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8SRWXYHMSWIVZMGI�QMX�HIQ�28-�%��
�

28-kW�%YHMS�8IWX�YRH�7IVZMGI�7]WXIQI�%��YRH�%��OSRRXIR� WMGL� MR�HIR� PIX^XIR� .ELVIR�
IMRIR� ZSVHIVIR� 4PEX^� MR� 7IVZMGI�;IVOWXÇXXIR� YRH�1I�PEFSVW� IVSFIVR�� )MR� RMGLX� YRIV�
LIFPMGLIV�%R[IRHIVOVIMW�WMRH�6YRHJYROERWXEPXIR�YRH�8SRWXYHMSW��FI^MILYRKW[IMWI�WMI�
FIXVIYIRHI�8IGLRMOIV��;EW�QER�QMX�HIQ�%�� MQ�7XYHMS�WS�EPPIW�ERWXIPPIR�OERR��^IMKX�
HIV�JSPKIRHI�TVE\MWRELI�&IVMGLX�EYW�HIV�7MGLX�IMRIW�%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 -1(��-RXIVQSHYPEXMSRWZIV^IVVYRKIR�REGL�EPPIR�2SVQIR�
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 0IZIP�7IPIOXMZ��[MI�0IZIP��EFIV�QMXPEYJIRHIV�&ERHTEWW�
ã 4LEWI��4LEWIRQIWWYRK�FMW�¥����­�
ã *VIUYIR^����OEREP�WMQYPXER�MR�EPPIR�1SHM�����,^�FMW�����O,^��

�
(E^Y�OSQQX�HMI�1¸KPMGLOIMX��EY�IV�;	*�EPPI�1IWWYRKIR�EPW�7[IIT�²FIV�HMI�*VIUYIR^��%QTPM�
XYHI�EPW�EYGL�HMI�>IMX�EYW^YJ²LVIR��&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��
[IMXIVI�WXILIR�HYVGL�IMRIR�(STTIPOPMGO� MR�1IR²W�FIVIMX��(MI�&IHMIRYRKWJVIYRHPMGLOIMX�� PIMGLXI�
,ERHLEFYRK�YRH�LIVZSVVEKIRHI�1I�KIREYMKOIMX�[YVHI�FIVIMXW�MR�QILVIVIR�8IWXW�IMRWGLPÇKMKIV�
1EKE^MRI�KIPSFX��YRH�WSPP�LMIV�RMGLX�[IMXIV�IV¸VXIVX�[IVHIR��
�
:MIPI�HIV�LMIV�ZSVKIWXIPPXIR�8MTW�YRH�:IVJELVIRW[IMWIR�KIPXIR�J²V�QILVIVI�7TEVXIR�KPIMGL^IMXMK��
[YVHIR�EFIV�RMGLX�QILVQEPW�IVPÇYXIVX��)W�IQTJMILPX�WMGL�HELIV�EYGL�IMR�&PMGO�MR�ERHIVI�/ETMXIP��
�

�
Bild 1   Frontansicht A2 
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1MWGLTYPXI�
%Q� MRXIVIWWERXIWXIR� MWX�ER�1MWGLTYPXIR�WMGLIV�IMRI�1IWWYRK�HIW�+VYRHVEYWGLIRW�YRH�HIV�%V�
FIMXW[IMWI�HIV�/PERKVIKIPYRK��(IV�&IKVMJJ�6EYWGLEFWXERH�WEKX� PIMHIV�RSGL�RMGLXW�²FIV�HMI�ZIV�
[IRHIXI�1I�QIXLSHI�EYW��8EXWEGLI�MWX��HE��ZMIPI�ÇPXIVI�1I�ZIVJELVIR��*VIQH��YRH�+IVÇYWGL�
WTERRYRKWEFWXERH�� %�&I[IVXYRK�� ER� &IHIYXYRK� ZIVPSVIR� LEFIR�� %YGL� HMI� k2SMWIk� 1IWWYRK�
�5YEWM�4IEO��HIW�%��[MVH�ZSR�HIV�-RHYWXVMI�RMGLX�MQQIV�KIRYX^X��7S�ZIV¸JJIRXPMGLIR�RYV�[IRMKI�
,IVWXIPPIV�;IVXI�MR�H&U��YRH�SJXQEPW�WMRH�HMIWI�IMRJEGL�RYV���H&�L¸LIV�EPW�MR�HIV�*YROXMSR�0IZIP�
�617��� (MI� ^YV� >IMX� EQ�QIMWXIR� ZIVFVIMXIXI� %RKEFI� MWX� 617�QMX�%YHMS�&ERHTEWW��[MI� WMI� HIV�
0):)0�1SHYW�IVKMFX��&I[IVXYRKWJMPXIV�IV[IMWIR�WMGL�MR�HIV�4VE\MW�XVSX^HIQ�EPW�YRZIV^MGLXFEV��HE�
WMI�HMI�1I�QIXLSHI�[ÇLVIRH�HIV�)RX[MGOPYRK�SHIV�FIM�EYJXVIXIRHIR�*ILPIVR�WMRRZSPP�WTI^MEPM�
WMIVIR�O¸RRIR��
�
;ÇLVIRH� HMI� /SRWXVYOXMSR� IMRIW� VEYWGLEVQIR� )MR^IPOEREPW� WIMX� PÇRKIVIQ� OIMRIQ� ,IVWXIPPIV�
QILV�4VSFPIQI�FIVIMXIX��WGLIMHIR�WMGL�EYJ�HIQ�&YW�YRH�HIV�7YQQI�7TVIY�ZSR�;IM^IR��(EW�%��
OERR� MQ�1SHYW� 0):)0� FMW� LIVYRXIV� ^Y� ����� H&Y�QIWWIR�� IMR�;IVX�� HIR�OSQTPI\I� )PIOXVSRMO�
TVEOXMWGL�RMI�IVVIMGLX��>YWEQQIR�QMX�HIQ�²FPMGLIR�,IEHVSSQ�ZSR�����H&Y�Q²�XI�HMI�^Y�YR�
XIVWYGLIRHI�7GLEPXYRK�IMRIR�(]REQMOFIVIMGL�ZSR�����H&�EYJ[IMWIR��YQ�HEW�%��MR�HMI�7GLVER�
OIR�^Y�[IMWIR��
�
(EW�%��FMIXIX�[MI� IV[ÇLRX� EPPI�1IXLSHIR� ^YV� 6EYWGLQIWWYRK��,IVWXIPPIVERKEFIR� PEWWIR� WMGL�
EPWS� PIMGLX�²FIVTV²JIR�� -RXIVIWWERXIV� MWX�IW�WMGLIV��TVE\MWVIPIZERXI�;IVXI�^Y�IVQMXXIPR��FIMWTMIPW�
[IMWI�QMX�EPPIR�*EHIVR�EYJ���H&��HIR�+EMR�4SXMW�EYJ�X]TMWGLIR�7XIPPYRKIR��SHIV�HIV�&ERHQEWGLM�
RI�QMX�IMRIQ�PIIVIR�&ERH��EFIV�EPPIR�/ERÇPIR�KI¸JJRIX��(MI�X]TMWGLIR�;IVXI�IMRIW�4YPXIW�WSPPXIR�
RSXMIVX�[IVHIR��YQ�WTÇXIV�:IVKPIMGLWQIWWYRKIR�HYVGLJ²LVIR�^Y�O¸RRIR��
�
)MR�1MWGLTYPX� kOPMRKXk�WS�[MI�HMI�/PERKVIKIPYRK�EVFIMXIX��(EW�%��OERR�HERO�HIV�7TIMGLIVQ¸K�
PMGLOIMX�QILVIVIV�/YVZIR�YRH�HIV�TVSFPIQPSWIR�%RTEWWYRK�ER�^Y�YRXIVWYGLIRHI�&IVIMGLI�NIHIR�
IVHIROPMGLIR� )UYEPM^IV� TIVJIOX�
HSOYQIRXMIVIR�� /SRWXERX�5�� :E�
VMEFIP�5�� 'SRWXERX� 6ERKI�� /YL�
WGL[ER^GLEVEOXIVMWXMO� SHIV�
1MWGLJSVQIR�� 8VMXXWGLEPPJMPXIV� YRH�
WS� [IMXIV� �� RMGLXW� MWX� YRQ¸KPMGL��
0IHMKPMGL� I\XIVRI� KVETLMWGLI� )5W�
ZIVPERKIR�[IKIR�HIV�LSLIR�/YV�
ZIRER^ELP� HIR� )MRWEX^� HIV� 7SJX�
[EVI�%7����&MPH���YRH�&MPH�����
�
2EX²VPMGL� PÇ�X� WMGL� EYGL� HIV� *VI�
UYIR^KERK� k²FIV� EPPIWk� QIWWIR��
WIM� IW� MQ� 1MOVSJSR��� HIQ� 0MRI��
SHIV� HIQ� 8ETIIMRKERK�� )FIRWS�
HMI� %YWKÇRKI�� 1EWXIV�� 1SRMXSV��
^YV�&ERHQEWGLMRI�YRH�HIR�)JJIOXIR��0MIKX�LMIV�OIMR�(IJIOX�ZSV��WMRH�HMI�*VIUYIR^KÇRKI�QIMWX�
PMRIEPKPEXX��YRH�VIMGLIR�ZSR�[IRMKIR�,^�FMW�²FIV����O,^��

�
Bild 2   Parametrischer Equalizer mit variabler Güte 
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(IV�/SQTPIXXGLIGO�IMRIW�1MWGLTYP�
XIW�MWX�WILV�^IMXEYJ[IRHMK��)W�IQT�
JMILPX� WMGL�HELIV�� NI� REGL�7EGLPEKI�
HMI� 4V²JYRK� ^Y� ZIVIMRJEGLIR�� 7S�
[ÇVI�IMR�%YWJEPP�HIV�/PERKVIKIPYRK�
WMGLIV� HIQ� 8SRMRKIRMIYV� EYJKIJEP�
PIR��1ER�WSPPXI�EPWS�ILIV�REGL�WYF�
XMPIR� *ILPIVR� WYGLIR�� HMI� FIM� ²FPM�
GLIV�1ILVWTYVEVFIMX� RMGLX� EYJ�%R�
LMIF� EYJJEPPIR�� (MI� 1I�JYROXMSR�
8,(�2�HIW�%��ZSPPFVMRKX�LMIV�[EL�
VI�;YRHIV�� WGLPÇKX� WMI�HSGL�QIL�
VIVI�*PMIKIR�QMX�IMRIV�/PETTI��
�
9Q�QMX�Q¸KPMGLWX�[IRMK�%YJ[ERH�
IMRI� Q¸KPMGLWX� YQJEWWIRHI� 4V²�
JYRK�HYVGL^YJ²LVIR��LEX�WMGL�MR�HIV�4VE\MW�HMI�JSPKIRHI�1IXLSHI�FI[ÇLVX��HMI�HERO�HIV�8,(�2�
1IWWYRK�QMX�1SRMXSVPEYXWTVIGLIV�QILVIVI�4V²JYRKIR�KPIMGL^IMXMK�HYVGLJ²LVX��
�

ã %PPI�4SXMW�EYJ�1MXXIPWXIPPYRK��HMI�/PERKVIKIPYRK�RMGLX�HIEOXMZMIVX�� *EHIV�KIWGLPSW�
WIR��RYV�HMI�1EWXIVJEHIV�WXILIR�EYJ���H&��

ã (EW�%�� PMIJIVX�RYR�IMRIR���O,^�7MRYW� MR�HIR�1MOVSJSR��FI^MILYRKW[IMWI�0MRIIMR�
KERK��(IV�4IKIP�MWX�WS�IMR^YWXIPPIR��HE��HEW�4YPX�GMVGE����H&�YRXIV�HIV�/PMTTKVIR^I�
FPIMFX��

�
+ITV²JX�[MVH�EPWS�HIV�KIWEQXI�7MKREP[IK�IMRIW�/EREPW�MROPYWMZI�HIV�7YQQI��ÍFPMGLIV[IMWI�PMIKX�
HIV�NIX^X�QI�FEVI�/PMVVJEOXSV�FIM�YRXIV���������(IV�EFWSPYXI�;IVX�OERR�ZEVMMIVIR��WSPPXI�EFIV�EYJ�
EPPIR�/ERÇPIR� MHIRXMWGL�WIMR��(EW�%��^IMKX�RIFIR�HIQ�/PMVVJEOXSV�EYGL�HIR�4IKIP� MR�HIV�YRXIV�
WXIR�(MWTPE]^IMPI��IW�MWX�EPWS�KPIMGL^IMXMK�IMRI�/SRXVSPPI�HIW�+EMR�Q¸KPMGL��HIV�FIM�KPIMGLIV��+EMR���
4SXMWXIPPYRK�HIV�IMR^IPRIR�/ERÇPI�RYV�[IRMK�YRXIVWGLMIHPMGL�WIMR�WSPPXI��
�
(IV�1SRMXSVPEYXWTVIGLIV� HIW�1I�KIVÇXIW� KMFX� FIM� 8,(�2� RYR� RMGLX� HIR� IMRKIWTIMWXIR� ��O,^�
7MRYW�[MIHIV�� WSRHIVR�EPPIW�EY�IV�HMIWIQ��RÇQPMGL�HEW�ZSQ�2SXGLJMPXIV�YQ�HIR�7MRYW�FIJVIMXI�
6IWXWMKREP�� (EQMX� IVLÇPX�QER� IMRI�[IMXIVI� %REP]WIJYROXMSR��+PIMGLQÇ�MKIW� 6EYWGLIR� MRHM^MIVX�
IMRIR�OSVVIOXI� 7MKREPZIVEVFIMXYRK��&IM� HIR�KIVMRKWXIR� *ILPIVR��HMI� MLVI�9VWEGLIR� MR�RYV� PIMGLX�
HIJIOXIR�&EYXIMPIR�SHIV�WGLPIGLXIR�/SRXEOXIR�ZSR�7GLEPXIVR�YRH�4SXMW�LEFIR�O¸RRIR��IVX¸RIR�
2IFIRKIVÇYWGLI�[MI�EYJJÇPPMKIW�6EYWGLIR��/VEGLIR�YRH�&VYX^IPR�EYW�HIQ�0EYXWTVIGLIV��(MIWI�
*ILPIV�WMRH�SJX�MQ�2SVQEPFIXVMIF�KEV�RMGLX�L¸VFEV��WSRHIVR�O²RHMKIR�RYV�IMRIR�FEPHMKIR�%YWJEPP�
ER��3HIV�WMI�XVIXIR�RYV�[ÇLVIRH�IMRIW�7MKREPIW�EYJ��IMR�FIPMIFXIV�*ILPIV��HIV�QMX�HIQ�%��IRHPMGL�
WIMRIR� 7GLVIGOIR� ZIVPMIVX�� 7SPGLI� k+IVÇYWGLIk� JMRHIR� IVJELVYRKWKIQÇ�� MQ� KIQIWWIRIR�;IVX�
PIHMKPMGL�KIVMRKI�SHIV�WSKEV�OIMRI�)RXWTVIGLYRK��FPMIFIR�SLRI�HIR�0EYXWTVIGLIV�SJX�YRFIQIVOX��
�
(MIWI�YQJEWWIRHIR�%REP]WIQ¸KPMGLOIMXIR� WXIGOIR�EPWS�FIVIMXW�EPPIMR� MR�IMRIV�1I�JYROXMSR��IMR�
LIVZSVVEKIRHIV�&I[IMW�J²V�HMI�4VE\MWRÇLI�HIW�+IVÇXIW��(IV�'LIGO�HIW�4YPXIW�KIWXEPXIX�WMGL�IRX�
WTVIGLIRH� OSQJSVXEFIP�� (EW� +IRIVEXSV�/EFIP� [MVH� REGLIMRERHIV� MR� EPPI� /ERÇPI� KIWXIGOX�� RYV�
NI[IMPW�HIV�EOXYIPPI� *EHIV�LSGLKI^SKIR��%YWVIM�IV� JEPPIR�WSJSVX�EYJ��(IV�*ILPIV� PÇ�X� WMGL�HERR�
PIMGLX�IMROVIMWIR��MRHIQ�QER�HEW�7MKREP�ZSV�HIQ�7YQQIRFYW�²FIV�4*0�YRH�-RWIVX�EFKVIMJX��

�

Bild 3   Graphischer Equalizer mit 15 Bändern 
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�
;ÇLVIRH�WMGL�FIM�RIYIVIR�1MWGLTYPXIR�HMI�0EKI�FI^²KPMGL�HIV�6IJIVIR^TIKIP�HIYXPMGL�KIFIWWIVX�
LEX��I\EOXI�(IJMRMXMSR����H&Y�SHIV�����H&:�J²V�IMRI�%YWWXIYIVYRKWER^IMKI�ZSR���H&���I\MWXMIVIR�
MQQIV� RSGL� ZMIPI� +IVÇXI�� HIVIR� %R^IMKIR� HIQ� FIOERRXIR� &IKVMJJ� k7GLÇX^IMWIRk� ZSPP� IRXWTVI�
GLIR��7SPGLIVPIM�ZIVPMIVX�^YQMRHIWX�XIMP[IMWI�WIMRIR�7GLVIGOIR��HIRR�4IKIP�NIHIV�%VX�PEWWIR�WMGL�
QMX� HIQ� %�� RMGLX� RYV� KIRIVMIVIR�� WSRHIVR� EYGL� KIREYIWXIRW�QIWWIR�� (MI� .YWXEKI� ZSR� %YW�
WXIYIVYRKWER^IMKIR�YRH�4IEOQIXIVR�[MVH�^YQ�/MRHIVWTMIP��)MR^MKI�)MRWGLVÇROYRK��%PXI�QIGLE�
RMWGLI� :9�1IXIV� QMX� HIQ� FIV²GLXMKXIR� ��H&�:SVPEYJ� ^IMKIR� EYGL� REGL� IMRIV� .YWXEKI� [IMXIV�
[IRMK�R²X^PMGLI�;IVXI�ER��
�
-RXIVIWWERX� IVWGLIMRX� MR� HMIWIQ� >YWEQQIRLERK� IMR� 'LIGO� HIV� 3ZIVPSEH� �0)(�� %R^IMKIR�� -Q�
2SVQEPJEPP�WSPPXIR�HMIWI�QMRHIWXIRW���H&�ZSV�HIV�XEXWÇGLPMGLIR�'PMTTMRK�+VIR^I�EYJPIYGLXIR��HE�
1YWMOQEXIVMEP� OYV^I� 7TMX^IR� IRXLÇPX��;MGLXMK�� %VFIMXIX� HMI� %R^IMKI� YREFLÇRKMK� ZSQ� )5�� RYV�
ZSV��RYV�LMRXIV��SHIV���MHIEPIV[IMWI���ZSV�YRH�LMRXIV�HIQ�)5#�2YV�HERR�EVFIMXIX�WMI�[MVOPMGL�^Y�
ZIVPÇWWMK��
�
&IM�ÇPXIVIR�1MWGLTYPXIR� MWX�SJX�WXEXX�IMRIV�9QWGLEPXYRK�IMRI�.YWXEKI�HIW�8ETI�7IRH�6IXYVR�4I�
KIPW� TIV� 8VMQTSXM�Q¸KPMGL��(MIWI� )MRWXIPPYRK�QY�� MQ�EPPKIQIMRIR�RYV�IMR�1EP�IVJSPKIR��HEFIM�
WSPPXIR�HMI�1IXIV�HIV�7YFKVYTTIR�YRH�HIW�1EWXIV�3YX�KPIMGL�QMX�KITV²JX�[IVHIR��/VMXMWGL� MWX�
EYGL� HIV� 4IKIP� ER� HIV� 7IRH�6IXYVR� &YGLWI� HIW� 'LERRIP� -RWIVXW�� (MIWIV� PÇ�X� WMGL� PIMHIV�QIMWX�
RMGLX� NYWXMIVIR�� IW� MWX� EFIV� EYJ� NIHIR� *EPP�[MGLXMK� ^Y�[MWWIR��[IPGLIV� 4IKIP� HSVX� FIM� OSVVIOXIV�
%YWWXIYIVYRK�HIW�/EREPW�ERWXILX��YQ�HMI�)JJIOXTIVMTLIVMI�OSVVIOX�ERKITE�X�^Y�FIXVIMFIR��;EW�
REX²VPMGL�RSGL�QILV�J²V�HMI�QMX�%Y\�FI^MILYRKW[IMWI�4VI�4SWX�FI^IMGLRIXIR�%YWKÇRKI�^YXVMJJX��
�
�
*ILPIVWYGLI�
(EW�)MROVIMWIR�ZSR�*ILPIVR�[MVH�QMX�HIQ�%��^YQ�/MRHIVWTMIP��;MI�QMX�IMRIQ��RYV�WILV�ZMIPWIMXM�
KIVIR��7MKREPZIVJSPKIV�PÇ�X�WMGL�HMI�KIREYI�9VWEGLI�HIV�7X¸VYRK�OSQJSVXEFIP�PSOEPMWMIVIR��
�
)MR�&IMWTMIP��)MR�IMRJEGLIW����/EREP�4YPX�QMX���&ERH�/PERKVIKIPYRK�^IVVX�EYJ�^[IM�/ERÇPIR��(IV�
*ILPIV�MWX�FIOERRX��HMI�ERXMTEVEPPIPIR�7GLYX^HMSHIR���2������ZSV�HIQ�)MRKERKW�3:�WMRH�HYVGL�
KIWGLPEKIR��(MIWIV� )JJIOX� J²LVX� PIMHIV�RMGLX� MQQIV� ^YQ�WSJSVXMKIR�8SXEPEYWJEPP��SJX�[IMWIR�HMI�
(MSHIR� PEYX�1YPXMQIXIV�[IMXIVLMR� MLVI�RSVQEPI�7TIVVWTERRYRK�EYJ��(EW�%��OERR�LMIV�WILV�ZMIP�
TVE\MWRÇLIV�XIWXIR��>YIVWX�WMRH�EPPI�4SXMW�YRH�HMI�1EWXIVJEHIV�EYJ�1MXXIPWXIPPYRK�^Y�FVMRKIR��2YR�
QM�X�QER�8,(�2� MQ�IVWXIR�/EREP�� WXIPPX� HIR�%YWKERKWTIKIP� HIW�+IRIVEXSVW����H&�YRXIV�HMI�
'PMTTMRK�+VIR^I�HIW�4YPXIW��(IV�/PMVVJEOXSV� PMIKX�FIM�GMVGE���������)MR�/EREP�QMX�RYV� PIMGLX�FI�
WGLÇHMKXIR�7GLYX^HMSHIR�HEKIKIR�PMIKX�RMGLX�YRXIV�������>YWÇX^PMGL�OERR�HIV�1SRMXSVPEYXWTVI�
GLIV�[MGLXMKI� -RJSVQEXMSRIR� ²FIV� &VYX^IP�� YRH� /REGOKIVÇYWGLI� KIFIR�� HMI� ZSR� FIWGLÇHMKXIR�
3:W�QMX�IVL¸LXIQ�3JJWIX�SHIV�HIR�(MSHIR�LIVV²LVIR��YRH�WMGL�MQ�KIQIWWIRIR�;IVX�[IRMK�FMW�
KEV�RMGLX�FIQIVOFEV�QEGLIR��
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)RHWXYJIR�
&IM�)RHWXYJIR�HIROX�QER�WMGLIV�^YIVWX�ER�LMX^IFIWXÇRHMKI�0EWX[MHIVWXÇRHI�YRH�IMRIR�%FKPIMGL�
HIW�6YLIWXVSQIW�QMX�IMRIQ�(MKMXEPZSPXQIXIV��(SGL�FIM�RÇLIVIV�&IXVEGLXYRK�^IMKX�WMGL��HE��HEW�
%��EYGL�LMIV�LIVZSVVEKIRH�IMR^YWIX^IR�MWX��9Q�HIR�0EWX[MHIVWXERH�OSQQX�QER�REX²VPMGL�RMGLX�
LIVYQ��YRH�EYGL�HEW�:SPXQIXIV�MWX�J²V�+PIMGLWTERRYRKWQIWWYRKIR�YRZIV^MGLXFEV��(EV²FIV�LMR�
EYW�OERR�HEW�%��EFIV�HMI�ZSVLERHIRIR�%REP]WIQ¸KPMGLOIMXIR�KIVEHI^Y�TSXIR^MIVIR��
�
(IV�IMRJEGLWXI�%R[IRHYRKWJEPP�MWX�REX²VPMGL�IMRI�1IWWYRK�HIW�*VIUYIR^KERKIW��)RHWXYJIR�WSPP�
XIR� MHIEPIV[IMWI� IMRIR� MHIRXM�
WGLIR� *VIUYIR^KERK� MQ� 0IIVPEYJ�
YRH�QMX� &IPEWXYRK� �0EYXWTVIGLIV��
LMIV� 0EWX[MHIVWXERH�� EYJ[IMWIR��
)W� PSLRX� WMGL� EPWS�� HIR� 7[IIT�
EYGL� FIPEWXIX� YRH� RELI� ER� HIV�
%YWXIYIVYRKWKVIR^I� ^Y� JELVIR��
7GL[ÇGLIR� MQ� 2IX^XIMP� WMRH� FIM�
QSHIVRIR� +IVÇXIR� NIHSGL� OEYQ�
EYW^YQEGLIR�� WSPPXIR� EPWS� RMGLX�
REGL[IMWFEV�WIMR��
�
/PMVVJEOXSVQIWWYRKIR� ²FIV� HMI�
%QTPMXYHI�[EVIR�FIM�4S[IVEQTW�
WGLSR� MQQIV� IMR� )PHSVEHS� J²V�
MRXIVIWWERXI� )VKIFRMWWI�� ÍFPMGLI�
/SR^ITXI�MQ�'PEWW�%�&�&IXVMIF�^IMGLRIR�WMGL�HYVGL�IMRIR�[ERRIRJ¸VQMKIR�:IVPEYJ�HIW�/PMVVJEO�
XSVW� EYW��[IPGLIV� FIMQ� )VVIMGLIR�HIV�'PMTTMRK�+VIR^I� WTVYRKLEJX� ERWXIMKX�� &IWSRHIVW� MRXIVIW�
WERX��(IV�/PMVVJEOXSV�²FIV�HMI�*VIUYIR^�FIPEWXIX�YRH�YRFIPEWXIX��,MIV� PÇ�X�WMGL�HMI�5YEPMXÇX�HIW�
2IX^XIMPW�WILV�ZMIP�FIWWIV�HIXIOXMIVIR�EPW�MQ�4IKIPW[IIT��&MPH�����
�
-RXIVIWWERX� MWX� MQ� >YWEQQIRLERK�QMX� HIV� )MRWXIPPYRK� HIW� 6YLIWXVSQIW�� HE�� HMIWIV� FIM� ZMIPIR�
+IVÇXIR�TIV�/PMVVJEOXSVQIWWYRK�FIWWIV�EF^YKPIMGLIR�MWX�EPW�QMX�IMRIQ�:SPXQIXIV��(EW�LEX�QIL�
VIVI� +V²RHI�� LEYTXWÇGLPMGL� [SLP� IMRI� 8SPIVER^� HIV� &EYXIMPI� �FIMWTMIPW[IMWI� HMI� 7XVSQZIVWXÇV�
OYRK�HIV�8VIMFIV�YRH�)RHXVERWMWXSVIR���[IPGLI�HIR�JIWXIR�;IVX�HIW�,IVWXIPPIVW�MR�*VEKI�WXIPPIR��
(IV�8IWX�MWX�IMRJEGL��1ER�QIWWI�HIR�/PMVVJEOXSV�FIM�����,^�YRH�KIVMRKIQ�%YWKERKWTIKIP��GMVGE�
��:���:IVWXIPPX�QER�RYR�HIR�6YLIWXVSQ�^Y�KIVMRKIVIR�;IVXIR��WXIMKX�HIV�/PMVVJEOXSV��FIM�L¸LI�
VIR�;IVXIR�RMQQX�IV�EF��
�
;²VHI�HMIWI�)MRWXIPPYRK�WXVIRK�PMRIEV�ZIVPEYJIR��Q²�XI�QER�HIR�6YLIWXVSQ�EYJ�HIR�L¸GLWXIR�
;IVX�NYWXMIVIR��(IQ�MWX�NIHSGL�RMGLX�WS��-Q�YRXIVIR�&IVIMGL�WXIMKX�HIV�/PMVVJEOXSV�XEXWÇGLPMGL��MQ�
L¸LIVIR�IVVIMGLX�QER� NIHSGL�IMRIR�4YROX��EF�HIQ�WMGL�OIMRI� WMKRMJMOERXI�:IVFIWWIVYRK�QILV�
IVKMFX��+IREY�HSVX�MWX�HIV�6YLIWXVSQ�J²V�KV¸�XQ¸KPMGLI�*MHIPMX]�YRH�KIVMRKWXI�)V[ÇVQYRK�JIWX�
^YPIKIR��8EXWÇGLPMGL�[MVH�IMR�'LIGO�QMX�HIQ�:SPXQIXIV�IMRIR�;IVX�MR�HIV�2ÇLI�HIV�,IVWXIPPIV�
ZSVWGLVMJXIR�IVKIFIR��

�
Bild 4   Klirrverhalten einer Endstufe 
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(EW�8LIQE�6EYWGLEFWXERH�MWX�FIM�)RHWXYJIRLIVWXIPPIVR�RMGLX�WSRHIVPMGL�FIPMIFX��+IXVIRRXI�2IX^�
XIMPI��WXEVOI�1EKRIXJIPHIV�YRH�kK²RWXMKIWk�7GLEPXYRKWHIWMKR�WXILIR�1I�IVKIFRMWWIR�[MI�HIRIR�
ZSR� ²FPMGLIQ� 7XYHMSIUYMTQIRX� MQ� ;IKI�� 9RH� HSGL�� ;IRR� IW� [MVOPMGL� L¸VFEV� VEYWGLX� YRH�
FVYQQX��PMIKX�IW�IMKIRXPMGL�RMI�ER�HIV�)RHWXYJI��WSRHIVR�HIV�)PIOXVSRMO�HEZSV��
�
(IV�6EYWGLEFWXERH�[MVH�^YV�7GL¸RYRK�HIV�1I�[IVXI�JEWX�MQQIV�EPW�(]REQMO��FI^SKIR�EYJ�HMI�
QE\MQEPI�%YWKERKWWTERRYRK��VIWTIOXMZI�0IMWXYRK��ERKIKIFIR��(ERO�0):)0�6)0%8-:�WMRH�WSPGLI�
%RKEFIR�QMX�HIQ�%��PIMGLX�REGL^YZSPP^MILIR��1ER�JELVI�HMI�)RHWXYJI�FIM���O,^�QMX�0EWX[MHIV�
WXERH� RELI� ER� HMI� 'PMTTMRK�+VIR^I�� HV²GOI� 7)86)*� YRH�198)�� WGLSR� MWX� HIV� IRXWTVIGLIRHI�
;IVX�MQ�(MWTPE]�EF^YPIWIR��
�
%PW� R²X^PMGL� IV[IMWIR� WMGL�LMIV�[MIHIV�HIV�%YHMS�&ERHTEWW� �WSPPXI�IMRKIWGLEPXIX� WIMR���YRH�HIV�
����,^�,SGLTEWW��0MIKIR�EYJ�HIQ�%YWKERKWWMKREP�HIV�RMGLX�ERKIWXIYIVXIR�)RHWXYJI�&VYQQER�
XIMPI�� J²LVX� HEW�>YWGLEPXIR�HIW�,SGLTEWW� ^Y�HIYXPMGL�FIWWIVIR�;IVXIR��%YGL�HIV�1SRMXSVPEYX�
WTVIGLIV�LMPJX��HEW�+VYRHKIVÇYWGL�UYEPMXEXMZ�^Y�FIYVXIMPIR��ÍFPMGLI�;IVXI�J²V�)RHWXYJIR�YQ�HMI�
����;EXX�PMIKIR�FIM�����FMW�����H&��
�
)RHWXYJIR�[IVHIR�LIYXI�JEWX�EYWWGLPMI�PMGL�MQ�kGPSWIH�PSSTk�(IWMKR�OSRWXVYMIVX��QMX�IMRIV�6²GO�
OSTTPYRKWWGLPIMJI�ZSQ�%YWKERK�^YQ�IVWXIR�(MJJIVIR^ZIVWXÇVOIV��-RWSJIVR�MWX�IMR�)MRWEX^�HIW�%��
EPW�7MKREPZIVJSPKIV��QMX�3W^MPPSWOSTXEWXOSTJ��WMRRPSW��HIRR�[IRR�IW�[IKIR�IMRIW�(IJIOXIW�^IVVX��
^IVVX�IW�²FIVEPP�� -QQIVLMR�PEWWIR�WMGL�MQ�2IX^XIMP�HMI�&VYQQWTERRYRKIR�EYJ�HIR�:IVWSVKYRKW�
WTERRYRKIR�QIWWIR��(IJIOXI�)POSW��HMI�KIVEHI�YRXIV�0EWX�FIM�L¸LIVIR�0IMWXYRKIR�J²V�IMR�YR�
W]QQIXVMWGLIW�'PMTTMRK�HIV�)RHWXYJI�WSVKIR��O¸RRIR�WS�WGLRIPPIV�YRH�TVÇ^MWIV�MHIRXMJM^MIVX�[IV�
HIR�EPW�QMX�IMRIQ�3W^MPPSWOST��(MIWIV�8MT�KMPX�MQ�²FVMKIR�KIRIVIPP��%PPI�:IVWSVKYRKWWTERRYRKIR�
PEWWIR� WMGL�QMX� 8EWXOSTJ�YRH�HIV� *YROXMSR�0):)0�LIVZSVVEKIRH�YRXIVWYGLIR��7S�HSOYQIRXMIVX�
QER�TVSFPIQPSW�YRXIVWGLMIHPMGLI�7X¸VEFWXÇRHI�ER�YRXIVWGLMIHPMGLIR�7XIPPIR�HIW�4PEXMRIRHIWMKRW��
SHIV�HMI�HYVGL[IK�WGLPIGLXIVI�7XEFMPMWMIVYRK�ZSR�RIKEXMZIR�7TERRYRKWVIKPIVR������H&Y��KIKIR�
²FIV�TSWMXMZIR������H&Y���
�

4IVMTLIVMI�
)MR� 7XYHMS� FIWXILX� LEYTXWÇGLPMGL� EYW� HVIM� (MRKIR��1MWGLTYPX�� &ERHQEWGLMRI� YRH� IMRIQ� 6EGO�
ZSPPIV�)JJIOXKIVÇXI��(MIWI�WMRH�QIMWX�RMGLX�ZSR�IMRIQ�,IVWXIPPIV��WSRHIVR�FYRX�^YWEQQIRKI[²V�
JIPX��(EQMX�IVKMFX�WMGL�SJX�HMI�2SX[IRHMKOIMX��%YWWXIYIVYRKWKVIR^IR��6EYWGLEFWXÇRHI�YRH�QE�
\MQEPI� )MRKERKWTIKIP� ^Y� IVQMXXIPR� YRH� ^Y� HSOYQIRXMIVIR�� (IRR� EYGL� MQ� 8SRWXYHMS� KMPX�� 2YV�
[IRR�HIV�8SRMRKIRMIYV�[IM��[EW�IV�XYX��MWX�HEW�)VKIFRMW�FIVIGLIRFEV�YRH�REGLZSPP^MILFEV��
�
9Q�EYJ� EPPI�+IVÇXI� WGLRIPPIR� �1I���� >YKVMJJ� ^Y�LEFIR�� IQTJMILPX� WMGL�HMI�%RJIVXMKYRK� ^[IMIV�
%HETXIVOEFIP�� ZSR�<06� EYJ� 88� �8MR]� 8IPITLSRI���(EQMX� OERR�QER� EPPI� ER� HMI� 4EXGLFE]� ERKI�
WGLPSWWIRIR�+IVÇXI�IVVIMGLIR��SLRI�WMGL�LMRXIV�HEW�6EGO�YRH�HYVGL�HMI�:IVOEFIPYRK�OÇQTJIR�
^Y�Q²WWIR��2EX²VPMGL�IVKMFX�WMGL�WS�EYGL�IMRI�4V²JYRK�HIV�;IKI�ZSR�YRH�^YV�4EXGLFE]��*EPPW�IW�
HEFIM�^Y�&VYQQTVSFPIQIR�OSQQX��LMPJX�IMR�)RXJIVRIR�HIV�1EWWIZIVFMRHYRK�MQ�<06�7XIGOIV�HIW�
%HETXIVOEFPIW�MQ�+IRIVEXSV[IK��EPWS�HIW�%YWKERKIW�HIW�%���
�
(MI�ZMIPJÇPXMKIR�%REP]WIQ¸KPMGLOIMXIR�HIW�%��WMRH�MQ�8SRWXYHMS�EYGL�MR�ERHIVIV�,MRWMGLX�R²X^�
PMGL��9Q�HMI�IMKIRXPMGLI�;MVOYRKW[IMWI�HMZIVWIV�)JJIOXKIVÇXI��)\GMXIV��)5��'SQTVIWWSV�IXG���FIW�
WIV� ZIVWXILIR� YRH� UYEPMXEXMZ� IMRWGLÇX^IR� ^Y� O¸RRIR�� 7S�[IM�� NIHIV� 8SRMRKIRMIYV� ZSQ� YRXIV�
WGLMIHPMGLIR�/PERK�ZIVWGLMIHIRIV�'SQTVIWWSVIR�^Y�FIVMGLXIR��;IRR�IX[EW�DOPMRKX
��PÇ�X�WMGL�HEW�
NIHSGL�EYGL�QI�XIGLRMWGL�IVJEWWIR��
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&MPH��� ^IMKX�%QTPMXYHIRW[IITW�ER�
ZIVWGLMIHIRIR� 'SQTVIWWSVIR��
(IYXPMGL� ^Y� WILIR� MWX� HIV� YRXIV�
WGLMIHPMGLI� ÍFIVKERKWFIVIMGL�� (IV�
OPEWWMWGLI� 'SQTVIWWSV�[IMWX� IMRIR�
I\EOXIR�8LVIWLSPHTYROX�EYJ��LMIV��
���H&Y��� EF� HIQ� IMRI� 4IKIPVIHY�
^MIVYRK�QMX�HIQ�NI[IMPW�IMRKIWXIPP�
XIR�6EXMS�IMRXVMXX�� -R�HIV�%FFMPHYRK�
[YVHI� IMR� 6EXMS� ZSR� ���� KI[ÇLPX��
IMRI�)VL¸LYRK�HIW�)MRKERKWWMKREPW�
YQ� ��H&� FI[MVOX� HIQ^YJSPKI� IMRI�
)VL¸LYRK� EQ�'SQTVIWWSVEYWKERK�
YQ� ��H&�� 7OEPMIVX� QER� <�� YRH� =�
%GLWI� KPIMGL� �FIMWTMIPW[IMWI� ��
H&�(MZ���OERR�QER�HIR�6EXMS�HMVIOX�
EQ�:IVLÇPXRMW�HIV�8IMPYRKIR�<�=�EFPIWIR��%Y�IVHIQ�PÇ�X�WMGL�WS�EYGL�HMI�7OEPMIVYRK�ZSR�8LVIW�
LSPH�YRH�6EXMS�EYJ�HIV�*SRXTPEXXI�HIW�(98�²FIVTV²JIR��
�
(MI�%FFMPHYRK�^IMKX�EYGL�HIYXPMGL��[EVYQ�ZIVWGLMIHIRI�'SQTVIWWSVIR�YRXIVWGLMIHPMGL�OPMRKIR��
(MI�/IRRPMRMIR�ZIVPEYJIR�MQ�8LVIWLSPHTYROX�I\EOX��,EVHORII���[IMGL��7SJXORII��SHIV�WILV�[IMGL�
�7YTIV�7SJXORII��-6'�Y��Ç����-RXIVIWWERX�MWX�MR�HMIWIQ�>YWEQQIRLERK��[MI�HMI�,IVWXIPPIV�FIM�WSPGL�
[IMGLIR� FMW� WYTIV[IMGLIR� ÍFIVKÇRKIR� HIR� I\EOXIR� 8LVIWLSPHTYROX� HIJMRMIVIR�� [MI� IV� HIQ�
%R[IRHIV�NE�EYJ�HIV�*VSRXTPEXXI�TVÇWIRXMIVX�[MVH��+IREYWS�FIMQ�6EXMS��-Q�L¸VXIGLRMWGL�MRXIVIW�
WERXIR�&IVIMGL�����FMW����H&�+EMR�6IHYGXMSR��HYVGLPÇYJX�HEW�6EXMS�EPPI�>YWXÇRHI�ZSR�����FMW������
IMRI�I\EOXI�(IJMRMXMSR�MWX�EPWS�YRQ¸KPMGL��)MR�ERHIVIV�+VYRH�J²V�YRXIVWGLMIHPMGLIR�/PERK�MWX�HEW�
>IMXZIVLEPXIR�J²V�%XXEGO��YRH�6IPIEWI��[IPGLIW�NIHSGL�RYV�QMX�IMRIQ�^YWÇX^PMGLIR�HMKMXEPIR�7TIM�
GLIVSW^MPPSWOST�IVJEWWX�[IVHIR�OERR��
�

,EVHHMWG�6IGSVHMRK�
(IV�1EVOX�FIJMRHIX�WMGL�FI^²KPMGL�%�(��YRH�(�%�;ERHPIVR�MR�WXÇRHMKIV�&I[IKYRK��%YW����&MX�
WMRH�MR^[MWGLIR�WIPFWX�MQ�YRXIVIR�4VIMWFIVIMGL����&MX�KI[SVHIR��YRH����&MX�'SHIGW�WXILIR�OYV^�
ZSV� IMRIV� )MRJ²LVYRK� MR� HIR� 1EW�
WIRQEVOX��1MX� HIQ�%�� PEWWIR� WMGL�
EYGL�SLRI�(MKMXEPSTXMSR�%����UYE�
PMXEXMZI�%YWWEKIR�²FIV�HMI�ZIV[IR�
HIXIR�;ERHPIV�XVIJJIR��1IWWYRKIR�
ER� (%8�� )JJIOXTVSGIWWSVIR� YRH�
QSHIVRIR� ,EVHHMWG�6IGSVHMRK�
W]WXIQIR� ^IMKIR� ^YV� >IMX�� HE�� HMI�
KV¸�XIR� %FWXVMGLI� RSGL� FIM� HIV�
%�(�;ERHPYRK� ^Y� QEGLIR� WMRH��
;EW� QER� HSVX� ^Y� WILIR� �QIWWIR��
FIOSQQX�� KVIR^X� QERGLQEP� KEV�
ERW� %FIRXIYIVPMGLI�� &MPH� �� ^IMKX��
[MI�YRXIVWGLMIHPMGL�*VIUYIR^KÇRKI�
LMIVFIM�EYWWILIR�O¸RRIR��

�

Bild 5   Ratiomessung an Compressor 

�
Bild 6   Frequenzgang A/D Wandler 
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�
-R�4YROXS�/PMVVJEOXSV�IVVIMGLX�QER�FIM�LSGLTIKIPMKIR�1IWWYRKIR�TVSFPIQPSW���������SHIV�[I�
RMKIV��(MIWI�;IVXI�KIPXIR�EFIV�RYV�J²V�:SPPTIKIP����H&*7���)MR�7MKREP����HF�YRXIV�HIQ�QE\MQE�
PIR�4IKIP�IV^IYKX�FIVIMXW�%FXEWXJILPIV��[IPGLI�/PMVV�YRH�6EYWGLIR�WXEVO�MR�HMI�,¸LI�XVIMFIR��)W�
LEX�WMGL�HELIV�IMRKIF²VKIVX��8,(�2�ILIV�FIM�����FMW�����H&�^Y�QIWWIR�EPW�FIM�:SPPTIKIP��EYGL�
[IRR�QER�HERR��HIV�1SRMXSVPEYXWTVIGLIV�ZIVVÇX�IW��IMKIRXPMGL�RYV�2SMWI�QM�X��8VSX^HIQ�IVKI�
FIR�WMGL�NI�REGL�;ERHPIV�IRSVQI�9RXIVWGLMIHI������FMW���������
�
;ÇLVIRH�JV²LI�%�(�/SR^ITXI�QMX�
IGLXIR����&MX�;ERHPIVR�YRH�XIY�
VIR� WS[MI� EYJ[IRHMKIR� %PMEWMRK�
JMPXIVR� HELIVOEQIR� �&MPH� ���� MWX�
HMI� -RHYWXVMI� EYW� 4VIMWKV²RHIR�
KIWGLPSWWIR� ^YQ� 3ZIVWEQTPMRK�
QMX�IMRIQ�SHIV�QILVIVIR�&MX�KI�
[IGLWIPX�� :SVXIMP�� (EW� %PMEWMRKJMP�
XIV� FIWXILX� RYV� RSGL� EYW� IMRJE�
GLIR� 8MIJTÇWWIR� QMX� 3TIVEXMSRW�
ZIVWXÇVOIV�� *²V� FIMHI� *ÇPPI� KMPX��
(EW� %PMEWMRKJMPXIV� PÇ�X� WMGL� EQ�
FIWXIR� QMX� QMXPEYJIRHIQ� &ERH�
TEWW� EYWQIWWIR�� YQ� FVIMXFERHM�
KIW�� HMI� I\EOXI� 7TIVVOYVZI� ZIV�
HIGOIRHIW� 6EYWGLIR� ^Y� IRXJIV�
RIR��
�
%Y�IVHIQ�OERR�IMR�7[IIT�FMW�����O,^�QMX�:SPPTIKIP��SLRI�&ERHTEWW��EYJ^IMKIR��[MI�KYX�HEW�
%PMEWMRKJMPXIV�XEXWÇGLPMGL�EVFIMXIX��7TMIKIPYRKIR�HIV�)MRKERKWJVIUYIR^�QEGLIR�WMGL�EPW�WXEVO�ER�
WXIMKIRHIV�4IKIP�MQ�7[IIT�FIQIVOFEV��[SFIM�RMGLX�HMI�XEXWÇGLPMGL�KIQIWWIRI��SHIV�IRXWXERHI�
RI��*VIUYIR^� MQ�(MEKVEQQ�EPW�4IKIPERWXMIK�IVWGLIMRX��WSRHIVR�RYV�HMI�IMRI�7TMIKIPYRK�EYWP¸�
WIRHI�+IRIVEXSVJVIUYIR^�MRHM^MIVX�[MVH��
�
)MR�[IMXIVIV�%WTIOX��HIV�HMI�)VJEWWYRK�WEYFIVIV�1I�[IVXI�QERGLQEP�YRQ¸KPMGL�QEGLX�� WXIPPX�
LSGLJVIUYIRXIW�7X¸VKIVÇYWGL�HEV��2IFIR�HIV�YRKIR²KIRH�KIJMPXIVXIR�%FXEWXJVIUYIR^�OERR�IW�
WMGL� EYGL� YQ� ERHIVI� k(MKMXEPKIVÇYWGLIk� LERHIPR�� (EW� 4VSFPIQ�� (IV� %YHMS� &ERHTEWW� HIW� %��
OERR�WSPGLI�7MKREPI�RYV�YRKIR²KIRH�YRXIVHV²GOIR��HE�WMI�^Y�REL�ER�HIV�SFIVIR�)GOJVIUYIR^�
PMIKIR��
�
(E^Y�IMR�&IMWTMIP��&IM�IMRIQ����&MX�%�(�(�%�;ERHPIV�SLRI�)MRKERKWWMKREP� MWX�IMR�6EYWGLTIKIP�
ZSR�����H&Y�^Y�QIWWIR��1MX�%YHMS�&ERHTEWW�IVKIFIR�WMGL� NIHSGL�����H&Y��IMR�HIYXPMGLIW�>IM�
GLIR� J²V�IMRIR�YRKIR²KIRHIR�8MIJTEWW�EQ�%YWKERK�HIW�(98��(MIWIW�)VKIFRMW� WXIPPX�RYR�EFIV�
MQQIV�RSGL�OIMRIR�VIPIZERXIR�;IVX�HEV��HE�HEW�3LV�NE�RYV�FMW����O,^�L¸VX��YRH�^[IM�;ERHPIV�
MQ�:IVKPIMGL� ERHIVW�FIYVXIMPIR�[²VHI�EPW�IW�HMI�1I�[IVXI�FILEYTXIR��(E^Y�Q²�XI�QER�HIR�
1I�FIVIMGL� WXIMPJPEROMK�FIM� ���O,^�EFWGLRIMHIR�� IW� IVKÇFIR� WMGL�HERR� ZMIPPIMGLX� ����H&Y��1MX�
,MPJI�IMRIW�0):)0�7)0)/8-:�7[IITW�JMRHIX�WMGL�SJX�HMI�7X¸VUYIPPI��)MR�HIYXPMGLIV�4IEO�FIM����O,^�
ZIVVÇX�HIR�7X¸VIRJVMIH�WGLRIPP��

�
Bild 7   Frequenzgang Aliasing-Filter 
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7X¸VKIVÇYWGLI��7MKREPZIVJSPKIV�
2IFIR� HIR� IMRKERKW� EYJKIPMWXIXIR�1I�JYROXMSRIR� IVKIFIR� WMGL� [IMXIVI� 4VE\MWER[IRHYRKIR��
HMI�EYJ�HIR�IVWXIR�&PMGO�RMGLX�IVOIRRFEV�WMRH��>YQ�&IMWTMIP�IVLÇPX�QER�QMXXIPW�<06�&2'�%HETXIV�
YRH� IMRIQ� ²FPMGLIR�3W^MPPSWOST�8EWXOSTJ� IMRIR� WIPFWXNYWXMIVIRHIR� 7MKREPZIVJSPKIV�� HIV� HEW� 7M�
KREP�RMGLX�RYV�MR�L¸GLWXIV�+IREYMKOIMX�QM�X��4IKIP�YRH�*VIUYIR^���WSRHIVR�EYGL�MR�VIPEXMZ�OSR�
WXERXIV� 0EYXWXÇVOI� �[IKIR� HIV� EYXSQEXMWGLIR� &IVIMGLWYQWGLEPXYRK�� ²FIV� HIR� IMRKIFEYXIR�
0EYXWTVIGLIV�EYWKMFX��ÍFIV� MLR�L¸VX�QER� MQ�8,(�2�1SHYW�HEW�ZSR�HIV�+VYRH[IPPI�KIJMPXIVXI�
6IWXWMKREP��(EHYVGL�IVKIFIR�WMGL�JERXEWXMWGLI�%REP]WIQ¸KPMGLOIMXIR��3JJWIXVEYWGLIR��OVEGLIRHI�
4SXMW�YRH�MR�7MKREPIR�ZIVWXIGOXI�7X¸VKIVÇYWGLI�WMRH�RYV�IMRMKI�HEZSR��
�
âLRPMGL�HEW�MRXIKVMIVXI�3W^MPPSWOST��[IPGLIW�²FIV�IMRI�EYXSQEXMWGLI�&IVIMGLW[ELP��<�=��ZIVJ²KX��
)W� ^IMKX� MQ� 8,(�2�1SHYW� WS[SLP� HMI� +VYRH[IPPI� EPW� EYGL� HMI� KIJMPXIVXI� 6IWX[IPPI�� :IV^IV�
VYRKWYVWEGLIR�PEWWIR�WMGL�HEHYVGL�PIMGLXIV�^Y�MHIRXMJM^MIVIR��KPIMGL^IMXMK�OERR�QER�IMRI�%YWWEKI�
²FIV� HMI� IRXWXILIRHIR� ,EVQSRMWGLIR� XVIJJIR�� (EW� (73� OERR� IMR� LIVO¸QQPMGLIW� 3W^MPPSWOST�
REX²VPMGL�RMGLX�IVWIX^IR��EPPIMR�WGLSR�[IKIR�HIV�JILPIRHIR�('�/STTPYRK��%FIV�HEW�WSPP�IW�EYGL�
KEV�RMGLX��(EW�%��MWX�IMR�TSVXEFPIW�1I�MRWXVYQIRX��;IV�MQ�QSFMPIR�)MRWEX^�HMI�1¸KPMGLOIMX�FI�
WMX^X��HEW�KIQIWWIRI�7MKREP�EYGL�IMRQEP�ER^YWGLEYIR���IMRJEGL�YQ�*ILPQIWWYRKIR�^Y�ZIVQIM�
HIR� �� [IM�� HMIWI� ZSPPEYXSQEXMWGLI� *YROXMSR� WGLRIPP� ^Y� WGLÇX^IR�� (E^Y� OSQQX� SFMKI� 8,(�2�
%R[IRHYRK��[IPGLI�WMGL�REX²VPMGL�EYGL�TIV�%YWHVYGO�²FIV�HMI�46-28�8EWXI�HSOYQIRXMIVIR�PÇ�X��
�

ÍFIV[EGLYRK�
(EW�%��EPW�;EGLHMIRWX��)MRI�IVRWX^YRILQIRHI�%R[IRHYRK��-QQIV�[MIHIV�KMFX�IW�+IVÇXI��[IP�
GLI�^IMX[IMWI�EYWJEPPIR��(EFIM�MWX�IW�RMGLX�MQQIV�PIMGLX�^Y�OPÇVIR��SF�HMIWI�%YWJÇPPI�EQ�QMXZIV�
[IRHIXIR�)UYMTQIRX��ZSR�HIV�7XIGOHSWI�FMW�^YQ�%YHMSOEFIP��PMIKIR��SHIV�XEXWÇGLPMGL�MQ�+IVÇX�
TEWWMIVIR�� (IV� 8MQIW[IIT� HIW� %�� EVFIMXIX� LMIV� EPW� 7T²VLYRH��1ER�QM�X� WXEXMWGL� IMRIR� 4IKIP�
IMRIV�*VIUYIR^��YRH�IVLÇPX�HEHYVGL�MQ�(MWTPE]�IMRI�+IVEHI��&IM�%YWJÇPPIR�MWX�HMI�+IVEHI�REX²V�
PMGL�YRXIVFVSGLIR��
�
)MRIR�,EOIR�LEX�HEW�+ER^I�EPPIVHMRKW��(EW�%��YRXIVWX²X^X�RYV�7[IITW�QMX�QE\MQEP�����1I��
[IVXIR�� 7SPP� HEW� +IVÇX� EPWS� IMRI�
7XYRHI�PERK�²FIV[EGLIR��[MVH�RYV�
EPPI� ��� 7IOYRHIR� HIV� 4IKIP� �YRH�
HEQMX� EYJ� IMRIR� %YWJEPP�� OSRXVSP�
PMIVX��)GLXI�0ERK^IMX�8IWXW�IVJSVHIVR�
HELIV� HMI� 4'�7SJX[EVI�%7����[IP�
GLI� �� [MI� HEW� &IMWTMIP� MR� &MPH� ��
^IMKX� �� EYGL� ���1MRYXIR� PERK� EPPI�
����W�QM�X��

�
Bild 8   Langzeitüberwachung 
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0EYXWTVIGLIV�
)MRIW�QY��QER�WMGL�OPEV�ZSV�%YKIR�J²LVIR��(EW�%��MWX�RMGLX�^YV�1IWWYRK�ZSR�0EYXWTVIGLIVTE�
VEQIXIVR� SHIV� HIV� 6EYQEOYWXMO� IRX[MGOIPX� [SVHIR�� (EJ²V� KMFX� IW� LSGLWTI^MEPMWMIVXI� YRH� PIM�
WXYRKWWXEVOI�+IVÇXI��[IPGLI�MR�RIYIWXIV�107��1E\MQYQ�0IRKXL�7IUYIRGI��8IGLRSPSKMI�-QTYPW�
ERX[SVXIR� MR�HIR�>IMXFIVIMGL�XVERWJSVQMIVIR��YRH�WS�OYQYPEXMZI�>IVJEPPWWTIOXVIR��IMRI�&IWXMQ�
QYRK�HIV�8LMIPI�7QEPP� 4EVEQIXIV�YRH�ZSV�EPPIQ�UYEWM� VEYQYREFLÇRKMKI�1IWWYRKIR�IVQ¸KPM�
GLIR��(EW�%��FILIVVWGLX�HEKIKIR�EPPI�OPEWWMWGLIR�:EVMERXIR�HIV�NELV^ILRXIPERK�^YQ�&S\IRHI�
WMKR� ZIV[IRHIXIR� 1IXLSHIR�� [IPGLI� J²V� [MVOPMGL� ^YZIVPÇWWMKI� )VKIFRMWWI� IMRIR� WGLEPPXSXIR�
6EYQ� ZSVEYWWIX^IR�� -RWSJIVR� MWX� LMIV� IMR�%R[IRHIV�KIJSVHIVX�� HIV� WMGL�²FIV�HMI� *ILPIVUYIPPIR�
FIMQ�)MRWEX^�HIW�%��MQ�/PEVIR�MWX��9RH�HSGL��7S�QERGLIV�&S\IRHIWMKRIV�[ÇVI�ZSV�IMRMKIR�.EL�
VIR�JVSL�KI[IWIR��LÇXXI�IV�IMR�%��^YV�:IVJ²KYRK�KILEFX��
�
(MI�)MRWEX^Q¸KPMGLOIMXIR�FIKMRRIR�QMX�ILIV�TVSJERIQ��%YJ�HIQ�1EVOX�I\MWXMIVX�IMRI�WXEXXPMGLI�
%R^ELP�'(W�QMX�8IWXWMKREPIR�J²V�HMI�0EYXWTVIGLIVOSRXVSPPI��(MIWI�PEWWIR�WMGL�REX²VPMGL�QMX�HIQ�
%��EYGL�SLRI�'(�4PE]IV�IV^IYKIR��(IV�RÇGLWXI�7GLVMXX�MWX�HMI�%RWGLEJJYRK�IMRIW�PMRIEVIR�1I��
QMOVSJSRW��[IPGLIW� MQ�,ERHIP�WGLSR�J²V�GMVGE�����(1�IVLÇPXPMGL� MWX��)MR�WSPGLIW�EVFIMXIX�QIMWX�
QMX� IMRIV�&EXXIVMI�� WS�HE��IMRI� 4LERXSQWTIMWYRK�RMGLX�FIR¸XMKX�[MVH�� >[EV�KMFX�IW�EYGL� WILV�
LSGL[IVXMKI��OEPMFVMIVXI�1I�QMOVSJSRI�^Y�IRXWTVIGLIRHIR�4VIMWIR��(MI�9RXIVWGLMIHI�^[MWGLIR�
WSPGLIR�1I�QMOVSJSRIR� YRH�IMRJEGLIR�)PIOXVIXQMOVSW� WMRH� NIHSGL� WILV�KIVMRK��[SKIKIR� WMGL�
HMI� IMRKERKW� IV[ÇLRXIR� )MRWGLVÇROYRKIR� ZSR� EOYWXMWGLIR�1IWWYRKIR� MQ�:IVLÇPXRMW� WILV� ZMIP�
WXÇVOIV�FIQIVOFEV�QEGLIR��
�
*VIUYIR^KERKQIWWYRKIR�QMX�1MOVSJSR�FI^MILIR�KVYRHWÇX^PMGL�HMI�6EYQEOYWXMO�QMX�IMR��;IKIR�
WXILIRHIV�;IPPIR�YRH�WSRWXMKIV�6IJPI\MSRIR�WS[MI�,EPP�YRH�)GLS�ZIVFMIXIR�WMGL�1IWWYRKIR�MR�
OPIMRIR��YRKIHÇQTJXIR�6ÇYQIR�OEXIKSVMWGL��7S[IMX�HMI�8LISVMI��;IRR�HEW�7XYHMS�RYR�EFIV�EYW�
IMRIQ�WILV�OPIMRIR�6EYQ�FIWXILX��QEGLX�IW�IMKIRXPMGL�QILV�7MRR��HMI�0EYXWTVIGLIV�MR�HIV�IRX�
WTVIGLIRHIR�%OYWXMO� ^Y� IVJEWWIR�� WS�[MI� IW�FIMQ�)MRQIWWIR�QMX�8IV^FERH�)UYEPM^IVR� NE�EYGL�
KIWGLMILX�� &MPH� �� ^IMKX� IMRIR� 7M�
RYWW[IIT� IMRIV� ��;IKI� &S\� MR�
IMRIV� 6EYQIGOI�� 8]TMWGL� WMRH� HMI�
WXEVOIR� 4IKIPWGL[EROYRKIR� MQ�
&EWWFIVIMGL� HYVGL� WXILIRHI� ;IP�
PIR��(MI�KIWEQXI�+VEJMO� MWX� WGL[IV�
^Y� PIWIR�YRH�WSPPXI�IMRIV�1MXXIPYRK�
YRXIV^SKIR� [IVHIR�� )MRI� WSPGLI�
*YROXMSR� IVKMFX� WMGL� FIM� IMRIQ�
0):)0� 7)0)/8-:� 7[IIT� QMX� 6SWE�
6EYWGLIR�� (IV� QMXPEYJIRHI� &ERH�
TEWW� �5!��� IVJE�X� [ÇLVIRH� HIW�
7[IITW� QILV� EPW� RYV� IMRI� *VI�
UYIR^�� (EW� )VKIFRMW� MWX� IMRI� HMI�
/PERKXIRHIR^� HIYXPMGL� EYJ^IMKIR�
HI�� UYEWM� KIQMXXIPXI� /YVZI� HIW� 7M�
RYWW[IITW��

�
Bild 9   Frequenzgang Monitorbox 
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6SWE� 6EYWGLIR� J²LVX� XLISVIXMWGL� ^[EV� RMGLX� ^Y� WXILIRHIR�;IPPIR�� MWX� EFIV� EPW� 7GLEPPIVIMKRMW�
KER^� RSVQEP� HIR� LIVVWGLIRHIR� EOYWXMWGLIR� &IHMRKYRKIR� YRXIV[SVJIR�� 7XIPPX� QER� IMRI� 6SWE�
6EYWGLIR�EFWXVELPIRHI�&S\�ZSR�HIV�6EYQQMXXI� MR�IMRI�6EYQIGOI��OPMRKX�IW� ��[MI�FIM�1YWMO� ��
HIYXPMGL�FEWWMKIV��7S�IVOPÇVX�WMGL�EYGL�HMI�MQ�(MEKVEQQ�^Y�WILIRHI�&EWWERLIFYRK��6EYQIGOI��
YRH�,¸LIRERLIFYRK��6IJPI\MSR�ER�HIV�;ERH���HMI�HIQ�XEXWÇGLPMGLIR�,¸VIMRHVYGO�IRXWTVIGLIR��
)MRI�HIVEVXMKI�1IWWYRK�IVQ¸KPMGLX�WS�KIWILIR�^[EV�RMGLX�HMI�/SRWXVYOXMSR�IMRIV�WXVIRK�PMRIEVIR�
0EYXWTVIGLIVFS\��FMIXIX�HIQ�7XYHMSXIGLRMOIV�NIHSGL�KIREY�HEW��[EW�IV�WXÇRHMK�FVEYGLX��
�

ã ÍFIVTV²JYRK� HIW� /PERKZIVLEPXIRW� ZSR�1SRMXSVIR� MR� HIV� NI[IMPMKIR� 7XYHMSYQKI�
FYRK�

ã 1I�LMPJI�^YV�0EYXWTVIGLIVTSWMXMSRMIVYRK�
ã 1IWWYRK�ZSR�/PERKEF[IMGLYRKIR�0MROW�6IGLXW�
ã ÍFIVTV²JYRK�HIV�0MRIEVMXÇX�REGL�)MRWXIPPYRK�IMRIW�8IV^FERH�)UYEPM^IVW�

�
&IM�HIV�1IWWYRK�ZSR�0EYXWTVIGLIVR�MWX� NIHSGL�:SVWMGLX�KIFSXIR��)MRIVWIMXW�WSPP�HIV�)MRJPY��ZSR�
2IFIRKIVÇYWGLIR�Q¸KPMGLWX�KIVMRK�WIMR��ERHIVIVWIMXW�WSPPXI�HIV�1MOVSJSRTIKIP�Q¸KPMGLWX�LSGL�
PMIKIR��HEQMX�HEW�%��RMGLX�MQ�YRXIVWXIR�6ERKI�&IVIMGL�EVFIMXIX��(MI�HEQMX�^[ERKWPÇYJMK�IMRLIV�
KILIRHI� LSLI� EOYWXMWGLI� 0EYXWXÇVOI� ZIVYVWEGLX� WGLRIPP� IMRIR� %YWJEPP� HIV� 0EYXWTVIGLIV�� 6SWE�
6EYWGLIR�EHHMIVX�WMGL�[IKIR�HIV�ZMIPIR�IRXLEPXIRIR�*VIUYIR^IR�^Y�IMRIQ�GMVGE����H&�L¸LIVIR�
7TMX^IRTIKIP�� YRH�KIREY�HEW� MWX� IW��[EW�HMI�SHIV�HIV� 0EYXWTVIGLIV�IVXVEKIR�QY���%PWS� PMIFIV�
IX[EW� PIMWIV�QIWWIR��YRH� ZSV� EPPIQ� WSJSVX� REGL�IVJSPKXIV�1IWWYRK�HIR�+IRIVEXSV�[MIHIV� EF�
WGLEPXIR��%YGL�FIM�IMRIQ�7MRYW��SHIV�;SFFIPWMRYWW[IIT�MWX�IMRI�ÍFIVPEWXYRK�WGLRIPP�Q¸KPMGL��
HE�,SGLX¸RIV�FIOERRXPMGL�RYV�[IRMKI�;EXX�ER�7MRYW�(EYIVPIMWXYRK�IVXVEKIR��YRH�KIREY�IMRIV�
WSPGLIR�&IPEWXYRK�WMRH�WMI�FIM�IMRIQ�7MRYWW[IIT�EYWKIWIX^X��
�
2ELJIPHQIWWYRKIR�� EPWS�QMX� HIQ�1MOVSJSR�HMVIOX� ZSV�HIQ�0EYXWTVIGLIV�� WMRH�ZSR�HIV�6EYQ�
EOYWXMO�[IRMKIV�FIIMRJPY�X��YRH�IVQ¸KPMGLIR�IMRI�/SRXVSPPI�HIV�IMR^IPRIR�'LEWWMW�YRH�SHIV�HIV�
&EWWVIJPI\¸JJRYRK��,MIV�OERR�QER�MRWFIWSRHIVI�PIMGLX�²FIVTV²JIR��SF�HMI�*VIUYIR^[IMGLI�HERO�
VMGLXMKIV�;ELP�HIV�8VIRRJVIUYIR^�
HMI� )MKIRVIWSRER^IR� ZSR� 1MXXIP��
YRH� ,SGLX¸RIV� YRXIVHV²GOX�� YRH�
MR� [IPGLIQ� &IVIMGL� HMI� &EWWVI�
JPI\¸JJRYRK� ^YQ�*YRHEQIRX�FIM�
XVÇKX��&MPH������

�
Bild 10   Nahfeldmessung 
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-QTIHER^IR�
(EW�%7���,ERHFYGL�IRXLÇPX�IMR�4VSKVEQQMIV��YRH�,EVH[EVIFIMWTMIP�^YV�-QTIHER^QIWWYRK�QMX�
:SV[MHIVWXERH�J²V�HEW�%���-Q�+VYRHI�MHIRXMWGL��RYV�WIMXIRW�HIV�,EVH[EVI�FIVIMXW�MQ�+IVÇX�MQ�
TPIQIRXMIVX�� JYROXMSRMIVX� IW� FIMQ� %��� 0IMHIV� LERHIPX� IW� WMGL� LMIV� RMGLX� YQ� IMRI� IGLXI� -QTI�
HER^QIWWYRK��WSRHIVR�YQ�IMRI�JVIUYIR^EFLÇRKMKI�;MHIVWXERHWQIWWYRK��HE�HIV�4LEWIR[MROIP�
OIMRI�&IEGLXYRK� JMRHIX��%YW�HMIWIQ�+VYRH� WMRH�EYGL�OIMRI� -RHYOXMZMXÇXW��YRH�/ETE^MXÇXWQIW�
WYRKIR�Q¸KPMGL��
�
(EW� &IMWTMIP� IMRIV� -QTIHER^QIW�
WYRK� ER� IMRIV� 0EYXWTVIGLIVFS\�
PMIJIVX� WSQMX� IFIRJEPPW� IMR� RMGLX�
����MKIW� 6IWYPXEX�� � %YGL� [IRR�
HMI� ;IVXI� PIMGLX� HERIFIR� PMIKIR��
HMI�EYJKI^IMKXI�8IRHIR^�MWX�NIHSGL�
VMGLXMK�� )W� MWX� HELIV� EYGL�Q¸KPMGL��
HIR� 9RXIVWGLMIH� IMRIV�;IMGLI�QMX�
YRH� SLRI� -QTIHER^OSVVIOXYVKPMIH�
^Y� HSOYQIRXMIVIR�� &MPH� ��� ^IMKX�
IMRIR� TIV� %170� HYVGLKIJ²LVXIR�
7[IIT�� FIM� HIQ� HMI� +IRIVEXSV�
6IEHFEGOW� ^Y� IMRIV� /YVZI� ^YWEQ�
QIRKIWIX^X� [YVHIR�� :IVKPIMGLI�
QMX�IGLXIV�-QTIHER^QIWWYRK�^IMK�
XIR�%F[IMGLYRKIR� ZSR� PIHMKPMGL� ��
FMW���Ω��
�
(ERIFIR� MWX� IW� J²V� 4V²J�� YRH� 6ITEVEXYV^[IGOI� WILV� R²X^PMGL�� IMRI� JVIUYIR^EFLÇRKMKI�;MHIV�
WXERHWQIWWYRK� ^YV�:IVJ²KYRK� ^Y�LEFIR��/YV^KIWGLPSWWIRI�SHIV� XEYFI�/SRHIRWEXSVIR��ÍFIV�
XVEKIV�QMX�;MRHYRKWWGLPY��SHIV�IMRI�)MRKERKWMQTIHER^FIWXMQQYRK�YRFIOERRXIV�+IVÇXI��%YJ�
HMIWI�%R[IRHYRKWJÇPPI�OSQQX�QER�EPW�%��&IWMX^IV�WMGLIV�RMGLX�EYJ�%RLMIF��
�
>YQ�8LIQE�D%OYWXMWGLI�1IWWYRKIR�QMX�HIQ�%�
�FIJMRHIX�WMGL�IMRI�%TTPMGEXMSR�2SXI�MR�:SVFI�
VIMXYRK��[IPGLI�1IWWYRKIR�HIW�7GLEPPHVYGOW� �740��YRH�HMI�:IV[IRHYRK�OEPMFVMIVXIV�1MOVSJSRI�
�)VWXIPPYRK�ZSR�8EFPIW[IITW�QMX�6IJIVIR^EF[IMGLYRK�TIV�%7����IVPÇYXIVX��
�

(%8�6IOSVHIV�
&IMQ�(%8�6IOSVHIV�KMPX�KVYRHWÇX^PMGL�EPPIW��[EW�EYGL�MQ�%FWGLRMXX�,EVHHMWGVIGSVHMRK�^YV�7TVE�
GLI�OSQQX��(EV²FIV�LMREYW�WMRH�MR�HIV�4VE\MW�HVIM�[IMXIVI�MRXIVIWWERXI�4YROXI�EYJKIJEPPIR��:MIPI�
7XYHMSW� ZIV[IRHIR� RMGLX� XIYIVI� 4VSJM�+IVÇXI�� WSRHIVR� RSVQEPI� ,M*M� (%8W�� 9RH� LERHIPR� WMGL�
HEQMX�� SJX� SLRI� IW� ^Y�QIVOIR�� IMR� 4VSFPIQ� IMR��,M*M�+IVÇXI�FIWMX^IR� ^[EV� IMRIR�EYWVIMGLIRH�
LSLIR�%YWKERKWTIKIP�YQ�EYGL�MQ�7XYHMSVEGO�QMXLEPXIR�^Y�O¸RRIR��NIHSGL�IMRI�^Y�LSLI�%YW�
KERKWMQTIHER^��YQ�ER�RMIHIVSLQMKIR�0MRIIMRKÇRKIR�ZIVPYWXJVIM�^Y�EVFIMXIR��ÍFPMGLI�7XERHEVH�
WGLEPXYRKIR�ZSR�7SR]�YRH�%M[E�FIWMX^IR�EQ�%YWKERK�HIW�PIX^XIR�3:W�IMRIR�7IVMIR[MHIVWXERH�
ZSR� ����3LQ� YRH� IMRIR�[IMXIVIR�QMX� ����3LQ� �^[MWGLIR� HIR�;MHIVWXÇRHIR� FIJMRHIR� WMGL�
1YXI��0IZIP�(IXIGXMSR�YRH�IZIRXYIPP�HIV�%FKVMJJ�J²V�HMI�%YWWXIYIVYRKWER^IMKI���1MX�ORETT�����
3LQ�7IVMIR[MHIVWXERH�[MVH�HIV�IRXLEPXIRI�0IMXYRKWXVIMFIV�2)�����EH�EFWYVHYQ�KIJ²LVX��

 

Bild 11   Berechnete Impedanzkurve mit AS03 
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)MR� LSLIV� SLQWGLIV�%YWKERKW[MHIVWXERH� FVMRKX� MR� HIV� 4VE\MW� IMRI� KER^I�6IMLI� ER�YRR¸XMKIR�
)JJIOXIR�QMX�WMGL��
�

ã 1ERKIPRHI�9RXIVHV²GOYRK�ZSR�7X¸VIMRWXVELPYRKIR�MR�HMI�ERKIWGLPSWWIRIR�/EFIP�
ã k7GLPIGLXIk�/EFIP�QEGLIR�WMGL�ILIV�FIQIVOFEV�
ã )VL¸LXI�)QTJMRHPMGLOIMX�KIKIR²FIV�OETE^MXMZIV�YRH�SLQWGLIV�&IPEWXYRK�
ã :IV^IVVYRKIR�HYVGL�RMGLX�IMRKIWGLEPXIXI��EFIV�ERKIWGLPSWWIRI�+IVÇXI�

�
(MI�4YROXI�IMRW�FMW�HVIM�FIH²VJIR�[SLP�OIMRIV�RÇLIVIR�)VPÇYXIVYRK��MRWFIWSRHIVI�HMI�RMIHIVSL�
QMKIR�0MRIIMRKÇRKI�MQ�4VSJMFIVIMGL�WSVKIR�J²V�4IKIPEFJÇPPI�YRH�IVL¸LXI�:IV^IVVYRKIR��
�
4YROX�ZMIV� MWX�HEKIKIR�MQQIV�RSGL�RMGLX�EPPIR�8IGLRMOIVR�FIOERRX��YRH�WSPP�HIWLEPF�RÇLIV�IV�
PÇYXIVX�[IVHIR��1MWGLTYPXI�FIWMX^IR�REGL�HIV�1EWXIVWIOXMSR�MQ�EPPKIQIMRIR�IMRI�TEWWMZI�7MKREP�
ZIVXIMPYRK��(IV�1EWXIV�3YX�KILX�SJX�KPIMGL^IMXMK�ER�IMRIR�(%8�6IOSVHIV��IMRI���7TYV�7IROIP�YRH�
IMR�'EWWIXXIRHIGO��9Q�HMI�+IVÇXI�EYGL�IMR^IPR�ERJELVIR�^Y�O¸RRIR�� PMIKX�RSVQEPIV[IMWI�IMRI�
4EXGLFE]�HE^[MWGLIR��HMI�EFIV�SJX�WS�KIWXEPXIX��SHIV�KIWXIGOX��MWX��HE��IMRJEGL�EPPI�+IVÇXI�TEVEP�
PIP�EVFIMXIR��
�
6IMR� XLISVIXMWGL� MWX�HMIWIV�&IXVMIFWJEPP�RMGLX�RYV�IVPEYFX��WSRHIVR�EYGL� PSKMWGL��8EXWÇGLPMGL� PÇ�X�
WMGL�FIM�²FPMGLIR�)MR��YRH�%YWKERKWMQTIHER^IR�QI�XIGLRMWGL�OIMR�2EGLXIMP�JMRHIR��>YQMRHIWX��
WSPERKI�EPPI�TEVEPPIPIR�+IVÇXI�IMRKIWGLEPXIX�WMRH��)W�KMFX�RÇQPMGL�IMRI�KER^I�6IMLI�ZSR�+IVÇXIR��
[IPGLI�MQ�EYWKIWGLEPXIXIR�>YWXERH�EF�IMRIQ�FIWXMQQXIR�4IKIP�MLVI�)MRKERKWMQTIHER^�ZIVVMR�
KIVR��(MIW�LÇRKX�MQ�[IWIRXPMGLIR�ZSR�HIV�)MRKERKWFIWGLEPXYRK�YRH�HIR�ZIV[IRHIXIR�3:W�EF��
)W� IRXWXILIR� HEHYVGL� -RXIVQSHYPEXMSRWZIV^IVVYRKIR��[IPGLI� WMGL�RMGLX�RYV� IVWX� EF� IMRIQ�FI�
WXMQQXIR�4IKIP�FIQIVOFEV�QEGLIR��WSRHIVR�EYGL�RYV�FIM�FIWXMQQXIQ�1YWMOQEXIVMEP�HIYXPMGL�
^Y�L¸VIR� WMRH� �FIWSRHIVW�KYX�KIIMKRIX� MWX� IMR� ZSPPZIV^IVVXIV�� EFIV�HIRRSGL�L¸LIREVQIV�+MXEV�
VIRWSYRH��)W�IRXWXILIR�/RMWXIVZIV^IVVYRKIR��IMRI�%VX�4VEWWIPR��[IPGLI�WMGL�HIYXPMGL�ZSQ�+MXEV�
VIROPERK�EFLIFIR���1ER�KPEYFX�IW�OEYQ��,EX�QER�HMIWIR�)JJIOX�IVWX�IMRQEP�KIL¸VX��JMRHIX�QER�
MLR�WSKEV�EYJ�QERGLIR�'(W�ZIVI[MKX�����
�
(EW� *EXEPI� HEVER� MWX�� HE�� IW� ZMIPI� 7XYHMSW� FIXVMJJX�� IW� OEYQ� NIQERH� OIRRX�� YRH� IW� WGL[IV� ^Y�
MHIRXMJM^MIVIR�YRH�^Y�JMRHIR�MWX��[IRR�QER�IW�RSGL�RMGLX�OIRRX���7IPFWX�ER�HIV�LIMQMWGLIR�,M*M�
%RPEKI�OERR�IW�ZSVOSQQIR��HE�HMI�8ETI�%YWKÇRKI��HERO�(YFFMRK�SJX�^[IM��EYGL�RYV�TEVEPPIP�
EQ�)MRKERK�HIV�:SVWXYJI�LÇRKIR��
�
2EX²VPMGL�PÇ�X�WMGL�IMR�WSPGLIW�:IVLEPXIR�TIV�1IWWYRK�MHIRXMJM^MIVIR��HE�HIV�/PMVVJEOXSV�EF�GMVGE���
H&Y�HVEQEXMWGL�YRH�YRIV[EVXIX�MR�HMI�,¸LI�WGLRIPPX��%FLMPJI�WGLEJJIR�EYJ�(EYIV�RYV�^[IM�1E��
RELQIR��
�

ã 7IVMIR[MHIVWXÇRHI� MR� HIR� )MRKÇRKIR� ZSR� +IVÇXIR� �[IPGLI� EPW� ,*�*MPXIV� WS[MIWS�
ZSVLERHIR�WIMR�WSPPXIR��EF���O3LQ�

ã 2MIHIVSLQMKI�%YWKÇRKI��[IPGLI�WMGL�ZSR�IRXWTVIGLIRHIV�4IVMTLIVMI�RMGLX�FIIMR�
HVYGOIR�PEWWIR�� �����3LQ��
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&MPH� ��� ^IMKX� IMRIR� 8,(�2�%QTPMXYHIRW[IIT� IMRIW� WSPGLIR�+IVÇXIW�� ZSV� HIV�9QV²WXYRK�QMX�
IMRIQ�7IVMIR[MHIVWXERH�MQ�)MRKERK��-Q�IRXWTVIGLIRHIR�7XYHMS�[YVHIR�EPPIVHMRKW�EYGL�HMI�(%8�
6IOSVHIV� QSHMJM^MIVX�� (E� HMI� %YWKERKW[MHIVWXÇRHI� HMIWIV� +IVÇXI� [MI� IV[ÇLRX� RMGLX� IMRJEGL�
²FIVFV²GOFEV�WMRH��)RXOSTTPYRK�^Y�1YXI�YRH�%YWWXIYIVYRKWER^IMKI���[YVHI�IMRJEGL�IMR�[IMXI�
VIV������MRXIVR�ZSV�HMI�%YWKERKWFYGLWIR�KIWIX^X��(EFIM�^IMKXI�WMGL��HE��[IHIV�*VIUYIR^KERK�
RSGL�6EYWGLEFWXERH�RSGL�/PMVVJEOXSV�MQ�RSVQEPIR�&IXVMIF�IMRI�âRHIVYRK�IVJYLVIR��
�
)MRI� IRKPMWGLI� 7XYHMS^IMXWGLVMJX�
TV²JX�²FVMKIRW�EPPI�+IVÇXI�EYGL�EYJ�
HIR� &IPEWXYRKWJEPP� MQ� EYWKIWGLEP�
XIXIR� >YWXERH�� YQ� IRXWTVIGLIRHI�
%YWVIM�IV� ^Y� FVERHQEVOIR�� (EW�
OERR� EYGL� HIV� %�� &IWMX^IV� NIHIV�
^IMX��-RXIVRIR�+IRIVEXSV[MHIVWXERH�
EYJ�����3LQ��4V²JPMRK�EYWKIWGLEP�
XIX� ERKIWGLPSWWIR�� HEW� %�� %YW�
KERKWOEFIP� EYJ� HIR� )MRKERK� HIW�
%�� WTPMXXIR�� YRH� IMRIR� %QTPM�
XYHIRW[IIT� MQ� 8,(�2� 1SHYW�
WXEVXIR��WS�IRXWXERH�EYGL�&MPH������
�
4IKIPQIWWYRKIR� WMRH� MR� ZMIPIR�
7XYHMSW� ER� (%8� 6IOSVHIVR� IMR�
1Y���HIRR�WXEXX�XIYVIV�4VSJMKIVÇXI�ZIV[IRHIR�ZMIPI�IMRJEGLI�'SRWYQIVKIVÇXI��9RH�HSVX�JILPIR�
QIMWX�^YZIVPÇWWMKI�SHIV�ZIVWXÇRHPMGLI�%RKEFIR�²FIV�HMI�)MR��YRH�%YWKERKWTIKIP��&IM�1IWWYR�
KIR�^IMKX�WMGL��HE��²FPMGLI�,M*M�+IVÇXI�HYVGL�HMI�ZIV[IRHIXIR�(�%�;ERHPIV�IMRI�%VX�7XERHEVH�
QMX� HIR� '(�4PE]IVR� FMPHIR�� ��H&� �:SPPEYWWXIYIVYRK�� IRXWTVMGLX� IMRIQ� %YWKERKWTIKIP� ZSR�
���H&Y�� 4VSJIWWMSRIPPI� +IVÇXI� [MI� HIV� 4EREWSRMG� 7:������ FI^MILIR� MLVIR� %VFIMXWTIKIP� ZSR�
���H&Y�NIHSGL�EYJ�����H&�%R^IMKI��(EQMX�[MVH�1EWXIVMRK�MQ�4ST�&IVIMGL�^YV�5YEP��&IOERRXPMGL�
[IVHIR�EPPI�%YJRELQIR�SLRI�6IWIVZI�FMW�ER���H&�LIVER�EYWKIWXIYIVX��)RXWTVIGLIRH�MWX�FIM�HIV�
;MIHIVKEFI�HIV�4EREWSRMG�HIVEVX�PEYX�����H&Y������H&�!�����H&Y���HE��HIV�8SRXIGLRMOIV�%RKWX�
YQ�WIMRI�VIWXPMGLI�)PIOXVSRMO�FIOSQQX��(E�LMPJX�RYV�IMRI���NIHSGL�PIMGLX�^Y�VIEPMWMIVIRHI���9QV²�
WXYRK�HIV�:IVWXÇVOYRKWZIVLÇPXRMWWI�MR�HIV�%YWKERKWWXYJI��
�
/PMVVJEOXSVQIWWYRKIR�EQ�(%8�WMRH�RMGLX�WSRHIVPMGL�EYJVIKIRH��FMIXIR�EFIV�IMRI�TLERXEWXMWGLI�
1¸KPMGLOIMX��&ERHPEYJ�YRH�%FXEWXYRK�EYJ�*ILPIV�^Y�²FIVTV²JIR��(E^Y�RILQI�QER�IMRIR���O,^�
7MRYW�RELI���H&�EYJ��WTMIPI�MLR�EF�YRH�QIWWI�8,(�2��&IM�;IVXIR�YQ���������MWX�MQ�1SRMXSV�
PEYXWTVIGLIV� HIW� %�� JEWX� RMGLXW� ^Y� L¸VIR�� 9RH� KIREY� HEW� MWX� HIV� 4YROX�� ;IRR� &ERHPEYJ�
YRH�SHIV�/STJXVSQQIP�RMGLX�OSVVIOX�EVFIMXIR��VIEKMIVX�HIV�(%8�QMX�QMRMQEPIR�%YWWIX^IVR�WS[MI�
IMRIV� -RXIVTSPEXMSR�HIV� JILPIRHIR�(EXIR��;EW�RSVQEPIV[IMWI� �NI�REGL�7GL[IVI�HIW�*ILPIVW��WS�
KYX�[MI�RMGLX�^Y�L¸VIR�MWX��SJJIRFEVX�HIV�1SRMXSVQSHYW�HIV�/PMVVJEOXSVQIWWYRK�WGLSRYRKWPSW��
YRH�IVQ¸KPMGLX�HEQMX�IMRI�IMRJEGLI�YRH�WGLRIPPI�I\XIVRI�%REP]WI��SLRI�HEW�+IVÇX�²FIVLEYTX�^Y�
¸JJRIR��

�
Bild 12   Ausgeschalteter Prüfling 
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&ERHQEWGLMRIR�
(EW�8LIQE�&ERHQEWGLMRIR�MWX�HIVEVX�YQJERKVIMGL��HE��28-�IMRI�IMKIRI�%TTPMGEXMSR�2SXI�HE^Y�
LIVEYWKMFX�� -R� MLV�[IVHIR�)MRQIWWIR��;EVXYRK�YRH�(SOYQIRXEXMSR�HIV�1IWWYRKIR�ER�1ILV�
WTYVQEWGLMRIR�QMX�%��YRH�%��FIWGLVMIFIR��7MI�MWX�OSWXIRPSW�IVLÇPXPMGL��
�

*ILPIVWYGLI�YRH�6ITEVEXYV�
(EQMX�WMRH�EFIV�RSGL� PÇRKWX�RMGLX�EPPI�1¸KPMGLOIMXIR�HIV�IJJIOXMZIR�2YX^YRK�HIW�%��FIWGLVMI�
FIR��%PW�[IMXIVIW�&IMWTMIP�WIM�LMIV�EYJ�HMI�TVE\MWKIVIGLXI�2YX^YRK�FIM�*ILPIVWYGLI�YRH�6ITEVEXYV�
ZIV[MIWIR��(E^Y� ZIV[IRHIX�QER�IMRIR�²FPMGLIR�3W^MPPSWOSTXEWXOSTJ� ������YRH�IMRIR�<06�&2'�
%HETXIV�� 7GLSR� LEX� WMGL� HEW� %�� MR� IMRIR� WIPFWXIMRWXIPPIRHIR� 7MKREPZIVJSPKIV� ZIV[ERHIPX�� HIV�
HERO�%YXSVERKMRK��WGLEPXFEVIV�*MPXIV�YRH�[ÇLPFEVIV�)MRLIMX��:SPX�YRH�H&Y�H&:��EPPI�MR�;IVOWXÇX�
XIR�²FPMGLIR�7MKREPZIVJSPKIV�[IMX�LMRXIV�WMGL� PÇ�X��(MIW�KMPX� MRWFIWSRHIVI�J²V�/PMVVJEOXSVQIWWYR�
KIR��(IJIOXI�-'W��FIPMIFX�YRH�WGL[IV�^Y�JMRHIR�WMRH�34�%QTW��HMI�RYV�FIM�7MKREPERVIKYRK�7X¸V�
KIVÇYWGLI� 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�FMPHIX�HEW�%��IMR�FIKIMWXIVRHIW�1I�W]WXIQ��WIM�IW�QMX�SHIV�SLRI�
4'�-RXIVJEGI�� 1MX� MLQ� MWX� HIV� OSQTPIXXI� 7XYHMS�7IVZMGI� EYJ� WGLRIPPI� YRH� OSQJSVXEFPI� ;IMWI�
Q¸KPMGL��(EFIM�EVFIMXIX�HIV�8IGLRMOIV�QMX�RYV�IMRIQ�+IVÇX��[IPGLIW�EPPI�R¸XMKIR�1I�JYROXMS�
RIR�YRXIV�IMRIV�MRXYMXMZ�YRH�IMRJEGL�^Y�FIHMIRIRHIR�3FIVJPÇGLI�ZIVIMRX��(EW�Q²LWIPMKI�9QWXIO�
OIR�ZSR�/EFIPR�YRH�;IGLWIPR�^[MWGLIR�QILVIVIR�+IVÇXIR�IRXJÇPPX��(ERO�LSLIV�1I�KIREYMK�
OIMX�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�%YJPMWXYRK�HIV� VIMRIR�
1I�EVXIR�^Y�&IKMRR�ZIVQMXXIPX�[IRMK�ZSR�HIR�YQJEWWIRHIR��YRMZIVWIPPIR�YRH�WIPFWX�HIR�IVJEL�
VIRIR�1I�XIGLRMOIV�MQQIV�[MIHIV�IVWXEYRIRHIR�1¸KPMGLOIMXIR��
�
(EW�%��[MVH�MR^[MWGLIR�QMX�IMRIV�)V[IMXIVYRK�J²V�HMI�HMKMXEPIR�7MKREPI�REGL�%)7���YRH�-)'����
�74(-*��ERKIFSXIR��(EQMX� WMRH�%REP]WIR�HIW�HMKMXEPIR�(EXIRWXVSQIW��HIW�HMKMXEPIR�%YHMSMRLEP�
XIW��EFIV�EYGL�1IWWYRKIR� MR�IMRIV�KIQMWGLXIR�r�EREPSKIR�YRH�HMKMXEPIR�r�9QKIFYRK�WS�IMR�
JEGL�[MI�HEW�FMWLIVMKI� VIMR�EREPSKI�%VFIMXIR�QMX�HIQ�%��� �(MI�>YWEX^OEVXI�%����[MVH� MR�HEW�
+ILÇYWI�QMX�IMRKIFEYX��YRH�IVPEYFX�EPW�[IMXIVIR�9TKVEHI�IMRI�**8�%REP]WI�MR�ZSPPIV����&MX�5YE�
PMXÇX��>YQ�8LIQE�(MKMXEPSTXMSR�%����KMFX�IW�FIVIMXW�IMRI�%TTPMGEXMSR�2SXI�� MR�HIV�8LISVMI�YRH�
*SVQEX�HMKMXEPIV�7MKREPI�EYWJ²LVPMGL�FILERHIPX�[IVHIR��7MI�MWX�OSWXIRPSW�IVLÇPXPMGL��


