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+HUNXQIW�GHU�%HLWUlJH

'HU�YRUOLHJHQGH�%DQG�GRNXPHQWLHUW�GLH�%HLWUlJH�GHV�����:RUNVKRSV�Ä:HUN]HXJH�I�U

0RGHOOELOGXQJ�XQG�6LPXODWLRQ�LQ�8PZHOWDQZHQGXQJHQ³�YRP�0lU]������LQ�+DPEXUJ�

HLQHV� MlKUOLFK� VWDWWILQGHQGHQ� 7UHIIHQV� GHU� JOHLFKQDPLJHQ� )DFKJUXSSH� GHU

*HVHOOVFKDIW�I�U�,QIRUPDWLN��=XVlW]OLFK�XPID�W�HU�DFKW�%HLWUlJH�HLQHV�:RUNVKRSV�GHU

*UXSSH� Ä7KHRULH� XQG� 0RGHOOLHUXQJ� YRQ� gNRV\VWHPHQ³�� GLH� HLQH� 7HLOJUXSSH� GHU

JHQDQQWHQ�)DFKJUXSSH�ELOGHW� XQG� VLFK� LP�2NWREHU� ����� LQ� .|OSLQVHH� DXI�8VHGRP

WUDI�

'XUFK� GLH� =XVDPPHQIDVVXQJ� GLHVHU� EHLGHQ� *UXSSHQ� JHOLQJW� HV� GHQ� $XIVlW]HQ

GLHVHV� %DQGHV� HLQHUVHLWV�� HLQ� VHKU� EUHLWHV� 7KHPHQVSHNWUXP� YRQ� $QZHQGXQJV�

EHLVSLHOHQ� GHU� 0HWKRGH� 6LPXODWLRQ� LP� %HUHLFK� GHU� 8PZHOWPRGHOOLHUXQJ� DXI]X�

VSDQQHQ�� � $QGHUHUVHLWV� ]HLJHQ� VLH�� ZLH� $QIRUGHUXQJHQ� DXV� GHU� 3UD[LV� DQDO\VLHUW�

PHWKRGLVLHUW��LQ�6LPXODWLRQVVRIWZDUH�JHID�W�XQG�HLQHU�/|VXQJ�]XJHI�KUW�ZHUGHQ�

6HOEVWYHUVWlQGOLFK� NDQQ� QLFKW� MHGHU� %HLWUDJ� GLHVHQ� ZHLWHQ� %RJHQ� VSDQQHQ�� ]XPDO

VLFK�GLH�*UXSSH�]XU�$XIJDEH�JHPDFKW�KDW��DXFK�7HLOVFKULWWH�DXI�GHP��RIWPDOV�ODQJHQ�

:HJ� ELV� ]XU� HQGJ�OWLJHQ� /|VXQJ� ]X� GRNXPHQWLHUHQ� XQG� LQ� LKUH� :RUNVKRS�%lQGH

DXI]XQHKPHQ��9LHOOHLFKW�KHOIHQ�GHP�/HVHU�VROFKH�(LQ]HOEHLWUlJH�HKHU�EHL�GHU�/|VXQJ

HLJHQHU� 3UREOHPH� DOV� HLQ� JHVFKOLIIHQHU� *HVDPWEHULFKW� �EHU� HLQ� 3URMHNW�� GHU� GLH

GXUFKODXIHQHQ�6FKZLHULJNHLWHQ�XQG�6DFNJDVVHQ�RIWPDOV�QLFKW�PHKU�HUNHQQHQ�Ol�W�

.XU]H�&KDUDNWHULVLHUXQJ�GHU�%HLWUlJH

=XP� 7KHPD� 6WRIIVWURPQHW]H� XQWHUVXFKHQ� $��)DXVWPDQQ�� 9��/XW]H�� -��0DU[�*yPH]

XQG� &��5DXWHQVWUDXFK� GLH� gNRELODQ]LHUXQJ� XQG� %HZHUWXQJ� HLQHV� %LHUKHUVWHO�

OXQJVSUR]HVVHV�� (LQHU� DOOJHPHLQHQ�(LQI�KUXQJ� LQ�gNRELODQ]HQ� XQG�6WRIIVWURPQHW]H

IROJW� GLH� %HVFKUHLEXQJ� HLQHU� LQWHUHVVDQWHQ� )DOOVWXGLH�� $QKDQG� HLQHV� DXVJHZlKOWHQ

3UR]HVVHV�DXV� GHU�%LHUKHUVWHOOXQJ�ZLUG� GLH�0RGHOOLHUXQJ� YRQ�6WRIIVWU|PHQ�XQG�GLH

$EOHLWXQJ� YRQ� gNRELODQ]HQ� LOOXVWULHUW�� $QVFKOLH�HQG� ZHUGHQ� GLH� 0|JOLFKNHLWHQ� XQG

*UHQ]HQ�GHU�%LODQ]EHZHUWXQJ�PLW�+LOIH�YRQ�.HQQ]DKOHQV\VWHPHQ�GLVNXWLHUW�

9��:RKOJHPXWK��%��3DJH�XQG�-��+HIWHU�EHULFKWHQ��EHU�GLH�(LQEHWWXQJ�YRQ�7RXUHQSOD�

QXQJVPRGHOOHQ� LQ� 6WRIIVWURPQHW]H� XQG� YHU]DKQHQ� GDPLW� |NRQRPLVFKH� XQG

|NRORJLVFKH� .ULWHULHQ� ]XU� %HZHUWXQJ� YRQ� 3URGXNWLRQVSUR]HVVHQ�� 1HEHQ� GHU

VRIWZDUHWHFKQLVFKHQ� .RSSOXQJ� GHU� 2SWLPLHUXQJVDOJRULWKPHQ� PLW� GHP� :HUN]HXJ

8PEHUWR�]XU�6WRIIVWURPELODQ]LHUXQJ�EHVFKlIWLJHQ�VLH�VLFK�DXVI�KUOLFK�PLW�DOWHUQDWLYHQ

$QVlW]HQ� ]XU� %HZHUWXQJ� GHV� 9HUEUDXFKV� YRQ� 8PZHOWUHVVRXUFHQ�� 'LH� .RQ]HSWH

3UHLV��� 0HQJHQ�� XQG� =HUWLILNDWVVWHXHUXQJ� ZHUGHQ� GXUFK� 0RGLILNDWLRQHQ� GHU

=LHOIXQNWLRQ� � UHDOLVLHUW� XQG�DP�%HLVSLHO� GHV�6WDQGDUGPRGHOOV� GHU� 7RXUHQSODQXQJ� LQ

LKUHQ�$XVZLUNXQJHQ�GLVNXWLHUW�



LY

)��*U�WWQHU� HUOlXWHUW� LQ� VHLQHP� %HLWUDJ� 0RGHOOEDVLHUWHV� ,QVWUXPHQWDULXP� ]XU

%LODQ]LHUXQJ� GHU� 7UHLEKDXVJDVHPLVVLRQHQ� 0HFNOHQEXUJ�9RUSRPPHUQV� XQG� ]XU

6LPXODWLRQ� YRQ� .OLPDVFKXW]PD�QDKPHQ� ]XQlFKVW� DOO� GLHMHQLJHQ� )DNWRUHQ�� GLH� ]XU

%HVWLPPXQJ�GHU�7UHLEKDXVJDVHPLVVLRQ�HLQHU�JU|�HUHQ�5HJLRQ�� ]�%��HLQHV�%XQGHV�

ODQGHV�� EHWUDFKWHW� ZHUGHQ� P�VVHQ�� ,P� ]ZHLWHQ� 7HLO� XPUHL�W� HU� GLH� 6RIWZDUH�

.RPSRQHQWHQ��GLH�]XP�3DUDPHWULVLHUHQ�XQG�([SHULPHQWLHUHQ�GHU�%LODQ]JOHLFKXQJHQ

QRWZHQGLJ� VLQG�� 'LH� 9HUZHQGXQJ� GHV� ,QVWUXPHQWDULXPV� ZLUG� DP� %HLVSLHO� HLQHU

6]HQDULRXQWHUVXFKXQJ� ]XU� &2��%LODQ]� EHL� 9HUZHQGXQJ� YRQ� 5HVWVWURK� ]XU�:lUPH�

GlPPHUXQJ�LQ�:RKQJHElXGHQ�YHUDQVFKDXOLFKW�

$OV�.RPSURPL��]ZLVFKHQ�GHQ�UHODWLYHQ�8QJHQDXLJNHLWHQ�YRQ�,QWHUSRODWLRQVPHWKRGHQ

XQG�GHP�KRKHQ�5HFKHQDXIZDQG�SURJQRVWLVFKHU�6WU|PXQJVPRGHOOH�]XU�%HVWLPPXQJ

GHV� :LQGIHOGHV� �EHU� NRPSOH[HP� *HOlQGH� VWHOOHQ� .��6HQNOHU� XQG� 8��6WUHLW� HLQ

VRJHQDQQWHV� GLDJQRVWLVFKHV�6WU|PXQJVPRGHOO� YRU�� 'HUDUWLJH� $QVlW]H� NRPPHQ�PLW

UHODWLY�ZHQLJHQ�SXQNWXHOOHQ�0H�GDWHQ�DXV�XQG�HUPLWWHOQ� LKU�(UJHEQLV� �EHU� LWHUDWLYH

9HUEHVVHUXQJ� HLQHV� DXV� GLHVHQ� 0HVVXQJHQ� JHVFKlW]WHQ� ,QLWLDOZLQGIHOGHV�� 1DFK

HLQHU� (UOlXWHUXQJ� GHV� 9HUIDKUHQV� ]HLJHQ� GLH� $XWRUHQ�� DXI� ZHOFKH� :HLVH� GDV

%HUHFKQXQJVPRGXO�LQ�$WPR*,6�LQWHJULHUW�ZHUGHQ�NDQQ��%HL�$XWR*,6�KDQGHOW�HV�VLFK

XP�HLQH�.ODVVHQELEOLRWKHN��GLH�XP�HLQH�YLUWXHOOH�*,6�6FKQLWWVWHOOH�KHUXP�DXIJHEDXW

LVW�� XQG� VRZRKO� DXI� GHU� 6HLWH� 0RGHOO� XQG� 0HWKRGHQ� DOV� DXFK� DXI� GHU� 6HLWH� GHU

DQVFKOLH�EDUHQ�*,6�.HUQH�HLQH�JUR�H�9DULDWLRQVEUHLWH�ELHWHW�

'LH�EHLGHQ� IROJHQGHQ�5HIHUHQWLQQHQ�EHVFKlIWLJHQ�VLFK�PLW�YHUVFKLHGHQHQ�$VSHNWHQ

YRQ� 9HUNHKUVPRGHOOHQ�� +��8QJHU� VWHOOW� HLQHQ� $QVDW]� ]XU� :HJHSODQXQJ� XQG

:HJHZDKO� LQ� HLQHU� VWlGWLVFKHQ� 8PJHEXQJ� GDU�� 6LH� EH]LHKW� LQVEHVRQGHUH� GLH

2ULHQWLHUXQJ�DQ�:HJHPDUNHQ�� ]�%��.LUFKHQ�� DXIIlOOLJHQ�*HElXGHQ�� XVZ��� VRZLH� GLH

7DJHVSODQXQJ� GHU� 9HUNHKUVWHLOQHKPHU� PLW� HLQ�� =XU� 5HDOLVLHUXQJ� YHUZHQGHW� VLH�

HEHQVR�ZLH�$��6FKXO]�LP�QDFKIROJHQGHQ�5HIHUDW��HLQHQ�LQGLYLGXHQRULHQWLHUWHQ�$QVDW]�

6FKXO]�JUHLIW�GDV�3UREOHP�GHU�9HUNHKUVPLWWHOZDKO�DXI�XQG�HQWZLFNHOW�HLQHUVHLWV�HLQHQ

$OJRULWKPXV�]XU�0RGHOOLHUXQJ�GHU�(QWVFKHLGXQJ�HLQHV� ,QGLYLGXXPV� I�U�GLH�)DKUW�PLW

GHP� SULYDWHQ� 3.:� DOV� $OWHUQDWLYH� ]XP� gIIHQWOLFKHQ� 3HUVRQHQQDKYHUNHKU�

DQGHUHUVHLWV� VWHOOW� VLH� HLQH� 6RIWZDUHDUFKLWHNWXU� YRU�� PLW� GHUHQ� +LOIH� VLH� HLQH

%HZHUWXQJ� GHU� I�U� HLQH� )DKUW� JHWURIIHQHQ�(QWVFKHLGXQJ� DQ� GLH� LP� 9HUNHKUVV\VWHP

YRUJHIXQGHQH� WDWVlFKOLFKH� 6LWXDWLRQ� YRUQLPPW�� 'LH� 0RGHOOLQGLYLGXHQ� VDPPHOQ� DXI

GLHVH� :HLVH� VXN]HVVLYH� (UIDKUXQJHQ� �EHU� .RPIRUW� XQG� 6FKQHOOLJNHLW� GHU

XQWHUVFKLHGOLFKHQ� 9HUNHKUVPLWWHO� XQG� OHUQHQ� QDFK� HLQLJHQ� )DKUWHQ� HLQH� I�U� VLH

RSWLPDOH�9HUNHKUVPLWWHOZDKO�]X�WUHIIHQ�

8QWHU�GHU�hEHUVFKULIW�7HFKQLNHQ�GHV�.QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV�]XU�$QDO\VH

YRQ� 6LPXODWLRQHQ� DP� %HLVSLHO� LQGLYLGXHQRULHQWLHUWHU� 6LPXODWLRQVPRGHOOH� GHU

8PZHOWHSLGHPLRORJLH� UHIHULHUW� )��.|VWHU� GLH� $UEHLWVVFKULWWH� GHV� 'DWD� 0LQLQJ

HLQHUVHLWV� XQG� GHU� 0RGHOOLHUXQJ� XQG� 6LPXODWLRQ� DQGHUHUVHLWV�� XP� LQ� HLQHU

DQVFKOLH�HQGHQ� $QDO\VH� ZHLWUHLFKHQGH� bKQOLFKNHLWHQ� XQG� ZHFKVHOVHLWLJH� %H]�JH

]ZLVFKHQ�GLHVHQ�EHLGHQ�7HFKQLNHQ� IHVW]XVWHOOHQ��(U� VFKOlJW� YRU�� EHLGH�9RUJHKHQV�

PRGHOOH�]X�YHUNQ�SIHQ��9RUWHLOH�N|QQHQ�VLFK�GDQQ�GXUFK�GLH�,QWHJUDWLRQ�GHV�:LVVHQV



Y

DXV�GHP�6\VWHPPRGHOO� LQ�GLH�'DWD�0LQLQJ�3KDVH�HUJHEHQ�DOV�DXFK�XPJHNHKUW�GLH

0RGHOOELOGXQJ� XQG� GLH� $QDO\VH� YRQ�6LPXODWLRQVHUJHEQLVVHQ� GDQN� GHU�'DWD�0LQLQJ�

7HFKQLNHQ�DQ�(IIHNWLYLWlW�XQG�(IIL]LHQ]�JHZLQQHQ�NDQQ�

8QWHU�GHP�7LWHO�:DV�LVW�HLQH�JXWH�3URJQRVH"��EHVFKlIWLJW�VLFK�&�+��5HLFN�]XQlFKVW�LQ

DOOJHPHLQHU� )RUP�PLW�P|JOLFKHQ�*�WHNULWHULHQ� I�U� HLQH� ZLVVHQVFKDIWOLFKH� 3URJQRVH

XQG�ZHQGHW�DQVFKOLH�HQG�GLH�YRUJHVWHOOWHQ�$QVlW]H�DXI�HLQ�%HLVSLHO�DXV�GHP�%HUHLFK

GHU�=RRSODQNWRQG\QDPLN�DQ��'LH�4XDOLWlWVPD�H�ZHUGHQ�GDEHL�LQ�H[WHUQH��LQWHUQH�XQG

UHODWLYH�0D�H�JHJOLHGHUW��,Q�GHU�'LVNXVVLRQ�JHKW�GHU�$XWRU�LQVEHVRQGHUH�DXFK�GDUDXI

HLQ��ZHOFKH�$XVVDJHNUDIW�GLH�*�WHPD�H�I�U�SUDNWLVFKH�$QZHQGXQJHQ�ELHWHQ��XQG�ZLH

GHU� $QZHQGHU� PLW� XQWHUVFKLHGOLFKHQ� %HZHUWXQJHQ� HLQHU� 3URJQRVH� GXUFK� GLH

YRUJHVWHOOWHQ�0D�]DKOHQ�XPJHKHQ�VROO�

-��:LWWPDQQ� VWHOOW� LQ� VHLQHP�%HLWUDJ� HLQH�$QZHQGXQJVVWXGLH� ]XU�8QWHUVXFKXQJ� GHU

*UXQGZDVVHUVLWXDWLRQ� HLQHU� +DXVP�OOGHSRQLH� YRU�� %HVRQGHUHQ� :HUW� OHJW� GLH

'DUVWHOOXQJ� DXI� GLH� ,QWHUGHSHQGHQ]HQ� ]ZLVFKHQ� �LQ� QXU� JHULQJHP� 8PIDQJ�

YRUKDQGHQHQ�0H�GDWHQ�GHV�UHDOHQ�6\VWHPV�XQG�GHV�]X�ZlKOHQGHQ�0RGHOODQVDW]HV�

$XI� GLHVHU� %DVLV� ZLUG� HLQ� VHKU� HLQIDFKHV� *UXQGZDVVHUPRGHOO� HQWZLFNHOW�� GDV� GLH

3HJHOPHVVXQJHQ� LP� 'HSRQLHJHOlQGH� UHFKW� JXW� ZLHGHUJLEW� XQG� DXV� GHP� VLFK

+LQZHLVH� I�U� HLQH� VLQQYROOHUH� ]XN�QIWLJH� %HPHVVXQJ� GHV� 8QWHUVXFKXQJVJHELHWHV

DEOHLWHQ�ODVVHQ�

$��*QDXFN� EHVFKlIWLJW� VLFK� LQWHQVLY�PLW� GHU� 6LPXODWLRQ� GHU�:DVVHUJ�WH� LP� %HUHLFK

GHU� 8QWHUHQ� +DYHO� EHL� %HUOLQ�� ,P� YRUOLHJHQGHQ� $XIVDW]� YHUZHQGHW� HU� VHLQH

(UIDKUXQJHQ� ]X� HLQHP� 9HUJOHLFK� YRQ� 6LPXODWLRQVZHUN]HXJHQ�� GLH� GLH�:DVVHUJ�WH

YRQ� )OLH�JHZlVVHUQ� EHKDQGHOQ�� $XVI�KUOLFK� ZHUGHQ� GLH� 6\VWHPH� $48$6,0�

+DYHO0RG�� 48$6$5� XQG� 675($03/$1� EH]�JOLFK� GHV� MHZHLOV� EHQ|WLJWHQ

'DWHQPDWHULDOV��GHU�)XQNWLRQDOLWlW�XQG�GHU�(LQVDW]EUHLWH�YRUJHVWHOOW�XQG�PLWHLQDQGHU

YHUJOLFKHQ�� 'LH� $XVVDJHQ� VW�W]HQ� VLFK� GDEHL� DXI� YRP� $XWRU� VHOEVW� GXUFKJHI�KUWH

8QWHUVXFKXQJHQ��GLH�DOV�%HLVSLHOH�DQJHJHEHQ�ZHUGHQ�

5��:LHODQG� XQG� .��2��:HQNHO� JHKHQ� LQ� LKUHP� %HLWUDJ� DXI� VRIWZDUHWHFKQLVFKH

$VSHNWH� GHU� 0RGHOOLHUXQJ� PLW� )X]]\�$QVlW]HQ� HLQ�� 8P� GLH� 3RUWDELOLWlW� YRQ

gNRV\VWHPPRGHOOHQ�KLQ�]XP�$QZHQGHU�]X�YHUHLQIDFKHQ��VFKODJHQ�VLH�HLQH�0LJUDWLRQ

LQ�GLH� OL]HQ]IUHLH�6FULSWVSUDFKH�3<7+21� LQ�9HUELQGXQJ�PLW�GHU�6RIWZDUH�'LVOLQ� ]XU

9LVXDOLVLHUXQJ� GHU� 6LPXODWLRQVHUJHEQLVVHQ� YRU�� 'LH� 9RUJHKHQVZHLVH� ZLUG� DQKDQG

YRQ�&RGHVHJPHQWHQ�HUOlXWHUW��GLH�VLFK�OHLFKW�DQ�QXW]HUVSH]LILVFKH�0RGHOOH�DQSDVVHQ

ODVVHQ�� (LQ� %HLVSLHO� ]HLJW� GLH� 0DFKEDUNHLW� GHU� YRUJHVFKODJHQHQ� 0RGHOOWUDQV�

IRUPDWLRQ�� 'LH� DXIJHWUHWHQHQ� 8QVWLPPLJNHLWHQ� LQ� GHQ� 0RGHOOHUJHEQLVVHQ� ZHUGHQ

GLVNXWLHUW�XQG�JHEHQ�+LQZHLVH�DXI�HLQH�SUl]LVHUH�)RUPXOLHUXQJ�GHU�)X]]\�5HJHOQ�

5��*U�W]QHU� VWHOOW� LQ� VHLQHP� %HLWUDJ� HLQ� 3URJUDPPV\VWHP� YRU�� GDV� DXI� HLQH

0HKUIDFKQXW]XQJ� YRQ� 0RGHOOHQ� DXFK� �EHU� GLH� *UHQ]HQ� HLQHV� EHVWLPPWHQ

6LPXODWLRQVV\VWHPV� KLQZHJ� DE]LHOW�� $XVJDQJVSXQNWH� VLQG� GDEHL� PDWKHPDWLVFKH

0RGHOOEHVFKUHLEXQJHQ�� GLH� LQ� HLQH� ZHUN]HXJQHXWUDOH� )RUP�� LQ� 0(7$�%HVFKUHL�

EXQJHQ�� �EHUI�KUW� ZHUGHQ��0(7$�0RGHOOH� VLQG�PLW�(GLWRUHQ� EHDUEHLWEDU� XQG� LQ� GLH



YL

XQWHUVFKLHGOLFKVWHQ�6LPXODWLRQVVSUDFKHQ�WUDQVIRUPLHUEDU��'XUFK�GLH�$QELQGXQJ�DOOHU

:HUN]HXJH� DQ� GLH� 0(7$�%HVFKUHLEXQJ� LVW� GHU� 1XW]HU� QLFKW� JH]ZXQJHQ�� GLH

:HUN]HXJH� �(GLWRUHQ�� $QDO\VDWRUHQ� X�D��� GHU� XQWHUVFKLHGOLFKVWHQ� =LHOVLPXODWLRQV�

V\VWHPH�]X�EHQXW]HQ�

0LW� GHU� $QDO\VH� YRQ� 3URGXNWLRQVSUR]HVVHQ� EHVFKlIWLJW� VLFK� $��:HEHU�0DULQ�� 6LH

ZHQGHW�GLH�0HWKRGH�GHU�VWUXNWXULHUWHQ�$QDO\VH�DXI�GLH�3UR]HVVH�EHL�GHU�+HUVWHOOXQJ

WH[WLOHU� 3URGXNWH�� LQVEHVRQGHUH� GHU� *DUQKHUVWHOOXQJ� DQ�� 0LW� +LOIH� YRQ� 5HVVRXUFHQ�

IOX�GLDJUDPPHQ� XQG� =XVWDQGV�EHUJDQJVGLDJUDPPHQ� N|QQHQ� GLH� 3URGXNWLRQV�

SDUDPHWHU� LP�6LQQH�HLQHU� |NRORJLVFK� XQG�|NRQRPLVFK�QDFKKDOWLJHQ�3UR]H�I�KUXQJ

HLQJHVWHOOW�ZHUGHQ�

1��;��7KLQK�HW�DO��EHULFKWHQ��EHU�*UXQGODJHQIRUVFKXQJ� LP�%HUHLFK�GHU�0RGHOOLHUXQJ

YRQ� 3UR]HVVHQ� GHU� %HVLHGHOXQJ� VWlGWLVFKH� 5lXPH�� 8P� HLQHQ� ,QGLNDWRU� I�U� GLH

.RPSDNWKHLW�GHU�6LHGOXQJVIOlFKH�]X�HUKDOWHQ��I�KUHQ�VLH�HLQ�*UDYLWDWLRQVPD��HLQ��$Q

���6WlGWHQ�'HXWVFKODQGV�XQWHUVXFKWHQ�VLH�DQVFKOLH�HQG�GLH�.RUUHODWLRQHQ�]ZLVFKHQ

GLHVHP�.RPSDNWKHLWVPD��XQG�GHQ�:HUWHQ� I�U�'LVSHUVLRQ�� %RGHQSUHLV�� 6WDGWIOlFKH

XQG�9HUVLHJHOXQJVJUDG�

'LH� )UDJH� Ä+DW� GLH� (YROXWLRQ� =LHOIXQNWLRQHQ"³� EHDQWZRUWHQ� 7��:LOKHOP� XQG

5��%U�JJHPDQQ� PLW� HLQHU� hEHUVLFKW� �EHU� P|JOLFKH� DOOJHPHLQH� =LHOJU|�HQ

|NRORJLVFKH� 6\VWHPH�� 'DEHL� ZHUGHQ� VRZRKO� |NRORJLVFKH� �PD[LPXP� SRZHU�

PD[LPDOH� (QWURSLH�� ����� DOV� DXFK� SK\VLNDOLVFKH� .ULWHULHQ� GLVNXWLHUW�� 'DEHL� NDQQ� GLH

)UDJH�� RE� �EHUKDXSW� HLQH� XQG� ZHQQ� MD�� ZHOFKH� =LHOIXQNWLRQ� KLQWHU� 3UR]HVVHQ� GHU

gNRORJLH�VWHKHQ��ZLFKWLJH�/HLWOLQLHQ�I�U�GLH�0RGHOOLHUXQJ�GLHVHU�3UR]HVVH�JHEHQ�

$XFK�GLH�$XWRUHQ�$��6FKXOW]�XQG�:��0LUVFKHO��EHUVFKUHLEHQ� LKUHQ�%HLWUDJ�PLW�HLQHU

)UDJH��'DXHUEHREDFKWXQJHQ���1RWZHQGLJH�4XHOOH�GHU�$JUR|NRV\VWHPPRGHOOLHUXQJ"

6LH�IRUGHUQ�HLQHQ�.RPSURPL��LQ�GHU�'DWHQHUKHEXQJ��GHU�]ZLVFKHQ�GHU�6ROLGLWlW�HLQHU

'DXHUEHREDFKWXQJ�XQG�GHU�$NWXDOLWlW�HLQHU�NXU]IULVWLJHQ�'DWHQHUKHEXQJ�OLHJHQ�PX��

'LH� %HLVSLHOH� ]HLJHQ�� GD�� JHZLVVH� 'DWHQ� �:HWWHU��:DFKVWXP� YRQ�:LQWHUJHWUHLGH�

�EHU� OlQJHUH� =HLWUlXPH� EHREDFKWHW� ZHUGHQ� P�VVHQ�� ZlKUHQG� DQGHUHUVHLWV� HLQ

:HFKVHO� GHU� $QEDXPHWKRGHQ� XQG� GHU� VWHWLJH� =�FKWXQJVIRUWVFKULWW� 0H�GDWHQ� DXV

IHUQHU�9HUJDQJHQKHLW�XQEUDXFKEDU�PDFKHQ��(LQ�VROFKHU�.RPSURPL��Ol�W�VLFK�QXU�EHL

VRUJIlOWLJHU� 3ODQXQJ� GHU� 'DWHQHUKHEXQJ� EH]�JOLFK� LKUHV� 'DWHQXPIDQJV� DEHU� DXFK

LKUHU�]HLWOLFKHQ�$XVGHKQXQJ�ILQGHQ�

8QWHU� GHP� SURYR]LHUHQG� IUDJHQGHQ� 7LWHO� ÄgNRORJLVFKHV� *OHLFKJHZLFKW� �� JHKW� HLQ

.RQ]HSW� LQ� 5HQWH"³� DQDO\VLHUW� +��+��7KXONH�� LQZLHZHLW� $XVVDJHQ� �EHU� *OHLFKJH�

ZLFKWV]XVWlQGH� HLQHV� |NRORJLVFKHV� 6\VWHPV� YRQ� SUDNWLVFKHU� 5HOHYDQ]� VLQG�� $OV

%HLVSLHO� I�KUW�HU�HLQ�:LUWH�3DUDVLWHQ�0RGHOO�DQ��PLW�GHVVHQ�+LOIH�GLH�$XVURWWXQJ�GHV

)XFKVEDQGZXUPHV�GXUFK�JH]LHOWH�.|GHUJDEHQ�HUUHLFKW�ZHUGHQ�VROO��7KXONH�EHWRQW�LQ

VHLQHQ�$XVI�KUXQJHQ��GD��EHL�GHUDUWLJHQ�)UDJHVWHOOXQJHQ�GLH�3UR]H�G\QDPLN��DOVR

GLH� )UDJH� ZLH� GHU� *OHLFKJHZLFKWV]XVWDQG� HLQHV� 6\VWHPV� HUUHLFKW� ZLUG�� YRQ

ZHVHQWOLFK� JU|�HUHU� %HGHXWXQJ� LVW� DOV� GHU� HLQJHVFKZXQJHQH� (QG]XVWDQG� VHOEVW�

'LHV� JLOW� XPVR� PHKU�� ZHQQ� ±� ZLH� LP� %HLVSLHO� ±� GXUFK� JH]LHOWH� 0DQDJHPHQW�



YLL

PD�QDKPHQ� DXI� GDV� 6\VWHPYHUKDOWHQ� GHU� :HJ� ]XP� |NRORJLVFKHQ� *OHLFKJHZLFKW

EHHLQIOX�W�ZHUGHQ�VROO�

7KHRUHWLVFKH� hEHUOHJXQJHQ� ]XU� IRUPDOHQ� %HVFKUHLEXQJ� YRQ� gNRV\VWHPHQ

XQWHUQLPPW�$�*QDXFN�XQWHU�GHP�7LWHO�³$XWRPDWHQ�XQG�3HWUL�1HW]H�±�:HUN]HXJH�GHU

gNRV\VWHPWKHRULH´��(U�]HLJW�DXI��ZHOFKH�)RUPDOLVPHQ�]XU�0RGHOOLHUXQJ�|NRORJLVFKHU

3UR]HVVH� KHUDQJH]RJHQ� ZHUGHQ� N|QQHQ�� XQG� JLEW� GLH� $QDORJLHQ� ]ZLVFKHQ� GHQ

(OHPHQWHQ� GHU� IRUPDOHQ� 'HILQLWLRQHQ� XQG� GHQ� (OHPHQWHQ� GHU� ]X� PRGHOOLHUHQGHQ

UHDOHQ�6\VWHPH�DQ�

,Q� LKUHP�%HLWUDJ� Ä(UWUDJVDEVFKlW]XQJ� EHL�:LQWHUJHWUHLGH� DXI� GHQ� 6NDOHQ� ]ZLVFKHQ

6FKODJ� XQG� 5HJLRQ³� �EHUWUDJHQ� :��0LUVFKHO�� $��6FKXOW]� XQG� .��2��:HQNHO� GLH

0RGHOOH� GHU� $*526,0�)DPLOLH�� GLH� DP� =$/)�0�QFKHEHUJ� HQWZLFNHOW� ZXUGHQ�� DXI

YHUVFKLHGHQH�UlXPOLFKH�6NDOHQ��%HU�FNVLFKWLJW�ZLUG�GDEHL�GLH�3UD[LVVFKODJHEHQH��GLH

/DQGNUHLVHEHQH�XQG�GLH�(EHQH�YHUVFKLHGHQHU�HXURSlLVFKHU�6WDQGRUWH��'LH�$XWRUHQ

VWHOOHQ� I�U� DOOH� EHWURIIHQHQ� 6NDOHQ� 6LPXODWLRQVHUJHEQLVVH� YRU� XQG� GLVNXWLHUHQ� GLH

QRWZHQGLJHQ� ,QSXW�3DUDPHWHUGDWHQ�� 6SH]LILND� XQG� (LQVFKUlQNXQJHQ� EHLP

6NDOHQZHFKVHO�

0LW� 0HWD�;�� VWHOOHQ� +��/RUHN�� -��)LQNH�� 0��0DODFKLQVNL� XQG� 0��6RQQHQVFKHLQ� HLQ

6RIWZDUHWRRO� YRU�� GDV� GLH� YHUJOHLFKHQGH� 6]HQDULHQDQDO\VH� EHL� 0HWDSRSXODWLRQV�

PRGHOOHQ� XQWHUVW�W]W�� *UXQGODJH� LVW� HLQ� 0DUNRYVFKHV� 0RGHOO� ]XU� %HVLHGOXQJ� YRQ

/DQGVFKDIWVDXVVFKQLWWHQ� �VRJHQDQQWHQ� 3DWFKHV��� GLH� ]XU� %HVLHGOXQJ� JHHLJQHW� XQG

XQWHUHLQDQGHU� �EHU� /DQGVFKDIWVEU�FNHQ� YHUEXQGHQ� VLQG�� 0LW� GHQ� 9HUZDOWXQJV�

VWUXNWXUHQ� 6]HQDULR�� ([SHULPHQW� XQG� 3URMHNW� ELHWHW� 0HWD�;�� HLQH� 6RIWZDUH�

8QWHUVW�W]XQJ�YRQ�GHU�0RGHOO�3DUDPHWULVLHUXQJ�ELV�KLQ�]XU�0RGHOO�'RNXPHQWDWLRQ�

(LQ�EHNDQQWHV�3UREOHP�GHU�gNRORJLH�VWHOOW�GLH�(XWURSKLHUXQJ�YRQ�6HHQ�GDU��,Q�LKUHP

%HLWUDJ� Ä4XDQWLWDWLYH� $EVFKlW]XQJ� GHU� $XVZLUNXQJHQ� VHHLQWHUQHU� 0D�QDKPHQ� DXI

GLH� 3KRVSKRU� �� %LQGXQJ� LP� 6HGLPHQW� ³GLVNXWLHUHQ� ,��6FKDXVHU�� 0��+XSIHU� XQG

5��%U�JJHPDQQ�HLQH�P|JOLFKH�*HJHQPD�QDKPH��'XUFK�$EGHFNXQJ�GHV�6HGLPHQWV

PLW�6HHNUHLGH�YHUVXFKW�PDQ��GLH�3KRVSKRUELOGXQJ�LP�6HGLPHQW�]X�EHHLQIOXVVHQ��'LH

$XWRUHQ�HQWZLFNHOQ� HLQ�0RGHOO� ]XU�$EVFKlW]XQJ�GHUDUWLJHU� VHKU� ODQJVDP�ZLUNHQGHU

(LQJULIIH� DXI� GLH� 3KRVSKRUELODQ]� XQG� GLVNXWLHUHQ� LKUH� (UJHEQLVVH� DQKDQG� YRQ

0HVVXQJHQ�DP�$UHQGVHH�

(LQ� ZLFKWLJHU� ,QGLNDWRU� I�U� GLH� |NRORJLVFKH� *HZlVVHUJ�WH� VLQG� GLH� DP� *HZlVVHU�

JUXQG� YRU]XILQGHQGHQ� ZLUEHOORVHQ� .OHLQOHEHZHVHQ�� GDV� VRJ�� 0DNUR]RREHQWKRV�

0��.LQGHU�HW�DO��YHUVXFKHQ�3URJQRVHQ�GHU�+DELWDWHLJQXQJ�I�U�GLHVH�.OHLQOHEHZHVHQ�

LQGHP�VLH�GLH�6RKOVFKXEVSDQQXQJ�GHV�*HZlVVHUV��EHU�0HVVXQJHQ�PLW�DNXVWLVFKHQ

'RSSOHU�*HUlWHQ�EHUHFKQHQ�XQG�GLHVH�:HUWH�]X�GHU�6WU|PXQJVSUlIHUHQ]NXUYH� GHV

0DNUR]RREHQWKRV� LQ� %H]LHKXQJ� VHW]HQ�� 0LW� VROFKHQ� 0RGHOODQVlW]HQ� ODVVHQ� VLFK

DQVFKOLH�HQG� 1HXEDX��� $XVEDX�� XQG� .RPSHQVDWLRQVPD�QDKPHQ� EHL� JU|�HUHQ

)O�VVHQ�� GLH� ]X� 6FKLIIDKUWVVWUD�HQ� DXVJHEDXW� VLQG�� XQWHU� |NRORJLVFKHQ� *HVLFKWV�

SXQNWHQ�EHZHUWHQ�
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:LH�LVW�GLHVHU�%DQG�]X�YHUVWHKHQ"

$OOH�GLH� UHIHULHUWHQ�%HLWUlJH�N|QQHQ�DOV�0RVDLNVWHLQFKHQ�DXIJHID�W�ZHUGHQ��GLH�HLQ

%LOG� GHU� 0RGHOOLHUXQJ� XQG� 6LPXODWLRQ� LQ� GHQ� 8PZHOW�� XQG� *HRZLVVHQVFKDIWHQ

HQWVWHKHQ�ODVVHQ��GDV�VLFK�LQ�GHQ�'LPHQVLRQHQ�$QZHQGXQJVEUHLWH�XQG�PHWKRGLVFKHU

7LHIH�DXIVSDQQW��)HKOHQGH�6WHLQFKHQ�±RGHU�JDU�ZHL�H�)OHFNHQ�LP�0RVDLN��VROOHQ�GHU

)DFKJUXSSH�$QVSRUQ�I�U�ZHLWHUH�$UEHLWHQ�VHLQ�

3UREOHP� HLQHV� VROFKHQ� 0RVDLNV�� GHVVHQ� 6WHLQFKHQ� JHRJUDSKLVFK� YHUWHLOW� XQG� PLW

VHKU�XQWHUVFKLHGOLFKHQ�:HUN]HXJHQ�JHEUDQQW�ZHUGHQ��LVW�GHU�JHPHLQVDPH�5DKPHQ�

LQ�GHP�VLH�DQJHRUGQHW�ZHUGHQ��'LHVHU�6DPPHOEDQG�ELHWHW�HLQHQ�GHUDUWLJHQ�5DKPHQ�

XQG�GHU�'DQN�GHU�+HUDXVJHEHU�JLOW�)UDX�1��6FKOXQJEDXP��GLH�PLW�VHKU�YLHO�(LQVDW]

GDV� /D\RXW� JHVWDOWHW� KDW� XQG� PDQFKHV� GHU� DEJHOLHIHUWHQ� 0RVDLNVWHLQFKHQ� PLW

,QWHOOLJHQ]�XQG�GHP�Q|WLJHQ�1DFKGUXFN�ÄLQ�)RUP³�JHEUDFKW�KDW�XQG�DXI�GLHVH�:HLVH

LQ�JUR�HP�0D�H�I�U�GDV�HQWVWDQGHQH�*HVDPWELOG�PLWYHUDQWZRUWOLFK�LVW�

2E�GHU�/HVHU�QXQ�DP�*HVDPWELOG�LQWHUHVVLHUW�LVW�RGHU�VLFK�QXU�GDV�HLQH�RGHU�DQGHUH

6WHLQFKHQ� KHUDXVSLFNHQ� P|FKWH�� P|JHQ� GLH� %HLWUlJH� $QOD�� ]XU� 'LVNXVVLRQ� XQG

$QUHJXQJ�I�U�GLH�HLJHQH�$UEHLW�JHEHQ�

-��:LWWPDQQ�



�$��"*�+%�,%#-�$#�

:RUNVKRS�+DPEXUJ�����

$�)DXVWPDQQ��9�/XW]H��-�0DU[�* PH]��XQG�&�5DXWHQVWUDXFK

6WRIIVWURPEDVLHUWH�gNRELODQ]LHUXQJ�XQG�%HZHUWXQJ�HLQHV

%LHUKHUVWHOOXQJVSUR]HVVHV�±�)DOOVWXGLH�������������������������������������������������������������������������

9�:RKOJHPXWK��%�3DJH�XQG�-�+HIWHU

(LQEHWWXQJ�YRQ�7RXUHQSODQXQJVPRGHOOHQ�LQ�6WRIIVWURPQHW]H��������������������������������������

)�*U�WWQHU

0RGHOOEDVLHUWHV�,QVWUXPHQWDULXP�]XU�%LODQ]LHUXQJ�GHU�7UHLEKDXVJDVHPLVVLRQHQ

0HFNOHQEXUJ�9RUSRPPHUQV�XQG�]XU�6LPXODWLRQ�YRQ�.OLPDVFKXW]PD�QDKPHQ�����������

.�6HQNOHU�XQG�8�6WUHLW

$QZHQGXQJ�HLQHU�RIIHQHQ�6LPXODWLRQVXPJHEXQJ�I�U�DWPRVSKlULVFKH�3UR]HVVH�±

,QWHJUDWLRQ�HLQHV�GLDJQRVWLVFKHQ�6WU|PXQJVPRGHOOV�LQ�$WPR*,6��������������������������������

$�6FKXO]

(LQ�,QGLYLGXHQPRGHOO�]XU�9HUNHKUVPLWWHOZDKO�LP�6WDGWYHUNHKU�������������������������������������

+�8QJHU

,QGLYLGXHQVWUXNWXU�XQG�8PZHOWPRGHOOLHUXQJ�I�U�GLH�LQGLYLGXHQEDVLHUWH�6LPXODWLRQ

HLQHU�YDULDEOHQ��XUEDQHQ�8PJHEXQJ����������������������������������������������������������������������������

)�.|VWHU

7HFKQLNHQ�GHV�.QRZOHGJH�'LVFRYHU\�LQ�'DWDEDVHV�]XU�$QDO\VH�YRQ

6LPXODWLRQHQ�DP�%HLVSLHO�,QGLYLGXHQRULHQWLHUWHU�6LPXODWLRQVPRGHOOH�LQ

GHU�8PZHOWHSLGHPLRORJLH���������������������������������������������������������������������������������������������

&�+�5HLFN

:DV�LVW�HLQH�JXWH�3URJQRVH"����������������������������������������������������������������������������������������

-�:LWWPDQQ

0RGHOOLHUHQ�]ZLVFKHQ�$QZHQGHUHUZDUWXQJHQ�XQG�IHKOHQGHQ�6\VWHPGDWHQ

DP�%HLVSLHO�HLQHV�*UXQGZDVVHUPRGHOOV�I�U�HLQH�+DXVP�OOGHSRQLH����������������������������

$�*QDXFN

9HUJOHLFK�YRQ�6LPXODWLRQVZHUN]HXJHQ�I�U�GLH�:DVVHUJ�WH�YRQ�)OX�JHZlVVHUQ��������

5�:LHODQG�XQG�.��2�:HQNHO

(QWZLFNOXQJ�HLQHV�)X]]\�0RGXOV�I�U�GLH�6FULSWVSUDFKH�3\WKRQ���������������������������������



[

5�*U�W]QHU

(LQ�.RQ]HSW�]XU�PXOWLYDOHQWHQ�6LPXODWLRQ�YRQ�PDWKHPDWLVFKHQ�0RGHOOHQ����������������

$�:HEHU�0DULQ

6WUXNWXULHUWH�$QDO\VH�I�U�GHQ�/HEHQV]\NOXV�YRQ�WH[WLOHQ�3URGXNWHQ���������������������������

1�;�7KLQK��*�$UOW��%�+HEHU��-�+HQQHUVGRUI�XQG�,�/HKPDQQ

8QWHUVXFKXQJHQ�]XU�.RPSDNWKHLW�NUHLVIUHLHU�6WlGWH�LQ�'HXWVFKODQG��������������������������

:RUNVKRS�.|OSLQVHH�����

7�:LOKHOP�XQG�5��%U�JJHPDQQ

+DW�GLH�(YROXWLRQ�=LHOIXQNWLRQHQ"��������������������������������������������������������������������������������

$��6FKXOW]�XQG�:�0LUVFKHO

'DXHUEHREDFKWXQJHQ�±�1RWZHQGLJH�4XHOOH�GHU�$JUR|NRV\VWHPPRGHOOLHUXQJ"���������

+��+�7KXONH

gNRORJLVFKHV�*OHLFKJHZLFKW�±�JHKW�HLQ�.RQ]HSW�LQ�5HQWH"����������������������������������������

$�*QDXFN

$XWRPDWHQ�XQG�3HWUL�1HW]H�±�:HUN]HXJH�GHU�gNRV\VWHPWKHRULH�������������������������������

:�0LUVFKHO��$�6FKXOW]�XQG�.��2��:HQNHO

(UWUDJVDEVFKlW]XQJ�EHL�:LQWHUJHWUHLGH�DXI�GHQ�6FDOHQ�]ZLVFKHQ�6FKODJ

XQG�5HJLRQ������������������������������������������������������������������������������������������������������������������

+�/RUHN��-�)LQNH��0�0DODFKLQVNL�XQG�0�6RQQHQVFKHLQ

0HWD�;����HLQ�:HUN]HXJ�]XU�YHUJOHLFKHQGHQ�6]HQDULHQDQDO\VH�YRQ

0HWDSRSXODWLRQVPRGHOOHQ�������������������������������������������������������������������������������������������

,�6FKDXVHU��0�+XSIHU�XQG�5�%U�JJHPDQQ�

4XDQWLWDWLYH�$EVFKlW]XQJ�GHU�$XVZLUNXQJHQ�VHHLQWHUQHU�0D�QDKPHQ�DXI�GLH

3KRVSKRU±%LQGXQJ�LP�6HGLPHQW���������������������������������������������������������������������������������

0�.LQGHU��0�$GOHU��)�6FK|OO��0�6FKOHXWHU�XQG�*��6WHLQHEDFK

=XU�+DELWDWPRGHOOLHUXQJ�EHL�JUR�HQ�)OLH�JHZlVVHUQ�������������������������������������������������


