
8QWHUVXFKXQJHQ�DP
'UHL�(LFKERVRQHQ�9HUWH[
GHU�HOHNWURVFKZDFKHQ

:HFKVHOZLUNXQJ
PLW�GHP�$/(3+�'HWHNWRU

'LVVHUWDWLRQ

]XU�(UODQJXQJ�GHV�*UDGHV

Å'RNWRU�GHU�1DWXUZLVVHQVFKDIWHQ´

DP�)DFKEHUHLFK�3K\VLN

GHU�-RKDQQHV�*XWHQEHUJ�8QLYHUVLWlW

LQ�0DLQ]

6DVFKD�0DUF�6FKPHOLQJ

JHERUHQ�LQ�6W��,QJEHUW

0DLQ]

����



���*XWDFKWHU� 3URI��'U��+��*��6DQGHU

���*XWDFKWHU� 3URI��'U��/��.|SNH

7DJ�GHU�(LQUHLFKXQJ� ���1RYHPEHU�����

7DJ�GHU�P�QGOLFKHQ�3U�IXQJ� ����1RYHPEHU�����







�

,QKDOWVYHU]HLFKQLV
, (LQOHLWXQJ����������������������������������������������������������������������������������������������������������������������������

,, 7KHRUHWLVFKH�*UXQGODJHQ�����������������������������������������������������������������������������������������������������

,,�� 'DV�6WDQGDUGPRGHOO�GHU�7HLOFKHQSK\VLN�������������������������������������������������������������������������

,,�� 'LH�(OHNWURVFKZDFKH�:HFKVHOZLUNXQJ ��������������������������������������������������������������������������

,,�� 3URGXNWLRQ�YRQ�:�%RVRQ�3DDUHQ �����������������������������������������������������������������������������������

,,�� =HUIDOO�YRQ�:�%RVRQHQ ��������������������������������������������������������������������������������������������������

,,�� .RSSOXQJHQ�GUHLHU�(LFKERVRQHQ ������������������������������������������������������������������������������������

,,���� 'LH�3RODULVDWLRQ�GHU�:�%RVRQHQ���������������������������������������������������������������������������

,,���� 'UHL�(LFKERVRQHQ�.RSSOXQJHQ ����������������������������������������������������������������������������

,,, 'DV�$/(3+�([SHULPHQW�DP��(OHNWURQ�3RVLWURQ�6SHLFKHUULQJ�/(3���������������������������������������

,,,�� /(3�²�'HU�/DUJH�(OHFWURQ�3RVLWURQ�6SHLFKHUULQJ�����������������������������������������������������������

,,,�� 'HU�$/(3+�'HWHNWRU�������������������������������������������������������������������������������������������������������

,,,���� 'DV�6WUDKOURKU ������������������������������������������������������������������������������������������������������

,,,���� 'HU�9HUWH[�'HWHNWRU ���������������������������������������������������������������������������������������������

,,,���� 'LH�LQQHUH�6SXUNDPPHU����������������������������������������������������������������������������������������

,,,���� 'LH�=HLWSURMHNWLRQVNDPPHU ����������������������������������������������������������������������������������

,,,���� 'DV�HOHNWURPDJQHWLVFKH�.DORULPHWHU ��������������������������������������������������������������������

,,,���� 'LH�VXSUDOHLWHQGH�6SXOH ���������������������������������������������������������������������������������������

,,,���� 'DV�KDGURQLVFKH�.DORULPHWHU�PLW�GHQ�0\RQ�.DPPHUQ�����������������������������������������

,,,���� 'LH�/XPLQRVLWlWVPRQLWRUH�������������������������������������������������������������������������������������

,,,���� 'HU�7ULJJHU�����������������������������������������������������������������������������������������������������������

,,,����� 'LH�'DWHQHUIDVVXQJ ����������������������������������������������������������������������������������������������

,,,����� (UHLJQLVUHNRQVWUXNWLRQ �����������������������������������������������������������������������������������������

,9 'LH�'DWHQDQDO\VH ���������������������������������������������������������������������������������������������������������������



�

,9�� 'LH�6LJQDWXU�GHV�6LJQDOV ������������������������������������������������������������������������������������������������

,9�� :LFKWLJH�.RPSRQHQWHQ�GHV�8QWHUJUXQGV �����������������������������������������������������������������������

,9���� (OHNWURQ�3RVLWURQ�6WUHXXQJ ����������������������������������������������������������������������������������

,9���� )HUPLRQ�3DDUELOGXQJ �������������������������������������������������������������������������������������������

,9���� =ZHL�3KRWRQ�(UHLJQLVVH����������������������������������������������������������������������������������������

,9���� (UHLJQLVVH�PLW�=�%RVRQHQ�������������������������������������������������������������������������������������

,9���� (UHLJQLVVH�PLW�:�%RVRQHQ �����������������������������������������������������������������������������������

,9�� 0RQWH�&DUOR�6LPXODWLRQHQ ���������������������������������������������������������������������������������������������

,9���� 6WDQGDUGPRGHOO�3UR]HVVH��������������������������������������������������������������������������������������

,9���� 3UR]HVVH�PLW�VSH]LHOOHQ�3DUDPHWHUQ����������������������������������������������������������������������

,9�� .LQHPDWLVFKH�5HNRQVWUXNWLRQ����������������������������������������������������������������������������������������

,9�� 'LH�0HVVXQJ�GHU�3RODULVDWLRQ�GHU�:�%RVRQHQ ���������������������������������������������������������������

,9�� %HVWLPPXQJ�GHU�.RSSOXQJVNRQVWDQWHQ�DP�'UHL�(LFKERVRQHQ�9HUWH[ ����������������������������

,9���� 'LH�0HWKRGH�GHU�RSWLPDOHQ�2EVHUYDEOHQ��������������������������������������������������������������

,9���� 'DV�3URJUDPP�Å7*&),77(5´�����������������������������������������������������������������������������

9 'LH�(UHLJQLVVHOHNWLRQ ���������������������������������������������������������������������������������������������������������

9�� 9RUVHOHNWLRQ ������������������������������������������������������������������������������������������������������������������

9���� 'LH�ρ�9DULDEOH �����������������������������������������������������������������������������������������������������

9���� 'LH�/HSWRQLGHQWLILNDWLRQ���������������������������������������������������������������������������������������

9�� (QGJ�OWLJH�6HOHNWLRQ�I�U�GHQ�6FKZHUSXQNWVHQHUJLHEHUHLFK���������*H9����������������������

9���� %HLVSLHOH�VHOHNWLHUWHU�(UHLJQLVVH ��������������������������������������������������������������������������

9�� 'LH�$EVFKlW]XQJ�YRQ�(IIL]LHQ]�XQG�5HLQKHLW �����������������������������������������������������������������

9�� 'LH�*�WH�GHU�NLQHPDWLVFKHQ�5HNRQVWUXNWLRQ������������������������������������������������������������������

9, 'LH�$QDO\VHHUJHEQLVVH �������������������������������������������������������������������������������������������������������

9,�� 3RODULVDWLRQ�YRQ�:�%RVRQHQ ������������������������������������������������������������������������������������������

9,���� $N]HSWDQ]NRUUHNWXU ����������������������������������������������������������������������������������������������

9,���� (UJHEQLV�GHU�$QSDVVXQJ���������������������������������������������������������������������������������������

9,�� 'LH�.RSSOXQJHQ�DP�'UHL�(LFKERVRQHQ�9HUWH[���������������������������������������������������������������

9,���� (UJHEQLVVH�I�U�HLQ]HOQH�6FKZHUSXQNWVHQHUJLHQ ����������������������������������������������������

9,���� .RPELQDWLRQ��EHU�DOOH�EHWUDFKWHWHQ�6FKZHUSXQNWVHQHUJLHQ����������������������������������

9,�� 6\VWHPDWLVFKH�8QVLFKHUKHLWHQ ���������������������������������������������������������������������������������������

9,���� 'LH�%HVFKUHLEXQJ�GHU�'DWHQ�LP�0RQWH�&DUOR��������������������������������������������������������

9,���� 'LH�%HVWLPPXQJ�GHU�5HLQKHLW ������������������������������������������������������������������������������



�

9,���� 'LH�9HUPHVVXQJ�XQG�5HNRQVWUXNWLRQ�YRQ�6SXUHQ�LP�'HWHNWRU������������������������������

9,���� *HQDXLJNHLW�YRQ�(LQJDEHSDUDPHWHUQ ��������������������������������������������������������������������

9,���� =XVDPPHQIDVVXQJ�GHU�V\VWHPDWLVFKHQ�8QVLFKHUKHLWHQ�����������������������������������������

9,�� =XVDPPHQIDVVXQJ�GHU�$QDO\VHHUJHEQLVVH����������������������������������������������������������������������

9,���� 'LH�3RODULVDWLRQVDQWHLOH�YRQ�:�%RVRQHQ ��������������������������������������������������������������

9,���� 'LH� .RSSOXQJVSDUDPHWHU� DP� 'UHL�(LFKERVRQHQ�9HUWH[� GHU� HOHNWURVFKZDFKHQ
:HFKVHOZLUNXQJ ������������������������������������������������������������������������������������������������������������������

9,, =XVDPPHQIDVVXQJ ��������������������������������������������������������������������������������������������������������������

$QKDQJ�������������������������������������������������������������������������������������������������������������������������������

9,,, /LWHUDWXUYHU]HLFKQLV������������������������������������������������������������������������������������������������������������

,; $EELOGXQJVYHU]HLFKQLV �������������������������������������������������������������������������������������������������������

; 7DEHOOHQYHU]HLFKQLV������������������������������������������������������������������������������������������������������������



�

, (LQOHLWXQJ
6HLW�'HPRNULW�JHIRUGHUW�KDW��HV�P�VVH�HOHPHQWDUH�%DXVWHLQH�GHU�0DWHULH�JHEHQ��KDW�GHU�0HQVFK
QDFK�HEHQ�GLHVHQ�.RQVWLWXHQWHQ�GHU�0DWHULH�JHIRUVFKW��7HLOFKHQSK\VLN��ZLH�ZLU�VLH�KHXWH�NHQQHQ�
EHJDQQ�PLW�GHU�(QWGHFNXQJ�GHU�%HVWDQGWHLOH�VWDELOHU�0DWHULH��(OHNWURQHQ��3URWRQHQ�XQG�1HXWUR�
QHQ��'DPLW�ZDU�]XP�HUVWHQ�0DOH�HLQH�%HVFKUHLEXQJ�DXV�ÅHOHPHQWDUHQ´�%DXVWHLQHQ�P|JOLFK�

+HXWH�ZLVVHQ�ZLU�� GD��3URWRQHQ� XQG�1HXWURQHQ� QLFKW� HOHPHQWDU� VLQG��ZHLWHUKLQ� KDW�PDQ� YLHOH
ZHLWHUH�7HLOFKHQ� DXI� GHU� JOHLFKHQ�*U|�HQVNDOD� HQWGHFNW�� GHQ� VRJHQDQQWHQ� Å7HLOFKHQ]RR´�� 6HLW
0LWWH�GHU�VHFK]LJHU�-DKUH�NHQQHQ�ZLU�DOOH�%DXVWHLQH��GLH�ZLU�KHXWH�ÅHOHPHQWDU´�QHQQHQ��4XDUNV
XQG� /HSWRQHQ�� LQVJHVDPW� ]Z|OI� 7HLOFKHQ�� GLH� ELV� ]X� HLQHU� 6NDOD� YRQ� HLQHP� WDXVHQGVWHO� )HUPL
������P�� ZLUNOLFK� HOHPHQWDU� VLQG�� 'DPLW� ZDU� GDV� 6WDQGDUGPRGHOO� GHU� 7HLOFKHQSK\VLN� JHERUHQ�
ZHOFKHV�GHQ�HOHPHQWDUHQ�7HLOFKHQ�HLQH�2UGQXQJ�JLEW�XQG�VLH�PLW�:HFKVHOZLUNXQJHQ�YHUNQ�SIW�
=XVlW]OLFK�JLEW�HV�]X� MHGHP�HOHPHQWDUHQ�7HLOFKHQ�DXV�6\PPHWULH�EHUOHJXQJHQ�HLQ� VRJHQDQQWHV
$QWLWHLOFKHQ�

6HLW�YLHOHQ�-DKUHQ�YHUVXFKW�PDQ�GLH�:HUWH�]X�LVROLHUHQ��ZHOFKH�GLH�:HFKVHOZLUNXQJHQ�]ZLVFKHQ
GHQ�7HLOFKHQ�SDUDPHWULVLHUHQ��LP�6WDQGDUGPRGHOO�JHVFKLHKW�GLHV�SULQ]LSLHOO�GXUFK�GHQ�$XVWDXVFK
YRQ�:HFKVHOZLUNXQJV��RGHU�$XVWDXVFKWHLOFKHQ��GHUHQ�EHNDQQWHVWHU�9HUWUHWHU�GDV�3KRWRQ�LVW��(V
JLEW�VHKU�JHQDXH�%HVFKUHLEXQJHQ�GHU�0HFKDQLVPHQ�GLHVHU�:HFKVHOZLUNXQJHQ��GLH�4XDQWHQIHOG�
WKHRULHQ��GLH�EHVWLPPWH�.RSSOXQJVSDUDPHWHU�IHVWOHJHQ�EH]LHKXQJVZHLVH�YRUDXVVDJHQ�XQG�PLWHLQ�
DQGHU�YHUNQ�SIHQ�

=LHO�YLHOHU�([SHULPHQWH�GHU�7HLOFKHQSK\VLN�LVW�HV��HEHQ�GLHVH�7KHRULHQ�]X��EHUSU�IHQ��(LQH�EH�
VRQGHUH�5ROOH�VSLHOW�GDEHL�GDV�(XURSlLVFKH�/DERUDWRULXP�I�U�7HLOFKHQSK\VLN��&(51�I�U�&RQVHLO
(XURSpHQ�GH�OD�5HFKHUFKH�1XFOpDLUH���ZR�VHLW�GHQ�I�QI]LJHU�-DKUHQ�DQ�*UR�H[SHULPHQWHQ�GLH�7HLO�
FKHQSK\VLN�YRUDQJHEUDFKW�ZLUG��9LHOH�ZLFKWLJH�(QWZLFNOXQJHQ�JLQJHQ�XQG�JHKHQ�YRP�&(51�DXV�
XQG�VR�EHWUHLEW�GLH�,QVWLWXWLRQ�DQ�LKUHP�6LW]�LQ�*HQI�GHQ�JU|�WHQ�(OHNWURQ�3RVLWURQ�6SHLFKHUULQJ
GHU�:HOW��/(3�I�U�/DUJH�(OHFWURQ�3RVLWURQ�FROOLGHU���9LHU�.ROODERUDWLRQHQ�YRQ�:LVVHQVFKDIWOHUQ
�$/(3+�� /���2SDO� XQG�'HOSKL�� KDEHQ� VLFK� ]XVDPPHQJHIXQGHQ� XQG� MHZHLOV� HLQ� ([SHULPHQW� DQ
GLHVHP�6SHLFKHUULQJ�LQ�%HWULHE�JHQRPPHQ��XQG�ZHQQ�VLFK�QXQ�GLH�/DXI]HLW�YRQ�/(3�GHP�(QGH
QlKHUW��N|QQHQ�GLH�3K\VLNHU�DXI�HLQLJH�ZLFKWLJH�(UUXQJHQVFKDIWHQ�LQ�%H]XJ�DXI�GDV�6WDQGDUGPR�
GHOO�GHU�7HLOFKHQSK\VLN�]XU�FNEOLFNHQ�

'LH�(OHNWURQHQ�XQG�3RVLWURQHQ�LP�/(3�5LQJ�ZHUGHQ�LQ�GHQ�([SHULPHQWHQ�]XU�.ROOLVLRQ�JHEUDFKW
XQG�HU]HXJHQ�GDEHL�QHXH�7HLOFKHQ��6HLW������DUEHLWHW�/(3�EHL�HLQHU�(QHUJLH��GLH�HV�HUP|JOLFKW�
GLH� :HFKVHOZLUNXQJVWHLOFKHQ� �%RVRQHQ�� GHU� HOHNWURVFKZDFKHQ� :HFKVHOZLUNXQJ� LQ� 3DDUHQ� ]X
HU]HXJHQ��(LQH�EHVRQGHUH�%HGHXWXQJ�NRPPW�GDEHL�GHU�(U]HXJXQJ�YRQ�]ZHL�:�%RVRQHQ�DXV�HL�
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QHP�=�%RVRQ�]X��GLH�(LJHQVFKDIWHQ�VRZRKO�GHU�:�%RVRQHQ�VHOEVW��DOV�DXFK�GLH�(LJHQVFKDIWHQ�GHU
:HFKVHOZLUNXQJ� ]ZLVFKHQ� =�� XQG� :�%RVRQHQ� EHLQKDOWHQ� ZLFKWLJH� ,QIRUPDWLRQHQ� �EHU� GLH
6WUXNWXU�GHV�6WDQGDUGPRGHOOV�

+DXSW]LHO� GHU� OHW]WHQ� -DKUH� EHL� /(3� XQG� LQVEHVRQGHUH� EHL� $/(3+�ZDU� HV�� GLH�0DVVH� XQG� GHQ
3DDUSURGXNWLRQVZLUNXQJVTXHUVFKQLWW� YRQ� :�%RVRQHQ� P|JOLFKVW� SUl]LVH� ]X� EHVWLPPHQ�� ,PPHU
LQWHUHVVDQWHU��QLFKW�]XOHW]W�GXUFK�GLH� LPPHU�JU|�HUH�'DWHQPHQJH�XQG�GLH�GDPLW�]XVDPPHQKlQ�
JHQGH� KRKH� VWDWLVWLVFKH� 6LJQLILNDQ]�� ZLUG� GLH�8QWHUVXFKXQJ� GHU�.RSSOXQJVSDUDPHWHU� DP� VRJH�
QDQQWHQ�'UHL�(LFKERVRQHQ�9HUWH[��DQ�GHP�DXV�HLQHP�3KRWRQ�RGHU�HLQHP�=�%RVRQ�HLQ�:�%RVRQ�
3DDU�HQWVWHKW��'LH�GRUW�DXIWUHWHQGHQ�.RSSOXQJVSDUDPHWHU�KDEHQ�HLQH�]HQWUDOH�%HGHXWXQJ�I�U�GDV
6WDQGDUGPRGHOO� XQG� JHOWHQ� LP�9HUJOHLFK�PLW� GHQ� KRFKSUl]LVHQ�'DWHQ�� GLH� ZlKUHQG� GHU� HUVWHQ
3KDVH�YRQ�/(3��EHL� GHU�PHKU� DOV����0LOOLRQHQ�=�%RVRQHQ�SURGX]LHUW� XQG� VWXGLHUW�ZXUGHQ�� DOV
7HVW�GHV�0RGHOOV�XQG�N|QQHQ�SRWHQWLHOO�+LQZHLVH�DXI�QHXH�3K\VLN��EHU�GDV�6WDQGDUGPRGHOO�KLQ�
DXV�JHEHQ�

=LHO�GHU�KLHU�YRUOLHJHQGHQ�$QDO\VH�LVW�HV��PLW�(UHLJQLVVHQ�HLQHU�NODUHQ�6LJQDWXU��GLH�.RSSOXQJV�
SDUDPHWHU�DP�'UHL�(LFKERVRQHQ�9HUWH[�]X�EHVWLPPHQ��XQG�GLH�$QWHLOH�YHUVFKLHGHQHU�3RODULVDWL�
RQV]XVWlQGH�YRQ�:�%RVRQHQ�]X�PHVVHQ��'D]X�ZXUGH�GHU�)DOO�JHZlKOW��LQ�GHP�EHLGH�:�%RVRQHQ
UHLQ�OHSWRQLVFK��DOVR�LQ�(OHNWURQHQ�RGHU�0\RQHQ�XQG�GLH�]XJHK|ULJHQ�1HXWULQRV�]HUIDOOHQ��'LHVH
(UHLJQLVVH�ODVVHQ�VLFK�UHFKW�JXW�YHUPHVVHQ�XQG�PLW�HLQHU�KRKHQ�5HLQKHLW�YRQ�GHQ�DQGHUHQ�(UHLJ�
QLVVHQ�WUHQQHQ�

,P� HUVWHQ� .DSLWHO� ZHUGHQ� GLH� *UXQGODJHQ� GHU� 7KHRULH� GHU� HOHNWURVFKZDFKHQ�:HFKVHOZLUNXQJ
XQG�GLH�=XVDPPHQKlQJH�PLW�GHU�3RODULVDWLRQ�XQG�GHQ�.RSSOXQJVSDUDPHWHUQ�HUOlXWHUW��.DSLWHO��
JLEW�HLQHQ�NXU]HQ�hEHUEOLFN��EHU�/(3�XQG�GHQ�$/(3+�'HWHNWRU��EHYRU�LQ�.DSLWHO���GLH�*UXQGOD�
JHQ�GHU�$QDO\VH�EHVFKULHEHQ�ZHUGHQ��'DV�IROJHQGH�.DSLWHO�ZLGPHW�VLFK�GHU�6HOHNWLRQ�GHU�6LJQDO�
HUHLJQLVVH� DXV� GHU� JUR�HQ�'DWHQPHQJH�� GLH� YRQ� $/(3+� DXIJH]HLFKQHW� ZLUG�� ,P� OHW]WHQ� .DSLWHO
ZHUGHQ� GLH�(UJHEQLVVH� GHU�$QDO\VH� GHU� VHOHNWLHUWHQ�'DWHQ� XQG� HLQH�$EVFKlW]XQJ� LKUHU� )HKOHU
SUlVHQWLHUW�
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,, 7KHRUHWLVFKH�*UXQGODJHQ
'LH� ZHVHQWOLFKHQ� *UXQGODJHQ� GHU� +RFKHQHUJLHSK\VLN�� LQVEHVRQGHUH� GDV� 6WDQGDUGPRGHOO� GHU
7HLOFKHQSK\VLN�� VRZLH� VSH]LHOO� GLH� HOHNWURVFKZDFKH� :HFKVHOZLUNXQJ� PLW� LKUHQ� (LFKERVRQHQ�
VLQG�7KHPD�GLHVHV�.DSLWHOV��'DEHL�ZLUG�DXI�GLH�PDVVLYHQ�:�%RVRQHQ�EHVRQGHUHU�:HUW�JHOHJW�

,,�� 'DV�6WDQGDUGPRGHOO�GHU�7HLOFKHQSK\VLN
'LH�.HUQDXVVDJH�GHV�6WDQGDUGPRGHOOV�GHU�7HLOFKHQSK\VLN� LVW� HV��GD��GHQ�JUXQGOHJHQGHQ�%DX�
VWHLQHQ�GHU�0DWHULH��GHQ�4XDUNV�XQG�/HSWRQHQ��VRZLH�GHQ�GLH�:HFKVHOZLUNXQJHQ�YHUPLWWHOQGHQ
7HLOFKHQ���GHQ�%RVRQHQ��HLQ�RUGQHQGHV�6FKHPD�]XJUXQGHOLHJW�

,P�PLQLPDOHQ�6WDQGDUGPRGHOO�JLEW�HV�VHFKV�/HSWRQHQ��GLH�VLFK�VRZRKO�LQ�LKUHU�/DGXQJ�DOV�DXFK
LKUHU�0DVVH�XQWHUVFKHLGHQ��GDV�(OHNWURQ��GDV�0\RQ�XQG�GDV�7DXRQ��VRZLH�GLH�]XJHK|ULJHQ�1HX�
WULQRV��'LH�GUHL�HUVWJHQDQQWHQ�/HSWRQHQ�WUDJHQ�MHZHLOV�HLQH�HOHNWULVFKH�/DGXQJVHLQKHLW�XQG�KD�
EHQ�5XKHPDVVHQ�YRQ�������0H9�Fò����������0H9�Fò�EH]LHKXQJVZHLVH������0H9�Fò���'LH�1HX�
WULQRV� ZHUGHQ� DOV� PDVVHORV� EHWUDFKWHW� XQG� VLQG� HOHNWULVFK� QHXWUDO�� N|QQHQ� VRPLW� QXU� DQ� GHU
VFKZDFKHQ�:HFKVHOZLUNXQJ�WHLOQHKPHQ�

)HUQHU�JLEW�HV�VHFKV�4XDUNV��GLH�VLFK�HEHQIDOOV� LQ�LKUHU�0DVVH�XQWHUVFKHLGHQ�XQG�GULWWHO]DKOLJH
HOHNWULVFKH� /DGXQJHQ� WUDJHQ�� 'LH� 4XDUNPDVVHQ� OLHJHQ� LP� %HUHLFK� YRQ� ��0H9�Fò� ELV
����*H9�Fò��

$OOH�ELV�KHXWH�QDFKJHZLHVHQHQ�+DGURQHQ�VLQG�.RPELQDWLRQHQ�DXV�4XDUN�XQG�$QWLTXDUN��0HVR�
QHQ��EH]LHKXQJVZHLVH�DXV�GUHL�4XDUNV��%DU\RQHQ���'LH�EHNDQQWH�VWDELOH�0DWHULH�LVW�DXV�GHQ�7HLO�
FKHQ�GHU�MHZHLOV�HUVWHQ�)DPLOLH��YJO��7DEHOOH�,,����]XVDPPHQJHVHW]W�

'LH�HOHPHQWDUHQ�7HLOFKHQ�VRZLH�GLH�]XVDPPHQJHVHW]WHQ�+DGURQHQ�XQWHUOLHJHQ�MH�QDFK�LKUHU�/D�
GXQJ�GHQ�YLHU�IXQGDPHQWDOHQ�:HFKVHOZLUNXQJHQ�

�� GHU�HOHNWURPDJQHWLVFKHQ�:HFKVHOZLUNXQJ�

�� GHU�VFKZDFKHQ�:HFKVHOZLUNXQJ�

�� GHU�VWDUNHQ�:HFKVHOZLUNXQJ�XQG

�� GHU�*UDYLWDWLRQVZHFKVHOZLUNXQJ�
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GLH�GXUFK�$XVWDXVFKWHLOFKHQ��VRJHQDQQWH�(LFKERVRQHQ�YHUPLWWHOW�ZHUGHQ��'DEHL�LVW�GLH�*UDYLWDWL�
RQ� JHJHQ�EHU� GHQ� DQGHUHQ�:HFKVHOZLUNXQJHQ� LQ� GHU� 7HLOFKHQSK\VLN� DXIJUXQG� LKUHU� JHULQJHQ
6WlUNH�YHUQDFKOlVVLJEDU�XQG�ZLUG�GDKHU�KLHU�QLFKW�ZHLWHU�EHWUDFKWHW�

)HUPLRQHQ /HSWRQHQ 4XDUNV
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7DXQHXWULQR

τν
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W
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E
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7DEHOOH� ,,���� hEHUVLFKW� GHU� HOHPHQWDUHQ� 7HLOFKHQ� GHV� 6WDQGDUGPRGHOOV� PLW� GHUHQ� )RUPHO]HLFKHQ� XQG
HOHNWULVFKHU�/DGXQJ��=X�MHGHP�7HLOFKHQ�H[LVWLHUW�HLQ�$QWLWHLOFKHQ�PLW�LQYHUVHU�HOHNWULVFKHU�/DGXQJ�

'LH� 6WUXNWXUHQ� GHU� YHUVFKLHGHQHQ�:HFKVHOZLUNXQJHQ� ZHUGHQ� GXUFK� YHUVFKLHGHQH� WKHRUHWLVFKH
$QVlW]H� EHVFKULHEHQ�� ]XP� %HLVSLHO� GLH� HOHNWURPDJQHWLVFKH� :HFKVHOZLUNXQJ� GXUFK� GLH� 4XDQ�
WHQHOHNWURG\QDPLN��4('��PLW�GHP�3KRWRQ��γ��DOV�PDVVHORVHP�$XVWDXVFKWHLOFKHQ��ZHOFKHV�DQ�GLH
HOHNWULVFKH�/DGXQJ�NRSSHOW�

'LH�VFKZDFKH�:HFKVHOZLUNXQJ�NHQQW�GUHL�$XVWDXVFKWHLOFKHQ��HLQ�XQJHODGHQHV� �=���� VRZLH� ]ZHL
JHODGHQH� �:��� :���� ZHOFKH� DQ� GLH� VRJHQDQQWH� VFKZDFKH� /DGXQJ� NRSSHOQ�� ,Q� GHU� VFKZDFKHQ
:HFKVHOZLUNXQJ�VSULFKW�PDQ�YRP�QHXWUDOHQ�EH]LHKXQJVZHLVH�JHODGHQHQ�6WURP��MH�QDFKGHP�ZHO�
FKH�(LFKERVRQHQ�DQ�GHU�:HFKVHOZLUNXQJ�EHWHLOLJW�VLQG��,P�*HJHQVDW]�]X�GHQ�$XVWDXVFKWHLOFKHQ
GHU� DQGHUHQ�:HFKVHOZLUNXQJHQ� WUDJHQ� GLH� $XVWDXVFKWHLOFKHQ� GHU� VFKZDFKHQ�:HFKVHOZLUNXQJ
HLQH�0DVVH��=XP�(QGH�GHU�VHFK]LJHU�-DKUH�PDFKWHQ�*ODVKRZ��6DODP�XQG�:HLQEHUJ�GHQ�HUIROJ�
UHLFKHQ�$QVDW]��GLH�HOHNWURPDJQHWLVFKH�XQG�GLH�VFKZDFKH�:HFKVHOZLUNXQJ�]XU�HOHNWURVFKZDFKHQ
7KHRULH�]X�YHUHLQKHLWOLFKHQ�

:HFKVHOZLUNXQJ (LFKERVRQ�HQ� 6SLQ 0DVVH

HOHNWURPDJQHWLVFK γ h1 �

VFKZDFK ±:= ,0 h1

2

2
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F
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VWDUN J h1 �

*UDYLWDWLRQ *UDYLWRQ h2
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28107
F

H9
*UDYLWRQP −⋅<

7DEHOOH� ,,���� 'LH� $XVWDXVFKWHLOFKHQ� GHU� IXQGDPHQWDOHQ� :HFKVHOZLUNXQJHQ�� 'LH� DQJHJHEHQHQ� 0DVVHQ
HQWVWDPPHQ���

,Q�$QOHKQXQJ� DQ� GLH�4('� HQWVWDQG� GLH� 4XDQWHQFKURPRG\QDPLN� �4&'�� ]XU� %HVFKUHLEXQJ� GHU
VWDUNHQ�:HFKVHOZLUNXQJ�PLW�GHP�*OXRQ��J��DOV�PDVVHORVHP�$XVWDXVFKWHLOFKHQ��GDV�DQ�GLH�VRJH�
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QDQQWH�)DUEODGXQJ�GHU�4XDUNV�NRSSHOW��(V� JLEW� GUHL�)DUEHQ��ZREHL� DOOHUGLQJV� QXU� IDUEQHXWUDOH
.RPELQDWLRQHQ� DXV� 4XDUNV� DOV� IUHLH� 7HLOFKHQ� EHREDFKWHW� ZHUGHQ�� 'LHVH� (LJHQVFKDIW� ZLUG� DOV
Å&RQILQHPHQW´� EH]HLFKQHW�� *OXRQHQ� WUDJHQ� VHOEVW� )DUEODGXQJ� XQG� N|QQHQ� VRPLW� PLWHLQDQGHU
ZHFKVHOZLUNHQ�

,,�� 'LH�(OHNWURVFKZDFKH�:HFKVHOZLUNXQJ

,Q�GLHVHU�7KHRULH�VLQG�GLH�)HUPLRQHQ�LQ�0XOWLSOHWWV�GHV�VFKZDFKHQ�,VRVSLQV�7
r
��YJO�����DQJHRUG�

QHW��'LH�JHODGHQHQ�(LFKERVRQHQ�NRSSHOQ�QXU�DQ�OLQNVKlQGLJH�)HUPLRQHQ��ZHVKDOE�GLHVH�LQ�'X�

EOHWWV�PLW�
2
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r
�XQG�

2
1

3 ±=7 �DQJHRUGQHW�VLQG��5HFKWVKlQGLJH�)HUPLRQHQ�ELOGHQ�6LQJXOHWWV�PLW

0=7
r

��:HLWHUKLQ� I�KUW�PDQ�GLH� VFKZDFKH�+\SHUODGXQJ� < � HLQ��GLH�GXUFK� IROJHQGH�*OHLFKXQJ

DXV�HOHNWULVFKHU�/DGXQJ�XQG�VFKZDFKHP�,VRVSLQ�GHILQLHUW�LVW�� ( )32 74< −⋅≡ ��(LQH�=XVDPPHQ�
VWHOOXQJ�GHU�(LJHQVFKDIWHQ�HLQHU�$XVZDKO�GHU�)HUPLRQHQ�ILQGHW�VLFK�LQ�7DEHOOH�,,���

/HSWRQ 7
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7DEHOOH�,,����(OHNWURVFKZDFKH�(LJHQVFKDIWHQ�DXVJHZlKOWHU�/HSWRQHQ��DXV����

'LH� HOHNWURVFKZDFKH� 7KHRULH� LVW� LQYDULDQW� XQWHU� 'UHKXQJHQ� LP�5DXP� GHV� VFKZDFKHQ� ,VRVSLQV
� ( )/68 2 �7UDQVIRUPDWLRQHQ�� XQG� XQWHU� 7UDQVIRUPDWLRQHQ� GHU� +\SHUODGXQJ� � ( )<8 1 �
7UDQVIRUPDWLRQHQ��� )RUGHUW� PDQ� ORNDOH� (LFKLQYDULDQ]� XQWHU� 7UDQVIRUPDWLRQHQ� GHU� *UXSSH

( ) ( )</ 868 12 × �I�KUW�GLHV�]X�LQVJHVDPW�YLHU�9HNWRUIHOGHUQ�� µµµ
321 ,, ::: �I�U�GLH� ( )/68 2 �XQG

µ% � I�U�GLH� ( )<8 1 ��PLW� GHQHQ� VLFK� GLH�/DJUDQJHGLFKWH� GHU� HOHNWURVFKZDFKHQ�:HFKVHOZLUNXQJ
ZLH�IROJW�VFKUHLEHQ�Ol�W��DXV����
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'DEHL� VWHOOW�ψ � HLQ� )HUPLRQGXEOHWW� GDU�� ZlKUHQG� GLH�2SHUDWRUHQ� 7 � XQG� < � 'DUVWHOOXQJHQ� GHU
*UXSSHQ� ( )/68 2 � EH]LHKXQJVZHLVH� ( )<8 1 � VLQG�� VRZLH� J � XQG� J ′ � GLH� ]XJHK|ULJHQ�.RSSOXQJV�
NRQVWDQWHQ��:HLWHUKLQ�JLOW�� νµµννµµν ::J::: ×⋅−∂−∂= �XQG� µννµµν %%% ∂−∂= �

'LHVH�/DJUDQJHGLFKWH�Ol�W�VLFK�LQ�]ZHL�+DXSWWHLOH�DXIVSDOWHQ��GLH�.LQHPDWLN�XQG�GLH�6HOEVWZHFK�
VHOZLUNXQJ�GHU�(LFKERVRQHQ��,��XQG�GLH�.LQHPDWLN�GHU�)HUPLRQHQ�VRZLH�GHUHQ�:HFKVHOZLUNXQJ
PLW�GHQ�(LFKERVRQHQ��,,��
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:LH�PDQ�OHLFKW�HUNHQQW��ZLUNW� µ:J7 ⋅− �QLFKW�DXI�UHFKWVKlQGLJH�)HUPLRQHQ��DXIJUXQG�GHU�9²$�

6WUXNWXU�GHU�VFKZDFKHQ�:HFKVHOZLUNXQJ��GD�I�U�GLHVH� 0
rr

=7 �JLOW�

'LH� SK\VLNDOLVFKHQ� )HOGHU� GHU� :HFKVHOZLUNXQJHQ� VLQG� QLFKW� LGHQWLVFK� PLW� GHQ� WKHRUHWLVFKHQ
µ: �XQG� µ% ��VRQGHUQ�/LQHDUNRPELQDWLRQHQ�DXV�GLHVHQ�
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θθ
θθ

µµµ
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sincos
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I�U�GDV�3KRWRQIHOG� µ$ �XQG�GDV�QHXWUDOH�)HOG�GHU�VFKZDFKHQ�:HFKVHOZLUNXQJ� µ= ��'LH�.RSS�
OXQJ�GHV�3KRWRQIHOGHV�DQ�1HXWULQRV�YHUVFKZLQGHW�GDEHL��'HU�LQ�GLHVHQ�%H]LHKXQJHQ�DXIWUHWHQGH
:LQNHO� :θ �LVW�GHU�VRJHQDQQWH�:HLQEHUJZLQNHO��GHU�VLFK�DXV
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H

JJ

J
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′+

′
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sinθ

HUJLEW��'LH�]ZHL�JHODGHQHQ�)HOGHU�GHU�VFKZDFKHQ�:HFKVHOZLUNXQJ�HUJHEHQ�VLFK�DXV�

( )µµµ
212

1 ::: +=± �

'LHVH� )HOGHU� VLQG� MHGRFK� QRFK� QLFKW� LGHQWLVFK�PLW� GHQ� EHREDFKWEDUHQ� $XVWDXVFKWHLOFKHQ� =�� γ
XQG�:��HV�IHKOW�LKQHQ�ELVKHU�HLQH�0DVVH��4XDGUDWLVFKH�7HUPH�LQ�GHQ�)HOGHUQ�Z�UGHQ�GLH�(LFKLQ�
YDULDQ]�YHUOHW]HQ��,Q�GHU�7KHRULH�I�KUW�PDQ�QXQ�GDV�VRJHQDQQWH�+LJJVIHOG�φ �HLQ��ZHOFKHV�VRZRKO
DQ�GLH�(LFKERVRQHQ�DOV�DXFK�DQ�VLFK�VHOEVW�NRSSHOW��'LH�HLQIDFKVWH�P|JOLFKH�6WUXNWXU�EHVWHKW�DXV
HLQHP�'XEOHWW�EH]�JOLFK�GHV�,VRVSLQV�]ZHLHU�VNDODUHU�NRPSOH[HU�)HOGHU�

'HU�0HFKDQLVPXV��GHU�]XP�$XIWUHWHQ�YRQ�0DVVHQWHUPHQ�LQ�GHU�/DJUDQJHGLFKWH�I�KUW��GLH�GLH�(L�
FKLQYDULDQ]� QLFKW� YHUOHW]HQ�� KHL�W� ÅVSRQWDQH� 6\PPHWULHEUHFKXQJ´�� HLQH� %HGLQJXQJ�� GLH� LP
*UXQG]XVWDQG�GHV�6\VWHPV�QLFKW�HUNHQQEDU� LVW��6R� ODXWHW�GLH�%HGLQJXQJ� I�U�GHQ�9DNXXPHUZDU�
WXQJVZHUW�GHV�+LJJVIHOGHV�� 0000 ≠= φφ �

'LH�0DVVHQ�GHU�(LFKERVRQHQ�ZHUGHQ�GXUFK�HLQHQ�=XVDW]�]XU�/DJUDQJHGLFKWH� (:/ �HLQJHI�KUW�

( ) ( )φφµµµ 9%<J:J7L(: −⋅′−⋅−∂+=
2

2
1// �

ZREHL� ( )φ9 �GDV�+LJJVSRWHQWLDO�GDUVWHOOW��'HU�9DNXXPHUZDUWXQJVZHUW�GHV�+LJJVIHOGHV�HUJLEW�VLFK
DXV�GHP�0LQLPXP�GLHVHV�3RWHQWLDOV��,QVJHVDPW�HUJLEW�VLFK�I�U�GLH�0DVVHQ�GHU�(LFKERVRQHQ�GHU
VFKZDFKHQ�:HFKVHOZLUNXQJ�IROJHQGH�%H]LHKXQJ�

:=: PP θcos⋅= �
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)HUPLRQPDVVHQ�ZHUGHQ� DQDORJ� HLQJHI�KUW�� ,P� IROJHQGHQ�ZHUGHQ� GLH�(LJHQVFKDIWHQ� XQG�:HFK�
VHOZLUNXQJHQ�GHU�(LFKERVRQHQ��LQVEHVRQGHUH�GHU�JHODGHQHQ��QlKHU�EHWUDFKWHW�

,,�� 3URGXNWLRQ�YRQ�:�%RVRQ�3DDUHQ
6HLW� ����� DUEHLWHW� /(3�EHL�(QHUJLHQ� REHUKDOE� GHU� 6FKZHOOH� I�U� GLH� 3URGXNWLRQ� YRQ�:�%RVRQ�
3DDUHQ��,Q�$EELOGXQJ�,,���VLQG�GLH�GUHL�3UR]HVVH�GDUJHVWHOOW��GXUFK�GLH�:�%RVRQ�3DDUH�EHL�/(3
SURGX]LHUW�ZHUGHQ�

'HU�REHUH�3UR]H���$XVWDXVFK�HLQHV�1HXWULQRV�]ZLVFKHQ�(OHNWURQ�XQG�3RVLWURQ��LVW�GHU�GRPLQDQWH
3UR]H��XQPLWWHOEDU� REHUKDOE� GHU� 3URGXNWLRQVVFKZHOOH��'LH� EHLGHQ� XQWHUHQ�3UR]HVVH� ]HLJHQ� GLH
$QQLKLODWLRQ�GHV�(OHNWURQ�3RVLWURQ�3DDUHV� LQ�HLQ�=�%RVRQ�EH]LHKXQJVZHLVH�HLQ�3KRWRQ�XQG�GLH
DQVFKOLH�HQGH�:�%RVRQ�3DDUELOGXQJ�
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H :

$EELOGXQJ�,,����)H\QPDQ�'LDJUDPPH�I�U�GLH�3UR]HVVH�]XU�3URGXNWLRQ�YRQ�:�%RVRQ�3DDUHQ�EHL�/(3

=XVlW]OLFK�JLEW�HV�QRFK�GLH�0|JOLFKNHLW��DXV�GHU�(OHNWURQ�3RVLWURQ�$QQLKLODWLRQ�HLQ�+LJJV�%RVRQ
]X� ELOGHQ��ZHOFKHV� ZLHGHUXP�:�%RVRQ�3DDUH� ELOGHQ� NDQQ��'LHVHU� 3UR]H�� LVW� MHGRFK� XP� HLQHQ
)DNWRU� :H PP �XQWHUGU�FNW�XQG�ZLUG�KLHU�QLFKW�EHWUDFKWHW�

,Q�%RUQVFKHU�1lKHUXQJ�VWHOOW�VLFK�GDV�0DWUL[HOHPHQW�I�U�GLH�GUHL�DEJHELOGHWHQ�3UR]HVVH�ZLH�IROJW
GDU��YJO����6������
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'DEHL� LVW� κ �GHU�+HOL]LWlWVLQGH[� I�U�GLH�HLQODXIHQGHQ�(OHNWURQHQ� � 1=κδ � I�U� OLQNVKlQGLJH�XQG
0=κδ � I�U� UHFKWVKlQGLJH��� 'LH� EHLGHQ� $XIVSDOWXQJHQ� GHV�0DWUL[HOHPHQWHV� VLQG� HLFKLQYDULDQW

XQWHU� ( )
/

68 2 �� EH]LHKXQJVZHLVH� ( )
<

8 1 �7UDQVIRUPDWLRQHQ�� 'LHVH� ZLHGHUXP� ODVVHQ� VLFK� LQ� GLH
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%HLWUlJH�GHU�HLQ]HOQHQ�LQ�$EELOGXQJ�,,���JH]HLJWHQ�'LDJUDPPH�DXIVSDOWHQ��GHU�,QGH[�VWHKW�GDEHL
I�U�GDV�MHZHLOV�DXVJHWDXVFKWH�7HLOFKHQ�
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Ol�W� VLFK� GHU� GLIIHUHQWLHOOH� :LUNXQJVTXHUVFKQLWW� I�U� GLH� :�%RVRQ�3DDUSURGXNWLRQ� ZLH� IROJW
VFKUHLEHQ��ZREHL� θ � GHQ�6WUHXZLQNHO� ]ZLVFKHQ� +H � XQG� +: � XQG� :θ GHQ�:HLQEHUJZLQNHO� GDU�
VWHOOW�
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%HL�K|KHUHU�6FKZHUSXQNWVHQHUJLH�²�]XPLQGHVW�LP�5DKPHQ�GHV�/(3�(QHUJLHEHUHLFKV�²�VWHLJW�GHU
UHODWLYH� $QWHLO� GHU� EHLGHQ� $QQLKLODWLRQVSUR]HVVH� DQ� XQG� VRPLW� DXFK� GHU�:LUNXQJVTXHUVFKQLWW�
%HL�/(3�ZHUGHQ� VRZRKO�GHU�:�%RVRQ�3DDUSURGXNWLRQVZLUNXQJVTXHUVFKQLWW� DOV� DXFK� GLH�0DVVH
GHV�:�%RVRQV�GLUHNW�JHPHVVHQ�XQG�VRPLW�DXFK�HLQ�7HVW�GHV�6WDQGDUGPRGHOOV�GHU�7HLOFKHQSK\VLN
GXUFKJHI�KUW�

(EHQVR�WUHWHQ�]XP�HUVWHQ�0DO�GLH�'UHL�(LFKERVRQHQ�9HUWLFHV�GHU�HOHNWURVFKZDFKHQ�:HFKVHOZLU�
NXQJ�DXI�XQG�GLH�.RSSOXQJHQ�GHU�GUHL�(LFKERVRQHQ�GHU�HOHNWURVFKZDFKHQ�:HFKVHOZLUNXQJ�N|Q�
QHQ�JHPHVVHQ�ZHUGHQ��'DUDXI�ZLUG�LP�IROJHQGHQ�JHQDXHU�HLQJHJDQJHQ�

,,�� =HUIDOO�YRQ�:�%RVRQHQ
'LH� SURGX]LHUWHQ� :�%RVRQHQ� N|QQHQ� QXQ� LQ� ]ZHL� YHUVFKLHGHQHQ� .DQlOHQ� ]HUIDOOHQ� �YJO�
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GHQ�QLFKW�GLH�4XDUNV�XQG�$QWLTXDUNV�VHOEVW��VRQGHUQ�GHUHQ�+DGURQLVDWLRQVSURGXNWH�QDFKJHZLH�
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,Q�GLHVHU�$UEHLW�VROOHQ�QXU�UHLQ�OHSWRQLVFK�]HUIDOOHQGH�:�%RVRQ�3DDUH�EHWUDFKWHW�ZHUGHQ��'LHVH
PDFKHQ�]ZDU�QXU�XQJHIlKU�������GHU�:�%RVRQ�3DDU]HUIlOOH�DXV��YJO����6��������ODVVHQ�VLFK�MH�
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GRFK�EHVRQGHUV�JXW�YHUPHVVHQ��GD�P|JOLFKH�)HKOHU�ZLH�LQ�GHU�0HVVXQJ�GHU�:LQNHOYHUWHLOXQJHQ
YRQ�VRJHQDQQWHQ�-HWV��+DGURQLVDWLRQVSURGXNWHQ�YRQ�4XDUNV��QLFKW�DXIWUHWHQ�
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$EELOGXQJ�,,����'LH�=HUIDOOVP|JOLFKNHLWHQ�GHU�:�%RVRQHQ

,,�� .RSSOXQJHQ�GUHLHU�(LFKERVRQHQ
,Q�$EELOGXQJ�,,���VLQG�WKHRUHWLVFKH�9RUKHUVDJHQ�XQG�GLH�0HVVXQJHQ�GHU�YLHU�/(3�([SHULPHQWH
I�U�GHQ�3URGXNWLRQVZLUNXQJVTXHUVFKQLWW�YRQ�:�%RVRQ�3DDUHQ�LQ�(OHNWURQ�3RVLWURQ�$QQLKLODWLRQ
GDUJHVWHOOW��'DUDXV�Ol�W�VLFK�GHU�(LQIOX��GHU�.RSSOXQJHQ�]ZLVFKHQ�GHQ�GUHL�(LFKERVRQHQ�EHUHLWV
HUNHQQHQ��)HKOHQ�GLH�EHLGHQ�XQWHUHQ�'LDJUDPPH�DXV�$EELOGXQJ�,,����HUJLEW�VLFK�GHU�REHUH��GL�
YHUJHQWH� 9HUODXI�� Ol�W� PDQ� NHLQH� .RSSOXQJ� GHV� QHXWUDOHQ� DQ� GLH� JHODGHQHQ� (LFKERVRQHQ� GHU
VFKZDFKHQ�:HFKVHOZLUNXQJ�]X��GHU�JHVWULFKHOWH��HEHQIDOOV�GLYHUJHQWH��*UDSK�
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XQG�NRPELQLHUWH�5HVXOWDWH�GHU�YLHU�/(3�([SHULPHQWH��YJO�����
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• LQGLUHNW��EHU�GLH�0HVVXQJ�GHU�3RODULVDWLRQ�GHU�:�%RVRQHQ�XQG

• GLUHNW�PLW�YHUVFKLHGHQHQ�9HUIDKUHQ��GLH�LQ���QlKHU�EHWUDFKWHW�ZHUGHQ�

,P�5DKPHQ�GLHVHU�$UEHLW�ZHUGHQ�GLH�0HVVXQJ�GHV�$QWHLOV�ORQJLWXGLQDO�SRODULVLHUWHU�:�%RVRQHQ
XQG�HLQH�GLUHNWH�0HVVXQJ�GHU�'UHL�(LFKERVRQHQ�.RSSOXQJHQ�EHVFKULHEHQ�
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9HUVFKLHGHQH�+HOL]LWlWHQ�GHU�:�%RVRQHQ� ]HLJHQ� VLFK� LQ� YHUVFKLHGHQHQ�:LQNHOYHUWHLOXQJHQ� I�U
GLH�JHODGHQHQ�/HSWRQHQ�DXV�GHP�=HUIDOO� GHU�%RVRQHQ��+LHU�ZHUGHQ�QXU� ÅRQ�VKHOO´�SURGX]LHUWH
:�%RVRQHQ� EHWUDFKWHW�� 'DV�0DWUL[HOHPHQW� I�U� GLH�:�%RVRQ�3DDUSURGXNWLRQ� Ol�W� VLFK� GDQQ� LQ
$EKlQJLJNHLW�YRQ�GHQ�+HOL]LWlWHQ�GHU�6WUDKOOHSWRQHQ�XQG�GHU�:�%RVRQHQ�DOV�6XPPH�GHU�%HLWUl�
JH�GHU�HLQ]HOQHQ�3UR]HVVH�DXV�$EELOGXQJ�,,���DXVGU�FNHQ�
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��(LQH�WDEHOODULVFKH�$XIVWHOOXQJ�GHU�.RHIIL]LHQWHQ�VRZLH�GHU�G�)XQNWLRQHQ�ILQGHW�VLFK�LQ���6������
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,QVJHVDPW� HUJLEW� VLFK� GHU� IROJHQGH� GLIIHUHQWLHOOH� :LUNXQJVTXHUVFKQLWW� I�U� GLH� :�%RVRQ�
3DDUSURGXNWLRQ��GLH�.RHIIL]LHQWHQ�GHU�6XPPDQGHQ�VLQG�GLH�4XDGUDWH�GHU�REHQ�EHUHLWV�JHQDQQWHQ
G�)XQNWLRQHQ��0DQ�EHDFKWH��GD��LQ�GLH�6XPPH��EHU�GLH�+HOL]LWlWHQ�GHU�6WUDKOOHSWRQHQ�QXU�GLH
UHGX]LHUWHQ�$PSOLWXGHQ�I�U�GLH�EHLGHQ�V�.DQDO�3UR]HVVH�HLQJHKHQ��'LH�$PSOLWXGH�GHV� W�.DQDO�
1HXWULQRDXVWDXVFKV� ]XVDPPHQ�PLW� VHLQHQ� ,QWHUIHUHQ]HQ�PLW� GHQ� DQGHUHQ�3UR]HVVHQ� ILQGHW� VLFK
LP�OHW]WHQ�6XPPDQGHQ�
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$EELOGXQJ�,,����:LQNHOYHUWHLOXQJHQ�I�U�:�%RVRQ�3DDUH�PLW�YHUVFKLHGHQHQ�+HOL]LWlWHQ�EHL�HLQHU�6FKZHU�
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,Q�$EELOGXQJ�,,���VLQG�GLH�%HLWUlJH�GHU�YHUVFKLHGHQHQ�+HOL]LWlWVNRPELQDWLRQHQ�]XP�:LUNXQJV�
TXHUVFKQLWW�DOV�)XQNWLRQ�GHV�3RODUZLQNHOV�GHV�:��%RVRQV�GDUJHVWHOOW��,QVEHVRQGHUH�HUNHQQW�PDQ
GLH�'RPLQDQ]�GHV�W�.DQDO�1HXWULQRDXVWDXVFKV�LQ�HLQHP�JUR�HQ�:LQNHOEHUHLFK�

'LH�:LQNHOYHUWHLOXQJ� GHU� =HUIDOOVSURGXNWH� GHU�:�%RVRQHQ� LVW� DXIJUXQG� GHU� 9²$�6WUXNWXU� GHU
HOHNWURVFKZDFKHQ�:HFKVHOZLUNXQJ� VHQVLWLY� DXI� GLH� 3RODULVDWLRQ� GHU�:�%RVRQHQ��'DKHU� HLJQHQ
VLFK�GLHVH�DOV�$QDO\VDWRU�I�U�GLH�3RODULVDWLRQV]XVWlQGH��0DQ�WUDQVIRUPLHUW�GLH�=HUIDOOVSURGXNWH�²
LQ�GLHVHP�)DOO�JHODGHQHV�/HSWRQ�XQG�]XJHK|ULJHV�1HXWULQR�²�LQ�GDV�5XKHV\VWHP�GHV�:�%RVRQV
XQG�HUKlOW�VRPLW�I�U�GHQ�,PSXOV�GHV�JHODGHQHQ�/HSWRQV�
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'LHVH�:LQNHOYHUWHLOXQJHQ�VLQG�SURSRUWLRQDO�]X�HLQHP�YRP�:LQNHO� *θ �DEKlQJLJHQ�)DNWRU�I�U�GLH
YHUVFKLHGHQHQ�3RODULVDWLRQV]XVWlQGH�GHU�:�%RVRQHQ�

'LH�$PSOLWXGHQ�I�U�GLH�:�%RVRQ�3DDUSURGXNWLRQ�XQG�GHQ�=HUIDOO�ODVVHQ�VLFK�]X�HLQHU�I�QIIDFK�
GLIIHUHQWLHOOHQ�:LQNHOYHUWHLOXQJ�NRPELQLHUHQ�

( ) ( ) ( )

( ) ( )

( ) ( )πφθπφθ

θλλκθλλκ

νν
ππ

β
φθφθθ
ννσ

λλλλ

λλλλκ

+−×

×

→→




=

→→

∑

+−
−+−+

**
’,

**
’,

’,’,,,

2

****

5

,,

,’,’,,,,

8

3

128coscoscos

OOOO

OO
OOOO

OO::

''

O:%:O:%:
VGGGGG

OO::HHG


00

'LH�$PSOLWXGHQ�0�U�KUHQ�YRQ�GHU�REHQ�GLVNXWLHUWHQ�:�%RVRQ�3DDUSURGXNWLRQ�KHU�XQG�GLH�%:
VLQG�GLH�%UHLW�:LJQHU�3URSDJDWRUHQ�I�U�GLH�:�%RVRQ�3URGXNWLRQ��IHUQHU�JLOW�
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$QDORJ�HUKlOW�PDQ�HLQHQ�$XVGUXFN�I�U�GLH�SRVLWLY�JHODGHQHQ�:�%RVRQHQ��'DPLW�ODVVHQ�VLFK�EHL�
GH�:�%RVRQ�=HUIlOOH�HLQHV�(UHLJQLVVHV�]XU�$QDO\VH�YHUZHQGHQ��MHGRFK�N|QQHQ�NHLQH�.RUUHODWLR�
QHQ�GLUHNW�EHU�FNVLFKWLJW�ZHUGHQ��$XIJHVSDOWHQ�I�U�GLH�YHUVFKLHGHQHQ�+HOL]LWlWHQ�HUKlOW�PDQ�IRO�
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'DPLW� ODVVHQ� VLFK� GLH�$QWHLOH� GHU� YHUVFKLHGHQHQ�+HOL]LWlWHQ� I�U� MHGHV� ,QWHUYDOO� YRQ� θcos � EH�
VWLPPHQ��,QWHJULHUW�PDQ��EHU�DOOH�:�%RVRQ�3URGXNWLRQVZLQNHO�HUKlOW�PDQ�GHQ�LQ�$EELOGXQJ�,,��
GDUJHVWHOOWHQ�9HUODXI��=XU�9HUDQVFKDXOLFKXQJ�GHU�$GGLWLYLWlW� GHU� HLQ]HOQHQ�+HOL]LWlWHQ�ZXUGHQ
LKUH�$QWHLOH�LP�9HUKlOWQLV�GHU�6WDQGDUGPRGHOOHUZDUWXQJ�EHL�����*H9��GXUFKJH]RJHQHU�*UDSK��²
������EH]LHKXQJVZHLVH�����I�U�GLH�+HOL]LWlWHQ�²�XQG����JHVWULFKHOW��XQG�������I�U�GLH�+HOL�
]LWlW����SXQNWLHUW��²�JH]HLFKQHW�
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%HWUDFKWHW� PDQ� YHUVFKLHGHQH� ,QWHUYDOOH� YRQ� +:
θcos �� ]XP� %HLVSLHO� >��������@�� ����������@�

���������@�XQG���������@�²�HLQH�GXUFK�GHQ�9HUODXI�GHU�:LUNXQJVTXHUVFKQLWWH� I�U�GLH�YHUVFKLHGH�
QHQ�+HOL]LWlWVNRPELQDWLRQHQ� �YJO��$EELOGXQJ� ,,����PRWLYLHUWH�:DKO�� ODVVHQ� VLFK�GLH�$QWHLOH� I�U
YRQ�XQWHUVFKLHGOLFKHQ�+HOL]LWlWHQ�GRPLQLHUWH�:�%RVRQ�3DDUH�XQWHUVXFKHQ�
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$EELOGXQJ�,,����:LQNHOYHUWHLOXQJ�GHU�JHODGHQHQ�/HSWRQHQ�LP�5XKHV\VWHP�GHV�:�%RVRQV��'HU�JHSXQNWHWH
*UDSK�]HLJW�GHQ�9HUODXI�I�U�GLH�+HOL]LWlW����GLH�JHVWULFKHOWHQ�I�U�GLH�+HOL]LWlWHQ���XQG����XQG�GLH�GXUFK�
JH]RJHQH�/LQLH�VWHOOW�GLH�0LVFKXQJ�GHV�6WDQGDUGPRGHOOV�GDU��DXI�GLH�KLHU�QRUPLHUW�ZXUGH�

0LWWHOV�GHU�0HVVXQJ�GHU�$QWHLOH�YHUVFKLHGHQHU�+HOL]LWlWHQ�GHU�:�%RVRQHQ�NDQQ�PDQ�GLH�.RSS�
OXQJVSDUDPHWHU�XQWHUVXFKHQ��/HLGHU�I�KUW�GLHVH�0HWKRGH�GHU�%HVWLPPXQJ�QLFKW�]X�HLQHP�SUl]L�
VHQ�(UJHEQLV��Ol�W�VLFK�MHGRFK�DOV�7HVW�GHV�6WDQGDUGPRGHOOV�GXUFKDXV�KHUDQ]LHKHQ��YJO�����

'DKHU�ZLUG�KLHU�HLQH�ZHLWHUH�0HWKRGH�SUlVHQWLHUW��GLH�DXI�GHU�9HUZHQGXQJ�VRJHQDQQWHU�ÅRSWLPD�
OHU�2EVHUYDEOHU´�EHUXKW��'DV�3ULQ]LS�GLHVHU�0HWKRGH�LVW�LP�.DSLWHO�,9�GDUJHVWHOOW�

,,���� '5(,�(,&+%2621(1�.233/81*(1

=XQlFKVW� VWHOOW� PDQ� GLH� DOOJHPHLQVWH� ORUHQW]LQYDULDQWH� /DJUDQJHIXQNWLRQ� I�U� GHQ� 'UHL�
(LFKERVRQHQ�9HUWH[�DXI�XQG�ILQGHW�GRUW�]XQlFKVW�MHZHLOV�VLHEHQ�IUHLH�3DUDPHWHU�I�U�GLH�.RSSOXQ�
JHQ�GHU�:�%RVRQHQ�DQ�GDV�=�%RVRQ�XQG�DQ�GDV�3KRWRQ�

'LHVH�/DJUDQJHIXQNWLRQ�LVW�HLQH�(UZHLWHUXQJ�GHU�LQ�,,���EHUHLWV�YRUJHVWHOOWHQ�/DJUDQJHGLFKWH�GHU
HOHNWURVFKZDFKHQ�:HFKVHOZLUNXQJ��$OOH�)HUPLRQHQ�ZHUGHQ�KLHU�DOV�PDVVHORV�EHWUDFKWHW��1HEHQ
.RSSOXQJHQ�� GLH� VRZRKO� GLH� &�� DOV� DXFK� GLH� 3�6\PPHWULH� JHWUHQQW� �PLW� GHQ� 3DUDPHWHUQ

99
9J λκ ,,1 ��EH]LHKXQJVZHLVH�QXU�&3�6\PPHWULH�HUKDOWHQ� � 9J5 ���ZHUGHQ�GDEHL� DXFK�.RSSOXQ�
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JHQ�HLQJHI�KUW��GLH�GLH�&3�6\PPHWULH�YHUOHW]HQ��'LHVH�VLQG�PLW� 99
9J λκ ~

,~,4 �SDUDPHWULVLHUW��$XI�
JUXQG�GHU�JHULQJHQ�6WDWLVWLN� LQ�GHU�YRUOLHJHQGHQ�$QDO\VH�VLQG�GLHVH�3DUDPHWHU�MHGRFK�QLFKW�]X�
JlQJOLFK�
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'XUFK�GLH�HOHNWURPDJQHWLVFKH�(LFKLQYDULDQ]�VLQG�GLH�3DUDPHWHU� 11 =γJ �XQG� 05 =γJ �EHUHLWV�IHVW�

JHOHJW��:LUG�]XVlW]OLFK�,QYDULDQ]�EH]�JOLFK� ( ) ( )12 868 × �YHUODQJW��HUKlOW�PDQ�ZHLWHUH�5HODWLRQHQ

]ZLVFKHQ�GHQ�3DUDPHWHUQ�� ( ) γγ λλθκκ =−+⋅−=− ==:= J ,1tan11 1 �

=XVlW]OLFK�ZHUGHQ�KLHU�QXU�.RSSOXQJVSDUDPHWHU�EHWUDFKWHW��GLH�GLH�&3�6\PPHWULH�HUKDOWHQ��=X�
VDPPHQ�PLW� GHQ�'HILQLWLRQHQ� =99 λλλκκ γ ==−=∆ ,1 � YHUEOHLEW� HLQH�/DJUDQJHIXQNWLRQ�PLW

GUHL�IUHLHQ�3DUDPHWHUQ�
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'LH�&��XQG�3�6\PPHWULH�HUKDOWHQGHQ�7HUPH�GHU�/DJUDQJHIXQNWLRQ�N|QQHQ�DOV�7HUPH�QLHGULJVWHU

2UGQXQJ�GHU�:�%RVRQ�3KRWRQ�:HFKVHOZLUNXQJ�EHWUDFKWHW�ZHUGHQ��'DEHL�VWHOOHQ� 1
γHJ4: = �GLH

/DGXQJ� GHU� :�%RVRQHQ�� ( )γγγ λκµ ++= 1
2 JP

H
:

: � GDV� PDJQHWLVFKH� 'LSROPRPHQW� XQG

( )γγ λκ −−= 2
:

: P
HT �GDV�HOHNWULVFKH�4XDGUXSROPRPHQW�GDU��'LH�KLHU� YRUJHVWHOOWH�3DUDPH�

WULVLHUXQJ� LVW� HLQH� YRQ�PHKUHUHQ�P|JOLFKHQ� VLQQYROOHQ�� (LQH� �EHUVLFKWOLFKH� =XVDPPHQVWHOOXQJ
ILQGHW�VLFK�LQ����,P�6WDQGDUGPRGHOO�JLOW�I�U�GLH�KLHU�YHUZHQGHWHQ�.RSSOXQJVSDUDPHWHU�
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=XU� 0HVVXQJ� GHU� .RSSOXQJVSDUDPHWHU� JLEW� HV� YHUVFKLHGHQH� 0HWKRGHQ�� ZHOFKH� LQ� �� DXI� 6HL�
WH����II�YHUJOHLFKHQG�YRUJHVWHOOW�ZHUGHQ�

• GLH�0HWKRGH�GHU�6SLQ�'LFKWH�0DWUL[��YJO��,,������

• GLH�0D[LPXP�/LNHOLKRRG�0HWKRGH�XQG

• GLH�0HWKRGH�GHU�RSWLPDOHQ�2EVHUYDEOHQ��YJO��,9������

:LH�EHUHLWV�$EELOGXQJ�,,���YHUDQVFKDXOLFKW�KDW��KDEHQ�GLH�.RSSOXQJVSDUDPHWHU�GLUHNWHQ�(LQIOX�
DXI� GHQ�:�%RVRQ�3DDUSURGXNWLRQVZLUNXQJVTXHUVFKQLWW�� 'DKHU� ZLUG� GLHVHU� LQ� GHU� YRUOLHJHQGHQ
$QDO\VH��YJO��,9������DOV�]HQWUDOH�2EVHUYDEOH�YHUZHQGHW�



��

,,, 'DV�$/(3+�([SHULPHQW�DP
(OHNWURQ�3RVLWURQ�6SHLFKHUULQJ�/(3

$OOH�KLHU�DQDO\VLHUWHQ�0H�GDWHQ�ZXUGHQ�PLW�GHP�$/(3+�'HWHNWRU�DP�/(3�6SHLFKHUULQJ�GHV�(X�
URSlLVFKHQ�/DERUDWRULXPV�I�U�7HLOFKHQSK\VLN��&(51��EHL�*HQI�DXIJH]HLFKQHW�

,,,�� /(3�²�'HU�/DUJH�(OHFWURQ�3RVLWURQ�6SHLFKHUULQJ
'HU�6SHLFKHUULQJ�/(3�LVW�7HLO�GHV�%HVFKOHXQLJHUNRPSOH[HV�GHV�&(51�XQG�GLHQW�GHU�%HVFKOHX�
QLJXQJ�YRQ�(OHNWURQHQ�XQG�LKUHQ�$QWLWHLOFKHQ��GHQ�3RVLWURQHQ��]XU�8QWHUVXFKXQJ�GHU�(OHNWURQ�
3RVLWURQ�$QQLKLODWLRQ��'D]X�JLEW� HV�DP�6SHLFKHUULQJ�YLHU�([SHULPHQWH��$/(3+��'HOSKL��/��XQG
2SDO��GLH�GDV�JHVDPWH�6SHNWUXP�GHU�3K\VLN�EHL�GHQ�HUUHLFKWHQ�(QHUJLHQ�XQWHUVXFKHQ�

$EELOGXQJ�,,,����/DJHVNL]]H�GHV�/(3�6SHLFKHUULQJV



��

'HU�/(3�5LQJ� KDW� HLQHQ�8PIDQJ� YRQ� ������P� XQG� OLHJW� ]ZLVFKHQ� ���P� XQG� ����P� XQWHU� GHU
2EHUIOlFKH��$XV�YLHOHQ�YHUVFKLHGHQHQ�*U�QGHQ�²�HV�PX�WHQ�]XP�%HLVSLHO�9HUELQGXQJHQ�]X�GHQ
EHUHLWV�EHVWHKHQGHQ�%HVFKOHXQLJHUQ�EHVWHKHQ��PDQ�ZROOWH�GLH�7LHIH�GHU�=XJDQJVVFKlFKWH�PLQL�
PLHUHQ�²�ZXUGH�GHU�7XQQHO�PLW�HLQHU�1HLJXQJ�YRQ������]XU�+RUL]RQWDOHQ�JHEDXW��/(3�LVW�NHLQ
SHUIHNWHU�.UHLV��VRQGHUQ�EHVWHKW�DXV�DFKW�.UHLVE|JHQ��DUFV��XQG�DFKW�JHUDGHQ�6HNWLRQHQ��VWUDLJKW
VHFWLRQV���LQ�GHQHQ�GLH�([SHULPHQWDO]RQHQ�OLHJHQ��'LHVH�=RQHQ�VLQG�YRQ���ELV���QXPHULHUW�XQG�LQ
GHQ�JHUDG]DKOLJHQ�=RQHQ�EHILQGHQ�VLFK�GLH�YLHU�/(3�([SHULPHQWH�

(OHNWURQHQ� XQG� 3RVLWURQHQ� ZHUGHQ� LQ� PHKUHUHQ� 6WXIHQ� ELV� ]X� GHQ� JHZ�QVFKWHQ� (QHUJLHQ� EH�
VFKOHXQLJW��'LH�HUVWH�6WXIH�ELOGHW�/,/��/HSWRQ�,QMHFWLRQ�/LQHDU�$FFHOHUDWRU���HLQ�/LQHDUEHVFKOHX�
QLJHU��LQ�GHP�GLH�7HLOFKHQ�DXI�����0H9�EHVFKOHXQLJW�XQG�LQ�(3$��(OHFWURQ�3RVLWURQ�$FFXPXOD�
WRU���HLQHQ�NOHLQHQ�6SHLFKHUULQJ��HLQJHVFKRVVHQ�ZHUGHQ��'RUW�ZHUGHQ�VLH�ELV�]X�HLQHU�(QHUJLH�YRQ
����0H9�EHVFKOHXQLJW�XQG�GDQQ�]XQlFKVW�LQ�GDV�3URWRQ�6\QFKURWURQ��ZR�VLH�ELV�]X�HLQHU�(QHUJLH
YRQ�����*H9�EHVFKOHXQLJW�ZHUGHQ��XQG�²�DOV� OHW]WH�6WXIH�YRU�/(3�²� � LQ�GDV�6XSHU�3URWRQ�6\Q�
FKURWURQ� HLQJHVFKRVVHQ��'RUW� ZLUG� HLQH�(QHUJLH� YRQ� ���*H9� HUUHLFKW�� GLH� (LQVFKX�HQHUJLH� I�U
GHQ�/(3�5LQJ��$P�6XSHU�3URWRQ�6\QFKURWURQ��636��JLEW�HV�HLQH�5HLKH�YRQ�([SHULPHQWHQ��ZHO�
FKH�GLH�3URWRQHQ��XQG�$QWLSURWRQHQ�6WUDKOHQ�QXW]HQ�� �����ZXUGHQ� DQ� ]ZHL� 636�([SHULPHQWHQ
GLH�:��XQG�=�%RVRQHQ�QDFKJHZLHVHQ�

/(3

/,/

636

(3$
36

$EELOGXQJ�,,,����6NL]]H�GHV�&(51�%HVFKOHXQLJHUNRPSOH[HV

'LH�JHQDXH�0HVVXQJ�GHU�(LJHQVFKDIWHQ�GHV�=�%RVRQV�ZDU�GDV�=LHO�YRQ�/(3�,�� ,Q�GLHVHU�3KDVH
ZXUGHQ�(OHNWURQHQ� XQG� 3RVLWURQHQ� DXI� (QHUJLHQ� XP� �����*H9� EHVFKOHXQLJW�� XP� HLQH� 6FKZHU�
SXQNWVHQHUJLH� YRQ� �����*H9� EHL� GHU� $QQLKLODWLRQ� ]X� HUUHLFKHQ��:lKUHQG� /(3� ,� �����������
ZXUGHQ�YRQ�DOOHQ�YLHU�/(3�([SHULPHQWHQ�]XVDPPHQ�PHKU�DOV����0LOOLRQHQ�=�%RVRQ�(UHLJQLVVH
DXIJH]HLFKQHW�XQG�XQWHU�DQGHUHP�GLH�0DVVH�GHV�=�%RVRQV�PLW�KRKHU�3Ul]LVLRQ�EHVWLPPW�

6HLW������ZLUG�/(3�LQ�GHU�3KDVH�,,�EHL�(QHUJLHQ��EHU����*H9�EHWULHEHQ��'LH�PD[LPDO�²�ELV�����
²�HUUHLFKWH�6WUDKOHQHUJLH�ODJ�EHL�����*H9��,QVJHVDPW�ZXUGH�LQ�GLHVHU�3KDVH�HLQH�/XPLQRVLWlW�YRQ
L� �����SE���LQWHJULHUW�



��

,,,�� 'HU�$/(3+�'HWHNWRU
(LQHV� GHU� YLHU� ([SHULPHQWH� DP� 6SHLFKHUULQJ� /(3� LVW� GHU� 'HWHNWRU� GHU� $/(3+�.ROODERUDWLRQ�
$/(3+�²�$SSDUDWXV�IRU�/(3�3K\VLFV�²�LVW�VR�JHEDXW��GD��IDVW�GHU�JHVDPWH�5DXPZLQNHO�PLW�DNWL�
YHQ�'HWHNWRUHQ�DEJHGHFNW� LVW�� ,P� IROJHQGHQ� ILQGHW� VLFK�HLQH�NXU]H�%HVFKUHLEXQJ�GHU�HLQ]HOQHQ
6XEGHWHNWRUHQ��LQ�GHU��EOLFKHQ�5HLKHQIROJH��YRP�:HFKVHOZLUNXQJVSXQNW�QDFK�DX�HQ�VHQNUHFKW
]XP�6WUDKOURKU��GDQDFK�SDUDOOHO�GD]X��(LQH�JHQDXH�%HVFKUHLEXQJ�ILQGHW�VLFK�LQ���XQG����$OOH�KLHU
JHQDQQWHQ�'DWHQ�VWDPPHQ�YRQ�GRUW��VRIHUQ�QLFKW�DQGHUV�DQJHJHEHQ�

,,,���� '$6�675$+/52+5

,P�,QQHUHQ�GHV�$/(3+�'HWHNWRUV�EHVWHKW�GDV�6WUDKOURKU�QLFKW�ZLH�LQ�GHQ�DQGHUHQ�6HNWLRQHQ�DXV
$OXPLQLXP��VRQGHUQ�DXV�%HU\OOLXP��GHP�OHLFKWHVWHQ�0HWDOO��ZHOFKHV�EHL�1RUPDOEHGLQJXQJHQ�IHVW
LVW�� 6LQQ� GLHVHV�$XIEDXV� LVW� HV�� GHQ� EHL� GHU�:HFKVHOZLUNXQJ� HQWVWHKHQGHQ� 7HLOFKHQ�P|JOLFKVW
ZHQLJ�0DWHULH�YRU�GHQ�DNWLYHQ�'HWHNWRUHOHPHQWHQ�LQ�GHQ�:HJ�]X�OHJHQ�

$EELOGXQJ�,,,����4XHUVFKQLWW�GXUFK�GHQ�$/(3+�'HWHNWRU�PLW����6WUDKOURKU�����9HUWH[�'HWHNWRU�����LQQHUHU
6SXUNDPPHU�����=HLWSURMHNWLRQVNDPPHU�����HOHNWURPDJQHWLVFKHP�.DORULPHWHU�����VXSUDOHLWHQGHU�6SXOH����
KDGURQLVFKHP�.DORULPHWHU�����0\RQ�.DPPHUQ�XQG����/XPLQRVLWlWVPRQLWRUHQ�

,,,���� '(5�9(57(;�'(7(.725

'HU�9HUWH[�'HWHNWRU� �9'HW�� XPVFKOLH�W� XQPLWWHOEDU�GDV�6WUDKOURKU� LP�=HQWUXP�GHV�$/(3+�'H�
WHNWRUV��XP�GRUW�7HLOFKHQVSXUHQ�YRP�:HFKVHOZLUNXQJVSXQNW�DXV�SUl]LVH�]X�YHUPHVVHQ��'DPLW�LVW
HV�LQVEHVRQGHUH�P|JOLFK��VHNXQGlUH�=HUIlOOH�YRQ�7HLOFKHQ��GLH�QXU�ZHQLJH�0LOOLPHWHU�]XU�FNOH�



��

JHQ��]X�UHNRQVWUXLHUHQ��,Q�GHU�YRUOLHJHQGHQ�$QDO\VH�ZLUG�ZHQLJHU�GLHVH�0|JOLFKNHLW�YRQ�1XW]HQ
VHLQ��DOV�YLHOPHKU�GLH�KRKH�2UWVDXIO|VXQJ��GLH�LP�=XVDPPHQZLUNHQ�PLW�GHU�ZHLWHUHQ�9HUPHVVXQJ
GHU�7HLOFKHQVSXU�]X�HLQHU�VHKU�JXWHQ�,PSXOV��XQG�:LQNHODXIO|VXQJ�I�KUW�

�����ZXUGH�GHU�HUVWH�9HUWH[�'HWHNWRU� I�U�/(3�3KDVH� ,,�GXUFK�HLQ�YHUEHVVHUWHV�6\VWHP�HUVHW]W�
1HEHQ� HLQHU� YHUEHVVHUWHQ�2UWVDXIO|VXQJ�ZXUGHQ�GHU� DNWLYH�5DXPZLQNHOEHUHLFK� YHUJU|�HUW� XQG
GLH�0DWHULDOGLFNH�YHUULQJHUW��'HU�9'HW�·���EHVWHKW�QXQ�DXV�]ZHL�/DJHQ�GRSSHOVHLWLJHQ�6LOL]LXP�
6WUHLIHQGHWHNWRUHQ�YRQ������P�'LFNH��PLW�$EVWlQGHQ�YRQ�����FP�EH]LHKXQJVZHLVH������FP�YRP
QRPLQHOOHQ�:HFKVHOZLUNXQJVSXQNW��'LH� 6WUHLIHQ� VLQG� DXI� HLQHU� 6HLWH� SDUDOOHO�� DXI� GHU� DQGHUHQ
VHQNUHFKW� ]XU� 6WUDKODFKVH� DQJHRUGQHW� XQG� YHUPHVVHQ� GHQ� $]LPXWKDOZLQNHO�φ� EH]LHKXQJVZHLVH
GLH�]�.RRUGLQDWH�GHV�'XUFKJDQJV�GXUFK�GLH�MHZHLOLJH�/DJH�

'LH�DNWXHOOH�$N]HSWDQ]�OLHJW�QXQ�LQ�HLQHP�3RODUZLQNHOEHUHLFK�YRQ�²�������FRV�θ���������GHU
6WUHLIHQDEVWDQG� ]XU� φ�%HVWLPPXQJ� EHWUlJW� ����P�� GHUMHQLJH� ]XU� %HVWLPPXQJ� GHU� ]�.RRUGLQDWH
����P�� $XIJUXQG� GHU� JHQDXHQ� .HQQWQLV� GHU� 3RVLWLRQ� GHV� 9'HW� HUJLEW� VLFK� GLH� .RRUGLQDWHQ�
DXIO|VXQJ� ]X�σ

Uφ§����P�EH]LHKXQJVZHLVH�σ]
§����P� I�U� VHQNUHFKWH�6SXUHQ��GLH� VLFK� ELV� ]XP

(QGH�GHV�DN]HSWLHUWHQ�:LQNHOEHUHLFKV�DXI�σ
]
§����P�YHUVFKOHFKWHUW��'LHVH�ZLH�DXFK�GLH�PHLVWHQ

DQGHUHQ� 0HVVXQJHQ� ]XU� $XIO|VXQJ� YRQ� 'HWHNWRUNRPSRQHQWHQ� ZHUGHQ� GXUFK� 6HOHNWLRQ� YRQ
KRFKHQHUJHWLVFKHQ�0\RQHQ�EHL�GHU�/(3�,�(QHUJLH�GXUFKJHI�KUW�

$EELOGXQJ�,,,����=HLFKQXQJ�GHV�9HUWH[�'HWHNWRUV

,,,���� ',(�,11(5(�6385.$00(5

8QPLWWHOEDU� XP� GHQ� 9HUWH[�'HWHNWRU� EHILQGHW� VLFK� GLH� LQQHUH� 6SXUNDPPHU� �,QQHU� 7UDFNLQJ
&KDPEHU��� HLQH� ]\OLQGHUV\PPHWULVFKH� 9LHOGUDKWSURSRUWLRQDONDPPHU�� +DXSWDXIJDEH� QHEHQ� GHU
SUl]LVHQ�6SXUYHUPHVVXQJ� LVW� HLQH� VFKQHOOH� ,QIRUPDWLRQ��EHU�GLH�$Q]DKO�XQG�5LFKWXQJ�GHU� YHU�
VFKLHGHQHQ�6SXUHQ��XP�GLH�(QWVFKHLGXQJ�I�U�GLH�'HWHNWRUDXVOHVH�]X�WUHIIHQ��YJO��GD]X�,,,������

*HODGHQH�7HLOFKHQ�LQGX]LHUHQ�6LJQDOH�DXI�GHQ�6LJQDOGUlKWHQ�GHU�PLW�����$UJRQ�XQG�����.RK�
OHQGLR[LG�JHI�OOWHQ�.DPPHU��'LH� ,7&�EHVWHKW�DXV���������P�GLFNHQ�6LJQDOGUlKWHQ�DXV�YHUJRO�
GHWHP�:ROIUDP�LQ�DFKW�/DJHQ�XQG�GHQ�QRWZHQGLJHQ�)HOGGUlKWHQ�PLW� HLQHU�'LFNH�YRQ������P�
,QVJHVDPW� HUJLEW� VLFK� HLQH�$XIO|VXQJ� YRQ�σ

Uφ§�����P� VHQNUHFKW� XQG�σ]
§���PP� SDUDOOHO� ]XU

6WUDKODFKVH�



��

,,,���� ',(�=(,7352-(.7,216.$00(5

0LW� GHU� JUR�HQ� =HLWSURMHNWLRQVNDPPHU� �7LPH� 3URMHFWLRQ� &KDPEHU�� ZHUGHQ� 6SXUHQ� JHODGHQHU
7HLOFKHQ�GUHLGLPHQVLRQDO�UlXPOLFK�YHUPHVVHQ�XQG�7HLOFKHQ�DXIJUXQG�GHV�VSH]LILVFKHQ�(QHUJLH�
YHUOXVWV� LGHQWLIL]LHUW��(LQ�JHODGHQHV�7HLOFKHQ�KLQWHUOl�W� LQ�GHU�PLW�����$UJRQ�XQG����0HWKDQ
JHI�OOWHQ� 73&� HLQH� ,RQLVDWLRQVVSXU�� 'LH� IUHLHQ� (OHNWURQHQ� GULIWHQ� LP� KRPRJHQHQ� HOHNWULVFKHQ
)HOG�]X�GHQ�VHJPHQWLHUWHQ�(QGNDSSHQ��'LHVH�EHVWHKHQ�DXV� MHZHLOV����6HNWRUHQ�JHQDQQWHQ��PLW
$XVOHVHHOHNWURGHQ�NRPELQLHUWHQ��'UDKWNDPPHUQ��(V�JLEW�GUHL�7\SHQ�YRQ�6HNWRUHQ��.��0�XQG�:�
LQ�]ZHL�5HLKHQ�XP�GHQ�LQQHUHQ�)HOGNlILJ��'LHVHU�)HOGNlILJ�EHVWHKW�DXV�HLQHP�LQQHUHQ�=\OLQGHU
YRQ����FP�'XUFKPHVVHU�XQG�HLQHP�lX�HUHQ�YRQ�����FP��$XI�GHQ� ,QQHQVHLWHQ� VLQG� LQ�5LQJHQ
(OHNWURGHQ�DQJHEUDFKW��XP�HLQ�KRPRJHQHV�)HOG�]ZLVFKHQ�GHU�0HPEUDQH��GLH�DXI�HLQHP�3RWHQWLDO
YRQ�²�����N9�EHWULHEHQ�ZLUG��XQG�GHQ�(QGNDSSHQ�VLFKHU]XVWHOOHQ��'D]X�VLQG�GLH�(OHNWURGHQ�PLW
:LGHUVWlQGHQ�XQWHUHLQDQGHU�YHUEXQGHQ�

'LH�0HVVXQJ�GHU�6SXUSDUDPHWHU�HUIROJW�DXI�GHQ�6HNWRUHQ��GLH�DXV������.�6HNWRUHQ��LQQHQ��EH]LH�
KXQJVZHLVH������0��XQG�:�6HNWRUHQ��DX�HQ��DNWLYHQ�6LJQDOGUlKWHQ��HLQHU�HQWVSUHFKHQGHQ�$Q�
]DKO�)HOGGUlKWHQ��HLQHU�/DJH�Å*DWLQJ�´�'UlKWH�XQG�Å3DGV´�JHQDQQWHQ�(OHNWURGHQ�EHVWHKHQ��'D�
EHL�OHJHQ�GHU�$XIWUHIISXQNW�GHU�JHGULIWHWHQ�(OHNWURQHQ�GLH�Uφ�.RRUGLQDWH�XQG�GLH�'ULIW]HLW�GLH�]�
.RRUGLQDWH� IHVW��'LHV�ZLUG�PLW�GHQ�Å3DGV´� YHUPHVVHQ��ZHOFKH� LQ�NRQ]HQWULVFKHQ�5LQJHQ� DQJH�
RUGQHW� VLQG�� =XU� 0HVVXQJ� GHU� ]�.RRUGLQDWH� EHQ|WLJW� PDQ� HLQH� JHQDXH� .HQQWQLV� GHU� 'ULIWJH�
VFKZLQGLJNHLW�YRQ�(OHNWURQHQ�LQ�GHU�*DVPLVFKXQJ�GHU�73&��=XU�%HVWLPPXQJ�GLHVHU�*U|�H�JLEW
HV� YHUVFKLHGHQH�9HUIDKUHQ�� HLQ�/DVHUNDOLEUDWLRQVV\VWHP��ZHOFKHV� HEHQVR�$XIVFKOX�� �EHU� )HOG�
YHU]HUUXQJHQ�JLEW��XQG�HLQ�9HUIDKUHQ��GD��VLFK�GDV�:LVVHQ�XP�GLH�JHQDXH�UHODWLYH�3RVLWLRQ�YRQ
9'HW�XQG�73&�]X�QXW]H�PDFKW�XQG�DOOH�YHUPHVVHQHQ�73&�6SXUHQ�VR�YHUVFKLHEW��GD��VLH�JHPHLQ�
VDP�PLW�GHQ�9'HW�.RRUGLQDWHQ�6SXUHQ�GXUFK�9'HW��,7&�XQG�73&�HUJHEHQ��%HLGH�9HUIDKUHQ�OLH�
IHUQ�YHUJOHLFKEDUH�:HUWH�YRQ�XQJHIlKU�������FP��V�

,QVJHVDPW�ZHUGHQ�I�U�6SXUHQ��GLH�GLH�73&�YRP�,QQHQ��ELV�]XP�$X�HQGXUFKPHVVHU�GXUFKTXHUHQ�
���3XQNWH�LP�5DXP�JHPHVVHQ��ZDV�GHU�$Q]DKO�GHU�NRQ]HQWULVFKHQ�5LQJH�YRQ�Å3DGV´�HQWVSULFKW�
VRZLH�GHU�VSH]LILVFKH�(QHUJLHYHUOXVW�I�U�DOOH�6SXUHQ��GLH�PLQGHVWHQV�����6LJQDOGUlKWH�LQ�GHU�Uφ�
3URMHNWLRQ� �EHUTXHUW� KDEHQ�� 'DEHL� ZHUGHQ� 2UWVDXIO|VXQJHQ� YRQ� σ

Uφ§�����P� VHQNUHFKW� XQG
σ

]
§��PP� SDUDOOHO� ]XU� 6WUDKODFKVH� I�U� 6SXUHQ� XQWHU� HLQHP� 3RODUZLQNHO�θ ���� HUUHLFKW�� VRZLH

HLQH�UHODWLYH�$XIO|VXQJ�YRQ������I�U�GHQ�VSH]LILVFKHQ�(QHUJLHYHUOXVW�

'LH� GUHL� ELVKHU� YRUJHVWHOOWHQ� 6SXUGHWHNWRUHQ� ZHUGHQ� ]XVDPPHQ� PLW� GHU� VXSUDOHLWHQGHQ� 6SXOH
�YJO��,,,������]XU�,PSXOVPHVVXQJ�YHUZHQGHW��'DEHL�ZHUGHQ�GLH�IROJHQGHQ�$XIO|VXQJHQ�EHL�HLQHP
KRPRJHQHQ�0DJQHWIHOG�GHU�6WlUNH�����7HVOD�HUUHLFKW��GHU�,PSXOV�LVW�GDEHL�LQ�*H9�JHJHEHQ�

73&�XQG,7&�9'HW�

73&��QXU
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��8P�GLH�%LOGXQJ�YRQ�5DXPODGXQJ�GXUFK�SRVLWLYH�,RQHQ�DXV�GHP�%HUHLFK�GHU�/DGXQJVNDVNDGHQ�XP�GLH�6LJQDOGUlKWH
]X�YHUKLQGHUQ��ZXUGH�HLQH�ZHLWHUH�'UDKWODJH�HLQJHI�KUW��GLH�HLQ�'ULIWHQ�GLHVHU�,RQHQ�YHUKLQGHUW�
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6SXOH

73&�6HNWRU

,QQHQGXUFKPHVVHU�

���FP

(QGNDSSH

=HQWUDOH�0HPEUDQH
������N9

$X�HQGXUFKPHVVHU�
����FP

���
��P

$EELOGXQJ�,,,����'LH�=HLWSURMHNWLRQVNDPPHU�73&

,,,���� '$6�(/(.7520$*1(7,6&+(�.$/25,0(7(5

(EHQVR�ZLH�GLH�6SXUGHWHNWRUHQ�OLHJW�GDV�HOHNWURPDJQHWLVFKH�.DORULPHWHU��(OHFWURPDJQHWLF�&DOR�
ULPHWHU��LQQHUKDOE�GHU�VXSUDOHLWHQGHQ�6SXOH��1HEHQ�GHU�0HVVXQJ�GHU�(QHUJLH�HOHNWURPDJQHWLVFK
ZHFKVHOZLUNHQGHU�7HLOFKHQ�LVW�GLH�7HLOFKHQLGHQWLILNDWLRQ�$XIJDEH�GHV�(&DO�

'DV� HOHNWURPDJQHWLVFKH�.DORULPHWHU� EHVWHKW� DXV� MH� ]Z|OI�0RGXOHQ� LP� ]\OLQGULVFKHQ�0LWWHOWHLO�
GHP�Å%DUUHO´��XQG� LQ�GHQ�EHLGHQ�(QGNDSSHQ��'LHVH�EHVWHKHQ�DXV� MH����DEZHFKVHOQGHQ�/DJHQ
YRQ�%OHLDEVFKLUPXQJ� XQG� 3URSRUWLRQDONDPPHUQ��'LH�.DPPHUQ�ZHUGHQ�PLW� HLQHP�*DVJHPLVFK
YRQ�����;HQRQ�XQG�����.RKOHQGLR[LG�EHWULHEHQ��,QVJHVDPW�EHWUlJW�GLH�'LFNH�GHV�.DORULPHWHUV
����PP��ZDV������6WUDKOXQJVOlQJHQ�HQWVSULFKW��'DV�.DORULPHWHU�XPVFKOLH�W�GLH�73&�YROOVWlQGLJ
XQG�GHFNW�ELV�DXI�HLQHQ�.RQXV�PLW�gIIQXQJVZLQNHO�����XP�GLH�6WUDKODFKVH�GHQ�JHVDPWHQ�5DXP�
ZLQNHO�DE�

'LH�7HLOFKHQLGHQWLILNDWLRQ�JHVFKLHKW��EHU�GLH�UlXPOLFKH�$XVGHKQXQJ�GHV�LQGX]LHUWHQ�6FKDXHUV�
(V�ZHUGHQ�IROJHQGH�$XIO|VXQJHQ�HUUHLFKW�
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(

2
1

2
1

8,6

18,0

*H9PP
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+DGURQLVFKHV�.DORULPHWHU
(QGNDSSH�%

+DGURQLVFKHV�.DORULPHWHU
(QGNDSSH�$

(O��PDJQ��.DORULPHWHU
(QGNDSSH�%

(O��PDJQ��
.DORULPHWHU
(QGNDSSH�$

6XSUDOHLWHQGH
0DJQHWVSXOH

%DUUHO�GHV�HOHNWURPDJQHWLVFKHQ�
.DORULPHWHUV

%DUUHO�GHV�KDGURQLVFKHQ�
.DORULPHWHUV

$EELOGXQJ�,,,����'LH�.DORULPHWHU�GHV�$/(3+�'HWHNWRUV�PLW�GHU�VXSUDOHLWHQGHQ�6SXOH

,,,���� ',(�6835$/(,7(1'(�638/(

'LH�0HVVXQJ�YRQ�,PSXOVHQ�JHVFKLHKW�LP�$/(3+�'HWHNWRU�GXUFK�GLH�JHQDXH�9HUPHVVXQJ�GHU�7HLO�
FKHQVSXUHQ�LQ�HLQHP�JXW�EHNDQQWHQ�0DJQHWIHOG��'D]X�EHILQGHQ�VLFK�DOOH�6SXUGHWHNWRUHQ�LQQHU�
KDOE�HLQHU�VXSUDOHLWHQGHQ�6SXOH��GLH�PLW�IO�VVLJHP�+HOLXP�JHN�KOW�EHL����.�EHWULHEHQ�ZLUG�XQG
HLQ�)HOG�YRQ�����7�LP�,QQHUHQ�OLHIHUW��$OV�5�FNIOX�MRFK�I�U�GDV�0DJQHWIHOG�GLHQW�GDV�KDGURQLVFKH
.DORULPHWHU��ZHOFKHV�LP�$QVFKOX��EHVFKULHEHQ�ZLUG�

,,,���� '$6�+$'521,6&+(�.$/25,0(7(5�0,7�'(1�0<21�.$00(51

+DXSWDXIJDEH�GHV�KDGURQLVFKHQ�.DORULPHWHUV��+DGURQ�&DORULPHWHU��LVW�GLH�0HVVXQJ�GHU�(QHUJLH
VWDUN�ZHFKVHOZLUNHQGHU� 7HLOFKHQ�� 'D]X� LVW� HV� DXV� ��� DEZHFKVHOQGHQ� /DJHQ� 6WDKODEVFKLUPXQJ
XQG�6WUHDPHU�5|KUHQ�DXIJHEDXW��'LH�6WDKOODJHQ�VLQG�MHZHLOV����PP�GLFN��GLH�6WUHDPHU�5|KUHQ
ZHUGHQ�PLW�HLQHP�*DVJHPLVFK�YRQ�������$UJRQ��������.RKOHQGLR[LG�XQG�����,VREXWDQ�EHWULH�
EHQ��'LHVHV�6\VWHP�HUP|JOLFKW�HLQH�(QHUJLHDXIO|VXQJ�YRQ

((
(

2
1

%84 *H9=σ

$X�HUKDOE�GLHVHU�/DJHQSDDUH�JLEW�HV�HLQH�ZHLWHUH�6WDKOODJH�YRQ�����PP��ZRPLW�GLH�0DWHULDOGLN�
NH�GHV�+&DO�QXQ�����6WUDKOXQJVOlQJHQ�HQWVSULFKW�XQG�ZHLWHVWJHKHQG�DOOH�+DGURQHQ�DEVRUELHUW�



��

8P�GDV� KDGURQLVFKH�.DORULPHWHU� XQG� VRPLW� DQ� GHU� $X�HQVHLWH� GHV� $/(3+�'HWHNWRUV� EHILQGHQ
VLFK�GLH�0\RQ�.DPPHUQ��]ZHL�/DJHQ�YRQ�]XHLQDQGHU�VHQNUHFKW�VWHKHQGHQ�6WUHDPHU�5|KUHQ��GLH
PLQLPDO� LRQLVLHUHQGH�7HLOFKHQ�ZLH�0\RQHQ��GLH�GHQ�'HWHNWRU�YROOVWlQGLJ�GXUFKTXHUHQ�N|QQHQ�
QDFKZHLVHQ�

,,,���� ',(�/80,126,7b76021,725(

=XU� 0HVVXQJ� GHU� /XPLQRVLWlW� ZHUGHQ� VRJHQDQQWH� %KDEKD�(UHLJQLVVH�� .OHLQZLQNHO�(OHNWURQ�
3RVLWURQ�6WUHXXQJ�YRQ�6WUDKOWHLOFKHQ�� YHUZHQGHW��'HU�:LUNXQJVTXHUVFKQLWW�σBhabha� LVW� VHKU� JH�
QDX�EHNDQQW�XQG�DXVUHLFKHQG�JUR���GD��HLQH�=lKOXQJ�GLHVHU�(UHLJQLVVH�XQWHU�EHVWLPPWHQ�3RODU�
ZLQNHOQ�HLQH�VHKU�JHQDXH�/XPLQRVLWlWVEHVWLPPXQJ�OLHIHUW�

%KDEKD

%KDEKD1

σ
=L

'HU�:LUNXQJVTXHUVFKQLWW�LVW�EHL�NOHLQHQ�3RODUZLQNHOQ�θ�DP�K|FKVWHQ��GDKHU�VLQG�GLH�/XPLQRVL�
WlWVPRQLWRUH�QDK�DP�6WUDKOURKU�LQ�JUR�HU�(QWIHUQXQJ�]XP�:HFKVHOZLUNXQJVSXQNW�PRQWLHUW�

'LH�(UHLJQLVVH�ZHUGHQ�PLW�GUHL� YHUVFKLHGHQHQ�6XEGHWHNWRUHQ�DXIJH]HLFKQHW��GHP�6LOL]LXPNDOR�
ULPHWHU��6L&DO���GHP�/XPLQRVLWlWVNDORULPHWHU��/&DO��XQG�GHP�%KDEKD�.DORULPHWHU��%&DO���'DEHL
GLHQW�GDV�%&DO�KDXSWVlFKOLFK�GD]X��HLQH�VFKQHOOH�$EVFKlW]XQJ�I�U�GLH�/XPLQRVLWlW�EHUHLWV�ZlK�
UHQG�GHV�%HWULHEV��RQOLQH��]X�HUKDOWHQ��6L&DO�XQG�/&DO�HUUHLFKHQ�GDQQ�LQ�GHU�VSlWHUHQ�$XVZHU�
WXQJ��RIIOLQH��GLH�JHIRUGHUWH�*HQDXLJNHLW�YRQ������

,,,���� '(5�75,**(5

'LH�UXQG��������$XVOHVHNDQlOH�GHV�$/(3+�'HWHNWRUV�N|QQWHQ�WKHRUHWLVFK�HLQH�'DWHQPHQJH�YRQ
UXQG�����0%�V�OLHIHUQ��'LHVH�'DWHQPHQJH�NRQQWH�MHGRFK�]XU�=HLW�GHU�3URMHNWLHUXQJ�QLFKW�DXIJH�
]HLFKQHW�ZHUGHQ��(EHQVR� VWDPPHQ� QLFKW� DOOH� UHJLVWULHUWHQ�(UHLJQLVVH� WDWVlFKOLFK� YRQ�:HFKVHO�
ZLUNXQJHQ�GHU�6WUDKOWHLOFKHQ��1LFKW�ÅHUZ�QVFKWH´�8QWHUJUXQGHUHLJQLVVH�VLQG�GDEHL�]XP�%HLVSLHO
(UHLJQLVVH� PLW� NRVPLVFKHQ� 0\RQHQ�� 6WUDKOZHFKVHOZLUNXQJHQ� PLW� 5HVWJDV� LP� 6WUDKOURKU� RGHU
6\QFKURWURQVWUDKOXQJ�

=XU�)LOWHUXQJ� LQWHUHVVDQWHU�(UHLJQLVVH� JLEW� HV�EHLP�$/(3+�'HWHNWRU� HLQ� GUHLVWXILJHV�7ULJJHUV\�
VWHP��'LH�HUVWHQ�EHLGHQ�6WXIHQ�VLQG�DOV�+DUGZDUH�UHDOLVLHUW��GLH�GULWWH�6WXIH�LQ�GHU�'DWHQQDKPH�
VRIWZDUH��'LH�6WXIHQ�ZXUGHQ�VR�HQWZRUIHQ��GD��GLH�HUVWH�6WXIH�GLH�(UHLJQLVUDWH�DXI�����+]��GLH
]ZHLWH� DXI����+]�XQG�GLH�GULWWH� DXI���+]� UHGX]LHUW��'LH�(UIDKUXQJ�KDW� MHGRFK� JH]HLJW�� GD�� QXU
VHKU�VHOWHQ�5DWHQ�YRQ�PHKU�DOV����+]�QDFK�GHU�HUVWHQ�6WXIH�DXIWUHWHQ�

'LH� HUVWH� 6WXIH� �/HYHO� ��� WULIIW� DXIJUXQG� YRQ� ,QIRUPDWLRQHQ� DXV� ,7&�� (&DO�� +&DO�� GHQ� 0\RQ�
.DPPHUQ�XQG�GHQ�/XPLQRVLWlWVPRQLWRUHQ�HLQH�HUVWH�(QWVFKHLGXQJ�LQQHUKDOE�YRQ����V�QDFK�HLQHU
6WUDKONUHX]XQJ��)lOOW�GLHVH�(QWVFKHLGXQJ�QHJDWLY�DXV��ZHUGHQ�DOOH�6XEGHWHNWRUHQ�]XU�FNJHVHW]W
XQG�VLQG�EHUHLWV�EHL�GHU�QlFKVWHQ�6WUDKONUHX]XQJ�ZLHGHU�EHUHLW�]XU�$XVOHVH��:HQQ�GLH�(QWVFKHL�
GXQJ� MHGRFK� SRVLWLY� DXVIlOOW�� ZHUGHQ� GLH� ,QKDOWH� GHU� 6XEGHWHNWRUHQ�� ELV� DXI� 9'HW�� YROOVWlQGLJ
DXVJHOHVHQ��GLHV�GDXHUW�EHL�GHU�73&�XQJHIlKU�����V��GD�GLH�(OHNWURQHQ�]XQlFKVW�GLH�'ULIWVWUHFNH
YRQ�����P�]XU�FNOHJHQ�P�VVHQ�



��

'LH� ]ZHLWH�6WXIH� �/HYHO���� WULIIW� QXQ� DXIJUXQG� GHU� HUZHLWHUWHQ� YRUOLHJHQGHQ� ,QIRUPDWLRQHQ� HLQH
(QWVFKHLGXQJ��GLH�LP�ZHVHQWOLFKHQ�DXI�GHQ�LQ�GHU�73&�YHUPHVVHQHQ�6SXUHQ�EDVLHUW��)lOOW�DXFK
GLHVH�(QWVFKHLGXQJ� SRVLWLY� DXV�� ZLUG� GHU� JHVDPWH� 'HWHNWRU� DXVJHOHVHQ�� 'LHV� GDXHUW� LQVJHVDPW
XQJHIlKU���PV��ZlKUHQG�GHU�GHU�$/(3+�'HWHNWRU�NHLQH�QHXHQ�(UHLJQLVVH�DXI]HLFKQHQ�NDQQ�

'DQDFK�LVW�GHU�'HWHNWRU�ZLHGHU�EHUHLW��GLH�QlFKVWH�6WXIH�OlXIW�EHUHLWV�DXI�GHP�'DWHQQDKPHUHFK�
QHU� DE� XQG� HU]HXJW� NHLQH� ZHLWHUH� 7RW]HLW�� 'LHVH� GULWWH� 6WXIH� YHUZHQGHW� QXQ� EHUHLWV� 7HLOH� GHU
$QDO\VHVRIWZDUH��ZLH�6SXUUHNRQVWUXNWLRQ�XQG�.DORULPHWHUDQDO\VH�

ROC ROCROCROC ROC ROC

 EB  EB  EB

 EB

)HVW�
SODWWHQ

2EHUIOlFKH*ODVIDVHU�
9HUELQGXQJ

0DJQHWEDQG

2IIOLQH�$QDO\VH�)$/&21

'DWHQ 'DWHQ

$/(3+�.DYHUQH

7HLO�(UHLJQLV

(UHLJQLV

5XQ

UHNRQVWUXLHUWHU�5XQ

$;$'$4�
$;$21/

$EELOGXQJ�,,,����6FKHPD�GHU�'DWHQHUIDVVXQJ�EHLP�$/(3+�'HWHNWRU

,,,����� ',(�'$7(1(5)$6681*

'LH�$XIJDEH�GHV�'DWHQHUIDVVXQJVV\VWHPV�EHVWHKW�GDULQ��GLH�JUR�H�0HQJH�DQ�5RKGDWHQ�GHU�HLQ�
]HOQHQ�6XEGHWHNWRUHQ�QDFK�GHU�9RUVHOHNWLRQ�GXUFK�GHQ�7ULJJHU�DXI]X]HLFKQHQ��'LHV�JHVFKLHKW�LQ
PHKUHUHQ�6WXIHQ��GLH�LP�IROJHQGHQ�NXU]�HUOlXWHUW�ZHUGHQ�



��

�� )�U�GLH�6XEGHWHNWRUHQ�JLEW�HV�MHZHLOV�HLQH�RGHU�PHKUHUH�$XVOHVHNRQWUROOHLQKHLWHQ��5HDG�2XW
&RQWUROOHU���'LHVH�VWHOOHQ�GLH�'DWHQ�GHU�DQJHVFKORVVHQHQ�6HQVRUHQ�LQ�GLJLWDOHU�)RUP�EHUHLW�

�� 'LH�'DWHQ�GHU�52&V�ZHUGHQ�YRQ�(UHLJQLVSUR]HVVRUHQ��(YHQW�%XLOGHU��]X�7HLOHUHLJQLVVHQ�]X�
VDPPHQJHID�W��EHL�6XEGHWHNWRUHQ�PLW�YLHOHQ�$XVOHVHNDQlOHQ�LVW�DXFK�GLHVH�$XIJDEH�DXI�PHK�
UHUH�3UR]HVVRUHQ�YHUWHLOW�

�� 'LHVH� 7HLOHUHLJQLVVH� ZHUGHQ� YRP� +DXSWHUHLJQLVSUR]HVVRU� �0DLQ� (YHQW�%XLOGHU�� ]X� HLQHP
$/(3+�(UHLJQLV�]XVDPPHQJHID�W�XQG�GDQQ�SHU�RSWLVFKHU�9HUELQGXQJ�DQ�GHQ�DNWXHOOHQ�'D�
WHQQDKPHUHFKQHU�JHVDQGW�

�� 'RUW�ZHUGHQ�GLH�5RKGDWHQ�DXI�)HVWSODWWHQ�]ZLVFKHQJHVSHLFKHUW��EHYRU�GLHVH�LQ�(LQKHLWHQ�YRQ
VRJHQDQQWHQ�Å5XQV´�DXI�%DQG�JHVSHLFKHUW�XQG�]XU�:HLWHUYHUDUEHLWXQJ�DQ�ZHLWHUH�5HFKQHU
JHJHEHQ�ZHUGHQ��ZR�XQWHU�DQGHUHP�DXV�GHQ�5RKGDWHQ�6SXUHQ�XQG�2EMHNWH�LQ�GHQ�.DORULPH�
WHUQ�UHNRQVWUXLHUW�ZHUGHQ��YJO��,,,�������

$EELOGXQJ�,,,���]HLJW�HLQHQ�YHUHLQIDFKWHQ�hEHUEOLFN��EHU�GDV�'DWHQHUIDVVXQJVV\VWHP�GHV�$/(3+�
'HWHNWRUV��'LH�GDULQ�JH]HLJWHQ�$XVOHVHNRQWUROOSUR]HVVRUHQ�� VRZLH�GLH�(UHLJQLVSUR]HVVRUHQ�� VLQG
DOV�Å)DVW�,QWHOOLJHQW�&RQWUROOHU´�DXI�90(�(LQVFK�EHQ�UHDOLVLHUW�XQG�YHUZHQGHQ�GDV�%HWULHEVV\�
VWHP�26���ZlKUHQG�GLH�'DWHQQDKPHUHFKQHU�XQG�GDV�5HNRQVWUXNWLRQVV\VWHP�Å)$/&21´�HLQHQ
9HUEXQG�YRQ�$OSKD�5HFKQHUQ�XQWHU�GHP�%HWULHEVV\VWHP�906�GDUVWHOOHQ�

,,,����� (5(,*1,65(.216758.7,21

$EJHVFKORVVHQH� Å5XQV´�ZHUGHQ� LQ� Å)$/&21´�SUR]HVVLHUW�� G�� K�� DXV� GHQ� URKHQ�'HWHNWRUGDWHQ
ZHUGHQ�6SXUHQ� UHNRQVWUXLHUW�� VRJHQDQQWH� Å&OXVWHU´� LQ�GHQ�.DORULPHWHUQ� LGHQWLIL]LHUW� XQG�ZHQQ
P|JOLFK�PLW�6SXUHQ�DVVR]LLHUW��'LHV�JHVFKLHKW�LQ�PHKUHUHQ�6WXIHQ�DXI�GHQ�5HFKQHUQ�GHV�$/(3+�
2QOLQH�&OXVWHUV��IU�KHU�DXI�HLQHP�DEJHVFKORVVHQHQ�7HLO�GDYRQ��HEHQ�Å)$/&21´��KHXWH�ZHUGHQ
GLHVH�$XIJDEHQ�DXI�PHKUHUH�5HFKQHU�GHV�$/(3+�2QOLQH�&OXVWHUV�YHUWHLOW�

'LH�HUVWH�6WXIH��JHQDQQW�Å3$66�´�SD�W�LQ�GHU�73&�JHPHVVHQH�6SXUHQ�GXUFK�9DULDWLRQ�GHU�'ULIW�
JHVFKZLQGLJNHLW� VR�DQ��GD��VLH�YRP�:HFKVHOZLUNXQJVSXQNW�NRPPHQ��'LHV� LVW�HLQH�ZHLWHUH�0H�
WKRGH�GHU�%HVWLPPXQJ�GLHVHU�'ULIWJHVFKZLQGLJNHLW��YJO��,,,������

'DQDFK� OlXIW� GDV� 3URJUDPPSDNHW� Å-8/,$´� XQG� HU]HXJW� DXV� GHQ� 5RKGDWHQ� VRJHQDQQWH� 327�
'DWHLHQ��3URGXFWLRQ�2XWSXW�7DSH���'LHVH�HQWKDOWHQ�QHEHQ�GHQ�6HQVRULQIRUPDWLRQHQ�DXV�GHP�'H�
WHNWRU�EHUHLWV�UHNRQVWUXLHUWH�6SXUHQ�PLW�]XJHRUGQHWHQ�.DORULPHWHUEHUHLFKHQ��LVROLHUWH�.DORULPH�
WHUEHUHLFKH�XQG�,QIRUPDWLRQHQ��EHU�GLH�(UHLJQLVNODVVH��'LHVH�(LQWHLOXQJ�HUIROJW�XQWHU�DQGHUHP
QDFK�GHU�$Q]DKO�GHU�JHODGHQHQ�7HLOFKHQVSXUHQ�XQG�GHQ�DQJHVSURFKHQHQ�6XEGHWHNWRUHQ�

1DFK�GLHVHP�6FKULWW�ZHUGHQ�GLH�'DWHQ�PLWWHOV�HLQHU�1HW]ZHUNYHUELQGXQJ�DQ�HLQHQ�5HFKQHU� LP
&(51�5HFKHQ]HQWUXP��EHUWUDJHQ�XQG�GRUW�DXI�%DQG�JHVSHLFKHUW��*OHLFK]HLWLJ�ZHUGHQ�GLH��EHU�
WUDJHQHQ�Å5XQV´�PLW�GHQ�ZLFKWLJVWHQ�'DWHQ�LQ�HLQH�'DWHQEDQN�HLQJHWUDJHQ�XQG�N|QQHQ�GDQDFK
DQDO\VLHUW�ZHUGHQ�
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,9 'LH�'DWHQDQDO\VH
,P�IROJHQGHQ�ZLUG�GDV�LQ�$EELOGXQJ�,9���GHILQLHUWH�.RRUGLQDWHQV\VWHP�YHUZHQGHW��ZHOFKHV�GDV
DOOJHPHLQ��EOLFKH�$/(3+�.RRUGLQDWHQV\VWHP��YJO�����XP�GLH�'HILQLWLRQHQ�GHU�=HUIDOOVZLQNHO� LP
5XKHV\VWHP�GHU�:�%RVRQHQ�HUZHLWHUW�

θ

φ∗

:

:

\

]

[

$EELOGXQJ�,9����(LQ�:�%RVRQ�3DDU�LP�$/(3+�.RRUGLQDWHQV\VWHP



��

,9�� 'LH�6LJQDWXU�GHV�6LJQDOV
%HL� UHLQ� OHSWRQLVFK� ]HUIDOOHQGHQ�:�%RVRQ�3DDUHQ� ODVVHQ� VLFK� LP� 'HWHNWRU� QXU� GLH� JHODGHQHQ
/HSWRQHQ�QDFKZHLVHQ��'DUDXV� HUJLEW� VLFK�GLH� 6FKZLHULJNHLW�� GLH� EHLGHQ�:�%RVRQHQ� NRUUHNW� ]X
UHNRQVWUXLHUHQ��GD�GLH�.LQHPDWLN�MHZHLOV�HLQHV�=HUIDOOVSURGXNWV��GHV�MHZHLOLJHQ�1HXWULQRV��QLFKW
EHNDQQW�LVW��YJO��GD]X�,9����

(LQ�6LJQDOHUHLJQLV�]HLJW�VLFK�VRPLW�LP�'HWHNWRU�DOV�LP�DOOJHPHLQHQ�DNROOLQHDUHV�(UHLJQLV�PLW�]ZHL
HQWJHJHQJHVHW]W� JHODGHQHQ� /HSWRQHQ� XQG� HLQHU� VLFKWEDUHQ� (QHUJLH� LQ� GHU� *U|�HQRUGQXQJ� GHU
6WUDKOHQHUJLH��'HU�:LUNXQJVTXHUVFKQLWW�I�U�GLH�:�%RVRQ�3DDUSURGXNWLRQ�OLHJW�EHL����ELV����3L�
FREDUQ��MHGRFK�]HUIDOOHQ�QXU�UXQG�������GHU�3DDUH�UHLQ�OHSWRQLVFK�

,9�� :LFKWLJH�.RPSRQHQWHQ�GHV�8QWHUJUXQGV
(UHLJQLVVH�PLW� 6LJQDWXUHQ� LP� 'HWHNWRU�� GLH� GHU� 6LJQDWXU� GHV� 6LJQDOV� QDKH� NRPPHQ� XQG� QLFKW
YROOVWlQGLJ�GXUFK�GLH�6HOHNWLRQ�YHUZRUIHQ�ZHUGHQ�N|QQHQ��VLQG�LP�IROJHQGHQ�DXIJHOLVWHW�

,9���� (/(.7521�326,7521�675(881*

'LH�VRJHQDQQWH�%KDEKD�6WUHXXQJ�YRQ�(OHNWURQHQ�XQG�3RVLWURQHQ�LVW�HLQ�VHKU�JHQDX�EHUHFKHQED�
UHU� 3UR]H�� GHU� 4XDQWHQHOHNWURG\QDPLN� XQG� ZLUG� ]XU� %HVWLPPXQJ� GHU� /XPLQRVLWlW� YHUZHQGHW
�YJO�� ,,,������� 'HU� :LUNXQJVTXHUVFKQLWW� LVW� VHKU� KRFK� ²� LQ� GHU� *U|�HQRUGQXQJ� YRQ� HLQHP
1DQREDUQ� LQQHUKDOE� GHU� 'HWHNWRUDN]HSWDQ]� EHL� GHQ� KLHU� EHWUDFKWHWHQ� 6FKZHUSXQNWVHQHUJLHQ� ²
XQG�GLH�6LJQDWXU�GHV�3UR]HVVHV�PLW�(OHNWURQ�XQG�3RVLWURQ�HQWVSULFKW�ELV�DXI�GLH�.ROOLQHDULWlW�XQG
GLH�VLFKWEDUH�(QHUJLH�GHU�GHV�6LJQDOV�

H

H H

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPP�]XU�(OHNWURQ�3RVLWURQ�6WUHXXQJ

,9���� )(50,21�3$$5%,/'81*

+LHU]X� JHK|UHQ� VRZRKO� 3UR]HVVH�� GHUHQ� 6LJQDWXU� GHU� GHV� 6LJQDOV� VHKU� lKQOLFK� VLQG� �/HSWRQ�
3DDUELOGXQJ���DOV�DXFK�VROFKH��GLH�DXIJUXQG�]X�YLHOHU�6SXUHQ�VHKU�XQWHUVFKLHGOLFK�VLQG��4XDUN�
3DDUELOGXQJ�PLW� DQVFKOLH�HQGHU�+DGURQLVLHUXQJ���:lKUHQG�EHL�/(3��GLH� LQ�3DDUHQ� JHELOGHWHQ
/HSWRQHQ� QRFK� ZHLWHVWJHKHQG� NROOLQHDU� ZDUHQ�� VSLHOW� EHL� GHQ� /(3��(QHUJLHQ� GLH� $EVWUDKOXQJ
YRQ�3KRWRQHQ�LP�$QIDQJV��XQG�LP�(QG]XVWDQG�²�GLHV�EHZLUNW�VRZRKO�HLQH�:LQNHOYHUlQGHUXQJ�DOV



��

DXFK�HLQH�9HUULQJHUXQJ�GHU�VLFKWEDUHQ�(QHUJLH�LP�'HWHNWRU�²�HLQH�LPPHU�JU|�HUH�5ROOH�XQG�VR�
PLW�YHUEOHLEW�HLQH�QLFKW�YHUQDFKOlVVLJEDUH�$Q]DKO�YRQ�(UHLJQLVVHQ�GHU�6LJQDOVLJQDWXU�

H

H H� � �Tµ τ H� � �Tµ τ

H H� � �Tµ τ H� � �Tµ τ

γ =
�

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPPH�]XU�)HUPLRQ�3DDUELOGXQJ

,9���� =:(,�3+2721�(5(,*1,66(

'HU�3UR]H��]XU�(U]HXJXQJ�YRQ�VRJHQDQQWHQ�=ZHL�3KRWRQ�(UHLJQLVVHQ�LVW�HLQ�VHKU�JXW�EHNDQQWHU
4('�3UR]H��XQG�NDQQ�VHKU�JHQDX�EHUHFKQHW�ZHUGHQ��'HU�:LUNXQJVTXHUVFKQLWW�LVW�VHKU�KRFK�²�LQ
GHU�*U|�HQRUGQXQJ�YRQ�GUHL�ELV�YLHU�1DQREDUQ�I�U�(OHNWURQHQ�XQG�0\RQHQ�EH]LHKXQJVZHLVH�HL�
QHP�KDOEHQ�1DQREDUQ�I�U�7DXRQHQ�²�XQG�GLH�6LJQDWXU�HQWVSULFKW�VHKU�JXW�GHU�GHV�6LJQDOV��]ZHL
JHODGHQH��RIW�DNROOLQHDUH��/HSWRQHQ�LP�'HWHNWRU�PLW�QXU�HLQHP�7HLO�GHU�6FKZHUSXQNWVHQHUJLH�

H

H H

H� � �Tµ τ

H� � �Tµ τ
H� � �Tµ τ

γ

γ

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPP�]XU�.ODVVH�GHU�=ZHL�3KRWRQ�(UHLJQLVVH

,9���� (5(,*1,66(�0,7�=�%2621(1

3UR]HVVH��EHL�GHQHQ�=�%RVRQHQ�HQWVWHKHQ��GLH�ZHLWHU�OHSWRQLVFK�]HUIDOOHQ��VWHOOHQ�GHQ�]ZHLWJU|��
WHQ�$QWHLO�DQ�8QWHUJUXQGSUR]HVVHQ�GDU�

(V�LVW�GDEHL�VRZRKO�P|JOLFK�=�%RVRQHQ�SDDUZHLVH��YJO��$EELOGXQJ�,9�����DOV�DXFK�HLQ]HOQ� �YJO�
$EELOGXQJ�,9���XQG�$EELOGXQJ�,9����]X�HU]HXJHQ��'DEHL�LVW�GLH�$EVWUDKOXQJ�HLQHV�HLQ]HOQHQ�=�
%RVRQV�ZHVHQWOLFK�ZDKUVFKHLQOLFKHU�
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H

H

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPPH�]XU�=�%RVRQ�3DDUSURGXNWLRQ

%HL�GHU�3DDUSURGXNWLRQ�HQWVSUHFKHQ�(UHLJQLVVH��LQ�GHQHQ�EHLGH�=�%RVRQHQ�OHSWRQLVFK�]HUIDOOHQ�
GDEHL� HQWZHGHU� HLQHV� LQ� HLQ�1HXWULQR�$QWLQHXWULQR�3DDU� XQG� GDV� DQGHUH� LQ� JHODGHQH�/HSWRQHQ
RGHU�EHLGH�LQ�JHODGHQH�/HSWRQHQ��YRQ�GHQHQ�MHZHLOV�HLQHV�QLFKW�UHJLVWULHUW�ZLUG��GHU�6LJQDOVLJQD�
WXU��GD�LQ�EHLGHQ�)lOOHQ�DNROOLQHDUH�/HSWRQHQ�QDFKJHZLHVHQ�ZHUGHQ��'LH�VLFKWEDUH�(QHUJLH�OLHJW
HEHQIDOOV�LP�JOHLFKHQ�%HUHLFK�ZLH�GLH�HLQHV�6LJQDOHUHLJQLVVHV�

=
�

=
�

γ

H H H

H H H

H

H

$EELOGXQJ�,9����=ZHL�)H\QPDQ�'LDJUDPPH�]XU�$EVWUDKOXQJ�HLQHV�=�%RVRQV��'LH�$EVWUDKOXQJ�QDFK�GHP
=��EH]LHKXQJVZHLVH�3KRWRQ�$XVWDXVFK�JHK|UW�HEHQVR�]X�GHQ�GRPLQDQWHQ�3UR]HVVHQ�LQ�GLHVHP�.DQDO�

:

:

H νH

H νH

$EELOGXQJ�,9����)XVLRQ�]ZHLHU�:�%RVRQHQ�]X�HLQHP�=�%RVRQ�XQG�]ZHL�1HXWULQRV�LP�(QG]XVWDQG

%HL� GHU�$EVWUDKOXQJ� HLQHV� =�%RVRQV� ZHUGHQ� KlXILJ� GLH� EHLGHQ� 6WUDKOWHLOFKHQ� QLFKW� UHJLVWULHUW�
'DPLW�YHUEOHLEHQ�²�EHL�OHSWRQLVFK�]HUIDOOHQGHP�=�%RVRQ�²�]ZHL�XQWHUVFKLHGOLFK�JHODGHQH�/HSWR�
QHQ�LP�'HWHNWRU�PLW�HLQHU�VLFKWEDUHQ�(QHUJLH�LP�%HUHLFK�GHU�6WUDKOHQHUJLH��/l�W�PDQ�YLUWXHOOH�=�



��

%RVRQHQ�]X��LVW�GHU�:LUNXQJVTXHUVFKQLWW�I�U�GLHVHQ�3UR]H��GLYHUJHQW�XQG�HUUHLFKW�EHL�GHQ��EOL�
FKHQ�(LQVFKUlQNXQJHQ�QRFK�LPPHU�GLH�*U|�HQRUGQXQJ�YRQ�����3LFREDUQ�

'HU�]XOHW]W�EHWUDFKWHWH�3UR]H��]XU�=�%RVRQ�(U]HXJXQJ�LVW�VWDUN�XQWHUGU�FNW�XQG�HUUHLFKW�QXU�HL�
QHQ�:LUNXQJVTXHUVFKQLWW� LQ�GHU�*U|�HQRUGQXQJ�YRQ����)HPWREDUQ�� -HGRFK� LVW�GLH�EHREDFKWHWH
6LJQDWXU�GHU�GHV�6LJQDOV�VHKU�lKQOLFK�

,9���� (5(,*1,66(�0,7�:�%2621(1

=X�GHQ�8QWHUJUXQGHUHLJQLVVHQ�GLHVHU�.DWHJRULHQ�JHK|UW�QHEHQ�GHU�:�%RVRQ�3DDUELOGXQJ�ZLH�LQ
GHQ�6LJQDOHUHLJQLVVHQ�� GLH�.ODVVH�GHU� VRJHQDQQWHQ�6LQJOH�:�%RVRQ�(UHLJQLVVH� �YJO��$EELOGXQJ
,9�����'LHVH�(UHLJQLVVH�HQWKDOWHQ� ]ZDU� DXFK� HLQHQ�'UHL�(LFKERVRQHQ�9HUWH[�� VLQG� DEHU� WRSROR�
JLVFK�VR�YHUVFKLHGHQ��GD��VLH�QLFKW�JOHLFK]HLWLJ�PLW�:�%RVRQ�3DDUHQ�EHWUDFKWHW�ZHUGHQ�N|QQHQ�
7URW]GHP� LVW� LKUH�6LJQDWXU�PLW� ]ZHL� DNROOLQHDUHQ�/HSWRQHQ� EHL� HLQHU� VLFKWEDUHQ�(QHUJLH� LQ�GHU
*U|�HQRUGQXQJ�GHU�6WUDKOHQHUJLH�GHU�GHV�6LJQDOV�VHKU�lKQOLFK�

%HL� GHU� 3DDUELOGXQJ� HU]HXJWH�:�%RVRQHQ� ]HUIDOOHQ� KDXSWVlFKOLFK� QLFKW� LQ� 3DDUH� YRQ� (OHNWURQ
XQG� (OHNWURQQHXWULQR� EH]LHKXQJVZHLVH�0\RQ� XQG�0\RQQHXWULQR�� VRQGHUQ� ]XP�*UR�WHLO� KDGUR�
QLVFK�� 'LHVH� (UHLJQLVVH� ZHUGHQ� DOV� 8QWHUJUXQGHUHLJQLVVH� EHWUDFKWHW�� HEHQVR� ZLH� LQ� 7DX�
7DXQHXWULQR�3DDUH�]HUIDOOHQGH�:�%RVRQHQ��/HW]WHUH�N|QQHQ�QLFKW�YROOVWlQGLJ�UHNRQVWUXLHUW�ZHU�
GHQ��GD�VLH�PHKU�DOV�]ZHL�QLFKW�QDFKJHZLHVHQH�1HXWULQRV�HQWKDOWHQ�

HνH νH

H HH

: :
:

γ =
�

:

H

$EELOGXQJ�,9����'LH�EHLGHQ�GRPLQDQWHQ�)H\QPDQ�'LDJUDPPH�I�U�GLH�(U]HXJXQJ�HLQ]HOQHU�:�%RVRQHQ

,9�� 0RQWH�&DUOR�6LPXODWLRQHQ
)�U� 6WDQGDUGPRGHOO�3UR]HVVH� ZXUGHQ� RIIL]LHOO� YRQ� GHU� $/(3+�.ROODERUDWLRQ� HU]HXJWH� (UHLJQLV�
PHQJHQ� YHUZHQGHW��/HGLJOLFK� I�U� YHUVFKLHGHQH�(UHLJQLVPHQJHQ�PLW� DEZHLFKHQGHQ�3DUDPHWHUQ�
ZLH�.RSSOXQJVSDUDPHWHU�XQG�3RODULVDWLRQV]XVWlQGH��ZXUGHQ�SULYDWH�3URGXNWLRQHQ�JHPDFKW��(LQH
%HVFKUHLEXQJ�DOOHU�*HQHUDWRUHQ�ILQGHW�VLFK�LQ�����'LH�KLHU�EHVFKULHEHQHQ�3URJUDPPH�VLPXOLHUHQ
GLH�6WDQGDUGPRGHOO�3UR]HVVH��'LH�6LPXODWLRQ�GHU�'HWHNWRUVLJQDWXU�XQG�YRQ�(IIHNWHQ�LP�'HWHNWRU�
ZLH�]XP�%HLVSLHO�.RQYHUVLRQHQ��JHVFKLHKW�PLW�GHP�3URJUDPPSDNHW�*$/(3+��ZHOFKHV�DXI�GHP
3URJUDPP�*($17��YJO������DXIEDXW��'LHVHV�HU]HXJW�ZLH�GHU�'HWHNWRU�5RKGDWHQ��ZHOFKH�PLW�GHP
5HNRQVWUXNWLRQVSURJUDPP�-8/,$��YJO��,,,�������ZHLWHUYHUDUEHLWHW�ZHUGHQ�



��

,9���� 67$1'$5'02'(//�352=(66(

'LH�6LJQDOHUHLJQLVVH�ZXUGHQ�PLW�GHP�0RQWH�&DUOR�(UHLJQLVJHQHUDWRU�.25$/:������JHQHULHUW�
.25$/:�EHU�FNVLFKWLJW�GLH�0DVVHQ�GHU�)HUPLRQHQ��$EVWUDKOXQJ�YRQ�3KRWRQHQ�LP�$QIDQJV��XQG
LP�(QG]XVWDQG�VRZLH�&RXORPE�.RUUHNWXUHQ��(LQH�=XVDPPHQVWHOOXQJ�GLHVHU�(UHLJQLVPHQJHQ�VR�
ZLH�GHUMHQLJHQ�GHU�IROJHQGHQ�6LPXODWLRQHQ�ILQGHW�VLFK�LQ�7DEHOOH�,9���

'LH�(UHLJQLVVH�GHU�(OHNWURQ�3RVLWURQ�6WUHXXQJ��YJO��,9������ZXUGHQ�PLW�GHP�3URJUDPP�%+:,'(
VLPXOLHUW��%HL�NOHLQHQ�6WUHXZLQNHOQ�KDW�GLHVHU�.DQDO�HLQHQ�VHKU�KRKHQ�:LUNXQJVTXHUVFKQLWW��GHU
DXFK�EHL�%HVFKUlQNXQJ�DXI�GLH�LP�'HWHNWRU�QDFKZHLVEDUHQ�:LQNHO�VLJQLILNDQW�LVW�

)HUPLRQ�3DDUSURGXNWLRQ��YJO��,9������ZXUGH�PLW�GHP�3URJUDPP�.25$/=�LQ�GHU�9HUVLRQ�����JH�
QHULHUW��'DV�3URJUDPP�ZXUGH�EHUHLWV�EHL�/(3��YHUZHQGHW�XQG� LVW� VHKU�JXW�DXI�GLH�=�5HVRQDQ]
XQG�GLH�GRUW�YRUNRPPHQGHQ�3UR]HVVH�DQJHSD�W�

=ZHL�3KRWRQ�(UHLJQLVVH� �YJO�� ,9������ ZXUGHQ�PLW� 3+27��� JHQHULHUW��ZHOFKHV� HLQH� YROOVWlQGLJH
%HVFKUHLEXQJ�GHV�]XJUXQGHOLHJHQGHQ�4('�3UR]HVVHV�HQWKlOW��'DPLW�LVW�HV�I�U�GLH�6LPXODWLRQ�YRQ
OHSWRQLVFKHQ�=ZHL�3KRWRQ�(UHLJQLVVHQ�JXW�JHHLJQHW�

'HU�YRQ�:LUNXQJVTXHUVFKQLWW�KHU�YHUQDFKOlVVLJEDUH�3UR]H��GHU�:�)XVLRQ��YJO��$EELOGXQJ�,9���
ZXUGH�PLW�=11%$5�JHQHULHUW�

$OOH�ZHLWHUHQ�3UR]HVVH��YJO��,9������,9������ZXUGHQ�PLW�GHP�3URJUDPP�3<7+,$�LQ�GHU�9HUVLRQ
����JHQHULHUW��ZHOFKHV�DOOH�6WDQGDUGPRGHOO�3UR]HVVH�EHL�&ROOLGHU�([SHULPHQWHQ�VLPXOLHUHQ�NDQQ�

9HUZHQGHWH�(UHLJQLVVH�EHL�HLQHU�6FKZHUSXQNWVHQHUJLH�YRQ*HQHUDWRU

����*H9 ����*H9 ����*H9 ����*H9 ����*H9

.25$/: ������ ������ ������ ������ ������

%+:,'( ������ ������ ������ ������ ������

.25$/= ������ ������ ������ ����� ������

3+27�� ������ ������ ������� Q��H[� �������

3<7+,$ ������ ������ ������ ������ ������

=11%$5 ����� ����� ����� ����� �����

7DEHOOH�,9����$Q]DKO�GHU�YHUZHQGHWHQ�0RQWH�&DUOR�(UHLJQLVVH�DXV�6WDQGDUGPRGHOO�3UR]HVVHQ

,9���� 352=(66(�0,7�63(=,(//(1�3$5$0(7(51

=XU�hEHUSU�IXQJ�GHU�$QDO\VHQ�ZXUGHQ�YHUVFKLHGHQH�0HQJHQ�YRQ�6LJQDOHUHLJQLVVHQ�EHL�YDULLHUWHQ
6WDQGDUGPRGHOO�3DUDPHWHUQ�HU]HXJW��)�U�GLH�3RODULVDWLRQVDQDO\VH�ZXUGHQ�MHZHLOV��������(UHLJ�
QLVVH� PLW� DXVVFKOLH�OLFK� WUDQVYHUVDO� EH]LHKXQJVZHLVH� DXVVFKOLH�OLFK� ORQJLWXGLQDO� SRODULVLHUWHQ
:�%RVRQHQ� I�U� MHGH� EHWUDFKWHWH� 6FKZHUSXQNWVHQHUJLH� DXI� GHU�*HQHUDWRUHEHQH� HU]HXJW�� -HZHLOV
������(UHLJQLVVH�DXV�MHGHU�0HQJH�ZXUGHQ�PLW�*$/(3+�XQG�-8/,$�ZHLWHUYHUDUEHLWHW��$XV�GLH�
VHQ�(UHLJQLVPHQJHQ�ZXUGHQ�JHZLFKWHWH�0HQJHQ�I�U�YHUVFKLHGHQH�3RODULVDWLRQVDQWHLOH����������
����� ���� XQG� ����� WUDQVYHUVDOH� 3RODULVDWLRQ� GHU�:�%RVRQHQ�� NRPELQLHUW�� =XU� %HVWLPPXQJ



��

QRWZHQGLJHU�.RUUHNWXUHQ�EHL�GHU�0HVVXQJ�GHU�.RSSOXQJVSDUDPHWHU�ZXUGHQ�ZHLWHUH�0HQJHQ�PLW
JHJHQ�EHU�GHQ�6WDQGDUGPRGHOO�:HUWHQ�YHUlQGHUWHQ�3DUDPHWHUQ� =J1∆ �� γκ∆ �XQG� γλ �HU]HXJW�

,9�� .LQHPDWLVFKH�5HNRQVWUXNWLRQ
=XU�NLQHPDWLVFKHQ�5HNRQVWUXNWLRQ�NDQQ�PDQ�]XQlFKVW�HLQHQ�YHUHLQIDFKWHQ�$QVDW]� �YJO�� ���PD�
FKHQ��ZHQQ�PDQ�IROJHQGH�$QQDKPHQ�PDFKW�

• NHLQH�3KRWRQDEVWUDKOXQJ�

• GLH�=HUIDOOVEUHLWH�GHU�:�%RVRQHQ�LVW�1XOO�

'LHVH�$QQDKPHQ��EHUVHW]HQ�VLFK�LQ�IROJHQGH�%HGLQJXQJHQ�
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'DPLW�JHOWHQ�GDQQ�I�U�GLH�(QHUJLHQ�XQG�,PSXOVH�GHU�1HXWULQRV��GLH�VRZRKO�KLHU�DOV�DXFK�LP�DOO�
JHPHLQHQ�)DOO�DOV�PDVVHORV�DQJHQRPPHQ�ZHUGHQ��IROJHQGH�5HODWLRQHQ�

( ) ( ) 222

2
2

2
2

2,2

2,2

:OO

O
&0

O
&0

O
&0

O
&0

PSSSS

((S((S

((((((

=+=+




 −=


 −=

−=−=

νν

νν

νν

rr
�

'LHVH�ODVVHQ�VLFK�XQWHU�=XKLOIHQDKPH�YRQ�,PSXOVHUKDOWXQJ�VFKUHLEHQ�DOV�
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6R�Ol�W�VLFK�HLQH�/|VXQJ�I�U�GHQ�,PSXOV�GHV�$QWLQHXWULQRV�EHVWLPPHQ�
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9HUODQJW�PDQ�DX�HUGHP��GD��GLH�JHPHVVHQHQ�,PSXOVH�GHU�EHLGHQ�/HSWRQHQ�QLFKW�SDUDOOHO�VLQG�
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,QVJHVDPW�HUKlOW�PDQ�VR�IROJHQGHV�*OHLFKXQJVV\VWHP�I�U�GLH�3DUDPHWHU�D�XQG�E�
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'HU�3DUDPHWHU�F�Ol�W�VLFK�²�ELV�DXI�VHLQ�9RU]HLFKHQ�²�DXV�GHU�IROJHQGHQ�*OHLFKXQJ�EHVWLPPHQ�
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'LH�VLFK�KLHUDXV�HUJHEHQGH�$PELJXLWlW�VSLHJHOW�GLH�)UHLKHLW�EHL�GHU�:DKO�GHU�1HXWULQRLPSXOVH
ZLGHU��1XU�LP�)DOOH�F ���VLQG�GLH�1HXWULQRV�EHUHLWV� IHVWJHOHJW��,P�)DOOH�F!��ZLUG�GLH�SRVLWLYH
:XU]HO�DXV�RELJHP�$XVGUXFN�YHUZHQGHW��'HU�)DOO�F���WULWW�QXU�DXI��ZHQQ�GLH�:�%RVRQHQ�QLFKW
ÅRQ�VKHOO´� SURGX]LHUW� ZXUGHQ�� GDV� KHL�W�� HLQH� HQGOLFKH�:�=HUIDOOVEUHLWH� DQJHQRPPHQ� ZHUGHQ
PX���RGHU�ZHQQ�3KRWRQDEVWUDKOXQJ�YRUOLHJW��,Q�GLHVHP�)DOO�LVW�GLH�RELJH�*OHLFKXQJ�QLFKW�O|VEDU
XQG�HV�ZLUG�GLH�LP�IROJHQGHQ�EHVFKULHEHQH�0HWKRGH�DQJHZDQGW�

1LPPW�PDQ�QXQ�DQ��GLH�0DVVH�GHU�:�%RVRQHQ�YDULLHUH�� HLQHU�%UHLW�:LJQHU�9HUWHLOXQJ�PLW�GHU
%UHLWH�YRQ� :Γ  �����*H9�IROJHQG��NDQQ�PDQ�HLQLJH�GHU�(UHLJQLVVH�PLW�:�%RVRQHQ�DX�HUKDOE
GHU�0DVVHQVFKDOH�UHNRQVWUXLHUHQ��'D]X�ZHUGHQ�GLH�0DVVHQ�GHU�EHLGHQ�:�%RVRQHQ� LP�5DKPHQ
YRQ� :Γ⋅± 2 �XP�GLH�5HIHUHQ]PDVVH�YRQ�������*H9�YDULLHUW��)�U�GLH�(QHUJLHQ�GHU�:�%RVRQHQ
JLOW�GDQQ�
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1XQ� ODVVHQ� VLFK�PLW�GHQ�RELJHQ�$XVI�KUXQJHQ�GLH�.RHIIL]LHQWHQ�D��E�XQG�F�EHVWLPPHQ��(UJLEW
VLFK�GDEHL�HLQH�/|VXQJ�I�U�F��ZLUG�GHU�:HUW�IROJHQGHU�/LNHOLKRRG�)XQNWLRQ�EHVWLPPW�XQG�VRODQJH
ZHLWHU�YDULLHUW��ELV�HLQ�0D[LPXP�GLHVHU�)XQNWLRQ�JHIXQGHQ�ZXUGH�

( ) ( ) ( ) ( ) ( )222222
21 5HI�5HI�

5HI�

5HI�5HI�

5HI�
5HI�

::::

::

::::

::

::

PPP

P

PPP

P
P/

Γ+−

Γ
⋅

Γ+−

Γ
⋅Γ= �



��

0LWWHOV�GLHVHU�0HWKRGH� ODVVHQ�VLFK�XQJHIlKU�����GHU�(UHLJQLVVH� UHNRQVWUXLHUHQ��EHL�GHQHQ�GLH
:�%RVRQHQ�QLFKW�DXI�GHU�0DVVHQVFKDOH�SURGX]LHUW�ZRUGHQ�VLQG��XQG�GLH�PLW�GHU�YRUKHU�GLVNX�
WLHUWHQ�0HWKRGH�QLFKW�UHNRQVWUXLHUW�ZHUGHQ�N|QQWHQ�

,9�� 'LH�0HVVXQJ�GHU�3RODULVDWLRQ�GHU�:�%RVRQHQ
)�U�GLH�%HVWLPPXQJ�GHU�+HOL]LWlWV]XVWlQGH�GHU�:�%RVRQHQ�QXW]W�PDQ�GLH�8QWHUVFKLHGH� LQ�GHQ
:LQNHOYHUWHLOXQJHQ�GHU�=HUIDOOVSURGXNWH�GLHVHU�%RVRQHQ�DXV��'LHV� LVW� LQ� ,,�����YRUJHVWHOOW�ZRU�
GHQ��$XIJUXQG�GHU�JHULQJHQ�6WDWLVWLN�ZXUGH�LQ�GLHVHU�$QDO\VH�QLFKW�GLH�8QWHUVFKHLGXQJ�]ZLVFKHQ
GUHL�+HOL]LWlWHQ�� VRQGHUQ� ]ZLVFKHQ�GHQ�EHLGHQ�3RODULVDWLRQV]XVWlQGHQ� WUDQVYHUVDOH�3RODULVDWLRQ
�+HOL]LWlWHQ���XQG����XQG�ORQJLWXGLQDOH�3RODULVDWLRQ��+HOL]LWlW����JHPDFKW��,Q�GLHVHU�=XVDPPHQ�
VWHOOXQJ�HUJLEW�VLFK�GHU�GLIIHUHQWLHOOH�:LUNXQJVTXHUVFKQLWW�I�U�GLH�:�%RVRQHQ�ZLH�IROJW�

( ) ( ) ( ) *2

0

*2
3*2

*4
3

*
sin

cos

0
cos1

coscos
θ

θ

λσ
θ

θ

λσ

θ

σ
⋅

=
++⋅

=
=

±

−
+

44344214434421
I

G

G

I

G

G

G

G ::: �

'LH�EHLGHQ�)DNWRUHQ� 0, II± �VWHOOHQ�GLH�$QWHLOH�GHU�+HOL]LWlWV]XVWlQGH�DQ�GHU�0LVFKXQJ�GDU�

,Q� $EELOGXQJ� ,9��� VLQG� DOV� )XQNWLRQ� YRQ� *cosθ � GHU� 9HUODXI� GHU� :LUNXQJVTXHUVFKQLWWH� I�U

0HQJHQ�UHLQ�ORQJLWXGLQDO�SRODULVLHUWHU�:�%RVRQHQ��JHSXQNWHW���UHLQ�WUDQVYHUVDO�SRODULVLHUWHU��JH�
VWULFKHOW��XQG�GHU�0LVFKXQJ�GHV�6WDQGDUGPRGHOOV� EHL� HLQHU�6FKZHUSXQNWVHQHUJLH� YRQ�����*H9
GDUJHVWHOOW�

'XUFK�9DULDWLRQ�GHV�)DNWRUV� ±I �ZLUG�GLH�)XQNWLRQ

( ) ( ) ( ) *2
2
3*2

4
3* sin1cos1,cos θθθ ⋅−⋅++⋅⋅= ±±± III)

DQ� GLH� JHPHVVHQH�:LQNHOYHUWHLOXQJ� DQJHSD�W�� 'DPLW� NDQQ� PDQ� GHQ� $QWHLO� WUDQVYHUVDO� EH]LH�
KXQJVZHLVH� ORQJLWXGLQDO� SRODULVLHUWHU�:�%RVRQHQ� EHVWLPPHQ�� =X� GLHVHP� =ZHFN� ILQGHW� HLQ� χ��
7HVW��YJO������$QZHQGXQJ��GHU�GDUDXI�RSWLPLHUW�LVW��GLH�)RUP�GHU�:LQNHOYHUWHLOXQJ�DQ]XSDVVHQ�

'LH�JHPHVVHQH�9HUWHLOXQJ�ZXUGH�LQ�]HKQ�,QWHUYDOOH�GHU�:HLWH�����LQ�_FRVq
_�DXIJHWHLOW��'HU�$Q�
VDW]�ODXWHW�
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$EELOGXQJ�,9����7KHRUHWLVFKH�9RUKHUVDJHQ�I�U�GLH�:LQNHOYHUWHLOXQJ�GHU�=HUIDOOVSURGXNWH�YRQ�:�%RVRQHQ
I�U�YHUVFKLHGHQH�+HOL]LWlWV]XVWlQGH�

'DEHL�JLOW
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�LVW�GLH�6XPPH�GHU�JHPHVVHQHQ�(UHLJQLVVH�LP�,QWHUYDOO� [ ]

1010
1 , LL− �QDFK�$N]HSWDQ]NRUUHNWXU�XQG

L1
~δ �GHU�]XJHK|ULJH�VWDWLVWLVFKH�)HKOHU�

:LH�VSlWHU�JH]HLJW�ZHUGHQ�ZLUG��YJO��$EELOGXQJ�9,�����Ol�W�VLFK�GLH�9HUWHLOXQJ�GHV�8QWHUJUXQGHV

DOV�)XQNWLRQ�YRQ� *cosθ �DOV�3DUDEHO�EHVFKUHLEHQ�XQG�NDQQ�VRPLW�SDUDPHWULVLHUW�ZHUGHQ��'LHVH

²�GDUJHVWHOOW�GXUFK�GLH�8QWHUJUXQGHUZDUWXQJ� LE �LP�,QWHUYDOO�L�²�JHKW�GDQQ�LP�DXV�0RQWH�&DUOR�
6WXGLHQ�EHVWLPPWHQ�9HUKlOWQLV��SDUDPHWULVLHUW�GXUFK�GLH�5HLQKHLW�p�GHU�6HOHNWLRQ��DOV�.RUUHNWXU
GHU�0H�GDWHQ�LQ�GLH�χ��)XQNWLRQ�ZLH�IROJW�HLQ�
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'LH�χ��)XQNWLRQ�KDW�GHQ�]X�EHVWLPPHQGHQ�)DNWRU� ±I �DOV�IUHLHQ�3DUDPHWHU�XQG�IROJHQGH�*HVWDOW�
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'LH� 0LQLPLHUXQJ� GLHVHU� )XQNWLRQ� JHVFKLHKW� PLW� )XQNWLRQHQ� GHV� 3URJUDPPSDNHWV� Å0,18,7´
�YJO�� �����ZHOFKHV�DXFK�GHQ�VWDWLVWLVFKHQ�)HKOHU�DXI�GHQ�HUKDOWHQHQ�:HUW� OLHIHUW��$XIJUXQG�GHU
NOHLQHQ�'DWHQPHQJH��VRZLH�GHU�JHULQJHQ�9HUlQGHUXQJ�GHV�$QWHLOV�YHUVFKLHGHQ�SRODULVLHUWHU�:�
%RVRQHQ� LP� EHWUDFKWHWHQ� (QHUJLHEHUHLFK�� ZXUGHQ� GLH� 'DWHQVlW]H� DOOHU� EHWUDFKWHWHQ� 6FKZHU�
SXQNWVHQHUJLHQ�]XVDPPHQJHID�W�XQG�GHU�3RODULVDWLRQVDQWHLO�GXUFK�GLH�EHVFKULHEHQH�$QSDVVXQJ
EHVWLPPW�

,9�� %HVWLPPXQJ�GHU�.RSSOXQJVNRQVWDQWHQ�DP�'UHL�
(LFKERVRQHQ�9HUWH[

=XU�%HVWLPPXQJ�GHU�.RSSOXQJVNRQVWDQWHQ�ZXUGH�GLH�0HWKRGH�GHU�RSWLPDOHQ�2EVHUYDEOHQ��YJO�
����JHZlKOW��GD�VLH�SRWHQWLHOO�GLH�K|FKVWH�6HQVLWLYLWlW�KDW��YJO����6�����II���,P�IROJHQGHQ�ZLUG�GLH�
VH�0HWKRGH�GDUJHVWHOOW�XQG�DEVFKOLH�HQG�GDV�YHUZHQGHWH�3URJUDPP�Å7*&),77(5´�HUOlXWHUW�

,9���� ',(�0(7+2'(�'(5�237,0$/(1�2%6(59$%/(1

'LH� KLHU� YHUZHQGHWH� 0HWKRGH� DUEHLWHW� QDFK� GHP� 3ULQ]LS�� DXI� EHVWLPPWH� .RSSOXQJVSDUDPHWHU
VHQVLWLYH� NLQHPDWLVFKH� 2EVHUYDEOH� ]X� NRPELQLHUHQ� XQG� VR� GLH� 6HQVLWLYLWlW� DXI� $EZHLFKXQJHQ
YRP�6WDQGDUGPRGHOO�]X�HUK|KHQ��%HWUDFKWHW�PDQ�HLQH�.RSSOXQJ�PLW�GHP�3DUDPHWHU� LJ �XQG�HL�

QHP�6WDUWZHUW� 0
LJ �� VR�NDQQ�PDQ��XQWHU�GHU�9RUDXVVHW]XQJ��GD��GLH�$PSOLWXGHQ� OLQHDU�YRQ�GHQ

.RSSOXQJVSDUDPHWHUQ� DEKlQJLJ� VLQG�� GHQ� GLIIHUHQWLHOOHQ�:LUNXQJVTXHUVFKQLWW� DOV� (QWZLFNOXQJ
XP�HLQHQ�6WDUWZHUW�ZLH�IROJW�VFKUHLEHQ�
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ZREHL�Ω� GLH� I�QI� JHPHVVHQHQ�:LQNHOLQIRUPDWLRQHQ� GDUVWHOOW�� 'DUDXV� Ol�W� VLFK� GLH� ÅRSWLPDOH´
2EVHUYDEOH� L2 �GHILQLHUHQ�
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'LHVH�HQWKlOW�DOOH�,QIRUPDWLRQHQ��IDOOV�GLH�(QWZLFNOXQJ�QDFK�GHP�HUVWHQ�*OLHG�DEEULFKW��,KU�0LW�
WHOZHUW� L2 �LVW�PH�EDU�XQG�GLH�.RYDULDQ]PDWUL[� ( )29 �EHUHFKHQEDU��'DPLW�JLOW�I�U�GLH�L�WH�RSWL�

PDOH�2EVHUYDEOH



��

( )∑+=
M

MLMLL J9 222
0

�

ZRUDXV�VLFK�GLH�.RSSOXQJVSDUDPHWHU� MJ �EHVWLPPHQ�ODVVHQ��0LWWHOV�HLQHU�VR�DXIJHEDXWHQ�2EVHU�

YDEOHQ� NDQQ� PDQ� GLH� .RSSOXQJVSDUDPHWHU� �EHU� HLQH� LWHUDWLYH� χ��$QSDVVXQJ� EHVWLPPHQ�� 'LH
7HVWIXQNWLRQ�I�U�HLQH�0HQJH�YRQ�.RSSOXQJVSDUDPHWHUQ� { }...,1J=* �KDW�GDEHL�IROJHQGH�*HVWDOW�
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'LH� MHZHLOLJHQ� (UZDUWXQJVZHUWH� ( )L( 2 � ZHUGHQ� PLWWHOV� GHU� 8PJHZLFKWXQJ� YRQ� 0RQWH� &DUOR�
(UHLJQLVVHQ�]XP�MHZHLOLJHQ�6WDUWZHUW�EHVWLPPW��'LH�K|FKVWH�6HQVLWLYLWlW�KDW�GLHVH�0HWKRGH�QDKH
GHP�6WDUWZHUW��GDKHU�ZLUG�VLH�LWHUDWLY�DQJHZDQGW��ELV�HLQH�YRUKHU�IHVW]XOHJHQGH�REHUH�*UHQ]H�I�U
9HUlQGHUXQJHQ�GHV�(UJHEQLVVHV�]ZLVFKHQ�]ZHL�,WHUDWLRQVVFKULWWHQ�XQWHUVFKULWWHQ�ZLUG�

:LH�LQ�,,���GLVNXWLHUW��KlQJW�GHU�:LUNXQJVTXHUVFKQLWW�I�U�GLH�:�%RVRQ�3DDUSURGXNWLRQ�XQPLWWHO�
EDU�YRQ�GHQ�.RSSOXQJVSDUDPHWHUQ�DE�XQG�VWHOOW�VRPLW�HLQH�ZLFKWLJH�,QIRUPDWLRQ�GDU��'LHVH�ZLUG
PLWWHOV�$GGLWLRQ�HLQHV�7HUPV�DQ�GLH�χ��)XQNWLRQ�LQ�GLH�$QSDVVXQJ�LQWHJULHUW�
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( )( )( )

( )
4444 34444 21

*

*
**

2

22

χ=

∆

−
+χ=χ

HUVFKQLWW:LUNXQJVTX
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'DEHL�VWHKW� OHSW
::σ �I�U�GHQ�DXV�GHQ�VHOHNWLHUWHQ�'DWHQ�EHVWLPPWHQ�:LUNXQJVTXHUVFKQLWW�I�U�UHLQ

OHSWRQLVFKH�:�%RVRQ�3DDUHUHLJQLVVH�

'LHVH�0HWKRGH�ZLUG�LQ�GHU�YRUOLHJHQGHQ�$QDO\VH�]XU�%HVWLPPXQJ�GHU�.RSSOXQJVSDUDPHWHU� 1
=J∆ �

γκ∆ �XQG� γλ �DQJHZDQGW��:lKUHQG�GHU�%HVWLPPXQJ�HLQHV�3DUDPHWHUV�EOHLEHQ�GLH�MHZHLOV�DQGH�

UHQ�DXI�LKUHQ�6WDQGDUGPRGHOOZHUW�IL[LHUW�

$XIJUXQG� LKUHU�.RQVWUXNWLRQ� LVW�GLHVH�0HWKRGH� IUHL�YRQ�%HHLQIOXVVXQJ�GXUFK�GHQ�6WDUWZHUW�XQG
GLH�JHZlKOWH�2EVHUYDEOH��VRIHUQ�GDV�0RQWH�&DUOR�GLH�'DWHQ�ULFKWLJ�EHVFKUHLEW�

,9���� '$6�352*5$00�Å7*&),77(5´

'LH�VRHEHQ�HUOlXWHUWH�$QSDVVXQJ�LVW�LP�3URJUDPP�7*&),77(5�LPSOHPHQWLHUW��ZHOFKHV�YRQ�GHU
::�$UEHLWVJUXSSH� GHU� $/(3+�.ROODERUDWLRQ� HQWZLFNHOW� ZXUGH�� 'LHVHV� 3URJUDPP� HUODXEW� HV�
XQWHU� DQGHUHP� PLWWHOV� GHU� 0HWKRGH� GHU� RSWLPDOHQ� 2EVHUYDEOHQ�� GLH� .RSSOXQJVSDUDPHWHU� DP
'UHL�(LFKERVRQHQ�9HUWH[� ]X�EHVWLPPHQ��'DEHL�ZHUGHQ� VRZRKO� NLQHPDWLVFKH� ,QIRUPDWLRQHQ�ZLH
DXFK�GHU�:LUNXQJVTXHUVFKQLWW�VRZRKO�GHV�6LJQDOSUR]HVVHV�DOV�DXFK�GHU�8QWHUJUXQGSUR]HVVH�YHU�
ZHQGHW��=X�GLHVHP�=ZHFN�ZHUGHQ�GLH�9HUWHLOXQJHQ�DOV�)XQNWLRQ�GHU�.RSSOXQJVSDUDPHWHU�SDUD�
PHWULVLHUW�
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,Q�GLHVHP�)DOO�ZXUGHQ�MHZHLOV�IROJHQGH�'DWHQVlW]H�DOV�(LQJDEHQ�I�U�GLH�YHUVFKLHGHQHQ�6FKZHU�
SXQNWVHQHUJLHQ�YHUZHQGHW�

• GLH�JHPHVVHQHQ�'DWHQ�

• HLQ�6DW]�.25$/:���)HUPLRQ�0RQWH�&DUOR�

• MH�HLQ�6DW]�3<7+,$�0RQWH�&DUOR�I�U�=�%RVRQ�3DDUSURGXNWLRQ�XQG�=�$EVWUDKOXQJ�

• HLQ�6DW]�%+:,'(�0RQWH�&DUOR�

• MH�HLQ�6DW]�.25$/=�'L�0\RQ��XQG�'L�7DXRQ�0RQWH�&DUOR�XQG

• MH�HLQ�6DW]�3+27���0RQWH�&DUOR�I�U�GLH�YHUVFKLHGHQHQ�/HSWRQHQ�

=XU�9HUPHLGXQJ�YRQ�'RSSHO]lKOXQJ�YRQ�(UHLJQLVVHQ�GHU�:��XQG�=�%RVRQ�3DDUSURGXNWLRQ�LVW�LQ
GHQ� 'DWHQVlW]HQ� DXVUHLFKHQG� ,QIRUPDWLRQ� HQWKDOWHQ� XQG� GHU� 3<7+,$�'DWHQVDW]� ZLUG� HQWVSUH�
FKHQG�NRUULJLHUW�

'DV�3URJUDPP�I�KUW�HLQH�0D[LPXP�/LNHOLKRRG�$QSDVVXQJ�GXUFK��'D]X�ZLUG�GDV�LQ�,9�����DXIJH�
VWHOOWH�χò�ZLH�IROJW�WUDQVIRUPLHUW�

( ) ( )LL JJ/ 25,0log χ⋅=− �

$XVJDEH� GHV� 3URJUDPPV� VLQG� I�U� MHGHQ� JHPHVVHQHQ� .RSSOXQJVSDUDPHWHU�� QHEHQ� GHQ� =DKOHQ�
ZHUWHQ�PLW�$QSDVVXQJVIHKOHUQ�� GLH�.RQWXUHQ�GHU�QHJDWLYHQ�/RJ�/LNHOLKRRG�)XQNWLRQHQ� I�U�GHQ
3DUDPHWHU�VRZRKO�DOV�*HVDPWHUJHEQLV��DOV�DXFK�DXIJHWHLOW� LQ�GLH�$QWHLOH�GHU�NLQHPDWLVFKHQ� ,Q�
IRUPDWLRQ�XQG�GHV�:LUNXQJVTXHUVFKQLWWV�

'LH�.RPELQDWLRQ�GHU�0HVVXQJHQ� I�U�GLH�YHUVFKLHGHQHQ�6FKZHUSXQNWVHQHUJLHQ� JHVFKLHKW�GXUFK
6XPPLHUHQ�GHU�HQWVSUHFKHQGHQ�QHJDWLYHQ�/RJ�/LNHOLKRRG�)XQNWLRQHQ�
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9 'LH�(UHLJQLVVHOHNWLRQ
:HVHQWOLFK�I�U�GLH�([WUDNWLRQ�GHU�(LFKERVRQHQNRSSOXQJHQ�LVW�HLQH�JXWH�6HOHNWLRQ�GHU�YHUZHQGH�
WHQ�(UHLJQLVVH��,P�KLHU�EHWUDFKWHWHQ�UHLQ�OHSWRQLVFKHQ�=HUIDOOVNDQDO�VSLHOW�GLH�4XDOLWlW�GHU�(UHLJ�
QLVVHOHNWLRQ� HLQH� JDQ]� EHVRQGHUH� 5ROOH�� GD� HV� RKQHKLQ� QXU� ZHQLJH� Å6LJQDOHUHLJQLVVH´� LQ� GHQ
$/(3+�'DWHQ�JLEW�

,P�IROJHQGHQ�ZHUGHQ�(UHLJQLVVH�GHU�:�3DDUSURGXNWLRQ��EHL�GHQHQ�EHLGH�:�%RVRQHQ�LQ�(OHNWUR�
QHQ�RGHU�0\RQHQ�XQG�GLH�]XJHK|ULJHQ�1HXWULQRV�]HUIDOOHQ�DOV�Å6LJQDOHUHLJQLVVH´�XQG�DOOH�VRQVWL�
JHQ�(UHLJQLVVH�EHL�GHQ�EHWUDFKWHWHQ�6FKZHUSXQNWVHQHUJLHQ�DOV�Å8QWHUJUXQGHUHLJQLVVH´�EHWUDFK�
WHW� ²� GLHV� VFKOLH�W� XQWHU� DQGHUHP�KDGURQLVFK� RGHU� VHPL�OHSWRQLVFK� ]HUIDOOHQGH�:�%RVRQ�3DDUH
HLQ��:LH�LQ�,9���GDUJHVWHOOW��]HLJW�VLFK�HLQ�6LJQDOHUHLJQLV�DOV�]ZHL�DNROOLQHDUH�/HSWRQVSXUHQ�PLW
HLQHP�JUR�HQ�$QWHLO�QLFKW�VLFKWEDUHU�(QHUJLH�

9�� 9RUVHOHNWLRQ
(LQH� VFKQHOOH�9HUDUEHLWXQJ� GHU� JUR�HQ�'DWHQPHQJHQ� NDQQ� GDGXUFK� HUUHLFKW� ZHUGHQ�� GD��PDQ
]XQlFKVW� DXV� DOOHQ� JHQRPPHQHQ�'DWHQ� GLHMHQLJHQ� YRUVHOHNWLHUW�� GLH� ORFNHUHQ�.ULWHULHQ� I�U� GDV
JHZ�QVFKWH�6LJQDO�JHQ�JHQ��'DPLW�NDQQ�GLH�'DWHQPHQJH�XP�GHQ�)DNWRU������YHUNOHLQHUW�ZHU�
GHQ�

]XJHODVVHQHV
0LQLPXP

6FKQLWWYDULDEOH ]XJHODVVHQHV
0D[LPXP

$Q]DKO�JHODGHQHU�6SXUHQ �

� $Q]DKO�GHU�-HWV �

� HQWJHJHQJHVHW]W� JHODGHQH� 6SX�
UHQ

� LGHQWLIL]LHUWH�H�µ

ρ ���

(
��

���(
&0

7DEHOOH�9����9HUZHQGHWH�6FKQLWWYDULDEOHQ�XQG�GHUHQ�]XJHODVVHQHU�%HUHLFK�LQ�GHU�9RUVHOHNWLRQ



��

+LHU�ZXUGH�LQVEHVRQGHUH�HLQ�6FKQLWW�DXI�GLH�$Q]DKO�GHU�JHODGHQHQ�6SXUHQ�LP�'HWHNWRU�YHUZHQGHW
�YJO��7DEHOOH�9�����HEHQVR�ZXUGH�YHUODQJW��GD��PLQGHVWHQV�]ZHL�HQWJHJHQJHVHW]W�JHODGHQH�6SXUHQ
YHUPHVVHQ�ZRUGHQ�VLQG��)HUQHU�ZXUGH�EHUHLWV�KLHU�JHIRUGHUW��GD��HLQH�NLQHPDWLVFKH�/|VXQJ� I�U
GLH�JHIXQGHQHQ�/HSWRQHQ�H[LVWLHUW��YJO��,9�����'LH�$Q]DKO�GHU�-HWV�ZXUGH�KLHU�PLW�GHP�'85+$0�
$OJRULWKPXV�PLW�HLQHP�6FKQLWW�EHL� 01.0=< �EHUHFKQHW��'LH�9DULDEOH�(

��
�EH]HLFKQHW�GHQ�$QWHLO

JHPHVVHQHU�(QHUJLH�LQ�HLQHP�.RQXV�PLW�HLQHU�gIIQXQJ�YRQ�����XP�GLH�6WUDKODFKVH�

9���� ',(�ρ�9$5,$%/(

'LHVH�VSH]LHOOH�9DULDEOH�VROO�GLH�.ROOLQHDULWlW�HLQHV�(UHLJQLVVHV�FKDUDNWHULVLHUHQ��'HU�:HUW�GHU
ρ�9DULDEOHQ�EHUHFKQHW�VLFK�ZLH�IROJW�

77

77

SS

SS

21

212
rr

rr

+

×⋅
=ρ �

'DPLW�VWHOOW�GLHVH�9DULDEOH�HLQ�0D��I�U�GLH�$EZHLFKXQJ�GHU�7UDQVYHUVDOLPSXOVH�GHU�EHLGHQ�/HS�
WRQHQ�YRQ�GHU�.ROOLQHDULWlW�GDU��YJO��$EELOGXQJ�9����

[

O
�

�O
�

O
�

ρ

$EELOGXQJ�9����6NL]]H�]XU�9HUDQVFKDXOLFKXQJ�GHU�ρ�9DULDEOHQ

9���� ',(�/(3721,'(17,),.$7,21

)�U�GLHVH�$QDO\VH�ZXUGH�GDV�6FKDXHUSURILO��JHPHVVHQ�LP�HOHNWURPDJQHWLVFKHQ�.DORULPHWHU��YJO�
,,,�������]XU�,GHQWLILNDWLRQ�YRQ�(OHNWURQHQ�YHUZHQGHW��(LQH�JHQDXH�%HVFKUHLEXQJ�GHV�9HUIDKUHQV
VRZLH�GHVVHQ�/HLVWXQJVIlKLJNHLW�ILQGHW�VLFK�LQ�����+LHU�ZXUGHQ�VRZRKO�GDV�ORQJLWXGLQDOH�DOV�DXFK
GDV�WUDQVYHUVDOH�6FKDXHUSURILO�SDUDPHWULVLHUW�XQG�GLH�6FKlW]JU|�HQ

/7
;

//
/

;

77
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GHILQLHUW��'DEHL�VWHOOHQ� 7; �XQG� /; �GLH�JHPHVVHQHQ�:HUWH� I�U�GLH�$XVGHKQXQJ�GHV�6FKDXHUV

XQG� 7; � XQG� /; � GLH�0LWWHOZHUWH� GHU� I�U� (OHNWURQHQ� HUZDUWHWHQ� 6FKDXHUSURILOH� GDU��
7

;σ
XQG�

/;σ �VWHKHQ�I�U�GLH�MHZHLOLJHQ�$XIO|VXQJHQ��$EELOGXQJ�9���]HLJW�GLH�JHPHVVHQHQ�9HUWHLOXQ�



��

JHQ� I�U�(OHNWURQHQ� XQG�+DGURQHQ�� (EHQVR� HLQJHWUDJHQ� VLQG� GLH� DQJHZDQGWHQ� 6FKQLWWH� DXI� GLH
EHLGHQ�6FKlW]JU|�HQ��$OV� LGHQWLIL]LHUWH�(OHNWURQHQ�I�U�GLHVH�$QDO\VH�JHOWHQ�JHODGHQH�6SXUHQ� LQ
GHU� =HLWSURMHNWLRQVNDPPHU�� GHUHQ� ]XJHRUGQHWHU� 6FKDXHU� LP� HOHNWURPDJQHWLVFKHQ� .DORULPHWHU
GHQ�$QIRUGHUXQJHQ� 34,2,3 <<−−> /7 55 �JHQ�JW�

(OHNWURQHQ

$EELOGXQJ�9����6FKlW]JU|�HQ�I�U�GLH�(OHNWURQLGHQWLILNDWLRQ��DXV����

:XUGH�HLQH�JHODGHQH�6SXU�QLFKW�DOV�(OHNWURQ�LGHQWLIL]LHUW��ZLUG�JHSU�IW��RE�VLH�GLH�.ULWHULHQ�I�U
0\RQHQ�LP�KDGURQLVFKHQ�.DORULPHWHU�RGHU� LQ�GHQ�0\RQ�.DPPHUQ�HUI�OOW��)�U�GDV�KDGURQLVFKH
.DORULPHWHU�EHGHXWHW�GLHV��GD�

• HQWZHGHU�PHKU�DOV�����GHU�HUZDUWHWHQ�/DJHQ�GHV�.DORULPHWHUV

• RGHU�YLHU�LQQHUKDOE�GHU�OHW]WHQ�]HKQ�/DJHQ

DQJHVSURFKHQ�KDEHQ�P�VVHQ�

'LH�$Q]DKO�GHU�HUZDUWHWHQ�/DJHQ�ZLUG�GDEHL�GXUFK�GLH�([WUDSRODWLRQ�GHU�6SXU�DXV�GHU�=HLWSUR�
MHNWLRQVNDPPHU�EHVWLPPW��(EHQVR� JLOW� HLQ�0\RQ� DOV� LGHQWLIL]LHUW��ZHQQ� HLQH�GHU� EHLGHQ�0\RQ�
.DPPHUQ�LQ�GHU�8PJHEXQJ��GHU�6SXUH[WUDSRODWLRQ�DQJHVSURFKHQ�KDW�

9�� (QGJ�OWLJH�6HOHNWLRQ�I�U�GHQ
6FKZHUSXQNWVHQHUJLHEHUHLFK���������*H9

1DFK�GHU�VRHEHQ�EHVFKULHEHQHQ�9RUVHOHNWLRQ�ZHUGHQ�GLH�6FKQLWWH�DXV�7DEHOOH�9���DQJHZHQGHW�
6LH� ZXUGHQ� LP�+LQEOLFN� DXI� HLQH�P|JOLFKVW� JUR�H�4XDOLWlWVYDULDEOH�4� �YJO�� 9���� RSWLPLHUW�� (V



��

ZXUGH�HEHQVR�GDUDXI�:HUW�JHOHJW��GD��(IIL]LHQ]�XQG�5HLQKHLW�]ZLVFKHQ�GHQ�YHUVFKLHGHQHQ�(UHLJ�
QLVPHQJHQ�QLFKW�]X�VHKU�VFKZDQNHQ�

]XJHODVVHQHV
0LQLPXP

6FKQLWWYDULDEOH ]XJHODVVHQHV
0D[LPXP

� $Q]DKO�JHODGHQHU�6SXUHQ �

� $Q]DKO�JHODGHQHU�6SXUHQ�PLW
HLQHP�JHPHVVHQHQ�,PSXOV�YRQ
PHKU�DOV�����(

&0
�F

�

���(
&0

6XPPH�GHU�7UDQVYHUVDOLPSXO�
VH�DOOHU�JHPHVVHQHQ�2EMHNWH

����(
&0 (VLFKWEDU ����(

&0

7DEHOOH�9����9HUZHQGHWH�6FKQLWWYDULDEOHQ�XQG�GHUHQ�]XJHODVVHQHU�%HUHLFK�LQ�GHU�HQGJ�OWLJHQ�6HOHNWLRQ

'DEHL�ZXUGH�LQVEHVRQGHUH�GLH�$EKlQJLJNHLW�GHU�6FKQLWWH�YRQ�GHU�MHZHLOLJHQ�6FKZHUSXQNWVHQHU�
JLH�EHWUDFKWHW�XQG�GLHVH�ZDU�²�]XPLQGHVW�I�U�GHQ�EHWUDFKWHWHQ�%HUHLFK�²�OLQHDU��'LH�YRUOLHJHQGH
6HOHNWLRQ�UHGX]LHUW��QDFKGHP�GLH�9RUVHOHNWLRQ�LP�ZHVHQWOLFKHQ�KDGURQLVFKH�(UHLJQLVVH�YHUZRUIHQ
KDW�� GHQ� $QWHLO� YRQ� =ZHL�/HSWRQ�(UHLJQLVVHQ� �YJO�� ,9����� XQG� ,9������ XQG� =ZHL�3KRWRQ�
(UHLJQLVVHQ��YJO�� ,9������PLWWHOV�GHU�(LQVFKUlQNXQJ�GHU�VLFKWEDUHQ�(QHUJLH�GUDVWLVFK��'LH�(LQ�
VFKUlQNXQJ� GHU� $Q]DKO� GHU� JHODGHQHQ� 6SXUHQ� ZLUNW� VLFK� KDXSWVlFKOLFK� DXI� (UHLJQLVVH� PLW� =�
%RVRQHQ� �YJO�� ,9������ DXV�� 'HU� $QWHLO� YRQ� (UHLJQLVVHQ� PLW� HLQHP�:�%RVRQ� �YJO�� ,9������ ZLUG
GXUFK�GLH�)RUGHUXQJ�QDFK�HLQHP�PLQLPDOHQ�7UDQVYHUVDOLPSXOV�UHGX]LHUW��(V�YHUEOHLEW�HLQ�JUR�HU
$QWHLO� GHU�:�%RVRQ�3DDUHUHLJQLVVH�� EHL� GHQHQ�PLQGHVWHQV� HLQ�:�%RVRQ� LQ� HLQ�7DXRQ�XQG� GDV
]XJHK|ULJH�1HXWULQR�]HUIlOOW��'LHVH�7DXRQHQ�]HUIDOOHQ�EHUHLWV� LQQHUKDOE�GHV�6WUDKOURKUV� LQ�1HX�
WULQRV�VRZLH�/HSWRQHQ�JHULQJHUHU�0DVVH�RGHU�+DGURQHQ��:lKUHQG�KDGURQLVFK�]HUIDOOHQGH�7DXR�
QHQ�GXUFK�GLH�7HLOFKHQLGHQWLILNDWLRQ��YJO��9������EHUHLWV�YHUZRUIHQ�ZXUGHQ��YHUEOHLEHQ�OHSWRQLVFK
]HUIDOOHQGH� 7DXRQHQ� XQG� N|QQHQ� ZHJHQ� GHU� VWDUNHQ� bKQOLFKNHLW� PLW� GHU� 6LJQDWXU� GHV� 6LJQDOV
QLFKW�YHUZRUIHQ�ZHUGHQ�

,Q� $EELOGXQJ� 9��� VLQG� YHUVFKLHGHQH� FKDUDNWHULVWLVFKH� 9HUWHLOXQJHQ� H[HPSODULVFK� EHL� HLQHU
6FKZHUSXQNWVHQHUJLH�YRQ�����*H9�GDUJHVWHOOW��'LH�GXUFKJH]RJHQHQ�+LVWRJUDPPH�]HLJHQ�GLH�HU�
ZDUWHWHQ�(UHLJQLVVH� LQNOXVLYH� GHU�8QWHUJUXQGHUZDUWXQJ��'LH� VFKUDIILHUWHQ�+LVWRJUDPPH� VWHOOHQ
GLH�UHLQH�8QWHUJUXQGHUZDUWXQJ�GDU��'DEHL�VWHKW�GDV�VHQNUHFKW�VFKUDIILHUWH�+LVWRJUDPP�I�U�GLHMH�
QLJHQ�:�%RVRQ�3DDUHUHLJQLVVH��EHL�GHQHQ�PLQGHVWHQV�HLQ�:�%RVRQ�LQ�HLQ�7DXRQ�XQG�GDV�]XJH�
K|ULJH�1HXWULQR�]HUIlOOW��GDV�GLDJRQDO�VFKUDIILHUWH�I�U�QLFKW�::�8QWHUJUXQG��:HLWHUKLQ�HLQJHWUD�
JHQ�VLQG�GLH�LQ�GHQ�$/(3+�'DWHQ�JHIXQGHQHQ�(UHLJQLVVH�PLW�GHP�MHZHLOLJHQ�VWDWLVWLVFKHQ�)HKOHU�

0DQ�HUNHQQW�HLQH��JXWH�hEHUHLQVWLPPXQJ�GHU�(UZDUWXQJ�PLW�GHQ�'DWHQ��'LHV�LVW�LQVEHVRQGHUH�I�U
GLH�$QDO\VH�GHU�.RSSOXQJVSDUDPHWHU�PLWWHOV� RSWLPDOHU�2EVHUYDEOHU� ]HQWUDO�� GD� GLH� QRWZHQGLJH
3DUDPHWULVLHUXQJ�GHU�HLQ]HOQHQ�.RPSRQHQWHQ�YRQ�6LJQDO�XQG�8QWHUJUXQG�QXU�GDQQ�VLQQYROO� LVW�
ZHQQ�GLH�9RUKHUVDJHQ�GHV�0RQWH�&DUORV�GHQ�WDWVlFKOLFK�JHIXQGHQHQ�'DWHQ�HQWVSUHFKHQ�
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$EELOGXQJ� 9���� 9HUWHLOXQJHQ� FKDUDNWHULVWLVFKHU� *U|�HQ� QDFK� DOOHQ� 6FKQLWWHQ�� 'LH� VFKUDIILHUWHQ� +LVWR�
JUDPPH�VWHOOHQ�MHZHLOV�GLH�8QWHUJUXQGHUZDUWXQJ��VHQNUHFKW�I�U�:�%RVRQ�3DDUH��EHL�GHQHQ�]XPLQGHVW�HL�
QHV� LQ�HLQ�7DXRQ�XQG�]XJHK|ULJHV�1HXWULQR� ]HUIlOOW��XQG�GLDJRQDO� I�U�QLFKW�::�8QWHUJUXQG���GDV�QLFKW
JHI�OOWH�+LVWRJUDPP�GLH�6XPPH�YRQ�8QWHUJUXQG��XQG�6LJQDOHUZDUWXQJ�MHZHLOV�EHL�HLQHU�6FKZHUSXQNWVH�
QHUJLH�YRQ�����*H9�GDU��'LH�.UHX]H�PDUNLHUHQ�GLH�VHOHNWLHUWHQ�(UHLJQLVVH�PLW�LKUHP�VWDWLVWLVFKHQ�)HKOHU�
'DUJHVWHOOW�VLQG�²�YRQ�OLQNV�REHQ�QDFK�UHFKWV�XQWHQ�²�GLH�6XPPH�GHU�VLFKWEDUHQ�(QHUJLH�LP�'HWHNWRU��GHU
*HVDPWLPSXOV�GHV�(UHLJQLVVHV��GHU�JHVDPWH�7UDQVYHUVDOLPSXOV�XQG�GLH�UHNRQVWUXLHUWH�:�%RVRQ�0DVVH�



��

9���� %(,63,(/(�6(/(.7,(57(5�(5(,*1,66(

'LH� IROJHQGHQ� $EELOGXQJHQ� ]HLJHQ� VHOHNWLHUWH� (UHLJQLVVH� YHUVFKLHGHQHU� 6LJQDOVLJQDWXUHQ��0DQ
HUNHQQW� LQ� GLHVHQ� 'DUVWHOOXQJHQ�� GLH� PLW� GHP� 3URJUDPP� Å'$/,´� �$EN�U]XQJ� I�U� 'LVSOD\� RI
$/HSK� ,QWHUDFWLRQV�� �YJO�� ���� DXV�GHQ�SUR]HVVLHUWHQ�'DWHQ� HUVWHOOW�ZXUGHQ��GLH� LP�.DSLWHO� ,,,��
EHVFKULHEHQHQ�6XEGHWHNWRUHQ�GHV�$/(3+�'HWHNWRUV�XQG�GLH�6SXUHQ�GHU�7HLOFKHQ� OHLFKW�ZLHGHU�
'LH� OLQNH� +lOIWH� QLPPW� GLH� [�\�3URMHNWLRQ� HLQ�� UHFKWV� REHQ� VLHKW� PDQ� GLH� U�]�3URMHNWLRQ� XQG
UHFKWV�XQWHQ�HLQHQ�VRJHQDQQWHQ�φ�θ�3ORW��GHU�HLQH�3URMHNWLRQ�GHV�JHVDPWHQ�5DXPZLQNHOV�LQ�GLH
(EHQH�GDUVWHOOW��,Q�GHQ�HUVWHQ�EHLGHQ�3URMHNWLRQHQ�VWHKW�HLQ�VFKZDU]HV�4XDGUDW�I�U�HLQHQ�YHUPHV�
VHQHQ�3XQNW� LP�5DXP��LQ�GHU� OHW]WHQ�XQG�DXI�GHQ�.DORULPHWHUDEELOGXQJHQ�JHEHQ�+LVWRJUDPPH
GLH� MHZHLOLJ�GHSRQLHUWH�(QHUJLH�DQ��0DQ�HUNHQQW� IHUQHU�GLH� ]ZHL�6LJQDWXUHQ��(OHNWURQHQ� ODVVHQ
GHQ�9HUWH[GHWHNWRU��GLH�LQQHUH�6SXUNDPPHU��GLH�=HLWSURMHNWLRQVNDPPHU�XQG�GDV�HOHNWURPDJQHWL�
VFKH�.DORULPHWHU�DQVSUHFKHQ��ZlKUHQG�0\RQHQ�DXFK�(LQWUlJH�LP�KDGURQLVFKHQ�.DORULPHWHU�XQG
LQ�GHQ�0\RQ�.DPPHUQ�HU]HXJHQ�

$EELOGXQJ� 9��� ]HLJW� HLQ�:�%RVRQ�3DDU�� EHL� GHP� EHLGH�:�%RVRQHQ� LQ� HLQ� (OHNWURQ�1HXWULQR�
3DDU�]HUIDOOHQ��,Q�GLHVHU�$EELOGXQJ�HUNHQQW�PDQ�GLH�QXU�JHULQJH�$NROOLQHDULWlW��GLH�]X�3UREOHPHQ
LQ�GHU�8QWHUVFKHLGXQJ�PLW�(UHLJQLVVHQ�GHU�/HSWRQ�3DDUSURGXNWLRQ� I�KUW��'LHVH�3UREOHPH�WUHWHQ
LQ�(UHLJQLVVHQ��LQ�GHQHQ�GLH�:�%RVRQHQ�LQ�XQWHUVFKLHGOLFKH�/HSWRQHQ�]HUIDOOHQ��YJO��$EELOGXQJ
9����QLFKW�DXI��(LQ�%HLVSLHO�I�U�GDV�DQGHUH�([WUHP�QDKH]X�NROOLQHDUHU�(UHLJQLVVH�]HLJW�$EELOGXQJ
9����LQ�GHU�EHLGH�:�%RVRQHQ�LQ�0\RQ�1HXWULQR�3DDUH�]HUIDOOHQ��$EELOGXQJ�9���]HLJW�VFKOLH�OLFK
HLQHV�GHU�HUZDUWHWHQ�(UHLJQLVVH�PLW�JXW�VLFKWEDUHU�$NROOLQHDULWlW�

$EELOGXQJ� 9���� *UDILVFKH� 'DUVWHOOXQJ� HLQHV� (UHLJQLVVHV� HHHH::HH νν −+−+−+ →→ � EHL� HLQHU
6FKZHUSXQNWVHQHUJLH�YRQ�����*H9�



��

$EELOGXQJ� 9���� *UDILVFKH� 'DUVWHOOXQJ� HLQHV� (UHLJQLVVHV�
H

H::HH ννµ µ
−+−+−+ →→ � EHL� HLQHU

6FKZHUSXQNWVHQHUJLH�YRQ�����*H9�

$EELOGXQJ� 9���� *UDILVFKH� 'DUVWHOOXQJ� HLQHV� (UHLJQLVVHV� µµ νµνµ −+−+−+ →→ ::HH � EHL� HLQHU

6FKZHUSXQNWVHQHUJLH�YRQ�����*H9�



��

$EELOGXQJ� 9���� *UDILVFKH� 'DUVWHOOXQJ� HLQHV� (UHLJQLVVHV� µµ νµνµ −+−+−+ →→ ::HH � EHL� HLQHU

6FKZHUSXQNWVHQHUJLH�YRQ�����*H9�

9�� 'LH�$EVFKlW]XQJ�YRQ�(IIL]LHQ]�XQG�5HLQKHLW
8QWHU�9HUZHQGXQJ� GHU� LQ� ,9��� EHUHLWV� EHVFKULHEHQHQ�0RQWH�&DUOR�'DWHQVlW]H� N|QQHQ� QXQ� GLH
(IIL]LHQ]��5HLQKHLW�XQG�4XDOLWlW�GHU�6HOHNWLRQVSUR]HGXU�EHVWLPPW�ZHUGHQ��'LHVH�*U|�HQ�HUUHFK�
QHQ�VLFK�ZLH� IROJW�DXV�GHQ�$Q]DKOHQ�GHU�VHOHNWLHUWHQ�XQG�HU]HXJWHQ�6LJQDOHUHLJQLVVH�VRZLH�GHQ
:LUNXQJVTXHUVFKQLWWHQ�GHU�HLQ]HOQHQ�3UR]HVVH�QDFK�GHU�6HOHNWLRQVSUR]HGXU�

πε
σσ

σ
πε ⋅=

+
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1
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8QWHUJUXQG6LJQDO

6LJQDO

*HVDPW

VHOHNWLHUW ,,

(
&0 (IIL]LHQ]��ε� 5HLQKHLW��ρ� 4XDOLWlW

����*H9 ������������� ������������� �������������

����*H9 ������������� ������������� �������������

����*H9 ������������� ������������� �������������

����*H9 ������������� ������������� �������������

����*H9 ������������� ������������� �������������

7DEHOOH�9���� =XVDPPHQVWHOOXQJ� GHU� (IIL]LHQ]HQ��5HLQKHLWHQ� XQG�4XDOLWlWHQ� GHU� 6HOHNWLRQVSUR]HGXU� I�U
GLH�YHUVFKLHGHQHQ�EHWUDFKWHWHQ�6FKZHUSXQNWVHQHUJLHQ



��

9HUZHQGHW�PDQ�GLHVH�6HOHNWLRQVSUR]HGXU�DXI�GHQ�YRUKDQGHQHQ�$/(3+�'DWHQ��GLH� LQ�GHQ�-DKUHQ
����������JHQRPPHQ�ZXUGHQ��ZHUGHQ�LQVJHVDPW�����(UHLJQLVVH�VHOHNWLHUW��EHL������������HU�
ZDUWHWHQ��:LH�PDQ�DXV�7DEHOOH�9���HQWQHKPHQ�NDQQ��VWLPPW�GLH�=DKO�GHU�VHOHNWLHUWHQ�(UHLJQLVVH
EHL�6FKZHUSXQNWVHQHUJLHQ�YRQ�����*H9������*H9������*H9�XQG�����*H9�LQQHUKDOE�GHV�)HKOHUV
JXW�PLW�GHU�(UZDUWXQJ��EHUHLQ��QXU�EHL�����*H9�LVW�HLQH�$EZHLFKXQJ�YRQ����σ�]X�EHREDFKWHQ�

(
&0

L 1
HUZDUWHW ∆1

HUZDUWHW
1

VHOHNWLHUW

����*H9 ���������������SE�� ���� ��� ��

����*H9 ����������������SE�� ����� ���� ���

����*H9 ���������������SE�� ���� ��� ��

����*H9 ���������������SE�� ���� ��� ��

����*H9 ���������������SE�� ���� ��� ��

*HVDPW ����������������SE�� ����� ���� ���

7DEHOOH�9����=XVDPPHQVWHOOXQJ�YRQ�/XPLQRVLWlWHQ�XQG�GHQ�(UJHEQLVVHQ�GHU�6HOHNWLRQVSUR]HGXU

'HU�KLHUEHL�DQJHJHEHQH�)HKOHU�DXI�GLH�$Q]DKO�GHU�HUZDUWHWHQ�(UHLJQLVVH�EHUHFKQHW�VLFK�ZLH�IROJW�

( ) ( )222
6HOHNWLRQHUZDUWHW6HOHNWLRQHUZDUWHW 11 δδ ∆⋅++⋅∆=∆ LL

'DEHL�VWHOOW� HUZDUWHW1 �HLQH�$EVFKlW]XQJ�I�U�GHQ�)HKOHU�DXI�GLH�$Q]DKO�GHU��VHOHNWLHUWHQ�(UHLJ�

QLVVH�GDU�

9�� 'LH�*�WH�GHU�NLQHPDWLVFKHQ�5HNRQVWUXNWLRQ
:LH� EHUHLWV� LQ� ,9��� GLVNXWLHUW�� H[LVWLHUW� EHL� GHU� =XRUGQXQJ� GHU� 1HXWULQRV� ]X� GHQ� JHPHVVHQHQ
/HSWRQHQ�HLQH�$PELJXLWlW��GLH�QLFKW�DXIJHO|VW�ZHUGHQ�NDQQ��(LQ�0D��I�U�GLH�*�WH�GHU�:DKO�GHU
1HXWULQRV�LVW�]XP�HLQHQ�GLH�'LIIHUHQ]�]ZLVFKHQ�GHU�WDWVlFKOLFKHQ�XQG�GHU�UHNRQVWUXLHUWHQ�(QHU�
JLH�GHU�1HXWULQRV��YJO��$EELOGXQJ�9�����0DQ�NDQQ�UHFKW�JXW�]ZHL�)lOOH�XQWHUVFKHLGHQ��LQ�%H]XJ
DXI�GLH�(QHUJLH�NRUUHNW�UHNRQVWUXLHUWH�1HXWULQRV�XQG�VROFKH��EHL�GHQHQ�GLH�UHNRQVWUXLHUWH�(QHU�
JLH�VWDUN�YRQ�GHU�ZDKUHQ�GLIIHULHUW��'DUDXV�NDQQ�PDQ�DEOHVHQ��GD��GHU�*UR�WHLO�GHU�(UHLJQLVVH
HLQH�JXW� UHNRQVWUXLHUWH�(QHUJLH�KDEHQ�XQG�GLH�0HKU]DKO�GHU�YHUEOHLEHQGHQ�PLW� HLQHU� ]X�KRKHQ
(QHUJLH�UHNRQVWUXLHUW�ZHUGHQ�

(EHQVR�ZLH�GLH�UHNRQVWUXLHUWH�(QHUJLH�NDQQ�PDQ�GLH�I�U�GLH�3RODULVDWLRQVDQDO\VH�ZLFKWLJH�*U|�H
*cosθ �EHWUDFKWHQ��'LH�9HUWHLOXQJ�GHU�UHNRQVWUXLHUWHQ�3RODUZLQNHO�GHU�/HSWRQHQ�LP�5XKHV\VWHP

GHV�MHZHLOLJHQ�:�%RVRQV��VLHKH�$EELOGXQJ�9����]HLJW�lKQOLFKHV�9HUKDOWHQ�



��

�( �(
n n�UHN �ZDKU �ZDKU

��(
n

$EELOGXQJ�9����'LIIHUHQ]�]ZLVFKHQ�GHU�ZDKUHQ�XQG�GHU�UHNRQVWUXLHUWHQ�(QHUJLH�GHU�1HXWULQRV�EHL�HLQHU
6FKZHUSXQNWVHQHUJLH�YRQ�����*H9��'LH�VFKUDIILHUWHQ�)OlFKHQ��VHQNUHFKW� I�U�:�%RVRQ�3DDUH��EHL�GHQHQ
]XPLQGHVW�HLQHV�LQ�HLQ�7DXRQ�XQG�]XJHK|ULJHV�1HXWULQR�]HUIlOOW��XQG�GLDJRQDO�I�U�QLFKW�::�8QWHUJUXQG�
VWHOOHQ�GHQ�8QWHUJUXQG�XQG�GDV�QLFKW�JHI�OOWH�+LVWRJUDPP�GLH�6XPPH�DXV�6LJQDO��XQG�8QWHUJUXQGHUZDU�
WXQJ�GDU�

�FRV 
�θ
ZDKU

G1
��
��

$EELOGXQJ�9����'LIIHUHQ]�]ZLVFKHQ�GHP�UHNRQVWUXLHUWHQ�XQG�GHP�ZDKUHQ�3RODUZLQNHO�HLQHV�/HSWRQV�DXV
GHP�:�%RVRQ�=HUIDOO�LP�5XKHV\VWHP�GHV�:�%RVRQV��'LH�VFKUDIILHUWHQ�)OlFKHQ��VHQNUHFKW�I�U�:�%RVRQ�
3DDUH��EHL�GHQHQ�]XPLQGHVW�HLQHV�LQ�HLQ�7DXRQ�XQG�]XJHK|ULJHV�1HXWULQR�]HUIlOOW��XQG�GLDJRQDO�I�U�QLFKW�
::�8QWHUJUXQG��VWHOOHQ�GHQ�8QWHUJUXQG�XQG�GDV�QLFKW�JHI�OOWH�+LVWRJUDPP�GLH�6XPPH�DXV�6LJQDO��XQG
8QWHUJUXQGHUZDUWXQJ�GDU�



��

9, 'LH�$QDO\VHHUJHEQLVVH

9,�� 3RODULVDWLRQ�YRQ�:�%RVRQHQ
=XU� %HVWLPPXQJ� GHU� 3RODULVDWLRQ� HLQ]HOQHU�:�%RVRQHQ� ZXUGH� GLH� LQ� ,9��� HUOlXWHUWH� 0HWKRGH
YHUZHQGHW��=HQWUDO�I�U�GLHVHQ�$QVDW]�LVW�GLH�P|JOLFKVW�JHQDXH�5HSURGXNWLRQ�GHU�XUVSU�QJOLFKHQ
:LQNHOYHUWHLOXQJHQ��$EELOGXQJ�9,���]HLJW�GHQ�9HUJOHLFK�GHU�(UZDUWXQJ�DXV�GHP�0RQWH�&DUOR�PLW
GHQ�VHOHNWLHUWHQ�'DWHQ��+LHUEHL�ZHUGHQ�DOOH�DQDO\VLHUWHQ�6FKZHUSXQNWVHQHUJLHQ�JHPHLQVDP�EH�
WUDFKWHW��GLH�9DULDWLRQ�PLW�GHQ�HLQ]HOQHQ�6FKZHUSXQNWVHQHUJLHQ�OLHJW�LQQHUKDOE�GHU�)HKOHU��0DQ
HUNHQQW�GLH�VLJQDOlKQOLFKH�6WUXNWXU�GHV�8QWHUJUXQGV��'LHVH�LVW�LQ�GHU�'RPLQDQ]�GHV�+DXSWXQWHU�
JUXQGHV�EHJU�QGHW��LQ�7DXRQHQ�]HUIDOOHQGHQ�:�%RVRQHQ�

_FRV 
_θ

$EELOGXQJ�9,����5HNRQVWUXLHUWH�9HUWHLOXQJHQ�GHU�3RODUZLQNHO�GHU�/HSWRQHQ�LP�6FKZHUSXQNWVV\VWHP�GHV
MHZHLOLJHQ� UHNRQVWUXLHUWHQ�:�%RVRQV� GHU� 8QWHUJUXQGHUZDUWXQJ� �VFKUDIILHUWH� +LVWRJUDPPH��� GHU� 6XPPH
DXV�6LJQDO��XQG�8QWHUJUXQGHUZDUWXQJ��XQJHI�OOWHV�+LVWRJUDPP��DXV�GHP�0RQWH�&DUOR�XQG�GHU�'DWHQ�EHL
DOOHQ�EHWUDFKWHWHQ�6FKZHUSXQNWVHQHUJLHQ��$QJHJHEHQ�VLQG�GLH�VWDWLVWLVFKHQ�)HKOHU�
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9,���� $.=(37$1=.255(.785

1DFKGHP�GLH�0RQWH�&DUOR�(UHLJQLVVH�QDFK�GHU�'HWHNWRUVLPXODWLRQ�UHNRQVWUXLHUW�ZXUGHQ��HUJLEW
VLFK�HUZDUWXQJVJHPl��NHLQH�YROOVWlQGLJH�hEHUHLQVWLPPXQJ�GHU�UHNRQVWUXLHUWHQ�:LQNHOYHUWHLOXQJ
PLW�GHU�LP�0RQWH�&DUOR�SURGX]LHUWHQ��'D]X�ZHUGHQ�DXV�GHP�0RQWH�&DUOR�.RUUHNWXUIDNWRUHQ�I�U
MHGHV�,QWHUYDOO�HLQHU�9HUWHLOXQJ�EHVWLPPW��'LH�.RUUHNWXUIDNWRUHQ�YDULLHUHQ�]ZLVFKHQ�GHQ�HLQ]HO�
QHQ�,QWHUYDOOHQ��YJO��$EELOGXQJ�9,�����'LH�$EKlQJLJNHLW�YRP�MHZHLOLJHQ�$QWHLO�WUDQVYHUVDO�SROD�
ULVLHUWHU�:�%RVRQHQ�LVW� LP�5DKPHQ�GHU�)HKOHU�GHU�.RUUHNWXUIDNWRUHQ�YHUQDFKOlVVLJEDU��'LH� UH�
VXOWLHUHQGH�:LQNHOYHUWHLOXQJ�QDFK�$QZHQGXQJ�GLHVHU�.RUUHNWXUHQ�LVW�$XVJDQJVSXQNW�GHU�ZHLWH�
UHQ�3RODULVDWLRQVDQDO\VH�
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�_
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_
�

L

q

$EELOGXQJ�9,����)DNWRUHQ� I�U�GLH�$N]HSWDQ]NRUUHNWXU� I�U�:�%RVRQHQ�HUPLWWHOW� GXUFK�9HUJOHLFK� YRQ� UH�
NRQVWUXLHUWHP�XQG�SURGX]LHUWHP�6WDQGDUGPRGHOO�0RQWH�&DUOR��'LHVH�.RUUHNWXUHQ�ZXUGHQ�DXV��������:�
%RVRQ�3DDUHUHLJQLVVHQ�EHVWLPPW�

9,���� (5*(%1,6�'(5�$13$6681*

'HU�$QVDW]�I�U�GHQ�χò�7HVW�ODXWHW�ZLH�LQ�,9���PRWLYLHUW�
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'DEHL�HQWVSULFKW�π�GHU�5HLQKHLW�GHU�6HOHNWLRQ��YJO��9����XQG�EL�LVW�GLH�3DUDPHWULVLHUXQJ�GHV�8Q�
WHUJUXQGV�



��

'XUFK�χò�$QSDVVXQJ� DQ� LQVJHVDPW� ������ UHLQ� OHSWRQLVFK� ]HUIDOOHQGH�:�%RVRQ�3DDUHUHLJQLVVH
DXV�.25$/:�0RQWH�&DUOR�� JHQHULHUW� EHL� GHQ� EHWUDFKWHWHQ� 6FKZHUSXQNWVHQHUJLHQ��ZXUGHQ� GLH
3RODULVDWLRQVDQWHLOH� GHV� 6WDQGDUGPRGHOOV� EHVWLPPW�� 'DEHL� ZXUGHQ� GLH� 0RQWH� &DUOR�(UHLJQLVVH
VRZRKO�YRU�DOV�DXFK�QDFK�GHU�'HWHNWRUVLPXODWLRQ�XQG�GHQ�$N]HSWDQ]NRUUHNWXUHQ�EHWUDFKWHW�XQG
NHLQ�8QWHUVFKLHG�LP�(UJHEQLV�GHU�$QSDVVXQJ�IHVWJHVWHOOW��(V�HUJLEW�VLFK�HLQ�:HUW�YRQ�������I�U
GHQ�$QWHLO�WUDQVYHUVDO�SRODULVLHUWHU�:�%RVRQHQ�XQG�VRPLW�������I�U�GHQ�$QWHLO�ORQJLWXGLQDO�SR�
ODULVLHUWHU��'HU�VWDWLVWLVFKH�)HKOHU�EHWUlJW������

'LH�$QSDVVXQJ�DQ�GLH�VHOHNWLHUWHQ�'DWHQ�DXV�GHQ�-DKUHQ������ELV������LP�6FKZHUSXQNWVHQHU�
JLHEHUHLFK�����*H9�ELV�����*H9�HUJDEHQ�GDV�)LW�5HVXOWDW

064,0716,0 ±=±I

LQ� hEHUHLQVWLPPXQJ� PLW� GHP� 6WDQGDUGPRGHOO�� 'HU� DQJHJHEHQH� )HKOHU� LVW� GHU� VWDWLVWLVFKH�
$EELOGXQJ�9,��� LOOXVWULHUW� GLHVHV�(UJHEQLV� �DOV� GXUFKJH]RJHQH� /LQLH�� LQ�hEHUODJHUXQJ�PLW� GHQ
JHPHVVHQHQ�3XQNWHQ�GHU�9HUWHLOXQJ��DOV�.UHLVH�PLW�$QJDEH�GHV�VWDWLVWLVFKHQ�)HKOHUV�DXI�GLH�$Q�
]DKO�GHU�JHPHVVHQHQ�6SXUHQ�SUR�,QWHUYDOO��XQG�GHU�(UZDUWXQJ�GHV�6WDQGDUGPRGHOOV��JHSXQNWHWH
/LQLH���'LH�VFKDWWLHUWH�)OlFKH�UHSUlVHQWLHUW�GHQ�REHQ�DQJHJHEHQHQ�)HKOHU�

_FRV 
_θ

$EELOGXQJ�9,����(UJHEQLV�GHU�χò�$QSDVVXQJ�DQ�GLH�:LQNHOYHUWHLOXQJ�QDFK�$E]XJ�GHV�8QWHUJUXQGV��'LH
GXUFKJH]RJHQH�/LQLH�VWHOOW�GDV�(UJHEQLV�GDU��GLH�VFKDWWLHUWH�)OlFKH�GHQ�VWDWLVWLVFKHQ�)HKOHU��'LH�(UZDU�
WXQJ�GHV�6WDQGDUGPRGHOOV�LVW�JHSXQNWHW�HLQJH]HLFKQHW�



��

9,�� 'LH�.RSSOXQJHQ�DP�'UHL�(LFKERVRQHQ�9HUWH[
0LW�GHU� LQ� ,9���GDUJHVWHOOWHQ�$QDO\VHPHWKRGH�ZXUGHQ� GLH� VHOHNWLHUWHQ�'DWHQVlW]H� DXVJHZHUWHW�
,P�*HJHQVDW]�]XU�RELJHQ�3RODULVDWLRQVDQDO\VH��EHL�GHU�GLH�'DWHQVlW]H�DOOHU�6FKZHUSXQNWVHQHUJL�
HQ�NRPELQLHUW� DQJHSD�W�ZXUGHQ��ZHUGHQ� I�U�GLH�%HVWLPPXQJ�GHU�.RSSOXQJVSDUDPHWHU�GLH� I�QI
'DWHQVlW]H�JHWUHQQW�EHKDQGHOW�

9,���� (5*(%1,66(�)h5�(,1=(/1(�6&+:(5381.76(1(5*,(1

,Q� $EELOGXQJ� 9,��� ILQGHQ� VLFK� GLH� (UJHEQLVVH� GHU� %HVWLPPXQJ� GHU� .RSSOXQJVSDUDPHWHU� I�U
����*H9�PLW�MHZHLOV�HLQHU�/RJ�/LNHOLKRRG�.XUYH�I�U�GLH�GUHL�EHWUDFKWHWHQ�.RSSOXQJVSDUDPHWHU�
)�U�MHGH�.RSSOXQJ�LVW�]XVlW]OLFK�QRFK�]ZLVFKHQ�GHQ�YHUZHQGHWHQ�,QIRUPDWLRQHQ�I�U�GLH�MHZHLOLJH
%HVWLPPXQJ�XQWHUVFKLHGHQ�LQ�NLQHPDWLVFKH�,QIRUPDWLRQ��GLH�RSWLPDOHQ�2EVHUYDEOHQ���,QIRUPDWL�
RQ�DXV�GHP�:LUNXQJVTXHUVFKQLWW� XQG�GHUHQ�.RPELQDWLRQ��ZHOFKH�GLH�6XPPH�GHU�EHLGHQ�/RJ�
/LNHOLKRRG�.XUYHQ� GDUVWHOOW�� ,P� $QKDQJ� ILQGHQ� VLFK� GLH� HQWVSUHFKHQGHQ� (UJHEQLVVH� I�U� DOOH
6FKZHUSXQNWVHQHUJLHQ�LQ�GHU�JOHLFKHQ�$XIWHLOXQJ��7DEHOOH�9,���]HLJW�GLH�(UJHEQLVVH�I�U�GLH�HLQ�
]HOQHQ�.RSSOXQJVSDUDPHWHU�EHL�DOOHQ�EHWUDFKWHWHQ�6FKZHUSXQNWVHQHUJLHQ�

(
&0

3DUDPHWHU 0H�ZHUW (
&0

3DUDPHWHU 0H�ZHUW
1
=J∆

56,0
61,003,0 −

+−
1
=J∆

44,0
26,034,0 −

+

γκ∆
80,0
87,017,0 −

+ γκ∆
34,0
59,023,0 −

+−����*H9

γλ
56,0
63,011,0 −

+

����*H9

γλ
72,0
33,020,0 −

+

1
=J∆

35,0
32,007,0 −

+ 1
=J∆

42,0
32,023,0 −

+

γκ∆
42,0
52,012,0 −

+ γκ∆
45,0
46,022,0 −

+����*H9

γλ
26,0
28,004,0 −

+

����*H9

γλ
33,0
27,030,0 −

+

1
=J∆

52,0
34,022,0 −

+

γκ∆
60,0
51,032,0 −

+����*H9

γλ
39,0
30,021,0 −

+

7DEHOOH�9,����(UJHEQLVVH� GHU�%HVWLPPXQJ� GHU�.RSSOXQJVSDUDPHWHU� EHL� GHQ� 6FKZHUSXQNWVHQHUJLHQ� YRQ
����*H9�ELV�����*H9�PLW�GHU�0HWKRGH�GHU�RSWLPDOHQ�2EVHUYDEOHQ�

'LH�.RPELQDWLRQ�ZLUG� HLQGHXWLJ� YRQ� GHU� ,QIRUPDWLRQ� DXV� GHP�:LUNXQJVTXHUVFKQLWW� GRPLQLHUW�
$XIJUXQG�GHU�QLFKW�LPPHU�ULFKWLJHQ�=XRUGQXQJ�GHU�1HXWULQRV�]X�GHQ�:�%RVRQHQ�LVW�GLH�NLQHPD�
WLVFKH��,QIRUPDWLRQ�LP�0LWWHOZHUW�JHJHQ�EHU�GHU�,QIRUPDWLRQ�DXV�GHP�:LUNXQJVTXHUVFKQLWW�YHU�
VFKREHQ��(V�HUJHEHQ�VLFK�]XP�7HLO�'RSSHO�0LQLPD�6WUXNWXUHQ�EH]LHKXQJVZHLVH�)lOOH�� LQ�GHQHQ



��

GDV�0LQLPXP�VR�EUHLW�LVW��GD��HLQ�:HUW�YRQ� 5,0log =∆− / �QLFKW�PHKU�LQ�GLHVHP�0D�VWDE�GDU�
VWHOOEDU�LVW��,P�IROJHQGHQ�ZLUG�QXU�GLH�.RPELQDWLRQ�GHU�,QIRUPDWLRQHQ�DXV�.LQHPDWLN�XQG�:LU�
NXQJVTXHUVFKQLWW�EHWUDFKWHW�

(LQH�=XVDPPHQVWHOOXQJ�GHU�HUKDOWHQHQ�0LWWHOZHUWH�I�U�GLH�HLQ]HOQHQ�.RSSOXQJVSDUDPHWHU�VRZLH
GHUHQ� σ1 �)HKOHU�DXV�GHU�/RJ�/LNHOLKRRG�)XQNWLRQ� ILQGHW�VLFK� LQ�7DEHOOH�9,����'LH�(UJHEQLVVH
VLQG�LP�5DKPHQ�GHV�)HKOHUV�NRPSDWLEHO�PLW�GHU�6WDQGDUGPRGHOOHUZDUWXQJ��GLH�I�U�GLH�EHWUDFK�
WHWHQ�.RSSOXQJVSDUDPHWHU�GHILQLWLRQVJHPl����LVW�

:LUNXQJV�
TXHUVFKQLWW

.RPELQDWLRQ

.LQHPDWLN

:LUNXQJV�
TXHUVFKQLWW

.RPELQDWLRQ
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$EELOGXQJ�9,����(UJHEQLVVH�GHU�.RSSOXQJVEHVWLPPXQJ�EHL�HLQHU�6FKZHUSXQNWVHQHUJLH�YRQ�����*H9��'LH
.XUYHQ�VLQG�GLH�/RJ�/LNHOLKRRG�*UDSKHQ� I�U�GLH�HLQ]HOQHQ�.RSSOXQJHQ��YRQ� OLQNV�QDFK�UHFKWV��XQG� MH�
ZHLOV�I�U�GLH�(UJHEQLVVH�DXV�GHU�9HUZHQGXQJ�YRQ�NLQHPDWLVFKHU�,QIRUPDWLRQ��,QIRUPDWLRQ��EHU�GHQ�:LU�
NXQJVTXHUVFKQLWW�XQG�GLH�.RPELQDWLRQ�GHU�EHLGHQ�YRUJHQDQQWHQ��YRQ�REHQ�QDFK�XQWHQ��
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9,���� .20%,1$7,21�h%(5�$//(�%(75$&+7(7(1�6&+:(5381.76(1(5*,(1

=XU� (UK|KXQJ� GHU� 6LJQLILNDQ]� GHV� (UJHEQLVVHV�� NDQQ� PDQ� GLH� (UJHEQLVVH� I�U� GLH� HLQ]HOQHQ
6FKZHUSXQNWVHQHUJLHQ�NRPELQLHUHQ�� LQGHP�PDQ�GLH� MHZHLOLJHQ�/RJ�/LNHOLKRRG�)XQNWLRQHQ�DXI�
DGGLHUW��'DPLW�HUJHEHQ�VLFK�GLH�LQ�7DEHOOH�9,���]XVDPPHQJHVWHOOWHQ�:HUWH�$XFK�GLHVH�VLQG�LP
5DKPHQ�GHU�)HKOHU�YHUWUlJOLFK�PLW�GHQ�$QQDKPHQ�GHV�6WDQGDUGPRGHOOV�

(&0 .RSSOXQJV�
SDUDPHWHU

0H�ZHUW

1
=J∆

16,0
13,019,0 −

+

γκ∆
09,0
27,006,0 −

+����*H9
�

����*H9
γλ

13,0
11,016,0 −

+

7DEHOOH�9,����(UJHEQLVVH�I�U�GLH�EHWUDFKWHWHQ�.RSSOXQJVSDUDPHWHU�DXV�GHU�.RPELQDWLRQ�GHU�I�QI�6FKZHU�
SXQNWVHQHUJLHQ�

DJ
=

�

$EELOGXQJ�9,����=XVDPPHQVWHOOXQJ�GHU�/RJ�/LNHOLKRRG�.XUYHQ�I�U�GHQ�.RSSOXQJVSDUDPHWHU� 1
=J∆ ��'HU

JHSXQNWHWH�*UDSK� VWHOOW� GLH�5HVXOWLHUHQGH� GDU�� ZlKUHQG� GLH� GXUFKJH]RJHQHQ�*UDSKHQ� GLH� %HLWUlJH� GHU
HLQ]HOQHQ� 6FKZHUSXQNWVHQHUJLHQ� DQGHXWHQ�� =XU� EHVVHUHQ� 9HUDQVFKDXOLFKXQJ� GHU� VWDWLVWLVFKHQ� )HKOHU
ZXUGH�HLQH�*HUDGH�EHL� 5,0log =∆− / ��EHUODJHUW�
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Dk
g

$EELOGXQJ�9,����=XVDPPHQVWHOOXQJ�GHU�/RJ�/LNHOLKRRG�.XUYHQ�I�U�GHQ�.RSSOXQJVSDUDPHWHU� γκ∆ ��'HU

JHSXQNWHWH�*UDSK� VWHOOW� GLH�5HVXOWLHUHQGH� GDU�� ZlKUHQG� GLH� GXUFKJH]RJHQHQ�*UDSKHQ� GLH� %HLWUlJH� GHU
HLQ]HOQHQ� 6FKZHUSXQNWVHQHUJLHQ� DQGHXWHQ�� =XU� EHVVHUHQ� 9HUDQVFKDXOLFKXQJ� GHU� VWDWLVWLVFKHQ� )HKOHU
ZXUGH�HLQH�*HUDGH�EHL� 5,0log =∆− / ��EHUODJHUW�

l
g

$EELOGXQJ� 9,���� =XVDPPHQVWHOOXQJ� GHU� /RJ�/LNHOLKRRG�.XUYHQ� I�U� GHQ� .RSSOXQJVSDUDPHWHU� γλ �� 'HU

JHSXQNWHWH�*UDSK� VWHOOW� GLH�5HVXOWLHUHQGH� GDU�� ZlKUHQG� GLH� GXUFKJH]RJHQHQ�*UDSKHQ� GLH� %HLWUlJH� GHU
HLQ]HOQHQ� 6FKZHUSXQNWVHQHUJLHQ� DQGHXWHQ�� =XU� EHVVHUHQ� 9HUDQVFKDXOLFKXQJ� GHU� VWDWLVWLVFKHQ� )HKOHU
ZXUGH�HLQH�*HUDGH�EHL� 5,0log =∆− / ��EHUODJHUW�



��

9,�� 6\VWHPDWLVFKH�8QVLFKHUKHLWHQ
'LH� YRUOLHJHQGH�$QDO\VH� ]XU� 3RODULVDWLRQ�� VRZLH� GLH� %HVWLPPXQJ� GHU� .RSSOXQJVSDUDPHWHU� GHV
6WDQGDUGPRGHOOV��KlQJHQ�VWDUN�GDYRQ�DE�

• ZLH� JXW� GLH� %HVFKUHLEXQJ� GHU� HLQ]HOQHQ� (UHLJQLVNODVVHQ� LQ� GHU� 6LPXODWLRQ� LVW�
GDPLW�YHUEXQGHQ�

• ZLH�JHQDX�GLH�%HVWLPPXQJ�GHU�5HLQKHLW�GHU�6HOHNWLRQ�LVW�

• ZLH�JHQDX�GLH�9HUPHVVXQJ�YRQ�6SXUHQ�LQ�GHQ�6SXUGHWHNWRUHQ�XQG�.DORULPHWHUQ�LVW�XQG

• ZLH�JHQDX�GLH�0DVVH�GHU�%RVRQHQ�XQG�ZHLWHUH�.RQVWDQWHQ�EHNDQQW�VLQG�

'LHVH�8QVLFKHUKHLWHQ�ZXUGHQ�XQWHUVXFKW�XQG�LKUH�%HLWUlJH�]X�GHQ�YHUVFKLHGHQHQ�0HVVXQJHQ�HU�
PLWWHOW��=XQlFKVW�ZXUGH�GLH�'DWHQVHOHNWLRQ�PLW� YHUlQGHUWHQ�3DUDPHWHUQ�ZLHGHUKROW�� XQG� VSlWHU
GLH�VR�JHZRQQHQHQ�'DWHQPHQJHQ�DXI�GLH�JOHLFKH�$UW�DQDO\VLHUW��ZLH�GHU�XUVSU�QJOLFK�VHOHNWLHUWH
'DWHQVDW]�� )HKOHU� LQ� 3DUDPHWHUQ�� GLH� LQ� GLH� χò�$QSDVVXQJ� EH]LHKXQJVZHLVH� GDV� 3URJUDPP
Å7*&),77(5´�HLQJHKHQ��ZXUGHQ�LP�5DKPHQ�VLQQYROOHU�*UHQ]HQ�YDULLHUW�XQG�GHU�XUVSU�QJOLFK
VHOHNWLHUWH�'DWHQVDW]�GDPLW�DQDO\VLHUW��'DUDXV�UHVXOWLHUHQ�GLH�LQ�GHQ�IROJHQGHQ�$EVFKQLWWHQ�GLV�
NXWLHUWHQ�)HKOHU�DOV�'LIIHUHQ]�]ZLVFKHQ�GHQ�(UJHEQLVVHQ�DXV�GHP�XUVSU�QJOLFKHQ�'DWHQVDW]�XQG
GHQ�YDULLHUWHQ�]X

( ) ;9DULDWLRQ;9DULDWLRQV\VW −=±
,σ

'LH�HUPLWWHOWHQ�8QVLFKHUKHLWHQ�ZHUGHQ�DOV�XQNRUUHOLHUW�DQJHQRPPHQ��'DPLW�HUJLEW�VLFK�I�U�GHQ
JHVDPWHQ�V\VWHPDWLVFKHQ�)HKOHU�DXI�GLH�0H�JU|�H�;�

( ) ( ) ( ) ( ) ( ) ( )0Z
V\VWV\VWV\VWV\VW

0&
V\VWV\VW ;;;;;;

2.2222 ±±±±±± ++++= σσσσσσ 5HN'HW�5HLQKHLW

)�U� DOOH� 4XHOOHQ� V\VWHPDWLVFKHU� 8QVLFKHUKHLWHQ� ZXUGH� XQWHUVXFKW�� RE� GLHVH� 8QVLFKHUKHLWHQ
V\PPHWULVFK�VLQG��(V�ZXUGH�NHLQH�DV\PPHWULVFKHQ�V\VWHPDWLVFKHQ�)HKOHU�JHIXQGHQ�

)�U�GLH�%HVWLPPXQJ�GHU�.RSSOXQJVNRQVWDQWHQ�JLEW�HV�QRFK�HLQHQ�ZHLWHUHQ�V\VWHPDWLVFKHQ�)HK�
OHU�� GLH� 8QVLFKHUKHLW� DXI� GLH� %HUHFKQXQJ� GHV� ��)HUPLRQ�0DWUL[HOHPHQWHV�� ZHOFKHV� ]XU� 8PJH�
ZLFKWXQJ� GHU� YRUKDQGHQHQ� 'DWHQPHQJHQ� EHL� GHU� ,WHUDWLRQ� GHU� .RSSOXQJVSDUDPHWHU� YHUZHQGHW
ZLUG��'LHVHU�ZLUG�PLW������I�U�DOOH�.RSSOXQJVSDUDPHWHU�DQJHQRPPHQ��YJO������

9,���� ',(�%(6&+5(,%81*�'(5�'$7(1�,0�0217(�&$5/2

'LH� (UHLJQLVJHQHUDWRUHQ� OLHIHUQ� ]X� HLQHU� SURGX]LHUWHQ�0HQJH� HLQHU� EHVWLPPWHQ� (UHLJQLVNODVVH
MHZHLOV�GHQ�:LUNXQJVTXHUVFKQLWW�XQG�GLH�]XJHK|ULJH�8QVLFKHUKHLW��$XIJUXQG�GHU�JUR�HQ�$Q]DKO
GHU�YHUZHQGHWHQ�0RQWH�&DUOR�(UHLJQLVVH� LVW� GLHVH�8QVLFKHUKHLW� I�U�GLH�PHLVWHQ�.DQlOH� LP�%H�
UHLFK�ZHQLJHU�)HPWREDUQ��EHL�HLQLJHQ�VRJDU�GDUXQWHU��=XU�$EVFKlW]XQJ�GHU�$XVZLUNXQJHQ�DXI�GLH



��

%HVWLPPXQJ� GHU� .RSSOXQJVSDUDPHWHU� ZXUGHQ� GLH� GRUW� YHUZHQGHWHQ�:HUWH� XP� MHZHLOV� ����IE
YDULLHUW��(V�ZXUGH�NHLQH�bQGHUXQJ�LP�=HQWUDOZHUW�GHU�.RSSOXQJVSDUDPHWHU�EHREDFKWHW�

'LH�*HQDXLJNHLW�GHU�%HVFKUHLEXQJ�GHU�8QWHUJUXQG�3UR]HVVH�ZXUGH�GXUFK�GHQ�9HUJOHLFK�GHU�5H�
VXOWDWH�GHU�3RODULVDWLRQVPHVVXQJ��EHUSU�IW��(V�ZXUGHQ�GLH�3RODULVDWLRQVDQWHLOH�GHU�:�%RVRQHQ
DXI�]ZHL�0RQWH�&DUOR�(UHLJQLVPHQJHQ�EHVWLPPW��GLH�VLFK�GXUFK�GDV�+LQ]XI�JHQ�EH]LHKXQJVZHLVH
:HJODVVHQ�GHU�8QWHUJUXQGSUR]HVVH�XQWHUVFKLHGHQ��'LH� EHREDFKWHWH�9HUVFKLHEXQJ� EHWUXJ� ����
EHL�HLQHP�VWDWLVWLVFKHQ�)HKOHU�GHU�0RQWH�&DUOR�(UHLJQLVPHQJH�YRQ�������(V�ZLUG�GDKHU�NHLQ�V\�
VWHPDWLVFKHU�)HKOHU� I�U�GLHVHQ�(IIHNW�DQJHQRPPHQ��:RKO�DEHU�ZLUG�GHU�VWDWLVWLVFKH�)HKOHU�GHU
0RQWH�&DUOR�0HQJHQ�DOV�V\VWHPDWLVFKHU�)HKOHU�EHWUDFKWHW�

9,���� ',(�%(67,0081*�'(5�5(,1+(,7

'LH�5HLQKHLW�ZXUGH� GXUFK�$QZHQGXQJ� GHU� 6HOHNWLRQVSUR]HGXU� DXI� GLH� HLQ]HOQHQ�0RQWH� &DUOR�
'DWHQPHQJHQ�I�U�6LJQDO��XQG�8QWHUJUXQG�3UR]HVVH�EHVWLPPW��'DEHL�ZXUGHQ�GLH�LQ�7DEHOOH�,9��
]XVDPPHQJHVWHOOWHQ�0HQJHQ�YHUZHQGHW��'LH��$Q]DKO�GHU�QDFK�GHU�6HOHNWLRQ�YHUEOLHEHQHQ�(UHLJ�
QLVVH�ZXUGH�XP�MHZHLOV�����YDULLHUW��'LH�PD[LPDOH�9DULDWLRQ�GHU�5HLQKHLW�EHWUXJ�GDEHL������

=XU� %HVWLPPXQJ� GHV� (LQIOXVVHV� GHU� 8QVLFKHUKHLW� GHU� 5HLQKHLW� GHU� 'DWHQVHOHNWLRQ� ZXUGH� GHU
(LQJDEHSDUDPHWHU�GHU�χò�$QSDVVXQJ�LP�5DKPHQ�GHU�9DULDWLRQ�GHU�5HLQKHLWHQ�GHU�'DWHQPHQJHQ
EHL�YHUVFKLHGHQHQ�6FKZHUSXQNWVHQHUJLHQ�]X]�JOLFK�HLQHU�8QVLFKHUKHLW�YRQ������YDULLHUW�

001,0)( =±
± 5HLQKHLWIV\VWσ

9,���� ',(�9(50(6681*�81'�5(.216758.7,21�921�6385(1�,0�'(7(.725

'LHVH�V\VWHPDWLVFKH�6WXGLH�NDQQ�PDQ�LQ�GUHL�$QWHLOH�DXIWHLOHQ�

• GLH�*HQDXLJNHLW�GHU�9HUPHVVXQJ�YRQ�6SXUHQ�LQ�GHQ�6SXUGHWHNWRUHQ�

• GLH�*HQDXLJNHLW�GHU�.DOLEUDWLRQ�GHU�.DORULPHWHU�GHV�'HWHNWRUV�XQG

• GLH�%HKDQGOXQJ�YRQ�%UHPVVWUDKOXQJVHIIHNWHQ�

=XU�%HVWLPPXQJ�GHU�8QVLFKHUKHLW�DXI�GLH��6SXUYHUPHVVXQJ�ZXUGHQ�GLH�JHPHVVHQHQ�,PSXOVH�GHU
JHODGHQHQ�/HSWRQHQ�LP�5DKPHQ�GHV�LQ�,,,�����DQJHJHEHQHQ�)HKOHUV�YDULLHUW��'LH�UHVXOWLHUHQGHQ
8QVLFKHUKHLWHQ�DXI�GLH�%HVWLPPXQJ�GHU�SRODULVLHUWHQ�$QWHLOH�ZDUHQ�QLFKW�PH�EDU��HEHQVR�ODJHQ
GLH�9DULDWLRQHQ�GHU�.RSSOXQJVSDUDPHWHU�XQWHUKDOE�GHV�DQJHJHEHQHQ�%HUHLFKV�

1HEHQ� HLQHU� DEVROXWHQ� 8QVLFKHUKHLW� LQ� GHU� .DOLEUDWLRQ� GHU� .DORULPHWHU� GHV� $/(3+�'HWHNWRUV�
WULWW�HLQH�8QVLFKHUKHLW�LQ�GHU�UHODWLYHQ�.DOLEUDWLRQ�]ZLVFKHQ�HLQ]HOQHQ�0RGXOHQ�GHU�.DORULPHWHU
DXI��'LH�DEVROXWH�.DOLEUDWLRQ�GHU�.DORULPHWHU�GHV�$/(3+�'HWHNWRUV�ZXUGH�XP�MHZHLOV���Æ�I�U
EHLGH�.DORULPHWHU�YDULLHUW��ZlKUHQG�GLH�UHODWLYH�.DOLEUDWLRQ�GHV�HOHNWURPDJQHWLVFKHQ�.DORULPH�
WHUV�XP���Æ�XQG�GHV�KDGURQLVFK�.DORULPHWHUV�XP�������YDULLHUW�ZXUGH��)�U�GLH�%HVWLPPXQJ
GHU�3RODULVDWLRQVDQWHLOH� HUJDEHQ� VLFK� GDEHL� IROJHQGH�8QVLFKHUKHLWHQ�� DXIJHVFKO�VVHOW� QDFK� GHQ
$QWHLOHQ�GHV�HOHNWURPDJQHWLVFKHQ�XQG�GHV�KDGURQLVFKHQ�.DORULPHWHUV�

004,0004,0001,0)( 22 =+=±
± U.DORULPHWHIV\VWσ



��

'LH�GXUFK�8QVLFKHUKHLWHQ� LQ�GHU�.DORULPHWHUNDOLEUDWLRQ� EHGLQJWHQ�)HKOHU� EHL� GHU�%HVWLPPXQJ
GHU� .RSSOXQJVSDUDPHWHU� VLQG� LP� ZHVHQWOLFKHQ� I�U� DOOH� EHWUDFKWHWHQ� 6FKZHUSXQNWVHQHUJLHQ
JOHLFK��MHGRFK�PHLVW�XQWHUKDOE�HLQHV�3UR]HQWV��'DKHU�ZHUGHQ�KLHU�MHZHLOV������I�U�GLH�8QVLFKHU�
KHLW�EHLP�HOHNWURPDJQHWLVFKHQ�XQG�EHLP�KDGURQLVFKHQ�.DORULPHWHU�DQJHQRPPHQ��'LH�YRP�HOHN�
WURPDJQHWLVFKHQ�XQG�YRP�KDGURQLVFKHQ�.DORULPHWHU�KHUU�KUHQGHQ�8QVLFKHUKHLWHQ�VLQG�ZLH�REHQ
TXDGUDWLVFK�DGGLHUW�

01,001,001,0)( 22 =+=± U.DORULPHWH
LV\VW Jσ

%HVRQGHUHU� %HGHXWXQJ� NRPPW� EHL� UHLQ� OHSWRQLVFKHQ� (UHLJQLVVHQ� GHU� %HKDQGOXQJ� YRQ� %UHPV�
VWUDKOXQJVSUR]HVVHQ�]X��(V�ZXUGHQ�GUHL�YHUVFKLHGHQH�0HWKRGHQ�DXI�GHU�'DWHQPHQJH�EHWUDFKWHW
XQG�GLH�XQWHQ�JHQDQQWHQ�8QVLFKHUKHLWHQ�JHIXQGHQ��'LH�0HWKRGHQ�GHU�%HKDQGOXQJ�YRQ�%UHPV�
VWUDKOXQJVHIIHNWHQ�XQWHUVFKHLGHQ�VLFK�LP�ZHVHQWOLFK�LQ�GHU�'HILQLWLRQ�GHU�JHPHVVHQHQ�3KRWRQHQ�
ZHOFKH�]X�HLQHU�YHUPHVVHQHQ�(OHNWURQ�6SXU�KLQ]XDGGLHUW�ZHUGHQ��'D]X�JLEW�HV�YHUVFKLHGHQH�$Q�
VlW]H�� GLH� $XVZDKO� GHU� LGHQWLIL]LHUWHQ� 3KRWRQHQ� DXIJUXQG� LKUHU� 1lKH� ]XU� 6SXU� GHV� JHODGHQHQ
/HSWRQV��0HWKRGHQ���XQG�����GHILQLHUW�GXUFK�HLQHQ�PLQLPDOHQ�:LQNHO�YRQ����E]Z������VRZLH�GLH
([WUDSRODWLRQ�GHU�3KRWRQVSXU� ]X� LKUHP�(QWVWHKXQJVSXQNW��P|JOLFKHUZHLVH�0DWHULDO� GHV� 6WUDKO�
URKUV�RGHU�LQQHQ�OLHJHQGHU�'HWHNWRUHQ��XQG�%HVWLPPXQJ�GHV�$EVWDQGHV�GHV�8UVSUXQJV�GHU�(OHN�
WURQ�6SXU�XQG�GHU�QHXWUDOHQ�(LQWUlJH�LP�HOHNWURPDJQHWLVFKHQ�.DORULPHWHU�

013,0)( =±
± OXQJ%UHPVVWUDKIV\VWσ
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'DPLW�HUJLEW�VLFK�IROJHQGH�V\VWHPDWLVFKH�8QVLFKHUKHLW�I�U�'HWHNWRU��XQG�5HNRQVWUXNWLRQVHIIHNWH�
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9,���� *(1$8,*.(,7�921�(,1*$%(3$5$0(7(51

'DV�3URJUDPP�Å7*&),77(5´�EHQ|WLJW�]XU�%HVWLPPXQJ�GHU�.RSSOXQJVSDUDPHWHU�EHVWLPPWH�EH�
UHLWV� JHPHVVHQH� *U|�HQ� GHV� 6WDQGDUGPRGHOOV�� ZLH� GLH� 0DVVHQ� GHU� %RVRQHQ� XQG� DOOJHPHLQH



��

.RSSOXQJVNRQVWDQWHQ��'LHVH�ZXUGHQ� LP�5DKPHQ� LKUHU�)HKOHU�DXV� ��YDULLHUW�� MHGRFK�HUJDE� VLFK
QXU�LQ�HLQHP�3DUDPHWHU�HLQH�8QVLFKHUKHLW�YRQ������EHL�9DULDWLRQ�GHU�:�%RVRQ�0DVVH��=XU�$E�
VFKlW]XQJ�DOOHU�3DUDPHWHU��ZLUG�GLHVHU�)HKOHU�I�U�DOOH�.RSSOXQJVSDUDPHWHU�DQJHVHW]W�

9,���� =86$00(1)$6681*�'(5�6<67(0$7,6&+(1�816,&+(5+(,7(1

'LH�JHIXQGHQHQ�8QVLFKHUKHLWHQ�]XU�%HVWLPPXQJ�GHU�.RSSOXQJVSDUDPHWHU�XQG�GHU�3RODULVDWLRQV�
DQWHLOH�GHU�:�%RVRQHQ�ZDUHQ�DOOHVDPW�LP�ZHVHQWOLFKHQ�V\PPHWULVFK�XQG�VLQG�LP�IROJHQGHQ�]X�
VDPPHQJHVWHOOW�

08,0)(

08,0)(

09,0)(

037,0)(
1
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=∆
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=V\VW

V\VW

J

I

9,�� =XVDPPHQIDVVXQJ�GHU�$QDO\VHHUJHEQLVVH
$XV�GHQ�$EVFKQLWWHQ�9,�����9,���HUJHEHQ�VLFK�IROJHQGH�(UJHEQLVVH�I�U�GLH�%HVWLPPXQJ�GHU�3ROD�
ULVDWLRQVDQWHLOH�GHU�:�%RVRQHQ�XQG� GHU�.RSSOXQJVSDUDPHWHU� DP�'UHL�(LFKERVRQHQ�9HUWH[� GHU
HOHNWURVFKZDFKHQ�:HFKVHOZLUNXQJ�

9,���� ',(�32/$5,6$7,216$17(,/(�921�:�%2621(1

'HU�$QWHLO�WUDQVYHUVDO�SRODULVLHUWHU�:�%RVRQHQ�LQ�3UR]HVVHQ�GHU�:�%RVRQ�3DDUSURGXNWLRQ�ZXUGH
EHVWLPPW�]X

.. 037,0064,0716,0 V\VWVWDWI ±±=± �

'DV� (UJHEQLV� LVW� LP� 5DKPHQ� GHV� )HKOHUV� YHUWUlJOLFK� PLW� GHU� (UZDUWXQJ� GHV� 6WDQGDUGPRGHOOV
���������VRZLH�HLQHU�0HVVXQJ�GHU�/��.ROODERUDWLRQ�I�U�GLH�JOHLFKHQ�EHWUDFKWHWHQ�6FKZHUSXQNW�
VHQHUJLHQ�LP�VHPLOHSWRQLVFKHQ�XQG�LP�KDGURQLVFKHQ�=HUIDOOVNDQDO�GHU�:�%RVRQ�3DDUH��YJO������

$EELOGXQJ�9,��� ]HLJW� GDV�(UJHEQLV� GHU� YRUOLHJHQGHQ�$QDO\VH� ]XVDPPHQ�PLW� GHP� VWDWLVWLVFKHQ
XQG�GHP�V\VWHPDWLVFKHQ�)HKOHU�

9,���� ',(�.233/81*63$5$0(7(5�$0�'5(,�(,&+%2621(1�9(57(;�'(5
(/(.7526&+:$&+(1�:(&+6(/:,5.81*

'LH� .RSSOXQJVSDUDPHWHU� GHU� HOHNWURVFKZDFKHQ� :HFKVHOZLUNXQJ� DP� 'UHL�(LFKERVRQHQ�9HUWH[
ZXUGHQ�PLWWHOV�RSWLPDOHU�2EVHUYDEOHU�EHVWLPPW��'LH�YRUOLHJHQGHQ�(UJHEQLVVH� VLQG� LP�5DKPHQ
GHU�)HKOHU�YHUWUlJOLFK�PLW�GHU�(UZDUWXQJ�GHV�6WDQGDUGPRGHOOV�ZREHL�PLW�ELVKHULJHQ�0HVVXQJHQ
GHU�$/(3+�.ROODERUDWLRQ��YJO������XQG�GHU�/(3�(OHNWURZHDN�:RUNLQJ�*URXS��YJO�� �����(V�HUJH�



��

EHQ�VLFK�IROJHQGH�.RSSOXQJVSDUDPHWHU��GLH�LQ�$EELOGXQJ�9,���ELV�$EELOGXQJ�9,����PLW�VWDWLVWL�
VFKHP�XQG�V\VWHPDWLVFKHP�)HKOHU�GDUJHVWHOOW�VLQG�
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$EELOGXQJ�9,����5HVXOWDW�GHU�%HVWLPPXQJ�GHU�3RODULVDWLRQVDQWHLOH� YRQ�:�%RVRQHQ��'LH�GXUFKJH]RJHQH
/LQLH�VWHOOW�GDV�(UJHEQLV�GHU�$QSDVVXQJ�GDU��GLH� LQQHUH�VFKDWWLHUWH�)OlFKH�GHQ�VWDWLVWLVFKHQ��GLH�lX�HUH
GHQ�V\VWHPDWLVFKHQ�)HKOHU��'LH�(UZDUWXQJ�GHV�6WDQGDUGPRGHOOV�LVW�JHSXQNWHW�HLQJHWUDJHQ�



��

DJ
=

�

$EELOGXQJ�9,����/RJ�/LNHOLKRRG�.XUYH�I�U�GHQ�.RSSOXQJVSDUDPHWHU� 1
=J∆ ��'HU�JHSXQNWHWH�*UDSK�VWHOOW

GLH�5HVXOWLHUHQGH�GDU��GLH�VFKDWWLHUWH�)OlFKH�GHQ�V\VWHPDWLVFKHQ�)HKOHU��=XU�EHVVHUHQ�9HUDQVFKDXOLFKXQJ
GHV�VWDWLVWLVFKHQ�)HKOHUV�ZXUGH�HLQH�*HUDGH�EHL� 5,0log =∆− / ��EHUODJHUW�

Dk
g

$EELOGXQJ�9,�����/RJ�/LNHOLKRRG�.XUYH�I�U�GHQ�.RSSOXQJVSDUDPHWHU� γκ∆ ��'HU�JHSXQNWHWH�*UDSK�VWHOOW

GLH�5HVXOWLHUHQGH�GDU��GLH�VFKDWWLHUWH�)OlFKH�GHQ�V\VWHPDWLVFKHQ�)HKOHU��=XU�EHVVHUHQ�9HUDQVFKDXOLFKXQJ
GHV�VWDWLVWLVFKHQ�)HKOHUV�ZXUGH�HLQH�*HUDGH�EHL� 5,0log =∆− / ��EHUODJHUW�



��

l
g
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9,, =XVDPPHQIDVVXQJ
,Q�GHU�YRUOLHJHQGHQ�$UEHLW�ZHUGHQ�YRP�$/(3+�'HWHNWRU�DP�6SHLFKHUULQJ�/(3�GHV�&(51�LQ�*HQI
JHQRPPHQH�'DWHQPHQJHQ�DXV�GHQ�-DKUHQ������ELV������DQDO\VLHUW�XQG�VRZRKO�.RSSOXQJVSDUD�
PHWHU�DP�'UHL�(LFKERVRQHQ�9HUWH[�GHU�:�%RVRQ�3DDUSURGXNWLRQ��DOV�DXFK�GLH�$QWHLOH�ORQJLWXGL�
QDO� EH]LHKXQJVZHLVH� WUDQVYHUVDO� SRODULVLHUWHU� :�%RVRQHQ�� EHL� 6FKZHUSXQNWVHQHUJLHQ� YRQ
����*H9�ELV�����*H9�EHVWLPPW��%HWUDFKWHW�ZLUG�GHU�UHLQ�OHSWRQLVFKH�=HUIDOOVNDQDO��LQ�GHP�EHLGH
:�%RVRQHQ�LQ�HLQ�(OHNWURQ²1HXWULQR��RGHU�HLQ�0\RQ²1HXWULQR�3DDU�]HUIDOOHQ��GHU�HLQHQ�JHULQ�
JHQ�:LUNXQJVTXHUVFKQLWW�DXIZHLVW��DEHU�HLQH�NODUH�'HWHNWRUVLJQDWXU�

'LH�DXIJH]HLFKQHWHQ�(UHLJQLVVH�ZHUGHQ�VHOHNWLHUW�XQG�GDEHL�HLQH�5HLQKHLW�YRQ�GXUFKVFKQLWWOLFK
����HUUHLFKW��'HU�+DXSWXQWHUJUXQG�EHVWHKW�DXV�:�%RVRQ�3DDUHQ��EHL�GHQHQ�]XPLQGHVW�HLQ�:�
%RVRQ�LQ�HLQ�7DXRQ²1HXWULQR�3DDU�]HUIlOOW��'LHVHU�.DQDO�]HLJW�HLQ�VHKU�VLJQDOlKQOLFKHV�9HUKDO�
WHQ��'LH� VHOHNWLHUWHQ�(UHLJQLVVH� ZHUGHQ� NLQHPDWLVFK� UHNRQVWUXLHUW�� XP� GLH�:LQNHOYHUWHLOXQJHQ
GHU�=HUIDOOVSURGXNWH�GHU�:�%RVRQHQ� ]X� H[WUDKLHUHQ��'LH�GDEHL� DXIWUHWHQGHQ�$PELJXLWlWHQ� DXI�
JUXQG�GHU�QLFKW�QDFKJHZLHVHQHQ�1HXWULQRV� VLQG�NOHLQ�²� LQ�GHU�*U|�HQRUGQXQJ�YRQ�����EHHLQ�
IOXVVHQ�MHGRFK�GLH�NLQHPDWLVFKH�,QIRUPDWLRQ�I�U�GLH�3DUDPHWHUEHVWLPPXQJ�

$XV� GHQ� 3RODUZLQNHOYHUWHLOXQJHQ� GHU� JHODGHQHQ� =HUIDOOVSURGXNWH� GHU� :�%RVRQHQ� ZHUGHQ� GLH
$QWHLOH�ORQJLWXGLQDO�EH]LHKXQJVZHLVH�WUDQVYHUVDO�SRODULVLHUWHU�:�%RVRQHQ�GXUFK�$QSDVVXQJ�GHU
WKHRUHWLVFKHQ�9RUKHUVDJH�DQ�GLH�VHOHNWLHUWHQ�'DWHQ�EHVWLPPW��'DEHL�ZLUG�JHIXQGHQ��GD�

( ) %7,34,66,71 .. V\VWVWDWI ±±=±

GHU�SURGX]LHUWHQ�:�%RVRQHQ�WUDQVYHUVDO�SRODULVLHUW�VLQG��LQ�hEHUHLQVWLPPXQJ�PLW�GHU�9RUKHUVDJH
GHV�6WDQGDUGPRGHOOV� ���������'LHVHU�:HUW� LVW� HLQ� HUVWHU�+LQZHLV� DXI� GLH�.RSSOXQJVSDUDPHWHU
DP�'UHL�(LFKERVRQHQ�9HUWH[�

'LHVH�ZHUGHQ�PLWWHOV�GHU�0HWKRGH�GHU�RSWLPDOHQ�2EVHUYDEOHQ�DXV�GHU�JOHLFKHQ�VHOHNWLHUWHQ�'D�
WHQPHQJH�EHVWLPPW��'LH�GUHL�EHWUDFKWHWHQ�.RSSOXQJVSDUDPHWHU�J

=

���κγ�XQG�λγ�VLQG�GUHL�GHU�LQV�
JHVDPW����LQ�GHU�DOOJHPHLQVWHQ�ORUHQW]LQYDULDQWHQ�/DJUDQJHIXQNWLRQ�I�U�GHQ�'UHL�(LFKERVRQHQ�
9HUWH[��(V�ZHUGHQ�QXU�GLHVH�GUHL�EHKDQGHOW��GD�VLH�GLH�HLQ]LJHQ�VLQG��GLH�VRZRKO�&3�6\PPHWULH�
HUKDOWHQG�VLQG��DOV�DXFK�GXUFK�(LFKLQYDULDQ]�RGHU�6\PPHWULHQ�QRFK�QLFKW� IHVWOLHJHQ��'DV�6WDQ�
GDUGPRGHOO�VDJW�J

=

� ���κγ ��XQG�λγ ��YRUDXV��(V�HUJHEHQ�VLFK�IROJHQGH�.RSSOXQJVSDUDPHWHU�
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9,,, /LWHUDWXUYHU]HLFKQLV
��'��(��*URRP�HW�DO���3DUWLFOH�'DWD�*URXS���5HYLHZ�RI�3DUWLFOH�3K\VLFV��(XU��3K\V��-��&����������

��)��+DO]HQ��$��0DUWLQ��4XDUNV�DQG�/HSWRQV��1HZ�<RUN������

��:��%HHQDNNHU�XQG�)��$��%HUHQGV��&RQY����::�&URVV�6HFWLRQV�DQG�'LVWULEXWLRQV��LQ��*��$OWD�
UHOOL��7��6M|VWUDQG��)��=ZLUQHU��HG����3K\VLFV�DW�/(3���9RO�����&(51������

��:HEVHLWH�GHU�/(3�(OHFWURZHDN�:RUNLQJ�*URXS��KWWS���OHSHZZJ�ZHE�FHUQ�FK�/(3(::*�

��*�*RXQDULV��-��/��.QHXU�XQG�'��=HSSHQIHOG��&RQY����7ULSOH�*DXJH�%RVRQ�&RXSOLQJV��LQ��*��$O�
WDUHOOL��7��6M|VWUDQG��)��=ZLUQHU��HG����3K\VLFV�DW�/(3���9RO�����&(51������

��.��+DJLZDUD��.��+LNDVD��5��3HFFHL��'��=HSSHQIHOG��3URELQJ� WKH�:HDN�%RVRQ� 6HFWRU� LQ� H�H�

�:�:���1XFO��3K\V��%�����6�����II������

��*��%HOOD��'��&KDUOWRQ��3��&ODUNH��7ULSOH�*DXJH�%RVRQ�3DUDPHWHUV��23$/�71����������

��&��%RZGHU\��(G����7KH�$/(3+�+DQGERRN������9RO�����&(51������

��&��%RZGHU\��(G����7KH�$/(3+�+DQGERRN������9RO�����&(51������

���*��$OWDUHOOL��7��6M|VWUDQG��)��=ZLUQHU��HG����3K\VLFV�DW�/(3���9RO�����&(51������

���5��%UXQ�HW�DO���*HDQW�8VHU·V�*XLGH��&(51���������EHUDUEHLWHWH�9HUVLRQ������

���9��%OREHO��(��/RKUPDQQ��6WDWLVWLVFKH�XQG�QXPHULVFKH�0HWKRGHQ�GHU�'DWHQDQDO\VH��7HXEQHU
9HUODJ��6WXWWJDUW������

���)��-DPHV��0,18,7�²�)XQFWLRQ�0LQLPL]DWLRQ�DQG�(UURU�$QDO\VLV�²�5HIHUHQFH�0DQXDO��&(51�
����

���0��'LHKO��2��1DFKWPDQQ��2SWLPDO�2EVHUYDEOHV� IRU� WKH�0HDVXUHPHQW�RI�7KUHH�*DXJH�%RVRQ
&RXSOLQJV�LQ�H�H�→:�:���=HLWVFKULIW�I�U�3K\VLN�&����������6�����II

���$/(3+�.ROODERUDWLRQ��'��%XVNXOLF�HW�DO����3HUIRUPDQFH�RI�WKH�$/(3+�'HWHFWRU�DW�/(3��1XFOHDU
,QVWUXPHQWV�DQG�0HWKRGV�$�����6���������������

���%HVFKUHLEXQJ�XQWHU�KWWS���DOHSKZZZ�FHUQ�FK�'$/,

��� $/(3+�.ROODERUDWLRQ�� 0HDVXUHPHQW� RI� 7ULSOH� *DXJH�%RVRQ� &RXSOLQJV� DW� �������� *H9�
$/(3+���������&RQIHUHQFH�1RWH
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���/��.ROODERUDWLRQ��0��$FFLDUUL�HW�DO����,PSURYHG�0HDVXUHPHQW�RI�/RQJLWXGLQDOO\�DQG�7UDQVYHU�
VHO\�3RODULVHG�:��%RVRQV��/��1RWH�����������

��� $/(3+�.ROODERUDWLRQ�� 0HDVXUHPHQW� RI� 7ULSOH� *DXJH�%RVRQ� &RXSOLQJV� DW� �������� *H9�
$/(3+�����������&RQIHUHQFH�1RWH�]XU�,&+(3������2VDND

���6��-p]pTXHO��&KDUJHG�7ULSOH�*DXJH�&RXSOLQJ�DW�/(3��9RUWUDJ�EHL�GHU�,&+(3������2VDND
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,; $EELOGXQJVYHU]HLFKQLV
$EELOGXQJ�,,����)H\QPDQ�'LDJUDPPH�I�U�GLH�3UR]HVVH�]XU�3URGXNWLRQ�YRQ�:�%RVRQ�3DDUHQ�EHL

/(3 �������������������������������������������������������������������������������������������������������������������������������������

$EELOGXQJ�,,����'LH�=HUIDOOVP|JOLFKNHLWHQ�GHU�:�%RVRQHQ ���������������������������������������������������������

$EELOGXQJ� ,,���� 7KHRUHWLVFKH� 9RUKHUVDJHQ� I�U� GHQ� 3URGXNWLRQVZLUNXQJVTXHUVFKQLWW� YRQ� :�
%RVRQ�3DDUHQ�XQG�NRPELQLHUWH�5HVXOWDWH�GHU�YLHU�/(3�([SHULPHQWH�����������������������������������

$EELOGXQJ�,,����:LQNHOYHUWHLOXQJHQ�I�U�:�%RVRQ�3DDUH�PLW�YHUVFKLHGHQHQ�+HOL]LWlWHQ�EHL�HLQHU
6FKZHUSXQNWVHQHUJLH�YRQ�����*H9��������������������������������������������������������������������������������������

$EELOGXQJ�,,����:LQNHOYHUWHLOXQJ�GHU�JODGHQHQ�/HSWRQHQ�LP�5XKHV\VWHP�GHV�:�%RVRQV �����������

$EELOGXQJ�,,,����/DJHVNL]]H�GHV�/(3�6SHLFKHUULQJV ��������������������������������������������������������������������

$EELOGXQJ�,,,����6NL]]H�GHV�&(51�%HVFKOHXQLJHUNRPSOH[HV ������������������������������������������������������

$EELOGXQJ�,,,����4XHUVFKQLWW�GXUFK�GHQ�$/(3+�'HWHNWRU�������������������������������������������������������������

$EELOGXQJ�,,,����=HLFKQXQJ�GHV�9HUWH[�'HWHNWRUV������������������������������������������������������������������������

$EELOGXQJ�,,,����'LH�=HLWSURMHNWLRQVNDPPHU�73& �����������������������������������������������������������������������

$EELOGXQJ�,,,����'LH�.DORULPHWHU�GHV�$/(3+�'HWHNWRUV�PLW�GHU�VXSUDOHLWHQGHQ�6SXOH �����������������

$EELOGXQJ�,,,����6FKHPD�GHU�'DWHQHUIDVVXQJ�EHLP�$/(3+�'HWHNWRU ��������������������������������������������

$EELOGXQJ�,9����(LQ�:�%RVRQ�3DDU�LP�$/(3+�.RRUGLQDWHQV\VWHP����������������������������������������������

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPP�]XU�(OHNWURQ�3RVLWURQ�6WUHXXQJ�����������������������������������������

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPPH�]XU�)HUPLRQ�3DDUELOGXQJ ������������������������������������������������

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPP�]XU�.ODVVH�GHU�=ZHL�3KRWRQ�(UHLJQLVVH�����������������������������

$EELOGXQJ�,9����)H\QPDQ�'LDJUDPPH�]XU�=�%RVRQ�3DDUSURGXNWLRQ �������������������������������������������
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