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TVUWUYX[Z[\Y]W^`_,acb[de_fXgUWhjikX[^`ik^mln UoiqprUYZsX[tru l]`Uoiqp8\Wvxwy\W]`p@t2z`_xiq{ l]Yz`prh|i~}:�c�oiqp@Xs�Iik^�h��k]`p�~� \W]YZ[v�hrX � ^Ww|h|p2vx^Ww|{�iqp@w|�oiqu�h|p � w|u � �YXgixb<��Xgij��vxw|iqp@w|h|p2vxzWZgik^�UoikX����x�~^W��]W^W\,ax���e^W�
� iqp@\`ik^��|i � ikX[Z[w�Xs^�ikX[^`ik���ch|p@vxzWZgh|ikXsZgiqp�vx]`{�_xiqh|ikX[Zghq� � � UoikX�tqv�b������ \`iqp�¡¢^�h|ik^YwrXgh lv�h\W]`p2t@z£\Wik^£¤ � p@\Wiqprik^~]Y^W\~¥����#\W]`p2t@ze\`ik^~wrikXghrZ[X[t2z`ik^e�ch|p2vxzWZgik^`_fvx^`_�_xikZ[vx^`_xik^<b<�Diqp¤ � p@\`iqp@i��ch|p@vxzYZgik^`_fvx^`_ � Xgp@\�Uoik^c]`h|�qhj]Y�¦ikX[^§¡ � ^¨�k]¨wr�>ikXst@z`iqp@^§]W^W\��k]¨u l]WzWZgik^<�� lv�prik^Y\	\Wvxw � Xgucp � w|u � ��©«ª¬d­��®oXs�¯w|ikXghrZ[Xst@z`ik^��ch|p2vxzWZgik^`_fvx^`_°�k]`pS± � ^�h|p � Z[ZgiV\`iqp��c�oikX³²t@zWiqp@]W^`_V´�iqp � ik^Y\W]W^`_�µ¶^W\`iqhqbk¡¢w|h·\WvxwO¡ � ^¸_xiq{�vx^`_xik^O��w � � Xgp2\0ikw·\W]`p@t2z°\`ik^¸w|ikXghrZ[X[t2z`ik^�ch|p@vxzYZgik^`_fvx^`_	UoikZgik]Yt@z�h|iqhV]W^W\¹\Wiqp�¤ � p@\`iqp@i¬�ch|p@vxzYZgik^`_fvx^`_ � X[p@\*v�UW_xikwrt2zWv�h|h|iqhqb<��vxwX[w|hºw@X[^W^�¤ � Z[Z»� � ikX[Z<\Yvxw � X[u�p � wru � �*ikX[^`ik^ � ikw|ik^�hrZ[X[t@z*ucZgikXs^`iqprik^¹¼ � u�]Ww°½¿¾Àdk�ÂÁ<Ã~ÄÅiqp|²prikX[t2z�hq�WvxZsw�ikw!�	Xgh!\`iqpVÆD�WhrX[u�X[�Ç¤ � p@\`iqprik^£��h|p@vxzWZgik^`_fvx^W_¬� l� _fZ[X[t@z¹Xsw|hÈ½Étqv�bY¥��x��Á<Ã~Ä2bTD]`{Y\WXgikwriÅÊËikXsw|i!uÂvx^Y^N��vx^I\WXgiÅ_fZgikX[t@zWi�¼WikZ[\Ww|h lv�pruxiºvx�ÌÆ�prh�\`ikw·¡ � ^Yw��	Xgh � ikw|ik^�hrZ[X[t2z_xiqp@X[^W_xiqpriqp°�ch|p@vxzWZ[Xs^�h|ik^Ww@Xgh lv�h�iqprp@ikX[t@z`ik^Ob>��vxw0ÍDX[^�h|iqp@_xp@]W^`_fwrX[_f^WvxZBvx^�\`iqp0TDÎS� � Xgp@\vxZ[w � _xiqp2X[^`_xiqpkb
�Diqp~Î � Z[v�p@Xswrv�h � pk� � ikZ[t2z`iqp~wrXst@z�\YXgpriquch¹¤ � p~\`iqp~´:v�uc]W]Y�	v��W�Yv�p@v�hr]Wp£X[�
¤ � p@\Wiqprik^�ch|p@vxzYZgik^`_fvx^`_ÈUoi­µ¶^Y\`iqh:_xikz l� prhÏ�k]j\WiqpS¡¢^�h|ik^Ww@Xgh lv�hrw|ikX[^Wwrh|ikZ[Z[]W^`_`� � Xgi�wrXgiVX[^�TVUYwrt2zW^WXgh|h�cbÐ¥cbÐ�0Uoikwrt2z`p@XgiqUoik^IX[wrhqb n �%\WXgi�¡¿^�h|ik^WwrX[h lv�hS\`iqp���h|p@vxzWZgik^IX[�ÑwrikXghrZ[X[t2z`ik^j�ch|p@vxzYZgik^`_fvx^`_ikX[^Wwrh|ikZ[Zgik^��k]�u l� ^W^Wik^<�OUoi­µ¶^W\`iqh0wrXst@z,Xs�Qw|ikXghrZsX[t@z`ik^,��h|p@vxzWZgik^`_fvx^W_£\WXgpriquchÈ¤ � pN\`ik��BXst@z�h � ikZ[Zgik^WZgikX[h|iqpÏiqUoik^`{ÉvxZ[Z[wSikX[^jÎ � Z[v�p2X[wrv�h � pkb � X[hÏÍDX[Zg{�iV\`iqp¬ÒÓ�²Ô´�iqpr� l� _xiqp2]W^`_fw|�YZsv�h|h|ik^X[^Õ\`ik^��ch|p@vxzWZgik^W_ lvx^`_xik^,UoikX[\Wiqp¸�Bvxwriqp¬Zsvxwrw|ik^ÕwrX[t@zÖ\WX[i�¡¢^�h|ik^Ww@Xgh lv�h|ik^Ö\`iqpN��vxw|iqpIX[�w|ikXghrZsX[t@z`ik^£��h|p@vxzWZgik^`_fvx^W_Ipriq_xikZ[^<b
�Diqp°Î � Z[v�p@X[w@v�h � pÈ]W^W\e\`iqp0ÊËikZ[Zgik^WZ[ikXgh|iqp0wrX[^W\ew � vx]`{�ikX[^Wvx^W\WiqpDv�UW_xikwrhrX[�	�¸hq�O\Wv�×*\WXgiÎ � Z[v�p@X[w@v�hrX � ^ÖUoikX!�D]Wp@t@z`_fvx^W_,\W]`p@t2z�\WXgi¹¼Wvxw|iqpjiqp@zWvxZgh|ik^�UYZgikXgUWhqb���Xgi*Î � Z[v�p@Xswrv�hrX � ^vx�ØÆDprh�\Wikwj¡ � ^WwjuÂvx^Y^§\W]`p2t@z��Vp@ikz`ik^¨\WiqpjTD]Ww|u � �W�oikZgikX[^Yz`ikXgh	\`ikwjÊËikZ[Zgik^WZ[ikXgh|iqp@w_xi � lvxzWZ[h � iqp2\`ik^<bO��]`p@t2zË´�iqp@wrt2zWXgiqUoik^�\`ikw � Xgucp � w|u � �oikwq� � Xgp@\Ë\`iqp°¼ � uc]Ww¸vx]`{�\Wvxw¼WvxZ[Z[ik^`�qik^�h|p2]W�Ù_xikZgik^`uchq�YX[^¹\Wik�ÚwrX[t2z*\Wvxw!¡ � ^Ww!Uoi­µ¶^W\Wiqhqb
¡¢� � Xgucp � w|u � �ËX[w|hDikX[^Ë�ch|p@vxzWZ[h|ikX[ZgiqpVXs^�h|iq_xp@X[iqprhqb � Xgh�\WXgikwrik� � X[p@\£ikXs^~Û�ikX[ZÜ\`ikwD¤ � �

Ý d



���������
	���
�������������	����
������	��! �	"�#	��! %$&	��' (	� *)+���,�-�'�.�/��0+ 1� Ý ¥

EOM
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λ/2
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Strahlteiler
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filter


T�UWU¶X[Z[\W]W^W_Nacb[d-24365�798;:=<?>18A@CB=8;DED?8A:�F�GIHKJML�GNH!OGI:�PI<E8,QSR�P�GMD?L�B=<?RT@MUVB=:WL�@MUVHK8A:=X�Y-798;ZCB=:!R[U=ZTRT7M<E8
¡ � ^Iu � �	�Iik^W\Wik^	¼·Z[] � prikw|�qik^W�kZ[X[t@z�hrw�vx]Ww|_xiqu � �Y�>ikZ[hS]W^W\Nu�vx^W^	�	Xgh�\`ik�¯UYZ � ×xik^ITD]`_xiUoiqh|p@vxt@z�h|iqh � iqp@\`ik^<b���vxw!�Iik^Wwrt2zWZ[X[t2z`iDTD]`_xi0X[w|hÅw � ik�I�`µ¶^Y\WZ[X[t2z<��\Wv�×¬vx]Wt@zyikXs^`�qikZ[^`iÎSz � h � ^`ik^*^ � t@z � vxz`pr_xik^ � �	�Iik^ � iqp@\`ik^¹u l� ^W^`ik^O�`ikw!ikXg_f^`iqh�w@X[t@z¸�|ik\ � t@z*^WXst@z�h!�k]`p
\ ]Wvx^�hrX[hrv�hrXg¤xik^�]Åikw|hrXs�	�¸]Y^`_¸\`iqp��BXst@z�hrw|h lv�pruxixb��DvN\WXgiD¼·Z[] � prikw|�qik^W�V\`ikwÏ¡ � ^Yw:�k]8\`prikX´�Xgiqprh|ikZ[^*vx]Ywº_xp l]W^Wik���BXst@z�hºUoikX<���x��^Y�ÚUoikw|h|ikz�h�]W^W\*\Yvxw�TD]`_xi°�k]W\Wik��X[^*\YXgikw|ik�
]ÅiqprikX[t2z*ik�I�`µ>^W\WZ[X[t2z`iqp�X[w|hºvxZ[wºXs�6p � h|ik^e�c�oiquch|p@vxZgUoiqprikX[t2z<� � Xgp@\¹\Wvxwºp � h|i°�BXst@z�h��	XghikX[^`ik�Ç¼Wv�prUWµ¶Zgh|iqp�z`iqp@vx]Ww|_xi­µ>Zgh|iqprhqb�^<]Ww lv�h|�kZ[X[t2z�Uoi­µ¶^Y\`iqhSwrX[t2zjXs�_]Åi � UYvxt2z�hr]W^W_fw|uÂvx^YvxZikX[^�Î � Z[v�p2X[wrv�hrX � ^Ww|µ¶Zgh|iqpk�o\Wvxw°\YvxwÈZ[X[^`ikv�p0� � Z[v�p2X[wrXgiqprh|i	�ch|prik]YZ[X[t@z�h0\`ikwÈ_xp l]W^`ik^Ë�Bvxwriqp@wz`iqp@vx]Yw¢µ¶Zgh|iqprhqb>��Xgi¸Î � Z[v�p@Xswrv�hrX � ^e\`ikwV¼·Z[] � prikw|�qik^`�kZ[Xst@z�hrwDXsw|h��k]`{ lvxZ[Z[X[_	¤xiqprh|ikX[Zghq�ow � \Wv�×\W]`p2t@zN\WXgikw|ikw·¼·X[Zgh|iqp�\WXgiÅÍ lvxZ[{ h|i!\`ikw·¼·Z � ]`prikwr�qik^`�kZ[X[t2z�hrw·z`iqp@vx]Yw|_xi­µ¶Zgh|iqprh � Xgp2\<b ��vxw�Î � ²Z[v�p@Xswrv�hrX � ^Ww¢µ>Zgh|iqp�¤xiqp@wrt@zYZgikt@z�h|iqprh�vxZ[w � \WXgiÈv�U¶w � Z[]`h|iÈ¡¢^�h|ik^WwrXgh lv�hº\`ikwV¼·Z[] � prikw|�qik^W�kZ[X[t@z�hq�¤xiqprUoikwrw|iqp@hºv�U>iqpV\`ik^*± � ^�h|p@vxw|hº¤ � ^~¼·Z[] � prikw|�qik^W�­²S�k]~�ch|prik]YZ[X[t@z�hº]W^W\yiqp2z l� z�hV\Wvx�	Xgh\WXgi°��Xst@z�h|UYv�pruxikXgh�\Wikw!¡ � ^Ywqb
��vxwD_xp l]W^`iN�BX[t2z�h|{�ikZ[\ � Xgp@\*��XghVÍDX[Zg{�i°\`ikwD}ÅÆ � wDX[��w|ikX[hrZ[X[t@zWik^e�ch|p@vxzYZgik^`_fvx^`_j�YzWvÂ²w|ik^W� � \W]YZ[XgiqprhqboÍVX[iqprUoikX�X[w|h0ikw � Xst@z�hrXg_`�B\Wv�×£\YvxwÈ�BX[t2z�h°_xik^Wvx],w|ik^Wu�prikt2z�h¸\W]`p@t2z�\WXgi±0p@Xsw|hrvxZ[Z � Uoiqpa` lvxt2z`ik^Ih|p@X[h|hqb n �6\WvxwÅ�k]�_xi � lvxzWp@ZgikX[w|h|ik^8X[w|h�\`iqp �£� \W]WZsv�h � pÅvx]`{BikX[^`ik��Dprikz�²�]W^W\�´�iqp@wrt@zYXgiqUoiqhrX[wrt@z8�	XghÏ� � ikXoÛ�p@vx^WwrZsv�hrX � ^Ww¢²�]Y^W\�\`p@ikXcb � hrv�hrX � ^Wwrvxt@zYw|ik^y_xi­²
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Z[v�_xiqprhqb � Xgh�ÍVX[Z[{ i�\`iqp¬ÒÓ ²Ô´�iqpr� l� _xiqp@]Y^`_fw|�YZ[v�h|h|i0¤ � pº\Wik�Ç}�Æ � � X[p@\�\WX[iDÎ � Z[v�p@Xswrv�hrX � ^w � ikX[^`_xikw|h|ikZsZghq��\Wv�×�zWX[^�h|iqp¬\`ik��±Èp@X[w|hrvxZ[ZS^�]`p¸ikX[^��ch|p@vxzWZ�� \Wiqp � p@\Wik^�hrZ[Xst@z`ix�ÜvxZ[w �^WX[t2z�hÏ¤xiqp@w|iqh|�qh|i°�ch|p@vxzYZ��
�k]jw|ikzWik^jX[wrhqb���Xgi�´�iqp@� l� _xiqp@]W^`_fw|�¶Z[v�h|h|i0zWX[^�h|iqpÏ\`ik�Ç}ÅÆ �� Xgp2\£X[^£´�iqprUYX[^W\Y]W^`_��	X[hV\`ik��Î � Z[v�p@X[w@v�h � pV¤ � pÈ\`iqp�¼Wvxw|iqp0�k]WpV¡¢^�h|ik^YwrXgh lv�hrw|priq_xikZs]W^`_¤xiqp � ik^W\`iqhqb

.0/�� � E 9<?BA�� 3E A¬9 E R��mFI7S9
	 7:;>; E R��
^o]W^ lvxt@zWw|h � iqp@\Wik^*UoikX[\`i°��vxw|iqpVXs��w|ikXghrZsX[t@z`ik^e�ch|p@vxzWZgik^W_fvx^`_�v�UW_xikwrt2zWv�h|h|iqhÈ]W^W\£\Wvxw¼WvxZ[Z[ik^`�qik^�h|p2]W� � Xgp2\8^c]`pº\W]Wp@t@z¹\`ik^y¤ � p2\`iqprik^~�ch|p2vxzWZgik^`_fvx^`_IUoikZgik]Yt@z�h|iqhqbW¡¿^¹\YXgikw|iqp± � ^Wwrh|ikZ[Z[v�hrX � ^ � X[p@\��	XghS]�v�p@X[]W� � { ik^�]Y^W\�}SZgiquch|p � ^`ik^WuÂvx^ � ^Wi8ikXs^�¡ � ^�ikX[^`_xikw|�oikX³²t@zWiqprhq� � Xgi¸ikw0X[��¤ � p@z`iqp@Xg_xik^�±Èv��¶Xgh|ikZÜU>ikw@t@z`p@X[iqU>ik^ � ]`p@\Wixb>��Xgikw|ikw � X[p@\<�¶w � UYvxZ[\eikw_xikw|�oikX[t2z`iqprhºX[w|hq�W\Y]`p@t@z£\WXgi�UoikX[\`ik^¹�Bvxwriqpº_xiqu l]YzWZghqb
� ]W^ � Xgp@\8�k]W^ lvxt@zWw|hV^�]`pº\Wiqp!p � h|i°�Bvxwriqp�X[^¹\`ik�ÚwrikXghrZ[X[t2z`ik^£�ch|p@vxzWZ[ik^`_fvx^`_¬_xi l�
� ^Wiqhqb��v0wrX[t2zIX[� ]Åi � UYvxt@z�hr]W^`_fw|u�vx^WvxZYikX[^N_xp l]W^`ikw�¼Wv�p@U`µ¶Zgh|iqp�Uoi­µ¶^W\Wiqhq� � X[p@\¬\Wvx\W]`p@t2zNuxikX[^�ch|prik]YZ[X[t@z�h°wrXst@z�h|UYv�pk�·w � \Wv�×�wrX[t2z,\`iqp¬± � ^�h|p@vxw|h¬^WX[t2z�h¸¤xiqp@wrt@zYZgikt@z�h|iqprhqb:��Xgiy��h|p@vxzWZ³²Z[v�_xiË\`ikw¹w|ikX[hrZ[X[t@zWik^ ��h|p@vxzWZgik^`_fvx^W_fw � Xgp@\�w � ikX[^Â�r]Ww|hrXgiqprhq�Å\Wv�×�\Wvxwy¡ � ^�U>ikXs� TVU`²wrt2zWv�h|h|ik^,\`ikw�p � h|ik^Ë�Bvxw|iqp@w°X[��¤ � p@\`iqprik^,�ch|p2vxzWZgik^`_fvx^`_¹wrXst@z�h|UYv�p0UYZgikXgUYhqb>��Xgiq_xh0\`iqp
]Åprik^W^`�¶]W^`uch:\`ikwÏwrikXghrZ[X[t2z	ikX[^`_xikwrh|p@vxzWZgh|ik^8�BX[t2z�hrwÅ^WX[t2z�hÏ_xik^Wvx]8X[�%¼YvxZ[Zgik^`�qik^�h|p@]W�¹�cw �¤xiqp@wrt2z � X[^W\`iqh!\WXgiD¼·Z[] � prikw|�qik^W��\Wikw�¡ � ^WwÅUoikX[�ÇT�U¶wrt@zWv�h|h|ik^£\`ikwÅ¤ � p@\`iqprik^£�ch|p2vxzWZgik^�²_fvx^`_fwqb
ªDikZ[Xs^`_xhÈikwN\W]`p@t2z�p lvx]W��Z[X[t@zWikw0´�iqp@wrt2zWXgiqUoik^,\`iqpI�ch|p@vxzWZsZ[v�_xi�^WX[t2z�hq��\Wvxw°¡ � ^ � Xgik\`iqp�k]`p�¼·Z[] � prikw|�qik^`�*vx^`�k]Wpriq_xik^<�Sw � X[w|h¬ikw�^ � h � ik^Y\WXg_`�S\WX[i8¡¢^�h|ik^WwrXgh lv�h�\Wikw	�Bvxw|iqp2w	X[�w|ikXghrZsX[t@z`ik^��ch|p@vxzWZ[ik^`_fvx^`_`� � \`iqp�\WXgiÈ´�iqp@wrhrX[�	�N]W^`_xik^e\`iqpV��vxw|iqpV�k] lvx^W\`iqp2^<b¶��vxw�X[w|h\`ikwrzYvxZgU	iqpr{ � p@\`iqp@ZsX[t@z<� � ikX[ZW\YXgi!¡¿^�h|ik^WwrX[h lv�h|ik^j\`iqpÅ�BX[t2z�h|{�ikZ[\`iqpÏvx�6ÆDp@hS\`ikw:¡ � ^WwSikX[^`ik^w|hrv�pruxik^,}SX[^�`>]`×jvx]`{Ï\WXgi¬�BX[^WX[ik^`{ � p2�#\`iqp0¼·Z[] � p@ikw|�qik^`�IzWv�Uoik^<b&]ÏikXs� }SX[^Wwr�>ikXst@z`iqp@^\`ikwS¡ � ^Ww � ]`p@\Wik^	\WXgi!¡¢^�h|ik^YwrXgh lv�h|ik^8X[�¯¤ � p@\Wiqprik^8�ch|p2vxzWZgik^`_fvx^`_¸w � _xi � lvxzYZghq��\Wv�×N\Wvxw¡ � ^ � �WhrX[�	vxZ`w@X[t@z�h|UYv�p � Xgp2\<bx�DX[i!¡¿^�h|ik^WwrXgh lv�h|ik^�\`ikw�w|ikXghrZ[Xst@z`ik^��ch|p2vxzWZgik^`_fvx^`_fw�vx�ÇÆDprh\`ikw·¡ � ^WwÜu l� ^Y^`ik^¬v�U>iqp:^YX[t@z�h�\WXgpriquch�_xik�	ikwrw|ik^ � iqp@\`ik^<bx}Sw·X[wrh·\Yv�p@]W�À^WX[t@z�h�� l� _fZ[X[t2z<�wrXgi¸�k]~\Wik^`ik^~Xs^*¤ � p@\`iqp@ik^��ch|p2vxzWZgik^`_fvx^`_8X[\`ik^�hrX[wrt2z*ikX[^`�k]Yw|h|ikZ[Zgik^<b¶�D]Wp@t@zeÎ:p � U¶Xgiqprik^
� Xgp2\�ikX[^`ie± � �¸UYX[^Wv�hrX � ^§¤ � ^�´�iqp@w|hrX[�	�N]W^`_xik^�]W^W\§¡¿^�h|ik^WwrX[h lv�h|ik^¨ikXs^`_xikw|h|ikZ[Zghq�Å\WXgi\Wv��k]y{ l]Wz`prhq�c\Wv�×	\WvxwÅ¡ � ^¹wrX[t@z�h|UYv�pºvx]�`¶ik]Wt@z�h|iqhq� � ik^Y^jikw!��Xgh!\`ik� ]Ïp@ik^W^`�Y]W^Wu�hÅ\`ikww|ikXghrZsX[t@z`ik^£��h|p@vxzWZgik^`_fvx^W_fw!_xiqh|p �
� ik^ � Xgp2\<b
¡¢w|h¸\`iqp¬w|ikXghrZsX[t@z`iy�ch|p@vxzWZgik^W_fvx^`_*p lvx]W��Z[X[t@z,p@X[t2z�hrXg_	�|]Yw|hrXgiqprhq�Bw � � Xgp2\��k]Ww lv�h|�kZsX[t@z�\`iqp_xp l]W^Wi¬��vxw|iqp°X[� wrikXghrZ[X[t2z`ik^,�ch|p@vxzWZ[ik^`_fvx^`_y_xi l�
� ^Wiqhqb���v¹vx]Wt@z��	Xgh0\`ik� Î � Z[v�p@Xswrv�hrX³²� ^Ww¢µ>Zgh|iqpD\YXgi°¤ � Z[Zsw|h lvx^W\WXg_xi n ^�h|iqp@\`p l]Wtru�]W^`_8\`ikwÈ�ch|prik]WZ[Xst@z�hrw�^WX[t2z�h�� l� _fZ[Xst@z�X[w|hq�¶¤xiqp|²wrt2zWZgikt@z�h|iqprhIwrX[t2z,zWX[iqp@\W]`p@t2z�\`iqp¬± � ^�h|p@vxw|hN¤ � ^�¼·Z[] � p@ikw|�qik^`�kZ[X[t2z�h¸�k]Ö��h|prik]WZ[X[t2z�h¸iqp|²z`iqUYZsX[t@z<b��Viqp¬¤ � p@\Wiqpriy�ch|p2vxzWZgik^`_fvx^`_ � Xgp@\�^�]Y^�¤ � Z[Z[wrh lvx^W\WXg_£v�UY_xikwrt@zWv�h|h|iqh	]Y^W\�{ l]`p\Wvxw � ikX[h|iqpriÅ}:�c�oiqp@Xs�Iik^�h�^WX[t@z�h·�Iikz`pBUoik^ l� hrX[_xhqbÂ��XgiÏ¡¿^�h|ik^WwrXgh lv�h|ik^¬]W^Y\ÈÊËikZ[Zgik^YZ lvx^`_xik^\`iqp!�Bvxwriqp�Xs�ÇwrikXghrZ[X[t2z`ik^8�ch|p2vxzWZgik^`_fvx^`_ � iqp@\`ik^yw � ikX[^`_xikw|h|ikZsZghq�c\Yv�×N\WX[iD¼·Z[] � p@ikw|�qik^`�\`ikw!¡ � ^Ww!_f]Whº�k]*w|ikz`ik^£X[w|hqb
Ê�v�p¸\YXgiI¼WvxZ[Zgi���Xgh�ikX[^`iqpÈÊ � Zguxi�¤ � ^,�Iikz`p@iqprik^�¡ � ^Wik^ËUoikw|h l]Wtruchq�Bw � w@X[^W\eUoikX�\`ik�´�iqp@wr]Yt@z<�Å\WXgi£��vxw|iqpjX[� w|ikXghrZ[Xst@z`ik^¨��h|p@vxzWZgik^`_fvx^W_�ikX[^`�k]`p2X[t@z�h|ik^<�o�|ik\`ikwr�	vxZVvxZ[Zgi¹¡ � ²
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^`ik^ vx]W×xiqp~ikX[^Wikw¹¤xiqp@Z � prik^�_xiq_fvx^`_xik^<b�}Sw~X[w|h*vxZ[w � �	Xgh£\`ik� zWXgiqp*Uoikwrt2z`p@XgiqUoik^`ik^TD]`{ U¶vx] ^WX[t@z�h£� l� _fZsX[t@z�_xi � ikw|ik^<�VikX[^`iËÊ � Zguxi�¤ � ^ ¡ � ^`ik^ �k] ]W^�h|iqp@wr]Yt@z`ik^<bº}ÏX[^`i� l� _fZ[Xst@z`iË}:p@ucZ lv�p2]W^`_�zYXgiqpr{ l]`p8Xsw|h8Xs^�\Wiqpy��vxw|iqpru l]WzWZ[]Y^`_,�k]�µ¶^Y\`ik^<b��DX[i�± l]WzWZ[]W^W_ik^�hrz lvxZgh	\`prikX!TD^�h|ikX[Zgi�2�^o]W� ikXs^`ik^Öh|p lv�_xh�\WX[iyTVUYw � p@�WhrX � ^~�|ik\`ikwI\`iqp	UoikX[\`ik^Ö��vxw|iqp\Wvx^W^��k]`pI± l]WzYZ[]W^`_¹UoikX»� � ik^W^Ö\WX[ij�Bvxwriqpr{ p@i \ ]`ik^W�j_xiq_xik^ l]WU>iqpNikX[^`iqpSb�ikw � ^Wvx^`�8�k]u�ZgikX[^`ik^�}S^Wiqpr_fXgik^�¤xiqp@w|hrXs�	�°hÈXsw|hqb'^o]W� vx^W\Wiqprik^�Uoi � Xgpruxik^ ^ � ikX³² ÎSz � h � ^�² Î:p � �qikw@w|i\Wvx^W^�± l]YzWZ[]W^`_`� � ik^Y^e\YXgiN��X � iqprik^`�q{�pri \ ]`ik^`�¬� � X[w@t@z`ik^eUoikX[\`ik^��Bvxwriqp@^e_xiq_xik^ l]`Uoiqp\`iqp+b�vx�	vx^`²Vbºikw � ^Wvx^W�D� � X[wrt@zWik^j\`ik����²�]W^W\j\`ik���	² � Xg¤xikvx]j�k]ju�ZgikX[^Wik^�}S^Wiqpr_fXgik^¤xiqp@w|hrXs�	�°h�X[wrhqb��DiqpSZ[iqh|�qh|iºTV^�h|ikX[Z»�x\`iqp�vxZ[w�bVvx�	vx^�² ± l]WzYZ[]W^`_VU>iq�qikXst@zW^`iqh�X[wrhq�Âiqp@prikX[t@z�hvx]`{�_xp@]W^W\y\`iqpºw@t@zW�	vxZ[ik^ bºikw � ^Wvx^W�Èw|ikz`p!u�ZgikX[^`i1]Åi � iq_f]W^W_fw|ik^`iqpr_fXgik^Obc]Åi­µ¶^W\`iqhºwrXst@z\`iqpÈ´�iqp2wr]Wt@zYwrvx]`{�UYvx],X[^,\`iqp°± � ^Wwrh|ikZ[Z[v�hrX � ^<�O\Yv�×£\WvxwÈ_xp l]W^`i���X[t@z�h°\W]`p2t@z�\`ik^�¤ � p|²\`iqprik^O�c\Wv�×Np � h|i0�BXst@z�hÅv�Uoiqp!\W]`p@t2zj\Wik^jw|ikX[hrZ[X[t@zWik^y�ch|p2vxzWZgik^`_fvx^`_¸ikX[^`_xikw|h|p2vxzWZgh � Xgp@\<�w � � X[pru�h0\WX[i¬� � �W�¶Zgiqpr¤xiqp@wrt2zWXgiqUY]Y^`_8^YX[t@z�hÈ�Iikz`p0{ l]`p�UoikX[\`iI�BX[t2z�h|{�ikZ[\`iqpÈXs^e\YXgi¬_fZgikX³²t@zWi b�Xst@z�hr]W^`_`bW¡¢^¹Uoikw|hrX[�	�¸h|ik^ ]Åi � iq_f]W^`_fw|p@Xst@z�hr]W^`_xik^*ikXs^`ikwº¡ � ^Ww!u�vx^W^*wrXst@z£w � \WXgi´�iqp@w|hrXs�	�¸]Y^`_	\`iqpV��vxw|iqp��k]WikX[^Wvx^W\`iqp n �Iuxikz`p@ik^<bY��vxw�¡ � ^ � Xgpº\Wvx^W^*vx]Ywº\`iqpV¼YvxZ[Zgiz`iqp@vx]Yw|Uoikwrt@zWZ[ik]W^WXg_xhqb ]Ïi­µ>^W\`ik^ËwrX[t2zË^�]Y^e�	ikz`priqpriI¡ � ^`ik^ËX[^�\`iqpÈ¼WvxZsZgix�Ow � Uoi­µ¶^W\`iqhwrX[t2zj^c]`pÏikX[^`ikw:_xik^Yvx]8Xs�Ì¼WvxZ[Z[ik^`�qik^�h|p2]W�¹��\YXgi�vx^W\`iqp@ik^	Uoi � iq_xik^ywrXst@z�]Y�%\WX[ikw|ikw:¡ � ^z`iqp@]Y�¹��]W^W\jzWv�Uoik^	_xp l� ×xiqp@iÈª�ikwrt@z � X[^W\YXg_xuxikXgh|ik^<��w � \Wv�×¬wrXgiVZgikX[t@z�h�z`iqp@vx]Ww|Uoikwrt2zWZgik]�²^WXg_xh � iqp@\`ik^*u l� ^W^Wik^<b
� ]W^¬u l� ^Y^`ik^	\WXgi � Û�²¿��Xg_f^YvxZgi!vx]`{ _xik^ � �	�Iik^ � iqp@\`ik^<bf��v��k] � Xgp@\¬vx^	\`ik�Ì}ÅÆ � ikX³²^`i �£� \W]WZ[v�hrX � ^Ww|{�pri \ ]Wik^`��¤ � ^ydk�cbÐ�x� � ÍV�Åvx^`_xikZ[iq_xhq��\YXgiS�k]`pÜÎSzWvxwrik^W� � \W]WZ[v�hrX � ^°\`ikw_xp l]W^Wik^*�BX[t2z�hrw�{ l]Yz`prhqb`��Xgikw|i°¼`p@i \ ]`ik^W� � Xgp2\8\Wik��� � tru�²Ô¡¢^�²Ô´�iqp@w|h lv�pruxiqp�vxZ[w(bºiq{�iqprik^`��k]`_xiq{ l]Wz`prhqb���vxw��BX[t2z�hq�x\Wvxw·\WvxwÜ¡ � ^¬\W]`p@t2zN\Wik^¸w|ikX[hrZ[X[t@zWik^¬�ch|p2vxzWZgik^`_fvx^`_�\W]`p2t@zWZgik]Yt@z�²h|iqhIzWv�hq� � Xgp@\�\Y]`p@t@z�ikX[^�¼Wv�prU`µ¶Z[h|iqp¸¤ � ^Ö\`ik^Õ� � \W]WZ[Xgiqp@h|ik^Ë_xp l]W^`ik^�± � �I� � ^`ik^�h|ik^Uoiq{ p@ikXghqbÂ��vx^W^ � Xgp@\N\Wvxw·p � h|iº�BXst@z�h·��Xgh�\`iqp�TVÎÏ��vx]W{ _xik^ � ���Iik^I]W^W\¬\`ik�G� � tru�²Ô¡¢^�²´�iqp@w|h lv�p@uxiqpI�k]`_xiq{ l]Yz`prhqb���XgiyTD]Ww|_ lvx^`_xiy\`ikwN� � tru�²Ô¡¿^�²Ô´�iqp2w|h lv�pruxiqp@w � iqp@\`ik^Õ�	XghN\`ik�
� T � T � ² �Dv�h|ik^Y^WvxzW�Iikw���w|h|ik��\WXg_fXghrvxZsX[wrXgiqprh�]W^W\8�k]`pVTV]Ww � iqprhr]Y^`_I_xikw|�oikX[t@zWiqp@^<b
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TVUWUYX[Z[\Y]W^`_ËacbÐ¥Ë�qikXg_xhjikX[^`i*�qikXghrZsX[t@z`i � ikwrwr]Y^`_,\`ikw � Û�²¿�`Xg_f^WvxZ[w l]WU>iqp��x�����ciqu�]W^�²\`ik^<bY´ � �#TD^`{Évx^`_�\`iqp � ikwrw@]W^`_�U¶X[w!�k]W� ^>ikXgh|�Y]W^Wu�h0d � ]`p@\`ik^*\YXgiÈÎ·v�p@vx�Iiqh|iqp0X[�
b�vxzY�Iik^¬\`iqp�± � ^�h|p � Z[Z[XgiqprU¶v�pruxikXghBu � ^Yw|hrvx^�hS_xikzWvxZgh|ik^<bx��Xgi �£� \W]WZsv�hrX � ^Ww|{�pri \ ]`ik^`�:Uoi­²h|p lv�_xh	dk�cbÐ�x� � ÍV�	\`iqp �£� \W]WZ[v�hrX � ^WwrX[^W\Wi­�¹ZsXgiq_xhVUoikX�d��[dk�������«�facb��DX[i¬± � ^Ww|hrvx^�h|i��{ l]`p¸\WX[i�^>iqik�	vx^�² TD]`{Éw|�YvxZghr]W^W_*Uoiqh|p lv�_xh¸tqv�b Ý¹� Í��x�Üu � ^W^�h|i8v�UoiqpN^WX[t@z�h¸\YXgpriquch0¤ � p\`iqp � ikwrwr]Y^`_Iu � ^�h|p � Z[Z[Xgiqprh � iqp@\`ik^Ob
TD�_^>ikXgh|�Y]Y^`u�h!d � ]`p@\`i!\Wvx^W^I\Wiqp:p � h|i���vxw|iqpS�k]Iu�ZgikX[^Wiqprik^I¼`pri \ ]`ik^`�qik^I¤xiqp2w|hrX[�	�¸hq�UYX[w¬\WX[iy¼·Z[] � prikw|�qik^`�¹\`ikwI¡ � ^WwI^WXst@z�h¬�	ikz`pIUoi � UYvxt@z�h|UYv�p � v�pkb:��Xgi¹¡¢^�h|ik^Ww@Xgh lv�hI\`iqp�BXst@z�h|{ ikZ[\Wiqp � ]`p@\Wi:zWXgiqprUoikX�^WX[t2z�hOUoiqikX[^ `¶]`×xhqb � ]Y^ � ]`p@\Wik^0\WXgi:Î·v�p@vx�Iiqh|iqp � Xgik\Wiqp<UYX[w�k]W� ^>ikXgh|�Y]Y^`u�hS¥°u � ^Ww|hrvx^�hÅ_xikzWvxZgh|ik^<b�TV^8\WXgikwrik� ^>ikXgh|�¶]W^`uch � ]`p@\Wiº\`iqpÏp � h|iD��vxw|iqp� Xgik\Wiqp	¤ � ^§ÍDvx^W\§Xs^�b�X[t2z�hr]W^W_,\`iqp�b�ikw � ^Wvx^`�~v�UW_xikw|hrX[�	�¸hq�SU¶X[w	\WvxwI¡ � ^ � Xgik\`iqp\`ik]`hrZsX[t@z��k]Õiqpruxik^W^`ik^ � v�pkb�´ � ^�\Yv~vx^ � ]`p2\`ik^�\YXgijÎ·v�p@vx�Iiqh|iqp � Xgik\`iqpNu � ^Ww|hrvx^�h_xikzWvxZgh|ik^Ob
]ÅikX!\WXgikw|iqp � ikwrwr]W^`_ � ]Wp@\`ij^c]`pNikX[^Ö±Èvx^WvxZ�\`ikw¬� � tru�²Ô¡¢^�²Ô´�iqp@w|h lv�pruxiqp2w�vx]Ww|_xikZ[ikw|ik^<b



���������
	���
�������������	����
������	��! �	"�#	��! %$&	��' (	� *)+���,�-�'�.�/��0+ 1� Ý �

200 400 600 800

Zeit in s

S
i
g
n
a
l

1 2

TVUWUYX[Z[\Y]W^`_°acbÐ¥ 2�� 8;< B!DE<����I8A:�� 8A:!D L�G�HcP�8 U
Q	��X Y�<�
[@ML�D U
��� GI:�� 8;< B�����GI:WP�8+P�8A:�:!R�B=8��cL[UV8;:�U=R
��8A<EB��;G Z-DE8;<E@I8;:=8;@��M:=8��[GM8A@��;8A@	� 8;:!UVB=<?>1>,B�� PIL�� P�<?8��4D?RTGM:=8 U �;8A@��"![8A:WU#���$�
L�@MP&%'� GI:"� 8;< B)(
��GI:WP�8 P�8A:*�cLTU=8A:+��<?8;P�8;:�L�G�H P�<?8),�8;U=RT@MLT@���
T8AH L-�I:!8A@&�IU=R%PIL-�1PIL[U+. RT@SUV<����CB=JMLT:+��GI:!PI8�%

^o]Ww lv�h|�kZ[X[t@z � ]`p2\`ik^£\WX[i¸± � ^�h|p � Z[Z[w@Xg_f^WvxZgi°\WiqpD¼`p@i \ ]`ik^W�kw|hrv�UYX[Z[XswrXgiqp@]W^W_xik^¹UoikX[\`iqpV��vÂ²w|iqp8vx]`{ _xik^ � �	�Iik^<�Sw � \Wv�×,��Xgh8��X[t2z`iqp@z`ikX[h	vx^`_xik^ � �	�Iik^ � iqp2\`ik^�u�vx^W^<�:\Wv�×Õ\WXgi¼`pri \ ]`ik^`�qik^,w|hrv�UYX[Z � v�p@ik^<bOTV]Yt@zË\WXgiN¡¢^�h|ik^Ww@Xgh lv�hrw|priq_xikZ[]Y^`_xik^�UoikX[\`iqp0�Bvxw|iqp � ]`p@\`ik^� lv�prik^Y\¹\`iqp � ikwrwr]W^`_ l]WU>iqp � vxt2z�h�]Y^W\¹^WX[t2z�h!¤xiqp lvx^Y\`iqprhqb
}SwNX[w|h¸ikX[^`i8\`ik]`hrZ[X[t2z,TVUY^WvxzW�	i�\`ikwI��Xg_f^WvxZ[w¸vx^�\Wik� ^>ikX[h|�Y]W^`uchÈ�k]�iqpruxik^W^`ik^<�Üvx^\`ik�Ù\WX[i�¼Wpri \ ]Wik^`�°\`ikw�p � h|ik^£�Bvxw|iqp@wº¤xiqp@w|hrX[�	�¸h � ]`p2\`ixbcTD� ^>ikX[h|�Y]W^`uch�¥c�¶vx^¹\`ik�\WXgi*¼Wpri \ ]Wik^`� � Xgik\Wiqp�vx]`{�\WXgi bºikw � ^Wvx^`�£�k]Wp l]Wtruc_xikw|h|ikZ[Z[h � ]`p@\Wiy^YX[�	�¸h	vx]Wt@z¨\Wvxw��Xg_f^YvxZ � Xgik\`iqpIiqpruxik^Y^�UYv�p��k]<bS}SXs^�w � Z[t@zWiqpy��Xg_f^YvxZg¤xiqp@Z[vx]`{ � ]`p@\`i¹�IikzWpr{�vxt2z�Uoi � U`²vxt@z�h|iqhq�Bw � \Wv�×yikX[^`iN�k]`{ lvxZ[Z[Xg_xiN± � prprikZsv�hrX � ^£� � X[wrt@zWik^~´�iqp2w|hrX[�	�N]W^`_y]W^W\~T�UYw@X[^`uxik^\`ikwV�`Xg_f^WvxZ[w�vx]Ww|_xikw@t@zWZ � w@w|ik^ � iqp@\`ik^¹u�vx^W^<b`TD]Wt@z~X[w|h�uxikX[^*} � iquchºUoiqu�vx^W^�hq�W\Wiqp�\`ik^n ^�h|iqpr_xp2]W^W\¬UoikXc´�iqp@w|hrX[�	�N]W^`_0X[� ]ÅiqprikX[t2zI¤ � ^IikX[^YXg_xik^¬�qikzW^ � Í��ºw � wrhrv�pru lvx^Y\`iqp@^u l� ^W^�h|ix�x\Wv�×0\Wvxw·Uoi � UYvxt2z�h|iqh|iV�`Xg_f^WvxZcvxZ[w n ^�h|iqpr_xp@]W^Y\`i � iquch·_xik\`ik]`h|iqh � iqp@\`ik^Nu l� ^W^�²h|ixb���XgiºÊ�Xgpru�]W^`_0\`ikwS}ÅÆ � X[w|h�� � v�p � ikZ[Zgik^WZ lvx^`_xik^Wv�UYz lvx^W_fXg_`�x\WXgi!´�iqp@w|hrXs�	�¸]Y^`_0\`iqp�Bvxwriqpr{ p@i \ ]`ik^W�£]W� dq�x� � Í�� � l]`p@\Wi*v�U>iqp8^�]Wp�ikX[^`i£ÊËikZ[Zgik^WZ lvx^W_xik^ lvx^W\`iqp@]Y^`_Ë¤ � ^tqv�b���bÐ¥*�W�Y� Uoi � X[pruxik^<b n ��\WXgi	¼·Z[] � p@ikw|�qik^`��\`ikw°¡ � ^Yw°vx]`{ÅikX[^�^WXst@z�h°�Iikz`p°w@X[t@z�h¢²UYv�prikw � v�×	z`iqp@]W^�h|iqpr�k]`p@iq_xikZ[^jXsw|hO�|ik\ � t@z8ikX[^`i�\`ik]`hrZsX[t@zj_xiqp@X[^`_xiqp@iD´�iqp2w|hrX[�	�N]W^`_NvxZ[wdq�x� � ÍV�°^ l� hrXg_£½Ô��X[ikz`iÈ¼·Z[] � prikw|�qik^W�kZ[X[^WXgik^yX[^¹TVUYwrt2zW^WXgh|h��`bÐ¥ � \`iqp�U>ikX:©«�`XgiÈ��d­®�Ä2b
�DiqpjUoi � UYvxt2z�h|iqh|i���Xg_f^YvxZg¤xiqp@Z[vx]`{DX[w|h	vxZ[w � vx]`{DikX[^`i*ÊËikt2zWw|ikZ � Xgpru�]W^`_�\`iqp8�BX[t2z�h|{�ikZ³²\`iqpI�	Xgh¬\`ik� ¡ � ^Ö�k]`p l]Wt@u��k]`{ l]Wz`p@ik^<b���XgiyT�U¶w � pr�WhrX � ^ÕikX[^Wikw¸ikXs^`�qikZ[^`ik^�¡ � ^Yw � ]`p@\`i� � ikXg{ ikZsw|{ p@ikX<^Wvxt@z`_xi � Xgikw|ik^<b
TD]Ww°\WX[ikw|iqp � ikwrwr]W^W_~Z lv�×xhNwrX[t@z,ikX[^Õ�`Xg_f^WvxZ³²Ô�k]�²VbVvx]Wwrt2z�²Ô´�iqp@z lvxZghr^YX[w0¤ � ^Õtqv�b·¥ 2[d8v�U`²
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wrt2z lv�h|�qik^<b<TV]W×xiqp@\`ik��X[w|h�ikXs^`i¸Z[vx^W_fwrvx�Ii¸�Dp@X[{ hD\`ikw��`Xg_f^WvxZ[w��k]£Uoi � UYvxt2z�h|ik^<�o\WXgiNX[�
^>ikXgh|UoiqprikXst@ze¤ � ^�tqv�bO�f�x��� Ý �x���ciquc]Y^W\`ik^e�k]`p0h|ik^W\`ik^W�kXgikZ[Zgik^�TVUY^WvxzW�IiI\`ikw�_xik�	ikw¢²w|ik^`ik^e��Xg_f^WvxZ[w�{ l]Wz`p@hqb
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