
$1$/<6(�81'�925+(56$*(�0,77(/6�67$7,67,6&+(5/(51(1'(5�1(7=(
$QZHQGHUV\PSRVLXP�]XU�LQGXVWULHOOHQ�$QZHQGXQJ�GHU�1HXUR�)X]]\�7HFKQRORJLHQ��:LWWHQEHUJ������

)UDQN�/HPNH'HOWD'HVLJQ�6RIWZDUH�%HUJHQHU�6WU�����%HUOLQ������7HO�����������������)D[���������� ����
-RKDQQ��$GROI�0�OOHU+RFKVFKXOH�I�U�7HFKQLN�XQG�:LUWVFKDIW)�� /LVW�� 3ODW]����'UHVGHQ������7HO�������������������)D[����������������

���5HFKQHUJHVW�W]WH�0RGHOODXVZDKO(LQH� SUDNWLNDEOH� 0RGHOOLHUXQJ� PX�� GHQ� LQWHUDNWLYHQ� 0RGHOOHQWZXUI� DXI� GHU� *UXQGODJH� GHU�WKHRUHWLVFKHQ� E]Z�� H[SHULPHQWHOOHQ� 6\VWHPDQDO\VH�� GHU� GXUFK� UHLFKKDOWLJH� 6RIWZDUH� JHJHQZlUWLJ�EHUHLWV� XQWHUVW�W]W� ZLUG�� PLW� (OHPHQWHQ� HLQHU� UHFKQHUXQWHUVW�W]WHQ� �DXWRPDWLVFKHQ�� 0RGHOOZDKO�YHUELQGHQ��$OV�*U�QGH�GDI�U�NDQQ�PDQ�]XVDPPHQIDVVHQG�DXI]lKOHQ��� (LQH�VDFKNXQGLJH�$QZHQGXQJ�GHU�6RIWZDUH�VWHOOW�RIWPDOV�DQ�GLH�1XW]HU�]X�KRKH�$QIRUGHUXQJHQ��� 9LHOH�$QZHQGHU�LQWHUHVVLHUHQ�VLFK�QXU�I�U�GLH�$XIJDEHQO|VXQJ��VLH�EULQJHQ�NDXP�6DFKNHQQWQLV��EHU� PDWKHPDWLVFK�VWDWLVWLVFKH� 9HUIDKUHQ� PLW� XQG� VFKRQ� JDU� QLFKW� GLH� I�U� GHQ� 5HFKQHUGLDORJ�HUIRUGHUOLFKH�=HLW��� ,Q� YLHOHQ� SUDNWLVFKHQ� )lOOHQ� VLQG� PDVVHQKDIWH� 9RUKHUVDJHQ� E]Z�� $QDO\VHQ� HUIRUGHUOLFK�� GLH�HUIRUGHUOLFKH�=HLW�I�U�NRPSOH[H�8QWHUVXFKXQJHQ�IHKOW�9HUVXFKH��ZLVVHQVEDVLHUWH�0HWKRGHQ�GHU�.�QVWOLFKHQ�,QWHOOLJHQ]�]XU�$XVZDKOEHUDWXQJ��1XW]HUI�KUXQJ�XQG� ,QWHUSUHWDWLRQ� GHU� HUKDOWHQHQ� (UJHEQLVVH� HLQ]XVHW]HQ�� EUDFKWHQ� YLHOIDFK� QLFKW� GLH� HUZ�QVFKWHQ�(UJHEQLVVH��8UVDFKH� GDI�U� LVW� HLQHUVHLWV�� GD�� GLHVH�9HUIDKUHQ� DXI� HLQHU� ([WUDNWLRQ� GHV�:LVVHQV� DXI�HLQHP�lX�HUVW�VXEMHNWLYHQ�XQG�NUHDWLYHQ�%HUHLFK�� GHU�0RGHOOELOGXQJ�� EHUXKHQ��'HU�hEHUJDQJ�YRP�PHQVFKOLFKHQ� ÄNQRZ�KRZ³� ]XP� ÄVD\�KRZ³� EHUHLWHW� GHP�.QRZOHGJH�(QJLQHHU� HUKHEOLFKH� 3UREOHPH��GLHVHU�(QJSD��ZLUG�DXFK�GDV�Ä)HLJHQEDXPVFKH�%RWWOHQHFN³�JHQDQQW���$QGHUHUVHLWV� ODVVHQ� VLFK� DXI� GLHVH� :HLVH� ZHVHQWOLFKH� 3UREOHPH� GHU� 0RGHOOLHUXQJ� NRPSOL]LHUWHU�6\VWHPH��ZLH� XQJHQ�JHQGH� $�SULRUL�,QIRUPDWLRQ� �EHU� GDV� ]X� PRGHOOLHUHQGH� 6\VWHP�� G�K�� �EHU� GLH� ZLFKWLJVWHQ�(LQIOX�JU|�HQ��IXQNWLRQHOOH�$EKlQJLJNHLW�GHU�$XVJDQJVJU|�H�YRQ�GHQ�(LQIOX�JU|�HQ��6W|UJU|�HQ�� JUR�H�$Q]DKO�YRQ�(LQIOX�JU|�HQ��GLH�QLFKW�HUID�W�ZHUGHQ�N|QQHQ�� LQDGlTXDWH�%HVFKUHLEXQJVPHWKRGHQ�I�U�YRUKDQGHQH�8QEHVWLPPWKHLW�� NOHLQH�6WLFKSUREHQ�PLW�HUKHEOLFK�YHUUDXVFKWHQ�'DWHQ�QLFKW�O|VHQ��(LQ�P|JOLFKHU�$XVZHJ�LVW�GHVKDOE�HLQH�:LVVHQVH[WUDNWLRQ�DXV�GHQ�'DWHQ�



�
���:LVVHQVH[WUDNWLRQ�DXV�GHQ�'DWHQ
,QVEHVRQGHUH�EHL�XQJHQ�JHQGHU�$�SULRUL�,QIRUPDWLRQ�� DEHU�DXFK� LQ�GHQ�DQGHUHQ�ZHLWHU�REHQ�DQJHJH�EHQHQ� )lOOHQ� LVW� HV� P|JOLFK�� DXV� GHQ�'DWHQ�PDWKHPDWLVFKH�0RGHOOH� ]X� JHQHULHUHQ�� ZREHL� VLFK� GLH�(LQEH]LHKXQJ�GHU�([SHUWHQ�DXI�GLH�%HUHLWVWHOOXQJ�JHHLJQHWHU�$OJRULWKPHQ�VRZLH�DXI�GLH�9RUJDEH�GHU�.ULWHULHQ� ]XU� $XVZDKO� GHU� 0RGHOOH� RSWLPDOHU� .RPSOL]LHUWKHLW� EHVFKUlQNW�� :LVVHQVFKDIWOLFKH�*UXQGODJHQ�HLQHU�GHUDUWLJHQ�6HOEVWRUJDQLVDWLRQ�PDWKHPDWLVFKHU�0RGHOOH�VLQG�X�D��� %ODFN�ER[� 0HWKRGH� �H[SHULPHQWHOOH� 6\VWHPDQDO\VH�� DOV� SULQ]LSLHOOH� +HUDQJHKHQVZHLVH� DQ� GLH�$QDO\VH�YRQ�6\VWHPHQ�DXI�GHU�*UXQGODJH�GHU�,QSXW�2XWSXW�5HDOLVLHUXQJHQ�� LQGXNWLYH� +HUDQJHKHQVZHLVH� DOV� .RQ]HSW� GHU� +HUOHLWXQJ� DOOJHPHLQJ�OWLJHU� 0RGHOOH� DXV� GHQ�5HDOLVLHUXQJHQ�� .RQQHNWLRQLVPXV�� G�K�� GLH� 'DUVWHOOXQJ� NRPSOL]LHUWHU� )XQNWLRQHQ� PLW� +LOIH� YRQ� 1HW]ZHUNHQ�HOHPHQWDUHU�)XQNWLRQHQ�� 1XW]XQJ�GHU�N\EHUQHWLVFKHQ�3ULQ]LSLHQ�GHU�6HOEVWRUJDQLVDWLRQ�� *|GHOV� 8QYROOVWlQGLJNHLWVWKHRUHP� E]Z�� GDV� YRQ� 7LFKRQRY� HQWZLFNHOWH� 3ULQ]LS� GHU�5HJXODULVLHUXQJ�YRQ�LOO�GHILQHG�WDVNV�+LVWRULVFK� KDEHQ� VLFK� DXI� GLHVHU� *UXQGODJH� GLH� 7KHRULH� QHXURQDOHU� 1HW]H� VRZLH� GLH� 7KHRULH�VWDWLVWLVFKHU�OHUQHQGHU�1HW]H�KHUDXVJHELOGHW�:lKUHQG�HUVWHUH�]XU�=HLW� LQ�GHU�/LWHUDWXU�HLQH�JUR�H�%HDFKWXQJ�ILQGHW�XQG�GHVKDOE�DXFK�]XQHKPHQG�EHL� GHU�0RGHOOLHUXQJ� HLQJHVHW]W�ZLUG�� EHVFKUlQNHQ� VLFK� GLH�$UEHLWHQ� ]X� OHW]WHUHU� DXI� HLQLJH�ZHQLJH�$UEHLWHQ�LP�=XVDPPHQKDQJ�PLW�GHQ�*0'+�DOJRULWKP��'DV�LVW�XPVR�HUVWDXQOLFKHU��DOV�GLH�1DFKWHLOH�GHU�7KHRULH�QHXURQDOHU�1HW]H�LP�=XVDPPHQKDQJ�PLW�GHU�0RGHOOELOGXQJ�DXI�GHU�+DQG�OLHJHQ�(UJHEQLV�GHU�/HUQSKDVH�QHXURQDOHU�1HW]H�VLQG�LPSOL]LWH�0RGHOOH��6LH�HUJHEHQ�VLFK�DXV�GHU�$UFKLWHNWXU�GHV�HUKDOWHQHQ�QHXURQDOHQ�1HW]HV��GHU�HUOHUQWHQ�3DUDPHWHU�VRZLH�GHU�YHUZHQGHWHQ�$NWLYLHUXQJVIXQN�WLRQHQ��]�%��6LJPRLGH���1XU�PLW�JUR�HP�$XIZDQG�XQG�QlKHUXQJVZHLVH��]�%��GXUFK�5HLKHQGDUVWHOOXQJ�GHU� VLJPRLGDOHQ� $NWLYLHUXQJVIXQNWLRQ�� LVW� HV� P|JOLFK�� GLH� VLFK� HUJHEHQGH� 0RGHOOVWUXNWXU� H[SOL]LW�DQ]XJHEHQ� �VLHKH� ]�%�� >2WWR���@��� 2IIHQVLFKWOLFK� H[LVWLHUW� I�U� MHGH� $XIJDEHQVWHOOXQJ� HLQH� HIIHNWLYH�E]Z��RSWLPDOH�1HW]ZHUNDUFKLWHNWXU��GLH�GXUFK�$Q]DKO�GHU�6FKLFKWHQ�XQG�$Q]DKO�GHU�1HXURQHQ�LQ�MHGHU�6FKLFKW�VRZLH�GLH�]XOlVVLJHQ�%H]LHKXQJHQ�]ZLVFKHQ�GHQ�1HXURQHQ�EHVWLPPW�ZLUG��,KUH�HIIHNWLYH�:DKO�LVW� MHGRFK� ELVODQJ� ZHLWJHKHQG� XQJHO|VW�� GHPHQWVSUHFKHQG� GRPLQLHUHQ� +HXULVWLN� XQG� ODQJZLHULJHV�([SHULPHQWLHUHQ��GLH�LQ�MHGHP�)DOO�(UIDKUXQJHQ�LP�8PJDQJ�PLW�QHXURQDOHQ�1HW]HQ�YRUDXVVHW]HQ��=XU�%HVWLPPXQJ�GHU�XQEHNDQQWHQ�3DUDPHWHU�GHU�1HXURQHQ�ILQGHQ�UHNXUVLYH�9HUIDKUHQ�XQWHU�9HUZHQGXQJ�LWHUDWLYHU��RIWPDOV�DXFK�KHXULVWLVFKHU�/HUQUHJHOQ�$QZHQGXQJ��)�U�GLHVH�LVW�LQ�GHU�5HJHO�HLQH�ODQJVDPH�/HUQJHVFKZLQGLJNHLW�NHQQ]HLFKQHQG��EHL�3URJQRVHPRGHOOHQ�QDFK�>5HKNXJOHU���@�PHKUHUH�7DJH�ELV�]X�HLQHU�:RFKH�E]Z��HLQH�VHKU�DXIZHQGLJH�6SH]LDOKDUGZDUH���'LH�DXI�GLHVH�:HLVH�HUKDOWHQHQ�(UJHEQLVVH�KlQJHQ�GDU�EHUKLQDXV�YRQ�GHQ�JHZlKOWHQ�$QIDQJVZHUWHQ�DE�6R� LVW� GLH� (QWZLFNOXQJ� HLQHV� 3URJQRVHPRGHOOV� DXI� GHU� *UXQGODJH� QHXURQDOHU� 1HW]H� HLQ�]HLWDXIZHQGLJHU��H[SHULPHQWHOOHU�3UR]H���GHU�HUKHEOLFKH�.RVWHQ�YHUXUVDFKHQ�NDQQ��:LH�LP�:HLWHUHQ�



�
]X�]HLJHQ�LVW��KDW�GHU�]ZHLWH�:HJ�� VWDWLVWLVFKH�OHUQHQGH�1HW]H�� HLQLJH�GHU�JHQDQQWHQ�3UREOHPH�QLFKW�E]Z��ELHWHW�/|VXQJVDQVlW]H�I�U�GHUHQ�%HZlOWLJXQJ��
���6WDWLVWLVFKH�OHUQHQGH�1HW]H�XQG�%HVRQGHUKHLWHQ�GHU�*0'+�DOJRULWKP�����6WDWLVWLVFKH�OHUQHQGH�1HW]H'LH� LP�:HLWHUHQ�EHKDQGHOWHQ�$OJRULWKPHQ�GHU� LQGXNWLYHQ�0RGHOOELOGXQJ�JHKHQ�]XU�FN�DXI� GLH�YRQ�$�*�,YDFKQHQNR�EHJU�QGHWH�0HWKRGH�GHU�JUXSSHQZHLVHQ�%HU�FNVLFKWLJXQJ�GHU�$UJXPHQWH� �*0'+��JURXS� PHWKRG� RI� GDWD� KDQGOLQJ��� 6LH� VWHOOW� JHJHQZlUWLJ� HLQH� GHU� ZHVHQWOLFKHQ� 6lXOHQ� GHU� 7KHRULH�VWDWLVWLVFKHU�OHUQHQGHU�1HW]H�GDU�,P�=XVDPPHQKDQJ�PLW�GHU�HPSLULVFKHQ�RGHU�LQGXNWLYHQ�(U]HXJXQJ�YRQ�)XQNWLRQHQ�YLHOHU�9DULDEOHQ�VWHOOW�HLQ�1HW]ZHUN�HLQH�)XQNWLRQ�GDU��GLH�VLFK�GXUFK�.RPSRVLWLRQ�DXV�YLHOHQ�HOHPHQWDUHQ�)XQNWLRQHQ��%DVLVIXQNWLRQHQ�� HUJLEW�� 'LHVH� %DVLVIXQNWLRQHQ� VWHOOHQ� (OHPHQWH�� %O|FNH�� (LQKHLWHQ� RGHU� .QRWHQ�HLQHV� NRPSOL]LHUWHQ� 1HW]ZHUNHV� GDU� XQG� HQWVSUHFKHQ� GHQ� 1HXURQHQ� LQ� QHXURQDOHQ� 1HW]HQ�� ,Q� GHU�5HJHO� EHVFKUlQNHQ� VLH� VLFK� HQWZHGHU� DXI� QLFKWOLQHDUH� )XQNWLRQHQ� HLQLJHU� ZHQLJHU� 9DULDEOHQ� RGHU�OLQHDUH� )XQNWLRQHQ� YLHOHU� 9DULDEOHQ�� 'LH� %H]HLFKQXQJ� OHUQHQGH� 1HW]ZHUNH� EHGHXWHW�� GD�� VLFK� GDV�1HW]ZHUN� GLH� )XQNWLRQ� DXI� GHU� *UXQGODJH� UHSUlVHQWDWLYHU� %HREDFKWXQJHQ� GHU� UHOHYDQWHQ�9DULDEOHQ�HUOHUQW�>%DUURQ���@�.ROPRJRURY�XQG�/RUHQW]�KDEHQ�PDWKHPDWLVFK�EHZLHVHQ��GD��MHGH�NRQWLQXLHUOLFKH�)XQNWLRQ�)�[�����[G��LP� G�GLPHQVLRQDOHQ� (LQKHLWVUDXP� >���@G H[DNW� DOV� HLQH� .RPSRVLWLRQ� YRQ� 6XPPHQ� XQG�NRQWLQXLHUOLFKHQ�HLQGLPHQVLRQDOHQ�)XQNWLRQHQ�GDUJHVWHOOW�ZHUGHQ�NDQQ������%HVRQGHUKHLWHQ�GHU�*0'+�DOJRULWKP��(OHPHQWDUH�3UR]HVVRUHQ�2IIHQVLFKWOLFK� UHDOLVLHUHQ� GLH� HOHPHQWDUHQ� 3UR]HVVRUHQ� LQ� HLQHU� JHJHEHQHQ� 6FKLFKW� HLQH�7UDQVIRUPDWLRQ�GHU�]XOlVVLJHQ�,QSXWV�LQ�HLQHQ�2XWSXW��,Q�$EKlQJLJNHLW�YRQ�GHU�$�SULRUL�,QIRUPDWLRQ��EHU� GLH� GDU]XVWHOOHQGH� 1HW]ZHUNIXQNWLRQ� )�[�����[G�� ZHUGHQ� HLQIDFKH� )XQNWLRQHQ� RGHU� 2SHUDWRUHQ�JHZlKOW�� GHUHQ� .RPELQDWLRQ� LP� 1HW]ZHUN� GLH� 'DUVWHOOXQJ� GHU� JHZ�QVFKWHQ� 1HW]ZHUNIXQNWLRQ�JDUDQWLHUW�� 'LHVH� GXUFK� GLH� $�SULRUL�,QIRUPDWLRQ� EHZX�W� EHDEVLFKWLJWH� (LQVFKUlQNXQJ� GHU� 9LHOIDOW�P|JOLFKHU�)XQNWLRQHQ�HUP|JOLFKW�LQ�HQGOLFKHU�=HLW�GLH�1HW]ZHUNV\QWKHVH�DE]XVFKOLH�HQ�3DUDPHWULVFKH�*0'+�� $OJRULWKPHQ�HQWKDOWHQ�3UR]HVVRUHQ�PLW����PDQFKPDO�DXFK�����,QSXWV�[L���[M���ZREHL� LQ�HLQHU�6FKLFKW�SULQ]LSLHOO�DOOH�SDDUZHLVHQ�.RPELQDWLRQHQ�]XOlVVLJ�VLQG��(V�JLOW�\ �I�[L���[M���ZREHL�I�HLQH�EHOLHELJH�OLQHDUH�RGHU�QLFKWOLQHDUH�%DVLVIXQNWLRQ�GDUVWHOOW��GLH�VR�JHZlKOW�ZLUG��GD��GHUHQ�.RPSRVLWLRQ�]XU�JHZ�QVFKWHQ�1HW]ZHUNIXQNWLRQ�I�KUW��ZLH�]�%��I��[L��[M�� �D���D� [L � D� [MI��[L��[M�� �D���D� [L ��D� [M��D�[L[M���D� [ L� �D� [ M�I��[L��[M�� D� [L ��D� [M�[N��



�
.RPSRQHQWHQ�GHV�,QSXW��9HNWRUV�[L ��L ��������Q��N|QQHQ�XQDEKlQJLJH�9DULDEOH��)XQNWLRQHQ�DEHU�DXFK�]HLWYHU]|JHUWH�5HDOLVLHUXQJHQ�GHU�6\VWHPJU|�HQ� VHLQ��(QWVSUHFKHQG�GHU�:DKO�GHU�%DVLVIXQNWLRQHQ� I�HUJHEHQ� VLFK� SDUDPHWULVFKH�0RGHOOH� LQ� )RUP� YRQ� 'LIIHUHQ]HQJOHLFKXQJHQ�� 3RO\QRPHQ�� 7UHQGIXQN�WLRQHQ�X�D���$OV�7UDQVIHUIXQNWLRQ�GLHQW�HLQH�6LJQXPIXQNWLRQ��JHIHXHUW�ZLUG��ZHQQ�GDV�6HOHNWLRQVNULWH�ULXP�HLQHQ�6FKZHOOZHUW��EHUWULIIW�,QSXW/D\HU OD\HU��� OD\HU�� OD\HU���P� ��� �)�  ��� �)�  ��� �)�  ���

Y�
Y�
Y�
Y�
Y�

Z�
Z�

Z�Z�
Z�

\�\�
\�

\�\�

]�
]�]�

]�

]�

%LOG����1HW]ZHUN����6FKLFKWHQ��PLW�XQYROOVWlQGLJHU�,QGXNWLRQ1HEHQ�GHQ�VLFK�DXI�GLHVH�:HLVH�HUJHEHQGHQ�SDUDPHWULVFKHQ�$OJRULWKPHQ�ZXUGHQ�DXFK�QLFKWSDUDPHWUL�VFKH�$OJRULWKPHQ�HQWZLFNHOW��GLH�HLQH�3DUDPHWHUVFKlW]XQJ�QLFKW�HUIRUGHUQ��(LQH�%HJU�QGXQJ�I�U�HLQH�VROFKH�DEJHVFKZlFKWH�PDWKHPDWLVFKH�%HVFKUHLEXQJ��G�K��I�U�GLH�$QZHQGXQJ�YRQ�0HWKRGHQ��GLH�GDV�8QWHUVXFKXQJVREMHNW�DXI�HLQHU�ZHQLJHU�GHWDLOOLHUWHQ�6SUDFKH�DOV�GHU�6SUDFKH�GHU�'LIIHUHQ]HQJOHLFKXQ�JHQ��E]Z��GHUHQ�/|VXQJ�]�%��LQ�)RUP�YRQ�3RO\QRPHQ��EHVFKUHLEHQ��OLHIHUW�GDV�3ULQ]LS�GHU�$GlTXDWKHLW�GHV� ]X� EHVFKUHLEHQGHQ� 6\VWHPV� PLW� VHLQHU� PDWKHPDWLVFKHQ� %HVFKUHLEXQJ� QDFK� $VKE\� XQG� %HHU�>,YDFKQHQNR�0�OOHU����@����1HW]ZHUNDUFKLWHNWXU'LH�$OJRULWKPHQ�GHU�6HOEVWRUJDQLVDWLRQ� UHDOLVLHUHQ� LP�5DKPHQ�GHU�9RUJDEH�GHU�6FKZHOOZHUWH�E]Z��GHU� $Q]DKO� GHU� LQ� MHGHU� 6FKLFKW� ]X� VHOHNWLHUHQGHQ� (OHPHQWH� XQG� GHU�:DKO� GHU� 6HOHNWLRQVNULWHULHQ��P|JOLFKVW�DXV�LQKDOWOLFKHU�6LFKW��HLQH�DGDSWLYH�1HW]ZHUNV\QWKHVH��GLH�1HXURQHQ�LQ�MHGHU�6FKLFKW�XQG�



�
LKUH�9HUELQGXQJHQ�]X�GHQ�YRUKHUJHKHQGHQ�6FKLFKWHQ�HUJHEHQ�VLFK�ZlKUHQG�GHU�6\QWKHVH��GLH�$Q]DKO�GHU� 6FKLFKWHQ� LVW� LP� YRUKLQHLQ� XQEHNDQQW�� 2IIHQVLFKWOLFK� N|QQHQ� XQWHU� VFKLHGOLFKH� 3ULQ]LSLHQ� ]XU�*HQHULHUXQJ�DOWHUQDWLYHU�0RGHOOYDULDQWHQ�PLW�ZDFKVHQGHU�.RPSOL]LHUWKHLW�$QZHQGXQJ�ILQ�GHQ��XQWHUVFKLHGHQ�ZHUGHQ�$OJRULWKPHQ�PLW�YROOVWlQGLJHU�E]Z��XQYROOVWlQGLJHU�,QGXNWLRQ��)�U�OHW]WHUH�JLOW� LP�HLQIDFKVWHQ�)DOO� �9HUELQGXQJ� OHGLJOLFK�]XU�EHQDFKEDUWHQ�6FKLFKW�� IROJHQGHV��'LH�$Q]DKO�GHU�,QSXWV�GHU����6FKLFKW�VHL�Q��9RQ�GHQ���Q ��P|JOLFKHQ�1HXURQHQ�GHU����6FKLFKW�ZHUGHQ�)��VHOHNWLHUW��LKUH�2XWSXWV� VLQG� ,QSXWV� GHU� VLFK� GDPLW� HUJHEHQGHQ� �� �) ��1HXURQHQ� GHU� ��� 6FKLFKW� XVZ�� �%LOG� ���� 'LH� )L�ZHUGHQ�HQWZHGHU�YRUJHJHEHQ�RGHU�HUJHEHQ�VLFK�DXV�JHJHEHQHQ�6FKZHOOZHUWHQ����/HUQUHJHOQ$QVWHOOH� UHNXUVLYHU� 9HUIDKUHQ� ]XU� %HVWLPPXQJ� GHU� XQEHNDQQWHQ� 3DUDPHWHU� GHU� 1HXURQHQ� XQWHU�9HUZHQGXQJ�LWHUDWLYHU��RIWPDOV�DXFK�KHXULVWLVFKHU�/HUQUHJHOQ�ILQGHQ�EHL�GHQ�*0'+�DOJRULWKP�GLUHNWH�6FKlW]YHUIDKUHQ� I�U� MHGHV� 1HXURQ� LQ� MHGHU� *HQHUDWLRQ� $QZHQGXQJ�� )�U� DXVJHZlKOWH� .ODVVHQ� YRQ�%DVLVIXQNWLRQHQ� �]�%�� LQ� GHQ� XQEHNDQQWHQ� 3DUDPHWHUQ� OLQHDU�� N|QQHQ� GLUHNWH� 0HWKRGHQ� ]XU�,GHQWLILNDWLRQ� GHU� XQEHNDQQWHQ� 3DUDPHWHU� DQJHZHQGHW� ZHUGHQ�� ZLH� ]�%�� GLH�0D[LPXP�/LNHOLKRRG�6FKlW]XQJ����bX�HUH�(UJlQ]XQJ'LH�$XIJDEH�� OHGLJOLFK�DXI�GHU�/HUQIROJH�HLQ�0RGHOO�RSWLPDOHU�.RPSOL]LHUWKHLW��QRQSK\VLFDO�PRGHO��DXV]XZlKOHQ�� LVW� QLFKW� NRUUHNW� JHVWHOOW�� =XU� HLQGHXWLJHQ� $XVZDKO� ZLUG� HLQ� lX�HUHV� .ULWHULXP�YHUZHQGHW��G�K��GLH�6HOHNWLRQ�HUIROJW�DXI�HLQHU�3U�IIROJH�����(LQEH]LHKXQJ�GHU�$�SULRUL�,QIRUPDWLRQ'DV�VLFKHU�YRUKDQGHQH�$�SULRUL�:LVVHQ�GHU�([SHUWHQ�ILQGHW�EHL�GHU�$XVZDKO�GHU�XQLYHUVHOOHQ�0RGHOO�NODVVHQ�XQG�GHU�DOWHUQDWLYHQ��WHLOZHLVH�KHXULVWLVFKHQ�0RGHOOYDULDQWHQ�YHUVFKLHGHQHU�'HWDLOOLHUWKHLWV�XQG�%HVFKUHLEXQJVHEHQHQ�$QZHQGXQJ��'HU�$QZHQGHU�ZlKOW�HQWVSUHFKHQG�VHLQHP�LQKDOWOLFKHQ�$QOLHJHQ�XQG�GHQ�YRQ�LKP�YHUEDO�IRUPXOLHUWHQ�$QIRUGHUXQJHQ�DQ�HLQ�0RGHOO�RSWLPDOHU�.RPSOL]LHUWKHLW�VHLQ�6HOHNWLRQVNULWHULXP��+LHUDUFKLH�YRQ�6HOHNWLRQVNULWHULHQ��DXV��(V�LVW�]X�EHDFKWHQ��GD��I�U�MHGH�$XIJDEHQVWHOOXQJ��HPSLULVFKHU�'DWHQVDW]��XQG�MHGH�0HQJH�YRQ�%DVLVIXQNWLRQHQ�HLQ��EHVWHV��$XVZDKONULWHULXP�XQG�HLQH��EHVWH��$XIWHLOXQJ�GHU�%HREDFKWXQJHQ�H[LVWLHUHQ����1DFKZHLV�GHU�RSWLPDOHQ�.RPSOL]LHUWKHL(LQH�ZLFKWLJH�(LJHQVFKDIW�DOOHU�$XVZDKODOJRULWKPHQ�PLW�TXDGUDWLVFKHQ�$XVZDKONULWHULHQ�EHVWHKW�GDULQ��GD��EHL�YRUKDQGHQHP�5DXVFKQLYHDX��(LQIOX��VWRFKDVWLVFKHU�6W|UJU|�HQ��IHKOHQGHU�DEHU�DXFK�UHGXQGDQWHU�(LQIOX�JU|�HQ��HLQ�HLQ]LJHV�0RGHOO�RSWLPDOHU�.RPSOL]LHUWKHLW�H[LVWLHUW��0LW�ZDFKVHQGHP�5DXVFKHLQIOX��YHUULQJHUW�VLFK�GLH�RSWLPDOH�.RPSOL]LHUWKHLW�GLHVHV�0RGHOOV��G�K��GLH�0RGHOOH�ZHUGHQ�HLQIDFKHU�XQG�GDPLW�JHJHQ�EHU�6W|UXQJHQ�UREXVWHU��%LOG����
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%LOG����(LQIOX��GHV�5DXVFKDQWHLOHV�DXI�GLH�RSWLPDOH�.RPSOL]LHUWKHLW�GHV�0RGHOOV
2SWLPLHUW�ZLUG�HLQ�3RO\QRP����*UDGHV

I��[L���[M�� �D���D� [L ��D� [M �D�[L[M ��D� [ L� �D� [ M�PLW� GHP� (UJHEQLV�� GD�� GLH� LQ� $EKlQJLJNHLW� YRP� JHZlKOWHQ� 6FKZHOOZHUW� JHQHULHUWHQ� 1HXURQHQ� LP�HLQIDFKVWHQ�)DOO�PLW�GHP�$EVROXWJOLHG�XQG�LP�NRPSOL]LHUWHVWHQ�)DOO�PLW�GHP�YROOVWlQGLJHQ�3RO\QRP�EHVFKULHEHQ� VHLQ� N|QQHQ�� 'DV� GXUFK� GLH� HUKDOWHQH�1HW]ZHUNIXQNWLRQ� UHSUlVHQWLHUWH� =HLWUHLKHQ� RGHU�,QSXW�2XWSXW� 0RGHOO�VWHKW�XQPLWWHOEDU�QDFK�GHU�0RGHOOLHUXQJ�H[SOL]LW�]XU�9HUI�JXQJ�XQG�NDQQ�VRPLW�DX�HU� ]XU� 9RUKHUVDJH� YRQ� .HQQ]DKOHQ� RGHU� .HQQ]DKOHQV\VWHPHQ� DXFK� ]XU� ,QWHUSUHWDWLRQ� XQG�$QDO\VHWlWLJNHLW�KHUDQJH]RJHQ�ZHUGHQ��'LH� LQ� GHQ� IROJHQGHQ� %HLVSLHOHQ� HUKDOWHQHQ� 0RGHOOH� ZXUGHQ� DXI� HLQHP� 3&� PLWWOHUHU� /HLVWXQJ�LQQHUKDOE�ZHQLJHU�6WXQGHQ�HUVWHOOW�
���$QDO\VH�YRQ�.HQQ]DKOHQV\VWHPHQ(UIROJUHLFKH�$QZHQGXQJHQ�GHU�*0'+�DOJRULWKP�OLHJHQ�LQVEHVRQGHUH�LQ�GHQ�%HUHLFKHQ�YRU��LQ�GHQHQ�GLH� WKHRUHWLVFKH� 6\VWHPDQDO\VH� DXI� *UXQG� GHU� .RPSOL]LHUWKHLW� GHU� 8QWHUVXFKXQJVREMHNWH�� GHV�(QWZLFNOXQJVVWDQGHV� GHU� HLQ]HOZLVVHQVFKDIWOLFKHQ� 7KHRULH� DEHU� DXFK� GHU� HUIRUGHUOLFKHQ� =HLW� QXU�EHVFKUlQNW�$QZHQGXQJ�ILQGHQ�NDQQ��'DV�VLQG�$QZHQGXQJHQ�]XU�0RGHOOLHUXQJ�YRONVZLUWVFKDIWOLFKHU��EHWULHEVZLUWVFKDIWOLFKHU�� |NRORJLVFKHU�� PHWHRURORJLVFKHU� X�D�� 6\VWHPH�� (LQ� ZLFKWLJHU�$QZHQGXQJVEHUHLFK� LQVEHVRQGHUH� LP�5DKPHQ�YRQ�HQWVFKHLGXQJVXQWHUVW�W]HQGHQ�6\VWHPHQ�� G�K�� EHL�GHU� NXU]IULVWLJHQ� %HUHLWVWHOOXQJ� ]XNXQIWVRULHQWLHUWHU� HQWVFKHLGXQJV� XQG� VWUDWHJLHUHOHYDQWHU�,QIRUPDWLRQHQ��LVW�GLH�$QDO\VH�XQG�9RUKHUVDJH�YRQ�.HQQ]DKOHQV\VWHPHQ��.HQQ]DKOHQV\VWHPH��G�K��GLH�=XVDPPHQVWHOOXQJ��XQG�9HUGLFKWXQJ��YRQ�.HQQ]DKOHQ��GLH�LQ�VDFKORJLVFKHU�%H]LHKXQJ�VWHKHQ��GLHQHQ�VRZRKO� GHU� H[WHUQHQ� $QDO\VH� �]�%�� ]XU� ILQDQ]ZLUWVFKDIWOLFKHQ� RGHU� HUIROJVZLUWVFKDIWOLFKHQ�

���6HOI2UJDQL]H�$QZHQGXQJ�IDQG�GDV�YRQ�'HOWD'HVLJQ�6RIWZDUH�%HUOLQ�HQWZLFNHOWH�3DNHW��6HOI2UJD�QL]H���>/HPNH����@��+LHU�ZXUGH�HLQ�SDUDPHWULVFKHU�*0'+�$OJRULWKPXV�XPJHVHW]W��GHU�LP�9HUODXI�GHV�0RGHOOLHUXQJVSUR]HVVHV�]XVlW]OLFK�]XU�DGDSWLYHQ�1HW]ZHUNV\QWKHVHHLQH�2SWLPLHUXQJ�GHU�6WUXNWXU�GHU�hEHUWUDJXQJVIXQNWLRQ�MHGHV�HLQ]HOQHQ�1HXURQV�YRUQLPPW��VR�GD��GLH�HUKDOWHQH�1HW]ZHUNIXQNWLRQ�HLQH�.RPSRVLWLRQ�XQWHUVFKLHGOLFKHU��D�SULRUL�XQEHVWLPPWHU�1HXURQHQ�GDUVWHOOW�



�
%LODQ]DQDO\VH��� DOV� DXFK� GHU� LQWHUQHQ� $QDO\VH� �]�%�� ]XU� )U�KZDUQXQJ� XQG� 8QWHUVW�W]XQJ� YRQ�3ODQXQJV� XQG�.RQWUROOSUR]HVVHQ�PLWWHOV�.UHGLWZ�UGLJNHLWVSU�IXQJ��8QWHUQHKPHQVEHZHUWXQJ�X�D����
��� 9RUKHUVDJH�GHU�$NWLYWlWVLQGL]HV�GHU�1HZ�<RUNHU�:HUWSDSLHUE|UVH
W [� [� [� [� W [� [� [� [��� ���� ���� ���� ����� �� ���� ���� ���� ������ ���� ���� ���� ����� �� ���� ���� ���� ������ ���� ���� ���� ���� �� ���� ���� ���� ����0$' ���� ���� ���� ����
7DIHO����9RUKHUVDJHIHKOHU�G  [ � [[LW LN0

LW ���� GHU�$NWLYLWlWVLQGL]HV��1HZ�<RUNHU�:HUWSDSLHUE|UVH�
*HJHEHQ�VLQG���9DULDEOH��GLH�GLH�$NWLYLWlW�GHU�1HZ�<RUNHU�:HUWSDSLHUE|UVH�YRP���������������������7DJH� �� NHQQ]HLFKQHQ�� [�� � PLQLPDOHU� :HUW� GHV� $NWLYLWlWVLQGH[�� [�� � PD[LPDOHU� :HUW� GHV�$NWLYLWlWVLQGH[�� [�� � :HUW� GHV� $NW]LYLWlWVLQGH[� ]XP�%|UVHQVFKOX�� XQG� [�� � 6XPPH� GHU� WlJOLFKHQ�2SHUDWLRQHQ�� ,P� (UJHEQLV� GHU� 0RGHOOLHUXQJ� PLW� ��� 5HDOLVLHUXQJHQ� ZXUGHQ� GLH� LQ� GHU� 7DIHO� ��GDUJHVWHOOWHQ�9RUKHUVDJHIHKOHU�GHUKDOWHQ��
�����9RUKHUVDJH�EHWULHEVZLUWVFKDIWOLFKHU�.HQQJU|�HQ�LQ�HLQHP�8QWHUQHKPHQ*HJHEHQ� VLQG� DXV� HLQHP� 8QWHUQHKPHQ� GHU� (OHNWUREUDQFKH� ��� .HQQJU|�HQ� [L �L � ��� ��� ����� ���� PLW�MHZHLOV� ��� 5HDOLVLHUXQJHQ�� $XI� GHU� *UXQGODJH� YRQ� ��� 5HDOLVLHUXQJHQ� ZXUGH� YRP� &RPSXWHU� HLQ�OLQHDUHV��LQ�VLFK�ZLGHUVSUXFKVIUHLHV�'LIIHUHQ]HQJOHLFKXQJVV\VWHP�GHU�$UW�[W  �$�[W � %N [W�NHUVWHOOW��'DV�0RGHOO�HUODXEW�DQDO\WLVFKH�$XVVDJHQ��]�%��]XP�(LQIOX��GHU�HLQ]HOQHQ�(LQIOX�JU|�HQ�XQG�LKUHU� 9HU]|JHUXQJHQ�� )�U� GDV� KLHU� EHWUDFKWHWH� 8QWHUQHKPHQ� VLQG� GLH� DXI� GHU� %DVLV� GHV� JHQHULHUWHQ�*OHLFKXQJVV\VWHPV�HUKDOWHQHQ�9RUKHUVDJHIHKOHU�I�U�HLQHQ�9RUKHUVDJH]HLWUDXP�YRQ���-DKUHQ�LQ�7DIHO���HQWKDOWHQ�

[� [� [� [� [� [� [� [� [�� ���� ���� ���� ���� ���� ���� ���� ���� ������ ����� ���� ���� ���� ����� ���� ���� ���� �����0$' ���� ���� ���� ���� ���� ���� ���� ���� �����
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[�� [�� [�� [�� [�� [�� [�� [��� ����� ���� ���� ���� ���� ���� ���� ����� ����� ����� ���� ���� ���� ����� ���� �����0$' ����� ���� ���� ���� ���� ����� ���� �����
7DIHO�����9RUKHUVDJHIHKOHU��0$'�>�@��EHWULHEVZLUWVFKDIWOLFKHU�.HQQJU|�HQ

����(UPLWWOXQJ�GHU�.UHGLWZ�UGLJNHLW*HJHEHQ�VLQG����.HQQJU|�HQ�YRQ����8QWHUQHKPHQ��GLH�YRQ�HLQHU�*UR�EDQN�]XU�.UHGLWHQWVFKHLGXQJ�]X� *UXQGH� JHOHJW� ZXUGHQ�� 'LH� 3U�IXQJ� EH]RJ� VLFK� GDEHL� DXI� GLH� .ULWHULHQ� 9HUP|JHQVODJH��9HUP|JHQVVWUXNWXU��.DSLWDOVWUXNWXU���/LTXLGLWlW��DNWXHOOH�/LTXLGLWlW��)LQDQ]SODQDQDO\VH��XQG�5HQWDEL�OLWlW��VLHKH�KLHU]X�>%LVFKRII����@���9RQ�GHQ����)lOOHQ�ZXUGHQ����(QWVFKHLGXQJHQ�DOV�7HVWIlOOH����SRVL�WLYH�� �� QHJDWLYH�� �� XQHQWVFKLHGHQH� (QWVFKHLGXQJ� VRZLH� �� *UHQ]IDOO�� YRUJHJHEHQ�� 'LH� �EULJHQ� ���(QWVFKHLGXQJHQ�����QHJDWLY�����SRVLWLY��GLHQWHQ�DOV�/HUQIlOOH�(UVWHOOW�ZXUGHQ� OLQHDUH�XQG�QLFKWOLQHDUH�0RGHOOH�GHU�(QWVFKHLGXQJVYDULDEOH�YRQ�GHQ����.HQQ]DKOHQ�DEHU� DXFK� ]ZHL� VHSDUDWH� *OHLFKXQJVV\VWHPH� ]XU� %HVFKUHLEXQJ� GHU� QHJDWLYHQ� E]Z�� SRVLWLYHQ� )lOOH��%HLGH�+HUDQJHKHQVZHLVHQ�OLHIHUQ�0RGHOOH��GLH�$XVVDJHQ��EHU�GHQ�(LQIOX��GHU�HLQ]HOQHQ�.HQQ]DKOHQ�DXI�GLH�MHZHLOLJH�(QWVFKHLGXQJ�OLHIHUQ�hEHUHLQVWLPPHQG�PLW�GHQ�LQ�>%LVFKRII����@�HUKDOWHQHQ�JXWHQ�(UJHEQLVVH�I�U�GLH�YHUVFKLHGHQHQ�QHXUR�QDOHQ�1HW]H�ZXUGHQ� LQ�GHU�5HJHO�GLH���SRVLWLYHQ�XQG���QHJDWLYHQ�(QWVFKHLGXQJHQ�EHVWlWLJW�XQG�GHU�*UHQ]IDOO� HEHQIDOOV� DOV� SRVLWLY� DQJHVHKHQ�� 'HU� XQHQWVFKLHGHQH� )DOO� ZXUGH� �EHUZLHJHQG� SRVLWLY�HQWVFKLHGHQ�� ,P� 8QWHUVFKLHG� ]X� QHXURQDOHQ� 1HW]HQ� OLHIHUW� GLHVH� +HUDQJHKHQVZHLVH� XQPLWWHOEDU� GLH�(UNOlUXQJVNRPSRQHQWH�� GLH� LQ� >%LVFKRII�� ��@� DOV� HQWVFKHLGHQGHV� $N]HSWDQ]SUREOHP� GHU� QHXURQDOHQ�1HW]H�I�U�GHQ�.UHGLWVDFKEHDUEHLWHU�DQJHVHKHQ�ZLUG�
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