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MHGRFK� ]X� HLQHU� HUQVWKDIWHQ�.RQNXUUHQ]� HQWZLFNHOW��1HEHQ� GHP� EHL� YLHOHQ� )HVWN|USHUODVHUQ

K|KHUHQ�4XDQWHQZLUNXQJVJUDG�YRQ�ELV�]X��� ��LVW�GLH�W\SLVFKH�:HOOHQOlQJH�YRQ�UXQG�� �P�I�U

YLHOH�LQGXVWULHOOH�$QZHQGXQJ�GHU�&2��/DVHUZHOOHQOlQJH�YRQ����� �P�YRU]X]LHKHQ��+LQVLFKW�

OLFK�/DVHUOHLVWXQJ��:LUNXQJVJUDG�XQG�6WUDKOTXDOLWlW�E]Z��3UR]H�HIIL]LHQ]�HUZlFKVW�GLH�.RQ�

NXUUHQ]�GHVKDOE�YRQ�]ZHL�6HLWHQ�

'LH� ]X� 'LRGHQVWDSHOQ� ]XVDPPHQJHID�WHQ� 'LRGHQODVHU� I�U� GLH� 'LUHNWDQZHQGXQJ� HUUHLFKHQ

DXJHQEOLFNOLFK�PD[LPDOH�/HLVWXQJHQ�YRQ�FD����ELV�� N:��ZHOFKH�I�U�$QZHQGXQJHQ��GLH�NHLQH

KRKH�RSWLVFKH�4XDOLWlW�GHU�6WUDKOXQJ�HUIRUGHUQ��EHUHLWV�HLQJHVHW]W�ZHUGHQ�N|QQHQ��]�%��+lUWHQ�

%HVFKLFKWHQ� HWF���� 'HU� :LUNXQJVJUDG� EHWUlJW� HWZD� ��� ELV� �� ��� 'LH� ODPSHQJHSXPSWHQ

1G�<$*�/DVHU�VLQG�PLW�HLQHU�%HXJXQJVPD�]DKO�YRQ�FD�� � �HLQHP�6WUDKOSDUDPHWHU�

SURGXNW�YRQ� ��EHL�GHU�%HDUEHLWXQJ�YRQ�$OXPLQLXP�WURW]�GHV�YHUJOHLFKV�

ZHLVH�VFKOHFKWHQ�*HVDPWZLUNXQJVJUDGV�YRQ�XQWHU�� ��LP�9RUWHLO��,KUH�/HLVWXQJ�LVW�EHUHLWV�LQ

GHQ� %HUHLFK� W\SLVFKHU� &2��/DVHU� YRUJHGUXQJHQ�� 'LH� 6WUDKOTXDOLWlW� LVW� DEHU� V\VWHPEHGLQJW

EHJUHQ]W��VR�GD��WURW]�GHU�N�U]HUHQ�:HOOHQOlQJH�GLH�)RNXVVLHUEDUNHLW�GHU�/DVHUVWUDKOXQJ�LQ�GHU

JOHLFKHQ�*U|�HQRUGQXQJ�OLHJW�

'LHVHU�1DFKWHLO�NDQQ�PLW�QHXHQ�.RQ]HSWHQ�ZLH�GHP�)DVHUODVHU�XQG�GHP�6FKHLEHQODVHU��EHU�

ZXQGHQ�ZHUGHQ��%HLGH�.RQ]HSWH� HUP|JOLFKHQ� GLH� (U]HXJXQJ� YRQ�/DVHUVWUDKOXQJ�PLW� JXWHU

6WUDKOTXDOLWlW� EHL� JOHLFK]HLWLJ�KRKHP�:LUNXQJVJUDG��6R� OLHJW� EHLP�GLRGHQJHSXPSWHQ�6FKHL�

EHQODVHU� EHL� HLQHU� /DVHUOHLVWXQJ� YRQ� ��� :� GLH� %HXJXQJPD�]DKO� QDKH� GHP� WKHRUHWLVFKHQ

*UHQ]ZHUW�YRQ�0�  ���3ULQ]LSEHGLQJW�VLQG�lKQOLFK�JXWH�(UJHEQLVVH�DXFK�EHL�K|KHUHQ�/HLVWXQ�

JHQ�]X�HUZDUWHQ��=XU�=HLW�ZHUGHQ�LP�/DERU�'DXHUVWULFKOHLVWXQJHQ�YRQ�FD����� :�PLW�0��YRQ

HWZD����HUUHLFKW��

,P�:HWWVWUHLW� XP� EHVWHKHQGH�0DUNWDQWHLOH�ZLUG� HV� GDKHU� I�U� GLH�+HUVWHOOHU� YRQ�&2��/DVHU�

VWUDKOTXHOOHQ�HVVHQWLHOO��GLH�9HUEHVVHUXQJ�LKUHV�3URGXNWHV�ZHLWHU�YRUDQ]XWUHLEHQ��'HU�(QWZLFN�

OXQJVVWDQG�PRGHUQHU�&2��/DVHUVWUDKOTXHOOHQ�LVW�EHUHLWV�VHKU�ZHLW�YRUDQJHVFKULWWHQ��VR�GD��GHU

(QWZLFNOHU� KlXILJ� EHL� VHLQHQ� 2SWLPLHUXQJVVFKULWWHQ� DQ� WHFKQLVFKH� XQG�RGHU� SK\VLNDOLVFKH

*UHQ]HQ�VW|�W��GLH�QLFKW�HLQIDFK�RGHU�JDU�QLFKW��EHUZXQGHQ�ZHUGHQ�N|QQHQ��'XUFK�GLH�VFKQHO�

OHQ�(QWZLFNOXQJV]\NOHQ�LVW�LQ�GHU�5HJHO�DXFK�NHLQ�WHXUHV�1DFKEHVVHUQ�EHL�1HXHQWZLFNOXQJHQ

P|JOLFK��'DKHU�PX��EHUHLWV�LQ�GHU�'HVLJQSKDVH�JU|�WP|JOLFKH�6LFKHUKHLW�EHL�GHU�$XVOHJXQJ

GHU�/DVHUNHUQHOHPHQWH�(QWODGXQJVVWUHFNH��5HVRQDWRU�XQG�*DVI�KUXQJ�JHZlKUOHLVWHW�VHLQ��=X

GLHVHP�3UREOHPNUHLV�ZXUGHQ�VWHWV�XPIDQJUHLFKH�WKHRUHWLVFKH�8QWHUVXFKXQJHQ�XQG�H[SHULPHQ�

WHOOH� $QDO\VHQ� GXUFKJHI�KUW�� GLH� LPPHU� ZHLWHU� YHUIHLQHUW� ZXUGHQ�� 'LH� *UXQGODJHQ� I�U� GLH

�� 'HU 4XDQWHQZLUNXQJVJUDG EHWUlJW KQ, CO2
40 %.|

M2 100t

30 bis 80 mm mrad



� .DSLWHO������0RWLYDWLRQ

6LPXODWLRQVUHFKQXQJHQ�VLQG�LQ�GHQ���HU�XQG���HU�-DKUHQ�YRQ�1LJKDQ�HW��DO��>�@�HUDUEHLWHW�ZRU�

GHQ�XQG�IDQGHQ�PLW�GHP�LPPHU�LQWHQVLYHUHQ�(LQVDW]�YRQ�]XQHKPHQG�OHLVWXQJVIlKLJHUHQ�5HFK�

QHUQ� LQ� GHQ� ��HU� -DKUHQ� LKUHQ� +|KHSXQNW�� 1HEHQ� GHU� HLJHQWOLFKHQ� /DVHUSK\VLN� ELOGHQ� GLH

ZLVVHQVFKDIWOLFKHQ�'LV]LSOLQHQ�0ROHN�ONLQHWLN��*DVG\QDPLN��(QWODGXQJVSK\VLN�XQG�*DVHOHN�

WURQLN�GLH�%DVLV�I�U�GLH�%HVWLPPXQJ�GHU�ODVHUUHOHYDQWHQ�*U|�HQ��'LH�4XDOLWlW�GHU�6LPXODWLRQ

LVW� LP�ZHVHQWOLFKHQ�YRP�8PIDQJ�GHU�EHU�FNVLFKWLJWHQ�SK\VLNDOLVFKHQ�=XVDPPHQKlQJH��GHQ

PDWKHPDWLVFKHQ�0HWKRGHQ� VRZLH� GHU� JHQDXHQ� .HQQWQLV� GHU� (LQJDQJVJU|�HQ�� ZLH� ]�%�� GHU

JHQDXHQ�.HQQWQLV�GHU�:LUNXQJVTXHUVFKQLWWH�I�U�9LEUDWLRQVDQUHJXQJ��,RQLVDWLRQ��5HNRPELQD�

WLRQ�HWF���DEKlQJLJ��'XUFK�GLH�)�OOH�GHU�(LQIOX�IDNWRUHQ�LVW�HV�KlXILJ�QLFKW�PHKU�P|JOLFK��GLH

:LUNXQJ�HLQ]HOQHU�:HFKVHOZLUNXQJVYRUJlQJH�DXV�GHP�5HVXOWDW�]X�VHSDULHUHQ��9LHOH�JUXQGOH�

JHQGH�'DWHQ�P�VVHQ�]XGHP�HUVW�DXI�GHQ�6SH]LDOIDOO�³&2��/DVHU¦ H[WUDSROLHUW�ZHUGHQ��GD�H[SH�

ULPHQWHOOH�:HUWH�LQ�GLHVHP�3DUDPHWHUEHUHLFK�QLFKW�]XU�9HUI�JXQJ�VWHKHQ�

*HQDX�KLHU�VHW]W�GLH�YRUOLHJHQGH�$UEHLW�DQ��0LW�+LOIH�QHXHU�H[SHULPHQWHOOHU�8QWHUVXFKXQJVPH�

WKRGHQ�XQG�GHQ�GDPLW�YHUEXQGHQHQ�WKHRUHWLVFKHQ�$QVlW]HQ�ZHUGHQ�'DWHQ�XQWHU�ODVHUUHOHYDQ�

WHQ� 5DQGEHGLQJXQJHQ� HUPLWWHOW�� 0LW� +LOIH� GLHVHU� 'DWHQ� ZHUGHQ� DQDO\WLVFKH

1lKHUXQJVO|VXQJHQ� I�U� GLH� 7UDQVSRUWNRHIIL]LHQWHQ�� GLH� PLWWOHUH� (OHNWURQHQHQHUJLH� XQG� GLH

5DWHQNRHIIL]LHQWHQ�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�HOHNWULVFKHQ�)HOGVWlUNH�JHIXQGHQ��'HU�(LQIOX�

GHU� YHUVFKLHGHQHQ� 3DUDPHWHU� NDQQ� VRPLW� RKQH� QXPHULVFKHQ� $XIZDQG� PLW� KLQUHLFKHQGHU

*HQDXLJNHLW� IRUPHOPl�LJ� HUID�W� ZHUGHQ�� 'LH� VR� JHZRQQHQHQ� (UNHQQWQLVVH� ZHUGHQ� GXUFK

([SHULPHQWH�DQ�UHDOHQ�*DVHQWODGXQJHQ�XQG�/DVHUDQODJHQ��EHUSU�IW�XQG�HUJlQ]W��$XV�GHQ�*HR�

PHWULHGDWHQ� GHU� (QWODGXQJVDQRUGQXQJ�� GHP� YHUZHQGHWHQ� *DVJHPLVFK�� 0DVVHQIOX�� XQG� GHU

HLQJHNRSSHOWHQ�HOHNWULVFKHQ�/HLVWXQJ�NDQQ�GDQQ�GLH�RSWLPDOH�(OHNWURQHQGLFKWH�VRZLH�GLH�RSWL�

PDOH�UHGX]LHUWH�HOHNWULVFKH�)HOGVWlUNH�LP�ODVHUUHOHYDQWHQ�$UEHLWVEHUHLFK�DQDO\WLVFK�EHUHFKQHW

XQG�WHFKQRORJLVFKH�SK\VLNDOLVFKH�(LQIOX�QDKPHQ�DQDO\VLHUW�ZHUGHQ�



�������$OOJHPHLQH�(LJHQVFKDIWHQ�GHV�ODVHUDNWLYHQ�0HGLXPV��/$0� �

� *UXQGODJHQ

,Q�GLHVHP�.DSLWHO�VROO�HLQ�hEHUEOLFN��EHU�GLH�ZLFKWLJVWHQ�SK\VLNDOLVFKHQ�=XVDPPHQKlQJH�GHU
/DVHUSK\VLN�JHJHEHQ�ZHUGHQ��GLH�LQ�GLUHNWHP�=XVDPPHQKDQJ�PLW�GHU�7KHPDWLN�GHU�KLHU�YRU�
OLHJHQGHQ�$UEHLW�VWHKHQ��1DFK�GHU�DOOJHPHLQHQ�%HVFKUHLEXQJ�GHU�(LJHQVFKDIWHQ�GHV�ODVHUDNWL�
YHQ�0HGLXPV� �/$0��ZLUG� DXI�GLH� VSH]LHOOHQ�*HJHEHQKHLWHQ�EHLP�&2��/DVHU� HLQJHJDQJHQ�
'LH�$QUHJXQJ�GLHVHV�/DVHUW\SV�ZLUG�DXVI�KUOLFK�LQ�.DSLWHO�����EHKDQGHOW��

'DV�/$6(5�*HUlW�NDQQ�JURE�LQ�YLHU�ZHVHQWOLFKH�(OHPHQWH�DXIJHJOLHGHUW�ZHUGHQ�

� 'DV�/$0�

� GLH�/HLVWXQJVHLQNRSSOXQJ�]XP�3XPSHQ�GHV�/$0�

� GLH�.�KOXQJ�

� GHQ�5HVRQDWRU�

$OOH�YLHU�.HUQHOHPHQWH�VWHKHQ�LQ�HQJHU�:HFKVHOZLUNXQJ�PLWHLQDQGHU��6R�OHJHQ�GLH�SK\VLNDOL�
VFKHQ�*UXQGHLJHQVFKDIWHQ�GHV�YHUZHQGHWHQ�0HGLXPV��)HVWN|USHU��)O�VVLJNHLW�RGHU�*DV��GLH
$UW� XQG�:HLVH� GHU� HIIHNWLYHQ�$QUHJXQJ� XQG� GDPLW� GHU� 3XPSOHLVWXQJVHLQNRSSOXQJ� IHVW��'LH
$QUHJXQJ�VHOEVW�EHHLQIOX�W�ZLHGHUXP�GLH�RSWLVFKH�4XDOLWlW�GHV�/$0�XQG�WDQJLHUW�GDKHU�DXFK
GLH�5HVRQDWRUDXVOHJXQJ��'XUFK�GLHVH�:LUNNHWWH� LVW�NODU��GD��GLH�(LJHQVFKDIWHQ�GHV�/$0�LP
ZHVHQWOLFKHQ�GLH�WHFKQRORJLVFKHQ�$QIRUGHUXQJHQ�DQ�GHQ�/DVHUKHUVWHOOHU�GHILQLHUHQ�

��� $OOJHPHLQH�(LJHQVFKDIWHQ�GHV�ODVHUDNWLYHQ�0HGLXPV��/$0�

'LH�:HFKVHOZLUNXQJ�]ZLVFKHQ�3KRWRQHQ�XQG�0HGLXP�ZHUGHQ�GXUFK�GLH�HOHPHQWDUHQ�3UR]HVVH
$EVRUSWLRQ�� VSRQWDQH� XQG� LQGX]LHUWH� (PLVVLRQ� EHVFKULHEHQ� �$EELOGXQJ� ������&KDUDNWHULVLHUW
ZHUGHQ�NDQQ�HLQ�0HGLXP�GXUFK�GLH�P|JOLFKHQ�(QHUJLH]XVWlQGH��GLH�VLFK�TXDQWHQPHFKDQLVFK
DXV�GHU�DWRPLVWLVFKHQ�6WUXNWXU�HUJHEHQ��%HL�GHU�VSRQWDQHQ�(PLVVLRQ�JHKW�HLQ�DQJHUHJWHV�7HLO�
FKHQ�PLW�GHP�(QHUJLH]XVWDQG� �QDFK�HLQHU�FKDUDNWHULVWLVFKHQ�/HEHQVGDXHU� �LQ�GHQ�HQHU�
JHWLVFK� WLHIHUOLHJHQGHQ� =XVWDQG� � �EHU�� 'LHVHU� 3UR]H�� LVW� UHLQ� VWDWLVWLVFKHU� 1DWXU� XQG
OHGLJOLFK�YRQ�GHU�6WUXNWXU�GHU�(QHUJLHQLYHDXV�DEKlQJLJ��'LH�$EVRUSWLRQ�HLQIDOOHQGHU�6WUDKOXQJ
PLW�GHU�,QWHQVLWlW� �ZLUG�GXUFK�GDV�%HHU�VFKH�*HVHW]�EHVFKULHEHQ�

� �����

'DEHL�ZLUG�PLW� �GHU�$EVRUSWLRQVNRHIIL]LHQW�XQG�PLW�]�GHU�YRP�/LFKW�LP�0HGLXP�]XU�FNJH�
OHJWH�:HJ�EH]HLFKQHW��'HU�$EVRUSWLRQVNRHIIL]LHQW� �LVW�DEKlQJLJ�YRQ�GHQ�%HVHW]XQJVGLFKWHQ
GHU� EHWHLOLJWHQ� (QHUJLHQLYHDXV�� ,P� WKHUPRG\QDPLVFKHQ� *OHLFKJHZLFKW� LVW� GDV� HQHUJHWLVFK
WLHIHUOLHJHQGH� 1LYHDX� � VWlUNHU� EHVHW]W� DOV� GDV� K|KHU� OLHJHQGH� 1LYHDX� �� 0LW� GHQ
%H]HLFKQXQJHQ�LQ�$EELOGXQJ�����JLOW�GDKHU�

� �����

Eo Wsp
Eu

I0

I z� � I0 Dz–� �exp�=

D
D

ccucc ccocc

D Vabs nu no–� �=



�� .DSLWHO������*UXQGODJHQ

$EE������ &KDUDNWHULVWLVFKH�3UR]HVVH�LP�/$0�

*HOLQJW� HV�� GXUFK� HLQHQ� VHOHNWLYHQ� 3XPSSUR]H�� HLQ� WKHUPRG\QDPLVFKHV�1LFKWJOHLFKJHZLFKW
DXIUHFKW]XHUKDOWHQ�� VR� GD�� � JLOW�� HUKlOW�PDQ� GHQ�8PNHKUSUR]H�� ]XU�$EVRUSWLRQ�� GLH
³/LFKWYHUVWlUNXQJ¦�GXUFK�GLH� VWLPXOLHUWH�(PLVVLRQ��'HU� ,QWHQVLWlWV]XZDFKV�NDQQ�ZLHGHU�PLW
GHP�%HHU�VFKHQ�*HVHW]�EHVFKULHEHQ�ZHUGHQ�

�����

PLW�GHP�9HUVWlUNXQJVNRHIIL]LHQWHQ�

� �����

ZREHL� ]X� EHU�FNVLFKWLJHQ� LVW�� GD�� GHU�:LUNXQJVTXHUVFKQLWW� I�U� $EVRUSWLRQ� XQG� VWLPXOLHUWH
(PLVVLRQ�LGHQWLVFK�LVW�

� �����

+LHU�LVW� �HLQ�0D��I�U�GLH�(QHUJLHXQVFKlUIH�GHV�(QHUJLHQLYHDXV��'D�GLH�%HVHW]XQJVGLFKWH�LP
*OHLFKJHZLFKWV]XVWDQG� YRP� UHVRQDWRULQWHUQHQ� 6WUDKOXQJVIHOG� � DEKlQJLJ� LVW��PX�� I�U� GHQ
DOOJHPHLQHQ�)DOO�GLH�'HILQLWLRQ�GHU�.OHLQVLJQDOYHUVWlUNXQJ� �LQ�*OHLFKXQJ�����SUl]LVLHUW�ZHU�
GHQ�

� �����

(R

(X

QR

QX

W
VS

VSRQWDQH�(PLVVLRQ $EVRUSWLRQ LQGX]LHUWH�(PLVVLRQ

(

3UR]H�

(  
J

(R� (X KQ
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�������6SH]LDOIDOO�.RKOHQGLR[LGODVHU ��

1XU� ZHQQ� GLH� %HVHW]XQJVLQYHUVLRQ� � JU|�HU� 1XOO� LVW�� NDQQ� HLQ� 0HGLXP� ODVHUDNWLY� VHLQ�
1HEHQ�GHU�.OHLQVLJQDOYHUVWlUNXQJ�LVW�GLH�6lWWLJXQJVLQWHQVLWlW�HLQ�ZHLWHUHV�0D��I�U�GLH�SRWHQWL�
HOOH�/HLVWXQJVIlKLJNHLW�HLQHV�/DVHUPHGLXPV�

� �����

'LH�9HUVWlUNXQJ� �LP�2V]LOODWRUEHWULHE�LVW�PLW�GHU�6lWWLJXQJVLQWHQVLWlW�XQG�GHU�UHVRQDWRULQWHU�
QHQ�,QWHQVLWlW� �JHPl��

�����

YHUNQ�SIW��0LW�*OHLFKXQJ�����Ol�W�VLFK�QXQ�GDV�%HHU�VFKH�*HVHW]�DOOJHPHLQ�IRUPXOLHUHQ�

� �����

'LH�PD[LPDOH� /HLVWXQJVGLFKWH� LVW� GXUFK�*UHQ]ZHUWEHWUDFKWXQJ� GLUHNW� DXV� RELJHU�*OHLFKXQJ
DE]XOHVHQ��I�U� ��

������

XQG�]HLJW�GHXWOLFK�GLH�]HQWUDOH�%HGHXWXQJ�GHU�EHLGHQ�FKDUDNWHULVWLVFKHQ�*U|�HQ�I�U�GLH�%HXU�
WHLOXQJ�GHU�SRWHQWLHOOHQ�(LJQXQJ�HLQHV�ODVHUDNWLYHQ�0HGLXPV�

��� 6SH]LDOIDOO�.RKOHQGLR[LGODVHU

,Q�$EELOGXQJ�����LVW�GDV�YHUHLQIDFKWH�(QHUJLHVFKHPD�GHV�&2��/DVHUV�DQJHJHEHQ��'DV�GUHLDWR�
PLJH�0ROHN�O�ELOGHW�HLQ�VFKZLQJXQJVIlKLJHV�6\VWHP��GHVVHQ�HOHPHQWDUH�*UXQGVFKZLQJXQJHQ
GXUFK

� GLH�V\PPHWULVFKH�/lQJVVFKZLQJXQJ�����������������

� GLH�DV\PPHWULVFKH�/lQJVVFKZLQJXQJ�����������������

� GLH�%LHJHVFKZLQJXQJ���������������

JHJHEHQ�VLQG��'LHVHQ�GUHL�6FKZLQJXQJVPRGHQ�VLQG�5RWDWLRQVPRGHQ��EHUODJHUW��GLH�]X�HLQHU
$XIVSDOWXQJ�GHU�(QHUJLHQLYHDXV�I�KUHQ��:HUGHQ�NHLQH�EHVRQGHUHQ�WHFKQRORJLVFKHQ�0D�QDK�
PHQ� JHWURIIHQ�� LVW� GHU�hEHUJDQJ� YRQ� GHU� DV\PPHWULVFKHQ� ������ �REHUHV� /DVHUQLYHDX� R�� ]XU
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�� .DSLWHO������*UXQGODJHQ

V\PPHWULVFKHQ�9LEUDWLRQVVFKZLQJXQJ� ������ �XQWHUHV�/DVHUQLYHDX� X��GHU� VWlUNVWH�/DVHU�EHU�
JDQJ�PLW�HLQHU�/DVHUZHOOHQOlQJH�YRQ����� �P��'LH�0ROHN�OVFKZLQJXQJHQ�N|QQHQ�DXI�XQWHU�
VFKLHGOLFKH�$UW�DQJHUHJW�ZHUGHQ��RSWLVFK��FKHPLVFK��HOHNWULVFK���'LH�HOHNWULVFKH�$QUHJXQJ�KDW
VLFK�LP�LQGXVWULHOOHQ�$OOWDJ�GXUFKJHVHW]W��+LHUEHL�ZLUG�GDV�&2��0ROHN�O�GLUHNW�GXUFK�(OHNWUR�
QHQVWR�� DQJHUHJW� XQG� LQGLUHNW�� LQGHP� ]XQlFKVW� HLQ� 6WLFNVWRIIPROHN�O� GXUFK� (OHNWURQHQVWR�
DQJHUHJW�ZLUG��ZHOFKHV� GDQQ� GXUFK� UHVRQDQWHQ�(QHUJLH�EHUWUDJ� VHLQH�(QHUJLH� DXI� GDV�&2��
0ROHN�O��EHUWUlJW�

$EE������ 9HUHLQIDFKWHV�(QHUJLHQLYHDXVFKHPD�]XP�&2��/DVHU�

:HVHQWOLFK�I�U�GDV�(UUHLFKHQ�HLQHU�KRKHQ�%HVHW]XQJVLQYHUVLRQ�LVW�QDW�UOLFK�DXFK�HLQH�HIIL]LHQWH
(QWOHHUXQJ�GHV�XQWHUHQ�/DVHUQLYHDXV��'D]X�ZLUG�GHP�&2��/DVHUJDV�HLQ�UHODWLY�KRKHU�%HWUDJ
+HOLXP�EHLJHPLVFKW��MH�QDFK�/DVHUW\S�]ZLVFKHQ����XQG��� ����'XUFK�6W|�H�PLW�GHQ�VHKU�OHLFK�
WHQ�+HOLXPDWRPHQ�ZLUG�GDV�VLFK� LP�XQWHUHQ�/DVHUQLYHDX�EHILQGOLFKH�&2��0ROHN�O�DEJHUHJW
XQG�GLH�9HUOXVWZlUPH�HIIHNWLY�GXUFK�GLH� �VFKQHOOHQ��+HOLXPDWRPH�DEWUDQVSRUWLHUW��=XU�YROO�
VWlQGLJHQ�%HVFKUHLEXQJ�GHV�4XDQWHQ]XVWDQGV�GHU�EHWHLOLJWHQ�0ROHN�OH�VLQG�GUHL�4XDQWHQ]DK�
OHQ� � I�U� GDV� &2��0ROHN�O� XQG� HLQH� 4XDQWHQ]DKO� � I�U� GDV� 6WLFNVWRIIPROHN�O
DXVUHLFKHQG��'D�GLH�%LHJHVFKZLQJXQJ�LQ�]ZHL�6FKZLQJXQJVHEHQHQ�]HUOHJW�ZHUGHQ�NDQQ��LVW�]X
EHU�FNVLFKWLJHQ��GD��GLH�%LHJHVFKZLQJXQJ�]ZHLIDFK�HQWDUWHW�LVW�

'LH�$XIWHLOXQJ�GHU� ]XJHI�KUWHQ�(QHUJLH� DXI�GLH�REHQ� DQJHJHEHQHQ�.DQlOH� LVW� YRQ� ]HQWUDOHU
%HGHXWXQJ�I�U�GLH�(IIL]LHQ]�GHV�/DVHUV\VWHPV��)RUPDO�NDQQ�PDQ�MHGHP�=XVWDQG�HLQH�%ROW]�
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�������'LH�$QUHJXQJ�GHV�ODVHUDNWLYHQ�0HGLXPV ��

PDQQYHUWHLOXQJ�PLW�HLQHU�FKDUDNWHULVWLVFKHQ�7HPSHUDWXU� ��GLH�QLFKW�PLW�GHU�1HXWUDOJDVWHP�
SHUDWXU��EHUHLQVWLPPHQ�PX���]XRUGQHQ��'LHVH� ILNWLYHQ�7HPSHUDWXUHQ�VLQG�DEKlQJLJ�YRQ�GHU
HLQJHNRSSHOWHQ� /HLVWXQJ�� GHU�PLWWOHUHQ� (OHNWURQHQHQHUJLH� XQG� GHQ� 7HLOFKHQGLFKWHQ�� ZHUGHQ
DOVR�JDQ]�ZHVHQWOLFK�YRQ�GHQ�(QWODGXQJVEHGLQJXQJHQ�EHVWLPPW��=X�GLHVHP�7KHPHQNRPSOH[
JLEW�HV�HLQH�JUR�H�$Q]DKO� WKHRUHWLVFKHU�8QWHUVXFKXQJHQ��]�%��� >�@�� >�@�XQG�>�@���GLH�VLFK� LP
ZHVHQWOLFKHQ� GXUFK� GLH� $Q]DKO� GHU� YHUVFKLHGHQHQ� (QHUJLHWUDQVIHUNDQlOH� XQWHUVFKHLGHQ�� %HL
GLHVHQ�NRPSOH[HQ�0RGHOOHQ�KDQGHOW� HV� VLFK�XP�)�QIWHPSHUDWXUPRGHOOH�� EHL� GHQHQ�PLW� I�QI
7HPSHUDWXUHQ�� �I�U�GDV�REHUH�/DVHUQLYHDX�� �I�U�GDV�XQWHUH�/DVHUQLYHDX�� �I�U�GHQ
HUVWHQ�9LEUDWLRQV]XVWDQG�GHV�6WLFNVWRIIV�� � I�U�GLH�%LHJHVFKZLQJXQJ�VRZLH�GHU�7UDQVODWL�
RQVWHPSHUDWXU� �I�U�GLH�*DVWHPSHUDWXU�JHUHFKQHW�ZLUG�

��� 'LH�$QUHJXQJ�GHV�ODVHUDNWLYHQ�0HGLXPV

'LH� HOHNWULVFKH�$QUHJXQJ� GHV�&2��/DVHUJDVHV� KDW� VLFK� DOOJHPHLQ� GXUFKJHVHW]W��0DQ� XQWHU�
VFKHLGHW�]ZLVFKHQ�GHU�XQVHOEVWlQGLJHQ�XQG�GHU�VHOEVWlQGLJHQ�(QWODGXQJ��VLHKH�]�%��>�@���%HL
GHU� XQVHOEVWlQGLJHQ� (QWODGXQJ� ZHUGHQ� GLH� ]XU� $QUHJXQJ� GHU� &2��0ROHN�OH� QRWZHQGLJHQ
(OHNWURQHQ�H[WHUQ��G�K��DX�HUKDOE�GHU�+DXSWHQWODGXQJ��HU]HXJW�XQG�GDQQ� LQ�GHQ�(QWODGXQJV�
UDXP�JHVFKRVVHQ��.HQQ]HLFKQHQG�I�U�VLH�LVW��GD��GLH�(OHNWURQHQHQHUJLHQ�XQWHU�GHU�,RQLVDWLRQV�
VFKZHOOH�GHV�/DVHUJDVHV�OLHJHQ��VR�GD��GLH�XQYHUPHLGOLFKHQ�(OHNWURQHQYHUOXVWSUR]HVVH�QLFKW
DXVJHJOLFKHQ�ZHUGHQ��GLH�(QWODGXQJ�RKQH�GLH�H[WHUQH�(OHNWURQHQTXHOOH�QDFK�HLQHU�FKDUDNWHUL�
VWLVFKHQ�=HLW� DOVR�ZLHGHU� HUOLVFKW��$QGHUV� VLQG�GLH�9HUKlOWQLVVH�EHL� GHU� VHOEVWlQGLJHQ�(QWOD�
GXQJ��+LHU�ZHUGHQ�GLH�HOHNWULVFKHQ�)HOGVWlUNHQ�VR�JHZlKOW��GD��GLH�LQ�GHU�(QWODGXQJ�HU]LHOWH
(OHNWURQHQHQHUJLH�KLQUHLFKHQG�KRFK� LVW��XP�GLH�(OHNWURQHQYHUOXVWSUR]HVVH�GXUFK�6WR�LRQLVD�
WLRQ� ZLHGHU� DXVJOHLFKHQ� ]X� N|QQHQ�� 'LH� ]XU�$XIUHFKWHUKDOWXQJ� GHU� (QWODGXQJ� QRWZHQGLJHQ
/DGXQJVWUlJHU�ZHUGHQ�DOVR�LQ�GHU�(QWODGXQJ�VHOEVW�HU]HXJW�

'LH�HIIL]LHQWHVWH�6WR�DQUHJXQJ�GHV�&2��0ROHN�OV�JHVFKLHKW�EHL�(OHNWURQHQHQHUJLHQ� �
ZREHL� GLH� $QUHJXQJVUDWH� SURSRUWLRQDO� GHU� (OHNWURQHQGLFKWH� LVW�� 'LH� )RUGHUXQJ� KRKHU� /HL�
VWXQJVGLFKWH� EHL� GHILQLHUWHU� (OHNWURQHQHQHUJLH� XQG� (OHNWURQHQGLFKWH� LVW� EHL� XQVHOEVWlQGLJHQ
(QWODGXQJHQ�SULQ]LSLHOO�HUI�OOEDU��'LHVH�7HFKQLN�OLHIHUW�]ZDU�H[]HOOHQWH�$QUHJXQJVZLUNXQJV�
JUDGH��KDW�DEHU�]ZHL�ZHVHQWOLFKH�6FKZDFKSXQNWH��'LH�GDI�U�QRWZHQGLJHQ�H[WHUQHQ�(OHNWURQHQ�
TXHOOHQ�VLQG�WHXHU�XQG�HPSILQGOLFK��XQG�GDV�GLH�(QWODGXQJVNDYLWlW�JHJHQ�GLH�$X�HQXPJHEXQJ
DEVFKLUPHQGH�(OHNWURQHQHLQWULWWVIHQVWHU�LVW�I�U�LQGXVWULHOOH�0D�VWlEH�QLFKW�VWDQGIHVW�JHQXJ�

����� 'LH�*OLPPHQWODGXQJ�DOV�VHOEVWlQGLJH�(QWODGXQJ

'LH�%HUHLWVWHOOXQJ� GHU� IUHLHQ�(OHNWURQHQ� I�U� GLH�$QUHJXQJ� GHV� REHUHQ�/DVHUQLYHDXV�PLWWHOV
6WR�DQUHJXQJ�NDQQ�DXFK�PLW�VRJHQDQQWHQ�VHOEVWlQGLJHQ�*OLPPHQWODGXQJHQ�UHDOLVLHUW�ZHUGHQ�
'LHVH� (QWODGXQJHQ� VLQG� GDGXUFK� JHNHQQ]HLFKQHW�� GD�� VLFK� KRKH� (OHNWURQHQWHPSHUDWXUHQ
� ��G�K�� ��EHL�UHODWLY�QLHGULJHQ�1HXWUDOJDVWHPSH�
UDWXUHQ� HLQVWHOOHQ� �ODVVHQ��� 'LH� LQ� GHU� )DFKOLWHUDWXU� DXFK� DOV� 1LHGHUGUXFNJOLPPHQWODGXQJ
EH]HLFKQHWHQ� (QWODGXQJHQ� KDEHQ� VLFK� LP� LQGXVWULHOOHQ� (LQVDW]� I�U� GLH� $QUHJXQJ� YRQ� &2��
/DVHUQ�GXUFKJHVHW]W��GD�VLFK�GDV�7HPSHUDWXUXQJOHLFKJHZLFKW�]ZLVFKHQ�(OHNWURQHQ�XQG�1HX�
WUDOJDVWHLOFKHQ� EHL� QLHGULJHP�'UXFN� OHLFKWHU� UHDOLVLHUHQ� Ol�W�� 'LH� LP� 5DKPHQ� GLHVHU� $UEHLW
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�� .DSLWHO������*UXQGODJHQ

XQWHUVXFKWHQ�*DVHQWODGXQJHQ�IDOOHQ�LQ�GLH�.DWHJRULH�NDSD]LWLY�JHNRSSHOWHU�+RFKIUHTXHQ]HQW�
ODGXQJ�� ,P�*HJHQVDW]� ]X� GHQ� NRQNXUULHUHQGHQ�*OHLFKVWURPHQWODGXQJHQ� VLQG� GLH�(OHNWURGHQ
GXUFK�HLQ�'LHOHNWULNXP�YRP�(QWODGXQJVUDXP�JHWUHQQW��'LHV�KDW�]ZHL�HQWVFKHLGHQGH�9RUWHLOH�
'XUFK� GLH� DX�HQOLHJHQGHQ�(OHNWURGHQ� IlOOW� GLH�*DVGHJUDGDWLRQ� GHXWOLFK� VFKZlFKHU� DXV��'LH
6WURP��6SDQQXQJVFKDUDNWHULVWLN� HLQHU�*DVHQWODGXQJ� KDW� HLQH� IDOOHQGH�.HQQOLQLH�� VR� GD�� EHL
*OHLFKVWURPHQWODGXQJHQ�GXUFK�YHUOXVWEHKDIWHWH�9RUZLGHUVWlQGH�HLQ�VWDELOHU�$UEHLWVSXQNW�HLQ�
JHVWHOOW�ZHUGHQ�PX���,P�)DOOH�GHU�NDSD]LWLYHQ�$QUHJXQJ�VLQG�GLHVH�9RUZLGHUVWlQGH�YHUOXVWORVH
%OLQGZLGHUVWlQGH��GLH�]XVlW]OLFK�]X�HLQHU�+RPRJHQLVLHUXQJ�GHU�(QWODGXQJ�I�KUHQ��'LH�JUXQG�
VlW]OLFKHQ��GLH�(QWODGXQJ�FKDUDNWHULVLHUHQGHQ�SK\VLNDOLVFKHQ�9RUJlQJH�VLQG�MHGRFK�LQ�EHLGHQ
(QWODGXQJHQ�SULQ]LSLHOO�JOHLFK�

����� *UXQGODJHQ�]XU�.LQHWLN�GHU�HOHNWULVFKHQ�$QUHJXQJ

(LQ� ZHVHQWOLFKHU� $QVDW]SXQNW� ]XU� 9HUEHVVHUXQJ� GHV� $QUHJXQJVZLUNXQJVJUDGHV� HLQHU� &2��
*DVHQWODGXQJ� LVW� GLH�.RPSURPL�ILQGXQJ�]ZLVFKHQ�K|FKVWP|JOLFKHU�$QUHJXQJVHIIL]LHQ]�GHV
9LEUDWLRQVQLYHDXV������GHU�HIIHNWLYHQ�$EUHJXQJ�GHV�XQWHUHQ�/DVHUQLYHDXV�XQG�GHU�%HUHLWVWHO�
OXQJ�GHU�GD]X�QRWZHQGLJHQ�/DGXQJVWUlJHU��'LH� WKHRUHWLVFKHQ�$UEHLWHQ�KLHU]X� �]�%��� >�@�� >�@�
>�@��>�@�XQG�>�@��VLQG�VHKU�ZHLW�IRUWJHVFKULWWHQ�XQG�XQWHUVFKHLGHQ�VLFK�LP�ZHVHQWOLFKHQ�GXUFK
GLH�LP�$QVDW]�EHU�FNVLFKWLJWHQ�(QHUJLHWUDQVIHUNDQlOH�XQG�GLH�QXPHULVFKHQ�/|VXQJVYHUIDKUHQ�
'LH� GLH� (QWODGXQJVSK\VLN� EHVWLPPHQGHQ� *U|�HQ� N|QQHQ�PLW� +LOIH� YRQ� 5DWHQNRHIIL]LHQWHQ
EHVFKULHEHQ�ZHUGHQ��GLH��EHGLQJW�GXUFK�GLH�HQHUJLHDEKlQJLJHQ�:LUNXQJVTXHUVFKQLWWH��YRQ�GHU
(OHNWURQHQHQHUJLH�DEKlQJLJ�VLQG��(LQ�ZLFKWLJHU�6NDOLHUXQJVSDUDPHWHU�LVW�GLH�UHGX]LHUWH�HOHN�
WULVFKH�)HOGVWlUNH� �� GLH� HLQ� DQVFKDXOLFKHV�0D�� I�U� GHQ�(QHUJLHJHZLQQ� GHU�(OHNWURQHQ
]ZLVFKHQ�]ZHL�6W|�HQ�PLW�GHQ�*DVPROHN�OHQ�GDUVWHOOW��%HGLQJW�GXUFK�GLH�NRPSOH[HQ�3UR]HVVH
VLQG�GLH�(UJHEQLVVH�GHU�QXPHULVFKHQ�%HUHFKQXQJHQ�VHKU�VWDUN�DEKlQJLJ�YRQ�GHQ�(LQJDQJVGD�
WHQ��GLH�QLFKW�LPPHU�VHOEVWNRQVLVWHQW�YRUJHJHEHQ�ZHUGHQ�N|QQHQ�

,Q�GLHVHU�$UEHLW�VROO�GHU�6FKZHUSXQNW�DXI�HLQH�P|JOLFKVW�HLQIDFKH�WKHRUHWLVFKH�'DUVWHOOXQJ�GHU
(QWODGXQJVYRUJlQJH�JHOHJW�ZHUGHQ��XP�GLH�$QVlW]H�]XU�2SWLPLHUXQJ�GHXWOLFK�XQG�DQVFKDXOLFK
DXI]X]HLJHQ��

%HWUDFKWHW�ZLUG�HLQH�PLW�GHU�*HVFKZLQGLJNHLW� �EHZHJWH�*DVVlXOH��GLH�]ZLVFKHQ
GHQ�2UWHQ� �XQG� �HLQ�HOHNWULVFKHV�:HFKVHOIHOG�GHU�)RUP� �SDV�
VLHUW��VLHKH�$EELOGXQJ�������,Q�GHU�(QWODGXQJ�VWHOOW�VLFK�HLQH�/DGXQJVWUlJHUGLFKWH�HLQ��GLH�LP
ZHVHQWOLFKHQ�GXUFK�IROJHQGH�*HZLQQ¤�XQG�9HUOXVWSUR]HVVH�EHVWLPPW�ZLUG�

� (OHNWURQHQSURGXNWLRQ�GXUFK�H[WHUQH�7HLOFKHQ��]�%��� �6WUDKOXQJ���

� ������

'LHVHU�3UR]H��LVW�LQ�HLQHU�VHOEVWlQGLJHQ�(QWODGXQJ�YHUQDFKOlVVLJEDU��VRUJW�DEHU�I�U�GDV
$QODXIHQ�HLQHU�(QWODGXQJ�

�� EH]HLFKQHW KLHU HLQ (OHPHQWDUWHLOFKHQ� GD� LP ZHVHQWOLFKHQ GLH JOHLFKHQ (LJHQVFKDIWHQ ZLH GDV (OHNWURQ DXI�

ZHLVW XQG OHGLJOLFK XP GHQ )DNWRU ��� VFKZHUHU LVW�
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�������'LH�$QUHJXQJ�GHV�ODVHUDNWLYHQ�0HGLXPV ��

$EE������ 6NL]]H�]XP�5HFKHQJDQJ��/DGXQJVWUlJHUELODQ]�LQ�*DVVWU|PXQJVULFKWXQJ�

� (U]HXJXQJ�HLQHV�(OHNWURQV�GXUFK�6WR��HLQHV�IUHLHQ�(OHNWURQV��� ��PLW�HLQHP�1HXWUDOJDV�
WHLOFKHQ��$��

�

'LH�3URGXNWLRQVUDWH�I�U�,RQLVDWLRQ��,��NDQQ�GXUFK�

������

EHVFKULHEHQ�ZHUGHQ�

� 9HUOXVW�HLQH�(OHNWURQV�GXUFK�$QODJHUXQJ�HLQHV�IUHLHQ�(OHNWURQV�DQ�HLQ�0ROHN�O��� ��
JHPl��

'LH�]HLWOLFKH�(QWZLFNOXQJ�GLHVHV�9HUQLFKWXQJVSUR]HVVHV��$��LVW�GXUFK�

������

JHJHEHQ�

� 9HUOXVW�YRQ�IUHLHQ�(OHNWURQHQ�GXUFK�5HNRPELQDWLRQ��]��%���'UHLHUVWR�UHNRPELQDWLRQ��

��

ZDV�GXUFK

�� 'LH $QODJHUXQJ GHU (OHNWURQHQ DQ HLQDWRPLJH *DVH NDQQ LQ GHP KLHU LQWHUHVVLHUHQGHQ (OHNWURQHQHQHUJLHEHUHLFK

YHUQDFKOlVVLJW ZHUGHQ >�@�
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�� .DSLWHO������*UXQGODJHQ

������

EHVFKULHEHQ�ZHUGHQ�NDQQ��ZHQQ�PDQ�4XDVLQHXWUDOLWlW� GHU�3ODVPDVlXOH�YRUDXV�
VHW]W�

� 'HU�'LIIXVLRQVVWURP�WUlJW�]XP�/DGXQJVWUlJHUDXVJOHLFK�EHL�XQG�HV�JLOW�

� ������

� 'LH� /DGXQJVWUlJHUEHZHJXQJ� I�KUW� HEHQIDOOV� ]X� HLQHP� 7HLOFKHQVWURP�� GHU� DOOJHPHLQ
GXUFK

������

JHJHEHQ�LVW�

:HUGHQ�GLH�*OHLFKXQJHQ������ELV������LQ�GLH�.RQWLQXLWlWVJOHLFKXQJ��
HLQJHVHW]W��HUJLEW�VLFK�I�U�GHQ�VWDWLRQlUHQ�=XVWDQG�

� ������

PLW� �XQG�GHP�*HVFKZLQGLJNHLWVYHNWRU�GHU�(OHNWURQHQ� �

'HWDLOOLHUWH� QXPHULVFKH� $QDO\VHQ� GHU� *OHLFKXQJ� ����� HUJHEHQ�� GD�� LQQHUKDOE� GHU� SRVLWLYHQ
6lXOH�GLH�9DULDWLRQ�GHU�(OHNWURQHQGLFKWH��EHU�GHQ�(QWODGXQJVTXHUVFKQLWW�YHUQDFKOlVVLJW�ZHU�
GHQ�NDQQ� �>�@�� >�@���%HWUDFKWHW�PDQ�DOVR�HLQ�9ROXPHQHOHPHQW� LQQHUKDOE�GHU�SRVLWLYHQ�6lXOH�
NDQQ�PDQ�*OHLFKXQJ������DXI�GHQ�HLQGLPHQVLRQDOHQ�)DOO�UHGX]LHUHQ�

� ������

+LHU�VLQG�EHVRQGHUV�]ZHL�)lOOH�LQWHUHVVDQW��QlPOLFK�GDV�$QODXIYHUKDOWHQ�GHU�(QWODGXQJ�XQG�GHU
UlXPOLFK�VWDWLRQlUH�=XVWDQG�PLW�NRQVWDQWHU�(OHNWURQHQGLFKWH�

����� $QODXIYHUKDOWHQ�GHU�(QWODGXQJ

'DV�$QODXIYHUKDOWHQ�GHU�(QWODGXQJ� LVW� GXUFK� HLQH�JHULQJH�³6WDUW¦�(OHNWURQHQGLFKWH�JHNHQQ�
]HLFKQHW��VR�GD�

������

�� 'HU /DXILQGH[ S EH]HLFKQHW GLH ]XYRU HUZlKQWHQ 3UR]HVVH ,RQLVDWLRQ �S ,�� $QODJHUXQJ �S $� XVZ��
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�������'LH�$QUHJXQJ�GHV�ODVHUDNWLYHQ�0HGLXPV ��

JLOW��'DPLW�HUJLEW�VLFK�DXV�*OHLFKXQJ������

� ������

'LHVH�'LIIHUHQWLDOJOHLFKXQJ�NDQQ�HOHPHQWDU�JHO|VW�ZHUGHQ��'LH�DOOJHPHLQH�/|VXQJ�ODXWHW�

� ������

PLW�

� ������

)�U� �JLOW�QlKHUXQJVZHLVH��VLHKH�DXFK�>�@��

������

XQG�

� ������

6HW]W� PDQ� KLHU� W\SLVFKH� :HUWH� I�U� HLQHQ� VFKQHOO� OlQJVJHVWU|PWHQ� &2��/DVHU� HLQ�
� �� �� �� ��VR�JLOW�

� ������

0DQ�HUKlOW�DOVR�HLQ�GXUFK�GLH�*DVJHVFKZLQGLJNHLW�XQG�GLH��DPELSRODUH��'LIIXVLRQ�EHVWLPPWHV
H[SRQHQWLHOOHV�$QZDFKVHQ�GHU�(OHNWURQHQGLFKWH�

����� 'HU�VWDWLRQlUH�=XVWDQG�LQ�GHU�(QWODGXQJ

1DFK�GHP�$QODXIHQ�GHU�(QWODGXQJ�ZHUGHQ�VFKOLH�OLFK�(OHNWURQHQGLFKWHQ�HUUHLFKW��EHL�GHQHQ
GLH�8QJOHLFKXQJ������LKUH�*�OWLJNHLW�YHUOLHUW��9HUQDFKOlVVLJW�PDQ�EHL�DXVUHLFKHQG�KRKHQ�(OHN�
WURQHQGLFKWHQ� GLH�'LIIXVLRQ�� NDQQ�*OHLFKXQJ� ����� HOHPHQWDU� JHO|VW�ZHUGHQ��ZHQQ� YHUHLQID�
FKHQG� DQJHQRPPHQ�ZLUG�� GD�� VLFK� GLH�*DVJHVFKZLQGLJNHLW� QLFKW�ZHVHQWOLFK� HQWODQJ� GHU� ]�
$FKVH� lQGHUW��� )�KUW� PDQ� VFKOLH�OLFK� QRFK� GLH� GLPHQVLRQVORVHQ� *U|�HQ� ,RQLVDWLRQVJUDG

�� 7DWVlFKOLFK lQGHUW VLFK GLH *DVJHVFKZLQGLJNHLW EHL GHQ KLHU EHWUDFKWHWHQ (QWODGXQJHQ XP ELV ]X ���� 'LHV ZLUG ]X

HLQHP VSlWHUHQ =HLWSXQNW QRFK EHU�FNVLFKWLJW�
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�� .DSLWHO������*UXQGODJHQ

�XQG�GLH�DXI�HLQH�FKDUDNWHULVWLVFKH�/lQJH� �QRUPLHUWH�/lQJH� �HLQ��HUKlOW
PDQ�DXV�*OHLFKXQJ������

� ������

PLW�GHQ�+LOIJU|�HQ� �

'LH�/|VXQJ�GLHVHU�*OHLFKXQJ�ODXWHW�PLW� �

� ������

,Q�$EELOGXQJ�����LVW�H[HPSODULVFK�GLH�(QWZLFNOXQJ�GHV�,RQLVDWLRQVJUDGHV�DOV�)XQNWLRQ�GHU�QRU�
PLHUWHQ�(QWODGXQJVOlQJH� ]X� VHKHQ��'HXWOLFK�ZLUG� GHU�(LQIOX�� GHV�$QIDQJVLRQLVDWLRQVJUDGHV
�GLH� 6WDUWHOHNWURQHQGLFKWH� ZXUGH� KLHU� ]XQlFKVW� ZLOON�UOLFK� PLW� � JHZlKOW�� ZDV� EHL
HLQHP�'UXFN�YRQ�����K3D�HLQHP�,RQLVDWLRQVJUDG�YRQ� �HQWVSULFKW��VLFKWEDU��,Q
GLHVHP�HLQIDFKHQ�0RGHOO�VWHOOW�VLFK�QDFK�GHP�(LQODXIYRUJDQJ�HLQ�NRQVWDQWHU�,RQLVDWLRQVJUDG
HLQ��'LHVHU�,RQLVLDWLRQVJUDG�E]Z��GLH�GDPLW�YHUNQ�SIWH�(OHNWURQHQGLFKWH�HUJLEW�VLFK�]X��

� ������

'LHV�LVW�DXFK�GLUHNW�DXV�*OHLFKXQJ������DEOHLWEDU��ZHQQ�PDQ�GLH�$EOHLWXQJHQ�]X�1XOO�DQQLPPW
XQG�GHQ�6WDUWWHUP�YHUQDFKOlVVLJW��,Q�$EELOGXQJ�����LVW�GHU�(LQIOX��GHU�*DVJHVFKZLQGLJNHLW�DXI
GDV�$QODXIYHUKDOWHQ�]X�HUNHQQHQ��-H�JU|�HU�GLH�*HVFKZLQGLJNHLW�GHV�HLQVWU|PHQGHQ�*DVHV�LVW�
GHVWR�JU|�HU�LVW�GHU�$QWHLO�GHU�(LQODXIOlQJH�DQ�GHU�*HVDPWHQWODGXQJVOlQJH��([SHULPHQWHOO�LVW
GLH�(LQODXIOlQJH�VHKU�JXW�DP�)ODFNHUQ�LP�(QWODGXQJVOHXFKWHQ�]X� LGHQWLIL]LHUHQ��+LHU�ZLUNHQ
VLFK� NOHLQVWH�*DVGLFKWH��XQG�*HVFKZLQGLJNHLWVlQGHUXQJHQ� QDFK�*OHLFKXQJ� ������ZHJHQ� GHU
QLFKWOLQHDUHQ�$EKlQJLJNHLWHQ�GUDVWLVFK�DXI�GHQ�,RQLVDWLRQVJUDG�XQG�GDPLW�DXI�GDV�(QWODGXQJV�
OHXFKWHQ�DXV��ZlKUHQG�GHU�VWDWLRQlUH�=XVWDQG�LP�ZHVHQWOLFKHQ�QXU�OLQHDU�YRQ�GHU�7HLOFKHQGLFK�
WHlQGHUXQJ�EHHLQIOX�W�ZLUG�

'LH�%HHLQIOXVVXQJ�GHV�$QODXIYHUKDOWHQV� XQG� GHU�GDPLW� YHUEXQGHQHQ�HIIHNWLYHQ�(QWODGXQJV�
OlQJH�LVW�*HJHQVWDQG�GHU�2SWLPLHUXQJVDQVlW]H�LQ�.DSLWHO����+LHU�VHL�QXU�GDUDXI�KLQJHZLHVHQ�
GD��GLH�QDFK�*OHLFKXQJ������E]Z��*OHLFKXQJ������YHUHLQIDFKHQG�EHUHFKQHWHQ�,RQLVDWLRQVUDWHQ
VFKRQ� TXDOLWDWLY� UHFKW� JXW�PLW� XPIDQJUHLFKHUHQ� QXPHULVFKHQ�$QDO\VHQ� �EHUHLQVWLPPHQ� XQG
HLQHQ�HUVWHQ�+LQZHLV�DXI�HLQH�2SWLPLHUXQJVP|JOLFKNHLW�JHEHQ��QlPOLFK�GLH�9HUJU|�HUXQJ�GHU
HIIHNWLYHQ�(QWODGXQJVOlQJH�GXUFK�%HHLQIOXVVXQJ�GHU�6WDUWHOHNWURQHQGLFKWH�

�� 'LHVHV (UJHEQLV HUKlOW PDQ DXFK GLUHNW DXV GHU EHNDQQWHQ 'LIIHUHQWLDOJOHLFKXQJ ]XU ]HLWOLFKHQ (QWZLFNOXQJ GHU
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�������'LH�$QUHJXQJ�GHV�ODVHUDNWLYHQ�0HGLXPV ��

$EE������ (QWZLFNOXQJ�GHV�,RQLVDWLRQVJUDGHV�HQWODQJ�GHU�6WU|PXQJVDFKVH�EHL�
YHUVFKLHGHQHQ�6WDUWHOHNWURQHQGLFKWHQ�

$EE������ (QWZLFNOXQJ�GHV�,RQLVDWLRQVJUDGHV�HQWODQJ�GHU�6WU|PXQJULFKWXQJ�EHL�9DULDWLRQ�
GHU�*DVJHVFKZLQGLJNHLW�
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�� .DSLWHO������*UXQGODJHQ



�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

� 1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

8QDEKlQJLJ� YRP� EHWUDFKWHWHQ� /DVHUW\S� LVW� GLH� %HUHLWVWHOOXQJ� HLQHV� HIIHNWLYHQ� ODVHUDNWLYHQ
0HGLXPV�YRQ�]HQWUDOHU�%HGHXWXQJ��,P�*HJHQVDW]�]XP�4XDQWHQZLUNXQJVJUDG��GHU�HLQH�(LJHQ�
VFKDIW�GHV�SK\VLNDOLVFKHQ�6\VWHPV�LVW�XQG�GDKHU�QLFKW�YRQ�DX�HQ�EHHLQIOX�W�ZHUGHQ�NDQQ��LVW
GHU�$QUHJXQJVZLUNXQJVJUDG� GDYRQ� DEKlQJLJ��ZHOFKH� SK\VLNDOLVFKHQ� 3UR]HVVH� DQ� GHU�$QUH�
JXQJ� EHWHLOLJW� VLQG��)�U�GHQ�)DOO� GHU� KRFKIUHTXHQ]DQJHUHJWHQ�&2��/DVHUJDVHQWODGXQJ� VSLHOW
GLH�:HFKVHOZLUNXQJ�(OHNWURQ�¤�0ROHN�O�DOV�)XQNWLRQ�GHU�(OHNWURQHQHQHUJLH�GLH�HQWVFKHLGHQGH
5ROOH��,Q�GLHVHP�.DSLWHO�ZLUG�GLH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV�DOV�HLQ�LQWHJUD�
OHV�0D��I�U�GLH�JDVHOHNWURQLVFKHQ�3UR]HVVH�GLVNXWLHUW��0LW�+LOIH�HLQHU�'ULIWNDPPHU�ZLUG�GLH
'ULIWJHVFKZLQGLJNHLW� GHU�(OHNWURQHQ� LQ� W\SLVFKHQ�&2��/DVHUJDVJHPLVFKHQ�EHL� GHQ� �EOLFKHQ
$UEHLWVGU�FNHQ� JHPHVVHQ� XQG� GHU� (LQIOX�� YRQ� *DVDGGLWLYHQ� DXI� GLH� (OHNWURQHQGULIW�
JHVFKZLQGLJNHLW�TXDQWLIL]LHUW��(LQ�I�U�GLHVHV�0H�YHUIDKUHQ�JUXQGOHJHQGHU�(IIHNW�¤�GLH�*DVYHU�
VWlUNXQJ� ¤� ZLUG� JHQXW]W�� XP� GHWDLOOLHUWH� (LQVLFKW� LQ� GLH� (OHNWURQHQSURGXNWLRQVSUR]HVVH� ]X
HUODQJHQ��

��� 'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV

'LH�JHULFKWHWH�*HVFKZLQGLJNHLW��PLW�GHU�VLFK�/DGXQJHQ�DXIJUXQG�HLQHV�H[WHUQHQ�HOHNWULVFKHQ
)HOGHV�EHZHJHQ��HUJLEW�VLFK�DXV�GHP�*OHLFKJHZLFKW�]ZLVFKHQ�GHU�%HVFKOHXQLJXQJ�GXUFK�GDV
HOHNWULVFKH�)HOG�XQG�GHP�9HUOXVW��GHQ�GLH�/DGXQJVWUlJHU�EHL�HLQHP�6WR��PLW�DQGHUHQ�*DVWHLO�
FKHQ�HUIDKUHQ��'LH�$EKlQJLJNHLW�GHU�'ULIWJHVFKZLQGLJNHLW�YRQ�GHU�HOHNWULVFKHQ�)HOGVWlUNH�XQG
GHQ�JDVVSH]LILVFKHQ�3DUDPHWHUQ�NDQQ�QDFK� >��@�EHUHFKQHW�ZHUGHQ��)�U�(OHNWURQHQ� LQ� HLQHP
H[WHUQHQ�HOHNWULVFKHQ�)HOG�HUJLEW�VLFK��

� �����

,P�*OHLFKJHZLFKWV]XVWDQG�ZLUG�GLH�DXV�GHP�)HOG�DXIJHQRPPHQH�/HLVWXQJ�YRQ�GHQ�(OHNWURQHQ
GXUFK�6WR�SUR]HVVH�DXI�GLH�*DVPROHN�OH��EHUWUDJHQ��%H]HLFKQHW�PDQ�PLW�
GHQ�UHODWLYHQ�(QHUJLHYHUOXVW�SUR�6WR��XQG�PLW� �GLH�PLWWOHUH�=HLW�]ZLVFKHQ�]ZHL
VROFKHQ�6W|VVHQ��VR�JLOW�

� �����

'HU�9HUODXI� GHU� (OHNWURQHQGULIWJHVFKZLQGLJNHLW� DOV� )XQNWLRQ� GHU� HOHNWULVFKHQ� )HOGVWlUNH� LQ
HLQHP�*DVJHPLVFK�ZLUG�DOVR�GXUFK�GLH�I�U�GLH�*DVHQWODGXQJ�ZHVHQWOLFKHQ�3DUDPHWHU�(QHUJLH�
YHUOXVW� SUR� 6WR��� (OHNWURQHQHQHUJLH� XQG� IUHLH� :HJOlQJH� EHVWLPPW�� (UPLWWHOW� PDQ� GDKHU� LQ
HLQHP�/DVHUJDVJHPLVFK�GHQ�9HUODXI� �I�U�GHQ�LQ�HLQHU�&2��*DVHQWODGXQJ�W\SLVFKHQ�)HOG�

�� *OHLFKXQJ ��� NDQQ PLW +LOIH GHU %ROW]PDQQJOHLFKXQJ H[DNW KHUJHOHLWHW ZHUGHQ >��@�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

VWlUNH�� XQG�'UXFNEHUHLFK�� N|QQHQ� GHWDLOOLHUWH�5�FNVFKO�VVH� DXI� GLH�(QWODGXQJVEHGLQJXQJHQ
JH]RJHQ�ZHUGHQ��ZHQQ� GLH� IXQNWLRQDOHQ�$EKlQJLJNHLWHQ� � XQG� � EHNDQQW� VLQG
RGHU�JHHLJQHWH�$QQDKPHQ�GLHVEH]�JOLFK�JHPDFKW�ZHUGHQ�N|QQHQ��1DFK� >��@�XQG� >��@�NDQQ
PDQ�I�U�GHQ�UHODWLYHQ�(QHUJLHYHUOXVW�XQG�GLH�IUHLH�:HJOlQJH�3RWHQ]DQVlW]H�GHU�)RUP�

�����

ZlKOHQ��GLH�IROJHQGHUPD�HQ�EHJU�QGHW�ZHUGHQ�N|QQHQ�

�� �EHVFKUHLEW�GHQ��DXI�GLH�(QHUJLH�GHV�VWR�HQGHQ�(OHNWURQV��QRUPLHUWHQ�(QHUJLHYHU�
OXVW�GHV�(OHNWURQV�E]Z��GHQ�DXI�GDV�JHVWR�HQH�0ROHN�O��EHUWUDJHQHQ�UHODWLYHQ�(QHUJLH�
DQWHLO��%HWUDFKWHW�PDQ�]�%��HLQHQ�UHLQ�HODVWLVFKHQ�6WR��HLQHV�(OHNWURQV�PLW�GHP�,PSXOV

�PLW�HLQHP�VLFK�LQ�5XKH�EHILQGHQGHQ�0ROHN�O�GHU�0DVVH� ��VR�JLOW� �
ZREHL�GLH�JHVWULFKHQHQ�*U|�HQ�GLH�,PSXOVH�GHV�(OHNWURQV�E]Z��GHV�0ROHN�OV�QDFK�GHP
6WR��EH]HLFKQHQ��'DPLW�JLOW�I�U�GLH�(QHUJLH�GHV�0ROHN�OV�QDFK�GHP�6WR��

� �����

XQG�PLW� �IROJW�GDKHU�

� �����

'DPLW�HUJLEW�VLFK�QDFK�0LWWHOXQJ��EHU�GHQ�6WUHXZLQNHO� �XQG�9HUJOHLFK�PLW�GHU�'HILQL�
WLRQ�LQ�*OHLFKXQJ�����I�U�GHQ�UHODWLYHQ�(QHUJLHYHUOXVW��

� �����

DOVR� ��%HL�HLQHP�LQHODVWLVFKHQ�6WR���ZLH�]�%��EHL�GHU�9LEUD�
WLRQVDQUHJXQJ�HLQHV�&2�¤0ROHN�OV�PLW�GHU�$QUHJXQJVHQHUJLH� �NDQQ�GHU�(QHUJLHYHU�
OXVW�PLW� �DEJHVFKlW]W�ZHUGHQ��G�K��

�����

DOVR� �

�� 'LH�IUHLH�:HJOlQJH�I�U�HLQHQ�6WR�SUR]H��LVW�GXUFK� �JHJHEHQ��'HU
:LUNXQJVTXHUVFKQLWW� � LVW� SULQ]LSLHOO� TXDQWHQPHFKDQLVFK� DXV� GHU� DWRPLVWLVFKHQ

�� 'LH 'LPHQVLRQ YRQ LVW � 0LW GHU 'HILQLWLRQ LVW GDQQ HLQH GLPHQ�

VLRQVORVH *U|�H�

/ H� � le H� �� H E� �

/0 DIM /0� �
1

eV� �
m

����������������= / H� �
O0

eV� �
m

���������������� H
m

�= O0

/ H� �: /0 Hm  bzw.    le H� �:� l0 H n–�= =

/ H� �

P1 M P1 P1
 P2
+=

P2

2

2M
��������� 'H P1

2
P1


2
2P1 P1
�–+= =

P1 P1
|

'H 2
me

M
������ H 1 T� �cos–� ��=

T

/ 2
me

M
������=

m 0 und /0 2 me Me�==
Hvib

'H Hvib|

/ H� � 'H
H
������

Hvib

H
���������|=

m 1 und /0 Hvib=–=

le H� � 1 ng V H� ��� �e=
V H� �



�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

6WUXNWXU�GHU�EHWHLOLJWHQ�6WR�SDUWQHU�EHUHFKHQEDU��*DQ]�DOOJHPHLQ� LVW� GHU�9HUODXI� HLQHV
VROFKHQ�:LUNXQJVTXHUVFKQLWWV�DOV�)XQNWLRQ�GHU�(OHNWURQHQHQHUJLH�LQ�]ZHL�%HUHLFKH�DXI�
WHLOEDU��
D��(LQHQ�%HUHLFK�PLW�PHKU�RGHU�ZHQLJHU�NRQVWDQWHP�:LUNXQJVTXHUVFKQLWW��GHVVHQ�%HWUDJ
LP�ZHVHQWOLFKHQ�YRQ�GHU�*U|�H�GHV�$WRPV�RGHU�0ROHN�OV�DEKlQJW��+lXILJ�ZLUG�LQ�GLH�
VHP�(QHUJLHEHUHLFK� GHU�:LUNXQJVTXHUVFKQLWW� GXUFK� GLH� )OlFKH� HLQHV�.UHLVHV�PLW� GHP
JHRPHWULVFKHQ�$WRP��E]Z��0ROHN�OUDGLXV�DQJHQlKHUW�
E��(LQHQ�(QHUJLHEHUHLFK��EHL�GHP�GLH�TXDQWHQPHFKDQLVFKH�:HOOHQIXQNWLRQ�GHV�(OHNWURQV
XQG�GHV�6WR�SDUWQHUV�VWDUN��EHUODSSHQ��,Q�GLHVHP�UHVRQDQWHQ�%HUHLFK�YDULLHUW�GHU�:LU�
NXQJVTXHUVFKQLWW�VHKU�VWDUN�PLW�GHU�(OHNWURQHQHQHUJLH��0HLVWHQV�VWHLJW�HU�]XQlFKVW�H[SR�
QHQWLHOO� DQ�� XP� QDFK� 'XUFKODXIHQ� HLQHV� 0D[LPDOZHUWHV� GDQQ� ZLHGHU� H[SRQHQWLHOO
DE]XIDOOHQ��)�U�YLHOH�)lOOH�UHLFKW�HV�GDKHU�DXV��GHQ�:LUNXQJVTXHUVFKQLWW�LQ�HLQHP�HLQJH�
VFKUlQNWHQ�(QHUJLHEHUHLFK�PLW�HLQHP�3RWHQ]DQVDW]�GHU�)RUP� �DQ]XQlKHUQ��'LH�
VHU� $QVDW]� LQ� GLH� *OHLFKXQJ� I�U� GLH� IUHLH� :HJOlQJH� HLQJHVHW]W�� HUJLEW� GDQQ� GHQ
1lKHUXQJVDXVGUXFN�I�U�GLH�IUHLH�:HJOlQJH��ZLH�LQ�*OHLFKXQJ�����DQJHJHEHQ�

6HW]W�PDQ�GLH�3RWHQ]DQVlW]H�����LQ�GLH�*OHLFKXQJHQ�����XQG�����HLQ�XQG�NRPELQLHUW�*OHLFKXQJ
����PLW�*OHLFKXQJ�����HUKlOW�PDQ�

�����

XQG�

� �����

'HU�(LQIOX��GHU�([SRQHQWHQ�P�XQG�Q�DXI�GHQ�9HUODXI�GHU�(OHNWURQHQHQHUJLH�E]Z��GHU�'ULIWJH�
VFKZLQGLJNHLW�GHU�(OHNWURQHQ�DOV�)XQNWLRQ�GHU�HOHNWULVFKHQ�)HOGVWlUNH�LVW�LQ�GHQ�$EELOGXQJHQ
����ELV�����]X�VHKHQ��,Q�$EELOGXQJ�����LVW�GLH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�QDFK�*OHLFKXQJ
���� I�U� HLQHQ� W\SLVFKHQ� /DVHUDUEHLWVGUXFN� YRQ� � EHUHFKQHW�� 'DEHL� LVW� GLH� IUHLH
:HJOlQJH�NRQVWDQW�DQJHQRPPHQ�� ���'HXWOLFK�LVW�GHU�(LQIOX��GHV�9HUOXVWSUR]HVVHV�DXI
GHQ�9HUODXI� GHU� .XUYHQ� ]X� HUNHQQHQ�� )�U� UHLQ� LQHODVWLVFKHQ� 6WR�� PLW� � �]�%��UHLQH
9LEUDWLRQVDQUHJXQJ�� ZLUG� GLH� 'ULIWJHVFKZLQGLJNHLW� XQDEKlQJLJ� YRQ� GHU� HOHNWULVFKHQ� )HOG�
VWlUNH��%HL�DXVVFKOLH�OLFK�HODVWLVFKHQ�6W|VVHQ� �XQG�NRQVWDQWHU�IUHLHU�:HJOlQJH�
JLOW� �
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������ 1DFK�*OHLFKXQJ�����EHUHFKQHWHU�9HUODXI�GHU�'ULIWJHVFKZLQGLJNHLW�EHL�
NRQVWDQWHU�IUHLHU�:HJOlQJH�XQG�9DULDWLRQ�GHV�UHODWLYHQ�(QHUJLHYHUOXVWHV�

$EE������ (OHNWURQHQGULIWJHVFKZLQGLJNHLW�DOV�)XQNWLRQ�GHU�HOHNWULVFKHQ�)HOGVWlUNH�EHL�
NRQVWDQWHP�(QHUJLHYHUOXVW�SUR�6WR���P  ���XQG�YDULDEOHU�IUHLHQ�:HJOlQJH�
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

$EE������ 1DFK�*OHLFKXQJ�����EHUHFKQHWHU�9HUODXI�GHU�(OHNWURQHQHQHUJLH�DOV�)XQNWLRQ�GHU�
HOHNWULVFKHQ�)HOGVWlUNH�EHL�NRQVWDQWHU�IUHLHU�:HJOlQJH�

$EE������ 'LH�(OHNWURQHQHQHUJLH�DOV�)XQNWLRQ�GHU�HOHNWULVFKHQ�)HOGVWlUNH�I�U� �XQG�
YDULDEOHU�IUHLHQ�:HJOlQJH�

�
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��
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

,Q�GHU�/LWHUDWXU�ZLUG�KlXILJ�YRQ�HLQHU�NRQVWDQWHQ�(OHNWURQHQEHZHJOLFKNHLW� �XQG�RGHU�YRQ
NRQVWDQWHQ�6WR�TXHUVFKQLWWHQ�DXVJHJDQJHQ��%HLGH�$QQDKPHQ�]XJOHLFK�]X�WUHIIHQ�I�KUW�MHGRFK
QDFK�*OHLFKXQJ�����DXI�HLQHQ�:LGHUVSUXFK��GHQQ�I�U�HLQH�NRQVWDQWH�(OHNWURQHQEHZHJOLFKNHLW
JLOW�QDFK�'HILQLWLRQ� ��'DV�LPSOL]LHUW�QDFK�*OHLFKXQJ�����

��

'DPLW�LVW�GDQQ�DEHU�GLH�IUHLH�:HJOlQJH��GLH�XPJHNHKUW�SURSRUWLRQDO�]XP�:LUNXQJVTXHUVFKQLWW
LVW��YRQ�GHU�(OHNWURQHQHQHUJLH�DEKlQJLJ��G�K��GHU�:LUNXQJVTXHUVFKQLWW�PX��IROJOLFK�HQHUJLHDE�
KlQJLJ�VHLQ�XQG�]ZDU�NRQNUHW�

� ������

'LH� )RUGHUXQJ� QDFK� NRQVWDQWHU� (OHNWURQHQEHZHJOLFKNHLW� LVW� GDQQ� HUI�OOW��ZHQQ� GLH� 6WR�IUH�
TXHQ]�NRQVWDQW�LVW��'DQQ�JLOW�

�

)�U�HLQHQ�YRQ�GHU�(OHNWURQHQHQHUJLH�XQDEKlQJLJHQ�UHODWLYHQ�(QHUJLHYHUOXVW�� ��HUJHEHQ�
VLFK�VRPLW�]ZHL�LQWHUHVVDQWH�6SH]LDOIlOOH�

� .RQVWDQWH�6WR�IUHTXHQ]

� ������

� .RQVWDQWH�IUHLH�:HJOlQJH

� ������

'LH� ³SK\VLNDOLVFKH�:DKUKHLW¦� OLHJW� QDW�UOLFK� ]ZLVFKHQ� GLHVHQ� EHLGHQ� $QQDKPHQ�� XQG� PDQ
ZLUG�LP�NRQNUHWHQ�)DOO��EDVLHUHQG�DXI�H[SHULPHQWHOOHQ�'DWHQ�HQWVFKHLGHQ�P�VVHQ��ZHOFKH�GHU
EHLGHQ�1lKHUXQJVO|VXQJHQ�GLH�EHVVHUH�$EVFKlW]XQJ�OLHIHUW��'LH�REHQ�DQJHJHEHQHQ�$EKlQJLJ�
NHLWHQ�ZXUGHQ�EHUHLWV�LQ�>�@�GLVNXWLHUW�XQG�GRUW�HWZDV�VSH]LHOOHU�DXV�HLQHU�YHUHLQIDFKWHQ�(QHU�
JLHELODQ]�H[WUDKLHUW��

,Q�$EELOGXQJ�����XQG�$EELOGXQJ�����IlOOW�DXI��GD��VLFK�GLH�.XUYHQ�I�U�HLQHQ�EHVWLPPWHQ�:HUW
GHU�HOHNWULVFKHQ�)HOGVWlUNH�LQ�HLQHP�3XQNW�VFKQHLGHQ��'LHVH�)HOGVWlUNH� �EHUHFKQHW�VLFK�DXV
*OHLFKXQJ�����I�U�GHQ�6SH]LDOIDOO� �]X��

�� LVW GHU GLPHQVLRQVORVH UHODWLYH (QHUJLHYHUOXVW �VLHKH )X�QRWH � DXI 6HLWH ���� 9 VWHKW I�U GLH (LQKHLW 9ROW�
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

� ������

)�U�GLH�'ULIWJHVFKZLQGLJNHLW�LQ�GLHVHP�3XQNW�HUKlOW�PDQ�

� ������

$XI�GLHVHQ�ZLFKWLJHQ�=XVDPPHQKDQJ�ZLUG�EHL�GHU�$XVZHUWXQJ�GHU�'ULIWJHVFKZLQGLJNHLWVPHV�
VXQJHQ�QRFK�GHWDLOOLHUW�HLQJHJDQJHQ��

=XVDPPHQIDVVXQJ�.DSLWHO�����

'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LVW�HLQH�I�U�MHGHV�*DVJHPLVFK�FKDUDNWHULVWLVFKH�*U|�H��'LH
$EKlQJLJNHLW� GLHVHV� 7UDQVSRUWNRHIIL]LHQWHQ� YRQ� GHU� HOHNWULVFKHQ� )HOGVWlUNH� HUODXEW�� 5�FN�
VFKO�VVH� DXI� GLH� (QHUJLHDEKlQJLJNHLWHQ� GHU�:HFKVHOZLUNXQJVPHFKDQLVPHQ� ]ZLVFKHQ� IUHLHQ
(OHNWURQHQ�XQG�GHP�1HXWUDOJDV�]X�]LHKHQ�

����� 0H�SULQ]LS�]XU�%HVWLPPXQJ�GHU�(OHNWURQHQGULIWJHVFKZLQGLJNHLW

8P�H[SHULPHQWHOO�GLH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW� �LQ�HLQHP�*DV�E]Z��*DVJHPLVFK�DOV
)XQNWLRQ�GHU�HOHNWULVFKHQ�)HOGVWlUNH�]X�EHVWLPPHQ��ZXUGH�HLQH�VRJHQDQQWH�'ULIWNDPPHU�HQW�
ZRUIHQ� XQG� JHEDXW�� ZLH� VLH� LQ� GHU�+RFKHQHUJLHSK\VLN� ]XU� 7HLOFKHQVSXUHUPLWWOXQJ� �EOLFKHU�
ZHLVH� YHUZHQGHW� ZLUG�� 6LH� ZXUGH� KLHU� MHGRFK� VSH]LHOO� DQ� GLH� %HVRQGHUKHLWHQ� YRQ� &2�¤
/DVHUJDVJHPLVFKHQ�XQWHU�(QWODGXQJVEHGLQJXQJHQ�DGDSWLHUW�

,Q�$EELOGXQJ�����VLQG�GLH�]XJUXQGHOLHJHQGH�0HFKDQLVPHQ�GHU�0HVVXQJ�GDUJHVWHOOW��=XQlFKVW
P�VVHQ�DXI�³LUJHQGHLQH¦�:HLVH�(OHNWURQHQ�SURGX]LHUW�ZHUGHQ��D���'LHVHU�3URGXNWLRQVSUR]H�
IL[LHUW�]XJOHLFK�DXFK�GHQ�6WDUWSXQNW�GHU�'ULIW]HLWPHVVXQJ�XQG�ZLUG�LQ�.DSLWHO�������GHWDLOOLHUW
EHVFKULHEHQ��$XIJUXQG�HLQHU�]ZLVFKHQ�GHQ�(OHNWURGHQ�DQOLHJHQGHQ�6SDQQXQJ�GULIWHQ�GLH�IUHLHQ
(OHNWURQHQ�5LFKWXQJ�$QRGH��E���GLH�LQ�GLHVHP�)DOO�DXV�HLQHP�VHKU�G�QQHQ�HOHNWULVFK�OHLWHQGHQ
'UDKW�EHVWHKW��'LH�$QNXQIW�GHU�(OHNWURQHQ�DQ�GHU�$QRGH�GHILQLHUW�GDV�(QGH�GHU�'ULIW]HLWPHV�
VXQJ��F���'HU�1DFKZHLV�GLHVHV�(OHNWURQHQVFKZDUPV�ZLUG�EHL�GLHVHU�$UW�YRQ�([SHULPHQWHQ�VHKU
XQWHUVFKLHGOLFK�EHZHUNVWHOOLJW��)�U�HLQIDFKH�0HVVXQJHQ�UHLFKW�GDV�³$XIVDPPHOQ¦�GHU�HLQODX�
IHQGHQ�/DGXQJVWUlJHU�PLW�+LOIH�HLQHV�.RQGHQVDWRUV�XQG�(UIDVVXQJ�HLQHU�6SDQQXQJ��EHU�HLQHP
(QWODGHZLGHUVWDQG�5�LQ�GHU�5HJHO�DXV��:LUG�GLH�.DPPHU�DOV� ,RQLVDWLRQVNDPPHU�YHUZHQGHW�
NDQQ�GDPLW�OHLFKW�GLH�HU]HXJWH�/DGXQJ�HUPLWWHOW�ZHUGHQ��)�U�HLQH�JHQDXH�=HLWPHVVXQJ�LP�QV�¤
%HUHLFK� LVW� GLHVHV� 9HUIDKUHQ� QLFKW� JHHLJQHW�� GD� GLH� =HLWDXIO|VXQJ� GXUFK� GLH� .DSD]LWlW� GHU
$QRUGQXQJ�XQG�GHQ�$EJULIIZLGHUVWDQG�5�EHJUHQ]W�ZLUG��9HUZHQGHW�PDQ�MHGRFK��ZLH�LQ�GLHVHP
)DOO��DOV�$QRGH�HLQHQ�VHKU�G�QQHQ�6LJQDOGUDKW��VR�JHODQJHQ�GLH�HLQODXIHQGHQ�3ULPlUHOHNWURQHQ
LQ�XQPLWWHOEDUHU�1lKH�GHU�'UDKWREHUIOlFKH�LQ�HLQ�VWDUNHV�HOHNWULVFKHV�)HOG��VR�GD��VLH�]ZLVFKHQ
]ZHL�6W|�HQ�PLW�GHQ�1HXWUDOJDVDWRPHQ�XQG�¤PROHN�OHQ�JHQ�JHQG�(QHUJLH�JHZLQQHQ�N|QQHQ�
XP�GLHVH�]X�LRQLVLHUHQ��'LHVH�VHNXQGlU�HU]HXJWHQ�(OHNWURQHQ�N|QQHQ�QXQ�¤�EHL�JHQ�JHQG�JUR�
�HU�)HOGVWlUNH�¤�LKUHUVHLWV�ZLHGHU�JHQ�JHQG�(QHUJLH�JHZLQQHQ��XP�ZHLWHUH�,RQLVDWLRQVSUR]HVVH
DXV]XO|VHQ��'LH�$Q]DKO� GHU� SULPlU� HU]HXJWHQ� /DGXQJHQ�ZLUG� VRPLW� XP� HLQHQ� ³*DVYHUVWlU�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

NXQJVIDNWRU¦�$�HUK|KW��GHU�LQ�GHU�*U|�HQRUGQXQJ�]ZLVFKHQ�����ELV�����OLHJHQ�NDQQ�>��@��0LW
GLHVHU�QXQ�JUR�HQ�$Q]DKO�YRQ�/DGXQJHQ�LVW�PDQ�LQ�GHU�/DJH��PLW�HLQHP�JHHLJQHWHQ�9RUYHUVWlU�
NHU�XQG�GHU�RSWLPDOHQ�$XVOHJXQJ�GHU�(LQJDQJVNDSD]LWlWHQ� VRZLH�GHV�(LQJDQJVZLGHUVWDQGHV
HLQ�KLQUHLFKHQG�JUR�HV�6SDQQXQJVVLJQDO�DP�:LGHUVWDQG�5�]X�HU]HXJHQ��XP�GLH�$QNXQIW�GHV
]XHUVW� HLQWUHIIHQGHQ� 3ULPlUHOHNWURQV� ]XYHUOlVVLJ� ]X� GHWHNWLHUHQ� �LQ� $EELOGXQJ� ���� PLW� �
JHNHQQ]HLFKQHW��� 6RPLW� LVW� PDQ� LQ� GHU� =HLWDXIO|VXQJ� ZHLWHVWJHKHQG� XQDEKlQJLJ� YRQ� GHU
$Q]DKO�GHU�3ULPlUODGXQJHQ��0LW�KDQGHOV�EOLFKHQ�9LGHRYHUVWlUNHUQ��ZLUG�HLQH�=HLWDXIO|VXQJ
YRQ�FD����QV�EHL�HOHNWULVFKHQ�9HUVWlUNXQJVIDNWRUHQ�YRQ�FD������HUUHLFKW��VLHKH�>��@��

9DULLHUW� PDQ� GHQ� (QWVWHKXQJVRUW� � GHU� (OHNWURQHQLRQHQSDDUVSXU� XQG� WUlJW� GLH� JHPHVVHQH
'ULIW]HLW�

DOV�)XQNWLRQ�GHV�(QWVWHKXQJVRUWHV�DXI��HUKlOW�PDQ�GLH�2UWVGULIW]HLWUHODWLRQ��'HU�.HKUZHUW�GHU
$EOHLWXQJ�GLHVHU�)XQNWLRQ� OLHIHUW�GLH�'ULIWJHVFKZLQGLJNHLW� DOV�)XQNWLRQ�GHV�2UWHV�[� �$EELO�
GXQJ�������,VW�GHU�IXQNWLRQHOOH�=XVDPPHQKDQJ�]ZLVFKHQ�GHP�HOHNWULVFKHQ�)HOG� XQG�GHP�2UW
[�EHNDQQW��VR�NDQQ�GLH�'ULIWJHVFKZLQGLJNHLW�GHU�(OHNWURQHQ�DOV�)XQNWLRQ�GHU�HOHNWULVFKHQ�)HOG�
VWlUNH�DQJHJHEHQ�ZHUGHQ��$EELOGXQJ������

�� +LHUEHL KDQGHOW HV VLFK XP HLQHQ LQWHJULHUWHQ %DXVWHLQ 7\SHQEH]HLFKQXQJ 1(���� �9DOYR� PLW HLQHU %DQGEUHLWH
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

$EE������ 'ULIW�LP�HOHNWULVFKHQ�)HOG�HLQHU�'UDKW��XQG�3ODWWHQHOHNWURGHQNRPELQDWLRQ��'LH�
PLW���GDUJHVWHOOWHQ�,RQHQ�VLQG�XP�GHQ�)DNWRU������ZHQLJHU�EHZHJOLFK�XQG�
N|QQHQ�LQ�GHU�=HLWVNDOD�GHU�(OHNWURQHQGULIW�DOV�RUWVIHVW�EHWUDFKWHW�ZHUGHQ��'LH�
HLQJHNUHLVWH���EH]HLFKQHW�GDV�3ULPlUHOHNWURQ�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������ (UPLWWOXQJ�GHU�'ULIWJHVFKZLQGLJNHLW�DOV�)XQNWLRQ�GHV�2UWHV�DXV�GHU�
2UWVGULIW]HLWUHODWLRQ��VFKHPDWLVFK��

$EE������ (UPLWWOXQJ�GHU�'ULIWJHVFKZLQGLJNHLW�DOV�)XQNWLRQ�GHU�HOHNWULVFKHQ�)HOGVWlUNH�
�VFKHPDWLVFK��
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

����� (U]HXJXQJ�GHU�(OHNWURQHQ�,RQHQSDDUVSXU�PLW�/DVHUVWUDKOXQJ

'LH�(U]HXJXQJ�GHU�IUHLHQ�(OHNWURQHQ�NDQQ�VHKU�HLQIDFK�PLW�+LOIH�YRQ�/DVHUVWUDKOXQJ�JHHLJQH�
WHU�:HOOHQOlQJH�JHVFKHKHQ��/DVHUOLFKW�]XU�,RQLVDWLRQ�YRQ�'ULIWNDPPHUJDVHQ�]XU�7HLOFKHQVSXU�
VLPXODWLRQ�ZXUGH�HUVWPDOV�YRQ�$QGHUKXE��'HYHUHX[�XQG�6HLOHU�YHUZHQGHW�>��@��'LH�9RUWHLOH
GLHVHV�9HUIDKUHQV�JHJHQ�EHU�GHU�,RQLVDWLRQ�PLW�LRQLVLHUHQGHQ�7HLOFKHQ�VLQG�

� 'LH�6WUDKOTXHOOHQ�VLQG�OHLFKWHU�YHUI�JEDU�

� 'LH�+DQGKDEXQJ�GHU�/DVHUVWUDKOXQJ�LVW�HLQIDFK�

� 'LH�$Q]DKO�GHU�HU]HXJWHQ�/DGXQJVWUlJHU�NDQQ�VHKU�OHLFKW��EHU�GLH�/DVHUOHLVWXQJ�YDULLHUW
ZHUGHQ�

%HL�GHQ�KLHU�SUlVHQWLHUWHQ�8QWHUVXFKXQJHQ�ZXUGH�GLH� IUHTXHQ]YHUYLHUIDFKWH�6WUDKOXQJ�HLQHV
JHSXOVWHQ� 1G�</)� /DVHU� YHUZHQGHW� � ��� 'LH� 3XOVHQHUJLH� GLHVHV� /DVHUV� EHWUlJW
XQJHIlKU�����-�EHL�HLQHU�)UHTXHQ]�YRQ���N+]��,Q�7DEHOOH�����VLQG�GLH�,RQLVDWLRQVHQHUJLHQ�YHU�
VFKLHGHQHU�*DVH�DXIJHI�KUW��(V�IlOOW�DXI��GD��GLH�(QHUJLH�GHU�3KRWRQHQ� �GHU�KLHU
YHUZHQGHWHQ�/DVHUVWUDKOXQJ�JHULQJHU�DOV�GLH�,RQLVDWLRQVHQHUJLH�GHU�*DVH�LVW��7\SLVFKH�*DVYHU�
XQUHLQLJXQJHQ�MHGRFK��ZLH�IO�FKWLJH�.RKOHQZDVVHUVWRIIH��GLH�LPPHU�LQ�WHFKQLVFKHQ�*DVHQ�YRU�
KDQGHQ� VLQG��ZHQQ�PDQ� QLFKW� EHVRQGHUH�5HLQLJXQJVPD�QDKPHQ� HUJUHLIW�� N|QQHQ� EHL� HLQHP
,RQLVDWLRQVSRWHQWLDO�YRQ�HWZD� �GXUFK�=ZHLSKRWRQHQLRQLVDWLRQ�LRQLVLHUW�ZHUGHQ�>��@��%HL
GHU�=ZHLSKRWRQHQLRQLVDWLRQ�ZLUG�HLQ�9DOHQ]HOHNWURQ�GXUFK�GLH�$EVRUSWLRQ�HLQHV�3KRWRQV�LQ�HLQ
UHHOOHV�RGHU�YLUWXHOOHV�=ZLVFKHQQLYHDX�JHKREHQ��:LUG�HLQ�]ZHLWHV�3KRWRQ�LQQHUKDOE�GHU�FKD�
UDNWHULVWLVFKHQ�/HEHQVGDXHU� �GLHVHV�=ZLVFKHQQLYHDXV�DEVRUELHUW��UHLFKW�GLH�3KRWRQHQHQHU�
JLH�GLHVHU�]ZHL�3KRWRQHQ�DXV��GDV�$WRP�RGHU�0ROHN�O�]X�LRQLVLHUHQ��$XV�$EELOGXQJ�����OLHVW
PDQ�DE�

*DV 6\PERO /DGXQJV]DKO

=

,RQLVDWLRQVSRWHQWLDO

LQ�H9

+HOLXP +H � ����

1HRQ 1H �� ����

$UJRQ $U �� ����

.U\SWRQ .U �� ����

;HQRQ ;H �� ����

.RKOHQGLR[LG &2� �� ����

6WLFNVWRII 1� �� ����

,VR�%XWDQ &�+�� �� ����

7DEHOOH����� 'LH�,RQLVDWLRQVSRWHQWLDOH�HLQLJHU�DXVJHZlKOWHU�*DVH�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

������

$EE������ =ZHLSKRWRQHQDEVRUSWLRQ�

)�U� � XQG� PLW� GHQ� 5DQGEHGLQJXQJHQ� � HUJHEHQ
VLFK�IROJHQGH�DQDO\WLVFKH�/|VXQJHQ�

� ������

������

������

+LHUEHL�EHGHXWHQ�

� 7HLOFKHQ]DKO�LQ�GHQ�1LYHDXV�������
� :LUNXQJVTXHUVFKQLWWH�I�U�3KRWRDEVRUSWLRQ�
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

)�U� �HUJLEW�VLFK�I�U�GLH�$Q]DKO�GHU�GXUFK�GHQ�/DVHUVWUDKO�SURGX]LHUWHQ�(OHNWURQHQ�

� ������

ZHQQ�PLW� �GLH�/DVHUSXOVGDXHU�EH]HLFKQHW�ZLUG��

'DPLW�HUKlOW�PDQ�DOVR�EHL�HLQHU�6WUDKOTXHUVFKQLWWVIOlFKH�$�XQG�HLQHU�3KRWRQHQHQHUJLH� �I�U
GLH�SUR�:HJOlQJH�HU]HXJWHQ�(OHNWURQHQ

������

HLQH�TXDGUDWLVFKH�$EKlQJLJNHLW�YRQ�GHU�/DVHUSXOVOHLVWXQJ� �XQG�HLQHQ�OLQHDUHQ�=XVDP�
PHQKDQJ� PLW� GHU� 1HXWUDOJDVWHLOFKHQGLFKWH� �� )�U� JHULQJH� 3KRWRQHQIOX�GLFKWHQ� LVW

��XQG�HV�HUJLEW�VLFK

� ������

)�U�VHKU�JUR�H�,QWHQVLWlWHQ� �HUKlOW�PDQ�GDJHJHQ�HLQHQ�OLQHDUHQ�=XVDPPHQ�
KDQJ�]ZLVFKHQ�GHU�/DVHUOHLVWXQJ�XQG�GHU�$Q]DKO�GHU�SUR�:HJVWUHFNH�HU]HXJWHQ�/DGXQJVWUlJHU�

� ������

=XVDPPHQIDVVXQJ�.DSLWHO�������

'LH� I�U� GLH� %HVWLPPXQJ� GHU� (OHNWURQHQGULIWJHVFKZLQGLJNHLW� QRWZHQGLJH� (OHNWURQHQ�,RQHQ�
SDDUVSXU�ZLUG�PLW�+LOIH�HLQHV�IUHTXHQ]YHUYLHUIDFKWHQ�1G�</)�/DVHUV�HU]HXJW��'DEHL� LVW�YRQ
EHVRQGHUHU�:LFKWLJNHLW��GD��W\SLVFKH�*DVYHUXQUHLQLJXQJHQ��]�%���gOGlPSIH�DXV�GHU�9DNXXP�
SXPSH�� PLW� +LOIH� GHU� =ZHLSKRWRQLRQLVDWLRQ� LRQLVLHUW� ZHUGHQ�� 'DPLW� LVW� GLH� $Q]DKO� GHU� VR
HU]HXJWHQ�/DGXQJVWUlJHU�XQDEKlQJLJ�YRQ�GHU�]X�XQWHUVXFKHQGHQ�*DVPLVFKXQJ��'LHVHU�6DFK�
YHUKDOW�ZLUG�LP�.DSLWHO�����YRQ�JUR�HU�%HGHXWXQJ�VHLQ��)�U�GLH�KLHU�YRUOLHJHQGHQ�%HGLQJXQJHQ
� ��KlQJW�GLH�6WUHFNHQODGXQJVWUlJHUGLFKWH�OLQHDU�YRP�'UXFN�E]Z��GHU�7HLOFKHQ�
GLFKWH� �XQG�TXDGUDWLVFK�YRQ�GHU�/DVHUSXOVOHLVWXQJ�DE��

������

'DEHL�ZHUGHQ�W\SLVFKHUZHLVH�����ELV������(OHNWURQHQ�SUR�FP�:HJOlQJH�XQG�SUR�/DVHUSXOV�EHL
HLQHU�3XOVHQHUJLH�YRQ�FD�� �HU]HXJW�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

����� 9HUVXFKVDXIEDX�]XU�0HVVXQJ�GHU�(OHNWURQHQGULIWJHVFKZLQGLJNHLW

'HU�$XIEDX��VLHKH�$EELOGXQJ������EHVWHKW�LP�ZHVHQWOLFKHQ�DXV�GHP�REHQJHQDQQWHQ�/DVHU�����
HLQHU� /LQVH� ����� GHU� 'ULIWNDPPHU� PLW� 9HUVFKLHEHWLVFK� ����� HLQHU� 3KRWRGLRGH� ���� XQG� HLQHP
6SHLFKHURV]LOORVNRS� �����'LH�HLQIDOOHQGH�6WUDKOXQJ�GHV�/DVHUV�ZLUG�PLW�+LOIH�GHU�/LQVH� �I� 
��� PP��GXUFK�GDV�WUDQVSDUHQWH�(LQWULWWVIHQVWHU�LQ�GLH�'ULIWNDPPHU�IRNXVVLHUW��'LH�9DULDWLRQ
GHV�$EVWDQGHV�6LJQDOGUDKW�¤�/DVHUVWUDKO�� ��HUIROJW�PLW�+LOIH�GHV�9HUVFKLHEHWLVFKHV��'LH�QLFKW
DEVRUELHUWH�/DVHUVWUDKOXQJ�IlOOW�DXI�GLH�3KRWRGLRGH�XQG�OLHIHUW�GDV�6WDUWVLJQDO�GHU�=HLWPHVVXQJ�
'LH� ³JDVYHUVWlUNWHQ¦� 6HNXQGlUHOHNWURQHQ� HU]HXJHQ�� ZLH� LQ� .DSLWHO� ������ EHVFKULHEHQ�� GDV
6WRSVLJQDO�� 0LW� HLQHP� 6SHLFKHURV]LOORVNRS� ���� ZLUG� GLH� =HLWGLIIHUHQ]� ]ZLVFKHQ� 6WDUW�� XQG
6WRSVLJQDO� HUPLWWHOW�� 'LH�'ULIWNDPPHU� LVW� JHJHQ� GLH�$X�HQOXIW� DEJHGLFKWHW�� 'HU� ,QQHQUDXP
NDQQ�PLW�+LOIH�HLQHU�9DNXXPSXPSH�HYDNXLHUW�ZHUGHQ�� VR�GD��PLW�+LOIH�YRQ�'RVLHUYHQWLOHQ
XQG�HLQHP�'UXFNPH�JHUlW�GHILQLHUW�GLH�3DUWLDOGU�FNH�GHU�YHUVFKLHGHQHQ�*DVH�HLQJHVWHOOW�ZHU�
GHQ�N|QQHQ��'LH�$EZHLFKXQJ�GHU�0LVFKXQJVYHUKlOWQLVVH�YRP�6ROOZHUW�OLHJW�XQWHU������

�

$EE������ 9HUVXFKVDXIEDX�]XU�%HVWLPPXQJ�GHU�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�&2�¤
/DVHUJDV�

,Q�$EELOGXQJ������LVW�GLH�'ULIWNDPPHU�LP�6FKQLWW�GDUJHVWHOOW��'LH�HLJHQWOLFKH�'ULIW]HOOH�ELOGHW
HLQ�=\OLQGHUNRQGHQVDWRU�EHVWHKHQG�DXV�3RWHQWLDOURKU�XQG�6LJQDOGUDKW��'XUFK�GLH�EHLGHQ�PLW�7
EH]HLFKQHWHQ�7HIORQSODWWHQ�ZLUG�GLH�'ULIW]HOOH�LQ�GHU�.DPPHU�SRVLWLRQLHUW�XQG�HOHNWULVFK�LVR�
OLHUW�� 'DV� 3RWHQWLDOURKU�� PLW� HLQHP� ,QQHQGXUFKPHVVHU� YRQ� �� PP�� LVW� LQ� UDGLDOHU� 5LFKWXQJ
GXUFKERKUW��'LH�]ZHL�VLFK�HUJHEHQGHQ�/|FKHU�ELOGHQ�GLH�(LQWULWWV��E]Z��$XVWULWWV|IIQXQJ�I�U�GLH
HLQIDOOHQGH�/DVHUVWUDKOXQJ��'HUHQ�'XUFKPHVVHU� ��� PP�� LVW� VR� JHZlKOW�� GD�� HLQHUVHLWV� HLQH
DXVUHLFKHQGH�'ULIWVWUHFNH�PLW�GHP�/DVHUVWUDKO�DEJHIDKUHQ�ZHUGHQ�NDQQ��DEHU�DQGHUHUVHLWV�GLH
$EZHLFKXQJ�YRP�LGHDOHQ�=\OLQGHUNRQGHQVDWRU�QLFKW�]X�JUR��ZLUG��hEHU�HLQH�+RFKVSDQQXQJV�
GXUFKI�KUXQJ� LVW� GDV�3RWHQWLDOURKU�PLW� HLQHP�1HW]JHUlW� YHUEXQGHQ� XQG� OLHJW� DXI� QHJDWLYHP
3RWHQWLDO��8QWHU� GLHVHQ�%HGLQJXQJHQ� XQG�PLW� GHU�'HILQLWLRQ� GHU�9DULDEOHQ� QDFK�$EELOGXQJ
�����EHUHFKQHW�VLFK�GLH�HOHNWULVFKH�)HOGVWlUNH�]X�
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

� ������

'HU�6LJQDOGUDKWGXUFKPHVVHU�EHWUlJW�� UL  �� �P��'DPLW�HUJLEW�VLFK�EHL�HLQHU�GXUFK�GDV�1HW]�
JHUlW� PD[LPDO� HLQVWHOOEDUHQ� 6SDQQXQJ� YRQ� � HLQH� PD[LPDOH� HOHNWULVFKH
)HOGVWlUNH� YRQ� � GLUHNW� DQ� GHU� 6LJQDOGUDKWREHUIOlFKH�� ZHOFKH� DXV�
UHLFKW��XP�LQ�GHQ�KLHU�YHUZHQGHWHQ�*DVJHPLVFKHQ�HLQH�³*DVYHUVWlUNXQJ¦�]X�HU]LHOHQ��

'HU�HLJHQWOLFKH�0H�]\NOXV�JHVWDOWHW�VLFK�GDQQ�ZLH�IROJW�

�� (YDNXLHUXQJ�GHU�'ULIWNDPPHU�

�� %HI�OOXQJ�GHU�'ULIWNDPPHU�ELV�]XP�JHZ�QVFKWHQ�*DVGUXFN�PLW�GHP�MHZHLOV�]X�XQWHUVX�
FKHQGHQ�/DVHUJDVJHPLVFK�

�� 3RVLWLRQLHUXQJ�GHU�.DPPHU�]XP��UlXPOLFK�IHVWVWHKHQGHQ��/DVHUVWUDKO�

�� $QOHJHQ�GHU�+RFKVSDQQXQJ��MH�QDFK�*DVDUW�XQG�'UXFN�]ZLVFKHQ����� 9�XQG�������9��

�� /DVHU��EHL�NRQVWDQWHU�/HLVWXQJ��LP�3XOVEHWULHE�EHWUHLEHQ��/DVHUSXOVGDXHU� ��

�� (UPLWWHOQ�GHU�'ULIW]HLW� �

�� 9HUIDKUHQ�GHU�'ULIWNDPPHU�

�� :LHGHUKROXQJ�YRQ�3XQNW���XQG����ELV�GHU�GXUFK�GLH�(LQWULWWV|IIQXQJ�YRUJHJHEHQH�PD[L�
PDOH�)DKUZHJ�DXVJHVFK|SIW�LVW�

'DPLW�LVW�GLH�(UPLWWOXQJ�GHU�2UWVGULIW]HLWUHODWLRQ�DEJHVFKORVVHQ�

E r� �
UC

ra rie� �ln
���������������������� 1

r
��� er� �=

UCmax 1700 V=
ECmax 2 5 105 V/cm��|

T 25 ns=

tD



�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 6FKQLWW�$�$�GHU�'ULIWNDPPHU�DXV�$EELOGXQJ�����

3RWHQWLDOURKU

+RFKVSDQQXQJV]XI�KUXQJ

6LJQDOGUDKW

*HKlXVH

6LJQDOOHLWXQJ

6WUDKOHLQWULWWV � E]Z� � DXVWULWWVIHQVWHU

% %

7

7

�

�



�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

$EE������� 'ULIW]HOOH��6FKQLWW�%��%�]XU�9DULDEOHQGHILQLWLRQ�

,Q�$EELOGXQJ������VLQG�H[HPSODULVFK�]ZHL�2UWVGULIW]HLWUHODWLRQHQ�I�U�HLQ�W\SLVFKHV�/DVHUJDVJH�
PLVFK�]X�VHKHQ��0DQ�HUNHQQW�GHXWOLFK��ZLH�VLFK�GLH�'ULIW]HLWHQ�EHL�QLHGULJHUHP�'UXFN��JU|�HUH
IUHLH� :HJOlQJH�� UHGX]LHUHQ�� (LQ� 9RUWHLO� GHU� KLHU� YHUZHQGHWHQ� 0H�PHWKRGH� VHL� KLHU� QRFK
HUZlKQW��'LH�JHQDXH�/DJH�GHV�'UDKWHV�PX��YRU�GHU�0HVVXQJ�QLFKW�EHNDQQW� VHLQ��6LH�HUJLEW
VLFK�DXWRPDWLVFK�DXV�GHU�/DJH�GHV�0LQLPXPV�GHU�2UWVGULIW]HLWUHODWLRQ��'LH�=HLWDXIO|VXQJ�GLH�
VHU�$QRUGQXQJ�OLHJW�LP�%HUHLFK�YRQ���QV�>��@��VR�GD��VLFK�HLQH�2UWVDXIO|VXQJ�YRQ�FD������P
HUJLEW��'LH�(UPLWWOXQJ�GHU�'ULIWJHVFKZLQGLJNHLW�HUIROJW�GDQQ�DXV�GHU�2UWVGULIW]HLWUHODWLRQ�QDFK
GHP�LQ�.DSLWHO�������EHVFKULHEHQHQ�9HUIDKUHQ��'HU�.HKUZHUW�GHU�$EOHLWXQJ�GHU�2UWVGULIW]HLWUH�
ODWLRQ�LQ�$EELOGXQJ������HUJLEW�GLH�'ULIWJHVFKZLQGLJNHLW�GHU�(OHNWURQHQ�DOV�)XQNWLRQ�GHU�HOHN�
WULVFKHQ�)HOGVWlUNH��$EELOGXQJ�������EHL�GHQ�EHLGHQ�GRUW�DQJHJHEHQHQ�'U�FNHQ�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 2UWVGULIW]HLWUHODWLRQHQ�I�U�HLQ�W\SLVFKHV�/DVHUJDVJHPLVFK�
�EHL�]ZHL�YHUVFKLHGHQHQ�*DVGU�FNHQ�

$EE������� 'ULIWJHVFKZLQGLJNHLW�GHU�0LVFKXQJ� �EHL�
S  ��� K3D�XQG�S  �����K3D�
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6WHOOZHJ GHU 0LNURPHWHUVFKUDXEH [

PP

'
UL
IW
]
H
LW

W
'

QV
���� K3D� 8  ����� 9

F

��� K3D� 8  � ��� 9
F

\CO2
:\N2

:\He 5:20:60=

�

��

��

��

��

���

���

���

'
UL
IW
J
HV
FK

Z
LQ
G
LJ
N
HL
W

� ���� ���� ���� ���� ����

HOHNWULVFKH )HOGVWlUNH (

Y '

��� K3D

���� K3D

PP
�V

9
FP

\CO2
:\N2

:\He 5:20:60=



�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

+lXILJ�ZLUG�GLH�LQ�.DSLWHO�������EHVFKULHEHQH�'ULIWNDPPHU�]XU�%DKQEHVWLPPXQJ�YHUVFKLHGH�
QHU�JHODGHQHU�(OHPHQWDUWHLOFKHQ�¤�LQVEHVRQGHUH�YRQ�(OHNWURQHQ�¤�LQ�([SHULPHQWHQ�GHU�+RFK�
HQHUJLHSK\VLN� YHUZHQGHW�� )�U� GLHVH� 0HVVXQJHQ� VLQG� GLYHUVH� 'ULIWNDPPHUJDVH� DXVJHZlKOW
ZRUGHQ��VR�GD��DXVUHLFKHQG�H[SHULPHQWHOOH�:HUWH�DXV�GHU�/LWHUDWXU�I�U�GLH�'ULIWJHVFKZLQGLJ�
NHLW� DOV�)XQNWLRQ� GHU� HOHNWULVFKHQ�)HOGVWlUNH� ]XU�9HUI�JXQJ� VWHKHQ��'LHVH�'ULIWNDPPHUJDVH
XQWHUVFKHLGHQ�VLFK�LQ�LKUHU�=XVDPPHQVHW]XQJ�JDQ]�ZHVHQWOLFK�YRQ�GHQ�I�U�GHQ�&2��/DVHU�YHU�
ZHQGHWHQ�*DVJHPLVFKHQ��8P�GLH�)XQNWLRQVIlKLJNHLW�GHU�KLHU�EHQXW]WHQ�.DPPHU�]X��EHUSU��
IHQ��ZXUGH�GLH�'ULIWJHVFKZLQGLJNHLW�GHU�(OHNWURQHQ�LQ�HLQHP�W\SLVFKHQ�.DPPHUJDV�$U�&2�
PLW�GLHVHU�'ULIWNDPPHU�JHPHVVHQ�XQG�PLW�/LWHUDWXUZHUWHQ�QDFK�>��@�YHUJOLFKHQ��

$EE������� 9HUJOHLFK�GHU�KLHU�JHPHVVHQHQ�'ULIWJHVFKZLQGLJNHLWHQ�PLW�/LWHUDWXUZHUWHQ�I�U�
HLQ�W\SLVFKHV�'ULIWNDPPHUJDV�EHL�HLQHP�'UXFN�YRQ�S  ���� K3D�

0DQ�HUNHQQW� LQ�$EELOGXQJ������HLQH�JXWH�hEHUHLQVWLPPXQJ�GHU�EHLGHQ�.XUYHQYHUOlXIH��'LH
JU|�WH�$EZHLFKXQJ�GHU�$EVROXWZHUWH� OLHJW� XQWHU������'LHVHU�JHULQJH�8QWHUVFKLHG� Ol�W� VLFK
GXUFK�GLH�XQWHUVFKLHGOLFKH�%DXZHLVH�GHU�'HWHNWRUHQ�HUNOlUHQ��%DXDUWEHGLQJW�LVW�GLH�2UWVDXIO|�
VXQJ��XQG�GDPLW�GLH�.HQQWQLV�GHU�HOHNWULVFKHQ�)HOGVWlUNH��EHL�GHU�LQ�>��@�GDUJHVWHOOWHQ�'ULIW�
NDPPHU�JHULQJHU�DOV�EHL�GHU�KLHU�YHUZHQGHWHQ�$QRUGQXQJ�

����� (UJHEQLVVH�

'HU� W\SLVFKH� $UEHLWVGUXFN� HLQHV� JHVWU|PWHQ� &2��+RFKOHLVWXQJVODVHUV� EHWUlJW� XQJHIlKU
��� K3D��'HU�+HOLXPDQWHLO�GHU��EOLFKHUZHLVH�YHUZHQGHWHQ�*DVJHPLVFKH�OLHJW�]ZLVFKHQ����
XQG������ZREHL� GDV�9ROXPHQYHUKlOWQLV� ]ZLVFKHQ�&2�� XQG�1� � MH� QDFK�/DVHUW\S
]ZLVFKHQ� ���� ELV� ���� YDULLHUW��'LH� LP� IROJHQGHQ� EHVFKULHEHQHQ�8QWHUVXFKXQJHQ��(UJHEQLVVH
XQG�6FKOX�IROJHUXQJHQ�EH]LHKHQ�VLFK�QDW�UOLFK�LPPHU�DXI�GLHVHQ�I�U�GHQ�KRFKIUHTXHQ]DQJH�
UHJWHQ�� VFKQHOO� OlQJVJHVWU|PWHQ� &2��/DVHU� LQWHUHVVDQWHQ� 3DUDPHWHUEUHLFK�� 'HVKDOE� ZHUGHQ
KLHU� LP�ZHVHQWOLFKHQ�]ZHL� W\SLVFKH�0LVFKXQJVYHUKlOWQLVVH�XQWHUVXFKW��GLH�GHQ�9DULDWLRQVEH�

�

��

��

��

��

��

��

��

��

���

� ���� ���� ���� ����

'
UL
IW
J
HV
FK
Z
LQ
G
LJ
N
HL
W
Y
'

(OHNWULVFKH�)HOGVWlUNH��(

9
FP

PP
�V

\Ar:\CO2
90:10, Literatur=

\Ar :\CO2
90:10=

\CO2
:\N2



�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

UHLFK�HLQVFKOLH�HQ��'LH�0LVFKXQJ� �VWHOOW�GLH�KHOLXPUHLFKH�PLW�UHOD�
WLY�QLHGULJHP�6WLFNVWRIIDQWHLO�YHUVHKHQH�0LVFKXQJ�GDU��'LH�KHOLXPDUPH�0LVFKXQJ�PLW�HLQHP
0LVFKXQJVYHUKlOWQLV� YRQ� �ZLUG�PLW� � EH]HLFKQHW
XQG�ZHLVW�HLQHQ�+HOLXPDQWHLO�YRQ�QXU�����DXI��'HVZHLWHUHQ�ZLUG�GHU�'UXFN�YDULLHUW�XQG�GHU
(LQIOX��YRQ�$GGLWLYHQ�TXDQWLIL]LHUW��

,Q�$EELOGXQJ������LVW�GLH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�EHL�HLQHP�0LVFKXQJVYHUKlOWQLV�YRQ
� XQG� HLQHP�'UXFN� YRQ� ��� K3D� ]X� VHKHQ�� )�U� )HOGVWlUNHQ� �EHU

���� 9�FP�ZLUG�GHU�0H�IHKOHU�JU|�HU��GD�GLHVH�KRKHQ�)HOGVWlUNHQ�QXU�LQ�XQPLWWHOEDUHU�1lKH
GHV�'UDKWHV�DXIWUHWHQ��'DQQ�VLQG�GLH�'ULIW]HLWHQ�NOHLQ�XQG�HUUHLFKHQ�VFKOLH�OLFK�=HLWZHUWH��GLH
LQ�GHU�*U|�HQRUGQXQJ�GHU�=HLWDXIO|VXQJ�OLHJHQ��ZDV�QDW�UOLFK�]X�)HKOHUQ�LQ�GHU�$EOHLWXQJ�GHU
2UWVGULIW]HLWUHODWLRQ�I�KUW��'LH�)HOGVWlUNHQ�EHL�GHQ�KLHU� LQWHUHVVLHUHQGHQ�*DVHQWODGXQJHQ�OLH�
JHQ� IDVW� HLQH� *U|�HQRUGQXQJ� XQWHU� GLHVHU� NULWLVFKHQ� )HOGVWlUNH�� QlPOLFK� EHL� FD�

��DOVR�GRUW��ZR�GHU�0H�IHKOHU�XQWHU�� ��OLHJW��)�U�GLHVHQ�%HUHLFK�NDQQ�]ZL�
VFKHQ�GHQ�]ZHL�XQWHUVFKLHGOLFKHQ�5HLQKHLWVJUDGHQ�GHU�6WLFNVWRII�OOXQJHQ�NHLQ�8QWHUVFKLHG�LQ
GHU�'ULIWJHVFKZLQGLJNHLW�JHIXQGHQ�ZHUGHQ�

(V�IlOOW�DXI��GD��EHL�GLHVHP�'UXFN�GLH�KlXILJ�JHPDFKWH�$QQDKPH� �PLW�HLQHU
NRQVWDQWHQ� (OHNWURQHQEHZHJOLFKNHLW� QLFKW� ULFKWLJ� LVW�� 1DFK� GHQ�%HPHUNXQJHQ� LQ�.DSLWHO
������XQG�*OHLFKXQJ�����NDQQ�PDQ� �DQQHKPHQ��PLW�HLQHP�YRQ�GHQ�9HUOXVWSUR]HVVHQ
XQG�:LUNXQJVTXHUVFKQLWWHQ�DEKlQJLJHQ�([SRQHQWHQ� ��3D�W�PDQ�
DQ�GLH�0H�ZHUWH�YRQ�$EELOGXQJ������DQ��VR�HUKlOW�PDQ�I�U�GLH�LQWHUHVVLHUHQGHQ�JHULQJHQ�XQG
PLWWOHUHQ�)HOGVWlUNHQ�EHVWH�hEHUHLQVWLPPXQJ�PLW�

� ������

,Q�$EELOGXQJ������VLQG�GLH�'ULIWJHVFKZLQGLJNHLWHQ�GHU�(OHNWURQHQ�EHL�9DULDWLRQ�GHV�*DVJHPL�
VFKHV�XQG�HLQHP�NRQVWDQWHQ�'UXFN�YRQ�S  ��� K3D�]X�VHKHQ��*OHLFKXQJ������JLOW� DOVR�KLHU
XQDEKlQJLJ�YRQ�GHU�*DV]XVDPPHQVHW]XQJ��'LH�GXUFKJH]RJHQH�/LQLH�VWHOOW�GLH�QDFK�*OHLFKXQJ
����� EHUHFKQHWH�.XUYH� GDU��'LH� JHVWULFKHOWHQ�.XUYHQ� VLQG� HEHQIDOOV� QDFK� RELJHU�*OHLFKXQJ
EHUHFKQHW��MHGRFK�PLW�YHUVFKLHGHQHQ�([SRQHQWHQ��XP�GHQ�(LQIOX��GLHVHV�3DUDPHWHUV�DXI�GHQ
.XUYHQYHUODXI�]X�YHUGHXWOLFKHQ��,Q�$QOHKQXQJ�DQ�GLH�SK\VLNDOLVFKHQ�$XVVDJHQ�LQ�$EELOGXQJ
����XQG�$EELOGXQJ�����VSLHJHOW�VLFK�GHU�HQJH�=XVDPPHQKDQJ�]ZLVFKHQ�GHP�7UDQVSRUWNRHIIL]L�
HQWHQ� 'ULIWJHVFKZLQGLJNHLW� XQG� GHQ� JDVHOHNWURQLVFKHQ� 3DUDPHWHUQ� IUHLH� :HJOlQJH

� XQG� (QHUJLHYHUOXVW� SUR� 6WR�� � LP� ([SRQHQWHQ�
ZLGHU�

\CO2
:\N2

:\He 5:15:80=

\CO2
:\N2

1:4= \CO2
:\N2

:\He 5:20:60=

\CO2
:\N2

:\He 5:15:80=

200 bis 300 V/cm

vD E� � Pe E�=
Pe

vD EDa
D vD: c E V cme� �e� �D�=

vD 1 45 mm
Ps
��������� E

V cme
����������������© ¹
§ · 0 55�

� ��=

le H� � 1 ng V H� ��� �e= / H� � GHverlust He= D



�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

$EE������� 'ULIWJHVFKZLQGLJNHLW�EHL�YHUVFKLHGHQHQ�6WLFNVWRIIUHLQKHLWVNODVVHQ�

$EE������� 'ULIWJHVFKZLQGLJNHLW�GHU�(OHNWURQHQ�EHL�HLQHP�*DVPLVFKXQJVYHUKlOWQLV�YRQ�
D�� �
E�� �

�

��

��

��

��

���

���

���

���

���

� ���� ���� ���� ���� ���� ����

HOHNWULVFKH )HOGVWlUNH (

PP
�V

'
UL
IW
J
HV
FK

Z
LQ
G
LJ
N
HL
W
Y '

9
FP

���
���

HOHNWULVFKH )HOGVWlUNH (

PP
�V

'
UL
IW
J
HV
FK

Z
LQ
G
LJ
N
HL
W
Y '

9
FP

�

��

��

��

��

���

���

���

���

���

� ���� ���� ���� ���� ���� ����

 ���

 ����

 ���D

D

D

D�

E�

\CO2
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

(V�PDJ�]XQlFKVW��EHUUDVFKHQ��GD�� �LQ�GHP�I�U�GHQ�&2��/DVHU�W\SLVFKHQ�)HOGVWlUNHEHUHLFK
QLFKW�ZHVHQWOLFK�YRP�0LVFKXQJVYHUKlOWQLV�EHHLQIOX�W�ZLUG��'LHV�OLHJW�DQ�GHP�KRKHQ�+HOLXP�
DQWHLO��GHU�GHU�+DXSWEHVWDQGWHLO�GHU�*DVPLVFKXQJ�LVW��+HOLXP�ZHLVW�HLQHQ�QDKH]X�NRQVWDQWHQ
:LUNXQJVTXHUVFKQLWW�I�U�HODVWLVFKH�6W|�H�DXI��G�K�� ��'LH�I�U�LQHODVWLVFKH�3UR]HVVH
EHL�+HOLXP�QRWZHQGLJHQ�(OHNWURQHQHQHUJLHQ�ZLH�HWZD�HOHNWURQLVFKH�$QUHJXQJ�XQG�,RQLVDWLRQ
ZHUGHQ� LQ� GHU� *DVHQWODGXQJ� QLFKW� HUUHLFKW�� VR� GD�� GLH� HODVWLVFKHQ� 6W|VVH� GRPLQLHUHQ
� ��� 0LW� GHQ� 'HILQLWLRQHQ� LQ� GHQ� *OHLFKXQJHQ� ���� ELV� ���� EHGHXWHW� GLHV� �

� XQG�GDPLW� QDFK�*OHLFKXQJ����� ��'LH�$EZHLFKXQJ�GHV� DXV�GHU�$QSD�NXUYH
HUPLWWHOWHQ�:HUWHV� �YRQ�GLHVHP�WKHRUHWLVFKHQ�([SRQHQWHQ�LVW�LP�ZHVHQWOLFKHQ�GXUFK�GLH�*DV�
NRPSRQHQWHQ�.RKOHQGLR[LG�XQG�6WLFNVWRII�EHGLQJW��GLH�EHLGH�GHQ�PLWWOHUHQ�9HUOXVW�SUR�6WR�
ZHJHQ�LKUHU�WLHIOLHJHQGHQ�9LEUDWLRQV��XQG�5RWDWLRQVQLYHDXV�HUK|KHQ���'D�EHLGH�*DVVRUWHQ�YHU�
JOHLFKEDUH�1LYHDXV�DXIZHLVHQ��VSLHOW�LKU�0LVFKXQJVYHUKlOWQLV�NHLQH�JUR�H�5ROOH��

����� $XV�GHU�'ULIWJHVFKZLQGLJNHLW�DEJHOHLWHWH�3DUDPHWHU

1DFK�*OHLFKXQJ�����NDQQ�GLH�'ULIWJHVFKZLQGLJNHLW�GHU�(OHNWURQHQ�DOV�)XQNWLRQ�GHU�UHGX]LHU�
WHQ�)HOGVWlUNH� �DQJHJHEHQ�ZHUGHQ��GLH�I�U�GLH�&KDUDNWHULVLHUXQJ�HLQHU�*OLPPHQWODGXQJ
GLH�ZLFKWLJVWH� 6NDOLHUXQJVJU|�H� GDUVWHOOW��'LH� )HOGVWlUNHQ� ]X� GHQ�0H�ZHUWHQ� LQ�$EELOGXQJ
����� N|QQHQ� JHPl�� � DXI� UHGX]LHUWH� )HOGVWlUNHQ� XPJHUHFKQHW� ZHUGHQ�
'DPLW�HUKlOW�PDQ�H[SHULPHQWHOO�GHQ�IXQNWLRQDOHQ�=XVDPPHQKDQJ�]ZLVFKHQ�'ULIWJHVFKZLQGLJ�
NHLW�XQG�UHGX]LHUWHU�)HOGVWlUNH��$EELOGXQJ�������

'LH�GXUFKJH]RJHQH�.XUYH� LVW�QDFK�*OHLFKXQJ�����EHUHFKQHW��0DQ�HUKlOW�EHVWH�hEHUHLQVWLP�
PXQJ�PLW�GHQ�:HUWHQ��GLH�LQ�7DEHOOH�����DQJHJHEHQ�VLQG��ZRPLW�I�U� �IROJW�

� ������

�� +LHUI�U VLQG (OHNWURQHQHQHUJLHQ YRQ QXU ZHQLJHQ H9 QRWZHQGLJ� GLH LQ HLQHU W\SLVFKHQ *DVHQWODGXQJ VHKU ZRKO

HUUHLFKW ZHUGHQ�

PLW�

7DEHOOH����� hEHUVLFKW�GHU�LQ�*OHLFKXQJ������XQG������
YHUZHQGHWHQ�*U|�HQ�

vD

le H� � const.|

/ const.| m 0=
n 0= D 0 5�=

D

E nge

E nge E p kTe� �e=

m
4
9
���= n

1
11
������=

O0 1 34 10 2–��= l00
1

ng 0 48 10 15– cm2� ���
�����������������������������������������������������=

/ H� �
O0

eV� �m
��������������� Hm�= l0 H� �

l 00

eV� � n–
����������������� H n–�=

vD

vD E nge� � 2 372 10
13 m

s
����

E nge

V cm
2�

�������������������
© ¹
¨ ¸
§ · 0 55�

� � ��=



�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

)�U�GLH�PLWWOHUH�(OHNWURQHQHQHUJLH� �HUJLEW�VLFK�GDQQ�QDFK�*OHLFKXQJ�����XQG�(LQVHW]HQ�GHU
:HUWH�DXV�7DEHOOH�����

� ������

$EE������� 'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�EHL�YHUVFKLHGHQHQ�*DVGU�FNHQ��
�

,Q�.DSLWHO� ��ZHUGHQ� YHUVFKLHGHQH�*DVDGGLWLYH� ]XP�/DVHUJDV� GLVNXWLHUW��'LH�=XPLVFKXQJHQ
]XP�HLJHQWOLFKHQ�/DVHUJDV�OLHJHQ�LP�%HUHLFK�YRQ�� ���$OOH�KLHU�YHUZHQGHWHQ�$GGLWLYH�EHHLQ�
IOXVVHQ�EHL�GLHVHQ�JHULQJHQ�9ROXPHQDQWHLOHQ�GLH�'ULIWJHVFKZLQGLJNHLW�QLFKW�ZHVHQWOLFK��ZLH�LQ
$EELOGXQJ������]X�VHKHQ�LVW�

<H>

<H E nge� �> 1 52 1012 eV
E nge

V cm
2�

�������������������
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 'LH�'ULIWJHVFKZLQGLJNHLW�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�

$EE������� 9HUJOHLFK�GHU�(OHNWURQHQGULIWJHVFKZLQGLJNHLWHQ�EHL�YHUVFKLHGHQHQ�/DVHUJDVHQ�
PLW�XQG�RKQH�$GGLWLYH�'LH�GXUFKJH]RJHQH�.XUYH�LVW�ZLHGHU�QDFK�*OHLFKXQJ�
�����EHUHFKQHW��³,VR¦�VWHKW�KLHU�I�U�,VREXWDQ�&�+���
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

,Q�$EELOGXQJ������VLQG�GLH�'ULIWJHVFKZLQGLJNHLW�XQG�GLH�PLWWOHUH�(OHNWURQHQHQHUJLH�DOV�)XQN�
WLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�DXIJH]HLFKQHW��'LH�JHVWULFKHOWHQ�.XUYHQ�VLQG�GDV�5HVXOWDW�HLQHU
QXPHULVFKHQ�%HUHFKQXQJ��GHU�HLQ�VHKU�XPIDQJUHLFKHV�6LPXODWLRQVPRGHOO�]XJUXQGH�OLHJW�>�@�
'LH�GXUFKJH]RJHQHQ�.XUYHQ�VLQG�QDFK�*OHLFKXQJ������E]Z��*OHLFKXQJ������DQDO\WLVFK�EHUHFK�
QHW��0DQ�HUKlOW�HLQH�VHKU�JXWH�hEHUHLQVWLPPXQJ�EHL�GHU�'ULIWJHVFKZLQGLJNHLW��XQG�DXFK�EHL
GHU�PLWWOHUHQ�(OHNWURQHQHQHUJLH�OLHJW�GLH�JU|�WH�$EZHLFKXQJ�GHU�EHLGHQ�.XUYHQ�XQWHU�� ��

0LW�GLHVHQ�EHLGHQ�HLQIDFKHQ�$XVGU�FNHQ�Ol�W�VLFK�QXQ�HLQH�HLQIDFKH�$EVFKlW]XQJ�I�U�GLH�RSWL�
PDOH�(OHNWURQHQGLFKWH�EHL�YRUJHJHEHQHU�HOHNWULVFKHU�/HLVWXQJVGLFKWH�DQJHEHQ�� -H�QDFK�*DV�
PLVFKXQJ�JLEW�HV�HLQH�I�U�GLH�$QUHJXQJ�GHV�REHUHQ�/DVHUQLYHDXV�RSWLPDOH�(OHNWURQHQHQHUJLH

��1DFK�*OHLFKXQJ������NDQQ�QXQ�GLH�RSWLPDOH�UHGX]LHUWH�)HOGVWlUNH�GLUHNW�EHUHFKQHW�ZHU�
GHQ�

� ������

'LHVHU�=XVDPPHQKDQJ�LVW�LQ�$EELOGXQJ������]X�VHKHQ�

$EE������� 9HUJOHLFK�GHU�KLHU�H[SHULPHQWHOO�DQDO\WLVFK�JHZRQQHQHQ�:HUWH�YRQ�
'ULIWJHVFKZLQGLJNHLW�XQG�PLWWOHUH�(OHNWURQHQHQHUJLH�DOV�)XQNWLRQ�GHU�
UHGX]LHUWHQ�)HOGVWlUNH�PLW�HLQHU�QXPHULVFKHQ�$QDO\VH�QDFK�>�@�

Hopt

E
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�����

opt

Hopt
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 'LH�RSWLPDOH�UHGX]LHUWH�HOHNWULVFKH�)HOGVWlUNH�DOV�)XQNWLRQ�GHU�YRQ�GHU�
*DVPLVFKXQJ�DEKlQJLJHQ�RSWLPDOHQ�(OHNWURQHQHQHUJLH�

:HJHQ

������

XQG�PLW�*OHLFKXQJ������XQG������NDQQ�EHL�JHJHEHQHU�/HLVWXQJVGLFKWH�GLH�RSWLPDOH�(OHNWURQHQ�
GLFKWH�I�U�GLH�MHZHLOLJH�*DV]XVDPPHQVHW]XQJ�EHVWLPPW�ZHUGHQ�

� ������

'HVZHLWHUHQ�NDQQ�GLH�(QHUJLHYHUWHLOXQJVIXQNWLRQ�I�U�GLH�(OHNWURQHQ�PLW�+LOIH�YRQ�*OHLFKXQJ
����� QlKHUXQJVZHLVH� DQJHJHEHQ� ZHUGHQ�� 1DFK� >��@� ZHLFKW� GLH�0D[ZHOOYHUWHLOXQJ� YRQ� GHU
QXPHULVFK�DXV�GHU�/|VXQJ�GHU�%ROW]PDQQJOHLFKXQJ�LQ�=ZHLWHUPQlKHUXQJ�HUPLWWHOWHQ�/|VXQJ
QXU�ZHQLJ�DE��ZHQLJHU�DOV��� ����ZHQQ�PDQ�LQ�GLH�0D[ZHOOYHUWHLOXQJ�GLH�³ULFKWLJH�PLWWOHUH
(OHNWURQHQHQHUJLH¦��HLQVHW]W��(LQVHW]HQ�GHU�PLWWOHUHQ�(OHNWURQHQHQHUJLH�DXV�*OHLFKXQJ������LQ
GLH�0D[ZHOOYHUWHLOXQJ�OLHIHUW�
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�������'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�LP�/DVHUJDV ��

������

)�U� GHQ� I�U�&2��/DVHU� W\SLVFKHQ� 3DUDPHWHUEHUHLFK� � �� HUJLEW� VLFK� HLQH
VHKU�JXWH�hEHUHLQVWLPPXQJ�]ZLVFKHQ�GHU�QXPHULVFKHQ�6LPXODWLRQVUHFKQXQJ�>��@�XQG�GHU�DQD�
O\WLVFKHQ�/|VXQJ�QDFK�*OHLFKXQJ�������VLHKH�$EELOGXQJ�������

$EE������� (OHNWURQHQHQHUJLHYHUWHLOXQJVIXQNWLRQ�HLQHV�QXPHULVFKHQ�6LPXODWLRQVPRGHOOV�
QDFK�>��@��JHVWULFKHOWH�.XUYHQ���E]Z��EHUHFKQHW�QDFK�*OHLFKXQJ������
�GXUFKJH]RJHQH�.XUYH��

f H E nge�� � 2 H

S2
3
��� H E nge� �¢ ²2

3
��� H E nge� �¢ ²

��������������������������������������������������������������������
H

2
3
��� H E nge� �¢ ²
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

��� %HVWLPPXQJ�GHU�*DVYHUVWlUNXQJ�PLW�+LOIH�GHU�

'ULIWNDPPHU

'LH�REHQ�DQJHJHEHQHQ�*OHLFKXQJHQ�HUP|JOLFKHQ�LQ�VHKU�HLQIDFKHU�)RUP�HLQH�$EVFKlW]XQJ�GHU
ZLFKWLJVWHQ�� GLH� (QWODGXQJ� EHHLQIOXVVHQGHQ�*U|�HQ��8QEHDQWZRUWHW� LVW� ELVKHU�� ZLH�PDQ� GLH
(QWODGXQJ�VR�JHVWDOWHQ�NDQQ��GD��VLFK�GLHVH�RSWLPDOHQ�3DUDPHWHU�HLQVWHOOHQ��'LH�P|JOLFKVW�HIIL�
]LHQWH�(OHNWURQHQSURGXNWLRQ�EHL�P|JOLFKVW�JHULQJHU�HOHNWULVFKHU�)HOGVWlUNH�XQG�GDPLW�JHULQJHU
PLWWOHUHU�(OHNWURQHQHQHUJLH�LVW�KLHU�DQ]XVWUHEHQ��GD�GLH�9LEUDWLRQVDQUHJXQJ�GHV�REHUHQ�/DVHU�
QLYHDXV�QXU�EHL ¤LP�9HUJOHLFK�]XU�,RQLVDWLRQ¤ JHULQJHQ�(OHNWURQHQHQHUJLHQ�HIIL]LHQW�LVW��'LH�LQ
.DSLWHO�������EHVFKULHEHQH�*DVYHUVWlUNXQJ�LVW�HLQ�JHHLJQHWHU�SK\VLNDOLVFKHU�(IIHNW��GHU�JHQXW]W
ZHUGHQ�NDQQ��XP�GLH�)UDJH�]X�EHDQWZRUWHQ��ZLH�HIIL]LHQW�GLH�(OHNWURQHQSURGXNWLRQ�DOV�)XQN�
WLRQ�GHU�)HOGVWlUNH�XQG�GHU�*DVPLVFKXQJ�EHZHUNVWHOOLJW�ZHUGHQ�NDQQ��'D]X�ZLUG�PLW�+LOIH�GHV
/DVHUV� HLQH� (OHNWURQHQ�,RQHQSDDUVSXU� EHL� IHVWJHKDOWHQHP� $EVWDQG� /DVHUVWUDKO¤6LJQDOGUDKW
HU]HXJW�XQG�GLH�6LJQDOK|KH�85��GLH�6SDQQXQJ�85�DP�:LGHUVWDQG�5�LQ�$EELOGXQJ�����LVW�SUR�
SRUWLRQDO�]X�GHU�DP�6LJQDOGUDKW�DQNRPPHQGHQ�=DKO�YRQ�(OHNWURQHQ��DOV�)XQNWLRQ�GHU�.DP�
PHUVSDQQXQJ�8F�DXIJHWUDJHQ�

$EE������� *DVYHUVWlUNXQJ�EHL�GHQ�EHLGHQ�/DVHUJDVJHPLVFKHQ�
��� �XQG���� �EHL�HLQHP�
'UXFN�YRQ���� K3D�

,Q�$EELOGXQJ������LVW�GDV�(UJHEQLV�HLQHU�VROFKHQ�0HVVXQJ�]X�VHKHQ��%HL�GHU�VWLFNVWRIIlUPHUHQ
0LVFKXQJ� �����HUKlOW�PDQ�EHL�VFKRQ�GHXWOLFK�JHULQJHUHU�.DPPHU�
VSDQQXQJ�DOV�EHL�GHU�9HUJOHLFKVPLVFKXQJ�����HLQ�QDFKZHLVEDUHV�.DPPHUVLJQDO��'LHV�EHGHXWHW�
GD��GLH�*DVYHUVWlUNXQJ�GHV�/DVHUJDVHV���IU�KHU�HLQVHW]W�DOV�EHL�*DVJHPLVFK����'LH�=�QGVSDQ�
QXQJ�LQ���LVW�GDKHU�JHULQJHU��ZDV�DXI�GLH�*DVHQWODGXQJ��EHUWUDJHQ�EHGHXWHW��GD��VLFK�LQ���HLQH
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�������%HVWLPPXQJ�GHU�*DVYHUVWlUNXQJ�PLW�+LOIH�GHU�'ULIWNDPPHU ��

VWDELOH�VHOEVWlQGLJH�(QWODGXQJ�EHL�JHULQJHUHU�HOHNWULVFKHU�)HOGVWlUNH�HLQVWHOOHQ�ZLUG��=XU�TXDQ�
WLWDWLYHQ�%HVFKUHLEXQJ�GLHVHV�=XVDPPHQKDQJV�IROJW�PDQ�]ZHFNPl�LJHUZHLVH�GHU�1lKHUXQJV�
O|VXQJ� ]XU� %HUHFKQXQJ� GHU� *DVYHUVWlUNXQJ� QDFK�0�� (�� 5RVH� XQG� 6�� $�� .RUII� >��@�� GHUHQ
JUXQGOHJHQGHU�$QVDW]�KLHU�XP�GLH�VSH]LILVFKHQ�$QQDKPHQ�DXV�GHU�(QWODGXQJVSK\VLN�HUJlQ]W
ZLUG��

8QWHU�GHU�$QQDKPH�� GD�� VLFK�(OHNWURQHQ�PLW� GHU�'LFKWH�Q
H
�U�� LQ� HLQHP�KLQUHLFKHQG�JUR�HQ

HOHNWULVFKHQ�)HOG�EHZHJHQ��NDQQ�PDQ�I�U�GLH�bQGHUXQJ�GHU�(OHNWURQHQGLFKWH�

������

VFKUHLEHQ��'DEHL� LVW� � GHU����7RZQVHQGNRHIIL]LHQW��GHU�ZHJHQ�GHU�2UWVDEKlQJLJNHLW�GHU
HOHNWULVFKHQ�)HOGVWlUNH� LQ� GHU�'ULIWNDPPHU� YRP�2UW� GHV�(OHNWURQHQVFKZDUPV� DEKlQJW��'DV
0LQXV]HLFKHQ�LQ�*OHLFKXQJ������LVW�XQWHU�%HU�FNVLFKWLJXQJ�GHU�%HZHJXQJVULFKWXQJ�GHU�(OHN�
WURQHQ�VR�JHZlKOW��GD��VLFK�HLQ�SRVLWLYHU�%HLWUDJ�HUJLEW��ZHQQ�VLFK�GLH�(OHNWURQHQ�XP�GHQ�:HJ

�HQWODQJ�GHU�)HOGOLQLHQ�EHZHJHQ��VLHKH�$EELOGXQJ��������'DQQ�HUJLEW�VLFK�I�U�GLH
*DVYHUVWlUNXQJ�$�

������

$EE������� 6NL]]H�]XU�9DULDEOHQGHILQLWLRQ�

'HILQLHUW�PDQ�PLW� �GLH�PLWWOHUH�IUHLH�:HJOlQJH�I�U�GLH�,RQLVDWLRQ��NDQQ�PDQ�PLW�GHU�YHUHLQ�
IDFKHQGHQ�$QQDKPH��GD��MHGHU�6WR��HLQHV�(OHNWURQV�PLW�HLQHU�(QHUJLH��GLH�GLH�,RQLVDWLRQVHQHU�
JLH��EHUVFKUHLWHW��LQQHUKDOE�GHU�IUHLHQ�:HJOlQJH�]X�HLQHU�,RQLVDWLRQ�I�KUW��VFKUHLEHQ�
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rd
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

6HL� �GLH�'LIIHUHQ]�]ZLVFKHQ�GHU�(OHNWURQHQHQHUJLH��DP�2UW�U��XQG�GHU�,RQLVDWLRQVHQHUJLH� �
DOVR� ��VR�JLOW�PLW�GHU�(QHUJLHYHUWHLOXQJVIXQNWLRQ�I�X�U��

� ������

0LW� HLQHU� OLQHDUHQ� 1lKHUXQJ� I�U� GHQ� :LUNXQJVTXHUVFKQLWW� I�U� GLH� 6WR�LRQLVDWLRQ
�HUJLEW�VLFK�VFKOLH�OLFK�I�U�GHQ����7RZQVHQG�.RHIIL]LHQW�

� ������

'DEHL�GHXWHW�GHU�,QGH[�U�DP�0LWWHOZHUW�YRQ�X�GLH�2UWVDEKlQJLJNHLW�GLHVHU�*U|�H�DQ��'HU�HUVWH
7HUP�LQ�RELJHU�*OHLFKXQJ�DXI�GHU�OLQNHQ�6HLWH�NDQQ�LQ�JXWHU�1lKHUXQJ�GXUFK�

������

HUVHW]W�ZHUGHQ��ZHQQ�PDQ�DQQLPPW��GD��GDV�LRQLVLHUWH�$WRP�0ROHN�O�GLH�(QHUJLH�X�GHV�VWRV�
VHQGHQ�(OHNWURQV�YROOVWlQGLJ�DEVRUELHUW��0LW�GHQ�'HILQLWLRQHQ�

������

HUKlOW�PDQ��ZHQQ�I�X�U��JHPl�� �QRUPLHUW�LVW�

� ������

0LW�*OHLFKXQJ������XQG�GHU�1lKHUXQJ������HUJLEW�VLFK�

� ������

XQG�GDPLW�VFKOLH�OLFK�

� ������

u HI
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�������%HVWLPPXQJ�GHU�*DVYHUVWlUNXQJ�PLW�+LOIH�GHU�'ULIWNDPPHU ��

)�U�GLH�KLHU�YHUZHQGHWH�'ULIWNDPPHU�JLOW�

� ������

ZHQQ�PDQ�PLW�8�  �8F�GHQ�%HWUDJ�GHU�.DPPHUVSDQQXQJ�EH]HLFKQHW��(LQJHVHW]W�LQ�*OHLFKXQJ
�����HUJLEW�VLFK�

� ������

XQG�PLW�*OHLFKXQJ������

� ������

)�U�GLH�*DVYHUVWlUNXQJ�$�U���IROJW�GDKHU�PLW�*OHLFKXQJ������

� ������

'DEHL�LVW�U��GHU�2UW��ZR�EHL�YRUJHJHEHQHU�6SDQQXQJ�8��GLH�,RQLVDWLRQ�EHJLQQW��6HL�8W�GLH�PLQL�
PDOH�6SDQQXQJ��JHUDGH�VR�JUR��JHZlKOW��GD��HUVW�LQ�XQPLWWHOEDUHU�1lKH�GHV�$QRGHQGUDKWHV�GLH
,RQLVDWLRQ�EHJLQQW��VR�NDQQ�PLW�*OHLFKXQJ������LQ�HUVWHU�1lKHUXQJ�JHVFKULHEHQ�ZHUGHQ�

� ������

'LH�PLQLPDOH�(QHUJLH� �LVW�GLH�PLQLPDOH�PLWWOHUH�hEHUVFKX�HQHUJLH��GLH�VLFK�LP�(OHNWUR�
QHQVFKZDUP� HLQVWHOOHQ� PX��� GDPLW� GHU� /DZLQHQHIIHNW� HLQVHW]W�� 6LH� LVW� HLQH� I�U� GLH� *DVPL�
VFKXQJ�FKDUDNWHULVWLVFKH�*U|�H�XQG�PX��GDKHU�XQDEKlQJLJ�YRQ�GHU�.DPPHUJHRPHWULH�VHLQ�
'DKHU�JLOW�� ��

������

XQG�ZHLWHU�

� ������

0LW�*OHLFKXQJ������HUKlOW�PDQ�VFKOLH�OLFK�

rd
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

� ������

'LH�$QSDVVXQJ�GLHVHU�)XQNWLRQ�PLW�GHQ�LQ�$EELOGXQJ������DQJHJHEHQHQ�6FKZHOOVSDQQXQJHQ
DQ�GLH�LQ�$EELOGXQJ������GDUJHVWHOOWHQ�0H�ZHUWH�HUJLEW�HLQH�VHKU�JXWH�hEHUHLQVWLPPXQJ�]ZL�
VFKHQ� 7KHRULH� XQG� ([SHULPHQW�� 'LH� 6FKZHOOVSDQQXQJ� 8W� I�U� *HPLVFK� ���� OLHJW� PLW� ��� 9
JHJHQ�EHU�*HPLVFK�����PLW���� 9�XP��� ��K|KHU��hEHUWUDJHQ�DXI�HLQH�*DVHQWODGXQJ�PLW�GHQ
KLHU�DQJHJHEHQHQ�*DVJHPLVFKHQ�EHGHXWHW�GLHV�HLQH�IU�KHUH�VWDELOH�=�QGXQJ�GHV�*HPLVFKHV���
'LH�6WDELOLWlW�GHU�(QWODGXQJ�EHL�JUR�HQ�/HLVWXQJVGLFKWHQ�NDQQ�KLHUPLW�HEHQIDOOV�EHXUWHLOW�ZHU�
GHQ��(LQH�K|KHUH�6FKZHOOVSDQQXQJ�EHGHXWHW��GD��GLH�(QWODGXQJ�EHL�K|KHUHQ�)HOGVWlUNHQ�VWDELO
EHWULHEHQ�ZHUGHQ� NDQQ�� %HLGHV� NRQQWH� LQ� +RFKIUHTXHQ]HQWODGXQJHQ� H[SHULPHQWHOO� EHVWlWLJW
ZHUGHQ�

1HEHQ� GHU�6FKZHOOVSDQQXQJ�NDQQ�GDV�3URGXNW� � I�U�GLH� MHZHLOV� XQWHUVXFKWH�*DVPL�
VFKXQJ�GXUFK�$QSDVVXQJ�GHU�)XQNWLRQ�QDFK�*OHLFKXQJ������DQ�GLH�0H�NXUYHQ�HUPLWWHOW�ZHU�
GHQ��'D]X�ZLUG�GHU�'UXFN�YDULLHUW�XQG�GLH�$XVJDQJVVSDQQXQJ�GHU�'ULIWNDPPHU�DOV�)XQNWLRQ
GHU� .DPPHUVSDQQXQJ� HUPLWWHOW�� 'LH� 'UXFNYDULDWLRQ� GLHQW� GD]X�� GLH� EHLGHQ� )LWSDUDPHWHU

�XQG� �YRQHLQDQGHU�]X�VHSDULHUHQ��'LH�6FKZHOOVSDQQXQJ�LVW�VHOEVWYHUVWlQGOLFK�HLQH
YRP� 'UXFN� XQG� YHUZHQGHWHQ� *DV� DEKlQJLJH� *U|�H�� ZRKLQJHJHQ� GDV� 3URGXNW� DXV

�XQG� �YRP�VSH]LHOOHQ�*DVJHPLVFK�XQG��EHU� � QXU� VFKZDFK�YRP
'UXFN�DEKlQJW��,Q�$EELOGXQJ������XQG�$EELOGXQJ������VLQG�GLH�0HVVXQJHQ�XQG�GLH�$QSD�NXU�
YHQ�I�U�GLH�EHLGHQ�*DV]XVDPPHQVHW]XQJHQ���XQG���DXIJHWUDJHQ��'LH�$EZHLFKXQJ�GHU�0H��
ZHUWH� YRQ� GHU� WKHRUHWLVFKHQ� .XUYH� EHL� KRKHP� 'UXFN� LVW� KDXSWVlFKOLFK� DXI� GLH� VFKZDFKH
'UXFNDEKlQJLJNHLW�GHU�9HUWHLOXQJVIXQNWLRQ� �]XU�FN]XI�KUHQ��0DQ�HUVLHKW�DXV�GHQ�0HV�
VXQJHQ� I�U�GHQ� ODVHUUHOHYDQWHQ�'UXFNEHUHLFK� ���� K3D� ELV� ��� K3D��� GD�� LQ�GLHVHP�%HUHLFK
GLHVH�$EKlQJLJNHLW�YHUQDFKOlVVLJW�ZHUGHQ�NDQQ�

0LW�+LOIH�GHU�VR�JHZRQQHQHQ�FKDUDNWHULVWLVFKHQ�*U|�HQ�NDQQ�GHU�5DWHQNRHIIL]LHQW� �DOV
)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�QlKHUXQJVZHLVH�DQDO\WLVFK�EHVWLPPW�ZHUGHQ��'D]X�PX�
GLH�+HUOHLWXQJ�]XU�%HVWLPPXQJ�GHU�*DVYHUVWlUNXQJ�PRGLIL]LHUW�ZHUGHQ��'LH�$QQDKPH�LQ�*OHL�
FKXQJ������LVW�QDW�UOLFK�QXU�EHL�JUR�HQ�)HOGVWlUNHQ�DXVUHLFKHQG�HUI�OOW��)�U�VFKZlFKHUH�)HOGHU
PX��GHU�9HUODXI�GHU�(OHNWURQHQHQHUJLHYHUWHLOXQJVIXQNWLRQ�EHU�FNVLFKWLJW�ZHUGHQ��*DQ]�DOOJH�
PHLQ�JLOW�

� ������

0LW�GHU�$QQDKPH��GD��GLH�(OHNWURQHQ�PLW�GHU�(QHUJLH� �YRU�GHP�LRQLVLHUHQGHQ
6WR��QDFK�'XUFKODXIHQ�GHU�6WUHFNH� �LP�HOHNWULVFKHQ�)HOG�HLQ�0ROHN�O�LRQLVLHUHQ��NDQQ�PDQ
VFKUHLEHQ�

� ������

UR U0� � const. ng PL Puls�

2 2
ng aI M 0� � e ri� � � �

ra rie� �ln
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�������%HVWLPPXQJ�GHU�*DVYHUVWlUNXQJ�PLW�+LOIH�GHU�'ULIWNDPPHU ��

$EE������� 1DFK�*OHLFKXQJ������EHUHFKQHWH�$XVJDQJVVSDQQXQJ�I�U�GLH�LQ�$EELOGXQJ������
DQJHJHEHQHQ�*DVPLVFKXQJHQ�

$EE������� 1DFK�*OHLFKXQJ������EHUHFKQHWH�$XVJDQJVVSDQQXQJ�EHL�9DULDWLRQ�GHV�'UXFNHV�
� ��XQG�9HUZHQGXQJ�YRQ�*HPLVFK���
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 1DFK�*OHLFKXQJ������EHUHFKQHWH�$XVJDQJVVSDQQXQJ�EHL�9DULDWLRQ�GHV�'UXFNHV �
� ��XQG�9HUZHQGXQJ�YRQ�*HPLVFK���

'DPLW�JLOW�QlKHUXQJVZHLVH�I�U�GHQ����7RZQVHQGNRHIIL]LHQW�

� ������

'LH�9HUWHLOXQJVIXQNWLRQ�ZLUG�ZLHGHU�LQ�*OHLFKXQJ������HLQJHVHW]W�XQG�GLH�PLWWOHUH�IUHLH�:HJ�
OlQJH�I�U�GLH�,RQLVDWLRQ�QDFK�*OHLFKXQJ������DEJHVFKlW]W��DOVR�PLW�*OHLFKXQJ������

� ������

6R�HUJLEW�VLFK�

� ������

'HU�5DWHQNRHIIL]LHQW� ��LVW�PLW�GHU�'ULIWJHVFKZLQGLJNHLW�JHPl�

�� 6WUHQJ JHQRPPHQ JLEW HV QDW�UOLFK HLQHQ 5DWHQNRHIIL]LHQWHQ I�U ,RQLVDWLRQ XQG HLQHQ ZHLWHUHQ I�U $QODJHUXQJ� ,Q

GHU 'ULIWNDPPHU ILQGHQ DEHU EHLGH 3UR]HVVH VWDWW� VR GD� GHU 7RZQVHQGNRHIIL]LHQW ULFKWLJHU JHQDQQW ZHUGHQ

NDQQ� 'DKHU LVW KLHU LPPHU YRQ GHU 'LIIHUHQ] GHU 5DWHQNRHIIL]LHQWHQ I�U GLH ,RQLVDWLRQ XQG $QODJHUXQJ GLH 5HGH�
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�������%HVWLPPXQJ�GHU�*DVYHUVWlUNXQJ�PLW�+LOIH�GHU�'ULIWNDPPHU ��

������

YHUNQ�SIW��(LQVHW]HQ�YRQ�*OHLFKXQJ������XQG�*OHLFKXQJ������LQ�*OHLFKXQJ������OLHIHUW�VFKOLH��
OLFK�PLW�*OHLFKXQJ������
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

'LH� 6FKZHOOVSDQQXQJ� 8W� JHKW� QLFKW� LQ� *OHLFKXQJ� ����� HLQ�� 6LH� HUODXEW� MHGRFK�� ZLH� EHUHLWV
HUZlKQW�� GLH� %HXUWHLOXQJ� GHV� =�QGYHUKDOWHQV� HLQHU� *DVPLVFKXQJ�� 'D]X� EHWUDFKWHW�PDQ� GLH
]HLWOLFKH�bQGHUXQJ�GHU�(OHNWURQHQGLFKWH�I�U�NOHLQH�(OHNWURQHQGLFKWHQ�XQG�EHU�FNVLFKWLJW�GLH
'LIIXVLRQ�LQ�HUVWHU�1lKHUXQJ�PLW�

������

XQG�HUKlOW�

� ������

)�U�GDV�$QODXIHQ�HLQHU�(QWODGXQJ�PX��GHU�7HUP�DXI�GHU� UHFKWHQ�6HLWH� LQ�.ODPPHUQ�JU|�HU
1XOO�VHLQ��ZHQQ�QLFKW�H[WHUQH�/DGXQJVTXHOOHQ�E]Z��6WUDKOXQJVTXHOOHQ�PLW�LRQLVLHUHQGHU�6WUDK�
OXQJ�YRUKDQGHQ�VLQG��'DKHU�NDQQ�HLQ�PLQLPDO�QRWZHQGLJHU�7RZQVHQGNRHIIL]LHQW�I�U�GDV�=�Q�
GHQ� HLQHU� (QWODGXQJ� DQJHJHEHQ� ZHUGHQ�� GHU� GXUFK� GLH� W\SLVFKH� 'LIIXVLRQV]HLW� LQ� HLQHP
*DVJHPLVFK�YRUJHJHEHQ�LVW�

� ������

'HU� PLQLPDOH� 7RZQVHQGNRHIIL]LHQW� LVW� DQGHUHUVHLWV� GLUHNW� GXUFK� *OHLFKXQJ� ����� JHJHEHQ�
ZHQQ�PDQ�I�U�GLH�.DPPHUVSDQQXQJ�GLH�6FKZHOOVSDQQXQJ�8W�HLQVHW]W�XQG�QlKHUXQJVZHLVH�I�U
GHQ�2UW�GHU�HUVWHQ�6WR�LRQLVDWLRQ�GHQ�'UDKWUDGLXV�UL�HLQVHW]W��'DPLW�JLOW�

������

XQG�GDPLW�DOVR�

� ������

'LH�8UVDFKH�I�U�GLH�9DULDWLRQ�GHU�6FKZHOOVSDQQXQJ�PLW�GHU�*DVPLVFKXQJ� LVW�DXV�*OHLFKXQJ
����� E]Z��*OHLFKXQJ� ����� ]X� HUVHKHQ�� 6LH� LVW� LP�ZHVHQWOLFKHQ� GXUFK� GLH�'LIIXVLRQ� XQG� GLH
'ULIWJHVFKZLQGLJNHLW�EHL�KRKHQ�)HOGVWlUNHQ�]X�HUNOlUHQ��'LH�'ULIWJHVFKZLQGLJNHLW�LVW�EHL�GLH�
VHQ� KRKHQ� )HOGVWlUNHQ� VHKU� VWDUN� DEKlQJLJ� YRQ� GHP� MHZHLOV� YHUZHQGHWHQ�*DVJHPLVFK� XQG
NDQQ�QLFKW�PHKU�QDFK�*OHLFKXQJ������DEJHVFKlW]W�ZHUGHQ�

(LQH�hEHUVLFKW��EHU�GLH�ZLFKWLJVWHQ�KLHU�XQWHUVXFKWHQ�*DVPLVFKXQJHQ�XQG�DEJHOHLWHWHQ�*U|�
�HQ�LVW�LQ�7DEHOOH�����JHJHEHQ��,Q�GHQ�$EELOGXQJHQ������ELV������LVW�HLQH�$XVZDKO�GHU�GXUFKJH�
I�KUWHQ� 0HVVXQJHQ� ]XU� *DVYHUVWlUNXQJ� ]X� VHKHQ� �GXUFK� 6\PEROH� JHNHQQ]HLFKQHW��� 'LH
HLQJH]HLFKQHWHQ�.XUYHQ�VLQG�QDFK�*OHLFKXQJ������EHUHFKQHW��$XV�GHU�$QSDVVXQJ�GHU�.XUYHQ
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�������%HVWLPPXQJ�GHU�*DVYHUVWlUNXQJ�PLW�+LOIH�GHU�'ULIWNDPPHU ��

DQ�GLH�0H�ZHUWH�HUJHEHQ�VLFK�GLH�6FKZHOOVSDQQXQJHQ�8W��%HVRQGHUV�GHXWOLFK�LVW�GLH�5HGX]LH�
UXQJ� GHU� =�QGVSDQQXQJ� GXUFK� GLH� 9HUZHQGXQJ� QLHGULJ� LRQLVLHUHQGHU� =XVlW]H� ]X� HUNHQQHQ
�GXUFK� 3IHLOH� LQ� GHQ� %LOGHUQ� JHNHQQ]HLFKQHW��� 'LHVH� $GGLWLYH� VLQG� EHVRQGHUV� I�U� JHSXOVWH
6\VWHPH�JHHLJQHW��ZHQQ�HV�GDUXP�JHKW��GLH�(QWODGXQJ�VFKQHOO�GXUFK]X]�QGHQ��

$EE������� (LQIOX��YRQ�;HQRQ�DXI�GHQ�.XUYHQYHUODXI�

'LH� SK\VLNDOLVFKH� 8UVDFKH� I�U� GLH� bQGHUXQJ� GHU� 6FKZHOOVSDQQXQJ� GXUFK� +LQ]XI�JHQ� GHU
$GGLWLYH�LVW�EHL�9HUZHQGXQJ�GLHVHU�EHLGHQ�*DVH�Y|OOLJ�YHUVFKLHGHQ��:lKUHQG�EHL�GHU�9HUZHQ�
GXQJ�YRQ�;HQRQ�GLH�LP�9HUJOHLFK�]X�GHQ�DQGHUHQ�EHWHLOLJWHQ�*DVNRPSRQHQWHQ�QLHGULJHUH�,RQL�
VDWLRQVHQHUJLH� ������ H9�� GHU� ZHVHQWOLFKH� )DNWRU� I�U� GLH� 6SDQQXQJVUHGXNWLRQ� LVW�� LVW� GLH
,RQLVDWLRQVHQHUJLH�YRQ�&�+���QRFK�QLHGULJHU�������H9���VR�GD��KLHU�HLQ�ZHLWHU�,RQLVDWLRQVNDQDO
YRUOLHJW�� 'D� GLH� ,RQLVDWLRQVHQHUJLH� GHV� ,VREXWDQV� LQ� GHU� *U|�HQRUGQXQJ� GHU� HOHNWURQLVFKHQ
$QUHJXQJV]XVWlQGH�GHV�6WLFNVWRIIV�OLHJW��NDQQ�QHEHQ�GHU�GLUHNWHQ�(OHNWURQHQVWR�LRQLVDWLRQ�GDV
,VREXWDQ�0ROHN�O�GXUFK�3HQQLQJLRQLVDWLRQ�JHPl�

LRQLVLHUW�ZHUGHQ��ZREHL�PLW� �HLQ�HOHNWURQLVFK�DQJHUHJWHV�1��0ROHN�O�EH]HLFKQHW�ZLUG��$XV
GLHVHP�*UXQG�IlOOW�GLH�6SDQQXQJVUHGXNWLRQ�XQWHU�9HUZHQGXQJ�YRQ�,VREXWDQ�QRFK�GHXWOLFKHU
DXV��DOV�EHL�;HQRQ�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� *DVYHUVWlUNXQJ�GHU�*DVPLVFKXQJ� �EHL���� K3D�XQG�
��� K3D�RKQH�XQG�PLW�,VREXWDQ�&�+���

$EE������� *DVYHUVWlUNXQJ�GHU�*DVPLVFKXQJ� �EHL���� K3D�XQG�
���� K3D�PLW�XQG�RKQH�,VREXWDQ�&�+���
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�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

��� /DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ

'LH� (OHNWURQHQGLFKWH� LP� /DVHUJDV� LVW� HLQH� ZHVHQWOLFKH� GLH� (QWODGXQJV�� XQG� /DVHUSK\VLN
EHVWLPPHQGH� *U|�H�� 'LH� (UPLWWOXQJ� GHU� /DGXQJVWUlJHUGLFKWH� LQQHUKDOE� GHU� (QWODGXQJ� LVW

*DVPLVFKXQJ $GGLWLY�
9ROXPHQ�
SUR]HQW

'UXFN
LQ�K3D

6FKZHOO�
VSDQQXQJ�8W

LQ�9
LQ

FP��9$V

������� � ��� ��� ���

_ � ��� ��� ���

_ � ��� ���� ���

_ � ���� ���� ���

_ &�+������ ��� ��� ���
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

MHGRFK�UHFKW� VFKZLHULJ��GD�GLH�EHNDQQWHQ�0H�PHWKRGHQ�GHU�3ODVPDSK\VLN��]��%��/DQJPXLU�
6RQGHQ�>��@��LQ�GHP�I�U�&2��/DVHU�W\SLVFKHQ�'UXFNEHUHLFK�QLFKW�YHUZHQGHW�ZHUGHQ�N|QQHQ
�>��@���(LQH�HLQIDFKH�0HWKRGH�EHVWHKW�GDULQ��GLH�(OHNWURQHQGLFKWH�DX�HUKDOE�GHU�HLJHQWOLFKHQ
(QWODGXQJ� LP�$EVWU|PEORFN�GHU�$QUHJXQJVHLQKHLW�HLQHV�/DVHUV�]X�EHVWLPPHQ��VLHKH�$EELO�
GXQJ��������(LQH�9DULDWLRQ�GHU�$EVWU|POlQJH��LP�%LOG�GLH�6WUHFNH� ��HUP|JOLFKW�GDQQ�GLH
(UPLWWOXQJ�GHU�(OHNWURQHQYHUOXVWH�SUR�:HJOlQJH��'DPLW�LVW�GDQQ�HLQH�$EVFKlW]XQJ�GHU�(OHN�
WURQHQGLFKWH� LQ� GHU� (QWODGXQJ� P|JOLFK�� 'D]X� ZHUGHQ� NXU]H� (OHNWURGHQ� �W\SLVFKH� /lQJH

��YHUZHQGHW�XQG�GLH�3RVLWLRQ�� ��GHU�(OHNWURGHQ�HQWODQJ�GHV�4XDU]URKUHV�YHUlQ�
GHUW��$P�2UW�GHU�(QWODGXQJ�ZHUGHQ�(OHNWURQHQ�XQG�,RQHQ�JHPl��GHQ�LQ�.DSLWHO�����GDUJHOHJ�
WHQ�*HVHW]Pl�LJNHLWHQ�HU]HXJW�XQG�PLW�GHU�*DVVWU|PXQJ�ZHLWHUJHWUDJHQ��$XI�GHP�:HJ�]XP
$EVWU|PEORFN�YHUULQJHUW�VLFK�GLH�(OHNWURQHQ��XQG�,RQHQGLFKWH�LP�ZHVHQWOLFKHQ�GXUFK�5HNRP�
ELQDWLRQ�XQG�'LIIXVLRQ��'LH�YHUEOHLEHQGHQ�/DGXQJVWUlJHU�ZHUGHQ�PLW�HLQHP�HLQIDFKHQ�3ODWWHQ�
NRQGHQVDWRU� �(OHNWURGHQIOlFKH� MH� 3ODWWH� � XQG� 3ODWWHQDEVWDQG

��QDFKJHZLHVHQ��0LW�+LOIH�GHU�FKDUDNWHULVWLVFKHQ�6WURP�6SDQQXQJVNHQQOLQLH�NDQQ
GDQQ�GLH�/DGXQJVWUlJHUGLFKWH�EHVWLPPW�ZHUGHQ�

�

$EE������� 3ULQ]LSELOG�]XU�%HVWLPPXQJ�GHU�(OHNWURQHQGLFKWH�LQ�HLQHU�*DVHQWODGXQJ�
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�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

����� *UXQGODJHQ�]XU�%HVWLPPXQJ�GHU�/DGXQJVWUlJHUGLFKWH

,P�%LOG������LVW�GHU�3ODWWHQNRQGHQVDWRU�QRFKPDOV�LQ�GHU�'UDXIVLFKW�GDUJHVWHOOW��=ZLVFKHQ�GHQ
EHLGHQ�3ODWWHQ�EHILQGHW�VLFK�HLQH�MH�QDFK�(QWODGXQJVEHGLQJXQJHQ�PHKU�RGHU�ZHQLJHU�LRQLVLHUWH
*DVVlXOH��0DQ�NDQQ�HLQH�PLWWOHUH�'ULIW]HLW� �I�U�GLH�EHLGHQ�/DGXQJVWUlJHUVRUWHQ�(OHNWURQHQ
XQG�,RQHQ�DEOHVHQ��VLHKH�DXFK�>��@���:HQQ�PDQ�PLW�T�ZLOON�UOLFK�HLQH�/DGXQJ�DQ�GHU�6WHOOH

EHWUDFKWHW��ILQGHW�PDQ��DXVUHLFKHQGH�,RQLVDWLRQ�YRUDXVJHVHW]W��HEHQIDOOV�HLQH�/DGXQJ
JOHLFKHQ�9RU]HLFKHQV�DQ�GHU�6WHOOH� ��)�U� MHGH�/DGXQJVWUlJHUVRUWH�NDQQ�VRPLW�GXUFK
0LWWHOZHUWELOGXQJ�GLH�PLWWOHUH�'ULIW]HLW�HUPLWWHOW�ZHUGHQ��6LH�HUJLEW�VLFK�]X�

������

PLW�

� ������

$EE������� 9DULDEOHQGHILQLWLRQ�]XU�+HUOHLWXQJ�YRQ�*OHLFKXQJ������

'DEHL�EH]HLFKQHW�GHU� ,QGH[���GLH�'ULIW]HLW�GHU�,RQHQ�XQG���GLH�'ULIW]HLW�GHU�(OHNWURQHQ��6HL
�GLH�SUR�=HLWHLQKHLW�GXUFK�GLH�*DVVWU|PXQJ�LQ�GHQ�.RQGHQVDWRU�WUDQVSRUWLHU�

WHQ�/DGXQJVWUlJHU�DP�2UW�GHV�.RQGHQVDWRUV��GDQQ�JLOW�DOOJHPHLQ�I�U�GLH�]HLWOLFKH�bQGHUXQJ
GHU�/DGXQJVWUlJHUDQ]DKO� �LP�.RQGHQVDWRU�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

� ������

'DEHL� LVW� � HLQH� YHUDOOJHPHLQHUWH�'LIIXVLRQV]HLW�� +LHUPLW�ZHUGHQ� GLH�'LIIXVLRQVYHUOXVWH
VRZLH�GHU�GXUFK�GLH�*DVVWU|PXQJ�YHUXUVDFKWH�/DGXQJVWUDQVSRUW�DXV�GHP�.RQGHQVDWRU�KHUDXV
EHU�FNVLFKWLJW��XQG� � LVW� GDV�]ZLVFKHQ�GHQ�EHLGHQ�.RQGHQVDWRUSODWWHQ�EHILQGOLFKH
9ROXPHQ��,P�VWDWLRQlUHQ�=XVWDQG�YHUVFKZLQGHW�GLH�=HLWDEOHLWXQJ�LQ�*OHLFKXQJ�������XQG�PDQ
HUKlOW�

� ������

'LH�,RQHQ�XQG�(OHNWURQHQ�GULIWHQ�DXIJUXQG�GHU�.RQGHQVDWRUVSDQQXQJ� �]XU�.DWKRGH�E]Z�
$QRGH��'HU�VLFK�HLQVWHOOHQGH�6WURP�GXUFK�GLH�.RQGHQVDWRUIOlFKH� �HUJLEW�VLFK�GDQQ�]X�

� ������

(V�LVW�VHKU�LQVWUXNWLY��]ZHL�*UHQ]IlOOH�]X�EHWUDFKWHQ�

� ������

'LH�'ULIWJHVFKZLQGLJNHLWHQ�VLQG�DEKlQJLJ�YRQ�GHU�.RQGHQVDWRUVSDQQXQJ� �XQG�N|QQHQ�ZLH
LQ�.DSLWHO�����HUOlXWHUW�GXUFK

������

DXVJHGU�FNW�ZHUGHQ��'DPLW� LVW� GHU� 6WURP� I�U� NOHLQH� 6SDQQXQJHQ� � DEKlQJLJ� YRQ� GLHVHU�
ZlKUHQG�I�U�KRKH�6SDQQXQJHQ�GLH�6WURP���6SDQQXQJVNHQQOLQLH�6lWWLJXQJVFKDUDNWHU�DXIZHLVW
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�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

'D�GLH�%HZHJOLFKNHLW�I�U�(OHNWURQHQ�]ZHL�ELV�GUHL�*U|�HQRUGQXQJHQ��EHU�GHU�GHU�,RQHQ�OLHJW�
JLEW�HV�LP�DOOJHPHLQHQ�HLQHQ�6SDQQXQJVEHUHLFK��I�U�GHQ� �XQG

�JLOW��)�U�GLHVHQ�)DOO�JLOW�GDQQ

� ������

,Q�GLHVHP�)DOO� LVW�GHU�GXUFK�GLH�(OHNWURQHQ�JHWUDJHQH�6WURP�EHUHLWV� LQ�6lWWLJXQJ�XQG�GDPLW
XQDEKlQJLJ�YRQ�GHU�DP�.RQGHQVDWRU�DQOLHJHQGHQ�6SDQQXQJ��ZlKUHQG�GHU�,RQHQVWURP�PLW�VWHL�
JHQGHU�6SDQQXQJ�ZHLWHU�ZlFKVW��

����� 9HUVXFKVGXUFKI�KUXQJ

)�U�GLH�([SHULPHQWH�]XU�*DVHQWODGXQJ�VWDQG�HLQ�9HUVXFKVVWDQG��$EELOGXQJ�������]XU�9HUI��
JXQJ�� GHU� GLH� ZHVHQWOLFKHQ� (OHPHQWH� HLQHV� W\SLVFKHQ� LQGXVWULHOOHQ� &2��/DVHUV� GHU� �� N:�
.ODVVH� EHLQKDOWHW��'HU� JHVFKORVVHQH�*DVNUHLVODXI� EHVWHKW� DXV� ]ZHL� =XVWU|PEO|FNHQ� �=��PLW
.�KOHUQ� �.��� GLH� GLH� .RPSUHVVLRQVZlUPH� DEI�KUHQ� XQG� YLHU� 4XDU]URKUHQ� �4��� GLH� LQ� GHQ
$EVWU|PEORFN��$��PLW�.�KOHUQ�]XU�$EOHLWXQJ�GHU�9HUOXVWOHLVWXQJ�P�QGHQ��$EELOGXQJ�������
'LH�*DVI|UGHUXQJ�ZLUG�PLW�HLQHU�5RRWVSXPSH��5��EHZHUNVWHOOLJW��0LW�+LOIH�HLQHU�hEHUEU�N�
NXQJ��h��XQG�HLQHP�5HGX]LHUYHQWLO��9��N|QQHQ�$UEHLWVGUXFN�XQG�0DVVHQIOX��LQ�ZHLWHQ�*UHQ�
]HQ� YDULLHUW� ZHUGHQ�� 'LH� HLJHQWOLFKHQ� (QWODGXQJVVWUHFNHQ� EHVWHKHQ� DXV� GHQ� YLHU� SDUDOOHO
GXUFKVWU|PWHQ� 4XDU]URKUHQ� �,QQHQGXUFKPHVVHU� G4  �� PP�� XQG� GHQ� (OHNWURGHQ� �(��� PLW
GHUHQ�+LOIH�GLH�HOHNWULVFKH�/HLVWXQJ�NDSD]LWLY�HLQJHNRSSHOW�ZLUG��'HWDLOV�LQ�$EELOGXQJ�������
'LH� $QUHJXQJ� HUIROJW� PLW� HLQHP� LQGXVWULHOOHQ� +RFKIUHTXHQ]VHQGHU� EHL� HLQHU� )UHTXHQ]� YRQ
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 'HU�I�U�GLH�(QWODGXQJVYHUVXFKH�YHUZHQGHWH�9HUVXFKVVWDQG��*HVDPWDQVLFKW��
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�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

$EE������� 'HU�I�U�GLH�(QWODGXQJVYHUVXFKH�YHUZHQGHWH�9HUVXFKVVWDQG��'HWDLOELOG��

$EE������� 3ODWWHQNRQGHQVDWRU�PLW�'LFKWVWXW]HQ�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 0H�DXIEDX�]XU�(UPLWWOXQJ�GHU�(OHNWURQHQGLFKWH�LP�$EVWU|PEORFN�GHV�
9HUVXFKVVWDQGHV�

,Q�$EELOGXQJ������LVW�GDV�(UJHEQLV�HLQHU�VROFKHQ�0HVVXQJ�DXIJHI�KUW��GDV�GHQ�HUZDUWHWHQ�9HU�
ODXI�]HLJW��0DQ�HUNHQQW�HLQH�UHFKW�JXWH�hEHUHLQVWLPPXQJ�GHU�0H�ZHUWH�XQG�GHU�PLW�*OHLFKXQJ
�����EHUHFKQHWHQ��GXUFKJH]RJHQHQ��.XUYH��'LH�JHVWULFKHOWH�.XUYH�VWHOOW�GHQ�GXUFK�GHQ�UHLQHQ
(OHNWURQHQVWURP�YHUXUVDFKWHQ� 6SDQQXQJVDEIDOO� GDU� �*OHLFKXQJ� ����� ]ZHLWHU�.ODPPHUWHUP��
ZlKUHQG�GLH�SXQNWLHUWH�.XUYH�GHQ�GXUFK�GLH�,RQHQEHZHJXQJ�EHGLQJWHQ�6SDQQXQJVDEIDOO�DQ�5
ZLHGHUJLEW��HUVWHU�.ODPPHUWHUP�LQ�*OHLFKXQJ��������=XU�%HUHFKQXQJ�GHU�.XUYHQ�ZXUGH�EHVWH
hEHUHLQVWLPPXQJ�PLW�IROJHQGHQ�:HUWHQ�HUUHLFKW�

� =HLWNRQVWDQWHQ�� �XQG� �

� %HZHJOLFKNHLW�GHU�,RQHQ� ��>�@��>��@��

� 'ULIWJHVFKZLQGLJNHLW�GHU�(OHNWURQHQ�QDFK�.DSLWHO�����

'LHVH�:HUWH�ZXUGHQ�I�U�DOOH�ZHLWHUHQ�0HVVXQJHQ�IHVWJHKDOWHQ��'HU�HLQ]LJ�YHUEOHLEHQGH�IUHLH
3DUDPHWHU�LQ�*OHLFKXQJ������DXI�6HLWH����LVW� ��GHU�QXQ�GXUFK�$QSDVVXQJ�GHU�.XUYH�DQ�GLH
MHZHLOV� JHPHVVHQHQ�:HUWH� HUPLWWHOW� ZHUGHQ� NDQQ�� )�U� GLH� %HGLQJXQJHQ� LQ� $EELOGXQJ� ����
HUJLEW�VLFK�GDPLW� �
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�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

$EE������� $XVJDQJVSDQQXQJ�85�DP�:LGHUVWDQG� �DOV�)XQNWLRQ�GHU�3XOVHU�
VSDQQXQJ�EHL�HLQHU�W\SLVFKHQ�*DVHQWODGXQJ��3HO� �����:��OLQHDU�DXIOLHJHQGH�
(OHNWURGHQ��O(� �����FP��*DVPLVFKXQJ����������(LQODXIGUXFN SLQ  ����K3D��

,Q�$EELOGXQJ������ELV������LVW�GLH�6SDQQXQJ�DP�:LGHUVWDQG�5�DOV�)XQNWLRQ�GHU�3XOVHUVSDQ�
QXQJ�8S�I�U�YHUVFKLHGHQHQ�(OHNWURGHQSRVLWLRQHQ�XQG�HOHNWULVFKH�/HLVWXQJHQ�DXIJHWUDJHQ��'LH
GXUFKJH]RJHQHQ�.XUYHQ�HUJHEHQ�VLFK�GXUFK�$QSDVVHQ�GHV�HLQ]LJ�IUHL�YHUEOHLEHQGHQ�3DUDPH�
WHUV� �DQ�GLH�0H�ZHUWH�

8QWHU�GHU�9RUDXVVHW]XQJ�HLQHU�KRPRJHQHQ�/DGXQJVWUlJHUZRONH��GLH�GHQ�.RQGHQVDWRU�PLW�GHU
*HVFKZLQGLJNHLW� �SDVVLHUW��HUJLEW�VLFK�I�U�GLH�/DGXQJVWUlJHUGLFKWH�DP�2UW�GHV�.RQGHQVD�
WRUV�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 6SDQQXQJVYHUODXI�DP�:LGHUVWDQG�5�DOV�)XQNWLRQ�GHU�3XOVHUVSDQQXQJ��
3+)  ��� :��*DVPLVFKXQJ����������3DUDPHWHU�LVW�GHU�$EVWDQG�]N�YRP�
=XVWU|PEORFN�ELV�]XP�(QGH�GHU�(OHNWURGH�PLW�GHU�/lQJH�O(  ��� FP�

$EE������� 7H[W�VLHKH�$EELOGXQJ�������MHGRFK�3+)  ��� :�
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�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

$EE������� 7H[W�VLHKH�$EELOGXQJ�������MHGRFK�3+)  ��� :�

$EE������� 6SDQQXQJVYHUODXI�DP�:LGHUVWDQG�5�DOV�)XQNWLRQ�GHU�3XOVHUVSDQQXQJ��
3+)  ��� :��*DVPLVFKXQJ����������3DUDPHWHU�LVW�GHU�$EVWDQG�]N�YRP�
=XVWU|PEORFN�ELV�]XP�(QGH�GHU�(OHNWURGH�PLW�GHU�/lQJH�O(  ��� FP�
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

8QWHU�GHU�$QQDKPH��GD��GLH�5HNRPELQDWLRQ�GHU�GRPLQDQWH�9HUOXVWSUR]H��LVW��JLOW�

� ������

'DEHL�ZLUG�GLH�]�$EKlQJLJNHLW�GHU�*DVJHVFKZLQGLJNHLW�LP�4XDU]URKU� �QDFK�GHU�(QWODGXQJ
]XQlFKVW�YHUQDFKOlVVLJW�XQG�4XDVLQHXWUDOLWlW�� ��YRUDXVJHVHW]W��VLHKH�$EELOGXQJ
�������7UHQQXQJ�GHU�9DULDEOHQ�XQG�%HU�FNVLFKWLJXQJ�GHU�,QWHJUDWLRQVJUHQ]HQ�OLHIHUW��

������

I�U�GHQ�:HJ�YRP�2UW�GHU�(QWVWHKXQJ�GHU�/DGXQJVWUlJHU�� ��ELV�]XP�2UW�]�LP�4XDU]URKU�
'DPLW� HUKlOW�PDQ� I�U� GLH� /DGXQJVWUlJHUGLFKWH� LP�$EVWU|PEORFN� DOV� )XQNWLRQ� YRP�2UW� GHU
(OHNWURGH�

� ������

9DULLHUW�PDQ�GHQ�2UW�GHU�(OHNWURGHQ� �XQG�WUlJW�GHQ�.HKUZHUW�GHU�MHZHLOV
JHPHVVHQHQ�(OHNWURQHQGLFKWH�JHJHQ� �DXI�� VR�HUKlOW�PDQ�HLQH�*HUDGH��DXV�GHUHQ�6WHLJXQJ

� GLH� 5HNRPELQDWLRQVUDWH� EHL� EHNDQQWHU� *DVJHVFKZLQGLJNHLW� � EHVWLPPW� ZHUGHQ
NDQQ��(LQLJH�(UJHEQLVVH�VROFKHU�0HVVXQJHQ�VLQG�LQ�$EELOGXQJ������]X�VHKHQ��'LH�GXUFKJH]R�
JHQHQ�.XUYHQ�VLQG�QDFK�*OHLFKXQJ������EHUHFKQHW��'LH�OHLFKW�XQWHUVFKLHGOLFKH�6WHLJXQJ�GHU
.XUYHQ�LVW�DXI�GLH�YRQ�GHU�HLQJHNRSSHOWHQ�/HLVWXQJ�DEKlQJLJH�*DVJHVFKZLQGLJNHLW�]XU�FN]X�
I�KUHQ��'LH�$XVZHUWXQJ�GHU�.XUYHQ�HUJLEW�

I�U�DOOH�KLHU�YHUZHQGHWHQ�0LVFKXQJHQ�XQG�/HLVWXQJVGLFKWHQ��)RUPDO�NDQQ�PDQ�I�U�]N  /�GLH
(OHNWURQHQGLFKWH�DP�2UW�GHV�(OHNWURGHQHQGHV��DOVR�LQ�GHU�(QWODGXQJ��EHVWLPPHQ��GLH�(OHNWUR�
GHQ�VLQG�GDQQ�YLUWXHOO�DQ�GHQ�2UW�GHU�0HVVXQJ�YHUVFKREHQ��

(LQH�DQGHUH�0|JOLFKNHLW�EHVWHKW�GDULQ��EHL�IHVWJHKDOWHQHU�(OHNWURGHQSRVLWLRQ�GLH�(OHNWURQHQ�
GLFKWH�LP�$EVWU|PEORFN�]X�EHVWLPPHQ�XQG�GDQQ�GLHVH�XQWHU�9HUZHQGXQJ�GHV�QXQ�EHNDQQWHQ
5HNRPELQDWLRQVNRHIIL]LHQWHQ�NU�PLW�+LOIH�YRQ�*OHLFKXQJ������DXI�GLH�(OHNWURQHQGLFKWH�LQ�GHU
(QWODGXQJ�]XU�FN]XUHFKQHQ��'LH�FKDUDNWHULVWLVFKHQ�.XUYHQYHUOlXIH�HLQHU�W\SLVFKHQ�0H�UHLKH
VLQG�LQ�$EELOGXQJ������������XQG������]X�VHKHQ��'LH�(OHNWURQHQGLFKWH�DOV�)XQNWLRQ�GHU�HLQJH�
NRSSHOWHQ�+RFKIUHTXHQ]OHLVWXQJ�]HLJW� HLQHQ� FKDUDNWHULVWLVFKHQ�9HUODXI��=XQlFKVW� ]�QGHW�GLH
(QWODGXQJ�DP�DEVWU|PVHLWLJHQ�(QGH�GHU�(QWODGXQJ��VLHKH�DXFK�$EELOGXQJ��������

�� =XU 'HILQLWLRQ GHU 9DULDEOHQ VLHKH DXFK $EELOGXQJ �����
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�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

'LHV� LVW� GXUFK� GLH� HOHNWULVFKH� $XIKHL]XQJ� GHU� *DVVlXOH� HQWODQJ� GHU� ]�$FKVH� YHUVWlQGOLFK�
'XUFK�GLH�(UZlUPXQJ�GHV�*DVHV�HQWODQJ�GHU�6WU|PXQJVDFKVH�LVW�GLH�7HLOFKHQGLFKWH�DEVWU|P�
VHLWLJ�DP�JHULQJVWHQ��6RPLW�ZLUG�GLH�NULWLVFKH�=�QGIHOGVWlUNH�DP�(QGH�GHU�(OHNWURGH�]XHUVW
HUUHLFKW��XQG�GLH�(QWODGXQJ�]�QGHW�GRUW��6WHLJHUW�PDQ�QXQ�GLH�HOHNWULVFKH�/HLVWXQJ��VR�VWHLJW�GLH
(OHNWURQHQGLFKWH�]XQlFKVW�QLFKW�DQ��VRQGHUQ�GLH�*OLPPHQWODGXQJ�ZlFKVW�]XQlFKVW�5LFKWXQJ
=XVWU|PEORFN�DXV��ELV�VLH�HQWODQJ�GHU�JHVDPWHQ�(OHNWURGH�EUHQQW��'LHVHV�9HUKDOWHQ�ZLUG�DOOJH�
PHLQ� DOV�1RUPDOVWURPHIIHNW� EH]HLFKQHW� XQG� LVW� LQ�$EELOGXQJ� ����� LP�/HLVWXQJVEHUHLFK� YRQ
����ELV���� :�VHKU�VFK|Q�]X�VHKHQ��1DFK�hEHUVFKUHLWHQ�GLHVHU�/HLVWXQJ�VWHLJW�GLH�(OHNWURQHQ�
GLFKWH�VHKU�YLHO�VWlUNHU�DQ��ELV�WKHUPLVFK�LQGX]LHUWH�,QVWDELOLWlWHQ�HLQH�ZHLWHUH�/HLVWXQJVVWHLJH�
UXQJ�YHUKLQGHUQ�

$EE������� 3ULQ]LSVNL]]H�]XU�+HUOHLWXQJ�YRQ�*OHLFKXQJ������
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� .HKUZHUW�GHU�(OHNWURQHQGLFKWH�DOV�)XQNWLRQ�GHU�(OHNWURGHQSRVLWLRQ�

$EE������� 6SDQQXQJ�DP�:LGHUVWDQG�5�DOV�)XQNWLRQ�GHU�HLQJHNRSSHOWHQ�/HLVWXQJ�EHL�
HLQHP�*DVJHPLVFK����������0DVVHQIOX���J�V�

� � � �� �� ��

� ��
���

� ��
���

� ��
���

� ��
���

� ��
���

$EVWDQG

.
HK
UZ

HU
W
G
HU

(
OH
N
WU
R
Q
HQ
G
LF
K
WH

FP
�

�
Q H

]
N

FP

���� :�FP��������� � ��� P�V

���� :�FP��������� � ��� P�V

���� :�FP��������� � ��� P�V

�

�

��

��

��

��

��

��

��

� ��� ��� ��� ��� ����

P9

6
S
DQ
Q
X
Q
J

8
5

:

+RFKIUHTXHQ]OHLVWXQJ 3
+)



�������/DGXQJVWUlJHUGLFKWHEHVWLPPXQJ�LQ�GHU�*DVHQWODGXQJ ��

$EE������� $XV�GHQ�:HUWHQ�LQ�$EELOGXQJ������EHUHFKQHWH�(OHNWURQHQGLFKWHQ�LP�
$EVWU|PEORFN�DOV�)XQNWLRQ�GHU�HLQJHNRSSHOWHQ�HOHNWULVFKHQ�/HLVWXQJ�

$EE������� (OHNWURQHQGLFKWH�LQ�GHU�(QWODGXQJ�DOV�)XQNWLRQ�GHU�HLQJHNRSSHOWHQ�HOHNWULVFKHQ�
+RFKIUHTXHQ]OHLVWXQJ��(OHNWURGHQOlQJH�O(  ������FP��*HPLVFK����������
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�� .DSLWHO������1HXH�0H�YHUIDKUHQ�]XU�%HXUWHLOXQJ�GHV�/$0

$EE������� 6NL]]H�]XU�(UNOlUXQJ�GHV�1RUPDOVWURPHIIHNWV�

3
+)

JH]�QGHWH�(QWODGXQJ

NDOWHV�*DV $XIKHL]HQ�GHU
*DVVlXOH�GXUFK
GLH�(QWODGXQJ

Y*

$EVWU|PEORFN

3
+)

Y*

$XVZDFKVHQ�GHU
(QWODGXQJ�PLW
NRQVWDQWHU�
(OHNWURQHQGLFKWH

 �3
+)�]�QG

!�3
+)�]�QG



�������'LH�(OHNWURQHQHQHUJLHYHUWHLOXQJVIXQNWLRQ ��

� 6\VWHPDXVOHJXQJ�PLW�+LOIH�GHU�VHPL ¤

HPSLULVFKHQ�%H]LHKXQJHQ

'LH�LP�YRUDQJHJDQJHQHQ�.DSLWHO�JHZRQQHQHQ�1lKHUXQJVDXVGU�FNH�HUODXEHQ�QXQ��PLW�UHODWLY
JHULQJHP�$XIZDQG�XPIDQJUHLFKH�3DUDPHWHUVWXGLHQ�GXUFK]XI�KUHQ��,QVEHVRQGHUH�N|QQHQ�GLH
HQWODGXQJVWHFKQLVFKHQ�%HGLQJXQJHQ�GHWDLOOLHUW�XQWHUVXFKW�ZHUGHQ��

��� 'LH�(OHNWURQHQHQHUJLHYHUWHLOXQJVIXQNWLRQ

'HU�(QHUJLHYHUWHLOXQJVIXQNWLRQ�NRPPW�HLQH�]HQWUDOH�%HGHXWXQJ�EHL�GHU�&KDUDNWHULVLHUXQJ�GHU
*DVHQWODGXQJ�VRZLH�GHU�$QUHJXQJ�GHV�/$0�]X��,Q�$EELOGXQJ������ZXUGH�EHUHLWV�JH]HLJW��GD�
*OHLFKXQJ������I�U�GHQ�KLHU��EOLFKHQ�)HOGVWlUNH��XQG�'UXFNEHUHLFK�VHKU�JXW�PLW�QXPHULVFKHQ
6LPXODWLRQHQ� �EHUHLQVWLPPW�� ,Q�$EELOGXQJ� ���� LVW� GLH� QRUPLHUWH� (QHUJLHYHUWHLOXQJVIXQNWLRQ
I�U�HLQHQ�*DVGUXFN�YRQ� �EHL�YHUVFKLHGHQHQ�W\SLVFKHQ�)HOGVWlUNHQ�]X�VHKHQ�

$EE������ (OHNWURQHQHQHUJLHYHUWHLOXQJVIXQNWLRQ�HLQHU�W\SLVFKHQ�*DVHQWODGXQJ�
� ��

0LW�GHU�9HUWHLOXQJVIXQNWLRQ�QDFK�*OHLFKXQJ������ODVVHQ�VLFK�SULQ]LSLHOO�GLH�5DWHQNRHIIL]LHQWHQ
EHVWLPPHQ�JHPl��

150 hPa
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�� .DSLWHO������6\VWHPDXVOHJXQJ�PLW�+LOIH�GHU�VHPL ¤ HPSLULVFKHQ�%H]LHKXQJHQ

� �����

ZHQQ�GHU�:LUNXQJVTXHUVFKQLWW� �I�U�GHQ�MHZHLOV�LQWHUHVVLHUHQGHQ�3UR]H��EHNDQQW�LVW��

��� 5DWHQNRHIIL]LHQW�GHU�,RQLVDWLRQ�$QODJHUXQJ

'LH�5DWHQNRHIIL]LHQWHQ�I�U�GLH�,RQLVDWLRQ�N|QQHQ�VWDWW�GXUFK�$XVZHUWXQJ�YRQ�*OHLFKXQJ����
HLQIDFKHU� GLUHNW�PLW� *OHLFKXQJ� ����� DQDO\WLVFK� EHVWLPPW�ZHUGHQ�� ,Q� $EELOGXQJ� ���� LVW� GHU
5DWHQNRHIIL]LHQW�I�U�GLH�,RQLVDWLRQ�YHUPLQGHUW�XP�GHQ�5DWHQNRHIIL]LHQW�I�U�(OHNWURQHQDQODJH�
UXQJ�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�HOHNWULVFKHQ�)HOGVWlUNH�DXIJHWUDJHQ�

$EE������ 5DWHQNRHIIL]LHQW�I�U� �DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�HOHNWULVFKHQ�)HOGVWlUNH��
3DUDPHWHU�LVW�GLH�*DV]XVDPPHQVHW]XQJ�

'LH�EHLGHQ�KLHU�XQWHUVXFKWHQ�6WDQGDUGJHPLVFKH�YHUKDOWHQ�VLFK�KLQVLFKWOLFK�GHU�,RQLVDWLRQ�VHKU
lKQOLFK��'LH�=XJDEH�QLHGULJ�LRQLVLHUHQGHU�$GGLWLYH�ZLH�]�%��,VREXWDQ�RGHU�;HQRQ�YHUVFKLHEW
GLH�.XUYHQ�]X�QLHGULJHUHQ�UHGX]LHUWHQ�)HOGVWlUNHQ��
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�������'LH�GXUFKJH]�QGHWH�(QWODGXQJ ��

��� 'LH�GXUFKJH]�QGHWH�(QWODGXQJ

'LH� LP� IROJHQGHQ�DQJHJHEHQHQ�*U|�HQ�XQG�$EKlQJLJNHLWHQ�EH]LHKHQ�VLFK��ZHQQ�QLFKW�DXV�
GU�FNOLFK� DQGHUV� DQJHJHEHQ�� DXI� GLH� SRVLWLYH�6lXOH� GHU� GXUFKJH]�QGHWHQ�� VWDWLRQlUHQ�(QWOD�
GXQJ�� 'LH� 3DUDPHWHUYDULDWLRQHQ� VLQG� VR� JHZlKOW�� GD�� VWHWV� HLQH� VWDELOH�� YROOVWlQGLJ
DXVJHZDFKVHQH�(QWODGXQJ�JHZlKUOHLVWHW�ZHUGHQ�NDQQ�

����� 'LH�(OHNWURQHQGLFKWH�LP�VWDWLRQlUHQ�=XVWDQG

0LW�GHP�LQ�.DSLWHO�����HUPLWWHOWHQ�5HNRPELQDWLRQVNRHIIL]LHQWHQ� �NDQQ
GLH�(OHNWURQHQGLFKWH� LP� VWDWLRQlUHQ� )DOO� GLUHNW� DQJHJHEHQ�ZHUGHQ�� 6HW]W�PDQ� LQ�*OHLFKXQJ
�����GLH�)RUPHO�QDFK�*OHLFKXQJ������HLQ��HUJLEW�VLFK�I�U�GLH�(OHNWURQHQGLFKWH�LP�VWDWLRQlUHQ
=XVWDQG�

�����

$EE������ (OHNWURQHQGLFKWH�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�QDFK�*OHLFKXQJ�����
EHUHFKQHW��7KHUPRG\QDPLVFKHU�=XVWDQG��S  ��� K3D����� .�

kr 3 5 10
7–
cm

3
s

1–��=

ne s�

ki a–

kr
����������ng

13 35 10
3

ng

Hi
eE

ngaI M 0� �
���������������������–

S eV�
�����������������������������������

E nge

Vcm
2

��������������
© ¹
¨ ¸
§ ·

53
130
���������

�

Hi
eE

ngaI M 0� �
���������������������–

1 01 1012eV
E nge

Vcm2
��������������
© ¹
¨ ¸
§ ·

99
130
���������

��

���������������������������������������������������������������–

© ¹
¨ ¸
¨ ¸
¨ ¸
¨ ¸
¨ ¸
¨ ¸
§ ·

 .exp� � � ��

=

=

� � � � � ��

UHGX]LHUWH )HOGVWlUNH

��
��

��
��

��
��

��
��

��
��

��
��

�������

�������

�������� �������� �� ,VREXWDQ

V
WD
WL
R
Q
l
UH

(
OH
N
WU
R
Q
H
Q
G
LF
K
WH

FP��

��
���
9FP

�

(�Q
J



�� .DSLWHO������6\VWHPDXVOHJXQJ�PLW�+LOIH�GHU�VHPL ¤ HPSLULVFKHQ�%H]LHKXQJHQ

,Q�$EELOGXQJ�����LVW�GLH�$EKlQJLJNHLW�GHU�(OHNWURQHQGLFKWH�YRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�I�U
YHUVFKLHGHQH�*DVNRPSRVLWLRQHQ�]X�VHKHQ��'HU�9HUJOHLFK�GHV�KLHU�JHZRQQHQHQ�1lKHUXQJVDXV�
GUXFNV�I�U�GLHVHQ�=XVDPPHQKDQJ�PLW�HLQHU�6LPXODWLRQVUHFKQXQJ�>�@�LVW�LQ�$EELOGXQJ�����]X
VHKHQ�XQG�]HLJW�HLQH�JXWH�hEHUHLQVWLPPXQJ�GHU�EHLGHQ�.XUYHQYHUOlXIH�

$EE������ 9HUJOHLFK�GHU�QDFK�*OHLFKXQJ�����EHUHFKQHWHQ�(OHNWURQHQGLFKWH�PLW�HLQHU�
6LPXODWLRQVUHFKQXQJ�QDFK�>�@��7KHUPRG\QDPLVFKHU�=XVWDQG��S  ��� K3D��
7  ��� .�

'LH�HOHNWULVFKH�/HLVWXQJVGLFKWH�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�NDQQ�QXQ�GXUFK�(LQVHW�
]HQ�YRQ�*OHLFKXQJ�����XQG�*OHLFKXQJ������LQ�*OHLFKXQJ������GLUHNW�DQJHJHEHQ�ZHUGHQ��VLHKH
DXFK�$EELOGXQJ������

�����
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�������'LH�GXUFKJH]�QGHWH�(QWODGXQJ ��

$EE������ (OHNWULVFKH�/HLVWXQJVGLFKWH�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�QDFK�
*OHLFKXQJ�����EHUHFKQHW��S  ��� K3D��7  ��� .��

)�U� GHQ� $QZHQGHU� LVW� QDW�UOLFK� GLH� 8PNHKUIXQNWLRQ� � YRQ� RELJHU� *OHLFKXQJ
LQWHUHVVDQW��*OHLFKXQJ�����LVW� MHGRFK�QLFKW�DQDO\WLVFK�QDFK� �DXIO|VEDU��)�U�GHQ�I�U�GHQ
/DVHUEHWULHE� LQWHUHVVDQWHQ� /HLVWXQJVGLFKWHEHUHLFK� LVW� GHU� =XVDPPHQKDQJ� � LQ
$EELOGXQJ�����JUDILVFK�GDUJHVWHOOW��(V� IlOOW�DXI��GD��GLH�UHGX]LHUWH�HOHNWULVFKH�)HOGVWlUNH�EHL
JHJHEHQHU�*DVPLVFKXQJ�QXU�VHKU�VFKZDFK�YRQ�GHU�HLQJHNRSSHOWHQ�/HLVWXQJVGLFKWH�DEKlQJW��
'LHV�LVW�GXUFK�GLH�VWDUNH�$EKlQJLJNHLW�GHV�,RQLVDWLRQVNRHIIL]LHQWHQ�YRQ�GHU�UHGX]LHUWHQ�)HOG�
VWlUNH�]X�HUNOlUHQ��'DPLW�NDQQ�LP�$UEHLWVSXQNW�GHU�(QWODGXQJ�QlKHUXQJVZHLVH�YRQ�HLQHU�NRQ�
VWDQWHQ�UHGX]LHUWHQ�)HOGVWlUNH�DXVJHJDQJHQ�ZHUGHQ�

�� 0DQ EHDFKWH� GD� GLH .XUYHQ QXU I�U GHQ JH]�QGHWHQ )DOO GLH ULFKWLJHQ :HUWH OLHIHUQ�
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�� .DSLWHO������6\VWHPDXVOHJXQJ�PLW�+LOIH�GHU�VHPL ¤ HPSLULVFKHQ�%H]LHKXQJHQ

$EE������ $EKlQJLJNHLW�GHU�UHGX]LHUWHQ�)HOGVWlUNH�YRQ�GHU�HLQJHNRSSHOWHQ�HOHNWULVFKHQ�
/HLVWXQJVGLFKWH�

����� 'HU�3ODVPDZLGHUVWDQG�GHU�*DVHQWODGXQJ

9HUQDFKOlVVLJW�PDQ�*UHQ]VFKLFKWHIIHNWH� �>�@�� >�@�� >��@���HQWVSULFKW�GDV�HOHNWULVFKH�(UVDW]ELOG
GHU�SRVLWLYHQ�6lXOH�HLQHP�RKPVFKHQ�:LGHUVWDQG� ��'HU�3ODVPDZLGHUVWDQG�LVW�PLW�GHP�VSH�
]LILVFKHQ�:LGHUVWDQG� �JHPl��

�����

YHUNQ�SIW�� 'DEHL� ZLUG�PLW� G4� GHU� 4XDU]URKULQQHQGXUFKPHVVHU� XQG�PLW�$(� GLH� YRP� 6WURP
GXUFKIORVVHQH�HIIHNWLYH�4XHUVFKQLWWVIOlFKH�VHQNUHFKW�]X�GHQ�HOHNWULVFKHQ�)HOGVWlUNHQ�EH]HLFK�
QHW��:HJHQ� �XQG� �HUJLEW�VLFK�I�U�GHQ�VSH]LILVFKHQ�3ODVPDZLGHUVWDQG�

� �����

:HJHQ� � LVW� � DOVR� QXU� DEKlQJLJ�YRQ� GHU� UHGX]LHUWHQ�)HOGVWlUNH�� LQVEHVRQGHUH� LQ
HUVWHU�1lKHUXQJ�QLFKW�DEKlQJLJ�YRQ�GHU�*HRPHWULH�GHU�(QWODGXQJVDQRUGQXQJ��VLHKH�GD]X�DXFK
>��@���,Q�$EELOGXQJ�����LVW�GHU�VSH]LILVFKH�3ODVPDZLGHUVWDQG�I�U�HLQH�W\SLVFKH�(QWODGXQJVEH�
GLQJXQJ� DOV� )XQNWLRQ� GHU� HOHNWULVFKHQ� /HLVWXQJVGLFKWH� DQJHJHEHQ�� (LQH� ZHLWHUH� Q�W]OLFKH
%H]LHKXQJ� HUKlOW� PDQ�� ZHQQ�PDQ� GLUHNW� � LQ� *OHLFKXQJ� ���� HLQVHW]W� XQG
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�������'LH�GXUFKJH]�QGHWH�(QWODGXQJ ��

*OHLFKXQJ� ���� EHU�FNVLFKWLJW�� 'DPLW� HUKlOW�PDQ� H[SOL]LW� GLH� $EKlQJLJNHLW� GHV� VSH]LILVFKHQ
3ODVPDZLGHUVWDQGV�YRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�

� �����

$EE������ 6SH]LILVFKHU�3ODVPDZLGHUVWDQG�DOV�)XQNWLRQ�GHU�HOHNWULVFKHQ�/HLVWXQJVGLFKWH�
�S  ��� K3D��7  ��� .��

����� 'LH�PLWWOHUH�(OHNWURQHQHQHUJLH�DOV�)XQNWLRQ�GHU�HOHNWULVFKHQ�

/HLVWXQJVGLFKWH

(LQVHW]HQ�GHU�IXQNWLRQDOHQ�$EKlQJLJNHLW�GHU�UHGX]LHUWHQ�)HOGVWlUNH�YRQ�GHU�PLWWOHUHQ�(OHNWUR�
QHQHQHUJLH��*OHLFKXQJ�������LQ�*OHLFKXQJ�����OLHIHUW�IRUPDO�GLH�/HLVWXQJVGLFKWH�DOV�)XQNWLRQ
GHU�PLWWOHUHQ�(OHNWURQHQHQHUJLH��'LH�8PNHKUIXQNWLRQ�HUODXEW�GLH�%HVWLPPXQJ�GHU�VLFK�HLQVWHO�
OHQGHQ�PLWWOHUHQ�(OHNWURQHQHQHUJLH� DOV� )XQNWLRQ� GHU� HLQJHNRSSHOWHQ� HOHNWULVFKHQ�/HLVWXQJV�
GLFKWH�� ,Q�$EELOGXQJ����� LVW� GLH�PLWWOHUH�(OHNWURQHQHQHUJLH� DOV�)XQNWLRQ�GHU� HLQJHNRSSHOWHQ
HOHNWULVFKHQ�/HLVWXQJVGLFKWH� I�U� YHUVFKLHGHQH�$UEHLWVGU�FNH� DXIJHWUDJHQ��0DQ� HUNHQQW�� GD�
�EHU�HLQHQ�ZHLWHQ�/HLVWXQJVEHUHLFK�GLH�PLWWOHUH�(OHNWURQHQHQHUJLH�QXU�VHKU�JHULQJI�JLJ�YDUL�
LHUW��6LH�OLHJW�]ZLVFKHQ���� H9�XQG���� H9�XQG�NDQQ�GXUFK�'UXFN�XQG�*DVJHPLVFK�EHHLQIOX�W
ZHUGHQ�
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�� .DSLWHO������6\VWHPDXVOHJXQJ�PLW�+LOIH�GHU�VHPL ¤ HPSLULVFKHQ�%H]LHKXQJHQ

$EE������ 'LH�VLFK�HLQVWHOOHQGH�PLWWOHUH�(OHNWURQHQHQHUJLH�DOV�)XQNWLRQ�GHU�HLQ�
JHNRSSHOWHQ�HOHNWULVFKHQ�/HLVWXQJVGLFKWH��3DUDPHWHU�LVW�GHU�'UXFN
�*HPLVFK� ��

'LH�JH]�QGHWH�(QWODGXQJ�NDQQ�PLW�+LOIH�GHU�KLHU�JHZRQQHQHQ�%H]LHKXQJHQ�YRP�JDVHOHNWURQL�
VFKHQ�6WDQGSXQNW�DXV�QXQ�YROOVWlQGLJ�EHVFKULHEHQ�ZHUGHQ��'LHV�VROO�DQ�HLQHP�%HLVSLHO�YHU�
GHXWOLFKW�ZHUGHQ��,Q�$EELOGXQJ������LVW�GLH�QDFK�GHP�LQ�.DSLWHO�����EHVFKULHEHQHQ�9HUIDKUHQ
JHPHVVHQH� (OHNWURQHQGLFKWH� DOV� )XQNWLRQ� GHU� HLQJHNRSSHOWHQ� HOHNWULVFKHQ� /HLVWXQJ� I�U� HLQ
W\SLVFKHV�/DVHUJDVJHPLVFK�DXIJHWUDJHQ��'LHVH�$EKlQJLJNHLW�NDQQ�I�U�GHQ�YROO�GXUFKJH]�QGH�
WHQ�)DOO�PLW�+LOIH�YRQ�*OHLFKXQJ�����EHUHFKQHW�ZHUGHQ��)�U�HLQH�JHJHEHQH�HOHNWULVFKH�/HLVWXQJ
NDQQ� EHL� JHJHEHQHU� (OHNWURGHQJHRPHWULH� GLH� HOHNWULVFKH� /HLVWXQJVGLFKWH� EHVWLPPW� ZHUGHQ�
+LHUDXV�LVW�PLW�GHU�8PNHKUIXQNWLRQ�YRQ�*OHLFKXQJ�����GLH�VLFK�HLQVWHOOHQGH�UHGX]LHUWH�)HOG�
VWlUNH� EHVWLPPEDU�� )�U� GLH� H[DNWH� %HUHFKQXQJ� GHV� IXQNWLRQDOHQ� =XVDPPHQKDQJV� LVW� GLH
*DVWHPSHUDWXU� E]Z�� GLH� 7HLOFKHQGLFKWH� DP� DEVWU|PVHLWLJHQ�(QGH� GHU� (QWODGXQJ� YRQ� JUR�HU
%HGHXWXQJ��

'LH� 7HPSHUDWXU� XQG�*DVJHVFKZLQGLJNHLW� ZLUG� QDFK� GHP� LQ� >��@� DXVI�KUOLFK� EHVFKULHEHQHQ
9HUIDKUHQ�EHVWLPPW��,Q�7DEHOOH�����VLQG�GLH�'DWHQ�I�U�GHQ�KLHU�DQJHJHEHQHQ�)DOO�]XVDPPHQJH�
ID�W��)�U�]ZHL�DXVJHZlKOWH�/HLVWXQJHQ�LVW�GLH�$EKlQJLJNHLW�GHU�(OHNWURQHQGLFKWH�YRP�2UW�LQ
GHU�(QWODGXQJ�LQ�$EELOGXQJ�����GDUJHVWHOOW��'LH�/DGXQJVWUlJHUGLFKWH�LQ�$EKlQJLJNHLW�GHU�HOHN�
WULVFKHQ�/HLVWXQJ�LVW�LQ�$EELOGXQJ������DXIJHWUDJHQ��)�U�GHQ�GXUFKJH]�QGHWHQ�%HUHLFK��QDFK
$XVZDFKVHQ�GHU�(QWODGXQJ�XQWHU�GHU�(OHNWURGH��HUJLEW�VLFK�HLQH�JXWH�hEHUHLQVWLPPXQJ�]ZL�
VFKHQ�GHQ�JHPHVVHQHQ�XQG�GHQ�EHUHFKQHWHQ�'DWHQ��'LH�$EZHLFKXQJ�EHL�KRKHQ�/HLVWXQJHQ�LVW

�� hEHU GLH 7HLOFKHQGLFKWH QJ LVW� EHL JHJHEHQHU UHGX]LHUWHU )HOGVWlUNH (�QJ GLH HOHNWULVFKH )HOGVWlUNH (
GDQQ IHVWJHOHJW�
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�������'LH�GXUFKJH]�QGHWH�(QWODGXQJ ��

GXUFK�GDV�9HUVFKOHSSHQ�GHU�(QWODGXQJ�]X�HUNOlUHQ��%HL�GHU�$XVZHUWXQJ�GHU�'DWHQ�QDFK�.DSL�
WHO�����ZHUGHQ�GLH�/DGXQJVWUlJHUGLFKWHQ�LP�$EVWU|PEORFN�EHVWLPPW��XQG�HV�ZLUG�GDQQ�XQWHU
$QZHQGXQJ�YRQ�*OHLFKXQJ������DXI�GLH�(OHNWURQHQGLFKWH�DP�(QGH�GHU�(OHNWURGH�]XU�FNJH�
VFKORVVHQ��,Q�GHU�5HDOLWlW�ZLUG�DXIJUXQG�GHV�JHHUGHWHQ�$EVWU|PEORFNHV�GLH�(QWODGXQJ�XP�HLQH
EHVWLPPWH�6WUHFNH� �W\SLVFK���ELV�� FP�EHL�KRKHQ�/HLVWXQJHQ�� LQ�5LFKWXQJ�GHU�*DVVWU|PXQJ
YHUVFKOHSSW��ZDV�GLH�HIIHNWLYH�(OHNWURGHQOlQJH�YHUJU|�HUW�XQG�EHL�GHU�$XVZHUWXQJ�LQ�.DSLWHO
����QLFKW�EHU�FNVLFKWLJW�ZXUGH�

3
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QDFK�>��@ QDFK�
>��@

QDFK�
*O�����

QDFK�
*O������

QDFK�*O�
����
E]Z�
���

7DEHOOH����� 'DWHQ�]XU�%HUHFKQXQJ�GHU�(OHNWURQHQGLFKWH�DOV�)XQNWLRQ�GHU�HLQJHNRSSHOWHQ�
HOHNWULVFKHQ�/HLVWXQJ�

,Q�$EELOGXQJ������LVW�]XVlW]OLFK�GLH�H[SHULPHQWHOO�HUPLWWHOWH�XQG�GLH�EHUHFKQHWH�/DGXQJVWUl�
JHUGLFKWH� EHL� HLQHU� (OHNWURGHQOlQJH� YRQ� � FP� HLQJHWUDJHQ�� 2IIHQVLFKWOLFK� UHLFKW� KLHU� GLH
(OHNWURGHQOlQJH�QLFKW�DXV��GLH�VWDWLRQlUH�(OHNWURQHQGLFKWH�DXI]XEDXHQ�

=XVDPPHQIDVVXQJ�.DSLWHO���

'LH�LQ�.DSLWHO���JHZRQQHQHQ�1lKHUXQJVO|VXQJHQ�HUODXEHQ�LQ�HLQIDFKHU�:HLVH�GLH�%HVFKUHL�
EXQJ�GHU�JDVHOHNWURQLVFKHQ�=XVDPPHQKlQJH�LQ�HLQHU�&2��/DVHUJDVHQWODGXQJ��)�U�GLH�PHL�
VWHQ� $EVFKlW]XQJHQ� UHLFKW� GLH� $QQDKPH� HLQHU� 0D[ZHOOYHUWHLOXQJ� DXV�� ZHQQ� PDQ� GLH
9HUWHLOXQJ�FKDUDNWHULVLHUHQGH�PLWWOHUH�(OHNWURQHQHQHUJLH�QDFK�*OHLFKXQJ������EHUHFKQHW��'LH
ZLFKWLJVWHQ� FKDUDNWHULVWLVFKHQ�*U|�HQ�� (OHNWURQHQHQHUJLHYHUWHLOXQJVIXQNWLRQ�� 5DWHQNRHIIL�
]LHQW�I�U�,RQLVDWLRQ�$QODJHUXQJ��GLH�VLFK�HLQVWHOOHQGH�UHGX]LHUWH�)HOGVWlUNH�VRZLH�GLH�(OHN�
WURQHQGLFKWH�N|QQHQ�DOV�)XQNWLRQ�GHU�HLQJHNRSSHOWHQ� HOHNWULVFKHQ�/HLVWXQJ�RKQH�JU|�HUHQ
QXPHULVFKHQ�$XIZDQG�EHUHFKQHW�ZHUGHQ�



�� .DSLWHO������6\VWHPDXVOHJXQJ�PLW�+LOIH�GHU�VHPL ¤ HPSLULVFKHQ�%H]LHKXQJHQ

$EE������ (QWZLFNOXQJ�GHU�(OHNWURQHQGLFKWH�HQWODQJ�GHU�6WU|PXQJVULFKWXQJ��EHL�
NRQVWDQWHU�/HLVWXQJVGLFKWH�XQG�HLQHP�'UXFN�YRQ�����K3D��

$EE������� 9HUJOHLFK�GHU�JHPHVVHQHQ�PLW�GHU�QDFK�*OHLFKXQJ�����XQG��*OHLFKXQJ�����
EHUHFKQHWHQ�(OHNWURQHQGLFKWH�I�U�GDV�*DVJHPLVFK���������EHL�HLQHP�
(LQODXIGUXFN�YRQ���� K3D�
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�������$OOJHPHLQHV�]XU�$XVOHJXQJ�HLQHU�*DVHQWODGXQJVVWUHFNH ��

� $XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

'LH� LQ� GHQ� YRUDQJHJDQJHQHQ� .DSLWHOQ� HUOlXWHUWHQ� =XVDPPHQKlQJH� OLHIHUQ� HLQIDFKH� 6NDOLH�
UXQJVEH]LHKXQJHQ��GLH�]XP�7HLO�VFKRQ�DXV�DQGHUHQ�$UEHLWHQ�EHNDQQW�VLQG��]XP�7HLO�DEHU�DXFK
QHXH�$VSHNWH�DXI]HLJHQ��GLH�GHP�(QWZLFNOHU�$XVOHJXQJV��XQG�2SWLPLHUXQJVKLQZHLVH�OLHIHUQ�

��� $OOJHPHLQHV�]XU�$XVOHJXQJ�HLQHU�*DVHQWODGXQJVVWUHFNH

'LH�LQ�*OHLFKXQJ������HLQJHI�KUWH�%H]LHKXQJ�I�U�GLH�PLWWOHUH�³hEHUVFKX�HQHUJLH¦�HLQHV�(OHN�
WURQHQVFKZDUPV�OLHIHUW�HLQH�HLQIDFKH�$EVFKlW]XQJ�I�U�GLH�6WDELOLWlW�HLQHU�(QWODGXQJ��'LH�GLH
PLQLPDOH� ,RQLVDWLRQVHQHUJLH� �EHUVWHLJHQGH� NULWLVFKH� (QHUJLH� XNULW�� GLH� VLFK� LP� (OHNWURQHQ�
VFKZDUP�HLQVWHOOHQ�PX���XP�HLQHQ�/DZLQHQHIIHNW�DXV]XO|VHQ��NDQQ�QDFK�REHQ�HUZlKQWHU�*OHL�
FKXQJ�GLUHNW�DQJHJHEHQ�ZHUGHQ�

� �����

%H]HLFKQHW�PDQ�PLW�8NULW�GLH�6SDQQXQJ�LQ�GHU�(QWODGXQJ��EHL�GHU�JHUDGH�QRFK�NHLQH�*DVYHU�
VWlUNXQJ�DXIWULWW��XQG�PLW�G4�GHQ�,QQHQGXUFKPHVVHU�GHV�4XDU]URKUHV��VR�HUJLEW�VLFK�DXV�*OHL�
FKXQJ������ ��

� �����

'LHVH�NULWLVFKH�hEHUVFKX�HQHUJLH�LVW�HLQH�JDVVSH]LILVFKH�*U|�H�XQG�GDPLW�XQDEKlQJLJ�YRQ�GHU
VSH]LHOOHQ�*HRPHWULH�GHU�$QRUGQXQJ��'DKHU�HUJLEW�VLFK�EHL�IHVWJHKDOWHQHU�6SDQQXQJ�8NULW�

�����

XQG�GDPLW�GDV�DOV�3DVFKHQJHVHW]�EHNDQQWH�6WDELOLWlWVNULWHULXP�

� �����

1DFK�>��@��>��@�OLHJW�GHU�HPSLULVFK�JHIXQGHQH�:HUW�I�U�GLHVH�.RQVWDQWH�LP�%HUHLFK�

� �����

ZREHL�PLW�SHLQ�GHU�(LQODXIGUXFN�GHV�/DVHUV�JHPHLQW�LVW�

�� ,Q GHU SRVLWLYHQ 6lXOH HLQHU *DVHQWODGXQJ PX� HLQ VROFK QLFKWOLQHDUHV 9HUKDOWHQ VHOEVWYHUVWlQGOLFK YHUPLHGHQ ZHU�

GHQ�

ukrit¢ ² M 0� �
ngaI
����������

rd
du M 0� �eEkrit

ngaI
������������������������= =

Ekrit Ukrit dQe|

ukrit¢ ²
M 0� �eUkrit

ngaIdQ
��������������������������|

ukrit¢ ² const. 1

ngdQ

����������������a=

p dQ� const.=

300 hPa cm pein dQ 700 hPa cm�d�d�



�� .DSLWHO������$XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

%HWUDFKWHW� PDQ� GLH� :LUNXQJVTXHUVFKQLWWH� I�U� GLH� 9LEUDWLRQVDQUHJXQJ� GHU� DV\PPHWULVFKHQ
/lQJVVFKZLQJXQJ��������VR�LVW�GLH�RSWLPDOH�(OHNWURQHQHQHUJLH�I�U�GLH�HIIL]LHQWH�$QUHJXQJ�GHV
REHUHQ�/DVHUQLYHDXV�EHL�VHKU�QLHGULJHQ�(QHUJLHQ�]X�ILQGHQ��HWZD���� H9��VLHKH�$EELOGXQJ������
'HU�+DXSWYRUWHLO�I�U�GLH�=XJDEH�YRQ�6WLFNVWRII�]XP�/DVHUJDV�OLHJW�LQ�GHP�UHODWLY�JUR�HQ�:LU�
NXQJVTXHUVFKQLWW�I�U�GLH�9LEUDWLRQVDQUHJXQJ�GHU�6WLFNVWRIIVFKZLQJXQJ�EHL�(OHNWURQHQHQHUJLHQ
YRQ���� H9�ELV���� H9��VR�GD��GLH�RSWLPDOH�PLWWOHUH�(OHNWURQHQHQHUJLH�GXUFK�GLH�=XJDEH�YRQ
6WLFNVWRII� ]X� K|KHUHQ� (QHUJLHQ� YHUVFKREHQ�ZHUGHQ� NDQQ�� GLH� LQ� VHOEVWlQGLJHQ� (QWODGXQJHQ
W\SLVFKHUZHLVH�YRUOLHJHQ��

$EE������ :LUNXQJVTXHUVFKQLWWH��YHUHLQIDFKW���I�U�9LEUDWLRQVDQUHJXQJ�GXUFK�
(OHNWURQHQVWR��QDFK�>��@�I�U�
D��DV\PPHWULVFKH�/lQJVVFKZLQJXQJ�GHV�&2��XQG�
E��GLH�HUVWHQ���6FKZLQJXQJV]XVWlQGH�GHV�6WLFNVWRIIV�

)�U�HLQH�PLWWOHUH�(QHUJLH�YRQ�]�%�� �HUJLEW�VLFK�QDFK�*OHLFKXQJ������

� �����

)�U�GLHVH�RSWLPDOH�)HOGVWlUNH�HUUHFKQHW�PDQ�QDFK�*OHLFKXQJ������I�U�GHQ�5DWHQNRHIIL]LHQWHQ�

�����

XQG�VFKOLH�OLFK�PLW�*OHLFKXQJ�����GHQ�I�U�GLHVHQ�)DOO�RSWLPDOHQ�,RQLVLHUXQJVJUDG�
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�������$OOJHPHLQHV�]XU�$XVOHJXQJ�HLQHU�*DVHQWODGXQJVVWUHFNH ��

� �����

:LH�LQ�$EELOGXQJ�����]X�VHKHQ�LVW��lQGHUW�VLFK�GLH�UHGX]LHUWH�)HOGVWlUNH�LP�VWDWLRQlUHQ�=XVWDQG
QXU�QRFK�VHKU�JHULQJI�JLJ�PLW�GHU�HOHNWULVFKHQ�/HLVWXQJVGLFKWH��6HW]W�PDQ�GHQ�:HUW�DXV�*OHL�
FKXQJ�����DOVR�LQ�*OHLFKXQJ�����HLQ�XQG�KlOW�GLHVHQ�NRQVWDQW��VR�HUKlOW�PDQ�HLQH�TXDGUDWLVFKH
$EKlQJLJNHLW�GHU�HOHNWULVFKHQ�/HLVWXQJVGLFKWH�YRQ�GHU�7HLOFKHQGLFKWH�XQG�GDKHU�EHL�NRQVWDQ�
WHU�7HPSHUDWXU��HLQH�TXDGUDWLVFKH�$EKlQJLJNHLW�YRP�'UXFN��$EELOGXQJ������

$EE������ %HUHFKQHWH�HOHNWULVFKH�/HLVWXQJVGLFKWH�DOV�)XQNWLRQ�GHV�'UXFNV�EHL�NRQVWDQWHU�
7HPSHUDWXU��7  ��� .��

'LH�XQWHU� VHKU� LGHDOLVLHUWHQ�%HGLQJXQJHQ�JHZRQQHQH�5HODWLRQ� OLHIHUW� EHUHLWV� HLQH� UHFKW�JXWH
$EVFKlW]XQJ�I�U�GLH�VLFK�LQ�UHDOHQ�/DVHUQ�HLQVWHOOHQGHQ�9HUKlOWQLVVH��'HU�GXUFK�GLH�GXUFKJH]R�
JHQHQ�/LQLHQ�PDUNLHUWH�$UEHLWVSXQNW�LQ�$EELOGXQJ�����HQWVSULFKW�GHQ�9HUKlOWQLVVHQ��GLH�PDQ
EHL�HLQHP�LQGXVWULHOOHQ�� N:�/DVHU�YRUILQGHW��'RUW�HUJLEW�VLFK�HLQH�JHPLWWHOWH�HOHNWULVFKH�/HL�
VWXQJVGLFKWH� YRQ� FD�� �� :�FP�� EHL� HLQHP� 'UXFN� YRQ� ��� K3D�� $XV� GHP� WKHRUHWLVFKHQ� LQ
$EELOGXQJ� ���� DQJHJHEHQ�9HUODXI� HUJLEW� VLFK� HEHQIDOOV� HLQ�'UXFN�YRQ� FD�� ��� K3D�� G�K�� GHU
+HUVWHOOHU� KDW� KLHU� RSWLPDOH�%HGLQJXQJHQ� KLQVLFKWOLFK� GHU� HOHNWULVFKHQ�(QWODGXQJ� JHIXQGHQ�
'LH� JHVWULFKHOWH� /LQLH� EHVFKUHLEW� HLQ� VHKU� VSH]LHOOHV�� NRPSDNWHV� /DVHUV\VWHP�� ZHOFKHV� DXV
OHGLJOLFK�]ZHL�(QWODGXQJVURKUHQ�PLW�UHODWLY�JUR�HQ�'XUFKPHVVHUQ��G4  �� PP��EHVWHKW��VLHKH
>��@���+LHU�ZXUGHQ�H[SHULPHQWHOO�2SWLPDOZHUWH�EHL�HLQHU�/HLVWXQJVGLFKWH�YRQ�S+)  �� :�FP�

XQG�HLQHP�'UXFN�YRQ�S  ��� K3D�HUUHLFKW��,Q�$EELOGXQJ�����HUJLEW�VLFK�I�U�GLHVH�/HLVWXQJV�
GLFKWH�HLQ�'UXFN�YRQ�FD����� K3D��'LH�$EZHLFKXQJ�YRP�H[SHULPHQWHOO�HUPLWWHOWHQ�2SWLPDO�

�� 6LQQYROO LVW KLHU HLQH 7HPSHUDWXU DP (QGH GHU (QWODGXQJ ]X ZlKOHQ�
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�� .DSLWHO������$XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

GUXFN�XQG�GHP�WKHRUHWLVFK�DXV�RELJHU�$EELOGXQJ�JHIXQGHQHQ�:HUW�EHWUlJW�OHGLJOLFK�� ���'LH
TXDGUDWLVFKH�$EKlQJLJNHLW�GHU�I�U�HLQH�VWDELOHQ�%HWULHE�HLQNRSSHOEDUHQ�/HLVWXQJVGLFKWH�YRP
'UXFN�ZLUG�EHUHLWV�LQ�>�@�DQVFKDXOLFK�KHUJHOHLWHW��(LQ]LJH�YHUHLQIDFKHQGH�9RUDXVVHW]XQJ�GRUW
LVW�GLH�$QQDKPH�HLQHU�YRQ�GHU�HOHNWULVFKHQ�/HLVWXQJVGLFKWH�XQDEKlQJLJHQ� UHGX]LHUWHQ�)HOG�
VWlUNH�LP�$UEHLWVSXQNW�GHU�(QWODGXQJ��'LHVH�$QQDKPH�ILQGHW�PDQ�GXUFK�*OHLFKXQJ�����VRZLH
$EELOGXQJ�����EHVWlWLJW�XQG�LVW��ZLH�REHQ�DQ�]ZHL�%HLVSLHOHQ�JH]HLJW��DXFK�LQ�JXWHU�hEHUHLQ�
VWLPPXQJ�PLW�H[SHULPHQWHOOHQ�:HUWHQ�

)�U� GLH� ,PSHGDQ]DQSDVVXQJ� GHV�/DVHUV\VWHPV� DQ� GHQ�+RFKIUHTXHQ]VHQGHU� LVW� GHU� RKPVFKH
:LGHUVWDQG�GHU�(QWODGXQJ�I�U�GHQ�$QZHQGHU�YRQ�,QWHUHVVH��)�U�GLH�RSWLPDOHQ�%HGLQJXQJHQ
JLOW�

� �����

'LH�*UHQ]VFKLFKWGLFNH�GHU�PLW�GHU�.UHLVIUHTXHQ]� �DQJHUHJWHQ�(QWODGXQJ�NDQQ�QDFK
>�@�XQG�>��@�DEJHVFKlW]W�ZHUGHQ�

� ������

'HU�9HUODXI�GHU�*UHQ]VFKLFKWGLFNH�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�LVW�I�U�HLQH�$QUH�
JXQJVIUHTXHQ]�YRQ�I  ������0+]�LQ�$EELOGXQJ�����DXIJHWUDJHQ��)�U�GLH�RSWLPDOH�UHGX]LHUWH
)HOGVWlUNH� EHUHFKQHW�VLH�VLFK�]X� �
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�������(QWODGXQJVDQRUGQXQJ�PLW�NRQVWDQWHU�UHGX]LHUWHU�)HOGVWlUNH ��

$EE������ 'LH�*UHQ]VFKLFKWGLFNH�LQ�HLQHU�+RFKIUHTXHQ]HQWODGXQJ�EHL�HLQHU�)UHTXHQ]�YRQ�
I  ����� 0+]�

��� (QWODGXQJVDQRUGQXQJ�PLW�NRQVWDQWHU�UHGX]LHUWHU�

)HOGVWlUNH

)�U�HLQHQ�EHVWP|JOLFKHQ�:LUNXQJVJUDG�VROOWHQ�GLH�LQ�.DSLWHO�����DQJHJHEHQHQ�2SWLPDOSDUD�
PHWHU�HQWODQJ�GHU�JHVDPWHQ�(QWODGXQJVVWUHFNH�VWHWV�HLQJHKDOWHQ�ZHUGHQ��'LH�XQYHUPHLGOLFKH
9HUOXVWOHLVWXQJ�HU]HXJW�LQ�GHU�(QWODGXQJ�MHGRFK�HLQHQ�7HPSHUDWXUJUDGLHQWHQ��GHU�QLFKW�QXU�I�U
HLQH� LPPHU� K|KHU�ZHUGHQGH� WKHUPLVFKH�%HVHW]XQJ�GHV� XQWHUHQ�/DVHUQLYHDXV�YHUDQWZRUWOLFK
LVW�� VRQGHUQ� DXFK� �EHU� GLH� VLFK� YHUULQJHUQGH� 7HLOFKHQGLFKWH� GLH� UHGX]LHUWH� HOHNWULVFKH� )HOG�
VWlUNH�EHHLQIOX�W��8P�GLH�)HOGVWlUNH�DQ�GLH�VLFK�YHUlQGHUQGH�7HLOFKHQGLFKWH�DQ]XSDVVHQ��NDQQ
GHU�VWDELOLVLHUHQGH�/XIWVSDOW�]ZLVFKHQ�(OHNWURGH�XQG�4XDU]URKU�HQWODQJ�GHU�]�$FKVH�DQJHSD�W
ZHUGHQ� �>�@�� >�@�� >��@���=XU� TXDQWLWDWLYHQ�%HVFKUHLEXQJ�PX��GLH�7HLOFKHQGLFKWH� HQWODQJ� GHU
6WU|PXQJVULFKWXQJ�EHNDQQW�VHLQ��
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�� .DSLWHO������$XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

$EE������ 3ULQ]LSELOG�XQG�HOHNWULVFKH�(UVDW]VFKDOWXQJ�]XU�%HUHFKQXQJ�GHU�
(OHNWURGHQDEKHEXQJ�

)�U� W\SLVFKH� (QWODGXQJVEHGLQJXQJHQ� NDQQ� PDQ� LQ� HLQIDFKVWHU� 1lKHUXQJ� HLQHQ� OLQHDUHQ
$QVWLHJ�GHU�7HPSHUDWXU�YRUDXVVHW]HQ��VLHKH�GD]X�DXFK�>��@��XQG�I�U�QLFKW�]X�JUR�H�6WU|PXQJV�
JHVFKZLQGLJNHLWHQ�HLQHQ�NRQVWDQWHQ�'UXFN�DQQHKPHQ��'LH�7HPSHUDWXU�DP�(QGH�GHU�(QWODGXQJ
OLHJW�VLQQYROOHUZHLVH�QLFKW�K|KHU�DOV�����ELV���� .��'HU�+DXSWJUXQG�KLHUI�U�LVW��GD��VHOEVW�I�U
KRKH� ,RQLVDWLRQVJUDGH� NHLQH� DXVUHLFKHQGH�.OHLQVLJQDOYHUVWlUNXQJ� DXIJUXQG� GHU� WKHUPLVFKHQ
hEHUEHVHW]XQJ�GHV�XQWHUHQ�/DVHUQLYHDXV�HU]LHOW�ZHUGHQ�NDQQ��ZHQQ�GLH�REHQJHQDQQWHQ�7HP�
SHUDWXUHQ��EHUVFKULWWHQ�ZHUGHQ�>�@��0LW�GHQ�%H]HLFKQXQJHQ�LQ�$EELOGXQJ�����NDQQ�JHVFKULH�
EHQ�ZHUGHQ�

� ������

,P�0LWWHO�VWHOOW�VLFK�HLQH�6SDQQXQJ�85HII�HLQ��GLH��GLYLGLHUW�GXUFK�GLH�7HLOFKHQGLFKWH�XQG�GHQ
4XDU]URKUGXUFKPHVVHU��GLH�UHGX]LHUWH�)HOGVWlUNH�QlKHUXQJVZHLVH�LQ�GHU�(QWODGXQJ�IHVWOHJW�
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�������(QWODGXQJVDQRUGQXQJ�PLW�NRQVWDQWHU�UHGX]LHUWHU�)HOGVWlUNH ��

� ������

:HJHQ� �ZLUG�GXUFK�*UHQ]ZHUWELOGXQJ� ��

(LQVHW]HQ�GHU�*OHLFKXQJ�����I�U�GHQ�VSH]LILVFKHQ�3ODVPDZLGHUVWDQG�XQG�$XIO|VHQ�QDFK�GHP
/XIWVSDOW�V�]��OLHIHUW�

� ������

$XV�GHU�)RUGHUXQJ� �HUJLEW�VLFK�GLH�0LQLPDOJHQHUDWRUVSDQQXQJ�8*��

� ������

ZHQQ�PLW�7�� GLH�7HPSHUDWXU� DP�*DVHLQODXI�EH]HLFKQHW�ZLUG�� ,Q�$EELOGXQJ����� LVW�GHU�QDFK
*OHLFKXQJ������EHUHFKQHWH�/XIWVSDOW�V�]��I�U�HLQHQ�W\SLVFKHQ�)DOO�EHUHFKQHW��'DEHL�ZXUGH�GLH
7HPSHUDWXU�QDFK�GHP�LQ�>��@�EHVFKULHEHQHQ�9HUIDKUHQ�EHUHFKQHW��%HL�HLQHU�(OHNWURGHQOlQJH
YRQ� O(  �� FP�� HLQHU� HOHNWULVFKHQ�/HLVWXQJ� YRQ�3HO  ������:�5RKU� XQG� HLQHP�*DVHLQODXI�
GUXFN�YRQ�SHLQ  ���� K3D�N|QQHQ�GLH�PLWWOHUH�(OHNWURQHQHQHUJLH�XQG�GLH�VLFK�HUJHEHQGH�UHGX�
]LHUWH�)HOGVWlUNH�LWHUDWLY�IROJHQGHUPD�HQ�EHUHFKQHW�ZHUGHQ�

� %HVWLPPXQJ�GHU�0D[LPDOWHPSHUDWXU�DXV�GHQ�'DWHQ�3HO��SHLQ�� ��O(�QDFK�>��@�

� :HJHQ�GHU�GXUFK�GHQ�7HPSHUDWXUJUDGLHQWHQ�DXIJHSUlJWHQ�'LFKWHlQGHUXQJ�LVW�GLH�HOHNWUL�
VFKH�/HLVWXQJVGLFKWH�RUWVDEKlQJLJ��0DQ�QLPPW�QXQ�HLQH�PLWWOHUH�(OHNWURQHQHQHUJLH�DQ
�FD� ��� H9��� 'DUDXV� IROJW� GLH� KLHUI�U� RSWLPDOH� UHGX]LHUWH� )HOGVWlUNH� QDFK� *OHLFKXQJ
�����

� 'XUFK�,QWHJUDWLRQ�GHU�HOHNWULVFKHQ�/HLVWXQJVGLFKWH�QDFK�*OHLFKXQJ�����HQWODQJ�GHU�6WU|�
PXQJVDFKVH�NDQQ�3HO�UHFK�EHVWLPPW�ZHUGHQ�

� ������

� 9DULDWLRQ�GHU�(OHNWURQHQHQHUJLH�ELV�3HO  3HO�UHFK�
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�� .DSLWHO������$XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

+DW�PDQ�VR� �JHIXQGHQ��OLHJHQ�GLH�UHVWOLFKHQ�3DUDPHWHU�IHVW��)�U�GHQ�KLHU�DQJHJHEHQHQ�)DOO
HUJLEW�VLFK�

�� �� �

��XQG� �

0DQ�HUNHQQW�LQ�$EELOGXQJ�����HLQHQ�QDKH]X�OLQHDUHQ�=XVDPPHQKDQJ�]ZLVFKHQ�/XIWVSDOW�XQG
(QWODGXQJVOlQJH�]��'LHV� LVW�YRQ�JUR�HP�9RUWHLO��GD�HLQH�HLQIDFKH�$EKHEXQJ�GHU�(OHNWURGHQ
YRP�(QWODGXQJVURKU�HLQHQ�OLQHDUHQ�=XVDPPHQKDQJ�HU]ZLQJW�XQG�WHFKQLVFK�EHVRQGHUV�HLQIDFK
KHUVWHOOEDU�LVW��,Q�$EELOGXQJ�����LVW�GLH�/HLVWXQJVGLFKWH�DOV�)XQNWLRQ�YRQ�]�GDUJHVWHOOW��'LH�)RU�
GHUXQJ� �I�U�RSWLPDOH�$QUHJXQJVEHGLQJXQJHQ�HU]ZLQJW�DOVR�HLQH�PLW�GHU�(QW�
ODGXQJVOlQJH�DEQHKPHQGH�/HLVWXQJVGLFKWH��VR�GD��HV�KlXILJ�VLQQYROO�LVW��YRQ�GLHVHU�)RUGHUXQJ
DE]XZHLFKHQ�XQG�HLQHQ�.RPSURPL��HLQ]XJHKHQ��QlPOLFK�EHL�HLQHP�NRQVWDQWHQ�VWDELOLVLHUHQ�
GHQ�/XIWVSDOW�V/�HLQH�$EZHLFKXQJ�YRQ�GHU�RSWLPDOHQ�UHGX]LHUWHQ�)HOGVWlUNH�LQ�.DXI�]X�QHK�
PHQ�� 'LHV� ZLUG� LQVEHVRQGHUH� EHL� JUR�HQ� DEVROXWHQ� (LQNRSSHOOHLVWXQJHQ� XQG� ODQJHQ
(QWODGXQJVURKUHQ�VLQQYROO��

$EE������ /XIWVSDOW�DOV�)XQNWLRQ�GHV�2UWHV�HQWODQJ�GHU�6WU|PXQJVULFKWXQJ�]XU�
.RQVWDQWKDOWXQJ�GHU�RSWLPDOHQ�UHGX]LHUWHQ�)HOGVWlUNH�
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�������)HLQDEVWLPPXQJ�GHU�(OHNWURQHQHQHUJLH ��

$EE������ (OHNWULVFKH�/HLVWXQJVGLFKWH�DOV�)XQNWLRQ�YRP�2UW�LQ�GHU�(QWODGXQJ�

��� )HLQDEVWLPPXQJ�GHU�(OHNWURQHQHQHUJLH

)�U�HLQ�YRUKDQGHQHV�/DVHUV\VWHP�NDQQ�HLQ�³)HLQWXQLQJ¦�GHU�(OHNWURQHQHQHUJLH��EHU�VHOHNWLYH
(QHUJLHUHGXNWLRQ� KRFKHQHUJHWLVFKHU� (OHNWURQHQ� HUIROJHQ��'D]X�ZLUG� HLQ�$GGLWLY�PLW� DXVJH�
SUlJWHP� 5DPVDXHUPLQLPXP� LP� %HUHLFK� GHU� RSWLPDOHQ� (OHNWURQHQHQHUJLH� YHUZHQGHW�� 'LH
(GHOJDVH�;H��$U�XQG�.U\SWRQ�ZHLVHQ�HLQHQ�VROFKHQ�9HUODXI�GHV�:LUNXQJVTXHUVFKQLWWV�I�U�HOD�
VWLVFKHQ�(OHNWURQHQVWR��DXI��,Q�$EELOGXQJ�����LVW�GHU�:LUNXQJVTXHUVFKQLWW� �DXIJHWUD�
JHQ��GHU�YRQ�UHODWLY�JUR�HQ�:HUWHQ�I�U�JUR�H�(OHNWURQHQHQHUJLHQ�DXI�VHKU�NOHLQH�:HUWH�DEIlOOW�
ZHQQ�GLH�(OHNWURQHQ�GLH�I�U�HLQH�HIIL]LHQWH�$QUHJXQJ�ULFKWLJH�(QHUJLH�EHVLW]HQ��'LHVHV�$GGLWLY
KDW�DXI�(OHNWURQHQ�PLW�GHU�³ULFKWLJHQ�(QHUJLH¦� �GHU�9LEUDWLRQVDQUHJXQJVHQHUJLH��DOVR�ZHQLJ
(LQIOX���ZlKUHQG�I�U�K|KHUH�(OHNWURQHQHQHUJLHQ�GLH�:DKUVFKHLQOLFKNHLW� I�U�HODVWLVFKH�6W|�H
]XQLPPW�XQG�GDPLW�GLH�(OHNWURQHQHQHUJLH�VHOHNWLY�UHGX]LHUW�ZHUGHQ�NDQQ��VLHKH�DXFK�>��@��
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�� .DSLWHO������$XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

$EE������ :LUNXQJVTXHUVFKQLWW�I�U�HODVWLVFKHQ�(OHNWURQHQVWR��PLW�$UJRQ��>��@��

,Q�$EELOGXQJ� ���� LVW� GLH� QRUPLHUWH�$XVJDQJVOHLVWXQJ� HLQHV�9HUVXFKVODVHUV� DOV� )XQNWLRQ� GHU
$UJRQNRQ]HQWUDWLRQ�DXIJHWUDJHQ��(V�ZXUGH�EHL�HLQHU�=XPLVFKXQJ�YRQ�� ��$UJRQ�]XP�/DVHU�
JDV�������������� K3D��HLQH�/HLVWXQJVVWHLJHUXQJ�YRQ�� ��HUUHLFKW��bKQOLFKH�(UJHEQLVVH�ZHU�
GHQ�LQ�>��@�EHULFKWHW��%HL�HLQHU�ZHLWHUHQ�6WHLJHUXQJ�GHV�$UJRQJHKDOWHV�IlOOW�GLH�/DVHUOHLVWXQJ
ZLHGHU�DE��'LHV�KDW�LP�ZHVHQWOLFKHQ�]ZHL�*U�QGH��D��GXUFK�GLH�VLFK�PLW�VWHLJHQGHP�$UJRQJH�
KDOW�YHUPLQGHUQGH�:lUPHOHLWIlKLJNHLW�VWHLJW�GLH�PLWWOHUH�7HPSHUDWXU�PLW�GHU�$UJRQNRQ]HQWUD�
WLRQ�XQG�E��GXUFK�GLH�VHOHNWLYH�5HGXNWLRQ�GHU�KRFKHQHUJHWLVFKHQ�(OHNWURQHQ�YHUPLQGHUW�VLFK
GLH�$Q]DKO� LRQLVLHUHQGHU�6W|�H�� VR� GD�� VLFK� GLH�(OHNWURQHQGLFKWH�PLW� VWHLJHQGHP�$U�$QWHLO
UHGX]LHUW�

=ZHL�5DQGEHGLQJXQJHQ�P�VVHQ�HUI�OOW�VHLQ��ZHQQ�PDQ�GLHVHV�$GGLWLY�YHUZHQGHQ�ZLOO�

� 'LH�VLFK�LQ�GHU�(QWODGXQJ�HLQVWHOOHQGHQ�:HUWH�GHV�6\VWHPV�OLHJHQ��EHU�GHQ�LQ�.DSLWHO����
DQJHJHEHQHQ�2SWLPDOZHUWHQ�

� 'DV� YRQ� GHU� *DVI|UGHUHLQULFKWXQJ� WUDQVSRUWLHUWH� *DVYROXPHQ� GDUI� QLFKW� HPSILQGOLFK
YRP�*DVJHPLVFK�DEKlQJHQ��:lKUHQG�GLH�LQVEHVRQGHUH�EHL�GHU�lOWHUHQ�&2��/DVHUJHQHUD�
WLRQ�KlXILJ�YHUZHQGHWHQ�5RRWVSXPSHQ�HLQ�YRP�*DVJHPLVFK�QDKH]X�XQDEKlQJLJHV�)|U�
GHUYHUP|JHQ� DXIZHLVHQ�� LVW� GLH� )|UGHUOHLVWXQJ� GHU� LQ� YLHOHQ� PRGHUQHQ� *DVODVHUQ
HLQJHVHW]WHQ�5DGLDOYHUGLFKWHU� VWDUN� YRP�*DVJHPLVFK� DEKlQJLJ��*DQ]� DOOJHPHLQ� VWHLJW
EHL�GLHVHQ�9HUGLFKWHUQ�GHU�:LUNXQJVJUDG��ZHQQ�GDV�PLWWOHUH�0ROHNXODUJHZLFKW�GHU�*DV�
PLVFKXQJ�VWHLJW�

(OHNWURQHQHQHUJLH���H�
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�������2SWLPLHUWH�/HLVWXQJVHLQNRSSOXQJ�GXUFK�9RULRQLVDWLRQ ��

$EE������ /HLVWXQJVVWHLJHUXQJ�GXUFK�$UJRQ�$GGLWLY�EHL�HLQHP�9HUVXFKVODVHU�

��� 2SWLPLHUWH�/HLVWXQJVHLQNRSSOXQJ�GXUFK�9RULRQLVDWLRQ

:LH�EHUHLWV�LQ�.DSLWHO�������DQJHVSURFKHQ��EHHLQIOX�W�GDV�$QODXIYHUKDOWHQ�GHU�(QWODGXQJ�VHKU
ZHVHQWOLFK�GLH�HIIHNWLYH�(QWODGXQJVOlQJH��GLH�I�U�HLQH�HIIL]LHQWH�$QUHJXQJ�GHV�REHUHQ�/DVHUQL�
YHDXV� ]XU� 9HUI�JXQJ� VWHKW�� 'LHV� LQVEHVRQGHUH� GDQQ�� ZHQQ� I�U� HLQHQ� KRKHQ� $QUHJXQJVZLU�
NXQJVJUDG�P|JOLFKVW�QLHGULJH�)HOGVWlUNHQ�LQ�GHU�VHOEVWlQGLJHQ�(QWODGXQJ�DQJHVWUHEW�ZHUGHQ�
3OD]LHUW�PDQ�GDKHU�YRU�GHU�HLJHQWOLFKHQ�(QWODGXQJVVWUHFNH�NXU]H�9RUHQWODGXQJVHOHNWURGHQ�GHU
/lQJH�ON�PLW�HLQHP�JHJHQ�EHU�GHU�+DXSWHQWODGXQJ�PLW�/XIWVSDOW�V/�YHUPLQGHUWHP�/XIWVSDOW�VN
�$EELOGXQJ�������N|QQHQ�GRUW�K|KHUH�)HOGVWlUNHQ�HLQJHVWHOOW�ZHUGHQ��ZDV�]X�HLQHU�LP�9HUJOHLFK
]XU�+DXSWHQWODGXQJ�HUK|KWHQ� ,RQLVDWLRQVUDWH� I�KUW��'LH�PLW� GHU�*DVVWU|PXQJ� WUDQVSRUWLHUWHQ
IUHLHQ�/DGXQJVWUlJHU�HUK|KHQ�GLH�6WDUWHOHNWURQHQGLFKWH�]X�%HJLQQ�GHU�+DXSWHQWODGXQJ��VR�GD�
GLHVH�VFKRQ�EHL�QLHGULJHUHQ�/HLVWXQJVGLFKWHQ�XQG�UHGX]LHUWHQ�)HOGVWlUNHQ�VWDELO�GXUFK]�QGHW�
1HEHQ�GHP�YHUEHVVHUWHQ�=�QGYHUKDOWHQ��ZHOFKHV�EHUHLWV�YRQ�5��:DJQHU� �9HUZHQGXQJ�HLQHV
=�QGE�JHOV�GLUHNW�DQ�GHU�+DXSWHOHNWURGH��LQ�>�@�HUZlKQW�ZLUG��NDQQ�GHU�*HVDPWZLUNXQJVJUDG
GHV�/DVHUV�EHL�JHVFKLFNWHU�$EVWLPPXQJ�GHU�(OHNWURGHQOlQJHQ�ON�XQG�GHV�/XIWVSDOWV�VN�YHUEHV�
VHUW�ZHUGHQ��'LH�EHVWP|JOLFKH�)HLQDEVWLPPXQJ�GLHVHU�9RUHOHNWURGHQ�NDQQ�QXU�H[SHULPHQWHOO
HUIROJHQ��GD�LQ�GDV�=�QGYHUKDOWHQ�GLH�GXUFK�GLH�6WU|PXQJ�HUK|KWH�'LIIXVLRQ�GHU�/DGXQJVWUlJHU
HLQJHKW��GLH�LQ�GHQ�PHLVWHQ�)lOOHQ�QLFKW�JHQDX�EHNDQQW�LVW���)�U�HLQH�$EVFKlW]XQJ�GHU�JHRPH�
WULVFKHQ�9HUKlOWQLVVH�NDQQ�PDQ�GDV�$QODXIYHUKDOWHQ�QDFK�*OHLFKXQJ������EHVFKUHLEHQ��

�� ,Q GHU /LWHUDWXU �]�%�� >�@� >�@� ILQGHW PDQ YHUVFKLHGHQH $QJDEHQ ]XU (UK|KXQJ GHU 'LIIXVLRQ GXUFK WXUEXOHQWH 6WU|�

PXQJ� 'LH GRUW JHQDQQWHQ )DNWRUHQ OLHJHQ LP %HUHLFK ]ZLVFKHQ �� XQG ����
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�� .DSLWHO������$XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

�

$EE������ (QWODGXQJVVWUHFNH�PLW�9RUHQWODGXQJ��'LH�VSH]LHOOH�)RUP�GHU�KLHU�GDUJHVWHOOWHQ�
(OHNWURGHQ�HUK|KW�YRU�DOOHP�GLH�RSWLVFKH�4XDOLWlW�GHU�*DVHQWODGXQJVVWUHFNH�
GXUFK�URWDWLRQVV\PPHWULVFKH�(LQNRSSOXQJ�GHU�HOHNWULVFKHQ�/HLVWXQJ��'HWDLOV�
XQG�$XVOHJXQJVNULWHULHQ�ZHUGHQ�LQ�>��@�DXVI�KUOLFK�GLVNXWLHUW��

)�U�HLQHQ�DXVUHLFKHQG�KRKHQ�5DWHQNRHIIL]LHQWHQ� �I�U�,RQLVDWLRQ�HUJLEW�VLFK�I�U�GLH�9RUHQW�
ODGXQJ�DP�2UW�]  ]��ON�

� ������

'LH�/lQJH�ON�GLHVHU�9RUHOHNWURGHQ�VROOWH�VR�NOHLQ�ZLH�WHFKQLVFK�P|JOLFK�DXVJHI�KUW�ZHUGHQ��,Q
GHU�+DXSWHQWODGXQJ�HUJLEW�VLFK�QDFK�*OHLFKXQJ�����GLH�VWDWLRQlUH�(OHNWURQHQGLFKWH�]X

� ������

GLH�QXQ�EHUHLWV�DP�(QGH�GHU�NXU]HQ�9RUHOHNWURGHQ�HUUHLFKW�ZHUGHQ�VROO��'LH�GRUW�KHUUVFKHQGH
)HOGVWlUNH�NDQQ�GXUFK�GHQ�/XIWVSDOWV�VN�EHHLQIOX�W�ZHUGHQ��6LH�VROOWH�VR�JHZlKOW�ZHUGHQ��GD�
DP�(QGH�GHU�9RUHQWODGXQJ�EHUHLWV�GLH�I�U�GLH�+DXSWHQWODGXQJ�DQJHVWUHEWH�VWDWLRQlUH�(OHNWUR�
QHQGLFKWH�HUUHLFKW�ZLUG��)RUPDO�DXVJHGU�FNW�EHGHXWHW�GLHV�

� ������

'DPLW�NDQQ�GHU�KLHUI�U�QRWZHQGLJH�5DWHQNRHIIL]LHQW�EHVWLPPW�ZHUGHQ�

� ������
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�������2SWLPLHUWH�/HLVWXQJVHLQNRSSOXQJ�GXUFK�9RULRQLVDWLRQ ��

,Q�W\SLVFKHQ�*DVHQWODGXQJHQ�LVW�GHU�:HUW�GHV�/RJDULWKPXV�DXI�GHU�UHFKWHQ�6HLWH�LQ�RELJHU�*OHL�
FKXQJ�NRQVWDQW��'LH�,RQLVDWLRQVUDWH�LVW�EHL�RSWLPDOHQ�%HGLQJXQJHQ�QXU�VHKU�VFKZDFK�YDULDEHO�
'DV� KHL�W� ��� 'DPLW� HUJLEW� VLFK� GXUFK� 'LYLVLRQ� YRQ� *OHLFKXQJ� ����� PLW

�XQG�9HUQDFKOlVVLJXQJ�GHU�NRQVWDQWHQ�)DNWRUHQ�

� ������

,Q�HUVWHU�1lKHUXQJ�NDQQ�I�U�GHQ�4XRWLHQWHQ�DXI�GHU�OLQNHQ�6HLWH�JHVFKULHEHQ�ZHUGHQ�

� ������

'DEHL�HUJLEW�VLFK�GHU�=XVDPPHQKDQJ� �QlKHUXQJVZHLVH�DXV�*OHLFKXQJ�������ZHQQ�PDQ
GLH� *UHQ]VFKLFKWGLFNH� YHUQDFKOlVVLJW� XQG� HLQH� JHQ�JHQG� JUR�H� ,RQLVDWLRQVUDWH� YRUDXVVHW]W�
%HU�FNVLFKWLJW�PDQ�QXQ�QRFK��GD��]ZLVFKHQ�GHP�0DVVHQIOX�� �XQG�GHU�*DVJHVFKZLQGLJNHLW

�GLH�5HODWLRQ�

������

JLOW��HUKlOW�PDQ�

� ������

)�U�GLH�KLHU�GLVNXWLHUWHQ�(QWODGXQJHQ�JLOW�GDV�3DVFKHQJHVHW]�QJG4  FRQVW���'DPLW�HUJLEW�VLFK
VFKOLH�OLFK�

� ������

RGHU�PLW�GHU�3URSRUWLRQDOLWlWVNRQVWDQWHQ�DV�

� ������

'LHVH�3URSRUWLRQDOLWlWVNRQVWDQWH�ZXUGH�GXUFK�9HUVXFKH�PLW�YHUVFKLHGHQHQ�+RFKIUHTXHQ]HQWOD�
GXQJHQ�]X� �HUPLWWHOW��

�� 'DEHL LVW N
U
 FRQVW� YRUDXVJHVHW]W�

ki a–
Hauptng const.|

ki a–
Haupt

ki a–
vor

ki a–
Haupt
���������������

vG

lk
������a

ki a–
vor

ki a–
Haupt
��������������� Evor

EHaupt
���������������

sL

sk
�����a a

E 1 sea

m±

vG

vG
m±

ngdQ
2

������������a

sL

sk
����� m±

ngdQ
2

lk

����������������a

sk

sL
�����

dQlk
m±
���������� a

sk

sL
����� as

dQlk
m±
����������=

as 0 45� g

s c� m2
�����������������=



�� .DSLWHO������$XVOHJXQJ�XQG�2SWLPLHUXQJVDQVlW]H

6R�HUJLEW�VLFK�I�U�GLH�(QWODGXQJVDQRUGQXQJ��ZLH�LQ�.DSLWHO�������EHVFKULHEHQ��EHL�HLQHP�0DV�
VHQIOX��YRQ�� J�V�XQG�HLQHU�9RUHOHNWURGHQOlQJH�YRQ�� FP�GDV�9HUKlOWQLV�GHU�/XIWVSDOWH�QDFK
*OHLFKXQJ������]X�

�

'HU�/XIWVSDOW�GHU�+DXSWHQWODGXQJ�EHWUlJW�EHL�GLHVHU�$QRUGQXQJ�� PP��GHU�GHU�9RULRQLVDWLRQV�
HOHNWURGHQ� VN  ��� PP�� ,Q�$EELOGXQJ� ����� LVW� GLH�.OHLQVLJQDOYHUVWlUNXQJ� DOV� )XQNWLRQ� GHU
HOHNWULVFKHQ� /HLVWXQJ� I�U� ]ZHL� VHULHOO� KLQWHUHLQDQGHUOLHJHQGH� (QWODGXQJVURKUH� DXIJHWUDJHQ�
'HU� G\QDPLVFKH� VWDELOH� /HLVWXQJVEHUHLFK�ZLUG� GXUFK� GLH�9RULRQLVDWLRQ�� LQVEHVRQGHU� I�U� GLH
VFKOHFKWHU� ]�QGHQGH�� VWLFNVWRIIUHLFKHUH�0LVFKXQJ�� YHUJU|�HUW�� 'HU�$EVROXWZHUW� GHU�.OHLQVL�
JQDOYHUVWlUNXQJ�NDQQ�XP�ELV�]X����JHVWHLJHUW�ZHUGHQ��,Q�$EELOGXQJ������ZLUG�DEHU�DXFK�GHXW�
OLFK��ZLH�ZLFKWLJ�GDV�ULFKWLJH�9HUKlOWQLV�VN�V/�LVW��'RUW�LVW�GLH�(OHNWURGHQNRPELQDWLRQ�I�U�GDV
VWLFNVWRIIlUPHUH� *HPLVFK� RSWLPLHUW� �LP� %LOG� GLH� UXQGHQ� 6\PEROH��� 'LH� VWLFNVWRIIUHLFKHUH
0LVFKXQJ�LVW�PLW�GHQ�JOHLFKHQ�(OHNWURGHQ��DOVR�JOHLFKEOHLEHQGHP�9HUKlOWQLV�VN�V/��XQG�GHP
JOHLFKHQ�'LIIHUHQ]GUXFN��EHU�GHU�(QWODGXQJVVWUHFNH�EHWULHEHQ�ZRUGHQ��ZDV�]X�HLQHP�K|KHUHQ
0DVVHQIOX�� �I�KUW��1DFK�*OHLFKXQJ������ZlUH�XQWHU�GLHVHQ�%HGLQJXQJHQ�DEHU�HLQ�NOHLQHUHU
/XIWVSDOW� VN�]X�ZlKOHQ��XP�HLQH�lKQOLFK�KRKH�.OHLQVLJQDOYHUVWlUNXQJ�]X�HUUHLFKHQ��'HU�KLHU
YRUJHVWHOOWH�2SWLPLHUXQJVDQVDW]�LVW�WHFKQLVFK�VHKU�HLQIDFK�]X�UHDOLVLHUHQ��VR�GD��GHU�$QZHQGHU
GXUFK�9DULDWLRQ�GHV�/XIWVSDOWHV�VN�VHKU�VFKQHOO�2SWLPDOZHUWH�I�U�GLH�MHZHLOV�YHUZHQGHWH�*DV�
PLVFKXQJ�H[SHULPHQWHOO�HUPLWWHOQ�NDQQ�

$EE������� 9HUPLQGHUXQJ�GHU�PLQLPDO�QRWZHQGLJHQ�=�QGOHLVWXQJ�XQG�(IIL]LHQ]VWHLJHUXQJ�
GXUFK�9RULRQLVDWLRQ��SHLQ  ��� K3D��G4  �� PP�� �
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HOHNWULVFKH�/HLVWXQJ���3

:

��������RKQH�9RULRQLVDWLRQ

��������PLW�9RULRQLVDWLRQ

��������RKQH�9RULRQLVDWLRQ

��������PLW�9RULRQLVDWLRQ

HO

m± 2 g/s=



�������2SWLPLHUWH�/HLVWXQJVHLQNRSSOXQJ�GXUFK�9RULRQLVDWLRQ ��

,Q�$EELOGXQJ������LVW�HLQH�UHDOH�(QWODGXQJVVWUHFNH�PLW�9RULRQLVDWLRQ�GDUJHVWHOOW��=XU�EHVVHUHQ
9LVXDOLVLHUXQJ�GHU�9RULRQLVDWLRQ�LVW�I�U�GLHVHV�)RWR�GHU�$EVWDQG�]ZLVFKHQ�9RU��XQG�+DXSWHOHN�
WURGHQ�HWZDV�YHUJU|�HUW��1DW�UOLFK�LVW�I�U�GHQ�UHDOHQ�$XIEDX�GLHVHU�$EVWDQG�QDKH]X�1XOO��

$EE������� %LOG�GHU�KLHU�YRUJHVWHOOWHQ�(QWODGXQJVDQRUGQXQJ��%HWULHEVSDUDPHWHU�LP�7H[W��
6WU|PXQJVULFKWXQJ�LP�%LOG�YRQ�UHFKWV�QDFK�OLQNV�

)�U�HLQ�DQGHUHV��VSH]LHOOHV��VHKU�NRPSDNWHV�+RFKOHLVWXQJVODVHUV\VWHP�LVW�GLH�/DVHUDXVJDQJV�
OHLVWXQJ�DOV�)XQNWLRQ�GHU�HLQJHNRSSHOWHQ�HOHNWULVFKHQ�/HLVWXQJ�LQ�$EELOGXQJ������GDUJHVWHOOW�
%HL�HLQHP�4XDU]URKULQQHQGXUFKPHVVHU�YRQ�G4  �� PP�XQG�HLQHP�0DVVHQIOX��YRQ�FD���� J�V
HUJLEW�VLFK�DXV�*OHLFKXQJ������EHL�HLQHU�(OHNWURGHQOlQJH�YRQ�ON  �� PP�

�

'LH�PD[LPDOH�/DVHUDXVJDQJVOHLVWXQJ�ZLUG�GXUFK�GLH�9RULRQLVDWLRQ�EHL�HLQHU�XP�FD������JHULQ�
JHUHQ�HOHNWULVFKHQ�/HLVWXQJ�HUUHLFKW�XQG�GHU�:LUNXQJVJUDG�XP���� ��HUK|KW��%HL�HLQHP�'UXFN
YRQ� SHLQ  ��� K3D� XQG� HLQHP�/XIWVSDOW� VN  � PP�ZLUG� EHL� GLHVHP�6\VWHP� HLQH� XP� ��� �
K|KHUH�$XVJDQJVOHLVWXQJ�XQG�HLQ�XP���� ��K|KHUHU�:LUNXQJVJUDG�HUUHLFKW��$EELOGXQJ�������

��� :�5RKU ��� :�5RKU

Y
*

sk

sL
����� 0 35�=
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$EE������� 9HUULQJHUXQJ�GHU�/DVHUVFKZHOOH�XQG�:LUNXQJVJUDGVWHLJHUXQJ�GXUFK�
9RULRQLVDWLRQ�EHL�HLQHP�NRPSDNWHQ�+RFKOHLVWXQJVODVHUV\VWHP��/lQJH�GHU�
9RUHOHNWURGHQ�ON  �� PP��'UXFN�SHLQ  ��� K3D��/XIWVSDOW�GHU�+DXSWHQWODGXQJ�
V/  �� PP�

$EE������� :LUNXQJVJUDGVWHLJHUXQJ�GXUFK�9RULRQLVDWLRQ�EHL�HLQHP�NRPSDNWHQ�
+RFKOHLVWXQJVODVHUV\VWHP��/lQJH�GHU�9RUHOHNWURGHQ�ON  �� PP��'UXFN�
SHLQ  ��� K3D��/XIWVSDOW�GHU�+DXSWHQWODGXQJ�V/  �� PP�

�
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+RFKIUHTXHQ]OHLVWXQJ

3 /

:

3HO

:

RKQH 9RULRQLVDWLRQ

PLW 9RULRQLVDWLRQ� V � PP
PLW 9RULRQLVDWLRQ� V � PP

PLW 9RULRQLVDWLRQ� V � PP
N

N

N
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:

+RFKIUHTXHQ]OHLVWXQJ 3HO

:

RKQH 9RULRQLVDWLRQ

PLW 9RULRQLVDWLRQ� V  � PP
N



���� ���

� =XVDPPHQIDVVXQJ�$XVEOLFN

,Q�GLHVHU�$UEHLW�ZHUGHQ�H[SHULPHQWHOOH�XQG�WKHRUHWLVFKH�0HWKRGHQ�]XU�&KDUDNWHULVLHUXQJ�YRQ

&2��*DVHQWODGXQJHQ�YRUJHVWHOOW�XQG�GLVNXWLHUW��'HU�6FKZHUSXQNW�OLHJW�DXI�GHU�(UPLWWOXQJ�YRQ

JDVHOHNWURQLVFKHQ�'DWHQ�LQ�GHP�I�U�VFKQHOO�OlQJVJHVWU|PWH��KRFKIUHTXHQ]DQJHUHJWH�/DVHU�UHOH�

YDQWHQ�3DUDPHWHUEHUHLFK��'LH�(OHNWURQHQGULIWJHVFKZLQGLJNHLW�ZLUG�DOV�LQWHJUDOHV�0D��I�U�GLH

LQYROYLHUWHQ�6WR����$QUHJXQJV��XQG�9HUOXVWSUR]HVVH�LGHQWLIL]LHUW�XQG�DQDO\VLHUW��0LW�GHP�%DX

HLQHU� VSH]LHOO� I�U� GHQ� W\SLVFKHQ� 'UXFNEHUHLFK� GLHVHV� /DVHUW\SV� DXVJHOHJWHQ� 'ULIWNDPPHU

ZXUGH�HLQ�0H�LQVWUXPHQW�HQWZLFNHOW��PLW�GHVVHQ�+LOIH�EHL�VHKU�QLHGULJHP�([SHULPHQWLHUDXI�

ZDQG�XQG�.RVWHQ�VHKU�SUl]LVH�XQG�GHWDLOOLHUWH�0HVVXQJHQ�VFKQHOO�GXUFKJHI�KUW�ZHUGHQ�N|Q�

QHQ�� ,QVEHVRQGHUH� ODVVHQ� VLFK� GLH� JDVJHPLVFKDEKlQJLJHQ� =XVDPPHQKlQJH� VHSDULHUHQ� XQG

DQDO\VLHUHQ�� $XIJUXQG� GLHVHU� 8QWHUVXFKXQJHQ� ZHUGHQ� DQDO\WLVFKH� 1lKHUXQJVO|VXQJHQ� ]XU

%HVFKUHLEXQJ�GHU�*DVHQWODGXQJ�JHIXQGHQ��

'LH� (OHNWURQHQGULIWJHVFKZLQGLJNHLW� VNDOLHUW�PLW� GHU� UHGX]LHUWHQ� )HOGVWlUNH� H[SRQHQWLHOO�PLW

HLQHP�([SRQHQWHQ�YRQ���������'DKHU� LVW�GLH�(OHNWURQHQEHZHJOLFKNHLW��
H
�QLFKW�NRQVWDQW�ZLH

YLHOIDFK�LQ�GHU�/LWHUDWXU�DQJHQRPPHQ�ZLUG��%HVRQGHUV�EHPHUNHQVZHUW�LVW��GD��VLFK�GLH�(OHN�

WURQHQGULIWJHVFKZLQGLJNHLW� I�U� GLH� W\SLVFKHQ� *DVJHPLVFKYHUKlOWQLVVH� HLQHV� &2��/DVHUV� DOV

)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOGVWlUNH�NDXP�XQWHUVFKHLGHQ��VR�GD��KLHU�HLQ�HLQIDFKHU�$XVGUXFN

I�U�DOOH�*DVJHPLVFKH�DQJHJHEHQ�ZHUGHQ�NDQQ��'XUFK�GLH�$QSDVVXQJ�GHU�3DUDPHWHU�(QHUJLH�

YHUOXVW�SUR�6WR��XQG�IUHLH�:HJOlQJH�ZHUGHQ�DXV�GHQ�0H�NXUYHQ�]XU�'ULIWJHVFKZLQGLJNHLW�GLH

3DUDPHWHU�]XU�%HUHFKQXQJ�GHU�PLWWOHUHQ�(OHNWURQHQHQHUJLH�DOV�)XQNWLRQ�GHU�UHGX]LHUWHQ�)HOG�

VWlUNH�JHIXQGHQ��'DPLW�NDQQ�GLH�PLWWOHUH�(QHUJLH�GHU�(OHNWURQHQ�LQ�HLQHU�(QWODGXQJ�DOV�)XQN�

WLRQ� GHU� UHGX]LHUWHQ� )HOGVWlUNH� E]Z�� GHV� JDVG\QDPLVFKHQ� =XVWDQGV� LQ� JXWHU� 1lKHUXQJ

DQDO\WLVFK�DQJHJHEHQ�ZHUGHQ��

(LQ�ZHLWHUHU�(IIHNW��GHU�PLW�GHU�'ULIWNDPPHU�DQDO\VLHUW�ZLUG��LVW�GHU�$YDODQFKHHIIHNW�E]Z��GLH

*DVYHUVWlUNXQJ��0LW�+LOIH�GLHVHU�*U|�H�ZHUGHQ�DQDO\WLVFKH�$XVGU�FNH�I�U�GHQ�5DWHQNRHIIL]L�

HQWHQ� GHU� ,RQLVDWLRQ�$QODJHUXQJ� JHIXQGHQ��'HU� (LQIOX�� YRQ�$GGLWLYHQ�ZLUG� XQWHUVXFKW� XQG

TXDQWLIL]LHUW��'LH�JHZRQQHQ�(UNHQQWQLVVH�ZHUGHQ�LQ�UHDOHQ�*DVHQWODGXQJHQ�YHULIL]LHUW�

'XUFK� HLQH� HLQIDFKH�0HVVXQJ�PLW� HLQHP� 3ODWWHQNRQGHQVDWRU� ZHUGHQ� GLH� VLFK� HLQVWHOOHQGHQ

(OHNWURQHQGLFKWHQ� LQ� HLQHU� /DVHUJDVHQWODGXQJ� HUPLWWHOW��0LW�+LOIH� GLHVHU�0HVVXQJ�ZLUG� GHU

5DWHQNRHIIL]LHQW� I�U� 5HNRPELQDWLRQ� HUPLWWHOW�� GHU� I�U� GLHVH� (QWODGXQJVEHGLQJXQJHQ� QDKH]X

XQDEKlQJLJ�YRQ�GHU�HLQJHNRSSHOWHQ�/HLVWXQJ�XQG�GHP�*DVJHPLVFK�LVW�

'LH�KLHU�JHIXQGHQHQ�(UNHQQWQLVVH�HUP|JOLFKHQ�GHP�(QWZLFNOHU�HLQH�HLQIDFKH�$EVFKlW]XQJ�GHU

JDVHOHNWURQLVFKHQ�(LJHQVFKDIWHQ�GHU�(QWODGXQJ�XQG�GHV�(LQIOXVVHV�GLYHUVHU�3DUDPHWHUYDULDWLR�

QHQ�DXI�GLH�/DVHUHLJHQVFKDIWHQ��'LH�9HUZHQGXQJ�YRQ�$GGLWLYHQ�ZLUG�LQ�]ZHL�VSH]LHOOHQ�)lOOHQ

GLVNXWLHUW��'XUFK�GLH�=XJDEH�YRQ����$UJRQ�]XP�/DVHUJDV�N|QQHQ�KRFKHQHUJHWLVFKH�(OHNWUR�

QHQ� VHOHNWLY� LQ� LKUHP�(QHUJLHLQKDOW� UHGX]LHUW�ZHUGHQ��'LHV�NDQQ�EHL�&2��/DVHUQ� EHL�(QWOD�

GXQJVEHGLQJXQJHQ�PLW�UHODWLY�KRKHU�VWDWLRQlUHU�)HOGVWlUNH�HUIROJUHLFK�]XU�(IIL]LHQ]VWHLJHUXQJ

DXVJHQXW]W�ZHUGHQ��'LH�=XJDEH�YRQ����$UJRQ�]X�HLQHP�/DVHUJDVJHPLVFK�I�KUWH�EHL�GHQ�REHQ

JHQDQQWHQ�%HGLQJXQJHQ�]X�HLQHU�/HLVWXQJVVWHLJHUXQJ�YRQ�����'DEHL�PX��GLH�7UDQVSRUWFKD�

UDNWHULVWLN�GHU�*DVI|UGHUHLQULFKWXQJ�EHU�FNVLFKWLJW�ZHUGHQ��GLH� LP�XQJ�QVWLJVWHQ�)DOO�GLHVHQ
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