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�� *HVDPW]LHO�GHV�9RUKDEHQV��������������������������������������������������������������������������������������������� �

����(LQOHLWXQJ ������������������������������������������������������������������������������������������������������������������������������������������� �
����:LVVHQVFKDIWOLFKHU�6WDQG�]X�%HJLQQ�GHV�9RUKDEHQV ������������������������������������������������������������������� �
����$XIJDEHQVWHOOXQJ������������������������������������������������������������������������������������������������������������������������������� �

�� (UJHEQLVVH���������������������������������������������������������������������������������������������������������������������� �

����'UHLGLPHQVLRQDOH�6LPXODWLRQ�GHU�,RQHQH[WUDNWLRQ ���������������������������������������������������������������������� �
����%HVWLPPXQJ�GHU�3ODVPDYHUWHLOXQJ ����������������������������������������������������������������������������������������������� ��
����/DQJ]HLWEHWUDFKWXQJ�GHU�*LWWHUHURVLRQ���������������������������������������������������������������������������������������� ��

�� =XVDPPHQIDVVXQJ ������������������������������������������������������������������������������������������������������� ��

�� /LWHUDWXU������������������������������������������������������������������������������������������������������������������������ ��
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,P� ,QVWLWXW� I�U� 2EHUIOlFKHQPRGLIL]LHUXQJ� �,20�� KDW� GLH� VHOEVWNRQVLVWHQWH� %HVFKUHLEXQJ� YRQ
/DGXQJVWUDQVSRUWSUR]HVVHQ� QDFK� GHU� 0HWKRGH� GHU� IUDNWLRQHOOHQ� 6FKULWWH� HLQH� ODQJH� 7UDGLWLRQ�
'LHVHV�9RUJHKHQ�I�KUWH�]X�VHKU�IOH[LEOHQ�XQG�HIIHNWLYHQ�%HVFKUHLEXQJHQ�HOHNWURQHQ��XQG�LRQHQ�
RSWLVFKHU�3UREOHPH��GLH� LQ�HQJHU�:HFKVHOZLUNXQJ�PLW�GHP�GHU�9DOLGLHUXQJ�GLHQHQGHP�([SHUL�
PHQW�GLH�(QWZLFNOXQJ�HQWVSUHFKHQGHU�$QODJHQ�LP�,QVWLWXW�XQWHUVW�W]HQ�
,P�5DKPHQ�HLQHV�(6$�3URMHNWHV��LP�*673�3URJUDPP��NRQQWH�GLHVH�0HWKRGLN�DXI�GLH�%HKDQG�
OXQJ� VSH]LHOOHU� 3UREOHPH� YRQ� ,RQHQWULHEZHUNHQ�PLW�0XOWLDSHUWXUJLWWHUQ� LP�$XIWUDJ� GHU�'$6$
�MHW]W�$VWULXP�*PE+��HUZHLWHUW�XQG�DXIJUXQG�GHU�YRUKDQGHQHQ� ,RQHQTXHOOHQNRPSHWHQ]�GXUFK
HQWVSUHFKHQGH�([SHULPHQWH�YDOLGLHUW�ZHUGHQ��)�U�HLQHQ�ZHLWHUHQ�$XVEDX�GHU�JHZRQQHQHQ�QDWLR�
QDOHQ�.RPSHWHQ]�LQ�GLHVHP�VSH]LHOOHQ�)HOG�GHU�5DXPIDKUW�ZDU�HLQH�)|UGHUXQJ�LP�6LQQH�GLHVHV
3URMHNWHV�QRWZHQGLJ�XQG�VLQQYROO��]XPDO�GLH�HUIROJUHLFKH�0LVVLRQ�GHU�6RQGH�Å'HHS�6SDFH��´�GLH
%HGHXWXQJ�YRQ�*LWWHULRQHQWULHEZHUNHQ�XQWHUPDXHUW�XQG�GHU�DNWXHOOH�6WDQG�GHU�GHXWVFKHQ�(QW�
ZLFNOXQJHQ� �$VWULXP�*PE+�� HLQH� EDOGLJH�9HUPDUNWXQJ� YHUVSULFKW�� (UZlKQHQVZHUW� VLQG� GDEHL
DXFK�QRFK�SRVLWLYH�6\QHUJLHHIIHNWH� GHU�(UJHEQLVVHQ� GHU�*LWWHUV\VWHPPRGHOOLHUXQJ�PLW� ]�%�� GHU
,RQHQVWUDKO�8OWUDSUl]LVLRQVEHDUEHLWXQJ�� HLQHU� LP� ,20� VFKZHUSXQNWVPl�LJ� HQWZLFNHOWHQ� 7HFK�
QRORJLH� ]XU� %HDUEHLWXQJ� YRQ� RSWLVFKHQ� 2EHUIOlFKHQ� PLW� $QZHQGXQJVIHOGHUQ� YRU� DOOHQ� LQ� GHU
6DWHOOLWHQNRPPXQLNDWLRQ��VSH]LHOOH�6SLHJHO���GHU�:HOWDOOHUNXQGXQJ��$VWURVSLHJHO��XQG�GHU�0LNUR�
HOHNWURQLN��/LWKRJUDSKLHREMHNWLYH��

��� :,66(16&+$)7/,&+(5�67$1'�=8�%(*,11�'(6�925+$%(16

,P�,QVWLWXW�I�U�2EHUIOlFKHQPRGLIL]LHUXQJ��,20��ZLUG�GLH�VHOEVWNRQVLVWHQWH�%HVFKUHLEXQJ�YLHOIlO�
WLJHU�/DGXQJVWUDQVSRUWSUR]HVVH�VHLW� ODQJHP�HLQJHVHW]W� >+DUWPDQQ���@��0LW�GHP�=LHO�HLQHU�2SWL�
PLHUXQJ�GHV�5HFKHQDXIZDQGHV�ZXUGH�GHU�lX�HUVW�NRPSOH[H�3UR]H��GHU�%LOGXQJ�UHDNWLYHU�7UDQVL�
HQWHQ�� GHUHQ�5HDNWLRQ�PLW� VHNXQGlUHQ�1HXWUDOWHLOFKHQ� XQG� GLH� YLHOIlOWLJHQ� )ROJHSUR]HVVH� QDFK
GHU�0HWKRGH�GHU�IUDNWLRQHOOHQ�6FKULWWH�><DQ\HQNR���@�LQ�DXIHLQDQGHUIROJHQGH��ZHLWJHKHQG�XQDE�
KlQJLJ� YRQHLQDQGHU� DEODXIHQGH� (LQ]HOHUHLJQLVVH� JHEURFKHQ�� 'DGXUFK� HUKlOW� GLH� %HVFKUHLEXQJ
HLQH�IOH[LEOH�PRGXODUH�6WUXNWXU��GLH�HV�QLFKW�QXU�JHVWDWWHW��GHQ�JU|�WHQ�$XIZDQG�DXI�GLH� MHZHLOV
HQWVFKHLGHQGHQ�3UR]HVVH�]X�ULFKWHQ��VRQGHUQ�DXFK�YHUI�JEDUH�%DXVWHLQH�DXV�GHU�/LWHUDWXU�]X�LQWH�
JULHUHQ�XQG�GHQ�PHWKRGLVFKH�)RUWVFKULWW�JDQ]HU�)RUVFKHUJUXSSHQ�DNWXHOO�LQ�GLH�HLJHQH�0HWKRGLN
DXI]XQHKPHQ��hEHUGLHV�HUP|JOLFKW�GLHVH�0HWKRGLN�HLQH�%HWUDFKWXQJ�GHU�SK\VLNDOLVFKHQ�3UR]HVVH
LQ� HLQHP�ZHLWHQ� 3DUDPHWHUIHOG� XQG� GHQ�9HUJOHLFK�PLW� HQWVSUHFKHQGHQ�([SHULPHQWHQ��'LH� (U�
JHEQLVVH�ZHUGHQ�LQ�HLQHU�NODUHQ�6WUXNWXU�JHOLHIHUW��GLHV�HUOHLFKWHUW�GHUHQ�6\VWHPDWLVLHUXQJ�
1DFK� GHP� EHVFKULHEHQHQ� PHWKRGLVFKHQ� *UXQGPXVWHU� ZXUGH� EHLVSLHOVZHLVH� GLH� (QWZLFNOXQJ
QHXDUWLJHU� *DVGHWHNWLRQVV\VWHPH� >'|ULQJ� ��@� XQG� HLQHV� =ZHLNDWKRGHQ�1LHGHUHQHUJLH�
(OHNWURQHQEHVFKOHXQLJHUV�>$QGHUO�����7DUW]�����@�ZHVHQWOLFK�EHHLQIOX�W�
$XFK� LQ�GHU�2SWLPLHUXQJ�XQG�SUREOHPRULHQWLHUWHQ�$QSDVVXQJ� GHU�*LWWHUV\VWHPH�GHU� DP� ,20
HQWZLFNHOWHQ� )DPLOLH� YRQ� %UHLWVWUDKO�,RQHQTXHOOHQ� NRQQWH� GLHVH�0HWKRGLN� EHUHLWV� VHKU� HIIHNWLY
HLQJHVHW]W�ZHUGHQ� >7DUW]���@��0LW�GHP�3URJUDPP�,*81� >%HFNHU� ��@�ZLUG�GHU� ,RQHQVWUDKO� DXV
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HLQHP�*LWWHUORFK��EHDPOHW��XQWHU�GHU�9RUDXVVHW]XQJ�GHU�D[LDOHQ�6\PPHWULH�]ZHLGLPHQVLRQDO�VLPX�
OLHUW��'DEHL�ZLUG�DQJHQRPPHQ��GD��GLH�EHDPOHWV�YRQHLQDQGHU�XQDEKlQJLJ�VLQG�XQG�VRPLW�GHU�(LQ�
IOX��GHU�1DFKEDUO|FKHU�YHUQDFKOlVVLJW�ZHUGHQ�NDQQ��'DV�6WURPGLFKWHSURILO�GHV�%UHLWVWUDKOHV�Ol�W
VLFK�EHUHFKQHQ��LQGHP�PDQ�GLH�%HLWUlJH�DOOHU�EHDPOHWV�LQ�GHU�YRUJHJHEHQHQ�(QWIHUQXQJ�YRP�*LW�
WHU�DXIVXPPLHUW�
6RODQJH�GLH�3HUYHDQ]�QLFKW�]X�NOHLQ�ZLUG��HU]LHOW�PDQ�PLW�GLHVHP�9RUJHKHQ�HLQH�JXWH�hEHUHLQ�
VWLPPXQJ�PLW�JHPHVVHQHQ�%UHLWVWUDKOSURILOHQ�>7DUW]���@��%HL�QLHGULJHQ�3ODVPDGLFKWHQ�XQG�KRKHQ
([WUDNWLRQVVSDQQXQJHQ� ZXUGH� MHGRFK� LP� 9HUJOHLFK� ]XU� 5HFKQXQJ� HLQH� YLHO� JHULQJHUH� ,RQHQ�
VWUDKOKDOEZLQNHOGLYHUJHQ]� JHPHVVHQ�� 'LH� %HU�FNVLFKWLJXQJ� GHV� (LQIOXVVHV� GHU� EHQDFKEDUWHQ
*LWWHUO|FKHU�DXI�GLH�,RQHQVWDUWEHGLQJXQJHQ�LQ�HLQHU�VSKlULVFKHQ�1lKHUXQJ�]HLJWH��GD��GLHVH�'LV�
NUHSDQ]�GXUFK�GLH�(LQEH]LHKXQJ�GHU�GULWWHQ�'LPHQVLRQ� LQ�GLH�6LPXODWLRQ�EHGHXWHQG�YHUULQJHUW
ZLUG� >7DUW]���@��%HVWLPPWH�'HWDLOV��GLH�GLH�$[LDOV\PPHWULH� VW|UHQ��ZLH�]�%��*LWWHUNU�PPXQJHQ
XQG�/RFKYHUVFKLHEXQJHQ� �PLVDOLJQPHQW���GLH�HLQHQ�ZHVHQWOLFKHQ�(LQIOX��DXI�GLH�)RUP�GHV�H[WUD�
KLHUEDUHQ� ,RQHQVWUDKOV� XQG� DXI�*LWWHUVWDQG]HLWHQ� XQG� ²VWDELOLWlWHQ� KDEHQ�� NRQQWHQ�PLW� GHU� ELV
GDKLQ�JHJHEHQHQ��'�%HVFKUHLEXQJ�DXFK�QLFKW�HUID�W�ZHUGHQ��(LQH�UHDOLVWLVFKH�%HVFKUHLEXQJ�GHU
,RQHQH[WUDNWLRQ� VRZRKO� LP�XQWHUHQ�3HUYHDQ]EHUHLFK� DOV� DXFK�EHL� 6W|UXQJ� GHU�$[LDOV\PHWULH� LQ
GHQ�$EVDXJV\VWHPHQ�VHW]W�HLQH�H[SOL]LW�GUHLGLPHQVLRQDOH�%HKDQGOXQJ�YRUDXV��YJO��DXFK�>+D\DND�
ZD���@��
,Q� GHU� %HWUDFKWXQJ� GHU� /HEHQVGDXHU� YRQ� ,RQHQWULHEZHUNHQ� KDW� VLFK� GLH� QDFK� IUDNWLRQHOOHQ
6FKULWWHQ�NRQ]LSLHUWH��PRGXODUH�0HWKRGLN�EHVRQGHUV�EHZlKUW�>7DUW]�����@��,Q�DOV�,RQHQWULHEZHU�
NH� YHUZHQGHWHQ� %UHLWVWUDKO�,RQHQTXHOOHQ�ZLUG� GHU� 6FKXE� HU]HXJW� GXUFK� GHQ� 5�FNVWR�� GHV� EH�
VFKOHXQLJWHQ� ,RQHQVWUDKOHV� ��EOLFKHUZHLVH� ;HQRQ��� 'LH� SULPlUHQ� ,RQHQ� HU]HXJHQ� GXUFK� 8POD�
GXQJVVW|�H� PLW� 1HXWUDOJDVDWRPHQ� VHNXQGlUH� ,RQHQ�� :HUGHQ� GLHVH� LP� *LWWHUEHUHLFK� JHELOGHW�
N|QQHQ� VLH�XQWHU�GHP�(LQIOX��GHV� ORNDOHQ� HOHNWURVWDWLVFKHQ�3RWHQWLDOV� ]X� HLQHP�GHU�*LWWHU�KLQ
EHVFKOHXQLJW�ZHUGHQ�XQG�GRUW�EHLP�$XIWUHIIHQ�DXIJUXQG�LKUHU�WHLOV�EHWUlFKWOLFKHQ�(QHUJLH�0DWH�
ULDO�DEWUDJHQ��'LHVHU�3UR]H��EHVWLPPW�ZHVHQWOLFK�GLH�/HEHQVGDXHU�GHV�*LWWHUV\VWHPV�XQG�GDPLW
GHV�7ULHEZHUNHV�XQG� OHW]WOLFK�GHV�JHVDPWHQ�5DXPIOXJN|USHUV�� ,Q�GHU�/LWHUDWXU�VLQG�EHUHLWV��'�
>=KDQJ� ���� %RQG� ��@� XQG� �'�&RGHV� >$UDNDZD� ��@� EHVFKULHEHQ�� GLH� GHQ� JHVDPWHQ� NRPSOH[HQ
3UR]H�� QDFK� HLQHP� H[SOL]LWHQ�9LHOWHLOFKHQVFKHPD� XQG� GDEHL� DXFK� DOOH�(LQ]HOSUR]HVVH� VLPXOWDQ
EHKDQGHOQ��'HU�GDGXUFK�EHGLQJWH�KRKH�$XIZDQG�LQ�GHU�'XUFKI�KUXQJ�GHU�6LPXODWLRQHQ�XQG�GLH
VFKZLHULJH�6\VWHPDWLVLHUXQJ�GHU�5HVXOWDWH�Ol�W�HLQH�'LVNXVVLRQ�]XU�JH]LHOWHQ�/HEHQVGDXHURSWLPLH�
UXQJ�HLQHU�,RQHQVWUDKORSWLN�QXU�LQ�HLQHP�HQJHQ�3DUDPHWHUIHOG�]X��,P�5DKPHQ�GHV�(6$�3URMHNWHV
�*ULG�,PSURYHPHQW�� LP�*673�3URJUDPP

�
�KDEHQ�ZLU�]X�GLHVHU�3UREOHPDWLN�HLQ�IOH[LEOHV�XQG�PR�

GXODUHV�6LPXODWLRQVSURJUDPP�QDFK�GHP�PHWKRGLVFKHQ�0XVWHU�GHU�IUDNWLRQHOOHQ�6FKULWWH�HQWZLN�
NHOW� >7DUW]� ����@�� (LQH� HUVWH� H[SHULPHQWHOOH�9HULILNDWLRQ� GHU�5HVXOWDWH�ZXUGH�PLW� HLQHU� ���PP
+)�,RQHQTXHOOH�DQ�HLQHU�8+9�$SSDUWXU�LQ�XQVHUHP�,QVWLWXW�GXUFKJHI�KUW��'HU�9RUWHLO�GHV�(LQ�
VDW]HV�GHU�LP�9HUJOHLFK�]X�GHQ�5,7�,RQHQWULHEZHUNHQ��$VWULXP�*PE+��NOHLQHQ�,RQHQTXHOOH�OLHJW
LQ�GHU�HLQIDFKHUHQ�XQG�GDPLW�NRVWHQJ�QVWLJHQ�9HUVXFKVGXUFKI�KUXQJ��'DEHL�ZXUGHQ�DQ�PHKUH�
UHQ�*LWWHUVlW]HQ�XQWHU�YHUVFKLHGHQHQ�([WUDNWLRQVEHGLQJXQJHQ�GLH�PLWWOHUHQ�LQWHJUDOHQ�(URVLRQV�
UDWHQ�GXUFK�*HZLFKWVYHUOXVWEHVWLPPXQJ� LQ� NXU]HU�=HLW� HUPLWWHOW� XQG� JXW� GXUFK� GLH� 6LPXODWLRQ
QDFKYROO]RJHQ��(V�IHKOHQ�MHGRFK�H[SHULPHQWHOOH�'DWHQ��EHU�GLH�(URVLRQVUDWH�LP�ZHLWHUHQ�9HUODXI
GHV�%HWULHEHV�GHV�*LWWHUV\VWHPV�

������������������������������������������������
�
�(67(&�&RQWUDFW�1R�����������1/�)*
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,Q�GLHVHP�3URMHNW� VROOWH� LQ� EHZlKUWHU� HQJHU�:HFKVHOZLUNXQJ� ]ZLVFKHQ� 6LPXODWLRQ� XQG�([SHUL�
PHQW� GLH� HQWZLFNHOWH�0HWKRGLN� ]XU�%HVFKUHLEXQJ� XQG�2SWLPLHUXQJ� GHU�*LWWHUV\VWHPH� YRQ� ,R�
QHQWULHEZHUNHQ�I�U�GHQ�HOHNWULVFKHQ�$QWULHE�YRQ�5DXPIOXJN|USHUQ�DXI�ELVKHU�QLFKW�EHKDQGHOEDUH
)lOOH�DXVJHEDXW�ZHUGHQ��GLH�DEHU�LQ�GHU�]XN�QIWLJHQ�,RQHQWULHEZHUNVWHFKQRORJLH�HLQH�JUR�H�5ROOH
VSLHOHQ��'LH�WKHRUHWLVFKH�.RPSRQHQWH�GLHVHU�$UEHLW�LVW�DXI�GLH��'�9HUDOOJHPHLQHUXQJ�GHU�ELVKHU
DXVJHDUEHLWHWHQ�0HWKRGLN�JHULFKWHW��XP�GLH�V\PPHWULHEUHFKHQGHQ�(IIHNWH�YRQ�*LWWHUIHKOHUQ�XQG
GLH�$QIRUGHUXQJHQ�DQ�GLH� -XVWLHUJHQDXLJNHLW�HLQVFKlW]HQ�]X�N|QQHQ��(LQ�ZHLWHUHU�)RUWVFKULWW� LQ
GHU�0RGHOOLHUXQJ� VROO� LQ� GHU� %HVFKUHLEXQJ� GHU� 3ODVPDEHGLQJXQJHQ� DQ� GHU� 3ODVPDJUHQ]VFKLFKW
HUUHLFKW�ZHUGHQ��,Q�HLQHP�/DQJ]HLWH[SHULPHQW�VROO�GLH�=HLWDEKlQJLJNHLW�GHU�*LWWHUHURVLRQ�XQWHU�
VXFKW� ZHUGHQ�� 'DV� ([SHULPHQW� ZLUG� PLW� 0HVVXQJHQ� GHV� *LWWHUDEWUDJV�� ]DKOUHLFKHU� 6WURP�
6SDQQXQJV�.HQQOLQLHQ�GHU�*LWWHUNRQILJXUDWLRQHQ� XQG� YRQ� ,RQHQVWURPGLFKWHSURILOHQ� GLH�'DWHQ
]XU�9DOLGLHUXQJ�GHU�6LPXODWLRQVHUJHEQLVVH�OLHIHUQ��'LH�3ODVPD��XQG�([WUDNWLRQVEHGLQJXQJHQ�VLQG
SXQNWXHOO�PLW�SODVPDGLDJQRVWLVFKHQ�0LWWHOQ�]X�YHULIL]LHUHQ�
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8P�GLH�ELVODQJ�JHJHEHQH�%HVFKUlQNXQJ�DXI�HLQH��'�6LPXODWLRQ�]X��EHUZLQGHQ��ZXUGH�GHU�NRP�
PHU]LHOO�YHUI�JEDUHQ��'�&RGH�.2%5$���3��6SlGWNH

�
��DQJHVFKDIIW�XQG�LQ�GLH�6LPXODWLRQVVWUDWH�

JLH�HLQJHDUEHLWHW�

:HFKVHOZLUNXQJ�EHQDFKEDUWHU�/|FKHU

=XQlFKVW�ZXUGH�GLH��EHU�GLH�3ODVPDJUHQ]VFKLFKW�YHUPLWWHOWH�:HFKVHOZLUNXQJ�]ZLVFKHQ�EHQDFK�
EDUWHQ�*LWWHUO|FKHUQ�XQWHUVXFKW��XP�GLH�*UHQ]HQ�GHU��'�%HKDQGOXQJ�YRQ�HEHQHQ��D[LDOV\PHWUL�
VFKHQ� ([WUDNWLRQVNRQILJXUDWLRQHQ� RKQH� V\PPHWULHEUHFKHQGH� (OHNWURGHQDQRUGQXQJHQ� ]X� EH�
VWLPPHQ�
+LHU]X�ZXUGH� HLQ� (QVHPEOH� YRQ� �� KH[DJRQDO� DQJHRUGQHWHQ� /|FKHUQ� HLQHV� =ZHLJLWWHUV\VWHPHV
EHWUDFKWHW��$EELOGXQJ�����'LH�/RFKGXUFKPHVVHU�VLQG�PLW���PP�LP�6FKLUPJLWWHU�XQG�����PP�LP
%HVFKOHXQLJXQJVJLWWHU�UHODWLY�JUR���'LH�*LWWHU�VLQG�����PP�E]Z������PP�GLFN��GHU�*LWWHUDEVWDQG
EHWUlJW� ����PP�� GHU� /RFK�/RFK�$EVWDQG� ����PP�� $OOH� ([WUDNWLRQVNDQlOH� DX�HU� GHP� ]HQWUDOHQ
VLQG�GXUFK�HLQ�GULWWHV�*LWWHU�JHVFKORVVHQ��ZREHL�GDV�GULWWH�*LWWHU� OHGLJOLFK�GLH�$XIJDEH�KDW�� DOOH
lX�HUHQ� EHDPOHW� DXV]XEOHQGHQ�� RKQH� GDGXUFK� GLH� ([WUDNWLRQ� XQG� GLH� ]X� EHWUDFKWHQGH� EHDPOHW�
:HFKVHOZLUNXQJ� ]X� EHHLQIOXVVHQ�� HV� LVW� GHVKDOE� XQUHDOLVWLVFK� G�QQ� XQG� QDKH� DP� %HVFKOHXQL�
JXQJVJLWWHU�DQJHRUGQHW��'DPLW� VLQG�GLH�$XVZLUNXQJHQ�GHU�XPJHEHQGHQ�EHDPOHW� DXI�GDV�]HQWUDOH
EHDPOHW�XQPLWWHOEDU�HUVLFKWOLFK�

������������������������������������������������
�
�3��6SlGWNH��,13��-XQNHUVWU������������:LHVEDGHQ

$EELOGXQJ����(QVHPEOH�YRQ���/|FKHUQ�LQ�KH[DJRQDOHU�$QRUGQXQJ��6LFKW�VHLWOLFK�YRQ�DXVVHQ���1XU�GHU�]HQWUDOH�([WUDNWLRQVNDQDO
LVW�LP�OHW]WHQ�*LWWHU�JH|IIQHW��DOOH�DQGHUHQ�VLQG�GRUW�JHVFKORVVHQ�
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$EELOGXQJ���]HLJW�GLH�9HUWHLOXQJ�GHU�HLQ]HOQHQ�7UDMHNWRULHQ�GHV�]HQWUDOHQ�EHDPOHW�LQ�HLQHU�(EHQH
DP�(QGH�GHU�5HFKHQGRPlQH�LP�$EVWDQG�YRQ�����PP�YRP�%HVFKOHXQLJXQJVJLWWHU��%HL�QLHGULJHU

3HUYHDQ]�����⋅�� � � �$�9
�����
��OLQNHV�%LOG��WULWW�HLQH�KH[DJRQDOH�)RUP�GHU�lX�HUHQ�%HUHLFKH�GHV�EHDP�

OHW�DXI��GLH�EHL�HLQHU�GRSSHOW�VR�JUR�HQ�3HUYHDQ]�QLFKW�PHKU�]X�EHREDFKWHQ�LVW��UHFKWHV�%LOG��
%HL� GHU� QLHGULJHQ� 3HUYHDQ]� LVW� GLH� *UHQ]VFKLFKW� GLFNHU� XQG� UDJW� ZHLW� LQV� 3ODVPD� KLQHLQ�� GLH
*UHQ]VFKLFKWIOlFKH�� YRQ� GHU� DXV� ,RQHQ� GDV� 6FKLUPJLWWHUORFK� YHUODVVHQ� N|QQHQ�� LVW� GDKHU� HWZDV
JU|�HU�DOV�GDV�/RFK�VHOEVW��'LH�*UHQ]VFKLFKW�ZLHGHUXP�ELOGHW�DQ�GHQ�/RFK]ZLVFKHQUlXPHQ�GDV
KH[DJRQDOH�/RFKPXVWHU�GXUFK�GLH�XQWHUVFKLHGOLFK�EUHLWHQ�6WHJH�]ZLVFKHQ�GHQ�/|FKHUQ�DE� �$E�
ELOGXQJ�����ZRGXUFK�VLFK�]XQlFKVW�DXFK�GHP�VWDUWHQGHQ�EHDPOHW�HLQH�VHFKVHFNLJH�)RUP�DXISUlJW
�$EELOGXQJ�����'D�XQWHU�GHQ�KLHU�EHWUDFKWHWHQ�%HGLQJXQJHQ�DXFK�,RQHQ�DXV�HLQHP�%HUHLFK�]ZL�
VFKHQ�GHQ�/|FKHUQ�H[WUDKLHUW�ZHUGHQ�XQG�GLHVH�YRUZLHJHQG�GHQ�5DQG�GHV�EHDPOHW�ELOGHQ��HQWVWHKW
LQ� HWZDV� JU|�HUHP�$EVWDQG� �DOVR� ]��%�� KLQWHU� GHP� GULWWHQ� *LWWHU�� GDV� KH[DJRQDOH�0XVWHU�� %HL
ZDFKVHQGHU� 3HUYHDQ]� YHUULQJHUQ� VLFK� GLH� HIIHNWLY� HPLWWLHUHQGH� *UHQ]VFKLFKWIOlFKH� XQG� GLH
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.U�PPXQJ� GHU�*UHQ]VFKLFKW�� VR� GD�� GLH� V\PPHWULHEUHFKHQGHQ�$XVZLUNXQJHQ� DXI� GDV� EHDPOHW
]XU�FNJHKHQ� E]Z�� JDQ]� YHUVFKZLQGHQ�� 'DUDXV� IROJW� XQPLWWHOEDU�� GD�� HLQ� YHUJU|�HUWHU� /RFK�
/RFK�$EVWDQG�EHL�NRQVWDQWHU�3HUYHDQ]�GLH�KH[DJRQDOH�%HHLQIOXVVXQJ�GHU�*UHQ]VFKLFKW�YRU�DOOHP
LQ�GHP�%HUHLFK�YHUULQJHUW��DXV�GHP�KHUDXV�,RQHQ�GDV�6FKLUPJLWWHU�YHUODVVHQ�N|QQHQ��'LHV�I�KUW
]X�HLQHU�JHULQJHUHQ�6W|UXQJ�GHV�EHDPOHW�
'LH�6WURPGLFKWH�LVW�LP�%HUHLFK�GHU�KH[DJRQDOHQ�$XVOlXIHU�GHV�EHDPOHW�JHULQJ�XQG�I�U�SUDNWLVFKH
=ZHFNH� LUUHOHYDQW�� %HL� JU|�HUHP� $EVWDQG� YRP� %HVFKOHXQLJXQJVJLWWHU� YHUVFKPLHUHQ� VLFK� GDU�
�EHUKLQDXV�GLH�7UDMHNWRULHQ�]X�HLQHU�ZLHGHU�QDKH]X�D[LDOV\PPHWULVFKHQ�9HUWHLOXQJ�
'LH� 3HUYHDQ]�� EHL� GHU� GLHVH� KH[DJRQDOH� %HHLQIOXVVXQJ� GHU� EHDPOHW�6WURPGLFKWHYHUWHLOXQJ� YHU�
VFKZLQGHW��LVW�LP�9HUJOHLFK�]X�GHQ�W\SLVFKHQ�%HGLQJXQJHQ�HLQHV�,RQHQWULHEZHUNHV�VHKU�JHULQJ��VR
GD��GLHVH�(IIHNWH� LQ�HLQHP�,RQHQWULHEZHUN� LP�QRUPDOHQ�%HWULHE�QLFKW� DXIWUHWHQ��$XFK� I�U�GHQ
WHFKQRORJLVFKHQ�(LQVDW]�HLQHU�%UHLWVWUDKO�,RQHQTXHOOH�VLQG�VLH�ZHQLJ�EHGHXWVDP�
'LHVH� (UJHEQLVVH� ]HLJHQ�� GD�� GLH�:HFKVHOZLUNXQJ� EHQDFKEDUWHU� EHDPOHW� �EHU� GLH� 3ODVPDJUHQ]�
VFKLFKW�QXU�EHL�VR�QLHGULJHU�3HUYHDQ]�DXIWULWW��GD��VLH�NHLQH�SUDNWLVFKH�%HGHXWXQJ�HUODQJW��(V�LVW
GDKHU� GLH� ]ZHLGLPHQVLRQDOH�1lKHUXQJ� LQ� GHU� %HVFKUHLEXQJ� GHU� ,RQHQH[WUDNWLRQ� XQG� )RUPXQJ
GHV�EHDPOHW�XQWHU�GHQ� W\SLVFKHQ�%HGLQJXQJHQ�HLQHU�%UHLWVWUDKO�,RQHQTXHOOH� I�U�REHUIOlFKHQWHFK�
QRORJLVFKH�$QZHQGXQJHQ�JHUHFKWIHUWLJW��'LHV�JLOW� LQVEHVRQGHUH� I�U�GLH� W\SLVFKHQ�.RQILJXUDWLR�
QHQ� HLQHV� ,RQHQWULHEZHUNHV�� EHL� GHQHQ� K|KHUH� 3HUYHDQ]HQ� HUUHLFKW� ZHUGHQ�� /HGLJOLFK� LP� )DOOH
HLQHV�%HWULHEHV�GHV�7ULHEZHUNHV�EHL� VHKU�QLHGULJHQ�6WU|PHQ� �]��%�� VWDQG�E\�=XVWDQG��NDQQ� VROFK
HLQH�KH[DJRQDOH�EHDPOHW�)RUP�DXIWUHWHQ�XQG�LP�)DOOH�HLQHV�GLUHNWHQ�%HVFKXVVHV�HLQHV�GULWWHQ�*LW�
WHUV�GRUW�HLQH�KH[DJRQDOH�/RFKYHUlQGHUXQJ�KHUYRUUXIHQ��VLHKH�]��%��(6$�;;�>%RQG���@���'XUFK
JHHLJQHWH�:DKO�GHU�([WUDNWLRQVVSDQQXQJHQ�Ol�W�VLFK�GLHV�MHGRFK�YHUPHLGHQ�

1LFKW�D[LDOV\PPHWULVFKH�(IIHNWH

,Q�([WUDNWLRQVV\VWHPHQ�N|QQHQ�XQWHU�EHVWLPPWHQ�%HGLQJXQJHQ�6W|UXQJHQ�GHU�D[LDOHQ�6\PPH�
WULH� DXIWUHWHQ��'LHVH� N|QQHQ� XQEHDEVLFKWLJW� VHLQ��ZLH� EHL� XQ]XUHLFKHQGHQ� )HUWLJXQJVWROHUDQ]HQ
XQG�-XVWDJH�GHU�*LWWHU�]XHLQDQGHU�RGHU�DOV�)ROJH�HYHQWXHOO�XQWHUVFKLHGOLFKHU�WKHUPLVFK�EHGLQJWHU
$XVGHKQXQJ�GHU�HLQ]HOQHQ�*LWWHU��'HUDUWLJH�(IIHNWH�N|QQHQ�DEHU�DXFK�]XU�6WUDKOIRUPXQJ�JH]LHOW
HLQJHEUDFKW�ZRUGHQ�VHLQ��ZLH�LQ�6FK�VVHOJLWWHUQ�RGHU�HEHQHQ�IRNXVVLHUHQGHQ�*LWWHUQ�
(V� LVW� EHNDQQW�� GD�� HLQ� 9HUVDW]� GHU� /|FKHU� ]XHLQDQGHU� HLQH� $EOHQNXQJ� GHV� 6WUDKOHV� EHZLUNW
>.DXIPDQ���@��%LVODQJ�ZXUGHQ�(IIHNWH�GHV�/RFKYHUVDW]HV�H[SHULPHQWHOO� LP�+RFKHQHUJLHEHUHLFK
�G��K�� REHUKDOE� ���NH9�� I�U� ,QMHNWRUHQ� LQ� %HVFKOHXQLJHU� XQWHUVXFKW� >6WHZDUW� ��@�� 'HVZHLWHUHQ
IDQG� GLHVH� 7HFKQLN� GHU� 6WUDKODEOHQNXQJ� (LQVDW]� LQ� 0XOWL�EHDPOHW�1HJDWLYLRQHQTXHOOHQ�� XP� GLH
GXUFK�0DJQHWIHOGHU�EHGLQJWH�6WUDKODEOHQNXQJ�ZLHGHU�]X�NRPSHQVLHUHQ�>+DPDEH���@��(LQH�HLQID�
FKH� OLQHDUH� RSWLVFKH� $EVFKlW]XQJ� LQ� HLQHP� 'UHLHOHNWURGHQV\VWHP� HUJDE� HLQH� 3URSRUWLRQDOLWlW
]ZLVFKHQ� 6WUDKODEOHQNXQJ� XQG� /RFKYHUVDW]� >:KHDOWRQ� ��@�� 'HWDLOLHUWHUH� 8QWHUVXFKXQJHQ� �EHU
GLH�$EKlQJLJNHLW� GHU� EHDPOHW�9HUNLSSXQJ� YRQ� JHRPHWULVFKHQ� XQG�([WUDNWLRQVEHGLQJXQJHQ� VLQG
QLFKW�EHNDQQW��8P�GHQ�/RFKYHUVDW]�JH]LHOW�]XU�6WUDKOIRNXVVLHUXQJ�E]Z���)RUPXQJ�DXV]XQXW]HQ�
VLQG�GHUDUWLJH�.HQQWQLVVH�MHGRFK�QRWZHQGLJ�
,P�5DKPHQ�GLHVHV�3URMHNWHV�ZXUGHQ�GLH�$XVZLUNXQJHQ�HLQHU�9HUVFKLHEXQJ�GHU�*LWWHUO|FKHU�DXV
GHU�$FKVH�LP�1LHGHUHQHUJLHEHUHLFK�V\VWHPDWLVFK�XQWHUVXFKW�>7DUW]���@��$OV�5HIHUHQ]NRQILJXUDWL�
RQ�ZXUGH�HLQ�'UHL�*LWWHUV\VWHP��3DUDPHWHU�VLHKH�7DEHOOH����DXVJHZlKOW��GDV�DXI�GHU�,RQHQWULHE�
ZHUNVNRQILJXUDWLRQ�5,7�(YR�EDVLHUW� �VLHKH�7DEHOOH���DXI�6HLWH�����XQG�DXI�HLQH�NOHLQHUH�'LYHU�
JHQ]�PRGLIL]LHUW�ZXUGH�
'HU�7UDMHNWRULHQSORWV�LQ�$EELOGXQJ���]HLJHQ��GD��GLH�$EOHQNXQJ�GHV�EHDPOHW�HQWJHJHQJHVHW]W�]XU
9HUVFKLHEXQJ�GHV�%HVFKOHXQLJXQJVJLWWHUV��LQ�GLHVHU�'DUVWHOOXQJ�QDFK�REHQ��DXIWULWW��$XIJUXQG�GHU
/RFKYHUVFKLHEXQJ�QlKHUW�VLFK�GHU�XQWHUH�5DQG�GHV�EHDPOHW�GHU�.DQWH�GHV�%HVFKOHXQLJXQJVJLWWHU�
ORFKHV�XQG�VRPLW�GHP�%HUHLFK�GHV�DQ�GLHVHU�(OHNWURGH�JHVW|UWHQ�3RWHQWLDOV��GDV�GLYHUJLHUHQG�DXI
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GLH� 7UDMHNWRULHQ�ZLUNW� >*UHHQ� ��@�� 'HU� REHUH� EHDPOHW�5DQG� KLQJHJHQ� HQWIHUQW� VLFK� YRQ� GLHVHP
GHIRNXVVLHUHQGHQ�)HOG�XQG�GXUFKVW|�W�GLH�/RFKHEHQH�DFKVHQQlKHU�LP�ZHQLJHU�GLYHUJHQWHQ�)HOG�
)ROJOLFK�ILQGHW�LP�9HUJOHLFK�]XU�XQJHVW|UWHQ�.RQILJXUDWLRQ�HLQH�VWlUNHUH�$EOHQNXQJ�GHV�XQWHUHQ
7HLOHV�GHV�EHDPOHW�XQG�HLQH�VFKZlFKHUH�$EOHQNXQJ�GHV�REHUHQ�7HLOHV�VWDWW��GLH�]XU�EHREDFKWHWHQ
.LSSXQJ�GHV�EHDPOHW�I�KUW��(V�P�VVHQ�DOVR�I�U�HLQH�V\VWHPDWLVFKH�8QWHUVXFKXQJ�DOOH�3DUDPHWHU�LQ
%HWUDFKW�JH]RJHQ�ZHUGHQ��GLH�GHQ�'XUFKPHVVHU�GHV�EHDPOHW�EHHLQIOXVVHQ�

'HU�.LSSZLQNHO�α GHV�EHDPOHW� LQ�$EELOGXQJ���]HLJW�GLH�HUZDUWHWH�3URSRUWLRQDOLWlW� ]XU�9HUVFKLH�
EXQJ�GHV�%HVFKOHXQLJXQJVJLWWHUORFKHV�δ� ��'HU�H[WUDKLHUWH�EHDPOHW�6WURP�LVW�ZHLWJHKHQG�XQDEKlQ�
JLJ� YRQ� GHU� /RFKYHUVFKLHEXQJ�� 'HVZHLWHUHQ� VWHOOW� PDQ� EHL� GLHVHU� .RQILJXUDWLRQ� EHL� NOHLQHUHQ
H[WUDKLHUWHQ� EHDPOHW�6WU|PHQ� XQG� JU|�HUHU� /RFKYHUVFKLHEXQJ� HLQH� GHXWOLFKH� $EKlQJLJNHLW� GHV
.LSSZLQNHOV�YRP�6WURP�IHVW��$EELOGXQJ�����'LHV�LVW�HLQH�)ROJH�GHU�VLFK�PLW�GHP�6WURP�lQGHUQ�
GHQ�%UHLWH�GHV�EHDPOHW�

7DEHOOH����.RQILJXUDWLRQ�GHV�'UHL�*LWWHUV\VWHPV

*LWWHUGLFNH�W
/RFK�
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QlFKVWHQ�*LWWHU

*LWWHU�
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6FKLUPJLWWHU��VFU� ����PP ����PP ����PP ����9
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%HL� JUR�HQ� H[WUDKLHUWHQ� 6WU|PHQ� XQG� /RFKYHUVFKLHEXQJHQ� NDQQ� HLQ� 7HLO� GHU� SULPlUHQ� ,RQHQ
GLUHNW�DXI�GDV�%HVFKOHXQLJXQJVJLWWHU�WUHIIHQ��'D�KLHU�QXU�HLQ�NOHLQHU�7HLO�GHV�/RFKHV�YRQ�GHU�GL�
UHNWHQ�%HVWUDKOXQJ�EHWURIIHQ�LVW��ZlFKVW�GHU�*LWWHUVWURP�ODQJVDPHU�PLW�GHP�EHDPOHW�6WURP�DOV�LP
XQJHVW|UWHQ�)DOO��'LH�$XVEOHQGXQJ�HLQHV�XQWHUHQ�7HLOHV�GHV�EHDPOHW�YHUULQJHUW�LP�(IIHNW�GHQ�$E�
OHQNZLQNHO�
(LQIDFKH� JHRPHWULVFKH� %HWUDFKWXQJHQ� OHJHQ� QDKH�� GD�� LQ� ODQJHQ� ([WUDNWLRQVNDQlOHQ� �G��K�� EHL
JUR�HQ�$EVWlQGHQ�]ZLVFKHQ�GHP�6FKLUP��XQG�%HVFKOHXQLJXQJVJLWWHU�O � � � � ��� � �E]Z��%HVFKOHXQLJXQJV�
XQG�%UHPVJLWWHU� O ��� � � ��� � ��HLQH�9HUVFKLHEXQJ�GHV�%HVFKOHXQLJXQJVJLWWHUORFKHV�HLQH�JHULQJHUH�$EOHQ�
NXQJ�GHV�EHDPOHW�]XU�)ROJH�KDEHQ�ZLUG�DOV�LQ�NRPSDNWHQ�.RQILJXUDWLRQHQ��$EELOGXQJ�����'LHVHU
(IIHNW�LVW�VWlUNHU�DXVJHSUlJW�I�U�GHQ�$EVWDQG�]ZLVFKHQ�6FKLUP��XQG�%HVFKOHXQLJXQJVJLWWHU��0DQ
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ILQGHW�ZHLWHUKLQ� HLQH�bQGHUXQJ� LQ� GHU�$EKlQJLJNHLW� YRP� H[WUDKLHUWHQ� 6WURP�� GD� VLFK�PLW� GHP
*LWWHUDEVWDQG�DXFK�GLH�%UHLWH�GHV�EHDPOHW�lQGHUW�
'LH� HOHNWULVFKHQ� ([WUDNWLRQVEHGLQJXQJHQ�� DXVJHGU�FNW� GXUFK� GLH� ([WUDNWLRQVVSDQQXQJ
8 � ��� � 8 ��� �� �8 ��� � ��EHHLQIOXVVHQ�GLH�6WlUNH�GHU�$EOHQNXQJ�GHV�EHDPOHW�HUKHEOLFK��$EELOGXQJ�����(LQH
(UK|KXQJ�GHU�6FKLUPJLWWHUVSDQQXQJ�8 ��� �� �I�KUW�]X�HLQHU�YHUULQJHUWHQ�%UHLWH�GHV�EHDPOHW��XQG�GLH
3RWHQWLDOVW|UXQJ�LQ�GHU�1lKH�GHV�%HVFKOHXQLJXQJVJLWWHUV�NDQQ�GLHVHV�EHDPOHW�ZHQLJHU�VWDUN�EHHLQ�
IOXVVHQ��(LQH�K|KHUH�%HVFKOHXQLJXQJVJLWWHUVSDQQXQJ�8 ��� � �ZLUNW�]XQlFKVW�DXIJUXQG�GHU� VWlUNHUHQ
)RNXVVLHUXQJ� GHV� EHDPOHW� LP� %HUHLFK� YRU� GHP� %HVFKOHXQLJXQJVJLWWHU� LQ� JOHLFKHU� :HLVH�� GLHVHU
7UHQG�ZLUG�DEHU�GDQQ�GXUFK�GLH�]XQHKPHQG�DEOHQNHQGH�:LUNXQJ�LP�5DXP�]ZLVFKHQ�%HVFKOHX�
QLJXQJV��XQG�%UHPVJLWWHU�GRPLQLHUW�
'LHVH�5HVXOWDWH�EHOHJHQ�GLH�EHGHXWHQGH�5ROOH�� GLH� DXFK�GLH�5HJLRQ� ]ZLVFKHQ�%HVFKOHXQLJXQJV�
XQG� %UHPVJLWWHU� EHLP�$EOHQNHQ� HLQHV� EHDPOHW� GXUFK� HLQHQ� /RFKYHUVDW]� VSLHOW�� 9HUVFKLHEW�PDQ
GHP]XIROJH�DXFK�GDV�%UHPVJLWWHU�LQ�JOHLFKHU�:HLVH�ZLH�GDV�%HVFKOHXQLJXQJVJLWWHU��HUJLEW�VLFK�HLQ
UHGX]LHUWHU�.LSSZLQNHO��$EELOGXQJ�����0LWWH���ZDV�DXFK�HLQH�JHRPHWULVFKH�%HWUDFKWXQJ�QDKHOHJW�
(LQH�QRFK�VWlUNHUH�9HUVFKLHEXQJ�GHV�%UHPVJLWWHUV�NDQQ�GDQQ�GHQ�DEOHQNHQGHQ�(IIHNW�GHV�%H�
VFKOHXQLJXQJVJLWWHUYHUVDW]HV� NRPSHQVLHUHQ��9HUVFKLHEW�PDQ�GDV�%UHPVJLWWHU� HQWJHJHQ� GHP�%H�
VFKOHXQLJXQJVJLWWHU� �$EELOGXQJ� ���� UHFKWV��� VR� YHUVWlUNW� VLFK� HQWVSUHFKHQG� GHU� JHRPHWULVFKHQ
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$EELOGXQJ�����$XVZLUNXQJ�HLQHU�9HVFKLHEXQJ�GHV�%UHPVJLWWHUV�DXI�GLH�6WUDKODEOHQNXQJ��I�U�DOOH�9HUVFKLHEXQJHQ�δ ����PP��
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'LH�ELVODQJ�EHWUDFKWHWH�*LWWHUNRQILJXUDWLRQ� ]HLJWH�HLQH�QXU� VFKZDFKH�$EKlQJLJNHLW� GHU� EHDPOHW�
$EOHQNXQJ�YRP�H[WUDKLHUWHQ�EHDPOHW�6WURP��ZDV�GDV�'HVLJQ� IODFKHU� IRNXVVLHUHQGH�*LWWHU� YHULQ�
IDFKW��(V�ZXUGHQ�DEHU�DQGHUH�.RQILJXUDWLRQHQ�JHIXQGHQ��EHL�GHQHQ�GHU�$EOHQNZLQNHO�NULWLVFKHU
YRP�H[WUDKLHUWHQ�6WURP�EHHLQIOX�W�ZLUG��%HL�HLQHP�'HVLJQ�IRNXVVLHUHQGHU�*LWWHUV\VWHPH�PX��LQ
GLHVHP�)DOOH�GLH�,QKRPRJHQLWlW�GHV�3ODVPDV�LQ�%HWUDFKW�JH]RJHQ�ZHUGHQ�
,Q�7HVWV�GHV�5,7����,RQHQWULHEZHUNHV��$VWULXP�*PE+��I�U�GLH�*2&(�0LVVLRQ�ZXUGH�HLQH�UH�
SURGX]LHUEDUH�V\VWHPDWLVFKH�9DULDWLRQ�GHV�6FKXEYHNWRUV�PLW�GHP�6FKXE�IHVWJHVWHOOW�>%DVVQHU���@�
%HL�HLQHU�(UK|KXQJ�GHV�6FKXEHV�YRQ���P1�DXI����P1��G��K��PLWWOHUHQ�EHDPOHW�6WU|PHQ�YRQ���
�$�ELV������$��YHUlQGHUWH�VLFK�GLH�1HLJXQJ�GHV�6FKXEYHNWRUV�XP�������$EELOGXQJ������GLHV�ZDU
I�U�GLHVH�VSH]LHOOH�0LVVLRQ�QLFKW�DN]HSWDEHO��$XIJUXQG�GHU�JXWHQ�5HSURGX]LHUEDUNHLW� ODVVHQ�VLFK
WKHUPLVFKH�(IIHNWH� DXVVFKOLHVVHQ��(EHQVR� ]HLJHQ� GLH� 6WUDKOSURILOH� NHLQH� DXIIlOOLJH� $EZHLFKXQJ
YRQ�GHU�5RWDWLRQVV\PPHWULH�

'LHVHV�9HUKDOWHQ�NRQQWH�DXI�HLQH�JHULQJH�9HUVFKLHEXQJ�GHV�%HVFKOHXQLJXQJVJLWWHUV��GLH�YHUPXW�
OLFK� GXUFK� HLQH� NOHLQH� 8QJHQDXLJNHLW� EHL� GHU� *LWWHUMXVWDJH� EHGLQJW� LVW�� ]XU�FNJHI�KUW� ZHUGHQ
>7DUW]���@��:LH�GLH�YRUJHVWHOOWHQ�8QWHUVXFKXQJHQ�]HLJWHQ��I�KUHQ�GLH�8QWHUVFKLHGH�GHU�GRUW�EH�
WUDFKWHWHQ�.RQILJXUDWLRQ�]XU�KLHU�YHUZHQGHWHQ�5,7�(YR�.RQILJXUDWLRQ��7DEHOOH����GD]X��GD��GHU
.LSSZLQNHO�GHV�EHDPOHW�VWDUN�YRP�EHDPOHW�6WURP�DEKlQJW��ZDV�$EELOGXQJ����I�U�]ZHL�([WUDNWLRQV�
VSDQQXQJHQ�]HLJW��GLH�K|KHUH�LVW�I�U�GLH�K|KHUHQ�6FK�EH�QRWZHQGLJ���8P�GLH�EHREDFKWHWH�EHDP�
OHW�.LSSXQJ�]X�HUKDOWHQ��LVW�HLQ�9HUVDW]�GHV�%HVFKOHXQLJXQJVJLWWHUV�XP�OHGLJOLFK������PP�DXVUHL�
FKHQG��ZDV�]X�HLQHU�6FKXEYHNWRUDEOHQNXQJ�XP����EHL����P1�XQG������EHL���P1�I�KUW��7DWVlFK�
OLFK� ZXUGH� HLQH� 8QJHQDXLJNHLW� LQ� GHU� *LWWHUMXVWLHUXQJ� YRQ� GLHVHU� *U|�HQRUGQXQJ� IHVWJHVWHOOW
>/HLWHU���@�
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$EELOGXQJ�����'LH�:DQGHUXQJ�GHV�6FKXEYHNWRUV�GHV�5,7����,RQHQWULHEZHUNHV�I�U�GLH�*2&(�0LVVLRQ�EHL�9DULDWLRQ�GHV�6FKXEHV
YRQ���ELV����P1�>%DVVQHU���@��.RQILJXUDWLRQ�5,7�(YR��0H�DEVWDQG����FP�
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$XIJUXQG�GHU�HQWJHJHQJHVHW]WHQ�$XVZLUNXQJHQ�GHU�6FKLUP��XQG�%HVFKOHXQLJXQJVJLWWHUVSDQQXQJ
DXI�GHQ�.LSSZLQNHO��$EELOGXQJ����WULWW�EHL�JOHLFKHP�/RFKYHUVDW]�EHL�K|KHUHQ�6SDQQXQJHQ��OLQNHU
3ORW�LQ�$EELOGXQJ�����HLQ�YHUULQJHUWHU�.LSSZLQNHO�DXI��%HL�K|KHUHQ�6FK�EHQ�XQG�VRPLW�K|KHUHQ
6SDQQXQJHQ�ZLUG�GLH�$EOHQNXQJ�GHV�6FKXEYHNWRUV�QLFKW�LP�VHOEHQ�0D�H�DQVWHLJHQ��EHLVSLHOVZHL�
VH�HUK|KW�VLFK�GHU�:LQNHO�YRQ������EHL����P1�XQG�QLHGULJHQ�6SDQQXQJHQ�OHGLJOLFK�DXI������EHL
���P1�XQG�K|KHUHQ�6SDQQXQJHQ�
(LQ�GLUHNWHU�*LWWHUEHVFKX��ZXUGH�EHL�GLHVHQ�NOHLQHQ�9HUVFKLHEXQJHQ�QLFKW�EHREDFKWHW�
$XIJUXQG�GHU�LQKRPRJHQHQ�3ODVPDGLFKWHYHUWHLOXQJ�I�KUW�HLQ�9HUVDW]�GHV�%HVFKOHXQLJXQJVJLWWHUV
]X�YHUVFKLHGHQHQ�$EOHQNZLQNHOQ�GHU�]HQWUDOHQ�XQG�SHULSKHUHQ�EHDPOHW��'LHV�VROOWH�LQ�HLQHU�OHLFKW
GHIRUPLHUWHQ� 6WURPGLFKWHYHUWHLOXQJ� UHVXOWLHUHQ�� 6ROFK� HLQH� 0RGLIL]LHUXQJ� NRQQWH� MHGRFK� QLFKW
]XYHUOl�LJ�DXV�GHQ�0H�GDWHQ�IHVWJHVWHOOW�ZHUGHQ�
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��� %(67,0081*�'(5�3/$60$9(57(,/81*

'LH�$UW�GHU�3ODVPDDQUHJXQJ��GDV�$XIWUHWHQ�YRQ�0DJQHWIHOGHUQ�XQG�9HUOXVWH�DQ�GHQ�:lQGHQ�GHV
(QWODGXQJVJHIl�HV� EHGLQJHQ� HLQH� XQWHU� GHQ� �EOLFKHQ� %HGLQJXQJHQ� LQKRPRJHQH� 3ODVPDYHUWHL�
OXQJ��'DGXUFK�YDULLHUHQ�GLH�EHDPOHW�(LJHQVFKDIWHQ�PLW�GHP�5DGLXV��ZDV�GLH�.RPSOH[LWlW�GHU�%H�
KDQGOXQJ� GHV� %UHLWVWUDKO�,RQHQIHOGHV� HUK|KW�� 'LH� .HQQWQLV� GHU� 9HUWHLOXQJ� GHU� /DGXQJVWUlJHU�
GLFKWH� LP�%HUHLFK� GHU� 3ODVPDJUHQ]VFKLFKW
LVW� VRZRKO� I�U� ,RQHQWULHEZHUNH� ]XU� /H�
EHQVGDXHUEHUHFKQXQJHQ� YRQ� *LWWHUV\VWH�
PHQ�XQG�I�U�GLH�%HVWLPPXQJ�GHU�HU]LHOED�
UHQ� 6FK�EH�� DOV� DXFK� I�U� GLH� JH]LHOWH� )RU�
PXQJ�GHV�,RQHQEUHLWVWUDKOHV� I�U� WHFKQROR�
JLVFKH� $QZHQGXQJHQ� HLQH� ZLFKWLJH� 9RU�
DXVVHW]XQJ�
0LW� /DQJPXLU�6RQGHQPHVVXQJHQ� ODVVHQ
VLFK� 3ODVPDGLFKWH� XQG� (OHNWURQHQWHPSH�
UDWXU� QXU� LP� 3ODVPDYROXPHQ� PLW� UHODWLY
JUR�HP� $XIZDQG� RUWVDXIJHO|VW� PHVVHQ�
'D]X�LVW�GLH�$XVZHUWXQJ�GLHVHU�0HVVXQJHQ
UHFKW�IHKOHUDQIlOOLJ�XQG�ZLUG�EHL�DQJHOHJWHQ
0DJQHWIHOGHUQ� NRPSOL]LHUW�� ,Q� +)�
3ODVPHQ� ZLUG� GLH� 6RQGHQPHVVXQJ� VWDUN
GXUFK� GLH� ]HLWOLFKH� )OXNWXDWLRQ� GHU� 3ODV�
PDSDUDPHWHU� EHHLQWUlFKWLJW�� .ULWLVFK� VLQG
DX�HUGHP�GLH�(LQIO�VVH�GHU�6RQGHQ�DXI�GLH
3ODVPDXPJHEXQJ�]X�EHWUDFKWHQ�
(LQH� HUVWH� 9RUVWHOOXQJ� �EHU� GLH� 3ODVPD�
GLFKWHYHUWHLOXQJ� ZXUGH� PLWWHOV� RSWLVFKHU
(PLVVLRQVVSHNWURVNRSLH��2(6��JHZRQQHQ�
GLH� GDV� YRP� 3ODVPD� HPLWWLHUWH� /LFKW� VSHNWURPHWULHUW�� 'LH� KLHU� YHUZHQGHWHQ� LQWHQVLYHQ� /LQLHQ
�$UJRQ�� ������QP��;HQRQ�� ������QP��ZHLVHQ� HLQH� 3URSRUWLRQDOLWlW� LKUHU� ,QWHQVLWlW� ]XU�(OHNWUR�
QHQGLFKWH�ne�XQG�1HXWUDOGLFKWH�nn� DXI� >G·$JRVWLQR���@�� OHW]WHUH�NDQQ�DOV�NRQVWDQW�DQJHQRPPHQ
ZHUGHQ�� 'LH� RSWLVFKH� 6RQGH� ZXUGH� YHUVFKLHEEDU� LQ� JHULQJHP� $EVWDQG� YRU� GHP� *LWWHU� DQJH�
EUDFKW�� VR� GD�� VLH� GXUFK� YHUVFKLHGHQH�([WUDNWLRQVNDQlOH� LQV� 3ODVPD� VFKDXHQ� NDQQ� �$EELOGXQJ
�����6RPLW�Ol�W�VLFK�HLQ�UDGLDOHV�3URILO�GHU�3ODVPDGLFKWH�JHZLQQHQ��GDV�DOOHUGLQJV�GXUFK�GHQ�LQWH�
JUDOHQ�&KDUDNWHU�GHU�2(6�GLH�JHVDPWH�7LHIH�GHV�3ODVPDV�HUID�W��'LH�,QWHQVLWlWHQ�ZHUGHQ�DXI�GDV
0D[LPXP�QRUPLHUW��$XIJUXQG�GHV�VWDWLRQlUHQ�%HWULHEV�GHU�,RQHQTXHOOH�EHVWHKHQ�NHLQH�EHVRQGH�
UHQ�$QIRUGHUXQJHQ�DQ�GLH�]HLWOLFKH�$XIO|VXQJ�GHV�*HUlWHV�
(V�ZXUGH�HLQ�9HUIDKUHQ�HQWZLFNHOW��PLW�+LOIH�GHU�6LPXODWLRQ�DXV�HLQIDFKHQ�HOHNWULVFKHQ�0HVVXQ�
JHQ�YRQ�6WUDKO��XQG�*LWWHUVWURP�,QIRUPDWLRQHQ��EHU�GLH�3ODVPDGLFKWHYHUWHLOXQJ�DQ�GHU�*UHQ]�
VFKLFKW�DE]XOHLWHQ�>7DUW]���@�
1RUPDOHUZHLVH�ZHUGHQ�([WUDNWLRQVEHGLQJXQJHQ� DQJHVWUHEW�� XQWHU� GHQHQ� GHU� %HVFKX�� SULPlUHU
,RQHQ�DXI�GDV�%HVFKOHXQLJXQJVJLWWHU� �XQG�GDV�%UHPVJLWWHU� LQ�HLQHU���*LWWHU�.RQILJXUDWLRQ��YHU�
PLHGHQ�ZLUG��'LHV�HUUHLFKW�PDQ�GXUFK�JHHLJQHWH�:DKO�GHU�DQJHOHJWHQ�6SDQQXQJHQ�LQ�$EKlQJLJ�
NHLW�YRQ�GHQ�3ODVPDSDUDPHWHUQ�XQG�GHU�JHRPHWULVFKHQ�*LWWHUNRQILJXUDWLRQ��8QWHU� VROFKHQ�%H�
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fiber optics cable

spectrometer

plasma

grid system

quartz rod

$EELOGXQJ�����2(6���H[SHULPHQWHOOHU�$XIEDX�
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GLQJXQJHQ� HUUHLFKHQ� OHGLJOLFK�6HNXQGlULRQHQ� �]��%�� DXV�8PODGXQJVSUR]HVVHQ��� GLH� LP�*LWWHUV\�
VWHP�RGHU�LQ�GHVVHQ�XQPLWWHOEDUHQ�1lKH�JHELOGHW�ZHUGHQ��GLHVH�*LWWHU�>7DUW]�����@�
:HQQ�GLH�([WUDNWLRQVVSDQQXQJ� �Uextr=Ubeam�Uacc�� DXI� HLQHQ�NULWLVFKHQ�:HUW� HUQLHGULJW�ZLUG�� EH�
JLQQW�EHL�GHQ�LP�0D[LPXP�GHU�3ODVPDYHUWHLOXQJ�H[WUDKLHUWHQ�EHDPOHW�HLQ�7HLO�GHU�SULPlUHQ�,RQHQ
GDV�%HVFKOHXQLJXQJVJLWWHU� ]X� WUHIIHQ� �$EELOGXQJ����REHQ���'LH�3ODVPDGLFKWH��EHL�GHU� HLQH�(LQ�
]HOORFKUHFKQXQJ�EHL�GLHVHU�NULWLVFKHQ�([WUDNWLRQVVSDQQXQJ�GHQ�(LQVDW]�GHU�GLUHNWHQ�%HVWUDKOXQJ
OLHIHUW��HQWVSULFKW�VRPLW�GHU�PD[LPDOHQ�3ODVPDGLFKWH�LP�=HQWUXP��r=0���9HUULQJHUW�PDQ�GLH�([�
WUDNWLRQVVSDQQXQJ� ZHLWHU�� WUDJHQ� ZHLWHUH�� EHL� QLHGULJHUHQ� 3ODVPDGLFKWHQ� H[WUDKLHUWH� EHDPOHW� ]XU
GLUHNWHQ�*LWWHUEHVWUDKOXQJ�EHL��VR�GD��GHU�*LWWHUVWURP�NRQWLQXLHUOLFK�ZlFKVW�
'HQ�*HVDPWJLWWHUVWURP�HUKlOW�PDQ�GXUFK�6XPPDWLRQ��EHU�GLH�*LWWHUVWURPDQWHLOH�GHU�HLQ]HOQHQ
EHDPOHW��=XU� ,OOXVWUDWLRQ� ]HLJW� GHU�REHUH�7HLO� LQ�$EELOGXQJ� ��� I�U� ��([WUDNWLRQVVSDQQXQJHQ� GLH
EHUHFKQHWHQ�$EKlQJLJNHLWHQ�YRQ�EHDPOHW��XQG�%HVFKOHXQLJXQJVJLWWHUVWURP�YRQ�GHU�3ODVPDGLFKWH�
1LPPW�PDQ�QXQ�HLQH�3ODVPDGLFKWHYHUWHLOXQJ�DQ�ZLH�EHLVSLHOVZHLVH�GLH�LP�PLWWOHUHQ�7HLO�GHU�$E�
ELOGXQJ��Ol�W�VLFK�GHU�*HVDPWVWURP�Ibeam�XQG�GHU�*HVDPWJLWWHUVWURP�Iacc�LQ�$EKlQJLJNHLW�YRQ�GHU
([WUDNWLRQVVSDQQXQJ�PLW�+LOIH�GHU�EHUHFKQHWHQ�$EKlQJLJNHLWHQ�DXIVXPPLHUHQ��)�U�GLH�K|FKVWH
([WUDNWLRQVVSDQQXQJ�LQ�GLHVHP�%HLVSLHO������9��HQWKlOW�GLH�3ODVPDYHUWHLOXQJ�NHLQH�3ODVPDGLFK�
WH��EHL�GHU�HLQH�GLUHNWH�%HVWUDKOXQJ�DXIWUHWHQ�N|QQWH� �G�K�� Iacc ��EHL������9��VHNXQGlUH�6WU|PH
VHLHQ�KLHU�YHUQDFKOlVVLJW���,P�PLWWOHUHQ�)DOO� �����9��WUDJHQ�QXU�GLH�EHDPOHW�ELV�HWZD�]XP�KDOEHQ
/RFKNUHLVUDGLXV�]XP�*LWWHUVWURP�EHL��%HL�GHU�QLHGULJVWHQ�([WUDNWLRQVVSDQQXQJ������9��KLQJHJHQ
WUDJHQ�IDVW�DOOH�EHDPOHW�$QWHLOH�]XP�*LWWHUVWURP�EHL��(V�HUJLEW�VLFK�I�U�GDV�JHZlKOWH�3ODVPDSURILO
GLH�$EKlQJLJNHLW�GHV�6WUDKO��XQG�*LWWHUVWURPHV�YRQ�GHU�([WUDNWLRQVVSDQQXQJ�LP�XQWHUHQ�7HLO�GHU
$EELOGXQJ����
$EELOGXQJ����YHUGHXWOLFKW�GHQ�(IIHNW�XQWHUVFKLHGOLFKHU�3ODVPDSURILOH��(LQH�K|KHUH�3ODVPDGLFKWH
YHUVFKLHEW�GHQ�(LQVDW]�GHU�GLUHNWHQ�%HVWUDKOXQJ�]X�K|KHUHQ�([WUDNWLRQVVSDQQXQJHQ��-H�KRPRJH�
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Plasmadichte [1011 cm-3]
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Extraktionsspannung [V]

$EELOGXQJ�����=XVDPPHQVHW]XQJ�YRQ�6WUDKOVWURP�XQG�*LWWHUVWURP�DXV�%HDPOHWVWU|PHQ�LQ�$EKlQJLJNHLW�YRQ�GHU�3ODVPDGLFKWH�XQG
([WUDNWLRQVVSDQQXQJ�
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QHU�GDV�3URILO�LVW��XP�VR�VWHLOHU�LVW�GHU�$QVWLHJ�GHV�*LWWHUVWURPHV��GD�QXQ�EHL�NOHLQHQ�bQGHUXQJHQ
YRQ�Uextr�HLQH�JU|�HUH�=DKO�YRQ�EHDPOHW�]XP�*LWWHUVWURP�EHLWUlJW��,P�H[WUHPHQ�)DOO�HLQHV�KRPR�
JHQHQ�3ODVPDV�VHW]W�GLH�GLUHNWH�%HVWUDKOXQJ�EHL�DOOHQ�EHDPOHW�JOHLFK]HLWLJ�HLQ�
$XIJUXQG�GHU�ZHLWJHKHQG� OLQHDUHQ�$EKlQJLJNHLW� GHV� H[WUDKLHUWHQ�EHDPOHW�6WURPHV�YRQ�GHU�3ODV�
PDGLFKWH� EHVFKUlQNHQ� VLFK� GLH�$XVZLUNXQJHQ� HLQHV�3ODVPDSURILOHV� DXI� GHQ� 6WUDKOVWURP� KDXSW�
VlFKOLFK�DXI�GHVVHQ�6NDOLHUXQJ��$EELOGXQJ�����XQWHQ��
'LH�(LQIO�VVH�HLQHV�LQKRPRJHQHQ�3ODVPDSURILOHV�DXI�GLH�6WURP�6SDQQXQJV�&KDUDNWHULWLNHQ��$E�
ELOGXQJ� ���� ODVVHQ� HUZDUWHQ�� GD�� GXUFK� HLQH� $QSDVVXQJ� EHUHFKQHWHU� 6WURP�6SDQQXQJV�
.HQQOLQLHQ� DQ� JHPHVVHQH�'DWHQ� GDV� WDWVlFKOLFK� YRUOLHJHQGH�'LFKWHSURILO� DQ� GHU� 3ODVPDJUHQ]�
VFKLFKW� EHVWLPPW�ZHUGHQ� NDQQ��ZHQQ� GDI�U� QXU� HLQH� TXDOLIL]LHUWH� 3UREHIXQNWLRQ� YRUOLHJW�� 6RQ�
GHQPHVVXQJHQ�DQ�HLQLJHQ�,RQHQTXHOOHQ�GHV�,20�]HLJWHQ��GD��GLH�3ODVPDGLFKWH�LKU�0D[LPXP�LP
=HQWUXP�GHV�(QWODGXQJVJHIl�HV�KDW�XQG�NRQWLQXLHUOLFK�]XP�5DQG�KLQ�DEIlOOW� >)ODPP���@��'LHV
LVW� LQ�hEHUHLQVWLPPXQJ�PLW�GHU�WKHRUHWLVFKHQ�%HVFKUHLEXQJ�GHV�3ODVPDSURILOHV�GXUFK�HLQH�%HV�
VHOIXQNWLRQ�QXOOWHU�2UGQXQJ�J0�>&KHQ���@��'HVKDOE�ZXUGH�HLQH�VROFKH�)XQNWLRQ�DOV�0RGHOOIXQNWL�
RQ�]XU�%HVFKUHLEXQJ�GHU�3ODVPDGLFKWHYHUWHLOXQJ�DQJHVHW]W
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ZRULQ�GLH�,QWHQVLWlWV��XQG�5DGLDOSDUDPHWHU�$�XQG�%�GXUFK�HLQHQ�)LW�]X�EHVWLPPHQ�VLQG�
'LHVH� 3UR]HGXU� NDQQ� MHGRFK� QLFKW� GLH� 9HUWHLOXQJ� YRQ� VRZRKO� (OHNWURQHQWHPSHUDWXU� Te(r)� DOV
DXFK� 3ODVPDGLFKWH� n(r)� OLHIHUQ�� $XV� GHQ� 6RQGHQPHVVXQJHQ� LVW� EHNDQQW� >)ODPP� ��@�� GD�� GLH
(OHNWURQHQWHPSHUDWXU� EHL�.DXIPDQ�4XHOOHQ� LQ� $EKlQJLJNHLW� YRQ� GHU� (QWODGXQJVVSDQQXQJ� LP
%HUHLFK� �«��H9� YDULLHUW�� %HL� HLQHU� +)�$QUHJXQJ� OLHJHQ� GLH� :HUWH� YRQ� Te� HWZD� ]ZLVFKHQ
�«�H9��(LQH�VROFKH�9DULDWLRQ�GHU�(OHNWURQHQWHPSHUDWXU�KDW�DEHU�QXU�NOHLQH�$XVZLUNXQJHQ�DXI
GLH� LRQHQRSWLVFKHQ�(LJHQVFKDIWHQ��'LH�(OHNWURQHQWHPSHUDWXU�]HLJW� LQVEHVRQGHUH�NHLQHQ� VLJQLIL�
NDQWHQ�(LQIOX��DXI�GLH�'LYHUJHQ]�DOV�)XQNWLRQ�GHU�6WURPGLFKWH� DQ�GHU�*UHQ]VFKLFKW��$XFK� LVW
GHU�(LQVDW]�GHU�GLUHNWHQ�%HVWUDKOXQJ�QXU�XQZHVHQWOLFK�YRQ�GHU�(OHNWURQHQWHPSHUDWXU�EHHLQIOX�W�
'LH�$QQDKPH�HLQHU�UHSUlVHQWDWLYHQ�(OHNWURQHQWHPSHUDWXU�YRQ���H9�EHL�.DXIPDQ�4XHOOHQ�XQG
�H9�EHL�+)�4XHOOHQ�HUODXEW�GDKHU��GDV�3ODVPDSURILO�DXVVFKOLH�OLFK�GXUFK�GLH�3ODVPDGLFKWH�n(r)�]X
EHVFKUHLEHQ��ZDV� LP�5DKPHQ�GHU�0H�JHQDXLJNHLW�GHU�6WUDKOGLDJQRVWLN�DXVUHLFKHQG� LVW��ELV�DXFK
GHWDLOLHUWH�(UNHQQWQLVVH��EHU�GLH�UDGLDOH�9HUWHLOXQJ�GHU�(OHNWURQHQWHPSHUDWXU�Te(r)�YRUOLHJHQ�
'LHVHV�9HUIDKUHQ�ZXUGH�]XQlFKVW�DQ�GHU�'&�,RQHQTXHOOH�,64����'&�YHULIL]LHUW��EHYRU�GDQQ�GLH
3ODVPDGLFKWHYHUWHLOXQJ�GHU�LQ�GHQ�(URVLRQVXQWHUVXFKXQJHQ�YHUZHQGHWH�,RQHQTXHOOH�,64����+)
XQWHUVXFKW�ZXUGH��%HLGH�(UJHEQLVVH�ZHUGHQ�LP�IROJHQGHQ�]XVDPPHQJHID�W�
�
3ODVPDSURILO�GHU�'&�,RQHQTXHOOH�,64����'&

'LH�.DXIPDQ�,RQHQTXHOOH�ZDU�PLW�HLQHP�*LWWHUVDW]�QDFK�GHU�5,7�(YR�.RQILJXUDWLRQ��7DEHOOH���
DXVJHU�VWHW��%HWULHEHQ�PLW�(QWODGXQJVVWU|PHQ�Idis�YRQ������$�XQG������$�EHL�HLQHU�(QWODGXQJV�
VSDQQXQJ�Udis ���9� OLHIHUWH� VLH� HLQHQ� 6WUDKOVWURP� YRQ� HWZD� ���P$� XQG� ���P$��8QWHU� EHLGHQ
%HGLQJXQJHQ� ZXUGHQ� 6WUDKO�� XQG� *LWWHUVWURP� LQ� $EKlQJLJNHLW� YRQ� GHQ� 6SDQQXQJHQ� DP� %H�
VFKOHXQLJXQJVJLWWHU�Uacc�XQG�6FKLUPJLWWHU�Ubeam� DXIJHQRPPHQ��$EELOGXQJ������'LH�EHUHFKQHWHQ
&KDUDNWHULVWLNHQ�XQWHU�$QQDKPH�GHU�%HVVHO�3ODVPDYHUWHLOXQJVIXQNWLRQ�����PLW�GHQ�LQ�GHQ�$EELO�
GXQJHQ�DQJHJHEHQHQ�3DUDPHWHUQ�VWLPPHQ�VRZRKO�LP�(LQVDW]SXQNW�GHU�GLUHNWHQ�%HVWUDKOXQJ�DOV
DXFK� LP�ZHLWHUHQ�$QVWLHJ� GHV�*LWWHUVWURPHV� VRZLH� GHV�*HVDPWLRQHQVWURPHV� Ibeam� JXW�PLW� GHQ
JHPHVVHQHQ�:HUWHQ��EHUHLQ��/HGLJOLFK�EHL� QLHGULJHQ�([WUDNWLRQVVSDQQXQJHQ�� EHL� GHQHQ� HLQ� HU�
KHEOLFKHU�$QWHLO��ELV�]X������GHV�H[WUDKLHUWHQ�6WURPHV�DXI�GDV�%HVFKOHXQLJXQJVJLWWHU�IlOOW��ZHU�
GHQ�DOOH�6WU|PH�HWZDV�]X�JUR��EHUHFKQHW��8QWHU�GLHVHQ�NULWLVFKHQ�%HGLQJXQJHQ�EHILQGHW�VLFK�GLH
3ODVPDJUHQ]VFKLFKW�DQ�GHU�YRUGHUHQ�.DQWH�GHV�6FKLUPJLWWHUV�E]Z��WHLOZHLVH�GDYRU��GLHVH�9HUKlOW�
QLVVH�VWHOOHQ�VLFK�LP�HLQIDFKHQ�0RGHOO�LQ�,*81�UHFKW�NULWLVFK�GDU�
'LH� ]XP�9HUJOHLFK� DQJHJHEHQHQ�*LWWHUVWURPFKDUDNWHULVWLNHQ� I�U� HLQH� KRPRJHQH� 3ODVPDYHUWHL�
OXQJ�ZHLFKHQ�HUKHEOLFK�YRQ�GHQ�JHPHVVHQHQ�DE�
'HU� (LQVDW]SXQNW� GHU� GLUHNWHQ� %HVWUDKOXQJ� DXI� GHP� %HVFKOHXQLJXQJVJLWWHU� KlQJW� QXU� YRQ� GHU
([WUDNWLRQVVSDQQXQJ�Uextr� DE�� GD� MHZHLOV� JOHLFKH� ([WUDNWLRQVEHGLQJXQJHQ� YRU� GHP� %HVFKOHXQL�
JXQJVJLWWHU�YRUOLHJHQ�
$EELOGXQJ����]HLJW�GLH�JHPHVVHQHQ�%UHLWVWUDKOSURILOH�LP�9HUJOHLFK�PLW�EHUHFKQHWHQ�3URILOHQ�XQ�
WHU�$QQDKPH�HLQHU�KRPRJHQHQ�3ODVPDYHUWHLOXQJ�XQG�GHU�DXV�GHQ�6WURPPHVVXQJHQ�DEJHOHLWHWHQ

7DEHOOH����5,7�(YR�.RQILJXUDWLRQ

*LWWHUGLFNH�W
/RFK�

GXUFKPHVVHU
$EVWDQG�O�]XP
QlFKVWHQ�*LWWHU

6FKLUPJLWWHU��VFU� ����PP ����PP ����PP

%HVFKOHXQLJXQJVJLWWHU��DFF� ����PP ����PP ����PP

%UHPVJLWWHU��GHF� ����PP ����PP �
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%HVVHOYHUWHLOXQJ��,Q�DOOHQ�)lOOHQ�HUJLEW�VLFK�QXU�GDQQ�HLQH�JXWH�hEHUHLQVWLPPXQJ�PLW�GHQ�JHPHV�
VHQHQ�3URILOHQ��ZHQQ�GDV�LQKRPRJHQH�3ODVPDGLFKWHSURILO�]XJUXQGH�JHOHJW�ZLUG��'LH�EHL�QLHGULJHQ
([WUDNWLRQVVSDQQXQJHQ� ]X� YHU]HLFKQHQGHQ� $EZHLFKXQJHQ� NRUUHVSRQGLHUW� DEHU� PLW� GHP� XQWHU
GLHVHQ�%HGLQJXQJHQ�]X�JUR��EHVWLPPWHQ�6WUDKOVWURP�
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$EELOGXQJ�����6WUDKO��XQG�*LWWHUVWU|PH�LQ�$EKlQJLJNHLW�YRQ�GHU�([WUDNWLRQVVSDQQXQJ�LP�9HUJOHLFK�]X�GHQ�PLW�HLQHP�%HVVHO�
3ODVPDSURILO�QDFK������NOHLQH�$EELOGXQJHQ��EHUHFKQHWHQ�$EKlQJLJNHLWHQ��'DV�(UJHEQLV�I�U�HLQ�KRPRJHQHV�3ODVPDSURILO�LVW�]XP

9HUJOHLFK�HEHQIDOOV�DQJHJHEHQ���3DUDPHWHU��,64����'&��*LWWHUVDW]�5LW�(YR��7DEHOOH�����$UJRQ��8 ! " # ���9�
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3ODVPDSURILO�GHU�+)�,RQHQTXHOOH�,64����+)

'DV�3ODVPDSURILO�GHU�+)�,RQHQTXHOOH� ,64����+)�ZXUGH�XQWHU�GHQ�%HGLQJXQJHQ�GHU�.XU]]HLW�
(URVLRQVUDWHPHVVXQJHQ� >7DUW]� ����@� ZLHGHUXP� PLW� GHP� (YR�*LWWHUVDW]� �7DEHOOH� ��� EHVWLPPW�
$XFK�I�U�GLHVH�3ODVPDDQUHJXQJVPRGH�Ol�W�VLFK�GDV�3ODVPDGLFKWHSURILO�JXW�PLW�GHU�%HVVHOIXQNWLRQ
����EHVFKUHLEHQ��$EELOGXQJ����]HLJW�GLH�JXWH�hEHUHLQVWLPPXQJ�GHU�JHPHVVHQHQ�6WUDKO��XQG�*LW�
WHUVWU|PH�PLW� GHQ� VLPXOLHUWHQ�&KDUDNWHULVWLNHQ�� ,P�)DOOH� HLQHV� KRPRJHQHQ� 3ODVPDSURILOHV� WULWW
NHLQ�GLUHNWHU�*LWWHUVWURP�DXI�
:LHGHUXP�HUKlOW�PDQ�HLQH�ZHVHQWOLFK�YHUEHVVHUWH�%HVFKUHLEXQJ�GHV�%UHLWVWUDKOSURILOHV�EHL�9HU�
ZHQGXQJ�GHV�DEJHOHLWHWHQ�3ODVPDSURILOV�DQVWHOOH�HLQHV�KRPRJHQHQ�3ODVPDV��$EELOGXQJ�����
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$EELOGXQJ������*HPHVVHQH�XQG�EHUHFKQHWH�%UHLWVWUDKOSURILOH�PLW�DQJHQRPPHQHP�KRPRJHQHQ�3ODVPD��JHSXQNWHWH�/LQLHQ��XQG�GHQ�DQJH�
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��� /$1*=(,7%(75$&+781*�'(5�*,77(5(526,21

([SHULPHQWHOOHU�$XIEDX

'HU�/DQJ]HLWWHVW�ZXUGH�LQ�HLQHP�8+9�.HVVHO�GXUFKJHI�KUW��$EELOGXQJ������GHU�GXUFK�HLQH�7XU�
ERSXPSH�PLW������O�V�DXI�HLQHQ�(QGGUXFN�YRQ��� -

.
�PEDU�HYDNXLHUW�ZLUG��:lKUHQG�GHV�%HWULHEHV

GHU�,RQHQTXHOOH�VWLHJ�GHU�'UXFN�DXIJUXQG�GHV�;HQRQ�*DVIOXVVHV�GXUFK�GLH�4XHOOH�DXI��⋅�� -
/
�PEDU

DQ��'D� 6DXHUVWRII� HLQHQ� YHUVWlUNHQGHQ� (LQIOX�� DXI� GLH� 6SXWWHUUDWH� LQVEHVRQGHUH� LP� )DOOH� YRQ
.RKOHQVWRII� DXVZLUNW�� ZXUGHQ� UHJHOPl�LJ� 5HVWJDVDQDO\VHQ� GXUFKJHI�KUW�� 'HU� 3DUWLDOGUXFN� YRQ
6DXHUVWRII�ZXUGH�GDEHL�XP�HWZD���*U|�HQRUGQXQJHQ�NOHLQHU�IHVWJHVWHOOW�DOV�GHU�YRQ�;HQRQ��]X�
VlW]OLFKHV�FKHPLVFKHQ�bW]HQ�NDQQ�GHPQDFK�YHUQDFKOl�LJW�ZHUGHQ�

$EELOGXQJ�����8+9�.HVVHO�I�U�GHQ�/DQJ]HLWWHVW��/lQJH�����FP��'XUFKPHVVHU����FP�

decelerator grid

accelerator grid

screen grid

Aluminum oxide spacer

coil

gas inlet

permanent
magnets

Aluminium oxide
plasma chamber

CF100
base flange

RF feedthrough
with water cooling

matching

$EELOGXQJ�����'LH���FP�+)�,RQHQTXHOOH�I�U�GHQ�/DQJ]HLWWHVW��RKQH�*HKlXVH��
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(V�ZXUGH�GLH�LP�,20�HQWZLFNHOWH���FP�+)�,RQHQTXHOOH�,64����+)�YHUZHQGHW��$EELOGXQJ�����
'LH�4XHOOH� LVW� DXI� HLQHP�&)�����8+9�)ODQVFK�PRQWLHUW�� GHU� VlPWOLFKH� HOHNWULVFKHQ� XQG�*DV�
GXUFKI�KUXQJHQ� VRZLH� GLH� +)�$QSDVVXQJ� HQWKlOW�� 'DV� (QWODGXQJVJHIl�� EHVWHKW� DXV� .HUDPLN
�$O 0 2 1 ��XQG�KDW�HLQHQ�'XUFKPHVVHU�VRZLH�HLQH�/lQJH�YRQ���FP��'LH�GDUXPJHZLFNHOWH�ZDVVHUJH�
N�KOWH� +)�(LQNRSSHOVSXOH� KDW� ��:LQGXQJHQ� XQG� ZLUG� YRQ� HLQHP� ������0+]� +)�*HQHUDWRU
&HDVDU�����JHVSHLVW��(LQ�YRQ���$/1,&2�0DJQHWHQ�HU]HXJWHV�0DJQHWIHOG�XQWHUVW�W]W�GLH�(QWOD�
GXQJ�
'HU�;HQRQ�,RQHQVWUDKO�ZLUG� YRQ� HLQHP� VHOEVW�MXVWLHUHQGHQ�'UHL�*LWWHU�6\VWHP� H[WUDKLHUW��+LHU
ZXUGH� I�U� HLQH� 9HUJOHLFKEDUNHLW� GHU� (UJHEQLVVH� GLH� .RQILJXUDWLRQ� 5,7�(YR� �7DEHOOH� ��� OLQNV�
JHZlKOW��$XV�IHUWLJXQJVWHFKQLVFKHQ�*U�QGHQ�NRQQWH�MHGRFK�GDV�6FKLUPJLWWHU�QLFKW�DXI�GLH�HUIRU�
GHUOLFKH�'LFNH�YRQ�����PP�DEJHG�QQW�ZHUGHQ��VRQGHUQ�YHUEOLHE�EHL�����PP��'DV�KDWWH�]XU�)RO�
JH��GD��GHU�$EVWDQG�]ZLVFKHQ�6FKLUP��XQG�%HVFKOHXQLJXQJVJLWWHU�����PP�NOHLQHU�ZDU�DOV�YRUJH�
VHKHQ��'LHVH�bQGHUXQJHQ�KDEHQ�MHGRFK�NHLQHQ�(LQIOX��DXI�GDV�=LHO�GLHVHV�([SHULPHQWHV��VR�GD�
GLHVHU�*LWWHUVDW]��7DEHOOH����UHFKWV��YHUZHQGHW�ZHUGHQ�NRQQWH��(V�ZXUGHQ���6lW]H�JHIHUWLJW��0LW
GHP�HUVWHQ�ZXUGHQ�GLH�,RQHQTXHOOH�XQG�LKUH�3ODVPDHLJHQVFKDIWHQ�FKDUDNWHULVLHUW��GHU�HLJHQWOLFKH
/DQJ]HLWWHVW�VWDUWHWH�PLW�GHP�XQEHQXW]WHQ�]ZHLWHQ�6DW]�
'HU�/RFKNUHLVGXUFKPHVVHU�EHWUXJ���FP��PLW�HLQHP�/RFK�/RFK�$EVWDQG�YRQ�����PP�SDVVHQ����
/|FKHU�DXI�GLH�*LWWHU��ZDV�HLQHP�=HKQWHO�GHV�5,7����HQWVSULFKW�

'HU�;HQRQ�0DVVHQIOX��ZLUG�PLW�HLQHP�0DVVHIOX�UHJOHU�0.6�����%��PD[�����VFFP�I�U�1 0 ��HLQ�

JHVWHOOW��'LH�*LWWHUVSDQQXQJHQ�ZHUGHQ�YRQ�GHQ�6WURPYHUVRUJXQJVHLQKHLWHQ�$'/�**����Ubeam�

XQG�**��� �Uacc��EHUHLWJHVWHOOW��'LH�%HDPVSDQQXQJ�Ubeam �����9�GHILQLHUW��EHU�HLQHQ�3ODVPD�
DQNHU�GDV�3ODVPDSRWHQWLDO�XQG�GDPLW�GLH�(QHUJLH�GHU�,RQHQ��GLH�%HVFKOHXQLJXQJVVSDQQXQJ�EHWUXJ

Uacc �����9��'LH�3ODVPDDQUHJXQJVEHGLQJXQJHQ�ZXUGHQ�VR�HLQJHVWHOOW��GD��HLQ�6WURP�YRQ����P$
H[WUDKLHUW� ZXUGH�� $OOH� GLHVH� 3DUDPHWHU� HQWVSUHFKHQ� GHQ� %HWULHEVSDUDPHWHUQ� GHU� 5,7�
,RQHQWULHEZHUNH�PLW�GLHVHP�([WUDNWLRQVV\VWHP��/HGLJOLFK�GHU�;HQRQ�0DVVHQIOX��ZXUGH�LP�9HU�

7DEHOOH����*LWWHUNRQILJXUDWLRQ�I�U�GHQ�/DQJ]HLWWHVW�LP�9HUJOHLFK�]XP�5,7�(YR

5,7�(YR
,64���*LW�
WHUVDW]

'LFNH ����PP ����PP

/RFKGXUFKPHVVHU ����PP ����PP
6FKLUPJLWWHU

$EVWDQG�]XP�QlFKVWHQ
*LWWHU

����PP ����PP

'LFNH ����PP ����PP

/RFKGXUFKPHVVHU ����PP ����PP
%HVFKOHXQLJXQJVJLWWHU

$EVWDQG�]XP�QlFKVWHQ
*LWWHU

����PP ����PP

'LFNH ����PP ����PP
%UHPVJLWWHU

/RFKGXUFKPHVVHU ����PP ����PP

7DEHOOH����%HWULHEVSDUDPHWHU�,64����+)

+)�/HLVWXQJ ���:

;HQRQ�0DVVHIOX� ����VFFP

+LQWHUJUXQGGUXFN �⋅�� -
/
�PEDU
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JOHLFK�]XP�5,7�JU|�HU�JHZlKOW��HU�EHWUXJ�]X�%HJLQQ�GHV�([SHULPHQWHV�����VFFP��ZDV�HLQHP�0DV�
VHZLUNXQJVJUDG� YRQ� ����� HQWVSULFKW�� 'LHV� EHZLUNWH� OHW]WOLFK� HLQH� HUK|KWH� (URVLRQVUDWH� XQWHU
QDFKYROO]LHKEDUHQ�%HGLQJXQJHQ��VR�GD��GLH�/HEHQVGDXHU�GLHVHV�*LWWHUVDW]HV�XP�HWZD�HLQHQ�)DN�
WRU���JHULQJHU�HUZDUWHW�ZLUG�DOV�XQWHU�GHQ�5,7�%HGLQJXQJHQ��7DEHOOH���ID�W�GLH�%HWULHEVSDUDPHWHU
GHU�,RQHQTXHOOH�]XVDPPHQ�
(LQ� 3UREOHP� LQ� GLHVHU� NOHLQHQ�$QODJH� VWHOOW� GLH� %HVFKLFKWXQJ� GHU�*LWWHU�PLW�0DWHULDO� GDU�� GDV
GXUFK�GHQ�,RQHQVWUDKO�DEJHWUDJHQ�ZLUG��8P�GLHVHQ�$QWHLO�]X�YHUULQJHUQ��ZXUGH�DQ�GHU�.DPPHU�
U�FNZDQG�HLQ�,RQHQIlQJHU�DXV�*UDSKLWVWUHLIHQ�XQWHU�����]XP�,RQHQVWUDKO� DQJHEUDFKW��'DV�YRQ
HLQHP�6WUHLIHQ�DEJHWUDJHQH�0DWHULDO�ZLUG� LQ�5LFKWXQJ�GHV�EHQDFKEDUWHQ�6WUHLIHQV� HPLWWLHUW� XQG
DXI�GHVVHQ�5�FNVHLWH�DEJHODJHUW��VR�GD��GLH�9HUEUHLWXQJ�GLHVHV�0DWHULDOV�HIIHNWLY�EHKLQGHUW�ZLUG�
8P�GLH�VLFK�WURW]GHP�ELOGHQGH�%HVFKLFKWXQJ�DEVFKlW]HQ�]X�N|QQHQ��ZXUGH�HLQ�$OXPLQLXPULQJ
DX�HQ� DQ� GHU� YRUGHUHQ�$EGHFNXQJ� GHU� ,RQHQTXHOOH� DQJHEUDFKW�� DXV� GHVVHQ�0DVVH]XQDKPH�GLH
%HVFKLFKWXQJVUDWH�EHVWLPPW�ZHUGHQ�NDQQ�
(V�ZXUGH�HLQ�&RPSXWHUSURJUDPP�HQWZLFNHOW��PLW�GHP�ZlKUHQG�GHV�NRQWLQXLHUOLFKHQ�%HWULHEHV
GHU�,RQHQTXHOOH�DOOH�UHOHYDQWHQ�%HWULHEVSDUDPHWHU�SURWRNROOLHUW�ZXUGHQ��VR�GD��HLQ�XQEHDXIVLFK�
WLJWHU���K²%HWULHE�P|JOLFK�ZDU�
=XU�&KDUDNWHULVLHUXQJ�GHV�=XVWDQGHV�GHU�*LWWHU�XQG�GHU�,RQHQTXHOOH�ZXUGH�GDV�([SHULPHQW�UH�
JHOPl�LJ� XQWHUEURFKHQ�� DP� $QIDQJ� HWZD� DOOH� ����K�� VSlWHU� LQ� JU|�HUHQ� $EVWlQGHQ� YRQ� HWZD
����K��'DEHL�ZXUGH�MHZHLOV�GHU�0DVVHYHUOXVW�DOOHU�*LWWHU�VRZLH�GHV�%HVFKLFKWXQJVULQJHV�PLW�HLQHU
3Ul]LVVLRQVZDDJH�6DUWRULXV�0����PLW�HLQHU�0H�JHQDXLJNHLW�YRQ�����J�EHVWLPPW��0LW�HLQHQ�/LFKW�
PLNURVNRS�ZXUGHQ�DXI�DOOHQ�*LWWHUQ�EHLGVHLWLJ�GLH�/|FKHU�HLQHU�/RFK]HLOH�����6W�FN��$EELOGXQJ
���� YHUPHVVHQ��=XU�(LQVFKlW]XQJ� GHU� 6\PPHWULH� GHU�(URVLRQVHUJHEQLVVH�ZXUGHQ� �� ]XVlW]OLFKH
/|FKHU��4�����$EELOGXQJ�����YHUPHVVHQ�

'HVZHLWHUHQ�ZXUGH�GHU�JHRPHWULVFKH�=XVWDQG�GHU�([WUDNWLRQVJLWWHU�PLW�HLQHP�/DVHUSURILORPHWHU
1DQR)RFXV� �6FDQ

2
� XQWHUVXFKW�� +LHUEHL� ZLUG� HLQ� SDUDOOHOHV� /LFKWE�QGHO� ������P�'XUFKPHVVHU�

YRQ� HLQHU� /DVHUGLRGH� DXI� GLH� ]X� FKDUDNWHULVLHUHQGH�2EHUIOlFKH� IRNXVVLHUW�� 'DV� U�FNUHIOHNWLHUWH
/LFKW�ZLUG�DXI�HLQHQ�)RNXVGHWHNWRU�JHOHQNW��GHU�LQ�GHU�/DJH�LVW��$EZHLFKXQJHQ�YRP�,GHDOIRNXV
LQQHUKDOE� HLQLJHU�QP�JHQDX� ]X� UHJLVWULHUHQ��'LH� JHPHVVHQH�$EZHLFKXQJ� YRP�)RNXV�ZLUG� �EHU
HLQHQ�5HJHONUHLV� DQ�GLH�2SWLNYHUVWHOOHLQKHLW�ZHLWHUJHOHLWHW��'LH�6WHOOXQJ�GHU�2SWLN� LVW� GDPLW� HLQ
DEVROXWHV�0D�� I�U� GLH�+|KHQNRRUGLQDWH� GHV�2EHUIOlFKHQSXQNWHV��(V� NDQQ� HLQ�PD[LPDOHU�+|�
KHQXQWHUVFKLHG� YRQ� ����PP� YHUPHVVHQ� ZHUGHQ�� 'XUFK� GDV� 9HUIDKUHQ� GHU� 3UREH� ZXUGH� GDV
2EHUIOlFKHQSURILO�GHU�/RFK]HLOH��$EELOGXQJ�����JHPHVVHQ��I�U�HLQH�SUDNWLNDEOH�0H�]HLW�ZXUGHQ
GLH�6FKULWWZHLWHQ���QP�HQWODQJ�GHU�/RFK]HLOH�XQG����QP�TXHU�GD]X�JHZlKOW��$XV�GHP�3URILO�ODV�
VHQ�VLFK�GLH�/RFKGXUFKPHVVHU��GLH�)RUP�GHU�/RFKNDQWHQ�XQG�GLH�)RUP�XQG�%HVFKDIIHQKHLW�GHU
2EHUIOlFKHQ�EHVWLPPHQ�

$EELOGXQJ�����9HUPHVVHQH�/RFK]HLOH�XQG�0H�EHUHLFK�I�U��VFDQ
3
�
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%HL�GHU�&KDUDNWHULVLHUXQJ�GHU�*LWWHU� YRU�%HJLQQ�GHV�7HVWHV�ZXUGH� LP�6FKLUPJLWWHU� HLQH� OHLFKWH
.U�PPXQJ�XP�PD[LPDO�����P�]XP�%HVFKOHXQLJXQJVJLWWHU�IHVWJHVWHOOW��GLH�YHUPXWOLFK�GXUFK�GLH
)HUWLJXQJ�EHGLQJW�LVW�
=XP�=HLWSXQNW�GLHVHV�%HULFKWHV�ZXUGHQ������%HWULHEVVWXQGHQ�DNNXPXOLHUW��GDEHL�ZXUGH�GHU�=X�
VWDQG� GHU� ,RQHQTXHOOH� ��� PDO� FKDUDNWHULVLHUW�� (V� ZXUGH� MHGRFK� HLQH� JHULQJHUH� (URVLRQ� DOV� XU�
VSU�QJOLFK� HUZDUWHW� IHVWJHVWHOOW�� VR� GD�� GHU�/DQJ]HLWWHVW� �EHU� GDV�(QGH� GLHVHV� 3URMHNWHV� KLQDXV
ZHLWHUJHI�KUW�ZLUG��XP�DXFK�GHQ�(QG]XVWDQG�GLHVHV�*LWWHUV\VWHPHV�FKDUDNWHULVLHUHQ�]X�N|QQHQ�

&KDUDNWHULVLHUXQJ�GHV�3ODVPDV

'D�I�U�GLHVHQ�/DQJ]HLWWHVW�HLQH�ZHLWHUHQWZLFNHOWH�9HUVLRQ�GHU���FP�+)�,RQHQTXHOOH�,64����+)
]XP�(LQVDW]�NDP��VLQG�GLH�LQ�.DSLWHO�����I�U�HLQH�lOWHUH�9HUVLRQ�GLHVHU�4XHOOH�HUKDOWHQHQ�(UJHE�
QLVVH� QLFKW� XQPLWWHOEDU� �EHUWUDJEDU��'HVKDOE�ZXUGH� YRU� %HJLQQ� GHV� /DQJ]HLWWHVWHV� GDV� 3ODVPD
XQWHU� GHQ� LQ�7DEHOOH� �� DQJHJHEHQHQ�%HWULHEVEHGLQJXQJHQ� HUQHXW� FKDUDNWHULVLHUW� XQG� DQDORJ� ]X
GHP� LQ� .DSLWHO� ���� EHVFKULHEHQHQ� 9RUJHKHQ� GLH� 3ODVPDGLFKWHYHUWHLOXQJ� DEJHOHLWHW�� 'DV� 2(6�
3URILO�XQG�GLH�6WURPGLFKWHYHUWHLOXQJ� LQ�JHULQJHP�$EVWDQG� LQ�$EELOGXQJ���� OHJHQ� HLQH�3ODVPD�
GLFKWHYHUWHLOXQJ�PLW� HLQHP�JU|�HUHP�3ODWHDX�QDKH�� GDV� DP�EHVWHQ� GXUFK� HLQ�3RO\QRP����2UG�
QXQJ�DQJHSD�W�ZHUGHQ�NDQQ�

6WDELOLWlW�GHV�,RQHQTXHOOHQ�%HWULHEHV

$EELOGXQJ����]HLJW�DQKDQG�GHV�3URWRNROOV�GDV�(LQODXIYHUKDOWHQ�ELV�]XP�VWDELOHQ�%HWULHE� LQ�GHQ
HUVWHQ� ���K� QDFK� GHP�1HXHLQVFKDOWHQ�� ,Q� GHQ� HUVWHQ� 6WXQGHQ� WUHWHQ�'UXFNVFKZDQNXQJHQ� DXI�
KHUYRUJHUXIHQ�GXUFK�5HVWDXVJDVXQJHQ��'HVZHLWHUHQ�QLPPW� LQ�GLHVHU�=HLW�GHU� H[WUDKLHUWH�6WURP
DE�EHL�NRQVWDQWHP�0DVVHQIOX��XQG�'UXFN��ELV�GDV�([WUDNWLRQVV\VWHP� LQV� WKHUPLVFKH�*OHLFKJH�
ZLFKW�JHODQJW�LVW��'DEHL�QLPPW�YHUPXWOLFK�GXUFK�GLH�(UZlUPXQJ�GLH�.U�PPXQJ�GHV�6FKLUPJLW�
WHUV�]X��GLH�VSlWHU�DXVI�KUOLFKHU�EHWUDFKWHW�ZLUG��'LH�ZHLWHUHQ�NOHLQHUHQ�6FKZDQNXQJHQ�GHV�H[WUD�
KLHUWHQ�6WURPHV�VRZLH�GHU�6WU|PH�DXI�GLH�*LWWHU�KDEHQ�LKUH�8UVDFKH�LQ�'UXFN��E]Z��0DVVHIOX��
VFKZDQNXQJHQ�DXIJUXQG�HLQHU�]X�GLHVHU�=HLW�QLFKW�Y|OOLJ�]XYHUOl�LJ�DUEHLWHQGHQ�0DVVHIOX�UHJH�
OXQJ�
%HL�HLQHP�H[WUDKLHUWHQ�6WURP�YRQ����P$�EHWUXJ�GHU�*LWWHUVWURP�Iacc�����P$��'XUFK�GLH�]XQHK�
PHQGH�%HVFKLFKWXQJ�GHU�,VRODWRUHQ�ZlFKVW�GLHVHU�6WURP�LP�/DXIH�GHU�=HLW�OHLFKW�DQ�
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$EELOGXQJ�����2(6�3URILO�XQG�DQJHSD�WHV�3ODVPDGLFKWHSURILO��OLQNV��XQG�6WURPGLFKWHSURILO�GHU�,64����+)�XQWHU�GHQ�%HGLQJXQ�
JHQ�GHV�/DQJ]HLWWHVWHV�
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0DVVHlQGHUXQJHQ�GHU�*LWWHU

'LH�0DVVHlQGHUXQJHQ�GHU�*LWWHU��EHU�GLH�%HWULHEV]HLW� �$EELOGXQJ�����(V�ZXUGH�HLQH�0DVVHDE�
QDKPH�GHV�%HVFKOHXQLJXQJVJLWWHUV� IHVWJHVWHOOW�� GLH� DQIlQJOLFK� EHL� �����PJ�K� ODJ� XQG�QDFK� HWZD
�����K�DXI������PJ�K�]XJHQRPPHQ�KDW��ZR�VLH�GHU]HLW�XQYHUlQGHUW�OLHJW�
'LH�0DVVHlQGHUXQJ�GHV�%UHPVJLWWHUV�EHZHJW�VLFK�XP�1XOO�KHUXP��'LHVHV�*LWWHU�ZLUG�DP�VWlUN�
VWHQ�YRQ�GHU�5�FNEHVFKLFKWXQJ�GHV� YRP� ,RQHQVWUDKO� DEJHWUDJHQHQ�0DWHULDOV� EHWURIIHQ�� VR� GD�
VLFK�%HVFKLFKWXQJ�XQG�$EWUDJ�XQJHIlKU�NRPSHQVLHUHQ�

'LH� %HVFKLFKWXQJVUDWH� ZXUGH� PLW� GHP� %HVFKLFKWXQJVULQJ� ]X� ����J�K⋅FP 0
� DEJHVFKlW]W�� 'DPLW

HUJLEW�VLFK�DXIJUXQG�GHU�QDFK�DX�HQ�RIIHQHQ�*LWWHUIOlFKH�HLQH�%HVFKLFKWXQJVUDWH�DXI�GHP�%UHPV�
JLWWHU�YRQ�������PJ�K��ZDV�JXW�PLW�GHQ�0DVVHlQGHUXQJHQ�GLHVHV�*LWWHUV�NRUUHVSRQGLHUW��$XI�GHP
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$EELOGXQJ�����0DVVHlQGHUXQJ�GHU�*LWWHU��'LH�H[SHULPHQWHOOHQ�)HKOHU�VLQG�NOHLQHU�DOV�GLH�3XQNWH��GLH�0H�ZHUWH�GHV�%HVFKLFKWXQJV�
ULQJHV�ZHLVHQ�MHGRFK�HLQHQ�JU|�HUHQ�]XIlOOLJHQ�)HKOHU�DXI�

$EELOGXQJ�����7HVWSURWRNROO��EHU�GLH�HUVWHQ����K�QDFK�HLQHP�1HXHLQVFKDOWHQ�
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%HVFKOHXQLJXQJVJLWWHU�ZLUG�HLQH�%HVFKLFKWXQJVUDWH�YRQ�ZHQLJHU�DOV�������PJ�K�DEJHVFKlW]W��GLH
ZHQLJHU�DOV�����GHU�GRUW�EHREDFKWHWHQ�0DVVHlQGHUXQJ�DXVPDFKW��(LQH�ZHLWHUH�0DWHULDOTXHOOH�I�U
HLQH�%HVFKLFKWXQJ�VWHOOW�GDV�LQ�GHU�3ODVPDNDPPHU��YRP�3ODVPDDQNHU�XQG�YRP�6FKLUPJLWWHU�DE�
JHWUDJHQH�0DWHULDO�GDU��GDV�KDXSWVlFKOLFK�DXI�GHP�6FKLUP��XQG�%HVFKOHXQLJXQJVJLWWHU�DEJHODJHUW
ZLUG��$XV�GHU�PLW�GHU�%HWULHEV]HLW�DEQHKPHQGHQ�%HVFKLFKWXQJ�GHU�:lQGH�GHV�(QWODGXQJVJHIl�HV
XQG�GHV�0DVVHDEWUDJHV�YRP�6FKLUPJLWWHU�NDQQ�PDQ�VFKOLH�HQ��GD��GLHVHU�$EWUDJ� LQ�GHQ� HUVWHQ
�����K� HUKHEOLFK� DEJHQRPPHQ� KDW�� ZDV� PLW� GHP� ]XQHKPHQGHQ�0DVVHYHUOXVW� GHV� %HVFKOHXQL�
JXQJVJLWWHUV�NRUUHVSRQGLHUW�

bQGHUXQJ�GHU�/RFKGXUFKPHVVHU

$EELOGXQJHQ����XQG����]HLJHQ�GLH�(QWZLFNOXQJ�GHU�/RFKGXUFKPHVVHU�LP�%HVFKOHXQLJXQJVJLWWHU
�6FKLUP��XQG�%UHPVJLWWHUVHLWH���GLH�DXV�GHQ�OLFKWPLNURVNRSLVFKHQ�$XIQDKPHQ�EHLGHU�*LWWHUVHLWHQ
YHUPHVVHQ�ZXUGHQ��$XI�GHU�6FKLUPJLWWHUVHLWH�VWHOOW�VLFK�QDFK�DQIlQJOLFKHU�KRPRJHQHU�(URVLRQV�
YHUWHLOXQJ�HLQH�LP�=HQWUXP�YHUULQJHUWH�(URVLRQ�HLQ��$XI�GHU�GHP�%UHPVJLWWHU�]XJHZDQGWHQ�6HLWH
KLQJHJHQ�ELOGHW�VLFK�HLQ�DXFK�DXV�DQGHUHQ�7HVWV�>/HLWHU���@�EHNDQQWHV�3URILO�PLW�GHP�0D[LPXP
LP�=HQWUXP�DXV��$XI�GLHVHU�6HLWH�LVW�GLH�(URVLRQ�HWZDV�VWlUNHU�DOV�DXI�GHU�6FKLUPJLWWHUVHLWH��%LV
]XP�=HLWSXQNW�GLHVHV�%HULFKWHV�QDKPHQ�GLH�/RFKGXUFKPHVVHU�OLQHDU�PLW�GHU�=HLW�]X��$EELOGXQJ
����� GLH�PLWWOHUH�(URVLRQVUDWH� EHWUXJ� ���QP�K��'LH��VFDQ�8QWHUVXFKXQJHQ� EHVWlWLJHQ� GLHVH� (U�
JHEQLVVH�
'LH�'XUFKPHVVHU�GHU�/|FKHU�LP�6FKLUPJLWWHU��$EELOGXQJ�����QHKPHQ��EHGLQJW�GXUFK�GLH�$EODJH�
UXQJ�YRQ�0DWHULDO�DXV�GHP�(QWODGXQJVJHIl��XQG�GHP�3ODVPDDQNHU��PLW�GHU�=HLW�HWZDV�DE��:lK�
UHQG�GLH�DQIlQJOLFKH�:DFKVWXPVUDWH�HWZD����QP�K�EHWUXJ��YHUULQJHUWH�VLH�VLFK�QDFK�HWZD������K
XQG�OLHJW�GHU]HLW�EHL����QP�K��:DV�GLHVH�bQGHUXQJHQ�GHV�$EWUDJHV�LQ�GHU�3ODVPDNDPPHU�YHUXU�
VDFKW�KDW��ZLUG�GHU]HLW�PLWWHOV�3ODVPDPRQLWRUPHVVXQJHQ�XQWHUVXFKW�
'LH�/|FKHU� LP�%UHPVJLWWHU� �$EELOGXQJ�����KDEHQ�VLFK�ELV�]XP�%HULFKWV]HLWSXQNW�QLFKW�ZHVHQW�
OLFK�YHUlQGHUW��$XI�GHU�$X�HQVHLWH� LVW� LP�5DKPHQ�GHV�0H�IHKOHUV�NHLQH�bQGHUXQJ�GHV�'XUFK�
PHVVHUV� VLFKHU� IHVWVWHOOEDU�� $XI� GHU� 6HLWH� ]XP�%HVFKOHXQLJXQJVJLWWHU� KDW� DP�$QIDQJ� GHV� 7HVWV
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bQGHUXQJ�GHU�6FKLUPJLWWHUNU�PPXQJ

'LH�DQIlQJOLFK�JHULQJH�.U�PPXQJ�GHV�6FKLUPJLWWHUV������P��KDW�VLFK�EHUHLWV�LQ�GHQ�HUVWHQ�3KD�
VHQ�GHV�7HVWHV�HUKHEOLFK�YHUVWlUNW�DXI�HWZD������P��$EELOGXQJ������ ,P�ZHLWHUHQ�9HUODXI�QDKP
GLH�.U�PPXQJ�QXU�QRFK�ZHQLJ�]X��'DPLW�KDW�VLFK�GHU�$EVWDQG�]ZLVFKHQ�6FKLUP��XQG�%HVFKOHX�
QLJXQJVJLWWHU�YRQ�����PP��7DEHOOH����DXI�QXU�QRFK�����PP�YHUULQJHUW�

9HUJOHLFK�PLW�GHU�6LPXODWLRQ

0LW�GHU�LP�,20�HQWZLFNHOWHQ�*LWWHUHURVLRQVVLPXODWLRQ�>7DUW]�����@�ZXUGHQ�GLH�*LWWHUVWU|PH�XQG
(URVLRQVSDUDPHWHU�I�U�GHQ�$QIDQJV]XVWDQG�EHUHFKQHW��7DEHOOH���VWHOOW�GLH�(UJHEQLVVH�]XVDPPHQ�
(V�HUJLEW�VLFK�HLQH�JXWH�hEHUHLQVWLPPXQJ�LP�����%HUHLFK��6HW]W�PDQ�GLH�HUPLWWHOWH�(URVLRQ�OL�
QHDU�IRUW��ZLUG�GDV�(QGH�GHU�/HEHQVGDXHU�GLHVHU�.RQILUJXUDWLRQ�QDFK������K�HUUHLFKW�
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XQWHU�GHQ�JOHLFKHQ�%HWULHEVEHGLQJXQJHQ�ZLH�LQ�GLHVHP�7HVW��DOVR�ZLH�LQ�7DEHOOH����XQG�XQWHU�GHQ
5,7�%HGLQJXQJHQ�>/HLWHU���@��VR�HUKlOW�PDQ�GLH�(UJHEQLVVH�LQ�7DEHOOH����6HW]W�PDQ�I�U�GLH�5,7�
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�7DEHOOH����(URVLRQVGDWHQ�I�U�GLH�5,7�(YR�.RQILJXUDWLRQ�DXI�HLQHU�,64����+)�,RQHQTXHOOH

(YR��JOHLFKH�%HGLQJXQJHQ (YR��5,7�%HGLQJXQJHQ

0DVVHIOX� ���VFFP ���VFFP

3URSHOODQW�8WLOLVDWLRQ ��� �����
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(RVLRQVUDWH�DFFHO ��QP�K ��QP�K



�237,0,(581*�921�*,77(56<67(0(1�)h5�(/(.75267$7,6&+(�75,(%:(5.(

��

�� =86$00(1)$6681*

,P�5DKPHQ�GLHVHV�3URMHNWHV�ZXUGHQ�GLH� I�U�HOHNWURVWDWLVFKH�5DXPDQWULHEH�UHOHYDQWHQ�,RQHQH[�
WUDNWLRQVEHGLQJXQJHQ� HLQHU� H[SOL]LWHQ� �'�0RGHOOLHUXQJ� XQWHU]RJHQ�� 'DEHL� ZXUGH� DXFK� JUR�HV
$XJHQPHUN�DXI�GLH� LQKRPRJHQH�3ODVPDYHUWHLOXQJ� LQ�GHU�3ODVPDJUHQ]VFKLFKW�JHULFKWHW�� ,Q�HLQHU
/DQJ]HLWEHWUDFKWXQJ�GHU�*LWWHUHURVLRQ�ZXUGH�GDV�SULPlUH�=LHO�YHUIROJW��GLH�]HLWOLFKH�(QWZLFNOXQJ
GHU�*LWWHUHURVLRQ� ]X� VWXGLHUHQ�� XP� H[SHULPHQWHOOH�'DWHQ� I�U� HLQH� XPIDVVHQGH�9DOLGLHUXQJ� GHU
*LWWHUHURVLRQVPRGHOOLHUXQJ�]XU�9HUI�JXQJ�]X�VWHOOHQ�XQG�GLHVH�VR�DOV�:HUN]HXJ�]XU�/HEHQVGDX�
HUVLPXODWLRQ�I�U�HOHNWURVWDWLVFKH�,RQHQWULHEZHUNH�]X�VFKlUIHQ�
+LQVLFKWOLFK�GHU�1DFKEDUORFKHIIHNWH�ZXUGH� LQ�HLQHU��'�6LPXODWLRQ�HLQ�DQLVRWURSHV�6WUDKOSURILO�
PXVWHU�JHIXQGHQ��ZLH�HV�H[SHULPHQWHOO�LQ�GHU�/LWHUDWXU�YRUJHOHJW�LVW��$EJHVHKHQ�YRQ��XQWHU�VHKU
XQJ�QVWLJHQ� ([WUDNWLRQVEHGLQJXQJHQ� DXIWUHWHQGHQ� DQLVRWURSHQ� (URVLRQVPXVWHUQ� HUVFKHLQW� I�U
,RQHQWULHEZHUNH�GLH�(UIDVVXQJ�YRQ�1DFKEDUORFKHIIHNWHQ�LQ�VSKlULVFKHU�1lKHUXQJ�Y|OOLJ�DXVUHL�
FKHQG��%HL�GHQ�PHLVWHQ�$QZHQGXQJHQ�JHVWDWWHQ�GLH�3ODVPDGLFKWHYHUWHLOXQJ�LQ�GHU�*UHQ]VFKLFKW
XQG�GLH�([WUDNWLRQVEHGLQJXQJHQ�GHQ�9HU]LFKW� DXI�GLH�%HWUDFKWXQJ�GLHVHU�(IIHNWH��6LJQLILNDQWHU
LVW� GLH� �'�%HVFKUHLEXQJ� I�U� 6\PPHWULHEUHFKXQJHQ� LQIROJH� XQJHQDXHU� *LWWHUMXVWLHUXQJ� RGHU
WKHUPLVFK�EHGLQJWHP�0LVDOLJQPHQW��'LH�HLQJHKHQGHUH�8QWHUVXFKXQJ�GHU�(IIHNWH�YRQ�9HUVHW]XQ�
JHQ� YRQ�*LWWHUO|FKHUQ� HUEUDFKWH�5HVXOWDWH��PLW� GHUHQ�+LOIH� GLH� EHLP� 7HVW� GHV� 5,7���� I�U� GLH
*2&(�0LVVLRQ�EHREDFKWHWH�:DQGHUXQJ�GHV�6FKXEYHNWRUV�EHL�9DULDWLRQ�GHV�6FKXEHV� LQWHUSUH�
WLHUW�ZHUGHQ�NRQQWH�
)�U�GLH�%HVWLPPXQJ�GHU� LQKRPRJHQHQ�3ODVPDYHUWHLOXQJ� DQ�GHU�3ODVPDJUHQ]VFKLFKW�ZXUGH�PLW
GHU�2(6�HLQ�GLUHNWHV��DEHU�LQWHJUDOHV�9HUIDKUHQ�PLW�HLQHU�HIIHNWLYHQ�*UHQVFKLFKW�VHQVLWLYHQ�9RU�
JHKHQVZHLVH� NRPELQLHUW�� 0LW� GHU� YHUJOHLFKHQGHQ� %HKDQGOXQJ� ]ZHLHU� 3ODVPD�$QUHJXQJVPRGHQ
�+)�YV��'&��NDQQ�GLH�HUKDOWHQH�NRQVLVWHQWH�6\VWHPDWLN�GDV�HIIHNWLYH�9HUIDKUHQ�YDOLGLHUHQ��GDV�DXI
HLQHU� LWHUDWLYHQ�$QQlKHUXQJ� DQ� H[SHULPHQWHOOH� 6WURP�6SDQQXQJV�&KDUDNWHULVWLNHQ� EHUXKW��+HU�
YRU]XKHEHQ� LVW�� GDVV� GLH� LQ� GLHVHP� $UEHLWVSDNHW� HU]LHOWH� .RPSHWHQ]HUZHLWHUXQJ� QLFKW� QXU� I�U
5DXPIDKUWVDQZHQGXQJHQ��VRQGHUQ�LQ�YROOHP�8PIDQJ�DXFK�I�U�GLH�WHUUHVWULVFKHQ�$QZHQGXQJHQ
GHU�,RQHQVWUDKOWHFKQRORJLHQ�YRQ�JUR�HU�%HGHXWXQJ�LVW�
'LH� H[SHULPHQWHOOHQ� $UEHLWHQ� ]XU� /DQJ]HLWEHWUDFKWXQJ� GHU� *LWWHUHURVLRQ� ZXUGHQ� DQ� HLQHU� I�U
GLHVH�=ZHFNH�DQJHSD�WHQ�,RQHQTXHOOH�GHV�,20��,64����+)��PLW�GHP�=LHO�HLQHU�NRVWHQHIIHNWLYHQ
9DOLGLHUXQJ� GHU� (URVLRQVPRGHOOLHUXQJ� GXUFKJHI�KUW�� ,Q� GHU� VHTXHQWLHOOHQ� (LQVFKlW]XQJ� YLHOHU
=ZLVFKHQ]XVWlQGH��]ZLVFKHQ�GHQ�%2/��XQG�(2/�6WXIHQ��ZXUGH��HUP|JOLFKW�GXUFK�HLQH�VHOEVWMX�
VWLHUHQGH� *LWWHUDQRUGQXQJ�� HLQH� GHWDLOOLHUWHUH� 9HUIROJXQJ� GHU� *LWWHUHURVLRQVHIIHNWH� HUUHLFKW� DOV
VWDQGDUGPl�LJH�/DQJ]HLWWHVWV�HUODXEHQ�
'LHVH�)|UGHUXQJ�HUP|JOLFKWH�QLFKW�QXU�HLQH�6WlUNXQJ�GHU�.RPSHWHQ]�I�U�ZHLWHUH�$NWLYLWlWHQ�LP
)HOG� GHU� HOHNWULVFKHQ� $QWULHEH�� 9LHOPHKU� KDEHQ� GLH� HUDUEHLWHWHQ� 5RXWLQHQ� XQG� GLH� JHZRQQHQ
(UIDKUXQJHQ�DXFK�HLQHQ�V\QHUJHWLVFKHQ�(IIHNW�DXI�GLH�LUGLVFKHQ�LRQHQVWUDKOWHFKQRORJLVFKHQ�$Q�
ZHQGXQJHQ�
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