
$XI�GHP�:HJ�]XP�LQWHOOLJHQWHQ
/HLWV\VWHP
%HLWUDJ�LQ��I|GHUQ�XQG�KHEHQ��I�K�����1U�������������6��/6��/6��

,Q� GHU� DXWRPDWLVLHUWHQ� YDUL�
DQWHQUHLFKHQ� *UR�VHULHQIHUWL�
JXQJ�� LQ� GHU� GHU�0HQVFK� QXU
PHKU� EHGLQJW� DOV� (QWVFKHL�
GXQJVWUlJHU� ]XU� 9HUI�JXQJ
VWHKW�� VLQG� /HLWV\VWHPH� I�U
HLQHQ�ZLUWVFKDIWOLFKHQ�%HWULHE
XQHUOl�OLFK�� 6\VWHPH�� GLH� DXI
NRQYHQWLRQHOOHQ� 6WHXHUXQJV�
VWUDWHJLHQ� EDVLHUHQ�� N|QQHQ
KHXWLJHQ� $QIRUGHUXQJHQ
NDXP�PHKU�JHQ�JHQ��)OH[LEL�
OLWlW� XQG� YHUHLQIDFKWH� 6WUDWH�
JLHHQWZLFNOXQJ� P�VVHQ� LP
9RUGHUJUXQG� ]XN�QIWLJHU
(QWZLFNOXQJHQ� VWHKHQ�� 'DV
.RQ]HSW� GHV� 5HLQIRUFHPHQW
/HDUQLQJV� NDQQ� GDUDXI� $QW�
ZRUWHQ�JHEHQ�

/HLWV\VWHPH
,Q�GHQ�PRGHUQHQ�WHUPLQ���TXDOLWlWV��XQG
NRVWHQRULHQWLHUWHQ� 0DWHULDOIOX��� XQG
/RJLVWLNV\VWHPHQ�ZHUGHQ�LQ�GHU�GLVSRVL�
WLYHQ�6WHXHUXQJVHEHQH� LQ� ]XQHKPHQGHQ
0D�H� /HLWV\VWHPH� HLQJHVHW]W�� 'LHVH
VROOHQ� HLQH� RSWLPLHUWH� DXWRPDWLVLHUWH
6WHXHUXQJ� JHZlKUOHLVWHQ�� 6R� VWHXHUQ
]XP� %HLVSLHO� )HUWLJXQJVOHLWV\VWHPH�� GLH
VLFK� LQ� GHU� +LHUDUFKLH� ]ZLVFKHQ� 336�
XQG� %'(�6\VWHPHQ� EHILQGHQ� >�@�� GLH
)HUWLJXQJ� QDFK� GHQ� YRP� 336�6\VWHP
YRUJHJHEHQHQ� (FNGDWHQ� ZHLWHVWJHKHQG
DXWDUN�
'HP� )HUWLJXQJVOHLWV\VWHP� IDOOHQ� VRPLW
XQWHUVFKLHGOLFKVWH� $XIJDEHQ� LQ� GHU
IHUWLJXQJVQDKHQ� $XIWUDJVVWHXHUXQJ� ]X�
ZREHL� YRU� DOOHP�GLH�7HLO]LHOH� GHU� )HUWL�
JXQJVVWHXHUXQJ� HUI�OOW� ZHUGHQ� P�VVHQ�
,Q�GHU�YDULDQWHQUHLFKHQ�*UR�VHULHQIHUWL�
JXQJ� OLHJHQ�GLH�6WHXHUJU|�HQ�]XU�(UI�O�
OXQJ� GLHVHV� =LHOHV� YRU� DOOHP� LQ� GHU
$XIWUDJVJU|�H�XQG�GHU� 6RUWHQUHLKHQIRO�
JH�>�@��=XVlW]OLFK�P�VVHQ��lKQOLFK�ZLH�LQ
0DWHULDOIOX�OHLV\VWHPHQ�� 5DQGEHGLQJXQ�
JHQ� ZLH� (FKW]HLWIlKLJNHLW� RGHU� )OH[LEL�
OLWlW�JHJHQ�EHU�8P��XQG�1HXSODQXQJHQ
5HFKQXQJ�JHWUDJHQ�ZHUGHQ�

+HXULVWLNHQ
+HXULVWLNHQ�ZHUGHQ� LQ� YLHOHQ�)lOOHQ� I�U
6WHXHUXQJVDXIJDEHQ� LQ� /HLWV\VWHPHQ
HLQJHVHW]W�� 6LH� VWHOOHQ� HLQ� PRGHOOXQDE�

KlQJLJHV� V\VWHPDWLVFKHV� 6XFKYHUIDKUHQ
GDU�� GDV� LQ� EHJUHQ]WHU� =HLW� HLQH� 1lKH�
UXQJVO|VXQJ� EHUHFKQHQ� NDQQ�� GLH� P|J�
OLFKVW�QDKH�GHP�2SWLPXP�NRPPW��(LQH
$XVZDKO� GHU� LQ� GHU� /LWHUDWXU� I�U� GHQ
YRUOLHJHQGHQ� (LQVDW]� EHNDQQWHQ� +HXUL�
VWLNHQ��EH]LHKW�VLFK�]X�JUR�HQ�7HLOHQ�DXI
GHQ� .RPSURPL�� DXV� .RQYHUJHQ]JH�
VFKZLQGLJNHLW� XQG� *�WH� GHU� 1lKH�
UXQJVO|VXQJ� >�@�� +LQ]X� NRPPW� GLH
UHODWLY� NRPSOL]LHUWH� (QWZLFNOXQJ� E]Z�
$QSDVVXQJ�GHU�+HXULVWLNHQ��GLH�PHLVW�LQ
GHQ� NXU]HQ� 3ODQXQJV]HLWUlXPHQ� NDXP
5DXP�ILQGHQ�NDQQ�

1HXURQDOH�1HW]H
$XFK� $QVlW]H� DXV� GHU� N�QVWOLFKHQ
,QWHOOLJHQ]�KDEHQ�$QZHQGXQJ�JHIXQGHQ�
(LQLJH� %HLVSLHOH� >�@�� GLH� DXFK� VFKRQ
(LQ]XJ�LQ�GLH�DOOWlJOLFKH�3UD[LV�JHIXQGHQ
KDEHQ�� ]HLJHQ� 0|JOLFKNHLWHQ� DXI�� ZLH
QHXURQDOH� 1HW]H� GHXWOLFKH� 9RUWHLOH
JHJHQ�EHU� ELVKHU� YRUKHUUVFKHQGHQ
6\VWHPHQ�EULQJHQ�
.�QVWOLFKH� QHXURQDOH� 1HW]H�� ZLH� ]XP
%HLVSLHO� 0XOWL�/D\HU� 3HU]HSWURQHQ�
KDEHQ� LKUH� RULJLQlUH� $QZHQGXQJ� LP
%HUHLFK� GHU�0XVWHUHUNHQQXQJ�� 6LH� N|Q�
QHQ�YRQ�HLQHP�(LQJDEH��DXI�HLQ�$XVJD�
EHPXVWHU� VFKOLH�HQ� >�@��'LHV� NDQQ�PDQ
VLFK� ]XQXW]H� PDFKHQ�� XP� DXV� HLQHP
JHJHEHQHQ� %HWULHEVV]HQDULR� QRWZHQGLJH
VWHXHUQGH� (LQJULIIH� DE]XOHLWHQ�� -HGRFK
P�VVHQ��XP�VROFK�HLQ�1HW]�DQOHUQHQ�]X
N|QQHQ�� YLHOH� GLHVHU� 0XVWHUSDDUH�� G�K�
GLH� RSWLPDOH� /|VXQJ�� E]Z�� HLQ� 7HLO
GDYRQ��LP�9RUIHOG�EHUHLWV�EHNDQQW�VHLQ�
+RSILHOG�1HW]H� ELHWHQ� HLQH� $OWHUQDWLYH�
(QWVSUHFKHQG� FRGLHUW� N|QQHQ� VLH� GLH
PLQLPDOH� /|VXQJ� HLQHV� *OHLFKXQJVV\�
VWHPV� HUPLWWHOQ�� )DOOV� GLH� 5HVWULNWLRQHQ
GHU�$XIWUDJVYHUWHLOXQJ� LQ�HLQHP�0DWHUL�
DOIOX�V\VWHP�PLW�+LOIH�HLQHV�*OHLFKXQJV�
V\VWHPV� DEELOGEDU� LVW�� NDQQ� GLHVHU
1HW]W\S� GD]X� YHUZHQGHW� ZHUGHQ�� HLQH
RSWLPDOH� /|VXQJ� I�U� GLH� $XIWUDJVIROJH
]X�EHUHFKQHQ�>�@�

5HLQIRUFHPHQW�/HDUQLQJ
/HUQHQ� GXUFK� ,QWHUDNWLRQ� �� GDV� LVW� GLH
*UXQGLGHH�� GLH� KLQWHU� 5HLQIRUFHPHQW
/HDUQLQJ� �5/�� VWHKW�� ,Q� GHQ� OHW]WHQ
-DKUHQ� HQWZLFNHOWH� VLFK� GLHVHV� )RU�
VFKXQJVIHOG� VWDUN� LQWHUGLV]LSOLQlU�� 6R
VLQG�GLH�$,�)RUVFKXQJ��GLH�3V\FKRORJLH�
GLH� 5HJHOXQJVWHFKQLN�� GDV� 2SHUDWLRQV
5HVHDUFK� RGHU� GLH� 1HXURORJLH� DQ� GHQ
DNWXHOOHQ� )RUVFKXQJVYRUKDEHQ� EHWHLOLJW�
$XFK� ILQGHQ� VLFK� $QVlW]H� DXV� N�QVWOL�
FKHQ� QHXURQDOHQ� 1HW]HQ�� GHQ� JHQHWL�

VFKHQ� $OJRULWKPHQ� RGHU� GHU� G\QDPL�
VFKHQ�3URJUDPPLHUXQJ�ZLHGHU�

5/�0RGHOO
5/�EDVLHUW� DXI� GHP�/HUQHQ� DXV� %HZHU�
WXQJHQ� �V�� %LOG� ���� 6R� I�KUW� HLQ� VRJH�
QDQQWHU� 5/�$JHQW� LQ� VHLQHU� 8PJHEXQJ
PLW� GHU� 0HQJH� DOOHU� =XVWlQGH� 6� HLQH
]XQlFKVW� ZLOON�UOLFKH� $NWLRQ� D� DXV� GHU
0HQJH�DOOHU�P|JOLFKHQ�$NWLRQHQ�$�DXV�
'DGXUFK�EHZLUNW�HU�HLQH�=XVWDQGVlQGH�
UXQJ� GHV� 6\VWHPV� YRP�=XVWDQG� V� QDFK
V
�� )�U� GLHVH� bQGHUXQJ� HUIlKUW� HU� HLQH
%HZHUWXQJ�U��GLH�DXFK�]HLWOLFK�YHU]|JHUW
HUIROJHQ� NDQQ��'DUDXV� NDQQ� HU� VLFK� HLQ
%LOG� VHLQHU� 8PJHEXQJ� JHQHULHUHQ� XQG
6WUDWHJLHQ� HQWZLFNHOQ�� GLH� HV� LKP� HUODX�
EHQ�� DXVJHKHQG� YRP� DNWXHOOHQ� =XVWDQG
GHV�6\VWHPV�GLH�$NWLRQHQ�]X�HUUHFKQHQ�
GLH� DXI� ODQJH� 6LFKW� VHLQH� NXPXOLHUWH
%HZHUWXQJ�PD[LPLHUHQ�

$EELOGXQJ����5HLQIRUFHPHQW�/HDUQLQJ

'HP� /HUQHQGHQ� PX�� GHPQDFK� QLFKW�
ZLH� LQ� GHQ�PHLVWHQ�)lOOHQ� GHV�0DFKLQH
/HDUQLQJV�� GLH� $NWLRQ� D� YRUJHJHEHQ
ZHUGHQ� �6XSHUYLVHG� /HDUQLQJ��� GLH� LQ
HLQHP�=XVWDQG�V�GHV�6\VWHPV�DXV]XI�K�
UHQ�LVW�
'LH� EHLGHQ� 0HUNPDOH�� GLH� 7ULDO�DQG�
(UURU�6XFKH�XQG�GLH� ]HLWOLFK� YHU]|JHUWH
TXDOLWDWLYH� %HZHUWXQJ� VWHOOHQ� GHQ� JU|��
WHQ� 8QWHUVFKLHG� ]X� DQGHUHQ� PDVFKLQHO�
OHQ�/HUQYHUIDKUHQ�GDU�>�@�

5/� LP� )HUWLJXQJVOHLWV\�
VWHP
*HUDGH� LQ� )HUWLJXQJVOHLWV\VWHPHQ� VLQG
GLH�JHQDQQWHQ�(LJHQVFKDIWHQ�GHV�6XSHU�
YLVHG� /HDUQLQJV� YRQ� 9RUWHLO�� 9RU� DOOHP
GLH� 7DWVDFKH�� GD�� HLQH� %HZHUWXQJ� HUVW
]X� HLQHP� VSlWHUHQ� =HLWSXQNW� XQG� QXU
TXDOLWDWLY� HUIROJHQ� PX��� VSULFKW� I�U
GHVVHQ�(LQVDW]�
'D� 5/� MHGRFK� DXI� GHP� 3ULQ]LS� YRQ
9HUVXFK� XQG� ,UUWXP� EDVLHUW�� LVW� HV� XQ�
P|JOLFK��HLQHQ�$JHQWHQ�RKQH�YRUKHULJHV
$QOHUQHQ� LQ� 8PJHEXQJHQ� HLQ]XVHW]HQ�
LQ�GHQHQ�(QWVFKHLGXQJVIHKOHU� ]X� ILQDQ�
]LHOOHQ�RGHU�PDWHULHOOHQ�6FKlGHQ� I�KUHQ
N|QQHQ�� 6RPLW� LVW� HLQ� 6LPXODWLRQVV\�
VWHP�� GDV� GHP� 9HUKDOWHQ� GHV� UHDOHQ
0DWHULDOIOX�V\VWHPV� P|JOLFKVW� QDKH
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NRPPW�� *UXQGYRUDXVVHW]XQJ� I�U� GHQ
(LQVDW]��'HQQ�KLHU�N|QQHQ�5/�$JHQWHQ
RKQH� QHJDWLYH� $XVZLUNXQJHQ� DQJHOHUQW
ZHUGHQ�

9HUWHLOWH�� KLHUDUFKLVFKH� 6\�
VWHPH
0DWHULDOIOX�V\VWHPH� VWHOOHQ� HLQ� NRPSOH�
[HV�1HW]� DXV� YLHOHQ�(QWVFKHLGXQJVNQR�
WHQ�GDU��GLH�PLWHLQDQGHU�YHUZREHQ�VLQG�
6R� ZLUNHQ� VLFK� ORNDOH� (QWVFKHLGXQJHQ
DXFK�DXI�GDV�JOREDOH�9HUKDOWHQ�DXV��'HU
(LQVDW]� YRQ� 5/�$JHQWHQ� PX�� GDUDXI
UHDJLHUHQ�N|QQHQ�
:LUG� QXU� HLQ�$JHQW� HLQJHVHW]W�� GHU� GDV
6\VWHP� LP� JDQ]HQ� VWHXHUW�� VR� NDQQ
JHZlKUOHLVWHW�ZHUGHQ��GD��(QWVFKHLGXQ�
JHQ� DXI� *UXQGODJH� DOOHU� YHUI�JEDUHQ
,QIRUPDWLRQHQ� JHWURIIHQ� ZHUGHQ�� -H�
GRFK� LVW� DXIJUXQG� GHU� )�OOH� DQ� 'DWHQ
XQG�(QWVFKHLGXQJHQ��GLH� LP�*HVDPWV\�
VWHP� ]X� YHUZDOWHQ� XQG� ]X� WUHIIHQ� VLQG�
HLQH�HLQ]LJH�,QVWDQ]�EHL�ZHLWHP��EHUIRU�
GHUW��=XGHP�LVW� I�U�HLQH�'HWDLOHQWVFKHL�
GXQJ� GLH� .HQQWQLV� GHV� *HVDPWV\VWHPV
LP�(LQ]HOQHQ�QLFKW�HUIRUGHUOLFK�
'XUFK� GLH� (QWZLFNOXQJ� HLQHV� 0XOWLD�
JHQWHQ� 6\VWHPV� >�@� NDQQ� GLHVH� 3UREOH�
PDWLN� EHKHUUVFKW� ZHUGHQ�� 6R� NDQQ
MHGHP� $JHQWHQ� HLQ� JHQDX� VSH]LIL]LHUWHU
%HUHLFK� ]XJHRUGQHW� ZHUGHQ� �V�� %LOG� ���
,Q�GLHVHP�VROOWHQ�DOOH�I�U�HLQH�(QWVFKHL�
GXQJ� UHOHYDQWHQ� ,QIRUPDWLRQHQ� YHUI�J�
EDU� VHLQ�� 'LHV� EHGHXWHW� DEHU� DXFK�� GD�
GHU� $JHQW� QLFKW� QXU� GHQ� 5�VW]XVWDQG
XQG� GHQ� )�OOJUDG� GHV� 3XIIHUV� VHLQHU
]XJHRUGQHWHQ�0DVFKLQH� NHQQW�� VRQGHUQ
DXFK�]XVlW]OLFK�,QIRUPDWLRQHQ��EHU�GHQ
QDFKIROJHQGHQ�%HUHLFK�HUKDOWHQ�VROOWH�
(EHQIDOOV� YRQ� 9RUWHLO� LVW� GLH� %LOGXQJ
YRQ�$JHQWHQKLHUDUFKLHQ��6R�N|QQHQ�DXI
K|KHUHQ�(EHQHQ�JUREH�(QWVFKHLGXQJHQ
JHWURIIHQ� ZHUGHQ�� GLH� DXI� XQWHUVWHU
(EHQH� QXU� PHKU� 'HWDLOHQWVFKHLGXQJHQ
HUIRUGHUQ�� 0LW� UHODWLY� JHULQJHP� $XI�
ZDQG� VLQG� GDKHU� PlFKWLJH� 6WHXHUXQJV�
VWUXNWXUHQ� UHDOLVLHUEDU��GLH�GHU�.RPSOH�
[LWlW� LQ�HLQHP�0DWHULDOIOX�V\VWHP�5HFK�
QXQJ�WUDJHQ�N|QQHQ�

%HZHUWXQJVSUREOHPDWLN
2EZRKO� HLQH� ZLH� DXFK� LPPHU� JHDUWHWH
PDQXHOOH� (UPLWWOXQJ� GHU� RSWLPDOHQ
6WHXHUXQJVVWUDWHJLHQ��ZLH� VLH�GDV� 6XSHU�
YLVHG�/HDUQLQJ� HUIRUGHUW�� QLFKW� QRWZHQ�
GLJ� LVW�� VWHOOW� VLFK� GHQQRFK� GLH� )UDJH
QDFK� GHU� %HZHUWXQJ� GHV� 9HUKDOWHQV

YHUWHLOWHU� XQG� KLHUDUFKLVFKHU� 6\VWHPH
DXV�5/�$JHQWHQ�
*UXQGVlW]OLFK�ZLUG�HLQ�5/�$OJRULWKPXV
�EHU� HLQHQ� VNDODUHQ�:HUW� EHZHUWHW�� GHU
LQ�GHU�5HJHO�LP�%HUHLFK�>���������@�OLHJW�
-H�K|KHU�GHU�:HUW�DXVIlOOW��XP�VR�EHVVHU
ZDU�GLH�JHWURIIHQH�(QWVFKHLGXQJ�
9RQ� JUR�HP�1XW]HQ� LVW� KLHU�� GD�� HLQH
%HZHUWXQJ� QLFKW� VRIRUW�� VRQGHUQ� ]X
HLQHP�QDKH]X� EHOLHELJHQ� VSlWHUHQ�=HLW�
SXQNW� HUIROJHQ� NDQQ�� 6R� NDQQ� PDQ
3XQNWH� LP� 6\VWHP� HUPLWWHOQ�� DQ� GHQHQ
HLQ�$XIWUDJ�EHZHUWHW�ZHUGHQ�NDQQ��+LHU
ELHWHW�VLFK�GDV�(QGH�GHU�3UR]H�NHWWH�DQ�
DQ� GHP� GLH� *HVDPW�� XQG� (LQ]HOGXUFK�
ODXI]HLWHQ� EHNDQQW� VLQG�� 'LHVH� =HLWHQ
N|QQHQ� KHUDQJH]RJHQ� ZHUGHQ�� XP� DOOH
DQ� GHU� (QWVFKHLGXQJVNHWWH� EHWHLOLJWHQ
$JHQWHQ� HQWVSUHFKHQG� LKUHV� (LQIOXVVHV
EHZHUWHQ�]X�N|QQHQ�
-HGRFK�NDQQ��XP�HYHQWXHOO�HLQHQ�7HLOEH�
UHLFK� ]X� RSWLPLHUHQ�� DXFK� QDFK� GLHVHP
HLQ�3XQNW�GHILQLHUW�ZHUGHQ��DQ�GHP�HLQH
%HZHUWXQJ� DXI� GHU� *UXQGODJH� GHU� ELV
GDKLQ� YRUOLHJHQGHQ� 'DWHQ� YRUJHQRP�
PHQ�ZHUGHQ�NDQQ�

*HQHUDOLVLHUXQJ
3UREOHPH�EHUHLWHQ�JUR�H�0DWHULDOIOX�V\�
VWHPH� XQWHU� DQGHUHP� GXUFK� GLH� 0HQJH
DOOHU� =XVWlQGH� 6�� GLH� VLH� DQQHKPHQ
N|QQHQ�� (LQH� (UIRUVFKXQJ� GHV� JHVDP�
WHQ� 5DXPHV� LVW� HLQHUVHLWV� XQP|JOLFK�
DQGHUHUVHLWV� DXFK�QLFKW� ]ZLQJHQG� HUIRU�
GHUOLFK��=XP�HLQHQ�OLHJW�GLHV�GDUDQ��GD�
HLQ� *UR�WHLO� GHU� =XVWlQGH� ]X� NHLQHU
YHUQ�QIWLJHQ�/|VXQJ�I�KUHQ�Z�UGH��]XP
DQGHUHQ�N|QQHQ�5/�$JHQWHQ�GXUFK�GHQ
(LQVDW]� YRQ� )XQNWLRQVDSSUR[LPDWRUHQ�
ZLH� ]XP� %HLVSLHO� 1HXURQDOHQ� 1HW]HQ�
YRQ� XQEHNDQQWHQ� DXI� VFKRQ� HLQPDO
JHOHUQWH�=XVWlQGH�VFKOLH�HQ�
'DV�KHL�W��GD��HLQ�$JHQW��GHU�DXI�HLQHQ
=XVWDQG� WULIIW�� ZHOFKHU� LKP� XQEHNDQQW
LVW��PLW�HLQHU�$NWLRQ�UHDJLHUHQ�NDQQ��GLH
HU� LQ� HLQHP� lKQOLFKHQ� =XVWDQG� JHOHUQW
KDW� XQG� LKP� GDPDOV� DOV� RSWLPDO
HUVFKLHQHQ� LVW�� 'DGXUFK� HUKlOW� HU
GLH� )lKLJNHLW�� DXI� ZHFKVHOQGH
%HWULHEVV]HQDULHQ� UHDJLHUHQ� ]X
N|QQHQ�� (LQH� 0RGLIL]LHUXQJ� YRQ
7HLOHQ�GHV�6\VWHPV�]LHKW�GHPQDFK
QLFKW� XQEHGLQJW� HLQH� QHXH� /HUQ�
SKDVH�DOOHU�$JHQWHQ�XQG�GDPLW�GHV
)HUWLJXQJVOHLWV\VWHPV�QDFK�VLFK�

/HUQXPIDQJ
:LH� VFKRQ� DQJHVSURFKHQ�� EHGHXWHW� GLH
*U|�H�GHV�=XVWDQGVUDXPHV�6�HLQH�JUR�H
+HUDXVIRUGHUXQJ� I�U� HLQ� DXI� 5/�
$JHQWHQ� EDVLHUHQGHV� )HUWLJXQJVOHLWV\�
VWHP�� 6R� I�KUW� GLHV� DXFK� GD]X�� GD�� GLH
I�U� GDV� $QOHUQHQ� QRWZHQGLJH� =HLW� EHL
NRPSOH[HQ� 6\VWHPHQ� HLQHQ� QLFKW� XQHU�
KHEOLFKHQ� 8PIDQJ� DQQLPPW�� YRU� DOOHP
GDQQ��ZHQQ�NRPSOHWW�PRGHOOXQDEKlQJL�
JHV�/HUQHQ�HUP|JOLFKW�ZHUGHQ�VROO��'DV
EHGHXWHW��GD��VLFK�GHU�$JHQW�QXU�DXI�GLH
,QIRUPDWLRQHQ��GLH�HU�GXUFK�GLH�%HZHU�
WXQJ� HUIlKUW� VW�W]HQ� NDQQ� XQG� NHLQ� LQ
LUJHQGHLQHU� $UW� FRGLHUWHV� (UIDKUXQJV�
ZLVVHQ�]XJUXQGH�JHOHJW�ZHUGHQ�NDQQ�
'LHV�KDW�DOOHUGLQJV�GHQ�9RUWHLO��GD��HLQH
,PSOHPHQWLHUXQJ� GHU� $JHQWHQ� HUIROJHQ
NDQQ�� GLH� DXI� NHLQHQ� 6SH]LDOIDOO� HLQHV
0DWHULDOIOX�V\VWHPV� IL[LHUW� LVW�� MHGRFK
PLW�GHP�1DFKWHLO�YHUEXQGHQ�LVW��OlQJHUH
/HUQ]HLWHQ�LQ�.DXI�QHKPHQ�]X�P�VVHQ�
:LUG� MHGRFK� LQ�GLH�%HZHUWXQJVIXQNWLRQ
(UIDKUXQJVZLVVHQ� DXIJHQRPPHQ�� VR
NDQQ� GLHVHU� 1DFKWHLO� DEJHPLOGHUW� ZHU�
GHQ��'�K���ZHQQ�]XP�%HLVSLHO�GLH�(UIDK�
UXQJ� VDJW�� GD�� HLQ� 8PU�VWYRUJDQJ� LQ
HLQHU� EHVWLPPWHQ� 6LWXDWLRQ� XQJ�QVWLJ
ZlUH�� GHU� $JHQW� MHGRFK� HLQHQ� $XIWUDJ
ZlKOW�� GHU� GLHV� HUIRUGHUW�� VR� NDQQ� GLH
%HZHUWXQJ� HQWVSUHFKHQG� VFKOHFKW� DXV�
IDOOHQ��,Q�([SHULPHQWHQ�KDW�VLFK�JH]HLJW�
GD��GLHVHV�9RUJHKHQ�]X�VWDUN�YHUN�U]WHQ
/HUQ]HLWHQ�I�KUW�
(LQH� )UDJH� LQ� GLHVHP� =XVDPPHQKDQJ
LVW� PHLVW�� ZDQQ� GHU� /HUQYRUJDQJ� DEJH�
EURFKHQ� ZHUGHQ� NDQQ�� 'LHV� NDQQ� QXU
VHKU� VFKZHU� SDXVFKDO� EHDQWZRUWHW� ZHU�
GHQ�� 2IWPDOV� ZLUG� GLH� 6FKZDQNXQJ
HLQHV� .HQQZHUWHV� KHUDQJH]RJHQ�� 6R
NDQQ� DOV� .ULWHULXP� GLH�PLWWOHUH� 'XUFK�
ODXI]HLW� YHUZHQGHW� ZHUGHQ�� :HQQ� VLH
QXU�QRFK� LQQHUKDOE� HLQHV� YRUJHJHEHQHQ
%DQGHV� VFKZLQJW�� VR�NDQQ�GHU�/HUQYRU�
JDQJ� DOV� DEJHVFKORVVHQ� EHWUDFKWHW� ZHU�
GHQ�

Q��3UREOHP
(LQ� UHODWLY� HLQIDFKHV� %HLVSLHO�� GDV� Q��
3UREOHP� VROO� ]HLJHQ�� ZLH� HLQ� 6\VWHP
JHOHUQW� XQG� RSWLPLHUW� JHVWHXHUW� ZHUGHQ
NDQQ�� 'DV� %HLVSLHO� LVW� VR� JHZlKOW�� GD�
GLH� RSWLPDOH� 6WUDWHJLH� NRQYHQWLRQHOO
HUPLWWHOW�ZHUGHQ�NDQQ�XQG�PDQ�DQKDQG
GLHVHU� GLH� (UJHEQLVVH� GHV� 5/� QDFKYROO�
]LHKHQ�XQG��EHUSU�IHQ�NDQQ�

$EELOGXQJ����/D\RXW�GHV�Q��3UREOHPV

'DV�%LOG� �� ]HLJW� GDV� 6\VWHP�� GDV� DXV� �
0DVFKLQHQ�DXIJHEDXW�LVW��GLH�Q�$XIWUlJH

Auslagerung

Prozeß 1

Prozeß 1

Prozeß 2

Prozeß 2

EinlagerungProzeß 2

Agent 4Agent 3Agent 2Agent 1

$EELOGXQJ����=XJHRUGQHWH�%HUHLFKH�YHUWHLOWHU�$JHQWHQ

Quelle

Maschine 1

Maschine 2

Senke

Agent 2

Agent 1



DEDUEHLWHQ� P�VVHQ�� 'LHVH� $XIWUlJH
ODXWHQ� DXI� GDV� )HUWLJHQ� YRQ� GUHL� YHU�
VFKLHGHQHQ� 3URGXNWW\SHQ� $�� %� XQG� &�
%HLGH�0DVFKLQHQ� N|QQHQ� DOOH� 3URGXNW�
W\SHQ�IHUWLJHQ��MHGRFK�PLW�XQWHUVFKLHGOL�
FKHQ� 3UR]H��� XQG� 5�VW]HLWHQ�� ZLH� DXV
GHQ�7DEHOOHQ���XQG���HUVLFKWOLFK�

3URGXNWW\S 0DVFKLQH�� 0DVFKLQH��

$ �� ���
% �� ��
& ��� ��

7DEHOOH����3UR]H�]HLWHQ

5�VWHQ
YRQ� �QDFK

0DVFKLQH�� 0DVFKLQH��

$� �% �� ��
$� �& ��� ��
%� �$ �� ���
%� �& ��� ��
&� �$ �� ���
&� �% �� ��

7DEHOOH����5�VW]HLWHQ

'LH�4XHOOH�HU]HXJW�DOOH����=HLWHLQKHLWHQ
HLQHQ� $XIWUDJ� ]XU� )HUWLJXQJ� HLQHV� GHU
GUHL� 3URGXNWH� XQG� OHJW� GLHVHQ� LQ� GLH
HUVWH� $XIWUDJVOLVWH�� GLH� PD[LPDO� VLHEHQ
3RVLWLRQHQ� XPID�W�� (LQ� 5/�$JHQW�
GHVVHQ� 0DVFKLQH� GHU]HLW� NHLQ� 3URGXNW
]X� EHDUEHLWHQ� KDW�� HQWQLPPW� GHU� /LVWH
HLQHQ� $XIWUDJ� XQG� JLEW� LKQ� VHLQHU� 0D�
VFKLQH�]XU�%HDUEHLWXQJ��'DQDFK�JHODQJW
GLHVHU� ]XU� 6HQNH� XQG� ZLUG� YHUQLFKWHW�
=LHO�GHU�$JHQWHQ�VROO�VHLQ��MHGHQ�$XIWUDJ
LQ�P|JOLFKVW�NXU]HU�=HLW�]X�EHDUEHLWHQ�
*DQ]�RIIHQVLFKWOLFK� LVW�GLH�EHVWH� 6WUDWH�
JLH�� DOOH� 3URGXNWH� YRP� 7\S� $� DXI�0D�
VFKLQH� �� XQG� DOOH� YRP� 7\S� &� DXI�0D�
VFKLQH���]X�EHDUEHLWHQ��'HQ�3URGXNWW\S
%�VROOWHQ�VLH�]X�JOHLFKHQ�7HLOHQ�IHUWLJHQ�
8P� GLH� $JHQWHQ� DQOHUQHQ� ]X� N|QQHQ
VLQG�]ZHL�'LQJH�]X�EHDFKWHQ��(LQHUVHLWV
GLH� 8PJHEXQJVUHSUlVHQWDWLRQ�� DQGHUHU�
VHLWV�GLH�%HZHUWXQJVIXQNWLRQ�
,Q� 9HUVXFKHQ� ZXUGHQ� HLQLJH� 8PJH�
EXQJVUHSUlVHQWDWLRQHQ� HQWZLFNHOW� XQG
GHUHQ� $XVZLUNXQJHQ� DXI� GDV� /HUQYHU�
KDOWHQ� XQG� GDV� 6WHXHUXQJVHUJHEQLV
XQWHUVXFKW�� $OV� J�QVWLJVWH� KDW� VLFK
IROJHQGH�'DUVWHOOXQJ�KHUDXVJHVWHOOW�

• 5�VW]XVWDQG� GHU� ]XJHRUGQHWHQ
0DVFKLQH

• $Q]DKO�$XIWUlJH�I�U�3URGXNW�$
• $Q]DKO�$XIWUlJH�I�U�3URGXNW�%
• $Q]DKO�$XIWUlJH�I�U�3URGXNW�&

'LH� %HZHUWXQJVIXQNWLRQ� VROOWH� GDUDXI
DE]LHOHQ�� GD�� $XIWUlJH� LQ� P|JOLFKVW
NXU]HU�=HLW� EHDUEHLWHW�ZHUGHQ��'�K�� HLQ
$XIWUDJ�� GHU� LQ� VHKU� NXU]HU� =HLW� GXUFK
GDV�6\VWHP�JHODXIHQ�LVW��VROOWH�HLQH�KRKH�
HLQ�$XIWUDJ�GHU�OlQJHU�EHQ|WLJW�KDW��HLQH
HQWVSUHFKHQG� QLHGULJHUH� %HZHUWXQJ
QDFK� VLFK� ]LHKHQ��1DFKGHP�GLH� N�U]HVW
P|JOLFKH�'XUFKODXI]HLW����=HLWHLQKHLWHQ
EHWUlJW�� ZLUG� GLHVH� PLW� GHP� :HUW� ���
EHZHUWHW�� GLH� PD[LPDOH� 'XUFKODXI]HLW
YRQ� ���� =HLWHLQKHLWHQ� VROOWH� PLW� ����

EHZHUWHW� ZHUGHQ�� 'DPLW� GLH� 5�VW]HLWHQ
W5� VWlUNHUHV� *HZLFKW� JHJHQ�EHU� GHQ

3UR]H�]HLWHQ� W3� HUIDKUHQ�� ZHUGHQ� GLHVH
PLW� GHP� )DNWRU� �� JHZLFKWHW�� 'HPQDFK
HUJLEW� VLFK� IROJHQGH� %HZHUWXQJVIXQNWL�
RQ�

r = - (3  + ) + 1,1t tR P
1

200
9HUVXFKW� HLQ�$JHQW� DXV� GHU� /LVWH� HLQHQ
$XIWUDJ� I�U� HLQHQ� 3URGXNWW\SHQ� ]X
HQWQHKPHQ��GHU�QLFKW� YRUKDQGHQ� LVW�� VR
ZLUG� GLHV� PLW� HLQHQ� :HUW� YRQ� ����� EH�
VWUDIW�
(V�ZHUGHQ�QXQ���������$XIWUlJH�GXUFK
GDV�6\VWHP�JHVFKOHXVW� XQG� GLH�$JHQWHQ
QDFK� )HUWLJVWHOOXQJ� HLQHV� $XIWUDJHV
EHZHUWHW�� 'DPLW� GLHVH� LKUH� 8PJHEXQJ
]XQlFKVW� HUNXQGHQ� XQG� QLFKW� HLQHU
YHUPHLQWOLFK� RSWLPDOHQ� /|VXQJ� IROJHQ�
NDQQ� �EHU� GHQ� 6HOHFW�3DUDPHWHU� HLQJH�
VWHOOW� ZHUGHQ�� PLW� ZHOFKHU�:DKUVFKHLQ�
OLFKNHLW� VLH� $XIWUlJH� DQQHKPHQ� VROOHQ�
GLH�QLFKW�GHP�DNWXHOO�JHIXQGHQHQ�2SWL�
PXP� HQWVSUHFKHQ�� (LQ� :HUW� YRQ� ���
EHGHXWHW��GD��LQ�MHGHP�)DOO�HLQ�]XIlOOLJHU
$XIWUDJ�JHZlKOW�ZLUG�� HLQ�:HUW�YRQ����
EHGHXWHW�� GD�� GLHV� PLW� ���� :DKU�
VFKHLQOLFKNHLW� HUIROJW�� 'LHVHU� 3DUDPHWHU
ZLUG�LP�9HUODXI�GHV�/HUQHQV�DXI�QDKH��
JHVHQNW�
,P�%LOG���VLHKW�PDQ�GHQ�/HUQIRUWVFKULWW
GHV�$JHQWHQ��GHU�GHU�0DVFKLQH��� ]XJH�
RUGQHW� LVW�� 6R� HQWQLPPW� GLHVHU� ]X� %H�
JLQQ�PLW�JOHLFKHU�:DKUVFKHLQOLFKNHLW�GHU
/LVWH� $XIWUlJH� DOOHU� 3URGXNWW\SHQ�� 0LW
GHU� =HLW� OHUQW� HU� MHGRFK�� GD�� $XIWUlJH
GHV� 3URGXNWW\SV� &� VHKU� XQJ�QVWLJ� VLQG
XQG�HQWQLPPW�GDKHU�DXI�GHVVHQ�.RVWHQ
YHUVWlUNW�$XIWUlJH�GHV�7\SV�$�DQ�
'LHVH� /HUQDXIJDEH� KDW� HU� GHPQDFK
NRUUHNW� HUI�OOW�� ,QWHUHVVDQW� LVW� MHGRFK
DXFK�� RE� GLH� 'XUFKODXI]HLWHQ� HEHQIDOOV
GHU� KHUN|PPOLFK� HUPLWWHOWHQ� 6WHXH�
UXQJVVWUDWHJLH� HQWVSUHFKHQ�� 6R� ZXUGH
QDFK�GHU�/HUQSKDVH�HLQH�/LVWH�PLW�����
$XIWUlJHQ� GXUFK� GDV� 6\VWHP� JHVFKOHXVW
XQG� GLH� =HLWHQ� JHQRPPHQ�� 'LH� U�VW�
XQG� ]HLWRSWLPLHUWH� 6WUDWHJLH� EHQ|WLJWH
I�U�GLH������$XIWUlJH��������GLH�EHLGHQ

$JHQWHQ�������=HLWHLQKHLWHQ��ZDV� HLQHU
JHULQJI�JLJHQ� 9HUOlQJHUXQJ� XP� GHQ

)DNWRU������HQWVSULFKW�
'HPQDFK� NRPPW� GDV� YRQ� ]ZHL� DQJH�
OHUQWHQ� 5/�$JHQWHQ� JHVWHXHUWH� 6\VWHP
DXI� GDV� QDKH]X� LGHQWLVFKH� 6\VWHPYHU�
KDOWHQ�� RKQH� GD�� GDV� 6\VWHP� ]XYRU
PDQXHOO� GHWDLOOLHUW� DQDO\VLHUW� ZHUGHQ
PX�WH��%HL�ZHLW�NRPSOH[HUHQ�6\VWHP�LVW
GDPLW�]X� UHFKQHQ��GD��GHU�$OJRULWKPXV
JOHLFK�JXWH�RGHU�EHVVHUH�5HVXOWDWH�HU]LH�
OHQ�NDQQ�

)D]LW
'DV� .RQ]HSW� GHV� 5HLQIRUFHPHQW� /HDU�
QLQJV� ELHWHW� GHXWOLFKH� 9RUWHLOH� JHJHQ�
�EHU� KHUN|PPOLFKHQ� $QVlW]HQ� LQ� /HLW�
V\VWHPHQ� XQG� DXFK� JHJHQ�EHU� ELVKHU
UHDOLVLHUWHQ�$QVlW]HQ�DXV�GHU�N�QVWOLFKHQ
,QWHOOLJHQ]�
'LH�7UDQVSDUHQ]� HLQHV� VROFKHQ� 6\VWHPV
NDQQ�DOOHUGLQJV� OHLGHQ��(V�ZHUGHQ�NHLQH
6WUDWHJLHQ� LP� NRQYHQWLRQHOOHQ� 6LQQ
HQWZLFNHOW��ZRGXUFK�NHLQH�.RQWUROOH�GHU
(UJHEQLVVH�DXI�GLHVHU�(EHQH�P|JOLFK�LVW�
=XGHP�PX��HLQH�HYHQWXHOO�ODQJH�RIIOLQH
/HUQSKDVH� LQ� .DXI� JHQRPPHQ� ZHUGHQ�
YRU� DOOHP� EHL� VFKOHFKWHU� :DKO� GHU� %H�
ZHUWXQJVIXQNWLRQ�
:LUG� GHU� $OJRULWKPXV� MHGRFK� LQ� HLQ
$VVLVWHQ]V\VWHP� LQWHJULHUW�� VR� N|QQHQ
HQWVSUHFKHQGH� %HZHUWXQJVIXQNWLRQHQ
LPSOHPHQWLHUW� ZHUGHQ�� GLH� HLQH� JXWH
.RQYHUJHQ]JHVFKZLQGLJNHLW� JHZlKUOHL�
VWHQ�� 'HU� 3ODQHU� HUKlOW� GDGXUFK� HLQ
HLQIDFK� KDQG]XKDEHQGHV�� PRGHOOXQDE�
KlQJLJHV� 6\VWHP�� GDV� HLQ� VHKU� JXWHV
6WHXHUYHUKDOWHQ� HU]LHOW�� 8QG� GLHV� RKQH
GLH� 1RWZHQGLJNHLW� GHU� XPIDQJUHLFKHQ
$QDO\VH� GHV� 6\VWHPV� YRQ� 6HLWHQ� GHV
3ODQHUV�� =XGHP� ]HLJHQ� GLH� $JHQWHQ
QDFK�GHU�/HUQSKDVH� HLQ�$QWZRUWYHUKDO�
WHQ� XQG� HLQH�)OH[LELOLWlW�� GLH� VLH� I�U� GLH
HFK]HLWRULHQWLHUWH� IHUWLJXQJVQDKH� 6WHXH�
UXQJ�SUlGHVWLQLHUW�
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Bearbeitete Produkttypen der Maschine 1
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$EELOGXQJ����Q��3UREOHP�$XVZHUWXQJ



>�@� &�+�� 'DJOL�� +HUDXVJHEHU�� $UWLILFLDO
1HXUDO� 1HWZRUNV� IRU� ,QWHOOLJHQW�0DQX�
IDFWXULQJ�� &KDSPDQ� 	� +DOO�� /RQGRQ�
�����

>�@� +�� *�QWKHU� XQG� +�� 7HPSHOPHLHU�
3URGXNWLRQ� XQG� /RJLVWLN�� 6SULQJHU
9HUODJ�����$XIODJH�������

>�@�0�/��/LWWPDQQ��0DUNRY�*DPHV� DV� D
)UDPHZRUN� IRU� 0XOWL�$JHQW� 5HLQIRUFH�
PHQW� /HDUQLQJ�� ,Q�� -RXUQDO� RI� $UWLILFLDO
,QWHOOLJHQFH�5HVHDUFK����������

>�@� -�� /LX� XQG� %�� 0DF&DUWK\�� (IIHFWLYH
+HXULVWLFV� IRU� 6LQJOH� 0DFKLQH� 6H�
TXHQFLQJ� 3UREOHPV� ZLWK� 5HDG\� 7LPHV�
,Q�� ,QWHUQDWLRQDO� -RXUQDO� RI� 3URGXFWLRQ
5HVHDUFK���������������������

>�@� 5�5RMDV�� 7KHRULH� GHU� QHXURQDOHQ
1HW]H��6SULQJHU�9HUODJ�������

>�@� *�6SXU�� )DEULNEHWULHE�� +DQVHU� 9HU�
ODJ�������

>�@� 5�6�� 6XWWRQ� XQG� $�� %DUWR�� 5HLQ�
IRUFHPHQW� /HDUQLQJ�� $Q� ,QWURGXFWLRQ�
0,7�3UHVV��&DPEULGJH�������


