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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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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

����������	�
����� ��� � � LE?BFYCEA�LEAEi�CEDGF¡l<l q d���rs�ELEM]WkI�LEWYi&I�^tD A_I�X[Z H_FYDG\]i&I�^tD@CELEFYX[Z C_I�W¡qf\]M]C�d
�fDGX[ZEWYDGM]WY\]iBA_I�M�RTPLEF¡CE\]DS�,I�MOp�I�AE?BrsDjNkDGFYWY�E\]DGiBDGM]WbNkDGLEDGFYLEAEi � L CEDGA gh\]A � DGM d^E\]M]CEDGFYAa�

	�LEW CE\]DGWYDGF 	�^E^E\]M]CELEAEi,DGFYK�DGAEA&N<r I�A I�LEX[Z CEDGA � DG\ONkM]\]X[ZEDGA 	�^EWbN[I�AEC � �9\]WYX[ZEDGA � �fDG\ �h� >+d
	�LEWb�fDGFbNkLEAEiBDGA tDGF9^tDjNkF�PI�i�N � V ,2�B�
([�)(LCB�


���
 � � ��+�� ��#&(.(.+ ��+��!� ),+-#&� #�� +���($#&%'����� +�� ����� ����� � +��

��\]D 	�L%R A_I�ZErsDGAa` CE\]D � LEF~�h� >+d$	�LEWb�fDGFbNkLEAEiwZEDGFkI�AEiBD � ?BiBDGA$�fDGFYCEDGAa`mWYDGZEDGA�\]A=CEDGF�&�d
p&dgh^tDGAED�I�M]M]D��EFY\]A � \]�E\]DGM]M �9\]D~C_I�W�\]A�	�^E^E\]M]CELEAEi
¢%� r_�cI&�9iBD � DG\]i�NkD I�LEWG�a�+\]DGFY^tDG\¡\]WbN�A�LEF�DG\]AlmDG\]MJCEDGWS��DGWY\]X[Z&NkWbR DGM]CEDGWfCEDGFf�,I�rsDGFkI,CELEFYX[Z CEDGANq I�WYDGFYM]\]X[Z&NkWYX[ZEAE\ONYNf^tDGM]DGLEX[Z&NkDjN ����A DG\]AEDGr
I�AECEDGFYDGA�qfDGFYDG\]X[Zw�9\]FYC � LEF�WYDGM]^tDGA � DG\ON�rs\ON�DG\]AEDGF�qfM]\ON � M�I�rs�tD�CE\]D ��X[Z_I�L%R DGM]WbNkDGM]M]LEAEi ^tDG\CEDGF 	�L%R A_I�ZErsD@R DGWbNkiBDGZ_I�MONkDGAa����LEFYX[Z CE\]D 	�A � I�ZEM�pB?BA{c����h� >+d$	�L%R A_I�ZErsDGA ^tDG\�WbN[I�Nk\]WbNk\]WYX[ZpBDGFbNkDG\]MONkDGF q I�L%R WYX[Z_I�L%R DGM]WbNkDGM]M]LEAEi~\]WbNfDGWSrwP?BiBM]\]X[Za`BCE\]D���X[Z_I�L%R DGM]WbNkDGM]M]LEAEi~\]A �EFkI�K&Nk\]WYX[Z��YDGCEDGF
iBDj��PLEAEWYX[Z&NkDGA��m?BWY\ONk\]?BA � L.DGFYZ_I�MONkDGAa�



� ��� � � �O� � �������B� ����� � � �����D� �j������� 	 ��������� � � � �������j��� ���

PIV-Auswertefenster

Blitzlicht

ω

�������3� $��B!���� ������!���$�������03254�'5�������)���-����$ A�� �����)��$�!�� ����$
	 � &�!�����
 79� �?�-���� ���
	@�
���
	�$�� �-�3& � � A �3� $�!������#'��@'��3����$��>� ��� !����
� /, 	�������������
#79����� ���
	@�
���
	�$�� �-�./�������
�����������
	@� $#���)��� $���$
� ��� &+!��?���=�?�-���
	@�
������&�!��?�<!���� : � ����
�! ��)��� �����<& � $�%��"�>� �
!
A & �����
	!����� ��� A �� � !���� 	 ��& �����
	@����$ A !����
�
	 !���$#� � �-���B�� �
��� $���� 	 & � ����&��  ( ��!�� �B���
	�� ������&�������& & ��$ A ���� 	 ��& ���
	@����$ A ��'
����� � ( ��$�%@�����?��� A ��	�� & ����$$


0 10 20 30
x  [mm]

0

10

20

30

40

50

y 
 [

m
m

]

u

v

�563� 03254�'5�������)���-����$ A !��?� 	 � & '
!��?��%!
 �'& �)(1�� ��!��� !��*��� A ��	 /, ��� '
A ��$+�,�)��� ����$ 	 � &�!-
 79� � 4*��%@'
� , ��& /� $ A �"��$@�
� ( �����
	@� !���� ����&������ '
� ��$"�=�?���
	.�>� $�!�� A % ��� ��


����������	�
��� � �0/ � �h� >+d$	�LEWb�fDGFbNkLEAEi \]A�DG\]AEDGF &�d
p&degh^tDGAED
	�^E^E\]M]CELEAEi+¢%� r_� ^J� � DG\]i�N CE\]D@�h� >+d$	�LEWb�fDGFbNkLEAEi�CEDGWmqf\]M]CEDGW ¢%� r_�cI&� rs\ONaCEDGr�C_I � LEiBDGZ P?BFY\]iBDGA
� �fDG\ONkDGA.qf\]M]Ca����\]D q PI�AEiBD�CEDGFSC_I�FYiBDGWbNkDGM]MONkDGA >@DGK&Nk?BFYDGA�DGA&NkWY�EFY\]X[Z&N9CEDGFf>@DGFYWYX[ZE\]DG^ELEAEi�CEDGW
	�LEWb�fDGFbNkDjR DGAEWbNkDGFYWG`_I�M]WY?,CEDGFf��DGWYX[Z&�9\]AECE\]iBK�DG\ON CEDGFf�¡I�FbNk\]K�DGM_LEAEC CEDGFf��NkF�P?Br LEAEi�I�AsCE\]DGWYDGF
��NkDGM]M]D��
	�LEW 	�^E^E\]M]CELEAEi,¢%� r_� ^J�zK�I�AEA�r I�A�DGFYK�DGAEAEDGAa`�C_I��~I�r 	�L �BDGAECELEFYX[ZErsDGWYWYDGF���+ , c���(*(.�
CE\]D�>@DGK&Nk?BFYDGA�\]A &�d��9\]X[Z&NkLEAEiE` I�r ��AEAEDGAECELEFYX[ZErsDGWYWYDGF
\]A!DGA&NkiBDGiBDGAEiBDGWYDjN � NkDGF �9\]X[Z&NkLEAEi
� DG\]iBDGAa��qfDG\JDG\]AEDGFhNkZEDG?BFYDjNk\]WYX[Z I�AEiBDGAE?BrsrsDGAEDGA�� \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEi � LEFfghAEDGFYiB\]D%PLE^tDGFedNkFkI�iBLEAEi ��PLEFYCED�WY\]X[Z C_I�WV��M]DG\]X[ZEDwDGFYiBDG^tDGAa�9��I WY\]X[Z\]A I�M]M]DGA 	�LEWb�fDGFbNkDTdegh^tDGAEDGA2pB?BA
CEDGF~��X[Z_I�L%R DGM]?B^tDGFYK�I�A&NkD�^E\]W � LEF~U.\ONYNkD CEDGF�� P?BZED�CEDGW��,I�A_I�M]W�CE\]D�ghFYiBDG^EAE\]WYWYDsCEDGF,�h� >+d
	�LEWb�fDGFbNkLEAEi �EFY\]A � \]�E\]DGM]MtiBM]DG\]X[Z
WYDGZEDGAa`JK�I�AEA.ZE\]DGFkI�LEW<C_I�W<>@?BFYZ_I�AECEDGAEWYDG\]A.DG\]AEDGF � \]FYK�LEM�IQdNk\]?BAEWYWbNkF�P?Br LEAEi R DGWbNkiBDGZ_I�MONkDGA��fDGFYCEDGAa�
n+A&NkDGF~CEDGF�>@?BFkI�LEWYWYDjN � LEAEiE`¡C_I��wCE\]D ghAEDGFYiB\]D�pB?Br q I�L%R FkI�C�I�A�C_I�W H¡M]LE\]C=I�M]M]DG\]A�CELEFYX[Z
NkLEFY^ELEM]DGA&NkDs��X[Z�LE^EWY�_I�AEA�LEAEiBDGA PLE^tDGFbNkFkI�iBDGAw�9\]FYCa` H¡M]\]DGZEK�F�PI�R NkD~I�L%R C_I�W�H¡M]LE\]CVAE\]X[Z&N��9\]Fed
K�DGAa`tK P?BAEA&NkD�CE\]D,ZE\]DGF9WY\]X[Z&Nk^_I�F9iBDGr I�X[Z&NkD ��NkF�P?Br LEAEiBWYWbNkFYLEK&NkLEF+AE\]X[Z&N�DGFYK�M�PI�FbN9�fDGFYCEDGAa� ghW
M�PI�iBD p�\]DGM]rsDGZEF,DG\]AED�iBM]DG\]X[ZErwPI��B\]iBD ��NkF�P?Br LEAEi.\]Auq I�L%R FkI�CEFY\]X[Z&NkLEAEi�pB?BFG` rs\ON�DG\]AEDGr CEDGr



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

0 10 20 30
x  [mm]

0

10

20

30

40

50

y 
 [

m
m

]

������� , ���$@�
� ����$�� 	���

0 10 20 30
x  [mm]

0

10

20

30

40

50

y 
 [

m
m

]

�563��� , ���$@�
� ����$�� 	��� �����
A & �����
	���� ���
	�� ������&�������& & ��$ A ���
��� $��� � $�!�������$������ � ( ��$�%@�

0 10 20 30
x  [mm]

0

10

20

30

40

50

y 
 [

m
m

]

���#� /� �����#%	�
� , ���$@�
� ��� '
$�� 	����$ A ���� �-����& �

����������	�
����� ��� � ��DGWYX[Z&�9\]AECE\]iBK�DG\ONkWbpBDGK&Nk?BFYDGA \]A DG\]AEDGF &�d
p&degh^tDGAED r)(*( PLE^tDGF�CEDGF
��X[Z_I�L%R DGM]K�I�A&NkD��

��DGAEAEM]\]AE\]DGAE�ELEAEK&N DGA&NkWY�EFYDGX[ZEDGAECEDGAw��X[ZEM]LE�%R � �9\]WYX[ZEDGA
�,I�A_I�M dmLEAECjq I�L%R FkI�CEiBDGWYX[Z&�9\]AECE\]i�dK�DG\ON �%��DGr PLE^tDGFYM�I�iBDGFbN M�PI�iBDGA WbN[I�Nk\]WbNk\]WYX[ZED���X[Z&�SI�AEK�LEAEiBDGA�\]A CEDGFS��NkF�P?Br LEAEiE�%��N[I�Nk\]WbNk\]WYX[ZED
��X[Z&�SI�AEK�LEAEiBDGA WY\]AEC�\]r iBDGWkI�r~NkDGA=^tDG?B^_I�X[Z&NkDjNkDGA ��NkF�P?Br LEAEiBWbR DGM]CopB?BFYZ_I�AECEDGAa�mghW � DG\]i�NWY\]X[Z I�M]WY?E`@C_I�� I�LEX[Z CELEFYX[Z NkLEFY^ELEM]DGA&NkDo��X[Z�LE^EWY�_I�AEA�LEAEiBDGA�ghAEDGFYiB\]D!PLE^tDGFbNkFkI�iBDGA �9\]FYCa�
��A��fDGM]X[ZEDGA���F�P?��BDGAE?BFYCEA�LEAEiBDGAs�fDGM]X[ZEDGFfghAEDGFYiB\]DjNkFkI�AEWY�t?BFbNkrsDGX[Z_I�AE\]WYr LEW I�L%R NkFY\ONYN `B?B^sCEDGF
DG\]AED,?�CEDGF9I�AECEDGFYD,i&I�FSpBDGFYA_I�X[ZEM�PI�WYWY\]iB^_I�F9\]WbN ` � DG\]iBDGA�R ?BM]iBDGAECED,n+A&NkDGFYWYLEX[Z�LEAEiBDGAa�
��AEWbN[I�Nk\]?BA PI�FYDf>@?BFYiJPI�AEiBD�`�CE\]DSCE\]D<��X[Z_I�L%R DGMOR FYD ��LEDGA � �9\]DGCEDGFYiBDG^tDGAa`BWY\]AEC AE\]X[Z&NhWY\]X[Z&Nk^_I�FG�B��rDGFYWbNkDGA q \]X[Z&NkWYX[ZEAE\ONYN ?B^tDGFYZ_I�M]^ CEDGF ��X[Z_I�L%R DGM]K�I�A&NkD9\]WbN@rs\ONziBL%NkDGr  \]M]M]DGA CE\]Df>@DGFYCEF�PI�AEiBDGFed
�9\]FYK�LEAEiVCEDGF q I�L%R WYX[Z_I�L%R DGM]A � L$DGFYK�DGAEAEDGAa`zCE?�X[Z$\]WbN�CE\]DGW�AE\]X[Z&N~WY\]X[ZEDGF�A_I�X[Z&�fDG\]WY^_I�FG�¡��A�fDG\ONkDGFYDGAVgh^tDGAEDGAVWY\]AEC.WYX[Z_I�L%R DGM]K�?BAEiBFYLEDGA&NkD ��NkF�P?Br LEAEiBWYWbNkFYLEK&NkLEFYDGAVAE\]X[Z&N+DGFYK�DGAEA�^_I�FG�
��I9K�DG\]AEDfWYX[Z_I�L%R DGM]K�?BAEiBFYLEDGA&NkDGAs��NkF�P?Br LEAEiBWYWbNkFYLEK&NkLEFYDGA DGFYK�DGAEA�^_I�FzWY\]AECa`Q\]WbNm\]A�	�^E^E\]M]CELEAEi
¢%� �_� X���DG\]AED U.\ONYNkDGM]LEAEi!PLE^tDGF ¢B�.�h� >+d$	�LEWb�fDGFbNkLEAEiBDGA6\]A$CEDGF�&�d
p&degh^tDGAED ^tDG\ ] , r)(*(
PLE^tDGF9CEDGF���X[Z_I�L%R DGM]K�I�A&NkD,C_I�FYiBDGWbNkDGM]MON �%��A.CEDGA 	�^E^E\]M]CELEAEiBDGA.¢%� �_�cI&� LEAECV¢%� �_� ^J�fWY\]AEC � �fDG\U.?BrsDGA&N[I�L%R A_I�ZErsDGA.CEDGF���NkF�P?Br LEAEi�\]A
CE\]DGWYDGF+gh^tDGAED~I�LEWYiBDj�fDGFbNkDjN �
	�r 	�L �BDGA�d LEAEC.I�r)��AEAEDGAECELEFYX[ZErsDGWYWYDGF�\]WbN<CE\]D���NkF�P?Br LEAEi WYDGZEF9WbN[I�^E\]M�`�DGW<NkFYDjNkDGA�K�I�LEr
��NQP?BFYLEAEiBDGA6I�L%Re�m��r rs\ONYNkM]DGFYDGA 	�L%R A_I�ZErsDG^tDGFYDG\]X[Z�NkFYDjNkDGA CEDGL%NkM]\]X[Z!��X[Z&�SI�AEK�LEAEiBDGA�I�L%Re�
� � Za�O`hC_I��=\]r qfDGFYDG\]X[Z�CEDGF�DGAEDGFYiB\]DGFYDG\]X[ZEDGA � \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEiwCE\]DGWYD.WbN[I�^E\]M]\]WY\]DGFYDGAEC
�9\]FYK&N �%��r)qfDGFYDG\]X[Z
AE\]DGCEFY\]iBDGFSghAEDGFYiB\]D�`%A_I�ZED�CEDGW
� \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLErsWG`&NkFYDjNkDGA�C_I�iBDGiBDGA��NQP?BFYLEAEiBDGA.CEDGL%NkM]\]X[Z.I�L%Re�



� ��� � � �O� � �������B� ����� � � �����D� �j������� 	 ��������� � � � �������j��� ��¢

��r qfDGFYDG\]X[Z.CEDGW
� \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLErsWfK�I�AEA�r I�A
K�M]DG\]AED� \]FY^tDGM DGFYK�DGAEAEDGAa`tCE\]D � DG\ONkM]\]X[ZLEAECoP?BFbNkM]\]X[Z�LEAEFYDGiBDGM]rwPI��B\]i�I�L%R NkFYDjNkDGAa��ghW K�I�AEAsK�DG\]AED Pn+^tDGFYDG\]AEWbNk\]rsr LEAEi,rs\ONhCEDGFS��X[Z_I�L�d
R DGMOR FYD ��LEDGA � R DGWbNkiBDGWbNkDGM]MON~�fDGFYCEDGAa�z��I�W�	�L%R NkFYDjNkDGA CE\]DGWYDGF� \]FY^tDGM K�I�AEA�iBL%N rs\ON�^EM]?��BDGr
	�LEiBD�^tDG?B^_I�X[Z&NkDjNs�fDGFYCEDGAa� ��\]Dlq I�iBD
CE\]DGWYDGF�K�M]DG\]AEDGA  \]FY^tDGMf�9\]FYC6pB?BA!CEDGF!� \]FYK�LEM�I�Nk\ d
?BAEWYWbNkF�P?Br LEAEi ^tDGDG\]A��_L ��N `EWY? C_I�� WY\]X[Z�DG\]A WY?BM]X[ZEDGFS \]FY^tDGMtLEr)C_I�W%� \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLErCEFYDGZ&N �t��\]DGWYD�qfDG?B^_I�X[Z&NkLEAEiBDGAV�9LEFYCEDGAwI�LEX[ZVCELEFYX[Z�	�L%R A_I�ZErsDGA.rs\ON<DG\]AEDGF+�+\]iBZ�db���tDGDGC�d
�,I�rsDGFkI�rs\ON��m�B�B��qf\]M]CEDGFYA��EFY?o��DGK�LEAECED iBDGr I�X[Z&N � s&¢ ���m�+\]DGFY^tDG\z�9LEFYCEDGA�K�M]DG\]AEDwq L%R Nbd
^EM�PI�WYX[ZEDGA.\]A�CE\]D� �I�WYWYDGFYWbNkF�P?Br LEAEisDG\]AEiBDG^EFkI�X[Z&N+LEAEC�CEDGFYDGA.>@DGFYZ_I�MONkDGA�^tDG?B^_I�X[Z&NkDjN �E \]DTd
CEDGFYLEr �SI�F CEDGL%NkM]\]X[Z�CE\]D�� \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEi � L WYDGZEDGAa��� LEW�PI�N � M]\]X[Z�WkI�Z�r I�A I�^tDGFI�LEX[Z
CE\]D�ZE\]DGFfCE\]WYK�L%Nk\]DGFbNkDGA  \]FY^tDGMtA_I�ZED�CEDGW%� \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLErsWG�%��\]D
	�A � I�ZEM CE\]DGWYDGF \]FY^tDGMhM]\]DGi�N�^tDG\hX I%�h��� �	�	� ��c
I�L%RSCEDGr n+r�RcI�AEi
pBDGFbNkDG\]MON � ��\]D 	�A � I�ZEM@CEDGF,q I�L%R WYX[Z_I�L�dR DGM]AVM]\]DGi�N+^tDG\<]Z.�, s&�%�t��\]D ��DGWYX[Z&�9\]AECE\]iBK�DG\ON `trs\ON9CEDGF�WY\]X[ZwCE\]DGWYD, \]FY^tDGM R ?BFbNk^tDj�fDGiBDGAa`
M]\]DGi�Nh\]r qfDGFYDG\]X[ZsCEDGF �,I�A_I�M]WbNkF�P?Br LEAEiBWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ON@\]r � \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLEr.�&��\]D<\]WbNM�I�AEiBWkI�rsDGF�I�M]W�CE\]D~rs\ONYNkM]DGFYD ��DGWYX[Z&�9\]AECE\]iBK�DG\ONs� WY\]DGZED �,I��E\ONkDGM¡¢%� s��T� ��r WbN[I�FYKViBDGCEFY?BWYWYDGM d
NkDGA � LEWbN[I�AEC�M�I�L%R DGA6CE\]DGWYD� \]FY^tDGM<iBDGiBDGA�CE\]Deq I�L%R FkI�CECEFYDGZEFY\]X[Z&NkLEAEiE�f��\]D
�fDGFYCEDGA�pB?Br
��FYLEX[K�iBFkI�CE\]DGA&NkDGAV\]r �,I�A_I�M I�AEiBDjNkFY\]DG^tDGAa�
"+DGLEDGWbNkDVn+A&NkDGFYWYLEX[Z�LEAEiBDGA � LEFs��DG\ONkDGAEK�I�A_I�M]WbNkF�P?Br LEAEiwpB?BA � ��� 5 � � s.s �f�fDG\]WYDGA6NkZEDG?BFYDTd
Nk\]WYX[Z�C_I�W 	�L%R NkFYDjNkDGA�CEDGF ��PLEX[K�WbNkF�P?Br LEAEi�\]r � \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLEr A_I�X[Za�m��?
K�?Brsr~N�DGW
� �9\]WYX[ZEDGA�CEDGF ��PLEX[K�WbNkF�P?Br LEAEi
LEAECoCEDGF�\]AWq I�L%R FkI�CECEFYDGZEFY\]X[Z&NkLEAEi
iBDGFY\]X[Z&NkDjNkDGA=��NkF�P?Br LEAEi
� LoiBFY?��BDGA���DGWYX[Z&�9\]AECE\]iBK�DG\ONkWYiBFkI�CE\]DGA&NkDGAa` CE\]D~C_I�W 	�L%R NkFYDjNkDGAoCE\]DGWYDGF�K�M]DG\]AEDGAw^tDG?B^_I�X[Z&NkDTdNkDGA� \]FY^tDGMaA_I�ZED,CEDGW � \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLErsWS^tDGiBF�PLEAECEDGAa�
��DGFSFYDGX[Z&NkDGX[K�\]iBD~��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYN<Z_I�N � LEF9H_?BM]iBD�`�C_I�� I�r ��AEAEDGAECELEFYX[ZErsDGWYWYDGF+\]rpB?Br q I�L%R FkI�CDGA&NYR DGFYA&NkDGA�qfDGFYDG\]X[Z�fDGAE\]i ��NkF�P?Br LEAEiBWYDGAEDGFYiB\]D�CELEFYX[Z CE\]D � \]FYK�LEM�I�Nk\]?BAEWed
WbNkF�P?Br LEAEioPLE^tDGFbNkFkI�iBDGA
�9\]FYCa�E��\]DGWYDGF<qfDGFYDG\]X[Z�K�I�AEA�I�LEW+��\]X[Z&N<CEDGF
� \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEi
I�M]W¡lm?�N��SI�WYWYDGFYiBDG^E\]DjN@^tDjNkFkI�X[Z&NkDjNh�fDGFYCEDGAa�&��DGFz��FYLEX[K�iBFkI�CE\]DGA&Nh\]A n+r�RcI�AEiBWYFY\]X[Z&NkLEAEi�RTPLEZEFbN
CE?BFbNfCEDGrsA_I�X[Z � L ��PLEX[K�WbNkF�P?Br LEAEiBDGAa�E��I�W@\]WbNfDG\]A g � DGK&N `�CEDGFf\]r Z_I�M]^EK�FYDG\]WbRYP?BFYrs\]iBDGA ��DG\ d
NkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNh\]A~CE\]DGWYDGFzH_?BFYr0AE\]X[Z&NhI�L%R NkFY\ONYN `��9\]D��SHz�+d��9DGX[ZEA�LEAEiBDGA pB?BA � ��� $R3��
� � � iBD � DG\]i�N9Z_I�^tDGAa�
��\]D � �fDG\]CE\]rsDGAEWY\]?BA_I�M]DGA �h� >+d$	�LEWb�fDGFbNkLEAEiBDGA ^E\]DjNkDGA ^tDGFYDG\ONkW DG\]AEDGA iBL%NkDGA gh\]A�^EM]\]X[K6\]ACE\]D���NkF�P?Br LEAEiBWYWbNkFYLEK&NkLEFYDGA \]AEAEDGFYZ_I�M]^�CEDGF���DG\ONkDGAEK�I�A_I�M]r I�WYX[ZE\]AED�� "�I�X[Z&NkDG\]M]\]i\]WbN `�C_I��
WYDGZEF�p�\]DGM]D�	�LEWb�fDGFbNkLEAEiBDGA=�_I�FkI�M]M]DGM ^tDjNkFkI�X[Z&NkDjN��fDGFYCEDGA�r=PLEWYWYDGAa`aC_I�rs\ON+r I�Aw\]AVCEDGF5q IQd
iBDs\]WbN ` WY\]X[Z�C_I�W ��NkF�P?Br LEAEiBWbR DGM]C$F�PI�LErsM]\]X[ZopB?BF � LEWbNkDGM]M]DGAa�¡��\]DGWYDGW�K�?Brs�EM]D &%DsiBDGC_I�AEK�M]\]X[ZED
� LEWkI�rsrsDGAEWbNkDGM]M]DGAoCEDGF�>@DGK&Nk?BFYDGA�rs\ON�\]ZEFYDGF�F�PI�LErsM]\]X[ZEDGA � LE?BFYCEA�LEAEi�^tDG\ziBM]DG\]X[Z � DG\ONk\]iBDGr�+DGFkI�LEWb�_MONkDGFYAVCEDGF<NkLEFY^ELEM]DGA&NkDGAo��X[Z&�SI�AEK�LEAEiBDGA�K�I�AEA.CEDGr q DGWYDGF+AE\]X[Z&N � LEiBDGr L%NkDjN+�fDGFedCEDGAa� � LECEDGr���PLEFYCED WY\]X[ZwCEDGF 	�AEZ_I�AEi CELEFYX[ZwCE\]D ��I�FYWbNkDGM]M]LEAEisDG\]AEDGF9>�\]DGM � I�ZEM pB?BAo�h� >+d
	�LEWb�fDGFbNkLEAEiBDGAwLEAEA P?�Nk\]isI�L%R ^EM�PI�ZEDGAa�
	�LEX[ZVK�I�AEA�r I�A�M]DG\]X[Z&N9CELEFYX[Z.^tDGFYDG\ONkW<pB?BFYZ_I�AECEDGAED,>@?BFYWbNkDGM]M]LEAEiBDGA � LEF+��NkF�P?Br LEAEi�\]A�CE\]D��FYFYD~iBDGM]DG\ONkDjN<�fDGFYCEDGAa�an+r CE\]DGWYDGAwH_DGZEM]DGF+I�LEW � LEWYX[ZEM]\]D �BDGAa`t�9LEFYCED~CEDGF+WYDGZEF � DG\ONk\]A&NkDGAEWY\OpBD



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

 $DGi,iBDj�~PI�ZEMON `�CE\]D � �fDG\]CE\]rsDGAEWY\]?BA_I�M]DGA ghFYiBDG^EAE\]WYWYD � L�DG\]AEDGr CEFYDG\]CE\]rsDGAEWY\]?BA_I�M]DGA�>@DGK&Nk?BFedR DGM]C.I�L%R � LE^_I�LEDGAa�


���� � ��( � � +-#&� #�� +���($#&%'����� + '!����%�� ������(*� +�� �

��LEFYX[Z)CE\]D 	�L%R A_I�ZErsD pB?BA c���qf\]M]CE�_IBI�FYDGA \]WbN!DGW!rwP?BiBM]\]X[Za` C_I�W q I�L%R FkI�C \]A DG\]AEDGF
CEDj�_AE\]DGFbNkDGA ��NkDGM]M]LEAEi rs\]AECEDGWbNkDGAEW=DG\]AEr I�M R DGWbNkiBDGZ_I�MONkDGA � L Z_I�^tDGAa� ��?2K P?BAEAEDGA;�h� >+d
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C_I�FG`�C_I���\]r � \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLEr0CE\]DSn+r�RcI�AEiBWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ONkWYK�?Brs�t?BAEDGA&NkDSiBDGiBDGA CE\]D
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
� \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEi�^tDj�_AECEDjN `@�9\]FYC!DGW A�LEF CELEFYX[Z�NkLEFY^ELEM]DGA&NkDGA ��LEDGFbNkFkI�AEWY�t?BFbN rs\ON
ghAEDGFYiB\]D�pBDGFYWY?BFYi�N �J��I�W�	�L%R NkFYDjNkDGA.CE\]DGWYDGF%��PLEX[K�WbNkF�P?Br LEAEisLEAEC�CEDGF<C_I�rs\ONS�EFkI�K&Nk\]WYX[Z�pBDGFed
^ELEAECEDGAEDGA  \]FY^tDGM]WbNkFYLEK&NkLEFYDGA �9LEFYCED�CELEFYX[Z�U.?�CEDGM]M]LEA&NkDGFYWYLEX[Z�LEAEiBDGA � LEF.��DG\ONkDGAEK�I�A_I�M dWbNkF�P?Br LEAEi�LEA&NkDGF�qfD I�X[Z&NkLEAEi D &%�tDGFY\]rsDGA&NkDGM]M]DGF<��I�NkDGA�pB?BA � ��� 5 � � s.s � pB?BFYiBDGWbNkDGM]MON �
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lmLEFY^ELEM]DGA � NkZEDG?BFY\]D9^tDG\ECEDGA ZE\]DGFzLEA&NkDGFYWYLEX[Z&NkDGA�qfDjNkFY\]DG^EWY�_I�FkI�rsDjNkDGFYA�K�DG\]AED9DGA&NkWYX[ZEDG\]CEDGAECED
�9?BM]M]D WY�E\]DGM]DGA6K�I�AEAa�@��\]D ��PLEX[K�WbNkF�P?Br LEAEi=\]r qfDGFYDG\]X[Z�CEDGW!� \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLErsW �~PI�FYDAE\]X[Z&N � LDGFYK�M�PI�FYDGAa��	�LEX[ZCE\]Don+r�RcI�AEiBWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ONkWbpBDGFbNkDG\]M]LEAEi pB?Br���AEAEDGAECELEFYX[Z�d
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� � LEr I�AECEDGFYDGAV^tDj�_AECEDGAVWY\]X[Z.\]AEAEDGFYZ_I�M]^�CE\]DGWYDGF � \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEi K�M]DG\]AED� \]Fed^tDGM]WbNkFYLEK&NkLEFYDGAa`ECE\]D�LEA_I�^EZ PI�AEiB\]i~pB?BA�CEDGF9��X[Z_I�L%R DGM]WbNkDGM]M]LEAEi I�L%R NkFYDjNkDGA�LEAEC
rs\ONfCEDGF
��PLEX[K�WbNkF�P?Br LEAEi \]r � \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLEr K�?BFYFYDGM]\]DGFYDGAa�

��\]DGWYDGAo��NkFYLEK&NkLEFYDGAwWY\]AEC � LEW�PI�N � M]\]X[Z.NkLEFY^ELEM]DGA&NkD ��LEDGFY^tDj�fDGiBLEAEiBDGA PLE^tDGFYM�I�iBDGFbN �J��\]D�NkLEFed
^ELEM]DGA&NkDGA
��X[Z�LE^EWY�_I�AEA�LEAEiBDGA PLE^tDGFbNkFkI�iBDGA�pB?BF I�M]M]DGr A_I�ZED9CEDGW�� \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLErsWG`�\]rqfDGFYDG\]X[Z�K�M]DG\]AEDGF�� \]FYK�LEM�I�Nk\]?BAEWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ONkDGAa` ghAEDGFYiB\]D�pB?Br q I�L%R FkI�C�I�A$C_I�W~H¡M]LE\]Ca�
��\]DGWYDGF@ghAEDGFYiB\]DG^tDjNkFkI�i,\]WbN �YDGCE?�X[ZsWY?,AE\]DGCEFY\]iE`�C_I��,CE\]D%��PLEX[K�WbNkF�P?Br LEAEi~\]A%R ?BM]iBDfCEDGW ��FYLEX[KBd
iBFkI�CE\]DGA&NkDGA!PLE^tDGF9CEDGAVn+r�RcI�AEi NkFY?�N � CEDGr�\]A�CE\]DGWYDGr�qfDGFYDG\]X[Z � LEDGFYWbN�DG\]AEWYDjN � N �
��DGrsA_I�X[Z NkFY\ �tN �EFY\]A � \]�E\]DGM]M@C_I�W U.?�CEDGM]MfCEDGF ��NkFY?Br�RcI�CEDGA&NkZEDG?BFY\]D \]r LEA&NkDGFYWYLEX[Z&NkDGAqfDTd
NkFY\]DG^EWY�ELEAEK&N � La� ��\]D,r L � I�^tDGF9\]A.DG\]AE\]iBDGAV�hLEAEK&NkDGAwDGFb�fDG\ONkDGFbN�LEAECVrs?�CE\O� � \]DGFbN<�fDGFYCEDGAa���I�W�^tDjNkFY\ �tN�\]r DG\]A � DGM]AEDGA�CEDGAo $DGFbN,CEDGF�U.\]AECEDGFYM]DG\]WbNkLEAEiBW � I�ZEM�` ZE\]DGFYrs\ON�iBDGK�?B�E�tDGMON,CE\]DlmLEFY^ELEM]DGA � pBDGFYM]LEWbNkD LEAEC�CE\]D � \]FYK�LEM�I�Nk\]?BAEWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ONkWbpBDGFbNkDG\]M]LEAEiE�9��\]D�>@DGFbNkDG\]M]LEAEi
CEDGF � \]FYK�LEM�I�Nk\]?BAEWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ON~\]WbN~pB?BA6CEDGF ��LEDGFYWYX[ZEAE\ONYNkWbpBDGFbNkDG\]M]LEAEi�\]r ��DG\ONkDGAEK�I�A_I�M
LEAEC�\]r q I�L%R FkI�C�I�^EZ PI�AEiB\]iE� 	�LEWYWkI�iBDGAa` CE\]D~pB?BA�CEDGA$U.DGWYWYLEAEiBDGA$I�r FYDGX[Z&NkDGX[K�\]iBDGA���DG\ d
NkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYN�iBDGr I�X[Z&N �9LEFYCEDGAa`zK P?BAEAEDGA6�EFY\]A � \]�E\]DGM]M I�L%R+DG\]AEDGA Z_I�M]^EK�FYDG\]WbRYP?BFYrs\ diBDGA I�AEiBDj�SI�AEC%N �fDGFYCEDGAa���+\]DGF � L��9LEFYCEDGAsDG\]iBDGAED���NkF�P?Br LEAEiBWY^tDGFYDGX[ZEA�LEAEiBDGA rs\ONYNkDGM]W �SHz�
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��\]D ��NkF�P?Br LEAEiw\]A6��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGFYA CELEFYX[Z6DG\]AED A�LErsDGFY\]WYX[ZEDjq P?BWYLEAEioCEDGF qfDj�fDTd
iBLEAEiBWYiBM]DG\]X[Z�LEAEiBDGA�pB?BFYZEDGF � LE^tDGWbNk\]rsrsDGAa`@C_I�rs\ON�CE\]D�K�?Brs�EM]D &%DGA��NkF�P?Br LEAEiBWYWbNkFYLEK&NkLEFYDGA
� L pBDGFYWbNkDGZEDGAa`hLEr iBD � \]DGMON~>@DGFY^tDGWYWYDGFYLEAEiBDGA6pB?BF � LEAEDGZErsDGAa`h\]WbN ^tDGFYDG\ONkW WYDG\ON M�I�AEiBDGr DGFed
K�M�PI�FbNkDGW�� \]DGM��t�h\]?BAE\]DGFkI�FY^tDG\ONkDGAwC_I � Lo�9LEFYCEDGAopB?BA � !�#$� � � �hLEAEC � ���� �.��� � s �ziBDGM]DG\]WbNkDjN �
��I�^tDG\ �9LEFYCEDGA6WY�tD � \]DGM]M]D��f?�CEDGW RTPLEF~CE\]D
qfDGWYX[ZEFYDG\]^ELEAEiopBDGFYDG\]A%RcI�X[Z&NkDGF���?BA%�_iBLEFkI�Nk\]?BAEDGA
pB?BA���DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGFYADGA&N��9\]X[K�DGMONVLEAEC �fDGFbNYpB?BM]M]D�ghFYiBDG^EAE\]WYWYD�DGFYZ_I�MONkDGAa�SghW
�SI�F
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DG\]iBDGAEWYX[Z_I�R NkDGA � lmLEFY^ELEM]DGA � rs?�CEDGM]M]D���DG\]A � LE^tD � \]DGZEDGAa�¡ghFYWbN%�kI�ZEFYDGM�I�AEiBD 	�FY^tDG\ON�p�\]DGM]DGF,DGA�d
i&I�iB\]DGFbNkDGF UVI�NkZEDGr I�Nk\]K�DGFG`f�hFY?BiBFkI�rsrs\]DGFYDGF LEAEC ��AEiBDGAE\]DGLEFYDV\]WbN DGW � L�pBDGFYC_I�AEK�DGAa`<C_I��\]A � �9\]WYX[ZEDGAwK�?BrsrsDGF � \]DGM]M]D �SHz�+d �f?�CEDGW<RTPLEF9LEAE\OpBDGFYWYDGM]M]D~��NkF�P?Br LEAEiBWY�EFY?B^EM]DGrsD,DG\]AEWYDjN � ^_I�FWY\]AECa�_��\]DGWYD,ghA&N��9\]X[K�M]LEAEisiB\]AEi rs\ON<CEDGF � LEAEDGZErsDGAEC.M]DG\]WbNkLEAEiBWbRYPI�ZE\]iBDGFf�fDGFYCEDGAECEDGAw��I�FYC�d�SI�FYD�DG\]AEZEDGFG�
gh\]AEDGA K�?Brs�EM]DjNYNkDGAs��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGFzrs\ONzgh\]AEM�I���daLEAEC 	�LEWYM�I��BiBDG?BrsDjNkFY\]D Z_I�N � ��� $��
3��wrs\ON+DG\]AEDGr K�?BrsrsDGF � \]DGM]M]DGA��f?�CED~^tDGFYDGX[ZEAEDjN,LEAECw\]A � � �mpB?BFYiBDGWbNkDGM]MON �t��\]D�ZE\]DGFY^tDG\miBDTd
�f?BAEAEDGAEDGA=ghFYK�DGAEA&NkAE\]WYWYD�`aDG\]AED�K�?Brs�EM]DjNYNkD ��NkF�P?Br LEAEiBWYr I�WYX[ZE\]AED � LV>@DGFYAEDjN � DGAoLEAECoI�L%R�d

S
au

gs
ei

te

D
ru

ck
se

ite

ω
����������	�
��� C����� ��DG?BrsDjNkFY\]D�LEAECw��\ONYNkDGFbNk?B�t?BM]?BiB\]D+CEDGW �SHz�+dbU.?�CEDGM]M]W



¢ s � �<	����	 �*� �	�X� � ���B�a������� �	���w�
	�	���������� �

DG\]A_I�AECEDGF9I�^EiBM]DG\ONkDGAECED�� DGM]M]DGA \]A�DG\]AEDGF<\]AEWbN[I�Nk\]?BA PI�FYDGA �9DGX[ZEA�LEAEi I�L%R � LEWYDjN � DGAa`JWY\]AEC.I�LEX[Z\]A�CE\]DGWYD~��NkF�P?Br LEAEiBWY^tDGFYDGX[ZEA�LEAEi rs\ON<DG\]AEiBD �_?BWYWYDGAa�
	�^E^E\]M]CELEAEi sE�O� WbNkDGM]MON CE\]D
��DG?BrsDjNkFY\]DsCEDGWsU.?�CEDGM]M]W~C_I�FG`mC_I�W�I�LEX[Z � L CEDGA!�h� >+den+A&NkDGFedWYLEX[Z�LEAEiBDGA ZEDGFkI�AEiBD � ?BiBDGA!�9LEFYCED���� LEW�PI�N � M]\]X[Z!\]WbNsCE\]DV��\ONYNkDGFbNk?B�t?BM]?BiB\]D DGFYK�DGAEA�^_I�FG�f��\]D
s&��q I�L%R WYX[Z_I�L%R DGM]A�WY\]AEC
R DG\]A pBDGFYAEDjN � N `_C_I ZE\]DGFSiBFY?��BD���FYLEX[KBd LEAECV��DGWYX[Z&�9\]AECE\]iBK�DG\ONkWYiBFkIQdCE\]DGA&NkDGA!I�L%R NkFYDjNkDGAa�h��\]D
��\ONYNkDGFYWbNkFYLEK&NkLEF CEDGWs��DG\ONkDGAEK�I�A_I�M]WG`¡WY?��9\]D�gh\]A�d�LEAEC 	�LEWYM�I��o\]WbN
DjN��SI�W iBF�P?B^tDGFG�z��\]DGWYDGW "+DjN � DGFYi&I�^ ���.r@�B�B��� DGM]M]DGAa` �f?Brs\ON CEDGF � LEF~>@DGFbRTPLEiBLEAEioWbNkDGZEDGA�dCED �9DGX[ZEAEDGFs^E\]W � L!WYDG\]AEDGFwq DG\]WbNkLEAEiBWYiBFYDGA � D.iBDjR ?BFYCEDGFbN�\]WbN �h��LEFYX[Z!C_I�W�\]AEK�?Brs�EFYDGWYWY\]^EM]DH¡M]LE\]C%pBDGFYZ_I�MONkDGA LEAECCEDGr�C_I�rs\ONspBDGFY^ELEAECEDGAEDGA2WYX[ZEM]DGX[Z&NkDGA q P?BWYLEAEiBWbpBDGFYZ_I�MONkDGA CEDGF \]A�d
WbN[I�Nk\]?BA PI�FYDGA �9DGX[ZEA�LEAEiE`mr L ��NkDGA=WYDGZEF�K�M]DG\]AED � DG\ONkWYX[ZEFY\ONYNkD�iBDj�~PI�ZEMON��fDGFYCEDGAa�¡��\]DGW�RTPLEZEFbN
C_I � La`BC_I���CE\]D��9DGX[ZEDGA � DG\ONkDGAsWbN[I�FYK~I�AEWbNkDG\]iBDGAa��	�LEW � DG\ONbd LEAEC���?BWbNkDGAEiBF�PLEAECEDGA��9LEFYCED<CE\]D
�9DGX[ZEA�LEAEi�^tDG\fAE?�X[Z AE\]X[Z&N iBDGWY\]X[ZEDGFbNkDGr WbN[I�^E\]M]DGA q P?BWYLEAEiBWbpBDGFYZ_I�MONkDGA!I�^EiBDG^EFY?�X[ZEDGA6LEAEC
I�LEWYiBDj�fDGFbNkDjN � "+DGLEDGWbNkD n+A&NkDGFYWYLEX[Z�LEAEiBDGAwpB?BA � ��� �.� � ! � � � ��� � � DG\]iBDGAa`JC_I��siBDGWY\]X[ZEDGFbNkD
	�LEWYWkI�iBDGA�^tDG\ CEDGF�\]AEWbN[I�Nk\]?BA PI�FYDGA �9DGX[ZEA�LEAEioDGFYWbN~A_I�X[Z�X I%� CEFYDG\ ^tDGFYDGX[ZEAEDjNkDGA q I�L%R FkI�C�d
LErsCEFYDGZ�LEAEiBDGA�iBDjNkFY? � DGA=�fDGFYCEDGA K P?BAEAEDGAa�¡��r pB?BFYM]\]DGiBDGAECEDGA�HJI�M]Mz�9LEFYCED CE\]D!�9DGX[ZEA�LEAEi
^tDGFYDG\ONkW A_I�X[Z!DG\]AEDGF�WYDGX[ZEWbNkDGM*q I�L%R FkI�CELErsCEFYDGZ�LEAEi$I�^EiBDG^EFY?�X[ZEDGAa`hWY?=C_I���CE\]D.��NkF�P?Br LEAEi
� �SI�F ��L_I�M]\ON[I�Nk\OpoiBL%N �9\]DGCEDGFYiBDGiBDG^tDGA �9\]FYCa`mWY\]D
I�^tDGF ��L_I�A&Nk\ON[I�Nk\Op=AE?�X[Z!��X[Z&�SI�AEK�LEAEiBDGA
LEA&NkDGFb�f?BFbR DGAV\]WbN �
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� LEr ��DG\ONkDGAEK�I�A_I�MaWYDGAEK�FYDGX[Z&NkDGA=��X[ZEAE\ONYN9\]rsrsDGFfDG\]AED!q I�L%R WYX[Z_I�L%R DGM iBDTdWYX[ZEAE\ONYNkDGA.�9\]FYC$� ZE\]DGF<\]r)LEA&NkDGFYDGAwqfDGFYDG\]X[ZJ�T�
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� LEF ��I�FYWbNkDGM]M]LEAEi.CEDGF � \]FYK�LEM�I�Nk\]?BAEWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ON~WY\]AEC$\]A 	�^E^E\]M]CELEAEiesE���.CE\]D�>@DGK&Nk?�d
FYDGAo\]AVDG\]AEDGF*p&d � degh^tDGAED I�L%R iBDjNkFkI�iBDGAa� ��\]D q PI�AEiBD~CEDGF+>@DGK&Nk?BFYDGAoWY�E\]DGiBDGMON�CE\]D I�AwCE\]DGWYDGr
��FbN�pB?BFYZEDGFYFYWYX[ZEDGAECEDGA�qfDjNkFkI�i CEDGF,��DGWYX[Z&�9\]AECE\]iBK�DG\ON��9\]CEDGFG�a��\]D�F�PI�LErsM]\]X[ZED ��F�PLErsr LEAEi
CEDGFwq I�L%R WYX[Z_I�L%R DGM]A6Z_I�N � LEFsH_?BM]iBD�`mC_I���\]A DG\]AEDGF WY?BM]X[ZEDGA 	�AEWY\]X[Z&Ns\]rsrsDGF~DG\]AED.��X[Z_I�L�d
R DGM9iBDGWYX[ZEAE\ONYNkDGA��9\]FYCa��	�LEW CE\]DGWYDGF 	�^E^E\]M]CELEAEi�\]WbN��9\]DGCEDGFYLEr�CEDGL%NkM]\]X[Z!DGFYK�DGAEA�^_I�FG`fC_I��
DG\]AED � \]FYK�LEM�I�Nk\]?BAEWYWbNkF�P?Br LEAEi�pB?BFYM]\]DGi�N�LEAEC C_I��VC_I�W � \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLEr ?B^tDGFYZ_I�M]^$CEDGF��X[Z_I�L%R DGM]DG^tDGAED�M]\]DGi�N �
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K�I�A&NkD

	�^E^E\]M]CELEAEifsE� ¢�WbNkDGM]MON�CE\]DV��DGWYX[Z&�9\]AECE\]iBK�DG\ONkWYK�?Brs�t?BAEDGA&NkDVWYDGAEK�FYDGX[Z&N � LEr ��DG\ONkDGAEK�I�A_I�M�`
�SI�W6\]A CEDGF � \]FYK�LEM�I�Nk\]?BAEWbNkZEDG?BFY\]D6CEDGF � \]FYK�LEM�I�Nk\]?BAEWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ONkWYK�?Brs�t?BAEDGA&NkD DGA&Nbd
WY�EFY\]X[Z&N `tLEAErs\ONYNkDGM]^_I�FS?B^tDGFYZ_I�M]^.CEDGF2q I�L%R WYX[Z_I�L%R DGM]K�I�A&NkDGAwC_I�FG� � LEF Pn+^tDGFYWY\]X[Z&NkM]\]X[ZEK�DG\ON�\]WbN
CE\]D���X[Z_I�L%R DGM]WbNkDGM]M]LEAEi CE\]DGWYDGF<U.?BrsDGA&N[I�L%R A_I�ZErsD�CEDGFS\]AEWbN[I�Nk\]?BA PI�FYDGA
��NkF�P?Br LEAEi~rs\ONSI�AEiBDTd
CEDGL%NkDjN � ghW � DG\]i�N,WY\]X[Z � �9\]WYX[ZEDGA � \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLEr LEAEC 	�L �BDGAECELEFYX[ZErsDGWYWYDGF~^E\]W,I�L%R
CE\]D,��FYDGA � WYX[ZE\]X[Z&N+DG\]AED,I�AEA PI�ZEDGFYAEC�M]\]AED I�FYD � LEA_I�ZErsD�CEDGF9��DGWYX[Z&�9\]AECE\]iBK�DG\ON �_��\]DGWYDGWS>@DGFed
Z_I�MONkDGA
\]WbN<\]A �9\]X[Z&NkLEAEi ��AEAEDGAECELEFYX[ZErsDGWYWYDGF�AE\]X[Z&N9iBDGA_I�LEWY? � L�^tDG?B^_I�X[Z&NkDGAa�_��A�CEDGF%" PI�ZED
CEDGF!q I�L%R WYX[Z_I�L%R DGM]Ao�9\]FYCoCE\]D���NkF�P?Br LEAEi��EFkI�K&Nk\]WYX[Z=I�AEiBDGWkI�LEi�N ` �fDGWb�fDGiBDGA$DGW�ZE\]DGF � L�DG\ dAEDGF�^tDGWY?BAECEDGFYW�WbN[I�FYK�DGA$��NkF�P?Br LEAEi \]A��9\]X[Z&NkLEAEijq I�L%R FkI�CwK�?Brsr~N �t�+\]DGFY\]A � DG\]i�N�WY\]X[ZwCEDGFgh\]A��_L �sCEDGF*q I�L%R WYX[Z_I�L%R DGM]AVI�LEX[Z.DGA&NkiBDGiBDGAVCEDGF���NkF�P?Br LEAEiBWYFY\]X[Z&NkLEAEiE�
��A�CEDGF 	�^E^E\]M]CELEAEifsE� s=\]WbNsDGFYAEDGL%N CE\]D�� \]FYK�LEM�I�Nk\]?BAEWYiBDGWYX[Z&�9\]AECE\]iBK�DG\ONkWYK�?Brs�t?BAEDGA&NkD�C_I�Fed
iBDGWbNkDGM]MON �@��A�CE\]DGWYDGr HJI�M]M<^tDG\ ] , r)(*(�PLE^tDGF CEDGF
��X[Z_I�L%R DGM]K�I�A&NkD�`fI�M]WY?=CE?BFbN `h�f?�C_I�W
� \]FYK�LEM�I�Nk\]?BAEW � DGA&NkFYLEr I�LEW@CEDGA �h� >+d$	�LEWb�fDGFbNkLEAEiBDGA DGFYK�I�AEA&N@�9LEFYCED�����I��,WY\]X[ZsCE\]D
� \]FYK�L�d
M�I�Nk\]?BAEWYWbNkF�P?Br LEAEi PLE^tDGF CEDGA n+r�RcI�AEi9K�I�LEr PI�AECEDGFbN¡\]WbN ZE\]DGFmI�AEWYX[Z_I�LEM]\]X[Z~C_I�FYiBDGWbNkDGM]MON � "�I�X[Z
CEDGr 	�A%RcI�X[ZEDGA
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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
� ,

����
�
, �
(Bc�s&¢ � \]DGMON CE\]DGWYDGF���DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGF
I�L%R�ZE?BZEDV>@?BM]LErsDGAEWbNkF�P?BrsD�� ��\]D

� LEF � DG\ON I�L%R,CEDGr UVI�FYK&N
I�AEiBDG^t?�NkDGAEDGA ��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGF Z_I�^tDGA rsDG\]WbN��+I�CE\]DGA�d
pBDGFYZ PI�MONkAE\]WYWYD�?B^tDGFYZ_I�M]^ pB?BA � , �
(T��`zLEr ^tDGWY?BAECEDGFYW ZE?BZED.��F�PLEX[K�D.^tDG\<K�M]DG\]AEDGA >@?BM]L�d
rsDGAEWbNkF�P?BrsDGA � L�DGFYFYDG\]X[ZEDGAa�J��\]DGWYD,UVI�WYX[ZE\]AEDGA.I�FY^tDG\ONkDGA pB?BF9I�M]M]DGr \]A CEDGAVqfDGFYDG\]X[ZEDGA�CEDGF
: ���<1 5jde��?BM]^tDGAEiBDG^EM�PI�WYD@LEAEC~WbNkDGM]M]DGA~CE?BFbN¡DG\]AED K�?BWbNkDGAEiaPLEAEWbNk\]iBD 	�MONkDGFYA_I�Nk\OpBD@C_I�FG����I�WmZE\]DGF
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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
DGFYWbNkDGAU.DGWYWYLEAEiBDGArs\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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��� � ��� � �%I�LEiBWYDG\ONkD!rs\ON � �fDG\ LEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZEDGA ��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFed�fDG\ONkDGFYLEAEiBDGA0ZE\]A&NkDGFVCEDGr n+A&NkDGFY^EFYDGX[ZEDGFG�,��\]D�>@DGFYWbNkDGM]M]LEAEi CEDGW � L�d
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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ghFYWbNkDS>@?BFYWbNkDGM]M]LEAEiBDGA � LEF � LEWbNkF�P?Br LEAEi,I�L%RtCEDGF �%I�LEiBWYDG\ONkDfRTPLEZEFbNkDGA � L�CEDGr ghFYiBDG^EAE\]WG`BC_I��r I�A�I�r ^tDGWbNkDGA.DG\]AED�M]\]AED I�FYD���DGWYX[Z&�9\]AECE\]iBK�DG\ONkWbpBDGFbNkDG\]M]LEAEi�\]r)qfDGFYDG\]X[Z�CEDGF
� LEWbNkF�P?Br LEAEi
FYD I�M]\]WY\]DGFYDGA6WY?BM]MONkD��@�+\]DGFYCELEFYX[Z!�9\]FYC!CEDGF Z P?BX[ZEWbNkDVDGFYFYDG\]X[Z�^_I�FYD. \]FYK�LEAEiBWYiBFkI�C!DGFb�SI�FbNkDjN �
��I�W<DGFYWbNkD�ghFYiBDG^EAE\]W<�SI�F<AE\]X[Z&N+^tDGWY?BAECEDGFYW9iBL%N `EWY?sC_I���CE\]D,�%I�LEiBWYDG\ONkD,\]A
CE\]WYK�FYDjNkDGA� \]A�d
K�DGM]WYX[ZEFY\ONYNkDGA pB?BA
� ([� �@pBDGFYCEFYDGZ&Nf�9LEFYCED�`�LEr;CEDGA
gh\]A��_L ��CEDGFSghFb�fDG\ONkDGFYLEAEi � L WbNkLECE\]DGFYDGAa�

UnterbrecherDruckstutzen

Saugstutzen
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+39,5˚
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querschnittserweiterung

drehbare
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��� � ��� � ��DG\ONkDGAEK�I�A_I�M]CEDGX[K�DGM�rs\ON CEFYDGZ�^_I�FYDGF��%I�LEiBWYDG\ONkD�`fM]\]AED I�FYDGF ��DG\ONkDGAEK�I�A_I�M d
��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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Π (-7,9˚-Verstellung)

Π (0˚-Verstellung)

Π (+15,8˚-Verstellung)

Π (+23,7˚-Verstellung)

Π (+39,5˚-Verstellung)

η (-7,9˚-Verstellung)Kupplung

η (0˚-Verstellung)Kupplung

η (+15,8˚-Verstellung)Kupplung

η (+23,7˚-Verstellung)Kupplung

η (+39,5˚-Verstellung)Kupplung
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��� � �0/ � U.DGWYWYLEAEiBDGA;I�r ��> rs\ONoM]\]AED I�FYDGF���DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDTd
FYLEAEi�^tDG\ LEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZEDGA.>@DGFYWbNkDGM]MO�9\]AEK�DGM]A�CEDGF � LEWbNkF�P?Br LEAEi

NkDGA&pBDGFYWbNkDGM]M]LEAEiBDGA� � � ([� �,LEAEC � ¢B�
(Bc��[��\]WbN,AE?�X[Z=CE\]Ds��DGAEAEM]\]AE\]D rs\ON,CEDGr ^tDGWbNkDGA= \]Fed
K�LEAEiBWYiBFkI�Ca`J^tDG\ � ��c (�r �SDG\]AEiBD � DG\]X[ZEAEDjN �
>@?BACEDGF
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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��DGFSn+A&NkDGFY^EFYDGX[ZEDGF<NkFYDGAEA&N<CEDGA���FYLEX[K�WbNkL%N � DGA
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I�LEX[Z�pB?BA�0 ".���)3 � ¢B� � � s&� �apB?BFG�
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LEAEC A_I�X[Z CEDGF ��LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi I�L%R~CEDGF
�%I�LEiBWYDG\ONkD

I�L%R+CEDGA�>@DGFYM�I�L%R9CEDGF ��DGAEAEM]\]AE\]D I�LEWb�9\]FYK&N �z��DGrsDGA&NkiBDGiBDGA Z_I�N WY\]X[Z CEDGF~ \]FYK�LEAEiBWYiBFkI�C
CEDGL%NkM]\]X[Z iBDGWbNkDG\]iBDGFbN `��SI�W<I�A
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Volumenstrom [m /h]3

ohne 45˚-Fase am Laufrad

mit 45˚-Fase am Laufrad
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Volumenstrom [m /h]3

ohne weitere Saugseitenveränderung

zusätzliche Abrundung in der Saugseite
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Π (+31,6˚-Verstellung)

η Kupplung (-15,8˚-Verstellung)
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η Kupplung (0˚-Verstellung)

η Kupplung (+7,9˚-Verstellung)

η Kupplung (+15,8˚-Verstellung)

η Kupplung (+23,7˚-Verstellung)

η Kupplung (+31,6˚-Verstellung)
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I�AEiBDG^EFkI�X[Z&N+�f?BFYCEDGAa�

���8U��8U |};O@BT�E�[K<M �!6S=Z`�CO7 AD\?E�6:\DT�6:K<=]Mj6 Tw`?;�E
F�C�E*^&C?6 TBC�=Z`�\L=O\�7��<;OC�E
@aGDI�=�6 T�TB@�C�E �*C?6 TBC�E�;�=?>

"�I�X[ZECEDGr;U.DGWYWYLEAEiBDGA I�r U.?�CEDGM]M%rs\ON¡DG\]AEDGr�LEAEC rs\ON � �fDG\_n+A&NkDGFY^EFYDGX[ZEDGFYA LEAEC M]\]AED I�FYDGF��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi \]r;qfDGFYDG\]X[Z CEDGF�� LEWbNkF�P?Br LEAEi�AE\]X[Z&NfCE\]D+iBDj��PLEAEWYX[Z�d
NkDGA ghFYiBDG^EAE\]WYWYD�M]\]DjR DGFbNkDGAa`�Ca� Za�,CEDGF� \]FYK�LEAEiBWYiBFkI�C \]r >@DGFYWbNkDGM]MO�9\]AEK�DGMs� �=LEAEC I�LEX[Z
CEDGF CELEFYX[ZEWYDjN � ^_I�FYDV>@?BM]LErsDGAEWbNkFY?Br M�I�iBDGA � L�AE\]DGCEFY\]iE`z�9LEFYCEDVDG\]AED.CEDGL%NkM]\]X[Z!pBDGFYK PLEF � NkD
��LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi
ZE\]A&NkDGF+CEDGAwn+A&NkDGFY^EFYDGX[ZEDGFYAoFYD I�M]\]WY\]DGFbN~� WY\]DGZED~I�LEX[Z�	�^E^E\]M]CELEAEi
c�� �_� ^J�Y�T� � LEW�PI�N � M]\]X[Z �9LEFYCEDGA
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�fDGFYCEDGAa�_qfDG\t>@?BM]LErsDGAEWbNkF�P?BrsDGA LEA&NkDGFed
Z_I�M]^opB?BA >? � �Q�.c (�@FA � � DG\]i�N,CE\]D�AEDGLED ��DGAEAEM]\]AE\]D DG\]AEDGA=\]AEWbN[I�^E\]M]DGA=qfDjNkFY\]DG^EWY^tDGFYDG\]X[Za�
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([¢ 
 DGFYFYDG\]X[Z&N �@qfDG\9DG\]AEDGF �%I�LEiBWYDG\ONkDGA&pBDGFYCEFYDGZ�LEAEi�\]A
^tDG\]CED �9\]X[Z&NkLEAEiBDGA.K�?Brsr~N9DGW9iBM]DG\]X[ZEDGFYr I��BDGA � L.DG\]AEDGr CEDGL%NkM]\]X[ZEDGA ��PLEX[K�i&I�AEisCEDGW9 \]Fed
K�LEAEiBWYiBFkI�CEDGWG�



�.r � �<� �w�
	 ��� �D� ������� � � ��	����	 �*� �	� � ���j� � ��� �y�Z	���� � �B�a���Z�����

1,00

1,01

1,02

1,03

1,04

1,05

1,06

1,07

1,08

1,09

1,10

D
ru

ck
ve

rh
äl

tn
is

0

5

10

15

20

25

30

35

40

45

50

K
up

pl
un

gs
w

irk
un

gs
gr

ad
[%

]

0 100 200 300 400 500 600 700

Volumenstrom [m /h]3

Π (-15,8˚-Verstellung)

Π (-7,9˚-Verstellung)

Π (0˚-Verstellung)

Π (+7,9˚-Verstellung)

Π (+15,8˚-Verstellung)

Π (+23,7˚-Verstellung)

Π (+31,6˚-Verstellung)

η Kupplung (-15,8˚-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)

����������	�
��� � ��� � U.DGWYWYLEAEiBDGAVI�r ��>�rs\ONfK�LEF � DGF9��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi^tDG\ LEA&NkDGFYWYX[ZE\]DGCEM]\]X[ZEDGA.>@DGFYWbNkDGM]MO�9\]AEK�DGM]A�CEDGF � LEWbNkF�P?Br LEAEi

lmFY?�N � CEDGF@K�LEF � DGA
��DG\ONkDGAEK�I�A_I�M���LEDGFYWYX[ZEAE\ONYNkWYDGFb�fDG\ONkDGFYLEAEi~ZE\]A&NkDGF@CEDGA n+A&NkDGFY^EFYDGX[ZEDGFYA �9\]FYCAE\]X[Z&N.CELEFYX[Z CE\]FYDGK&N.A_I�X[Z CEDGr n+A&NkDGFY^EFYDGX[ZEDGFwI�AEiBDG?BFYCEAEDjNkD � LEWbNkF�P?Br LEAEi6CEDGF�Z P?BX[ZEWbNkD
 \]FYK�LEAEiBWYiBFkI�CVLEAECVCE\]D,^tDGWbNkD~��DGAEAEM]\]AE\]D�DGFYFYDG\]X[Z&N � ghW � DG\]i�N+WY\]X[Z.�9\]DGCEDGF9�9\]D,\]AV�,I��E\ONkDGM
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� � � � �������������������j����� � �	�O��� �B�

30

35

40

45

K
up

pl
un

gs
w

irk
un

gs
gr

ad
[%

]

-10 0 10 20 30

Verstellwinkel [˚]

����������	�
��� � ��� � UVI &%\]r I�M]DGF ��LE�E�EM]LEAEiBWb�9\]FYK�LEAEiBWYiBFkI�C~^tDG\�CEDGA LEA&NkDGFYWYLEX[Z&NkDGA >@DGFYWbNkDGM]M d
�9\]AEK�DGM]A

pB?BA � � � � � �	�	� ��� ��^tDG\h��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGFYAors\ON � �fDG\hn+A&NkDGFY^EFYDGX[ZEDGFYA=LEAEC � � �� � �	�	� ��� ��^tDG\ WY?BM]X[ZEDGA�rs\ON�DG\]AEDGr n+A&NkDGFY^EFYDGX[ZEDGF � L�FYD I�M]\]WY\]DGFYDGAa� ��\]DGWYDGW ghFYiBDG^EAE\]W�K�I�AEAp�\]DGM]M]DG\]X[Z&N�I�LEX[Z I�L%R���DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGF�PLE^EM]\]X[ZEDGF�qSI�L_I�FbN�PLE^tDGFbNkFkI�iBDGA �fDGFYCEDGAa�f��I�W
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qfDG\SCEDGA!U.DGWYWYLEAEiBDGA�I�r ��DG\ONkDGAEK�I�A_I�MOpBDGFYCE\]X[Z&NkDGF rs\ON~DG\]AEDGr n+A&NkDGFY^EFYDGX[ZEDGF�\]WbN K�DG\]A6\]A�d
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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
CEDGWSH¡M]LE\]CEDGWG��	�r;FYDGX[Z&NkDGA �+I�AECsCEDGWSqf\]M]CEDGWhK�I�AEA r I�AsAE?�X[Z CE\]D � LEWkI�rsrsDGA%RTPLEZEFYLEAEi�CEDGF
^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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