4g,&(X;�4g#'( /��08�!)*&# 7 !$M),A,x�f� ��*&,x�z�v�+*GJXfx� ��;�4,�+*

�+!$*&fH��#'#'8 	 #'! �+4,� U���f0!$8 �6MS<,� �x� 5 �p�
J #:!$#'8/�6!)*x� *x��4x�+M$! �6/��+*&,,� ] �f��5��08 �&*0/&12,H��#�# #�!$;�4.!$*�,x�f���R�<B �+!$;�4x�+*0,x�+*e=r�+!);�4,�+*LR

#'8 ��8�!$#'8�!$%`,x�6# H !$*�\L!$*C,&! �:Vu��8�#v��;�4x� Bc!),x�z��#'f&! �6/��+M98 1&,H��#�#
�+#c#�!$;�4��05 �+!$*G%�(�*&#@8 �v�0! �f�@8 �6#
JL;�4x�'!$Ii8�#@\X#'8 �65 4H��*&,x�+M98 1 !)5 S/�+/��6*&# � 8 ?[? � ,x�+* /~�6B ��;�4&#v�6*x�+* JL;�4x�'!$Ii8v�+* ,x�6#NJ *&/�M$!9R
#�;�4x�6*�1N,x�+#TJL!$*&4H��M � (L,x�z� ,x�f�c;�4&!$*x�+#'!)#';�4x�+*=JX;�4x��!9Ii8 ? �6!);�4x�6* �

�/Z



-��x�0!)M),,�&*&/?5K] 
����f� ] �z��M �R�0IK^�(�*
V (T )

Ib�x� ��M$M � �0*<8v�f�'#v�&;�4�8 �6* JLf,� ��;�4x�6*`!$5 � �d�z�v�&M$!);�%

 0
 0.1
 0.2
 0.3
 0.4
 0.5

Assamese Bengali Chinesisch

 0
 0.1
 0.2
 0.3
 0.4
 0.5

Deutsch Englisch Finnisch

 0
 0.1
 0.2
 0.3
 0.4
 0.5

Französisch gujarati Hindi

 0
 0.1
 0.2
 0.3
 0.4
 0.5

Kannada Kashmiri Malayalam

 0
 0.1
 0.2
 0.3
 0.4
 0.5

Marathi Oriya Punjabi

 0
 0.1
 0.2
 0.3
 0.4
 0.5

10
6

10
5

10
4

10
3

10
2

10

Russisch

10
6

10
5

10
4

10
3

10
2

10

Sinhala

10
6

10
5

10
4

10
3

10
2

10

Tamil

�QH



 0
 0.1
 0.2
 0.3
 0.4
 0.5

106

105

104

103

102

10

T
elugu

106

105

104

103

102

10

U
ngarisch

106

105

104

103

102

10

U
rdu

�Q]



 0  20  40  60  80  100  120  140  160  180

Z
ei

ch
en

fr
eq

ue
nz

 in
 w

ill
kü

rli
ch

en
 lo

ga
rit

hm
is

ch
en

 E
in

he
ite

n

Rang der Zeichen

Assamese

Bengali

Deutsch
Englisch

Finnisch

Französisch

Gujarati

Hindi

Kannada

Kashmiri

Malayalam

Marathi

Oriya

Punjabi

Russisch

Sinhala
Tamil

Telugu

Ungarisch

Urdu

-��x�0!)M),,�&*&/��~� 
<�"! �s=r�6!);�4x�6*&#'8 ��8�!$#'8�!)%~�6*lIb�x�D��M$M � �i�68v� ��;�4�8 � 8 �6*CJLfx�v��;�4x�+*l5l!98 -��&#'*H��4LR
5�� ,x�6#h^ 4&!)*,�+#�!$#�;�4x�6* ��-+�0IK,x�z��:<R�- ;�4&#F�E!)#@8�,,�f� � ��*&/01R�R�0IK,x�f� \�R�- ;�4&#F�E,&! ��F"DR�0e>/�%R�+!$8
�~�0Ib/�� 8 �v��/��+*r�L�T! � U/�x�@^��6*g#�!$*&,l^~�f�'8�!)%���M��F�6B �+!$M)#D�&5 ,x�+*g/�M �+!$;�4x�+*l-��&#@8 ��*0,g/��+/~�+*x�6!)*LR
��*&,x�z�:�~�0/��+#F�68 ? 8Z� �"! �BJ !)*04x�+!98 �+* �~�0I ,,�f�c\<R - ;�4&#v�7#�!)*0,�!)*LIb(�M)/��6,x�+#'#v�6*�*&!$;�4<8��~�&#'(�M �L8Z�
Q~�+,x�z� J<8 ��!$;�4L�+*�8�#'fx��!$;�4<8+�+!$*x�+5 -��0IU��M$M �6* ,x�f� F"DR�0e>/�%R�+!$8
�05 ,x�+* �Y��%�8�(�� 5P�-�

�~�



 1e−07

 1e−06

 1e−05

 1e−04

 0.001

 0.01

 0.1

 1

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

H
äu

fig
ke

it 
de

r 
Z

ei
ch

en
 / 

T
ex

tlä
ng

e

Rang der Zeichen / Zahl der vorkommenden Zeichen

Chinesisch (Pinyin)
Englisches Alphabet

Sinhala Abugida
Chinesisch (Schriftzeichen)

-��x�0!)M),,�&*&/��15 
��"! � =r�+!$;�4x�+*0#'8 � 8�!)#@8�!$% Ib�,��,&! � �i�+!),,�+*�;�4&!$*x�+#'!)#�;�4,�+*lJL;�4x�'!$Ii8 �6* 	b8v� ��,&!98�!$(�R
*x�+M$Md�0*&,g,&! ����(�5j��*0!)#�! �f�@8 � AT5A#�;�4,��!$Ii8EH !)*�\X!)* ��1>J *&/�M)!)#';�44�&*&, JL!)*&4x��M �,�/7 �+!),,�"- ;�4&#F�+*
#�!$*&,l*0(���5A! �z�'8 
�-��0I2,x�f� :<R�- ;�40#v�"!$#'8 ,x�z��� ��*&/ ,x�z� =r�+!);�4,�+*A,H�~��/~�+#'8v�+M$M$8 1�/��68v�+!)M98 ,x�x�';�4
,&! � = ��4&M2,,�f� =r�6!);�4x�6*�1&,&! � !)*g,,�+*GUT(��'f (~� �7^�(~��%�(�5l5n�+* �0�"! �T\<R - ;�4&#v� ? �+!)/�8 ,&! ���v�+M � R
8�!9^��jF"D~�Le>/�%~�6!$8c,x�z�[=r�+!);�4,�+* �

�15



� � �
V (T )

'*)+� � 1 � �&� 7 0+� � ���1�6"6�������
� 1 � �

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  100000  200000  300000  400000  500000

Z
ah

l d
er

 K
no

te
n 

/ Z
ei

ch
en

za
hl

 (
V

)

Zeichenzahl T

RussischDeutsch

-��x�0!)M),,�&*&/��~� 
NYh! � ^~�f��4&D�M$8"#�!);�4
V
1NB �+*0*.#'!);�4[,,�f�:�6!)*&/��6M �6#v�+*,� Vu�t:X8��~�&# ? B �+!�^~�f�@R

#�;�4&! �+,x�6*&#�f,� ��;�4&!$/��+*kJX8��&;�%~�6* ? �&# ��5l5n�+*&#F�68 ? 8t\ �"! �B:<R�- ;�4&#F��!)#@8"4&! �f�T*&!);�4�8 M$(�/2�~�'!$8�4LR
5l!$#�;�4�10,H��5A!$8 ,&! � ? B �+! 	bIU��#'8 �E/�M �+!$;�4&/���(FE��+*CFTD�M$Ii8v�+*C/�M �6!);�4x�6* �+�~�05 �+!$*&*x�64&5��6* �
Yh! � ^��z��4>D�M98 #�!$;�4

V (T )
12B �+*0* �+!$*=*H��8��,��M)!$;�4&#�f,� ��;�4&!$/��f�:Vb�	:X8��	:X8 �F�+5 4x� 8 �z��(�/��6*

!)#@8 1W, � 4 ��B �+*&*�� 8�B �T!)*��6!)*x�65 /��DCIE�8 �+*�8v�+!)M$#a,,�f�08�#�;�4x�6*AVb�	:X8N�+!)* M D�*0/��f�F�+#aIg�v��* ? C�#�!$#�;�4x�6#
=2!$8 ��8 �6*<8�4H��M98 �+* !$#'8 \B7 �6!<�~�08�(�5���8�!$#�;�44�z��#'8v�+M$M$8 �6*CUT(��'f (~� � %FC�*&*x�+*G#�(�M);�4x�� ] �f�F�&*x�v�6!9R
*&!)/~�&*&/��6* ��#';�4&*x�+M$M\�+*�8�#@8 �64x�+* � _�*�8 �&!98�!9^�Bc�x�',x�l5���*[^X! �6M)M �+!);�4�8/�z�'B �~�'8v�+*�1d,H��#�#

V (T )��*G#�(�M$;�4x�+*o7 �v�0;�4&#'8v�+M)M �+* �+!$*x�+*
JLfx�F�&*&/A5j��;�4<8f�
-+�x�&!$M),x�&*0/ ��� ? �6!)/�8+10,H��#'#c,H��# S/�+/��6*<8v�+!$M2,x�z�+�Y��M$M !$#'8�
 V (T )

^��z��M DR�0Ii8 ^IC�M$M)!$/7/�M ��8�8
Ib�x� �+!$*x�+*CVb�	:X8 1>,,�+#�#F�+*��f��#@8 � FTD�M$Ii8v� ,x�+5 ,x�f�08�#�;�4x�6*[U (���fx�0# �6*�8�#'8 ��5A578 1L,&! � ? B �6!$8 �
F"D�M9Ii8 � �~�i�f��,,�+5#�v�&#'#�!)#';�4x�+*r���:��5A!$8b�i�+!),,�EF"D�M$Ii8 �6*7!$*7,x�z� S��v��f&4&!$%:,x�+*7#v�+M �d�6*�� �~�&5
�+!$*&*x�+405��6*�1>!)#@8c,x�f�TZ �FE�#'8 �R�
,x�z��:XR - ;�4&#v�j*&!$;�4<8cBc! �:/��6B C�4&*&M$!);�4GM)(�/��~��!98�4&5A!)#';�4 �
�T! �+#F�+# ] �f��4x��M$8v�+*j%R��*&* 5���* #'!);�4 M �+!$;�4�8N�z��%<M D~�F�+* 
 �:� #�!$;�4?=r�+!$;�4x�+*0%~�68'8 �6* �~�&#�,,�+5

,x�f�L8�#�;�4,�+*.Vu�6!)M !)5 �v�0#�#�!$#�;�4x�6*=*&!);�4�8"Bc! �+,x�z�'e>*0,x�+* �&*&, �&5l/~�+%~�64x�'8+1 ? �f�'I D�M)M$8T,x�z�:�~�&#
,x�+5 /~�+# ��578 �6*
Vb�	:X8+�f��#@8 �6M)M$8v�jJ-�>9?:-�H�~�&5 �i�f�F�+!98�# ��*C,x�f� Y%�x� ? �+Md!)* ? B �6! /~�68 �F�+*&*�8v�
AT*�8 �z�v�>DR�&5���1H�+!$*x�+* �v�&#'#�!$#�;�4x�6* �&*&, �+!$*x�+*G,x�z�08�#';�4x�+* �d���x� �i�+!$,x�:Vb�+!)M �>D~�&5n� !$#'8c,H��#
] �f�'4>D�M$8�*&!)#

V
^�(�*[U:*&(�8v�+* ? ��4&M ? � =r�6!);�4x�6* ? ��40M�	b,x�+# �v�0#�#�!$#�;�4x�6* � ? B��K,x�+# ,x�f�L8�#�;�4,�+*

Vu�6!)M$# �
1/2
�>�"! �+#c/�!$M$8 ��M)#�(n�~�0;�4GIb�x� ,,�+*�/~�+# ��578 �6*[J-�19;:-�H�R�&5��

���



� � ! � � '*�$� 72� 	 	 � � �#"$�1)
��)+. ��" )+��� -�/10 � %��+" .
��"6��� %��
V (T )

'*)��
"
	 �#%�/10 6��� � �#% 	 � � � . ' 4
	 	 , � � 1 � �

U:*&(�8 �6*kB �f�',x�+* B D�4x�F�+*&, ,x�+5 ? �+!);�4,�+*�B �6!)#F�+*dJ !)*&M �+#F�+* ,,�+#jVu�t:L8v�+# /~�+*H�~�.,H��*0* !)*
,x�+*�J-�>9?:-�H�~�&5 �+!$*&/��f�x�~�08 1>B �+*&*�#�!);�4 �+!)*,��=r�6!);�4x�6*&%~� 8�8 � Bc! �+,,�f��40(�M$8 �&*&,�5l!98T,,�+5
��%�8 �x�6M)M �+*o=r�+!$;�4x�+*��~�0Ia*x�f�,� -+�'8 Ib(��@8�/��6#v�68 ? 8cBc! �', �

J !$* 7 �6!)#'f&! �6M 
 �"! �
-TM)f&4x�~�d� 8�/�� CIE��
α
#v�6!:�~�-� O+�64&5��6* Bc! � B �+!98 �z�j��*21 ,x��#�# Bc! �

/��f�v��,x�/�6!)*�=r�6!);�4x�6* �6!)*&/~�+M �6#v�6* 4H�~�i�+*L�&*&, *h�&* ��*L�+!$*x�f� JX8 �6M)M �T!)5 Vb�	:X8c#�!$*&,�1&!$*g,x�f�
,&! �cU/� 8�8 �c,x�z� M �68 ? 8v�+*�Ib�&*0IS=r�+!);�4,�+*n�d�z�v�+!98�#�Ig�'�&4x�f� ^�(���%���5 ���"! �+#v� Ib�&*LIS=r�6!);�4x�6*lM ��*&/��
U/�68�8v� 4x�+!6E��

s
��Yh! ��5 �0#�#v�6*l/~�+*H�~��,x��*&*��+!$*x�+*AU:*&(�8v�+*��6!)*h�H�~�x�6*�1�B �+*&* ,H��#�Ib(�M)/��6*&,x�

=r�+!$;�4x�+*G!)5 Vu�t:L8T*&(X;�4
*0! �+5���M$# ��M$#
�K(~�'8�#F�68 ? �&*&/ ^�(�* s
�R�0Ii8 �v��8Z�

s
%���*&*��&!)#'4x�f�3/��~�3*&!);�4�8+1Q5 5���M�(L,x�z�SC�Ii8 �z��^�(��'/��+%�(�5A5��6*j#F�+!$* �&J *<8�#�fx�F�+;�4x�6*&,7^X! �6M �

�>(��'8�#v�68 ? �&*0/��+* ^�(�* s
%���*&* �6#D�0!)#�4,�f� /��6/��f�i�+*A4H�~�i�+* �<�T! �EY ��4x��#';�4x�+!$*&M)!$;�4&%~�6!$8 ,H� Ib�x�+1

,H��#'#a!$5 Ib(�M)/~�+*&,x�6* JX;�4x��!98�8b�+!$* *x�z�x�f�aU:*&(�8v�+*��+*�8�#@8 �+4�8+1�!$#'8b�&5A#�( /��DCIE~�f�+1��F� %<M �6!)*x�z�d,&! �
= ��4&Md,x�z���&!$#�4x�z��!)/~�+* �>(��@8�#F�68 ? �&*&/��6*�^�(�* s

!)#@8Z� JL! �j!)#@8",x��4x�f� 5��,:L!)5���MP1XB �6*&* �&!)#'4x�f�
*h�x�:�+!$*x�.�6!)* ? !)/����K(~�'8�#F�68 ? �&*&/gIb�,� s

�~�0Ii8v� ��8f�2�"! �+# !$#'8",H��*&* ��5 B ��4x��#';�4x�+!$*&M)!$;�4&#'8v�+*�1
B �6*&*

s
#v�+M �&#'8 �&!$#�4x�z� /��+*x�~���6!)*&5���MN^�(��'%R��5��

�a�x���~�&#F�v�6!);�4x�6*&,n%	�,� ? �CVb�	:X8 �L�6# �~�d�z�7^X! �6M�B ��4x��#';�4x�+!$*&M)!$;�4x�f�61 ,H��#'# s
*&(X;�4n/2�~�

*&!);�4�8��~�0Ii8v� ��8f�cZ
!98C/��DCIE~�f� B �z��,x�6*&,x�z��Vb�	:X8�M)D�*&/���B D�;�4&#'8
,&! �[Y���4,��#�;�4,�+!)*0M)!);�40%~�+!98 1
,H��#'#

s
/~�+*H�~���6!)*&5���M�^�(~��%���5 �����x�u�	:X8 �F�+5 /���(IE~� Vb�	:X8 �EBc! ��, ,&! �+#F�f�\�Y��M$MX,x��*&* Bc! �6,x�f�

#v�64x� �&*�B ��4,��#�;�4,�+!)*0M)!);�421X,x� *h�&* IU��#@8#�F�6,x�[=r�+!$;�4x�+*&%R�68'8 � ,x�f� �dD�*&/�� � 5n�+4x� ��M)#\�+!$*&5���M
^�(��'%�(�5A578f�
�T! ��Y ��4x�'#�;�4x�6!)*&M$!);�4&%R�+!$8+1 ,H��#'#

s
(X,x�f� �F�6,x�0��*&,x�z�v�.U/�68�8v��,x�f���dD�*0/��0� /��+*H�R�

�+!$*&5j��M ^�(���%�(�5A578 1a4H��8 ,,�+5A*H��;�4��+!$*nZ �,:L!$5.�&5 �d�6! �6!)*x�z���i�+#'8�!)5A578 �6* Vb�	:X8�M)D�*&/��
T5

�V=r�
,&! �6#v�65 =r�+!$8�fx�&*&%�8 5 �&#'#v�6*[#v�64x� ^X! �+M �jU:*&(�8v�+*
!)*C,x�+*�J-�>9?:-�H�~�&5 �+!$*&/��z�H�~�08
B �z��,x�6*�1}�d�6! ,x�+*,�+* /~�+*H�~��Ib�&*LI =r�+!$;�4x�+*0��*.,x�6* U���*�8 �6* �R�0I ,,�+5 Y%�+/ ? �x� Y%�x� ? �+M
#'8v�+4x�6* � JL! �:4H�R�d�6* ��M$#�( ,&! �B=r�+!);�4,�+*�8�! �6Ig���L1&#'! �+4,�7J	�+!$8v��H,�
Y%�+*0* ,&! ��Y���4x��#';�4x�+!$*&M)!$;�4&%~�6!$8 5j�&:0!$5j��M�!$#'8 1f�+!)*,� =r�6!);�4x�6*&%~� 8�8v��,x�z��� D�*&/�� �E/��+*H�R�

�+!$*&5j��M>!)5�Vb�	:X8 ? �`e>*&,,�+*�1<Bc! �',`,&! �+#v�6M �i� Y���4,��#�;�4,�+!)*0M)!);�40%~�+!98�Ib�,��=r�6!);�4x�6*&%~� 8�8 �6* ,x�f�
�dD�*&/��

6
#F�+4x�d%<M �6!)* #v�6!)* 
WQ~�6,x�+# ] (��'%�(�5A5��6*/�+!$*x�f��=r�6!);�4x�6*&%~� 8�8 � ,x�z��� D�*&/�� �E%R��*&* *	�,�

5l!98\�+!$*x�+5 �+!$* ? !$/��+*f7 �&;�40#'8 �R�d�6*AIb(��@8�/��6#v� 8 ? 8 B �f�',x�+*�1	��M$#�(:*h�x� ? �n�+!$*x�f� =r�6!);�4x�6*&%~� 8�8v�
,x�f�� D�*&/�� GkIb�04x�v�6* ��J #4�	:L!$#'8�! �f�F�+* �~�i�f�

α5
=r�+!$;�4x�+*0%~�68'8 �6* ,x�z�	�dD�*&/�� �%�&*&,

α6

=r�+!$;�4x�+*&%R�68'8 �+*=,x�z� �dD�*&/~� G,� �"! �jY ��4x�'#�;�4x�6!)*&M$!);�4&%R�+!$8+1d�6!)*x� Bc!)M$M)%<�x�'M)!);�4 �~�0#�/�� BED�40M$8 �
U/�68�8v� ,,�f� �dD�*&/��BG /��+*H�R� �+!$*&5���M ? �
e>*&,,�+*�!$#'8+��M$#�(�^�(�*
,x�f�TS/�DCIE~�+*&(��',&*h�&*&/ α

	 !)*
�&*&#F�f�v�65 7 �6!)#�f0! �+M,����� %XM �+!$*x�f�N��M)#a,&! �6#v�+M �d��Y���4,��#�;�4,�+!)*0M)!);�40%~�+!98�Ib�x��=r�+!);�4,�+*&%R�68�8v�+*A,x�f�
�dD�*&/����-�

J #n�+*�8�#@8 �64x�+* ? � ,&! �+#v�65 =r�+!98�fx�&*0%<8j��M$#�(=#v�64x�lB �+*&!$/ U:*&(�8 �+* ,x�f� =r�+!$;�4x�+*�8�! �6Ig�
G !)5 7 �~�&5 ���"! ��5j�&:0!$5j��M � J *�8�#'8 �64h�&*&/�#F� ��8v�AIb�x� U:*&(�8 �+*=,&! �+#F�f�:-��@8:!)#@8��f�'#'8 ,H��*0*
�f�F�v�+!$;�4�8 1LB �+*0* ,x�f�EVb�	:X8

α
5���MKM D�*&/~�f� !)#'85	

T6 = αT5

�p�L�:��*0* #�!)*0,��~�i�f�D�d�6!)*H��4,�:��M$M �
U:*&(�8 �6*�,x�f��=r�+!);�4,�+*�8�! �6Ig�

5
�d�z�v�+!98�#a!)5 7 �~�&5 ^�(~��4H��*0,x�+* 
�Y �6*&*��+!$*x� =r�+!$;�4x�+*0%~�68'8 � !$*

�+!$*x�+5 Vb�	:X8T,x�f� �dD�*&/��
T5

5l!98c5j�&:0!$5j��M �f� Y���4x��#';�4x�+!$*&M)!$;�4&%~�6!$8 5 5���M}�~�0Ii8v��!98�8 1LBc! ��,
#�! �:!)*4�6!)*x�65 ���75���M2M)D�*&/��z�v�6* Vu�t:L8c*0(���5���M �z�'B �+!$#v� 5n�+4x� ��M)# �6!)*&5���Md�+*�8�4H��M$8 �6* #v�6!)* �
_�*kVu�t:X8 �+* ,x�f� �dD�*&/��

T
5A!$8

T5 < T < T6

,H��/��6/��+*k,H��/��6/��+*%�+*�8�#@8 �+4,�+* B �+,x�z�

�F<



�d�6#�(�*0,x�f�'#l^X! �6M �GU:*&(�8 �6* ,x�z�+=r�6!);�4x�6*�8�! � Ig� �X1 *0(L;�4 #�(�M$;�4x�
,,�f� =r�+!);�4,�+*�8�! �6Ig�oG 
 �"! �
�+!$*x�+*G/�! �L8 �+#
�i�f�v�6!$8�#EIU��#'8+��M$M ��1<Ib�x� ,&! ����*&,x�z�v�6*
Ig�+40M$8 *&(X;�4G,&! � ] (��v�~�&#'#v�68 ? �&*0/&1K,H��#�#
,&! � �6*�8�#�f,�v�+;�4,�+*&,x�6* =r�+!$;�4x�+*&%R�68'8 �+*��d�z�v�6!$8�#\�6!)*&5���ML!)5 Vu�t:L8 ^�(���%���5n�+* �<����#�#F�+M �i�c/�!)M98
�f�'#'8 �v�6;�4<8 Ib�x� U:*&(�8v�+*C,x�f�[=r�6!);�4x�6*<8�! � Ig�

Z
5A!$8

Z < 5
(X,x�z�

Z > 6
�

�T! �+#F��-��'/��&5n�+*�8 ��8�!)(�*�!$#'8 *&!$;�4�8 *	�,���~�0I�=r�+!);�4,�+*&%R�68�8v�+*k,x�f� �dD�*&/��n�j�0*&,xG��i� R
#�;�4x��D�*&%�8 1K#'(�*&,x�z��*�/�!)M$8 ��M)M$/��+5n�+!$* �
�T! �.VN��8�# ��;�4,��1 ,H��#�#
,&! � Z �,:L!$5j�n!)* ,x�f� J *<8�#'8v�+4h�&*&/�#F� ��8v� *x�z�x�f��U:*&(�8 �+* ,x�f�

=r�+!$;�4x�+*�8�! �6Ig�6*
Z
�&*&,

Z + 1
�F� B �6!)M$#lIb�x�AVu�t:X8�M D�*&/��+*

TZ

�0*&,
TZ+1

�R�0Ii8 �F�68 �6* 5A!$8
TZ+1 = αTZ

1aIb�04x�'8 ? � ,x�6*��d�6(��H��;�4�8 � 8 �6* sin(ln(T ))
R@JX;�4<Bc!$*&/��&*0/��+*n!)*

V (T )
Ib�x�

/�M �6!);�4�^��z�'8v�+!)M98 �B=r�0IU��M)M)#@8 �t:L8v�;	 #'! �64x� -��x�&!$M),x�0*&/�5Z� �p�
�T! �7JL!)*h�&#@Ib(���5 ,x�z� U/�x�'^~�+*[M)D�#�#@8 #'!);�4�*h�x�T5l!98+��*H��M9\X8�!)#';�4x�+* �
�+;�40*	�0*&/��+* �t:,��%�8

�d�6/����0*&,x�+*r��_�*�8 �&!98�!$^k!)#@8��~�i�f���+!)*0#v�+4h�H�R�+1�,H��#�#��+#�#'!);�4��&5 �+!$*x�g#'8v�v�6*&/=fd�z��!)(X,&!$#�;�4x�
�H�&*&%�8�!$(�*74H��*&,x�+M$*7#'(�M)M98 � 
W�T! � ] �z��4>D�M$8�*0!)#�#F��#'(�M)M98 �6*��i�+!

εTZ+1

#F�+!)*jBc! �D�d�6!
εTZ

1 B�(��i�+!
ε
�+!$*x�N= ��4&M ? Bc!)#';�4x�+*�� �0*&, α

#F�+!������z��JX!)*h�&# !$#'8��~�d�z�7,&! ���6!)*0IU��;�4&#'8v�gfd�z��!$(L,&!$#�;�4x�
�H�&*&%�8�!$(�*C(�4&*x� JLfx�'�&*&/��R�
_�*j*&!$;�4<8@R�/�M �+!$;�4<^~�f�@8 �+!$M$8v�+* =r�0IU��M$M)#'8v�	:X8 �6*:8 �v� 8 �6*7,&! � JX;�4<Bc!$*&/��&*0/��+* *&!);�4�8u�~�0I#	 #�! �+4x�

7 !)M$, -��,�&!)M$,x�&*&/�5P��� 1 ,H� ,&! ��Y ��4x��#';�4x�+!$*&M)!$;�4&%~�6!$8+1�,H��#'#\�+!$*x� =r�+!$;�4x�+*0%~�68'8 �6*l,x�z� �dD�*&/��
n
/��6*H�~�

m
5���ML!$5 Vu�t:L8�^�(��'%�(�5A578 1 *&!$;�4<8�Ib�x� ��M$M � =r�+!$;�4x�+*&%R�68'8 �+* ,x�z� �dD�*&/��

n
/�M �+!);�4

!)#@8 1&,H� ,&! � F"D~�0e&/�%~�6!$8 ,x�f�8=r�6!);�4x�6*��0*<8v�f�'#�;�4&! �+,&M$!);�4�!$#'8f�

�R�



� � � � , �#.�)
��/ �/)�� � . )���� � %�/10�� % "6, � ��� �
�#% 	 ��� )+�#, � 	 "��$�&% � 057 .�,
���� + 	 	����+���

���f� _�5Af&M �+5n�+*�8�! �f�v�0*&/ M$! �+/�8 S/�&#'ex�+M),0# � S/�&#@eH�+M$,5K]I]QZ���=r�&#v��5A5��6*0IU��#�#F�&*&/ ,,�+# !)*
� A %<%�(�*x�6*5K]I]���� ,H�~�'/��+#@8 �+M$M$8v�+* -"M$/�(��'!$8�405.�&# ? �&/��F�&*&,x�R� _�;�4n4H�R�d�C5A!);�4 Ib�x�.�F�+%h�x�'#�!9R
^��
S/�v�&*&,0#'8 �F�&%�8 �x���6*�8�#�;�40! �+,,�+* 
�Q~�6B �+!$M)# B D�4x�F�+*&,3�+!$* =r�+!);�4,�+*n!)* ,x�6* J-�>9?:-�H�~�&5
�+!$*&/��f�x�~�08cBc! �',�10Bc! �',C,&! �jJL;�40M)�&#'#v�+M9Ig�&*&%�8�!$(�*�� � ��� ����� �F�+%h�x�'#�!$^g,x�x��;�40M �~�0Ig�6* �
�
	�	 	�� � 		
 � � � � � 	�
 � 	5�� � � 	
������� � �
� ��� ��	�� �
	�	 	
� � 	�
 ��� �
	�	 	
� � 	�
 �
���
� 	�� � � � �
� � 		
 ��� �
	�	 	�� � 	�
 �
� � � 
 ���
�� � 	�
 ����� ����� �

 � � 	 � � � ��� � �
	�� � ����� 	�� � � � �
� � 		
 ���! 

�
		� ����� ��� ����� � 	 � ��� ��� � ��� � ���"	�� 
 � � 

	$#
��� ��	
� � � ��� ��� � 	�� ��	 � 	 ��� ���
� � � � ���
� � ��� ���%�

� � 
!�
		�

���-���&� � � 	 � 	 � ��� ��	�� � � ��� ������� 	���
� � � 	�� ��	 � 	 ��� ���
� � � � �
� #
� � � 
 � � 	 � � � ��� � �
	�� � ����� 	�� � � � ��� � 		
 �"'� 
�


 � � 	 � � � ��� � �
	�� � ����� 	�� � � � �
� � 		
 ���! 
� � 
 � �
(!) �&* 	 	�� �,+ � � �� � � ��� � � ����� 
����.- � � 	�� � 
 �
� � ��
 � � ����� � � � � 	�� � 	 � 	 �
� ���
� � � � �
(�/ � � � ���
�� ���� 	 �!0 � 	 	�� � � � 
 � � � ��� ��1 	�� ��� �32 	�� 
 � � �	� 	 � � ��� � �
( - � � 	 � 	�� ��� � #
� � ��� ��� � � ��
 � � ����� � � � � 	�� ��	 � 	 �
� ���
� � � � �54�6
� ��� � � � 	
� ��� ��� � 
� 	
� � ��� � � � 	�� � � ��� � � 	�� ��	 � 	 �
� ���
� � � � �
�

���-���&� � � 	 � 	 � 
��	�� � ���-� � � 	�� ��� ��� � � 	�� � #
(!7 	�� � 
�����8 � � ��� � � / �9��� � � � 	�� ���:� 
 � �!;�� 	�� �=< ��� 
 � � 
 � �
( � ��� +9�>� � � � � 
 � - � � 	 
� � � � � � � � � 	 � � 	@?

���-���&� � � 	 � 	 � � � ��� ���%� #
(!A � �"� ��� 
 
 � � � � 	 �B��� � 	 + 	 � � � ���

� ���� 	�� � � � 	 	�� � #
� � 
 � � 	 � � � ��� � �
	�� � ����� 	
� � � � ��� � 		
 �"'� 	 � � � # ( �C69�

� ��	�� ������� � � � � ��� � � / 	 � �
�
� � � ���
� 	�� � � � �
� � 		
 � � ��� � 	 ��� � � ��	 � 	 � � 	 ��� 	 ���� A ��	 �

� ��� � � � 	
� ��� ��� ��	 � � � #

 � � 	 � � � ��� � �
	�� � ����� 	�� � � � �
� � 		
 � � �
� ��	 ��� �

� ��� � ( � � � � �!� � � � �  � �

��
-
 � � � A � � � �&� � 	 	 � ����� 	�� � � � ��� � 	�
 �$�%�

���



� ��	 ��� � �
	�����	 A � ������� � � � � ��� � �%�
� � 
 � �

� ��� � # ( 
�� A � � � � � � 	 �B� � � 	 	�� � � ��� 
 < ���:��� � � � � � � � 	 � � ��� � �

(�� � � �  � �� 
� � � �@< 
 � � � � 	 
 � � � � ��� 	 � �� � ) � ��� � 	 ��� � �
( � � ��* �
 	 ?

	 ��� � � ��	 � 	 �"� � ��� 
 ��	 ��� � � ��	 � 	 � �%�

( 
 � � � � � �  � �
 � � 	 ������+ � � < ����� 
 � ��� �� < 
 � � A � � 2 	�� ���

( 
 � � ) ���9� � ��� +&�:� � 	 + � � 
 � � 8 � � � � � � � � 	 � � � � 	 � ��� 
 # A � �
( ��� � � � �"1 � � ��� � �
� � � 
 � � 	 � � � ��� � �
	�� � ����� 	�� � � � �
� � 		
 �

4 � � �
 	 � � 	 ��� � � ��	 � 	 � �	�9�! 
� 	 � � � # ( ��

�
���
� 	�� � � � �
� � 		
 ��� � � 
 � 	 ��� 	 	�� 	 ��� � � ��	 � 	 �

 � � 	 � � � ��� � �
	�� � ����� 	�� � � � �
� � 		
 � 4B� � � �
 	 � � 	 ��� � � ��	 � 	 � �
(� � � ����� ��2�� ���&��� �&��� #
� ��	 ��� � � � �
� ���%�

(!A � �����:��� � � � ��	 	�� � � � � � � �  � �
 � � � 	 � 	�� ��� � � < 	5� 
��
� ���

( 
 � � ) ���9� � ��� +&�:� � 	 + � � 
 � 8 � � ��� � � � � � � � 	 � � � � � 	 � � � 	 #
� ��� � # ( ��
��

� ��� � 	 ��� � 	 ��� � � ��	 � 	 � � # ( ���>�
(!A � �����:��� � �  ��� � � ��� 	 � 	 � � < ����� � �3� � � � � � � � � <
( 
������ A � �3� � � 2 	���+&�>� � 	 + 	 
� � � � � � � ��0 � 	 	�� � �9�
( � ��� ��1 	�� ��� � A � ��	 � � � � 	 � � � � 	 � ��� � � ?

 � � 	 � � � ��� � �
	�� � ����� 	�� � � � �
� � 		
 � � �
� ��	 ��� �

� ��� � # (�A � � ��� ��� � � � ��� � � � � � � �,0 � 	 	�� � ��� 
 � � � � � �  � �

( � ��� ���� � �

� � A � 	 ��� � � ��	 � 	 ��� � � � ��	 � 	 ��� � � ��	 � 	 � �
� ��	�� ������� � � � � ��� � � � � A � 	 ��� � � � 	 � 	 � �
� ��	 ��� � �
	�����	 A � ������� � � � � ��� � �%�

� � 
 � � ( ���>�
� � 
 � � ( ��
��

� � 
 � � ( �C69�

���-���&� � � 	 � 	 � � ��� 
 � 	 ��� � � ��	 � 	 � #
6&��� � � � � ��- � � 	 
 � � 	 � � � ��� � �
	�� � ����� 	�� � � � �
� � 		
 � +&����� � � ?


��� � � � � 
 � � 
���� 

	�� 	 
� � � � � � � 8 � � ��� � � ?
��� 1 � � � � �B�"���
� 	�� � � � �
� � 		
 � � � � � 
 � � � � � �  � �� < 
 � ��� ��	 
 � � � � �

) � � � � 	 ��� � � � �� ��� � 	@?
�>��� � � 
 � � � � � ) � ��� � 	 ��� � � +&����� � � ?

���-���&� � � 	 � 	 � � � 	 ��� � 	 ��� � � � 	 � 	 � � #
� 	 � � 	 � � 
 � � 
 � � 	 � � � ��� �-�
	�� � ����� 	�� � � � �
� � 	�
 ��� 	�� � 1 	�� ��� � 
 � �
� � � �  � �� � 	 ��� � � ��	 � 	 � 
 � � �	� 	 � � ��� ��� 
 � ��1 ����� � ��� ���9�
� ��� +&� �� � � � 
 � ) � ��� � 	 ��� ���

�FG



��� � # � � 	 ��� � --�9� �
� / � ��� # � � 	 ��� ��� ����� �

���-���&� � � 	 � 	 � � � � ��	 � 	 ��� � � � 	 � 	 � � #
6&� ) ��� � � ��� � � � � � �  � �
��@< 
 � �

4 � � 
 � � 0 � 	 	�� � � 	 ��� 	�� 	 < � � 
 � � ��� � � 	 ��� � � ��	 � 	 � � 	 ��� 	�� 	
4 
 � � 
 � � 	 � � � ��� �-�
	�� � ����� 	�� � � � �
� � 	�
 � 8 � � � � � � ��� �
 � � 	



�.� � ���� 
 � � ��� 	�� � � � � �  � �� 	 ��� � � ��	 � 	 � ������� � ��+ A � �� � �
 � ��� +&� ?
��� 0 ����+ � 
���� A ����+ � ��� � ��	 � 
�	� � 
 � 2 	 � --��� � � ��	 � 	 � �9�


 � � 	 � � � ��� � �
	�� � ����� 	
� � � � ��� � 		
 � 8 � � ��� � �
�>�.� � ���� � ��� ) ��� 	 	 ������� � ��+ A � �� � �
 � ��� +&� � �
��� � ) �9* 	 	�� �,+ � � 
� �

� ��� � � ����� 
���� �	� 	 � � ��� � - � � 	 � � 
 �
�

 ��� � � � +&����� � �

���-���&� � � 	 � 	 � � ��	�� ������� � � � � ��� � � � � A � 	 ��� � � � #
� � � � A � 	 ��� � � � � � 	 	 
 � � ��� � 
 	 � � � #

� � � � � 
 ���
�� � 	�
 � � � 
 � � ��� � 
 	 � � � #
������� � � � � ��� ��	�� � � � 
 ���
�� � 	�
 �,� ����� 	
� � � � ��� � 	�
 �

� � 
 � �
� � 
 � � ��� � � � � 
 ���
�� � 		
 �

� ��� � # ( � � A � 	 ��� � � � � 	 
 � � ��� � � � 	
� � � � � 
 ���
�� � 	�
 � � � 
 � � ��� � 
 	 � � � #

������� � � � � ��� ��	�� � � � 
 ���
�� � 	�
 �,� � � 
 � 	 ��� 	 	�� � � A ��	 ��� � �
� � 
 � �
� � � 
 ���
�� � 	�
 ��� � � 
 � 	 ��� 	 	�� � � A � 	 ��� � �

� � 
 � �

���-���&� � � 	 � 	 � �
	�����	 A � ������� � � � � ��� � �%� #
	 � � � ����� 	
� � � � ��� � 	�
 �
���
� 	�� � � � �
� � 		
 ��� ������� � � � � ��� ��	������
� 	�� � � � �
� � 		
 �
� � ����� 	�� � � � �
� � 	�
 � � � � 
 � � 	 � � ��� A ��	 � 	 � � 	 � � � #

(!A � �"� ��� 
 � � 
 � ��������+ � � � � 0 � � � � 
�� � �

� �
� ��	�� 
 � � 	 � � � � 4B�"6

� � 
 � �
� � 
 � � 	 � � � ��� � �
	�� � ����� 	
� � � � ��� � 		
 �"'� 	 � � � # (�A � � � �	� � � � � ��� 	 �

( � � � � � ��� +&�-���� � �
� ��	 ��� �

( �9	 � � 	 � � �9����� ��2�� ���&���-�&���
� ��� � #

� ��	 ��� � � � �
� ���%�
� � 
 � �

���-���&� � � 	 � 	 � ��
-
 � � � A � � � �&� � 	 	 � ����� 	�� � � � ��� � 	�
 � #
� 
-
 � � � A � � �&� 	 	������ 	
� � � � ��� � 	�
 � ?

�IZ



� ��� � 4.�+)�� 	 � )�46,�� % ��' ,;/10���� �#, � ��� ���� � �$� � �����

 1

 10

 100

 1000

 10000

 100000

 1  10  100  1000  10000  100000  1e+06

V
or

ko
m

m
en

za
hl

Rang

Zipfkurve
Pseudoworte geteilt am e
Pseudoworte geteilt am c
Pseudoworte geteilt am x

Deutsch−simulierender Zufallstext

-��x�0!)M),,�&*&/��c< 
N�:��#�=2!$f0Ib#�;�4x� S��6#v� 8 ? 8"/�!)M98 �&*H�~�&4&D�*&!)/l,H� ^�(�*21NBc! � Yk(��'8�/��v�6* ? �6*[,x� R
e>*&! �f�'8TB �z��,x�6* �3Vb�v�+*0*<8 5���*�Yk(��@8 �7*0!);�4�8���5 �<�f�f� ? �6!);�4x�6*�1�#�(�*&,x�f�'*0��5 4>D~�0e>/�#'8 �6*
7 �&;�4&#@8 �~�i�+*21 ,x�+5 : � :91 �z��/�! �08 #�!$;�4h%R�R�&5 �6!)* B �+#v�6*�8�M)!$;�4x�f� A *<8v�f�'#�;�4&! �+, �c��� e>*&! �f�'8
5j��* ,H��# : ; :\��M$# Yk(��'8�/��v�6* ? ��1�#�(�^~�f��#';�4&! �z�08A#�!$;�4 ,0! � U/�x�@^����i�+!E/�M �+!$;�4x�f� J<8 �+!$/��&*&/
*H��;�4 �VJ\��#@8��i�+!d#F�+4x� #v�6M$8 �6*x�+* 7 �&;�4&#@8 �~�i�+*
Bc! � ,x�+5 : : :Y�x��!$;�4<8 ,&! � =2!)f0Ib%h�x�@^��j!)*C#�!$;�4
? �&#v��5A5��6* �K���+*
�:��8v�+*GM)! �+/�8 ,,�f�c,x�f�L8�#�;�4,� UT(~��fx�&# ? �&/��v�0*&,x� 	 U���f&!98 �+M �-� G,�@<��p�
�T! �?7 �6(��H��;�4�8v�&*&/ �~�&# U���f&!98 �6M �-� 5�� �L12,x��#�#:,H��#�=2!)f0Ib#';�4x�AS/�+#v� 8 ? �~�0;�4=Ib�,� #�!$5.�LR

M)! �f�v�6*&,x� =r�0IU��M$M)#@8 �	:X8v� 	 #�! �+4x�j��� e>*&!98�!)(�* �~�LI J-�6!$8v� <R� �E/�!)M98 10!$#'8
�6!)*CB �6*&!)/A! �F��!$8�! �z�v�+*0, 

Yh! � *x�64&5��6* *H� 8��x�'M)!);�4,��JXfx� ��;�4,� ��M$# �68�B ��#l^FC�M)M$!)/ ��*&,,�f�v�6#lB ��4x����M)# �6!)*x� ? �LI D�M)M$!)/�f�'#'8 �6M)M98 � =r�+!$;�4x�+*&%R�68'8 �~� J *<8�#�fx�F�+;�4x�6*&, �x�i�f�F� ��#';�4<8.�+#+1d,H��#�#7,0! ��Y (~�'8 �n�+!$*x�+#jVb�	:X8 �6#
��M)#\�i�+,,�f�08v�&*&/�#@8 � ��/��+*&,,��J !)*&4,�+!$8v�+*A#�(j/��v�0*&,&M �6/��+*0,x�c#'8 � 8�!)#@8�!$#�;�4x�8J !)/��6*&#�;�4x��Ii8 �6*`5A!$8
,x�+*
H #v�z�&,&( B (~�'8 �6*[#�!$5.�&M$! �f�F�+*&,,�f�8=r�0IU��M$M)#@8 �	:X8v�"8 �6!)M �6* �

J !$*x� ZoC�/�M$!);�4&%R�+!$8+1>,&! �6#v�6*�Yh!),x�z��#'fx�v�&;�4 �~�0I ? �0M C�#F�+*�!$#'8 ,&! �7Fc\LfN(�8�4x�+#F��1N,H��#�#T,x�f�
? �&/~�v�&*&,,�+/��6M �+/�8 � Yk(��@8 �i�+/��'!$o=,x�z� �~�@8 #�!$5lf0M)!$e ? ! �z�v�6*&,C!)#'8+1K,H��#�#��f� *&!);�4�8"Bc! ��%<M)!$;�4 �i� R
,x�f�L8 �&*&/�#'8 �v��/��6*&,x�eJ !$*&4x�+!98 �6* ,x�6#�Vb�	:X8 �6#�!$,x�+*�8�!9e ? ! �f�@8 1E#'(�*&,x�z��* ,0! �=Vu�t:X8�#'8v�v�&%�8v�x�
#�( B �+!$8 ? �f�v�F�+!6E�8 1&,x��#�#c,&! �/�+*�8�#@8 �+4,�+*&,x�jY (~�'8�4&D~�0e>/�%R�+!98�#'^~�f�@8 �+!$M �&*0/A,,�f� �+!$*x�+#[=r�0IU��M)M)# R
8 �t:L8v�+#u�+*�8�#'fx��!$;�4<8f��_�* ,x�f� VN� 8�!$#'8 ,H��#d^��z�'B �+*&,x� 8 � ] �z�'IU��4x�F�+*�1 �<�f�z� ? �+!);�4,�+* � � ��M$#3Y (��@8'R
/��v�6* ? �6* ? � ,x� e>*&! �f�v�6*�1a^~�f�F�+!)*LIU��;�4x�+*0, � 7 �6!)#'f&! �6M)#'B �+!$#v�AB �z��,x�6* J<8 �v�0%<8v�x�v�6* ? �z�'8 �6!)M98 1
,&! � Ig�6#'8 ? �&# ��5A5n�+*&/��64rC��F�+*�1&B �+*&* ? � � �Y�~�0# @O+� B�� (��'%��:,&! � ? B �+!3Yk(��'8v�+@O+� B��/�&*0,
! =F1�6); "�/0���! 5� 1+& "$�.�������! 5�.% ����%>7��! 5/0��� ��/0���! ,+�F7 " ��%>,+�F79"��$���! >7 < (>��,+�.% �):�� ,+�.��	 %#"$���!7$(>�! 3(5%54D,+(>���! 

9-���������.���! >��% ���!7 ��"$� "FE

�FH



 � (��'%�� B �f��,,�+* � ���
Y%�+*0*3�6#�Bc! ��%<M$!);�4��&*&#F�f� �x�i�f�F�+!)*LIU��;�4x�f��Yk(��'8v�d�6/���!9o !$#'8 1a,x�f� ,H� Ib�x��#�(��'/�8 1�,H��#�#

#�!$;�4.*x��8��x�'M)!$;�4&#�fx�v��;�4&!$/���Vu�t:X8 ��Bc! �f=r�0IU��M)M)#@8 �t:L8v� ^~�f��4x��M$8v�+*�13#'(�M)M98 �7#'!);�4.,H�~�v��*�%��~�&5
�68�B ��# D�*&,,�f��*212B �6*&*�Bc! �T/2�~�"*0!);�4�8:5n�+4x�"^~�f�'#v�&;�4x�6*�1<�i�+,x�z�08 �&*0/�#'8v� ��/��6*&,x� Vb�+!)M � ? �
!),x�6*�8�!$e ? ! �z�v�6*�1 #�(�*0,x�f�'* ,x�+* Vu�t:X8`*H��;�4��i�+M)! �f�&!$/��+*3��*0,x�f�F�+* U/�'!$8 �z��! �+*��&*�8 �z�'8 �6!)M �+* 

Y �6*&*`#';�4&(�*n�+!$*j�~�LI2,x�6*��z��#@8 �+* 7 M)!$;�% ^~�f��*<�&*LIi8�!)/~�f� Y (~�'8 �i�+/~��!$og,H��# ] �f�'4H��M$8v�+* �+!$*x�+#
=r�0IU��M$M)#'8v�	:X8 �6# �F�+fx�'(L,,� ? ! �f�'8+1<#�(�M$M$8 �c,&! �+# Ib�x� �6!)*x�6*`^�(�*`^�(��'*&4x�z�v�+!$*`Bc!)M$M)%<�x�'M)!);�4,�+* *&(X;�4�+4x�z�T/~�+M$8v�+* �
_�;�4C4H�R�d� Ib�x� 5��6!)*x� A *�8 �f�'#v�&;�4h�&*0/`,x�6*G,,�f�08�#�;�4x�6*[UT(~��fx�&# � 	 4,�f� ��*&/�� ? (�/��6* �K���f�

Vu�t:X8"B
�x�',x�=�F� B �6!)M)# ��*G^��z��#�;�40! �+,,�+*x�6* =r�+!);�4,�+*�!$*
Vb�+!$M)#@8��&;�%R���&*�8 �z�'8v�+!)M98Z�K�"! �+#F� Vb�+!$M9R
#'8��&;�%~� #�!$*&,�!)5 Ib(�M$/��+*0,x�+* �z�d�6*0IU��M$M)#:��M)# H #F�f�&,&( B�(��'8v� �d� ? �+!$;�4&*x� 8Z��!$*[-��x�0!)M),,�&*&/L�F<
#�!$*&,�,&! �BJ �'/��f�0*&!)#'#v� Ib�x�c,H��# �}�z�f� ? �+!$;�4x�+*21NIb�x� � � :91 � ; :Y�&*0, � : :K,H�R��/��6#'8 �6M)M98Z�0=r�&5 ] �z�@R
/�M �6!);�4 !$#'8E,x��# �d�z�v�6!$8�# �d�6%R��*&*�8 �BJ\��/��z�&*&!)#�Ib�x� �+!$*x�+*G���z�08�#';�4LR�#'!)5.�0M)! �z�v�6*&,x�+*o=r�0IU��M)M)# R
8 �t:L8D�z�d�6*0IU��M)M$# �+!$*&/�� 8 � ��/��+* �IJ # B
�x�',x� ,&! � Ib�,� -��0Ii8v� ��/��0*&/��+*A,x�6# =2!$f0Ib#�;�4,�+*`S��6#v�68 ? �6#
�x�&M$!);�4x���:�~�'#'8 �6M)M �&*&/�#@B �6!)#v� /�� BED�40M$8 
W�T! ��F"D~�0e&/�%~�6!$8a,x�f�dY (~�'8 ��	U� ? B��W,x�f� Vb�+!)M$#'8��&;�%~�<�
!)#@8 �~�0Ib/�� 8 � ��/��+*C�x�i�f�c!)4,�v�+5 �+��*0/ 	b#�! �+4x���~�&;�4
U���f&!98 �+Mr�x�65��~�LI J-�6!$8v���F] �p�
_�;�4lIb�&4x�v� Ib(�M)/~�+*&,x�87 � ? �6!);�4&*h�&*&/~�+*L�+!$* 
 �  � ��� � ��� � #F�+! ,&! �TU/�x�'^~��1X,&! � ,&! �TF"DR�0e>/�R

%~�6!$8�#@^��z�'8 �6!)M �&*&/�,x�z� ��5 �<�f�f� ? �6!);�4x�6*G/~�68 �F�+*&*�8v�+*gYk(��'8v� ? �6!)/�8f�X-TM)# � R U/�x�@^���1&; R�U��,�'^���&*&,N:<R U/�x�'^~� #v�+! �+*C,&! � U��,�'^��6*��i� ? �+!$;�4&*x�68+1K,&! � ,0! � ] �f�@8 �6!)M �0*&/�,x�f�
��*G,,�+* �+*�8�#'fx�v��R
;�4x�+*0,x�+* 7 �&;�4&#'8 �~�i�+*�/~�68 �F�+*&*�8v�+*[H #F�f�&,&( B�(��'8v���i� ? �+!);�40*x�+* �
-TM)M �:U/�x�'^~�+*��~�rE��z� ,,�f��:<R U/�x�'^~� #�!)*0,
#'!);�4G#v�+4,�TD�4&*&M)!$;�4 

•
JL! � ? �+!$/��+*4�6!)*x�6*g�x�i�f� B �6!$8 � JX8 �F�+;�%R�+*CM)!$*x�Z�~�F�+* ] �f�'M �~�0I�5l!98�/�M �+!$;�4x�f� JX8v�+!)/~�&*&/x�
�"! �+#v�:M$! �6/�8E*H��4x�/�d�6!

−1
Bc! �:5���*g#'!);�4CM �6!);�4�8 �x�i�f�'M �+/�8 
0,0! ��=2!$f0Ib%h�x�'^~�/�&*&,C,&! �

� R�U/�x�'^~�j#@8 �~�@8 �6* �i�+!
x = 1

1
y = 100.000

�&*0,��6*&,x�+*��d�6!
x = 100.000

1
y = 1

�
•
JL! � 4H�~�i�+*��68�B �"!)5 �+��*0/��d�z�v�6!);�4 ? Bc!)#';�4x�+*��
�&*0, 5P���c#v�64x�aD�4&*&M$!);�4��~�&#'/��+fx��D�/�8v�
-��0#v�x�&;�4�8v�&*&/��6*[*H��;�4
(��d�6* �

J #E/�! �08 ? B �+!2AT*�8v�f��#';�4&! �6,x� ? Bc!$#�;�4x�6*G,,�f�8=2!)fLIb%	�,�'^��:�~�0I ,x�f� �+!)*,�+*
J-�+!98 �+�&*&,C,x�f�� R �&*&,G; R�U/�x�'^~���0*&,
,,�f�c#�!$5.�&M)! �f�F�+*&,x�6* �~�0Ia,x�f� ��*&,,�f�v�6* 

•
�"! �?=2!$f0Ib%h�x�'^~�7^��z��M DR�0Ii8"Ib�x�T,&! ���f�'#'8v�+* �d�6!),x�6* � D�*&/��jIU��#'8TB ����/��v�6;�4<8+1�!)5 S/� R
/��6*&# ��8 ? ? �n,x�6* ��*&,x�f�F�+* � J # !$#'8.�i�+%���*0*<8+1�,H��#'# ,H��#;=2!$f0Ib#�;�4x�GS/�+#F�68 ? !)* ,x�6*
5n�+!)#@8 �6*�JXfx� ��;�4,�+*
Ib�,� #F�+4x�c*&! �+,x�'!)/��5�TD�*0/�� *	�,� �6!)*x� OTD�4x�z�v�&*&/A,H�~�'#'8v�+M)M98Z�

•
-+� �+!$*x�+5 � ��*&/l^�(�* � 8�B � 5P�-� ���~�A!$#'8T,&! ��=2!)f0Ib%h�x�@^����z��%R�+*&*h�H�~�"#'8 �6!)M �f�+��M)# ,&! �
��*&,,�f�v�6* �>�:��# 4x�+!$#�#'8+10,H��#�# ,&! �+#v�:*0(L;�4 5n�+4x� �	:X8 �F�+5 #F�+M98 �+*,� Y (��@8 �:� ? B H #F�f�LR
,&( B�(��'8v���~�LIiB �6!)#v�6* ��M)# ,&! �B=2!)f0Ib%h�x�@^��~�

Y (~�'8 ����5 �<�f�f� ? �6!);�4x�6*[^�(�*x�6!)*H��*&,x�f� ? ��8v�v�6*&*x�+*�5���;�4�8 !$*�8 �&!98�!$^g5��64x� JX!)*&*�1d��M$#+��*
! �'/��+*&,,�+!)*,�+5#��*&,x�z�v�6*f=r�+!);�4,�+* ��ZoC�/�M$!);�4x�z�'B �+!$#v� 5���*&!9Ig�+#@8�! �z�'8 #�!$;�4 ,&! �+#v�z��AT*�8v�f��#';�4&! �6,
!)* ,x�+*��d�6!),x�6*7#�!$;�4�8 �H�~�F�+*?A *�8 �f�'#�;�4&! �+,x�6* ? Bc!)#';�4x�+*7,x�f� =2!)f0Ib%h�x�@^��D�&*&,���M$M �6*���*&,x�f�F�+* �
! ! B (>�! ��7 " ,+���.7$�.7 � ���$* &  5����% & (5*�3����/�� � 15�! 5�$�0* " � � 1 �5��&��! 5��% 4#& � %5���! #" & % < ��%>,�3>& �F65,+��� &)�.�0% 9-����� �

�.�����! 5��% �)�.�"< ��%>,5��% E ' % ,+���.7$��% 1��5�!&)�! 5�.%
< ���!,+�.%2& 3	��� ��;  :)��; & /0* & /�/��53	��%+* &)/0/�7 � :)�$"$� � @+��79"��0�.�$�.% E
! � �B& �5� "���/
	5E �>E �<& (+* 13�.� "�� � �

�F]



7�!)#.�R�0Ic,&! �N=2!)f0Ib%h�x�@^��4�&*0, ,&! ��� R U/�x�@^�� M$! �+/~�+*���M)M ���~�0I #F�+4x�.�0*<8v�f�'#�;�4&! �+,&M$!);�4x�z�
F[C�4,�~� �"! �6#"!)#@8c^��f�'#'8�D�*&,&M$!);�4 
2Q~�7#F�+M$8v�+*x�z�",H��# =r�+!$;�4x�+*
!)#@8 1K,H��#���M)# Yk(��'8�/��v�6* ? � ,x�6e0R
*&! �z�'8 Bc! ��, � � 1�,,�+#'8�(jB �+*0!)/��z�D�0*&,lM)D�*&/��z�v� 	 H #F�f�&,0(�R ��Y (��@8 �cBc! �',n�6# /��f�i�+* �<�T! �+#F�c#�!)*0,
,H��*&*��~�&;�4G#v�6M$8v�+*x�z�f�
�T! � :<R U/�x�@^�� #@8 �+M$M$8N�f�'B �~�@8 �&*&/�#�/��65`DFE:%R�+!$* �~�&#'B �f�@8 �H�R�v�+# J\��/~�f�&*&!$# 5��64x��,H�-���:��#

� : : !)#'8"!)5 ���z�08�#';�4x�+*0�+!$*�#�( #F�+M98 �+*,�f� 7 �0;�4&#'8 �~�d��1�,H��#'# ,&! � H #v�z�&,&( B (~�'8 ��1�,&! �7,x�x�';�4
Vu�F�+*&*h�&*0/���5 :��+*�8�#@8 �+4,�+*�1�IU��#@8 !)5A5n�f� #�(:M ��*&/���=r�6!);�4x�6*&%~� 8�8v�+*A#�!)*0,�1�,H��#�# #�! � �+!$*&5���M
(L,,�f�c5j�&:0!$5j��Md�6!)*CfH���~� 5���M2^�(���%�(�5A5��6* �

! ��� ��� ,+�.� �	�����! 5�.% 7$�0%�,D� � 7.65%3(5� 	�� 7 ��%>, � � 7�E

G��



�U�t�2��� � ���+�

� -T#�4x�z�l5K]F]~� �j-"#'4x�f�61 ���/J �	�0*&, Q,� Z%� JL!)5Af&#�(�*�	 5K]I]~� � 
 � ��� � � )� )
 ��� �   � ���  �	� � -� �
 ����� ��	� �  � ��� � � � :XIb(���,�1KO �6B � (���%K1NJ-�6(��&MP10Va(�%�\�( 
NHu�f�'/2��5A(�*GH\�v�+#'#f�

� 7 ��%05K]I]QZ � 7 ��%N1&Hu�f� 	 5X]I]QZ�� 
 � �����  � � ����� ����� � �>O+� B�� (��'% 
NJLfx��!$*&/��z�f�
� 7 ��( Bc*5K]I]FH�� � ��� � ������� * ��� � ��� � 5K]I]IH

4<8'8�f 
 � ��;6M$B B B�� �+#'#v�	:d� ��;~� �&% � B8<�; ��;+(~��fx�&# �cM)!)*0/ ��;+(�*<8v�+*�8�� ;+(��'f (��v� �
� �'/2��*&!$# ��8�!)(�*#	U�+* � 
17 ��( Bc* A *&!$^~�f�'#�!$8�\�1KH\��( ^X!),x�6*&;f��1 �c_

� 7 �rE�5���*&*Y�~�~�2� �B7 �rE�5j��*0*�1 F���,,�&5l(X, 	@�~������� 
�� ���  � ��� � ��� # � �� �� �� ��� ��� � ��$ � �U�
JX8 �08'8�/2�R�'8 
&U�� C�*x�z�f�

� ����*&! �6M)#�5K]I]IG��j����*&! �6M)#61 Hb�68v�f� V/�i�&*&,�Yh!$M)M$! ��5 7 ��!$/�4�8�	 5K]I]IG�� 
 � ��� �����)
%�
	 � ��� �����	�
� � � ���)� � � � :XIb(���, 
 � :XIb(��',oA *&!$^~�f�'#�!$8�\ H �F�+#'#f�

� J 5A!)M$M �P�R���~� � � ��� � � �
�
 � * ��� � ��� �Y�c<,� �F],� �R���~�7R �F],� 5P�,� �~���R�
4<8'8�f 
 � �R�N( BcM ��*0,LR e>M �+#z� M ��*&;+#z� ��;~� �&% ��;+(��'f&M ��*&/ �R�65l!$M)M � �
� �'/2��*&!$# ��8�!)(�*#	U�+* � 
SJ Z
_ ���2J f,��( �F�6;68�� �}��*&;f��#'8v�f��A *&!$^~�f�'#�!$8�\�1�S�7�38�4,�+^ �6*<8v� ��M
_�*&#'8�!$8 �L8 �:(�I�_�*&,&! ��* �}��*0/��H��/��6# 	q^ _'_ � ��1NZG\X#�(��F��1K_�*&,&! �

� S/�&#@eH�+M$,5K]I]QZ�� S��&#@eH�+M$,�1 �:��**	 5K]I]QZ � 
 � 
 � ��� �� �	� � ��� # ��� ��	� ��� �
��� � ���  ��� # � �
� � ���  � � �0^ ��5.�x��!$,&/�� 
O^ ��5.�,��!),0/���AT*&!9^��z��#�!98�\CH\�v�6#�#f�

� ��^ Z ^ �R���~� � � ��� �  �   � ����� * ��� � ��� � � �  ���� � �� * � ���� � �p� �c<,� �F],� �R���~� R
�F],� 5P�,� �~���~�
4<8'8�f 
 � �R�N( BcM ��*0,LR e>M �+#z� M ��*&;+#z� ��;~� �&% ��;+(��'f&M ��*&/ ��M$;+5A; �
� �'/2��*&!$# ��8�!)(�*#	U�+* � 
 �b��*&;Z��#@8 �z�sA *&!$^~�f��#'!$8�\�1NSB7

� �3!�5K]IHI]�� �d! 1 Y%�+*�8�! ��* 	 5K]IHI] � 
 � � � � �
 �� � �����  �  ��� � � � ��  ��� � � � �� � � � �
 
% �	� � -� �
����� � � �NJ,��*�8 ���H�:_�*&#@8Z�>fx�F�+fx�'!)*�8[HI] Rw�~�I],�@� �&*�^��z�DC�od�+*�8�M)!);�4�8?�

� �3!�5K]I]2� � �d! 1 Y �6*�8�! ��* 	 5X]I]2��� 
 �+��*0,&(�5 8 �t:X8�#N�t:L4&! �&!98�=2!$f0I : # R�M � BER M)!)%R��B�(���,jIg�v���h�x�6*&;6\
,&!)#@8 ��! �x�08�!)(�*&#z��� � � � � �  � �  ��� ��� � ����� � � �����  �  ��� � ��� ���)��<IH 
5KHR�h� R85KH~�h�-�

� Z���*&,x�6M �x�'(�8X5K]��R� � Z ��*0,x�+M �x��(�8+1�7 �6*&(�!98 	 5X]2�R� � 
EJX8v�v�&; 8 �x�F��Ib(��'5��6M)M �G,x�6#g8 �	:X8v�+#��68
;+(�5A5.�&*&!$;Z��8�!)(�*r��� �����?5P� 
5 R �IZ-�

� ZG!)M)M �f��5K]IG2� �:Z
!)M$M �z�+1�S 	 5K]IG���� 
�_�*�8v��(X,x�&;68�!)(�*r��_�* 
�� ���  � � ���� � �  ��
 � ����� ���  �	� � -� ���
� ����������� � � ��� ��� ��� � � ���� �  � �
 ��
 � �����0^ ��5��x��!$,&/���1>Z
- 
NZ
_�V H �F�+#'#

G>5



� H\�'(��&#'8 �~���>5 � �  �  �)
  � � ��� � �  
% � ������������� � � � �)� � �  ����� � �O<~�,� �IZ-� �R���>5"R \
4<8'8�f 
 � � B B B�� /��08v�+*h�i�f��/,� (��'/ ��,&! ��#��R�68v�	:X8 �>5 ��#'B ��*&*5F5 4 � 4<8�5
� �'/2��*&!$# ��8�!)(�*#	U�+* � 
LH �'( �F�+; 8:S/�08v�+*h�d�z��/

� A %<%�(�*x�6*5K]I]�� ��A %<%�(�*x�6*�1 J #'%�( 	 5X]I]2��� 
 � *&M$!)*x� ^ (�*0#'8 �F�&;68�!)(�*k(�I J-�19;: Vb�v�f�6#f� � 
 �
� ������ �	� � �5Z�9	!< � 
Y���Q]7R �FG��,�

�@=2!$f0I 5K]~�I]��B=2!)fLI 1 S/�+(��'/�� U:!$*&/�#�M �6\ 	 5X]~�Q] � 
 � � �  � � ���$3�  ��� � ���$3�  ���  ��� � ���
 � �� � ��
 ��� � � �  � � � � ��� ���KO �6B�� (~��%K1 �3(�*&,&(�* 
>F���Ib*,�f� H\�x�&M)!$#�4&!$*&/f^ (�5AfH��*�\��

G2�


