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�� .XU]EHVFKUHLEXQJ�GHU�:HUN]HXJH

���� hEHUEOLFN
'LH�LQ�GLHVHU�$UEHLW�XQWHUVXFKWHQ�9HUIDKUHQ�]XU�+HUVWHOOXQJ�YRQ�XQG�]XU�,QWHUDNWLRQ�PLW
KDSWLVFKHQ�*UDILNHQ�LQVEHVRQGHUH�YRQ�%OLQGHQ�XQG�I�U�%OLQGH�ODVVHQ�VLFK�LQ�GUHL�%HUHLFKH
JOLHGHUQ�

��� (UPLWWOXQJ�YRQ�=HLFKHQYHUIDKUHQ�EOLQGHU�0HQVFKHQ�XQWHU�%HU�FNVLFKWLJXQJ�QLFKW�JUDIL�
VFKHU�$QUHLFKHUXQJHQ�

��� (QWZXUI��+HUVWHOOXQJ�XQG�$QUHLFKHUXQJ�PDVFKLQHOO�HUVWHOOWHU�=HLFKQXQJHQ�XQG

��� QLFKW�YLVXHOOH�(UNXQGXQJ�YRQ�*UDILNHQ�HLQVFKOLH�OLFK�GHUHQ�HYHQWXHOOHU�$QUHLFKHUXQJHQ
PLW�XQG�RKQH�DNWLYH�(UNXQGXQJVXQWHUVW�W]XQJ�

(V�ZXUGHQ� I�U� MHGHQ� GLHVHU� %HUHLFKH�:HUN]HXJH� HQWZRUIHQ�� LPSOHPHQWLHUW� XQG� JHWHVWHW�
1DFK� HLQHP� JUREHQ�hEHUEOLFN�� GHU� GLH� (LQ]HOV\VWHPH� NXU]� LP�=XVDPPHQKDQJ� GDUVWHOOW�
ZHUGHQ�LQ�GHQ�IROJHQGHQ�GUHL�8QWHUNDSLWHOQ�GLHVH�:HUN]HXJH�EHVFKULHEHQ��ZREHL�VRZRKO
DXI�GLH�HQWZLFNHOWHQ�*HUlWH��+DUGZDUH��HLQJHJDQJHQ�ZLUG�DOV�DXFK�DXI�GLH�$OJRULWKPHQ��GLH
PLW�LKQHQ��RGHU�DXFK�VHSDUDW��]XP�(LQVDW]�NRPPHQ��'LH�H[SHULPHQWHOOHQ�(UJHEQLVVH�ZHU�
GHQ�LQ�.DSLWHO���EHVFKULHEHQ�

'LH�GUHL�:HUN]HXJH�� GLH� LP�5DKPHQ�GLHVHU�$UEHLW� HQWZLFNHOW�ZXUGHQ�� VLQG� MH� HLQHP�GHU
REHQ�JHQDQQWHQ�%HUHLFKH�]X]XRUGQHQ�

8P�%OLQGHQ�HLQ�WDNWLOHV�FRPSXWHUJHVW�W]WHV�=HLFKQHQ�]X�HUP|JOLFKHQ��ZXUGH�7'UDZ�HQW�
ZLFNHOW�VLHKH�����XQG� >.85=(���$@���7'UDZ� LVW� HLQ� 6\VWHP� DXV�+DUG�� XQG�6RIWZDUH��(LQ
6WLIW��GHU�HLQHUVHLWV�DXI�6FKZHOOSDSLHU�WDVWEDUH�/LQLHQ�KLQWHUOl�W�XQG�DQGHUHUVHLWV�VHLQH�3RVL�
WLRQ� DXI�GHP�=HLFKHQSDSLHU� I�U�GHQ�&RPSXWHU� ]XU�9HUI�JXQJ� VWHOOW�� GLHQW� DOV�%DVLV��'LH
=HLFKQXQJHQ� N|QQHQ� VR� VFKRQ�ZlKUHQG� VLH� HUVWHOOW�ZHUGHQ� DOV�9HNWRUJUDILN� LP�5HFKQHU
YHUZDOWHW�� GLJLWDO� YHUDUEHLWHW� XQG� ]�%�� DXFK� YHUVHQGHW� ZHUGHQ�� hEHU� HLQH� 6SUDFKHLQJDEH
ZLUG�VRZRKO�GLH�6HPDQWLN�HUID�W�� LQGHP�GHQ�JH]HLFKQHWHQ�3ULPLWLYHQ�2EMHNWQDPHQ�]XJH�
RUGQHW�ZHUGHQ�� DOV� DXFK�GLH�6WHXHUXQJ�GHV� 6\VWHPV� YRUJHQRPPHQ�� LQGHP�YHUEDOH�.RP�
PDQGRV�JHJHEHQ�ZHUGHQ��'DV�(UJHEQLV�GHU�$UEHLW�PLW�7'UDZ�I�U�%OLQGH�VLQG�HLQH�WDNWLOH
=HLFKQXQJ�XQG�HLQH�DEVWUDNWH���VHPDQWLVFK�DQJHUHLFKHUWH���%HVFKUHLEXQJ�GHV�'DUJHVWHOOWHQ�
=XVlW]OLFK� ODVVHQ� VLFK� DXV� GHQ� EHLP�=HLFKQHQ� GXUFK� %OLQGH� JHZRQQHQHQ� ,QIRUPDWLRQHQ
5�FNVFKO�VVH��EHU�DOOJHPHLQH�=HLFKHQYHUIDKUHQ�%OLQGHU�]LHKHQ�

6ROFKH� ,QIRUPDWLRQHQ� I�KUWHQ� ]XU� (QWZLFNOXQJ� YRQ� 75HQGHU�� HLQHP� 3URJUDPP�� GDV� DXV
HLQHP��'�0RGHOO� LQ�GHU�6SUDFKH�950/�>950/�6SHF���@�=HLFKQXQJHQ�I�U�GLH�KDSWLVFKH
(UNXQGXQJ�XQG�HLQH�DEVWUDNWH���VHPDQWLVFK�DQJHUHLFKHUWH���%HVFKUHLEXQJ�GHU�GDUJHVWHOOWHQ
6]HQH� JHQHULHUW� �VLHKH� ���� XQG� >.85=(� ��$�� .85=(� ��%@��� 'LH� =HLFKQXQJHQ� VLQG� YRP
6\VWHP�VR�HQWZRUIHQ��GD��VLH�UlXPOLFKH�(LJHQVFKDIWHQ�QLFKW�JHPl��LKUHQ�RSWLVFKHQ��VRQ�
GHUQ� HQWVSUHFKHQG� LKUHQ� WDVWEDUHQ� (LJHQVFKDIWHQ� GDUVWHOOHQ�� DOVR� RKQH� SHUVSHNWLYLVFKH
9HU]HUUXQJHQ�XQG��lKQOLFKH�RSWLVFKH�(IIHNWH��6LH�N|QQHQ�WDVWEDU�DXVJHGUXFNW�XQG�VRZRKO
RKQH�DOV�DXFK�PLW�7DVW��RGHU�'LJLWDOLVLHUWDEOHWW�HUNXQGHW�ZHUGHQ��.RPPW�HLQ�VROFKHV�7D�
EOHWW�]XP�(LQVDW]��N|QQHQ�3URJUDPPH�ZLH�$XGLR7RXFK�>/g7=6&+���@��120$'�>3$5.(6
��@�RGHU�DXFK�7*XLGH� �$EVFKQLWW������GLH�KLQWHUOHJWH�VHPDQWLVFKH�,QIRUPDWLRQ�DXVZHUWHQ
XQG�GHQ�(UIDVVHU�SHU�6SUDFKDXVJDEH�XQWHUVW�W]HQ�

+DSWLVFKH�=HLFKQXQJHQ�N|QQHQ�EHVRQGHUV�HIIHNWLY�HUNXQGHW�ZHUGHQ��ZHQQ�GHU�%OLQGH�YRQ
HLQHP�SUR�DNWLYHQ�+LOIVPLWWHO�XQWHUVW�W]W�ZLUG��7*XLGH�ELHWHW�QHEHQ�GHQ�UH�DNWLYHQ�8QWHU�
VW�W]XQJVYHUIDKUHQ�YRQ�120$'�RGHU�$XGLR7RXFK�DXFK�GLHVH�SUR�DNWLYH�8QWHUVW�W]XQJ
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GXUFK�9RUVFKOlJH�I�U�GLH�5LFKWXQJ�� LQ�GHU�GLH�(UNXQGXQJ�IRUWJHVHW]W�ZHUGHQ�VROOWH��VLHKH
����XQG� >.85=(���$@���'DV�6\VWHP�ZXUGH�YROOVWlQGLJ� LP�5DKPHQ�GHU�YRUOLHJHQGHQ�)RU�
VFKXQJVDUEHLW� HQWZLFNHOW� XQG� EHVWHKW� DXV� HLQHU� Å9LEUDWRUPDXV´� VRZLH� (UNXQGXQJV�� XQG
)�KUXQJVVRIWZDUH��'LH�6RIWZDUH�HUPLWWHOW�HLQH�5LFKWXQJ��LQ�GHU�GLH�WDVWHQGH�+DQG�VLQQYRO�
OHUZHLVH�ZHLWHU�VXFKHQ�VROOWH��XQG�SUlVHQWLHUW�GLHVH�5LFKWXQJ�WDNWLO��LQGHP�VLH�HLQHV�YRQ�DFKW
NUHLVI|UPLJ�DQJHRUGQHWHQ�9LEUDWRU�(OHPHQWHQ�DQ�GHU�$X�HQVHLWH�GHV�*HUlWV�DNWLYLHUW��6R
HUKlOW�GHU�%OLQGH�+LQZHLVH��RKQH�JHJlQJHOW�]X�ZHUGHQ�

0LW� GHP� KLHU� HQWZLFNHOWHQ�:HUN]HXJVDW]� ODVVHQ� VLFK� VlPWOLFKH� %HUHLFKH� YRQ� 3UREOHPHQ
XQG� $XIJDEHQ� DQJHKHQ�� GLH� EHLP� 8PJDQJ� %OLQGHU� PLW� JHJHQVWlQGOLFKHQ� �XQG� DQGHUHQ�
*UDILNHQ� YRQ�%HGHXWXQJ� VLQG�� ,Q� GHQ� IROJHQGHQ�$EVFKQLWWHQ� ����� ELV� ����� ZHUGHQ� GLHVH
:HUN]HXJH�QlKHU�EHVFKULHEHQ�

���� 7'UDZ
,Q� GLHVHP� 8QWHUNDSLWHO� ZLUG� HLQ� 6\VWHP� ]XP� WDNWLOHQ� =HLFKQHQ� YRUJHVWHOOW�� 'HU� 1DPH
Å7'UDZ´� LVW� DXV�GHP�HQJOLVFKHQ�Å7DFWLOH�'UDZLQJ�6\VWHP´�DEJHOHLWHW��%HYRU�7'UDZ� LP
(LQ]HOQHQ�EHVFKULHEHQ�ZLUG��VROO� LP�IROJHQGHQ�$EVFKQLWW� ]XQlFKVW� DXI�+LQWHUJU�QGH�XQG
0RWLYDWLRQ�GHU�6\VWHPHQWZLFNOXQJ�HLQJHJDQJHQ�ZHUGHQ�

������ 3UREOHPDQDO\VH
%OLQGH�N|QQHQ�]HLFKQHQ��0LW�GHQ� HQWVSUHFKHQGHQ�GHIRUPLHUEDUHQ�0DWHULDOLHQ�XQG�JHHLJ�
QHWHQ�:HUN]HXJHQ�NRQQWHQ�XQG�N|QQHQ�%OLQGH� WDNWLOH�=HLFKQXQJHQ�HUVWHOOHQ��6RZHLW�EH�
VWHKW� LQ�GHU�DNWXHOOHQ�)RUVFKXQJ�(LQLJNHLW�XQG�.ODUKHLW��'LH�0HWKRGHQ��GLH�%OLQGH�EHLP
=HLFKQHQ� LQVEHVRQGHUH� UlXPOLFKHU� *HJHQVWlQGH� YHUZHQGHQ�� VLQG� QRFK� QLFKW� UHVWORV� JH�
NOlUW��8QWHUVXFKXQJHQ�YRQ�.HQQHG\�>.(11('<�����.(11('<���@�]HLJHQ�MHGRFK��GD��GLH
(UJHEQLVVH�WHLOZHLVH�HUKHEOLFK�YRQ�=HLFKQXQJHQ�6HKHQGHU�DEZHLFKHQ�

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�JDOW�HV�GDKHU��0HWKRGHQ�I�U�GLH�$EELOGXQJ�UlXPOLFKHU
*HJHQVWlQGH�DXI�HLQH�]ZHLGLPHQVLRQDOH�)OlFKH�]X�EHVWLPPHQ��ZREHL�QDFK�GHU�/LWHUDWXU�
UHFKHUFKH�>.(11('<�����.(11('<�����('0$1���@�XQG�QDFK�SHUV|QOLFKHQ�(UNHQQWQLVVHQ
GLH� %HGHXWXQJ� HLQHU� VHPDQWLVFKHQ� $QUHLFKHUXQJ� GHU� JUDILVFKHQ� (OHPHQWH� KRFK� HLQJH�
VFKlW]W�ZHUGHQ�PX��

(LQ� =HLFKHQV\VWHP� I�U� %OLQGH� KDW� LP� =XVDPPHQKDQJ� GHU� (UIRUVFKXQJ� YRQ� =HLFKHQ�
PHWKRGHQ�DOVR�]XU�%HDQWZRUWXQJ�GHU�IROJHQGHQ�)UDJHQ�EHL]XWUDJHQ�

��� :LH�VHKHQ�WDNWLOH�=HLFKQXQJHQ�%OLQGHU�DXV"��(UJHEQLV�

��� :LH�JHKHQ�%OLQGH�EHLP�=HLFKQHQ�YRU"��9HUIDKUHQ�

��� :HOFKH�WH[WXHOOHQ�(OHPHQWH�I�JHQ�VLH�GHU�*UDILN�EHL"��VHPDQWLVFKH�$QUHLFKHUXQJ�

,QVEHVRQGHUH�GLH�EHLGHQ�OHW]WHQ�)UDJHQ�ZXUGHQ�YRQ�GHU�ELVKHULJHQ�)RUVFKXQJ�QLFKW�]XIULH�
GHQVWHOOHQG�EHDQWZRUWHW��ZDV�YHUPXWOLFK�GDUDXI�]XU�FN]XI�KUHQ�LVW��GD��ELVKHU�NHLQH�:HUN�
]HXJH� H[LVWLHUWHQ�� GLH� ]X� LKUHU� %HDQWZRUWXQJ� HLQJHVHW]W� ZHUGHQ� NRQQWHQ�� (LQ� VROFKHV
:HUN]HXJ� PX�� YRP� �EOLQGHQ�� %HQXW]HU� P|JOLFKVW� LQWXLWLY� YHUZHQGHW� ZHUGHQ� N|QQHQ�
GDPLW�HU�VLFK�QLFKW�DXI�GHQ�8PJDQJ�PLW�GHP�:HUN]HXJ��VRQGHUQ�DXI�VHLQH�$XIJDEH��GDV
=HLFKQHQ�� NRQ]HQWULHUHQ� NDQQ�� 'DKHU� HUJHEHQ� VLFK� $QIRUGHUXQJHQ�� GLH� LQ� 7DEHOOH� ���
DXIJHOLVWHW�VLQG�
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7DEHOOH����� $QIRUGHUXQJHQ�DQ�(LJHQVFKDIWHQ�HLQHV�WDNWLOHQ�=HLFKHQV\VWHPV

(LJHQVFKDIW $QIRUGHUXQJ =ZHFN

*UXQGOHJHQGH�$QIRUGHUXQJHQ�DQ�GLH�%HQXW]EDUNHLW

=HLFKHQIOlFKH DQJHPHVVHQH�*U|�H • $XVUHLFKHQG�YLHOH�'HWDLOV�VLQG�GDUVWHOOEDU�

• 6FKQHOOH�*HVDPWHUIDVVXQJ�LVW�P|JOLFK�

JH]HLFKQHWH�/LQLHQ VRIRUW�WDVWEDU • 2ULHQWLHUXQJ�DP�VFKRQ�*H]HLFKQHWHQ�LVW
QRWZHQGLJ�

JUDILVFKH
$XIO|VXQJ

VHKU�KRFK��NHLQ
�WDVWEDUHV��5DVWHU�

• /LQLHQ�MHGHU�5LFKWXQJ�XQG�)RUP�VLQG
GDUVWHOOEDU�

JUDILVFKH
*UXQGHOHPHQWH

JHHLJQHWH�$XVZDKO • %HQXW]HU�KDW�VFK|SIHULVFKH�)UHLKHLW�

• %HQXW]HU�NDQQ�GLH�ZHVHQWOLFKHQ
(LJHQVFKDIWHQ�VRIRUW�GDUVWHOOHQ�

VHPDQWLVFKH
$QUHLFKHUXQJHQ

LQWHJULHUEDU��RKQH�GLH
+lQGH�YRQ�GHU
=HLFKQXQJ�]X�QHKPHQ

• $QGHUQIDOOV�LVW�HLQH�ODQJZLHULJH
1HXRULHQWLHUXQJ�QRWZHQGLJ�

0HGLXP NRPPXQL]LHUEDU • =HLFKQXQJHQ�PLW�VHPDQWLVFKHQ
$QUHLFKHUXQJHQ�VROOWHQ�DQGHUHQ
�HEHQIDOOV�%OLQGHQ��LQ�YHUYLHOIlOWLJWHU
)RUP�]XJlQJOLFK�]X�PDFKHQ�VHLQ�

'DUDXV�VLFK�HUJHEHQGH�ZHLWHUH�$QIRUGHUXQJHQ

9RUJHKHQ�EHLP
=HLFKQHQ

UHNRQVWUXLHUEDU • $XVZHUWXQJ�]�%��I�U�ZLVVHQVFKDIWOLFKH
=ZHFNH�ZLUG�HUP|JOLFKW�

• 'LH�=HLFKQXQJ�VHOEVW�NDQQ�RUWV��XQG
]HLWXQDEKlQJLJ�YRP�=HLFKQHU�JHGUXFNW
ZHUGHQ�

]HLFKQHULVFKH
(OHPHQWH�XQG
7H[WH

HLQDQGHU�]X]XRUGQHQ • )�U�VSlWHUH�(UNXQGXQJVXQWHUVW�W]XQJ
�]�%��PLW�7*XLGH��QRWZHQGLJ�

(V�]HLJW�VLFK��GD��I�U�HLQ�=HLFKHQV\VWHP��GDV�GHQ�RELJHQ�$QIRUGHUXQJHQ�HQWVSULFKW��UHFK�
QHUJHVW�W]WH�0HWKRGHQ�XQG�*HUlWH�$QZHQGXQJ� ILQGHQ�P�VVHQ��'LH�6WUXNWXU� HLQHV�NRP�
SOHWWHQ�=HLFKHQV\VWHPV�ZLUG�LP�IROJHQGHQ�$EVFKQLWW�HUOlXWHUW��VLHKH�DXFK�>.85=(���&@��

������ 6\VWHPVWUXNWXU
'DV�*HVDPWV\VWHP�EHVWHKW�LP�ZHVHQWOLFKHQ�DXV�GUHL�.RPSRQHQWHQ�

��� 'DV�WDNWLOH�=HLFKHQZHUN]HXJ�LVW�HLQ�PRGLIL]LHUWHU�7KHUPR�6WLIW��PLW�GHP�DXI�6FKZHOOSDSLHU
JH]HLFKQHW�ZLUG�

��� 'LH� $XI]HLFKQXQJVNRPSRQHQWH� EHVWHKW� DXV� HLQHP� 'LJLWDOLVLHUWDEOHWW� ]XU� (UPLWWOXQJ� YRQ
6WLIWSRVLWLRQ�XQG��VWDWXV�VRZLH�HLQHU�6SUDFKHUNHQQXQJ��GLH�JHVSURFKHQH�2EMHNWQDPHQ�LQ
7H[WIRUP�XPZDQGHOW�XQG�PLW�GHQ�/LQLHQ�GHV�2EMHNWV�VSHLFKHUW�
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��� 'LH� 6\VWHPVWHXHUXQJ� GHV� *HVDPWV\VWHPV� V\QFKURQLVLHUW� GLH� $XI]HLFKQXQJ� GHU� =HLFKHQ�
EHZHJXQJHQ�GHV�%HQXW]HUV�PLW�GHU�(LQJDEH�YRQ�2EMHNWQDPHQ�XQG�YRQ�JHVSURFKHQHQ
RGHU� SHU�7DVWDWXU� HLQJHJHEHQHQ�%HIHKOHQ� XQG� VWHOOW�'LHQVWH� ]XU�'DWHLYHUZDOWXQJ� XQG
]XU�(LQVWHOOXQJ�GHV�6\VWHPYHUKDOWHQV�]XU�9HUI�JXQJ�

'LH�3URWRNROOLHUXQJ�GHU�6WLIWEHZHJXQJ�OLHIHUW�/LQLHQ]�JH��8P�)OlFKHQ�DOV�ZHLWHUH�JHRPHWUL�
VFKH�3ULPLWLYH�YHUZHQGHQ�]X�N|QQHQ��NDQQ�MHGHU�/LQLHQ]XJ�DOV�ÅJHVFKORVVHQ´�GHILQLHUW�XQG
VHLQH� XPVFKORVVHQH� )OlFKH� DOV� 3RO\JRQ� EHWUDFKWHW� ZHUGHQ�� ZDV� GLH� 'DUVWHOOXQJ� YRQ� IOl�
FKHQKDIWHQ�2EMHNWHQ�HUP|JOLFKW�

$Q�GLHVHU�6WHOOH� VHL� DQJHPHUNW��GD��GDV�6FKOLH�HQ�GHV�/LQLHQ]XJHV� DXI�GHU�2ULJLQDO]HLFK�
QXQJ�YRP�%HQXW]HU�VHOEVW�GXUFKJHI�KUW�ZHUGHQ�PX���GD�KLHU]X�HLQ�$XIKHL]HQ�GHU�HQWVSUH�
FKHQGHQ� 6WHOOHQ� GHV� 6FKZHOOSDSLHUV� QRWZHQGLJ� LVW�� ZDV� ]�%�� GXUFK� GHQ� 7KHUPR�6WLIW
HUIROJHQ� NDQQ�� QLFKW� DEHU� DOOHLQ� YRP� 5HFKQHU� RGHU� GHP�'LJLWDOLVLHUWDEOHWW�� %HL� VSlWHUHQ
9HUVLRQHQ� GHU� =HLFKQXQJ� ZLUG� GLHVH� MD� RKQHKLQ� ]XQlFKVW� KHUN|PPOLFK� PLW� 7LQWH� RGHU
7RQHU� JHGUXFNW� XQG� HUVW� DQVFKOLH�HQG� GHP� 6FKZHOOSUR]H�� XQWHU]RJHQ��'DGXUFK� N|QQHQ
EHL� GLHVHQ� .RSLHQ� GLH� YRP� 5HFKQHU� EHLP� 6FKOLH�HQ� GHU� /LQLHQ]�JH� HLQJHI�JWHQ� /LQLHQ
WDVWEDU�JHPDFKW�ZHUGHQ�

'DV�6\VWHP�LVW�LQ�$EELOGXQJ�����VFKHPDWLVFK�GDUJHVWHOOW�

$EELOGXQJ���� 6FKHPDWLVFKH�hEHUVLFKW��EHU�GLH�.RPSRQHQWHQ�GHV�WDNWLOHQ�=HLFKHQV\VWHPV�7'UDZ�

(LQ�6\VWHP�ZLH�GDV�KLHU�VNL]]LHUWH�ZLUG�GHQ�JHQDQQWHQ�$QIRUGHUXQJHQ�VHKU�JXW�JHUHFKW�

��� (LQ�'LJLWDOLVLHUWDEOHWW�XQG�6FKZHOOSDSLHU� LP�',1�$��)RUPDW�ELOGHQ�HLQHQ�DQJHPHVVH�
QHQ�.RPSURPL��]ZLVFKHQ�EHQ|WLJWHP�5DXP�I�U�'HWDLOV�XQG�JXWHU�(UID�EDUNHLW�

��� 'D� 6FKZHOOSDSLHU� VRIRUW� QDFK� GHP� =HLFKQHQ� PLW� GHP� 7KHUPR�6WLIW� WDVWEDUH� /LQLHQ
DXIZHLVW��HUKlOW�GHU�=HLFKQHU�HLQH�XQPLWWHOEDUH�5�FNNRSSOXQJ�

��� 6FKZHOOSDSLHU�LVW�UDVWHUORV�XQG�GDKHU�JXW�I�U�GHWDLOOLHUWH�=HLFKQXQJHQ�JHHLJQHW�
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��� 'D� GHU�%HQXW]HU� EHLP� KLHU� YHUZHQGHWHQ�)UHLKDQG�=HLFKQHQ� NHLQHQ�(LQVFKUlQNXQJHQ
EH]�JOLFK�GHU�P|JOLFKHQ�)RUPHQ�XQWHUOLHJW��NDQQ�DOOHV�Å=HLFKHQEDUH´�DXFK�JH]HLFKQHW
ZHUGHQ��QlPOLFK�/LQLHQ�XQG�)OlFKHQ�

��� 'XUFK�GLH�9HUZHQGXQJ�YRQ�6SUDFKHLQJDEH�N|QQHQ�GLH�]HLFKQHQGHQ�WDVWHQGHQ�+lQGH
LPPHU�DXI�GHU�$UEHLWVIOlFKH�EOHLEHQ�

��� 'LH�3URWRNROOGDWHL�NDQQ�MHGHU]HLW�ZLHGHU�LQVSL]LHUW�XQG�GLH�SURWRNROOLHUWHQ�6WLIWDNWLRQHQ
N|QQHQ� PLW� HLQHP� YLUWXHOOHQ� 6WLIW� DXI� GHP� $XVJDEHJHUlW� �%LOGVFKLUP�� 'UXFNHU� RGHU
3ORWWHU��ZLHGHUKROW�ZHUGHQ��3DUDOOHO�GD]X�VWHKW�GLH� WH[WXHOOH� VHPDQWLVFKH�$QUHLFKHUXQJ
]XU�9HUI�JXQJ�XQG�JHVWDWWHW�GLH�(UNXQGXQJ�PLWWHOV�7DVWWDEOHWW�

'LH�YRUJHVWHOOWH�6WUXNWXU�HLJQHW�VLFK�UHFKW�JXW�]XP�FRPSXWHUJHVW�W]WHQ�=HLFKHQ��HLQ]LJ�HLQ
/|VFKHQ�YRQ�/LQLHQ�LVW�QLFKW�RKQH�ZHLWHUHV�P|JOLFK��'D�PDQ�WDVWEDUH�/LQLHQ�DXI�6FKZHOO�
SDSLHU�PDQXHOO�RGHU�JDU�DXWRPDWLVFK�QLFKW�RKQH�ZHLWHUHV�ZLHGHU�HQWIHUQHQ�NDQQ��EHGHXWHW
HLQH�IHKOHUKDIWH�/LQLH�LQ�GLHVHU�)RUP�GHU�6\VWHPVWUXNWXU��GD��YRQ�QHXHP�PLW�GHP�=HLFK�
QHQ�EHJRQQHQ�ZHUGHQ�PX��

'XUFK� GLH� PRGXODUH� 6WUXNWXU� GHV� 6\VWHPV� N|QQHQ� HLQ]HOQH� .RPSRQHQWHQ� OHLFKW� GXUFK
DQGHUH� HUVHW]W� ZHUGHQ�� %HLVSLHOVZHLVH� NDQQ� GHU� 7KHUPR�6WLIW� PLW� 6FKZHOOSDSLHU� DOV� =HL�
FKHQZHUN]HXJ�GXUFK�GHQ�'LJLWDOLVLHUVWLIW�PLW�)ROLH�DXI�*XPPLXQWHUODJH�HUVHW]W�ZHUGHQ��$OV
=HLFKHQZHUN]HXJ�LVW�GLHVH�.RPELQDWLRQ�DXV�KHUN|PPOLFKHP�6WLIW�PLW�)ROLH�UHFKW�YHUEUHL�
WHW��'DKHU�NDQQ�VLH�]XU�(LQJDEH�YRQ�=HLFKQXQJHQ�GLHQHQ��/HGLJOLFK�EHL�GHU�$XVJDEH�GHU
(UJHEQLVVH�DXI�HLQHP� WDVWEDUHQ�0HGLXP�NDQQ�VLH�QLFKW�RKQH�ZHLWHUHV� HLQJHVHW]W�ZHUGHQ�
ZHLO� VLH� GLH� PHFKDQLVFKH� 8PIRUPXQJ� GHU� )ROLH� YRUDXVVHW]W�� ZR]X� DOOHQIDOOV� HLQ
6FKQHLGSORWWHU�JHHLJQHW�ZlUH��VLHKH�$EVFKQLWW������

'DV� EHVFKULHEHQH� 6\VWHP�NDQQ�QLFKW� QXU� LP�.RQWH[W� GHU� )RUVFKXQJ�� VRQGHUQ� DXFK� YRQ
%OLQGHQ�I�U�VLFK�XQG�DQGHUH�%OLQGH�LQ�MHGHP�=XVDPPHQKDQJ�YHUZHQGHW�ZHUGHQ��ZHQQ�HV
GDUXP�JHKW�]X�]HLFKQHQ��]X�NRPPHQWLHUHQ��GLH�=HLFKQXQJHQ�DQGHUHQ�]XJlQJOLFK�]X�PD�
FKHQ�XQG�]X�DUFKLYLHUHQ�

������ ,PSOHPHQWLHUXQJ
'DV�KLHU�EHVFKULHEHQH�6\VWHP�LVW�LQ�)RUP�GHV�WDNWLOHQ�=HLFKHQZHUN]HXJV�7'UDZ�LP�5DK�
PHQ�GHU�YRUOLHJHQGHQ�$UEHLW�UHDOLVLHUW�ZRUGHQ�>.85=(���$@��'LH�6WUXNWXU�LVW�LQ�$EELOGXQJ
���� GDUJHVWHOOW��'HU� 7KHUPR�6WLIW� VWDPPW� YRQ� Å,QQRYDWLYH� 7HFKQLNHQ� H�9�´�� DOV�'LJLWDOL�
VLHUWDEOHWW�GLHQW�HLQ�*HQLXV�1HZ6NHWFK������PLW�'LJLWDOLVLHUVWLIW��'LH�EHLGHQ�6WLIWH�ZXUGHQ
DQHLQDQGHU� IL[LHUW�� VR� GD�� GLH� )XQNWLRQDOLWlWHQ� EHLGHU� (LQ]HOVWLIWH� HUKDOWHQ� EOLHEHQ�� GLH
/RNDOLWlW�GHV�7KHUPR�6WLIWV�XQG�VHLQ�6WDWXV��DXI�GHP�3DSLHU�RGHU�LQ�GHU�/XIW��MHGRFK�DQ�GLH
GHV� 'LJLWDOLVLHUVWLIWV� JHEXQGHQ� EOHLEW� XQG� GDPLW� QDFKYHUIROJEDU� LVW�� $OV� 6SUDFKHUNHQQHU
NDQQ�EHLVSLHOVZHLVH�'UDJRQ'LFWDWH�YHUZHQGHW�ZHUGHQ�

'LH� 6RIWZDUH� GHU� $XI]HLFKQXQJV�� XQG� 6\VWHPVWHXHUXQJVNRPSRQHQWHQ� ZXUGH� LQ� &��
XQWHU� 06�:LQGRZV� ���[� HQWZLFNHOW� XQG� YHUZHQGHW�� $OV� $XVJDEH�'DWHLIRUPDWH� ZHUGHQ
6.7� �ZLH� LQ� $XGLR7RXFK� YRQ� Å,QQRYDWLYH� 7HFKQLNHQ� H�9�´�� XQG� :LQGRZV� 0HWDILOH
�:0)��XQWHUVW�W]W�

$EELOGXQJ�����]HLJW�GLH�$QRUGQXQJ�GHU�.RPSRQHQWHQ�EHL�GHU�%HQXW]XQJ�
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$EELOGXQJ���� (LQH�EOLQGH�9HUVXFKVSHUVRQ�EHLP�=HLFKQHQ�PLW�7'UDZ��'LH�HLQH�+DQG�I�KUW�GHQ
NRPELQLHUWHQ�7KHUPR�'LJLWDOLVLHU�6WLIW��GLH�DQGHUH�VRUJW�I�U�GLH�2ULHQWLHUXQJ�

'HU�$EVWDQG�]ZLVFKHQ�GHU�6SLW]H�GHV�7KHUPR�6WLIWV�XQG�GHU�GHV�'LJLWDOLVLHUVWLIWV�EHUHLWHW
EHL� GHU� 3URWRNROOLHUXQJ� NHLQH� 3UREOHPH�� ZHLO� HU� HEHQVR� ZLH� GLH� $XVULFKWXQJ� GHU� 6WLIWH
]XHLQDQGHU�NRQVWDQW�LVW�XQG�VR�DOV�2IIVHW�EHL�GHU�:HLWHUYHUDUEHLWXQJ�EHU�FNVLFKWLJW�ZHUGHQ
NDQQ�

'LH�=HLFKQXQJ�NDQQ�ZlKUHQG�LKUHU�(QWVWHKXQJ�XQG�QDFK�GHP�6SHLFKHUQ�MHGHU]HLW�DXI�GHP
%LOGVFKLUP�YLVXHOO�EHWUDFKWHW�ZHUGHQ��VLHKH�$EELOGXQJ������
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$EELOGXQJ���� %LOGVFKLUPDE]XJ�YRQ�7'UDZ��'LH�)ODVFKH�DXI�GHP�7LVFK�HUVFKHLQW�I�U�GHQ�VHKHQGHQ
%HREDFKWHU�DXI�GHP�%LOGVFKLUP�URW��ZHLO�VLH�DOV�JHVFKORVVHQHV�3RO\JRQ�JH]HLFKQHW
ZXUGH��'DPLW�ZLUG�MHGHU�3XQNW�LQQHUKDOE�LKUHV�8PULVVHV�PLW�GHP�2EMHNW�Å)ODVFKH´�DV�
VR]LLHUW�XQG�QLFKW�QXU�GLH�8PUL�OLQLHQ�VHOEVW�ZLH�EHL�GHP�6WXKO�XQG�GHP�7LVFK�

'LH�PLW�7'UDZ�XQG� DXV� GHU�/LWHUDWXU� JHZRQQHQHQ�(UNHQQWQLVVH� XQG�0HWKRGHQ�ZXUGHQ
EHLP�(QWZXUI�XQG�GHU� ,PSOHPHQWLHUXQJ�GHU�KDSWLVFKHQ�5HQGHULQJ�3LSHOLQH� LQ�SURWRW\SL�
VFKHU�)RUP�LP�3URJUDPP�75HQGHU�EHU�FNVLFKWLJW��GDV�LP�IROJHQGHQ�$EVFKQLWW�GDUJHVWHOOW
ZLUG�

���� 75HQGHU
'LH�5HDOLVLHUXQJ�GHV�KDSWLVFKHQ�5HQGHUHUV�EHUXKW�DXI�GHQ�LQ�$EVFKQLWW�����EHVFKULHEHQHQ
9HUIDKUHQ��'HU�1DPH�Å75HQGHU´�OHLWHW�VLFK�DXV�GHU�%H]HLFKQXQJ�Å7DNWLOHU�5HQGHUHU´�DE�
GLH� GHP� HLJHQWOLFKHQ� 3URJUDPP� ]XQlFKVW� JHJHEHQ�ZXUGH��'D� HV� VLFK� EHL� GHU�:DKUQHK�
PXQJ� GHU�PLW� LKP� HU]HXJWHQ� =HLFKQXQJHQ� XP� KDSWLVFKH� 3HU]HSWLRQ� KDQGHOW� �VLHKH� $E�
VFKQLWW������ LVW� 75HQGHU� HLJHQWOLFK� HLQ� KDSWLVFKHU� 5HQGHUHU�� HLQH� ,PSOHPHQWLHUXQJ� GHU
KDSWLVFKHQ� 5HQGHULQJ� 3LSHOLQH�� ,Q� GLHVHP� $EVFKQLWW� ZLUG� GDV� 6\VWHP� NXU]� EHVFKULHEHQ�
(LQH�GHWDLOOLHUWHUH�'DUVWHOOXQJ�ILQGHW�PDQ�LQ�>.85=(���%@�XQG�>(,7(/���@�

������ 3UREOHPDQDO\VH
$XIJDEH�GHV�KDSWLVFKHQ�5HQGHUHUV�LVW�HV��DXV�HLQHU�GUHLGLPHQVLRQDOHQ�6]HQHQEHVFKUHLEXQJ
HLQH�]ZHLGLPHQVLRQDOH�=HLFKQXQJ�]X�JHQHULHUHQ�XQG�JOHLFK]HLWLJ�GLH�WH[WXHOOH�$QUHLFKHUXQJ
LQ�)RUP�YRQ�2EMHNWQDPHQ�]X�HUVWHOOHQ�

,P�(LQ]HOQHQ�Ol�W�VLFK�GLH�$XIJDEH�ZLH�IROJW�NRQNUHWLVLHUHQ�

��� (LQH�6]HQHQEHVFKUHLEXQJ� LQ�950/����� >950/�63(&���@��GLH�2EMHNWQDPHQ�HQWKDOWHQ
NDQQ��DEHU�QLFKW�PX����VROO�HLQJHOHVHQ�ZHUGHQ�
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��� 9HUHLQIDFKXQJHQ��ZLH�VLH�LQ�$EVFKQLWW�����EHVFKULHEHQ�VLQG��VROOHQ�GXUFKJHI�KUW�ZHUGHQ
N|QQHQ��HV�VROOHQ�DOVR�UHODWLY�IODFKH�.|USHU��ZLH�]�%��7LVFKSODWWHQ�XVZ���]X�DEVROXW�IOD�
FKHQ� )DFHWWHQ� �3RO\JRQHQ�� XPJHZDQGHOW� ZHUGHQ�� XQG� UHODWLY� ODQJH�� VFKPDOH� .|USHU
VROOHQ�]X�/LQLHQ�ZHUGHQ�

��� 'LH�0DQLSXODWLRQHQ�DP�0RGHOO��GLH�]X�HLQHU�]ZHLGLPHQVLRQDOHQ�$EELOGXQJ�I�KUHQ�XQG
GLH�LQ�$EVFKQLWW�����EHVFKULHEHQ�VLQG��VROOHQ�YRUJHQRPPHQ�ZHUGHQ�

��� $XV�GHP�VR�PDQLSXOLHUWHQ�0RGHOO�VROO�GDV�%LOG�V\QWKHWLVLHUW�ZHUGHQ��XQG�JHJHEHQHQIDOOV
VROOHQ�/LQLHQ�NHLOI|UPLJ�JHVWDOWHW�ZHUGHQ��GLH�LQ�GLH�7LHIH�GHV�%LOGHV�UDJHQGH�.DQWHQ�DE�
ELOGHQ��$EVFKQLWW������

��� 'LH�9HUHLQIDFKXQJHQ��0DQLSXODWLRQHQ�XQG�GLH�9HUZHQGXQJ�YRQ�7LHIHQKLQZHLVHQ�VROOHQ
YRP�%HQXW]HU�VWHXHUEDU�VHLQ�

��� 'LH� IHUWLJH�=HLFKQXQJ� VROO� LQ� GHQ� ]ZHLGLPHQVLRQDOHQ�9HNWRUJUDILNIRUPDWHQ� 6.7�XQG
:0)�H[SRUWLHUW�ZHUGHQ�N|QQHQ��ZREHL� LQ�GHU�6.7�'DWHL�GHQ�/LQLHQ�XQG�3RO\JRQHQ
LKUH�2EMHNWQDPHQ�DVVR]LLHUW�VHLQ�P�VVHQ�

'LHVH� $XIJDEHQ� HUJHEHQ� VLFK� XQPLWWHOEDU� DXV� GHP� =ZHFN� GHV� 6\VWHPV� XQG� DXV� GHQ� LQ
.DSLWHO�����EHVFKULHEHQHQ�WKHRUHWLVFKHQ�hEHUOHJXQJHQ�

������ 9RUJHKHQ�EHL�GHU�+HUVWHOOXQJ�KDSWLVFKHU�*UDILNHQ
9HUJOHLFKEDU�PLW�GHP�9RUJHKHQ�EHLP�NRQYHQWLRQHOOHQ��YLVXHOOHQ�5HQGHULQJ��VLHKH�.DSLWHO
�����ZHUGHQ�QXQ�PHKUHUH�6FKULWWH�GXUFKJHI�KUW��GHUHQ�WKHRUHWLVFKH�*UXQGODJHQ�LP�.DSLWHO
���� EHKDQGHOW� ZXUGHQ�� %HL� GHU� SUDNWLVFKHQ� ,PSOHPHQWLHUXQJ� VSLHOHQ� DOOHUGLQJV� HLQLJH
$VSHNWH�HLQH�5ROOH��GLH�EHL�HLQHU� UHLQ� WKHRUHWLVFKHQ�%HWUDFKWXQJ�XQEHU�FNVLFKWLJW�EOHLEHQ
NRQQWHQ�XQG�ZXUGHQ��,QVEHVRQGHUH�GDV�JHZlKOWH��'�'DWHLIRUPDW��950/��9LUWXDO�5HDOLW\
0RGHOLQJ�/DQJXDJH�>950/�63(&���@��EHVWLPPW�PLW�VHLQHQ�0|JOLFKNHLWHQ�XQG�*UHQ]HQ��RE
XQG�LQVEHVRQGHUH�ZLH�HLQ]HOQH�6FKULWWH�GHU�5HQGHULQJ�3LSHOLQH�UHDOLVLHUW�ZHUGHQ�N|QQHQ�

(LQ�3UH�SDUVHU�OLHVW�GLH�950/�'DWHL�HLQ�XQG�EULQJW�VLH�LQ�GLH�YRP�5HQGHUHU�GLUHNW�LQWHUSUH�
WLHUEDUH�)RUP��'DEHL�EOHLEHQ�GLH�*OLHGHUXQJVLQIRUPDWLRQHQ�GHU�%DXPVWUXNWXU�GHV�950/�
0RGHOOV�HUKDOWHQ��XQG�2EMHNWQDPHQ�ZHUGHQ�JHJHEHQHQIDOOV�DXV�Info�.QRWHQ�H[WUDKLHUW�
'HU�HLJHQWOLFKH�3DUVHU� OLHVW�QXQ�GLH�2EMHNWH�GHV�0RGHOOV� DOV�.QRWHQ� LQ�GLH�%DXPVWUXNWXU
HLQ��.RPSOH[H�2EMHNWH�ZHUGHQ�LQ�LKUH�3RO\JRQH��)DFHWWHQ��IDFHV��DXIJHWHLOW�

$OV� .QRWHQ� NRPPHQ� YHUVFKLHGHQH� �� DQ� 950/� DQJHOHKQWH� �� 7\SHQ� YRU�� DXI� GHUHQ� %H�
KDQGOXQJ�LQ�7DEHOOH�����QlKHU�HLQJHJDQJHQ�ZLUG��%HGHXWVDP�LVW�LQ�GLHVHP�=XVDPPHQKDQJ�
GD�� DOOH�950/�*HRPHWULHREMHNWH� ELV� DXI� GLH�(EHQH�GHU� VLH� NRQVWLWXLHUHQGHQ�3XQNWH� LP
5DXP� ]HUOHJW�ZHUGHQ�� %HL� LP�0RGHOO� DQJHJHEHQHQ�3RO\JRQHQ�ZHUGHQ� GHUHQ� H[SOL]LW� EH�
]HLFKQHWH�(FNSXQNWH�YHUZHQGHW��%HL�2EMHNWHQ��GHUHQ�(FNSXQNWH�LP�0RGHOO�QLFKW�H[SOL]LW
DQJHJHEHQ�ZXUGHQ��ZHUGHQ�GLHVH�GXUFK�HLQH�$QDO\VH�GHU� LPSOL]LW�I�U�GLH�'DUVWHOOXQJ�YRQ
)RUPHQ���ZLH�]�%��=\OLQGHUQ���YHUZHQGHWHQ�3RO\JRQH�HUPLWWHOW�
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7DEHOOH���� %HKDQGOXQJ�GHU�LP�950/�0RGHOO�YRUNRPPHQGHQ�.QRWHQ�GXUFK�GHQ�3DUVHU

VRML-Knoten %HKDQGOXQJ�EHLP�$EELOGHQ�DXI�]ZHL�'LPHQVLRQHQ

Face (QGNQRWHQ� �Å%OlWWHU´�� GHV� 0RGHOOEDXPV�� 'LH� UlXPOLFKH� 2ULHQWLHUXQJ
GHV�3RO\JRQV�XQG�VHLQH� WRSRORJLVFKHQ�9HUELQGXQJHQ�ZHUGHQ�PLW�GHP
3RO\JRQ�JHVSHLFKHUW��$XI�GLH�2EMHNWH��GLH�GDV�3RO\JRQ�EHU�KUHQ� �RGHU
VFKQHLGHQ��� ZHUGHQ� =HLJHU� JHKDOWHQ�� GLH� HLQHUVHLWV� VSlWHU� GHQ� =XVDP�
PHQKDQJ�YRQ�3RO\JRQHQ�IHVW]XVWHOOHQ�HUODXEHQ�XQG�DQGHUHUVHLWV�)ROJH�
WUDQVIRUPDWLRQHQ�EHL�GHU�9HUHLQIDFKXQJ�XQG�GHU��'�]X��'�$EELOGXQJ
HUOHLFKWHUQ��'DEHL�ZLUG�GLH�UHLQH�%DXPVWUXNWXU�GHU�0RGHOOUHSUlVHQWDWLRQ
DXIJHJHEHQ��VLH�VWHKW�MHGRFK�DOV�6XEVWUXNWXU�ZHLWHU�]XU�9HUI�JXQJ�

Cube,
Cylinder

2EMHNWH�� GLH� QLFKW� GLUHNW� DOV� 0HQJH� YRQ� )OlFKHQ� PRGHOOLHUW� ZXUGHQ�
'LHVH�2EMHNWH�ZHUGHQ� LQ� LKUH�(LQ]HOIOlFKHQ�]HUOHJW��'DEHL�ZHUGHQ� I�U
DOOH� HQWVWDQGHQHQ� )OlFKHQ� HLJHQH� 3XQNWH� ]XU� 'HILQLWLRQ� LKUHU� (FNHQ
HUVWHOOW��'DGXUFK�ZHUGHQ�]ZDU�EHLVSLHOVZHLVH� I�U�HLQHQ�(FNSXQNW�HLQHV
:�UIHOV�GUHL�3XQNWH�YHUZDOWHW��GLHV�PDFKW�DEHU�VSlWHU�GDV�$XIIDOWHQ�HUVW
P|JOLFK�

Rotation,
Translation

'LHVH�JlQJLJVWHQ�7UDQVIRUPDWLRQHQ�NRPPHQ�LQ�YLHOHQ�950/�0RGHOOHQ
]XU� 2UWVIHVWOHJXQJ� YRQ� 2EMHNWHQ� ]XP� (LQVDW]�� $X�HUGHP� ZHUGHQ
.QRWHQ� GLHVHV� 7\SV� LP� /DXIH� GHU� 0DQLSXODWLRQ� GXUFK� GHQ� 5HQGHUHU
HLQJHI�JW�

Separator 6ROFKH� .QRWHQ� WUHQQHQ� HLQ]HOQH� bVWH� GHV� 0RGHOOEDXPV�� :lKUHQG
QRUPDOHUZHLVH�EHL�GHU�7UDYHUVLHUXQJ� HLQHV�0RGHOOV�GLH�7UDQVIRUPDWLR�
QHQ� DNNXPXOLHUW� ZHUGHQ�� ZHUGHQ� .QRWHQ� LQQHUKDOE� YRQ� 6HSDUDWRU�
.ODPPHUQ�]ZDU�WUDYHUVLHUW��GHU�6\VWHP]XVWDQG�YRU�GHP�(LQWULWW�LQ�HLQH
6HSDUDWRU�.ODPPHU�ZLUG�KLQWHUKHU�MHGRFK�ZLHGHU�KHUJHVWHOOW�

Info .QRWHQ�GLHVHV�7\SV�N|QQHQ�LQ�950/�EHOLHELJH�,QIRUPDWLRQHQ�HQWKDO�
WHQ�� 75HQGHU� YHUZHQGHW� 7H[WLQIRUPDWLRQHQ� DXV� ,QIR�.QRWHQ� DOV
2EMHNWQDPHQ� I�U� GDV� DXI� GHQ� ,QIR�.QRWHQ� IROJHQGH� 2EMHNW� �GDV
ZLHGHUXP� GXUFK� HLQHQ� 7HLOEDXP� GHILQLHUW� ZLUG��� 'LHVH� 2EMHNWQDPHQ
N|QQHQ�VSlWHU�DOV� ,QIRUPDWLRQVDQUHLFKHUXQJ�HLQ]HOQHQ�/LQLHQ�XQG�)Ol�
FKHQ�LQ��'�]XJHRUGQHW�ZHUGHQ�

'LH� GHP�0RGHOO� ]XJUXQGH� OLHJHQGH�%DXPVWUXNWXU� EOHLEW� DOV� 7HLOJUDSK� GHU� QHXHQ�'DWHQ�
VWUXNWXU� HUKDOWHQ�� MHGRFK�ZLUG� �DQGHUV�� DOV� GLHV� LQ�950/� LQ� GHU�5HJHO� GHU� )DOO� LVW�� MHGHU
3XQNW� LP�5DXP�QXU� I�U�GLH�.RQVWUXNWLRQ� HLQHV� HLQ]LJHQ�3RO\JRQV�YHUZHQGHW�� 6WR�HQ� DQ
HLQHU� 6WHOOH� LP� 5DXP�PHKUHUH� 3RO\JRQH� DQHLQDQGHU�� ZLUG� I�U� MHGHV� GLHVHU� 3RO\JRQH� HLQ
(FNSXQNW��PLW�LGHQWLVFKHQ�5DXPNRRUGLQDWHQ��H[SOL]LW�HU]HXJW��'LH�(LQ]HOSXQNWH�GHU�3RO\�
JRQH�HQWKDOWHQ�LQ�GHU�DXIJHEDXWHQ�'DWHQVWUXNWXU�QXQ�MHGRFK�]XVlW]OLFKH�,QIRUPDWLRQ��EHU
1DFKEDUVFKDIWV��XQG�,GHQWLWlWV�%H]LHKXQJHQ��'LHVH�ZLUG� VSlWHU�EHL�GHU�2SWLPLHUXQJ�XQG
GHU�0DQLSXODWLRQ�GHU�0RGHOOH�EHQ|WLJW�XQG�YHUZHQGHW�

1DFK�GHU�3RO\JRQDOLVLHUXQJ� HUIROJW� GLH� RSWLRQDOH�2SWLPLHUXQJ�9HUHLQIDFKXQJ� GHU� LQ]ZL�
VFKHQ� GXUFK� GLH� 8PRUJDQLVDWLRQ� �=HUOHJXQJ� LQ� 3RO\JRQH�� 9HUYLHOIDFKXQJ� YRQ� 3XQNWHQ�
DQJHZDFKVHQHQ�6]HQH�

'LH�2SWLPLHUXQJ�EHVWHKW�LP�ZHVHQWOLFKHQ�DXV�HLQHU�6NDOLHUXQJ�NRPSOH[HU�2EMHNWH�LQ�HLQH
5DXPULFKWXQJ��'LH�Å'LFNH´�HLQHU�7LVFKSODWWH�ZLUG�DXI�1XOO�JHVHW]W��VR�GD��VLH�QLFKW�PHKU
DXV� VHFKV� 3RO\JRQHQ� �2EHUVHLWH�� 8QWHUVHLWH�� GLH� YLHU� )OlFKHQ� GHU� Å7LVFKNDQWH´�� EHVWHKW�
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VRQGHUQ�QXU�QRFK�DXV�HLQHP�3RO\JRQ��+LHU]X�ZLUG�GDV�9HUKlOWQLV�GHU�+|KH�GHV�2EMHNWV�]X
VHLQHU�VHQNUHFKW�DXI�GHU�+|KH�VWHKHQGHQ�)OlFKHQGLDJRQDOH�EHUHFKQHW��VLHKH�$EELOGXQJ���
����,VW�HV�NOHLQHU�DOV�HLQ�YRP�%HQXW]HU�YRUJHJHEHQHV�0D���ZLUG�GLH�+|KH�DXI�1XOO�JHVHW]W�
'LHVHV�9RUJHKHQ�ZLUG� I�U� DOOH� GUHL� 5DXPULFKWXQJHQ� GXUFKJHI�KUW�� VR� GD�� VHKU� VFKODQNH
*HJHQVWlQGH�LQ�]ZHL�5DXPULFKWXQJHQ�DXI�GDV�0D��1XOO�JHVHW]W�ZHUGHQ�N|QQHQ��VLH�ZHU�
GHQ�]X�/LQLHQ�

Diagonale

Höhe

$EELOGXQJ���� 'DV�9HUKlOWQLV�Å+|KH�]X�'LDJRQDOH´�HLQHV�4XDGHUV�OHJW�IHVW��RE�HU�]X�HLQHP�3RO\JRQ
YHUHLQIDFKW�ZLUG�RGHU�QLFKW�

'XUFK�GLH�6NDOLHUXQJ�YHUVFKLHEHQ�VLFK�3RO\JRQH�GHV�8UVSUXQJVREMHNWV��'DGXUFK�N|QQWHQ
7RSRORJLH�3UREOHPH�HQWVWHKHQ��ZHLO�(LQ]HOWHLOH� MHZHLOV� I�U� VLFK� VFKUXPSIHQ�XQG�GDGXUFK
GHQ�=XVDPPHQKDOW�PLW�LKUHQ�1DFKEDUREMHNWHQ�YHUOLHUHQ��'LHV�ZLUG�YHUKLQGHUW��LQGHP�QDFK
GHU�9HUVFKLHEXQJ�GHV�8UVSUXQJVREMHNWV�DOOH�YRQ�GHU�9HUVFKLHEXQJ�YRQ�3RO\JRQHQ�GLHVHV
2EMHNWV�EHWURIIHQHQ�7HLOH�XP�GHQ�VHOEHQ�9HNWRU�YHUVFKREHQ�ZHUGHQ��+LHU]X�ZHUGHQ�GLH�LQ
GHU�HQWVSUHFKHQGHQ�/LVWH�GHU�3RO\JRQH�JHKDOWHQHQ�9HUNQ�SIXQJVOLVWHQ�YHUZHQGHW��'LHVHV
9RUJHKHQ� ZLHGHUKROW� VLFK� UHNXUVLY�� VR� GD�� GLH� *HVDPW�7RSORJLH� LPPHU� HUKDOWHQ� EOHLEW�
'XUFK� HLQH�0DUNLHUXQJ� VFKRQ� EHKDQGHOWHU� .QRWHQ� ZLUG� HLQ� ]LUNXOlUH� 7UDYHUVLHUXQJ� GHV
9HUNQ�SIXQJVJUDSKHQ�YHUPLHGHQ�

'DV�$XIIDOWHQ�JHVFKLHKW��LQGHP�]XQlFKVW�GLH�JU|�WH�7HLOIOlFKH�HLQHV�2EMHNWV�HUPLWWHOW�ZLUG�
GLH�YRQ�GHU�PRPHQWDQHQ�(UIDVVHU�3RVLWLRQ�DXV�SDUDOOHO�]XU�'DUVWHOOXQJVHEHQH�OLHJW��$XVJH�
KHQG�KLHUYRQ�ZLUG� MHGH�DQ�GLHVHP�3RO\JRQ�KlQJHQGH�7HLOIOlFKH�GDKLQJHKHQG�XQWHUVXFKW�
RE�VLH�JHIDOWHW�ZHUGHQ�NDQQ��)lOOW�VLH��JJI��WHLOZHLVH��PLW�HLQHU�)OlFKH�HLQHV�DQGHUHQ�2EMHNWV
]XVDPPHQ��GLH�QLFKW�PLWJHIDOWHW�ZHUGHQ�NDQQ��VR�ZLUG�GLH�EHWUDFKWHWH�)OlFKH�QLFKW�ZHLWHU
PDQLSXOLHUW� �%VS��� 6HLWHQZlQGH� DQHLQDQGHU� VWHKHQGHU� 6FKUlQNH��� 'LHVH� (LJHQVFKDIW� ZLUG
DXV� GHQ� WRSRORJLVFKHQ� 9HUELQGXQJHQ� GHU�face�.QRWHQ� �3RO\JRQH�� HUPLWWHOW�� .DQQ� GLH
)OlFKH�JHIDOWHW�ZHUGHQ��VR�ZLUG�GLH�.DQWH��GLH�DOV�5RWDWLRQVDFKVH�YHUZHQGHW�ZHUGHQ�VROO�
HUPLWWHOW�� LP� DOOJHPHLQHQ� GLH� 9HUELQGXQJVNDQWH� ]XU� ]HQWUDOHQ� �JU|�WHQ�� 7HLOIOlFKH�� 'HU
5RWDWLRQVZLQNHO�HUJLEW�VLFK�DXV�GHP�:LQNHO�]ZLVFKHQ�GHQ�1RUPDOHQ�GHU�3RO\JRQH�

%HLP�6SUHL]HQ�ZHUGHQ�2EMHNWH�JHNODSSW��GLH��GD�VLH�/LQLHQFKDUDNWHU�KDEHQ��QXU�DQ�HLQHP
3XQNW� GLH� =HQWUDOIOlFKH� EHU�KUHQ�� $EELOGXQJ� ���� ]HLJW� GDV� 9RUJHKHQ� GDEHL�� 'HU� 5RWD�
WLRQVZLQNHO�HUJLEW�VLFK�DXV�GHP�9HNWRU�9��YRP�0LWWHOSXQNW�GHU�)OlFKH�]XP�9HUELQGXQJV�
SXQNW��3���PLW�GHP�]X�VSUHL]HQGHQ�7HLOREMHNW�XQG�GHU�5LFKWXQJ�GLHVHV�2EMHNWV��HLQHU�/LQLH�
'LH�5RWDWLRQVDFKVH�VWHKW�VHQNUHFKW�DXI�9��XQG�OlXIW�GXUFK�3��XQG�3���GHU�DXI�GHU�=HQWUDO�
IOlFKH�OLHJW�



����75HQGHU

���

Erfasser

Mittelpunkt

Zentralfläche

$EELOGXQJ���� (UPLWWOXQJ�GHU�5RWDWLRQVDFKVH�XQG�GHV�5RWDWLRQVZLQNHOV�EHLP�6SUHL]HQ�

/LHJW� LP� 7RSRORJLH�*UDSKHQ� HLQ� 5LQJVFKOX�� YRU�� G�K�� EHU�KUW� HLQ� 7HLOREMHNW� PLW� ]ZHL
/LQLHQ�GLH�=HQWUDOIOlFKH��VR�ZHUGHQ�3��XQG�3��DXV�GHQ�%HU�KUXQJVSXQNWHQ�HUPLWWHOW��ZLH�LQ
$EELOGXQJ�����JH]HLJW�

P2

P1

Erfasser

$EELOGXQJ���� (UPLWWOXQJ�GHU�5RWDWLRQVDFKVH�EHL�]ZHL�%HU�KUXQJVSXQNWHQ�PLW�GHU�=HQWUDOIOlFKH�

'LH� 5RWDWLRQHQ� ZHUGHQ� LQ� GHQ�0RGHOOEDXP� HLQJHWUDJHQ� XQG� EHLP� 7UDYHUVLHUHQ� EHU�FN�
VLFKWLJW��VR�GD��GDV�IHUWLJH�%LOG�GLH�7HLOREMHNWH�ÅDXIJHIDOWHW´�RGHU�ÅJHVSUHL]W´�]HLJW�

6lPWOLFKH� 0DQLSXODWLRQHQ� ODVVHQ� GLH� ,QIR�.QRWHQ� XQYHUlQGHUW�� VR� GD�� VWHWV� GHU� 1DPH
HLQHV� EHDUEHLWHWHQ�2EMHNWV� ]XU�9HUI�JXQJ� VWHKW�� DXFK�ZHQQ� GLH� LKP� ]XJHK|ULJHQ� /LQLHQ
XQG�3RO\JRQH�GXUFK�5RWDWLRQHQ�XQG�DQGHUH�0DQLSXODWLRQHQ�QLFKW�PHKU�DQ�LKUHP�DOWHQ�2UW
LP�5DXP�OLHJHQ�

'LH�+HUVWHOOXQJ�GHU�=HLFKQXQJ�ZLH�DXFK�GHU�6.7�'DWHL�HUIROJW�� LQGHP�GLH�(LQ]HOREMHNWH
YRQ�KLQWHQ�QDFK�YRUQ�JH]HLFKQHW�ZHUGHQ��'DEHL�ZLUG�GLH�XUVSU�QJOLFKH�/DJH�GHU�*HJHQ�
VWlQGH�DOV�.ULWHULXP�YHUZHQGHW�

������ ,PSOHPHQWLHUXQJ
'LH� ,PSOHPHQWLHUXQJ� GHU� KDSWLVFKHQ� 5HQGHULQJ� 3LSHOLQH� I�KUWH� ]X� HLQHP� 3URJUDPP
�75HQGHU���GDV�LQ�&���XQWHU�06�:LQGRZV�UHDOLVLHUW�ZXUGH�XQG�GDV�ZLH�REHQ�EHVFKULHEHQ
IXQNWLRQLHUW��$EELOGXQJ�����XQG�$EELOGXQJ�����]HLJHQ�(UJHEQLVVH�GHV�5HQGHUHUV�XQG�YHU�
JOHLFKEDUH�2EMHNWH�GHU�YLVXHOOHQ�:HOW�



��.XU]EHVFKUHLEXQJ�GHU�:HUN]HXJH

���

$EELOGXQJ���� (LQ�6SLHO]HXJ�/.:��HLQ�YLVXHOO�JHUHQGHUWHV�950/�0RGHOO��HLQH�=HLFKQXQJ�HLQHU
%OLQGHQ�GHV�/.:�XQG�HLQH�YRQ�75HQGHU�SURGX]LHUWH�WDNWLOH�=HLFKQXQJ��'LH�6FKUDIIXU
DXI�GHU�)DKUHUNDELQH�]HLJW��GD��GLH�HFKWH�UlXPOLFKH�$XVULFKWXQJ�GHU�)OlFKH�VFKUlJ�YHU�
OlXIW�



����75HQGHU

���

$EELOGXQJ���� (LQ�7LVFK�DOV�6SLHO]HXJ��YLVXHOO�JHUHQGHUWHV�0RGHOO��YRQ�HLQHP�%OLQGHQ�JH]HLFKQHW�XQG
YRQ�75HQGHU�YHUHLQIDFKW��JHVSUHL]W�XQG�PLW�7LHIHQKLQZHLVHQ��.HLOHQ��JH]HLFKQHW�

'LH�3URGXNWLRQ�GHU�=HLFKQXQJHQ�LVW�HLQ�LQWHUDNWLYHU�3UR]H���EHL�GHP�HLQ��VHKHQGHU��%HQXW�
]HU� VWHWV� HLQHQ� hEHUEOLFN� GDU�EHU� KDW�� ZLH� GDV� HQGJ�OWLJH� (UJHEQLV� DXVVHKHQ� ZLUG�
$EELOGXQJ�����]HLJW�GLH�$UEHLWVDQVLFKW�XQG�HLQ�'LDORJIHQVWHU�YRQ�75HQGHU�



��.XU]EHVFKUHLEXQJ�GHU�:HUN]HXJH

���

$EELOGXQJ���� =ZHL�%LOGVFKLUPDE]�JH�YRQ�75HQGHU��LP�9RUGHUJUXQG��PLW�HLQHU�YRP�1HWVFDSH
/LYH�'�9LHZHU�YLVXHOO�JHUHQGHUWHQ�9HUVLRQ�LP�+LQWHUJUXQG��2EHQ��QDFK�GHP�2SWLPLH�
UHQ�XQG�YRU�GHP�6SUHL]HQ��XQWHQ��QDFK�GHP�6SUHL]HQ�

'LH� (UJHEQLVVH� VRZRKO� YRQ� 7'UDZ� �$EVFKQLWW� ����� DOV� DXFK� YRQ� 75HQGHU� N|QQHQ� PLW
$XGLR7RXFK� LQWHUDNWLY� HUNXQGHW� ZHUGHQ�� (LQ� XP� HLQH� )�KUXQJVNRPSRQHQWH� HUZHLWHUWHV
XQG�PLW� ]XVlW]OLFKHU� +DUGZDUH� XQWHUVW�W]WHV� (UNXQGXQJVV\VWHP� ZLUG� LP� IROJHQGHQ� $E�
VFKQLWW�YRUJHVWHOOW�



����7*XLGH

���

���� 7*XLGH
,Q�GLHVHP�$EVFKQLWW�ZHUGHQ�.RPSRQHQWHQ�EHVFKULHEHQ��GLH� ]XU� LQWHUDNWLYHQ�(UNXQGXQJ
WDNWLOHU�*UDILNHQ�YHUZHQGHW�ZHUGHQ�N|QQHQ��VLHKH�DXFK�>.85=(���$@���=XVlW]OLFK�ZHUGHQ
HLQLJH� SUR�DNWLYH� (UZHLWHUXQJHQ� GDUJHVWHOOW�� GLH� GHQ� %HQXW]HU� DNWLY� EHL� GHU� KDSWLVFKHQ
:DKUQHKPXQJ� I�KUHQ� XQG� XQWHUVW�W]HQ�� 6RZRKO� GLH� KLHU� YHUZHQGHWH� +DUGZDUH� �GLH
Å9LEUDWRUPDXV´��DOV�DXFK�GLH�6RIWZDUH�ZXUGHQ�LP�5DKPHQ�GLHVHU�$UEHLW�HQWZLFNHOW�XQG�LQ
>.85=(���$@�QlKHU�EHVFKULHEHQ�

������ 3UREOHPDQDO\VH
7DNWLOH�*UDILNHQ��GLH�PLW�GHQ�LQ�GLHVHU�$UEHLW�GDUJHVWHOOWHQ�0HWKRGHQ�HQWZRUIHQ�ZXUGHQ�
N|QQHQ� SULQ]LSLHOO� DXFK� RKQH� WH[WXHOOH�$QUHLFKHUXQJ� HUNDQQW�ZHUGHQ�� -HGRFK�ZLUG� GDQQ
HLQH�DQJHPHVVHQH�/HUQSKDVH�XQG�ELVZHLOHQ�YLHO�=HLW�]XP�(UNXQGHQ�EHQ|WLJW��(V�KDW�VLFK
JH]HLJW�� GD�� GLH� VHOEVWlQGLJH� (UNXQGXQJ� PLW� 8QWHUVW�W]XQJ� GXUFK� JHVSURFKHQH� 2EMHNW�
QDPHQ� GHQ� (UNXQGXQJVSUR]H�� HUKHEOLFK� EHVFKOHXQLJW� >.85=(���%@�� 'LHVH� %HREDFKWXQJ
ZXUGH�DXFK�VFKRQ�DQ�DQGHUHU�6WHOOH�LP�=XVDPPHQKDQJ�PLW�QLFKW�XQEHGLQJW�JHJHQVWlQGOL�
FKHQ�*UDILNHQ� JHPDFKW��'DUDXV� UHVXOWLHUWHQ� 6\VWHPH�� GLH� GHU� WDNWLOHQ� ,QIRUPDWLRQ� 7H[WH
RGHU�*HUlXVFKH�KLQWHUOHJWHQ��XP�LKUH�(UNHQQXQJ�]X�HUOHLFKWHUQ�>3$5.(6�����/g7=6&+���@�
(LQ� (UNXQGXQJVV\VWHP� PX�� ]XPLQGHVW� GLH� YRQ� GHQ� VFKRQ� H[LVWLHUHQGHQ� /|VXQJHQ
�1RPDG�YRQ�3DUNHV�XQG�$XGLR7RXFK�YRQ�/|W]VFK�X�D���JHERWHQH�/HLVWXQJ�XPIDVVHQ�

$OOHUGLQJV�NDQQ�GLH�8QWHUVW�W]XQJ��GLH�VROFKH�6\VWHPH�ELHWHQ��VFKHLWHUQ��ZHQQ�GHU�(UIDVVHU
EHVWLPPWH�6WHOOHQ�GHU�=HLFKQXQJ��EHUKDXSW�QLFKW�ILQGHW�RGHU�GLH�=HLFKQXQJ�HQWODQJ�HLQHV
YHUZLUUHQGHQ�3IDGHV�DEWDVWHW��$EKLOIH�NDQQ�KLHU�QXU�HLQH�SUR�DNWLYH�8QWHUVW�W]XQJ�ELHWHQ�
'HP� %HQXW]HU� PX�� HLQH� %HZHJXQJVULFKWXQJ� E]Z�� HLQ� (UNXQGXQJVSIDG� YRUJHVFKODJHQ
ZHUGHQ�

$OV�QLFKW�YLVXHOOH�.DQlOH�ELHWHQ�VLFK�K|UEDUH�6SUDFKH�XQG�GHU�7DVWVLQQ�DQ��9RU�GHU�$XV�
JDEH�HLQHU�YRUJHVFKODJHQHQ�8QWHUVXFKXQJVULFKWXQJ�PX��GHUHQ�(UPLWWOXQJ�LQ�$EKlQJLJNHLW
YRQ�GHU�PRPHQWDQHQ�+DQGSRVLWLRQ�VWHKHQ��'DQDFK�PX��GHU�5LFKWXQJVYRUVFKODJ�LQ�HLQHU
:HLVH�DXVJHJHEHQ�ZHUGHQ��GLH�GHQ�(UIDVVHU�XQWHUVW�W]W��RKQH�LKQ�]X�JlQJHOQ�RGHU�NRJQLWLY
]X�VHKU�YRQ�VHLQHU�HLJHQWOLFKHQ�$XIJDEH�DE]XKDOWHQ��,Q�GHQ�IROJHQGHQ�]ZHL�8QWHUNDSLWHOQ
ZHUGHQ� HLQH� )�KUXQJVVRIWZDUH� XQG� HLQ� YLEUR�WDNWLOHV� $XVJDEHJHUlW� YRUJHVWHOOW�� ,P� DQ�
VFKOLH�HQGHQ�.DSLWHO� ��ZHUGHQ�GLH�(UJHEQLVVH� GHU�(YDOXDWLRQ�GHU�.RPSRQHQWHQ�EHKDQ�
GHOW�

������ (UNXQGXQJV���6XFK��XQG�)�KUXQJVVRIWZDUH
'LH�(UNXQGXQJV��XQG�)�KUXQJVVRIWZDUH�7*XLGH�OlGW�HLQH�6.7�'DWHL��GHUHQ�WDVWEDUH�9HU�
VLRQ�DXI�GHP�'LJLWDOLVLHUWDEOHWW�OLHJW��'LHVH�'DWHL�NDQQ�YRQ�7'UDZ��75HQGHU�RGHU�$XGLR�
7RXFK� VWDPPHQ��'LH� DXV�GHU�'DWHL� H[WUDKLHUEDUH�*UDILN� �GLH� LQ� WDVWEDUHU�)RUP� DXI� GHP
'LJLWDOLVLHUWDEOHWW�OLHJW��ZLUG�DXI�GHP�%LOGVFKLUP�DQJH]HLJW�

'LH�*UXQGIXQNWLRQ�GHV�6\VWHPV�EHVWHKW� GDULQ�� GLH�*HJHQVWlQGH� ]X�EHQHQQHQ�� DXI� GHUHQ
JUDILVFKHU� 5HSUlVHQWDWLRQ� VLFK� GLH� +DQG� E]Z�� GHU� 'LJLWDOLVLHUVWLIW� EHILQGHW�� 'U�FNW� GHU
%HQXW]HU�QDKH�DQ�HLQHU�/LQLH�RGHU�LQQHUKDOE�HLQHU�)OlFKH�DXI�GHQ�6WLIW��ZLUG�GHU�1DPH�GHV
XQWHUOLHJHQGHQ� 2EMHNWV� SHU� 6SUDFKV\QWKHVH� DXVJHJHEHQ�� $OV� 6SUDFKDXVJDEH� ZXUGH� HLQH
$QELQGXQJ� DQ� GHQ� Å7DONLQJ� %ODVWHU´� LPSOHPHQWLHUW�� ,QVRZHLW� HQWVSULFKW� 7*XLGH� $XGLR�
7RXFK�

=XVlW]OLFK� NDQQ� GLH� HUNXQGHQGH� +DQG� �E]Z�� GHU� 6WLIW�� �EHU� GLH� *UDILN� YRQ� 2EMHNW� ]X
2EMHNW�JHI�KUW�ZHUGHQ��'D]X�ZLUG�GLH��JUREH��5LFKWXQJ�EHVWLPPW��LQ�GLH�GHU�6WLIW�]X�EHZH�
JHQ�LVW��XP�GDV�QlFKVWH�2EMHNW�]X�ILQGHQ��'LH�5LFKWXQJVDQJDEH�ZLUG�DXV�HLQHU�0HQJH�YRQ
DFKW�YRUGHILQLHUWHQ�:HUWHQ�JHZlKOW��GLH�GHQ�DFKW�5LFKWXQJHQ�DXI�HLQHU�.RPSD�URVH�HQW�



��.XU]EHVFKUHLEXQJ�GHU�:HUN]HXJH

���

VSUHFKHQ�� 'LH� DP� EHVWHQ� SDVVHQGH� 5LFKWXQJ� ZLUG� DOV� 3IHLO� DXI� GHP� %LOGVFKLUP� DQ� GHU
&XUVRUSRVLWLRQ�DQJH]HLJW��GLH�JOHLFK]HLWLJ�GLH�3RVLWLRQ�GHV�6WLIWV�DXI�GHU�=HLFKQXQJ�LVW��)�U
GLH� QLFKW�YLVXHOOH�1DYLJDWLRQ� NDQQ�GLH�5LFKWXQJ�SHU� 6SUDFKDXVJDEH� DXVJHJHEHQ� RGHU�PLW
GHU�9LEUDWRUPDXV�DQJH]HLJW�ZHUGHQ��VLHKH�$EVFKQLWW��������

$EELOGXQJ����� %LOGVFKLUPDE]XJ�YRQ�7*XLGH��,P�5DKPHQ�GHU�JHOHLWHWHQ�(UNXQGXQJ�ZLUG�GHU�%HQXW]HU
]XP�9RUGHUUDG�JHI�KUW��,Q�GHU�6WDWXV]HLOH�XQG�SHU�6SUDFKH�ZLUG�GDV�QlFKVWH�=LHO
�ÅIURQW�ZKHHO�WZR´��DXVJHJHEHQ��'HU�0DXVFXUVRU�3IHLO�]HLJW�LQ�GLH�HQWVSUHFKHQGH
5LFKWXQJ��GLH�DXFK�QLFKW�YLVXHOO�DXVJHJHEHQ�ZHUGHQ�NDQQ�

=XVlW]OLFK� ]XU� (UNXQGXQJVXQWHUVW�W]XQJ� XQG� ]XU� JHOHLWHWHQ� (UNXQGXQJ� ELHWHW� 7*XLGH
DXFK�GLH�0|JOLFKNHLW��2EMHNWH�GHU�6]HQH�VXFKHQ�]X� ODVVHQ��$XV�GHU�/LVWH�GHU�HQWKDOWHQHQ
*HJHQVWlQGH�NDQQ�GHU�JHVXFKWH�GXUFK�(LQJDEH�VHLQHU�1XPPHU�DXVJHZlKOW�ZHUGHQ��VLHKH
$EELOGXQJ� �������+LHU]X� VLQG� 7DVWDWXU� XQG� 6SUDFKHLQJDEH� HLQVHW]EDU�� 7*XLGH� OHLWHW� GHQ
%HQXW]HU�GDQQ�ZLH�LP�)�KUXQJVPRGXV�]XP�JHVXFKWHQ�2EMHNW�DXI�GHU�=HLFKQXQJ�

$EELOGXQJ����� %LOGVFKLUPDE]XJ�GHU�'LDORJER[�]XU�$XVZDKO�HLQHV�DXI�GHU�=HLFKQXQJ�]X�VXFKHQGHQ
*HJHQVWDQGV�



����7*XLGH

���

6FKOLH�OLFK� N|QQHQ� GLH� DXV� 75HQGHU� �EHUQRPPHQHQ� UlXPOLFKHQ� ,QIRUPDWLRQHQ� JHJHEH�
QHQIDOOV�DXFK�VSUDFKOLFK�DXVJHJHEHQ�ZHUGHQ��'LH�,QIRUPDWLRQ��ZHOFKHV�2EMHNW�VLFK�KLQWHU
ZHOFKHP�DQGHUHQ�EHILQGHW��NDQQ�DEJHUXIHQ�ZHUGHQ��'LHVH�$QZHQGXQJ�LVW�DOOHUGLQJV�QXU�DOV
Å$EIDOOSURGXNW´�GHU�(QWZLFNOXQJ�YRQ�75HQGHU�XQG�7*XLGH�HQWVWDQGHQ��6LH�ZLGHUVSULFKW
GHQ�LP�$EVFKQLWW�����DXIJHVWHOOWHQ�)RUGHUXQJHQ�� UlXPOLFKH�(LJHQVFKDIWHQ�JUDILVFK�GDU]X�
VWHOOHQ�

������ 'LH�9LEUDWRUPDXV
'HU�9LEUDWRUPDXV�OLHJW�IROJHQGH�hEHUOHJXQJ�]XJUXQGH��=XU�XQPLWWHOEDUHQ�1DYLJDWLRQ�GHU
WDVWHQGHQ�+DQG� VROOWH� GLH�+DQG� VHOEVW� VWLPXOLHUW�ZHUGHQ�XQG�QLFKW� GDV�$XJH��ZHLO� VRQVW
HLQH�$XJH�+DQG�.RRUGLQDWLRQ�Q|WLJ�ZlUH��*LEW�PDQ�5LFKWXQJVDQ]HLJHQ�YHUEDO�DNXVWLVFK�
PX��GLH�5LFKWXQJVDQJDEH�DXV�GHU�V\PEROLVFKHQ�)RUP�GHU�6SUDFKH�]XQlFKVW� LQ�HLQH�NRQ�
NUHWH�+DQGOXQJVSODQXQJ�XPJHVHW]W�ZHUGHQ��ZDV�HLQH�]XVlW]OLFKH�NRJQLWLYH�%HODVWXQJ�GDU�
VWHOOHQ� Z�UGH�� (LQH� �'�UDXP�DNXVWLVFKH� 0DXV�� ZLH� VLH� PLW� GHP� YRQ� &ULVSLHQ
>&5,63,(1�	�3(75,(���@� EHVFKULHEHQHQ� 6\VWHP� P|JOLFK� ZlUH�� Z�UGH� HUVWHQV� HLQH� 2KU�
+DQG�.RRUGLQDWLRQ�HUIRUGHUQ�XQG�]ZHLWHQV�GHQ�DNXVWLVFKHQ�:DKUQHKPXQJVNDQDO�EHOHJHQ�
GHU� HYHQWXHOO� YRQ� DQGHUHQ�7HLOHQ� GHV�$QZHQGXQJ� EHQ|WLJW�Z�UGH��$OVR� VROOWH� GLH�+DQG
VHOEVW�GLH�5LFKWXQJVLQIRUPDWLRQ�I�U�GLH�LKU�YRUJHVFKODJHQH�(UNXQGXQJVULFKWXQJ�HUKDOWHQ�

=XU�)�KUXQJ� DXI� HLQHU�=HLFKQXQJ�ZlUH�RIIHQVLFKWOLFK� DXFK�HLQ� IRUFH�IHHGEDFN�*HUlW� JH�
HLJQHW��ZLH�]�%��GHU�3DQWRJUDSK�>5$067(,1�	�+$<:$5'���@��*HJHQ�GHVVHQ�(LQVDW]�VSUH�
FKHQ�HLQHUVHLWV�VHLQ�KRKHU�3UHLV�VRZLH�VHLQH�JHULQJH�9HUI�JEDUNHLW�XQG�DQGHUHUVHLWV��GD��GLH
)�KUXQJ�GXUFK�HLQ�Å%HZHJW�ZHUGHQ´�HUVHW]W�ZLUG��'HU�(UIDVVHU�EHZHJW�VHLQH�+DQG�QLFKW
PHKU� VHOEVW�� VRQGHUQ� Ol�W� VLH� YRP� *HUlW� EHZHJHQ�� 'DJHJHQ� VSULFKW� GLH� ]X� HUZDUWHQGH
JHULQJH�$N]HSWDQ]�EHL�GHU�%HQXW]HUJUXSSH�XQG�GLH�bKQOLFKNHLW�GLHVHV�9RUJHKHQV�PLW�GHP
SDVVLYHQ� 7DVWHQ� �VLHKH� $EVFKQLWW� ������ GDV� JHJHQ�EHU� GHP� DNWLYHQ� 7DVWHQ� VFKOHFKWHUH
(UNHQQXQJVHUJHEQLVVH�]HLJW�

'LH�$OWHUQDWLYH�]XP�3DQWRJUDSK�LVW�GLH�6WLPXODWLRQ�GHU�+DQG�DQ�GHU�6WHOOH��GLH�GHP�=LHO
DP�QlFKVWHQ�OLHJW��'HU�5HL]�NDQQ�VR�DOV�9RUVFKODJ�LQWHUSUHWLHUW�ZHUGHQ��GHU�EHIROJW�ZHUGHQ
NDQQ�RGHU�DXFK�QLFKW��=XJOHLFK�LVW�NHLQH�8PVHW]XQJ�YRQ�YLVXHOOHQ�RGHU�DNXVWLVFKHQ�5HL]HQ
Q|WLJ��ZDV�GLH�NRJQLWLYH�%HODVWXQJ�JHULQJ�KlOW�

$XV�GLHVHQ�hEHUOHJXQJHQ�IROJW�GDV�)XQNWLRQVSULQ]LS�GHU�9LEUDWRUPDXV��$Q�GHU�$X�HQVHLWH
GHU��PHKU�RGHU�ZHQLJHU�NUHLVI|UPLJHQ��0DXV�ZHUGHQ���JOHLFKPl�LJ�YHUWHLOW���DFKW�9LEUDWRU�
HOHPHQWH� LQWHJULHUW�� ZLH� HV� $EELOGXQJ� ����� ]HLJW�� 'HU� $QVDW]� XQWHUVFKHLGHW� VLFK� DOVR
JUXQGOHJHQG�YRQ� VROFKHQ��EHL� GHQHQ� HLQHU� UHJXOlUHQ�0DXV� HLQ� HLQ]HOQHV� WDNWLOHV�(OHPHQW
DQJHI�JW�ZXUGH��]�%��>0h1&+�	�67$1*(1%(5*���@��

$EELOGXQJ����� 3ULQ]LS�GHU�9LEUDWRUPDXV��-HGHV�GHU�DFKW�9LEUDWRUHOHPHQWH�]HLJW�HLQH�P|JOLFKH�5LFK�
WXQJ�I�U�GLH�ZHLWHUH�(UNXQGXQJ�DQ��ZREHL�LPPHU�QXU�MHZHLOV�HLQ�(OHPHQW�DNWLY�LVW�



��.XU]EHVFKUHLEXQJ�GHU�:HUN]HXJH

���

=XU�SURWRW\SLVFKHQ�,PSOHPHQWLHUXQJ�NDP�HLQ�*HUlW��GDV�DFKW�9LEUDWRUHOHPHQWH� LQ�HLQHP
*HKlXVH�YHUHLQLJW��ZHOFKHV�PLW�GHP�'LJLWDOLVLHUVWLIW�DXI�GHP�7DEOHWW�EHZHJW�ZHUGHQ�NDQQ�
$EELOGXQJ������]HLJW�GHQ�VFKHPDWLVFKHQ�$XIEDX�

$EELOGXQJ����� $XIEDX�GHV�YLEUR�WDNWLOHQ�SURWRW\SLVFKHQ�1DYLJDWLRQVXQWHUVW�W]XQJVJHUlWV��GHU�9LEUD�
WRUPDXV��0DQ�HUNHQQW�GLH�$QRUGQXQJ�GHU�9LEUDWRUHOHPHQWH��2EHQ�OLQNV�LP�%LOG�GLH
+DOWHUXQJ�I�U�GHQ�'LJLWDOLVLHUVWLIW�

'LH� HLQ]HOQHQ� 9LEUDWRUHOHPHQWH� EHVWHKHQ� DXV� HLQHP� 3HUPDQHQWPDJQHWHQ�� GHU� LQ� HLQHU
6SXOH�VWHFNW��GLH�XQWHU�6SDQQXQJ�VHOEVW�]XP�0DJQHWHQ�ZLUG�XQG�GHQ�'DXHUPDJQHWHQ�DXV
LKUHP�.HUQ�]X�GU�FNHQ�EHVWUHEW�LVW��'XUFK�(LQ��XQG�$XVVFKDOWHQ�GHV�HOHNWULVFKHQ�6WURPV
NDQQ�GHU�'DXHUPDJQHW�]XP�9LEULHUHQ�JHEUDFKW�ZHUGHQ��'LH�5�FNVWHOONUDIW�KLHU]X� LVW�HQW�
ZHGHU�GLH�6FKZHUNUDIW�RGHU�VWDPPW�YRQ�GHU��EHU�GDV�(OHPHQW�JHVSDQQWHQ�*XPPLVFKLFKW�

Spulen-
grund-
körper

Dauer-
magnet

Spulen-
wicklungen

$EELOGXQJ����� 3ULQ]LSLHOOHU�$XIEDX�HLQHV�9LEUDWRUHOHPHQWV�

'LH�3RVLWLRQHQ�GHU�9LEUDWRUHOHPHQWH�IROJHQ�DXV�GHU�JHZ�QVFKWHQ�NRPSD��DUWLJHQ�$QRUG�
QXQJ��$EELOGXQJ��������GHU�3K\VLRORJLH�GHU�PHQVFKOLFKHQ�+DQG�XQG�NRQVWUXNWLYHQ�5DQG�
EHGLQJXQJHQ�� GLH� VLFK� DXV� GHP� $X�HQPD�� GHU� 6SXOHQ� XQG� GHQ� :HFKVHOZLUNXQJHQ
]ZLVFKHQ�GHQ�6SXOHQ�XQG�0DJQHWHQ�LP�%HWULHE�HUJHEHQ�



����7*XLGH

���

$EELOGXQJ����� 'HU�HQGJ�OWLJH�3URWRW\S�GHU�9LEUDWRUPDXV�PLW�GDUDXI�OLHJHQGHU�+DQG��ZHOFKH�GLH
YLEULHUHQGHQ�(OHPHQWH�YHUGHFNW�

'DV� YLEUR�WDNWLOH� $XVJDEHJHUlW� NDQQ� DXI� GHP� 'LJLWDOLVLHUWDEOHWW� PLW� 'LJLWDOLVLHUVWLIW� DOV
0DXV�YHUZHQGHW�ZHUGHQ��$OWHUQDWLY�KLHU]X�ELHWHW�VLFK�GHU�VWDWLRQlUH�(LQVDW]�DQ��'DV�*HUlW
OLHJW�DQ�HLQHP�2UW� �PLW�YLEULHUHQGHQ�$Q]HLJHHOHPHQWHQ��QHEHQ�GHP�%HQXW]HU��GHU�HV�EHL
%HGDUI�NRQVXOWLHUW��XP�5LFKWXQJVKLQZHLVH�]X�HUKDOWHQ��%HLGH�9DULDQWHQ�GHV�(LQVDW]HV�VLQG
XQWHUVXFKW�ZRUGHQ��VLHKH�$EVFKQLWW������

,QVEHVRQGHUH� LQ�9HUELQGXQJ�PLW�7*XLGH� �YJO�� >.85=(���$@� XQG�.DSLWHO� ����� ODVVHQ� VLFK
PLW� GHU� 9LEUDWRUPDXV� JHOHLWHWH� (UNXQGXQJHQ� WDNWLOHU� =HLFKQXQJHQ� YHUVFKLHGHQVWHU� $UW
GXUFKI�KUHQ��'XUFK� GLH� HLQIDFKH�.RQVWUXNWLRQ� LVW� GDV�.RQ]HSW� DXFK� DXI� DQGHUH�*HUlWH
XQG� %HUHLFKH� DQZHQGEDU�� ]�%�� EHL� 6FKXOXQJHQ� XQG� ]XU� %HQDFKULFKWLJXQJ� ÅQRUPDOHU´
�VHKHQGHU��&RPSXWHUEHQXW]HU��EHU�QLFKW�VLFKWEDUH�(UHLJQLVVH�RGHU�=XVWlQGH�LKUHU�$QZHQ�
GXQJVXPJHEXQJ��YHUGHFNWH�)HQVWHU�R�l���

'D�GLH�YLEULHUHQGHQ�6LJQDOH�LPPHU�QXU�9RUVFKODJVFKDUDNWHU�KDEHQ��DOVR�GHQ�%HQXW]HU�QLH
]X�HLQHU�+DQGOXQJ� �%HZHJXQJ� LQ�HLQH�EHVWLPPWH�5LFKWXQJ��]ZLQJHQ�� LKQ�ZRKO�DEHU�]XP
7XQ�DXIIRUGHUQ��LVW�GDV�*HUlW�DOV�SUR�DNWLYHV�+LOIVPLWWHO�JXW�HLQVHW]EDU�


