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'LH� YRUOLHJHQGH� 'LVVHUWDWLRQ� HQWVWDQG� ZlKUHQG� PHLQHU� 7lWLJNHLW� DOV� ZLVVHQVFKDIWOLFKHU
0LWDUEHLWHU� DP� ,QVWLWXW� I�U� :HUN]HXJPDVFKLQHQ� XQG� %HWULHEVZLVVHQVFKDIWHQ� �LZE�� GHU
7HFKQLVFKHQ�8QLYHUVLWlW�0�QFKHQ�

+HUUQ�3URI��'U��,QJ��*��5HLQDUW��PHLQHP�'RNWRUYDWHU��JLOW�PHLQ�EHVRQGHUHU�'DQN�I�U�GLH
ZRKOZROOHQGH�)|UGHUXQJ�XQG�JUR�]�JLJH�8QWHUVW�W]XQJ�PHLQHU�$UEHLW�

%HL�+HUUQ�3URI��'U��,QJ��.��)HOGPDQQ��GHP�/HLWHU�GHV�/HKUVWXKOV�I�U�)HUWLJXQJVDXWRPDWL�
VLHUXQJ� XQG� 3URGXNWLRQVV\VWHPDWLN� GHU� )ULHGULFK�$OH[DQGHU� 8QLYHUVLWlW� (UODQJHQ�
1�UQEHUJ��P|FKWH� LFK�PLFK� I�U� GLH�hEHUQDKPH� GHV�.RUUHIHUDWHV� XQG� GLH� DXIPHUNVDPH
'XUFKVLFKW�PHLQHU�$UEHLW�EHGDQNHQ�

'DU�EHU�KLQDXV�EHGDQNH�LFK�PLFK�EHL�DOOHQ�0LWDUEHLWHULQQHQ�XQG�0LWDUEHLWHUQ�GHV� ,QVWL�
WXWV�VRZLH�DOOHQ�6WXGHQWHQ��GLH�PLFK�EHL�GHU�(UVWHOOXQJ�PHLQHU�$UEHLW�XQWHUVW�W]W�KDEHQ�
UHFKW�KHU]OLFK�

1LFKW� ]XOHW]W� JLOW�PHLQ�'DQN� DXFK�PHLQHU� )DPLOLH�� RKQH� GHUHQ� JUR�H�*HGXOG� XQG� YHU�
VWlQGQLVYROOH�8QWHUVW�W]XQJ�GDV�)HUWLJVWHOOHQ�GHU�$UEHLW�NDXP�P|JOLFK�JHZHVHQ�ZlUH�

0�QFKHQ��'H]HPEHU����� .QXW�+HLWPDQQ
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��� $XVJDQJVVLWXDWLRQ �

��� =LHOVHW]XQJ�GHU�$UEHLW �

��� 9RUJHKHQVZHLVH �

� 5DQGEHGLQJXQJHQ�XQG�0RWLYDWLRQ�GHU�$UEHLW �

��� =LHOH�XQG�$XIJDEHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ �

����� =LHOH�GHU�3URGXNWLRQVRSWLPLHUXQJ �

����� $XIJDEHQ�XQG�)UDJHVWHOOXQJHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ �

��� $QZHQGXQJVXPIHOG�GHV�3URJQRVHV\VWHPV �

����� 3URGXNWLRQVV\VWHP ��

����� 6\VWHPEHGLHQHU ��

����� $XIJDEHQVWHOOXQJHQ ��

����� 'DWHQTXHOOHQ ��

����� 3ODQXQJVHUJHEQLVVH ��

��� 5ROOH�GHV�3URJQRVHV\VWHPV�LP�5DKPHQ�GHU�$XIJDEHQVWHOOXQJHQ�GHU
3URGXNWLRQVRSWLPLHUXQJ ��

����� 5ROOH�EHL�GHU�WDNWLVFKHQ�2SWLPLHUXQJ�YRQ�6WUXNWXUHQ�XQG�6WUDWHJLHQ ��

����� 5ROOH�EHL�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�GHU�%HWULHEVSDUDPHWHU ��

��� 6WHOOHQZHUW�GHU�3URJQRVHJ�WH�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ ��

����� 6WHOOHQZHUW�I�U�GLH�WDNWLVFKH�2SWLPLHUXQJ
YRQ�6WUXNWXUHQ�XQG�6WUDWHJLHQ ��

����� 6WHOOHQZHUW�I�U�GLH�RSHUDWLYH�2SWLPLHUXQJ�GHU�%HWULHEVSDUDPHWHU ��

����� 5HVXOWLHUHQGH�$QIRUGHUXQJHQ�DQ�GLH�3URJQRVHWUHXH ��

��� =XVDPPHQIDVVXQJ�XQG�)D]LW ��
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� %HWULHEVEHJOHLWHQGH�6LPXODWLRQ�XQG�3URJQRVHIHKOHU ��

��� 'DV�.RQ]HSW�GHU�EHWULHEVEHJOHLWHQGHQ�$EODXIVLPXODWLRQ ��

����� %HWULHEVEHJOHLWHQGHU�(LQVDW]�GHU�$EODXIVLPXODWLRQ ��

����� *HJHQ�EHUVWHOOXQJ�YRQ�SODQXQJVXQWHUVW�W]HQGHU
XQG�EHWULHEVEHJOHLWHQGHU�6LPXODWLRQ ��

����� 6WHOOHQZHUW�XQG�9HUEHVVHUXQJVEHGDUI�GHU�$EODXIVLPXODWLRQ
LQ�GHU�3UD[LV�±�(UJHEQLVVH�HLQHU�HPSLULVFKHQ�6WXGLH ��

��� 7\SLVLHUXQJ�YRQ�3URJQRVHIHKOHUQ ��

��� $QDO\VH�GHU�3URJQRVHIHKOHU�EHL�UHDOHQ�3URGXNWLRQVV\VWHPHQ ��

����� 'LH�EHWUDFKWHWHQ�$QODJHQ ��

����� *U|�HQRUGQXQJHQ�GHU�3URJQRVHDEZHLFKXQJHQ ��

����� 6WDWLVWLVFKH�%HVRQGHUKHLWHQ ��

����� 7KHRUHWLVFKH�hEHUOHJXQJHQ�]X�GHQ�VWRFKDVWLVFKHQ�&KDUDNWHULVWLND
XQWHUVFKLHGOLFKHU�2UJDQLVDWLRQVW\SHQ�GHU�3URGXNWLRQ ��

����� 6FKOX�IROJHUXQJHQ�DXV�GHQ�$QDO\VHHUJHEQLVVHQ ��

��� 8UVDFKHQ�I�U�HLQH�PDQJHOQGH�3URJQRVHJ�WH�EHL�GHU�EHWULHEVEHJOHLWHQGHQ
6LPXODWLRQ ��

����� 'DWHQ��XQG�PRGHOOEHGLQJWH�3URJQRVHIHKOHU ��

����� ([SHULPHQWEHGLQJWH�3URJQRVHIHKOHU ��

����� $XVZHUWXQJVEHGLQJWH�3URJQRVHIHKOHU ��

����� .RQVHTXHQ]HQ�I�U�GLH�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH ��

��� =XVDPPHQIDVVXQJ ��

� %HNDQQWH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH ��

��� 9HUEHVVHUXQJ�GHU�$NWXDOLWlW�GHU�%DVLV��XQG�(LQJDQJVGDWHQ ��

��� 3IOHJH�XQG�$NWXDOLVLHUXQJ�GHV�6LPXODWLRQVPRGHOOV ��

��� 0HWKRGHQ�]XU�NRUUHNWHQ�$EELOGXQJ�GHU�6WRFKDVWLN�LQ�GHU�6LPXODWLRQ ��

��� 0HWKRGHQ�XQG�6\VWHPH�]XU�([SHULPHQWSODQXQJ ��

��� 6WDWLVWLVFKH�.RUUHNWXUPRGHOOH�XQG�)HKOHUNRPSHQVDWLRQ ��

��� 6\VWHPH�]XU�VWDWLVWLVFKHQ�$XVZHUWXQJ�GHU�6LPXODWLRQVHUJHEQLVVH ��

��� %HQXW]HUVFKQLWWVWHOOHQ�XQG�9LVXDOLVLHUXQJVPHWKRGHQ ��
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��� =XVDPPHQIDVVXQJ�GHV�6WDQGHV�GHU�)RUVFKXQJ�XQG�)D]LW ��

� .RQ]HSW�HLQHV�3URJQRVHV\VWHPV�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ ��

��� *UXQGLGHH�XQG�5DKPHQNRQ]HSW ��

����� ([SHULPHQWSODQXQJ ��

����� 0RGHOOJHQHULHUXQJ�XQG��NRQILJXUDWLRQ ��

����� ([SHULPHQWVWHXHUXQJ ��

����� )HKOHUNRPSHQVDWLRQ�XQG�6FKlW]XQJ�GHU�VWRFKDVWLVFKHQ�8QVLFKHUKHLW ��

����� (UJHEQLVDXVZHUWXQJ ��

����� 9LVXDOLVLHUXQJ ��

��� $EOHLWXQJ�HLQHV�3IOLFKWHQKHIWHV�I�U�GLH�)XQNWLRQVPRGXOH ��

����� $QIRUGHUXQJHQ�DQ�GLH�([SHULPHQWSODQXQJ ��

����� $QIRUGHUXQJHQ�DQ�GDV�0RGHOO�XQG�GLH�0RGHOOLHUXQJ ��

����� $QIRUGHUXQJHQ�DQ�GLH�([SHULPHQWVWHXHUXQJ ��

����� $QIRUGHUXQJHQ�DQ�GLH�)HKOHUNRPSHQVDWLRQ�XQG�GLH
VWDWLVWLVFKH�$XVZHUWXQJ ��

����� $QIRUGHUXQJHQ�DQ�GLH�(UJHEQLVYLVXDOLVLHUXQJ ��

��� =XVDPPHQIDVVXQJ ��

� ([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ ��

��� $QDO\VH�GHU�$XIJDEHQVWHOOXQJ�EHL�GHU�'HILQLWLRQ�EHWULHEVEHJOHLWHQGHU
6LPXODWLRQVH[SHULPHQWH ��

����� .ODVVLIL]LHUXQJ�GHU�)UDJHVWHOOXQJHQ ��

����� 6WUDWHJLVFKH�XQG�WDNWLVFKH�$VSHNWH�GHU�([SHULPHQWSODQXQJ ��

��� /|VXQJVNRQ]HSW�]XU�.RQILJXUDWLRQ�XQG�6WHXHUXQJ�VWRFKDVWLVFKHU
(LQ]HOH[SHULPHQWH ��

����� ([SHULPHQWSODQXQJ�PLWWHOV�([SHULPHQWUDKPHQ ��

����� .RQILJXUDWLRQ�HLQHV�]XP�([SHULPHQW�SDVVHQGHQ�6LPXODWLRQVPRGHOOV ��

����� ([SHULPHQWVWHXHUXQJ ��

����� %DXNDVWHQ�JHHLJQHWHU�$XVZHUWH��XQG�9LVXDOLVLHUXQJVYHUIDKUHQ ��

��� 'DUVWHOOXQJ�GHV�([SHULPHQWDEODXIV ��

��� =XVDPPHQIDVVXQJ ��
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� *HQHULHUXQJ�SURJQRVHWUHXHU�6LPXODWLRQVPRGHOOH ��

��� $VSHNWH�EHL�GHU�0RGHOOLHUXQJ�GHU�6\VWHPVWRFKDVWLN ��

��� (LQIOX�IDNWRUHQ�DXI�GLH�0RGHOOLHUXQJ�GHU�6\VWHPVWRFKDVWLN ��

��� 0RGHOOLHUXQJVW\SHQ ��

��� 6SH]LHOOH�0RGHOOLHUXQJVWHFKQLNHQ�I�U�VWRFKDVWLVFKH�(IIHNWH�EHL�GHU
EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ ��

����� 0HWKRGHQ�]XU�9HUGLFKWXQJ�XQG�$EVWUDNWLRQ�VWRFKDVWLVFKHU�(IIHNWH ��

����� 0HWKRGHQ�]XU�NRUUHNWHQ�XQG�HIIL]LHQWHQ�0RGHOOLHUXQJ
YRQ�$EKlQJLJNHLWHQ�]ZLVFKHQ�VWRFKDVWLVFKHQ�(IIHNWHQ ��

����� 0HWKRGHQ�]XU�NRUUHNWHQ�XQG�HIIL]LHQWHQ�0RGHOOLHUXQJ�EHVRQGHUV
VHOWHQHU�VWRFKDVWLVFKHU�(IIHNWH ��

����� 9RUJHKHQ�EHL�LUUHOHYDQWHQ�VWRFKDVWLVFKHQ�(IIHNWHQ ��

��� $XWRPDWLVFKH�0RGHOOJHQHULHUXQJ ��

����� .RQ]HSW�JHQHULVFKHU�0RGHOOEDXVWHLQH ��

����� $XVZDKO�YRQ�0RGHOOLHUXQJVW\S�XQG�0RGHOOEDXVWHLQHQ ��

����� $NTXLVLWLRQ�DNWXHOOHU�0RGHOOGDWHQ ��

����� 0RGHOODXIEDX ��

��� =XVDPPHQIDVVXQJ ��

� .RPSHQVDWLRQ�YRQ�3URJQRVHIHKOHUQ�XQG�VWDWLVWLVFKH�$XVZHUWXQJ ��

��� 6WDWLVWLVFKH�*UXQGODJHQ�XQG�9HUIDKUHQ ��

����� 6WDWLVWLVFKH�6WDQGDUGYHUIDKUHQ�XQG��NHQQ]DKOHQ ��

����� 6SH]LHOOH�0HWKRGHQ�]XU�.HQQ]DKOEHUHFKQXQJ ��

����� 0HWKRGHQ�]XU�3U�IXQJ�GHU�9RUDXVVHW]XQJHQ�I�U�GLH
.HQQ]DKOEHUHFKQXQJ ��

����� 0HWKRGHQ�]XU�9LVXDOLVLHUXQJ�GHU�VWRFKDVWLVFKHQ�,QIRUPDWLRQHQ ��

��� .RQ]HSWLRQ�GHU�)XQNWLRQVPRGXOH�]XU�)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ
XQG�'DUVWHOOXQJ ��

����� %HUHFKQXQJVPRGXO ���

����� 'DWHQ��XQG�0RGHOOPDQDJHPHQW ���

����� 9LVXDOLVLHUXQJ ���

��� $EODXI�GHU�)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ ���
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��� =XVDPPHQIDVVXQJ ���

� 5HDOLVLHUXQJ�XQG�EHLVSLHOKDIWH�$QZHQGXQJ ���

��� (LQELQGXQJ�LQ�HLQ�3ODQXQJVV\VWHP�]XU�3URGXNWLRQVRSWLPLHUXQJ ���

��� 5HDOLVLHUXQJ�GHU�0RGXOH�GHV�3URJQRVHV\VWHPV ���

����� 0RGXO�]XU�([SHULPHQWSODQXQJ�XQG�([SHULPHQWUDKPHQ ���

����� 0RGHOOJHQHUDWRU�XQG�6LPXODWLRQVXPJHEXQJ ���

����� 0RGXO�]XU�$XVZHUWXQJ��)HKOHUNRPSHQVDWLRQ�XQG�9LVXDOLVLHUXQJ ���

��� %HLVSLHOKDIWH�$QZHQGXQJ ���

����� (UVWHOOXQJ�GHU�VWDWLVWLVFKHQ�0RGHOOH��$QDO\VH�XQG�'DUVWHOOXQJ�GHU
V\VWHPDWLVFKHQ�3URJQRVHIHKOHU�XQG�GHU�UHDOHQ�$QODJHQVWRFKDVWLN ���

����� 3URJQRVHNRUUHNWXU��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ ���

����� %HZHUWXQJ�GHV�$XIZDQGHV�XQG�GHU�$N]HSWDQ] ���

�� =XVDPPHQIDVVXQJ�XQG�$XVEOLFN ���

���� (UJHEQLVVH�GHU�YRUOLHJHQGHQ�$UEHLW ���

���� 6WHOOHQZHUW�GHU�)RUVFKXQJVHUJHEQLVVH�XQG�NULWLVFKH�:�UGLJXQJ ���

���� $XVEOLFN ���

�� /LWHUDWXUYHU]HLFKQLV ���

�� *ORVVDU ���
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�� (LQOHLWXQJ

���� $XVJDQJVVLWXDWLRQ

3URGX]LHUHQGH�8QWHUQHKPHQ�YRQ�KHXWH�VHKHQ�VLFK�HLQHP�LPPHU�KlUWHU�ZHUGHQGHQ�:HWW�
EHZHUE�DXVJHVHW]W��'LHVHU�:HWWEHZHUE�UHVXOWLHUW�DXV�HLQHU�*OREDOLVLHUXQJ�GHU�0lUNWH��GHU
0RELOLWlW� YRQ�5HVVRXUFHQ�� LQVEHVRQGHUH�GHU� ,QIRUPDWLRQ�� XQG� VWHWLJ�ZDFKVHQGHQ�4XDOL�
WlWVDQIRUGHUXQJHQ�DQ�3URGXNWH�XQG�3UR]HVVH��%LOG�������.XQGHQ�VHKHQ�VLFK�LPPHU�PHKU
LQ� GHU� /DJH�� 3URGXNWH� XQG�'LHQVWOHLVWXQJ�ZHOWZHLW� ]X� EH]LHKHQ��:HWWEHZHUEHU� N|QQHQ
LPPHU�OHLFKWHU�3URGXNWLRQVVWDQGRUWH�LQ�YHUVFKLHGHQHQ�/lQGHUQ�XQG�.RQWLQHQWHQ�HUULFKWHQ
XQG� HUVFKOLH�HQ� VLFK� VRPLW� VFKQHOO� GDV� QRWZHQGLJH�:LVVHQ� �EHU�0lUNWH�� 3URGXNW�� XQG
3URGXNWLRQVWHFKQRORJLHQ��6LH�VLQG�LPVWDQGH��TXDOLWDWLY�KRFKZHUWLJH�3URGXNWH�]X�JHULQJHQ
.RVWHQ�EHUHLW]XVWHOOHQ�

*OREDOLVLHUXQJ�
GHU�0lUNWH

0RELOLWlW�
GHU�5HVVRXUFHQ

JHVWLHJHQH�
.XQGHQ�
DQIRUGHUXQJHQ

.RVWHQGUXFN
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EHZHUEV�
GUXFN

%LOG����� $NWXHOOH�+HUDXVIRUGHUXQJHQ�SURGX]LHUHQGHU�8QWHUQHKPHQ

8P�LQ�GLHVHP�:HWWEHZHUE�]X�EHVWHKHQ��VLQG�8QWHUQHKPHQ�JH]ZXQJHQ��GXUFK�,QQRYDWLR�
QHQ�LKUHU�3URGXNWH�RGHU�3UR]HVVH�:HWWEHZHUEVYRUWHLOH�]X�HUKDOWHQ�RGHU�QHXH�]X�VFKDIIHQ
�5(,1+$57�����$��6�������'LH�)lKLJNHLW��VLFK�QHXHQ�5DQGEHGLQJXQJHQ�UDVFK�DQ]XSDVVHQ�
LVW� LQ� GLHVHP�8PIHOG� GHU� 6FKO�VVHO� ]XP� ODQJIULVWLJHQ�(UIROJ� JHZRUGHQ�� 3URGXNWLRQVV\�
VWHPH�P�VVHQ�LQ�GHU�/DJH�VHLQ��IOH[LEHO�LKUH�3UR]HVVH��6\VWHPH�XQG�2UJDQLVDWLRQVVWUXNWX�
UHQ�DXI�JHlQGHUWH�$QIRUGHUXQJHQ�XP]XVWHOOHQ�

'DUDXV� HUJHEHQ� VLFK� EHVRQGHUH� $QIRUGHUXQJHQ� DQ� 3ODQXQJV�� XQG� 6WHXHUXQJVKLOIVPLWWHO
�5(,1+$57�����%��6��������(V� LVW�QLFKW�PHKU�DXVUHLFKHQG��ZHQQ�HLQ�VROFKHV�+LOIVPLWWHO
GLH� NODVVLVFKHQ� SURGXNWLRQVORJLVWLVFKHQ� =LHOH�� 7HUPLQWUHXH�� 8PODXIEHVWDQG�� 'XUFKODXI�
]HLW�XQG�$XVODVWXQJ��EHL�HLQHP�3URGXNWLRQVV\VWHP�PLW�NRQVWDQWHP�3URGXNWLRQVSURJUDPP
XQG� XQWHU� VWDWLVFKHQ�%HWULHEVEHGLQJXQJHQ� XQWHUVW�W]W� �%LOG� ������9LHOPHKU�P�VVHQ�PR�
GHUQH�+LOIVPLWWHO� VLFK� OHLFKW� DQ� YHUlQGHUWH�$EOlXIH� XQG�6WUXNWXUHQ� DQSDVVHQ� ODVVHQ�� VLH
P�VVHQ�DGDSWLY�VHLQ��+LQ]X�NRPPW��GD��PRGHUQH�3URGXNWLRQVV\VWHPH�HLQH�]XQHKPHQGH



��(LQOHLWXQJ �

.RPSOH[LWlW� XQG�9HUQHW]XQJ�DXIZHLVHQ��'LH�$XVZLUNXQJHQ� HLQ]HOQHU�(LQJULIIH� DXI� GDV
*HVDPWV\VWHP�N|QQHQ�QXU�VHKU�VFKZHU�YRUKHUJHVDJW�ZHUGHQ��'HU�)DNWRU�7UDQVSDUHQ]�KDW
]XQHKPHQG� DQ� %HGHXWXQJ� JHZRQQHQ� �:(67.b03(5� (7� $/�� ������ 6�����:,(1'$+/�	
6&+())&=<.� ������� 'DPLW� LVW� HV� QRWZHQGLJ�� GD�� 3ODQXQJV�� XQG� 6WHXHUXQJVKLOIVPLWWHO
GHWDLOOLHUWH�(LQEOLFNH�LQ�GLH�SURGXNWLRQVORJLVWLVFKHQ�$EOlXIH�HUP|JOLFKHQ�XQG�3URJQRVHQ
GHU�]XN�QIWLJHQ�.HQQ]DKOHQ�GHV�3URGXNWLRQVV\VWHPV�EHUHLWVWHOOHQ�

+RKH
$XVODVWXQJ

1LHGULJH�
%HVWlQGH

.XU]H
'XUFKODXI�
]HLW

+RKH
7HUPLQ�
WUHXH

0DUNW�
]LHOH

%HWULHEV]LHOH

+RKH�:LUW�
VFKDIW�
OLFKNHLW

%LOG����� .ODVVLVFKH�SURGXNWLRQVORJLVWLVFKH�=LHOVHW]XQJ��:,(1'$+/������

%HL� GHU�:HLWHUHQWZLFNOXQJ� YRQ�$QVlW]HQ� XQG�+LOIVPLWWHOQ� ]XU� 3ODQXQJ� XQG� 6WHXHUXQJ
VLQG�GLH�NODVVLVFKHQ�=LHOH�GHU�3URGXNWLRQVORJLVWLN�JHJHQ�EHU�GLHVHQ�QHXHQ���EHUJHRUGQH�
WHQ�=LHOHQ�DXV�GHP�=HQWUXP�GHU�%HWUDFKWXQJ�JHU�FNW��3DUDOOHO�GD]X�KDW�VLFK�GLH�(UNHQQW�
QLV� GXUFKJHVHW]W�� GD�� HLQH� H[WUHPH�$XVULFKWXQJ� DQ� GHQ� NODVVLVFKHQ� =LHOHQ� LP� KHXWLJHQ
:HWWEHZHUEVXPIHOG�DXFK�1DFKWHLOH�EULQJHQ�NDQQ��%HLVSLHOVZHLVH�LVW�HLQH�9ROODXVODVWXQJ
GHU�5HVVRXUFHQ�ZHGHU� LQ� GHU� 3UD[LV� UHDOLVLHUEDU�� QRFK� LP�+LQEOLFN� DXI� )OH[LELOLWlW� XQG
7UDQVSDUHQ]�Z�QVFKHQVZHUW�

,Q�GHQ� OHW]WHQ�-DKUHQ�KDW�VLFK�JH]HLJW��GD��GLH�EHWULHEVEHJOHLWHQGH�$EODXIVLPXODWLRQ�VR�
ZRKO�EHL�GHU�2SWLPLHUXQJ�GHU�6WUXNWXUHQ�XQG�6WHXHUXQJVVWUDWHJLHQ�HLQHV�3URGXNWLRQVV\�
VWHPV��DOV�DXFK�EHL�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�GDV�3ODQXQJV��XQG�/HLWVWDQG�
SHUVRQDO�XQWHUVW�W]HQ�NDQQ��12&+(�������'(&.(5�	�0$57,1��������6LPXODWLRQ�VFKDIIW
GLH�QRWZHQGLJH�7UDQVSDUHQ]�XQG�KLOIW�VRPLW�GHP�3ODQHU��NRPSOH[H�$EOlXIH�EHVVHU�]X�YHU�
VWHKHQ��6LH�VWHOOW�HLQH�NRVWHQJ�QVWLJH�([SHULPHQWLHUEDVLV�GDU�XQG�ELHWHW�GLH�0|JOLFKNHLW�
3ODQXQJVV]HQDULHQ�]X�EHZHUWHQ�XQG�3URJQRVHQ��EHU�GDV�]XN�QIWLJH�9HUKDOWHQ�HLQHV�3UR�
GXNWLRQVV\VWHPV�]X�HUVWHOOHQ��'XUFK�GHQ�(LQVDW]�GHU�6LPXODWLRQ�N|QQHQ�GLH�$XVZLUNXQ�
JHQ�DNWXHOOHU�(QWVFKHLGXQJHQ�DXI�GDV�]XN�QIWLJH�6\VWHPYHUKDOWHQ�IU�K]HLWLJ�HUNDQQW�XQG
HYHQWXHOO�QRWZHQGLJH�IODQNLHUHQGH�0D�QDKPHQ�UHFKW]HLWLJ�HLQJHOHLWHW�ZHUGHQ��,QVEHVRQ�
GHUH�EHL�VHKU�G\QDPLVFKHQ�XQG�NRPSOH[HQ�3URGXNWLRQVV\VWHPHQ� OLHIHUW� VLH� LQ�GHU�5HJHO
]XYHUOlVVLJHUH�%HZHUWXQJHQ�XQG�3URJQRVHQ�DOV�VWDWLVFKH�3URJQRVH��XQG�%HZHUWXQJVYHU�
IDKUHQ��5HDOLVWLVFKH�%HZHUWXQJHQ�XQG�]XYHUOlVVLJH�3URJQRVHQ�HLQHU�3URGXNWLRQVVLWXDWLRQ
VLQG�9RUDXVVHW]XQJHQ�I�U�HLQH�TXDOLWDWLY�KRFKZHUWLJH�3ODQXQJ�

6LPXODWLRQVH[SHULPHQWH� N|QQHQ� DOOHUGLQJV�� MH� QDFK�0RGHOOTXDOLWlW� XQG� 8QWHUVXFKXQJV�
]LHO��VHKU�]HLWDXIZHQGLJ�VHLQ��:,(1'$+/�	�6&+2/7,66(.��������6������VWHOOHQ�IHVW��GD�
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VLFK�DXIJUXQG�GHV�=HLWDXIZDQGHV�I�U�6LPXODWLRQVH[SHULPHQWH��'DWHQDXIEHUHLWXQJ��PHKUH�
UH�3URJUDPPOlXIH��(UJHEQLVDXVZHUWXQJ��GLH�$QDO\VH�PLWWHO��XQG� ODQJIULVWLJHU�)UDJHVWHO�
OXQJHQ�DQELHWHW��$OV�%HLVSLHOH�I�U�GDV�P|JOLFKH�$QDO\VHSRWHQWLDO�I�KUHQ�VLH�IROJHQGH�)UD�
JHQ�DQ�

,P�%HUHLFK�)HUWLJXQJVVWHXHUXQJVYHUIDKUHQ�XQG��SDUDPHWHU�

:HOFKH�9RU��RGHU�1DFKWHLOH�HUJHEHQ�VLFK�I�U�GHQ�3URGXNWLRQVEHUHLFK�DXV�GHU�:DKO
� HLQHU�$XIWUDJV��RGHU�$UEHLWVYRUJDQJVWHUPLQLHUXQJ"
� HLQHV�EHVWLPPWHQ�$XIWUDJVIUHLJDEHYHUIDKUHQV"
� HLQHU�EHVWLPPWHQ�3ULRULWlWVUHJHO"
� YRQ�3DUDPHWHUQ�GHU�)HUWLJXQJVVWHXHUXQJ"

,P�%HUHLFK�3URGXNWLRQVSURJUDPPSODQXQJ�XQG�$XIWUDJVELOGXQJ�

� :LH�ZLUNHQ�VLFK�9HUlQGHUXQJHQ�LP�3URGXNWLRQVSURJUDPP�DXI�GLH�$XVEULQJXQJ�XQG
GLH�/LHIHU]HLW�DXV"

� ,VW�GHU�3URGXNWLRQVEHUHLFK�LQ�VHLQHU�DNWXHOOHQ�)RUP�IOH[LEHO�JHQXJ��XP�HLQ�YHUlQGHUWHV
3URGXNWLRQVSURJUDPP�EHZlOWLJHQ�]X�N|QQHQ"

� :HOFKH�$XVZLUNXQJHQ�DXI�GLH�3URGXNWLRQVORJLVWLN�HUJHEHQ�VLFK�DXV�ZHFKVHOQGHQ�9HU�
IDKUHQ�]XU�/RVJU|�HQEHUHFKQXQJ"

,Q]ZLVFKHQ�VLQG�DEHU�DXFK�HLQH�5HLKH�YRQ�$QZHQGXQJHQ�EHNDQQW��EHL�GHQHQ�GLH�6LPXOD�
WLRQ� LP� HKHU� NXU]IULVWLJHQ� (QWVFKHLGXQJVEHUHLFK� HLQJHVHW]W� ZLUG�� (8/(1%(5*(5� 	
$8*867,1� �������6�� ����XQG�6&+$//$� �������6�� ���� I�KUHQ� DXI�� GD�� GXUFK� EHWULHEVEH�
JOHLWHQGH�6LPXODWLRQ� HLQH� HUKHEOLFKH�9HUEHVVHUXQJ� GHV�%HWULHEVHUJHEQLVVHV� HU]LHOW�ZHU�
GHQ�NRQQWH��'HU�7ULHEZHUNVKHUVWHOOHU�3UDWW�	�:KLWQH\�EHLVSLHOVZHLVH�HUK|KWH�VHLQH�/LH�
IHUWHUPLQWUHXH� GXUFK� GHQ� (LQVDW]� HLQHV� /HLWVWDQGHV� DXI� %DVLV� GHU� EHWULHEVEHJOHLWHQGHQ
6LPXODWLRQ�YRQ�����DXI�QDKH]X������35,76.(5�(7�$/��������6�������(LQ�DPHULNDQLVFKHU
/.:�7HLOHIHUWLJHU�HUUHLFKWH�HLQH�5HGX]LHUXQJ�GHU�5�VW]HLWHQ�XP�����XQG�GHU�5�VWNR�
VWHQ�XP�����VRZLH�HLQH�(UK|KXQJ�GHV�'XUFKVDW]HV�XP������&5('/(�������6�������'LH
6LPXODWLRQ�ZLUG�GDEHL�ZlKUHQG�GHV�ODXIHQGHQ�%HWULHEV�]XU�)HLQVWHXHUXQJ�HLQJHVHW]W��XP
EHLVSLHOVZHLVH�GLH�IROJHQGHQ�)UDJHVWHOOXQJHQ�]X�NOlUHQ�

� :HUGHQ�GLH�$XIWUlJH�WHUPLQJHUHFKW�IHUWLJJHVWHOOW��E]Z��ZHOFKH�$XIWUlJH�ZHUGHQ�QLFKW
WHUPLQJHUHFKW�IHUWLJJHVWHOOW"

� 'XUFK�ZHOFKH�0D�QDKPHQ�NDQQ�GLH�WHUPLQJHUHFKWH�)HUWLJVWHOOXQJ�GHU�$XIWUlJH�VL�
FKHUJHVWHOOW�ZHUGHQ"

� :LH�ZLUNW�VLFK�HLQ�(LODXIWUDJ�DXI�GLH�JHJHEHQH�)HUWLJXQJ�DXV"
� :LH�ZLUNW�VLFK�GLH�(UK|KXQJ�GHU�.DSD]LWlW�HLQHU�EHVWLPPWHQ�.RVWHQVWHOOH�DXI�GLH�DQ�

GHUHQ�.DSD]LWlWHQ�VRZLH�DXI�GLH�'XUFKODXI]HLW�XQG�7HUPLQHLQKDOWXQJ�DXV"
� :LH�ZLUNW�VLFK�HLQH�6W|UXQJ�DXI�GLH�)HUWLJVWHOOXQJVWHUPLQH�DXV"
� :LH�ZLUNHQ�VLFK�,QVWDQGKDOWXQJVPD�QDKPHQ�DXI�GHQ�$XIWUDJVGXUFKODXI�DXV"

(V�NDQQ�DOVR�IHVWJHVWHOOW�ZHUGHQ��GD��VLFK�PLW�3ODQXQJV��XQG�6WHXHUXQJVKLOIVPLWWHOQ��GLH
DXI�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�EDVLHUHQ��0|JOLFKNHLWHQ� HUJHEHQ��GLH�ZHLW� �EHU
GLH�)XQNWLRQDOLWlW�JHJHQZlUWLJHU�336��XQG�/HLWVWDQGV\VWHPH�KLQDXVJHKHQ�
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,Q� GHU� SUDNWLVFKHQ� $QZHQGXQJ� GHU� EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ� KDEHQ� VLFK� MHGRFK
'HIL]LWH�JH]HLJW��GLH�LKUHQ�(LQVDW]�LQVEHVRQGHUH�LQ�3URGXNWLRQVV\VWHPHQ��GLH�HLQHP�VWHWL�
JHQ�:DQGHO� XQWHUOLHJHQ�� LQ� )UDJH� VWHOOHQ��%HLVSLHOVZHLVH� VWHOOW� JHUDGH� GLH�9HUlQGHUXQJ
YRQ�6WUXNWXUHQ�XQG�$EOlXIHQ�HLQ�3UREOHP�GDU��ZHLO�GDV�6LPXODWLRQVPRGHOO�VWlQGLJ�DQ�GLH
QHXH�6LWXDWLRQ�DQJHSD�W�ZHUGHQ�PX���'LHVH�0RGHOODQSDVVXQJHQ�ZHUGHQ�KHXWH�LQ�GHU�5H�
JHO� QRFK�PDQXHOO� YRUJHQRPPHQ��0RGHOODQSDVVXQJHQ� HUIRUGHUQ� PHLVW� HLQHQ� JHVFKXOWHQ
6LPXODWLRQVH[SHUWHQ� XQG� YHUXUVDFKHQ� HLQHQ� HUKHEOLFKHQ�$XIZDQG�� =XGHP�ZLUG� EHL� GHU
EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ� GLH�9DOLGLHUXQJ� GHV�0RGHOOV� HUVFKZHUW��ZHLO� EHLVSLHOV�
ZHLVH�HLQ�ODQJIULVWLJHU�9HUJOHLFK�YRQ�6LPXODWLRQ�XQG�5HDOLWlW�]X�]HLWDXIZHQGLJ�LVW��:LUG
HLQ�0RGHOO�QLFKW�UHJHOPl�LJ�JHZDUWHW��YHUVFKOHFKWHUW�VLFK�GLH�%HZHUWXQJVTXDOLWlW�XQG�GLH
3URJQRVHWUHXH�

)HKOHUKDIWH�%HZHUWXQJHQ�XQG�3URJQRVHQ�EHUJHQ�GLH�*HIDKU��GD��QLFKW�GLH�EHVWH�GHU�3OD�
QXQJVDOWHUQDWLYHQ�DXVJHZlKOW�XQG�LQIROJHGHVVHQ�GDV�3ODQXQJV]LHO�YHUIHKOW�ZLUG�RGHU�GD�
ZLFKWLJH� 3URGXNWLRQVYRUJDEHQ�� ZLH� EHLVSLHOVZHLVH� )HUWLJVWHOOXQJVWHUPLQH�� QLFKW� HLQJH�
KDOWHQ�ZHUGHQ�� ,Q� GHU� KHXWLJHQ�:HWWEHZHUEVVLWXDWLRQ� I�KUW� GLHV� ]X� HUKHEOLFKHQ�:HWWEH�
ZHUEVQDFKWHLOHQ�

���� =LHOVHW]XQJ�GHU�$UEHLW

'LH�YRUOLHJHQGH�$UEHLW�OHLVWHW�HLQHQ�%HLWUDJ�]X�HLQHU�YHUEHVVHUWHQ�3URJQRVHJ�WH�I�U�YHU�
VFKLHGHQH�(LQVDW]IlOOH�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ��'DUXQWHU�ZLUG� LP�HLQ]HOQHQ
YHUVWDQGHQ��GD��HLQH�3URJQRVH�KLQVLFKWOLFK�,QIRUPDWLRQVXPIDQJ�XQG�'HWDLOOLHUXQJ� DQ
GLH�3ODQXQJVDXIJDEH�DQJHSD�W�ZLUG��:HLWHUKLQ�VROOWH�GLH�3URJQRVHWUHXH�KRFK�VHLQ��'DV
EHGHXWHW� ]XP�HLQHQ�� GD�� GHU�(UZDUWXQJVZHUW�GHU�3URJQRVH�H[DNW� VHLQ� XQG� VRPLW�PLW
GHP�0LWWHOZHUW�GHU�UHDOHQ�%HREDFKWXQJHQ��EHUHLQVWLPPHQ�VROOWH��=XP�DQGHUHQ�PX��DXFK
GLH�8QVLFKHUKHLW�GHU�3URJQRVH�H[DNW�DEJHVFKlW]W�ZHUGHQ�N|QQHQ��'LHV�EHGHXWHW��GD��GLH
3URJQRVH� VWDWLVWLVFKH� $XVVDJHQ� EHLQKDOWHW�� GLH� GLH� 6WRFKDVWLN� GHV� UHDOHQ� )HUWLJXQJVV\�
VWHPV�JHQDX�ZLGHUVSLHJHOQ��8P�GLH�3URJQRVHQ�EHVVHU� LQWHUSUHWLHUHQ�]X�N|QQHQ��P�VVHQ
JHHLJQHWH�9LVXDOLVLHUXQJVIRUPHQ�GHILQLHUW�ZHUGHQ��%LOG������

,VW�=XVWDQG� =LHO�

��*HULQJH�3URJQRVHWUHXH

��+RKH�3URJQRVHXQVLFKHUKHLW

��'HIL]LWH�EHL�GHU�9LVXDOLVLHUXQJ

3URJQRVHPRGHOO�UHDOH�$QODJH�

��5HGX]LHUXQJ�GHU�
��3URJQRVHXQVLFKHUKHLW
��DXI�GLH�UHDOH�
��$QODJHQVWRFKDVWLN

��$QIRUGHUXQJV�
��JHUHFKWH�
��9LVXDOLVLHUXQJ

��+RKH�3URJQRVHWUHXH
��GXUFK�5HGX]LHUXQJ�
��V\VWHPDWLVFKHU�
��)HKOHU

%LOG����� =LHOVHW]XQJ�GHU�$UEHLW
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'LH�9HUEHVVHUXQJ� GHU� 3URJQRVHJ�WH� VROO� DOOHUGLQJV� RKQH� ]XVlW]OLFKHQ�$XIZDQG� I�U� GLH
(UVWHOOXQJ�GHU�3URJQRVH�HUUHLFKW�ZHUGHQ��'HU�$XIZDQG�I�U�GLH�3IOHJH�GHV�3URJQRVHPR�
GHOOV��JHUDGH�XQWHU�GHQ�5DQGEHGLQJXQJHQ�GHU�KlXILJHQ�9HUlQGHUXQJ�GHV�3URGXNWLRQVV\�
VWHPV��VROO�DXI�HLQ�0LQLPXP�UHGX]LHUW�ZHUGHQ��'DUDXV�HUJLEW�VLFK�GLH�1RWZHQGLJNHLW��GD�
GLH�3URJQRVHPRGHOOH��]XPLQGHVW�LQ�JHZLVVHQ�*UHQ]HQ��DGDSWLY�VLQG��G�K��VLFK�DQ�HLQ�YHU�
lQGHUWHV� 9HUKDOWHQ� GHV� )HUWLJXQJVV\VWHPV� DQSDVVHQ�� $XFK� GLH� )XQNWLRQHQ� 3ODQXQJ�
'XUFKI�KUXQJ�XQG�$XVZHUWXQJ�GHU�3URJQRVHQ�E]Z��([SHULPHQWH�P�VVHQ� ]X� HLQHU�9HU�
EHVVHUXQJ� GHU� 3URJQRVHJ�WH� EHLWUDJHQ�� ,Q� GHU� *HVDPWKHLW� I�KUHQ� GLH� ]X� HUDUEHLWHQGHQ
.RQ]HSWH�]X�HLQHU�9HUEHVVHUXQJ�GHV�1HWWRQXW]HQV�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�VROO�NHLQ�QHXHV�3ODQXQJV��RGHU�2SWLPLHUXQJVYHUIDK�
UHQ� HQWZLFNHOW�ZHUGHQ��9LHOPHKU�ZLUG� DP�(QGH� GHU�$UEHLW� HLQ� 3URJQRVHV\VWHP� VWHKHQ�
ZHOFKHV� GLH� 5DKPHQEHGLQJXQJHQ� XQG� $QIRUGHUXQJHQ� GHU� XQWHUVFKLHGOLFKHQ� W\SLVFKHQ
)UDJHVWHOOXQJHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ�EHU�FNVLFKWLJW�XQG�VLFK�OHLFKW�DQ�YHUlQGHUWH
6WUXNWXUHQ�XQG�$EOlXIH�LQ�GHU�3URGXNWLRQ�DQSDVVHQ�Ol�W�E]Z��VLFK�LQ�*UHQ]HQ�VRJDU�VHOE�
VWlQGLJ�DQSD�W��'DV�,QIRUPDWLRQVDQJHERW�GHV�3URJQRVHV\VWHPV�LVW�PLW�GHP�,QIRUPDWLRQV�
EHGDUI�GHU�)UDJHVWHOOXQJHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ�DEJHVWLPPW��(LQHQ�6FKZHUSXQNW
ELOGHW�GLH�,QWHJUDWLRQ�YHUVFKLHGHQHU�/|VXQJVDQVlW]H�]X�HLQHP�3URJQRVHV\VWHP�DXI�%DVLV
GHU� EHWULHEVEHJOHLWHQGHQ�$EODXIVLPXODWLRQ��$OV�$QZHQGXQJVEHLVSLHO� GLHQW� GLH� VLPXODWL�
RQVEDVLHUWH� 3URGXNWLRQVUHJHOXQJ�� LQ� ZHOFKH� GDV� 3URJQRVHV\VWHP� H[HPSODULVFK� LPSOH�
PHQWLHUW�ZLUG�

���� 9RUJHKHQVZHLVH

=XP�(UUHLFKHQ�GHU�=LHOVHW]XQJ�ZHUGHQ�YHUVFKLHGHQH�$QVlW]H�DXV�GHQ�%HUHLFKHQ�([SHUL�
PHQWSODQXQJ��'DWHQDNTXLVLWLRQ��0RGHOOLHUXQJ��$XVZHUWXQJ�XQG�(UJHEQLVGDUVWHOOXQJ�YHU�
IROJW�XQG�SUD[LVJHUHFKWH�/|VXQJHQ�HQWZLFNHOW��%LOG������

=X� %HJLQQ� GHU� $UEHLW� ZLUG� GLH� 3UREOHPVWHOOXQJ� DQDO\VLHUW�� +LHU]X�ZLUG� GLH�$XIJDEHQ�
VWHOOXQJ� GHU� 3URGXNWLRQVRSWLPLHUXQJ� GHWDLOOLHUW� VRZLH� GLH� %HGHXWXQJ� GHU� 3URJQRVHJ�WH
DQDO\VLHUW��.DSLWHO����

$QVFKOLH�HQG�ZHUGHQ�GDV�GLHVHU�$UEHLW�]XJUXQGHOLHJHQGH�.RQ]HSW�GHU�EHWULHEVEHJOHLWHQ�
GHQ� $EODXIVLPXODWLRQ� YRUJHVWHOOW� XQG� GLH� DOOJHPHLQHQ� $QIRUGHUXQJHQ� XQG� 5DQGEHGLQ�
JXQJHQ�GHU�6LPXODWLRQ�HUOlXWHUW��:HLWHUKLQ�ZHUGHQ�GLH�(UJHEQLVVH�HPSLULVFKHU�8QWHUVX�
FKXQJHQ�]XU�3URJQRVHJ�WH�YRUJHVWHOOW��=XQlFKVW�ZHUGHQ�3URJQRVHIHKOHU�W\SLVLHUW��(V�IROJW
HLQH�$QDO\VH� GHU� VWRFKDVWLVFKHQ� %HVRQGHUKHLWHQ� YRQ� 3URJQRVHIHKOHUQ�� ,P�$QVFKOX�� DQ
HLQH�$QDO\VH�GHU�8UVDFKHQ�I�U�3URJQRVHIHKOHU�ZLUG�GHU�+DQGOXQJVEHGDUI�KLQVLFKWOLFK�GHU
9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH�GRNXPHQWLHUW��.DSLWHO����

,Q�.DSLWHO���ZHUGHQ�EHVWHKHQGH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH�KLQVLFKWOLFK
LKUHU�(LJQXQJ�I�U�GDV�]X�HQWZLFNHOQGH�6\VWHP�DQDO\VLHUW��$XI�%DVLV�GLHVHU�$QDO\VH�GHV
6WDQGV� GHU� )RUVFKXQJ�ZLUG� GHU� YHUEOHLEHQGH�+DQGOXQJVEHGDUI� GHWDLOOLHUW��9RUJDEHQ� I�U
GLH�HLJHQHQ�$UEHLWHQ�ZHUGHQ�DEJHOHLWHW�

,Q� HLQHP� QlFKVWHQ� 6FKULWW� ZLUG� GDV�*URENRQ]HSW� GHV� 3URJQRVHV\VWHPV� HQWZLFNHOW�� 'DV
PRGXODU�DXIJHEDXWH�.RQ]HSW�OHJW�EHUHLWV�GLH�%DVLV�]XU�(UI�OOXQJ�GHU�$QIRUGHUXQJHQ�XQG
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5DQGEHGLQJXQJHQ��GLH�LQ�GHQ�.DSLWHOQ���XQG���GDUJHVWHOOW�ZXUGHQ��$XI�%DVLV�GLHVHV�.RQ�
]HSWV�ZLUG�HLQ�3IOLFKWHQKHIW�I�U�GLH�0RGXOH�GHV�.RQ]HSWV�HUVWHOOW��.DSLWHO����

,P�$QVFKOX��ZHUGHQ�GLH�GUHL�]HQWUDOHQ�.RPSRQHQWHQ�GHV�.RQ]HSWV�GHWDLOOLHUW�GDUJHVWHOOW�
'DEHL�KDQGHOW�HV�VLFK�XP�GLH�([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ��.DSLWHO�����GLH�DXWRPD�
WLVFKH�0RGHOOJHQHULHUXQJ��.DSLWHO����VRZLH�GDV�0RGXO�]XU�)HKOHUNRPSHQVDWLRQ�XQG�9D�
ULDQ]VFKlW]XQJ�PLWWHOV�VWDWLVWLVFKHU�9HUIDKUHQ��$XVZHUWXQJ�XQG�'DUVWHOOXQJ�GHU�(UJHEQLV�
VH��.DSLWHO����� ,Q� MHGHP�.DSLWHO�ZHUGHQ�EHUHLWV�,PSOHPHQWLHUXQJVDQVlW]H�I�U�GLH�HLQ]HO�
QHQ�.RPSRQHQWHQ�DXIJH]HLJW�

.DSLWHO���ELHWHW�HLQH�'DUVWHOOXQJ�GHU�UHDOLVLHUWHQ�0RGXOH�VRZLH�GHU�(UJHEQLVVH�HLQHU�H[�
HPSODULVFKHQ�$QZHQGXQJ��%HVFKUHLEXQJHQ�GHU�$XVJDQJVVLWXDWLRQ��GHU�6\VWHPLPSOHPHQ�
WLHUXQJ�XQG�GHU�$QZHQGXQJVHUJHEQLVVH�VROOHQ�HLQH�%HZHUWXQJ�YRQ�$XIZDQG�XQG�1XW]HQ
HUP|JOLFKHQ��'LH�$UEHLW�VFKOLH�W�PLW�HLQHU�=XVDPPHQIDVVXQJ�XQG�HLQHU�'DUVWHOOXQJ�GHV
$XVEOLFNV�DXI�]XN�QIWLJH�)RUVFKXQJVDUEHLWHQ��.DSLWHO�����

,P�$QVFKOX��DQ�GDV�/LWHUDWXUYHU]HLFKQLV��.DSLWHO�����EHILQGHW�VLFK�HLQ�*ORVVDU��.DSLWHO
�����GHU�HV�GHP�/HVHU�HUOHLFKWHUQ�VROO��GLH�$XVI�KUXQJHQ�GHU�YRUOLHJHQGHQ�$UEHLW�]X�YHU�
VWHKHQ�

���(LQOHLWXQJ

���%HNDQQWH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH

���.RQ]HSW�HLQHV�3URJQRVHV\VWHPV

���([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ

���*HQHULHUXQJ�
����SURJQRVHWUHXHU�6LPXODWLRQVPRGHOOH

���.RPSHQVDWLRQ�YRQ�3URJQRVHIHKOHUQ�
����XQG�VWDWLVWLVFKH�$XVZHUWXQJ

���5HDOLVLHUXQJ�XQG�EHLVSLHOKDIWH�$QZHQGXQJ

���%HWULHEVEHJOHLWHQGH�6LPXODWLRQ�XQG�3URJQRVHIHKOHU

���5DQGEHGLQJXQJHQ�XQG�0RWLYDWLRQ�GHU�$UEHLW

%LOG����� 9RUJHKHQVZHLVH�GHU�YRUOLHJHQGHQ�$UEHLW



��5DQGEHGLQJXQJHQ�XQG�0RWLYDWLRQ�GHU�$UEHLW� �

�� 5DQGEHGLQJXQJHQ�XQG�0RWLYDWLRQ�GHU�$UEHLW

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�ZLUG�HLQ�3URJQRVHV\VWHP�DXI�%DVLV�GHU�EHWULHEVEH�
JOHLWHQGHQ�6LPXODWLRQ�HQWZLFNHOW��'LHVHV�3URJQRVHV\VWHP�VROO�GHQ�3ODQHU�RGHU�3URGXNWL�
RQVVWHXHUHU�EHL�GHU�3URGXNWLRQVRSWLPLHUXQJ�XQWHUVW�W]HQ��8QWHU�3URGXNWLRQVRSWLPLHUXQJ
ZHUGHQ�DOOH�SODQHULVFKHQ�8QWHUQHKPHQVSUR]HVVH�YHUVWDQGHQ��GLH�GDV�=LHO�HLQHU�2SWLPLH�
UXQJ�HLQHV�3URGXNWLRQVV\VWHPV�KLQVLFKWOLFK�HLQHU�ORJLVWLVFKHQ�=LHOVHW]XQJ�YHUIROJHQ��3UR�
GXNWLRQVRSWLPLHUXQJ� XPID�W� GDEHL� VRZRKO� GLH� 3URGXNWLRQVSODQXQJ� XQG� �VWHXHUXQJ� DOV
DXFK�GLH�PLWWHOIULVWLJH�2SWLPLHUXQJ�YRQ�3URGXNWLRQVVWUXNWXUHQ�XQG��VWUDWHJLHQ�

,P�IROJHQGHQ�ZLUG�DQKDQG�GHU�%HVFKUHLEXQJ�GHV�$QZHQGXQJVXPIHOGV�GDUJHVWHOOW��ZHOFKH
=LHOH� XQG�$XIJDEHQ�GLH�3URGXNWLRQVRSWLPLHUXQJ�XPID�W��ZHOFKH�5ROOH� HLQ� 3URJQRVHV\�
VWHP�EHL�GHU�3URGXNWLRQVRSWLPLHUXQJ�VSLHOW� XQG�ZHOFKH�%HGHXWXQJ�GDEHL�GHU�3URJQRVH�
J�WH�]XNRPPW�

���� =LHOH�XQG�$XIJDEHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ

������ =LHOH�GHU�3URGXNWLRQVRSWLPLHUXQJ

:,(1'$+/��������YHUVWHKW�XQWHU�3URGXNWLRQVRSWLPLHUXQJ�GLH�2SWLPLHUXQJ�GHU�3URGXNWL�
RQ�KLQVLFKWOLFK�GHU�.ULWHULHQ�3URGXNWLYLWlW��$WWUDNWLYLWlW�XQG�)OH[LELOLWlW��1HEHQ�GHQ�NODV�
VLVFKHQ�:LUWVFKDIWOLFKNHLWV]LHOHQ��$XVODVWXQJ��%HVWlQGH��'XUFKODXI]HLW�XQG�7HUPLQWUHXH�
N|QQHQ� EHL� GHU� 3URGXNWLRQVRSWLPLHUXQJ� DXFK� WHFKQRORJLVFK�RUJDQLVDWRULVFKH� =LHOH� YHU�
IROJW�ZHUGHQ��%HLVSLHOVZHLVH�NDQQ�HV�HLQ�=LHO�VHLQ��GXUFK�(LQI�KUXQJ�HLQHU�5HLKHQIROJH�
VWUDWHJLH� 5�VWNRVWHQ� ]X� UHGX]LHUHQ� RGHU� GXUFK� ,QVWDOODWLRQ� HLQHV� 6W|UXQJVPDQDJHPHQWV
GLH�5HDNWLRQV]HLWHQ�DXI�6W|UXQJHQ�]X�YHUN�U]HQ��YJO��%LOG������

+RKH
$XVODVWXQJ

1LHGULJH�
%HVWlQGH

.XU]H
'XUFKODXI�
]HLW

+RKH
7HUPLQ�
WUHXH

0DUNW�
]LHOH

%HWULHEV]LHOH

+RKH�:LUW�
VFKDIW�
OLFKNHLW

:LUWVFKDIWOLFKH
=LHOH�

7HFKQRORJLVFK�RUJDQLVDWRULVFKH
=LHOH�

5HGX]LHUXQJ�GHU�5�VWNRVWHQ

9HUN�U]XQJ�GHU�5HDNWLRQV]HLWHQ�
DXI�6W|UXQJHQ�RGHU�4XDOLWlWVPlQJHO

5HGX]LHUXQJ�GHV�6WHXHUXQJVDXIZDQGHV

9HUEHVVHUXQJ�GHU�)OH[LELOLWlW�YRQ
3URGXNWHQ��0HQJH��9DULDQWHQ�
XQG�$QODJHQ��.DSD]LWlW��7HFKQRORJLH��6WUXNWXU�

(LQVDW]�GHV�SURGXNWLYVWHQ�
3URGXNWLRQVYHUIDKUHQV

%LOG����� =LHOH�GHU�3URGXNWLRQVRSWLPLHUXQJ
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'LH� JHQDQQWHQ�(LQ]HO]LHOH� EH]LHKHQ� VLFK� YRU� DOOHP� DXI� GLH�6WUXNWXUHQ� XQG�$EOlXIH� GHV
3URGXNWLRQVV\VWHPV�� (V� ZHUGHQ� MHGRFK� DXFK� VSH]LHOOH� =LHOH� KLQVLFKWOLFK� GHU� ,QIRUPD�
WLRQV���3ODQXQJV��XQG�6WHXHUXQJVV\VWHPH�IRUPXOLHUW�

�� (UK|KXQJ�GHU�7UDQVSDUHQ]�XQG�GHU�$XVNXQIWVIlKLJNHLW
�� 9HUEHVVHUXQJ�GHU�3ODQXQJVEHUHLWVFKDIW��9HUI�JEDUNHLW�YRQ�3ODQXQJVGDWHQ�

������ $XIJDEHQ�XQG�)UDJHVWHOOXQJHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ

'LH�=LHOVHW]XQJ�GHU�3URGXNWLRQVRSWLPLHUXQJ�ZLUG�GXUFK�GUHL�$QVlW]H�HUI�OOW��GLH�VWUDWHJL�
VFKH��GLH� WDNWLVFKH�XQG�GLH�RSHUDWLYH�2SWLPLHUXQJ� �%LOG�������'LH� VWUDWHJLVFKH�2SWLPLH�
UXQJ�HQWVSULFKW�GHU�1HXSODQXQJ�HLQHV�3URGXNWLRQVV\VWHPV�XQG�EHVLW]W�HLQH�VHKU�ODQJIULVWL�
JH�$XVULFKWXQJ��6LH�ZLUG�LP�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�QLFKW�EHWUDFKWHW��$XIJDEHQ
XQG� )UDJHVWHOOXQJHQ� GHU� WDNWLVFKHQ� XQG� GHU� RSHUDWLYHQ� 3URGXNWLRQVRSWLPLHUXQJ�ZHUGHQ
LP�IROJHQGHQ�HUOlXWHUW�

7DNWLVFKH�
3URGXNWLRQV�
RSWLPLHUXQJ�

2SHUDWLYH�
3URGXNWLRQV�
RSWLPLHUXQJ�

3URGXNWLRQVSURJUDPPSODQXQJ�
0HQJHQSODQXQJ
7HUPLQ��XQG�.DSD]LWlWVSODQXQJ
$XIWUDJVIUHLJDEH
5HLKHQIROJHSODQXQJ
%HOHJXQJVSODQXQJ
$XIWUDJV�EHUZDFKXQJ
$XIWUDJVVWHXHUXQJ

$XIJDEHQ�

=HLWKRUL]RQW�
NXU]��ELV�PLWWHOIULVWLJ

2SWLPLHUXQJ�GHU�3URGXNWLRQVVWUXNWXU
2SWLPLHUXQJ�GHU�6WHXHUXQJVVWUDWHJLH
(QWZLFNOXQJ�YRQ�1RWIDOOVWUDWHJLHQ

$XIJDEHQ�

=HLWKRUL]RQW�
PLWWHOIULVWLJ

%HZHUWXQJ

0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��

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

$XIWUDJVQXPPHU � � �

� � �

=LHO�
*UXQGVlW]OLFKH�(LJQXQJ�HLQHV�3URGXNWLRQV�
V\VWHPV�I�U�HLQH�3URGXNWLRQVDXIJDEH

=LHO�
2SWLPLHUXQJ�HLQHU�NRQNUHWHQ�%HWULHEV�
VLWXDWLRQ�KLQVLFKWOLFK�GHU�(UUHLFKXQJ�HLQHU�
SURGXNWLRQVORJLVWLVFKHQ�=LHOVHW]XQJ

%LOG����� *HJHQ�EHUVWHOOXQJ�GHU�WDNWLVFKHQ�XQG�RSHUDWLYHQ�3URGXNWLRQVRSWLPLHUXQJ

7DNWLVFKH�2SWLPLHUXQJ�YRQ�6WUXNWXUHQ�XQG�6WUDWHJLHQ

,P�%HUHLFK� GHU� WDNWLVFKHQ�2SWLPLHUXQJ� YRQ� 3URGXNWLRQVVWUXNWXUHQ� XQG� �VWUDWHJLHQ�ZLUG
VLFKHUJHVWHOOW��GD��GDV�3URGXNWLRQVV\VWHP�I�U�GLH�(UUHLFKXQJ�GHU�SURGXNWLRQVORJLVWLVFKHQ
=LHOVHW]XQJ� EHL� GHQ� ]X� HUZDUWHQGHQ� $QIRUGHUXQJHQ� XQG� 5DQGEHGLQJXQJHQ� SULQ]LSLHOO
JHHLJQHW�LVW��'DEHL�ZHUGHQ�GLH�PLWWHOIULVWLJHQ�(QWZLFNOXQJVWUHQGV�GHU�$QIRUGHUXQJHQ�XQG
5DKPHQEHGLQJXQJHQ� EHU�FNVLFKWLJW�� .DQQ� GLH� SURGXNWLRQVORJLVWLVFKH� $XIJDEHQVWHOOXQJ
QXU�XQ]XUHLFKHQG�HUI�OOW�ZHUGHQ��ZHUGHQ�0D�QDKPHQ�]XU�$QSDVVXQJ�GHU�6WUXNWXUHQ�XQG
6WUDWHJLHQ�GHV�3URGXNWLRQVV\VWHPV�DQ�GLH�JHlQGHUWHQ�5DKPHQEHGLQJXQJHQ�HUDUEHLWHW��'LH
%HWUDFKWXQJV]HLWUlXPH�XQG�GLH�2SWLPLHUXQJVPD�QDKPHQ�VLQG�PLWWHOIULVWLJ�
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%HLVSLHOVZHLVH�N|QQHQ�VLFK�GXUFK�HLQ�YHUlQGHUWHV�3URGXNWLRQVSURJUDPP�(QJSlVVH�LQ�GHU
3URGXNWLRQ�YHUVFKLHEHQ��ZDV�VLFK�ZLHGHUXP�LQ�GHQ�'XUFKODXI]HLWHQ�GHU�$XIWUlJH�QLHGHU�
VFKOlJW��$XI�VROFKH�9HUlQGHUXQJHQ�NDQQ�PLW�HLQHU�$QSDVVXQJ�GHU�.DSD]LWlWHQ�RGHU�HLQHU
0RGLILNDWLRQ�GHU�6WHXHUXQJVVWUDWHJLH�UHDJLHUW�ZHUGHQ��:HLWHUKLQ�N|QQHQ�LP�5DKPHQ�GHU
WDNWLVFKHQ�2SWLPLHUXQJ�1RWIDOOVWUDWHJLHQ�LP�YRUDXV�HQWZLFNHOW�ZHUGHQ��GLH�LP�)DOOH�HLQHU
DXIWUHWHQGHQ�6W|UXQJ�UDVFK�]XP�(LQVDW]�NRPPHQ��'LH�$XVZLUNXQJHQ�HLQHU�6W|UXQJ�N|Q�
QHQ�VR�UHGX]LHUW�ZHUGHQ�

2SHUDWLYH�2SWLPLHUXQJ�GHU�%HWULHEVSDUDPHWHU

%HL�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�HLQHV�3URGXNWLRQVV\VWHPV�VWHKHQ�GLH�$XIJDEHQ�GHU�3UR�
GXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�LP�9RUGHUJUXQG��=LHO�LVW�HV��HLQH�NRQNUHWH�%HWULHEVVLWXD�
WLRQ�GHU�3URGXNWLRQVDQODJH�KLQVLFKWOLFK�GHU�(UUHLFKXQJ�GHU�SURGXNWLRQVORJLVWLVFKHQ�=LHO�
VHW]XQJ�]X�RSWLPLHUHQ��%HWUDFKWXQJV]HLWUlXPH�XQG�0D�QDKPHQ�EHVLW]HQ�HLQHQ�NXU]��ELV
PLWWHOIULVWLJHQ�=HLWKRUL]RQW�

,P�5DKPHQ�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�ZLUG�EHLVSLHOVZHLVH��EHU�GLH� ORJLVWLVFKH�0DFK�
EDUNHLW�E]Z��GLH�$QQDKPH�HLQHV�)HUWLJXQJVDXIWUDJV�HQWVFKLHGHQ�RGHU�HV�ZHUGHQ�7HUPLQ�
SURJQRVHQ� HUVWHOOW� E]Z�� RSWLPDOH� )UHLJDEH]HLWSXQNWH� I�U� $XIWUlJH� EHVWLPPW��:HLWHUKLQ
ZHUGHQ�GLH�$XIWUDJVUHLKHQIROJH�XQG�GLH�0DVFKLQHQEHOHJXQJ�LP�+LQEOLFN�DXI�HLQH�2SWL�
PLHUXQJ�GHU�ORJLVWLVFKHQ�=LHOH�JHSODQW��'DUXQWHU�IlOOW�DXFK�GLH�2SWLPLHUXQJ�YRQ�(QJSlV�
VHQ�XQG�GLH�VLFKHUH�3ODQXQJ�NULWLVFKHU�$XIWUlJH�

([WUHPIDOO� GHU� RSHUDWLYHQ�2SWLPLHUXQJ� LVW� GDV� 6W|UXQJVPDQDJHPHQW��+LHU�P�VVHQ� VHKU
NXU]IULVWLJ�0D�QDKPHQ� ]XU�5HGX]LHUXQJ�GHU�$XVZLUNXQJHQ�YRQ�6W|UXQJHQ�XQG� ]XU� 6L�
FKHUXQJ�GHU�3URGXNWLRQV]LHOH�HUDUEHLWHW�ZHUGHQ�

���� $QZHQGXQJVXPIHOG�GHV�3URJQRVHV\VWHPV

'LH� 'DUVWHOOXQJ� GHU� $XIJDEHQ� XQG� )UDJHVWHOOXQJHQ� GHU� 3URGXNWLRQVRSWLPLHUXQJ� KDEHQ
JH]HLJW��GD��]X�HLQHU�RSWLPLHUHQGHQ�3ODQXQJ�%HZHUWXQJHQ�GHU�$XVZLUNXQJHQ�YRQ�SODQH�
ULVFKHQ�RGHU�VWHXHUQGHQ�0D�QDKPHQ�DXI�GDV�3URGXNWLRQVV\VWHP�EHQ|WLJW�ZHUGHQ��:HUN�
]HXJH� ]XU� 3ODQXQJ� XQG� 6WHXHUXQJ� GHU� 3URGXNWLRQ� EHLQKDOWHQ� VWHWV� HLQ� 3URJQRVHV\VWHP�
ZHOFKHV�.HQQ]DKOHQ��EHU�GLH�]XN�QIWLJH�3URGXNWLRQVVLWXDWLRQ�OLHIHUW�

=XU�'HWDLOOLHUXQJ� GHU�$QIRUGHUXQJHQ� XQG�5DQGEHGLQJXQJHQ� GHV� 3URJQRVHV\VWHPV�ZLUG
LP�IROJHQGHQ�GDV�$QZHQGXQJVXPIHOG�GHV�3URJQRVHV\VWHPV�EHVFKULHEHQ��$QKDQG�GHVVHQ
ZLUG� HUOlXWHUW�� I�U� ZHOFKH� $UW� YRQ� 3URGXNWLRQVV\VWHP� GDV� 3URJQRVHV\VWHP� HLQJHVHW]W
ZLUG��ZHU�GHU�6\VWHPEHGLHQHU�LVW�XQG�ZHOFKH�4XDOLILNDWLRQ�GLHVHU�EHVLW]W��:HLWHUKLQ�ZLUG
GDUJHVWHOOW��ZHOFKH�$UW�YRQ�$XIJDEHQVWHOOXQJHQ�PLW�+LOIH�GHV�6\VWHPV�EHDUEHLWHW�ZHUGHQ
VROOHQ��ZHOFKH�(LQJDQJVGDWHQ� DOV� 3ODQXQJVJUXQGODJH� ]XU�9HUI�JXQJ� VWHKHQ� XQG�ZHOFKH
4XDOLWlW� GLHVH� EHVLW]HQ� XQG� ZHOFKH� 3ODQXQJVHUJHEQLVVH� GHU� 6\VWHPEHGLHQHU� JHQHULHUW�
%LOG�����JLEW�HLQHQ�hEHUEOLFN�GHV�$QZHQGXQJVXPIHOGV�
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6\VWHPEHGLHQHU�$XIJDEHQVWHOOXQJHQ� 3ODQXQJVHUJHEQLVVH�

'DWHQTXHOOHQ�

� %HWULHEVLQJHQLHXU

� $UEHLWVYRUEHUHLWHU

� /HLWVWDQGSHUVRQDO

7DNWLVFKH 6WUXNWXU� XQG
6WUDWHJLHRSWLPLHUXQJ�

2SHUDWLYH 2SWLPLHUXQJ
�3URGXNWLRQVSODQXQJ
XQG �VWHXHUXQJ��

� 'LVSRVLWLRQ

� $XIWUDJVIUHLJDEH

� 5HLKHQIROJHSODQXQJ

� %HOHJXQJVSODQXQJ

� $XIWUDJV�EHUZDFKXQJ

� $XIWUDJVVWHXHUXQJ

� 3URGXNWLYLWlWVVWHLJHUXQJ

� $QSDVVXQJ DQ YHUlQGHUWH
5DQGEHGLQJXQJHQ

� YRUEHXJHQGHV
6W|UXQJVPDQDJHPHQW

� $QJHSD�WH 6WUXNWXU� RGHU
6WHXHUXQJVSDUDPHWHU

� (QWVW|UXQJVVWUDWHJLHQ

� 3URJQRVHQ GHU
ORJLVWLVFKHQ .HQQ]DKOHQ

� 2SWLPDOH )UHLJDEHWHUPLQH

� $EJHJOLFKHQH .DSD]LWlWHQ

� 2SWLPDOH $XIWUDJVUHLKHQ�
IROJH XQG %HOHJXQJVSOlQH

� :DUQ� XQG (LQJULIIV�
JUHQ]HQ I�U GDV 0RQLWRULQJ

� 2SWLPDOH 6WHXHUXQJV�
HLQJULIIH

%LOG����� $QZHQGXQJVXPIHOG�GHV�3URJQRVHV\VWHPV

����� 3URGXNWLRQVV\VWHP

'HU� (LQVDW]EHUHLFK�ZLUG� DXI� )HUWLJXQJVV\VWHPH�PLW� 6W�FNJXWSUR]HVVHQ� EHJUHQ]W�� 'DEHL

ZLUG�GHU�6FKZHUSXQNW�DXI�6\VWHPH�PLW�GHU�2UJDQLVDWLRQVIRUP�)OLH����5HLKHQ���,QVHO��XQG

:HUNVWDWWIHUWLJXQJ�JHOHJW��0RQWDJHV\VWHPH�HUIRUGHUQ� LQ�GHU�5HJHO� HUZHLWHUWH� 3ODQXQJV�

XQG� 6WHXHUXQJVIXQNWLRQDOLWlWHQ�� EHLVSLHOVZHLVH� ]XU� 6\QFKURQLVDWLRQ� YHUVFKLHGHQHU� 9RU�

PRQWDJHQ�PLW�GHU�(QGPRQWDJH��+LHUI�U�VLQG�]XVlW]OLFKH�3URJQRVHQ�HUIRUGHUOLFK�

����� 6\VWHPEHGLHQHU

'DV� ]X� HQWZLFNHOQGH� VLPXODWLRQVEDVLHUWH� 3URJQRVHV\VWHP�� GDV� DOV� %DXVWHLQ� HLQHV� 3OD�

QXQJVV\VWHPV�HLQJHVHW]W�ZHUGHQ� VROO��ZLUG�EHWULHEVEHJOHLWHQG� ]XU�%HDUEHLWXQJ�YHUVFKLH�

GHQHU� SURGXNWLRQVORJLVWLVFKHU� )UDJHVWHOOXQJHQ� HLQJHVHW]W�� =XU� %HGLHQXQJ� GHV� 6\VWHPV

VLQG� (LQJDEHQ� GXUFK� GHQ� 6\VWHPEHGLHQHU� HUIRUGHUOLFK�� ZLH� EHLVSLHOVZHLVH� GLH� 9RUJDEH

YRQ� 3DUDPHWHUQ� ]XU� 6WHXHUXQJ� GHU� 3URJQRVHQ� RGHU� 9DULDWLRQHQ� YRQ� 3DUDPHWHUQ� RGHU

6WUXNWXUHQ�GHV�6LPXODWLRQVPRGHOOV��'LHVH�%HQXW]HULQWHUDNWLRQ� HUIROJW� �EHU�0DVNHQ� XQG

(GLWRUHQ�

7\SLVFKH�6\VWHPEHGLHQHU�VLQG�%HWULHEVLQJHQLHXUH��$UEHLWVYRUEHUHLWHU��/LQLHQ��E]Z��,QVHO�

VWHXHUHU� RGHU� GDV� 3HUVRQDO� HLQHV� ]HQWUDOHQ� /HLWVWDQGHV�� %HL� GLHVHQ�%HGLHQHUQ� LVW� LQ� GHU

5HJHO� NHLQ� ([SHUWHQZLVVHQ� KLQVLFKWOLFK� 0RGHOOLHUXQJ�� 6LPXODWLRQ�� ([SHULPHQWSODQXQJ

XQG� 6WDWLVWLN� YRUKDQGHQ��:LFKWLJ� LVW� HLQH�ZLVVHQVEDVLHUWH� 8QWHUVW�W]XQJ� GHV� 6\VWHPEH�

GLHQHUV�XQG�HLQH�]LHOJHULFKWHWH�� DXIJDEHQRULHQWLHUWH�%HQXW]HUI�KUXQJ��'LHVH� VROO� HV� GHP

1XW]HU�HUP|JOLFKHQ�� LQWXLWLY�GXUFK�GDV�6\VWHP�]X�QDYLJLHUHQ�XQG�HV�SUDJPDWLVFK�HLQ]X�

VHW]HQ��'HU�6\VWHPEHGLHQHU�PX��LQ�GHU�/DJH�VHLQ��GDV�6\VWHP�LP�QRUPDOHQ�(LQVDW]�VHOE�

VWlQGLJ�� RKQH� 8QWHUVW�W]XQJ� GXUFK� 0RGHOOLHUXQJV�� RGHU� 6WDWLVWLNH[SHUWHQ� ]X� EHGLHQHQ�

)HKOEHGLHQXQJHQ� VROOWHQ� GXUFK� YRUEHXJHQGH� 0D�QDKPHQ� ZHLWJHKHQG� DXVJHVFKORVVHQ
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ZHUGHQ��EHLVSLHOVZHLVH�GXUFK�JH]LHOWH�)UHLJDEH�XQG�6SHUUXQJ�HLQ]HOQHU�(GLWRUHQ�XQG�(LQ�
JDEHPDVNHQ�

������ $XIJDEHQVWHOOXQJHQ

'LH�$XIJDEHQVWHOOXQJHQ��GLH�PLW�GHP�6\VWHP�EHDUEHLWHW�ZHUGHQ�VROOHQ��ODVVHQ�VLFK�LQ�GLH
WDNWLVFKHQ� 2SWLPLHUXQJVDXIJDEHQ� DXV� GHP� %HUHLFK� GHU� 6WUXNWXU�� XQG� 6WUDWHJLHRSWLPLH�
UXQJ�VRZLH�LQ�GLH�RSHUDWLYHQ�$XIJDEHQVWHOOXQJHQ�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ
JOLHGHUQ��GLH�EHUHLWV�LQ�$EVFKQLWW�����GDUJHVWHOOW�ZXUGHQ�

%HLGH�$XIJDEHQJHELHWH�HUIRUGHUQ�DNWXHOOH�'DWHQ�DOV�3ODQXQJVJUXQGODJH�VRZLH�HLQH�VWlQ�
GLJH�3ODQXQJVEHUHLWVFKDIW�YRQ�3ODQXQJVV\VWHP�XQG�6\VWHPEHGLHQHU�

������ 'DWHQTXHOOHQ

$OV�4XHOOHQ�I�U�GLH�(LQJDQJVGDWHQ�GHV�3ODQXQJVV\VWHPV�ZHUGHQ�YHUVFKLHGHQH�RSHUDWLYH
,QIRUPDWLRQVYHUDUEHLWXQJVV\VWHPH� XQG� 'DWHQEDQNHQ� LP� 6LQQH� GHV� 'DWD�:DUHKRXVH�
.RQ]HSWV�JHQXW]W��9RQ�EHVRQGHUHU�%HGHXWXQJ�VLQG�GDV�336�6\VWHP��%'(�0'(�6\VWHPH�
GDV� &$4�6\VWHP� VRZLH� GDV� ,QVWDQGKDOWXQJVV\VWHP�� -H� PHKU� (LQJDQJVGDWHQ� DXV� GLHVHQ
6\VWHPHQ��EHUQRPPHQ�ZHUGHQ�N|QQHQ��GHVWR�JHULQJHU� LVW�GHU�$XIZDQG�I�U�GHQ�(LQVDW]
GHV�3URJQRVHV\VWHPV��9RQ�9RUWHLO� LVW� HV��ZHQQ�NHLQH�(LQ]HOV\VWHPH�YRUOLHJHQ�� VRQGHUQ
HLQ� LQWHJULHUWHV�*HVDPWV\VWHP�H[LVWLHUW��ZHLO� GDQQ� HLQKHLWOLFKH�'DWHQIRUPDWH� JHZlKUOHL�
VWHW�VLQG�XQG�ZHQLJHU�3UREOHPH�DXIJUXQG�LQNRQVLVWHQWHU�'DWHQ�DXIWUHWHQ�

������ 3ODQXQJVHUJHEQLVVH

,P� 5DKPHQ� GHU� $XIJDEHQVWHOOXQJHQ�� GLH� PLW� GHP� 3URJQRVHV\VWHP� EHDUEHLWHW� ZHUGHQ
N|QQHQ�� LVW�HLQH�9LHO]DKO�YRQ�3ODQXQJVHUJHEQLVVHQ�P|JOLFK��(LQLJH�%HLVSLHOH� VROOHQ�GLH
$QIRUGHUXQJHQ�DQ�GLH�9LHOVHLWLJNHLW�GHV�.RQ]HSWV�YHUGHXWOLFKHQ��%HLVSLHOVZHLVH�NDQQ�HLQ
%HWULHEVLQJHQLHXU�PLW�GHP�6\VWHP�3URGXNWLRQVVWUXNWXUHQ�RGHU� �VWUDWHJLHQ� EHZHUWHQ� XQG
DQ�QHXH�5DQGEHGLQJXQJHQ�GHU�3URGXNWLRQ� DQSDVVHQ�� (LQ�$UEHLWVYRUEHUHLWHU�ZLUG� LQ� GLH
/DJH�YHUVHW]W�� ORJLVWLVFKH�.HQQ]DKOHQ�YRUDXV]XVDJHQ�XQG�PLW�HQWVSUHFKHQGHQ�3ODQXQJV�
PD�QDKPHQ�]X�RSWLPLHUHQ��6FKOLH�OLFK�ZLUG�HV� I�U�GDV�/HLWVWDQGSHUVRQDO�P|JOLFK��RSWL�
PDOH�)UHLJDEH]HLWSXQNWH�]X�EHVWLPPHQ�RGHU�HLQHQ�G\QDPLVFKHQ�.DSD]LWlWVDEJOHLFK�YRU�
]XQHKPHQ�

���� 5ROOH�GHV�3URJQRVHV\VWHPV�LP�5DKPHQ�GHU�$XIJDEHQVWHOOXQJHQ�GHU
3URGXNWLRQVRSWLPLHUXQJ

,P�IROJHQGHQ�ZLUG�DXIJHVFKO�VVHOW��ZHOFKH� ,QIRUPDWLRQHQ� I�U�GLH�YHUVFKLHGHQHQ�$XIJD�
EHQVWHOOXQJHQ�GHU�3ODQXQJ�GXUFK�GDV�3URJQRVHV\VWHP�EHUHLWJHVWHOOW�ZHUGHQ�P�VVHQ��'LH
'DUVWHOOXQJ�GLHQW� DOV�*UXQGODJH� ]XU�)RUPXOLHUXQJ�GHU�$QIRUGHUXQJHQ�DQ�GLH�3URJQRVH�
J�WH�XQG�GHQ�3URJQRVHKRUL]RQW��,QVEHVRQGHUH�ZLUG�GDUJHVWHOOW� I�U�ZHOFKH�$XIJDEHQ�VWR�
FKDVWLVFKH�,QIRUPDWLRQHQ�ZLFKWLJ�VLQG�XQG�ZLH�GLHVH�JHQXW]W�ZHUGHQ�
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������ 5ROOH�EHL�GHU�WDNWLVFKHQ�2SWLPLHUXQJ�YRQ�6WUXNWXUHQ�XQG�6WUDWHJLHQ

([HPSODULVFKH�$XIJDEHQ� GHV� 3URJQRVHV\VWHPV� LP�5DKPHQ� GHU� WDNWLVFKHQ�2SWLPLHUXQJ
YRQ�6WUXNWXUHQ�XQG�6WUDWHJLHQ�VLQG�GLH�%HZHUWXQJ�YRQ�$QSDVVXQJHQ�GHU�6WUXNWXU�RGHU�GHU
6WHXHUXQJVVWUDWHJLH� HLQHV� 3URGXNWLRQVV\VWHPV� DQ� JHlQGHUWH� 5DQGEHGLQJXQJHQ�� 'LHV� LVW
EHLVSLHOVZHLVH�EHL�bQGHUXQJ�GHV�3URGXNWLRQVSURJUDPPV�RGHU�EHL�(LQI�KUXQJ�HLQHU�QHXHQ
4XDOLWlWVVLFKHUXQJV��RGHU�,QVWDQGKDOWXQJV�6WUDWHJLH�QRWZHQGLJ�

)�U�GLH�%HZHUWXQJ�P�VVHQ�YRP�3URJQRVHV\VWHP� ORJLVWLVFKH�.HQQ]DKOHQ��ZLH�EHLVSLHOV�
ZHLVH� 'XUFKODXI]HLWHQ�� 7HUPLQWUHXH�� %HVWDQG� RGHU� .DSD]LWlWVDXVODVWXQJ� EHUHLWJHVWHOOW
ZHUGHQ�� 'LH� .HQQ]DKOHQ� N|QQHQ� LQ� GHU� 5HJHO� �EHU� YHUVFKLHGHQH� .DSD]LWlWV�� RGHU� (U�
]HXJQLVJUXSSHQ�YHUGLFKWHW�ZHUGHQ��$OOHUGLQJV�LVW�GLH�,GHQWLILNDWLRQ�NULWLVFKHU�5HVVRXUFHQ
RGHU�$XIWUDJVW\SHQ�ZLFKWLJ��6WRFKDVWLVFKH�,QIRUPDWLRQHQ�VLQG�I�U�GLH�%HZHUWXQJ�GHU�6WD�
ELOLWlW�GHV�3URGXNWLRQVV\VWHPV�LQWHUHVVDQW�

������ 5ROOH�EHL�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�GHU�%HWULHEVSDUDPHWHU

%HL� GHU� RSHUDWLYHQ� 2SWLPLHUXQJ� PX�� GDV� 3URJQRVHV\VWHP� GLH� %HZHUWXQJ� HLQHU� QHXHQ
3URGXNWLRQVVLWXDWLRQ� RGHU� HLQHV� QHXHQ�3URGXNWLRQVSODQV� KLQVLFKWOLFK� GHU�(LQKDOWXQJ�GHU
ORJLVWLVFKHQ�=LHOH�YRUQHKPHQ��'DV�6\VWHP�PX��*UXQGODJHQLQIRUPDWLRQHQ�]XU�(UNHQQXQJ
YRQ�3ODQDEZHLFKXQJHQ� RGHU� 6W|UXQJHQ� E]Z�� QHXHU�(QJSD�VLWXDWLRQHQ� EHUHLWVWHOOHQ��PLW
GHQHQ�GLH�YHUXUVDFKHQGHQ�XQG�GLH�EHWURIIHQHQ�$XIWUlJH�XQG�5HVVRXUFHQ�HUPLWWHOW�ZHUGHQ
N|QQHQ��:HLWHUKLQ�VLQG�GLH�EHVRQGHUV�NULWLVFKHQ�$XIWUlJH�XQG�5HVVRXUFHQ�]X�HUPLWWHOQ�

)�U�GLH�RSHUDWLYH�2SWLPLHUXQJ�ZHUGHQ�LQVEHVRQGHUH�IROJHQGH�,QIRUPDWLRQHQ�EHQ|WLJW�

�� %HOHJXQJV]HLWHQ�XQG�)HUWLJVWHOOXQJVWHUPLQH�LQ�GHU�)HUWLJXQJ
�� 6ROO�%HVWDQG�hEHUVFKUHLWXQJHQ�XQG�0LQGHVW�%HVWDQG�8QWHUVFKUHLWXQJHQ

)�U�HLQH�RSWLPDOH�3ODQXQJ�VLQG�EHVRQGHUV�H[DNWH�XQG�VLFKHUH�3URJQRVHQ�QRWZHQGLJ��(LQH
]XVlW]OLFKH�$QJDEH�GHU�]X�HUZDUWHQGHQ�8QVLFKHUKHLW�GHU�3URJQRVH�HUP|JOLFKW�GHP�3ODQHU
HLQH�$EVFKlW]XQJ�GHV�5LVLNRV�I�U�HLQH�=LHODEZHLFKXQJ��'LHVHV�8QVLFKHUKHLWVPD��LVW�DXFK
QRWZHQGLJ��XP�EHL�GHU�$XIWUDJV�EHUZDFKXQJ�HQWVFKHLGHQ�]X�N|QQHQ��RE�VLFK�HLQH�3ODQ�
DEZHLFKXQJ� LP�5DKPHQ�GHU�QRUPDOHQ�6WRFKDVWLN�EHILQGHW�RGHU� RE� VLH� DXI� HLQH� JU|�HUH
6W|UXQJ�KLQGHXWHW�

)�U�GLH�2SWLPLHUXQJ�HLQ]HOQHU�$XIWUlJH�RGHU�5HVVRXUFHQ�VLQG�DUEHLWVJDQJ��XQG�UHVVRXU�
FHQJHQDXH� ,QIRUPDWLRQHQ�ZLFKWLJ��%HLVSLHOVZHLVH� LVW� HV� I�U�HLQH�5�VWRSWLPLHUXQJ�DQ� HL�
QHP�(QJSD��QRWZHQGLJ�]X�ZLVVHQ��ZHOFKHU�$XIWUDJ�ZDQQ�PLW�ZHOFKHU�6LFKHUKHLW�LP�(LQ�
JDQJVSXIIHU�GHU�5HVVRXUFH�OLHJW�

���� 6WHOOHQZHUW�GHU�3URJQRVHJ�WH�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ

'LH�*�WH� GHU� 3URJQRVHQ� KDW� HQWVFKHLGHQGHQ� (LQIOX�� DXI� GDV�2SWLPLHUXQJVHUJHEQLV�� ,P
IROJHQGHQ�ZLUG�GDUJHVWHOOW��ZHOFKH�$XVZLUNXQJ�HLQH�JHULQJH�3URJQRVHJ�WH�DXI�GLH�2SWL�
PLHUXQJ�HLQHV�3URGXNWLRQVV\VWHPV�KDEHQ�NDQQ��=LHO�LVW�HV�]X�LGHQWLIL]LHUHQ��ZHOFKH�5LVL�
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NHQ�GDGXUFK�JHJHEHQ�VLQG�XQG�ZHOFKH�3RWHQWLDOH�PLW�HLQHU�9HUEHVVHUXQJ�GHU�3URJQRVH�
J�WH�HUVFKORVVHQ�ZHUGHQ�N|QQHQ�

������ 6WHOOHQZHUW�I�U�GLH�WDNWLVFKH�2SWLPLHUXQJ�YRQ�6WUXNWXUHQ�XQG
6WUDWHJLHQ

%HL�GHU�WDNWLVFKHQ�2SWLPLHUXQJ�YRQ�3URGXNWLRQVVWUXNWXUHQ�XQG��VWUDWHJLHQ�ZLUNW�VLFK�HLQH
VFKOHFKWH� 3URJQRVHJ�WH� GDULQ� DXV�� GD�� I�U� GLH� 2SWLPLHUXQJ� HLQH� IDOVFKH� %HZHUWXQJV�
JUXQGODJH�KHUDQJH]RJHQ�ZLUG��'LHV�NDQQ�EHGHXWHQ��GD��HLQ�3URGXNWLRQVV\VWHP��GDV�EHL�
VSLHOVZHLVH�PLWWHOV�HLQHV�VLPXODWLRQVEDVLHUWHQ�6WUXNWXUSODQXQJVV\VWHPV�RSWLPLHUW�ZXUGH�
LQ�GHU�5HDOLWlW�QLFKW�GDV�JHZ�QVFKWH�9HUKDOWHQ�]HLJW��*HJHEHQHQIDOOV�VLQG�GLH�ORJLVWLVFKHQ
=LHOYRUJDEHQ� KLQVLFKWOLFK� %HVWDQG�� 'XUFKODXI]HLW�� 7HUPLQWUHXH� RGHU� 'XUFKVDW]� LQ� GHU
5HDOLWlW� QXU� PLW� HUK|KWHP� 6WHXHUXQJVDXIZDQG� RGHU� YHUVWlUNWHP� 5HVVRXUFHQHLQVDW]� HU�
UHLFKEDU��'DV�3URGXNWLRQVV\VWHP�Z�UGH�XQZLUWVFKDIWOLFK�EHWULHEHQ�ZHUGHQ�

%HL�HLQHU�VWUDWHJLVFKHQ�2SWLPDOSODQXQJ�ZLUG�GLHVHU�*HIDKU�GXUFK�HLQH�VRUJIlOWLJH�9HULIL�
]LHUXQJ�XQG�9DOLGLHUXQJ�GHV�6LPXODWLRQVPRGHOOV�EHJHJQHW��$X�HUGHP�JHQ�JHQ�EHL�YLHOHQ
VWUDWHJLVFKHQ� 3ODQXQJVDXIJDEHQ� TXDOLWDWLYH� $XVVDJHQ�� I�U� GLH� HLQ� 0RGHOO� PLW� JHULQJHU
3URJQRVHJ�WH�KLQUHLFKHQG�LVW��%HL�GHU�WDNWLVFKHQ�2SWLPLHUXQJ�KLQJHJHQ�ZHUGHQ�LQ�JU|�H�
UHP�0D�H� TXDQWLWDWLYH� XQG� UHDOLVWLVFKH� %HZHUWXQJHQ� EHQ|WLJW�� $X�HUGHP� LVW� HLQH� %H�
ZHUWXQJ�GHU�3URJQRVHXQVLFKHUKHLW�ZLFKWLJ��XP�DEVFKlW]HQ�]X�N|QQHQ��ZLH�VLFKHU�GLH�PLW�
WHOIULVWLJHQ�2SWLPLHUXQJV]LHOH�HUUHLFKW�ZHUGHQ��+LQ]X�NRPPW��GD��EHL�GHU�WDNWLVFKHQ�ZLH
DXFK�EHL�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�QLFKW�GDYRQ�DXVJHJDQJHQ�ZHUGHQ�NDQQ��GD��HLQ�YD�
OLGHV�3URJQRVHPRGHOO�]XU�9HUI�JXQJ�VWHKW��$QJHVLFKWV�VLFK�KlXILJ�ZlKUHQG�GHV�%HWULHEV
HLQHV�3URGXNWLRQVV\VWHPV�ZDQGHOQGHU�6WUXNWXUHQ�XQG�$EOlXIH�Z�UGH�GLH�VWlQGLJH�3IOHJH
GHV�0RGHOOV�HLQHQ�]X�JUR�HQ�$XIZDQG�EHGHXWHQ��'LH�$XVZLUNXQJHQ�GLHVHU�bQGHUXQJHQ
VLQG�LP�YRUDXV�QLFKW�DEVFKlW]EDU�

������ 6WHOOHQZHUW�I�U�GLH�RSHUDWLYH�2SWLPLHUXQJ�GHU�%HWULHEVSDUDPHWHU

%HL�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�VWHOOHQ�7HUPLQSURJQRVHQ�GLH�*UXQGODJH�I�U�GLH�3ODQXQJ
GDU�� $QKDQG� GLHVHU� 7HUPLQSURJQRVHQ� ZHUGHQ� HLQ]HOQH� $EOlXIH� DXIHLQDQGHU� RGHU� PLW
=LHOWHUPLQHQ�DEJHVWLPPW��'DEHL�ZHUGHQ�DXFK�GLH�]X�HUZDUWHQGHQ�$EZHLFKXQJHQ��VRZHLW
EHNDQQW��HLQNDONXOLHUW��)HKOHUKDIWH�7HUPLQSURJQRVHQ�I�KUHQ�]X�HLQHU�VFKOHFKWHQ�$EVWLP�
PXQJ�GHU�3URGXNWLRQVDEOlXIH�RGHU�]X�HLQHU�hEHU��RGHU�8QWHUVFKUHLWXQJ�GHU�=LHOWHUPLQH�
'LH�PDQJHOQGH�$EVWLPPXQJ�GHU�$EOlXIH�]LHKW�LQ�GHU�)ROJH�PHLVW�HLQH�9HUOlQJHUXQJ�GHU
'XUFKODXI]HLWHQ�XQG�HLQH�(UK|KXQJ�GHU�%HVWlQGH�QDFK�VLFK��=XGHP�QLPPW�GLH�6WUHXXQJ
GHU� 'XUFKODXI]HLWHQ� ]X�� ZDV� VLFK� LQ� HLQHU� JHULQJHQ� 7HUPLQWUHXH� lX�HUW�� ,P� IROJHQGHQ
ZHUGHQ�GLH�$XVZLUNXQJHQ� HLQHU�PDQJHOQGHQ�3URJQRVHJ�WH� DXI� GLH� HLQ]HOQHQ�$XIJDEHQ
GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�GDUJHVWHOOW�

%HL� GHU�3URGXNWLRQVSURJUDPPSODQXQJ� NDQQ� HLQH� IHKOHUKDIWH� 3URJQRVH� GD]X� I�KUHQ�
GD��HLQH�IDOVFKH�(QWVFKHLGXQJ�KLQVLFKWOLFK�GHU�$QQDKPH�RGHU�=XU�FNZHLVXQJ�HLQHV�$XI�
WUDJV� JHWURIIHQ� ZLUG�� :LUG� HLQ� $XIWUDJ� DQJHQRPPHQ�� GHU� HLJHQWOLFK� KlWWH� DEJHZLHVHQ
ZHUGHQ�P�VVHQ��ZHLO�HU�EHLVSLHOVZHLVH�WHUPLQOLFK�E]Z��NDSD]LWLY�QLFKW�PDFKEDU�LVW��]LHKW
GLHV�LQ�GHU�5HJHO�HLQH�7HUPLQ�EHUVFKUHLWXQJ�RGHU�6WHXHUXQJVHLQJULIIH�]XU�6LFKHUXQJ�GHV
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7HUPLQV� QDFK� VLFK�� ,P� XPJHNHKUWHQ� )DOO� ZLUG� HLQ� PDFKEDUHU� $XIWUDJ� DEJHZLHVHQ� XQG
GDPLW�GHU�'XUFKVDW]�XQG�GLH�$XVODVWXQJ�GHV�3URGXNWLRQVV\VWHPV�UHGX]LHUW�

,P� 5DKPHQ� GHU�0HQJHQSODQXQJ� I�KUHQ� IDOVFKH� 3URJQRVHQ� ]X� HLQHU� )HKOHLQVFKlW]XQJ
GHV�%HGDUIV�DQ�(LJHQEHGDUIVWHLOHQ�I�U�HLQH�EHVWLPPWH�=HLWSHULRGH��'LHV�NDQQ�GD]X�I�KUHQ�
GD��EHQ|WLJWH�7HLOH�QLFKW�UHFKW]HLWLJ�YHUI�JEDU�VLQG�RGHU�]X�IU�K�JHOLHIHUW�ZHUGHQ��,Q�GHU
)ROJH�ZHUGHQ�$XIWUlJH�YHU]|JHUW�XQG�GHU�8PODXIEHVWDQG�HUK|KW�

,Q�GHU�7HUPLQ��XQG�.DSD]LWlWVSODQXQJ�N|QQHQ�IHKOHUKDIWH�3URJQRVHQ�]X�IDOVFKHQ�)UHL�
JDEH]HLWSXQNWHQ�RGHU�XQUHDOLVWLVFKHQ�)HUWLJVWHOOXQJVWHUPLQHQ�I�KUHQ��$X�HUGHP�NDQQ�HV
YRUNRPPHQ��GD��.DSD]LWlWVEHGDUIH� IDOVFK� WHUPLQLHUW�ZHUGHQ�XQG�GHVZHJHQ�.DSD]LWlWHQ
IHKOHQ�RGHU�]XYLHO�EHUHLWJHVWHOOW�ZHUGHQ�

$XFK� GLH�$XIWUDJVIUHLJDEH� ZLUG� EHHLQIOX�W�� LQGHP� IDOVFKH� :LHGHUEHVFKDIIXQJV]HLWHQ
DQJHQRPPHQ�ZHUGHQ��'LHV�I�KUW�]X�HLQHU�]X�VSlWHQ�RGHU�]X�IU�KHQ�)UHLJDEH��(LQH�JHULQJH
7HUPLQWUHXH�XQG�RGHU�]X�KRKH�8PODXIEHVWlQGH�RGHU�JHULQJH�$XVODVWXQJ�GHU�5HVVRXUFHQ
VLQG�GLH�)ROJH�

%HL� GHU�5HLKHQIROJH�� XQG�%HOHJXQJVSODQXQJ� I�KUHQ� 3URJQRVHIHKOHU� GD]X�� GD��%HUHLW�
VWHOOXQJVWHUPLQH�IDOVFK�YRUKHUJHVDJW�ZHUGHQ��'LHV�VFKOlJW�VLFK�LQ�:DUWH��RGHU�/LHJH]HL�
WHQ�QLHGHU��(LQH�JHSODQWH�$EDUEHLWXQJVUHLKHQIROJH�LVW�QLFKW�PDFKEDU�RGHU�HLQ�%HOHJXQJV�
SODQ� XQUHDOLVWLVFK�� ZRGXUFK� EHLVSLHOVZHLVH� HLQH� 5�VW]HLWRSWLPLHUXQJ� XQP|JOLFK� ZLUG�
(LQH�JHULQJH�5HVVRXUFHQDXVODVWXQJ�� OlQJHUH�'XUFKODXI]HLWHQ�XQG�HUK|KWH�%HVWlQGH� VLQG
GLH�)ROJH�

'LH�$XIWUDJV�EHUZDFKXQJ�ZLUG� EHHLQWUlFKWLJW��ZHLO� NHLQH� SUl]LVHQ�$XVVDJHQ�P|JOLFK
VLQG��ZDQQ�HLQH�$EZHLFKXQJ�YRP�3ODQ�VLJQLILNDQW� LVW�XQG�HLQ�6WHXHUXQJVHLQJULII� HUIRU�
GHUOLFK�ZLUG��'LHV�EHGHXWHW��GD��HQWZHGHU�]X�IU�K�RGHU�]X�VSlW�HLQJHJULIIHQ�ZLUG��(LQ�]X
IU�KHU�6WHXHUXQJVHLQJULII�EHGHXWHW�XQQ|WLJHQ�$XIZDQG�XQG�.RPSOH[LWlW�LQ�GHU�3URGXNWL�
RQ��=X�VSlWH�(LQJULIIH�I�KUHQ�]X�HLQHU�JU|�HUHQ�3ODQDEZHLFKXQJ�YHUEXQGHQ�PLW�K|KHUHQ
.RVWHQ�XQG�GHU�1RWZHQGLJNHLW��VWlUNHU�UHJHOQG�HLQ]XJUHLIHQ�

,P�5DKPHQ�GHU�$XIWUDJVVWHXHUXQJ�EHGHXWHQ�IDOVFKH�3URJQRVHQ�HLQH�IDOVFKH�%HZHUWXQJ
GHU�$XVZLUNXQJ�YRQ�6WHXHUXQJVHLQJULIIHQ��'DUDXV�IROJW��GD��QLFKW�GLH�RSWLPDOH�0D�QDK�
PH�HUJULIIHQ�ZLUG�RGHU�GLH�0D�QDKPH�IDOVFK�GLPHQVLRQLHUW�ZLUG��'LHV�I�KUW�]X�HLQHU�]X
VWDUNHQ� RGHU� ]X� JHULQJHQ�:LUNXQJ� GHV� 6WHXHUXQJVHLQJULIIV� XQG� GDPLW� ]X�.RVWHQ� GXUFK
GHQ�VXERSWLPDOHQ�%HWULHE�GHV�3URGXNWLRQVV\VWHPV�XQG�GXUFK�GLH�XQWHU�8PVWlQGHQ�XQJH�
HLJQHWH�0D�QDKPH�

������ 5HVXOWLHUHQGH�$QIRUGHUXQJHQ�DQ�GLH�3URJQRVHWUHXH

)�U�GLH�$XIJDEHQ�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�VROO�GDV�3URJQRVHV\VWHP�HLQH�9RUDXVVFKDX
YRQ�ELV� ]X� ���:RFKHQ� HUP|JOLFKHQ��%HL� HLQHP�=HLWKRUL]RQW� YRQ� VLHEHQ�7DJHQ� LVW� HLQH
3URJQRVHWUHXH�GHU�)HUWLJVWHOOXQJVWHUPLQH�GHU�$XIWUlJH�YRQ�����EHL�������7DJ�7ROHUDQ]
HUIRUGHUOLFK��%HL�HLQHP�=HLWKRUL]RQW�YRQ����7DJHQ�VROO�GLHVH�QRFK�����EHWUDJHQ�

)�U�GLH�WDNWLVFKH�2SWLPLHUXQJ�VLQG�GLH�$QIRUGHUXQJHQ�JHULQJHU��%HL�HLQHP�I�U�GLHVH�$XI�
JDEHQ� �EOLFKHQ� =HLWKRUL]RQW� YRQ� �EHU� ]ZHL�0RQDWHQ�ZHUGHQ� NHLQH� DX�HUJHZ|KQOLFKHQ
$QIRUGHUXQJHQ�DQ�GLH�(UJHEQLVJ�WH�JHVWHOOW�
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'LH�8QVLFKHUKHLWHQ�GHU�3URJQRVHQ�KlQJHQ�DOOHUGLQJV�QLFKW�DOOHLQH�YRQ�GHP�3URJQRVHV\�
VWHP��VRQGHUQ�DXFK�YRQ�GHU�6WDELOLWlW�GHU�3URGXNWLRQVSUR]HVVH�DE��*HIRUGHUW�ZLUG�GHVZH�
JHQ��GD��GHU�(UZDUWXQJVZHUW�GHU�3URJQRVH�PLW�GHP�0LWWHOZHUW�GHU�UHDOHQ�7HUPLQH��EHU�
HLQVWLPPW�� 'LH� 3URJQRVHXQVLFKHUKHLW� VROO� DXI� GLH� UHDO� ]X� HUZDUWHQGH� 8QVLFKHUKHLW� EH�
JUHQ]W�ZHUGHQ�

���� =XVDPPHQIDVVXQJ�XQG�)D]LW

'LH�$XIJDEH�GHU�2SWLPLHUXQJ�HLQHV�EHVWHKHQGHQ�3URGXNWLRQVV\VWHPV�Ol�W�VLFK�LQ�GLH�WDN�
WLVFKH� XQG� GLH� RSHUDWLYH�2SWLPLHUXQJ� JOLHGHUQ�� ,P�%HUHLFK� GHU� WDNWLVFKHQ�2SWLPLHUXQJ
YRQ�3URGXNWLRQVVWUXNWXUHQ�XQG��VWUDWHJLHQ�ZLUG�VLFKHUJHVWHOOW��GD��GDV�3URGXNWLRQVV\VWHP
I�U�GLH�(UUHLFKXQJ�GHU�SURGXNWLRQVORJLVWLVFKHQ�=LHOVHW]XQJ�EHL�GHQ�]X� HUZDUWHQGHQ�$Q�
IRUGHUXQJHQ�XQG�5DQGEHGLQJXQJHQ�SULQ]LSLHOO�JHHLJQHW�LVW��+LQJHJHQ�ZLUG�EHL�GHU�RSHUD�
WLYHQ�2SWLPLHUXQJ�HLQHV�3URGXNWLRQVV\VWHPV�HLQH�NRQNUHWH�%HWULHEVVLWXDWLRQ�GHU�3URGXN�
WLRQVDQODJH� KLQVLFKWOLFK� GHU� (UUHLFKXQJ� GHU� SURGXNWLRQVORJLVWLVFKHQ� =LHOVHW]XQJ� RSWL�
PLHUW��'LH�WDNWLVFKH�2SWLPLHUXQJ�LVW�DOVR�HKHU�PLWWHOIULVWLJ��GLH�RSHUDWLYH�HKHU�NXU]IULVWLJ
DXVJHULFKWHW�

=XU�8QWHUVW�W]XQJ�GHU�WDNWLVFKHQ�XQG�RSHUDWLYHQ�2SWLPLHUXQJ�N|QQHQ�6RIWZDUHZHUN]HX�
JH� HLQJHVHW]W� ZHUGHQ�� 'LHVH� 3ODQXQJVZHUN]HXJH� EHVLW]HQ� VWHWV� HLQ� 3URJQRVHV\VWHP� ]XU
9RUKHUVDJH�GHV�]XN�QIWLJHQ�9HUKDOWHQV�HLQHV�3URGXNWLRQVV\VWHPV�XQG�]XU�%HZHUWXQJ�YRQ
3ODQXQJVPD�QDKPHQ��'LH�3URJQRVHJ�WH�GHV�3URJQRVHV\VWHPV�EHVLW]W� HLQHQ�JUR�HQ�(LQ�
IOX��DXI�GDV�2SWLPLHUXQJVHUJHEQLV��(V�ZXUGH�GDV�$QZHQGXQJVXPIHOG�HLQHV�VROFKHQ�3UR�
JQRVHV\VWHPV�EHVFKULHEHQ�� DQ� GHP�GLH�5DQGEHGLQJXQJHQ�XQG� DOOJHPHLQHQ�$QIRUGHUXQ�
JHQ�GHV�3URJQRVHV\VWHPV�YHUGHXWOLFKW�ZHUGHQ�

'LHVH� KLHU� DXIJH]HLJWHQ� DOOJHPHLQHQ� $QIRUGHUXQJHQ� XQG� 5DQGEHGLQJXQJHQ� ZHUGHQ� LP
5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�EHL�GHU�(QWZLFNOXQJ�GHV�VLPXODWLRQVEDVLHUWHQ�3URJQRVH�
V\VWHPV�EHU�FNVLFKWLJW��6LH�IOLH�HQ�LQ�GLH�'HILQLWLRQ�GHV�3IOLFKWHQKHIWHV�I�U�GDV�3URJQRVH�
V\VWHP�HLQ��YJO��$EVFKQLWW������



��%HWULHEVEHJOHLWHQGH�6LPXODWLRQ�XQG�3URJQRVHIHKOHU ��

�� %HWULHEVEHJOHLWHQGH�6LPXODWLRQ�XQG�3URJQRVHIHKOHU

'HU�YRUDQJHJDQJHQH�$EVFKQLWW�KDW�JH]HLJW��GD��GLH�3URJQRVHJ�WH�GHV�JHQXW]WHQ�%HZHU�
WXQJVYHUIDKUHQV�HLQHQ�KRKHQ�6WHOOHQZHUW�I�U�GLH�WDNWLVFKH�XQG�RSHUDWLYH�2SWLPLHUXQJ�HL�
QHV�3URGXNWLRQVV\VWHPV�EHVLW]W��%HVRQGHUV�ZLFKWLJ�LVW�GLH�3URJQRVHJ�WH�I�U�GLH�3URGXNWL�
RQVSODQXQJ�XQG��VWHXHUXQJ��,QVEHVRQGHUH�SUlGLNWLYH�3URGXNWLRQVUHJOHU��YJO��6,021������
=(7/0$<(5� ������0$57,1� ������ ZHUGHQ� GXUFK� HLQH� PDQJHOQGH� 3URJQRVHJ�WH� EHHLQ�
WUlFKWLJW�� ZHLO� EHL� GLHVHQ� .RQ]HSWHQ� GLH� 9RUDXVVFKDX� XQG� GHU� 9HUJOHLFK� PLW� GHU� ,VW�
6LWXDWLRQ�]HQWUDOHU�%HVWDQGWHLO�GHV�5HJHONUHLVHV�LVW�

$XIJUXQG�GHU�SULQ]LSEHGLQJWHQ�9RUWHLOH�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�ZLUG�GLHVHU
$QVDW]� DOV� %DVLV� I�U� GLH�ZHLWHUHQ�$UEHLWHQ� JHZlKOW�� -HGRFK� EHVLW]W� DXFK� GLHVHU� $QVDW]
6FKZlFKHQ��GLH�LQVEHVRQGHUH�XQWHU�SUDNWLVFKHQ�(LQVDW]EHGLQJXQJHQ�]X�HLQHU�PDQJHOQGHQ
3URJQRVHJ�WH�I�KUHQ�N|QQHQ�

,P�IROJHQGHQ�ZLUG�]XQlFKVW�DOV�%DVLVNRQ]HSW� I�U�GLH�YRUOLHJHQGH�$UEHLW�GLH�EHWULHEVEH�
JOHLWHQGH� 6LPXODWLRQ� YRUJHVWHOOW�� 'LH� 6WlUNHQ� XQG� 6FKZlFKHQ� ]XP� DNWXHOOHQ� 6WDQG� GHU
)RUVFKXQJ� ZHUGHQ� HUOlXWHUW�� ,P� $QVFKOX�� ZHUGHQ� 3URJQRVHIHKOHU� W\SLVLHUW�� :HLWHUKLQ
ZHUGHQ�VWDWLVWLVFKH�%HVRQGHUKHLWHQ�YRQ�3URJQRVHIHKOHUQ�LQ�GHU�3UD[LV�DQDO\VLHUW��%HLGHV
GLHQW�GD]X��HLQ�JHQDXHUHV�3UREOHPYHUVWlQGQLV�]X�HUODQJHQ��$QVFKOLH�HQG�ZHUGHQ�GLH�8U�
VDFKHQ� GDUJHVWHOOW�� GLH� ]X� HLQHU�PDQJHOQGHQ� 3URJQRVHJ�WH� EHL� GHU� EHWULHEVEHJOHLWHQGHQ
$EODXIVLPXODWLRQ� I�KUHQ�N|QQHQ��=XP�$EVFKOX��ZLUG� GHU� JUXQGVlW]OLFKH�+DQGOXQJVEH�
GDUI�GRNXPHQWLHUW�

���� 'DV�.RQ]HSW�GHU�EHWULHEVEHJOHLWHQGHQ�$EODXIVLPXODWLRQ

)�U�GLH�2SWLPLHUXQJ�GHU�3URGXNWLRQ�N|QQHQ�YHUVFKLHGHQH�6RIWZDUHZHUN]HXJH�HLQJHVHW]W
ZHUGHQ��'LHVH�QXW]HQ�HQWZHGHU� VWDWLVFKH�RGHU�G\QDPLVFKH�3ODQXQJV��E]Z��6LPXODWLRQV�
YHUIDKUHQ� ]XU� 3URJQRVH� GHV� ]XN�QIWLJHQ� 9HUKDOWHQV� GHV� 3URGXNWLRQVV\VWHPV�� 6WDWLVFKH
3ODQXQJV�� E]Z�� 3URJQRVHYHUIDKUHQ�� ZLH� ]�%��053� RGHU�053� ,,�� EHU�FNVLFKWLJHQ� QLFKW
GDV�G\QDPLVFKH�9HUKDOWHQ�GHV�6\VWHPV��EHLVSLHOVZHLVH�EHL�6W|UXQJHQ�RGHU�ZHFKVHOQGHQ
/DVW]XVWlQGHQ��$X�HUGHP�ZHUGHQ� VWRFKDVWLVFKH� (IIHNWH� LQ� GHU� 5HJHO� QLFKW� EHL� GHU� %H�
UHFKQXQJ�GHU�3URJQRVHQ�EHU�FNVLFKWLJW��%HLGH�(LJHQVFKDIWHQ�GHU�VWDWLVFKHQ�3URJQRVHYHU�
IDKUHQ�I�KUHQ�]X�)HKOHUQ�GHV�(UZDUWXQJVZHUWHV�GHU�3URJQRVH�VRZLH�]X�HLQHU�PDQJHOQGHQ
6FKlW]XQJ�GHU�3URJQRVHXQVLFKHUKHLW�

'\QDPLVFKH� 3URJQRVHYHUIDKUHQ�� ZLH� GLH� EHWULHEVEHJOHLWHQGH� 6LPXODWLRQ�� EHVLW]HQ� GLHVH
SULQ]LSEHGLQJWHQ�1DFKWHLOH�QLFKW��,Q�GHU�6LPXODWLRQ�ZLUG�GDV�3URGXNWLRQVV\VWHP�PLW�VHL�
QHQ�G\QDPLVFKHQ�3UR]HVVHQ�QDFKJHELOGHW��6WRFKDVWLVFKH�(IIHNWH��ZLH�EHLVSLHOVZHLVH�6W|�
UXQJHQ��XQG�:HFKVHOZLUNXQJHQ�]ZLVFKHQ�$EOlXIHQ�ZHUGHQ�EHL�GHU�3URJQRVH�EHU�FNVLFK�
WLJW��'LHV�ZLUNW�VLFK� LQ�HLQHU�K|KHUHQ�HUUHLFKEDUHQ�3URJQRVHWUHXH� LP�9HUJOHLFK�]X�VWDWL�
VFKHQ�9HUIDKUHQ�DXV��$XV�GLHVHP�*UXQG�KDW�VLFK�LQ�GHQ�OHW]WHQ�-DKUHQ�HLQH�(QWZLFNOXQJ
DEJH]HLFKQHW�� GLH� $EODXIVLPXODWLRQ� DXFK� DOV� 8QWHUVW�W]XQJ� I�U� GHQ� %HWULHE� NRPSOH[HU
3URGXNWLRQVV\VWHPH�HLQ]XVHW]HQ��%85*(5�������*h1=(/�������$0$11�������+$5/$1'
	� .8+1� ������ =(7/0$<(5� ������ 3(7(50$11� ������ 5$8+� ������ 0$57,1� �����
5(,1+$57�	�/8/$<�������
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,P�IROJHQGHQ�ZLUG�GLH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�DP�%HLVSLHO�GHU�VLPXODWLRQVEDVLHU�
WHQ� 3URGXNWLRQVUHJHOXQJ� GDUJHVWHOOW��'HU�*UXQGVlW]OLFKH�8QWHUVFKLHG� ]ZLVFKHQ� GHU� SOD�
QXQJVXQWHUVW�W]HQGHQ�XQG�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�VRZLH�DOOJHPHLQH�$QIRU�
GHUXQJHQ�DQ�GLH�6LPXODWLRQ�DXV�GHU�3UD[LV�ZHUGHQ�GHWDLOOLHUW�HUOlXWHUW�

������ %HWULHEVEHJOHLWHQGHU�(LQVDW]�GHU�$EODXIVLPXODWLRQ

'LH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�GLHQW�DOV�(QWVFKHLGXQJVKLOIVPLWWHO�EHL�HKHU�NXU]��ELV
PLWWHOIULVWLJHQ��WDNWLVFKHQ�XQG�RSHUDWLYHQ�(QWVFKHLGXQJHQ��0LW�+LOIH�GHU�6LPXODWLRQ�N|Q�
QHQ�GLH�$XVZLUNXQJHQ�YRQ�(LQJULIIHQ�LQ�GDV�UHDOH�6\VWHP�SURJQRVWL]LHUW�ZHUGHQ��$OV�%HL�
VSLHO�I�U�GHQ�(LQVDW]�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�ZLUG�LP�IROJHQGHQ�GDV�.RQ]HSW
GHU� VLPXODWLRQVEDVLHUWHQ� 3URGXNWLRQVUHJHOXQJ� YRQ� =(7/0$<(5� ������� XQG� 0$57,1

�������HUOlXWHUW�

)�U�HLQHQ�3ODQXQJVODXI�EHL�GHU� VLPXODWLRQVEDVLHUWHQ�3URGXNWLRQVUHJHOXQJ�ZLUG� ]XQlFKVW
HLQ� ]XYRU� HUVWHOOWHV� 6LPXODWLRQVPRGHOO� DXI�� YHUJOLFKHQ�PLW� GHU� SODQXQJVXQWHUVW�W]HQGHQ
6LPXODWLRQ�� K|KHUHP� 'HWDLOOLHUXQJVQLYHDX� HQWVSUHFKHQG� GHP� DNWXHOOHQ� 6\VWHP]XVWDQG
LQLWLDOLVLHUW��$XVJHKHQG�YRQ�GLHVHP�DNWXHOOHQ�=XVWDQG�ZHUGHQ�GLH�$XVZLUNXQJHQ�P|JOL�
FKHU�3ODQXQJVHQWVFKHLGXQJHQ�DP�0RGHOO�XQWHUVXFKW��'LHVH�8QWHUVXFKXQJ�EDVLHUW�DXI�GHQ
ZlKUHQG� GHV� 6LPXODWLRQVODXIV� DXIJH]HLFKQHWHQ� 'DWHQ�� 'LH� DQVFKOLH�HQGH� ,QWHUSUHWDWLRQ
GHU�6LPXODWLRQVHUJHEQLVVH�I�KUW�VFKOLH�OLFK�]X�NRQNUHWHQ�0D�QDKPHQ��GLH�LP�UHDOHQ�6\�
VWHP� XPJHVHW]W�ZHUGHQ�� =XGHP� NDQQ�PLW� GHU� )XQNWLRQ� GHV� VLPXODWLRQVEDVLHUWHQ� %HRE�
DFKWHUV�HUNDQQW�ZHUGHQ��RE�GHU�3URGXNWLRQVDEODXI�JHVW|UW� LVW� XQG�DQ�ZHOFKHU�5HVVRXUFH
GLHVH�6W|UXQJ�YRUOLHJW��+LHUI�U�ZLUG�HLQ�6LPXODWLRQVPRGHOO�V\QFKURQ�]XU�UHDOHQ�3URGXNWL�
RQ�EHWULHEHQ��$EZHLFKXQJHQ�]ZLVFKHQ�UHDOHP�3URGXNWLRQVDEODXI�XQG�VLPXOLHUWHP�GHXWHQ
DXI�HLQH�6W|UXQJ�KLQ��%LOG������

6LPXODWLRQVPRGHOO

5HDOH��$QODJH

6LPXODWLRQVEDVLHUWHU
%HREDFKWHU

:LVVHQVEDVLHUWHU
2SWLPLHUXQJV]\NOXV

�

6LPXODWLRQ
6WUDWHJLHWHVW
7UHQG�
YRUKHUVDJH

$QDO\VH

=LHOHLQKDOWXQJ
$EZHLFKXQJV�
HUNHQQXQJ

hEHUZDFKXQJ�
6WUDWHJLHYRUJDEH

2SWLPLHUXQJ
7HUPLQH
'XUFKODXI]HLW
%HVWlQGH
$XVODVWXQJ

%LOG����� .RQ]HSW�GHU�VLPXODWLRQVEDVLHUWHQ�3URGXNWLRQVUHJHOXQJ�QDFK�=(7/0$<(5

�������XQG�0$57,1�������



��%HWULHEVEHJOHLWHQGH�6LPXODWLRQ�XQG�3URJQRVHIHKOHU ��

'LH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ� HLJQHW� VLFK� YRU� DOOHQ�'LQJHQ�GDQQ��ZHQQ� HV� XP�GLH
2SWLPLHUXQJ� VHKU� NRPSOH[HU� 3URGXNWLRQVV\VWHPH� JHKW�� ZHQQ� DOVR� EHLVSLHOVZHLVH� HLQH
JUR�H�$Q]DKO�XQWHUVFKLHGOLFKHU�0DVFKLQHQ�RGHU�$XIWUlJH�YRUOLHJW�XQG�GLH�3URGXNWLRQVEH�
UHLFKH�VWDUN�YHUQHW]W�VLQG��,Q�GLHVHP�)DOO�LVW�HV�LQ�GHU�5HJHO�QLFKW�P|JOLFK��HLQ�]XYHUOlVVL�
JHV�PDWKHPDWLVFKHV�0RGHOO� I�U�GLH�%HZHUWXQJ�YRQ�3ODQXQJVDOWHUQDWLYHQ�]X�HQWZLFNHOQ�
'LH� EHWULHEVEHJOHLWHQGH� 6LPXODWLRQ� Ol�W� VLFK� VHKU� IOH[LEHO� HLQVHW]HQ�� ZHLO� VHKU� XQWHU�
VFKLHGOLFKH�6WUXNWXUHQ��6WUDWHJLHQ�XQG�$EOlXIH�PRGHOOLHUW�XQG�GDPLW�GHUHQ�(LQIO�VVH�EHL
GHU�%HZHUWXQJ� EHU�FNVLFKWLJW�ZHUGHQ� N|QQHQ��'LH�$EODXIVLPXODWLRQ� HUP|JOLFKW� ]XGHP
HLQH�G\QDPLVFKH�%HZHUWXQJ�GHU�3UR]HVVH��6WRFKDVWLVFKH�(LQIOX�IDNWRUHQ�N|QQHQ�EHU�FN�
VLFKWLJW�ZHUGHQ�

7URW]�GLHVHU�9RUWHLOH�ZLUG�GLH�6LPXODWLRQ�LQ�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�GHU
8QWHUQHKPHQ�QXU�VHOWHQ�HLQJHVHW]W��:,(1'$+/�	�6&+2/7,66(.��������VRZLH�:,(1'$+/

	� 1<+8,6� ������� ]XIROJH� NDQQ� GLHVH� =XU�FNKDOWXQJ� GHU� 8QWHUQHKPHQ� JHJHQ�EHU� GHU
6LPXODWLRQ�DXI�GHQ�JUR�HQ�$XIZDQG�I�U�GLH�0RGHOOLHUXQJ��GLH�VFKZLHULJH�(UJHEQLVLQWHU�
SUHWDWLRQ�XQG�GLH�QRWZHQGLJH�XPIDQJUHLFKH�'DWHQEHUHLWVWHOOXQJ�]XU�FNJHI�KUW�ZHUGHQ�

������ *HJHQ�EHUVWHOOXQJ�YRQ�SODQXQJVXQWHUVW�W]HQGHU�XQG
EHWULHEVEHJOHLWHQGHU�6LPXODWLRQ

(V� EHVWHKHQ� HLQLJH� JUXQGOHJHQGH� 8QWHUVFKLHGH� ]ZLVFKHQ� SODQXQJVXQWHUVW�W]HQGHU� XQG
EHWULHEVEHJOHLWHQGHU�6LPXODWLRQ��ZHOFKH�GLH�ZHLWHUHQ�$UEHLWHQ�HQWVFKHLGHQG�EHHLQIOXVVHQ�
$XV�GLHVHQ�8QWHUVFKLHGHQ�UHVXOWLHUHQ�EHVRQGHUH�$QIRUGHUXQJHQ�DQ�GLH�EHWULHEVEHJOHLWHQ�
GH�6LPXODWLRQ��'DQHEHQ� H[LVWLHUHQ� DEHU� DXFK� HLQLJH� J�QVWLJH�5DQGEHGLQJXQJHQ�� GLH� LP
5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�]XU�9HUEHVVHUXQJ�GHU�(UJHEQLVJ�WH�JHQXW]W�ZHUGHQ�

,P�IROJHQGHQ�ZHUGHQ�GLH�I�U�GLH�YRUOLHJHQGH�$UEHLW�ZHVHQWOLFKHQ�8QWHUVFKLHGH�]ZLVFKHQ
GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ��GLH�YRUZLHJHQG� I�U� VWUDWHJLVFKH�2SWLPLHUXQJV�
DXIJDEHQ� HLQJHVHW]W�ZLUG�� XQG� GHU� EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ�� GHUHQ� 6FKZHUSXQNW
DXI�WDNWLVFKHQ�XQG�RSHUDWLYHQ�2SWLPLHUXQJHQ�OLHJW��YHUGHXWOLFKW�

%HWUDFKWXQJVREMHNW�XQG�*HVWDOWXQJVIHOG

%HWUDFKWXQJVREMHNWH�GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ�VLQG�GLH�$QODJHQVWUXNWXU
�G�K��$QODJHQNRPSRQHQWHQ��PDWHULDOIOX�WHFKQLVFKH�XQG�LQIRUPDWLRQVWHFKQLVFKH�9HUNQ�S�
IXQJHQ��� GLH� $QODJHQSDUDPHWULVLHUXQJ� XQG� GLH� (LQJDQJVGDWHQ�� 'HP]XIROJH� N|QQHQ� VR�
ZRKO�GDV�0RGHOO��DOV�DXFK�GLH�3DUDPHWHUZHUWH�XQG�(LQJDQJVGDWHQ�EHL�GHU�6LPXODWLRQ�YD�
ULLHUW�ZHUGHQ��'LH�9DULDWLRQVEUHLWH�GHU�8QWHUVXFKXQJHQ�LVW�VHKU�JUR���'DV�9HUKDOWHQ�YHU�
VFKLHGHQHU� $QODJHQPRGHOOH� ZLUG� EHL� VHKU� XQWHUVFKLHGOLFKHQ� (LQJDQJVJU|�HQ� XQG� %H�
WULHEVSDUDPHWHUQ� VLPXOLHUW�� %HL� GHU�EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ� OLHJW� GHP�0RGHOO
HLQH� EHUHLWV� H[LVWLHUHQGH� $QODJH� ]XJUXQGH�� :HLO� GDV� 3URGXNWLRQVV\VWHP� UHDO� H[LVWLHUW�
NDQQ�HLQ�UHDOLWlWVJHWUHXHV�0RGHOO�HUVWHOOW�ZHUGHQ��%HLVSLHOVZHLVH�OLHJHQ�(UIDKUXQJVZHUWH
�EHU�VWRFKDVWLVFKH�(LQIO�VVH�YRU��(LQ�EHWULHEVEHJOHLWHQGHV�6LPXODWLRQVH[SHULPHQW�EDVLHUW
DX�HUGHP�DXI�GHQ�DNWXHOOHQ�*HJHEHQKHLWHQ�GHU�UHDOHQ�$QODJH��'DUDXV�HUJLEW�VLFK��GD��GDV
0RGHOO�LP�5DKPHQ�GHU�$QDO\VHQ�QLFKW�RGHU�QXU�PDUJLQDO�YHUlQGHUW�ZLUG��8QWHUVXFKW�ZLUG
DXFK� QLFKW� GDV� 9HUKDOWHQ� LQ� VHKU� YHUVFKLHGHQHQ� %HWULHEV]XVWlQGHQ�� VRQGHUQ� QXU� LQ� GHU
1lKH�HLQHV�]X�GHILQLHUHQGHQ�$UEHLWVSXQNWV��9DULDEHO�VLQG�LQ�HUVWHU�/LQLH�GLH�6WHXHUXQJV�
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HLQJULIIH��'XUFK�GLH�5HGX]LHUXQJ�GHU�)UHLKHLWVJUDGH�ZLUG�GLH�=DKO�GHU�(LQJULIIVP|JOLFK�
NHLWHQ�XQG�VR�GLH�$Q]DKO�GHU�P|JOLFKHQ�([SHULPHQWH�EHJUHQ]W��$X�HUGHP�LVW�GDV�$QDO\�
VH]LHO�EHVVHU�XQG�NODUHU�GHILQLHUW�DOV�EHL�GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ��'HVKDOE
EHVWHKW�HLQH�QDW�UOLFKH�(LQVFKUlQNXQJ�GHU�9DULDWLRQVP|JOLFKNHLWHQ�GHU�6LPXODWLRQVH[SH�
ULPHQWH�

=LHOH��%HWUDFKWXQJV]HLWUDXP�XQG�$UW�GHU�(UJHEQLVVH

'LH� SODQXQJVXQWHUVW�W]HQGH� 6LPXODWLRQ� ]LHOW� DXI� HLQH� ODQJIULVWLJH� $XVVDJH� �EHU� GDV
9HUKDOWHQ�HLQHU�$QODJH�DE��'HVZHJHQ�ZLUG�HLQ�OlQJHUHU�%HWUDFKWXQJV]HLWUDXP�]XJUXQGH�
JHOHJW��(U�NDQQ�0RQDWH�RGHU�-DKUH�GHV�%HWULHEV�HLQHU�3URGXNWLRQVDQODJH�EHWUDJHQ��([DNWH
$XVVDJHQ��EHU�HLQ]HOQH�$XIWUlJH�ZHUGHQ�LQ�GHU�5HJHO�QLFKW�EHQ|WLJW��2IW�JHQ�JHQ�TXDOL�
WDWLYH� $XVVDJHQ� �EHU� 'XUFKVFKQLWWVZHUWH� GHU� JHVDPWHQ� $QODJH�� /DQJIULVWLJ� EHWUDFKWHW
JOHLFKHQ�VLFK�GLH�VWDWLVWLVFKHQ�(IIHNWH�DXV��'DJHJHQ�LVW�HV�=LHO�GHU�EHWULHEVEHJOHLWHQGHQ
6LPXODWLRQ��NXU]IULVWLJ�3URJQRVHQ�YRQ�.HQQ]DKOHQ�RGHU�$XVVDJHQ��EHU�GDV�hEHUJDQJV�
YHUKDOWHQ�GHU�$QODJH�QDFK�HLQHP�6WHXHUXQJVHLQJULII�]X�HUKDOWHQ��,P�)RNXV�GHU�%HWUDFK�
WXQJ�VWHKHQ��QHEHQ�$XVVDJHQ��EHU�7UHQGV� LP�9HUKDOWHQ�GHU�$QODJH��$QDO\VHQ�XQG�3UR�
JQRVHQ�I�U�HLQ]HOQH�$XIWUlJH��8QWHUVXFKXQJHQ�LP�5DKPHQ�YRQ�,QGXVWULHSURMHNWHQ�KDEHQ
HUJHEHQ��GD��]XU�6\QFKURQLVDWLRQ�YRQ�)HUWLJXQJ�XQG�0RQWDJH�LP�=ZHLVFKLFKWEHWULHE�GLH
)HUWLJVWHOOXQJ� YRQ� )HUWLJXQJVDXIWUlJHQ� PLQGHVWHQV� VFKLFKWJHQDX� YRUKHUJHVDJW� ZHUGHQ
PX�� �=(7/0$<(5��������$XV� GLHVHP�*UXQGH� VLQG� GHWDLOOLHUWH� XQG� H[DNWH�'DWHQ� VRZLH
GLH�%HU�FNVLFKWLJXQJ�VWRFKDVWLVFKHU�(IIHNWH�EHL�GHU�6LPXODWLRQ�QRWZHQGLJ� �=(//�������
1XU�VR�NDQQ�HLQH�DQQlKHUQGH�hEHUHLQVWLPPXQJ�YRQ�VLPXOLHUWHQ�XQG�UHDOHQ�:HUWHQ�HU]LHOW
ZHUGHQ�

6LPXODWLRQVJHVFKZLQGLJNHLW

%HL�GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ�LVW�GLH�$QIRUGHUXQJ�DQ�GLH�6LPXODWLRQVJH�
VFKZLQGLJNHLW� YHUJOLFKHQ�PLW�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�JHULQJ��'LH�EHWULHEV�
EHJOHLWHQGH� 6LPXODWLRQ� HUIROJW� VLPXOWDQ� ]XP�%HWULHE� GHU� UHDOHQ�$QODJH�� 'DUDXV� HUJLEW
VLFK�GLH�1RWZHQGLJNHLW�NXU]HU�$QWZRUW]HLWHQ�GHV�6LPXODWRUV�� XP�]X�JHZlKUOHLVWHQ��GD�
GLH�$QODJH�LQQHUKDOE�NXU]HU�=HLW�ZLHGHU�LQ�HLQHQ�VWDELOHQ�=XVWDQG��EHUI�KUW�ZHUGHQ�NDQQ
�6&+0,'7��������=XU�VWDWLVWLVFKHQ�$EVLFKHUXQJ�GHU�(UJHEQLVVH�VLQG�DXIZHQGLJH�9HUIDK�
UHQ� QRWZHQGLJ�� ]�%�� GLH�'XUFKI�KUXQJ�PHKUHUHU�6LPXODWLRQVOlXIH��7URW]GHP� VROOWHQ� GLH
ZLFKWLJVWHQ� 6LPXODWLRQVHUJHEQLVVH� EHUHLWV� QDFK� ZHQLJHQ� 0LQXWHQ� YRUOLHJHQ�� 'LHQW� GLH
EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�GHU�%HZHUWXQJ�YRQ�+DQGOXQJVDOWHUQDWLYHQ�� WULWW�GHU�=HLW�
DVSHNW�QRFK�VWlUNHU�LQ�GHQ�9RUGHUJUXQG��ZHLO�HLQH�JU|�HUH�$Q]DKO�YRQ�6LPXODWLRQVOlXIHQ
GXUFKJHI�KUW�ZHUGHQ�PX��

$QZHQGHU

3ODQXQJVXQWHUVW�W]HQGH�6LPXODWLRQ�ZLUG� YRUZLHJHQG� LQ� VWUDWHJLVFKHQ�3ODQXQJVSURMHN�
WHQ�HLQJHVHW]W��'HVZHJHQ�ZLUG�LQ�GHU�5HJHO�HLQ�6LPXODWLRQVH[SHUWH�PLW�GHU�(UVWHOOXQJ�GHV
6LPXODWLRQVPRGHOOV�XQG�GHU�'XUFKI�KUXQJ�GHU�([SHULPHQWH�EHDXIWUDJW��'LH�EHWULHEVEH�
JOHLWHQGH� 6LPXODWLRQ� PHLVW� YRQ� HLQHP� 0LWDUEHLWHU� DXV� GHU� 3URGXNWLRQVSODQXQJ� XQG� �
VWHXHUXQJ��G�K��QLFKW�YRQ�HLQHP�6LPXODWLRQVH[SHUWHQ�DXVJHI�KUW��'DUDXV�HUJHEHQ�VLFK�EH�
VRQGHUH�$QIRUGHUXQJHQ�DQ�GLH�0RGHOOLHUXQJ��GLH�([SHULPHQWSODQXQJ�XQG�GLH�$XIEHUHL�
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WXQJ�XQG�'DUVWHOOXQJ�GHU�(UJHEQLVVH��%LVKHU�ZXUGH�GLHVHQ�3XQNWHQ�ZHQLJ�%HDFKWXQJ�JH�
VFKHQNW��/$:�	�.(/721��������'LH�ZHVHQWOLFKHQ�(UJHEQLVVH�P�VVHQ�OHLFKW�DEOHVEDU�XQG
DXFK�RKQH�6WDWLVWLNNHQQWQLVVH�HLQIDFK�LQWHUSUHWLHUEDU�VHLQ��XP�GLH�$N]HSWDQ]�GHV�6LPXOD�
WLRQVZHUN]HXJV�]X�HUK|KHQ�XQG�GLH�0|JOLFKNHLWHQ�GHU�)HKOEHGLHQXQJ�]X�UHGX]LHUHQ��)�U
HLQH�VDFKJHUHFKWH�,QWHUSUHWDWLRQ�P�VVHQ�DXFK�$QJDEHQ��EHU�GLH�*�WH�GHU�6LPXODWLRQVHU�
JHEQLVVH�JHPDFKW�ZHUGHQ��),6&+(5�������

(LQJDQJVGDWHQ�XQG�,QLWLDOLVLHUXQJ

'LH� 6FKZLHULJNHLWHQ� EHL� GHU� SODQXQJVXQWHUVW�W]HQGHQ� 6LPXODWLRQ� OLHJHQ� LP� 0DQJHO
HLQHU�UHDOHQ�$XVJDQJVVLWXDWLRQ�GHU�$QODJH��'DV�6LPXODWLRQVPRGHOO�NDQQ�DOVR�LQ�GHU�5HJHO
QLFKW�PLW� HLQHU� UHDOLVWLVFKHQ� 6\VWHPODVW� LQLWLDOLVLHUW� ZHUGHQ�� 'HVZHJHQ�PX�� DEJHZDUWHW
ZHUGHQ��ELV� VLFK�GDV�0RGHOO� HLQJHVFKZXQJHQ�KDW�� EHYRU�GLH�6LPXODWLRQ� UHDOLVWLVFKH�(U�
JHEQLVVH�OLHIHUW��:HLWHUH�)HKOHU�HUJHEHQ�VLFK�DXV�8QJHQDXLJNHLWHQ�EHL�GHU�$EELOGXQJ�GHV
0RGHOOV� XQG� GHU� 6\VWHPVFKQLWWVWHOOHQ� �]�%�� 6W|UJU|�HQ��� 'LHVH� 3UREOHPDWLN� EHVLW]W� GLH
EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�QLFKW�LQ�GLHVHP�0D�H��=XP�HLQHQ�NDQQ�I�U�GLH�,QLWLDOLVLH�
UXQJ�GHV�0RGHOOV� GHU�%HWULHEV]XVWDQG� GHU� UHDOHQ�$QODJH� GLUHNW� DXV� GHP�6\VWHP� LQ� GDV
0RGHOO��EHUQRPPHQ�ZHUGHQ��'LHV�KDW�GHQ�9RUWHLO�� GD�� VLFK�GDV�6LPXODWLRQVPRGHOO� EHL
6LPXODWLRQVEHJLQQ� LP�%HWULHEVSXQNW�GHU� UHDOHQ�$QODJH�EHILQGHW�XQG�NHLQH�(LQVFKZLQJ�
]HLW� EHDFKWHW� ZHUGHQ�PX��� $XFK� GLH� (LQJDQJVJU|�HQ� �$XIWUDJVGDWHQ�� ZHUGHQ� DXV� GHP
UHDOHQ�6\VWHP��EHUQRPPHQ��'DV�YHUHLQIDFKW�GLH�,QLWLDOLVLHUXQJ�XQG�HUP|JOLFKW�DXFK�EHL
NXU]HQ�6LPXODWLRQVGDXHUQ�UHDOLVWLVFKH�(UJHEQLVVH��=XP�DQGHUHQ�NDQQ��ZHLO�GDV�UHDOH�6\�
VWHP�YRUKDQGHQ�LVW��VHKU�JXW�GLH�0RGHOOYDOLGLHUXQJ�GXUFKJHI�KUW�ZHUGHQ��0DQ�HUKlOW�VR�
PLW� HLQ� H[DNWHUHV�0RGHOO��'D�DXFK��EHU�6W|UJU|�HQ�(UIDKUXQJVZHUWH�YRUOLHJHQ��N|QQHQ
DXFK� GLHVH� H[DNWHU� PRGHOOLHUW� ZHUGHQ�� 'HVZHLWHUHQ� OLHJW� (UIDKUXQJVZLVVHQ� DXV� EHUHLWV
DEJHVFKORVVHQHQ� 6LPXODWLRQVOlXIHQ� YRU��ZDV� GLH�%HXUWHLOXQJ� GHU� $QDO\VHHUJHEQLVVH� HU�
OHLFKWHUW�

SODQXQJVXQWHUVW�W]HQGH�6LPXODWLRQ EHWULHEVEHJOHLWHQGH�6LPXODWLRQ

*HVWDOWXQJVIHOG $QODJHQPRGHOO��3DUDPHWULHUXQJ�
(LQJDQJVGDWHQ

LQ�GHU�5HJHO�6WHXHUXQJVHLQJULIIH

=LHOH ODQJIULVWLJH�%HZHUWXQJ�GHU�6WDELOLWlW
GHU�$QODJH

NXU]IULVWLJH�$XVVDJH��EHU�GDV
hEHUJDQJVYHUKDOWHQ�GHU�$QODJH

%HWUDFKWXQJV]HLWUDXP 0RQDWH��-DKUH 6WXQGHQ��7DJH��:RFKHQ

$UW�GHU�(UJHEQLVVH TXDOLWDWLY��'XUFKVFKQLWWVZHUWH��EHU�GDV
9HUKDOWHQ�GHU�$QODJH

TXDQWLWDWLY��H[DNWH�$XVVDJHQ��EHU
HLQ]HOQH�$XIWUlJH��0DVFKLQHQ�����

6LPXODWLRQVJHVFKZLQGLJNHLW QLFKW�HQWVFKHLGHQG HQWVFKHLGHQG

$QZHQGHU 6LPXODWLRQVH[SHUWHQ 3URGXNWLRQVSODQHU��VWHXHUHU��NHLQH
6LPXODWLRQVH[SHUWHQ

(LQJDQJVGDWHQ�XQG
,QLWLDOLVLHUXQJ

3URJQRVHGDWHQ��3ODQXQJVGDWHQ UHDOH��HUID�WH�'DWHQ

7DEHOOH������ *HJHQ�EHUVWHOOXQJ�YRQ�SODQXQJVXQWHUVW�W]HQGHU�XQG�EHWULHEVEHJOHLWHQGHU
6LPXODWLRQ
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:lKUHQG�DOVR�EHL�GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ�GDV�9HUKDOWHQ�HLQHU�JHVDPWHQ
$QODJH��EHU�HLQHQ� UHODWLY� ODQJHQ�=HLWUDXP�HKHU�TXDOLWDWLY�EHZHUWHW�ZLUG�� LVW� HV�=LHO�GHU
EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ�� VFKQHOO� GHWDLOOLHUWH� XQG� TXDQWLIL]LHUWH� ,QIRUPDWLRQHQ
�EHU�GDV�NXU]IULVWLJH�$QODJHQYHUKDOWHQ�LQ�DXIEHUHLWHWHU�)RUP�]X�HUKDOWHQ��'LH�JHQDQQWHQ
3XQNWH�VLQG�LQ�7DEHOOH�����QRFKPDOV�]XVDPPHQIDVVHQG�HLQDQGHU�JHJHQ�EHUJHVWHOOW�

������ 6WHOOHQZHUW�XQG�9HUEHVVHUXQJVEHGDUI�GHU�$EODXIVLPXODWLRQ�LQ�GHU
3UD[LV�±�(UJHEQLVVH�HLQHU�HPSLULVFKHQ�6WXGLH

$OV�*UXQGODJH�I�U�GLH�(QWZLFNOXQJ�GHU�$QVlW]H�GHU�YRUOLHJHQGHQ�$UEHLW�ZXUGHQ�NRQNUHWH
$QIRUGHUXQJHQ� DXV� GHU� SUDNWLVFKHQ� $QZHQGXQJ� GHU� $EODXIVLPXODWLRQ� HUDUEHLWHW�� ,P
5DKPHQ�HLQHU�EUHLW�DQJHOHJWHQ�HPSLULVFKHQ�6WXGLH�ZXUGH�HUPLWWHOW��ZHOFKH�(UIDKUXQJHQ
PLW�GHU�6LPXODWLRQVWHFKQLN�LQ�GHU�SUDNWLVFKHQ�$QZHQGXQJ�H[LVWLHUHQ��+LHU]X�ZXUGHQ�UXQG
����)�KUXQJVNUlIWH�XQG�$QZHQGHU�DXV�GHQ�%HUHLFKHQ�3URGXNWLRQ�XQG�/RJLVWLN�LQ�JU|�H�
UHQ�XQG�PLWWHOVWlQGLVFKHQ�8QWHUQHKPHQ�EHIUDJW�

=LHO�ZDU�HV��]X�HUPLWWHOQ��ZHOFKHQ�6WDQG�GHU�(LQVDW]�GHU�6LPXODWLRQVWHFKQLN�LQ�'HXWVFK�
ODQG�GHU]HLW�EHVLW]W��ZHOFKH�3RWHQWLDOH�GXUFK�GLH�6LPXODWLRQVWHFKQLN�HUVFKORVVHQ�ZHUGHQ
N|QQHQ�XQG�ZHOFKH�+LQGHUQLVVH�EHVWHKHQ��GLH�HLQHQ�KlXILJHQ�(LQVDW]�GLHVHU�7HFKQRORJLH
ELVODQJ�YHUKLQGHUQ��'LH�6WXGLH�GLHQW�GDPLW�DOV�%DVLV�I�U�HLQH�V\VWHPDWLVFKH�$EOHLWXQJ�YRQ
6WUDWHJLHQ�]XU�9HUEUHLWXQJ�XQG�9HUEHVVHUXQJ�GHV�(LQVDW]HV�GHU�6LPXODWLRQVWHFKQLN��'D�
EHL�ZXUGHQ�GLH�NULWLVFKHQ�)DNWRUHQ� I�U� GHQ�(UIROJ� EHL� GHU�(LQI�KUXQJ�XQG�$QZHQGXQJ
GHU�6LPXODWLRQ�HUPLWWHOW��XP�DXI�GLHVHU�%DVLV�+DQGOXQJVHPSIHKOXQJHQ� I�U�GLH�2SWLPLH�
UXQJ�GHV�9HUEUHLWXQJV��XQG�:LUNXQJVJUDGHV�GHV�6LPXODWLRQVHLQVDW]HV�DE]XOHLWHQ��,P�IRO�
JHQGHQ�ZHUGHQ�(UJHEQLVVH�GHU�6WXGLH�GDUJHVWHOOW��GLH�I�U�GLH�EHWULHEVEHJOHLWHQGH�6LPXOD�
WLRQ� HLQH� EHVRQGHUH� %HGHXWXQJ� EHVLW]HQ�� (LQH� DXVI�KUOLFKH� 'DUVWHOOXQJ� GHU� (UJHEQLVVH
EHILQGHW�VLFK�LQ�5(,1+$57�(7�$/�������

$QZHQGXQJVJHELHWH�GHU�$EODXIVLPXODWLRQ

=XQlFKVW�ZXUGH� DQDO\VLHUW�� I�U�ZHOFKH�$XIJDEHQVWHOOXQJHQ�GLH�$EODXIVLPXODWLRQ� HLQJH�
VHW]W�ZLUG��*U|�WHV�$QZHQGXQJVJHELHW�OLHJW�LP�5DKPHQ�GHU�3ODQXQJ�YRQ�3URGXNWLRQVDQ�
ODJHQ��$OOHUGLQJV�VHW]HQ�EHUHLWV�����GHU�$QZHQGHU�GLH�$EODXIVLPXODWLRQ�LP�5DKPHQ�GHU
3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�HLQ� �YJO��%LOG�������'LHV�]HLJW��GD�� LQ�YLHOHQ�8QWHU�
QHKPHQ�EHUHLWV�$N]HSWDQ]�]XP�(LQVDW]�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�YRUOLHJW�
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/D\RXWRSWLPLHUXQJ

���

'LPHQVLRQLHUXQJ

���

.RQ]HSWLRQ

���
6WHXHUXQJVVRI WZ DUH

��

.DSD]LWlWVSODQXQJ

��

)HUWLJXQJVVWHXHUXQJ

��

(LQODVWVWUDWHJLHQ

��

WHFKQLVFKH�

3UR]H�SODQXQJ

��

6RQVWLJHV

��
'HVLJQ

��

*HVFKlIWVSUR]H��

RSWLP LHUXQJ

��

)XQNWLRQVWHVW

��

$XVOHJXQJ��

'LPHQVLRQLHUXQJ

��1&�3URJUDPPLHUXQJ

��
$UEHLWVSODQXQJ

��

%HOHJXQJVSODQXQJ

��

6W|UXQJVPDQDJHPHQW

��

$QODJHQ�EHUZ DFKXQJ

��

$QODJHQSODQXQJ
���
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���

)HUWLJXQJV�
YRUEHUHLWXQJ

���

3URGXNW�
HQWZLFNOXQJ

��

%LOG����� $QZHQGXQJVJHELHWH�GHU�$EODXIVLPXODWLRQ

1XW]HQ�XQG�$XIZDQG�GHU�6LPXODWLRQ

%HPHUNHQVZHUW�LVW��GD������GHU�DNWXHOOHQ�$QZHQGHU�XQG�LPPHUKLQ�����GHU�HKHPDOLJHQ
$QZHQGHU�GHQ�1XW]HQ�GHU�6LPXODWLRQ�LQ�5HODWLRQ�]XP�$XIZDQG�EHUHLWV�]XP�JHJHQZlUWL�
JHQ�(QWZLFNOXQJVVWDQG�GHU�6LPXODWLRQVWHFKQLN�DOV�JUR��RGHU�VHKU�JUR��EHXUWHLOHQ��%LOG���
����7URW]� GLHVHU� SRVLWLYHQ�(LQVFKlW]XQJ�EHVWHKW� GHU�:XQVFK� ]XU�ZHLWHUHQ�9HUEHVVHUXQJ
GHU�(IIL]LHQ]�GHV�6LPXODWLRQVHLQVDW]HV�

:LH�VFKlW]HQ�6LH�GHQ�1XW]HQ�GHU�6LPXODWLRQ
LP�9HUKlOWQLV�]XP�$XIZDQG�HLQ�"

��

���

���

���

���

���

���

VHKU�JUR� JUR� QHXWUDO HKHU�JHULQJ JHULQJ

DNWXHOO

JHSODQW

QRFK�QLFKW

QLFKW�PHKU

6LPXODWLRQV�
DQZHQGHU

%LOG����� $XIZDQG�1XW]HQ�9HUKlOWQLV�GHU�$EODXIVLPXODWLRQ

:HLWHUH�$QDO\VHQ�KDEHQ�JH]HLJW��GD��YLHOH�$QZHQGHU�GDV�3UREOHP�VHKHQ��GD��VLH�6LPX�
ODWLRQ�LQ�LKUHP�8QWHUQHKPHQ�QLFKW�UHJHOPl�LJ�DQZHQGHQ�N|QQHQ�XQG�GDUXQWHU�GLH�(IIL]L�
HQ]�GHU�6LPXODWLRQVDQZHQGXQJ�OHLGHW��'LHV� LVW�HLQ�ZHVHQWOLFKHU�*UXQG�I�U�GLH�7DWVDFKH�
GD��YLHOH�$QZHQGHU�H[WHUQH�([SHUWHQ�I�U�HLQH�6LPXODWLRQVVWXGLH�HLQVHW]HQ�



��%HWULHEVEHJOHLWHQGH�6LPXODWLRQ�XQG�3URJQRVHIHKOHU ��

'LH�(LQI�KUXQJ�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�HU|IIQHW�GLH�0|JOLFKNHLW��6LPXODWLRQ
UHJHOPl�LJ� I�U� YHUVFKLHGHQH�2SWLPLHUXQJVDXIJDEHQ� HLQ]XVHW]HQ�� ,QYHVWLWLRQHQ� LQ�+DUG�
XQG�6RIWZDUH�VRZLH�LQ�GLH�$XVELOGXQJ�GHU�6LPXODWLRQVDQZHQGHU�YHUOLHUHQ�YRU�GHP�+LQ�
WHUJUXQG�GHU�*HQHULHUXQJ�HLQHV�QDFKKDOWLJHQ�1XW]HQV�LKUH�%HGHXWXQJ�

=XVlW]OLFK�]XU�1XW]HQHUZHLWHUXQJ�PX��MHGRFK�JHUDGH�EHLP�EHWULHEVEHJOHLWHQGHQ�6LPXOD�
WLRQVHLQVDW]�GHU�$XIZDQG�I�U�GLH�6LPXODWLRQ�UHGX]LHUW�ZHUGHQ��'LH�HPSLULVFKH�6WXGLH�KDW
JH]HLJW�� GD�� JUR�H� 3RWHQWLDOH� ]XU� $XIZDQGVUHGX]LHUXQJ� LQ� GHU� 'DWHQDNTXLVLWLRQ� XQG
�EHUHLQLJXQJ��GHU�0RGHOOLHUXQJ��GHU�([SHULPHQWSODQXQJ�XQG��GXUFKI�KUXQJ�VRZLH�LQ�GHU
(UJHEQLVLQWHUSUHWDWLRQ�OLHJHQ�

'HIL]LWH�EHL�6FKQLWWVWHOOHQ�]X�EHWULHEOLFKHQ�'9�6\VWHPHQ

'LUHNWH�6FKQLWWVWHOOHQ�]XU�$NTXLVLWLRQ�GHU�(LQJDQJVGDWHQ� I�U�GLH�$EODXIVLPXODWLRQ�N|Q�
QHQ� KHOIHQ�� GHQ� $XIZDQG� HLQHV� 6LPXODWLRQVH[SHULPHQWV� ]X� UHGX]LHUHQ�� 'LH� (UJHEQLVVH
GHU�8PIUDJH�]HLJHQ�MHGRFK��GD��GLH�ELVODQJ�YHUI�JEDUHQ�6FKQLWWVWHOOHQ��EHLVSLHOVZHLVH�]X
336��XQG�%'(�0'(�6\VWHPHQ��NHLQH�9HUEHVVHUXQJ�GHU�(IIL]LHQ]�HUJHEHQ��$XIJUXQG�GHU
$QZHQGXQJVHUIDKUXQJ�PLW�GLHVHU�$UW�YRQ�6FKQLWWVWHOOHQ�ZLUG� GLHVHV�(UJHEQLV�ZLH� IROJW
LQWHUSUHWLHUW��(V�EHVWHKW�GLH�*HIDKU�LQNRQVLVWHQWH�RGHU�IHKOHUKDIWH�(LQJDQJVGDWHQ�DXV�DQ�
GHUHQ� 6\VWHPHQ� ]X� �EHUQHKPHQ�� 'LHV� I�KUW� ]X� IHKOHUKDIWHQ� 0RGHOOHQ� RGHU� HUK|KWHP
$XIZDQG��ZHQQ�GLH�)HKOHU�HUVW�VSlW�HUNDQQW�ZHUGHQ��XQG�NDQQ�]XP�0L�HUIROJ�HLQHV�6L�
PXODWLRQVSURMHNWV�I�KUHQ��%LOG������

$XV�ZHOFKHQ�6\VWHPHQ�ZXUGHQ�'DWHQ��EHU�GLUHNWH�6FKQLWWVWHOOHQ�DNTXLULHUW�"

�� �� ��� ��� ��� ��� ���

336�6\VWHP

&$'

/D\RXWSODQXQJVV\VWHP

%'(�0'(

DQGHUHV
6LPXODWLRQVZHUN]HXJ HUIROJUHLFKH�$QZHQGHU

QLFKW�HUIROJUHLFKH�$QZHQGHU

%LOG����� 6FKQLWWVWHOOHQ�]X�DQGHUHQ�3ODQXQJVV\VWHPHQ

(LQ�ZHLWHUHU�.ULWLNSXQNW�LVW��GD��GLH�'DWHQ�EHUQDKPH�RIW�QRFK�]X�NRPSOL]LHUW�LVW��,Q�GHU
5HJHO� VLQG� QXU� HLQIDFKH� 6FKQLWWVWHOOHQ� YRUKDQGHQ�� ZLH� EHLVSLHOVZHLVH� $6&,,�
6FKQLWWVWHOOHQ�RGHU�64/�6FKQLWWVWHOOHQ��.RPSOH[H�VSH]LILVFKH�$EIUDJHQ�P�VVHQ�DXV�GLH�
VHQ�HQWZLFNHOW�ZHUGHQ��:LFKWLJ�LVW�GHVKDOE��GD��.RSSOXQJHQ�]X�'DWHQTXHOOHQ�JHVFKDIIHQ
ZHUGHQ��GLH�HLQH�$NTXLVLWLRQ�NRQVLVWHQWHU�XQG�IHKOHUIUHLHU�'DWHQ�HUP|JOLFKHQ��$X�HUGHP
VROOWH�GLH� VWUXNWXULHUWH�XQG�DQ�GLH� MHZHLOLJH�$XIJDEHQVWHOOXQJ�GHU�6LPXODWLRQ� DQJHSD�WH
'DWHQDEIUDJH�HUOHLFKWHUW�ZHUGHQ�
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.RQNUHWHU�9HUEHVVHUXQJVEHGDUI�DXV�$QZHQGHUVLFKW

'LH�%HIUDJWHQ�ZXUGHQ�JHEHWHQ��LKUH�ZLFKWLJVWHQ�:�QVFKH�KLQVLFKWOLFK�GHU�9HUEHVVHUXQJ
GHU�6LPXODWLRQVZHUN]HXJH�]X�QHQQHQ��'LH�$QWZRUWHQ�OLH�HQ�VLFK�LQ�HOI�.ODVVHQ�XQWHUWHL�
OHQ��YRQ�GHQHQ�GLH�ZLFKWLJVWHQ�LP�IROJHQGHQ�GDUJHVWHOOW�VLQG��%LOG������

:DV�VROOWH�DQ�6LPXODWLRQVZHUN]HXJHQ�YRU�DOOHP�
YHUEHVVHUW�ZHUGHQ�"

���

���

���

���

���

�� ��� ��� ��� ��� ��� ���

%HGLHQEDUNHLW

DOOJHPHLQ

6FKQLWWVWHOOHQ

0RGHOOLHUXQJ�XQG

9DOLGLHUXQJ

3UHLV

([SHULPHQWGHILQLWLRQ�

(UJHEQLVDXVZHUWXQJ

%LOG����� 9HUEHVVHUXQJVEHGDUI�GHU�$EODXIVLPXODWLRQ�DXV�$QZHQGHUVLFKW

�� %HGLHQEDUNHLW��DOOJHPHLQ�

3ULQ]LSLHOO�ZLUG�GLH�JHULQJH�%HGLHQXQJVIUHXQGOLFKNHLW�GHU�DNWXHOOHQ�6LPXODWLRQVZHUN]HX�
JH� DOV� HLQH�ZHVHQWOLFKH�8UVDFKH� GDI�U� DQJHVHKHQ�� GD�� 6LPXODWLRQ� QLFKW� KlXILJHU� DQJH�
ZHQGHW� ZLUG� XQG� I�U� GHQ� EHWULHEVEHJOHLWHQGHQ� (LQVDW]� QXU� EHGLQJW� JHHLJQHW� LVW�� (LQ
*UR�WHLO�GHU�%HIUDJWHQ�lX�HUWH�GHQ�:XQVFK��GD��GLH�%HGLHQXQJVIUHXQGOLFKNHLW�GHU�6LPX�
ODWLRQVVRIWZDUH� YHUEHVVHUW� ZLUG�� 1HEHQ� GHU� DOOJHPHLQHQ� 6RIWZDUHHUJRQRPLH� ZXUGH� GHU
:XQVFK�QDFK� HLQHU� �EHUVLFKWOLFKHQ� XQG� DQZHQGHUJHUHFKWHQ�*HVWDOWXQJ� GHU� JUDSKLVFKHQ
%HQXW]HUREHUIOlFKH�JHQDQQW�

9RQ�HLQLJHQ�$QZHQGHUQ�ZXUGH�GHU�:XQVFK�JHlX�HUW��EHL�GHU�%HGLHQREHUIOlFKH�]ZLVFKHQ
HLQHP� ([SHUWHQPRGXV� XQG� HLQHP�$QZHQGHUPRGXV�PLW� HLQJHVFKUlQNWHP� )XQNWLRQVXP�
IDQJ�ZHFKVHOQ�]X�N|QQHQ�

�� 6FKQLWWVWHOOHQ

(LQHQ� KRKHQ� 6WHOOHQZHUW� QHKPHQ� DXFK� GLH� 6FKQLWWVWHOOHQ� GHU� 6LPXODWLRQVZHUN]HXJH� ]X
'DWHQTXHOOHQ�HLQ��+LHU�ZXUGH�GHU�:XQVFK�QDFK�HLQHP�SUREOHPORVHQ�'DWHQDXVWDXVFK��EHU
JHQRUPWH�6FKQLWWVWHOOHQ�]X�336��XQG�&$'�6\VWHPHQ�VRZLH�YHUVFKLHGHQHQ�'DWHQEDQNHQ
JHQDQQW�� :HLWHUKLQ� EHVWHKW� GHU� :XQVFK� QDFK� HLQHP� EHVVHUHQ� 3UHSURFHVVLQJ� GHU� (LQ�
JDQJVGDWHQ�PLW�.RQWUROOP|JOLFKNHLWHQ��.RQVLVWHQ]SU�IXQJHQ��

�� 0RGHOOLHUXQJ

'LH� $QZHQGHU� Z�QVFKHQ� VLFK� 9HUEHVVHUXQJHQ� EHL� GHU� 0RGHOOLHUXQJ� XQG� 9DOLGLHUXQJ�
(LQH�HLQIDFKH�XQG�XQLYHUVHOOH�0RGHOOLHUXQJ�I�U�XQWHUVFKLHGOLFKH�$QZHQGXQJVIlOOH� VWHKW
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GDEHL�DQ�REHUVWHU�6WHOOH��'HU�$EVWUDNWLRQVJUDG�GHU�0RGHOOLHUXQJ�VROOWH�IUHL�ZlKOEDU�VHLQ�
:HLWHUKLQ� VROOWH� HLQH� NRQVHTXHQWH�2EMHNWRULHQWLHUXQJ� UHDOLVLHUW� VHLQ�� XQG� HLQ�PRGXODUHU
0RGHOODXIEDX�PLW�JXWHQ�6WUXNWXULHUXQJVP|JOLFKNHLWHQ�HUOHLFKWHUW�ZHUGHQ�

(V�EHVWHKW�GHU�:XQVFK��0RGHOOH� HLQIDFKHU� ]X� JHQHULHUHQ� XQG� ]X� DNWXDOLVLHUHQ��.RQNUHW
ZHUGHQ� HLQH� DXWRPDWLVFKH� 0RGHOOJHQHULHUXQJ� XQG� VHOEVWDNWXDOLVLHUHQGH� E]Z�� VHOEVWOHU�
QHQGH�0RGHOOH�QDFKJHIUDJW�

�� ([SHULPHQWSODQXQJ

'LH�([SHULPHQWSODQXQJ�HUIRUGHUW�([SHUWHQZLVVHQ� LQ�6WDWLVWLN� XQG� LQ� GHQ�0HWKRGHQ�GHV
Ä'HVLJQ�RI�([SHULPHQWV³��(LQH�8QWHUVW�W]XQJ�EHL�GHU�([SHULPHQWSODQXQJ�ZlUH�GHVZHJHQ
I�U�YLHOH�$QZHQGHU�KLOIUHLFK��%HLVSLHOVZHLVH�LVW�HV�ZLFKWLJ��GD��GHU�6LPXODWLRQVDQZHQGHU
GDEHL�XQWHUVW�W]W�ZLUG��GLH�$Q]DKO�XQG�GLH�/lQJH�GHU�6LPXODWLRQVOlXIH�VR�]X�EHVWLPPHQ�
GD��6LPXODWLRQVHUJHEQLVVH�VWDWLVWLVFK�DEJHVLFKHUW�VLQG��$X�HUGHP�LVW�HLQH�8QWHUVW�W]XQJ
EHL�GHU�)HVWOHJXQJ�GHU�9DULDWLRQ�GHU�([SHULPHQWSDUDPHWHU�JHIRUGHUW�

�� (UJHEQLVDXVZHUWXQJ���GDUVWHOOXQJ�XQG��LQWHUSUHWDWLRQ

(V�EHVWHKW�HLQ�%HGDUI�DQ�VWDWLVWLVFKHQ�$XVZHUWXQJVZHUN]HXJHQ�PLW�JUDSKLVFKHQ�9LVXDOL�
VLHUXQJVP|JOLFKNHLWHQ��GLH�LQ�GDV�:HUN]HXJ�LQWHJULHUW�VLQG�RGHU�DQ�HLQHU�OHLVWXQJVIlKLJHQ
6FKQLWWVWHOOH�]X�6WDQGDUG�3URJUDPPHQ�ZLH�06�(;&(/��'DPLW�VROOWH�HLQH�DQZHQGXQJV�
RULHQWLHUWH�$XVZHUWXQJ�XQG�$XIEHUHLWXQJ�GHU�(UJHEQLVVH�PLW�KRKHU�$XVVDJHNUDIW� XQWHU�
VW�W]W�ZHUGHQ��1HEHQ�GHQ�$QDO\VHQ�YRQ�/HLVWXQJHQ�VROOWHQ�6LPXODWRUHQ�DXFK�.RVWHQDQD�
O\VHQ�ELHWHQ�

'HU�%HGLHQHU�VROOWH�EHL�GHU� ,QWHUSUHWDWLRQ�GHU�6LPXODWLRQVHUJHEQLVVH�XQWHUVW�W]W�ZHUGHQ�
ZR]X�DXFK�HLQH�$EVFKlW]XQJ�GHU�SRWHQWLHOOHQ�)HKOHU� JHK|UW��'DEHL� VROOWHQ� GLH�5DQGEH�
GLQJXQJHQ� GHV� 0RGHOOV� XQG� GHV� ([SHULPHQWV� EHU�FNVLFKWLJW� ZHUGHQ�� *HZ�QVFKW� ZLUG
DXFK�HLQ�:HUN]HXJ��ZHOFKHV�GHQ�%HGLHQHU�EHLP�(QWZLFNHOQ�GHU�(UNHQQWQLVVH�XQWHUVW�W]W�

���� 7\SLVLHUXQJ�YRQ�3URJQRVHIHKOHUQ

6LPXODWLRQVPRGHOOH�VWHOOHQ�HLQH�YHUHLQIDFKWH�$EELOGXQJ�GHU�5HDOLWlW�GDU��'LH�VLPXOLHUWHQ
(UJHEQLVVH�ZHLVHQ�GHVKDOE�JHJHQ�EHU�GHQ�'DWHQ�GHV�UHDOHQ�6\VWHPV�$EZHLFKXQJHQ�DXI�
'LHVH�$EZHLFKXQJHQ�ODVVHQ�VLFK�LQ�V\VWHPDWLVFKH�XQG�VWRFKDVWLVFKH�)HKOHU�DXIWHLOHQ��%LOG
�����

6\VWHPDWLVFKH�)HKOHU�VLQG�$EZHLFKXQJHQ�]ZLVFKHQ�GHP�(UZDUWXQJVZHUW�HLQHU�3URJQRVH
XQG�GHP�0LWWHOZHUW�GHU�UHDOHQ�%HREDFKWXQJHQ��6LH�EHHLQIOXVVHQ�]ZDU�GLH�$EVROXWJHQDX�
LJNHLW�� DEHU�QLFKW�GLH�:LHGHUKROJHQDXLJNHLW� HLQHU�3URJQRVH��$XV�GLHVHP�*UXQG� VLQG� VLH
SURJQRVWL]LHUEDU�XQG�GDPLW�NRUULJLHUEDU��6LH�ODVVHQ�VLFK�LQ�GHU�5HJHO�GXUFK�HLQHQ�IXQNWLR�
QDOHQ� =XVDPPHQKDQJ� EHVFKUHLEHQ�� %HLVSLHOVZHLVH� N|QQHQ� NRQVWDQWH�� NXPXODWLYH� RGHU
PXOWLSOLNDWLYH� )HKOHUIXQNWLRQHQ� YRUOLHJHQ��'LH�$EZHLFKXQJHQ� HQWVWHKHQ� LQ� HUVWHU� /LQLH
GXUFK� )HKOHU� GHU� GHWHUPLQLVWLVFKHQ� (LQJDQJVGDWHQ� VRZLH� GXUFK� 9HUHLQIDFKXQJHQ� RGHU
9HUQDFKOlVVLJXQJHQ�EHLP�0RGHOODXIEDX��ZLH�EHLVSLHOVZHLVH�IDOVFKH�3DXVHQ���7UDQVSRUW�
RGHU�9RUJDEH]HLWHQ�
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Stochastische Unsicherheit

Systematischer Fehler

real

simuliert/
Prognose

Vergleich von Prognose 
und realer Beobachtung

%LOG����� $UWHQ�YRQ�3URJQRVHDEZHLFKXQJHQ

6WRFKDVWLVFKH�)HKOHU�VLQG�6FKZDQNXQJHQ�GHU�HLQ]HOQHQ�EHREDFKWHWHQ�:HUWH�XP�GHQ�(U�
ZDUWXQJVZHUW�GHU�3URJQRVH��6WRFKDVWLVFKH�$EZHLFKXQJHQ�]ZLVFKHQ�5HDOLWlW�XQG�3URJQR�
VH�VLQG�LQ�LKUHU�*U|�H�XQG�$XVZLUNXQJ�GHILQLWLRQVJHPl��QLFKW�YRUKHUVHKEDU��6&+5h)(5
�������6LH�ODVVHQ�VLFK�QLFKW�IXQNWLRQDO��DEHU�VWDWLVWLVFK�EHVFKUHLEHQ��6WRFKDVWLVFKH�$EZHL�
FKXQJHQ�N|QQHQ�LP�*HJHQVDW]�]X�V\VWHPDWLVFKHQ�)HKOHUQ�QLFKW�NRUULJLHUW�ZHUGHQ��-HGRFK
LVW�HV�P|JOLFK��GDV�$XVPD��GHU�]X�HUZDUWHQGHQ�VWRFKDVWLVFKHQ�$EZHLFKXQJHQ�]X�SURJQR�
VWL]LHUHQ��:LFKWLJ�LVW��GD��GHU�6FKlW]ZHUW�GHU�VWRFKDVWLVFKHQ�8QVLFKHUKHLW�DXI�GLH�UHDOH
8QVLFKHUKHLW�GHV�SURJQRVWL]LHUWHQ�:HUWHV�HLQJHHQJW�ZLUG�

6WRFKDVWLVFKH� $EZHLFKXQJHQ� HQWVWHKHQ� GXUFK� HLQH� 9HUQDFKOlVVLJXQJ� RGHU� HLQH� IHKOHU�
KDIWH�$EELOGXQJ�YRQ�QLFKW�GHWHUPLQLVWLVFKHQ�(IIHNWHQ��ZLH�]�%��6W|UXQJHQ�RGHU�VFKZDQ�
NHQGH�%HDUEHLWXQJV]HLWHQ��6WRFKDVWLVFKH�(IIHNWH�HLQHU�RGHU�PHKUHUHU�6\VWHPNRPSRQHQ�
WHQ�EHZLUNHQ�QLFKW�QXU�VWRFKDVWLVFKH�$EZHLFKXQJHQ��VRQGHUQ�LQ�6XPPH�DXFK�HLQH�V\VWH�
PDWLVFKH�$EZHLFKXQJ�

���� $QDO\VH�GHU�3URJQRVHIHKOHU�EHL�UHDOHQ�3URGXNWLRQVV\VWHPHQ

8P� GLH� 5DQGEHGLQJXQJHQ� I�U� GLH�$XVZDKO� YRQ� VWDWLVWLVFKHQ�9HUIDKUHQ�� EHLVSLHOVZHLVH
]XU� $XVZHUWXQJ� XQG� $QDO\VH� YRQ� 3URJQRVHQ�� ]X� EHVWLPPHQ�� P�VVHQ� ]XQlFKVW� JHQDXH
$QJDEHQ��EHU�$UW�XQG�*U|�H�GHU�]X�HUZDUWHQGHQ�V\VWHPDWLVFKHQ�XQG�VWRFKDVWLVFKHQ�$E�
ZHLFKXQJHQ� HUPLWWHOW�ZHUGHQ�� ,QVEHVRQGHUH�PX�� IHVWJHVWHOOW�ZHUGHQ�� YRQ�ZHOFKHP�7\S
GLH�]X�HUZDUWHQGHQ�3URJQRVHIHKOHU� VLQG��EHLVSLHOVZHLVH��RE�GLH�)HKOHU�DGGLWLY� VLQG�RGHU
PLW�]XQHKPHQGHU�6LPXODWLRQV]HLW�NXPXODWLYH�RGHU�PXOWLSOLNDWLYH�(IIHNWH� DXIWUHWHQ��$XV
GLHVHQ�(UNHQQWQLVVHQ�ODVVHQ�VLFK�5DKPHQEHGLQJXQJHQ�I�U�GLH�LQ�GHU�YRUOLHJHQGHQ�$UEHLW
]XP�(LQVDW]�NRPPHQGHQ�VWDWLVWLVFKHQ�9HUIDKUHQ�DEOHLWHQ��*OHLFK]HLWLJ� LVW�HLQH�$EVFKlW�
]XQJ�YRU]XQHKPHQ��LQ�ZHOFKHU�*U|�HQRUGQXQJ�VLFK�GHU�UHODWLYH�V\VWHPDWLVFKH�)HKOHU�EH�
ZHJW�

������ 'LH�EHWUDFKWHWHQ�$QODJHQ

=XU� %HDQWZRUWXQJ� GLHVHU� )UDJHVWHOOXQJHQ� ZXUGHQ� LP� 5DKPHQ� GHU� YRUOLHJHQGHQ� $UEHLW
8QWHUVXFKXQJHQ� LQ� ]ZHL� ,QGXVWULHEHWULHEHQ� GXUFKJHI�KUW�� 'LHVH� VHW]HQ� GLH� EHWULHEVEH�
JOHLWHQGH�6LPXODWLRQ�]XU�6LFKHUVWHOOXQJ�GHU�]HLWOLFK�NRUUHNWHQ�$QOLHIHUXQJ�GHU�7HLOH�DXV
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GHU�)HUWLJXQJ�LQ�GHU�0RQWDJH�E]Z��]XU�7HUPLQYRUKHUVDJH�HLQ��(V�KDQGHOW�VLFK�GDEHL�XP
HLQH� NRPSOH[H� PHFKDQLVFKH� 7HLOHIHUWLJXQJ� XQG� HLQH� )OLH�IHUWLJXQJ� I�U� HOHNWURQLVFKH
%DXJUXSSHQ��(UJlQ]HQG�ZXUGHQ�([SHULPHQWLHUPRGHOOH�DXIJHEDXW��EDVLHUHQG�DXI�5HDOGD�
WHQ�HLQHU�GULWWHQ��QDFK�GHP�:HUNVWDWWSULQ]LS�RUJDQLVLHUWHQ�$QODJH��EHL�GHU�DOOHUGLQJV�GLH
EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�QRFK�QLFKW�HLQJHVHW]W�ZLUG��'LH�GUHL�$QODJHQ�VWHOOHQ�W\SL�
VFKH�5HSUlVHQWDQWHQ�I�U�XQWHUVFKLHGOLFKH�2UJDQLVDWLRQVW\SHQ�GDU��7DEHOOH�������=LHO�LVW�HV�
GLH�5DQGEHGLQJXQJHQ�EHL�YHUVFKLHGHQHQ�)HUWLJXQJVRUJDQLVDWLRQVIRUPHQ�]X�HUIDVVHQ�XQG
VRPLW�GDV�]X�HQWZLFNHOQGH�6\VWHP�DXI�HLQH�EUHLWH�%DVLV�]X�VWHOOHQ�
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Anlage A Inhomogen (Werkstätten,
Inseln, Transferstraßen)

250 3-25 2000-3000 3-30 70%

Anlage B Flexible Fließfertigung 25 10-15 3-10 3-6 65-70%

Anlage C Werkstattorganisation 28 10-25 80 10-40 80%

7DEHOOH����� &KDUDNWHULVWLND�GHU�EHWUDFKWHWHQ�$QODJHQ

$QODJH�$��.RPSOH[H�PHFKDQLVFKH�7HLOHIHUWLJXQJ

'LH�EHWUDFKWHWH�$QODJH�EHVWHKW�DXV�FD������$UEHLWVSOlW]HQ�XQG�]XVlW]OLFKHQ�H[WHUQHQ�)HU�
WLJXQJVVWlWWHQ�� 'LH� 7HLOHIHUWLJXQJ� VHW]W� VLFK� DXV� EOHFKYHUDUEHLWHQGHQ� XQG� ]HUVSDQHQGHQ
%HUHLFKHQ�]XVDPPHQ��'LHVH�%HUHLFKH�VLQG�LQ�7HLOEHUHLFKH�XQWHUJOLHGHUW��GLH�QDFK�XQWHU�
VFKLHGOLFKHQ� 3ULQ]LSLHQ� �:HUNVWlWWHQ�� *UXSSHQIHUWLJXQJ�� IOH[LEOHV� )HUWLJXQJVV\VWHP�
7UDQVIHUVWUD�HQ��RUJDQLVLHUW�VLQG��=X�HLQHP�=HLWSXQNW�EHILQGHQ�VLFK�FD��������������$XI�
WUlJH�PLW� MHZHLOV������$UEHLWVJlQJHQ�JOHLFK]HLWLJ� LP�8PODXI��'LH�'XUFKODXI]HLW�EHWUlJW
]ZLVFKHQ���XQG����7DJHQ��'DV�JHVDPWH�3URGXNWLRQVV\VWHP�EHVLW]W�HLQH�GXUFKVFKQLWWOLFKH
$XVODVWXQJ�YRQ�����

$QODJH�%��)OH[LEOH�)OLH�IHUWLJXQJ�I�U�HOHNWURQLVFKH�%DXJUXSSHQ

%HL�GHU�]ZHLWHQ�$QODJH�KDQGHOW�HV�VLFK�XP�HLQH�)HUWLJXQJ�I�U�HOHNWURQLVFKH�%DXJUXSSHQ�
'LH�)HUWLJXQJ�EHVWHKW�DXV�]ZHL�YHUNHWWHWHQ�)HUWLJXQJVOLQLHQ�PLW�MHZHLOV����%HDUEHLWXQJV�
VWDWLRQHQ�XQG�]XVlW]OLFK���3U�ISOlW]HQ��=XU�VHOEHQ�=HLW�EHILQGHQ�VLFK�]ZLVFKHQ���XQG���
$XIWUlJH� LQ� %HDUEHLWXQJ�� 'LH� $XIWUlJH� EHVWHKHQ� DXV� ������ $UEHLWVJlQJHQ�� ZREHL� GLH
$XIWUDJVGXUFKODXI]HLW�]ZLVFKHQ���XQG���7DJHQ�EHWUlJW��'LH�$QODJH�ZLUG�EHL�HLQHU�GXUFK�
VFKQLWWOLFKHQ�$XVODVWXQJ�YRQ��������EHWULHEHQ�

$QODJH�&��([SHULPHQWLHUPRGHOOH�HLQHU�:HUNVWDWWIHUWLJXQJ

)�U�*UXQGODJHQXQWHUVXFKXQJHQ�VWDQGHQ�]XVlW]OLFK�0RGHOOLHUXQJVGDWHQ�GHU�)HUWLJXQJ�HL�
QHV�/.:�.RPSRQHQWHQ�+HUVWHOOHUV�]XU�9HUI�JXQJ��'HU�)HUWLJXQJVEHUHLFK�LVW�DOV�:HUN�
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VWDWWIHUWLJXQJ�RUJDQLVLHUW�XQG�XPID�W����0DVFKLQHQJUXSSHQ�PLW�LQVJHVDPW����$UEHLWVVWD�
WLRQHQ� LQNOXVLYH�3U�IEHUHLFKHQ�XQG�H[WHUQHQ�)HUWLJXQJVNDSD]LWlWHQ��'LH�$XIWUlJH�EHVWH�
KHQ�DXV�������$UEHLWVJlQJHQ�PLW�HLQHU�*HVDPWGXUFKODXI]HLW�]ZLVFKHQ����XQG����7DJHQ�
(V�EHILQGHQ�VLFK�GXUFKVFKQLWWOLFK����$XIWUlJH�JOHLFK]HLWLJ�LQ�GHU�)HUWLJXQJ��'DV�3URGXN�
WLRQVV\VWHP�LVW�]X�GXUFKVFKQLWWOLFK�����DXVJHODVWHW�

8P� $QDO\VHQ� XQDEKlQJLJ� YRP� ,QGXVWULHSDUWQHU� GXUFKI�KUHQ� ]X� N|QQHQ� XQG� XP� HLQH
7HVWSODWWIRUP�I�U�GLH�LP�5DKPHQ�GLHVHU�$UEHLW�]X�HQWZLFNHOQGHQ�.RQ]HSWH�]X�HUULFKWHQ�
ZXUGHQ�]ZHL�([SHULPHQWLHUPRGHOOH�GLHVHU�:HUNVWDWWIHUWLJXQJ�DXIJHEDXW��'DV�HLQH�6LPX�
ODWLRQVPRGHOO� OLHIHUW� GLH� UHDOLWlWVJHWUHXHQ�'DWHQ��GDV� DQGHUH�GLH� DQJHQlKHUWHQ��'DV�0R�
GHOO��ZHOFKHV�GLH�ÄUHDOH�$QODJH³�GDUVWHOOW��ZXUGH�VHKU�H[DNW�PRGHOOLHUW��6WRFKDVWLVFKH�(I�
IHNWH��ZLH�]�%��0DVFKLQHQVW|UXQJHQ�XQG�6FKZDQNXQJHQ�GHU�7UDQVSRUW]HLWHQ�ZXUGHQ�JH�
Pl��HLQHU�VWDWLVWLVFKHQ�$XVZHUWXQJ�GHV�,QGXVWULHSDUWQHUV�LP�0RGHOO�EHU�FNVLFKWLJW��hEOL�
FKH�0RGHOOYHUHLQIDFKXQJHQ��ZLH�EHLVSLHOVZHLVH�3DXVFKDOLVLHUXQJHQ� I�U�7UDQVSRUW]HLWHQ�
ZXUGHQ�ZHLWHVWJHKHQG�YHUPLHGHQ��'XUFK�HLQH�LQWHQVLYH�9DOLGLHUXQJ�ZXUGH�VLFKHUJHVWHOOW�
GD��GDV�ÄUHDOH³�6LPXODWLRQVPRGHOO�GLH�I�U�GLH�YRUOLHJHQGH�$UEHLW�HQWVFKHLGHQGHQ�(IIHNWH
UHDOLWlWVJHWUHX�DEELOGHW��)�U�GLH�8QWHUVXFKXQJHQ�XQG�7HVWDQZHQGXQJHQ�ZLUG�GLHVHV�0R�
GHOO�DOV�ÄUHDOH�$QODJH³�YHUZHQGHW��$XVJHKHQG�YRQ�GLHVHP�UHDOLWlWVQDKHQ�0RGHOO�ZXUGH
HLQ�ZHLWHUHV�� YHUHLQIDFKWHV�0RGHOO� HUVWHOOW�� LQ�ZHOFKHV� JH]LHOW� W\SLVFKH�0RGHOOYHUHLQID�
FKXQJHQ��ZLH�]�%��9HUQDFKOlVVLJXQJ�VWRFKDVWLVFKHU�(IIHNWH�XQG�3DXVFKDOLVLHUXQJHQ�� LP�
SOHPHQWLHUW�ZXUGHQ��'LHVHV�0RGHOO�VROO�GDV�6LPXODWLRQVPRGHOO�GHU�ÄUHDOHQ�$QODJH³�GDU�
VWHOOHQ�

'HU�(LQVDW]�GHU�([SHULPHQWLHUPRGHOOH�EHVLW]W�GHQ�9RUWHLO�� GD��*UXQGODJHQXQWHUVXFKXQ�
JHQ�VHKU�UDVFK�XQG�RKQH�%HHLQWUlFKWLJXQJ�GHV�%HWULHEV�HLQHU�UHDOHQ�$QODJH�GXUFKJHI�KUW
ZHUGHQ� N|QQHQ�� $X�HUGHP� HUP|JOLFKW� HU� GLH� $QDO\VH� XQWHUVFKLHGOLFKHU� 6]HQDULHQ�� GLH
VLFK�LQ�GHU�5HDOLWlW�QLFKW�VR�VFKQHOO�GXUFKI�KUHQ�OLH�HQ�

������ *U|�HQRUGQXQJHQ�GHU�3URJQRVHDEZHLFKXQJHQ

=XQlFKVW�ZXUGH�XQWHUVXFKW��ZHOFKH�3URJQRVHWUHXH�PLW�GHQ��EOLFKHQ�0D�QDKPHQ�GHU�0R�
GHOOYDOLGLHUXQJ� LQ� GHU� 3UD[LV� HU]LHOEDU� LVW� XQG�ZHOFKH�*U|�HQRUGQXQJHQ� XQG� VWRFKDVWL�
VFKHQ�%HVRQGHUKHLWHQ�GLH�3URJQRVHIHKOHU�EHVLW]HQ��)�U�GLH�EHLGHQ�UHDOHQ�3URGXNWLRQVV\�
VWHPH� �$QODJHQ� $� XQG� %�� ZXUGHQ� 6LPXODWLRQVPRGHOOH� HUVWHOOW� XQG� VRUJIlOWLJ� YDOLGLHUW�
:HLWHUKLQ�ZXUGHQ�EHL�GHQ�,QGXVWULHSDUWQHUQ�RUJDQLVDWRULVFKH�9RUNHKUXQJHQ�JHWURIIHQ��XP
VLFKHU]XVWHOOHQ�� GD�� GLH�3URGXNWLRQ� DXI�%DVLV� GHU� 3ODQGDWHQ� DEOlXIW�� EHLVSLHOVZHLVH� GD�
GLH�JHSODQWH�5HLKHQIROJH�GHU�$XIWUDJVDEDUEHLWXQJ�HLQJHKDOWHQ�ZLUG��(V�ZXUGHQ�$XIWUDJV�
OLVWHQ�I�U� MHGH�0DVFKLQHQJUXSSH�DXVJHJHEHQ��XQG�GLH�0DVFKLQHQEHGLHQHU�ZXUGHQ�DQJH�
ZLHVHQ��VLFK�DQ�GLHVH�YRUJHJHEHQH�5HLKHQIROJH�]X�KDOWHQ�

'LH� HUVWHQ� EHLGHQ� H[HPSODULVFK� GDUJHVWHOOWHQ�$XVZHUWXQJHQ�EH]LHKHQ� VLFK� DXI� GDV�%HL�
VSLHO�GHU�NRPSOH[HQ�PHFKDQLVFKHQ�7HLOHIHUWLJXQJ��$QODJH�$���VWLPPHQ�MHGRFK�TXDOLWDWLY
PLW�GHQ�$XVZHUWXQJHQ�DQ�GHQ�EHLGHQ�DQGHUHQ�$QODJHQ��EHUHLQ�

,P�5DKPHQ�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�GHU�$QODJH�$�ZHUGHQ�YRQ�GHU�6LPX�
ODWLRQ�NXU]��ELV�PLWWHOIULVWLJH�3URJQRVHQ�HUVWHOOW��'HU�6FKZHUSXQNW�GHU�%HWUDFKWXQJHQ�OLHJW
EHL� HLQHU� *U|�HQRUGQXQJ� ]ZLVFKHQ� �� XQG� ��� 7DJHQ�� )�U� JU|�HUH� 9RUKHUVDJHKRUL]RQWH
ODVVHQ�VLFK�QXU�VHKU�XQVFKDUIH�3URJQRVHQ�HUVWHOOHQ��'LHVH�HLJQHQ�VLFK�QLFKW�]XU�$EOHLWXQJ
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YRQ�6WHXHUXQJVHLQJULIIHQ��$XV�GLHVHP�*UXQG�ZXUGHQ�I�U�GLH�8QWHUVXFKXQJHQ�PD[LPDOH
3URJQRVHKRUL]RQWH�YRQ����7DJHQ�GHILQLHUW��,P�IROJHQGHQ�ZHUGHQ�GLH�VLPXODWLY�HUPLWWHOWHQ
)HUWLJVWHOOXQJVWHUPLQH�GHQ�UHDOHQ�)HUWLJVWHOOXQJVWHUPLQHQ�JHJHQ�EHUJHVWHOOW�
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$XIWUlJH

3URJQRVHDEZHLFKXQJ�>7DJH@

%LOG����� $EZHLFKXQJ�YRQ�SURJQRVWL]LHUWHQ�XQG�UHDO�HLQJHWUHWHQHQ
)HUWLJVWHOOXQJVWHUPLQHQ�EHL����7DJHQ�9RUKHUVDJHKRUL]RQW

,Q�GHP�LQ�%LOG�����GDUJHVWHOOWHQ�+LVWRJUDPP�LVW�DXI�GHU�$EV]LVVH�GLH�7HUPLQDEZHLFKXQJ
DOV�'LIIHUHQ]�DXV�GHP�WDWVlFKOLFKHQ�)HUWLJVWHOOXQJVWHUPLQ�XQG�GHP�VLPXODWLY�HUPLWWHOWHQ
)HUWLJVWHOOXQJVWHUPLQ�DXIJHWUDJHQ��$XI�GHU�2UGLQDWH�LVW�MHZHLOV�GLH�6XPPH�GHU�$XIWUlJH
DQJHWUDJHQ��GLH�HLQH�EHVWLPPWH�7HUPLQDEZHLFKXQJ�DXIZHLVHQ��,P�YRUOLHJHQGHQ�)DOO�ZXU�
GHQ�DOVR�EHLVSLHOVZHLVH����$XIWUlJH�XP�HLQHQ�7DJ�VSlWHU�IHUWLJ��DOV�GLHV�PLW�+LOIH�GHU�6L�
PXODWLRQ�YRUKHUJHVDJW�ZXUGH�

$XIJUXQG�GHU�5�FNPHOGHGLV]LSOLQ�LQ�GHU�)HUWLJXQJ�ZHUGHQ�DOOH�$XIWUlJH�GHU�]ZHLWHQ�XQG
GULWWHQ�6FKLFKW�HUVW�DP�)ROJHWDJ�U�FNJHPHOGHW��=XVlW]OLFK�NRPPW�HV�GXUFK�GHQ�HLQPDOL�
JHQ� PLWWHUQlFKWOLFKHQ� 'DWHQDEJULII� LP� 9HUJOHLFK� ]XP� �EHU� GHQ� JDQ]HQ� 7DJ� YHUWHLOWHQ
(LQODVWHQ�QRFKPDOV�]X�HLQHU�8QVFKlUIH�LQ�lKQOLFKHU�*U|�HQRUGQXQJ�

:HLWHUKLQ�JLOW�DOV�(LQVFKUlQNXQJ��GD��GLH�)HLQHLQVWHOOXQJ�GHU�LQ�GHU�)HUWLJXQJ�YHUI�JED�
UHQ� .DSD]LWlWHQ� DXI� HLQHU� 6FKlW]XQJ� GHV� 6WHXHUXQJVSHUVRQDOV� EHUXKW�� $XFK� GLH� hEHU�
JDQJV]HLWHQ� ]ZLVFKHQ� HLQ]HOQHQ� :HUNVWlWWHQ� XQG� $UEHLWVV\VWHPHQ� EDVLHUHQ� DXI� NHLQHU
HPSLULVFK�IXQGLHUWHQ�*UXQGODJH�

7URW]�GLHVHU�HUKHEOLFKHQ�)HKOHUSRWHQWLDOH�NDQQ�DXV�%LOG�����HQWQRPPHQ�ZHUGHQ��GD��I�U
GLH� LQQHUKDOE� HLQHV� =HLWKRUL]RQWV� YRQ� �� 7DJHQ� IHUWLJJHVWHOOWHQ� $XIWUlJH� HLQH� hEHUHLQ�
VWLPPXQJ�]ZLVFKHQ�5HDOLWlW�XQG�3URJQRVH�YRQ�����JHJHEHQ�LVW��DOV�9HUKlOWQLV�]ZLVFKHQ
GHU�$Q]DKO�GHU�$XIWUlJH��GLH� LP�%HUHLFK����XQG� ���7DJ�$EZHLFKXQJ�HUPLWWHOW�ZXUGHQ�
XQG�GHQ��EULJHQ�$XIWUlJHQ��GHUHQ�$EZHLFKXQJ�]ZLVFKHQ�6LPXODWLRQ�XQG�5HDOLWlW�JU|�HU
ZDU���%HLGH�*UDILNHQ�]HLJHQ��GD��GLH�V\VWHPEHGLQJWHQ�8QVFKlUIHQ�PLW�JU|�HU�ZHUGHQGHP
%HWUDFKWXQJVKRUL]RQW� ]XQHKPHQ��1DFK����7DJHQ� LVW� VFKOLH�OLFK� QXU� QRFK� HLQH�hEHUHLQ�
VWLPPXQJ�YRQ�����JHJHEHQ��%LOG������
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$XIWUlJH

3URJQRVHDEZHLFKXQJ�>7DJH@

%LOG����� $EZHLFKXQJ�YRQ�SURJQRVWL]LHUWHQ�XQG�UHDO�HLQJHWUHWHQHQ
)HUWLJVWHOOXQJVWHUPLQHQ�EHL���7DJHQ�9RUKHUVDJHKRUL]RQW

%HL�GHQ�8QWHUVXFKXQJHQ�DQ�GHU�$QODJH�%��GHU�)HUWLJXQJ�I�U�HOHNWURQLVFKH�%DXJUXSSHQ�
ZXUGHQ�]XVlW]OLFK�GLH�)HKOHUTXHOOHQ�EHL�GHU�(UIDVVXQJ�GHU�UHDOHQ�7HUPLQH�PLQLPLHUW��=X�
QlFKVW�ZXUGH�IHVWJHVWHOOW��GD��EHL�GHP�,QGXVWULHSDUWQHU�HLQH�VFKOHFKWH�5�FNPHOGHGLV]LSOLQ
EHL�GHU�%HWULHEVGDWHQHUIDVVXQJ��%'(��JHJHEHQ�ZDU��'LHV�I�KUWH�]X�0H�XQJHQDXLJNHLWHQ
EHL� GHU�(UIDVVXQJ� GHV� UHDOHQ� )HUWLJXQJVEHJLQQV� E]Z�� �HQGHV� ����� HLQH� 6FKLFKW�� LQ�$XV�
QDKPHIlOOHQ�����HLQH�:RFKH���(V�ZXUGH�YHUDQOD�W��GD��VWlQGLJ�GHU�DNWXHOOH�$XIWUDJVVWDWXV
�EHU�%'(�YHUI�JEDU�LVW��)HUWLJXQJVEHJLQQ�XQG��HQGH�PX�WHQ�DXI�/LVWHQ�YHUPHUNW�ZHUGHQ�
'LH�'DWHQ�ZXUGHQ�DP�(QGH�HLQHU�MHGHQ�6FKLFKW�LQ�GDV�%'(�6\VWHP�HLQJHJHEHQ�

=XQlFKVW�ZXUGHQ� HLQLJH�'DWHQVlW]H� GHU�(UJHEQLVVH� YHUVFKLHGHQHU� 6LPXODWLRQVOlXIH� XQG
MHZHLOV�HQWVSUHFKHQGHU�UHDOHU�(UJHEQLVVH�DXV�GHU�'DWHQEDVLV�DXVJHZlKOW�XQG�KLQVLFKWOLFK
LKUHU�.RUUHODWLRQ�XQWHUVXFKW��(LQH�HUVWH�%HZHUWXQJ�GHU�.RUUHODWLRQ�HUP|JOLFKW�HLQ�6WUHX�
GLDJUDPP��%LOG�����]HLJW�HLQ� W\SLVFKHV�6WUHXGLDJUDPP�YRQ����� LQQHUKDOE�HLQHV�0RQDWV
SURGX]LHUWHQ�$XIWUlJHQ�PLW�LKUHQ�UHDOHQ�XQG�VLPXOLHUWHQ�)HUWLJVWHOOXQJVWHUPLQHQ�

%LOG����� 6WUHXGLDJUDPP�YRQ�VLPXOLHUWHQ�XQG�UHDOHQ�)HUWLJVWHOOXQJVWHUPLQHQ
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'LH� 6WlUNH� GHU�.RUUHODWLRQ�ZLUG� GXUFK� GHQ�%UDYDLV�3HDUVRQ�.RUUHODWLRQVNRHIIL]LHQW� ÄU³
GDUJHVWHOOW��'HU�.RUUHODWLRQVNRHIIL]LHQW�LVW�HLQ�0D��I�U�GHQ�OLQHDUHQ�=XVDPPHQKDQJ�GHU
$XVSUlJXQJHQ� ]ZHLHU�0HUNPDOH� �%26&+�������� (U� EHUHFKQHW� VLFK� QDFK� IROJHQGHU� )RU�
PHO�
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%HL�DOOHQ�8QWHUVXFKXQJHQ�HUJDEHQ�VLFK�.RUUHODWLRQVNRHIIL]LHQWHQ�LQ�GHU�*U|�HQRUGQXQJ
]ZLVFKHQ� ����� XQG� ������ 'DV� EHGHXWHW�� GD�� HLQ� VLJQLILNDQWHU� =XVDPPHQKDQJ� ]ZLVFKHQ
VLPXOLHUWHQ�XQG�UHDOHQ�(UJHEQLVVHQ�EHVWHKW��GD��DOVR�GLH�YHUZHQGHWHQ�6LPXODWLRQVPRGHOOH
DXVUHLFKHQG� YDOLGLHUW� ZXUGHQ�� 'LH� %HVFKUHLEXQJ� GHV� =XVDPPHQKDQJV� ]ZLVFKHQ� UHDOHQ
XQG�SURJQRVWL]LHUWHQ�7HUPLQHQ�PLWWHOV�5HJUHVVLRQ�LVW�VLQQYROO��*HJHEHQHQIDOOV�NDQQ�HLQH
ZHLWHUH� 9HUEHVVHUXQJ� GHU� *�WH� GHU� 6LPXODWLRQVHUJHEQLVVH� PLWWHOV� 5HJUHVVLRQVDQDO\VH
HU]LHOW�ZHUGHQ��'LHVHU�$QVDW]�ZLUG�LQ�.DSLWHO���GLHVHU�$UEHLW�XQWHUVXFKW�

$XV�GHQ�6WUHXGLDJUDPPHQ� Ol�W� VLFK�DXFK�HUNHQQHQ��GD��GLH�9DULDQ]�GHU�(UJHEQLVVH�EHL
JUR�HQ�:HUWHQ�]XQLPPW��GD��DOVR�GLH�UHDOHQ�:HUWH�PLW�]XQHKPHQGHP�%HWUDFKWXQJVKRUL�
]RQW�VWlUNHU�XP�GHQ�(UZDUWXQJVZHUW�VWUHXHQ��0DQ�VSULFKW�LQ�GLHVHP�)DOO�YRQ�KHWHURVNHGD�
VWLVFKHQ� 'DWHQ�� $OV� .RQVHTXHQ]� GDUDXV� HUJLEW� VLFK� HLQH� %HVFKUlQNXQJ� GHV� VLQQYROOHQ
3URJQRVHKRUL]RQWV��'LH�*UDILN�]HLJW�DXFK��GD��GLH�$XVUHL�HU�WHQGHQ]LHOO�LQ�5LFKWXQJ�JU|�
�HUHU� UHDOHU� 'XUFKODXI]HLWHQ� OLHJHQ�� 'DV� EHGHXWHW�� GD�� GLH� )HKOHUYDULDEOH� HLQH� VFKLHIH
9HUWHLOXQJVIXQNWLRQ� EHVLW]W�� %HLGH� 5DQGEHGLQJXQJHQ�� +HWHURVNHGDVWL]LWlW� XQG� 6FKLHIH�
VFKUlQNHQ�GLH�*�OWLJNHLW�YHUVFKLHGHQHU�VWDWLVWLVFKHU�0HWKRGHQ�HLQ��$XI�GLHVH�3XQNWH�ZLUG
LP�IROJHQGHQ�$EVFKQLWW�ZHLWHU�HLQJHJDQJHQ�

������ 6WDWLVWLVFKH�%HVRQGHUKHLWHQ

'LH�IROJHQGHQ�8QWHUVXFKXQJHQ�ZXUGHQ�DP�%HLVSLHO�GHU�)OLH�IHUWLJXQJ�I�U�HOHNWURQLVFKH
%DXJUXSSHQ�GXUFKJHI�KUW��$QODJH�%���6WLFKSUREHQKDIWH�8QWHUVXFKXQJHQ�DQ�GHQ�$QODJHQ
$�XQG�&�XQG�GHUHQ�0RGHOOHQ�HUJDEHQ�NHLQH�]XVlW]OLFKHQ�$QIRUGHUXQJHQ�DQ�GLH�VWDWLVWL�
VFKHQ�0HWKRGHQ�

'LH�'DWHQ��GLH�DXV�HLQHU�5HLKH�YRQ�6LPXODWLRQVOlXIHQ�XQG�DXV�'DWHQDXIQDKPHQ�LQ�UHDOHQ
3URGXNWLRQVDQODJHQ� JHZRQQHQ�ZXUGHQ��ZHLVHQ� HLQLJH� W\SLVFKH�&KDUDNWHULVWLND� DXI��'LH
&KDUDNWHULVWLND� EHVLW]HQ� HLQHQ�PD�JHEOLFKHQ� (LQIOX�� DXI� GLH� $XVZDKO� GHU� VWDWLVWLVFKHQ
0HWKRGHQ�]XU�%HVWLPPXQJ�GHU�VWRFKDVWLVFKHQ�.HQQ]DKOHQ��:LFKWLJH�VWDWLVWLVFKH�$QDO\�
VHYHUIDKUHQ��GLH� LQVEHVRQGHUH� LQ�.DSLWHO���]XU�$QZHQGXQJ�NRPPHQ�� VLQG�GLH�5HJUHVVL�
RQVDQDO\VH�XQG�GLH�9DULDQ]DQDO\VH��%26&+��������$XV�GLHVHP�*UXQG�ZLUG�LP�IROJHQGHQ
DXI� GLH�%HVRQGHUKHLWHQ� GHU� XQWHUVXFKWHQ�'DWHQ� KLQVLFKWOLFK� GLHVHU�0HWKRGHQ� HLQJHJDQ�
JHQ�

'LH�ZLFKWLJVWHQ�(UJHEQLVVH�GHU�8QWHUVXFKXQJHQ�ZHUGHQ�LP�IROJHQGHQ�NXU]�]XVDPPHQJH�
ID�W��(LQH�%HVFKUHLEXQJ�GHU�EHL�GHU�$QDO\VH�HLQJHVHW]WHQ�7HVWYHUIDKUHQ�EHILQGHW�VLFK�LQ
*58%(5��������� ,P�HLQ]HOQHQ�ZXUGHQ�IROJHQGH�ZHVHQWOLFKHQ�&KDUDNWHULVWLND�DQDO\VLHUW�
GLH�HLQHQ�(LQIOX��DXI�GLH�$XVZDKO�JHHLJQHWHU�VWDWLVWLVFKHU�0HWKRGHQ�EHVLW]HQ�
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/LQHDULWlW�GHU�$EKlQJLJNHLW�]ZLVFKHQ�3URJQRVH�XQG�5HDOLWlW

'LH�6WUHXGLDJUDPPH�GHU�XQWHUVXFKWHQ�'DWHQ�ZHLVHQ�DXVQDKPVORV�DXI�HLQH�OLQHDUH�&KD�
UDNWHULVWLN�GHU�5HJUHVVLRQVPRGHOOH�KLQ��'LH�(UJHEQLVVH�VWDWLVWLVFKHU�7HVWV�DXI�/LQHDULWlW
XQWHUVW�W]HQ�GLHVH�%HREDFKWXQJ�� ,Q�$XVQDKPHIlOOHQ�VLQG� MHGRFK�DXFK�QLFKW�OLQHDUH�0R�
GHOOH� GHQNEDU�� EHLVSLHOVZHLVH�ZHQQ� VLFK� LQQHUKDOE� GHV� %HWUDFKWXQJV]HLWUDXPV� GLH� &KD�
UDNWHULVWLN�GHU�UHDOHQ�$QODJH�lQGHUW��'LHV�NDQQ�DXIJUXQG�HLQHU�6W|UXQJ�SDVVLHUHQ��,Q�GLH�
VHP�)DOO�LVW�MHGRFK�GHU�$QVDW]�GHU�3URJQRVHNRUUHNWXU�QLFKW�JHHLJQHW��ZHLO�]X�HLQHP�VRO�
FKHQ�)DOO�LQ�GHU�5HJHO�NHLQH�(UIDKUXQJVGDWHQ�YRUOLHJHQ��/LHJW�HLQ�JHSODQWHU�:HFKVHO�GHU
&KDUDNWHULVWLN��ZLH� EHLVSLHOVZHLVH� HLQ�%HWULHEVSXQNWZHFKVHO� YRU�� LVW� HV� VLQQYROO�� GLHVHQ
:HFKVHO�DXFK� LP�6LPXODWLRQVPRGHOO�GDU]XVWHOOHQ��'HU�$QVDW]�GHU�3URJQRVHNRUUHNWXU� LVW
DXFK� LQ� GLHVHP�)DOO� XQJHHLJQHW��$OV�6FKOX�IROJHUXQJ� HUJLEW� VLFK�� GD�� OLQHDUH�5HJUHVVL�
RQVYHUIDKUHQ�DXVUHLFKHQG�VLQG�

9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�GHV�5HJUHVVLRQVPRGHOOV

'LH� VWDWLVWLVFKHQ� 6WDQGDUGYHUIDKUHQ� ]XU� 5HJUHVVLRQV�� XQG� 9DULDQ]DQDO\VH� VHW]HQ� LQ� GHU
5HJHO�HLQH�1RUPDOYHUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�YRUDXV��%LOG������]HLJW�OLQNV�HLQ�+LVWR�
JUDPP� GHU� 5HVLGXHQ�� G�K�� GHU� $EZHLFKXQJHQ� HLQ]HOQHU� %HREDFKWXQJHQ� YRQ� GHUHQ� (U�
ZDUWXQJVZHUW��LP�9HUJOHLFK�PLW�HLQHU�1RUPDOYHUWHLOXQJ��$XI�GHU�UHFKWHQ�6HLWH�LVW�GDV�(U�
JHEQLV�HLQHV�JUDSKLVFKHQ�7HVWV�KLQVLFKWOLFK�1RUPDOYHUWHLOXQJ�GDUJHVWHOOW��%HL�GLHVHP�VR�
JHQDQQWHQ�:DKUVFKHLQOLFKNHLWVWHVW�P��WHQ�LP�)DOOH�HLQHU�1RUPDOYHUWHLOXQJ�GHU�6WLFKSUR�
EH�DOOH�:HUWH� DXI�GHU� HLQJH]HLFKQHWHQ�*HUDGHQ� OLHJHQ�� ,Q�GHU�*UDILN� LVW� HUNHQQEDU�� GD�
GLHV� LQVEHVRQGHUH� I�U� GLH� JUR�HQ� SRVLWLYHQ� 5HVLGXHQ� QLFKW� ]XWULIIW�� 'LH� 1RUPDOYHUWHL�
OXQJVDQQDKPH�LVW�QLFKW�HUI�OOW�

%LOG������ 9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�XQG�7HVW�DXI�1RUPDOYHUWHLOXQJ

$OOH�KLHU�XQWHUVXFKWHQ�'DWHQVlW]H�ZHLVHQ�HLQH�DV\PPHWULVFKH��UHFKWVVFKLHIH�9HUWHLOXQJ
GHU�)HKOHUYDULDEOHQ�DXI��'LH�9HUWHLOXQJ�lKQHOW�GHU�/RJQRUPDO��E]Z��GHU�3RLVVRQYHUWHL�
OXQJ��9HUWHLOXQJVWHVWV�VLQG�LQ�$EVFKQLWW�������EHVFKULHEHQ�
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+HWHURVNHGDVWL]LWlW�GHU�)HKOHUYDULDEOHQ

6WDQGDUGPHWKRGHQ�]XU�6FKlW]XQJ�GHU�3DUDPHWHU� GHU�5HJUHVVLRQVJHUDGHQ��ZLH� EHLVSLHOV�
ZHLVH�GLH�0HWKRGH�GHU�NOHLQVWHQ�)HKOHUTXDGUDWH��JHKHQ�GDYRQ�DXV��GD��GLH�)HKOHUYDULDEOH
�EHU�GHQ�:HUWHEHUHLFK�GHV�5HJUHVVRUV� HLQH�NRQVWDQWH�9DULDQ]�DXIZHLVW� �+RPRVNHGDVWL�
]LWlW���,P�6WUHXGLDJUDPP��%LOG������LVW�EHUHLWV�HUNHQQEDU��GD��GLH�9DULDQ]�GHU�)HKOHUYD�
ULDEOHQ�PLW�JUR�HQ�[�:HUWHQ�]XQLPPW��DOVR�QLFKW�NRQVWDQW�LVW��0DQ�VSULFKW�DXFK�YRQ�+H�
WHURVNHGDVWL]LWlW��'LHV�ZLUG�DXFK�LP�5HVLGXHQSORW�%LOG������GHXWOLFK�

%LOG������ 5HVLGXHQSORW�GHU�KHWHURVNHGDVWLVFKHQ�'DWHQ

$XWRNRUUHODWLRQ�GHU�)HKOHUYDULDEOHQ

%HVWLPPWH� VWDWLVWLVFKH�9HUIDKUHQ� IRUGHUQ�� GD�� GLH� )HKOHUYDULDEOH� NHLQH�$XWRNRUUHODWLRQ
EHVLW]W��$XWRNRUUHODWLRQ�Z�UGH�YRUOLHJHQ��ZHQQ�VLFK�GLH�6W|UXQJ�HLQHV�:HUWHV�DXI�GLH�6W|�
UXQJ�GHV�)ROJHZHUWHV�DXVZLUNHQ�Z�UGH�� ,Q�HLQHU�:HUNVWDWWIHUWLJXQJ� OLHJW�EHLVSLHOVZHLVH
LQ� GHU�5HJHO� NHLQH�$XWRNRUUHODWLRQ� YRU��'LH� 6W|UXQJ� HLQHV�$XIWUDJHV� NDQQ� VRZRKO� ]XU
9HU]|JHUXQJ�DOV�DXFK�]XU�%HVFKOHXQLJXQJ�DQGHUHU�$XIWUlJH�I�KUHQ�RGHU��EHUKDXSW�NHLQH
$XVZLUNXQJ�EHVLW]HQ�

'HU�'XUELQ�:DWVRQ�G�7HVW�E]Z��GHU�*HDU\�7HVW� �YJO��'85%,1�������6��������-8'*(�(7
$/��������*($5<�������KDEHQ�HUJHEHQ��GD��EHL�DOOHQ�XQWHUVXFKWHQ�6\VWHPHQ�NHLQH�$X�
WRNRUUHODWLRQ�YRUOLHJW��'LHV�LVW�LQVEHVRQGHUH�EHL�GHU�XQWHUVXFKWHQ�YHUNHWWHWHQ�)OLH�IHUWL�
JXQJ� I�U� HOHNWURQLVFKH� )ODFKEDXJUXSSHQ� �EHUUDVFKHQG�� %HL� GLHVHP� )HUWLJXQJVSULQ]LS
PX��HLJHQWOLFK�GDPLW�JHUHFKQHW�ZHUGHQ��GD��VLFK�6W|UXQJHQ�QLFKW�QXU�DXI�GLH�DNWXHOO� LQ
%HDUEHLWXQJ�EHILQGOLFKH�%DXJUXSSH�VRQGHUQ�DXFK�DXI�DOOH�IROJHQGHQ�)HUWLJXQJVORVH�DXV�
ZLUNHQ��'LHVH�&KDUDNWHULVWLN� NRQQWH� DOOHUGLQJV� DQKDQG� GHU� HUID�WHQ�'DWHQ� QLFKW� IHVWJH�
VWHOOW�ZHUGHQ��8UVDFKHQ�KLHUI�U�VLQG�
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�� ,P�EHWUDFKWHWHQ�=HLWUDXP�WUDWHQ�NHLQH�JU|�HUHQ�6W|UXQJHQ�DQ�GHQ�%HWULHEVPLWWHOQ�DXI�
GLH�GHQ�)HUWLJXQJVIOX��I�U�HLQH�OlQJHUH�=HLW�XQWHUEUDFKHQ�

�� 'LH�$UEHLWVVWDWLRQHQ�VLQG�IOH[LEHO�PLWHLQDQGHU�YHUNHWWHW��=ZLVFKHQ�GHQ�$UEHLWVVWDWLR�
QHQ�EHILQGHQ�VLFK�3XIIHU��$X�HUGHP�LVW�GDV�)HUWLJXQJVV\VWHP�LQ�]ZHL�SDUDOOHOH�)HUWL�
JXQJVOLQLHQ�JHJOLHGHUW��-HGH�)HUWLJXQJVOLQLH�LVW�ZLHGHUXP�LQ�$EVFKQLWWH�DXIJHWHLOW�
=ZLVFKHQ�GHQ�$EVFKQLWWHQ�NDQQ�GLH�)HUWLJXQJVOLQLH�JHZHFKVHOW�ZHUGHQ�

�� 'XUFK�GHQ�JUR�HQ�6\VWHPGXUFKVDW]�XQG�GHQ�UHODWLY�ODQJHQ�%HWUDFKWXQJV]HLWUDXP�YRQ
��:RFKHQ�PDFKHQ�VLFK�GLH�LQ�GHU�(OHNWURQLNSURGXNWLRQ�W\SLVFKHQ�NOHLQHQ��NXU]IULVWL�
JHQ�6W|UXQJHQ�ZHJHQ�GHU�9HUZLUEHOXQJVHIIHNWH�QLFKW�LQ�)RUP�YRQ�$XWRNRUUHODWLRQ
EHPHUNEDU�

$XVUHL�HU

,Q�GHQ�EHWUDFKWHWHQ�$QZHQGXQJHQ�ZXUGHQ�GLH�UHDO�EHREDFKWHWHQ�'DWHQ�LQ�GHU�5HJHO�YRP
6WHXHUXQJVSHUVRQDO� GHU� 3URGXNWLRQVDQODJHQ� RGHU� YRQ� GHQ�0DVFKLQHQEHGLHQHUQ�PDQXHOO
HUID�W��'LHVH�(UIDVVXQJVPHWKRGH�LVW�IHKOHUWUlFKWLJ��VR�GD��DXFK�$XVUHL�HU�QLFKW�DXVJH�
VFKORVVHQ�ZHUGHQ�N|QQHQ��GLH�QLFKW�FKDUDNWHULVWLVFK�I�U�GDV�EHWUDFKWHWH�6\VWHP�VLQG�

=HLWOLFKHV�9HUKDOWHQ�GHV�3URJQRVHIHKOHUV

$QKDQG�GHU�'DWHQ�DXV�GHU�)HUWLJXQJ�I�U�HOHNWURQLVFKH�%DXJUXSSHQ�ZXUGH�XQWHUVXFKW��RE
XQG�ZLH�VLFK�GHU�3URJQRVHIHKOHU�]HLWOLFK�YHUlQGHUW��=X�GLHVHP�=ZHFN�ZXUGHQ�5HJUHVVL�
RQVDQDO\VHQ� XQG� 9DULDQ]DQDO\VHQ�PLW� YHUVFKLHGHQHQ� 'DWHQVlW]HQ� EHVWHKHQG� DXV� UHDOHQ
XQG�VLPXOLHUWHQ�7HUPLQHQ�XQWHUQRPPHQ��'LH�'DWHQVlW]H�ZXUGHQ�MHZHLOV�PLW�HLQHP�7DJ
$EVWDQG�DXIJHQRPPHQ��,QQHUKDOE�GHV�EHWUDFKWHWHQ�=HLWUDXPV�OLHI�GLH�3URGXNWLRQVDQODJH
VWDELO�� RKQH� JUR�H� 6W|UXQJHQ�� GLH� HLQHQ�:HFKVHO� GHV� %HWULHEVSXQNWV� ]XU� )ROJH� JHKDEW
KlWWHQ��'LH�$QDO\VHQ�KDEHQ�JH]HLJW��GD��GLH�V\VWHPDWLVFKHQ�3URJQRVHIHKOHU�EHLP�VWDEL�
OHQ�%HWULHE�GHV�3URGXNWLRQVV\VWHPV�]HLWOLFK�QDKH]X�NRQVWDQW�VLQG��(V�NRQQWHQ�QXU�NOHL�
QHUH�$EZHLFKXQJHQ�GHU�6WHLJXQJ�XQG�GHV�9HUVDW]HV�GHU�5HJUHVVLRQVJHUDGHQ�IHVWJHVWHOOW
ZHUGHQ�

,P�5DKPHQ� YRQ�/DERUXQWHUVXFKXQJHQ�PLW� GHQ� ([SHULPHQWLHUPRGHOOHQ�ZXUGH� DXFK� GHU
(LQIOX��JU|�HUHU�6W|UXQJHQ�DXI�GHQ�3URJQRVHIHKOHU�XQWHUVXFKW��%HLVSLHOVZHLVH�I�KUHQ
$XVIlOOH�YRQ�5HVVRXUFHQ��EHU�PHKUHUH�6FKLFKWHQ�KLQZHJ�]X�DQGHUHQ�&KDUDNWHULVWLND�GHU
5HJUHVVLRQVPRGHOOH��(LQ�9HUVDW]��HLQH�DQGHUH�6WHLJXQJ�XQG�HLQ�9HUOXVW�GHU�/LQHDULWlW
GHV�0RGHOOV� NRQQWHQ� EHREDFKWHW�ZHUGHQ��$XFK� GLH�9DULDQ]� GHV� 3URJQRVHIHKOHUV� QDKP
EHL�HLQHU�JUR�HQ�6W|UXQJ�]X�

������ 7KHRUHWLVFKH�hEHUOHJXQJHQ�]X�GHQ�VWRFKDVWLVFKHQ�&KDUDNWHULVWLND
XQWHUVFKLHGOLFKHU�2UJDQLVDWLRQVW\SHQ�GHU�3URGXNWLRQ

,P�IROJHQGHQ�ZHUGHQ�DXI�%DVLV�YRQ�(UIDKUXQJHQ�DXV�GHU�LQGXVWULHOOHQ�3UD[LV�XQG�WKHRUHWL�
VFKHU�hEHUOHJXQJHQ�TXDOLWDWLYH�$XVVDJHQ��EHU�GLH�$XVZLUNXQJHQ�YRQ�VWRFKDVWLVFKHQ�(I�
IHNWHQ� XQG� GLH� &KDUDNWHULVWLND� YRQ� 3URJQRVHIHKOHUQ� EHL� XQWHUVFKLHGOLFKHQ� 2UJDQLVD�
WLRQVW\SHQ�GHU�)HUWLJXQJ�JHWURIIHQ��'LH�(UJHEQLVVH�GHU�hEHUOHJXQJHQ�VLQG�LQ�7DEHOOH����
]XVDPPHQIDVVHQG� GDUJHVWHOOW�� 'LH� %HU�FNVLFKWLJXQJ� GLHVHU� (UJHEQLVVH� VROO� GLH� $OOJH�
PHLQJ�OWLJNHLW�GHU�]X�HQWZLFNHOQGHQ�$QVlW]H�VLFKHUVWHOOHQ�
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Starr verkettete Fließfertigung + ++ ++ ++ + -

Flexible Fließfertigung (Reihenfertigung) + ++ ++ +/- + +

Inselfertigung + ++ ++ +/- + +

Werkstattfertigung - ++ ++ - ++ ++

7DEHOOH����� hEHUEOLFN�GHU�VWRFKDVWLVFKHQ�&KDUDNWHULVWLND�XQWHUVFKLHGOLFKHU
2UJDQLVDWLRQVW\SHQ�GHU�3URGXNWLRQ������OLHJW�L�G�5��YRU�����NDQQ�YRUOLHJHQ�
���OLHJW�L�G�5��QLFKW�YRU�

6WDUU�YHUNHWWHWH�)OLH�IHUWLJXQJ

%HL�VWDUU�YHUNHWWHWHQ�)OLH�IHUWLJXQJHQ�LVW�]X�EHDFKWHQ��GD��GLH�:HUNVW�FNUHLKHQIROJH�NRQ�
VWDQW�LVW��(V�WUHWHQ�NHLQH�hEHUKROYRUJlQJH�DXI��+LQ]X�NRPPW��GD��VLFK�6W|UXQJHQ�DQ�HLQHU
$UEHLWVVWDWLRQ�VHKU�UDVFK�DXI�GLH�JHVDPWH�$QODJH�DXVZLUNHQ��'LHV�ZLUNW�VLFK�LQ�)RUP�HL�
QHU�VWDUNHQ�$XWRNRUUHODWLRQ�GHU�)HKOHUYDULDEOHQ�DXV��ZDV�GHQ�VLQQYROOHQ�(LQVDW]�GHU�UHOH�
YDQWHQ� VWDWLVWLVFKHQ� 9HUIDKUHQ�� LQVEHVRQGHUH� GHU� 5HJUHVVLRQV�� XQG� 9DULDQ]DQDO\VH�� LQ
)UDJH�VWHOOW�

$OOHUGLQJV�LVW�EHL�HLQHU�VWDUU�YHUNHWWHWHQ�)OLH�IHUWLJXQJ�GDV�3UREOHP�HLQHU�JHULQJHQ�3UR�
JQRVHJ�WH�QLFKW� LQ�GHP�0D�H�JHJHEHQ��ZLH� EHL� DQGHUHQ�2UJDQLVDWLRQVW\SHQ��6RZLH� GLH
)HUWLJXQJVOLQLH�VW|UXQJVIUHL�OlXIW��ODVVHQ�VLFK�DOOH�)HUWLJVWHOOXQJVWHUPLQH�PLW�DQDO\WLVFKHQ
0RGHOOHQ�RGHU�PLW�6LPXODWLRQVPRGHOOHQ�H[DNW�YRUKHUVDJHQ�� ,VW�GLH�/LQLH�JHVW|UW��YHU]|�
JHUW�VLFK�GHU�)HUWLJVWHOOXQJVWHUPLQ�DOOHU�:HUNVW�FNH�E]Z��$XIWUlJH�DE�GHP�3XQNW�DQ�GHP
GLH�6W|UXQJ�DXIJHWUHWHQ�LVW�XP�GLH�6W|UGDXHU��0RGHOOH�YRQ�VWDUU�YHUNHWWHWHQ�/LQLHQ�N|QQHQ
]XGHP�LQ�GHU�5HJHO�VHKU�OHLFKW�YDOLGLHUW�XQG�DQ�VWUXNWXUHOOH�bQGHUXQJHQ�DQJHSD�W�ZHUGHQ�

)OH[LEOH�)OLH�IHUWLJXQJ�XQG�5HLKHQIHUWLJXQJ

'LH�)OH[LEOH�)OLH�IHUWLJXQJ�XQG�GLH�5HLKHQIHUWLJXQJ�VWHOOHQ�DXV�VWRFKDVWLVFKHU�6LFKW�HLQHQ
0LVFKW\S�]ZLVFKHQ�HLQHU�VWDUUHQ�)OLH�IHUWLJXQJ�XQG�HLQHU�,QVHO��RGHU�:HUNVWDWWIHUWLJXQJ
GDU��-H�QDFK�6WUXNWXU�XQG�$EODXIRUJDQLVDWLRQ�NDQQ�$XWRNRUUHODWLRQ�YRUOLHJHQ��$QVRQVWHQ
JHOWHQ�GLH�$QDO\VHHUJHEQLVVH�YRQ�$EVFKQLWW�������

,QVHOIHUWLJXQJ

$XIJUXQG� GHU� DEODXIRUJDQLVDWRULVFKHQ� XQG� IHUWLJXQJVWHFKQLVFKHQ�*HPHLQVDPNHLWHQ�� GLH
3URGXNWH�EHVLW]HQ��GLH�JHPHLQVDP�LQ�HLQHU�,QVHO�JHIHUWLJW�ZHUGHQ��NDQQ�GHU�&KDUDNWHU�HL�
QHU�5HLKHQIHUWLJXQJ�YRUOLHJHQ��'DV�KHL�W��DXFK�KLHU�LVW�GDV�9RUKDQGHQVHLQ�YRQ�$XWRNRU�
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UHODWLRQ� GHQNEDU��:HVHQWOLFKHU�9RUWHLO� HLQHU� ,QVHO� LVW� MHGRFK� GLH� KRKH� 7UDQVSDUHQ]� GHU
$EOlXIH�VRZLH�GHU�KRKH�4XDOLILNDWLRQVVWDQG�XQG�GLH�ZHLWUHLFKHQGH�.RPSHWHQ]�GHU�,QVHO�
PLWDUEHLWHU��,QQHUKDOE�HLQHU�,QVHO�LVW�GHVZHJHQ�PLW�HLQHU�JHULQJHUHQ�$XVZLUNXQJ�YRQ�VWR�
FKDVWLVFKHQ�(IIHNWHQ�XQG�PLW�HLQHU�KRKHQ�3URJQRVHVLFKHUKHLW�]X�UHFKQHQ��$OOHUGLQJV�NDQQ
GLHVH�&KDUDNWHULVWLN� EHL� YHUVFKLHGHQHQ� ,QVHOQ� XQWHUVFKLHGOLFK� DXVJHSUlJW� VHLQ��$XV� GLH�
VHP�*UXQG�LVW�HV�]LHOI�KUHQG��I�U�MHGH�,QVHO�HLQ�HLJHQHV�3URJQRVHPRGHOO�]X�HUVWHOOHQ�

9DOLGH�6LPXODWLRQVPRGHOOH�YRQ�,QVHOQ��LQVEHVRQGHUH�KLQVLFKWOLFK�LKUHU�VWRFKDVWLVFKHQ�(L�
JHQVFKDIWHQ��VLQG�VFKZLHULJ�]X�HUVWHOOHQ��ZHLO�GDV�9HUKDOWHQ�GHU�0LWDUEHLWHU�VHKU�DXIZHQ�
GLJ� XQG� LQ� GHU�5HJHO� QXU� VWRFKDVWLVFK� EHVFKULHEHQ�ZHUGHQ�NDQQ� �=h/&+�	�6&+,1'(/(
������

:HUNVWDWWIHUWLJXQJ

%HL�HLQHU�:HUNVWDWWIHUWLJXQJ�LVW�RIW�LP�9HUJOHLFK�PLW�,QVHOIHUWLJXQJHQ�PLW�VWDUNHU�6WRFKD�
VWLN� XQG� KRKHU� 3URJQRVHXQVLFKHUKHLW� ]X� UHFKQHQ��$XWRNRUUHODWLRQ� OLHJW�PHLVW� QLFKW� YRU�
$EJHVHKHQ�YRQ�GHQ�'LPHQVLRQHQ�JHOWHQ�GLH�$QDO\VHHUJHEQLVVH�YRQ�$EVFKQLWW�������

������ 6FKOX�IROJHUXQJHQ�DXV�GHQ�$QDO\VHHUJHEQLVVHQ

=XVDPPHQIDVVHQG�HUJHEHQ�VLFK�IROJHQGH�$QIRUGHUXQJHQ�DQ�GLH�$XVZDKO�JHHLJQHWHU�VWDWL�
VWLVFKHU�0HWKRGHQ�

(V�VLQG�0HWKRGHQ�]X�LPSOHPHQWLHUHQ��GLH�DXFK�EHL�HLQHU�DV\PPHWULVFKHQ�9HUWHLOXQJ�GHU
)HKOHUYDULDEOHQ�XQG�+HWHURVNHGDVWL]LWlW�]XYHUOlVVLJH�6FKlW]HUJHEQLVVH�OLHIHUQ��'LHVH�EHL�
GHQ�.ULWHULHQ�EHVLW]HQ�VRZRKO�I�U�GLH�5HJUHVVLRQVDQDO\VH�DOV�DXFK�I�U�GLH�9DULDQ]VFKlW�
]XQJ�LQGLYLGXHOOHU�6LPXODWLRQVHUJHEQLVVH�EHVRQGHUH�%HGHXWXQJ��'LH�EHLGHQ�3XQNWH�ZHU�
GHQ�LQ�$EVFKQLWW�������DXVI�KUOLFK�GLVNXWLHUW�

$XWRNRUUHODWLRQ� NRQQWH� VHOEVW� EHL� GHU� IOH[LEOHQ� )OLH�IHUWLJXQJ� E]Z�� 5HLKHQIHUWLJXQJ� LQ
GHU�3UD[LV�QLFKW�EHREDFKWHW�ZHUGHQ��1XU�EHL�HLQHU�VWDUUHQ�)OLH�IHUWLJXQJ�WULWW�HLQH�VLJQLIL�
NDQWH� $XWRNRUUHODWLRQ� DXI�� %HL� GLHVHP� 2UJDQLVDWLRQVW\S� OLHJW� LQ� GHU� 9HUEHVVHUXQJ� GHU
3URJQRVHJ�WH�MHGRFK�QXU�JHULQJHV�3RWHQWLDO��)�U�GLH�LP�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW
]X�HQWZLFNHOQGHQ�$QVlW]H�ZLUG�GDYRQ�DXVJHJDQJHQ��GD��NHLQH�VLJQLILNDQWH�$XWRNRUUHOD�
WLRQ� YRUOLHJW�� $XFK� QLFKW�OLQHDUH� $EKlQJLJNHLWHQ� ZHUGHQ� EHL� GHU� $XVZDKO� VWDWLVWLVFKHU
9HUIDKUHQ�QLFKW�EHWUDFKWHW��%HL�GHQ�$QDO\VHQ�ZXUGHQ�]XP�HLQHQ�QXU� OLQHDUH�$EKlQJLJ�
NHLWHQ� EHREDFKWHW�� =XP� DQGHUHQ� VLQG� 1LFKW�/LQHDULWlWHQ� LQ� GHU� 5HJHO� DXI� ]HLWOLFK� EH�
JUHQ]WH�� G\QDPLVFKH� (LQIO�VVH� ]XU�FN]XI�KUHQ�� ]X� GHQHQ� PHLVW� NHLQ� (UIDKUXQJVZLVVHQ
YRUOLHJW��$XV�GLHVHP�*UXQG�LVW�HV�YRUWHLOKDIW��GLHVH�GXUFK�HLQH�$QSDVVXQJ�GHV�6LPXODWL�
RQVPRGHOOV�XQG�QLFKW�GXUFK�HLQ�VWRFKDVWLVFKHV�0RGHOO�DE]XELOGHQ�

'LH� ]X� HQWZLFNHOQGHQ� VWDWLVWLVFKHQ�9HUIDKUHQ� VROOWHQ� XQHPSILQGOLFK� JHJHQ�EHU�$XVUHL�
�HUQ�VHLQ��'LH�*�OWLJNHLW�HLQHV�3URJQRVHPRGHOOV�VROOWH�UHJHOPl�LJ��EHUSU�IW�ZHUGHQ��GD�
PLW�EHL�VFKOHFKWHU�ZHUGHQGHU�3URJQRVHTXDOLWlW�UHFKW]HLWLJ�0D�QDKPHQ�]XU�$QSDVVXQJ�GHV
3URJQRVHPRGHOOV�HLQJHOHLWHW�ZHUGHQ�N|QQHQ�
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���� 8UVDFKHQ�I�U�HLQH�PDQJHOQGH�3URJQRVHJ�WH�EHL�GHU
EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ

$EZHLFKXQJHQ� YRQ� VLPXOLHUWHQ� XQG� UHDOHQ� (UJHEQLVVHQ� N|QQHQ� XQWHUVFKLHGOLFKH� 8UVD�
FKHQ�KDEHQ��(V�ODVVHQ�VLFK�GUHL�.ODVVHQ�VROFKHU�$EZHLFKXQJHQ�ELOGHQ��(LQH�.ODVVH�GLHVHU
$EZHLFKXQJHQ�EDVLHUHQ�DXI�)HKOHUQ�LQ�GHQ�(LQJDQJVGDWHQ�GHU�6LPXODWLRQ�RGHU�LP�6LPX�
ODWLRQVPRGHOO�� (LQH� ZHLWHUH� .ODVVH� YRQ� $EZHLFKXQJHQ� JHKW� DXI� HLQ� IHKOHUKDIW� VSH]LIL�
]LHUWHV�RGHU�GXUFKJHI�KUWHV�([SHULPHQW�]XU�FN��'LH�GULWWH�.ODVVH�YRQ�)HKOHUQ�ZLUG�GXUFK
GLH� $QZHQGXQJ� XQJHHLJQHWHU� $XVZHUWH�� XQG� 9LVXDOLVLHUXQJVPHWKRGHQ� KHUYRUJHUXIHQ
�%LOG��������'LHVH�8UVDFKHQ�ZHUGHQ�LQ�GHQ�IROJHQGHQ�$EVFKQLWWHQ�GHWDLOOLHUW�

0RGHOO�
ELOGXQJ

([SHULPHQW$XVZHUWXQJ
,QWHUSUHWDWLRQ

6LPXODWLRQVH[SHUWH

PLW�$XVZHUWXQJ

6LPXODWLRQVH[SHUWH

PLW�$XVZHUWXQJ

6LPXODWLRQVH[SHUWH

PLW�$XVZHUWXQJ

)HKOHU�GHU�(LQJDQJVGDWHQ
)HKOHU�EHL�GHU�$EVWUDNWLRQ
)DOVFKH�$EELOGXQJ�GHU�6WRFKDVWLN
���

8QJHHLJQHWH�VWDWLVWLVFKH�0HWKRGHQ
3UD[LVIUHPGH�9LVXDOLVLHUXQJVYHUIDKUHQ
���

0DQJHOQGH�VWDWLVWLVFKH�$EVLFKHUXQJ
)DOVFKH�VWRFKDVWLVFKH�,QLWLDOLVLHUXQJ
���

5HDOH�3URGXNWLRQVDQODJH

��

����

%LOG������ 8UVDFKHQ�I�U�$EZHLFKXQJHQ�]ZLVFKHQ�3URJQRVH�XQG�5HDOLWlW�LQ�GHQ
HLQ]HOQHQ�6FKULWWHQ�HLQHV�6LPXODWLRQVH[SHULPHQWV

������ 'DWHQ��XQG�PRGHOOEHGLQJWH�3URJQRVHIHKOHU

-HGHV�0RGHOO�LVW�SHU�'HILQLWLRQ�HLQH�DEVWUDNWH�XQG�GDPLW�YHUHLQIDFKWH�$EELOGXQJ�GHU�5HD�
OLWlW��9',�5,&+7/,1,(�������%/$77����������'LHVH�9HUHLQIDFKXQJHQ�I�KUHQ�]ZDQJVOlXILJ
]X� $EZHLFKXQJHQ� GHV�0RGHOOYHUKDOWHQV� EH]�JOLFK� GHV� 9HUKDOWHQV� GHV� UHDOHQ� 6\VWHPV�
'LH�:DKO�GHV�$EVWUDNWLRQVQLYHDXV�LVW�PD�JHEHQG�I�U�GLH�HU]LHOEDUH�3URJQRVHJ�WH��$XFK
LVW�HV�ZLFKWLJ��GD��GDV�0RGHOO�YDOLGH� LVW��=LHO�GHU�0RGHOOELOGXQJ� LVW�HV��GD��GDV�0RGHOO
GDV� 9HUKDOWHQ� GHV� UHDOHQ� 6\VWHPV� KLQVLFKWOLFK� GHU� ]X� XQWHUVXFKHQGHQ� .ULWHULHQ� KLQUHL�
FKHQG�JHQDX�DEELOGHW�� ,Q� MHGHP�3URGXNWLRQVV\VWHP�H[LVWLHUHQ�VWRFKDVWLVFKH�(IIHNWH��ZLH
EHLVSLHOVZHLVH� 6W|UXQJHQ� RGHU� VFKZDQNHQGH� %HDUEHLWXQJV]HLWHQ�� :LFKWLJ� LVW� HV�� GLHVH
VWRFKDVWLVFKHQ�(IIHNWH�P|JOLFKVW�JHQDX�DE]XVFKlW]HQ�XQG�LP�0RGHOO�DE]XELOGHQ�
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0DQJHOQGH�$NWXDOLWlW�XQG�4XDOLWlW�GHU�(LQJDQJVGDWHQ�RGHU�GHV�6LPXODWLRQVPRGHOOV�I�K�
UHQ�]X�3URJQRVHIHKOHUQ��3URJQRVHIHKOHU�ZHUGHQ�GXUFK�GHWHUPLQLVWLVFKH�RGHU�VWRFKDVWLVFKH
(IIHNWH� GHV� UHDOHQ� 6\VWHPV� KHUYRUJHUXIHQ�� GLH� XQJHQDX� PRGHOOLHUW� RGHU� JlQ]OLFK� YHU�
QDFKOlVVLJW�ZXUGHQ��'D]X�]lKOHQ�EHLVSLHOVZHLVH�

�� 8QUHDOLVWLVFKH�9RUJDEH]HLWHQ�LQ�GHQ�$UEHLWVSOlQHQ
�� 8QUHDOLVWLVFKH�7UDQVSRUW��RGHU�hEHUJDEH]HLWHQ��RIW�SDXVFKDO�
�� 9HUQDFKOlVVLJXQJ�RGHU�IDOVFKH�0RGHOOLHUXQJ�YRQ�0DVFKLQHQDXVIlOOHQ
�� 9HUQDFKOlVVLJXQJ�RGHU�IDOVFKH�0RGHOOLHUXQJ�YRQ�RUJDQLVDWRULVFKHQ�6WLOOVWlQGHQ
�� 9HUQDFKOlVVLJXQJ�RGHU�IDOVFKH�0RGHOOLHUXQJ�YRQ�4XDOLWlWVPlQJHOQ�E]Z��1DFKDUEHLW

(LQ�7HLO� GLHVHU�0RGHOOLHUXQJVIHKOHU� Ol�W� VLFK�PLW� UHODWLY� JHULQJHP�$XIZDQG� YHUPHLGHQ
E]Z��EHKHEHQ��'LH�(UVWHOOXQJ�HLQHV�YDOLGHQ�0RGHOOV�HUIRUGHUW�DOOHUGLQJV�0RGHOOLHUXQJVHU�
IDKUXQJ��'LHVH�(UIDKUXQJ� LVW� VHKU� VHOWHQ� LQ�GHQ�RSHUDWLYHQ�3ODQXQJVDEWHLOXQJHQ�YRU�2UW
JHJHEHQ�� 3UREOHPDWLVFK� ZLUG� GLH� 9DOLGLHUXQJ� GHV� 6LPXODWLRQVPRGHOOV�� GDV� EHWULHEVEH�
JOHLWHQG� HLQJHVHW]W� ZHUGHQ� VROO�� ZHQQ� VLFK� GLH� &KDUDNWHULVWLN� GHV� 3URGXNWLRQVV\VWHPV
VWlQGLJ�lQGHUW��'LHVH�6\VWHPHLJHQVFKDIWHQ��GLH�GXUFK�G\QDPLVFKH�XQG�WHLOZHLVH�VWRFKDVWL�
VFKH�(LQIO�VVH�KHUYRUJHUXIHQ�ZHUGHQ��ODVVHQ�VLFK�RIW�QXU�PLW�HLQHP�XQDQJHPHVVHQ�KRKHQ
$XIZDQG�HUIDVVHQ�XQG�LP�0RGHOO�EHU�FNVLFKWLJHQ�

:HLWHUH�$EZHLFKXQJHQ�ZHUGHQ�GXUFK�HLQH�JHULQJH�4XDOLWlW�GHU�,QLWLDOLVLHUXQJVGDWHQ�RGHU
HLQHQ�PDQJHOKDIWHQ�,QIRUPDWLRQVIOX��]ZLVFKHQ�SODQHQGHQ�XQG�RSHUDWLYHQ�3URGXNWLRQVEH�
UHLFKHQ�KHUYRUJHUXIHQ��'DUXQWHU�IDOOHQ�EHLVSLHOVZHLVH�

�� 0DQJHOQGH�.HQQWQLV��EHU�$XIWUDJVVWDWL��$QDUEHLWXQJV]XVWlQGH��DNWXHOOH�6W|UXQJHQ
�� $EZHLFKHQGH�5HLKHQIROJH�EHL�GHU�$XIWUDJVEHDUEHLWXQJ�DQ�GHQ�HLQ]HOQHQ�0DVFKL�

QHQ�DEZHLFKHQGH�$XIWUDJVSULRULWlWHQ

'LHV�I�KUW�]X�HLQHU�PDQJHOKDIWHQ�,QLWLDOLVLHUXQJ�GHV�6LPXODWLRQVPRGHOOV��ZRGXUFK�VRZRKO
GLH�$QZHQGXQJ�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�DOV�DXFK�GLH�VWDWLVWLVFKH�$XVZHUWXQJ
LQ�)UDJH�JHVWHOOW�ZLUG��)�U�GLH�$QZHQGXQJ�GHU�LP�5DKPHQ�GLHVHU�$UEHLW�]X�HUDUEHLWHQGHQ
.RQ]HSWH�ZLUG�HLQ�WKHRUHWLVFK�DXVUHLFKHQG�YDOLGLHUWHV�6LPXODWLRQVPRGHOO�XQG�HLQH�KLQUHL�
FKHQG�KRKH�'DWHQTXDOLWlW�YRUDXVJHVHW]W��(V�ZHUGHQ�LQVEHVRQGHUH�GLH�'DWHQ��XQG�0RGHOO�
IHKOHU�EHWUDFKWHW��GLH�GXUFK�GLH�3UREOHPH�GHV�3UD[LVHLQVDW]HV�KHUYRUJHUXIHQ�ZHUGHQ�

������ ([SHULPHQWEHGLQJWH�3URJQRVHIHKOHU

$XFK�GLH�.RQILJXUDWLRQ�GHV�([SHULPHQWV��PLW�GHP�GLH�3URJQRVH�HUVWHOOW�ZLUG��EHVLW]W�HL�
QHQ� (LQIOX�� DXI� GLH� 3URJQRVHJ�WH�� )XQGLHUWH� $XVVDJHQ� �EHU� HLQ� VWRFKDVWLVFKHV� 6\VWHP
N|QQHQ�HUVW�QDFK�HLQHU�VWDWLVWLVFKHQ�$QDO\VH�JHPDFKW�ZHUGHQ��2EZRKO�GLH�1RWZHQGLJNHLW
HLQHU� VWDWLVWLVFKHQ�$QDO\VH� XQG�%HZHUWXQJ� YRQ�6LPXODWLRQVHUJHEQLVVHQ� DOOJHPHLQ� DQHU�
NDQQW�LVW��=(//��������ZLUG�LQ�GHU�3UD[LV�KlXILJ�DXI�HLQH�VROFKH�VWDWLVWLVFKH�$EVLFKHUXQJ
GHU�5HVXOWDWH�YHU]LFKWHW��/$:�	�.(/721�������./(,-1(1��������)�U�GHQ�$QZHQGHU�LVW
HV�DOOHUGLQJV�ZLFKWLJ�]X�ZLVVHQ��ZLH�JXW�GLH�DXV�GHU�6LPXODWLRQ�JHZRQQHQ�6LPXODWLRQVHU�
JHEQLVVH�VLQG��G�K��PLW�ZHOFKHU�*HQDXLJNHLW�VLH�GDV�UHDOH�9HUKDOWHQ�GHU�$QODJH�FKDUDNWH�
ULVLHUHQ�XQG�PLW�ZHOFKHU�6WUHXXQJ�GHU�(UJHEQLVVH�LQ�GHU�5HDOLWlW�]X�UHFKQHQ�LVW��:(/&+

������
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'LH�6WUHXXQJ�GHU�(UJHEQLVVH�KlQJW�HLQHUVHLWV�YRQ�GHQ�VWRFKDVWLVFKHQ�8QVLFKHUKHLWHQ�GHV
DEJHELOGHWHQ�6\VWHPV�DE��DQGHUHUVHLWV�DEHU�DXFK�YRQ�GHU�'HILQLWLRQ�GHV�HLQ]HOQHQ�([SH�
ULPHQWV��(LQH�XQJHVFKLFNWH�=XRUGQXQJ�GHU�=XIDOOV]DKOHQJHQHUDWRUHQ�NDQQ�]�%��GD]X�I�K�
UHQ��GD��GLH�HLJHQWOLFK�]X�XQWHUVXFKHQGHQ�8QVLFKHUKHLWHQ�GHV�6\VWHPV�YROONRPPHQ�GXUFK
GDV�VWRFKDVWLVFKH�9HUKDOWHQ�GHU�=XIDOOV]DKOHQJHQHUDWRUHQ��DOVR�GXUFK�GDV�Ä(LQJDQJVUDX�
VFKHQ³���EHUODJHUW�ZHUGHQ��'XUFK� HLQH� IHKOHUKDIWH�([SHULPHQWNRQILJXUDWLRQ� N|QQHQ�(U�
JHEQLVVH�HQWVWHKHQ��GLH�ZHQLJ�$XVVDJHNUDIW�EHVLW]HQ�RGHU�VRJDU�IDOVFK�VLQG�

'LH�8UVDFKH�GDI�U��GD��([SHULPHQWH�LQ�VWRFKDVWLVFKHU�+LQVLFKW�RIW�XQVDFKJHPl��GXUFKJH�
I�KUW�ZHUGHQ��N|QQHQ�LQ�GHU�PDQJHOQGHQ�.HQQWQLV�GHU�JHHLJQHWHQ�VWDWLVWLVFKHQ�0HWKRGHQ
XQG�GHU�IHKOHQGHQ�8QWHUVW�W]XQJ�GXUFK�GLH�JlQJLJHQ�6LPXODWLRQVV\VWHPH�OLHJHQ��),6&+(5
�������2IW�LVW�DXFK�GLH�=HLW�I�U�GLH�([SHULPHQWSODQXQJ�YRU�2UW�QLFKW�YRUKDQGHQ�RGHU�GHU
=HLWGUXFN�Ol�W�GLH�'XUFKI�KUXQJ�VWRFKDVWLVFKHU�6LPXODWLRQVH[SHULPHQWH�QLFKW�]X��REZRKO
VLH�DXIJUXQG�GHU�)UDJHVWHOOXQJ�HUIRUGHUOLFK�ZlUHQ�

������ $XVZHUWXQJVEHGLQJWH�3URJQRVHIHKOHU

$EZHLFKXQJHQ�]ZLVFKHQ�3URJQRVH�XQG�5HDOLWlW�ZHUGHQ�RIW� DXFK�GXUFK� HLQH� IHKOHUKDIWH
VWDWLVWLVFKH�$XVZHUWXQJ�KHUYRUJHUXIHQ��,QVEHVRQGHUH�GLH�$XVZHUWXQJ�VWDWLVWLVFKHU�'DWHQ
HUIRUGHUW� ([SHUWLVH� EHL� GHU�$XVZDKO� GHU� JHHLJQHWHQ�9HUIDKUHQ�� %HL� GHU� %HZHUWXQJ� GHU
YRUKDQGHQHQ� $QJDEHQ� YRQ� VWDWLVWLVFKHQ� .HQQ]DKOHQ�� ZLH� ]�%�� GHU� (UZDUWXQJVZHUW� I�U
HLQHQ� 7HUPLQ� XQG� GHVVHQ� 6WDQGDUGDEZHLFKXQJ�� LVW� LQ� YLHOHQ� 6LPXODWLRQVV\VWHPHQ� 9RU�
VLFKW�JHERWHQ��9LHOH�GHU�VWDWLVWLVFKHQ�9HUIDKUHQ�VHW]HQ�EHVWLPPWH�$QQDKPHQ�YRUDXV��ZLH
EHLVSLHOVZHLVH� GLH�1RUPDOYHUWHLOXQJ� HLQHU� VWRFKDVWLVFKHQ�9DULDEOHQ��:HUGHQ� GLHVH�$Q�
QDKPHQ�YHUOHW]W��OLHIHUW�GDV�HQWVSUHFKHQGH�$XVZHUWHYHUIDKUHQ�X�8��HLQ�IDOVFKHV�(UJHEQLV
�:$*1(5� 	� :$56&+$7� ������� 'LHVH� .HQQ]DKOHQ� VWHOOHQ� GHVZHJHQ� LP� DOOJHPHLQHQ
QLFKW� HLQHQ� XQYHU]HUUWHQ�� HUZDUWXQJVWUHXHQ� 6FKlW]ZHUW� I�U� GDV� VWRFKDVWLVFKH� 9HUKDOWHQ
GHU� UHDOHQ�$QODJH�GDU�� VRQGHUQ�JHEHQ� OHGLJOLFK� HLQHQ�$QKDOWVSXQNW��EHU�GLH�9HUWHLOXQJ
GHU� EHREDFKWHWHQ�*U|�HQ� LQ� HLQHP� VSH]LHOOHQ� =XIDOOVH[SHULPHQW�� %HL� GHU� ,QWHUSUHWDWLRQ
GLHVHU�$QJDEHQ�LVW�DOVR�]X�EHU�FNVLFKWLJHQ��GD��VLH�LQ�DOOHU�5HJHO�QLFKW�UHSUlVHQWDWLY�I�U
GDV�UHDOH�9HUKDOWHQ�GHU�$QODJH�VLQG�

3UREOHPDWLVFK�LVW�RIW�DXFK�GLH�,QWHUSUHWDWLRQ�GHU�VWRFKDVWLVFKHQ�(UJHEQLVVH��'LH��EOLFKHQ
'DUVWHOOXQJHQ� VWRFKDVWLVFKHU�(UJHEQLVVH� VLQG�RIW�QXU�PLW� 6WDWLVWLNNHQQWQLVVHQ� ]X� YHUVWH�
KHQ��+LHU�IHKOHQ�PHLVW�9LVXDOLVLHUXQJVYHUIDKUHQ��GLH�DXI�GLH�)UDJHVWHOOXQJ�GHV�VWRFKDVWL�
VFKHQ�([SHULPHQWV�DQJHSD�W�VLQG�

������ .RQVHTXHQ]HQ�I�U�GLH�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH

(V� LVW� GDUDXI� ]X� DFKWHQ�� GD�� DNWXHOOH� XQG�TXDOLWDWLY� KRFKZHUWLJH�(LQJDQJVGDWHQ� I�U� GDV
0RGHOO� JHQXW]W�ZHUGHQ�� %HL� GHU�0RGHOOELOGXQJ� LVW� ]X� EHDFKWHQ�� GD�� HLQ� DQJHPHVVHQHV
$EVWUDNWLRQVQLYHDX�I�U�HLQH�]X�XQWHUVXFKHQGH�)UDJHVWHOOXQJ�JHZlKOW�ZLUG��$X�HUGHP�LVW
HV� ZLFKWLJ�� GLH� 6WRFKDVWLN� VR� DE]XELOGHQ�� GD�� HLQHUVHLWV� GLH� QRWZHQGLJHQ� VWDWLVWLVFKHQ
$XVVDJHQ� JHWURIIHQ�ZHUGHQ� N|QQHQ� XQG� DQGHUHUVHLWV� GLH� $QWZRUW]HLW� GHV� 3URJQRVHPR�
GHOOV�LP�5DKPHQ�EOHLEW�
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,QVEHVRQGHUH�EHL�GHU�'XUFKI�KUXQJ�VWRFKDVWLVFKHU�([SHULPHQWH�PX��DXI�HLQH�VDFKJHPl�H
VWRFKDVWLVFKH�,QLWLDOLVLHUXQJ�GHU�HLQ]HOQHQ�/lXIH�JHDFKWHW�ZHUGHQ��8P�HLQH�VWRFKDVWLVFKH
$EVLFKHUXQJ�]X�HUUHLFKHQ��P�VVHQ�KLQUHLFKHQG�YLHOH�%HREDFKWXQJHQ�HLQHU�VWRFKDVWLVFKHQ
*U|�H�YRUOLHJHQ�

'DV�:LVVHQ� XP� GLH�9RUDXVVHW]XQJHQ�� GLH� EHLP� (LQVDW]� HLQHU� $XVZHUWHPHWKRGH� HUI�OOW
VHLQ�P�VVHQ��VROOWH�EHL�GHU�$XVZDKO�HLQHU�JHHLJQHWHQ�0HWKRGH�YHUI�JEDU�VHLQ��$X�HUGHP
PX��GLH�(UI�OOXQJ�GLHVHU�9RUDXVVHW]XQJHQ�JHSU�IW�ZHUGHQ�N|QQHQ��*HHLJQHWH�$XVZHUWH�
XQG�9LVXDOLVLHUXQJVPHWKRGHQ�P�VVHQ�LQ�HLQHP�%DXVWHLQNDVWHQ�I�U�GHQ�3UD[LVHLQVDW]�YHU�
I�JEDU�VHLQ�

���� =XVDPPHQIDVVXQJ

0LW� VLPXODWLRQVEDVLHUWHQ� 3URJQRVHYHUIDKUHQ� ODVVHQ� VLFK� VHKU� JXWH� 3URJQRVHHUJHEQLVVH
HU]LHOHQ��ZHLO�VLH�G\QDPLVFKH�XQG�VWRFKDVWLVFKH�(IIHNWH�GHV�3URGXNWLRQVV\VWHPV�EHU�FN�
VLFKWLJHQ��'LHVHU�EHWULHEVEHJOHLWHQGH�(LQVDW]�GHU�6LPXODWLRQ�XQWHUVFKHLGHW�VLFK�MHGRFK�LQ
YLHOHQ�$VSHNWHQ�JUXQGOHJHQG�YRQ�GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ��%HLVSLHOVZHL�
VH�PX��GLH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�GHWDLOOLHUWHUH�,QIRUPDWLRQHQ�LQ�NXU]HU�=HLW�EH�
UHLWVWHOOHQ��'LH�3URJQRVHJ�WH�VSLHOW�HLQH�JU|�HUH�5ROOH�DOV�EHL�GHU�SODQXQJVXQWHUVW�W]HQ�
GHQ�6LPXODWLRQ�

(LQH� HPSLULVFKH� 6WXGLH� XQWHU� $QZHQGHUQ� GHU� 6LPXODWLRQ� KDW� JH]HLJW�� GD�� ZHLWJHKHQGH
hEHUHLQVWLPPXQJ� KLQVLFKWOLFK� GHV� JUR�HQ� 1XW]HQV� GHU� 6LPXODWLRQ� KHUUVFKW�� 9LHOH� $Q�
ZHQGHU�VHW]HQ�6LPXODWLRQ�EHUHLWV�]XU�%HDUEHLWXQJ�YRQ�)UDJHVWHOOXQJHQ�DXV�GHP�%HUHLFK
3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�HLQ��(V�EHVWHKW�DOOHUGLQJV�QRFK�NRQNUHWHU�+DQGOXQJV�
EHGDUI��XP�GLH�3UD[LVWDXJOLFKNHLW�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�ZHLWHU�]X�HUK|KHQ�

8P�GLH�5DQGEHGLQJXQJHQ�HLQHV�3URJQRVHV\VWHPV�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ�]X�YHU�
YROOVWlQGLJHQ��ZXUGHQ�GLH�VWRFKDVWLVFKHQ�(LJHQVFKDIWHQ�YHUVFKLHGHQHU�3URGXNWLRQVV\VWH�
PH�DQDO\VLHUW�XQG�V\VWHPDWLVLHUW��(V�]HLJWHQ�VLFK�VWDWLVWLVFKH�%HVRQGHUKHLWHQ��GLH�EHL�GHU
$XVZDKO�XQG�(QWZLFNOXQJ�VWDWLVWLVFKHU�9HUIDKUHQ�]X�EHU�FNVLFKWLJHQ�VLQG�

8P�GLH�8UVDFKHQ� I�U� HLQH�PDQJHOKDIWH�*�WH� VLPXODWLRQVEDVLHUWHU�3URJQRVHQ�]X� EHVHLWL�
JHQ�� P�VVHQ� YHUVFKLHGHQH� $QVlW]H� DXV� GHQ� %HUHLFKHQ� 'DWHQDNTXLVLWLRQ� XQG�0RGHOOLH�
UXQJ��([SHULPHQWSODQXQJ�VRZLH�$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�HQWZLFNHOW�ZHUGHQ�



��%HNDQQWH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH� ��

�� %HNDQQWH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH

$XIJUXQG�GHU�JUR�HQ�%HGHXWXQJ�GHU�3URJQRVHJ�WH�I�U�3ODQXQJVV\VWHPH�]XU�3URGXNWLRQV�
RSWLPLHUXQJ�ZXUGHQ� LQ� GHU�9HUJDQJHQKHLW� EHUHLWV� HLQLJH�$QVlW]H� HQWZLFNHOW�� ZLH� GLHVH
JHVWHLJHUW�ZHUGHQ�NDQQ��'LH�$QVlW]H�RULHQWLHUHQ�VLFK�DQ�GHQ�8UVDFKHQ�I�U�HLQH�PDQJHOQGH
3URJQRVHJ�WH��GLH�LP�$EVFKQLWW�����EHVFKULHEHQ�ZXUGHQ��,P�IROJHQGHQ�ZHUGHQ�GLH�$QVlW�
]H� GDUJHVWHOOW��'LH�9RU�� XQG�1DFKWHLOH� GHU�$QVlW]H�� GLH� I�U� GLH� YRUOLHJHQGH�$UEHLW�%H�
GHXWXQJ�EHVLW]HQ��ZHUGHQ�EHZHUWHW��=XGHP�ZLUG�GHU�+DQGOXQJVEHGDUI�DXI�%DVLV�GHV�DNWX�
HOOHQ�6WDQGV�GHU�)RUVFKXQJ�GRNXPHQWLHUW�

���� 9HUEHVVHUXQJ�GHU�$NWXDOLWlW�GHU�%DVLV��XQG�(LQJDQJVGDWHQ

=XU�9HUEHVVHUXQJ�GHU�$NWXDOLWlW�GHU�(LQJDQJVGDWHQ�I�U�GLH�6LPXODWLRQ�ZLUG�YLHOIDFK�YRU�
JHVFKODJHQ��GLH�(LQJDQJVGDWHQ�GHU�6LPXODWLRQ��EHU�'DWHQVFKQLWWVWHOOHQ� DXV�GHQ�RSHUDWL�
YHQ�,QIRUPDWLRQVV\VWHPHQ�]X�DNTXLULHUHQ��%HLVSLHOVZHLVH�VFKOlJW�=(7/0$<(5� �������6�
�����YRU��HLQ�VLPXODWLRQVJHVW�W]WHV�3ODQXQJVV\VWHP�DQ�HLQH�:HUNVJUXQGGDWHQEDQN��336��
%'(��XQG�0'(�6\VWHPH�VRZLH�/HLWVWlQGH�]X�NRSSHOQ��0LW�GHP�WHVWZHLVH�LPSOHPHQWLHU�
WHQ�6\VWHP�NRQQWH�HLQH�KRKH�'DWHQDNWXDOLWlW�HU]LHOW�ZHUGHQ��$OOHUGLQJV�IHKOW�KLHU�GLH�$N�
TXLVLWLRQ�VWRFKDVWLVFKHU�,QIRUPDWLRQHQ�

1HXHUH�$QVlW]H�KDEHQ�]XP�=LHO��GLH�EHWULHEOLFKHQ�,QIRUPDWLRQVV\VWHPH�VR�]X�LQWHJULHUHQ�
GD��DXI�HLQHQ�NRQVLVWHQWHQ�XQG�DNWXHOOHQ�'DWHQEHVWDQG�]XJHJULIIHQ�ZHUGHQ�NDQQ��'DWHQ�
UHGXQGDQ]HQ�ZHUGHQ�NRQVHTXHQW�YHUPLHGHQ�XQG�GHU�6SHLFKHURUW�DOOHU�'DWHQ�ZLUG�HLQHLQ�
GHXWLJ� GHILQLHUW�� 'LHVH� 'DWD�:DUHKRXVH�$QVlW]H� VFKDIIHQ� GLH� LQIRUPDWLRQVWHFKQLVFKHQ
XQG� RUJDQLVDWRULVFKHQ� *UXQGODJHQ� I�U� HLQH� HIIL]LHQWH� $NTXLVLWLRQ� YRQ� 'DWHQ� LQ� KRKHU
*�WH��,1021�	�+$.$7+251�������

���� 3IOHJH�XQG�$NWXDOLVLHUXQJ�GHV�6LPXODWLRQVPRGHOOV

=XU�3IOHJH�XQG�$NWXDOLVLHUXQJ�GHV�6LPXODWLRQVPRGHOOV�HLJQHQ�VLFK�SULQ]LSLHOO�GLH�NODVVL�
VFKHQ�$QVlW]H�GHU�0RGHOOYDOLGLHUXQJ��%$1.6�(7�$/��������6��������%HL�GHU�9DOLGLHUXQJ
ZHUGHQ�GLH�:HUWH�ZLFKWLJHU�9DULDEOHQ�GHU�6LPXODWLRQ� VWDWLVWLVFK�DXVJHZHUWHW� �]�%��0LW�
WHOZHUW�� 9DULDQ]�� 9HUWHLOXQJ�� XQG� PLW� GHQ� (UJHEQLVVHQ� GHV� UHDOHQ� 3URGXNWLRQVV\VWHPV
YHUJOLFKHQ��EHLVSLHOVZHLVH�GXUFK�HLQH�.RUUHODWLRQVDQDO\VH��6LQG�GLH�'DWHQ�LQQHUKDOE�GHIL�
QLHUWHU�7ROHUDQ]JUHQ]HQ�JOHLFK��LVW�GDV�6LPXODWLRQVPRGHO�YDOLGH��GDV�KHL�W�HV�VSLHJHOW�GDV
UHDOH�6\VWHPYHUKDOWHQ�ZLGHU��,VW�GDV�0RGHOO�QLFKW�YDOLGH�P�VVHQ�.RUUHNWXUHQ�DP�0RGHOO
YRUJHQRPPHQ�ZHUGHQ��)�U� GLH� EHWULHEVEHJOHLWHQGH�6LPXODWLRQ� VLQG� GLHVH�$QVlW]H� QLFKW
JHHLJQHW��ZHLO�HLQH�UHJHOPl�LJH�9DOLGLHUXQJ�HUIRUGHUOLFK�ZlUH��'D�GLH�PHLVWHQ�GHU�9DOL�
GLHUXQJVVFKULWWH� PDQXHOO� YRQ� HLQHP� %HGLHQHU� GXUFKJHI�KUW� ZHUGHQ� P�VVHQ�� VLQG� GLHVH
$QVlW]H�]X�DXIZHQGLJ��$X�HUGHP�VHW]W�GLH�9DOLGLHUXQJ�YRUDXV��GD��UHDOH�%HREDFKWXQJHQ
YRUOLHJHQ��ZDV�LQVEHVRQGHUH�EHL�GHU�WDNWLVFKHQ�2SWLPLHUXQJ��LQ�GHUHQ�5DKPHQ�DXFK�3UR�
GXNWLRQVVWUXNWXUHQ�XQG�6WHXHUXQJVVWUDWHJLHQ�YHUlQGHUW�ZHUGHQ��RIW�QLFKW�GHU�)DOO�LVW�

/LHJHQ�NHLQH�UHDOHQ�%HREDFKWXQJHQ�YRU��PX��HLQ�6LPXODWLRQVPRGHOO�]XPLQGHVW�YHULIL]LHUW
ZHUGHQ��XP�VLFKHU]XVWHOOHQ��GD��HV�UHDOLVWLVFKH�(UJHEQLVVH�OLHIHUW��,P�5DKPHQ�GHU�9HULIL�
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]LHUXQJ�ZHUGHQ�GLH�$EOlXIH�LP�6LPXODWLRQVPRGHOO�XQG�GLH�=XVWlQGH�GHU�6\VWHPNRPSR�
QHQWHQ�DQDO\VLHUW�XQG�EHZHUWHW��RE�GLHVH�SODXVLEHO�VLQG��$X�HUGHP�ZLUG�VLFKHUJHVWHOOW��GD�
NHLQH� 3URJUDPPLHUXQJVIHKOHU� YRUOLHJHQ�� (LQ� 0RGHOO� JLOW� EHLVSLHOVZHLVH� DOV� YHULIL]LHUW�
ZHQQ� VLPXODWLY� HUPLWWHOWH� (UJHEQLVVH� DQDO\WLVFK� HUPLWWHOWHQ� (UJHEQLVVHQ� HQWVSUHFKHQ�
:HLWHUKLQ�LVW�HLQ�0RGHOO�YHULIL]LHUW��ZHQQ�HV�DXV�YDOLGLHUWHQ�RGHU�YHULIL]LHUWHQ�0RGHOOEDX�
VWHLQHQ�DXIJHEDXW�ZLUG�XQG�GLH�9HUNHWWXQJ�GLHVHU�0RGXOH�YHULIL]LHUW�ZLUG��(LQH�9HULIL]LH�
UXQJ�ELUJW�DOOHUGLQJV�VWHWV�GLH�*HIDKU��GD��GDV�6LPXODWLRQVPRGHOO�QLFKW�YDOLGH�LVW��'HVZH�
JHQ�VROOWH��ZDQQ�LPPHU�P|JOLFK��HLQ�6LPXODWLRQVPRGHOO�YDOLGLHUW�ZHUGHQ�

,Q� HLQLJHQ� ZLVVHQVFKDIWOLFKHQ� $UEHLWHQ� ZLUG� YRUJHVFKODJHQ�� HLQ� 6LPXODWLRQVPRGHOO� EHL
bQGHUXQJ� GHV� 3URGXNWLRQVV\VWHPV� DXWRPDWLVFK� DXV� GHQ� *UXQGGDWHQ� ]X� JHQHULHUHQ
�=(7/0$<(5� ������ 6�� ����� )�U� HLQLJH� NRPPHU]LHOOH� 6LPXODWRUHQ�� ZLH� EHLVSLHOVZHLVH
)DFWRU�$LP�� ZLUG� GLHVH� )XQNWLRQDOLWlW� EHUHLWV� DOV� 6WDQGDUG� DQJHERWHQ� �&5('/(� �����
35,76.(5�(7�$/���������$OOHUGLQJV�ZHUGHQ�YRQ�GLHVHQ�6\VWHPHQ�0RGHOOH�JHQHULHUW��GLH
VHKU�DEVWUDNW�VLQG�XQG�]XP�7HLO�VWDUNH�9HUHLQIDFKXQJHQ�JHJHQ�EHU�GHP�UHDOHQ�3URGXNWL�
RQVV\VWHP�EHLQKDOWHQ��%HLVSLHOVZHLVH�ZHUGHQ�LQ�GHQ�0RGHOOHQ�NHLQH�NRPSOH[HUHQ�6WHXH�
UXQJVVWUDWHJLHQ�DEJHELOGHW��$X�HUGHP�ZLUG�NHLQH�LQGLYLGXHOOH�XQG�YDOLGH�$EELOGXQJ�GHU
6WRFKDVWLN�YRUJHQRPPHQ��'HU�$EVWUDNWLRQVJUDG�GHU�0RGHOOH� LVW�NRQVWDQW��ZHVZHJHQ�VLH
QXU�I�U�HLQH�NOHLQH�*UXSSH�YRQ�)UDJHVWHOOXQJHQ�JHHLJQHW�VLQG�

$QGHUH�$QVlW]H�]XU�DXWRPDWLVFKHQ�0RGHOOJHQHULHUXQJ�RULHQWLHUHQ�VLFK�DP�/D\RXW�HLQHV
3URGXNWLRQVV\VWHPV��63/$1(0$11��������6LH�VLQG�DOOHUGLQJV�QXU�I�U�OLQLHQI|UPLJH�3UR�
GXNWLRQVV\VWHPH�JHHLJQHW��ZHLO�EHL�GLHVHU�3URGXNWLRQVRUJDQLVDWLRQ�GDV�/D\RXW�GLH�$EOlX�
IH�PD�JHEOLFK�YRUJLEW��$XFK�KLHU�ZLUG�GLH�0RGHOOLHUXQJ�GHU�6WHXHUXQJVVWUDWHJLHQ�XQG�GHU
UHDOHQ�6WRFKDVWLN�ZHLWJHKHQG�YHUQDFKOlVVLJW�

$OOH�EHVFKULHEHQHQ�$QVlW]H�VLQG�QXU�GDQQ�JHHLJQHW��ZHQQ�GLH�VLPXODWLRQVUHOHYDQWHQ�'D�
WHQ�DNWXHOO�XQG�NRQVLVWHQW�VLQG��DOVR�HLQGHXWLJ�GHQ�WDWVlFKOLFKHQ�=XVWDQG�GHV�3URGXNWLRQV�
V\VWHPV�UHSUlVHQWLHUHQ��$X�HUGHP�P�VVHQ�GLH�'DWHQ�LQ�HOHNWURQLVFKHU�)RUP�YRUOLHJHQ�

���� 0HWKRGHQ�]XU�NRUUHNWHQ�$EELOGXQJ�GHU�6WRFKDVWLN�LQ�GHU
6LPXODWLRQ

(LQ� LQ�:LVVHQVFKDIW� XQG� 3UD[LV� JOHLFKHUPD�HQ� DQHUNDQQWHV� 3UREOHP� VWHOOW� GLH� NRUUHNWH
$EELOGXQJ�GHU�VWRFKDVWLVFKHQ�(IIHNWH�LQ�HLQHP�6LPXODWLRQVPRGHOO�GDU��%5$7/(<�(7�$/�
�������2IW� I�KUHQ�IDOVFK�DEJHELOGHWH�$EKlQJLJNHLWHQ�]ZLVFKHQ�HLQ]HOQHQ�VWRFKDVWLVFKHQ
(IIHNWHQ� GD]X�� GD�� GLH� 6LPXODWLRQVHUJHEQLVVH� HLQH� DQGHUH� 6WUHXXQJ� DXIZHLVHQ�� DOV� GLH
UHDOHQ�(UJHEQLVVH��0HLVW�LVW�GLH�6WUHXXQJ�LQ�GHU�6LPXODWLRQ�JU|�HU�DOV�LQ�GHU�5HDOLWlW��ZHLO
VLFK� LQ�HLQHP�UHDOHQ�3URGXNWLRQVV\VWHP�HLQH�9LHO]DKO�YRQ�0HFKDQLVPHQ��ZLH�EHLVSLHOV�
ZHLVH�6WHXHUXQJVVWUDWHJLHQ��UHGX]LHUHQG�DXI�GLH�6WUHXXQJ�DXVZLUNHQ�

,Q�GHU�/LWHUDWXU�ZLUG�HLQH�9LHO]DKO�YRQ�0HWKRGHQ�XQG�9HUIDKUHQ�YRUJHVWHOOW��GLH�6WUHXXQJ
YRQ�6LPXODWLRQVHUJHEQLVVHQ� ]X� EHJUHQ]HQ��%HL� GLHVHQ� VRJHQDQQWHQ�9DULDQFH�5HGXFWLRQ
7HFKQLTXHV� �957V�� ZLUG� GXUFK� HLQH� JHHLJQHWH� 'HILQLWLRQ� XQG� =XRUGQXQJ� GHU� :DKU�
VFKHLQOLFKNHLWVIXQNWLRQHQ� YHUVXFKW�� GLH� 6WUHXXQJ� DXI� GLH� V\VWHPLPPDQHQWHQ� 8QVLFKHU�
KHLWHQ� ]X� EHJUHQ]HQ� �/$:�	�.(/721�������./(,-1(1�	�*52(1(1'$$/��������'LHVH
0RGHOOLHUXQJVWHFKQLNHQ�EHILQGHQ�VLFK�DOOHUGLQJV�QRFK�DXI�HLQHP�(QWZLFNOXQJVVWDQG��GHU



��%HNDQQWH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH� ��

ZHLW�YRQ�HLQHU�3UD[LVWDXJOLFKNHLW�EHL�HLQHU�SURGXNWLRQVWHFKQLVFKHQ�$QZHQGXQJ�HQWIHUQW
LVW��(V�IHKOHQ�8QWHUVXFKXQJHQ��LQ�ZLH�ZHLW�957V�I�U�GLH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ
JHHLJQHW�VLQG��$X�HUGHP�IHKOHQ�SUD[LVWDXJOLFKH�$QVlW]H�I�U�GLH�$QZHQGXQJ�GLHVHU�0R�
GHOOLHUXQJVWHFKQLNHQ�

���� 0HWKRGHQ�XQG�6\VWHPH�]XU�([SHULPHQWSODQXQJ

'LH�VWDWLVWLVFKH�([SHULPHQWSODQXQJ�KDW�]XP�=LHO��HLQ�([SHULPHQW�PLW�P|JOLFKVW�JHULQJHP
$XIZDQG�GXUFK]XI�KUHQ�XQG�]X�JHZlKUOHLVWHQ��GD��GLH�([SHULPHQWHUJHEQLVVH�HLQH�KRKH
$XVVDJHNUDIW�EHVLW]HQ�XQG�VWDWLVWLVFK�DEJHVLFKHUW�VLQG��,P�5DKPHQ�GHU�VWDWLVWLVFKHQ�([SH�
ULPHQWSODQXQJ�ZHUGHQ� VWUDWHJLVFKH� XQG� WDNWLVFKH� $VSHNWH� GHU� ([SHULPHQWSODQXQJ� IHVW�
JHOHJW��%HL�GHQ�VWUDWHJLVFKHQ�$VSHNWHQ�KDQGHOW�HV�VLFK�LQ�HUVWHU�/LQLH�XP�GLH�]X�YDULLHUHQ�
GHQ� (LQJDQJVSDUDPHWHU� GHV� 0RGHOOV� XQG� XP� GLH� 3DUDPHWHUZHUWH� XQG� �NRPELQDWLRQHQ�
7DNWLVFKH�$VSHNWH�EHWUHIIHQ�LQ�HUVWHU�/LQLH�GLH�)UDJH��GXUFK�ZHOFKH�([SHULPHQWSDUDPH�
WHU��ZLH�EHLVSLHOVZHLVH�$Q]DKO�GHU�%HREDFKWXQJHQ�RGHU�/lQJH�GHU�%HREDFKWXQJV]HLWUlX�
PH��JHZlKUOHLVWHW�ZLUG��GD��GLH�([SHULPHQWHUJHEQLVVH�VWRFKDVWLVFK�DEJHVLFKHUW�VLQG�

=XU�)HVWOHJXQJ�GHU�VWUDWHJLVFKHQ�$VSHNWH�VLQG�DXV�GHU�0DWKHPDWLN�0HWKRGHQ�GHU�VWDWLVWL�
VFKHQ�9HUVXFKVSODQXQJ�EHNDQQW��Ä'HVLJQ�RI�([SHULPHQWV³��'2(���%HLVSLHOVZHLVH�VFKOD�
JHQ�5$0%(5*�	�6$1&+(=��������6������XQG�0$<(5�	�%(1-$0,1��������6�������GLH
9HUVXFKVPHWKRGLN�YRQ�7DJXFKL�DOV�HLQHQ�SUDJPDWLVFKHQ�$QVDW]�]XU�3ODQXQJ�YRQ�6LPXOD�
WLRQVH[SHULPHQWHQ�YRU��%HL�GLHVHU�0HWKRGLN�ZHUGHQ�GXUFK�6HQVLWLYLWlWVDQDO\VHQ�GLH�ZH�
VHQWOLFKHQ�6WHXHUXQJVSDUDPHWHU�HLQHV�6LPXODWLRQVPRGHOOV�LGHQWLIL]LHUW��VR�GD��GLH�6LPX�
ODWLRQ�DOOHU�GHQNEDUHQ�.RPELQDWLRQHQ�GHU�(LQJDQJVSDUDPHWHU��GLH�VRJHQDQQWH�YROOVWlQGL�
JH� IDNWRULHOOH� $QDO\VH�� YHUPLHGHQ� ZLUG�� .RPPHU]LHOOH� 6\VWHPH� ]XU� VWDWLVWLVFKHQ� 9HU�
VXFKVSODQXQJ�VLQG�LQ�GHU�5HJHO�VHKU�XQLYHUVHOO�XQG�VHW]HQ�YRP�6\VWHPDQZHQGHU�QXU�VHKU
JHULQJH�.HQQWQLVVH��EHU�GDV� ]X�DQDO\VLHUHQGH�6\VWHP�YRUDXV��%HLVSLHOVZHLVH�ZLUG� YRP
%HGLHQHU�QLFKW�HUZDUWHW��GD��HU�ZHL���RE�XQG�ZLH�VWDUN�VLFK�EHVWLPPWH�3DUDPHWHU�DXI�GDV
6\VWHP�DXVZLUNHQ�RGHU� RE�:HFKVHOZLUNXQJHQ� ]ZLVFKHQ�GHQ�3DUDPHWHUQ� EHVWHKHQ��(QW�
VSUHFKHQG� YLHO� )XQNWLRQDOLWlW� KLQVLFKWOLFK� GLHVHU�$VSHNWH�ZLUG� YRQ� GHQ� ([SHULPHQWSOD�
QXQJVV\VWHPHQ�]XU�9HUI�JXQJ�JHVWHOOW��ZDV�GLH�$QZHQGXQJ�HUVFKZHUW��$XI�GLH� VSH]LIL�
VFKHQ� %HODQJH� GHU� 6LPXODWLRQ� VLQG� GLHVH� 6\VWHPH� QLFKW� ]XJHVFKQLWWHQ�� %HLVSLHOVZHLVH
ZLUG�QLFKW�EHU�FNVLFKWLJW��GD��PLW�GHU�6LPXODWLRQ�HLQH�EHOLHELJH�$Q]DKO�YRQ�5HSOLNDWLR�
QHQ�HU]HXJW�ZHUGHQ�NDQQ�

$XFK�KLQVLFKWOLFK�GHU�)HVWOHJXQJ�GHU�WDNWLVFKHQ�$VSHNWH�ZHUGHQ�LQ�GHU�HLQVFKOlJLJHQ�6L�
PXODWLRQV�/LWHUDWXU�(PSIHKOXQJHQ�JHJHEHQ��%HLVSLHOVZHLVH�LVW�I�U�GLH�VWDWLVWLVFKH�$QDO\�
VH�YRQ�=XIDOOVH[SHULPHQWHQ�XQG�HLQHU�ZHLWHUHQ�5HGXNWLRQ�GHU�6WUHXXQJ�HLQH�9LHO]DKO�YRQ
XQDEKlQJLJHQ�%HREDFKWXQJHQ�QRWZHQGLJ��(V�JLEW�SULQ]LSLHOO�]ZHL�9RUJHKHQVZHLVHQ��XP
]X�GHU�QRWZHQGLJHQ�$Q]DKO�XQDEKlQJLJHU�%HREDFKWXQJHQ�]X�NRPPHQ� �./(,-1(1������
/$:�	�.(/721��������'LH�HUVWH�0|JOLFKNHLW�LVW�GLH�'XUFKI�KUXQJ�HLQHU�9LHO]DKO�XQDE�
KlQJLJHU� 6LPXODWLRQVH[SHULPHQWH� DP� XQYHUlQGHUWHQ� 0RGHOO�� 'D]X� ZHUGHQ� HLQH� JUR�H
$Q]DKO�YRQ�6LPXODWLRQVOlXIHQ�GXUFKJHI�KUW��GLH�VLFK�QXU� LQ�GHQ�$QIDQJVZHUWHQ�GHV�=X�
IDOOVJHQHUDWRUV� XQWHUVFKHLGHQ� �0RGHOOVWUXNWXU� XQG� �SDUDPHWHU� LQ� GHQ� HLQ]HOQHQ� /lXIHQ
VLQG�LGHQWLVFK���%HL�GHU�DOWHUQDWLYHQ�9RUJHKHQVZHLVH�ZLUG�HLQ�VHKU�ODQJHU�6LPXODWLRQVODXI
GXUFKJHI�KUW�� GHU� VR� ]HUOHJW� ZLUG�� GD�� HLQH� JHQ�JHQGH� $Q]DKO� XQDEKlQJLJHU� 6LPXODWL�
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RQVHUJHEQLVVH� JHZRQQHQ� ZHUGHQ� NDQQ� �./(,-1(1� ������ ),6&+(5� ������� (LQH� VROFKH
=HUOHJXQJ�XQG�$XVZHUWXQJ� LVW� DOOHUGLQJV� QXU�P|JOLFK��ZHQQ� GDV� ]X� XQWHUVXFKHQGH� 6\�
VWHP�HLQHQ�VWDELOHQ�=XVWDQG�HUUHLFKW�KDW��,Q�GLHVHQ�4XHOOHQ�IHKOW�DOOHUGLQJV�HLQH�6\VWHPD�
WLN�]XU�$XVZDKO�GHU�]X�EHU�FNVLFKWLJHQGHQ� WDNWLVFKHQ�([SHULPHQWSDUDPHWHU� VRZLH�9RU�
VFKOlJH�KLQVLFKWOLFK�HLQHU�8QWHUVW�W]XQJ�GHV�6LPXODWLRQVDQZHQGHUV�

(LQLJH�GHU�JHQDQQWHQ�$QVlW]H�]XU�([SHULPHQWSODQXQJ�ZXUGHQ�EHUHLWV�I�U�GHQ�(LQVDW]�EHL
GHU� 6LPXODWLRQ� ZHLWHUHQWZLFNHOW�� +LHU� HQWVWDQGHQ� YLHOIDFK� ([SHULPHQWSODQXQJVV\VWHPH�
EHLVSLHOVZHLVH�I�U�GDV�6LPXODWLRQVV\VWHP�6,03/(;�,,��6&+0,'7��������'LHVHV�XQG�YHU�
JOHLFKEDUH�([SHULPHQWSODQXQJVV\VWHPH�VLQG�MHGRFK�EHZX�W�I�U�DOOJHPHLQH�)UDJHVWHOOXQ�
JHQ�HQWZLFNHOW�ZRUGHQ��'LHVH�)OH[LELOLWlW�HUIRUGHUW�YRP�%HQXW]HU�VSH]LILVFKH�.HQQWQLVVH
LQ�GHU�0HWKRGH�GHU�([SHULPHQWSODQXQJ�

(V�H[LVWLHUHQ�EHUHLWV�HUVWH�.RQ]HSWH��([SHULPHQWSODQXQJVV\VWHPH�XQG�0RGHOOEDXVWHLQNl�
VWHQ�PLW�DXWRPDWLVFKHP�0RGHOOJHQHUDWRU�]X�HLQHU�XQLYHUVHOOHQ�6LPXODWLRQVXPJHEXQJ�]X
LQWHJULHUHQ��$OOHUGLQJV�KDW�VLFK�JH]HLJW��GD��GLHVH�.RQ]HSWH�LQ�GHU�3UD[LV�QRFK�DXI�JUR�H
5HDOLVLHUXQJV��XQG�$N]HSWDQ]K�UGHQ�VWR�HQ��g='(0,5(/�������6��������g='(0,5(/�(7

$/��������6��������g='(0,5(/�(7�$/��������6���������%HLVSLHOVZHLVH�VLQG�WURW]�HLQHV�KR�
KHQ�$XIZDQGHV�I�U�GLH�(QWZLFNOXQJ�HLQHU�VROFKHQ�8PJHEXQJ� LPPHU�ZLHGHU�$QSDVVXQ�
JHQ�GHV�0RGHOOEDXVWHLQNDVWHQV�YRU]XQHKPHQ��'XUFK�GLH�KRKH�.RPSOH[LWlW�LVW�GHU�%HGLH�
QXQJVNRPIRUW�VHKU�JHULQJ��(V�EHVWHKW�]XGHP�GLH�*HIDKU��GD��PLW�XQJHHLJQHWHQ�0RGHOOHQ
([SHULPHQWH�GXUFKJHI�KUW�ZHUGHQ��GLH�]X�XQ]XYHUOlVVLJHQ�(UJHEQLVVHQ�I�KUHQ��:HLWHUKLQ
ZLUG� EHL� GHQ� EHVFKULHEHQHQ�$QVlW]HQ� GHQ� $VSHNWHQ� Ä(IIL]LHQ]� GHU�0RGHOOLHUXQJ³� XQG
Ä0RGHOOLHUXQJ�GHU�6WRFKDVWLN³�ZHQLJ�%HDFKWXQJ�JHVFKHQNW�

$XV� SUDJPDWLVFKHQ� *U�QGHQ� ZXUGHQ� ([SHULPHQWLHU�� XQG� 6LPXODWLRQVXPJHEXQJHQ� PLW
HLQHP� HLQJHJUHQ]WHQ�$QZHQGXQJVJHELHW� HQWZLFNHOW�� 'LHVHU�$QVDW]� KDW� VLFK� ELVODQJ� DOV
HUIROJUHLFK�HUZLHVHQ��5(''<�������6��������g='(0,5(/��������%HLVSLHOVZHLVH�YHUODQJW
GDV� 6\VWHP� Ä'2(6³� �g='(0,5(/� (7� $/�� ������ 6�� ����� YRP�$QZHQGHU�9RUNHQQWQLVVH
KLQVLFKWOLFK�GHV�]X�XQWHUVXFKHQGHQ�3URGXNWLRQVV\VWHPV��GHV�6LPXODWLRQVPRGHOOV�XQG�GHU
6WDWLVWLN��'XUFK� GLHVH�9RUDXVVHW]XQJHQ�ZDU� HV�P|JOLFK�� GHQ� 6FKZHUSXQNW� GHV� 6\VWHPV
ZHJ�YRQ�GHU�NODVVLVFKHQ��DEVWUDNWHQ�([SHULPHQWSODQXQJ�DXI�HLQH�SUREOHPVWHOOXQJVJHWULH�
EHQH� 8QWHUVW�W]XQJ� GHV� 3URGXNWLRQVSODQHUV� ]X� YHUODJHUQ�� 3UD[LVDQZHQGHU� KDEHQ� DOOHU�
GLQJV�GLH�+|KH�GHU�HUIRUGHUOLFKHQ�.HQQWQLVVH�LQ�6WDWLVWLN�EHPlQJHOW��$X�HUGHP�ELHWHW�GDV
6\VWHP� LPPHU�QRFK� VHKU�YLHOH�)UHLKHLWVJUDGH�� GLH� HUIRUGHUOLFK� VLQG�� XP�GDV�6\VWHP� I�U
YHUVFKLHGHQVWH� ([SHULPHQW]LHOH� XQG� XQWHUVFKLHGOLFKVWH� 6LPXODWLRQVPRGHOOH� DQ]XSDVVHQ�
)�U� HLQHQ� NRQNUHWHQ� $QZHQGXQJVIDOO� LVW� GLHVH� )�OOH� YRQ� 0|JOLFKNHLWHQ� XQG� %HGLHQ�
VFKULWWHQ�MHGRFK�YHUZLUUHQG�XQG�XPVWlQGOLFK�

���� 6WDWLVWLVFKH�.RUUHNWXUPRGHOOH�XQG�)HKOHUNRPSHQVDWLRQ

0LW�GHP�3DUDOOHOEHWULHE�YRQ�$QODJH�XQG�0RGHOO�HUJLEW�VLFK�GLH�0|JOLFKNHLW�HLQHV�VWlQGL�
JHQ�$EJOHLFKV�]ZLVFKHQ�0RGHOO�XQG�5HDOLWlW��'DGXUFK�NDQQ�HLQHUVHLWV�JHZlKUOHLVWHW�ZHU�
GHQ�� GD�� VWlQGLJ� PLW� DNWXHOOHQ� 'DWHQ� VLPXOLHUW� ZLUG�� DQGHUHUVHLWV� EHVWHKHQ� ]XVlW]OLFKH
0|JOLFKNHLWHQ�YRUKDQGHQH�0RGHOOIHKOHU�]X�NRPSHQVLHUHQ�

6\VWHPDWLVFKH� $EZHLFKXQJHQ�� GLH� DXIJUXQG� H[SHULPHQWHOOHU� (UIDKUXQJHQ� GHXWOLFK� ZHU�
GHQ�� N|QQHQ� LQ� GHU�5HJHO� DEJHVFKlW]W�ZHUGHQ� �6&+5h)(5� ������� (LQH� VROFKH�$EVFKlW�
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]XQJ�LVW�PLW�JHHLJQHWHQ�VWDWLVWLVFKHQ�9HUIDKUHQ��ZLH�]�%��GHU�5HJUHVVLRQV��RGHU�GHU�7UHQG�
DQDO\VH��P|JOLFK� �352)26�	� 3)(,)(5� ������� 6\VWHPDWLVFKH� )HKOHU�� GLH� QLFKW�PHKU�PLW
YHUWUHWEDUHP�$XIZDQG� GXUFK�9HUEHVVHUXQJHQ� GHV�0RGHOOV� ]X� HOLPLQLHUHQ� VLQG�� N|QQHQ
GDQQ� GXUFK� GLH� (LQI�KUXQJ� YRQ� .RUUHNWXUJOLHGHUQ� NRPSHQVLHUW� ZHUGHQ� �352)26� 	
3)(,)(5��������'LHVHV�9HUIDKUHQ�LVW�PLW�GHU�LQ�GHU�5HJHOXQJVWHFKQLN�EHNDQQWHQ�0HWKRGH
GHV�DGDSWLYHQ�%HREDFKWHUV�]X�YHUJOHLFKHQ��)g//,1*(5��������$QZHQGXQJHQ�GLHVHU�9HU�
IDKUHQ� ]XU�)HKOHUNRPSHQVDWLRQ� EHL�3URJQRVHV\VWHPHQ� VLQG� DOOHUGLQJV� QLFKW� EHNDQQW�� (V
H[LVWLHUHQ� OHGLJOLFK� VWDWLVWLVFKH� $QVlW]H� ]XU� 9DOLGLHUXQJ� YRQ� 6LPXODWLRQVPRGHOOHQ
�5(&.+2:� ������ 6$5*(17� ������� 'LH� 9HUIDKUHQ� VLQG� DOOHUGLQJV� VHKU� DXIZHQGLJ� XQG
HUIRUGHUQ� ([SHUWHQZLVVHQ�� 6LH� VLQG� GHVKDOE� QLFKW� I�U� HLQH� 2QOLQH�)HKOHUNRPSHQVDWLRQ
JHHLJQHW�

,Q� HLQLJHQ� DQGHUHQ� LQJHQLHXUZLVVHQVFKDIWOLFKHQ�$QZHQGXQJVJHELHWHQ� KDEHQ� VLFK�.RP�
SHQVDWLRQVYHUIDKUHQ�EHUHLWV�EHZlKUW��%HLVSLHOVZHLVH�H[LVWLHUHQ�$QVlW]H�]XU�(UK|KXQJ�GHU
*HQDXLJNHLW� YRQ� ,QGXVWULHURERWHUQ� XQG� :HUN]HXJPDVFKLQHQ� GXUFK� GHQ� $XVJOHLFK� GHV
:HUN]HXJYHUVFKOHL�HV�RGHU�GXUFK�7HPSHUDWXUNRPSHQVDWLRQ��*266(/��������,VW�GHU�)HK�
OHU� GLUHNW� PH�EDU� E]Z�� HLQH� )HKOHUIXQNWLRQ� HUPLWWHOEDU�� NDQQ� GLH� .RPSHQVDWLRQ� GXUFK
HLQH�PDWKHPDWLVFKH�)XQNWLRQ�HUIROJHQ��2IW�H[LVWLHUW�DOOHUGLQJV�QXU�HLQH�VWRFKDVWLVFKH�%H�
VFKUHLEXQJ�GHV�DXV]XJOHLFKHQGHQ�)HKOHUV�� ,Q�GLHVHP�)DOO�ZHUGHQ�VWDWLVWLVFKH�9HUIDKUHQ�
ZLH� GLH� 5HJUHVVLRQV�� RGHU� GLH� )RXULHU�$QDO\VH� HLQJHVHW]W� �6&+5g(5� ������ +2)(5� 	
/81'(567('7��������7URW]�GHU�$QDORJLHQ�ODVVHQ�VLFK�GLH�$QVlW]H�QLFKW�GLUHNW�DXI�SUR�
GXNWLRQVORJLVWLVFKH�)UDJHVWHOOXQJHQ��EHUWUDJHQ��ZHLO�KLHU�GLH�$QIRUGHUXQJHQ�XQG�5DQG�
EHGLQJXQJHQ�� EHLVSLHOVZHLVH� KLQVLFKWOLFK� GHU� HUIRUGHUOLFKHQ�.HQQWQLVVH� GHV�$QZHQGHUV�
GHU�$QWZRUW]HLW�RGHU�GHU�$EVFKlW]XQJ�GHV�QDFK�GHU�.RPSHQVDWLRQ�YHUEOHLEHQGHQ�5HVW�
)HKOHUV��YHUVFKLHGHQ�VLQG�

���� 6\VWHPH�]XU�VWDWLVWLVFKHQ�$XVZHUWXQJ�GHU�6LPXODWLRQVHUJHEQLVVH

9HUIDKUHQ�]XU�VWDWLVWLVFKHQ�$XVZHUWXQJ�YRQ�6LPXODWLRQVHUJHEQLVVHQ�ZHUGHQ�LQ�GHU�/LWH�
UDWXU�EHUHLWV�YLHOIDFK�EHVFKULHEHQ��./(,-1(1�	�*52(1(1'$$/��������XQG�%$1.6�(/�$/�
�������ZHLVHQ�GDUDXI�KLQ��GD��GLH�VWRFKDVWLVFKHQ�%HVRQGHUKHLWHQ��ZLH�EHLVSLHOVZHLVH�GLH
6FKLHIH� HLQHU�9HUWHLOXQJ��YRP�$XVZHUWHYHUIDKUHQ�EHU�FNVLFKWLJW�ZHUGHQ�P�VVHQ��'LHVH
$QIRUGHUXQJHQ�ZHUGHQ�YRQ�$XVZHUWHZHUN]HXJHQ��GLH�ELVODQJ�I�U�6LPXODWLRQVZHUN]HXJH
H[LVWLHUHQ��QLFKW�HUI�OOW� �:$*1(5�	�:$56&+$7��������:$*1(5�	�:$56&+$7�������
EHVFKUHLEHQ�HLQ�$XVZHUWHZHUN]HXJ�I�U�6LPXODWLRQVHUJHEQLVVH��GDV�GLHVH�$QIRUGHUXQJHQ
EHU�FNVLFKWLJHQ�VROO��'DV�:HUN]HXJ�LVW�MHGRFK�QLFKW�DXI�GLH�VSH]LILVFKHQ�%HODQJH�GHU�EH�
WULHEVEHJOHLWHQGHQ� 6LPXODWLRQ� ]XJHVFKQLWWHQ�� ZLH� EHLVSLHOVZHLVH� ZHQLJH� 5HSOLNDWLRQHQ
RGHU�NXU]H�$QWZRUW]HLWHQ��$X�HUGHP�ZHUGHQ�QLFKW�GLH�VSH]LILVFKHQ�$XVZHUWXQJHQ�DQJH�
ERWHQ��GLH�EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ� HUIRUGHUOLFK� VLQG��ZLH� EHLVSLHOVZHLVH
6FKlW]XQJHQ�GHU�=XYHUOlVVLJNHLW�YRQ�7HUPLQSURJQRVHQ�

���� %HQXW]HUVFKQLWWVWHOOHQ�XQG�9LVXDOLVLHUXQJVPHWKRGHQ

6LPXODWLRQVVRIWZDUHSDNHWH� ELHWHQ� YLHOH�$OWHUQDWLYHQ� ]XU�9LVXDOLVLHUXQJ� GHU� (UJHEQLVVH�
$X�HUGHP� LVW� EHL�YLHOHQ�6RIWZDUHSDNHWHQ�GLH�0|JOLFKNHLW� JHJHEHQ�� LQGLYLGXHOOH�%HQXW�



��%HNDQQWH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH� ��

]HUVFKQLWWVWHOOHQ�]X�HQWZLFNHOQ��$OOHUGLQJV�ELHWHQ�GLH�3DNHWH� LQ�GHU�5HJHO�QXU�%DVLVPH�
WKRGHQ��DXV�GHQHQ�NRPSOH[HUH�9LVXDOLVLHUXQJHQ�XQG�(LQJDEHPDVNHQ�HUVWHOOW�ZHUGHQ�N|Q�
QHQ��$XFK�N|QQHQ�$EOlXIH��EHLVSLHOVZHLVH�]XU�3ODQXQJ�XQG�6WHXHUXQJ�YRQ�([SHULPHQWHQ�
SURJUDPPLHUW�ZHUGHQ�

=(7/0$<(5� �������6������ LQWHJULHUW� YHUVFKLHGHQH�9LVXDOLVLHUXQJVPHWKRGHQ� LQ� HLQHQ� VL�
PXODWLRQVEDVLHUWHQ�/HLWVWDQG�Ä6\QFKUR³��1HEHQ�%HOHJXQJVSOlQHQ�XQG�+LVWRJUDPPHQ�]XU
'DUVWHOOXQJ�GHU� ORJLVWLVFKHQ�.HQQ]DKOHQ�ZLUG� HLQ�([SHULPHQWEDXP�]XU�9HUZDOWXQJ�GHU
6LPXODWLRQVH[SHULPHQWH�YRUJHVWHOOW��'LH�%HQXW]HUVFKQLWWVWHOOHQ�XQG�9LVXDOLVLHUXQJHQ�HU�
P|JOLFKHQ�HLQHP�%HGLHQHU�GLH�,QWHUSUHWDWLRQ�GHU�(UJHEQLVVH�XQG�GDV�$EOHLWHQ�JHHLJQHWHU
0D�QDKPHQ�HUKHEOLFK��$OOHUGLQJV�ZLUG�GLH�VWRFKDVWLVFKH�8QVLFKHUKHLW�GHU�.HQQ]DKOHQ�LQ
GHQ�'LDJUDPPHQ�QLFKW�GDUJHVWHOOW�� �)(/'0$11�(7�$/�� �������XQG�5$8+�������� VWHOOHQ
HLQ�.RQ]HSW�]XU�,QWHJUDWLRQ�GHU�6LPXODWLRQ�LQ�GLH�EHWULHEOLFKHQ�(QWVFKHLGXQJVDEOlXIH�YRU�
'HU�6FKZHUSXQNW�GHU�$UEHLW�OLHJW�DXI�GHU�LQIRUPDWLRQVWHFKQLVFKHQ�,QWHJUDWLRQ��$XFK�KLHU
IHKOHQ� QRFK� VSH]LHOOH� %HQXW]HUREHUIOlFKHQ� I�U� GLH� EHWULHEVEHJOHLWHQGH� 6LPXODWLRQ� XQG
9LVXDOLVLHUXQJVPHWKRGHQ�]XU�'DUVWHOOXQJ�GHU�VWRFKDVWLVFKHQ�8QVLFKHUKHLWHQ�

���� =XVDPPHQIDVVXQJ�GHV�6WDQGHV�GHU�)RUVFKXQJ�XQG�)D]LW

$XIJUXQG�GHU�JUR�HQ�%HGHXWXQJ�GHU�3URJQRVHJ�WH�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ�ZXU�
GHQ� LQ� GHU� 9HUJDQJHQKHLW� EHUHLWV� HLQLJH� $QVlW]H� HQWZLFNHOW�� XP� GLHVH� ]X� YHUEHVVHUQ�
7DEHOOH�����JLEW�HLQHQ�hEHUEOLFN�XQG�HLQH�%HZHUWXQJ�GHU�EHNDQQWHQ�$QVlW]H��'LH�YRUOLH�
JHQGH�$UEHLW�]HLJW�HLQ�.RQ]HSW�DXI��PLW�GHP�GLH�JHQDQQWHQ�.ULWHULHQ�HUI�OOW�ZHUGHQ�N|Q�
QHQ�

$XV� GHU�7DEHOOH� Ol�W� VLFK� GHU� YHUEOHLEHQGH�+DQGOXQJVEHGDUI� KLQVLFKWOLFK� GHU�9HUEHVVH�
UXQJ� GHU� 3URJQRVHJ�WH� XQG� GHU� 3UD[LVWDXJOLFKNHLW� GHU� EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ
DEOHLWHQ��,P�HLQ]HOQHQ�VLQG�IROJHQGH�3XQNWH�]X�EHDFKWHQ�

��� 'LH�4XDOLWlW�GHU�'DWHQJUXQGODJH�LVW�]X�YHUEHVVHUQ��%HVWHKHQGH�/|VXQJHQ�]XU�$NTXL�
VLWLRQ�DNWXHOOHU�(LQJDQJVGDWHQ�YHUQDFKOlVVLJHQ�LQ�GHU�5HJHO�VWRFKDVWLVFKH�,QIRUPDWLR�
QHQ�

��� =XU�(UUHLFKXQJ�HLQHU�VWlQGLJHQ�3ODQXQJVEHUHLWVFKDIW�PX��MHGHU]HLW�HLQ�DNWXHOOHV�3UR�
JQRVHPRGHOO�YRUOLHJHQ��,QVEHVRQGHUH�EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�Z�UGH
HLQH�PDQXHOOH�0RGHOOSIOHJH�HLQHQ�]X�KRKHQ�$XIZDQG�EHGHXWHQ��%LVKHULJH�$QVlW]H�]XU
DXWRPDWLVFKHQ�0RGHOOJHQHULHUXQJ�EHVLW]HQ�QLFKW�GHQ�$QVSUXFK��6LPXODWLRQVPRGHOOH
]X�JHQHULHUHQ��GLH�DXFK�LQ�VWRFKDVWLVFKHU�+LQVLFKW�YDOLGH�VLQG��=XGHP�VLQG�GLH�0RGHOOH
KLQVLFKWOLFK�LKUHU�(LQVDW]P|JOLFKNHLWHQ�DXI�ZHQLJH�)UDJHVWHOOXQJHQ�EHVFKUlQNW��,Q�GHU
5HJHO�VLQG�GLH�0RGHOOH�]X�DEVWUDNW�XQG�I�U�GLH�%HDUEHLWXQJ�YRQ�)UDJHVWHOOXQJHQ�GHU
3URGXNWLRQVRSWLPLHUXQJ�XQJHHLJQHW��'LH�3URJQRVHJ�WH�LVW�JHULQJ��(V�VLQG�/|VXQJHQ
]X�HUDUEHLWHQ��ZLH�GHU�$QVDW]�GHU�DXWRPDWLVFKHQ�0RGHOOJHQHULHUXQJ�KLQVLFKWOLFK�3UR�
JQRVHWUHXH�XQG�3URJQRVHVFKlUIH�YHUEHVVHUW�ZHUGHQ�NDQQ��'LH�3UD[LVWDXJOLFKNHLW�I�U
GHQ�(LQVDW]�LP�5DKPHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ�LVW�]X�VWHLJHUQ�
'LH�]X�EHDUEHLWHQGH�)UDJHVWHOOXQJ�XQG�GDV�GXUFK]XI�KUHQGH�([SHULPHQW�VWHKHQ�DXFK
LQ�HQJHU�:HFKVHOZLUNXQJ�PLW�GHP�3URJQRVHPRGHOO��7HLOZHLVH�HUIRUGHUW�HLQH�EH�
VWLPPWH�]X�XQWHUVXFKHQGH�)UDJHVWHOOXQJ�HLQ�0RGHOO��GDV�]XJOHLFK�VHKU�JHQDXH�VWDWLVWL�
VFKH�(UJHEQLVVH�LQ�VHKU�NXU]HU�=HLW�OLHIHUW��ZDV�VLFK�LQ�GHU�5HJHO�QXU�EHL�VHKU�NOHLQHQ
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0RGHOOHQ�HUI�OOHQ�Ol�W��8P�DXFK�EHL�JU|�HUHQ�0RGHOOHQ�PLW�JHULQJHP�0RGHOOLHUXQJV�
XQG�3IOHJHDXIZDQG�HIIL]LHQWH�XQG�YDOLGH�VWRFKDVWLVFKH�3URJQRVHPRGHOOH�]X�HUUHLFKHQ�
VLQG�ZHLWHUH�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH�]X�EHU�FNVLFKWLJHQ��ZLH�EHL�
VSLHOVZHLVH�$QVlW]H�GHU�)HKOHUNRPSHQVDWLRQ��V�X���

                                  Ansatz:

Kriterium:

Z
E

T
L

M
A

Y
E

R
 !9

94

IN
M

O
N

 &
 H

A
K

A
T

H
O

R
N

 1
99

4

B
A

N
K

S
 E

T
 A

L
. 1

99
6

C
R

E
D

L
E

 1
99

3

S
P

L
A

N
E

M
A

N
N

 1
99

5

L
A

W
 &

 K
E

L
T

O
N

 1
99

1

K
L

E
IJ

N
E

N
 &

 G
R

O
E

N
E

N
D

A
A

L
 1

99
2

M
A

Y
E

R
 &

 B
E

N
JA

M
IN

 1
99

2

S
C

H
M

ID
T

 1
99

5

Ö
Z

D
E

M
IR

E
L

 E
T

 A
L
. 1

99
6

S
C

H
R

Ü
F

E
R

 1
99

2

P
R

O
F

O
S

 &
 P

F
E

IF
E

R
 1

99
2

S
C

H
R

Ö
E

R
 1

99
3

R
A

U
H

 1
99

7

W
A

G
N

E
R

 &
 W

A
R

S
C

H
A

T
 1

99
4

Verbesserung der Aktualität der
Basis- und Eingangsdaten:
±� deterministische Daten
±� stochastische Daten

●
–

●

❍

–
–

●
–

❍
–

–
–

–
–

–
–

❍

❍

●

❍

–
–

–
–

–
–

●
–

–
–

Pflege und Aktualisierung des
Simulationsmodells
±� hinsichtlich deterministischer

Charakteristik des Systems
–� hinsichtlich stochastischer

Charakteristik des Systems
±� bei fehlenden Daten zur Validie-

rung
±� bei häufigen strukturellen Ver-

änderungen des Systems
±� bei Änderung der Steuerungs-

strategie
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Methoden zur korrekten Abbil-
dung stochastischer Effekte im
Simulationsmodell
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Methoden zur Experimentplanung
±� Strategische Experiment-

aspekte
±� taktische Experimentaspekte
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Statistische Korrekturmodelle und
Fehlerkompensation
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Statistische Auswertung von Si-
mulationsergebnissen

❍ – ● ❍ – ● ● – ❍ ❍ – – – – ●

Benutzerschnittstellen und Visua-
lisierungsmethoden
±� deterministische Informationen
±� statistische Informationen

●

❍

–
–

–
–

●

❍

–
–

–
–

–
–

–
–

❍

❍

●

❍

–
–

–
–

–
–

●

❍

●

❍

7DEHOOH����� %HZHUWXQJ�EHNDQQWHU�$QVlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH
�●��.ULWHULXP�HUI�OOW��❍��WHLOZHLVH�HUI�OOW��±��QLFKW�HUI�OOW�
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��� (V�VLQG�PHWKRGLVFKH�$QVlW]H�DXI]X]HLJHQ��ZLH�VSH]LHOO�EHL�GHU�EHWULHEVEHJOHLWHQGHQ
6LPXODWLRQ�VLFKHUJHVWHOOW�ZHUGHQ�NDQQ��GD��VWRFKDVWLVFKH�(IIHNWH�NRUUHNW�LP�0RGHOO
DEJHELOGHW�VLQG�

��� 8QWHUVFKLHGOLFKH�)UDJHVWHOOXQJHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ�VWHOOHQ�MHZHLOV�YHU�
VFKLHGHQH�$QIRUGHUXQJHQ�DQ�GDV�([SHULPHQW��'LHV�EHGHXWHW��GD��GDV�3URJQRVHYHUIDK�
UHQ�DQ�GLHVH�$QIRUGHUXQJHQ�XQG�5DQGEHGLQJXQJHQ�DQJHSD�W�ZHUGHQ�PX���%HVWHKHQGH
9HUIDKUHQ�XQG�6\VWHPH�]XU�([SHULPHQWSODQXQJ�VLQG�]X�PlFKWLJ�XQG�I�U�HLQH�9LHO]DKO
SRWHQWLHOOHU�)UDJHVWHOOXQJHQ�JHHLJQHW��$XV�GLHVHP�*UXQG�HUIRUGHUQ�VLH�YRP�%HGLHQHU
]X�YLHOH�.HQQWQLVVH�LQ�6WDWLVWLN��$X�HUGHP�EHWUDFKWHQ�VLH�LQ�HUVWHU�/LQLH�GLH�VWUDWHJL�
VFKHQ�$VSHNWH�GHU�([SHULPHQWSODQXQJ��(V�IHKOHQ�/|VXQJHQ�I�U�GLH�([SHULPHQWSOD�
QXQJ��GLH�GHQ�VSH]LHOOHQ�)UDJHVWHOOXQJHQ�XQG�(LQVDW]EHGLQJXQJHQ�GHU�EHWULHEVEHJOHL�
WHQGHQ�6LPXODWLRQ�LP�5DKPHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ�JHUHFKW�ZHUGHQ�

��� .RUUHNWXUPRGHOOH�VLQG�HLQ�P|JOLFKHU�$QVDW]��XP�GLH�3URJQRVHJ�WH�]X�YHUEHVVHUQ�
6SH]LHOO�I�U�GLH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�H[LVWLHUHQ�ELVODQJ�NHLQH�/|VXQJHQ�DXI
%DVLV�GLHVHV�$QVDW]HV�

��� 6WDQGDUGPHWKRGHQ�]XU�VWDWLVWLVFKHQ�$XVZHUWXQJ�GHU�3URJQRVHQ�EHU�FNVLFKWLJHQ�QLFKW
GLH�VWDWLVWLVFKHQ�%HVRQGHUKHLWHQ�GHU�'DWHQ�XQG�YHUIlOVFKHQ�GHVKDOE�GLH�(UJHEQLVVH�
*HHLJQHWH�9HUIDKUHQ�VLQG�VHKU�VSH]LHOO�XQG�HUIRUGHUQ�EHVRQGHUH�6WDWLVWLNNHQQWQLVVH�
(LQH�8QWHUVW�W]XQJ�GHV�$QZHQGHUV�EHL�$XVZDKO�XQG�$QZHQGXQJ�JHHLJQHWHU�9HUIDK�
UHQ�LVW�GULQJHQG�JHERWHQ�

��� $XFK�GLH�(UJHEQLVGDUVWHOOXQJ�LVW�RIW�QLFKW�QXW]HUJHUHFKW��6WRFKDVWLVFKH�.HQQ]DKOHQ
ZHUGHQ�LQ�GHU�5HJHO�QLFKW�GDUJHVWHOOW��'LHV�NDQQ�]X�)HKOLQWHUSUHWDWLRQHQ�I�KUHQ��(V
VLQG�9LVXDOLVLHUXQJVYHUIDKUHQ�]X�HQWZLFNHOQ��GLH�GLH�$QIRUGHUXQJHQ�DXV�GHU�3UD[LV
EHU�FNVLFKWLJHQ�

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�ZHUGHQ�NRQNUHWH�/|VXQJHQ�I�U�GLH�YRUJHVWHOOWHQ�$Q�
VlW]H�]XU�9HUEHVVHUXQJ�GHU�3URJQRVHJ�WH�I�U�GHQ�VSH]LHOOHQ�(LQVDW]�LP�5DKPHQ�GHU�3UR�
GXNWLRQVRSWLPLHUXQJ�PLWWHOV� GHU� EHWULHEVEHJOHLWHQGHQ� $EODXIVLPXODWLRQ� HUDUEHLWHW��:HL�
WHUKLQ�ZLUG�HLQ�SUD[LVWDXJOLFKHV�.RQ]HSW� I�U�HLQ�3URJQRVHV\VWHP�HUDUEHLWHW��ZHOFKHV�GLH
YHUVFKLHGHQHQ�$QVlW]H�LQWHJULHUW��,P�IROJHQGHQ�.DSLWHO�ZLUG�GDV�.RQ]HSW�HLQHV�3URJQR�
VHV\VWHPV�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ�YRUJHVWHOOW�
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�� .RQ]HSW�HLQHV�3URJQRVHV\VWHPV�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ

,P�IROJHQGHQ�ZLUG�]XQlFKVW�GDV�.RQ]HSW�GHV�3URJQRVHV\VWHPV�GDUJHVWHOOW��$XV�GHU�$XI�
JDEHQVWHOOXQJ� GHU� 3URGXNWLRQVRSWLPLHUXQJ� ZLUG� LP� $QVFKOX�� HLQ� 3IOLFKWHQKHIW� I�U� GDV
3URJQRVHV\VWHP�XQG�I�U�GLH�HLQ]HOQHQ�.RPSRQHQWHQ�GHV�6\VWHPV�DEJHOHLWHW�

���� *UXQGLGHH�XQG�5DKPHQNRQ]HSW

'DV�.RQ]HSW�GHV�HQWZLFNHOWHQ�3URJQRVHV\VWHPV�LVW�LQ�VHFKV�)XQNWLRQVPRGXOH�JHJOLHGHUW�
'LHVH�ZHUGHQ�]X�GUHL�6\VWHPPRGXOHQ�LQWHJULHUW��(LQ�0RGXO�GLHQW�GHU�([SHULPHQWSODQXQJ
XQG�±VWHXHUXQJ��:HLWHUKLQ�VLQG�HLQ�0RGHOOJHQHUDWRU�XQG�HLQ�0RGXO�]XU�)HKOHUNRPSHQVD�
WLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�]HQWUDOH�%HVWDQGWHLOH�GHV�.RQ]HSWV��%LOG������

" ([SHULPHQW���

([SHULPHQW�
SODQXQJ

([SHULPHQW�
VWHXHUXQJ

)HKOHU�
NRPSHQVDWLRQ

(UJHEQLV�
DXVZHUWXQJ

$XVZHUWH�
YHUIDKUHQ�$�

$XVZHUWH�
YHUIDKUHQ�%�

$

%

0RGHOO�
JHQHUDWRU

(UJHEQLV�
YLVXDOLVLHUXQJ

*HQHULHUXQJ�SURJQRVHWUHXHU�
6LPXODWLRQVPRGHOOH��.DS����

([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ�
�.DS����

)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�
XQG�9LVXDOLVLHUXQJ��.DS����

%LOG����� hEHUEOLFN�GHV�*HVDPWNRQ]HSWV

,P�IROJHQGHQ�ZLUG�]XQlFKVW�HLQ�hEHUEOLFN�GHV�.RQ]HSWV�JHJHEHQ��'DGXUFK�VROO�GLH�)XQN�
WLRQ� GHU�0RGXOH� XQG� GHU� JUREH� $EODXI� I�U� GLH� (UVWHOOXQJ� VLFKHUHU� 3URJQRVHQ� GHXWOLFK
ZHUGHQ�� $Q� GDV�.DSLWHO� �� VFKOLH�HQ� VLFK� GHWDLOOLHUWH� %HVFKUHLEXQJHQ� GHU� ]HQWUDOHQ� 6\�
VWHPPRGXOH�DQ��,Q�.DSLWHO���ZLUG�GDV�0RGXO�]XU�([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ�GDU�
JHVWHOOW��'DUDQ�VFKOLH�W�VLFK�GLH�'DUVWHOOXQJ�GHU�HQWZLFNHOWHQ�$QVlW]H�]XU�SURJQRVHWUHXHQ
VWRFKDVWLVFKHQ�6LPXODWLRQ�XQG�]XU�DXWRPDWLVFKHQ�0RGHOOJHQHULHUXQJ�DQ��.DSLWHO�����=XP
$EVFKOX��HUIROJW�HLQH�'DUVWHOOXQJ�GHV�0RGXOV�]XU�)HKOHUNRPSHQVDWLRQ��(UJHEQLVDXVZHU�
WXQJ�XQG�(UJHEQLVGDUVWHOOXQJ��.DSLWHO����

������ ([SHULPHQWSODQXQJ

$XIJDEH�GHV�)XQNWLRQVPRGXOV�([SHULPHQWSODQXQJ� LVW� HV��GHQ�6LPXODWLRQVDQZHQGHU�YRQ
GHQ�DQVSUXFKVYROOHUHQ�$XIJDEHQ�GHU�0RGHOOLHUXQJ�XQG�GHU�)HVWOHJXQJ�GHU� VWDWLVWLVFKHQ
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3DUDPHWHU� XQG� $XVZHUWHYHUIDKUHQ� LP� 5DKPHQ� GHU� ([SHULPHQWSODQXQJ� ZHLWJHKHQG� ]X
HQWODVWHQ��(LQ]LJH�$XIJDEH�GHV�$QZHQGHUV�VROO�HV�VHLQ��GLH�]X�EHDUEHLWHQGH�)UDJHVWHOOXQJ
]X�EHVFKUHLEHQ�VRZLH�GDV�=LHO�GHV�([SHULPHQWV�IHVW]XOHJHQ��$XI�%DVLV�GHU�3ODQXQJVDXI�
JDEH�E]Z��GHV�3URJQRVH]LHOV�VROO�HLQ�JHHLJQHWHV�([SHULPHQW� LP�+LQEOLFN�DXI�GLH�)UDJH�
VWHOOXQJ�NRQILJXULHUW�ZHUGHQ��GXUFK�GDV�VLFKHUJHVWHOOW�LVW��GD��DXVVDJHNUlIWLJH�(UJHEQLVVH
HU]LHOW�ZHUGHQ��=X�EHDFKWHQ�LVW��GD��GXUFK�GLH�]X�EHDUEHLWHQGH�)UDJHVWHOOXQJ�QLFKW�QXU�GLH
([SHULPHQWSDUDPHWHU�GHILQLHUW�ZHUGHQ��ZLH�EHLVSLHOVZHLVH�/lQJH�XQG�$Q]DKO�GHU�6LPX�
ODWLRQVOlXIH�� =XVlW]OLFK� ZHUGHQ� DXFK� GLH� (LJHQVFKDIWHQ� GHV� 0RGHOOV� XQG� GLH� $UW� GHU
$XVZHUWXQJ�XQG�GHU�9LVXDOLVLHUXQJ�GHU�(UJHEQLVVH�GXUFK�GDV�([SHULPHQW�IHVWJHOHJW�

$OV�/|VXQJVDQVDW]� I�U� GLH�([SHULPHQWSODQXQJ�ZLUG� KLHU� GLH�.ODVVLIL]LHUXQJ� GHU� )UDJH�
VWHOOXQJHQ� JHZlKOW� �YJO��g='(0,5(/� (7� $/�� ������� 'LHV� HUP|JOLFKW� HLQH�9RUGHILQLWLRQ
YRQ�([SHULPHQWHQ�XQG�([SHULPHQWGHVLJQV�� ,Q�GLHVHQ�VRJHQDQQWHQ�Ä'HVLJQ�VKHHWV³�ZHU�
GHQ�W\SLVFKH�.RQILJXUDWLRQHQ�DXV�6LPXODWLRQV]LHOHQ��$QWZRUWYDULDEOHQ��0RGHOO��XQG�([�
SHULPHQWSDUDPHWHUQ�� $XVZHUWXQJHQ� XQG� 9LVXDOLVLHUXQJVYHUIDKUHQ� YRUDE� GHILQLHUW�� (LQ
([SHULPHQWUDKPHQ� OHJW�GLH�)UHLKHLWVJUDGH�EHL�GHU�([SHULPHQWSODQXQJ� IHVW��(LQ�YRUGHIL�
QLHUWHU� 3ODQXQJVDEODXI� XQG� HLQH� %HQXW]HUREHUIOlFKH� I�KUHQ� GHQ� 6\VWHPEHGLHQHU� GXUFK
GHQ�3UR]H��GHU�([SHULPHQWSODQXQJ�XQG�IRUGHUW� LKQ�DXI��6FKULWW� I�U�6FKULWW�GLH�ZHVHQWOL�
FKHQ�([SHULPHQWSDUDPHWHU�IHVW]XOHJHQ��VR�GD��DP�(QGH�HLQH�JHHLJQHWH�([SHULPHQWNRQIL�
JXUDWLRQ�YRUOLHJW�

������ 0RGHOOJHQHULHUXQJ�XQG��NRQILJXUDWLRQ

'DV�6LPXODWLRQVPRGHOO�PX��GLH�VSH]LILVFKHQ�$QIRUGHUXQJHQ�XQG�5DQGEHGLQJXQJHQ�HLQHV
GHILQLHUWHQ� ([SHULPHQWV� EHU�FNVLFKWLJHQ�� 'LHV� EHGHXWHW�� GD�� MH� QDFK� ]X� EHDUEHLWHQGHU
)UDJHVWHOOXQJ�XQWHUVFKLHGOLFKH�6LPXODWLRQVPRGHOOH�PLW�DEZHLFKHQGHQ�0RGHOOLHUXQJVVSH�
]LILND�JHHLJQHW�VLQG��=LHO�GHU�0RGHOOJHQHULHUXQJ�XQG��NRQILJXUDWLRQ�LVW�HV��GHQ�6\VWHPEH�
GLHQHU�YRQ�GHU�DXIZHQGLJHQ�XQG�DQVSUXFKVYROOHQ�$UEHLW�GHU�0RGHOOLHUXQJ�]X�HQWODVWHQ�
$XV�GLHVHP�*UXQG�ZLUG�DXI�%DVLV�GHU�([SHULPHQWNRQILJXUDWLRQ�DXWRPDWLVFK�HLQ�6LPXODWL�
RQVPRGHOO�NRQILJXULHUW��GDV�I�U�GLH�]X�XQWHUVXFKHQGH�)UDJHVWHOOXQJ�DQJHSD�W�XQG�YDOLGH
LVW�

)�U�GLH�0RGHOOTXDOLWlW�LVW�XQWHU�DQGHUHP�GLH�4XDOLWlW�GHU�GHWHUPLQLVWLVFKHQ�XQG�VWRFKDVWL�
VFKHQ�(LQJDQJVGDWHQ� HQWVFKHLGHQG��(LQH� KRKH�4XDOLWlW� VROO� GXUFK�$NTXLVLWLRQ� DNWXHOOHU
'DWHQ� DXV� GHQ� EHWULHEOLFKHQ� ,QIRUPDWLRQVV\VWHPHQ� HUUHLFKW� ZHUGHQ�� ZLH� EHLVSLHOVZHLVH
336���%'(�0'(��� ,QVWDQGKDOWXQJV�� RGHU�&$4�6\VWHPHQ��1HEHQ� GHU�$NTXLVLWLRQ� DNWX�
HOOHU�(LQJDQJVGDWHQ�LVW�GLH�NRUUHNWH�$EELOGXQJ�GHU�VWRFKDVWLVFKHQ�(IIHNWH�GHV�UHDOHQ�6\�
VWHPV�LP�6LPXODWLRQVPRGHOO�HLQ�ZLFKWLJHV�=LHO��1HEHQ�HLQHU�$XVZDKOPHWKRGLN�I�U�GLH�LP
5DKPHQ�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�UHOHYDQWHQ�VWRFKDVWLVFKHQ�(IIHNWH�VWHKW�KLHU
GLH�HIIHNWLYH�XQG�HIIL]LHQWH�0RGHOOLHUXQJ�LP�9RUGHUJUXQG�

������ ([SHULPHQWVWHXHUXQJ

'LH�([SHULPHQWNRQILJXUDWLRQ�HQWKlOW�EHUHLWV�DOOH�ZLFKWLJHQ�([SHULPHQWSDUDPHWHU��ZLH�GLH
/lQJH�HLQHV�6LPXODWLRQVODXIV��GLH�$Q]DKO�GHU�/lXIH�RGHU�GLH�]X�YDULLHUHQGHQ�0RGHOOSD�
UDPHWHU��'LH�([SHULPHQWVWHXHUXQJ�Ol�W�HLQ�([SHULPHQW�DXI�%DVLV�GLHVHU�3DUDPHWHU�DXWR�
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PDWLVFK�DEODXIHQ��LQGHP�HLQ]HOQH�6LPXODWLRQVOlXIH�HQWVSUHFKHQG�LQLWLDOLVLHUW�XQG�GXUFKJH�
I�KUW� ZHUGHQ�� :lKUHQG� GHU� 6LPXODWLRQVOlXIH� ZHUGHQ� 'DWHQUHLKHQ� I�U� GLH� $XVZHUWXQJ
HUID�W�XQG�DUFKLYLHUW�

������ )HKOHUNRPSHQVDWLRQ�XQG�6FKlW]XQJ�GHU�VWRFKDVWLVFKHQ�8QVLFKHUKHLW

'DV�3URJQRVHV\VWHP�VROO� VLFKHUH�3URJQRVHQ� VRZLH� HLQH�$EVFKlW]XQJ�GHU�3URJQRVHXQVL�
FKHUKHLW�HUP|JOLFKHQ��%HL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�VLQG� MHGRFK�KlXILJH�0R�
GHOODQSDVVXQJHQ� Q|WLJ�� XP� GLHVH� $QIRUGHUXQJHQ� ]X� HUI�OOHQ�� 'LHVHU� HUK|KWH� $XIZDQG
ZLUG� MHGRFK� EHL� GHU� EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ� QLFKW� DN]HSWLHUW��$X�HUGHP� JHOWHQ
EHL� EHVWLPPWHQ� )UDJHVWHOOXQJHQ� GHU� 3URGXNWLRQVRSWLPLHUXQJ� HQJH� =HLWUHVWULNWLRQHQ�� GLH
VLFK�PLW�VWRFKDVWLVFKHU�6LPXODWLRQ�QLFKW�HUI�OOHQ�ODVVHQ��$XV�GLHVHP�*UXQG�EHLQKDOWHW�GDV
*HVDPWNRQ]HSW� GHQ�$QVDW]�� ]XQlFKVW� HLQHQ� 6LPXODWLRQVODXI� HLQHV� GHWHUPLQLVWLVFKHQ� 6L�
PXODWLRQVPRGHOOV� GXUFK]XI�KUHQ� XQG� LP� $QVFKOX�� DQ� GDV� 6LPXODWLRQVH[SHULPHQW� HLQH
)HKOHUNRPSHQVDWLRQ� VRZLH� HLQH�6FKlW]XQJ�GHU� VWRFKDVWLVFKHQ�8QVLFKHUKHLWHQ� YRU]XQHK�
PHQ��'XUFK�GLHVHQ�$QVDW]�ODVVHQ�VLFK�HUKHEOLFKH�/DXI]HLWYRUWHLOH�JHJHQ�EHU�GHU�VWRFKD�
VWLVFKHQ�6LPXODWLRQ�HU]LHOHQ��'LH�)HKOHUNRPSHQVDWLRQ�DXI�%DVLV�DNWXHOOHU�(UIDKUXQJVGD�
WHQ�VROO�HV�HUP|JOLFKHQ��GD��EHL�NOHLQHUHQ�9HUlQGHUXQJHQ�GHV�3URGXNWLRQVV\VWHPV�QLFKW
VRIRUW�GDV�6LPXODWLRQVPRGHOO�DNWXDOLVLHUW�ZHUGHQ�PX���'XUFK�GLH�9HUOlQJHUXQJ�GHU�$N�
WXDOLVLHUXQJVLQWHUYDOOH�GHV�6LPXODWLRQVPRGHOOV�HUK|KW�VLFK�GLH�3UD[LVWDXJOLFKNHLW�GHU�EH�
WULHEVEHJOHLWHQGHQ�6LPXODWLRQ�HQWVFKHLGHQG�

$XIJDEH� GLHVHV� )XQNWLRQVPRGXOV� LVW� ]XP� HLQHQ� GLH� .RPSHQVDWLRQ� GHU� V\VWHPDWLVFKHQ
$EZHLFKXQJHQ�YRQ�UHDOHQ�XQG�VLPXOLHUWHQ�(UJHEQLVVHQ�XQG�GLH�NRUUHNWH�%HUHFKQXQJ�XQG
9LVXDOLVLHUXQJ�GHU�VWRFKDVWLVFKHQ�$EZHLFKXQJHQ��'DEHL�VROOWH�LQ�HUVWHU�/LQLH�GLH�3URJQR�
VHWUHXH� YRQ� 7HUPLQYRUKHUVDJHQ� HUK|KW� XQG� GLH� 3URJQRVHVFKlUIH� EHVWP|JOLFK� JHVFKlW]W
ZHUGHQ��+LHUI�U�ZHUGHQ�0HWKRGHQ�HQWZLFNHOW��PLW�GHQHQ�GLH� UHDOHQ�9DULDQ]HQ�XQG�3UR�
JQRVHEHUHLFKH�DQDO\VLHUW�XQG�YRUKHUJHVDJW�ZHUGHQ�N|QQHQ�

'LH� )HKOHUNRPSHQVDWLRQ� XQG� 6FKlW]XQJ� GHU� VWRFKDVWLVFKHQ� 8QVLFKHUKHLWHQ� HUIROJW� PLW
+LOIH�YRQ�VWDWLVWLVFKHQ�0RGHOOHQ��GLH�GLH�ZHVHQWOLFKHQ�,QIRUPDWLRQHQ��EHU�V\VWHPDWLVFKH
XQG� VWRFKDVWLVFKH� 3URJQRVHIHKOHU� I�U� HLQ� 3URGXNWLRQVV\VWHP� EHLQKDOWHQ�� 'LHVH� VWDWLVWL�
VFKHQ�0RGHOOH�ZHUGHQ� GXUFK�$QDO\VH� YRQ� 3URJQRVHGDWHQ� XQG� UHDO� EHREDFKWHWHQ�'DWHQ
GHV�3URGXNWLRQVV\VWHPV�JHZRQQHQ�

������ (UJHEQLVDXVZHUWXQJ

,P�$QVFKOX��DQ�GLH�)HKOHUNRUUHNWXU�ZHUGHQ�GLH�'DWHQ�GHU�6LPXODWLRQ�DXVJHZHUWHW��'LH
$XVZHUWXQJHQ� VLQG� ZLHGHUXP� DEKlQJLJ� YRQ� GHU� ]X� EHDUEHLWHQGHQ� 3ODQXQJVDXIJDEH�
:LFKWLJ� LVW��GD��$XVZHUWHYHUIDKUHQ�]XU�9HUI�JXQJ�VWHKHQ��GLH�DQ�GLH�5DQGEHGLQJXQJHQ
GHV� ([SHULPHQWV� XQG� GHU� DXV]XZHUWHQGHQ�'DWHQ� DQJHSD�W� VLQG�� 'LHV� EHGHXWHW�� GD�� HLQ
9HUIDKUHQ�EHLVSLHOVZHLVH�GLH�HQJHQ�=HLWUHVWULNWLRQHQ�HUI�OOHQ��PLW�VWDWLVWLVFKHQ�%HVRQGHU�
KHLWHQ�]XUHFKW�NRPPHQ�RGHU�DXFK�EHL�HLQHU�QLHGULJHQ�$Q]DKO�YRQ�6LPXODWLRQVOlXIHQ�VWR�
FKDVWLVFK�KLQUHLFKHQG�DEJHVLFKHUWH�(UJHEQLVVH�OLHIHUQ�PX��
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������ 9LVXDOLVLHUXQJ

'DV�0RGXO�]XU�9LVXDOLVLHUXQJ�EHLQKDOWHW�YHUVFKLHGHQH�9LVXDOLVLHUXQJVPHWKRGHQ��GLH�GLH
3URJQRVHHUJHEQLVVH� LQ�JHHLJQHWHU�)RUP�GDUVWHOOHQ��:LFKWLJ� LVW��GD��9LVXDOLVLHUXQJVWHFK�
QLNHQ�HLQJHVHW]W�ZHUGHQ��GLH�EHUHLWV�EHL�GHQ�6\VWHPEHGLHQHUQ�LP�5DKPHQ�GHU�(UI�OOXQJ
LKUHU�2SWLPLHUXQJVDXIJDEHQ�JHQXW]W�ZHUGHQ��6RPLW�NDQQ�GLH�$N]HSWDQ]�XQG�GLH�LQWXLWLYH
$QZHQGXQJ�JHI|UGHUW�ZHUGHQ�

���� $EOHLWXQJ�HLQHV�3IOLFKWHQKHIWHV�I�U�GLH�)XQNWLRQVPRGXOH

$XV�GHP�$QZHQGXQJVXPIHOG�XQG�GHQ�EHVRQGHUHQ�5DKPHQEHGLQJXQJHQ�EHLP�(LQVDW]�GHU
EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�HUJHEHQ�VLFK�VSH]LHOOH�$QIRUGHUXQJHQ�DQ�GDV�0RGHOO�XQG
GLH�0RGHOOLHUXQJ�� GDV� 6LPXODWLRQVH[SHULPHQW� XQG� GLH�([SHULPHQWSODQXQJ� VRZLH� DQ� GLH
9HUIDKUHQ�]XU�3URJQRVHNRUUHNWXU��$XVZHUWXQJ��$XIEHUHLWXQJ�XQG�'DUVWHOOXQJ�GHU�6LPX�
ODWLRQVHUJHEQLVVH�

'LH�$QIRUGHUXQJHQ�ZXUGHQ�LP�5DKPHQ�YRQ�HPSLULVFKHQ�8QWHUVXFKXQJHQ��ZLH�EHLVSLHOV�
ZHLVH� GHU� LQ� $EVFKQLWW� ������ YRUJHVWHOOWHQ� HPSLULVFKHQ� 6WXGLH�� XQG� HUJlQ]HQGHQ� ,QWHU�
YLHZV�PLW�SRWHQWLHOOHQ�$QZHQGHUQ�HUID�W��=XVlW]OLFK�IORVVHQ�(UIDKUXQJHQ�DXV�YHUVFKLHGH�
QHQ�3URMHNWHQ�DP�,QVWLWXW�I�U�:HUN]HXJPDVFKLQHQ�XQG�%HWULHEVZLVVHQVFKDIWHQ��LZE��HLQ�
EHL� GHQHQ� GLH�$EODXIVLPXODWLRQ� I�U� )UDJHVWHOOXQJHQ� GHU� 3URGXNWLRQVRSWLPLHUXQJ� HLQJH�
VHW]W�ZXUGH�� ,P� IROJHQGHQ�ZLUG�GDV�3IOLFKWHQKHIW�GHV� ]X�HQWZLFNHOQGHQ�6\VWHPV�GDUJH�
VWHOOW�

������ $QIRUGHUXQJHQ�DQ�GLH�([SHULPHQWSODQXQJ

'DV�6LPXODWLRQVH[SHULPHQW� VROOWH� DQ� GLH� ]X� EHDUEHLWHQGH� 3ODQXQJVDXIJDEHQVWHOOXQJ� DQ�
JHSD�W� VHLQ�� ,QVEHVRQGHUH�PX��GLH�:DKO�HLQHU�JHHLJQHWHQ�.RPELQDWLRQ�YRQ�0RGHOOW\S�
([SHULPHQWSDUDPHWHU�� $XVZHUWXQJVYHUIDKUHQ� XQG� 9LVXDOLVLHUXQJ� XQWHUVW�W]W� ZHUGHQ�
$XFK�GHU�'HWDLOOLHUXQJVJUDG�XQG�GLH�VWDWLVWLVFKH�*�WH�GHU�(UJHEQLVVH�VRZLH�GLH�$QWZRUW�
]HLW�GHU�6LPXODWLRQ�P�VVHQ�]X�GHU�3ODQXQJVDXIJDEHQVWHOOXQJ�SDVVHQ�

,P�)DOOH�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�PX��GDV�6LPXODWLRQVH[SHULPHQW�LQ�GHU�5H�
JHO�EHVRQGHUV�HIIL]LHQW�JHVWDOWHW�ZHUGHQ��=LHO�LVW�HV�DX�HUGHP��HLQH�KRKH�*�WH�GHU�(UJHE�
QLVVH� VRZRKO� EH]�JOLFK� V\VWHPDWLVFKHU� )HKOHU�� DOV� DXFK� EH]�JOLFK� VWRFKDVWLVFKHU� 8QVL�
FKHUKHLWHQ�EHUHLWV�EHL�GHU�6LPXODWLRQ�]X�HUUHLFKHQ��8P�GLHVH�=LHOH�]X�HUUHLFKHQ�VLQG�QH�
EHQ�GHQ�VWUDWHJLVFKHQ�DXFK� WDNWLVFKH�$VSHNWH�EHL�GHU�*HVWDOWXQJ�GHV�6LPXODWLRQVH[SHUL�
PHQWV�]X�EHU�FNVLFKWLJHQ��./(,-1(1�	�*52(1(1'$$/��������'LH�VWUDWHJLVFKHQ�$VSHNWH
XPIDVVHQ� GLH� ULFKWLJH�$XVZDKO�� 3DUDPHWULVLHUXQJ� XQG� ,QLWLDOLVLHUXQJ� HLQHV� 6LPXODWLRQV�
PRGHOOV�I�U�HLQ�EHVWLPPWHV�([SHULPHQW��'LH�WDNWLVFKHQ�$VSHNWH�GHILQLHUHQ�GLH�HLJHQWOLFKH
([SHULPHQWGXUFKI�KUXQJ��ZLH�]�%��GHQ�VLPXOLHUWHQ�=HLWUDXP�RGHU�GLH�$Q]DKO�GHU�GXUFK�
]XI�KUHQGHQ�VWRFKDVWLVFKHQ�6LPXODWLRQVOlXIH�

=XU�'HILQLWLRQ�GLHVHU�([SHULPHQWH�VROOWHQ�NHLQH�([SHUWHQNHQQWQLVVH�HUIRUGHUOLFK�VHLQ��'HU
([SHULPHQWDEODXI�E]Z��GLH�6WHXHUXQJ�GHU�6LPXODWLRQVOlXIH�XQG�GLH�(UIDVVXQJ�GHU�I�U�GLH
$XVZHUWXQJ�UHOHYDQWHQ�'DWHQ�VROOWH�DXWRPDWLVFK�HUIROJHQ�
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������ $QIRUGHUXQJHQ�DQ�GDV�0RGHOO�XQG�GLH�0RGHOOLHUXQJ

'DV� 6LPXODWLRQVPRGHOO�PX�� GLH� UHDOH�$QODJH� VR� H[DNW� QDFKELOGHQ�� GD�� HLQH�P|JOLFKVW
JHQDXH�hEHUHLQVWLPPXQJ�YRQ�VLPXOLHUWHQ�XQG�UHDOHQ�(UJHEQLVVHQ�HUUHLFKW�ZHUGHQ�NDQQ�
(V�PX��6WUXNWXULGHQWLWlW�]ZLVFKHQ�0RGHOO�XQG�$QODJH�EHVWHKHQ��)�U�VWRFKDVWLVFKH�6LPX�
ODWLRQVVWXGLHQ�VLQG�]XVlW]OLFK�GLH�9HUWHLOXQJVIXQNWLRQHQ�GHU�=XIDOOVHUHLJQLVVH�UHDOLWlWVJH�
WUHX�]X�PRGHOOLHUHQ��1XU�VR�ZLUG�JHZlKUOHLVWHW��GD��GDV�6LPXODWLRQVPRGHOO�GLH�G\QDPL�
VFKH�&KDUDNWHULVWLN�GHV�3URGXNWLRQVV\VWHPV�ZHLWJHKHQG�UHDOLVWLVFK�DEELOGHW�

'DV�0RGHOO�VROOWH�LQVEHVRQGHUH�I�U�$XIJDEHQVWHOOXQJHQ�GHU�RSHUDWLYHQ�2SWLPLHUXQJ�VHKU
VFKQHOO�VHLQ��$XV�GLHVHP�*UXQG�VROOWH�HV�DXI�GLH�UHOHYDQWHQ�(OHPHQWH�EHVFKUlQNW�ZHUGHQ�
:HQLJHU�ZLFKWLJH�0DWHULDOIOX�HOHPHQWH��,QIRUPDWLRQVIO�VVH�RGHU�$XVZHUWHPHWKRGHQ�VLQG
]X�YHUQDFKOlVVLJHQ�RGHU�]X�DEVWUDKLHUHQ��ZHLO�GLHVH� LQ�GHU�5HJHO�]X�HLQHU�9HUVFKOHFKWH�
UXQJ�GHU�/DXI]HLWHQ� I�KUHQ��'LH�QRWZHQGLJHQ�6WUXNWXUHQ�XQG�$EOlXIH� VROOWHQ� DX�HUGHP
HIIL]LHQW�SURJUDPPLHUW�VHLQ��XP�ZHLWHUH�/DXI]HLWHLQVSDUXQJHQ�]X�HUUHLFKHQ�

)�U� GLH� HLQIDFKH� XQG� DXIZDQGVDUPH� XQG� ZHLWJHKHQG� DXWRPDWLVFKH� (UVWHOOXQJ� VROFKHU
0RGHOOH�VLQG�0RGHOOLHUXQJVKLOIHQ�YRU]XVHKHQ��ZLH�EHLVSLHOVZHLVH�0RGHOOEDXVWHLQNlVWHQ
RGHU�0RGHOOHGLWRUHQ�PLW�ZLVVHQVEDVLHUWHU�8QWHUVW�W]XQJ�

������ $QIRUGHUXQJHQ�DQ�GLH�([SHULPHQWVWHXHUXQJ

1DFK�([SHULPHQWSODQXQJ�XQG�0RGHOOJHQHULHUXQJ�VROO�GDV�([SHULPHQW�DXWRPDWLVFK�DEODX�
IHQ��'D]X�VROOHQ�I�U�GLH�QRWZHQGLJHQ�6LPXODWLRQVOlXIH�0RGHOOH�HQWVSUHFKHQG�GHU�([SH�
ULPHQWNRQILJXUDWLRQ�SDUDPHWULVLHUW�XQG�LQLWLDOLVLHUW�ZHUGHQ��:lKUHQG�GHV�6LPXODWLRQVODXIV
VROOHQ�GLH�]X�HUIDVVHQGHQ�'DWHQ�SURWRNROOLHUW�XQG�I�U�HLQH�VSlWHUH�$XVZHUWXQJ�DUFKLYLHUW
ZHUGHQ�

,Q�HLQLJHQ�)lOOHQ�PX��GLH�([SHULPHQWVWHXHUXQJ�EHQXW]HULQWHUDNWLY�VHLQ��%HLVSLHOVZHLVH�LVW
HV�]X�HUP|JOLFKHQ��HLQHQ�6LPXODWLRQVODXI�RGHU�GDV�JDQ]H�([SHULPHQW�YRU]HLWLJ�DE]XEUH�
FKHQ�� ZHQQ� GHU� :HUW� HLQHU� EHVWLPPWHQ� 9DULDEOHQ� KLQUHLFKHQG� NRQYHUJLHUW� RGHU� ZHQQ
IHVWJHVWHOOW�ZLUG��GD��HLQH�3ODQXQJVYDULDQWH�RIIHQVLFKWOLFK�QLFKW�]LHOI�KUHQG�LVW�

������ $QIRUGHUXQJHQ�DQ�GLH�)HKOHUNRPSHQVDWLRQ�XQG�GLH�VWDWLVWLVFKH
$XVZHUWXQJ

'LH�.RPSHQVDWLRQ� GHV� V\VWHPDWLVFKHQ�)HKOHUV� VRZLH� GLH�%HZHUWXQJ� GHU� VWRFKDVWLVFKHQ
8QVLFKHUKHLW� VROOWHQ� ZHLWJHKHQG� DXWRPDWLVFK� DEODXIHQ�� 1XU� LP� $XVQDKPHIDOO� GDUI� GHU
%HGLHQHU�PLW�GHU�LQWHUDNWLYHQ�(LQJDEH�]XVlW]OLFKHU�,QIRUPDWLRQHQ�RGHU�PLW�(QWVFKHLGXQ�
JHQ��EHU�GLH�$XVZHUWHPHWKRGH�EHODVWHW�ZHUGHQ��$XFK�GLH�hEHUSU�IXQJ�GHU�:LUNVDPNHLW
E]Z��GHU�*�WH�GHV�.RUUHNWXUJOLHGV� VROOWH�P|JOLFKVW� DXWRPDWLVFK�HUIROJHQ��9RQ�GHQ�$Q�
ZHQGHUQ�ZLUG� DN]HSWLHUW�� GD�� I�U� GLH� (UVWHOOXQJ� GHU�.RUUHNWXUPRGHOOH� XQG� GHU� VWDWLVWL�
VFKHQ�0RGHOOH�.HQQWQLVVH� LQ�6WDWLVWLN�HUIRUGHUOLFK�VLQG��'LH�$XVZDKO�GHU�.RUUHNWXUPR�
GHOOH� XQG� GLH� 3URJQRVHNRUUHNWXU� VRZLH� GLH� (UJHEQLVLQWHUSUHWDWLRQ� P�VVHQ� MHGRFK� RKQH
EHVRQGHUH�6WDWLVWLNNHQQWQLVVH�P|JOLFK�VHLQ�

7URW]�GHV�DXWRPDWLVFKHQ�$EODXIV�GHU�.RPSHQVDWLRQ�LVW�I�U�GHQ�%HGLHQHU�HLQ�WUDQVSDUHQWHU
$EODXI�DQ]XVWUHEHQ��%HL�%HGDUI�PX��HU�QDFKYROO]LHKHQ�N|QQHQ��ZLH�HLQ�I�U�LKQ�XQHUZDU�



��.RQ]HSW�HLQHV�3URJQRVHV\VWHPV�I�U�GLH�3URGXNWLRQVRSWLPLHUXQJ� ��

WHWHV�(UJHEQLV�]XVWDQGH�NRPPW��=X�GLHVHP�=ZHFN�VLQG�GHP�%HGLHQHU�DXFK�GLH�RULJLQDOHQ
6LPXODWLRQVHUJHEQLVVH� VRZLH� EHL� %HGDUI� ,QIRUPDWLRQHQ� �EHU� GDV� .RUUHNWXUPRGHOO�� ZLH
EHLVSLHOVZHLVH� HLQH�0RGHOOFKDUDNWHULVLHUXQJ�� ]XU�9HUI�JXQJ� ]X� VWHOOHQ��'LHVH� VROOWH� ,Q�
IRUPDWLRQHQ� �EHU� GLH� 5DQGEHGLQJXQJHQ� ]XP� =HLWSXQNW� GHU� 0RGHOOHUVWHOOXQJ�� ZLH� EHL�
VSLHOVZHLVH� GHQ� $XVODVWXQJVJUDG� GHV� 3URGXNWLRQVV\VWHPV�� GHQ� %HWULHEVPRGXV� �]�%�
6FKLFKWEHWULHE�� RGHU� DXFK� GLH� 9DULDQWH� GHV� 6LPXODWLRQVPRGHOOV� EHLQKDOWHQ�� :HLWHUKLQ
VROOWH�VLH�HLQH�%HZHUWXQJ�HQWKDOWHQ��LQZLHIHUQ�GDV�.RUUHNWXUPRGHOO�EHL�VHLQHU�ELVKHULJHQ
$QZHQGXQJ�]X�HLQHU�9HUEHVVHUXQJ�GHU�3URJQRVHWUHXH�EHLJHWUDJHQ�KDW�

8P�GLH�*HIDKU�]X�UHGX]LHUHQ��GD��GLH�6LPXODWLRQVHUJHEQLVVH�GXUFK�HLQH�JHULQJH�*�WH�GHV
.RUUHNWXUJOLHGV�YHUVFKOHFKWHUW�VWDWW�YHUEHVVHUW�ZHUGHQ��LVW�YRP�.RUUHNWXUJOLHG�HLQH�DXWR�
PDWLVFKH�*�WHNRQWUROOH� GXUFK]XI�KUHQ�� ,Q� GHUHQ�5DKPHQ� LVW� ]X� SU�IHQ�� RE� GLH�$QZHQ�
GXQJ�HLQHV�.RUUHNWXUPRGHOOV�DXI�GLH�DNWXHOOHQ�'DWHQ�YDOLGH�LVW��,P�)DOOH�HLQHV�QLFKW�YDOL�
GHQ�0RGHOOV�LVW�GHU�%HGLHQHU�YRU�HQWVSUHFKHQG�XQVLFKHUHQ�(UJHEQLVVHQ�]X�ZDUQHQ�

'LH� EHWULHEVEHJOHLWHQGH� 6LPXODWLRQ� PX�� UHODWLY� NXU]IULVWLJ� (QWVFKHLGXQJVKLOIHQ� I�U� GLH
)HUWLJXQJVVWHXHUXQJ�OLHIHUQ��)�U�GLHVH�$XIJDEH�VLQG�LQ�GHU�5HJHO�PHKUHUH�6LPXODWLRQVOlX�
IH�GXUFK]XI�KUHQ�XQG�DXV]XZHUWHQ��$XV�GLHVHP�*UXQG�G�UIHQ�GLH�$XVZHUWXQJVYHUIDKUHQ
XQG�GLH�3URJQRVHNRUUHNWXU�GLH�$XVZHUWXQJV]HLWHQ�I�U�HLQHQ�6LPXODWLRQVODXI�QLFKW�PHUN�
OLFK�YHUOlQJHUQ�

������ $QIRUGHUXQJHQ�DQ�GLH�(UJHEQLVYLVXDOLVLHUXQJ

'LH�(UJHEQLVVH�P�VVHQ�VR�DXIEHUHLWHW�XQG�YHUGLFKWHW�ZHUGHQ��GD��6WHXHUXQJVPD�QDKPHQ
RKQH�DXIZHQGLJH�,QWHUSUHWDWLRQ�HLQJHOHLWHW�ZHUGHQ�N|QQHQ��'LH�ZHVHQWOLFKHQ�(UJHEQLVVH
VLQG�OHLFKW�DEOHVEDU�GDU]XVWHOOHQ�XQG�VROOWHQ�DXFK�RKQH�6WDWLVWLNNHQQWQLVVH�HLQIDFK�LQWHU�
SUHWLHUEDU�VHLQ��=XGHP�VROOWH�EHDFKWHW�ZHUGHQ��GD��GLH�(UJHEQLVVH�LQ�HLQHU�)RUP�SUlVHQ�
WLHUW�ZHUGHQ��GLH�GHP�MHZHLOLJHQ�6\VWHPEHGLHQHU�LP�5DKPHQ�VHLQHU�$XIJDEH�JHOlXILJ�LVW�

%HLVSLHOVZHLVH� VLQG� I�U�7HUPLQSURJQRVHQ�*DQWW�&KDUWV� HLQH�ZHLW� YHUEUHLWHWH�9LVXDOLVLH�
UXQJVWHFKQLN��6LH�ELHWHQ�DOOHUGLQJV�ELVODQJ�NHLQH�DXVUHLFKHQGH�9LVXDOLVLHUXQJ�VWDWLVWLVFKHU
.HQQ]DKOHQ��8P�GLH� 6LFKHUKHLW� HLQHU� 3URJQRVH� EHVVHU� ]X� EHXUWHLOHQ�� HUZDUWHW� GDV� /HLW�
VWDQGSHUVRQDO�GHU�,QGXVWULHSDUWQHU�LQ�HUVWHU�/LQLH�$XVVDJHQ�GHU�IROJHQGHQ�$UW��Ä'HU�$XI�
WUDJ�ZLUG�PLW�����LJHU�6LFKHUKHLW�DP�����-XOL�JHJHQ�(QGH�GHU�]ZHLWHQ�6FKLFKW�IHUWLJ�EHL
HLQHU�7ROHUDQ]�YRQ����ELV����6FKLFKWHQ³��(LQH�(UZHLWHUXQJ�XP�GLH�9LVXDOLVLHUXQJ�GLHVHU
,QIRUPDWLRQHQ�LVW�I�U�GLH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�HUIRUGHUOLFK�

���� =XVDPPHQIDVVXQJ

(V�ZXUGH�GDV�.RQ]HSW�HLQHV�3URJQRVHV\VWHPV�HQWZLFNHOW��EHVWHKHQG�DXV�GHQ�)XQNWLRQV�
PRGXOHQ� ([SHULPHQWSODQXQJ�� 0RGHOOJHQHULHUXQJ� XQG� �NRQILJXUDWLRQ�� ([SHULPHQWVWHXH�
UXQJ��)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�� )�U� GLHVH� )XQNWLRQVPRGXOH
ZXUGH�HLQ�3IOLFKWHQKHIW�DEJHOHLWHW��GDV�]XVDPPHQIDVVHQG�LQ�7DEHOOH�����GDUJHVWHOOW�LVW�
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Anforderungen an die Expe-
rimentplanung

�� Anpassung des Experiments an die Planungsaufgabenstellung
�� Unterstützung des Auswahl von Modelltyp, Experimentparameter,

Auswertungsverfahren und Visualisierung
�� Anwendung ohne Expertenkenntnisse

Anforderungen an das Mo-
dell und die Modellierung

�� Exakte Wiedergabe der deterministischen und stochastischen Cha-
rakteristika des abgebildeten Systems durch das Modell

�� Kurze Antwortzeiten des Modells
�� Einfache und aufwandsarme Erstellung von Modellen

Anforderungen an die Expe-
rimentsteuerung

�� Automatischer Ablauf des Experiments
�� Manuelle Eingriffsmöglichkeit in den Experimentablauf

Anforderungen an die Feh-
lerkompensation und die
statistische Auswertung

�� Weitgehend automatischer Ablauf der Fehlerkompensation
�� Automatische Überwachung des Korrekturerfolgs und Warnfunktion
�� Berücksichtigung statistischer Besonderheiten
�� Kurze Laufzeiten der Fehlerkompensation und der Auswertung
�� Nachvollziehbarkeit des Prozesses der Fehlerkompensation
�� Anwendung ohne Expertenkenntnisse

Anforderungen an die Er-
gebnisvisualisierung

�� Unterstützung einer einfachen Interpretation der Ergebnisse
�� Anwendung ohne Expertenkenntnisse

7DEHOOH����� 3IOLFKWHQKHIW�GHV�3URJQRVHV\VWHPV

'LH�JHQDQQWHQ�)XQNWLRQHQ�ZXUGHQ�6\VWHPPRGXOHQ�]XJHRUGQHW��(V�ZXUGHQ�HLQ�0RGXO�]XU
([SHULPHQWSODQXQJ�XQG�±VWHXHUXQJ��HLQ�0RGHOOJHQHUDWRU�XQG�HLQ�0RGXO�]XU�)HKOHUNRP�
SHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�GHILQLHUW�� ,Q� GHQ� IROJHQGHQ�.DSLWHOQ�ZHUGHQ
GLHVH�0RGXOH�GHV�3URJQRVHV\VWHPV�GHWDLOOLHUWHU�HUOlXWHUW�
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�� ([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ

(LQ�ZHVHQWOLFKHU�$VSHNW�EHL�GHU�6LPXODWLRQ�LVW�GLH�'HILQLWLRQ�HLQHV�JHHLJQHWHQ�6LPXODWL�
RQVH[SHULPHQWV�� ,Q� EHVRQGHUHP�0D�H� JLOW� GLHV� I�U� GLH� EHWULHEVEHJOHLWHQGH� 6LPXODWLRQ�
ZHLO�KLHU�GLH�$QIRUGHUXQJHQ�DQ�GLH�$EVROXWJHQDXLJNHLW�GHU�(UJHEQLVVH�LQ�GHU�5HJHO�K|KHU
VLQG�DOV�EHL�GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ��+LQ]X�NRPPW��GD��GLH�5DQGEHGLQ�
JXQJHQ� GHV� ([SHULPHQWV� RIW� XQJ�QVWLJHU� VLQG�� ZHLO� EHLVSLHOVZHLVH� NHLQ� 6LPXODWLRQVH[�
SHUWH�I�U�GLH�'XUFKI�KUXQJ�GHV�([SHULPHQWV�]XU�9HUI�JXQJ�VWHKW�

,Q� GHQ� IROJHQGHQ� $EVFKQLWWHQ� ZLUG� ]XQlFKVW� GLH� $XIJDEHQVWHOOXQJ� GHU� ([SHULPHQWSOD�
QXQJ�EHL� GHU� EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ� DQDO\VLHUW�� ,P�$QVFKOX�� HUIROJW� HLQH�'LV�
NXVVLRQ�HLQHV�/|VXQJVNRQ]HSWV�XQG�GHU�HLQ]HOQHQ�/|VXQJVDQVlW]H�I�U�HLQ�0RGXO�]XU�([�
SHULPHQWSODQXQJ�XQG�±VWHXHUXQJ��%LOG�������$EVFKOLH�HQG�ZLUG�GDV�=XVDPPHQVSLHO�GHU
/|VXQJVDQVlW]H� XQG� GLH� )XQNWLRQVZHLVH� GHU� ([SHULPHQWSODQXQJ� GXUFK� HLQH� GHWDLOOLHUWH
%HVFKUHLEXQJ�GHV�$EODXIHV�YHUGHXWOLFKW�

" ([SHULPHQW���

([SHULPHQW�
SODQXQJ

([SHULPHQW�
VWHXHUXQJ

)HKOHU�
NRPSHQVDWLRQ

(UJHEQLV�
DXVZHUWXQJ

$XVZHUWH�
YHUIDKUHQ�$�

$XVZHUWH�
YHUIDKUHQ�%�

$

%

0RGHOO�
JHQHUDWRU

(UJHEQLV�
YLVXDOLVLHUXQJ

*HQHULHUXQJ�SURJQRVHWUHXHU�
6LPXODWLRQVPRGHOOH��.DS����

([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ�
�.DS����

)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�
XQG�9LVXDOLVLHUXQJ��.DS����

%LOG����� )XQNWLRQVPRGXO�]XU�([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ

���� $QDO\VH�GHU�$XIJDEHQVWHOOXQJ�EHL�GHU�'HILQLWLRQ
EHWULHEVEHJOHLWHQGHU�6LPXODWLRQVH[SHULPHQWH

=XQlFKVW�ZLUG�GLH�$XVJDQJVVLWXDWLRQ�EHL�GHU�.RQILJXUDWLRQ�YRQ�(LQ]HOH[SHULPHQWHQ�GDU�
JHVWHOOW��,Q�GHU�)ROJH�ZHUGHQ�GLH�XQWHUVFKLHGOLFKHQ�)UDJHVWHOOXQJHQ�VRZLH�GHU�,QIRUPDWL�
RQVEHGDUI�EHL�YHUVFKLHGHQHQ�6LPXODWLRQVDQZHQGXQJHQ�DQDO\VLHUW��:HLWHUKLQ�HUIROJW�HLQH
V\VWHPDWLVFKH� 'DUVWHOOXQJ� GHU� $VSHNWH� GHU� ([SHULPHQWNRQILJXUDWLRQ� PLW� GHP� =LHO� GLH
$XIJDEHQVWHOOXQJ�]X�GHILQLHUHQ�
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������ .ODVVLIL]LHUXQJ�GHU�)UDJHVWHOOXQJHQ

(LQHQ� ZHVHQWOLFKHQ� (LQIOX�� DXI� GLH� ([SHULPHQWNRQILJXUDWLRQ� EHVLW]W� GLH� )UDJHVWHOOXQJ�
GLH�PLWWHOV� 6LPXODWLRQ� EHDUEHLWHW� ZHUGHQ� VROO�� $XV� GHU� )UDJHVWHOOXQJ� ODVVHQ� VLFK� =LHOH�
$QIRUGHUXQJHQ�XQG�5DQGEHGLQJXQJHQ�GHV�6LPXODWLRQVH[SHULPHQWV�DEOHLWHQ�

=XQlFKVW�ZHUGHQ�GLH�)UDJHVWHOOXQJHQ�GHU�3URGXNWLRQVRSWLPLHUXQJ�ZHLWHU� GHWDLOOLHUW� XQG
GHU�=XVDPPHQKDQJ�PLW�GHU�'HILQLWLRQ�EHWULHEVEHJOHLWHQGHU�6LPXODWLRQVH[SHULPHQWH�YHU�
GHXWOLFKW��,P�$QVFKOX��ZHUGHQ�YHUVFKLHGHQH�$UWHQ�YRQ�([SHULPHQWHQ�V\VWHPDWLVLHUW�XQG
NODVVLIL]LHUW�

%DVLV�I�U�GLH�.ODVVLIL]LHUXQJ�GHU�([SHULPHQWH�VLQG�$XVZHUWXQJHQ�HLQVFKOlJLJHU�ZLVVHQ�
VFKDIWOLFKHU�9HU|IIHQWOLFKXQJHQ��]�%��g='(0,5(/�(7�$/��������6�������XQG�$QDO\VHQ�GHU
&KDUDNWHULVWLND� ]DKOUHLFKHU� DP� ,QVWLWXW� I�U� :HUN]HXJPDVFKLQHQ� XQG� %HWULHEVZLVVHQ�
VFKDIWHQ� �LZE��GXUFKJHI�KUWHU�3URMHNWH� LP�%HUHLFK�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�
8P�DXI�GHQ�(UNHQQWQLVVHQ�GHU�EHUHLWV�LQ�GHU�/LWHUDWXU�GRNXPHQWLHUWHQ�.ODVVLIL]LHUXQJVV\�
VWHPH� DXI]XEDXHQ�� ZXUGHQ� GLHVH� ]XQlFKVW� DQ� GHQ� VSH]LHOOHQ� $QZHQGXQJVIDOO� GHU� EH�
WULHEVEHJOHLWHQGHQ�6LPXODWLRQ�DQJHSD�W��'LH�LP�5DKPHQ�GHU�3URMHNWH�GXUFKJHI�KUWHQ�6L�
PXODWLRQVH[SHULPHQWH�ZXUGHQ�DEVWUDKLHUW�EHWUDFKWHW�XQG�KLQVLFKWOLFK�GHU�.ULWHULHQ�ÄYRU�
UDQJLJHV�=LHO�GHV�([SHULPHQWV�XQG�GHU�3ODQXQJ³��ÄJHIRUGHUWH�*HQDXLJNHLW�XQG�$XVVDJH�
VFKlUIH³��Ä3URJQRVHKRUL]RQW³�XQG�³=HLWUHVWULNWLRQ³�EHZHUWHW��,P�$QVFKOX��ZXUGHQ�.ODV�
VHQ�W\SLVFKHU�6LPXODWLRQVH[SHULPHQWH�JHELOGHW��(UJHEQLV�GHU�8QWHUVXFKXQJHQ�LVW��GD��VLFK
GLH�XQWHUVXFKWHQ�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQVH[SHULPHQWH�HLQHP�GHU�GUHL� LQ�7DEHOOH
����EHVFKULHEHQHQ�([SHULPHQWV]HQDULHQ�]XRUGQHQ�ODVVHQ�

6]HQDULR�,�HQWVSULFKW�HLQHU�VHKU�NXU]IULVWLJHQ�$XIJDEHQVWHOOXQJ�DXV�GHP�%HUHLFK�GHU�RSH�
UDWLYHQ� 3URGXNWLRQVRSWLPLHUXQJ�� EHLVSLHOVZHLVH� LP� 5DKPHQ� GHV� 6W|UXQJVPDQDJHPHQWV�
+LHU�JLOW�HV�� VHKU�NXU]IULVWLJH�XQG�H[DNWH�3URJQRVHQ��EHU�3URGXNWLRQVWHUPLQH�]X�JHZLQ�
QHQ��'LH�3URJQRVHQ�P�VVHQ�VHKU�GHWDLOOLHUW�VHLQ��(V�ZHUGHQ�2SWLPLHUXQJVPD�QDKPHQ�DXV
GHP�%HUHLFK�GHU�NXU]IULVWLJHQ�6WHXHUXQJVHLQJULIIH��G�K��RKQH�9DULDWLRQ�GHU�3URGXNWLRQV�
VWUXNWXUHQ��JHWHVWHW��'HU�=HLWGUXFN�]XP�(UVWHOOHQ�GHU�3URJQRVH�LVW�VHKU�KRFK��0HLVW�VWHKHQ
QXU�ZHQLJH�0LQXWHQ�]XU�9HUI�JXQJ�

6]HQDULR� ,,� HQWVSULFKW�GHP�(LQVDW]�GHV�3URJQRVHV\VWHPV� LP�%HUHLFK�GHU�PLWWHOIULVWLJHQ
RSHUDWLYHQ� 2SWLPLHUXQJ�� G�K�� LP� 5DKPHQ� GHU� 3URGXNWLRQVSODQXQJ� XQG� ±VWHXHUXQJ�� )�U
GLHVH�$XIJDEH�P�VVHQ�VHKU�H[DNWH��GHWDLOOLHUWH�XQG�TXDQWLIL]LHUWH�3URJQRVHQ�GHU�7HUPLQH�
'XUFKODXI]HLWHQ�XQG�8PODXIEHVWlQGH�XQWHU�KRKHP�=HLWGUXFN�HUVWHOOW�ZHUGHQ��$XFK�KLHU
ZHUGHQ�GLH�6WUXNWXUHQ�EHL�GHU�2SWLPLHUXQJ�QLFKW�YDULLHUW�

6]HQDULR�,,,�EHVFKUHLEW�GHQ�(LQVDW]�GHV�3URJQRVHV\VWHPV�LP�5DKPHQ�GHU�WDNWLVFKHQ�3UR�
GXNWLRQVRSWLPLHUXQJ�� )�U� GLHVH� 2SWLPLHUXQJVDXIJDEH� ZHUGHQ� DXFK� GLH� 6WUXNWXUHQ� GHV
3URGXNWLRQVV\VWHPV� YDULLHUW�� (V� P�VVHQ� H[DNWH� XQG� GHWDLOOLHUWH� PLWWHO�� ELV� ODQJIULVWLJH
3URJQRVHQ� GHV� 'XUFKVDW]HV� XQG� GHU� $XVODVWXQJ� GHV� 3URGXNWLRQVV\VWHPV�� GHU� %HVWlQGH
XQG�GHU�'XUFKODXI]HLWHQ�HUVWHOOW�ZHUGHQ��'LHVH�N|QQHQ�DOOHUGLQJV�]X�HLQHP�7HLO�TXDOLWDWLY
VHLQ��'HU�=HLWGUXFN�LVW�QLFKW�EHVRQGHUV�JUR���(LQ�([SHULPHQW�VROOWH�DOOHUGLQJV�LP�%HUHLFK
YRQ�HLQLJHQ�6WXQGHQ�DEJHVFKORVVHQ�VHLQ�
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1U� 3ODQXQJV��
([SHULPHQW�
V]HQDULR

9RUUDQJLJHV�=LHO�GHV�([SHULPHQWV�XQG
GHU�3ODQXQJ

*HIRUGHUWH�*H�
QDXLJNHLW�XQG
$XVVDJHVFKlUIH

3URJQR�
VHKRUL�
]RQW

=HLW�
UHVWULNWLRQ

, 2SHUDWLYH�2SWLPLH�
UXQJ������%HZHU�
WXQJ�YRQ�0D�QDK�
PHQ�]XU�5HDNWLRQ
DXI�6W|UXQJHQ�RGHU
4XDOLWlWVPlQJHO

�� 'XUFKI�KUXQJ�YRQ�7HUPLQSURJQRVHQ
�� 2SWLPLHUXQJ�RKQH�9DULDWLRQ�GHU�3UR�
GXNWLRQVVWUXNWXUHQ

�� ([DNW
�� 6HKU�GHWDLOOLHUW
�0LQXWHQ�
6WXQGHQ�

�� 4XDQWLWDWLY
XQG�TXDOLWDWLY

.XU]IUL�
VWLJ
����
:RFKHQ�

6HKU�KRFK
�ZHQLJH
0LQXWHQ��
([SHULPHQW�

,, 2SHUDWLYH�2SWLPLH�
UXQJ������2SWLPLH�
UXQJVDXIJDEHQ
SDUDOOHO�]XP�QRU�
PDOHQ�%HWULHE

�� 'XUFKI�KUXQJ�YRQ�7HUPLQSURJQRVHQ�
'XUFKODXI]HLW��RGHU�%HVWDQGVDQDO\VHQ

�� 2SWLPLHUXQJ�RKQH�9DULDWLRQ�GHU�3UR�
GXNWLRQVVWUXNWXUHQ

�� 6HKU�H[DNW
�� 'HWDLOOLHUW
�7DJH�

�� 4XDQWLWDWLY

0LWWHOIUL�
VWLJ
�����
:RFKHQ�

+RFK
�FD����K��
([SHULPHQW�

,,, 7DNWLVFKH�2SWLPLH�
UXQJ��0LWWHOIULVWLJH
6WUXNWXU��RGHU
6WUDWHJLHRSWLPLH�
UXQJ

�� 'XUFKI�KUXQJ�YRQ�'XUFKVDW]���$XV�
ODVWXQJV���'XUFKODXI]HLW��RGHU
%HVWDQGVDQDO\VHQ

�� 2SWLPLHUXQJ�PLW�9DULDWLRQ�GHU�3URGXN�
WLRQVVWUXNWXUHQ

�� ([DNW
�� 'HWDLOOLHUW
�7DJH�

�� 4XDOLWDWLY

0LWWHO��ELV
ODQJIULVWLJ
�!��
0RQDWH�

0LWWHO
�ZHQLJH
6WXQGHQ��
([SHULPHQW�

7DEHOOH����� hEHUEOLFN�GHU�([SHULPHQWV]HQDULHQ

������ 6WUDWHJLVFKH�XQG�WDNWLVFKH�$VSHNWH�GHU�([SHULPHQWSODQXQJ

,P� 5DKPHQ� GHU� ([SHULPHQWSODQXQJ� ZHUGHQ� YHUVFKLHGHQH� (QWVFKHLGXQJHQ� KLQVLFKWOLFK
0RGHOO�� ([SHULPHQWGXUFKI�KUXQJ� XQG�(UJHEQLVDXVZHUWXQJ� JHWURIIHQ��'LH� ]X� WUHIIHQGHQ
(QWVFKHLGXQJHQ�ODVVHQ�VLFK�LQ�VWUDWHJLVFKH�XQG�WDNWLVFKH�$VSHNWH�JOLHGHUQ�

6WUDWHJLVFKH�$VSHNWH�ZHUGHQ� LP�5DKPHQ� GHU� LQKDOWOLFKHQ�'HILQLWLRQ� GHV� ([SHULPHQWV
IHVWJHOHJW��6LH�ZHUGHQ�GXUFK�GLH�$UW�GHU�)UDJHVWHOOXQJ��GLH�GHU�%HQXW]HU�LP�6LPXODWLRQV�
H[SHULPHQW�EHDUEHLWHQ�P|FKWH��EHVWLPPW��,Q�HUVWHU�/LQLH�KDQGHOW�HV�VLFK�EHL�GHQ�VWUDWHJL�
VFKHQ�$VSHNWHQ�XP�GLH�]X�YDULLHUHQGHQ�(LQJDQJVSDUDPHWHU�GHV�0RGHOOV�XQG�XP�GLH� ]X
VLPXOLHUHQGHQ�3DUDPHWHUZHUWH�XQG��NRPELQDWLRQHQ��%HLVSLHOH�I�U�GLHVH�(LQJDQJVSDUDPH�
WHU�VLQG�GLH�$Q]DKO�YRQ�5HVVRXUFHQ�RGHU�6FKLFKWHQ�RGHU�GLH�:DKO�GHU�5HLKHQIROJHVWUDWH�
JLH�

'LH�]X�YDULLHUHQGHQ�(LQJDQJVSDUDPHWHU�KlQJHQ�VHKU� VWDUN�YRP�$QZHQGXQJVIDOO� GHU�6L�
PXODWLRQ� DE��'LH�0HQJH�GHU� YDULDEOHQ�(LQJDQJVSDUDPHWHU� EHVLW]W� HLQHQ� JUR�HQ�(LQIOX�
DXI�GLH�*HVWDOWXQJ�GHV�6LPXODWLRQVPRGHOOV�XQG�GHQ�8PIDQJ�GHV�([SHULPHQWV��$XV�GHP
$QZHQGXQJVIDOO� ODVVHQ� VLFK�$QIRUGHUXQJHQ� DQ� GDV�0RGHOO� DEOHLWHQ�� GLH� LQ� HUVWHU� /LQLH
ODQJIULVWLJHU�XQG�JUXQGOHJHQGHU�1DWXU�VLQG��ZLH�EHLVSLHOVZHLVH��EHU�GHQ�$EVWUDNWLRQVJUDG
XQG� GLH� *UHQ]HQ� GHV� 0RGHOOV� RGHU� GLH� $UW� GHU� GXUFK]XI�KUHQGHQ� $XVZHUWXQJHQ�� 'LH
:HUWH� GHU� (LQJDQJVSDUDPHWHU� ZHUGHQ� VSH]LILVFK� YRU� MHGHP� 6LPXODWLRQVODXI� IHVWJHOHJW�
=XU�)HVWOHJXQJ�GHU�3DUDPHWHUZHUWH�I�U�GLH�HLQ]HOQHQ�6LPXODWLRQVOlXIH�ZHUGHQ�NODVVLVFKH
0HWKRGHQ�GHU�([SHULPHQWSODQXQJ��'HVLJQ�RI�([SHULPHQWV���'2(��KHUDQJH]RJHQ�

7DNWLVFKH�$VSHNWH�EHWUHIIHQ�LQ�HUVWHU�/LQLH�GLH�)UDJH��GXUFK�ZHOFKH�([SHULPHQWSDUDPH�
WHU�JHZlKUOHLVWHW�ZLUG��GD��GLH�6LPXODWLRQVHUJHEQLVVH�VWRFKDVWLVFK�DEJHVLFKHUW�VLQG��+LHU�
]X�]lKOHQ�YRU�DOOHP�GLH�$Q]DKO�XQG�GLH�/lQJH�GHU�HLQ]HOQHQ�6LPXODWLRQVOlXIH�VRZLH�GLH
(QWVFKHLGXQJ��RE�VWRFKDVWLVFK�VLPXOLHUW�ZLUG�RGHU�QLFKW��$XFK�GLH�(QWVFKHLGXQJ��EHU�GHQ
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(LQVDW]� EHVWLPPWHU� 9DULDQFH�5HGXFWLRQ�7HFKQLTXHV� �957V�� JHK|UW� ]X� GHQ� WDNWLVFKHQ
$VSHNWHQ��YJO��$EVFKQLWWH�������XQG������

7DNWLVFKH� $VSHNWH� EHWUHIIHQ� HKHU� HLQ� VSH]LILVFKHV� 6LPXODWLRQVH[SHULPHQW�� 6LH� P�VVHQ
GHVZHJHQ�NXU]IULVWLJ�IHVWJHOHJW�XQG�YHUlQGHUW�ZHUGHQ�N|QQHQ��7DNWLVFKH�$VSHNWH�VLQG�I�U
GHQ�6\VWHPDQZHQGHU�XQLQWHUHVVDQW��ZHLO�VLH�QLFKWV�PLW�GHP�([SHULPHQWLQKDOW�]X�WXQ�KD�
EHQ��'LH�)HVWOHJXQJ�GLHVHU�([SHULPHQWSDUDPHWHU� HUIRUGHUW� DOOHUGLQJV� LQ� GHU�5HJHO� 6SH�
]LDONHQQWQLVVH�LQ�6WDWLVWLN��$XV�GLHVHP�*UXQG�VROOWH�GHU�6\VWHPEHGLHQHU�LQVEHVRQGHUH�EHL
GHU�)HVWOHJXQJ�GHU�WDNWLVFKHQ�$VSHNWH�YRQ�HLQHP�([SHULPHQWSODQXQJVV\VWHP�XQWHUVW�W]W
ZHUGHQ�

'XUFK� GDV� LP�5DKPHQ� GHU� YRUOLHJHQGHQ�$UEHLW� HQWZLFNHOWH� ([SHULPHQWSODQXQJVV\VWHP
ZLUG�YRUUDQJLJ�GLH�3ODQXQJ�GHU�WDNWLVFKHQ�$VSHNWH�GHU�([SHULPHQWSODQXQJ�XQWHUVW�W]W�

���� /|VXQJVNRQ]HSW�]XU�.RQILJXUDWLRQ�XQG�6WHXHUXQJ�VWRFKDVWLVFKHU
(LQ]HOH[SHULPHQWH

,P�5DKPHQ�GHU�.RQILJXUDWLRQ�HLQHV�VWRFKDVWLVFKHQ�(LQ]HOH[SHULPHQWV�P�VVHQ�DEKlQJLJ
YRP�JHZlKOWHQ�([SHULPHQWV]HQDULR�HLQ�JHHLJQHWHU�0RGHOOLHUXQJVW\S�XQG�VSH]LILVFKH�6L�
PXODWLRQVEDXVWHLQH�DXVJHZlKOW�VRZLH�([SHULPHQWSDUDPHWHU�IHVWJHOHJW�ZHUGHQ��:HLWHUKLQ
PX��HLQH�$XVZDKO�JHHLJQHWHU�$XVZHUWH��XQG�9LVXDOLVLHUXQJVPHWKRGHQ�JHWURIIHQ�ZHUGHQ�
/LHJW� HLQ� JHHLJQHWHV� 6LPXODWLRQVPRGHOO� YRU��PX�� GLHVHV� LP�5DKPHQ� GHU�'XUFKI�KUXQJ
GHV� ([SHULPHQWV� HQWVSUHFKHQG� GHU� ([SHULPHQWSDUDPHWHU� LQLWLDOLVLHUW� XQG� GHU� 6LPXODWL�
RQVODXI�JHVWHXHUW�ZHUGHQ�

=ZLVFKHQ�GHU�.RQILJXUDWLRQ�YRQ�([SHULPHQW�XQG�0RGHOO� H[LVWLHUHQ� VWDUNH�:HFKVHOZLU�
NXQJHQ��%HLVSLHOVZHLVH�HUIRUGHUW�HLQ�([SHULPHQW��ZHOFKHV�]XP�=LHO�KDW��VHKU�VFKQHOO�HLQH
RSWLPDOH�0D�QDKPH�]XU�%HVHLWLJXQJ�HLQHU�6W|UXQJ�]X�HUPLWWHOQ��HLQ�VHKU�VFKQHOOHV��HKHU
DEVWUDNWHV�0RGHOO�RKQH�6WRFKDVWLN��,P�*HJHQVDW]�GD]X�ZLUG�I�U�HLQ�([SHULPHQW�LP�5DK�
PHQ�GHU�PLWWHOIULVWLJHQ�$XIJDEHQ�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�RGHU�GHU�WDNWL�
VFKHQ�3URGXNWLRQVRSWLPLHUXQJ�HLQ�GHWDLOOLHUWHUHV�0RGHOO�EHQ|WLJW��GDV�]XYHUOlVVLJH�$XV�
VDJHQ�XQG�HLQH� VWRFKDVWLVFKH�%HZHUWXQJ� OLHIHUW��'XUFK�GLH�$UW�GHV�([SHULPHQWV�ZHUGHQ
GHU� $EVWUDNWLRQVJUDG� GHV� 0RGHOOV�� GLH� 0RGHOOJUHQ]HQ�� GLH� $UW� XQG� 'HWDLOOLHUXQJ� GHU
GXUFK�GDV�6LPXODWLRQVPRGHOO�EHUHLW]XVWHOOHQGHQ�'DWHQ�XQG�GLH�$EELOGXQJ�GHU�6WRFKDVWLN
EHVWLPPW�

$XIJUXQG�GLHVHU�$EKlQJLJNHLWHQ�EHVWHKW�GLH�*HIDKU��GD��I�U� MHGHV�QHXH�([SHULPHQW�GDV
0RGHOO�QHX�DQJHSD�W�ZHUGHQ�PX���'LHVHU�$QSDVVXQJVYRUJDQJ�Z�UGH�LQ�GHU�5HJHO�HLQHQ
6LPXODWLRQVVSH]LDOLVWHQ�HUIRUGHUQ��8P�GLHV�]X�YHUPHLGHQ��IRUGHUW�=(,*/(5��������GLH�%H�
VFKUHLEXQJ�YRQ�0RGHOO�XQG�([SHULPHQW�VWULNW�]X�WUHQQHQ��=LHO�PX��HV�VHLQ��0RGHOOH�I�U
HLQH�JU|�HUH�%DQGEUHLWH�YRQ�([SHULPHQWHQ�]X�HQWZLFNHOQ�

$OOHUGLQJV�KDW�VLFK�JH]HLJW��GD��VLFK�HUVWH�.RQ]HSWH�XQLYHUVHOOHU�([SHULPHQWLHUXPJHEXQ�
JHQ�LQ�GHU�3UD[LV�GXUFK�PDQJHOQGHQ�%HGLHQNRPIRUW�XQG�KRKH�.RPSOH[LWlW�QRFK�DXI�JUR�
�H�5HDOLVLHUXQJV��XQG�$N]HSWDQ]K�UGHQ�VWR�HQ��g='(0,5(/�������6��������g='(0,5(/

(7�$/��������6���������$XV�SUDJPDWLVFKHQ�*U�QGHQ�ZXUGHQ�GHVKDOE�([SHULPHQWLHU��XQG
6LPXODWLRQVXPJHEXQJHQ� PLW� HLQHP� HLQJHJUHQ]WHQ� $QZHQGXQJVJHELHW� HQWZLFNHOW� �]�%�
g='(0,5(/�(7�$/��������6��������$QJHVLFKWV�GHU�KRKHQ�$QIRUGHUXQJHQ�GHU�EHWULHEVEH�
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JOHLWHQGHQ�6LPXODWLRQ�KLQVLFKWOLFK�0RGHOOHIIL]LHQ]�XQG�3URJQRVHJ�WH�VRZLH�GHU�VWDUN�HLQ�
JHVFKUlQNWHQ�9LHOIDOW�GHU�([SHULPHQWH�HUZHLVW�VLFK�GLHVHU�$QVDW]�DOV�EHVRQGHUV�YLHOYHU�
VSUHFKHQG�

:HFKVHOZLUNXQJHQ� H[LVWLHUHQ� DXFK� ]ZLVFKHQ� ([SHULPHQW�� $XVZHUWXQJVYHUIDKUHQ� XQG
9LVXDOLVLHUXQJVWHFKQLN��%LOG� ���� ]HLJW� GDV�/|VXQJVNRQ]HSW� ]XU�([SHULPHQWSODQXQJ�� EH�
VWHKHQG�DXV�([SHULPHQWUDKPHQ��0RGHOONRQILJXUDWRU��([SHULPHQWVWHXHUXQJ�XQG�$XVZHU�
WXQJV���9LVXDOLVLHUXQJVEDXNDVWHQ�� ,P� IROJHQGHQ�ZHUGHQ� GHU� ([SHULPHQWUDKPHQ� XQG� GLH
([SHULPHQWVWHXHUXQJ�GHWDLOOLHUW� EHVFKULHEHQ��'LH� EHLGHQ� DQGHUHQ�%HVWDQGWHLOH� GHV�.RQ�
]HSWV��ZHUGHQ� LP�YRUOLHJHQGHQ�.DSLWHO�QXU�NXU]�GDUJHVWHOOW��XP�GDV�=XVDPPHQVSLHO�GHU
$QVlW]H�]X�YHUGHXWOLFKHQ��(LQH�GHWDLOOLHUWH�%HVFKUHLEXQJ�GLHVHU�$QVlW]H�EHILQGHW�VLFK�LQ
GHQ�.DSLWHOQ���XQG���

([SHULPHQWGHILQLWLRQ�

PLWWHOV�([SHULPHQWUDKPHQ

" ([SHULPHQW���

6WHXHUXQJ�HLQHV�

([SHULPHQWV�HQWVSUHFKHQG�

GHU�([SHULPHQWGHILQLWLRQ

.RQILJXUDWLRQ�HLQHV�]XP�

([SHULPHQW�SDVVHQGHQ�

6LPXODWLRQVPRGHOOV

([SHULPHQW���

�

%DXNDVWHQ�JHHLJQHWHU�

9HUIDKUHQ�]XU�$XVZHUWXQJ�

XQG�9LVXDOLVLHUXQJ�

$XVZHUWH�
YHUIDKUHQ�$�

$XVZHUWH�
YHUIDKUHQ�%�

$

%

%LOG����� (OHPHQWH�GHV�/|VXQJVNRQ]HSWV�I�U�GLH�([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ

������ ([SHULPHQWSODQXQJ�PLWWHOV�([SHULPHQWUDKPHQ

$OOJHPHLQ�EH]HLFKQHW�GHU�%HJULII�Ä([SHULPHQWUDKPHQ³�GLH�%HGLQJXQJHQ��XQWHU�GHQHQ�HLQ
6\VWHP�RGHU�HLQ�0RGHOO�EHREDFKWHW�RGHU�H[SHULPHQWLHUW�ZLUG��.RQNUHW�ZLUG�GDUXQWHU� LP
5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�GLH�0HQJH�XQG�GLH�6WUXNWXU�GHU�LQWHUDNWLY�YRP�%HQXW]HU
HLQ]XJHEHQGHQ�'DWHQ� YHUVWDQGHQ��PLW� GHQHQ� GDV�9HUKDOWHQ� GHV� NRUUHVSRQGLHUHQGHQ� 6L�
PXODWLRQVPRGHOOV�VRZLH�GLH�3DUDPHWHU�GHV�6LPXODWLRQVH[SHULPHQWV�GHILQLHUW�ZHUGHQ��0LW
+LOIH�GHV�([SHULPHQWUDKPHQV�ZLUG�GLH�([SHULPHQWSODQXQJ�YRUJHQRPPHQ��(UJHEQLV�GHU
([SHULPHQWSODQXQJ� LVW� GLH� ([SHULPHQWNRQILJXUDWLRQ�� 'HU� KLHU� ]X� HQWZLFNHOQGH� ([SHUL�
PHQWUDKPHQ�PX�� GHQ�$QZHQGHU� LQ� GHU� /DJH� YHUVHW]HQ�� IROJHQGH� $VSHNWH� GHV� ([SHUL�
PHQWV�]X�GHILQLHUHQ�

8QWHUVXFKXQJVREMHNW

'DV�8QWHUVXFKXQJVREMHNW�VWHOOW�GDV�6LPXODWLRQVPRGHOO�GHV�3URGXNWLRQVV\VWHPV�PLW
VHLQHQ� I�U� GDV� ([SHULPHQW� J�OWLJHQ� 6\VWHPJUHQ]HQ� GDU�� +LQ]X� NRPPW� HLQH� %H�
VFKUHLEXQJ� GHU� 5DQGEHGLQJXQJHQ� GHV� 6\VWHPV� VRZLH� GHVVHQ� 9HUKDOWHQ� DQ� GHQ
6FKQLWWVWHOOHQ��,P�5DKPHQ�GHU�'HILQLWLRQ�GHV�8QWHUVXFKXQJVREMHNWV�ZHUGHQ�DXFK
GLH�EHLP�([SHULPHQW�YDULLHUEDUHQ�0RGHOOSDUDPHWHU��VWUDWHJLVFKH�$VSHNWH�GHU�([�
SHULPHQWSODQXQJ�� IHVWJHOHJW�� :HLWHUKLQ� ZLUG� GHU� ,QLWLDO]XVWDQG� GHV� 6LPXODWLRQV�
PRGHOOV�YRP�%HQXW]HU�GHILQLHUW�
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([SHULPHQW]LHO

'DV�([SHULPHQW]LHO�ZLUG�YRP�6\VWHPDQZHQGHU�GXUFK�GLH�)UDJHVWHOOXQJ�GHILQLHUW�
GLH� XQWHUVXFKW�ZHUGHQ� VROO��'DUDXV�ZHUGHQ� GLH� ]X�PHVVHQGHQ�*U|�HQ� DEJHOHLWHW�
6RIHUQ� VLFK� GDUDXV� QLFKW� XQPLWWHOEDU� HLQ� EHVWLPPWHV� $XVZHUWH�� XQG� 9LVXDOLVLH�
UXQJVYHUIDKUHQ�HUJLEW��ZHUGHQ�GLHVH�KLHU�DXVJHZlKOW�

([SHULPHQWUHVWULNWLRQHQ

=XP�$EVFKOX�� ZHUGHQ� GLH� ([SHULPHQWUHVWULNWLRQHQ� GHILQLHUW�� (QWVFKHLGHQGH� 3D�
UDPHWHU�VLQG�GHU�8QWHUVXFKXQJV]HLWUDXP��GLH�$QIRUGHUXQJHQ�KLQVLFKWOLFK�GHU�*H�
QDXLJNHLW� GHU� (UJHEQLVVH� XQG� 5HVWULNWLRQHQ� KLQVLFKWOLFK� GHU� /DXI]HLW�� =ZLVFKHQ
GLHVHQ� 3DUDPHWHUQ� EHVWHKHQ� HQJH�:HFKVHOZLUNXQJHQ�� 1LFKW� DOOH� .RPELQDWLRQHQ
YRQ�3DUDPHWHUDXVSUlJXQJHQ� VLQG�P|JOLFK��*HHLJQHWH�.RPELQDWLRQHQ�ZHUGHQ�EH�
UHLWV�DXV�GHP�([SHULPHQW]LHO�DEJHOHLWHW��,Q�GLHVHP�6FKULWW�HUIROJW�HLQH�)HLQHLQVWHO�
OXQJ�GLHVHU�3DUDPHWHU�

,P�([SHULPHQWUDKPHQ� VLQG�GLH�)UHLKHLWVJUDGH� I�U�GLH�([SHULPHQWSODQXQJ�GHILQLHUW��%H�
VWLPPWH�.RPELQDWLRQHQ�YRQ�([SHULPHQWSDUDPHWHUQ� HUJHEHQ� LQ�GHU�SUDNWLVFKHQ�$QZHQ�
GXQJ� NHLQHQ� 6LQQ�� %HLVSLHOVZHLVH� LVW� EHL� NXU]HQ� 3URJQRVHKRUL]RQWHQ� LQ� GHU� 5HJHO� HLQH
KRKH�*HQDXLJNHLW�GHU�(UJHEQLVVH�VRZLH�HLQH�NXU]H�$QWZRUW]HLW�GHV�6LPXODWRUV�JHIRUGHUW�
$QGHUH�.RPELQDWLRQHQ� N|QQHQ� DXVJHVFKORVVHQ�ZHUGHQ�� 'LH� VLQQYROOHQ� .RPELQDWLRQHQ
VLQG�GXUFK�5HJHOQ�LP�([SHULPHQWUDKPHQ�GHILQLHUW��$XFK�LVW�HV�P|JOLFK��EHVWLPPWH�W\SL�
VFKH� ([SHULPHQWNRQILJXUDWLRQHQ� YRUDE� ]X� GHILQLHUHQ�� 9RUGHILQLHUWH�� W\SLVFKH� ([SHUL�
PHQWNRQILJXUDWLRQHQ�ZHUGHQ�LQ�GHU�/LWHUDWXU�DOV�Ä'HVLJQ�VKHHWV³�EH]HLFKQHW�

1DFKGHP�DOOH�3DUDPHWHU� IHVWJHOHJW� VLQG�� HUIROJW� DXWRPDWLVFK�� RKQH�%HQXW]HULQWHUDNWLRQ�
HLQH�$XVZDKO� GHV�0RGHOOLHUXQJVW\SV� VRZLH� GHU� JHHLJQHWHQ�%DXVWHLQH��'DUDXV�ZLUG� GDV
6LPXODWLRQVPRGHOO� JHQHULHUW�� ,Q� HLQHP� QlFKVWHQ� 6FKULWW� ZHUGHQ� GDV�0RGHOO� LQLWLDOLVLHUW
XQG�GLH�6LPXODWLRQVOlXIH�SDUDPHWULVLHUW��1DFK�GHU�'XUFKI�KUXQJ�GHU�([SHULPHQWH��/DXI�
SDUDPHWULVLHUXQJ��/DXI��ZHUGHQ�GLH�(UJHEQLVVH�PLW�JHHLJQHWHQ�9HUIDKUHQ�DXVJHZHUWHW�XQG
YLVXDOLVLHUW��,Q�GHQ�IROJHQGHQ�$EVFKQLWWHQ�ZHUGHQ�GLH�JUXQGOHJHQGHQ�,GHHQ�XQG�$QVlW]H
KLHU]X�VNL]]LHUW��'HWDLOOLHUWH�%HVFKUHLEXQJHQ�EHILQGHQ�VLFK�LQ�GHQ�.DSLWHOQ���XQG���

������ .RQILJXUDWLRQ�HLQHV�]XP�([SHULPHQW�SDVVHQGHQ�6LPXODWLRQVPRGHOOV

=XU�'XUFKI�KUXQJ� HLQHV� 6LPXODWLRQVH[SHULPHQWV�PX�� HLQ� 6LPXODWLRQVPRGHOO� YRUOLHJHQ�
ZHOFKHV� I�U� GDV� ([SHULPHQW� JHHLJQHW� LVW�� $XIJUXQG� GHU� YLHOIlOWLJHQ�:HFKVHOZLUNXQJHQ
]ZLVFKHQ�([SHULPHQWNRQILJXUDWLRQ�XQG�0RGHOO�ZXUGH�GHU�$QVDW]�JHZlKOW��I�U�MHGHV�([�
SHULPHQW�HLQ�JHHLJQHWHV�6LPXODWLRQVPRGHOO�QHX�DXI]XEDXHQ��)�U�GLHVHQ�=ZHFN�ZLUG�HLQ
0RGHOOEDXVWHLQNDVWHQ�DXV�LQGLYLGXHOO�NRQILJXULHUEDUHQ�%DXVWHLQHQ�DQJHOHJW��'LH�*HQHULH�
UXQJ� YRQ� 6LPXODWLRQVPRGHOOHQ� HUIROJW� LQQHUKDOE� EHVWLPPWHU� *UHQ]HQ� DXWRPDWLVFK�� 'HU
NRQ]HSWLRQHOOH�$XIEDX�GHU�0RGHOOEDXVWHLQH�XQG�GLH�)XQNWLRQ�GHV�0RGHOOJHQHUDWRUV�ZHU�
GHQ�LQ�.DSLWHO���GHWDLOOLHUW�HUOlXWHUW�

,P�+LQEOLFN� DXI� HLQH� HIIL]LHQWH� XQG� WUDQVSDUHQWH�([SHULPHQWSODQXQJ� EHVLW]W� MHGHU�%DX�
VWHLQ� HLQH� %HZHUWXQJ� VHLQHV� $EVWUDNWLRQV�� XQG� 9HUGLFKWXQJVQLYHDXV�� GHU� VSH]LILVFKHQ
VWDWLVWLVFKHQ� %HVRQGHUKHLWHQ� EHL� GHU� 0RGHOOLHUXQJ�� ZLH� EHLVSLHOVZHLVH� GHQ� 0RGHOOLH�



��([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ ��

UXQJVW\S��GLH�9HUZHQGXQJ�YRQ�957V�VRZLH�/LVWHQ�GHU�LQ�HLQHP�([SHULPHQW�YDULLHUEDUHQ
3DUDPHWHU�XQG�GHU�PH�EDUHQ�*U|�HQ��0LW�GLHVHU�.ODVVLIL]LHUXQJ�LVW�HV�P|JOLFK��JHHLJQHWH
0RGHOOEDXVWHLQH�I�U�HLQ�([SHULPHQW�DXV�HLQHP�0RGHOOEDXVWHLQNDVWHQ�DXV]XZlKOHQ�

%HL�GLHVHP�/|VXQJVDQVDW]� LVW�]X�EHDFKWHQ��GD��ELVODQJ�GLH�PHLVWHQ�9HUVXFKH��HLQHQ�DOO�
JHPHLQJ�OWLJHQ�6LPXODWLRQVEDXVWHLQNDVWHQ� DXV� JHQHULVFKHQ�0RGHOOEDXVWHLQHQ� DXI]XEDX�
HQ��DQ�SUDNWLVFKHQ�+�UGHQ�JHVFKHLWHUW�VLQG��g='(0,5(/�������6��������,Q�GHU�5HJHO�VLQG
GLHVH�%DXVWHLQNlVWHQ�]X�NRPSOH[�� VR�GD��GLH�$QZHQGXQJ�([SHUWHQNHQQWQLVVH� HUIRUGHUW�
7URW]�GHU�JUR�HQ�$Q]DKO�YRQ�%DXVWHLQHQ�WULWW�KlXILJ�GDV�3UREOHP�DXI��GD��EHL�QHXHQ�$Q�
ZHQGXQJHQ�NHLQ�JHHLJQHWHU�%DXVWHLQ�YHUI�JEDU�LVW�XQG�QHXH�%DXVWHLQH�HQWZLFNHOW�ZHUGHQ
P�VVHQ��8P�GLHVHQ�$QVDW]�SUD[LVWDXJOLFK�]X�PDFKHQ��ZXUGH�HU�IROJHQGHUPD�HQ�PRGLIL�
]LHUW��'HU�%DXVWHLQNDVWHQ�ZLUG�VSH]LHOO�I�U�HLQHQ�$QZHQGXQJVIDOO�PLW�IHVW�GHILQLHUWHQ�9D�
ULDWLRQVP|JOLFKNHLWHQ�DQJHOHJW��'LHV�EHGHXWHW��GD��QXU�GLH�%DXVWHLQH�HQWZLFNHOW�ZHUGHQ�
GLH�I�U�HLQ�VSH]LILVFKHV�3URGXNWLRQVV\VWHP�XQG�LP�5DKPHQ�GHU�9DULDWLRQVP|JOLFKNHLWHQ
GHV�([SHULPHQWUDKPHQV�HUIRUGHUOLFK� VLQG��'XUFK�GLHVH�(LQVFKUlQNXQJ�GHU�)UDJHVWHOOXQ�
JHQ�ZLUG�GLH�$Q]DKO�XQWHUVFKLHGOLFKHU�%DXVWHLQH� VWDUN� UHGX]LHUW��'HU�%DXVWHLQNDVWHQ� LVW
VRPLW�DXFK�LQ�GHU�SUDNWLVFKHQ�$QZHQGXQJ�ZDUW��XQG�KDQGKDEEDU�

)�U� W\SLVFKH�([SHULPHQWNRQILJXUDWLRQHQ��GLH� LQ�'HVLJQ�VKHHWV�YRUGHILQLHUW� VLQG��ZHUGHQ
%DXVWHLQH�LP�6LPXODWLRQVEDXVWHLQNDVWHQ�EHUHLWJHKDOWHQ��'DV�$EVWUDNWLRQVQLYHDX�XQG�GHU
0RGHOOLHUXQJVW\S� �YJO��$EVFKQLWW� ����� GHU�%DXVWHLQH� VRZLH� GLH�0RGHOOLHUXQJVWHFKQLNHQ
I�U�GLH�6WRFKDVWLN�ZHUGHQ�VR�JHZlKOW��GD��GLH�%DXVWHLQH�GLH�VSH]LILVFKHQ�$QIRUGHUXQJHQ
GHV�([SHULPHQWV�HUI�OOHQ��:HOFKH�%DXVWHLQH�I�U�HLQH�EHVWLPPWH�([SHULPHQWNRQILJXUDWLRQ
JHHLJQHW�VLQG��ZLUG�LQ�GHU�%DXVWHLQNODVVLILNDWLRQ�IHVWJHOHJW��$QKDQG�GLHVHU�.ODVVLILNDWLRQ
HUIROJW�LP�5DKPHQ�GHU�DXWRPDWLVFKHQ�0RGHOOJHQHULHUXQJ�GLH�%DXVWHLQDXVZDKO��YJO��$E�
VFKQLWW������

������ ([SHULPHQWVWHXHUXQJ

$XIJDEHQ�XQG�$EODXI�GHU�([SHULPHQWVWHXHUXQJ

'LH� ([SHULPHQWVWHXHUXQJ� KDW� GLH�$XIJDEH�� HLQ� YROOVWlQGLJHV� (LQ]HOH[SHULPHQW� HQWVSUH�
FKHQG�GHU�YRUOLHJHQGHQ�.RQILJXUDWLRQ�GXUFK]XI�KUHQ��:LFKWLJVWH�$XIJDEHQ�GHU�([SHUL�
PHQWVWHXHUXQJ�VLQG�

���0RGHOOLQLWLDOLVLHUXQJ
�� 3DUDPHWULVLHUXQJ�GHU�GHWHUPLQLVWLVFKHQ�XQG�VWRFKDVWLVFKHQ�0RGHOOHOHPHQWH

�HQWVSUHFKHQG�GHU�LQ�GHU�([SHULPHQWNRQILJXUDWLRQ�GHILQLHUWHQ�3DUDPHWHUYDULDWLRQ�
�� ,QLWLDOLVLHUXQJ�GHU�6\VWHPODVW�HQWVSUHFKHQG�GHU�DNWXHOOHQ�3URGXNWLRQVVLWXDWLRQ
�� $UFKLYLHUXQJ�GHU�,QLWLDOLVLHUXQJVGDWHQ

�]XU�6LFKHUXQJ�GHU�9HUJOHLFKEDUNHLW�GHU�([SHULPHQWH�

��� /DXILQLWLDOLVLHUXQJ�
�� 1HXLQLWLDOLVLHUXQJ�GHV�0RGHOOV
�� ,QLWLDOLVLHUXQJ�GHU�=XIDOOV]DKOHQJHQHUDWRUHQ�I�U�MHGHQ�/DXI
�� (LQVWHOOHQ�GHU�/DXIGDXHU
�� *HJHEHQHQIDOOV�3DUDOOHOLVLHUXQJ�YRQ�/lXIHQ



��([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ ��

��� /DXIGXUFKI�KUXQJ�
�� 6WDUW�GHU�/lXIH
�� (UIDVVXQJ�GHU�DXV]XZHUWHQGHQ�5RKGDWHQ
�� hEHUZDFKXQJ�GHU�/lXIH�KLQVLFKWOLFK�$EEUXFKNULWHULXP��=HLW��.RQYHUJHQ]�

��� (UJHEQLVDUFKLYLHUXQJ�
�� 9RUEHUHLWXQJ�GHU�'DWHQ�I�U�$UFKLYLHUXQJ��9RUDXVZHUWXQJ�
�� $UFKLYLHUXQJ�GHU�'DWHQVlW]H

'LH�JHQDQQWHQ�)XQNWLRQHQ�ZHUGHQ�DOV�3URJUDPPRGXOH� LQ�GLH�6LPXODWLRQVXPJHEXQJ� LP�
SOHPHQWLHUW�

9DULDQ]UHGXNWLRQ�EHL�GHU�([SHULPHQWVWHXHUXQJ

$XFK�LP�5DKPHQ�GHU�([SHULPHQWVWHXHUXQJ�NRPPHQ�957V�]XP�(LQVDW]��%HLVSLHOVZHLVH
ZLUG�GLH�7HFKQLN�GHU�Ä&RPPRQ�5DQGRP�1XPEHUV³�GD]X�YHUZHQGHW��XP�EHLP�9HUJOHLFK
YHUVFKLHGHQHU� 0RGHOODOWHUQDWLYHQ� PLWWHOV� VWRFKDVWLVFKHU� ([SHULPHQWH� ZHQLJHU� /lXIH
GXUFKI�KUHQ�]X�P�VVHQ��./(,-1(1�	�*52(1(1'$$/�������6��������%HL�GLHVHU�957�ZHU�
GHQ� GLH� 9DULDQWHQ� HLQHV� 6LPXODWLRQVPRGHOOV� PLW� GHQ� LGHQWLVFKHQ� =XIDOOV]DKOHQVWU|PHQ
VLPXOLHUW��'LHV�LVW�VSH]LHOO�I�U�WDNWLVFKH�2SWLPLHUXQJVDXIJDEHQ�LQWHUHVVDQW��EHL�GHQHQ�6L�
PXODWLRQVOlXIH� �EHU� HLQHQ� OlQJHUHQ� =HLWUDXP� GXUFKJHI�KUW� ZHUGHQ� XQG� NHLQH� $EVROXW�
JHQDXLJNHLW�� VRQGHUQ� QXU� HLQH� TXDOLWDWLYH� $XVVDJH� �EHU� 3ODQXQJVDOWHUQDWLYHQ� JHIRUGHUW
ZLUG�

(LQH�957��GLH�VSH]LHOO�EHL�GHU�([SHULPHQWSODQXQJ�HLQH�5ROOH�VSLHOW��KHL�W�Ä$QWLWKHWLF�9D�
ULDEOHV³��'LH�7HFKQLN�GLHQW�GD]X��GLH�=DKO�GHU�6LPXODWLRQVOlXIH�]X�UHGX]LHUHQ��LQGHP�]X
MHGHP� VWRFKDVWLVFKHQ� 6LPXODWLRQVODXI� HLQ� *HJHQVW�FN� PLW� HQWJHJHQJHVHW]WHQ� =X�
IDOOVHUHLJQLVVHQ�HU]HXJW�ZLUG��./(,-1(1�	�*52(1(1'$$/�������6��������=LHO�LVW�HV��GD�
DXI� GLHVH�:HLVH�$XVUHL�HU� GXUFK�$XVUHL�HU� LQ� HQWJHJHQJHVHW]WHU� 5LFKWXQJ� NRPSHQVLHUW
ZHUGHQ��6R�ZLUG�HLQH�VFKQHOOHUH�.RQYHUJHQ]�XQG�HLQH�9HUEHVVHUXQJ�GHU�$EVROXWJHQDXLJ�
NHLW�GHU�VWDWLVWLVFKHQ�6FKlW]HU�HUUHLFKW�

hEHU�GHQ�(LQVDW]�GLHVHU�7HFKQLNHQ�ZLUG�EHUHLWV�LP�5DKPHQ�GHU�([SHULPHQWSODQXQJ�HQW�
VFKLHGHQ�� ,Q�GLH�([SHULPHQWVWHXHUXQJ�VLQG�)XQNWLRQHQ� LPSOHPHQWLHUW��GLH�GLH�957V�EHL
GHU�3DUDPHWULVLHUXQJ�XQG�,QLWLDOLVLHUXQJ�GHV�6LPXODWLRQVPRGHOOV�DQZHQGHQ�

%HQXW]HULQWHUDNWLRQ

'HU�6\VWHPEHGLHQHU� HUKlOW� GLH�0|JOLFKNHLW�� HLQHQ�6LPXODWLRQVODXI� RGHU� HLQ�([SHULPHQW
YRU]HLWLJ� LQWHUDNWLY�DE]XEUHFKHQ��8P�GHP�6\VWHPEHGLHQHU�GLH�(QWVFKHLGXQJ��EHU�HLQHQ
YRU]HLWLJHQ�$EEUXFK�]X�HUOHLFKWHUQ��ZHUGHQ�]XU�/DXI]HLW�G\QDPLVFKH�*UDILNHQ�SUlVHQWLHUW�
GLH�GLHVHP�GLH�%HXUWHLOXQJ�GHV�$EEUXFKNULWHULXPV�HUP|JOLFKHQ��%HLVSLHOVZHLVH�ZLUG�GHU
9HUODXI� GHV� JOHLWHQGHQ�0LWWHOZHUWV� HLQHU� LP� 5DKPHQ� GHV� ([SHULPHQWV� ]X� HUPLWWHOQGHQ
9DULDEOHQ� DQJH]HLJW�� ,VW� HLQH� DV\PSWRWLVFKH� $QQlKHUXQJ� DQ� HLQHQ� =LHOZHUW� HUNHQQEDU�
NDQQ�GHU�%HGLHQHU�GHQ�/DXI�DEEUHFKHQ�



��([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ ��

������ %DXNDVWHQ�JHHLJQHWHU�$XVZHUWH��XQG�9LVXDOLVLHUXQJVYHUIDKUHQ

$XFK� GLH�$XVZHUWH�� XQG�9LVXDOLVLHUXQJVYHUIDKUHQ�P�VVHQ� ]XP�([SHULPHQW� SDVVHQ�� ,P
([SHULPHQWUDKPHQ�ZHUGHQ�GLH�MHZHLOV�I�U�HLQ�([SHULPHQW�UHOHYDQWHQ�9HUIDKUHQ�EHUHLWJH�
VWHOOW� XQG�N|QQHQ� LQWHUDNWLY� DXVJHZlKOW�ZHUGHQ��)ROJHQGH�$UWHQ� YRQ�9HUIDKUHQ� VLQG� LQ
HLQHP�%DXNDVWHQ�YRUKDQGHQ�

9HUIDKUHQ�]XU�$XVZHUWXQJ�GHU�([SHULPHQWHUJHEQLVVH

'LH�$XVZDKO� HLQHV� JHHLJQHWHQ�$XVZHUWHYHUIDKUHQV�ZLUG� LP�ZHVHQWOLFKHQ� GXUFK� GLH� ]X
XQWHUVXFKHQGH� )UDJHVWHOOXQJ� EHVWLPPW�� 9RQ� GLHVHU� KlQJW� DE�� ZHOFKH� 'DWHQ� DQDO\VLHUW
ZHUGHQ�VROOHQ�XQG�ZLH�VWDUN�GLH�'DWHQ�EHL�GHU�$XVZHUWXQJ�YHUGLFKWHW�ZHUGHQ�VROOHQ��$X�
�HUGHP�ZLUG�GXUFK�GLH�)UDJHVWHOOXQJ�GHILQLHUW��ZLH�JHQDX�GLH�(UJHEQLVVH�VHLQ�VROOHQ�

9HUIDKUHQ�]XU�%HXUWHLOXQJ�GHU�([SHULPHQWJ�WH

$XV�GHU�)UDJHVWHOOXQJ�NDQQ�DXFK�DEJHOHLWHW�ZHUGHQ��RE�HLQH�6FKlW]XQJ�GHU�SRWHQWLHOOHQ
$EZHLFKXQJHQ��DOVR�HLQH�$QJDEH�GHU�.RQILGHQ]��HUIRUGHUOLFK�LVW��'LHVH�.RQILGHQ]�KlQJW
]XP�HLQHQ�YRP�([SHULPHQW��EHLVSLHOVZHLVH�YRQ�GHU�=DKO�GHU�/lXIH��XQG�]XP�DQGHUHQ�YRQ
GHU�6WRFKDVWLN�GHV�3URGXNWLRQVV\VWHPV�DE�

9HUIDKUHQ�]XU�9LVXDOLVLHUXQJ�GHU�([SHULPHQWHUJHEQLVVH

=XVlW]OLFK� NDQQ� DXV� GHU� $UW� GHU� )UDJHVWHOOXQJ� HLQ� JHHLJQHWHV� 9LVXDOLVLHUXQJVYHUIDKUHQ
DEJHOHLWHW� ZHUGHQ�� 1HEHQ� 9LVXDOLVLHUXQJVWHFKQLNHQ� ]XU� 'DUVWHOOXQJ� GHU� ([SHULPHQWHU�
JHEQLVVH�ZXUGHQ�DXFK�'DUVWHOOXQJHQ�HQWZLFNHOW��DQKDQG�GHUHU�GLH�*�WH�GHV�(UJHEQLVVHV
EHXUWHLOW�ZHUGHQ�NDQQ��%HLVSLHOVZHLVH�NDQQ� LP�$QVFKOX��DQ�HLQH�3URJQRVH�GDV�3URJQR�
VHHUJHEQLV�PLW�GHP� WDWVlFKOLFK�HLQJHWUHWHQHQ�(UJHEQLV�GXUFK�hEHUODJHUXQJ�GHU�'DUVWHO�
OXQJHQ� YHUJOLFKHQ� ZHUGHQ�� .HQQOLQLHQ�� ZLH� EHLVSLHOVZHLVH� GLH� .RQILGHQ]OLQLHQ�� JHEHQ
GDU�EHU�$XIVFKOX���RE�GLH�UHDOHQ�(UJHEQLVVH�LP�.RQILGHQ]EHUHLFK�GHU�3URJQRVH�OLHJHQ�

(LQH�GHWDLOOLHUWH�'DUVWHOOXQJ�GHV�0RGXOV�]XU�.RPSHQVDWLRQ�YRQ�3URJQRVHIHKOHUQ�XQG�VWD�
WLVWLVFKHQ�$XVZHUWXQJ�ZLUG�LQ�.DSLWHO���JHJHEHQ�

���� 'DUVWHOOXQJ�GHV�([SHULPHQWDEODXIV

,P�IROJHQGHQ�LVW�GHU�([SHULPHQWDEODXI�GDUJHVWHOOW��XP�GDV�=XVDPPHQVSLHO�GHU�/|VXQJV�
DQVlW]H�XQG�GLH�)XQNWLRQ�GHV�.RQ]HSWHV�]X�YHUGHXWOLFKHQ�

'HU�$EODXI�GHU�([SHULPHQWSODQXQJ�LVW�KLHUDUFKLVFK�DXIJHEDXW��6FKULWW�I�U�6FKULWW�ZHUGHQ
GLH�HLQ]HOQHQ�)HVWOHJXQJHQ�KLQVLFKWOLFK�GHV�([SHULPHQWV�JHWURIIHQ��'DEHL�VFKUlQNHQ�HLQ�
]HOQH�(QWVFKHLGXQJHQ�GLH�$XVZDKOP|JOLFKNHLWHQ�LQ�GHQ�IROJHQGHQ�6WXIHQ�GHV�3UR]HVVHV
HLQ��,P�IROJHQGHQ�ZHUGHQ�GHU�$EODXI�GHU�([SHULPHQWSODQXQJ�JURE�XPULVVHQ�XQG�GLH�$E�
KlQJLJNHLWHQ�GHU�(QWVFKHLGXQJHQ�HUOlXWHUW�

'LH� ([SHULPHQWSODQXQJ� EHJLQQW� PLW� GHU�'HILQLWLRQ� GHV� 8QWHUVXFKXQJVJHJHQVWDQGV�
+LHU�ZLUG�IHVWJHOHJW��ZHOFKHV�3URGXNWLRQVV\VWHP�XQWHUVXFKW�ZHUGHQ�VROO��XQG�ZLH�GLH�6\�
VWHPJUHQ]HQ� OLHJHQ�� E]Z�� DXI�ZHOFKHP�%HUHLFK� GHU� )RNXV� GHU� %HWUDFKWXQJ� OLHJHQ� VROO�
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'XUFK� GLH� (QWVFKHLGXQJ� I�U� HLQHQ� EHVWLPPWHQ� 8QWHUVXFKXQJVJHJHQVWDQG� ZHUGHQ� GLH
:DKOP|JOLFKNHLWHQ� I�U� ([SHULPHQW]LHOH� GXUFK� GHQ� ([SHULPHQWUDKPHQ� HLQJHVFKUlQNW�
'DGXUFK�ZLUG�GLH�7UDQVSDUHQ]�GHV�9HUIDKUHQV�HUK|KW�XQG�GLH�0|JOLFKNHLW�HLQHU�)HKOEH�
GLHQXQJ� UHGX]LHUW��%HLVSLHOVZHLVH�Z�UGHQ�EHWULHEVEHJOHLWHQGH�8QWHUVXFKXQJHQ�GHV�8P�
ODXIEHVWDQGV�LQ�HLQHU�VWDUU�YHUNHWWHWHQ��XQJHSXIIHUWHQ�)HUWLJXQJVOLQLH�NHLQH�DXVVDJHNUlIWL�
JHQ� (UJHEQLVVH� OLHIHUQ�� $XV� GLHVHP� *UXQG� ZLUG� GLHVHV� ([SHULPHQW� QLFKW� DQJHERWHQ�
:HLWHUKLQ�HUIRUGHUW�EHLVSLHOVZHLVH�HLQH�H[DNWH�7HUPLQSURJQRVH�YRQ�)HUWLJXQJVDXIWUlJHQ
HLQ�HQWVSUHFKHQG�NRQNUHWHV�6LPXODWLRQVPRGHOO��/LHJW�HLQ�VROFKHV�0RGHOO�QLFKW�YRU��NDQQ
GLHVHV� ([SHULPHQW� QLFKW� GXUFKJHI�KUW� ZHUGHQ�� 1LFKW� VLQQYROOH� RGHU� QLFKW� UHDOLVLHUEDUH
([SHULPHQW]LHOH�ZHUGHQ�YRUDE�LP�([SHULPHQWUDKPHQ�GHILQLHUW��6LH�ZHUGHQ�YRP�6\VWHP
QLFKW�LQ�GHU�$XVZDKOOLVWH�DQJHERWHQ�

$QKDQG�GHU�YHUEOHLEHQGHQ�$XVZDKOOLVWH�ZLUG�GLH�([SHULPHQW]LHOVHW]XQJ�GHILQLHUW��'LHV
JHVFKLHKW� LQ� ]ZHL�6WXIHQ��GHU�'HILQLWLRQ�GHU�+DXSW]LHOH� XQG�GHU�'HILQLWLRQ� GHU�8QWHU�
]LHOH�� %HL� GHQ� +DXSW]LHOHQ� ZLUG� XQWHUVFKLHGHQ� KLQVLFKWOLFK� 3URJQRVH� YRQ� .HQQ]DKOHQ�
%HZHUWXQJ� YRQ�0D�QDKPHQ� ]XU� 3URGXNWLRQVVWHXHUXQJ�� 2SWLPLHUXQJ� LP� ODXIHQGHQ� %H�
WULHE�XQG�2SWLPLHUXQJ�YRQ�3URGXNWLRQVVWUXNWXUHQ��=X�MHGHP�+DXSW]LHO�H[LVWLHUHQ�MHZHLOV
YHUVFKLHGHQH�P|JOLFKH�8QWHU]LHOH��(LQH�VROFKH�=LHOKLHUDUFKLH�PX��VSH]LHOO�I�U�HLQHQ�$Q�
ZHQGXQJVIDOO�PLW�VHLQHQ�]X�XQWHUVXFKHQGHQ�)UDJHVWHOOXQJHQ�]XJHVFKQLWWHQ�ZHUGHQ��%LOG
����]HLJW�GHQ�$XVVFKQLWW�HLQHU�=LHOKLHUDUFKLH�

+DXSW]LHO 8QWHU]LHO

3URJQRVH

3URGXNWLRQVVWHXHUXQJ

2SWLPLHUXQJ�LP�%HWULHE

2SWLPLHUXQJ�YRQ�6WUXNWXUHQ

7HUPLQH

(QJSlVVH

(LODXIWUlJH

$XIWUDJVIUHLJDEH

%HDUEHLWXQJVUHLKHQIROJH
H6FKLFKWSODQ

/RVJU|�HQRSWLPLHUXQJ

5�VWRSWLPLHUXQJ

6WHXHUXQJVVWUDWHJLH

5HVVRXUFHQ

7UDQVSRUW

/D\RXW

�RSHUDWLYH�2SWLPLHUXQJ�

�RSHUDWLYH�2SWLPLHUXQJ�

�WDNWLVFKH�2SWLPLHUXQJ�

%LOG����� $XVVFKQLWW�GHU�=LHOKLHUDUFKLH

,P�QlFKVWHQ�6FKULWW�ZLUG�GHU�%HWUDFKWXQJV]HLWUDXP� GHV�([SHULPHQWV� HLQJHJUHQ]W��$Q�
KDQG� GHV� GHILQLHUWHQ� ([SHULPHQW]LHOV� Ol�W� VLFK� EHUHLWV� GHU� %HUHLFK� GHU� VLQQYROOHQ� =HLW�
UlXPH�HLQJUHQ]HQ��(LQH�H[DNWH�)HVWOHJXQJ�NDQQ�DQ�GLHVHU�6WHOOH�HUIROJHQ�



��([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ ��

$XFK� GLH� $UW� GHU�$XVZHUWXQJHQ� ZLUG� EHUHLWV� GXUFK� GDV� ([SHULPHQW]LHO� YRUEHVWLPPW�
+LHU�NDQQ�DXV�GHU�0HQJH�GHU�VLQQYROOHQ�$XVZHUWXQJHQ�DXVJHZlKOW�ZHUGHQ�

'HQ�$EVFKOX��GHU�([SHULPHQWSODQXQJ�ELOGHW�GLH�)HVWOHJXQJ�GHU�=HLW��XQG�*HQDXLJNHLWV�
5HVWULNWLRQHQ��$XFK�KLHU� OHLWHQ� VLFK� VLQQYROOH�.RPELQDWLRQHQ� DXV� GHP�([SHULPHQW]LHO
DE�� 'HU�1XW]HU� KDW� MHGRFK� GLH�0|JOLFKNHLW�� DQ� GLHVHU� 6WHOOH� HLQH�PDQXHOOH� (LQVWHOOXQJ
YRU]XQHKPHQ�

'HU�$XIEDX�GHV�0RGHOOV�HUIROJW�LP�$QVFKOX��DQ�GLH�([SHULPHQWSODQXQJ��$XV�GHU�([SH�
ULPHQWNRQILJXUDWLRQ�ZHUGHQ�GLH�$QIRUGHUXQJHQ�DQ�GDV�0RGHOO�DEJHOHLWHW��ZLH�EHLVSLHOV�
ZHLVH�GLH�0RGHOOJUHQ]HQ��GHU�0RGHOOLHUXQJVW\S��GDV�$EVWUDNWLRQVQLYHDX��GLH�0RGHOOSD�
UDPHWHU�XQG�GLH�DXV]XZHUWHQGHQ�9DULDEOHQ��YJO��.DSLWHO�����$QKDQG�GLHVHU�.ULWHULHQ�HU�
IROJW�HLQH�6HOHNWLRQ�GHU�I�U�GLH�0RGHOOLHUXQJ�JHHLJQHWHQ�%DXVWHLQH�

'LH�REHQ�JHQDQQWHQ�0HWKRGHQ�]XU�([SHULPHQWVWHXHUXQJ� JUHLIHQ�GLUHNW� DXI�0RGHOOSD�
UDPHWHU�XQG�9DULDEOHQ�]X�� WDXVFKHQ�'DWHQ��EHU� HLQH�'DWHL��RGHU�'DWHQEDQNVFKQLWWVWHOOH
DXV�RGHU�VWHXHUQ�GHQ�(UHLJQLVYHUZDOWHU�

1DFK�'XUFKI�KUXQJ�GHU�6LPXODWLRQVOlXIH�HUIROJW�]XQlFKVW�GLH�.RPSHQVDWLRQ�V\VWHPDWL�
VFKHU�3URJQRVHIHKOHU�XQG�$EVFKlW]XQJ�GHU� VWRFKDVWLVFKHQ�8QVLFKHUKHLWHQ��(QWVSUH�
FKHQG�GHU�([SHULPHQWNRQILJXUDWLRQ�ZHUGHQ�GLH�GHILQLHUWHQ�$XVZHUWXQJHQ�GHU�6LPXODWL�
RQVHUJHEQLVVH�GXUFKJHI�KUW��+LHUI�U�ZHUGHQ�GLH�JHHLJQHWHQ�9HUIDKUHQ�DOV�%DXVWHLQH�]XU
9HUI�JXQJ� JHVWHOOW�� 'LH� (UJHEQLVVH� P�VVHQ� DEVFKOLH�HQG� LQ� HLQHU� GHP� 6LPXODWLRQV]LHO
HQWVSUHFKHQGHQ� )RUP�YLVXDOLVLHUW� ZHUGHQ��'DEHL�PX�� GLH�4XDOLILNDWLRQ� GHV� 6\VWHPEH�
GLHQHUV�%HDFKWXQJ�ILQGHQ��(LQ�%DXVWHLQNDVWHQ�VWHOOW�GLHVH�'DUVWHOOXQJVWHFKQLNHQ�EHUHLW�

���� =XVDPPHQIDVVXQJ

'LH� ([SHULPHQWSODQXQJ� EHVLW]W� HLQHQ� JUR�HQ� (LQIOX�� DXI� GLH� *�WH� GHU� (UJHEQLVVH� EH�
WULHEVEHJOHLWHQGHU� 6LPXODWLRQVH[SHULPHQWH�� =XQlFKVW� ZXUGH� GLH� $XIJDEHQVWHOOXQJ� GHU
([SHULPHQWSODQXQJ�EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�XQWHUVXFKW�XQG�GLH� VWUDWHJL�
VFKHQ�XQG�WDNWLVFKHQ�$VSHNWH�GHU�([SHULPHQWSODQXQJ�GDUJHVWHOOW��'LH�.RQNXUUHQ]VLWXDWL�
RQ� ]ZLVFKHQ� (UJHEQLVJ�WH� XQG� /DXI]HLW� GHV� ([SHULPHQWV�� GLH� EHL� EHWULHEVEHJOHLWHQGHQ
([SHULPHQWHQ�EHVRQGHUV�]XP�WUDJHQ�NRPPW��ZXUGH�KHUDXVJHDUEHLWHW��'DUDXIKLQ�ZXUGHQ
]XQlFKVW�GLH�)UDJHVWHOOXQJHQ��GLH�PLWWHOV�EHWULHEVEHJOHLWHQGHU�6LPXODWLRQ�XQWHUVXFKW�ZHU�
GHQ�VROOHQ��NODVVLIL]LHUW��'DEHL�NRQQWH�GLHVH�.RQNXUUHQ]VLWXDWLRQ�HQWVFKlUIW�ZHUGHQ��)�U
MHGH�.ODVVH�YRQ�)UDJHVWHOOXQJHQ�NRQQWH�HLQH�JHHLJQHWH�([SHULPHQWNRQILJXUDWLRQ�JHIXQ�
GHQ�ZHUGHQ�

(LQ� /|VXQJVNRQ]HSW� ]XU� .RQILJXUDWLRQ� EHWULHEVEHJOHLWHQGHU� 6LPXODWLRQVH[SHULPHQWH
ZXUGHQ�HUDUEHLWHW��(LQ�([SHULPHQWUDKPHQ�ZXUGH�GHILQLHUW��GHU�GLH�)UHLKHLWVJUDGH�EHL�GHU
([SHULPHQWSODQXQJ�YRUJLEW�XQG�GHQ�6\VWHPEHGLHQHU�GXUFK�GLH�([SHULPHQWSODQXQJ�I�KUW�
$XV� GHU�([SHULPHQWNRQILJXUDWLRQ� HUJHEHQ� VLFK� NRQNUHWH�$QIRUGHUXQJHQ� DQ� GDV�0RGHOO
XQG�GLH�$XVZHUWHPHWKRGHQ��'LHVH�ZHUGHQ�HUI�OOW��LQGHP�0RGHOOEDXVWHLQH�LQ�%DXVWHLQNl�
VWHQ�EHUHLWJHKDOWHQ�XQG�VSH]LHOO�I�U�HLQ�NRQILJXULHUWHV�([SHULPHQW�DXVJHZlKOW�XQG�]X�HL�
QHP�0RGHOO�NRPELQLHUW�ZHUGHQ��'LH�6LPXODWLRQVOlXIH�ZHUGHQ�HQWVSUHFKHQG�GHU�([SHUL�
PHQWSDUDPHWHU�GXUFK� HLQH�([SHULPHQWVWHXHUXQJ�GXUFKJHI�KUW��=XU�$XVZHUWXQJ�XQG�9L�
VXDOLVLHUXQJ�ZHUGHQ�JHHLJQHWH�9HUIDKUHQ�LQ�HLQHP�0HWKRGHQEDXVWHLQNDVWHQ�EHUHLWJHVWHOOW�
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�� *HQHULHUXQJ�SURJQRVHWUHXHU�6LPXODWLRQVPRGHOOH

%HL� YLHOHQ� )UDJHVWHOOXQJHQ� GHU� 3URGXNWLRQVRSWLPLHUXQJ�ZLUG� YRP�3URJQRVHV\VWHP� HLQH
KRKH�*HQDXLJNHLW�GHU�(UJHEQLVVH�JHIRUGHUW��EHLVSLHOVZHLVH�ZHQQ�HV�GDUXP�JHKW��HLQ�3UR�
GXNWLRQVV\VWHP�RSWLPDO�]X�VWHXHUQ��%HL�GHP�]XJUXQGHOLHJHQGHQ�6LPXODWLRQVPRGHOO�VROOWH
GHVZHJHQ� GLH� 6WRFKDVWLN� QLFKW� SDXVFKDO�� EHLVSLHOVZHLVH� DXI� %DVLV� HLQHU� XQWHUQHKPHQV�
�EHUJUHLIHQGHQ�$QDO\VH�YRQ�0DVFKLQHQVW|UXQJHQ��PRGHOOLHUW�ZHUGHQ��'LH�([LVWHQ]�HLQHU
UHDOHQ�$QODJH�ELHWHW�JHUDGH�GHQ�9RUWHLO��GLH�6\VWHPVWRFKDVWLN�UHDOLWlWVQDK�PRGHOOLHUHQ�]X
N|QQHQ��'RFK�HUIRUGHUW�HLQH�UHDOLWlWVQDKH�0RGHOOLHUXQJ�VWRFKDVWLVFKHU�(IIHNWH�LQ�GHU�5H�
JHO�DOV�HUVWHQ�6FKULWW�HLQH� UHODWLY�DXIZHQGLJH�6\VWHPDQDO\VH�XQG� LQ�GHU�)ROJH�HLQH�ZLH�
GHUKROWH�3IOHJH�GHV�6LPXODWLRQVPRGHOOV��'LHV�EHGHXWHW�ELVODQJ�HLQHQ�KRKHQ�$XIZDQG�XQG
HLQH�SRWHQWLHOOH�)HKOHUTXHOOH�

1HEHQ�HLQHU�KRKHQ�*HQDXLJNHLW�LVW�HV�RIW�ZLFKWLJ��GD��GDV�3URJQRVHV\VWHP�LQ�VHKU�NXU]HU
=HLW�(UJHEQLVVH�OLHIHUW��EHLVSLHOVZHLVH�ZHQQ�HV�JLOW��UDVFK�DXI�HLQH�6W|UXQJ�]X�UHDJLHUHQ�
$OOHUGLQJV�KDW�VLFK�JH]HLJW��GD��GLH�=XIDOOV]DKOHQJHQHUDWRUHQ�GHU�6LPXODWLRQ�XQG�GLH�$E�
DUEHLWXQJ�GHU�VWRFKDVWLVFKHQ�(UHLJQLVVH�LP�(UHLJQLVYHUZDOWHU�HLQH�QLFKW�XQHUKHEOLFKH�5H�
FKHQ]HLW� EHQ|WLJHQ��$X�HUGHP� LVW� HV� EHL� GHU� VWRFKDVWLVFKHQ� 6LPXODWLRQ� QRWZHQGLJ�� GD�
]XU� VWDWLVWLVFKHQ�$EVLFKHUXQJ�GHU�(UJHEQLVVH�HQWZHGHU�HLQ�DXVUHLFKHQG� ODQJHU�6LPXODWL�
RQVODXI�RGHU�PHKUHUH�/lXIH�GXUFKJHI�KUW�ZHUGHQ��+LQ]X�NRPPW��GD��EHL�HLQHU�JU|�HUHQ
0HQJH�GHU�PRGHOOLHUWHQ�VWRFKDVWLVFKHQ�(IIHNWH�GHU�HUIRUGHUOLFKH�$XIZDQG�I�U�6LPXODWLRQ
XQG�$XVZHUWXQJ�]XP�(UKDOW�YRQ�VWDWLVWLVFK�DEJHVLFKHUWHQ�(UNHQQWQLVVHQ�K|KHU� LVW��'HV�
KDOE�LVW�HV�EHVRQGHUV�EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�QRWZHQGLJ��EHVRQGHUH�0R�
GHOOLHUXQJVWHFKQLNHQ� ]XU�$EELOGXQJ� GHU� VWRFKDVWLVFKHQ� (IIHNWH� HLQ]XVHW]HQ�� =LHO� LVW� HV�
HLQ�HIIL]LHQWHV�0RGHOO�PLW�NXU]HU�$QWZRUW]HLW�]X�HUKDOWHQ�

%HLGH�$QIRUGHUXQJHQ��(UJHEQLVWUHXH�XQG�(IIL]LHQ]�� ODVVHQ� VLFK� QLFKW� RKQH�ZHLWHUHV�PLW
HLQHP�0RGHOO�HU]LHOHQ��9LHOPHKU�LVW�JHQDX�DE]XZlJHQ��ZHOFKH�VWRFKDVWLVFKHQ�(IIHNWH�LP
0RGHOO�DEJHELOGHW�ZHUGHQ��PLW�ZHOFKHU�7HFKQLN�HLQH�JU|�WP|JOLFKH�(IIL]LHQ]�HU]LHOW�ZLUG
XQG� GXUFK� ZHOFKH�0D�QDKPHQ� GLH� *HIDKU� YRQ�0RGHOOLHUXQJVIHKOHUQ� UHGX]LHUW� ZHUGHQ
NDQQ��$X�HUGHP� LVW� ]X� �EHUOHJHQ�� I�U�ZHOFKH� )UDJHVWHOOXQJHQ� HLQ� GHWHUPLQLVWLVFKHU� 6L�
PXODWLRQVODXI�DXVUHLFKHQG�LVW�

,P�IROJHQGHQ�ZLUG�]XQlFKVW�GDUJHVWHOOW��ZHOFKH�)UHLKHLWVJUDGH�EHL�GHU�0RGHOOLHUXQJ�JH�
QXW]W�ZHUGHQ�N|QQHQ�XQG�ZHOFKH�)DNWRUHQ� HLQHQ�ZHVHQWOLFKHQ�(LQIOX�� DXI� GLH�$UW� XQG
:HLVH� EHVLW]HQ�� ZLH� VWRFKDVWLVFKH� (IIHNWH� HIIHNWLY� XQG� HIIL]LHQW� LP�0RGHOO� DEJHELOGHW
ZHUGHQ�VROOWHQ��$XV�HLQHU�HPSLULVFKHQ�8QWHUVXFKXQJ�YHUVFKLHGHQHU�EHWULHEVEHJOHLWHQGHU
6LPXODWLRQVPRGHOOH� ZHUGHQ� I�QI� JUXQGOHJHQGH� 0RGHOOLHUXQJVW\SHQ� DEJHOHLWHW�� ,P� $Q�
VFKOX�� ZHUGHQ� VSH]LHOOH� 0RGHOOLHUXQJVWHFKQLNHQ� I�U� VWRFKDVWLVFKH� (IIHNWH� GDUJHVWHOOW�
:HVHQWOLFKHV�(UJHEQLV�LVW�HLQ�.ULWHULHQNDWDORJ�]XU�$XVZDKO�HLQHV�0RGHOOLHUXQJVW\SV�XQG
VSH]LILVFKHU�0RGHOOLHUXQJVWHFKQLNHQ�� $EVFKOLH�HQG� ZLUG� GDV�0RGXO� GHU� DXWRPDWLVFKHQ
0RGHOOJHQHULHUXQJ�DXI�%DVLV�JHQHULVFKHU�0RGHOOEDXVWHLQH�YRUJHVWHOOW��%LOG������
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%LOG����� )XQNWLRQVPRGXO�]XU�*HQHULHUXQJ�SURJQRVHWUHXHU�6LPXODWLRQVPRGHOOH

���� $VSHNWH�EHL�GHU�0RGHOOLHUXQJ�GHU�6\VWHPVWRFKDVWLN

,P�5DKPHQ�GHU�0RGHOOLHUXQJ�GHU�VWRFKDVWLVFKHQ�(IIHNWH�HLQHV�3URGXNWLRQVV\VWHPV�PX�
HLQH�5HLKH�YRQ�0RGHOOLHUXQJVHQWVFKHLGXQJHQ�VRUJIlOWLJ�JHWURIIHQ�ZHUGHQ��XP�HLQ�HIIHN�
WLYHV�XQG�HIIL]LHQWHV�6LPXODWLRQVPRGHOO�]X�HUKDOWHQ��%LOG������

%LOG����� $QVlW]H�]XU�(UVWHOOXQJ�SURJQRVHWUHXHU�XQG�HIIL]LHQWHU�6LPXODWLRQVPRGHOOH

%HLVSLHOVZHLVH�LVW�]XQlFKVW�]X�HQWVFKHLGHQ��RE�HV�VLQQYROO� LVW� VWRFKDVWLVFK�]X�VLPXOLHUHQ
RGHU� RE� HLQH� GHWHUPLQLVWLVFKH� 6LPXODWLRQ� KLQUHLFKHQG� JHQDXH� (UJHEQLVVH� OLHIHUW�� (LQH
ZHLWHUH�ZHVHQWOLFKH�(QWVFKHLGXQJ� EHWULIIW� GHQ�*UDG� GHU�0RGHOODEVWUDNWLRQ�� 6SH]LHOO� I�U
GLH�6WRFKDVWLN�EHGHXWHW�GLHV��GD��HQWVFKLHGHQ�ZHUGHQ�PX���RE�YHUVFKLHGHQH�VWRFKDVWLVFKH
(LQ]HOHIIHNWH�HLQ]HOQ�PRGHOOLHUW�ZHUGHQ�RGHU�RE�VLH�VLQQYROO�JUXSSLHUW�XQG�LQ�YHUGLFKWHWHU
)RUP�PRGHOOLHUW�ZHUGHQ�N|QQHQ��,P�)DOOH�HLQHU�9HUGLFKWXQJ�LVW�HLQ�PHWKRGLVFKHV�9RUJH�
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KHQ�ZLFKWLJ��XP�]X�JHZlKUOHLVWHQ��GD��GDV�(UJHEQLV�GHU�9HUGLFKWXQJ�YDOLGH�LVW��,P�5DK�
PHQ� GHU�$EVWUDNWLRQ� NDQQ� DEHU� DXFK� HQWVFKLHGHQ�ZHUGHQ�� GD�� EHVWLPPWH� VWRFKDVWLVFKH
(IIHNWH�QLFKW�PRGHOOLHUW�ZHUGHQ��EHLVSLHOVZHLVH�ZHLO�YRUDXV]XVHKHQ�LVW��GD��VLH�HLQHQ�JH�
ULQJHQ�(LQIOX��DXI�GDV�6LPXODWLRQVHUJHEQLV�EHVLW]HQ�

:HLWHUKLQ�LVW�ZLFKWLJ��GLH�$EKlQJLJNHLWHQ�]ZLVFKHQ�YHUVFKLHGHQHQ�VWRFKDVWLVFKHQ�(IIHN�
WHQ� DXFK� LP�0RGHOO� ]X� EHU�FNVLFKWLJHQ�� 9HUVFKLHGHQH� 9DULDQFH�5HGXFWLRQ�7HFKQLTXHV
�957��OLHIHUQ�V\VWHPDWLVFKH�$QVlW]H��ZLH�GLHVH�(IIHNWH�LQ�HLQHP�0RGHOO�YDOLGH�DEJHELO�
GHW�ZHUGHQ�N|QQHQ�

(LQ�ZHLWHUHU�0RGHOOLHUXQJVDVSHNW��XP�HLQ�ZHLWJHKHQG�YDOLGHV�0RGHOO�I�U�GLH�EHWULHEVEH�
JOHLWHQGH� 6LPXODWLRQ� ]X� HUKDOWHQ�� LVW� GLH� ,PSOHPHQWLHUXQJ� YRQ� )HHGEDFN�.RSSOXQJHQ�
'XUFK�$QELQGXQJHQ�DQ�EHWULHEOLFKH�,QIRUPDWLRQVYHUDUEHLWXQJVV\VWHPH��ZLH�EHLVSLHOVZHL�
VH� %'(�0'(�6\VWHPH�� ,QVWDQGKDOWXQJV��� RGHU� &$4�6\VWHPH�� NDQQ� DXI� DNWXHOOH� 'DWHQ
GHU�UHDOHQ�3URGXNWLRQ�]XJHJULIIHQ�ZHUGHQ��0LW�GLHVHQ�,QIRUPDWLRQHQ� LVW�HV�P|JOLFK��GLH
0RGHOOEDXVWHLQH�DNWXHOO�]X�SDUDPHWULVLHUHQ��%HLVSLHOVZHLVH�NDQQ�GLH�DNWXHOOH�E]Z��GLH�]X
HUZDUWHQGH� 6W|U�&KDUDNWHULVWLN� HLQHU�%HDUEHLWXQJVPDVFKLQH� LQ� GHQ� HQWVSUHFKHQGHQ�0R�
GHOOEDXVWHLQ��EHUQRPPHQ�ZHUGHQ�

:HLWHUH�0RGHOOLHUXQJVHQWVFKHLGXQJHQ�P�VVHQ�DEKlQJLJ�YRQ�GHU�$UW�GHV�GXUFK]XI�KUHQ�
GHQ�([SHULPHQWV�JHWURIIHQ�ZHUGHQ��%HLVSLHOVZHLVH�LVW�IHVW]XOHJHQ��ZHOFKH�'DWHQ�ZlKUHQG
GHU�6LPXODWLRQ� HUID�W�ZHUGHQ� VROOHQ��(QWVSUHFKHQGH�6HQVRUHQ��'DWHQDUFKLYLHUXQJV�� XQG
�DXIEHUHLWXQJVEDXVWHLQH�VLQG�]X�LPSOHPHQWLHUHQ�

���� (LQIOX�IDNWRUHQ�DXI�GLH�0RGHOOLHUXQJ�GHU�6\VWHPVWRFKDVWLN

,P�IROJHQGHQ�ZLUG�V\VWHPDWLVFK�GDUJHVWHOOW��ZHOFKH�)DNWRUHQ�HLQHQ�ZHVHQWOLFKHQ�(LQIOX�
DXI�GLH�0RGHOOLHUXQJ�EHVLW]HQ��*UXQGODJH�KLHUI�U� VLQG�5HYLHZV�YHUVFKLHGHQHU�6LPXODWL�
RQVSURMHNWH��GHUHQ�0RGHOOLHUXQJVHQWVFKHLGXQJHQ�EHL�GHU�(UVWHOOXQJ�GHV�6LPXODWLRQVPR�
GHOOV� DQDO\VLHUW� ZXUGHQ�� $EVFKOLH�HQG� ZLUG� GDUJHVWHOOW�� ZHOFKH� $XVSUlJXQJHQ� GLH� (LQ�
IOX�IDNWRUHQ�EHVLW]HQ�N|QQHQ�

(LQLJH� 6WUXNWXUJU|�HQ� GHU� 3URGXNWLRQ� �YJO�� $DFKHQHU� 336�0RGHOO�� EHVFKULHEHQ� LQ
(9(56+(,0�	� 6&+8+� ������ 6�� ������� XQG� +25181*�	� /$$.0$11� ������ VLQG� DXV�
VFKODJJHEHQG�GDI�U��ZLH�VWDUN�VLFK�VWRFKDVWLVFKH�(IIHNWH�LQ�GHU�3URGXNWLRQ�DXVZLUNHQ�XQG
ZHOFKH�.HQQ]DKOHQ�GXUFK�VLH�EHHLQIOX�W�ZHUGHQ��'DPLW�ZLUNHQ�VLH�VLFK�DXFK�GDUDXI�DXV�
ZLH�GLH�6WRFKDVWLN�DP�EHVWHQ�PRGHOOLHUW�ZHUGHQ� VROOWH��%HLVSLHOVZHLVH�ZLUNHQ� VLFK�6W|�
UXQJHQ� LQ� HLQHU� ,QVHOIHUWLJXQJ� LQ�GHU�5HJHO�ZHQLJHU� VWDUN� DXV� DOV� LQ� HLQHU� ]HQWUDOLVWLVFK
RUJDQLVLHUWHQ�:HUNVWDWWIHUWLJXQJ��ZHLO�ZHVHQWOLFK�VFKQHOOHU�XQG�IOH[LEOHU�UHDJLHUW�ZHUGHQ
NDQQ�� 'DV� NDQQ� EHGHXWHQ�� GD�� DXI� GLH�0RGHOOLHUXQJ� YLHOHU� VWRFKDVWLVFKHU� (IIHNWH� YHU�
]LFKWHW�ZHUGHQ�NDQQ��4XDOLWlWVPlQJHO�DQ�HLQHP�(U]HXJQLV��GDV�QDFK�.XQGHQVSH]LILNDWLRQ
SURGX]LHUW�ZLUG��ZLUNHQ�VLFK�VHKU�VWDUN�DXI�GLH�'XUFKODXI]HLW�E]Z��GLH�7HUPLQWUHXH�GLHVHV
HLQHQ�$XIWUDJV� DXV�� ,VW� GDV� (U]HXJQLV� KLQJHJHQ� HLQ� 6WDQGDUGHU]HXJQLV�� NDQQ� HV� VFKQHOO
GXUFK�HLQ�JOHLFKHV�HUVHW]W�ZHUGHQ��'HU�4XDOLWlWVPDQJHO�ZLUNW�VLFK�LQ�GLHVHP�)DOO�YRUUDQ�
JLJ�DXI�GLH�$XVODVWXQJ�E]Z��GHQ�'XUFKVDW]�GHU�3URGXNWLRQ�DXV�XQG�ZHQLJHU�DXI�GLH�7HU�
PLQWUHXH�HLQHV�HLQ]HOQHQ�.XQGHQDXIWUDJV�
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+LQVLFKWOLFK�GHU�0RGHOOLHUXQJ�EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ� ODVVHQ�VLFK�DOOHU�
GLQJV� DXV� GHQ� 6WUXNWXUJU|�HQ� GHU� 3URGXNWLRQ� NHLQH� NRQNUHWHQ� XQG� GHWDLOOLHUWHQ� +DQG�
OXQJVHPSIHKOXQJHQ�DEOHLWHQ��ZHLO�GLH�$UW�GHU�0RGHOOLHUXQJ�GXUFK�VHKU�YLHOH�(LQIOX�IDN�
WRUHQ� GHU�6WUXNWXUHQ� XQG�$EOlXIH� GHV� 3URGXNWLRQVV\VWHPV� EHHLQIOX�W�ZLUG�� (V� Ol�W� VLFK
OHGLJOLFK�GLH�DOOJHPHLQH�$XVVDJH�WUHIIHQ��GD��GLH�+RPRJHQLWlW�GHU�3URGXNWH�XQG�$EOlXIH
(LQIOX��DXI�GLH�%HVRQGHUKHLWHQ�XQG�0|JOLFKNHLWHQ�EHL�GHU�0RGHOOLHUXQJ�EHVLW]W��'LH�0R�
GHOOLHUXQJVHQWVFKHLGXQJHQ�ZHUGHQ�LP��EULJHQ�QDFK�GHQ�JOHLFKHQ�0D�VWlEHQ�ZLH�EHL�GHU
NRQYHQWLRQHOOHQ��SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ�JHWURIIHQ�

(LQLJH�(LQIOX�IDNWRUHQ� VLQG� MHGRFK� EHVRQGHUV�ZLFKWLJ� I�U� EHWULHEVEHJOHLWHQGH� 6LPXODWL�
RQVPRGHOOH�� ,Q�7DEHOOH� ���� LVW� GDUJHVWHOOW��ZHOFKH�&KDUDNWHULVWLND� GHV�([SHULPHQWV� XQG
ZHOFKH�VWRFKDVWLVFKHQ�0HUNPDOH�GHV�8QWHUVXFKXQJVREMHNWV�HLQHQ�(LQIOX��DXI�GLH�0RGHO�
OLHUXQJ� EHVLW]HQ��+LHUDXV�ZHUGHQ� VSlWHU�0RGHOOLHUXQJVW\SHQ� VRZLH� HLQH� 6\VWHPDWLN� ]XU
$XVZDKO�HLQHV�SDVVHQGHQ�0RGHOOLHUXQJVW\SV�I�U�HLQHQ�NRQNUHWHQ�$QZHQGXQJVIDOO�DEJH�
OHLWHW�

(LQH�*UXSSH�YRQ�(LQIOX�IDNWRUHQ�Ol�W�VLFK�DXV�GHQ�5DQGEHGLQJXQJHQ�XQG�GHU�=LHOVHW]XQJ
GHV�6LPXODWLRQVH[SHULPHQWV�DEOHLWHQ��+LQVLFKWOLFK�GHU�6WDWLVWLN�VSLHOW�GHU�3URJQRVHKRUL�
]RQW�XQG�GLH�]XU�9HUI�JXQJ�VWHKHQGH�=HLW�I�U�GDV�([SHULPHQW�HLQH�ZHVHQWOLFKH�5ROOH
I�U�GLH�(QWVFKHLGXQJ��RE� VWRFKDVWLVFK� VLPXOLHUW�ZLUG�XQG�ZHOFKH� VWRFKDVWLVFKHQ�(IIHNWH
EHU�FNVLFKWLJW�ZHUGHQ�VROOWHQ��(EHQVR�ZLFKWLJ�VLQG�GLH�$QIRUGHUXQJHQ�DQ�GLH�*HQDXLJ�
NHLW�XQG�GLH�$XVVDJHVFKlUIH�GHU�(UJHEQLVVH��'LHVH�EHLGHQ�.ULWHULHQ�KDEHQ�HLQHQ�(LQ�
IOX��GDUDXI��ZLH�YDOLGH�XQG�GHWDLOOLHUW�GDV�3URJQRVHPRGHOO�VHLQ�PX���'XUFK�GLH�7DWVDFKH�
RE�(UIDKUXQJVGDWHQ�YRUOLHJHQ�ZLUG�HQWVFKLHGHQ��RE�GHU�$QVDW]�GHU�)HKOHUNRPSHQVDWLRQ
DQJHZHQGHW�ZHUGHQ�NDQQ��YJO��$EVFKQLWW������

(LQIOX�IDNWRUHQ $XVSUlJXQJHQ

3URJQRVHKRUL]RQW NXU]IULVWLJ PLWWHOIULVWLJ ODQJIULVWLJ

=XU�9HUI�JXQJ�VWHKHQGH�=HLW HQJH�=HLWUHVWULNWLRQ NHLQH�EHVRQGHUHQ�$QIRUGHUXQJHQ

$QIRUGHUXQJ�DQ�GLH�$XVZHUWXQJHQ

*HQDXLJNHLWVDQIRUGHUXQJ
JHIRUGHUWH�$XVVDJHVFKlUIH

KRFK
KRFK

JHULQJ
JHULQJ

9RUKDQGHQVHLQ�YRQ�(UIDKUXQJVGDWHQ MD QHLQ

6WRFKDVWLN�GHU�3URGXNWLRQ

(LQIOX��GHU�6WRFKDVWLN
9DULDELOLWlW�GHU�6WRFKDVWLN
+RPRJHQLWlW�GHU�3URGXNWH�X��$EOlXIH

KRFK
KRFK
KRFK

QLHGULJ
QLHGULJ
JHULQJ

7DEHOOH����� (LQIOX�IDNWRUHQ�DXI�GLH�$UW�GHU�0RGHOOLHUXQJ�GHU�6\VWHPVWRFKDVWLN�XQG
GHUHQ�$XVSUlJXQJHQ

9RQ�JUR�HU�%HGHXWXQJ�LVW�GLH�6WlUNH�GHU�VWRFKDVWLVFKHQ�(LQIO�VVH��G�K��RE�EHLVSLHOVZHL�
VH� 6W|UXQJHQ� YRQ� (QJSlVVHQ� RGHU� bQGHUXQJVZ�QVFKH� GHU� .XQGHQ� GLH� $EOlXIH� LQ� GHU
3URGXNWLRQ� VR� VWDUN� VW|UHQ��GD��3URJQRVHQ�DE�HLQHP�EHVWLPPWHQ�3URJQRVHKRUL]RQW� VHKU
XQVLFKHU�ZHUGHQ��'DPLW�ZLUG�GHU�VLQQYROOH�3URJQRVHKRUL]RQW�XQG�GLH�HUUHLFKEDUH�3URJQR�
VHVFKlUIH�GHWHUPLQLHUW��(V�PX��VRUJIlOWLJ�DEJHZRJHQ�ZHUGHQ��RE�XQG�ZLH�HLQ�VWRFKDVWL�
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VFKHU�(IIHNW�PRGHOOLHUW�ZHUGHQ�VROO��:LFKWLJ�LVW�LQ�GLHVHP�=XVDPPHQKDQJ�DXFK�GLH�]HLW�
OLFKH� 9DULDELOLWlW� GHU� 6WRFKDVWLN� XQG� GLH�+RPRJHQLWlW� GHU� 3URGXNWH� XQG� $EOlXIH�
9HUlQGHUW�VLFK�GLH�6WRFKDVWLN�GHV�6\VWHPV�VHKU�VFKQHOO��LVW�HV�PHLVW�QLFKW�P|JOLFK�(UIDK�
UXQJVGDWHQ�]XU�)HKOHUNRPSHQVDWLRQ�XQG�]XU�9DULDQ]VFKlW]XQJ�]X�YHUZHQGHQ��6WDWW�GHV�
VHQ�PX�� VWRFKDVWLVFK� VLPXOLHUW�ZHUGHQ�� 6LQG� GLH� 3URGXNWLRQVDEOlXIH� GHU� 3URGXNWH� VHKU
lKQOLFK� XQG�ZHUGHQ� GLH� JOHLFKHQ�3URGXNWLRQVPLWWHO� YHUZHQGHW�� VLQG� DXFK� GLH� VWRFKDVWL�
VFKHQ� 8QVLFKHUKHLWHQ� LQ� JOHLFKHU� *U|�HQRUGQXQJ�� 'DV� EHGHXWHW�� GD�� I�U� DOOH� 3URGXNWH
7HUPLQSURJQRVHQ�PLW�GHP�JOHLFKHQ�VWDWLVWLVFKHQ�0RGHOO�HUVWHOOW�ZHUGHQ�N|QQHQ��$QGHUQ�
IDOOV�VROOWH�I�U�MHGH�3URGXNWJUXSSH�HLQ�HLJHQHV�0RGHOO�EHUHFKQHW�ZHUGHQ�

���� 0RGHOOLHUXQJVW\SHQ

%HL� GHU�.ODVVLILNDWLRQ� GHU� (LQIOX�IDNWRUHQ� VWHOOWH� VLFK� XQWHU� DQGHUHP� KHUDXV�� GD�� QLFKW
DOOH�GHQNEDUHQ�)DNWRUNRPELQDWLRQHQ�LQ�GHU�3UD[LV�DXIWUHWHQ��%HLVSLHOVZHLVH�LVW�EHL�NXU]HQ
3URJQRVHKRUL]RQWHQ�LQ�GHU�5HJHO�HLQH�KRKH�*HQDXLJNHLW�GHU�(UJHEQLVVH�VRZLH�HLQH�NXU]H
$QWZRUW]HLW�GHV�6LPXODWRUV�JHIRUGHUW��'LHV�EHGHXWHW��GD��DXFK�GLH�9LHOIDOW�XQWHUVFKLHGOL�
FKHU� 0RGHOOW\SHQ� HLQJHJUHQ]W� ZHUGHQ� NDQQ�� 'LHVHV� 8QWHUVXFKXQJVHUJHEQLV� ZLUG� X�D�
GXUFK�HLQH�6WXGLH�XQWHUPDXHUW��GLH�DQ�GHU�$UL]RQD�6WDWH�8QLYHUVLW\�GXUFKJHI�KUW�ZXUGH
�g='(0,5(/�(/�$/��������6�������

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�ZHUGHQ�I�QI�0RGHOOLHUXQJVW\SHQ�GHILQLHUW��EHL�GHQHQ
MHZHLOV�GLH�6\VWHPVWRFKDVWLN�DXI�XQWHUVFKLHGOLFKH�:HLVH�DEJHELOGHW�ZLUG��(LQ�.ULWHULHQ�
NDWDORJ�VWHOOW�GLH�*UXQGODJH�I�U�HLQHQ�V\VWHPDWLVFKHQ�$XVZDKOSUR]H��GDU��,Q�GLHVHP�.D�
WDORJ�ZLUG�XQWHU�DQGHUHP�IHVWJHOHJW��EHL�ZHOFKHQ�5DQGEHGLQJXQJHQ�EHVWLPPWH�$QODJHQ�
EHUHLFKH�XQG�(LQ]HONRPSRQHQWHQ�VWRFKDVWLVFK�PRGHOOLHUW�ZHUGHQ�VROOHQ�

6LPXODWLRQV]LHO��
*HQDXLJNHLWV�
DQIRUGHUXQJHQ

3URJQRVH�
KRUL]RQW

=HLW�
UHVWULNWLRQ

(UIDKUXQJVGDWHQ
XQG�9DULDELOLWlW
GHU�6WRFKDVWLN

+RPRJHQLWlW�GHU
3URGXNWH�XQG

$EOlXIH

0RGHOOLH�
UXQJVW\S

7HUPLQSURJQRVHQ

>0LQXWHQ��6WXQGHQ@

NXU]IULVWLJ

�����:RFKHQ�

KRFK 9RUKDQGHQ�XQG

JHULQJH�9DULDELOLWlW

+RPRJHQH�6WUXNWXUHQ�

lKQOLFKH�3URGXNWH

,

7HUPLQSURJQRVHQ

>0LQXWHQ��6WXQGHQ@

NXU]IULVWLJ

�����:RFKHQ�

KRFK 9RUKDQGHQ�XQG

JHULQJH�9DULDELOLWlW

LQKRPRJHQH�

YHUQHW]WH�6WUXNWXUHQ�

XQWHUVFKLHGOLFKH�3URGXNWH

,,

7HUPLQSURJQRVHQ

>0LQXWHQ��6WXQGHQ@

NXU]IULVWLJ

�����:RFKHQ�

KRFK 1LFKW�YRUKDQGHQ�RGHU

KRKH�9DULDELOLWlW

�NHLQ�.ULWHULXP� ,,,

7HUPLQSURJQRVHQ

>7DJH@��'XUFKODXI]HLW��RGHU

%HVWDQGVDQDO\VHQ

PLWWHOIULVWLJ

������:RFKHQ�

JHULQJ �NHLQ�.ULWHULXP� �NHLQ�.ULWHULXP� ,9

'XUFKVDW]���'XUFKODXI]HLW�

RGHU�%HVWDQGVDQDO\VHQ

PLWWHO��ELV

ODQJIULVWLJ

������0RQDWH�

JHULQJ �NHLQ�.ULWHULXP� �NHLQ�.ULWHULXP� 9

7DEHOOH����� .ULWHULHQNDWDORJ�]XU�$XVZDKO�HLQHV�0RGHOOLHUXQJVW\SV
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,P�IROJHQGHQ�VLQG�VSH]LILVFKH�0RGHOOLHUXQJVW\SHQ�I�U�W\SLVFKH�)DNWRUNRPELQDWLRQHQ�GH�
WDLOOLHUW�EHVFKULHEHQ��:HLWHUH�$XVI�KUXQJHQ�]X�VSH]LHOOHQ�0RGHOOLHUXQJVWHFKQLNHQ�EHILQ�
GHQ�VLFK�LQ�$EVFKQLWW������7DEHOOH�����]HLJW�GHQ�.ULWHULHQNDWDORJ��PLW�GHP�HLQ�JHHLJQHWHU
0RGHOOLHUXQJVW\S�I�U�HLQH�VSH]LILVFKH�$QZHQGXQJ�DXVJHZlKOW�ZHUGHQ�NDQQ�

0RGHOOLHUXQJVW\S�,�

'LH� 6\VWHPVWRFKDVWLN� ZLUG� QLFKW� PRGHOOLHUW�� 6WRFKDVWLVFKH� 6LPXODWLRQHQ� Z�UGHQ� ]XYLHO
=HLW�EHDQVSUXFKHQ��ZHLO�HLQH�KLQUHLFKHQG�JUR�H�$Q]DKO�YRQ�VWRFKDVWLVFKHQ�6LPXODWLRQV�
OlXIHQ�HUIRUGHUOLFK�ZlUH��$OV�JUREHU�5LFKWZHUW�I�U�GLH�0LQGHVWDQ]DKO�YRQ�XQDEKlQJLJHQ
%HREDFKWXQJHQ�ZLUG�LQ�GHU�/LWHUDWXU�RIW�GLH�=DKO����JHQDQQW��%26&+��������,Q�YRUOLHJHQ�
GHQ�$QZHQGXQJVIDOO�Z�UGH�GLHV�GHU�JOHLFKHQ�$Q]DKO�YRQ�6LPXODWLRQVOlXIHQ�HQWVSUHFKHQ�
'LH�HUIRUGHUOLFKH�=HLW�I�U�GDV�([SHULPHQW�Z�UGH�PLW�GHU�$Q]DKO�GHU�/lXIH�DQVWHLJHQ�

$OOHUGLQJV�NDQQ�VSH]LHOO�LQ�GLHVHP�$QZHQGXQJVIDOO�GLH�6WRFKDVWLN�LQ�GHU�5HJHO�JXW�PLW�
WHOV� 9HUIDKUHQ�� GLH� LQ� $EVFKQLWW� ���� EHVFKULHEHQHQ� ZHUGHQ�� DXV� GHQ� (UIDKUXQJVZHUWHQ
DEJHVFKlW]W�ZHUGHQ��'DV�GHU�6LPXODWLRQ�QDFKJHVFKDOWHWH�0RGXO�]XU�)HKOHUNRPSHQVDWLRQ
XQG�$EVFKlW]XQJ�GHU�VWRFKDVWLVFKHQ�8QVLFKHUKHLW�OLHIHUW�GLH�'DWHQ��GLH�GDV�GHWHUPLQLVWL�
VFKH�6LPXODWLRQVPRGHOO�QLFKW�EHUHLWVWHOOHQ�NDQQ��'HU�(LQVDW]�GHU�VWRFKDVWLVFKHQ�6LPXODWL�
RQ�ZlUH�]X�DXIZHQGLJ��]X�]HLWLQWHQVLY�XQG�Z�UGH�NDXP�]XVlW]OLFKH�(UNHQQWQLVVH�OLHIHUQ�

0RGHOOLHUXQJVW\S�,,�

'LH�6\VWHPVWRFKDVWLN�ZLUG�QLFKW�PRGHOOLHUW��bKQOLFK�ZLH�EHL�0RGHOOLHUXQJVW\S�,�NDQQ�LQ
GLHVHP� $QZHQGXQJVIDOO� GLH� 6WRFKDVWLN� DXV� GHQ� (UIDKUXQJVZHUWHQ� DEJHVFKlW]W� ZHUGHQ�
$OOHUGLQJV�VROOWHQ�VRZRKO�GLH�XQWHUVFKLHGOLFKHQ�3URGXNWH�DOV�DXFK�GLH�YHUVFKLHGHQ�VWUXN�
WXULHUWHQ� 3URGXNWLRQVEHUHLFKH� KLQVLFKWOLFK� GHU�bKQOLFKNHLW� LKUHU� 7HFKQRORJLHQ� XQG� 3UR�
GXNWLRQVDEOlXIH�NODVVLIL]LHUW�ZHUGHQ�

,Q�GHU�5HJHO� I�KUHQ�XQWHUVFKLHGOLFKH�7HFKQRORJLHQ��$EOlXIH�RGHU�6WUXNWXUHQ�]X� MHZHLOV
DQGHUHQ� V\VWHPDWLVFKHQ� XQG� VWRFKDVWLVFKHQ� )HKOHUQ�� :�UGH� GDV� JHVDPWH� 3URGXNWLRQV�
VSHNWUXP�LQ�HLQHU�$XVZHUWXQJ�EHWUDFKWHW�ZHUGHQ��N|QQWHQ�QXU�SDXVFKDOH�(UJHEQLVVH�HU�
]LHOW�ZHUGHQ�� (LQ� HUKHEOLFKHV� 3RWHQWLDO� ]X�9HUEHVVHUXQJ� GHU� (UJHEQLVJ�WH� EOLHEH� XQJH�
QXW]W��'HVKDOE�VROOWHQ�GLH�EHVFKULHEHQHQ�0HWKRGHQ�I�U�MHGH�3URGXNWNODVVH�RGHU�I�U�MHGHQ
6WUXNWXUEHUHLFK�LVROLHUW�DQJHZHQGHW�ZHUGHQ��$XI�GLHVH�:HLVH�LVW�HV�P|JOLFK��]X�GLIIHUHQ�
]LHUWHUHQ�(UJHEQLVVHQ�PLW�HLQHU�K|KHUHQ�3URJQRVHWUHXH�]X�JHODQJHQ�

0RGHOOLHUXQJVW\S�,,,�

,VW�GLH�1XW]XQJ�YRQ�(UIDKUXQJVZLVVHQ�YRQ�YRUQKHUHLQ�DXVJHVFKORVVHQ��P�VVHQ�VWRFKDVWL�
VFKH�6LPXODWLRQHQ�GXUFKJHI�KUW�ZHUGHQ��XP�DEJHVLFKHUWH�(UJHEQLVVH�XQG�VWDWLVWLVFKH�,Q�
IRUPDWLRQHQ� ]X� HUKDOWHQ�� 'LHV� LVW� EHLVSLHOVZHLVH� GHU� )DOO�� ZHQQ� HLQ� 3URGXNWLRQVV\VWHP
QHX�LQ�%HWULHE�JHQRPPHQ�ZLUG��GLH�6WUXNWXU�RGHU�$EOlXIH�GHV�6\VWHPV�YHUlQGHUW�ZHUGHQ
RGHU�GLH�3URGXNWLRQ�HLQHV�QHXDUWLJHQ�3URGXNWV�DXIJHQRPPHQ�ZHUGHQ�VROO�

%HL�GLHVHP�0RGHOOLHUXQJVW\S�VROOWHQ�QXU�GLH�NOHLQHUHQ��KlXILJ�DXIWUHWHQGHQ�VWRFKDVWLVFKHQ
(IIHNWH�DXI�NRQYHQWLRQHOOH�$UW�PRGHOOLHUW�ZHUGHQ��ZLH�EHLVSLHOVZHLVH�VFKZDQNHQGH�%HDU�
EHLWXQJV]HLWHQ�RGHU�NOHLQHUH�6W|UXQJHQ��$QGHUV�P�VVHQ� VWRFKDVWLVFKH�(IIHNWH�EHKDQGHOW
ZHUGHQ�� GHUHQ� $XIWUHWHQ� LQ� GHP� EHWUDFKWHWHQ� =HLWUDXP� ]ZDU� XQZDKUVFKHLQOLFK� LVW�� GLH
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DEHU�GRFK�W\SLVFK�I�U�HLQ�3URGXNWLRQVV\VWHP�VLQG��'LHV�VLQG�(UHLJQLVVH��GLH�]ZDU�PLW�JH�
ULQJHU�DEHU�GRFK�NDONXOLHUEDUHU�:DKUVFKHLQOLFKNHLW�DXIWUHWHQ��ZLH�EHLVSLHOVZHLVH�HLQ�OlQ�
JHUHU�0DVFKLQHQDXVIDOO� DXIJUXQG� HLQHV� 'HIHNWV� GHU� +DXSWVSLQGHO�� $XFK� GLHVH� $UW� YRQ
(IIHNWHQ�VROOWH�LP�0RGHOO�EHU�FNVLFKWLJW�ZHUGHQ��+LHUEHL�LVW�DOOHUGLQJV�]X�EHDFKWHQ��GD�
EHL� NODVVLVFKHU� 0RGHOOLHUXQJ� VRZRKO� GDV� $XIWUHWHQ� GLHVHU� VHKU� VHOWHQHQ� (UHLJQLVVH� DOV
DXFK�GDV�1LFKW�$XIWUHWHQ�LQQHUKDOE�HLQHU�LQ�GHU�3UD[LV��EOLFKHQ�JHULQJHQ�$Q]DKO�YRQ�HW�
ZD� ��� 6LPXODWLRQVOlXIHQ� NHLQH� VWDWLVWLVFK� DEJHVLFKHUWHQ� (UNHQQWQLVVH� OLHIHUQ� Z�UGH�
9LHOPHKU�VROOWH�KLHU�HLQH�VSH]LHOOH�9DULDQFH�5HGXFWLRQ�7HFKQLTXH��957���GDV�VRJHQDQQWH
Ä,PSRUWDQFH�6DPSOLQJ³��HLQJHVHW]W�ZHUGHQ��GLH�LQ�$EVFKQLWW�����GHWDLOOLHUW�HUOlXWHUW�ZLUG�
'LHVH� 7HFKQLN� I�KUW� EHL� VHOWHQ� DXIWUHWHQGHQ� VWRFKDVWLVFKHQ� (IIHNWHQ� DXFK�PLW� ZHQLJHQ
6LPXODWLRQVOlXIHQ�]X�DEJHVLFKHUWHQ�(UJHEQLVVHQ��6HKU�XQZDKUVFKHLQOLFKH�RGHU�XQW\SLVFKH
(UHLJQLVVH��GHUHQ�$XIWUHWHQ�]X�HLQHU�$XVQDKPHVLWXDWLRQ�I�KUHQ�Z�UGH��ZLH�EHLVSLHOVZHLVH
HLQ�7RWDODXVIDOO�GHU�3URGXNWLRQVDQODJH�DXIJUXQG�HLQHU�JUR�HQ�6W|UXQJ�RGHU�HLQHV�6WUHLNV�
VROOWHQ�EHL�GHQ�PHLVWHQ�6LPXODWLRQVXQWHUVXFKXQJHQ�YHUQDFKOlVVLJW�ZHUGHQ�

%HL�GLHVHP�0RGHOOLHUXQJVW\S�ZLUG�DXFK�HLQH�5�FNNRSSOXQJ�GHU�0RGHOOHOHPHQWH�GHU�6L�
PXODWLRQ�DQ�GLH�(OHPHQWH�GHU�UHDOHQ�3URGXNWLRQVDQODJH�LPSOHPHQWLHUW��XP�HLQH�P|JOLFKVW
UHDOLVWLVFKH�XQG�DNWXHOOH�0RGHOOLHUXQJ�GHU�6WRFKDVWLN� ]X� HUUHLFKHQ��%HLVSLHOVZHLVH�ZLUG
GHU�$QVDW]� YHUIROJW�� HLQHU� IULVFK� JHZDUWHWHQ�5HVVRXUFH� HLQ� DQGHUHV� 6W|UYHUKDOWHQ� ]X]X�
ZHLVHQ��DOV�HLQHU�XQJHZDUWHWHQ��'LHVH�5�FNNRSSOXQJ�ZLUG�EHLVSLHOVZHLVH��EHU�HLQH�$Q�
ELQGXQJ� DQ� %'(�0'(�6\VWHPH�� ,QVWDQGKDOWXQJVV\VWHPH� RGHU� DQ� &$4�6\VWHPH� �EHU
'DWHQVFKQLWWVWHOOHQ� HU]LHOW�� $OOHUGLQJV� VLQG� GDI�U� LQ� GLHVH� 6\VWHPH� HQWVSUHFKHQGH� $XV�
ZHUWXQJHQ�]X�LPSOHPHQWLHUHQ�

3UREOHPDWLVFK� LVW� EHL� GLHVHP�0RGHOOLHUXQJVW\S� GLH� HUIRUGHUOLFKH� =HLW� I�U� GLH� VWRFKDVWL�
VFKHQ�6LPXODWLRQVOlXIH��YJO��0RGHOOLHUXQJVW\S�,���'D�MHGRFK�LP�0RGHOO�QXU�NOHLQHUH��KlX�
ILJ�DXIWUHWHQGH�VWRFKDVWLVFKH�(IIHNWH�EHU�FNVLFKWLJW�XQG�GLH�VHOWHQHUHQ�(IIHNWH�EHVRQGHUV
EHKDQGHOW�ZHUGHQ� �V�R���� LVW� HLQH�JHULQJH�$Q]DKO�YRQ�HWZD����6LPXODWLRQVOlXIHQ� I�U�GLH
VLFKHUH�6FKlW]XQJ�GHU�3DUDPHWHU�XQG�.HQQ]DKOHQ�]XOlVVLJ�

0RGHOOLHUXQJVW\S�,9�

)�U� PLWWHOIULVWLJH� 7HUPLQSURJQRVHQ� VRZLH� 'XUFKODXI]HLW�� XQG� %HVWDQGVDQDO\VHQ� VROOWHQ
NOHLQHUH�ELV�PLWWOHUH�VWRFKDVWLVFKH�(IIHNWH�NRQYHQWLRQHOO�LP�6LPXODWLRQVPRGHOO�DEJHELOGHW
ZHUGHQ��G�K��EHLVSLHOVZHLVH�:HUN]HXJEU�FKH�RGHU�XQJHSODQWH�:DUWXQJVPD�QDKPHQ��=XU
HIIL]LHQWHQ�0RGHOOLHUXQJ�VHKU�JUR�HU��HKHU�VHOWHQ�DXIWUHWHQGHU�(IIHNWH�NDQQ�DXFK�KLHU�GLH
957�Ä,PSRUWDQFH�6DPSOLQJ³�GLHQHQ��$OOHUGLQJV�VROOWHQ�XQW\SLVFKH�(IIHNWH�YHUQDFKOlVVLJW
ZHUGHQ��:LH�EHL�0RGHOOLHUXQJVW\S�,,,�VROOWH�HLQH�5�FNNRSSOXQJ�GHV�0RGHOOV�DQ�GLH�UHDOH
$QODJH�KHUJHVWHOOW�ZHUGHQ��XP�]XYHUOlVVLJHUH�7HUPLQSURJQRVHQ�]X�HUKDOWHQ��=XU�6WHLJH�
UXQJ�GHU�(IIL]LHQ]�VROOWH�GLH�0|JOLFKNHLW�JHQXW]W�ZHUGHQ��0DVFKLQHQJUXSSHQ�KLQVLFKWOLFK
LKUHU� VWRFKDVWLVFKHQ� (LJHQVFKDIWHQ� JHPHLQVDP� ]X� EHZHUWHQ� XQG� ZHQQ� P|JOLFK� ]XVDP�
PHQ]XIDVVHQ��YJO��$EVFKQLWW������

0RGHOOLHUXQJVW\S�9�

'LH�$QZHQGXQJ�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�I�U�WDNWLVFKH�2SWLPLHUXQJVDXIJDEHQ
VWHOOW� GHQ� hEHUJDQJ� ]XU� SODQXQJVXQWHUVW�W]HQGHQ� 6LPXODWLRQ� GDU�� 'HP]XIROJH� ZHUGHQ
DXFK�GLH�VWRFKDVWLVFKHQ�(IIHNWH�LQ�JOHLFKHU�:HLVH�PRGHOOLHUW��=X�EHDFKWHQ�LVW�DOOHUGLQJV�
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GD�� QXU� GLH� PLWWOHUHQ� XQG� JU|�HUHQ� VWRFKDVWLVFKHQ� (IIHNWH� PRGHOOLHUW� ZHUGHQ�� XP� GHQ
0RGHOOLHUXQJVDXIZDQG�JHULQJ�]X�KDOWHQ��$OV�%HLVSLHO�LVW�KLHU�GHU�$XVIDOO�HLQHU�0DVFKLQH
I�U�HLQH�'DXHU� LP�6WXQGHQEHUHLFK�]X�QHQQHQ��%HL�GHU� I�U� WDNWLVFKH�2SWLPLHUXQJHQ� W\SL�
VFKHQ�Ä0DNUR�%HWUDFKWXQJ³�KDW�VLFK�JH]HLJW��GD��HLQH�0RGHOOLHUXQJ�GHU�NOHLQHUHQ�VWRFKD�
VWLVFKHQ�(IIHNWH��ZLH�EHLVSLHOVZHLVH�GLH�6FKZDQNXQJ�GHU�%HDUEHLWXQJV]HLWHQ�XP�ZHQLJH
0LQXWHQ��NHLQH�]XVlW]OLFKHQ�(UNHQQWQLVVH�OLHIHUQ�Z�UGH��'LHVH�NOHLQHUHQ�6W|UXQJHQ�ZLU�
NHQ�VLFK�EHL�GLHVHU�6LFKWZHLVH�GXUFK�.RYDULDQ]�(IIHNWH�LQ�HUVWHU�/LQLH�LQ�HLQHU�V\VWHPDWL�
VFKHQ�$EZHLFKXQJ�DXV��'LHVH�NDQQ�HQWZHGHU�GXUFK�HLQH�$QSDVVXQJ�GHU�GHWHUPLQLVWLVFKHQ
3DUDPHWHU�GHV�0RGHOOV�RGHU�GXUFK�HLQH�)HKOHUNRPSHQVDWLRQ�DXVJHJOLFKHQ�ZHUGHQ�

$XFK�KLHU�ELHWHW�GLH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�JHJHQ�EHU�GHU�SODQXQJVXQWHUVW�W]HQ�
GHQ�6LPXODWLRQ�GHQ�9RUWHLO��DXI�(UIDKUXQJVZLVVHQ�]XU�FNJUHLIHQ�]X�N|QQHQ��'LHV�HUP|J�
OLFKW�HLQH�H[DNWHUH�0RGHOOLHUXQJ�GHU�6WRFKDVWLN��(LQH�GLUHNWH�5�FNNRSSOXQJ�GHV�0RGHOOV
]XU�UHDOHQ�$QODJH�LVW�DQJHVLFKWV�GHU�/lQJH�GHV�%HWUDFKWXQJV]HLWUDXPV�QLFKW�HUIRUGHUOLFK�
(UIDKUXQJVZLVVHQ�VROOWH�EHL�MHGHU�0RGHOOYDOLGLHUXQJ�E]Z���SIOHJH�HLQIOLH�HQ�

���� 6SH]LHOOH�0RGHOOLHUXQJVWHFKQLNHQ�I�U�VWRFKDVWLVFKH�(IIHNWH�EHL�GHU
EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ

%HL�GHQ�0RGHOOLHUXQJVW\SHQ�,,,�ELV�9�PX��GDUDXI�JHDFKWHW�ZHUGHQ��GD��GDV�0RGHOO�GLH
UHDOH�$QODJHQVWRFKDVWLN�ZLGHUVSLHJHOW��+LQ]X�NRPPW��GD�� EHL� 6LPXODWLRQVPRGHOOHQ�� GLH
EHWULHEVEHJOHLWHQG�HLQJHVHW]W�ZHUGHQ�VROOHQ��LQ�GHU�5HJHO�GHU�$QWZRUW]HLW�GHU�6LPXODWLRQ
EHVRQGHUHU� 6WHOOHQZHUW� EHLJHPHVVHQ� ZHUGHQ� VROOWH�� 8P� ODXI]HLWRSWLPLHUWH� 6LPXODWLRQV�
PRGHOOH�]X�HUKDOWHQ��N|QQHQ�GLYHUVH�7HFKQLNHQ�GHU�9HUGLFKWXQJ�XQG�$EVWUDNWLRQ� DQJH�
ZHQGHW�ZHUGHQ��=(,*/(5�������6����II���'LH�%HKDQGOXQJ�GHU� VWRFKDVWLVFKHQ�(IIHNWH� LVW
EHL�GHU�9HUGLFKWXQJ�XQG�$EVWUDNWLRQ�DOOHUGLQJV�QLFKW�WULYLDO��:HUGHQ�)HKOHU�EHL�GHU�$E�
ELOGXQJ� GHU� 6\VWHPVWRFKDVWLN� EHJDQJHQ�� NDQQ� GLHV� GD]X� I�KUHQ�� GD�� GLH� 6LPXODWLRQVHU�
JHEQLVVH�VRZRKO�V\VWHPDWLVFKH�DOV�DXFK�VWRFKDVWLVFKH�$EZHLFKXQJHQ�DXIZHLVHQ�

8P�DXFK�PLW�VWRFKDVWLVFKHQ�0RGHOOHQ�GLH�$QIRUGHUXQJHQ��GLH� LP�5DKPHQ�GHU�EHWULHEV�
EHJOHLWHQGHQ� 6LPXODWLRQ� DQ� GLH� 6LPXODWLRQ� JHVWHOOW� ZHUGHQ�� ]X� HUI�OOHQ�� LVW� GHU� (LQVDW]
VSH]LHOOHU�0HWKRGHQ�XQG�7HFKQLNHQ�EHL�GHU�0RGHOOLHUXQJ�QRWZHQGLJ��'LHVH�VROOHQ�VLFKHU�
VWHOOHQ��GD��GLH�VWRFKDVWLVFKHQ�(IIHNWH�YDOLGH�LP�0RGHOO�DEJHELOGHW�ZHUGHQ��,P�IROJHQGHQ
ZHUGHQ�HLQLJH�LQ�GHU�ZLVVHQVFKDIWOLFKHQ�/LWHUDWXU�EHVFKULHEHQH�7HFKQLNHQ�GDUJHVWHOOW��V�
./(,-1(1�	�*52(1(1'$$/��������'LH�(LQVDW]P|JOLFKNHLWHQ�XQG�GLH�EHVRQGHUH�%HGHX�
WXQJ�GLHVHU�7HFKQLNHQ� LP�=XVDPPHQKDQJ�PLW�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�ZHU�
GHQ�DQKDQG�YRQ�%HLVSLHOHQ�GDUJHVWHOOW�

������ 0HWKRGHQ�]XU�9HUGLFKWXQJ�XQG�$EVWUDNWLRQ�VWRFKDVWLVFKHU�(IIHNWH

%HVWLPPWH� VWRFKDVWLVFKH� (IIHNWH� ODVVHQ� VLFK� EHL� GHU� $EVWUDNWLRQ� HLQHV�0RGHOOV� ]XVDP�
PHQIDVVHQ� XQG� LQ� YHUGLFKWHWHU� )RUP� PRGHOOLHUHQ�� 0LW� PDWKHPDWLVFKHQ� 0LWWHOQ� JHOLQJW
GLHV��EHLVSLHOVZHLVH�ZHQQ�PHKUHUH� VWDUU�YHUNHWWHWH�(LQ]HOVWDWLRQHQ�HLQHU�/LQLH� ]X� HLQHP
DEVWUDNWHQ� %DXVWHLQ� ]XVDPPHQJHID�W� ZHUGHQ�� 'D� MHGH� 6W|UXQJ� HLQHU� $UEHLWVVWDWLRQ
]ZDQJVOlXILJ� LQ�NXU]HU�=HLW� ]XP�6WLOOVWDQG�GHU�JHVDPWHQ�/LQLH� I�KUW�� N|QQHQ� LQ�GLHVHP
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)DOO�GLH�6W|UVWDWLVWLNHQ�GHU�(LQ]HOVWDWLRQHQ�VXPPLHUW�XQG�DOV�6W|UVWDWLVWLN�I�U�GHQ�DEVWUD�
KLHUWHQ�%DXVWHLQ�YHUZHQGHW�ZHUGHQ��%LOG������

$EVWUDNWLRQ�
9HUGLFKWXQJ

-H�$UEHLWVVWDWLRQ
HLQ�6W|UXQJVPRGHOO�

-H�/LQLHQDEVFKQLWW
HLQ�YHUGLFKWHWHV�
6W|UXQJVPRGHOO�

%LOG����� 9HUGLFKWXQJ�VWRFKDVWLVFKHU�(IIHNWH�DP�%HLVSLHO�HLQHU�VWDUU�YHUNHWWHWHQ
3URGXNWLRQVOLQLH

6FKZLHULJHU�ZLUG�GLH�9HUGLFKWXQJ�XQG�$EVWUDNWLRQ��ZHQQ�GLH�6WDWLRQHQ�GXUFK�3XIIHU�HQW�
NRSSHOW�VLQG�RGHU�VLFK�3DUDOOHOVWDWLRQHQ�E]Z��%HLSlVVH�LQ�GHP�]X�YHUGLFKWHQGHQ�3URGXNWL�
RQVEHUHLFK�EHILQGHQ��(LQH�PDWKHPDWLVFKH�%HUHFKQXQJ�GHU�6W|UFKDUDNWHULVWLN�DXV�GHQ�(LQ�
]HOVWDWLVWLNHQ� LVW� GDQQ� LQ� GHU�5HJHO� QLFKW�P|JOLFK��'LH� GHWHUPLQLVWLVFKHQ� XQG� VWRFKDVWL�
VFKHQ� 3DUDPHWHU� GHV� DEVWUDKLHUWHQ� %DXVWHLQV� N|QQHQ� DOOHUGLQJV� GXUFK� VWDWLVWLVFKH� $XV�
ZHUWXQJ� GHU� 0DWHULDOIO�VVH� DQ� GHQ� 6FKQLWWVWHOOHQ� GHV� ]X� YHUGLFKWHQGHQ� 3URGXNWLRQVEH�
UHLFKV� HUPLWWHOW� ZHUGHQ�� +LHU]X� NDQQ� HQWZHGHU� HLQ� GHWDLOOLHUWHV� 6LPXODWLRQVPRGHOO� GHV
3URGXNWLRQVEHUHLFKV� �2IIOLQH�6LPXODWLRQ��RGHU�GHU�%HUHLFK� LQ�GHU� UHDOHQ�3URGXNWLRQ�EH�
REDFKWHW�ZHUGHQ��'DUDXV� ODVVHQ�VLFK�6WDWLVWLNHQ�EHLVSLHOVZHLVH�GHU�'XUFKODXI]HLWHQ�RGHU
GHU�3URGXNWIHKOHU�EHUHFKQHQ��'LHVH�6WDWLVWLNHQ�ZHUGHQ� ]XU�3DUDPHWULVLHUXQJ�GHU� DEVWUD�
KLHUWHQ�0RGHOOEDXVWHLQH�YHUZHQGHW�

������ 0HWKRGHQ�]XU�NRUUHNWHQ�XQG�HIIL]LHQWHQ�0RGHOOLHUXQJ�YRQ
$EKlQJLJNHLWHQ�]ZLVFKHQ�VWRFKDVWLVFKHQ�(IIHNWHQ

$EKlQJLJNHLWHQ� ]ZLVFKHQ� VWRFKDVWLVFKHQ�(IIHNWHQ� VSLHOHQ� RIW� HLQH� HQWVFKHLGHQGH�5ROOH�
'LHVH�$EKlQJLJNHLWHQ�WUHWHQ�LQ�GHU�3UD[LV�KlXILJ�DXI��6R�NDQQ�LQ�K\EULGHQ�RGHU�WHLODXWR�
PDWLVLHUWHQ�3URGXNWLRQVV\VWHPHQ�RIW�EHREDFKWHW�ZHUGHQ��GD��LP�)DOOH�HLQHU�6W|UXQJ�HLQHU
DXWRPDWLVLHUWHQ� $UEHLWVVWDWLRQ� HLQ� 0LWDUEHLWHU� DQ� HLQHU� PDQXHOOHQ� 6WDWLRQ� VHLQH� $UEHLW
XQWHUEULFKW��XP�GLH�6W|UXQJ�]X�EHKHEHQ��'LHV�EHGHXWHW��GD��EHLGH�6WDWLRQHQ�ZlKUHQG�GHU
'DXHU�GHU�6W|UXQJ�DXVIDOOHQ�

(LQH�/|VXQJ�]XU�$EELOGXQJ�GLHVHU�&KDUDNWHULVWLN�LP�0RGHOO�LVW��GHQ�0LWDUEHLWHU�DOV�GLV�
NUHWH�5HVVRXUFH�PLW�GHU�)XQNWLRQDOLWlW�HLQHV�6SULQJHUV�]X�PRGHOOLHUHQ��'LHVH�/|VXQJ�LVW
MHGRFK�VHKU�DXIZHQGLJ�XQG�HUIRUGHUW�YLHO�5HFKHQ]HLW�EHL�GHU�6LPXODWLRQ��(LQH�HIIL]LHQWHUH
$OWHUQDWLYH�LVW�HV��QXU�GHQ�$UEHLWVSODW]�GHV�0LWDUEHLWHUV�]X�PRGHOOLHUHQ�XQG�GLHVHQ�JOHLFK�
]HLWLJ�PLW�GHU�EHWUHIIHQGHQ�DXWRPDWLVLHUWHQ�$UEHLWVVWDWLRQ�GXUFK�GHQ�VHOEHQ�6W|UXQJVJHQH�
UDWRU�DXI�ÄJHVW|UW³�]X�VFKDOWHQ��%LOG�������'LHVH�957�KHL�W�Ä&RPPRQ�5DQGRP�1XPEHUV³
RGHU�Ä7HFKQLN�GHU�JHPHLQVDPHQ�=XIDOOV]DKOHQ³�
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$EVWUDNWLRQ�
957

'LVNUHWH�0RGHOOLHUXQJ
DEKlQJLJHU�VWRFKDVWLVFKHU�
(IIHNWH

0RGHOOLHUXQJ�PLWWHOV�GHU�
957��&RPPRQ�5DQGRP�
1XPEHUV�

%LOG����� 0RGHOOLHUXQJ�YRQ�$EKlQJLJNHLWHQ�]ZLVFKHQ�VWRFKDVWLVFKHQ�(IIHNWHQ

(LQH�ZHLWHUH�957�NRPPW�]XP�(LQVDW]��ZHQQ�HLQH�,QSXW�=XIDOOVYDULDEOH�PLW�HLQHU�2XWSXW�
=XIDOOVYDULDEOHQ� LP�0RGHOO�NRUUHOLHUW��:HUGHQ�EHLVSLHOVZHLVH� LQ�HLQHP�UHDOHQ�3URGXNWL�
RQVV\VWHP�]X�HLQHU�EHVWLPPWHQ�=HLW�VHKU�YLHOH�7UDQVSRUWDXIWUlJH�DXVJHO|VW��I�KUW�GLHV�LQ
GHU�5HJHO� GD]X�� GD�� GLH�:DUWH]HLW� I�U� GHQ�7UDQVSRUW� VWHLJW��'LHVHU�(IIHNW� WULWW� DXFK� LP
6LPXODWLRQVPRGHOO� DXI�� ZHQQ� GLH� 5HVVRXUFHQ� GHV� 7UDQVSRUWV\VWHPV� GLVNUHW� PRGHOOLHUW
ZHUGHQ��+lXILJ�ZLUG� DOOHUGLQJV� DXV�9HUHLQIDFKXQJV�� XQG�/DXI]HLWJU�QGHQ� LP�6LPXODWL�
RQVPRGHOO�GHU�7UDQVSRUW�DOV�DEVWUDNWHU�%DXVWHLQ�PLW�XQHQGOLFKHU�.DSD]LWlW�DXI�%DVLV�HLQHU
7UDQVSRUW]HLWPDWUL[�PRGHOOLHUW��6FKZDQNXQJHQ�GHU�7UDQVSRUW]HLW�ZHUGHQ�GXUFK�HLQ�HLQID�
FKHV�VWDWLVWLVFKHV�0RGHOO�DEJHELOGHW�

%HL�GLHVHU�$UW�GHU�0RGHOOLHUXQJ�ZLUG�GLH�REHQ�EHVFKULHEHQH�$EKlQJLJNHLW�QLFKW�NRUUHNW
DEJHELOGHW��0LW�HLQHU�VSH]LHOOHQ�0RGHOOLHUXQJVWHFKQLN�LVW�HV�P|JOLFK��GLH�.RUUHODWLRQ�GHU
9DULDEOHQ� Ä7UDQVSRUWDXINRPPHQ³� �,QSXW�9DULDEOH�� XQG� Ä:DUWH]HLW� DXI� GHQ� 7UDQVSRUW³
�2XWSXW�9DULDEOH�� LP�0RGHOO� GDU]XVWHOOHQ�� 'XUFK� HLQH�.RUUHODWLRQV�� E]Z�� 5HJUHVVLRQV�
DQDO\VH�ZLUG�GLH�$EKlQJLJNHLW�GHU�EHLGHQ�9DULDEOHQ�EHVFKULHEHQ��,Q�GDV�0RGHOO�ZLUG�HLQH
0HWKRGH� HLQJHEDXW�� GLH� ]XU� /DXI]HLW� GHU� 6LPXODWLRQ� GHQ� DNWXHOOHQ� :HUW� GHU� 2XWSXW�
9DULDEOHQ�GXUFK�GLH�,QSXW�9DULDEOH�VWHXHUW��'LHVH�7HFKQLN�ZLUG�LQ�GHU�/LWHUDWXU�DOV�Ä&RQ�
WURO� 9DULDWHV³� RGHU� Ä5HJUHVVLRQ� 6DPSOLQJ³� EH]HLFKQHW� �./(,-1(1� 	� *52(1(1'$$/
������6�������

������ 0HWKRGHQ�]XU�NRUUHNWHQ�XQG�HIIL]LHQWHQ�0RGHOOLHUXQJ�EHVRQGHUV
VHOWHQHU�VWRFKDVWLVFKHU�(IIHNWH

'LH�957�Ä,PSRUWDQFH�6DPSOLQJ³�ZLUG�HLQJHVHW]W��XP�VWRFKDVWLVFKH�(IIHNWH��GLH�HLQH�JH�
ULQJH�:DKUVFKHLQOLFKNHLW�EHVLW]HQ��YDOLGH�LP�0RGHOO�DE]XELOGHQ��%HL�GLHVHU�7HFKQLN�ZLUG
LQ�GHU�6LPXODWLRQ�GLH�:DKUVFKHLQOLFKNHLW�HLQHV�EHVWLPPWHQ�VWRFKDVWLVFKHQ�(IIHNWV�EHZX�W
HUK|KW��VR�GD��HU�LQQHUKDOE�GHV�EHWUDFKWHWHQ�=HLWUDXPV�XQG�EHL�GHU�DQJHVWUHEWHQ�JHULQJHQ
$Q]DKO�YRQ�6LPXODWLRQVOlXIHQ�PLW� VHKU� KRKHU�:DKUVFKHLQOLFKNHLW�PHKUPDOV� DXIWULWW�� ,P
$QVFKOX��ZLUG� LP�5DKPHQ�GHU�$XVZHUWXQJ�GLH�:LUNXQJ�GLHVHV�(IIHNWV�ZLHGHU�PLW� VWD�
WLVWLVFKHQ� 9HUIDKUHQ� UHGX]LHUW� �%LOG� ������ 'LHVHV� $XVZHUWHYHUIDKUHQ� LVW� DOOHUGLQJV� VHKU
DXIZHQGLJ�XQG�VFKZLHULJ�DQ]XZHQGHQ��'DV�9HUIDKUHQ�ZLUG�GHU]HLW�YRQ�GHU�:LVVHQVFKDIW
QRFK�ZHLWHUHQWZLFNHOW�� =XP� JHJHQZlUWLJHQ� 6WDQG� LVW� HV� I�U� GLH� EHWULHEVEHJOHLWHQGH� 6L�
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PXODWLRQ�QXU�EHGLQJW�JHHLJQHW��(LQH�GHWDLOOLHUWH�'DUVWHOOXQJ�GHV�9HUIDKUHQV�EHILQGHW�VLFK
LQ�./(,-1(1�������6�������

0RGLILNDWLRQ�
GHU�9HUWHLOXQJ�
$XVZHUWXQJV�
NRUUHNWXU

(UJHEQLVIHKOHU�EHL�
VHOWHQHQ�VWRFKDVWLVFKHQ�(IIHNWHQ
XQG�ZHQLJHQ�/lXIHQ

=XYHUOlVVLJH�(UJHEQLVVH
WURW]�ZHQLJHU�/lXIH

%LOG����� 9DOLGH�$EELOGXQJ�VHOWHQHU�VWRFKDVWLVFKHU�(IIHNWH

������ 9RUJHKHQ�EHL�LUUHOHYDQWHQ�VWRFKDVWLVFKHQ�(IIHNWHQ

:LUG�GLH�6WRFKDVWLN�QLFKW�PRGHOOLHUW��ZLH�EHL�GHQ�0RGHOOLHUXQJVW\SHQ�,�XQG�,,�GHU�)DOO�
VROOWH�]XPLQGHVW�VLFKHUJHVWHOOW�ZHUGHQ��GD��GLH�(LQIO�VVH�YRQ�VWRFKDVWLVFKHQ�(UHLJQLVVHQ
DXI�GLH�V\VWHPDWLVFKHQ�)HKOHU�EHUHLWV�LQ�GHU�6LPXODWLRQ�EHU�FNVLFKWLJW�ZHUGHQ�

%HLVSLHOVZHLVH�ZLUNHQ�VLFK�6W|UXQJHQ�DQ�(QJSD�PDVFKLQHQ�GLUHNW�DXI�GHQ�'XUFKVDW]�DXV
XQG�YHU]|JHUQ�DOOH�$XIWUlJH��GLH��EHU�VLH�ODXIHQ��1LFKW�(QJSD�PDVFKLQHQ�N|QQHQ�KLQJH�
JHQ�GLH�YHUORUHQH�)HUWLJXQJV]HLW�VFKQHOO�ZLHGHU�DXIKROHQ��'LH�$XVZLUNXQJ�YRQ�6W|UXQJHQ
LVW� DOVR� JHULQJHU��$XIWUlJH�� GLH� QLFKW� �EHU�(QJSD�PDVFKLQHQ� ODXIHQ��ZHUGHQ� LQ� 6XPPH
GXUFK�6W|UXQJHQ�DOVR�NDXP�EHHLQIOX�W��)ROJOLFK�VROOWH�LQVEHVRQGHUH�GLH�'XUFKVDW]OHLVWXQJ
E]Z�� GLH� $UEHLWV]HLW� GHU� (QJSD�PDVFKLQHQ� HQWVSUHFKHQG� LKUHU� 9HUI�JEDUNHLW� UHGX]LHUW
ZHUGHQ��)DOOV�GDV�3URGXNWLRQVSURJUDPP�KlXILJ�ZHFKVHOW�XQG�VLFK�GLH�(QJSlVVH�GDGXUFK
YHUVFKLHEHQ��LVW�HV�VLFKHUHU��DOOH�5HVVRXUFHQ�DXI�GLHVH�:HLVH�]X�SDUDPHWULVLHUHQ�

���� $XWRPDWLVFKH�0RGHOOJHQHULHUXQJ

8P�GLH�$QZHQGXQJ�GHV�3URJQRVHV\VWHPV� ]X� YHUHLQIDFKHQ�XQG�XP� VLFKHU]XVWHOOHQ�� GD�
I�U� MHGH� 2SWLPLHUXQJVDXIJDEH� HLQ� JHHLJQHWHV� 3URJQRVHPRGHOO� YHUI�JEDU� LVW�� ZLUG� HLQ
.RQ]HSW�HQWZLFNHOW��6LPXODWLRQVPRGHOOH� DXWRPDWLVFK� DXV�JHQHULVFKHQ�0RGHOOEDXVWHLQHQ
]X�JHQHULHUHQ��,P�IROJHQGHQ�ZLUG�]XQlFKVW�GDV�.RQ]HSW�GHU�JHQHULVFKHQ�%DXVWHLQH�YRUJH�
VWHOOW��,P�$QVFKOX��HUIROJW�HLQH�'DUVWHOOXQJ�GHV�$XVZDKOYHUIDKUHQV�I�U�0RGHOOLHUXQJVW\S
XQG�%DXVWHLQH��'DUDQ�VFKOLH�W�VLFK�HLQH�%HVFKUHLEXQJ�GHU�'DWHQDNTXLVLWLRQ�XQG�GHV�0R�
GHOODXIEDXV�DQ�

������ .RQ]HSW�JHQHULVFKHU�0RGHOOEDXVWHLQH

'LH�0RGHOOEDXVWHLQH�EHVLW]HQ�HLQH�HLQKHLWOLFKH�$UFKLWHNWXU��YJO��%LOG�������6LH�EHLQKDOWHQ
LP�ZHVHQWOLFKHQ�HLQ�LQGLYLGXHOOHV�0RGHOO�GHU�6WUXNWXU�GHV�0DWHULDOIOXVVHV�HLQHU�5HVVRXU�
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FH�RGHU�HLQHV�3URGXNWLRQVEHUHLFKV��)�U�MHGH�W\SLVFKH�5HVVRXUFH��ZLH�EHLVSLHOVZHLVH�HLQH
VSDQHQGH�%HDUEHLWXQJVPDVFKLQH�RGHU�HLQ�0RQWDJHDUEHLWVSODW]��E]Z��MHGHQ�W\SLVFKHQ�3UR�
GXNWLRQVEHUHLFK�� ZLH� EHLVSLHOVZHLVH� HLQH� ,QVHO� RGHU� HLQH�:HUNVWDWW�� ZLUG� HLQ� VSH]LHOOHU
%DXVWHLQ�LP�%DXVWHLQNDVWHQ�YRUJHKDOWHQ��hEHU�3DUDPHWHU�N|QQHQ�GLH�%DXVWHLQH�LQGLYLGX�
HOO� DQ� GLH� &KDUDNWHULVWLN� HLQHU� VSH]LILVFKHQ� 5HVVRXUFH� DQJHSD�W� ZHUGHQ�� 'LH�0DWHULDO�
XQG�,QIRUPDWLRQVIOX�VFKQLWWVWHOOHQ�GHU�%DXVWHLQH�VLQG�VWDQGDUGLVLHUW��%HLVSLHOVZHLVH�ZLUG
GHU�0DWHULDOIOX���EHU�6WDQGDUG�0DWHULDOIOX�VFKQLWWVWHOOHQ�GHU�%DXVWHLQH�GLUHNW�PLW�HLQHP
IOH[LEOHQ�7UDQVSRUWEDXVWHLQ�YHUNQ�SIW�

:HLWHUKLQ� HQWKlOW� HLQ�%DXVWHLQ�ZLFKWLJH� ORNDOH�0HWKRGHQ� ]XU� ,QIRUPDWLRQVYHUDUEHLWXQJ
XQG�]XU�6WHXHUXQJ�GHV�0DWHULDOIOXVVHV��EHLVSLHOVZHLVH�0HWKRGHQ�]XU�5HLKHQIROJHELOGXQJ�
]XU�(QJSD�RSWLPLHUXQJ�RGHU�]XP�6W|UXQJVPDQDJHPHQW��9DULDEOHQ�XQG�6WHXHUXQJHQ�VLQG
�EHU�/LVWHQ�XQG�.DWDORJH� DEUXIEDU��$XI�GLHVH�:HLVH� LVW� HLQH� HLQIDFKH� ,PSOHPHQWLHUXQJ
GHU�0DWHULDO��XQG�,QIRUPDWLRQVIO�VVH�LP�5DKPHQ�GHV�DXWRPDWLVFKHQ�0RGHOODXIEDXV�P|J�
OLFK�� (LQ� �EHUJHRUGQHWHU� 6WHXHUXQJVEDXVWHLQ�� GLH� JOREDOH� $EODXIVWHXHUXQJ�� �EHUQLPPW
]HQWUDOH� )XQNWLRQHQ� GHU� $EODXIVWHXHUXQJ�� EHLVSLHOVZHLVH� GLH� UHVVRXUFHQ�EHUJUHLIHQGH
,QIRUPDWLRQVYHUDUEHLWXQJ�RGHU�GLH�bQGHUXQJ�HLQHU��EHUJUHLIHQGHQ�6WHXHUXQJVVWUDWHJLH�

'XUFK�GLHVHQ�$QVDW]�ZLUG�HLQH�DXWRPDWLVFKH�$QSDVVXQJ�GHV�6LPXODWLRQVPRGHOOV�DQ�bQ�
GHUXQJHQ�GHU�3DUDPHWHU�RGHU�GHU�6WUXNWXU�GHV�3URGXNWLRQVV\VWHPV�GXUFK�$QSDVVXQJ�GHU
3DUDPHWULVLHUXQJ� GHU� 0RGHOOEDXVWHLQH� RGHU� GHU� 9HUNQ�SIXQJHQ� HUP|JOLFKW�� 0DQXHOOH
(LQJULIIH� VLQG� DOOHUGLQJV� QRWZHQGLJ�� ZHQQ� VLFK� GLH� 6WUXNWXU� LQQHUKDOE� HLQHU� 5HVVRXUFH
lQGHUW��GLH�GXUFK�HLQHQ�JHQHULVFKHQ�0RGHOOEDXVWHLQ�DEJHELOGHW�LVW��,Q�GLHVHP�)DOO�PX��HLQ
DQGHUHU��JHHLJQHWHU�0RGHOOEDXVWHLQ�]XJHRUGQHW�RGHU�HLQ�QHXHU�JHQHULVFKHU�%DXVWHLQ�PR�
GHOOLHUW�ZHUGHQ�

(LQ�JUR�HU�9RUWHLO�GLHVHV�.RQ]HSWHV�EHVWHKW�GDULQ��GD��GLH�DXWRPDWLVFK�JHQHULHUWHQ�0R�
GHOOH� DXIJUXQG� GHU� 6WDQGDUG�$UFKLWHNWXU� GHU� %DXVWHLQH� WUDQVSDUHQW� VLQG�� 'DGXUFK� ZLUG
HLQHP�6LPXODWLRQVH[SHUWHQ�GHU�PDQXHOOH�=XJULII�DXI�GDV�0RGHOO�HUOHLFKWHUW�

- übergreifende Planungs-
  und Steuerungsverfahren

Globale Ablaufsteuerung:

Lokale Methoden zur
Ablaufsteuerung:

- Reihenfolgebildung
- Engpaßoptimierung
- Störungsmanagement

Materialflußbaustein:

- Standard-Schnittstellen
- parametrisierbar

%LOG����� 6LPXODWLRQVPRGHOO�EHVWHKHQG�DXV�0RGHOOEDXVWHLQHQ�PLW�HLQKHLWOLFKHU
$UFKLWHNWXU
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������ $XVZDKO�YRQ�0RGHOOLHUXQJVW\S�XQG�0RGHOOEDXVWHLQHQ

'LH�0RGHOOJHQHULHUXQJ�ZLUG�YRQ�GHU�([SHULPHQWSODQXQJ�DQJHVWR�HQ��YJO��$EVFKQLWW������
=XQlFKVW�ZHUGHQ�GHU�JHHLJQHWH�0RGHOOLHUXQJVW\S�VRZLH�GLH�HQWVSUHFKHQGHQ�0RGHOOEDX�
VWHLQH�DXVJHZlKOW��'LHVHU�6FKULWW�HUIROJW�]XHUVW��ZHLO�GXUFK�GLH�$UW�GHU�0RGHOOLHUXQJ�IHVW�
JHOHJW� ZLUG�� ZHOFKH� 'DWHQ� ]XU� 0RGHOOSDUDPHWULVLHUXQJ� XQG� ±LQLWLDOLVLHUXQJ� DNTXLULHUW
ZHUGHQ�P�VVHQ�

'HU�$XVZDKOSUR]H�� I�U� GHQ�0RGHOOLHUXQJVW\S� EHVLW]W� HLQHQ� KLHUDUFKLVFKHQ�$EODXI��'DV
KHL�W�� QDFKHLQDQGHU�ZHUGHQ�PHKUHUH�0RGHOOLHUXQJVHQWVFKHLGXQJHQ� JHWURIIHQ� XQG� VRPLW
GLH� HLQ]HOQHQ�$VSHNWH� GHU�0RGHOOFKDUDNWHULVWLN� IHVWJHOHJW��:LH� EHUHLWV� HUOlXWHUW�� WULWW� LQ
GHU�3UD[LV�QXU�HLQH�EHJUHQ]WH�$Q]DKO�XQWHUVFKLHGOLFKHU�0RGHOOLHUXQJVW\SHQ�DXI��)�U�GHQ
$XVZDKOSUR]H�� EHGHXWHW� GLHV�� GD�� MHGH� HLQ]HOQH�0RGHOOLHUXQJVHQWVFKHLGXQJ� GLH�P|JOL�
FKHQ�$OWHUQDWLYHQ�DXI�GHU�QlFKVWHQ�(QWVFKHLGXQJVHEHQH�HLQJUHQ]W��$XI�GLHVH�:HLVH�EOHLEW
GHU�$XVZDKOSUR]H���EHUVFKDXEDU�XQG�WUDQVSDUHQW�

'LH� H[SHULPHQWXQDEKlQJLJHQ� 0RGHOOLHUXQJVHQWVFKHLGXQJHQ� N|QQHQ� XQG� VROOWHQ� EHUHLWV
LP�9RUIHOG��P�VVHQ� DOVR� QLFKW� HUVW� LP�5DKPHQ� GHU�'HILQLWLRQ� HLQHV� NRQNUHWHQ� ([SHUL�
PHQWV��JHWURIIHQ�ZHUGHQ��ZHLO�GLH�JUXQGVlW]OLFKH�&KDUDNWHULVWLN�GHV�3URGXNWLRQVV\VWHPV
UHODWLY� NRQVWDQW� LVW�� 'LHVH� 9RUIHOGHQWVFKHLGXQJHQ� JUHQ]HQ� GLH� QRWZHQGLJH� $Q]DKO� XQG
)OH[LELOLWlW�GHU�0RGHOOEDXVWHLQH�I�U�HLQH�6LPXODWLRQVDQZHQGXQJ�EHUHLWV�GHXWOLFK�HLQ��'LHV
LVW�QRWZHQGLJ��GDPLW�GHU�$QVDW]�GHU�DXWRPDWLVFKHQ�0RGHOOJHQHULHUXQJ�UHDOLVLHUEDU�LVW�XQG
GLH�0RGHOOH�GLH�QRWZHQGLJH�(IIL]LHQ]�DXIZHLVHQ��,P�5DKPHQ�GHU�'HILQLWLRQ�HLQHV�6LPX�
ODWLRQVH[SHULPHQWV�P�VVHQ�GDQQ�ZHLWHUH�(QWVFKHLGXQJHQ�JHWURIIHQ�ZHUGHQ� �YJO��.DSLWHO
����$XV�GLHVHQ�,QIRUPDWLRQHQ�NDQQ�GHU�0RGHOOLHUXQJVW\S�PLW�+LOIH�GHU�7DEHOOH�����DEJH�
OHLWHW�ZHUGHQ�

0LW�GHU�$XVZDKO�GHV�0RGHOOLHUXQJVW\SV�ZLUG�EHUHLWV�HLQH�9RUDXVZDKO�GHU�6LPXODWLRQV�
EDXVWHLQH� JHWURIIHQ��$QKDQG� GHU�.ULWHULHQ�$EVWUDNWLRQVQLYHDX�� DE]XELOGHQGH�0RGHOOSD�
UDPHWHU�XQG�DXV]XZHUWHQGH�9DULDEOHQ��DOOHV�(UJHEQLVVH�DXV�GHU�([SHULPHQWSODQXQJ��ZHU�
GHQ�GLH�I�U�GLH�0RGHOOLHUXQJ�JHHLJQHWHQ�%DXVWHLQH�VHOHNWLHUW�

������ $NTXLVLWLRQ�DNWXHOOHU�0RGHOOGDWHQ

'HU�HLJHQWOLFKH�$XIEDX�XQG�GLH�3DUDPHWULVLHUXQJ�HLQHV�0RGHOOV� HUIROJHQ�DXI�%DVLV�YRQ
'DWHQ�� GLH� LQ� HLQHU�0RGHOOGDWHQEDQN� DEJHOHJW� VLQG�� 'LH� 5ROOH� GLHVHU�0RGHOOGDWHQEDQN
NDQQ� EHLVSLHOVZHLVH� YRQ� HLQHU� 8QWHUQHKPHQVGDWHQEDQN� RGHU� HLQHU� 336�'DWHQEDQN� LQ
9HUELQGXQJ�PLW� ]XVlW]OLFKHQ� VLPXODWLRQVUHOHYDQWHQ� 'DWHQEDQNHQ�� �EHUQRPPHQ� ZHUGHQ
�YJO�� %LOG� ������'XUFK� GLUHNWH�$NTXLVLWLRQ� GHU� WHFKQLVFKHQ�'DWHQ�� 6\VWHPODVWGDWHQ� XQG
2UJDQLVDWLRQVGDWHQ� DXV� GHQ� EHWULHEOLFKHQ� ,QIRUPDWLRQVV\VWHPHQ� ZLUG� EHUHLWV� HLQH� JXWH
%DVLV�I�U�HLQH�KRKH�4XDOLWlW�GHV�0RGHOOV�HUUHLFKW��=X�GHQ�GUHL�JHQDQQWHQ�VLPXODWLRQVUHOH�
YDQWHQ�'DWHQNDWHJRULHQ�JHK|UHQ�DXFK�VWRFKDVWLVFKH�0RGHOOLQIRUPDWLRQHQ��GLH�LP�5DKPHQ
GHU� YRUOLHJHQGHQ�$UEHLW� HLQH� EHVRQGHUH� %HGHXWXQJ� EHVLW]HQ�� ZLH� EHLVSLHOVZHLVH� 4XDOL�
WlWVGDWHQ�XQG�,QVWDQGKDOWXQJVGDWHQ��$EKlQJLJ�YRP�0RGHOOLHUXQJVW\S��YJO��$EVFKQLWW�����
ZHUGHQ�GHVKDOE�]XVlW]OLFK�]X�GHQ�GHWHUPLQLVWLVFKHQ�,QIRUPDWLRQHQ�DNWXHOOH�VWRFKDVWLVFKH
(LQJDQJVGDWHQ�DNTXLULHUW�
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'LH�'DWHQ��GLH�]XP�$XIEDX�HLQHV�0RGHOOV�GHV�JHZlKOWHQ�0RGHOOLHUXQJVW\SV�QRWZHQGLJ
VLQG��ZHUGHQ�DXV�GHU�'DWHQEDQN�DXVJHOHVHQ�XQG�VWUXNWXULHUW��$EKlQJLJ�YRQ�GHP�]XU�$XI�
JDEHQVWHOOXQJ�SDVVHQGHQ�$EVWUDNWLRQVQLYHDX�GHU�6LPXODWLRQVEDXVWHLQH�ZHUGHQ�GLH�'DWHQ
HQWVSUHFKHQG� YHUGLFKWHW�� VR� GD�� GLH� 3DUDPHWHUZHUWH� I�U� GLH�0RGHOOEDXVWHLQH� JHZRQQHQ
ZHUGHQ�N|QQHQ��+LHU�NRPPHQ�XQWHU�DQGHUHP�HLQLJH�GHU� LQ�$EVFKQLWW�����EHVFKULHEHQHQ
0HWKRGHQ�]XP�(LQVDW]�

Fabrikstruktur
 - Layout
Materialflußelemente
 - Fertigungsmittel
 - Fördermittel
Störungen
 - Störstatistiken

Technische Daten

Organisationsdaten

6LPXODWLRQVPRGHOO

Systemlastdaten

%'(�0'(

&$4

336

Produktdaten
 - Arbeitspläne
 - Material- und
    Werkstückdaten
 - Qualitätsdaten
Produktionsprogramm
 - Produktionsaufträge

Arbeitszeitorganisation
 - Schichtpläne
 - Pausenzeitregelungen
Werkerzuordnung
 - Mehrmaschinen-
   bedienung
 - Springer
Abläufe und Strategien
 - Disposition
 - Fertigungsplanung 
   und -steuerung
 - Störungsmanagement

%LOG����� .ODVVLILNDWLRQ�VLPXODWLRQVUHOHYDQWHU�'DWHQ

+LQ]X�NRPPW��GD��KLQVLFKWOLFK�GHU�VWRFKDVWLVFKHQ�,QIRUPDWLRQHQ�LQ�GHU�5HJHO�QXU�/LVWHQ
PLW�SURWRNROOLHUWHQ� VWRFKDVWLVFKHQ�(UHLJQLVVHQ��ZLH�EHLVSLHOVZHLVH�0DVFKLQHQVWLOOVWlQGH�
YHUI�JEDU� VLQG�� ,Q� GLHVHP� )DOO� P�VVHQ� DXV� GHQ� 'DWHQ� GLH� HQWVSUHFKHQGHQ� VWDWLVWLVFKHQ
9HUWHLOXQJVIXQNWLRQHQ�EHUHFKQHW�ZHUGHQ�

=XP�$EVFKOX�� GLHVHV� 6FKULWWHV� HUIROJW� HLQH�=XRUGQXQJ� GHU�'DWHQ� ]X� HLQHP�GHILQLHUWHQ
hEHUJDEHIRUPDW�DQ�GHQ�0RGHOOJHQHUDWRU��'LHVHV�hEHUJDEHIRUPDW�EHVWHKW�DXV�YLHU�7DEHO�
OHQ��GHU�6WUXNWXUWDEHOOH��GHU�$UEHLWVSODQWDEHOOH��GHU�6\VWHPODVWWDEHOOH�XQG�GHU� ,QLWLDOLVLH�
UXQJVWDEHOOH��%LOG������

�������336
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���������,+

6LPXODWLRQ

6WUXNWXU

6\VWHPODVW

$UEHLWVSOlQH

'DWHQ
,QLWLDOLVLHUXQJ

%LOG����� hEHUJDEHWDEHOOHQ�GHU�VLPXODWLRQVUHOHYDQWHQ�'DWHQ
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'LH�6WUXNWXUWDEHOOH�HQWKlOW�DOOH�$UEHLWVSOlW]H�XQG�3URGXNWLRQVEHUHLFKH�PLW�HLQHU�5HIHUHQ�
]LHUXQJ�GHV�]X�YHUZHQGHQGHQ�6WDQGDUG�%DXVWHLQV��$UEHLWVSODW]DUW��XQG�GLH�6WDQGRUWH�GHU
$UEHLWVSOlW]H� LQ� GHU� 3URGXNWLRQVVWUXNWXU�� 7DEHOOH� ���� ]HLJW� HLQ� NXU]HV� %HLVSLHO� HLQHU
6WUXNWXUWDEHOOH�� =XVlW]OLFK� ZHUGHQ� ]X� MHGHP� %DXVWHLQ� /LVWHQ� PLW� 3DUDPHWHUQ�� ZLH� EHL�
VSLHOVZHLVH� GLH� 3DUDPHWHU� ]XU� %HVFKUHLEXQJ� GHV� 6W|UXQJVYHUKDOWHQV� RGHU� GHV� $UEHLWV�
]HLWPRGHOOV��XQG�IHVWH�0DWHULDOIOX�YHUNQ�SIXQJHQ�]X�DQGHUHQ�%DXVWHLQHQ��EHUJHEHQ�

Arbeitsplatzname Arbeitsplatzart Standort
L10 0003 L_P
FMGRP_1 0004 M_PG
FMGRP_2 0004 M_PG

7DEHOOH����� %HLVSLHO�HLQHU�6WUXNWXUWDEHOOH

'LH�$UEHLWVSODQWDEHOOH� HQWKlOW� GLH�$UEHLWVSOlQH� GHU� LQ� GHP� EHWUDFKWHWHQ� 3URGXNWLRQVV\�
VWHP� JHIHUWLJWHQ� 3URGXNWH�� (LQ�$UEHLWVSODQ� HQWKlOW� GLH� )ROJH� GHU�$UEHLWVSOlW]H�PLW� GHQ
5�VW�� XQG� %HDUEHLWXQJV]HLWHQ� VRZLH� HLQHU� %HVFKUHLEXQJ� GHV� %HDUEHLWXQJVYRUJDQJV
�7DEHOOH������

Arbeitsplatz Ruestzeit Bearbeitungszeit Vorgang
L10 288.000 30.000 Speichen in Nabe einhängen
L11A 510.000 9.000 Felge in Einspeichmaschine
L11A 0.000 78.000 Speichen in Felge einfädeln

7DEHOOH����� %HLVSLHO�HLQHU�$UEHLWVSODQWDEHOOH

,Q�GHU�6\VWHPODVWWDEHOOH�VLQG�DOOH�)HUWLJXQJVDXIWUlJH�PLW�LKUHU�/RVJU|�H��GHP�6WDUWGDWXP�
GHP� =LHOGDWXP� XQG� HLQHU� 5HIHUHQ]LHUXQJ� GHV� ]XJHK|ULJHQ� $UEHLWVSODQHV� DXIJHI�KUW
�7DEHOOH������

Auftragsnummer Losgroesse Starttag Zieltag NrAPlan
000001700509 32 276 276 0420111
000001700519 100 277 278 0313124
000001700520 80 277 279 0313026

7DEHOOH����� %HLVSLHO�HLQHU�6\VWHPODVWWDEHOOH

'LH� ,QLWLDOLVLHUXQJVWDEHOOH� HQWKlOW� DOOH� )HUWLJXQJVDXIWUlJH�� GLH� VLFK� ]XP� ,QLWLDOLVLHUXQJV�
]HLWSXQNW�EHUHLWV� LQ�GHU�3URGXNWLRQ�EHILQGHQ��=X� MHGHP�)HUWLJXQJVDXIWUDJ� VLQG�GLH�JOHL�
FKHQ�,QIRUPDWLRQHQ�ZLH�LQ�GHU�6\VWHPODVWWDEHOOH�DQJHJHEHQ��=XVlW]OLFK�ZLUG�DXIJHI�KUW�
DQ�ZHOFKHP�$UEHLWVSODW]�GHU�$XIWUDJ� VLFK�JHUDGH�EHILQGHW��ZHOFKH�3RVLWLRQ� LP�$UEHLWV�
SODQ�JHUDGH�EHDUEHLWHW�ZLUG��%HDUE��=XVWDQG��XQG�ZLH�ZHLW�GHU�%HDUEHLWXQJVVFKULWW�EHUHLWV
DEJHDUEHLWHW�LVW��7DEHOOH�������,Q�HLQHU�ZHLWHUHQ�,QLWLDOLVLHUXQJVWDEHOOH�VLQG�GLH�6W|UXQJV�
]XVWlQGH�GHU�$UEHLWVSOlW]H�GRNXPHQWLHUW�



��*HQHULHUXQJ�SURJQRVHWUHXHU�6LPXODWLRQVPRGHOOH ��

Auftragsnr. Losgr. Starttag Zieltag NrAPlan Arbeitsplatz Bearb.-Zustand %_abgearb
000001700503 300 274 277 0420111 L11A 3 40
000001700507 50 274 275 0450001 L14 7 27

7DEHOOH����� %HLVSLHO�HLQHU�,QLWLDOLVLHUXQJVWDEHOOH

������ 0RGHOODXIEDX

$XV�GHQ�7DEHOOHQ�NDQQ�GDV�0RGHOO�DXWRPDWLVFK�DXIJHEDXW�ZHUGHQ��=XQlFKVW�ZHUGHQ�GLH
=HLOHQ�GHU�6WUXNWXUWDEHOOH�DEJHDUEHLWHW�XQG�GLH�HQWVSUHFKHQGHQ�0RGHOOEDXVWHLQH��6WDWLRQ
RGHU�7HLOIHOG��DXV�GHP�%DXVWHLQNDVWHQ�LQ�HLQ�5XPSISURJUDPP�RGHU�HLQ�6LPXODWLRQVQHW]�
ZHUN��+DXSWIHOG�RGHU�7HLOIHOG��HLQJHVHW]W�XQG�LKUH�GHWHUPLQLVWLVFKHQ�XQG�VWRFKDVWLVFKHQ
3DUDPHWHU�HLQJHVWHOOW��%LOG�������,P�$QVFKOX��GDUDQ�HUIROJHQ�GLH�PDWHULDO��XQG�LQIRUPDWL�
RQVIOX�WHFKQLVFKHQ�9HUNQ�SIXQJHQ�VRZLH�GLH�,PSOHPHQWLHUXQJ�GHU�$EODXIVWHXHUXQJ��'LH
6\VWHPODVWWDEHOOH� XQG� GLH� $UEHLWVSODQWDEHOOH� ZHUGHQ� LQ� GLH� $EODXIVWHXHUXQJ� �EHUQRP�
PHQ��$OV�OHW]WHU�6FKULWW�HUIROJW�GLH�,QLWLDOLVLHUXQJ��+LHU]X�ZLUG�MHGHU�$XIWUDJ�GHU�,QLWLDOL�
VLHUXQJVWDEHOOH�JHQHULHUW�XQG�PLW�VHLQHP�%HDUEHLWXQJV]XVWDQG�JHNHQQ]HLFKQHW��'DQQ�ZLUG
HU� GHP� HQWVSUHFKHQGHQ�$UEHLWVSODW]� ]XJHRUGQHW�� 'LH� YHUEOHLEHQGH� 5HVWEHDUEHLWXQJV]HLW
ZLUG� EHUHFKQHW� XQG� GHP� $UEHLWVSODW]� ]XJHZLHVHQ�� $EVFKOLH�HQG� ZHUGHQ� GLH� DNWXHOOHQ
6W|UXQJV]XVWlQGH�LQLWLDOLVLHUW�

7HLOIHOG

+DXSWIHOG

6WDWLRQ

%LOG����� $XIEDX�GHV�6LPXODWLRQVPRGHOOV�HLQHU�3URGXNWLRQVVWUXNWXU

=XVlW]OLFK�P�VVHQ�I�U�HLQ�([SHULPHQW�0RGHOOHUZHLWHUXQJHQ�YRUJHQRPPHQ�ZHUGHQ��%HL�
VSLHOVZHLVH�ZHUGHQ�]X�PHVVHQGH�9DULDEOHQ�XQG�0H�SXQNWH�LPSOHPHQWLHUW�XQG�0HWKRGHQ
]XU�'DWHQVDPPOXQJ���YHUGLFKWXQJ�XQG�±SURWRNROOLHUXQJ�LQ�GDV�0RGHOO�HLQJHI�JW��'LH�,P�
SOHPHQWLHUXQJ� LVW� DEKlQJLJ�YRQ�GHU�([SHULPHQWNRQILJXUDWLRQ��'LH�5HDOLVLHUXQJ�XQG�GLH
JHQDXH�)XQNWLRQVZHLVH�GHV�0RGHOOJHQHUDWRUV�VLQG�LQ�$EVFKQLWW�������EHVFKULHEHQ�

'DV�/D\RXW�GHV�3URGXNWLRQVV\VWHPV�ZLUG�LP�ZHVHQWOLFKHQ�YHUQDFKOlVVLJW��ZHLO�GLHVHV�DE�
JHVHKHQ�YRQ�7UDQVSRUWZHJHQ�NHLQH�,QIRUPDWLRQHQ�EHLQKDOWHW��GLH�GDV�6LPXODWLRQVHUJHEQLV
EHHLQIOXVVHQ��7UDQVSRUWZHJH�XQG��]HLWHQ�N|QQHQ�DOOHUGLQJV�DXFK�RKQH�HLQ�HQWVSUHFKHQGHV
/D\RXW�PRGHOOLHUW�ZHUGHQ�

1HEHQ� GHU� DXWRPDWLVFKHQ� 0RGHOOJHQHULHUXQJ� VLQG� QRFK� PDQXHOOH� 0RGHOOHGLWRUHQ� QRW�
ZHQGLJ��%HLVSLHOVZHLVH�N|QQHQ�]XU�=HLW�QLFKW�DOOH�$VSHNWH�HLQHV�6LPXODWLRQVPRGHOOV�DX�
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WRPDWLVFK� JHQHULHUW� ZHUGHQ�� $VSHNWH�� GLH� I�U� GLH� 3URJQRVHJ�WH� UHOHYDQW� VLQG�� ZLH� EHL�
VSLHOVZHLVH�VSH]LHOOH�6WHXHUXQJVVWUDWHJLHQ�]XP�6W|UXQJVPDQDJHPHQW��P�VVHQ�DXV�GLHVHP
*UXQG�JHJHEHQHQIDOOV�PDQXHOO�PRGHOOLHUW�ZHUGHQ��$X�HUGHP�ZLUG�HLQ�0RGHOOHGLWRU�EH�
Q|WLJW��XP�LP�5DKPHQ�GHU�WDNWLVFKHQ�2SWLPLHUXQJ�VWUXNWXUHOOH�0RGLILNDWLRQHQ�DP�0RGHOO
GXUFK]XI�KUHQ�

���� =XVDPPHQIDVVXQJ

'LH� YHUVFKLHGHQHQ� )UDJHVWHOOXQJHQ� GHU� EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ� VWHOOHQ� XQWHU�
VFKLHGOLFKH�$QIRUGHUXQJHQ�DQ�GDV�0RGHOO�� EHLVSLHOVZHLVH�KLQVLFKWOLFK�*HQDXLJNHLWVJUDG
XQG�$QWZRUW]HLW��0LW�HLQHP�HLQ]LJHQ�0RGHOO�ODVVHQ�VLFK�GLHVH�NRQNXUULHUHQGHQ�$QIRUGH�
UXQJHQ� QLFKW� HUI�OOHQ�� =XU� 0RGHOOLHUXQJ� GHU� 6LPXODWLRQVEDXVWHLQH� ZXUGHQ� I�QI� XQWHU�
VFKLHGOLFKH�0RGHOOLHUXQJVW\SHQ�HQWZLFNHOW��PLW�GHQHQ�VLFK�GLH�JlQJLJHQ�)UDJHVWHOOXQJHQ
GHU� WDNWLVFKHQ�XQG�RSHUDWLYHQ�3URGXNWLRQVRSWLPLHUXQJ�EHDUEHLWHQ� ODVVHQ��8P�GLH�(IIL]L�
HQ]� XQG�9DOLGLWlW� VWRFKDVWLVFKHU� 6LPXODWLRQVPRGHOOH� ]X� RSWLPLHUHQ�� ZXUGH� HLQ� .DWDORJ
VSH]LHOOHU�0RGHOOLHUXQJVWHFKQLNHQ�HQWZLFNHOW�

'LH� DXWRPDWLVFKH� 0RGHOOJHQHULHUXQJ� DXV� 0RGHOOEDXVWHLQHQ� VWHOOW� HLQHQ� /|VXQJVDQVDW]
GDU��XP�VFKQHOO�XQG�PLW�JHULQJHP�$XIZDQG�]X�HLQHP�JHHLJQHWHQ�0RGHOO�I�U�HLQH�VSH]LIL�
VFKH� )UDJHVWHOOXQJ� ]X� NRPPHQ�� %HLP� DXWRPDWLVFKHQ�0RGHOODXIEDX� ZLUG� I�U� MHGH� 5HV�
VRXUFH�HLQ�%DXVWHLQ�DXV�HLQHU�%DXVWHLQELEOLRWKHN�DXVJHZlKOW��SDUDPHWULVLHUW�XQG�PLW�GHQ
DQGHUHQ�%DXVWHLQHQ��EHU�6WDQGDUG�6FKQLWWVWHOOHQ�YHUQHW]W��'LH�6LPXODWLRQVEDXVWHLQH�ZHU�
GHQ�QDFK�HLQHU�HLQKHLWOLFKHQ�$UFKLWHNWXU�HUVWHOOW��6LH�HQWKDOWHQ�SDUDPHWULVLHUEDUH�7HLOPR�
GHOOH�GHV�0DWHULDO��XQG�,QIRUPDWLRQVIOXVVHV�
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�� .RPSHQVDWLRQ�YRQ�3URJQRVHIHKOHUQ�XQG�VWDWLVWLVFKH
$XVZHUWXQJ

,P�YRUOLHJHQGHQ�.DSLWHO�ZLUG�GDV�0RGXO�]XU�.RPSHQVDWLRQ�YRQ�3URJQRVHIHKOHUQ�XQG�]XU
VWDWLVWLVFKHQ�$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�YRUJHVWHOOW�� =XP�EHVVHUHQ�9HUVWlQGQLV� GHV
.RQ]HSWV�ZHUGHQ�]XQlFKVW�VWDWLVWLVFKH�*UXQGODJHQ�XQG�9HUIDKUHQ�YRUJHVWHOOW��GLH�EHL�GHP
.RQ]HSW�HLQJHVHW]W�ZHUGHQ��'DUDXI�DXIEDXHQG�ZHUGHQ�VSH]LHOOH�9HUIDKUHQ�I�U�GLH�,PSOH�
PHQWLHUXQJ� LQ� GDV�0RGXO� HQWZLFNHOW�� ,P�$QVFKOX�� DQ� GLH�'DUVWHOOXQJ� GHU� VWDWLVWLVFKHQ
9HUIDKUHQ� ZHUGHQ� GLH� HLQ]HOQHQ� )XQNWLRQVPRGXOH� HQWZLFNHOW�� =XU� 9HUGHXWOLFKXQJ� GHU
)XQNWLRQVZHLVH�ZLUG�]XP�$EVFKOX��GHU�$EODXI�GHU�)HKOHUNRPSHQVDWLRQ�XQG�$XVZHUWXQJ
GDUJHVWHOOW�

���� 6WDWLVWLVFKH�*UXQGODJHQ�XQG�9HUIDKUHQ

$XV�GHQ�VWDWLVWLVFKHQ�%HVRQGHUKHLWHQ�YRQ�3URGXNWLRQVDQODJHQ�HUJHEHQ�VLFK�$QIRUGHUXQ�
JHQ� XQG� 5DQGEHGLQJXQJHQ� I�U� GLH� $XVZDKO� GHU� VWDWLVWLVFKHQ�0HWKRGHQ�� ,P� IROJHQGHQ
ZHUGHQ�VWDWLVWLVFKH�.HQQ]DKOHQ�XQG�%HUHFKQXQJVYHUIDKUHQ�YRUJHVWHOOW��GLH� I�U�GDV�.RQ�
]HSW�GHU�)HKOHUNRPSHQVDWLRQ�UHOHYDQW�VLQG�

������ 6WDWLVWLVFKH�6WDQGDUGYHUIDKUHQ�XQG��NHQQ]DKOHQ

5HJUHVVLRQVDQDO\VH

=HQWUDOHU�$QVDW]SXQNW�I�U�GLH�)HKOHUNRUUHNWXU�LVW�GLH�+HUVWHOOXQJ�HLQHV�IXQNWLRQDOHQ�=X�
VDPPHQKDQJV�]ZLVFKHQ�VLPXOLHUWHQ�XQG�UHDOHQ�7HUPLQHQ��'LH�6WDWLVWLN�VWHOOW�I�U�GHUDUWLJH
$XIJDEHQVWHOOXQJHQ�GLH�0HWKRGH� GHU�5HJUHVVLRQVDQDO\VH� ]XU�9HUI�JXQJ��'LH�5HJUHVVL�
RQVDQDO\VH� VWHOOW� DOOHUGLQJV� QLFKW� HLQH� 9DULDEOH� �5HJUHVVDQG�� LP� PDWKHPDWLVFKHQ� 6LQQ
HLQGHXWLJ� DOV� )XQNWLRQ� DQGHUHU� =XIDOOVYDULDEOHQ� �5HJUHVVRUHQ�� GDU�� 'LHVHU� IXQNWLRQDOH
=XVDPPHQKDQJ�JLOW�QXU�I�U�GHQ�(UZDUWXQJVZHUW�GHV�5HJUHVVDQGHQ��XP�GHQ�GLH�EHREDFK�
WHWHQ�:HUWH�VWUHXHQ�� ,P�IROJHQGHQ�ZLUG�HLQH�NXU]H�(LQI�KUXQJ� LQ�GLHVH�0HWKRGLN�JHJH�
EHQ��(LQH�DXVI�KUOLFKHUH�WKHRUHWLVFKH�%HVFKUHLEXQJ�GHU�0HWKRGH�LVW�GHU�/LWHUDWXU�]X�HQW�
QHKPHQ��%26&+�������6�����II���%(/6/(<�(7�$/��������'5$3(5�	�60,7+�������6$&+6
������

0DQ�XQWHUVFKHLGHW�QDFK�$UW�GHU�5HJUHVVLRQVIXQNWLRQ�]ZLVFKHQ�OLQHDUHU�XQG�QLFKWOLQHDUHU
VRZLH�QDFK�GHU�$Q]DKO�GHU�5HJUHVVRUHQ�]ZLVFKHQ�HLQIDFKHU�XQG�PXOWLSOHU�5HJUHVVLRQ��%HL
GHU�PXOWLSOHQ�5HJUHVVLRQ�ZLUG�GHU�5HJUHVVDQG�GXUFK�HLQH�JU|�HUH�$Q]DKO�YRQ�5HJUHVVR�
UHQ� GDUJHVWHOOW��'LH�5HJUHVVRUHQ�P�VVHQ� YRQHLQDQGHU� XQDEKlQJLJ� VHLQ�� 6LH� VROOWHQ� HLQH
P|JOLFKVW�JHULQJH�.ROOLQHDULWlW�DXIZHLVHQ��.ROOLQHDULWlW�HUVFKZHUW�GLH�6FKlW]XQJ�GHU�5H�
JUHVVLRQVNRHIIL]LHQWHQ��,P�([WUHPIDOO�ZHUGHQ�GLH�5HJUHVVLRQVNRHIIL]LHQWHQ� LQVWDELO�RGHU
XQEHVWLPPEDU��'LH�ZLFKWLJHQ�(LQIOX�JU|�HQ� DXI� GLH�'XUFKODXI]HLWHQ� LQ� GHU� 3URGXNWLRQ
ZHUGHQ�DXFK�LQ�GHU�6LPXODWLRQ�EHU�FNVLFKWLJW�XQG�GLH�YHUQDFKOlVVLJWHQ�*U|�HQ�VLQG�LQ�GHU
5HJHO� QLFKW� H[SOL]LW� EHNDQQW�� (LQIOX�JU|�HQ�� GLH� LQ� GHU� 6LPXODWLRQ� QXU� YHUHLQIDFKW� EH�
U�FNVLFKWLJW� ZHUGHQ�� ZHLVHQ� LQ� GHU� 5HJHO� HLQH� ]X� JUR�H� .ROOLQHDULWlW� DXI�� $XV� GLHVHP
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*UXQG� LVW�HV� LP�6LQQH�GHU�=LHOVHW]XQJ�GHU�YRUOLHJHQGHQ�$UEHLW�ZHGHU�HUIRUGHUOLFK�QRFK
]LHOI�KUHQG��HLQH�PXOWLSOH�5HJUHVVLRQVDQDO\VH�GXUFK]XI�KUHQ�

:LH�LQ�$EVFKQLWW�����EHVFKULHEHQ��NRQQWHQ�LQ�GHU�3UD[LV�QXU�OLQHDUH�=XVDPPHQKlQJH�]ZL�
VFKHQ�UHDOHQ�XQG�VLPXOLHUWHQ�7HUPLQHQ�IHVWJHVWHOOW�ZHUGHQ��,P�IROJHQGHQ�ZLUG�GHVZHJHQ
QXU�GLH�OLQHDUH�5HJUHVVLRQ�EHVFKULHEHQ��6ROOWH�LQ�HLQHU�EHVWLPPWHQ�$QZHQGXQJ�GRFK�HLQ�
PDO�HLQ�QLFKWOLQHDUHU�=XVDPPHQKDQJ�IHVWJHVWHOOW�ZHUGHQ��NDQQ�RIW�PLWWHOV�7UDQVIRUPDWLRQ
HLQH�/LQHDULVLHUXQJ�HUUHLFKW�ZHUGHQ��%HLVSLHOVZHLVH�NDQQ�LP�)DOOH�HLQHU�3DUDEHOIRUP�GHU
5HJUHVVLRQVIXQNWLRQ� GXUFK� HLQH�:XU]HOWUDQVIRUPDWLRQ� GHU� \�:HUWH� HLQH� /LQHDULVLHUXQJ
KHUEHLJHI�KUW�ZHUGHQ�

,P�)DOO�GHU�OLQHDUHQ�5HJUHVVLRQ�ZLUG�GHU�5HJUHVVDQG��<��GXUFK�HLQH�OLQHDUH�)XQNWLRQ�PLW
HLQHU�9DULDEOHQ��GHP�5HJUHVVRU��[���XQG�]ZHL�5HJUHVVLRQVSDUDPHWHUQ��b��XQG�b���VRZLH
HLQHU�VWRFKDVWLVFKHQ�)HKOHUYDULDEOHQ��X��EHVFKULHEHQ�

<�[�� �b����b�[���X

'DV�NODVVLVFKH�0RGHOO�GHU�1RUPDOUHJUHVVLRQ�JHKW�GDEHL�YRQ�HLQLJHQ�ZLFKWLJHQ�$QQDKPHQ
DXV��'LH�(UI�OOXQJ�GHU�$QQDKPHQ�PX��YRU�GHU�$QZHQGXQJ�GHV�NODVVLVFKHQ�0RGHOOV�JH�
SU�IW�ZHUGHQ��'DI�U�H[LVWLHUW�HLQH�5HLKH�YRQ�7HVWYHUIDKUHQ�� ,QVEHVRQGHUH�GLH� IROJHQGHQ
GUHL�$QQDKPHQ�VLQG�H[SOL]LW�]X�WHVWHQ��ZHLO�VLH�GLH�:DKO�GHU�DQ]XZHQGHQ�6FKlW]YHUIDK�
UHQ�EHVWLPPHQ�

�� 1RUPDOYHUWHLOXQJ�GHU�)HKOHUYDULDEOHQ��X�
�� +RPRVNHGDVWL]LWlW��NRQVWDQWH�9DULDQ]�GHU�)HKOHUYDULDEOHQ�
�� .HLQH�$XWRNRUUHODWLRQ�GHU�)HKOHUYDULDEOHQ

'LH� HQWVSUHFKHQGHQ� 7HVWYHUIDKUHQ� VLQG� LQ� ������ GRNXPHQWLHUW�� (LQH� =XVDPPHQVWHOOXQJ
GHU�$QQDKPHQ��GHU�7HVW��XQG�GHU�6FKlW]YHUIDKUHQ�EHILQGHW�VLFK�LQ�*58%(5��������

6LQG�HLQ]HOQH�$QQDKPHQ�QLFKW�HUI�OOW��PX��GDV�NODVVLVFKH�0RGHOO� GXUFK�HLQH�JHHLJQHWH
:DKO�GHU�0HWKRGHQ�XQG�6FKlW]YHUIDKUHQ�HQWVSUHFKHQG�YHUDOOJHPHLQHUW�ZHUGHQ��YJO��$E�
VFKQLWW� �������� %HLVSLHOVZHLVH� N|QQHQ� GLH� 3DUDPHWHU� GHV� 5HJUHVVLRQVPRGHOOV�� DEKlQJLJ
GDYRQ��ZHOFKH�$QQDKPHQ�HUI�OOW�VLQG��PLW�+LOIH�YHUVFKLHGHQHU�6FKlW]YHUIDKUHQ�EHVWLPPW
ZHUGHQ�� %HLVSLHOVZHLVH� JLOW� GLH� 0D[LPXP�/LNHOLKRRG�0HWKRGH� �0/�� QXU� EHL� 1RUPDO�
YHUWHLOXQJ�GHU�)HKOHUYDULDEOHQ��'LH�0HWKRGH�GHU�NOHLQVWHQ�$EVWDQGVTXDGUDWH� ��.4�RGHU
(/6�0HWKRGH�� VHW]W� NHLQH� EHVWLPPWH�9HUWHLOXQJ� YRUDXV�� DOOHUGLQJV�ZLUG� HLQH� NRQVWDQWH
9DULDQ]�GHU�)HKOHUYDULDEOHQ��+RPRVNHGDVWL]LWlW��DQJHQRPPHQ��*58%(5��������6RQGHU�
YHUIDKUHQ�JHOWHQ�DXFK�EHL�9HUOHW]XQJ�GHU�REHQ�JHQDQQWHQ�$QQDKPHQ��%HLVSLHOVZHLVH�JLOW
GLH�0HWKRGH�GHU�JHZLFKWHWHQ�NOHLQVWHQ�$EVWDQGVTXDGUDWH� �:/6�0HWKRGH��DXFK� I�U�GHQ
)DOO� GHU�+HWHURVNHGDVWL]LWlW� XQG�$XWRNRUUHODWLRQ� GHU� )HKOHUYDULDEOHQ��'LHVHV�9HUIDKUHQ
ZLUG�LQ�$EVFKQLWW�������GDUJHVWHOOW�

'LH�*�WH�HLQHV�5HJUHVVLRQVPRGHOOV�ZLUG�GXUFK�GDV�%HVWLPPWKHLWVPD��5��DQJHJHEHQ��5�

HQWVSULFKW�GHP�4XDGUDW�GHV�.RUUHODWLRQVNRHIIL]LHQWHQ�U��%26&+�������6�������1LPPW�5�

GHQ�:HUW���DQ��VR�HQWVSULFKW�GLHV�HLQHU�YROOVWlQGLJHQ�$QSDVVXQJ�GHV�5HJUHVVLRQVPRGHOOV
DQ�GLH�EHREDFKWHWHQ�:HUWH��'HU�:HUW���VDJW�DXV��GD��GLH�%HREDFKWXQJHQ�QLFKW�GXUFK�HLQ
5HJUHVVLRQVPRGHOO�EHVFKULHEHQ�ZHUGHQ�N|QQHQ�

5HJUHVVLRQVPRGHOOH� KDEHQ� HLQHQ� HLQJHVFKUlQNWHQ�*�OWLJNHLWVEHUHLFK�� 6LH� JHOWHQ� QXU� I�U
GHQ�:HUWHEHUHLFK� GHU�9DULDEOHQ�� GHU� DXFK� I�U� GLH�.RQVWUXNWLRQ� GHV�0RGHOOV� YHUZHQGHW



��.RPSHQVDWLRQ�YRQ�3URJQRVHIHKOHUQ�XQG�VWDWLVWLVFKH�$XVZHUWXQJ ��

ZXUGH��$XI� NHLQHQ�)DOO� G�UIHQ�5HJUHVVLRQVIXQNWLRQHQ� �EHU� GLHVHQ�:HUWHEHUHLFK� KLQDXV
H[WUDSROLHUW�ZHUGHQ�

%HVFKUHLEXQJ�GHU�6WRFKDVWLVFKHQ�8QVLFKHUKHLW

$XVVDJHQ��EHU� GLH� VWRFKDVWLVFKH�8QVLFKHUKHLW� YRQ�7HUPLQSURJQRVHQ� VLQG� YRQ� EHVRQGH�
UHP�,QWHUHVVH�EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ��6LQQYROO�LVW�HV��GLH�6FKlW]XQJ�GHU
3URJQRVHWUHXH� QDFK� GHU� .RUUHNWXU� GHV� V\VWHPDWLVFKHQ� )HKOHUV� YRU]XQHKPHQ�� 'LHVH� ,Q�
IRUPDWLRQHQ� VLQG� GHP� 6WUHXGLDJUDPP�PLW� HLQJH]HLFKQHWHU� 5HJUHVVLRQVIXQNWLRQ� ]X� HQW�
QHKPHQ��(LQ�ZHVHQWOLFKHU�9RUWHLO�GLHVHV�$QVDW]HV�LVW��GD��GHU�=XVDPPHQKDQJ�]ZLVFKHQ
3URJQRVHKRUL]RQW�XQG�3URJQRVHWUHXH�HUKDOWHQ�EOHLEW��$XV�GLHVHP�*UXQG�VROO�LP�IROJHQGHQ
DXI�GLHVH�(UNHQQWQLV�DXIJHEDXW�XQG�GDV�5HJUHVVLRQVPRGHOO�XP�VWRFKDVWLVFKH�,QIRUPDWLR�
QHQ�HUZHLWHUW�ZHUGHQ�

(LQH� JHHLJQHWH� .HQQ]DKO� PX�� GHQ� $QIRUGHUXQJHQ� GHU� EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ
HQWVSUHFKHQ�� G�K�� VLH� VROOWH� VFKQHOO� ]X� EHUHFKQHQ�� P|JOLFKVW� XQLYHUVHOO� DQZHQGEDU� XQG
OHLFKW�]X�YHUVWHKHQ�VHLQ��:HLWHUKLQ�PX��EHL�GHU�$XVZDKO�HLQHU�.HQQ]DKO�DXFK�DXI�GHUHQ
9LVXDOLVLHUEDUNHLW�JHDFKWHW�ZHUGHQ��$XV�GLHVHP�*UXQG�EHVWDQG�GLH�1RWZHQGLJNHLW��EDVLH�
UHQG� DXI� GLHVHQ�.HQQ]DKOHQ� HLQH� JHHLJQHWH�(UJHEQLVGDUVWHOOXQJ� ]X� HQWZLFNHOQ�� GLH� YRQ
HLQHP�6\VWHPEHGLHQHU� HLQIDFK�HUNDQQW�XQG� LQWHUSUHWLHUW�ZHUGHQ� NDQQ�XQG� VLFK� LQ� OHLFKW
HUID�EDUHQ�*UDILNHQ�PLW�KRKHU�$XVVDJHNUDIW�GDUVWHOOHQ�Ol�W�

7DEHOOH�����JLEW�HLQHQ�hEHUEOLFN�GHU�JlQJLJHQ�.HQQ]DKOHQ�]XU�'DUVWHOOXQJ�VWRFKDVWLVFKHU
*U|�HQ��'LH�.HQQ]DKOHQ�ZXUGHQ�KLQVLFKWOLFK�LKUHU�(LJQXQJ�I�U�GHQ�(LQVDW]� LP�5DKPHQ
GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�EHZHUWHW�

Kennzahl Aussage-
kraft

Interpre-
tierbarkeit

Visualisier-
barkeit

Berechnungsaufwand
unter den gegebenen

Voraussetzungen

Standardabweichung: s + - o o

Varianz: Var = s2 + - o o

Variationskoeffizient o - - o

Schiefe + o o o

Exzeß (Wölbung) + o o o

Spannweite o + + +

mittlere Spannweite o o + +

mittlerer Abstand o - + +

Quantil + + + -

Konfidenz-/ Prognosestreifen ++ ++ ++ -

7DEHOOH����� %HZHUWXQJ�YRQ�.HQQ]DKOHQ�]XU�'DUVWHOOXQJ�GHU�3URJQRVHVFKlUIH
�����VHKU�JXW�����JXW��R��QHXWUDO�����VFKOHFKW������VHKU�VFKOHFKW�

.HQQ]DKOHQ� ]XU� 'DUVWHOOXQJ� GHU� VWRFKDVWLVFKHQ� 8QVLFKHUKHLWHQ� VLQG� EHLVSLHOVZHLVH� GLH
YHUVFKLHGHQHQ�6WUHXXQJVPD�H��ZLH�GLH�9DULDQ]�XQG�GLH�6WDQGDUGDEZHLFKXQJ��GHU�9DULD�
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WLRQVNRHIIL]LHQW�VRZLH�GLH�6FKLHIH�XQG�GHU�([]H��HLQHU�+lXILJNHLWVYHUWHLOXQJ��(LQH�DXV�
I�KUOLFKH� %HVFKUHLEXQJ� GLHVHU� .HQQ]DKOHQ� GHU� GHVNULSWLYHQ� 6WDWLVWLN� EHILQGHW� VLFK� LQ
%26&+��������6����II���(LQ�1DFKWHLO� GHU�PHLVWHQ�.HQQ]DKOHQ� OLHJW� LQ�GHU�PDQJHOKDIWHQ
,QWHUSUHWLHUEDUNHLW� I�U� GHQ� SUDNWLVFKHQ� $QZHQGHU�� +|KHUHQ� 1XW]HQ� YHUVSUHFKHQ� .HQQ�
]DKOHQ�ZLH� EHLVSLHOVZHLVH� GLH�6SDQQZHLWH�� GLH�PLWWOHUHQ�$EVWlQGH� RGHU� GLH�4XDQWLOVDE�
VWlQGH�

'HQ� $QIRUGHUXQJHQ� HQWVSUHFKHQ� .RQILGHQ]�� RGHU� 3URJQRVHLQWHUYDOOH� XQG� �VWUHLIHQ� DP
EHVWHQ�� 6LH� EHVLW]HQ� HLQH� KRKH� $XVVDJHNUDIW� XQG� VLQG� JXW� LQWHUSUHWLHUEDU�� ZHLO� VLH� VLFK
OHLFKW�LQ�GLH�6SUDFKH�GHV�$QZHQGHUV��EHUVHW]HQ�ODVVHQ��(LQ�.RQILGHQ]LQWHUYDOO�VDJW�DXV�
GD�� HLQ� JHVFKlW]WHU� 3DUDPHWHU�q� PLW� HLQHU�:DKUVFKHLQOLFKNHLW� LQ� GHU� +|KH� GHV� .RQIL�
GHQ]QLYHDXV�g�LQQHUKDOE�GHU�,QWHUYDOOJUHQ]HQ�qX��qR�OLHJW��$X�HUGHP�VLQG�VLH�DQVFKDXOLFK
XQG� ODVVHQ� VLFK� JXW� YLVXDOLVLHUHQ�� -H� QDFK� 3UREOHPVWHOOXQJ� ZlKOW� PDQ� HLQVHLWLJH� RGHU
]ZHLVHLWLJH�.RQILGHQ]LQWHUYDOOH��%LOG������

%LOG����� (LQVHLWLJHV�XQG�]ZHLVHLWLJHV�.RQILGHQ]LQWHUYDOO�I�U�HLQH�1RUPDOYHUWHLOXQJ

�� ]ZHLVHLWLJHV�.RQILGHQ]LQWHUYDOO� qX���q���qR
�� HLQVHLWLJH�.RQILGHQ]LQWHUYDOOH� qX���q��RGHU��q���qR

%HL�PDQFKHQ�$QZHQGXQJHQ� VLQG�.RQILGHQ]LQWHUYDOOH�PLW� XQWHUVFKLHGOLFKHQ�.RQILGHQ]�
QLYHDXV�gX�XQG�gR�I�U�GLH�%HVWLPPXQJ�GHU�XQWHUHQ�E]Z��GHU�REHUHQ�,QWHUYDOOJUHQ]H�VLQQ�
YROO�� 'LHV� LVW� EHLVSLHOVZHLVH� GHU� )DOO�� ZHQQ� HLQH�8QWHUVFKlW]XQJ� GHU� ]X� EHVWLPPHQGHQ
*U|�H�DQGHUH�.RQVHTXHQ]HQ�QDFK�VLFK�]LHKW�DOV�HLQH�hEHUVFKlW]XQJ�

.RQILGHQ]VWUHLIHQ�HQWVSUHFKHQ�GHQ�.RQILGHQ]LQWHUYDOOHQ� LP�]ZHLGLPHQVLRQDOHQ�)DOO�� ,P
5DKPHQ� GHU� 5HJUHVVLRQVDQDO\VH� LVW� HLQ� .RQILGHQ]VWUHLIHQ� HLQH� )OlFKH�� EHJUHQ]W� GXUFK
]ZHL�.RQILGHQ]OLQLHQ��LQQHUKDOE�GHU�GLH�5HJUHVVLRQVJHUDGH�PLW�HLQHU�:DKUVFKHLQOLFKNHLW
LQ�GHU�+|KH�GHV�.RQILGHQ]QLYHDXV�OLHJW��(LQ�.RQILGHQ]VWUHLIHQ�LVW�VRPLW�HLQ�0D��I�U�GLH
6FKlW]JHQDXLJNHLW�GHU�3DUDPHWHU�GHV�5HJUHVVLRQVPRGHOOV�E]Z��GHU�/DJH�GHU�5HJUHVVLRQV�
JHUDGHQ�� 'HPJHJHQ�EHU� LVW� GHU� 3URJQRVHVWUHLIHQ� GHU� %HUHLFK� LQ� GHP� HLQH� LQGLYLGXHOOH
%HREDFKWXQJ�PLW�HLQHU�EHVWLPPWHQ�:DKUVFKHLQOLFKNHLW�HQWKDOWHQ�LVW��+$5781*�������6�
������:HLO�HV�HLQ�=LHO�GHU�YRUOLHJHQGHQ�$UEHLW�LVW��GLH�3URJQRVHVFKlUIH�GHU�7HUPLQVFKlW�
]XQJ�HLQ]HOQHU�$XIWUlJH�]X�HUPLWWHOQ��EHVLW]HQ�3URJQRVHLQWHUYDOOH�XQG� �VWUHLIHQ�HLQH�EH�
VRQGHUH�%HGHXWXQJ��%LOG�����]HLJW�HLQH�5HJUHVVLRQVJHUDGH�PLW�GHQ�GD]XJHK|ULJHQ�.RQIL�
GHQ]��XQG�3URJQRVHVWUHLIHQ�
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%LOG����� 5HJUHVVLRQVJHUDGH�PLW�.RQILGHQ]��XQG�3URJQRVHVWUHLIHQ

'LH� %UHLWH� GHV� 3URJQRVHVWHLIHQV� VHW]W� VLFK� DXV� ]ZHL� %HVWDQGWHLOHQ� ]XVDPPHQ�� 'LHV� LVW
]XP� HLQHQ� GLH� %UHLWH� GHV�.RQILGHQ]VWUHLIHQV� GHU� JHVFKlW]WHQ� 5HJUHVVLRQVJHUDGHQ�� ]XP
DQGHUHQ� GLH� ]X� HUZDUWHQGHQ� $EZHLFKXQJHQ� GHU� LQGLYLGXHOOHQ� EHREDFKWHWHQ� :HUWH� YRQ
GLHVHU�5HJUHVVLRQVJHUDGHQ��)�U�HLQH�]XYHUOlVVLJH�6FKlW]XQJ�GHV�3URJQRVHVWUHLIHQV� LVW�HV
DOVR�ZLFKWLJ�� GHQ�.RQILGHQ]VWUHLIHQ� GHU�5HJUHVVLRQVJHUDGHQ� HLQ]XHQJHQ� XQG� GLH� ]X� HU�
ZDUWHQGHQ�$EZHLFKXQJHQ�P|JOLFKVW�JHQDX�]X�VFKlW]HQ�

'LH�6FKlW]XQJ�YRQ�VWRFKDVWLVFKHQ�.HQQ]DKOHQ�EHL�9HUOHW]XQJ�GHU�NODVVLVFKHQ�$QQDKPHQ
VWHOOW�QHXH�$QIRUGHUXQJHQ�DQ�GLH�DXV]XZlKOHQGH�0HWKRGH��6WDQGDUGPHWKRGHQ�]XU�.HQQ�
]DKOEHUHFKQXQJ� VHW]HQ� KRPRVNHGDVWLVFKHV� 'DWHQPDWHULDO� VRZLH� HLQH� 1RUPDOYHUWHLOXQJ
GHU�)HKOHUYDULDEOHQ�YRUDXV��'HVKDOE�OLHIHUQ�VLH�LQ�GHU�5HJHO�SDUDOOHOH�3URJQRVHOLQLHQ�JOHL�
FKHQ�$EVWDQGV�YRQ�GHU�5HJUHVVLRQVIXQNWLRQ��'DV�KLHU�EHWUDFKWHWH�'DWHQPDWHULDO�LVW�PHLVW
KHWHURVNHGDVWLVFK��XQG�GLH�)HKOHUYDULDEOH�EHVLW]W�HLQH�VFKLHIH�9HUWHLOXQJ��YJO��$EVFKQLWW
������8QWHU�GLHVHQ�9HUKlOWQLVVHQ�I�KUHQ�6WDQGDUGDXVZHUWXQJHQ�QXU�]X�SDXVFKDOHQ�$XVVD�
JHQ��EHU�DOOH�$XIWUlJH��%HLVSLHOVZHLVH�ZLUG�QLFKW�EHU�FNVLFKWLJW��GD��GLH�8QVFKlUIH�PLW
]XQHKPHQGHP� 3URJQRVHKRUL]RQW� ]XQLPPW� RGHU� GD��$XVUHL�HU� QDFK� REHQ� KlXILJHU� YRU�
NRPPHQ�DOV�$XVUHL�HU�QDFK�XQWHQ��3DXVFKDOH�$XVVDJHQ�EHVLW]HQ�NHLQHQ�EHVRQGHUHQ�1XW�
]HQ�I�U�GHQ�$QZHQGHU��9LHOPHKU�ZHUGHQ�VSH]LILVFKH�$QJDEHQ�GHU�3URJQRVHWUHXH�I�U�HLQ�
]HOQH�:HUWH�E]Z��3URJQRVHKRUL]RQWH�JHIRUGHUW�

,P� IROJHQGHQ�$EVFKQLWW� ZHUGHQ� HLQH�9RUJHKHQVZHLVH� XQG� VSH]LHOOH�0HWKRGHQ� ]XU� %H�
UHFKQXQJ�GHU�5HJUHVVLRQVIXQNWLRQ�XQG�GHU�3URJQRVHVWUHLIHQ�XQWHU�GHQ�LP�KLHU�EHWUDFKWH�
WHQ�)DOO�YRUOLHJHQGHQ�*HJHEHQKHLWHQ��ZLH�+HWHURVNHGDVWL]LWlW�XQG�VFKLHIH�9HUWHLOXQJ�GHU
)HKOHUYDULDEOHQ��GHWDLOOLHUW�EHVFKULHEHQ�

������ 6SH]LHOOH�0HWKRGHQ�]XU�.HQQ]DKOEHUHFKQXQJ

=XU� %HUHFKQXQJ� GHU� 3DUDPHWHU� GHU� 5HJUHVVLRQVIXQNWLRQ�PX�� HLQ� 9HUIDKUHQ� HQWZLFNHOW
ZHUGHQ��GDV�JHJHQ�GLH�9HUOHW]XQJ�GHU�$QQDKPHQ�Ä1RUPDOYHUWHLOXQJ³�XQG�Ä+RPRVNHGD�
VWL]LWlW� GHU� )HKOHUYDULDEOHQ³� XQHPSILQGOLFK� LVW�� 'LH� &KDUDNWHULVWLND� Ä1RUPDOYHUWHLOXQJ³
XQG�Ä+RPRVNHGDVWL]LWlW³�EHVLW]HQ�]XGHP�HLQHQ�HUKHEOLFKHQ�(LQIOX��DXI�GLH�%UHLWH�VRZLH
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DXI� GLH� 6FKlW]JHQDXLJNHLW� GHU�.RQILGHQ]�� XQG� 3URJQRVHVWUHLIHQ��1XU� HLQH� KLQUHLFKHQGH
(UI�OOXQJ�EHLGHU�$QQDKPHQ�HUP|JOLFKW�HLQH�]XYHUOlVVLJH�6FKlW]XQJ�GHU�/DJH�GHU�5HJUHV�
VLRQVJHUDGHQ�XQG�HLQH�ZHLWHUH�(LQHQJXQJ�GHU�3URJQRVHVWUHLIHQ��:HLWHUKLQ�YHUGHXWOLFKHQ
GLH�LQ�$EVFKQLWW�������GDUJHOHJWHQ�$QDO\VHHUJHEQLVVH��GD��EHL�GHU�EHVFKULHEHQHQ�$QZHQ�
GXQJ�*UHQ]OLQLHQ�YRQ�GLYHUJLHUHQGHQ�DV\PPHWULVFKHQ�3URJQRVHVWUHLIHQ�EHUHFKQHW�ZHUGHQ
P�VVHQ��'LHV�NDQQ�GXUFK�6WDQGDUGYHUIDKUHQ�QLFKW�HUUHLFKW�ZHUGHQ�

7UDQVIRUPDWLRQ�XQG�*HZLFKWXQJ�EHL�GHU�5HJUHVVLRQVDQDO\VH

'LH�0HWKRGHQ�GHU�7UDQVIRUPDWLRQ�XQG�GHU�*HZLFKWXQJ� VWHOOHQ�JlQJLJH�$QVlW]H� I�U�GLH
3DUDPHWHUVFKlW]XQJ� EHL� VFKLHIHQ� 9HUWHLOXQJHQ� XQG� KHWHURVNHGDVWLVFKHP� 'DWHQPDWHULDO
GDU��=XQlFKVW�ZHUGHQ�LP�IROJHQGHQ�DOV�*UXQGODJH�I�U�GLH�.HQQ]DKOEHUHFKQXQJ�GLH�EHLGHQ
0HWKRGHQ�HWZDV�DXVI�KUOLFKHU�GLVNXWLHUW�

7UDQVIRUPDWLRQ�EHLGHU�6HLWHQ��7%6�
)�U�GLH�.HQQ]DKOEHUHFKQXQJ� LQ�GHP�YRUOLHJHQGHQ�)DOO� HLJQHW� VLFK� RIW� GLH�0HWKRGH� GHU
9DULDQ]VWDELOLVLHUXQJ�GXUFK�HLQH�7UDQVIRUPDWLRQ�YRQ�5HJUHVVDQG�XQG�5HJUHVVRU�PLW�GHU�
VHOEHQ�7UDQVIRUPDWLRQVIXQNWLRQ��7UDQVIRUPDWLRQ�EHLGHU�6HLWHQ��7%6���0LW�GLHVHU�0HWKR�
GH� JHOLQJW� HV� RIW�� VRZRKO� QlKHUXQJVZHLVH� HLQH� 1RUPDOYHUWHLOXQJ� E]Z�� V\PPHWULVFKH
9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�DOV�DXFK�HLQH�NRQVWDQWH�9DULDQ]�]X�HU]LHOHQ��1DFK�GHU�9D�
ULDQ]DQDO\VH�GHU�WUDQVIRUPLHUWHQ�'DWHQ�NDQQ�GXUFK�5�FNWUDQVIRUPDWLRQ�DXI�GLH�VWRFKDVWL�
VFKHQ�8QVLFKHUKHLWHQ�GHU�XUVSU�QJOLFKHQ�'DWHQ�JHVFKORVVHQ�ZHUGHQ�

:LH�LQ�$EVFKQLWW�������GDUJHVWHOOW��EHVLW]W�GLH�)HKOHUYDULDEOH�LQ�GHQ�EHWUDFKWHWHQ�$QZHQ�
GXQJHQ�HLQH�9HUWHLOXQJ��GLH�GHU�/RJQRUPDOYHUWHLOXQJ�lKQOLFK�LVW��'LHVH�9HUWHLOXQJ�LVW�EHL
$XVZHUWXQJHQ�GHU�7HUPLQDEZHLFKXQJ�W\SLVFK��:$*1(5�	�:$56&+$7��������,Q�GLHVHP
)DOO� HU]LHOHQ� 9DULDQWHQ� GHU� /RJDULWKPXVWUDQVIRUPDWLRQ� HLQH� JXWH� 9HUWHLOXQJVNRUUHNWXU�
DEHU� DXFK�:XU]HOWUDQVIRUPDWLRQHQ� EULQJHQ� HLQH� GHXWOLFKH�9HUEHVVHUXQJ�� 'LH� /LQHDULWlW
GHU�5HJUHVVLRQVIXQNWLRQ�EOHLEW� LQ�HUVWHU�1lKHUXQJ�HUKDOWHQ��ZHQQ��ZLH�KLHU�GHU�)DOO��GLH
5HJUHVVLRQVJHUDGH�DQQlKHUQG�GXUFK�GHQ�.RRUGLQDWHQXUVSUXQJ�JHKW�

%LOG�����]HLJW�GLH�$XVZLUNXQJ�HLQHU�:XU]HOWUDQVIRUPDWLRQ�DXI�GLH�9HUWHLOXQJVIXQNWLRQ�
,Q�GHU�+LVWRJUDPPGDUVWHOOXQJ�LVW�]X�HUNHQQHQ��GD��GLH�)HKOHUYDULDEOH�QDFK�GHU�7UDQVIRU�
PDWLRQ�DQQlKHUQG�V\PPHWULVFK�YHUWHLOW�XQG�VRJDU�UHFKW�JXW�DQ�GLH�1RUPDOYHUWHLOXQJ�DQ�
JHSD�W�LVW��'LH�XQWHUHQ�EHLGHQ�3ORWV�VLQG�JUDSKLVFKH�7HVWYHUIDKUHQ�GHUVHOEHQ�'DWHQ�KLQ�
VLFKWOLFK�1RUPDOYHUWHLOXQJ��$XFK�KLHU�LVW�]X�HUNHQQHQ��GD��GLH�'DWHQ�QDFK�GHU�7UDQVIRU�
PDWLRQ�EHVVHU�DQ�GLH�1RUPDOYHUWHLOXQJ�DQJHSD�W�VLQG��0DWKHPDWLVFKH�7HVWV�KLQVLFKWOLFK
GHU�.ULWHULHQ�([]H���:|OEXQJ��XQG�6FKLHIH��YJO��+$5781*�������6����II��HUJDEHQ�HLQH
GHXWOLFKH�$EQDKPH�GHU�6FKLHIH�YRQ�����DXI������ MHGRFK� LP�*HJHQ]XJ�HLQH�JHULQJI�JLJH
=XQDKPH�GHV�([]HVVHV�YRQ�����DXI������+LQVLFKWOLFK�GHU�$XVZDKO�GHU�6FKlW]YHUIDKUHQ�I�U
GLH� 5HJUHVVLRQVDQDO\VH� VWHOOW� MHGRFK� GLH� 6FKLHIH� GDV� HQWVFKHLGHQGH� .ULWHULXP� GDU�� $XV
GLHVHP�*UXQG�ZLUG� EHL� GHU�7UDQVIRUPDWLRQ� DXI� GLH�5HGXNWLRQ� GHU� 6FKLHIH� GHU� 6FKZHU�
SXQNW�JHOHJW�
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%LOG����� :LUNXQJ�GHU�7UDQVIRUPDWLRQ�DXI�GLH�9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�
���+LVWRJUDPP�GHU�5HVLGXHQ�����:DKUVFKHLQOLFKNHLWVWHVW

1HEHQ� GHU� 9HUWHLOXQJVNRUUHNWXU� ZLUG� PLW� GHU� 7UDQVIRUPDWLRQ� EHLGHU� 6HLWHQ� KlXILJ� ]X�
JOHLFK�HLQH�9DULDQ]VWDELOLVLHUXQJ�HUUHLFKW��,Q�GHQ�KLHU�EHVFKULHEHQHQ�$QZHQGXQJHQ�KDEHQ
VLFK�9DULDQWHQ� GHU�:XU]HO�� XQG� /RJDULWKPXVWUDQVIRUPDWLRQ� DXFK� ]XU� 9DULDQ]VWDELOLVLH�
UXQJ� EHZlKUW�� %LOG� ���� ]HLJW� GLH�:LUNXQJ� GHU� 9DULDQ]VWDELOLVLHUXQJ� EHL� HLQHU�:XU]HO�
WUDQVIRUPDWLRQ�� 1DFK� GHU� 7UDQVIRUPDWLRQ� EHVLW]W� GLH� XUVSU�QJOLFK� KHWHURVNHGDVWLVFKH
)HKOHUYDULDEOH�HLQH�QlKHUXQJVZHLVH�NRQVWDQWH�9DULDQ]��GLH�'DWHQ�VLQG�DOVR�KRPRVNHGD�
VWLVFK��(LQH�JHHLJQHWH�7UDQVIRUPDWLRQVIXQNWLRQ�NDQQ�LWHUDWLY�GXUFK�Ä7ULDO�DQG�(UURU³�HU�
PLWWHOW�ZHUGHQ�

'LH� JHVFKLFNWH� :DKO� GHU� 7UDQVIRUPDWLRQVIXQNWLRQ� NDQQ� VRZRKO� ]X� HLQHU� DQQlKHUQGHQ
1RUPDOYHUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�DOV� DXFK�]X� HLQHU�NRQVWDQWHQ�9DULDQ]� I�KUHQ��'LH
:DKO�GLHVHU�)XQNWLRQ�ZLUG�YRQ�GHU�$UW�GHU�9HUWHLOXQJVIXQNWLRQ�XQG�GHU�9DULDQ]IXQNWLRQ
EHVWLPPW� �&$552//� 	� 5833(57� ������ 6�� ������ %HL� GHU� H[HPSODULVFKHQ� $QZHQGXQJ
I�KUWHQ�LQ�PDQFKHQ�)lOOHQ�9DULDQWHQ�GHU�:XU]HO��XQG�GHU�/RJDULWKPXVWUDQVIRUPDWLRQ�]X
HLQHU� 9DULDQ]VWDELOLVLHUXQJ� XQG� HLQHU� DN]HSWDEOHQ� 9HUWHLOXQJVNRUUHNWXU� GHU� 'DWHQ�� (V
NDQQ� MHGRFK� QLFKW� GDYRQ� DXVJHJDQJHQ�ZHUGHQ�� GD�� GLHV� LPPHU� JHOLQJW�� (LQHQ�$XVZHJ
ELHWHW�GDQQ�GLH�.RPELQDWLRQ�GHU�0HWKRGHQ�7UDQVIRUPDWLRQ�XQG�*HZLFKWXQJ�
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%LOG����� :LUNXQJ�GHU�9DULDQ]VWDELOLVLHUXQJ�GXUFK�7UDQVIRUPDWLRQ�EHLGHU�6HLWHQ

9DULDQ]VWDELOLVLHUXQJ�GXUFK�*HZLFKWXQJ
*HOLQJW�PLWWHOV�7%6�]ZDU�HLQH�9HUWHLOXQJVNRUUHNWXU��MHGRFK�QLFKW�HLQH�9DULDQ]VWDELOLVLH�
UXQJ��VR�LVW�EHL�GHU�5HJUHVVLRQVDQDO\VH�HLQH�*HZLFKWXQJ�GHU�)HKOHUTXDGUDWH�YRU]XQHKPHQ
�:/6���:HLO�GLH�*HZLFKWXQJVNRHIIL]LHQWHQ�LQ�GHU�5HJHO�QLFKW�EHNDQQW�VLQG��P�VVHQ�GLHVH
JHVFKlW]W�ZHUGHQ��,Q�GHU�SUDNWLVFKHQ�$QZHQGXQJ�HQWVSULFKW�GHU�*HZLFKWXQJVNRHIIL]LHQW
Z� DQ� HLQHU� 6WHOOH� [�� GHP�.HKUZHUW� GHU� 9DULDQ]�� G�K�� ��s��� DQ� GHU� 6WHOOH� [��� (LQ� JXWHU
6FKlW]ZHUW�V��I�U�s��NDQQ�PLWWHOV�5HJUHVVLRQ�GHU�TXDGULHUWHQ�5HVLGXHQ�EHVWLPPW�ZHUGHQ�
'DV�9HUIDKUHQ� LVW� HPSILQGOLFK�JHJHQ�EHU�$XVUHL�HUQ��)�U� GHQ�)DOO� HLQHU� JUR�HQ�:DKU�
VFKHLQOLFKNHLW�YRQ�$XVUHL�HUQ�LQ�GHQ�'DWHQ�VFKODJHQ�&$552//�	�5833(57��������6�����
HLQ�DOWHUQDWLYHV�9HUIDKUHQ�DXI�%DVLV�GHU�$EVROXWZHUWH�GHU�5HVLGXHQ�YRU��GDV�HLQHQ�6FKlW�
]HU�V�I�U�s�HUJLEW��%LOG�����]HLJW��ZLH�PLWWHOV�5HJUHVVLRQ�GHU�DEVROXWHQ�5HVLGXHQ�GLH�6WDQ�
GDUGDEZHLFKXQJ�XQG�GDPLW�GLH�*HZLFKWXQJVNRHIIL]LHQWHQ�JHVFKlW]W�ZHUGHQ�N|QQHQ�

%LOG����� 6FKlW]XQJ�GHU�6WDQGDUGDEZHLFKXQJ�GXUFK�5HJUHVVLRQ�GHU�DEVROXWHQ
5HVLGXHQ
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'RFK�LVW�]X�EHDFKWHQ��GD��]XYHUOlVVLJH�6FKlW]HU�I�U�GLH�3DUDPHWHU�GHU�5HJUHVVLRQVJHUD�
GHQ� XQG�GDPLW� DXFK� GLH� JHQDXHQ�:HUWH� GHU�5HVLGXHQ� ]XQlFKVW� QLFKW� EHNDQQW� VLQG�� )�U
GLHVHQ�)DOO�ZLUG�HLQ�LWHUDWLYHV�9HUIDKUHQ�]XU�%HVWLPPXQJ�GHU�*HZLFKWXQJVNRHIIL]LHQWHQ
XQG� GHU� 5HJUHVVLRQVJHUDGHQ� YRUJHVFKODJHQ� �,:/6�� �YJO�� &87+%(57� 	� :22'� �����
&$552//�	�5833(57�������6����II��6����I��

6FKULWW���(UPLWWOXQJ�HLQHV�YRUOlXILJHQ�6FKlW]HUV�I�U�GLH�3DUDPHWHU�GHV�5HJUHVVLRQVPR�
GHOOV�PLWWHOV�XQJHZLFKWHWHU�NOHLQVWH�4XDGUDWHVFKlW]XQJ

6FKULWW��� 6FKlW]XQJ�GHU�*HZLFKWXQJVNRHIIL]LHQWHQ��V�R��

6FKULWW���(UPLWWOXQJ�GHU�JHZLFKWHWHQ�6FKlW]HU�GHU�3DUDPHWHU�GHV�5HJUHVVLRQVPRGHOOV
PLWWHOV�JHZLFKWHWHU�NOHLQVWH�4XDGUDWHVFKlW]XQJ

6FKULWW���$NWXDOLVLHUXQJ�GHU�3DUDPHWHU�XQG�1HXVFKlW]XQJ�GHU�*HZLFKWXQJVNRHIIL]LHQWHQ

'LH�6FKULWWH���XQG���ZHUGHQ�VR�RIW�ZLHGHUKROW��ELV�GDV�6FKlW]HUJHEQLV�]XIULHGHQVWHOOHQG
LVW��,Q�GHU�/LWHUDWXU�ILQGHW�PDQ�YHUVFKLHGHQH�$QJDEHQ��EHU�GLH�=DKO�GHU�QRWZHQGLJHQ�,WH�
UDWLRQVVFKULWWH��6WXGLHQ�KDEHQ�MHGRFK�JH]HLJW��GD��GHU�8QWHUVFKLHG�YRP�HUVWHQ�,WHUDWLRQV�
VFKULWW�]XP�]ZHLWHQ�UHODWLY�JUR��VHLQ�NDQQ��0LW�ZHLWHUHQ�,WHUDWLRQVVFKULWWHQ�QLPPW�HU� MH�
GRFK�LQ�GHU�5HJHO�VHKU�VFKQHOO�DE��G�K��GD��GDV�9HUIDKUHQ�VFKQHOO�NRQYHUJLHUW��&$552//
	�5833(57��������6������HPSIHKOHQ��PLQGHVWHQV�]ZHL�,WHUDWLRQHQ�GXUFK]XI�KUHQ�

(LQH� GHWDLOOLHUWH� 'LVNXVVLRQ� GHU� 3DUDPHWHUVFKlW]XQJ� EHL� +HWHURVNHGDVWL]LWlW� XQG� EHL
VFKLHIHQ�9HUWHLOXQJHQ�LVW�LQ�:,(*(57��������XQG�&$552//�	�5833(57��������QDFK]XOH�
VHQ�

%HKDQGOXQJ�YRQ�$XVUHL�HUQ�EHL�GHU�5HJUHVVLRQ

8QWHU�$XVUHL�HUQ�YHUVWHKW�PDQ�:HUWH��GLH�VLFK�ZHLW�DX�HUKDOE�GHV�%HUHLFKV�GHU�DQGHUHQ
%HREDFKWXQJHQ� EHILQGHQ�� 'LHVH� NRPPHQ� HQWZHGHU� GXUFK� 6RQGHUIlOOH�� ZLH� ]�%�� ODQJHQ
6W|UXQJHQ��RGHU�GXUFK�)HKOHU�EHL�GHU�'DWHQDNTXLVLWLRQ�]XVWDQGH��:HOFKH�GHU�EHLGHQ�8U�
VDFKHQ�WDWVlFKOLFK�YRUOLHJW��LVW�PHLVW�DOOHLQH�DQKDQG�GHU�'DWHQ�QLFKW�HUNHQQEDU�

%HL� GHQ� $XVZHUWXQJHQ� KDW� VLFK� JH]HLJW�� GD�� GLH� 4XDOLWlW� GHU� 5HJUHVVLRQVPRGHOOH� VHKU
VWDUN�YRQ�$XVUHL�HUQ�EHHLQWUlFKWLJW�ZHUGHQ�NDQQ��)�U�GHQ�SUDNWLVFKHQ�(LQVDW]�LVW�HV�GHV�
ZHJHQ�QRWZHQGLJ��GLH�0HWKRGHQ�]XU�5HJUHVVLRQVDQDO\VH� UREXVW�]X�JHVWDOWHQ�� ,Q�GHU�EH�
VFKULHEHQHQ�$QZHQGXQJ�ZXUGHQ�GLH�0HWKRGHQ�GXUFK�GDV�9HUIDKUHQ�GHV�URXWLQHPl�LJHQ
7ULPPHQV� GHU� $QDO\VHGDWHQ� UREXVWLIL]LHUW� �YJO�� %h1,1*� ������� %HL� GLHVHP� 9HUIDKUHQ
ZHUGHQ�SULQ]LSLHOO�GLH�DP�PHLVWHQ�YRP�'XUFKVFKQLWW�DEZHLFKHQGHQ�'DWHQ�YRQ�GHU�ZHLWH�
UHQ�%HWUDFKWXQJ�DXVJHVFKORVVHQ��,Q�GHU�3UD[LV�KDW�VLFK�EHZlKUW��������GHU�'DWHQ�GXUFK
7ULPPHQ�]X�HOLPLQLHUHQ� �������5HVLGXHQ�� �%LOG� ������'D� EHL� GHU� EHWUDFKWHWHQ�$QZHQ�
GXQJ�KHWHURVNHGDVWLVFKH�'DWHQ�XQG�HLQH�VFKLHIH�9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�YRUOLHJHQ
XQG�GLHVHU�&KDUDNWHU�GHU�'DWHQ�EHLP�7ULPPHQ�QLFKW�YHUIlOVFKW�ZHUGHQ� VROO�� HUIROJW�GLH
(OLPLQDWLRQ� YRQ� $XVUHL�HUQ� LP� 7%6�WUDQVIRUPLHUWHQ� 'DWHQVDW]�� 0LW� GHP� JHWULPPWHQ
'DWHQEHVWDQG�ZLUG�GDQQ�HLQ�QHXHV�5HJUHVVLRQVPRGHOO�HUVWHOOW�
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%LOG����� 5REXVWKHLW�GXUFK�URXWLQHPl�LJHV�7ULPPHQ

5REXVWH�9HUIDKUHQ�]XU�6FKlW]XQJ�YRQ�3URJQRVHVWUHLIHQ

,P� IROJHQGHQ�ZHUGHQ� HLQLJH� DOWHUQDWLYH�9HUIDKUHQ� ]XU� 6FKlW]XQJ� YRQ� 3URJQRVHVWUHLIHQ
HQWZLFNHOW��=LHO�LVW��GD��GLH�9HUIDKUHQ�UREXVW��G�K��XQHPSILQGOLFK�KLQVLFKWOLFK�GHU�(UI�O�
OXQJ�GHU�NODVVLVFKHQ�$QQDKPHQ�Ä+RPRVNHGDVWL]LWlW³�XQG�Ä1RUPDOYHUWHLOXQJ³� VLQG��%HL
MHGHU�%HUHFKQXQJVDOWHUQDWLYH�LVW�H[SOL]LW�DQJHJHEHQ��ZHOFKH�$QQDKPHQ�I�U�HLQH�]XYHUOlV�
VLJH�6FKlW]XQJ�HUI�OOW�VHLQ�P�VVHQ�

9HUIDKUHQ� �� LVW� HLQH� HLQIDFKH�0HWKRGH� ]XU� QlKHUXQJVZHLVHQ�%HVWLPPXQJ� YRQ� 3URJQR�
VHVWUHLIHQ��(V�KDW�VLFK�JH]HLJW��GD��EHL�JUR�HQ�6WLFKSUREHQ�I�U�GLH�3UD[LV�DQQHKPEDUH�(U�
JHEQLVVH�HU]LHOW�ZHUGHQ��9HUIDKUHQ���OLHIHUW�LQVEHVRQGHUH�EHL�NOHLQHQ�6WLFKSUREHQ�EHVVHUH
6FKlW]HUJHEQLVVH� I�U� GLH�3URJQRVHVWUHLIHQ� DOV�9HUIDKUHQ� ���(V� HUIRUGHUW� DOOHUGLQJV� DXFK
HLQHQ�K|KHUHQ�5HFKHQDXIZDQG�

9HUIDKUHQ��� (PSLULVFKHV�3URJQRVHLQWHUYDOO�EHL�JUR�HQ�6WLFKSUREHQ
%HL� GLHVHP�9HUIDKUHQ�ZLUG� ]XQlFKVW� YHUVXFKW��PLWWHOV� GHU�0HWKRGH� GHU�7UDQVIRUPDWLRQ
EHLGHU�6HLWHQ��7%6��VRZRKO�HLQH�1RUPDOYHUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�DOV�DXFK�HLQH�NRQ�
VWDQWH�9DULDQ]�]X�HU]LHOHQ��,Q�GLHVHP�)DOO�ZHUGHQ�I�U�GLH�WUDQVIRUPLHUWHQ�'DWHQ�SDUDOOHOH�
OLQHDUH�3URJQRVHOLQLHQ�EHUHFKQHW��'LH�)XQNWLRQ�GHU�3URJQRVHOLQLHQ�ZLUG�GDQQ�U�FNWUDQV�
IRUPLHUW��YJO��%LOG�������$XI�GLHVH�:HLVH�HUKlOW�PDQ�GLH�)XQNWLRQ�GHU�QLFKWOLQHDUHQ�3UR�
JQRVHOLQLHQ��6R�ZLUG�HV�P|JOLFK��LQGLYLGXHOOH�$XVVDJHQ��EHU�GLH�3URJQRVHWUHXH�HLQ]HOQHU
$XIWUlJH�]X�WUHIIHQ�

)�U� GDV�9HUIDKUHQ� �� H[LVWLHUHQ� GUHL� %HUHFKQXQJVDOWHUQDWLYHQ��$OWHUQDWLYH� �� JHKW� GDYRQ
DXV��GD��VRZRKO�GLH�9HUWHLOXQJVNRUUHNWXU�DOV�DXFK�GLH�9DULDQ]VWDELOLVLHUXQJ�GXUFK�7UDQV�
IRUPDWLRQ�JHOLQJW��'LH�$OWHUQDWLYHQ���XQG���EHVFKUHLEHQ��LQ�ZHOFKHU�:HLVH�GDV�9HUIDKUHQ
PRGLIL]LHUW� ZHUGHQ�PX��� VRIHUQ� GLH� $QQDKPHQ� KLQVLFKWOLFK� 1RUPDOYHUWHLOXQJ� XQG� +R�
PRVNHGDVWL]LWlW�QLFKW�HUI�OOW�ZHUGHQ�N|QQHQ�

*UXQGODJH�YRQ�9HUIDKUHQ��� LVW� GLH�0|JOLFKNHLW�� EHL�JU|�HUHQ�6WLFKSUREHQXPIlQJHQ�GLH
*UHQ]HQ� HLQHV� 3URJQRVHLQWHUYDOOV� GLUHNW� DXV� GHQ� HPSLULVFKHQ� %HREDFKWXQJHQ� ]X� HUPLW�
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WHOQ��%HL�GHQ�KLHU�EHWUDFKWHWHQ�.RQILGHQ]QLYHDXV�LP�%HUHLFK�YRQ������ELV������VROOWHQ�GLH
6WLFKSUREHQ�DOOHUGLQJV�HLQHQ�8PIDQJ�YRQ�Q�!����%HREDFKWXQJHQ�EHVLW]HQ�

%LOG����� 5HJUHVVLRQVPRGHOO�XQG�3URJQRVHVWUHLIHQ�YRU�XQG�QDFK�5�FNWUDQVIRUPDWLRQ

=XU�%HVWLPPXQJ�GHV�,QWHUYDOOV�ZHUGHQ�GLH�EHREDFKWHWHQ�:HUWH�[���Q�GHU�*U|�H�QDFK�JH�
RUGQHW��'DQQ�ODXWHW�GDV�g���4XDQWLO�DOOJHPHLQ�IROJHQGHUPD�HQ��YJO��%26&+�������6������
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$OWHUQDWLYH��� KRPRVNHGDVWLVFKH�V\PPHWULVFK�YHUWHLOWH�'DWHQ�
)�U� GLHVH� %HUHFKQXQJVDOWHUQDWLYH� ZHUGHQ� +RPRVNHGDVWL]LWlW� VRZLH� HLQH� V\PPHWULVFKH
9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�LP�7%6�WUDQVIRUPLHUWHQ�'DWHQVDW]�DQJHQRPPHQ��,Q�HUVWHU
1lKHUXQJ�VLQG�GLH�REHUH�XQG�XQWHUH�*UHQ]H�GHV�3URJQRVHVWUHLIHQV�3DUDOOHOHQ�]XU�5HJUHV�
VLRQVJHUDGH�PLW�MHZHLOV�JOHLFKHP�$EVWDQG��'HU�$EVWDQG�GHU�*UHQ]OLQLHQ�YRQ�GHU�5HJUHV�
VLRQVJHUDGHQ�ZLUG�IROJHQGHUPD�HQ�EHVWLPPW�

�� %HWUlJH�GHU�5HVLGXHQ�EHUHFKQHQ
�� :HUWH�GHU�*U|�H�QDFK�VRUWLHUHQ
�� ,QWHUYDOOJUHQ]H�JHPl������EHUHFKQHQ��'HU�$EVWDQG�GHU�REHUHQ�XQG�XQWHUHQ�*UHQ]OLQLH

HQWVSULFKW�GHP�g���4XDQWLO�

$OWHUQDWLYH��� KRPRVNHGDVWLVFKH�VFKLHI�YHUWHLOWH�'DWHQ�
%HVLW]W� GLH�)HKOHUYDULDEOH�QDFK�9DULDQ]VWDELOLVLHUXQJ�GXUFK�7%6�7UDQVIRUPDWLRQ� LPPHU
QRFK�HLQH� VFKLHIH�9HUWHLOXQJ��PX��GHU�$EVWDQG�GHU�REHUHQ�XQG�GHU�XQWHUHQ�*UHQ]H�GHV
3URJQRVHVWUHLIHQV�LQGLYLGXHOO�EHVWLPPW�ZHUGHQ��+LHU]X�ZHUGHQ�GLH�SRVLWLYHQ�XQG�GLH�QH�
JDWLYHQ� 5HVLGXHQ� JHWUHQQW� YRQHLQDQGHU� DXVJHZHUWHW�� $QVRQVWHQ� HQWVSULFKW� GLH� 9RUJH�
KHQVZHLVH�$OWHUQDWLYH���
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$OWHUQDWLYH��� KHWHURVNHGDVWLVFKH�'DWHQ�
.DQQ�HLQH�9DULDQ]VWDELOLVLHUXQJ�QLFKW�HUUHLFKW�ZHUGHQ��LVW�HV�P|JOLFK��GHQ�3URJQRVHVWUHL�
IHQ�DEVFKQLWWZHLVH�]X�VFKlW]HQ��3DWFKHQ���+LHU]X�LVW�GLH�[�$FKVH�LQ���ELV����JOHLFK�JUR�H
$EVFKQLWWH� DXI]XWHLOHQ�� )�U� MHGHQ� $EVFKQLWW� ZHUGHQ� DQDORJ� $OWHUQDWLYH� �� RGHU� �� $E�
VFKQLWWH� GHV� 3URJQRVHVWUHLIHQV� JHVFKlW]W�� 0DQ� HUKlOW� DXI� GLHVH� :HLVH� 6W�W]SXQNWH� GHU
*UHQ]OLQLHQ� GHV� 3URJQRVHVWUHLIHQV�� 'LH� REHUH� XQG� XQWHUH�*UHQ]H� GHV� 3URJQRVHVWUHLIHQV
HUJLEW�VLFK�DOV�3RO\JRQ�GXUFK�GLHVH�6W�W]SXQNWH��(WZDV�UREXVWHU�KLQVLFKWOLFK�$XVUHL�HUQ�LQ
GHQ�HLQ]HOQHQ�$EVFKQLWWHQ�KDW�VLFK�GLH�%HVWLPPXQJ�GHU�*UHQ]OLQLHQ�DOV�5HJUHVVLRQVJHUD�
GH�GXUFK�GLHVH�6W�W]SXQNWH� HUZLHVHQ��+LHUI�U�PX�� DOOHUGLQJV� GLH�$QQDKPH� HUI�OOW� VHLQ�
GD��GLH�9DULDQ]�OLQHDU�]X��RGHU�DEQLPPW��'LHVH�$QQDKPH�ZLUG�KLHU�DQQlKHUQG�HUI�OOW�

9HUIDKUHQ��� %HUHFKQXQJ�GHV�3URJQRVHLQWHUYDOOV
PLW�+LOIH�GHU�6WDQGDUGDEZHLFKXQJ�s

'DV�9HUIDKUHQ���EDVLHUW�DXI�HLQHU�6FKlW]XQJ�GHV�3URJQRVHLQWHUYDOOV�PLW�+LOIH�GHU�6WDQ�
GDUGDEZHLFKXQJ�s��'DV�9HUIDKUHQ�EHU�FNVLFKWLJW�QHEHQ�GHU�8QVLFKHUKHLW�GHU�LQGLYLGXHO�
OHQ�%HREDFKWXQJHQ� DXFK� GLH� 6FKlW]XQVLFKHUKHLW� GHU� 3DUDPHWHU� GHU� 5HJUHVVLRQVJHUDGHQ�
'DV�9HUIDKUHQ�JHKW�ZHGHU�YRQ�GHU�$QQDKPH�OLQHDUHU�*UHQ]OLQLHQ�QRFK�YRQ�KRPRVNHGD�
VWLVFKHQ�'DWHQ�DXV��(V�OLHIHUW�DXFK�EHL�UHODWLY�NOHLQHQ�6WLFKSUREHQ�]XYHUOlVVLJH�6FKlW]HU�
JHEQLVVH� �YJO��+$5781*������ �6�������XQG�+(,1+2/'�	�*$('(��������$QJHQRPPHQ
ZLUG�DOOHUGLQJV�HLQH�1RUPDOYHUWHLOXQJ�GHU�)HKOHUYDULDEOHQ��'D�GLHV�QLFKW�LPPHU�JHZlKU�
OHLVWHW�ZHUGHQ� NDQQ��ZLUG� LQ�$OWHUQDWLYH� �� HUOlXWHUW�� ZLH� GDV�9HUIDKUHQ� EHL� 9HUOHW]XQJ
GLHVHU�$QQDKPH�PRGLIL]LHUW�ZHUGHQ�PX��

*UXQGODJH� GHV�9HUIDKUHQV� LVW� GLH�.HQQWQLV� GHU� 6WDQGDUGDEZHLFKXQJ�s� I�U� MHGHQ� EHRE�
DFKWHWHQ�:HUW�GHV�5HJUHVVRUV�[��1DFK�&$552//�	�5833(57��������6������XQG�+$5781*
�������6�������NDQQ�s�UHFKW�JXW�PLWWHOV�5HJUHVVLRQ�GHU�DEVROXWHQ�5HVLGXHQ�JHVFKlW]W�ZHU�
GHQ��'HU�(UZDUWXQJVZHUW�GHU�DEVROXWHQ�5HVLGXHQ�DQ�MHGHU�6WHOOH�[��LVW�GHU�6FKlW]HU�V�GHU
6WDQGDUGDEZHLFKXQJ�s�

$OWHUQDWLYH��� V\PPHWULVFKH�9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ

'DV� 3URJQRVHLQWHUYDOO� I�U� \�� DQ� GHU� 6WHOOH� [��PLW� GHU� 7UHIIHUZDKUVFKHLQOLFKNHLW�g� ZLUG
GDEHL�ZLH�IROJW�EHVFKULHEHQ�
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b��XQG�b��VLQG�GLH�3DUDPHWHU�GHV�OLQHDUHQ�5HJUHVVLRQVPRGHOOV��'�EHUHFKQHW�VLFK�QDFK�GHU
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'DEHL� VLQG� W� GLH� 4XDQWLOH� GHU� 6WXGHQW�9HUWHLOXQJ�� 'LH�:HUWH� I�U� W� VLQG� WDEHOODULVFK� LQ
+$5781*� ������� 6�� ����� HUID�W�� 'RUW� LVW� DXFK� HLQ� 9HUIDKUHQ� ]XU� $SSUR[LPDWLRQ� GHU
:HUWH�DQJHJHEHQ��ZHOFKHV�LQ�HLQHQ�$OJRULWKPXV�]XU�.HQQ]DKOEHUHFKQXQJ�LPSOHPHQWLHUW
ZHUGHQ�NDQQ��'HU�3URJQRVHVWUHLIHQ�HUJLEW�VLFK��ZHQQ�PDQ�DQ�MHGHU�6WHOOH�[��HLQ�3URJQR�
VHLQWHUYDOO�EHUHFKQHW�
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$OWHUQDWLYH��� VFKLHIH�9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ
%HL�HLQHU�VFKLHIHQ�9HUWHLOXQJ�GHU�)HKOHUYDULDEOHQ�P�VVHQ�ZLHGHUXP�GLH�REHUHQ�XQG�XQWH�
UHQ�*UHQ]HQ�GHV�3URJQRVHLQWHUYDOOV�JHWUHQQW�EHUHFKQHW�ZHUGHQ��(V�ZLUG�GDEHL�HLQH�QlKH�
UXQJVZHLVH�1RUPDOYHUWHLOXQJ�GHV�SRVLWLYHQ�XQG�GHV�QHJDWLYHQ�7HLOV�GHU�5HVLGXHQYHUWHL�
OXQJ� DQJHQRPPHQ�� )�U� GLH� SRVLWLYHQ� XQG� GLH� QHJDWLYHQ� 5HVLGXHQ� ZHUGHQ� JHWUHQQW
6FKlW]ZHUWH�VR�XQG�VX�I�U�GLH�6WDQGDUGDEZHLFKXQJHQ�sR�XQG�sX�EHUHFKQHW�

'DV�3URJQRVHLQWHUYDOO�NDQQ�QXQ�ZLH�IROJW�EHVFKULHEHQ�ZHUGHQ�
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'LHVH� 0HWKRGH� OLHIHUW� DOOHUGLQJV� QXU� HLQHQ� XQVLFKHUHQ� 6FKlW]ZHUW�� ZHLO� GLH� REHQ� EH�
VFKULHEHQH�1RUPDOYHUWHLOXQJVDQQDKPH� I�U� GHQ� REHUHQ� XQG� XQWHUHQ� 7HLO� GHU� 9HUWHLOXQJ
QXU�XQJHQDX�HUI�OOW�ZLUG��%HLVSLHOVZHLVH�ZHLFKW�GHU�([]H��PLW�:HUWHQ�]ZLVFKHQ�����XQG
����VLJQLILNDQW�YRQ���DE��$XV�GLHVHP�*UXQG�VROOWH�YHUVXFKW�ZHUGHQ��HLQH�%HVHLWLJXQJ�GHU
9HUWHLOXQJVVFKLHIH� GXUFK� 7%6� ]X� HUUHLFKHQ�� GDPLW� $OWHUQDWLYH� �� DQJHZHQGHW� ZHUGHQ
NDQQ��:HQQ�$OWHUQDWLYH���DQJHZHQGHW�ZHUGHQ�PX���VROOWHQ�NHLQH�4XDQWLOH�NOHLQHU�DOV����
EHUHFKQHW�ZHUGHQ��ZHLO� GLH�$EZHLFKXQJ� GHU� YRUOLHJHQGHQ�9HUWHLOXQJ� YRQ� GHU� 1RUPDO�
YHUWHLOXQJ�LQ�5LFKWXQJ�GHV�(UZDUWXQJVZHUWHV�]XQLPPW�

9HUIDKUHQVDXVZDKO
)�U�GLH�VSlWHUH�,PSOHPHQWLHUXQJ�PX��HLQ�JHHLJQHWHV�9HUIDKUHQ�]XU�%HUHFKQXQJ�GHU�3UR�
JQRVHVWUHLIHQ�DXVJHZlKOW�ZHUGHQ��*UXQGVlW]OLFK�VLQG�EHLGH�9HUIDKUHQ�JHHLJQHW��'LH�$Q�
IRUGHUXQJHQ� DXV� $EVFKQLWW� ����� EHLVSLHOVZHLVH� GD�� GDV� 9HUIDKUHQ� HLQIDFK� DQ]XZHQGHQ
XQG�P|JOLFKVW�XQLYHUVHOO�HLQVHW]EDU�VHLQ�VROOWH��ZHUGHQ�DOOHUGLQJV�DP�EHVWHQ�YRQ�9HUIDK�
UHQ��� HUI�OOW��$X�HUGHP� OLHIHUW� GDV�9HUIDKUHQ��� DXFK� EHL� NOHLQHUHQ�6WLFKSUREHQ�EHVVHUH
6FKlW]HUJHEQLVVH�DOV�9HUIDKUHQ����'HU�1DFKWHLO�GHV�K|KHUHQ�5HFKHQDXIZDQGHV�NDQQ�DXI�
JUXQG� GHU� ,PSOHPHQWLHUXQJ� GHU� 0HWKRGH� LQ� HLQ� 5HFKQHUZHUN]HXJ� LQ� .DXI� JHQRPPHQ
ZHUGHQ��'LH� %HUHFKQXQJVDOWHUQDWLYH� �� I�U� 9HUIDKUHQ� �� OLHIHUW� GLH� EHVVHUHQ� (UJHEQLVVH�
'LHVH� YHUODQJW� ]ZDU� HLQH�1RUPDOYHUWHLOXQJ� GHU�)HKOHUYDULDEOHQ�� VHW]W� MHGRFK�NHLQH�+R�
PRVNHGDVWL]LWlW�YRUDXV�

$OOH�9HUIDKUHQ�VLQG�EHGLQJW�HPSILQGOLFK�KLQVLFKWOLFK�$XVUHL�HUQ��ZREHL�VSH]LHOO�EHL�9HU�
IDKUHQ���I�U�GLH�6FKlW]XQJ�YRQ�s�HLQ�UHODWLY�XQHPSILQGOLFKHV�9HUIDKUHQ�YRUJHVWHOOW�ZXU�
GH��%HL�GHU�5HJUHVVLRQVDQDO\VH�ZXUGH� ]XU�$XVUHL�HUEHKDQGOXQJ�GLH�0HWKRGH�GHV� URXWL�
QHPl�LJHQ�7ULPPHQV�YRUJHVFKODJHQ��+LHU�LVW�HV�DOOHUGLQJV�GDV�=LHO��9DULDQ]VFKlW]XQJHQ
I�U� LQGLYLGXHOOH�$XIWUlJH�GXUFK]XI�KUHQ��5RXWLQHPl�LJHV�7ULPPHQ�DOOHU�:HUWH�PLW�JUR�
�HQ�5HVLGXHQ�Z�UGH�]X�HLQHU�9HUIlOVFKXQJ�GHU�(UJHEQLVVH�I�KUHQ��(QWIHUQW�ZHUGHQ�G�U�
IHQ�XQG�P�VVHQ�QXU�GLHMHQLJHQ�$XVUHL�HU��GLH�DXI�0H�IHKOHUQ�EHUXKHQ��ZHLO�GLHVH�QLFKW
GLH�&KDUDNWHULVWLN�GHU�UHDOHQ�$QODJH�ZLGHUVSLHJHOQ��)�U�MHGHV�DX�HUJHZ|KQOLFKH�5HVLGX�
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XP�LVW�LQGLYLGXHOO�]X�HQWVFKHLGHQ��RE�HV�DXI�HLQHP�0H�IHKOHU�EHUXKW�XQG�HOLPLQLHUW�ZHU�
GHQ�PX���'D�GLHVH�9RUJHKHQVZHLVH� VHKU� DXIZHQGLJ�ZlUH��ZLUG� YRUJHVFKODJHQ�� YRUEHX�
JHQGH�0D�QDKPHQ�]X�WUHIIHQ��XP�GLH�4XDOLWlW�GHU�]X�HUIDVVHQGHQ�'DWHQ�]X�VLFKHUQ�XQG
0H�IHKOHU�ZHLWHVWJHKHQG� DXV]XVFKOLH�HQ��+LHU]X� ]lKOHQ� DXV� GHP�4XDOLWlWVPDQDJHPHQW
EHNDQQWH�0D�QDKPHQ�ZLH�GLH�(LQI�KUXQJ�YRQ�(UIDVVXQJVE|JHQ�RGHU�GLH�,QIRUPDWLRQ�XQG
0RWLYDWLRQ�GHU�EHWHLOLJWHQ�0LWDUEHLWHU�

������ 0HWKRGHQ�]XU�3U�IXQJ�GHU�9RUDXVVHW]XQJHQ�I�U�GLH
.HQQ]DKOEHUHFKQXQJ

'LH�$QDO\VHQ�LQ�$EVFKQLWW�����KDEHQ�JH]HLJW��GD��EHL�DOOHQ�$QZHQGXQJHQ�LQ�HUVWHU�/LQLH
GLH� 1RUPDOYHUWHLOXQJVDQQDKPH� XQG� GLH� $QQDKPH� NRQVWDQWHU� 9DULDQ]� JHSU�IW� ZHUGHQ
P�VVHQ��'LH�$XVSUlJXQJHQ�GLHVHU�EHLGHQ�&KDUDNWHULVWLND�N|QQHQ�VLFK�LP�ODXIHQGHQ�%H�
WULHE� lQGHUQ��$XIJUXQG� GHU� GXUFKJHI�KUWHQ�$QDO\VHQ�ZLUG� GDYRQ� DXVJHJDQJHQ�� GD�� GLH
$QQDKPH�� GD�� NHLQH� $XWRNRUUHODWLRQ� YRUOLHJW� LQ� GHQ� EHWUDFKWHWHQ� $QZHQGXQJHQ� VWHWV
HUI�OOW�ZLUG��$XFK�ZLUG�GDYRQ�DXVJHJDQJHQ��GD��GDV�5HJUHVVLRQVPRGHOO� OLQHDU� LVW��E]Z�
GXUFK�7UDQVIRUPDWLRQ�OLQHDULVLHUW�ZXUGH��'LHVH�$QQDKPHQ�P�VVHQ�HLQPDOLJ� LP�5DKPHQ
GHU�,QEHWULHEQDKPH�GHV�6\VWHPV�EHL�HLQHU�QHXHQ�3URGXNWLRQVDQODJH�DEHU�QLFKW�LP�ODXIHQ�
GHQ�%HWULHE�JHWHVWHW�ZHUGHQ�

'LH�(UI�OOXQJ�GHU�1RUPDOYHUWHLOXQJVDQQDKPH�XQG�GHU�$QQDKPH�NRQVWDQWHU�9DULDQ]�PX�
LP�5DKPHQ�GHU�(UVWHOOXQJ�GHV�5HJUHVVLRQVPRGHOOV�VRZLH�I�U�GLH�6FKlW]XQJ�GHU�3URJQR�
VHVWUHLIHQ�JHSU�IW�ZHUGHQ��*UXQGVlW]OLFK�VLQG�+\SRWKHVHQWHVWV�YRQ�JUDSKLVFKHQ�7HVWYHU�
IDKUHQ�]X�XQWHUVFKHLGHQ��+\SRWKHVHQWHVWV�OLHIHUQ�HLQ�QXPHULVFKHV�(UJHEQLV��GDV�DEKlQJLJ
YRQ�GHVVHQ�:HUW�DOV�$EOHKQXQJ�RGHU�%HVWlWLJXQJ�GHU�+\SRWKHVH�LQWHUSUHWLHUW�ZLUG��'DPLW
HLJQHQ� VLFK� GLHVH� 7HVWV� I�U� HLQH� DXWRPDWLVFKH�hEHUSU�IXQJ� GHU�$QQDKPHQ�� 1HEHQ� GHQ
+\SRWKHVHQWHVWV�KDEHQ�VLFK�LQ�GHU�3UD[LV�JUDSKLVFKH�7HVWYHUIDKUHQ�EHZlKUW��'LHVH�7HVW�
YHUIDKUHQ�VLQG�OHLFKWHU�GXUFK�GHQ�/DLHQ�DQ]XZHQGHQ��'LH�7HVWHUJHEQLVVH�VLQG�DQVFKDXOL�
FKHU�XQG�ODVVHQ�VLFK�VFKQHOOHU�LQWHUSUHWLHUHQ��6LH�VWHOOHQ�JHULQJHUH�$QIRUGHUXQJHQ�DQ�GLH
4XDOLILNDWLRQ�GHV�%HGLHQHUV�XQG�I|UGHUQ�HLQH�SUDJPDWLVFKH�9RUJHKHQVZHLVH�EHL�GHU�0R�
GHOOJHQHULHUXQJ��$OOH�7HVWV�VROOWHQ�YRQ�HLQHP�%HGLHQHU�PLW�VWDWLVWLVFKHQ�*UXQGNHQQWQLV�
VHQ�GXUFKJHI�KUW�ZHUGHQ�

0HWKRGHQ�]XU�hEHUSU�IXQJ�GHU�1RUPDOYHUWHLOXQJVDQQDKPH

%HLGH�.HQQ]DKOHQ� EHVLW]HQ� EHL� HLQHU� 1RUPDOYHUWHLOXQJ� GHQ�:HUW� ��� 'LH� 1RUPDOYHUWHL�
OXQJVDQQDKPH� Ol�W� VLFK�PLWWHOV� 9HUWHLOXQJVWHVWV�� ZLH� EHLVSLHOVZHLVH� GHP�.ROPRJRURII�
6PLUQRY�7HVW�RGHU�GHP�c��7HVW��SU�IHQ���+$5781*�������6�����II���+LQZHLVH�DXI�9HU�
OHW]XQJ�GHU�1RUPDOYHUWHLOXQJVDQQDKPH�OLHIHUW�DXFK�GLH�%HVWLPPXQJ�YRQ�6FKLHIH�XQG�([�
]H��� *UDSKLVFKH� 7HVWYHUIDKUHQ� VLQG� EHLVSLHOVZHLVH� HLQH� 'DUVWHOOXQJ� GHU� 9HUWHLOXQJ� DOV
+LVWRJUDPP�RGHU�HLQ�:DKUVFKHLQOLFKNHLWVGLDJUDPP��YJO��%LOG������

0HWKRGHQ�]XU�3U�IXQJ�DXI�+RPRVNHGDVWL]LWlW

+RPRVNHGDVWL]LWlW� Ol�W� VLFK�PLW� GHP� VRJHQDQQWHQ� )�7HVW� SU�IHQ� �-8'*(� (7� $/�� ������
'LHVHU� 7HVW� EHQ|WLJW� DOOHUGLQJV� DOOH� �EULJHQ� 9RUDXVVHW]XQJHQ� GHV� NODVVLVFKHQ�0RGHOOV�
ZLH� EHLVSLHOVZHLVH� 1RUPDOYHUWHLOXQJ�� )�U� GHQ� )DOO� GHU� 9HUOHW]XQJ� GHU� 1RUPDOYHUWHL�
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OXQJVDQQDKPH�ZLUG� GHU�*LSIHO�7HVW� �3HDN�7HVW�� YRUJHVFKODJHQ� �*2/')(/'�	�48$1'7
������6��������&$552//�	�5833(57��������6����II��VFKODJHQ�JUDSKLVFKH�7HVWYHUIDKUHQ
YRU��ZLH�EHLVSLHOVZHLVH�GDV�5HVLGXHQSORW��YJO��%LOG�������

������ 0HWKRGHQ�]XU�9LVXDOLVLHUXQJ�GHU�VWRFKDVWLVFKHQ�,QIRUPDWLRQHQ

'D�GDV�*DQWW�'LDJUDPP�LQ�/HLWVWlQGHQ�HLQHQ�JUR�HQ�9HUEUHLWXQJV��XQG�%HNDQQWKHLWVJUDG
EHVLW]W�� LVW�HV�VLQQYROO�DXI�GLHVH�'DUVWHOOXQJ�DXI]XEDXHQ��$XV�GHU�/LWHUDWXU�EHNDQQW�VLQG
ELVKHU�YHUJOHLFKEDUH�'DUVWHOOXQJHQ�YRQ�0LWWHOZHUWHQ�XQG�,QWHUYDOOVFKUDQNHQ��'LHVH�'DU�
VWHOOXQJVIRUP�OLHIHUW�MHGRFK�NHLQH�$XVVDJH��EHU�ZHLWHUH�VWDWLVWLVFKH�.HQQ]DKOHQ��ZLH�]�%�
GLH� 6FKLHIH� RGHU� GHQ� ([]H�� GHU� 9HUWHLOXQJVIXQNWLRQ�� $XIEDXHQG� DXI� GLHVH� 'DUVWHOOXQJ
ZXUGHQ�GHU�$QVlW]H�HQWZLFNHOW��GLHVH�]XVlW]OLFKH�,QIRUPDWLRQ�GHP�/HLWVWDQGSHUVRQDO�]X�
JlQJOLFK�]X�PDFKHQ��'LH�JUDSKLVFKH�'DUVWHOOXQJ�GHU�VWRFKDVWLVFKHQ� ,QIRUPDWLRQHQ�NDQQ
SULQ]LSLHOO�IROJHQGHUPD�HQ�HUIROJHQ�

�� 9HUWHLOXQJVNXUYHQ
�� %DONHQ�PLW�0DUNHQ
�� %DONHQ�PLW�+HOOLJNHLWVVWXIHQ�RGHU��YHUOlXIHQ
�� %DONHQ�PLW�)DUEVWXIHQ�RGHU�±YHUOlXIHQ

9HUWHLOXQJVNXUYHQ�HLJQHQ�VLFK�QXU�EHGLQJW� I�U�HLQH� ,QWHJUDWLRQ� LQ�GDV�*DQWW�'LDJUDPP�
ZHLO�VLH�HLQHQ�HUKHEOLFKHQ�3ODW]EHGDUI�EHDQVSUXFKHQ��%DONHQ�PLW�0DUNHQ�HUP|JOLFKHQ�GLH
'DUVWHOOXQJ� ]XVlW]OLFKHU� ,QIRUPDWLRQHQ�� EHLVSLHOVZHLVH� GLH� /DJH� HLQHV�0LWWHOZHUWV� RGHU
4XDQWLOVZHUWV��3UREOHPDWLVFK�ZLUG�MHGRFK�GLH�'DUVWHOOXQJ�PHKUHUHU�:HUWH��ZHLO�GLH�HLQ�
]HOQHQ�0DUNHQ�UHODWLY�NOHLQ�VHLQ�VROOWHQ�XQG�VRPLW�QXU�VFKZHU�YRQHLQDQGHU�XQWHUVFKLHGHQ
ZHUGHQ�N|QQHQ��+HOOLJNHLWV��XQG�)DUEVWXIHQ�RGHU��YHUOlXIH�ELHWHQ�GHQ�9RUWHLO�HLQHU�NRP�
SDNWHUHQ�9LVXDOLVLHUXQJ�GHU�GDU]XVWHOOHQGHQ�,QIRUPDWLRQHQ��)DUEVWXIHQ�XQG��YHUOlXIH�EH�
VLW]HQ� JHJHQ�EHU� +HOOLJNHLWVVWXIHQ� XQG� �YHUOlXIHQ� GHQ� 9RUWHLO�� GD�� GLH� 6LJQDOZLUNXQJ
EHVWLPPWHU�)DUEHQ�I�U�ZHLWHUH�,QIRUPDWLRQHQ�JHQXW]W�ZHUGHQ�NDQQ��%HLVSLHOH�KLHUI�U�VLQG
GLH� 'DUVWHOOXQJ� YRQ� (LQJULIIVJUHQ]HQ� RGHU� GDV� +HUYRUKHEHQ� NULWLVFKHU� $XIWUlJH�� �YJO�
%LOG������

1009153

1009167

1009153

1009167

34 35 36 37

%LOG����� $OWHUQDWLYH�'DUVWHOOXQJVIRUPHQ�I�U�.RQILGHQ]EHUHLFKH

Ã� %DONHQ�PLW�0DUNHQ��]�%��XQWHUH
.RQILGHQ]JUHQ]H��0LWWHOZHUW�
REHUH�.RQILGHQ]JUHQ]H�

Ã� +HOOLJNHLWV��RGHU�)DUEYHUOlXIH
E]Z���VWXIHQ
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���� .RQ]HSWLRQ�GHU�)XQNWLRQVPRGXOH�]XU�)HKOHUNRPSHQVDWLRQ�
$XVZHUWXQJ�XQG�'DUVWHOOXQJ

,P�IROJHQGHQ�ZLUG�HLQ�.RQ]HSW�YRUJHVWHOOW��PLW�GHP�HLQH�DXWRPDWLVFKH�.RPSHQVDWLRQ�GHU
V\VWHPDWLVFKHQ�)HKOHU�YRQ�6LPXODWLRQVHUJHEQLVVHQ�VRZLH�GLH�6FKlW]XQJ�GHU�3URJQRVHXQ�
VLFKHUKHLW�YRUJHQRPPHQ�ZLUG��'DV�.RQ]HSW�EHU�FNVLFKWLJW�GLH�VSH]LILVFKHQ�$QIRUGHUXQ�
JHQ�GHV�3IOLFKWHQKHIWHV� �YJO��$EVFKQLWW���������'LH�)HKOHUNRPSHQVDWLRQ� HUIROJW�QLFKW� LP
6LPXODWLRQVPRGHOO�VRQGHUQ�GXUFK�HLQ�QDFKJHVFKDOWHWHV�.RUUHNWXUJOLHG��%LOG�������'LHVHV
LVW�LQ�GHU�/DJH��VLFK�DQ�YHUlQGHUWH�6LWXDWLRQHQ��ZLH�EHLVSLHOVZHLVH�DQGHUH�6W|UXQJV��RGHU
%HODVWXQJV]XVWlQGH�GHV�3URGXNWLRQVV\VWHPV��VHOEVWlQGLJ�DQ]XSDVVHQ�

" ([SHULPHQW���

([SHULPHQW�
SODQXQJ

([SHULPHQW�
VWHXHUXQJ

)HKOHU�
NRPSHQVDWLRQ

(UJHEQLV�
DXVZHUWXQJ

$XVZHUWH�
YHUIDKUHQ�$�

$XVZHUWH�
YHUIDKUHQ�%�

$

%

0RGHOO�
JHQHUDWRU (UJHEQLV�

YLVXDOLVLHUXQJ

*HQHULHUXQJ�SURJQRVHWUHXHU�
6LPXODWLRQVPRGHOOH��.DS����

([SHULPHQWSODQXQJ�XQG��VWHXHUXQJ�
�.DS����

)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�
XQG�9LVXDOLVLHUXQJ��.DS����

%LOG����� )XQNWLRQVPRGXO�]XU�)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ

'DV�.RQ]HSW� JOLHGHUW� VLFK� LQ� IROJHQGH� GUHL�+DXSWPRGXOH�� Ä'DWHQ�� XQG�0RGHOOPDQDJH�
PHQW³��Ä%HUHFKQXQJ³�VRZLH�Ä9LVXDOLVLHUXQJ³��'DV�0RGXO�Ä%HUHFKQXQJ³�HQWKlOW�GLH�GUHL
.HUQIXQNWLRQHQ� Ä0RGHOOHUVWHOOXQJ³�� Ä3URJQRVHNRUUHNWXU³� XQG� Ä0RGHOOEHZHUWXQJ³�� ,Q
GLHVH�ZXUGHQ�0HWKRGHQ�XQG� VWDWLVWLVFKH�9HUIDKUHQ� LPSOHPHQWLHUW�� GLH� LP�$EVFKQLWW� ���
EHVFKULHEHQ�VLQG��%LOG������]HLJW�GLH�DQZHQGXQJVRULHQWLHUWH�PRGXODUH�6WUXNWXU�GHV�0R�
GXOV�]XU�)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�

,P�IROJHQGHQ�ZHUGHQ�]XQlFKVW�GLH�GUHL�.HUQIXQNWLRQHQ�GHV�0RGXOV�Ä%HUHFKQXQJ³�HUOlX�
WHUW��'DUDQ� VFKOLH�HQ� VLFK� HLQH�'LVNXVVLRQ� GHV�'DWHQ�� XQG�0RGHOOPDQDJHPHQWV�� LQVEH�
VRQGHUH�GHU�'DWHQVWUXNWXU��PLW�GHU�.RUUHNWXUPRGHOOH�LQ�GHU�'DWHQEDQN�DEJHOHJW�ZHUGHQ�
VRZLH� HLQH�%HVFKUHLEXQJ� GHU�'DWHQEDQNVFKQLWWVWHOOH� DQ�� =XP�$EVFKOX�� IROJHQ�'DUVWHO�
OXQJHQ�GHV�9LVXDOLVLHUXQJVPRGXOV�XQG�GHU�%HQXW]HUREHUIOlFKH�
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6LPXODWLRQVPRGHOO�� 6�
�GHWHUP���VWRFK��

5HDOH��$QODJH�� 5�

� 'DWHQ�
DNTXLVLWLRQ

'DWHQ�
XQG�0RGHOO�
PDQDJHPHQW

2UDFOH

� %HUHFKQXQJ� 9LVXDOLVLHUXQJ�

D

E

F

9RUKHUVDJHIHKOHU�>G@

+
l
X
IL
J
N
H
LW

0LWWHOZHUW�

����

6WDQGDUGDEZ��

����

0RGHOOHUVWHOOXQJ�
��'DWHQVDW]DXVZDKO
��5HJUHVVLRQVPRGHOO�
��0RGHOO�GHU�6WRFKDVWLN
��'DUVWHOOXQJ�GHU�0RGHOOH
��hEHUJDEH�GHV�0RGHOOV�
��DQ�'DWHQEDQN

3URJQRVHNRUUHNWXU�
��0RGHOODXVZDKO
��.RUUHNWXU�GHV�V\VWHPDWLVFKHQ�
��)HKOHUV
��6FKlW]XQJ�GHU�3URJQRVHWUHXH
��hEHUJDEH�DQ�'DUVWHOOXQJ

0RGHOOEHZHUWXQJ�
��9HUJOHLFK�RKQH�PLW�.RUUHNWXU
��PLW�5HDOLWlW
��0RGHOODQDO\VH
��hEHUJDEH�GHU�%HZHUWXQJ�
��DQ�'DWHQEDQN

*DQWW

%LOG������ $QZHQGXQJVRULHQWLHUWH�PRGXODUH�6WUXNWXU�GHV�0RGXOV�]XU
)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ

������ %HUHFKQXQJVPRGXO

0RGHOOHUVWHOOXQJ��%HUHFKQXQJ�GHV�VWDWLVWLVFKHQ�0RGHOOV

$XVJHKHQG�YRQ�GHP�.RQ]HSW��HLQ�VWDWLVWLVFKHV�0RGHOO�]X�HUVWHOOHQ��ZHOFKHV�VRZRKO�GDV
.RUUHNWXUPRGHOO� DOV� DXFK� VWRFKDVWLVFKH� ,QIRUPDWLRQHQ� EHLQKDOWHW�� ZXUGH� ]XQlFKVW� HLQ
0RGHOOLHUXQJVDEODXI� HQWZRUIHQ��%HL� GHU�%HUHFKQXQJ�XQG�%HZHUWXQJ� NRPPHQ� VSH]LHOOH
VWDWLVWLVFKH� 9HUIDKUHQ� ]XU� $QZHQGXQJ�� GLH� GHWDLOOLHUW� LQ� $EVFKQLWW� ���� GDUJHVWHOOW� VLQG�
:lKUHQG�GHV�$EODXIV�ZHUGHQ�DOOH�,QIRUPDWLRQHQ�I�U�HLQH�YROOVWlQGLJH�%HVFKUHLEXQJ�GHV
VWDWLVWLVFKHQ�0RGHOOV� HUPLWWHOW�� 'HP� %HGLHQHU� ZHUGHQ� ,QIRUPDWLRQHQ� EHUHLWJHVWHOOW�� GLH
LKP�HLQH�REMHNWLYH�%HXUWHLOXQJ�VHLQHV�0RGHOOLHUXQJVHUJHEQLVVHV�HUP|JOLFKHQ�

%HLVSLHOVZHLVH�ZLUG�VXN]HVVLYH�GLH�(UI�OOXQJ�GHU� UHOHYDQWHQ�$QQDKPHQ� I�U�GLH�%HUHFK�
QXQJ�GHU�0RGHOOSDUDPHWHU�JHSU�IW��'HU�%HGLHQHU�KDW� LQ� MHGHP�0RGHOOLHUXQJVVFKULWW� GLH
0|JOLFKNHLW��DXV�HLQHU�/LVWH�YRQ�0D�QDKPHQ��ZLH�EHLVSLHOVZHLVH�7UDQVIRUPDWLRQHQ�RGHU
*HZLFKWXQJHQ��DXV]XZlKOHQ��XP�GLH�(UI�OOXQJ�GHU�9RUDXVVHW]XQJHQ� I�U�GLH�3DUDPHWHU�
XQG� .HQQ]DKOHQEHUHFKQXQJ� ]X� YHUEHVVHUQ� �YJO�� $EVFKQLWW� ������ ,P� $QVFKOX�� DQ� MHGH
0D�QDKPHQDXVZDKO� HUIROJW� HLQH� HUQHXWH�%HZHUWXQJ� KLQVLFKWOLFK� GHU� (UI�OOXQJ� GHU�$Q�
QDKPHQ��%LOG������]HLJW�GHQ�$EODXI�GHU�0RGHOOHUVWHOOXQJ�
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;�<�3ORW��
5HJUHVVLRQ

/LQHDULWlW�"

1RUPDO�
YHUWHLOXQJ�"

+RPR�
VNHGDVWL]LWlW�"

/LQHDULVLHUXQJ�GXUFK�
7UDQVIRUPDWLRQ

7UDQVIRUPDWLRQ�EHLGHU�
6HLWHQ��7%6�

*HZLFKWXQJ��:/6�

0RGHOO�L�2�"

$UFKLYLHUXQJ�GHV�
0RGHOOV

%LOG�������9RUJHKHQVZHLVH�EHL�GHU�(UVWHOOXQJ�GHV�.RUUHNWXUPRGHOOV

0LW� GHP�$EVFKOX�� GHU�0RGHOOLHUXQJ� TXLWWLHUW� GHU� %HGLHQHU� GHQ�0RGHOOLHUXQJVYRUJDQJ
XQG�VSHLFKHUW�GDV�0RGHOO�DE��(UJHEQLV�LVW�GDV�5HJUHVVLRQVPRGHOO�XQG�GLH�3URJQRVHVWUHL�
IHQ�YHUVFKLHGHQHU�.RQILGHQ]QLYHDXV��%LOG�������

%LOG������ 0RGHOO�PLW�3URJQRVHOLQLHQ�XQWHUVFKLHGOLFKHU�.RQILGHQ]QLYHDXV

9RU�GHP�$EVSHLFKHUQ� LQ�GHU�'DWHQEDQN�ZLUG�GLHVHV�5HJUHVVLRQVPRGHOO�YHUGLFKWHW��$OOH
I�U�GHQ�VSlWHUHQ�(LQVDW]�XQZHVHQWOLFKHQ�'DWHQ�ZHUGHQ�HQWIHUQW��EHLVSLHOVZHLVH�DXFK�GLH
2ULJLQDOGDWHQVlW]H��$EJHVSHLFKHUW�ZHUGHQ�OHGLJOLFK�GLH�I�U�GLH�.RUUHNWXU�XQG�GLH�3URJQR�
VHVFKlW]XQJ� QRWZHQGLJHQ�'DWHQ�� 'LHV� VLQG� GLH� 3DUDPHWHU� GHU� 5HJUHVVLRQVIXQNWLRQ� XQG
GHU� .RQILGHQ]OLQLHQ� VRZLH� ZHLWHUH� 0RGHOOLHUXQJVVSH]LILND�� ZLH� EHLVSLHOVZHLVH� GLH� JH�
ZlKOWH� 7UDQVIRUPDWLRQVIXQNWLRQ� RGHU� GLH� )XQNWLRQ� GHU� *HZLFKWXQJVIDNWRUHQ� �YJO�� $E�
VFKQLWW��������
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3URJQRVHNRUUHNWXU

,Q�GLHVHP�.HUQPRGXO�ZLUG�GLH�.RUUHNWXU�GHV�V\VWHPDWLVFKHQ�)HKOHUV�GHU�6LPXODWLRQVHU�
JHEQLVVH�VRZLH�GLH�%HUHFKQXQJ�GHU�]X�HUZDUWHQGHQ�3URJQRVHWUHXH�YRUJHQRPPHQ�XQG�I�U
GLH�9LVXDOLVLHUXQJ�YRUEHUHLWHW�

'D]X�ZLUG�HLQ�J�OWLJHV�VWDWLVWLVFKHV�0RGHOO�DXI�GLH�(UJHEQLVVH�HLQHV�6LPXODWLRQVODXIV�DQ�
JHZHQGHW��'DV�KHL�W��GLH�6LPXODWLRQVHUJHEQLVVH�ZHUGHQ�]XQlFKVW�HQWVSUHFKHQG�GHU�7UDQV�
IRUPDWLRQVIXQNWLRQ� GHV� VWDWLVWLVFKHQ�0RGHOOV� WUDQVIRUPLHUW�� $QVFKOLH�HQG� ZLUG� GLH� 5H�
JUHVVLRQVIXQNWLRQ� GHV�0RGHOOV� DQJHZHQGHW�� =XP� $EVFKOX�� ZHUGHQ� GLH� 'DWHQ� HQWVSUH�
FKHQG� U�FNWUDQVIRUPLHUW�� $QDORJ� ZHUGHQ� GLH� .RQILGHQ]EHUHLFKH� DXV� GHP� VWDWLVWLVFKHQ
0RGHOO��EHUQRPPHQ�XQG�I�U�MHGHQ�3URJQRVHZHUW�LQGLYLGXHOO�EHUHFKQHW��$OV�(UJHEQLV�OLH�
JHQ�]X�MHGHP�3URJQRVHZHUW�GHU�NRUULJLHUWH�:HUW�VRZLH�GLH�,QWHUYDOOJUHQ]HQ�]X�HLQHP�RGHU
PHKUHUHQ�.RQILGHQ]QLYHDXV�YRU��'LH�9RUJHKHQVZHLVH�EHL�GHU�.RUUHNWXU�ZLUG�GXUFK�%LOG
�����YHUGHXWOLFKW��(LQ�3URGXNWLRQVDXIWUDJ�ZLUG�EHLVSLHOVZHLVH�LQ�GHU�6LPXODWLRQ�DP�7HU�
PLQ���IHUWLJ��'XUFK�GLH�3URJQRVHNRUUHNWXU�YHUVFKLHEW�VLFK�GHU�7HUPLQ�DXI�GHQ�:HUW����'HU
JUDXH�%HUHLFK�JLEW�GLH�8QVLFKHUKHLW�GHU�3URJQRVH�DQ��,Q�GLHVHP�)DOO�ZLUG�GHU�$XIWUDJ�PLW
���LJHU�6LFKHUKHLW�]ZLVFKHQ�GHQ�7HUPLQHQ�����XQG�����IHUWLJ��(LQ�$XIWUDJ��GHU�VLPXOLHUW
DP�7HUPLQ����IHUWLJ�ZHUGHQ�VROO��ZLUG�ZDKUVFKHLQOLFK�DP�7HUPLQ������IHUWLJ�NRUULJLHUW�
EHL�HLQHP�����.RQILGHQ]EHUHLFK�YRQ����ELV������

%LOG������ 3URJQRVHNRUUHNWXU�XQG�6FKlW]XQJ�GHU�VWRFKDVWLVFKHQ�8QVLFKHUKHLWHQ

0RGHOOEHZHUWXQJ

(LQH�HUVWH��SULQ]LSLHOOH�%HZHUWXQJ��ZLH�VLFKHU�7HUPLQH�PLWWHOV�6LPXODWLRQ�XQG�DQVFKOLH�
�HQGHU�3URJQRVHNRUUHNWXU�YRUKHUJHVDJW�ZHUGHQ�N|QQHQ��OLHIHUW�GDV�%HVWLPPWKHLWVPD��5�
GHU�5HJUHVVLRQVDQDO\VH��YJO��$EVFKQLWW���������(LQ�:HUW�QDKH���EHVDJW��GD��GLH�NRUULJLHU�
WHQ� 3URJQRVHQ� HLQH� JHULQJH� 8QVLFKHUKHLW� EHVLW]HQ��:LUG� EHL� GHU�0RGHOOLHUXQJ� HLQ� %H�
VWLPPWKHLWVPD�� 5�� �� ���� IHVWJHVWHOOW�� PDFKW� GHU� $QVDW]� GHU� 3URJQRVHNRUUHNWXU� NHLQHQ
6LQQ��ZHLO�GLH�8QVLFKHUKHLWHQ�GHU�3URJQRVH�]X�JUR��ZlUHQ�� ,Q�GLHVHP�)DOO�PX��GDV�6L�
PXODWLRQVPRGHOO�YDOLGLHUW�RGHU�GLH�6WDELOLWlW�GHU�3URGXNWLRQVSUR]HVVH�YHUEHVVHUW�ZHUGHQ�
'LHVH�HUVWH�%HZHUWXQJ�XQG�GHU�*�OWLJNHLWVEHUHLFK�GHV�.RUUHNWXUPRGHOOV�N|QQHQ�EHUHLWV
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EHL�GHU�(UVWHOOXQJ�GHV�VWDWLVWLVFKHQ�0RGHOOV�YRUJHQRPPHQ�ZHUGHQ�XQG�VLQG�IHVWH�(LJHQ�
VFKDIWHQ�GHV�.RUUHNWXUPRGHOOV��6LH�ZHUGHQ�PLW�GHP�0RGHOO� ]XVDPPHQ�JHVSHLFKHUW�XQG
JHEHQ�GHP�$QZHQGHU�GHU�3URJQRVHNRUUHNWXU�$XVNXQIW�GDU�EHU��ZLH�JUR��GLH�8QVLFKHU�
KHLWHQ�GHU�3URJQRVHQ�PLQGHVWHQV�VHLQ�ZHUGHQ�

:HLWHUKLQ� HUIROJW� LP� %HZHUWXQJVPRGXO� HLQH� %HZHUWXQJ� GHV� .RUUHNWXUHUJHEQLVVHV� LP
QDFKKLQHLQ�GXUFK�HLQHQ�9HUJOHLFK�YRQ�XQNRUULJLHUWHQ�XQG�NRUULJLHUWHQ�6LPXODWLRQVHUJHE�
QLVVHQ�PLW� UHDO� HU]LHOWHQ�(UJHEQLVVHQ�� 6R� NDQQ� GLH�*�OWLJNHLW� GHV�.RUUHNWXUPRGHOOV� I�U
HLQH� DNWXHOOH� .RUUHNWXUDXIJDEH� DEJHVFKlW]W� ZHUGHQ�� 'LHVH� %HZHUWXQJ� VWHOOW� HLQHQ�+LQ�
ZHLV�KLQVLFKWOLFK�GHU�*�OWLJNHLW�GHV�0RGHOOV�I�U�GLH�.RUUHNWXU�ZHLWHUHU�6LPXODWLRQVGDWHQ�
VlW]H�GDU�

'HU�7HVW�HUIROJW�JUDSKLVFK�GXUFK�GHQ�9HUJOHLFK�YRQ�+LVWRJUDPPHQ��GLH�GLH�HU]LHOWH�3UR�
JQRVHVFKlUIH�YLVXDOLVLHUHQ��:HLFKW�GHU�0LWWHOZHUW�GHU�3URJQRVHDEZHLFKXQJ�GHXWOLFK�YRQ
QXOO�DE�RGHU� LVW�GLH�6WDQGDUGDEZHLFKXQJ�]X�JUR���GHXWHW�GLHV�DXI�HLQ�QLFKW�YDOLGHV�.RU�
UHNWXUPRGHOO�KLQ��%LOG������]HLJW�]ZHL�GLHVHU�+LVWRJUDPPH��'DV�HUVWH�+LVWRJUDPP�VWHOOW
GLH�%HZHUWXQJ� GHU� 3URJQRVHWUHXH� RKQH�.RUUHNWXU�� GDV� ]ZHLWH� GLH�%HZHUWXQJ� QDFK�$Q�
ZHQGXQJ� HLQHV� YDOLGHQ�.RUUHNWXUPRGHOOV� GDU�� (UNHQQEDU� LVW�� GD��PLW� GHP�0RGHOO� HLQH
VHKU�JXWH�.RUUHNWXU�HU]LHOW�ZHUGHQ�NRQQWH��'HU�0LWWHOZHUW�GHV�3URJQRVHIHKOHUV�ZXUGH�DXI
QDKH]X���YHUVFKREHQ�XQG�GLH�6WDQGDUGDEZHLFKXQJ�ZXUGH�XP������UHGX]LHUW�

%LOG������ %HZHUWXQJ�YRQ�.RUUHNWXUPRGHOOHQ�GXUFK�9HUJOHLFK�GHU�3URJQRVHWUHXH�GHU
NRUULJLHUWHQ�PLW�GHQ�QLFKW�NRUULJLHUWHQ�7HUPLQHQ

(LQH�ZHLWHUH�0|JOLFKNHLW�]XU�%HZHUWXQJ�GHU�0RGHOOJ�WH�LVW�GHU�9HUJOHLFK�GHU�3DUDPHWHU
GHV� DQJHZHQGHWHQ�.RUUHNWXUPRGHOOV�PLW� GHQ�3DUDPHWHUQ� HLQHV�5HJUHVVLRQVPRGHOOV�� GDV
DXV�GHP�DNWXHOOHQ�'DWHQVDW]�NRQVWUXLHUW�ZLUG��'LH�3DUDPHWHU�HLQHV�YDOLGHQ�.RUUHNWXUPR�
GHOOV�VROOWHQ�ZHLWJHKHQG�PLW�GHQ�3DUDPHWHUQ�GHV�QHXHQ�0RGHOOV��EHUHLQVWLPPHQ��%LOG���
���]HLJW�HLQ�lOWHUHV�.RUUHNWXUPRGHOO�XQG�HLQ�DNWXHOOHV�5HJUHVVLRQVPRGHOO�LQ�HLQHU�*UDILN�
'LH�$EZHLFKXQJ�GHU�0RGHOOH�LVW�VLJQLILNDQW��ZHLO�VRZRKO�HLQH�9HUVFKLHEXQJ�GHU�5HJUHV�
VLRQVJHUDGHQ� DOV� DXFK� HLQH� GHXWOLFKH�9HUlQGHUXQJ� GHU� 6WHLJXQJ� VWDWWJHIXQGHQ� KDW�� 'DV
.RUUHNWXUPRGHOO� LVW� QLFKW� I�U� GLH� .RUUHNWXU� DNWXHOOHU� 'DWHQ� JHHLJQHW�� )�U� GLHVHQ� 7HVW
N|QQHQ� YRP�%HQXW]HU� LQGLYLGXHOOH� 7ROHUDQ]JUHQ]HQ� HLQJHVWHOOW�ZHUGHQ�� GXUFK� GLH� GHIL�
QLHUW�ZLUG��DE�ZDQQ�HLQH�$EZHLFKXQJ�VLJQLILNDQW�LVW�
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%LOG������ %HZHUWXQJ�YRQ�.RUUHNWXUPRGHOOHQ�GXUFK�3DUDPHWHUYHUJOHLFK

=HLJW� GLH� %HZHUWXQJ� NHLQH� QHQQHQVZHUWH� (UJHEQLVYHUEHVVHUXQJ� GXUFK� GLH� $QZHQGXQJ
GHU�.RUUHNWXU��LVW�GDV�.RUUHNWXUPRGHOO�LQ�GHU�'DWHQEDQN�HQWVSUHFKHQG�]X�NHQQ]HLFKQHQ�
$XI�GLHVH�:HLVH�ZLUG�GHU�%HQXW]HU�YRU�GHU�$QZHQGXQJ�HLQHV�QLFKW�YDOLGHQ�0RGHOOV�JH�
ZDUQW�

=XJOHLFK�VROOWH�XQEHGLQJW�DQDO\VLHUW�ZHUGHQ��ZDUXP�GDV�0RGHOO�NHLQH�JXWHQ�.RUUHNWXUHU�
JHEQLVVH�PHKU�OLHIHUW��,Q�HLQHP�HUVWHQ�6FKULWW�ZLUG�JHSU�IW��RE�VLFK�OHGLJOLFK�GHU�V\VWHPD�
WLVFKH�)HKOHU�GHU�6LPXODWLRQ�JHlQGHUW�KDW��=X�GLHVHP�=ZHFN�ZLUG�HLQ�5HJUHVVLRQVPRGHOO
PLW�DNWXHOOHQ�'DWHQ�HUVWHOOW�XQG�PLWWHOV�%HUHFKQXQJ�GHV�%HVWLPPWKHLWVPD�HV�EHZHUWHW��,VW
GDV�%HVWLPPWKHLWVPD��QDKH� GHP�:HUW� ��� NDQQ�GDV� QHXH�0RGHOO� ]XU�3URJQRVHNRUUHNWXU
KHUDQJH]RJHQ�ZHUGHQ��,VW�GDV�%HVWLPPWKHLWVPD��GHXWOLFK�NOHLQHU�DOV����Ol�W�VLFK�PLW�GHP
5HJUHVVLRQVPRGHOO�GLH�(UJHEQLVVWUHXXQJ�QLFKW�XQWHU�HLQ�DN]HSWDEOHV�0D�� UHGX]LHUHQ�� ,Q
GLHVHP�)DOO�VLQG�LQ�GHU�5HJHO�]X�JUR�H�VWUXNWXUHOOH�$EZHLFKXQJHQ�YRQ�6LPXODWLRQVPRGHOO
XQG�UHDOHU�$QODJH�RGHU�XQVLFKHUH�3URGXNWLRQVSUR]HVVH�GLH�8UVDFKH��(V�P�VVHQ�XQEHGLQJW
HQWZHGHU�HLQH�$QSDVVXQJ�GHV�6LPXODWLRQVPRGHOOV�RGHU�HLQH�6WDELOLVLHUXQJ�GHU�3URGXNWL�
RQVSUR]HVVH�YRUJHQRPPHQ�ZHUGHQ�

:LH�RIW�VROFKH�0D�QDKPHQ�HUIRUGHUOLFK�VLQG��KlQJW�YRQ�GHU�bQGHUXQJVG\QDPLN�GHV�6\�
VWHPV�DE��'LH�0RGHOOH�HLQHU�3URGXNWLRQVDQODJH��GHUHQ�6WUXNWXU�VLFK�QLFKW�lQGHUW�XQG�DXI
GHU�VWHWV�GLH�JOHLFKHQ�3URGXNWH�PLW�GHQ�JOHLFKHQ�5HVVRXUFHQ�JHIHUWLJW�ZHUGHQ��P�VVHQ�LQ
GHU�5HJHO�QLFKW�DQJHSD�W�ZHUGHQ�

������ 'DWHQ��XQG�0RGHOOPDQDJHPHQW

%HVFKUHLEXQJ�VWDWLVWLVFKHU�0RGHOOH

'DV�VWDWLVWLVFKH�.RUUHNWXUPRGHOO�ZLUG�QDFK�VHLQHU�(UVWHOOXQJ�XQG�HLQHU�HUVWHQ�%HZHUWXQJ
VWUXNWXULHUW�LQ�HLQHU�'DWHQEDQN�DEJHVSHLFKHUW��(LQ�.RUUHNWXUPRGHOO�ZLUG�LP�ZHVHQWOLFKHQ
GXUFK�IROJHQGH�,QIRUPDWLRQHQ�EHVFKULHEHQ�
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�� 7UDQVIRUPDWLRQVIXQNWLRQ�]XU�/LQHDULVLHUXQJ
�� 7UDQVIRUPDWLRQVIXQNWLRQ�I�U�GDV�7%6�9HUIDKUHQ��YJO��$EVFKQLWW�������
�� *HZLFKWXQJVNRHIIL]LHQWHQ�I�U�GDV�:/6�9HUIDKUHQ��YJO��$EVFKQLWW�������
�� 3DUDPHWHU�GHV�5HJUHVVLRQVPRGHOOV
�� 3DUDPHWHU�GHU�*UHQ]OLQLHQ�GHU�3URJQRVHVWUHLIHQ�XQG�GLH�]XJHK|ULJHQ�.RQILGHQ]QL�

YHDXV

,Q�%LOG������ LVW�HLQ�.RUUHNWXUPRGHOO�PLW� VWRFKDVWLVFKHQ� ,QIRUPDWLRQHQ�JUDSKLVFK�GDUJH�
VWHOOW�

%LOG������ .RUUHNWXUPRGHOO�PLW�VWRFKDVWLVFKHQ�,QIRUPDWLRQHQ

8P�]X�JHZlKUOHLVWHQ��GD��HLQ�J�OWLJHV�.RUUHNWXUPRGHOO�I�U�HLQHQ�DNWXHOOHQ�'DWHQVDW]�YRQ
6LPXODWLRQVHUJHEQLVVHQ�LQ�GHU�'DWHQEDQN�JHIXQGHQ�ZHUGHQ�NDQQ��PX��GDV�.RUUHNWXUPR�
GHOO�FKDUDNWHULVLHUW�ZHUGHQ��'LH�&KDUDNWHULVLHUXQJ�GHV�0RGHOOV�XPID�W�IROJHQGH�,QIRUPD�
WLRQHQ�

�� ,GHQWLIL]LHUXQJVQXPPHU�GHV�VWDWLVWLVFKHQ�0RGHOOV
�� %HWUDFKWHWHV�3URGXNWLRQVV\VWHP
�� .ODVVLILNDWLRQ�GHV�%HWULHEV]XVWDQGV
�� 9HUZHQGHWHV�6LPXODWLRQVPRGHOO�HLQVFKOLH�OLFK�9DULDQWH�XQG�6]HQDULR
�� 6WDUW]HLWSXQNW�GHV�I�U�GLH�0RGHOOLHUXQJ�YHUZHQGHWHQ�6LPXODWLRQVODXIV
�� ,GHQWLIL]LHUXQJVQXPPHU�GHV�6LPXODWLRQVGDWHQVDW]HV
�� 0RGHOOLHUWHU�3URJQRVHKRUL]RQW
�� %HVWLPPWKHLWVPD�
�� 0RGHOOKLVWRULH��*�OWLJNHLWVGDXHU��%HZHUWXQJ�GHU�HU]LHOWHQ�.RUUHNWXUHUJHEQLVVH�

$XI�GLHVH�:HLVH�ZLUG�GHU�6\VWHPEHGLHQHU� LQ�GLH�/DJH�YHUVHW]W�� VFKRQ�EHL�GHU�$XVZDKO
GHV�.RUUHNWXUPRGHOOV�XQG�GHV�VWDWLVWLVFKHQ�0RGHOOV�GLH�]X�HUZDUWHQGH�*�WH�GHU�.RUUHNWXU
XQG�GLH�3URJQRVHVFKlUIH�DE]XVFKlW]HQ��'LH�*HIDKU��GD��HLQ�XQJ�OWLJHV�0RGHOO�RGHU�HLQ
0RGHOO�� ZHOFKHV� LQ� GHU� 9HUJDQJHQKHLW� QXU� XQ]XUHLFKHQGH� (UJHEQLVYHUEHVVHUXQJHQ� EH�
ZLUNW�KDW��DXVJHZlKOW�ZLUG��ZLUG�VR�UHGX]LHUW�

'LH�.ODVVLILNDWLRQ�W\SLVFKHU�%HWULHEV]XVWlQGH�YHUEHVVHUW�GLH�:LHGHUYHUZHQGXQJ�YRQ�0R�
GHOOHQ��ZHQQ�HV�JHOLQJW��GDV�0RGHOO�PLW�HLQHP�EHVWLPPWHQ�%HWULHEV]XVWDQG�LQ�9HUELQGXQJ

3DUDPHWHU�GHV�VWRFKDVWLVFKHQ�0RGHOOV�

�� 7UDQVIRUPDWLRQ�/LQHDULVLHUXQJ� [�� �[

�� 7UDQVIRUPDWLRQ�7%6� [�� �[���\�� �\�

�� *HZLFKWXQJ�:/6� Z�[�� ��

�� 3DUDPHWHU�5HJUHVVLRQ� b�� ��������b�� ������

�� 3DUDPHWHU�3URJQRVHVWUHLIHQ� N����b�X� ������� b�R� �����
�I�U�DOOH�JLOW��b�� ������� N����b�X� ������� b�R� ������

N����b�X� �������� b�R� ������
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]X� EULQJHQ�� (LQ� %HWULHEV]XVWDQG� ZLUG� GXUFK� W\SLVFKH�� UHOHYDQWH� XQG� OHLFKW� PH�EDUH
0HUNPDOH� EHVFKULHEHQ�� ZLH� EHLVSLHOVZHLVH� 6\VWHPODVW�� )HKOHUKlXILJNHLW�� GXUFKVFKQLWWOL�
FKHU� $XVELOGXQJVVWDQG� GHU� HLQJHVHW]WHQ� 0LWDUEHLWHU�� 6FKLFKWEHWULHE� RGHU� NOLPDWLVFKH
5DQGEHGLQJXQJHQ��$EKlQJLJ� YRP� EHWUDFKWHWHQ� 3URGXNWLRQVV\VWHP� N|QQHQ�ZHLWHUH� (LQ�
IOX�IDNWRUHQ� I�U�GLH�$XVZDKO� HLQHV�.RUUHNWXUPRGHOOV� UHOHYDQW� VHLQ��$XIVFKOX�� �EHU� GLH
HQWVFKHLGHQGHQ�)DNWRUHQ�OLHIHUW�HLQH�.RUUHODWLRQVDQDO\VH�

������ 9LVXDOLVLHUXQJ

%HL� GHU�9LVXDOLVLHUXQJ�ZLUG� GLH�4XDOLILNDWLRQ� GHV� 6\VWHPEHGLHQHUV� EHU�FNVLFKWLJW�� 'DV
9LVXDOLVLHUXQJVPRGXO�VWHOOW�GLHVH�'DUVWHOOXQJVWHFKQLNHQ�EHUHLW��)�U�GLH�9LVXDOLVLHUXQJ�GHU
SURJQRVWL]LHUWHQ�7HUPLQH�XQG�GHU�]XJHK|ULJHQ�3URJQRVHWUHXH�HLJQHW�VLFK�HLQH�.RPELQDWL�
RQ�DXV�GHQ�9LVXDOLVLHUXQJVDOWHUQDWLYHQ���XQG���DXV�$EVFKQLWW��������G�K��%DONHQ�PLW�%H�
JUHQ]XQJVPDUNHQ�XQG�)DUEYHUOlXIHQ��'DEHL�VWHOOW�HLQ�VFKZDU]HU�%DONHQ�GLH�'XUFKODXI]HLW
HLQHV� $XIWUDJV� GDU�� =ZHL� %HJUHQ]XQJVOLQLHQ� DP� $QIDQJ� XQG� DP� (QGH� PDUNLHUHQ� GHQ
6WDUWWHUPLQ�VRZLH�GHQ�SURJQRVWL]LHUWHQ�)HUWLJVWHOOXQJVWHUPLQ��'LHVHU�(QGWHUPLQPDUNH�LVW
HLQ� %DONHQ� PLW� HLQHU� )DUEDEVWXIXQJ� KLQWHUOHJW�� GHU� GLH� VWRFKDVWLVFKH� 8QVLFKHUKHLW� GHU
7HUPLQSURJQRVH� YLVXDOLVLHUW�� (V�ZXUGHQ� GUHL� )DUEVWXIHQ� I�U� GLH� .RQILGHQ]QLYHDXV� ÄELV
���³��URW���Ä���ELV����³�RUDQJH��XQG�Ä���ELV����³��JHOE��JHZlKOW��%LOG������]HLJW�GHQ
$XIEDX�XQG�GLH�,QIRUPDWLRQHQ�LP�HUZHLWHUWHQ�*DQWW�'LDJUDPP�

%LOG������ ,QIRUPDWLRQHQ�LP�HUZHLWHUWHQ�*DQWW�'LDJUDPP

%HL�HLQHU�DUEHLWVJDQJJHQDXHQ�%HWUDFKWXQJ�GHU�3URGXNWLRQVDEOlXIH� LVW�HLQ�%HOHJXQJVSODQ
]XU�'DUVWHOOXQJ�JHHLJQHW��$QDORJ�]X�HUZHLWHUWHQ�*DQWW�&KDUW�ZXUGH�HLQ�HUZHLWHUWHU�%HOH�
JXQJVSODQ�HQWZRUIHQ��'DEHL�ZHUGHQ�GLH�%HOHJXQJVWHUPLQH�GHU�5HVVRXUFHQ�GXUFK�$XIWUl�
JH�XP�.RQILGHQ]LQIRUPDWLRQHQ�HUJlQ]W��'LHVHU�HUZHLWHUWH�%HOHJXQJVSODQ�LVW�LQVEHVRQGHUH
]XU�2SWLPLHUXQJ�NULWLVFKHU�5HVVRXUFHQ�JHHLJQHW��ZLH�EHLVSLHOVZHLVH�(QJSlVVHQ��EHL�GHQHQ
HLQH�5�VW]HLWRSWLPLHUXQJ�YRUJHQRPPHQ�ZHUGHQ�VROO��$XFK�EHL�5HVVRXUFHQ�PLW�/RV��RGHU
&KDUJHQ�3UR]H�VFKULWWHQ��GLH�HLQHQ�KRKHQ�(LQIOX��DXI�GLH�'/=�GHU�$XIWUlJH�KDEHQ��ZLH
EHLVSLHOVZHLVH�:lUPH��RGHU�2EHUIOlFKHQEHKDQGOXQJ��LVW�GHU�(LQVDW]�VLQQYROO�
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:HLWHUH� $XVZHUWXQJHQ� EHWUHIIHQ� GLH� �EULJHQ� ORJLVWLVFKHQ� .HQQ]DKOHQ�� ZLH� GLH� 'XUFK�
ODXI]HLW� RGHU� GHQ�8PODXIEHVWDQG�� =XU�'DUVWHOOXQJ� GLHVHU�.HQQZHUWH� VLQG�+LVWRJUDPPH
JHHLJQHW��8P�DXFK�KLHU� GHQ�8QVLFKHUKHLWVEHUHLFK� GHU�3URJQRVH� GDU]XVWHOOHQ�� VLQG� GLHVH
9HUWHLOXQJV�'LDJUDPPH�GXUFK�PD[LPDOH� XQG�PLQLPDOH�*UHQ]YHUWHLOXQJHQ� ]X� HUJlQ]HQ�
,QVEHVRQGHUH� EHL� GHU�0D[LPLHUXQJ�GHV�'XUFKVDW]HV� HLQHU� )HUWLJXQJVOLQLH� RGHU� LP�5DK�
PHQ�GHU�(QJSD�RSWLPLHUXQJ� VSLHOW� GHU�3XIIHUEHVWDQG�HLQH�ZHVHQWOLFKH�5ROOH��+LHU�ZLUG
GLH��EOLFKH�'DUVWHOOXQJ�GHV�3XIIHUEHVWDQGV�LQ�HLQHP�+LVWRJUDPP�PLW�PLQLPDOHQ�XQG�PD�
[LPDOHQ�%HVWDQGVJUHQ]HQ� XP� HLQH�8QVLFKHUKHLWV�,QIRUPDWLRQ� LQ� )RUP� YRQ� ]XVlW]OLFKHQ
6FKUDQNHQ� HUJlQ]W�� :HLWHUH� 'DUVWHOOXQJVWHFKQLNHQ� N|QQHQ� HQWVSUHFKHQG� GHP� (LQVDW]�
]ZHFN�EHL�%HGDUI�KLQ]XJHI�JW�ZHUGHQ�

:LFKWLJ�EHL�DOOHQ�'DUVWHOOXQJHQ�LVW��GD��GHU�9HUGLFKWXQJVJUDG�GHU�GDUJHVWHOOWHQ�,QIRUPD�
WLRQ� XQG� GLH�'DUVWHOOXQJVYDULDQWH� I�U� GLH� XQWHUVXFKWH� )UDJHVWHOOXQJ� YRUHLQJHVWHOOW�� DEHU
DXFK� LQWHUDNWLY� DQ� GLH� %HQXW]HUEHG�UIQLVVH� DQSD�EDU� VLQG�� %HLVSLHOVZHLVH� LVW� GHU� 9HU�
GLFKWXQJVJUDG� VNDOLHUEDU� E]Z�� ]RRPEDU�� )DOOV� ]X� HLQHU� ,QIRUPDWLRQ� DOWHUQDWLYH� 'DUVWHO�
OXQJVWHFKQLNHQ�H[LVWLHUHQ��NDQQ�]ZLVFKHQ�GLHVHQ�JHZHFKVHOW�ZHUGHQ�

���� $EODXI�GHU�)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ

(LQ�6LPXODWLRQVH[SHULPHQW�NDQQ�VWRFKDVWLVFK�RGHU�GHWHUPLQLVWLVFK�VHLQ��(UJHEQLVVH�HLQHV
GHWHUPLQLVWLVFKHQ� 6LPXODWLRQVODXIV� ZHUGHQ� GLUHNW� GHU� )HKOHUNRPSHQVDWLRQ� �EHUJHEHQ�
(UJHEQLVVH� DXV� VWRFKDVWLVFKHQ� ([SHULPHQWHQ� P�VVHQ� ]XQlFKVW� VWDWLVWLVFK� DXVJHZHUWHW
ZHUGHQ��EHYRU�DXFK�VLH�JJI��HLQHU�)HKOHUNRPSHQVDWLRQ�XQWHU]RJHQ�ZHUGHQ��)�U�GLH�)HK�
OHUNRPSHQVDWLRQ�ZHUGHQ�GLH�LQ�$EVFKQLWW�����EHVFKULHEHQHQ�9HUIDKUHQ�HLQJHVHW]W��'LHVH
9HUIDKUHQ�ZHUGHQ� YRU� GHU� %HUHFKQXQJ� GHU� .HQQ]DKOHQ� XQG� GHU� 9LVXDOLVLHUXQJ� DXI� GLH
YRUDXVJHZHUWHWHQ�5RKGDWHQ�GHU�6LPXODWLRQ�DQJHZHQGHW��%LOG�������

6LPXODWLRQVOlXIH

6LPXODWLRQVHUJHEQLVVH
�7HUPLQ��'/=��'XUFKVDW]��%HVWDQG�

VWDWLVWLVFKH�$XVZHUWXQJ�
GHU�(UJHEQLVVH

�VWRFKDVWLVFK�DEJHVLFKHUWH�'DWHQ�
�7HUPLQ��'/=��'XUFKVDW]��%HVWDQG�

)HKOHUNRPSHQVDWLRQ�XQG�
6FKlW]XQJ�GHU�8QVLFKHUKHLW

NRUULJLHUWH�'DWHQ
�7HUPLQ��'/=��'XUFKVDW]��%HVWDQG�

(UJHEQLVVH
VWRFKDVWLVFK�"

M

GHWHUPLQLVWLVFKH�'DWHQ�
�7HUPLQ��'/=��'XUFKVDW]��%HVWDQG�

Q

���)HKOHU�
���NRPSHQVDWLRQ

�����Q|WLJ�"

M

Q

XQNRUULJLHUWH�'DWHQ
�7HUPLQ��'/=��'XUFKVDW]��%HVWDQG�

%HUHFKQXQJ�GHU�
.HQQ]DKOHQ�XQG�
$XIEHUHLWXQJ�

9LVXDOLVLHUXQJ�

%LOG������ $EODXI�XQG�(UJHEQLVVH�GHU�$XVZHUWXQJ�XQG�)HKOHUNRPSHQVDWLRQ



��.RPSHQVDWLRQ�YRQ�3URJQRVHIHKOHUQ�XQG�VWDWLVWLVFKH�$XVZHUWXQJ ���

'HU�)RNXV�GHU�%HWUDFKWXQJ�OLHJW�DXI�GHQ�7HUPLQHQ��XQG�]ZDU�LQ�HUVWHU�/LQLH�DXI�GHQ�)HU�
WLJVWHOOXQJVWHUPLQHQ� YRQ� $XIWUlJHQ� LQ� GHU� 3URGXNWLRQ�� $XV� GHQ� NRUULJLHUWHQ� 7HUPLQHQ
N|QQHQ�GLH�NRUULJLHUWHQ�'XUFKODXI]HLWHQ�GLUHNW�DEJHOHLWHW�ZHUGHQ��hEHU�GLH�*HVHW]Pl�LJ�
NHLWHQ�GHU�%HWULHEVNHQQOLQLHQWKHRULH� ODVVHQ�VLFK�DXVJHKHQG�YRQ�GHQ�NRUULJLHUWHQ�'XUFK�
ODXI]HLWHQ� 5�FNVFKO�VVH� DXI� GLH� ORJLVWLVFKHQ� .HQQJU|�HQ� %HVWDQG� XQG� 'XUFKVDW]� E]Z�
$XVODVWXQJ� ]LHKHQ� �:,(1'$+/��������$XFK� LVW� HV�P|JOLFK�� DXV�'DWHQSURWRNROOHQ� E]Z�
=XJDQJV��$EJDQJVDXVZHUWXQJHQ� GHU� NRUULJLHUWHQ� (UHLJQLVVH� RGHU� %HOHJXQJVSOlQHQ� GHQ
%HVWDQG�XQG�GLH�$XVODVWXQJ�GHU�5HVVRXUFHQ�]X�EHUHFKQHQ�

(QWVSUHFKHQG� GHU� ([SHULPHQWNRQILJXUDWLRQ� ZHUGHQ� GLH� GHILQLHUWHQ� $XVZHUWXQJHQ� GHU
6LPXODWLRQVHUJHEQLVVH�XQG�.HQQ]DKOEHUHFKQXQJHQ�GXUFKJHI�KUW��+LHUI�U�ZHUGHQ�GLH�JH�
HLJQHWHQ� 9HUIDKUHQ� DOV� %DXVWHLQH� ]XU� 9HUI�JXQJ� JHVWHOOW�� 'LH� (UJHEQLVVH� ZHUGHQ� DE�
VFKOLH�HQG�LQ�HLQHU�GHP�6LPXODWLRQV]LHO�HQWVSUHFKHQGHQ�)RUP�YLVXDOLVLHUW�

���� =XVDPPHQIDVVXQJ

)�U�GLH�VWDWLVWLVFKH�$XVZHUWXQJ�XQG�)HKOHUNRPSHQVDWLRQ�P�VVHQ�GLH�VWDWLVWLVFKHQ�%HVRQ�
GHUKHLWHQ� VWRFKDVWLVFKHU� 6LPXODWLRQVHUJHEQLVVH� EHU�FNVLFKWLJW� ZHUGHQ�� 'LHVH� %HVRQGHU�
KHLWHQ�HUIRUGHUQ�GHQ�(LQVDW]�VSH]LHOOHU�VWDWLVWLVFKHU�9HUIDKUHQ�

(V�ZXUGH�GHU�$QVDW]�GHU�)HKOHUNRPSHQVDWLRQ�HQWZLFNHOW��'HU�$QVDW]�HUODXEW�HV�� DXVJH�
KHQG�YRQ�9HUJDQJHQKHLWVGDWHQ�HLQ�VWDWLVWLVFKHV�0RGHOO�GHV�V\VWHPDWLVFKHQ�3URJQRVHIHK�
OHUV� ]X� HUPLWWHOQ� XQG� GLH� ]X� HUZDUWHQGHQ� VWRFKDVWLVFKHQ�8QVLFKHUKHLWHQ� HLQHU� 3URJQRVH
DE]XVFKlW]HQ��'LHVH�,QIRUPDWLRQHQ�N|QQHQ�GDQQ�]XU�)HKOHUNRPSHQVDWLRQ�XQG�]XU�6FKlW�
]XQJ�GHU�8QVLFKHUKHLW�HLQHU�DNWXHOOHQ�3URJQRVH�JHQXW]W�ZHUGHQ��+LHUEHL�NRPPHQ�GLH�VSH�
]LHOO�HQWZLFNHOWHQ�VWDWLVWLVFKHQ�9HUIDKUHQ�]XP�(LQVDW]�

$Q�GLH�)HKOHUNRPSHQVDWLRQ�VFKOLH�W�VLFK�GLH�$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�GHU�(UJHE�
QLVVH�DQ��%HL�GHU�$XVZHUWXQJ�ZHUGHQ�DXV�HLQHP�%DXNDVWHQ�VWDWLVWLVFKHU�9HUIDKUHQ�GLHMH�
QLJHQ� DXVJHZlKOW�� GLH� GHQ� VWDWLVWLVFKHQ�%HVRQGHUKHLWHQ� JHUHFKW�ZHUGHQ��=XU�9LVXDOLVLH�
UXQJ� GHU� (UJHEQLVVH� ZXUGHQ� VSH]LHOOH� 9LVXDOLVLHUXQJVWHFKQLNHQ� HQWZLFNHOW�� GLH� DXI� GLH
�EOLFKHQ�9LVXDOLVLHUXQJVWHFKQLNHQ� EHL� GHQ� )UDJHVWHOOXQJHQ� GHU� EHWULHEVEHJOHLWHQGHQ� 6L�
PXODWLRQ� DXIEDXHQ�XQG�GHP�%HGLHQHU�GLH� ,QWHUSUHWDWLRQ�GHU� VWDWLVWLVFKHQ�(UJHEQLVVH� HU�
OHLFKWHUQ�
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�� 5HDOLVLHUXQJ�XQG�EHLVSLHOKDIWH�$QZHQGXQJ

,P� IROJHQGHQ� ZLUG� ]XQlFKVW� GDUJHVWHOOW�� ZLH� GDV� 3URJQRVHV\VWHP� LQ� HLQ�:HUN]HXJ� ]XU
3URGXNWLRQVRSWLPLHUXQJ�HLQJHEXQGHQ�ZLUG��$OV�%HLVSLHO�I�U�HLQ�:HUN]HXJ�]XU�3URGXNWL�
RQVRSWLPLHUXQJ� ZLUG� GLH� VLPXODWLRQVEDVLHUWH� 3URGXNWLRQVUHJHOXQJ� JHZlKOW� �YJO�
=(7/0$<(5� ������� ,QVEHVRQGHUH� ZLUG� GLH� LQIRUPDWLRQVWHFKQLVFKH� ,QWHJUDWLRQ� GHV� 3UR�
JQRVHV\VWHPV� EHVFKULHEHQ�� ,P�$QVFKOX��ZLUG� GXUFK� HLQH� EHLVSLHOKDIWH� $QZHQGXQJ� GHU
.RPSRQHQWHQ�GHV�3URJQRVHV\VWHPV�GHUHQ�JUXQGVlW]OLFKH�(LQVDW]WDXJOLFKNHLW�QDFKJHZLH�
VHQ�VRZLH�1XW]HQ�XQG�$XIZDQG�VHLQHV�(LQVDW]HV�DEJHVFKlW]W��=XP�$EVFKOX��HUIROJW�HLQH
NULWLVFKH�%HZHUWXQJ�GHU�(UJHEQLVVH�LP�+LQEOLFN�DXI�GHQ�(LQVDW]�LP�5DKPHQ�GHU�3URGXN�
WLRQVRSWLPLHUXQJ�VRZLH�WKHRUHWLVFKH�hEHUOHJXQJHQ�]XU�9HUDOOJHPHLQHUXQJ�GHU�$QVlW]H�

���� (LQELQGXQJ�LQ�HLQ�3ODQXQJVV\VWHP�]XU�3URGXNWLRQVRSWLPLHUXQJ

'DV�6\VWHP�]XU�VLPXODWLRQVEDVLHUWHQ�3URGXNWLRQVUHJHOXQJ�EHVWHKW�DXV�]ZHL�+DXSWPRGX�
OHQ�� GHP�2SWLPLHUXQJVPRGXO� XQG� GHP� 3URJQRVHPRGXO� �%LOG� ������'DV� 3URJQRVHPRGXO
GLHQW�GD]X��3URGXNWLRQVSOlQH�]X�WHVWHQ�XQG�3URJQRVHQ��EHU�GDV�]XN�QIWLJH�9HUKDOWHQ�GHU
3URGXNWLRQVDQODJH�E]Z��GHU� ORJLVWLVFKHQ�.HQQ]DKOHQ�]X�HUVWHOOHQ��$Q�GLHVHU�6WHOOH�ZLUG
GDV�LP�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�HQWZLFNHOWH�3URJQRVHV\VWHP�LPSOHPHQWLHUW��'DV
2SWLPLHUXQJVPRGXO�EHVLW]W�GLH�$XIJDEH��3URGXNWLRQVSOlQH�]X�HUVWHOOHQ�XQG�GDV�3URJQR�
VHHUJHEQLV�KLQVLFKWOLFK�GHU�(UI�OOXQJ�ORJLVWLVFKHU�=LHOYRUJDEHQ�]X�EHZHUWHQ�

=LHOYRUJDEHQ

$XIWUlJH

/HLWVWDQG

336�6\VWHP

%HZHUWXQJ
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��
0DVFKLQH��

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

$XIWUDJVQXPPHU � � �

� � �

3ODQXQJ
%HZHUWXQJ

2SWLPLHUXQJV�
PRGXO

$XIWUlJH
5HVVRXUFHQ

%'(
0'(
,+
46

$QODJHQVW|UXQJHQ
4XDOLWlWVGDWHQ

5�FNPHOGXQJHQ

5HDO�
GDWHQ6LPXODWLRQ

7HVWV�GHU�
2SWLPLHUXQJV�
PD�QDKPHQ

6W|UXQJV�
HUNHQQXQJ

ORJLVWLVFKH
.HQQ]DKOHQ
6WDWLVWLNHQ

$XVZHUWXQJ

3URJQRVHPRGXO

5HDOH�
3URGXNWLRQVDQODJH

%LOG����� (LQELQGXQJ�GHV�3URJQRVHV\VWHPV�LQ�HLQ�:HUN]HXJ�]XU�3URGXNWLRQV�
RSWLPLHUXQJ�DP�%HLVSLHO�GHU�VLPXODWLRQVEDVLHUWHQ�3URGXNWLRQVUHJHOXQJ
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'DV� 3URGXNWLRQVUHJHOXQJVV\VWHP� EHVLW]W� YHUVFKLHGHQH� 6FKQLWWVWHOOHQ� ]X� ZHLWHUHQ� ,QIRU�
PDWLRQVYHUDUEHLWXQJVV\VWHPHQ�� %HLVSLHOVZHLVH�ZHUGHQ� �EHU� HLQH� 6FKQLWWVWHOOH� ]X� HLQHP
�EHUJHRUGQHWHQ�336�6\VWHP�'DWHQ�KLQVLFKWOLFK�GHU�3URGXNWLRQVDXIWUlJH��ZLH�$UEHLWVSOl�
QH�XQG�3URGXNWLRQVSURJUDPP��VRZLH�ORJLVWLVFKH�=LHOYRUJDEHQ�HLQJHOHVHQ��$XV�%'(��XQG
0'(�6\VWHPHQ�ZHUGHQ�,QIRUPDWLRQHQ��EHU�GHQ�DNWXHOOHQ�=XVWDQG�GHU�3URGXNWLRQVDQOD�
JH��ZLH�GHU�%HDUEHLWXQJV]XVWDQG�YRQ�$XIWUlJHQ�XQG�GHU�6WDWXV�YRQ�%HWULHEVPLWWHOQ�� HU�
ID�W�� ,QVWDQGKDOWXQJV�� XQG� &$4�6\VWHPH� VWHOOHQ� VWRFKDVWLVFKH� ,QIRUPDWLRQHQ� �EHU�0D�
VFKLQHQDXVIlOOH�XQG�4XDOLWlWVPlQJHO�EHUHLW��$XV�GHP�3URGXNWLRQVUHJHOXQJVV\VWHP�JHKHQ
6WHXHUXQJVYRUJDEHQ� LQ� GLH� 3URGXNWLRQ�� EHLVSLHOVZHLVH� ]X� GH]HQWUDOHQ� /HLWVWlQGHQ� RGHU
%'(�7HUPLQDOV�� 'LHVH� 6WHXHUXQJVYRUJDEHQ� N|QQHQ� WHUPLQLHUWH� $XIWUlJH� XQG� $UEHLWV�
JlQJH�RGHU�$UEHLWV]HLWHQ�YRQ�5HVVRXUFHQ�VHLQ�

$X�HUGHP�EHVWHKHQ�6FKQLWWVWHOOHQ�]ZLVFKHQ�GHQ�0RGXOHQ��'DV�2SWLPLHUXQJVPRGXO��EHU�
JLEW�HLQHQ�3URGXNWLRQVSODQ�DQ�GDV�3URJQRVHPRGXO��'LHVHU�3URGXNWLRQVSODQ�EHVWHKW��HEHQ�
VR�ZLH�HLQ�3URGXNWLRQVSODQ�I�U�GLH�UHDOH�3URGXNWLRQVDQODJH��DXV�6WHXHUXQJVYRUJDEHQ�I�U
$XIWUlJH�XQG�5HVVRXUFHQ��1DFK�$XVZHUWXQJ�GHU�3URJQRVH��EHUJLEW�GDV�3URJQRVHPRGXO
.HQQ]DKOHQ�]XU�%HZHUWXQJ�GHV�3URGXNWLRQVSODQV�DQ�GDV�2SWLPLHUXQJVPRGXO�]XU�FN��%HL�
VSLHOVZHLVH� ZHUGHQ� 7HUPLQSURJQRVHQ� HLQ]HOQHU� $XIWUlJH� XQG� VWDWLVWLVFKH� .HQQ]DKOHQ�
ZLH�GLH�GXUFKVFKQLWWOLFKH�7HUPLQWUHXH���EHUJHEHQ�

%HQXW]HULQWHUDNWLRQHQ�VLQG�LP�5DKPHQ�GHV�3URJQRVHPRGXOV�EHL�GHU�([SHULPHQWSODQXQJ�
EHL� GHU�0RGHOOLHUXQJ� XQG� EHL� GHU� $XVZHUWXQJ� HUIRUGHUOLFK�� ZREHL� GDV� 3URJQRVHPRGXO
+LOIHVWHOOXQJ� ELHWHW�� %HL� GHU� 2SWLPLHUXQJ� VLQG� LQWHUDNWLYH� XQG� DXWRPDWLVFKH� $QVlW]H
GHQNEDU��YJO��0$57,1�������

���� 5HDOLVLHUXQJ�GHU�0RGXOH�GHV�3URJQRVHV\VWHPV

:HVHQWOLFKH�%DXVWHLQH�GHV�.RQ]HSWV�ZXUGHQ�]XU�hEHUSU�IXQJ�GHU�)XQNWLRQ�XQG�GHU�/HL�
VWXQJVIlKLJNHLW�SURWRW\SLVFK�LPSOHPHQWLHUW��%HLVSLHOVZHLVH�ZXUGH�I�U�GLH�)HKOHUNRPSHQ�
VDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ�HLQ�6RIWZDUHSURWRW\S�HQWZLFNHOW�XQG�DQKDQG�UHD�
OHU�'DWHQVlW]H� DXV� HLQHP� ,QGXVWULHEHWULHE� JHWHVWHW��:HLWHUKLQ�ZXUGH� GHU� 3URWRW\S� HLQHV
0RGHOOJHQHUDWRUV�VRZLH�HLQH�6LPXODWLRQVEDXVWHLQELEOLRWKHN�UHDOLVLHUW��'LH�VSH]LHOOHQ�0R�
GHOOLHUXQJVWHFKQLNHQ� ZXUGHQ� EHL� GHU� 0RGHOOLHUXQJ� GHU� 6LPXODWLRQVEDXVWHLQH� WHVWZHLVH
DQJHZHQGHW� XQG� YDOLGLHUW�� 'DV� ([SHULPHQWSODQXQJVV\VWHP� ZXUGH� DOV� DEJHVFKORVVHQHV
.RQ]HSW�HQWZLFNHOW�XQG�KLQVLFKWOLFK� VHLQHU�)XQNWLRQ�YHULIL]LHUW��=XVlW]OLFK�ZXUGHQ�3UR�
WRW\SHQ�GHU�%HQXW]HUREHUIOlFKHQ�UHDOLVLHUW�

,P�IROJHQGHQ�ZLUG�GLH�5HDOLVLHUXQJ�GHU�GUHL�]HQWUDOHQ�0RGXOH�GHV�.RQ]HSWV��GHV�([SHUL�
PHQWSODQXQJVV\VWHPV�� GHU� 6LPXODWLRQVXPJHEXQJ� PLW�0RGHOOJHQHUDWRU� XQG� GHV�0RGXOV
]XU�)HKOHUNRPSHQVDWLRQ��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ��GDUJHVWHOOW�

������ 0RGXO�]XU�([SHULPHQWSODQXQJ�XQG�([SHULPHQWUDKPHQ

'DV�([SHULPHQWSODQXQJVV\VWHP�ZXUGH�DOV�'DWHQEDQNV\VWHP�UHDOLVLHUW��'HP�6\VWHP�OLHJW
GLH�UHODWLRQDOH�'DWHQEDQN��06�$FFHVV��]XJUXQGH��LQ�GHU�I�U�YHUVFKLHGHQH�)UDJHVWHOOXQJHQ
GHU� 3URGXNWLRQVRSWLPLHUXQJ� GLH� HLQ]HOQHQ� :DKOP|JOLFKNHLWHQ� GHU� ([SHULPHQWDVSHNWH
XQG�GHUHQ�$EKlQJLJNHLWHQ�VRZLH�GLH�%DXPVWUXNWXU�GHU�$XVZDKOKLHUDUFKLH�KLQWHUOHJW�VLQG�
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'HU�$QZHQGHU�NDQQ�GDV�6\VWHP��EHU�HLQH�NRPIRUWDEOH�%HQXW]HUREHUIOlFKH�VWHXHUQ��hEHU
GLHVH�2EHUIOlFKH�ZHUGHQ�DOOH�%HQXW]HULQWHUDNWLRQHQ�GXUFKJHI�KUW��%HL�GHU�'HILQLWLRQ�GHV
([SHULPHQWV� ZHUGHQ� VFKULWWZHLVH� QDFK� GHP� LQ�$EVFKQLWW� ���� EHVFKULHEHQHQ�$EODXI� GLH
([SHULPHQWDVSHNWH�IHVWJHOHJW��1DFK�MHGHP�6FKULWW�ZHUGHQ�GLH�)LOWHU�XQG�9RUEHOHJXQJHQ
GHV�)ROJHVFKULWWV� IHVWJHOHJW��'LH�'DWHQHLQJDEH�HUIROJW��EHU�0DVNHQIHOGHU�� ,Q�GLH�0DVNH
ZHUGHQ�DXFK�GLH�6WHXHUXQJVIXQNWLRQHQ�I�U�GHQ�0RGHOOJHQHUDWRU��GHQ�([SHULPHQWNRQILJX�
UDWRU�� GLH� ,QLWLDOLVLHUXQJ�� ([SHULPHQWVWHXHUXQJ� XQG� $XVZHUWXQJ� LQWHJULHUW�� ,Q� ZHLWHUHQ
)HQVWHUQ�ZHUGHQ�GDV�6LPXODWLRQVPRGHOO�DQLPLHUW�XQG�GLH�(UJHEQLVVH�GHU�6LPXODWLRQ�GDU�
JHVWHOOW��%LOG�����]HLJW�GLH�SURWRW\SHQKDIW�UHDOLVLHUWH�%HQXW]HUREHUIOlFKH�

%LOG����� %HQXW]HUREHUIOlFKH�GHU�6LPXODWLRQVXPJHEXQJ���([SHULPHQWUDKPHQ

������ 0RGHOOJHQHUDWRU�XQG�6LPXODWLRQVXPJHEXQJ

'LH�6LPXODWLRQVXPJHEXQJ�ZXUGH�PLW�+LOIH�GHV�6LPXODWLRQVV\VWHPV�6L03/(���UHDOLVLHUW�
'LHVHV�ZXUGH�DXVJHZlKOW��ZHLO�HV�VHKU�OHLVWXQJVIlKLJ�XQG�IOH[LEHO�LVW�XQG��EHU�VHKU�RIIHQH
3URJUDPP�� XQG� 'DWHQVFKQLWWVWHOOHQ� YHUI�JW�� 'LH� 6FKQLWWVWHOOHQ� ELHWHQ� GLH� 0|JOLFKNHLW�
(LQJDQJVLQIRUPDWLRQHQ� DXV� DQGHUHQ� 6\VWHPHQ� HLQ]XOHVHQ� XQG� GLH� 6LPXODWLRQ� �EHU� GDV
H[WHUQH� ([SHULPHQWSODQXQJV�� XQG� �VWHXHUXQJVV\VWHP� ]X� VWHXHUQ�� 'LH� 6LPXODWLRQVXPJH�
EXQJ� EHVWHKW� DXV� HLQHP�0RGHOOEDXNDVWHQ� XQG�0HWKRGHQ� ]XU� 0RGHOONRQILJXUDWLRQ� XQG
�LQLWLDOLVLHUXQJ�VRZLH�]XU�'DWHQVDPPOXQJ�

hEHU�'DWHQEDQN�� XQG� )LOHWUDQVIHU�6FKQLWWVWHOOHQ�ZHUGHQ� ]XQlFKVW� GLH� I�U� GLH�0RGHOOLH�
UXQJ�XQG�,QLWLDOLVLHUXQJ�QRWZHQGLJHQ�'DWHQ�DXV�3ODQXQJV��XQG�%HWULHEVGDWHQEDQNHQ��GHP
336�6\VWHP�XQG�RGHU�GHP�/HLWVWDQGV\VWHP�DNTXLULHUW�� ,P�)DOOH�GHV� UHDOLVLHUWHQ�3URWRW\�
SHQ�ZXUGH�HLQH�$QELQGXQJ�]XP�6\VWHP�6$3�5���LPSOHPHQWLHUW��(LQ�ZHLWHUHV�.HUQVW�FN
GHU�'DWHQDNTXLVLWLRQ�XQG��DXIEHUHLWXQJ�LVW�HLQH�0HWKRGH��GLH�DXV�GHQ�HLQJHOHVHQHQ�'DWHQ
GLH�hEHUJDEHWDEHOOHQ� �6WUXNWXUWDEHOOH��$UEHLWVSODQWDEHOOH��6\VWHPODVWWDEHOOH� XQG� ,QLWLDOL�
VLHUXQJVWDEHOOH��JHQHULHUW��YJO��$EVFKQLWW��������
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hEHUJDEH�
WDEHOOHQ

6LPXODWLRQV�
PRGHOO

%DXVWHLQNDVWHQ�
0RGHOOJHQHUDWRU

'DWHQDNTXLVLWLRQ�
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%LOG����� 6\VWHPDUFKLWHNWXU�GHU�6LPXODWLRQVXPJHEXQJ�PLW�'DWHQDNTXLVLWLRQ�
'DWHQDXIEHUHLWXQJ��%DXVWHLQNDVWHQ�XQG�0RGHOOJHQHUDWRU

'DV� 6LPXODWLRQVPRGHOO� ZLUG� DXV� 8QLYHUVDO�%DXVWHLQHQ� JHQHULHUW�� GLH� QDFK� GHP� LQ� $E�
VFKQLWW�����EHVFKULHEHQHQ�$QVDW]�PRGHOOLHUW�ZXUGHQ��:LFKWLJH�8QLYHUVDO�%DXVWHLQH� VLQG
GDV�+DXSWIHOG��GHU�JOREDOH�)HUWLJXQJVVWHXHUXQJVEDXVWHLQ��)6���GDV�7HLOIHOG�VRZLH�GLH�$U�
EHLWVVWDWLRQ��'DV�+DXSWIHOG�VWHOOW�GHQ�5DKPHQ�I�U�HLQ�0RGHOO�GDU��(V�HQWKlOW�GLH�JOREDOH
)HUWLJXQJVVWHXHUXQJ�XQG�$XVZHUWHEDXVWHLQH�VRZLH�VLPXODWLRQVVSH]LILVFKH�%DXVWHLQH��ZLH
4XHOOH�� 6HQNH�� (UHLJQLVYHUZDOWHU� XQG�0HWKRGHQ� ]XP�5�FNVHW]HQ� XQG� ,QLWLDOLVLHUHQ� GHV
0RGHOOV�� ,P�+DXSWIHOG� ZLUG� GDV�0RGHOO� HLQHV� 3URGXNWLRQVV\VWHPV� DXIJHEDXW�� 'HU� )6�
%DXVWHLQ� HQWKlOW�0HWKRGHQ� ]XU�9HUZDOWXQJ� XQG� �EHUJUHLIHQGHQ� 6WHXHUXQJ� GHU� $UEHLWV�
]HLWHQ�XQG�$XIWUlJH�

'HU� %DXVWHLQ� 7HLOIHOG� ELOGHW� GLH� ]ZHLWH� KLHUDUFKLVFKH� (EHQH� GHV�0RGHOOV� DE�� G�K�� EHL�
VSLHOVZHLVH� HLQHQ�:HUNVWDWWEHUHLFK� RGHU� HLQH� ,QVHO��'DV� 7HLOIHOG� HQWKlOW� LQ� HUVWHU� /LQLH
0DWHULDOIOX�VFKQLWWVWHOOHQ�VRZLH�ORNDOH�6WHXHUXQJVPHWKRGHQ��,Q�GLHVHP�%DXVWHLQ�ZHUGHQ
GLH�HLQ]HOQHQ�$UEHLWVVWDWLRQHQ�DXIJHEDXW��'LH�$UEHLWVVWDWLRQHQ�VWHOOHQ�GLH�%DXVWHLQH�DXI
XQWHUVWHU� 'HWDLOOLHUXQJVHEHQH� GDU�� 6LH� NRPPHQ� LQ� GHQ� 9DULDQWHQ� %HDUEHLWXQJV]HOOH�
0RQWDJH]HOOH� XQG� 3U�ISODW]� YRU�� 'LH� EHLGHQ� 6WUXNWXUYDULDQWHQ� N|QQHQ� �EHU� 3DUDPHWHU
HQWZHGHU�DOV�DXWRPDWLVFKH�0DVFKLQH�RGHU�DOV�PDQXHOOHU�$UEHLWVSODW]�NRQILJXULHUW�ZHUGHQ�
$XFK�GLH�$UEHLWVVWDWLRQHQ�HQWKDOWHQ�ORNDOH�6WHXHUXQJVPHWKRGHQ��ZLH�EHLVSLHOVZHLVH�6HQ�
VRUHQ�XQG�$NWRUHQ��PLW�GHQHQ�GLH�$QELQGXQJ�GHU�6WHXHUXQJ�DQ�GHQ�0DWHULDOIOX��UHDOLVLHUW
ZHUGHQ�NDQQ�

'XUFK� GHQ�0RGHOOJHQHUDWRU� ZLUG� GDV� 6LPXODWLRQVPRGHOO� DXV� GLHVHQ� %DXVWHLQHQ� DXIJH�
EDXW��'DEHL�ZLUG�DOV�HUVWHU�6FKULWW�GLH�6WUXNWXUWDEHOOH�DEJHDUEHLWHW��=XQlFKVW�ZHUGHQ�GLH
%DXVWHLQH�GHU�.ODVVH�Ä7HLOIHOG³�LQ�GDV�+DXSWIHOG�GHV�0RGHOOV�HLQJHI�JW�� ,Q�GHQ�7HLOIHO�
GHUQ� ZLHGHUXP� ZHUGHQ� $UEHLWVVWDWLRQHQ� HU]HXJW� XQG� HQWVSUHFKHQG� LKUHU� (LJHQVFKDIWHQ
SDUDPHWULVLHUW�� ,P� $QVFKOX�� ZLUG� GLH� $EODXIVWHXHUXQJ� GHV� 6LPXODWLRQVPRGHOOV� LPSOH�
PHQWLHUW��'LHV�EHLQKDOWHW�GLH�*HQHULHUXQJ�YRQ�$UEHLWV��XQG�6FKLFKWSOlQHQ�VRZLH�GLH�$N�
WLYLHUXQJ� XQG� 9HUQHW]XQJ� GHU� JOREDOHQ� XQG� ORNDOHQ� 6WHXHUXQJVEDXVWHLQH�� 'LH� $UEHLWV�
SODQ�� XQG� GLH� 6\VWHPODVWWDEHOOH� ZHUGHQ� HLQJHOHVHQ� XQG� LP� %DXVWHLQ� Ä*OREDOH� $EODXI�
VWHXHUXQJ³�DEJHVSHLFKHUW��$X�HUGHP�ZLUG� GLH� ,QLWLDOLVLHUXQJVWDEHOOH� HLQJHOHVHQ� XQG�GDV
6LPXODWLRQVPRGHOO�PLW�GHQ�HQWKDOWHQHQ�'DWHQ�LQLWLDOLVLHUW��'LH�0RGHOOLQLWLDOLVLHUXQJ�ZLUG
YRP�0RGXO�Ä([SHULPHQWVWHXHUXQJ³�YRU�MHGHP�6LPXODWLRQVODXI�DXIJHUXIHQ��%LOG�����]HLJW
H[HPSODULVFK�HLQ�DXWRPDWLVFK�JHQHULHUWHV�0RGHOO�HLQHU�,QVHOIHUWLJXQJ�
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+DXSWIHOG
7HLOIHOG

%LOG����� %HLVSLHO�HLQHV�DXWRPDWLVFK�JHQHULHUWHQ�0RGHOOV�HLQHU�,QVHOIHUWLJXQJ

������ 0RGXO�]XU�$XVZHUWXQJ��)HKOHUNRPSHQVDWLRQ�XQG�9LVXDOLVLHUXQJ

'LH�0HWKRGHQ�DXV�.DSLWHO���ZXUGHQ�LQ�HLQ�5HFKQHUZHUN]HXJ�LPSOHPHQWLHUW��ZHOFKHV�GHQ
6LPXODWLRQVDQZHQGHU�EHL�GHU�$XIJDEH�XQWHUVW�W]W��GLH�*�WH�YRQ�6LPXODWLRQVHUJHEQLVVHQ
]X�EHZHUWHQ�XQG� LKQ� LQ�GLH�/DJH�YHUVHW]W�� GLH� ]X� HUZDUWHQGHQ�$EZHLFKXQJHQ� ]ZLVFKHQ
0RGHOO�XQG�5HDOLWlW�EHVVHU�DE]XVFKlW]HQ��(LQ�ZHLWHUHU�6FKZHUSXQNW�ZDU�GLH� ,PSOHPHQ�
WLHUXQJ�GHU� VSH]LILVFKHQ�$XVZHUWH��XQG�9LVXDOLVLHUXQJVPHWKRGHQ�� ,P�IROJHQGHQ�ZHUGHQ
ZLFKWLJH�,PSOHPHQWLHUXQJVDVSHNWH�GLHVHV�5HFKQHUZHUN]HXJV�GDUJHVWHOOW�

%HQXW]HUREHUIOlFKH

8P�GHQ�]LHOI�KUHQGHQ�XQG�ORJLVFKHQ�$EODXI�LQQHUKDOE�GHU�GUHL�+DXSWPRGXOH�]X�YHUEHV�
VHUQ�XQG�HLQH�HLQIDFKH�%HGLHQXQJ�]X�HUP|JOLFKHQ��ZXUGH�I�U�GLHVHV�0RGXO�HLQH�JUDSKL�
VFKH� %HQXW]HUREHUIOlFKH� HQWZLFNHOW�� 'LHVH� I�KUW� GHQ� %HQXW]HU� PRGXO�EHUJUHLIHQG� XQG
LQQHUKDOE�GHU�7HLOPRGXOH��'LH�%HQXW]HUREHUIOlFKH�VWHOOW�GDV�9HUELQGXQJVJOLHG�GHU�7HLO�
PRGXOH� GDU��9RQ� LKU� DXV�ZHUGHQ� GLH� HLQ]HOQHQ�7HLOPRGXOH� GHV�:HUN]HXJV� DQJHVWHXHUW�
$X�HUGHP�]HLJW�VLH�GHP�%HQXW]HU�]XU�/DXI]HLW�ZHVHQWOLFKH�,QIRUPDWLRQHQ��.RQWUROONRP�
PHQWDUH�XQG�6\VWHPPHOGXQJHQ�DQ��%LOG�����]HLJW�GLH�%HQXW]HUREHUIOlFKH�GHV�HQWZLFNHO�
WHQ�:HUN]HXJV�
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%LOG����� 'LH�%HQXW]HUREHUIOlFKH�GHV�0RGXOV�]XU�)HKOHUNRPSHQVDWLRQ

%HUHFKQXQJVPRGXO

'DV�%HUHFKQXQJVPRGXO�ZXUGH�DOV�3URJUDPP�PLW�GHU�SUR]HGXUDOHQ�3URJUDPPLHUVSUDFKH
&�UHDOLVLHUW��'DV�3URJUDPP�I�KUW�GXUFK�GHQ�0RGHOOLHUXQJVSUR]H��ZLH�LQ�$EVFKQLWW������
EHVFKULHEHQ��$XV�GHP�3URJUDPP�ZHUGHQ�VSH]LHOOH�6WDWLVWLN��XQG�9LVXDOLVLHUXQJVIXQNWLR�
QHQ�HLQHV�NRPPHU]LHOOHQ�6WDWLVWLNZHUN]HXJV�DXIJHUXIHQ��'LH�%HQXW]HULQWHUDNWLRQ�HUIROJW
�EHU� GLH� EHVFKULHEHQH� %HQXW]HUREHUIOlFKH�� 'DV� HLQJHVHW]WH� 6WDWLVWLNZHUN]HXJ� Ä6WDWLW³
YHUI�JW��EHU�HLQH�XPIDQJUHLFKH�%LEOLRWKHN�VWDWLVWLVFKHU�)XQNWLRQHQ�VRZLH��EHU�OHLVWXQJV�
IlKLJH�3URJUDPP��XQG�'DWHQVFKQLWWVWHOOHQ��GLH�HLQH�NRPIRUWDEOH�$QELQGXQJ�DQ�GLH�DQGH�
UHQ�0RGXOH�GHV�3URJQRVHV\VWHPV�HUP|JOLFKWHQ�

%LOG����� 'DUVWHOOXQJ�YRQ�,QIRUPDWLRQHQ�EHL�GHU�3DUDPHWHU��XQG
.HQQ]DKOEHUHFKQXQJ
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=XU�hEHUSU�IXQJ�GHU�$QQDKPHQ�EHL�GHU�VWDWLVWLVFKHQ�0RGHOOLHUXQJ�ZHUGHQ�YRU]XJVZHLVH
JUDSKLVFKH�7HVWYHUIDKUHQ�HLQJHVHW]W��ZHLO�GLHVH�I�U�6WDWLVWLN�/DLHQ�LQ�GHU�5HJHO�EHVVHU�]X
YHUVWHKHQ�VLQG��%LOG�����]HLJW��ZLH�ZlKUHQG�GHU�0RGHOOLHUXQJ�GHP�%HGLHQHU�YHUVFKLHGHQH
JUDSKLVFKH� ,QIRUPDWLRQHQ��ZLH�:DKUVFKHLQOLFKNHLWVWHVWV�� 6WUHXGLDJUDPPH�XQG�5HJUHVVL�
RQVPRGHOOH��EHUHLWJHVWHOOW�ZHUGHQ��=XP�$EVFKOX��GHU�0RGHOOLHUXQJ�ZLUG�GDV�VWDWLVWLVFKH
0RGHOO�LQ�HLQHU�'DWHQEDQN�DUFKLYLHUW�

'DV�3URJUDPP�QLPPW� DXFK� GLH� 3URJQRVHNRUUHNWXU� XQG� GLH�%HZHUWXQJ� GHV� VWDWLVWLVFKHQ
0RGHOOV�YRU��)�U�GLH�3URJQRVHNRUUHNWXU�ZLUG�HLQ� I�U�GHQ�DNWXHOOHQ�$QZHQGXQJVIDOO�JH�
HLJQHWHV� VWDWLVWLVFKHV�0RGHOO� DXV�GHU�'DWHQEDQN�HQWQRPPHQ��'LH�$XVZDKO� HLQHV�JHHLJ�
QHWHQ�0RGHOOV� HUIROJW� DQKDQG� GHU�0RGHOONODVVLIL]LHUXQJ� XQG� �EHZHUWXQJ�� ,P� $QVFKOX�
ZLUG� GLH�.RPSHQVDWLRQVIXQNWLRQ��ZLHGHUXP�PLW�+LOIH� GHU� )XQNWLRQHQ� GHU� 6WDWLVWLNVRIW�
ZDUH��DXI�GHQ�DNWXHOOHQ�6LPXODWLRQVGDWHQVDW]�DQJHZHQGHW��(V�IROJHQ�GLH�%HUHFKQXQJ�XQG
$XIEHUHLWXQJ�GHU�.HQQ]DKOHQ��6RZLH�QHXH�UHDOH�'DWHQVlW]H�YRUOLHJHQ��NDQQ�GHU�6\VWHP�
EHGLHQHU�HLQ�VWDWLVWLVFKHV�0RGHOO�LP�QDFKKLQHLQ�EHZHUWHQ��+LHU�ZHUGHQ�YRU�DOOHP�GLH�9L�
VXDOLVLHUXQJVIXQNWLRQHQ� GHU� 6WDWLVWLNVRIWZDUH�� ZLH� +LVWRJUDPPH� XQG� 6WUHXGLDJUDPPH
HLQJHVHW]W�

9LVXDOLVLHUXQJVPRGXO

,P�$QVFKOX�� DQ� GLH� 3URJQRVHNRUUHNWXU�ZHUGHQ� GLH� NRUULJLHUWHQ� 3URJQRVHZHUWH� XQG� GLH
.RQILGHQ]LQWHUYDOOH� GDUJHVWHOOW��:LH� EHUHLWV� HUOlXWHUW�� ZXUGH� KLHU� GLH� NODVVLVFKH� *DQWW�
&KDUW�'DUVWHOOXQJ� XP� HLQH� 9LVXDOLVLHUXQJ� GHU� 7HUPLQXQVLFKHUKHLW� HUZHLWHUW�� %LOG� ���
]HLJW�HLQ�H[HPSODULVFKHV�*DQWW�'LDJUDPP�PLW�7HUPLQSURJQRVHQ�I�U�LQGLYLGXHOOH�$XIWUl�
JH�

%LOG����� *DQWW�'LDJUDPP�PLW�7HUPLQSURJQRVHQ�I�U�LQGLYLGXHOOH�$XIWUlJH
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'DU�EHU� KLQDXV� ELHWHW� GDV� 9LVXDOLVLHUXQJVPRGXO� ZHLWHUH� 9LVXDOLVLHUXQJVWHFKQLNHQ�� ZLH
+LVWRJUDPPH��6WUHXGLDJUDPPH�XQG�JUDSKLVFKH�9HUWHLOXQJVWHVWV��'LH�6NDOLHUXQJ�GHU�'LD�
JUDPPH� SD�W� VLFK� DXWRPDWLVFK� DQ� GLH� GDU]XVWHOOHQGHQ� 'DWHQ� DQ�� 'HU� %HGLHQHU� KDW� GLH
0|JOLFKNHLW�� EHVWLPPWH� %HUHLFKH� YHUJU|�HUW� GDU]XVWHOOHQ�� 'DV� 9LVXDOLVLHUXQJVPRGXO
NDQQ�LP�%HGDUIVIDOO�XP�ZHLWHUH�9LVXDOLVLHUXQJHQ�HUZHLWHUW�ZHUGHQ�

5HDOLVLHUXQJ�GHU�'DWHQEDQNNRSSOXQJ

'DV� =LHO� HLQHU� KRKHQ� 3UD[LVWDXJOLFKNHLW� HUIRUGHUW� DQJHVLFKWV� GHU� JUR�HQ� $Q]DKO� YRQ
$QDO\VHGDWHQVlW]HQ��GLH�EHL�,QGXVWULHDQZHQGXQJHQ�DQIDOOHQ��HLQH� OHLVWXQJVIlKLJH�'DWHQ�
KDOWXQJ��$XV�GLHVHP�*UXQG�ZXUGH�GDV�0RGHOOPDQDJHPHQW�PLWWHOV�HLQHU�'DWHQEDQN�UHDOL�
VLHUW��%HL� GHU� ,PSOHPHQWLHUXQJ�GHU�'DWHQEDQN�ZXUGH� DXI� HLQH� UHODWLRQDOH�'DWHQVWUXNWXU
:HUW�JHOHJW��ZHLO�UHODWLRQDOH�'DWHQEDQNHQ�HLQHQ�KRKHQ�9HUEUHLWXQJVJUDG�LQ�,QGXVWULHXQ�
WHUQHKPHQ�EHVLW]HQ��)�U�GLH�SURWRW\SLVFKH�5HDOLVLHUXQJ�GHV�0RGXOV�ZXUGH� HLQH�2UDFOH�
'DWHQEDQN�HLQJHVHW]W��'LH�5HDOLVLHUXQJ�GHU�'DWHQEDQN�PDFKWH�GLH�,PSOHPHQWLHUXQJ�YRQ
3URJUDPPHQ�]XU�'DWHQDXIEHUHLWXQJ�QRWZHQGLJ��GHUHQ�$XIJDEH�HV�LVW��'DWHQVlW]H�I�U�GLH
VWDWLVWLVFKH�$QDO\VH�]XVDPPHQ]XVWHOOHQ��'LHV�KDW�GHQ�9RUWHLO��GD��GDV�6\VWHP�VHKU�IOH[L�
EHO�HLQJHVHW]W�ZHUGHQ�NDQQ��ZHLO�GLH�ELVODQJ�ZHLWJHKHQG�PDQXHOOH�'DWHQDXIEHUHLWXQJ�HQW�
IlOOW�

)�U�GLH�$QELQGXQJ�GHV�6\VWHPV�DQ�QHXH�,QGXVWULHDQZHQGXQJHQ�P�VVHQ�GLH�'DWHQEDQN�
]XJULIIH�DQJHSD�W�ZHUGHQ��ZDV�DOOHUGLQJV�HLQH�HLQPDOLJH�0D�QDKPH�GDUVWHOOW��(LQ�ZHLWH�
UHU�9RUWHLO�GHU�'DWHQEDQNNRSSOXQJ�LVW�GLH�NRPIRUWDEOHUH�0|JOLFKNHLW��.RUUHNWXUPRGHOOH
]X�DUFKLYLHUHQ�XQG�]X�VXFKHQ�

���� %HLVSLHOKDIWH�$QZHQGXQJ

'DV�HQWZLFNHOWH�.RQ]HSW�ZXUGH�EHUHLWV�LQ�HLQHU�IU�KHQ�(QWZLFNOXQJVSKDVH�PLW�YHUVFKLH�
GHQHQ�,QGXVWULHSDUWQHUQ�GLVNXWLHUW��XP�HLQH�%HZHUWXQJ�GHV�6\VWHPV�DXV�6LFKW�GHU�SRWHQ�
WLHOOHQ� $QZHQGHU� ]X� HUKDOWHQ�� $XV� GLHVHQ� (UIDKUXQJHQ� KHUDXV� ZXUGH� LQVEHVRQGHUH� HLQ
$EJOHLFK� KLQVLFKWOLFK� GHV� ,QIRUPDWLRQVEHGDUIV� GHU� $QZHQGHU�� GHU� ,QIRUPDWLRQVGDUVWHO�
OXQJ��9LVXDOLVLHUXQJ��XQG�GHU�6\VWHPEHGLHQXQJ�YRUJHQRPPHQ�

=XP�$EVFKOX��GHU�$UEHLWHQ�ZXUGHQ�GHU�3URWRW\S�XQG�GLH�HQWZLFNHOWHQ�.RQ]HSWH�H[HP�
SODULVFK�DQJHZHQGHW�XQG�LKUH�)XQNWLRQ�XQG�:LUNXQJ�JHWHVWHW��'LH�2EHUIOlFKH�GHV�([SH�
ULPHQWSODQXQJV�� XQG� �VWHXHUXQJVV\VWHPV� ZXUGH� DOV� 3URWRW\S� UHDOLVLHUW� XQG� LP� 5DKPHQ
YRQ�'HPRQVWUDWLRQHQ�XQG�,QWHUYLHZV�PLW�SRVLWLYHP�(UJHEQLV�DXI�$N]HSWDQ]�JHSU�IW��YJO�
.DSLWHO�����$X�HUGHP�ZXUGH�HLQ�6RIWZDUHSURWRW\S�GHU�DXWRPDWLVFKHQ�0RGHOOJHQHULHUXQJ
XQG��NRQILJXUDWLRQ�SURJUDPPLHUW��8QWHU�/DERUEHGLQJXQJHQ�ZXUGH�JUXQGVlW]OLFK�GLH�9D�
OLGLWlW�GHU�HQWZLFNHOWHQ�0RGHOOLHUXQJVDQVlW]H�XQG�GLH�3ODXVLELOLWlW�GHU�HU]LHOWHQ�(UJHEQLV�
VH�QDFKJHZLHVHQ��YJO��.DSLWHO����

'DV� I�U� GDV� *HVDPWNRQ]HSW� ]HQWUDOH� 0RGXO� ]XU� $XVZHUWXQJ�� )HKOHUNRPSHQVDWLRQ� XQG
9LVXDOLVLHUXQJ�ZXUGH�DOV�6RIWZDUHZHUN]HXJ�UHDOLVLHUW��YJO��.DSLWHO�����'DV�0RGXO�ZXUGH
DQKDQG�YRQ�UHDOHQ�'DWHQ�GHU�3URGXNWLRQVDQODJH�%��GHU�IOH[LEOHQ�)OLH�IHUWLJXQJ�I�U�HOHN�
WURQLVFKH�%DXJUXSSHQ��JHWHVWHW��=LHO�ZDU�HV�QDFK]XZHLVHQ��RE�GDV�0RGXO�LQ�GHU�/DJH�LVW�
GHQ� V\VWHPDWLVFKHQ� 3URJQRVHIHKOHU� XQG� GLH� VWRFKDVWLVFKH� 8QVLFKHUKHLW� GHU� 3URJQRVHQ
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XQWHU� SUDNWLVFKHQ� %HGLQJXQJHQ� ]X� DQDO\VLHUHQ�� $X�HUGHP� JDOW� HV� IHVW]XVWHOOHQ�� ELV� ]X
ZHOFKHP�=HLWKRUL]RQW�VLQQYROOH�3URJQRVHQ�HUVWHOOW�ZHUGHQ�N|QQHQ��=ZHLWHV�=LHO�GHV�7HVWV
ZDU�HV��GLH�)XQNWLRQ�XQG�:LUNXQJ�GHU�3URJQRVHNRUUHNWXU�XQG�GHU�9LVXDOLVLHUXQJ�]X�SU��
IHQ��=XP�$EVFKOX��ZXUGH�GHU�$XIZDQG�I�U�GLH�$QZHQGXQJ�GHV�0RGXOV�XQG�GLH�$N]HS�
WDQ]�EHL�GHQ�SRWHQWLHOOHQ�$QZHQGHUQ�EHZHUWHW�

(V�KDW�VLFK�JH]HLJW��GD��GDV�0RGXO�DXFK�XQWHU�3UD[LVEHGLQJXQJHQ�HLQHQ�HUKHEOLFKHQ�1XW�
]HQ� EHVLW]W�� ,P� IROJHQGHQ� VLQG� GLH�(UJHEQLVVH� GHV� H[HPSODULVFKHQ� (LQVDW]HV�PLW� UHDOHQ
'DWHQ�XQG�XQWHU�3UD[LVEHGLQJXQJHQ�GDUJHVWHOOW�

������ (UVWHOOXQJ�GHU�VWDWLVWLVFKHQ�0RGHOOH��$QDO\VH�XQG�'DUVWHOOXQJ�GHU
V\VWHPDWLVFKHQ�3URJQRVHIHKOHU�XQG�GHU�UHDOHQ�$QODJHQVWRFKDVWLN

'DV�HQWVWDQGHQH�6\VWHP�LVW�LQ�GHU�/DJH��GLH�V\VWHPDWLVFKHQ�3URJQRVHIHKOHU�XQG�GLH�UHDOH
$QODJHQVWRFKDVWLN�]X�DQDO\VLHUHQ�XQG�GDU]XVWHOOHQ��+LHUI�U�ZLUG�GDV�7HLOPRGXO�0RGHOOHU�
VWHOOXQJ�GHV�%HUHFKQXQJVPRGXOV�YHUZHQGHW��%HL�GHU�(UVWHOOXQJ�GHU�VWDWLVWLVFKHQ�0RGHOOH
ZHUGHQ�GLH�UHDOHQ�'DWHQVlW]H�GHQ�(UJHEQLVVHQ�GHWHUPLQLVWLVFKHU�6LPXODWLRQVOlXIH�JHJHQ�
�EHUJHVWHOOW�� 'LH� LP�$QVFKOX�� DQ� GLH� 5HJUHVVLRQVDQDO\VH� EHUHFKQHWHQ� 3URJQRVHVWUHLIHQ
VSLHJHOQ�GLH�UHDOH�$QODJHQVWRFKDVWLN�LQ�GHP�EHWUDFKWHWHQ�=HLWUDXP�ZLGHU�

,Q�GLHVHP�=XVDPPHQKDQJ� Ol�W� VLFK� DXFK�GLH�)UDJH� EHDQWZRUWHQ�� DE�ZHOFKHP�6LPXODWL�
RQVKRUL]RQW�GLH�$QDO\VH�GHU�3URJQRVHIHKOHU�XQG�GDPLW�DXFK�GHU�$QVDW]�GHU�3URJQRVHNRU�
UHNWXU� �YJO�� $EVFKQLWW� ����� VLQQYROO� LVW�� 3ULQ]LSLHOO� ODVVHQ� VLFK� DOOH� 3URJQRVHHUJHEQLVVH
HLQHV�6LPXODWLRQVODXIV�PLW�HLQHP�.RUUHNWXUJOLHG��ZHOFKHV�KLQUHLFKHQG�VRUJIlOWLJ�PRGHO�
OLHUW�ZXUGH�XQG�YDOLGH�LVW��YHUEHVVHUQ��%HL�GHU�0RGHOOLHUXQJ�GHU�.RUUHNWXUJOLHGHU�LVW�IRO�
JHQGHV�]X�EHDFKWHQ��9HUZHQGHW�PDQ�I�U�GLH�5HJUHVVLRQVDQDO\VH�HLQHQ�'DWHQVDW]�PLW�HL�
QHP�VHKU�NXU]HQ�3URJQRVHKRUL]RQW��VR�N|QQHQ�LQ�GHU�5HJHO�GLH�3DUDPHWHU�GHU�5HJUHVVLRQ
QLFKW�]XYHUOlVVLJ�JHVFKlW]W�ZHUGHQ��'LHV�OLHJW�GDUDQ��GD��EHL�NOHLQHQ�EHWUDFKWHWHQ�=HLWDE�
VFKQLWWHQ�6W|UXQJHQ�]X� UHODWLY�JUR�HQ�8QVFKlUIHQ� I�KUHQ��'DPLW�YHUVFKOHFKWHUW� VLFK�GHU
.RUUHODWLRQVNRHIIL]LHQW� U�XQG�GDV�%HVWLPPWKHLWVPD��5��GHU�5HJUHVVLRQ��ZHOFKHV�DQJLEW�
ZLH�JXW�GHU�=XVDPPHQKDQJ�]ZLVFKHQ�5HJUHVVRU�XQG�5HJUHVVDQG�PLW�GHP�5HJUHVVLRQV�
PRGHOO�EHVFKULHEHQ�ZHUGHQ�NDQQ��YJO��$EVFKQLWW���������'HVZHJHQ�LVW�EHL�MHGHU�0RGHOOLH�
UXQJ� HLQHV� .RUUHNWXUJOLHGV� GDV� %HVWLPPWKHLWVPD�� GHU� 5HJUHVVLRQ� ]X� SU�IHQ�� (V� VROOWH
QLFKW�NOHLQHU�DOV�����VHLQ��%HL�NOHLQHUHQ�:HUWHQ�I�U�5��LVW�GHU�=XVDPPHQKDQJ�YRQ�UHDOHQ
XQG�VLPXOLHUWHQ�7HUPLQHQ�VHKU�VFKZDFK��'LH�3URJQRVHQ�ZHUGHQ�DE�GLHVHP�3URJQRVHKRUL�
]RQW�]X�XQVLFKHU��=XVlW]OLFK�ZLUNW�VLFK�QHJDWLY�DXV��GD�� LQ�NOHLQHQ�=HLWDEVFKQLWWHQ�DXFK
ZHQLJHU�:HUWH� EHREDFKWHW� ZHUGHQ� N|QQHQ�� ,Q� GHQ� EHWUDFKWHWHQ� $QZHQGXQJHQ� NRQQWHQ
KLQUHLFKHQG�JXWH�.RUUHNWXUJOLHGHU�HUVW�DE�3URJQRVHKRUL]RQWHQ�YRQ�FD��GUHL�7DJHQ�PRGHO�
OLHUW�ZHUGHQ��8P�HLQH�EHVWP|JOLFKH�*�WH�GHU�.RUUHNWXUPRGHOOH�]X�HUUHLFKHQ��VROOWHQ� MH�
GRFK� DXFK� I�U� NXU]H� 3ODQXQJVKRUL]RQWH� 5HJUHVVLRQVPRGHOOH� KHUDQJH]RJHQ� ZHUGHQ�� GLH
DXI�GHQ�(UJHEQLVVHQ�OlQJHUHU�6LPXODWLRQVOlXIH��G�K��LQ�GHU�*U|�HQRUGQXQJ�YRQ�������7D�
JHQ��EDVLHUHQ��/lQJHUH�3URJQRVHKRUL]RQWH�EULQJHQ�ZLHGHUXP�GDV�3UREOHP�PLW� VLFK��GD�
GLH�3URJQRVHXQVLFKHUKHLW�]X�JUR��ZLUG�

%HDFKWHW�ZHUGHQ�PX��MHGRFK��GD��GHU�*�OWLJNHLWVEHUHLFK�GHV�.RUUHNWXUJOLHGV�QLFKW��EHU�
VFKULWWHQ�ZLUG��'DV� LVW� EHLVSLHOVZHLVH� GHU� )DOO�� ZHQQ� GDV� 5HJUHVVLRQVPRGHOO� XQ]XOlVVL�
JHUZHLVH��EHU�GHQ�3URJQRVHKRUL]RQW�GHU�I�U�GLH�0RGHOOLHUXQJ�KHUDQJH]RJHQHQ�6LPXODWL�
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RQVGDWHQ� KLQDXV� H[WUDSROLHUW�ZLUG��'LH�&KDUDNWHULVWLN� GHV�0RGHOOV� MHQVHLWV� GHV� J�OWLJHQ
3URJQRVHKRUL]RQWV� LVW�QLFKW�DEVFKlW]EDU��%HLVSLHOVZHLVH� LVW�HV�GHQNEDU��GD��HLQH�QLFKWOL�
QHDUH�0RGHOOFKDUDNWHULVWLN��EHL�NXU]HQ�3ODQXQJVKRUL]RQWHQ�QLFKW�IHVWJHVWHOOW�ZHUGHQ�NDQQ
XQG�HUVW�EHL�OlQJHUHQ�3URJQRVHKRUL]RQWHQ�LQV�*HZLFKW�IlOOW�

������ 3URJQRVHNRUUHNWXU��$XVZHUWXQJ�XQG�9LVXDOLVLHUXQJ

,P� 7HLOPRGXO� 3URJQRVHNRUUHNWXU� ZLUG� DXI� %DVLV� HLQHV� YDOLGHQ� .RUUHNWXUPRGHOOV� HLQH
.RPSHQVDWLRQ�GHV�V\VWHPDWLVFKHQ�)HKOHUV�VRZLH�HLQH�6FKlW]XQJ�GHU�3URJQRVHWUHXH�LQGL�
YLGXHOOHU� )HUWLJXQJVDXIWUlJH� YRUJHQRPPHQ�� 8P� GLH�:LUNVDPNHLW� GHU� EHLGHQ� ]HQWUDOHQ
VWDWLVWLVFKHQ�0HWKRGHQ��5HJUHVVLRQVDQDO\VH�XQG�9DULDQ]DQDO\VH��]X�WHVWHQ��ZXUGHQ�([SH�
ULPHQWH� LQ�XQWHUVFKLHGOLFKHQ�%HWULHEVSKDVHQ�GHV�3URGXNWLRQVV\VWHPV�GXUFKJHI�KUW��$XV�
JHZlKOW� ZXUGH� HLQH� TXDVLVWDWLVFKH� 3KDVH�� HLQH� 3KDVH� HLQHV� %HWULHEVSXQNWZHFKVHOV� XQG
HLQH� G\QDPLVFKH� %HWULHEVSKDVH��:lKUHQG� GHU� TXDVLVWDWLVFKHQ� %HWULHEVSKDVH� ZXUGH� HLQ
=HLWUDXP� XQWHUVXFKW�� LQQHUKDOE� GHVVHQ� QXU� NOHLQHUH� bQGHUXQJHQ� GHV� %HWULHEVSXQNWV
GXUFKJHI�KUW�ZXUGHQ�� ,P�]ZHLWHQ�%HWULHEVIDOO�ZXUGH� HLQ�:HFKVHO�GHU�6\VWHPODVW� VRZLH
VWUXNWXUHOOH�bQGHUXQJHQ�EHLP�3URGXNWLRQVV\VWHP�EHWUDFKWHW��:lKUHQG�GHU� G\QDPLVFKHQ
%HWULHEVSKDVH�ZXUGH�GDV�6\VWHP�EHL�KlXILJHQ�6W|UXQJHQ�RGHU�%HWULHEVSXQNWZHFKVHOQ�GHU
3URGXNWLRQVDQODJH�JHWHVWHW�

%LOG����� *HJHQ�EHUVWHOOXQJ�GHU�3URJQRVHWUHXH�QLFKW�NRUULJLHUWHU�XQG�NRUULJLHUWHU
6LPXODWLRQVHUJHEQLVVH�EHL�TXDVLVWDWLVFKHP�%HWULHE

=XQlFKVW�VLQG�GLH�(UJHEQLVVH�GHU�TXDVLVWDWLVFKHQ�%HWULHEVSKDVH�GDUJHVWHOOW��%LOG�����]HLJW
H[HPSODULVFK�GLH�*HJHQ�EHUVWHOOXQJ�]ZHLHU�$XVZHUWXQJHQ�GHU�3URJQRVHWUHXH��XQG�]ZDU
]XHUVW� RKQH� 3URJQRVHNRUUHNWXU� XQG� GDQQ�PLW� 3URJQRVHNRUUHNWXU�� (V� LVW� HUNHQQEDU�� GD�
GXUFK�GLH�.RUUHNWXU�GHU�0LWWHOZHUW�GHU�3URJQRVHDEZHLFKXQJ�YRQ�������DXI�������GHXWOLFK
YHUEHVVHUW�ZHUGHQ�NRQQWH��'LH�8QVLFKHUKHLW�GHU�3URJQRVH��JHPHVVHQ� LQ�GHU�6WDQGDUGDE�
ZHLFKXQJ��UHGX]LHUWH�VLFK�ZHVHQWOLFK�YRQ������DXI�������:LUG�HLQ�7ROHUDQ]EDQG�YRQ����
]ZHL�7DJHQ�]XJUXQGHJHOHJW��ZLUG�GLH�9HUEHVVHUXQJ�GHU�9RUKHUVDJHWUHXH�QRFK�GHXWOLFKHU�
,Q�GHU�OLQNHQ�*UDILN�OLHJHQ�����GHU�$XIWUlJH�LP�7ROHUDQ]EDQG��LQ�GHU�UHFKWHQ�*UDILN�GD�

RKQH�3URJQRVHNRUUHNWXU PLW�3URJQRVHNRUUHNWXU
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JHJHQ������'LH�$XVZHUWXQJ�EH]LHKW�VLFK�DXI�HLQHQ�3URJQRVHKRUL]RQW�YRQ����$UEHLWVWD�
JHQ��%HL����7DJHQ�3URJQRVHKRUL]RQW�EHWUXJ�GLH�9RUKHUVDJHWUHXH�QDFK�GHU�3URJQRVHNRU�
UHNWXU��EHU�����

'LH�:LUNXQJ�GHV�.RUUHNWXUJOLHGV� LVW� LQ�GHU�3KDVH�HLQHV�%HWULHEVSXQNWZHFKVHOV�GHXWOLFK
JHULQJHU��'HU�*UDG�GHU�3URJQRVHYHUEHVVHUXQJ�KlQJW�YRQ�GHU�*HVFKZLQGLJNHLW�GHV�:HFK�
VHOV�DE��:HQQ�NHLQ�VWDWLVWLVFKHV�0RGHOO�GHU�QHXHQ�%HWULHEVVLWXDWLRQ�LQ�GHU�0RGHOOGDWHQ�
EDQN�YRUKDQGHQ�LVW��NDQQ�EHL�HLQHP�VFKQHOOHQ�:HFKVHO�GLH�:LUNXQJ�GHU�3URJQRVHNRUUHN�
WXU�DXI�QXOO�DEVLQNHQ�RGHU�VRJDU�]X�HLQHU�9HUVFKOHFKWHUXQJ�GHU�3URJQRVH�I�KUHQ��,P�$Q�
VFKOX�� HLQHV� =HLWUDXPV� LQ� GHU� /lQJH� GHV� 3URJQRVHKRUL]RQWV� QDFK� HLQHU� VROFKHQ� %H�
WULHEVSXQNWlQGHUXQJ�ZLUG� MHGRFK�GDV�VWDWLVWLVFKH�0RGHOO�QHX�SDUDPHWULVLHUW��+DW�GDV�6L�
PXODWLRQVPRGHOO�GXUFK�GLH�bQGHUXQJHQ�QLFKW�VHLQH�VWUXNWXUHOOH�9DOLGLWlW�HLQJHE��W��VLQG
PLW�+LOIH�GHU�3URJQRVHNRUUHNWXU�GDQQ�ZLHGHU�]XYHUOlVVLJH�3URJQRVHQ�P|JOLFK�

%HL�KlXILJHQ�6W|UXQJHQ�XQG�%HWULHEVSXQNWZHFKVHOQ�LVW�GHU�$QVDW]�GHU�3URJQRVHNRUUHNWXU
QXU�EHGLQJW�JHHLJQHW��1XU�ZHQQ�GDV�3URGXNWLRQVV\VWHP�]ZLVFKHQ�EHNDQQWHQ�XQG�ZLHGHU�
NHKUHQGHQ�6W|UXQJV��E]Z��%HWULHEV]XVWlQGHQ�ZHFKVHOW�� LVW� HV�P|JOLFK�� I�U� YHUVFKLHGHQH
GLHVHU�=XVWlQGH�VWDWLVWLVFKH�0RGHOOH�LQ�HLQHU�'DWHQEDQN�EHUHLW]XKDOWHQ�XQG�]XU�3URJQRVH�
NRUUHNWXU�LQ�GHU�MHZHLOLJHQ�%HWULHEVSKDVH�]X�QXW]HQ�

=XVDPPHQIDVVHQG�KDW�VLFK�JH]HLJW��GD��VLFK�PLW�GHP�.RUUHNWXUJOLHG�EHL�HLQHP�VWDWLVFKHQ
6\VWHPEHWULHE��E]Z��EHL�NOHLQHUHQ�XQG� ODQJVDPHQ�%HWULHEVSXQNW��RGHU�6WUXNWXUlQGHUXQ�
JHQ�� VHKU� JXWH� ELV� JXWH�(UJHEQLVYHUEHVVHUXQJHQ� HU]LHOHQ� ODVVHQ�� %HL� VHKU� G\QDPLVFKHP
6\VWHPYHUKDOWHQ�� LQVEHVRQGHUH� EHL� HLQHP� VFKQHOOHQ� XQG� JU|�HUHQ� :HFKVHO� GHV� %H�
WULHEVSXQNWV�RGHU�EHL�KlXILJHQ�RGHU�VWDUNHQ�bQGHUXQJHQ�GHU�6WUXNWXU�GHV�3URGXNWLRQVV\�
VWHPV��LVW�GLH�:LUNXQJ�GHU�3URJQRVHNRUUHNWXU�EHJUHQ]W��'LH�*�WH�GHU�3URJQRVHNRUUHNWXU
KlQJW�GDYRQ�DE��RE�J�OWLJH�VWDWLVWLVFKH�0RGHOOH�GLHVHU�G\QDPLVFKHQ�%HWULHEVVLWXDWLRQHQ�LQ
GHU�'DWHQEDQN�EHUHLWJHKDOWHQ�XQG�JHIXQGHQ�ZHUGHQ�N|QQHQ�

������ %HZHUWXQJ�GHV�$XIZDQGHV�XQG�GHU�$N]HSWDQ]

'HU�=XVDW]DXIZDQG�I�U�GLH�(UVWHOOXQJ�GHU�3URJQRVHQ�LVW�VHKU�JHULQJ��'DV�6\VWHP�HUIRUGHUW
QXU�ZHQLJH�%HQXW]HULQWHUDNWLRQHQ�XQG�JHULQJH�5HFKHQ]HLW�I�U�GLH�3URJQRVHNRUUHNWXU��'DV
6\VWHP�LVW�VR�DXVJHOHJW��GD��GLH�$XIJDEHQ�GHU�)HKOHUNRPSHQVDWLRQ�XQG�GHU�$EVFKlW]XQJ
GHU� 3URJQRVHWUHXH� RKQH� (LQVDW]� YRQ� ([SHUWHQ� XQPLWWHOEDU� YRP� 3ODQXQJV�� RGHU� 6WHXH�
UXQJVSHUVRQDO�GXUFKJHI�KUW�ZHUGHQ�N|QQHQ��%HL�GLHVHQ�9RUJlQJHQ�VLQG�OHGLJOLFK�VWDWLVWL�
VFKH� *UXQGNHQQWQLVVH� HUIRUGHUOLFK�� GLH� OHLFKW� LP� 5DKPHQ� HLQHU� (LQI�KUXQJ� YHUPLWWHOW
ZHUGHQ�N|QQHQ��'DPLW�LVW�GHU�%HGLHQHU�LQ�GHU�/DJH�DE]XVFKlW]HQ��RE�GLH�)HKOHUNRPSHQ�
VDWLRQ�]X�EHVVHUHQ�3URJQRVHQ�I�KUW�RGHU�RE�QXU�XQJHQDXH�3URJQRVHQ�HU]LHOW�ZHUGHQ�N|Q�
QHQ��%HL�VHKU�VWDELOHQ�XQG�EHKHUUVFKWHQ�3URGXNWLRQVV\VWHPHQ�N|QQHQ�GLHVH�EHLGHQ�$XI�
JDEHQ�VRJDU� LP�$XWRPDWLNPRGXV�EHWULHEHQ�ZHUGHQ��VR�GD��NHLQH�,QWHUDNWLRQHQ�PLW�GHP
%HGLHQHU�HUIRUGHUOLFK�VLQG��,P�)DOOH�HLQHU�9HUVFKOHFKWHUXQJ�GHU�3URJQRVHWUHXH�DODUPLHUW
HLQH�LPSOHPHQWLHUWH�:DUQIXQNWLRQ�GDV�/HLWVWDQGSHUVRQDO�

'HU�$XIZDQG�I�U�GLH�(UVWHOOXQJ�HLQHV�VWDWLVWLVFKHQ�0RGHOOV�EHWUlJW�ZHQLJH�0LQXWHQ��'D
GLH�VWDWLVWLVFKHQ�0RGHOOH�LQ�GHU�0RGHOOGDWHQEDQN�DUFKLYLHUW�ZHUGHQ��N|QQHQ�VLH�I�U�PHK�
UHUH� 3URJQRVHQ� ZLHGHUYHUZHQGHW� ZHUGHQ�� )�U� GLH� (UVWHOOXQJ� GHU� VWDWLVWLVFKHQ� 0RGHOOH
VRZLH� I�U� GLH� QDFKWUlJOLFKH�%HZHUWXQJ� GHV� 3URJQRVHHUJHEQLVVHV�ZHUGHQ� YRP�%HGLHQHU
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.HQQWQLVVH��EHU�GLH�$QIRUGHUXQJHQ�XQG�5HVWULNWLRQHQ�GHU� LPSOHPHQWLHUWHQ� VWDWLVWLVFKHQ
0HWKRGHQ� JHIRUGHUW�� 'DV� HQWZLFNHOWH� 5HFKQHUZHUN]HXJ� I�KUW� GHQ� $QZHQGHU� MHGRFK
GXUFK� HLQHQ� YRUJHJHEHQHQ�$EODXI� YRQ�$QDO\VH��� 7HVW�� XQG�0RGHOOLHUXQJVVFKULWWHQ� XQG
VWHOOW�GLHVHV�:LVVHQ�EHUHLW��'HU�%HGLHQHU��EHUQLPPW�OHGLJOLFK�EHXUWHLOHQGH�XQG�EHZHUWHQ�
GH�)XQNWLRQHQ��*HVSUlFKH�PLW�SRWHQWLHOOHQ�$QZHQGHUQ�KDEHQ�HUJHEHQ��GD��GLH�QRWZHQGL�
JHQ�.HQQWQLVVH�KLHUI�U�PHLVW�LQQHUKDOE�ZHQLJHU�6WXQGHQ�YHUPLWWHOW�ZHUGHQ�N|QQHQ��+LQ]X
NRPPW��GD��GLHVH�$XIJDEHQ�QLFKW� WlJOLFK�HUOHGLJW�ZHUGHQ�P�VVHQ��(V� LVW�DOVR�QLFKW�QRW�
ZHQGLJ�� DOOH� 6\VWHPEHGLHQHU� I�U� GLHVH�$XIJDEHQ� DXV]XELOGHQ�� 'DV�:HUN]HXJ� LVW� VRPLW
SUD[LVWDXJOLFK�XQG�I�U�GHQ�IHUWLJXQJVQDKHQ�(LQVDW]�LQ�HLQHP�/HLWVWDQG�JHHLJQHW�

'HU� ,QYHVWLWLRQVDXIZDQG� LQ�GDV�6\VWHP�ORKQW�VLFK�EHL� UHJHOPl�LJHU�$QZHQGXQJ��ZLH�HV
EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�JHJHEHQ� LVW��+LHU�NRPPW�]XP�7UDJHQ��GD��VLFK
GLH� $NWXDOLVLHUXQJV]\NOHQ� GHV� 6LPXODWLRQVPRGHOOV� YHUOlQJHUQ� XQG� VLFK� GDPLW� GHU� 3IOH�
JHDXIZDQG�I�U�GDV�0RGHOO�UHGX]LHUW�



���=XVDPPHQIDVVXQJ�XQG�$XVEOLFN ���

��� =XVDPPHQIDVVXQJ�XQG�$XVEOLFN

3URGX]LHUHQGH�8QWHUQHKPHQ�VHKHQ�VLFK�KHXW]XWDJH�]XQHKPHQG�HLQHU�QHXHQ�:HWWEHZHUEV�
VLWXDWLRQ�DXVJHVHW]W��'LH�*OREDOLVLHUXQJ�GHU�0lUNWH��GLH�0RELOLWlW�GHU�5HVVRXUFHQ�XQG�GLH
JHVWLHJHQHQ�$QIRUGHUXQJHQ�GHU�.XQGHQ�UXIHQ�HLQHQ�KRKHQ�:HWWEHZHUEVGUXFN�XQWHU�GHQ
8QWHUQHKPHQ�KHUYRU��8QWHUQHKPHQ�VLQG�JHIRUGHUW��LKUH�3URGXNWH�XQG�'LHQVWOHLVWXQJHQ�LQ
KRKHU�4XDOLWlW� XQG�]X�JHULQJHQ�.RVWHQ�EHUHLW]XVWHOOHQ� VRZLH�GXUFK� ,QQRYDWLRQHQ�NRQWL�
QXLHUOLFK�XQG� VFKQHOO� DQ� QHXH�$QIRUGHUXQJHQ�XQG�5DQGEHGLQJXQJHQ� DQ]XSDVVHQ��'LHVH
:HWWEHZHUEVVLWXDWLRQ�VWHOOW�GLH�3URGXNWLRQVORJLVWLN�YRU�QHXH�+HUDXVIRUGHUXQJHQ��1HEHQ
GHQ�NODVVLVFKHQ�SURGXNWLRQVORJLVWLVFKHQ�=LHOJU|�HQ��$XVODVWXQJ��%HVWDQG��'XUFKODXI]HLW
XQG� 7HUPLQWUHXH�� KDEHQ� GLH� 7UDQVSDUHQ]� XQG� GLH�:DQGOXQJVIlKLJNHLW� GHU� 3UR]HVVH� DQ
%HGHXWXQJ�JHZRQQHQ�

'LHVH�QHXH�:HWWEHZHUEVVLWXDWLRQ��YHUEXQGHQ�PLW�HLQHU�1HXJHZLFKWXQJ�GHU�SURGXNWLRQV�
ORJLVWLVFKHQ�=LHOH��VWHOOW�QHXH�$QIRUGHUXQJHQ�DQ�:HUN]HXJH��GLH�GLH�3ODQXQJ�XQG�6WHXH�
UXQJ�YRQ�3URGXNWLRQVV\VWHPHQ�XQWHUVW�W]HQ��'LH�:HUN]HXJH�P�VVHQ�QHEHQ�GHU�2SWLPLH�
UXQJ�GHU� NODVVLVFKHQ�=LHOH� 3URGXNWLRQVVWUXNWXUHQ� XQG� ±DEOlXIH� WUDQVSDUHQW�PDFKHQ� XQG
GLH�:DQGOXQJVIlKLJNHLW� XQWHUVW�W]HQ��'LHV� EHGHXWHW�� GD�� DXFK� GLH�:HUN]HXJH� VHOEVW� DQ
YHUlQGHUWH�6WUXNWXUHQ�XQG�$EOlXIH�DQSD�EDU�VHLQ�P�VVHQ��:HJHQ�LKUHU�DQHUNDQQWHQ�9RU�
WHLOH� KLQVLFKWOLFK� 7UDQVSDUHQ]� XQG� )OH[LELOLWlW� ZLUG� ]XQHKPHQG� GLH� EHWULHEVEHJOHLWHQGH
6LPXODWLRQ� DOV� (QWVFKHLGXQJVKLOIVPLWWHO� LP� 5DKPHQ� GHU� 3URGXNWLRQVSODQXQJ� XQG
�VWHXHUXQJ�HLQJHVHW]W��6LH� VWHLJHUW�GLH�7UDQVSDUHQ]�EHL�GHU�3ODQXQJ�XQG� LVW� LQ�GHU�/DJH�
DXFK�NRPSOH[H�G\QDPLVFKH�3UR]HVVH�UHDOLVWLVFK�DE]XELOGHQ�XQG�]X�EHZHUWHQ��'HU�(LQVDW]
GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�EULQJW�MHGRFK�DXFK�1DFKWHLOH�PLW�VLFK��ZLH�EHLVSLHOV�
ZHLVH�HLQHQ�K|KHUHQ�$XIZDQG�I�U�GLH�'DWHQDNTXLVLWLRQ��0RGHOOLHUXQJ�XQG�GLH�6LPXODWL�
RQVH[SHULPHQWH�RGHU�HLQH�EHVRQGHUH�4XDOLILNDWLRQ�GHV�6\VWHPEHGLHQHUV�

*HJHQ�EHU�GHU�SODQXQJVXQWHUVW�W]HQGHQ�6LPXODWLRQ� HUJHEHQ� VLFK� I�U� GLH� EHWULHEVEHJOHL�
WHQGH� 6LPXODWLRQ� K|KHUH� $QIRUGHUXQJHQ� XQG� WHLOZHLVH� XQJ�QVWLJHUH� 5DQGEHGLQJXQJHQ�
'LH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ� VROO� LQQHUKDOE� NXU]HU�=HLW�$XVVDJHQ��EHU� GDV�hEHU�
JDQJVYHUKDOWHQ� GHU� $QODJH� QDFK� 6WHXHUXQJVHLQJULIIHQ� OLHIHUQ�� 8P� ]XU� 6WHXHUXQJ� HLQHU
$QODJH�EHL]XWUDJHQ��VLQG�ZHLWHUKLQ�GHWDLOOLHUWHUH�,QIRUPDWLRQHQ��EHLVSLHOVZHLVH��EHU�HLQ�
]HOQH� $XIWUlJH�� JHIRUGHUW�� 'LH� ,QIRUPDWLRQHQ� P�VVHQ� HLQH� KRKH� *HQDXLJNHLW� EHVLW]HQ�
=XVlW]OLFK�ZLUG�HLQH�$EVFKlW]XQJ�GHU�VWRFKDVWLVFKHQ�8QVLFKHUKHLWHQ�JHIRUGHUW�

%HL� GHU� EHWULHEVEHJOHLWHQGHQ� 6LPXODWLRQ� ZLUG� DOOHUGLQJV� PHLVW� GHU� ([SHULPHQWSODQXQJ
QLFKW�JHQ�JHQG�%HDFKWXQJ�JHVFKHQNW��%HLVSLHOVZHLVH�ZLUG�RIW� DXV�=HLWJU�QGHQ�DXI�HLQH
VWRFKDVWLVFKH� 6LPXODWLRQ� YHU]LFKWHW� XQG� VWDWW� GHVVHQ� GHWHUPLQLVWLVFK� VLPXOLHUW�� +LQ]X
NRPPW��GD��RIW�QLFKW�GLH�4XDOLILNDWLRQ�XQG�GLH�=HLW�YRUKDQGHQ�VLQG��HLQ�6LPXODWLRQVPR�
GHOO�UHJHOPl�LJ�DQ�VLFK�lQGHUQGH�$EOlXIH�XQG�6WUXNWXUHQ�LQ�GHU�3URGXNWLRQ�DQ]XSDVVHQ�
ZRPLW�GDV�0RGHOO�VHLQH�9DOLGLWlW�YHUOLHUW��,Q�GHU�5HJHO�ZHUGHQ�VWDWLVWLVFKH�6WDQGDUGYHU�
IDKUHQ�]XU�$XVZHUWXQJ�KHUDQJH]RJHQ��GLH�VWRFKDVWLVFKH�%HVRQGHUKHLWHQ�GHU�'DWHQ�QLFKW
EHU�FNVLFKWLJHQ��'LHVHV�9RUJHKHQ�I�KUW�LQ�GHU�5HJHO�]X�IHKOHUEHKDIWHWHQ�3URJQRVHQ��$X�
�HUGHP�IHKOHQ�]XYHUOlVVLJH�$QJDEHQ��EHU�GLH�]X�HUZDUWHQGHQ�VWRFKDVWLVFKHQ�3URJQRVHXQ�
VLFKHUKHLWHQ��+LQ]X�NRPPW��GD��JHHLJQHWH�9LVXDOLVLHUXQJVYHUIDKUHQ�I�U�VWRFKDVWLVFKH�(U�
JHEQLVVH�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�IHKOHQ��*HULQJH�$N]HSWDQ]�RGHU�)HKOLQWHU�
SUHWDWLRQHQ�GXUFK�GHQ�%HGLHQHU�N|QQHQ�GLH�)ROJH�VHLQ�
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����� (UJHEQLVVH�GHU�YRUOLHJHQGHQ�$UEHLW

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�ZXUGH�GDV�.RQ]HSW� HLQHV�3URJQRVHV\VWHPV� I�U� GLH
3URGXNWLRQVRSWLPLHUXQJ�HQWZLFNHOW��:HLWHUKLQ�ZXUGHQ�$QVlW]H�DXV�GHQ�%HUHLFKHQ�([SH�
ULPHQWSODQXQJ��0RGHOOLHUXQJ�XQG�$XVZHUWXQJ�HQWZLFNHOW��PLW�GHQHQ�GLH�$QIRUGHUXQJHQ
DQ�GLH�EHWULHEVEHJOHLWHQGH�6LPXODWLRQ�HUI�OOW�ZHUGHQ�

8P�GLH�VHKU�KRKHQ�$QIRUGHUXQJHQ�DQ�(UJHEQLVJ�WH�XQG�$QWZRUW]HLWHQ�]X�HUI�OOHQ��PX�
GLH�([SHULPHQWSODQXQJ�HIIHNWLY�XQG�HIIL]LHQW�JHVWDOWHW�ZHUGHQ��(V�ZXUGHQ�HLQ�HIIL]LHQWHV
9HUIDKUHQ�VRZLH�VFKO�VVLJH�.RQ]HSWH�HQWZLFNHOW��PLW�GHQHQ�GHU�6LPXODWLRQVDXIZDQG�UH�
GX]LHUW�ZHUGHQ�NDQQ��RKQH�XQ]XOlVVLJH�(LQEX�HQ�DQ�(UJHEQLVTXDOLWlW�]X�HUOHLGHQ��.HUQ�
SXQNWH�GHV�.RQ]HSWV�VLQG�HLQ�([SHULPHQWUDKPHQ��HLQ�0RGXO�]XU�.RQILJXUDWLRQ�HLQHV�JH�
HLJQHWHQ�6LPXODWLRQVPRGHOOV�VRZLH�HLQ�%DXNDVWHQ�PLW�$XVZHUWH��XQG�9LVXDOLVLHUXQJVPR�
GXOHQ�

6SH]LHOO�ZHQQ�EHL�GHU�EHWULHEVEHJOHLWHQGHQ�6LPXODWLRQ�VWRFKDVWLVFKH�6LPXODWLRQVPRGHOOH
]XP� (LQVDW]� NRPPHQ�� LVW� GDUDXI� ]X� DFKWHQ�� GD�� GLHVH� HIIHNWLY� XQG� HIIL]LHQW� VLQG�� 'DV
KHL�W��GLH�6LPXODWLRQVPRGHOOH�VROOHQ�HLQH�KRKH�(UJHEQLVJ�WH�XQG�HLQH�NXU]H�$QWZRUW]HLW
GHU� 6LPXODWLRQ� HUP|JOLFKHQ�� =XU� (UI�OOXQJ� GLHVHU� $QIRUGHUXQJHQ� ZXUGHQ� 0RGHOOLH�
UXQJVW\SHQ� HQWZLFNHOW�� GLH� YHUVFKLHGHQHQ� )UDJHVWHOOXQJHQ� GHU� 3URGXNWLRQVRSWLPLHUXQJ
JHUHFKW�ZHUGHQ��:HLWHUKLQ�ZXUGH�HLQ�.DWDORJ�VSH]LHOOHU�0RGHOOLHUXQJVWHFKQLNHQ�HQWZLN�
NHOW��PLW�GHQHQ�0RGHOOH�HUVWHOOW�ZHUGHQ�N|QQHQ��GLH�HIIL]LHQW�XQG�VWRFKDVWLVFK�YDOLGH�VLQG�

'LH�VWRFKDVWLVFKH�6LPXODWLRQ�LVW�MHGRFK��JHUDGH�ZHQQ�NXU]H�$QWZRUW]HLWHQ�JHIRUGHUW�ZHU�
GHQ��XQJHHLJQHW��ZHLO�VLH�HLQH�9LHO]DKO�YRQ�/lXIHQ�HUIRUGHUW��$XV�GLHVHP�*UXQG�ZXUGHQ
.RQ]HSWH�XQG�SUD[LVJHUHFKWH� VWDWLVWLVFKH�9HUIDKUHQ�HQWZLFNHOW�� GLH�(UIDKUXQJVGDWHQ� ]XU
3URJQRVHNRUUHNWXU�XQG�]XU�$EVFKlW]XQJ�GHU�VWRFKDVWLVFKHQ�3URJQRVHXQVLFKHUKHLWHQ�QXW�
]HQ�� )DOOV� DOOHUGLQJV� NHLQ� (UIDKUXQJVZLVVHQ� YRUOLHJW�� ZHQQ� VLFK� GLH� 3URGXNWLRQVDQODJH
EHLVSLHOVZHLVH� LQ� HLQHP�QHXHQ�%HWULHEVSXQNW� EHILQGHW��PX�� DXFK� EHL� NXU]IULVWLJHQ� 3OD�
QXQJHQ�VWRFKDVWLVFK�VLPXOLHUW�ZHUGHQ��$QGHUV�YHUKlOW�HV�VLFK�EHL�PLWWHO��XQG�OlQJHUIULVWL�
JHQ�3ODQXQJVKRUL]RQWHQ��,Q�GLHVHP�)DOO�KlQJW�HV�YRP�3ODQXQJV]LHO�DE��RE�VWRFKDVWLVFKH
(IIHNWH� LQ�GDV�6LPXODWLRQVPRGHOO� HLQEH]RJHQ�ZHUGHQ� VROOWHQ��+LHUI�U�ZHUGHQ�(QWVFKHL�
GXQJVKLOIHQ�JHJHEHQ�

=XP�$EVFKOX��GHU�$UEHLWHQ�ZXUGHQ�GLH�.RQ]HSWH�SURWRW\SHQKDIW�DOV�6RIWZDUHZHUN]HXJ
LPSOHPHQWLHUW� XQG� HLQHP� 7HVW� XQWHU]RJHQ�� 'LH� %HGLHQREHUIOlFKH� GHV� ([SHULPHQWSOD�
QXQJV��XQG��VWHXHUXQJVV\VWHPV�ZXUGH�DOV�3URWRW\SHQ�UHDOLVLHUW�XQG�LP�5DKPHQ�YRQ�'H�
PRQVWUDWLRQHQ�XQG�,QWHUYLHZV�PLW�SRVLWLYHP�(UJHEQLV�DXI�$N]HSWDQ]�JHSU�IW��$X�HUGHP
ZXUGH� HLQ� 6RIWZDUHSURWRW\S� GHU� DXWRPDWLVFKHQ� 0RGHOOJHQHULHUXQJ� XQG� �NRQILJXUDWLRQ
HQWZLFNHOW��8QWHU�/DERUEHGLQJXQJHQ�NRQQWH�JUXQGVlW]OLFK�GLH�9DOLGLWlW�GHU�HQWZLFNHOWHQ
0RGHOOLHUXQJVDQVlW]H� XQG� GLH� 3ODXVLELOLWlW� GHU� HU]LHOWHQ� (UJHEQLVVH� QDFKJHZLHVHQ�ZHU�
GHQ�� ,QVEHVRQGHUH� GDV� I�U� GDV�*HVDPWNRQ]HSW� ]HQWUDOH�0RGXO� ]XU�$XVZHUWXQJ�� )HKOHU�
NRPSHQVDWLRQ�XQG�9LVXDOLVLHUXQJ�ZXUGH�DOV�6RIWZDUHZHUN]HXJ�UHDOLVLHUW�XQG�HLQHP�7HVW
XQWHU�GHQ�%HGLQJXQJHQ�HLQHV�SUDNWLVFKHQ�(LQVDW]HV�XQWHU]RJHQ�

'DV�0RGXO� EHVLW]W� DXFK� XQWHU� 3UD[LVEHGLQJXQJHQ� HLQHQ� HUKHEOLFKHQ� 1XW]HQ�� (V� HLJQHW
VLFK�YRU�DOOHP�EHLP�(LQVDW]�LP�5DKPHQ�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�XQG�I�U
GLH�%HUHFKQXQJ�NXU]IULVWLJHU�7HUPLQSURJQRVHQ��%HVRQGHUV�EHL� VWDELOHQ��HLQJHVFKZXQJH�
QHQ�)HUWLJXQJVDQODJHQ�ZHUGHQ�VHKU�JXWH�3URJQRVHHUJHEQLVVH�HU]LHOW��$XFK�ZHQQ�GDV�6\�
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VWHP�]ZLVFKHQ�EHNDQQWHQ�%HWULHEV]XVWlQGHQ�ZHFKVHOW�� LVW�HLQH�JXWH�)HKOHUNRPSHQVDWLRQ
XQG�6FKlW]XQJ�GHU�6WRFKDVWLN�P|JOLFK��%HL�HLQHU�7HVWDQZHQGXQJ�NRQQWHQ�RKQH�3URJQR�
VHNRUUHNWXU�QXU�����GHU�)HUWLJXQJVWHUPLQH� LQQHUKDOE�HLQHV�7ROHUDQ]EDQGV�YRQ�����]ZHL
7DJHQ�SURJQRVWL]LHUW�ZHUGHQ��0LW� 3URJQRVHNRUUHNWXU�ZDUHQ� HV� GDJHJHQ� �����'LH�$XV�
ZHUWXQJ� EH]RJ� VLFK� DXI� HLQHQ� 3URJQRVHKRUL]RQW� YRQ� ��� $UEHLWVWDJHQ�� %HL� ]HKQ� 7DJHQ
3URJQRVHKRUL]RQW�EHWUXJ�GLH�9RUKHUVDJHWUHXH�QDFK�3URJQRVHNRUUHNWXU�VRJDU��EHU�����
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%LOG������ $GDSWLYHV�VWRFKDVWLVFKHV�3URJQRVHV\VWHP�DXI�%DVLV�GHU
EHWULHEVEHJOHLWHQGHQ�$EODXIVLPXODWLRQ

%HL�)HUWLJXQJVV\VWHPHQ�PLW�YDULDEOHU�6WRFKDVWLN� LVW�GHU�$QVDW]�GHU�)HKOHUNRPSHQVDWLRQ
QLFKW�]LHOI�KUHQG��,Q�GLHVHP�)DOO�I�KUW�GLH�VWRFKDVWLVFKH�6LPXODWLRQ�PLW�GHQ�REHQ�JHVFKLO�
GHUWHQ�$QVlW]HQ�]XU�0RGHOOLHUXQJ�XQG�([SHULPHQWSODQXQJ�]X�JXWHQ�(UJHEQLVVHQ��1XU�LP
%HUHLFK�GHU�.XU]IULVWSODQXQJ�N|QQHQ�.RQIOLNWH�]ZLVFKHQ�(UJHEQLVJHQDXLJNHLW�E]Z��VWR�
FKDVWLVFKHU�$EVLFKHUXQJ�XQG�$QWZRUW]HLW�DXIWUHWHQ��:HQQ�GLHVH�.RPELQDWLRQ�DXV�5DQG�
EHGLQJXQJHQ� XQG� $QIRUGHUXQJHQ� YRUOLHJW�� VROOWH� YHUVXFKW� ZHUGHQ�� GLH� 9DULDELOLWlW� GHU
6WRFKDVWLN�GXUFK�GLH�EHNDQQWHQ�WHFKQLVFKHQ�XQG�RUJDQLVDWRULVFKHQ�0D�QDKPHQ�GHV�4XD�
OLWlWVPDQDJHPHQWV�]X�UHGX]LHUHQ�

����� 6WHOOHQZHUW�GHU�)RUVFKXQJVHUJHEQLVVH�XQG�NULWLVFKH�:�UGLJXQJ

:LH� HLQH� HPSLULVFKH� 6WXGLH� GHV� ,QVWLWXWV� I�U�:HUN]HXJPDVFKLQHQ� XQG� %HWULHEVZLVVHQ�
VFKDIWHQ��LZE��XQWHU�$QZHQGHUQ�]HLJWH��VWHOOHQ�GLH�$VSHNWH�Ä$XIZDQG�I�U�0RGHOOLHUXQJ
XQG� 0RGHOOSIOHJH³� VRZLH� Ä4XDOLILNDWLRQVDQIRUGHUXQJHQ� DQ� GHQ� %HGLHQHU³� ELVODQJ� GLH
JU|�WHQ�+LQGHUQLVVH�EH]�JOLFK�HLQHU�ZHLWHUHQ�9HUEUHLWXQJ�GHU�6LPXODWLRQ�EHLP�EHWULHEV�
EHJOHLWHQGHQ�(LQVDW]�GDU��5(,1+$57�(7�$/���������,Q�GLUHNWHQ�*HVSUlFKHQ�PLW�3URGXNWL�
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RQVSODQHUQ�XQG��VWHXHUHUQ�KDW�VLFK� LPPHU�ZLHGHU�JH]HLJW��GD��H[DNWH�7HUPLQSURJQRVHQ�
VRZRKO�KLQVLFKWOLFK�GHV�/LHIHU]HLWSXQNWV�DOV�DXFK�GHV�0DWHULDOEHGDUIV��HLQH�]XQHKPHQGH
5ROOH�LQ�VFKODQNHQ�)HUWLJXQJVXQWHUQHKPHQ�VSLHOHQ��1XU�ZHQQ�HV�P|JOLFK�LVW��H[DNWH�7HU�
PLQSURJQRVHQ� �EHU� 3URGXNWLRQVDXIWUlJH� ]X� HUVWHOOHQ�� N|QQHQ� 3XIIHU]HLWHQ� LP� 3URGXNWL�
RQVDEODXI�RKQH�HLQH�9HUVFKOHFKWHUXQJ�GHU�7HUPLQWUHXH�UHGX]LHUW�ZHUGHQ��'DGXUFK�UHGX�
]LHUHQ�VLFK�'XUFKODXI]HLWHQ�XQG�8PODXIEHVWlQGH��(LQH�6WXGLH�GHV�,QVWLWXWV�I�U�7HFKQROR�
JLH�XQG�0DQDJHPHQW�GHU�78�%HUOLQ�EHVWlWLJW��GD�� LQ�=XNXQIW� OHLVWXQJVIlKLJH�3URJQRVH�
YHUIDKUHQ� I�U� GLH� /RJLVWLN� HLQHQ� KRKHQ� 6WHOOHQZHUW� HUODQJHQ�ZHUGHQ� �%$80*$57(1�	
%(1=�������6������

,Q�GHQ�YHUJDQJHQHQ�-DKUHQ�KDEHQ�VLFK�VLPXODWLRQVEDVLHUWH�6\VWHPH�]XU�3URGXNWLRQVVWHXH�
UXQJ�ZHLWHU�HWDEOLHUW��'XUFK�GLH� ,PSOHPHQWLHUXQJ�GHU� LP�5DKPHQ�GLHVHU�$UEHLW� HQWZLN�
NHOWHQ� .RQ]HSWH� LQ� GLHVH� 6\VWHPH� ODVVHQ� VLFK� GLH� 3ODQXQJVJ�WH� VRZLH� GDV� $XI�
ZDQG�1XW]HQ�9HUKlOWQLV�GHXWOLFK�YHUEHVVHUQ��'XUFK�GDV�*HVDPWNRQ]HSW�GHV�3URJQRVHV\�
VWHPV�PLW�VHLQHQ�0RGXOHQ�NRQQWH�QDFKJHZLHVHQ�ZHUGHQ��GD��I�U�NRQNUHWH�$QZHQGXQJV�
IlOOH�VLFKHUH�3URJQRVHQ��EHU�)HUWLJXQJVDXIWUlJH�HIIL]LHQW�HUVWHOOW�ZHUGHQ�N|QQHQ��,P�HLQ�
]HOQHQ�ZXUGH�GLH�/HLVWXQJVIlKLJNHLW�GHU�)HKOHUNRPSHQVDWLRQ��GLH�(IIL]LHQ]�GHU�VSH]LHOOHQ
0RGHOOLHUXQJVWHFKQLNHQ� VRZLH� GLH� %HGLHQHUIUHXQGOLFKNHLW� XQG� $N]HSWDQ]� GHV� ([SHUL�
PHQWSODQXQJVV\VWHPV�XQG�GHU�%HQXW]HUREHUIOlFKHQ�QDFKJHZLHVHQ��'HU�$XIZDQG�I�U�GHQ
(LQVDW]� GHV� 6\VWHPV� LVW� JHULQJ�� YHUJOLFKHQ� PLW� GHU� $OWHUQDWLYH�� HLQ� 6LPXODWLRQVPRGHOO
GXUFK�PDQXHOOH�0RGHOOSIOHJH�WlJOLFK�DNWXHOO�]X�KDOWHQ��,Q�JHZLVVHQ�*UHQ]HQ�XQG�EHL�JH�
ULQJHQ� XQG� ODQJVDPHQ�bQGHUXQJHQ� GHV�%HWULHEVSXQNWHV� RGHU� GHU� 3URGXNWLRQVVWUXNWXUHQ
EOHLEW�GLH�KRKH�3URJQRVHWUHXH�HUKDOWHQ��'DV�.RQ]HSW�LVW�VRPLW�JUXQGVlW]OLFK�JHHLJQHW��]X
HLQHU�9HUEHVVHUXQJ�GHU�/RJLVWLN�LQ�3URGXNWLRQVXQWHUQHKPHQ�EHL]XWUDJHQ�

'DV�6\VWHP�LVW�VR�NRQ]LSLHUW��GD��HV�I�U�HLQH�9LHO]DKO�XQWHUVFKLHGOLFKHU�$QZHQGXQJVIlOOH
GHU�WDNWLVFKHQ�XQG�RSHUDWLYHQ�3URGXNWLRQVRSWLPLHUXQJ�XQG�I�U�YHUVFKLHGHQH�3URGXNWLRQV�
V\VWHPH�HLQJHVHW]W�ZHUGHQ�NDQQ��'HU�$EVWUDNWLRQVJUDG�GHU�YHUZHQGHWHQ�0RGHOOH�LVW�VND�
OLHUEDU�� VR� GD�� GHU� ELVODQJ� JHOWHQGH�:LGHUVSUXFK� ]ZLVFKHQ�KRKHP�'HWDLOOLHUXQJVJUDG
XQG�*HQDXLJNHLW�GHU�3URJQRVHQ�DXI�GHU�HLQHQ�6HLWH�XQG�NXU]HU�$QWZRUW]HLW�GHV�3UR�
JQRVHV\VWHPV�DXI�GHU�DQGHUHQ�6HLWH�I�U�GLH�ZLFKWLJVWHQ�$QZHQGXQJVIlOOH�HQWNUlIWHW�ZLUG�

-HGRFK�LVW�]X�EHDFKWHQ��GD��GDV�6\VWHP�I�U�MHGH�$QZHQGXQJ�VSH]LHOO�NRQILJXULHUW�ZHUGHQ
PX��� ,P� ([SHULPHQWSODQXQJVV\VWHP�P�VVHQ� GLH� )UHLKHLWVJUDGH� GHU� ([SHULPHQWSODQXQJ
GXUFK� GHQ�([SHULPHQWUDKPHQ�GHILQLHUW�ZHUGHQ��+LHUI�U� VLQG� GLH�$XVZDKOOLVWHQ� XQG� GLH
'HVLJQ�VKHHWV� DQ]XSDVVHQ��$X�HUGHP� LVW� GHU�6LPXODWLRQVEDXVWHLQNDVWHQ� XP�0RGHOOEDX�
VWHLQH�GHU�VSH]LILVFKHQ�5HVVRXUFHQ�GHV�3URGXNWLRQVV\VWHPV�]X�HUZHLWHUQ��'DV�0RGXO�]XU
)HKOHUNRPSHQVDWLRQ�ZLUG� LP�5DKPHQ� HLQHU� ,QLWLDOLVLHUXQJVSKDVH� NRQILJXULHUW�� ,Q� GLHVHU
3KDVH�ZHUGHQ�VWDWLVWLVFKH�0RGHOOH�I�U�W\SLVFKH�%HWULHEV]XVWlQGH�GHV�3URGXNWLRQVV\VWHPV
DXV�(UIDKUXQJVGDWHQ�XQG�6LPXODWLRQVGDWHQ�EHUHFKQHW�XQG�LQ�GHU�0RGHOOGDWHQEDQN�DUFKL�
YLHUW��6FKOLH�OLFK�ZLUG�GHU�.DWDORJ�YRQ�0HWKRGHQ�XQG�9HUIDKUHQ�]XU� VWDWLVWLVFKHQ�$XV�
ZHUWXQJ� XQG� 9LVXDOLVLHUXQJ� QDFK� %HGDUI� HUJlQ]W�� 'LHVH� (UVWLQVWDOODWLRQ� NDQQ� MH� QDFK
*U|�H�XQG�.RPSOH[LWlW�GHV�3URGXNWLRQVV\VWHPV�HLQLJH�7DJH�3URJUDPPLHUDXIZDQG�HUIRU�
GHUQ�

1HEHQ�GHV�HLJHQWOLFKHQ�=ZHFNV�GHV�6\VWHPV�HUJHEHQ�VLFK�I�U�7HLOPRGXOH�GHV�.RQ]HSWV
ZHLWHUH� $QZHQGXQJVSHUVSHNWLYHQ�� %HLVSLHOVZHLVH� NDQQ� GDV� 0RGXO� ]XU� $XVZHUWXQJ�
)HKOHUNRPSHQVDWLRQ� XQG�9LVXDOLVLHUXQJ�RKQH� NRQ]HSWXHOOH�0RGLILNDWLRQHQ� DXFK�PLW� HL�
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QHP� 336�� RGHU� /HLWVWDQGV\VWHP� DQVWHOOH� HLQHV� 6LPXODWLRQVV\VWHPV� JHNRSSHOW� ZHUGHQ�
:HLWHUKLQ�NDQQ�GLHVHV�0RGXO�DXFK�LP�5DKPHQ�GHU�9DOLGLHUXQJ�YRQ�6LPXODWLRQVPRGHOOHQ
]XU�$QDO\VH�GHU�$EZHLFKXQJHQ�]ZLVFKHQ�0RGHOO�XQG�5HDOLWlW�HLQJHVHW]W�ZHUGHQ�

����� $XVEOLFN

0LW� GHU� YRUOLHJHQGHQ� $UEHLW� OLHJHQ� JUXQGOHJHQGH� 5DKPHQNRQ]HSWH� XQG� HUVWH� 5HDOLVLH�
UXQJVHUJHEQLVVH�EH]�JOLFK�GHU�JHZlKOWHQ�$QVlW]H�YRU��9RU�HLQHU�8PVHW]XQJ�LQ�HLQ�DOOJH�
PHLQJ�OWLJHV�XQG�XQWHU�YHUVFKLHGHQHQ�%HGLQJXQJHQ�SUD[LVWDXJOLFKHV�:HUN]HXJ�VLQG�QRFK
ZHLWHUH� )RUVFKXQJVDUEHLWHQ� HUIRUGHUOLFK�� %HLVSLHOVZHLVH� IHKOHQ� QRFK� $UEHLWHQ�� ZLH� GLH
HU]LHOWHQ�(UJHEQLVVH�PLW�9HUIDKUHQ�GHU�NODVVLVFKHQ�([SHULPHQWSODQXQJ�I�U�GHQ�EHWULHEV�
EHJOHLWHQGHQ�(LQVDW]�GHU�6LPXODWLRQ� LQWHJULHUW�ZHUGHQ�N|QQHQ��)HUQHU� VROOWHQ�QRFK�)RU�
VFKXQJVDUEHLWHQ�KLQVLFKWOLFK�GHV�9HUJOHLFKV�YRQ�VWRFKDVWLVFKHQ�6LPXODWLRQVH[SHULPHQWHQ
GXUFKJHI�KUW�ZHUGHQ�

+LQVLFKWOLFK� GHU� $EVWUDNWLRQ� YRQ� 6LPXODWLRQVPRGHOOHQ� VLQG� HUJlQ]HQGH� $UEHLWHQ� PLW
ZHLWHUI�KUHQGHQ�0RGHOODEVWUDNWLRQHQ� VLQQYROO�� (LQ� JXWHU� $QVDW]�� GHU� HLQHQ� 1XW]HQ� I�U
GDV�YRUJHVWHOOWH�3URJQRVHV\VWHP�YHUVSULFKW��LVW�GLH�KLHUDUFKLVFKH�0RGHOOLHUXQJ��/8/$<�	
5(,1+$57� ������� ,P� 5DKPHQ� GLHVHU� $UEHLWHQ� ZHUGHQ� DXFK� /|VXQJHQ� HQWZLFNHOW�� ZLH
XQWHUVFKLHGOLFK� DEVWUDNWH� 6LPXODWLRQVEDXVWHLQH� HLQ� XQG� GHV� VHOEHQ� 3URGXNWLRQVEHUHLFKV
PLW�JHULQJHP�$XIZDQG�NRQVLVWHQW�JHKDOWHQ�ZHUGHQ�N|QQHQ�

6FKOLH�OLFK� IHKOHQ� QRFK� HUJlQ]HQGH� $UEHLWHQ� ]XU� DXWRPDWLVFKHQ� 0RGHOOJHQHULHUXQJ�
:LFKWLJ� LVW� HV� YRU� DOOHP�� GD�� GLH� 6WUDWHJLHQ�� EHLVSLHOVZHLVH� ]XU� YRUEHXJHQGHQ� ,QVWDQG�
KDOWXQJ��6W|UXQJVPDQDJHPHQW�XQG�4XDOLWlWVVLFKHUXQJ�LGHQWLIL]LHUW�XQG�PRGHOOLHUW�ZHUGHQ
�6(/.(��������'DPLW�Z�UGH�GDV�DXWRPDWLVFK�JHQHULHUWH�0RGHOO�GLH�)OH[LELOLWlW�XQG�5HDN�
WLRQVIlKLJNHLW�GHU�UHDOHQ�6WUXNWXUHQ�XQG�$EOlXIH�LP�+LQEOLFN�DXI�VWRFKDVWLVFKH�(LQIO�VVH
EHVVHU�ZLHGHUJHEHQ��'LHV�Z�UGH�VLFK�SRVLWLY�DXI�GLH�3URJQRVHJ�WH�DXVZLUNHQ�
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%h1,1*�����
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%85*(5�����
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,QIRUPDWLRQVV\VWHPHQ��%HUOLQ��6SULQJHU��������LZE�)RUVFKXQJVEHULFKWH�1U������

&$552//�	�5833(57�����
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&5('/(�����
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&87+%(57�	�:22'�����
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'(&.(5�	�0$57,1�����
'HFNHU�)��0DUWLQ��&���6LPXODWLRQ�VFKDIIW�7UDQVSDUHQ]��,Q��'LH�QHXH�)DEULN��PL
6RQGHUSXEOLNDWLRQ��/DQGVEHUJ�������6��������

'5$3(5�	�60,7+�����
'UDSHU��1��5���6PLWK��+���$SSOLHG�5HJUHVVLRQ�$QDO\VLV���QG�(GLWLRQ��1HZ�<RUN�
-RKQ�:LOH\�	�6RQV������

'85%,1�����
'XUELQ��-���7HVWLQJ�IRU�6HULDO�&RUUHODWLRQ�LQ�/HDVW�6TXDUHV�5HJUHVVLRQ�
(FRQRPHWULFD������������6����������
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(8/(1%(5*(5�	�$8*867,1�����
(XOHQEHUJHU��/���$XJXVWLQ��+���6LPXODWLRQ�LQ�336�6\VWHPHQ��9',�=������������
�����6��������

(9(56+(,0�	�6&+8+�����
(YHUVKHLP��:���+UVJ����6FKXK��*���+UVJ����%HWULHEVK�WWH���3URGXNWLRQ�XQG
0DQDJHPHQW��7HLO����%HUOLQ��6SULQJHU������

)HOGPDQQ�HW�DO������
)HOGPDQQ��.���5DXK��(���&ROOLVL��7���6WHLQZDVVHU��3���0RGXODU�7RRO�IRU�6LPXODWLRQ
3DUDOOHO�WR�3URGXFWLRQ�3ODQQLQJ��3URFHHGLQJV�RI�WKH���WK�,$67(7�,QWHUQDWLRQDO
&RQIHUHQFH�RQ�0RGHOLQJ�,GHQWLILFDWLRQ�DQG�&RQWURO��,QQVEUXFN������

),6&+(5�����
)LVFKHU��-���'LH�VWDWLVWLVFKH�$XVZHUWXQJ�YRQ�6LPXODWLRQVGDWHQ��,Q��)HOGPDQQ��.��
6FKPLGW��%���+UVJ����6LPXODWLRQ�LQ�GHU�)HUWLJXQJVWHFKQLN��%HUOLQ�������6�����
����

)g//,1*(5�����
)|OOLQJHU��2���5HJHOXQJVWHFKQLN��+HLGHOEHUJ������

*($5<�����
*HDU\��5�&���5HODWLYH�(IILFLHQF\�RI�&RXQW�RI�6LJQ�&KDQJHV�IRU�$VVHVVLQJ
5HVLGXDOV�$XWRUHJUHVVLRQ�LQ�/HDVW�6TXDUHV�5HJUHVVLRQ��%LRPHWULFD������������6�
��������

*2/')(/'�	�48$1'7�����
*ROGIHOG��6��0���4XDQGW��5��(���6RPH�7HVWV�IRU�+RPRVFHGDVWLFLW\��-RXUQDO�RI�WKH
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ������������6����������

*266(/�����
*RVVHO��2���6WHLJHUXQJ�GHU�*HQDXLJNHLW�YRQ�,QGXVWULHURERWHUQ�EDVLHUHQG�DXI�HLQHU
GXUFKJlQJLJHQ�*HQDXLJNHLWVDQDO\VH��'LVVHUWDWLRQ�78�+DPEXUJ�+DUEXUJ������

*58%(5�����
*UXEHU��-���5HJUHVVLRQVDQDO\VH�,��6NULSWXP�GHU�)HUQXQLYHUVLWlW��
*HVDPWKRFKVFKXOH���LQ�+DJHQ��)DFKEHUHLFK�:LUWVFKDIWVZLVVHQVFKDIW�������

*h1=(/�����
*�Q]HO��8ZH��(QWZLFNOXQJ�XQG�(LQVDW]�HLQHV�6LPXODWLRQVYHUIDKUHQV�I�U
RSHUDWLYH�XQG�VWUDWHJLVFKH�3UREOHPH�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�
0�QFKHQ��&DUO�+DQVHU��������)HUWLJXQJVWHFKQLN�(UODQJHQ�1U�����

+$&.67(,1�����
+DFNVWHLQ��5���3URGXNWLRQVSODQXQJ�XQG�±VWHXHUXQJ��336���(LQ�+DQGEXFK�I�U�GLH
%HWULHEVSUD[LV��'�VVHOGRUI��9',�9HUODJ������

+$5/$1'�	�.8+1�����
+DUODQG��-���.XKQ��$���+UVJ����/RJLVWLNRULHQWLHUWH�0DWHULDOIOX�UHJHOXQJ���(LQ
%HLWUDJ�]XU�JDQ]KHLWOLFKHQ��SHUPDQHQWHQ�*HVWDOWXQJ�YRQ�)HUWLXQJVV\VWHPHQ�
'RUWPXQG��3UD[LVZLVVHQ��������8QWHUQHKPHQVORJLVWLN�
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+$5781*�����
+DUWXQJ��-���6WDWLVWLN������GXUFKJHVHKHQH�$XIODJH��0�QFKHQ��2OGHQERXUJ������

+(,1+2/'�	�*$('(�����
+HLQKROG��-���*DHGH��.��:���,QJHQLHXU�6WDWLVWLN�0�QFKHQ��2OGHQERXUJ������

+(,70$11�����
+HLWPDQQ��.���8VLQJ�6WDWLVWLFDO�0HWKRGV�WR�,PSURYH�3UHGLFWLRQ�LQ�6LPXODWLRQ�
%DVHG�6FKHGXOLQJ��,Q��%UHLWHQHFNHU��)����+XVLQVN\��,���HGV���3URF��(8526,0����
9LHQQD��$PVWHUGDP��(OVHYLHU�6FLHQFH�3XEOLVKHUV�%�9���������6�����������

+(,70$11�����
+HLWPDQQ��.���$EODXIVLPXODWLRQ�OHLFKW�JHPDFKW��'LH�1HXH�)DEULN���0RGHOOIDEULN
DOV�'HQNPRGHOO��PL�9HUODJ������6��������

+2)(5�	�/81'(567('7�����
+RIHU��(���/XQGHUVWHGW��5���1XPHULVFKH�9HUIDKUHQ�GHU�2SWLPLHUXQJ��0�QFKHQ�
2OGHQERXUJ������

+25181*�	�/$$.0$11�����
+RUQXQJ��9���/DDNPDQQ��-���$DFKHQHU�336�0RGHOO��$DFKHQ��6RQGHUGUXFN�GHV�ILU
�����

,1021�	�+$.$7+251�����
,QPRQ��:�+���+DNDWKRUQ��5�'���8VLQJ�WKH�'DWD�:DUHKRXVH��1HZ�<RUN��-RKQ
:LOH\�	�6RQV������

-8'*(�(7�$/������
-XGJH��*�*���*ULIILWK��:�(���+LOO��5�&���7KH�7KHRU\�DQG�3UDFWLFH�RI�(FRQRPHWULFV�
1HZ�<RUN��:LOH\������

./(,-1(1�����
.OHLMQHQ��-�3�&���6WDWLVWLFDO�7RROV�IRU�6LPXODWLRQ�3UDFWLWLRQHUV��1HZ�<RUN��0DUFHO
'HNNHU������

./(,-1(1�����
.OHLMQHQ��-�3�&���6LPXODWLRQ��5XQOHQJWK�6HOHFWLRQ�DQG�9DULDQFH�5HGXFWLRQ
7HFKQLTXHV��,Q��3URFHHGLQJV�RI�WKH�1$72�$GYDQFHG�6WXG\�,QVWLWXWH�RQ�&XUUHQW
,VVXHV�DQG�&KDOODQJHV�LQ�WKH�5HOLDELOLW\�DQG�0DLQWHQDQFH�RI�&RPSOH[�6\VWHPV�
.HPHU�$QWDO\D��������������6����������

./(,-1(1�	�*52(1(1'$$/�����
.OHLMQHQ��-��3��&���*URHQHQGDDO��:��Y���6LPXODWLRQ���$�6WDWLVWLFDO�3HUVSHFWLYH�
&KLFKHVWHU��:LOH\������

.2%</.$�	�:,57+�����
.RE\OND��$���:LUWK��6���%HLWUDJ�]XU�DGDSWLYHQ�.RSSOXQJ�YRQ�VWDWLVFKHU�XQG�G\QD�
PLVFKH�)DEULNSODQXQJVVRIWZDUH��,QVWLWXW�I�U�%HWULHEVZLVVHQVFKDIWHQ�XQG�)DEULN�
V\VWHPH��78�&KHPQLW]��������:LVVHQVFKDIWOLFKH�6FKULIWHQUHLKH�GHV�,QVWLWXWV�I�U
%HWULHEVZLVVHQVFKDIWHQ�XQG�)DEULNV\VWHPH��+HIW�����
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.2+/(5�����
.RKOHU��8���(IIL]LHQWHV�3ODQHQ�VHQNW�GLH�3URGXNWLRQVNRVWHQ�±�'XUFKJlQJLJH
0DWHULDOIOX���XQG�/RJLVWLNSODQXQJ��,QGXVWULHDQ]HLJHU�������1U�������6��������

/$:�	�.(/721�����
/DZ��$�0���.HOWRQ��:�'���6LPXODWLRQ�0RGHOOLQJ�DQG�$QDO\VLV�����$XIODJH��1HZ
<RUN��0F*UDZ�+LOO������

/8/$<�	�'(&.(5�����
/XOD\��:��(���'HFNHU��)���3ODQXQJ�LP�'LDORJ��,QWHUDNWLYH��ZHUN]HXJXQWHUVW�W]WH
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����6��������

/8/$<�	�5(,1+$57�����
/XOD\��:���5HLQKDUW��*���+LHUDUFKLFDO�6LPXODWLRQ�0RGHOV�,PSURYH�3URGXFWLRQ�
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/8/$<�(7�$/������
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0$57,1�����
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0g�0(5�����$
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12&+(�����
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�������������6��������

12&+(�	�:(1=(/�����
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g='(0,5(/�����
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,P� IROJHQGHQ�ZHUGHQ�'HILQLWLRQHQ� ]X� GHQ� VSH]LHOOHQ�%HJULIIHQ� JHJHEHQ�� GLH� GDV�/HVHQ
GHU�YRUOLHJHQGHQ�$UEHLW�HUOHLFKWHUQ�VROOHQ��)�U�GDV�9HUVWlQGQLV�GHU�$XVI�KUXQJHQ� LVW�HV
]XQlFKVW�ZLFKWLJ�� GLH� ]HQWUDOHQ�%HJULIIH�6LPXODWLRQVVWXGLH��6LPXODWLRQVH[SHULPHQW��(LQ�
]HOH[SHULPHQW� XQG�6LPXODWLRQVODXI� ]X�GHILQLHUHQ��%LOG������ VROO� GDEHL�KHOIHQ��GLHVH�%H�
JULIIH�JHGDQNOLFK�]X�VWUXNWXULHUHQ�

Simulations-
studie

Simulations-
experiment

Einzel-
experiment

Simulations-
lauf

Simulations-
experiment

Einzel-
experiment

Simulations-
lauf

Testen mehrerer Alternativen 
mit dem Ziel der Optimierung 
eines Teilaspektes des Systems

stochastisch abgesicherter
Test einer einzelnen 
Fragestellung

einzelne stochastische 
Beobachtung

Untersuchung eines Systems 
mit dem Ziel der Optimierung 
hinsichtlich verschiedener Aspekte

%LOG������ $EJUHQ]XQJ�GHU�%HJULIIH

,P� ZHLWHUHQ� ZHUGHQ� GLH� HLQ]HOQHQ� %HJULIIH� LQ� $QOHKQXQJ� DQ� GHQ� (QWZXUI� GHU� 9',�
5LFKWOLQLH�������%ODWW���GHILQLHUW�

GHWHUPLQLVWLVFKH�6LPXODWLRQ 6LPXODWLRQ�RKQH�VWRFKDVWLVFKH�(OHPHQWH� LP�6LPXODWL�
RQVPRGHOO� �YJO�� VWRFKDVWLVFKHV� 6LPXODWLRQVPRGHOO�
VWRFKDVWLVFKH�6LPXODWLRQ��

(LQ]HOH[SHULPHQW *H]LHOWH� HPSLULVFKH�8QWHUVXFKXQJ�GHV�0RGHOOYHUKDO�
WHQV� �EHU� HLQHQ� EHVWLPPWHQ� =HLWKRUL]RQW� GXUFK� HLQH
6FKDU� VWRFKDVWLVFK� XQWHUVFKLHGOLFK� LQLWLDOLVLHUWHU� 6L�
PXODWLRQVOlXIH�� $OOH� �EULJHQ� 3DUDPHWHU� EOHLEHQ� NRQ�
VWDQW��=LHO�LVW�HV��HLQ�VWRFKDVWLVFK�DEJHVLFKHUWHV�(UJHE�
QLV� ]X� HLQHU� HLQ]HOQHQ� )UDJHVWHOOXQJ� ]X� HUODQJHQ�� ,P
)DOOH� GHU�GHWHUPLQLVWLVFKHQ� 6LPXODWLRQ� HQWVSULFKW� HLQ
6LPXODWLRQVODXI� HLQHP�(LQ]HOH[SHULPHQW�� �V�� DXFK�6L�
PXODWLRQVH[SHULPHQW�

([SHULPHQW V��6LPXODWLRQVH[SHULPHQW
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([SHULPHQWNRQILJXUDWLRQ (UJHEQLV�GHU�([SHULPHQWSODQXQJ

([SHULPHQWSODQXQJ $XVZDKO�XQG�9RUHLQVWHOOXQJ�GHU�0RGHOO��XQG�([SHUL�
PHQWSDUDPHWHU� XQG� ,QLWLDOLVLHUXQJ� HLQHV� (LQ]HOH[SH�
ULPHQWV� RGHU� HLQHU� 0HQJH� YRQ� (LQ]HOH[SHULPHQWHQ�
6SH]LILNDWLRQ�GHU� ]X�PHVVHQGHQ�([SHULPHQWGDWHQ� VR�
ZLH� $XVZDKO� GHU� $XVZHUWHYHUIDKUHQ�� (UJHEQLV� GHU
([SHULPHQWSODQXQJ�LVW�GLH�([SHULPHQWNRQILJXUDWLRQ�

([SHULPHQWSDUDPHWHU :HUW�HLQHU�9DULDEOHQ��GLH�HLQHQ�$EODXIDVSHNW�GHV�6L�
PXODWLRQVODXIV�RGHU�GHV�(LQ]HOH[SHULPHQWV�EHVFKUHLEW�
%HLVSLHOH�VLQG�GHU�6WDUW��XQG�(QG]HLWSXNW�HLQHV�6LPX�
ODWLRQVODXIV��(LQ�([SHULPHQWSDUDPHWHU�ZLUG�YRU�HLQHP
6LPXODWLRQVODXI�JHVHW]W�XQG�lQGHUW�VLFK� LQQHUKDOE�GHV
/DXIV�E]Z��GHV�(LQ]HOH[SHULPHQWV�QLFKW�

([SHULPHQWUDKPHQ �HQJO���H[SHULPHQWDO�IUDPH��DOOJHPHLQ��'LH�%HGLQJXQ�
JHQ�� XQWHU� GHQHQ� HLQ� 6\VWHP� RGHU� HLQ� 0RGHOO� EHRE�
DFKWHW� RGHU� H[SHULPHQWLHUW� ZHUGHQ�� .RQNUHW� ZHUGHQ
GDUXQWHU� LP� 5DKPHQ� GLHVHU� $UEHLW� GLH� 'DWHQIHOGHU
YHUVWDQGHQ��LQ�GHQHQ�GDV�9HUKDOWHQ�GHV�NRUUHVSRQGLH�
UHQGHQ� 6LPXODWLRQVPRGHOOV� VRZLH� GLH� 3DUDPHWHU� GHV
6LPXODWLRQVH[SHULPHQWV� GHILQLHUW� ZHUGHQ�� 0LW� +LOIH
GHV�([SHULPHQWUDKPHQV�ZLUG� GLH�([SHULPHQWSODQXQJ
YRUJHQRPPHQ�

,QLWLDOLVLHUXQJ %HOHJXQJ�YRQ�0RGHOOJU|�HQ�]X�%HJLQQ�HLQHV�6LPXOD�
WLRQVODXIHV��$XI�GLHVH�:HLVH�ZLUG�HLQ�GHILQLHUWHU�$Q�
IDQJV]XVWDQG�GHV�6LPXODWLRQVPRGHOOV�HUUHLFKW�

.RUUHNWXUPRGHOO 0RGHOO�� GDV� GLH� V\VWHPDWLVFKHQ� $EZHLFKXQJHQ� YRQ
VLPXODWLY�HUPLWWHOWHQ�3URJQRVHQ�EHVFKUHLEW�

0RGHOOSDUDPHWHU :HUW� HLQHV� $WWULEXWV� HLQHV� 0RGHOOHOHPHQWV�� GHU� YRU
HLQHP�6LPXODWLRQVODXI�JHVHW]W�ZLUG�XQG�VLFK�LQQHUKDOE
GHV�/DXIV�RGHU�GHV�(LQ]HOH[SHULPHQWV�QLFKW�lQGHUW�
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RSHUDWLYH�2SWLPLHUXQJ 2SWLPLHUXQJ�LP�5DKPHQ�GHU�3URGXNWLRQVSODQXQJ�XQG
±VWHXHUXQJ�PLW�GHP�=LHO��HLQH�NRQNUHWH�%HWULHEVVLWXD�
WLRQ� GHU� 3URGXNWLRQVDQODJH� KLQVLFKWOLFK� GHU� (UUHL�
FKXQJ�GHU�SURGXNWLRQVORJLVWLVFKHQ�=LHOVHW]XQJ�]X�RS�
WLPLHUHQ��%HWUDFKWXQJV]HLWUlXPH�XQG�0D�QDKPHQ�EH�
VLW]HQ�HLQHQ�NXU]��ELV�PLWWHOIULVWLJHQ�=HLWKRUL]RQW�

3URGXNWLRQVRSWLPLHUXQJ $OOH�SODQHULVFKHQ�8QWHUQHKPHQVSUR]HVVH��GLH�GDV�=LHO
HLQHU�2SWLPLHUXQJ�HLQHV�3URGXNWLRQVV\VWHPV�KLQVLFKW�
OLFK� HLQHU� ORJLVWLVFKHQ� =LHOVHW]XQJ� YHUIROJHQ�� ,P
5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�ZLUG�]ZLVFKHQ�WDNWL�
VFKHU�XQG�RSHUDWLYHU�2SWLPLHUXQJ�XQWHUVFKLHGHQ�

3URJQRVHPRGHOO $EVWUDNWHV�$EELOG�HLQHV�3URGXNWLRQVV\VWHPV�LQ�HLQHP
&RPSXWHU� ]XU� 9RUKHUVDJH� ORJLVWLVFKHU� .HQQ]DKOHQ
XQG�]XN�QIWLJHU�=XVWlQGH�GHV�3URGXNWLRQVV\VWHPV�

6LPXODWLRQ 1DFKELOGXQJ� HLQHV� 6\VWHPV� PLW� VHLQHQ� G\QDPLVFKHQ
3UR]HVVHQ� LQ� HLQHP� H[SHULPHQWLHUIlKLJHQ� 6LPXODWL�
RQVPRGHOO��XP�]X�(UNHQQWQLVVHQ�]X�JHODQJHQ��GLH�DXI
GLH�:LUNOLFKNHLW��EHUWUDJEDU�VLQG�

6LPXODWLRQVH[SHULPHQW *H]LHOWH� HPSLULVFKH�8QWHUVXFKXQJ�GHV�0RGHOOYHUKDO�
WHQV� �EHU� HLQHQ� EHVWLPPWHQ� =HLWKRUL]RQW� GXUFK� ZLH�
GHUKROWH�(LQ]HOH[SHULPHQWH� PLW� V\VWHPDWLVFKHQ� 3DUD�
PHWHUYDULDWLRQHQ��=LHO�LVW�HV�GHQ�RSWLPDOHQ�3DUDPHWHU�
VDW]�LP�6LQQH�GHU�=LHOVHW]XQJ�]X�ILQGHQ��(LQ�6LPXODWL�
RQVH[SHULPHQW�EHVWHKW�LQ�GHU�5HJHO�DXV�PHKUHUHQ�(LQ�
]HOH[SHULPHQWHQ��GLH�ZLHGHUXP�DXV�PHKUHUHQ�6LPXOD�
WLRQVOlXIHQ�EHVWHKHQ�N|QQHQ�

6LPXODWLRQVODXI 1DFKELOGXQJ�GHV�9HUKDOWHQV�HLQHV�6\VWHPV�PLW�HLQHP
VSH]LIL]LHUWHQ� DEODXIIlKLJHQ� 6LPXODWLRQVPRGHOO� �EHU
HLQHQ� EHVWLPPWHQ� 0RGHOO]HLWUDXP�� (LQ� 6LPXODWLRQV�
ODXI�EHVLW]W� HLQHQ� IHVWHQ�6DW]�YRQ�0RGHOO�� XQG�([SH�
ULPHQWSDUDPHWHUQ� VRZLH�HLQH�GHILQLHUWH�VWRFKDVWLVFKH
,QLWLDOLVLHUXQJ�� (LQ� HLQ]HOQHU� VWRFKDVWLVFKHU�6LPXODWL�
RQVODXI�OLHIHUW�NHLQH�DEJHVLFKHUWHQ�(UJHEQLVVH��ZHLO�HU
QXU� HLQH� VSH]LILVFKH� .RPELQDWLRQ� VWRFKDVWLVFKHU� (U�
HLJQLVVH� UHSUlVHQWLHUW�� ,P�)DOOH� GHU�GHWHUPLQLVWLVFKHQ
6LPXODWLRQ� HQWVSULFKW� HLQ�6LPXODWLRQVODXI� HLQHP�(LQ�
]HOH[SHULPHQW���YJO��(LQ]HOH[SHULPHQW�
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6LPXODWLRQVPRGHOO 9HUHLQIDFKWH� H[SHULPHQWLHUEDUH� 1DFKELOGXQJ� HLQHV
H[LVWLHUHQGHQ�RGHU�JHGDFKWHQ�6\VWHPV�PLW�VHLQHQ�3UR�
]HVVHQ��(V�ZLUG�JHQXW]W��XP�HLQH�EHVWLPPWH�$XIJDEH
]X�O|VHQ��GHUHQ�'XUFKI�KUXQJ�PLWWHOV�GLUHNWHU�2SHUD�
WLRQHQ�DP�2ULJLQDO�QLFKW�P|JOLFK�RGHU� ]X� DXIZHQGLJ
ZlUH�

6LPXODWLRQVVWXGLH 3URMHNW�]XU�VLPXODWLRQVJHVW�W]WHQ�8QWHUVXFKXQJ�HLQHV
6\VWHPV��(LQH�6LPXODWLRQVVWXGLH�NDQQ�PHKUHUH�6LPX�
ODWLRQVH[SHULPHQWH� XPIDVVHQ�� GLH� LKUHUVHLWV� DXV�PHK�
UHUHQ� (LQ]HOH[SHULPHQWHQ� XQG� 6LPXODWLRQVOlXIHQ� EH�
VWHKHQ�

VWDWLVWLVFKHV�0RGHOO 0RGHOO�� ZHOFKHV� GLH� V\VWHPDWLVFKHQ� XQG� VWRFKDVWL�
VFKHQ� $EZHLFKXQJHQ� YRQ� VLPXODWLY� HUPLWWHOWHQ� 3UR�
JQRVHQ�EHVFKUHLEW��'DV� VWDWLVWLVFKH�0RGHOO� VWHOOW� HLQH
(UZHLWHUXQJ� GHV� .RUUHNWXUPRGHOOV� GDU�� 'HU� %HJULII
VWDWLVWLVFKHV�0RGHOO�LVW�QLFKW�]X�YHUZHFKVHOQ�PLW�GHP
%HJULII�VWRFKDVWLVFKHV�6LPXODWLRQVPRGHOO�

VWRFKDVWLVFKH�,QLWLDOLVLHUXQJ ,QLWLDOLVLHUXQJ�GHU�VWRFKDVWLVFKHQ�9HUWHLOXQJHQ��)XQN�
WLRQHQ�� =XIDOOV]DKOHQJHQHUDWRUHQ� RGHU� =XIDOOV]DKOHQ�
VWU|PH�HLQHV�6LPXODWLRQVPRGHOOV�

VWRFKDVWLVFKH�6LPXODWLRQ 6LPXODWLRQ�PLW�VWRFKDVWLVFKHQ�(OHPHQWHQ�LP�6LPXODWL�
RQVPRGHOO��V��DXFK�VWRFKDVWLVFKHV�6LPXODWLRQVPRGHOO��

VWRFKDVWLVFKHV� 6LPXODWLRQVPRGHOO�� LQ� GHP� ]XIlOOLJ� DXIWUHWHQGH� (I�
6LPXODWLRQVPRGHOO IHNWH� PRGHOOLHUW� VLQG�� 'DV� $XIWUHWHQ� GLHVHU� (IIHNWH

ZLUG� GXUFK� =XIDOOV]DKOHQJHQHUDWRUHQ� JHVWHXHUW�� �V�
DXFK� GHWHUPLQLVWLVFKH� 6LPXODWLRQ�� VWRFKDVWLVFKH
6LPXODWLRQ�

WDNWLVFKH�2SWLPLHUXQJ 0LWWHOIULVWLJH�3U�IXQJ� XQG�2SWLPLHUXQJ� GHU� SULQ]LSL�
HOOHQ�(LJQXQJ�HLQHV�3URGXNWLRQVV\VWHPV�I�U�HLQH�SUR�
GXNWLRQVORJLVWLVFKH� $XIJDEHQVWHOOXQJ�� 'LH� %HWUDFK�
WXQJV]HLWUlXPH�XQG�GLH�2SWLPLHUXQJVPD�QDKPHQ�VLQG
PLWWHOIULVWLJ�
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9DOLGLWlW��SUlGLNWLY� *�OWLJNHLW� HLQHV�6LPXODWLRQVPRGHOOV� LQ� EH]XJ� DXI� HLQ
6\VWHP� LQQHUKDOE� HLQHV� ([SHULPHQWUDKPHQV�� *�OWLJ�
NHLW�OLHJW�YRU��ZHQQ�HV�P|JOLFK�LVW��GDV�0RGHOO�PLW�HL�
QHP�=XVWDQG�GHV�6\VWHPV�]X�LQLWLDOLVLHUHQ��VR�GD��I�U
GLH�JOHLFKHQ�,QSXW�'DWHQ�GLH�$XVJDEH�'DWHQ�GHV�0R�
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