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'LH EHLP 5DNHWHQVWDUW DXIWUHWHQGHQ KRKHQ 6FKDOOSHJHO YRQ
��� G% XQG PHKU VWHOOHQ I�XU GLH 6WUXNWXUDXVOHJXQJ GHU
JUR}q�DFKLJHQ XQG OHLFKWHQ 6RODUJHQHUDWRUHQ HLQHQ NULWL�
VFKHQ /DVWIDOO GDU� 1LFKW ]XOHW]W DXIJUXQG GHU DNXVWLVFKHQ
$QUHJXQJ VSLHOW EHL GHU LP IROJHQGHQ %HLWUDJ YRUJHVWHOO�
WHQ QXPHULVFKHQ 6LPXODWLRQ GLH DG�DTXDWH 0RGHOOLHUXQJ GHU
XPJHEHQGHQ /XIW XQG GHU .RSSOXQJVPHFKDQLVPXV PLW GHU
6WUXNWXU GLH ]HQWUDOH 5ROOH� (EHQVR HQWVFKHLGHQG LVW GLH HI�
p]LHQWH QXPHULVFKH 8PVHW]XQJ GHU DNXVWLVFKHQ $QUHJXQJ
GXUFK HLQ GLoXVHV 6FKDOOIHOG� 'LH .RPELQDWLRQ GHU )LQLWH
(OHPHQW 0HWKRG �)(0� ]XU 0RGHOOLHUXQJ GHU 6WUXNWXU XQG
GHU %RXQGDU\ (OHPHQW 0HWKRG �%(0� ]XU %HVFKUHLEXQJ
GHV )OXLGV KDW VLFK I�XU JHNRSSHOWH $QDO\VHQ EHZ�DKUW� 'HQ�
QRFK LVW HLQH YROO JHNRSSHOWH $QDO\VH UHDOHU 6WUXNXUHQ PLW
PHKUHUHQ WDXVHQG )UHLKHLWVJUDGHQ HLQH UHODWLY

�
WHXUH? $XI�

JDEH� $XIJUXQG GHU HLQIDFKHQ 5HFKWHFNJHRPHWULH GHU 6RODU�
JHQHUDWRUHQ LVW HV MHGRFK P�RJOLFK� GLH DXI >�@ ]XU�XFNJHKHQGH
9DULDWLRQVIRUPXOLHUXQJ GHU LQGLUHNWHQ %(0 I�XU GDV 6FKDOO�
IHOG PLWWHOV JHHLJQHWHU $QVDW]IXQNWLRQHQ LP 6LQQH YRQ 5LW]
KDOEDQDO\WLVFK ]X O�RVHQ�
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$OOH GHP $XWRU EHNDQQWHQ DQDO\WLVFKHQ $UEHLWHQ �XEHU GHQ
)OXLGHLQqX} DXI 3ODWWHQVFKZLQJXQJHQ JHKHQ YRQ GHU $Q�
QDKPH DXV� GD} GLH 3ODWWH LQ HLQH XQHQGOLFK JUR}H� VFKDOO�
KDUWH :DQG HLQJHEDXW �%DsHG� LVW XQG VRPLW GDV DNXVWL�
VFKH 3UREOHP DXI GLH $XVZHUWXQJ GHV 5D\OHLJK�,QWHJUDOV
]XU�XFNJHI�XKUW E]Z� PLW GHQ 0HWKRGHQ GHU )RXULHU�$NXVWLN
EHDUEHLWHW ZHUGHQ NDQQ� 2EZRKO GLH %DsHG �$QQDKPH I�XU
YLHOH $QZHQGXQJVI�DOOH JHUHFKWIHUWLJW VHLQ PDJ� HUP�RJOLFKW
JHUDGH EHL GHU DNXVWLVFKHQ $QUHJXQJ YRQ 6RODUJHQHUDWRUHQ
GHUHQ IUHLHU 5DQG GHQ 'UXFNDXVJOHLFK �

�
DNXVWLVFKHU .XU]�

VFKOX}?� ]ZLVFKHQ 2EHU� XQG 8QWHUVHLWH GHU 3ODWWH� ZDV EH�
VRQGHUV LP WHFKQLVFK LQWHUHVVDQWHQ %HUHLFK XQWHUKDOE GHU
.RLQ]LGHQ]IUHTXHQ] ]X Y�ROOLJ DQGHUHQ DNXVWLVFKHQ 9HUK�DOW�
QLVVHQ I�XKUW� 'LH %HVFKUHLEXQJ GHV 6FKDOOIHOGHV PLWWHOV
GHV .LUFKKRo�+HOPKROW]�,QWHJUDOV HUODXEW GDJHJHQ DXFK GLH
NRUUHNWH /�RVXQJ GHV YRUOLHJHQGHQ 8QEDsHG �3UREOHPV PLW
V�DPWOLFKHQ 5HqHNWLRQV�� 6WUHXXQJV� XQG %HXJXQJVHoHNWHQ�
'LH ,QWHJUDOJOHLFKXQJ LP )UHTXHQ]EHUHLFK NDQQ DXFK DOV
9DULDWLRQVSUREOHP IRUPXOLHUW ZHUGHQ >�@ XQG HV UHVXOWLHUW
GLH )RUGHUXQJ QDFK GHU 6WDWLRQDULW�DW HLQHV )OXLGSRWHQWLDOV
rgI  �� ZREHL GLH 9DULDWLRQ EH]�XJOLFK GHU DNXVWLVFKHQ )UHL�
KHLWVJUDGH LQ )RUP GHV 6FKDOOGUXFNVSUXQJV S DXV]XI�XKUHQ
LVW� :�DKUHQG EHL GHU %(0 DE KLHU ORNDOH $QV�DW]H �XEHU
HOHPHQWEH]RJHQH ,QWHUSRODWLRQVIXQNWLRQHQ 1 I�[�� [�� XQG

GLVNUHWH .QRWHQIUHLKHLWVJUDGH AS

S�[�� [��  1 I�[�� [��AS ���

]XU 'LVNUHWLVLHUXQJ GLHVHU 3RWHQWLDOIXQNWLRQ HLQJHVHW]W ZHU�
GHQ� VLQG I�XU HLQH 5HFKWHFNJHRPHWULH JOREDOH $QVDW]IXQNWLR�

QHQ kPQ�[�� [�� LP 6LQQH YRQ 5LW]

S�[�� [��  
;
PQ

pPQkPQ�[�� [�� ���

PLW IUHLHQ .RHr]LHQWHQ pPQ HLQH JDQJEDUH $OWHUQDWLYH�
�8EHU GDV 3ULQ]LS YRQ +DPLOWRQ NDQQ DXFK GDV 6WUXNWXU�
SUREOHP DOV 9DULDWLRQVDXIJDEH rgV  � DXIJHID}W ZHUGHQ�
'LH 9HUVFKLHEXQJ DOV )UHLKHLWVJUDG GHU 6WUXNWXU ZLUG �XEHU
PRGDOH 6XSHUSRVLWLRQ GHU 9DNXXPPRGHQ jNO�[�� [�� PLW

X�[�� [��  
;
NO

oNOjNO�[�� [�� ���

XQG GHQ PRGDOHQ .RRUGLQDWHQ o DQJHVHW]W� )RUGHUW PDQ
VFKOLH}OLFK GLH 6WHWLJNHLW GHU NLQHPDWLVFKHQ XQG GHU NLQHWL�
VFKHQ 9DULDEOHQ DP )OXLG�6WUXNWXU�.RQWDNW UHVXOWLHUW GDV
OLQHDUH JHNRSSHOWH *OHLFKXQJVV\VWHPx
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'LH HUVWH =HLOH VWHOOW PLW GHU G\QDPLVFKHQ 6WHLpJNHLW x= V  
bn� x0 V � Ln x& V � x. V XQG GHP 9HNWRU GHU PHFKDQLVFKHQ
$QUHJXQJ x) V GLH GLVNUHWH )RUP GHU 6WUXNWXUJOHLFKXQJ GDU�
GLH ]ZHLWH =HLOH PLW GHU $GPLWWDQ]PDWUL[ GHV )OXLGV x$I

XQG GHP 9HNWRU GHU DNXVWLVFKHQ $QUHJXQJ x) I GXUFK H[WHU�
QH 6FKDOOTXHOOHQ GLH GLVNUHWHQ )OXLGJOHLFKXQJHQ� x/ LVW HL�
QH .RSSOXQJVPDWUL[� GLH VRZRKO GLH $QVDW]IXQNWLRQHQ GHU
6WUXNWXU DOV DXFK GLH GHV )OXLGV HQWK�DOW� 'LH JHNRSSHOWH
)(0�%(0�)RUPXOLHUXQJ I�XKUW DXI HLQ *OHLFKXQJVV\VWHP
JOHLFKHU *HVWDOW >�@�
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'LH DNXVWLVFKHQ 9HUK�DOWQLVVH LP +DOOUDXP PLW GHQ YLHO�
IDFKHQ 5HqHNWLRQHQ DQ VFKDOOKDUWHQ :�DQGHQ ODVVHQ VLFK
HLQHUVHLWV GXUFK HLQ PRGDOHV )OXLGPRGHOO GHV +DOOUDXPV
QDFK GHQ *HVLFKWVSXQQNWHQ GHU 5DXPDNXVWLN QDFKELOGHQ�
'D GLHV MHGRFK GLH 'LVNUHWLVLHUXQJ GHV JHVDPWHQ +DOOUDXP�
YROXPHQV �ELV ]X ����P�� QDFK VLFK ]LHKHQ Z�XUGH� LVW HLQ
JOHLFKZHUWLJHV VWRFKDVWLVFKHV 0RGHOO >�@ HUKHEOLFK Hr]LHQ�
WHU� 'DV GLoXVH )HOG ZLUG GDEHL DOV �8EHUODJHUXQJ XQHQGOLFK
YLHOHU� DXV DOOHQ 5DXPULFKWXQJHQ PLW ]XI�DOOLJHU 3KDVH HLQ�
IDOOHQGHU HEHQHU :HOOHQ PRGHOOLHUW� *HP�D} GHU 7KHRULH GHU
VFKZDFK VWDWLRQ�DUHQ� HUJRGLVFKHQ =XIDOOVSUR]HVVH NDQQ HLQH
VWRFKDVWLVFKH $QUHJXQJ LP )UHTXHQ]EHUHLFK �XEHU GLH 0D�
WUL[ GHU VSHNWUDOHQ /HLVWXQJVGLFKWH 6[�n� GHV 6\VWHPHLQ�
JDQJV [ EHVFKULHEHQ ZHUGHQ� %HL UHLQ DNXVWLVFKHU $QUHJXQJ
LVW LP $QUHJXQJVYHNWRU [ QDFK *O� ��� QXU GHU 9HNWRU x) I

HQWKDOWHQ� GHU LP ZHVHQWOLFKHQ GLH 6FKQHOOH GHU HLQIDOOHQGHQ
XQJHVW�RUWHQ 6FKDOOZHOOHQ LP GLoXVHQ 6FKDOOIHOG HQWK�DOW� 'LH
0DWUL[ 6[�n� NDQQ I�XU HLQ LGHDO GLoXVHV 6FKDOOIHOG DQDO\�
WLVFK DQJHJHEHQ ZHUGHQ� 'LH �8EHUWUDJXQJVIXQNWLRQ I�XU HLQ
GLVNUHWHV )(0�%(0�6\VWHP PLW VWRFKDVWLVFKHP (LQJDQJ
ODXWHW

6\�n�  +
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PLW +�n�  =b��n� DOV �8EHUWUDJXQJVPDWUL[ GHV JHNRS�
SHOWHQ 6\VWHPV QDFK *O� ���� $XV GHQ VSHNWUDOHQ /HLVWXQJV�
GLFKWHQ 6\�n� GHV $XVJDQJV ODVVHQ VLFK GLH 506�:HUWH XQG
GDUDXV GLH VWRFKDVWLVFKHQ 9HUWHLOXQJVIXQNWLRQHQ EHUHFKQHQ�
GLH OHW]OLFK LQ 9HUVDJHQVZDKUVFKHLQOLFKNHLWHQ P�XQGHQ� $XFK
I�XU GDV 0RGDO�5LW]�6\VWHP O�D}W VLFK HLQH ]X *O� ��� DQDORJH
)RUP DQJHEHQ�

 !���""��
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,Q $EE� � LVW GLH JHIDOWHWH 6WDUWNRQpJXUDULRQ GHV 6RODUJH�
QHUDWRUV VNL]]LHUW� 1LFKW GDUJHVWHOOW VLQG GLH 1LHGHUKDOWHU

$EELOGXQJ �� 6WDUWNRQpJXUDULRQ GHV 6RODUJHQHUDWRUV

LQ )RUP YRQ VHFKV 6W�DEHQ� GLH GLH I�XQI (LQ]HOSODWWHQ DP
6DWHOOLWHQ �666� p[LHUHQ� 'DV W\SLVFKH )O�DFKHQJHZLFKW GLH�
VHU &).�.RQVWUXNWLRQHQ PLW RoHQHQ 'HFNVFKLFKWHQ XQG
$OX�+RQH\FRPE�&RUH OLHJW EHL FD� � NJ P � LQFO� 6RODU]HO�
OHQ� ,P )UHTXHQ]EHUHLFK ELV ���+] ZXUGHQ �� 6WUXNWXU�
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100.  Spektr. L.-dichte d.Beschleunigung

f  [Hz]

S_y

[g**2/Hz]

A4
A5

$EELOGXQJ �� 6SHNWUDOH /HLVWXQJVGLFKWH EHL $� XQG $�

PRGHQ LGHQWLp]LHUW� $OV $QUHJXQJ ZXUGH ZHL}HV 5DXVFKHQ
LQ 2NWDYE�DQGHUQ JHP�D} GHU 6SH]Lp]LHUXQJ GHU 7U�DJHUUD�
NHWH DXIJHEUDFKW� (LQH JHNRSSHOWH )(0�%(0�$QDO\VH PLW
GHQ 3URJUDPPV\VWHPHQ 06&�1$675$1 XQG /06�6<6�
12,6( QDFK 0D}JDEH YRQ *O� ��� UHVXOWLHUW LQ GHU VSHNWUD�
OHQ /HLVWXQJVGLFKWH GHU %HVFKOHXQLJXQJ DQ GHQ LQ $EE� �
PDUNLHUWHQ 3XQNWHQ $� XQG $�� DXVJHGU�XFNW LQ J� +] PLW
J  ���� P  V �� 'DEHL ZXUGH HLQH PRGDOH %DVLV YRQ ��� 9D�
NXXPPRGHQ I�XU GLH 6WUXNWXU YHUZHQGHW� $XV .RQYHUJHQ]�
WHVWV LP 9RUIHOG HUJDE VLFK IHUQHU HLQ )OXLGQHW] PLW ����
)UHLKHLWVJUDGHQ� 'LH &38�=HLW I�XU HLQHQ )UHTXHQ]VFKULWW
EHWU�DJW EHL GLHVHU 'LVNUHWLVLHUXQJ PHKU DOV � K DXI HLQHP
5,6&���������0+] 3UR]HVVRU�

* +�
,(��� ��� ��

'LH ,PSOHPHQWLHUXQJ GHV 0RGDO�5LW]�9HUIDKUHQV QDFK
*O� ��� LQ HLQHP VSH]LHOO HQWZLFNHOWHQ $QZHQGXQJVSUR�
JUDPP PLW JUDSKLVFKHU (LQ� XQG $XVJDEH HUODXEW GLH JH�
NRSSHOWH %HUHFKQXQJ YRQ 3ODWWHQVFKZLQJXQJHQ PLW PHFKD�

QLVFKHU RGHU DNXVWLVFKHU $QUHJXQJ JHP�D} *O� ���� 'D I�XU GLH
KRKHQ &38�=HLWHQ GHV OHW]WHQ $EVFKQLWWV MHGRFK NODU GHU
DNXVWLVFKH %(0�7HLO GHV *OHLFKXQJVV\VWHPV YHUDQWZRUWOLFK
LVW� ZXUGH ]XU �8EHUSU�XIXQJ GHU .RQYHUJHQ]JHVFKZLQGLJNHLW
HLQ XQJHNRSSHOWHV 6WUHXXQJVSUREOHP EHWUDFKWHW� (LQH TXD�
GUDWLVFKH G�XQQH� VWDUUH 3ODWWH PLW .DQWHQO�DQJH D  �P
ZXUGH PLW HLQHU VHQNUHFKW HLQIDOOHQGHQ� HEHQHQ 6FKDOOZHOOH
EHDXIVFKODJW� $EE� � ]HLJW GHQ 6FKDOOGUXFNVSUXQJ S LP =HQ�
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$EELOGXQJ �� 5LW]�$QVDW] LP 9HUJOHLFK PLW LQGLUHNWHU %(0

WUXP GHU 3ODWWH ZLH HU DXV GHP 5LW]�9HUIDKUHQ PLW GHP
$QVDW] *O� ��� UHVXOWLHUW YHUJOLFKHQ PLW (UJHEQLVVHQ DXV
HLQHU XQJHNRSSHOWHQ %(0�$QDO\VH PLW ELOLQHDUHQ $QVDW]�
IXQNWLRQHQ� (V ZLUG GHXWOLFK� GD} GLH )DXVWUHJHO VHFKV ELOL�
QHDUH (OHPHQWH SUR :HOOHQO�DQJH GHU K�RFKVWHQ )UHTXHQ] ]X
YHUZHQGHQ� EHL 6WHXXQJVSUREOHPHQ DQ G�XQQHQ 6WUXNWXUHQ
QLFKW JLOW� 'LH 'LVNUHWLVLHUXQJ PLW ��d �� (OHPHQWHQ E]Z�
���� .QRWHQ EHQ�RWLJW SUR )UHTXHQ]VFKULWW DXI R�J� +DUG�
ZDUH ��� V XQG NRQYHUJLHUW QDFK $EE� � QXU ELV FD� ����+]
�ND } ���� ZRUDXV VLFK HLQ PRGLp]LHUWHV .ULWHULXP YRQ HW�
ZD �� ELOLQHDUHQ (OHPHQWHQ SUR :HOOHQO�DQJH HUJLEW� 6HW]W
PDQ I�XU GDV 5LW]�9HUIDKUHQ HLQH REHUH )UHTXHQ]VFKUDQNH
YRQ ����+]� VLQG ]XU .RQYHUJHQ] �� )UHLKHLWVJUDGH pPQ
XQG GDPLW QXU � V SUR )UHTXHQ]VFKULWW HUIRUGHUOLFK�

- ��������

,Q $EE� � VLQG GLH 5LW]�(UJHEQLVVH �GXUFKJHKHQGH /LQLH� ED�
VLHUHQG DXI ��� )UHLKHLWVJUDGHQ GDUJHVWHOOW� ZRPLW .RQYHU�
JHQ] ELV FD� ����+] HU]LHOW ZHUGHQ NDQQ� 'DV HQWVSULFKW HL�
QHU +HOPKROW]�=DKO YRQ ND } ��� HLQ %HUHLFK� GHU PLW %(0�
9HUIDKUHQ EHL YHUWUHWEDUHP $XIZDQG ELVKHU QLFKW DEJHGHFNW
ZHUGHQ NRQQWH XQG GHVKDOE GHU 6WDWLVWLFDO (QHUJ\ $QDO\VLV
�6($� YRUEHKDOWHQ ZDU� 9DULDWLRQVYHUIDKUHQ N�RQQHQ VR LQ
GHU $NXVWLN QLFKW QXU DOV ZHUWYROOH *UXQGODJH I�XU GLVNUH�
WLVLHUHQGH 0HWKRGHQ ZLH GHU %(0 GLHQHQ� 9LHOPHKU ODVVHQ
VLFK DXI GLHVHU %DVLV EHL HQWVSUHFKHQGHU *HRPHWULH DXFK JH�
ZLQQEULQJHQG JOREDOH 5LW]DQV�DW]H YHUZHQGHQ XQG �DX}HUVW
Hr]LHQW XPVHW]HQ�
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>�@ & R\HW W H� -��3�� /HF RP W H� & � XQG 0 HHU EHU JHQ�

. �� $Q HrFLHQW QXPHULFDO SURFHGXUH IRU DSSUR[LPDWLQJ
DFRXVWLF GLoXVH pHOGV� ,Q� 3URF� )LIWK ,QWHUQDWLRQDO &RQ�
JUHVV RQ 6RXQG DQG 9LEUDWLRQ� $GHODLGH� $XVWUDOLD �'H�
]HPEHU ������

>�@ +DP GL� 0 � $�� )RUPXODWLRQ YDULDWLRQHOOH SDU HTXDWLRQV
LQWwHJUDOHV SRXU OH FDOFXO GH FKDPSV DFRXVWLTXHV OLQwHDLUHV
SURFKHV HW ORLQWDLQV� 'LVVHUWDWLRQ� 8QLYHUVLWwH GH &RP�
SLvHJQH �������


