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.XU]UHIHUDW�
�
'HU� MXQJH�%HWRQ� LVW�GXUFK� WKHUPLVFKH�XQG�K\JULVFKH�(LQZLUNXQJHQ�VRZLH�GLH�(QWZLFN�
OXQJ�GHU�)HVWLJNHLWVHLJHQVFKDIWHQ�XQG�GLH��5HOD[DWLRQ�GHU�=ZDQJVVSDQQXQJHQ�JHNHQQ�
]HLFKQHW�� =LHO� GHU� $UEHLW� LVW� HV�� DXVJHKHQG� YRP�0DWHULDOYHUKDOWHQ� HLQH� 6WUDWHJLH� ]XU�
ZLUNOLFKNHLWVQDKHQ�%HUHFKQXQJ�YRQ�6SDQQXQJHQ� LQ� MXQJHQ�%HWRQEDXWHLOHQ� LQIROJH�YRQ�
7HPSHUDWXUIHOGHUQ� ]X� HQWZLFNHOQ�� 'DEHL� ZXUGH� GHU� 6FKZHUSXQNW� GHU� $UEHLW� EHL� GHU�
7HPSHUDWXUIHOGEHUHFKQXQJ� DXI� GLH� %HVWLPPXQJ� GHU� +\GUDWDWLRQVZlUPH� XQG� EHL� GHU�
6SDQQXQJVEHUHFKQXQJ�DXI�GLH�(UIDVVXQJ�GHU�0DWHULDONHQQZHUWH�VRZLH�GLH�)RUPXOLHUXQJ�
GHV�0DWHULDOJHVHW]HV�I�U�GHQ�GUHLGLPHQVLRQDOHQ�=XVWDQG�JHVHW]W��$OV�*UXQGODJH�I�U�GLH�
8QWHUVXFKXQJHQ�ZXUGH�HLQ�QHXHU�3URJUDPPEDXVWHLQ�6<&2%�����HQWZLFNHOW��ZHOFKHU�DQ�
GDV�)(0��3URJUDPP�$16<6�JHNRSSHOW� LVW��'LH�%HUHFKQXQJVHUJHEQLVVH�ZXUGHQ�I�U�GLH�
7HPSHUDWXU�PLW�9HUVXFKHQ�LP�/DERU�XQG�LQ�VLWX�YHULIL]LHUW��I�U�GLH�6SDQQXQJ�ZXUGH�GLH�
hEHUSU�IXQJ�GHU�%HUHFKQXQJ�PLW�+LOIH�YRQ�9HUVXFKHQ�LP�/DERU�GXUFKJHI�KUW��$P�%HL�
VSLHO� HLQHV� +RFKRIHQIXQGDPHQWHV� ZXUGH� ]XU� 0LQLPLHUXQJ� GHU� %HDQVSUXFKXQJHQ� GHU�
(LQIOXVV� GHU� %HWRQUH]HSWXU� XQG� GHU� +HUVWHOOXQJVWHFKQRORJLH� DXI� GLH� 7HPSHUDWXU� XQG�
6SDQQXQJ�GHV�%DXWHLOV�XQWHUVXFKW��$QVFKOLH�HQG�ZXUGH�GDUDXV�GHU�(LQIOXVV�GHU� (UKlU�
WXQJ�DXI�GLH�0DWHULDOIHOGHU�LP�4XHUVFKQLWW�EHXUWHLOW��'LH�YRUOLHJHQGH�$UEHLW�OHLVWHW�HLQHQ�
%HLWUDJ� ]XU� UHFKQHULVFKHQ� /|VXQJ� YRQ� WKHUPLVFKHQ� XQG�PHFKDQLVFKHQ� 3UREOHPHQ� GHV�
MXQJHQ�%HWRQV��
�
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'LHVH�$UEHLW�HQWVWDQG�ZlKUHQG�PHLQHV�3URPRWLRQVVWXGLXPV�DQ�GHU�3URIHVVXU�9HUNHKUV�
EDX�GHU�)DNXOWlW�%DXLQJHQLHXUZHVHQ�DQ�GHU�%DXKDXV���8QLYHUVLWlW�:HLPDU��
�
)�U�GLH�$QUHJXQJ�]X�GLHVHU�$UEHLW�XQG�I�U�GLH�MHGHU]HLW�JHZlKUWH�8QWHUVW�W]XQJ�P|FKWH�
LFK�PLFK�EHL�PHLQHU�%HWUHXHULQ�)UDX�3URI��'U���,QJ��8��)UHXQGW�VHKU�KHU]OLFK�EHGDQNHQ��
'HQ�0LWDUEHLWHUQ�GHU�3URIHVVXU�9HUNHKUVEDX�VFKXOGH�LFK�EHVRQGHUHQ�'DQN�I�U�GLH�JXWH�
=XVDPPHQDUEHLW�XQG�GDV�DQJHQHKPH�$UEHLWVNOLPD�����
�
)�U�GLH� IUHXQGOLFKH�8QWHUVW�W]XQJ�EHL�GHU�'XUFKI�KUXQJ�GHU�9HUVXFKH�GDQNH� LFK�+HUU�
3URI��'U��,QJ��KDELO��-��6WDUN�YRP�)LQJHU�,QVWLWXW�I�U�%DXVWRIINXQGH��%DXKDXV�8QLYHUVLWlW�
:HLPDU�� XQG� VHLQHQ�0LWDUEHLWHUQ� VRZLH�+HUUQ�'LSO��� ,QJ��*��:ROI� YRQ�GHU�9HUVXFKV�
WHFKQLVFKHQ�(LQULFKWXQJ��%DXKDXV�8QLYHUVLWlW�:HLPDU����
�
+HUUQ�3URI��'U��WHFKQ��'U��,QJ�(��K��5��6SULQJHQVFKPLG�XQG�+HUUQ�3URI��'U��,QJ��KDELO��6��
5|KOLQJ� GDQNH� LFK� I�U� GLH� NRQVWUXNWLYHQ� 'LVNXVVLRQHQ� ZlKUHQG� GHU� %HDUEHLWXQJ� GHV�
7KHPDV�XQG�I�U�GLH�hEHUQDKPH�GHV�.RUUHIHUDWV��
�
=X�EHVRQGHUHP�'DQN�ELQ� LFK�PHLQHQ�.ROOHJHQ�XQG�)UHXQGHQ�I�U�GLH�P�KVDPHQ�6WXQ�
GHQ�GHV�.RUUHNWXUOHVHQV�XQG�GHU�'XUFKVLFKW�GHU�$UEHLW�YHUSIOLFKWHW��
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�� ,QKDOWVYHU]HLFKQLV�
�
��� ,QKDOWVYHU]HLFKQLV� ��
�
�� 3UREOHPVWHOOXQJ�XQG�=LHO�GHU�$UEHLW� ��
���� (LQOHLWXQJ�� ��
���� 6WDQG�GHU�)RUVFKXQJ� ��
������ (LQOHLWXQJ� ��
������ 7HPSHUDWXUIHOG�LP�%DXWHLO� ��
������ 0HVVXQJ�GHU�6SDQQXQJ�LP�%DXWHLO� ���
������ %HUHFKQXQJ�GHU�6SDQQXQJ�LP�%DXWHLO� ���
���� =LHO�XQG�/|VXQJVZHJ�GHU�$UEHLW� ���
���� (LQVFKUlQNXQJHQ� ���
�
�� 7KHUPLVFKHV�9HUKDOWHQ�GHV�MXQJHQ�%HWRQV� ���
���� )RXULHUVFKH�:lUPHOHLWXQJVJOHLFKXQJ� ���
���� $QIDQJV��XQG�5DQGEHGLQJXQJHQ� ���
���� bX�HUH�:lUPH�� ���
������ 6WURPGLFKWH�LQIROJH�NXU]ZHOOLJHU�6WUDKOXQJ� ���
������ 6WURPGLFKWH�LQIROJH��ODQJZHOOLJHP�6WUDKOXQJVDXVWDXVFK� ���
������ ,GHHOOH�$X�HQOXIWWHPSHUDWXU� ���
���� ,QQHUH�:lUPH��+\GUDWDWLRQVZlUPH�� ���
������ (LQOHLWXQJ� ���
������ 'DV�.RQ]HSW�GHU�5HLIHIXQNWLRQ� ���
������ %HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW� ���
������ %HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV� ���
���� (LJHQH�9HUVXFKH�]XU�0HVVXQJ�GHU�+\GUDWDWLRQVZlUPH� ���
������ 0HVVYHUIDKUHQ� ���
������ $GLDEDWLVFKH�9HUVXFKH�DP�%HWRQNDORULPHWHU� ���
������ ,VRWKHUPH�9HUVXFKH��'&$��DP�=HPHQWNDORULPHWHU� ���
������ 9HULILNDWLRQ�GHU�5HLIHIXQNWLRQ� ���
������ 9HUJOHLFKH�]ZLVFKHQ�EHLGHQ�9HUVXFKHQ� ���
���� 7KHUPLVFKH�0DWHULDONHQQZHUWH� ���
������ :lUPHOHLWIlKLJNHLW�� ���
������ :lUPHNDSD]LWlW� ���
���� =XVDPPHQIDVVXQJ� ���
�
�� (UIDVVXQJ�GHV�PHFKDQLVFKHQ�0DWHULDOYHUKDOWHQV� ���
���� 7KHUPLVFKH�XQG�K\JULVFKH�9HUIRUPXQJHQ��ODVWXQDEKlQJLJH�9HUIRUPXQJHQ�� ���
������ 7HPSHUDWXUYHUIRUPXQJHQ� ���
������ &KHPLVFKHV�6FKZLQGHQ�XQG�4XHOOHQ� ���
���� 0DWHULDOYHUKDOWHQ�XQWHU�.XU]]HLWHLQZLUNXQJHQ� ���
������ 'DV�.RQ]HSW�GHU�(UKlUWXQJVIXQNWLRQHQ� ���
������ $UEHLWVOLQLH� ���
������ 'UXFNIHVWLJNHLW� ���
������ =XJIHVWLJNHLW� ���
������ (ODVWL]LWlWVPRGXO� ���
������ 4XHUGHKQ]DKO� ���
���� 0DWHULDOYHUKDOWHQ�XQWHU�/DQJ]HLWHLQZLUNXQJHQ� ���



� ������

������ (LQOHLWXQJ� ���
������ .ULHFKHQ�EHLP�MXQJHQ�%HWRQ� ���
���� (UIDVVXQJ�YRQ��9HUIRUPXQJV��XQG�6SDQQXQJV]XVWlQGHQ� ���
������ *UDG�GHU�9HUIRUPXQJVEHKLQGHUXQJ� ���
������ 9LVNRHODVWLVFKHV�0DWHULDOJHVHW]�I�U�GHQ�GUHLGLPHQVLRQDOHQ�=XVWDQG� ���
�������� (LQOHLWXQJ� ���
�������� ,QWHJUDOO|VXQJ�XQWHU�$QZHQGXQJ�GHV�6XSHUSRVLWLRQVSULQ]LSV� ���
�������� 'LIIHUHQWLDOO|VXQJ� ���
���� =XVDPPHQIDVVXQJ� ���
�
�� 1XPHULVFKH�/|VXQJ�PLW�GHP�)(0�3URJUDPPEDXVWHLQ�6<&2%����� ���
���� (LQOHLWXQJ� ���
���� 6XEURXWLQH�]XU�(UIDVVXQJ�GHU�LQQHUHQ�:lUPH� ���
���� 6XEURXWLQH�]XU�(UIDVVXQJ�GHU�lX�HUHQ�:lUPH� ���
���� 6XEURXWLQH�]XU�(UIDVVXQJ�GHU�0DWHULDONHQQZHUWH�XQG�GHV�0DWHULDOJHVHW]HV� ���
�
�� (UIDVVXQJ�YRQ�7HPSHUDWXUIHOGHUQ�LQ�%HWRQEDXWHLOHQ� ���
���� %HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�GHV�%HWRQV� ���
������ 9HULIL]LHUXQJ�GHU�%HUHFKQXQJVDQVlW]H�PLW�DGLDEDWLVFKHQ�9HUVXFKHQ� ���
������� 9HULIL]LHUXQJ�GHU�$QVlW]H�PLW�'&$�9HUVXFKHQ� ���
������� 9HUJOHLFK�GHU�%HUHFKQXQJVDQVlW]H� ���
���� %HUHFKQXQJ�GHU�7HPSHUDWXU�LP�%DXWHLO� ���
������ (LJHQH�0HVVXQJHQ�]XU�9HULILNDWLRQ�GHU�7HPSHUDWXU� ���
������ ,GHHOOH�$X�HQOXIWWHPSHUDWXU�GHV�%DXWHLOV� ���
������ 7HPSHUDWXU�LP�%DXWHLO� ���
���� =XVDPPHQIDVVXQJ� ���
�
�� (UIDVVXQJ�YRQ�=ZDQJVVSDQQXQJHQ�LQ�%HWRQEDXWHLOHQ� ���
���� (LQOHLWXQJ� ���
���� (LQIOXVV�GHV�0DWHULDOYHUKDOWHQV�EHL�HLQDFKVLJHQ�%HWUDFKWXQJHQ� ���
������ (LQIOXVV�GHV�0DWHULDOJHVHW]HV� ���
������� (LQIOXVV�GHV�(ODVWL]LWlWVPRGXOV� ���
������ (LQIOXVV�GHV�FKHPLVFKHQ�6FKZLQGHQV� ���
������� (LQIOXVV�GHV�/DQJ]HLWYHUKDOWHQV�GHV�0DWHULDOV� ���
��� (LQIOXVV�GHU�XQWHUVFKLHGOLFKHQ�7HPSHUDWXUJHVFKLFKWH�EHL�HLQGLPHQVLRQDOHQ�� �
� %HWUDFKWXQJHQ� ���
������ (LQIOXVV�GHU�bQGHUXQJ�GHU�$QIDQJVWHPSHUDWXUHQ� ���
������ (LQIOXVV�GHU�bQGHUXQJ�GHU�%DXWHLOGLFNH� ���
���� 6SDQQXQJVYHUKDOWHQ�EHL�GUHLGLPHQVLRQDOHQ�%HWUDFKWXQJHQ� ���
���� =XVDPPHQIDVVXQJ� ���
�
� =ZDQJVEHDQVSUXFKXQJ�DP�%HLVSLHO�HLQHV�+RFKRIHQIXQGDPHQWHV� ���
���� (LQOHLWXQJ��*HRPHWULH�XQG�5DQGEHGLQJXQJHQ� ���
��� (LQIOXVV�GHU�%HWRQ]XVDPPHQVHW]XQJ��(LQEDXWHFKQRORJLH�XQG�GHV�.OLPDV� ���
������ (LQIOXVV�GHV�=HPHQWHV� ���
�������� (LQIOXVV�GHU�bQGHUXQJ�GHU�=HPHQWPHQJH� ���
�������� (LQIOXVV�GHU�bQGHUXQJ�GHU�=HPHQWDUW� ���
������ (LQIOXVV�GHU�)ULVFKEHWRQWHPSHUDWXU� ����
�������� )ULVFKEHWRQWHPSHUDWXU�YRQ����&� ����
�������� )ULVFKEHWRQWHPSHUDWXU�YRQ����&� ����
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������ (LQIOXVV�GHU�5RKULQQHQN�KOXQJ� ����
�������� .�KOGDXHU�YRQ�I�QI�7DJHQ� ����
�������� bQGHUXQJ�GHU�.�KOGDXHU� ����
�������� bQGHUXQJ�GHV�.�KOEHJLQQV� ����
������ (LQIOXVV�GHV�.OLPDV� ����
�������� %HWRQLHUHQ�LP�-XOL� ����
�������� %HWRQLHUHQ�LP�$SULO� ����
���� %HXUWHLOXQJ�GHU�0DWHULDOIHOGHU� ����
������ (LQOHLWXQJ� ����
������ +\GUDWDWLRQVZlUPHHQWZLFNOXQJ� ����
������ (ODVWL]LWlWVPRGXO��'UXFN��XQG�=XJIHVWLJNHLW� ����
������ 7HPSHUDWXUHQ�XQG�6SDQQXQJHQ�DP�5DQG�GHV�%DXWHLOV� ����
���� =XVDPPHQIDVVXQJ� ����
�
�� =XVDPPHQIDVVXQJ�XQG�$XVEOLFN� ����
���� =XVDPPHQIDVVXQJ� ����
���� $XVEOLFN� ����
�
� /LWHUDWXUYHU]HLFKQLV� ����
�
� 6\PEROH�XQG�)RUPHO]HLFKHQ� ����
�
� 9HU]HLFKQLV�GHU�$EELOGXQJHQ� ����
�
� 9HU]HLFKQLV�GHU�7DEHOOHQ� ����
�
� $QODJHQ� �
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� 352%/(067(//81*�81'�=,(/�'(5�$5%(,7�
��� (LQOHLWXQJ�
�
=XU�%HXUWHLOXQJ�GHU�%HDQVSUXFKXQJ�HLQHV�%HWRQEDXZHUNV�ZlKUHQG�VHLQHU�/HEHQVGDXHU�
LVW�GLH�.HQQWQLV�GHU� (LQZLUNXQJHQ�XQG�GHU�0DWHULDOHLJHQVFKDIWHQ�QRWZHQGLJ�� ,P�1XW�
]XQJV]HLWUDXP�ZLUNHQ��EHUZLHJHQG�/DVWHQ�XQG�7HPSHUDWXUIHOGHU�LQIROJH�GHV�.OLPDV�DXI�
GHQ� 1RUPDOEHWRQ� HLQ�� 'LH�0DWHULDOHLJHQVFKDIWHQ� GHV� 1RUPDOEHWRQV� ZHUGHQ� LP� $OWHU�
YRQ� ��� 7DJHQ�EHVWLPPW�� %LV� ]X� GLHVHP�=HLWSXQNW�ZLUNHQGH� %HDQVSUXFKXQJHQ� LQIROJH�
QLFKW�ODVWEHGLQJWHU�(LQZLUNXQJHQ�VLQG�LQ�$EKlQJLJNHLW�GHU�%HWRQUH]HSWXU��GHU�*HRPHW�
ULH�� GHU� 5DQGEHGLQJXQJHQ� XQG� GHU� +HUVWHOOXQJ� HUVW� QRFK� ]X� TXDQWLIL]LHUHQ�� ,QQHUKDOE�
GLHVHV�=HLWUDXPV�ZLUG�GHU�%HWRQ�LQ�GHU�YRUOLHJHQGHQ�$UEHLW�DOV�MXQJHU�%HWRQ�EH]HLFKQHW��
'XUFK� 9DULDWLRQ� GHU� %HWRQUH]HSWXU� XQG� GHU� +HUVWHOOXQJVWHFKQRORJLH� LVW� HLQH� (LQIOXVV�
QDKPH�DXI�GLH�%HDQVSUXFKXQJVHQWZLFNOXQJ�GHV�MXQJHQ�%HWRQV�P|JOLFK��*H]LHOWH�0D��
QDKPHQ� I�KUHQ� ]XU� 0LQLPLHUXQJ� GHU� %HDQVSUXFKXQJHQ� >�@�� >�@�� >�@�� >��@�� >��@�� >���@��
>���@��%HL�%HWRQEDXWHLOHQ�XQG�%DXZHUNHQ�ZLH�]��%��7DOVSHUUHQ��GLFNHQ�)XQGDPHQWSODW�
WHQ� RGHU� %U�FNHQ�EHUEDXTXHUVFKQLWWHQ� ZHUGHQ� GHVZHJHQ� 0D�QDKPHQ� ZLH� ]�%�� GLH�
9HUZHQGXQJ�YRQ�ODQJVDP�HUKlUWHQGHQ�=HPHQWHQ��GLH�6HQNXQJ�GHU�=HPHQWPHQJH�XQG�
GHU�)ULVFKEHWRQWHPSHUDWXU��GDV�%HWRQLHUHQ�LQ�6FKLFKWHQ�RGHU�GLH�,QQHQN�KOXQJ�GHV�%H�
WRQV�HUJULIIHQ��'DV�.OLPD�EHHLQIOXVVW�GLH�)ULVFKEHWRQWHPSHUDWXU�XQG�GDV�9HUKDOWHQ�GHU�
%HDQVSUXFKXQJ�DP�5DQG�GHV�%DXWHLOV���
6LQG�GLH�R�J�� �0D�QDKPHQ�QXU�EHJUHQ]W�HLQVHW]EDU��GDQQ� LVW�GHU�YHUEUHLWHWH�:HJ�GHU�
$XIQDKPH�GHU� %HDQVSUXFKXQJ�GXUFK�%HZHKUXQJ� ]X�ZlKOHQ��8P�hEHU�� XQG�8QWHUGL�
PHQVLRQLHUXQJ�GHU�%HZHKUXQJVPHQJH�]X�YHUPHLGHQ��LVW�GLH�%HZHKUXQJ�I�U�GLH�WDWVlFK�
OLFK�DXIWUHWHQGH�=ZDQJVEHDQVSUXFKXQJ�]X�HUPLWWHOQ��'RFK�GLHVH�8QWHUVXFKXQJHQ�VLQG�
LP�$QIDQJVVWDGLXP�>���@��>���@��
'LH� (QWVFKHLGXQJ��EHU�GHQ�=HLWSXQNW� I�U�GDV�$XIEULQJHQ� IU�K]HLWLJHU�%HODVWXQJHQ�EHL�
MXQJHQ� %HWRQEDXWHLOHQ� LVW� QXU� GXUFK� GLH� NRQWLQXLHUOLFKH� (UIDVVXQJ� GHU� %HDQVSUXFKXQJ�
QDFK�+HUVWHOOXQJVEHJLQQ� �FD��YLHU�6WXQGHQ��P|JOLFK��'DPLW�NDQQ�]X�GLHVHP�=HLWSXQNW�
GHU�YRUKDQGHQH�%HDQVSUXFKXQJV]XVWDQG�GHV�MXQJHQ�%HWRQEDXWHLOV�LQIROJH�QLFKW�ODVWEH�
GLQJWHU�(LQZLUNXQJHQ�EHU�FNVLFKWLJW�ZHUGHQ��%HUHLWV�]X�GLHVHP�=HLWSXQNW� LVW�GHU�%HWRQ�
QLFKW�PHKU�VSDQQXQJVORV��
�
-XQJH� %HWRQEDXWHLOH� XQWHUOLHJHQ� (LQZLUNXQJHQ� DXV� LQVWDWLRQlUHQ� 7HPSHUDWXU�� XQG�
)HXFKWHIHOGHUQ�� 'LH� 7HPSHUDWXUIHOGHU� ZHUGHQ� ]XQlFKVW� GXUFK� GLH� (QWZLFNOXQJ� GHU�
+\GUDWDWLRQVZlUPH� XQG� VSlWHU� GXUFK� GDV� .OLPD� YHUXUVDFKW�� )HXFKWHIHOGHU� HQWVWHKHQ�
GXUFK�GDV�$XVWURFNQXQJVYHUKDOWHQ�GHV�%DXWHLOV��'LHV� LVW�EHL�PDVVLJHQ�%DXWHLOHQ�QXU� LQ�
GHQ�REHUIOlFKHQQDKHQ�%HUHLFKHQ� UHOHYDQW��3DUDOOHO� ]X�GHQ�K\JUR�WKHUPLVFKHQ�9RUJlQ�
JHQ� YHUODXIHQ�GLH� (QWZLFNOXQJHQ�GHV� FKHPLVFKHQ� 6FKZLQGHQV� E]Z��4XHOOHQV� XQG�GHU�
)HVWLJNHLWHQ�VRZLH�GHV�$UEHLWVYHUP|JHQV��'LH�HUZlKQWHQ�(LQZLUNXQJHQ�I�KUHQ�EHL�LQQH�
UHU�%HKLQGHUXQJ�GHU�KHUYRUJHUXIHQHQ�9HUIRUPXQJ�]X�(LJHQVSDQQXQJHQ�LP�4XHUVFKQLWW�
XQG� EHL� lX�HUHU� %HKLQGHUXQJ� ]X� =ZDQJVVSDQQXQJHQ� LP� %DXWHLO� �%LOG� ������ 'XUFK� GDV�
.ULHFK��E]Z��5HOD[DWLRQVYHUP|JHQ�GHV�%HWRQV�ZHUGHQ�GLH�6SDQQXQJHQ�WHLOZHLVH�DEJH�
EDXW��%LOG�������hEHUVFKUHLWHQ�]X�HLQHP�EHVWLPPWHQ�=HLWSXQNW�GLH�6SDQQXQJHQ�GLH�=XJ�
IHVWLJNHLW�E]Z��GLH�'HKQXQJHQ�GLH�=XJEUXFKGHKQXQJ�GHV�%HWRQV��VR�HQWVWHKHQ�DOV�)ROJH�
5LVVH�LP�%DXWHLO���
�
�
�
�
�
�
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*HVDPWH�6SDQQXQJ �
%LOG������SULQ]LSLHOOH�6SDQQXQJVYHUWHLOXQJ�LP�4XHUVFKQLWW�LQIROJH�7HPSHUDWXUIHOG��

�
�
��� 6WDQG�GHU�)RUVFKXQJ�
����� (LQOHLWXQJ�
�
,P�5,/(0�5HSRUW����>���@��������LVW�GHU�6WDQG�GHU�)RUVFKXQJ�I�U�GLH�%HDQVSUXFKXQJHQ�
GHV� MXQJHQ�%HWRQV� LQIROJH�7HPSHUDWXU�DXVI�KUOLFK�GDUJHVWHOOW��'LH�ELVKHULJHQ�8QWHUVX�
FKXQJHQ�ZXUGHQ�HLQHUVHLWV�]XU�(UIDVVXQJ�GHU�7HPSHUDWXUIHOGHU�LQIROJH�+\GUDWDWLRQ�XQG�
DQGHUVHLWV�]XU�(UIDVVXQJ�GHU�=ZDQJVVSDQQXQJHQ�GXUFKJHI�KUW��'LH�UHFKQHULVFKH�(UIDV�
VXQJ�EDVLHUW�DXI�0HVVXQJHQ�LP�/DERU�XQG�LQ�VLWX��%HL�GHQ�7HPSHUDWXUIHOGHUQ�ZXUGH�GHU�
6FKZHUSXQNW� DXI� GLH� (UIDVVXQJ� GHU�+\GUDWDWLRQVZlUPH� JHVHW]W�� %HL� GHU�0HVVXQJ�GHU�
=ZDQJVVSDQQXQJ� LP�/DERU�ZXUGH�GHU�(LQIOXVV�GHU�EHWRQWHFKQRORJLVFKHQ�0D�QDKPHQ�
DXI� GLH�5HL�QHLJXQJ�GHV� %HWRQV� XQWHUVXFKW��'DI�U�ZXUGH�GLH�+\GUDWDWLRQVZlUPH�JH�
PHVVHQ�XQG�GLH�7HPSHUDWXU�DOV�9RUJDEH�]XU�6SDQQXQJVPHVVXQJ�EHUHFKQHW��'DV�:RUW�
¯6SDQQXQJVPHVVXQJ£�LVW�LUUHI�KUHQG��ZHLO�HV�VLFK�KLHU�XP�HLQH�LQGLUHNWH�0HVVXQJ��EHU�
GLH�=ZDQJVNUDIW�KDQGHOW��
$OV�*UXQGODJH�]XU�6SDQQXQJVEHUHFKQXQJ�ZXUGHQ�0HVVXQJHQ�]XU�%HVWLPPXQJ�GHU�0D�
WHULDONHQQZHUWH� �'UXFNIHVWLJNHLW�� =XJIHVWLJNHLW�� (ODVWL]LWlWVPRGXO�� .ULHFK]DKO�� GXUFKJH�
I�KUW��'LH�6SDQQXQJVPHVVXQJHQ� LP�/DERU�XQG� LQ�VLWX�HLJHQ�VLFK�DXFK�]XU�9HULILNDWLRQ�
GHU�%HUHFKQXQJHQ��
,P�IROJHQGHQ�ZLUG�HLQ�hEHUEOLFN��EHU�GLH�UHOHYDQWHQ�8QWHUVXFKXQJHQ�]XU�(UIDVVXQJ�GHU�
7HPSHUDWXUIHOGHU� LQIROJH�+\GUDWDWLRQVZlUPH�XQG�.OLPD� VRZLH� GHU� GDUDXV� UHVXOWLHUHQ�
GHQ� 6SDQQXQJHQ� JHJHEHQ�� (LQH� GHWDLOOLHUWH� $XVHLQDQGHUVHW]XQJ�PLW� XQWHUVFKLHGOLFKHQ�
%HUHFKQXQJVPRGHOOHQ�HUIROJW�LQ�GHU�YRUOLHJHQGHQ�$UEHLW�I�U�GLH�7HPSHUDWXU�LP�]ZHLWHQ�
$EVFKQLWW�XQG�I�U�GLH�6SDQQXQJ�LP�GULWWHQ�$EVFKQLWW��
�
�
����� 7HPSHUDWXUIHOG�LP�%DXWHLO�
�
*UXQGODJH� GHU� 7HPSHUDWXUIHOGEHUHFKQXQJ� ELOGHW� GLH� )RXULHUVFKH� :lUPHOHLWXQJVJOHL�
FKXQJ��%HLP�MXQJHQ�%HWRQ�VHW]W�GLH�/|VXQJ�GLHVHU�*OHLFKXQJ�GLH�.HQQWQLVVH�GHU�WKHUPL�
VFKHQ�0DWHULDONHQQZHUWH��GHU�$QIDQJV��XQG�5DQGEHGLQJXQJHQ�XQG�GHU�+\GUDWDWLRQV�
ZlUPHHQWZLFNOXQJ�YRUDXV���
'LH�WKHUPLVFKHQ�0DWHULDONHQQZHUWH��:lUPHOHLWIlKLJNHLW�XQG�VSH]LILVFKH�:lUPHNDSD]L�
WlW�� LP� MXQJHQ� %HWRQ� YDULLHUHQ�PLW� GHU�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ��'LHVH�$EKlQ�
JLJNHLWHQ�ZXUGHQ�H[SHULPHQWHOO�XQWHUVXFKW�XQG�VLQG�EHL�GHU�%HUHFKQXQJ�]X�EHU�FNVLFK�
WLJHQ�>��@��>��@����
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�
'LH�5DQGEHGLQJXQJHQ�XPIDVVHQ�GLH�NOLPDWLVFKHQ�$XVZLUNXQJHQ�DQ�GHU�%HWRQREHUIOlFKH�
LQIROJH�.RQYHNWLRQ�XQG�6WUDKOXQJ��'HU�6WUDKOXQJVDQWHLO�VHW]W�VLFK�DXV�GHU�NXU]ZHOOLJHQ�
6WUDKOXQJ� LQIROJH� 6RQQHQHLQZLUNXQJ� XQG� DXV� GHP� ODQJZHOOLJHQ� 6WUDKOXQJVDXVWDXVFK�
]ZLVFKHQ�GHP�%DXWHLO��GHU�8PJHEXQJ�XQG�GHU�$WPRVSKlUH�]XVDPPHQ��=XVlW]OLFK�ZLUG�
GHU� 5DQG� GXUFK�:lUPHOHLWXQJ� LP� %HWRQ�EHHLQIOXVVW��'LH� %HU�FNVLFKWLJXQJ� GHV� .OLPDV�
EHL�GHU�7HPSHUDWXUIHOGEHUHFKQXQJ�HUIROJW�DQKDQG�GHU�7DJHVJlQJH�GHU�lX�HUHQ�:lUPH�
>��@�� >��@� RGHU�GHU� LGHHOOHQ�$X�HQOXIWWHPSHUDWXU� >�@�� >�@�� >��@�� >��@�� >��@�� ,P�*HJHQVDW]�
]XP�1RUPDOEHWRQ�ZXUGH�EHL�GHU�7HPSHUDWXUIHOGEHUHFKQXQJ�YRQ� MXQJHQ�%HWRQEDXWHL�
OHQ�PHLVW� HLQ� NRQVWDQWHU�0LWWHOZHUW� GHU� 7DJHVJlQJH� >���@�� >���@�� >���@� DOV� 5DQGEHGLQ�
JXQJ�YHUZHQGHW��'HU�6FKZHUSXQNW�ZXUGH�KLHU�DXI�GLH�(UIDVVXQJ�GHU�+\GUDWDWLRQVZlU�
PH� JHVHW]W�� $XIJUXQG�GHU�hEHUODJHUXQJ� ]ZLVFKHQ� LQQHUHU� XQG� lX�HUHU�:lUPH� EOHLEW�
XQEHDQWZRUWHW��RE�YHUlQGHUOLFKH�7DJHVJlQJH�PHKU�(LQIOXVV�DXI�GLH�5DQGWHPSHUDWXU�DOV�
NRQVWDQWH�0LWWHOZHUWH�GHU�7DJHVJlQJH��KDEHQ��
�
'LH� %HUHFKQXQJ� GHU� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ� HUIROJW�PLW� +LOIH� YRQ� NLQHWLVFKHQ�
0RGHOOHQ�� 'DEHL� ZLUG� X�D�� GDV� JHVDPWH� XQG� GDV� LQWHJULHUWH� NLQHWLVFKH�0RGHOO� XQWHU�
VFKLHGHQ��'LH�%LOGXQJ�GHU�0LNURVWUXNWXU�XQG�GLH�:HFKVHOZLUNXQJ�]ZLVFKHQ�GHQ�HLQ]HO�
QHQ� =HPHQWSDUWLNHOQ� LQ� GHU� +\GUDWDWLRQVUHDNWLRQ�ZLUG� EHL� GHP� JHVDPWHQ� NLQHWLVFKHQ�
0RGHOO�LPSOL]LW�XQG�EHL�GHP�LQWHJULHUWHQ�NLQHWLVFKHQ�0RGHOO�H[SOL]LW�HUIDVVW��
'DV� LQWHJULHUWH� NLQHWLVFKH�0RGHOO� ZXUGH� X�D�� YRQ� %UHXJHO� >��@� XQG�0DHNDZD� HW�� DO��
>���@� DQJHZHQGHW�� 'LH� PDWKHPDWLVFKH� 0RGHOOLHUXQJ� VHW]W� 'HWDLONHQQWQLV� GHU� 0LNUR�
VWUXNWXU�GHV�=HPHQWV�YRUDXV��'HU�$XIZDQG�]XU�%HVWLPPXQJ�GHU� IUHLHQ�3DUDPHWHU�DXV�
GHP�([SHULPHQW�LVW�KRFK������
%HL�GHP�JHVDPWHQ�NLQHWLVFKHQ�0RGHOO�HUIROJW�GLH�PDWKHPDWLVFKH�0RGHOOLHUXQJ�PLW�+LOIH�
YRQ�3RWHQ]SURGXNWHQ�>��@��>��@��([SRQHQWLDOIXQNWLRQHQ�>��@��>��@��>��@��>��@��>��@��>���@��
>���@��K\SHUEROLVFKHQ�)XQNWLRQHQ�>���@��]XVDPPHQJHVHW]WHQ�)XQNWLRQHQ�>��@��>��@�XQG�
PLW�SXQNWXHOOHQ�$QVlW]HQ� >���@��'LH� ([SRQHQWLDOIXQNWLRQ�YRQ� -RQDVVRQ� >��@�ZXUGH� LQ�
GHQ�$UEHLWHQ�YRQ��/DXEH�>��@��*XWVFK�>��@��+XFNIHOGW�>���@�XQG�(LHUOH�>���@�DQJHZHQGHW��
'LH�%HVWLPPXQJ�GHU�IUHLHQ�3DUDPHWHU�GHU�%HUHFKQXQJVPRGHOOH�LVW�QXU�DXI�H[SHULPHQWHO�
OHU�%DVLV�P|JOLFK��$OV�0HVVYHUIDKUHQ�VWHKHQ�X�D��GLH�DGLDEDWLVFKH�.DORULPHWULH�DQ�%HWRQ�
SUREHQ�XQG�GLH�LVRWKHUPH�.DORULPHWULH�DQ�=HPHQWOHLPSUREHQ�]XU�9HUI�JXQJ��'LH�DGLD�
EDWLVFKH� .DORULPHWULH� DQ� %HWRQSUREHQ�ZXUGH� LQ� GHQ� OHW]WHQ� ��� -DKUHQ� DP� KlXILJVWHQ�
HLQJHVHW]W�>�@��>�@��>��@��>���@��>��@��>��@��>���@���
'LH� LVRWKHUPHQ�9HUVXFKH�DQ�=HPHQWOHLPSUREHQ� VLQG�HLQIDFKHU�XQG�VFKQHOOHU�GXUFK]X�
I�KUHQ�DOV�GLH�DGLDEDWLVFKH�.DORULPHWULH�DQ�%HWRQSUREHQ��-HGRFK�ZXUGHQ�GLH�LVRWKHUPHQ�
9HUVXFKH� QXU� ZHQLJ� LQ� GLH� %HUHFKQXQJVPRGHOOH� GHU� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ�
HLQJHEXQGHQ� >��@�� >��@�� >��@��'LH�(UJHEQLVVH�GDUDXV�ZDUHQ�QLFKW� ]XIULHGHQVWHOOHQG��%HL�
GHQ� 8QWHUVXFKXQJHQ� YRQ� 6FKXWWHU� >��@� ZXUGHQ� EHL� GHU� 1DFKUHFKQXQJ� YRQ� DGLDEDWL�
VFKHQ�9HUVXFKHQ�WHLOZHLVH�QLHGULJH�7HPSHUDWXUZHUWH�IHVWJHVWHOOW��'DV�%HUHFKQXQJVPR�
GHOO�YRQ�6FKO��OHU�>��@��3RWHQ]�7ULENUDIW�0RGHOO��ZXUGH�PLW� LVRWKHUPHQ�9HUVXFKHQ�ND�
OLEULHUW�XQG�PLW�GUHL�XQWHUVFKLHGOLFKHQ�$QIDQJVEHGLQJXQJHQ�DQJHZHQGHW�>��@��>��@��>��@��
(V�LVW�QLFKW�HUNHQQEDU�XQWHU�ZHOFKHQ�%HGLQJXQJHQ�GLH�LVRWKHUPHQ�9HUVXFKH�]XU�VLFKHUHQ�
7HPSHUDWXUIHOGEHUHFKQXQJ�I�KUHQ�N|QQHQ���
�
�
�
�
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����� 0HVVXQJ�GHU�6SDQQXQJHQ�LP�%DXWHLO�
�
'LH� 0HVVXQJ� GHU� =ZDQJVYHUIRUPXQJHQ� XQG� �VSDQQXQJHQ� ZXUGH� X�D�� YRQ� 6SULQ�
JHQVFKPLG� XQG� VHLQHQ� 'RNWRUDQGHQ� �%UHLWHQE�FKHU� >�@�� 6FK|SSHO� >�@�� 3ODQQHUHU� >�@��
0DQJROG� >���@��� 7DQDEH� >�@� (PERUJ� >��@�� XQG�+LQW]HQ� >���@�� � LP� /DERU� XQG� LQ� VLWX�
GXUFKJHI�KUW��%HL�GHQ�9HUVXFKHQ� LP�/DERU�ZXUGHQ�X�D��GHU�5HL�UDKPHQ� >�@�� >���@�XQG�
GLH�7HPSHUDWXU�6SDQQXQJV�0DVFKLQH� >�@�� >�@�� >���@� YHUZHQGHW��9HUVXFKH� LQ� VLWX�ZXU�
GHQ�PLW�+LOIH�YRQ� �'HKQXQJVPHVVVWUHLIHQ� >�@�XQG�6WUHVV�PHWHU� >�@�� >�@� �GXUFKJHI�KUW��
'LH�0HVVXQJ�GHU�'HKQXQJ�KDW�GHQ�1DFKWHLO��GDVV�EHL�GHU�$XVZHUWXQJ�GHU�6SDQQXQJHQ�
]XVlW]OLFK� HLQ�0DWHULDOJHVHW]� GHILQLHUW�ZHUGHQ�PXVV�� %HL� XQWHUVFKLHGOLFKHQ�$QQDKPHQ�
I�U�GDV�0DWHULDOJHVHW]�N|QQHQ�DOV�)ROJH�XQWHUVFKLHGOLFKH��0HVVHUJHEQLVVH��HQWVWHKHQ��
'LHVHV�3UREOHP�ZLUG�GXUFK�GLH�6SDQQXQJVPHVVXQJ�XPJDQJHQ���
�
'LH� SULQ]LSLHOOH� =ZDQJVVSDQQXQJVHQWZLFNOXQJ� XQWHU� 7HPSHUDWXUHLQZLUNXQJ� LQIROJH�
+\GUDWDWLRQVZlUPH� LVW�EHL� ]HQWULVFKHU�%HKLQGHUXQJ�GHU�9HUIRUPXQJ� LQ�%LOG� ����GDUJH�
VWHOOW�� %LV� ]XU� 5LVVELOGXQJ� EHVWLPPHQ� KDXSWVlFKOLFK� ]ZHL� .RPSRQHQWHQ� GLH� UHDOHQ�
=ZDQJVVSDQQXQJHQ��YLVNRHODVWLVFK���'LH�(UKlUWXQJ��ZHOFKH�GLH�(QWZLFNOXQJ�GHU�HODVWL�
VFKHQ�0DWHULDONHQQZHUWH�VWHXHUW��XQG�GDV�.ULHFKHQ�E]Z��5HOD[DWLRQVYHUP|JHQ�GHV�%H�
WRQV��%HL�GHQ�0HVVXQJHQ�YRQ�%UHLWHQE�FKHU� >�@�� 6FK|SSHO� >�@�� 3ODQQHUHU� >�@�XQG�(P�
ERUJ�>��@�ZXUGH�GHU�(LQIOXVV�GHU�%HWRQWHFKQRORJLH��DXI�GLH�7HPSHUDWXU��XQG�=ZDQJV�
VSDQQXQJHQ�XQWHUVXFKW��%HL�NRQVWDQWHU�7HPSHUDWXU�ZXUGH�GHU�(LQIOXVV�GHV�FKHPLVFKHQ�
6FKZLQGHQV�DXI�GLH�=ZDQJVVSDQQXQJHQ�>�@��>�@�PHVVWHFKQLVFK�XQWHUVXFKW���
�
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�
$XV� GHQ�0HVVHUJHEQLVVHQ� GHU� =ZDQJVVSDQQXQJHQ� NDQQ� QDFK� %LOG� ���� IROJHQGHV� ]X�
VDPPHQJHIDVVW�ZHUGHQ��
• 'LH�6SDQQXQJHQ� LP�%HWRQ� �'UXFN��EHJLQQHQ�VLFK� LQ�GHU�(UZlUPXQJVSKDVH�FD������

6WXQGHQ�QDFK�%HWRQLHUHQ�]X�HQWZLFNHOQ�>�@��>�@��>���@��'LH�7HPSHUDWXUHUK|KXQJ�EH�
WUlJW�FD���.�XQG�GHU�=HLWSXQNW�ZLUG�DOV�HUVWH�1XOOVSDQQXQJVWHPSHUDWXU� ����7 O ��EH�
]HLFKQHW���

• $OV�PD[LPDOH�'UXFNVSDQQXQJ�ZXUGH���������1�PP² JHPHVVHQ���
• 'LH�=XJVSDQQXQJHQ�LP�%HWRQ�HQWVWHKHQ�LQ�GHU�$EN�KOXQJVSKDVH�FD����.�XQWHU�GHP�

7HPSHUDWXUPD[LPXP� >�@�� >�@�� >���@�� 'LHVHU� =HLWSXQNW� ZLUG� ]ZHLWH� 1XOOVSDQQXQJV�
WHPSHUDWXU�����7 O ��JHQDQQW���

• 'LH�=XJIHVWLJNHLW�ZXUGH�EHL�6SDQQXQJHQ�]ZLVFKHQ���������1�PP²�HUUHLFKW���
• %HL� 6WDKOEHWRQEDXWHLOHQ� EHWHLOLJW� VLFK� GLH� %HZHKUXQJ� DQ� GHU� 6SDQQXQJVDXIQDKPH�

HUVW�QDFK�GHU�5LVVELOGXQJ��(LQH�%HWUDFKWXQJ�GHU�6WDKOEHWRQTXHUVFKQLWWH�ELV�]XU�5LVV�
ELOGXQJ�DOV�XQEHZHKUW�LVW�GDPLW�P|JOLFK�>�@��>�@��

�
'LH�0HVVXQJ�GHU�=ZDQJVVSDQQXQJHQ�ZXUGH�YRQ�0DQJROG�>���@�YHUZHQGHW�XP�GLH�(L�
JHQVSDQQXQJHQ�LP�4XHUVFKQLWW�]X�EHXUWHLOHQ��'DEHL�ZXUGH�DXV�GHQ�JHPHVVHQHQ�6SDQ�
QXQJHQ�HLQH�YHUlQGHUOLFKH�1XOOVSDQQXQJVWHPSHUDWXU�DEJHOHLWHW��
�
�
����� %HUHFKQXQJ�GHU�6SDQQXQJHQ�LP�%DXWHLO�
�
'LH� %HUHFKQXQJ� GHU� 6SDQQXQJHQ� LP� %DXWHLO� KlQJW� YRQ� GHQ�0DWHULDONHQQZHUWHQ� EHL�
.XU]��XQG�/DQJ]HLWYHUKDOWHQ��GHP�0DWHULDOJHVHW]��HLQ��RGHU�PHKUGLPHQVLRQDO���GHU�%H�
KLQGHUXQJ�DE�����
'LH� 0DWHULDONHQQZHUWH� GHV� MXQJHQ� %HWRQV� ZLH� 'UXFNIHVWLJNHLW� >��@�� >��@�� >��@�� >��@���
>��@��>��@��>��@��>��@��>��@��>��@��>��@��>��@��=XJIHVWLJNHLW�>��@��>��@��>��@��>��@���>��@��>��@��
>��@��>��@��>��@��>���@��>���@��(ODVWL]LWlWVPRGXO�>��@��>��@��>��@��>��@��>��@��>��@��>��@��>��@��
>���@�� >���@�4XHUGHKQXQJ� >��@�� >��@� XQG� .ULHFK]DKO� >��@�� >��@�� >��@�� >��@�� >��@�� >��@��
>��@�� >���@�E]Z��5HOD[DWLRQV]DKO� >��@�� >��@�� >��@�ZXUGHQ�H[SHULPHQWHOO�XQWHUVXFKW��'LH�
9HUVXFKH�ZXUGHQ� I�U� EHVWLPPWH� %HWRQ]XVDPPHQVHW]XQJHQ� XQG�PHLVWHQV� DQ� 3UREHQ��
GLH�lOWHU�DOV����6WXQGHQ�ZDUHQ��GXUFKJHI�KUW��$XV�GHQ�0HVVHUJHEQLVVHQ�ZXUGHQ�UHFK�
QHULVFKH� $QVlW]H� I�U� GLH�0DWHULDONHQQZHUWH� DEJHOHLWHW�� 2E� GLH� $QVlW]H� DXI� EHOLHELJH�
%HWRQ]XVDPPHQVHW]XQJHQ�]X��EHUWUDJHQ�VLQG��LVW�XQNODU��:HLWHUKLQ�VWUHXHQ�GLH�$QVlW]H�
GHU�0DWHULDONHQQZHUWH� LQ�GHQ�HUVWHQ����6WXQGHQ�DXIJUXQG�JHULQJHU�0HVVGDWHQ�LQ�GLH�
VHP�=HLWEHUHLFK�VHKU�VWDUN��
�
,P�MXQJHQ�%HWRQ�ZLUG�DXIJUXQG�GHU�VWDUNHQ�5HOD[DWLRQ�GHU�6SDQQXQJHQ�GDV�YLVNRHODVWL�
VFKH�0DWHULDOJHVHW]�YHUZHQGHW��'DV�0DWHULDOJHVHW]�ZLUG�XQWHUVFKLHGOLFK�EHL�GHU�%HUHFK�
QXQJ� DQJHZHQGHW�� %HL� GHQ� HLQGLPHQVLRQDOHQ�%HUHFKQXQJHQ�ZXUGH� ]�� %�� GDV�.RQ]HSW�
GHV� HIIHNWLYHQ� (ODVWL]LWlWVPRGXOV� YHUZHQGHW� >��@�� >��@�� ,Q� GLHVHQ� )DOO� ZLUG� GLH� 6SDQ�
QXQJVJHVFKLFKWH�YHUQDFKOlVVLJW��GDGXUFK�ZHUGHQ�GLH�6SDQQXQJHQ��EHUVFKlW]W��
8P� GLH� 6SDQQXQJVJHVFKLFKWH� ]X� EHU�FNVLFKWLJHQ��ZXUGH� GDV�0DWHULDOJHVHW]�PLW� +LOIH�
YRQ�,QWHJUDO��RGHU�'LIIHUHQWLDOJOHLFKXQJHQ�JHO|VW��'LH�,QWHJUDOO|VXQJ�>��@�ZLUG�PLW�+LOIH�
GHU� 6XSHUSRVLWLRQ� DQJHZHQGHW�� %HVRQGHUV� EHL� QXPHULVFKHQ� %HUHFKQXQJHQ� KDW� GLH� ,Q�
WHJUDOO|VXQJ�GHQ�1DFKWHLO��GDVV�GLH�6SDQQXQJVJHVFKLFKWH��G�K��GLH�6SDQQXQJHQ��EHU�GLH�
=HLW� I�U� MHGHQ�3XQNW�GHV�%DXWHLOVTXHUVFKQLWWHV�� ]X� VSHLFKHUQ� LVW��'LH�'LIIHUHQWLDOO|VXQJ�
>��@� XPJHKW�GLH� 6SHLFKHUXQJ�GHU� 6SDQQXQJVJHVFKLFKWH�XQG�EDVLHUW� DXI� UKHRORJLVFKHQ�
0RGHOOEHWUDFKWXQJHQ�� +LHUI�U� ZXUGHQ�0D[ZHOO�(OHPHQWH� >��@�� >���@�� .HOYLQ�(OHPHQWH��



� �������

>��@� XQG� .RPELQDWLRQHQ� YRQ� UKHRORJLVFKHQ� (OHPHQWHQ� >���@�� >���@� YHUZHQGHW�� 'LH�
0D[ZHOO�(OHPHQWH� KDEHQ� GHQ� 9RUWHLO�� GDVV� GDUDXV� HLQH� 'LIIHUHQWLDOJOHLFKXQJ� HUVWHU�
2UGQXQJ� HQWVWHKW�� =XU� %HVWLPPXQJ� GHU� QRWZHQGLJHQ�0DWHULDOSDUDPHWHU� VLQG� MHGRFK�
5HOD[DWLRQVYHUVXFKH� >��@�� >��@�� >��@� Q|WLJ�� ZHOFKH� LQ� GHU� /LWHUDWXU� ZHQLJ� YRUKDQGHQ�
VLQG�� (PERUJ� >��@� �EHUI�KUW� GHVZHJHQ� HLQHQ� .ULHFK�� LQ� HLQHP� 5HOD[DWLRQVDQVDW]� PLW�
+LOIH�HLQHU�H[DNWHQ�/|VXQJ�QDFK�%D]DQW�>���@��'HU�.ULHFKDQVDW]�YRQ�(PERUJ�>��@�LVW�MH�
GRFK�DXIJUXQG�GHU�KRKHQ�3DUDPHWHUDQ]DKO�ZHQLJ�DQZHQGHUIUHXQGOLFK��
'LH�.HOYLQ�(OHPHQWH�>��@��N|QQHQ�PLW�.ULHFKYHUVXFKHQ�NDOLEULHUW�ZHUGHQ��I�KUHQ�DEHU�]X�
HLQHU�'LIIHUHQWLDOJOHLFKXQJ�]ZHLWHU�2UGQXQJ��GHUHQ�/|VXQJ�DXIZHQGLJHU�LVW��(LQH�.RP�
ELQDWLRQ�]ZLVFKHQ�,QWHUJUDO��XQG�'LIIHUHQWLDOO|VXQJ�ZXUGH�YRQ�&KXQ[LDR�>���@�YHUZHQ�
GHW���
�
'LH� (UIDVVXQJ� GHU� %HKLQGHUXQJ� HUIROJWH� EHL� GHU� 6SDQQXQJVEHUHFKQXQJ� YHUHLQIDFKHQG�
]�%��GXUFK�GLH�9HUZHQGXQJ�YRQ�%HWWXQJVHOHPHQWH�>��@��>��@��>���@�RGHU�GXUFK�6LPXODWLRQ�
GHU�DQJUHQ]HQGHQ�%DXWHLOH�>���@��>���@��
�
6SDQQXQJV�� XQG� 9HUIRUPXQJVEHUHFKQXQJHQ� ZXUGHQ� HLQGLPHQVLRQDO� >�@�� >��@�� >��@��
>���@�� >���@� XQG�PHKUGLPHQVLRQDO� >�@�� >��@�� >���@�� >���@�� >���@�� >���@�� >���@�� >���@�� >���@�
GXUFKJHI�KUW��%HL�GHQ�HLQGLPHQVLRQDOHQ�8QWHUVXFKXQJHQ�YRQ�%UHLWHQE�FKHU�>�@�PLW�XQ�
WHUVFKLHGOLFKHQ�$QVlW]HQ�I�U�GLH�0DWHULDONHQQZHUWH�GLIIHULHUHQ�GLH�=ZDQJVVSDQQXQJHQ�
ELV�]X�������,Q�GLHVHP�%HUHLFK�EHVWHKW�DOVR�8QWHUVXFKXQJVEHGDUI��
%HL�PHKUGLPHQVLRQDOHQ�%HWUDFKWXQJHQ�HQWVWHKHQ�GXUFK�GDV�QLFKWOLQHDUH�7HPSHUDWXUIHOG�
LP� %HWRQTXHUVFKQLWW� ]HLWOLFKH� XQG� |UWOLFKH� 9HUWHLOXQJHQ� GHU� 0DWHULDONHQQZHUWH�� DOVR�
0DWHULDOIHOGHU��'LHVHU��(LQIOXVV�DXI�GLH�6SDQQXQJHQ�LVW�ELV�MHW]W�XQEHNDQQW��
�
�
��� =LHO�XQG�/|VXQJVZHJ�GHU�$UEHLW�
�
=LHO�GHU�$UEHLW�LVW�HV��DXVJHKHQG�YRP�0DWHULDOYHUKDOWHQ�HLQH�6WUDWHJLH�]XU�ZLUNOLFKNHLWV�
QDKHQ�%HUHFKQXQJ�YRQ�6SDQQXQJHQ�LQ�MXQJHQ�%HWRQEDXWHLOHQ�LQIROJH�YRQ�7HPSHUDWXU�
IHOGHUQ�]X�HQWZLFNHOQ��'LH�8QWHUVXFKXQJ�XPIDVVW�GUHL�6FKZHUSXQNWH��
• 'LH�(UPLWWOXQJ�GHU�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�LP�%DXWHLO�DOV�(LQJDQJVJU|�H�]XU�

7HPSHUDWXUIHOGEHUHFKQXQJ���
'DEHL� ZLUG� GLH� (LJQXQJ� XQWHUVFKLHGOLFKHU� %HUHFKQXQJVDQVlW]H� XQG�0HVVYHUIDKUHQ�
]XU�%HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�LP�%DXWHLO�XQWHUVXFKW��'LH�4XDOLWlW�GHU�%H�
UHFKQXQJ�VROO�XQDEKlQJLJ�YRQ�GHU�*HZLQQXQJ�GHU�0HVVGDWHQ�DXV�HLQHU�%HWRQ��RGHU�
=HPHQWOHLPSUREH�VHLQ��

• 'LH� (QWZLFNOXQJ� HLQHU� 6WUDWHJLH� ]XU� EHVVHUHQ� (UIDVVXQJ� GHU�0DWHULDONHQQZHUWH� LP�
MXQJHQ�$OWHU�DXI�%DVLV�GHU�(UKlUWXQJVIXQNWLRQHQ���
'LHV�VROO�GLH�hEHUWUDJXQJ�YRUKDQGHQHU�$QVlW]H�]XU�(UIDVVXQJ�GHU�0DWHULDONHQQZHUWH�
DXI�DQGHUH�%HWRQ]XVDPPHQVHW]XQJHQ�HUP|JOLFKHQ��%HL�GHU�6SDQQXQJVEHUHFKQXQJ�
LVW� HLQH� IOH[LEOH� .RPELQDWLRQ� ]ZLVFKHQ� GHP�0DWHULDOJHVHW]� XQG� GHQ� YRUKDQGHQHQ�
$QVlW]HQ�I�U�GLH�(QWZLFNOXQJ�GHU�0DWHULDONHQQZHUWH�]X�HUUHLFKHQ���

• 'LH��'�%HUHFKQXQJ�GHU�7HPSHUDWXU��XQG�6SDQQXQJHQ�YRQ�MXQJHQ�%HWRQEDXWHLOHQ���
$XVJHKHQG�YRP�3RWHQWLDO�GHU�YRUKDQGHQHQ�0D�QDKPHQ�]XU�0LQLPLHUXQJ�GHU�%HDQ�
VSUXFKXQJ� LP� %DXWHLO� ZLUG� GHU� (LQIOXVV� � GHU� (UKlUWXQJ� DXI� GLH� 0DWHULDOIHOGHU� LP�
4XHUVFKQLWW�XQWHUVXFKW��

�



� �������

8P�GLHV�]X�YHUZLUNOLFKHQ��EHIDVVW�VLFK�GDV�]ZHLWH�.DSLWHO�PLW�GHP�WKHUPLVFKHQ�9HUKDO�
WHQ� GHV� MXQJHQ� %HWRQV�� $XI�*UXQGODJH� GHU� )RXULHUVFKHQ�:lUPHOHLWXQJVJOHLFKXQJ� ]XU�
%HUHFKQXQJ�GHU�7HPSHUDWXUIHOGHU�ZHUGHQ�XQWHUVFKLHGOLFKH�0|JOLFKNHLWHQ�]XU�(UIDVVXQJ�
GHU� lX�HUHQ� :lUPH�� GHU� LQQHUHQ� :lUPH� �+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�� XQG� GHU�
WKHUPLVFKHQ� 0DWHULDONHQQZHUWH� XQWHUVXFKW�� %HL� GHU� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ�
ZLUG� GDUDXV� GLH� 1RWZHQGLJNHLW� HLJHQHU� H[SHULPHQWHOOHQ� $QDO\VH� HUNDQQW�� (V� ZHUGHQ�
DGLDEDWLVFKH�9HUVXFKH�DQ�%HWRQSUREHQ�XQG�LVRWKHUPH��'&$��9HUVXFKH�DQ�=HPHQWOHLP�
SUREHQ�GXUFKJHI�KUW��
��
,P�GULWWHQ�.DSLWHO�ZHUGHQ�GLH�*UXQGODJHQ�]XU�6SDQQXQJVEHUHFKQXQJ�YRUEHUHLWHW��'DEHL�
ZLUG�GDV�.RQ]HSW�GHU�(UKlUWXQJVIXQNWLRQ�]XU�(UIDVVXQJ�GHU�(QWZLFNOXQJ�GHU�0DWHULDO�
NHQQZHUWH�YRUJHVWHOOW��=XU�GUHLGLPHQVLRQDOHQ�6SDQQXQJVEHUHFKQXQJ�LP�%DXWHLO�ZLUG�HLQ�
YLVNRHODVWLVFKH� 0DWHULDOJHVHW]� PLW� %HU�FNVLFKWLJXQJ� GHV� 0DWHULDOVJHGlFKWQLVVHV� YHU�
ZHQGHW���
%HLGH�YRUJHVWHOOWHQ�.DSLWHO�ELOGHQ�VRPLW�GLH�WUDJHQGHQ�6lXOHQ�GHU�$UEHLW��
�
,P�YLHUWHQ�.DSLWHO�ZLUG�GDV�.RQ]HSW�GHU�SURJUDPPWHFKQLVFKHQ�/|VXQJ�YRUJHVWHOOW��)�U�
GHQ�/|VXQJVZHJ�ZLUG�GLH�)LQLWH�(OHPHQWH�0HWKRGH��)(0��PLW�GHP�3URJUDPP�$16<6�
JHZlKOW��)�U�GHQ�MXQJHQ�%HWRQ�ZLUG�HLQ�QHXHU�3URJUDPPEDXVWHLQ�6<&2%������6LPXOD�
WLRQ�RI�<RXQJ�&2QFUHWH�%HKDYLRXU��HQWZLFNHOW�XQG�DQ�$16<6�JHNRSSHOW���
�
'DV� I�QIWH�.DSLWHO� EHIDVVW� VLFK�PLW�GHU� (UIDVVXQJ�YRQ�7HPSHUDWXUIHOGHUQ� LQ�%DXWHLOHQ��
'DEHL� ZLUG� GLH� (LJQXQJ� GHU� XQWHUVFKLHGOLFKHQ� %HUHFKQXQJVDQVlW]H� GHU� +\GUDWDWLRQV�
ZlUPH� XQG� GHU� EHLGHQ� H[SHULPHQWHOOHQ� 9HUIDKUHQ� �'&$�9HUVXFKH� XQG� DGLDEDWLVFKH�
9HUVXFKH��]XU�%HUHFKQXQJ�GHU�7HPSHUDWXU�LP�%DXWHLO�XQWHUVXFKW��'XUFK�HLJHQH�9HUVX�
FKH� LQ� VLWX�ZLUG�GHU� (LQIOXVV�GHV�.OLPDV�DXI�GLH�5DQGWHPSHUDWXU�EHXUWHLOW� XQG�GLH�EH�
UHFKQHWHQ�7HPSHUDWXUIHOGHU�LP�%DXWHLO�YHULIL]LHUW��
�
'DV�6SDQQXQJVYHUKDOWHQ�YRQ�%DXWHLOHQ�ZLUG�LP�VHFKVWHQ�.DSLWHO�EHKDQGHOW��$XI�*UXQG�
ODJH� GHV� YLVNRHODVWLVFKHQ�0DWHULDOJHVHW]HV�ZLUG� GHU� (LQIOXVV� GHV�0DWHULDOV� XQWHUVXFKW��
'DEHL�ZLUG�GLH�$XVZLUNXQJ�GHV�.RQ]HSWHV�GHU�(UKlUWXQJVIXQNWLRQ�DXI�GLH�6SDQQXQJV�
HQWZLFNOXQJ�EHXUWHLOW��'LH�9HULIL]LHUXQJ�GHU�%HUHFKQXQJHQ�HUIROJW�DQKDQG�GHU�9HUVXFKH�
YRQ�3ODQQHUHU�>�@��
�
,P�VLHEWHQ�.DSLWHO�ZLUG�DP�%HLVSLHO�HLQHV�+RFKRIHQIXQGDPHQWHV�GHU�(LQIOXVV�GHU��%HWRQ�
UH]HSWXU�XQG�+HUVWHOOXQJVWHFKQRORJLH�]XU�0LQLPLHUXQJ�GHU�%HDQVSUXFKXQJHQ�LP�%DXWHLO�
XQWHUVXFKW�� $XV� GHU� 9DULDQWHQXQWHUVXFKXQJ� ZLUG� GHU� (LQIOXVV� GHU� 0DWHULDOIHOGHU� LP�
4XHUVFKQLWW�EHXUWHLOW���
�
'LH�=XVDPPHQIDVVXQJ�XQG�GHU�$XVEOLFN�LP�DFKWHQ�.DSLWHO��VFKOLH�HQ�GLHVH�$UEHLW��
�
�
��� (LQVFKUlQNXQJHQ�
�
,Q�GLHVHU�$UEHLW�ZHUGHQ�GLH�LQVWDWLRQlUHQ�)HXFKWHIHOGHU�QLFKW�EHKDQGHOW���
'HU�%HWRQ�ZLUG�DOV�KRPRJHQ�XQG� LVRWURS�DQJHQRPPHQ�� (V�ZLUG�GDV� (EHQEOHLEHQ�GHV�
4XHUVFKQLWWHV�YRUDXVJHVHW]W���
'HU�%DXWHLO�EHILQGHW�VLFK�LP�XQJHULVVHQHQ�=XVWDQG���
�
�
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� 7KHUPLVFKHV�9HUKDOWHQ�GHV�MXQJHQ�%HWRQV�
��� )RXULHUVFKH�:lUPHOHLWXQJVJOHLFKXQJ� � �
�
'DV�7HPSHUDWXUIHOG�7�[�\�]�W��VWHOOW�GLH�|UWOLFKH�9HUWHLOXQJ�GHU�7HPSHUDWXU�]X�HLQHP�EH�
VWLPPWHQ�=HLWSXQNW�GDU��'LH�7HPSHUDWXUlQGHUXQJ�ZLUG�GXUFK�GHQ�7HPSHUDWXUJUDGLHQ�
WHQ��
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EHVFKULHEHQ��1DFK�GHP�)RXULHUVFKHQ�*HVHW]� LVW�GLH�:lUPHVWURPGLFKWH��G�K��GLH�WUDQV�
SRUWLHUWH�:lUPHPHQJH� LQ� 5LFKWXQJ� GHU� .RRUGLQDWHQDFKVHQ� MH� )OlFKH� XQG� =HLWHLQKHLW��
SURSRUWLRQDO�]X�GHP�7HPSHUDWXUJUDGLHQWHQ��JUDG�7 � ���PLW�GHU�:lUPHOHLW]DKO�λ � �DOV�3UR�
SRUWLRQDOLWlWVIDNWRU��
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� 7JUDG

W$

4
⋅λ−=
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=σ � � � �

�

>N-��KP²�@�

�

������

� PLW� � σ � ULFKWXQJVEH]RJHQH�WUDQVSRUWLHUWH�:lUPHPHQJH�>N-@�
� � � $ � � )OlFKHQHLQKHLW�QRUPDO�]XU�MHZHLOLJHQ�5LFKWXQJ�>P²@�
� � � W� =HLW�>K@� �
�
%HL� LQVWDWLRQlUHQ�9RUJlQJHQ�ZLUG� GLH�:lUPHELODQ]� HLQHV�9ROXPHQHOHPHQWV� I�U� GLH� LQ�
HLQHU�=HLWHLQKHLW�JHVSHLFKHUWH��DEJHI�KUWH�XQG�]XJHI�KUWH�:lUPHPHQJH�DEJHOHLWHW��

− 'LH� LQ�GHP�9ROXPHQHOHPHQW� LQ�GHU�=HLW�GW� LQIROJH�GHU�+\GUDWDWLRQVZlUPH�GHV�=H�
PHQWHV�T � �HQWVWHKHQGH�:lUPHPHQJH�HUJLEW�VLFK��

� GWG9TG4 �� ⋅⋅= � � � � � � � � >N-@� ������

PLW� � T � � :lUPHHQWZLFNOXQJ� SUR� 5DXP�XQG� =HLWHLQKHLW� DOV� )XQNWLRQ�
GHV�� � 2UWHV�XQG�GHU�=HLW��>N-��KP³@�

− 'LH� LP� (OHPHQW� JHVSHLFKHUWH�:lUPHPHQJH� I�U� HLQHQ�PRPHQWDQHQ� =XVWDQG� HUJLEW�
VLFK�DXV�GHU�]HLWOLFKHQ�7HPSHUDWXUlQGHUXQJ�ZLH�IROJW��

� GWG9
W

7
FG4 ��� ⋅⋅

∂
∂

⋅⋅= ρ � � � � � � � >N-@� ������

� PLW� � F � � VSH]LILVFKH�:lUPH�GHV�%HWRQV�>N-��NJ.�@�
� � � ρ � � 5RKGLFKWH�GHV�%HWRQV��>NJ�P³@�
− $XV�GHU�'LIIHUHQ]�GHU� LQ�HLQ�9ROXPHQHOHPHQW�HLQ��XQG�DXVWUHWHQGHQ�:lUPHPHQJH�
HUJLEW�VLFK�GLH�DEIOLH�HQGH�:lUPHPHQJH���

� GWG9
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⋅−= λ � � � � � >N-@� ������

� PLW� � λ � � :lUPHOHLW]DKO�GHV�%HWRQV��LVRWURSHV�0DWHULDO��>N-��P.K�@�

1DFK�GHP�*HVHW]�GHU�(UKDOWXQJ�GHU�(QHUJLH�IROJW�DXV�

� �� G4G4G4 += � ����D��

GDV�7HPSHUDWXUIHOG��
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– 'HU�DGLDEDWLVFKH�=XVWDQG��HQWVWHKW�XQWHU�%HU�FNVLFKWLJXQJ�GHU�=HPHQWPHQJH�=�GHV�
%HWRQV�DXV�*O������D��DOV�6RQGHUIDOO�PLW�G4 �  ���

� ��
�

F

T
=

W

7

ρ⋅
⋅=

∂
∂

� � � � � � � ��������>.�K@� ������

7KHUPRPHFKDQLVFKH� RGHU� K\JULVFKH� (LQIO�VVH� EOHLEHQ� LQ� GLHVHP�$QVDW]� XQEHU�FNVLFK�
WLJW��
�
��� $QIDQJV��XQG�5DQGEHGLQJXQJ�
�
=XU�/|VXQJ�GHU�'LIIHUHQWLDOJOHLFKXQJ�ZLUG�GLH�7HPSHUDWXU�]XP�=HLWSXQNW�W � ��7 � �[�\�]�W � ����
]��%��GLH�)ULVFKEHWRQWHPSHUDWXU��DOV�$QIDQJVEHGLQJXQJ�HLQJHI�KUW��V��$QODJH�$�������
�
$Q�GHU�2EHUIOlFKH�HLQHV�)HVWN|USHUV��GHU�YRQ�GHU�$WPRVSKlUH�XPJHEHQ�LVW��HUIROJW�GHU�
:lUPHDXVWDXVFK�GXUFK�6WUDKOXQJ��:lUPHOHLWXQJ�XQG�.RQYHNWLRQ��'HU�:lUPHKDXVKDOW�
LQ�GHU�*UHQ]VFKLFKW�ZLUG�]XVlW]OLFK�GXUFK�GLH�9HUGXQVWXQJ�RGHU�$EVRUSWLRQ�YRQ�:DVVHU�
EHHLQIOXVVW� >�@��$OV�5DQGEHGLQJXQJ� �N|QQHQ�GLH�7HPSHUDWXUHQ�DQ�GHU�2EHUIOlFKH�GHV�
.|USHUV� 7 � �[�\�]�W�� �5DQGEHGLQJXQJ� ��� $UW�� RGHU� GLH� :lUPHVWURPGLFKWH� GXUFK� GLH�
*UHQ]IOlFKHQ� σ � �W�� �5DQGEHGLQJXQJ� ��� $UW�� HLQJHJHEHQ� ZHUGHQ�� :HLWHUKLQ� VWHKW� DOV�
5DQGEHGLQJXQJ��
���$UW��V��$QODJH�$�����GLH�8PJHEXQJVWHPSHUDWXU�7 � �W�� LQ�.RPELQDWLRQ�PLW�GHP�1HZ�
WRQVFKHQ�$EN�KOXQJVJHVHW]���*O�����������]XU�9HUI�JXQJ��
'HU�7HPSHUDWXUJUDGLHQW�DQ�GHU�2EHUIOlFKH�GHV�.|USHUV�G$�HUJLEW�VLFK�GXUFK�*OHLFKVHW�
]HQ�GHU�6WURPGLFKWH�LQIROJH�.RQYHNWLRQ��

� ( ) GWG$77G4 ��		 ⋅⋅−⋅= α � ������

XQG�GHU�DXV�GHP�,QQHUHQ�DEJHJHEHQHQ�:lUPHPHQJH�GXUFK�/HLWXQJ��

� ( ) GWG$7JUDGG4 
 � � � ⋅⋅⋅−= λ � ������
'DUDXV�IROJW��

� ( ) ( )���� � � �� 777JUDG −⋅=
λ

α
�

�
�������

,Q�GHU�*OHLFKXQJ��������EHGHXWHQ���
α � � :lUPH�EHUJDQJVNRHIIL]LHQW�LQIROJH�.RQYHNWLRQ�>N-�P².K@�

� 7 � � 2EHUIOlFKHQWHPSHUDWXU�>�&@�

'LH�:lUPH�EHUJDQJV]DKO�LQIROJH�.RQYHNWLRQ�α � �HUJLEW�VLFK�I�U�%HWRQREHUIOlFKHQ�QDFK�
.HKOEHFN�>�@�LQ�$EKlQJLJNHLW�GHU�7HPSHUDWXU��XQG�:LQGJHVFKZLQGLJNHLW�Y�≤���P�V��

� ( )( )Y���77����
� ��

��� ⋅+−⋅⋅= ,,, ,α � � � >N-��P².K�@� �������

)�U� HLQH� 7HPSHUDWXUGLIIHUHQ]� ( ) .��777 �� =−=∆ � YHUHLQIDFKW� VLFK� GLH� *OHLFKXQJ� �V��
DXFK�7DEHOOH�$�������

� ( ) ( )Y������.��7� ⋅+⋅== ,,,∆α � � � � � >N-��P².K�@� �������

'XUFK�GLH�%HU�FNVLFKWLJXQJ�HLQHU�6FKDOXQJ�PLW�GHU�'LFNH�G  �XQG�GHU�:lUPHOHLWIlKLJNHLW�
λ  �HUJLEW�VLFK�DQVWHOOH�GHU�:lUPH�EHUJDQJV]DKO�α � �GLH�:lUPHGXUFKJDQJV]DKO�N��

� [ ]!!" G��N λα += � � >N-��P².K�@� �������

�
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�
�
��� bX�HUH�:lUPH��
����� 6WURPGLFKWH�LQIROJH�NXU]ZHOOLJHU�6WUDKOXQJ��
�
'LH�NXU]ZHOOLJH�6WUDKOXQJ�XPID�W�GLH�$QWHLOH�DXV�GHU�GLUHNWHQ�6RQQHQVWUDKOXQJ�6β��GHU�
GLIIXVHQ�+LPPHOVVWUDKOXQJ�+α�XQG�GHU�5HIOH[LRQ�GHU�GLIIXVHQ�+LPPHOVVWUDKOXQJ�5α��$OV�
%HUHFKQXQJVJUXQGODJH�JLOW�%LOG�����XQG�GLH�7DEHOOHQ�LQ�GHU�$QODJH�$�����'LH�DQIDOOHQGH�
NXU]ZHOOLJH�6WUDKOXQJ�DXI�HLQHP�%DXWHLO�ODXWHW��

� ( )ααβ 5+6D4 � �� � ++⋅= � � � � � � >N-��P²K�@� �������

PLW� � D � � � $EVRUSWLRQV]DKO�GHV�%DXWHLOHV�I�U�NXU]ZHOOLJH�6WUDKOXQJ�>�@��
�
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6/β+RUL]RQWDOH

%DXWHLO6

�

γ

�
%LOG������3DUDPHWHU�]XU�%HUHFKQXQJ�GHU�6RQQHQVWUDKOXQJ�DP�%HLVSLHO�HLQHU�:DQG�

�
'LH� %HUHFKQXQJHQ� GHU� HLQ]HOQHQ� $QWHLOH� GHU� *O�� ������� HUIROJHQ� LP� )ROJHQGHQ� QDFK��
1HKULQJ�>�@�VRZLH�+HLQGO�XQG�.RFK�>�@��
�
'LUHNWH�6RQQHQVWUDKOXQJ�6β�
�
'LH�GLUHNWH�6RQQHQVWUDKOXQJ�DXI�HLQH�EHOLHELJ�JHQHLJWH�%DXWHLOREHUIOlFKH� Ol�W�VLFK�ZLH�
IROJW�EHUHFKQHQ��

� βFRV66 �� ⋅= � � � � � � � >N-��P²K�@� �������

'DEHL�LVW�6 � �GLH�6WUDKOXQJ�VHQNUHFKW�]XU�%DXWHLOREHUIOlFKH��1RUPDOVWUDKOXQJ���6LH�ODXWHW�
QDFK�+HLQGO�XQG�.RFK�>�@���

� ( )47H[S66 	
� −⋅= � � � � � � >N-��P²K�@� �������

� PLW�
� 6WUDKOXQJVLQWHQVLWlW� GHU� 6RQQH� XQWHU� %HU�FNVLFKWLJXQJ� GHV� MDKUHV]HLWOLFK�

VFKZDQNHQGHQ�$EVWDQGHV�]ZLVFKHQ�(UGH�XQG�6RQQH�

� 5+266 � = � � � � � � >N-��P²K�@� �������

� � 6 � � PLWWOHUH�,QWHQVLWlW�GHU�6RQQHQVWUDKOXQJ�DX�HUKDOE�GHU�
(UGDWPRVSKlUH��6 �  ��������N-�KP²)�

� �5+2� .RUUHNWXUIDNWRU�>�@�
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� 3DUDPHWHU�GHV�*HVDPWWU�EXQJVIDNWRUV�
� � ��� FIF4 += � � � � � � � >�@� �������
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� � � F �  ����������F �  ����������
� � � 7U� 7U�EXQJVIDNWRU� � � � ���>�@�
� � � � +� +|KH�GHV�%DXZHUNVVWDQGRUWHV��EHU�11� ��>P@�

'HU�]ZHLWH�3DUDPHWHU�LQ�GHU�*O���������LVW�GHU�(LQIDOOVZLQNHO�β�GHU�1RUPDOVWUDKOXQJ�DXI�
HLQH�)OlFKH��
� ( )[ ]DFRVVLQKFRVFRVKVLQDUFFRV �� −⋅⋅+⋅= γααβ � � �

>�@� �������

� PLW�
� γ�� )OlFKHQD]LPXW�� :LQNHO� ]ZLVFKHQ� 6�G� XQG� 3URMHNWLHUXQJ� GHU� )Ol�

FKHQQRUPDOH�DXI�GLH�+RUL]RQWDOHEHQH�>�@��
� α 	 � )OlFKHQQHLJXQJVZLQNHO�]XU�+RUL]RQWDOHQ�>�@�
� D� 6RQQHQD]LPXWZLQNHO�� +RUL]RQWDOZLQNHO� ]ZLVFKHQ� 6�G� XQG� 6RQQH��

:HVW�3RVLWLY�

� � ( )[ ]{ }KFRVVLQFRVDUFVLQD τωδ ⋅⋅−= � � � >�@� �����D��

� � � *D���D −−= � � K��W >∀ �
� � � *DD = � � � K��W� ≤≤∀ �
� � � *D���D −= � � � K�W <∀ �

�����E��

� K� 6RQQHQK|KH��:LQNHO�]ZLVFKHQ�+RUL]RQWDOH�XQG�6RQQH�

� � ( )[ ]τωϕδϕδ ⋅⋅⋅+⋅= FRVFRVFRVVLQVLQDUFVLQK � � � >�@� �������

� � � ϕ� JHRJUDSKLVFKH�%UHLWH�GHV�6WDQGRUWHV�� �� >�@� �

τ 7DJHV]HLW�
ω 6WXQGHQZLQNHO�����≅���K��YRP�0LWWDJ�DXV�JHUHFKQHW��

� 'HNOLQDWLRQ�GHU�6RQQH�δ��$EVWDQG�GHU�6RQQH�YRP�bTXDWRU�

� ( )[ ]{ }���1������VLQ����� +⋅⋅=δ � � � � >�@� �������

 1��1XPPHU�GHV�7DJHV�LP�-DKU�
�
%HL�9RUKDQGHQVHLQ�YRQ�6FKDWWHQ�LQ�GHU�)OlFKH�GHV�%DXWHLOV��]��%��GXUFK�HLQHQ�.UDJDUP�
GHU�/lQJH�./��OlVVW�VLFK�GLH�9HUVFKDWWXQJVOlQJH�ZLH�IROJW�HUPLWWHOQ��

�� ( )KVLQKVLQ./6/ −⋅= β � � � � � � � >P@� �������

�
���'LIIXVH�+LPPHOVVWUDKOXQJ�+α�I�U�EHOLHELJ�RULHQWLHUWH�)OlFKHQ�
�
'LH�DXI�HLQH�JHQHLJWH�)OlFKH�IDOOHQGH�GLIIXVH�+LPPHOVVWUDKOXQJ�LVW���

� � 
� H++ ⋅=α � � � � � � � >N-��P²K�@�
�������

� PLW�
� + � � 'LIIXVH�+LPPHOVVWUDKOXQJ�I�U�EHOLHELJ�RULHQWLHUWH�)OlFKHQ�

� � � ( ) ( ) KVLQ66��+ �� ⋅−⋅= � � � � >N-��P²K�@�
�������



� �������

� Ge � (LQVWUDKO]DKO�GHU�EHWUHIIHQGHQ�)OlFKH�PLW�GHU�+LPPHOVIOlFKH�

� �
� � ( )�� FRV����H α+⋅= �� �� � �� >�@� � �������

�� 5HIOH[LRQ�GHU�GLIIXVHQ�6WUDKOXQJ�5α�I�U�EHOLHELJ�RULHQWLHUWH�)OlFKHQ�
�

� ( ) ���� H+6U5 ⋅−⋅=α � � � � � � >N-��P²K�@� �������

� PLW�
� U � � 5HIOH[LRQV]DKO��GHU�8PJHEXQJ�

� � �� H�H −= � � �� � � � >�@� �������

'LH�hEHUSU�IXQJ�GHV�%HUHFKQXQJVDQVDW]HV�GXUFK�GHQ�9HUIDVVHU�PLW�GHQ�9HUVXFKHQ�YRQ�
9DONR�>��@�LP�6FKZHL]HU�0LWWHOODQG��ϕ� ������HUJDE�HLQH�JXWH�hEHUHLQVWLPPXQJ��
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�
%LOG������6WURPGLFKWH�LQIROJH�NXU]ZHOOLJHU�6WUDKOXQJ�LP�-XOL�I�U��ϕ� �������
� 9HUJOHLFK�5HFKQXQJ�XQG�0HVVXQJ�DXV�>��@�

�
�
����� 6WURPGLFKWH�LQIROJH�ODQJZHOOLJHP�6WUDKOXQJVDXVWDXVFK�
�
=XU�(UIDVVXQJ�GLHVHV�6WUDKOXQJVDXVWDXVFKHV�ZLUG�HLQ�0RGHOO�PLW�GUHL�.|USHUQ�YHUZHQ�
GHW��'LH�$WPRVSKlUH��.|USHU�����GLH�8PJHEXQJ��.|USHU����XQG�GDV�%DXZHUN��.|USHU����
VHQGHQ�6WUDKOXQJHQ�LP�ODQJZHOOLJHQ�%HUHLFK�DXV��'LHV�LVW�PLW�HLQHU�$EQDKPH�GHU�2EHU�
IOlFKHQWHPSHUDWXU� GHU� GUHL� .|USHU� YHUEXQGHQ�� =ZLVFKHQ� GHQ� GUHL� .|USHUQ� ILQGHW� HLQ�
6WUDKOXQJVDXVWDXVFK�VWDWW���
��
)�U�GLH�%HUHFKQXQJ�GHV�6WUDKOXQJVDXVWDXVFKHV�ZLUG�KLHU�DQJHQRPPHQ��GDVV�GLH�7HPSH�
UDWXU� GHU� 8PJHEXQJ� XQG� $WPRVSKlUH� JOHLFK� GHU� $X�HQOXIWWHPSHUDWXU� 7 � � LVW�� 'LH�
6WURPGLFKWH�LQIROJH��6WUDKOXQJVDXVWDXVFK�ODXWHW�GDQQ��

� ( )

















 +

−





 +

⋅⋅=−⋅=

�

	

�



�� �	
�� �

���

7���

���

7���
&774 εα �� >N-��P²K�@� �������



� �������

'DEHL�LVW� SLε �GLH�(PLVVLRQV]DKO�I�U�ODQJZHOOLJH�6WUDKOXQJ��7DEHOOH�$�����XQG�&�  �������

N-��P².
�
K�� GLH� 6WHIDQ�%ROW]PDQQ�.RQVWDQWH�� 'LH�:lUPH�EHUJDQJV]DKO� LQIROJH� 6WUDK�

OXQJ�NDQQ�H[SOL]LW�PLW�GHP�QDFKIROJHQGHQ�$QVDW]�HUIDVVW�ZHUGHQ�>�@��

� ( ) ( ) ( )��� ���
�

�
�

�
�

�� �� 77�47777��& −=+⋅+⋅⋅⋅= −εα � ��������>N-��P².K�@� �������

�
'LH�$X�HQOXIWWHPSHUDWXU�IROJW�QDFK�3HW]ROG�>��@��V��DXFK�7DEHOOH�$�������

� ( )[ ]�	 
 � �
 � YWFRV777 −⋅⋅+= ω � � � � � � >�&@� �������

� PLW� � 7 � � � 7DJHVPLWWHOWHPSHUDWXU�
� � � 7 � � � � � 7HPSHUDWXUDPSOLWXGH�
� � � W� EHWUDFKWHWH�7DJHV]HLW�
� � � Y � � =HLWSXQNW�GHV�$XIWUHWHQV�GHV�7HPSHUDWXUPD[LPXPV�DP�7DJ�
�
6FKXO]H�>��@�EHZHUWHW�GLH�6WURPGLFKWH�LQIROJH�6WUDKOXQJVDXVWDXVFK�LQ�$EKlQJLJNHLW�GHU�
%HZ|ONXQJ�GHV�+LPPHOV��%HL�ZRONHQORVHP�+LPPHO�EHWUlJW�4 � �  �����ELV�����N-�P².��
%HL�EHZ|ONWHP�+LPPHO�WHQGLHUW�4 � � �JHJHQ�1XOO���
�
�
����� ,GHHOOH�$X�HQOXIWWHPSHUDWXU��
�
=XU�(UIDVVXQJ�GHU�lX�HUHQ�:lUPH�ZLUG�GDV�.RQ]HSW�GHU�LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�
7 � � �QDFK�0DFNH\�XQG�:ULJKW�>�@�PLW�HLQHP�JHVDPWHQ�:lUPH�EHUJDQJVNRHIIL]LHQWHQ�α � �
EHQXW]W�� 'DPLW� NDQQ�ZHLWHUKLQ� GDV� 1HZWRQVFKH� $EN�KOXQJVJHVHW]� ]XU� (UIDVVXQJ� GHU�
:lUPHODVWHQ�DQ�GHU�2EHUIOlFKH�HLQHV�%DXZHUNHV�YHUZHQGHW�ZHUGHQ���

� ( )� ���� � 774 −⋅= α � � � � � � � >N-��P²K�@� �������

PLW� ( ) ( )�� ��!" 7�7Y�7�7 ααα += ��JHVDPWHU�:lUPH�EHUJDQJVNRHIIL]LHQW��
�V��DXFK�7DEHOOH�$�����

�
'XUFK�GLH�%LOGXQJ�GHU�:lUPHELODQ]�LQ�GHU�%DXWHLOREHUIOlFKH��V��D��7DEHOOH�$�������

� # $# %%& % 4444 +−= � � � � � � >N-��P²K�@� �������

IROJW�GLH� LGHHOOH�$X�HQOXIWWHPSHUDWXU�GXUFK�*OHLFKVHW]HQ�GHU�EHLGHQ� OHW]WHQ�*OHLFKXQ�
JHQ��

� $ %# %$ %# % 7774477 ∆−∆+=−+= αα � � � ����������>�&@� �������

�
,Q�GHU�*O���������VLQG�∆7 � ' �XQG�∆7 � ' �GLH�7HPSHUDWXUDQWHLOH�LQIROJH�GHU�NXU]��E]Z��ODQJ�
ZHOOLJH�6WUDKOXQJ���
'LH� LGHHOOH�$X�HQOXIWWHPSHUDWXU��VRZLH�GHU�JHVDPWH�:lUPH�EHUJDQJVNRHIIL]LHQW�ZHU�
GHQ�GXUFK�GLH�$EKlQJLJNHLW�GHU�5DQGWHPSHUDWXU� LWHUDWLY�EHUHFKQHW�� ,VW� MHGRFK�GLH�%H�
U�FNVLFKWLJXQJ�GHU�5DQGWHPSHUDWXU�QLFKW�P|JOLFK��NDQQ��HLQH�NRQVWDQWH�7HPSHUDWXUGLI�
IHUHQ]�DQDORJ�*O���������DQJHQRPPHQ�ZHUGHQ���
'DV�.RQ]HSW�GHU� LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�ZXUGH�X�D��GXUFK�)UHXQGW�>��@��=LFKQHU�
>��@��1HKULQJ�>�@��7UDEHUW�>��@�DQJHZHQGHW���

$OWHUQDWLY�]XU�LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�7 � � �QDFK�*O���������NDQQ�GLH�(LQJDEH�GHU�
JHVDPWHQ�6WURPGLFKWH�QDFK�*O���������DOV�5DQGEHGLQJXQJ�YHUZHQGHW�ZHUGHQ�>��@��

�



� �������

��� � ,QQHUH�:lUPH��+\GUDWDWLRQVZlUPH��
����� � (LQOHLWXQJ�
�
'LH�$QZHQGXQJ�GHU�*O������E��I�U�GHQ�MXQJHQ�%HWRQ�VHW]W�GLH�%HVWLPPXQJ�GHU�:lUPH�
HQWZLFNOXQJ� LQIROJH�+\GUDWDWLRQ� YRUDXV��'LH� %HUHFKQXQJ�ZLUG� DXI� GHU�*UXQGODJH�JH�
VDPWHU�NLQHWLVFKHU�0RGHOOH�GXUFKJHI�KUW��
%HL�GHU�FKHPLVFKHQ�5HDNWLRQ�GHU�=HPHQWPLQHUDOH�PLW�$QPDFKZDVVHU�ILQGHW�HLQH�(QHU�
JLHlQGHUXQJ� LQ� )RUP� YRQ� :lUPH� �+\GUDWDWLRQVZlUPH�� VWDWW�� 'LH� +\GUDWDWLRQVZlU�
PHHQWZLFNOXQJ� W4WT ∂∂=)( � LVW� GDEHL� GLH� ]HLWOLFKH�$EOHLWXQJ�GHU�+\GUDWDWLRQVZlUPH�
PHQJH�4�W���:HLWHUKLQ�ZLUG�GDV�9HUKlOWQLV�]ZLVFKHQ�GHU�:lUPHPHQJH�]X�HLQHP�JHJH�
EHQHQ�=HLWSXQNW�4�W��XQG�EHL�YROOVWlQGLJHU�+\GUDWDWLRQ�4�W �∞��DOV�+\GUDWDWLRQVJUDG�
α�W���GHILQLHUW��

� ∞= 4�W�4�W�α � � � � � � � � >�@� �������

�
,P� %HWRQ�ZLUG� GLH�+\GUDWDWLRQVZlUPH� YRP� =HPHQW� �0HQJH�� =XVDPPHQVHW]XQJ� XQG�
0DKOIHLQKHLW���Z�]�:HUW�XQG�GHU�7HPSHUDWXU�EHHLQIOXVVW���
'LH�+\GUDWDWLRQVZlUPH�GHV�=HPHQWHV�HUJLEW�VLFK�DXV�GHU�5HDNWLRQVZlUPH�GHU�.OLQNHU�
PLQHUDOH�XQG�GHUHQ�$QWHLO�LP�=HPHQW��'LH�3KDVHQ�& � $�XQG�& � 6�OLHIHUQ�QDFK�/RFKHU�>��@�
GHQ�JU|�WHQ�%HLWUDJ��%LOG�����XQG�7DEHOOH�$������(LQH�5HGXNWLRQ�GHU�+\GUDWDWLRQVZlUPH�
NDQQ�HLQHUVHLWV�GXUFK�JHULQJHUH�$QWHLOH�GLHVHU�3KDVHQ��DQGHUHUVHLWV�GXUFK�LQHUWH�SX]]R�
ODQLVFKH�RGHU�ODWHQW�K\GUDXOLVFKH��+�WWHQVDQG��6WRIIH�HUUHLFKW�ZHUGHQ��'LH�5HDNWLRQVJH�
VFKZLQGLJNHLW�GHV�=HPHQWHV�ZLUG�GXUFK�GLH�0DKOIHLQKHLW�EHHLQIOXVVW��%HL�$EQDKPH�GHU�
.RUQJU|�H�ZLUG�GLH� UHDNWLRQVIlKLJH�2EHUIOlFKH�GHU�=HPHQWN|UQHU� HUK|KW��'LH�5HDNWL�
RQVJHVFKZLQGLJNHLW�QLPPW�PLW�IRUWJHVFKULWWHQHU�*HOELOGXQJ�]X��GD�GLH�=HPHQWJHOVWUXN�
WXU�GLFKWHU�ZLUG�>��@�����
'HU�(LQIOXVV�GHU�Z�]�:HUWH�LP�%HUHLFK�������ELV�����DXI�GLH�+\GUDWDWLRQVZlUPH�ZXUGH��
X��D��YRQ�7DOSLQ�>��@�XQWHUVXFKW��%HL�Z�]�:HUWHQ�REHUKDOE�YRQ�����HUJDEHQ�VLFK�LQQHU�
KDOE�GHU� HUVWHQ���7DJH�NDXP�9HUlQGHUXQJHQ�GHV�+\GUDWDWLRQVJUDGHV��'DQDFK�QLPPW�
GHU� +\GUDWDWLRQVJUDG�PLW� GHU� (UK|KXQJ� GHV� Z�]�:HUWHV� ]X�� ZHLO� EHL� QLHGULJHQ� Z�]�
:HUWHQ� GLH� =HPHQWJHOVWUXNWXU� GLFKWHU� LVW��'DPLW� QLPPW� GLH�'LIIXVLRQVJHVFKZLQGLJNHLW�
GHV�:DVVHUV�DE�>��@����

� � � �� �� ��� ���
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%LOG��������+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�GHU�.OLQNHUPLQHUDOH�XQG�GHU��

+RFKRIHQVFKODFNH�QDFK�/RFKHU�>��@�



� �������

,,, 9,9

+\GUDWDWLRQV]HLW

:lUPHPHQJH

:lUPHHQWZLFNOXQJ

,,,

�
%LOG������� 3HULRGHQ�GHU�=HPHQWK\GUDWDWLRQ�QDFK�GHP�0RGHOO�YRQ��
� .RQGR�EHL�NRQVWDQWHU�7HPSHUDWXU�>��@�

�
=XU�%HXUWHLOXQJ�GHU�]HLWOLFKHQ�(QWZLFNOXQJ�GHU�+\GUDWDWLRQVZlUPH�ZLUG�GDV�0RGHOO�YRQ�
.RQGR�XQG�8HGD�>��@��PLW�GHQ�I�QI�3KDVHQ�]XJUXQGH�JHOHJW��%LOG�������

3KDVH�,��3HULRGH�GHU�$QIDQJVUHDNWLRQ�
8QPLWWHOEDU�QDFK�GHP�.RQWDNW�]ZLVFKHQ�=HPHQW�XQG�:DVVHU� VWHLJW�GLH�+\GUDWDWLRQV�
ZlUPHHQWZLFNOXQJ�XQG�HUUHLFKW�LKU�HUVWHV�0D[LPXP��,Q�GLHVHU�3KDVH�UHDJLHUW�IDVW�DXV�
VFKOLH�OLFK�GHU�JJI��YRUKDQGHQH�)UHLNDON�XQG�GDV�&� $��ZREHL�GHVVHQ�5HDNWLRQVIlKLJNHLW�
PLW� ZDFKVHQGHP� $ONDOLHQJHKDOW� �. � 2�� 1D � 2�� XQG� VLQNHQGHP� 6XOIDWLVLHUXQJVJUDG� GHU�
$ONDOLHQ�DQVWHLJW��:HJHQ�GHU�NXU]HQ�'DXHU��≈���0LQ���I�KUW�GLHVH�3KDVH�QXU�]X�HLQHP�
JHULQJHQ� 7HPSHUDWXUDQVWLHJ� LP� )ULVFKEHWRQ�� GHU� LP�0LVFKYRUJDQJ� KlXILJ� XQEHPHUNW�
EOHLEW��
�
3KDVH�,,��,QGXNWLRQVSHULRGH�RGHU�5XKHSKDVH�
'DV� ]XU� 5HJHOXQJ� GHV� (UVWDUUHQV� LP� =HPHQW� HQWKDOWHQH� 6XOIDW� UHDJLHUW� EHUHLWV� LQ� GHU�
3KDVH�,�PLW�GHP�&DOFLXPDOXPLQDWYHUELQGXQJHQ�]X�(WWULQJLW�RGHU�0RQRVXOIDW��'LHVH�OD�
JHUQ�VLFK�DOV�]XVDPPHQKlQJHQGH�+�OOH�DXI�GHQ�$OXPLQDW��XQG�$OXPLQDWIHUULWSDUWLNHOQ��
DE�XQG� YHU]|JHUQ� DXI�GLHVH�:HLVH� GHUHQ�ZHLWHUH�5HDNWLRQ� LQ� GHU� 3KDVH� ,,� I�U� �� ELV� ��
6WXQGHQ��
�
3KDVH�,,,��3HULRGH�GHU�EHVFKOHXQLJWHQ�5HDNWLRQ�
'LH�:lUPHHQWZLFNOXQJ�VWHLJW�ZLHGHU�XQG�HUUHLFKW�QDFK�HWZD�����6WXQGHQ� LKU�]ZHLWHV�
0D[LPXP��
�
3KDVH�,9��3HULRGH�GHU�YHU]|JHUWHQ�5HDNWLRQ�
'LH�:lUPHHQWZLFNOXQJ�EHJLQQW�DE]XNOLQJHQ�XQG�WHQGLHUW�JHJHQ�1XOO��%HL�1:�=HPHQW�
ILQGHW� LQ�GLHVHU�3KDVH�QRFK�HLQH�JHULQJI�JLJH�1DFKHUZlUPXQJ�DXIJUXQG�GHU� VSlWHUHQ�
5HDNWLRQ�GHU�=XPDKOVWRIIH�VWDWW���VR�GDVV�HLQ�GULWWHV�0D[LPXP�HUUHLFKW�ZLUG��'LHVHV�IlOOW�
QRFK�LQ�GLHVHU�3HULRGH����
�
3KDVH�9��(QGSHULRGH�
'LH�5HDNWLRQ�NRPPW�SUDNWLVFK�]XP�(UOLHJHQ��
�
�
�



� �������

����� � 'DV�.RQ]HSW�GHU�5HLIHIXQNWLRQ�
�
'LH�+\GUDWDWLRQVZlUPH�ZLUG�YRQ�GHU�7HPSHUDWXU�EHHLQIOXVVW���'LHVHU�(LQIOXVV��ZLUG�PLW�
+LOIH�HLQHU�5HLIHIXQNWLRQ�HUIDVVW��,Q�GHU�/LWHUDWXU�>��@��>��@��>��@��>��@��>��@��>���@��>���@��
H[LVWLHUHQ�]DKOUHLFKH�9RUVFKOlJH�I�U�GLH�5HLIHIXQNWLRQ��%LOG�����XQG�7DEHOOH�$������ZHO�
FKH�LQ�GHU�5HJHO�HLQHQ�([SRQHQWLDOYHUODXI�DXIZHLVHQ��%\IRUV�>��@�XQWHUVXFKW�GLH�ZHVHQW�
OLFKH� 5HLIHIXQNWLRQHQ� DXI� LKUH� (LJQXQJ� ]XU� 9RUKHUVDJH� GHV� (UKlUWXQJVIRUWVFKULWWV� EHL�
YHUVFKLHGHQHQ�(UKlUWXQJVWHPSHUDWXUHQ��'DEHL�ZXUGH� IHVWJHVWHOOW��GDVV� �GLH�$UUHKQLXV�
IXQNWLRQ� GHQ� 7HPSHUDWXUHLQIOXVV� DXI� GLH� (UKlUWXQJVHLJHQVFKDIWHQ� DP� JHQDXHVWHQ� HU�
IDVVW��/DXEH�>��@�XQWHUVXFKWH�DXFK�PHKUHUH�5HLIHIXQNWLRQHQ�]XU�%HVWLPPXQJ�GHU�DGLD�
EDWLVFKHQ�7HPSHUDWXUHUK|KXQJ�YRQ�%HWRQ��ELV�7 ����&)�PLW�XQWHUVFKLHGOLFKHQ�)ULVFKEH�
WRQWHPSHUDWXUHQ�XQG�NDP�]XP�JOHLFKHP�(UJHEQLV��'HVZHJHQ�ZLUG�LQ�GLHVHU�$UEHLW�GLH��
5HLIHIXQNWLRQ�QDFK�$UUHKQLXV�)UHLHVOHEHQ�3HGHUVHQ�>��@�JHZlKOW���

� 
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PLW� � ( � � $NWLYLHUXQJVHQHUJLH��>N-�PRO@�
• 3RUWODQG]HPHQW�

� � � �� ( � � ������N-�PRO� � � ∀��7 � �≥����&�
� � � � ( )�� 7�����������( −⋅+= � � ∀��7 � ������&�

• +RFKRIHQ]HPHQW�>��@�
� � � � ( � � �������N-�PRO� �
� � 5� $OOJHPHLQH�*DVNRQVWDQWH��5� ������ � ��

� �
��>N-��PRO .�@�

7 � � 0LWWOHUH�7HPSHUDWXU�LP�,QWHUYDOO�L� >�&@��∀��7 � �≤�����&�

$OV�6WDQGDUGWHPSHUDWXU�7 	 � �ZLUG� L�G�5��7 	 � ����&�YHUZHQGHW��'LH�:DKO�HLQHU�DQGHUHQ�
7HPSHUDWXU�ZLH�]�%��7 	 � ����&�LVW�HEHQVR�P|JOLFK���
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7HPSHUDWXU�>�&@

)W
�>
�@

$UUHKQLXV�)UHLHVOHEHQ�>��@

5DVWUXS>��@

6DXO>��@

-RQDVVRQ>���@

�
� %LOG������5HLIHIXQNWLRQHQ�QDFK�7DEHOOH�$����PLW�HLQHU�6WDQGDUGWHPSHUDWXU�7 � � ����&�

�
0LW� +LOIH� GHU� 5HLIHIXQNWLRQ� HQWVWHKW� HLQ� :HUN]HXJ�� ZHOFKHV� HV� HUP|JOLFKW�� QLFKW�
LVRWKHUPH� LQ� LVRWKHUPH� =XVWlQGH� ]XU�FN]XI�KUHQ�� 'DV� JHVFKLHKW� GXUFK� HLQH� HLQIDFKH�
=HLWWUDQVIRUPDWLRQ��ZHOFKH�LQ�GHU�/LWHUDWXU�DOV�5HLIH]HLW�W � �RGHU�lTXLYDOHQWH�=HLW�EH]HLFK�
QHW�ZLUG��

� GW7)WW �� ⋅= ∫ )( ��E]Z�� ������� W7)WWW ∑ ⋅+= − ∆)(,, � >K@� �������

PLW� � ∆W � � 'DXHU�GHV�=HLWLQWHUYDOOV�L�>K@�



� �������

%H]RJHQ�DXI�GLH�5HLIH]HLW�W � �ZLUG�GLH�5HDO]HLW�W � �XP�GHQ�%HWUDJ�GHU�5HLIHIXQNWLRQ�)W�7 � ��
YHUlQGHUW��'DPLW� LVW�GLH�5HLIH]HLW�QHEHQ�GHP�+\GUDWDWLRQVJUDG�HLQ�0D��]XU�(UIDVVXQJ�
GHU�7HPSHUDWXUJHVFKLFKWH�LP�%DXWHLO��

�
�

����� � %HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW�
�

*UXQGODJH� GHU� %HUHFKQXQJVPRGHOOH� ELOGHW� GLH� 0HVVXQJ� GHU� +\GUDWDWLRQVZlUPH� EHL�
NRQVWDQWHU� 6WDQGDUGWHPSHUDWXU� 7V�� 'HU� LVRWKHUPH� =XVWDQG� ZLUG� EHL� 9HUVXFKHQ� XQWHU�
DGLDEDWLVFKHQ� 9HUKlOWQLVVHQ� DQKDQG� GHU� 6XEVWLWXWLRQ� GHU� 5HDO]HLW� GXUFK� GLH� 5HLIH]HLW�
JHZRQQHQ��
�%LOG� ������ 'LH� 5HLIH]HLW� ZLUG� PLW� +LOIH� GHU� JHPHVVHQHQ� 7HPSHUDWXU� EHUHFKQHW�� 'LH�
:lUPHHQWZLFNOXQJ�T � � � �W � ��ZLUG� DQKDQG� HLQHU� )RUPIXQNWLRQ� I�W � ���ZHOFKH�QXU� YRQ�GHU�
6WDQGDUGWHPSHUDWXU�7 	 �DEKlQJW��VLPXOLHUW��'HU�(LQIOXVV�YRQ�7HPSHUDWXUHQ�7 � �≠�7 	 �ZLUG�
GXUFK�HLQH�*HVFKZLQGLJNHLWVIXQNWLRQ�J�7 � ��HUIDVVW��J�7 � ��LVW�QLFKWV�DQGHUHV�DOV�GLH�5HLIH�
IXQNWLRQ��8QWHU�%HU�FNVLFKWLJXQJ�GHU�=HPHQWPHQJH�=�NDQQ�GLH� UHDOH�:lUPHHQWZLFN�
OXQJ�LP�%HWRQ�HUIDVVW�ZHUGHQ��

� �W�4�W�4 �� = �

� ( ) ( )��� � ����	 7)WWT=7JWI=WT ⋅⋅=⋅⋅= )()()( � � � � >N-�P³K@ 

�
�������

0DQ�HUNHQQW�GHQ�(LQIOXVV�GHU�5HLIHIXQNWLRQ��ZHOFKH�HLQHUVHLWV�GLH�5HDNWLRQVJHVFKZLQ�
GLJNHLW�XQG�DQGHUHUVHLWV��EHU�GLH�5HLIH]HLW�GHQ�:HUW�GHU�)RUPIXQNWLRQ�T � � � �W � ��EHVWLPPW���
�

5HLIH]HLW���W >K@

�

:
lU
P
HP

HQ
J
H�
��
>N
-�
NJ
@

=HLW���W�>K@

Isotherm
Real

5HLIH]HLW���W >K@

�

:
lU
P
HH
Q
WZ
LF
NO
XQ
J
��
�>
N-
�N
JK
@

=HLW���W�>K@

∆WH∆W

∆4

q(te)

q(t)

4�W�
4�WH�

∆WH∆W

�
%LOG������� 3ULQ]LS�GHU�0RGHOOH�DXI�%DVLV�DGLDEDWLVFKHU�9HUVXFKH��

�
=XU�%HVWLPPXQJ�GHU�)RUPIXQNWLRQ�T � �  �W � ��ZHUGHQ�KLHU�$QVlW]H�DXV�GHU�/LWHUDWXU�>�����@�
JHZlKOW�� ZHOFKH� TXDOLWDWLY� GHQ� 9HUODXI� GHU� (QWZLFNOXQJ� GHU�:lUPHPHQJH� E]Z�� GHV�
+\GUDWDWLRQVJUDGHV�LQ�6�)RUP�EHVFKUHLEHQ��%LOG�������8P�GLH�$QVlW]H�]X�GLIIHUHQ]LHUHQ��



� �������

ZLUG�DOV�.ULWHULXP�GLH�3DUDPHWHUDQ]DKO�GHU�*OHLFKXQJHQ�JHZlKOW��$XI�GLHVH�:HLVH�NDQQ�
GDV� EUHLW� YRUKDQGHQH� *OHLFKXQJVVSHNWUXP� �7DEHOOH� ����� HUIDVVW� ZHUGHQ�� 'LH� $QVlW]H�
QDFK�7DEHOOH�����ZHUGHQ�LQ�GHU�/LWHUDWXU�PHLVWHQV�I�U�GHQ�+\GUDWDWLRQVJUDG�α�W � ��DQJH�
JHEHQ��=XU�$QZHQGXQJ�GHU�*O���������ZHUGHQ�YRP�9HUIDVVHU�LQ�GHU�7DEHOOH�����GLH�=X�
VDPPHQKlQJH�GHU� HQWVSUHFKHQGHQ�$QVlW]H� I�U� GLH�+\GUDWDWLRQVUDWH� �� WW ∂∂ )(α DQJH�
JHEHQ���

�
( )

�

�
���� � �

W

W
4�W�T

∂
∂

⋅= ∞
α

� � � � � � >N-�NJ�K@� �������

'LH�:lUPHPHQJH�EHL�YROOVWlQGLJHU�+\GUDWDWLRQ��4∞ � � ��ZLUG� LQ�GHU�YRUOLHJHQGHQ�$UEHLW��
DXV� �GHQ�7HLOZlUPHQ�GHU�.OLQNHUSKDVHQ�XQG�=XPDKOVWRIIH�QDFK�/RFKHU�>��@�EHUHFKQHW��
�V��%LOG�����¡�WKHRUHWLVFKH�(QGZHUWH�XQG�7DEHOOH�$������'LH�%HUHFKQXQJ�GHU�.OLQNHUSKD�
VHQ�HUIROJW�QDFK�%RXJH�>�����@��

�
7DEHOOH������$QVlW]H�]XU�(UIDVVXQJ�GHV�+\GUDWDWLRQVJUDGHV�XQG�GHU�+\GUDWDWLRQVUDWH�

$XWRU� +\GUDWDWLRQVJUDG� )( 	Wα � +\GUDWDWLRQVUDWH� 		 WW ∂∂ )(α �

:HVFKH�>��@�
���3DUDPHWHU��

( )

�WD(;3 −⋅− �

�������

�
�� WEDW −−⋅⋅⋅)(α �

�������

-RQDVVRQ�
>��@�
���3DUDPHWHU��

( )[ ]{ }�
�� WW�/1D(;3

−+⋅−
�

�������

( ) ( )[ ] ( )[ ]
�

����� WW�/1WWEDW
−−+⋅+⋅⋅)(α

�

�������

5DVWUXS�
>�����@�
���3DUDPHWHU��

[ ]�
�WD(;3QF −⋅−⋅+ �

�������

( ) ��
�

�
� WWD(;3QED −−− ⋅⋅−⋅⋅⋅ �

�������

D��E��W � ��F��Q��QLFKWOLQHDUH�5HJUHVVLRQVSDUDPHWHU�
�
�

�

�

�

��

��

� � �� �� �� �� �� �� �� �� �� �� ��5HLIH]HLW�W �

T

� �
� �W

� ��

:HVFKH

-RQDVVRQ

5DVWUXS

�
%LOG������$QVlW]H�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW�

�
'LH�$QVlW]H� QDFK� 7DEHOOH� ���� VLQG�PLW�+LOIH� YRQ�*O�� ������� YRP�9HUIDVVHU� LQ� %LOG� ����
TXDOLWDWLY�DXVJHZHUWHW�ZRUGHQ��'LH�3KDVH�,�QDFK�%LOG�����ZLUG�LQ�GHQ�$QVlW]HQ�YHUQDFK�
OlVVLJW��GD�GHU�%HLWUDJ�GHU�+\GUDWDWLRQVZlUPH�LQ�GLHVHU�3KDVH�PLQLPDO�LVW���



� �������

4XDQWLWDWLY� LVW�DQ]XQHKPHQ��GDVV�GLH�(UK|KXQJ�GHU�3DUDPHWHUDQ]DKO�PLW�HLQHU�6WHLJH�
UXQJ�GHU�*HQDXLJNHLW� YHUEXQGHQ� LVW�� -HGRFK� VWHLJW� DXFK�GHU�PDWKHPDWLVFKH�$XIZDQG�
]XU�%HUHFKQXQJ�GHU�QLFKWOLQHDUHQ�5HJUHVVLRQVSDUDPHWHU��'HVZHJHQ�ZLUG� LP�$EVFKQ����
GLH�(LJQXQJ�GHU�$QVlW]H�LQ�$EKlQJLJNHLW�YRQ�GHU�=HPHQWDUW�XQWHUVXFKW��'DI�U�ZHUGHQ�
HLJHQH�9HUVXFKH�]XU�%HVWLPPXQJ�GHU�+\GUDWDWLRQVZlUPH�LP�%HWRQ�XQWHU�DGLDEDWLVFKHQ�
5DQGEHGLQJXQJHQ�GXUFKJHI�KUW����

�
�

����� � %HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV�
�

'DV�3ULQ]LS�GHU�%HUHFKQXQJ�QDFK�$EVFKQ��������EHKlOW�KLHU�ZHLWHU�VHLQH�*�OWLJNHLW��-H�
GRFK�ZLUG�GLH�)RUPIXQNWLRQ� LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV�EHVWLPPW��(V�JLOW�
DOVR��

� ( ) ( )�� � ��� 7)WT=7JI=T ⋅⋅=⋅⋅= ααα )()()( � � �������

�
'LH�)RUPIXQNWLRQ�ZLUG�PLW�+LOIH�YRQ�'&$���0HVVXQJHQ�DEJHOHLWHW��+LHU�HQWVSULFKW�GLH��
5HDO]HLW�W�GHU�5HLIH]HLW�W � ��'DEHL�ZHUGHQ�GLH�JHPHVVHQHQ�:HUWH�GHU�:lUPHHQWZLFNOXQJ��
T � � � �W � ��LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV�GDUJHVWHOOW��'D�T � � � �α��YRQ�GHU�6WDQGDUG�
WHPSHUDWXU�7 � �DEKlQJLJ�LVW��NDQQ�GXUFK�GLH�%LOGXQJ�GHV�9HUKlOWQLVVHV�]ZLVFKHQ�GHU�DN�
WXHOOHQ� :lUPHHQWZLFNOXQJ� T � � � � XQG� LKUHP� 0D[LPDOZHUW� T � � � 	 
 � � � HLQH� WHPSHUDWXU��
XQDEKlQJLJH�)RUPIXQNWLRQ�I  �α���JHZRQQHQ�ZHUGHQ��%LOG��������

� ( ) ( ) � � ��� � ��� � � TIT ⋅= αα �� E]Z��� ( ) ( ) ( ) � � ��� � ������ � � W4IT ∂∂⋅⋅= ∞ ααα � �������

�
'HU�DNWXHOOH�+\GUDWDWLRQVJUDG�ZLUG�GDQQ�DXV�GHU�DNWXHOOHQ��:lUPHHQWZLFNOXQJ�JHZRQ�
QHQ��

� ∫ ⋅=
∞

GW�W�T
4

�
�W�  

!"
α �� E]Z��� ∑ ⋅+=

∞
− W�W�T

4

� #
$%

&'' ∆∆αα �
�������

�
(LQLJH�$QVlW]H�DXV�GHU�/LWHUDWXU�>�����@�]XU�(UIDVVXQJ�GHU�)XQNWLRQ�I  �α��VLQG�LQ�7DEHOOH�
����DQJHJHEHQ�XQG�QDFK�%LOG�����GXUFK�GHQ�9HUIDVVHU�DXVJHZHUWHW��'LH�$QVlW]H�XQWHU�
VFKHLGHQ� VLFK� ZHVHQWOLFK� LQ� GHU� (UIDVVXQJ� GHU� ,QGXNWLRQVSKDVH� �3KDVH� ,,� QDFK�.RQGR�
>��@��� �'HU�$QVDW]�YRQ�6FKO��OHU��DXFK�3RWHQ]�7ULHENUDIW�0RGHOO�JHQDQQW��ZLUG� LQ�GHU�
/LWHUDWXU�>�����@�LQ�GUHL�9DULDQWHQ�DQJHJHEHQ��'DV�0RGHOO�6FKO��OHU��>��@��*O���������PLW�
�α�ε���JLEW�TXDOLWDWLY�DP�EHVWHQ�GHQ�9HUODXI�GHU�:lUPHHQWZLFNOXQJ�QDFK�%LOG�����ZLH�
GHU��=XU�(UIDVVXQJ�GHU�,QGXNWLRQVSHULRGH�ZXUGH�GDV�0RGHOO�6FKO��OHU��>��@��*O�� �������
PLW��α�ε���YHUZHQGHW��%HL�GHQ�9RUXQWHUVXFKXQJHQ�GXUFK�GHQ�9HUIDVVHU�ZXUGHQ�6FKZLH�
ULJNHLWHQ�EHL�GHU�.DOLEULHUXQJ�GHU�IUHLHQ�3DUDPHWHU�IHVWJHVWHOOW��GD�GLH�)XQNWLRQ�QLFKW�EHL�
1XOO�EHJLQQW��)LVFKHU�HW��DO��>��@�YHUZHQGHQ�GDV�0RGHOO�6FKO��OHU��>��@��*O���������PLW�
�ε ����ZR�GLH�:lUPHHQWZLFNOXQJ�EHL�1XOO�EHJLQQW��'LHVH�$QQDKPH�HQWVSULFKW�TXDOLWDWLY�
GHP�$QVDW]�YRQ�6FKXWWHU�7DHUZH�>��@��'HU�$QVDW]�YRQ�5HLQKDUGW�>��@�JLOW�HUVW�DE��α ε��
'LH�,QGXNWLRQVSKDVH�HUIDVVW�HU�PLW�HLQHP�VRJHQDQQWHQ�6WUHFNXQJVSDUDPHWHU��ZDV�TXDOL�
WDWLY�DXFK�GHP�$QVDW]�6FKO��OHU��HQWVSULFKW��
�
�
�
�
�
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7DEHOOH������$QVlW]H�]XU�(UIDVVXQJ�GHU�)RUPIXQNWLRQ�

$XWRU� )RUPIXQNWLRQ� ( ) ��T��TI � � ��� � �� � �� ααα = �

6FKO��OHU�>�����@�

• 6FKO��OHU���[ ]εα −)(W �

• 6FKO��OHU���[ ]�W =+ εα )( �

• 6FKO��OHU���[ ]εα +)(W �

�

	




	 �

W�W








−
−

⋅










α
α

εα
εα )()(

#

#
�

�������

6FKXWWHU�7DHUZH�>��@� [ ]{ } ( ))()( WE(;3W6,1F
�

απα ⋅−⋅⋅⋅ �
�������

5HLQKDUGW�>��@� ( ) ( ))()()()( WG(;3WFWE(;3WD
�

αααα ⋅−⋅⋅+⋅−⋅⋅ �
�������

� �������α � ��� +\GUDWDWLRQVJUDG�EHL�T � � � � � � � �
� ����������ε��� (QGH�GHU�,QGXNWLRQVSKDVH��α ε����DOVR�3KDVH�,,�QDFK�%LOG������
D��E��F��G��Q��P���1LFKWOLQHDUH�5HJUHVVLRQVSDUDPHWHU�

�
'DV� 3RWHQ]�7ULHENUDIW�0RGHOO� YRQ� 6FKO��OHU� �%LOG� ����� HUIDVVW� GDPLW� TXDOLWDWLY� GDV�
6SHNWUXP� GHU� $QVlW]H� QDFK� 7DEHOOH� ����� $QKDQG� YRQ� '&$�0HVVXQJHQ� ZHUGHQ� LP�
$EVFKQ����8QWHUVXFKXQJHQ�]XU�.OlUXQJ�GHU�0RGHOOLHUXQJ�GHU�,QGXNWLRQVSKDVH�GXUFKJH�
I�KUW��$XI�GLH�$QVlW]H�YRQ�6FKXWWHU�7DHUZH�>��@�VRZLH�5HLQKDUGW�>��@�ZLUG�QLFKW�PHKU�
HLQJHJDQJHQ��
�

���

���

���

���

���

���

��� ��� ��� ��� ��� ���

+\GUDWDWLRQVJUDG�α�>�@

�I
�α
� 
T

� �
� �W

� ��
T

� �
� �

��
� >�

@

6FKO��OHU� 6FKO��OHU� 6FKO��OHU�

�
%LOG�������$QVlW]H�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV�

�
�
�
�
�
�
�
�
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��� � (LJHQH�9HUVXFKH�]XU�0HVVXQJ�GHU�+\GUDWDWLRQVZlUPH�
����� � 0HVVYHUIDKUHQ�
�
'XUFK� PHVVWHFKQLVFKH� 8QWHUVXFKXQJHQ� N|QQHQ� GLH� (LQIO�VVH� GHV� =HPHQWHV� XQG� GHV�
Z�]�:HUWHV�DXI�GLH�+\GUDWDWLRQVZlUPH�GHV�%HWRQV��$EVFKQ���������HUIDVVW�ZHUGHQ��'HU�
(LQIOXVV�GHU�7HPSHUDWXU�ZXUGH�LP�$EVFKQ��������EHWUDFKWHW��'LH�0HVVXQJ�GHU�+\GUDWD�
WLRQVZlUPH�NDQQ�PLW�+LOIH�GHU�DGLDEDWLVFKHQ�.DORULPHWULH��/|VXQJVNDORULPHWULH�XQG�'LI�
IHUHQWLDO�.DORULPHWULH�$QDO\VH��'&$��GXUFKJHI�KUW�ZHUGHQ��
�
%HL�GHU�DGLDEDWLVFKHQ�.DORULPHWULH�ZLUG�GLH�7HPSHUDWXU�GHU�8PJHEXQJ�GXUFK�HLQHQ�5H�
JHOPHFKDQLVPXV�]X�MHGHP�=HLWSXQNW�GHU�0HVVXQJ�DXI�GLH�7HPSHUDWXU�GHU�%HWRQSUREH��
HLQJHVWHOOW��'DV�(UJHEQLV�GHU�0HVVXQJ�LVW�GLH�DGLDEDWLVFKH�7HPSHUDWXUHUK|KXQJ�LP�%H�
WRQ��'DUDXV�N|QQHQ�GLH�:lUPHPHQJH�XQG�GLH�:lUPHHQWZLFNOXQJ�GHV�%HWRQV�QDFK�*O��
������DEJHOHLWHW�ZHUGHQ��
�
'LH�'LIIHUHQWLDO�.DORULPHWULH�$QDO\VH��'&$��LVW�HLQ�LVRWKHUPHV�9HUIDKUHQ��G��K��GDVV�GLH�
7HPSHUDWXU�ZlKUHQG�GHU�0HVVXQJ�NRQVWDQW�EOHLEW��$OV�3UREH�ZHUGHQ���J�=HPHQWOHLP�
YHUZHQGHW��%HL�GHU�'&$�ZLUG�GLH�:lUPHOHLWIlKLJNHLW� ]ZLVFKHQ�HLQHU� LQQHUHQ�.DPPHU��
�0HVV]HOOH��XQG�LKUHU�8PJHEXQJ�XP�HLQ�9LHOIDFKHV�HUK|KW�XQG�GHU�:lUPHIOXVV�JHPHV�
VHQ��'DV�9HUIDKUHQ�HLJQHW�VLFK�ELV�]X�HLQHP�3UREHDOWHU�����7DJH��(UJHEQLV�GHU�0HVVXQ�
JHQ� LVW�KLHU�HLQH�NRQWLQXLHUOLFKH�(UIDVVXQJ�GHU�:lUPHPHQJH�XQG�GHU�:lUPHHQWZLFN�
OXQJ�GHV�=HPHQWHV��
�
(LQ�ZHLWHUHV� LVRWKHUPHV�9HUIDKUHQ� LVW�GLH�/|VXQJVNDORULPHWULH��'LH�+\GUDWDWLRQVZlUPH�
ZLUG� DOV� 'LIIHUHQ]� ]ZLVFKHQ� GHU� /|VXQJVZlUPH� HLQHU� WURFNHQHQ� XQK\GUDWLVLHUWHQ� =H�
PHQWSUREH�XQG�HLQHU��EHU�HLQH�JHZLVVH�=HLW�K\GUDWLVLHUWHQ�=HPHQWSUREH�HUPLWWHOW��'LHVH�
0HWKRGH�HLJQHW�VLFK�I�U�HLQ�%HWRQDOWHU�!���7DJH�XQG�LVW�LQ�GHU�',1�������7HLO���>��@�JH�
QRUPW�� $OV�0HVVHUJHEQLV� ZLUG� GLH�:lUPHPHQJH� GHV� =HPHQWHV� EHL� XQWHUVFKLHGOLFKHQ�
=HLWSXQNWHQ�ZLH�]��%��W� ��G���G�XQG����G�DQJHJHEHQ��'LHVH�N|QQHQ�EHL�%HUHFKQXQJHQ�
DOV�5LFKWZHUWH�YHUZHQGHW�ZHUGHQ���
9HUJOHLFKW� PDQ� GLH� DGLDEDWLVFKH� .DORULPHWULH� DQ� %HWRQSUREHQ� XQG� GLH� 'LIIHUHQ]HQ�
.DORULPHWULH�$QDO\VH� DQ� =HPHQWOHLPSUREHQ� DOV� NRQWLQXLHUOLFKHV� 9HUIDKUHQ� ]XU� %HVWLP�
PXQJ�GHU�:lUPHHQWZLFNOXQJ��GDQQ� LVW�GHU�9HUVXFKVDXIZDQG�EHL�HLQHU�'&$�0HVVXQJ�
JHULQJHU���
�
�
����� � $GLDEDWLVFKH�9HUVXFKH�DP�%HWRQNDORULPHWHU�
�
'XUFK�GLH�9HUVXFKH�XQWHU�DGLDEDWLVFKHQ�5DQGEHGLQJXQJHQ�NDQQ�GHU�(LQIOXVV�GHU�%HWRQ�
]XVDPPHQVHW]XQJ�DXI�GLH�:lUPHHQWZLFNOXQJ�HUIDVVW�ZHUGHQ�>���@��%HL�GHQ�9HUVXFKHQ�
ZXUGH�GLH�=HPHQWDUW�XQG��PHQJH�YDULLHUW��(V�ZXUGHQ�=HPHQWH�GHV�:HUN�$��7DEHOOH������
YHUZHQGHW��'HU�%HWRQ�ZXUGH�PLW�HLQHP�PD[LPDOHQ�=XVFKODJVNRUQ�YRQ����PP�KHUJH�
VWHOOW�XQG�GLH�6LHEOLQLH�GHV�=XVFKODJJHPLVFKHV�ODJ�LP�%HUHLFK�$%�����%HUHLFK����QDFK�',1�
�����>��@��7DEHOOH�����JLEW�GLH�=XVDPPHQVHW]XQJ�GHU�YHUZHQGHWHQ�%HWRQH�DQ���
'DV�YHUZHQGHWH�%HWRQNDORULPHWHU� LVW� LQ�%LOG�����GDUJHVWHOOW��'HU�3UREHN|USHU�KDW�HLQH�
$EPHVVXQJ�YRQ������FP�'XUFKPHVVHU�XQG������FP�+|KH��'LH�:lUPHDEJDEH�GHU�3UR�
EH�ZLUG� GXUFK� HLQ� 6\VWHP� /XIWVFKLFKW�6FKDXPSRO\VW\URO�/XIWVFKLFKW� �8PJHEXQJ�� YHU�
KLQGHUW�� 'HU� 7HPSHUDWXUDXVJOHLFK� ]ZLVFKHQ� GHU� 3UREH� XQG� GHU� 8PJHEXQJ� IDQG� EHL�
±�����.�VWDWW���
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�
�� %HWRQSUREH�
�� 0HVVI�KOHU�XQG�5HJOHU�
�� 0HVVI�KOHU�
�� 6FKDXPSRO\VW\UROEHKlOWHU�
�� +HL]VSLUDOH�
�� %OHFKIDVV�
�� =XODXI�
�� $EODXI�
�� 7KHUPRVWDW�
��� 'DWHQORJJHU�
��� ,VROLHUWH�6W�W]H�

%LOG������%HWRQNDORULPHWHU�>���@� �
�
7DEHOOH������=XVDPPHQVHW]XQJ�GHU�YHUZHQGHWHQ�%HWRQH��

=HPHQWDUW� =HPHQW��
PHQJH�

)OXJ�
DVFKH�

Z�]�
:HUW�

=XVFKODJ��
*HKDOW�

$QIDQJVWHP�
SHUDWXU�

%HWRQ��

>�@� >NJ�P³@� >NJ�P³@� >�@� >NJ�P³@� >NJ�P³@�

%�� &(0�,,,�%������
1:�+6�1$�

���� ���� ����� ����� ������

%�� &(0�,������5� ���� ��� ����� ����� ������
%�� &(0�,������5� ���� ���� ����� ����� ������
%�� &(0�,������5� ���� ���� ����� ����� ������
%�� &(0�,������5� ���� ���� ����� ����� ������
%�� &(0�,������5� ���� ���� ����� ����� ������

�:DVVHU�%LQGHPLWWHOZHUW�������
�

'LH�JHPHVVHQHQ�%HWRQWHPSHUDWXUHQ� VLQG� LQ�%LOG������DXIJH]HLFKQHW��'LH�7HPSHUDWXU�
PD[LPD� VLQG� DEKlQJLJ� YRQ�GHU� =HPHQWIHVWLJNHLWVNODVVH� XQG�=HPHQWPHQJH��$XIJUXQG�
GHU�YHUJOHLFKVPl�LJ�K|KHU�=HPHQWPHQJH�ZXUGHQ�EHLP�%HWRQ�%���&(0�,�����5��K|KHUH�
7HPSHUDWXUHQ� DOV� EHLP� %HWRQ� %�� �&(0� ,� ����5�� IHVWJHVWHOOW�� %HLP� %HWRQ�PLW� GHU� =H�
PHQWIHVWLJNHLWVNODVVH������ZXUGH�GHU�:HJ�ELV�]XP�(UUHLFKHQ�GHU�PD[LPDOHQ�7HPSHUD�
WXU�YDULLHUW��,Q�GHQ�HUVWHQ����6WXQGHQ�VLQG�8QWHUVFKLHGH�LQ�GHQ�7HPSHUDWXUHQ�DXIJUXQG�
GHU�XQWHUVFKLHGOLFKHQ�%HWRQDQIDQJVWHPSHUDWXUHQ��GHU�=XJDEH�YRQ�)OXJDVFKH�VRZLH�GHU�
9HUZHQGXQJ�YRQ�+RFKRIHQ]HPHQWHQ�HQWVWDQGHQ���1DFK����6WXQGHQ�WHQGLHUHQ�DOOH�%H�
WRQH�GLHVHU��*UXSSH�]XU�VHOEHQ�PD[LPDOHQ�7HPSHUDWXU��
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�
%LOG�������$GLDEDWLVFKH�7HPSHUDWXUHQ�

�
�
����� � ,VRWKHUPH�9HUVXFKH��'&$��DP�=HPHQWNDORULPHWHU�
�
%HL�GHU� ]ZHLWHQ�9HUVXFKVJUXSSH�ZXUGH�GHU�(LQIOXVV�GHV�=HPHQWHV�DXI�GLH�:lUPHHQW�
ZLFNOXQJ�EHL�NRQVWDQWHU�7HPSHUDWXU�YRQ����&�XQWHUVXFKW��$XIJUXQG�GHV�JHULQJHQ�9HU�
VXFKVDXIZDQGHV�XQG�GHU�9HUVXFKVGDXHU��ZXUGH�QHEHQ�GHU�=HPHQWDUW�DXFK�GHU�(LQIOXVV�
XQWHUVFKLHGOLFKHU�+HUNXQIW� GHV� =HPHQWHV�� G�� K�� XQWHUVFKLHGOLFKH� =HPHQWZHUNH�� DQDO\�
VLHUW���
'LH�0HVV]HOOH� LVW�PLW�HLQHU�:DVVHUN�KOXQJ�DXVJHVWDWWHW��ZHOFKH�HLQH�NRQVWDQWH�8PJH�
EXQJVWHPSHUDWXU�HUP|JOLFKW��%HL�GHQ�0HVVXQJHQ�ZXUGH�HLQ�Z�]�:HUW�GHU�=HPHQWOHLP�
SUREH�YRQ�����YHUZHQGHW��'LH�0HVV]HLW�EHWUXJ����K��'LH�YHUZHQGHWHQ�=HPHQWH�VLQG�LQ�
7DEHOOH�����GDUJHVWHOOW��*HPHVVHQ�ZLUG�� LP�*HJHQVDW]�]XU�DGLDEDWLVFKHQ�0HVVXQJ��GLH�
+\GUDWDWLRQVZlUPH�XQG�GLH�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�GHV�=HPHQWHV��%LOG��������
�
7DEHOOH������9HUZHQGHWH�=HPHQWH�EHL�GHU�'&$�0HVVXQJHQ�

%H]�� =HPHQWDUW� :HUN�
=��� &(0�,,,�$������1:�1$� $�
=���=���=��� &(0�,,,�%������1:�+6�1$� $��%��(�
=���=���=���=��� &(0�,������5� $��$��%��&�
=��� =���� =����
=����=����=����

&(0�,������5� $��$��%��%��&��'�

=����=���� &(0�,������5� /XDQGD���$QJROD�
=����=���� &(0�,������5� $��%�
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�
%LOG��������+\GUDWDWLRQVZlUPHPHQJH�XQG�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�EHL��
� XQWHUVFKLHGOLFKHQ�=HPHQWDUWHQ�

�
'LH�$Q]DKO� GHU� XQWHUVXFKWHQ� =HPHQWH� LVW� QLFKW� DXVUHLFKHQG�� XP�GLH� 6WUHXXQJ� LQIROJH�
XQWHUVFKLHGOLFKHU�+HUNXQIW�GHU�=HPHQWH�]X�HUIDVVHQ�>���@��'HVZHJHQ�ZLUG�I�U�MHGH�=H�
PHQWDUW�GLH�6WUHXXQJ�YHUHLQIDFKHQG�PLW�GHQ�0LWWHOZHUWHQ�EHU�FNVLFKWLJW��%LOG���������
�

�

�
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�
%LOG�������(LQIOXVV�GHU�XQWHUVFKLHGOLFKHQ�+HUNXQIW�GHV�=HPHQWHV�&(0�����5�DXI�GLH�:lUPHHQWZLFNOXQJ�



� �������

����� � 9HULILNDWLRQ�GHU�5HLIHIXQNWLRQ�
�
'LH�(UJHEQLVVH�GHU�9HUVXFKH�PLW�XQWHUVFKLHGOLFKHQ�%HWRQ]XVDPPHQVHW]XQJHQ�XQG�=H�
PHQWDUWHQ�ZHUGHQ�DOV�%DVLV�]XU�%HUHFKQXQJ�GHU�:lUPHHQWZLFNOXQJ�LP�%DXWHLO�EHQ|WLJW��
'LH��5HLIHIXQNWLRQ�VSLHOW�GDEHL�HLQH�6FKO�VVHOUROOH��DXI�GLH�LP�ZHLWHUHQ�QlKHU�HLQJHJDQ�
JHQ�ZLUG��
�
6LQG� DGLDEDWLVFKH� 7HPSHUDWXUHUK|KXQJHQ� DOV� 9HUVXFKVHUJHEQLVVH� YRUKDQGHQ�� GDQQ�
NRPPW�GLH�5HLIHIXQNWLRQ�]ZHLPDO�]XP�(LQVDW]�� ,P�HUVWHQ�6FKULWW�ZLUG�VLH�EHQ|WLJW��XP�
GLH�:lUPHPHQJH�XQG��HQWZLFNOXQJ�I�U�GHQ�LVRWKHUPHQ�DXV�GHP�DGLDEDWLVFKHQ�=XVWDQG�
]X�JHZLQQHQ��%LOG���������'HU�]ZHLWH�(LQVDW]�HUIROJW��XP�GLH�UHDOH�:lUPHHQWZLFNOXQJ�LP�
%DXWHLO�DXV�GHP�LVRWKHUPHQ�=XVWDQG�]X�EHUHFKQHQ���
'LH�9HUZHQGXQJ�HLQHU�5HLIHIXQNWLRQ��ZHOFKH�GHU� WDWVlFKOLFKHQ�5HDNWLRQVJHVFKZLQGLJ�
NHLW�GHV�=HPHQWHV�QLFKW�HQWVSULFKW�� I�KUW�EHL�GLHVHU�9RUJHKHQVZHLVH�WURW]GHP�]X�HLQHU�
¯NRUUHNWHQ£�%HUHFKQXQJ�GHU�UHDOHQ�:lUPHHQWZLFNOXQJ�LP�%DXWHLO��'XUFK�GHQ�]ZHLPD�
OLJHQ�(LQVDW]�GHU�5HLIHIXQNWLRQ�NDQQ�VLFK�GHU�¯)HKOHU£�DXVJOHLFKHQ��
�
,VW�MHGRFK�GLH�:lUPHPHQJH�XQG��HQWZLFNOXQJ�XQWHU�LVRWKHUPHQ�5DQGEHGLQJXQJHQ�DXV�
0HVVXQJHQ� JHJHEHQ�� GDQQ�ZLUG� GLH� 5HLIHIXQNWLRQ� QXU� HLQPDO� EHQ|WLJW��0LW�+LOIH� GHU�
5HLIHIXQNWLRQ�ZLUG�GLH�:lUPHHQWZLFNOXQJ�GHV�UHDOHQ�=XVWDQGV�LP�%DXWHLO�DXV�GHP�LVR�
WKHUPHQ�=XVWDQG�HUPLWWHOW��'LH�5HLIHIXQNWLRQ��ZHOFKH�GLH�5HDNWLRQVJHVFKZLQGLJNHLW�GHV�
=HPHQWHV� QLFKW� ]XWUHIIHQG�ZLHGHUJLEW�� Z�UGH� KLHU� ]X� IHKOHUKDIWHQ�:HUWHQ� GHU� UHDOHQ�
:lUPHHQWZLFNOXQJ�I�KUHQ��%HL�9RUKDQGHQVHLQ�YRQ�LVRWKHUPHQ�0HVVZHUWHQ�GHU�+\GUD�
WDWLRQ�LVW�HV�VLQQYROO��GLH�(LJQXQJ�GHU�5HLIHIXQNWLRQ�DQKDQG�YRQ�0HVVZHUWHQ�]X�YHULIL�
]LHUHQ��
��
,Q�%LOG������LVW�GLH�:lUPHPHQJH�XQG�:lUPHHQWZLFNOXQJ�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW�
W � � � � � I�U�]ZHL�%HWRQH�JOHLFKHU�=HPHQWDUW���PHQJH�XQG�Z�]�:HUW��MHGRFK�XQWHUVFKLHGOL�
FKHU�$QIDQJVWHPSHUDWXUHQ��GDUJHVWHOOW��$XV�GHP�9HUJOHLFK�NDQQ�GLH�5HLIHIXQNWLRQ�EHXU�
WHLOW�ZHUGHQ����
)�U� GLH�:lUPHPHQJH� HUJLEW� VLFK� EHVRQGHUV� DP� $QIDQJ� HLQH� JXWH� hEHUHLQVWLPPXQJ�
]ZLVFKHQ�GHQ�EHLGHQ�%HWRQHQ��,P�(QGEHUHLFK�VLQG�JHULQJH�$EZHLFKXQJHQ�HQWVWDQGHQ��
'LH� $EZHLFKXQJHQ� I�KUHQ� NDXP� ]X� 8QWHUVFKLHGHQ� LQ� GHU�:lUPHHQWZLFNOXQJ� EHLGHU�
%HWRQH��'DV�]HLJW��GDVV�GLH�KLHU�JHZlKOWH�5HLIHIXQNWLRQ�JHHLJQHW�LVW��XP�GLH�5HDNWLRQV�
JHVFKZLQGLJNHLW� GHU� KLHU� YHUZHQGHWHQ� %HWRQH� ZLHGHU]XJHEHQ�� 'LH� (QWVFKHLGXQJ� LQ�
$EVFKQ�� ������ I�U� GLH� � 5HLIHIXQNWLRQ� QDFK�$UUHKQLXV�)UHLHVOHEHQ�ZLUG� KLHU� DOV� NRUUHNW�
EHVWlWLJW��
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%LOG�������%HXUWHLOXQJ�GHU�5HLIHIXQNWLRQ�QDFK�$UUHKQLXV/)UHLHVOHEHQ�
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����� � 9HUJOHLFKH�]ZLVFKHQ�EHLGHQ�9HUVXFKHQ�
�
'LH�+\GUDWDWLRQVZlUPH�ZLUG�EHL�GHU�7HPSHUDWXUIHOGEHUHFKQXQJ�GXUFK�GLH�:lUPHHQW�
ZLFNOXQJ�EHU�FNVLFKWLJW��'HVZHJHQ�ZLUG�LQ�GLHVHP�$EVFKQLWW�GHU�(LQIOXVV�GHU�0HVVYHU�
IDKUHQ�XQG�GHU�Z�]�:HUW�DXI�GLH�:lUPHHQWZLFNOXQJ�XQWHUVXFKW��'DI�U�ZHUGHQ�I�U�GHQ�
VHOEHQ� =HPHQW� GLH� 9HUVXFKH� XQWHU� DGLDEDWLVFKHQ� XQG� LVRWKHUPHQ� �'&$�� 5DQGEHGLQ�
JXQJHQ�DQKDQG�GHU�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�YHUJOLFKHQ��'LH�7UDQVIRUPDWLRQ�GHU�
=HLW�LQ�GLH�5HLIH]HLW�HUIROJW�EHL�GHQ�DGLDEDWLVFKHQ�9HUVXFKHQ�I�U�HLQH�6WDQGDUGWHPSHUD�
WXU�YRQ�7 �  ���&��
�
'DV� (UJHEQLV�GHV�9HUJOHLFKHV� LVW�EHLVSLHOVZHLVH� I�U�GHQ�=HPHQW�&(0� ,� �����5� LP�%LOG�
�����GDUJHVWHOOW��'XUFK�JOHLFKHQ�Z�]�:HUW�GHU�%HWRQ��XQG�=HPHQWOHLQSUREHQ�YRQ�����
OlVVW� VLFK� GHU� (LQIOXVV� GHU� 0HVVYHUIDKUHQ� DXI� GLH� :lUPHHQWZLFNOXQJ� EHXUWHLOHQ�� 'LH�
:lUPHHQWZLFNOXQJVNXUYH� DXV� GHU�'&$�0HVVXQJ� LVW� HWZD�XP��� 6WXQGHQ�QDFK� UHFKWV�
YHUVFKREHQ��:HLWHUKLQ�LVW�GHU�:HUW�GHU�:lUPHHQWZLFNOXQJ�EHL�(QGH�GHU�,QGXNWLRQVSH�
ULRGH��3KDVH�,,�QDFK�%LOG������]X�QLHGULJ��%HL�HLQHU�7HPSHUDWXUIHOGEHUHFKQXQJ�I�KUW�GDV�
]X�HLQHU� ]X� ODQJ�DQGDXHUQGHQ� ,QGXNWLRQVSHULRGH��'LH�9HUVHW]XQJ�GHU�:lUPHHQWZLFN�
OXQJVNXUYH�XP�FD����6WXQGHQ�I�KUW�]X�K|KHUHQ�(QGZHUWHQ�GHU�7HPSHUDWXU��$XV�GLHVHP�
*UXQG� ZXUGHQ� GLH� '&$�0HVVHUJHEQLVVH� GXUFK� 9HUVFKLHEXQJ� GHU� '&$�.XUYH� �LVR�
WKHUP�� QDFK� OLQNV� NRUULJLHUW� �%LOG� ������� � 'DPLW� ZLUG� HLQH� EHVVHUH� hEHUHLQVWLPPXQJ�
]ZLVFKHQ�GHU�:lUPHHQWZLFNOXQJ�DXV�GHP�LVRWKHUPHQ�XQG�DGLDEDWLVFKHQ�=XVWDQG�LQ�GHU�
$QIDQJVSKDVH�HUUHLFKW���
�
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isotherm adiabatisch isotherm*

�
%LOG�������9HUJOHLFKH�]ZLVFKHQ�9HUVXFKHQ�XQWHU�LVRWKHUPHQ��'&$��XQG�DGLDEDWLVFKHQ�
� 5DQGEHGLQJXQJHQ��&(0�,������5��%���EHL�JOHLFKHQ�Z�]�:HUW�YRQ�����

�
,Q�GHQ�%LOGHUQ������XQG������LVW�GLH�:lUPHHQWZLFNOXQJ�EHL�QLHGULJHQ�XQG�K|KHUHQ�Z�]�
:HUWHQ� GDUJHVWHOOW�� � (LQ� HLQGHXWLJHU� XQG� VLJQLILNDQWHU� (LQIOXVV� GHU� Z�]�:HUWH� DXI� GLH�
:lUPHHQWZLFNOXQJ�LQ�GHQ�HUVWHQ����6WXQGHQ�LVW�DXV�GHQ�0HVVHUJHEQLVVHQ�QLFKW�]X�HQW�
QHKPHQ��'DPLW�ZHUGHQ�GLH�(UJHEQLVVH�YRQ�7DOSLQ�>��@�EHVWlWLJW��$EVFKQ��������%HL�GLH�
VHU� :HUWXQJ� ZXUGH� DQJHQRPPHQ�� GDVV� GLH� 4XDOLWlW� GHU� '&$�0HVVHUJHEQLVVH� QLFKW�
GXUFK�GLH�=HPHQWDUW�EHHLQIOXVVW�ZXUGH��'LHVH�$QQDKPH�ZLUG�KLHU�JHVW�W]W��GD�GHU�9HU�
ODXI�GHU�:lUPHQWZLFNOXQJ�LQ�GHQ�%LOGHUQ�����������NHLQH�WHQGHQ]LHOOH�$EKlQJLJNHLW�YRQ�
GHU� =HPHQWDUW� DXIZHLVW�� (V� OlVVW� VLFK� GDPLW� UHV�PLHUHQ�� GDVV� GLH� $EZHLFKXQJHQ� ]ZL�
VFKHQ� GHU� LVRWKHUPHQ� XQG� DGLDEDWLVFKHQ� JHZRQQHQHQ� :lUPHHQWZLFNOXQJ� DXI� GDV�
0HVVYHUIDKUHQ�]XU�FN]XI�KUHQ�XQG�DOV�JHULQJ�]X�EHZHUWHQ�VLQG��%HLGH�0HVVHUJHEQLVVH�



� �������

ZHUGHQ�GDPLW� DOV�JOHLFKZHUWLJ� DQJHVHKHQ�XQG� VLQG�JHHLJQHW�XP�GLH� )RUPIXQNWLRQ� ]X�
EHVWLPPHQ���
'LH�7HPSHUDWXUEHUHFKQXQJ�ZLUG� LP�$EVFKQLWW���GXUFKJHI�KUW��'XUFK�GLH�%HVWLPPXQJ�
GHU�:lUPHPHQJH�EHL�YROOVWlQGLJHU�+\GUDWDWLRQ�4∞ � � �DXV�GHU�7HLOZlUPH�GHU�.OLQNHUSKD�
VHQ�ZLUG�GHU�(LQIOXVV�GHU�Z�]�:HUWH�DXI�4∞ � � �YHUQDFKOlVVLJW��'LH�%HUHFKQXQJHQ�GHU�DGL�
DEDWLVFKHQ�7HPSHUDWXU�LQ�GHU�/LWHUDWXU�>�@��>��@��>��@�XQWHU�GHU�9HUQDFKOlVVLJXQJ�GLHVHV�
(LQIOXVVHV�I�KUWHQ�WURW]GHP�]XU�JXWHQ�hEHUHLQVWLPPXQJ�]ZLVFKHQ�5HFKQXQJ�XQG�0HV�
VXQJ��'HVZHJHQ�ZLUG� LQ�GHU� YRUOLHJHQGHQ�$UEHLW�XQDEKlQJLJ�YRP�0HVVYHUIDKUHQ�GLH�
:lUPHPHQJH�4∞ � � �DXV�GHU�7HLOZlUPH�GHU�.OLQNHUSKDVHQ�DEJHVFKlW]W��
�
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isotherm adiabatisch isotherm*(korrigiert)

�
%LOG�������9HUJOHLFKH�]ZLVFKHQ�9HUVXFKHQ�XQWHU�LVRWKHUPHQ��'&$��XQG�DGLDEDWLVFKHQ�
� 5DQGEHGLQJXQJHQ��&(0�,������5��%���PLW�QLHGULJHQ�Z�]�:HUW�YRQ������

�

0

5

10

15

20

25

30

0 6 12 18 24 30 36 42 48 54 60 66 72

Reifezeit t
e25°C

 [h]

W
ä

rm
e

e
n

tw
ic

k
lu

n
g

 [
k
J
/k

g
.h

]

isotherm adiabatisch isotherm*(’korrigiert)

�
%LOG�������9HUJOHLFKH�]ZLVFKHQ�9HUVXFKHQ�XQWHU�LVRWKHUPHQ��'&$��XQG�DGLDEDWLVFKHQ�
� 5DQGEHGLQJXQJHQ��&(0�,������5��%���PLW�K|KHUHQ�Z�]�:HUW�

�
�



� �������

��� � 7KHUPLVFKH�0DWHULDONHQQZHUWH�
����� � :lUPHOHLWIlKLJNHLW�
�
'LH�:lUPHOHLW]DKO�GHV�%HWRQV�ZLUG�GXUFK�GLH�$UW�XQG�0HQJH�GHU�=XVFKODJVWRIIH��GHQ�
:DVVHU��XQG�/XIWSRUHQJHKDOW� VRZLH�GLH�7HPSHUDWXU�EHVWLPPW��'XUFK�GHQ�(LQIOXVV�GHU�
7HPSHUDWXU� XQG� GHV�:DVVHUJHKDOWHV� KlQJW� GLH�:lUPHOHLW]DKO� DXFK� YRP� � +\GUDWDWL�
RQVJUDG�XQG�GDPLW�DXFK�YRP�$OWHU�DE��)�U�1RUPDOEHWRQ��HUKlUWHWHU�%HWRQ���VFKZDQNW�
GLH�:lUPHOHLW]DKO��]ZLVFKHQ������XQG������N-��P.K���,Q�$EKlQJLJNHLW�GHU�=XVFKODJDUW�
HUJHEHQ�VLFK�GLH�:lUPHOHLW]DKOHQ�QDFK�7DEHOOH�����>��@���
�
7DEHOOH������:lUPHOHLW]DKO�GHV�%HWRQV�λ�LQ�$EKlQJLJNHLW�GHU�=XVFKODJDUW�>��@�

=XVFKODJVDUW� 4XDU]� 'RORPLW� .DONVWHLQ� *UDQLW� %DVDOW�

:lUPHOHLW]DKO�λ��>N-��P.K�@� ����� ������ ����������� ���������� ����������

�
)�U� GHQ� )ULVFKEHWRQ� NDQQ� GLH� :lUPHOHLW]DKO� EHL� JHJHEHQHU� %HWRQ]XVDPPHQVHW]XQJ�
QDFK�0DQGU\�>��@�ZLH�IROJW�EHUHFKQHW�ZHUGHQ��

� ( )∑ ⋅= ��� J λλ � �������

� 0LW� λi :lUPHOHLW]DKO�GHV�%HWRQDXVJDQJVVWRIIV�QDFK�7DEHOOH�����
J � �� $QWHLO�GHV�%HWRQDXVJDQJVVWRIIV�DQ�GHU��)ULVFKEHWRQPDVVH�>0��@�

�
7DEHOOH������:lUPHOHLW]DKO�GHU�%HWRQDXVJDQJVVWRIIH�>��@�

=XVFKODJ�
%HWRQDXVJDQJVVWRIIH� :DVVHU� =HPHQW� .DONVWHLQ� *UDQLW� %DVDOW�

:lUPHOHLW]DKO�λ��>N-��P.K�@� ����� ����� ���������� ���������� ����������

�
:HUWHW�PDQ�GLH�*O���������I�U�GLH�%HWRQ]XVDPPHQVHW]XQJ�]��%��QDFK�7DEHOOH�����DXV��VR�
LVW�GLH�:lUPHOHLW]DKO�GHV�)ULVFKEHWRQV�����ELV�����JU|�HU�DOV�GLH�GHV�1RUPDOEHWRQV��
'LHVH�7HQGHQ]�OlVVW�VLFK�DXFK�DXV�GHQ�8QWHUVXFKXQJHQ�YRQ�+XQGW�>��@�HUNHQQHQ��%LOG�
$������'RUW��HUJDE�VLFK�EHL�/DJHUXQJVWHPSHUDWXUHQ�]ZLVFKHQ����&�XQG����&��]�%���EHL�
6WHLJHUXQJ�GHV�:DVVHUJHKDOWHV�LP�%HWRQ�YRQ�FD����9RO���ELV�FD����9RO�����HLQH�=XQDK�
PH�GHU�:lUPHOHLW]DKOHQ�XP����������
�
'LH�]HLWOLFKH�(QWZLFNOXQJ�GHU�:lUPHOHLW]DKOHQ�λ�α�W��YRP�MXQJHQ�%HWRQ�ZLUG�LQ�GHU�/L�
WHUDWXU�XQWHUVFKLHGOLFK�GDUJHOHJW��(LQH� OLQHDUH�$EQDKPH�GHU�:lUPHOHLW]DKO�PLW�]XQHK�
PHQGHQ�+\GUDWDWLRQVJUDG�ZLUG�YRQ��5HLQKDUGW�HW��DO�>��@�DQJHJHEHQ��bKQOLFKH�7HQGHQ]�
LVW� DXV�%URZQ� HW� DO�� >��@� ]X� HQWQHKPHQ��9HUVXFKH� YRQ�6WDIID� >��@� ]HLJHQ� MHGRFK� IDVW�
NHLQH�9HUlQGHUXQJ�GHU�:lUPHOHLW]DKO�PLW�]XQHKPHQGHU�$OWHU���
�
8QWHU� GHU� $QQDKPH� HLQHV� OLQHDUHQ� =XVDPPHQKDQJV� ]ZLVFKHQ� :lUPHOHLW]DKO� XQG�
+\GUDWDWLRQVJUDG�IROJW�GLH�:lUPHOHLW]DKO�I�U�GHQ�MXQJHQ�%HWRQ��

� ( ) ( ) ( )��� WW� αλλλαλ ⋅−+= � �������

%HL�WKHUPLVFKHQ�%HUHFKQXQJHQ�YRQ�+DPIOHU�>�@�ZXUGH�QXU�HLQH�JHULQJI�JLJH�bQGHUXQJ�
GHU� 7HPSHUDWXU� EHL� 9DULDWLRQ� GHU� :lUPHOHLW]DKOHQ� IHVWJHVWHOOW�� 'HVZHJHQ� NDQQ� EHL�
7HPSHUDWXUIHOGEHUHFKQXQJHQ� HLQH� NRQVWDQWH�:lUPHOHLW]DKO� DQJHQRPPHQ�ZHUGHQ�� ,Q�
GHU�*O�� ������� NDQQ�PDQ�GHPHQWVSUHFKHQG�HLQHQ�PLWWOHUHQ�+\GUDWDWLRQVJUDG�YHUZHQ�
GHQ��



� �������

����� � 6SH]LILVFKH�:lUPHNDSD]LWlW�
�
'LH� VSH]LILVFKH�:lUPHNDSD]LWlW� GHV� %HWRQV� KlQJW� X�D�� YRP�:DVVHUJHKDOW� VRZLH� GHU�
7HPSHUDWXU��XQG�GDPLW�DXFK�YRP�+\GUDWDWLRQVJUDG�DE�� �6LH� OLHJW� I�U�1RUPDOEHWRQ� LP�
%HUHLFK�]ZLVFKHQ������XQG������N-��NJ.��>��@���
�
%HL� VWHLJHQGHP�+\GUDWDWLRQVJUDG�QLPPW�GLH� VSH]LILVFKH�:lUPHNDSD]LWlW� DE�� � %HL� GHQ�
8QWHUVXFKXQJHQ� YRQ� 6WDIID� >��@� ZXUGH� EHL� 6WHLJHUXQJ� GHV� +\GUDWDWLRQVJUDGHV� YRQ��
��ELV���HLQH�$EQDKPH�GHU�VSH]LILVFKHQ�:lUPHNDSD]LWlW�YRQ�FD����ELV�����IHVWJHVWHOOW��
'LHVHU�%HUHLFK�ZLUG�DXFK�YRQ�YDQ�%UHXJHO� >��@� DQJHJHEHQ��5HLQKDUGW� HW�� DO� >��@� JLEW�
KLHUI�U�����DQ���
�
8QWHU�GHU�$QQDKPH��GDVV�NHLQH�$XVWURFNQXQJ�HUIROJW�� IRUPXOLHUW�YDQ�%UHXJHO� >��@�GLH�
VSH]LILVFKH�:lUPHNDSD]LWlW�I�U�GHQ�MXQJHQ�%HWRQ�DXV�GHU�%HWRQ]XVDPPHQVHW]XQJ��

� ( ) ��������� FW*���F*F*F*F ⋅⋅⋅−⋅+⋅+⋅= α �� � >N-��NJ.�@� �������

� PLW� * � ��* � �* � � *HZLFKWVDQWHLOH�YRQ�=XVFKODJ��=HPHQW�XQG�:DVVHU�>�@�

� F � ��F � ��F 	 � VSH]LILVFKH� :lUPH� GHV� =XVFKODJV�� =HPHQWVWHLQV���
� � XQG�:DVVHUV�>�@�� >N-��NJ.�@��

F � � �������������� F � � ������ � F 	 �  � ���
� �

9HUJOHLFKVUHFKQXQJHQ�QDFK�+DPIOHU� >�@�PLW�YDULLHUWHQ�:lUPHNDSD]LWlWHQ�HUJDEHQ�QXU�
JHULQJH� 8QWHUVFKLHGH� EHL� GHQ� HUUHFKQHWHQ� 7HPSHUDWXUYHUOlXIHQ�� 'LH� 9RUDXVVHW]XQJ�
GDI�U�ZDU�� GDVV� GLH� JOHLFKHQ�:HUWH� GHU� VSH]LILVFKHQ�:lUPHNDSD]LWlW� EHL� GHU� %HUHFK�
QXQJ�GHU�+\GUDWDWLRQVZlUPH�DXV�GHU�DGLDEDWLVFKHQ�7HPSHUDWXUHUK|KXQJ��XQG�EHL�GHU�
7HPSHUDWXUIHOGEHUHFKQXQJ�LP�%DXWHLO�YHUZHQGHW�ZXUGHQ��'HVKDOE�NDQQ�EHL�*O���������
HLQ�NRQVWDQWHU��PLWWOHUHU�+\GUDWDWLRQVJUDG�DQJHQRPPHQ�ZHUGHQ��
�
�
��� � =XVDPPHQIDVVXQJ�
�
,Q�GLHVHP�$EVFKQLWW�ZXUGH�GLH�)RXULHUVFKH�:lUPHOHLWXQJVJOHLFKXQJ�I�U�GHQ�MXQJHQ�%H�
WRQ�JHO|VW��6FKZHUSXQNW�GDEHL�ELOGHW�GLH�6LPXODWLRQ�GHU�lX�HUHQ�:lUPH�LQIROJH�.OLPD�
XQG�LQQHUHQ�:lUPH�LQIROJH�+\GUDWDWLRQVZlUPH���
�
'DV�.OLPD�ZXUGH�UHFKQHULVFK�GXUFK�GLH�7DJHVJlQJH�GHU�lX�HUHQ�:lUPH�RGHU�GHU�LGHHO�
OHQ� $X�HQOXIWWHPSHUDWXU� HUIDVVW�� 'HU� %HUHFKQXQJVDQVDW]� I�U� GLH� 6WURPGLFKWH� LQIROJH�
NXU]ZHOOLJHU�6WUDKOXQJ�ZXUGH�DQKDQG�YRQ�PHWHRURORJLVFKHQ�0HVVXQJHQ�YHULIL]LHUW�XQG�
LVW� I�U� EHOLHELJH� JHRJUDSKLVFKH� 6WDQGRUWH� DQZHQGEDU�� 'LH� %HXUWHLOXQJ� GHU� JHVDPWHQ�
:lUPHELODQ]�DQ�GHU�%DXWHLOREHUIOlFKH�ZLUG�LP�$EVFKQLWW���GXUFKJHI�KUW��'LH�8QWHUVX�
FKXQJHQ�ZHUGHQ�GXUFK�HLJHQH�9HUVXFKH�LQ�VLWX�JHVW�W]W��
�
$XI�*UXQGODJH�GHU�JHVDPWHQ�NLQHWLVFKHQ�0RGHOOH�ZXUGHQ�MHZHLOV�GUHL�%HUHFKQXQJVDQ�
VlW]H� LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW�XQG�GHV�+\GUDWDWLRQVJUDGHV�YRUJHVWHOOW��'LHVH�$Q�
VlW]H�VLQG�TXDOLWDWLY�JXW� LQ�GHU�/DJH�GLH�:lUPHHQWZLFNOXQJ� LP�%HWRQ�]X�HUIDVVHQ��6LH�
JHVWDWWHQ�GLH�%HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�PLW�XQWHUVFKLHGOLFKHU�PDWKHPDWLVFKHU�
+HUDQJHKHQVZHLVH�� %HL� GHU� %HUHFKQXQJ� GHU� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ� ZLUG� GHU�
7HPSHUDWXUHLQIOXVV�DQKDQG�GHU�*HVFKZLQGLJNHLWVIXQNWLRQ�VHSDULHUW��'DV�HUP|JOLFKW�GLH�
%HVWLPPXQJ�GHU�)RUPIXQNWLRQ�PLW�+LOIH�YRQ�9HUVXFKVHUJHEQLVVHQ��(V�ZXUGHQ�GDI�U�HL�
JHQH�9HUVXFKH�PLW� XQWHUVFKLHGOLFKHQ� %HWRQ]XVDPPHQVHW]XQJHQ� DQKDQG� GHU� DGLDEDWL�



� �������

VFKHQ�.DORULPHWULH�XQG�XQWHUVFKLHGOLFKHQ�=HPHQWDUWHQ�PLW�GHU�LVRWKHUPHQ�.DORULPHWULH�
�'&$�� GXUFKJHI�KUW�� %HL� GHU� $EOHLWXQJ� GHU� )RUPIXQNWLRQ�ZXUGH� IHVWJHVWHOOW�� GDVV� GLH�
:lUPHHQWZLFNOXQJ� LP� LVRWKHUPHQ� =XVWDQG� DXV� HLQHU� %HWRQSUREH� XQG� DXV� HLQHU� =H�
PHQWOHLPSUREH�ZHQLJ�GLIIHULHUHQ��9RUDXVVHW]XQJ�GDI�U�LVW��GDVV�GLH�JHZlKOWH�5HLIHIXQN�
WLRQ�GDV�9HUKDOWHQ�GHV�]X�XQWHUVXFKHQGHQ�=HPHQWHV�JXW�ZLHGHUJLEW��+LHUI�U�ZXUGH�DQ�
KDQG� GHU� 9HUVXFKVHUJHEQLVVH� GLH� (LJQXQJ� GHU� $UUHKQLXVIXQNWLRQ� EHVWlWLJW��:HLWHUKLQ�
ZDU� GHU� (LQIOXVV� GHU�Z�]�:HUWH� DXI� GLH�:lUPHHQWZLFNOXQJ� LQ� GHQ� HUVWHQ� GUHL� 7DJHQ�
JHULQJ�� (LQH�$EKlQJLJNHLW� GHU�'&$�0HVVHUJHEQLVVH� YRQ�GHU�=HPHQWDUW�ZXUGH� LQ�GHQ�
8QWHUVXFKXQJHQ�QLFKW�IHVWJHVWHOOW��'LH�(LQEH]LHKXQJ�EHLGHU�9HUVXFKVHUJHEQLVVH� LQ�GHQ�
%HUHFKQXQJVDQVlW]HQ�LVW�VRPLW�P|JOLFK��
 
�



 �������

� 0HFKDQLVFKHV�9HUKDOWHQ�GHV�MXQJHQ�%HWRQV�
��� 7KHUPLVFKH�XQG�K\JULVFKH�9HUIRUPXQJHQ��ODVWXQDEKlQJLJH�9HUIRUPXQJHQ��
����� 7HPSHUDWXUYHUIRUPXQJHQ�
�
%HL�QLFKW�YHUIRUPXQJVEHKLQGHUWHQ�%HWRQEDXWHLOHQ�I�KUW�GLH�7HPSHUDWXUlQGHUXQJ�∆7�]XU�
:lUPHGHKQXQJ�ε � ��GHUHQ�*U|�H�YRQ�GHP��3URSRUWLRQDOLWlWVIDNWRU��:lUPHGHKQ]DKOαT �
LQ���.�EHVWLPPW�ZLUG��

� 7�� ∆⋅= αε � ������

�
'LH�:lUPHGHKQ]DKO� �α �GHV�%HWRQV�KlQJW�QDFK�(PDQXHO�XQG�+XOVH\�>��@�YRQ�GHU�$UW�
XQG�GHP�$QWHLO�GHU�=XVFKOlJH��GHP�)HXFKWH]XVWDQG�XQG�GHP�$OWHU�GHV�%HWRQV�DE���
'LH�:lUPHGHKQ]DKOHQ�GHU�=XVFKODJVWRIIH�KDEHQ�GHQ�JU|�WHQ�(LQIOXVV�DXI�GLH�%HVWLP�
PXQJ�GHU�:lUPHGHKQ]DKOHQ�GHV�%HWRQV��GD�GLHVH�EHL��EOLFKHQ�%HWRQ]XVDPPHQVHW]XQ�
JHQ�UG���������GHV�9ROXPHQV�HLQQHKPHQ��'DEHL�LVW�GHU�(LQIOXVV�GHU�JUREHQ�=XVFKOlJH�
JU|�HU�>�����@��'LH�:lUPHGHKQXQJ�GHU�=XVFKOlJH�ZLUG�VWDUN�YRQ�GHU�PLQHUDORJLVFKHQ�
=XVDPPHQVHW]XQJ�EHVWLPPW��:HUWH�GDI�U�ZHUGHQ�YRQ�'HWWOLQJ�>��@�LQ�GHU�6SDQQH�YRQ�
�� � ��

� �
��4XDU]LW��ELV�� � ��

� �
�.

� �
��.DONVWHLQ��DQJHJHEHQ���

'HU�(LQIOXVV�GHU�)HXFKWH�ZXUGH�X�D��YRQ�'HWWOLQJ�>��@�XQWHUVXFKW��$XV�0HVVXQJHQ�DQ�
=HPHQWVWHLQSUREHQ�WUDWHQ�GLH�JU|�WHQ�:lUPHGHKQXQJHQ�EHL�PLWWOHUHP�)HXFKWHJHKDOW�
YRQ����ELV�����UHODWLYH�/XIWIHXFKWH�DXI�>��@��>��@��
�
)�U� 1RUPDOEHWRQ� EHWUlJW� GHU� 0LWWHOZHUW� GHU� :lUPHGHKQ]DKO� QDFK� ',1� ����� >��@��
�����

� �
�.

� �
��1DFK�'HWWOLQJ�>��@�NDQQ�GLH�:lUPHGHKQ]DKO�LQ�$EKlQJLJNHLW�GHU�%HWRQ]X�

VDPPHQVHW]XQJ�XQG�GHV�/XIWJHKDOWHV�EHUHFKQHW�ZHUGHQ��(PDQXHO�XQG�+XOVH\�>��@�KD�
EHQ�GHQ�9RUVFKODJ� YRQ�'HWWOLQJ� >��@� GXUFK�ZHLWHUH� HPSLULVFKH�.RUUHNWXUEHLZHUWH� HU�
ZHLWHUW��'DGXUFK�ZLUG�GHU�(LQIOXVV�YRQ�)HXFKWH�XQG�$OWHU�DE���0RQDWHQ�EHU�FNVLFKWLJW��

� [ ]� �� �	 �	 �

�	�� III αβαβαβα ⋅+⋅+⋅⋅⋅⋅= � >��.@� ������

0LW�� α  � � � � � � � � :lUPHGHKQ]DKO� GHU� =HPHQWSDVWH� �S�� EHL�:DVVHUVlWWLJXQJ����
GHU� IHLQHQ�=XVFKOlJH� �)=��XQG� �GHU�JUREHQ�=XVFKOlJH� �*=��
�VLHKH�7DEHOOH�$�����

β  � � � � � � ��� 9ROXPHQDQWHLO�YRQ�=HPHQWSDVWH�XQG�YRQ�IHLQHQ�VRZLH�JUR�
EHQ�=XVFKOlJHQ��

I � � � � � ��� .RUUHNWXUIDNWRU� I�U� 7HPSHUDWXU�� )HXFKWH� XQG� $OWHU� �NDQQ�
PLW���DQJHQRPPHQ�ZHUGHQ��

�
'LH�:lUPHGHKQ]DKO�I�U�GHQ�)ULVFKEHWRQ�OlVVW�VLFK�QDFK�1RWOLQJ�>��@�DXV�GHQ�HLQ]HOQHQ�
:lUPHGHKQ]DKOHQ�GHU�$XVJDQJVVWRIIH�HUPLWWHOQ��6LH�EHWUlJW�HWZD��� � ��

� �
�.

� �
�XQG�ZLUG�

PD�JHEOLFK�YRQ�GHU�*U|�H�GHU�:lUPHGHKQ]DKO�GHV�$QPDFKZDVVHUV� ��� � ��
� �
�.

� �
��EH�

HLQIOXVVW��
�
'HU�(LQIOXVV�GHV�$OWHUV�LQ�GHQ�HUVWHQ����6WXQGHQ�LVW�LP�%LOG�����TXDOLWDWLY�GXUFK�GHQ�9HU�
IDVVHU�GDUJHVWHOOW��'LH�(UJHEQLVVH�ZXUGHQ�DXV�0HVVXQJHQ�JHZRQQHQ�XQG�VLQG�QLFKW�HLQ�
KHLWOLFK��'LH�8QWHUVXFKXQJHQ�YRQ�:HLJOHU�XQG�.UDO�>��@�VRZLH�1RWOLQJ�>��@�]HLJHQ�HLQHQ�
RV]LOOLHUHQGHQ�9HUODXI�GHU�:lUPHOHLW]DKOHQ��1RWOLQJ�>��@�EHJU�QGHW�GLHV�GXUFK�GHQ�(LQ�
IOXVV�YRQ�&DOFXLPVXOIDWDUWHQ�LP�=HPHQW��1DFK�$OH[DQGHU�>��@�QLPPW�GLH�:lUPHGHKQ�
]DKO�PLW��IRUWVFKUHLWHQGHU�+\GUDWDWLRQ�DE�XQG�EOHLEW�DQVFKOLH�HQG�QDKH]X�NRQVWDQW��(P�
ERUJ� >��@� VWHOOW� XQWHUVFKLHGOLFKH�:lUPHGHKQ]DKOHQ� I�U� GLH� (UZlUPXQJV�� XQG�$EN�K�



 �������

OXQJVSKDVH�GHV�MXQJHQ�%HWRQV�IHVW��'LH�:HUWH�EHL�GHU�(UZlUPXQJ�ZDUHQ�XP�FD��� � ��
� �
�

.
� �
�JU|�HU�DOV�EHL�GHU�$EN�KOXQJ��

�
6FKOXVVIROJHUQG� NDQQ� HLQH� K|KHUH� :lUPHGHKQ]DKO� LQ� GHU� $QIDQJVSKDVH� IHVWJHVWHOOW�
ZHUGHQ�� ,KUH�]HLWOLFKH�4XDQWLIL]LHUXQJ�NDQQ�GDUDXV�DEHU�QLFKW�DEJHOHLWHW�ZHUGHQ��'HV�
ZHJHQ�ZLUG�LQ�GHU�YRUOLHJHQGHQ�$UEHLW�GLH�:lUPHGHKQ]DKO�QDFK�*O��������HUPLWWHOW�XQG�
NRQVWDQW�JHKDOWHQ���
�
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=HLW�>K@

�� �� ��� �� �� ���� ��

:HLJOHU�.DUO�>��@

(PERUJ�>��@

1RWOLQJ�>��@

$OH[DQGHU�>��@�

�
%LOG������:lUPHGHKQ]DKOHQ�GHV�MXQJHQ�%HWRQV�QDFK�XQWHUVFKLHGOLFKHQ�$XWRUHQ�

�
�
����� &KHPLVFKHV�6FKZLQGHQ�XQG�4XHOOHQ�
�
%HL�GHU�+\GUDWDWLRQ�GHV�=HPHQWV�ZLUG�HLQ�7HLO�GHV�$QPDFKZDVVHUV�FKHPLVFK�JHEXQGHQ��
%HL�GHU�YROOVWlQGLJHQ�+\GUDWDWLRQ�HQWVWHKW�QDFK�*U�EH�>��@�HLQH�9ROXPHQDEQDKPH�YRQ�
�����'LHVHU�9RUJDQJ�ZLUG�DOV�6FKUXPSIHQ�RGHU�FKHPLVFKHV�6FKZLQGHQ�EH]HLFKQHW�>��@���

'HU� ]HLWOLFKH� 9HUODXI� GHV� FKHPLVFKHQ� 6FKZLQGHQV� NDQQ� DQKDQG� YRQ� %LOG� ���� EHXUWHLOW�
ZHUGHQ��'RUW�VLQG�YRP�9HUIDVVHU�SULQ]LSLHOO�GLH�9HUIRUPXQJHQ�QDFK�1RWOLQJ�>��@�XQG�GLH�
6SDQQXQJHQ�QDFK�6FK|SSHO� >�@�XQG�3ODQQHUHU� >�@�DQ�%HWRQSUREHQ�HLQJHWUDJHQ��'DEHL�
ZHUGHQ�GUHL�6WDGLHQ�XQWHUVFKLHGHQ��

– 6WDGLXP�,��$QIDQJVYHUN�U]XQJ��ZHOFKH�GXUFK�GLH�:DVVHUELQGXQJ�EHL�GHU�HLQVHW]HQ�
GHQ�5HDNWLRQ�YRQ�=HPHQW�XQG�:DVVHU�KHUYRUJHUXIHQ�ZLUG��%LOG����D��>��@��'HU�%HWRQ�
LVW� LQ�GLHVHU�3KDVH�QRFK�SODVWLVFK��%HL�%HKLQGHUXQJ�GHU�9HUIRUPXQJ�HQWVWHKHQ�GHV�
ZHJHQ�NHLQH�=XJVSDQQXQJHQ��%LOG����E����

– 6WDGLXP�,,��5�FNYHUOlQJHUXQJ��GLH�QDFK�1RWOLQJ�>��@�GXUFK�HLQ�EHJUHQ]WHV�6XOIDWWUHL�
EHQ� LP� HUVWDUUWHQ� %HWRQ� YHUXUVDFKW� ZLUG�� 'DGXUFK� N|QQHQ� GLH� 'UXFNVSDQQXQJHQ�
QDFK���%LOG����E��HUNOlUW�ZHUGHQ��1DFK�3ODQQHUHU�>�@�ZXUGHQ�'UXFNVSDQQXQJHQ�YRQ�
σ  ������1�PP²�EHL�NRQVWDQWHU�7HPSHUDWXU�YRQ�7� ����&�XQG�σ  ������1�PP²�EHL�
7� ����&�JHPHVVHQ��'LHVH�6SDQQXQJHQ�ZXUGHQ�EHL�HLQHU�=HLW�YRQ����K��7� ����&��
E]Z����K��7 ����&��HUUHLFKW���

– 6WDGLXP� ,,,�� 9HUN�U]XQJ�� ZHOFKH� HLJHQWOLFK� GDV� FKHPLVFKH� 6FKZLQGHQ� GDUVWHOOW�� (V�
ILQGHW�HLQ�$EEDX�GHU�'UXFNVSDQQXQJHQ�VWDWW���%LOG����E����



 �������

– 6WDGLXP� ,9��'LH�=XJVSDQQXQJHQ�EHJLQQHQ� VLFK�QDFK�3ODQQHUHU� >�@� DE�HLQHP�=HLW�
SXQNW�YRQ����K��7� ����&��XQG�YRQ����K��7� ����&��]X�HQWZLFNHOQ��1DFK����7DJH�
ZXUGHQ� =XJVSDQQXQJHQ� YRQ� σ  � ����� 1�PP²� �7�  � ���&�� XQG� σ  � ����� 1�PP²���
�7� ����&��JHPHVVHQ��

$XFK� EHL� GHQ� 9HUVXFKHQ� YRQ� 6FK|SSHO� >�@� ]XP� FKHPLVFKHQ� 6FKZLQGHQ� HUJDEHQ� VLFK�
'UXFNVSDQQXQJHQ�NOHLQHU�DOV�σ  �����1�PP²�XQG�XQWHUKDOE�YRQ�σ  �����1�PP²����

�

� � � �

� � � �

,9, ,,

σ

ε� �

� � �

� 	 �

� 	 �

� � �

,,,

�

%LOG� ����� 9HUODXI� GHU� 9HUIRUPXQJHQ� XQG� 6SDQQXQJHQ� EHL� NRQVWDQWHQ��
(UKlUWXQJVWHPSHUDWXUHQ��

�
$XV�GHQ�8QWHUVXFKXQJHQ�YRQ�6FK|SSHO�>�@��3ODQQHUHU>�@�XQG�7D]DZD�>����������@�NDQQ�
IHVWHJHVWHOOW�ZHUGHQ��GDVV�K|KHUH�/DJHUXQJVWHPSHUDWXUHQ� VRZLH�QLHGULJH�Z�]�:HUWHQ�
GLH�PD[LPDOHQ�'XFNVSDQQXQJHQ�UHGX]LHUHQ��GHQ�%HJLQQ�GHU�=XJVSDQQXQJVHQWZLFNOXQJ�
YHU]|JHUQ�XQG�GLH�PD[LPDOHQ�=XJVSDQQXQJHQ�HUK|KHQ��
(LQ�ZHLWHUHU�(LQIOXVVIDNWRU�DXI�GDV�FKHPLVFKH�6FKZLQGHQ�LVW�GLH�PLQHUDORJLVFKH�=XVDP�
PHQVHW]XQJ�GHV�=HPHQWHV��'DEHL�KDEHQ�QDFK�7D]DZD�>��@�GLH�.OLQNHUSKDVHQ�GHV�=H�
PHQWHV�& 
 $�XQG�& � $)�GHQ�JU|�WHQ�(LQIOXVV���

( ) ( )
( ) ( )$)&W����$&W����

6&W���6&W����

�� �������

��������� �

%)(,%)(,
%)(,%)(,
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� ������

� PLW� :� �ε � � FKHPLVFKHV�6FKZLQGHQ�� � ��
� �
��

� � :)( �� Wα � +\GUDWDWLRQVJUDG�GHU�.OLQNHUSKDVH�L�
� � �L���� � $QWHLO�GHU�.OLQNHUSKDVH�L�LQ���
�
%HL� YROOVWlQGLJHU� +\GUDWDWLRQ� GHU� .OLQNHUSKDVHQ� �α � �W � � ��� OlVVW� VLFK� DXV� *O�� ������ GHU�
*UXQGZHUW�GHV�FKHPLVFKHQ�6FKZLQGHQV�ε∞�DEOHLWHQ��
'DV� FKHPLVFKH� 6FKZLQGHQ� GHV� %HWRQV� LVW� QDFK�7D]DZD� >��@�JHULQJHU� DOV� GDV� GHU� =H�
PHQWSDVWH��*UXQG�GDI�U�LVW�GDV�JUR�H�9ROXPHQ�GHU�=XVFKOlJH�LP�%HWRQ��GLH�NHLQH�9HU�
IRUPXQJHQ�HUIDKUHQ���
�
=XU�$EOHLWXQJ�YRQ�UHFKQHULVFKHQ�$QVlW]HQ�I�U�GDV�FKHPLVFKH�6FKZLQGHQ�OlVVW�VLFK�DXV�
GHQ�0HVVHUJHEQLVVHQ��YRQ�7D]DZD�>������@�)ROJHQGHV�DEOHLWHQ���
– 'DV�.RQ]HSW�GHU�5HLIHIXQNWLRQ�NDQQ� ]XU�%HUHFKQXQJ�GHV� FKHPLVFKHQ�6FKZLQGHQV�

DQJHZHQGHW�ZHUGHQ��



 �������

– 'LH�'HKQXQJHQ�LQIROJH�FKHPLVFKHQ�6FKZLQGHQV�N|QQHQ�]X�GHQ�WKHUPLVFKHQ�'HK�
QXQJHQ�VXSHUSRQLHUW�ZHUGHQ��

– 'LH�EHKLQGHUWHQ�'HKQXQJHQ�ZHLVHQ� HLQH� VWDUNH�$EKlQJLJNHLW� EH]�JOLFK� GHV�.ULH�
FKHQV�DXI��

�
'LH�$QVlW]H�]XU�UHFKQHULVFKHQ�(UIDVVXQJ�GHV�FKHPLVFKHQ�6FKZLQGHQV�VLQG�QDFK�7DEHOOH�
�����DOV�3URGXNW�]ZLVFKHQ�GHP�*UXQGZHUW�GHV�FKHPLVFKHQ�6FKZLQGHQ ∞ε XQG�GHU�=HLW�

IXQNWLRQ�� �W�W�I � �� �DQJHJHEHQ���
�
7DEHOOH������$QVlW]H�I�U�GDV�FKHPLVFKH�6FKZLQGHQ� �W�W�I ���� �

−∞ ⋅= εε ��
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�0LW��� ∆W � �� � ,QNUHPHQWH�GHU�5HLIH]HLW�
� ∆.�W � ���� ,QNUHPHQWH�GHU�5HLIH�QDFK�&DULQR��*O��������
� )( �Wα∆ ��� ,QNUHPHQWH�GHV�+\GUDWDWLRQVJUDGHV�

�
(V�LVW�HUVLFKWOLFK��GDVV�PDQ�PLW�GHQ�$QVlW]HQ�I�U�GDV�FKHPLVFKH�6FKZLQGHQ�QLFKW�LQ�GHU�
/DJH�LVW��GLH�'UXFNVSDQQXQJ�LQ�GHQ�HUVWHQ�6WXQGHQ�]X�HUIDVVHQ��'XUFK�GLH�$QVlW]H�ZLUG�
HLQH�UHLQH�9HUN�U]XQJ�EHVFKULHEHQ��DOVR�=XJVSDQQXQJHQ��GHUHQ�%HJLQQ�GXUFK�GLH�5HLIH�
]HLW�W � � �JHVWHXHUW�ZLUG���
�
,Q�GHU�YRUOLHJHQGHQ�$UEHLW�ZHUGHQ��EHUZLHJHQG�PDVVLJH�%DXWHLOH�EHKDQGHOW��VR�GDVV�GLH�
PD[LPDOH�7HPSHUDWXU� LP�%DXWHLO� �EHU����&� OLHJW�� )�U�GHUDUWLJH� �%DXWHLOH�ZXUGHQ�YRQ�
3ODQQHUHU�>�@�'UXFNVSDQQXQJHQ�YRQ�σ �����1�PP²�JHPHVVHQ��%HL�KRKHQ�7HPSHUDWX�
UHQ�ZLUG�GLHVHU�:HUW�QRFK�NOHLQHU��'LH�9HUQDFKOlVVLJXQJ�GHU�'UXFNVSDQQXQJHQ�YHUXU�
VDFKW� GHVZHJHQ� QXU� JHULQJI�JLJH� $EZHLFKXQJHQ� ]X� GHP� WDWVlFKOLFKHQ� =XVWDQG�� 'HU�
(QWZLFNOXQJVEHJLQQ�GHV�FKHPLVFKHQ�6FKZLQGHQV�ZLUG�LQ�GLHVHU�$UEHLW�EHL�HLQHU�5HLIH]HLW�
YRQ�W � � � ����K�DQJHQRPPHQ��
�



 �������

��� 0DWHULDOYHUKDOWHQ�XQWHU�.XU]]HLWHLQZLUNXQJHQ��
����� 'DV�.RQ]HSW�GHU�(UKlUWXQJVIXQNWLRQHQ�
�
'LH� 7HPSHUDWXUIHOGHU� VLQG� HLQHUVHLWV� (LQZLUNXQJHQ� I�U� GLH� 9HUIRUPXQJVEHUHFKQXQJHQ�
XQG�DQGHUHUVHLWV�(LQIOXVVSDUDPHWHU�I�U�GLH�(QWZLFNOXQJ�GHU�0DWHULDONHQQZHUWH��'UXFN��
XQG� =XJIHVWLJNHLW�� (ODVWL]LWlWVPRGXO�� .ULHFK�� E]Z�� 5HOD[DWLRQV]DKO�� GHV� %HWRQV�� 'HU�
7HPSHUDWXUHLQIOXVV� DXI� GLH�0DWHULDONHQQZHUWH� NDQQ� LQGLUHNW� �EHU� GLH� 5HLIH� RGHU� GHQ�
+\GUDWDWLRQVJUDG�EHU�FNVLFKWLJW�ZHUGHQ���
�
0LW�+LOIH�GHU�(UKlUWXQJVIXQNWLRQHQ�ODVVHQ�VLFK�GLH�0DWHULDONHQQZHUWH�GHV�MXQJHQ�%HWRQV�
DOV�3URGXNW�]ZLVFKHQ�GHU�(UKlUWXQJ�XQG�GHP�0DWHULDONHQQZHUW�GHV�1RUPDOEHWRQV�EH�
VFKUHLEHQ���
� � ( ) ( )α�WNG��I�W�I ��� �� � ⋅= ��

� � ( ) ( )��� �� � �� � � N��WNG��I�W�I α⋅= ��

� � ( ) ( )��	� 
� 
 N��WNG��(�W�( α⋅= ��

� � ( ) ( )�� N��WNG��Y�W�Y α⋅= �

�

������

� � PLW�� N � �W � �α�� ����������� (UKlUWXQJVIXQNWLRQ�I�U�GLH�'UXFNIHVWLJNHLW��
� � � N � � �W � ��α��N � �� ����������(UKlUWXQJVIXQNWLRQ�I�U�GLH�=XJIHVWLJNHLW��
� � �� N � �W � ��α��N � �� �����������(UKlUWXQJVIXQNWLRQ�I�U�GHQ�(�0RGXO��
� � �� N � �W � ��α��N � ���� � (UKlUWXQJVIXQNWLRQ�I�U�GLH�4XHUGHKQ]DKO��
�
'LH� YRUKDQGHQHQ�$QVlW]H� ]XU� (QWZLFNOXQJ� GHU�'UXFNIHVWLJNHLW� I � � � �$QODJH�$������ GHU�
=XJIHVWLJNHLW��$QODJH�$������GHV�(ODVWL]LWlWVPRGXOV�( � � ��$QODJH�$������XQG�4XHUGHKQ]DKO�
Y��$QODJH�$�����DXV�GHU�/LWHUDWXU�ZHUGHQ�LQ�GLH�HQWVSUHFKHQGHQ�(UKlUWXQJVIXQNWLRQHQ�
]XU�FNJHI�KUW��
'XUFK�GLH�*O��������ZLUG�GLH�%HWRQ]XVDPPHQVHW]XQJ�LPSOL]LW�HLQHUVHLWV�GXUFK�GHQ�1RU�
PDOEHWRQ� XQG� DQGHUVHLWV� GXUFK� GLH� 5HLIH]HLW� �'UXFNIHVWLJNHLW�� E]Z�� GHQ� +\GUDWDWL�
RQVJUDG�HUIDVVW��'HU�(ODVWL]LWlWVPRGXO��GLH�'UXFN��XQG�=XJIHVWLJNHLW�QDFK�HLQHU�5HLIH]HLW�
YRQ� ��� 7DJHQ� ZHUGHQ� HQWZHGHU� DXV� 9HUVXFKHQ� RGHU� 1RUPHQ� EHVWLPPW�� 'LH� (UKlU�
WXQJVIXQNWLRQ�HUUHLFKW�GHQ�:HUW���QDFK�HLQHU�5HLIH]HLW�YRQ����7DJHQ��1DFK�GHP�(UUHL�
FKHQ�GLHVHU�5HLIH]HLW�ZLUG�DXV�GHP�MXQJHQ�%HWRQ�HLQ�1RUPDOEHWRQ���
'LH�(UIDVVXQJ�GHU�(UKlUWXQJVIXQNWLRQHQ�ELOGHW�GDPLW�GHQ�6FKZHUSXQNW�GHU�QDFKIROJHQ�
GHQ�$XVI�KUXQJHQ��'LH�UHFKQHULVFKHQ�$QVlW]H�GHU�(UKlUWXQJVIXQNWLRQHQ�ZHUGHQ�LQ�$E�
KlQJLJNHLW� YRQ� 5HJUHVVLRQVSDUDPHWHUQ�� ZHOFKH� DXV� 0HVVHUJHEQLVVHQ� ]X� EHVWLPPHQ�
VLQG��IRUPXOLHUW��1HXH�9HUVXFKH�]XU�%HVWLPPXQJ�GHU�5HJUHVVLRQVSDUDPHWHU�ZHUGHQ�KLHU�
QLFKW�GXUFKJHI�KUW��+LHU�ZLUG�GLH�hEHUWUDJXQJ�GHU�$QVlW]H�DXI�EHOLHELJH�%HWRQ]XVDP�
PHQVHW]XQJHQ�DOV�=LHO�YHUIROJW���
�
'LH� 0DWHULDONHQQZHUWH� ZHUGHQ� LQ� GHU� /LWHUDWXU� DXV� QLFKW� HLQKHLWOLFKHQ� 3UREHN|USHUQ�
JHZRQQHQ��(V�LVW�DOVR�]X�SU�IHQ��RE�*U|�H�XQG�$UW�GHU�3UREHN|USHU�(LQIOXVV�DXI�GLH�(U�
KlUWXQJVIXQNWLRQ� KDEHQ�� 'DI�U� ZHUGHQ� GLH� 9HUVXFKH� YRQ�:LHULJ�*ROODVEDFK� >��@� LQ�
GLHVHU�+LQVLFKW�DXVJHZHUWHW��,Q�%LOG�����VLQG�GLH�9HUVXFKVHUJHEQLVVH�I�U�GLH�'UXFNIHVWLJ�
NHLW�DQ�:�UIHOQ�PLW�.DQWHQOlQJH����FP��N � � � � � � � � � ��XQG����FP��N � � � � � � � � � ��VRZLH�=\OLQGHU�
PLW�G�K� �������FP���N � � � � � � � � ��XQG�G�K� ���������FP��N � � � � � � � � ��GXUFK�GHQ�9HUIDVVHU�DXV�
JHZHUWHW�� 'LH� (UJHEQLVVH� DOOHU� YHUZHQGHWHQ� 9HUVXFKH� OLHJHQ� JDQ]� GLFKW� EHLHLQDQGHU��
'DUDXV�NDQQ� IHVWJHVWHOOW�ZHUGHQ��GDVV�$UW�XQG�*U|�H�GHU�3UREHN|USHU�NHLQHQ�(LQIOXVV�
DXI�GLH�(UKlUWXQJVIXQNWLRQ�KDEHQ��



 �������

8P�GLH�(UKlUWXQJVIXQNWLRQ�DXV�GHU�/LWHUDWXU�EHXUWHLOHQ�]X�N|QQHQ��ZLUG�GLH�=XVDPPHQ�
VHW]XQJ�GHV�%HWRQV�$��QDFK�3ODQQHUHU�>�@��$QODJH�$�����YHUZHQGHW��$XI�HLQHQ�9HUJOHLFK�
GHU�$QVlW]H�PLW� GHQ�0HVVZHUWHQ� I�U� GLH�0DWHULDONHQQZHUWH�ZLUG� EHZXVVW� YHU]LFKWHW��
9LHOPHKU�ZLUG�GDV�(QGHUJHEQLV��G�K��GLH�$XVZLUNXQJHQ�GHU�0DWHULDONHQQZHUWH�DXI�GLH�
6SDQQXQJVHQWZLFNOXQJ��DOV�LQWHUHVVDQW�DQJHVHKHQ��'LHV�ZLUG�LP�$EVFKQ����DQKDQG�YRQ�
9HUJOHLFKHQ�]ZLVFKHQ�GHQ�EHUHFKQHWHQ��XQG�JHPHVVHQHQ�6SDQQXQJHQ�XQWHUVXFKW��
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FXEH��� FXEH��� F\O��� F\O���

�
%LOG������(LQIOXVV�GHU�$UW�XQG�*U|�H�GHU�3UREHN|USHU�DXI�GLH�(UKlUWXQJVIXQNWLRQ�

�
�
����� $UEHLWVOLQLH�
�
'LH�$UEHLWVOLQLH�GHV�%HWRQV�XQG�GHUHQ�.RPSRQHQWHQ�EHL�'UXFNEHDQVSUXFKXQJ�LVW�LQ�%LOG�
����GDUJHVWHOOW� >���@��'HPQDFK�JLOW� I�U�GHQ�=XVFKODJ�GHU� OLQHDUH�=XVDPPHQKDQJ��ZlK�
UHQG� EHL� GHU� =HPHQWSDVWH� QDFK�;XDQKXL�<RQJTL� >��@� HLQH� QLFKWOLQHDUH� %H]LHKXQJ� DE�
�������GHU�MHZHLOLJHQ�'UXFNIHVWLJNHLW�EHVWHKW��*UXQG�GDI�U�VLQG�0LNURULVVH�LQ�GHU�=H�
PHQWPDWUL[���
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� � � �

��

'HKQXQJ�> @‰

6S
DQ
Q
X
QJ
�>
1
�P

P
@² %HWRQ

=HPHQWVWHLQ
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%LOG������$UEHLWVOLQLH�GHU�=XVFKOlJH��GHV�=HPHQWVWHLQV�XQG�GHV�%HWRQV�>���@�
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'LH�QLFKWOLQHDUH� εσ − �/LQLH�GHV�%HWRQV��]�%���DE�����GHU�'UXFNIHVWLJNHLW�QDFK�&(%�),%�
0&���>��@�� LVW�]XQlFKVW�DXI�0LNURULVVH� LQ�GHU�.RQWDNWIOlFKH�]ZLVFKHQ�0|UWHO�XQG�=X�
VFKODJ��9HUEXQGPLNURULVVH��]XU�FN]XI�KUHQ��(LQ�,QGLNDWRU�I�U�GLH�0LNURULVVH�LVW�]�%��QDFK�
0D]DUV�>��@�GLH�$EQDKPH�GHV�(ODVWL]LWlWVPRGXOV�XQG�QDFK�%RX]DLHQH�0DVVLFRWWH�>��@�
GDV�9RUKDQGHQVHLQ�YRQ�5HVWGHKQXQJHQ��%HL�K|KHUHQ�%HDQVSUXFKXQJVJUDGHQ�NRPPHQ�
GLH�0DWUL[PLNURULVVH�KLQ]X��'LHV�I�KUW�EHL�HWZD�����GHU�)HVWLJNHLW�]X�HLQHU�9ROXPHQ�
YHUJU|�HUXQJ��ZHOFKH�HLQH�=XQDKPH�GHU�4XHUGHKQXQJ�]XU�)ROJH�KDW�>��@��'HU�%UXFK�LVW�
DOVR�HLQ�5HVXOWDW�GHU�9HUHLQLJXQJ�GLYHUVHU�0LNURULVVH��%HL�0LNURULVVHQ�SDUDOOHO�]XU�$[LDO�
ULFKWXQJ� GHU� HLQZLUNHQGHQ� 'UXFNODVW� HQWVWHKW� LQ�4XHUULFKWXQJ� QDFK� /LQHUHV� >��@� XQG�
*HWWX�$JXDUGR�2OLYHLUD�>��@�HLQ�$EIDOO�GHU�=XJIHVWLJNHLW���
�
%HL�=XJEHDQVSUXFKXQJHQ�HQWVWHKW�ELV�]XP�(UUHLFKHQ�GHU�=XJIHVWLJNHLW�QXU�HLQH�JHULQJ�
I�JLJH�5HVWGHKQXQJ��0LNURULVVH���'HU�%UXFK� ILQGHW� LQ�HLQHP� ORNDOHQ�%HUHLFK�GXUFK�GLH�
9HUEUHLWHUXQJ� YRQ�0LNURULVVHQ� VWDWW�� 9RU� GHP� (UUHLFKHQ� GHU� %UXFKGHKQXQJ� HQWVWHKHQ�
NHLQH�GLIIXVHQ� �DXVJHVWUHXWHQ��0LNURULVVH��'HU� %UXFK� NDQQ� DOV� VSU|GH�EHWUDFKWHW�ZHU�
GHQ��'HU�%HJLQQ�GHU�JHULQJI�JLJHQ�0LNURULVVELOGXQJ�ZLUG�]ZLVFKHQ�����XQG�����GHU�
=XJIHVWLJNHLW�DQJHEHQ�>��@��>��@��>��@���
�
'LH�PHVVWHFKQLVFKH�%HVWLPPXQJ�GHU�$UEHLWVOLQLH�YRQ� MXQJHP�%HWRQ�XQWHU�'UXFNEHDQ�
VSUXFKXQJ�ZXUGH�YRQ�:LHULJ�>��@��%\IRUV�>��@��.DKQ�HW�DO��>��@�6FKXWWHU�7DHUZH�>��@��
XQG� .DVDL� >��@� GXUFKJHI�KUW�� 9HUVXFKH� XQWHU� =XJEHDQVSUXFKXQJ� ZXUGHQ� YRQ�
:HLJOHU�.DUO�>��@��/DXEH�>��@�XQG�%\IRUV�>��@�JHIDKUHQ���
�
'LH�)RUP�XQG�]HLWOLFKH�(QWZLFNOXQJ�GHU�$UEHLWVOLQLH�XQWHU�'UXFN�XQG�=XJ�ZLUG�YRQ�%\�
IRUV�>��@�GXUFK�GHQ�9|OOLJNHLWVJUDG�I � �EHVFKULHEHQ��%LOG�������'LHVHU�LVW�JOHLFK�GHU�)OlFKH�
XQWHU�GHU�EH]RJHQHQ� εσ − �/LQLH��PLW�GHQ�*UHQ]ZHUWHSDDU� � �I � � ��ε � ���'HPQDFK�HUUHLFKW�
GLH� $UEHLWVOLQLH� � XQWHU� 'UXFNEHDQVSUXFKXQJ� HLQ� 0D[LPXP� EHL� FD�� I � �  � �� 1�PP²��
�FD�� W � � ���K��� =X�GLHVHP�=HLWSXQNW�ZLUG�GHU�K|FKVWH�QLFKWOLQHDUH�9HUODXI�GHU� � εσ − �
/LQLH�HUUHLFKW��0LW�IRUWVFKUHLWHQGHU�(UKlUWXQJ�QLPPW�GLH�1LFKWOLQHDULWlW�QDFK�:LHULJ�>��@�
DE�� %HL� =XJEHDQVSUXFKXQJ� HQWVWHKW� YRQ� $QIDQJ� DQ� HLQH� $EQDKPH� GHV� QLFKWOLQHDUHQ�
9HUODXIV�PLW�GHU�(UKlUWXQJ��
�
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%LOG������9|OOLJNHLWVJUDGH�>��@��



 �������

'DV� 6SDQQXQJVQLYHDX� GHV� MXQJHQ� %HWRQV� XQWHU� 'UXFNEHDQVSUXFKXQJ� OLHJW� XQWHUKDOE�
YRQ�����GHU�'UXFNIHVWLJNHLW��%HL�=XJEHDQVSUXFKXQJHQ�N|QQHQ�GLH�0LNURULVVH�ELV�]XP�
(UUHLFKHQ�GHU�=XJIHVWLJNHLW�YHUQDFKOlVVLJW�ZHUGHQ��'HVZHJHQ�ZLUG� LQ�GHU�YRUOLHJHQGHQ�
$UEHLW�GLH� −ε−σ /LQLH�I�U�'UXFN��XQG�=XJEHDQVSUXFKXQJHQ�OLQHDU�DQJHQRPPHQ���
�
�
����� 'UXFNIHVWLJNHLW�
�
'XUFK�GLH�.HQQWQLVV�GHU�'UXFNIHVWLJNHLW� LVW�HV�P|JOLFK��GHQ�(ODVWL]LWlWVPRGXO��GLH�=XJ�
IHVWLJNHLW�XQG�GLH�4XHUGHKQXQJ�]X�EHVWLPPHQ��'DGXUFK� LVW�GLH�'UXFNIHVWLJNHLW�QHEHQ�
GHU�5HLIH�XQG�GHP�+\GUDWDWLRQVJUDG�HLQ�0D��]XU�(UIDVVXQJ�GHU�7HPSHUDWXUJHVFKLFKWH�
LP�%DXWHLO��$X�HUGHP�ZLUG�GLH�'UXFNIHVWLJNHLW�ZlKUHQG�GHU�+HUVWHOOXQJ�HLQHV�%DXWHLOV�
GXUFK�GLH�(LJQXQJVSU�IXQJ�NRQWUROOLHUW��'DGXUFK�ELHWHW�VLFK�HLQH�JHHLJQHWH�0|JOLFKNHLW��
GLH�UHFKQHULVFKH�(QWZLFNOXQJ�GHU�0DWHULDONHQQZHUWH�GXUFK�UHDOH�0HVVXQJHQ�GHU�'UXFN�
IHVWLJNHLW�]X�YHULIL]LHUHQ����
�
'LH�PLWWOHUH�'UXFNIHVWLJNHLW�EHL�HLQHU�5HLIH]HLW�YRQ����7DJHQ�HUJLEW�VLFK�QDFK�&(%�),%�
0&�R�>��@�XQWHU�%HU�FNVLFKWLJXQJ�GHV�FKDUDNWHULVWLVFKHQ�:HUWHV�����)UDNWLO��I � � ��

� �II � �� � += � � � � � � � >1�PP²@� ������

�
'LH�]HLWOLFKH�(QWZLFNOXQJ�GHU�'UXFNIHVWLJNHLW�GHV�%HWRQV�ZHLVW�HLQHQ�QLFKWOLQHDUHQ�9HU�
ODXI�DXI��6LH�ZLUG�LP�:HVHQWOLFKHQ�GXUFK�GLH�(UKlUWXQJVWHPSHUDWXU�>��@��>��@��>��@��>��@��
/DJHUXQJVIHXFKWH�>��@��=HPHQWDUW�>��@��>��@�XQG�0DKOIHLQKHLW�>��@��GHQ�Z�]�:HUW�>��@��
>��@��>��@��GLH�=XVDW]PLWWHO�>��@�XQG�GLH�=XVDW]VWRIIH�>��@�EHHLQIOXVVW���
�
'LH�'UXFNIHVWLJNHLWVHQWZLFNOXQJ�NDQQ�GXUFK�.RQ]HSWH�DXI�%DVLV�GHU�3RURVLWlW�>��@��>��@��
GHU�JHELOGHWHQ�0HQJH�DQ�=HPHQWJHO�>��@��>��@��GHV�+\GUDWDWLRQVJUDGHV�XQG�GHU�5HLIH�
JHVHW]H�HUIDVVW�ZHUGHQ��$XI�GLH�]ZHL�OHW]WHQ�.RQ]HSWH�ZLUG�QDFKIROJHQG�HLQJHJDQJHQ��
'LH�LQ�GHU�/LWHUDWXU�DQJHJHEHQHQ�=XVDPPHQKlQJH�]ZLVFKHQ�)HVWLJNHLW�XQG�5HLIH�XQWHU�
VFKHLGHQ�VLFK�QDFK�GHU�$UW�GHU�PDWKHPDWLVFKHQ�%HVFKUHLEXQJ��(V�ZHUGHQ�([SRQHQWLDO���
+\SHUEHO��XQG�3DUDEHOIXQNWLRQHQ�PLW�XQWHUVFKLHGOLFKHQ�3DUDPHWHUQ�DQJHJHEHQ��(LQLJH�
$QVlW]H� ZHUGHQ� GXUFK� HLQHQ� $QIDQJVZHUW� GHU� )HVWLJNHLWVHQWZLFNOXQJ� HLQJHVFKUlQNW�
�7DEHOOH�������
�
%H]RJHQ� DXI� GHQ� =XVDPPHQKDQJ� )HVWLJNHLW� �� +\GUDWDWLRQVJUDG� ZHUGHQ� OLQHDUH� XQG�
QLFKWOLQHDUH�%H]LHKXQJHQ�DQJHJHEHQ��'LH�ZHQLJHQ�9HUVXFKVHUJHEQLVVH�LQ�GHU�/LWHUDWXU��
]�%�� LQ� >��@��ZR�)HVWLJNHLW�XQG�+\GUDWDWLRQVJUDG�EHL�JOHLFKHQ�3UREHQ�XQG�5DQGEHGLQ�
JXQJHQ�JHPHVVHQ�ZRUGHQ�VLQG��GHXWHQ�DXI�HLQHQ�QLFKWOLQHDUHQ�9HUODXI�LQ�GHU�$QIDQJV�
SKDVH� KLQ�� $QVFKOLH�HQG� IROJW� HLQ� QDKH]X� OLQHDUHU� =XVDPPHQKDQJ�� 'LH� %H]LHKXQJHQ�
]ZLVFKHQ�GHQ�EHLGHQ�.HQQJU|�HQ��JHOWHQ�DE�HLQHP�+\GUDWDWLRQVJUDG�α � �YRQ�����ELV�����
>��@��8QWHUKDOE�YRQ�α � �LVW�NHLQH�)HVWLJNHLWVHQWZLFNOXQJ�P|JOLFK��ZDV�JHJHQ�GLH�9HUVX�
FKH�YRQ�:LHULJ�>��@�VSULFKW��'LHVHU�(LQIOXVV�ZLUG��EH]RJHQ�DXI�GLH�6SDQQXQJVHQWZLFN�
OXQJ��LP�$EVFKQ�����EHUSU�IW��
�
'XUFK�GLH�LQGLUHNWH�.RSSOXQJ�GHU�7HPSHUDWXU��EHU�GLH�5HLIH�XQG�GHQ�+\GUDWDWLRQVJUDG�
UHGX]LHUW�VLFK�GLH�$Q]DKO�GHU�(LQIOXVVSDUDPHWHU�DXI�GLH�'UXFNIHVWLJNHLW��,Q�GHQ�$QVlW]HQ�
ZHUGHQ� GHU� Z�]�:HUW� XQG� GHU� =HLWSXQNW� GHV� %HJLQQV� GHU� )HVWLJNHLWVHQWZLFNOXQJ��
PHLVWHQV� H[SOL]LW� HUIDVVW�� $OOH� DQGHUHQ� )DNWRUHQ�ZHUGHQ� GXUFK� HPSLULVFKH� .RQVWDQWHQ�



 �������

EHU�FNVLFKWLJW��ZDV�GLH�hEHUWUDJEDUNHLW�GHU�$QVlW]H�DXI�DQGHUH�%HWRQ]XVDPPHQVHW]XQ�
JHQ�HUVFKZHUW���
�

7DEHOOH������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�'UXFNIHVWLJNHLWVHQWZLFNOXQJ��

$XWRU� �G���I��W�I�W�N � ��� ��� = � %HPHUNXQJHQ�
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α � �Z�] ������ �������

>��@������F �����E ��
α � �&(0�,�� �������

α � �&(0�,,,�� �������
>��@��F� ���������������E ��

α � � ��������������
• 1LFKW�DQJHJHEHQH�3DUDPHWHU�VLQG�LQ�GHU�$QODJH�$����]X�ILQGHQ��
• 'LH�$QVlW]H�VLQG�HEHQVR�LQ�GHU�$QODJH�$����LQ�GHU�2ULJLQDOIRUP��ZLH�VLH�YRQ�GHQ�$XWRUHQ�DQJHJH�

EHQ�ZHUGHQ��GDUJHVWHOOW��
�
�
,Q�%LOG�����VLQG�GLH�$QVlW]H�QDFK�7DEHOOH�����I�U�GHQ�%HWRQ�QDFK�3ODQQHUHU��7DEHOOH�$�����
GDUJHVWHOOW��,Q�GHU�$QIDQJVSKDVH�GLIIHULHUHQ�GLH�$QVlW]H�JHULQJI�JLJ��'LHV�LVW�GXUFK�GLH�
XQWHUVFKLHGOLFKH�)HVWOHJXQJ�GHV�%HJLQQV�GHU�)HVWLJNHLWVHQWZLFNOXQJ�EHGLQJW��%HVRQGHUV�
EHL�GHQ�$QVlW]HQ�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV�VLQG�]XN�QIWLJ�QRFK�8QWHUVX�
FKXQJHQ�Q|WLJ��XP�GLHVHQ�$QIDQJV]XVWDQG�LQ�$EKlQJLJNHLW�GHU�%HWRQ]XVDPPHQVHW]XQJ�
IHVW]XOHJHQ��,P�0LWWHOEHUHLFK�ZHLVW�GHU�$QVDW]�YRQ�%\IRUV�>��@�GHQ�JU|�WHQ�QLFKWOLQHD�
UHQ�9HUODXI�DXI��'D�GLH�$QVlW]H�DXV�XQWHUVFKLHGOLFKHQ�0LWWHOZHUWHQ�GHU�)HVWLJNHLW�JH�
ZRQQHQ�ZXUGHQ��N|QQHQ�GLHVH�$EZHLFKXQJHQ�DOV�0D��]XU�%HU�FNVLFKWLJXQJ�GHU�6WUHX�
XQJ�YHUZHQGHW�ZHUGHQ��'HU�9HUJOHLFK�GLHVHU�$QVlW]H�PLW�0HVVZHUWHQ�HUJDE�QDFK�0D�
GDOHQR�)UHXQGW� >���@� �V�D��7DEHOOHQ�����XQG�$������GDVV�GLH�$QVlW]H�JHULQJI�JLJ�REHU��



 �������

XQG�XQWHUKDOE�GHU�0HVVZHUWH�ODJHQ��'LH�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�$QVlW]HQ�N|QQHQ�
DOV�DN]HSWDEHO�EHZHUWHW�ZHUGHQ��,KUH�$XVZLUNXQJHQ�DXI�GLH�6SDQQXQJVEHUHFKQXQJ�ZLUG�
LP�$EVFKQ����XQWHUVXFKW������
�
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%\IRUV +DPIOHU :HVFKH &(% &DULQR

 
%LOG������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�'UXFNIHVWLJNHLWVHQWZLFNOXQJ��&(0,�������

�
�
����� =XJIHVWLJNHLW�
�
'LH�=XJIHVWLJNHLW�XQWHUOLHJW�IDVW�GHQ�JOHLFKHQ�(LQIO�VVHQ�ZLH�GLH�'UXFNIHVWLJNHLW��-HGRFK�
ZLUNHQ�GLH�(LQIO�VVH�GHU�=XVFKOlJH�>��@�XQG�%HODVWXQJVDUW�XQWHUVFKLHGOLFK���
'HU�=XJEUXFK� LP�%HWRQ� WULWW�KDXSWVlFKOLFK� LQ�GHU�9HUEXQGIOlFKH�]ZLVFKHQ�0DWUL[�XQG�
JUREHP� =XVFKODJVNRUQ� DXI�� %HWRQH� PLW� JUR�HP� =XVFKODJVNRUQ� ZHLVHQ�� EHL� JOHLFKHP�
Z�]�:HUW�� HLQH�JHULQJHUH�=XJIHVWLJNHLW� DOV� VROFKH�PLW� NOHLQHP�=XVFKODJVNRUQ�DXI��'HU�
*UXQG�GDI�U�OLHJW�LQ�GHU�JHULQJHQ�9HUEXQGIHVWLJNHLW��ZHOFKH�QXU����ELV�����GHU�0DW�
UL[�=XJIHVWLJNHLW��EHWUlJW�>��@���
�
'LH�%HODVWXQJVDUW�I�KUW�]X�GHQ�GUHL�3U�IYHUIDKUHQ�GHU�=XJIHVWLJNHLW��QlPOLFK�GHP�]HQWUL�
VFKHQ�=XJ��%LHJH��XQG�6SDOW]XJ��'HU�%HJULII� =XJIHVWLJNHLW�ZLUG�KLHU� I�U�GLH� ]HQWULVFKH�
=XJIHVWLJNHLW�YHUZHQGHW�� �(LQ�PDWKHPDWLVFKHU�=XVDPPHQKDQJ�]ZLVFKHQ�GHQ�GUHL�)HV�
WLJNHLWHQ�ZLUG�X�D��YRQ�+HOOPDQQ� >��@� DQJHJHEHQ� �V��$QODJH�$������'LHVHU�EDVLHUW�DXI�
'DWHQ�YHUVFKLHGHQHU�3U�IHUJHEQLVVH��
�
'LH�PLWWOHUH�]HQWULVFKH�=XJIHVWLJNHLW�EHL�HLQHU�5HLIH]HLW�YRQ����7DJHQ�ZLUG�QDFK�&(%�
),%�0&���>��@�DXV�GHU�'UXFNIHVWLJNHLW�HUPLWWHOW��
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= � � >1�PP²]� �������

� PLW� ���I 
� �  � ,, = � 1�PP² 

   ��I� � � = � 1�PP²�
�
'LH� (QWZLFNOXQJ� GHU� =XJIHVWLJNHLW�ZLUG� LQ� $EKlQJLJNHLW� GHU� 'UXFNIHVWLJNHLW� XQG� GHP�
+\GUDWDWLRQVJUDG�QDFK�7DEHOOH� ���� DQJHJHEHQ��'LH�5HLIH]HLW� NDQQ�KLHU� LQGLUHNW� HUIDVVW�
ZHUGHQ���



 ������

�
7DEHOOH������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�=XJIHVWLJNHLWVHQWZLFNOXQJ��

$XWRU� $QVDW]�� �G���I��W�I�W�N � � ��� � ��� � � = � �

�
�

%\IRUV�>��@�

,��
( ) �������G���I�����

�W�I�����
� � �

��

	 


�	 


+−⋅
⋅

� �

,,��
( )

( ) �������G���I�����

�������W�I�����
�  �

��

� �

�  �
��

�� �

+−⋅
+−⋅

�

�������

�

,�� ���W�I �� � ≤ �1�PP²�

,,�� ���W�I �� � > �1�PP²�

&(%�),%�0&���>��@��
*DUGQHU�>��@��
�+HOOPDQQ�>��@��

( )
��

�N
/ �

�������

�
��

'H�6FKXWWHU��
7DHUZH�>��@��

/DXEH�>��@��

*XWVFK�>��@�

�

�

�

G��
�

G��G��



















−

−

)(

)()(

α
α
α

α
α

α

 

�������

>�����@��F� ���
�
>��@��F� ���������������
 

• 'HU�$QVDW]�YRQ�*XWVFK�>��@�LVW�DOV�(UZHLWHUXQJ�YRQ�/DXEH�>��@�DQ]XVHKHQ�
• 1LFKW�DQJHJHEHQH�3DUDPHWHU�VLQG�LQ�GHU�$QODJH�$����]X�ILQGHQ��
• 'LH�$QVlW]H�VLQG�HEHQVR�LQ�GHU�$QODJH�$����LQ�GHU�2ULJLQDOIRUP��ZLH�VLH�YRQ�GHQ�$XWRUHQ�DQJHJH�

EHQ�ZHUGHQ��GDUJHVWHOOW�

�
'LH�$QVlW]H�VLQG�LQ�%LOG�����GDUJHVWHOOW��'XUFK�GHQ�%H]XJ�GHU�=XJIHVWLJNHLWVZHUWH�QDFK�
��G� VLQG� GLH� 'LIIHUHQ]HQ� ]ZLVFKHQ� GHQ� $QVlW]HQ� JHULQJHU�� %HL� GHU� *O�� ������� N|QQHQ�
GXUFK�GLH�YDULDEOHQ�3DUDPHWHU�F�XQG�α � �XQWHUH�XQG�REHUH�:HUWH�HUUHLFKW�ZHUGHQ���
�
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%\IRUV &(% 6FKXWWHU

 
%LOG������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�=XJIHVWLJNHLWVHQWZLFNOXQJ��

�
%HL�GHU�%HXUWHLOXQJ�GHU�=XJIHVWLJNHLW� LP�%DXZHUN� LVW�]X�EHPHUNHQ��GDVV�GLHVH�JHULQJHU�
DOV�GLH�HUPLWWHOWH�/DERUZHUWH�LVW��(LQ�JHULQJHUHU�:HUW�GHU�=XJIHVWLJNHLW�LP�%DXZHUN�HQW�
VWHKW��GD�GLH�9HUGLFKWXQJ�GHV�%HWRQV�LP�%DXZHUN�ZHQLJHU�LQWHQVLY�DOV�MHQH�LQ�/DERUSUR�
EHQ�LVW���=XU�%HU�FNVLFKWLJXQJ�GLHVHV�(LQIOXVVHV�JLEW�5RVWDV\�>��@�HLQHQ�$EPLQGHUXQJV�



 �������

IDNWRU�LP�%HUHLFK�����XQG���DQ��+HQQLQJ�>��@�VFKlW]W�GLHVHQ�(LQIOXVV�PLW�HLQHU�$EQDKPH�
YRQ�����HLQ���
�
0LNURULVVH�RGHU�6FKDOHQULVVH�LQIROJH�(LJHQVSDQQXQJ�I�KUHQ�DXFK�]XU�$EQDKPH�GHU�)HV�
WLJNHLW�>��@��>��@��%HL�8QWHUVXFKXQJHQ�DP�UHLIHQ�%HWRQ�ZHUGHQ�LQ�GHU�/LWHUDWXU�$EPLQ�
GHUXQJHQ�YRQ����ELV�����DQJHJHEHQ�>��@��>��@���
�

=XVDPPHQIDVVHQG�NDQQ�GLH�=XJIHVWLJNHLW�GHV�%DXZHUNHV�QDFK�&(%�0&���LQ�$EKlQ�
JLJNHLW�GHU�FKDUDNWHULVWLVFKHQ�'UXFNIHVWLJNHLW�PLW�IROJHQGHQ�PD[LPDOHQ�XQG�PLQLPDOHQ�
*UHQ]ZHUWHQ�EHUHFKQHW�ZHUGHQ��,Q�GLHVHQ�*UHQ]ZHUWHQ�ZHUGHQ�GLH�REHQ�HUZlKQWHQ�
(LQIO�VVH�SDXVFKDO�HUIDVVW��'LH�*OHLFKXQJ��������ODXWHW�GDQQ��
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�
�
����� (ODVWL]LWlWVPRGXO�
�
'HU�%HWRQ�ZHLVW�YLVNRHODVWLVFKH�(LJHQVFKDIWHQ�DXI��$OV�.HQQJU|�H�]XU�%HVFKUHLEXQJ�GHV�
HODVWLVFKHQ�0DWHULDOYHUKDOWHQV�ZLUG�GHU�(ODVWL]LWlWVPRGXO�YHUZHQGHW��'XUFK�GDV�YLVNRVH�
9HUKDOWHQ���DXVJHGU�FNW�GXUFK�GLH�%HODVWXQJVJHVFKZLQGLJNHLW���ILQGHW�HLQH�8QWHUVFKHL�
GXQJ�]ZLVFKHQ�GHP�VWDWLVFKHQ�XQG�G\QDPLVFKHQ�(ODVWL]LWlWVPRGXO�VWDWW��'DGXUFK�LVW�GHU�
G\QDPLVFKH�(ODVWL]LWlWVPRGXO�IUHL�YRQ�YLVNRVHQ�$QWHLOHQ��.ULHFKHQ���'HU�VWDWLVFKH�0RGXO�
ZLUG�QRFK� LQ�GHQ�7DQJHQWHQPRGXO� LP�8UVSUXQJ�GHU�σ�ε�/LQLH�VRZLH� LQ�GHQ�6HNDQWHQ�
PRGXO� ]ZLVFKHQ�GHP�8UVSUXQJ�XQG� ��� ¡� ����GHU� %UXFKIHVWLJNHLW� XQWHUJOLHGHUW��8P�
GHQ�YLVNRVHQ�$QWHLO� EHL�GHP�6HNDQWHQPRGXO� ]X� UHGX]LHUHQ��ZLUG�GHU� (ODVWL]LWlWVPRGXO�
QDFK�',1������>��@�HUVW�QDFK�GHU�����%HODVWXQJ�HUPLWWHOW��'DV�VWHOOW�HLQHQ�JXWHQ�$QVDW]�
I�U�%DXWHLOH�XQWHU�ZLHGHUKROWHQ�%HDQVSUXFKXQJHQ�GDU��'HU�MXQJH�%HWRQ�XQWHUOLHJW�HLQHU�
HLQPDOLJHQ�%HDQVSUXFKXQJ��'HU�7DQJHQWHQPRGXO�ZlUH�KLHUI�U�GHU�JHHLJQHWH�3DUDPH�
WHU��'RFK�GLHVHU�LVW�YHUVXFKVWHFKQLVFK�VFKZLHULJ�]X�HUPLWWHOQ��
�
'HU� (LQIOXVV� GHU� %HWRQ]XVDPPHQVHW]XQJ� DXI� GHQ� (ODVWL]LWlWVPRGXO� ZLUG� �EHUZLHJHQG�
GXUFK�GLH�:DKO�YRQ�Z�]�:HUW�XQG�=XVFKODJVVWRIIHQ�JHNHQQ]HLFKQHW���
'HU�PLWWOHUH�(ODVWL]LWlWVPRGXO� I�U�1RUPDOEHWRQ�ZLUG�QDFK�&(%�),%�0&���>��@�DXV�GHU�
'UXFNIHVWLJNHLW�HUPLWWHOW��
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�
(LQH�H[SOL]LWH�%HU�FNVLFKWLJXQJ�GHV�(LQIOXVVHV�GHU�=XVFKOlJH�ZLUG�YRQ�5�VFK�-XQJZLUWK�
>��@�DQJHJHEHQ��
�
'LH�]HLWOLFKH�(QWZLFNOXQJ�GHV�(ODVWL]LWlWVPRGXOV�LVW�QDFK�:HEHU�>��@�YRQ�GHU�=XVFKODJV�
DUW�XQDEKlQJLJ�XQG�ZLUG�LQ�HUVWHU�/LQLH�GXUFK�GLH�0DWUL[HLJHQVFKDIWHQ�EHHLQIOXVVW��$Q�



 �������

VlW]H�GDI�U�VLQG�LQ�7DEHOOH�����DQJHJHEHQ��'RUW�ZXUGHQ�JHQDXVR�ZLH�EHL�GHU�=XJIHVWLJ�
NHLW�DQJHQRPPHQ��GDVV�DOOH�$QVlW]H�GHQ�JOHLFKHQ�(ODVWL]LWlWVPRGXO�QDFK����7DJHQ�HU�
UHLFKHQ��,Q�%LOG�����LVW�HUNHQQEDU��GDVV�GDGXUFK�GLH�'LIIHUHQ]HQ�GHU�$QVlW]H�XQWHUHLQDQ�
GHU�PLQLPDO�VLQG��$XVQDKPHQ�ELOGHQ�ZLHGHUXP�GLH�$QIDQJVEHUHLFKH���'LH�JHULQJH�$Q�
]DKO�GHU�9HUVXFKH�LQ�GLHVHQ�%HUHLFKHQ�I�KUW�]X�GLHVHQ�8QWHUVFKLHGHQ��'LHVH�8QWHUVFKLH�
GH�G�UIWHQ� MHGRFK�EHL� HLQHU� 6SDQQXQJVEHUHFKQXQJ�QLFKW� VHKU� LQV�*HZLFKW� IDOOHQ��ZHLO�
GDV�5HOD[DWLRQVYHUP|JHQ�GHV�%HWRQV�LQ�GLHVHU�3KDVH�DP�K|FKVWHQ�LVW��
�
7DEHOOH������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�(ODVWL]LWlWVPRGXOHQWZLFNOXQJ��

$XWRU� $QVDW]�� �G���(��W�(�W�N � ��� ��� = � %HPHUNXQJHQ�
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• 1LFKW�DQJHJHEHQH�3DUDPHWHU�VLQG�LQ�GHU�$QODJH�$����]X�ILQGHQ��

• 'LH�$QVlW]H�VLQG�HEHQVR�LQ�GHU�$QODJH�$����LQ�GHU�2ULJLQDOIRUP��ZLH�VLH�YRQ�GHQ�$XWRUHQ�DQJHJH�
EHQ�ZHUGHQ��GDUJHVWHOOW�
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%\IRUV &(% 8PHKDUD 6FKXWWHU

 
%LOG������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�(QWZLFNOXQJ�GHV�(ODVWL]LWlWVPRGXOV��

�



 �������

'HU�(ODVWL]LWlWVPRGXO�I�U�=XJ��XQG�'UXFNEHODVWXQJHQ�LVW�EHL�1RUPDOEHWRQ�QDFK�5RVWDV\�
HW�� DO�� >��@� XQWHUVFKLHGOLFK�� %HL� 'UXFNEHDQVSUXFKXQJ� LVW� GLH� σ�ε�/LQLH� SURJUHVVLY� JH�
NU�PPW��ZlKUHQG�VLH�EHL�=XJEHDQVSUXFKXQJHQ��EHU�GHQ�JHVDPWHQ�%HUHLFK�QDKH]X� OL�
QHDU�YHUOlXIW��5RVWDV\�HW��DO��>��@�VFKOlJW�YRU��GHQ�=XJ�(ODVWL]LWlWVPRGXO�JOHLFK�GHP�8U�
VSUXQJVPRGXO�EHL�'UXFNEHODVWXQJ�]X�VHW]HQ��DOVR�PLW�HLQHU��=XQDKPH�YRQ�FD���������
9HUVXFKH�YRQ�%\IRUV� >��@� LP� MXQJHQ�%HWRQ�]HLJHQ�QXU�JU|�HUH�=XJ�(ODVWL]LWlWVPRGXOQ�
ELV�]X�HLQHU�'UXFNIHVWLJNHLW�YRQ�FD������1�PP²��,Q�GLHVHU�$UEHLW�ZHUGHQ�EHLGH�0RGXOQ�
JOHLFK�JHVHW]W���
�
�
����� 4XHUGHKQ]DKO�
�
'LH�4XHUGHKQ]DKO�GU�FNW�GDV�9HUKlOWQLV�]ZLVFKHQ�GHQ�/lQJV��XQG�4XHUYHUIRUPXQJHQ�
DXV��6LH�OLHJW�EHL�HUKlUWHWHP�%HWRQ�]ZLVFKHQ������XQG�������'LH�4XHUGHKQ]DKO�LVW�QDFK�
%\IRUV�>��@�YRP�%HDQVSUXFKXQJVJUDG�XQG�GHU�%HWRQ]XVDPPHQVHW]XQJ��EHVRQGHUV�YRQ�
GHU�$UW�XQG�0HQJH�GHU�=XVFKODJVVWRIIH��DEKlQJLJ���
�
)�U� GHQ� MXQJHQ� %HWRQ� ILQGHW�PDQ� LQ� GHU� /LWHUDWXU� YHUHLQ]HOWH� 9HUVXFKVHUJHEQLVVH� ]XU�
%HVWLPPXQJ�GHU�4XHUGHKQ]DKO��ZLH�YRQ�1HZPDQ�>��@��2OXRNXQ�>��@��%\IRUV�>��@�XQG�
'H�6FKXWWHU�7DHUZH�>��@��,Q�7DEHOOH�����XQG�%LOG�����VLQG�GLH�$QVlW]H�QDFK�%\IRUV�>��@�
XQG�'H� 6FKXWWHU�7DHUZH� >��@� GDUJHVWHOOW�� (LQ� *UHQ]ZHUW� YRQ� Y�  � ���� NDQQ� I�U� GHQ�
)ULVFKEHWRQ�YRUDXVJHVHW]W�ZHUGHQ��GLHVHU�HQWVSULFKW�GHP�:HUW�I�U�HLQH�]lKH�)O�VVLJNHLW��
0LW�GHP�%HJLQQ�GHU�(UKlUWXQJ�VLQNW�GLH�4XHUGHKQ]DKO�DXI�HLQHQ�0LQLPDOZHUW�YRQ�HWZD��
Y� ������EHL�I � � �W�� ���1�PP²�DE��'DQDFK�VWHLJW�VLH�ELV�]XP�(UUHLFKHQ�GHV�:HUWHV�QDFK�
���7DJHQ�LQ�$EKlQJLJNHLW�GHU�)HVWLJNHLW�>��@��
'LH�UHODWLY�JHULQJH�$Q]DKO�YRQ�9HUVXFKHQ�LQ�GHU�/LWHUDWXU�VSLHJHOW�VLFK�DXFK�LQ�%LOG�����
ZLHGHU��%HVRQGHUV�ELV�]X�HLQHP�=HLWSXQNW�YRQ����K�HQWVWHKHQ�8QWHUVFKLHGH�ELV�]X�HL�
QHP�:HUW�YRQ������$XIJUXQG�GHU�JHULQJHQ�$Q]DKO�GHU�0HVVHUJHEQLVVH�ZLUG� LQ�GLHVHU�
$UEHLW�HLQH�NRQVWDQWH�4XHUGHKQ]DKO�YHUZHQGHW���
�
7DEHOOH������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�4XHUGHKQ]DKO��

$XWRU� $QVDW]�� )(/)()( G��YWYWN ��� = �

�
�

%\IRUV�>��@ 
≤� �I ��1�PP²:  � � �
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(3.25)�

• 'LH�$QVlW]H�VLQG�HEHQVR�LQ�GHU�$QODJH�$����LQ�GHU�2ULJLQDOIRUP��ZLH�VLH�YRQ�GHQ�$XWRUHQ�
DQJHJHEHQ�ZHUGHQ��GDUJHVWHOOW 
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%\IRUV 6FKXWWHU

 
%LOG������$QVlW]H�]XU�%HVFKUHLEXQJ�GHU�(QWZLFNOXQJ�GHU�4XHUGHKQ]DKO��

�
�

��� 0DWHULDOYHUKDOWHQ�XQWHU�/DQJ]HLWHLQZLUNXQJHQ���
����� (LQOHLWXQJ�����
�
:LUG�GHU�%HWRQ�EHODVWHW��VR�HQWVWHKHQ�HODVWLVFKH��SODVWLVFKH�XQG�YLVNRVH�9HUIRUPXQJVDQ�
WHLOH�� 'LH� .RPELQDWLRQ� GLHVHU� 9HUIRUPXQJVDQWHLOH� I�KUW� ]X� YLVNRHODVWLVFKHQ� XQG��
HODVWRSODVWLVFKHQ�9HUIRUPXQJHQ��'LH�6SDQQXQJVEHUHFKQXQJ�EHLP� MXQJHQ�%HWRQ�KlQJW�
VWDUN�YRQ�GHU�%HVFKUHLEXQJ�GHV�YLVNRHODVWLVFKHQ�9HUKDOWHQV�DE��'LHVHV�ZLUG�GXUFK�GDV�
.ULHFKHQ���=XQDKPH�GHU�9HUIRUPXQJ�EHL�NRQVWDQWHU�6SDQQXQJ����RGHU�GLH�5HOD[DWLRQ���
$EQDKPH�GHU�6SDQQXQJ�EHL�NRQVWDQWHU�'HKQXQJ����GHV�%HWRQV�EHVFKULHEHQ��
�
'DV�.ULHFKHQ�GHV�%HWRQV�ZLUG�GXUFK�GHQ�=HPHQWVWHLQ�KHUYRUJHUXIHQ��GD�GLH�=XVFKOlJH��
L�$�� QLFKW� NULHFKHQ�� 'LH� .ULHFKYHUIRUPXQJ� GHV� %HWRQV� VHW]W� VLFK� DXV� GHP� UHYHUVLEOHQ��
GHP�YHU]|JHUW�HODVWLVFKHQ�XQG�GHP�LUUHYHUVLEOHQ�$QWHLO��)OLH�HQ��]XVDPPHQ��=XU�(UNOl�
UXQJ�GHV�.ULHFKHQV�VLQG�XQWHUVFKLHGOLFKH�7KHRULHQ�HQWVWDQGHQ��'DV�VLQG�X�D��GLH�7KHRULH�
GHV�$OWHUQV��GLH�7KHRULH�GHV�HODVWLVFK�NULHFKHQGHQ�.|USHUV��GLH�7KHRULH�GHU�HODVWLVFKHQ�
1DFKZLUNXQJ�XQG�GLH�6ROLGLILNDWLRQVWKHRULH�>��@��>��@��:LFKWLJ�VHL�QDFK�%D]DQW�>��@�EHL�
GHU�%HXUWHLOXQJ�HLQHU�7KHRULH��GDVV�GDV�.ULHFKHQ� LQ�$EKlQJLJNHLW�GHV�%HODVWXQJVDOWHUV�
XQG�GHU�%HODVWXQJVGDXHU�EHVFKULHEHQ�ZHUGHQ�PXVV��
'HU� =XVDPPHQKDQJ� ]ZLVFKHQ� NULHFKHU]HXJHQGHU� 6SDQQXQJ� XQG� .ULHFKYHUIRUPXQJHQ�
LVW� � ELV� ]X�HLQHU� 6SDQQXQJ�YRQ�����ELV�����GHU�'UXFNIHVWLJNHLW�QDKH� ]X� OLQHDU��'LH��
9HUIRUPXQJHQ�VLQG�KLHUI�U�YRQ�GHU�DNWXHOOHQ�6SDQQXQJVK|KH�XQDEKlQJLJ���
�
'LH� .ULHFKYHUIRUPXQJ� ( )τε �W� � ]XP�=HLWSXQNW� W� LQIROJH� HLQHU� ]XP�=HLWSXQNW� τ � DXIJH�
EUDFKWHQ�6SDQQXQJ�NDQQ��EHL�$QQDKPH�GHU�OLQHDUHQ�.ULHFKWKHRULH��PLW�+LOIH�GHU�.ULHFK�
]DKO� ( )τϕ �W �DOV�9LHOIDFKHV�GHU�HODVWLVFKHQ�9HUIRUPXQJ� ( )τε � � �HUPLWWHOW�ZHUGHQ��

� ( ) ( ) ( )W�W�W � �� ετϕτε ⋅= � �������

'LH� ODVWDEKlQJLJH� *HVDPWYHUIRUPXQJ� HUJLEW� VLFK� GXUFK� GLH� $GGLWLRQ� GHU� HODVWLVFKHQ�
9HUIRUPXQJ� ( )τε � � �]XU�.ULHFKYHUIRUPXQJ� ( )τε �W� ��



 �������

� ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )ττστ
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� PLW�� ( )τ�W- ��� .ULHFKIXQNWLRQ�>PP²�1@�
� � � ( )τ�W& �� VSH]LILVFKHV�.ULHFKHQ�>PP²�1@�
'LH�*OHLFKXQJ��������ZLUG�DXFK�RIW�YHUHLQIDFKHQG�GXUFK�GHQ�(IIHNWLYHQ�(ODVWL]LWlWVPRGXO�
DXVJHGU�FNW��

� ( ) ( ) ( ) ( )
( )
( ) 
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τ
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�

$QDORJ�]XP�.ULHFKHQ�OlVVW�VLFK�DXV�*O�������D��DXFK�GLH�5HOD[DWLRQ�PLW�+LOIH�GHV�5HOD[D�
WLRQVEHLZHUWHV� ( )τψ �W RGHU�GHU�5HOD[DWLRQVIXQNWLRQ� ( )τ�W5 �DEOHLWHQ�]X��

� ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )τεττεττψτστψτσ � �� ��� �W5(�W�W�W ⋅=⋅⋅=⋅= � �������

:HJHQ� GHU� YHUKlOWQLVPl�LJ� EUHLWHQ� 9HUI�JEDUNHLW� YRQ� .ULHFKGDWHQ� LQ� GHU� /LWHUDWXU��
ZHUGHQ�RIW�5HOD[DWLRQVDQVlW]H�DXV�GHP�.ULHFKHQ�XPJHUHFKQHW��7URVW�>���@�JLEW�GDI�U�
GHQ�=XVDPPHQKDQJ�DQ��

� ( ) ( )
( ) ( )τϕτϕρ

τϕτψ
�W�

�

�W�

�W
��W

+
≈

⋅+
−= �� >�@� �������

� PLW� �≈ρ �� DOWHUVDEKlQJLJHU�%HLZHUW�QDFK�5RVWiV\�+HQQLQJ�>���@�
(LQ�ZHLW�YHUEUHLWHWHU�=XVDPPHQKDQJ�]ZLVFKHQ�.ULHFK]DKO�XQG�5HOD[DWLRQVEHLZHUW�ZLUG�
GXUFK�GLH�*OHLFKXQJ�

� ( ) ( )( )τϕτψ �H[S� WW −= �� >�@� �������

DQJHJHEHQ>��@��
�
'LH�5HOD[DWLRQVIXQNWLRQ�NDQQ�DXFK�QlKHUXQJVZHLVH�DXV��

� ( ) 	 
 
(��W�-���W5 == ττ � >1�PP²@� �������

JHZRQQHQ�ZHUGHQ��%D]DQW�.LP�>���@�JHEHQ�GDI�U�HLQHQ�ZHLWHUHQ�HPSLULVFKHQ�=XVDP�
PHQKDQJ�DQ��ZHOFKHU�VLFK�GHU�H[DNWHQ�/|VXQJ�DQQlKHUW���

� ( ) 
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= �
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ξ
τξτ

τ
τ �
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�
'DEHL�LVW� ������ =∆ �XQG� ( ) �W τξ −= ��'LH�=HLW�LVW�LQ�7DJHQ�DQ]XJHEHQ��'XUFK�-�W�W�����
HUJHEHQ�VLFK�EHL�HLQHP�%HODVWXQJVDOWHU�XQG�HLQHU�%HODVWXQJVGDXHU�NOHLQHU�DOV���7DJ�QH�
JDWLYH�:HUWH�EHL�GHU�%HUHFKQXQJ�GHU�.ULHFKIXQNWLRQ�-�W�W�����)�U�GLHVHQ�%HUHLFK� LVW�*O��
�����]X�YHUZHQGHQ���
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%HODVWXQJVGDXHU��>PLQ@

ψ
�W
� τ
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0HVVZHUWH�DXV�>��@ *O�������� *O��������

�
%LOG�������=XVDPPHQKDQJ�]ZLVFKHQ�.ULHFKHQ�XQG�5HOD[DWLRQ�EHL�τ  ��K��

�
(LQH� hEHUSU�IXQJ� GHU� *O�� ������� XQG� ������� PLW� GHQ� 9HUVXFKHQ� YRQ� :LH�
ULJ�*ROODVFKEDFK�>��@�GXUFK�GHQ�9HUIDVVHU�]HLJW�DE�HLQHP�$OWHU�YRQ���K�]XIULHGHQVWHO�
OHQGH� (UJHEQLVVH� �%LOG� �������$XFK�GHU�8QWHUVFKLHG� ]ZLVFKHQ�EHLGHQ� )XQNWLRQHQ� NDQQ�
DOV�PLQLPDO�EHWUDFKWHW�ZHUGHQ��'D�*OHLFKXQJ��������QDKH�]X�GHQ�0HVVHUJHEQLVVHQ�WHQ�
GLHUW��ZLUG�GLHVH�I�U�ZHLWHUH�%HWUDFKWXQJHQ�JHZlKOW�����
�
�
����� � .ULHFKHQ�LP�MXQJHQ�%HWRQ��
�
,P�MXQJHQ�%HWRQ�KDEHQ�QHEHQ�GHP�%HODVWXQJVDOWHU�XQG�GHU�%HODVWXQJVGDXHU�X�D��DXFK�
GLH�7HPSHUDWXU��GHU�:DVVHUJHKDOW�XQG�GLH�%HODVWXQJVDUW��=XJ��'UXFN��HLQHQ�(LQIOXVV�DXI�
GDV�.ULHFKHQ��0LW� ]XQHKPHQGHP�%HWRQDOWHU�QLPPW�GDV�5HOD[DWLRQVYHUP|JHQ�GHV�%H�
WRQV�QDFK�8PHKDUD�HW��DO�>��@�DE��%LOG��������6WHLJHQGH�7HPSHUDWXU�HUK|KW�QDFK�8PH�
KDUD�HW��DO�>��@�GDV�.ULHFKHQ��'HU�7HPSHUDWXUHLQIOXVV�NDQQ�DXFK�LQGLUHNW��EHU�GLH�5HLIH�
]HLW�RGHU�GHQ�+\GUDWDWLRQVJUDG�HUIDVVW�ZHUGHQ��:HJHQ�GHV�(LQIOXVVHV�GHV�:DVVHUJHKDO�
WHV�GHV�%HWRQV�LP�%HWUDFKWXQJV]HLWUDXP�ZLUG�]ZLVFKHQ�*UXQGNULHFKHQ��NHLQH�$XVWURFN�
QXQJ��XQG�7URFNQXQJVNULHFKHQ��EHL�:DVVHUYHUOXVW��XQWHUVFKLHGHQ� >��@�� �8QWHUVXFKXQ�
JHQ��EHU�GLH�%HODVWXQJVDUW�LP�MXQJHP�%HWRQ�ZXUGHQ�X�D��YRQ�8PHKDUD�HW��DO��>��@�XQG�
0RULPRWR�HW��DO��>���@�GXUFKJHI�KUW��'HPQDFK�LVW�GDV�5HOD[DWLRQVYHUP|JHQ�GHV�%HWRQV�
XQWHU�'UXFN�JU|�HU� DOV�EHL�=XJ��%HL�GHQ�$XVZHUWXQJHQ�YRQ�.ULHFKDQVlW]HQ�QDFK�%LOG�
�����XQG�%LOG�������ZHOFKH�DXV�'UXFN��XQG�=XJYHUVXFKHQ�JHZRQQHQ�ZXUGHQ��VLQG�NDXP�
8QWHUVFKLHGH��EH]RJHQ�DXI�GLH�%HODVWXQJVDUW�IHVW]XVWHOOHQ��'HVZHJHQ�ZLUG�LQ�GHU�YRUOLH�
JHQGHQ�$UEHLW�GDV�.ULHFKHQ�EHL�'UXFN��XQG�=XJEHDQVSUXFKXQJ�JOHLFKJHVHW]W�����
�
�
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%LOG�������9HUKDOWHQ�GHU�.ULHFKIXQNWLRQ�EHLP�MXQJHQ�%HWRQ�

�
'D�GDV�.ULHFKHQ�DQ�GLH�HODVWLVFKHQ�9HUIRUPXQJHQ�JHNRSSHOW� LVW�� VSLHOW�GHU�(ODVWL]LWlWV�
PRGXO�HLQH�6FKO�VVHOUROOH�EHL�GHU�%HUHFKQXQJ�GHU�YLVNRHODVWLVFKHQ�9HUIRUPXQJ��%HL�MXQ�
JHP� %HWRQ� ZLUG� RIW� GHU� (ODVWL]LWlWVPRGXO� EHL� HLQHP� %HODVWXQJV]\NOXV� EHVWLPPW� >��@��
'DGXUFK� LVW� GLHVHU�0RGXO� ZlKUHQG� GHU� %HODVWXQJVSKDVH� HLQ� 9HUIRUPXQJVPRGXO�� 'HU�
(ODVWL]LWlWVPRGXO�NDQQ�QDFK�GHU�(QWODVWXQJ�GXUFK�6HSDUDWLRQ�GHU�YLVNRVHQ�9HUIRUPXQ�
JHQ�HUPLWWHOW�ZHUGHQ�>��@��(PERUJ�>���@�HPSIHKOW�NHLQH�7UHQQXQJ�]ZLVFKHQ�GHQ�HODVWL�
VFKHQ�XQG�.ULHFKYHUIRUPXQJHQ�GXUFK]XI�KUHQ�XQG�GLUHNW�GLH�.ULHFKIXQNWLRQ�]X�EHQXW�
]HQ��-HGRFK�ZLH�7DEHOOH�����]HLJW��VLQG�ZHQLJH�$QVlW]H�I�U�GLH�.ULHFKIXQNWLRQ�GHV�MXQ�
JHQ�%HWRQV�YRUKDQGHQ���
�
.ULHFK�� E]Z�� 5HOD[DWLRQVYHUVXFKH� LP� MXQJHQ� %HWRQ� ZXUGHQ� X�D�� YRQ� :LH�
ULJ�*ROODVFKEDFK�>��@��%\IRUV�>��@��(PERUJ�>��@��0RULPRWR�.R\DQDJL�>���@��8PHKHUD�
HW��DO��>��@��/DXEH�>��@��*XWVFK�>��@�GXUFKJHI�KUW��'LHVH�ELOGHQ�GLH�*UXQGODJH�]XU�$EOHL�
WXQJ�YRQ�UHFKQHULVFKHQ�$QVlW]HQ��'LH�$QVlW]H�VWHOOHQ�PHLVWHQV�GDV�DIILQH�.ULHFKHQ�GDU�
XQG�ODVVHQ�VLFK�DOV�3URGXNW�]ZLVFKHQ�GHU�%HODVWXQJVGDXHU�I�W�τ��XQG�GHP�%HODVWXQJVDOWHU�
ϕ � ��& � �DXVGU�FNHQ��

� ( ) ( ) ( )ττϕτϕ �WI&��W&� �� ⋅= � �������

�
'LH�.ULHFKDQVlW]H�ZHUGHQ�QDFK�7DEHOOH�����PLW�+LOIH�YRQ�3RWHQ]��XQG�+\SHUEHOIXQNWLR�
QHQ�DQJHJHEHQ��,KUH�$XVZHUWXQJ�ZLUG�GXUFK�GHQ�9HUIDVVHU�LQ�GHQ�%LOGHUQ������XQG������
GDUJHVWHOOW�� (V� LVW� KLHU� ]X�EHPHUNHQ��GDVV�GLH�PHLVWHQ�$QVlW]H�DXV�9HUVXFKHQ�DE�GHP�
HUVWHQ�7DJ�JHZRQQQHQ�ZXUGHQ��'HVZHJHQ�HUJHEHQ�VLFK�EHL�GHP�%HODVWXQJVDOWHU�LQ�GLH�
VHP�%HUHLFK�GLH�JUR�HQ�$EZHLFKXQJHQ��)�U�ZHLWHUH�%HWUDFKWXQJHQ�ZHUGHQ�QXU�GLH�$Q�
VlW]H� YRQ� 6DWR>���@�� 7D]DZD>��@� XQG�*XWVFK>��@� YHUZHQGHW�� 8QWHU� %HU�FNVLFKWLJXQJ�
YRQ�5HLIH]HLW��+\GUDWDWLRQVJUDG�XQG�'UXFNIHVWLJNHLW�]XP��%HODVWXQJVDOWHU�NDQQ�GHU�(LQ�
IOXVV�GHU�%HWRQ]XVDPPHQVHW]XQJ��LQ�GHU�.ULHFKIXQNWLRQ�HUIDVVW�ZHUGHQ���
�
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7DEHOOH������$QVlW]H�I�U�.ULHFK]DKO�ϕ�XQG�VSH]LILVFKHV�.ULHFKHQ�&�
$XWRU� %HODVWXQJVDOWHU�� ( )τϕ �� &� � %HODVWXQJVGDXHU��I�W�τ��
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$XWRU� %HODVWXQJVDOWHU�� ( )τϕ �� &� � %HODVWXQJVGDXHU��I�W�τ��

�
7D]DZD�
>��@�

� � �
�

�

� �

�� �

�

�G���I

��I
�����

−









⋅=

τ
ϕ � 
















⋅⋅=

�G���I

��I
����H[S����

	 


�	 

�

τ
β �

�������

6DWR�>���@� ( )[ ] �
�

�

�� ���������
−++⋅= τϕ � �

�

�
� �������� ττβ ⋅+⋅= �����

�������
�=� �ϕ ��$QQDKPH��5+ �����

�
 

�

��

��

��

��

� �� ��� ����
%HODVWXQJVDOWHU��>K@

C
�W
�
��
> P
P

² �
1
@

FHE 7D]DZD 6DWR 5R\
/DSODQWH *XWVFK /DXEH

W�W� �K

 
%LOG�������(LQIOXVV�GHV�%HODVWXQJVDOWHUV�DXI�GDV�.ULHFKHQ�EHL�XQWHUVFKLHGOLFKHQ�%HUHFKQXQJVDQVlW]HQ�
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%LOG�������(LQIOXVV�GHU�%HODVWXQJVGDXHU�DXI�GDV�.ULHFKHQ�EHL�XQWHUVFKLHGOLFKHQ�%HUHFKQXQJVDQVlW]HQ�
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���� (UIDVVXQJ�YRQ��9HUIRUPXQJV��XQG�6SDQQXQJV]XVWlQGHQ��
����� *UDG�GHU�9HUIRUPXQJVEHKLQGHUXQJ�

�
=XU�%HUHFKQXQJ�GHU�6SDQQXQJ�LP�%DXWHLO�LVW�GLH�.HQQWQLV�GHV�*UDGHV�GHU�9HUIRUPXQJV�
EHKLQGHUXQJ�Q|WLJ��'LHV� OLHJW� LP�%DXWHLO�QLHGULJHU�DOV�GLH�$QQDKPH�HLQHU�YROOVWlQGLJHQ�
%HKLQGHUXQJ�GHU�9HUIRUPXQJ��
'HU�*UDG�GHU�9HUIRUPXQJVEHKLQGHUXQJ� δ � EHVDJW��ZLH� YLHO� IUHLH�'HKQXQJ� VLFK� LQ�$E�
KlQJLJNHLW�GHV�0DWHULDOJHVHW]HV�LQ�6SDQQXQJHQ�XPVHW]W���
� �� � εε=δ � �������

� � PLW� � �ε �� 'HKQXQJ��ZHOFKH�]XU�=ZDQJVVSDQQXQJ�I�KUW�

� � � �ε �� IUHLH�'HKQXQJ�

'LH� %HKLQGHUXQJ� GHU�9HUIRUPXQJ� NDQQ� ]XP� HLQHQ� GXUFK�GDV� %DXWHLO� VHOEVW� �¯LQQHUH��
9HUIRUPXQJVEHKLQGHUXQJ��RGHU�YRQ�DX�HQ��]��%��GXUFK�VWDUUH�)HVWKDOWXQJ�GHU�%DXWHLO�
HQGHQ��¯lX�HUH£�9HUIRUPXQJVEHKLQGHUXQJ��HUIROJHQ��
'LH� LQQHUH�9HUIRUPXQJVEHKLQGHUXQJ� WULWW� VRZRKO� EHL� VWDWLVFK� EHVWLPPWHU� DOV� DXFK� EHL�
VWDWLVFK�XQEHVWLPPWHU�/DJHUXQJ�HLQHV�%DXWHLOV�DXI��6LH�ZLUG�LPPHU�GDQQ�ZLUNVDP��ZHQQ�
VLFK�EHQDFKEDUWH�7HLOEHUHLFKH�GHV�%HWRQTXHUVFKQLWWV�XQWHUVFKLHGOLFK�YHUIRUPHQ�P|FKWHQ�
�]�%�� EHL� (LJHQVSDQQXQJHQ��� 'DPLW� GHU�4XHUVFKQLWW� HEHQ� EOHLEW� �+\SRWKHVH� YRQ� %HU�
QRXOOL���ZHUGHQ�LQ�GHQ�HLQ]HOQHQ�4XHUVFKQLWWVIDVHUQ�(LJHQVSDQQXQJHQ�DNWLYLHUW��
'LH�lX�HUH�9HUIRUPXQJVEHKLQGHUXQJ�WULWW�EHL�VWDWLVFK�XQEHVWLPPWHU�/DJHUXQJ�GHV�%DX�
WHLOV�DXI��'LH�%HKLQGHUXQJ�HQWVWHKW�X�D��GXUFK�5HLEXQJ�RGHU�9HUEXQG�LQ�GHU�.RQWDNWIOl�
FKH�GHV�MXQJHQ�%HWRQV�PLW�GHU�8PJHEXQJ��DOWHU�%HWRQ��%DXJUXQG��6FKDOXQJ����
�
=XU�4XDQWLIL]LHUXQJ�GHV�%HKLQGHUXQJVJUDGHV�ZHUGHQ�VWHLILJNHLWVEH]RJHQH�$QVlW]H�YHU�
ZHQGHW��ZHOFKH�KLHU�]XP�hEHUEOLFN�DQJHJHEHQ�ZHUGHQ��
'LH�D[LDOH�9HUIRUPXQJVEHKLQGHUXQJ�HLQHV�%HWRQN|USHUV��]�%��6WDE��NDQQ�PLW�+LOIH�HLQHU�
)HGHU�VLPXOLHUW�ZHUGHQ��'HU�%HKLQGHUXQJVJUDG�HUJLEW�VLFK�GDQQ�DXV�GHU�'HKQVWHLILJNHLW�
6 � GHV�%HWRQN|USHUV��
�

/F

$(6 � �	

⋅

⋅
+

=
+

=
�

�

�

�

�δ � >�@� �������

� PLW�� F�� )HGHUNRQVWDQWH� >01�P²@�
� � $�� 4XHUVFKQLWWVIOlFKH� >P²@�
� � /��� /lQJH�GHV�.|USHUV� >P@�
'XUFK�GHQ�HIIHNWLYHQ�(ODVWL]LWlWVPRGXO�( �  � � �LVW�GLH�'HKQVWHLILJNHLW�XQG�GDPLW�DXFK�GHU�
%HKLQGHUXQJVJUDG�]HLWDEKlQJLJ��(LQH�YROOH�%HKLQGHUXQJ�� �=δ ��ZLUG�QDFK�*O���������EHL�

∞=F �XQG�GLH�IUHLH�9HUIRUPXQJ�� �=δ ��EHL� �=F �HUUHLFKW��
�
8QWHUVXFKXQJHQ�DQ�)ULVFKEHWRQZlQGHQ�DXI�EHUHLWV� HUKlUWHWHQ�)XQGDPHQWHQ�HUJDEHQ��
GDVV�GLH�6FKQLWWJU|�HQ�DQ�GHU�:DQG�SULPlU�YRP�9HUKlOWQLV�GHU�'HKQ��XQG�%LHJHVWHLILJ�
NHLWHQ�EHLGHU�%DXWHLOH�DEKlQJHQ��'DV�9HUKlOWQLV�/�+�GHU�:DQG�VSLHOW�QXU�HLQH�]ZHLWUDQ�
JLJH�5ROOH��'LH�9HUKlOWQLVVH�GHU�'HKQ��XQG�%LHJHVWHLILJNHLWHQ� �6 � � XQG�6 � � ODXWHQ�GDQQ�
>��������@��

� ���
$(

$(
6

⋅
⋅

= � � ���������� >�@� �������

� ���
,(

,(
6

⋅
⋅

= � � ��������� >�@� �������
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� PLW��� (��$��,��� (ODVWL]LWlWVPRGXO��)OlFKH�XQG�7UlJKHLWVPRPHQW�GHU�:DQG�
� ( � ��$ � ��, � ��� (ODVWL]LWlWVPRGXO�� )OlFKH� XQG� 7UlJKHLWVPRPHQW� GHV��
� � � )XQGDPHQWHV
�
%HL�PDVVLJHQ�%DXWHLOHQ�DXI�)HOVXQWHUJUXQG�NDQQ�GHU�4XHUVFKQLWW�GHV�EHKLQGHUQGHQ�)HOV�
HWZD� PLW� GHP� ����IDFKHQ� GHV� EHKLQGHUWHQ� %HWRQTXHUVFKQLWWV� DQJHQRPPHQ� ZHUGHQ��
�$ � � �����$ � ��>���@���
%HL�3ODWWHQ�DXI�VDQGLJHP�8QWHUJUXQG�LVW�]XVlW]OLFK�]XP�6WHLILJNHLWVHLQIOXVV�QRFK�GLH�5HL�
EXQJ�LQ�GHU�.RQWDNWIOlFKH�]X�EHU�FNVLFKWLJHQ��-HGRFK�VSLHOHQ�QDFK�5RVWDV\�HW��DO��>���@�
GLH�5HLEXQJVHIIHNWH�QXU�EHL�3ODWWHQ�PLW�HLQHU�'LFNH�G�≤����FP�HLQH�EHGHXWHQGH�5ROOH��
�
=X�GHU��EOLFKHQ�6RIWZDUH�VWHKHQ�I�U�GLH�0RGHOOLHUXQJ�GHU�5DQGEHGLQJXQJHQ�)HGHU��%HW�
WXQJV��XQG�.RQWDNWHOHPHQWH�]XU�9HUI�JXQJ��'LH�6LPXODWLRQ�GHU�DQJUHQ]HQGHQ�%DXWHLOH�
HUZHLWHUW�GLH�(UIDVVXQJ�GHU�5DQGEHGLQJXQJHQ��
�
�
����� � 9LVNRHODVWLVFKHV�0DWHULDOJHVHW]�I�U�GHQ�GUHLGLPHQVLRQDOHQ�=XVWDQG��
������� (LQOHLWXQJ��
�
'LH� 6SDQQXQJHQ� LP� MXQJHQ� %HWRQEDXWHLO� lQGHUQ� VLFK�PLW� GHU� =HLW�� %HL� YHUlQGHUOLFKHU�
6SDQQXQJV��RGHU�'HKQXQJVJHVFKLFKWH�ZHUGHQ�EHL�HLQDFKVLJHQ�=XVWlQGHQ�GLH�*OHLFKXQ�
JHQ��������XQG��������GXUFK�IROJHQGH�,QWHJUDOH�HUJlQ]W��

� ( ) ( ) ( ) ( )τεττσεσ

�
�

� W-W +⋅= ∫� � ��E]Z�� �������

� ( ) ( ) ( ) ( )[ ]∫ −⋅=

�
�

	 
� W5W
�

� τετετσ �� �������

'DEHL�LVW�


�ε GLH�ODVWXQDEKlQJLJH�'HKQXQJ�LQIROJH�7HPSHUDWXU�XQG�FKHPLVFKHQ�6FKZLQ�
GHQV���
�
'LH�*OHLFKXQJHQ�ZHUGHQ�EHL�$QQDKPH�GHV� LVRWURSHQ�0DWHULDOYHUKDOWHQV�DXI�GHQ�GUHL�
GLPHQVLRQDOHQ��=XVWDQG��YHUDOOJHPHLQHUW�>��@�

� ( ) ( ) ( ) ( )τττσ
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�
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� �� �W5W τττ HHV % � � �

PLW��
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=XU�/|VXQJ�GHU�*O���������ZHUGHQ�JUXQGVlW]OLFK�]ZHL�9HUIDKUHQ�XQWHUVFKLHGHQ��'LH�,Q�
WHJUDOO|VXQJ�XQWHU�$QZHQGXQJ�GHV�6XSHUSRVLWLRQVSULQ]LSV�XQG�GLH�'LIIHUHQWLDOO|VXQJ��
�
�
������� ,QWHJUDOO|VXQJ�XQWHU�$QZHQGXQJ�GHV�6XSHUSRVLWLRQVSULQ]LSV��
�
=XU� )RUPXOLHUXQJ� GHV� 0DWHULDOJHVHW]HV� ZLUG� GDV� QXPHULVFKH� .RQ]HSW� GHU� TXDVL�
HODVWLVFKHQ� /LQLH−− εσ �QDFK�%D]DQW�>���@�DQJHZHQGHW��'DEHL�ZLUG�GLH�=HLW�W�LQ�GLH�GLV�
NUHWH�=HLW� W � �U �����������PLW�GHP�=HLWLQNUHPHQW� �−−=∆ ��� WWW �XQWHUWHLOW��8QWHU�GHU�$Q�

ZHQGXQJ�GHU�7UDSH]UHJHO�NDQQ�]�%��GLH�*OHLFKXQJ��������ZLH�IROJW�DQJHQlKHUW�ZHUGHQ��
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�
6FKUHLEW�PDQ� LQ�*O�� ������� GLH� DNWXHOOH� 6SDQQXQJ�PLW�+LOIH� GHU� 6SDQQXQJVLQNUHPHQWH�

σ∆ ��VR�EHVWHKW�KLHU�GLH�$XIJDEH��GHQ�6SDQQXQJV]XZDFKV σ∆ �E]Z��'HKQXQJV]XZDFKV�
�ε∆ �]X�EHVWLPPHQ��

� ��� εεε ∆+= − � �� E]Z��� ��� σσσ ∆+= − � � �������

1DFK� %D]DQW� >���@� HUJHEHQ� VLFK� GLH� ,QNUHPHQWH� GHU� TXDVL�HODVWLVFKHQ� 6SDQQXQJV�
'HKQXQJV�/LQLH�LQ�*O����������
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'DEHL�NDQQ� ( ′′ DOV�3VHXGRHODVWLVFKHU�0RGXO�XQG� ε ′′∆ �DOV�LQHODVWLVFKH�'HKQXQJ�EH]HLFK�
QHW�ZHUGHQ��'XUFK� ε ′′∆ �ZLUG�GDV�¯*HGlFKWQLV£�GHV�%HWRQV�DNWLYLHUW�� ,KUH�%HVWLPPXQJ�
HUIROJW�YRU�GHU�/|VXQJ�GHV�=HLWLQNUHPHQWHV� �−−=∆ 			 WWW �

�
'XUFK� (LQVHW]HQ� GHU� *OHLFKXQJHQ� ������� XQG� ������� LQ� ������� IROJW� GHU� 6SDQQXQJV]X�
ZDFKV�]X��
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'LH�/|VXQJ�GHU�,QWHJUDOJOHLFKXQJHQ�HUIRUGHUW�GLH�6SHLFKHUXQJ�GHU�JHVDPWHQ�%HDQVSUX�
FKXQJVJHVFKLFKWH�HLQHV�%DXWHLOV� �I�U� MHGHQ�*DX��3XQNW� �EHL�)(0�%HUHFKQXQJHQ���ZDV�
PLW�HQRUPHU�6SHLFKHUNDSD]LWlW�GHU�5HFKQHUDQODJH�YHUEXQGHQ�LVW��
�
:LUG�GLH�'HKQXQJV��E]Z��6SDQQXQJVJHVFKLFKWH�GXUFK�GDV�1XOOVHW]HQ�GHV�6XPPHQDXV�
GUXFNHV� LQ�*O�� �������QLFKW�EHU�FNVLFKWLJW��YHUHLQIDFKW�VLFK�*O�� �������EHL�YROOHU�9HUIRU�
PXQJVEHKLQGHUXQJ�� �=∆ε ��]X�IROJHQGHP�$XVGU�FN��

� ( ) ( )������ � �������
�

�� W�W(7W�W- −− ⋅⋅∆=⋅∆=∆ αεσ � �������

�
0LW�GHU�*O���������ZLUG�6SDQQXQJ�PLW�+LOIH�GHV�HIIHNWLYHQ�(ODVWL]LWlWVPRGXOV�EHUHFKQHW��
,Q�GLHVHU�*OHLFKXQJ�ZLUG�QXU�GHU�(LQIOXVV�GHV�.ULHFKHQV�E]Z��GHU�5HOD[DWLRQ�]XP�DNWXHO�
OHQ�=HLWSXQNW�HUIDVVW���,P�MXQJHQ�%HWRQ�HUJHEHQ�VLFK�GDPLW�]X�JUR�H�$EZHLFKXQJHQ�]X�
WDWVlFKOLFK�HQWVWDQGHQHQ�6SDQQXQJHQ��
�
�
������� 'LIIHUHQWLDOO|VXQJ��
�
'XUFK� GLH�'LIIHUHQWLDOO|VXQJ� LVW� HV� QLFKW�PHKU� Q|WLJ�� GLH� JHVDPWH� %HDQVSUXFKXQJVJH�
VFKLFKWH�]X�VSHLFKHUQ��'LH�hEHUI�KUXQJ�GHU�,QWHJUDO��LQ�HLQH�'LIIHUHQWLDOJOHLFKXQJ�NDQQ�
PLW�+LOIH�YRQ�QHJDWLYHQ�([SRQHQWLDOUHLKHQ�GXUFKJHI�KUW�ZHUGHQ�>��@���'LH�.ULHFKIXQNWL�
RQHQ�E]Z��5HOD[DWLRQVIXQNWLRQHQ��$EVFKQ���������N|QQHQ�PLW�GHQ�'LULFKOHW�5HLKHQ�ZLH�
IROJW�DXVJHGU�FNW�ZHUGHQ��
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'LH�%HVWLPPXQJ�GHU�3DUDPHWHU� ( )τµ& � E]Z�� ( )τµ( � HUIROJW�EHL�JHJHEHQHQ�.ULHFK��XQG�

5HOD[DWLRQVZHUWHQ�QDFK�GHU�0HWKRGH�GHU�NOHLQVWHQ�4XDGUDWH��ZHOFKH�H[HPSODULVFK�I�U�
GLH�5HOD[DWLRQVIXQNWLRQ�GDUJHVWHOOW�ZLUG���
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'LH�GUHL�OHW]WHQ�6XPPHQ�ZXUGHQ�]XU�0LQLPLHUXQJ�GHU�6HQVLELOLWlW�YRQ� ( )τµ( �HLQJHI�KUW��

'LH�:LFKWXQJVIDNWRUHQ�Z � ��Z � �XQG�Z 	 �VLQG�QDFK�(UIDKUXQJ�]X�EHVWLPPHQ��
�
1DFK�%D]DQW�HW��DO�>���@�HQWVSUHFKHQ� ( )τµ& �GHQ�(ODVWL]LWlWVPRGXOQ�GHU�.HOYLQ�(OHPHQWH�

XQG� ( )τµ( �GHQ�(�0RGXOQ�GHU�0D[ZHOO�(OHPHQWH��%LOG������XQG��������'LH�5HWDUGDWLRQV��

E]Z��5HOD[DWLRQV]HLW� � LVW�YRU]XJHEHQ��'DUDXV�HQWVWHKW�HLQH�/|VXQJ�PLW�+LOIH� UKHRORJL�
VFKHU�0RGHOOH�� �'XUFK�GLH�9HUZHQGXQJ�GHU�0D[ZHOO�(OHPHQWH��ZHOFKH�GHU�YRUOLHJHQ�
GHQ�$UEHLW�]XJUXQGH�OLHJHQ��HQWVWHKW�HLQH�'LIIHUHQWLDOJOHLFKXQJ�HUVWHU�2UGQXQJ��
�
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σ

ηµ
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%LOG�������0D[ZHOO�(OHPHQWH� %LOG�������5HOD[DWLRQVIXQNWLRQ�

�
/HJW�PDQ�GLH�*O���������]XJUXQGH��N|QQHQ�GLH�3DUDPHWHU� ( ′′ XQG� ε ′′∆ �QDFK�%D]DQDW�:X�
>�������@�XQWHU�GHU�9HUZHQGXQJ�GHU�0D[ZHOO�(OHPHQWH�QHX�EHUHFKQHW�ZHUGHQ��
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'DEHL�VLQG�GLH�6FKUHLEZHLVHQ� �µσ XQG� ( )�Wµσ � LGHQWLVFK��)�U�GHQ�-XQJEHWRQ�LVW�PLW�1 ��

GHU�UHOHYDQWH�%HWUDFKWXQJV]HLWUDXP�HUIDVVEDU��'LH�6SDQQXQJ� µσ �VWHOOW�GLH� LQQHUH�9DUL�

DEOH�GDU�XQG�HUVHW]W�GLH� 6SHLFKHUXQJ�GHU� 6SDQQXQJVJHVFKLFKWH��$XV�GHQ�*OHLFKXQJHQ�
�������ELV��������HUJHEHQ�VLFK�GLH�,QNUHPHQWH�GHU�LQQHUHQ�XQG�GHU�JHVDPWHQ�6SDQQXQJ�
]X���
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�
,Q� GLHVHP� $EVFKQLWW� ZXUGHQ� GLH� *UXQGODJHQ� GHU� 6SDQQXQJVEHUHFKQXQJ� DEJHOHLWHW��
6FKZHUSXQNW� GDEHL� ELOGHW� GLH� (UIDVVXQJ� GHU� (QWZLFNOXQJ� GHU� 0DWHULDONHQQZHUWH� XQG�
)RUPXOLHUXQJ�GHV�YLVNRHODVWLVFKHQ�0DWHULDOJHVHW]HV�I�U�GHQ�GUHLGLPHQVLRQDOHQ�=XVWDQG����
=XU�(UIDVVXQJ�GHU�0DWHULDONHQQZHUWH�GHV�MXQJHQ�%HWRQV�ZXUGH�GDV�.RQ]HSW�GHU�(UKlU�
WXQJVIXQNWLRQ�YRUJHVWHOOW��+LHUI�U�ZXUGHQ�GLH�$QVlW]H�]XU�(QWZLFNOXQJ�GHU�'UXFNIHVWLJ�
NHLW��=XJIHVWLJNHLW�XQG�GHV�(ODVWL]LWlWVPRGXOV�DXV�GHU�/LWHUDWXU� LQ�(UKlUWXQJVIXQNWLRQHQ�
�EHUI�KUW��'HP]XIROJH�ODVVHQ�VLFK�GLH�0DWHULDONHQQZHUWH�GHV�MXQJHQ�%HWRQV�UHFKQHULVFK�
DOV�3URGXNW�]ZLVFKHQ�GHU�(UKlUWXQJ�XQG�GHP�0DWHULDONHQQZHUW�GHV�1RUPDOEHWRQV�EH�
VFKUHLEHQ��'DEHL�ZLUG�GLH�%HWRQ]XVDPPHQVHW]XQJ�LPSOL]LW�HLQHUVHLWV�GXUFK�GHQ�1RUPDO�
EHWRQ�XQG� DQGHUVHLWV�GXUFK�GLH�5HLIH]HLW� �'UXFNIHVWLJNHLW�� E]Z�� GHQ�+\GUDWDWLRQVJUDG�
HUIDVVW��'LH� (UKlUWXQJVIXQNWLRQ�EHVFKUHLEW�GLH� ]HLWOLFKH�(QWZLFNOXQJ�GHU�0DWHULDONHQQ�
ZHUWH��$QKDQG�GHU�'UXFNIHVWLJNHLW�ZXUGH�QDFKJHZLHVHQ�� GDVV� GLH�$UW� XQG�*U|�H�GHU�
3U�IN|USHU�NDXP�(LQIOXVV�DXI�GLH�(UKlUWXQJVIXQNWLRQHQ�KDEHQ��:HLWHUKLQ�ZDUHQ�GLH�'LI�
IHUHQ]HQ� GHU� GLYHUVHQ� (UKlUWXQJVIXQNWLRQHQ� I�U� GLH� 'UXFNIHVWLJNHLW�� GLH� =XJIHVWLJNHLW�
XQG� GHQ� (ODVWL]LWlWVPRGXO�� ZHOFKH� DXV� XQWHUVFKLHGOLFKHQ� %HWRQ]XVDPPHQVHW]XQJHQ�
JHZRQQHQ�ZXUGHQ��VHKU�PLQLPDO��'DPLW�ODVVHQ�VLFK�GLH�YRUJHVWHOOWHQ�$QVlW]H�DXI�DQGH�
UH�%HWRQ]XVDPPHQVHW]XQJHQ��EHUWUDJHQ���
1DFK�HLQHU�5HLIH]HLW�YRQ����7DJHQ�LVW�GLH�(UKlUWXQJ�DEJHVFKORVVHQ�XQG�DXV�GHP�MXQJHQ�
%HWRQ�HQWVWHKW�HLQ�1RUPDOEHWRQ��%HL�GHU�%HUHFKQXQJ� LVW�HLQH�H[SOL]LWH�8QWHUVFKHLGXQJ�
]ZLVFKHQ�MXQJHP�%HWRQ�XQG�1RUPDOEHWRQ�QLFKW�PHKU�Q|WLJ��
�
'DV�YLVNRHODVWLVFKH�0DWHULDOJHVHW]�ZXUGH�PLW�+LOIH�YRQ�0D[ZHOO�(OHPHQWHQ�DEJHOHLWHW���
=XU�.DOLEULHUXQJ�GHV�%HUHFKQXQJVPRGHOOV�ZXUGH�GLH�.ULHFKIXQNWLRQ�LQ�GLH�5HOD[DWLRQV�
IXQNWLRQ� �EHUI�KUW�� 'LHV� JHVFKDK� DQKDQG� HLQHV� ([SRQHQWLDODQVDW]HV�� GHVVHQ� (LJQXQJ�
PLW� +LOIH� YRQ� 0HVVHUJHEQLVVHQ� YHULIL]LHUW� ZXUGH�� 'LH� $XVZHUWXQJ� XQWHUVFKLHGOLFKHU�
.ULHFKDQVlW]H�DXV�GHU�/LWHUDWXU�HUJDE��GDVV�I�U�QLHGULJH�%HODVWXQJVDOWHU�GLH�$QVlW]H�XQ�
UHDOLVWLVFKH�:HUWH�DQQHKPHQ��)�U�GLHVH�%HODVWXQJVDOWHU� LVW�DXIJUXQG�IHKOHQGHU�0HVVHU�
JHEQLVVH�HLQH�%HJUHQ]XQJ�GHU�$QIDQJVZHUWH�GHU�.ULHFK]DKO�YRU]XQHKPHQ��



 �������

�� 1XPHULVFKH�/|VXQJ�PLW�GHP�)(0�3URJUDPPEDXVWHLQ�6<&2%�����
��� � (LQOHLWXQJ�
�
7HPSHUDWXU�XQG�6SDQQXQJVIHOGSUREOHPH�HUIRUGHUQ�HLQH�(LQJDEH�GHU�2UW��XQG�=HLWYHU�
lQGHUXQJ� GHU�0DWHULDOHLJHQVFKDIWHQ��$OV� /|VXQJVZHJ� I�U� GLH� YRUOLHJHQGH�$UEHLW�ZLUG�
GLH�0HWKRGH�GHU�ILQLWHQ�(OHPHQWH�PLW�GHP�3URJUDPP�$16<6�JHZlKOW���
=XU�6LPXODWLRQ�GHV�9HUKDOWHQV�GHV� MXQJHQ�%HWRQV�ZXUGH�HLQ�QHXHU�3URJUDPPEDXVWHLQ�
HQWZLFNHOW��ZHOFKHU�DOV�6<&2%������6LPXODWLRQ�RI�<RXQJ�&2QFUHWH�%HKDYLRXU��EH]HLFK�
QHW�ZXUGH��6<&2%������ZXUGH�LQ�GHU�3URJUDPPLHUVSUDFKH�)RUWUDQ����JHVFKULHEHQ�XQG�
XPIDVVW�GLH�6XEURXWLQH� I�U�GLH� LQQHUH�:lUPH��GLH�lX�HUH�:lUPH�XQG�GDV�YLVNRHODVWL�
VFKH�0DWHULDOJHVHW]��'HU�SULQ]LSLHOOH�$XIEDX�YRQ�6<&2%����� LVW� LQ�%LOG�����GDUJHVWHOOW��
XQG�ZLUG�LP�QlFKVWHQ�$EVFKQLWW�QlKHU�EHVFKULHEHQ���

,QQHUH�:lUPH bXVVHUH�:lUPH

7HPSHUDWXUIHOGHU

5HLIH]HLW +\GUDWDWLRQVJUDG

0DWHULDONHQQZHUWH

%HKLQGHUXQJVJUDG 0DWHULDOJHVHW]

=ZDQJVVSDQQXQJ
�

�����SULQ]LSLHOOHU�$XIEDX�YR�6<&2%�
�

��� � 6XEURXWLQH�]XU�(UIDVVXQJ�GHU�LQQHUHQ�:lUPH�
�
=LHO�GHU�6XEURXWLQH�]XU�(UIDVVXQJ�GHU�LQQHUHQ�:lUPH�LVW�GLH�9RUJDEH�GHU�+\GUDWDWLRQV�
ZlUPHHQWZLFNOXQJ�I�U�GHQ�UHDOHQ�=XVWDQG�LP�%HWRQEDXWHLO��'HU�YHUZHQGHWHQ�WKHRUHWL�
VFKHQ�*UXQGODJH� OLHJW�GHU�$EVFKQ������]XJUXQGH��'RUW�ZHUGHQ�+\GUDWDWLRQVDQVlW]H� LQ�
$EKlQJLJNHLW�GHU�5HLIH]HLW�XQG�GHP�+\GUDWDWLRQVJUDG�DQJHJHEHQ���
'HU�$XIEDX�GHV�%HUHFKQXQJVPRGXOV� LVW� LQ�%LOG�����GDUJHVWHOOW��%HL�GHU�%HUHFKQXQJ�GHU�
+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�ZLUG� GLH� 7HPSHUDWXU� GHV� OHW]WHQ�=HLWVFKULWWHV� YHUZHQ�
GHW��'XUFK�GLHVH�9HUIDKUHQVZHLVH�HQWVWHKW�HLQH�$EKlQJLJNHLW�YRP�=HLWVFKULWW��'LH�*H�
QDXLJNHLW�GHU�%HUHFKQXQJ�NDQQ�GDQQ�PLW�GHU�9HUNOHLQHUXQJ�GHV�=HLWVFKULWWHV�YHUEHVVHUW�
ZHUGHQ��1HEHQ�GHU�:lUPHHQWZLFNOXQJ�ZLUG�GLH�:lUPHPHQJH��GHU�+\GUDWDWLRQVJUDG�
XQG�GLH�5HLIH]HLW�I�U�MHGHQ�*DX�SXQNW�DXVJHJHEHQ��V��$QODJH�$������
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5HLIH]HLW�
+\GUDWDWLRQVJUDG

5HLIHIXQNWLRQ

)RUPIXQNWLRQ

:lUPHHQWZLFNOXQJ

*HVFKZLQGLJNHLWV�
IXQNWLRQ

7HPSHUDWXU�7L��

�

%LOG������SULQ]LSLHOOHU�$XIEDX��GHU�6XEURXWLQH�¯LQQHUH�:lUPH£��

�
�
��� � 6XEURXWLQH�]XU�(UIDVVXQJ�GHU�lX�HUHQ�:lUPH�
�
'LH�%HUHFKQXQJ�GHU�lX�HUHQ�:lUPH�ZXUGH�DXI�%DVLV�GHV�$EVFKQ������PLW�GHU�LGHHOOHQ�
$X�HQOXIWWHPSHUDWXU�NRQ]LSLHUW��'DEHL�ZHUGHQ�GLH�$QWHLOH�GHU�:lUPH�LQIROJH�NXU]��XQG�
ODQJZHOOLJHU�6WUDKOXQJ��VRZLH�GHU�$X�HQOXIWWHPSHUDWXU�HUIDVVW��%HL�GHU�%HUHFKQXQJ�ZLUG�
GLH�LGHHOOH�$X�HQOXIWWHPSHUDWXU�PLW�HLQHP�JHVDPWHQ�:lUPH�EHUJDQJVNRHIL]LHQW�LQIRO�
JH�.RQYHNWLRQ�YHUZHQGHW��'HU�SULQ]LSLHOOH�$XIEDX�GHU�%HUHFKQXQJ�LVW�LP�%LOG�����GDUJH�
VWHOOW��

6WURPGLFKWH�DXV�.RQYHNWLRQ

6WURPGLFKWH�DXV
NXU]ZHOOLJHU�6WUDKOXQJ

*HVDPWH�6WURPGLFKWH

,GHHOOH�$X�HQOXIWWHPSHUDWXU�
JHV��:lUP�EHUJDQJVNRHIIL]LHQW

6WURPGLFKWH�DXV�ODQJZHOOLJHP
6WUDKOXQJVDXVWDXVFK

5DQGWHPSHUDWXU�75L��

5DQGWHPSHUDWXU�75L

,WHUDWLRQ�ELV
5DQGWHPSHUDWXU�75L��� 75L

�

%LOG������SULQ]LSLHOOHU�$XIEDX��GHU�6XEURXWLQH�¯lX�HUH�:lUPH£�



 �������

'LH�%HUHFKQXQJ�GHV�ODQJZHOOLJHQ�6WUDKOXQJVDXVWDXVFKHV�]ZLVFKHQ�%DXZHUN��8PJHEXQJ�
XQG� $WPRVSKlUH� HUIROJW� LWHUDWLY� DXIJUXQG� GHU� YHUlQGHUOLFKHQ� 2EHUIOlFKHQWHPSHUDWXU�
GHV�%DXWHLOV��+LHUI�U�ZDUHQ� L�G�5��QXU�GUHL� ,WHUDWLRQHQ�QRWZHQGLJ��XP�HLQHQ�$XVJOHLFK�
GHU�5DQGWHPSHUDWXU�]X�HUUHLFKHQ��'LH�LGHHOOH�$X�HQOXIWWHPSHUDWXU�LVW�DOV�%HLVSLHO�LP�%LOG�
����LQ�$EKlQJLJNHLW�GHU�+LPPHOVULFKWXQJ�GHU�%DXWHLOIOlFKH�GDUJHVWHOOW��
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+RUL]RQWDO 1RUG 6�G
2VW :HVW $XVVHQOXIW

�
%LOG������,GHHOOH�$X�HQOXIWWHPSHUDWXU�

�
�
��� � 6XEURXWLQH�]XU�(UIDVVXQJ�GHU�0DWHULDONHQQZHUWH�XQG�GHV�0DWHULDOJHVHW]HV�
�
'LH� (QWZLFNOXQJ� GHU�0DWHULDONHQQZHUWH� GHV� %HWRQV� LVW� YRQ�GHU� 7HPSHUDWXUJHVFKLFKWH�
DEKlQJLJ��'LH�5HLIH]HLW�XQG�GHU�+\GUDWDWLRQVJUDG�VLQG�JHHLJQHWH�.HQQJU|�HQ�XP�GLH�
VHV�(LQIOXVV�ZLGHU]XJHEHQ�� ,P�$EVFKQ������ZXUGH�GDV�.RQ]HSW�GHU�(UKlUWXQJVIXQNWLR�
QHQ�I�U�GLH�0DWHULDONHQQZHUWH�YRUJHVWHOOW��'LHV�ILQGHW�DXFK�LQ�6<&2%��$QZHQGXQJ��%HL�
9RUJDEHQ� GHU� 'UXFNIHVWLJNHLW�� =XJIHVWLJNHLW� XQG� (ODVWL]LWlWVPRGXO� GHV� 1RUPDOEHWRQV�
ZHUGHQ�GLH�(UKlUWXQJVIXQNWLRQHQ� LQ�$EKlQJLJNHLW�GHU�7HPSHUDWXUJHVFKLFKWH��%LOG�������
XQG� GDPLW� GLH�0DWHULDONHQQZHUWH� GHV� MXQJHQ� %HWRQV� I�U� MHGHQ�*DX�SXQNW� EHUHFKQHW��
�V��$QODJH�$��������'LH�1DFKHUKlUWXQJ�GHV�%HWRQV� QDFK� HLQHU�5HLIH]HLW� YRQ����7DJHQ�
ZLUG�LP�%HUHFKQXQJVDOJRULWKPXV�QLFKW�EHU�FNVLFKWLJW���

���

���

���

���

���

���

� � �� ���

=HLW��>G@

(U
K
lU
WX
Q
J
VI
X
Q
NW
LR
Q
HQ
�>
�@
�

'UXFNIHVWLJNHLW =XJIHVWLJNHLW (ODVWL]LWlWVPRGXO

�
%LOG�������=HLWOLFKH�(QWZLFNOXQJ�GHU�(UKlUWXQJVIXQNWLRQHQ�



 �������

'DV� YLVNRHODVWLVFKH�0DWHULDOJHVHW]� ZXUGH� DXI� %DVLV� GHV� $EVFKQ�� ������ HUDUEHLWHW�� 'LH�
/|VXQJ�GHV�0DWHULDOJHVHW]HV�XQWHU�GHU�$QQDKPH�GHU�7UDSH]UHJHO�I�KUW�]XU�QXPHULVFKHQ�
$EKlQJLJNHLW�GHU�=HLWLQNUHPHQWH��'LH�=HLW� LQ�GHU�%HUHFKQXQJ�NDQQ�LQ�GHU�GHNDGLVFKHQ�
RGHU�ORJDULWKPLVFKHQ�6NDOD�JHZlKOW�ZHUGHQ��'LH�(QWVFKHLGXQJ�I�U�HLQH�=HLWVNDOD�KlQJW�
YRQ� GHU�*U|�H� GHV� )(0� ��0RGHOOV� XQG� GHU�$Q]DKO� GHU� =HLWLQNUHPHQWH� �/DVWIlOOH�� DE��
'LHV� EHHLQIOXVVW� DXFK� GLH� 'DXHU� GHU� %HUHFKQXQJ� LQ� $EKlQJLJNHLW� GHU� YHUI�JEDUHQ�
+DUGZDUH��%HL�8QWHUVXFKXQJV]HLWHQ�]�%��YRQ�����6WXQGHQ�I�KUW�GLH�7HLOXQJ�GHU�=HLWEH�
UHLFKH�W ������K�XQG�W �������K�GXUFK�Q ����LQ�GHU�ORJDULWKPLVFKHQ�6NDOD�]X�����/DVW�
IlOOHQ��,Q�GHU�GHNDGLVFKHQ�=HLWVNDOD�HQWVWHKHQ�PLW�HLQHP�=HLWLQNUHPHQW�YRQ�]L ��K�QXU�
����/DVWIlOOH��'DJHJHQ�VLQNW�EHL�HLQHP�8QWHUVXFKXQJV]HLWUDXP�YRQ������6WXQGHQ�GLH�
$Q]DKO�GHU�/DVWIlOOH�EHL�GHU�ORJDULWKPLVFKHQ�=HLWVNDOD�JHJHQ�EHU�GHU�GHNDGLVFKHQ�=HLW�
VNDOD���
'HU�(LQIOXVV�GHU�=HLWLQNUHPHQWH�DXI�GLH�6SDQQXQJVHQWZLFNOXQJ�ZLUG�LP�$EVFKQ������XQ�
WHUVXFKW��
�
9RUXQWHUVXFKXQJHQ�PLW� GHU� ,QWHUJUDOO|VXQJ� �$EVFKQ�� ��������� HUJDEHQ�� GDVV� DXIJUXQG�
GHV�6SHLFKHUSODW]HV�LQ�GHU�YHUZHQGHWHQ�+DUGZDUH�QXU�PD[LPDO�����=HLWVFKULWWH�EHUHFK�
QHW� ZHUGHQ� N|QQWHQ�� ,PSOHPHQWLHUW� ZXUGH� GHVZHJHQ� GLH� 'LIIHUHQWLDOO|VXQJ� QDFK�
$EVFKQ�����������'DPLW�ZLUG�GLH�6SDQQXQJVJHVFKLFKWH�QXU�GXUFK�6SHLFKHUQ�GHU�LQQHUHQ�
9DULDEOH� LP�OHW]WHQ�=HLWVFKULWW�HUIDVVW��'HU�%HUHFKQXQJVDEODXI�GHU�6SDQQXQJ�LVW� LP�%LOG�
����GDUJHVWHOOW���

5HLIH]HLW��+\GUDWDWLRQVJUDG

%HKLQGHUWH�'HKQXQJ

.ULHFKHQ��5HOD[DWLRQ

3VHXGRHODVWLVFKHU�0RGXO�(U
LQHODWLVFKH�'HKQXQJ�∆ε�

(�0RGXO��'UXFN��=XJIHVWLJNHLW

7HPSHUDWXUIHOG

$NWXHOOH�6SDQQXQJHQ

XQG�'HKQXQJHQ

=XVWDQGVYDULDEOH�σµ

)UHLH�'HKQXQJ

0D[ZHOO�3DUDPHWHU��(µ� τµ

�

%LOG������SULQ]LSLHOOHU�$XIEDX��GHU�6XEURXWLQH�¯YLVNRHODVWLVFKHV�0DWHULDOJHVHW]£�

�
�



 �������

�� (UIDVVXQJ�YRQ�7HPSHUDWXUIHOGHUQ�LQ�%HWRQEDXWHLOHQ�
��� � %HUHFKQXQJ�GHU�+\GUDWDWLRQVZlUPH�GHV�%HWRQV��
����� � 9HULIL]LHUXQJ�GHU�%HUHFKQXQJVDQVlW]H�PLW�DGLDEDWLVFKHQ�9HUVXFKHQ�
�
'LH�DGLDEDWLVFKHQ�9HUVXFKH��$EVFKQ���������ZHUGHQ�KLHU�YHUZHQGHW��XP�GLH�3DUDPHWHU�
GHU� )RUPIXQNWLRQ� LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW� �$EVFKQ���������PLW�+LOIH�QLFKWOLQHDUHU�
5HJUHVVLRQVDQDO\VH� ]X� EHVWLPPHQ�� 'LH� $XVZHUWXQJ� GHU� $QVlW]H� HUIROJW� DQKDQG� GHV�
+\GUDWDWLRQVJUDGHV�I�U�HLQHQ�ODQJVDP�XQG�HLQHQ�VFKQHOOHU�HUKlUWHQGHQ�=HPHQW���
�
)�U� GHQ� ODQJVDP� HUKlUWHQGHQ� =HPHQW�&(0� ,,,�%� �����1:�+6�1$� �%��� QDFK� %LOG� ����
XQWHUVFKHLGHQ�VLFK�GLH�$QVlW]H�NDXP��'DV����3DUDPHWHUPRGHO�QDFK�:HVFKH� >��@� ]HLJW�
OHLFKW�K|KHUH�:HUWH�LQ�GHU�$QIDQJV��XQG�(QGSKDVH��%LV�]X�HLQHU�5HLIH]HLW�YRQ���7DJHQ�
ZDUHQ� GLH� 8QWHUVFKLHGH� GHV� +\GUDWDWLRQVJUDGHV� EHL� GHQ� GUHL� $QVlW]HQ� NOHLQHU� DOV�
α ������'DV���3DUDPHWHUPRGHOO�UHLFKW�DOVR�DXV��XP�GHQ�+\GUDWDWLRQVJUDG�JXW�ZLHGHU�
]XJHEHQ��(LQHU�GHU�9RUWHLOH�GHV�$QVDW]HV�YRQ�:HVFKH� >��@�EHVWHKW� LQ�GHU�%HVWLPPXQJ�
GHU�IUHLHQ�3DUDPHWHU�PLW�+LOIH�HLQHU�OLQHDUHQ�5HJUHVVLRQ��'DPLW�ZLUG�KLHU�GHU�PDWKHPD�
WLVFKH�$XIZDQG�HLQHU�QLFKWOLQHDUHQ�5HJUHVVLRQ�EHLP����XQG����3DUDPHWHUPRGHO�YRQ�-R�
QDVVRQ�>��@�XQG�5DVWUXS�>��@��>��@�XPJDQJHQ��
�
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0HVVXQJ :HVFKH -RQDVVRQ 5DVWUXS

�
%LOG�������+\GUDWDWLRQVJUDG�GHV�%HWRQV�PLW�ODQJVDP�HUKlUWHQGHP�=HPHQW��%���

�
%HL�GHP�VFKQHOO�HUKlUWHQGHQ�=HPHQW�&(0,�����5��%���]HLJW�GDV���3DUDPHWHUPRGHOO�YRQ�
5DVWUXS� >��@� GLH�EHVVHUH�$QSDVVXQJVIlKLJNHLW�� VRZRKO� LQ�GHU�$QIDQJV�� DOV� DXFK� LQ�GHU�
(QGSKDVH��%LOG�������%HLP�$QVDW]�YRQ�5DVWUXS�>��@� �EHVWHKW�DEHU�GLH�*HIDKU��GDVV�HLQH�
KRUL]RQWDOH�7DQJHQWH�LP�(QGEHUHLFK�]X�VFKQHOO�HUUHLFKW�ZLUG��'LHVHU�)DOO�HQWVWHKW�LQ�GHQ�
%HUHLFKHQ��LQGHP�NHLQH�0HVVZHUWH�]XU�%HVWLPPXQJ�GHU�5HJUHVVLRQVSDUDPHWHU�YRUKDQ�
GHQ�VLQG���'DV�Z�UGH�QDFK�%LOG�����EHGHXWHQ��GDVV�DE�HWZD�W � � � � 	 � ����K�GLH�:lUPH�
HQWZLFNOXQJ� IDVW�1XOO�ZLUG��$OV� )ROJH�GDUDXV� HQWVWHKHQ� ]X�QLHGULJH�+\GUDWDWLRQVJUDGH�
LP�(QGEHUHLFK���
'DV���3DUDPHWHUPRGHOO�YRQ�:HVFKH�>��@�OLHIHUW�KLHU�GLH�K|FKVWHQ�+\GUDWDWLRQVJUDGH�LP�
$QIDQJV�� XQG� (QGEHUHLFK�� 'HU� 8QWHUVFKLHG� ]XP� ��3DUDPHWHUPRGHOO� EHWUlJW� KLHU��
∆α� �������$QIDQJVEHUHLFK��XQG��EHU�∆α� �������(QGEHUHLFK���,P�=HLWLQWHUYDOO�]ZLVFKHQ�
��� ELV� ���� 6WXQGHQ� HQWVWHKHQ� GDJHJHQ� QLHGULJHUH� +\GUDWDWLRQVJUDGH� YRQ� ELV� ]X��
∆α� ������JHJHQ�EHU�GHQHQ�YRQ�5DVWUXS�>��@��%HLP�%HWRQ�%��EHGHXWHW�GHU�+\GUDWDWL�
RQVJUDG�YRQ�∆α� �����HLQH�DGLDEDWLVFKH�7HPSHUDWXUlQGHUXQJ�XP�FD��∆7� ���.��



 �������

'HU� +\GUDWDWLRQVJUDG� QDFK� -RQDVVRQ� >��@� GLIIHULHUW� PD[LPDO� XP� ∆α�  � ����� ]X� GHQ�
0HVVZHUWHQ�XQG�LVW�GDPLW�JXW�JHHLJQHW�XP�GLH��+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�]X�EH�
UHFKQHQ���
%HL�VFKQHOO�HUKlUWHQGHQ�=HPHQWHQ�LVW�]X�HPSIHKOHQ���PLQGHVWHQV�HLQHQ�$QVDW]�PLW�GHQ��
��3DUDPHWHUPRGHOO� ]X� YHUZHQGHQ�� %HLP� $QVDW]� PLW� GHQ� ��3DUDPHWHUPRGHOO� ZXUGHQ�
]XIULHGHQVWHOOHQGHQ�(UJHEQLVVHQ�QXU�GRUW�HUUHLFKW��ZR�GLH�+\GUDWDWLRQZlUPH�DXV�0HV�
VXQJHQ�HUIDVVW�ZXUGH��
�
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0HVVXQJ :HVFKH -RQDVVRQ 5DVWUXS

�
%LOG������+\GUDWDWLRQVJUDG�GHV�%HWRQV�PLW�VFKQHOO�HUKlUWHQGHP�=HPHQW��%���

�
'LH�5HJUHVVLRQVSDUDPHWHU�GHU�GUHL�%HUHFKQXQJVPRGHOOH��%HWRQH�QDFK�7DEHOOH������VLQG�
I�U�GLH�XQWHUVFKLHGOLFKHQ�=HPHQWDUWHQ�LQ�7DEHOOH�����GDUJHVWHOOW�
�
7DEHOOH������� 5HJUHVVLRQVSDUDPHWHU�I�U�GLH�%HUHFKQXQJVPRGHOOH�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW�W � � � �

$QVDW]�
%��

�&(0�,,,�%������
1:�+6�1$��

%��
�&(0�,������5��

%��
�&(0�,������5��

%��
�&(0�,������5��

D� ������ ������� ������� �������:HVFKH�

E� ������� ������� ������� �������

D� �������� ������� ������ ������

E� �������� ������� ������ ������
-RQDVVRQ��

WN� ������� ������ ����� �����

D� ������� ������� ������� �������

E� ������ ������� ������� ������

F� ������� ������� ������� �������

5DVWUXS��

Q� ������� ������� ������ �������

4∞ � 	 � ������� ������� ������� �������

�
�
�
�
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����� � 9HULIL]LHUXQJ�GHU�$QVlW]H�PLW�'&$�9HUVXFKHQ�
�
$XVJDQJVSXQNW� GHU�8QWHUVXFKXQJ�ELOGHW� GDV� 3RWHQ]�7ULHENUDIW�0RGHOO� QDFK�6FKO��OHU�
>�����@��$EVFKQ����������0LW�GHQ�'&$�9HUVXFKHQ�LP�$EVFKQ��������ZHUGHQ�GLH�3DUDPH�
WHU�GHU�)RUPIXQNWLRQ�PLW�+LOIH�QLFKWOLQHDUHU�5HJUHVVLRQ�EHVWLPPW���
�
$OV�3UREOHP�GHV�3RWHQ]�7ULHENUDIW�0RGHOOV�JLOW�GLH�%HVWLPPXQJ�GHV�$QIDQJV]XVWDQGHV�
�%LOG�������8P�GHQ�$QIDQJV]XVWDQG�EHVVHU�EHXUWHLOHQ�]X�N|QQHQ��ZLUG�DXFK�GLH�:lUPH�
HQWZLFNOXQJ� LQ�$EKlQJLJNHLW� GHU� 5HLIH]HLW� QDFK� %LOG� ���� GDUJHVWHOOW�� $XV� GHP�9HUODXI�
YRQ� )( �WT �IROJW��GDVV�GLH�$QVlW]H�PLW� ( )[ ]εα +W �XQG� ( )[ ]�W =+ εα �VLFK�NDXP�XQWHUVFKHL�
GHQ��-HGRFK�NDQQ�DXV�%LOG�����HQWQRPPHQ�ZHUGHQ��GDVV�GLH�%HVWLPPXQJ�GHU�5HJUHVVL�
RQVSDUDPHWHU�EHLP�$QVDW]�PLW� ( )[ ]εα +W �EHVRQGHUV� LQ�GHU�(YROXWLRQVSKDVH�PLW�JUR�HQ�

8QVLFKHUKHLWHQ�YHUEXQGHQ� LVW��$XV�GLHVHP�*UXQG�ZLUG�GHU�$QVDW]� �PLW� ( )[ ]εα +W �QLFKW�
ZHLWHU�EHWUDFKWHW��
�
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� � �
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 � �  � � � � � � � � �  � �

α � � �

� � α

� � ��

� � � �  � �
α−ε ε=0 α+ε

α=ε

� � � �

�

!

"

#

$ %

$ &

% !

! % " & # $ ! $ %
' ( ) * ( + ( ) , , ( % - . / 0 1 2

3 4 56
77
89 :; <

=> ?
8@

A= BC= @ DE F

G ( H H I J K
α α+ε α−ε

�
%LOG���������)RUPIXQNWLRQHQ�LQ�$EKlQJLJNHLW��

GHV�+\GUDWDWLRQVJUDGHV�
%LOG� ����� � )RUPIXQNWLRQHQ� LQ� $EKlQJLJNHLW� GHU�

5HLIH]HLW�

�
9RQ�GHQ�]ZHL��EULJHQ�9DULDQWHQ�ZLUG�]XQlFKVW�GHU�$QVDW]�6FKO��OHU���PLW� ( )[ ]εα −W �XQ�
WHUVXFKW��GD�GLHVHU�GLH�0HVVZHUWH�TXDOLWDWLY�XQG�TXDQWLWDWLY�DP�EHVWHQ�ZLHGHUJLEW��1X�
PHULVFK�EHUHLWHW�GHU�$QVDW]� MHGRFK�HLQLJH�3UREOHPH��GD�GHU�DNWXHOOH�+\GUDWDWLRQVJUDG�
DXV�GHP�,QWHJUDO�GHU�:lUPHHQWZLFNOXQJ�EHUHFKQHW�ZLUG��*O���������%HL�GHU�6W�W]VWHOOH�

( ) εα =W �LVW�GHU�=XZDFKV�GHU�:lUPHHQWZLFNOXQJ�JOHLFK�1XOO��DOVR� ( ) �T =α∆ ��'DPLW�YHU�
lQGHUW� VLFK� DXFK� GHU� DNWXHOOH� +\GUDWDWLRQVJUDG� QLFKW�� $OV� /|VXQJ�ZLUG� GLH� 6W�W]VWHOOH�

( ) εα =W �GXUFK�GLH�%HGLQJXQJHQ� ���� /,)( −≤ εεα ��E]Z�� ���� /,)( +≥ εεα HUVHW]W��$XI�
JUXQG�GHU�VFKRQ�LP�$EVFKQ��������HUZlKQWHQ�5HFKWVYHUVFKLHEXQJ�GHU�'&$�0HVVNXUYH�
�%LOG���������ZLUG�GHU�=HLWSXQNW�GHV�%HUHFKQXQJVEHJLQQV�YDULLHUW��'DPLW�ZLUG�GLH�,QGXN�
WLRQVSKDVH�YHUN�U]W�XQG�GHU�(QGZHUW�GHU�7HPSHUDWXU�KHUDEJHVHW]W��'DV�(UJHEQLV�GDI�U��
LVW�EHLVSLHOVZHLVH�I�U�GHQ�=HPHQW�&(0�,�����5� LQ�%LOG�����GDUJHVWHOOW��$OV�9HUJOHLFK� LVW�
GLH� JHPHVVHQH� DGLDEDWLVFKH� 7HPSHUDWXU� HLQJHWUDJHQ�� ,P� %HUHLFK� ]ZLVFKHQ� �� XQG� ���
6WXQGHQ�ZXUGH�I�U�XQWHUVFKLHGOLFKH�$QIDQJVZHUWH�GHV�+\GUDWDWLRQVJUDGHV�HLQH�7HPSH�
UDWXUGLIIHUHQ]�YRQ��∆7 ��.�IHVWJHVWHOOW��%HL�DOOHQ�XQWHUVXFKWHQ�=HPHQWHQ�]HLJW�VLFK��GDVV�
GLH�9HUZHQGXQJ�YRQ�HLQHP�$QIDQJVZHUW�GHV�+\GUDWDWLRQVJUDGHVV� ���L ,+= εα �]X�JX�

WHQ�hEHUHLQVWLPPXQJHQ�PLW�GHQ�JHPHVVHQHQ�:HUWHQ�I�KUW���
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0HVVXQJ αο=0,01 αο=ε=0,051 αο=ε+0,01 αο+0,015

�
%LOG������$GLDEDWLVFKH�7HPSHUDWXU�EHL�9DULDWLRQ�GHU�$QIDQJVEHGLQJXQJ�� ( )�Wα �

� EHLP�$QVDW]�6FKO��OHU�����&(0�,����5��

�
$OV� OHW]WHU� )DOO�ZLUG� GHQ�$QVDW]�6FKO��OHU� �� ( )[ ]�W =+ εα �� DOVR� �=ε �� XQWHUVXFKW�� %HL�
QXPHULVFKHQ�%HUHFKQXQJHQ�LVW�KLHU�GLH�9RUJDEH�HLQHV�$QIDQJVZHUWHV�I�U�GLH�6W�W]VWHOOH�

( )�W =α �QRWZHQGLJ��GD� ( ) �T =α∆ �LVW��*HQDXVR�ZLH�EHLP�YRUKHULJHQ�$QVDW]��KlQJW�GLH�

'DXHU�GHU�,QGXNWLRQVSHULRGH�YRP�:HUW� ( )�W =α �DE��,P�=HLWLQWHUYDOO�]ZLVFKHQ���ELV����
6WXQGHQ�ZXUGH�I�U�XQWHUVFKLHGOLFKH�$QIDQJVZHUWH�GHV�+\GUDWDWLRQVJUDGHV�HLQ�7HPSH�
UDWXUXQWHUVFKLHG�ELV�]X�∆7 ��.�IHVWJHVWHOOW� �%LOG�������'LH�1DFKUHFKQXQJ�GHU�DGLDEDWL�
VFKHQ� 9HUVXFKH� HUJDE� EHL� DOOHQ� XQWHUVXFKWHQ� =HPHQWHQ�� GDVV� EHL� GHU� $QQDKPH�

( ) ����W ,−== εα �JXWH�hEHUHLQVWLPPXQJHQ�PLW�GHQ�0HVVZHUWHQ�]X�HU]LHOHQ�VLQG���
�
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0HVVXQJ αο=0,01 αο=ε−0,02 αο=ε=0,051

�
%LOG�������$GLDEDWLVFKH�7HPSHUDWXU�EHL�bQGHUXQJ�GHU�$QIDQJVEHGLQJXQJ� ( )�Wα �
� EHLP�$QVDW]�6FKO��OHU�����&(0�,����5��

�
'LH�5HJUHVVLRQVSDUDPHWHU�I�U�EHLGH�%HUHFKQXQJVPRGHOOH�QDFK�6FKO��OHU��*O��������VLQG�
I�U�XQWHUVFKLHGOLFKH�=HPHQWDUWHQ�QDFK�7DEHOOH�����GDUJHVWHOOW��



 �������

7DEHOOH������� 0LWWHOZHUW�GHU�5HJUHVVLRQVSDUDPHWHU� I�U�GLH�%HUHFKQXQJVPRGHOOH� LQ�$EKlQJLJNHLW� YRP�
+\GUDWDWLRQVJUDG�EHL�7 ���&�

$QVDW]� &(0�,,,�%������
1:�+6�1$�

&(0�,������5� &(0�,������5� &(0�,������5�

P� ������� ����� ����� ������
6FKO��OHU��

Q� ����� ����� ����� ������

P� ����� ������ ����� ������
6FKO��OHU��

Q� ������ ������ ������ ������

T � � � � ������ ������� ������� �������

ε� ������� ������� ������ �������

α � � ������� ����� ������ �������

3DUDPHWHU�
DXV� '&$�
0HVVXQJ�

4∞ � � � �������� �������� �������� �������

�
�
����� � 9HUJOHLFKH�GHU�%HUHFKQXQJVDQVlW]H��
�
$OOH�ELVKHULJHQ�$QVlW]H�KDWWHQ�GDV�=LHO��GLH�7HPSHUDWXU�LP�%HWRQ�]X�EHUHFKQHQ��'HVZH�
JHQ� LVW� HV� XQHUOlVVOLFK�� GLHVH� $QVlW]H�PLWHLQDQGHU� ]X� YHUJOHLFKHQ�� $XV� GLHVHP� *UXQG�
ZLUG�EHLVSLHOVZHLVH�GLH�DGLDEDWLVFKH�7HPSHUDWXUHUK|KXQJ�GHV�%HWRQV�%�� �&(0�����5��
QDFKJHUHFKQHW��'DV�(UJHEQLV�LVW�LQ�%LOG�����GDUJHVWHOOW���
�
'HU�$QVDW]�QDFK�:HVFKH�>��@�ZHLVW�LQ�GHQ�HUVWHQ����6WXQGHQ��7HPSHUDWXUXQWHUVFKLHGH�
YRQ�PD[LPDO�∆7 �.�LP�9HUJOHLFK�]X�GHQ�0HVVZHUWHQ�DXI��,Q�GLHVHP�=HLWEHUHLFK�OLHJHQ�
GLH� 8QWHUVFKLHGH� ]ZLVFKHQ� DOOHQ� DQGHUHQ� $QVlW]HQ� XQG� 0HVVZHUWHQ� XQWHUKDOE� YRQ�
∆7 ���.��'HU�$QVDW]�YRQ�5DVWUXS�>��@�I�KUW�GDEHL�]XU�EHVWHQ�hEHUHLQVWLPPXQJ�PLW�GHQ�
0HVVZHUWHQ���
,P�(QGEHUHLFK�I�KUW�GHU�$QVDW]�YRQ�5DVWUXS�>��@��YHUJOLFKHQ�PLW�DQGHUHQ�$QVlW]HQ��ELV�
]X�FD��∆7 �.�QLHGULJHUHQ�(QGWHPSHUDWXUHQ��%LOGHW�PDQ�]��%��HLQHQ�0LWWHOZHUW�GHU�7HP�
SHUDWXU�DOOHU�DQGHUHQ�$QVlW]H��VR�OLHJHQ�GLH�$EZHLFKXQJHQ�XP�PD[��∆7 ±���.��%HL����
6WXQGHQ�HQWVSULFKW�GDV�HWZD����$EZHLFKXQJ���
'LH�PLQLPDOHQ�7HPSHUDWXUGLIIHUHQ]HQ��EHU�GHQ�%HWUDFKWXQJV]HLWUDXP�HQWVWDQGHQ�]ZL�
VFKHQ� GHQ� $QVlW]HQ� YRQ� -RQDVVRQ� >��@� XQG� 6FKO��OHU��6FK��OHU�� >�����@�� 'HVZHJHQ�
ZHUGHQ�EHL�GHQ�ZHLWHUI�KUHQGHQ�8QWHUVXFKXQJHQ�KDXSWVlFKOLFK�QXU�GLHVH�GUHL�$QVlW]H�
YHUZHQGHW��'HU�$QVDW]�YRQ�:HVFKH�>��@��NDQQ�EHL�QRUPDO�HUKlUWHQGHP�=HPHQW�I�U�DOO�
JHPHLQH�7HPSHUDWXUEHUHFKQXQJHQ�YHUZHQGHW�ZHUGHQ���
�
'LH� JXWH� hEHUHLQVWLPPXQJ� ]ZLVFKHQ� NDOLEULHUWHQ� 0RGHOOHQ� DXI� %DVLV� YRQ� '&$�
0HVVXQJHQ� �6FKO��OHU��6FKO��OHU��� XQG� DGLDEDWLVFKHQ� 0HVVXQJHQ� �-RQDVVRQ�� HUODXEW�
HV��GLH�:lUPHHQWZLFNOXQJ�GHV�%HWRQV�DXV�GHU�.HQQWQLV�GHU�+\GUDWDWLRQZlUPH�GHV�=H�
PHQWHV�]X�HUPLWWHOQ��'HU�9RUWHLO�GLHVHU�0RGHOOEHWUDFKWXQJ�EHVWHKW�GDULQ��GDVV�GLH�'&$�
0HVVXQJHQ�DQ�=HPHQWOHLPSUREHQ�HLQIDFKHU�XQG�VFKQHOOHU�DOV�GLH�DGLDEDWLVFKHQ�9HUVX�
FKH�LP�%HWRQNDORULPHWHU�GXUFK]XI�KUHQ�VLQG���
�
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0HVVXQJ :HVFKH -RQDVVRQ
5DVWUXS 6FKO��OHU� 6FKO��OHU�

�
%LOG������9HUJOHLFKH�]ZLVFKHQ�GHQ�%HUHFKQXQJVDQVlW]HQ�

�
�
��� %HUHFKQXQJ�GHU�7HPSHUDWXU�LP�%DXWHLO�
����� (LJHQH�0HVVXQJHQ�]XU�9HULILNDWLRQ�GHU�7HPSHUDWXU�
�
'LH�7HPSHUDWXUHQWZLFNOXQJ�ZXUGH� LQ�HLQHP�+RFKRIHQIXQGDPHQW�PLW�GHQ�$EPHVVXQ�
JHQ� HQWVSUHFKHQG� %LOG� ���� JHPHVVHQ�� 'LH� %HWRQ]XVDPPHQVHW]XQJ� HQWVSULFKW� GHU� GHV�
%HWRQV�%��GHU�7DEHOOH������'DV�)XQGDPHQW�ZXUGH�LP�6RPPHU�������DE�����������LQ���
6FKLFKWHQ�EHWRQLHUW��'LH�PLWWOHUHQ�)ULVFKEHWRQWHPSHUDWXUHQ�EHWUXJHQ�7 � �  ���&�I�U�GLH�
HUVWH�6FKLFKW��7 � �  ���&�I�U�GLH�]ZHLWH�XQG�7� �  ���&�I�U�GLH�GULWWH�6FKLFKW��'LH�PLWWOHUHQ�
7DJHVOXIWWHPSHUDWXUHQ� VFKZDQNHQ� ]ZLVFKHQ� 7 �  ���� XQG� 7 �  ���&�� 'LH� YHUZHQGHWH�
+RO]VFKDOXQJ�KDWWH�HLQH�'LFNH�YRQ����PP��'LH�6FKLFKWHQ���XQG���ZXUGHQ�QDFK����7D�
JHQ�JOHLFK]HLWLJ�DXVJHVFKDOW��%HL�GHU�GULWWHQ�6FKLFKW�ZXUGH���7DJH�QDFK�%HWRQLHUHQ�GLH�
6FKDOXQJ�HQWIHUQW�����
'LH�7HPSHUDWXUPHVVXQJHQ�HUIROJWHQ�PLW�+LOIH�YRQ�:LGHUVWDQGVWKHUPRPHWHUQ�37�����
PLW�HLQHU�/lQJH�YRQ�FD������PP��GLH�GXUFK�HLQ�6LOLNRQNDEHO�DQ�HLQHP�YRP�)XQGDPHQW�
UDQG� ��P� HQWIHUQWHQ�'DWHQORJJHU� DQJHVFKORVVHQ�ZXUGHQ�� 'LH�0HVVVWHOOHQ�ZXUGHQ� VR�
DQJHRUGQHW��GDVV�GLH�7HPSHUDWXUGLIIHUHQ]HQ�]ZLVFKHQ�.HUQ��XQG�5DQGEHUHLFK�GHV�%DX�
ZHUNHV�GXUFK�KRUL]RQWDOH�XQG�YHUWLNDOH�7HPSHUDWXUSURILOH�HUIDVVW�ZHUGHQ�NRQQWHQ��%LOG�
����XQG��������'LH�7HPSHUDWXUHQWZLFNOXQJ�LVW�DP�%HLVSLHO�DXVJHZlKOWHU�6WHOOHQ�HQWODQJ�
GHV�4XHUVFKQLWWVNHUQV� LQ�%LOG������GDUJHVWHOOW��'LH�PD[LPDOHQ�7HPSHUDWXUHQ� LP�4XHU�
VFKQLWW� EHWUXJHQ� 7 �  ���&� LQ� 6FKLFKW� ��� 7 �  ���&� LQ� 6FKLFKW� �� XQG� 7 �  ���&� LQ��
6FKLFKW����'LH�YROOVWlQGLJH�PHVVWHFKQLVFKH�8QWHUVXFKXQJ�LVW�LQ�)UHXQGW�0DGDOHQR�>���@�
HUOlXWHUW��

� � �
� � � �
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" # $ % & � ' � (
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�

%LOG������+HUVWHOOXQJVWHFKQRORJLH�GHV�)XQGDPHQWHV� �
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�
%LOG������9HUWLNDOH�7HPSHUDWXUYHUWHLOXQJ�]XP�=HLWSXQNW�GHV�(UUHLFKHQV�GHU�PD[LPDOHQ�7HPSHUDWXUHQ�LQ�

6FKLFKW����W ���K�QDFK�%HWRQLHUHQ���6FKQLWW�&�&��%LOG�������

�
�

����

6FKLFKW�����+|KH�������P

�

����
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%LOG� ������ 9HUWLNDOH� 7HPSHUDWXUYHUWHLOXQJ� ]XP� =HLWSXQNW� GHV� (UUHLFKHQV� GHU� PD[LPDOHQ�
7HPSHUDWXUHQ�LQ�6FKLFKW����W ���K�QDFK�%HWRQLHUHQ���6FKQLWW�%�%��%LOG������

�
�
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+ �����P + �����P + �����P
+ �����P + �����P + �����P

�
%LOG�������7HPSHUDWXUHQWZLFNOXQJ�LP�.HUQ�GHV�4XHUVFKQLWWHV��6FKQLWW�$�$��%LOG������

�
�
����� � ,GHHOOH�$X�HQOXIWWHPSHUDWXU�GHV�%DXWHLOV�
�
'LH�%HUHFKQXQJ�GHU�7HPSHUDWXU�HUIROJW�I�U�GLH�HUVWH�6FKLFKW�GHV�+RFKRIHQIXQGDPHQWHV�
QDFK� %LOG� ����� )�U� GDV� )(0�0RGHOO�ZLUG� GHU�PDUNLHUWH�$XVVFKQLWW� QDFK� %LOG� ����� EH�
WUDFKWHW��$OV�8QWHUVXFKXQJV]HLWUDXP�ZHUGHQ�YLHU�7DJH�JHZlKOW���
�
'DV�7HPSHUDWXUIHOG�LP�%DXZHUN�HUJLEW�VLFK�DXV�HLQHP�=XVDPPHQVSLHO�]ZLVFKHQ�LQQHUHU�
XQG�lX�HUHU�:lUPH��'LH� LQQHUH�:lUPH�ZXUGH�EHUHLWV�EHKDQGHOW��VR�GDVV�KLHU�DXI�GLH�
lX�HUH�:lUPH�DXI�*UXQGODJH�GHV�$EVFKQ��������HLQJHJDQJHQ�ZLUG��=X�SU�IHQ�VLQG�VR�
PLW� GHU� 9HUODXI� GHU� $X�HQOXIWWHPSHUDWXU� VRZLH� GLH� DQIDOOHQGH� 6WURPGLFKWH� DXI� MHGHU�
%DXWHLOREHUIOlFKH����
��
'HU�9HUODXI�GHU�$X�HQOXIWWHPSHUDWXU�ZLUG�DQKDQG�GHU�*O�������XQG�GHU�WDWVlFKOLFK�JH�
PHVVHQHQ�:HUWH��EHUSU�IW��%LOG��������'LH�*O�������ZXUGH�]XQlFKVW�PLW�GHQ�$XVZHUWXQ�
JHQ� GHU� PHWHRURORJLVFKHQ� 'DWHQ� YRQ� 2VWGHXWVFKODQG� QDFK� 3H]ROG� >��@� XQG� 3HLWVFK�
>���@�XQWHUVXFKW��'LH�:HUWH�YRQ�3HLWVFK�>���@�ZXUGHQ�DOV������4XDQWLO��GHU�DXIJHWUH�
WHQHQ�PD[LPDOHQ� 7HPSHUDWXU� 7 � � � � � � LQ� ��� -DKUHQ� HUPLWWHOW�� 'LH� $X�HQOXIWWHPSHUDWXU�
QDFK� 3H]ROG� >��@� XQG� 3HLWVFK� >���@� N|QQHQ� ]X� 9RUXQWHUVXFKXQJHQ� EHL� XQEHNDQQWHQ�
PHWHRURORJLVFKHQ�'DWHQ�HLQHV�2UWHV�LQ�2VWGHXWVFKODQG�YHUZHQGHW�ZHUGHQ��
�
'LH�0LWWHOZHUWH�GHU�JHPHVVHQHQ�XQG�EHUHFKQHWHQ�$X�HQOXIWWHPSHUDWXU�YRQ�3H]ROG�>��@�
XQWHUVFKHLGHQ�VLFK�LP�EHWUDFKWHWHQ�=HLWUDXP�XP�PD[LPDO�∆7 � �  ��.��'LH�=HLWSXQNWH�GHV�
(UUHLFKHQV�GHU�7HPSHUDWXUPD[LPD�XQG��PLQLPD�ZXUGHQ�GXUFK�GLH�UHFKQHULVFKHQ�$QVlW�
]H�JXW�HUIDVVW��'LH�$PSOLWXGH�GHU�EHUHFKQHWHQ�:HUWH�OLHJW�LQ�GHQ�HUVWHQ�7DJHQ�ZHLW���
EHU� GHQ�0HVVZHUWHQ�� 'LH� $X�HQOXIWWHPSHUDWXU� QDFK� 3H]ROG� >��@� HUVFKHLQW� I�U� GLHVHQ�
6WDQGRUW� DGlTXDWHU� ]X� VHLQ�� %HL� XQEHNDQQWHU� $X�HQOXIWWHPSHUDWXU� ZXUGHQ� I�U� 2VW�
GHXWVFKODQG�GLH�VWDWLVWLVFKHQ�:HUWH�YRQ�3H]ROG�>��@�YHUZHQGHW��
=XU�9HULILNDWLRQ�GHU�7HPSHUDWXU� LP�%DXZHUN�ZLUG�GLH�JHPHVVHQH�$X�HQOXIWWHPSHUDWXU�
GXUFK�GLH�*O�������DQJHQlKHUW��%LOG��������'DEHL�ZHUGHQ�YHUlQGHUOLFKH�7DJHVPLWWHOWHP�
SHUDWXUHQ�XQG�$PSOLWXGHQ�YHUZHQGHW��
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0HVVXQJ 3HLWVFK�7��PD[ 3HW]ROG 5HFKQXQJ

�
%LOG�������$X�HQOXIWWHPSHUDWXU�I�U�GLH�HUVWHQ��7DJH�

�
'LH� DQIDOOHQGH� 6WURPGLFKWH� DXI� GLH� %DXWHLOREHUIOlFKH� HQWVWHKW� KDXSWVlFKOLFK� DXV� GHU�
NXU]ZHOOLJHQ� 6WUDKOXQJ�� 6LH� NDQQ� LQ� GLUHNWH� �5�+�6�I4� �

ααβ= � XQG� LQGLUHNWH�

�5�+�I4� �
αα= �6RQQHQHLQZLUNXQJ�XQWHUWHLOW�ZHUGHQ��'LH�6WURPGLFKWH� LP�6FKDWWHQEH�

UHLFK� NDQQ� GDPLW� GXUFK� GLH� LQGLUHNWH� 6RQQHQHLQZLUNXQJ� VLPXOLHUW�ZHUGHQ� �7DL�,6�62���
%HLGH�$QWHLOH�VLQG�LQ�%LOG������DQKDQG�GHU�LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�I�U�HLQH�)OlFKH��
LQ�6�G�2VW�5LFKWXQJ�GDUJHVWHOOW��'LH�NXU]ZHOOLJH�6WUDKOXQJ�ZLUG�QRFK�YRP�$EVRUSWLRQV�
YHUP|JHQ�GHU�)OlFKH�EHHLQIOXVVW��(LQ�%DXWHLO�LQ�HLQHU�+RO]VFKDOXQJ�DEVRUELHUW�]��%��PHKU�
6WUDKOXQJ�DOV�UHLQH�%HWRQEDXWHLOH��'LHVHV�9HUKDOWHQ�ZLUG�]ZLVFKHQ�GHU�YHUWLNDOHQ�)OlFKH�
LQ�6�G�2VW�5LFKWXQJ�7DL�62��XQG�GHU�KRUL]RQWDOHQ�)OlFKH�7DL�KRUL]���LP�%LOG������GDUJH�
VWHOOW��
'LH� ODQJZHOOLJH�6WUDKOXQJ�ZLUNW�HQWODVWHQG�XQG�UHGX]LHUW�GLH�0D[LPD�XQG�0LQLPD�GHU�
7HPSHUDWXU��'DGXUFK�NDQQ�GLH�7HPSHUDWXU� DQ�GHU�%DXWHLOREHUIOlFKH�QDFKWV� N�KOHU� DOV�
GLH�/XIWWHPSHUDWXU�VHLQ����
�
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/XIWWHPSHUDWXU 7DL�62� 7DL�,6�62� 7DL�KRUL]��

�
%LOG�������7DJHVJDQJ�GHU�LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�I�U�HLQ�KRUL]RQWDO�VWHKHQGHV�%DXWHLO�

�



 �������

=XU�hEHUSU�IXQJ�GHU�7HPSHUDWXU�ZLUG�I�U�HLQ�KRUL]RQWDO� OLHJHQGHV�%DXWHLO�HLQH�GLUHNWH�
6RQQHQHLQZLUNXQJ�DQJHQRPPHQ��'LH�YHUWLNDOH�)OlFKH�OLHJW�LP�%HUHLFK�GHU�%DXJUXEH��VR�
GDVV�GLH�LQGLUHNWH�6RQQHQHLQZLUNXQJ�PD�JHEHQG�VHL���
�
�
����� � 7HPSHUDWXU�LP�%DXWHLO�
�
'LH� 7HPSHUDWXU� GHV� %DXWHLOV� LVW� GXUFK� GLH�:LUNXQJ� GHU� LQQHUHQ� XQG� lX�HUHQ�:lUPH�
QLFKW�NRQVWDQW��EHU�GHQ�4XHUVFKQLWW��'HP]XIROJH�HQWVWHKW�DXFK�HLQH�|UWOLFKH�9HUWHLOXQJ�
GHU� +\GUDWDWRQVZlUPHQWZLFNOXQJ� �EHU� GHQ� 4XHUVFKQLWW�� 1LHGULJH� 5DQGWHPSHUDWXUHQ�
UHGX]LHUHQ�GLH�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�DQ�GLHVHQ�6WHOOHQ��'LHVHU�(LQIOXVV�ZLUG�LP�
$EVFKQ�������QlKHU�XQWHUVXFKW��
�
'LH�5DQGWHPSHUDWXU�LP�%DXWHLO�ZLUG�PLW�+LOIH��GHU�*OHLFKXQJ�GHV�7HPSHUDWXUJUDGLHQWHQ�
�JUDG� 7 � � � � � � � �*O�� ������ EHUHFKQHW�� ,Q� HLQHP� )(0�0RGHOO�ZLUG� EHL� GHU� (UPLWWOXQJ� YRQ��
�JUDG�7 � � � � � � ���]��%��LQ�GHU�]�$FKVH��GLH�'LFNH�GHV�ILQLWHQ�(OHPHQWHV�EHQ|WLJW��$XIJUXQG�
GHU�K|KHUHQ�.HUQWHPSHUDWXUHQ�HQWVWHKHQ�EHL�GLFNHQ�5DQGHOHPHQWHQ�K|KHUH�5DQGWHP�
SHUDWXUHQ��'DPLW�ZHUGHQ�GLH�5DQGWHPSHUDWXUHQ�GXUFK�GLH�)(0�9HUQHW]XQJ�EHHLQIOXVVW��
'LH�5DQGEHUHLFKH�GHV�)(0�0RGHOOV�VLQG�GHPHQWVSUHFKHQG�IHLQHU�]X�YHUQHW]HQ���������
�
'LH�9HULIL]LHUXQJ�GHU�7HPSHUDWXU�HUIROJW�I�U�HLQHQ�6FKQLWW�LQ�GHU�KRUL]RQWDOHQ�XQG�YHUWL�
NDOHQ�(EHQH���
'HU� 7HPSHUDWXUYHUODXI� LQ� GHU� KRUL]RQWDOHQ� (EHQH� �%LOG� ������ ]HLJW� HLQH�JXWH�hEHUHLQ�
VWLPPXQJ�]ZLVFKHQ�5HFKQXQJ�XQG�0HVVXQJ��'LH�8QWHUVFKLHGH�VRZRKO�LP�.HUQ��ZLH�LP�
5DQGEHUHLFK� ODJHQ�EHL� FD��∆7 �.�� VR�GDVV�GLH�$QQDKPH�GHU� LQGLUHNWHQ�6RQQHQHLQZLU�
NXQJ�I�U�GHQ�5DQG�EHVWlWLJW�ZXUGH��
�
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%LOG�������9HUJOHLFK�]ZLVFKHQ�5HFKQXQJ�XQG�0HVVXQJ�LQ�GHU�KRUL]RQWDOHQ�(EHQH�
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�
%LOG�������9HUJOHLFK�]ZLVFKHQ�5HFKQXQJ�XQG�0HVVXQJ�LQ�GHU�YHUWLNDOHQ�(EHQH�

�
,Q�GHU�YHUWLNDOHQ�(EHQH�ZDUHQ�GLH�'LIIHUHQ]HQ�]ZLVFKHQ�JHPHVVHQHQ�XQG�JHUHFKQHWHQ�
7HPSHUDWXUHQ�DQ�GHU�8QWHUVHLWH�DXFK�PLQLPDO� �%LOG��������$Q�GHU�2EHUVHLWH�RV]LOOLHUHQ�
GLH�EHUHFKQHWHQ�:HUWH�XP�GLH�0HVVZHUWH��'LH�7HPSHUDWXUGLIIHUHQ]HQ�EHWUDJHQ�LQ�GHQ�
HUVWHQ�7DJH�FD��∆7 �.�XQG�VLQNHQ�PLW�GHU�=HLW�DXI�∆7 ���.��'LHVH�8QWHUVFKLHGH�VLQG�
DXI� GLH� %HUHFKQXQJVDQQDKPH�GHU� GLUHNWHQ� 6RQQHQHLQZLUNXQJ�PLW�ZRONHQIUHLHP�+LP�
PHO�]XU�FN]XI�KUHQ��'LHVH�$QQDKPH�ZLUG�GXUFK�GLH�0HVVZHUWH�QLFKW�EHVWlWLJW��*HQDX�
HUH� (UJHEQLVVH� N|QQWHQ� GXUFK� GLH� %HU�FNVLFKWLJXQJ� GHU� %HZ|ONXQJ� LQ� GHP� %HUHFK�
QXQJVPRGHOO�HUUHLFKW�ZHUGHQ��'LHVH�3UR]HGXU�Z�UGH�EHGHXWHQ��GDVV�GHU�UHDOH�*UDG�GHU�
%HZ|ONXQJ�HLQJHVFKlW]W�ZHUGHQ�P�VVWH��'LHVH�PHWHRURORJLVFKH�$QIRUGHUXQJ�LVW�MHGRFK�
EHVRQGHUV�LQ�GHU�3ODQXQJVSKDVH�YRQ�%DXZHUNHQ�QLFKW�UHDOLVLHUEDU���
'LH�*HQDXLJNHLW�GHU�%HUHFKQXQJ� LVW�KLHU�DOV�DXVUHLFKHQG�]X�EHZHUWHQ�� VR�GDVV�GLH�%H�
UHFKQXQJVDQVlW]H�I�U�SUDNWLVFKH�7HPSHUDWXUIHOGEHUHFKQXQJ�JHHLJQHW�VLQG���
�

7HPSHUDWXU�>�&@
$� �������������
%� ��������������
&� �������������
'� �������������
(�� �������������

(
$ % & '

�
%LOG�������7HPSHUDWXUIHOG�EHL�W ����K�

�
�



 �������

��� � =XVDPPHQIDVVXQJ�
�
,P�GLHVHP�$EVFKQLWW�ZXUGH�GLH�7HPSHUDWXU�LP�%DXWHLO�XQWHUVXFKW��'LH�*UXQGODJH�GDI�U�
ZDU� GLH� %HUHFKQXQJ� GHU� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ� XQG� GHU� LGHHOOHQ� $X�HQOXIW�
WHPSHUDWXU��
�
'LH�0HVVHUJHEQLVVH�GHU�+\GUDWDWLRQVZlUPH�ZXUGHQ�DQKDQG�YRQ�OLQHDUHQ�XQG�QLFKWOLQH�
DUHQ�5HJUHVVLRQVDQDO\VHQ� LQ� GHQ� %HUHFKQXQJVDQVlW]HQ� HLQJHEXQGHQ�� %HL� GHQ� %HUHFK�
QXQJVDQVlW]HQ�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW��.DOLEULHUXQJ�PLW�GHQ�DGLDEDWLVFKHQ�0HV�
VXQJHQ�DQ�%HWRQSUREHQ��ZXUGH�IHVWJHVWHOOW��GDVV��MH�VFKQHOOHU�GHU�=HPHQW�HUKlUWHW��XP�
VR�PHKU�5HJUHVVLRQVSDUDPHWHU�QRWZHQGLJ�VLQG��XP�GLH�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�
LP�%HWRQ�EHVVHU�]X�HUIDVVHQ��,Q�GLHVHP�)DOO�VWHLJW�DXFK�GHU�PDWKHPDWLVFKH�$XIZDQG�]XU�
%HVWLPPXQJ� GHU� 5HJUHVVLRQVSDUDPHWHU�� 'HPHQWVSUHFKHQG� LVW� GHU� $QVDW]� PLW� GHP��
��3DUDPHWHUPRGHOO�PHKU� I�U� GHQ� ODQJVDP�XQG�QRUPDO� HUKlUWHQGHQ�=HPHQW� JHHLJQHW��
%HL� VFKQHOO� HUKlUWHQGH� =HPHQWH� LVW� ]X� HPSIHKOHQ�� PLQGHVWHQV� HLQHQ� $QVDW]� PLW��
��3DUDPHWHUQ�]X�YHUZHQGHQ��%HLP�$QVDW]�PLW�GHP���3DUDPHWHUPRGHOO�ZXUGHQ�]XIULH�
GHQVWHOOHQGHQ�(UJHEQLVVHQ�QXU�GRUW�HUUHLFKW��ZR�GLH�+\GUDWDWLRQZlUPH�DXV�0HVVXQJHQ�
HUIDVVW�ZXUGH��'LH�'LIIHUHQ]HQ� ]ZLVFKHQ� GHQ�XQWHUVFKLHGOLFKHQ�$QVlW]HQ� VLQG� DXI� GLH�
)OH[LELOLWlW�GHU�)XQNWLRQ��EHU�GLH�=HLW�]XU�FN]XI�KUHQ��
%HL�GHQ�%HUHFKQXQJVPRGHOOHQ�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV��.DOLEULHUXQJ�PLW�
'&$�0HVVXQJHQ�DQ�=HPHQWOHLPSUREHQ��ZDU�GLH�4XDOLWlW�GHU�(UJHEQLVVH�VWDUN�YRQ�GHU�
(UIDVVXQJ� GHU� ,QGXNWLRQVSHULRGH� DEKlQJLJ�� +LHUI�U� ZXUGHQ� 9RUVFKOlJH� ]XU� (UIDVVXQJ�
GLHVHU�3HULRGH��JHPDFKW���
'XUFK�GLH�(LQEH]LHKXQJ�GHU�0HVVGDWHQ�GHU�+\GUDWDWLRQ�DXV�=HPHQWOHLPSUREHQ�LQ�GHQ�
%HUHFKQXQJVDQVlW]HQ�ZXUGHQ�QXU�JHULQJH�$EZHLFKXQJHQ�]XU�DGLDEDWLVFKHQ�7HPSHUD�
WXUHUK|KXQJ�GHU�%HWRQSUREHQ�IHVWJHVWHOOW���'XUFK�GLH�'&$�0HVVXQJHQ�DQ�=HPHQWOHLP�
SUREHQ� LVW� DOWHUQDWLY� ]XU� DGLDEDWLVFKHQ� %HWRQNDORULPHWULH� HLQ�:HJ� YRUKDQGHQ�� GHU� HV�
HUP|JOLFKW�� GLH� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ� LP� %DXWHLO� DXV� HLQIDFKHQ�� VFKQHOOHUHQ�
XQG�ZLUWVFKDIWOLFK�JHZRQQHQHQ�0HVVGDWHQ�]X�EHUHFKQHQ��
�
$XV�GHQ�HLJHQHQ�0HVVHUJHEQLVVHQ� LQ� HLQHP�+RFKRIHQIXQGDPHQW�ZXUGHQ�$PSOLWXGHQ�
GHU�5DQGWHPSHUDWXU�EHXUWHLOW��'LHVH�$PSOLWXGHQ�ZDUHQ�LQ�GHQ�%DXWHLOVHLWHQ��GLH� LQ�GHU�
6FKDOXQJ�ODJHQ��PLQLPDO��)�U�GLHVH�%DXWHLOVHLWHQ�NDQQ�EHL�GHU�%HUHFKQXQJ�HLQH�YHUHLQ�
IDFKWH�5DQGEHGLQJXQJ�PLW�NRQVWDQWHU�8PJHEXQJVWHPSHUDWXU�YHUZHQGHW�ZHUGHQ���
%HL�GHU�%HUHFKQXQJ�GHU�5DQGWHPSHUDWXU�PLW�+LOIH�GHU�LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�LVW�
IROJHQGHV�]X�EHDFKWHQ��
• 'LH� (UIDVVXQJ�GHU�$X�HQOXIWWHPSHUDWXU�PLW� VWDWLVWLVFKHQ�0HVVHUJHEQLVVHQ� I�KUW� ]X�

K|KHUHQ�:HUWHQ�GHU�5DQGWHPSHUDWXU��'LH�%HUHFKQXQJHQ� OLHJHQ� MHGRFK�DXI�GHU� VL�
FKHUHQ�6HLWH��

• ,P� MXQJHQ� %HWRQ� I�KUHQ� EHL� )(0�%HUHFKQXQJHQ� JUREH� 9HUQHW]XQJ� GHV� 5DQGEH�
UHLFKV�� DXIJUXQG� GHU�PD[LPDOHQ� .HUQWHPSHUDWXUHQ�� ]X� K|KHUH� 5DQGWHPSHUDWXUHQ��
+LHU�LVW�HQWVSUHFKHQG�HLQH�IHLQH�9HUQHW]XQJ�]X�ZlKOHQ���������

'DKHU� VWHOOW� GLH�%HUHFKQXQJ�GHU�5DQGWHPSHUDWXU�QXU� HLQH�*UHQ]EHWUDFKWXQJ�GDU��$XV�
GLHVHP�*UXQG�VLQG�LQ�GHU�/LWHUDWXU�QXU�ZHQLJH�1DFKUHFKQXQJHQ�GHU�5DQGWHPSHUDWXU�]X�
ILQGHQ��



�������

�� (UIDVVXQJ�YRQ�6SDQQXQJHQ�LQ�%HWRQEDXWHLOHQ�
��� � (LQOHLWXQJ�
�
=XU� %HXUWHLOXQJ� GHV� (LQIOXVVHV� GHU� 0DWHULDONHQQZHUWH� DXI� GLH� 6SDQQXQJVHQWZLFNOXQJ�
ZHUGHQ� GLH�9HUVXFKH� YRQ�3ODQQHUHU� >�@� DQ�0RGHOOEDXWHLOHQ�PLW� XQWHUVFKLHGOLFKHQ�'L�
FNHQ�XQG�)ULVFKEHWRQDQIDQJVWHPSHUDWXUHQ�QDFKJHUHFKQHW��'LH�9HUVXFKH�PLW�GHU�%HWRQ�
]XVDPPHQVHW]XQJ� QDFK� 7DEHOOH� $����� ZXUGHQ� DQ� GHU� 7HPSHUDWXUVSDQQXQJVPDVFKLQH�
EHL�YROOHU�%HKLQGHUXQJ�GHU�9HUIRUPXQJ�GXUFKJHI�KUW��'DEHL�ZXUGH�GLH�7HPSHUDWXU� LQ�
GHU�0LWWH�GHV�%DXWHLOV�EHUHFKQHW�XQG�DOV�9RUJDEH�I�U�GLH�6SDQQXQJVPHVVXQJHQ�HLQJH�
JHEHQ��'LH�7HPSHUDWXUHQWZLFNOXQJ�ZLUG�DXV�GHU�$UEHLW�YRQ�3ODQQHUHU�>�@��EHUQRPPHQ���
'LHVH� VLQG� LP�%LOG����� I�U�XQWHUVFKLHGOLFKH�$QIDQJVWHPSHUDWXUHQ�XQG� LP�%LOG������ I�U�
XQWHUVFKLHGOLFKH� %DXWHLOGLFNH� GDUJHVWHOOW�� $OOH� 'DWHQ� DXV� GHU� $UEHLW� YRQ� 3ODQQHUHU� >�@�
ZXUGHQ�GLJLWDO�DXV�'LDJUDPPHQ�DEJHOHVHQ��
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�
%LOG������7HPSHUDWXUHQWZLFNOXQJ�I�U�0RGHOOEDXWHLO�PLW���P�'LFNH�EHL�9DULDWLRQ�GHU�)ULVFKEH�

WRQWHPSHUDWXU�>�@�

�
=XU�%HUHFKQXQJ�GHU�=ZDQJVVSDQQXQJHQ�ZHUGHQ���'�(OHPHQWH�QDFK�%LOG�����DOV�)(0�
0RGHOO� YHUZHQGHW�� ZHOFKH� VLFK� ]XQlFKVW� ZLH� HLQGLPHQVLRQDO� YHUKDOWHQ�� 'LHVHU� :HJ�
ZXUGH�JHZlKOW�XP�VSlWHUH�(UZHLWHUXQJHQ�DXI�GUHLGLPHQVLRQDOHV�9HUKDOWHQ�]X�YHUHLQID�
FKHQ��$OV�5DQGEHGLQJXQJ�ZLUG�HLQH�]HQWULVFKH�%HKLQGHUXQJ�HLQJHJHEHQ��

� � �

� ���

� � 	 


� � 

�
%LOG������)(0�0RGHOO�I�U�GLH�=ZDQJVVSDQQXQJVEHUHFKQXQJ�

�



�������

%HL�GHQ�8QWHUVXFKXQJHQ�ZLUG�]XQlFKVW�GHU�%HWRQ�QDFK�7DEHOOH�$�����>�@�PLW�HLQHU�$Q�
IDQJVWHPSHUDWXU�YRQ�7$ ���&�JHZlKOW��)�U�GLHVHQ�%HWRQ�ZHUGHQ�GLH�'UXFN��XQG�=XJ�
IHVWLJNHLW��VRZLH�GHU�(ODVWL]LWlWVPRGXO�GXUFK�GLH�$QVlW]H�YRQ�%\IRUV�>��@��$EVFKQ��������
¡� ������� EHVFKULHEHQ�� 'DV� .ULHFKHQ� ZLUG� GXUFK� GHQ� $QVDW]� YRQ� 6DWR� >���@� �$EVFKQ��
�������HUIDVVW���
 
'LH�'LIIHUHQWLDOO|VXQJ� LP�$EVFKQ�� ��������ZHLVW� HLQH�$EKlQJLJNHLW� GHU� =HLWLQNUHPHQWH�
DXI��'LHVHU�(LQIOXVV�ZLUG�GXUFK�GLH�:DKO�GHU�=HLWVFKULWWH�LQ�ORJDULWKPLVFKHU�XQG�GHNDGL�
VFKHU�6NDOD�XQWHUVXFKW��
$OV�HUVWHV�ZLUG�GHU�(LQIOXVV�GHU�ORJDULWKPLVFKHQ�=HLWVFKULWWH�DXI�GLH�=ZDQJVVSDQQXQJHQ�
�EHUSU�IW��'LH�$Q]DKO�GHU� ORJDULWKPLVFKHQ�6W�W]VWHOOHQ�ZLUG�QDFK�%LOG�����YDULLHUW��'HU�
=HLWEHUHLFK�W ������K�E]Z��W �������K�ZLUG�HQWVSUHFKHQG�GXUFK�Q�JHWHLOW��VR�GDVV�HLQ�
NRQVWDQWHV�=HLWLQNUHPHQW�LP�EHWUDFKWHWHQ�=HLWUDXP�HQWVWHKW��'LH�JOHLFKPl�LJH�7HLOXQJ�
LQ�GHU�ORJDULWKPLVFKHQ�6NDOD�EHZLUNW�HLQH�=XQDKPH�GHU�=HLWVFKULWWH� LQ�GHU�GHNDGLVFKHQ�
=HLWVNDOD��'HPHQWVSUHFKHQG�HUJHEHQ�VLFK�LQ�GHQ�HUVWHQ����6WXQGHQ�EHL�9DULDWLRQ�YRQ�Q�
NDXP�9HUlQGHUXQJHQ� LQ� GHU� 6SDQQXQJVHQWZLFNOXQJ�� 'LH�PD[LPDOHQ� 6SDQQXQJVGLIIH�
UHQ]HQ�WUHWHQ�LP�%HUHLFK�HUK|KWHU�=XJVSDQQXQJHQ�DXI��%HL�HLQHP�=HLWSXQNW�YRQ�W ��K�
EHZLUNW� GLH� (UK|KXQJ� YRQ� � Q �� DXI� Q ���� HLQH� 6WHLJHUXQJ� GHU� =XJVSDQQXQJ� YRQ�
σ ����DXI������1�PP²�� ,P�GLHVHP�)DOO�HQWVWDQG�HLQH�$EQDKPH�GHV�PD[LPDOHQ�=HLWLQ�
NUHPHQWHV� LQ� GHU�GHNDGLVFKHQ� 6NDOD� YRQ����ELV� DXI����� 6WXQGHQ�� ,Q� GHU�7HPSHUDWXU�
6SDQQXQJVPDVFKLQH�ZXUGH�KLHUI�U�HLQH�6SDQQXQJ�YRQ�σ �����1�PP² JHPHVVHQ���
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�
%LOG������6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHU�=HLWLQNUHPHQWH�¡�ORJ�=HLWVNDOD��7$ ���&��

�
'LH�9DULDWLRQ�GHU�=HLWLQNUHPHQWH�YRQ�]L ����ELV� ]L �K� LQ�GHU�GHNDGLVFKHQ�6NDOD� LVW� LQ�
%LOG�����GDUJHVWHOOW��,Q�GHU�GHNDGLVFKHQ�6NDOD�VLQG�QRFK�6WHLJHUXQJHQ�GHU�*HQDXLJNHLWHQ�
P|JOLFK��ZHLO�GDV�PLQLPDOH�=HLWLQNUHPHQW�EHL�GHU�ORJDULWKPLVFKHQ�6NDOD��Q �����EHL�����
6WXQGHQ�ODJ���
�
,Q�GHU�(UZlUPXQJVSKDVH�GHV�%DXWHLOV�VLQG�GLH�'UXFNVSDQQXQJVXQWHUVFKLHGH�EHL�9DULDWL�
RQ�GHU�=HLWLQNUHPHQWH�PLQLPDO� �%LOG�������'DGXUFK� LVW�GHU�(LQIOXVV�GHU�=HLWLQNUHPHQWH��
ZHOFKH� GXUFK� GLH�:DKO� GHU� GHNDGLVFKHQ� XQG� ORJDULWKPLVFKHQ� =HLWVNDOD� KHUYRUJHUXIHQ�
ZLUG��DXI�GLH�'UXFNVSDQQXQJVHQWZLFNOXQJ�PLQLPDO���
,Q�GHU�$EN�KOXQJVSKDVH�GHV�%DXWHLOV�I�KUW�]XP�=HLWSXQNW�YRQ�W ���K�GLH�9HUNOHLQHUXQJ�
GHU�=HLWLQNUHPHQWH�YRQ�]L ��DXI�]L ���K�]X�HLQHU�=XJVSDQQXQJVlQGHUXQJ�YRQ�σ=�����



�������

DXI������1�PP²��'LHVH�=XJVSDQQXQJHQ�VLQG�K|KHU�DOV�GLHMHQLJHQ�LQ�GHU�ORJDULWKPLVFKHQ�
6NDOD�XQG�WHQGLHUHQ�PHKU�]X�GHQ�0HVVZHUWHQ��'D�LP�%HUHLFK�HUK|KWHU�=XJVSDQQXQJHQ�
GLH� =HLWLQNUHPHQWH� LQ�GHU� GHNDGLVFKHQ� 6NDOD�JHULQJHU� DOV� LQ� GHU� ORJDULWKPLVFKHQ� 6NDOD�
VLQG�� ZLUG� LQ� GHU� YRUOLHJHQGHQ� $UEHLW� KDXSWVlFKOLFK� GLH� GHNDGLVFKH� 6NDOD� YHUZHQGHW��
'DI�U�ZHUGHQ�LQ�GLHVHP�$EVFKQLWW�GLH�=HLWLQNUHPHQWH�]L �K�XQG�LP�QlFKVWHQ�$EVFKQLWW�
GLH�=HLWLQNUHPHQWH�]L �K�YHUZHQGHW��'LH�:DKO�GHU�=HLWLQNUHPHQWH�ZXUGH�LQ�$EKlQJLJ�
NHLW�YRQ�8QWHUVXFKXQJV]HLWUDXP�XQG�*U|�H�GHV�)(0�0RGHOOV�JHWURIIHQ�����
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�
%LOG�������6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHU�=HLWLQNUHPHQWH��

LQ�GHU�GHNDGLVFKHQ�=HLWVNDOD��7$ ���&��
�
�
��� � (LQIOXVV�GHV�0DWHULDOYHUKDOWHQ�EHL�HLQDFKVLJHQ�%HWUDFKWXQJHQ�
������� (LQIOXVV�GHV�0DWHULDOJHVHW]HV�
�
'LH� %HU�FNVLFKWLJXQJ�GHV�0DWHULDOJHGlFKWQLVVHV� EHL� GHU� 6SDQQXQJVEHUHFKQXQJ�ZXUGH�
LP�$EVFKQ����WKHRUHWLVFK�DEJHOHLWHW��'LH�6SDQQXQJVEHUHFKQXQJ�PLW�XQG�RKQH��*O��������
*HGlFKWQLV�LVW�LQ�%LOG�����GDUJHVWHOOW����
�
'LH� %HUHFKQXQJ� RKQH� %HU�FNVLFKWLJXQJ� GHV� 0DWHULDOVJHGlFKWQLVVHV� I�KUW� ]X� KRKHQ�
'UXFNVSDQQXQJHQ� XQG� QLHGULJHQ� =XJVSDQQXQJHQ�� 'LH� =XJIHVWLJNHLW� GHV� %HWRQV� ZLUG�
GDPLW�VSlWHU�HUUHLFKW����
%HLP�=HLWSXQNW�YRQ� W ��K�lQGHUW� VLFK�GLH�'UXFNVSDQQXQJ�YRQ�σ ¡�����1�PP²�XQWHU�
%HU�FNVLFKWLJXQJ�GHV�0DWHULDOJHGlFKWQLVVHV�DXI�σ ¡�����1�PP²�EHL�9HUQDFKOlVVLJXQJ�
GLHVHV�(IIHNWHV��'HU�0HVVZHUW�]X�GLHVHP�=HLWSXQNW�EHWUlJW�σ ¡�����1�PP²���
'LH�=XJVSDQQXQJ�YRQ�σ=�����1�PP²��PLW�*HGlFKWQLV���]XP�=HLWSXQNW�W ��K��ZLUG�DXI�
σ=�����1�PP²�UHGX]LHUW��RKQH�*HGlFKWQLV���'LH�6SDQQXQJVXQWHUVFKLHGH�]ZLVFKHQ�EHL�
GHQ�%HUHFKQXQJVYDULDQWHQ�EHWUDJHQ�LP�8QWHUVXFKXQJV]HLWUDXP�PD[��σ=�����1�PP²����
'HU�(LQIOXVV�GHV�0DWHULDOJHGlFKWQLVVHV�EHL�6SDQQXQJVEHUHFKQXQJHQ� LVW�GDPLW�QLFKW�]X�
YHUQDFKOlVVLJHQ��
�
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0HVVXQJ�>�@ PLW�*HGlFKQLV RKQH�*HGlFKWQLV

�
%LOG������(LQIOXVV�GHV�0DWHULDOJHVHW]HV�DXI�GLH�6SDQQXQJVHQWZLFNOXQJ��

�
�
������� (LQIOXVV�GHV�(ODVWL]LWlWVPRGXOV�
�
,Q�GLHVHP�$EVFKQLWW�ZHUGHQ�GLH�$XVZLUNXQJHQ�XQWHUVFKLHGOLFKHU� UHFKQHULVFKHU�%HVWLP�
PXQJ�GHV�(ODVWL]LWlWVPRGXOV�DXI�GLH�6SDQQXQJVHQWZLFNOXQJ�XQWHUVXFKW���
'HU�(ODVWL]LWlWVPRGXO�ZXUGH� LP�$EVFKQ�������� LQ�$EKlQJLJNHLW�GHU�'UXFNIHVWLJNHLW�XQG�
GHV� +\GUDWDWLRQVJUDGHV� DEJHOHLWHW�� 8QWHUVFKLHGOLFKH� $QVlW]H� I�U� GLH� 'UXFNIHVWLJNHLW�
QDFK�%LOG�����I�KUHQ�GHP]XIROJH�]X�XQWHUVFKLHGOLFKHQ�(ODVWL]LWlWVPRGXOQ��
�

�

� � � �
� � � �

� � � �
� � � �

� � �

� � �
� � �

� � �

� � �

� � � � � � � � 	 � � 
 � 	 � � ��  � � � � �

� ��
��
��
���

� �
� ²

�

�  � �  ! " � � � # $ % & ' � ( ) # ( * ' � ! & +  � , � 

�
%LOG� ����� (LQIOXVV� GHU� XQWHUVFKLHGOLFKHQ� (UKlUWXQJVIXQNWLRQHQ� I�U� GLH� 'UXFNIHVWLJNHLW��

DXI�6SDQQXQJVHQWZLFNOXQJ��(ODVWL]LWlWVPRGXO�QDFK�%\IRUV��

�
'LH� 6SDQQXQJVHQWZLFNOXQJ�PLW� GHP� (ODVWL]LWlWVPRGXO� QDFK�%\IRUV� �*O�� ������ XQG� GHU�
'UXFNIHVWLJNHLW� QDFK� 7DEHOOH� ���� XQG� %LOG� ���� LVW� LQ� %LOG� ���� GDUJHVWHOOW��'LH� =\OLQGHU�
GUXFNIHVWLJNHLW� QDFK� ��� 7DJHQ� ZXUGH� DOV� 0LWWHOZHUW� PLW� I - . ���G� ����� 1�PP²� DXV�
0HVVXQJHQ� JHZRQQHQ�� 'DUDXV� ZXUGH� GHU� (ODVWL]LWlWVPRGXO� ( - / 0 1 2 3 ���G�  � ������
1�PP²�QDFK�%\IRUV��7DEHOOH�$�����EHVWLPPW���



�������

'LH�8QWHUVFKLHGH�LQ�GHU�(UKlUWXQJVIXQNWLRQ�GHU�'UXFNIHVWLJNHLW�EHL�GHU�%HVWLPPXQJ�GHV�
(ODVWL]LWlWVPRGXOV�I�KUHQ�QXU�]X�JHULQJI�JLJHQ�6SDQQXQJVXQWHUVFKLHGHQ�LP�0RGHOOEDX�
WHLO�YRQ�PD[LPDO�∆σ=������1�PP²��'LHVHU�(LQIOXVV�LVW�GHPHQWVSUHFKHQG��JHULQJ��
�
)�U� GHQ� (ODVWL]LWlWVPRGXO� ZXUGHQ� DXFK� XQWHUVFKLHGOLFKH� (UKlUWXQJVIXQNWLRQHQ� YRUJH�
VFKODJHQ� �%LOG� ������ ,KUH�$XVZLUNXQJHQ�DXI�GLH� 6SDQQXQJVHQWZLFNOXQJ� LVW� DXI�%LOG�����
GDUJHVWHOOW���
'LH�'LIIHUHQ]HQ�GHU�(UKlUWXQJVIXQNWLRQHQ�LQ�GHQ�HUVWHQ����6WXQGHQ�QDFK�%LOG�����VLQG�
EHL�GHQ�'UXFNVSDQQXQJHQ�NDXP�EHPHUNEDU��'DV�6SDQQXQJVQLYHDX� LVW� LQ�GLHVHP�=HLW�
UDXP�DXIJUXQG�GHV�VWDUNHQ�5HOD[DWLRQVYHUP|JHQV�GHV�%HWRQV�VHKU�QLHGULJ��'HU�IHKOHQGH�
=XVDPPHQKDQJ�]ZLVFKHQ�(ODVWL]LWlWVPRGXO�XQG�+\GUDWDWLRQVJUDG�LQ�GHQ�HUVWHQ�6WXQGHQ�
EHLP�$QVDW]�YRQ�*XWVFK�>��@�IlOOW�EHL�GHU�6SDQQXQJVEHUHFKQXQJ�QLFKW�LQV�*HZLFKW��
'LH�PD[LPDOHQ�6SDQQXQJVXQWHUVFKLHGH� LQ�GHQ�EHUHFKQHWHQ�9DULDQWHQ�EHWUXJHQ�PD[L�
PDO�∆σ �����1�PP²��

� � � �
� � � �

� � � �
� � � �

� � �
� � �

� � �
� � �

� � �

� � � � � � � � 	 � � 
 � 	 � � ��  � � � � �

� ��
��
��
���

� ��

²

�

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

�
%LOG� ����� � � (LQIOXVV� GHU� XQWHUVFKLHGOLFKHQ� (UKlUWXQJVIXQNWLRQHQ� I�U� GHQ� (ODVWL]LWlWVPRGXO��

DXI�GLH�6SDQQXQJVHQWZLFNOXQJ��

�
'DPLW� N|QQHQ� VRZRKO� GLH� $QVlW]H� I�U� GLH� (UKlUWXQJVIXQNWLRQHQ� GHU� 'UXFNIHVWLJNHLW�
QDFK�%LOG������XQG�(ODVWL]LWlWVPRGXO�QDFK�%LOG������RKQH�%HGHQNHQ�EHL�GHU�6SDQQXQJV�
EHUHFKQXQJ�YHUZHQGHW�ZHUGHQ����
�
'HV�ZHLWHUHQ�ZLUG�GHU�(LQIOXVV�GHV�(ODVWL]LWlWVPRGXOV�QDFK����7DJHQ�QDFK�%LOG�����XQ�
WHUVXFKW��%HL�JHJHEHQHQ�0LWWHOZHUW�GHU����7DJH�'UXFNIHVWLJNHLW�ZHUGHQ�QDFK�7DEHOOH�
$���� GLH� PLWWOHUHQ� (ODVWL]LWlWVPRGXOQ� ( - / 0 1 2 3 ���G� ������ 1�PP²� QDFK� %\IRUV� XQG��
( - / 0 1 2 3 ���G� ������1�PP²� QDFK�&(%� EHUHFKQHW��:HLWHUKLQ�ZHUGHQ�PLW� GHP�XQWHUHQ�
XQG�REHUHQ�)UDNWLOZHUW�GHU�)HVWLJNHLW��GLH�(ODVWL]LWlWVPRGXOQ�( - / 0 1 3 ���G� ������1�PP²�
XQG�( - / 0 / 1 3 ���G� ������1�PP² QDFK�%\IRUV�XQG�( - / 0 1 3 ���G� ������1�PP²�QDFK�&(%�
EHVWLPPW��
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0HVVXQJ�>�@ %\IRUV��� %\IRUV����
%\IRUV���� &(%��� &(%����

�
%LOG������6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHV�(ODVWL]LWlWVPRGXOV�QDFK����7DJHQ�

�
'LH�6SDQQXQJVXQWHUVFKLHGH�]ZLVFKHQ�GHQ�EHUHFKQHWHQ�9DULDQWHQ�HQWVWHKHQ�EHLP�(UUHL�
FKHQ�GHU�'UXFN��XQG�=XJVSDQQXQJVPD[LPD��=XP�=HLWSXQNW�YRQ�W ���K�HQWVWHKHQ�EHL�
GHU�%HUHFKQXQJ�PLW�GHP�(ODVWL]LWlWVPRGXO�QDFK�%\IRUV�'UXFNVSDQQXQJHQ��YRQ�σ ¡�����
1�PP² ����)UDNWLO���σ ������1�PP²������)UDNWLO��XQG�σ ¡�����1�PP² (����)UDNWLO���
'LH�%HUHFKQXQJ�PLW�GHP�(ODVWL]LWlWVPRGXO�QDFK�&(%� I�KUW� ]XU�'UXFNVSDQQXQJHQ�YRQ�
σ ¡�����1�PP² ����)UDNWLO��XQG�σ ¡�����1�PP² �����)UDNWLO���
0LW�GHP�(ODVWL]LWlWVPRGXO�QDFK�%\IRUV�ZXUGHQ�EHL�W ��K�=XJVSDQQXQJHQ�YRQ�σ �����
1�PP² ����)UDNWLO��� σ ����� 1�PP² �����)UDNWLO�� XQG� σ ����� 1�PP² �����)UDNLO��
HUUHLFKW�� %HLP� (ODVWL]LWlWVPRGXO� QDFK�&(%� HUJDEHQ� VLFK� =XJVSDQQXQJHQ� YRQ� σ �����
1�PP²�����)UDNLO��XQG�σ �����1�PP² �����)UDNLO����
�
'LH�(UJHEQLVVH�]HLJHQ��GDVV�GLH�6SDQQXQJVHQWZLFNOXQJ�SULPlU�YRQ�GHP�(ODVWL]LWlWVPR�
GXO�QDFK����7DJHQ�XQG�QLFKW�YRQ�GHQ�(UKlUWXQJVIXQNWLRQHQ�EHVWLPPW�ZLUG��'LH�6SDQ�
QXQJHQ�PLW�GHP�0LWWHOZHUW�GHV�(ODVWL]LWlWVPRGXOV�QDFK�&(%�VLQG�EHWUDJVPl�LJ�NOHLQHU�
DOV�GLHMHQLJHQ�PLW�GHP���XQG�����)UDNWLOHQ�QDFK�%\IRUV��,VW�GLH�%HVWLPPXQJ�GHV�(ODVWL�
]LWlWVPRGXOV�QDFK����7DJHQ�QLFKW�DXV�0HVVXQJHQ�P|JOLFK��N|QQHQ�GLH�6SDQQXQJVEH�
UHFKQXQJHQ�PLW�GHQ�0LWWHOZHUWHQ�GHV��(ODVWL]LWlWVPRGXOV��QDFK�%\IRUV�XQG�&(%�GXUFK�
JHI�KUW� ZHUGHQ�� 'DV� 9HUKlOWQLV� ]ZLVFKHQ� EHLGHQ� 0LWWHOZHUWHQ� GHV� (ODVWL]LWlWVPRGXOV�
QDFK� ��� 7DJHQ� OLHJW� EHL� HWZD� ����� 'LHVH� SUR]HQWXDOHQ� 6SDQQXQJVXQWHUVFKLHGH� LP�
'UXFN��XQG�=XJEHUHLFK�KDEHQ�VLFK�EHWUDJVPl�LJ�GXUFK�GDV�YLVNRHODVWLVFKH�0DWHULDOJH�
VHW]�QXU�JHULQJI�JLJ�JHlQGHUW���
�
�
������ (LQIOXVV�GHV�FKHPLVFKHQ�6FKZLQGHQV�
�
%HL�GHQ�ELVKHU�EHUHFKQHWHQ�=ZDQJVVSDQQXQJHQ�ZXUGHQ�(LQZLUNXQJHQ�DXV�7HPSHUDWXU�
XQG� FKHPLVFKHP� 6FKZLQGHQ� EHU�FNVLFKWLJW�� (LQH� 6HSDUDWLRQ� GHU� WHPSHUDWXUEHGLQJWHQ�
=ZDQJVVSDQQXQJ�ZLUG�LQ�%LOG�����GDUJHVWHOOW��GD�GLH�7HPSHUDWXU�GHQ�6FKZHUSXQNW�GLH�
VHU�$UEHLW�ELOGHW��'DV�FKHPLVFKH�6FKZLQGHQ�ZLUG�DOV�9HUN�U]XQJ�GHV�%DXWHLOV�PLW�+LOIH��
YRQ�*O������HUIDVVW��
�



�������

0LW� ]XQHKPHQGHU� (UKlUWXQJ� JHZLQQW� GHU� $QWHLO� GHV� FKHPLVFKHQ� 6FKZLQGHQV� DQ� *H�
ZLFKW� EHL� GHU� 6SDQQXQJVHQWZLFNOXQJ�� 'LH�PD[LPDOHQ�:HUWH� WUHWHQ� QDFK� GHU� ]ZHLWHQ�
1XOOVSDQQXQJVWHPSHUDWXU� LP� =XJEHUHLFK� DXI�� =XP� =HLWSXQNW� YRQ� W ��K� EHWUlJW� GLH�
6SDQQXQJ�LQIROJH�FKHPLVFKHQ�6FKZLQGHQV�σ �����1�PP²��'HP]XIROJH�ZLUG�GLH�=XJ�
VSDQQXQJ� YRQ�σ ����� 1�PP²� LQIROJH� 7HPSHUDWXU� XQG� FKHPLVFKHQ� � 6FKZLQGHQV� � DXI�
σ �����1�PP²�LQIROJH�7HPSHUDWXU�UHGX]LHUW���
%HL�GHU�1DFKUHFKQXQJ�YRQ�9HUVXFKHQ� LVW�GHU�$QWHLO�GHV�FKHPLVFKHQ�6FKZLQGHQV�QLFKW�
]X�YHUQDFKOlVVLJHQ���
'LH�=XJVSDQQXQJHQ� LQIROJH�FKHPLVFKHQ�6FKZLQGHQV� OLHJHQ� LP�%HUHLFK�GHU�0HVVZHUWH�
YRQ��3ODQQHUHU� >�@�XQG�6FK|SSHO� >�@��$XI�HLQH�1DFKUHFKQXQJ�GHU�6SDQQXQJHQ� LQIROJH�
FKHPLVFKHQ� 6FKZLQGHQV� ZLUG� KLHU� YHU]LFKWHW�� GD� GHU� *UXQGZHUW� GHV� FKHPLVFKHQ�
6FKZLQGHQV�DXV�0HVVXQJHQ�EHVWLPPW�ZHUGHQ�P�VVWH��'LH� �%HVWLPPXQJ�GLHVHU�:HUWH�
DQKDQG�GHU�*OHLFKXQJHQ�����RGHU�����ELHWHW�QXU�$QKDOWVZHUWH�I�U�GLH�%HUHFKQXQJ��=X�
N�QIWLJH�)RUVFKXQJVDUEHLWHQ�LQ�GLHVHP�%HUHLFK�VLQG�GHVZHJHQ�Z�QVFKHQVZHUW���
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0HVVXQJ�>�@ 7HPS�FK��6FKZ� 7HPS�

�
%LOG������6SDQQXQJHQ�LQIROJH�7HPSHUDWXU�XQG�FKHPLVFKHQ�6FKZLQGHQV�

�
�
������ (LQIOXVV�GHV�/DQJ]HLWYHUKDOWHQV�GHV�0DWHULDOV��
�
'DV�YLVNRHODVWLVFKH�0DWHULDOJHVHW]��$EVFKQ���������KlQJW�VWDUN�YRQ�GHU�%HVWLPPXQJ�GHU�
.ULHFK��E]Z��5HOD[DWLRQVIXQNWLRQ�GHV�%HWRQV�DE��,KU�(LQIOXVV�DXI�GLH�6SDQQXQJVHQWZLFN�
OXQJ�ZLUG�KLHU�XQWHUVXFKW��*UXQGODJH�GDI�U�ELOGHW�GLH�$XVZHUWXQJ�GHU�.ULHFK��XQG�5HOD�
[DWLRQVDQVlW]H� LP�$EVFKQ���������'LH�6SDQQXQJVEHUHFKQXQJHQ��%LOG�������ZHUGHQ�PLW�
GHQ�$QVlW]HQ�QDFK�7D]DZD�>��@�LQ�$EKlQJLJNHLW�GHU�'UXFNIHVWLJNHLW��QDFK�*XWVFK�>��@�
DOV�)XQNWLRQ�GHV�+\GUDWDWDLRQVJUDGHV�XQG�QDFK�6DWR�>���@�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW�
GXUFKJHI�KUW��'LH�5HOD[D[WLRQVIXQNWLRQ�ZLUG�DXV� GHU�.ULHFKIXQNWLRQ� DXI� GHU� %DVLV� GHU�
*O���������JHZRQQHQ��
�
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0HVVXQJ�>�@ 7D]DZD *XWVFK 6DWR IFWP

7$ ���&

�
%LOG�������(LQIOXVV�GHU�.ULHFK��E]Z��5HOD[DWLRQVIXQNWLRQ�DXI�GLH�=ZDQJVVSDQQXQJ�EHL�7$ ���&�

�
%HL� GHQ� GUHL� .ULHFKDQVlW]HQ� HQWVWHKHQ� LQ� GHU� (UZlUPXQJVSKDVH� JHULQJI�JLJH� 8QWHU�
VFKLHGH�LQ�GHQ�'UXFNVSDQQXQJHQ��=XP�=HLWSXQNW�YRQ�W ��K�ZXUGHQ�'UXFNVSDQQXQJHQ�
YRQ�σ ������1�PP²�QDFK�GHQ�$QVlW]HQ�YRQ�7D]DZD�>��@�XQG�*XWVFK�>��@�IHVWJHVWHOOW��
'LHVH�VLQG�HWZD�XP�∆σ �����1�PP²�JU|�HU�DOV�GLH�'UXFNVSDQQXQJHQ�PLW�GHP�$QVDW]�
QDFK�6DWR�>���@���
'HU� =HLWSXQNW� GHU� ]ZHLWHQ�1XOOVSDQQXQJVWHPSHUDWXU�ZLUG� GXUFK�GLH� GUHL�$QVlW]H� JXW�
HUIDVVW��%HL�GHQ�$QVlW]HQ�EHWUDJHQ�GLH�PD[LPDOHQ�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�=HLWSXQN�
WHQ�GHV�%HJLQQV�GHU�=XJVSDQQXQJHQ�GUHL�6WXQGHQ���
,P�%HUHLFK�GHU�=XJVSDQQXQJHQ�VLQG�GLH�$EZHLFKXQJHQ�JU|�HU�DOV�LP�'UXFNEHUHLFK��'LH�
=XJVSDQQXQJHQ� EHL� W ��K� EHWUDJHQ� σ ����1�PP² �7D]DZD�� XQG� σ ����� 1�PP²�
�*XWVFK���'DGXUFK�HQWVWHKHQ�PD[LPDOH�=XVSDQQXQJVXQWHUVFKLHGH��EHGLQJWH�GXUFK�GLH�
GUHL� $QVlW]H�� YRQ� ∆σ ����� 1�PP²�� %H]RJHQ� DXI� GHQ� $QVDW]� YRQ� 6DWR� EHWUlJW� GHU�
6SDQQXQJVXQWHUVFKLHG�GHU�EHLGHQ�$QVlW]H�∆σ �����1�PP²���
�
'LH�=XJVSDQQXQJHQ�HUUHLFKHQ� LQ�GHU�0HVVXQJ�GLH�=XJIHVWLJNHLW�YRQ�I - � .  �����1�PP²�
EHL� FD�� ��K��1DFK�GHU� %HUHFKQXQJ� HQWVWHKW� GHU�5LVV� LP�%HWRQ�EHL� HLQHU� =XJIHVWLJNHLW�
YRQ�I - � .  �����1�PP²� �*XWVFK���'LH�UHFKQHULVFKH�=XJIHVWLJNHLW�ZLUG�DXIJUXQG�GHU�=XJ�
VSDQQXQJVXQWHUVFKLHGH�EHL�W ��K�7D]DZD���XQG�W ��K��6DWR��HUUHLFKW���
�
'LH� � YHUZHQGHWHQ� .ULHFKDQVlW]H� ZXUGHQ� PLW� +LOIH� YRQ� 9HUVXFKHQ� PLW� HLQHP� %HODV�
WXQJVDOWHU�JU|�HU�DOV����6WXQGHQ�NDOLEULHUW��%HL�GHU�%HUHFKQXQJ�ZXUGH�LQ�GHQ�HUVWHQ����
6WXQGHQ�GHVZHJHQ� HLQH�%HJUHQ]XQJ�GHU�.ULHFKIXQNWLRQ� YRUJHQRPPHQ�� � %HLP�$QVDW]�
YRQ�7D]DZD�>��@�ZXUGH�]��%��GDV�%HODVWXQJVDOWHU�PLW�GHU�%HGLQJXQJ� ����I�W�I �� ���� ≥ �
NRQVWDQW�JHKDOWHQ��'LH�)HVWOHJXQJ�GLHVHV�$QIDQJV]XVWDQGHV��EW�JUR�HQ�(LQIOXVV�DXI�GLH�
'UXFNVSDQQXQJVHQWZLFNOXQJ�DXV�XQG�NDQQ�QXU�DXI�(UIDKUXQJVEDVLV�EHVWLPPW�ZHUGHQ�����
,P�QlFKVWHQ�$EVFKQLWW�ZLUG�XQWHUVXFKW��ZLH�GLH�GUHL�.ULHFKDQVlW]H�VLFK�EHL�XQWHUVFKLHGOL�
FKHQ�)ULVFKEHWRQWHPSHUDWXUHQ�XQG�%DXWHLOGLFNHQ�YHUKDOWHQ��

�
�



�������

��� � (LQIOXVV� GHU� XQWHUVFKLHGOLFKHQ� 7HPSHUDWXUJHVFKLFKWH� EHL� HLQGLPHQVLRQDOHQ�
%HWUDFKWXQJHQ�

����� � (LQIOXVV�GHU�bQGHUXQJ�GHU�$QIDQJVWHPSHUDWXUHQ�
�
'XUFK� 9HUZHQGXQJ� YRQ� %HWRQHQ� PLW� GHQ� $QIDQJVWHPSHUDWXUHQ� YRQ� 7$ ���&� XQG�
7$ ���&�NDQQ�GDV�.RQ]HSW�GHU�5HLIH]HLW�EHL�GHU�6SDQQXQJVEHUHFKQXQJ�EHXUWHLOW�ZHU�
GHQ���

%HL� GHP�%HWRQ�PLW� GHU�$QIDQJVWHPSHUDWXU� YRQ�7$ ���&� LVW� LQ� %LOG������ GLH�hEHUHLQ�
VWLPPXQJ�]ZLVFKHQ�5HFKQXQJ�XQG�0HVVXQJ��JXW���
=XP�=HLWSXQNW� YRQ� W ��K�ZXUGHQ�'UXFNVSDQQXQJHQ�YRQ�σ ������1�PP²� JHPHVVHQ��
'LH� %HUHFKQXQJ� HUJDE� 'XFNVSDQQXQJHQ� YRQ� σ ������ 1�PP²� �7D]DZD��� σ ������
1�PP² �6DWR� XQG σ ������ 1�PP²� �*XWVFK��� 'HU� PD[LPDOH� 'UXFNVSDQQXQJVXQWHU�
VFKLHG�]ZLVFKHQ�GHQ�$QVlW]HQ�EHWUXJ�GDPLW�∆σ �����1�PP².�
'LH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU�ZXUGH�UHFKQHULVFK�EHL�W ��K��7D]DZD��XQG�W ��K�
�*XWVFK��HUUHLFKW��'HU�]XJHK|ULJH�0HVVZHUW�EHWUXJ�W ��K���
'LH� 0HVVXQJ� GHU� =XJVSDQQXQJHQ� ]XP� =HLWSXQNW� YRQ� W ��K� HUJDE� HLQHQ�:HUW� YRQ��
σ �����1�PP²��%HL�GHU�%HUHFKQXQJ�ZXUGHQ�=XJVSDQQXQJHQ�YRQ�σ �����1�PP²��7D�
]DZD���σ �����1�PP² �6DWR� XQG σ �����1�PP²��*XWVFK��IHVWJHVWHOOW��'HU�PD[LPDOH�
=XJVSDQQXQJVXQWHUVFKLHG� ]ZLVFKHQ� GHQ� $QVlW]HQ� ODJ� EHL�∆σ ����� 1�PP². %H]RJHQ�
DXI�GHQ�$QVDW]�YRQ�6DWR�UHGX]LHUHQ�VLFK�GLHVH�8QWHUVFKLHGH�DXI�∆σ �����1�PP². 

�

����

����

����

����

���

���

���

���

� �� �� �� �� �� �� �� ��

=HLW�>K@

6S
DQ
Q
X
Q
J
�>
1
�P

P
² @

0HVVXQJ�>�@ 7D]DZD *XWVFK 6DWR
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�
%LOG�������6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHU�.ULHFKIXQNWLRQ��7$ ���&��

�
%HL�GHU�$QIDQJVWHPSHUDWXU� YRQ�7$ ���&� LQ�%LOG������ZDU�GLH�hEHUHLQVWLPPXQJ�]ZL�
VFKHQ�0HVVXQJ�XQG�5HFKQXQJ�ZHQLJHU�JXW���
,Q� GHU� (UZlUPXQJVSKDVH� ZXUGH� QDFK� ��� 6WXQGHQ� HLQH� 'UXFNVSDQQXQJ� YRQ� σ ������
1�PP²�JHPHVVHQ��'LH�UHFKQHULVFKH�'UXFNVSDQQXQJ�ZDU�PLW�σ ������1�PP²��7D]DZD���
σ ������1�PP² �6DWR� XQG σ ������1�PP²��*XWVFK��QLHGULJHU�DOV�EHL�GHU�0HVVXQJ��'HU�
PLQLPDOH� 6SDQQXQJVXQWHUVFKLHG� ]ZLVFKHQ� 5HFKQXQJ� XQG� 0HVVXQJ� EHWUXJ� GDPLW�
∆σ �����1�PP²��,Q�GHU�$QIDQJVSKDVH�ZXUGH�GLH�UHFKQHULVFKH�'UXFNVSDQQXQJ�]X�VWDUN�
UHOD[LHUW��
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'LH� EHUHFKQHWH� ]ZHLWH� 1XOOVSDQQXQJVWHPSHUDWXU� ZXUGH� EHL� W ����K� �7D]DZD�� XQG�
W ��K��*XWVFK��HUUHLFKW��%HL�GHU�0HVVXQJ�WUDW�GLHVH�]XP�=HLWSXQNW�W ��K�DXI���
,Q� GHU� $EN�KOXQJVSKDVH� ZXUGH� QDFK� ��� 6WXQGHQ� HLQH� =XJVSDQQXQJ� YRQ� σ ������
1�PP² JHPHVVHQ.� 'LH� ]XJHK|ULJHQ� EHUHFKQHWHQ� =XJVSDQQXQJHQ� EHWUXJHQ� σ �����
1�PP²��7D]DZD���σ �����1�PP² �6DWR� XQG σ �����1�PP²��*XWVFK���'LH�EHUHFKQHWHQ�
:HUWH�XQWHUVFKLHGHQ�VLFK�PD[LPDO�XP��∆σ �����1�PP². �
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7$ ���&

�
%LOG�������6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHU�.ULHFKIXQNWLRQ��7$ ���&��

�
8P�GLH�8UVDFKH�GHU�QLHGULJHQ�'UXFNVSDQQXQJHQ�QDFK�%LOG������]X�ILQGHQ��ZXUGHQ�VR�
ZRKO�GLH�0HVVZHUWH�DOV�DXFK�GLH�%HUHFKQXQJHQ�PLW�GHP�$QVDW]�QDFK�7D]DZD�>��@� LQ�
$EKlQJLJNHLW�GHU�5HLIH]HLW�DXI�%LOG������GDUJHVWHOOW���
�
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�
%LOG�������6SDQQXQJVHQWZLFNOXQJ�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW��

�
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$XV�GHQ�0HVVHUJHEQLVVHQ�NDQQ�DEJHOHVHQ�ZHUGHQ��GDVV�GDV�.RQ]HSW�GHU�5HLIH]HLW�EHL�
GHQ�$QIDQJVWHPSHUDWXUHQ� YRQ�7$ ���&�XQG�7$ ����&�J�OWLJ� LVW��'LHVHU� 6DFKYHUKDOW�
ZLUG�DXFK�EHL�GHP�%HUHFKQXQJVPRGHOO�ZLHGHUJHEHQ����
9HUJOLFKHQ� PLW� GHQ� $QIDQJVWHPSHUDWXUHQ� YRQ� 7$ ���&� XQG� 7$ � ���&� ZXUGHQ� YRQ�
3ODQQHUHU� >�@� EHL�7$ ���&�K|KHUH�'UXFNVSDQQXQJHQ�JHPHVVHQ��'DUDXV� HUJHEHQ� VLFK�
DXFK� QLHGULJHUH� =XJVSDQQXQJHQ� LQ� GHU� $EN�KOXQJVSKDVH�� 'LHVHU� 6DFKYHUKDOW� ZXUGH�
DXFK�EHL�GHQ�9HUVXFKHQ�YRQ�6FK|SSHO�>�@�IHVWJHVWHOOW��
'LH�K|KHUH�$QIDQJVWHPSHUDWXU��7$ ���&��I�KUW�]XU�VFKQHOOHUHQ�5HDNWLRQVJHVFKZLQGLJ�
NHLW�GHU�+\GUDWDWLRQ��(V�LVW�GHPHQWVSUHFKHQG�]X�YHUPXWHQ��GDVV�GDV�.ULHFKYHUKDOWHQ�EHL�
KRKHU�(UKlUWXQJVJHVFKZLQGLJNHLW�DQGHUV�YHUOlXIW�DOV�EHL�QLHGULJHU�*HVFKZLQGLJNHLW��'LH�
VHU� 9HUGDFKW� LVW� LP� 0RPHQW� VFKZHU� �EHUSU�IEDU�� GD� QXU� ZHQLJH� 0HVVXQJHQ� GHU�
=ZDQJVVSDQQXQJHQ� LQ� GHU� /LWHUDWXU� PLW� KRKHU� $QIDQJVWHPSHUDWXU� YRUKDQGHQ� VLQG��
:HLWHUKLQ�VLQG�GLH�PHLVWHQ�.ULHFKDQVlW]H�QXU�DE�HLQHP�%HODVWXQJVDOWHU�YRQ����K�NDOLE�
ULHUW��$Q�GLHVHU�6WHOOH�N|QQHQ�]XN�QIWLJH�)RUVFKXQJVDUEHLWHQ�DQJHVHW]W�ZHUGHQ��
�
�
����� � (LQIOXVV�GHU�bQGHUXQJ�GHU�%DXWHLOGLFNH�
�
,Q�GLHVHP�$EVFKQLWW�ZHUGHQ�GLH�GUHL�.ULHFKDQVlW]H�DXI�GLH�XQWHUVFKLHGOLFKH�7HPSHUDWXU�
JHVFKLFKWH�LP�%DXWHLO�XQWHUVXFKW��'XUFK�GLH�(UK|KXQJ�GHU�%DXWHLOGLFNH�YRQ�G ���P�ELV�
G �P�ZLUG�GLH�PD[LPDOH�7HPSHUDWXU�XP���.�HUK|KW�XQG�GHU�$EN�KOXQJVSUR]HVV�YHU�
ODQJVDPW��%LOG���������
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�
%LOG�������7HPSHUDWXUHQWZLFNOXQJ�EHL�XQWHUVFKLHGOLFKHQ�'LFNHQ�GHV�%DXWHLOV�>�@�

�
%HL� HLQHU�%DXWHLOGLFNH�YRQ�G ����P� ILQGHW� HLQH� VFKQHOOH�$EN�KOXQJ� VWDWW��'LH�%HUHFK�
QXQJVDQVlW]H�VLQG�JXW� LQ�GHU�/DJH��GHQ�6SDQQXQJV]XVWDQG�VRZRKO�DXI�'UXFN�ZLH�DXI�
=XJ�ZLHGHU]XJHEHQ��%LOG���������
,Q� GHU� (UZlUPXQJVSKDVH� LVW� QDFK� ��� 6WXQGHQ� HLQH� 'UXFNVSDQQXQJ� σ ������ 1�PP²�
JHPHVVHQ� ZRUGHQ�� 'LH� EHUHFKQHWHQ� 'UXFNVSDQQXQJHQ� ZDUHQ� ]X� GLHVHP� =HLWSXQNW�
JOHLFK�σ ������1�PP²��7D]DZD���σ ������1�PP² �6DWR� XQG σ ������1�PP²��*XWVFK���
'LH� PD[LPDOHQ� 6SDQQXQJVXQWHUVFKLHGH� LQ� GHU� %HUHFKQXQJ� EHWUXJHQ� GDPLW� ∆σ �����
1�PP². 
'LH� UHFKQHULVFKH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU� WUDW�EHL� W ��K� �7D]DZD��XQG� W ��K�
�*XWVFK��DXI��*HPHVVHQ�ZXUGH�HLQH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU�EHL�W ��K���



�������

,Q� GHU� $EN�KOXQJVSKDVH� ZXUGHQ� =XJVSDQQXQJHQ� ]XP� =HLWSXQNW� W ��K� YRQ� σ �����
1�PP²��7D]DZD���σ �����1�PP² �6DWR� XQG σ �����1�PP²� �*XWVFK��EHUHFKQHW��'LH�
PD[LPDOHQ� 6SDQQXQJVXQWHUVFKLHGH� ]ZLVFKHQ� GHQ� $QVlW]HQ� ODJHQ� KLHU� EHL� ∆σ �����
1�PP².�'LH�JHPHVVHQH�=XJVSDQQXQJ�EHWUXJ�σ �����1�PP². 
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G ����P

�
%LOG�������6SDQQXQJVHQWZLFNOXQJ�EHLP�0RGHOOEDXWHLO�PLW�HLQHU�'LFNH�YRQ�����P��7$ ���&��

�
%HL�GHP�GLFNHQ�%DXWHLO�ZHUGHQ�K|KHUH�'UXFNVSDQQXQJHQ�DXIJHEDXW�XQG�GLH�=XJVSDQ�
QXQJHQ�EHJLQQHQ�VLFK�VHKU�VSlW�]X�HQWZLFNHOQ��=XP�=HLWSXQNW�YRQ�W ��K�ZXUGH�HLQH�
'UXFNVSDQQXQJ� YRQ� σ ������ 1�PP² JHPHVVHQ�� $XV� GHU� %HUHFKQXQJ� HUJDEHQ� VLFK�
'UXFNVSDQQXQJHQ�YRQ�σ ������1�PP²��7D]DZD���σ ������1�PP² �6DWR� XQG σ ������
1�PP²��*XWVFK�����
'LH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU�ZXUGH�UHFKQHULVFK�]ZLVFKHQ�W ��K�7D]DZD��XQG�
W ��K��*XWVFK� HUUHLFKW��'HU�]XJHK|ULJH�0HVVZHUW�EHWUXJ�W ��K���
'LH� ODQJVDPH�$EN�KOXQJ�I�KUW�QDFK�����6WXQGHQ�]X�HLQHU�JHPHVVHQHQ�=XJVSDQQXQJ�
YRQ�σ �����1�PP²��'LH�EHUHFKQHWHQ�=XJVSDQQXQJHQ�EHWUXJHQ�σ �����1�PP²��7D]D�
ZD���σ �����1�PP² �6DWR� XQG σ �����1�PP²��*XWVFK����
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%LOG�������6SDQQXQJVHQWZLFNOXQJ�EHLP�0RGHOOEDXWHLO�PLW�HLQHU�'LFNH�YRQ�����P��7$ ���&��
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=XVDPPHQIDVVHQG�ZHUGHQ� GLH� JHPHVVHQHQ�'UXFNVSDQQXQJHQ� GXUFK� GLH� GUHL� $QVlW]H�
JXW�ZLHGHUJHJHEHQ��'LH�8QWHUVFKLHGH� ]ZLVFKHQ�GHQ�GUHL� EHUHFKQHWHQ�'UXFNVSDQQXQ�
JHQ�VLQG�PLQLPDO��'LH�%HJUHQ]XQJ�GHU�.ULHFKIXQNWLRQ�LQ�GHQ�HUVWHQ�7DJHQ�KDW�VLFK�EHL�
GHQ�1DFKUHFKQXQJHQ�GHU�JHPHVVHQHQ�'UXFNVSDQQXQJHQ�JXW�EHZlKUW���'LH�PHVVWHFKQL�
VFKH�8QWHUVXFKXQJ�GHV�.ULHFKHQV�LQ�GHQ�HUVWHQ����6WXQGHQ�EOHLEW�MHGRFK�HLQH�1RWZHQ�
GLJNHLW�I�U�]XN�QIWLJH�$UEHLWHQ��
�
,P�=XJEHUHLFK�VLQG�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�EHUHFKQHWHQ�6SDQQXQJHQ�JU|�HU�DOV�LP�
'UXFNEHUHLFK��'LH�6SDQQXQJVXQWHUVFKLHGH�QHKPHQ�PLW�IRUWVFKUHLWHQGHU�$EN�KOXQJ�]X��
9HUJOLFKHQ�PLW� GHQ�0HVVZHUWHQ�ZXUGHQ�PLW� GHP�$QVDW]� YRQ�*XWVFK� GLH� QLHGULJVWHQ��
PLW�GHP�$QVDW]�YRQ�7D]DZD�GLH�K|FKVWHQ�XQG�PLW�$QVDW]�YRQ�6DWR�GLH�PLWWOHUHQ�=XJ�
VSDQQXQJHQ� EHUHFKQHW�� $OV� )ROJH� GDUDXV�ZLUG� GLH� =XJIHVWLJNHLW� GHV� %HWRQV� ]X� XQWHU�
VFKLHGOLFKHQ�=HLWSXQNWHQ�HUUHLFKW��
'LH� 'LIIHUHQ]HQ� ]ZLVFKHQ� 0HVVXQJ� XQG� 5HFKQXQJ� N|QQHQ� DOV� DN]HSWDEHO� EHZHUWHW�
ZHUGHQ��VR�GDVV�GLH�9HULIL]LHUXQJ�GHV�%HUHFKQXQJVPRGHOOV�GDPLW�JHZlKUOHLVWHW�LVW��
�
�
���� 6SDQQXQJVYHUKDOWHQ�EHL�GUHLGLPHQVLRQDOHQ�%HWUDFKWXQJHQ�
�
8P�GDV�%HUHFKQXQJVPRGHOO�DXI�GDV�YHUDOOJHPHLQHUWH�6SDQQXQJVYHUKDOWHQ�YRQ�MXQJHP�
%HWRQ�LQIROJH�7HPSHUDWXU�]X�HUZHLWHUQ��ZLUG�HLQH�3ODWWH�PLW�GHU�'LFNH�G �P��%LOG�������
XQWHUVXFKW��'XUFK�GLH�GUHLGLPHQVLRQDOH�%HWUDFKWXQJ�LVW�HV�P|JOLFK�LQ�HLQHP�0RGHOO�GLH�
JHVDPWH� 6SDQQXQJ� DXV� GHQ�$QWHLOHQ� GHU� =ZDQJV�� XQG� (LJHQVSDQQXQJHQ� ]X� HUIDVVHQ�
�V�D��%LOG�������RKQH�GLHVH�6SDQQXQJVDQWHLOH�H[SOL]LW�]X�EHUHFKQHQ���
$OV�0DWHULDO�ZLUG�GHU�%HWRQ�%��QDFK�7DEHOOH�����YHUZHQGHW��%HL�GHU�7HPSHUDWXUIHOGEH�
UHFKQXQJ�ZXUGH�GHU�:lUPH�EHUJDQJ�]XP�(UGERGHQ� LQ�GHU�3ODWWHQXQWHUVHLWH�XQG�]XU�
$X�HQOXIW� LQ�GHQ��EULJHQ�3ODWWHQIOlFKHQ�DQJHQRPPHQ��%HL�GHU�6SDQQXQJVEHUHFKQXQJ�
ZXUGH�DP�XQWHUHQ�5DQG�YHUHLQIDFKHQG�HLQH�HODVWLVFKH�%HWWXQJ�DQJHQRPPHQ��'LH�7HP�
SHUDWXUHQ�XQG�6SDQQXQJHQ�ZHUGHQ�I�U�GLH�3ODWWHQPLWWH�DXVJHZHUWHW��
�

σx [N/mm²]

A = 0.80 … 1.13
B = 0.50 … 0.80
C = 0.00 … 0.50
D = -1.00 … 0.00
E = -1.73 …-1.00
t = 4 d

Temperatur [°C]
A = 55.0 … 56.5
B = 50.0 … 55.0
C = 40.0 … 50.0
D = 30.0 … 40.0
E = 25.8 … 30.0
t = 4d 

B
C D

A

BC

E

D
A

[m
]

2.
0

>P@
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E
�

%LOG�������7HPSHUDWXU��XQG�6SDQQXQJVYHUWHLOXQJ�]XP�=HLWSXQNW�W �G��

�
%HL�GHU�7HPSHUDWXUHQWZLFNOXQJ��%LOG�������ZLUG�GDV�0D[LPXP�YRQ�7 ���&�LP�.HUQ�GHV�
4XHUVFKQLWWHV� ]XP� =HLWSXQNW� W ��K� HUUHLFKW�� VR� GDVV� GLH� PD[LPDOH� (UZlUPXQJ�
∆7 � � �  ��.� EHWUlJW�� 'LHVHU� 7HPSHUDWXUXQWHUVFKLHG� �∆7 � � � �� LVW� HLQ�0D�� ]XU� %HXUWHLOXQJ�
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GHU� =ZDQJVVSDQQXQJHQ� �'UXFN�� LQ� GHU� (UZlUPXQJVSKDVH�� 'HU�:lUPHYHUOXVW� DQ� GHQ�
(UGERGHQ� LVW� GHPHQWVSUHFKHQG� JHULQJHU� DOV� DQ� GLH� $X�HQOXIW�� $P� REHUHQ� 5DQG�ZLUG�
HLQH�PD[LPDOH�(UZlUPXQJ�YRQ�∆7 � � �  ���&�XQG�DP�XQWHUHQ�5DQG�YRQ�∆7 � � �  ���&�HU�
UHLFKW�� %LV� ���� 6WXQGHQ� N�KOW� VLFK� GHU� .HUQ� XP� ∆7� � �  ��.�� GHU� XQWHUH� 5DQG� XP�
∆7 � � �  �.�XQG�GHU�REHUH�5DQG�XP�∆7 � � �  �.�DE��0LW�∆7 � � � �LVW�HLQH�%HXUWHLOXQJ�GHU�PD�
[LPDOHQ�=ZDQJVVSDQQXQJHQ��=XJ��LQ�GHU�$EN�KOXQJVSKDVH�P|JOLFK���
'LH�$EN�KOXQJ��EHU�GLH�3ODWWHQUlQGHU�I�KUWH�]X�HLQHP�7HPSHUDWXUXQWHUVFKLHG�]ZLVFKHQ�
.HUQ�XQG�REHUHP�3ODWWHQUDQG�YRQ�∆7 � �  ��.�XQG�]ZLVFKHQ�.HUQ�XQG�XQWHUHP�3ODWWHQ�
UDQG�YRQ�∆7 � �  �.��'LHVH�7HPSHUDWXUXQWHUVFKLHGH�ZHUGHQ�]XP�=HLWSXQNW�W ����K�DXI�
∆7 � �  ��.� �.HUQ�REHUHP�3ODWWHQUDQG��XQG�DXI�∆7 � �  �.� �.HUQ�XQWHUHU�3ODWWHQUDQG�� UH�
GX]LHUW��'HU�7HPSHUDWXUXQWHUVFKLHG�∆7 � � �HUODXEW�HLQH�%HXUWHLOXQJ�GHU�(LJHQVSDQQXQJHQ�
LP�4XHUVFKQLWW���
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�
%LOG�������6SDQQXQJHQ�LQ�GHU�3ODWWHQPLWWH��6\PPHWULH�$FKVH��

�
,P�.HUQ�HQWVWHKW�HLQH�$GGLWLRQ�GHU�=ZDQJV��XQG�(LJHQVSDQQXQJHQ��'DGXUFK�ZLUG�GLH�
]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU� VSlWHU� HUUHLFKW��'LH� 6SDQQXQJHQ� LP�.HUQ� GHV�4XHU�
VFKQLWWHV�HUUHLFKHQ�LQ�GHU�'UXFNSKDVH�GHQ�0D[LPDOZHUW�YRQ�σ ������1�PP² QDFK ���
6WXQGHQ��'HU�REHUH�5DQG�ZLUG�QDFK����6WXQGHQ�DXI�=XJ�EHDQVSUXFKW��'LH�6SDQQXQJHQ�
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ZHUGHQ� KDXSWVlFKOLFK� LP� .HUQ� YRQ� GHU�PD[LPDOHQ� (UZlUPXQJ�∆7 � � � � XQG� DP� REHUHQ�
5DQG�YRP�7HPSHUDWXUXQWHUVFKLHG�∆7 � � � EHHLQIOXVVW��'HU�$EEDX�GHU�'UXFNVSDQQXQJHQ�
ILQGHW� LP�.HUQ�VFKQHOOHU�DOV�DP�5DQG�VWDWW��GD�GHU�PD[LPDOH�7HPSHUDWXUXQWHUVFKLHG�LQ�
GHU�$EN�KOXQJVSKDVH�∆7 � � � � LP�.HUQ�JU|�HU� DOV� DP�5DQG� LVW��$X�HUGHP� ILQGHW� LQ� GHU�
$EN�KOXQJVSKDVH�GHV�%DXWHLOV�HLQH�(UK|KXQJ�YRQ�∆7� � � �XQG�HLQH�JOHLFK]HLWLJH�5HGX]LH�
UXQJ�GHV�7HPSHUDWXUXQWHUVFKLHGHV�]ZLVFKHQ�5DQG�XQG�.HUQ�∆7 � � �VWDWW��'DV�KDW�]XU�)RO�
JH��GDVV�DE�����6WXQGHQ�GLH�=XJVVSDQQXQJHQ�LP�.HUQ�JHULQJHU�DOV�LQ�GHQ�5lQGHUQ�GHV�
4XHUVFKQLWWV�VLQG��%LOG��������'DPLW�ZLUG�GLH�=XJIHVWLJNHLW�]XHUVW�LP��.HUQ�XQG�QLFKW�DP�
5DQG�GHV�4XHUVFKQLWWV�HUUHLFKW���
�
�
���� =XVDPPHQIDVVXQJ�
�
,Q� GLHVHP�$EVFKQLWW�ZXUGH� GLH� =ZDQJVVSDQQXQJ� EHL� $QQDKPH� HLQHV� YLVNRHODVWLVFKHQ�
0DWHULDOJHVHW]HV�EHUHFKQHW��'LH�%HUHFKQXQJHQ�ZXUGHQ�PLW�9HUVXFKHQ�DQ�0RGHOOEDX�
WHLOHQ�YHULIL]LHUW���
$XV�GHQ�%HUHFKQXQJHQ�ZXUGH�GHU�(LQIOXVV�GHU�(UKlUWXQJVIXQNWLRQ�DXI�GLH�6SDQQXQJV�
HQWZLFNOXQJ�EHXUWHLOW��0LW�+LOIH�GHU�(UKlUWXQJVIXQNWLRQ� VLQG�GLH�XQWHUVXFKWHQ�$QVlW]H�
I�U� GLH� 'UXFNIHVWLJNHLW�� GDV� (ODVWL]LWlWVPRGXO� XQG� GDV� .ULHFKHQ� JXW� LQ� GHU� /DJH�� GLH�
6SDQQXQJVHQWZLFNOXQJ�GHV�%HWRQV�ZLHGHU]XJHEHQ��'LH�9DULDWLRQ�GHV�(ODVWL]LWlWVPRGXOV�
GHV�1RUPDOEHWRQV�EHZLUNWH�HLQH�(UK|KXQJ�GHU�PD[LPDOHQ�'UXFN��E]Z��=XJVSDQQXQJHQ�
LP� %DXWHLO�� 'HU� =HLWSXQNW� GHU� ]ZHLWHQ� 1XOOVSDQQXQJVWHPSHUDWXU� EOLHE� DEHU� NRQVWDQW��
'HU� (LQIOXVV� GHU� %HWRQIHVWLJNHLW� GHV� 1RUPDOEHWRQV� DXI� GLH� =ZDQJVVSDQQXQJHQ� NDQQ�
�EHUZLHJHQG�DXI�GLHVH�:HLVH�HUIDVVW�ZHUGHQ��'LH�hEHUWUDJXQJ�GHU�XQWHUVXFKWHQ�$QVlW�
]H�DXI�DQGHUH�%HWRQ]XVDPPHQVHW]XQJHQ�LVW�DOVR�P|JOLFK��
'LH�bQGHUXQJ�GHU�HUVWHQ�XQG�]ZHLWHQ�1XOOVSDQQXQJVWHPSHUDWXU�ZLUG�GXUFK�GLH�7HPSH�
UDWXUJHVFKLFKWH�DQKDQG�GHU�5HLIH]HLW�E]Z��GHV�+\GUDWDWLRQVJUDGHV�HUIDVVW��6RZRKO�EHL�
bQGHUXQJ�GHU�)ULVFKEHWRQWHPSHUDWXU�DOV�DXFK�EHL�9DULDWLRQ�GHU�%DXWHLOGLFNH�ZXUGHQ�PLW�
GHP�.RQ]HSW�GHU�(UKlUWXQJVIXQNWLRQ�ZLUNOLFKNHLWVQDKH�=ZDQJVVSDQQXQJHQ�EHUHFKQHW��
'HU� IHKOHQGHQGH�=XVDPPHQKDQJ�]ZLVFKHQ�GHP�(ODVWL]LWlWVPRGXO�XQG�GHP�+\GUDWDWL�
RQVJUDG�LQ�GHQ�HUVWHQ�7DJHQ�I�KUW�QXU�]X�JHULQJI�JLJHQ�bQGHUXQJHQ�GHU�6SDQQXQJHQ�
LP�%DXWHLO��'LHVHU�(LQIOXVV�NDQQ�EHL�GHU�%HUHFKQXQJ�GHVZHJHQ�YHUQDFKOlVVLJW�ZHUGHQ��
'LH�$QIDQJVZHUWH�GHU�.ULHFK]DKO��EHQ�JUR�HQ�(LQIOXVV�DXI�GLH�4XDOLWlW�GHU�EHUHFKQHWHQ�
6SDQQXQJHQ�DXV��'HU�$XIEDX�GHU�'UXFNVSDQQXQJHQ� LQ�GHQ�HUVWHQ�]Z|OI�6WXQGHQ�ZDU�
I�U�GLH�JHVDPWH�6SDQQXQJVHQWZLFNOXQJ�HQWVFKHLGHQG��'LH�%HJUHQ]XQJ�GHU�.ULHFK]DKO�LQ�
GHQ� HUVWHQ� 7DJHQ� HUZLHV� VLFK� DOV� JHHLJQHWHV�0LWWHO�� XP� GLH� IHKOHQGHQ�0HVVGDWHQ� ]X�
NRPSHQVLHUHQ�XQG�GDPLW�GLH�=ZDQJVVSDQQXQJHQ�ZLUNOLFKNHLWVQDK�]X�EHUHFKQHQ���
�
'LH� 8QWHUVXFKXQJHQ� KDEHQ� JH]HLJW�� GDVV� QXU�PLW� HLQHP�0DWHULDOJHVHW]�� ZHOFKHV� GDV�
0DWHULDOJHGlFKWQLV� HUIDVVW�� ZLUNOLFKNHLWVQDKH� =ZDQJVVSDQQXQJHQ� LP� MXQJHQ� %HWRQ� ]X�
HUPLWWHOQ� VLQG�� 9HUHLQIDFKXQJHQ� PLW� GHP� HIIHNWLYHQ� (ODVWL]LWlWVPRGXO� I�KUHQ� ]XU��
hEHUVFKlW]XQJ� GHU� =ZDQJVVSDQQXQJHQ�� EHVRQGHUV� LQ� GHU� (UZlUPXQJVSKDVH�� ,Q� GHQ�
XQWHUVXFKWHQ�%HLVSLHOHQ�ZDU�GLH�PD[LPDOH�'UXFNVSDQQXQJ�XP�FD������JU|�HU��:LUG�
GDV� 6SDQQXQJVYHUKDOWHQ� LQ� GHU� $EN�KOXQJVSKDVH� EHL� $QQDKPH� JOHLFKHU� PD[LPDOHU�
'UXFNVSDQQXQJ�EHZHUWHW��GDQQ�ZHUGHQ�GLH�hEHUVFKlW]XQJHQ�GHU�=XJVSDQQXQJHQ� UH�
GX]LHUW����
'DV�0DWHULDOJHVHW]�ZXUGH�PLW� XQWHUVFKLHGOLFKHQ�$QVlW]HQ� GHU�0DWHULDONHQQZHUWH� GHV�
MXQJHQ�%HWRQV�DQJHZHQGHW�XQG�HLJQHW�VLFK�DXFK�]XU�(UIDVVXQJ�GHV�FKHPLVFKHQ�6FKZLQ�
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GHQV��'DV�.RQ]HSW�GHU�(UKlUWXQJVIXQNWLRQ�HUZLHV�VLFK�DOV�JHHLJQHWH�6WUDWHJLH�]XU�ZLUN�
OLFKNHLWVQDKHQ�6SDQQXQJVEHUHFKQXQJ�YRQ�MXQJHQ�%HWRQEDXWHLOHQ��
�
'XUFK�GLH�8QWHUVXFKXQJHQ�LP�GUHLGLPHQVLRQDOHQ�=XVWDQG�ZXUGH�GHU�(LQIOXVV�GHU�(LJHQ��
XQG�=ZDQJVVSDQQXQJHQ�LQIROJH�GHV�7HPSHUDWXUIHOGHV�LP�4XHUVFKQLWW�DXI�GLH�JHVDPWH�
6SDQQXQJVHQWZLFNOXQJ�HUIDVVW��,Q�GHU�(UZlUPXQJVSKDVH�GHV�%DXWHLOV�ZLUG�GLH�6SDQQXQJ�
VWDUN� YRQ� GHQ� 7HPSHUDWXUXQWHUVFKLHGHQ�∆7 � � � XQG�∆7 � � � EHHLQIOXVVW��'XUFK� GLH� (LJHQ�
VSDQQXQJHQ�ZHUGHQ�GLH�=ZDQJVVSDQQXQJHQ��'UXFN��LP�.HUQ�HUK|KW�XQG�DP�5DQG�UH�
GX]LHUW�� 'LH� ]ZHLWH� 1XOOVSDQQXQJVWHPSHUDWXU� LP� .HUQ� ZLUG� VSlWHU� HUUHLFKW� XQG� DP�
5DQGEHUHLFK�WUHWHQ�IU�K]HLWLJH�=XJVSDQQXQJHQ�DXI���
,Q�GHU�$EN�KOXQJVSKDVH�GHV�%DXWHLOV� ILQGHW�HLQH�JOHLFK]HLWLJH�(UK|KXQJ�YRQ�∆7 � � � �EHL�
JOHLFK]HLWLJHU�5HGXNWLRQ�YRQ�∆7 � � VWDWW�� �'DEHL�ZDU�GLH�PD[LPDOH�$EN�KOXQJ� LP�.HUQ�
∆7 � � � �K|KHU�DOV�DP�5DQG��VR�GDVV�GHU�'UXFNVSDQQXQJVDEEDX�LP�.HUQ�VFKQHOOHU�YHUOlXIW�
DOV�DP�5DQG��'DGXUFK�HQWVWHKHQ�K|KHUH�=XJVSDQQXQJHQ�LP�.HUQ�DOV�DP�5DQG��
'LH�ELVKHULJHQ�$XVI�KUHQ�KDEHQ�JH]HLJW��GDVV�GDV�%HUHFKQXQJVPRGHOO� LQ�GHU�/DJH� LVW��
GDV�GUHLGLPHQVLRQDOH�7HPSHUDWXU��XQG�6SDQQXQJVYHUKDOWHQ�GHV� MXQJHQ�%HWRQV�JXW� ]X�
HUIDVVHQ��
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�� =ZDQJVEHDQVSUXFKXQJ�DP�%HLVSLHO�HLQHV�+RFKRIHQIXQGDPHQWHV�
���� (LQOHLWXQJ��*HRPHWULH�XQG�5DQGEHGLQJXQJHQ�
�
$QKDQG�GHV�SUDNWLVFKHQ�$QZHQGXQJVIDOOHV�ZHUGHQ�GLH�$XVZLUNXQJHQ�GHU�%HWRQUH]HS�
WXU�XQG�GHU�(LQEDXWHFKQRORJLH�DXI�GLH�7HPSHUDWXU��XQG�6SDQQXQJVHQWZLFNOXQJ�XQWHU�
VXFKW��'DEHL�ZHUGHQ�GLH�0D�QDKPHQ� ]XU�0LQLPLHUXQJ�GHU� %HDQVSUXFKXQJ� LP�+RFK�
RIHQIXQGDPHQW�KLQVLFKWOLFK�LKUHU�(IIL]LHQ]�EHXUWHLOW���
�
'LH�*HRPHWULH�GHV�+RFKRIHQIXQGDPHQWHV�LVW�LQ�%LOG�����GDUJHVWHOOW��'LH�+HUVWHOOXQJ�GHV�
)XQGDPHQWHV� HUIROJW� LQ� HLQHP� *XVV�� %HL� GHU� 8QWHUVXFKXQJ� ZHUGHQ� ]XQlFKVW� GLH� =H�
PHQWPHQJH�XQG�¡DUW�EHL�GHU�%HWRQV]XVDPPHQVHW]XQJ�YDULLHUW��)�U�GHQ�%HWRQ�PLW�GHP�
+RFKRIHQ]HPHQW�ZLUG��EHL�$QQDKPH�HLQHU�$X�HQOXIWWHPSHUDWXU�YRQ����&� �XQG�:lU�
PH�EHUJDQJVNRHIIL]LHQWHQ� QDFK� 7DEHOOH� $����� GLH� )ULVFKEHWRQDQIDQJVWHPSHUDWXU� YRQ�
����&�DXI� ���&�XQG����&�YHUlQGHUW� VRZLH�GHU�%HWRQ�YRQ� LQQHQ�JHN�KOW�� ,P�ZHLWHUHQ�
6FKULWW�ZLUG�GLH�$XVZLUNXQJ�GHV�%HWRQLHUHQV�LQ�GHQ�0RQDWHQ�$SULO�XQG�-XOL�XQWHUVXFKW���
�
%HLP� )(0�0RGHOO� ZLUG� GLH� 'RSSHOV\PPHWULH� DXVJHQXW]W�� )�U� GLH� 7HPSHUDWXUIHOGEH�
UHFKQXQJ�ZXUGHQ�DOV�5DQGEHGLQJXQJ�LQ�GHU�6\PPHWULHDFKVH�DGLDEDWLVFKH�9HUKlOWQLVVH�
DQJHQRPPHQ�� ,Q� GHQ� �EULJHQ� )OlFKHQ� ZXUGH� HLQ� NRQYHNWLYHU� :lUPH�EHUJDQJ�
DQJHQRPPHQ���
%HL�GHU�6SDQQXQJVEHUHFKQXQJ�ZLUG�GDV�+RFKRIHQIXQGDPHQW��DP�XQWHUHQ�5DQG�YHUHLQ�
IDFKHQG�HODVWLVFK�JHEHWWHW�JHODJHUW��
'LH�8QWHUVXFKXQJHQ�HUIROJHQ�I�U�GLH�%HWRQ]XVDPPHQVHW]XQJ�QDFK�7DEHOOH�����PLW�GHQ�
JHPHVVHQHQ� 'UXFNIHVWLJNHLWHQ� QDFK� 7DEHOOH� $����� 'LH� %HUHFKQXQJ� GHU� +\GUDWDWLRQV�
ZlUPHHQWZLFNOXQJ�HUIROJW�PLW�+LOIH�GHV�$QVDW]HV�QDFK�-RQDVVRQ��%HL�GHQ�PHFKDQLVFKHQ�
0DWHULODNHQQZHUWHQ�ZXUGHQ�$QVlW]H� I�U�GLH�'UXFNIHVWLJNHLW�XQG�GHQ�(ODVWL]LWlWVPRGXO�
QDFK�%\IRUV��GLH�=XJIHVWLJNHLW�QDFK�*XWVFK�VRZLH�GDV�.ULHFKHQ�QDFK�6DWR�YHUZHQGHW�����
�
$XVJHZHUWHW�ZHUGHQ� LP�$EVFKQ�� ���� GLH� 7HPSHUDWXU�� XQG� 6SDQQXQJVHQWZLFNOXQJ� LP�
.HUQ��.��VRZLH�LP�XQWHUHQ��8��XQG�REHUHQ��2��5DQG�GHV�4XHUVFKQLWWHV��,P�$EVFKQ������
ZLUG�GHU�(LQIOXVV�GHU�7HPSHUDWXUJHVFKLFKWH�LP�4XHUVFKQLWW�EHXUWHLOW��$QKDQG�GHU�5HLIH�
]HLW�ZHUGHQ�GLH�8QWHUVFKLHGH�GHV�0DWHULDOV�LP�.HUQ�XQG�5DQG�GHV�4XHUVFKQLWWHV�EHL�GHU�
+\GUDWDWLRQVZlUPHHQWZLFNOXQJ��GHP�(ODVWL]LWlWVPRGXO� VRZLH�GHU� �'UXFN��XQG�=XJIHV�
WLJNHLW�XQWHUVXFKW��'LH�YROOVWlQGLJHQ�(UJHEQLVVH�DOOHU�%HUHFKQXQJVYDULDQWHQ�VLQG�LQ�GHQ�
$QODJHQ�$��ELV�$��GDUJHVWHOOW��
�
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���� (LQIOXVV�GHU�%HWRQ]XVDPPHQVHW]XQJ��(LQEDXWHFKQRORJLH�XQG�GHV�.OLPDV�
����� � (LQIOXVV�GHV�=HPHQWHV�
������� (LQIOXVV�GHU�bQGHUXQJ�GHU�=HPHQWPHQJH�
�
)�U� GLH�8QWHUVXFKXQJ�ZHUGHQ�GLH� %HWRQH�%�� �)$�%HWRQ�� XQG�%�� �3=�%HWRQ�� JHZlKOW��
'LH�=HPHQWPHQJH�GHV�3=�%HWRQV�YRQ�����NJ�P³ ZLUG�GXUFK�GLH�=XJDEH�YRQ����NJ�P³�
)OXJDVFKH� DXI� ���� NJ�P³� �)$�%HWRQ�� UHGX]LHUW�� 'LH� 7HPSHUDWXU�� XQG� 6SDQQXQJVHQW�
ZLFNOXQJ�LVW�LQ�%LOG�����GDUJHVWHOOW���
�
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�
%LOG������(LQIOXVV�GHU�=HPHQWPHQJH�DXI�7HPSHUDWXU��XQG�=ZDQJVVSDQQXQJVHQWZLFNOXQJ�

�
'XUFK� GLH� 'LFNH� GHV� %DXWHLOV� VLQG� KRKH� .HUQWHPSHUDWXUHQ� YRUKDQGHQ�� 'LH� PD[LPDOH�
7HPSHUDWXU� EHLP� 3=�%HWRQ� YRQ� 7 ���&�ZXUGH� EHLP� )$�%HWRQ� DXI� 7 ���&� JHVHQNW��
'DV� 7HPSHUDWXUPD[LPXP�ZXUGH� EHL� FD�� DFKW� 7DJHQ� HUUHLFKW�� 'HU� .HUQ� HUZlUPW� VLFK�
PD[LPDO�XP�∆7 � � �  ��.��3=�%HWRQ��XQG�∆7 � � �  ��.��)$�%HWRQ���1DFK�GHP�(UUHLFKHQ�GHU�
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PD[LPDOHQ�7HPSHUDWXU�N�KOW�VLFK�GHU�.HUQ�ELV�]XP�����7DJHQ�XP�∆7� � �  �.��3=�%HWRQ��
XQG�∆7 � � �  �.��)$�%HWRQ��DE���
'HU�XQWHUH�5DQG�HUZlUPW�VLFK�PD[LPDO�XP�∆7 � � �  ��.��3=�%HWRQ��XQG�∆7 � � �  ��.��)$�
%HWRQ���'LH�PD[LPDOH� 7HPSHUDWXU�ZXUGH� DXIJUXQG�GHU�:lUPHDEJDEH� ]XP�(UGERGHQ�
QDFK� GUHL� 7DJHQ� HUUHLFKW�� 'DQDFK� ILQGHW� HLQH� $EN�KOXQJ� ELV� ]XP� ���� 7DJHQ� YRQ�
∆7 � � �  �.��3=�%HWRQ��XQG�∆7 � � �  �.��)$�%HWRQ��VWDWW��'HU�REHUH�5DQG�]HLJW�IDVW�NHLQHQ�
(LQIOXVV�GXUFK�GLH�+HUDEVHW]XQJ�GHU�=HPHQWPHQJH��,Q�GHQ�EHLGHQ�%HWRQHQ�YHUOlXIW�GLH�
7HPSHUDWXU�LQ�GHU�$EN�KOXQJVSKDVH�QDKH]X�SDUDOOHO���
'LH�9HUWHLOXQJ�GHU�7HPSHUDWXU�QDFK�I�QI�7DJHQ�LVW�LQ�%LOG�����GDUJHVWHOOW��'HU�7HPSHUD�
WXUXQWHUVFKLHG�]ZLVFKHQ�.HUQ�XQG�REHUHP�5DQG�ZXUGH�YRQ�∆7 � �  ��.��3=�%HWRQ��DXI�
∆7 � �  ��.��)$�%HWRQ��JHVHQNW��$P�XQWHUHQ�5DQG�EHWUXJHQ�GLH�PD[LPDOHQ�7HPSHUDWXU�
XQWHUVFKLHGH�∆7 � �  ��.��3=�%HWRQ��XQG�∆7 � �  ��.��)$�%HWRQ����

σx [N/mm²]

A = 1.80  … 2.26
B = 1.00 … 1.80
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.36 … -2.00
t = 5 d

Temperatur [°C]
A = 59.0 … 61.0
B = 55.0 … 59.0
C = 45.0 … 55.0
D = 35.0 … 45.0
E = 27.1 … 35.0
t =5 d 

B
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E

D

A

B

C
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A
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�
%LOG������7HPSHUDWXU�XQG�6SDQQXQJ�σ � �QDFK�I�QI�7DJHQ��3=�%HWRQ��

�
'LH� 6SDQQXQJHQ� LQIROJH�7HPSHUDWXU� HUJHEHQ� VLFK�DXV�GHU�hEHUODJHUXQJ�GHU�=ZDQJV��
XQG�(LJHQVSDQQXQJHQ��V��%LOG�������'DGXUFK�ZLUG�GLH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU�
LP�.HUQ�]X�HLQHP�=HLWSXQNW�QDFK����7DJHQ�HUUHLFKW��'HU�HQWVSUHFKHQGH�7HPSHUDWXUXQ�
WHUVFKLHG� XQWHU� GHP� 7HPSHUDWXUPD[LPXP� LVW� GDPLW� K|KHU� DOV� ∆7 � � �  �.�� 'LH� 'UXFN�
VSDQQXQJHQ� LP�.HUQ� GHV�4XHUVFKQLWWHV� EHWUDJHQ� ]�%�� QDFK� I�QI� 7DJHQ� �%LOG� �����σ �
�����1�PP²��3=�%HWRQ��XQG�σ ������1�PP²��)$�%HWRQ���%LV�]XP�VLHEWHQ�7DJ�EOHLEHQ�
GLH�'XFNVSDQQXQJHQ�QDKH]X�NRQVWDQW��1DFK����7DJHQ�ZDUHQ�GLH�6SDQQXQJHQ�YRQ�σ �
�����1�PP²��3=�%HWRQ��XQG�σ ������1�PP²��)$�%HWRQ��LP�.HUQ�QLFKW�ZHLW�DXVHLQDQ�
GHU���
$P�XQWHUHQ�5DQG�ZXUGH�GLH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU�FD��∆7 � � �  �.�XQWHUKDOE�
GHU� PD[LPDOHQ� 7HPSHUDWXU� HUUHLFKW�� 'DV� ZHLVW� DXI� JHULQJI�JLJH� (LJHQVSDQQXQJHQ�
�'UXFN�� KLQ��1DFK����7DJHQ�ZXUGHQ�=XJVSDQQXQJHQ� YRQ�σ �����1�PP²� �3=�%HWRQ��
XQG�σ �����1�PP²��)$�%HWRQ��IHVWJHVWHOOW���
'HU�REHUH�5DQG�ZLHV��EHU�GHQ�%HWUDFKWXQJV]HLWUDXP�=XJVSDQQXQJHQ�DXI��ZHOFKH�JU|�
�HU�DOV�GLH�=XJIHVWLJNHLW�GHV�%HWRQV�ZDUHQ��'LH�PD[LPDOHQ�=XJVSDQQXQJHQ�YRQ�σ �����
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1�PP²��3=�%HWRQ��XQG�σ �����1�PP²��)$�%HWRQ��WUDWHQ�QDFK����7DJHQ�DXI��=X�GLHVHP�
=HLWSXQNW�ZLUG� GDV�0D[LPXP� YRQ�∆7 � � � HUUHLFKW��'LH�PD[LPDOH� =XJIHVWLJNHLW� QDFK� ���
7DJHQ�EHWUXJ�I � � �  �����1�PP²��3=�%HWRQ��XQG��I � � �  �����1�PP²��)$�%HWRQ���
�

�
������� (LQIOXVV�GHU�bQGHUXQJ�GHU�=HPHQWDUW�
�
'HU�(LQIOXVV�GHU�=HPHQWDUW�ZLUG�PLW�GHQ�%HWRQHQ�%���)$�%HWRQ��XQG��%���+2=�%HWRQ��
QDFK�7DEHOOH�����EHXUWHLOW��%HLP�+2=�%HWRQ�ZLUG�HQWJHJHQ�GHV�%HWRQV�%��LQ�GHU�7DEHOOH�
����HLQH�=HPHQWPHQJH�YRQ����NJ�P³�YHUZHQGHW���
�
%HL�GHU�7HPSHUDWXUHQWZLFNOXQJ� LP�JDQ]HQ�4XHUVFKQLWW�ZHLVW�GHU�)$�%HWRQ�K|KHUH�(U�
KlUWXQJVJHVFKZLQGLJNHLWHQ� LQ�GHU�$QIDQJVSKDVH�DXI�DOV�GHU�+2=�%HWRQ� �%LOG�������%LV�
]X��]ZHLWHQ�7DJHQ�VLQG�GLH�7HPSHUDWXUHQ�GHV�)$�%HWRQV�K|KHU�DOV�GLH�GHV�+2=�%HWRQV��
1DFK�]ZHL�7DJHQ�XQWHUVFKHLGHQ�VLFK�GLH�7HPSHUDWXUHQ�EHLGHU�%HWRQH�LP�.HUQ�XP�PD�
[LPDO�∆7 �.��'LH�PD[LPDOH�(UZlUPXQJ�GHV�.HUQV�EHWUXJ�∆7 � � �  ��.��+2=�%HWRQ��XQG��
∆7 � � �  ��.��)$�%HWRQ���%LV�]X�HLQHP�=HLWSXQNW�YRQ����7DJHQ�N�KOW�VLFK�GHU�.HUQ�EHLGHU�
%HWRQH�XP�FD��∆7� � �  �.�DE���
%HLP�+2=�%HWRQ�ZXUGH�GHU�XQWHUH�5DQG�QDFK�����7DJHQ�XP�∆7 � � �  ����.�PD[LPDO�HU�
ZlUPW�� 'HU� PD[LPDOH� 7HPSHUDWXUXQWHUVFKLHG� ]ZLVFKHQ� EHLGHQ� %HWRQHQ� DP� XQWHUHQ�
5DQG� �EHWUXJ�∆7 �.��'LH� HQWVSUHFKHQGH�$EN�KOXQJ�GHV�+2=�%HWRQV�EHWUXJ�ELV� ]XP�
����7DJH�∆7 � � �  �.��
'HU� PD[LPDOH� 7HPSHUDWXUXQWHUVFKLHG� ]ZLVFKHQ� .HUQ� XQG� REHUHP� 5DQG� EHWUXJ�
∆7 � �  ��.��+2=�%HWRQ��E]Z��∆7 � �  ��.��)$�%HWRQ��VRZLH�]ZLVFKHQ�.HUQ�XQG�XQWHUHP�
5DQG�∆7 � �  ��.��+2=�%HWRQ��E]Z��∆7 � �  ��.��)$�%HWRQ����
�
'LH�'UXFNVSDQQXQJHQ�LP�.HUQ�XQG�XQWHUHQ�4XHUVFKQLWWVUDQG�HQWZLFNHOQ�VLFK�VFKQHOOHU�
EHLP�)$�%HWRQ�XQG�ZHUGHQ�GXUFK�GDV�K|KHUH�5HOD[DWLRQVYHUP|JHQ�GHV�%HWRQV� LQ�GHU�
$QIDQJVSKDVH�VFKQHOOHU�DEJHEDXW��'LH�PD[LPDOHQ�'UXFNVSDQQXQJHQ�EHLP�+2=�%HWRQ�
YRQ�σ ������1�PP²�LP�.HUQ�XQG�σ ������1�PP² LP�XQWHUHQ�5DQG�ZHUGHQ�QDFK�VHFKV�
7DJHQ��E]Z������7DJHQ�HUUHLFKW��'LH�PD[LPDOHQ�'UXFNVSDQQXQJVXQWHUVFKLHGH�]ZLVFKHQ�
EHLGHQ� %HWRQHQ� EHWUXJHQ� ∆σ ���� 1�PP²� LP� .HUQ� XQG� ∆σ ���� 1�PP²� LP� XQWHUHQ�
4XHUVFKQLWWVUDQG��%HLP�+2=�%HWRQ�ZLUG�GLH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU�VSlWHU�DOV�
EHLP�)$�%HWRQ�HUUHLFKW��FD�����7DJH�VSlWHU�DP�XQWHUHQ�5DQG���'DGXUFK�ZXUGHQ�EHLP�
+2=�%HWRQ�QDFK����7DJHQ�QLHGULJHUH�=XJVSDQQXQJHQ�YRQ�σ �����1�PP²�DP�XQWHUHQ�
5DQG�XQG�K|KHUH�'UXFNVSDQQXQJHQ�LP�.HUQ�YRQ�σ ������1�PP²�IHVWJHVWHOOW����
�
$P�REHUHQ�5DQG�ZHUGHQ�QXU�=XJVSDQQXQJHQ�DXIJHEDXW��ZHOFKH�QDFK����7DJHQ�GXUFK�
GLH�$EQDKPH� YRQ�∆7 � �  JHULQJI�JLJ� DE]XIDOOHQ� EHJLQQHQ��'LHVH� ODJHQ� EHL� GHQ� EHLGHQ�
%HWRQHQ��EHU�GHQ�=XJIHVWLJNHLWHQ��'LH�PD[LPDOH�=XJVSDQQXQJ�GHV�+2=�%HWRQV�EHWUXJ�
σ ����� 1�PP�� 'LH� =XJVSDQQXQJHQ� EHLGHU� %HWRQH� XQWHUVFKHLGHQ� VLFK� PD[LPDO� XP�
∆σ ����1�PP². =XP�=HLWSXQNW�GHU�PD[LPDOHQ�=XJVSDQQXQJHQ�EHWUXJ�GLH�=XJIHVWLJ�
NHLW�GHV�+2=�%HWRQV�I � � �  ������1�PP²��
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+2=�%HWRQ�8 +2=�%HWRQ�. +2=�%HWRQ�2
)$�%HWRQ�8 )$�%HWRQ�. )$�%HWRQ�2

�
%LOG������(LQIOXVV�GHU�=HPHQWDUWHQ�DXI�GLH�7HPSHUDWXU��XQG�=ZDQJVVSDQQXQJVHQWZLFNOXQJ��

�
'LH�8QWHUVXFKXQJHQ� LQ� GHQ�QDFKIROJHQGHQ�$EVFKQLWWHQ�ZHUGHQ�PLW� GHP�+2=�%HWRQ�
GXUFKJHI�KUW�� 'XUFK� LKUH� )ULVFKEHWRQWHPSHUDWXUHQ� YRQ� 7$ ���&� ZLUG� DXFK� GLH� %H�
]HLFKQXQJ� ���&�%HWRQ� YHUZHQGHW�� %HL� GHU� %HXUWHLOXQJ� GHV� .OLPDV�ZLUG� DXIJUXQG� GHU�
NRQVWDQWHQ�$X�HQOXIWWHPSHUDWXU�YRQ�7D ���&�GLH�%H]HLFKQXQJ����&�%HWRQ�EHQXW]W��
�
�
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����� � (LQIOXVV�GHU�)ULVFKEHWRQWHPSHUDWXU�
������� )ULVFKEHWRQWHPSHUDWXU�YRQ����&�
�
'LH� )ULVFKEHWRQDQIDQJVWHPSHUDWXU�GHV�+2=�%HWRQV�YRQ�7$ ���&� ����&�%HWRQ��ZLUG�
GXUFK� GLH� .�KOXQJ� GHU� %HWRQDXVJDQJVVWRIIH� DXI� 7$ ���&� ����&�%HWRQ�� KHUDEJHVHW]W��
'XUFK�GLH�QLHGULJH�$QIDQJVWHPSHUDWXU�ZLUG�GLH�5HDNWLRQVJHVFKZLQGLJNHLW�GHU�+\GUDWD�
WLRQ� UHGX]LHUW�� 1DFK� ��� 6WXQGHQ� HQWVWDQG� HLQH� 7HPSHUDWXUGLIIHUHQ]� ]ZLVFKHQ� EHLGHQ�
%HWRQHQ�YRQ�FD��∆7 ��.��
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���&�%HWRQ�8 ���&�%HWRQ�. ���&�%HWRQ�2
���&�%HWRQ�8 ���&�%HWRQ�. ���&�%HWRQ�2

�
%LOG������(LQIOXVV�QLHGULJHU�)ULVFKEHWRQDQIDQJVWHPSHUDWXU�DXI�GLH�7HPSHUDWXU��XQG��

=ZDQJVVSDQQXQJVHQWZLFNOXQJ��

�
'LH� PD[LPDOH� 7HPSHUDWXU� GHV� ���&�%HWRQV� YRQ� 7 �����&� LP� .HUQ� ZXUGH� QDFK� ]HKQ�
7DJHQ�HUUHLFKW��%LOG�������'LHVH�7HPSHUDWXU�WUDW���7DJH�VSlWHU�DXI�XQG�ZDU�∆7 �.�QLHG�
ULJHU�DOV�EHLP����&�%HWRQ��'LH�PD[LPDOH�(UZlUPXQJ�ZDU�LQ�GHQ�EHLGHQ�%HWRQHQ�JOHLFK���
∆7 � � �  ��.���



��������

$P�XQWHUHQ�5DQG�ZDU�GLH�PD[LPDOH�7HPSHUDWXU�YRQ�7 �����&�GHV����&�%HWRQV�∆7 ��.�
JHULQJHU�DOV�EHLP����&�%HWRQ��'LHVH�7HPSHUDWXU�ZXUGH�QDFK�I�QI�7DJHQ�HUUHLFKW�XQG�
WUDW�GDPLW�]ZHL�7DJH�VSlWHU�DOV�EHLP����&�%HWRQ�DXI��1DFK����7DJHQ�IDQG�DP�XQWHUHQ�
5DQG� XQG� LP� .HUQ� HLQH� PD[LPDOH� $EN�KOXQJ� YRQ� ∆7 � � �  �.� ����&�%HWRQ�� E]Z��
∆7 � � �  �.�����&�%HWRQ��VWDWW���
'LH� REHUH�5DQGWHPSHUDWXU� EHLGHU� %HWRQH�ZDU� QDFK� VLHEHQ�7DJHQ� IDVW� DXI� GHPVHOEHQ�
1LYHDX��'XUFK�GLH�QLHGULJH�.HUQWHPSHUDWXU�EHLP����&�%HWRQ�HQWVWDQGHQ�JHULQJH�7HP�
SHUDWXUXQWHUVFKLHGH� ]ZLVFKHQ� .HUQ� XQG� REHUHP�5DQG� YRQ�∆7 � �  ��.� VRZLH� ]ZLVFKHQ�
.HUQ� XQG� XQWHUHP� 5DQG� YRQ� ∆7 � �  ��.�� 'HU� 8QWHUVFKLHG� ]XP� ���&�%HWRQ� EHWUXJ�
∆7 �.� �]ZLVFKHQ� .HUQ� XQG� REHUHQ� 5DQG�� XQG� ∆7 �.� �]ZLVFKHQ� .HUQ� XQG� XQWHUHP�
5DQG���
�
%HL�GHU�6SDQQXQJVHQWZLFNOXQJ�ZHUGHQ�EHLP����&�%HWRQ�GLH�'UXFNVSDQQXQJHQ�VFKQHO�
OHU�DXI��XQG�DEJHEDXW� �%LOG�������'LH�PD[LPDOHQ�'UXFNVSDQQXQJHQ� LP�.HUQ�YRQ� �σ �
�����1�PP²�ZDUHQ�EHL�EHLGHQ�%HWRQHQ� IDVW�JOHLFK��'LHVHU�:HUW� WUDW�EHLP����&�%HWRQ�
HLQHQ�7DJ� VSlWHU�DOV�EHLP����&�%HWRQ�DXI��$P�XQWHUHQ�5DQG�ZXUGH�GDV� VHOEH�6SDQ�
QXQJVQLYHDX� QDFK� GUHL� 7DJHQ� HUUHLFKW�� 'XUFK� GLH� JHULQJHUHQ� ∆7� � � �:HUWH� VLQG� EHLP�
���&�%HWRQ�QDFK����7DJHQ�QRFK�'UXFNVSDQQXQJHQ� YRQ�σ �����1�PP² LP�.HUQ�XQG�
σ �����1�PP² DP� XQWHUHQ� 5DQG� YRUKDQGHQ�� $OV� )ROJH� GDUDXV�ZLUG� GLH� ]ZHLWH�1XOO�
VSDQQXQJVWHPSHUDWXU�QDFK����7DJHQ�HUUHLFKW��
$P�REHUHQ�5DQG�VLQG�PD[LPDOH�=XJVSDQQXQJHQ�YRQ�σ �����1�PP² EHLP����&�%HWRQ�
YRUKDQGHQ��'LH�=XJVSDQQXQJHQ�ZDUHQ�WURW]�GHU�$EQDKPH�GHU�7HPSHUDWXUXQWHUVFKLHGH�
]ZLVFKHQ�.HUQ�XQG�5DQG�∆7 � � �K|KHU�DOV�GLH�=XJIHVWLJNHLW�GHV�%HWRQV���
�
�
������� +|KHUH�)ULVFKEHWRQWHPSHUDWXU�YRQ����&�
�
+|KHUH�)ULVFKEHWRQWHPSHUDWXUHQ�N|QQHQ�LQ�GHQ�6RPPHUPRQDWHQ�GXUFK�NOLPDEHGLQJWH�
(UZlUPXQJ� GHU� %HWRQDXVJDQJVVWRIIH� DXIWUHWHQ�� %HL� GHU� QDFKIROJHQGHQ� 8QWHUVXFKXQJ�
ZLUG�GLH�$QIDQJVWHPSHUDWXU�GHV�+2=�%HWRQV�YRQ�7$ ���&�����&�%HWRQ��DXI�7$ ���&��
����&�%HWRQ��HUK|KW��
�
'LH� K|KHUH� (UKlUWXQJVJHVFKZLQGLJNHLW� I�KUW� EHLP� ���&�%HWRQ� ]X� HLQHU� PD[LPDOHQ�
7HPSHUDWXU�LP�.HUQ�GHV�4XHUVFKQLWWHV�YRQ�7 �����&�QDFK�VLHEHQ�7DJHQ��%LOG�������$P�
XQWHUHQ� 5DQG� EHWUXJ� EHLP� ���&�%HWRQ� GLH� PD[LPDOH� 7HPSHUDWXU� QDFK� GUHL� 7DJHQ�
7 �����&��%LV�]XP�����7DJ�HQWVWDQG�HLQH�PD[LPDOH�$EN�KOXQJ�YRQ�∆7 � � �  ��.�LP�.HUQ�
XQG��∆7 � � �  ��.�DP�XQWHUHQ�5DQG��
'HU�PD[LPDOH�7HPSHUDWXUXQWHUVFKLHG�]ZLVFKHQ�.HUQ�XQG�REHUHP�5DQG�YRQ�∆7 � �  ��.�
VRZLH�.HUQ�XQG�XQWHUHP�5DQG�YRQ�∆7 � �  ��.�ZDUHQ�XP�∆7 �.�E]Z��∆7 �.�K|KHU�DOV�
EHLP����&�%HWRQ��'XUFK�GLH�$EN�KOXQJ�ELV�]XP�����7DJ�UHGX]LHUHQ�VLFK�GLH�7HPSHUD�
WXUXQWHUVFKLHGH�EHLP����&�%HWRQ�DXI��∆7 ��.�E]Z��∆7 ��.��
�
4XDOLWDWLY� HQWZLFNHOQ� VLFK� GLH� 'UXFNVSDQQXQJHQ� EHLP� ���&�%HWRQ� VFKQHOOHU� DOV� EHLP�
���&�%HWRQ� �%LOG� ������ 'LH� 'UXFNVSDQQXQJVPD[LPD� VRZRKO� LP� .HUQ� YRQ��
σ ������1�PP²�DOV�DXFK�DP�XQWHUHQ�5DQG�YRQ�σ ������1�PP²�KDEHQ�VLFK�JHJHQ�EHU�
GHP� ���&�%HWRQ� ZHQLJ� YHUlQGHUW�� 'HU� $EEDX� GHU� 'UXFNVSDQQXQJHQ� YHUOlXIW� DXFK�
EHLP� ���&�%HWRQ� DXIJUXQG� GHU� K|KHUHQ�∆7 � � � �:HUWH� VFKQHOOHU� DOV� EHLP� ���&�%HWRQ��
'HU�=XJVSDQQXQJVDXIEDX�EHJLQQW�EHLP����&�%HWRQ�DP�XQWHUHQ�5DQG�GHV�4XHUVFKQLW�



��������

WHV� HLQH� :RFKH� IU�KHU� DOV� EHLP� ���&�%HWRQ�� 1DFK� ��� 7DJHQ� ZHLVW� GHU� .HUQ� QRFK�
'UXFNVSDQQXQJHQ�YRQ�σ ������1�PP²�DXI��GLH�MHGRFK�XP�∆σ �����1�PP²�QLHGULJHU�
ZDUHQ� DOV� EHLP� ���&�%HWRQ��$P�XQWHUHQ�5DQG�ZXUGHQ� QDFK� ��� 7DJHQ� K|KHUH� =XJ�
VSDQQXQJHQ� YRQ� � σ ����� 1�PP²� ����&�%HWRQ�� IHVWJHVWHOOW�� 'LH� =XJIHVWLJNHLW� YRQ�
I � � �  �����1�PP²�ZXUGH�MHGRFK�QLFKW�HUUHLFKW���
$P� REHUHQ� 5DQG� EHWUXJ� GLH� PD[LPDOH� =XJVSDQQXQJ�σ ����� 1�PP² XQG�ZDU� VRPLW�
JU|�HU�DOV�GLH�=XJIHVWLJNHLW� 'LH�=XJUDQGVSDQQXQJHQ��ZDUHQ�XP�∆σ ����1�PP²�K|KHU�
DOV�EHLP����&�%HWRQ��
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�
%LOG������(LQIOXVV�KRKHU�)ULVFKEHWRQDQIDQJVWHPSHUDWXU�DXI�GLH�7HPSHUDWXU��XQG��

=ZDQJVVSDQQXQJVHQWZLFNOXQJ�

�
�
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����� (LQIOXVV�GHU�5RKULQQHQN�KOXQJ�
������� .�KOGDXHU�YRQ�I�QI�7DJHQ�
�
'XUFK� GLH� 5RKULQQHQN�KOXQJ� ZLUG� GLH� PD[LPDOH� %HWRQWHPSHUDWXU� GHV� +2=�%HWRQV�
�72.�%HWRQ�� LQ� DXVJHZlKOWHQ� 6WHOOHQ� GHV� 4XHUVFKQLWWHV� JHVHQNW�� 'HU� (UIROJ� GLHVHU�
0D�QDKPH� KlQJW� X�D�� YRQ� GHU� $QRUGQXQJ� GHU� .�KOVWHOOHQ� LP�4XHUVFKQLWW�� GHU� .�K�
OXQJVGDXHU��GHP�.�KOXQJVEHJLQQ�XQG�GHU�.�KOXQJVWHPSHUDWXU�DE��9RUXQWHUVXFKXQJHQ�
KDEHQ�HUJHEHQ��GDVV�HLQH�EHOLHELJH�$QRUGQXQJ�GHU�.�KOVWHOOHQ�]X�HLQHP�XQJ�QVWLJHQ�
6SDQQXQJVYHUKDOWHQ� LP� %DXWHLO� I�KUHQ� NDQQ�� )�U� GLH� KLHU� ]X� I�KUHQGH� 8QWHUVXFKXQJ�
ZXUGH�GLH�$QRUGQXQJ�GHU�.�KOVWHOOHQ�QDFK�%LOG������7HPSHUDWXUYHUWHLOXQJ��JHZlKOW��$OV�
.�KOXQJVEHJLQQ�ZXUGH�]XQlFKVW�GHU�HUVWH�7DJ�JHZlKOW�XQG�GHU�%HWRQ�ZXUGH�I�QI�7DJH�
JHN�KOW���G�.'�%HWRQ���'LH�.�KOXQJVWHPSHUDWXU�EHWUXJ�7. ���&���
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�
%LOG������(LQIOXVV�GHU�5RKULQQHQN�KOXQJ�DXI�GLH�7HPSHUDWXU��XQG�=ZDQJVVSDQQXQJVHQWZLFNOXQJ��

�
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'LH�PD[LPDOH�7HPSHUDWXU�HUUHLFKW�LP�.HUQ�HLQHQ�:HUW�YRQ�7 ���&�QDFK�����7DJHQ�XQG�
DP�XQWHUHQ�5DQG�YRQ�7 ���&�QDFK�����7DJHQ��%LOG�������'LHVH�0D[LPD�ZXUGHQ�GDPLW�
����7DJH�E]Z������7DJH�IU�KHU�HUUHLFKW�DOV�EHLP�%HWRQ�RKQH�.�KOXQJ��72.�%HWRQ����
'DQDFK�HQWVWHKW�HLQHQ�7HPSHUDWXUXQWHUVFKLHG�YRQ�∆7� � �  �.�ELV�(QGH�GHU�.�KOXQJ�DP�
XQWHUHQ�5DQG��'D�GLH�7HPSHUDWXU�QLFKW�JOHLFKPl�LJ��EHU�GHQ�4XHUVFKQLWW�JHVHQNW�ZLUG�
�%LOG�������ILQGHW�QDFK�GHU�.�KOXQJ�HLQH�1DFKHUZlUPXQJ�GHU�EHUHLWV�DEJHN�KOWHQ�6WHO�
OHQ� VWDWW�� 1DFK� GHU� .�KOXQJ�ZXUGH� HLQHQ� 7HPSHUDWXUXQWHUVFKLHG� YRQ�∆7 � �  ��.� ]ZL�
VFKHQ�.HUQ�XQG�REHUHQ�5DQG�HUUHLFKW��
�
%HLP�.�KOXQJVEHJLQQ�DE�GHP�HUVWHQ�7DJ�ZLUG�]XQlFKVW�GDV�(QWVWHKHQ�YRQ�'UXFNVSDQ�
QXQJHQ�LQ�GHQ�HUVWHQ�7DJHQ�]XJHODVVHQ��%LOG�������(V�ZXUGHQ�PD[LPDOH�'UXFNVSDQQXQ�
JHQ�YRQ�σ ������1�PP² LP�.HUQ�XQG�YRQ�σ ������1�PP²�DP�XQWHUHQ�5DQG�HUUHLFKW��
'LHVH�ZDUHQ�XP�∆σ ����1�PP²��.HUQ��XQG�XP�∆σ ��1�PP²�QLHGULJHU�DOV�EHLP�72.�
%HWRQ��'LH�9HUWHLOXQJ�GHU�6SDQQXQJ��EHU�GHQ�4XHUVFKQLWW�QDFK� I�QI�7DJHQ� LVW� LQ�%LOG�
����GDUJHVWHOOW���
'XUFK�GLH�.�KOXQJ�ZHUGHQ�GLH�'UXFNVSDQQXQJHQ�DEJHEDXW��'HP]XIROJH�ZHLVW�GHU�.HUQ��
DP�(QGH�GHU�.�KOXQJ�QRFK�HLQH�'UXFNVSDQQXQJ�YRQ�σ �����1�PP²�DXI��$P�XQWHUHQ�
5DQG� LVW� HLQH�=XJVSDQQXQJ� YRQ�σ �����1�PP²� YRUKDQGHQ�� GLH� QRFK�JHULQJHU� DOV� GLH�
=XJIHVWLJNHLW�YRQ�I � � �  �����1�PP² LVW.�'XUFK�GLH�1DFKHUZlUPXQJ�GHV�XQWHUHQ�5DQGHV�
ZHUGHQ�ZLHGHU�'UXFNVSDQQXQJHQ� DXIJHEDXW�� GLH� VSlWHU�ZLHGHUXP� DEJHEDXW�ZHUGHQ��
1DFK� ��� 7DJHQ� VLQG� LP� .HUQ� XQG� DP� XQWHUHQ� 5DQG� =XVSDQQXQJHQ� YRQ� FD�� σ ����
1�PP²�YRUKDQGHQ��
$P�REHUHQ�5DQG�ZXUGH�HLQH�PD[LPDOH�=XJVSDQQXQJ�YRQ�σ �����1�PP²� IHVWJHVWHOOW��
'LHVH�6SDQQXQJ� LVW�XP�∆σ ����1�PP²� QLHGULJHU� DOV�EHLP�72.�%HWRQ��'LH�$EQDKPH�
GHU� =XJVSDQQXQJHQ� LVW� DXI� GLH�5HGXNWLRQ�GHU�∆7 � � �:HUWH� ]XU�FN]XI�KUHQ��'XUFK�GLH�
.�KOXQJ�ODJHQ�GLH�=XJVSDQQXQJHQ�LP�4XHUVFKQLWW�ELV�]XP�����7DJ�XQWHUKDOE�GHU�=XJ�
IHVWLJNHLW�GHV�%HWRQV��'LHVH�9DULDQWH�GHU�.�KOXQJ�NDQQ�GDGXUFK�DOV�HIIL]LHQW�EHZHUWHW�
ZHUGHQ���

σx [N/mm²]

A = 1.00  … 1.30
B = 0.50 … 1.00
C = 0.00 … 0.50
D = -0.50 …0.00
E = -1.00 …-0.50
F = -1.80 … -1.00
t = 5 d

Temperatur [°C]
A = 50.0 … 60.2
B = 40.0 … 50.0
C = 30.0 … 40.0
D = 20.0 … 30.0
E = 13.0 … 20.0
t =5 d 
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%LOG������7HPSHUDWXU�XQG�6SDQQXQJ�σ � �QDFK�I�QI�7DJHQ�.�KOXQJ��W �G��
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������� bQGHUXQJ�GHU�.�KOGDXHU��
�
'LH�ELVKHULJHQ�%HWUDFKWXQJHQ�HUJDEHQ��GDVV�GLH�JHZlKOWH�.RPELQDWLRQ�]ZLVFKHQ�%HJLQQ�
XQG�'DXHU�GHU�.�KOXQJ�JHHLJQHW�ZDU��XP�GDV�%HDQVSUXFKXQJVQLYHDX�]X�UHGX]LHUHQ��$OV�
$OWHUQDWLYH�ZHUGHQ�GLH�$XVZLUNXQJHQ�GHU�'DXHU�GHU�.�KOXQJ�YRQ�GUHL� ��G�.'�%HWRQ���
XQG�VLHEHQ���G�.'�%HWRQ��7DJHQ�DXI�GLH�7HPSHUDWXU��XQG�6SDQQXQJVHQWZLFNOXQJ�XQ�
WHUVXFKW��'LH�ELVKHULJHQ�JHZlKOWHQ�.�KOXQJVVWHOOHQ�LP�4XHUVFKQLWW�VRZLH�GLH�.�KOWHP�
SHUDWXU�YRQ�7. ���&�ZXUGHQ�EHLEHKDOWHW���
�
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�G�.'�%HWRQ�8 �G�.'�%HWRQ�. �G�.'�%HWRQ�2
IFWP

�
%LOG������7HPSHUDWXU��XQG�6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHU�.�KOXQJVGDXHU��

YRQ�GUHL�DXI�VLHEHQ�7DJH�

�
'LH� 7HPSHUDWXUPD[LPD� LQ� EHLGHQ� %HUHFKQXQJVYDULDQWHQ� �%LOG� ����� ZXUGHQ� GXUFK� GLH�
bQGHUXQJ�GHU�.�KOGDXHU�QLFKW�EHHLQIOXVVW��1DFK�GHP�7HPSHUDWXUPD[LPXP�N�KOW� VLFK�
GDV�)XQGDPHQW�ELV�]XP�����7DJ�XP�∆7 � � �  �.���G�.'�%HWRQ��E]Z��∆7 � � �  ��.���G�.'�
%HWRQ��LP�.HUQ�XQG�∆7� � �  �.���G�.'�%HWRQ��E]Z��∆7 � � �  �.���G�.'�%HWRQ��DP�XQWHUHQ�



��������

5DQG� DE�� 1DFK� (QGH� GHU� .�KOXQJ� EOLHE� GLH� 7HPSHUDWXU� DP� XQWHUHQ� 5DQG� GXUFK� GLH�
1DFKHUZlUPXQJ�GHU�EHUHLWV�DEJHN�KOWHQ�6WHOOHQ�QDKH]X�NRQVWDQW��'HU�7HPSHUDWXUXQ�
WHUVFKLHG� ]ZLVFKHQ� .HUQ� XQG� REHUHP� 5DQG� ODJ� EHL� ∆7 � �  ��.� ��G�.'�%HWRQ�� XQG�
∆7 � �  ��.���G�.'�%HWRQ���
�
%HL�GHU�6SDQQXQJVHQWZLFNOXQJ�GHU�9DULDQWHQ�LQ�%LOG�����ZXUGHQ�DP�(QGH�GHU�.�KOXQJ�
]ZLVFKHQ�.HUQ�XQG�DP�XQWHUHQ�5DQG��6SDQQXQJVXQWHUVFKLHGH�YRQ�FD��σ ��1�PP² IHVW�
JHVWHOOW���%HVRQGHUV�GLH�=XJVSDQQXQJHQ�DP�XQWHUHQ�5DQG�GHV��G�.'�%HWRQV�JHEHQ�GHQ�
+LQZHLV� ]XU� %HJUHQ]XQJ� GHU�'DXHU� GHU� .�KOXQJ�� GD� GLH� =XJIHVWLJNHLW� GHV� %HWRQV� DP�
(QGH�GHU�.�KOXQJ�JHULQJI�JLJ��EHUVFKULWWHQ�ZXUGH��=ZLVFKHQ�GHP�VLHEWHQ�XQG�GHQ�����
7DJ�HQWVWDQGHQ�LP�.HUQ�XQG�DP�5DQG�EHLP��G�.'�%HWRQ�QXU�=XJVSDQQXQJHQ���
%HLP��G�.'�%HWRQ�ZDU�GHU�6SDQQXQJV]XVWDQG�DP�XQWHUHQ�5DQG�XQG�LP�.HUQ�GHV�4XHU�
VFKQLWWHV�J�QVWLJHU�DOV�EHLP��G�.'�%HWRQ��8QPLWWHOEDU�QDFK�GHU�.�KOXQJ�WUHWHQ�LQ�EHL�
GHQ�%HUHLFKHQ�QXU�'UXFNVSDQQXQJHQ�DXI��'HU�6SDQQXQJV]XVWDQG�YHUKlOW�VLFK�KLHU�ZLH�
EHLP��G�.'�%HWRQ��1DFK����7DJHQ�VLQG�EHLGH�%HUHLFKH�QDKH]X�VSDQQXQJVORV���
$P�REHUHQ�5DQG� ODJHQ�GLH�=XJVSDQQXQJHQ�EHLP��G�.'�%HWRQ�DP�(QGH�GHU�.�KOXQJ�
NXU]]HLWLJ� �EHU� GHU� =XJIHVWLJNHLW��0LW� ]XQHKPHQGHU�$EN�KOXQJ�ZXUGHQ�GLH� =XJVSDQ�
QXQJHQ�UHGX]LHUW��%HLP��G�.'�%HWRQ�ZDUHQ�GLH�=XJVSDQQXQJHQ�DXIJUXQG�GHU�QLHGULJHQ�
(LJHQVSDQQXQJHQ��=XJ��GXUFK�GLH�5HGXNWLRQ�YRQ�∆7 � � �XQWHUKDOE�GHU�=XJIHVWLJNHLW�GHV�
%HWRQV���
)�U� GLH� JHZlKOWH� $QRUGQXQJ� GHU� .�KOVWHOOH� LVW� HLQ� J�QVWLJHV� 6SDQQXQJVYHUKDOWHQ� ]X�
HUUHLFKHQ��ZHQQ� GLH�'DXHU� GHU� .�KOXQJ� REHUKDOE� YRQ� GUHL� 7DJHQ� XQG� XQWHUKDOE� YRQ�
VLHEHQ�7DJHQ�OLHJW��'DEHL�LVW�GLH�'DXHU�GHU�.�KOXQJ�VR�]X�ZlKOHQ��GDVV�ZlKUHQG�RGHU�
XQPLWWHOEDU� QDFK� GHU� .�KOXQJ� GLH� =XJVSDQQXQJ� QLFKW� GLH� =XJIHVWLJNHLW� GHV� %HWRQV��
�EHUVFKUHLWHW���
�
�
������� bQGHUXQJ�GHV�.�KOEHJLQQV��
�
%HL�$QQDKPH�HLQHU�.�KOXQJVGDXHU�YRQ� I�QI�7DJHQ���G�.'�%HWRQ��ZLUG�HLQ�.�KOXQJV�
EHJLQQ�YRQ�VHFKV�6WXQGHQ��IU�K]HLWLJH�.�KOXQJ��K�.%�%HWRQ��XQG�]ZHL�7DJHQ��VSlWHUH�
.�KOXQJ��G�.%�%HWRQ�� XQWHUVXFKW�� %HL� GHU� .�KOXQJ� DE� GHU� VHFKVWHQ� 6WXQGH� ZLUG� HLQ�
=HLWSXQNW�XQPLWWHOEDU�QDFK�GHU�HUVWHQ�1XOOVSDQQXQJVWHPSHUDWXU�JHZlKOW��
�
1DFK� %LOG� ����� HQWVWHKW� LQQHUKDOE� GHU� .�KOXQJVGDXHU� EHLP� �K�.%�%HWRQ� HUZDUWXQJV�
JHPl�� GLH� QLHGULJVWH� PD[LPDOH� 7HPSHUDWXU�� GD� KLHU� JHJHQ� GLH� KRKH� (UKlUWXQJVJH�
VFKZLQGLJNHLW� LQ� GHU� $QIDQJVSKDVH� JHVWHXHUW�ZLUG�� ,P� .HUQ� HUZlUPW� VLFK� GHU� �K�.%�
%HWRQ�XP�∆7 � � �  ��.�XQG�GHU��G�.%�%HWRQ�XP�∆7 � � �  ��.��'LH�(UZlUPXQJ�GHV�XQWHUHQ�
5DQGHV�EHWUlJW�∆7 � � �  ��.� ��K�.%�%HWRQ��XQG�∆7 � � �  ��.� ��G�.%�%HWRQ���%LV� (QGH�GHU�
.�KOXQJ� HQWVWHKW� HLQH� 7HPSHUDWXUGLIIHUHQ]� DP� XQWHUHQ� 5DQG� YRQ� ∆7 � � �  �.� ��K�.%�
%HWRQ��E]Z��∆7� � �  ��.���G�.%�%HWRQ���GHU�7HPSHUDWXUXQWHUVFKLHG�]ZLVFKHQ�.HUQ�XQG�
REHUHP�5DQG��EHWUlJW�I�U�EHLGH�%HWRQH�FD��∆7 � �  ��.���
�
%HLP��G�.%�%HWRQ�ZHUGHQ�QDFK�%LOG������LQ�GHU�$QIDQJVSKDVH�K|KHUH�'UXFNVSDQQXQ�
JHQ�DXIJHEDXW��'LH�PD[LPDOHQ�'UXFNVSDQQXQJHQ�EHLGHU�%HWRQH�XQWHUVFKHLGHQ�VLFK�LP�
.HUQ� XP� ∆σ ����� 1�PP²� XQG� LP� XQWHUHQ� 5DQG� XP� ∆σ ����� 1�PP².� $P� XQWHUHQ�
5DQG� ZHUGHQ� EHLP� �K�.%�%HWRQ� PHKU� 'UXFNVSDQQXQJHQ� DEJHEDXW� DOV� ]XYRU� DXIJH�
EDXW��*UXQG�GDI�U�LVW��GDVV�GLH�.�KOWHPSHUDWXU�YRQ�7. ���&�QLHGULJHU�DOV�GLH�)ULVFKEH�
WRQDQIDQJVWHPSHUDWXU�YRQ�7$ ���&�LVW��$X�HUGHP�LVW�GLH�5HOD[DWLRQ�GHU�6SDQQXQJHQ�



��������

LQ�GHU�$QIDQJVSKDVH�K|KHU�DOV�EHL�GHU� VSlWHUHQ�$EN�KOXQJVSKDVH��'XUFK�GLH�K|KHUHQ�
∆7 � � � �:HUWH��EHUVFKUHLWHQ�GLH�=XJVSDQQXQJHQ�DP�(QGH�GHU�.�KOXQJ�GLH�=XJIHVWLJNHLW�
GHV� %HWRQV�� 1DFK� GHU� .�KOXQJ� ZHUGHQ� GLHVH� =XJVSDQQXQJHQ� GXUFK� GLH� 1DFKHUZlU�
PXQJ�ZLHGHU� DEJHEDXW�� 'LH� HQWVWDQGHQHQ� XQJ�QVWLJHQ� =XJVSDQQXQJHQ� N|QQHQ� KLHU�
GXUFK�HLQ�YRU]HLWLJHV�%HHQGHQ�GHU�.�KOXQJ�YHUPLHGHQ�ZHUGHQ���
%HLP� �K�.%�%HWRQ�ZDU� GLH� PD[LPDOH� =XJVSDQQXQJ� YRQ�σ ����� 1�PP²� QDFK� VLHEHQ�
7DJHQ�DP�REHUHQ�5DQG�JHULQJI�JLJ�K|KHU�DOV�GLH�]XJHK|ULJH�=XJIHVWLJNHLW�YRQ�I � � �  �����
1�PP². *HULQJHUH� =XJVSDQQXQJHQ� N|QQHQ� KLHU� GXUFK� HLQH� DQGHUH� $QRUGQXQJ� GHU�
.�KOVWHOOHQ�HUUHLFKW�ZHUGHQ��
'DV� 6SDQQXQJVYHUKDOWHQ� LP� .HUQ� XQG� DP� XQWHUHQ� 5DQG� ]HLJW�� GDVV� HLQH� IU�K]HLWLJH�
.�KOXQJ�KRKH�=XJVSDQQXQJHQ�ZlKUHQG�GHU�.�KOXQJ�YHUPHLGHW���
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%LOG�������7HPSHUDWXU��XQG�6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHV�.�KOXQJVEHJLQQV��

YRQ�VHFKV�6WXQGHQ�DXI�]ZHL�7DJH�

�
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������ (LQIOXVV�GHV�.OLPDV�
������� %HWRQLHUHQ�LP�-XOL�
�
%HL�GHQ�YRUKHULJHQ�8QWHUVXFKXQJHQ�ZXUGHQ�YHUHLQIDFKHQGH�NRQVWDQWH�$X�HQOXIWWHP�
SHUDWXUHQ�YRQ�7D ���&�����&�%HWRQ��DOV�WKHUPLVFKH�5DQGEHGLQJXQJHQ�YHUZHQGHW��'D�
LQ�GHU�5HDOLWlW�YHUlQGHUOLFKH� WKHUPLVFKH�5DQGEHGLQJHQ�KHUUVFKHQ��ZLUG�DQJHQRPPHQ��
GDV� +RFKRIHQIXQGDPHQW� DP� ��-XOL� LQ� 2VWGHXWVFKODQG� ]X� EHWRQLHUHQ� �-XOL�%HWRQ��� 'DV�
.OLPD�ZLUG�GXUFK�GLH�LGHHOOH�$X�HQOXIWWHPSHUDWXU�HUIDVVW���'LH�ELVKHULJH�DQJHQRPPHQH�
%RGHQWHPSHUDWXU�YRQ�7% ���&�ZLUG�GXUFK�HLQH�MDKUHV]HLWDEKlQJLJH�%RGHQWHPSHUDWXU�
HUVHW]W��%LOG�$������'HU�0LWWHOZHUW�GHU�%RGHQWHPSHUDWXU�I�U�-XOL�ODJ�EHL�7% �����&��'LH�
$X�HQOXIWWHPSHUDWXU�ZLUG�3HW]ROG��7DEHOOH�$�������HUIDVVW��
�
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���&�%HWRQ�8 ���&�%HWRQ�. ���&�%HWRQ�2
-XOL�%HWRQ�8 -XOL�%HWRQ�. -XOL�%HWRQ�2
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�
%LOG��������(LQIOXVV�YRQ�ZDUPHU��8PJHEXQJVWHPSHUDWXU�DXI��

7HPSHUDWXU��XQG�=ZDQJVVSDQQXQJVHQWZLFNOXQJ��

�



��������

%HL�GHU�7HPSHUDWXUHQWZLFNOXQJ�QDFK�%LOG������HUJHEHQ�VLFK�]ZLVFKHQ�EHLGHQ�%HWRQHQ�LP�
.HUQ� XQG� DP� XQWHUHQ� 5DQG� GHV�4XHUVFKQLWWHV� NDXP�8QWHUVFKLHGH�� 'LH� 8QWHUVFKLHGH�
ODJHQ�XQWHU�∆7 ���.���'LH�$XVZLUNXQJ�GHV�.OLPDV�PDFKW�VLFK�QXU�DP�REHUHQ�5DQGEH�
UHLFK�EHPHUNEDU��'LH�KRKHQ�7HPSHUDWXUHQ�GHV�-XOL�%HWRQV�DP�REHUHQ�5DQG�EHU�FNVLFK�
WLJHQ�GLH�$QWHLOH�DXV�6WUDKOXQJ�XQG�.RQYHNWLRQ��'LH�PD[LPDOHQ�5DQGWHPSHUDWXUHQ�GHV�
-XOL�%HWRQV�OLHJHQ�EHL�FD��∆7 ��.�XQG�GLH�PLQLPDOHQ�5DQGWHPSHUDWXUHQ�FD��∆7 �.��EHU�
GHUMHQLJHQ�GHV����&�%HWRQV���
'LH� 7HPSHUDWXUXQWHUVFKLHGH� ]ZLVFKHQ� .HUQ� XQG� REHUHP� 5DQG� VFKZDQNHQ� EHLP� -XOL�
%HWRQ�LP�%HUHLFK�∆7 � �  ��.�WDJV�EHU�XQG�∆7 � �  ��.�QDFKWV�EHU��'DGXUFK�LVW�GLH�PLWWOH�
UH�7HPSHUDWXU�LP�4XHUVFKQLWW�EHLP�-XOL�%HWRQ�K|KHU�DOV�EHLP����&�%HWRQ��������
�
'LH�6SDQQXQJVHQWZLFNOXQJ�QDFK�%LOG������ZLUG�GXUFK�GLH�REHUH�5DQGWHPSHUDWXU�EHHLQ�
IOXVVW�� 'XUFK� GLH� %HU�FNVLFKWLJXQJ� GHV� 7DJHVJDQJV� GHU� LGHHOOHQ� $X�HQOXIWWHPSHUDWXU�
HQWVWHKW�DP�REHUHQ�5DQG�HLQH�$EN�KOXQJ���EHU�1DFKW��XQG�HLQH�(UZlUPXQJ���EHU�GHQ�
7DJ�� 'LH� 6SDQQXQJVVFKZDQNXQJ� ]ZLVFKHQ� 7DJ� XQG� 1DFKW� EHWUlJW� PD[LPDO� ∆σ ����
1�PP², ZREHL�GDV� 6SDQQXQJVPD[LPXP�QDFKWV� HUUHLFKW�ZLUG�� ,Q� MHGHP�=HLWLQNUHPHQW�
HQWVWHKHQ�WDJV�EHU�'UXFNVSDQQXQJHQ�XQG�QDFKWV�=XJVSDQQXQJHQ��'LHVH�6SDQQXQJHQ�
LP� DNWXHOOHQ� =HLWLQNUHPHQW� HUK|KHQ� E]Z�� UHGX]LHUHQ� GLH� JHVDPWHQ� YRUKDQGHQ� 6SDQ�
QXQJHQ�LP�%HWRQ��hEHU�GHQ�7DJ�ZDUHQ�=XJVSDQQXQJHQ�LPPHU�XP�FD��∆σ ����1�PP²�
QLHGULJHU�DOV�GLH�=XJIHVWLJNHLW�GHV�%HWRQV��hEHU�GLH�1DFKW�HUJDEHQ�VLFK�GHXWOLFK�K|KHU� 
=XJVSDQQXQJHQ�DOV�GLH�=XJIHVWLJNHLW�GHV�%HWRQV� �
$P�XQWHUHQ�5DQG� XQG� LP�.HUQ�ZDUHQ� GLH� 6SDQQXQJVDEZHLFKXQJHQ� ]ZLVFKHQ� EHLGHQ�
%HUHFKQXQJVYDULDQWHQ�PLQLPDO��
�
�
������� %HWRQLHUHQ�LP�$SULO�
�
%HLP�%HWRQLHUHQ�LP�$SULO��$SULO�%HWRQ��ZHUGHQ�GLH�$XVZLUNXQJHQ�NlOWHUHU�NOLPDWLVFKHU�
9HUKlOWQLVVH�XQWHUVXFKW��'HU�0LWWHOZHUW�GHU�%RGHQWHPSHUDWXU�I�U�$SULO�EHWUXJ�7% ��&�
�%LOG�$����������
�
'LH� N�KOHUH�8PJHEXQJVWHPSHUDWXU� LP�$SULO� I�KUW� ]X� QLHGULJHQ�7HPSHUDWXUHQ� DQ� GHQ�
EHLGHQ�5lQGHUQ�GHV�4XHUVFKQLWWHV��'LH�PLWWOHUH�7HPSHUDWXU��EHU�GHQ�4XHUVFKQLWW�OLHJW�
GHVZHJHQ�QLHGULJHU� DOV� EHLP� ���&�%HWRQ��$P�XQWHUHQ�5DQG�ZXUGH� EHLP�$SULO�%HWRQ�
HLQH� PD[LPDOH� 7HPSHUDWXU� YRQ� 7 ���&� EHUHFKQHW�� 1DFK� ��� 7DJHQ� HQWVWDQGHQ� ]ZL�
VFKHQ�EHLGHQ�%HWRQHQ�7HPSHUDWXUXQWHUVFKLHGH�ELV�]X�∆7 �.���
$P�REHUHQ��5DQG�VLQG�GLH�PLQLPDOHQ�7HPSHUDWXUHQ�EHLP�$SULO�%HWRQ�ELV�∆7 ��.�QLHG�
ULJHU�DOV�EHLP����&�%HWRQ��'XUFK�GLH�QLHGULJH�5DQGWHPSHUDWXU�ZXUGH�GHU�7HPSHUDWXU�
XQWHUVFKLHG�]ZLVFKHQ�.HUQ�XQG�5DQG�HUK|KW��$P�REHUHQ�5DQG�YHUlQGHUW�VLFK�QDFK�VLH�
EHQ� 7DJHQ� GLHVHU� 7HPSHUDWXUXQWHUVFKLHG� ]ZLVFKHQ� ∆7 � �  ��� .� �EHU� GHQ� 7DJ� XQG��
∆7 � �  ���.��EHU�GLH�1DFKW��
�
%HL� GHU� 6SDQQXQJVHQWZLFNOXQJ� EDXHQ� VLFK� LP� $SULO�%HWRQ� DP� XQWHUHQ� 5DQG� ZHQLJHU�
'UXFNVSDQQXQJHQ�� GLH� ]ZLVFKHQ� EHLGHQ� %HWRQHQ� XP�∆σ ����1�PP²� GLIIHULHUHQ�� DXI��
'HU�$EEDX�GHU�'UXFNVSDQQXQJHQ�YHUOlXIW�VFKQHOOHU�EHLP�$SULO�%HWRQ��VR�GDVV�QDFK����
7DJHQ� HLQH� =XJVSDQQXQJ� YRQ� σ ����� 1�PP²� HUUHLFKW� ZLUG�� 'LHVH� 6SDQQXQJ� ZDU�
∆σ ����1�PP²��K|KHU�DOV�EHLP����&�%HWRQ���
$P� REHUHQ� 5DQG� VLQG� GLH� 6SDQQXQJHQ� EHLP� $SULO�%HWRQ� �EHU� GHQ� 7DJ� ELV� ∆σ ����
1�PP²�QLHGULJHU�XQG��EHU�GLH�1DFKW�ELV�∆σ ����1�PP²�K|KHU�DOV�EHLP����&�%HWRQ���
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hEHU�GHQ�7DJ�VLQG�GLH�=XJVSDQQXQJHQ�EHVRQGHUV�ELV�]XP�����7DJ�QXU�JHULQJI�JLJ�QLHG�
ULJHU��∆σ �����1�PP²���DOV�GLH�=XJIHVWLJNHLW�GHV�%HWRQV��0LW�IRUWVFKUHLWHQGHP�7HPSH�
UDWXUDXVJOHLFK� ]ZLVFKHQ� %HWRQ� XQG� 8PJHEXQJ� ZHUGHQ� GLH� =XJVSDQQXQJHQ� DP� 7DJ�
UHGX]LHUW��hEHU�GLH�1DFKW�WULWW�JHQDX�GDV�*HJHQWHLO�HLQ���
�
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���&�%HWRQ�8 ���&�%HWRQ�. ���&�%HWRQ�2
$SULO�%HWRQ�8 $SULO�%HWRQ�. $SULO�%HWRQ�2
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���&�%HWRQ�8 ���&�%HWRQ�. ���&�%HWRQ�2
$SULO�%HWRQ�8 $SULO�%HWRQ�. $SULO�%HWRQ�2
IFWP

�
%LOG�������(LQIOXVV�YRQ�N�KOHUHU��8PJHEXQJVWHPSHUDWXU�DXI��

7HPSHUDWXU��XQG�=ZDQJVVSDQQXQJVHQWZLFNOXQJ�

�
 
�
�
�
�
�
�
�
�
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��� � %HXUWHLOXQJ�GHU�0DWHULDOIHOGHU���
����� � (LQOHLWXQJ���
�
'LH�(QWZLFNOXQJ�GHU�0DWHULDOHLJHQVFKDIWHQ�GHV�MXQJHQ�%HWRQV�ZLUG�GXUFK�GLH�7HPSHUD�
WXU�XQG�GLH�=HLW�JHSUlJW��'LH�0DWHULDOHLJHQVFKDIWHQ� VLQG�GDGXUFK�QLFKW� NRQVWDQW��EHU�
GHQ�4XHUVFKQLWW��$XV�GHQ�XQWHUVXFKWHQ�%HUHFKQXQJVEHLVSLHOHQ�ZLUG�DQKDQG�GHU�5HLIH�
]HLW�EHXUWHLOW��ZLH� VLFK�GLH�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ��GHU�(ODVWL]LWlWVPRGXO� VRZLH�
GLH�'UXFN��XQG�=XJIHVWLJNHLW�DP�5DQG�GHV�4XHUVFKQLWWV�PD[LPDO�JHJHQ�EHU�GHP�.HUQ�
YHUlQGHUQ��$QVFKOLH�HQGH�ZHUGHQ�GLHVH�(LQIO�VVH�DXI�GLH�7HPSHUDWXU��XQG�6SDQQXQJV�
HQWZLFNOXQJ�DP�5DQG�EHXUWHLOW���
�
'LH�bQGHUXQJ�GHU�5HLIH]HLW��EHU�GLH�4XHUVFKQLWWVK|KH�LVW�DP�%HLVSLHO�GHV�+2=�%HWRQ�LQ�
%LOG������GDUJHVWHOOW� �VLHKH�DXFK�$QODJH�$��ELV�$����'DEHL�YHUlQGHUW� VLFK�GLH�5HLIH]HLW�
VFKQHOOHU�LP�%HUHLFK�K|KHUHU�7HPSHUDWXUHQ��ZLH�]��%��LP�.HUQ��,Q�GHQ�REHUHQ�XQG�XQWH�
UHQ�5lQGHUQ�GHV�4XHUVFKQLWWV�HUIROJW�DXIJUXQG�QLHGULJHU�7HPSHUDWXUHQ�HLQH� ODQJVDPH�
(QWZLFNOXQJ�GHU�5HLIH]HLW��'HU�8QWHUVFKLHG�]ZLVFKHQ�GHU�5HLIH]HLW�LP�.HUQ�XQG�DP�5DQG�
QLPPW�PLW�]XQHKPHQGHU�(UKlUWXQJ�]X��'LHVHU�8QWHUVFKLHG�LVW�LP�%HUHLFK�]ZLVFKHQ�.HUQ�
XQG�REHUHQ�5DQG�DP�JU|�WHQ��'HVZHJHQ�ZHUGHQ�GLH�0DWHULDOIHOGHU�QXU�LQ�GLHVHP�%H�
UHLFK�DXVJHZHUWHW���
'LH�5HLIH]HLW�YRQ����7DJHQ�ZLUG�LP�.HUQ�GHV�4XHUVFKQLWWHV�EHUHLWV�QDFK�VLHEHQ�7DJHQ�
XQG�DP�REHUHQ�5DQG�QDFK� ���7DJHQ� � HUUHLFKW��'DV�EHGHXWHW��GDVV� LP�JDQ]HP�4XHU�
VFKQLWW�DE�GHP�����7DJ�HLQ�1RUPDOEHWRQ�XQG�QLFKW�PHKU�HLQ� MXQJHQ�%HWRQ�YRUKDQGHQ�
LVW�����
�
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�
%LOG�������5HLIH]HLW�EHLP�+2=�%HWRQ�

�
'DV�9HUKlOWQLV� ]ZLVFKHQ�GHU�5HLIH]HLW�DP�REHUHQ�5DQG�XQG� LP�.HUQ� ������� LVW�QDFK�
%LOG� ����� I�U� DOOH�XQWHUVXFKWHQ�9DULDQWHQ� LP�$EVFKQ�� ����GDUJHVWHOOW��'DI�U�ZXUGH�QXU�
GHU�=HLWEHUHLFK�GHV�MXQJHQ�%HWRQV�����7DJH��EHWUDFKWHW��,Q�GHQ�HUVWHQ�]ZHL�7DJHQ�LVW�GLH�
5HLIH]HLW� DP�REHUHQ�5DQG�EHL�GHU�%HUHFKQXQJVYDULDQWH�PLW� HLQHU� )ULVFKEHWRQDQIDQJV�
WHPSHUDWXU�YRQ�7$ ���&�����&�7$�%HWRQ��XP�����K|KHU�DOV�LP�.HUQ��%LV�]XP�����7DJH�
LVW�GLH�5HLIH]HLW�DP�5DQG�PD[LPDO�����XQG�PLQLPDO�����QLHGULJHU�DOV� LP�.HUQ���'HU�
0D[LPDOZHUW�ZXUGH�EHL�KRKHU�)ULVFKEHWRQDQIDQJVWHPSHUDWXU�YRQ�7$ ���&�����&�7$�
%HWRQ��XQG�GHU�0LQLPDOZHUW�QDFK�VLHEHQ�7DJHQ�,QQHQN�KOXQJ�GHV�%HWRQV�IHVWJHVWHOOW���
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3=�%HWRQ )$�%HWRQ +2=�%HWRQ
���&�7$�%HWRQ ���&�7$�%HWRQ �G�.'�%HWRQ
�G�.'�%HWRQ �G�.'�%HWRQ �K�.%�%HWRQ
�G�.%�%HWRQ -XOL�%HWRQ $SULO�%HWRQ

�
%LOG�������$EZHLFKXQJ�GHU�5HLIH]HLW�DP�REHUHQ�5DQG�JHJHQ�EHU�GHP�.HUQ��������

�
�
����� � +\GUDWDWLRQVZlUPHHQWZLFNOXQJ���
�
'LH� %HUHFKQXQJ� GHU� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ� LQ� $EKlQJLJNHLW� GHU� 5HLIH]HLW��
JHVWDWWHW�HLQH�EHVVHUH�$EELOGXQJ�GHV�WKHUPLVFKHQ�9HUKDOWHQV�GHV�MXQJHQ�%HWRQV��,Q�%LOG�
����� ZLUG� GHU� +2=�%HWRQ� YRQ� LQQHQ� DQ� DXVJHZlKOWHQ� 6WHOOHQ� GHV� 4XHUVFKQLWWHV� JH�
N�KOW��'DGXUFK�ZLUG� LP�.HUQ�GHV�4XHUVFKQLWWHV�GDV�0D[LPXP�GHU�:lUPHHQWZLFNOXQJ�
EHLP�+2=�%HWRQ�YRQ�T ����N-�P³K�LQ�HLQLJHQ�6WHOOHQ�ELV�DXI�T ����N-�P³K�UHGX]LHUW��
'LH� VXPPDULVFKH�:lUPHHQWZLFNOXQJ� LP�4XHUVFKQLWW�ZLUG� GDGXUFK� KHUDEJHVHW]W�� 'D�
GXUFK�HUIROJW�EHL�GHU�7HPSHUDWXUIHOGEHUHFKQXQJ�HLQH�5HGXNWLRQ�GHU�(LQZLUNXQJ��:lU�
PHHQWZLFNOXQJ��LP�4XHUVFKQLWW��

�

Wärmeentwicklung [kJ/m³h]
A = 590 … 604
B = 560 … 590
C = 540 … 560
D = 510 … 540
E = 480 … 510
F = 401 … 480

B

C
E

D

A

F

C

Wärmeentwicklung [kJ/m³h]
A = 605 … 609
B = 590 … 605
C = 570 … 590
D = 550 … 570
E = 519 … 550
t =2 d 

B
C

E

D

A

5 Tagen Innenkühlung

�
%LOG�������:lUPHHQWZLFNOXQJ�LP�4XHUVFKQLWW�EHL�5RKULQQHUN�KOXQJ�GHV�+2=�%HWRQV�



��������

'LH�:lUPHQWZLFNOXQJ�HQWODQJ�GHV�4XHUVFKQLWWV�LVW�DP�%HLVSLHO�GHV�+2=�%HWRQV�DXI�%LOG�
�����GDUJHVWHOOW��'HU�+DXSWWHLO�GHU�:lUPH�HQWZLFNHOW�VLFK�LQ�GHQ�HUVWHQ�YLHU�7DJHQ��$E�
GLHVHP�=HLWSXQNW�LVW�GLH�:lUPHHQWZLFNOXQJ�NOHLQHU�DOV�T ����N-�P³K���
,QQHUKDOE�GHV�4XHUVFKQLWWV�HQWVWHKW�HLQ�PD[LPDOHU�8QWHUVFKLHG�YRQ�T ����N-�P³K�]ZL�
VFKHQ�GHU�:lUPHHQWZLFNOXQJ�LP�.HUQ�XQG�DP�REHUHQ�5DQG��'LHVHU�:HUW�WUDW�QDFK�GHP�
0D[LPXP� GHU�:lUPHHQWZLFNOXQJ� QDFK� ��� 6WXQGHQ� DXI�� 1DFK� YLHU� 7DJHQ�ZDUHQ� GLH�
8QWHUVFKLHGH�NOHLQHU�DOV�T ��N-�P³K���
��
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�
%LOG�������:lUPHHQWZLFNOXQJ�EHLP�+2=�%HWRQ�
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3=�%HWRQ )$�%HWRQ +2=�%HWRQ
���&�7$�%HWRQ ���&�7$�%HWRQ �G�.'�%HWRQ
�G�.'�%HWRQ �G�.'�%HWRQ �K�.%�%HWRQ
�G�.%�%HWRQ -XOL�%HWRQ $SULO�%HWRQ

�
%LOG�������$EZHLFKXQJ�GHU�:lUPHHQWZLFNOXQJ�DP�REHUHQ�5DQG�JHJHQ�EHU�GHP�.HUQ��������

�
'DV�9HUKlOWQLV� ]ZLVFKHQ�GHU�:lUPHHQWZLFNOXQJ�DP�5DQG�XQG� LP�.HUQ� ������� LVW� LQ�
%LOG������GDUJHVWHOOW��,QQHUKDOE�GHV�HUVWHQ�7DJHV�LVW�GLH�:lUPHHQWZLFNOXQJ�LP�%HWRQ�EHL�
HLQHU�$QIDQJVWHPSHUDWXU�YRQ�7$ ���&�DP�5DQG�XP�����JU|�HU�DOV�LP�.HUQ��%HLP�%H�
WRQLHUHQ� LQ� $SULO� HQWVWDQG� LP� GLHVHP� =HLWUDXP� GLH� QLHGULJVWH�:lUPHHQWZLFNOXQJ� YRQ�
���DP�5DQG���



��������

1DFK�GUHL�7DJHQ�HQWVWHKW�LP�5DQGEHUHLFK�ELV�]X�����QLHGULJHUH�:lUPHHQWZLFNOXQJ�DOV�
LP� .HUQ�� 'HU� XQWHUH� XQG� REHUH� *UHQ]ZHUW� ZLUG� GXUFK� GLH� %HWRQH� PLW� QLHGULJHUHQ�
����&�7$�%HWRQ�� E]Z�� K|KHUHQ� ����&�7$�%HWRQ�� )ULVFKEHWRQWHPSHUDWXUHQ� JHELOGHW��
%HLP�%HWRQLHUHQ�LP�-XOL�XQG�$SULO�HQWVWHKW��EHGLQJW�GXUFK�GHQ�(LQIOXVV�GHU�7HPSHUDWXU�
DXI�GLH�*HVFKZLQGLJNHLWVIXQNWLRQ��HLQ�RV]LOOLHUHQGHU�9HUODXI�GHU�:lUPHHQWZLFNOXQJ�DP�
5DQG��
�
�
����� � (ODVWL]LWlWVPRGXO��'UXFN��XQG�=XJIHVWLJNHLW���
�
%HL�GHU�%HVWLPPXQJ�GHV�(ODVWL]LWlWVPRGXOV�VRZLH�GHU�)HVWLJNHLWHQ�ZLUG�GLH�5HLIH]HLW�PD�
[LPDO� DXI� ��� 7DJH� EHJUHQ]W�� =X� GLHVHP� =HLWSXQNW� QHKPHQ� GLH� (UKlUWXQJVIXQNWLRQHQ�
GHQ�:HUW���DQ�XQG� LP�4XHUVFKQLWW� ILQGHW�NHLQH�|UWOLFKH�9HUWHLOXQJ�GHU�0DWHULDOHLJHQ�
VFKDIWHQ��]�%��GHV��(ODVWL]LWlWVPRGXOV��PHKU�VWDWW��
$XI�%LOG������ZLUG�EHLVSLHOVZHLVH�GHU�(ODVWL]LWlWVPRGXO�QDFK���7DJHQ�EHL� ,QQHQN�KOXQJ�
GHV�+2=�%HWRQV�GDUJHVWHOOW��'HU�(ODVWL]LWlWVPRGXO�YRQ�( ������1�PP²� � LP�.HUQ�GHV�
+2=�%HWRQV�ZXUGH�ELV�DXI�( ������1�PP² KHUDEJHVHW]W��'XUFK�GLH�.�KOXQJ�ZLUG�GHU�
(ODVWL]LWlWVPRGXO� QLFKW� QXU� LQ� EHVWLPPWHQ� $EVFKQLWWHQ�� VRQGHUQ� DXFK� VXPPDULVFK� LP�
4XHUVFKQLWW�UHGX]LHUW��
�

E-Modul  [N/mm²]
A = 34200 … 34421
B = 33800 … 342
C = 33400 … 
D = 33000 … 
E = 32570 … 

00
33800
33400
33000

t = 5 d

C

D

A

E
AB

C

E-Modul [N/mm²]
A = 34300  … 34624
B = 34100 … 34300
C = 33700 … 34100
D = 33300 … 33700
E = 32877 … 33300
t = 5 d

B
C

E

A

D

5 Tagen Innenkühlung

�
%LOG�������(ODVWL]LWlWVPRGXO�LP�4XHUVFKQLWW�EHL�5RKULQQHUN�KOXQJ�GHV�+2=�%HWRQV�

�
'LH�(QWZLFNOXQJ�GHV�(ODVWL]LWlWVPRGXOV��EHU�GHQ�4XHUVFKQLWW� LVW�DP�%HLVSLHO�GHV�+2=�
%HWRQV�LQ�%LOG������GDUJHVWHOOW��)DVW�����GHV�(ODVWL]LWlWVPRGXOV�ZLUG�LQQHUKDOE�GHV�HUV�
WHQ�7DJHV�HQWZLFNHOW��'HU�hEHUJDQJ�]ZLVFKHQ�GHP�MXQJHQ�%HWRQ�XQG�1RUPDOEHWRQ�HU�
IROJW�]HLWOLFK�DQDORJ�GHU�5HLIH]HLW��1DFK�VLHEHQ�7DJHQ�ZXUGH�HLQ�PD[LPDOHU�8QWHUVFKLHG�
GHV�(ODVWL]LWlWVPRGXOV�YRQ�( �����1�PP²�]ZLVFKHQ�.HUQ�XQG�5DQG�IHVWJHVWHOOW���
'LH�SUR]HQWXDOH�$EZHLFKXQJ�GHV�(ODVWL]LWlWVPRGXOV�DP�5DQG�JHJHQ�EHU�GHP�.HUQ�LVW�LQ�
%LOG������GDUJHVWHOOW��,Q�GHQ�HUVWHQ����6WXQGHQ�HQWVWHKHQ�GLH�JU|�WHQ�8QWHUVFKLHGH�]ZL�
VFKHQ�GHP�(ODVWL]LWlWVPRGXO�LP�.HUQ�XQG�DP�5DQG��,Q�GLHVHP�=HLWEHUHLFK�LVW�EHL�K|KH�
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UHQ� 8PJHEXQJVWHPSHUDWXUHQ� �QLHGULJHU� )ULVFKEHWRQDQIDQJVWHPSHUDWXU� YRQ� 7$ ���&��
,QQHQN�KOXQJ�XQG�%HWRQLHUHQ� LP�-XOL��GHU�(ODVWL]LWlWVPRGXO�DP�5DQG�XP�����JU|�HU�
DOV� LP�.HUQ��%HL� YHUJOHLFKEDUHQ�QLHGULJHQ�8PJHEXQJVWHPSHUDWXUHQ�HQWVWHKW� HLQ�����
QLHGULJHUHU� (ODVWL]LWlWVPRGXO� DP�5DQG�� �1DFK�GHP�HUVWHQ�7DJ� LVW�GHU� (ODVWL]LWlWVPRGXO�
DP�5DQG����ELV����JHULQJHU�DOV�LP�.HUQ���
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�
%LOG�������=HLWOLFKH�(QWZLFNOXQJ�GHV�(ODVWL]LWlWVPRGXOV�EHLP�+2=�%HWRQ�

�
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3=�%HWRQ )$�%HWRQ +2=�%HWRQ
���&�7$�%HWRQ ���&�7$�%HWRQ �G�.'�%HWRQ
�G�.'�%HWRQ �G�.'�%HWRQ �K�.%�%HWRQ
�G�.%�%HWRQ -XOL�%HWRQ $SULO�%HWRQ

�
%LOG�������$EZHLFKXQJ�GHV�(ODVWL]LWlWVPRGXOV�DP�REHUHQ�5DQG�JHJHQ�EHU�GHP�.HUQ��������

�
%HL�GHQ�)HVWLJNHLWHQ�HQWVWHKW�GHUVHOEH�7UHQG�ZLH�EHLP��(ODVWL]LWlWVPRGXO��,Q�GHQ�HUVWHQ�
]ZHL�7DJHQ�LVW�QDFK�%LOG������GLH�'UXFNIHVWLJNHLW�DP�5DQG�XP�����NOHLQHU�E]Z��JU|�HU�
DOV�GHU�:HUW�LP�.HUQ��1DFK���7DJHQ�VLQG�EHL�DOOHQ�%HUHFKQXQJVYDULDQWHQ�GLH�'UXFNIHV�
WLJNHLWHQ�DP�5DQG�PD[LPDO���ELV�����NOHLQHU�DOV�LP�.HUQ��'LH�$XVZLUNXQJHQ�GHU�5HLIH�
]HLW�DXI�GLH�'UXFNIHVWLJNHLW�VLQG�HWZD�XP����K|KHU�DOV�DXI�GHQ�(ODVWL]LWlWVPRGXO��
�
'LH�$EZHLFKXQJHQ�GHU� =XJIHVWLJNHLW� DP�5DQG� �%LOG� ������ VLQG� LQ�GHQ� HUVWHQ� 6WXQGHQ�
VHKU�JUR���'LH�$EZHLFKXQJHQ�G�UIHQ�MHGRFK�QLFKW��EHUEHZHUWHW�ZHUGHQ��GD�GLH�DEVROX�
WHQ�:HUWH� GHU� =XJIHVWLJNHLW� LQ� GLHVHU� =HLWSHULRGH� VHKU� QLHGULJ� VLQG��1DFK� ]ZHL� 7DJHQ�
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VLQG�GLH�5DQG]XJIHVWLJNHLWHQ�ELV�]X����QLHGULJHU�DOV�LP�.HUQ��'DPLW�LVW�GLH�(UKlUWXQJ�LP�
%DXZHUN�HLQH�GHU�8UVDFKHQ�I�U�QLHGULJH�:HUWH�GHU�=XJIHVWLJNHLW�LQ�GHQ�5DQGEHUHLFKHQ���
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%LOG�������$EZHLFKXQJ�GHU�=XJIHVWLJNHLW�DP�REHUHQ�5DQG�JHJHQ�EHU�GHP�.HUQ��������

�
�
����� 7HPSHUDWXUHQ�XQG�6SDQQXQJHQ�DP�5DQG�GHV�%DXWHLOV�
�
'LH� $XVZLUNXQJHQ� GHU�0DWHULDOIHOGHU� DXI� GLH� 7HPSHUDWXU� XQG� 6SDQQXQJVHQWZLFNOXQJ�
DP�REHUHQ�5DQG�GHV�%DXWHLOV�ZHUGHQ�LQ�%LOG������EHXUWHLOW��'LHV�ZLUG�PLW�+LOIH�GHV����&�
%HWRQV�� ZHOFKHU� GLH� QLHGULJVWHQ� 0DWHULDONHQQZHUWH� DP� 5DQG� DXIZHLVW�� GXUFKJHI�KUW��
'LH�:lUPHHQWZLFNOXQJ�T�W���GHU�(ODVWL]LWlWVPRGXO�(�W��XQG�GLH�.ULHFK]DKO�ϕ�W�τ��LP�.HUQ�
ZXUGHQ�NRQVWDQW��EHU�GHQ�4XHUVFKQLWW�JHKDOWHQ��'DPLW�HQWVWHKHQ�K|KHUH�7HPSHUDWX�
UHQ�XQG� 6SDQQXQJHQ� DP�5DQG��'LH� %HUHFKQXQJ�PLW� GHQ�0DWHULDOIHOGHUQ� HUJDE� HLQHQ�
PD[LPDOHQ�7HPSHUDWXUXQWHUVFKLHG�YRQ�����.�XQG�HLQHQ�6SDQQXQJVXQWHUVFKLHG�YRQ�����
1�PP²�� 'DPLW� NDQQ� GHU� (LQIOXVV� GHU� 0DWHULDOIHOGHU� DXI� GLH� 7HPSHUDWXU�� XQG� 6SDQ�
QXQJVEHUHFKQXQJ�YHUQDFKOlVVLJW�ZHUGHQ��'LH�9HUZHQGXQJ�HLQHU�NRQVWDQWHQ�7HPSHUD�
WXU� LP� 4XHUVFKQLWW� ]XU� %HUHFKQXQJ� YRQ� :lUPHHQWZLFNOXQJ�� (ODVWL]LWlWVPRGXO� XQG�
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.ULHFK]DKO� LVW�DXVUHLFKHQG�XP�GLH�7HPSHUDWXUHQ�XQG�6SDQQXQJHQ� LP�%DXWHLO�ZLUNOLFK�
NHLWVQDKH�]X�HUIDVVHQ�������
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��� � =XVDPPHQIDVVXQJ�
�
%HL� GHQ� YRUJHI�KUWHQ� 0D�QDKPHQ� ]XU� 0LQLPLHUXQJ� GHU� %HDQVSUXFKXQJ� ZXUGH� ]X�
QlFKVW� (LQIOXVVQDKPH�DXI� GLH� 7HPSHUDWXU� LP�%DXWHLO� JH�EW��$QVFKOLH�HQG�ZXUGHQ�GLH�
$XVZLUNXQJHQ�GHU�7HPSHUDWXUXQWHUVFKLHGH�∆7 � � � � �LQ�GHU�(UZlUPXQJVSKDVH���∆7� � � � �LQ�
GHU�$EN�KOXQJVSKDVH�ELV����7DJH��XQG�∆7 � � ��]ZLVFKHQ�.HUQ�XQG�5DQG��DXI�GLH�6SDQ�
QXQJVHQWZLFNOXQJ� EHXUWHLOW�� ,P� .HUQ� XQG� DP� XQWHUHQ� 5DQG�ZHUGHQ� GLH� 6SDQQXQJHQ�
GXUFK�GHQ�$QWHLO�GHU�=ZDQJVVSDQQXQJHQ�GRPLQLHUW��'XUFK�GHQ�(LQIOXVV�GHU�(LJHQVSDQ�
QXQJHQ��'UXFN��ZLUG�GLH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU�VSlWHU�HUUHLFKW��'DV�HQWVWDQ�
GHQH� =XJVSDQQXQJVQLYHDX� LQ� GLHVHQ� %HUHLFKHQ� ZLUG� GDGXUFK� UHGX]LHUW�� $P� REHUHQ�
5DQG�ZHUGHQ�GLH�=XJVSDQQXQJHQ�KDXSWVlFKOLFK�GXUFK�GLH�(LJHQVSDQQXQJHQ��=XJ��EH�
HLQIOXVVW��������
�
'LH�bQGHUXQJ�GHU�%HWRQUH]HSWXU�GXUFK�9HUZHQGXQJ�HLQHU�QLHGULJHQ�=HPHQWPHQJH�XQG�
ODQJVDP�HUKlUWHQGHP�=HPHQW�I�KUW�]X�HLQHU�5HGXNWLRQ�GHU�PD[LPDOHQ�7HPSHUDWXU� LP�
.HUQ�XQG�DP�XQWHUHQ�5DQG��'LH�7HPSHUDWXU�DP�IUHLHQ�5DQG�EOHLEW�GDEHL�XQYHUlQGHUW���
'XUFK� GLH�+HUDEVHW]XQJ� GHV� 7HPSHUDWXUXQWHUVFKLHGHV�∆7 � � � � ZHUGHQ� QLHGULJHUH�PD[L�
PDOH�'UXFNVSDQQXQJHQ� LP�.HUQ�XQG�DP�XQWHUHQ�5DQG�HUUHLFKW��'LHVH�'UXFNVSDQQXQ�
JHQ�ZHUGHQ�DXIJUXQG�QLHGULJHP�7HPSHUDWXUXQWHUVFKLHG�∆7 � � � �VHKU�ODQJVDP�DEJHEDXW��
'DGXUFK�ZHUGHQ�LQ�GLHVHQ�%HUHLFKHQ�QLHGULJH�=XJVSDQQXQJHQ�HUUHLFKW��$P�IUHLHQ�5DQG�
HQWVWDQG�GXUFK�GLH�5HGX]LHUXQJ�GHV� 7HPSHUDWXUXQWHUVFKLHGHV�∆7 � � � HLQH� 6HQNXQJ�GHU�
PD[LPDOHQ� =XJVSDQQXQJHQ�� 7URW]GHP� ZDUHQ� GLH� =XJVSDQQXQJHQ� EHVRQGHUV� LQ� GHQ�
HUVWHQ�7DJHQ�K|KHU�DOV�GLH�=XJIHVWLJNHLW�GHV�%HWRQV��'LH�9HUZHQGXQJ�HLQHV�+RFKRIHQ�
]HPHQWHV�RGHU�HLQHV�3RUWODQG]HPHQWHV�PLW�QLHGULJHU�=HPHQWPHQJH�VWHOOHQ�YRQ�GHU�6HLWH�
GHU�%HWRQUH]HSWXU� HLQH�JXWH�$XVJDQJVODJH�GDU�� � XP�GLH�%HDQVSUXFKXQJ�EHL�PDVVLJHQ�
%DXWHLOHQ�]X�VHQNHQ��
�
'LH� 6HQNXQJ� GHU� )ULVFKEHWRQWHPSHUDWXU� EHLP�+RFKRIHQ]HPHQW� YHU]|JHUW� GLH� 5HDNWL�
RQVJHVFKZLQGLJNHLW� GHU� (UKlUWXQJ�XQG� I�KUW� ]X� HLQHU�$EQDKPH�GHV� 7HPSHUDWXUPD[L�
PXPV�LP�.HUQ�XQG�DP�XQWHUHQ�5DQG��$XFK�KLHU�EOHLEW�GLH�7HPSHUDWXU�DP�IUHLHQ�5DQG�
XQYHUlQGHUW��'LH�6HQNXQJ�GHU�)ULVFKEHWRQWHPSHUDWXU�UHGX]LHUW�LP�*HJHQVDW]�]XU�bQGH�
UXQJ�GHU�%HWRQUH]HSWXU��QLFKW�GHQ�%HWUDJ�GHU�=ZDQJVGUXFNVSDQQXQJ��GD�GHU�PD[LPDOH�
7HPSHUDWXUXQWHUVFKLHG�∆7 � � � �QLFKW�YHUlQGHUW�ZLUG��'LH�'UXFNVSDQQXQJHQ�LP�.HUQ�XQG�
DP�XQWHUHQ�5DQG�HQWZLFNHOQ�VLFK�ODQJVDPHU�EHL�QLHGULJHQ�)ULVFKEHWRQWHPSHUDWXUHQ�XQG�
ZHUGHQ�GXUFK�UHGX]LHUWHQ�7HPSHUDWXUXQWHUVFKLHG�∆7 � � � �VSlWHU�DEJHEDXW��$P�(QGH�GHV�
8QWHUVXFKXQJV]HLWUDXPV�VLQG�LQ�GLHVHQ�%HUHLFKHQ�NHLQH�=XJVSDQQXQJHQ�YRUKDQGHQ��$P�
IUHLHQ�5DQG�ZHUGHQ�GLH�=XJVSDQQXQJHQ�GXUFK�GLH�QLHGULJHQ�)ULVFKEHWRQWHPSHUDWXUHQ�
KHUDEJHVHW]W��GD�GHU�7HPSHUDWXUXQWHUVFKLHG�∆7 � � � UHGX]LHUW�ZXUGH��%HL�HLQHU�)ULVFKEH�
WRQWHPSHUDWXU�YRQ����&�ZDU�GLH�=XJVSDQQXQJ�QRFK�JU|�HU�DOV�GLH�=XJIHVWLJNHLW���
���
$OV�ZHLWHUH�0D�QDKPH�ZXUGH�GLH�5RKULQQHQN�KOXQJ�XQWHUVXFKW��(V�HQWVWDQG�HLQH�5H�
GXNWLRQ� GHU� PLWWOHUHQ� 7HPSHUDWXU� LP� 4XHUVFKQLWW� �∆7 � � � �� XQG� GHV� 7HPSHUDWXUXQWHU�
VFKLHGHV� ]ZLVFKHQ� .HUQ� XQG� IUHLHP� 5DQG�∆7 � � �� 'XUFK� GLH� JHHLJQHWH� $QRUGQXQJ� GHU�
.�KOVWHOOHQ� LVW� QDFK� (QGH� GHU� .�KOXQJ� HLQH�1DFKHUZlUPXQJ� GHU� EHUHLWV� DEJHN�KOWHQ�
6WHOOHQ� ]X� JHZlKUOHLVWHQ�� � VR� GDVV� HLQH� QDKH]X� NRQVWDQWH� 7HPSHUDWXU� LP�4XHUVFKQLWW�
KHUUVFKW��
'LH�(IIHNWLYLWlW�GHU�5RKULQQHQN�KOXQJ�LVW�VHKU�YRQ�GHP�%HJLQQ�XQG�GHU�'DXHU�GHU�.�K�
OXQJ�DEKlQJLJ��'LH�.�KOXQJ�LVW�DP�EHVWHQ�XQPLWWHOEDU�QDFK�GHU�HUVWHQ�1XOOVSDQQXQJV�
WHPSHUDWXU� ]X� EHJLQQHQ�� 'DPLW� VHW]W� GLH� $EN�KOXQJ� LP� 7HPSHUDWXUEHUHLFK� QDKH� GHU�
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)ULVFKEHWRQDQIDQJVWHPSHUDWXU�HLQ��:LUG�GLH�.�KOXQJ�VSlWHU�EHJRQQHQ��VR�P�VVHQ�HU�
K|KWH�.HUQWHPSHUDWXUHQ� LP�%DXWHLO� JHVHQNW�ZHUGHQ��'DGXUFK�HQWVWHKHQ�K|KHUH�=XJ�
VSDQQXQJHQ���EHVRQGHUV�DP�(QGH�GHU�.�KOXQJ��,VW�HLQH�IU�K]HLWLJH�.�KOXQJ�QLFKW�P|J�
OLFK��VR�ZXUGH�LQ�GHP�XQWHUVXFKWHQ�%HLVSLHO�GHU�.�KOXQJVEHJLQQ�QDFK�HLQHP�7DJ�QRFK�
DOV�HIIHNWLY�HLQJHVWXIW��'LH�=XJVSDQQXQJHQ�ODJHQ�KLHU�QRFK�XQWHUKDOE�GHU�=XJIHVWLJNHLW��
6SlWHUHQ�.�KOXQJVEHJLQQ�HUZLHVHQ�VLFK�DOV�XQJ�QVWLJ���
'LH�.�KOXQJVGDXHU�EHVWLPPW�GLH�=XJVSDQQXQJ�DP�(QGH�GHU�.�KOXQJ��%HL�N�U]HUHU�.�K�
OXQJVGDXHU��GUHL�7DJH��ZDUHQ�GLH�=XJVSDQQXQJHQ�DP�IUHLHQ�5DQG�JHULQJI�JLJ�K|KHU�DOV�
GLH�=XJIHVWLJNHLW��G�K��GLH�0D�QDKPH�KDW�LKUH�:LUNXQJ�QLFKW�HUUHLFKW��%HL�OlQJHUHU�.�K�
OXQJVGDXHU��VLHEHQ�7DJH��ZDUHQ�GLH�=XJVSDQQXQJHQ�LQ�GHU�1lKH�GHU�.�KOVWHOOHQ�K|KHU�
DOV�GLH�=XJIHVWLJNHLW��,P�GLHVHP�)DOO�LVW�GLH�.�KOXQJ�IU�K]HLWLJ�]X�EHHQGHQ���
$OV�.ULWHULXP�]XP�%HHQGHQ�GHU�.�KOXQJ�NDQQ�GDV�(UUHLFKHQ�GHU�=XJIHVWLJNHLW�GXUFK�GLH�
6SDQQXQJHQ�YHUZHQGHW�ZHUGHQ��'LHVHV�.ULWHULXP�ZXUGH�KLHU�EHL�HLQHU�.�KOXQJVGDXHU�
YRQ�I�QI�7DJHQ�HUI�OOW��'LH�(UJHEQLVVH�KDEHQ�JH]HLJW��GDVV�GLH�5RKULQQHQN�KOXQJ�DXI�
JUXQG� GHV� EUHLWHQ� 6SLHOUDXPV� �$QRUGQXQJ� GHU� .�KOVWHOOHQ�� .�KOXQJVGDXHU� XQG� .�K�
OXQJVEHJLQQ��HLQH�HIIHNWLYH�0D�QDKPH�]XU�0LQLPLHUXQJ�GHU�%HDQVSUXFKXQJ�LVW��
���
'XUFK�GDV�%HWRQLHUHQ�LQ�$EKlQJLJNHLW�GHV�.OLPDV�EOHLEHQ�GLH�7HPSHUDWXUHQ�XQG�6SDQ�
QXQJHQ�LP�.HUQ�GHV�4XHUVFKQLWWHV�XQYHUlQGHUW��%HL�ZDUPHQ�8PJHEXQJVWHPSHUDWXUHQ�
�-XOL��ZLUG�GLH�PLWWOHUH�%DXWHLOWHPSHUDWXU��∆7 � � � ��HUK|KW�XQG�GHU�7HPSHUDWXUXQWHUVFKLHG�
]ZLVFKHQ� .HUQ� XQG� 5DQG�∆7 � � � UHGX]LHUW�� '�K�� HV� ILQGHW� HLQH� 6WHLJHUXQJ� GHU� =ZDQJV�
VSDQQXQJ� EHL� JOHLFK]HLWLJHU� 5HGXNWLRQ� GHU� (LJHQVSDQQXQJ� VWDWW�� %HL� NlOWHUHQ� 8PJH�
EXQJVWHPSHUDWXUHQ��$SULO�� WULWW�JHQDX�GDV�*HJHQWHLO�HLQ��'LH�=ZDQJVVSDQQXQJHQ�VHQ�
NHQ�EHL�VWHLJHQGHQ�(LJHQVSDQQXQJHQ���
%HL�ZDUPHQ�8PJHEXQJVWHPSHUDWXUHQ� �-XOL�� HUJHEHQ� VLFK� LQ�GHU�3KDVH�GHU�PD[LPDOHQ�
7HPSHUDWXUXQWHUVFKLHGH�]ZLVFKHQ�.HUQ�XQG�5DQG��ELV����7DJH��UHODWLY�QLHGULJHUH�=XJ�
VSDQQXQJHQ�DP�IUHLHQ�5DQG�DOV�EHL�NlOWHUHQ�8PJHEXQJVWHPSHUDWXUHQ��$SULO���'LH�=XJ�
VSDQQXQJHQ�VLQG��EHU�GHQ�7DJ�GHXWOLFK�QLHGULJHU�DOV�GLH�=XJIHVWLJNHLW�GHV�%HWRQV��hEHU�
GLH�1DFKW� HQWVWHKHQ�5LVVH� DQ�GHU�%DXWHLOREHUIOlFKH��'LHVH�ZHUGHQ�DP�7DJ�GXUFK�GHQ�
$XIEDX�YRQ�5DQGGUXFNVSDQQXQJHQ�ZLHGHU�JHVFKORVVHQ���
7URW]�GHU�GHXWOLFKHQ�bQGHUXQJ�GHU�=ZDQJV��XQG�(LJHQVSDQQXQJHQ�GXUFK�GDV�%HWRQLH�
UHQ� XQWHU� ZDUPHQ� XQG� NlOWHUHQ� 8PJHEXQJVWHPSHUDWXUHQ� KDEHQ� VLFK� GLH� JHVDPWHQ�
5DQGVSDQQXQJHQ�MHGRFK�QXU�LQ�JHULQJHQ�0D�H�XQWHUVFKLHGHQ�����
�
'LH�8QWHUVXFKXQJHQ�PDFKHQ�GHXWOLFK��GDVV�HLQH�ZLUWVFKDIWOLFKH�XQG�HIIHNWLYH�0LQLPLH�
UXQJ�GHU�%HDQVSUXFKXQJ�LP�%DXWHLO�QXU�PLW�HLQHP�%�QGHO�YRQ�0D�QDKPHQ�]X�HU]LHOHQ�
LVW��'LH�5HGXNWLRQ�GHU�7HPSHUDWXU�XQG�GHU�6SDQQXQJHQ� LQ�GHP�XQWHUVXFKWHQ�%HLVSLHO�
]HLJW�HLQ�YRUKDQGHQHV�3RWHQWLDO��ZHOFKHV�EHL�GHU�3ODQXQJ�YRQ�%DXZHUNHQ�DXV]XVFK|S�
IHQ� LVW�� 'LHVHV� 3RWHQWLDO� NDQQ� QRFK� DXVJHGHKQW� ZHUGHQ�� ZHQQ� GLH� 0D�QDKPHQ� LP�
$EVFKQ������VXN]HVVLY�DQJHZHQGHW�ZHUGHQ��'DGXUFK�VLQG�]�%��5HGX]LHUXQJHQ�GHU�=XJ�
VSDQQXQJHQ�ELV�]X�����P|JOLFK���
�
$XV�GHQ�9DULDQWHQXQWHUVXFKXQJHQ�ZXUGHQ�(UNHQQWQLVVH��EHU�GLH�0DWHULDOIHOGHU�LP�MXQ�
JHQ�%HWRQ�JHZRQQHQ��'HU�hEHUJDQJ�]ZLVFKHQ�MXQJHP�%HWRQ�XQG�1RUPDOEHWRQ�LP�JH�
VDPWHQ�4XHUVFKQLWW� GDXHUW� FD�� HLQH�:RFKH��'LH� 5HLIH]HLW� DQ� GHQ�5lQGHUQ� HQWZLFNHOW�
VLFK�GHP]XIROJH� ODQJVDPHU�DOV� LP�.HUQ�GHV�4XHUVFKQLWWHV��1DFK�]ZHL�7DJHQ�8QWHUVX�
FKXQJV]HLWUDXP�ZDU�GLH�5HLIH]HLW�DP�5DQG�ELV�]X�����QLHGULJHU�DOV�LP�.HUQ���
'XUFK�GLH�9HUWHLOXQJ�GHU�5HLIH]HLW�LP�4XHUVFKQLWW�ZXUGH�EHL�GHQ�8QWHUVXFKXQJHQ�QDFK�
HLQHP�7DJ�HLQH�$EQDKPH�GHU�:lUPHHQWZLFNOXQJ�DP�5DQG�YRQ�PD[LPDO�����JHJHQ�
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�EHU�GHP�.HUQ� IHVWJHVWHOOW��%HL�GHQ�XQWHUVXFKWHQ�9DULDQWHQ�ZXUGH�GLH�7HPSHUDWXU� LP�
5DQGEHUHLFK� PD[LPDO� XP� ���� .� UHGX]LHUW�� 'LHVHU� (LQIOXVV� NDQQ� VRPLW� YHUQDFKOlVVLJW�
ZHUGHQ�����
�
'LH� 5HLIH]HLW� EHHLQIOXVVW� ZHLWHUKLQ� GLH� PHFKDQLVFKHQ� 0DWHULDONHQQZHUWH�� 1DFK� ]ZHL�
7DJHQ�ZXUGHQ� GLH� JU|�WHQ�8QWHUVFKLHGH� ]ZLVFKHQ� GHQ�0DWHULDONHQQZHUWHQ� DP�5DQG�
XQG�LP�.HUQ��EHL�GHU��'UXFNIHVWLJNHLW�ELV�]X�����IHVWJHVWHOOW��%HL�GHU�=XJIHVWLJNHLW�HU�
JDEHQ�VLFK�ELV�]X����XQG�EHLP��(ODVWL]LWlWVPRGXO�ELV�]X�����'LH�5HLKHQIROJH�GHU�SUR�
]HQWXDOHQ�$EZHLFKXQJ�HQWVSULFKW�GHU�]HLWOLFKHQ�(QWZLFNOXQJ�GHU�GUHL�.HQQZHUWH���
(V� OlVVW� VLFK�]XVDPPHQIDVVHQG�IHVWVWHOOHQ��GDVV�EHLP� MXQJHQ�%HWRQ�HLQH�$EQDKPH�GHU�
=XJIHVWLJNHLW��'UXFNIHVWLJNHLW�XQG�GHV�(ODVWL]LWlWVPRGXOV� LQ�GHQ�5DQGEHUHLFKHQ�GHU�%H�
WRQEDXWHLOH�LQIROJH�(UKlUWXQJ�HUIROJW��'LH�$EQDKPH�GHU�0DWHULDONHQQZHUWH�LVW�QLFKW�DXI�
6FKlGLJXQJ� RGHU� 6FKDOHQULVVH�� VRQGHUQ� QXU� DXI� GLH� (UKlUWXQJ� ]XU�FN]XI�KUHQ�� � 1DFK�
$EVFKOXVV�GHV�(UKlUWXQJVSUR]HVVHV��$QQDKPH�LQ�GLHVHU�$UEHLW��QDFK�HLQHU�5HLIH]HLW�YRQ�
��� 7DJHQ�� JOHLFKHQ� VLFK� GLH� 'LIIHUHQ]HQ� ]ZLVFKHQ� GHQ�0DWHULDONHQQZHUWHQ� DP� 5DQG�
XQG�LP�.HUQ�DXV��
�
'XUFK� +HUDEVHW]XQJ� GHU� 0DWHULDONHQQZHUWH� XQG� GHU� HLQZLUNHQGHQ� 7HPSHUDWXU� LP�
5DQGEHUHLFK�HQWVWHKW�HLQ�QLHGULJHUHV�6SDQQXQJVQLYHDX�LQ�GLHVHP�%HUHLFK��'LH�PD[LPDOH�
IHVWJHVWHOOWH�6SDQQXQJVUHGXNWLRQ�EHWUXJ�����1�PP²��'HU�(LQIOXVV�GHU�0DWHULDOIHOGHU�DXI�
GLH�6SDQQXQJVHQWZLFNOXQJ�NDQQ�VRPLW�YHUQDFKOlVVLJW�ZHUGHQ��
�
�
�
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�� =XVDPPHQIDVVXQJ�XQG�$XVEOLFN�
��� =XVDPPHQIDVVXQJ�
�
)�U�GHQ�MXQJHQ�%HWRQ�HUJDE�VLFK�DXV�GHP�6WDQG�GHU�)RUVFKXQJ�GLH�1RWZHQGLJNHLW��HLQH�
6WUDWHJLH�]XU�ZLUNOLFKNHLWVQDKHQ�%HUHFKQXQJ�GHU�=ZDQJVVSDQQXQJHQ�LQIROJH�7HPSHUD�
WXU�]X�HQWZLFNHOQ��'DEHL�ZXUGH�GHU�6FKZHUSXQNW�GHU�$UEHLW�EHL�GHU�7HPSHUDWXUIHOGEH�
UHFKQXQJ�DXI�GLH�%HVWLPPXQJ�GHU�+\GUDWDWLRQVZlUPH�XQG�EHL�GHU�6SDQQXQJVEHUHFK�
QXQJ�DXI�GLH�(UIDVVXQJ�GHU�0DWHULDONHQQZHUWH�VRZLH�GLH�)RUPXOLHUXQJ�GHV�0DWHULDOJH�
VHW]HV�I�U�GHQ�GUHLGLPHQVLRQDOHQ�=XVWDQG�JHVHW]W��$OV�*UXQGODJH�I�U�GLH�8QWHUVXFKXQ�
JHQ�ZXUGH�HLQ�QHXHU�3URJUDPPEDXVWHLQ�6<&2%�����HQWZLFNHOW��ZHOFKHU�DQ�GDV�)(0��
3URJUDPP�$16<6�JHNRSSHOW�LVW��'LH�%HUHFKQXQJVHUJHEQLVVH�ZXUGHQ�I�U�GLH�7HPSHUDWXU�
PLW�9HUVXFKHQ�LP�/DERU�XQG�LQ�VLWX�YHULIL]LHUW��I�U�GLH�6SDQQXQJ�ZXUGH�GLH�hEHUSU�IXQJ�
GHU�%HUHFKQXQJ�PLW�+LOIH�YRQ�9HUVXFKHQ�LP�/DERU�GXUFKJHI�KUW��'LH�YRUOLHJHQGH�$UEHLW�
OHLVWHW� HLQHQ� %HLWUDJ� ]XU� UHFKQHULVFKHQ� /|VXQJ� YRQ� WKHUPLVFKHQ� XQG� PHFKDQLVFKHQ�
3UREOHPHQ�GHV�MXQJHQ�%HWRQV��
�
$XV�GHU�7HPSHUDWXUIHOGEHUHFKQXQJ�ODVVHQ�VLFK�IROJHQGH�(UJHEQLVVH�UHV�PLHUHQ��
• 'LH�.HQQWQLV�GHU�+\GUDWDWLRQVZlUPH�GHV�=HPHQWHV�DXV� LVRWKHUPHQ�9HUVXFKHQ�ZDU�

DXVUHLFKHQG��XP�GLH�:lUPHHQWZLFNOXQJ�LP�%HWRQ�]X�HUIDVVHQ��9RUDXVVHW]XQJ�GDI�U�
LVW��GDVV�GLH�JHZlKOWH�5HLIHIXQNWLRQ�GDV�9HUKDOWHQ�GHV�]X�XQWHUVXFKHQGHQ�=HPHQWHV�
JXW�ZLHGHUJLEW��:HLWHUKLQ�ZDU�GHU�(LQIOXVV�GHU�Z�]�:HUWH�DXI�GLH�:lUPHHQWZLFN�
OXQJ� LQ�GHQ�HUVWHQ�GUHL�7DJHQ�YHUQDFKOlVVLJEDU�NOHLQ��(LQH�$EKlQJLJNHLW�GHU�'&$�
0HVVHUJHEQLVVH�YRQ�GHU�=HPHQWDUW�ZXUGH�LQ�GHQ�8QWHUVXFKXQJHQ�QLFKW�IHVWJHVWHOOW��
'LH� '&$�0HVVXQJHQ� DQ� =HPHQWOHLPSUREHQ� KDEHQ� VLFK� DOV� HLQIDFKH�� VFKQHOOHUH��
ZLUWVFKDIWOLFKH�XQG� DOWHUQDWLYH�0HVVYHUIDKUHQ� ]X� DGLDEDWLVFKHQ�0HVVXQJHQ� DQ�%H�
WRQSUREHQ�HUZLHVHQ���

• %HL�GHU�ZLUNOLFKNHLWVQDKHQ�%HUHFKQXQJ�GHU�+\GUDWDWLRQ�PLW�$QVlW]HQ� LQ�$EKlQJLJ�
NHLW�GHU�5HLIH]HLW�ZHUGHQ�PHKU�5HJUHVVLRQVSDUDPHWHU�EHQ|WLJW��MH�VFKQHOOHU�VLFK�GHU�
=HPHQW�HUKlUWHW��'LHV� LVW�PLW�HLQHP�VWHLJHQGHQ�PDWKHPDWLVFKHQ�$XIZDQG�YHUEXQ�
GHQ��'LH�HUK|KWHQ�5HJUHVVLRQVSDUDPHWHU�VHW]HQ�DEHU�0HVVXQJHQ�GHU�+\GUDWDWLRQ�LP�
XQWHUVXFKWHQ� =HLWUDXP� YRUDXV�� XP� JHHLJQHWH� (UJHEQLVVH� GHU� +\GUDWDWLRQVZlU�
PHHQWZLFNOXQJ�]X�EHUHFKQHQ��'LH�XQWHUVXFKWHQ�%HUHFKQXQJVPRGHOOH�GHU�+\GUDWDWL�
RQVZlUPH�VLQG�GDGXUFK�HQWVSUHFKHQG�GHU�%HWRQUH]HSWXU�DQZHQGEDU��
%HL�GHQ�%HUHFKQXQJVPRGHOOHQ�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV�ZDU�GLH�4XD�
OLWlW�GHU�(UJHEQLVVH�VWDUN�YRQ�GHU�(UIDVVXQJ�GHU�,QGXNWLRQVSHULRGH�DEKlQJLJ��+LHUI�U�
ZXUGHQ�9RUVFKOlJH�]XU�(UIDVVXQJ�GLHVHU�3HULRGH��JHPDFKW��

• 'LH� LGHHOOH� $X�HQOXIWWHPSHUDWXU� VWHOOW� HLQ� DXVJHUHLIWHV� %HUHFKQXQJVZHUN]HXJ� ]XU�
6LPXODWLRQ�GHU�7DJHVJlQJH�GHU�5DQGWHPSHUDWXU�LP�%DXWHLO�GDU��'LH�%HUHFKQXQJVDQ�
VlW]H�GHU�lX�HUHQ�:lUPH�ZXUGHQ�GXUFK�PHWHRURORJLVFKH�0HVVXQJHQ�DXV�GHU�/LWH�
UDWXU� YHULIL]LHUW�� %HL�.HQQWQLV�GHU�$X�HQOXIWWHPSHUDWXU� LVW� GDPLW�GLH� (UPLWWOXQJ�GHU�
LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�I�U�EHOLHELJH�JHRJUDSKLVFKH�6WDQGRUWH�P|JOLFK��
'LH�5DQGWHPSHUDWXUHQ�VFKZDQNHQ�PLW�$PSOLWXGHQ�ELV�]X���.�XQG�VLQG�EHL�GHU�%H�
UHFKQXQJ�]X�%HU�FNVLFKWLJHQ��'LH�YHUHLQIDFKWH�$QQDKPH�GHU�5DQGEHGLQJXQJHQ�PLW�
NRQVWDQWHU�8PJHEXQJVWHPSHUDWXU�NDQQ�LQ�%DXWHLOVHLWHQ��GLH�LQ�GHU�6FKDOXQJ�RGHU�LP�
6FKDWWHQ�OLHJHQ��DQJHZHQGHW�ZHUGHQ���

• %HL�GHU�(UIDVVXQJ�YRQ�7HPSHUDWXUIHOGHUQ�LP�MXQJHQ�%HWRQEDXWHLO�ZXUGH�QDFK�HLQHP�
7DJ HLQH� 5HGXNWLRQ� GHU� 5DQGWHPSHUDWXU� LP� 9HUJOHLFK� ]XU� .HUQWHPSHUDWXU� LQIROJH�
GHU�(UKlUWXQJ�IHVWJHVWHOOW��'XUFK�GDV�QLFKWOLQHDUH�7HPSHUDWXUIHOG�HQWZLFNHOW�VLFK�GLH�



��������

5HLIH]HLW�DQ�GHQ�5lQGHUQ�ODQJVDPHU�DOV�LP�.HUQ�GHV�4XHUVFKQLWWHV��'DGXUFK�ZXUGH�
GLH�5HLIH]HLW�YRQ����7DJHQ�LP�.HUQ�QDFK�VLHEHQ�7DJHQ�XQG�DP�5DQG�QDFK����7DJHQ�
HUUHLFKW��'LH�:lUPHHQWZLFNOXQJ�QDKP�DP�5DQG�XP�PD[LPDO�����JHJHQ�EHU�GHP�
.HUQ�DE��'LH�7HPSHUDWXUDEQDKPH�DP�5DQG�EHWUXJ�PD[LPDO�����.��'LH�%HUHFKQXQJ�
GHU� 7HPSHUDWXU� LP� %DXWHLO� NDQQ� GHVZHJHQ�PLW� NRQVWDQWHU�:lUPHHQWZLFNOXQJ� LP�
4XHUVFKQLWW�GXUFKJHI�KUW�ZHUGHQ��

�
$XV�GHU�6SDQQXQJVEHUHFKQXQJ�ODVVHQ�VLFK�IROJHQGH�6FKOXVVIROJHUXQJHQ�]LHKHQ��
• 'XUFK� GDV� YRUJHVWHOOWH� .RQ]HSW� GHU� (UKlUWXQJVIXQNWLRQ� ODVVHQ� VLFK� GLH� 0DWHULDO�

NHQQZHUWH�GHV�MXQJHQ�%HWRQV�DOV�3URGXNW�]ZLVFKHQ�GHU�(UKlUWXQJ�XQG�GHP�0DWHUL�
DONHQQZHUW�GHV�1RUPDOEHWRQV�EHVFKUHLEHQ��8P�GDV�]X�HUUHLFKHQ��ZXUGHQ�GLH�$QVlW�
]H� ]XU� (QWZLFNOXQJ� GHU�0DWHULDONHQQZHUWH� �'UXFNIHVWLJNHLW�� =XJIHVWLJNHLW� XQG� GHV�
(ODVWL]LWlWVPRGXOV��DXV�GHU�/LWHUDWXU� LQ�GLH�(UKlUWXQJVIXQNWLRQHQ��EHUI�KUW��$QKDQG�
GHU� 'UXFNIHVWLJNHLW� ZXUGH� QDFKJHZLHVHQ�� GDVV� GLH� $UW� XQG� *U|�H� GHU� 3U�IN|USHU�
NDXP�(LQIOXVV�DXI�GLH�(UKlUWXQJVIXQNWLRQHQ�KDEHQ��:HLWHUKLQ�ZDUHQ�GLH�'LIIHUHQ]HQ�
GHU� GLYHUVHQ� (UKlUWXQJVIXQNWLRQHQ� I�U� GLH� 0DWHULDONHQQZHUWH�� ZHOFKH� DXV� XQWHU�
VFKLHGOLFKHQ�%HWRQ]XVDPPHQVHW]XQJHQ�JHZRQQHQ�ZXUGHQ��VHKU�PLQLPDO��'DPLW�ODV�
VHQ�VLFK�GLH�YRUJHVWHOOWHQ�$QVlW]H�DXI�DQGHUH�%HWRQ]XVDPPHQVHW]XQJHQ��EHUWUDJHQ��
ZHQQ�GLH�0DWHULDONHQQZHUWH�GHV�1RUPDOEHWRQV�EHNDQQW�DXV�9HUVXFKHQ�RGHU�1RU�
PHQ�EHNDQQW�VLQG���

• 'LH� bQGHUXQJHQ� GHU� 'UXFNIHVWLJNHLW� XQG� GHV� (ODVWL]LWlWVPRGXOV� GHV�1RUPDOEHWRQV��
I�KUHQ�]XU�HLQHU�5HGXNWLRQ�E]Z��(UK|KXQJ�GHU�PD[LPDOHQ�'UXFN��XQG�=XJVSDQQXQJ�
LP� MXQJHQ�%HWRQEDXWHLO��'LH�(UKlUWXQJVJHVFKZLQGLJNHLW�XQG�GHU�=HLWSXQNW�GHV�(LQ�
WUHWHQV�GHU�]ZHLWHQ�1XOOVSDQQXQJVWHPSHUDWXU�ZLUG�GDEHL�QLFKW�YHUlQGHUW��'HU� IHK�
OHQGH� =XVDPPHQKDQJ� ]ZLVFKHQ� (UKlUWXQJVIXQNWLRQ� XQG� +\GUDWDWLRQVJUDG� LQ� GHQ�
HUVWHQ�6WXQGHQ�NDQQ�EHL�GHU�6SDQQXQJVEHUHFKQXQJ�YHUQDFKOlVVLJW�ZHUGHQ��
'HU�$XIEDX�YRQ�'UXFNVSDQQXQJHQ�LQ�GHQ�HUVWHQ�]Z|OI�6WXQGHQ�ZLUG�VWDUN�YRQ�GHQ�
$QIDQJVZHUWHQ� GHU� .ULHFK]DKO� EHHLQIOXVVW� XQG� LVW� I�U� GLH� JHVDPWH� 6SDQQXQJVHQW�
ZLFNOXQJ�HQWVFKHLGHQG��+LHUI�U�HUZLHV�VLFK�GLH�%HJUHQ]XQJ�GHU�.ULHFK]DKO�DOV�JHHLJ�
QHWHV�0LWWHO��XP�GLH�IHKOHQGHQ�0HVVGDWHQ�]X�NRPSHQVLHUHQ��

• 'DV�YHUZHQGHWH�0DWHULDOJHVHW]�PLW�GHQ�0D[ZHOO�(OHPHQWHQ�HUODXEW�GLH�%HU�FNVLFK�
WLJXQJ�GHV�0DWHULDOJHGlFKWQLVVHV��'LHVHU�(LQIOXVV� LVW�EHL�GHU�6SDQQXQJVEHUHFKQXQJ�
QLFKW�]X�YHUQDFKOlVVLJHQ��9HUHLQIDFKXQJHQ�GHV�0DWHULDOJHVHW]HV��]�%��PLW�GHP�HIIHN�
WLYHQ� (ODVWL]LWlWVPRGXO�� �EHUVFKlW]HQ� EHVRQGHUV� LQ� GHU� (UZlUPXQJVSKDVH� GLH�
=ZDQJVVSDQQXQJHQ�� ,Q�GHQ�XQWHUVXFKWHQ�%HLVSLHOHQ�ZDU�GLH�PD[LPDOH�'UXFNVSDQ�
QXQJ�XP�FD������JU|�HU��'LH�hEHUVFKlW]XQJHQ�GHU�=XJVSDQQXQJHQ�ZDUHQ�EHL�$Q�
QDKPH�JOHLFKHU�PD[LPDOHU�'UXFNVSDQQXQJHQ�JHULQJHU���
'DV� 0DWHULDOJHVHW]� ZXUGH� PLW� XQWHUVFKLHGOLFKHQ� $QVlW]HQ� GHU� 0DWHULDONHQQZHUWH�
GHV�MXQJHQ�%HWRQV�DQJHZHQGHW�XQG�HLJQHW�VLFK�DXFK�]XU�(UIDVVXQJ�GHV�FKHPLVFKHQ�
6FKZLQGHQV��'DV�.RQ]HSW�GHU�(UKlUWXQJVIXQNWLRQ�HUZLHV�VLFK�DOV�JHHLJQHWH�6WUDWHJLH�
]XU�ZLUNOLFKNHLWVQDKHQ�6SDQQXQJVEHUHFKQXQJ�YRQ�MXQJHQ�%HWRQEDXWHLOHQ��

• 'XUFK�GLH�GUHLGLPHQVLRQDOH�%HWUDFKWXQJ�ZLUG�GLH�JHVDPWH�6SDQQXQJ�DXV�GHQ�$QWHL�
OHQ�GHU�=ZDQJV��XQG�(LJHQVSDQQXQJHQ�HUIDVVW��RKQH�GDEHL�GLHVH�$QWHLOH�H[SOL]LW�]X�
EHUHFKQHQ���
,Q�GHU�(UZlUPXQJVSKDVH�GHV�%DXWHLOV�ZLUG�GLH�6SDQQXQJ�VWDUN�YRQ�GHQ�7HPSHUDWXU�
XQWHUVFKLHGHQ�∆7 � � � �LQ�GHU�(UZlUPXQJVSKDVH���XQG ∆7 � � ��]ZLVFKHQ�.HUQ�XQG�5DQG��
EHHLQIOXVVW��'XUFK�GLH�(LJHQVSDQQXQJHQ�ZHUGHQ�GLH�=ZDQJVVSDQQXQJHQ��'UXFN��LP�
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.HUQ�HUK|KW�XQG�DP�5DQG�UHGX]LHUW��'LH�]ZHLWH�1XOOVSDQQXQJVWHPSHUDWXU� LP�.HUQ�
ZLUG�VSlWHU�HUUHLFKW�XQG�DP�5DQGEHUHLFK�WUHWHQ�IU�K]HLWLJH�=XJVSDQQXQJHQ�DXI���
,Q�GHU�$EN�KOXQJVSKDVH�GHV�%DXWHLOV�ILQGHW�HLQH�JOHLFK]HLWLJH�(UK|KXQJ�GHU�7HPSH�
UDWXUXQWHUVFKLHG�∆7 � � � � �LQ� GHU� $EN�KOXQJVSKDVH�� EHL� JOHLFK]HLWLJHU� 5HGXNWLRQ� GHU�
7HPSHUDWXUXQWHUVFKLHG� ∆7 � � VWDWW�� 'DEHL� ZDU� GLH� PD[LPDOH� $EN�KOXQJ� LP� .HUQ�
∆7 � � � �K|KHU�DOV�DP�5DQG��VR�GDVV�GHU�'UXFNVSDQQXQJVDEEDX�LP�.HUQ�VFKQHOOHU�YHU�
OlXIW�DOV�DP�5DQG��'DGXUFK�HQWVWHKHQ�K|KHUH�=XJVSDQQXQJHQ�LP�.HUQ�DOV�DP�5DQG��

• %HLP� MXQJHQ�%HWRQ�ZXUGH� LQ�GHQ�5DQGEHUHLFKHQ�GHV�4XHUVFKQLWWHV�HLQH�bQGHUXQJ�
GHU�0DWHULDONHQQZHUWH�LQIROJH�GHU�(UKlUWXQJ�IHVWJHVWHOOW���1DFK�]ZHL�7DJHQ�ZDU�GLH�
'UXFNIHVWLJNHLW�DP�5DQG�ELV� ]X� �����GLH�=XJIHVWLJNHLW�ELV� ]X�����GHU�(ODVWL]LWlWV�
PRGXO�ELV�]X����QLHGULJHU�DOV�LP�.HUQ��'LH�5HLKHQIROJH�GHU�SUR]HQWXDOHQ�5HGXNWLRQ�
HQWVSULFKW� GHU� ]HLWOLFKHQ� (QWZLFNOXQJ� GHU� HUVWHQ� GUHL� 0DWHULDONHQQZHUWH�� 'LH� $E�
QDKPH�GHU�0DWHULDONHQQZHUWH� LVW�QLFKW�DXI�6FKlGLJXQJ�RGHU�6FKDOHQULVVH�� VRQGHUQ�
QXU� DXI� GLH� (UKlUWXQJ� ]XU�FN]XI�KUHQ�� 1DFK� $EVFKOXVV� GHV� (UKlUWXQJVSUR]HVVHV�
�$QQDKPH��5HLIH]HLW�YRQ����7DJHQ��JOHLFKHQ�VLFK�GLH�'LIIHUHQ]HQ�]ZLVFKHQ�GHQ�0D�
WHULDONHQQZHUWHQ�DP�5DQG�XQG�LP�.HUQ�DXV��'LH�PD[LPDOH�IHVWJHVWHOOWH�6SDQQXQJV�
UHGXNWLRQ� LQIROJH�GHU�$EQDKPH�GHU�0DWHULDONHQQZHUWH� LP�5DQGEHUHLFK�EHWUXJ�����
1�PP²�� %HL� GHU� 6SDQQXQJVEHUHFKQXQJ� NDQQ� GLHVHU� (LQIOXVV� VRPLW� YHUQDFKOlVVLJW�
ZHUGHQ��

�
$P� %HLVSLHO� HLQHV� +RFKRIHQIXQGDPHQWHV� ZXUGH� GHU� (LQIOXVV� GHU� %HWRQUH]HSWXU�� GHU�
)ULVFKEHWRQWHPSHUDWXU��GHU�5RKULQQHQN�KOXQJ�XQG�GHV�.OLPDV�DXI�GLH�7HPSHUDWXU�XQG�
GLH�6SDQQXQJ�LP�%DXWHLO�EHXUWHLOW��'LHVH�0D�QDKPHQ�VWHOOHQ�HLQ�3RWHQWLDO�GDU��ZHOFKHV�
]XU�0LQLPLHUXQJ� GHU� %HDQVSUXFKXQJ� LP� %DXWHLO� DXVJHVFK|SIW� ZHUGHQ� NDQQ�� $XV� GHU�
9DULDQWHQXQWHUVXFKXQJ�OlVVW�VLFK�IROJHQGHV�VFKOXVVIROJHUQ����
• 'LH�8QWHUVXFKXQJHQ� HUJDEHQ�� GDVV� QDFK� ��� 7DJHQ�5HLIH]HLW� �1RUPDOEHWRQ��� G�� K��

QDFK�VLHEHQ�ELV����7DJHQ��GLH�%DXWHLOH�HLQHQ�6SDQQXQJV]XVWDQG�DXIZLHVHQ�XQG�ZD�
UHQ� DOVR� ¯WKHUPLVFK� YRUJHVSDQQW£�� ,P� .HUQ� XQG� DP� XQWHUHQ� 5DQG� ZDUHQ� QRFK�
'UXFNVSDQQXQJHQ� YRUKDQGHQ�� 'HU� REHUH� 5DQG� ZLHV� =XJVSDQQXQJHQ� DXI�� 'LHVH�
6SDQQXQJHQ�ELOGHQ�GHQ��$QIDQJV]XVWDQG�I�U�VSlWHUH�/DVWHLQZLUNXQJHQ��

• 'LH�bQGHUXQJ�GHU�%HWRQUH]HSWXU�GXUFK�9HUZHQGXQJ�HLQHU�QLHGULJHQ�=HPHQWPHQJH�
XQG� YRQ� ODQJVDP� HUKlUWHQGHP� =HPHQW� I�KUW� ]X� HLQHU� 5HGXNWLRQ� GHU� PD[LPDOHQ�
7HPSHUDWXU� LP�.HUQ�XQG�DP�XQWHUHQ�5DQG��'LH�7HPSHUDWXU�DP�IUHLHQ�5DQG�EOHLEW�
GDEHL�XQYHUlQGHUW��'XUFK�GLH�+HUDEVHW]XQJ�GHV�7HPSHUDWXUXQWHUVFKLHGHV�LQ�GHU�(U�
ZlUPXQJVSKDVH�∆7 � � � �ZHUGHQ�QLHGULJHUH�PD[LPDOH�'UXFNVSDQQXQJHQ�LP�.HUQ�XQG�
DP� XQWHUHQ� 5DQG� HUUHLFKW�� 'LHVH� 'UXFNVSDQQXQJHQ� ZHUGHQ� DXIJUXQG� QLHGULJHP�
7HPSHUDWXUXQWHUVFKLHGH�LQ�GHU�$EN�KOXQJVSKDVH�∆7 � � � �VHKU�ODQJVDP�DEJHEDXW��'D�
GXUFK� ZHUGHQ� LQ� GLHVHQ� %HUHLFKHQ� QLHGULJHUH� =XJVSDQQXQJHQ� HUUHLFKW�� $P� IUHLHQ�
5DQG�HQWVWDQG�GXUFK�GLH�5HGX]LHUXQJ�GHV�7HPSHUDWXUXQWHUVFKLHGHV�]ZLVFKHQ�.HUQ�
XQG�5DQG�∆7 � � �HLQH�6HQNXQJ�GHU�PD[LPDOHQ�=XJVSDQQXQJHQ��7URW]GHP�ZDUHQ�GLH�
=XJVSDQQXQJHQ�EHVRQGHUV� LQ�GHQ�HUVWHQ�7DJHQ�K|KHU�DOV�GLH�=XJIHVWLJNHLW�GHV�%H�
WRQV�� 'LH� 9HUZHQGXQJ� HLQHV� +RFKRIHQ]HPHQWHV� RGHU� HLQHV� 3RUWODQG]HPHQWHV�PLW�
QLHGULJHU�=HPHQWPHQJH�VWHOOHQ�YRQ�GHU�6HLWH�GHU�%HWRQUH]HSWXU�HLQH�JXWH�$XVJDQJV�
ODJH�GDU���XP�GLH�%HDQVSUXFKXQJ�EHL�PDVVLJHQ�%DXWHLOHQ�]X�VHQNHQ��

• 'LH�6HQNXQJ�GHU�)ULVFKEHWRQWHPSHUDWXU�YHU]|JHUW�GLH�5HDNWLRQVJHVFKZLQGLJNHLW�GHU�
(UKlUWXQJ�XQG�I�KUW�]X�HLQHU�$EQDKPH�GHV�7HPSHUDWXUPD[LPXPV�LP�.HUQ�XQG�DP�
XQWHUHQ�5DQG��'HU�PD[LPDOH�7HPSHUDWXUXQWHUVFKLHG�∆7 � � � �ZLUG�QLFKW� UHGX]LHUW�� VR�
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GDVV�VLFK�GLH�PD[LPDOHQ�'UXFNVSDQQXQJHQ�DXFK�QLFKW�lQGHUQ��'XUFK�GLH�$EQDKPH�
GHV� 7HPSHUDWXUXQWHUVFKLHGHV�∆7� � � �ZHUGHQ� GLH� =XJVSDQQXQJHQ� VSlWHU� DXIJHEDXW��
,P�XQWHUVXFKWHQ�%HLVSLHO�ZDUHQ�LP�.HUQ�XQG�DP�XQWHUHQ�5DQG�QDFK����7DJHQ�QRFK�
'UXFNVSDQQXQJHQ� YRUKDQGHQ��$P� IUHLHQ� 5DQG�ZHUGHQ� GLH� =XJVSDQQXQJHQ� GXUFK�
GLH� QLHGULJH� )ULVFKEHWRQWHPSHUDWXU� KHUDEJHVHW]W�� GD� GHU� 7HPSHUDWXUXQWHUVFKLHG�
∆7 � � �UHGX]LHUW�ZXUGH��'LHVH�ZDUHQ�MHGRFK�QRFK�K|KHU�DOV�GLH�%HWRQ]XJIHVWLJNHLW��

• 'LH�5RKULQQHQN�KOXQJ�KDW�VLFK�DXIJUXQG�GHU�EUHLWHQ�6WHXHUXQJVP|JOLFKNHLW��$QRUG�
QXQJ�GHU�.�KOVWHOOHQ��.�KOXQJVGDXHU�XQG�.�KOXQJVEHJLQQ��DOV�HLQH�HIIHNWLYH�0D��
QDKPH� ]XU� 0LQLPLHUXQJ� GHU� %HDQVSUXFKXQJ� HUZLHVHQ�� 'DEHL� LVW� GXUFK� JHHLJQHWH�
$QRUGQXQJ�GHU�.�KOVWHOOHQ�QDFK�(QGH�GHU�.�KOXQJ�HLQH�1DFKHUZlUPXQJ�GHU�EHUHLWV�
DEJHN�KOWHQ�6WHOOHQ�]X�JHZlKUOHLVWHQ���VR�GDV�HLQH�QDKH]X�NRQVWDQWH�7HPSHUDWXU�LP�
4XHUVFKQLWW�KHUUVFKW��'XUFK�GHQ�.�KOXQJVEHJLQQ�XQPLWWHOEDU�QDFK�GHU�HUVWHQ�1XOO�
VSDQQXQJVWHPSHUDWXU�ZHUGHQ�GLH�=XJVSDQQXQJHQ�ZlKUHQG�GHU�.�KOXQJ�UHGX]LHUW��
'LH� .�KOXQJVGDXHU� LVW� VR� ]X� EHVWLPPHQ�� GDVV� GLH� =XJVSDQQXQJHQ� LP�4XHUVFKQLWW�
QLFKW�GLH�=XJIHVWLJNHLW�GHV�%HWRQV�HUUHLFKHQ��$XI�GLHVH�:HLVH�VLQG�6SDQQXQJHQ� LP�
JDQ]HQ�4XHUVFKQLWW�XQWHUKDOE�GHU�=XJIHVWLJNHLW�GHV�%HWRQV�JHEOLHEHQ��

• 'XUFK�GDV�%HWRQLHUHQ�EHL�ZDUPHQ�8PJHEXQJVWHPSHUDWXUHQ��-XOL��ZLUG�GLH�PLWWOHUH�
%DXWHLOWHPSHUDWXU��∆7 � � � ��HUK|KW�XQG�GHU�7HPSHUDWXUXQWHUVFKLHG�]ZLVFKHQ�.HUQ�XQG�
5DQG�∆7 � � �UHGX]LHUW��'�K��HV�ILQGHW�HLQH�6WHLJHUXQJ�GHU�=ZDQJVVSDQQXQJ�EHL�JOHLFK�
]HLWLJHU�5HGXNWLRQ�GHU� (LJHQVSDQQXQJ� VWDWW�� %HL� NlOWHUHQ�8PJHEXQJVWHPSHUDWXUHQ�
�$SULO��WULWW�JHQDX�GDV�*HJHQWHLO�HLQ���
%HL�ZDUPHQ�8PJHEXQJVWHPSHUDWXUHQ��-XOL��HUJHEHQ�VLFK�DP�IUHLHQ�5DQG�LQ�GHU�3KD�
VH� GHU�PD[LPDOHQ�7HPSHUDWXUXQWHUVFKLHGH� ]ZLVFKHQ�.HUQ�XQG�5DQG� �ELV� ��� 7DJH��
UHODWLY�QLHGULJHUH�=XJVSDQQXQJHQ�DOV�EHL�NlOWHUHQ�8PJHEXQJVWHPSHUDWXUHQ��$SULO���
'LH�=XJVSDQQXQJHQ�VLQG��EHU�GHQ�7DJ�GHXWOLFK�QLHGULJHU� DOV�GLH�=XJIHVWLJNHLW�GHV�
%HWRQV��hEHU�1DFKW�HQWVWHKHQ�5LVVH�DQ�GHU�%DXWHLOREHUIOlFKH��'LHVH�ZHUGHQ�DP�7DJ�
GXUFK�GHQ�$XIEDX�YRQ�5DQGGUXFNVSDQQXQJHQ�ZLHGHU�JHVFKORVVHQ��7URW]�GHU�GHXWOL�
FKHQ�bQGHUXQJ�GHU�=ZDQJV��XQG�(LJHQVSDQQXQJHQ�GXUFK�GDV�%HWRQLHUHQ�EHL�ZDU�
PHQ� XQG� NlOWHUHQ� 8PJHEXQJVWHPSHUDWXUHQ� KDEHQ� VLFK� GLH� JHVDPWHQ� 5DQGVSDQ�
QXQJHQ�MHGRFK�QXU�LQ�JHULQJHQ�0D�H�XQWHUVFKLHGHQ�����
����

�
�
��� $XVEOLFN�
�
'LH�8QWHUVXFKXQJ�GHV�9HUKDOWHQV�GHV� MXQJHQ�%HWRQV�ELHWHW�ZHLWHUKLQ�HLQ� LQWHUHVVDQWHV�
*HELHW� I�U� ]XN�QIWLJH� )RUVFKXQJVDXIJDEHQ�� ,Q� GLHVHQ� $EVFKQLWW� ZHUGHQ� HLQLJH� $QUH�
JXQJHQ�DOV�0RWLYDWLRQ�I�U�]XN�QIWLJH�$UEHLWHQ�JHJHEHQ���
• 'XUFK� GLH� (UIDVVXQJ� GHU� )HXFKWH� LQIROJH� GHV� $XVWURFNQXQJVYHUKDOWHQV� GHV� %HWRQV�

N|QQHQ�QHEHQ�GLFNHQ�DXFK�G�QQH�%DXWHLOH�VLPXOLHUW�ZHUGHQ��

• 'DV�FKHPLVFKH�6FKZLQGHQ�LVW�GXUFK�GLH�0HVVXQJHQ�GHU�6FKZLQGYHUIRUPXQJ�XQG�GHU�
UHVXOWLHUHQGHQ� =ZDQJVVSDQQXQJ�� DP�EHVWHQ� EHL� JOHLFKZHUWLJHQ� 3UREHQ�� VWlUNHU� ]X�
XQWHUVXFKHQ��'LHV�VFKDIIW�HLQH�*UXQGODJH�]XU�9HUEHVVXQJ�GHU�YRUKDQGHQHQ�%HUHFK�
QXQJVPRGHOOH���

• 'DV�.ULHFKHQ�GHV�MXQJHQ�%HWRQV�LVW�EHL�KRKHQ�LVRWKHUPHQ�7HPSHUDWXUHQ��VRZLH�EHL�
5HLIH]HLWHQ�XQWHU����6WXQGHQ�WKHRUHWLVFK�XQG�PHVVWHFKQLVFK�VWlUNHU�]X�XQWHUVXFKHQ���



��������

• %HL�GUHLGLPHQVLRQDOHU�$QDO\VH�GHU�6SDQQXQJHQ�IHKOHQ�8QWHUVXFKXQJHQ�]XU�)RUPX�
OLHUXQJ�YRQ�%UXFKNULWHULHQ�I�U�GHQ�MXQJHQ�%HWRQ��+LHU]X�VLQG�PHKUDFKVLJH�9HUVXFKH�
LP�MXQJHQ�%HWRQ�QRWZHQGLJ����

• %HL� 6WDKOEHWRQEDXWHLOHQ� VLQG� 8QWHUVXFKXQJHQ� ]�%�� DXI� %DVLV� GHU� 3ODVWL]LWlWVWKHRULH�
XQG�GHU�6FKlGLJXQJVPHFKDQLN�]X�I�KUHQ��XP�GHP�%HZHKUXQJVJHKDOW�YRQ�%DXWHLOHQ�
LQ� $EKlQJLJNHLW� GHU� WDWVlFKOLFKHQ� =ZDQJVEHDQVSUXFKXQJ� LP� MXQJHQ� $OWHU� ]X�
EHVWLPPHQ��

• )�U�%DXWHLOH�ZLH�]��%��%U�FNHQ�EHUEDXWHQ�VLQG�8QWHUVXFKXQJHQ�]XU�4XDQWLIL]LHUXQJ�
GHV�%HKLQGHUXQJVJUDGHV�LQ�GHU�+HUVWHOOXQJVSKDVH�QRWZHQGLJ���

• 'LH�5HOHYDQ]�GHU�WKHUPLVFKHQ�9RUVSDQQXQJ�DOV�$QIDQJV]XVWDQG�I�U�VSlWHUH�/DVWHLQ�
ZLUNXQJHQ�LVW�QRFK�]X�XQWHUVXFKHQ��
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6β� ��GHU�GLUHNWHQ�6RQQHQVWUDKOXQJ��
+α� ��GHU�GLIIXVHQ�+LPPHOVVWUDKOXQJ�
5α�� ��GHU�5HIOH[LRQ�GHU�GLIIXVHQ�+LPPHO�

VWUDKOXQJ�
4  � � ��GHV�NXU]ZHOOLJHQ�6WUDKOXQJVDXVWDXVFKV�
+ � ������ ��GHU�GLIIXVHQ�+LPPHOVVWUDKOXQJ�I�U��

EHOLHELJ�RULHQWLHUWH�)OlFKHQ�
4 � � � � � � � �����������.RQYHNWLRQ���
D 
 � � � >�@� � $EVRUSWLRQV]DKO�GHV�%DXWHLOV�I�U�NXU]ZHOOLJH�6WUDKOXQJ�
6 � � � >N-�P²K@� 1RUPDVWUDKOXQJ�
6 � � � >N-�P²K@� 6WUDKOXQJVLQWHQVLWlW�GHU�6RQQH�XQWHU�%HU�FNVLFKWLJXQJ�GHV�
� � � � MDKUHV]HLWOLFK�VFKZDQNHQGHQ�$EVWDQGHV�]ZLVFKHQ�(UGH�XQG�
� � � � 6RQQH�
6 � � � >N-�P²K@� 0LWWOHUH�,QWHQVLWlW�GHU�6RQQHQVWUDKOXQJ�DX�HUKDOE�GHU��
� � � � (UGDWPRVSKlUH�
5+2� � >�@� � .RUUHNWXUIDNWRU�
7U� � >�@� � 7U�EXQJVIDNWRU�
+� � >P@� � +|KH�GHV�%DXZHUNVVWDQGRUWHV��EHU�11�
β� � >�@� � (LQIDOOVZLQNHO�GHU�1RUPDOVWUDKOXQJ�DXI�HLQH�)OlFKH�
α � � � >�@� � )OlFKHQQHLJXQJVZLQNHO�]XU�+RUL]RQWDOHQ�
D� � >�@� � 6RQQHQD]LPXWZLQNHO�
K� � >�@� � 6RQQHQK|KH�
ϕ� � >�@� � *HRJUDSKLVFKH�%UHLWH�GHV�6WDQGRUWHV�
τ� � >K@� � 7DJHV]HLW�
ω� � >�@� � 6WXQGHQZLQNHO�
1� � >�@� � 1XPPHU�GHV�7DJHV�LP�-DKU�
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6/� � >P@� � 9HUVFKDWWXQJVOlQJH�
./� � >P@� � .UDJDUPOlQJH�

Ge ��U � � � >�@� � (LQVWUDKO]DKO�GHU�)OlFKH�E]Z��5HIOH[LRQV]DKO��GHU�8PJHEXQJ�

ε 
 � � � >�@� � (PLVVLRQV]DKO�I�U�ODQJZHOOLJH�6WUDKOXQJ�
α � � � >N-��P².K�@� :lUPH�EHUJDQJV]DKO�
α � ��α  � � � � LQIROJH�.RQYHNWLRQ�E]Z��6WUDKOXQJ�
N� � >N-��P².K�@� :lUPHGXUFKJDQJV]DKO�
G  � � >P@� � 'LFNH�GHU�6FKDOXQJ�
Y� � >P�V@� � :LQGJHVFKZLQGLJNHLW�
7 	 � � �� >�&@� � ,GHHOOH�$X�HQOXIWWHPSHUDWXU�
∆7 
 � ��∆7 
 � � >.@� � 7HPSHUDWXUGLIIHUHQ]�LQIROJH�GHU�NXU]��E]Z��ODQJZHOOLJHU�
� � � � 6WUDKOXQJ�
�

,QQHUH�:lUPH�
�
T � � � >N-��P³K�@� :lUPHHQWZLFNOXQJ�GHV�%HWRQV�
T �  � � � >N-��NJK�@� ,VRWKHUPH�:lUPHHQWZLFNOXQJ�GHV�=HPHQWHV��
T �  � � � 	 � � >N-��NJK�@�
4� � >N-�P³@� :lUPHPHQJH�
4∞ � � � � >N-�NJ@��������� :lUPHPHQJH�GHV�=HPHQWHV�EHL�YROOVWlQGLJHU�+\GUDWDWLRQ�
� � � � �%HWRQ�� ��4=4 ∞∞ ⋅= �>N-�P³@��

α� � >�@� � +\GUDWDWLRQVJUDG� �
α � ��  [-]  +\GUDWDWLRQVJUDG�EHL�T �  � � � 	 �   
ε� � � � (QGH�GHU�,QGXNWLRQVSKDVH�
)W� � >�@� � 5HLIHIXQNWLRQ�
7 
 � �� >�&@� � 6WDQGDUGWHPSHUDWXU�
W � � � >K@� � 5HLIH]HLW�
W � 	 
 � � � W � 	  � � � >K@� � 5HLIH]HLW�I�U�HLQH�6WDQGDUGWHPSHUDWXU�YRQ����&�E]Z�����&�
I�α��W � ��� >�@� � )RUPIXQNWLRQ�
J�7�� � >�@� � *HVFKZLQGLJNHLWVIXQNWLRQ�
�
�
�� 6SDQQXQJVEHUHFKQXQJHQ�

$OOJHPHLQ�
�
σ� � >1�PP²@� 6SDQQXQJ�
V� � >1�PP²@� 6SDQQXQJVYHNWRU�
σ�W�τ�� � >1�PP²@� 6SDQQXQJ�LQIROJH�5HOD[DWLRQ�
σ � � � σ � � � >1�PP²@� 6SDQQXQJ�LQ�[�5LFKWXQJ�
σµ� � >1�PP²@� 6SDQQXQJ�GHU�0D[ZHOO�(OHPHQWH�
%��%

� �
� � � � 0DWUL[�

H 'HKQXQJVYHNWRU��
ε � � ��ε� � � � � 'HKQXQJ�LQ�[�5LFKWXQJ�
ε

�
� � � � LQHODVWLVFKH�'HKQXQJVLQNUHPHQW�

ε � �� � � � :lUPHGHKQXQJ��
ε �  �� � � � &KHPLVFKH�6FKZLQGHQ��
ε∞�� � � � *UXQGZHUW�GHV�FKHPLVFKHQ�6FKZLQGHQV�
ε � �W�τ�� � � � .ULHFKYHUIRUPXQJ�
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ε � � �τ�� � � � (ODVWLVFKH�9HUIRUPXQJ��
εσ�W�τ�� � � � /DVWDEKlQJLJH�*HVDPWYHUIRUPXQJ�

�
�ε ��ε � �� � � /DVWXQDEKlQJLJH�'HKQXQJ��E]Z���IUHLH�'HKQXQJ�

ε � � � � � � 'HKQXQJ��ZHOFKHU�]XU�=ZDQJVVSDQQXQJ�I�KUW�
δ� � >�@� � *UDG�GHU�9HUIRUPXQJVEHKLQGHUXQJ�
Z�]�:HUW� >�@� � :DVVHU�=HPHQW�:HUW�

Z�E�:HUW� >�@� � :DVVHU�%LQGHPLWWHO�:HUW�

I�W � ��W � � ��� >�@� � =HLWIXQNWLRQ�GHV�FKHPLVFKHQ�6FKZLQGHQV�
W � � � � >K@� � 5HLIH]HLW�EHLP�%HJLQQ�GHU�)HVWLJNHLWVHQWZLFNOXQJ��
∆.� � >�@� � ,QNUHPHQWH�GHU�5HLIH�
�

0DWHULDONHQQZHUWH�
�
α � � � >��.@� � :lUPHGHKQ]DKO�GHV�%HWRQV�
α � ��α � � ��α � � � ��GHU�=HPHQWSDVWH��GHU�IHLQHQ�XQG�JUREHQ������
��� ���=XVFKOlJH�
β � ��β � � ��β � � � >�@� � 9ROXPHQDQWHLO�YRQ�=HPHQWSDVWH�XQG�YRQ�IHLQHQ�VRZLH��
� � � � JUREHQ�=XVFKOlJH�
I � � �W�   >1�PP²@� 0LWWOHUH�'UXFNIHVWLJNHLW�GHV�MXQJHQ�%HWRQV�
I � � ���G�   � 0LWWOHUH�=\OLQGHUGUXFNIHVWLJNHLW GHV�1RUPDOEHWRQV�
I � � � � � � &KDUDNWHULVWLVFKHU�:HUW�GHU�=\OLQGHUGUXFNIHVWLJNHLW�GHV��
� � � � 1RUPDOEHWRQV�
I � � � � � � 0LWWOHUH�:�UIHOGUXFNIHVWLJNHLW��
I � � � � � � &KDUDNWHULVWLVFKHU�:HUW�GHU�:�UIHOGUXFNIHVWLJNHLW�
I � � � �W�   >1�PP²@� 0LWWOHUH�=XJIHVWLJNHLW�GHV�MXQJHQ�%HWRQV�
I � � � ���G�� � � 0LWWOHUH�]HQWULVFKH�=XJIHVWLJNHLW�GHV�1RUPDOEHWRQV�
I � � �  � , I � � � � �  >1�PP²@� 6SDOW]XJIHVWLJNHLW�E]Z��%LHJH]XJIHVWLJNHLW�GHV�%HWRQV�
( � � �W�� � >1�PP²@� (ODVWL]LWlWVPRGXOV�GHV�MXQJHQ�%HWRQV�
( � � ���G�� � � (ODVWL]LWlWVPRGXOV�GHV�1RUPDOEHWRQV�
Y�W�� � >�@� � 4XHUGHKQ]DKO�GHV�MXQJHQ�%HWRQV�
Y���G��� � � 4XHUGHKQ]DKO�GHV�1RUPDOEHWRQV�
N � ��N � � � �N � ��N � � >�@� � (UKlUWXQJVIXQNWLRQ�I�U�GLH�'UXFNIHVWLJNHLW��GLH�=XJIHVWLJNHLW��
� � � � GHQ�(ODVWL]LWlWVPRGXO�XQG�GLH�4XHUGHKQ]DKO�
I�W�τ�� � >�@� � =HLWIXQNWLRQ�I�U�GLH�%HODVWXQJVGDXHU�
τ� � >K@��>G@� %HODVWXQJVDOWHU 
-�W�τ�� � >PP²�1@� .ULHFKIXQNWLRQ��
&�W�τ�� � >PP²�1@� VSH]LILVFKH�.ULHFKHQ��
ϕ�W�τ�� � >�@� � .ULHFK]DKO��
5�W�τ�� � >�@� � 5HOD[DWLRQVIXQNWLRQ�
ψ�W�τ�� � >�@� � 5HOD[DWLRQVEHLZHUWHV�
( ′′ � � >1�PP²@� ,QNUHPHQWHOOHU�(ODVWL]LWlVPRGXO�
( � � � � � >1�PP²@� HIIHNWLYHU�(ODVWL]LWlWVPRGXO 

µτ � � >K@� � 5HWDUGDWLRQV��E]Z��5HOD[DWLRQV]HLW�

&µ�τ��� � >1�PP²@� (ODVWL]LWlWVPRGXO�GHU�.HOYLQ�(OHPHQWH��
(µ�τ��� � >1�PP²@� (ODVWL]LWlWVPRGXO�GHU�0D[ZHOO�(OHPHQWH 
6 	 � � >�@� � 9HUKlOWQLV�GHU�'HKQVWHLILJNHLW�
6 
 � >�@� � 9HUKlOWQLV�GHU�%LHJHVWHLILJNHLWHQ�
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�

6HLWH�
%LOG������� SULQ]LSLHOOH�6SDQQXQJVYHUWHLOXQJ�LP�4XHUVFKQLWW�LQIROJH�7HPSHUDWXUIHOG� �� �
%LOG������� 3ULQ]LSLHOOH�7HPSHUDWXU��XQG�6SDQQXQJVHQWZLFNOXQJ� ���
�
%LOG������� 3DUDPHWHU�]XU�%HUHFKQXQJ�GHU�6RQQHQVWUDKOXQJ�DP�� �

%HLVSLHO�HLQHU�:DQG� ��� �
%LOG������� 6WURPGLFKWH�LQIROJH�NXU]ZHOOLJHU�6WUDKOXQJ�LP�-XOL�I�U��ϕ� ����� �

9HUJOHLFK�5HFKQXQJ�XQG�0HVVXQJ�DXV�>��@� ���
%LOG������� +\GUDWDWLRQVZlUPHHQWZLFNOXQJ�GHU�.OLQNHUPLQHUDOH�XQG�GHU�

+RFKRIHQVFKODFNH�QDFK�/RFKHU�>��@� ��� �
%LOG������� 3HULRGHQ�GHU�=HPHQWK\GUDWDWLRQ�QDFK�GHP�0RGHOO�YRQ�.RQGR��

EHL�NRQVWDQWHU�7HPSHUDWXU�>��@� ��� �
%LOG������� 5HLIHIXQNWLRQHQ�QDFK�7DEHOOH�$����PLW�HLQHU��
� 6WDQGDUGWHPSHUDWXU�7 � � ����&� ��� �
%LOG������� 3ULQ]LS�GHU�0RGHOOH�DXI�%DVLV�DGLDEDWLVFKHU�9HUVXFKH� ��� �
%LOG������� $QVlW]H�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW� ���
%LOG������� $QVlW]H�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV� ���
%LOG������� %HWRQNDORULPHWHU� ���
%LOG��������$GLDEDWLVFKH�7HPSHUDWXUHQ� ���
%LOG�������� +\GUDWDWLRQVZlUPHPHQJH�XQG�+\GUDWDWLRQVZlUPHHQWZLFNOXQJ��

EHL�XQWHUVFKLHGOLFKHQ�=HPHQWDUWHQ� ���
%LOG�������� (LQIOXVV�GHU�XQWHUVFKLHGOLFKHQ�+HUNXQIW�GHV�=HPHQWHV�&(0�����5��
� DXI�GLH�:lUPHHQWZLFNOXQJ� ���
%LOG���������%HXUWHLOXQJ�GHU�5HLIHIXQNWLRQ�QDFK�$UUHKQLXV�)UHLHVOHEHQ� ���
%LOG�������� 9HUJOHLFKH�]ZLVFKHQ�9HUVXFKHQ�XQWHU�LVRWKHUPHQ��'&$��XQG�DGLDEDWLVFKHQ�
� 5DQGEHGLQJXQJHQ��&(0�,������5��%���EHL�JOHLFKHQ�Z�]�:HUW�YRQ����� ��� �
%LOG�������� 9HUJOHLFKH�]ZLVFKHQ�9HUVXFKHQ�XQWHU�LVRWKHUPHQ��'&$��XQG�DGLDEDWLVFKHQ�
� 5DQGEHGLQJXQJHQ��&(0�,������5��%���PLW�QLHGULJHQ�Z�]�:HUW�YRQ������ ��� �
%LOG�������� 9HUJOHLFKH�]ZLVFKHQ�9HUVXFKHQ�XQWHU�LVRWKHUPHQ��'&$��XQG�DGLDEDWLVFKHQ�
� 5DQGEHGLQJXQJHQ��&(0�,������5��%���PLW�K|KHUHQ�Z�]�:HUW� ��� �
�
%LOG������� :lUPHGHKQ]DKOHQ�GHV�MXQJHQ�%HWRQV�QDFK�XQWHUVFKLHGOLFKHQ�$XWRUHQ� ���
%LOG������� 9HUODXI�GHU�9HUIRUPXQJHQ�XQG�6SDQQXQJHQ�EHL�� �

NRQVWDQWHQ�(UKlUWXQJVWHPSHUDWXUHQ� ��� �
%LOG������� (LQIOXVV�GHU�$UW�XQG�*UR�H�GHU�3UREHN|USHU�DXI�GLH�

(UKlUWXQJVIXQNWLRQ� ���
%LOG������� $UEHLWVOLQLH�GHU�=XVFKOlJH��=HPHQWVWHLQ�XQG�%HWRQ� ���
%LOG������� 9|OOLJNHLWVJUDGH�>��@� ��� �
%LOG������� $QVlW]H�]XU�%HVFKUHLEXQJ�GHU�'UXFNIHVWLJNHLWVHQWZLFNOXQJ��&(0,������ ���
%LOG������� $QVlW]H�]XU�%HVFKUHLEXQJ�GHU�=XJIHVWLJNHLWVHQWZLFNOXQJ� ���
%LOG������� $QVlW]H�]XU�%HVFKUHLEXQJ�GHU�(QWZLFNOXQJ�GHV�(ODVWL]LWlWVPRGXOV� ���
%LOG������� $QVlW]H�]XU�%HVFKUHLEXQJ�GHU�(QWZLFNOXQJ�GHU�4XHUGHKQ]DKO� ���
%LOG�������� =XVDPPHQKDQJ�]ZLVFKHQ�.ULHFKHQ�XQG�5HOD[DWLRQ�EHL�τ ��K� ��� �
%LOG�������� 9HUKDOWHQ�GHV�.ULHFKHQV�EHLP�MXQJHQ�%HWRQ� ���
%LOG�������� (LQIOXVV�GHV�%HODVWXQJVDOWHUV�DXI�GDV�.ULHFKHQ�EHL�XQWHUVFKLHGOLFKHQ�

%HUHFKQXQJVDQVlW]HQ� ���
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%LOG�������� (LQIOXVV�GHU�%HODVWXQJVGDXHU�DXI�GDV�.ULHFKHQ�EHL�XQWHUVFKLHGOLFKHQ�
%HUHFKQXQJVDQVlW]HQ� ���

%LOG�������� 0D[ZHOO�(OHPHQWH� ���
%LOG�������� 5HOD[DWLRQVIXQNWLRQ� ���
�
%LOG������� 3ULQ]LSLHOOHU�$XIEDX�YRQ�6<&2%� ���
%LOG������� 3ULQ]LSLHOOHU�$XIEDX��GHU�6XEURXWLQH�¯LQQHUH�:lUPH£� ���
%LOG������� 3ULQ]LSLHOOHU�$XIEDX��GHU�6XEURXWLQH�¯lX�HUH�:lUPH£� ���
%LOG������� ,GHHOOH�$X�HQOXIWWHPSHUDWXU� ���
%LOG������� =HLWOLFKH�(QWZLFNOXQJ�GHU�(UKlUWXQJVIXQNWLRQHQ� ���
%LOG�������� SULQ]LSLHOOHU�$XIEDX��GHU�6XEURXWLQH�¯YLVNRHODVWLVFKHV�0DWHULDOJHVHW]£� ���
�
%LOG������� +\GUDWDWLRQVJUDG�GHV�%HWRQV�PLW�ODQJVDP�HUKlUWHQGHP�=HPHQW��%��� ��� �
%LOG������� +\GUDWDWLRQVJUDG�GHV�%HWRQV�PLW�VFKQHOO�HUKlUWHQGHP�=HPHQW��%��� ���
%LOG��������� )RUPIXQNWLRQHQ�LQ�$EKlQJLJNHLW�GHV�+\GUDWDWLRQVJUDGHV� ��� �
%LOG�������� )RUPIXQNWLRQHQ�LQ�$EKlQJLJNHLW�GHU�5HLIH]HLW� ���
%LOG���������$GLDEDWLVFKH�7HPSHUDWXU�EHL�9DULDWLRQ�GHU�$QIDQJVEHGLQJXQJ�� ( )�Wα �
� EHLP�$QVDW]�6FKO��OHU�����&(0�,����5�� ���
%LOG���������$GLDEDWLVFKH�7HPSHUDWXU�EHL�9DULDWLRQ�GHU�$QIDQJVEHGLQJXQJ�� ( )�Wα �
� EHLP�$QVDW]�6FKO��OHU�����&(0�,����5�� ���
%LOG������� 9HUJOHLFKH�]ZLVFKHQ�GHQ�%HUHFKQXQJVDQVlW]HQ� ���
%LOG������� +HUVWHOOXQJVWHFKQRORJLH�GHV�)XQGDPHQWHV� ���
%LOG������� 9HUWLNDOH�7HPSHUDWXUYHUWHLOXQJ�]XP�=HLWSXQNW�GHV�(UUHLFKHQV��
� GHU�PD[LPDOHQ�7HPSHUDWXUHQ�LQ�6FKLFKW����W ���K�QDFK�%HWRQLHUHQ����
� 6FKQLWW�&�&��%LOG������� ���
%LOG��������9HUWLNDOH�7HPSHUDWXUYHUWHLOXQJ�]XP�=HLWSXQNW�GHV�(UUHLFKHQV�GHU��
� PD[LPDOHQ�7HPSHUDWXUHQ�LQ�6FKLFKW����W ���K�QDFK�%HWRQLHUHQ����
� 6FKQLWW�%�%��%LOG������ ���
%LOG�������� 7HPSHUDWXUHQWZLFNOXQJ�LP�.HUQ�GHV�4XHUVFKQLWWHV���

6FKQLWW�$�$��%LOG������ ���
%LOG�������� $X�HQOXIWWHPSHUDWXU�I�U�GLH�HUVWHQ��7DJH� ���
%LOG�������� 7DJHVJDQJ�GHU�LGHHOOHQ�$X�HQOXIWWHPSHUDWXU�I�U�HLQH��

KRUL]RQWDO�VWHKHQGHV�%DXWHLO� ���
%LOG�������� 9HUJOHLFK�]ZLVFKHQ�5HFKQXQJ�XQG�0HVVXQJ�LQ�GHU�KRUL]RQWDOHQ�(EHQH� ���
%LOG�������� 9HUJOHLFK�]ZLVFKHQ�5HFKQXQJ�XQG�0HVVXQJ�LQ�GHU�YHUWLNDOHQ�(EHQH� ���
%LOG�������� 7HPSHUDWXUIHOG�EHL�W ����K� ���
�
%LOG������� 7HPSHUDWXUHQWZLFNOXQJ�I�U�0RGHOOEDXWHLO�PLW���P�'LFNH�EHL��

9DULDWLRQ�GHU�)ULVFKEHWRQWHPSHUDWXU� ���
%LOG������� )(0�0RGHOO�I�U�GLH�=ZDQJVVSDQQXQJVEHUHFKQXQJ� ���
%LOG������� 6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHU�=HLWLQNUHPHQWH��

¡�ORJ�=HLWVNDOD��7$ ���&�� ���
%LOG������� 6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHU�=HLWLQNUHPHQWH��
� LQ�GHU�GHNDGLVFKHQ�=HLWVNDOD��7$ ���&�� ���
%LOG������� (LQIOXVV�GHV�0DWHULDOJHVHW]HV�DXI�GLH�6SDQQXQJVHQWZLFNOXQJ� ���
%LOG������� (LQIOXVV�GHU�XQWHUVFKLHGOLFKHQ�(UKlUWXQJVIXQNWLRQHQ�I�U�GLH�'UXFN���

IHVWLJNHLW�DXI�6SDQQXQJVHQWZLFNOXQJ��(ODVWL]LWlWVPRGXO�QDFK�%\IRUV�� ��� �
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%LOG������� (LQIOXVV�GHU�XQWHUVFKLHGOLFKHQ�(UKlUWXQJVIXQNWLRQHQ�I�U�GHQ��
� (ODVWL]LWlWVPRGXO�DXI�GLH�6SDQQXQJVHQWZLFNOXQJ� ���
%LOG������� 6SDQQXQJVHQWZLFNOXQJ�EHL�bQGHUXQJ�GHV�(ODVWL]LWlWVPRGXOV�QDFK����G� ���
%LOG������� 6SDQQXQJHQ�LQIROJH�7HPSHUDWXU�XQG�FKHPLVFKHQ�6FKZLQGHQ� ���
%LOG��������(LQIOXVV�GHU�.ULHFK��E]Z��5HOD[DWLRQVIXQNWLRQ�DXI�GLH��

=ZDQJVVSDQQXQJ�EHL�7$ ���&� ���
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A = 385 … 392
B = 375 … 385
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t =2 d 

B
C

E

D

A

�
%LOG�$�����+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�EHL�W �G�



 ��$�����

�

�

� � � � �

� � � � �

� � � � �

� � � � � �

� � � � � � � �	 
 � �  � �

� � �
��
��
��
��� ��
� ³

�

� � � � � � �  � � � � � � �  � � � � � � �  
� � � � � � �  � � � � �  � � � � �  

�
%LOG�$�����+\GUDWDWLRQVZlUPHPHQJH�

�

Wärmemenge  [kJ/m³]
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A = 0.625  … 0.635
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D = 0.582 …0.605
t = 2 d
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A = 145  … 148
B = 135 … 145
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%LOG�$�����7HPSHUDWXUHQWZLFNOXQJ�

�

Temperatur [°C]
A = 59.0 … 61.0
B = 55.0 … 59.0
C = 45.0 … 55.0
D = 35.0 … 45.0
E = 27.1 … 35.0
t =5 d 

B
C

D

A

E

�
%LOG�$������7HPSHUDWXUYHUWHLOXQJ�EHL�W �G�
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%LOG�$������'UXFNIHVWLJNHLWVHQWZLFNOXQJ�

�

Druckfestigkeit [N/mm²]
A = 38.5 … 39.5
B = 37.5 … 38.5
C = 36.5 … 37.5
D = 36.0 … 36.5
E = 34.7 … 36.0
t =5 d 

BC

E
D

A

�
%LOG�$������'UXFNIHVWLJNHLW�EHL�W �G�
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%LOG�$������=XJIHVWLJNHLWVHQWZLFNOXQJ�

�

Zugfestigkeit  [N/mm²]
A = 1.83 … 1.85
B = 1.79 … 1.83
C = 1.75 … 1.79
D = 1.70 … 1.75
E = 1.64 … 1.70
t = 5 d

B
C

D

A

E

�
%LOG�$������=XJIHVWLJNHLW�EHL�W �G�
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%LOG�$������(�0RGXOHQWZLFNOXQJ�
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E-Modul [N/mm²]
A = 38100  … 38275
B = 37800 … 38100
C = 37400 … 37800
D = 37000 … 37400
E = 36045 … 37000
t = 5 d

B
C

E

A

D

�
%LOG�$������(�0RGXO�EHL�W �G�
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%LOG�$������6SDQQXQJVHQWZLFNOXQJ�

 

Sx [N/mm²]
A = 1.80  … 2.26
B = 1.00 … 1.80
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.36 … -2.00
t = 5 d

E

C
D

B

F

A

�
%LOG�$������6SDQQXQJ�σ ' �EHL�W �G�
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�
%LOG�$������+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�

�

Wärmeentwicklung [kJ/m³h]
A = 327 … 331
B = 320 … 327
C = 310 … 320
D = 300 … 310
E = 289 … 300
t =2 d 

B
C

E
D

A

�
%LOG�$������+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�EHL�W �G�
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�
%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�

�

Wärmemenge  [kJ/m³]
A = 77500 … 78325
B = 76500 … 77500
C = 75500 … 76500
D = 70000 … 75500
E = 72933 … 70000
t = 2 d

BC

D

A

E

�
%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�EHL�W �G�
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%LOG�$������+\GUDWDWLRQVJUDG�
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Hydratationsgrad [-]
A = 0.625  … 0.627
B = 0.615 … 0.625
C = 0.605 … 0.615
D = 0.600 …0.605
E = 
t = 2 d

0.584 …0.600

B

E
D

AC

�
%LOG�$������+\GUDWDWLRQVJUDG�EHL�W �G�
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�
%LOG�$������5HLIH]HLW�

�

Reifezeit [h]
A = 120  … 124
B = 110 … 120
C = 100 … 110
D = 95 …100
E = 81 …95
t = 2 d

B
C

D

A

E

�
%LOG�$������5HLIH]HLW�EHL�W �G�

�
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%LOG�$������7HPSHUDWXUHQWZLFNOXQJ�
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Temperatur [°C]
A = 50.0 … 54.4
B = 45.0 … 50.0
C = 35.0 … 45.0
D = 30.0 … 35.0
E = 26.8 … 30.0
t =5 d 

BC

E
D

A

�
%LOG�$�����7HPSHUDWXUYHUWHLOXQJ�EHL�W �G�
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�
%LOG�$�����'UXFNIHVWLJNHLWVHQWZLFNOXQJ�

�

Druckfestigkeit [N/mm²]
A = 32.0 … 32.7
B = 31.5 … 32.0
C = 30.5 … 31.5
D = 30.0 … 30.5
E = 29.4 … 30.0
t =5 d 

BC

E
D

A

�
%LOG�$�����'UXFNIHVWLJNHLW�EHL�W �G�
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%LOG�$�����=XJIHVWLJNHLWVHQWZLFNOXQJ�

�

Zugfestigkeit  [N/mm²]
A = 1.58 … 1.60
B = 1.56 … 1.58
C = 1.53 … 1.56
D = 1.51 … 1.53
E = 1.48 … 1.51
t = 5 d

B
C

D

A

E

�
%LOG�$�����=XJIHVWLJNHLW�EHL�W �G�
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%LOG�$������(�0RGXOHQWZLFNOXQJ�

�

E-Modul [N/mm²]
A = 34800  … 35112
B = 34500 … 34800
C = 34200 … 34500
D = 33800 … 34200
E = 33411 … 33800
t = 5 d

B
C

E

A

D

�
%LOG�$������(�0RGXO�EHL�W �G�
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%LOG�$������6SDQQXQJVHQWZLFNOXQJ�

 

σx [N/mm²]
A = 1.20  … 1.70
B = 0.70 … 1.20
C = 0.00 … 0.70
D = -1.00 …0.00
E = -1.76 …-1.00
t = 5 d

E
C

D

B

A

�
%LOG�$������6SDQQXQJ�σ ! �EHL�W �G�
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%LOG�$������+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�

�

Wärmeentwicklung [kJ/m³h]
A = 605 … 609
B = 590 … 605
C = 570 … 590
D = 550 … 570
E = 519 … 550
t =2 d 

B
C

E

D

A

�
%LOG�$������+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�EHL�W �G�
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%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�

�

Wärmemenge  [kJ/m³]
A = 78500 … 79419
B = 77500 … 78500
C = 76500 … 77500
D = 75500 … 76500
E = 72319 … 75500
t = 2 d

BC

D

A

E

�
%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�EHL�W �G�
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�
%LOG�$������+\GUDWDWLRQVJUDG�

�

Hydratationsgrad [-]
A = 0.635  … 0.643
B = 0.620 … 0.635
C = 0.610 … 0.620
D = 0.585 …0.610
t = 2 d

B

E
D

AC

�
%LOG�$������+\GUDWDWLRQVJUDG�EHL�W �G�
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�
%LOG�$������5HLIH]HLW�

�

Reifezeit [h]
A = 108  … 111
B = 102 … 108
C = 95 … 102
D = 90 …95
E = 79 …90
t = 2 d

B
C

D

A

E

�
%LOG�$������5HLIH]HLW�EHL�W �G�

�
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%LOG�$������7HPSHUDWXUHQWZLFNOXQJ�
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Temperatur [°C]
A = 54.0 … 58.0
B = 48.0 … 54.0
C = 40.0 … 48.0
D = 31.0 … 40.0
E = 27.2 … 31.0
t =5 d 

B
C

E

D

A

�
%LOG�$������7HPSHUDWXUYHUWHLOXQJ�EHL�W �G�
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%LOG�$������'UXFNIHVWLJNHLWVHQWZLFNOXQJ�

�

Druckfestigkeit [N/mm²]
A = 31.0 … 31.7
B = 30.2 … 31.0
C = 29.7 … 30.2
D = 29.0 … 29.7
E = 28.4 … 29.0
t =5 d 

BC

E
D

A

�
%LOG�$������'UXFNIHVWLJNHLW�EHL�W �G�
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%LOG�$������=XJIHVWLJNHLWVHQWZLFNOXQJ�
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Zugfestigkeit  [N/mm²]
A = 1.45 … 1.51
B = 1.40 … 1.45
C = 1.35 … 1.40
D = 1.25 … 1.35
t = 5 d

B

C

D

A

�
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%LOG�$������(�0RGXOHQWZLFNOXQJ�
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E-Modul [N/mm²]
A = 34300  … 34624
B = 34100 … 34300
C = 33700 … 34100
D = 33300 … 33700
E = 32877 … 33300
t = 5 d

B
C

E

A

D

�
%LOG�$������(�0RGXO�EHL�W �G�

�
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σx [N/mm²]

A = 1.80  … 2.22
B = 1.20 … 1.80
C = 0.00 … 1.20
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.47 … -2.00
t = 5 d

E

C
D

B

F

A

�
%LOG�$������6SDQQXQJ�σ ! �EHL�W �G�
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%LOG�$�����+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�
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Wärmeentwicklung [kJ/m³h]
A = 840 … 860
B = 800 … 840
C = 760 … 800
D = 720 … 760
E = 641 … 720
t =2 d 

B
C

E
D

A

�
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%LOG�$�����+\GUDWDWLRQVZlUPHPHQJH�

�

Wärmemenge  [kJ/m³]
A = 68800 … 68958
B = 68400 … 68800
C = 68000 … 68400
D = 67600 … 68000
E = 67061 … 67600
t = 2 d

B
C

DA E

�
%LOG�$�����+\GUDWDWLRQVZlUPHPHQJH�EHL�W �G�
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%LOG�$�����+\GUDWDWLRQVJUDG�
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Hydratationsgrad [-]
A = 0.557  … 0.559
B = 0.552 … 0.557
C = 0.548 … 0.552
D = 0.543 …0.548
t = 2 d

B
D

A C
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�
%LOG�$�����5HLIH]HLW�

�

Reifezeit [h]
A = 67.9  … 68.4
B = 67.0 … 67.9
C = 66.0 … 67.0
D = 65.0 …66.0
E = 63.3 …65.0
t = 2 d

B
CD

A

�
%LOG�$�����5HLIH]HLW�EHL�W �G�

�
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�
%LOG�$�����7HPSHUDWXUHQWZLFNOXQJ�

�

Temperatur [°C]
A = 45.0 … 50.6
B = 40.0 … 35.0
C = 35.0 … 40.0
D = 30.0 … 35.0
E = 26.7 … 30.0
t =5 d 

B
C

E
D

A

�
%LOG�$������7HPSHUDWXUYHUWHLOXQJ�EHL�W �G�
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�
%LOG�$������'UXFNIHVWLJNHLWVHQWZLFNOXQJ�

�

Druckfestigkeit [N/mm²]
A = 29.8 … 30.01
B = 29.4 … 29.8
C = 29.0 … 29.4
D = 28.5 … 29.0
E = 28.1 … 28.5
t =5 d 

BC

E
D

A

�
%LOG�$������'UXFNIHVWLJNHLW�EHL�W �G�
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�
%LOG�$������=XJIHVWLJNHLWVHQWZLFNOXQJ�

�

Zugfestigkeit  [N/mm²]
A = 1.36 … 1.40
B = 1.32 … 1.36
C = 1.29 … 1.32
D = 1.26 … 1.29
E = 1.22 … 1.26
t = 5 d

B

C

D

A

E

�
%LOG�$������=XJIHVWLJNHLW�EHL�W �G�

�
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%LOG�$������(�0RGXOHQWZLFNOXQJ�

�

E-Modul [N/mm²]
A = 33600  … 33760
B = 33400 … 33600
C = 33200 … 33400
D = 33000 … 33200
E = 32702 … 33000
t = 5 d

B

C

E

A

D

�
%LOG�$������(�0RGXO�EHL�W �G�
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%LOG�$������6SDQQXQJVHQWZLFNOXQJ�

 

σx [N/mm²]

A = 1.70  … 2.10
B = 1.00 … 1.70
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.49 … -2.00
t = 5 d

E

C

D

B

F

A

�
%LOG�$������6SDQQXQJ�σ ! �EHL�W �G�
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�
%LOG�$������+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�

�

Wärmeentwicklung [kJ/m³h]
A = 440 … 449
B = 432 … 440
C = 425 … 432
D = 415 … 425
E = 406 … 415
t =2 d 

BC

E D
A

�
%LOG�$������+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�EHL�W �G�
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�
%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�

�

Wärmemenge  [kJ/m³]
A = 84500 … 86470
B = 83000 … 84500
C = 81500 … 83000
D = 80000 … 81500
E = 75940 … 80000
t = 2 d

BC

D

A

E

�
%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�EHL�W �G�
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�
%LOG�$������+\GUDWDWLRQVJUDG�

�

Hydratationsgrad [-]
A = 0.690  … 0.700
B = 0.675 … 0.690
C = 0.660 … 0.675
D = 0.645 …0.660
E = 
t = 2 d

0.615 …0.645

B

E
D

AC

�
%LOG�$������+\GUDWDWLRQVJUDG�EHL�W �G�

�

#

$

%

& '

& (

' #

' $

' %

# ' $ ( % & # & ' & $
) * + , - . /

0 123 14
12 567 8

9 : # ; & ' < = 9 : & ; ( ' < = 9 : > ; ( ' < =
9 : $ ; ( ' < = 9 : < ; < = 9 : < ; ? =

�
%LOG�$������5HLIH]HLW�

�

Reifezeit [h]
A = 165  … 171
B = 155 … 165
C = 140 … 155
D = 125 … 140
E =   93 … 125
t = 2 d

B
C

D

A

E

�
%LOG�$������5HLIH]HLW�EHL�W �G�
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�
%LOG�$������7HPSHUDWXUHQWZLFNOXQJ�

�

Temperatur [°C]
A = 58.0 … 65.6
B = 50.0 … 58.0
C = 40.0 … 50.0
D = 32.0 … 40.0
E = 27.4 … 32.0
t =5 d 

B
C

E

D

A

�
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�
%LOG�$������'UXFNIHVWLJNHLWVHQWZLFNOXQJ�

�

Druckfestigkeit [N/mm²]
A = 32.8 … 33.2
B = 32.0 … 32.8
C = 31.0 … 32.0
D = 30.0 … 31.0
E = 28.7 … 30.0
t =5 d 

BC

E

D

A

�
%LOG�$������'UXFNIHVWLJNHLW�EHL�W �G�
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�
%LOG�$������=XJIHVWLJNHLWVHQWZLFNOXQJ�

�

Zugfestigkeit  [N/mm²]
A = 1.52 … 1.58
B = 1.47 … 1.52
C = 1.42 … 1.47
D = 1.36 … 1.42
E = 1.28 … 1.36
t = 5 d

B

C

D

A

E

�
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%LOG�$������(�0RGXOHQWZLFNOXQJ�

�

E-Modul [N/mm²]
A = 35000  … 35363
B = 34500 … 35000
C = 34000 … 34500
D = 33500 … 34000
E = 33051 … 33500
t = 5 d

B
C

E

A

D

�
%LOG�$������(�0RGXO�EHL�W �G�
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%LOG�$������6SDQQXQJVHQWZLFNOXQJ�

 

σx [N/mm²]

A = 1.80  … 2.31
B = 1.00 … 1.80
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.50 … -2.00
t = 5 d

E

C
D B F

A

�
%LOG�$������6SDQQXQJ�σ ! EHL�W �G�
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�
%LOG�$�����+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�

�

Wärmeentwicklung [kJ/m³h]
A = 590 … 604
B = 560 … 590
C = 540 … 560
D = 510 … 540
E = 480 … 510
F = 401 … 480

B

C
E

D

A

F

C

�
%LOG�$�����+\GUDWDWLRQVZlUPHHQWZLFNOXQJ�EHL�W �G�

�

&

' & & & &

( & & & &

) & & & &

* & & & &

+ & & & & &

+ ' & & & &

& , + ( ' + ' *- . / 0 1 2 3

4 5 6
78
78
9:
8;< =>
7 ³

?

@ A & B + ' C D @ A + B ) ' C D @ A E B ) ' C D
@ A ( B ) ' C D @ A C B C D @ A C B , D

�
%LOG�$�����+\GUDWDWLRQVZlUPHPHQJH�

�

Wärmemenge  [kJ/m³]
A = 78000 … 79336
B = 77000 … 78000
C = 75000 … 77000
D = 73000 … 75000
E = 67454 … 73000
t = 2 d

BC

D

A

E

�
%LOG�$�����+\GUDWDWLRQVZlUPHPHQJH�EHL�W �G�
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�
%LOG�$�����+\GUDWDWLRQVJUDG�
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Hydratationsgrad [-]
A = 0.635  … 0.643
B = 0.620 … 0.635
C = 0.605 … 0.620
D = 0.590 …0.605
E = 
t = 2 d

0.546 …0.590

B

E

D

AC

�
%LOG�$�����+\GUDWDWLRQVJUDG�EHL�W �G�
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�
%LOG�$�����5HLIH]HLW�

�

Reifezeit [h]
A = 105  … 111
B = 100 … 105
C =  92 …  100
D =  85  …   92
E =  67  …   85
t = 2 d

B
C

D

A

E

�
%LOG�$�����5HLIH]HLW�EHL�W �G�
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%LOG�$�����7HPSHUDWXUHQWZLFNOXQJ�

�

Temperatur [°C]
A = 50.0 … 60.2
B = 40.0 … 50.0
C = 30.0 … 40.0
D = 20.0 … 30.0
E = 13.0 … 20.0
t =5 d 

B

C
ED

A

�
%LOG�$������7HPSHUDWXUYHUWHLOXQJ�EHL�W �G�
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%LOG�$������'UXFNIHVWLJNHLWVHQWZLFNOXQJ�

�

Druckfestigkeit [N/mm²]
A = 30.5 … 31.3
B = 30.0 … 30.5
C = 29.5 … 30.0
D = 28.5 … 29.5
E = 27.8 … 28.5
t =5 d 

BC

E
D

A

�
%LOG�$������'UXFNIHVWLJNHLW�EHL�W �G�
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%LOG�$������=XJIHVWLJNHLWVHQWZLFNOXQJ�

�

Zugfestigkeit  [N/mm²]
A = 1.45 … 1.49
B = 1.40 … 1.45
C = 1.35 … 1.40
D = 1.25 … 1.35
E = 1.19 … 1.25
t = 5 d

BC

D

A

E

�
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�

E-Modul  [N/mm²]
A = 34200 … 34421
B = 33800 … 342
C = 33400 … 
D = 33000 … 
E = 32570 … 

00
33800
33400
33000

t = 5 d

C

D

A

E
AB

C

�
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%LOG�$������6SDQQXQJVHQWZLFNOXQJ�

 

σx [N/mm²]

A = 1.00  … 1.30
B = 0.50 … 1.00
C = 0.00 … 0.50
D = -0.50 …0.00
E = -1.00 …-0.50
F = -1.80 … -1.00
t = 5 d

B

C

D

A

E
F

A

�
%LOG�$������6SDQQXQJ�σ ! �EHL�W �G�
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Temperatur [°C]
A = 55.0 … 58.0
B = 50.0 … 55.0
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Druckfestigkeit [N/mm²]
A = 31.2 … 31.7
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E = 29.0 … 29.7
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σx [N/mm²]
A = 1.00  … 1.45
B = 0.50 … 1.00
C = 0.00 … 0.50
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.41 … -2.00
t = 5 d
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%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�
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Wärmemenge  [kJ/m³]
A = 77500 … 79419
B = 76000 … 77500
C = 74500 … 76000
D = 73000 … 74500
E = 68875 … 73000
t = 2 d
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%LOG�$������+\GUDWDWLRQVZlUPHPHQJH�EHL�W �G�



 ��$�����

�

� � �

� � �

� � �

� � �

� � �

� � �

� � � � � � � �� 	 
 � �  �

� �� ��
� ��� �

��
��
�� � ��

� � � � � �  ! � � � � � �  ! � � " � � �  !
� � � � � �  ! � �  �  ! � �  � � !

�
%LOG�$������+\GUDWDWLRQVJUDG�

�

Hydratationsgrad [-]
A = 0.630  … 0.643
B = 0.615 … 0.630
C = 0.600 … 0.615
D = 0.590 …0.600
E = 
t = 2 d

0.558 …0.590
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E
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�
%LOG�$������+\GUDWDWLRQVJUDG�EHL�W �G�
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Reifezeit [h]
A = 103  … 111
B =   96 … 103
C =   88 …  96
D =   80 …  88
E =   68 …  80
t = 2 d

B
C

D

A

E

�
%LOG�$������5HLIH]HLW�EHL�W �G�



 ��$������

�
$�������,GHHOOH�7HPSHUDWXU�
�

�

� �

� �

� �

� �

� �

� �

� � � � � �� � 	 
 � � 
�� ��

��
�

� �� ��
� �� ��

�
��
��
�� ��

��
��

 ! " 	 # ! $ 
 % & ' ( � ) � * 


�
%LOG�$������LGHHOOH�7HPSHUDWXUHQWZLFNOXQJ�

�
�
$�������7HPSHUDWXU�
�

+ ,

- ,

. ,

/ ,

0 ,

, 1 2 . + 2 + 34 5 6 7 8 9 :

; <
=>
<?
@A B?

CD
EF

G H , I , , J G H 2 I / , J G H - I / , J
G H . I / , J G H / I / J G H / I 1 J

�
%LOG�$������7HPSHUDWXUHQWZLFNOXQJ�

�

Temperatur [°C]
A = 55.0 … 58.0
B = 50.0 … 55.0
C = 40.0 … 50.0
D = 31.0 … 40.0
E = 26.6 … 31.0
t =5 d 
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Druckfestigkeit [N/mm²]
A = 31.2 … 31.7
B = 30.6 … 31.2
C = 29.8 … 30.6
D = 29.0 … 29.8
E = 28.8 … 29.0
t =5 d 
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Zugfestigkeit  [N/mm²]
A = 1.45 … 1.51
B = 1.40 … 1.45
C = 1.30 … 1.40
D = 1.19 … 1.30
t = 5 dB
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E-Modul [N/mm²]
A = 34400  … 34624
B = 34000 … 34400
C = 33600 … 34000
D = 33100 … 33600
E = 32564 … 33100
t = 5 d
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σx [N/mm²]

A = 1.10  … 1.65
B = 0.60 … 1.10
C = 0.00 … 0.60
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.42 … -2.00
t = 5 d
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