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&ERHQEWGLMRIR�7IVZMGI�QMX�28-�%��YRH�%��
�

28-kW�%YHMS�8IWX�7]WXIQI�%��YRH�%��OSRRXIR�WMGL�MR�HIR�PIX^XIR�.ELVIR�IMRIR�ZSVHIVIR�
4PEX^� MR�7IVZMGI�;IVOWXÇXXIR�YRH�1I�PEFSVW�IVSFIVR��)MR�RMGLX�YRIVLIFPMGLIV�%R[IR�
HIVOVIMW�WMRH�6YRHJYROERWXEPXIR�YRH�8SRWXYHMSW��F^[��WMI�FIXVIYIRHI�8IGLRMOIV��;EW�
QER�QMX�%��%��MQ�7XYHMS�WS�EPPIW�QEGLIR�OERR��^IMKX�HIV�JSPKIRHI�TVE\MWRELI�&IVMGLX�
EYW�HIV�7MGLX�HIW�%R[IRHIVW��

�

*²V� MRXIVIWWMIVXI� 0IWIV�� HIRIR�HMI�&I^IMGLRYRK�%��RSGL�RMGLXW� WEKIR�WSPPXI�� ^YIVWX�IMRI�OYV^I�
ÍFIVWMGLX�HIV�^YV�:IVJ²KYRK�WXILIRHIR�1I�EVXIR��

�

ã 0IZIP��4IKIPQIWWYRK�MR�:SPX�SHIV�H&Y�H&:�H&Q�

ã 0IZIP�6IPEXMZ��[MI�0IZIP��HYVGL�k7IX�6IJk�[MVH�HIV�EOXYIPPI�;IVX�^Y���H&V�

ã 8,(�2��/PMVVJEOXSV�MR�4VS^IRX�SHIV�H&�

ã +PIMGLPEYJWGL[EROYRKIR�REGL�2%&�YRH�-)'�

ã 2SMWI��;MI�0IZIP��EFIV�QMX�5YEWM�4IEO�+PIMGLVMGLXYRK�YRH�&I[IVXYRK�

ã 2SMWI�6IPEXMZ��[MI�2SMWI��HYVGL�k7IX�6IJk�[MVH�HIV�EOXYIPPI�;IVX�^Y���H&V�

ã 'VSWWXEPO��ÍFIVWTVIGLIR�QMX�WIPIOXMZIQ�&ERHTEWW�

ã *VIUYIR^��MR�EPPIR�1SHM�����,^�FMW�����O,^��

�

(EW�%��ZIVJ²KX�HEV²FIV�LMREYW�²FIV�IMRI�ZSPPI�>[IMOEREPMKOIMX�YRH�[IMXIVI�1I�JYROXMSRIR��

�

ã -RXIVQSHYPEXMSRWZIV^IVVYRKIR�REGL�EPPIR�2SVQIR�

ã 0IZIP�7IPIOXMZ��[MI�0IZIP��EFIV�QMXPEYJIRHIV�&ERHTEWW�

ã 4LEWI��4LEWIRQIWWYRK�FMW�¥����­�

ã *VIUYIR^����/EREP�WMQYPXER�MR�EPPIR�1SHM�����,^�FMW�����O,^��

�

%��YRH�%��O¸RRIR�EY�IV�;	*�EPPI�1IWWYRKIR�EPW�*VIUYIR^W[IIT�EYWJ²LVIR��HEW�%��WS[SLP�
²FIV�HMI�*VIUYIR^��%QTPMXYHI�EPW�EYGL�HMI�>IMX��&IM�;	*� MWX�HEKIKIR�RYV�IMR�7[IIT�²FIV�HMI�
>IMX�Q¸KPMGL�YRH�WMRRZSPP��(MI�EQ�LÇYJMKWXIR�FIR¸XMKXIR�*YROXMSRIR�WMRH�TIV�8EWXIRHVYGO�HMVIOX�
EOXMZMIVFEV� �&MPH�����[IMXIVI�WXILIR�FIMQ�%��HYVGL�IMRIR�(STTIPOPMGO� MR�1IR²W�FIVIMX��(MI�&I�
HMIRYRKWJVIYRHPMGLOIMX��PIMGLXI�,ERHLEFYRK�YRH�LIVZSVVEKIRHI�1I�KIREYMKOIMX�[YVHI�FIVIMXW�
MR�QILVIVIR�8IWXW�IMRWGLPÇKMKIV�1EKE^MRI�KIPSFX��YRH�WSPP�LMIV�RMGLX�[IMXIV�IV¸VXIVX�[IVHIR��(MI�
MQ� JSPKIRHIR�FIWGLVMIFIRIR�1IWWYRKIR� WMRH�EPPI� WS[SLP�QMX�%��EPW� EYGL�QMX�%��TVSFPIQPSW�
HYVGLJ²LVFEV��0IHMKPMGL�MQ�%FWGLRMXX�%^MQYXL�MWX�J²V�IMRI�4LEWIRQIWWYRK�FIMQ�%��HEW�STXMSRIP�
PI�4LEWIRFSEVH�R¸XMK��
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Bild 1   Frontansicht A2 

�

&IMWTMIP��/STJ[IGLWIP�
(EW� XÇKPMGLI� &VSX� HIW� 7XYHMS�8IGLRMOIVW�� ÍFIVTV²JYRK� HIW� *VIUYIR^KERKIW� YRH� OSQTPIXXIW�
)MRQIWWIR� ZSR�&ERHQEWGLMRIR� EPPIV�%VX��%��YRH�%�� WXIPPIR�EPPI�HEJ²V�FIR¸XMKXIR� *YROXMSRIR�
FIVIMX��&IWSRHIVW�HIYXPMGL�[MVH�HMIW�EQ�&IMWTMIP�IMRIW�/STJ[IGLWIPW��

2EGL�)MRFEY�HIV�RIYIR�/¸TJI�YRH�HIV�QIGLERMWGLIR�:SVEVFIMXIR��2IMKYRKWNYWXEKI�QMX�0ILVI��
KVSFIV�%^MQYXL�:SVEFKPIMGL��/STJL¸LIRIMRWXIPPYRK��&ERHPEYJ²FIVTV²JYRK���OSQQX�HEW�SFPMKE�
XSVMWGLI�:SPPWTYV�1I�FERH�^YQ�)MRWEX^��(EW�%FWTMIPIR�IMRIW�MQ�&IVIMGL���O,^�PMIKIRHIR�4IKIP�
XSRIW� WSPPXI� ER�HIR�%YWWXIYIVYRKWER^IMKIR�HIV�&ERHQEWGLMRI�FIVIMXW� NIX^X�IMRI�KPIMGLQÇ�MKI�
%R^IMKI�QMX�KIVMRKIR�%F[IMGLYRKIR�HIV�/ERÇPI�IVKIFIR��(ERR�FIKMRRX�HMI�*IMREVFIMX��

�

%^MQYXL�
>YIVWX� IVJSPKX� HIV� %^MQYXL�
%FKPIMGL��(E^Y�QM�X�QER�HMI�4LE�
WI� ^[MWGLIR� /EREP� �� YRH� ��� NY�
WXMIVX� QMXXIPW� HIV� %^MQYXL�
7GLVEYFI� EYJ� Q¸KPMGLWX� REL� ER�
�­�� )MR� *IMREFKPIMGL� IVKMFX� WMGL�
EYXSQEXMWGL� FIM� KV¸�IV� [IVHIR�
HIQ�%FWXERH�^[MWGLIR�HIR�/ERÇ�
PIR��EPWS���YRH������YRH���IXG��&IM�
IMRIV� 1EWXIV�>[IMWTYVQEWGLMRI�
IVJSPKX� HIV%FKPIMGL� KVSF� REGL�
JIMR� ²FIV� HMI� EYJ� HIQ�1I�FERH�
ZSVLERHIRIR� *VIUYIR^IR�� &IKMR�
RIRH�FIM���O,^�OERR�FMW�LMREYJ�^Y�
��� O,^� TVSFPIQPSW� NYWXMIVX� [IV�
HIR��%RHIVW�FIM�1ILVWTYVQEWGLMRIR��HIRR�IMRI�%^MQYXL�)MRWXIPPYRK�FIM����O,^�YRH�7TYV���QMX�
��� MWX�TVEOXMWGL�RMGLX�Q¸KPMGL��HE�HEW�FPS�I�&IV²LVIR�HIV�)MRWXIPPWGLVEYFI�WGLSR�KVS�I�âRHI�
VYRKIR�FI[MVOX��

Bild 2   Phasenmessung Azimuth 
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,MIV�QY��WMGL�HIV�8IGLRMOIV�²FIV�L¸LIVI�*VIUYIR^IR�[MI�FIWGLVMIFIR�MQQIV�[IMXIV�ZSVXEWXIR��
FMW�IMRI� WMRRZSPPI�:IVFIWWIVYRK�RMGLX�QILV�Q¸KPMGL� MWX��(MI�%R^IMKI�HIV�4LEWI�EQ�%��^YWEQ�
QIR�QMX�HIQ�UYEWM�EREPSKIR�&EVKVETL�MWX�EYGL�EYW�KV¸�IVIV�)RXJIVRYRK�KYX�^Y�IVOIRRIR��IV�
PIMGLXIVX�HIR�%FKPIMGL�HEHYVGL�[IWIRXPMGL��&MPH�����

�

4&���7]RG�%FKPIMGL�
2EGLHIQ�7]RG��YRH�6ITVS�/STJ�IMRI�ZSVFMPHPMGLI�4SWMXMSR�IMRKIRSQQIR�LEFIR��KILX�IW�ER�HMI�
)MRWXIPPYRK�HIV�^YKIL¸VMKIR�;MIHIVKEFIZIVWXÇVOIV��.I�REGL�1EWGLMRI�FIKMRRX�QER�QMX�����,^�
SHIV���O,^��IFIRJEPPW�NI�REGL�1EWGLMRI�MWX�HIV�^Y�IVVIMGLIRHI�%YWKERKWTIKIP����H&Y������H&:�
SHIV� ��� H&Q�� JEPPW� R¸XMK� EYGL�QMX� ���� 3LQ� &IPEWXYRK�� %�� YRH� %�� FMIXIR� TIV� 8EWXIRHVYGO�
RIFIR� ���� 3LQ� )MRKERKWMQTIHER^� EYGL� EPPI� HVIM� )MRLIMXIR�� EQ� FIUYIQWXIR� IV[IMWX� WMGL�
NIHSGL�HEW�%VFIMXIR�QMX�HIV�*YROXMSR�0):)0�6)0%8-:��(E^Y� MWX�HIV�+IRIVEXSVEYWKERK�EYJ�HIR�
)MRKERK� ^Y� WGLPIMJIR�� HIV� KI[²RWGLXI� 4IKIP� IMR^YWXIPPIR�� YRH� MQ� 0):)0� 6)0%8-:�1SHYW� HMI�
8EWXI� 7)8� 6)*� ^Y� HV²GOIR�� (IV� &I^YKWTIKIP� IVWGLIMRX� NIX^X� MR� HIV� %R^IMKI� EPW� ��H&V��
%F[IMGLYRKIR�REGL�YRXIR�SHIV�SFIR�WMRH�PIMGLX�^Y�IVOIRRIR�YRH�^Y�OSVVMKMIVIR��%FLÇRKMK�ZSR�
HIV�ZSVLERHIRIR�;MIHIVKEFI�)PIOXVSRMO�MWX�HEREGL�MQ�,SGLXSRFIVIMGL�EF^YKPIMGLIR��WGLPMI�PMGL�
��JEPPW�Q¸KPMGL���MQ�8MIJXSRFIVIMGL��+VSFI�)UYEPM^IV�J²LVIR�PIMHIV�SJX�^Y�IMRIV�4IKIPÇRHIVYRK�MQ�
QMXXPIVIR�*VIUYIR^FIVIMGL��WS�HE��HMI�KER^I�4VS^IHYV�IMRIV�;MIHIVLSPYRK�FIHEVJ��;ÇLVIRH�HIW�
%FKPIMGLW�WSPPXI�QER�EYGL�IMR�%YKI�EYJ�HMI�4IKIPER^IMKIR�HIV�&ERHQEWGLMRI�[IVJIR��YRH�WMI�
IZIRXYIPP�KPIMGL�QMX�IMRWXIPPIR��

�

;S[�	�*PYXXIV�
(ERO�HIW� MQ�1I�KIVÇX� MRXIKVMIVXIR�1SRMXSV�
0EYXWTVIGLIVW� MWX� HIV� 8IGLRMOIV� MQQIV� MQ�
&MPHI��[EW�IV�KIVEHI�XYX�SHIV�FI[MVOX��7SPPXI�
HMI�1EWGLMRI�+PIMGLPEYJTVSFPIQI� EYJ[IMWIR��
MWX� HMIW�FIM�HIR�L¸LIVJVIUYIRXIR�4IKIPX¸RIR�
[ELVWGLIMRPMGL�WGLSR�FIQIVOX�[SVHIR��&IZSV�
QER� HEW� 1I�FERH� EFIV� ZSR� HIV� 1EWGLMRI�
RMQQX��WSPPXI�EYJ�NIHIR�*EPP�HIV���O,^�8IWXXSR�
�SHIV�EYGL������O,^��WMILI�&MPH����^YV�+PIMGL�
PEYJTV²JYRK�:IV[IRHYRK�JMRHIR��%��YRH�%��
ZIVLEPXIR� WMGL� LMIV� [MIHIV� QYWXIVK²PXMK�� )MR�
8EWXIRHVYGO� EYJ�;	*�� IZIRXYIPP� IMR�(STTIP�
OPMGO� ^YV� %R[ELP� HIV� OSVVIOXIR� 2SVQ� �FIMQ�
%�� TIV� (MTWGLEPXIV��� WGLSR� IVWGLIMRIR� (VMJX�
YRH� ;S[� 	� *PYXXIV� MQ� (MWTPE]�� (MI� (VMJX�
%R^IMKI� FEWMIVX� EYJ� HIV� WILV� WGLRIPPIR� YRH�
QMX� ����� �� 8SPIVER^� WILV� KIREYIR� *VI�
UYIR^QIWWYRK�HIW�%���HMI�MR�EPPIR�1I�EVXIR�
�[IRR�EYGL�IX[EW�OPIMRIV�HEVKIWXIPPX�� MQ�(MWTPE]�EF^YPIWIR� MWX��7MI�IV[IMWX�WMGL�MR�ZMIPIR�*ÇPPIR�
EPW�KVS�I�,MPJI��EYGL�[IRR�[IKIR�HIV�OPIMRIVIR�(EVWXIPPYRK�WMGLIV�IMRMKI�%R[IRHYRKWFIMWTMIPI�
^YRÇGLWX�YRFIQIVOX�FPIMFIR��&IMWTMIPW[IMWI�QY��FIM�IMRIQ�;IGLWIP�HIW�'ETWXERQSXSVW�SJX�IMR�
8EGLSEFKPIMGL�EYJ�IMRI�FIWXMQQXI�*VIUYIR^�IVJSPKIR��(MI�*VIUYIR^QIWWYRK�QEGLX�RMGLX�RYV�MR�
HMIWIQ�*EPP�IMRIR�I\XIVRIR�*VIUYIR^^ÇLPIV�²FIVJP²WWMK��

Bild 3   W&F Normen 
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(SGL�^YV²GO�^Y�HIR�+PIMGLPEYJWGL[EROYRKIR��0MIKX�HIV�IVQMXXIPXI�;IVX�HIYXPMGL�²FIV�HIR�,IV�
WXIPPIVERKEFIR�� OSQQIR� JEWX� EPPI� FERHFIV²LVIRHIR� 8IMPI� EPW� :IVYVWEGLIV� MR� &IXVEGLX�� 2IFIR�
EYWKIWGLPEKIRIR� 0EKIVR� ZSR� *²LVYRKWVSPPIR�� JEPWGL� IMRKIWXIPPXIQ� &ERH^YK� �%YJ[MGOIP�� YRH�
&VIQWOVEJX�� YRH� IMRIV� HIJSVQMIVXIR�%RHVYGOVSPPI� �PIMHIV� RMGLX� MQQIV� EYJ�%RLMIF� WMGLXFEV��� MWX�
REX²VPMGL�EYGL�HIV�'ETWXERQSXSV�IMRI�9RXIVWYGLYRK�[IVX��

�

6IGSVH�%FKPIMGL�
2EGL�HIR�;MIHIVKEFIZIVWXÇVOIVR� JSPKIR�HMI�%YJRELQIZIVWXÇVOIV��)MRI�WXEVO� kZIVOYVFIPXIk�1E�
WGLMRI�IVJSVHIVX�QILVQEPMKIW�)MRWXIPPIR�ZSR�&MEW�YRH�%YJRELQITIKIP��ERWSRWXIR�FIKMRRX�QER�
QMX�HIV�:SVQEKRIXMWMIVYRK�����O,^�YRH�IMR�GMVGE����H&�YRXIV�HIQ�&I^YKWTIKIP�PMIKIRHIW�7MKREP�
WMRH�EQ�%���MR�7IOYRHIRWGLRIPPI�OSRJMKYVMIVX��

&IMQ� &MEW�%FKPIMGL� OSQQX� 0):)0� 6)0%8-:� IVRIYX� ^YQ�>YK��(IV� ²FPMGLI�:SVKERK� ��� FMW� ��H&�
VIGLXW�ZSQ�QE\MQEPIR�4IKIP��PÇ�X�WMGL�LMIV�[MIHIV�ER[IRHIVJVIYRHPMGL�KIWXEPXIR��&IM�NIHIV�7TYV�
YRH�NIHIQ�1E\MQYQ�[MVH�7)8�6)*�KIHV²GOX�����FMW����H&�WMRH�WS�RMGLX�YRKIJÇLV��SHIV�QMX�WXÇR�
HMKIV� /SR^IRXVEXMSR� YRH� /STJVIGLRIR��� WSRHIVR� L¸GLWX� KIREY� YRH� ²FIVWMGLXPMGL� IMRWXIPPFEV��
2EGL�HIV�:SVQEKRIXMWMIVYRK�IVJSPKX�HMI�.YWXEKI�HIW�+VYRHTIKIPW��HEW�%��MWX�[MI�FIMQ�;MIHIV�
KEFIZIVWXÇVOIV� FIWGLVMIFIR� IMR^YWXIPPIR�� 2EGL� ���� ,^� SHIV� �� O,^� JSPKX� HMI� )MRWXIPPYRK� HIW�
,SGLXSR��YRH�HIW�8MIJXSRFIVIMGLIW��

-Q�KIWEQXIR�%YJRELQIXIMP�KILX�HIV�%FKPIMGL�QMX�IX[EW�ÍFIVPIKYRK�RSGL�^²KMKIV� ZSVER��>YV�
.YWXMIVYRK�HIW�&-%7�[YVHI�IMR�4IKIP� ZSR�GMVGE����H&�YRXIV�HIQ�RSQMRIPPIR�%VFIMXWTYROX�HIV�
1EWGLMRI�KI[ÇLPX�� 8EXWÇGLPMGL� MWX� HMIWIV�;IVX� VIGLX�YROVMXMWGL��HE�RYV�'EWWIXXIRVIGSVHIV� EYJ�
KVYRH�HIV�KIVMRKIR�7TYVFVIMXI�WXEVOI�4VSFPIQI�QMX�HIV�TIKIPEFLÇRKMKIR�&ERHFVIMXI�EYJ[IMWIR��
)MRI����H&Y�1EWGLMRI�OERR�EPWS�FIUYIQ�FIM�����H&Y�EFKIKPMGLIR�[IVHIR��[EW�IMRJEGL�FIWWIV�
EFPIWFEV�MWX��2MGLXW�WTVMGLX�^YHIQ�HEKIKIR��EYGL�HIR�*VIUYIR^KERK�FIM�HMIWIQ�4IKIP�EF^YKPIM�
GLIR�� (EQMX� VIHY^MIVIR� WMGL� HMI� EQ� %�� ZSV^YRILQIRHIR� &IHMIRWGLVMXXI� EYJ� IMR� 1MRMQYQ��
7GLVMXX�J²V�7GLVMXX�EQ�&IMWTMIP�IMRIV�TVSJIWWMSRIPPIR�&ERHQEWGLMRI�QMX����H&Y�%VFIMXWTIKIP��

�

ã (IV�+IRIVEXSV�HIW�%��WXILX�MQ�0IZIP�1SHI�EYJ�����H&Y��*VIUYIR^����O,^��(MI����
/STJ��1EWGLMRI�PÇYJX�MQ�6IGSVH�6ITVS�1SHI��

ã 8EWXI�0�6)0�HV²GOIR��&-%7�8VMQQIV�EYJ�L¸GLWXI�%R^IMKI�EQ�%��WXIPPIR��8EWXI�7)8�
6)*� HV²GOIR�� 8VMQQIV� WS�[IMX� REGL� VIGLXW� HVILIR�� HE�� EQ�(MWTPE]� ���H&V� �SHIV�
ERHIVIV�KI[²RWGLXIV�;IVX��IVWGLIMRX��

ã 8EWXI� 0):)0� HV²GOIR�� QMX� WGLRIPPIV� 0MROWHVILYRK� HIW� *VIUYIRG]�(VILKIFIVW�
WTVMRKX�HIV�+IRIVEXSV�EYJ���O,^��8VMQQIV�0IZIP�EYJ�����H&Y�IMRWXIPPIR��

ã 1MX� WGLRIPPIQ�6IGLXWHVILIR�HIW�*VIUYIRG]�(VILKIFIVW� WTVMRKX�HIV�+IRIVEXSV�^Y�
���O,^��QMX�^[IM�SHIV�HVIM�[IMXIVIR�6EWXIVWGLVMXXIR�^Y�HIV�KIVÇXIWTI^MJMWGLIR�ST�
XMQEPIR�*VIUYIR^�J²V�HIR�,¸LIREFKPIMGL��8VMQQIV�,M)5�EYJ�����H&Y�NYWXMIVIR��

ã >[IM�FMW�HVIM�6EWXIV�^YV²GO�EYJ����O,^��8EWXI�0��6)0�HV²GOIR��HIV�KER^I�:SVKERK�
FIKMRRX�ZSR�RIYIQ�J²V�HMI�RÇGLWXI�7TYV��3JX�OERR�QER�WMGL�7)8�6)*�WTEVIR��HE�
HMI� ,¸LIREYWWXIYIVFEVOIMX� J²V� EPPI� 7TYVIR� WILV� ÇLRPMGL� MWX�� +PIMGL^IMXMK� IVOIRRX�
QER�WS�KV¸�IVI�%F[IMGLYRKIR�^[MWGLIR�HIR�/ERÇPIR��YRH�OERR�WMI�HMVIOX�MR�H&�
EFPIWIR��
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(MI� SJX� KIWXIPPXI� *SVHIVYRK� REGL� IMRIV� WTI^MIPPIR� %170� ^YQ� )MRQIWWIR� ZSR� &ERHQEWGLMRIR�
IRXTYTTX�WMGL�WS�MR�HIV�4VE\MW�WGLRIPP�EPW�YRR¸XMK��8EXWÇGLPMGL�[²VHI�HIV�%FKPIMGL�WILV�ZMIP�PERK�
WEQIV�YRH�YQWXÇRHPMGLIV�ZSRWXEXXIR�KILIR��7MRRZSPP�MWX�HEKIKIR�IMRI�%170�^YV�)VJEWWYRK�EPPIV�
*VIUYIR^KÇRKI��WTVMGL�EPPIV�IMRKIQIWWIRIR�7TYVIR��(EJ²V�WXIPPX�28-�IMRI�(EXIM�FIVIMX��HMI�IMRI�
OSQJSVXEFPI�� WGLRIPPI� YRH�²FIVWMGLXPMGLI�(SOYQIRXEXMSR�FMIXIX��2EX²VPMGL� MWX� IMR� 4'� WEQX�HIV�
7XIYIVWSJX[EVI�%7���:SVEYWWIX^YRK��WMILI�RÇGLWXIW�/ETMXIP���

�

;IV� WMGL� IX[EW� >IMX� RMQQX� OERR� ER� HMIWIV� 7XIPPI� EYGL� IMRQEP� HMI� XEXWÇGLPMGLIR�9RXIVWGLMIHI�
^[MWGLIR�HIV�&-%7�)MRWXIPPYRK����H&�YRH����H&�QIWWIR�YRH�²FIV�HIR�IMRKIFEYXIR�0EYXWTVIGLIV�
OSRXVSPPMIVIR�� :IV^IVVYRKIR� KILIR� YRL¸VFEV� MQ� 6EYWGLIR� YRXIV�� HEW� 6EYWGLIR� WIPFWX� MWX� WS�
FVIMXFERHMK��HE��HMI�MR�HIR�%VFIMXWOIRRPMRMIR��&MPH����ZSVLERHIRIR�9RXIVWGLMIHI�ZIV[MWGLIR��-R�
HIV�4VE\MW�FPIMFX�IW�EPWS�HIV�TIVW¸RPMGLIR�:SVPMIFI�HIW�8IGLRMOIVW�²FIVPEWWIR��[MI�[IMX�kVIGLXWk�IV�
HIR�%VFIMXWTYROX�JIWXPIKX��

�

,SGL[IVXMKI�QSHIVRI�&ERHQEWGLMRIR�FIWMX^IR�EYWKIJIMPXIVI�1¸KPMGLOIMXIR�HIV�*VIUYIR^KERK�
OSVVIOXYV��WS�HE��WMGL�HMI�)MRQI�TVS^IHYV�IRXWTVIGLIRH�EVFIMXWMRXIRWMZIV�KIWXEPXIX��+IVEHI�MQ�
,¸LIRFIVIMGL�KMFX�IW�SJX�^[IM�8VMQQIV��1MX�IMRIQ�[MVH�HIV�)5�FVIMXFERHMK�ERKITE�X��QMX�HIQ�
ERHIVIR�RYV�HIV�&IVIMGL�²FIV����O,^��(EQMX� MWX�IMRI�KI^MIPXI�/SVVIOXYV�HIV�HYVGL�HIR�YRZIV�
QIMHPMGLIR�/STJEFVMIF�IRXWXILIRHIR�,¸LIRHÇQTJYRK�Q¸KPMGL��(ERO�HIV�KIPYRKIRIR�&IHMIR�
SFIVJPÇGLI� ZSR�%��YRH�%�� MWX�HIV�%FKPIMGL� NIHSGL�[MI� MQ�FIWGLVMIFIRIR�&IMWTMIP� WGLRIPP�YRH�
TVSFPIQPSW�HYVGLJ²LVFEV��
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Bild 4   Arbeitskennlinien von Magnetband��
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*VIUYIR^KERK�1IWWYRKIR����

%PW�8IGLRMOIV�[IM��QER�^[EV��HE��WMGL�FIM�&ERHQEWGLMRIR�HIV�*VIUYIR^KERK�QMX�[IRMKIR�)MR�
^IPQIWWYRKIR� KYX� PMRIEVMWMIVIR� PÇ�X�� EFIV� RYV� IMR� 7[IIT� ²FIV� HIR� KIWEQXIR� &IVIMGL� WGLEJJX�
ZSPPIRHW�/PEVLIMX�²FIV�HMI�IVVIMGLXI�0IMWXYRKWJÇLMKOIMX��%��YRH�%��FIWMX^IR�LMIV�KPIMGL�QILVIVI�
R²X^PMGLI� *IEXYVIW�� 7S� PÇ�X� WMGL�HMI�%R^ELP�HIV�1I�WGLVMXXI�[ÇLVIRH�HIW�7[IITW�YQWGLEPXIR��
HIV� 7[IIT� HEHYVGL� FIWGLPIYRMKIR�� ���� 7GLVMXXI� QEGLIR� MQ� QMXXPIVIR� *VIUYIR^FIVIMGL� FIM�
&ERHQEWGLMRIR�OIMRIR�7MRR��HE�LMIV�HIV� *VIUYIR^KERK�RYV� WILV�KIVMRKIR�YRH�KPIMGLQÇ�MKIR�
%QTPMXYHIRÇRHIVYRKIR�YRXIV[SVJIR�MWX��

�

2SGL�QILV�>IMX�OERR�QER�EPPIVHMRKW�QMX�IMRIQ�WIPFWX�IVWXIPPXIR�8EFPI�7[IIT�WTEVIR��(E^Y�FI�
R¸XMKX�QER�HMI� 4'�7SJX[EVI�%7���� -R� HMIWIV� HIJMRMIVX�QER�EPPI�KI[²RWGLXIR�1I�TYROXI�IMR�
^IPR��YRH�²FIVXVÇKX�HMI�IVWXIPPXI�8EFIPPI�IRX[IHIV�HEYIVLEJX�MR�HEW�%���SHIV�WXIYIVX�%��%��²FIV�
HMI� 7SJX[EVI� �YRH�FIMWTMIPW[IMWI�IMR�2SXIFSSO��QMX�HMIWIV�8EFIPPI�� -R�HIV�4VE\MW�LIM�X�HEW�� -Q�
[IPPMKIR�8MIJXSRFIVIMGL�GMVGE����7GLVMXXI�MQ����IV�6EWXIV��MQ�PMRIEVIR�1MXXIRFIVIMGL����7GLVMXXI�
MQ���IV�6EWXIV��YRH�MQ�WXIMPJPEROMK�IRHIRHIR�,SGLXSRFIVIMGL�[MIHIV����7GLVMXXI� MQ����IV�6E�
WXIV�� 7IPFWX�[IRR�QER� MRWKIWEQX����7GLVMXXI�ZIV[IRHIX��IRXWTVMGLX�HEW� WMGLXFEVI�)VKIFRMW�IM�
RIQ�����4YROXI�7[IIT��RYV�IFIR�WGLRIPPIV�YRH�WTIMGLIVWTEVIRH��HE�HMI�1I�[IVXI�WTI^MIPP�ER�
HMI�4VSFPIQ^SRIR�ERKITE�X�WMRH��

�

)MR� WSPGLIV� 8EFPI� 7[IIT��
HIV� 832&%2(�7;8� LIM�IR�
O¸RRXI�� MWX� EQ� %�� TIV�
(STTIPOPMGO� HIV� 7;))4�
13()�8EWXI�ER[ÇLPFEV��-Q�
(MWTPE]� 1SHI� +6%4,� IV�
WGLIMRX� HIV� 2EQI� MR� HIV�
YRXIVIR�7XEXYW^IMPI�� WS�HE��
HIV�&IRYX^IV� NIHIV^IMX�²FIV�
HMI� ZIV[IRHIXI� 7[IIT�%VX�
MRJSVQMIVX� MWX�� &MPH� �� ^IMKX�
IMRI� QMX� ��� 4YROXIR� KI�
QIWWIRI�/YVZI�IMRIV�7XYHIV�
���7TYV��HMI� MR� MLVIV�5YEPM�
XÇX� YRH� %YWWEKIOVEJX� FIM�
OSRWXERXIR� 7GLVMXXIR� QMR�
HIWXIRW� ���� 4YROXI� IV�
JSVHIVX� LÇXXI�� (ERO� IMRIV�
ER�X]TMWGLIR�)MKIRWGLEJXIR�ZSR�&ERHEYJRELQIR�ERKITE�XIR�7GLVMXX�8EFIPPI�OSRRXI�HIV�7[IIT�
QMX�HIYXPMGL�[IRMKIV�1I�TYROXIR�MR�IMRIQ�&VYGLXIMP�HIV�>IMX�IVJSPKIR��

�

Bild 5   Frequenzgang mit 59-Punkte Sweep Table 
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���YRH�(SOYQIRXEXMSRIR�
2EX²VPMGL� JVIYX� WMGL� NIHIV�7XYHMSFIWMX^IV��[IRR�QER� MLQ�REGL�IVJSPKXIQ�%FKPIMGL�IMRIR�1I��
WGLVMIF� ²FIVKMFX�� HIV� HIR� LIVZSVVEKIRHIR� >YWXERH� WIMRIV� 1EWGLMRI� FIWXÇXMKX�� (EW� %�� FMIXIX�
HE^Y�HVIM�1¸KPMGLOIMXIR��

�

ã -Q�MRXIVRIR�+VEJMOWTIMGLIV�HIW�%��PEWWIR�WMGL���NI�REGL�%YJP¸WYRK���QILVIVI�/YV�
ZIR�EFPIKIR��(MIWI�O¸RRIR�WTÇXIV�ER�IMRIQ�4'�QMXXIPW�HIV�7SJX[EVI�%7���OSQ�
QIRXMIVX� YRH� EYWKIHVYGOX�[IVHIR�� -RXIVIWWERX� WMRH�HEFIM� WMGLIV� HMI� 6ERHWTYVIR�
YRH�IMR�SHIV�^[IM�QMXXPIVI�/ERÇPI��

ã 1ER�RMQQX�IMRIR�QSHIVRIR��OPIMRIR�YRH�PIMGLXIR�8MRXIRWXVELPHVYGOIV�QMX�MRW�7XY�
HMS��.IHIV�/EREP�[MVH�kKIW[IITXk��HEW�)VKIFRMW�WSKPIMGL�EYWKIHVYGOX�YRH�TIV�,ERH�
RYQQIVMIVX��/IMR�4VSFPIQ��HE�%��YRH�%��IMRIR�(VYGOIVERWGLPY��YRH�HMI�TEWWIR�
HI�(VYGOIVIQYPEXMSR�ER�&SVH�LEFIR��

ã -Q�,ERHKITÇGO�FIJMRHIX� WMGL�OIMR�(VYGOIV�� WSRHIVR�IMR�2SXIFSSO��;IRR�HMIWIW�
IMRIR�'STVS^IWWSV�FIWMX^X��VIMGLX�WIPFWX�IMR�K²RWXMKIW��������1SHIPP�EYW��HMI�%7���
PÇYJX�HERR�FIVIMXW�JPSXX�YRH�SLRI�;EVXIWGLPIMJI��(MI�KIQIWWIRIR�/YVZIR�[IVHIR�
^YQ�2SXIFSSO�²FIVXVEKIR��HEFIM�FIVIMXW�RYQQIVMIVX��2EQIRWZIVKEFI��YRH�WTÇXIV�
REGLFIEVFIMXIX��

�

(MI�2EGLFIEVFIMXYRK�LEX�IW�
MR� WMGL�� 7S� WMRH� TVSFPIQPSW�
FMW� ^Y� �� /YVZIR� MR� IMRIQ�
(MEKVEQQ� YRXIV^YFVMRKIR��
FIMWTMIPW[IMWI�QMX� ��H&� %F�
WXERH�� (ERO� HIV� IRSVQIR�
6IGLIR�� YRH� 1ERMTYPE�
XMSRWQ¸KPMGLOIMXIR� HIV�
%7��� MWX� HEFIM� NIHI� ��H&�
0MRMI� HMI� I\EOXI� ��H&V� 6I�
JIVIR^�� (MIWIV� 9QKIWXEP�
XYRKWZSVKERK� PÇ�X�WMGL�²FIV�
HMI�%170�� IMRI� ZSQ�&IRYX�
^IV� PIMGLX� IVPIVRFEVI� 4VS�
KVEQQMIVWTVEGLI�� WSKEV�
EYXSQEXMWMIVIR� YRH� [ÇL�
VIRH� HIV� 1IWWYRK� EYWJ²L�
VIR��&MPH���^IMKX�IMR�&IMWTMIP�
IMRIV�QMX�HIV�%170�&ERHC��
ER�IMRIV�0=6)'����7TYV�ZSVKIRSQQIRIR�1IWWYRK��*²V�IMR�+IVÇX�QMX����7TYVIR�WMRH�HERR�MRW�
KIWEQX�RYV�HVIM�%YWHVYGOI�R¸XMK��

�

Bild 6   Mehrspurmessung mit der AMSL Band-8 
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(EW�*YROXMSRWTVMR^MT�IMRIV�WSPGLIR�1ILV�
WTYV�%170� �&MPH� ��� MWX� HIROFEV� IMRJEGL��
(IV� %R[IRHIV� KMFX� ^YIVWX� ER�� [IPGLIR�
%VFIMXWTIKIP� HMI� 1EWGLMRI� FIWMX^X�� YRH�
[IPGLIR� k&PSGOk� ZSR� 7TYVIR� IV� QIWWIR�
Q¸GLXI��(ERR�IVJSPKX�IMR�7[IIT�QMX�HIQ�
FIVIMXW� FIWGLVMIFIRIR� STXMQMIVXIR� 832�
&%2(�7;8�� 2EGL� IMRIV� %FJVEKI�� SF� HMI�
1IWWYRK� [MIHIVLSPX� [IVHIR� WSPP�� ZIV�
WGLMIFX� HMI� %7��� HMI� KIQIWWIRI� /YVZI�
MRRIVLEPF� HIV� +VEJMO� EYJ� HIR� SFIVWXIR�
5YIVWXVMGL�� (MI� RÇGLWXI� 1IWWYRK� PERHIX�
EYJ� HIQ� 5YIVWXVMGL� HEVYRXIV�� YRH� WS�
[IMXIV�� /SQJSVXEFPI� 7XEXYWER^IMKIR��
/SQQIRXEVI� YRH� IMRI� IMRJEGLI� EFIV� IJ�
JIOXMZI� &IRYX^IVJ²LVYRK� VYRHIR� HEW�
k4VSKVEQQk� EF�� (MIWI� %170� WXILX� RE�
X²VPMGL�EPPIR�%��YRH�%��&IWMX^IVR�OSWXIR�
PSW�^YV�:IVJ²KYRK��

�

0¸WGLHÇQTJYRK�
>Y� HIR� [IRMKIV� EPPXÇKPMGLIR� %YJKEFIR� KIL¸VX� IMRI� 4V²JYRK� HIV� 0¸WGLHÇQTJYRK�� (EFIM� [MVH�
JIWXKIWXIPPX�� SF� HIV� 0¸WGLOSTJ� HEW� FIWTMIPXI� &ERH� MR� EYWVIMGLIRHIQ�1E�I� P¸WGLX�� )MR� *ILPEF�
KPIMGL�FVMRKX�SJX� MR�FIMHIR�6MGLXYRKIR�2EGLXIMPI��IRX[IHIV�IMRI�YR^YVIMGLIRHI�0¸WGLYRK�ZSV�
LERHIRIR�1EXIVMEPW��SHIV�IMRI�)MR[MVOYRK�EYJ�:SVQEKRIXMWMIVYRK�YRH�*VIUYIR^KERK��-RJSVQE�
XMSRIR�HE^Y�WSPPXIR� MQ�1ERYEP�HIV� NI[IMPMKIR�&ERHQEWGLMRI�ZSVLERHIR�WIMR��4VMR^MTMIPP�RMQQX�
QER�IMRIR���O,^�8SR�QMX�LSLIQ�4IKIP�EYJ��GMVGE�����H&�²FIV�&I^YKWTIKIP���(EREGL�P¸WGLX�QER�
MLR�� OSRXVSPPMIVX� KPIMGL^IMXMK� ²FIV� HIR�6ITVS�/STJ�HEW�6IWXWMKREP��;MI� MQQIV� WMRH�LMIV���/STJ�
1EWGLMRIR� MQ�:SVXIMP��FIM�RYV�^[IM�/¸TJIR�OSQQX�QER�YQ�IMR� PERK[MIVMKIW� k8VMEP�ERH�)VVSVk��
WTVMGL�ZSV��YRH�^YV²GOWTYPIR�TPYW�/SRXVSPPQIWWYRK�RMGLX�LIVYQ��

)MRI� QSHIVRI� &ERHQEWGLMRI�� IMRKIQIWWIR� EYJ� ���� R;F�Q�� IVVIMGLX� IMRIR� YRXIVIR� 6EYWGL�
TIKIP�ZSR�GMVGE�����H&Y��617��%YHMS�&ERHTEWW���;MI�WSPP�HEW�%��HERR�IMRI�0¸WGLHÇQTJYRK�ZSR�
X]TMWGL����H&�QIWWIR�O¸RRIR#�7IPFWX�QMX�IMRIV�%YWWXIYIVYRK�ZSR�����H&�Q²�XI�HEW��HEW�6IWX�
WMKREP�HSGL�MQ�6EYWGLIR�YRXIVKILIR��7XMQQX��EPPIVHMRKW�LERHIPX�IW�WMGL�LMIV�NE�YQ�IMRIR�FVIMX�
FERHMK� IVQMXXIPXIR�;IVX�� HIV� HMI� IJJIOXMZI� )RIVKMI� HIW� KIWEQXIR� 6EYWGLXITTMGLW� FIWGLVIMFX��
)MRI�**8�[²VHI�HEKIKIR�HMIWIR� k8ITTMGLk�FIM�IMRIQ�WILV�ZMIP�RMIHVMKIVIR�4IKIP�^IMKIR��âLRPM�
GLIW� IVVIMGLX� QER� QMX� HIQ� WIPIOXMZIR� &ERHTEWW� ZSR� %��%�� ²FIV� HMI� 1I�JYROXMSR� 0):)0�
7)0)/8-:�� %YW� HIQ� KIWEQXIR� 6EYWGLWTIOXVYQ�� [IPGLIW� MQ� ,SGLXSRFIVIMGL� EQ� IRIVKMI�
VIMGLWXIR� MWX�� JMPXIVX� HIV� &ERHTEWW� IMRIR� WGLQEPIR�&IVIMGL� YQ���O,^�LIVEYW�� 7S� MWX� HMI� 0¸WGL�
HÇQTJYRK�TVSFPIQPSW�^Y�²FIVTV²JIR�YRH�IMR^YWXIPPIR��)MRI�^YWÇX^PMGLI�%OXMZMIVYRK�HIW�,SGL�
TEWW�YRH�HIW�%YHMS�&ERHTEWW�OERR�MR�HMIWIQ�>YWEQQIRLERK�RMGLX�WGLEHIR��

�

Bild 7   Ablaufdiagramm der Mehrspur-AMSL 
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(IV� MQ� 7[IIT�1SHYW� ZSR�
0):)0� 7)0� QMXPEYJIRHI� &ERH�
TEWW� IVQ¸KPMGLX� IW� EYGL�� HMI�
WTIOXVEPI� 6EYWGLZIVXIMPYRK� HIV�
&ERHQEWGLMRI� HEV^YWXIPPIR��
>[EV�FI[MVOX�HMI�+²XI�ZSR�kRYVk�
�� IMRI�%VX�1MXXIPYRK��HEW�LIM�X�
IMR^IPRI� 7X¸VJVIUYIR^IR� YRH�
LEVXI� 4IKIPWTV²RKI� ZIV[MWGLIR��
HEW� %�� OERR� QMX� ²FPMGLIR� ���
&ERH� %YHMS�%REP]^IVR� EFIV�
RMGLX� RYV� QMXLEPXIR�� WSRHIVR�
²FIVXVMJJX� HIVIR� %REP]WIQ¸K�
PMGLOIMXIR� WSKEV�� )MR� &IMWTMIP�
^IMKX� &MPH���� (EW� (MEKVEQQ�
IMRIV� �PEYJIRHIR�� ���7TYV� 1E�
WGLMRI� SLRI� 6EYWGL�
YRXIVHV²GOYRK� ^IMKX� 6EYWGLQM�
RMQE� ZSR� HIYXPMGL� YRXIV� ���� H&Y�� )FIRJEPPW� MQ� &MPH�� 6IWX� IMRIW� ��O,^� 7MRYW� REGL� IMRQEPMKIQ�
0¸WGLIR��;MGLXMK�^YQ�:IVWXÇRHRMW�HMIWIV�1I�JYROXMSR�MWX�PIHMKPMGL��HE��HIV�+IRIVEXSV�²FIV�HMI�
MRXIVRI�/STTPYRK� ^[EV� HIR�&ERHTEWW� ²FIV�HMI� *VIUYIR^�FI[IKX�� NIHSGL�HEW�+IRIVEXSVWMKREP�
WIPFWX�RMGLX�MRXIVIWWMIVX��EPWS�EYGL�RMGLX�ERKIWGLPSWWIR�WIMR�HEVJ��

1MX�HMIWIV�1IXLSHI�OERR�QER�EYGL�HMI�4MPSXXSRVIWXI�EQ�%YWKERK�IMRIW�7XIVISXYRIVW�QIWWIR��
+IRIVEXSV�EYJ����O,^�WXIPPIR��IMRI�IX[EW�VYLMKIVI�4EWWEKI�EF[EVXIR��JEPPW�OIMR�4V²JWIRHIV�^YV�
,ERH� MWX���HIV�RMIHVMKWXI�;IVX� MWX� MR�HMIWIQ�*EPP�HIV�VMGLXMKI��&VYQQIMRWXVIYYRKIR�MR�HMI�%�;�
/¸TJI�ZSR�'EWWIXXIRVIGSVHIVR�PEWWIR�WMGL�HYVGL�KIWGLMGOXI�%YWVMGLXYRK�HIW�IMRKIFEYXIR�2IX^�
XVERWJSVQEXSVW�ZIVVMRKIVR��9Q�[MVOPMGL�RYV�HMI����,^�HIW�8VEJSW�^Y�QIWWIR�� MWX�HIV�+IRIVEXSV�
EYJ� ��� ,^� IMR^YWXIPPIR�� YRH� WGLSR� IVKMFX� WMGL� IMRI� EYJ� HMIWIR� %R[IRHYRKWJEPP� WTI^MEPMWMIVXI�
1I�QIXLSHI��

�

%YWWXIYIVFEVOIMX�YRH�/PMVVJEOXSV�
;IKIR�HIV�WXEVOIR�/SROYVVIR^�HYVGL�HMKMXEPI�%YJRELQIW]WXIQI�WMRH�MR�HIR�PIX^XIR�.ELVIR�ZIV�
FIWWIVXI�&ERHWSVXIR�ZSVKIWXIPPX�[SVHIR��(IVIR�:SVXIMPI�PEWWIR�WMGL�QMX�HIQ�%��RMGLX�RYV�XLIS�
VIXMWGL��WSRHIVR�EYGL�TVEOXMWGL�²FIVTV²JIR��YRH�HEQMX�HMI�)MRLEPXYRK�HIV�ZSPPQYRHMKIR�;IVFI�
ZIVWTVIGLIR�EYGL�EYJ�HIV�IMKIRIR�&ERHQEWGLMRI�REGLZSPP^MILIR��1MX�HIV�1I�EVX�8,(�2�OERR���
REX²VPMGL���HIV�/PMVVJEOXSV�HIV�1EWGLMRI�KIQIWWIR�[IVHIR��(MIW�YRXIVWGLIMHIX�WMGL�NIHSGL�IVLIF�
PMGL�ZSR�²FPMGLIR�/PMVVQIWWYRKIR�ER�:IVWXÇVOIVR��;IKIR�HIW� VIPEXMZ� WXEVOIR�6EYWGLIRW�KILIR�
HMI�ZSQ�&ERH�ZIVYVWEGLXIR�2IFIRTVSHYOXI�FIM�kRSVQEPIRk�4IKIPR�MQ�6EYWGLIR�YRXIV��QER�QM�X�
MQ�+VYRHI� RYV�2SMWI� YRH�RMGLX� 8,(�� )VWX� FIM�ÍFIVWGLVIMXYRK�HIW�%VFIMXWTIKIPW� IVKIFIR� WMGL�
WEYFIV� HIXIOXMIVFEVI� 3FIV[IPPIR�� HMI� NIHSGL� RMGLX� WGLPEKEVXMK� ERWXIMKIR�� WSRHIVR� ²FIV� IMRIR�
[IMXIR�&IVIMGL�PERKWEQ�^YRILQIR��(MI�ZSQ�&ERH�FIM�ÍFIVWXIYIVYRK�IV^IYKXIR�3FIVX¸RI�WMRH�
EPWS�TIKIP��SHIV�KIREYIV�QEKRIXMWMIVYRKWEFLÇRKMK��%Y�IVHIQ�YRXIVWGLIMHIX�WMGL�HEW�IV^IYKXI�
3FIVXSRWTIOXVYQ�HIYXPMGL�ZSR�ZIV^IVVXIR�:IVWXÇVOIVWXYJIR��

�

Bild 8   Messung von Löschdämpfung und Rauschspektrum 
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;ÇLVIRH� LIVO¸QQPMGLI� )PIOXVSRMO� EYJ� ÍFIVWXIYIVYRK� QMX� LEYTXWÇGLPMGL� YRKIVEH^ELPMKIR�
3FIV[IPPIR� VIEKMIVX� �OEPX�YRH�LEVX��YRERKIRILQ���IVKMFX�IMRI�ÍFIVWXIYIVYRK�HIW�1EKRIXFER�
HIW�IMR�ZSPPOSQQIR�ERHIVIW�3FIVXSRWTIOXVYQ�QMX�[IMGLIVIQ�)MRWEX^��:MIPI�8SRMRKIRMIYVI�FI�
RYX^IR�HIR�LMIVFIM�IRXWXILIRHIR�/SQTVIWWSVIJJIOX�KI^MIPX�FIM�HIV�%YJRELQI��;IRMK�ZIV[YR�
HIVPMGL�EPWS��[IRR�HMI� -RHYWXVMI�HMI�k²FIVVEKIRHIRk�)MKIRWGLEJXIR�MLVIV�&ÇRHIV�EYJ�IMRIR�/PMVV�
JEOXSV�ZSR�����FI^MILX��(IV�HE^YKIL¸VMKI�4IKIP�MWX�ZSR�1EWGLMRI�^Y�1EWGLMRI�ZIVWGLMIHIR��

1MX�HIQ�%��%��MWX�IMRI�4V²JYRK�HIV�QE\MQEPIR�(]REQMO�MQ�:IVLÇPXRMW�^YQ�/PMVVJEOXSV�IMRJEGL�
HYVGL^YJ²LVIR��

�

ã 2EGL�HIV�)MRQIWWYRK�%YHMS�&ERHTEWW�EOXMZMIVIR��YQ�LSGLJVIUYIRXI�6EYWGLERXIM�
PI�SHIV�:SVQEKRIXMWMIVYRKW²FIVWTVIGLIR�EYW^YFPIRHIR��

ã 1I�JYROXMSR� 0):)0�� (IR� +IRIVEXSVTIKIP� FIM� �� O,^� WS� [IMX� IVL¸LIR�� FMW� ���
8,(�2�IVVIMGLX�WMRH��

ã 2YR�TIV�8EWXIRHVYGO�^Y�0�6)0�[IGLWIPR��HIV�EOXYIPPI�+IRIVEXSVTIKIP�FPIMFX�IVLEP�
XIR���YRH�7)8�6)*�HV²GOIR��

ã )MR�(VYGO�EYJ�198)�IVKMFX�IMRI�HMVIOXI�%R^IMKI�HIV�ZIVJ²KFEVIR�(]REQMO��[MI�WMI�
EYGL�HMI�,IVWXIPPIV�TVSTEKMIVIR��

�

)MR�QMX����H&Y�������R;F�Q�EVFIMXIRHIW�+IVÇX�^IMKX�IMRIR�6IJIVIR^[IVX�ZSR�GMVGE�����H&Y�ER��
(IV�8SRMRKIRMIYV�FIWMX^X�EPWS�REGL�SFIR�KIRYK�,IEHVSSQ��(MI�RIYIR�&ÇRHIV�IVVIMGLIR�REGL�
(VYGO�EYJ�198)�IVWXEYRPMGLI����H&�726��7MKREP�XS�2SMWI�6EXMS���(E�^YV�7GL¸RYRK�HIV�)VKIFRMW�
WI� KIVRI� EYGL�%RKEFIR�QMX�%�&I[IVXYRKWJMPXIV� IVJSPKIR�� WIM� LMIV� ERKIQIVOX��HE��QER�HEQMX�
GMVGE����H&�IVVIMGLX��7XERHEVH�&ÇRHIV�[IMWIR�YRKIJÇLV���H&�RMIHVMKIVI�;IVXI�EYJ��

ÍFIV� HMI� FMWLIV� FIWGLVMIFIRIR�1IWWYRKIR� LMREYW� PEWWIR� WMGL� REX²VPMGL� RSGL�[IMXIVI�QMX� HIR�
%W�WIR��HYVGLJ²LVIR��-RXIVIWWERX�MWX�WMGLIV�HIV�QE\MQEPI�)MR��YRH�%YWKERKWTIKIP�HIV�,EVH[EVI�
IMRIV� &ERHQEGLMRI�� (E� HMI� KYXQ²XMKIR� &ERHZIV^IVVYRKIR� VIGLX� LSLI� 4IKIPWTMX^IR� IVPEYFIR��
WSPPXI�HMI�)PIOXVSRMO�IMRIR�EYWVIMGLIRHIR�,IEHVSSQ�FIWMX^IR��>YQ�8IWX�KMFX�IW�^[IM�1¸KPMGLOIM�
XIR��-Q�1SRMXSV�1SHI�[MVH�HEW�7MKREP�MRRIVLEPF�HIV�1EWGLMRI�HYVGLKIWGLPMJJIR��IW�PÇ�X�WMGL�WS�
WGLRIPP�HIV�ER�HIR�)MRKERKW��YRH�%YWKERKWWXYJIR�QE\MQEP�Q¸KPMGLI�4IKIP�FIWXMQQIR��(MIWIV�
[MVH�QIMWX�MQ�&IVIMGL�HIV�:IVWSVKYRKWWTERRYRK�LIYXMKIV�34�%QTW�PMIKIR��¥���:���WS�HE��YR�
W]QQIXVMWGL�����H&Y��W]QQIXVMWGL�����H&Y�Q¸KPMGL�WMRH��

9RFIV²GOWMGLXMKX�FPIMFIR�LMIV�6IGSVH��YRH�7]RG�6ITVS�)PIOXVSRMO��HIVIR�KIPYRKIRI�%RTEWWYRK�
IMKIRXPMGL�VIMRI�7EGLI�HIW�,IVWXIPPIVW�MWX��)W�MWX�EFIV�HYVGLEYW�Q¸KPMGL��HYVGL�IMRIR�KIVÇXIMRXIV�
RIR� *ILPEFKPIMGL� �^�� &�� HIV� :9�1IXIV� YRH� HIW� 4IKIPW� HIV� %YWKERKWWXYJI�� HIR� ZSVKIWILIRIR�
(]REQMOFIVIMGL�WS�^Y�ZIVWGLMIFIR��HE��WXEXX�[IMGL�IMRWIX^IRHIV�&ERHZIV^IVVYRKIR�IGLXIW�'PMT�
TMRK�L¸VFEV�[MVH��(E�WMGL�HMI�1EWGLMRI�REGL�EY�IR�VIPEXMZ�RSVQEP�ZIVLÇPX��QY��HMIW�EYGL�RMGLX�
YRFIHMRKX�WSJSVX�EYJJEPPIR��1MX�HIQ�%��EPPIVHMRKW�MWX�HIV�9RXIVWGLMIH�PIMGLX�^Y�HIXIOXMIVIR��(MI�
1MXL¸VJYROXMSR�MQ�8,(�2�1SHYW�^YWEQQIR�QMX�HIQ�&EVKVETL�PÇ�X�OIMRIR�>[IMJIP�HEVER��SF�
IW�WMGL�YQ�k[IMGLIk�:IV^IVVYRKIR�SHIV�LEVXIW�'PMTTMRK�LERHIPX��&IM�HIV�ÍFIVTV²JYRK�HIV�QE\M�
QEPIR�&ERHEYWWXIYIVFEVOIMX� MWX�EPWS�²FIV�HIR�IMRKIFEYXIR�0EYXWTVIGLIV�IMRI�[IMXIVI�[MGLXMKI�
/SRXVSPPQ¸KPMGLOIMX�ZSVLERHIR��
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'EWWIXXIRVIGSVHIV�
8ETI�(IGOW�WMRH�EYW�ZIVWGLMIHIRWXIR�+V²RHIR�EYGL�MQ�TVSJIWWMSRIPPIR�&IVIMGL�IMR�k1Y�k��%YGL�
WMI� IVJSVHIVR� IMRI� WXÇRHMKI� 4JPIKI� YRH� ;EVXYRK�� ;IKIR� HIV� �� ZIVKPMGLIR� QMX� 4VSJM�
&ERHQEWGLMRIR� �� RYV� WILV� FIWGLIMHIRIR� (]REQMO� YRH� %YWWXIYIVFEVOIMX� HIW� &ERHIW� WMRH� FIM�
1IWWYRKIR�NIHSGL�IMRMKI�&IWSRHIVLIMXIR�^Y�FIEGLXIR��

-RXIVREXMSREPIV�7XERHEVH�MWX�HIV�(SPF]�&�4IKIP��KIQIWWIR�FIM�;MIHIVKEFI�IMRIV�6IJIVIR^GEWWIXXI�
QMX�����R;F�Q�FIM�����,^��+IREYIVI�7TI^MJMOEXMSRIR�HIW�NI[IMPMKIR�+IVÇXIW�IRXLEPXIR�&IHMI�
RYRKWERPIMXYRK� SHIV�1ERYEP�� ²FPMGL� MWX� LMIVFIM� NIHSGL� IMRI�%R^IMKI� ZSR����H&� EYJ� HIR�%YW�
WXIYIVYRKWER^IMKIR��3JX� MWX�HIV�;MIHIVKEFITIKIP� MHIRXMWGL�QMX�HIQ�HIW�(SPF]�-'W��WS�HE��EQ�
%YWKERK�HIV�'MRGLFYGLWIR����H&Y�FMW����H&Y�PMIKIR��

;IKIR�HIV�KIVMRKIR�7TYVFVIMXI�RIMKX�HEW�'EWWIXXIRFERH�WILV� JV²L�^YV�4IKIPOSQTVIWWMSR��FI�
WSRHIVW�MQ�,SGLXSRFIVIMGL�IVJSVHIVX�HMI�KIVMRKI�,¸LIREYWWXIYIVFEVOIMX�IMR�%VFIMXIR�FIM�HIYX�
PMGL�VIHY^MIVXIR�4IKIPR��*²V�IMRIR�WEYFIVIR�%FKPIMGL�ZSR�+VYRHTIKIP�YRH�*VIUYIR^KERK�IQT�
JMILPX�IW�WMGL�HELIV��HIR�7[IIT����H&�YRXIV�HIQ�6IJIVIR^TIKIP�^Y�JELVIR��(E�ZMIPI�8ETIHIGOW�
RYV�IMRIR�%�;�/STJ�YRH�WSQMX�OIMRI�,MRXIVFERHOSRXVSPPI�FIWMX^IR��MWX�IMR�WTI^MIPPIV�7[IIT�IV�
JSVHIVPMGL��HEQMX�%��%��WMGL�FIM�HIV�;MIHIVKEFI�EYJ�HMIWIR�W]RGLVSRMWMIVIR�O¸RRIR��(E^Y�HMIRX�
HIV�8ETI�7[IIT��[IPGLIV�^YIVWX�IMRIR���O,^�7XEVXXSR�EYJ^IMGLRIX��YRH�HEREGL�MR�JIWXIR�7GLVMX�
XIR�ZSR����W�FMW���W�HIR�KI[ÇLPXIR�*VIUYIR^FIVIMGL�HYVGLPÇYJX��

0IMHIV� [IMWIR� 'EWWIXXIRVIOSVHIV� QIMWX� EYGL� VIGLX� LSLI� +PIMGLPEYJWGL[EROYRKIR� EYJ�� -RWFI�
WSRHIVI� ��� FMW���OEREPMKI�1ILVWTYVKIVÇXI� IV[IMWIR� WMGL�EPW�YRJÇLMK�� IMRIR�8SR� ZSR������O,^�
SLRI�L¸VFEVI�1SHYPEXMSR�EF^YWTMIPIR��(MIW�QEGLX�WMGL�[MIHIVYQ�RIKEXMZ�FIM�HIV�1IWWYRK�HIW�
*VIUYIR^KERKIW�FIQIVOFEV��HIRR�REX²VPMGL�IVWGL[IVX�IMRI�*VIUYIR^QSHYPEXMSR�HMI�)VOIRRYRK�
HIV�KIQIWWIRIR�*VIUYIR^��YRH�HMI�%QTPMXYHIRQSHYPEXMSRIR�ZIVLMRHIVR�IMRI�)VJEWWYRK�K²PXMKIV�
1I�[IVXI��

(EW� 6IWYPXEX� HMIWIV�;MHVMKOIMXIR� FIWXILX� MR� YRK²PXMKIR� SHIV� JILPIVLEJXIR� 7[IITW�� FIM� HIRIR�
QER�WGLSR�[ÇLVIRH�HIW�1IWWIRW�ERLERH�HIV�KVS�IR�7TV²RKI�EYJ�HIQ�(MWTPE]�IVOIRRX��HE��
IMRMKI� *VIUYIR^IR� JEPWGL� IVOERRX� SHIV� WSKEV� EYWKIPEWWIR� [YVHIR�� %PPIVHMRKW� FVMRKIR� %��%��
EYGL� IV[IMXIVXI�1¸KPMGLOIMXIR�QMX�� YQ� MR� WSPGLIR� *ÇPPIR� XVSX^HIQ�^Y�IMRIQ�ZIVR²RJXMKIR�)V�
KIFRMW�^Y�OSQQIR��>YQ�IMRIR�IQTJMILPX�WMGL�IMRI�)VL¸LYRK�HIV�>IMX�²FIV�k8ETI�*VIU���7IXYTk��
7GLVMXXI�QMX�RYV����W�(EYIV�PEWWIR�WMGL�MR�HIV�4VE\MW�RYV�EYJ�HMKMXEPIR�1IHMIR�ER[IRHIR��HE�HSVX�
HMI�;MIHIVKEFI�OIMRIVPIM�1SHYPEXMSR�YRXIV[SVJIR�MWX��*²V�'EWWIXXIRVIOSVHIV�IQTJILPIR�WMGL��W�
SHIV��W�TVS�7GLVMXX��

(EV²FIVLMREYW�PÇ�X�WMGL�HIV�7[IIT�²FIV�HMI�7GLVMXXER^ELP��6)73098-32�03;�,-+,��ER�HMI�4VS�
FPIQ^SRIR� HIW� &ERHIW� ERTEWWIR�� ;MI� EYGL� FIM� TVSJIWWMSRIPPIR� &ERHQEWGLMRIR� MWX� HIV� *VI�
UYIR^KERK�RYV� MQ�&EWW��YRH�,SGLXSRFIVIMGL�KV¸�IVIR�âRHIVYRKIR�YRXIV[SVJIR��9Q�>IMX�^Y�
WTEVIR��YRH�HIR�7[IIT�WT²VFEV�^Y�FIWGLPIYRMKIR��OERR�HIV�%R[IRHIV�NIHIV^IMX�HMI�7GLVMXXER�
^ELP�ZIVÇRHIVR��

�
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(IV�KIWEQXI�:SVKERK�PÇYJX�HERR�[MI�JSPKIRH�EF��

�

ã (IV�+IRIVEXSV�HIW�%��WXILX�MQ�0):)0�1SHI�EYJ���O,^��4IKIP�����H&Y��HMI����/STJ��
1EWGLMRI�TEYWMIVX�MQ�6IGSVH�1SHI��

ã 8ETI�(IGO�EYJ����H&�EYWWXIYIVR��(SPF]�[ELP[IMWI�IMR��SHIV�EYWWGLEPXIR��+IRIVE�
XSVTIKIP�EYJ�����H&Y�WIROIR��

ã 2EGL�(STTIPOPMGO�EYJ�7;))4�13()�HIR�1SHYW�8ETI�*VIU�EOXMZMIVIR��MQ�7IXYT�����
7IG�7XIT�IMRWXIPPIR��*VIUYIR^FIVIMGL����,^�FMW����O,^�HIJMRMIVIR��

ã 6)73098-32�EYJ�,MKL��(MWTPE]�MQ�+6%4,�1SHYW��

�

(MI�YRXIVWXI�>IMPI�HIW�+VETL�(MWTPE]W�^IMKX�RYR�k8ETI�����7IG�7XITk��(EW�8ETI�(IGO�[MVH�KIWXEV�
XIX��YRH�^IMGLRIX�HIR���O,^�7XEVXXSR�EYJ��2EGL�[IRMKIR�7IOYRHIR�EOXMZMIVX�IMR�(VYGO�EYJ�(3�
7;))4�HIR�8ETI�7[IIT��(E�HEW�)MRWGL[MRKIR�YRH�1IWWIR�HIV�+IRIVEXSVJVIUYIR^�FIM�HIV�WTÇ�
XIVIR�;MIHIVKEFI�HMIWIV�%YJ^IMGLRYRK� MQ�&IVIMGL����,^�FMW�����,^�FIWSRHIVW�TVSFPIQEXMWGL�
MWX�� IVJSPKX� HMIWIV� 8IMP� MR� OPIMRIR� 7GLVMXXIR�� 7MRH�����,^� IVVIMGLX�� OERR�QER�TVSFPIQPSW� ^Y� ���
7GLVMXXIR��03;��[IGLWIPR��%F����O,^�WSPPXIR�[MIHIV�OPIMRIVI�7GLVMXXI�MQ����IV�6EWXIV�IVJSPKIR��
HE�HMIWIV�&IVIMGL� WSRWX� WS[SLP�HYVGL�HEW�;	*�EPW�EYGL�HIR�WXEVOIR�4IKIPEFJEPP�RMGLX�OSVVIOX�
HEVKIWXIPPX�[MVH��

;EV�HEW�1I�KIVÇX�[ÇLVIRH�HIV�%YJ^IMGLRYRK�QMX�HIQ�%YWKERK�HIW�6IOSVHIVW�ZIVFYRHIR��MWX�
HIV� *VIUYIR^KERK� MQ�1SRMXSV�&IXVMIF�� EPWS� FIMQ� (YVGLWGLPIMJIR� HIW� 7MKREPIW�� FIVIMXW� IVJE�X��
(MIWI�/YVZI� OERR� MQ�%�� WGLSR�KIWTIMGLIVX�[IVHIR��2EGL�HIQ�>YV²GOWTYPIR�HIW�&ERHIW�FI�
KMRRX�HMI�;MIHIVKEFI�HIW���O,^�7MKREPW��)MR�;IGLWIP�ZSR�7;))4�13()�-28�EYJ�)<8�WXEVXIX�HIR�
EYXSQEXMWGLIR�1I�ZSVKERK��(EW�1I�KIVÇX�IVOIRRX�HIR���O,^�7MRYW�EPW�7XEVXVIJIVIR^�YRH�KMFX�
MQ�(MWTPE]� k8ETI� 78%68-2+k� EYW��(IV� IVOERRXI� &IKMRR�HIW� 7[IITW�[MVH�QMX� k8ETI�6922-2+k�
KIQIPHIX��

(EQMX�HMI�OPIMRIR�7GLVMXXI�MQ�&EWWFIVIMGL�EYGL�EPPI�^Y�1I�[IVXIR�J²LVIR��MWX�[ÇLVIRH�HIV�;MI�
HIVKEFI�HMI�6)73098-32�YRFIHMRKX�EYJ�,-+,�^Y�WXIPPIR��(EW�%��IV[EVXIX�WSRWX�KV¸�IVI�7GLVMX�
XI��YRH�PÇ�X�ZMIPI�1I�TYROXI�YRFIV²GOWMGLXMKX��(EW�&IMFILEPXIR�HIV�)MRWXIPPYRK�,-+,�[ÇLVIRH�
HIV�WGLRIPPIVIR�4LEWI�QMX�KVS�IR�7GLVMXXIR�MWX�NIHSGL�SLRI�2EGLXIMPI��

1IWWYRKIR�FMW����O,^�IV[IMWIR�WMGL� MR�HIV�4VE\MW�EPW�[IRMK�R²X^PMGL��ÍFIV����O,^� MWX�FIM�HIR�
[IRMKWXIR�8ETI�(IGOW�RSGL�IMR�FVEYGLFEVIV�4IKIP�^Y�QIWWIR��HEJ²V�EFIV�ZIVVÇX�HIV�1SRMXSV�
PEYXWTVIGLIV�HEW�:SVLERHIRWIMR�ZSR�7TMIKIPJVIUYIR^IR��HMI�HEW�1I�IVKIFRMW�ZIVJÇPWGLIR��YRH�
WSKEV�HIYXPMGL�WMGLXFEV�MQ�7[IIT�EYJXEYGLIR�O¸RRIR��
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(IV� KIQIWWIRI� *VI�
UYIR^KERK� HIW� 'EW�
WIXXIRVIOSVHIVW� OERR�
�[MI� EPPI� 1IWWYRKIR��
REX²VPMGL� EYGL� HMVIOX�
ZSQ� %��%�� EYJ� IMRIR�
(VYGOIV� EYWKIKIFIR�
[IVHIR�� (E^Y� WXILIR�
QILVIVI� 7XERHEVH�
(VYGOIV� )QYPEXMSRIR�
FIVIMX�� [MI� FIMWTMIPW�
[IMWI� ,4� (IWONIX�� 7S�
WXILIR�EPW�%YWKEFIKI�
VÇX� RMGLX� RYV� 8MRXIR�
WXVELPHVYGOIV��WSRHIVR�
EPPI�QMX�IMRIV�0EWIVNIX�
)QYPEXMSR� ZIVWILIRIR�
(VYGOIV� FIVIMX��&MPH���
^IMKX� IMRIR�QMX� IMRIQ�
,4�4� 0EWIVNIX� IV^IYK�
XIR�%YWHVYGO��

�

*ILPIVWYGLI�YRH�6ITEVEXYV�
(EQMX� WMRH� EFIV� RSGL� PÇRKWX� RMGLX� EPPI�1¸KPMGLOIMXIR� HIV� IJJIOXMZIR� 2YX^YRK� HIW� %��%�� FI�
WGLVMIFIR��%PW�[IMXIVIW�&IMWTMIP�WIM�LMIV�EYJ�HMI�TVE\MWKIVIGLXI�2YX^YRK�FIM�*ILPIVWYGLI�YRH�6I�
TEVEXYV� ZIV[MIWIR�� (E^Y� ZIV[IRHIX� QER� IMRIR� ²FPMGLIR� 3W^MPPSWOSTXEWXOSTJ� ������ YRH� IMRIR�
<06�&2'�%HETXIV��7GLSR�LEFIR�WMGL�%��%��MR�IMRIR�WIPFWXIMRWXIPPIRHIR�7MKREPZIVJSPKIV�ZIV[ER�
HIPX�� HIV� HERO� %YXSVERKMRK�� WGLEPXFEVIV� *MPXIV� YRH� [ÇLPFEVIV� )MRLIMX� �:SPX�� H&Y�� H&:�� EPPI� MR�
;IVOWXÇXXIR� ²FPMGLIR� 7MKREPZIVJSPKIV�[IMX� LMRXIV� WMGL� PÇ�X�� (MIW� KMPX� MRWFIWSRHIVI� J²V�/PMVVJEO�
XSVQIWWYRKIR��(IJIOXI�-'W��FIPMIFX�YRH�WGL[IV�^Y�JMRHIR�WMRH�34�%QTW��HMI�RYV�FIM�7MKREPER�
VIKYRK� 7X¸VKIVÇYWGLI� TVSHY^MIVIR�� PEWWIR� WMGL� HERO� HIW�1SRMXSVPEYXWTVIGLIVW�� ²FIV� HIR� RYV�
HEW�ZSQ�2SXGLJMPXIV�FIEVFIMXIXI�6IWXWMKREP�^Y�L¸VIR�MWX��WGLRIPP�PSOEPMWMIVIR��

�

>YWEQQIRJEWWYRK�
%YW�HIV�7MGLX�HIW�%R[IRHIVW�FMPHIR�%��YRH�%��FIKIMWXIVRHI�1I�W]WXIQI��WIM�IW�QMX�SHIV�SLRI�
4'�-RXIVJEGI��1MX�MLRIR�MWX�HIV�OSQTPIXXI�7IVZMGI�ER�&ERHKIVÇXIR�EYJ�WGLRIPPI�YRH�OSQJSVXEFPI�
;IMWI�Q¸KPMGL��(EFIM�EVFIMXIX�HIV�8IGLRMOIV�QMX�RYV�IMRIQ�+IVÇX��[IPGLIW�EPPI�R¸XMKIR�1I��
JYROXMSRIR�YRXIV�IMRIV� MRXYMXMZ�YRH�IMRJEGL�^Y�FIHMIRIRHIR�3FIVJPÇGLI�ZIVIMRX��(EW�Q²LWIPMKI�
9QWXIGOIR�ZSR�/EFIPR�YRH�;IGLWIPR�^[MWGLIR�QILVIVIR�+IVÇXIR�IRXJÇPPX��(ERO�LSLIV�1I��
KIREYMKOIMX�FPIMFX�ER�HIR�IV^MIPXIR�1I�IVKIFRMWWIR�OIMR�>[IMJIP���

28-W�%YHMS�YRH�8IWXW]WXIQI�WXIPPIR�J²V�HIR�7XYHMS��YRH�6YRHJYROFIXVMIF�YRIMRKIWGLVÇROX�IQT�
JILPIRW[IVXI�+IVÇXI�HEV��[IPGLI�LIPJIR�>IMX�YRH�/SWXIR�^Y�WTEVIR��(MI�%YJ�PMWXYRK�HIV�VIMRIR�
1I�EVXIR�^Y�&IKMRR�ZIVQMXXIPX�[IRMK�ZSR�HIR�YQJEWWIRHIR��YRMZIVWIPPIR�YRH�WIPFWX�HIR�IVJEL�
VIRIR�1I�XIGLRMOIV�MQQIV�[MIHIV�IVWXEYRIRHIR�1¸KPMGLOIMXIR��

�

Bild 9   Direkter Ausdruck des A2 auf HP Laserjet 


