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��� (LQOHLWXQJ�
�
'LHVHU� 9HUVXFK� VROO� ,KQHQ� HLQHQ� (LQEOLFN� LQ� GLH� 0|JOLFKNHLWHQ� HLQHV� 1HXWURQHQ�
GLIIUDNWRPHWHUV� JHEHQ� XQG� 6LH� PLW� *UXQGEHJULIIHQ� GHU� (LJHQVSDQQXQJVDQDO\VH� XQG� GHU�
'LIIUDNWLRQ�YHUWUDXW�PDFKHQ����
0HFKDQLVFKH�6SDQQXQJHQ�LQ�)HVWN|USHUQ�VLQG��EHU�GLH�HODVWLVFKHQ�0DWHULDOHLJHQVFKDIWHQ�PLW�
GHQ� HODVWLVFKHQ� 'HKQXQJHQ� YHUNQ�SIW�� G�K�� HV� lQGHUQ� VLFK� GLH� $EVWlQGH� XQG� UHODWLYHQ�
3RVLWLRQHQ� GHU� *LWWHUSXQNWH� HLQHV� .ULVWDOOV�� 0LW� %HXJXQJVPHWKRGHQ� N|QQHQ�
1HW]HEHQHQDEVWlQGH� lX�HUVW� JHQDX� YHUPHVVHQ�ZHUGHQ� XQG�'HKQXQJHQ� XQG� 6SDQQXQJHQ� LP�
0DWHULDO� EHVWLPPW� ZHUGHQ�� +LHUEHL� NDQQ� PDQ� PLW� 1HXWURQHQGLIIUDNWLRQ� DXIJUXQG� GHU�
JHJHQ�EHU� 5|QWJHQVWUDKOXQJ� JUXQGVlW]OLFK� DQGHUHQ� 6WUHXPHFKDQLVPHQ� VHKU� YLHO� WLHIHU� LQ�
0DWHULDOLHQ� HLQGULQJHQ� XQG� 6SDQQXQJVWLHIHQSURILOH� HUKDOWHQ�� 'LH� $XVZHUWXQJ� XQG�
,QWHUSUHWDWLRQ� GHU� GLIIUDNWRPHWULVFKHQ� 'HKQXQJV�� XQG� 6SDQQXQJVEHVWLPPXQJ� HUIRUGHUW�
JUXQGVlW]OLFKH�.HQQWQLVVH��EHU�'HILQLWLRQHQ�XQG�=XVDPPHQKlQJH�GHU�(ODVWL]LWlWVWKHRULH��GLH�
LP� )ROJHQGHQ� QlKHU� HUOlXWHUW� ZHUGHQ�� $XI� HLQH� (LQI�KUXQJ� LQ� GLH� 1HXWURQHQVWUHXXQJ� DQ�
SRO\NULVWDOOLQHQ� 3UREHQ� �%UDJJ�6WUHXXQJ�� ZLUG� KLHU� ZHLWHVWJHKHQG� YHU]LFKWHW� XQG� DXI�
HQWVSUHFKHQGH�/LWHUDWXU�YHUZLHVHQ�>���@��
�
��� *UXQGODJHQ�
�
6SDQQXQJHQ�XQG�'HKQXQJHQ�
,QQHUKDOE� HLQHV�0DWHULDOV� �EHQ� EHQDFKEDUWH�0DWHULDOJHELHWH� .UlIWH� DXIHLQDQGHU� DXV�� GD� VLH�
VLFK� EHL� (UZlUPXQJ�� 3KDVHQXPZDQGOXQJ� RGHU� 9HUIRUPXQJ� XQWHUVFKLHGOLFK� DXVGHKQHQ� XQG�
VRPLW� JHJHQVHLWLJ� EHKLQGHUQ�� 8P� GLH� .RQWLQXLWlW� GHV� 0DWHULDOV� ]X� HUKDOWHQ� VLQG� .UlIWH�
QRWZHQGLJ� GLH� GLHVH�'HKQXQJVLQNRPSDWLELOLWlWHQ� DXVJOHLFKHQ��'LH� 6WlUNH� GLHVHU� HODVWLVFKHQ�
:HFKVHOZLUNXQJ� ]ZLVFKHQ� EHQDFKEDUWHQ�*HELHWHQ�ZLUG� GXUFK� GHQ� %HJULII� GHU� 6SDQQXQJHQ�
EHVFKULHEHQ��

��
$EE�����=XU�'HILQLWLRQ�GHV�6SDQQXQJVWHQVRUV��
�
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=XU�'HILQLWLRQ�GHU�6SDQQXQJHQ�EHWUDFKWHW�PDQ�HLQ�NOHLQHV�9ROXPHQ�LQQHUKDOE�GHV�0DWHULDOV�
�$EE������'LH�GLUHNWH�8PJHEXQJ��EW�.UlIWH�DXI�GLH�2EHUIOlFKH�GLHVHV�(OHPHQWV�DXV��'LH�.UDIW�
)�DXI�HLQH�)OlFKH�$� LVW�SURSRUWLRQDO�]XP�)OlFKHQLQKDOW�XQG�KlQJW�YRQ�GHU�)OlFKHQODJH��DOVR�
GHP�1RUPDOHQYHNWRU�P�DE�VRZLH�YRP�%HODVWXQJV]XVWDQG�GHV�0DWHULDOV��'LHVH�.UDIW�VROO�QXQ�
QHEHQ�GHP�1RUPDOHQYHNWRU��GHU�GLH�/DJH�EHVFKUHLEW��GXUFK�*U|�HQ�DXVJHGU�FNW�ZHUGHQ��GLH�
QLFKW� PHKU� YRQ� GHU� /DJH� GHV� )OlFKHQHOHPHQWV� DEKlQJHQ�� VRQGHUQ� QXU� QRFK� YRP�
%HODVWXQJV]XVWDQG� GHV� 0DWHULDOV�� 'LHVH� *U|�HQ� ZHUGHQ� GLH� .RPSRQHQWHQ� σLM� GHV�
6SDQQXQJVWHQVRUV�VHLQ��GHVVHQ�'HILQLWLRQ�ODXWHW�
�

$
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'LH� ,QGL]HV� GHU� 6SDQQXQJHQ� σLM� VLQG� MHZHLOV� EHVWLPPWHQ� 5DXPULFKWXQJHQ� ]XJHRUGQHW� XQG�
YHUKDOWHQ�VLFK�EHL�'UHKXQJHQ�ZLH�GLH�,QGL]HV�HLQHV�9HNWRUV��6LH�ELOGHQ�GDPLW�HLQHQ�7HQVRU����
6WXIH�PLW���.RPSRQHQWHQ���
'XUFK�GDV�$XIWUHWHQ�GHU�6SDQQXQJHQ�ZLUG�HLQ�5DXPSXQNW�[�HLQH�9HUVFKLHEXQJ�X�[��XQG�GDV�
0DWHULDO� HLQHQ� 'HKQXQJ� HUIDKUHQ�� %HLGH� ZHUGHQ� LP� )ROJHQGHQ� DOV� NOHLQ� DQJHQRPPHQ�� ,P�
HLQGLPHQVLRQDOHQ�)DOO��]�%��6DLWH�PLW�GHU�/lQJH�/���LVW�GLH�'HKQXQJ�GHILQLHUW�DOV�ε�[�� �GX�G[��
:HQQ�H�KRPRJHQ�LVW�JLOW��
�
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,P� GUHLGLPHQVLRQDOHQ� )DOO� EHVFKUHLEW� GHU� 'HKQXQJVWHQVRU� εNO� GLH� bQGHUXQJ� XQG� )RUP� GHV�
9ROXPHQV�HLQHV�9ROXPHQHOHPHQWV�XQG�ELOGHW�HEHQIDOOV�HLQHQ�V\PPHWULVFKHQ�7HQVRU����6WXIH�
PLW���.RPSRQHQWHQ��'LH�%HWUlJH�XQG�9RU]HLFKHQ�GHU�HLQ]HOQHQ�.RPSRQHQWHQ�KlQJHQ�L��$��
YRQ�GHU�:DKO�GHV�.RRUGLQDWHQV\VWHPV�DE��EH]�JOLFK�GHVVHQ�VLH�GDUJHVWHOOW�ZHUGHQ��:HJHQ�GHU�
6\PPHWULH�σLM� �σML�E]Z��εNO� �εON�VLQG�MHZHLOV�QXU���GHU���.RPSRQHQWHQ�XQDEKlQJLJ�XQG�GDPLW�
DXVUHLFKHQG�]XU�%HVFKUHLEXQJ�GHV�6SDQQXQJV��E]Z��'HKQXQJV]XVWDQGHV��
�
(ODVWLVFKH�0DWHULDOHLJHQVFKDIWHQ�
6REDOG� 6SDQQXQJHQ�� GHQHQ� HLQ� 0DWHULDO� XQWHUOLHJW�� HQWIHUQW� ZHUGHQ� UHOD[LHUW� HLQ� 7HLO� GHU�
GXUFK� VLH� KHUYRUJHUXIHQHQ�'HKQXQJHQ��'LHVHU�$QWHLO�ZLUG� DOV� HODVWLVFKH�'HKQXQJVDQWHLO�εHO�
EH]HLFKQHW��GHU�YHUEOHLEHQGH�$QWHLO�DOV�SODVWLVFKH�'HKQXQJ�εSO���
�

�� SOHO εεε += �
�
6RODQJH�GLH�6SDQQXQJHQ�GLH�(ODVWL]LWlWVJUHQ]H�QLFKW��EHUVFKUHLWHQ�XQG�GLH�'HKQXQJHQ�NOHLQ�
VLQG�'HKQXQJHQ�XQG�6SDQQXQJHQ�OLQHDU�]XHLQDQGHU��'LHV�ZLUG�GXUFK�GDV�+RRNH¶VFKH�*HVHW]�
EHVFKULHEHQ��)�U�GHQ�HLQGLPHQVLRQDOHQ�)DOO�JLOW�
�

εσ (= �� � PLW�(�����(ODVWL]LWlWVPRGXO�LQ�>03D@�E]Z��>1�PP�@�
�

'LH� DOOJHPHLQH� ��GLP�� OLQHDUH� %H]LHKXQJ� ]ZLVFKHQ� 6SDQQXQJV�� XQG� 'HKQXQJVWHQVRU� LVW�
JHJHEHQ�� ZHQQ� MHGH� 6SDQQXQJVNRPSRQHQWH� YRQ� MHGHU� GHU� QHXQ� 'HKQXQJVNRPSRQHQWHQ�
DEKlQJW�XQG�XPJHNHKUW��+LHUGXUFK�ZLUG�GHU�6WHLILJNHLWVWHQVRU�FLMNO��HLQ�7HQVRU����6WXIH�PLW����.RPSRQHQWHQ��GHILQLHUW���
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$XIJUXQG� YRQ� 6\PPHWULHEHGLQJXQJHQ� UHGX]LHUW� VLFK� GLH� $Q]DKO� GHU� .RPSRQHQWHQ� GHV�
6WHLILJNHLWVWHQVRUV�DXI�����'LHVH�=DKO�ZLUG�GXUFK�6\PPHWULHHLJHQVFKDIWHQ�GHV�.ULVWDOOJLWWHUV�
ZHLWHU� UHGX]LHUW�� ,P�)DOOH�HLQHV�HODVWLVFK� LVRWURSHQ��NXELVFKHQ�*LWWHUV�JLEW�HV�QXU�QRFK�]ZHL�
.RPSRQHQWHQ� � �DXI� HLQH� JHQDXH� $EOHLWXQJ� ZLUG� KLHU� YHU]LFKWHW�� V�D�� >���@��� 'DV� 9HUKDOWHQ�
HODVWLVFK� LVRWURSHU�.|USHU�NDQQ�VR�]�%��GXUFK�GHQ�(�0RGXO�XQG�GLH�4XHUNRQWUDNWLRQV]DKO�ν�
EHVFKULHEHQ�ZHUGHQ��
�
�
(QWVWHKXQJ�XQG�(LQWHLOXQJ�YRQ�(LJHQVSDQQXQJHQ�
(LJHQVSDQQXQJHQ� VLQG� PHFKDQLVFKH� 6SDQQXQJHQ�� GLH� LQ� HLQHP� DEJHVFKORVVHQHQ� 6\VWHP�
YRUOLHJHQ�� DXI� GDV�ZHGHU� lX�HUH�.UlIWH� QRFK�0RPHQWH�ZLUNHQ��$XV� GLHVHU�'HILQLWLRQ� IROJW�
XQPLWWHOEDU��GDVV�VLFK�GLH�DXV�GHQ�(LJHQVSDQQXQJHQ�UHVXOWLHUHQGHQ�.UlIWH�XQG�0RPHQWH� LP�
PHFKDQLVFKHQ�*OHLFKJHZLFKW�EHILQGHQ��(LJHQVSDQQXQJHQ�VLQG�LPPHU�HLQH�)ROJH�LQKRPRJHQ�
YHUWHLOWHU�HODVWLVFKHU�XQG�HODVWLVFK�SODVWLVFKHU�9HUIRUPXQJHQ�LP�:HUNVWRII��(QWVSUHFKHQG�GHQ�
XQWHUVFKLHGOLFKHQ� DQJHZDQGWHQ� WHFKQLVFKHQ� +HUVWHOOXQJV�� XQG� %HDUEHLWXQJVYHUIDKUHQ�
HQWVWHKHQ�FKDUDNWHULVWLVFKH�(LJHQVSDQQXQJV]XVWlQGH��,Q�GHQ�,QJHQLHXUZLVVHQVFKDIWHQ��ZHUGHQ�
GDKHU� RIW� (LJHQVSDQQXQJHQ� XUVDFKHQEH]RJHQ� NODVVLIL]LHUW�� �0DQ� VSULFKW� ]�%�� XQWHU� DQGHUHP�
YRQ�6FKZHL�HLJHQVSDQQXQJHQ��%HDUEHLWXQJVHLJHQVSDQQXQJHQ�RGHU�8PIRUPHLJHQVSDQQXQJHQ���
�

8P� GLHVH� (LJHQVSDQQXQJHQ� JUXQGOHJHQG� ]X� EHWUDFKWHQ�� KDW� HV� VLFK� DOV� VLQQYROO� HUZLHVHQ��
GLHVH� (LJHQVSDQQXQJHQ� QLFKW� XUVDFKHQEH]RJHQ� ]X� NODVVLIL]LHUHQ� VRQGHUQ� QDFK��
(LJHQVSDQQXQJHQ�,���,,��XQG�,,,��$UW�]X�XQWHUVFKHLGHQ�XQG�ORNDO�YRUOLHJHQGH�(LJHQVSDQQXQJHQ�
σ(6�DOV�GHUHQ�6XPPH�JHPl��
�

 σ (6 �σ (6,�� σ�(6,,���σ�(6,,,�
�

DQ]XJHEHQ���
�
,Q�GHU�5HJHO�ZHUGHQ�LQ�GHU�/LWHUDWXU�(LJHQVSDQQXQJHQ�,��$UW�DOV�0DNURHLJHQVSDQQXQJHQ�XQG�
(LJHQVSDQQXQJHQ�,,��XQG�,,,��$UW�DOV�0LNURHLJHQVSDQQXQJHQ�EH]HLFKQHW��(LJHQVSDQQXQJHQ�,��
$UW�NRPPHQ�QLH�LQ�UHLQHU�)RUP�YRU��VRQGHUQ�VLQG�LPPHU�PLW�(LJHQVSDQQXQJHQ�,,��XQG�,,,��$UW�
�EHUODJHUW�� GLH� EHL� HLQHU� PDNURVNRSLVFKHQ� %HWUDFKWXQJ� MHGRFK� HLQH� XQWHUJHRUGQHWH� 5ROOH�
VSLHOHQ���
$EE�� �� JLEW� VFKHPDWLVFK� GLH� QDFK� GLHVHU� 'HILQLWLRQ� LQ� GHQ� HLQ]HOQHQ� .ULVWDOOLWHQ� HLQHV�
YLHONULVWDOOLQHQ�:HUNVWRIIV� YRUOLHJHQGHQ� 9HUKlOWQLVVH� ZLHGHU�� (LJHQVSDQQXQJHQ� ,�� $UW� VLQG�
GHPQDFK� DOV� 0LWWHOZHUWH� GHU� ORNDO� YRUOLHJHQGHQ� LQKRPRJHQHQ� (LJHQVSDQQXQJHQ� �EHU�
KLQUHLFKHQG� YLHOH� .|UQHU� �HLQNULVWDOOLQHU� %HUHLFK� LQQHUKDOE� HLQHV� )HVWN|USHUV�� ]X� YHUVWHKHQ�
XQG�VLQG�HLQH�)ROJH�JUR�YROXPLJHU�'HIRUPDWLRQVLQNRPSDWLELOLWlWHQ��(LJHQVSDQQXQJHQ�,,��$UW�
VWHOOHQ�GLH�$EZHLFKXQJ�]ZLVFKHQ�GHQ�I�U�LQGLYLGXHOOH�.|UQHU�RGHU�.RUQEHUHLFKH�EHVWLPPWHQ�
(LJHQVSDQQXQJVPLWWHOZHUWHQ� XQG� GHQ� (LJHQVSDQQXQJHQ� ,�� $UW� GDU�� 6LH� VLQG� DXI�
'HIRUPDWLRQVLQNRPSDWLELOLWlWHQ� ]ZLVFKHQ� HLQ]HOQHQ� .|UQHUQ� RGHU� .RUQEHUHLFKHQ�
]XU�FN]XI�KUHQ�� (LJHQVSDQQXQJHQ� ,,,�� $UW� HQWVSUHFKHQ� GHQ� 6FKZDQNXQJHQ� GHU� ZDKUHQ�
|UWOLFKHQ�(LJHQVSDQQXQJHQ�XP�GHQ�MHZHLOLJHQ�:HUW�GHU�6XPPH�GHU�(LJHQVSDQQXQJHQ�,��XQG�
,,��$UW��(QWVFKHLGHQGH�:HUNVWRIIDEPHVVXQJ�I�U�GLHVH�'LIIHUHQ]LHUXQJ�LVW�DOVR�GLH�.RUQJU|�H�
GHV�EHWUDFKWHWHQ�:HUNVWRIIV�RGHU�HLQ�QLFKW�QlKHU�GHILQLHUWHU�7HLOEHUHLFK�GLHVHU�.|UQHU���
�
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�
$EE����±�6FKHPDWLVFKH�9HUWHLOXQJ�YRQ�(LJHQVSDQQXQJHQ�,���,,��XQG�,,,��$UW�LQ�HLQHP�KRPRJHQHQ�
�HLQSKDVLJHQ��:HUNVWRII���
�
%HL�GHU�GLIIUDNWRPHWULVFKHQ�(LJHQVSDQQXQJVDQDO\VH�YHUXUVDFKHQ�GLH�(LJHQVSDQQXQJHQ�,��XQG�
,,�� $UW� HLQH� ,QWHUIHUHQ]OLQLHQYHUVFKLHEXQJ�� ZlKUHQG� GLH� (LJHQVSDQQXQJHQ� ,,,�� $UW� OHGLJOLFK�
GXUFK�HLQH�%UDJJUHIOH[YHUEUHLWHUXQJ�LGHQWLIL]LHUW�ZHUGHQ�N|QQHQ���
$EE����EHVFKUHLEW�LQ�$QOHKQXQJ�DQ�$EE����VFKHPDWLVFK�GLH�EHL�HLQHP�]ZHLSKDVLJHQ�:HUNVWRII�
PLW� GHQ� 3KDVHQ� $� XQG� %� YRUOLHJHQGHQ� 9HUKlOWQLVVH�� ,P� 8QWHUVFKLHG� ]X� HLQSKDVLJHQ�
:HUNVWRIIHQ�WUHWHQ�GRUW�SKDVHQVSH]LILVFKH�(LJHQVSDQQXQJHQ�,,��$UW�XQG�,,,��$UW�DXI��ZlKUHQG�
GLH�(LJHQVSDQQXQJHQ�,��$UW�DOV�0LWWHOZHUWH��EHU�LP�9HUJOHLFK�]X�GHQ�.ULVWDOOLWDEPHVVXQJHQ�
GHU�3KDVHQ�VHKU�YLHO�JU|�HUH�%HUHLFKH�GHILQLWLRQVJHPl��SKDVHQXQDEKlQJLJ�VLQG���
:LFKWLJ� I�U� GLIIUDNWRPHWULVFKH� 6SDQQXQJVDQDO\VH� LVW� LQ� GLHVHP� )DOO�� GDVV� GLH� 0HVVXQJ�
SKDVHQVHOHNWLY�LVW���'DKHU�VLQG�ZHGHU�GLH�(LJHQVSDQQXQJHQ�,��$UW�QRFK�GLHMHQLJHQ�,,��$UW�HLQHU�
0HVVXQJ� GLUHNW� ]XJlQJOLFK�� 9LHOPHKU� ZHUGHQ� XQPLWWHOEDU� QXU� GLH� SKDVHQVSH]LILVFKHQ�
(LJHQVSDQQXQJHQ�σ(63�$�XQG�σ(63�%�GHU�EHLGHQ�3KDVHQ�$�XQG�%�JHPHVVHQ��6LH�VHW]HQ�VLFK��ZLH�
DXV� $EE�� �� KHUYRUJHKW�� DXV� GHQ� (LJHQVSDQQXQJHQ� ,�� $UW� VRZLH� GHQ� 0LWWHOZHUWHQ� GHU�
(LJHQVSDQQXQJHQ�,,��$UW�]XVDPPHQ�>�@��
�
�

��
$EE����±�hEHUODJHUXQJ�YRQ�(LJHQVSDQQXQJHQ�,��,,��XQG�,,,��$UW�LQ�HLQHP�]ZHLSKDVLJHQ�:HUNVWRII�PLW�
GHQ�3KDVHQ�$�XQG�%��VFKHPDWLVFK���
�
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*UXQGJOHLFKXQJ�GHU�(LJHQVSDQQXQJVDQDO\VH�PLWWHOV�%HXJXQJVPHWKRGHQ�
*LWWHUDEVWlQGH� N|QQHQ� LQ� NULVWDOOLQHQ� RGHU� WHLONULVWDOOLQHQ� )HVWN|USHU� VHKU� SUl]LVH� PLW�
%HXJXQJVPHWKRGHQ�JHPl��GHU�%UDJJ¶VFKHQ�*OHLFKXQJ���
�
 λ� ��GKNOVLQθKNO���
�
EHVWLPPW�ZHUGHQ��'LHVH� YHUNQ�SIW� GLH�:HOOHQOlQJH�λ� GHU� HLQIDOOHQGHQ�1HXWURQHQ�PLW� GHP�
JHPHVVHQHQ�%HXJXQJVZLQNHO��θKNO�XQG�GHQ�$EVWlQGHQ�GHU�*LWWHUHEHQHQ�GHU�.ULVWDOOLWH��GKNO��
-HGH� ,QWHUIHUHQ]OLQLH� HLQHV� %HXJXQJVELOGHV� NDQQ� VRPLW� HLQHU� *LWWHUHEHQHQVFKDU� XQG� HLQHP�
*LWWHUHEHQHQDEVWDQG� ]XJHRUGQHW� ZHUGHQ�� 'LH� 0HVVULFKWXQJ� LQ� GHUHQ� 5LFKWXQJ� GHU�
*LWWHUHEHQHQDEVWDQG�EHVWLPPW�ZLUG��VWHKW�MHZHLOV�VHQNUHFKW�DXI�GHU�(EHQHQVFKDU��$EE������
'XUFK�PHFKDQLVFKH�6SDQQXQJHQ�ZHUGHQ�GLH�*LWWHUHEHQHQDEVWlQGH�HWZDV�YDULLHUW��VR�GDVV�VLFK�
GLH�,QWHUIHUHQ]OLQLHQ�YHUVFKLHEHQ��$EE�����
�

�
$EE�� �� ±� 3ULQ]LSLHOOH� $QRUGQXQJ� I�U� HLQ� ([SHULPHQW� ]XU� (LJHQVSDQQXQJVDQDO\VH� PLWWHOV�
1HXWURQHQGLIIUDNWRPHWULH��'LH�UlXPOLFKH�$XIO|VXQJ�ZLUG�GXUFK�%HJUHQ]XQJ�GHV�HLQIDOOHQGHQ�XQG�GHV�
XP� GHQ� :LQNHO� �θ  JHEHXJWHQ� 1HXWURQHQVWUDKOV� PLWWHOV� IHLQ� MXVWLHUEDUHU� %OHQGHQ� HUUHLFKW�� 'HU�
6FKQLWWSXQNW� GLHVHU� 6WUDKOHQ� GHILQLHUW� GDQQ� GDV� 6WUHXYROXPHQ��0LW�+LOIH� HLQHV� FRPSXWHUJHVWHXHUWHQ�
;<=�7LVFKHV� NDQQ� GDQQ� MHGH� 3RVLWLRQ� LQ� GHU� 3UREH� LQ� GDV� 6WUHXYROXPHQ� JHEUDFKW� XQG� XQWHUVXFKW�
ZHUGHQ��
�
�

'HWHNWRU

0HVVYROXPHQ

3ULPlUEOHQGH

1HXWURQHQVWUDKO

6HNXQGlUEOHQGH

�θ
3UREH

0HVVULFKWXQJ�

'HWHNWRU

0HVVYROXPHQ

3ULPlUEOHQGH

1HXWURQHQVWUDKO

6HNXQGlUEOHQGH

�θ
3UREH

0HVVULFKWXQJ�
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�
$EE����±��D��'HILQLWLRQ�YRQ�PDNURVNRSLVFKHQ�'HKQXQJHQ�XQG�*LWWHUGHKQXQJHQ���E��=X��JHK|ULJH�
,QWHUIHUHQ]OLQLHQYHUVFKLHEXQJ�
�
'XUFK� GLH� 0HVVXQJ� HLQHV� XQYHUVSDQQWHQ� *LWWHUV� HUKlOW� PDQ� HLQHQ� �θ��:HUW�� GHQ� VRJ��
5HIHUHQ]ZHUW��$XV�GHQ�bQGHUXQJHQ�GHU� ,QWHUIHUHQ]OLQLHQODJHQ�GHV�YHUVSDQQWHQ� UHODWLY� � ]XP�
XQYHUVSDQQWHQ� *LWWHU� ODVVHQ� VLFK� GLH� *LWWHUGHKQXQJHQ� KNO

ψϕε � � EHVWLPPWHU� 1HW]HEHQHQ� ^KNO`�
GLUHNW�EHUHFKQHQ�����
�

�VLQ
VLQ �

�
��

� −=
−

=
θ
θ

ε ψϕ
ψϕ G

GGKNO �
�
$XV� GHQ� LQ� YHUVFKLHGHQHQ� 5LFKWXQJHQ� JHPHVVHQHQ� *LWWHUGHKQXQJVNRPSRQHQWHQ� NDQQ� � GHU�
GUHLGLPHQVLRQDOH� (LJHQVSDQQXQJV]XVWDQG� PLW� +LOIH� GHV� YHUDOOJHPHLQHUWHQ� +RRNH¶VFKHQ�
*HVHW]HV� EHUHFKQHW� ZHUGHQ�� ZHQQ� HLQH� UHJHOORVH� 2ULHQWLHUXQJVYHUWHLOXQJ� GHU� .ULVWDOOLWH�
�4XDVLLVRWURSLH�� YRUOLHJW�� 'DV� LVW� GDV� *UXQGSULQ]LS� GHU� 6SDQQXQJVHUPLWWOXQJ� PLWWHOV�
%HXJXQJVYHUIDKUHQ�� (V� NDQQ� LQ� GLHVHP� )DOOH� JOHLFKHUPD�HQ� I�U� /DVW�� ZLH� DXFK� I�U�
(LJHQVSDQQXQJVEHVWLPPXQJHQ�DQJHZDQGW�ZHUGHQ��

�$EE����±�.RRUGLQDWHQV\VWHP�]XU�0HVVXQJ�YRQ�(LJHQVSDQQXQJHQ�
�
'HU� =XVDPPHQKDQJ� ]ZLVFKHQ�� GHU� GXUFK�1HXWURQHQEHXJXQJ� XQWHU� GHP�1HLJXQJVZLQNHO�ψ�
XQG� GHP� $]LPXW� ϕ � �$EE�� ��� EHVWLPPEDUHQ� *LWWHUGHKQXQJ� KNO

ψϕε � � XQG� GHP� ZLUNVDPHQ�
6SDQQXQJV]XVWDQG��HUJLEW�VLFK��EHU�GLH�*OHLFKXQJHQ�GHU�OLQHDUHQ�(ODVWL]LWlWVWKHRULH�]X��
�

�TG��c�

,��D�X��

G\ G�

'G�G�a�����

�TG��c�

,��D�X��

G\ G�

'G�G�a�����

�TG��c�

,��D�X��

G\ G�

'G�G�a�����
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'XUFK� GLH�9HUZHQGXQJ� YRQ�%HXJXQJVHODVWL]LWlWVNRQVWDQWHQ� KNO( � �(ODVWL]LWlWVPRGXO�� XQG�
KNOν � �4XHUNRQWUDNWLRQV]DKO�� I�U� GLH� YHUPHVVHQHQ� *LWWHUHEHQHQ� ^KNO`� ZLUG� GDEHL� GLH�

$QLVRWURSLH� GHU� VHOHNWLY� HUIDVVWHQ� .ULVWDOOLWH� VRZLH� GHUHQ� .RSSOXQJ� LP� 9LHONULVWDOO�
EHU�FNVLFKWLJW�� ,P� $OOJHPHLQHQ� VLQG� PLQGHVWHQV� �� XQDEKlQJLJH� 0HVVXQJHQ� GHU�
*LWWHUGHKQXQJHQ�Q|WLJ�XP�GHQ�NRPSOHWWHQ�6SDQQXQJVWHQVRU�]X�PHVVHQ��6LQG�DEHU� DXIJUXQG�
YRQ� ]�%�� 3UREHQIRUP� XQG� ±V\PPHWULH� GLH� �� +DXSWVSDQQXQJVULFKWXQJHQ� EHNDQQW� LVW� GLH�
0HVVXQJ� GLHVHU� 5LFKWXQJHQ� DXVUHLFKHQG�� ,P� )DOO�� GDVV� GLHVH� 5LFKWXQJHQ� PLW� GHQ�
.RRUGLQDWHQDFKVHQ� GHV� /DERUV\VWHPV� �EHUHLQVWLPPHQ�� NDQQ�PDQ� GLH� *OHLFKXQJ� XPIRUPHQ�
XQG�HUKlOW�YHUHLQIDFKW�I�U�GLH�6SDQQXQJ��
�
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

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= ������� ]]\\[[KNO

KNO
[[KNO

KNO
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σ �
���
%HL�GHU�6SDQQXQJVDQDO\VH�KHWHURJHQHU��PHKUSKDVLJHU�:HUNVWRIIH�PLWWHOV�1HXWURQHQEHXJXQJ�
LVW� ]X� EHDFKWHQ�� GDVV� SKDVHQVSH]LILVFKH� 6SDQQXQJHQ� HUPLWWHOW� ZHUGHQ�� GLH�0DNUR�� DOV� DXFK�
KRPRJHQH� 0LNURHLJHQVSDQQXQJVDQWHLOH� HQWKDOWHQ� N|QQHQ�� (LQH� 6HSDUDWLRQ� EHLGHU� $QWHLOH�
NDQQ� HUUHLFKW� ZHUGHQ�� ZHQQ� 0HVVXQJHQ� LQ� DOOHQ� 3KDVHQ� P|JOLFK� XQG� GLH� MHZHLOLJHQ�
3KDVHQDQWHLOH�EHNDQQW�VLQG�>�@��
�
(LQGULQJWLHIHQ�
'HU�EHVRQGHUH�9RUWHLO�YRQ�1HXWURQHQ�LQ�GHU�(LJHQVSDQQXQJVPHVVXQJ�EHUXKW�DXI�GHU�JHULQJHQ�
,QWHQVLWlWVVFKZlFKXQJ� GHV� 1HXWURQHQVWUDKOV� EHLP� 'XUFKJDQJ� YRQ� 0DWHULH� XQG� GHU� GDPLW�
YHUEXQGHQHQ�JUR�HQ�(LQGULQJWLHIHQ��$EE������
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�
$EE����±�6FKZlFKXQJ�YRQ�1HXWURQHQVWUDKOXQJ�I�U�YHUVFKLHGHQH�0DWHULDOLHQ���
�
�
'LH�6FKZlFKXQJ�GHU�,QWHQVLWlW�GHV�1HXWURQHQVWUDKOV�JHKRUFKW�HLQHP�([SRQHQWLDOJHVHW]��
�

�H[S�� [,, ⋅−= µ �
�
'DULQ�LVW�[�GHU�/DXIZHJ�GHU�1HXWURQHQ�LQQHUKDOE�GHU�3UREH�XQG�µ�GHU�$EVRUSWLRQVIDNWRU�GHV�
0DWHULDOV��'LHVHU�HUUHFKQHW�VLFK�DXV�
�

ρµ ⋅Σ= JHV �
�
PLW��
ρ� ��DWRPDUH�'LFKWH�>$WRPH�FP�@�
ΣJHV� ��*HVDPWDEVRUSWLRQVTXHUVFKQLWW�>EDUQ@�
�
+LHUEHL�VHW]W�VLFK�ΣJHV�IROJHQGHUPD�HQ�]XVDPPHQ�
��

FRKDEVLQFJHV σλσσ ++=Σ �� �
�� ���� E5FRK ππσ == �

�
PLW��
σLQF� �LQNRKlUHQWHU�:LUNXQJVTXHUVFKQLWW�>EDUQ� �����IP�@�
σDEV�λ�� �$EVRUEWLRQVZLUNXQJVTXHUVFKQLWW�EHL�:HOOHQOlQJH�λ�>EDUQ@�
σFRK� �NRKlUHQWHU�:LUNXQJVTXHUVFKQLWW�>EDUQ@�
5� �E� �6WUHXOlQJH�>IP@�
�
�
=XU�'HILQLWLRQ�GHU�6WUHXOlQJH�E�DOV�5DGLXV�GHV�
HIIHNWLYHQ�:LUNXQJVTXHUVFKQLWWV��
�
�
�
�

$O�

&X�
7L�

)H�1L�
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�
7DEHOOH���
1DPH� *LWWHUNRQVWDQWH�

>c@�
*LWWHUW\S� σLQF� σDEV�λ ����� c�� σFRK�

$O� ������� IFF� ���������� ��������� ���������
α�)H� ����� EFF� ��������� �������� ����������
�
�
�
)UDJH��
�

��� ,P� 9RUIHOG� GHV� 9HUVXFKV� EHVWLPPHQ� 6LH� ELWWH� GHQ� $EVRUSWLRQVNRHIIL]LHQWHQ� YRQ�
$OXPLQLXP��$O��XQG�(LVHQ��)H���

��� ,QIRUPLHUHQ� 6LH� VLFK� �EHU� GLH� %HJULIIH� NXELVFKHV� .ULVWDOOV\VWHP�� *LWWHUW\S� XQG�
0LOOHU¶VFKH�,QGL]HV��+LHUPLW�VROOWHQ�6LH�LQ�GHU�/DJH�VHLQ�HLQH�RSWLPDOH�:HOOHQOlQJH�λ�
I�U�HLQHQ�6WUHXZLQNHO��θ� �����I�U�GHQ�$O�������5HIOH[�XQG�GHQ�)H�������5HIOH[�]X�
EHVWLPPHQ��
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��� 9HUVXFKVDXIEDX�
�

675(66�63(&� LVW� HLQ� 1HXWURQHQGLIIUDNWRPHWHU� RSWLPLHUW� I�U� GLH� (UPLWWOXQJ� YRQ�
(LJHQVSDQQXQJVYHUWHLOXQJHQ� XQG� 7H[WXUHQ� LQQHUKDOE� NULVWDOOLQHU�0DWHULDOLHQ� XQG� LQGXVWULHOO�
UHOHYDQWHQ�%DXWHLOHQ��$EE������(V�LVW�DP�6WUDKOURKU�65���LQ�GHU�([SHULPHQWLHUKDOOH�GHV�)50�
,,�DXIJHEDXW��'LH�HLQ]HOQHQ�.RPSRQHQWHQ�ZHUGHQ�LP�)ROJHQGHQ�NXU]�HUOlXWHUW��

�
�
$EE����±�6FKHPDWLVFKHU�$XIEDX�GHV�'LIIUDNWRPHWHUV�675(66�63(&�
�
�
�
$EVFKLUPEXUJ�XQG�0RQRFKURPDWRUHQ�
,P�6WUDKOURKU�EHILQGHW�VLFK�HLQH�.ROOLPDWRUWURPPHO��GLH�HV�HUODXEW��HQWZHGHU�PLW�QDW�UOLFKHU�
.ROOLPDWLRQ��FD����¶��]X�DUEHLWHQ��PLWWHOV�.ROOLPDWRUHQ�YRQ���
�E]Z����
�GLH�'LYHUJHQ]�GHV�
1HXWURQHQVWUDKOV�]X�UHGX]LHUHQ��'LH�0RQRFKURPDWRU�7URPPHO�HUODXEW�HLQH�NRQWLQXLHUOLFKH�
9DULDWLRQ�GHU�:HOOHQOlQJH��EHU�(LQVWHOOXQJ�GHU�HQWVSUHFKHQGHQ�%UDJJEHGLQJXQJ�DP�
0RQRFKURPDWRU���
�

λθ QG =0RQRVLQ� �
�
'LHVH�I�U�HLQ�'LIIUDNWRPHWHU�XQJHZ|KQOLFKH�)RUGHUXQJ�HUJLEW�VLFK�DXV�GHU�1RWZHQGLJNHLW��DQ�
GLHVHP�*HUlW�YRUJHVHKHQH�6SDQQXQJVPHVVXQJHQ�LQ�GHU�5HJHO�EHL��θ3UREH� �����GXUFK]XI�KUHQ�
XQG�]ZDU�DXV�]ZHL�*U�QGHQ���

�� ]XP� (LQHQ� ZLUG� LQ� GLHVHP� )DOO� I�U� HLQH� JHJHEHQH� 6FKOLW]EUHLWH� YRU� XQG� KLQWHU� GHU�
3UREH� GLH� EHVWH� 2UWVDXIO|VXQJ� HUUHLFKW� �TXDGHU�� RGHU� Z�UIHOI|UPLJHV�
9ROXPHQHOHPHQW���

�� ]XP� $QGHUHQ� LVW� KLHU� GLH� QXW]EDUH� YHUWLNDOH� 6WUDKOGLYHUJHQ]� QDFK� GHU� 3UREH� DP�
JU|�WHQ��

SULPDU\�DQG�
VHFRQGDU\�VOLWV�
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�
=XP� (U]LHOHQ� HLQHU� KRKHQ� :HOOHQOlQJHQDXIO|VXQJ�� GLH� I�U� DQVSUXFKVYROOH�
6SDQQXQJVDQDO\VHQ�� LQVEHVRQGHUH� DQ� NHUDPLVFKHQ�:HUNVWRIIHQ�� DEHU� DXFK� I�U� DXVJHZlKOWH�
7H[WXUSUREOHPH� HUIRUGHUOLFK� LVW�� VROOWHQ� VHKU� JUR�H� 0RQRFKURPDWRU� WDNH�RII� :LQNHO� ELV�
PLQGHVWHQV��θ0RQR� ������HUUHLFKEDU�VHLQ��)�U�0HVVXQJHQ��EHL�GHQHQ�NHLQH�KRKH�$XIO|VXQJ�
HUIRUGHUOLFK� LVW� �]�%�� 7H[WXUEHVWLPPXQJHQ� DQ� PHWDOOLVFKHQ� :HUNVWRIIHQ��� VLQG� ]ZHFNV�
(UK|KXQJ� GHU� ,QWHQVLWlW� UHODWLY� QLHGULJH� 0RQRFKURPDWRUZLQNHO� YRQ� 9RUWHLO�� 'DV� *HUlW� LVW�
GHVKDOE�I�U�WDNH�RII�:LQNHO�YRQ������θ0RQR������DXVJHOHJW��
(V�VWHKHQ�GUHL�0RQRFKURPDWRUHQ�]XU�9HUI�JXQJ��*H��������3*�������XQG�6L���������GDPLW�I�U�
MHGH�JHZ�QVFKWH�:HOOHQOlQJH�GHU�WDNH�RII�:LQNHO�HQWZHGHU�VHKU�JUR���KRKH�$XIO|VXQJ��RGHU�
UHODWLY� NOHLQ� �KRKH� ,QWHQVLWlW�� JHZlKOW� ZHUGHQ� NDQQ�� 9RU� GHP� 0RQRFKURPDWRU� LVW� HLQ�
%OHQGHQV\VWHP� DQJHEUDFKW� XP� GHQ� 3ULPlUVWUDKO� GHU� 0HVVJHRPHWULH� DQ]XSDVVHQ��
6HNXQGlUVHLWLJ� GHV�0RQRFKURPDWRUV� NDQQ� GLH� 'LYHUJHQ]� GXUFK� GLH�:DKO� XQWHUVFKLHGOLFKHU�
(LQVFK�EH�VRZLH�XQWHUVFKLHGOLFKHU�.ROOLPDWRUHQ����
����
��JH]LHOW�HLQJHVWHOOW�ZHUGHQ���
�
3UREHQWLVFK�XQG�3UREHQDXIQDKPH�
=XU�3UREHQDXIQDKPH�VWHKW�HLQ�JUR�HU�3UREHQWLVFK�]XU�9HUI�JXQJ��GHU�PLW�HLQHP�;<=�
7UDQVODWLRQVVWLVFK�I�U�3UREHQ�ELV�]X�����NJ��DXVJHVWDWWHW�LVW��'HU�3UREHQWLVFK�NDQQ�HQWODQJ�GHU�
6WUDKODFKVH�PLW�KRKHU�3Ul]LVLRQ�YHUIDKUHQ�ZHUGHQ���
�
%OHQGHQ��XQG�-XVWLHUV\VWHPH�
=XU�'HILQLWLRQ�GHV�3UREHQ�PHVV��YROXPHQV�VLQG�YRU�XQG�KLQWHU�GHU�3UREH�PHFKDQLVFK�DXI������
PP�JHQDX�MXVWLHUEDUH�%OHQGHQV\VWHPH�LQVWDOOLHUW��=XU�-XVWLHUXQJ�YRQ�%DXWHLOHQ�VLQG�
/DVHUV\VWHPH�LQVWDOOLHUW��
�
'HWHNWRUHQ�
(V�VLQG�]ZHL�'HWHNWRUV\VWHPH�YRUKDQGHQ��(LQ�'HWHNWRU�LVW�PLW����+H�=lKOURKUHQ�EHVW�FNW�XQG�
VSH]LHOO�I�U�GLH�6SDQQXQJVDQDO\VH�EHL��θ3UREH� �����DXVJHOHJW��'HU�]ZHLWH�'HWHNWRU�LVW�HLQ��+H�
)OlFKHQGHWHNWRU� PLW� HLQHU� QXW]EDUHQ� 'HWHNWLRQVIOlFKH� YRQ� ���� [� ���� PP�� XQWHUWHLOW� LQ�
PD[LPDO� ���� [� ����3L[HO��'LHVHU�'HWHNWRU� NDQQ� VRZRKO� I�U�6SDQQXQJVPHVVXQJHQ� DOV� DXFK�
7H[WXUEHVWLPPXQJ� �GLHVH� DXFK� EHL� DQGHUHQ�3UREHQZLQNHOQ�� �θ3UREH�� YHUZHQGHW�ZHUGHQ��'HU�
$EVWDQG� ]ZLVFKHQ� 3UREH� XQG� 'HWHNWRU� LVW� YDULDEHO� XQG� NDQQ� ]ZLVFKHQ� ����� P�� ELV� ���� P�
HLQJHVWHOOW�ZHUGHQ���
���
�
�
�
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��� 9HUVXFKVGXUFKI�KUXQJ�
�
�
'DV� 0DWHULDOIRUVFKXQJVGLIIUDNWRPHWHU� 675(66�63(&� LVW� NRQ]LSLHUW� XP� GHQ� NRPSOHWWHQ�
(LJHQVSDQQXQJVWHQVRU� LQ� LQGXVWULHOO� UHOHYDQWHQ� %DXWHLOHQ� ]X� HUIDVVHQ�� 8P� GLH� $XVZHUWXQJ�
GLHVHV� 3UDNWLNXPYHUVXFKV� QLFKW� XQQ|WLJ� ]X� HUVFKZHUHQ� ZLUG� DXI� YROOVWlQGLJH�
(LJHQVSDQQXQJVDQDO\VH�YHU]LFKWHW���
$OOH�0HVVXQJHQ�ZHUGHQ�XQWHU�1XW]XQJ�GHU� ,QVWUXPHQWVWHXHUXQJ�XQG�$XVZHUWHVRIWZDUH�ZLH�
EHL�QRUPDOHP�([SHULPHQWLHUEHWULHE�DP�,QVWUXPHQW�GXUFKJHI�KUW��$XIJUXQG�GHU�.RPSOH[LWlW�
GHV�,QVWUXPHQWV�ZLUG�HLQ�,QVWUXPHQWHQEHWUHXHU�LPPHU�YRU�2UW�VHLQ��
�
'HU�$EODXI�GHV�9HUVXFKV�VHL�ZLH�IROJW�VNL]]LHUW��
�

��� %HVWLPPXQJ� GHV� $EVRUSWLRQVNRHIIL]LHQWHQ� I�U� $OXPLQLXP� XQG� 6WDKO�� DQKDQG� YRQ�
,QWHQVLWlWVPHVVXQJHQ�DQ�3UREHQ�YHUVFKLHGHQHU�'LFNH��

�
��� =XU� %HVWLPPXQJ� GHV� NULVWDOORJUDSKLVFK� ULFKWXQJVDEKlQJLJHQ� (�0RGXOV�

�PLNURVNRSLVFKHV�(�0RGXO��ZHUGHQ�=XJYHUVXFKH�DQ�=XJSUREHQ�DXV�6WDKO�DP�)H������
5HIOH[�GXUFKJHI�KUW��'LH�9HUVXFKVGXUFKI�KUXQJ�EHLQKDOWHW�IROJHQGH�3XQNWH��

�� 3UREHQHLQEDX�XQG�$XIEDX�HLQHV�([WHQVRPHWHUV�]XU�'HKQXQJVPHVVXQJ�
�� 3UREHQMXVWLHUXQJ�
�� ,Q� VLWX� 0HVVXQJ� GHU� bQGHUXQJ� GHV� 1HW]HEHQHQDEVWDQGHV� GHU� )H������

*LWWHUHEHQHQ� � VHQNUHFKW� ]XU� =XJULFKWXQJ�� 'DEHL� VROO� DXI� GLH� 3UREH� HLQH�
NRQWLQXLHUOLFK� DQVWHLJHQGH� .UDIW� ZLUNHQ�� GLH� GLH� 3UREH� VFKOLH�OLFK� SODVWLVFK�
YHUIRUPW�� 'HU� �θ� :HUW� I�U� HLQH� .UDIW� YRQ� �1�ZLUG� VSlWHU� DOV� 5HIHUHQ]ZHUW�
GLHQHQ��

�� $XVZHUWXQJ�GHV�PLNURVNRSLVFKHQ�(�0RGXOV�I�U�GLH�JHPHVVHQH�1HW]HEHQH�
�
��� :LHGHUKROXQJ�YRQ�6FKULWW���I�U�GHQ�)H������5HIOH[���1DFKWPHVVXQJ��
�
��� %HVWLPPXQJ� GHU� RUWVDEKlQJLJHQ� *LWWHUGHKQXQJ� HLQHV� LQ� HLQHP� XQLD[LDOHQ� H[� VLWX�

%LHJHYHUVXFK�SODVWLVFK�GHIRUPLHUWHQ�6WDKOEDONHQ�DQ�HLQHP�DXV�GHQ�6FKULWWHQ���XQG���
DXV]XZlKOHQGHQ�6WDKOUHIOH[��'LH�9HUVXFKVGXUFKI�KUXQJ�EHLQKDOWHW��

�� $XIEDX�HLQHV�JHHLJQHWHQ�3UREHQKDOWHUXQJVV\VWHPV�
�� 3UREHQMXVWLHUXQJ�
�� (UVWHOOHQ� HLQHU� Ä&RPPDQG� 6HTXHQFH³� ]XP� DXWRPDWLVFKHQ� $QIDKUHQ� GHU�

HLQ]HOQHQ�0HVVSXQNWH�
�� 0LW�+LOIH�GHV�LQ�GHQ�6FKULWWHQ���E]Z����HUKDOWHQHP�5HIHUHQ]ZHUW�GHQ�JHQDXHQ�

(LJHQVSDQQXQJVYHUODXI�GXUFK�GLH�3UREH�EHVWLPPHQ�
�
�
�
��� $XVZHUWXQJ�

�
:LH��EOLFK� LVW� LP�$QVFKOXVV�DQ�GLH�'XUFKI�KUXQJ�HLQH�$XVDUEHLWXQJ�DQ]XIHUWLJHQ��6LH�PX��
DOOH� GXUFKJHI�KUWHQ� $UEHLWHQ� NXU]� EHVFKUHLEHQ�� 'DEHL� VROO� NODU� ZHUGHQ�� GDVV� GHU� 6LQQ� XQG�
=ZHFN�GHU�HLQ]HOQHQ�6FKULWWH�YHUVWDQGHQ�ZXUGH��:HQQ�6LH�EHUHLWV�ZlKUHQG�GHU�'XUFKI�KUXQJ�
DXVI�KUOLFK�DOOH�6FKULWWH�PLWSURWRNROOLHUHQ��UHGX]LHUW�VLFK�GHU�VSlWHUH�$UEHLWVDXIZDQG��
,P� $QVFKOXVV� GDUDQ� LVW� HLQH� ,QWHUSUHWDWLRQ� GHU� 0HVVXQJHQ� ]X� JHEHQ�� 9HUPHLGHQ� 6LH� GLH�
:LHGHUKROXQJ�WKHRUHWLVFKHU�,QKDOWH��GLH�EHUHLWV�7HLO�GHU�$QOHLWXQJ�VLQG��'LH�'DUVWHOOXQJ�VROOWH�
GHQQRFK�LQ�VLFK�VFKO�VVLJ�VHLQ��
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�
,P�(LQ]HOQHQ��
�

��� %HUHFKQHQ�6LH�GHQ�$EVRUSWLRQNRHIIL]LHQWHQ�GHU�MHZHLOLJHQ�3UREH�XQG�YHUJOHLFKHQ�6LH�
GLHVH�PLW�GHQ�H[SHULPHQWHOO�HUPLWWHOWHQ�:HUWHQ��

�
��� =HLFKQHQ� 6LH� 6SDQQXQJV�*LWWHUGHKQXQJV�'LDJUDPPH� I�U� EHLGH� GXUFKJHI�KUWHQ�

=XJYHUVXFKH�� %HUHFKQHQ� 6LH� MHZHLOV� GDV� PLNURVNRSLVFKH� (�0RGXO� DQKDQG� GHU�
0HVVGDWHQ��(QWVFKHLGHQ�6LH�ZHOFKHU� I�U�GLH�PDNURVNRSLVFKH�(LJHQVSDQQXQJVDQDO\VH�
EHVVHU� JHHLJQHW� LVW�� 9HUJOHLFKHQ� 6LH� KLHUI�U� GLH� H[SHULPHQWHOO� HUPLWWHOWHQ�
PLNURVNRSLVFKHQ�(�0RGXOH�PLW�GHP�PDNURVNRSLVFKHQ�(�0RGXO�GHV�6WDKOV���

�
��� %HVWLPPHQ� 6LH� PLW� GHP� HUPLWWHOWHQ� PLNURVNRSLVFKHQ� (ODVWL]LWlWVPRGXO� GHQ�

(LJHQVSDQQXQJVYHUODXI� GHU� SODVWLVFK� YHUIRUPWHQ� 6WDKOSUREH� XQG� ]HLFKQHQ� 6LH� GHQ�
9HUODXI��EHU�GHQ�4XHUVFKQLWW�GHV�%DONHQV��%HQXW]HQ�6LH�GDI�U�GHQ�5HIHUHQ]ZHUW�GHQ�
6LH�DXV�GHQ�=XJYHUVXFKHQ�HUKDOWHQ��)� ��1���%HZHUWHQ�6LH�GLH�P|JOLFKH�8QVLFKHUKHLW�
LQ� GHU� (UPLWWOXQJ� GHV� 5HIHUHQ]ZHUWHV� G�� XQWHU� %HU�FNVLFKWLJXQJ� GHV� PHFKDQLVFKHQ�.UlIWHJOHLFKJHZLFKWV������
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