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FkI%�t��DGF�I�L%RhCEDGA��,I�MOp�I�AE?BrsDjNkDGFYWY�E\]DGiBDGMaR ?BK�LEWYWY\]DGFbNkD#q I�WYDGFYWbNkFkI�ZEM �9\]FYC
pB?BA!CE\]DGWYDGr � �fDG\]r I�MSCELEFYX[Z!C_I�W 	�L%R A_I�ZErsDjR DGAEWbNkDGF�ZE\]AECELEFYX[Z�I�^EiBDTd
M]DGAEK&N �

	�^E^E\]M]CELEAEi ¢%�:c � DG\]i�NfCEDGA  $DGi CEDGF<��NkDGLEDGFYLEAEiE�_��I�W l<l q db��\]iBA_I�MJ�9\]FYC \]A DG\]AED��EFY?BiBFkI�r drs\]DGFY^_I�FYD
��NkDGLEDGFYDG\]AEZEDG\ON iBDGiBDG^tDGAa`¡CE\]D A_I�X[Z CEDGA6DG\]AEiBDGWbNkDGM]MONkDGA � DG\ONkDGA�\]r  $DGX[ZEWYDGM<CE\]D
WbNkDG\]iBDGAECED,LEAEC.CE\]D�RcI�M]M]DGAECED�l<l q deH¡M�I�AEK�D�I�A�DG\]AEDGA
>@DGFYWbNQPI�FYK�DGF�I�LEWYiB\]^%N �E��DGFS>@DGFYWbNQPI�FYK�DGF
iB\]^%N<WYDG\]A.��\]iBA_I�MaI�A
CEDGA 	�LEWYM]DGAEK�rsDGX[Z_I�AE\]WYr LEW<CEDGW��,I�MOp�I�AE?BrsDjNkDGFYWY�E\]DGiBDGM]W@�fDG\ONkDGFG�_��\]DTd
WYDGF9RTPLEZEFbN9CE\]D�\]A 	�^E^E\]M]CELEAEis¢%��� C_I�FYiBDGWbNkDGM]MONkD,qfDj�fDGiBLEAEi I�LEWG�

Zeileletzte Zeile des ersten Bildes

Steuersignal

für neues Bild

TTL-Signal aus Signalgeber

Signalausgabe aus Steuereinheit
1 2 3 4

Bildsignal
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ZEDG\ON�rs\ON9DG\]AEDGr ��W � \]M]M]?BWYK�?B�VI�L%R iBDGAE?BrsrsDGAa�t��DGF���\]iBA_I�M]iBDG^tDGF9DGFbRcI���NCEDGA�qf\]M]C%�fDGX[ZEWYDGMzLEAECoiB\]^%N�DG\]Awl<l q db��\]iBA_I�M¡I�LEWG� U.\ON�CE\]DGWYDGr ��\]iBA_I�M
�9\]FYC�C_I�Wm�hFY?BiBFkI�rsr CEDGF¡��NkDGLEDGFYDG\]AEZEDG\ON iBDGWbN[I�FbNkDjN ��¢B¢)(LC@A_I�X[Z�CE\]DGWYDGr
l<l q db��\]iBA_I�M%�9\]FYCsCEDGF �hLEAEK&N��+CEDGFS��\]iBA_I�M�I�LEWYi&I�^tDSCEDGFf��NkDGLEDGFYDG\]AEZEDG\ON
DGFYFYDG\]X[Z&N �



��� � �<	����	 �*� �	�X���������Z	 � ���`�N�X����� �	� � � �<� �w�
	�	������ � �Z�

��A 	�^E^E\]M]CELEAEiV¢%� �
WY\]AEC=C_I�W~qf\]M]CEWY\]iBA_I�M¡LEAEC$C_I�W�I�^EiBDGM]DG\ONkDjNkD l<l q db��\]iBA_I�M@I�LEW�CEDGr ��\ d
iBA_I�M]iBDG^tDGF¡C_I�FYiBDGWbNkDGM]MON `�CE\]D pB?BA�DG\]AEDGr ���tDG\]X[ZEDGFY?BW � \]M]M]?BWYK�?B� I�L%R iBDGAE?BrsrsDGA~�9LEFYCEDGAa��UVI�ADGFYK�DGAEA&N�CE\]D DG\]A � DGM]AEDGA � DG\]M]DGAwCEDGF,��I�NkDGAzPLE^tDGFbNkFkI�iBLEAEiE` CE\]D~C_I � �9\]WYX[ZEDGA=M]\]DGiBDGAECEDGA=�Dp�A�dX[ZEFY?BAE\]WkI�Nk\]?BAEWYWY\]iBA_I�M]D�`�CE\]D+��\]iBA_I�M]K�?BA&pBDGA&Nk\]?BA�RTPLEFz>@?BM]M]^E\]M]CEDGF¡A_I�X[ZsCEDGr;M]DjN � NkDGA ��\]iBA_I�ME^E\]W
� LEr ��NkDGLEDGFYWY\]iBA_I�MtRTPLEFSDG\]A AEDGLEDGW9qf\]M]C LEAEC�C_I�FkI�L%R CE\]D���\]iBA_I�MYPLE^tDGFYi&I�^tD9RTPLEFSC_I�WfR ?BM]iBDGAECEDqf\]M]Ca�
��I�W�l<l q db��\]iBA_I�M�` C_I�W,CEDGA$qf\]M]C%�fDGX[ZEWYDGM@I�A � DG\]i�N `aiB\]^%N�CEDGF~��NkDGLEDGFYDG\]AEZEDG\ON�CEDGA���N[I�FbNk\]r d�ELEM]WG`zA_I�X[Z6CEDGr C_I�W��hFY?BiBFkI�rsr I�^EM�PI�L%R N �¡��A6CEDGF�qfDGWYX[ZEFYDG\]^ELEAEi$CEDGW >@DGFYWYLEX[ZEWkI�L%R ^_I�LEW
\]WbN,^tDGFYDG\ONkW�DGFYM�PI�L%NkDGFbN `aC_I���CEDGF�� DG\ON[I�^EWbN[I�AECoCEDGF�qfDGM]DGLEX[Z&NkLEAEiBDGA$DG\]AEDsU.\]M]M]\]WYDGK�LEAECED ^tDTd
NkF�PI�i�N �9��I�rs\ON
CE\]DGWYD=qfDGM]DGLEX[Z&NkLEAEiBDGA � �fDG\�gh\]A � DGM]^E\]M]CEDGF
^tDGM]\]X[Z&NkDGAa`9DGFbR ?BM]i�NkDoCE\]D�l<l q d��rs�ELEM]WkI�LEWYi&I�^tD�A_I�X[Z�	�^E^E\]M]CELEAEi�¢%�����

Bild 1 Bild 2 Bild 3 Bild 4

Zeit nach Bildwechsel [ms]

99,6 100,6

99,7 100,7

33 34

33,1 34,10

∆t = 66,6 ms

Zeit zwischen zwei PIV-Auswertungen

Signal aus
Steuereinheit
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iBDj��PLEAEWYX[Z&NkDGA��m?BWY\ONk\]?BA � L.DGFYZ_I�MONkDGAa�
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q I�L%R FkI�CEFY\]X[Z&NkLEAEi iBDGFY\]X[Z&NkDjN�\]WbN �t��IsWY\]X[ZVCE\]DGWYDGW ��PLEX[K�WbNkF�P?Br LEAEiBWYiBDG^E\]DjN�\]r � DGA&NkFYLEr CEDGF
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\]AEK�DGM pB?BAV�B� � � LEr ��DG\ONkDGAEK�I�A_I�M��E��I�WSZ_I�NYNkD�DG^tDGA%RcI�M]M]WK�?BAEWbNkFYLEK&Nk\OpBD ��F�PLEAECED�� U.\ON�CEDGrsWYDGM]^tDGA$��DGZ PI�LEWYD~�9LEFYCEDGA�pBDGFYWYX[ZE\]DGCEDGAED ��NkF�P?Br LEAEiBWYr IQd
WYX[ZE\]AEDGAEK�?BA � DG�%NkD LEA&NkDGFYWYLEX[Z&N ` �f?B^tDG\hAE\]X[Z&N�\]A �YDGCEDGr HJI�M]MmDG\]AED N[I�AEiBDGA&Nk\�I�M � LEr ��DG\ONkDGA�d
K�I�A_I�M9iBDjRTPLEZEFbNkD 	�LEWYWbNkF�P?Br LEAEi�?B�%Nk\]r I�MS\]WbN � ��?$Z_I�N r I�A!WY\]X[Z!RTPLEFsCE\]D.DG\]A%RcI�X[ZEWbNkDVH_DGFed
Nk\]iBLEAEiBWbp�I�FY\�I�A&NkD~DGA&NkWYX[ZE\]DGCEDGAa� ��\]DGW�^tDGCEDGL%NkDjN�I�M]M]DGFYCE\]AEiBWG`JC_I��
\]r ��FYLEX[K�WbNkL%N � DGA=FYDGM�I�Nk\OpZE?BZED~��NkF�P?Br LEAEiBWbpBDGFYM]LEWbNkD�I�L%R NkFYDjNkDGAa`_CE\]D�CEDGA� 
\]FYK�LEAEiBWYiBFkI�C�CEDGF�UVI�WYX[ZE\]AED,AEDGi&I�Nk\Op ^tDTd
DG\]A��_LEWYWYDGAa�
��I�W9LEA&NkDGFYWYLEX[Z&NkD�q I�L%R FkI�C�\]WbN+rs\ON<WYDG\]AEDGF���DG?BrsDjNkFY\]D�\]A�CEDGF%	�^E^E\]M]CELEAEi c��:c C_I�FYiBDGWbNkDGM]MON �
��DGF 	�L �BDGAECELEFYX[ZErsDGWYWYDGFo^tDjNkF�PI�i�N � G , ¢Xc��)(*(o�+U.\ON.DG\]AEDGr��+I�CE\]DGA&pBDGFYZ PI�MONkAE\]W
pB?BA
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LEA&NkDGFYWYLEX[Z&NkD,��DG^EM�PI�WYD9WY?BM]MEDG\]AEDGA ZE?BZEDGA�>@?BM]LErsDGAEWbNkFY?Br � LEFh>@DGFbRTPLEiBLEAEi�WbNkDGM]M]DGAa��U.\ON@CEDGrK�M]DG\]AEDGA �+I�CE\]DGA&pBDGFYZ PI�MONkAE\]WzWY\]AEC DG^tDGA%RcI�M]M]W¡FYDGM�I�Nk\Op,�fDGAE\]iBDnq I�L%R WYX[Z_I�L%R DGM]A pBDGFY^ELEAECEDGAa����I�W
LEA&NkDGFYWYLEX[Z&NkDlq I�L%R FkI�C$Z_I�N�]Z^ , ���.WYDGAEK�FYDGX[Z&N�WbNkDGZEDGAECEDjq I�L%R WYX[Z_I�L%R DGM]Aa�¡��\]D ��X[Z_I�L%R DGM]A
WY\]AEC�I�L%RmCEDGF<��AEAEDGAEWYDG\ONkD,LEr sDc��fpB?BFYiBDGWbNkDGM]MON `%LEr)CE\]D,��Nk?���pBDGFYM]LEWbNkD�^tDG\aCEDGF<WkI�LEiBWYDG\ONk\]iBDGA
� LEWbNkF�P?Br LEAEi � L.rs\]AE\]rs\]DGFYDGAa�
��DGF � LEWbNkF�P?Br ^tDGFYDG\]X[Z K�I�AEA \]A�CE\]WYK�FYDjNkDGA  
\]AEK�DGM]WYX[ZEFY\ONYNkDGA�pB?BA�� ([� �~pBDGFYCEFYDGZ&N �fDGFYCEDGAa`
�f?�CELEFYX[Z6WY\]X[Z6ZE\]A&NkDGF CEDGr n+A&NkDGFY^EFYDGX[ZEDGFsLEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZED.��NkF�P?Br LEAEiBWed,LEAEC6ghA&NkWY�_I�A�d
A�LEAEiBW � LEWbNQPI�AECED~DG\]AEWbNkDGM]M]DGAa�
��LEFYX[Z CE\]D.FkI�CE\�I�M]D�� LEWbNkF�P?Br LEAEi�LEAEC CEDGF >@?BFYi&I�^tDVDG\]A%RcI�X[ZEDGF H_DGFbNk\]iBLEAEi$Z_I�N WY\]X[Z DG\]A
AE\]X[Z&N�WYDG\ONkDGAEK�I�A_I�MON�p��E\]WYX[ZEDGF���NkF�P?Br LEAEiBWYFkI�LEr DGFYiBDG^tDGAa� ��DGF�Z_I�M]^EK�FYDG\]WbRYP?BFYrs\]iBD���DG\ONkDGAEK�IQd
A_I�M���LEDGFYWYX[ZEAE\ONYN�WbNkDGZ&N�CEDGr ZE\]DGF~AE\]X[Z&N�Z_I�M]^EK�FYDG\]WbRYP?BFYrs\]iBDGA]q I�L%R WYX[Z_I�L%R DGM���LEDGFYWYX[ZEAE\ONYNsiBDTd
iBDGAzPLE^tDGFG�J��I CE\]D � \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEi�RTPLEF<CE\]D,ghAEDGFYiB\]D%PLE^tDGFbNkFkI�iBLEAEi DGA&NkWYX[ZEDG\]CEDGAECw\]WbN `
WY\]D�\]A
CEDGA�AE\]X[Z&N9Z_I�M]^EK�FYDG\]WbRYP?BFYrs\]iBDGA
qfDGFYDG\]X[ZVI�^tDGFSAE\]X[Z&N<pB?BFYCEFY\]AEi�N `%�9\]FYC
CE\]DGWYDGF+qfDGFYDG\]X[Z
K�I�LEr � LEF�ghAEDGFYiB\]D%PLE^tDGFbNkFkI�iBLEAEiV^tDG\ONkFkI�iBDGAa�a $DG\ONkDGFYZE\]Ao�9\]FYC=ZE\]DGFYCELEFYX[Z$rsDGZEF�>@?BM]LErsDGAI�M]W¡A P?�Nk\]i�LEA&NkDGFzCEDGr n+A&NkDGFY^EFYDGX[ZEDGFzpB?BA CEDGFh��FYLEX[K�WYDG\ONkD � LEF@�%I�LEiBWYDG\ONkDfZE\]A~NkFkI�AEWY�t?BFbNk\]DGFbN �
��I�W9WY\]AEC.>@?BFkI�LEWYWYDjN � LEAEiBDGAa` CE\]D,AE\]X[Z&N�Z P?BX[ZEWbNkD� 
\]FYK�LEAEiBWYiBFkI�CED�DGFb�SI�FbNkDGAwM�I�WYWYDGAa�t�hFY\]A�d
� \]�E\]DGM]M M]\]DGiBDGA
ZE\]DGF9I�^tDGF+I�LEX[Z.AE?�X[Z.rwP?BiBM]\]X[ZED��m?�NkDGA&Nk\�I�M]D�C_I�W���DG^EM�PI�WYD � L�pBDGFY^tDGWYWYDGFYAa�
  PI�ZEFYDGAECwCEDGF�n+A&NkDGFYWYLEX[Z�LEAEiBDGA��9LEFYCEDGA P	�AECEDGFYLEAEiBDGA�I�A q I�L%R FkI�Ca`tgh\]AEM�I���d@WY?��9\]D�	�LEWed
M�I��BiBDGWbN[I�MONkLEAEi,pB?BFYiBDGAE?BrsrsDGAa�%��I�Wf\]A�	�^E^E\]M]CELEAEi�c��:c~I�^EiBDG^E\]M]CEDjNkD2q I�L%R FkI�C �9LEFYCED�A_I�X[Z
DGFYWbNkDGA
U.DGWYWYLEAEiBDGA
rs\ON�DG\]AEDGFwsDc��edeHJI�WYD.I�L%R�CEDGF!��PLEX[K�WYDG\ONkDwCEDGFs?B^tDGFYDGA ��X[Z_I�L%R DGM]K�I�A&NkD
pBDGFYWYDGZEDGAa� �+\]DGFYCELEFYX[Z.K�?BAEA&NkD�CEDGF+��FYLEX[K�I�L%R ^_I�L.DGFYZ P?BZ&N9�fDGFYCEDGAa�
n+A&NkDGFYWYLEX[Z&N@�9LEFYCEDGA � �fDG\ELEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZED<ghFb�fDG\ONkDGFYLEAEiBDGA�CEDGW@��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWZE\]A&NkDGF CEDGr n+A&NkDGFY^EFYDGX[ZEDGFG�@gh\]AED Z_I�N DG\]AED M]\]AED I�FYD ��LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi PLE^tDGF CEDGA
iBDGWkI�r~NkDGA6qfDGFYDG\]X[Z6CEDGF � LEWbNkF�P?Br LEAEiE�¡��\]DGWYD
H_?BFYr �9LEFYCED
iBDj�~PI�ZEMON LEr DG\]AED rwP?BiBM]\]X[ZEWbN
M]\]AED I�FYD<>@DGFbNkDG\]M]LEAEi,CEDGF<��NkF�P?Br LEAEiBWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ONf\]AsCEDGFS�%I�LEiBWYDG\ONkD � L DGFYFYDG\]X[ZEDGAa�%��I�Fed
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WbNkF�P?Br ^tDGFYDG\]X[ZEDGW9M]\]DGi�N<^tDG\ � � �

iBDGWbNkDGM]MON \]WbN CE\]DGWYD+>@DGFYWY\]?BAs\]A!	�^E^a�Oc�� �_�cI&�T�&��A CEDGF 	�^E^a�Oc�� �_� ^J�h\]WbN CE\]D �9D I�M]\]WY\]DGFYLEAEi,DG\]AEDGF
A�LEF+FYDGM�I�Nk\Op
K�LEF � DGAoghFb�fDG\ONkDGFYLEAEi ZE\]A&NkDGF+CEDGr n+A&NkDGFY^EFYDGX[ZEDGF�C_I�FYiBDGWbNkDGM]MON �_��\]DGWYD�Z_I�N+WY\]X[ZI�LEW CEDGF 	�LEWb�fDGFbNkLEAEi CEDGF<U.DGWYWYLEAEiBDGA�I�r pB?BFYZEDGFY\]iBDGA
U.?�CEDGM]M_DGFYiBDG^tDGAa����A CE\]DGWYDGA!	�^E^E\]M d
CELEAEiBDGAVWY\]AEC�DG^tDGA%RcI�M]M]W<DG\]AE\]iBD5q I�L%R WYX[Z_I�L%R DGM]A.LEAEC.CEDGF � LEWbNkF�P?Br ^tDGFYDG\]X[Z.C_I�FYiBDGWbNkDGM]MON �
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� LEWbNkF�P?Br LEAEi
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��LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi�\]r qfDGFYDG\]X[ZwCEDGF � LEWbNkF�P?Br LEAEi ^tDG\ >@DGFYCEFYDGZ�d
�9\]AEK�DGME� � `�n+A&NkDGFY^EFYDGX[ZEDGFzLEAEC ��FYLEX[K�WbNkL%N � DGAa��� LEW�PI�N � M]\]X[Z~WY\]AEC~CE\]D ^tDG\ dCEDGAVD &�NkFYDGrsDGA�>@DGFYCEFYDGZ&�9\]AEK�DGM � � ([� �9LEAECV¢B�
(Bc��9I�AEiBDGCEDGL%NkDjN �

��A�	�^E^E\]M]CELEAEi5c����+\]WbN¡CE\]DfM]\]AED I�FYDS��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi � WY\]DGZEDSI�LEX[Z 	�^E^a�
c�� �_�cI&�Y�T` WY?��9\]D�CE\]D >@DGFYWbNkDGM]M]LEAEi
CEDGF~�%I�LEiBWYDG\ONkD C_I�FYiBDGWbNkDGM]MON �a��\]D LEFYWY�EF�PLEAEiBM]\]X[ZEDs��NkDGM]M]LEAEi
CEDGF��%I�LEiBWYDG\ONkD � LEr�n+A&NkDGFY^EFYDGX[ZEDGF+�9\]FYC�rs\ON<CEDGr)>@DGFYWbNkDGM]MO�9\]AEK�DGM � �9^tD � DG\]X[ZEAEDjN �
��A 	�^E^E\]M]CELEAEi c�� r�WY\]AEC=CE\]Ds��DGAEAEM]\]AE\]DGAErsDGWYWYLEAEiBDGA=^tDG\hLEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZEDGA$>@DGFYWbNkDGM]MO�9\]A�d
K�DGM]A�\]AwCEDGF�� LEWbNkF�P?Br LEAEi
C_I�FYiBDGWbNkDGM]MON � � LEF Pn+^tDGFYWY\]X[Z&NkM]\]X[ZEK�DG\ON,WY\]AECoA�LEF�CEFYDG\h��DGAEAEM]\]AE\]DGA
CELEFYX[Z$DG\]AED��m?BMSp�AE?BrsFYDGiBFYDGWYWY\]?BAop�\]DGFbNkDGF���FYCEA�LEAEi.DG\]AEiBD � DG\]X[ZEAEDjN �mU.D �B�ELEAEK&NkD WY\]AEC=I�M]M]DpB?BFYZ_I�AECEDGAa`zWY?oK�I�AEA r I�A ^tDG\SqfDGC_I�FbR+CE\]Ds�fDG\ONkDGFYDGA!��DGAEAEM]\]AE\]DGA$DG\]A � DG\]X[ZEAEDGAa�h�+\]DGF \]WbNCE\]D�CE\]rsDGAEWY\]?BAEWY^tDGZ_I�R NkDjNkDs��I�FYWbNkDGM]M]LEAEi
iBDj�~PI�ZEMON ` WY?.C_I��.AE?�X[Z=DG\]AE\]iBD �fDG\ONkDGFYD 	�AEi&I�^tDGA
AE?�N��fDGAECE\]i$WY\]AECa� ��\]D.U.DGWYWYLEAEiBDGA �9LEFYCEDGA rs\ONwq L%R N \]r "+?BFYr � LEWbN[I�AEC�LEAEC�^tDG\9DG\]AEDGF��FYDGZ � I�ZEM¡pB?BA � , ¢@�B�B�)(���� ��� CELEFYX[ZEiBDjRTPLEZEFbN � "+DG^tDGA�CEDGA�^tDG\]CEDGA�D &�NkFYDGrsDGA$�%I�LEiBWYDG\ d
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>@?BA
CEDGF
AEDGi&I�Nk\OpBDGA
^E\]W � LEF
r I &%\]r I�M]DGA �%I�LEiBWYDG\ONkDGA&pBDGFYWbNkDGM]M]LEAEi6WbNkDG\]i�N
CEDGF���FYLEX[K�I�L%R�d^_I�L �9\]D�I�LEX[Z CEDGF >@?BM]LErsDGAEWbNkFY?Br I�Aa����AEWY^tDGWY?BAECEDGFYD�^tDG\tK�M]DG\]AEDGF ��FY?BWYWYDGM]LEAEi AE\]rsr~N@CEDGF
>@?BM]LErsDGAEWbNkFY?Br0DGFYZEDG^EM]\]X[Z � La�B�+\]DGFkI�LEW¡R ?BM]i�N `�C_I���CE\]DfM]\]AED I�FYDS��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFed�fDG\ONkDGFYLEAEisRTPLEF9CE\]D~��NkF�P?Br LEAEi��9\]D,DG\]AED���FY?BWYWYDGM �9\]FYK&N �J��DGF+�,I�A_I�M���LEDGFYWYX[ZEAE\ONYN�r L �sI�M]WY?
WYX[ZEAEDGM]M]DGF pB?BM]M iBD&P? � AEDjN �fDGFYCEDGAa�h��A DG\]AEDGr �fDG\ONkDGFYDGA >@DGFYWYLEX[Z �9\]FYC6I�M]WY?wDG\]AED WYDGZEF p�\]DGM
K PLEF � DGFYD ��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi LEA&NkDGFYWYLEX[Z&N �
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�9\]AEK�DGM]A

"+DG^tDGA�CEDGF)��DGAEAEM]\]AE\]DGA�^tDjNkFkI�X[Z&NkLEAEi \]WbN ^tDGWY?BAECEDGFYW)CEDGF  
\]FYK�LEAEiBWYiBFkI�C%pBDGFYM�I�L%R�\]r
>@DGFYZ PI�MONkAE\]W � LEF¡�%I�LEiBWYDG\ONkDGA&pBDGFYWbNkDGM]M]LEAEi�\]A&NkDGFYDGWYWkI�A&N ����\]D 	�^E^E\]M]CELEAEi2c�� � � DG\]i�N CEDGA�>@DGFYM�I�L%RCEDGW~r I &%\]r I�M]DGA=��LE�E�EM]LEAEiBWb�9\]FYK�LEAEiBWYiBFkI�CEDGW \]A 	�^EZ PI�AEiB\]iBK�DG\ON�pB?Br >@DGFYWbNkDGM]MO�9\]AEK�DGM CEDGF
�%I�LEiBWYDG\ONkD��JghW � DG\]i�N+WY\]X[Za`_C_I��sCEDGF9^tDGWbNkD, 
\]FYK�LEAEiBWYiBFkI�C.AE\]X[Z&N�^tDG\ CEDGF ��FY\]iB\]A_I�M�I�LEWYFY\]X[Z�d
NkLEAEiE`BWY?BAECEDGFYAs^tDG\EDG\]AEDGr�>@DGFYWbNkDGM]MO�9\]AEK�DGMEpB?BA�X I%����� � M]\]DGi�N ����r;qfDGFYDG\]X[Z�CEDGF � LEWbNkF�P?Br LEAEi
M]\]DGi�N<I�M]WY? RcI�WbN9K�DG\]AED~��DG\ONkDGAEK�I�A_I�M]DGFb�fDG\ONkDGFYLEAEi�rsDGZEFSpB?BFG�J��DGF�	�LEWYM]DGiBLEAEiBWYiBDGC_I�AEK�D�A_I�X[Z
M]\]AED I�FYDGFh��DGWYX[Z&�9\]AECE\]iBK�DG\ONkWbpBDGFbNkDG\]M]LEAEi,\]A CEDGF � LEWbNkF�P?Br LEAEi�LEAEC�CEDGr C_I�rs\ONmpBDGFY^ELEAECEDGAEDGA
^tDGWbNkDGA  
\]FYK�LEAEiBWYiBFkI�Cs�SI�FSI�M]WY?�AE\]X[Z&NfFY\]X[Z&Nk\]iE����?�R ?BM]i�NfI�LEX[Z I�LEWfCEDGAs 
\]FYK�LEAEiBWYiBFkI�CE^tDTd
NkFkI�X[Z&NkLEAEiBDGA�CE\]D~H_?BFYCEDGFYLEAEi A_I�X[ZoDG\]AEDGF�CEDGL%NkM]\]X[ZVpBDGFYK PLEF � NkDGA���DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWedDGFb�fDG\ONkDGFYLEAEiE�
U.\ON�CEDGF�M]\]AED I�FYDGA!��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi$�9LEFYCEDGA I�LEX[Z U.DGWYWYLEAEiBDGA rs\ON
FkI�CE\�I�M]DGF�� LEWbNkF�P?Br LEAEioLEAEC � �fDG\<n+A&NkDGFY^EFYDGX[ZEDGFYA PLE^tDGF CEDGA!n+r�RcI�AEiwiBDGr I�X[Z&N �z��\]D ghFediBDG^EAE\]WYWYD��SI�FYDGA�\]r;>@DGFYiBM]DG\]X[Z � L
CEDGAVU.DGWYWYLEAEiBDGA�rs\ONfDG\]AEDGr)n+A&NkDGFY^EFYDGX[ZEDGF9WY? WYX[ZEM]DGX[Z&N `C_I��E`JAE?�X[Zo^tDjpB?BF�CE\]D ��LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi�rs?�CE\O� � \]DGFbN9�9LEFYCED�` rsDGZEFYDGFYD P	�AECEDGFYLEA�diBDGA � LEF.��FYLEX[K&pBDGFYM]LEWbNkrs\]AECEDGFYLEAEi�\]r gh\]A�dsLEAEC 	�LEWYM�I�� pB?BFYiBDGAE?BrsrsDGA
�9LEFYCEDGAa�+��DGW
�fDG\ONkDGFYDGA \]WbN � L
n+A&NkDGFYWYLEX[ZEDGAa`%�9\]D+WY\]X[Z
�Dp�WbNkDGrsCEFYLEX[K LEAEC ��FYDGZ � I�ZEM I�L%R CE\]D���DGAEAEM]\]AE\]DGAI�LEWb�9\]FYK�DGAa�
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M]LEAEi~CEDGW9�Dp�WbNkDGrsCEFYLEX[K�DGW9\]r ��FYDG\]WYM�I�L%R DGFbR ?BM]i�N rs\ONYNkDGM]Wh> I�K�LELErs�ELErs�tD�?�CEDGFS��FYLEX[K�M]L%R Nbd
I�AEM�I�iBD��%��I~CE\]D�WbNkDG\]M]D���DGAEAEM]\]AE\]D+CEDGWS>@DGFYCE\]X[Z&NkDGFYW<DG\]AED�DG^tDGAEWY? WbNkDG\]M]D q DG\]WbNkLEAEiBWYK�DGAEAEM]\]AE\]D
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^tDG\ELEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZEDGA �Dp�WbNkDGrsCEF�PLEX[K�DGA \]r U.D ��d
K�FYDG\]WYM�I�L%Re�

��I��=CEDGF
�Dp�WbNkDGrsCEFYLEX[K!K�DG\]AEDGA DGA&NkWYX[ZEDG\]CEDGAECEDGA gh\]A��_L ��I�L%R�CE\]DV��DGAEAEM]\]AE\]D
Z_I�N `@K�I�AEA
r I�A CEDGL%NkM]\]X[Z;CEDGF 	�^E^E\]M]CELEAEi c��O���2DGA&NkAEDGZErsDGAa� ��\]D�^tDG\ CEDGA)�Dp�WbNkDGrsCEF�PLEX[K�DGA pB?BA
S . � ^-, �B�B� �	�	� ���B�B��( D � U I�L%R iBDGAE?BrsrsDGAEDGA2��DGAEAEM]\]AE\]DGA M]\]DGiBDGA
\]r qfDGFYDG\]X[Z2CEDGFVU.D ��d
iBDGA_I�LE\]iBK�DG\ON+I�L%R DG\]A_I�AECEDGFG�J��?Brs\ON<\]WbN9iBD � DG\]i�N `EC_I��s\]AEAEDGFYZ_I�M]^
CEDGW+LEA&NkDGFYWYLEX[Z&NkDGA��Dp�WbNkDGr dCEFYLEX[K�^tDGFYDG\]X[ZEDGW�K�DG\]A�rsD �B^_I�FYDGF+gh\]A��_L �sI�L%R¡CE\]D,��DGAEAEM]\]AE\]D�pB?BFYM]\]DGi�N �
��r ��DGiBDGAEWkI�N ��� LEF
	�^EZ PI�AEiB\]iBK�DG\ON9^tDG\ K�M]DG\]AEDGAV��\]X[Z&NkD&PI�AECEDGFYLEAEiBDGAw\]WbN9CE\]D 	�^EZ PI�AEiB\]iBK�DG\ON
pB?BA CEDGFz��FYDGZ � I�ZEM�A_I�X[ZEiBDj�9\]DGWYDGAa�B��\]D@pB?BA � ���.����� � ¢ ��R DGWbNkiBDGWbNkDGM]MONkD 	�^EZ PI�AEiB\]iBK�DG\ON � DG\]i�N
	�^E^E\]M]CELEAEi c��O�B�B�
gh\]iBDGAED U.DGWYWYLEAEiBDGA ^tDG\ CE\OpBDGFYWYDGA)��FYDGZ � I�ZEM]DGA � WG��	�^E^a�{c��O�Q�B� � DG\]iBDGA DG^tDGA%RcI�M]M]W$DG\]A
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� � ��� ��� 	�^EZ PI�AEiB\]iBK�DG\ON9CEDGF+��DGAEAEM]\]AE\]DGA pB?BA.CEDGF+��FYDGZ � I�ZEM A_I�X[Z � ���.�����
	�^��JI�X[ZEDGA CEDGF=CE\]rsDGAEWY\]?BAEWYM]?BWw^tDjNkFkI�X[Z&NkDjNkDGA ��DGAEAEM]\]AE\]DGAa� � ���.�����;WbNkDGM]MONoDG\]AEDGA0RcI�WbN
M]\]AED I�FYDGA >@DGFYM�I�L%RwCEDGF���DGAEAEM]\]AE\]DGA LEAEC)DG\]A RcI�WbN�M]\]AED I�FYDGW 	�^��JI�X[ZEDGA CEDGF ��DGAEAEM]\]AE\ d
DGA R DGWbN �h��\]D ZE\]DGF LEA&NkDGFYWYLEX[Z&NkDw��?BAECEDGFbR ?BFYr DG\]AEDGWs��DG\ONkDGAEK�I�A_I�M]iBDG^EM�PI�WYDGW � DG\]i�N � �9\]WYX[ZEDGA
� ,0���B�B� �	�	� ¢B�B�B��(���� ��� ^tDG\+Z P?BZEDGFYDGFNq \]DjR DGF � I�ZEM9DG^tDGA%RcI�M]M]W�K�I�LEr 	�^&�fDG\]X[Z�LEAEiBDGAa`S\]r
pB?BM]MaiBDGCEFY?BWYWYDGMONkDGA � LEWbN[I�AECVI�^tDGF9I�LEX[Z.DG\]A.CEDGL%NkM]\]X[ZEDGW � LEF�PLEX[K�^EM]DG\]^tDGA�CEDGF+��FYLEX[K � I�ZEM��
ghW � DG\]i�N9WY\]X[Z.I�M]WY?E`�C_I���^tDG\ ��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGFYA�DG\]AED�M]\]AED I�FYD 	�^EZ PI�AEiB\]iBK�DG\ON<CEDGW<>@?�dM]LErsDGAEWbNkFY?BrsW pB?BA�CEDGF9��FYDGZ � I�ZEMtpB?BFYM]\]DGi�N `�CEDGF9��FYLEX[K�I�L%R ^_I�L�I�^tDGFSAE\]X[Z&N9CE\]D�WbNkF�P?Br LEAEiBWedr I�WYX[ZE\]AEDGA&N�p��E\]WYX[ZED ��L_I�CEFkI�Nk\]WYX[ZED 	�^EZ PI�AEiB\]iBK�DG\ONSpB?BA.CEDGF9��FYDGZ � I�ZEM Z_I�N `EWY?BAECEDGFYA.DjN��SI�WAE\]DGCEFY\]iBDGF�M]\]DGi�N �a��\]DGWYDGW�>@DGFYZ_I�MONkDGA=\]WbN�pB?BF~I�M]M]DGr I�A=DG\]AEDGr qSI�L%NkDG\]M¡R DGWbN � LEr I�X[ZEDGAa`mC_I�W\]A�CEDGA.K�M�I�WYWY\]WYX[ZEDGAo��NkF�P?Br LEAEiBWYr I�WYX[ZE\]AEDGA.AE\]X[Z&N9pB?BFYZ_I�AECEDGA.\]WbN `_CEDGr�n+A&NkDGFY^EFYDGX[ZEDGFG�
��DGFSn+A&NkDGFY^EFYDGX[ZEDGF<NkFYDGAEA&N<CEDGA���FYLEX[K�WbNkL%N � DGA
pB?Br �%I�LEiBWbNkL%N � DGA�\]r qfDGFYDG\]X[Z CEDGW+��DG\ONkDGA�dK�I�A_I�M]WG�@��\]Dlq I�L%R WYX[Z_I�L%R DGM]A�\]ZEFYDGFYWYDG\ONkW NkFkI�AEWY�t?BFbNk\]DGFYDGA!DG\]AEDGA n+A&NkDGFY^EFYDGX[ZEDGFYr I�WYWYDGWbNkFY?Br
pB?BA CEDGFh��FYLEX[K�WYDG\ONkD � LEF@�%I�LEiBWYDG\ONkD�����r�HJI�M]M]D DG\]AEDGWh��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGFYWG`BCEDGFzDG\]A K�?Br d�EFYDGWYWY\]^EM]DGW U.DGCE\]LEr RYP?BFYCEDGFbN ` WY\]AEC$CE\]D q I�L%R WYX[Z_I�L%R DGM]K�I�rsrsDGFYA$CEFYLEX[K�WYDG\ONk\]iVrs\ON�K�?Brs�EFY\ d
rs\]DGFbNkDGr0H¡M]LE\]C,iBDjRTPLEM]MON �QqfDG\�?B�%Nk\]r I�M]DGF n+A&NkDGFY^EFYDGX[ZEDGFb�9\]FYK�LEAEi P? � AEDGA WY\]X[Z CE\]D/q I�L%R WYX[Z_I�L�d
R DGM]K�I�rsrsDGFYA.I�L%RzCEDGF��%I�LEiBWYDG\ONkD,rs\ON9CEDGr CEFYLEX[K�WYDG\ONk\]iBDGAw��FYLEX[KJ� ghW+R ?BM]i�N9DG\]AED,WY�t?BA&N[I�AED
ghA&NkWY�_I�AEA�LEAEi$I�L%R9CEDGA WkI�LEiBWYDG\ONk\]iBDGA ��FYLEX[K=^tDG\fiBM]DG\]X[Z � DG\ONk\]iBDGF~g�&%�_I�AEWY\]?BA CEDGW H¡M]LE\]CEDGW\]A CEDGA���DG\ONkDGAEK�I�A_I�M��<n+A&NkDGFYWYLEX[Z�LEAEiBDGA � LEr r I &%\]r I�M�rwP?BiBM]\]X[ZEDGA ��FYLEX[K&pBDGFYZ PI�MONkAE\]W.\]A
	�^EZ PI�AEiB\]iBK�DG\ON�pB?Br n+A&NkDGFY^EFYDGX[ZEDGFYr I�WYWYDGWbNkFY?Br M]\]DGiBDGA�^tDGFYDG\ONkW�pB?BA � ���.����� � ¢ ��` WY� PI�NkDGF
I�LEX[Z�pB?BA�0 ".���)3 � ¢B� � � s&� �apB?BFG�
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� � ��� / � ��DGAEAEM]\]AE\]DGAErsDGWYWYLEAEiBDGA�^tDG\ CE\OpBDGFYWYDGAw��FYDGZ � I�ZEM]DGAa�
U.DGWYWYLEAEiBDGAa`ECE\]D+\]AspBDGFYiBM]DG\]X[ZEDGAECED�n+A&NkDGFYWYLEX[Z�LEAEiBDGA.DG\]A�^tD � ?BiBDGA �fDGFYCEDGAa`ECzPLEFbR DGA ^tDG\tLEA�dNkDGFYWYX[ZE\]DGCEM]\]X[ZEDGr �Dp�WbNkDGrsCEFYLEX[K � WY?�R DGFYAwC_I�W�H¡M]LE\]C.AE?�X[Zw\]AVDGFYWbNkDGF " PI�ZEDGFYLEAEi
I�M]W+\]AEK�?Br d
�EFYDGWYWY\]^tDGM ^tDjNkFkI�X[Z&NkDjNS�fDGFYCEDGA�K�I�AEAJ�T`�AE\]X[Z&N9I�^tDGFf^tDG\tLEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZEDGA���FYDGZ � I�ZEM]DGA
I�L%R�diBDGAE?BrsrsDGA
�fDGFYCEDGAa�

b �8d��8d � ;OC�E
@aGDI�=�6 T�TB@�C�E �*C?6 TBC�E�;�=?> 6SM Q 6S=L7 \ �];�=�9_35;O@�7 \ �

��A CEDGF
DGFYWbNkDGA >@DGFYWY\]?BA
CEDGW
>@DGFYWYLEX[ZEWbpBDGFYCE\]X[Z&NkDGFYWwM]\]DGi�N�I�L%R~CEDGF.�%I�LEiBWYDG\ONkD�DG\]AED ��LEDGFed
WYX[ZEAE\ONYNkWYDG\]AEWYX[ZEAzPLEFYLEAEi�pB?BFG����DGF$��NkF�P?Br LEAEiBW ��LEDGFYWYX[ZEAE\ONYN6I�L%R CEDGF��%I�LEiBWYDG\ONkD6M]\]DGi�N�^tDG\
��� � �_H G�� , ¢B�
( s 	 ( � �9��I�W�\]WbN.�EFY\]A � \]�E\]DGM]M�WYX[ZE?BA�DG\]A LEr ��� 
 iBF�P?��BDGFYDGF ��LEDGFYWYX[ZEAE\ONYN
I�M]Ws\]r ��DG\ONkDGAEK�I�A_I�M�`@DGFsM]\]D �=WY\]X[Z I�^tDGFs?BZEAEDViBFY?��BDGA 	�L%R �SI�AEC I�L%R ��� � �_H G�� , ¢.r�	 (��
DGFb�fDG\ONkDGFYAa�
��\]D���DGAEAEM]\]AE\]DGA�d9LEAEC� 
\]FYK�LEAEiBWYiBFkI�C%pBDGFYM�PI�L%R D pB?BF�LEAEC=A_I�X[Z$CEDGF ��LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDTd
FYLEAEisWY\]AEC�\]A 	�^E^E\]M]CELEAEi c��O��¢ C_I�FYiBDGWbNkDGM]MON �_��\]D,U.DGWYWYLEAEiBDGAV�9LEFYCEDGAVrs\ON<DG\]AEDGF q I�L%R FkI�C�d
CEFYDGZ � I�ZEM pB?BA � , ¢@�B�B�)(���� ��� LEAEC q L%R N~\]r "+?BFYr � LEWbN[I�AEC I�L%R iBDGAE?BrsrsDGAa�m��DGL%NkM]\]X[ZK�I�AEA r I�A DGFYK�DGAEAEDGAa`+C_I��!WY\]X[Z CE\]D=ghFb�fDG\ONkDGFYLEAEi�I�L%R CEDGFV�%I�LEiBWYDG\ONkD=�EFkI�K&Nk\]WYX[Z AE\]X[Z&N
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AEinlaß=30,4 cm2

AEinlaß=38 cm2
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90˚-Umlenkung scharfkantig
90˚-Umlenkung abgerundet
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lineare SKE nach allen Verbesserungen

kurze SKE
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Π (-7,9˚-Verstellung)

Π (0˚-Verstellung)

Π (+7,9˚-Verstellung)

Π (+15,8˚-Verstellung)

Π (+23,7˚-Verstellung)

Π (+31,6˚-Verstellung)

Π (+39,5˚-Verstellung)

η Kupplung (-7,9˚-Verstellung)

η Kupplung (0˚-Verstellung)

η Kupplung (+7,9˚-Verstellung)

η Kupplung (+15,8˚-Verstellung)

η Kupplung (+23,7˚-Verstellung)

η Kupplung (+31,6˚-Verstellung)

η Kupplung (+39,5˚-Verstellung)
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\]AEK�DGM]WYX[ZEFY\ONYNkDGA!pB?BA
� ([� � pBDGFYCEFYDGZ&N `fLEr
CEDGA$gh\]A��_L ��CEDGF,ghFb�fDG\ONkDGFYLEAEi � L=WbNkLECE\]DGFYDGA � 	�^E^E\]M]CELEAEiec����B�T�(q \]DGiBDGAoCE\]D � LEWbNkF�P?BrwP? �Jd
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C_I�iBDGiBDGAwCE\]D~��DGAEAEM]\]AE\]DGA��fDG\ON�I�LEWYDG\]A_I�AECEDGFG�a��?s�9\]FYCV^tDG\]r�DGFYWbNkDGA=U.D �B�ELEAEK&N�\]r LEAEiBDTd
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η Kupplung (+15,8˚-Verstellung)

η Kupplung (+23,7˚-Verstellung)

η Kupplung (+31,6˚-Verstellung)
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DGFYK�DGAEAEDGAa`
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\]Fed
K�LEAEiBWYiBFkI�CEDGWG�
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WbN[I�Nk\]?BA PI�FYDGF  
\]FY^tDGM
K�M]DG\]AEDGA!	�LEWYr I��BDGW ZE\]A&NkDGF �YDGCEDGr n+A&NkDGFY^EFYDGX[ZEDGFSWY?��f?BZEMtCEDGA
��FYLEX[K�I�L%R ^_I�Ls�9\]D�I�LEX[Z CEDGA
 
\]FYK�LEAEiBWYiBFkI�C �t?BWY\ONk\Op�^tDGDG\]A��_L ��N �_��? \]WbNfDGWSFkI�NkWkI�r.` � �9\]WYX[ZEDGA�CEDGA�n+A&NkDGFY^EFYDGX[ZEDGFYA.LEAECCEDGF�� LEWbNkF�P?Br LEAEi � LEr q I�L%R FkI�C=DG\]AEDGA$K�M]DG\]AEDGA�H_FYDG\]FkI�LEr RTPLEF�CE\]DGWYD� 
\]FY^tDGMh\]r qfDGFYDG\]X[Z
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n+rsM]DGAEK�LEAEiE�hghFYWbN�C_I�A_I�X[Z6DGFbRcI���N CE\]D�U.D ��NkDGX[ZEAE\]K�CEDGA6NkZEDGFYrs?�COp�A_I�rs\]WYX[ZEDGA � LEWbN[I�AEC
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^tDG\]CEDGA.CEFYLEX[K�WYDG\ONk\]iBDGA q DG\ONkLEAEiBDGA.DGFYK�DGAEAEDGAa�
qfDG\�CEDGA�U.DGWYWYLEAEiBDGA�I�r ��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGFmrs\ONmM]\]AED I�FYDGF¡��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFed
�fDG\ONkDGFYLEAEi �9LEFYCED,CEDGFSpB?BM]M]WbNQPI�AECE\]i~iBDGCEFY?BWYWYDGMONkD�U.D �B�ELEAEK&N+A�LEF<WYDGZEF9K�LEF � ^tDjNkFY\]DG^tDGA=� X I%�¢B� CQ�T`aC_I�DG\]AED Pn+^tDGFYZE\ON � LEAEi.CEDGF~UVI�WYX[ZE\]AEDsCELEFYX[Z$R DGZEM]DGAECEDGA�H¡M]LE\]C_I�LEWbN[I�LEWYX[Z=DGFb�SI�FbNkDjN�9LEFYCED��
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