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'LH�YRUOLHJHQGH�$UEHLW�HQWVWDQG�ZlKUHQG�PHLQHU�7lWLJNHLW�DOV�ZLVVHQVFKDIWOLFKHU�0LWDUEHLWHU

DP�,QVWLWXW�I�U�5RERWLN�XQG�6\VWHPG\QDPLN�GHV�'HXWVFKHQ�=HQWUXPV�I�U�/XIW��XQG�5DXPIDKUW

LQ�2EHUSIDIIHQKRIHQ�

0HLQHP� %HWUHXHU� 3URI�� 'U��,QJ�� %HUQ�5REHUW� +|KQ� GDQNH� LFK� I�U� VHLQH� ZRKOZROOHQGH� =X�

VDPPHQDUEHLW�XQG�WLHIJUHLIHQGH�IDFKOLFKH�%HWUHXXQJ��3URI��'U��,QJ��*HUG�+LU]LQJHU�I�U�VHLQH

IDFK�EHUJUHLIHQGH� )|UGHUXQJ�� 'LSO��,QJ�� -RKDQQHV� 'LHWULFK� XQG� 'LSO��,QJ�� %HUQG� *RPEHUW

OHJWHQ�GHQ�*UXQGVWRFN� I�U�GLHVH�$UEHLW�� DOV� VLH������GLH�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO� HU�

IDQGHQ�

%HVRQGHUHU�'DQN�JLOW�PHLQHQ�ZLVVHQVFKDIWOLFKHQ�%HUDWHUQ�'U��,QJ��.ODXV�-�UJHQ�0LFKDHOLV�I�U

VHLQH�ZHUWYROOHQ�+LQZHLVH�� VHLQH�GLUHNW�XPVHW]EDUHQ�$QUHJXQJHQ�� VRZLH� XPIDQJUHLFKHQ�/L�

WHUWXUKLQZHLVH�XQG�'U��,QJ��(OPDU�)LFNHU�I�U�VHLQH�%HUDWXQJ�EHL�GHQ�VSDQQXQJVRSWLVFKHQ�8Q�

WHUVXFKXQJHQ�

0HLQHQ�.ROOHJHQ�XQG�)UHXQGHQ�'LSO��,QJ��0DUWLQ�6SLHFN��'LSO��,QJ��0DWWKLDV�+lKQOH��'U��,QJ�

7KRPDV�.OLVFK�� 'LSO��,QJ�� ,QJR� 6FKDHIHU�� 'LSO��,QJ�� 8OULFK� +DJQ�� 'LSO��,QJ�� %HUWUDP�:LOO�

EHUJ��'LSO��,QJ��.ODXV� -|KO��'LSO��,QJ�� -RVHI�*DEHOEHUJHU��'LSO��,QJ��0DUF�=ROOHU��'LSO��,QJ�

$OLQ� $OEX�6FKlIIHU�� 'LSO��,QJ�� .RQUDG� 'LUVFKHUO�� 'LSO��,QJ�� 0DUNXV� *UHEHQVWHLQ�� 'U��,QJ�

7LOPDQ� %�QWH�� 'LSO��,QJ�� 1DLP� %DMFLQFD�� 'U��,QJ�� :ROIJDQJ� 5XOND�� 'LSO��,QJ�� :ROIJDQJ

7UDXWHQEHUJ�� 'LSO��,QJ�� $UPLQ� 9HLWO�� 'LSO��,QJ�� 5DOI� .RHSSH� XQG� 'LSO��,QJ�� -|UJ� %XWWHUID�

GDQNH�LFK�I�U�GLH�ZHUWYROOH�IDFKOLFKH�+LOIH�XQG�HUEDXOLFKH�=XVDPPHQDUEHLW�

6FKOLH�OLFK�P|FKWH�LFK�PHLQHQ�(OWHUQ�I�U�,KUH�XPIDVVHQGH�8QWHUVW�W]XQJ�GDQNHQ�

*UDIUDWK��LP�$SULO������ �����0DWWKLDV�%DOi]V
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$P�,QVWLWXW�I�U�5RERWLN�XQG�6\VWHPG\QDPLN�GHU�'/5�2EHUSIDIIHQKRIHQ�ZXUGH�YRU�HWZD�QHXQ

-DKUHQ� HLQ� QHXDUWLJHV�*HWULHEH� ]XU�8PVHW]XQJ� HLQHU�'UHKEHZHJXQJ� LQ� HLQH�9RUVFKXEEHZH�

JXQJ�HQWZLFNHOW��'DV�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO���NXU]�3:*���JHQDQQWH�5HLEXQJVJHWULH�

EH�XQWHUVFKHLGHW� VLFK�YRQ�EHNDQQWHQ�9RUVFKXEJHWULHEHQ�XQWHU� DQGHUHP�GDGXUFK��GD�� HV�YRQ

KRKHQ�$QWULHEVGUHK]DKOHQ�PLW�QLHGULJHP�0RPHQW�DXI�ODQJVDPH�9RUVFKXEEHZHJXQJHQ�KRKHU

.UDIW�ZDQGHOQ� NDQQ��0LW� KRKHQ� 6\VWHPVWHLJXQJHQ� DXVJHI�KUW� NDQQ� HV� DXFK� LQ� XPJHNHKUWHU

:HLVH�HLQJHVHW]W�ZHUGHQ��,Q�GHU�3:*�VLQG�JHULQJHU�%DXUDXPEHGDUI�XQG�HLQIDFKVWHU�PHFKDQL�

VFKHU�$XIEDX�PLW�/DXIUXKH� EHL� KRKHP�:LUNXQJVJUDG� YHUHLQW��'LHVH�(LJHQVFKDIWHQ� HU|IIQHQ

GHU�3:*�GLYHUVH�QHXH�$QZHQGXQJVIHOGHU��EHLVSLHOKDIW�VHL�KLHU�HLQ�PHFKDWURQLVFKHV�$QWULHEV�

V\VWHP�HUZlKQW��GHU�YROOLQWHJULHUWH�'/5�/LQHDUDNWXDWRU��EHVWHKHQG�DXV�3:*��(OHNWURPRWRU�

:HJPH�V\VWHP�XQG�$[LDONUDIWPHVVXQJ�

=LHO�GHU�YRUOLHJHQGHQ�$UEHLW�LVW�HV��GLH�3:*�DOV�*HVDPWV\VWHP�]X�EHVFKUHLEHQ��GLH�PHFKDQL�

VFKHQ�XQG�JHRPHWULVFKHQ�=XVDPPHQKlQJH�VLFKWEDU�]X�PDFKHQ�XQG�%HUHFKQXQJVPHWKRGHQ�I�U

$XVOHJXQJ�XQG�6LPXODWLRQ�EHUHLW]XVWHOOHQ��'D�GLH�3:*�ELVODQJ�QRFK�QLFKW�XQWHUVXFKW�ZXUGH�

ODJ�ELVODQJ�NHLQH�JUXQGOHJHQGH�%HVFKUHLEXQJ�YRU��KLHU�ZHUGHQ�GHVZHJHQ�QXU�GLH�ZLFKWLJVWHQ

7HLOSUREOHPH���VR�ZHLW�ZLH�P|JOLFK�YHUHLQIDFKW���GDUJHVWHOOW�

0XWWHU

3ODQHW

'LVWDQ]VFKHLEH

6SLQGHOVWDQJH

*URESURILO

)HLQSURILO

$EE�������6FKQLWWELOG�3:*�PLW�JHZLQGHIHLQSURILOLHUWHQ�3ODQHWHQ
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'LH�3:*�ZXUGH�VSH]LHOO�HQWZLFNHOW��XP�KRKH�$QWULHEVGUHK]DKOHQ�EHL�QLHGULJHP�0RPHQW�LQ

NUDIWYROOH�9RUVFKXEEHZHJXQJHQ�JHULQJHU�*HVFKZLQGLJNHLW�XP]XVHW]HQ��'LH�JHULQJHQ�6\VWHP�

*HVDPWVWHLJXQJHQ�ZHUGHQ�GXUFK�GLH�]ZHLIDFKH�3URILOLHUXQJ�GHU�3ODQHWHQ�HUP|JOLFKW��0LW�LKUHU

*URESURILOLHUXQJ� ZlO]HQ� GLH� 3ODQHWHQ� D[LDOIHVW� DXI� ULQJI|UPLJHQ� 6WHJHQ� LQ� GHU� 0XWWHU� DE�

hEHU�LKUH�)HLQSURILOLHUXQJ�JUHLIHQ�GLH�3ODQHWHQ�LQ�GLH�GD]X�SDVVHQG�SURILOLHUWH�6SLQGHOVWDQJH

HLQ��'LH�LQHLQDQGHUJUHLIHQGHQ�)HLQSURILOLHUXQJHQ�YRQ�3ODQHW�XQG�6SLQGHOVWDQJH�KDEHQ�JOHLFKH

7HLOXQJ�� 6LH� N|QQHQ� ZDKOZHLVH� DOV� *HZLQGH�5LOOHQ�� RGHU� *HZLQGH�*HZLQGH�.RPELQDWLRQ

DXVJHI�KUW�VHLQ��'LVWDQ]VFKHLEHQ��GLH�DXI�GHQ�]\OLQGULVFKHQ�(QGHQ�GHU�3ODQHWHQ�ODXIHQ��KDOWHQ

GLHVH�DXI�NRQVWDQWHP�$EVWDQG���VLHKH�$EE������

���� )XQNWLRQVSULQ]LS

'LH�%H]HLFKQXQJ�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO�HUJLEW�VLFK�DXV�GHU�9HUZDQGWVFKDIW�PLW�EH�

NDQQWHQ�0DVFKLQHQHOHPHQWHQ�

$EE�������9HUZDQGWVFKDIW�]X�DQGHUHQ�0DVFKLQHQHOHPHQWHQ

:LH�EHL�HLQHU�NRQYHQWLRQHOOHQ�9HUVFKUDXEXQJ�VHW]W�GLH�3:*�GXUFK�LKUH�*HZLQGHSURILOLHUXQJ

HLQH�'UHK��LQ�HLQH�9RUVFKXEEHZHJXQJ�XP��:LH�EHL�HLQHP�:lO]ODJHU�YHUPLQGHUQ�GDEHL�:lO]�

N|USHU�GLH�5HLEXQJ�]ZLVFKHQ�,QQHQULQJ�6SLQGHOVWDQJH�XQG�$X�HQULQJ�0XWWHU��bKQOLFK�HLQHP

3ODQHWHQJHWULHEH�VLQG�GLH�3ODQHWHQ�GHU�3:*�D[LDOIHVW� LQ�GHU�0XWWHU�JHI�KUW�XQG�XQWHUVHW]HQ

GLH� 'UHKEHZHJXQJ� YRQ� 6RQQH�6SLQGHOVWDQJH� JHJHQ�EHU� +RKOUDG�0XWWHU�� $QGHUV� DOV� EHLP

3ODQHWHQJHWULHEH�EHVLW]W�GLH�3:*�NHLQH�9HU]DKQXQJ�GLH�HLQ�NRQVWDQWHV�hEHUVHW]XQJVYHUKlOW�

:lO]ODJHU��9HUVFKUDXEXQJ���3ODQHWHQJHWULHEH

3ODQHWHQ�:lO]�*HZLQGHVSLQGHO
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QLV�JDUDQWLHUW��'LH�(OHPHQWH�GHU�3:*�ZlO]HQ�XQWHU�ODVW���GUHK]DKO��XQG�VWHLJXQJVDEKlQJLJHP

6FKOXSI�DXIHLQDQGHU�DE��ZREHL�GLH�.UDIW�EHUWUDJXQJ�GXUFK�HLQH�.RPELQDWLRQ�YRQ�5HLEVFKOX�

XQG�)RUPVFKOX��G�K��,QHLQDQGHUJUHLIHQ�GHU�(OHPHQWH�HUIROJW�

���� %HVRQGHUKHLWHQ�GHU�3:*

'LH�3:*�NDQQ�I�U�IDVW�EHOLHELJH�*HVDPWVWHLJXQJ�DXVJHOHJW�ZHUGHQ��ZHQQ�PDQ�GLH�:lO]NUHLV�

UDGLHQ� XQG� GLH� 6WHLJXQJHQ� VRZLH� GLH�*DQJ]DKOHQ� YRQ� 3ODQHWHQIHLQSURILO� XQG� 6SLQGHOVWDQJH

YHUlQGHUW��$EJHVHKHQ�YRQ�GLHVHU�NRQVWUXNWLY�YRUJHJHEHQHQ�WKHRUHWLVFKHQ�*HVDPWVWHLJXQJ��GLH

VLFK�LP�/HHUODXI�XQG�EHL�JHULQJHQ�/DVWHQ�HLQVWHOOW��NRPPW�HV�EHL�GHU�3:*��DEKlQJLJ�YRUUDQ�

JLJ� YRQ� GHU�/DVW�� ]X�$EZHLFKXQJHQ� YRQ� GLHVHU�6\VWHPVWHLJXQJ��'LHVH�$EZHLFKXQJHQ� VLQG�

ZLH� EHL� MHGHP� 5HLEJHWULHEH�� GDGXUFK� ]X� HUNOlUHQ�� GD�� K|KHUH� hEHUWUDJXQJVOHLVWXQJHQ� � PLW

K|KHUHP� 6FKOXSI� HLQKHUJHKHQ�� GHU� LP� ([WUHPIDOO� �EHUSURSRUWLRQDO� ]XQLPPW�� 1XW]EULQJHQG

XQG�JH]LHOW�NDQQ�GDV�$EVLQNHQ�GHU�*HVDPWVWHLJXQJ�XQWHU�KRKHU�%HODVWXQJ�]�%��DOV�hEHUODVW�

VFKXW]�EHL�)HQVWHUKHEHUDQWULHEHQ� HLQJHVHW]W�ZHUGHQ�� ,P�QRUPDOHQ�%HWULHEVEHUHLFK� GHU�3:*

QDFK�$EE������LVW�HLQ�GHILQLHUWHU�%HWUHLEVSXQNW�GHU�5HLESDDUXQJHQ�VLFKHUJHVWHOOW�

�

���

���

���

���

���

���

� ���� ��� ���� � ����
6FKOXSI�6

m

$EE�������5HLEZHUW�6FKOXSIGLDJUDPP�HLQHU�5HLESDDUXQJ��QDFK�>*���%LOG�����@

,P�9HUJOHLFK�]X�DQGHUHQ�9RUVFKXEJHWULHEHQ�EHVWLFKW�GLH�3:*�GXUFK�HLQIDFKHQ�PHFKDQLVFKHQ

$XIEDX��JHULQJHQ�%DXUDXPEHGDUI��NOHLQVWH�HU]LHOEDUH�*HVDPWVWHLJXQJHQ��KRKHQ�:LUNXQJVJUDG

XQG�UXKLJHQ�/DXI�EHL�K|FKVWHQ�'UHK]DKOHQ��'HPJHJHQ�EHU�VLQG�.XJHOXPODXIJHWULHEH�QXU�EHL

NOHLQHQ�ELV�PLWWOHUHQ�'UHK]DKOHQ�HLQVHW]EDU��GD�GLH�.XJHOQ�U�FNJHI�KUW�ZHUGHQ�P�VVHQ��5RO�

OHQJHZLQGHWULHEH� KDEHQ� ZHJHQ� GHU� HUIRUGHUOLFKHQ� 5ROOHQU�FNVHW]XQJ� HQWZHGHU� GDV� JOHLFKH

%HUHLFK�I�U�1RUPDOEHWULHE



��(LQOHLWXQJ �

3UREOHP�RGHU�P�VVHQ�PLW�HLQHU�]XVlW]OLFKHQ�9HU]DKQXQJ�]ZLVFKHQ�3ODQHWHQ�XQG�0XWWHU�YHU�

VHKHQ�ZHUGHQ��$OOH�lKQOLFKHQ�0DVFKLQHQHOHPHQWH�VLQG�PHFKDQLVFK�DXIZHQGLJHU�ZHVKDOE�GH�

UHQ� )HUWLJXQJV�� XQG� 0RQWDJHNRVWHQ� ZHVHQWOLFK� K|KHU� OLHJHQ� DOV� EHL� HLQHU� YHUJOHLFKEDUHQ

3:*�� =XGHP� VW|�W� GLH� 3:*� LQ� %HUHLFKH� NOHLQHU� *HVDPWVWHLJXQJHQ� YRU�� GLH� DQGHUHQ� YHU�

OXVWDUPHQ� 9RUVFKXEJHWULHEHQ� YHUZHKUW� EOHLEHQ� �6RQGHUIDOO�� 'LIIHUHQWLDOVFKUDXEH��� GD� GHUHQ

5ROON|USHU� PLW� GHU� VHOEHQ� 3URILOLHUXQJ� LQ� 0XWWHU� XQG� 6SLQGHOVWDQJH� HLQJUHLIHQ�� ZRGXUFK

PHKUJlQJLJH� 6SLQGHOVWDQJHQ� QRWZHQGLJ�ZHUGHQ�� GLH� VR� YLHOH�*lQJH� KDEHQ�ZLH� GDV� 6\VWHP

3ODQHWHQ�EHVLW]W�XQG�GHUHQ�3URILOLHUXQJ�QLFKW�EHOLHELJ�IHLQ�DXVJHI�KUW�ZHUGHQ�NDQQ�

���� 0RGHOOELOGXQJ�XQG�%HUHFKQXQJ

,P�/DXIYHUKDOWHQ�GHU�3:*� WUHWHQ�XQHUZDUWHWH�3KlQRPHQH�DXI�� GHUHQ�8UVDFKHQ� QLFKW� RIIHQ�

VLFKWOLFK�VLQG��8P�LQ�DOOHQ�%HWULHEV]XVWlQGHQ�VLFKHUH�)XQNWLRQ�]X�HU]LHOHQ��EHGDUI�HV�GHU�(QW�

ZLFNOXQJ�JHHLJQHWHU�%HUHFKQXQJVYHUIDKUHQ�XQG�GHU�(UPLWWOXQJ�DXVOHJXQJVUHOHYDQWHU�3URSRU�

WLRQLHUXQJVNULWHULHQ�� 'LH� JHRPHWULVFKHQ� )DNWRUHQ� /lQJH�� 'XUFKPHVVHU�� )ODQNHQJHRPHWULH

VRZLH�.RQWDNW]DKO�XQG�.RQWDNWYHUWHLOXQJ�EHVWLPPHQ�]XVDPPHQ�PLW�GHU�:HUNVWRIIZDKO�XQG

JJI�� GHU� 2EHUIOlFKHQYHUIHVWLJXQJ� GLH� 7UDJIlKLJNHLW� XQG� ZLUNHQ� VLFK� DXI� GDV� /DXIYHUKDOWHQ�

GHQ�6FKOXSI�XQG�GHQ�:LUNXQJVJUDG�GHU�3:*�DXV�

8P�GLH�=XVDPPHQKlQJH�YHUVWHKHQ�]X�N|QQHQ��ZHUGHQ�EHNDQQWH�0HWKRGHQ�GHU�*HWULHEHDQDO\�

VH�XQG��PRGHOOLHUXQJ�DXI�GLH�3:*��EHUWUDJHQ�XQG��ZR�HUIRUGHUOLFK��HUZHLWHUW��'LH�VSH]LHOOH

0RGHOOELOGXQJ�I�U�GLH�3:*�EDVLHUW�DXI�

− 'HU� VWDWLVFKHQ� %HVFKUHLEXQJ� GHV� (LQ]HONRQWDNWHV�� LQ� GHU� )ODQNHQZLQNHO�� %DOOLJNHLWHQ�

.U�PPXQJHQ�XQG�$FKVDEVWlQGH�YRUZLHJHQG�LQ�GLH�%HUHFKQXQJ�GHU�'UXFNYHUWHLOXQJ�LQ�GHU

.RQWDNWIOlFKH� XQG� GHU� VLFK� GDUDXV� HUJHEHQGHQ� NRQWDNWQDKHQ� 6SDQQXQJVYHUWHLOXQJ� LP

:HUNVWRII�HLQJHKHQ�

− 'HU�G\QDPLVFKHQ�%HVFKUHLEXQJ�GHV�(LQ]HONRQWDNWHV��GLH�VLFK�YRUZLHJHQG�PLW�GHQ�'UHKJH�

VFKZLQGLJNHLWHQ�GHU�3:*�(OHPHQWH�XQG�GHP�*HVFKZLQGLJNHLWVIHOG� LQ�GHU�.RQWDNWIOlFKH

EHID�W�

− 'HU�DQDO\WLVFKHQ�%HWUDFKWXQJ�GHV�*HVDPWV\VWHPV�3:*��GLH�VRZRKO�GLH�)UHLKHLWVJUDGH� LQ

GHU�3:*��DOV�DXFK�GLH�:HFKVHOZLUNXQJHQ�GHU�(OHPHQWH�EHVFKUHLEW

− 8QG�� GDUDXV� ]XVDPPHQJHVHW]W�� GHU� 0HKUN|USHU�6\VWHP�0RGHOOLHUXQJ� ]XU� QXPHULVFKHQ

%HUHFKQXQJ�GHV�*HVDPWV\VWHPV��GLH�GDV�/DXIYHUKDOWHQ�GHWDLOJHWUHX�ZLHGHUJLEW�



��(LQOHLWXQJ �

(UJlQ]HQG�ZXUGHQ�9HUVXFKH�GXUFKJHI�KUW��XP�GLH�*�OWLJNHLW�GHU�0RGHOOELOGXQJ�]X��EHUSU��

IHQ�XQG�GLH�%HUHFKQXQJVHUJHEQLVVH�]X�EHZHUWHQ�

'LH�QXPHULVFKH�0RGHOOLHUXQJ�GHU�3:*�DOV�*HVDPWV\VWHP�LQ�%HZHJXQJ�XQWHU�/DVW�HUIRUGHUW

HLQHQ�EHVRQGHUHQ�$XIEDX�GHV�0HKUN|USHUV\VWHPV��0.6���GD�GLH�(OHPHQWH�QLFKW�VWDUU�]XHLQ�

DQGHU�JHI�KUW�VLQG�XQG�GDPLW�YHUlQGHUOLFKH�UlXPOLFKH�/DJHQ�HLQQHKPHQ�N|QQHQ��=XGHP�VWH�

KHQ�EHUHLWV�EHL�GHQ�HLQIDFKVWHQ�$XVI�KUXQJVIRUPHQ�GHU�3:*�PHKU�DOV�����.RQWDNWVWHOOHQ�LQ

(LQJULII��ZRUDXV�VLFK�HLQ�VWDWLVFK��EHUEHVWLPPWHV�6\VWHP�LQ�YHUlQGHUOLFKHQ�*OHLFKJHZLFKWVOD�

JHQ�HUJLEW��(V�ZHUGHQ�QLFKW�DOOH�.RQWDNWH�HLQ]HOQ�EHVFKULHEHQ��VRQGHUQ�VHSDUDW�I�U�MHGHV�(OH�

PHQW�HLQH�.UlIWH��XQG�0RPHQWHQELODQ]�DXIJHVWHOOW��GLH�]XU�%HUHFKQXQJ�GHU�DQGHUHQ�(OHPHQWH

DQ�GDV�]HQWUDOH�0.6�3URJUDPP��EHUJHEHQ�ZLUG�

'LH� 0.6�0RGHOOLHUXQJ� EHVFKUHLEW� XQWHU� ]XOlVVLJHQ� 9HUHLQIDFKXQJHQ� GDV� *HVDPWYHUKDOWHQ

XQG�GLH�ZHVHQWOLFKHQ�3KlQRPHQH�KLQUHLFKHQG�JHQDX��'LH�(OHPHQWH�GHU�3:*�ZHUGHQ�GDI�U�DOV

6WDUUN|USHU�PLW�YROOVWlQGLJHU�*HRPHWULH�XQG�HODVWLVFKHQ�.RQWDNWHQ�PRGHOOLHUW�

(V�ZXUGH� VRZRKO� HLQH�3:*�%DXDUW�PLW� UHLQ� ULOOHQSURILOLHUWHQ�3ODQHWHQ�� DOV� DXFK� HLQH�3:*

PLW�JHZLQGHIHLQSURILOLHUWHQ�3ODQHWHQ� DOV�0.6�DXIJHEDXW�XQG� EHUHFKQHW�� XP�GHQ�)XQNWLRQV�

QDFKZHLV�I�U�GLH�6LPXODWLRQ�]X�OLHIHUQ�

���� (UJHEQLVVH

$OV�(UJHEQLVVH�OLHJHQ�YRU�

− 'LH�DQDO\WLVFKH�%HVFKUHLEXQJ�GHU�3:*�LQ�7HLOSKlQRPHQHQ�

− 'DV� 3:*�$XVOHJXQJVSURJUDPP�� GDV� GLH� 7UDJIlKLJNHLW� XQG� GLH� HUIRUGHUOLFKHQ� +DXSWDE�

PHVVXQJHQ�DXV�GHQ�9RUJDEHQ�/DVW��$QWULHEVPRPHQW�XQG�3URILOIRUP�DQJLEW�

− (LQ�0.6�3URJUDPP�]XU�%HUHFKQXQJ�GHV�/DXIYHUKDOWHQV�GHU�3:*��LQ�GHP�DOV�3DUDPHWHU

IROJHQGH�+DXSWHLQIOX�IDNWRUHQ�YDULLHUW�ZHUGHQ�N|QQHQ�

��/lQJH��'XUFKPHVVHU��)ODQNHQSURILO�

��3URILOYHUWHLOXQJ�

��$Q]DKO�XQG�$QRUGQXQJ�GHU�.RQWDNWSXQNWH�

��)HUWLJXQJVWROHUDQ]HQ�

��:HUNVWRII�

'LH�GXUFK�$QZHQGXQJ�GLHVHU�:HUN]HXJH�HUP|JOLFKWH�DQDO\WLVFKH�XQG� UHFKQHUJHVW�W]H�2SWL�

PLHUXQJ�YHUN�U]W�GLH�(QWZLFNOXQJV]HLW�QHXHU�3:*�7\SHQ��VHQNW�GLH�.RVWHQ� LQ�GHU�9RUVHULH

XQG�YHUEHVVHUW�GDV�/DXIYHUKDOWHQ�XQG�GLH�4XDOLWlW�GHU�3:*�



��(LQVDW]JHELHWH��$QZHQGXQJHQ �

�� (LQVDW]JHELHWH��$QZHQGXQJHQ

(UIXQGHQ�ZXUGH�GLH�3:*�YRQ�'LHWULFK�XQG�*RPEHUW�>'�@��XP�GLH�$QIRUGHUXQJHQ�]X�HUI�OOHQ�

GLH� DQ� GHQ� PXOWLVHQVRULHOOHQ� 5RERWHU�*UHLIHU� GHV� :HOWUDXP�� 52ERWHU�7HFKQRORJLH�

(;SHULPHQWHV�527(;�JHVWHOOW�ZXUGHQ��8P�PLW�GLHVHP�=ZHLILQJHU�*UHLIHU�6FKOLH���XQG�gII�

QXQJVNUlIWH� YRQ� �EHU� ���1� DXV�EHQ� ]X� N|QQHQ�� PX�WH� HLQ� (OHNWURPRWRU� KRKHU� /HLVWXQJV�

GLFKWH�HLQJHVHW]W�ZHUGHQ��GHU� I�U�VFKQHOOH�*UHLIYRUJlQJH�DXFK�PLW�KRKHQ�'UHK]DKOHQ�EHWULH�

EHQ�ZLUG��8P�SUl]LVH�SRVLWLRQLHUHQ�]X�N|QQHQ��ZDU�HLQ�OHLFKWEDXHQGHV��NOHLQHV�*HWULHEH�PLW

H[WUHPHU� 8QWHUVHW]XQJ� XQG� KRKHP�:LUNXQJVJUDG� JHIRUGHUW�� 'LHVH� $QIRUGHUXQJHQ� NRQQWHQ

YRQ�HLQHU�3:*�PLW�UHLQ�ULOOHQSURILOLHUWHQ�3ODQHWHQ�HUI�OOW�ZHUGHQ��6LH�ZXUGH�LP�5DKPHQ�YRQ

527(;�ZlKUHQG�GHU�'��6SDFHODE�0LVVLRQ������HUIROJUHLFK�HLQJHVHW]W�

$EE�������'/5�527(;�*UHLIHU�PLW�3:*�DOV�.HUQVW�FN��527(;�3:*

(UPXWLJW�YRQ�GHQ�JXWHQ�(UIDKUXQJHQ�DXV�]DKOUHLFKHQ�7HVWV�ZLH�5�WWHOYHUVXFKHQ��hEHUODVWOlX�

IHQ�XQG�MDKUHODQJHQ�/DERUYHUVXFKHQ�HQWVWDQG�DXV�GLHVHU�3:*�HLQH�PD�VWlEOLFK�YHUNOHLQHUWH

$XVI�KUXQJ��6LH�LVW�PLW�GHP�5RWRU�HLQHV�+RKOZHOOHQ�(OHNWURPRWRUV�]X�HLQHU�(LQKHLW�YHUEXQ�

GHQ�� GLH�PLW� GHU� YROOVWlQGLJHQ�/DJHUXQJ� LQ� HLQHP� JHPHLQVDPHQ�*HKlXVH� XQWHUJHEUDFKW� LVW�

'LHVHV� HOHNWURPHFKDQLVFKH� 6WHOOJOLHG�� GHVVHQ� +DXSWPD�H� ��PP� 'XUFKPHVVHU� XQG� ��� PP

/lQJH�VLQG��HU]HXJW�.UlIWH�ELV��EHU����1�



��(LQVDW]JHELHWH��$QZHQGXQJHQ �

.XJHOODJHU 6SLQGHOPXWWHU

���5RWRU

���6WDWRU

6SLQGHOVWDQJH 3ODQHWHQUROOH

$EE�������'/5�/LQHDUDNWRU�DOV�.RPELQDWLRQ�YRQ�3:*�XQG�+RKOZHOOHQ�(OHNWURPRWRU

'HU� JHULQJH� %DXUDXPEHGDUI� XQG� GLH� H[WUHP� KRKH� /HLVWXQJVGLFKWH� GLHVHV� $QWULHEHV� I�KUWHQ

GD]X��GD��HLQH�QHXH�*HQHUDWLRQ�HOHNWURPHFKDQLVFKHU�5RERWHU�*UHLIKlQGH�YHUZLUNOLFKW�ZHUGHQ

NRQQWH�

%HL�GHU�'/5�9LHUILQJHUKDQG�VLQG�]Z|OI�$QWULHEH�LQ�GHQ�)LQJHUQ�VHOEVW�E]Z��GHU�+DQGZXU]HO

LQWHJULHUW��'LH�NRPSDNWH�%DXIRUP�GHU�/LQHDUHLQKHLWHQ�Ol�W�DXVUHLFKHQG�YLHO�3ODW]��XP�GLYHUVH

6HQVRUHQ�LQ�GHQ�)LQJHUQ�]X� LQWHJULHUHQ��0LW�HWZD�����VHSDUDWHQ�6HQVRUHQ�N|QQHQ�X�D�� LQ� MH�

GHP�*HOHQN�:LQNHO�XQG�0RPHQW�JHPHVVHQ�ZHUGHQ�VRZLH�0RWRUWHPSHUDWXUHQ�HUID�W�ZHUGHQ�



��(LQVDW]JHELHWH��$QZHQGXQJHQ �

$EE�������'/5�9LHUILQJHUKDQG

,P� QlFKVWHQ� 6FKULWW�ZXUGH� LQ� GHQ�'/5�/LQHDUDNWXDWRU� HLQ�:HJ�� XQG�.UDIWPH�V\VWHP� LQWH�

JULHUW��0LW�GLHVHU�PHFKDWURQLVFKHQ�*HVDPWO|VXQJ�NRQQWHQ�ZHLWHUH�(LQVDW]JHELHWH�HUVFKORVVHQ

ZHUGHQ�

$EE�������'/5�/LQHDUDNWXDWRU�PLW�YROO�LQWHJULHUWHP�.UDIW��XQG�:HJPH�V\VWHP

3RVLWLRQV� 3:*� ����3:*� �������3:*�
VHQVRU 0XWWHU ����3ODQHWHQ�����6WDWRU 5RWRU ������.UDIWVHQVRU������6SLQGHOVWDQJH



��(LQVDW]JHELHWH��$QZHQGXQJHQ �

$XFK� DX�HUKDOE� UHLQ� ZLVVHQVFKDIWOLFKHU� $QZHQGXQJHQ� VW|�W� GLH� 3:*� LQ� .HUQJHELHWH� EH�

NDQQWHU�/LQHDUDNWRUHQ�YRU��%HLVSLHOVZHLVH�ZHUGHQ� LQ�GHU�$XWRPRELOWHFKQLN� LPPHU�PHKU�K\�

GUDXOLVFKH� 6\VWHPH� GXUFK� HOHNWURPHFKDQLVFKH� 6WHOOJOLHGHU� HUVHW]W�� (UVW� GLH� KRKH� /HLVWXQJV�

GLFKWH�GHU�'/5�3:*�HUP|JOLFKW�GHQ�(LQVDW]� HLQHV� HOHNWURPHFKDQLVFKHQ�6WHOOJOLHGHV� LQ�GHU

3.:�%UHPVH��'LH�DXIZHQGLJH�+\GUDXOLN�ZLUG�NRPSOHWW�GXUFK�HLQH�VFKQHOO�XQG�HLQIDFK�UHJHO�

EDUH� 3:*�(OHNWURPRWRUNRPELQDWLRQ� HUVHW]W�� 'LHVH� QHXH� Ä%UDNH�E\�:LUH�7HFKQRORJLH³� LVW

EHUHLWV�LQ�HLQHP�HUVWHQ�9HUVXFKVIDKU]HXJ�DXI�GHU�7HVWVWUHFNH�XQWHUZHJV�

$EE�������(OHNWURPHFKDQLVFKH�3.:�%UHPVH�I�U�GHQ�Ä%UDNH�E\�:LUH³�(LQVDW]



��*UXQGODJHQ ��

�� *UXQGODJHQ

���� :lO]NUHLVH�XQG�*HVFKZLQGLJNHLWVGLDJUDPP

'LH�3ODQHWHQ�UROOHQ�LQ�GHU�GUHKIHVWHQ�0XWWHU�DE��VLH�EHZHJHQ�VLFK�LQ�8PIDQJVULFKWXQJ��ZHQQ

VLH�YRQ�GHU�6SLQGHOVWDQJH�DQJHWULHEHQ�ZHUGHQ��'DEHL�ELOGHQ�GLH�3ODQHWHQ�I�U�GLH�6SLQGHOVWDQ�

JH�HLQH�0XWWHU�QDFK��'XUFK�GLH�'UHKXQJ�GHU�3ODQHWHQ�XP�LKUH�HLJHQHQ�$FKVHQ�GUHKW�VLFK�GLHVH

Ä(UVDW]PXWWHU³� XP� GLH� 6SLQGHOVWDQJH�� 'DGXUFK� ZLUG� GLH� 6WHLJXQJ� GHU� 6SLQGHOVWDQJH� �EHU�

RGHU�XQWHUVHW]W��'LH�*HVDPWVWHLJXQJ�3*(6��GHU�3:*�LVW�QRUPDOHUZHLVH�QLFKW�LGHQWLVFK�PLW�GHU

*HZLQGHVWHLJXQJ�36�GHU�6SLQGHOVWDQJH��$XI�GLH�LQ�$EE������GDUJHVWHOOWHQ�:lO]NUHLVGXUFKPHV�

VHU�G�EH]LHKHQ�VLFK�GLH�%HUHFKQXQJHQ�LQ�GHQ�IROJHQGHQ�$EVFKQLWWHQ��LQ�GHQHQ�]XGHP�GLH�UHDO

VFKOXSIEHKDIWHWH�hEHUWUDJXQJ�YHUHLQIDFKW�DOV�LGHDO�VFKOXSIIUHL�EHWUDFKWHW�ZLUG�

G G G
G

$EE�������:lO]NUHLVGXUFKPHVVHU�GHU�3:*

'DV�YHUHLQIDFKWH�*HVFKZLQGLJNHLWVGLDJUDPP�GHU�3:*���$EE���������lKQHOW�GHP�HLQHV�3ODQH�

WHQJHWULHEHV�� HV� XQWHUVFKHLGHW� VLFK� GDYRQ� DEHU� GXUFK� GLH� ]ZHL� XQWHUVFKLHGOLFKHQ�:lO]NUHLV�

GXUFKPHVVHU�G30�XQG�G36�GHV�3ODQHWHQ��GHU�3ODQHWHQVDW]�OlXIW�GHVZHJHQ�QLFKW�PLW�
Y
6

�
�XP�GLH

6SLQGHOVWDQJH�



��*UXQGODJHQ ��

$EE�������*HVFKZLQGLJNHLWVGLDJUDPP�GHU�3:*

'LH�+HUOHLWXQJ�GHU�*HVDPWVWHLJXQJ�3*(6�GHU�3:*�NDQQ��DQJHOHKQW�DQ�GLH�%HVFKUHLEXQJ�YRQ

8PODXIJHWULHEHQ�QDFK�:,//,6��DXV�GHU�hEHUODJHUXQJ�YRQ�GUHL�7HLOEHZHJXQJHQ�JUDILVFK�HU�

IROJHQ��ZDV�KLHU�I�U�GLH�3:*�PLW�5LOOHQSURILO��*HZLQGHEDXDUWHQ���VLHKH��������DXIJH]HLJW�LVW�

− $ 5HODWLYEHZHJXQJ�YRQ�6SLQGHOVWDQJH�XQG�0XWWHU�EHL�VWHKHQGHP�3ODQHWHQVDW]�

− % )HVW�JHNXSSHOWH�'UHKXQJ�DOOHU�(OHPHQWH�XP�GLH�$FKVH�GHU�6SLQGHOVWDQJH�

− & $GGLWLYH�6XSHUSRVLWLRQ�YRQ�)DOO�$�XQG�%�XQG�%HUHFKQXQJ�GHU�*HVDPWVWHLJXQJ�DXV

GHP�JHQXW]WHQ�6WHLJXQJVDQWHLO��G�K��6SLQGHOVWDQJHQVWHLJXQJ�EH]RJHQ�DXI�8PODXIZHJ�

$���'LH�6SLQGHOVWDQJH�GUHKW�VLFK�PLW�ϖ
6�

�,QGH[���

'HU�3ODQHWHQWUlJHU�VWHKW�VWLOO� Y
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��*UXQGODJHQ ��

%���$OOH�(OHPHQWH�GHU�3:*�GUHKHQ�VLFK�VWDUU�JHNRSSHOW�PLW�JOHLFKHU�'UHKJHVFKZLQGLJ�

NHLW�LP�JOHLFKHQ�'UHKVLQQ�XP�GLH�$FKVH�YRQ�0XWWHU�XQG�6SLQGHOVWDQJH��,QGH[���
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ZLUNHQ�� ,Q� GLHVHQ� XQG� QHXHUHQ� 8QWHUVXFKXQJHQ� ZXUGH� DXI� GLH� WHFKQLVFK� ZLFKWLJVWHQ� .RQ�

WDNWDUWHQ�/LQLHQEHU�KUXQJ�XQG�3XQNWNRQWDNW�PLW�HOOLSWLVFKHU�%HU�KUIOlFKH�HLQJHJDQJHQ�

'LH�*U|�H�XQG�)RUP��+DOEDFKVHQOlQJHQ�XQG�$XVULFKWXQJ��GHU�.RQWDNWIOlFKH�HUJLEW�VLFK�DXV

GHU�%HODVWXQJ��EHU�GLH�JHRPHWULH��XQG�PDWHULDOVSH]LILVFKH�.RQWDNWVWHLILJNHLW��.U�PPXQJVUD�

GLHQ�XQG�(ODVWL]LWlWVPRGXOL��

.|USHU��

.|USHU��

+HUW]
VFKH�.RQWDNWHOOLSVH

1RUPDOVSDQQXQJVYHUWHLOXQJ
�1RUPDOVSDQQXQJVHOOLSVRLG�

$EE�������(OOLSWLVFKH�'UXFNYHUWHLOXQJ��EHU�HOOLSWLVFKHU�.RQWDNWIOlFKH

'LH�+(57=�VFKH�7KHRULH�LVW�QDFK�)g33/�ELV�LQ�GHQ�%HUHLFK�SODVWLVFKHU�9HUIRUPXQJ�XQG�QDFK

6&+287(1�>6���6�@�DXFK�LP�YRUOLHJHQGHQ�)DOOH��EHUODJHUWHU�7DQJHQWLDONUDIW�EHUWUDJXQJ�J�O�
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WLJ��'LH� �EHUWUDJHQH� 7DQJHQWLDONUDIW� XQG� GDV� �EHUWUDJHQH�%RKUPRPHQW� HUKlOW�PDQ� DXV� GHP

'UXFN��XQG�*HVFKZLQGLJNHLWVIHOG�GHU�.RQWDNWIOlFKH��/XW]�>/��/�@�EHVFKULHE�LQ�VHLQHU�:lO]�

JHWULHEHWKHRULH� DOV� HUVWHU� GLH�=XVDPPHQKlQJH� I�U� NUHLVUXQGH�.RQWDNWIOlFKHQ��:HUQLW]� >:��

:�@�XQG�0DD��>0�@�HUDUEHLWHWHQ��DXI�GLHVHP�$QVDW]�DXIEDXHQG��GLH�(UZHLWHUXQJ�YRQ�NUHLV�

UXQGHQ�]X� HOOLSWLVFKHQ�XQG� UHFKWHFNLJHQ�.RQWDNWIOlFKHQ��0lJL� >0�@�JDE� HLQH�%HUHFKQXQJV�

PHWKRGH� I�U�'UHKSROH� DQ�� GLH�QLFKW� DXI� GHQ�+DXSWDFKVULFKWXQJHQ� GHU�.RQWDNWHOOLSVH� OLHJHQ�

6LHKH�GD]X�DXFK�$QKDQJ������

6FKPLHUXQJ

1HEHQ�GHU�.RQWDNWIRUP�LVW�GLH�$UW�GHU�6FKPLHUXQJ�LP�.RQWDNW�EHGHXWHQG��GLH�ZLHGHUXP�YRP

*HVFKZLQGLJNHLWV]XVWDQG�EHHLQIOX�W�ZLUG��,Q�DOOHQ�.RQWDNWHQ�GHU�3:*�WULWW�:lO]JOHLWHQ�DXI�

5ROOUHLEXQJ�LVW�QLFKW�YRU]XILQGHQ�

1RUPDOHUZHLVH�ZLUG�GLH�3:*�PLW�)HWW�JHVFKPLHUW� �$XVQDKPH� WURFNHQ� ODXIHQGH�.XQVWVWRII�

/RZ�&RVW�3:*�� GLH� QXU� GXUFK�9HUXQUHLQLJXQJHQ� ÄJHVFKPLHUW³� LVW��� 'HVKDOE� EHJLQQW� VFKRQ

EHL�NOHLQHQ�*HVFKZLQGLJNHLWHQ�0LVFKUHLEXQJ��EHL�KRKHQ�*HVFKZLQGLJNHLWHQ�NDQQ�DXFK�)O�V�

VLJNHLWVUHLEXQJ�DXIWUHWHQ��,P�OHW]WJHQDQQWHQ�)DOO�LVW�QHEHQ�GHU�.RQWDNWIRUP�XQG�GHP�5HLEZHUW

QRFK� GLH� QLFKWHOOLSWLVFKH�'UXFNYHUWHLOXQJ� QDFK� GHU� HODVWRK\GURG\QDPLVFKHQ� 7KHRULH� �(+'�

]X�EHU�FNVLFKWLJHQ��'LH�YRUOLHJHQGHQ�8QWHUVXFKXQJHQ�]X�GLHVHP�7KHPD�YRQ�6&+287(1�>6�@�

%g51(&.(� >%�@��*$**(50(,(5� >*�@��*(83(/� >*�@��%5h6(5� >%�@��1,(0$11� >1�@�:,17(5

>:���:�@� XQG� DQGHUHQ� EHIDVVHQ� VLFK� HQWZHGHU� YRUUDQJLJ� PLW� GHP� /LQLHQNRQWDNW� RGHU� GHU

$XVZLUNXQJ�GHU�'LIIHUHQ]��XQG�6XPPHQJHVFKZLQGLJNHLWHQ�E]Z��GHU�*HVFKZLQGLJNHLWVIHOGHU

LQ�GHU�.RQWDNWIOlFKH�DXI�GLH�+|KH�GHV�5HLEZHUWHV�

'LH� NRQWDNWQDKH� :HUNVWRIIEHDQVSUXFKXQJ� DOV� (UJHEQLV� YRQ� 1RUPDO�� XQG� 7DQJHQWLDOVSDQ�

QXQJVYHUWHLOXQJ�� YRQ� 7HPSHUDWXUVSDQQXQJHQ� XQG� HODVWLVFKHU� 9HUIRUPXQJ� QDFK� GHU� (+'�

7KHRULH�VLQG�GDULQ�I�U�HOOLSWLVFKH�.RQWDNWIOlFKHQ�QLFKW�QlKHU�DXVJHZHUWHW�ZRUGHQ�

������ .HQQWQLVVWDQG�EHL�GHU�3:*

%HL�GHU�3:*�VLQG�GLH�DEKlQJLJ�YRP�%HWULHEV]XVWDQG�DXIWUHWHQGHQ�5HLEZHUWH�QRFK�QLFKW�HLQ�

GHXWLJ�EHNDQQW��GD�LP�3U�IVWDQG���VLHKH�.DSLWHO�������QXU�0LWWHOZHUWH��EHU�HLQHQ�JU|�HUHQ�9HU�

IDKUZHJ�PH�EDU� VLQG��=XGHP� LVW�GHU�5HLEZHUW� LQ�GHU�3UD[LV�QLFKW�NRQVWDQW��1DFK�DNWXHOOHP

.HQQWQLV��XQG�(UIDKUXQJVVWDQG�VLQG�EHL�GHU�3:*�MH�QDFK�0DWHULDO��6FKPLHU]XVWDQG��/DVW�XQG

'UHK]DKO�5HLEZHUWH�]ZLVFKHQ�HWZD������XQG�����DQ]XWUHIIHQ�
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������ 9HUHLQIDFKXQJHQ�EHL�GHU�%HWUDFKWXQJ�GHU�3:*

'LH�5HLEZHUW�6WUHXEUHLWH�LVW�EHUHLWV��DEKlQJLJ�YRQ�/DVW�XQG�'UHK]DKO��EHL�GHU�VHOEHQ�3:*�VR

JUR�� �)HVWN|USHUUHLEXQJ�EHLP�$QODXI� XQWHU� KRKHU� /DVW� ELV� ]XU� (+'�6FKPLHUXQJ� EHL� KRKHQ

'UHK]DKOHQ���GD��IROJHQGH�9HUHLQIDFKXQJHQ�VLQQYROO�XQG�]XOlVVLJ�VFKHLQHQ�

− %HWUDFKWXQJ�DQJHOHKQW�DQ�GLH�6SDQQXQJVYHUWHLOXQJ�EHLP�/LQLHQNRQWDNW��GD�EHL�LKP��DQGHUV

DOV� EHLP� 3XQNWNRQWDNW�� GDV� 6FKXEVSDQQXQJVPD[LPXP� DXFK� XQWHU� GHU� 2EHUIOlFKH� OLHJHQ

NDQQ��ZDV�HLQH�K|KHUH�:HUNVWRIIEHODVWXQJ�EHGHXWHW���VLHKH�$EE������

− $QJDEH�HLQHV�JOREDOHQ�6LFKHUKHLWVIDNWRUV�]XP�6FKXW]�YRU�5L���XQG�*U�EFKHQELOGXQJ��GHU

GLH� HUK|KWH�:HUNVWRIIEHDQVSUXFKXQJ� JHJHQ�EHU� GHP� )DOO� UHLQHU�1RUPDOODVW� QDFK�+(57=

DXVJOHLFKW�

− %HU�FNVLFKWLJXQJ�GHU�XQJ�QVWLJVWHQ� LP�%HWULHE�DXIWUHWHQGHQ�%HODVWXQJHQ�]XU�$QJDEH�GHU

HUIRUGHUOLFKHQ�(LQKlUWHWLHIH�XQG�GHV�J�QVWLJVWHQ�+lUWHYHUODXIHV�

$EE�������6FKXEVSDQQXQJVPD[LPXP�XQWHU�GHU�2EHUIOlFKH�EHL�/LQLHQNRQWDNW�>0�@

������ 9HUJOHLFKVZHUWH

,Q�GHQ�Ä*UXQGODJHQYHUVXFKHQ�]XU�(UPLWWOXQJ�GHU�ULFKWLJHQ�(LQKlUWHWLHIH�EHL�:lO]��XQG�%LHJH�

EHDQVSUXFKXQJ³� >%�@� VLQG� lKQOLFKH� (UJHEQLVVH� ZLH� EHL� 6&+287(1� >6�@� RGHU� LP� ,1$�

7$6&+(1%8&+�>,�@�]X�ILQGHQ�

,Q�7DEHOOH����� VLQG� I�U�GHQ�/LQLHQNRQWDNW�XQG�YHUVFKLHGHQH�]XJUXQGHJHOHJWH�6FKPLHUGUXFN�

YHUWHLOXQJHQ��QDFK�+(57=�E]Z��PLW�(+'�'UXFNVSLW]H�PLW� S S
+PD[

�= ⋅�� ��GLH�*U|�HQ�GHU�PD�
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[LPDOHQ�6FKXEVSDQQXQJHQ�E]Z��9HUJOHLFKVVSDQQXQJHQ�XQG�GHUHQ�7LHIHQODJH� I�U�%HZHJXQJ

RKQH�/HLVWXQJV�EHUWUDJXQJ��µ = � ��XQG�I�U�HLQHQ�KRKHQ�5HLEZHUW��µ = ���� ��WDEHOODULVFK�DXI�

JHI�KUW�

/LQLHQEHU�KUXQJ�PLW

S
1
PP+

= ����
�

UHLQH

1RUPDO�

ODVW

1RUPDOODVW

XQG�7DQ�

JHQWLDOODVW

1RUPDO�

��7DQ�

JHQWLDOO�

UHLQH

1RUPDO�

ODVW

1RUPDO�

��7DQ�

JHQWLDOO�

'UXFNSURILO�QDFK�7KHRULH +(57= +(57= +(57= (+' (+'

5HLEZHUW�µ � ���� ���� � ����

0D[��6FKXEVSDQQXQJ�τ
PD[

��>
1
PP�

@ ��� ��� ��� ���

7LHIH�YRQ�τ
PD[

��D� �.RQWDNWOlQJH� �����D ����D ����D ��D

9HUJOHLFKVVSDQQXQJ�σ
Y
�>

1
PP�

@ ����ELV���� FD������

7LHIH�YRQ�σ
Y
��E� �.RQWDNWEUHLWH�

�����E�ELV

�����E
��E ��E

6SDQQXQJV�EHUK|KXQJ�JHJHQ�EHU

UHLQHU�1RUPDOODVW��)DNWRU�
� ���� FD����� � ����

7DEHOOH������0D[LPDOH�:HUNVWRIIEHDQVSUXFKXQJ�XQWHU�GHU�.RQWDNWIOlFKH���YJO��$EE�����

,Q�GHU�JUDILVFKHQ�'DUVWHOOXQJ�$EE������QDFK� >%�@� VLHKW�PDQ�GLH�XQWHUVFKLHGOLFKH�7LHIHQODJH

XQG�+|KH�GHU�PD[LPDOHQ�6FKXEVSDQQXQJ�I�U�XQWHUVFKLHGOLFK�KRKH�5HLEZHUWH��'LH�DQJHJHEH�

QHQ�:HUWHEHUHLFKH� I�U� σ
Y
� VLQG�%HUHFKQXQJVHUJHEQLVVH� YHUVFKLHGHQHU�9HUJOHLFKVVSDQQXQJV�

K\SRWKHVHQ�>%���,�@�
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$EE�������6FKXEVSDQQXQJVYHUOlXIH�QDFK�>%�@�I�U
D��µ = ���� �XQG�+(57=�VFKH��HOOLSWLVFKH��6FKPLHUGUXFNYHUWHLOXQJ�

E��µ = ���� �XQG�(+'�'UXFNSURILO��PLW�'UXFNVSLW]H�DP�(QGH�GHV�6FKPLHUVSDOWHV�

,QWHUHVVDQW� LVW�� GD�� EHL� %HU�FNVLFKWLJXQJ� GHU� (+'�'UXFNVSLW]H� EHUHLWV� EHL� HLQHP� 5HLEZHUW

YRQ������GLH�PD[LPDOH�6FKXEVSDQQXQJ�DQ� GHU�2EHUIOlFKH� DXIWULWW� �VLHKH� GD]X�7DE�� ���� XQG

$EE��������%HL�GHU�%HUHFKQXQJ�PLW�HLQHU�HOOLSWLVFKHQ�1RUPDO��XQG�6FKXEVSDQQXQJVYHUWHLOXQJ

�6&+287(1�>6�@�6�������WULWW�GLH�PD[LPDOH�6FKXEVSDQQXQJ�HUVW�EHL�5HLEZHUWHQ��EHU������LQ

GHU�2EHUIOlFKH�DXI��'LH�PD[LPDOH�9HUJOHLFKVVSDQQXQJ�OLHJW�LQ�GLHVHP�)DOO�HWZD�����PDO��EHU

GHU�I�U� µ = � ��'LHV�VHL�QXU�]XP�9HUJOHLFK�GHU�/LWHUDWXUDQJDEHQ�DQJHI�KUW��GD�5HLEZHUWH��EHU

����EHL�GHU�3:*�QLFKW�]X�HUZDUWHQ�VLQG�

�

���

���

���

���

� ��� � ��� � ��� �

m=0,3

m=0,1

m=0

$EE�������6FKXEVSDQQXQJVYHUOlXIH�I�U�YHUVFKLHGHQ�KRKH�5HLEZHUWH�QDFK�>6�@

D� E�

t � �S
+

7LHIH��E�
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���� (UIRUGHUOLFKH�:HUNVWRIIKlUWH

'DPLW�GLH�:HUNVWRIIEHDQVSUXFKXQJHQ�QLFKW� ]X�5L���RGHU�*U�EFKHQELOGXQJ� I�KUHQ��PX��GLH

2EHUIOlFKHQKlUWH�VWHWV�DXVUHLFKHQG�KRFK�VHLQ��'HU�GDI�U�HUIRUGHUOLFKH�+lUWHYHUODXI�HUJLEW�VLFK

DXV�GHU�/DJH�GHU�LP�%HWULHE�DXIWUHWHQGHQ�PD[LPDOHQ�6FKXEVSDQQXQJHQ�E]Z��9HUJOHLFKVVSDQ�

QXQJHQ�

�

���

���

���

���

����

����

� ���� ��� ���� � ���� ���
7LHIH

+lUWH�>+9@���6FKXEVSDQQXQJ�t�>1�PP�@

t

+9

E

$EE�������(UIRUGHUOLFKHU�+lUWHYHUODXI�I�U�S+� �����
1
PP�

�QDFK�>%�@

%HL�5HLEZHUWHQ�XP���OLHJW�GHU�2UW�GHU�PD[LPDOHQ�6FKXEVSDQQXQJHQ�LP�XQJ�QVWLJVWHQ�)DOOH�LQ

HLQHU�7LHIH�YRQ�HWZD������E��6WDWW�GHU�KDOEHQ�%UHLWH�E�GHV�/LQLHQNRQWDNWHV�ZLUG�EHL�GHU�3:*

GLH�/lQJH�GHU�NOHLQHUHQ�+DOEDFKVH�GHV�HOOLSWLVFKHQ�.RQWDNWHV�HLQJHVHW]W��'LHVH�9HUHLQIDFKXQJ

LVW� UHODWLY� JURE� XQG� I�KUW� EHL� DQQlKHUQG� NUHLVUXQGHQ� .RQWDNWHQ� ]X� �EHUK|KWHQ� :HUWHQ

�PD[LPDO�����]X�KRFK���=XGHP�EOHLEW�GLH�/DXIULFKWXQJ�XQEHU�FNVLFKWLJW��ZDV�EHL�GHU�3:*

RKQHKLQ�QLFKW�P|JOLFK�ZlUH��GD�GLH�5HODWLYJHVFKZLQGLJNHLW�I�U�YHUVFKLHGHQH�/DVWIlOOH�LQ�IDVW

MHGH�5LFKWXQJ�GHU�.RQWDNWHEHQH�]HLJW�

'LH�PD[LPDOH�6FKXEVSDQQXQJ�τ
PD[

τ
PD[

�= � �� S
+

WULWW�QDFK�)|SSO�>)�@�I�U�µ = � �LQ�HLQHU�7LHIH� ]
Pτ YRQ

] E
Pτ = ����

DXI�
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�

$EE��������=RQHQ�PLW�NULWLVFKHQ�:HUNVWRIIEHODVWXQJHQ�I�U�YHUVFKLHGHQH�(KW�QDFK�>,�@

'LH� HUIRUGHUOLFKH�0LQGHVW�+lUWXQJVWLHIH� KHL�W� EHLP�)ODPP�� XQG� ,QGXNWLRQVKlUWHQ�5DQGKlU�

WXQJVWLHIH�5KW� EHLP�(LQVDW]KlUWHQ�(LQVDW]KlUWHWLHIH� (KW��'LH�+lUWH�PX�� LQ� LKUHP� JHVDPWHQ

7LHIHQYHUODXI� �EHU� GHQ� PD[LPDO� DXIWUHWHQGHQ� 6FKXEVSDQQXQJHQ� OLHJHQ� �8PUHFKQXQJ� YRQ

+lUWH�+5&�LQ�+9�XQG�=XJIHVWLJNHLW�VLHKH�$QKDQJ��������=XJOHLFK�PX��HLQH�2EHUIOlFKHQKlUWH

YRQ�����������+9��HQWVSUHFKHQG����ELV����+5&��HUUHLFKW�ZHUGHQ�>,�@��'LH�(KW�LVW�DOV�GLH�7LH�

IH�GHILQLHUW��LQ�GHU�GHU�:HUNVWRII�QRFK�HLQH�+lUWH�YRQ�����+9��HQWVSUHFKHQG����+5&��EHVLW]W�

:HJHQ�GHV�+lUWHDEIDOOV�PLW�GHU�0DWHULDOWLHIH�VROOWH� �VLHKH�DXFK�$EE��������GLH�(LQKlUWHWLHIH

HWZD�����PDO�VR�JUR��VHLQ�ZLH�GLH�7LHIH�GHU�PD[��6FKXEVSDQQXQJ� ]
Pτ � LP�XQJ�QVWLJVWHQ�)DOO

YRQ�µ = � �

(KW E≥ ���� �

GHPHQWVSUHFKHQG�VROOWH�GLH�5DQGKlUWXQJVWLHIH�HWZD�����PDO�VR�JUR��VHLQ�

5KW E≥ � �� �

6WUHQJJHQRPPHQ� JHOWHQ� GLHVH� 7LHIHQDQJDEHQ� QXU� I�U� /LQLHQEHU�KUXQJ� PLW� HOOLSWLVFKHP

'UXFNSURILO� XQG� µ = � ��'D� GLH�PD[LPDOHQ� 6FKXEVSDQQXQJHQ� EHL� K|KHUHQ�5HLEZHUWHQ� DEHU

QlKHU�DQ�GHU�2EHUIOlFKH�DXIWUHWHQ�XQG�]XJOHLFK�JU|�HUH�%HWUlJH�KDEHQ��GLH�EHUHLWV� LQ�GLH�6L�

FKHUKHLW� JHJHQ� *U�EFKHQELOGXQJ� HLQJHJDQJHQ� VLQG�� KDEHQ� GLH� KLHU� JHIRUGHUWHQ� +lUWHWLHIHQ

HLQHQ�JUR�HQ�6LFKHUKHLWVVSLHOUDXP��$QGHUV�DOV�EHL�=DKQUlGHUQ�VLQG�EHL�GHU�3:*�6WUHXXQJHQ

KLQ�]X�K|KHUHQ�+lUWHZHUWHQ�J�QVWLJ��'DV�OLHJW�GDUDQ��GD��GLH�)X�DXVUXQGXQJHQ�GHV�)ODQNHQ�

SURILOV�ZHJHQ� GHU� 6SDQQXQJVYHUWHLOXQJ� DXI�ZHLW�PHKU� DOV� GLH� %UHLWH� GHU� .RQWDNWIOlFKH� QXU

JHULQJH�$QIRUGHUXQJHQ�DQ�GLH�=lKLJNHLW�GHV�:HUNVWRIIHV�VWHOOHQ�
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9HUVFKOHL��XQG�(UP�GXQJ

&K��$��02<(5�>0�@�KDW�I�U�:lO]ODJHU�XQG�=DKQUlGHU�GLH�ZLFKWLJVWHQ�9HUVFKOHL����%UXFK��XQG

(UP�GXQJVPHFKDQLVPHQ�]XVDPPHQJHVWHOOW��GLH�]XU�6FKlGLJXQJ�E]Z��]XP�$XVIDOO�GLHVHU�0D�

VFKLQHQHOHPHQWH� I�KUHQ��(U� EHVFKUHLEW� I�U� VFKOHFKWH�%HWULHEVEHGLQJXQJHQ� GLH�8UVDFKHQ� XQG

:LUNXQJ�YRQ�

− .RQWDNWHUP�GXQJ�PLW�8UVSUXQJ�XQWHU� GHU�2EHUIOlFKH� �(LQVFKO�VVH� XQWHU� GHU�2EHUIOlFKH�

8QHEHQKHLWHQ�GHU�2EHUIOlFKH�XQG�(UP�GXQJ�EHL�XQ]XUHLFKHQGHU�(LQKlUWHWLHIH��� VRZLH�DQ

GHU�2EHUIOlFKH��IDOVFKH�*HRPHWULH��6SDQQXQJVVSLW]HQ�DQ�)XUFKHQ��(LQVFKO�VVHQ��

− 3ODVWLVFKHU�9HUIRUPXQJ� �(LQGU�FNHQ� YRQ�)UHPGN|USHUQ��hEHUVFKUHLWHQ� GHU� 6WUHFNJUHQ]H�

WKHUPRSODVWLVFKH�9HUIRUPXQJHQ��

− 9HUVFKOHL�� �3ROLHUHQ�� /DXIVSXUHQ�� $EWUDJ�� DOV� DGKlVLYHU� 9HUVFKOHL�� �JHULQJI�JLJ� EHLP

(LQODXIHQ� E]Z�� JUDYLHUHQG� EHL� )UHVVHQ��5LHIHQELOGXQJ��� DEUDVLYHU�9HUVFKOHL�� XQWHU�*OHLW�

EHZHJXQJ� �JHULQJI�JLJ�EHL�NOHLQHQ�E]Z��JUDYLHUHQG�EHL� JUR�HQ�)UHPGN|USHUQ� E]Z��$XV�

EU�FKHQ�� XQG� NRUURVLYHU� 9HUVFKOHL�� �EHL� =XVDPPHQEUHFKHQ� GHV� 6FKPLHUILOPHV� RGHU� DJ�

JUHVVLYHQ� 6FKPLHUVWRIIDGGLWLYHQ�� I�KUW� ]XU� =HUVW|UXQJ� GHU� 2EHUIOlFKH��� )UHVVHQ� �� VLHKH

$EE�������

− (UP�GXQJ��EHL�KRKHQ�6SDQQXQJV]\NOHQ�MHQVHLWV�GHU�6WUHFNJUHQ]H��LQ�)RUP�YRQ�*U�EFKHQ�

ELOGXQJ��$XVEU�FKHQ��5LVVHQ�XQWHU�GHU�2EHUIOlFKH�

D�� ���E�

$EE�� ������ 6FKXEVSDQQXQJVIHOGHU� XQWHU� GHU� .RQWDNWIOlFKH� EHL� S
1
PP+

= ����
�
� I�U

D��LGHDO�JODWWH�.RQWDNWIOlFKHQ�σ
PD[�YJO

1
PP

= ��� �
��

E��VHKU�UDXKH�.RQWDNWIOlFKHQ� 5 P
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:LH�REHQ�EHVFKULHEHQ��NRPPW�DXFK�0R\HU�]X�GHP�(UJHEQLV��GD��GLH�JHIlKUGHWH�0DWHULDO]RQH

I�U�NOHLQH�5HLEZHUWH�XQWHU�GHU�2EHUIOlFKH� OLHJW�XQG�HUVW�EHL�5HLEZHUWHQ� DE������GLH�5L�ELO�

GXQJ�JOHLFK]HLWLJ�DQ�XQG�XQWHU�GHU�2EHUIOlFKH�EHJLQQW�
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�� %HVRQGHUKHLWHQ�GHU�3:*

���� .RQWDNWNUDIWYHUWHLOXQJ

'LH�LQ�GHU�3:*�XPJHVHW]WHQ�.UlIWH�XQG�0RPHQWH�VLQG�ZHVHQWOLFK�JU|�HU��DOV�GLH�%HODVWXQJV�

(LQIO�VVH�DXV�(LJHQJHZLFKW�RGHU�(LJHQWUlJKHLWHQ�GHU�PLWEHZHJWHQ�3:*�(OHPHQWH�

,P�%HWULHE�WUHWHQ�YRUUDQJLJ�]ZHL�lX�HUH�%HODVWXQJHQ�DXI���VLHKH�$EE������

��$QWULHEVGUHKPRPHQW�0�GHV�0RWRUV�

��$[LDONUDIW�)$�GHU�/DVW�

$EE�������.UlIWH�XQG�0RPHQWH�DQ�GHU�3:*�XQWHU�/DVW

'LH�D[LDOH�%HODVWXQJ�GXUFK�GLH�$[LDONUDIW�)$�HUJLEW�VLFK�DXV�GHU�0DVVH�GHU� OLQHDU�EHZHJWHQ

/DVW�XQG�GHUHQ�%HVFKOHXQLJXQJ�

) P J E
$

= +� �

'LH�$[LDONUDIW� )
$
�ZLUG�YRQ�GHU�6SLQGHOVWDQJH�GXUFK�GLH�3ODQHWHQ�DQ�GLH�0XWWHU�ZHLWHUJHOHL�

WHW��'D�GLH�(OHPHQWH�GHU�3:*�URWDWLRQVV\PPHWULVFK�DQJHRUGQHW�VLQG��ZLUG�KLHU�H[HPSODULVFK

DP�7HLOV\VWHP�GHV�HLQ]HOQHQ�3ODQHWHQ�GLH�/DVWYHUWHLOXQJ�DXI�DOOH�LQ�(LQJULII�VWHKHQGHQ�.RQ�

WDNWSXQNWH� EHWUDFKWHW�� 'LH� 9HUWHLOXQJ� GHU� .RQWDNWNUlIWH� �EHU� GLH� LQ� (LQJULII� EHILQGOLFKHQ

.RQWDNWSXQNWH�VWHOOW�VLFK�DOV�(UJHEQLV�HLQHU�DXVJHJOLFKHQHQ�.UlIWH��XQG�0RPHQWHQELODQ]�GHU

3:*��(OHPHQWH�HLQ��ZLH�HV�LQ�$EE������VFKHPDWLVLHUW�GDUJHVWHOOW�LVW�



��%HVRQGHUKHLWHQ�GHU�3:* ��

�

$EE�������.UlIWHJOHLFKJHZLFKW�GHU�EHLGHQ�5HVXOWLHUHQGHQ�50�XQG�56�PLW�VLFK�GDUDXV�HU�
JHEHQGHU�LQKRPRJHQHU�.RQWDNWNUDIWYHUWHLOXQJ�DP�3ODQHWHQ

%LOGHW�PDQ�GLH�5HVXOWLHUHQGH�GHU�PXWWHU��XQG�VSLQGHOVWDQJHQVHLWLJHQ�.RQWDNWNUlIWH�50�XQG�56�

GDQQ�ZLUG�GLH�*OHLFKJHZLFKWVEHGLQJXQJ�QXU�HUI�OOW��ZHQQ�GLH�EHLGHQ�5HVXOWLHUHQGHQ�GHQ�JOHL�

FKHQ�%HWUDJ�KDEHQ�XQG�DXI� HLQHU�/LQLH� JHJHQJHULFKWHW�ZLUNHQ��'DV� LVW� QXU� EHL� LQKRPRJHQHU

9HUWHLOXQJ�GHU�(LQ]HONRQWDNWNUlIWH�P|JOLFK�

'LH�.RQWDNWNUDIWYHUWHLOXQJ�ZLUNW�VLFK�DXFK�DXI�GLH�2ULHQWLHUXQJ�GHU�3:*��(OHPHQWH�DXV��6LH

QXW]HQ�LKUH�NRQVWUXNWLY�XQG�IHUWLJXQJVWHFKQLVFK�YRUJHJHEHQ�XQG�GXUFK�HODVWLVFKH�9HUIRUPXQJ

HUP|JOLFKWHQ�%HZHJXQJVVSLHOUlXPH� DXV� XQG� YHUODVVHQ� GDEHL� �LQ� HQJHQ� %HZHJXQJVJUHQ]HQ�

LKUH� LGHDOLVLHUW� DFKVSDUDOOHOH� /DJH��'LHVH� /DJHlQGHUXQJHQ� XQG� GLH� .RQWDNWNUDIWYHUWHLOXQJHQ

EHHLQIOXVVHQ�VLFK�ZHFKVHOVHLWLJ�

'LH�.RQWDNWQRUPDONUDIW�KlQJW�LP�%HWULHE�DE�YRQ�

− 'HU�lX�HUHQ�%HODVWXQJ�DXV�GHU�$[LDONUDIW� )
$
�

− 'HP�)ODQNHQZLQNHO�β ��VLHKH�$EE�������

− 'HQ�ORNDOHQ�6WHLJXQJVZLQNHOQ�GHU�3ODQHWHQ��XQG�6SLQGHOVWDQJHQSURILOLHUXQJHQ��RIW�JHULQJ

XQG�YHUQDFKOlVVLJEDU�

− 'HP�9HUKlOWQLV�YRQ�'XUFKPHVVHU�]X�/lQJH�GHV�3ODQHWHQ�

− 'HU�$Q]DKO�XQG�9HUWHLOXQJ�GHU�.RQWDNWSXQNWH�

− 'HU�9RUVSDQQXQJ�

− 'HP�6SLHO�E]Z��GHU�)HUWLJXQJVJHQDXLJNHLW�

− 'HU�'UHK]DKO��(LQIOX��QXU�EHL�JHULQJHU�/DVW��

50

56
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1XU�GHU�HUVWJHQDQQWH�)DNWRU� LVW�GXUFK�GLH�%HODVWXQJ�YRUJHJHEHQ��GLH�DQGHUHQ�(LQIOX�JU|�HQ

EHVWLPPHQ�.RQVWUXNWLRQ�XQG�)HUWLJXQJ��VLH�VLQG�EDXDUWVSH]LILVFK�

(LQH�+RPRJHQLVLHUXQJ�GHU�.RQWDNWODVWYHUWHLOXQJ� LVW� QXU��EHU� HLQH�3URILOYHUWHLOXQJ�P|JOLFK�

GLH�VLFK�DP�.UlIWH��XQG�0RPHQWHQJOHLFKJHZLFKW�RULHQWLHUW��6R�LVW�DXFK�GXUFK�HODVWLVFKH�9HU�

IRUPXQJ� NHLQ� /DVWDXVJOHLFK� KHU]XVWHOOHQ�� ZLH� HU� ]�%�� EHL� GHU� Ä=XJPXWWHU³� >1��� %�� �����@

P|JOLFK�LVW��GHUHQ�HODVWLVFKH�/lQJHQlQGHUXQJ�XQWHU�/DVW�DXI�GLH�GHV�6FKUDXEHQERO]HQV�DEJH�

VWLPPW�LVW�

5RVXP� XQG� 7LOFK� >5�@� VHW]WHQ� LQ� LKUHU� *UXQGODJHQXQWHUVXFKXQJ� YRQ� 5ROOHQJHZLQGHWULHEHQ

HLQH�KRPRJHQH�.RQWDNWODVWYHUWHLOXQJ��EHU�DOOH�3ODQHWHQ�XQG��EHU�DOOH�.RQWDNWSXQNWH�YRUDXV�

$XI� GLHVHU� IDOVFKHQ�*UXQGDQQDKPH�EDVLHUHQG��ZHUGHQ� ]�%��*OHLFKJHZLFKWVEH]LHKXQJHQ� IRU�

PXOLHUW��QDFK�GHQHQ�GHU�3ODQHW�YRQ�HLQHU�ÄUHVXOWLHUHQGHQ�.UDIWZLUNXQJ³�QDFK�DX�HQ�JHGU�FNW

ZLUG��'D�GLH�.RQWDNWSXQNWH�LQ� >5�@� UHLEXQJVIUHL�EHWUDFKWHW�ZHUGHQ��N|QQHQ�.UlIWH�QXU� IODQ�

NHQQRUPDO��EHUWUDJHQ�ZHUGHQ��GHU�3ODQHW�P��WH�GHVZHJHQ�VHOEVWWlWLJ�XP�DOOH�$FKVHQ�]X�URWLH�

UHQ�DQIDQJHQ��8P�GLHVHV�3UREOHP�DXI]XIDQJHQ��ZLUG�HLQH�$EVW�W]XQJ��EHU�GLH�)�KUXQJV]DS�

IHQ�DQ�GHQ�3ODQHWHQHQGHQ�SRVWXOLHUW� �� HLQ�.XQVWJULII��GHU�GLH�9HUQDFKOlVVLJXQJ�GHU�5HLEXQJ

QLFKW�ZHWWPDFKW�

)�U�GLH�6LPXODWLRQ�GHU�3:*��GLH�DXFK�LP�0HKUN|USHUPRGHOO�G\QDPLVFK�GXUFKJHI�KUW�ZHUGHQ

NRQQWH��PX��VRZRKO�GLH�.RQWDNWNUDIWYHUWHLOXQJ�UHDOLVWLVFK�QDFKJHELOGHW�ZHUGHQ��DOV�DXFK�HLQ

5HLEPRGHOO�]XJUXQGHJHOJW�ZHUGHQ��GDV�LQ�MHGHP�.RQWDNW�HLQH�]XU�1RUPDONUDIW�SURSRUWLRQDOH

7DQJHQWLDONUDIW�LQ�GLH�%HUHFKQXQJ�PLW�HLQEH]LHKW��'HVZHJHQ�ZXUGHQ�KLHU�DOOH�%HUHFKQXQJHQ

XQDEKlQJLJ�YRQ�>5�@��DQJHSD�W�DQ�GLH�$QIRUGHUXQJHQ�GHU�3:*��DXVJHI�KUW�

���� )UHLKHLWVJUDGH

'LH�/DXIJ�WH�HLQHU�3:*�LVW�XP�VR�K|KHU�MH�EHVVHU�6SLQGHOVWDQJH��3ODQHWHQ�XQG�0XWWHU�]XHLQ�

DQGHU�NRD[LDO�JHI�KUW�VLQG��'D�QRUPDOHUZHLVH�DX�HU�GHQ�'LVWDQ]VFKHLEHQ�NHLQH�ZHLWHUHQ�)�K�

UXQJVHOHPHQWH�HLQJHVHW]W�ZHUGHQ��ZLUG�GLH�NRD[LDOH�)�KUXQJ�QXU�QRFK�GXUFK�GDV�=XVDPPHQ�

VSLHO� GHU� .RQWDNWIOlFKHQ� EHHLQIOX�W�� 'D� GLH� 3ODQHWHQ� GDV� %LQGHJOLHG� ]ZLVFKHQ�0XWWHU� XQG

6SLQGHOVWDQJH�VLQG��N|QQHQ�DXV�GHU�*HRPHWULH�XQG�5HODWLYODJH�LKUHU�)HLQ��XQG�*URESURILOLH�

UXQJHQ�5�FNVFKO��H�DXI�GLH�)�KUXQJVJ�WH�XQG�GDPLW�DXI�GHV�/DXIYHUKDOWHQ�GHU�3:*�JH]RJHQ

ZHUGHQ�
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$XVJHKHQG�YRQ�GHU�,GHDOODJH�NDQQ�VLFK�GHU�3ODQHW�JHJHQ�EHU�GHU�0XWWHU�QLFKW�QXU�XP�VHLQH

/lQJVDFKVH�GUHKHQ��HU�NDQQ�DXFK�NOHLQH�%HZHJXQJHQ� LQ�.LSS��XQG�6FKUlQNULFKWXQJ�DXVI�K�

UHQ��:HQQ�PLQGHVWHQV�HLQ�3ODQHW�VHLQH�LGHDO�NRD[LDOH�$XVULFKWXQJ�]XU�6SLQGHOVWDQJH�YHUOl�W�

ZLUG�DXFK�GLH�0XWWHU�QLFKW�PHKU�NRD[LDO�JHI�KUW��VLH�WDXPHOW�LP�%HWULHE���VLHKH�$EE������

$EE�������.LSSHQ�XQG�6FKUlQNHQ�HLQHV�3ODQHWHQ��7DXPHOQ�GHU�0XWWHU

'LHVH�%HZHJXQJHQ�VLQG�QXU�LQ�GHU�MHZHLOLJHQ�.RQWDNWHEHQH�P|JOLFK��$XV�GHU�.RQWDNWHEHQH

KLQDXV�N|QQHQ�GLH�.RQWDNWSDUWQHU�DEKHEHQ�E]Z��LP�5DKPHQ�GHU�HODVWLVFKHQ�9HUIRUPXQJ�LQ�

HLQDQGHU�HLQGULQJHQ�

*5h%/(5�*OHLFKXQJ�I�U�HEHQH�%HWUDFKWXQJ

=XU� %HVWLPPXQJ� GHU� $Q]DKO� YRQ� 6\VWHPIUHLKHLWVJUDGHQ� HLJQHW� VLFK� LQ� GHQ�PHLVWHQ� HEHQHQ

)lOOHQ�JXW�GLH�*5h%/(5�*OHLFKXQJ�

) Q J E
L

= − − + ∑� �� �

1DFK�LKU�Ol�W�VLFK�GLH�$Q]DKO�GHU�6\VWHPIUHLKHLWVJUDGH�)�DXV�GHU�$Q]DKO�GHU�.|USHU�LQNOXVLYH

*HVWlQJH�Q��GHU�$Q]DKO�GHU�*HOHQNH�J�XQG�GHQ�*HOHQNIUHLKHLWVJUDGHQ�EL��7UDQVODWLRQ�XQG�5R�

WDWLRQ�� EHUHFKQHQ��'LH�*5h%/(5�*OHLFKXQJ� NDQQ��ZLH� EHL� 75$87(1%(5*� >7�@� EHVFKULHEHQ�

DXFK� DXI� UlXPOLFKH� 3UREOHPVWHOOXQJHQ� �EHUWUDJHQ� ZHUGHQ�� 6RQGHUIlOOH� ZLH� $EKHEHQ� HLQHV

.RQWDNWHV�RGHU�0HKUIDFKSDVVXQJHQ�VRZLH�HODVWLVFKH�.RQWDNWH�EHG�UIHQ�HLQHU�VSH]LHOOHQ�'DU�

VWHOOXQJVZHLVH��XP�PLW�+LOIH�GHU�*5h%/(5�*OHLFKXQJ�ULFKWLJ�EHVFKULHEHQ�ZHUGHQ�]X�N|QQHQ�

'DPLW�JHKW�MHGRFK�GHUHQ�EHVRQGHUV��EHUVLFKWOLFKH�)RUP�XQG�OHLFKWH�,QWHUSUHWLHUEDUNHLW�YHUOR�

6FKUlQNHQ
.LSSHQ

3ODQHWHQEDKQ
6FKUlQNHQ

.LSSHQ

7DXPHOQ
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UHQ��)�U�GLH�3:*�ZLUG�GHVZHJHQ�HLQ�JUDILVFKHV�9HUIDKUHQ�]XU�%HVFKUHLEXQJ�GHU�6\VWHPIUHL�

KHLWVJUDGH�HQWZLFNHOW��GDV�HLQIDFK�DQ]XZHQGHQ�XQG�OHLFKW�QDFKYROO]LHKEDU�LVW�

���� 7HLOGUHKSROH

,Q�$QOHKQXQJ�DQ�GLH�LQ�GHU�*HWULHEHOHKUH��EOLFKH�%HVWLPPXQJ�GHU�'UHKSROH�YRQ�*HOHQNPH�

FKDQLVPHQ�ZLUG�KLHU�MHZHLOV�HLQ�3ODQHW�PLW�VHLQHQ�%HZHJXQJVIUHLKHLWHQ�EHWUDFKWHW��'D]X�ZLUG

GDV� =XVDPPHQZLUNHQ� DOOHU� .RQWDNWVWHOOHQ� HLQHV� 3ODQHWHQ� EHVFKULHEHQ�� LQGHP� VRJHQDQQWH

Ä7HLOGUHKSROH³��7'3��HLQJHI�KUW�ZHUGHQ��GLH�JHQDX�GLH�%HZHJXQJVIUHLKHLWHQ�]XODVVHQ��GLH�GHU

3ODQHW�JHRPHWULH��XQG�EHODVWXQJVDEKlQJLJ�EHVLW]W��'HPQDFK�VLQG�LQILQLWHVLPDOH�%HZHJXQJHQ

EHL� HEHQHU� %HWUDFKWXQJ� JHQDX� XP� GLH� 3XQNWH�P|JOLFK�� LQ� GHQHQ� VLFK� GLH� .RQWDNWQRUPDOHQ

VFKQHLGHQ���VLHKH�$EE������� -H� IHUQHU�GHU�7'3�YRP�.RQWDNWSXQNW� OLHJW��GHVWR�JU|�HU� LVW�GHU

5DGLXV�GHU�.UHLVEDKQ��DXI�GHU�GLH�.RQWDNWSDUWQHU�DQHLQDQGHU�HQWODQJJOHLWHQ�N|QQHQ�

$EE�������7HLOGUHKSRO�7'3�LP�6FKQLWW�GHU�.RQWDNWQRUPDOHQ

������ 'HILQLWLRQ�GHU�7HLOGUHKSROH

3ODQH��NRQYH[H�XQG�NRQNDYH�$XIODJHIOlFKH

,Q�$EE������VLQG�GLH�*UXQGIlOOH�YRQ�.RQWDNWHQ�DP�%HLVSLHO�HLQHU�:DO]H�GDUJHVWHOOW�

$EE������D��(LQH�:DO]H�NDQQ�DXI�HLQHU�(EHQH�XP�LKUH�$XIVWDQGVOLQLH�DEUROOHQ��NDQQ�DXI�GHU

(EHQH�JOHLWHQ��NDQQ�VLFK�XP�HLQH�EHOLHELJH�$FKVH�QRUPDO�]XU�.RQWDNWIOlFKH�GUHKHQ�XQG�NDQQ

YRQ�GHU�.RQWDNWIOlFKH�DEKHEHQ�

$EE������E��(LQH�:DO]H�NDQQ�DXI�HLQHU�DQGHUHQ�:DO]H�DEUROOHQ��JOHLWHQ�RGHU� VLFK�XQWHU� WHLO�

ZHLVHP� �3XQNWEHU�KUXQJ��E]Z��YROOVWlQGLJHP�$EKHEHQ�XP�GLH�.RQWDNWIOlFKHQQRUPDOH�GUH�

KHQ�

$EE�� ����F�� ,Q� HLQHU�+RKONHKOH� NDQQ� HLQH�:DO]H� ZHLWHUKLQ� XP� GLH� $XIVWDQGVOLQLH� DEUROOHQ�

VRZLH�HQWODQJ�GHU�+RKONHKOH�JOHLWHQ�XQG�DEKHEHQ��(LQH�'UHKXQJ�XP�HLQH�]XU�+RKONHKOHQREHU�
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IOlFKH�QRUPDOH�$FKVH�LVW�QXU�EHL�JOHLFK]HLWLJHP�WHLOZHLVHP��3XQNWEHU�KUXQJ��RGHU�YROOVWlQGL�

JHP�$EKHEHQ�RGHU�'XUFKGULQJHQ�E]Z��HODVWLVFKHU�9HUIRUPXQJ�P|JOLFK�

=XU�9HUHLQIDFKXQJ�ZHUGHQ�'XUFKGULQJXQJ�XQG�$EKHEHQ�QLFKW�LPPHU�PLW�EHVFKULHEHQ�

$EE�������)UHLKHLWVJUDGH�HLQHU�:DO]H

.|USHU�PLW�]ZHL�JHPHLQVDPHQ�.RQWDNWVWHOOHQ

+DEHQ�]ZHL�.|USHU�]ZHL�JHPHLQVDPH�.RQWDNWVWHOOHQ��VR�VLQG�LQ�GHU�=HLFKHQHEHQH�QXU�6WDUU�

N|USHUEHZHJXQJHQ�P|JOLFK��GLH�VLFK�DXV�GHQ�REHQ�DXIJHI�KUWHQ�P|JOLFKHQ�(LQ]HOEHZHJXQJHQ

�EHUODJHUQ�ODVVHQ��,Q�$EE������HUNHQQW�PDQ��GD��QXU�QRFK�*OHLWEHZHJXQJHQ�DXI�GHQ�2EHUIOl�

FKHQ�P|JOLFK�VLQG��GHUHQ�%HZHJXQJVUDGLXV�GHP�$EVWDQG�GHU�.RQWDNWSXQNWH�]XP�6FKQLWW�GHU

EHLGHQ�.RQWDNWQRUPDOHQ���LP�7HLOGUHKSRO�7'3���JOHLFKW�

$EE�������7HLOGUHKSROH�7'3�EHL�]ZHLIDFKHP�.RQWDNW�]ZHLHU�.|USHU

D� ��������E� �����������������F�

D� ��������E� ����F�
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.|USHU�PLW�PHKU�DOV�]ZHL�JHPHLQVDPHQ�.RQWDNWVWHOOHQ

'LH�HEHQH�%HWUDFKWXQJ�GHU�7HLOGUHKSROH�Ol�W�VLFK�DXI�EHOLHELJ�YLHOH�.RQWDNWSXQNWH�HUZHLWHUQ�

=ZHL� .|USHU� N|QQHQ� LQ� GHU� =HLFKHQHEHQH� QXU� 5HODWLYEHZHJXQJHQ� XP� HLQHQ� PRPHQWDQHQ

'UHKSRO�DXVI�KUHQ��GHU�DXI�GHQ�.RQWDNWQRUPDOHQ�DOOHU�.RQWDNWIOlFKHQ�OLHJW���GLH�7HLOGUHKSROH

7'3�VLQG�GDKHU�MHZHLOV�LP�6FKQLWWSXQNW�]ZHLHU�.RQWDNWQRUPDOHQ�GHILQLHUW�

$EE�������7HLOGUHKSROH�7'3�EHL�GUHL��RGHU�PHKUIDFKHP�.RQWDNW�]ZHLHU�.|USHU

$EELOGXQJ� ���� ]HLJW�� GD�� HEHQH� 6WDUUN|USHUEHZHJXQJHQ� QXU� GDQQ� XQHLQJHVFKUlQNW� P|JOLFK

VLQG��ZHQQ�GLH�.RQWDNWSDUWQHU�QXU�HLQHQ�JHPHLQVDPHQ�7'3�EHVLW]HQ��'DV�LVW�QXU�LQ�$EE������H

GHU�)DOO��KLHU�OLHJHQ�DOOH�7'3�DXI�SDUDOOHOHQ�*HUDGHQ�LQ�HLQHP�3XQNW�LP�8QHQGOLFKHQ�

6ROO�DEKHEHQ�PLW�EHU�FNVLFKWLJW�ZHUGHQ��VR�HUKDOWHQ�GLH�3DDUXQJHQ�����D������E�XQG�����G� MH�

ZHLOV�QRFK�7'3V�LP�8QHQGOLFKHQ�E]Z��LP�6FKQLWW�GHU�1RUPDOHQ�LKUHU�YHUEOLHEHQHQ�.RQWDNWH�

D� E� ���������F�

G� ������������H�
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(ODVWLVFKH�.RQWDNWH��/DVWDXVJOHLFK��%HZHJOLFKNHLW

,P�1RUPDOIDOO� OLHJHQ� HODVWLVFKH�.RQWDNWVWHOOHQ� YRU��PDQ�KDW� ]XGHP�PHKUHUH�.RQWDNWSXQNWH

XQG�PHKUHUH�7HLOGUHKSROH��'HU�/DVWDXVJOHLFK� HLQHU�3DDUXQJ� HUIROJW� GDQQ� HODVWLVFK�� LKUH�%H�

ZHJOLFKNHLW�LVW�HLQJHVFKUlQNW��ZHQQ�PHKU�DOV�HLQ�7'3�YRUOLHJW��=XQlFKVW�HLQH�9RUVWHOOXQJVKLO�

IH�I�U�GHQ�/DVWDXVJOHLFK��DQVFKOLH�HQG�I�U�GLH�%HZHJOLFKNHW�HODVWLVFKHU�.RQWDNWH�

6WHOOW�PDQ�VLFK�GLH�.RQWDNWH�HUVHW]W�GXUFK�QXU�QRUPDO�]XU�2EHUIOlFKH�ZLUNHQGH�)HGHUQ�YRU��VR

LVW�GLH�$UEHLW��GLH�JHOHLVWHW�ZHUGHQ�PX���XP�HLQH�'XUFKGULQJXQJ�GHU�.RQWDNWSDUWQHU�]X�EHZLU�

NHQ�XP�VR�JU|�HU��MH�ZHLWHU�GLH�)HGHUQ�GDI�U�GHIRUPLHUW�ZHUGHQ�P�VVHQ��5HLEXQJ�NDQQ�PDQ

PLW�LQ�GLH�%HWUDFKWXQJ�HLQEH]LHKHQ��ZHQQ�PDQ�LQ�WDQJHQWLDOHU�5LFKWXQJ�HEHQIDOOV�HLQ�.UDIWJH�

VHW]�DQVHW]W��(LQ�/DVWDXVJOHLFK�VWHOOW�VLFK�LP�*OHLFKJHZLFKW�GHU�)HGHUNUlIWH�HLQ��'LH�%HZHJ�

OLFKNHLW�KLQJHJHQ�EHVFKUHLEHQ�DXFK�LP�HODVWLVFKHQ�6\VWHP�GLH�7HLOGUHKSROH�

/LHJHQ�PHKUHUH�7HLOGUHKSROH�EHL�HLQHU�.RQWDNWSDDUXQJ�YRU��VR�LVW�GLH�/DJHUXQJ��EHUEHVWLPPW�

%HZHJXQJHQ�I�KUHQ�]X�HLQHU�9HUVSDQQXQJ�GHU�.RQWDNWH��-H�JU|�HU�GLH�]XU�/DJHlQGHUXQJ�DXI�

]XEULQJHQGH�$UEHLW�LQ�GHQ�.RQWDNWVWHOOHQ�LVW��GHVWR�VWDELOHU�LVW�GLH�UHODWLYH�/DJH�HLQHU�3DDUXQJ�

)�U� GLH� YHUHLQIDFKWH� ,QWHUSUHWDWLRQ� EHGHXWHW� GDV�� GD�� 7'3�/DJHQ� VHKU� QDKH� DQ� RGHU� LQ� GHU

.RQWDNWVWHOOH� �� VLHKH�$EE������ ��JUR�H�%HZHJXQJVIUHLKHLW�]XODVVHQ�ZLH�DXFK�7'3�/DJHQ� LP

8QHQGOLFKHQ��+RKH�6WDELOLWlW�VWHOOW�VLFK�LQ�6\VWHPHQ�HLQ��ZHQQ�GHU�$EVWDQG�GHU�DP�ZHLWHVWHQ

YRQHLQDQGHU�HQWIHUQWHQ�.RQWDNWVWHOOHQ�lKQOLFK�JUR��LVW�ZLH�GHU�$EVWDQG�GHU�]X�LKQHQ�JHK|UL�

JHQ�7'3V��JOHLFKVFKHQNOLJHV�'UHLFN��

+HEHQ�.RQWDNWH�DE��VR�JLOW�GLH�VHOEH�%HWUDFKWXQJ��MHGRFK�HLQJHVFKUlQNW�DXI�GLH�QRFK�LQ�.RQ�

WDNW�VWHKHQGHQ�%HU�KUSXQNWH�

������ 7'3�%HWUDFKWXQJ�]XU�.LSSVWDELOLWlW�GHU�3:*

'HXWOLFKHU�ZHUGHQ�GLHVH�*UXQG�EHUOHJXQJHQ��ZHQQ� VLH� DXI� GHQ�9HUJOHLFK� GHU�.LSSVWDELOLWlW

YHUVFKLHGHQHU� 3:*�$XVI�KUXQJHQ� DQJHZHQGHW� ZHUGHQ�� %HL� UHDOHQ� 6\VWHPHQ� LVW� EHVRQGHUV

GDUDXI� ]X� DFKWHQ��GD��GLH�/DVWDQQDKPHQ�PLW� GHU�:LUNOLFKNHLW� �EHUHLQVWLPPHQ�XQG�GHPHQW�

VSUHFKHQG�GLH�ULFKWLJHQ�.RQWDNWVWHOOHQ�EHWUDFKWHW�ZHUGHQ�

5HLQH�$[LDOODVW

%HL�GHU�3:*�VWHKHQ�]�%�� LP�1RUPDOIDOO�XQWHU�$[LDOODVW�QXU�.RQWDNWH�HLQHU�)ODQNHQULFKWXQJ

PLWHLQDQGHU�LQ�.RQWDNW���VLHKH�$EE�������$OOH�.RQWDNWHEHQHQ�VLQG�LP�0HULGLDQVFKQLWW�GXUFK

GLH� $FKVHQ� YRQ� 3ODQHW� XQG� 6SLQGHOVWDQJH� E]Z��0XWWHU� SDUDOOHO�� GLH� 7'3V� OLHJHQ� LQ� HLQHP

3XQNW�LP�8QHQGOLFKHQ��GHU�3ODQHW�NDQQ�QXU�SDUDOOHO�]X�GHQ�.RQWDNWIOlFKHQ�YHUVFKREHQ�ZHUGHQ



��%HVRQGHUKHLWHQ�GHU�3:* ��

��VLHKH�'RSSHOSIHLO��'DUJHVWHOOW�VLQG�EHLGH�.RQWDNWJUXSSHQ��PXWWHU��XQG�VSLQGHOVWDQJHQVHLWLJ�

'LH�.RQWDNWJUXSSHQ� EHVWHKHQ� VSLQGHOVWDQJHQVHLWLJ� DXV�PHKUHUHQ� 3ODQHWHQVHJPHQWHQ�PLW� MH�

ZHLOV� VHFKV�.RQWDNWSXQNWHQ��'LHVH� VHFKV�.RQWDNWSXQNWH� VLQG�JOHLFKDUWLJ�EHODVWHW� XQG�KDEHQ

JOHLFKH�*HRPHWULH��ZHVKDOE�VLH�]X�MHZHLOV�HLQHU�5HVXOWLHUHQGHQ�]XVDPPHQJHID�W�VLQG�

$EE�������7'3�XQG�%HZHJOLFKNHLW�GHU�527(;�3:*�XQWHU�$[LDOODVW

(V�LVW�JHQHUHOO�P|JOLFK��5HVXOWLHUHQGH�]X�ELOGHQ�XQG�LQ�GHU�7'3�%HWUDFKWXQJ�]X�YHUZHQGHQ�

8P�GDEHL�NHLQH�ZHVHQWOLFKHQ�7'3V�]X��EHUVHKHQ�LVW�GDUDXI�]X�DFKWHQ��NHLQH�]X�JUREH�9HUHLQ�

IDFKXQJ�YRU]XQHKPHQ��$XI�GLHVH�:HLVH�N|QQHQ�DXFK�6\VWHPH�PLW�KRKHU�.RQWDNWSXQNWDQ]DKO�

PLW�HODVWLVFKHQ�.RQWDNWHQ��PLW�6SLHO�XQG�ZHFKVHOQGHU�.RQWDNW]DKO�EHVFKULHEHQ�ZHUGHQ�

1LFKW�D[LDOH�%HODVWXQJ

/LHJW�EHL�GHU�3:*�QHEHQ�RGHU�VWDWW�GHU�LGHDOHQ�$[LDOODVW�HLQ�0RPHQW�RGHU�HLQH�QLFKW�D[LDOH

.UDIW�DQ��VR�N|QQHQ�DXFK�GLH�GHU�$[LDOODVW�DEJHZDQGWHQ�)ODQNHQ�PLW�EHODVWHW�ZHUGHQ���$EE�

������ ,Q� GLHVHP�)DOO� VWHOOHQ� VLFK� LQ� DOOHQ�.UHX]XQJVSXQNWHQ� GHU�.RQWDNWQRUPDOHQ� E]Z�� GHU

5HVXOWLHUHQGHQ� HLQHU� .RQWDNWJUXSSH� �PXWWHU�� E]Z�� VSLQGHOVWDQJHQVHLWLJ�� HLQH� 9LHO]DKO� YRQ

7'3V� HLQ��:LH�PDQ� GHP�*HZLUU� JHVWULFKHOWHU� .RQWDNWQRUPDOHQ� HQWQHKPHQ� NDQQ�� ZLUG� GLH

7'3�'DUVWHOOXQJ�XQ�EHUVLFKWOLFK��ZHQQ�PDQ�QLFKW�GLH�I�U�GLH�6WDELOLWlW�ZLFKWLJHQ�7'3V�KHU�

YRUKHEW��'LHV� VLQG�KLHU�GLH� QXPPHULHUWHQ�7'3V�GHU� MHZHLOV� lX�HUVWHQ�.RQWDNWVWHOOHQ�� GHUHQ

+HEHODUP�E]Z��$EVW�W]OlQJH��VLHKH�ZHLWHU�XQWHQ��DP�JU|�WHQ�LVW��'LHVH�.RQWDNWVWHOOHQ�VLQG�LQ

GHU�3UD[LV�YRQ�DXVVFKODJJHEHQGHU�%HGHXWXQJ��GD�EHL�.LSS��RGHU�6FKUlQNEHZHJXQJHQ�GHU�3OD�

QHWHQ�GLH�GXUFK�GLH�)HKOZLQNHO�YHUXUVDFKWH�Ä9HUN�U]XQJ³�E]Z��Ä9HUOlQJHUXQJ³�GHU�3URILOLH�

UXQJHQ� ]XHLQDQGHU� EHL� LKQHQ� DP� JU|�WHQ� LVW�� 'DGXUFK� ZHUGHQ� JHQDX� GLHVH� DX�HQOLHJHQGHQ

.RQWDNWVWHOOHQ� K|KHU� EHODVWHW�� VLH� OHLVWHQ� GHQ� JU|�WHQ� %HLWUDJ� ]XU� )�KUXQJ� XQG� ULFKWHQ� GHQ

3ODQHWHQ�LQ�VHLQHU�*OHLFKJHZLFKWVODJH�DXV�



��%HVRQGHUKHLWHQ�GHU�3:* ��

$EE��������7'3�XQG�%HZHJOLFKNHLW�HLQHU�3:*�EHL�D[LDOHU�XQG�QLFKW�D[LDOHU�%HODVWXQJ

������ 9HUJOHLFKVNULWHULHQ�GHU�)�KUXQJVJ�WH

=XP� 9HUJOHLFK� YHUVFKLHGHQHU� 3:*�%DXIRUPHQ� KLQVLFKWOLFK� LKUHU� )�KUXQJVJ�WH� NDQQ� PDQ

GUHL� 9HUJOHLFKVNULWHULHQ� KHUDQ]LHKHQ�� GLH� VLFK� DXV� GHQ� *HRPHWULHJU|�HQ� GHV� 3ODQHWHQ�$E�

VW�W]OlQJH� /$��7'3�5DGLHQ�57� VRZLH� GHUHQ� 6XPPH�'7*� �7'3�'XUFKPHVVHU�� XQG� GHQ

:lO]UDGLHQ�530�XQG�536�EHVWLPPHQ�ODVVHQ���VLHKH�$EE��������,QGL]HV�Ä6³�VSLQGHOVHLWLJ��Ä0³

PXWWHUVHLWLJ��

$EE��������$EVW�W]OlQJHQ�/$��7'3�5DGLHQ�57�XQG�:lO]UDGLHQ�53

'LH�YRQ�GHU�3URILOYHUWHLOXQJ�DEKlQJLJH�GLPHQVLRQVORVH�UHODWLYH�6W�W]OlQJH�/5�LVW�I�U�0XWWHU�

XQG�6SLQGHOVWDQJHQNRQWDNWH�MHZHLOV�
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��%HVRQGHUKHLWHQ�GHU�3:* ��

'LH� LQ� GHU� 3UD[LV� HU]LHOEDUH� UHODWLYH� 6W�W]OlQJH�/5� KlQJW� YRP� HU]LHOEDUHQ� 6FKODQNKHLWVJUDG

�'�/��GHU�3ODQWHQ�DE�XQG�GLHVHU�ZLHGHUXP�YRP�)HUWLJXQJVYHUIDKUHQ��HLQ�3ODQHW�ZLUG�]�%��YRP

'UHKVWDKO� YHUIRUPW�� GLH� GDGXUFK� YHUXUVDFKWH�.RQL]LWlW� NDQQ� DEHU� QXU� WHLOZHLVH� LQ� GHU� )HUWL�

JXQJ�NRPSHQVLHUW�ZHUGHQ��GDKHU�N|QQHQ�3ODQHWHQ�QXU�LQ�EHVFKUlQNWHU�/lQJH�JHIHUWLJW�ZHUGHQ�

'LH�YRQ�GHU�/DJH�GHU�7HLOGUHKSROH�DEKlQJLJH�)�KUXQJVJ�WH�)7���LVW�MHZHLOV�

)
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'HU�JHVDPWH�$EVW�W]GXUFKPHVVHU�'7*�DXV�GHQ�EHLGHQ�7'3�/DJHQ�LVW�

' 5 5
7* 70 76

= + �

'LH�7HLOGUHKSROH� VSLQGHO�� XQG� PXWWHUVHLWLJ� VROOWHQ� GDEHL� VR�ZHLW� YRQHLQDQGHU� HQWIHUQW

OLHJHQ�ZLH�P|JOLFK��� LP�1RUPDOIDOO� OLHJHQ�VLH�VLFK�E]JO��GHU�3ODQHWHQDFKVH�JHJHQ�EHU��.RQ�

VWUXNWLY�LVW�GLHVH�WHLOGUHKSRODEKlQJLJH�)�KUXQJVJ�WH�)7�GXUFK�GLH�9DULDWLRQ�YRQ�3URILOYHUWHL�

OXQJ�XQG�)ODQNHQZLQNHOQ�]X�EHHLQIOXVVHQ��'DEHL�LVW�HV�YRUWHLOKDIW��PLW�GHQ�.RQWDNWQRUPDOHQ

LP�7'3�HLQ�JOHLFKVHLWLJHV�'UHLHFN�DXI]XVSDQQHQ��)7��:HUWH�XP�VLQ����� �������

)HUWLJEDUNHLW

'HU� 3ODQHW� LVW� MHZHLOV� GDV� .RSSHOJOLHG� ]ZLVFKHQ� 0XWWHU� XQG� 6SLQGHOVWDQJH� XQG� EHVWLPPW

GXUFK�VHLQH�3URILOLHUXQJ�GLH�6WDELOLWlW�GHU�3:*��*UXQGVlW]OLFK�VWHLJW�YRUUDQJLJ�PLW�GHU�$E�

VW�W]OlQJH�/$�GLH�)�KUXQJVJ�WH�HLQHU�3:*��(V�ZlUH�DOVR�Z�QVFKHQVZHUW��P|JOLFKVW�ODQJH�XQG

VFKODQNH�3ODQHWHQ�]X� IHUWLJHQ��'D�PHLVW� VSDKQDEKHEHQG�JHIHUWLJW�ZLUG�� LVW� GLHVH�/lQJH� DEHU

IHUWLJXQJVEHGLQJW�EHVFKUlQNW��GLH�)�KUXQJVJ�WH�NDQQ� LP�5DKPHQ�GHU�)HUWLJEDUNHLW�YRUZLH�

JHQG�GXUFK�JHHLJQHWH�*HRPHWULH�RSWLPLHUW�ZHUGHQ�

9HUJOHLFK�YHUVFKLHGHQHU�3:*�$XVI�KUXQJHQ

=XP� 9HUJOHLFK� ZHUGHQ� QRFK� GLH� 7HLOGUHKSROH� YRQ� YHUVFKLHGHQDUWLJHQ� 3:*�$XVI�KUXQJV�

IRUPHQ�EHWUDFKWHW��GLH�WHLOV�VR�QRFK�QLFKW�JHIHUWLJW�ZXUGHQ�

+39��3:*

'LH� VRJHQDQQWH� Ä+39��3:*³� QDFK� $EE�� ����� ZXUGH� KLQVLFKWOLFK� JOHLFKPl�LJHU� .RQWDNW�

NUDIWYHUWHLOXQJ�XQG�GLUHNWHP�.UDIWIOX��RSWLPLHUW��6LH�LVW�PLW�HLQHU�PLWWLJ�JHWHLOWHQ�0XWWHU�DXV�

JHVWDWWHW�� GLH� HLQH�9RUVSDQQXQJ�XQWHU�'UXFN�HUP|JOLFKW� �� VLHKH�$EE��������'LH�6SLQGHONRQ�

WDNWH�VLQG�DXVVFKOLH�OLFK�LQ�GHU�0LWWH�GHV�3ODQWHQ�DQJHRUGQHW��GLH�0XWWHUNRQWDNWH�VLQG�ZHLWHU

DX�HQ�LQ�]ZHL�*UXSSHQ�]XVDPPHQJHID�W�



��%HVRQGHUKHLWHQ�GHU�3:* ��

$EE��������7'3�GHU�+39��3:*�XQWHU�'UXFNYRUVSDQQXQJ

'LH� )�KUXQJ� LQ�$EE�� ����� LVW� ZHJHQ� GHU� JHULQJHQ�$EVWlQGH� GHU� 7HLOGUHKSROH� YRQHLQDQGHU�

VRZLH� ZHJHQ� GHU� JHULQJHQ� $EVW�W]OlQJH� VSLQGHOVWDQJHQVHLWLJ� lX�HUVW� XQJ�QVWLJ�� 6FKRQ� PLW

NOHLQHP�IHUWLJXQJVEHGLQJWHP�6SLHO�NDQQ�GHU�3ODQHW�ZLH�HLQH�6FKDXNHO�NLSSHOQ��6FKUlQN��XQG

.LSSEHZHJXQJHQ�ZHUGHQ� GDGXUFK� JHI|UGHUW�� GD�� ]XGHP� GLH� 'UXFNYRUVSDQQXQJ� JHJHQ� HLQH

5�FNNHKU�LQ�GLH�DFKVSDUDOOHOH�/DJH�ZLUNW�

'HU�VHOEH�3ODQHW�XQWHU�=XJYRUVSDQQXQJ���$EE����������LVW�PXWWHUVHLWLJ�GHXWOLFK�EHVVHU�JHI�KUW�

GLH�=XJYRUVSDQQXQJ�XQWHUVW�W]W�GLH�DFKVSDUDOOHOH�$XVULFKWXQJ�]X�0XWWHU�XQG�6SLQGHOVWDQJH�

$EE��������7'3�GHU�+39��3:*�XQWHU�=XJYRUVSDQQXQJ

1XQ�ZLUG�GLH�3URILOLHUXQJ�GHV�3ODQHWHQ�YDULLHUW��ZREHL�MHGRFK�GLH�:lO]UDGLHQ�XQG�$X�HQPD�H

GHU�$XVJDQJVDXVI�KUXQJ�EHLEHKDOWHQ�ZHUGHQ�

Ä.RQYHQWLRQHOOH³�3URILOYHUWHLOXQJ

,Q�$EE������� XQG� ����� LVW� HLQH� ÄNRQYHQWLRQHOOH³�3URILOYHUWHLOXQJ�PLW� YLHU�0XWWHUQULOOHQ� XQG

GUHL�)HLQSURILOVHJPHQWHQ�DEJHELOGHW��8QWHU�'UXFNYRUVSDQQXQJ��������VWHOOHQ�VLFK�QXU�VSLQGHO�

VWDQJHQVHLWLJ�9RUWHLOH�JHJHQ�EHU������HLQ��PXWWHUVHLWLJ� LVW�GLH�9HUEHVVHUXQJ�JHULQJ��GDV�*H�

VDPWV\VWHP�KDW�VFKOHFKWH�)�KUXQJVJ�WH�



��%HVRQGHUKHLWHQ�GHU�3:* ��

$EE��������7'3�HLQHV�3ODQHWHQ�XQWHU�'UXFNYRUVSDQQXQJ

8QWHU� =XJYRUVSDQQXQJ�� $EE�� ������ VWHOOW� VLFK� DXI� EHLGHQ� 6HLWHQ� RSWLPDOH� )�KUXQJ� HLQ�� GLH

6XPPH�GHU�7'3�5DGLHQ�LVW�I�U�GLHVHQ�)ODQNHQZLQNHO�PD[LPDO�

9HUJOHLFKEDU�JXWH�)�KUXQJ�VWHOOW�VLFK�HLQ��ZHQQ�PDQ�DXI�GLH�]ZHL�PLWWOHUHQ�0XWHUQULOOHQ�YHU�

]LFKWHW��,Q�GLHVHP�)DOO�ZHUGHQ�DEHU�GLH�YHUEOHLEHQGHQ�0XWWHUQULOOHQ�GHUDUW�KRFK�EHODVWHW��GD�

GLH�JHVDPWH�7UDJIlKLJNHLW�DEVLQNW�

$EE��������7'3�HLQHV�3ODQHWHQ�XQWHU�=XJYRUVSDQQXQJ

(LQH�'LVWDQ]VFKHLEH��]ZHL�/DJHU]DSIHQ

,Q�GHQ�$EE�������XQG������VLQG�GLH�EHLGHQ�'LVWDQ]VFKHLEHQ�DQ�GHQ�3ODQHWHQHQGHQ�GXUFK�HLQH

'LVWDQ]VFKHLEH�LQ�GHU�0LWWH�GHV�3ODQHWHQ�XQG�GXUFK�]ZHL�/DJHU]DSIHQ�YRP�'XUFKPHVVHU�G30

HUVHW]W�� ,Q�GLHVHP�)DOO� VWHLJW� GHU�PXWWHUVHLWLJH�$EVW�W]UDGLXV� HWZDV� DQ�� GLH�)�KUXQJ� LQ�8P�

IDQJVULFKWXQJ�JHJHQ�6FKUlQNHQ�YHUVFKOHFKWHUW�VLFK�ZHJHQ�GHU�5HGXNWLRQ�DXI�HLQH�)�KUXQJV�

VFKHLEH�



��%HVRQGHUKHLWHQ�GHU�3:* ��

$EE��������7'3�HLQHV�3ODQHWHQ�XQWHU�'UXFNYRUVSDQQXQJ

$EE��������7'3�HLQHV�3ODQHWHQ�XQWHU�=XJYRUVSDQQXQJ

'LH�REHQ�DXIJHI�KUWHQ�%HLVSLHOH�GHPRQVWULHUHQ�GLH�%HGHXWXQJ�GHU�NRQVWUXNWLYHQ�*HVWDOWXQJ

YRQ�*URE��XQG�)HLQSURILOLHUXQJ�I�U�GLH�)�KUXQJ�JHJHQ�9HUNLSSHQ��'LH�%DOOLJNHLWHQ�GHU�HLQ�

]HOQHQ� .RQWDNWSDUWQHU� VLQG� GDEHL� I�U� GLH� 6WDELOLWlW� YRQ� XQWHUJHRUGQHWHU� %HGHXWXQJ�



��%HVRQGHUKHLWHQ�GHU�3:* ��

6FKUlQNHQ

)�U�6FKUlQNHQ�LQ�8PIDQJVULFKWXQJ�JHOWHQ�SULQ]LSLHOO�GLH�JOHLFKHQ�7'3�%HWUDFKWXQJHQ�ZLH�I�U

GDV�.LSSHQ��6WDWW�GHV�)ODQNHQZLQNHOV�LVW�KLHU�MHGRFK�GHU�*HVDPWVWHLJXQJVZLQNHO�DXVVFKODJJH�

EHQG��'LH�%HWUDFKWXQJVULFKWXQJ� LVW�SDUDOOHO�]XU�0HULGLDQVFKQLWWHEHQH��G�K��GLH�.|USHUDFKVHQ

OLHJHQ�KLQWHUHLQDQGHU��,Q�GLHVHU�$QVLFKW�VLQG�GLH�)ODQNHQQRUPDOHQ�LP�0XWWHUQNRQWDNW�SDUDOOHO

]X� GHQ� .|USHUDFKVHQ�� LP� .RQWDNW� 3ODQHW�6SLQGHOVWDQJH� ZHLFKHQ� VLH� XP� GHQ� *HVDPWVWHL�

JXQJVZLQNHO�YRQ�GHU�$FKVULFKWXQJ�DE��(LQ�.UlIWHJOHLFKJHZLFKW�NDQQ�VLFK�QXU�HLQVWHOOHQ��ZHQQ

PDQ�GLH�7DQJHQWLDONUDIW�EHUWUDJXQJ�GXUFK�5HLEXQJ�PLW�EHU�FNVLFKWLJW� �� VLHKH�QlFKVWHV�7HLO�

NDSLWHO�� 'LH�$XVZLUNXQJHQ� GHU� 6FKUlQNEHZHJXQJHQ� ]�%�� LP� ODXIULFKWXQJVDEKlQJLJHQ� /DXI�

YHUKDOWHQ� JLOW� HV� QRFK� QlKHU� ]X� XQWHUVXFKHQ�� 6WDWW� GHU� I�U�.LSSHQ� DXIJH]HLJWHQ� HEHQHQ� %H�

WUDFKWXQJ�NDQQ�HLQH�UlXPOLFKH�%HWUDFKWXQJ�GHU�7HLOGUHKSROH�HUIRUGHUOLFK�ZHUGHQ��XP�DOOH�(I�

IHNWH�XQG�:LUN]XVDPPHQKlQJH�HUNOlUHQ�XQG�EHZHUWHQ�]X�N|QQHQ��'LH�9RUJHKHQVZHLVH�GDI�U

HQWVSULFKW�GHU�REHQ�GDUJHVWHOOWHQ��VLH�Z�UGH�GHQ�5DKPHQ�GLHVHU�$UEHLW�MHGRFK�VSUHQJHQ�

���� 5HLEXQJ�XQG�6FKOXSI

(LQH�GHWDLOOLHUWHUH�%HVFKUHLEXQJ�]X�5HODWLYJHVFKZLQGLJNHLWHQ�LQ�GHQ�EHLGHQ�.RQWDNWJUXSSHQ�

]X�6FKOXSI�XQG�9HUOXVWHQ�IROJW� LQ�.DSLWHO����+LHU�VLQG�GLH�ZLFKWLJVWHQ�=XVDPPHQKlQJH�XQG

$XVZLUNXQJHQ� DQKDQG� YRQ� 5HLENHJHOQ�� 6FKOXSINXUYHQ� XQG� .HQQOLQLHQGLDJUDPPHQ� GDUJH�

VWHOOW�

'LH� DQ� MHGHU� .RQWDNWVWHOOH� GXUFK� 5HLEXQJ� �EHUWUDJHQH� 7DQJHQWLDONUDIW� 7� E]Z�� 5� ]HLJW� LQ

5LFKWXQJ�GHU��EHU�GLH�.RQWDNWIOlFKH�JHPLWWHOWHQ�5HODWLYJHVFKZLQGLJNHLW�YUHO�GHU�EHLGHQ�.|U�

SHU��$Q�MHGHU�HLQ]HOQHQ�.RQWDNWVWHOOH�N|QQHQ�.UlIWH�QXU�ÄLQQHUKDOE�GHV�5HLENHJHOV³��EHUWUD�

JHQ�ZHUGHQ���VLHKH�$EE��������'HU�KDOEH�gIIQXQJVZLQNHO�GHV�5HLENHJHOV�HUUHFKQHW�VLFK�DXV

GHP�ORNDOHQ�5HLEZHUW� µ ��GHU�EHL�GHU�3:*���YRUUDQJLJ�DEKlQJLJ�YRQ�0DWHULDO��6FKPLHUXQJ

XQG�/DVW� ��:HUWH�]ZLVFKHQ������XQG�����DQQLPPW��'LH�.RQWDNWVWHOOH� LVW�GHVZHJHQ��EHUZLH�

JHQG�QRUPDO�EHODVWHW�

,Q�$EE�������LVW�JXW�]X�HUNHQQHQ��GD��GLH�5HLENUDIW�5��GLH�LP�.RQWDNW�LQ�5LFKWXQJ�GHU�'LIIH�

UHQ]JHVFKZLQGLJNHLW�DXIWULWW��QXU�WHLOZHLVH�LQ�1XW]ULFKWXQJ�71�ZLUNW��'LH�1XW]ULFKWXQJ�LVW�EHL

MHGHP�.RQWDNW�GHU�3:*�GLH�8PIDQJVULFKWXQJ�GHV�$EWULHEHV��'HU�9HUOXVWDQWHLO� 7
9
�ZLUG�DXV�

VFKOLH�OLFK�LQ�:lUPH�XPJHVHW]W��HU�VROOWH�VR�NOHLQ�ZLH�P|JOLFK�JHKDOWHQ�ZHUGHQ�



��%HVRQGHUKHLWHQ�GHU�3:* ��

$EE��������1XW]DQWHLO�7
1
�XQG�9HUOXVWDQWHLO�7

9
�GHU��EHUWUDJHQHQ�5HLENUDIW�5

������ $XVQXW]XQJ�GHV�5HLEZHUWHV

'LH�$[LDONUDIW�ZLUNW�DXI�EHLGH�.RQWDNWJUXSSHQ�LQ�JOHLFKHU�+|KH��VLH�ZLUG�GXUFK�GHQ�3ODQHWHQ

YRQ�GHU�0XWWHU�DXI�GLH�6SLQGHOVWDQJH��$EN�U]XQJHQ�Ä0³�XQG�Ä6³���EHUWUDJHQ��)�U�QRUPDOHQ

%HWULHE� GHU� 3:*� RKQH� 'XUFKUXWVFKHQ� LVW� GHU� *HVDPWVWHLJXQJVZLQNHO� α
JHV
� LQ� $EE�� �����D

]ZLVFKHQ�GHU�0XWWHU��XQG�GHU�6SLQGHOVWDQJHQIODQNH�DQJHWUDJHQ��-HGHU�.RQWDNW�NDQQ�EHL�HLQHP

JHJHEHQHQ�5HLEZHUW� µ �QXU�7DQJHQWLDONUlIWH��EHUWUDJHQ��GLH�LQQHUKDOE�VHLQHV�5HLENHJHOV�OLH�

JHQ��$OOH�LQ�GHQ�3ODQHWHQ�HLQJHOHLWHWHQ�7DQJHQWLDONUlIWH�P�VVHQ�LQ�JOHLFKHU�+|KH�ZLHGHU�DXV

LKP�DXVJHOHLWHW�ZHUGHQ��GDGXUFK�UHGX]LHUW�VLFK�GHU�QXW]EDUH�%HUHLFK�GHV�GDUJHVWHOOWHQ�5HLENH�

JHOSDDUHV� DXI� GHVVHQ� VSLHJHOV\PPHWULVFKH� Ä6FKQLWWNHJHO³�� 'LHVH� JHPHLQVDPH� 6FKQLWWPHQJH

LVW�LQ�$EE�������E�DOV�JUR�HU�'RSSHONHJHO�PLW�GXUFKJH]RJHQHU�/LQLH�GDUJHVWHOOW�

.XU]� ]XU� *U|�HQRUGQXQJ� GHU� 5HLENHJHOZLQNHO� α � XQG� *HVDPWVWHLJXQJVZLQNHO� α
JHV
� LQ� GHU

3UD[LV��*HKW�PDQ�EHL�GHU� LQ�0HWDOO�DXVJHI�KUWHQ�/RZ�&RVW�3:*��=HLFKQXQJVVDW]� I�U�GHUHQ

.XQVWVWRIIDXVI�KUXQJ� LP� $QKDQJ�� EHL� KRKHU� 'UHK]DKO� YRQ� )O�VVLJNHLWVUHLEXQJ� PLW� HLQHP

5HLEZHUW�YRQ�µ = ���� �DXV��VR�EHWUlJW�GHU�KDOEH�gIIQXQJVZLQNHO�GHV�5HLENHJHOV�

α � ��������

5 1= ⋅µ
α µ= DUFWDQ



��%HVRQGHUKHLWHQ�GHU�3:* ��

'LH�*HVDPWVWHLJXQJ�GHU�.XQVWVWRII�3:*�EHWUlJW� WKHRUHWLVFK� 3 PP
JHV

= ����� ��'DV�HQWVSULFKW

DXI�GHP�6SLQGHOVWDQJHQZlO]NUHLV�G
6�
�HLQHP�6WHLJXQJVZLQNHO�YRQ�

α
π πJHV

JHV

6

3

G
=

⋅
=

⋅
= °DUFWDQ DUFWDQ

�
�

�
�

����
���

� � �

'LH�'DUVWHOOXQJ�GHU�:LQNHO� LQ�$EE������� LVW�QLFKW�PD�VWDEVJHWUHX��XP�GLH�=XVDPPHQKlQJH

YRQ�5HLEZLQNHO��*HVDPWVWHLJXQJVZLQNHO�XQG�GHU�(LQVFKUlQNXQJ�GHV�QXW]EDUHQ�5HLEZHUWHV�LQ

EHLGHQ�.RQWDNW]RQHQ�]X�YHUGHXWOLFKHQ��'LH�)ODQNHQ�GHV�3ODQHWHQ�VLQG�DOV�.HLO�PLW�]ZHL�5HLE�

IOlFKHQ�VWLOLVLHUW��'LH�0XWWHUVHLWH�OLHJW�KRUL]RQWDO��GLH�6SLQGHOVWDQJHQVHLWH�LVW�GLH�VFKUlJH�(EH�

QH�GHV�.HLOV�

D� �E�

$EE��������(LQVFKUlQNXQJ�GHV�QXW]EDUHQ�5HLEZHUWHV�GXUFK�GHQ�*HVDPWVWHLJXQJVZLQNHO

$QWULHEVPRPHQW

3UDNWLVFK�LQ�DOOHQ�%HWULHEVSXQNWHQ�KDEHQ�GLH�EHLGHQ�.RQWDNWJUXSSHQ�ZHJHQ�GHV�YRUZLHJHQG

ODVW�� XQG� JHVFKZLQGLJNHLWVDEKlQJLJHQ� *HVDPWVWHLJXQJVZLQNHOV� XQWHUVFKLHGOLFK� KRKHQ

6FKOXSI��'LH� 6FKOXSIYHUKlOWQLVVH� YHUlQGHUQ� VLFK� ]XGHP� JUXQGOHJHQG� EHL�8PNHKU� GHU� /DXI�

ULFKWXQJ�RGHU�GHV�'UHKVLQQV�GHV�$QWULHEVPRPHQWHV�EHLP�%HVFKOHXQLJHQ�E]Z��%UHPVHQ�

:LUNW� GLH� 7DQJHQWLDONUDIW� DQ� GHU� 6SLQGHOVWDQJH� GHQ� Ä*HVDPWVWHLJXQJVNHLO� KLQDXI³� �$EE�

�������VR�HQWZLFNHOW�GHU�3ODQHW�LP�0XWWHUQNRQWDNW�HLQHQ�JU|�HUHQ�6FKOXSI�DOV�LP�VSLQGHOVHLWL�

JHQ� .RQWDNW�� ZLUNW� GDV� $QWULHEVPRPHQW� GHQ� Ä6WHLJXQJVNHLO� KLQDE³�� VR� WULWW� GHU� JU|�HUH



��%HVRQGHUKHLWHQ�GHU�3:* ��

6FKOXSI�]ZLVFKHQ�6SLQGHOVWDQJH�XQG�3ODQHW�DXI��'DV�PDFKW�VLFK�MHZHLOV�LQ�HLQHU�9HUlQGHUXQJ

GHU�UHVXOWLHUHQGHQ�*HVDPWVWHLJXQJ�EHPHUNEDU��6WHOOW�VLFK�GHU�JU|�HUH�6FKOXSI�]ZLVFKHQ�3ODQHW

XQG�0XWWHU�HLQ��VR�QLPPW�GLH�*HVDPWVWHLJXQJ�DE��VWHOOW�HU�VLFK�]ZLVFKHQ�3ODQHW�XQG�6SLQGHO�

VWDQJH�HLQ��VR�QlKHUW�VLFK�GLH�*HVDPWVWHLJXQJ�GHU�6WHLJXQJ�GHU�6SLQGHOVWDQJH�DQ�

'XUFKUXWVFKHQ

-H�JU|�HU�GHU�*HVDPWVWHLJXQJVZLQNHO�α JHV �ZLUG��GHVWR�NOHLQHU�IlOOW�GHU�%HUHLFK�DXV��GHU�EHLGHQ

5HLENHJHOQ�JHPHLQ�LVW��LP�*UHQ]IDOO� µ α= WDQ JHV �ZLUG�GHU�PD[LPDO�]XOlVVLJH�5HLEZHUW�EHUHLWV

RKQH� ]XVlW]OLFKH� 7DQJHQWLDONUDIW�EHUWUDJXQJ� �]�%�� $QWULHEVPRPHQW�� YRP� 6WHLJXQJVZLQNHO

DXVJHQXW]W��%HL�.UlIWHQ�GLH� DX�HUKDOE� HLQHV�5HLENHJHOV� OLHJHQ� ÄUXWVFKW³� GHU�3ODQHWHQVDW]� LQ

GLHVHU�.RQWDNWJUXSSH�GXUFK�

'LH�*UHQ]H�]ZLVFKHQ�'XUFKUXWVFKHQ�XQG�]XOlVVLJHU�7DQJHQWLDONUDIW�EHUWUDJXQJ�NDQQ�EHL� HL�

QHP�5HLEJHWULHEH�ZLH�GHU�3:*�QLFKW�DOV�SO|W]OLFKHV�$EUHL�HQ�GHU�5HLEXQJ�VRQGHUQ�HKHU�DOV

IOLH�HQGHU�hEHUJDQJ�DQJHVHKHQ�ZHUGHQ��%HL�hEHUVFKUHLWHQ�GHV�PD[LPDO�]XOlVVLJHQ�5HLEZHU�

WHV�ZLUG�ZHLWHUKLQ�HLQH�7DQJHQWLDONUDIW��EHUWUDJHQ��'LH�5HLEZHUW�.HQQOLQLH� VWHLJW�DEHU�QLFKW

PHKU� DQ��ZHVKDOE� DXFK�EHL�ZHLWHU�ZDFKVHQGHP�6FKOXSI�GLH�7DQJHQWLDONUDIW� DQQlKHUQG� NRQ�

VWDQW�EOHLEW�E]Z��DEVLQNW���VLHKH�DXFK�$EE�������'DPLW�NDQQ�VLFK�NHLQ�VWDELOHU�%HWULHEVSXQNW

PHKU� HLQVWHOOHQ�� GDV�*HWULHEH� UXWVFKW� XQGHILQLHUW� GXUFK��'DV�hEHUWUDJXQJVYHUKDOWHQ� XQG� GLH

*HVDPWVWHLJXQJ�YHUlQGHUQ�VLFK�RKQH�EHVFKUHLEEDUH�*HVHW]Pl�LJNHLW�

8P�HLQHQ�VWDWLRQlUHQ�%HWULHEVSXQNW�]X�JHZlKUOHLVWHQ��GDUI�LQ�8PIDQJVULFKWXQJ�GHV�$QWULHEHV

PD[LPDO�GHU�YHUI�JEDUH�5HLEZHUW�DE]�JOLFK�GHV�+DQJDEWULHEHV�DXV�GHU�*HVDPWVWHLJXQJ�DXV�

JHQXW]W�ZHUGHQ��'HU�QXW]EDUH�5HLEZHUW�µ
1XW]

�LVW�

µ µ αQXW] JHV≤ − WDQ �

+LHUEHL�LVW�GHU�*HVDPWVWHLJXQJVZLQNHO�α JHV �LP�%HWULHE�NHLQ�GXUFK�GLH�%DXWHLOJHRPHWULH�DOOHLQ

IHVWJHOHJWHU�:HUW��'HU�]ZHLWH�ZHVHQWOLFKH�(LQIOX��DXI�GLH�*HVDPWVWHLJXQJ�OLHJW�LQ�GHU�YRUZLH�

JHQG�ODVW��� UHLEXQJV��XQG�JHVFKZLQGLJNHLWVDEKlQJLJHQ�.LQHPDWLN� �VLHKH�$EE������XQG�������

'LH� ([WUHPZHUWH� GHU� *HVDPWVWHLJXQJ� VLQG� XQWHU� XQJ�QVWLJVWHQ� %HGLQJXQJHQ� GLH� 3URILOVWHL�

JXQJHQ�YRQ�0XWWHU�E]Z��6SLQGHOVWDQJH��8QWHU�QRUPDOHQ�%HWULHEVEHGLQJXQJHQ�OLHJW�GLH�HIIHN�

WLYH�E]Z��UHVXOWLHUHQGH�*HVDPWVWHLJXQJ�DEHU�VHKU�QDKH�DQ�GHU�ÄLGDOHQ³�*HVDPWVWHLJXQJ�QDFK

GHU�YHUHLQIDFKWHQ�*HVDPWVWHLJXQJVIRUPHO��VLHKH�DXFK�.DSLWHO���������������$EE��������



��%HVRQGHUKHLWHQ�GHU�3:* ��

������ hEHUWUDJXQJVYHUKDOWHQ��(LQVFKUlQNXQJHQ

-H� NOHLQHU� GLH� *HVDPWVWHLJXQJ� GHU� 3:*� JHZlKOW� ZLUG�� GHVWR� PHKU� 8PGUHKXQJHQ�PX�� GLH

3:*�I�U�GHQ�VHOEHQ�+XEZHJ�DXVI�KUHQ��'DGXUFK�VLQNW� LP�.RQWDNWSXQNW�GHU�'UHK]DKO��XQG

.UDIW�EHUWUDJXQJVVFKOXSI�DXV�6FKUlJODXI��'HU�GXUFK�6FKOXSI�]XU�FNJHOHJWH�:HJ�ZlFKVW�DEHU

PLW� GHU� $Q]DKO� GHU� 8PGUHKXQJHQ�� PLW� LKP� QLPPW� GLH� 9HUOXVWOHLVWXQJ� ]X�� GHU� *HVDPWZLU�

NXQJVJUDG�VLQNW��=XVDPPHQIDVVHQG�VWHLJW�GHU�*HVDPWZLUNXQJVJUDG�PLW�GHU�*HVDPWVWHLJXQJ�

6HQNW�PDQ�GHQ�5HLEZHUW� LQ�GHU�3:*�]�%�� GXUFK�0DWHULDOZDKO� RGHU�6FKPLHUXQJ�� VR� QLPPW

JOHLFK]HLWLJ� �EHL� VRQVW� JOHLFKHQ� 9HUKlOWQLVVHQ�� GHU� 6FKOXSI� ]X�� GLH� *HVDPWVWHLJXQJ� YDULLHUW

VWlUNHU�PLW�GHU�/DVW��GLH�3:*�UXWVFKW�HKHU�GXUFK��%HVRQGHUV�EHL�JUR�HQ�6\VWHPVWHLJXQJHQ�LVW

GDUDXI�]X�DFKWHQ��GD��GHU�5HLEZHUW�JUR��JHQXJ�LVW��XP�VLFKHU�GLH�+DQJDEWULHEVNUDIW�XQG�GDV

$QWULHEVPRPHQW��EHUWUDJHQ�]X�N|QQHQ�

:lKOW� PDQ� EHVRQGHUV� JUR�H� *HVDPWVWHLJXQJHQ�� LVW� HLQH� JUR�H� (LQVFKUlQNXQJ�� ZLH� JHVDJW�

GXUFK�GHQ�QXW]EDUHQ�5HLEZHUW�JHJHEHQ��HLQH�]ZHLWH�(LQVFKUlQNXQJ�HUJLEW�VLFK�GXUFK�GLH�VWDU�

NH�.RQWDNWSXQNWDXVZDQGHUXQJ�DXV�GHU�$FKVYHUELQGXQJ��'XUFK�VLH�QLPPW�GHU�6FKUlJODXI�PLW

GHQ�6FKUlJODXIYHUOXVWHQ�]X��VLH�ZHUGHQ�EHL�JUR�HQ�*HVDPWVWHLJXQJHQ�]XP�+DXSWYHUOXVWIDNWRU

GHU� 3:*� �� QlKHUHV� GD]X� LQ� .DSLWHO� ���� XQG� ����� 'LH� .RQWDNWSXQNWDXVZDQGHUXQJ� HU]ZLQJW

]XGHP�JU|�HUH�)ODQNHQZLQNHO�XQG�NOHLQHUH�%DOOLJNHLWVUDGLHQ��XP�GHQ�.RQWDNWSXQNW�DXI�GHP

:lO]NUHLV��LQ�)ODQNHQPLWWWH��]X�EHKDOWHQ��'XUFK�GHQ�JU|�HUHQ�)ODQNHQZLQNHO�VWHLJW�GLH�.RQ�

WDNWQRUPDOODVW�XQG�PLW�LKU�GLH�+(57=�VFKH�3UHVVXQJ�DQ��*UHQ]HQ�ZHUGHQ�GXUFK�GLH�7UDJIlKLJ�

NHLW�GHV�0DWHULDOV�JHVHW]W��3RVLWLY�ZLUNW�VLFK�EHL�YHUJU|�HUWHQ�)ODQNHQZLQNHOQ�XQG�1RUPDOOD�

VWHQ�DXV��GD��K|KHUH�7DQJHQWLDONUlIWH�E]Z��$QWULHEVPRPHQWH��EHUWUDJHQ�ZHUGHQ�N|QQHQ�

������ .HQQOLQLHQGLDJUDPP�GHU�hEHUVHW]XQJV]XVDPPHQKlQJH

,P�.HQQOLQLHQGLDJUDPP� ����� VLQG� GLH� HU]LHOEDUHQ�*HVDPWVWHLJXQJHQ� EH]RJHQ� DXI� GLH� 6WHL�

JXQJ� GHU� 6SLQGHOVWDQJH�3JHV� �� 3V� GDUJHVWHOOW� LQ�$EKlQJLJNHLW� YRQ� GHQ� YDULLHUWHQ� 3DUDPHWHUQ

:lO]NUHLV�'XUFKPHVVHUYHUKlOWQLV�GSV� �� GV� YRQ� 3ODQHW� VSLQGHOVWDQJHQVHLWLJ� ]X� 6SLQGHOVWDQJH�

'LH�.HQQOLQLHQ�VSLHJHOQ�GDV�9HUKDOWHQ�GHU�LGHDO�VFKOXSIIUHL��EHUWUDJHQGHQ�3:*�ZLHGHU��ZDV

]XQlFKVW�NXU]�HUNOlUW�ZLUG��$QVFKOLH�HQG�VLQG�GLH�$XVZLUNXQJHQ�YRQ�6FKOXSI�DXI�GHQ�9HUODXI

GHU�.HQQOLQLHQ�XQWHU�UHDOHQ�%HGLQJXQJHQ�HUOlXWHUW��XP�GLH�$XVZLUNXQJHQ�GHU�REHQ�EHVFKULH�

EHQHQ�5HLESUREOHPDWLN�]X�YHUGHXWOLFKHQ�
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'LH�EHLGHQ�LQHLQDQGHUJUHLIHQGHQ�)HLQSURILOH�P�VVHQ�VHOEH�7HLOXQJ�DXIZHLVHQ��VLH�N|QQHQ�DEHU

HLQ��RGHU�PHKUJlQJLJ�DXVJHI�KUW�ZHUGHQ��,P�)DNWRU�N�LVW�GLH�*DQJ]DKO�GHV�3ODQHWHQIHLQSURILOV

DXI�GLH�*DQJ]DKO�GHU�6SLQGHOVWDQJH�EH]RJHQ��0LW�+LOIH�GLHVHV�'LDJUDPPV�NDQQ�EHL�EHNDQQWHQ

$QIRUGHUXQJHQ�VFKQHOO�GLH�JHHLJQHWH�3URILO��XQG�6WHLJXQJVNRPELQDWLRQ�JHIXQGHQ�ZHUGHQ��-H

IODFKHU� GHU� 9HUODXI� GHU� N�.HQQOLQLHQ�� GHVWR� JHULQJHU� VLQG� hEHUVHW]XQJV�6FKZDQNXQJHQ� LP

%HWULHE��GHVWR�ÄJXWP�WLJHU³�YHUKlOW�VLFK�GLH�3:*�
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�

�

�

�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����
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$EE�������.HQQOLQLHQGLDJUDPP�GHU�hEHUVHW]XQJV]XVDPPHQKlQJH

%HLVSLHOKDIW�LVW�GLH�%HVWLPPXQJ�GHV�EHQ|WLJWHQ�:lO]NUHLV�'XUFKPHVVHUYHUKlOWQLV�LQ�GDV�'LD�

JUDPP� ����� HLQJH]HLFKQHW�� GLH� EHL� GHU�9RUJDEH� HLQHU� 6SLQGHOVWDQJHQVWHLJXQJ�36� YRQ� �PP

XQG�HLQHU�*HVDPWVWHLJXQJ�3JHV�YRQ����PP�EHJLQQW������$XV�GHQ�P|JOLFKHQ�%DXIRUPHQ�PLW�N

 �������N� ������N� �������N� �����N� ����ZLUG�GLH�HLQJlQJLJH�$XVI�KUXQJ�PLW�JHJHQVLQQLJHP

*HZLQGH��N� �����DXVJHZlKOW��GD�VLH�PLW�GHU�JU|EVWHQ�3URILOWHLOXQJ�YRQ��PP�HLQIDFK�JHIHUWLJW

ZHUGHQ�NDQQ��)lOOW�PDQ�QXQ�GDV�/RW�YRP�6FKQLWWSXQNW�����3JHV���3V� ������PLW�GHU�.HQQOLQLH

YRQ�N� ���� ��DXI�GLH�GSV� ��GV� ��$FKVH������VR�HUKlOW�PDQ�GHQ�VSLQGHOVWDQJHQVHLWLJHQ�3ODQHWHQ�

:lO]NUHLVGXUFKPHVVHU�DOV�����IDFKHQ�:HUW�GHV�6SLQGHOVWDQJHQ�:lO]NUHLVGXUFKPHVVHUV�

.RPPW� HLQH� HLQIDFKH�*HZLQGHVWDQJH�PLW�0��',1�,62�*HZLQGH� ]XP�(LQVDW]�� VR� LVW� GHUHQ

:lO]NUHLVGXUFKPHVVHU�GV� �����PP��GDUDXV�HUJLEW�VLFK�GSV�]X�����PP��'HU�PXWWHUVHLWLJH�3OD�

QHWHQZlO]NUHLV�ZLUG�DXV�NRQVWUXNWLYHQ�*U�QGHQ�HWZD�PLW�GHP�����IDFKHQ�GHV�VSLQGHOVWDQJHQ�

���
���

���

���
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VHLWLJHQ� DQJHVHW]W�� HU� LVW� ����PP� JUR��� 'HU� 0XWWHUQZlO]NUHLV� LVW� GHUHQ� DOOHU� 6XPPH

GP� ������PP�

$XVVDJHQ�DXV�GHP�.HQQOLQLHQGLDJUDPP

$XVVDJHQ� �EHU� GLH� ]X� HUZDUWHQGHQ� *HVDPWVWHLJXQJVVFKZDQNXQJHQ� GXUFK� ODVWEHGLQJWHQ

6FKOXSI�VLQG�PLW�GLHVHP�'LDJUDPP�LQGLUHNW�P|JOLFK��'LH�DXIJHI�KUWHQ�=XVDPPHQKlQJH�JHO�

WHQ�I�U�GHQ�)DOO�GHU�DQJHWULHEHQHQ�6SLQGHOVWDQJH��0XWWHU�LVW�GUHKIHVW��

6FKOXSI�LVW�GXUFK�GLH�'UHKSROYHUODJHUXQJ�]XU�$QWULHEVDFKVH� �6SLQGHOVWDQJH�KLQ��VLHKH�.DSL�

WHO����JOHLFKEHGHXWHQG�PLW�HLQHU�YLUWXHOOHQ�=XQDKPH�GHV�VSLQGHOVWDQJHQVHLWLJHQ�3ODQHWHQZlO]�

NUHLVGXUFKPHVVHUV� G
36
� XQG� $EQDKPH� GHV� 6SLQGHOVWDQJHQZlO]NUHLVGXUFKPHVVHUV� G

6
�� 'HU

%HWULHEVSXQNW�YHUVFKLHEW�VLFK�GDGXUFK�EHL�]XQHKPHQGHP� G G
36 6
� �DXI�GHU�.HQQOLQLH��N� �NRQ�

VWDQW��QDFK�UHFKWV�

*OHLFK]HLWLJ� YHUlQGHUW� VLFK� DEHU� GHU� 6WHLJXQJVZLQNHO� GHU� 6SLQGHOVWDQJH�� GD� EHL� NRQVWDQWHU

$QWULHEVGUHK]DKO�GHU�JOHLFKH�+XE�DXI�YLUWXHOO�NOHLQHUHP�'XUFKPHVVHU�]XU�FNJHOHJW�ZLUG��'D

GDV�'LDJUDPP�QLFKW�PLW�GHQ�6WHLJXQJVZLQNHOQ�VRQGHUQ�PLW�GHU�6WHLJXQJ� MH�8PGUHKXQJ�EH�

UHFKQHW�ZXUGH��KDW�GHU�6WHLJXQJVZLQNHO�KLHU�NHLQHQ�(LQIOX��DXI�GLH�*HVDPWVWHLJXQJ�

'XUFK�6FKOXSI�QLPPW�GLH�$EWULHEVJHVFKZLQGLJNHLW�XQG�PLW�LKU�GLH�$EWULHEVGUHK]DKO��GHU�3OD�

QHWHQ� LQ� GHU� IHVWVWHKHQGHQ�0XWWHU�� DE��'LH� %HUHFKQXQJ� JHKW� YRQ� NRQVWDQWHQ�$EZlO]ZHJHQ

DXV��'HVKDOE�EHZLUNW�HLQH�9HUULQJHUXQJ�GHU�3ODQHWHQXPGUHKXQJV]DKO�HLQH�YLUWXHOOH�9HUULQJH�

UXQJ�GHU�3ODQHWHQVWHLJXQJ��)�U�GHQ�N�:HUW�EHGHXWHW�6FKOXSI�DOVR�HLQH�EHWUDJVPl�LJH�9HUULQ�

JHUXQJ���GLH�N�.HQQOLQLH�YHUVFKLHEW�VLFK�EHL�6FKOXSI�LQ�5LFKWXQJ�]XU�N ��.HQQOLQLH�

%HLGH�(LQIO�VVH��9HUODJHUXQJ�GHV�%HWULHEVSXQNWHV�DXI�N�QDFK�UHFKWV�XQG�VFKOXSIEHGLQJWH�9HU�

ULQJHUXQJ�YRQ� N ��ZLUNHQ�VLFK�GDKLQJHKHQG�DXV��GD��GLH�*HVDPWVWHLJXQJ�GXUFK�6FKOXSI�Ql�

KHU�]XU�N ��.HQQOLQLH�U�FNW�

������ $XVZLUNXQJHQ�YRQ�6FKOXSI�DXI�YHUVFKLHGHQH�%DXDUWHQ

6FKOXSI�]ZLVFKHQ�0XWWHU�XQG�3ODQHWHQ

6FKOXSI�]ZLVFKHQ�3ODQHW�XQG�0XWWHU�I�KUW�LQ�DOOHQ�3:*�$XVI�KUXQJHQ�]XU�9HUVFKLHEXQJ�GHU

.HQQOLQLH�QlKHU�]XU�6WHLJXQJVZDQGOXQJ�3JHV���3V� ���KLQ��'HU�3ODQHWHQVDW]�ÄUXWVFKW³�GDEHL�LQ

GHU�0XWWHU�PHKU�RGHU�ZHQLJHU�VWDUN�GXUFK��ZRGXUFK�GHU�D[LDOH�9RUVFKXE�GXUFK�ZHQLJHU�ZLUN�

VDPH�8PGUHKXQJHQ�YRQ�3ODQHWHQ�XQG�6SLQGHOVWDQJH�DEQLPPW�



��%HVRQGHUKHLWHQ�GHU�3:* ��

6FKOXSI�]ZLVFKHQ�3ODQHWHQ�XQG�6SLQGHOVWDQJH

,VW�GHU�3ODQHW�UHLQ�ULOOHQSURILOLHUW��N� �����VR�I�KUW�6FKOXSI�]ZLVFKHQ�3ODQHW�XQG�6SLQGHOVWDQ�

JH�]XU�$EQDKPH�GHU�3ODQHWHQXPGUHKXQJHQ��GLH�6SLQGHOVWDQJHQVWHLJXQJ�ZLUG�ZHQLJHU�XQWHU�

VHW]W��GLH�*HVDPWVWHLJXQJ�QLPPW�]X��'LH�N ��.HQQOLQLH� UXWVFKW� LP�'LDJUDPP�QDFK�REHQ� LQ

5LFKWXQJ�3JHV� �� 3V� � ��� *OHLFK]HLWLJ� QLPPW� GXUFK� GLH�'UHKSROYHUODJHUXQJ� ]XP�$QWULHE� KLQ

�YJO�� $EE�� ������ GDV� 'XUFKPHVVHUYHUKlOWQLV� G G
36 6
� � ]X�� ZDV� GHQ� %HWULHEVSXQNW� DXI� GHU

.HQQOLQLH�QDFK�UHFKWV�YHUVFKLHEW��:HJHQ�GHU�JHULQJHQ�6WHLJXQJ�GHU�.HQQOLQLH��EHUZLHJW�GHU

(LQIOX��GHU�.HQQOLQLHQ�9HUVFKLHEXQJ�GHQ�GHU�%HWULHEVSXQNWYHUVFKLHEXQJ�DXI�GHU�.HQQOLQLH�

'LH�*HVDPWVWHLJXQJ�ZlFKVW�GXUFK�6FKOXSI��'LHVH�7HQGHQ]�Ol�W�VLFK�OHLFKW�DP�([WUHPIDOO�YRQ

IHVW�PLW�GHU�0XWWHU�YHUEXQGHQHQ�3ODQHWHQ�QDFKYROO]LHKHQ��ZREHL�GLH�6SLQGHOVWDQJH�GDULQ�]XU

6FKUDXEH�LQ�GHU�(UVDW]PXWWHU�ZLUG�

%HL�JOHLFKVLQQLJHQ�3URILOLHUXQJHQ� DXI�3ODQHW�XQG�6SLQGHOVWDQJH� �N�!����ZLUG�GLH�6WHLJXQJ

GHU�6SLQGHOVWDQJH�GXUFK�GLH�GHV�3ODQHWHQ�YHUJU|�HUW�JHJHQ�EHU�GHU�6WHLJXQJ�HLQHU�3:*�PLW

UHLQ�ULOOHQSURILOLHUWHQ�3ODQHWHQ�

'XUFK� GLH�'UHKDFKVDXVZDQGHUXQJ� ]XU�$QWULHEVDFKVH� KLQ�ZDQGHUW� EHL� 6FKOXSI� GHU� %HWULHEV�

SXQNW�DXI�GHU�.HQQOLQLH�QDFK�UHFKWV��'XUFK�GLH�JHULQJHUH�:LUNXQJ�GHU�3ODQHWHQVWHLJXQJ�KDW

GHU�3ODQHW�HLQH�YLUWXHOO�YHUULQJHUWH�*HVDPWVWHLJXQJ��ZRGXUFK�GLH�N�.HQQOLQLH�QlKHU�]XU�N �

.HQQOLQLH�YHUVFKREHQ�ZLUG��%HLGH�(IIHNWH�]XVDPPHQJHQRPPHQ�EHZLUNHQ�HLQH�9HUULQJHUXQJ

GHU�*HVDPWVWHLJXQJ�GXUFK�6FKOXSI�

,VW�GLH�6WHLJXQJ�GHU�3ODQHWHQ�)HLQSURILOLHUXQJ�QHJDWLY� �/LQNV�DXI�5HFKWVJHZLQGH��N������

VR�VLQNW�GXUFK�6FKOXSI�GLH�*HVDPWVWHLJXQJ�DE��ELV�VLH�EHLP�hEHUVFKUHLWHQ�GHV�1XOOGXUFKJDQ�

JHV�LKU�9RU]HLFKHQ�ZHFKVHOW��'HU�%HWULHEVSXQNW�ZDQGHUW�DXFK�LQ�GLHVHP�)DOO�EHL�6FKOXSI�QDFK

UHFKWV��GLH�N�.HQQOLQLH�QlKHU�]XU�N ��.HQQOLQLH�

*HVDPWVFKOXSI

6FKOXSI�WULWW�VRZRKO�LQ�GHQ�.RQWDNWHQ�3ODQHW�0XWWHU��DOV�DXFK�LQ�GHQ�.RQWDNWHQ�6SLQGHOVWDQ�

JH�3ODQHW�DXI��-H�QDFK�$QWULHEV�'UHKULFKWXQJ�XQG�'UHKVLQQ�GHV�$QWULHEVPRPHQWHV�NDQQ�GHU

6FKOXSI�LQ�GHU�HLQHQ�RGHU�DQGHUHQ�.RQWDNWJUXSSH�JU|�HU�DXVIDOOHQ��YJO��$EE�������XQG�$EE�

�������(V�KlQJW�YRUUDQJLJ�YRQ�GHQ�6WHLJXQJHQ�GHU�3:*�3URILOH��YRQ�GHU�'UHK]DKO��GHU�'UHK�

ULFKWXQJ�XQG�GHU�/DVW�DE��ZLH�VLFK�GHU�6FKOXSI�DXI�GLH�*HVDPWVWHLJXQJ�DXVZLUNW�� ,Q�GHU�%HL�

VSLHOUHFKQXQJ�� LQ� .DSLWHO� ������ XQG� $QKDQJ� ������ VLQG� GLH� 6FKOXSI�9HUKlOWQLVVH� EHL� HLQHU

6WDKO�3:*�EHVFKULHEHQ�



��$QDO\VH��0RGHOOELOGXQJ��%HUHFKQXQJ ��

�� $QDO\VH��0RGHOOELOGXQJ��%HUHFKQXQJ

%HL�GHU�3:*�KDQGHOW�HV�VLFK�XP�HLQ�VHKU�MXQJHV�0DVFKLQHQHOHPHQW��I�U�GDV�YRU�YLHU�-DKUHQ

QRFK�NHLQH�EUDXFKEDUHQ�%HUHFKQXQJVYHUIDKUHQ�YRUODJHQ��*HIRUGHUW� VLQG�%HUHFKQXQJVPHWKR�

GHQ��PLW�GHUHQ�+LOIH�GLH�3:*�ELV�]XU�)HUWLJXQJVUHLIH�DXVJHOHJW�ZHUGHQ�NDQQ�

'HU�:HJ�]XU�%HUHFKQXQJ�GHU�3:*�EHJLQQW�PLW�GHU�6XFKH�QDFK�GLUHNW�DQZHQGEDUHQ�E]Z��PR�

GLIL]LHUEDUHQ�6WDQGDUG�%HUHFKQXQJVYHUIDKUHQ��'DEHL�]HLJWH�VLFK��GD��GLH�JHEUlXFKOLFKHQ�%H�

UHFKQXQJVYHUIDKUHQ� I�U� /DJHU�� =DKQUlGHU� XQG� 5HLEJHWULHEH� QLFKW� DXI� GLH� 9HUKlOWQLVVH� GHU

3:*��EHUWUDJEDU� VLQG��)�U�GLH�3:*� LVW� GHVZHJHQ�HLQH� VSH]LHOOH�$QDO\VH�GHU�.RQWDNWNLQH�

PDWLN� XQG� GDUDXI� DXIEDXHQG� HLQH� JHHLJQHWH� 0RGHOOELOGXQJ� HUIRUGHUOLFK�� 6FKULWWZHLVH� I�KUW

GLHVH�0RGHOOLHUXQJ�]XU�QXPHULVFKHQ�6LPXODWLRQ�GHV�*HVDPWV\VWHPV��$XV�LKU�ODVVHQ�VLFK�GDQQ

GLH�]XOlVVLJHQ�9HUHLQIDFKXQJHQ�I�U�VFKQHOOHUH�%HUHFKQXQJVYHUIDKUHQ�DEOHLWHQ�

:LH�LQ�$EE������GDUJHVWHOOW��EDVLHUW�GLH�0RGHOOLHUXQJ�GHU�3:*�DXI�GHU�

− 6WDWLVFKHQ�%HWUDFKWXQJ� GHV� (LQ]HONRQWDNWHV� QDFK�+(57=� >+�@� XQWHU� GHQ� (LQIOX�IDNWRUHQ

/DVW�XQG�)ODQNHQJHRPWULH�

− '\QDPLVFKHQ�%HWUDFKWXQJ� GHV� (LQ]HONRQWDNWHV� LQ� %HZHJXQJ� XQWHU� %HU�FNVLFKWLJXQJ� GHU

hEHUVHW]XQJVYHUKlOWQLVVH� VRZLH� GHU� 'UXFN�� XQG� *HVFKZLQGLJNHLWVYHUWHLOXQJ� �EHU� GHU

.RQWDNWIOlFKH�

− 'HU�$QDO\VH�GHV�*HVDPWV\VWHPV��ZREHL�GLH�:HFKVHOZLUNXQJHQ�]ZLVFKHQ�GHQ�(OHPHQWHQ

XQG�GLH�%HODVWXQJ�GHU�HLQ]HOQHQ�(OHPHQWH�EHWUDFKWHW�ZHUGHQ�

− 'DUDXI�EDVLHUHQG�GHP�$XIEDX�HLQHV�0HKUN|USHUV\VWHPV��PLW�GHVVHQ�+LOIH�GLH�QXPHULVFKH

6LPXODWLRQ�GHV�/DXIYHUKDOWHQV�GHU�JHVDPWHQ�3:*�P|JOLFK�LVW�

6SH]LHOOH�0RGHOOELOGXQJ

������QXPHULVFKH�6LPXODWLRQ

$EE�������9RUJHKHQ�EHL�GHU�8QWHUVXFKXQJ�GHU�3:*

'LH�0RGHOOLHUXQJ� GHV�0HKUN|USHUV\VWHPV� �0.6�� LVW� NRPSOH[�� GD� GLH� (OHPHQWH� GHU� 3:*

QLFKW�VWDUU�JHI�KUW�VLQG���VLHKH�.DSLWHO�������XQG�VLFK�GHVKDOE�VWlQGLJ�YHUlQGHUOLFKH�.RQWDNWOD�

*HVDPWV\VWHP�DQDO\WLVFK(LQ]HONRQWDNW�VWDWLVFK (LQ]HONRQWDNW�G\QDPLVFK *HVDPWPRGHOO�G\QDPLVFK



��$QDO\VH��0RGHOOELOGXQJ��%HUHFKQXQJ ��

JHQ�HLQVWHOOHQ��6FKRQ�EHL�HLQIDFKHQ�3:*�$XVI�KUXQJHQ�VWHKHQ�PHKU�DOV�����.RQWDNWVWHOOHQ

LQ�(LQJULII��GDV�*HVDPWV\VWHP�LVW�VWDWLVFK��EHUEHVWLPPW��=XGHP�LVW�HLQH�NRQYHQWLRQHOOH�0.6�

0RGHOOLHUXQJ�� LQ�GHU�GLH�:HFKVHOZLUNXQJHQ� LQ� MHGHP�HLQ]HOQHQ�.RQWDNW�PRGHOOLHUW�ZHUGHQ�

VHKU�DXIZHQGLJ��+LHU�ZLUG�GHVZHJHQ�HLQ�PRGLIL]LHUWHU�0.6�$XIEDX�JHZlKOW��*HHLJQHWH�9HU�

VXFKH�ZHUGHQ�SDUDOOHO�GXUFKJHI�KUW��VLH�GLHQHQ�]XU�9DOLGLHUXQJ�GHU�0RGHOOELOGXQJ���VLHKH�.D�

SLWHO���

9HUlQGHUOLFKH�*U|�HQ

'XUFK�GLH�.RQVWUXNWLRQ�ZHUGHQ�IROJHQGH�JHRPHWULVFKH�*U|�HQ�IHVWJHOHJW�

− 'LH�/lQJHQ�XQG�'XUFKPHVVHU�GHU�(OHPHQWH�

− 'LH�:lO]NUHLVGXUFKPHVVHU�

− 'LH�$UW�GHU�5LOOHQ��E]Z��*HZLQGHSURILOLHUXQJ�PLW�6WHLJXQJ�XQG�*DQJ]DKO�

− 'LH�$Q]DKO�GHU�WUDJHQGHQ�.RQWDNWVWHOOHQ�XQG�GHUHQ�9HUWHLOXQJ��EHU�GLH�(OHPHQWH�

- 'LH�)ODQNHQJHRPHWULH��VSH]LHOO�GLH�:DKO�JHUDGHU�RGHU�EDOOLJ�SURILOLHUWHU�)ODQNHQ�

- :HUNVWRII�

− *JI��GLH�:lUPHEHKDQGOXQJ�E]Z��2EHUIOlFKHQYHUIHVWLJXQJ�

'DUDXV�VLQG�PLWWHOV�GHU�LGHDOLVLHUWHQ�VWDWLVFKHQ�%HWUDFKWXQJ��ZLH�VLH�LQ�.DSLWHO���EHVFKULHEHQ

LVW��EHUHLWV�ZLFKWLJH�.HQQJU|�HQ�GHU�3:*�]X�HUPLWWHOQ�ZLH�]�%��PLQLPDO�HUIRUGHUOLFKHU�%DX�

UDXP� XQG� 7UDJIlKLJNHLW�� 1DFK� GHU� LQ� .DSLWHO� ���� YRUJHVWHOOWHQ� 7HLOGUHKSROEHWUDFKWXQJ� Ol�W

VLFK�GLH�3URILOYHUWHLOXQJ�HEHQIDOOV�EHL�GHU�VWDWLVFKHQ�%HWUDFKWXQJ�RSWLPLHUHQ�

,P�%HWULHE�VLQG�GHU�6\VWHPVFKOXSI�XQG�GHU�*HVDPWZLUNXQJVJUDG�ZHVHQWOLFKH�.HQQJU|�HQ�

6LH�VLQG�YRQ�PHKUHUHQ�3DUDPHWHUQ�DEKlQJLJ�XQG�N|QQHQ�QLFKW�PHKU�DXI�HLQIDFKHP�:HJH�EH�

VWLPPW�ZHUGHQ��VRQGHUQ�HUIRUGHUQ�GLH�G\QDPLVFKH�%HUHFKQXQJ�GHV�*HVDPWV\VWHPV�XQWHU�%H�

WULHEVEHODVWXQJ��'LH�8UVDFKHQ�XQG�:HFKVHOZLUNXQJHQ� LQ�GHQ�5HLESDDUXQJHQ�GHU�3:*�ZHU�

GHQ�LQ�GLHVHP�.DSLWHO�KHUJHOHLWHW�XQG�JUDILVFK�GDUJHVWHOOW��'DUDXV�ZHUGHQ�GLH�JUXQGOHJHQGHQ

%HUHFKQXQJVDQVlW]H�DEJHOHLWHW��=XU�9HUHLQIDFKXQJ�ZLUG�KLHU�YRQ�HLQHP��EHU�GHU�.RQWDNWIOl�

FKH�VRZLH�LP�JHVDPWHQ�1RUPDOEHWULHEVEHUHLFK�GHU�3:*�NRQVWDQWHQ�5HLEZHUW� µ �DXVJHJDQ�

JHQ���VLHKH�GD]X�DXFK�.DSLWHO������
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���� 'UHKSROODJHQ�EHL�6FKOXSI

,P�%HWULHEVEHUHLFK�MHGHV�5HLEUDGJHWULHEHV�QLPPW�GHU�6FKOXSI�PLW�GHU��EHUWUDJHQHQ�/HLVWXQJ

]X�ZHQQ�$QSUH�NUDIW�XQG�'UHK]DKO�RGHU�$QSUH�NUDIW�XQG�'UHKPRPHQW�NRQVWDQW�EOHLEHQ��,VW

GLH�$QWULHEVGUHK]DKO���NRQVWDQW��VR�VLQNW�EHL�K|KHUHU�hEHUWUDJXQJVOHLVWXQJ�GLH�$EWULHEVGUHK�

]DKO���GXUFK�6FKOXSI�

$OV�.UDIWSRO�.3�ZLUG�EHLP�6WLUQUHLEUDG�GHU�2UW�GHU�.UDIW�EHUWUDJXQJ�EH]HLFKQHW��GHU�KLHU�GHP

.RQWDNWSXQNW�JOHLFKW��'HU�'UHKSRO�LVW�DOV�GHU�2UW�GHILQLHUW��DQ�GHP�$QWULHE�XQG�$EWULHE�JOHL�

FKH� *HVFKZLQGLJNHLW� KDEHQ� �� VLHKH� $EE�� ����� /HHUODXI� XQG� /HLVWXQJV�EHUWUDJXQJ� PLW

ϖ
�

= NRQVW� �

$EE�������'UHKSROODJHQ�PLW�XQG�RKQH�6FKOXSI�EHLP�6WLUQUHLEUDGJHWULHEH

,Q� MHGHU�6WLUQUDG�6WLUQUDG�6WXIH�XQG�EHL�6WLUQUDG�+RKOUDG�6WXIHQ��EHL�GHQHQ�GDV�6WLUQUDG� DQ�

JHWULHEHQ� LVW�� I�KUW�6FKOXSI� ]XU�$XVZDQGHUXQJ� GHV�'UHKSROHV� ]XU�$QWULHEVDFKVH� KLQ� �� VLHKH

$EE�� ���� LP� %HUHLFK� GHU� :HUWH� N� �� �� PLW� N
U
U

= =
ϖ
ϖ

�

�

�

�

� XQG� 5DG�$FKVDEVWDQG

D U U NRQVW= + =
� �

� �� ,VW� KLQJHJHQ� GDV� +RKOUDG� DQJHWULHEHQ�� VR� ZDQGHUW� GHU� 'UHKSRO� EHL

6FKOXSI�YRQ�GHU�$QWULHEVDFKVH�ZHJ��'LHVHU�)DOO�HQWVSULFKW�LQ�$EE������GHQ�:HUWHQ�N�!���

$XVJHKHQG�YRQ�GHU�N�.HQQOLQH�ϖ
� �� �I�U�6� ���LQ�$EE������VWHOOHQ�VLFK�EHL�6FKOXSI�QHXH�hEHU�

VHW]XQJVNHQQOLQLHQ�PLW� JHULQJHUHU�6WHLJXQJ� HLQ��$QGHUV� EHWUDFKWHW� YHUKlOW� VLFK� GDV�*HWULHEH
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EHL�6FKOXSI�ZLH�HLQ�VFKOXSIIUHLHV�*HWULHEH��GHVVHQ�hEHUVHW]XQJ�N�DXI�GHU�EHLEHKDOWHQHQ�ϖ� �� �

.HQQOLQLH�ÄZHLWHU�UHFKWV³�OLHJW�

�������

$EE�� ����� $EWULHEVGUHKJHVFKZLQGLJNHLWV�.HQQOLQLH� �ϖ
�
�� I�U� YHUVFKLHGHQH� 5HLEUDG�

GXUFKPHVVHUYHUKlOWQLVVH�PLW�XQG�RKQH�6FKOXSI��$QWULHEVGUHK]DKO�ϖ
�
� �NRQVWDQW



��$QDO\VH��0RGHOOELOGXQJ��%HUHFKQXQJ ��

���� 'UHK��XQG�.UDIWSROODJHQ�EHL�%RKUHQ�XQG�6FKOXSI

6FKQHLGHQ�VLFK�GLH�'UHKDFKVHQ�GHU�5HLEN|USHU�QLFKW�LQ�HLQHP�3XQNW�GHU�.RQWDNWHEHQH��RGHU

VLQG�VLH�DOV�6SH]LDOIDOO�GDYRQ�DOOH�SDUDOOHO�RULHQWLHUW��VR�WULWW�%RKUUHLEXQJ�DXI��'HU�%RKUDQWHLO

GHU�5HODWLYEHZHJXQJ�HQWVSULFKW�GHP�VHQNUHFKW�]XU�.RQWDNWHEHQH�JHULFKWHWHQ�$QWHLO�GHU�'UHK�

JHVFKZLQGLJNHLWVGLIIHUHQ]�]ZLVFKHQ�$Q��XQG�$EWULHE���VLHKH�$EE������

'LH�YHNWRULHOOH�=HUOHJXQJ�GHU�'UHKJHVFKZLQGLJNHLWHQ�LQ�%RKUGUHKVFKQHOOH�ω
E
�XQG�*OHLWDQWHLO

ω
J
�LVW�LQ�$EE������HEHQVR�DEJHELOGHW��ZLH�GLH�DQVFKOLH�HQG�EHUHFKQHWHQ�'UHKSRO��XQG�.UDIW�

SROODJHQ� �]XU� 9HUGHXWOLFKXQJ� VLQG� GLH� $XVZDQGHUXQJHQ� �EHUSURSRUWLRQDO� JUR�� GDUJHVWHOOW��

'LH� /DJH� GHU�.UDIWSROH� LVW� QXQ�� DQGHUV� DOV� EHLP� 6WLUQUHLEUDGJHWULHEH�� YRQ� GHU� hEHUWUDJXQJ

DEKlQJLJ��GLH�+HUOHLWXQJ�XQG�'HILQLWLRQ�HU�.UDIWSROODJH�IROJW�DXI�GHU�QlFKVWHQ�6HLWH�

$EE�������'UHKSRODXVZDQGHUXQJ�LQ�GHU�.RQWDNWHEHQH�HLQHV�5HLEJHWULHEHV
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��

$EE�������*HVFKZLQGLJNHLWVIHOG��'UHKSRO�XQG�.UDIWSRO�LQ�GHU�.RQWDNWHEHQH

%HL�UHLQ�ERKUHQGHU�%HZHJXQJ��VLHKH�$EE������OLQNV�� OLHJW�GHU�'UHKSRO� LP�=HQWUXP�GHU�.RQ�

WDNWIOlFKH�� (V� NDQQ� NHLQH� 7DQJHQWLDONUDIW� 7� �EHUWUDJHQ� ZHUGHQ�� ZHLO� GLH� 5HVXOWLHUHQGH� GHU

5HLENUlIWH�XP�GHQ�'UHKSRO�'3�QXU�HLQ�0RPHQW�DEHU�NHLQH�.UDIW�HUJLEW��'LHVHV�%RKUPRPHQW

ZLUNW�VLFK�LP�%HWULHE�DXVVFKOLH�OLFK�DOV�/HLVWXQJVYHUOXVW�DXV�

:HQQ�GHU�'UHKSRO� DXV�GHP�=HQWUXP�GHU�.RQWDNWIOlFKH� VHLWOLFK� DXVZDQGHUW�� VLHKH�$EE�� ���

UHFKWV��LVW�GLH�UHVXOWLHUHQGH�7DQJHQWLDONUDIW�7�XQJOHLFK�1XOO��'LHVH�5HVXOWLHUHQGH�7�VFKQHLGHW

GLH�$FKVYHUELQGXQJVOLQLH�D�LP�.UDIWSRO�.3��'LHVHU�)DOO�LVW�EHL�GHU�3:*�LP�.RQWDNW�3ODQHW�

0XWWHU�DQ]XWUHIIHQ��GHWDLOOLHUWH�+HUOHLWXQJ�XQG�%HLVSLHOUHFKQXQJ�LQ�$QKDQJ������XQG�������

������ %HUHFKQXQJ�YRQ�7DQJHQWLDONUDIW�XQG�%RKUPRPHQW

'LH� LP� .UDIWSRO�.3� JHGDFKWH� 7DQJHQWLDONUDIW� 7� EHZLUNW� XP� GHQ� 'UHKSRO�'3� GDV� JOHLFKH

'UHKPRPHQW�0E��ZLH�GDV��EHU�GHU�.RQWDNWIOlFKH�DXILQWHJULHUWH�3URGXNW�DXV�GHQ�7HLOWDQJHQWL�

DONUlIWHQ�XQG�GHUHQ�+HEHODUPHQ���VLHKH�$EELOGXQJ�����

'LH�7HLOWDQJHQWLDONUlIWH� KlQJHQ� VRZRKO� YRQ� GHU� ORNDOHQ�'LIIHUHQ]JHVFKZLQGLJNHLW�� DOV� DXFK

YRQ� GHU� ORNDOHQ� 3UHVVXQJ� DE�� 'LH� 3UHVVXQJ� EHVLW]W� �EHU� GHU� .RQWDNWIOlFKH� QDFK� GHU

+(57=�VFKHQ�7KHRULH�HLQHQ�HOOLSWLVFKHQ�9HUODXI��VLHKH�GD]X�DXFK�$EE������
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$EE�������(OOLSWLVFKHU�9HUODXI�GHU�3UHVVXQJ��EHU�GHU�.RQWDNWIOlFKH

'DV�%RKUPRPHQW�0E��VLHKH�$EE������XQG������5HFKHQZHJ�LQ�$QKDQJ�������HLQHU�HOOLSWLVFKHQ

.RQWDNWIOlFKH�PLW�GHQ�+DOEDFKVHQ�D�XQG�E�XQG�NRQVWDQWHP�5HLEZHUW� µ
%
�EHVWLPPW�VLFK�QDFK

/87=�>/���/�@�XQG�:(51,7=�>:�@�]X�

( )0 S
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'HU�:HUW�\��EHVFKUHLEW�GDEHL�GHQ�5DQG�GHU�.RQWDNWIOlFKH�LQ�$EKlQJLJNHLW�YRP�[�:HUW�

'LH�7DQJHQWLDONUDIW�7�ZLUG�QDFK�GHP�JOHLFKHQ�$QVDW]�HUUHFKQHW�]X�

( )
7 S
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\
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'HU�$EVWDQG� O
1
�GHV�.UDIWSROV�YRP�'UHKSRO��VLHKH�$EE�������LVW�GDEHL�

O D E
7

)1

% 1

=
µ �

1XQ�EHVFKUHLEHQ�GLH� UHVXOWLHUHQGHQ�*U|�HQ�7DQJHQWLDONUDIW� 7 � LP�.UDIWSRO�.3� XQG� LKU�$E�

VWDQG� O
1
�YRP�'UHKSRO�'3��E]Z��LKU�$EVWDQG� O

0
�YRP�)OlFKHQVFKZHUSXQNW��GDV�5HLEJHWULHEH

YROOVWlQGLJ��0LW�+LOIH�GLHVHU�'HILQLWLRQHQ� VLQG�GLH�=XVDPPHQKlQJH� OHLFKWHU� YRUVWHOOEDU� XQG

HLQIDFKHU� ]X� EHUHFKQHQ�� 6LH� IDVVHQ� GDV� hEHUWUDJXQJVYHUKDOWHQ� ]XVDPPHQ�� GDV� VLFK� DXV� GHU

$FKVDQRUGQXQJ��GHU�)ODQNHQJHRPHWULH�VRZLH�GHU�DXV�GHU�)ODQNHQQRUPDONUDIW�)1� UHVXOWLHUHQ�

GHQ� 'UXFNIOlFKHQIRUP� XQG� GHP� VLFK� DXVELOGHQGHQ� 'UXFNSURILO� XQG� 'LIIHUHQ]JHVFKZLQGLJ�
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NHLWVIHOG�HUJLEW��'LH�DQDO\WLVFKH�E]Z��QXPHULVFKH�%HUHFKQXQJ�GLHVHU�UHVXOWLHUHQGHQ�.HQQJU|�

�HQ�YHUXUVDFKW�MHGRFK�ZHJHQ�GHU�GDI�U�]X�O|VHQGHQ�HOOLSWLVFKHQ�,QWHJUDOH�HLQHQ�EHWUlFKWOLFKHQ

$XIZDQG��ZHVKDOE� LQ�.DSLWHO� ���� I�U� GLH�3:*�HLQ� HLQIDFKHUHV� JUDILVFKHV�9HUIDKUHQ� YRUJH�

VWHOOW�ZLUG�

������ .UDIWSRODXVZDQGHUXQJ

'HU�.UDIWSRO�.3� OLHJW�EHL�ERKUHQGHU�5HLEXQJ�XQG�6FKOXSI� �%RKUVFKOXSI��DXI�E]Z��]ZLVFKHQ

GHU�$EWULHEVDFKVH���XQG�GHP�.RQWDNWSXQNW�.�XQG�LVW�GRUW�GHILQLHUW��ZR�GLH�:LUNXQJVOLQLH�GHU

7DQJHQWLDONUDIW�7�GLH�$FKVYHUELQGXQJVOLQLH�D� VFKQHLGHW� �VLHKH�GD]X�$EE������������������'HU

.UDIWSRO�.3�ZDQGHUW�YRP�.RQWDNWSXQNW�.�VWHWV�LQ�HQWJHJHQJHVHW]WHU�5LFKWXQJ�ZLH�GHU�'UHK�

SRO�'3�DXV��'DEHL�LVW�GLH�$XVZDQGHUXQJ�O�YRQ�.3�PD[LPDO��ZHQQ�GLH�$XVZDQGHUXQJ�O0�YRQ

'3�PLQLPDO�LVW��VRZLH�XPJHNHKUW���VLHKH�$EE�������'LH�([WUHPODJHQ�GHU�3ROH�VLQG�GDEHL�

$��'HU�.UDIWSRO� OLHJW�EHL�PD[LPDOHU�7DQJHQWLDONUDIW�EHUWUDJXQJ� LP�=HQWUXP�GHU�.RQWDNWIOl�

FKH� �O�  � ���� GDEHL� WUHWHQ� ����� 'UHK]DKOVFKOXSI� DXI�� G�K�� GHU� $EWULHE� VWHKW� VWLOO�� GLH

.UDIW�EHUWUDJXQJ�HUIROJW�LQ�GLHVHP�=XVDWDQG�Y|OOLJ�RKQH�%RKUHQ��GD�$EWULHEVUDGLXV�U�� ���

XQG�ϖ
�

�= �

%��'HU� 'UHKSRO� GHFNW� VLFK� PLW� GHP�0LWWHOSXQNW� GHU� .RQWDNWIOlFKH� �O0�  � ���� HV� OLHJW� UHLQH

%RKUEHZHJXQJ�RKQH�7DQJHQWLDONUDIW�EHUWUDJXQJ�YRU��GHU�'UHK]DKOVFKOXSI�LVW����

,Q�EHLGHQ�*UHQ]IlOOHQ�ZLUG�NHLQH�/HLVWXQJ��EHUWUDJHQ��LQ�)DOO�$�ZHLO�GHU�$EWULHE�VWLOO�VWHKW��LQ

%�ZHLO�RKQH�6FKOXSI�NHLQH�7DQJHQWLDONUDIW��EHUWUDJHQ�ZHUGHQ�NDQQ� �� YJO�� KLHU]X� DXFK�$EE�

�����1DFK�$EE������VLQG�I�U�RSWLPDOH�/HLVWXQJV�EHUWUDJXQJ�3RODXVZDQGHUXQJHQ�XP�����J�Q�

VWLJ�
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$XI�GLH �+DOEDFKVHQOlQJH �EH]RJHQH�3RODXVZDQGHUXQJ

�.UDIWSRO �'UHKSRO

$EE�������$XVZDQGHUXQJ�YRQ�.UDIW��XQG�'UHKSRO�GXUFK�%RKUVFKOXSI�QDFK�>0���$EE���@

'HU�5HLEZHUW� µ �ZLUG�EHL�GLHVHU�%HWUDFKWXQJ�DOV��EHU�GHU�JHVDPWHQ�.RQWDNWIOlFKH�NRQVWDQW

DQJHQRPPHQ��(U�NDQQ�DXV�GHU�0HVVXQJ�GHU�UHLQHQ�%RKUYHUOXVWH�RGHU�GHU�6FKOXSIYHUOXVWH�RK�

QH�%RKUHQ� LQ�$XVODXIYHUVXFKHQ�EHVWLPPW�ZHUGHQ��'DEHL� VLQG�GLH� UHDO�YRUNRPPHQGHQ�.RQ�

WDNWEHGLQJXQJHQ� ZLHGHU]XJHEHQ�� YRU� $OOHP�� 0DWHULDOSDDUXQJ�� .RQWDNWJHRPHWULH�� 6FKPLHU�

PLWWHO��%HVWLPPW�PDQ�GHQ�5HLEZHUW�DXV�%RKUYHUOXVWHQ�VR�QHQQW�PDQ�LKQ� µ
%
��EHWUDFKWHW�PDQ

GDI�U�GLH� LP�.RQWDNW��EHUWUDJHQH�7DQJHQWLDONUDIW� LQ�1XW]ULFKWXQJ� EH]RJHQ� DXI� GLH�1RUPDO�

NUDIW��VR�QHQQW�PDQ�GHQ�5HLEZHUW� µ
1
���YHUJOHLFKH�KLHU]X�PLW�$EE����������������������XQG�.D�

SLWHO�������1DFK�$EE������JHKW�GHU�%RKUUHLEZHUW� µ � LP�)DOO�$� LQ�GHQ�6FKOXSIUHLEZHUW� µ
1

�EHU�

������ 9HUULQJHUQ�YRQ�9HUOXVWHQ�DXV�ERKUHQGHU�5HLEXQJ

'LH�%RKUUHLEXQJVYHUOXVWH�ODVVHQ�VLFK�NRQVWUXNWLY�EHHLQIOXVVHQ�GXUFK�

− *UR�H�)ODQNHQZLQNHO� β ��5ROOEHZHJXQJ�J�QVWLJHU�DOV�%RKUEHZHJXQJ���GDV�LVW�QXU�EHGLQJW

J�OWLJ��ZHQQ� �ZLH�EHL�GHU�3:*��]XVlW]OLFK�D[LDOH�.UlIWH��EHUWUDJHQ�ZHUGHQ��GD�PLW� GHP

)ODQNHQZLQNHO�GLH�.RQWDNWQRUPDONUDIW�XQG�GDPLW�GLH�.RQWDNWIOlFKH�ZlFKVW��ZRGXUFK�GLH

%RKUUHLEXQJ�PLW�GHU�*U|�H�GHU�.RQWDNWIOlFKH�ZLHGHU�]XQLPPW�

O O0

$

%
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− .OHLQH�'UHKJHVFKZLQGLJNHLWVGLIIHUHQ]HQ�]ZLVFKHQ�$Q��XQG�$EWULHE� �JHULQJHU�6FKOXSI�

− bKQOLFKH�:lO]NUHLVGXUFKPHVVHU�EHL�$Q��XQG�$EWULHE���LGHDO�ZlUH�L ��

− Ä+RKOUDG�6WLUQUDG³�5HLESDDUXQJHQ�KDEHQ�ZHJHQ�JOHLFKHP�'UHKVLQQ�YRQ�$Q��XQG�$EWULHE

ZHVHQWOLFK�JHULQJHUH�%RKUYHUOXVWH�DOV�6WLUQUDG�6WLUQUDG�5HLESDDUXQJHQ��%HL�GHU�3:*�VLQG

LP�.RQWDNW�0XWWHU�3ODQHW�GLH�%RKUYHUOXVWH�JHULQJHU�DOV�LP�.RQWDNW�3ODQHW�6SLQGHOVWDQJH�

− *HULQJH�3UHVVXQJHQ��GDPLW�GLH�.RQWDNWIOlFKH�JHULQJH�$XVGHKQXQJ�DXIZHLVW�XQG�GHU�+HEHO�

DUP�GHV�%RKUPRPHQWHV�NOHLQ�EOHLEW���YLHOH�JHULQJ�EHODVWHWH�.RQWDNWH�VLQG�J�QVWLJHU�DOV�HLQ

KRFKEHODVWHWHU�.RQWDNW���VLHKH�$EE����������������

− +RKH�(ODVWL]LWlWVPRGXOL�I�U�JHULQJH�$ESODWWXQJ�XQG�JHULQJH�.RQWDNWIOlFKHQDXVGHKQXQJ�

− 0|JOLFKVW�.RQWDNWHOOLSVHQ�PLW�+DXSWDFKVHQYHUKlOWQLVVHQ� XP� �� �� NOHLQVWH�+HEHODUPH� GHV

%RKUPRPHQWHV�OLHJHQ�EHL�DQQlKHUQG�NUHLVI|UPLJHQ�.RQWDNWIOlFKHQ�YRU�

− *HULQJVWH�1RUPDONUDIW�]XU�hEHUWUDJXQJ�GHU�HUIRUGHUOLFKHQ�7DQJHQWLDONUDIW��'LH�$QSDVVXQJ

GHU� 1RUPDONUDIW� DQ� GLH� hEHUWUDJXQJVOHLVWXQJ� HUIROJW� EHL� GHU� 3:*� DXWRPDWLVFK�� GLH

Ä*UXQGDEVWLPPXQJ³�ZLUG�NRQVWUXNWLY�PLW�GHP�)ODQNHQZLQNHO�β �YRUJHJHEHQ�

 

���� 'UHK��XQG�.UDIWSROODJHQ�EHL�6FKUlJODXI�XQG�6FKOXSI

6FKUlJODXI��$EE�������WULWW�EHL�GHU�3:*�LP�.RQWDNW�3ODQHW�6SLQGHOVWDQJH�DXI��$EE��������:LOO

PDQ�JU|�HUH�6\VWHPVWHLJXQJHQ�HU]LHOHQ�� VR�ZlFKVW� VRZRKO�GLH�$XVZDQGHUXQJ� GHV�.RQWDNW�

SXQNWHV�DXV�GHU�$FKVYHUELQGXQJ�D��VLHKH�.DSLWHO��������DOV�DXFK�GHU�6FKUlJODXIZLQNHO�γ �

$EE�������6FKUlJODXI
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+LHU�ZLUG�HLQ�JUDILVFKHV�9HUIDKUHQ�YRUJHVWHOOW��PLW�GHP�GLH�'UHK]DKOYHUOXVWH�XQG�7DQJHQWLDO�

NUDIWYHUOXVWH�LP�3XQNWNRQWDNW�EHL�6FKUlJODXI�HEHQVR�HLQIDFK�GXUFK�GLH�$QJDEH�YRQ�'UHKSRO

'3�XQG�.UDIWSRO�.3�EHVFKULHEHQ�ZHUGHQ�N|QQHQ��ZLH�HV�/87=�>/��/�@�XQG�:(51,7=�>:�@

I�U�%RKUHQ�XQG�6FKOXSI�DXI]HLJWHQ�

'D]X� ZLUG� GHU� *HVFKZLQGLJNHLWVSODQ� LQ� GHU� .RQWDNWHEHQH� JHQXW]W�� PLW� GHP� X�D�� *$*�

*(50(,(5�>*�@�GDV�hEHUWUDJXQJVYHUKDOWHQ�GDUVWHOOWH�

'HU�'UHKSRO�'3�NDQQ�LQ�GHU�.RQWDNWHEHQH�QXU�DXI�GHU�$FKVYHUELQGXQJ�D�GHU�.|USHUGUHKDFK�

VHQ�$�� XQG�$�� OLHJHQ�� GD� VLFK� GLH�.|USHU� VRQVW� WUHQQHQ� RGHU� GXUFKGULQJHQ�Z�UGHQ�� )HUQHU

PX��GLH�5HODWLYJHVFKZLQGLJNHLW� LP�.RQWDNWSXQNW� VHQNUHFKW� ]XU�9HUELQGXQJ� '3 . � VWHKHQ�

'XUFK� GLHVH� EHLGHQ� .ULWHULHQ� LVW� GLH� /DJH� GHV� 'UHKSROV�'3� GHILQLHUW� DOV� 6FKQLWWSXQNW� GHU

$FKVYHUELQGXQJ�D�PLW�GHP�/RW�DXI�YUHO��GXUFK�GHQ�.RQWDNWSXQNW�.�

'LH�/DJH�GHU�.UDIWZLUNXQJVOLQLH�YRQ�7��XQG�7��LVW�LQ�.�GXUFK�GLH�5HODWLYJHVFKZLQGLJNHLW�YUHO

IHVWJHOHJW��'HU�.UDIWSRO�.3�OLHJW�JHQDX�GRUW�DXI�GHU�$FKVYHUELQGXQJ�D��ZR�GLHVH�VLFK�PLW�GHU

:LUNXQJVOLQLH�GHU�7DQJHQWLDONUlIWH�7�VFKQHLGHW���VLHKH�$EE������

%HL�6FKUlJODXI�VWHKW�GLH�9HUELQGXQJVOLQLH�'3 . �LQ�.�LPPHU�VHQNUHFKW�DXI�.3 . �

,Q�$EE������VLQG�QLFKW�QXU�GLH�/DJHQ�GHU�EHLGHQ�3ROH��EH]HLFKQHW�PLW����I�U�GLH�DEJHELOGHWH� Y
UHO

GDUJHVWHOOW��VRQGHUQ�DXFK�GHU�JHVDPWH�%HUHLFK��LQ�GHP�VLFK�GLH�3ROH�I�U�GLHVH�.RQWDNWSXQNWOD�

JH�EHL�XQWHUVFKLHGOLFK�KRKHP�6FKOXSI�EHILQGHQ�N|QQHQ��=ZLVFKHQ�GHP�%HUHLFK� I�U�'3� XQG

GHP�%HUHLFK�I�U�.3�NODIIW�HLQH�/�FNH��GLH�XPVR�JU|�HU�LVW��MH�ZHLWHU�GHU�.RQWDNWSXQNW�YRQ�D

DXVJHZDQGHUW��E]Z�� MH�JU|�HU�GHU�6FKUlJODXIZLQNHO� γ � LVW��GDV�DXFK�KHL�W�� MH�JU|�HU�GLH�*H�

VDPWVWHLJXQJ�GHU�3:*�LVW�

,P�/HHUODXI�ZLUG�NHLQH�7DQJHQWLDONUDIW��EHUWUDJHQ�XQG�VRPLW�ZLUG�EHL�PLQLPDOHP�'UHK]DKO�

VFKOXSI�GLH�PD[LPDOH�$EWULHEVJHVFKZLQGLJNHLW� Y
�PD[

�HUUHLFKW��'DV�/RW�GXUFK�.�DXI� Y
UHO
� �GLH

LP�/HHUODXI�JHQDX�YUHO�PLQ�LVW��OLHJW�GDQQ�DXI� Y� ��GHU�'UHKSRO�LQ�'3���GHU�.UDIWSRO�LQ�.3��

'LH�PD[LPDOH�7DQJHQWLDONUDIW�7��E]Z��GDV�PD[LPDOH�$EWULHEVPRPHQW�0���N|QQWH�WKHRUHWLVFK

GDQQ��EHUWUDJHQ�ZHUGHQ��ZHQQ�GLH�$EWULHEVVHLWH�VWLOO�VW�QGH��'DQQ�ZlUH�GLH�5HODWLYJHVFKZLQ�

GLJNHLW� EHWUDJVPl�LJ� JOHLFK� JUR��ZLH� GLH�$QWULHEVJHVFKZLQGLJNHLW�� GHU�'UHKSRO�'3PD[� OlJH

DXI�GHU�$QWULHEVDFKVH��GHU�.UDIWSRO�EHL�.3PD[��'LHVH�hEHUWUDJXQJVVLWXDWLRQ� LVW� LQ�GHU�3UD[LV

DEHU�QXU�YRQ�WKHRUHWLVFKHP�,QWHUHVVH��ZHLO�HLQH�$EWULHEVEHZHJXQJ�HUIROJHQ�VROO��$XFK�EHL�GHU

hEHUODJHUXQJ�YRQ�%RKUVFKOXSI�XQG�6FKUlJODXI�QLPPW�GLH��EHUWUDJEDUH�/HLVWXQJ�]XQlFKVW�PLW

GHP�6FKOXSI�]X��EHL�K|KHUHP�6FKOXSI�DEHU�ZLHGHU�DE�
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$EE�� ����� 3URMHNWLRQ� GHU� hEHUVHW]XQJVYHUKlOWQLVVH� �LP� *HVFKZLQGLJNHLWVSODQ�� DXI� GLH
$FKVYHUELQGXQJ�D��&KDUDNWHULVWLVFKH�*U|�HQ�GHU�hEHUVHW]XQJ��.3��'3��7��γ ε� �XQG�YUHO�

,Q�GHQ�:LQNHOQ�VSLHJHOQ�VLFK�ZLHGHU�

γ �6FKUlJODXI

ε �9HUOXVWH�GXUFK�.UDIWVFKOXSI

ψ �9HUOXVWH�GXUFK�'UHK]DKOVFKOXSI

������ %HUHFKQXQJ�GHU�'UHKSRO��XQG�.UDIWSROODJHQ

'HU�$QWULHEVZLQNHO�δ �

δ = DUFVLQ
Y
U
�

�

LVW��EHU�GHQ�$QWULHEVUDGLXV�U��XQG�GLH�.RQWDNWSXQNWYHUODJHUXQJ�Y�EHNDQQW�DXV�GHU�YRUDQJH�

JDQJHQHQ�%HUHFKQXQJ�GHU�.RQWDNWSXQNWODJH��'LH�(UJHEQLVVH�GHU�GUHLGLPHQVLRQDOHQ�%HUHFK�

QXQJ�DXV�.DSLWHO������$EE������ZHUGHQ�GD]X�LQ�GLH�]ZHLGLPHQVLRQDOH�%HWUDFKWXQJ��EHUI�KUW�

$XV�GHP�$FKVDEVWDQG�D�HUUHFKQHW�VLFK�GHU�$EWULHEVUDGLXV� U
�
QDFK�GHP�&RVLQXVVDW]�

U U D U D
� �

� �

�
�= + − FRV δ �
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'HU�$EWULHEVZLQNHO�τ �HUUHFKQHW�VLFK�]X�

τ
δ

= DUFVLQ
VLQU

U
�

�

�

'HU�6FKUlJODXIZLQNHO� γ � LVW�EHL�GHU�3:*�GLH�6XPPH�DXV�$Q��XQG�$EWULHEVZLQNHO� �� VLHKH

$EE�������PLW�9RU]HLFKHQ�Ä�³�I�U�6WLUQUDGSDDUXQJHQ�XQG�Ä�³�I�U�+RKOUDGSDDUXQJHQ�

γ δ τ= ± ��

'LH�:LQNHOGLIIHUHQ]� γ �]ZLVFKHQ�$QWULHEVZLQNHOδ �XQG�$EWULHEVZLQNHOτ �YHUXUVDFKW�GLH�'LI�

IHUHQ]JHVFKZLQGLJNHLW� Y
UHO � PLQ ��GLH�VHOEVW�GDQQ�QLFKW�]X�QXOO�ZHUGHQ�NDQQ��ZHQQ�YRP�$EWULHE

NHLQH�/HLVWXQJ� HQWQRPPHQ�ZLUG��'LHVHU� =ZDQJVVFKOXSI� LVW�PLW� VHLQHQ�9HUOXVWHQ� EHUHLWV� LP

/HHUODXI�]X��EHUZLQGHQ�

'LH�PD[LPDO��EHUWUDJEDUH�$EWULHEVJHVFKZLQGLJNHLW� Y
�

EHUHFKQHW�VLFK�]X�

Y Y
� �PD[

FRV= γ �

'HU�6FKOXSI�6�EHVWLPPW�VLFK�I�U�*HUDGODXI�XQG�6FKUlJODXI�DXV�GHQ�8PIDQJVJHVFKZLQGLJNHL�

WHQ�LP�.RQWDNWSXQNW�

6
Y Y
Y

= −
� �

�

��

Y Y 6
� �

�= −� � �

Y Y
� �

= −�FRV VLQ WDQ �γ γ ε

'HU�PLQLPDOH�6FKOXSI� 6
PLQ
�LVW�JOHLFK]HLWLJ�GHU�=ZDQJVVFKOXSI� 6

=
�EHL�6FKUlJODXI�

6
Y Y

Y=
= − = −� �

�

�PD[ FRVγ �

'DEHL�LVW�GLH�PLQLPDOH�5HODWLYJHVFKZLQGLJNHLW� Y
UHO �PLQ �GXUFK�=ZDQJVVFKOXSI�

Y Y
UHO � PLQ VLQ= � γ �

'LH�5HLENUDIW�EHUWUDJXQJ�HUIROJW�LQ�5LFKWXQJ�GHU�5HODWLYJHVFKZLQGLJNHLW�Y
UHO
�

Y Y Y Y Y 6
UHO

= − + = + − +� FRV � � VLQ � �FRV � VLQ
� �

�

�

�

�

� ��γ γ γ γ �

Y Y Y Y Y Y
UHO UHO

= + = + = +� PLQ � VLQ � � VLQ WDQ � VLQ WDQ�

�

�

�

�

�

�

�

��∆ γ γ ε γ ε
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,Q�GLHVHU�5LFKWXQJ�ZLUNW�DXFK�GHU�WDWVlFKOLFKH�6FKOXSI� 6
7
�

6
Y
Y

6
7

UHO= = + − +
�

� ���FRV � VLQγ γ �

6
7

= +VLQ WDQγ ε� �

'HU�:LQNHO�σ �EHUHFKQHW�VLFK�]X�

σ ε γ= ° − −��� �

'HU�6FKOXSIZLQNHO ε �EHUHFKQHW�VLFK�]X�

FRV � PLQε =
Y

Y
UHO

UHO

�RGHU

WDQ
FRV � �

VLQ
FRWPD[

� PLQ

ε γ
γ

γ= − = + − =Y Y
Y

6
6

UHO

� � � �
�

EHL�6 ��LVW�ε γ= ° −�� �XQG� WDQ FRWPD[

PD[

�PLQ

ε γ= =Y
Y

UHO

� �

'LH�7DQJHQWLDONUDIW�7
�
�HUUHFKQHW�VLFK�DXV�GHU�.RQWDNWQRUPDONUDIW�4 �]X�

7 4
Y
Y

4 6UHO

7�

�

= ⋅ ⋅ = ⋅ ⋅µ µ

XQG�EHZLUNW�LQ�8PIDQJVULFKWXQJ�GHV�$EWULHEV�GLH�8PIDQJVNUDIW�8
�
��LQ�$EE������LVW�8��QLFKW

HLQJH]HLFKQHW��VLH�ZlUH�GLH�VHQNUHFKWH�3URMHNWLRQ�YRQ�7�DXI�GLH�5LFKWXQJ�YRQ� Y
�
��

( )8 4
Y Y

Y
4 6 6 4 6

=�

� �

�

�= ⋅ ⋅ − = ⋅ ⋅ − = ⋅ ⋅ − +µ µ µ γPD[ � FRV � �

'LHVH�EHLGHQ�.UlIWH�YHUKDOWHQ�VLFK�ZLH�

8 7
� �

= FRVσ �

8 7
� �

= VLQε �

'LH�$XVQXW]XQJ�ν
6
�GHU�5HLENUDIW�LQ�$EWULHEVULFKWXQJ�LVW�EHL�6FKUlJODXI��,QGH[�Ä6³��

ν ε
6

UHO

Y Y
Y

= − =� �PD[ VLQ �
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0LW�GHP�6FKOXSIZLQNHO� ε �ZlFKVW�GHU�1XW]DQWHLO�GHU�hEHUWUDJXQJ�ELV�]XU�PD[LPDOHQ�.UDIW�

DXVQXW]XQJ�EHL�ε
PD[

�

ε γ
PD[

= ° −�� �

'HU�.UDIWSRO�.3�EHILQGHW�VLFK��6LQXVVDW]��EHL�6FKUlJODXI�DXI�GHU�$FKVYHUELQGXQJ� LP�$E�

VWDQG� U
6
�YRQ�GHU�$EWULHEVDFKVH�

U U
6� � ���

=
°− −

VLQ
VLQ� �

ε
ε τ

�

'HU�'UHKSRODEVWDQG�YRQ�GHU�$QWULHEVDFKVH� U
6�
�EHWUlJW�EHL�6FKUlJODXI�

U U
6� � ���

=
°− −

VLQ
VLQ� �

ψ
δ ψ

'HU�+LOIVZLQNHO�ψ �GLHQW�GDEHL�]XU�DQVFKDXOLFKHUHQ�'DUVWHOOXQJ�

ψ γ ε= °− −�� �

0LW�GHQ�3ROYHUODJHUXQJHQ� O �XQG� O
0
�DXVJHGU�FNW�VLQG�

O U U
6

= −
� � �

O D U U
0 6

= − −
� � �

O O O D U U
1 0 6 6

= + = − −
� �

,P�9HUKlOWQLV�
U
U

O O
O

6�

�

�

�

= −
� VSLHJHOW�GLH�'UHKSRODXVZDQGHUXQJ�GHQ�JHVDPWHQ�'UHK]DKOVFKOXSI

DXV�=ZDQJVVFKOXSI�XQG�8PIDQJVVFKOXSI�GHV�$EWULHEV�ZLGHU�

'HU�:LUNXQJVJUDG�η
6
�EHUHFKQHW�VLFK�DXV�GHQ�'UHKPRPHQW��XQG�'UHK]DKOYHUOXVWHQ�

η
6

6

6

6

6

3
3

0
0

Q
Q

U
D U

U
D U

= = ⋅ =
−

⋅
−

�

�

�

�

�

�

�

�

�

�

�

'LH�/HLVWXQJVYHUOXVWH�∆η
6
�VLQG�GDPLW�

∆η
6

3
3

= −� �

�

�
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������ %HLVSLHO�I�U�GUHL�.RQWDNWSXQNWODJHQ

,Q�$EE�������VLQG�I�U�GUHL�.RQWDNWSXQNWODJHQ�DX�HUKDOE�GHU�$FKVYHUELQGXQJVHEHQH�GLH�FKD�

UDNWHULVWLVFKHQ�:LQNHO��*HVFKZLQGLJNHLWHQ�XQG�'UHKJHVFKZLQGLJNHLWHQ�GDUJHVWHOOW�

'DV�'UHLHFN�'UHKSRO�.RQWDNWSXQNW�.UDIWSRO�LVW�LPPHU�UHFKWZLQNOLJ�

7RWNUHLV��.3�DXI�GHU�$EWULHEVDFKVH

0DQ� HUNHQQW�� GD�� HV� .RQWDNWSXQNWODJHQ�.� JLEW�� DQ� GHQHQ� DOOHLQ� GXUFK� GHQ� =ZDQJVVFKOXSI

�EHLγ = �����NHLQH�/HLVWXQJV�EHUWUDJXQJ�P|JOLFK� LVW��'LHVH�/DJHQ� ILQGHQ�VLFK� LQ�$EE������

DOOHVDPW�DXI�GHP�7RWNUHLV� �,QGH[�7���$XI� LKP�HUJLEW� MHGH�3URMHNWLRQ�GHU�$QWULHEVJHVFKZLQ�

GLJNHLW�DXI�GLH�$EWULHEVULFKWXQJ�QXOO�DOV�$EWULHEVJHVFKZLQGLJNHLW��GHU�.UDIWSRO� .3
7
�OLHJW�GD�

EHL�LPPHU�DXI�GHU�$EWULHEVDFKVH�$��

$XFK� I�U�DOOH�DQGHUHQ�.RQWDNWSXQNWODJHQ� �QLFKW�DXI�GHP�7RWNUHLV�� LVW�8PIDQJVNUDIW�EHUWUD�

JXQJ�XQP|JOLFK��ZHQQ�GHU�.UDIWSRO� DXI� GHU�$EWULHEVDFKVH� OLHJW� �� GDQQ� WULWW� UHLQHU� =ZDQJV�

VFKOXSI�DXI��GDV�*HWULHEH�OlXIW�LP�/HHUODXI�

,Q�GHQ�([WUHPODJHQ� '3
PD[

� �'UHKSRO� OLHJW�DXI�GHU�$QWULHEVDFKVH�� VWHKW�GHU�$EWULHE�VWLOO��%HL

GHQ�/DJHQ� .3 .3
7�

= �DXI�GHU�$EWULHEVDFKVH�LVW�NHLQH�8PIDQJVNUDIW��EHUWUDJEDU� �� LQ�EHLGHQ

)lOOHQ�LVW�/HLVWXQJV�EHUWUDJXQJ�XQP|JOLFK�

+RKOUDGSDDUXQJHQ

+RKOUDGSDDUXQJHQ��,QGH[�+��VLQG�QXU�EHL�.RQWDNWSXQNWODJHQ�DX�HUKDOE�GHV�7RWNUHLVHV�P|J�

OLFK� RGHU�ZHQQ� GLH�$EWULHEVDFKVH� LQQHUKDOE� GHV�:lO]NUHLVGXUFKPHVVHUV��� OLHJW��'LH�P|JOL�

FKHQ�'UHKSROODJHQ� OLHJHQ�EHL�+RKOUDGSDDUXQJHQ�YRP�$EWULHE� DXV�JHVHKHQ�ÄKLQWHU³�GHU�$Q�

WULHEVDFKVH��ZHQQ�GLH�3DDUXQJ�YRP�6WLUQUDG�DQJHWULHEHQ�ZLUG��,VW�KLQJHJHQ�GDV�+RKOUDG�DQJH�

WULHEHQ��VR�OLHJW�GHU�'UHKSRO�'3�ZHLWHU�YRP�$QWULHE�HQWIHUQW�DOV�GHU�.RQWDNWSXNW��'HU�]ZHLWH

)DOO�LVW�LQ�$EE�������QLFKW�DEJHELOGHW�
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$EE�� ������ 'UHKJHVFKZLQGLJNHLWHQ� XQG� 5HODWLYJHVFKZLQGLJNHLWHQ� I�U� 5HLEVWHOOHQ� JOHL�
FKHU�$QWULHEVJHVFKZLQGLJNHLW�Y ��GLH�QLFKW�DXI�GHU�$FKVYHUELQGXQJ�OLHJHQ

6FKRQ�EHL�NOHLQHQ�:LQNHOQ� δ ��XQG� τ �ZLUNW�VLFK�GLH�(QWIHUQXQJ�GHV�.RQWDNWSXQNWHV�YRQ�GHU

$FKVYHUELQGXQJ�VWDUN�DXI�GLH�'UHKSROYHUODJHUXQJ�DXV�XQG�YHUXUVDFKW�KRKH�'UHKJHVFKZLQGLJ�

NHLWVYHUOXVWH��)�U�JHULQJH�'UHKJHVFKZLQGLJNHLWVYHUOXVWH�VLQG�J�QVWLJ��YHUJO��$EE��������

− +RKOUDG�6WLUQUDGSDDUXQJ�VWDWW�6WLUQUDG�6WLUQUDGSDDUXQJ�

− %HL�6WLUQUDG�6WLUQUDGSDDUXQJ��lKQOLFKH�:lO]NUHLVGXUFKPHVVHU���XQG���

− %HL�+RKOUDG�6WLUQUDG�3DDUXQJ��JUR�HU�+RKOUDG��XQG�JUR�HU�6WLUQUDGGXUFKPHVVHU�

− *HULQJH�$XVZDQGHUXQJ�GHV�.RQWDNWSXQNWHV�DXV�GHU�$FKVYHUELQGXQJ��E]Z�

− .OHLQH�:LQNHO�τ �XQG�δ �

���� 'UHK��XQG�.UDIWSROODJHQ�EHL�6FKUlJODXI��%RKUHQ�XQG�6FKOXSI

*$**(50(,(5�>*�@�HUPLWWHOWH�LQ�XPIDQJUHLFKHQ�9HUVXFKHQ�GLH�ZLFKWLJVWHQ�DOOJHPHLQJ�OWLJHQ

=XVDPPHQKlQJH�I�U�GLH�(LQIOX�JU|�HQ�%RKUUHLEXQJ�XQG�6FKUlJODXI��$XV�VHLQHQ�9HUVXFKVHU�

JHEQLVVHQ� NDQQ� DEJHOHLWHW�ZHUGHQ�� GD�� GHU� (LQIOX�� GHU�%RKUUHLEXQJ� EHL� JUR�HQ� 6FKUlJODXI�

ZLQNHOQ�YHUQDFKOlVVLJEDU�JHULQJ�LVW�
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,Q�$EE�� ����� LVW� EHLVSLHOKDIW� GLH� I�U� HLQH� |OJHVFKPLHUWH� 3DDUXQJ� 6WDKO� DXI� 6WDKO� JHPHVVHQH

5HLEZHUW�6FKOXSI�.XUYH�DEJHELOGHW��GLH�HU�I�U�%RKUHQ�PLW�HLQHP�)ODQNHQZLQNHO�YRQ�����LP

3U�IVWDQG�HUPLWWHOWH��Ä%RKUHQ�XQG�6FKOXSI³���'LHVH�.XUYH�SD�W�JXW�]X�GHQ�5HLEYHUKlOWQLVVHQ

LP�.RQWDNW�3ODQHW�0XWWHU�GHU�/RZ�&RVW�3:*��GLH�PLW�HLQHP�KDOEHQ�)ODQNHQZLQNHO�YRQ����

lKQOLFKH�JHRPHWULVFKH�9HUKlOWQLVVH�DXIZHLVW�
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Reibwert und Schlupf bei ölgeschmierter Paarung Stahl auf Stahl
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%RKUHQ�PLW�6FKOXSI

6FKUlJODXI�PLW�6FKOXSI

$EE��������5HLEZHUW�6FKOXSI�.XUYH�I�U�����%RKUHQ�PLW����XQG�������6FKUlJODXI�>*�@

,P�.RQWDNW�3ODQHW�6SLQGHOVWDQJH� WULWW�� EHL� HLQHP�KDOEHQ�)ODQNHQZLQNHO� YRQ� JOHLFKIDOOV� ����

]XVlW]OLFK� ]XP� %RKUHQ� 6FKUlJODXI� XQWHU� ������ DXI�� ,P� 3U�IVWDQG� ZXUGHQ� GD]X� XQWHU� /DVW

6FKOXSIZHUWH� ELV� �EHU� ���� JHPHVVHQ� �� VLHKH� .DSLWHO� ����� *$**(50(,(5� KDW� I�U� �����

6FKUlJODXI�HLQH�GDPLW�JXW�YHUJOHLFKEDUH�5HLEZHUWNXUYH�JHPHVVHQ���VLHKH�$EE�������

:HOFKHU� 6FKOXSI�� XQG� 5HLEZHUWHEHUHLFK� YRQ� HLQHU� *HWULHEHDXVI�KUXQJ� JHQXW]W� ZLUG�� KlQJW

YRUUDQJLJ�DE�YRQ�GHU�6FKPLHUXQJ��GHU�*HRPHWULH�GHU�.RQWDNWVWHOOH�VRZLH�GHQ�'UHKDFKVODJHQ

XQG�GHP�'LIIHUHQ]JHVFKZLQGLJNHLWVIHOG�LP�.RQWDNW�

'HU�.RQWDNWSXQNW� LVW� EHL� GHU� /RZ�&RVW�3:*�GXUFK� GHQ� 6FKUlJODXI� XP� ������PP� DXV� GHU

$FKVYHUELQGXQJ�D�DXVJHZDQGHUW��9HUJOHLFKW�PDQ�GLHVHQ�:HUW�PLW�GHQ�+DOEDFKVHQOlQJHQ�GHU

.RQWDNWIOlFKH�YRQ�����PP�XQG�����PP�EHL�PD[LPDOHU�%HODVWXQJ��VR�OLHJHQ�VRZRKO�'UHKSRO

'3� DOV� DXFK� .UDIWSRO�.3� DX�HUKDOE� GHU� .RQWDNWIOlFKH�� 'DV� *HVFKZLQGLJNHLWVIHOG� PLW� GHQ

3ROODJHQ�LVW�I�U�GLHVHQ�)DOO�LQ�$EE�������GDUJHVWHOOW�
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$EE�� ������ 'LIIHUHQ]�*HVFKZLQGLJNHLWHQ�� .UDIWSRO� .3�� 'UHKSRO� '3� XQG� �EHUWUDJHQH
7DQJHQWLDONUDIW�7�GHV�.RQWDNWHV�3ODQHW�6SLQGHOVWDQJH�GHU�/RZ�&RVW�3:*

%HVRQGHUV�EHL�NOHLQHQ�/DVWHQ�XQG�GDPLW�YHUEXQGHQ�NOHLQHU�.RQWDNWIOlFKH�VLQG�EHL�GHU�/RZ�

&RVW�3:*�GLH�3RODEVWlQGH�ZHVHQWOLFK�JU|�HU�DOV�GLH�+DOEDFKVHQOlQJHQ��,P�QRUPDOHQ�%HWULHE

NDQQ�YRQ�PLWWOHUHU�%HODVWXQJVK|KH�DXVJHJDQJHQ�ZHUGHQ�

1DFK�0$$��>0�@�OLHJW�EHL��EHUODJHUWHU�%RKU��XQG�*OHLWEHZHJXQJ�GHU�.UDIWSRO��YRP�'UHKSRO

DXV�JHVHKHQ��KLQWHU�GHP�=HQWUXP�GHU�.RQWDNWIOlFKH��'DV�WULIIW�DXFK�EHL�GHU�3:*�I�U�GLH�(QW�

IHUQXQJ�GHV�.UDIWSROV�YRP�'UHKSRO�DXI�GHU�9HUELQGXQJVOLQLH�'UHKSRO�.RQWDNWSXQNW�]X��'LH�

VHU�$EVWDQG�EHUHFKQHW�VLFK��ZLH��LP�.DSLWHO�����I�U�%RKUHQ�PLW�6FKOXSI�EHVFKULHEHQ�

8P�GLH�/DJH� GHV�.UDIWSROV� DEHU� DXI� GHU�$FKVYHUELQGXQJ� DQ]XJHEHQ�� DXI� GHU� VLFK� DXFK� GHU

'UHKSRO�EHILQGHW��ZLUG�GLH�.UDIWZLUNXQJVOLQLH�GHU�7DQJHQWLDONUDIW�ZLHGHU�PLW�GHU�$FKVYHUELQ�

GXQJ�D�]XP�6FKQLWW�JHEUDFKW��'DPLW�VLQG�ZLHGHU�DOOH�hEHUWUDJXQJVHLJHQVFKDIWHQ�GHU�.RQWDNW�

VWHOOH�GXUFK�GLH�EHNDQQWHQ�FKDUDNWHULVWLVFKHQ�3XQNWH�'3�XQG�.3�DXI�D�DXVJHGU�FNW�

:LH�YRQ�:(51,7=�XQG�0$$��YRUJHI�KUW��NDQQ�DXFK�I�U�%RKUHQ��6FKOXSI�XQG�6FKUlJODXI�HLQ

FKDUDNWHULVWLVFKHV� .HQQIHOG� EHUHFKQHW� ZHUGHQ�� (V� EOHLEW� GUHLGLPHQVLRQDO�� ZHQQ� PDQ� HLQHQ

3DUDPHWHU�NRQVWDQW�KlOW��)�U�GLH�%HUHFKQXQJ�GHU�3:*�N|QQHQ� LQ� HUVWHU�1lKHUXQJ�GDV�9HU�

KlOWQLV�GHU�+DOEDFKVHQOlQJHQ�XQG�GLH�:lO]NUHLVUDGLHQ�DOV�NRQVWDQW�I�U�HLQH�%DXIRUP�DQJHVH�

KHQ�ZHUGHQ��,P�.HQQIHOG�VLQG�QXQ�GLH�3DUDPHWHU�6FKOXSI��%RKUHQ�XQG�6FKUlJODXI�LQ�$EKlQ�

JLJNHLW�YRQ�GHU�.RQWDNWSXQNWDXVZDQGHUXQJ�DXVJHGU�FNW�LQ�'3��XQG�.3�$EVWDQG�DE]XOHJHQ�

'LHVH�%HUHFKQXQJ� LVW� I�U� MHGH�%DXIRUP�JHVRQGHUW� DXV]XI�KUHQ��6LH� LVW�*UXQGODJH� I�U� GLH� LQ

.DSLWHO���EHVFKULHEHQH�9HUHLQIDFKXQJ�GHU�0.6�%HUHFKQXQJ�
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���� 0RGHOOELOGXQJ�(LQ]HONRQWDNW

'LH�LQ�GHQ�YRUDQJHJDQJHQHQ�$EVFKQLWWHQ�XQG�.DSLWHOQ�DXIJHI�KUWHQ�*UXQG�EHUOHJXQJHQ�ZHU�

GHQ� QXQ� DXI� GLH�%HUHFKQXQJ� HLQHV�(LQ]HONRQWDNWHV� DQJHZDQGW��$OV� %HLVSLHO�ZLUG� GLH� /RZ�

&RVW�3:*�PLW�DQJHWULHEHQHU�6SLQGHOVWDQJH�EHWUDFKWHW��GD�VLH�PLW������JHIHUWLJWHQ�([HPSOD�

UHQ� ELVODQJ� GLH� JU|�WH� 6HULHQVW�FN]DKO� HUUHLFKWH�� $OV� *DQ]PHWDOODXVI�KUXQJ� LQ� QLWULHUJH�

KlUWHWHP�6WDKO�ZXUGH� VLH� DXI� GHP�'/5�:LUNXQJVJUDGSU�IVWDQG� XQWHU� YHUVFKLHGHQHQ�/DVWHQ

YHUPHVVHQ��'LH�I�U�GLH�%HUHFKQXQJ�HUIRUGHUOLFKHQ�(LQJDQJVJU|�HQ�N|QQHQ�WHLOZHLVH�GHQ�)HU�

WLJXQJV]HLFKQXQJHQ� HQWQRPPHQ� ZHUGHQ�� WHLOV� GHP� 3:*�$XVOHJXQJVSURJUDPP� VRZLH� GHP

'/5�.RQWDNWSXQNWEHUHFKQXQJVSURJUDPP��WHLOV�N|QQHQ�VLH��ZHLO�EDXDUWVSH]LILVFK�XQG�ODVWDE�

KlQJLJ��QXU�LP�9HUVXFK�EHVWLPPW�ZHUGHQ�

*HVDPWVWHLJXQJ

,P�3:*�$XVOHJXQJVSURJUDPP�ZLUG�GLH�hEHUVHW]XQJ�GHU�3:*�YHUHLQIDFKW�EHUHFKQHW��ZREHL

LQ�GHQ�)RUPHOQ�VFKOXSIIUHLHV�5ROOHQ�YRUDXVJHVHW]W�ZLUG�XQG�GLH�.RQWDNWSXQNWH�LGHDOLVLHUW� LQ

GHU�$FKVYHUELQGXQJVHEHQH��DXIJHVSDQQW�GXUFK�GLH�SDUDOOHOHQ�$FKVHQ�YRQ�3ODQHW�XQG�6SLQGHO�

VWDQJH��DQJHQRPPHQ�ZHUGHQ��)�U� HLQH��EHUVFKOlJLJH�$XVOHJXQJ�NDQQ�JXW� DXI�GLH�GDPLW� HU�

UHFKQHWH�*HVDPWVWHLJXQJ� 6
JHV
�]XU�FNJHJULIIHQ�ZHUGHQ��=XU�GHWDLOOLHUWHQ�%HWUDFKWXQJ�PX��MH�

GRFK� PLW� GHQ� H[DNWHQ� .RQWDNWSXQNWODJHQ� JHUHFKQHW� ZHUGHQ�� 'DUDXV� ODVVHQ� VLFK� GLH� UHDOHQ

:lO]NUHLVGXUFKPHVVHU�XQG�GLH�/DJH�GHU�'UHKSROH�'3�XQG�.UDIWSROH�.3�DEOHLWHQ�

1XU�DXV�9HUVXFKHQ��VLHKH�]�%��.DSLWHO������NDQQ�GLH�UHDOH�*HVDPWVWHLJXQJ�EHVWLPPW�ZHUGHQ�

ZREHL�VLH�XQWHUVFKLHGOLFK�DXVIlOOW��MH�QDFKGHP��RE�GLH�9HUVXFKVPDVVH�JHKREHQ�ZLUG��GHU�0R�

WRU� WUHLEW�GLH�6SLQGHOVWDQJH�GHU�3:*�DQ��RGHU�RE�GLH�0DVVH�JHVHQNW�ZLUG� �GLH�6FKZHUNUDIW

WUHLEW�GLH�0XWWHU�GHU�3:*�DQ��ZREHL�GHU�0RWRU� ]XVlW]OLFK� ÄDEZlUWV³� DQWUHLEW���'LH�$EZHL�

FKXQJHQ� YRQ� GHU� HUUHFKQHWHQ� ÄLGHDOHQ³�*HVDPWVWHLJXQJ� 3
JHV
� EHWUDJHQ� EHL� KRKHQ� /DVWHQ� FD�

± ��� ��%HUHLWV�KLHU�ZLUG�GHXWOLFK��GD��DXI�9HUVXFKH�VRODQJH�QLFKW�]X�YHU]LFKWHQ�LVW��ZLH�NHL�

QH� FKDUDNWHULVWLVFKHQ� 9HUJOHLFKVZHUWH� I�U� XQWHUVFKLHGOLFKH� $XVI�KUXQJVYDULDQWHQ� GHU� 3:*

YRUOLHJHQ�

*HVFKZLQGLJNHLWHQ

'D�GHU�0RWRU�LP�3U�IVWDQG�GLH�6SLQGHOVWDQJH��,QGH[�6��XP�GHUHQ�$FKVH�$6�PLW�ϖ �DQWUHLEW�

LVW� GLH�*HVFKZLQGLJNHLW� GHU� 6SLQGHOVWDQJH� Y
6
� LP�.RQWDNWVFKZHUSXQNW�.� EHNDQQW�� 'LH� *H�

VFKZLQGLJNHLW�GHV�3ODQHWHQ��,QGH[�3��LVW�LP�VFKOXSIIUHLHQ�)DOO�GLH�3URMHNWLRQ�YRQ� Y
6
�DXI�GLH



��$QDO\VH��0RGHOOELOGXQJ��%HUHFKQXQJ ��

5LFKWXQJ�YRQ� Y
3
��GLH�VHQNUHFKW�DXI��GHU�9HUELQGXQJ�]ZLVFKHQ�.�XQG�GHU�PRPHQWDQHQ�3ODQH�

WHQGUHKDFKVH�$3� VWHKW���'LH�5HODWLYJHVFKZLQGLJNHLW� Y
UHO
� ]HLJW� YRQ� GHU� NOHLQHUHQ� GHU� EHLGHQ

*HVFKZLQGLJNHLWHQ� Y
3
�]XU�JU|�HUHQ� Y

6
�XQG�WULWW�HEHQIDOOV�LQ�.�DXI��LQ�GLHVHP�%HLVSLHO�LVW�GLH

6SLQGHOVWDQJH�DQJHWULHEHQ��

������ 'UHKSROH

'LH�6HQNUHFKWH�DXI�GLH�5HODWLYJHVFKZLQGLJNHLW� Y
UHO
�GXUFK�GHQ�.RQWDNWSXQNW�.�VFKQHLGHW�GLH

$FKVYHUELQGXQJ�D�LP�'UHKSRO�'3��LP�'UHKSRO�KDEHQ�6SLQGHOVWDQJH�XQG�3ODQHW�GLH�VHOEH�*H�

VFKZLQGLJNHLW� Y
'
���,Q�$EE�������LVW�GHU�'UHKSRO�'3����I�U�����6FKOXSI�HLQJH]HLFKQHW�

'3� 'UHKSRO�3ODQHW�6SLQGHOVWDQJH
.3 .UDIWSRO�3ODQHW�6SLQGHOVWDQJH
'$6 'UHKDFKVH�GHU�6SLQGHOVWDQJH
'$30 'UHKDFKVH�3ODQHW�0XWWHU�� ≠ %HU�KUSXQNW��
. .RQWDNWSXQNW� �6FKZHUSXQNW�GHU�.RQWDNWIOlFKH
D $FKVYHUELQGXQJ�YRQ�'$6�QDFK�'$30
U6D :lO]NUHLVUDGLXV�6SLQGHOVWDQJH��SURMH]LHUW�DXI�GLH�$FKVYHUELQGXQJ�D�PLW� U U O

6D 6
= − ��YJO��$EE�����

U3D :lO]NUHLVUDGLXV�3ODQHW��SURMH]LHUW�DXI�D�PLW� U U U O O
3D 30 36 30

= + + + ��YJO��$EE�������E

Y Y
6 3
� � *HVFKZLQGLJNHLWHQ�YRQ�6SLQGHOVWDQJH�E]Z��3ODQHW�LP�.RQWDNWSXQNW�.

Y
UHO

5HODWLYJHVFKZLQGLJNHLW�]ZLVFKHQ�6SLQGHOVWDQJH�XQG�3ODQHW�LP�.RQWDNWSXQNW�.

Y' � *HVFKZLQGLJNHLWHQ�YRQ�6SLQGHOVWDQJH�XQG�3ODQHW�LP�'UHKSRO�'3

ϖ 'UHKJHVFKZLQGLJNHLW�XP�GLH�MHZHLOLJH�.|USHUGUHKDFKVH
τ :LQNHO�.�'$30�'$6

δ � :LQNHO�.�'$6��'$30

$EE��������/RZ�&RVW�3:*�PLW�.��'$��'3��.3�XQG�YUHO�EHL�6FKOXSI���YJO��$EE������XQG�����

������ .UDIWSROH

'LH�7DQJHQWLDONUDIW�7� ZLUG� LP�.RQWDNWSXQNW�.� LQ� 5LFKWXQJ� YRQ� Y
UHO
� �EHUWUDJHQ� �$EE�� ����

�����D���'HU�6FKQLWWSXQNW�GHU�7DQJHQWLDONUDIWZLUNXQJVOLQLH�PLW�GHU�$FKVYHUELQGXQJ�D� LVW�EHL
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����6FKOXSI�GHU�.UDIWSRO�.3����'LHVHU�.UDIWSRO�OLHJW�YRQ�GHU�$QWULHEVDFKVH�'$6�DXV�JHVHKHQ

KLQWHU� GHP�'UHKSRO�'3��'HU� DNWXHOOH�1XW]XQJVJUDG� Y
Y Y
YV

UHO

= −
� �PD[ � GHU�5HLEVWHOOH�ZLUG� EH�

VRQGHUV� DQVFKDXOLFK� EHL� GHU� $XIVSDOWXQJ� GHU� 7DQJHQWLDONUDIW�7� LQ� LKUH� .RPSRQHQWHQ� �� GHQ

9HUOXVWDQWHLO�9�YRQ�7�LQ�$FKVYHUELQGXQJVULFKWXQJ�D�XQG�GHQ�GDUDXI�VHQNUHFKWHQ�1XW]DQWHLO�1

�$EE�������D���'LH�'UHKDFKVH�'$30���GHU�+RKOUDGSDDUXQJ�3ODQHW�0XWWHU� OLHJW�EHL�/HLVWXQJV�

�EHUWUDJXQJ�DX�HUKDOE�GHV�PXWWHUVHLWLJHQ�.RQWDNWVFKZHUSXQNWHV�.�DXI�GHU�9HUOlQJHUXQJ�YRQ

D��'DGXUFK�YHUKlOW�VLFK�GLH�3:*�XQWHU�6FKOXSI�ZLH�HLQH�VFKOXSIIUHLH�3:*�PLW�HQWVSUHFKHQG

JU|�HUHQ�:lO]NUHLVGXUFKPHVVHUQ�G�30�XQG�G�0��'HU�GHU�'UHKDFKVH�'$30���]XJHK|ULJH�.UDIW�

SRO�.330��� �QLFKW� DEJHELOGHW�� OLHJW� EHL� GHU�+RKOUDGSDDUXQJ� XQWHU� /HLVWXQJV�EHUWUDJXQJ�PLW

%RKUVFKOXSI�HEHQIDOOV�DX�HUKDOE�GHV�.RQWDNWVFKZHUSXQNWHV��GD�GXUFK�GLH�.UDIWSRODXVZDQGH�

UXQJ�LPPHU�HLQ�hEHUWUDJXQJVYHUOXVW�HQWVWHKHQ�PX��

D� E�

$EE��������D��/DJHQ�YRQ�.��.3�XQG�'3�LQ�YHUJU|�HUWHQ�$XVVFKQLWWHQ�DXV
�����������������������$EE�������I�U����XQG�����6FKOXSI
�������������������E��'UHKSRODXVZDQGHUXQJ�O30���DXI�GHU�0XWWHUVHLWH�I�U�����6FKOXSI

������ .RQWDNWSXQNWYHUODJHUXQJ�GXUFK�6FKUlJODXI

'XUFK� GLH� YRQ� QXOO� DEZHLFKHQGH� *HVDPWVWHLJXQJ� 3JHV = − ����PP� WULWW� EHL� GHU� /RZ�&RVW�

3:*�6FKUlJODXI�DXI��GHU�.RQWDNWSXQNW�.�ZDQGHUW�DXV�GHU�$FKVYHUELQGXQJ�D�DXV���VLHKH�$EE�

�����XQG�������'LH�.RQWDNWSXQNWYHUODJHUXQJ�EHWUlJW�NQDSS���� �����PP�DXV�GHU�$FKVYHU�

ELQGXQJ�D��DOOH�SUR]HQWXDOHQ�$QJDEHQ�VLQG�KLHU�DXI�GHQ�$QWULHEVUDGLXV� U  ����PP�EH]RJHQ��

GDEHL� �EHUGHFNW� GLH�.RQWDNWIOlFKH� QXU� QRFK� XQWHU� JUR�HQ�/DVWHQ� GLH�$FKVYHUELQGXQJVOLQLH�
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%HL�NOHLQHQ�/DVWHQ�LVW�GLH�$ESODWWXQJ�LP�.RQWDNW�JHULQJHU��GLH�.RQWDNWIOlFKH�OLHJW�DX�HUKDOE

GHU� $FKVYHUELQGXQJ� D�� 2KQH� /HLVWXQJV�EHUWUDJXQJ� �XQWHU� UHLQHP� =ZDQJVVFKOXSI�� OLHJW� GHU

'UHKSRO�'3�QXU�� �
�� �QlKHU�DQ�GHU�$QWULHEVDFKVH�DOV�RKQH�%HU�FNVLFKWLJXQJ�GHV�6FKUlJODXIHV�

,P�/HHUODXI�VLQG�IROJOLFK�GLH�'UHK]DKO��E]Z��hEHUVHW]XQJVXQWHUVFKLHGH�GXUFK�6FKUlJODXI�EHL

GHU�/RZ�&RVW�3:*�YHUQDFKOlVVLJEDU��9|OOLJ� DQGHUV� YHUKlOW� VLFK� GDV�hEHUVHW]XQJVYHUKDOWHQ

GHU�3:*�MHGRFK�EHL�/HLVWXQJV�EHUWUDJXQJ�

������ hEHUWUDJXQJ�PLW�'UHK]DKOVFKOXSI

'LH�QDFKIROJHQGHQ�%HVFKUHLEXQJHQ�EH]LHKHQ�VLFK�DXI�GLH�'HILQLWLRQHQ�QDFK�$EE�������6FKRQ

EHL�JHULQJHP�*HVFKZLQGLJNHLWVVFKOXSI�YRQ�Y3�LQ�GHU�.RQWDNWIOlFKH�3ODQHW�6SLQGHOVWDQJH�YRQ

���ZDQGHUW�GHU�'UHKSRO�'3�EHUHLWV�XP�FD������O �����PP��]XU�$QWULHEVDFKVH�KLQ�DXV��'HU

.UDIWSRO�OLHJW�GDEHL�HWZD������� O
0

= �����PP��HQWIHUQW�YRQ�GHU�VHQNUHFKW�DXI�GLH�$VYHUELQ�

GXQJ�D�SURML]LHUWHQ�.RQWDNWIOlFKHQPLWWH�

(V�]HLJW�VLFK��ZLH�/87=��:(51,7=�XQG�0$$��EHUHLWV�IHVWVWHOOWHQ��GD��GLH�.UDIW��XQG�'UHKSROH

VFKRQ�LP�QRUPDOHQ�%HWULHEVEHUHLFK�GLH�.RQWDNWIOlFKH�YHUODVVHQ�N|QQHQ��%HL�JUR�HP�6FKOXSI

YRQ�6 ����EHWUlJW� GLH�'UHKSRODXVZDQGHUXQJ� EHUHLWV� NQDSS� ���� �O ����PP��� GHU�'UHKSRO

OLHJW� GDQQ� VFKRQ� DX�HUKDOE� GHU� .RQWDNWIOlFKH�� 'HU� .UDIWSRO� OLHJW� QXU� QRFK� � �
��

� O
0

= �����PP��YRP�VHQNUHFKW�DXI�GHQ�$QWULHEVUDGLXV�SURML]LHUWHQ�.RQWDNWVFKZHUSXQNW�HQW�

IHUQW��6LHKH�GD]X�DXFK�$EE�������XQG������

1LFKW�QXU�LP�.RQWDNW�3ODQHW�6SLQGHOVWDQJH�NRPPW�HV�EHL�GHU�3:*�]X�6FKOXSI�LQ�8PIDQJV�

ULFKWXQJ�VRQGHUQ�DXFK�LP�.RQWDNW�3ODQHW�0XWWHU��,Q�$EE�������XQG������E�LVW�GLH�9HUODJHUXQJ

GHU�'UHKDFKVH� 3ODQHW�0XWWHU� GXUFK� 6FKOXSI� GDUJHVWHOOW�� %HL� DQJHWULHEHQHU� 6SLQGHOVWDQJH� LVW

GLH�5HODWLYJHVFKZLQGLJNHLW�DXI�GHP�0XWWHUQZlO]NUHLV�JU|�HU�QXOO��GHU�3ODQHW�ÄUXWVFKW³�GXUFK�

'DGXUFK�ZDQGHUW�GLH�'UHKDFKVH�'$30�QDFK�DX�HQ�DXV��GHU�HIIHNWLYH�0XWWHUQZlO]NUHLVGXUFK�

PHVVHU�G0�ZlFKVW�VRPLW�DQ��ZLH�DXFK�GHU�PXWWHUVHLWLJH�3ODQHWHQZlO]NUHLV�G30��$OV�)ROJH�VLQNW

GLH�*HVDPWVWHLJXQJ� 3

G
G

3 3

G
G

G
G

JHV

36

6

76 73

30

0

36

6

=
⋅ +

+
��ZHLO�PXWWHUVHLWLJ� G30� JHJHQ�EHU� G0� �EHUSURSRU�

WLRQDO�DQZlFKVW�XQG�JOHLFK]HLWLJ�VSLQGHOVWDQJHQVHLWLJ�'6�DEQLPPW�XQG�'36�]XQLPPW��ZDV�VLFK

KLHU� LP� =lKOHU� VWlUNHU� DXVZLUNW� DOV� LP� 1HQQHU�� $QKDQG� GHU� LP� $QKDQJ� ����� EHUHFKQHWHQ

:HUWH�I�U�GLH�0HWDOO�3:*�ODVVHQ�VLFK�GLHVH�$XVZLUNXQJHQ�GHV�6FKOXSIHV�]ZLVFKHQ�6SLQGHO�
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VWDQJH�XQG�3ODQHW�VRZLH�]ZLVFKHQ�3ODQHW�XQG�0XWWHU�JXW�DQ�GHU�I�U�6FKOXSI�EHUHFKQHWHQ�*H�

VDPWVWHLJXQJ�3JHV�V�HUNHQQHQ�

6FKOXSI 6��0� 6��0� 6��0� 6���0� 6���0� 6��0� 6��0�� 6��0�� 6���0�� 6���0��

6�36 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

6�30 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3�JHV ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3�JHV�V ����� ����� ����� ���� ���� ����� ����� ����� ���� ����

'LH� *HVDPWVWHLJXQJ� GHU� EHLVSLHOKDIW� EHWUDFKWHWHQ� 0HWDOO�3:*� RKQH� 6FKOXSI� LVW

3 PP
JHV

= −� ��� ��%HL�hEHUWUDJXQJ�PLW�6FKOXSI�ZHUGHQ�LQ�GHU�)RUPHO�]XU�%HUHFKQXQJ�GHU�*H�

VDPWVWHLJXQJ�3JHV�GLH�HQWVSUHFKHQGHQ�:lO]NUHLVGXUFKPHVVHU�GXUFK�GLH� VLFK�QXQ�HIIHNWLY�DXI

GLH�hEHUWUDJXQJ�DXVZLUNHQGHQ�'XUFKPHVVHU�HUVHW]W��GLH�GXUFK�GLH�/DJH�GHU�'UHKDFKVHQ�E]Z�

'UHKSROH�IHVWJHOHJW�VLQG���1lKHUHV�]XU�%HUHFKQXQJ�LQ�$QKDQJ������

'XUFK� 6FKOXSI� ]ZLVFKHQ� 6SLQGHOVWDQJH� XQG� 3ODQHW� �LQ� GHU� HUVWHQ�7DEHOOHQ]HLOH�PLW� 6� DEJH�

N�U]W�� ZlFKVW� GLH� :LUNXQJ� GHU� 6SLQGHOVWDQJHQVWHLJXQJ� JHJHQ�EHU� GHU� 3ODQHWHQVWHLJXQJ� VR

VWDUN�DQ��GD��EHUHLWV�EHL� HWZD����VFKOXSIEHGLQJWHU�'UHKSRODXVZDQGHUXQJ� �GDV� HQWVSULFKW� LQ

$EE�������XQG������D� MHZHLOV�EHL�Y3�HWZD�����6FKOXSI�EH]RJHQ�DXI�Y3PD[��6WHLJXQJVXPNHKU

HLQWULWW��GDV�KHL�W�GLH�3:*�YRQ�QHJDWLYHU�DXI�SRVLWLYH�*HVDPWVWHLJXQJ�ZHFKVHOW��'HU�(LQIOX�

GHV�6FKOXSIHV�]ZLVFKHQ�3ODQHW�XQG�0XWWHU��DEJHN�U]W�PLW�0�� LVW�ZHVHQWOLFK�JHULQJHU�DOV�GHU

GHV�6FKOXSIHV�6SLQGHOVWDQJH���3ODQHW�VLHKH�:HUWHWDEHOOH��$XFK�EHL�6FKOXSI�LQ�EHLGHQ�.RQWDNW�

JUXSSHQ��EHUZLHJW�EHL�JOHLFKHQ�6FKOXSIDQWHLOHQ�PXWWHU��XQG�VSLQGHOVWDQJHQVHLWLJ�GHU�(LQIOX�

GHV�VSLQGHOVWDQJHQVHLWLJHQ�6FKOXSIHV�DXI�3JHV�GHQ�GHV�PXWWHUVHLWLJHQ�GHXWOLFK�

%HL�GHU�3:*�ZLUNHQ�VLFK�VRPLW�GLH�9HUOXVWH�LQ�GHU�ERKU���VFKOXSI��XQG�VFKUlJODXIEHKDIWHWHQ

5HLESDDUXQJ�6SLQGHOVWDQJH���3ODQHW�DP�JUDYLHUHQGVWHQ�DXI�GDV�JHVDPWH�hEHUWUDJXQJVYHUKDO�

WHQ��UHSUlVHQWLHUW�GXUFK�GLH�*HVDPWVWHLJXQJ�3JHV��GHU�3:*�DXV��'LH�6WHLJXQJVXPNHKU�EHL�KR�

KHP�6FKOXSI�GXUFK�KRKH�%HODVWXQJ�LVW�EHVRQGHUV�JXW�EHL�GHU�.XQVWVWRII�3:*�]X�EHREDFKWHQ�
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������ (LQIOX�JU|�HQ

:LH� VWDUN� VLFK�GHU�(LQIOX��GHV�6FKOXSIHV� LQ� GHU� MHZHLOLJHQ�.RQWDNW]RQH� DXVZLUNW�� KlQJW� DE

YRQ�

− 'HQ�6WHLJXQJVZLQNHOQ� GHU�3URILOLHUXQJHQ� �OLQNV�DXI�UHFKWV� ]HLJW� VWlUNHUH�$XVZLUNXQJ� DOV

UHFKWV�DXI�UHFKWV��

− 'HQ�:lO]NUHLVGXUFKPHVVHUQ��MH�NOHLQHU�GLH�'XUFKPHVVHU��GHVWR�VWlUNHU�ZLUNW�VLFK�6FKOXSI

DXV��

− 'HP�*HVDPWVWHLJXQJVZLQNHO��MH�JHULQJHU��GHVWR�JU|�HUH�6FKZDQNXQJ�GXUFK�6FKOXSI��

2EZRKO�GLH�/RZ�&RVW�3:*�HLQH�JHULQJH�6\VWHPVWHLJXQJ�DXIZHLVW�XQG�GDPLW�QXU�HLQHQ�NOHL�

QHQ� 6FKUlJODXIZLQNHO� YRQ� γ = °� ��� � KDW�� ZLUG� GHU� (LQIOX�� GHV� 6FKUlJODXIHV� LP� JHVDPWHQ

6FKOXSIEHUHLFK�LQ�VWDUNHQ�9HUOXVWHQ�EHPHUNEDU��'XUFK�GLH�$XVZDQGHUXQJ�GHU�'UHKSROH�YHU�

ULQJHUW�VLFK�GHU�$EWULHEVZLQNHO�τ �XQG�LQ�VHOEHP�0D�H�DXFK�GHU�6FKUlJODXIZLQNHO�γ ���EHL�GHU

/RZ�&RVW�3:*�PLW�����6FKOXSI�PDFKW�GDV�������DXV�

'LH�9HUOXVWH� GXUFK� =ZDQJVVFKOXSI� XQG� 6FKUlJODXI� QHKPHQ� EHL� GHU� 3:*�PLW� ZDFKVHQGHP

8PIDQJVVFKOXSI�DE�

������ %HUHFKQXQJ�YRQ�6FKOXSI��:LUNXQJVJUDG�XQG�/HLVWXQJVYHUOXVW

'HU� /HLVWXQJVYHUOXVW� VHW]W� VLFK� ]XVDPPHQ� DXV� GHP� =ZDQJVVFKOXSI� XQG� GHQ� YRP�5HLEZHUW

XQG� GHU� hEHUWUDJXQJVOHLVWXQJ� DEKlQJLJHQ�9HUOXVWHQ� EHL� GHU� .UDIW�EHUWUDJXQJ� �9HUODJHUXQJ

YRQ�.3�� XQG�GHU�'UHKJHVFKZLQGLJNHLW� �9HUODJHUXQJ�YRQ�'3���%HL� VHKU�NOHLQHQ�6\VWHPVWHL�

JXQJHQ�PLW�NOHLQHQ�:LQNHO� γ �VLQG�GLH�hEHUVHW]XQJVXQWHUVFKLHGH�JHJHQ�EHU�HLQHU�6WLUQUHLE�

UDGSDDUXQJ�JHULQJ����HV�JLOW� FRVγ ≈ ��XQG�GDPLW�U6D���≈�U6��XQG�U3D��≈�U36���U30�

'HU�'UHKSRO�6SLQGHOVWDQJH�3ODQHW�'3�OLHJW�EHL�U6D� �U6���O��ZREHL�U6D�� �U6��'HU�:lO]UDGLXV�GHV

3ODQHWHQ� HQWVSULFKW� GHP� $EVWDQG� GHU� 'UHKSROH� E]Z�� 'UHKDFKVHQ� XQG� EHWUlJW

U U U O O
3D 36 30 30

= + + + ��ZREHL� U U U
3D 30 36�

= + �

'HU�.UDIWSRO�6SLQGHOVWDQJH�3ODQHW�.3��QLFKW�DEJHELOGHW��OLHJW�EHL�GHU�6SLQGHOVWDQJH�DXI�U.6� 

U6��� O0��'HU�$EVWDQG�GHV�.UDIWSROV�3ODQHW�0XWWHU�.330� YRP�'UHKSRO�6SLQGHOVWDQJH�3ODQHW

EHWUlJW�U.0� �U36���U30���O��O030��PLW�U.0�� �U36���U30��ZHLO�EHL�GHU�YRP�6WLUQUDG�DQJHWULH�
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EHQHQ� +RKOUDGSDDUXQJ� PLW� DQJHWULHEHQHU� 6SLQGHOVWDQJH� VRZRKO� 'UHK�� DOV� DXFK� .UDIWSRO

DX�HUKDOE�YRQ�U0�OLHJHQ�

'HU�=ZDQJVVFKOXSI� 6
=
�LVW�GHU�PLQLPDOH�6FKOXSI�GXUFK�GHQ�VWHLJXQJVEHGLQJWHQ�6FKUlJODXI�

6
=

= −� FRVγ �

'HU�*HVFKZLQGLJNHLWV��E]Z��'UHK]DKOVFKOXSI� 6
'
�HUUHFKQHW�VLFK�]X�

6
U O

U U O O
U U

U
U
U

U
U'

6

36 30 30

36 30

6

6D

3D

3D

6D

= −
−

+ + +
⋅

+
= − ⋅� � �

�

�

'HU�.UDIW�EHUWUDJXQJVVFKOXSI� 6
.
�DXV�GHU�7DQJHQWLDONUDIWULFKWXQJ�LVW�

6
U O

U U O O
U U

U
U
U

U
U.

6 0

36 30 030

36 30

6

.6

.0

3

6

= −
+

+ + +
⋅

+
= − ⋅� � �

,Q�JOHLFKHU�$UW�EHUHFKQHQ�VLFK�GLH�:LUNXQJVJUDGH�

'XUFK�GHQ�=ZDQJVVFKOXSI�HUJLEW�VLFK�GHU�PD[LPDOH�:LUNXQJVJUDG�η
=
�YRQ�

η γ
=

= FRV �

'HU�'UHK]DKOZLUNXQJVJUDG�η
'
�OLHJW�EHL�

η
'

6

36 30 30

36 30

6

U O
U U O O

U U
U

=
−

+ + +
⋅

+
�
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'HU�UHODWLYH�/HLVWXQJVYHUOXVW�∆η ��HUUHFKQHW�VLFK�DXV�GHP�*HVDPWZLUNXQJVJUDG�]X�

∆η η= −�
JHV �



��$QDO\VH��0RGHOOELOGXQJ��%HUHFKQXQJ ��

���� 2SWLPLHUXQJ

(LQH�2SWLPLHUXQJ�GHU�3:*�KLQVLFKWOLFK�HLQHV�J�QVWLJHQ�*HVDPWZLUNXQJVJUDGHV�PX��SULPlU

IROJHQGH�3DUDPHWHU�HLQVFKOLH�HQ�

− $[LDOODVW��VWDWLVFKH���G\QDPLVFKH�%HWULHEVODVW�

− 7DQJHQWLDOODVW��$QWULHEV��E]Z��%UHPVPRPHQW�

− $XVOHJXQJVGUHK]DKO�E]Z��9RUVFKXEJHVFKZLQGLJNHLW�HYWO��DOV�%HWULHEVEHUHLFK

− 1XW]EDUHU�5HLEZHUW��0DWHULDO��6FKPLHUXQJ��2EHUIOlFKH�

− *HVDPWVWHLJXQJVZLQNHO��*DQJ]DKO��7HLOXQJ��)HLQSURILO��5LOOH��RGHU�*HZLQGH���GDPLW�

− %RKUDQWHLO�VSLQGHOVWDQJHQVHLWLJ�XQG�PXWWHUVHLWLJ

− 9HUOXVWH�DXV�'UHKSRO��XQG�.UDIWSRODXVZDQGHUXQJ

− 6FKUlJODXIZLQNHO��QXU�VSLQGHOVWDQJHQVHLWLJ�

− )ODQNHQZLQNHO��HUIRUGHUOLFKH�.RSIN�U]XQJ��)X�DXVUXQGXQJ

− 9HUKlOWQLV�GHU�:lO]NUHLVGXUFKPHVVHU�DQ�3ODQHW�XQG�6SLQGHOVWDQJH

− $Q]DKO�GHU�.RQWDNWH���/lQJH�GHU�3:*��)HUWLJEDUNHLW�

− =XU�FNJHOHJWHU�5HLEZHJ�EH]RJHQ�DXI�GLH�+XEK|KH

'LH�2SWLPLHUXQJ� LVW� HLQH�NRPSOH[H�$QSDVVXQJ�GLHVHU�3DUDPHWHU� LP�9RU]XJVEHWULHEVEHUHLFK

GHU� 3:*�� EHL� GHU� SUDNWLVFK� NHLQ� 3DUDPHWHU� XQDEKlQJLJ� YRQ� GHQ� DQGHUQ� EHWUDFKWHW� ZHUGHQ

NDQQ��'DV�JU|�WH�3UREOHP��GDV�VLFK�EHL�GHU�GDI�U�HUIRUGHUOLFKHQ�LWHUDWLYHQ�2SWLPLHUXQJ�HUJLEW�

VWDPPW�DXV�GHU�%HUHFKQXQJ�GHU�%RKUPRPHQWH��GLH� LKUHUVHLWV�EHUHLWV�GLH�QXPHULVFKH�/|VXQJ

HOOLSWLVFKHU� ,QWHJUDOH� HUIRUGHUW�� 'HU� *HVDPWDXIZDQG� I�U� HLQH� 2SWLPLHUXQJVUHFKQXQJ� LVW� ]X

JUR���XP�VLH�DOV�8QWHUSXQNW�GLHVHV�%HUHFKQXQJVEHLVSLHOHV�DXI]XI�KUHQ��VLH�VROOWH�LQ�HLQHU�IRUW�

I�KUHQGHQ�$UEHLW�EHKDQGHOW�ZHUGHQ��$QVlW]H�VLQG�LP�$XVEOLFN��.DSLWHO����EHVFKULHEHQ�



��0HKUN|USHUVLPXODWLRQ ��

�� 0RGHOOLHUXQJ�DOV�0HKUN|USHUV\VWHP

,P�0HKUN|USHUV\VWHP� �0.6�� VLQG� DOOH�ZHVHQWOLFKHQ�0HUNPDOH�� =XVDPPHQKlQJH� XQG� 3Kl�

QRPHQH�GHU�3:*�PLW�JHULQJVWP|JOLFKHP�$XIZDQG�KLQUHLFKHQG�JHQDX�DE]XELOGHQ�

$XV�GHU�YRUDQJHJDQJHQHQ�$QDO\VH� GHU�ZLFKWLJVWHQ�:HFKVHOZLUNXQJHQ� XQWHU� GHQ�3:*�(OH�

PHQWHQ�XQG�GHU�NHQQ]HLFKQHQGHQ�(LQIOX�JU|�HQ�DXI�GHQ�(LQ]HONRQWDNW�NDQQ�DEJHVFKlW]W�ZHU�

GHQ��ZHOFKH�9HUHLQIDFKXQJHQ�LP�5DKPHQ�GHU�0RGHOOELOGXQJ�]XOlVVLJ�VLQG�

���� (LQJDQJVJU|�HQ�XQG�$XVJDQJVZHUWH�GHU�0.6�6LPXODWLRQ

'LH�(LQJDQJVJU|�HQ�GHU�G\QDPLVFKHQ�0RGHOOLHUXQJ�VLQG�

− %DXWHLOJHRPHWULH
− /DVW
− :HUNVWRII

− 'UHK]DKO

1XU�GXUFK�G\QDPLVFKH�6LPXODWLRQ�N|QQHQ�IROJHQGH�$XVJDQJVZHUWH�HUKDOWHQ�ZHUGHQ�

− 6FKOXSI
− *HVDPWVWHLJXQJ
− :LUNXQJVJUDG

*OHLFK]HLWLJ�P�VVHQ�GLH�IROJHQGHQ�(IIHNWH�PLW�GHU�0RGHOOLHUXQJ�QDFK]XELOGHQ�VHLQ�

− (LJHQEHZHJXQJHQ�GHU�(OHPHQWH
− hEHUVHW]XQJVVFKZDQNXQJHQ
− 'XUFKUXWVFKHQ
− .OHPPHQ

(IIHNWH� ZLH� .OHPPHQ� G�UIHQ� LP� %HWULHE� GHU� 3:*� XQWHU� NHLQHQ� 8PVWlQGHQ� DXIWUHWHQ�� VLH

P�VVHQ� DEHU� LQ�GHU�6LPXODWLRQ�GDUVWHOOEDU� VHLQ�� XP�VLH�JJI�� EHUHLWV� LQ� GHU�6LPXODWLRQVSKDVH

GXUFK�NRQVWUXNWLYH�9HUlQGHUXQJHQ�EHKHEHQ�]X�N|QQHQ�

���� 3URJUDPPDEODXI

,P�0.6�3URJUDPP�ZLUG�GHU�]HLWOLFKH�9HUODXI�IROJHQGHU�*U|�HQ�EHUHFKQHW�

− 'LH�UlXPOLFKH�/DJH�DOOHU�(OHPHQWH�PLW�3RVLWLRQ�XQG�2ULHQWLHUXQJ
− 'LH�*HVFKZLQGLJNHLWHQ�DOOHU�(OHPHQWH��WUDQVODWRULVFK�XQG�URWDWRULVFK
− 'LH�/DJH�DOOHU�.RQWDNWSXQNWH�PLW�(LQGULQJWLHIH�E]Z��ORNDOHP�$EVWDQG�XQG
− 'LH�*U|�H�DOOHU�1RUPDO��XQG�7DQJHQWLDONUlIWH�VRZLH�GHU�VLFK�GDUDXV�HUJHEHQGHQ�0RPHQWH
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6,03$&.
0.6�

)RUPDOLVPXV

QDFKHLQDQGHU�I�U�DOOH
.RQWDNWSXQNWH�EHUHFKQHQ�

1RUPDONUDIW
7DQJHQWLDONUDIW

]XVDPPHQIDVVHQ�]XP
*HVDPWNUDIW��XQG

*HVDPWPRPHQWHQYHNWRU
GHV�3ODQHWHQ

(LQJDQJVYHNWRUHQ���[��Y��W

$XVJDQJVYHNWRUHQ��)��0

���� %HVFKUHLEXQJ�GHU�.|USHU

'LH�+DXSWHOHPHQWH�GHU�3:*�0XWWHU��3ODQHWHQ�XQG�6SLQGHOVWDQJH�ZHUGHQ�DOV�6WDUUN|USHU�PLW

YROOVWlQGLJHU� *HRPHWULH� XQG� HODVWLVFKHQ� .RQWDNWVWHOOHQ� PRGHOOLHUW��0LW� GLHVHP�$QVDW]� Ol�W

VLFK� GLH�:LUNOLFKNHLW� JXW� QDFKELOGHQ�� )�U� GLH� 'LVWDQ]VFKHLEHQ� UHLFKHQ� YRUHUVW� (UVDW]N|USHU

DXV��GLH�GHUHQ�6WHLILJNHLW�EHVLW]HQ�

���� 3URJUDPPDXIEDX

'DV�0.6�*HVDPWPRGHOO�GHU�3:*�ZLUG��DEZHLFKHQG�YRP�KHUN|PPOLFKHQ�0RGHOODXIEDX��XP

GHQ� ]HQWUDOHQ� %HUHFKQXQJVNHUQ� �6,03$&.�0.6�)RUPDOLVPXV�� DXV� 7HLOPRGHOOHQ� I�U� GLH

HLQ]HOQHQ�(OHPHQWH� DXIJHEDXW�� )�U� MHGHV� GLHVHU� (OHPHQWH�ZHUGHQ� LQ� HLQHP�8QWHUSURJUDPP

DXV� GHQ� (LQJDQJVJU|�HQ� /DJH� XQG�*HVFKZLQGLJNHLW� LWHUDWLY� GLH�*U|�HQ� DOOHU�.RQWDNWNUlIWH

EHVWLPPW�� GLH� GDQQ� ]X� HLQHP� UHVXOWLHUHQGHQ� .UDIW�� XQG� 0RPHQWHQYHNWRU� ]XVDPPHQJHID�W

ZHUGHQ��'LHVH�9HNWRUHQ�ZHUGHQ�ZLHGHU�DQ�GHQ�6,03$&.�0.6�)RUPDOLVPXV�]XU�FN�EHUJH�

EHQ�XQG�GDULQ�PLW�GHQ�7HLOHUJHEQLVVHQ�GHU�DQGHUHQ�(OHPHQWH�ZHLWHUYHUUHFKQHW�

'LH�9RUJHKHQVZHLVH�I�U�HLQHQ�3ODQHWHQ�LVW�VFKHPDWLVFK�LQ�$EE������GDUJHVWHOOW��$XFK�KLHUI�U

HUIROJW�]XQlFKVW�HLQH�%HUHFKQXQJ�GHU�6WDUWZHUWH�I�U�[�XQG�Y�QDFK�.DSLWHO����������XQG�������

$EE�������,WHUDWLYH�0.6�%HUHFKQXQJ�LP�7HLOPRGHOO�3ODQHW
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���� .UDIWDQJULIIVSXQNWH

.UlIWH� XQG�0RPHQWH� ]ZLVFKHQ� GHQ� 3:*�0RGHOON|USHUQ� N|QQHQ� QXU� DQ� 6WHOOHQ� �EHUWUDJHQ

ZHUGHQ��DQ�GHQHQ�VLFK�GLH�.|USHU�EHU�KUHQ��%HLP�SK\VLNDOLVFKHQ�0RGHOO�GHU�3:*�YHUOlXIW

GHU�.UDIWIOX��GXUFK�GDV�*HWULHEH��EHU�GLH�]ZHL�XQWHUVFKLHGOLFKHQ�.RQWDNWSDDUXQJHQ�6SLQGHO�

VWDQJH�]X�3ODQHWHQ�)HLQSURILO�XQG�0XWWHUULOOHQ�GHU�3ODQHWHQ�]X�0XWWHUVWHJHQ�LQ�GHU�0XWWHU�

������ 2EHUIOlFKHQYHUODXI�LP�.RQWDNWEHUHLFK

%HL�GHU�.RQVWUXNWLRQ�HLQHU�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO�ZLUG�GDUDXI�JHDFKWHW��GD��DQ�GHQ

NUDIW�EHUWUDJHQGHQ� )ODQNHQ� NHLQ� 6SLW]HQWUDJHQ� DXIWUHWHQ� NDQQ�� 'D]X� ZHUGHQ� GLH� 3ODQHWHQ�

IODQNHQ�� VRZRKO�]XU�6SLQGHOVWDQJH� DOV� DXFK�]XU�0XWWHU�KLQ�� EDOOLJ� DXVJHI�KUW�� LKUH�.RQWDNW�

SDUWQHU�ZHLVHQ�KLQJHJHQ�]XU�HLQIDFKHUHQ�)HUWLJXQJ�JHUDGH�)ODQNHQ�DXI��'LH�%DOOLJNHLW� LVW� VR

JHZlKOW�� GD�� DXFK� EHL� JU|�HUHQ� $EZHLFKXQJHQ� GHU� 3:*�.|USHU� YRQ� GHU� DFKVSDUDOOHOHQ

,GHDOODJH�NHLQ�6SLW]HQWUDJHQ�P|JOLFK�LVW��'LH�%HU�KUVWHOOHQ�ZHUGHQ�DOV�+(57=VFKH�3XQNWNRQ�

WDNWH�EHKDQGHOW��'LH�.|USHU�ZHLVHQ�LP�JHVDPWHQ�.RQWDNWEHUHLFK�NHLQH�5DGLXVGLVNRQWLQXLWlWHQ

XQG�NHLQH�8PNHKU�GHU�.U�PPXQJVULFKWXQJ�DXI�

������ .UDIWDQJULIIVSXQNWH�XQG�(LQGULQJWLHIHQ

'LH�3:*�.|USHU�GHV�SK\VLNDOLVFKHQ�0RGHOOV�VLQG�LGHDOVWDUU�XQG�N|QQHQ�LQHLQDQGHU�HLQGULQ�

JHQ��6LH�YHUlQGHUQ�GDEHL� LKUH�*HVWDOW�QLFKW��)�U�GLH�0RGHOOLHUXQJ�XQG�GLH�DQVFKOLH�HQGH�6L�

PXODWLRQ�VLQG�GDEHL�YRQ�,QWHUHVVH�

− GHU�3XQNW��DQ�GHP�GLH�*HVDPWNUDIW��GLH�LQ�HLQHP�.RQWDNW��EHUWUDJHQ�ZLUG��DQJUHLIW��XQG

− GLH�PD[LPDOH�(LQGULQJWLHIH��GLH�GLH�.|USHU�DQ�GLHVHU�.RQWDNWVWHOOH�HUUHLFKHQ�

,VW�HLQH�PDWKHPDWLVFKH�%HVFKUHLEXQJ�GHU�2EHUIOlFKHQ�LP�'XUFKGULQJXQJVEHUHLFK�EHNDQQW��VR

NDQQ�EHL�MHGHU�GHU�EHLGHQ�2EHUIOlFKHQ�GHU�3XQNW�EHVWLPPW�ZHUGHQ��DQ�GHP�GLH�JU|�WH�'XUFK�

GULQJXQJ�YRUOLHJW��'HU�$EVWDQG�]ZLVFKHQ�GLHVHQ�EHLGHQ�3XQNWHQ�LVW�GDQQ�GHU�:HUW�GHU�JU|�WHQ

(LQGULQJWLHIH�GHV�HLQHQ�.|USHUV�LQ�GHQ�DQGHUHQ�

'HU�.UDIWDQJULIIVSXQNW��DQ�GHP�GLH�5HVXOWLHUHQGH�GHU�2EHUIOlFKHQNUlIWH��GLH�LQ�GLHVHP�.RQ�

WDNW�ZLUNHQ��DQJUHLIW��Ol�W�VLFK�QLFKW�RGHU�QXU�XQWHU�KRKHP�PDWKHPDWLVFKHQ�$XIZDQG�EHUHFK�

QHQ��'D�GLH�.|USHU�GHQ�JOHLFKHQ�(ODVWL]LWlWVPRGXO�KDEHQ��LP�.RQWDNWEHUHLFK�RKQHKLQ��EHU�GLH

JHVDPWH� %HU�KU]RQH� QDKH]X� NRQVWDQWH� .U�PPXQJHQ� YRUOLHJHQ� XQG� GHU� %HWUDJ� GHU� .U�P�



��0HKUN|USHUVLPXODWLRQ ��

PXQJVUDGLHQ��GLH�GLH�.|USHU�DXIZHLVHQ�� LP�9HUJOHLFK� ]X�GHQ�$EPHVVXQJHQ�GHV�.RQWDNWEH�

UHLFKV� JUR�� XQG� QDKH]X� JOHLFK� LVW�� ZLUG� GHU� .UDIWDQJULIIVSXQNW� LQ� GHU� 0LWWH� ]ZLVFKHQ� GHQ

2EHUIOlFKHQSXQNWHQ�GHU�JU|�WHQ�'XUFKGULQJXQJ�DQJHVHW]W�

.|USHU��

.|USHU��

(LQGULQJWLHIH

.UDIWDQJULIIVSXQNW

2EHUIOlFKHQSXQNWH�GHU
JU|�WHQ�'XUFKGULQJXQJ

$EE�������.UDIWDQJULIIVSXQNW�XQG�(LQGULQJWLHIH�EHL�GHU�3:*�0RGHOOLHUXQJ

=XVDPPHQJHID�W� ODVVHQ� VLFK� GLH� IROJHQGHQ� $XVVDJHQ� I�U� GLH� 6LPXODWLRQ� GHU� 3:*�

.RQWDNWEHUHLFKH�XQWHU�RELJHQ�$QQDKPHQ�WUHIIHQ�

− (V� N|QQHQ� HLQGHXWLJH� .RQWDNWSDDUXQJHQ� ]XJHRUGQHW� ZHUGHQ�� GLH� REHUH� 6SLQGHOVWDQJHQ�

IODQNH�NDQQ�QXU�PLW�GHU�XQWHUHQ�3ODQHWHQIODQNH�LQ�.RQWDNW� WUHWHQ��GLH�XQWHUH�6SLQGHOVWDQ�

JHQIODQNH�QXU�PLW�GHU�REHUHQ�)ODQNH�GHV�3ODQHWHQ��(QWVSUHFKHQGHV�JLOW�I�U�GLH�.RQWDNWSDD�

UXQJHQ�]ZLVFKHQ�3ODQHW�XQG�0XWWHU�

− ,QQHUKDOE�GHU�.RQWDNWSDDUXQJHQ�N|QQHQ�ZLHGHUXP�.RQWDNWEHUHLFKH� IHVWJHOHJW�ZHUGHQ�� LQ

GHQHQ�PD[LPDO� HLQ�.RQWDNW� ]ZLVFKHQ� GHQ�.|USHUQ� DXIWUHWHQ� NDQQ��%HL� GHU�3DDUXQJ�3OD�

QHW�0XWWHU� XPID�W� HLQ�%HUHLFK� GLH� JHVDPWH�)ODQNH��*OHLFKHV� JLOW� I�U� UHLQ� ULOOHQSURILOLHUWH

3ODQHWHQ� LP� .RQWDNW� ]XU� 6SLQGHOVWDQJH�� %HL� JHZLQGHSURILOLHUWHQ� 3ODQHWHQ� NDQQ� DQ� GHU

6SLQGHOVWDQJH�MHZHLOV�QXU�HLQ�.RQWDNW�SUR�*HZLQGHXPGUHKXQJ�DXIWUHWHQ�

− ,QQHUKDOE�GLHVHU�.RQWDNWEHUHLFKH�H[LVWLHUW�QXU�HLQ�3XQNW�DXI�MHGHU�2EHUIOlFKH��]X�GHP�VLFK

HLQ�*HJHQSXQNW�DXI�GHU�DQGHUHQ�2EHUIOlFKH�VR�ILQGHQ�Ol�W��GD��GLH�1RUPDOHQ�DXI�GLH�2EHU�

IOlFKHQ�LQ�GLHVHQ�EHLGHQ�3XQNWHQ�SDUDOOHO�VLQG�

− 'LHVH�3XQNWH�ELOGHQ�GDV�3XQNWHSDDU�� LQ�GHP�GLH�.|USHU� I�U� GHQ�.RQWDNWEHUHLFK�� MH� QDFK

.RQVWHOODWLRQ��HQWZHGHU�GLH�JU|�WH�$QQlKHUXQJ�RGHU�GLH�JU|�WH�(LQGULQJWLHIH�DXIZHLVHQ�

9RUDXVVHW]XQJ� I�U� HLQH�GHUDUWLJH�.RQWDNWSXQNWEHUHFKQXQJ� LVW� HLQH�PDWKHPDWLVFKH�%HVFKUHL�

EXQJ�GHU�.RQWDNWREHUIOlFKH�MHGHV�3:*�.|USHUV�

'LH�GHWDLOOLHUWH�%HVFKUHLEXQJ�GHU�.RQWDNWREHUIOlFKHQ�ILQGHW�VLFK�GD]X�LQ�$QKDQJ������
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������ .UDIWDQJULIIVSXQNWEHUHFKQXQJ�]ZLVFKHQ�3ODQHW�XQG�6SLQGHOVWDQJH

6WUXNWXU�GHV�*OHLFKXQJVV\VWHPV

)�U�GLH�HLQZDQGIUHLH�$QZHQGEDUNHLW�GHV�3:*�IRUFH�HOHPHQWV�63,1'(/�LVW�HV�]ZLQJHQG�HU�

IRUGHUOLFK�� GDV� *OHLFKXQJVV\VWHP� ]XU� .UDIWDQJULIIVSXQNWEHVWLPPXQJ� ]X� O|VHQ� XQG� I�U� GHQ

EHWUDFKWHWHQ�:HUWHEHUHLFK�GLH�=DKOHQZHUWH�YRQ�Φ��4��$EE����������������XQG�λ��$EE��������

]X�EHVWLPPHQ�

:LUG�GDV�*OHLFKXQJVV\VWHP�DXV�.DSLWHO������LP�,QHUWLDOV\VWHP�GDUJHVWHOOW��ZREHL�GLH�:LQNHO�

α��θ�XQG�γ�GLH�:LQNHO�GHU�.DUGDQ�'UHKXQJ�YRP�3ODQHWHQ��LQV�,QHUWLDOV\VWHP�XP�GLH�[���\��XQG

]�$FKVH�XQG�GHU�:LQNHO�δ�GHU�9HUGUHKZLQNHO�YRP�6SLQGHOVWDQJHQ��]XP�,QHUWLDOV\VWHP�VLQG�

VR�ODXWHW�HV�

*OHLFKXQJ�,

( ) ( ) ( )( ) ( ) ( )$ U 4 Q 4 $ U T S
,6 6 6 6 6 ,3 3 3 , 3

δ λ α θ γ φΦ Φ� � � � �+ = +

*OHLFKXQJ�,,

( ) ( ) ( ) ( )$ Q 4 $ Q T
,6 6 6 ,3 3 3

δ κ α θ γ φΦ� � � �=

$,6�XQG�$,3� VLQG�GDEHL�GLH�'UHKPDWUL]HQ�GHU�.$5'$1�'UHKXQJ�YRP�6SLQGHOVWDQJHQ��EH]LH�

KXQJVZHLVH�3ODQHWHQUHIHUHQ]V\VWHP�LQ�GDV�,QHUWLDOV\VWHP�

6HW]W�PDQ�GLH�3DUDPHWHUGDUVWHOOXQJHQ� GHU�2EHUIOlFKHQ�� XQG�1RUPDOHQYHNWRUHQ� LQ� GDV�*OHL�

FKXQJVV\VWHP�HLQ��VR�OLHJW�HLQ�DQDO\WLVFK�QLFKW�PHKU�O|VEDUHV�*OHLFKXQJVV\VWHP�YRU�

1XPHULVFKH�/|VXQJVYHUIDKUHQ� I�U� GLHVHV�*OHLFKXQJVV\VWHP� EHQ|WLJHQ� 6WDUWZHUWH� I�U� GLH� ]X

EHVWLPPHQGHQ�9DULDEOHQ��GLH�KLQUHLFKHQG�GLFKW�EHL�GHQ�JHVXFKWHQ�:HUWHQ� OLHJHQ�� 6RQVW� EH�

VWHKW�GLH�*HIDKU��GD��GDV�*OHLFKXQJVV\VWHP�ZHLWHUH�/|VXQJHQ�DXIZHLVW� XQG�GHU�QXPHULVFKH

*OHLFKXQJVO|VHU� LP�9HUODXI�GHU�,WHUDWLRQVVFKULWWH�DXI�HLQH�DQGHUH�/|VXQJ�]XVWHXHUW��%HL�GHP

*OHLFKXQJVV\VWHP�I�U�GLH�.UDIWDQJULIIVSXQNWEHUHFKQXQJ�LVW�GLHVH�*HIDKU�QLFKW�JHJHEHQ��GD�I�U

MHGHQ� .RQWDNWEHUHLFK� QXU� HLQH� VLQQYROOH� /|VXQJ� H[LVWLHUW� XQG� DXFK� NHLQH� ZHLWHUHQ� ORNDOHQ

0LQLPD�DXIWUHWHQ��GLH�I�U�GHQ�*OHLFKXQJVO|VHU�]XP��6WROSHUVWHLQ��ZHUGHQ�N|QQWHQ��+HUYRUJH�

UXIHQ�ZLUG�GLHVHU�HUIUHXOLFKH�8PVWDQG�GXUFK�GLH�*HVWDOW�GHU�.RQWDNWREHUIOlFKHQ��'D�LQQHUKDOE

GHV�.RQWDNWEHUHLFKV� GLH�.|USHU� NHLQH�bQGHUXQJ� LKUHU�.U�PPXQJVULFKWXQJ� KDEHQ��ZLUG� GHU

*OHLFKXQJVO|VHU� HLQGHXWLJ� ]XU� HLQ]LJ� VLQQYROOHQ� /|VXQJ� JHI�KUW�� 'LH� .RQWDNWEHUHLFKH� VLQG

]XGHP�KLQUHLFKHQG�JUR���VR�GD��GLH�6WDUWZHUWH�RKQH�6FKZLHULJNHLWHQ�EHVWLPPW�ZHUGHQ�N|Q�

QHQ�
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1HZWRQVFKH�1lKHUXQJ

(LQ� %HLVSLHO� I�U� HLQ� /|VXQJVYHUIDKUHQ� LVW� GLH� 1(:721VFKH� 1lKHUXQJ� �DXV� *(//(57�

.h671(5�� +(//:,&+�� .b671(5�� 5(,&++$57� >*�@��� =XU� (UOlXWHUXQJ� GHU� 1lKHUXQJ� VHL� HLQ

*OHLFKXQJVV\VWHP�DXV�]ZHL�)XQNWLRQHQ�I�XQG�J�JHJHEHQ�

I [ \� � � = � �

J [ \� � � = � �

'LH� 6WDUWZHUWH� I�U� GLH�1lKHUXQJ�ZHUGHQ� DOV� [
�
� XQG� \

�
� EH]HLFKQHW�� =XVlW]OLFK� ZHUGHQ� GLH

)HKOHUNRPSHQVDWLRQVJU|�HQ�K�XQG�N�HLQJHI�KUW��0DQ�VHW]W�QXQ

I [ K \ N� � �
� �

�+ + = �

J [ K \ N� � �
� �

�+ + = �

XQG�HQWZLFNHOW�QDFK�GHP�7$</25VFKHQ�6DW]��0DQ�HUKlOW

I [ \ K I [ K \ N N I [ K \ N[ \� � � � � � � � �� � � � � � �+ + + + + + =ϑ ϑ ϑ ϑ
����

J [ \ K J [ K \ N N J [ K \ N[ \� � � � � � � � �� � � � � � �+ + + + + + =ϑ ϑ ϑ ϑ
����

ZREHL�GLH�,QGL]HV�KLQWHU�GHQ�)XQNWLRQHQ�I�U�GLH�SDUWLHOOH�$EOHLWXQJ�GHU�)XQNWLRQ�QDFK�GHU�9D�

ULDEOHQ��GLH�LP�,QGH[�JHQDQQW�LVW��VWHKW��I[�EHGHXWHW�DOVR�GLH�SDUWLHOOH�$EOHLWXQJ�YRQ�I�QDFK�[��

6HW]W�PDQ�LQ�GLHVHQ�*OHLFKXQJHQ�GLH��XQEHNDQQWH��7D\ORU]DKO�ϑ �JOHLFK�1XOO��VR�EHJHKW�PDQ

HLQHQ�)HKOHU�XQG�HUKlOW�VWDWW�GHU�H[DNWHQ�:HUWH�I�U�K�XQG�N�QXU�1lKHUXQJVZHUWH��GLH�DOV�K��XQG

N��EH]HLFKQHW�ZHUGHQ�VROOHQ��0LW�GLHVHQ�1lKHUXQJVZHUWHQ��GLH�HLQIDFK�EHUHFKQHW�ZHUGHQ�N|Q�

QHQ��ODVVHQ�VLFK�JHQDXHUH�$XVJDQJVZHUWH�[��XQG�\��EHVWLPPHQ�

[ [ K
� � �

= + �

\ \ N
� � �

= + �

0LW�GLHVHQ�QHXHQ�$XVJDQJVZHUWHQ�NDQQ�HLQ�QHXHU�1lKHUXQJVVFKULWW�GXUFKJHI�KUW�ZHUGHQ��EHL

GHP�QXQ�DOV�6WDUWZHUWH�GHU�1lKHUXQJ�GLH� VRHEHQ�EHUHFKQHWHQ�:HUWH�[�� I�U� [�� XQG�K�� I�U�K�

HLQJHVHW]W�ZHUGHQ��'LHVH�,WHUDWLRQ�ZLUG�VR�ODQJH�ZLHGHUKROW��ELV�GHU�:HUW�GHU�)HKOHUNRPSHQ�

VDWLRQVJU|�HQ�XQWHU�HLQH�EHOLHELJ�ZlKOEDUH�)HKOHUWROHUDQ]VFKZHOOH�JHVXQNHQ�LVW�

9HUVXFKH�]XU�/|VXQJ�GHV�*OHLFKXQJVV\VWHPV

8P�GLH�SUDNWLVFKH�(LQVDW]WDXJOLFKNHLW�GHU�QXPHULVFKHQ�1lKHUXQJ�]X�SU�IHQ��ZXUGH�GDV�*OHL�

FKXQJVV\VWHP�LQ�GHP�PDWKHPDWLVFKHQ�6RIWZDUHSDNHW�0$7/$%�HUVWHOOW��$OV�*OHLFKXQJVO|VHU

ZXUGH� GHU� �/LQHVHDUFK��$OJRULWKPXV� YRQ� '(11,6� XQG� 6&+1$%(/� >'�@� SURJUDPPLHUW�� GHU

QDFK�GHP�9HUIDKUHQ�GHU�1(:721VFKHQ�1lKHUXQJ�DUEHLWHW��DEHU�LQ�HLQHU�]XVlW]OLFKHQ�%HUHFK�
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QXQJ�GHQ�)HKOHU�DEVFKlW]W�XQG�GLH�6FKULWWZHLWH�RSWLPLHUW��'HU�$OJRULWKPXV�NRQYHUJLHUW�GDKHU

VFKQHOOHU�DOV�GLH�1(:721VFKH�1lKHUXQJ�

'DV� /LQHVHDUFK�1lKHUXQJVYHUIDKUHQ� DUEHLWHWH� HLQZDQGIUHL�� HUIRUGHUWH� QXU�ZHQLJH� ,WHUDWLRQV�

VFKULWWH��LP�5HJHOIDOO�YLHU�ELV�I�QI�'XUFKOlXIH���XP�GHQ�)HKOHU�NOHLQHU�DOV������]X�KDOWHQ�XQG

WROHULHUWH� GDEHL� DXFK� JUREH� $EZHLFKXQJHQ� EHLP� (UVWHOOHQ� GHU� 6WDUWZHUWH�� (V� LVW� RKQH� (LQ�

VFKUlQNXQJHQ�I�U�GHQ�(LQVDW]�LP�3:*�IRUFH�HOHPHQW�63,1'(/�JHHLJQHW�

0LW�GHP�KLHU�QLFKW�QlKHU�YRUJHVWHOOWHQ�3URJUDPP��&217$&7�P���GDV� DXI�GHQ�/LQHVHDUFK�

$OJRULWKPXV� DXIEDXW�� NRQQWHQ� HUVWPDOV� GLH�9HUODJHUXQJHQ� GHU� .RQWDNWSXQNWH� ]ZLVFKHQ� GHU

6SLQGHOVWDQJH�XQG�HLQHP�3ODQHWHQ�EHL�.LSS���6FKUlQN���9HUGUHK��XQG�9HUVFKLHEHEHZHJXQJHQ

GHV� 3ODQHWHQ� EHUHFKQHW� ZHUGHQ�� 'LHVH� %HUHFKQXQJ� ZXUGH� PLW� GHP� �'�&$'�3URJUDPP

3UR�(1*,1((5� YHULIL]LHUW�� LQGHP� GLH� .RQWDNWN|USHU� LQHLQDQGHU� YHUVFKREHQ�ZXUGHQ�ZREHL

GHUHQ�'XUFKGULQJXQJ�HUPLWWHOW�ZXUGH��$EE������]HLJW�HLQH�W\SLVFKH�$UEHLWVVLWXDWLRQ�PLW�&21�

7$&7�P�

$EE�������%HUHFKQXQJ�GHU�.RQWDNWSXQNWH�XQG�(LQGULQJWLHIHQ�PLW�&217$&7�P
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������ 'DUVWHOOXQJ�GHU�.RQWDNWIOlFKH

)�U�GLH�$QZHQGXQJ�GHU�+(57=VFKHQ�7KHRULH�LVW�GLH�)RUP�GHU�.RQWDNWHOOLSVH�YRQ�JUR�HU�%H�

GHXWXQJ��8P�GLH�)UDJH�]X�NOlUHQ��RE�GLH�1lKHUXQJ�GXUFK�HLQH�(OOLSVH�NRUUHNW�LVW��ZXUGHQ�LP

0DWKHPDWLNSURJUDPP�0$3/(�HQWVSUHFKHQG�GHU�REHQ�JH]HLJWHQ�3DUDPHWHUGDUVWHOOXQJ�2EHU�

IOlFKHQGDUVWHOOXQJHQ�YRQ�6SLQGHOVWDQJH�XQG�3ODQHW�HUVWHOOW�XQG�PLWHLQDQGHU�YHUVFKQLWWHQ��'LH

JUDSKLVFKH�'DUVWHOOXQJ��$EE������F��]HLJW��GD��GLH�.RQWDNWIOlFKH�HLQH�NUHLVI|UPLJ�HOOLSWLVFKH

.RQWXU�KDW�

D��$QRUGQXQJ�GHU�)ODQNHQ��OLQNV�3ODQHW��UHFKWV�6SLQGHOVWDQJH�

E��9HUJU|�HUWH�'DUVWHOOXQJ�GHV�.RQWDNWEHUHLFKV��$QRUGQXQJ�ZLH�REHQ�

F��%OLFN�VHQNUHFKW�DXI�GLH�.RQWDNWIOlFKH

$EE�������)RUP�GHU�.RQWDNWIOlFKH�]ZLVFKHQ�6SLQGHOVWDQJH�XQG�3ODQHW
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$OV�QlFKVWHU�6FKULWW�DXI�GHP�:HJ�]X�HLQHU�DXVVDJHNUlIWLJHQ�0HKUN|USHUVLPXODWLRQ�GHU�3:*

ZXUGHQ� YRQ� 0�� 63,(&.� >6�@� GLH� 86(5� 5287,1(1� I�U� GLH� .UDIWHOHPHQWH� �3:*�

IRUFH�HOHPHQW�63,1'(/��XQG� �3:*�IRUFH�HOHPHQW�0877(5��HUVWHOOW�� VRZLH�GHUHQ�(LQELQ�

GXQJ�LQ�6,03$&.�XPJHVHW]W�

'LH�0HKUN|USHUVLPXODWLRQ�GHU�3:*�OLHIHUW�PLW�GLHVHQ�3:*�IRUFH�HOHPHQWHQ�I�U�GHQ�QRUPD�

OHQ�%HWULHEVEHUHLFK�UHDOLWlWVQDKH�(UJHEQLVVH��ZDV�QHXH�$UEHLWVEHUHLFKH�HU|IIQHW�

− GLH�$XVZHLWXQJ�GHU�6LPXODWLRQ�DXI�GDV�9HUKDOWHQ�GHU�3:*�DX�HUKDOE�GHV�QRUPDOHQ��TXDVL�

VWDWLVFKHQ� %HWULHEVEHUHLFKV�� EHLVSLHOVZHLVH� EHL� $QIDKUYRUJlQJHQ�� H[WUHPHQ� %HODVWXQJHQ

RGHU�EHVRQGHUV�KRKHQ�RGHU�QLHGULJHQ�$QWULHEVGUHK]DKOHQ

− GLH�6LPXODWLRQ�YRQ�DQGHUHQ�3:*�$XVI�KUXQJHQ�DOV�GHP�LQ�GLHVHU�$UEHLW�PRGHOOLHUWHQ�7\S

− GLH�SUDNWLVFKH�$QZHQGXQJ�GHU�3:*�6LPXODWLRQ�LQ�GHU�(QWZLFNOXQJ�XQG�.RQVWUXNWLRQ�GHU

3:*��XP�GDV�%HWULHEVYHUKDOWHQ�RSWLPLHUHQ�]X�N|QQHQ

XQG�DOV�JUR�HV�=LHO

− GHQ�$XVEDX� GHU� 3:*�0HKUN|USHUVLPXODWLRQ� ]X� HLQHP�:HUN]HXJ� GHV� (QWZXUIV� XQG� GHU

.RQVWUXNWLRQ�

���� .RQWDNWNUDIWEHVWLPPXQJ

1DFKGHP�GLH�%HUHFKQXQJ�GHV�$QJULIIVSXQNWHV�GHU�.UDIWZLUNXQJ�EHUHLWV�EHKDQGHOW�ZXUGH��LVW

QRFK� LKU�%HWUDJ�XQG� LKUH�:LUNXQJVULFKWXQJ�]X�HUPLWWHOQ��'DEHL� Ol�W� VLFK�]XU�9HUHLQIDFKXQJ

GLH�.UDIWZLUNXQJ�DXV�]ZHL�.RPSRQHQWHQ�]XVDPPHQVHW]HQ��GHU�$QWHLO�QRUPDO�]XU�2EHUIOlFKH

�1RUPDONUDIW��XQG�GHU�$QWHLO�WDQJHQWLDO�]X�LKU��5HLEXQJVNUDIW��

1RUPDONUDIW�LP�.RQWDNW

'LH�%HVWLPPXQJ�GHU�.RQWDNWQRUPDONUDIW� HUIROJW� QDFK�GHU�+(57=�6FKHQ�7KHRULH��'LH�1lKH�

UXQJ�QDFK�+(57=�LVW�]XOlVVLJ��GD�GLH�%HGLQJXQJHQ�GHU�+RPRJHQLWlW��,VRWURSLH�XQG�GHU�NOHLQHQ

.RQWDNWIOlFKHQDEPHVVXQJHQ� JHJHEHQ� VLQG��'LH� )RUGHUXQJ� QDFK�5HLEXQJVIUHLKHLW�ZLUG� QLFKW

HUI�OOW���YHUJOHLFKH�GD]X�PLW�.DSLWHO������GD�DEHU�NRQWUDIRUPH�2EHUIOlFKHQ�YRUOLHJHQ��NDQQ�GHU

+(57=�6FKH�$QVDW]�LQ�JXWHU�1lKHUXQJ�DQJHZHQGHW�ZHUGHQ�

(UIRUGHUOLFK�GDI�U�LVW�GLH�.HQQWQLV

− 'HV�.UDIWDQJULIIVSXQNWV�

− 'HU�(LQGULQJWLHIH�
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− 'HU�5LFKWXQJ�GHU�2EHUIOlFKHQQRUPDOHQYHNWRUHQ�XQG

− 'HU�+DXSWNU�PPXQJVUDGLHQ�EHLGHU�2EHUIOlFKHQ�DP�.RQWDNW�

'LH�,QIRUPDWLRQHQ��EHU�GLH�HUVWHQ�GUHL�3XQNWH� OLHJHQ�EHUHLWV�YRU��(V� IHKOHQ�QRFK�GLH�+DXSW�

NU�PPXQJVUDGLHQ� GHU� .RQWDNWN|USHU� LQ� GHQ� 2EHUIOlFKHQSXQNWHQ�� 'LHVH� 2EHUIOlFKHQSXQNWH

GHU�.RQWDNWN|USHU��]ZLVFKHQ�GHQHQ�GLH�6WUHFNH�GHU�JU|�WHQ�(LQGULQJWLHIH� OLHJW�� HUKDOWHQ�GDV

.�U]HO�23�

������ .UDIW��XQG�0RPHQWHQELODQ]

'HU�*HVDPWNUDIWYHNWRU�� GHU� DOOH� DP�3ODQHWHQ� DQJUHLIHQGHQ�(LQ]HONUlIWH� �LQVJHVDPW� L� DQ� GHU

=DKO�� ]X� HLQHU� JHPHLQVDPHQ�� LQ� GHUHQ� 6FKZHUSXQNW� DQJUHLIHQGHQ�:LUNXQJ� ]XVDPPHQID�W�

HUUHFKQHW�VLFK�DOV�GLH�YHNWRULHOOH�6XPPH�DOOHU�(LQ]HONUlIWH��$OOH�9HNWRUHQ�P�VVHQ�GDEHL�GHP

JOHLFKHQ�.RRUGLQDWHQV\VWHP�DQJHK|UHQ�

) ) )JHV 1 L

L

5 L

L

= +∑ ∑� � �

'DV�0RPHQWHQJOHLFKJHZLFKW�LVW�HQWVSUHFKHQG�GLH�9HNWRUVXPPH�DOOHU�(LQ]HOPRPHQWH��'D�EHL

GHU�YRUOLHJHQGHQ�0RGHOOLHUXQJ�YHUHLQIDFKHQG�LQ�GHQ�.RQWDNWHQ�NHLQH�0RPHQWH��VRQGHUQ�QXU

.UlIWH� �EHUWUDJHQ�ZHUGHQ�� VHW]W� VLFK� GHU�*HVDPWPRPHQWYHNWRU� OHGLJOLFK� DXV� GHQ�.UHX]SUR�

GXNWHQ� GHU� (LQ]HONUDIWYHNWRUHQ�PLW� LKUHP� ]XJHK|ULJHQ� 2UWVYHNWRU� YRP�.|USHUVFKZHUSXQNW

]XP�MHZHLOLJHQ�$QJULIIVSXQNW�]XVDPPHQ�

0 U ) U )JHV .3 L 1 L

L

.3 L 5 L

L

= × + ×∑ ∑� � � � �

'LH�:HUWH��GLH�GDV�3:*�IRUFH�HOHPHQW�DQ�GHQ�6,03$&.�)RUPDOLVPXV��EHUJHEHQ�PX���VLQG

GHU�*HVDPWNUDIW�� XQG�*HVDPWPRPHQWYHNWRU� XP� GHQ�8UVSUXQJ� GHV�5HIHUHQ]V\VWHPV� �JOHLFK

GHP�6FKZHUSXQNW�� GHV�%H]XJVN|USHUV��$OV�%H]XJVN|USHU�ZHUGHQ��ZLH� GLH�1DPHQ�GHU� ]ZHL

.UDIWHOHPHQWH��3:*�IRUFH�HOHPHQW�63,1'(/��XQG��3:*�IRUFH�HOHPHQW�0877(5��EHUHLWV

DQGHXWHQ��GLH�6SLQGHOVWDQJH�XQG� GLH�0XWWHU� JHZlKOW��(LQ�.UDIWHOHPHQW� ]ZLVFKHQ� ]ZHL�.|U�

SHUQ�GLHVHU�$QZHQGXQJ�ZLUG�YRQ�HLQHP�PDUNHU�IUDPH��GHU�HLQHP�GHU�EHLGHQ�.|USHU�]XJHRUG�

QHW� LVW�� ]X�HLQHP�PDUNHU� IUDPH�GHV�]ZHLWHQ�.|USHUV�JH]RJHQ��'HU�HUVWH�.|USHU� VROO� DOV�%H�

]XJVN|USHU�EH]HLFKQHW�ZHUGHQ�
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���� 6LPXODWLRQVHUJHEQLVVH

0LW� GHP�.RQWDNWSXQNWEHUHFKQXQJVSURJUDPP� ÄFRQWDFW�P³� XQG� GHU� LQ� 6,03$&.� HUVWHOOWHQ

0HKUN|USHUVLPXODWLRQ�GHU�3:*�ZXUGHQ�HUVWH�H[HPSODULVFKH�%HUHFKQXQJHQ�GXUFKJHI�KUW�

������ 5�FNVFKO�VVH�DXV�FRQWDFW�P

)�U�PHKUHUH�3:*�7\SHQ�ZXUGH�GLH�/DJH�GHU�.RQWDNWSXQNWH�LQ�GHU�LGHDOLVLHUWHQ�DFKVSDUDOOH�

OHQ�/DJH�VRZLH�I�U�YHUVFKLHGHQH�6FKUlQN��XQG�.LSSZLQNHO�EHUHFKQHW��'DEHL�]HLJWH�VLFK��GD�

HV�EHL�GHU�3:*�QLFKW�]XOlVVLJ�LVW��GDV�3URILO� LP�0HULGLDQVFKQLWW�]X�HQWZHUIHQ��'DEHL�EOLHEH

GLH� .RQWDNWSXQNWDXVZDQGHUXQJ� DXV� GHU� $FKVYHUELQGXQJ� XQEHU�FNVLFKWLJW�� 'LHVH� .RQWDNW�

SXQNWYHUODJHUXQJ�ZlFKVW�PLW�GHP�*HVDPWVWHLJXQJVZLQNHO�α
JHV
�VRZLH�PLW�NOHLQHU�ZHUGHQGHQ

3ODQHWHQ� �
G
G

3

6

�

�

� VLQNW�� XQG� EHZLUNW�� GD�� GLH� 3ODQHWHQ� QlKHU� DQ� GHU� 6SLQGHOVWDQJH� ]X� OLHJHQ

NRPPHQ�� %HUHLWV� EHL� JHULQJHQ� 6WHLJXQJVZLQNHOQ� IlOOW� GHVKDOE� GHU�0XWWHUQZlO]NUHLV� NOHLQHU

DXV��EHL�GHU�/RZ�&RVW�3:*�XP�HWZD����PP���DOV�QDFK�GHU�.RQVWUXNWLRQ�LP�0HULGLDQVFKQLWW�

%HL�DOOHQ�ELVKHULJHQ�%DXPXVWHUQ�GHU�3:*�ZXUGHQ�3ODQHWHQ�XQG�6SLQGHOVWDQJH�]XHUVW� DQJH�

IHUWLJW�XQG�DXI�GHUHQ�0D�H�DQVFKOLH�HQG�GLH�0XWWHU�DQJHSD�W��'LHVH�9RUJHKHQVZHLVH�ZDU�QXU

EHL�GHU�3URWRW\SHQIHUWLJXQJ�]X�YHUWUHWHQ�

,Q�FRQWDFW�P�OLHJHQ�QXQ�EHUHLWV�EHL�GHU�=HLFKQXQJVHUVWHOOXQJ�GLH�H[DNWHQ�:lO]NUHLVUDGLHQ�YRU�

0XWWHU���3ODQHWHQ��XQG�6SLQGHOVWDQJHQSURILOLHUXQJHQ�N|QQHQ�GDPLW�YROOVWlQGLJ�DXVNRQVWUXLHUW

ZHUGHQ��$OV�$EZHLFKXQJHQ�YRQ�GHU�EHUHFKQHWHQ�*HRPHWULH�YHUEOHLEHQ�GLH�)HUWLJXQJVWROHUDQ�

]HQ�ZLH�7HLOXQJVIHKOHU��3URILOIHKOHU�X�l���6LH�VLQG�VWDUN�YRP�+HUVWHOOYHUIDKUHQ��:HUN]HXJ�XQG

0DWHULDO�DEKlQJLJ�XQG�ZHUGHQ�GHVZHJHQ�EHL�GHU�=HLFKQXQJHVHUVWHOOXQJ�QRFK�QLFKW�NRPSHQ�

VLHUW�

'LH� REHQ� JHQDQQWHQ�0D�DEZHLFKXQJHQ� ]ZLVFKHQ� UHDOHU� 3:*� XQG� GHU� YHUHLQIDFKWHQ� .RQ�

VWUXNWLRQ�LP�0HULGLDQVFKQLWW�ZXUGHQ�EHL�MHGHU�3URWRW\SHQ�)HUWLJXQJ�EHREDFKWHW��NRQQWHQ�DEHU

HUVW�GXUFK�GLH�(UJHEQLVVH�YRQ�ÄFRQWDFW�P³�HUNOlUW�ZHUGHQ�

0LWWHOV�FRQWDFW�P�NRQQWH�QDFKJHZLHVHQ�ZHUGHQ��GD��3ODQHWHQ�PLW�JHUDGIODQNLJHP�3URILO� DXI

HLQHU�JHUDGIODQNLJHQ�6SLQGHOVWDQJH�QXU�DXI�GHU�)ODQNHQVSLW]H� ODXIHQ�N|QQHQ�XQG�VLFK� LQ�GHU

JHUDGIODQNLJHQ�0XWWHU�QXU�GDQQ�HLQ�/LQLHQNRQWDNW�HLQVWHOOW��ZHQQ�GHU�3ODQHW�LGHDO�DFKVSDUDOOHO

DXVJHULFKWHW�LVW��%HL�1HXNRQVWUXNWLRQHQ�LVW�GHVZHJHQ�LQ�MHGHU�.RQWDNWSDDUXQJ��3ODQHW�0XWWHU
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XQG� 3ODQHW�6SLQGHOVWDQJH�� PLQGHVWHQV� HLQH� 3URILOLHUXQJ� EDOOLJ� DXV]XI�KUHQ�� (LQH� J�QVWLJH

%DOOLJNHLW�ZLUG�HU]LHOW��ZHQQ�GLH�.RQWDNWIOlFKH�EHL�PD[LPDOHU�%HODVWXQJ�HWZD�����GHU�QXW]ED�

UHQ�)ODQNHQEUHLWH�EHDQVSUXFKW��GDQQ�EOHLEW�GLH�.RQWDNWIOlFKH�DXFK�EHL�GHQ�]XOlVVLJHQ�(LJHQ�

EHZHJXQJHQ�VLFKHU�DXI�GHQ�)ODQNHQ��XQG�GLH�.RQWDNWIRUP�QDKH�DQ�GHU�.UHLVIRUP�OLHJW��(OOLS�

VHQ�PLW�+DXSWDFKVHQYHUKlOWQLVVHQ�]ZLVFKHQ�����XQG�����VLQG�I�U�GLH�3:*�J�QVWLJ���YJO��$EE�

������'LH�OlQJHUH�+DOEDFKVH�NDQQ�UDGLDO�DXVJHULFKWHW�VHLQ��ZRGXUFK�GLH�6XPPHQJHVFKZLQGLJ�

NHLW�GHQ�6FKPLHUILOPDXIEDX�I|UGHUW��'HU�2ULHQWLHUXQJ�GHU�.RQWDNWIOlFKH�VROOWH�DEHU�NHLQH�JUR�

�H� %HGHXWXQJ� ]XJHZLHVHQ� ZHUGHQ�� GD� GLH� 'LIIHUHQ]JHVFKZLQGLJNHLW� LP� %HWULHE� IDVW� DOOH

5LFKWXQJHQ�DQQHKPHQ�NDQQ�

'HU�:LUNXQJVJUDG�GHU�3:*�NDQQ��DXIEDXHQG�DXI�GHU�%HUHFKQXQJ�GHU�.RQWDNWSXQNWODJHQ��LQ

$EKlQJLJNHLW� YRQ�GHQ�(LQIOX�JU|�HQ�6FKUlJODXIZLQNHOγ ��6FKOXSI��$[LDONUDIW�� �*HVDPWVWHL�

JXQJ� 3
JHV
�XQG�GHP�9HUKlOWQLV�GHU�3ODQHWHQ��XQG�6SLQGHOVWDQJHQ�:lO]GXUFKPHVVHU�LQ�GUHLGL�

PHQVLRQDOHQ� .HQQIHOGHUQ� DQJHJHEHQ� ZHUGHQ�� 63,(&.� >6�@� EHUHFKQHWH� GHUDUWLJH� :LUNXQJV�

JUDG�.HQQIHOGHU��YRQ�ZHOFKHQ�KLHU�HLQHV�EHLVSLHOKDIW�DEJHGUXFNW� LVW��XP�7HQGHQ]HQ�XQG�=X�

VDPPHQKlQJH�DXI]X]HLJHQ�

$EE�� ����� $EKlQJLJNHLW� YRQ� :LUNXQJVJUDG� η �� 6FKOXSIZLQNHOε �� 6FKUlJODXI�
ZLQNHO�γ >6�@

η

ε γ
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'HU�:LUNXQJVJUDG�GHU�.UDIW�EHUWUDJXQJ� VLQNW�PLW� VWHLJHQGHP�6FKUlJODXIZLQNHOγ � �YJO��.D�

SLWHO�������GD�PLW�LKP�GHU�=ZDQJVVFKOXSI� 6
=
�]XQLPPW��hEHU�GHQ�6FKOXSIZLQNHOε �EHWUDFKWHW�

LVW�GHU�9HUODXI�GHV�:LUNXQJVJUDGHV�SDUDEROLVFK�DXVJHSUlJW��'DV�EHGHXWHW��GD��VLFK�VRZRKO�EHL

VHKU�NOHLQHP�6FKOXSI��ε → °� ��DOV�DXFK�EHL�VHKU�KRKHP�6FKOXSI��ε → °�� ��VFKOHFKWH�hEHU�

WUDJXQJ� HLQVWHOOW�� )�U� JUR�HQ� 6FKOXSI� VLQG� GLH� 'UHK]DKOYHUOXVWH� OHLFKW� QDFKYROO]LHKEDU�� %HL

NOHLQHP� 6FKOXSI� HUJHEHQ� VLFK� GLH� 9HUOXVWH� DXV� GHU� XQJ�QVWLJHQ� 5LFKWXQJ� GHU� 5HODWLYJH�

VFKZLQGLJNHLW�LP�.RQWDNW��VLHKH�DXFK�$EE�������XQG��������,P�+DXSWEHWULHVESXQNW�GHU�3:*

�VRIHUQ� GLHVHU� EHNDQQW� E]Z�� DQ]XJHEHQ� LVW�� VLQG� GHVKDOE�PLWWOHUH�6FKOXSIZHUWH� DQ]XVWUHEHQ�

%HVRQGHUV�KRKH�$XVQXW]XQJHQ�GHV�5HLEZHUWHV�VLQG�ZHJHQ�GHV�KRKHQ�'UHK]DKOVFKOXSIHV�QXU

XQWHU�:LUNXQJVJUDGHLQEX�HQ�]X�HU]LHOHQ�

������ 5�FNVFKO�VVH�DXV�6,03$&.�0.6�6LPXODWLRQVOlXIHQ

0LW�GHP�YRUOLHJHQGHQ�0.6�6LPXODWLRQVSURJUDPP�ZXUGHQ�PHKUHUH�9HUVXFKVOlXIH�GXUFKJH�

I�KUW��LQ�GHQHQ�GDV�9HUKDOWHQ�GHU�3:*�LP�TXDVLVWDWLVFKHQ�%HWULHEVSXQNW�� LP�$QODXIYRUJDQJ

XQG�EHL�VWHWLJ�DQZDFKVHQGHU�%HODVWXQJ��3:*�DUEHLWHW�JHJHQ�HLQH�)HGHU��XQWHUVXFKW�ZXUGH�

'LH�6LPXODWLRQVHUJHEQLVVH�ZXUGHQ�PLW�]ZHL�9HUVLRQHQ�GHV�0.6�$XIEDXV�JHZRQQHQ��GLH�DXI

GHQ�*HRPHWULHQ�GHU�/RZ�&RVW�3:*�EDVLHUHQ��(LQH�3:*�ZXUGH�PLW�QXU�HLQHP�3ODQHWHQ�PR�

GHOOLHUW�� GHU� ]ZLVFKHQ� NRD[LDO� ODXIHQGHU� 0XWWHU� XQG� 6SLQGHOVWDQJH� DQJHRUGQHW� ZDU�� (LQH

]ZHLWH�9HUVLRQ�ZDU�GLH�UHDOLWlWVJHWUHXH�/RZ�&RVW�3:*�PLW�I�QI�3ODQHWHQ�XQG�HLQHU�QXU�JHJHQ

9HUGUHKHQ� IHVWJHOHJWHQ�0XWWHU�� 'LH� (UJHEQLVVH� N|QQHQ� YRQ� 6,03$&.� LQ� )RUP� YRQ�0H��

VFKULHEHQ�JUDILVFK�GDUJHVWHOOW�ZHUGHQ��'LH�]�$FKVH�LVW�MHZHLOV�GLH�.|USHUDFKVH�

3:*�6LPXODWLRQ�PLW�HLQHP�3ODQHWHQ�XQWHU�(LJHQODVW���$EE�����

− 'LH�3:*�ZLUG�PLW�NRQVWDQWHU�'UHK]DKO�XQG�GDPLW�SUDNWLVFK�NRQVWDQWHP�9RUVFKXE�DQJH�

WULHEHQ�XQG�LVW�QXU�GXUFK�LKU�HLJHQHV�*HZLFKW�EHODVWHW�

− ,P�.LSSZLQNHO�VLQG�SHULRGLVFKH�6SU�QJH�]X�HUNHQQHQ��GLH�GXUFK�GHQ�(LQJULIIVEHJLQQ�E]Z�

GDV�(LQJULIIVHQGH�GHV�3ODQHWHQJHZLQGHJDQJHV�LQ�GLH�6SLQGHOVWDQJH�YHUXUVDFKW�ZHUGHQ�

− 'LH�3HULRGHQOlQJH� LQ�$EE�� ����E� HQWVSULFKW� HLQHU� YROOVWlQGLJHQ�$EUROOEHZHJXQJ�GHV�3OD�

QHWHQ�DXI�GHU�6SLQGHOVWDQJH�

− 'LH�$PSOLWXGH�LQ�$EE������E�JLEW�GHQ�:LQNHODXVVFKODJ�LQ�UDG�ZLHGHU�
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����� �������������

$EE�������3ODQHW�GHU�(LQ�3ODQHWHQ�3:*��NRQVWDQWHU�9RUVFKXE��(LJHQODVW� �/HHUODXI

3:*�6LPXODWLRQ�PLW�HLQHP�3ODQHWHQ�JHJHQ�KDUWH�)HGHU���$EE�����

− 'LH�3:*�LVW�DXIJHEDXW�ZLH�EHL�GHU�YRUDQJHJDQJHQHQ�0HVVXQJ��6LH�ZLUG�ZLHGHU�PLW�NRQ�

VWDQWHU� 'UHK]DKO� DQJHWULHEHQ�� ]XVlW]OLFK� ]XU� (LJHQODVW� NRPSULPLHUW� VLH� HLQH� KDUWH� )HGHU�

ZREHL�GLH�%HODVWXQJ�PLW�GHP�:HJ�OLQHDU�]XQLPPW�

− ,Q�GHU�]�3RVLWLRQ��D��VLHKW�PDQ��ZLH�GHU�9RUVFKXE�PLW�]XQHKPHQGHU�$[LDONUDIW� DEQLPPW�

'D�GLH�'UHK]DKO�VLFK�SUDNWLVFK�QLFKW�YHUlQGHUW�� VLQG�GLH�9RUVFKXEHLQEX�HQ� LQ� �D��DXI�HU�

K|KWHQ�6FKOXSI�XQG�]XQHKPHQGH�.RQWDNWGHIRUPDWLRQ�]XU�FN]XI�KUHQ�

- 'HU�.LSSZLQNHO��E��QLPPW��EHU�GHU�'UHK]DKO�ZHVHQWOLFK�VFKQHOOHU�]X��DOV�LQ�$EE�������'LH

6SU�QJH�LP�.LSSZLQNHOYHUODXI�VLQG�ZLHGHUXP�DXI�GLH�(LQJULIIVVSU�QJH�]ZLVFKHQ�3ODQHWHQ�

XQG�6SLQGHOVWDQJHQJHZLQGH�]XU�FN]XI�KUHQ�

���� ���������������

$EE�������3ODQHW�GHU�(LQ�3ODQHWHQ�3:*�OlXIW�JHJHQ�KDUWH�)HGHU

D�
E�

D� E�

.LSSZLQNHO�XP�\

5RWDWLRQVJHVFKZLQ�
GLJNHLW�XP�GLH

[�$FKVH

9RUVFKXE� �]�3RVLWLRQ .LSSZLQNHO�XP�\

�
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3:*�6LPXODWLRQ�PLW�I�QI�3ODQHWHQ�XQWHU�(LJHQODVW

,Q�GHQ�$EELOGXQJHQ�����XQG�����VLQG�GLH�6LPXODWLRQVHUJHEQLVVH�HLQHU�YROOVWlQGLJHQ�/RZ�&RVW�

3:*�XQWHU�(LJHQODVW�DEJHELOGHW��'LH�6SLQGHOVWDQJH�GHU�3:*�ZLUG�XP�LKUH�/lQJVDFKVH�]�PLW

NRQVWDQWHU�'UHK]DKO�DQJHWULHEHQ��GLH�0XWWHU�LVW�QXU�JHJHQ�9HUGUHKHQ�IHVWJHOHJW��,Q�GHQ�0H��

VFKULHEHQ�GHU�$EE������VLQG�GLH�%HZHJXQJHQ�GHU�0XWWHU�XP�GLH�$FKVHQ�[�XQG�\�ZLHGHUJHJH�

EHQ��,Q�GHQHQ�GHU�$EE������VLQG�GLH�HLQHV�3ODQHWHQ�LP�VHOEHQ�6LPXODWLRQV�=HLWUDXP�GDUJHVWHOOW�

���� ���������

$EE�������0XWWHU�GHU�)�QI�3ODQHWHQ�3:*�EHL�NRQVWDQWHP�9RUVFKXE�XQWHU�(LJHQODVW

=X�GHQ�6LPXODWLRQVHUJHEQLVVHQ�GHU�0XWWHU���$EE�����

− $XV�GHQ�6FKZLQJXQJHQ�XP�GLH�[�$FKVH��D��LVW�]X�HUNHQQHQ��GD��GLH�0XWWHU�H[]HQWULVFK�]XU

6SLQGHOVWDQJH�OlXIW��'LHVH�H[]HQWULVFKH�7DXPHOEHZHJXQJ�WULWW�SHULRGLVFK�PLW�GHU�8PODXI�

JHVFKZLQGLJNHLW�GHV�3ODQHWHQVDW]HV�DXI��LKU�:LQNHOEHWUDJ�QLPPW�LP�%HREDFKWXQJV]HLWUDXP

]X�

− ,Q�GHU�$EOHLWXQJ�GHV�/DJHZLQNHOV�XP�\��E���GDUJHVWHOOW�DOV�5RWDWLRQVJHVFKZLQGLJNHLW�XP�\�

LVW�VWDUNHV�5DXVFKHQ�HUNHQQEDU��GDV�GHU�*UXQGVFKZLQJXQJ�� �7DXPHOEHZHJXQJ���EHUODJHUW

LVW��(V� HUJLEW� VLFK� DOV�6XPPH�VlPWOLFKHU�6W|UXQJHQ�DOOHU�3:*�(OHPHQWH��ZLHGHUXP�YRU�

UDQJLJ�YHUXUVDFKW�GXUFK�(LQJULIIVEHJLQQ�XQG��HQGH�GHU�3ODQHWHQIHLQSURILOLHUXQJHQ�

− 'DV�6LJQDOUDXVFKHQ�LVW�DOV�Ä6FKQXUUHQ³�LP�%HWULHE�UHDOHU�3:*V�K|U��XQG�VS�UEDU�

− 'LH� JUR�HQ�$XVVFKOlJH� LQ� GHU�5RWDWLRQVJHVFKZLQGLJNHLW� VLQG� QLFKW� DOOHLQ� EHL� GHU�0XWWHU

IHVWVWHOOEDU��VRQGHUQ�DXFK�EHL�GHQ�VLH�YHUXUVDFKHQGHQ�3ODQHWHQ�QDFK]XYROO]LHKHQ��%HLVSLHO�

KDIW�VHL�DXI�GHQ�H[WUHPHQ�$XVVFKODJ�GHV�3ODQHWHQ�KLQJHZLHVHQ�

D� E�
/DJHZLQNHO�XP�[ 5RWDWLRQ�XP�\

� �
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=X�GHQ�6LPXODWLRQVHUJHEQLVVHQ�HLQHV�3ODQHWHQ���$EE�����

− :LH�EHL�GHU�0XWWHU� ]HLJW� VLFK� DXFK�EHLP�3ODQHWHQ� LP�/DJHZLQNHO�XP�[� HLQH�SHULRGLVFKH

6FKZLQJXQJ��6LH�VFKDXNHOW�VLFK�]X�HLQHU�6FKZLQJXQJ�PLW�ZDFKVHQGHU�$PSOLWXGH�DXI��ELV

GHU�3ODQHW�SO|W]OLFK�IHVWNOHPPW�

− 'HU�3ODQHW�I�KUW�QDFK�GHP�/RVEUHFKHQ�DXV�GLHVHU�9HUNOHPPXQJ�VWDUN�UXFNHOQGH�%HZHJXQ�

JHQ�DXV��GLH�VLFK�DOOPlKOLFK�ZLHGHU�]X�HLQHU�SHULRGLVFKHQ�6FKZLQJXQJ�DEEDXHQ�

− %HVRQGHUV�GHXWOLFK�LVW�GDV�)HVWNOHPPHQ�LQ�GHU�5RWDWLRQVJHVFKZLQGLJNHLW�XP�]�]X�VHKHQ�

− 'LHVH�6W|UXQJ�GHV�3ODQHWHQ�UHJW�DXFK�GLH�DQGHUHQ�(OHPHQWH�GHU�3:*�DQ�

D��� �������E��

$EE�������3ODQHW�HLQHU�)�QI�3ODQHWHQ�3:*�EHL�NRQVWDQWHP�9RUVFKXE�XQWHU�(LJHQODVW

������ =XVDPPHQIDVVXQJ�GHU�ZLFKWLJVWHQ�6LPXODWLRQVHUJHEQLVVH

− 'LH�3:*�(OHPHQWH�VLQG�DXVVFKOLH�OLFK��EHU�.RQWDNWNUlIWH�JHNRSSHOW��'HVKDOE�ZLUNW�VLFK

HLQH�6W|UXQJ�DQ�HLQHP�(OHPHQW�DXI�DOOH�DQGHUHQ�(OHPHQWH�DXV�

− 'XUFK�JHULQJI�JLJH�9HUlQGHUXQJ�GHU�5HODWLYJHVFKZLQGLJNHLWVULFKWXQJ� LQ� MHGHP�HLQ]HOQHQ

.RQWDNW�ZHUGHQ�8QJOHLFKI|UPLJNHLWHQ�GHU�%HZHJXQJ�EHL�KRKHU�'lPSIXQJ�DEJHEDXW�

− 8QJOHLFKI|UPLJHV� hEHUWUDJXQJVYHUKDOWHQ� WULWW� YRUUDQJLJ� XQWHU� (LJHQODVW� DXI�� EHL� K|KHUHU

D[LDOHU�%HODVWXQJ�VLQG�GLH�%HZHJXQJVVSLHOUlXPH�HLQJHVFKUlQNW��GLH�'lPSIXQJ�ZLUG�GDEHL

HUK|KW�

− $OOH�6SU�QJH�LQ�GHQ�:HUWHYHUOlXIHQ�VLQG�PLW�KRKHQ�=ZDQJVNUlIWHQ�YHUEXQGHQ�XQG�G�UIHQ

LP�UHDOHQ�%HWULHE�QLFKW�DXIWUHWHQ�

− 'LH� VLPXOLHUWH� 3:*�EHVLW]W� HLQHQ�ZHVHQWOLFK� JHULQJHUHQ� (ODVWL]LWlWVPRGXO� DOV� GLH� UHDOHQ

/RZ�&RVW�3:*V��ZRGXUFK�DXFK�JU|�HUH�.RQWDNWDESODWWXQJHQ�P|JOLFK�VLQG�XQG�GDPLW�GLH

/DJHZLQNHO�XP�[ 5RWDWLRQ�XP�]

�
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%HZHJXQJVVSLHOUlXPH�JU|�HU�VLQG�DOV�DP�2ULJLQDO��9HUJOHLFKEDU�VW|UHQGHV�9HUKDOWHQ�ZLH

5XFNHOQ��.OHPPHQ�XQG�KRKH�6FKUlQN�� XQG�.LSSZLQNHO� VLQG� EHL� UHDOHQ� 3:*V� QXU� GDQQ

P|JOLFK�XQG�]X�EHREDFKWHQ��ZHQQ�VLH�PLW�GHXWOLFK�]X�JUR�HP�6SLHO�JHIHUWLJW�ZXUGHQ��6LH

VLQG�GDQQ�IDVW�XQDEKlQJLJ�YRP�0DWHULDO��%HL�6HULHQ�3:*V�WUDWHQ�ZHJHQ�GHU�JHHLJQHW�JH�

ZlKOWHQ�7ROHUDQ]HQ� GHUDUWLJH� 6W|UEHZHJXQJHQ� LP�%HWULHE� QLFKW� DXI�� VLH� NRQQWHQ� QXU� EHL

3URWRW\SHQ�PLW�DXVJHSUlJWHP�6SLHO�EHREDFKWHW�ZHUGHQ�

− $OOH�DQ�3URWRW\SHQ�EHREDFKWHWHQ�8QUHJHOPl�LJNHLWHQ� LP�/DXI�GHU�3:*�NRQQWHQ�DXFK� LQ

GHU�6LPXODWLRQ� LQ�JOHLFKDUWLJHU�$XVSUlJXQJ�EHREDFKWHW�ZHUGHQ��6FKUlQNHQ��.LSSHQ��7DX�

PHOQ�� XQJOHLFKI|UPLJHU� /DXI� GHU� 3ODQHWHQ� XQG� SHULRGLVFKH� 6FKZLQJXQJHQ� N|QQHQ� GHQ

0H�VFKULHEHQ�GHU�6LPXODWLRQ�HEHQVR�HQWQRPPHQ�ZHUGHQ��ZLH�GLH�ODVWDEKlQJLJH�9HUlQGH�

UXQJ�GHU�*HVDPWVWHLJXQJ�

������ 0|JOLFKNHLWHQ�GHU�0.6�6LPXODWLRQ

0LW�GHU�LQ�6,03$&.�DXIJHEDXWHQ�0HKUN|USHUVLPXODWLRQ�ZXUGH�VRZRKO�HLQH�*HZLQGHYHUVLRQ

GHU�3:*��GLH�/RZ�&RVW�3:*��HUIROJUHLFK�PRGHOOLHUW�XQG�EHUHFKQHW�>6�@��DOV�DXFK�HLQH�UHLQ

ULOOHQSURILOLHUWH�3:*�$XVI�KUXQJ��I�U�3.:�%UHPVH��>*�@��'DPLW�ZXUGH�QDFKJHZLHVHQ��GD�

GDV�0.6�3URJUDPP� I�U� GLH� G\QDPLVFKH� 6LPXODWLRQ� EHLGHU� 3:*�*UXQGW\SHQ� JHHLJQHW� LVW�

'LH� (UJHEQLVVH� ZXUGHQ�PLW� GHQ� (UIDKUXQJHQ� YHUJOLFKHQ�� GLH� LP� 9HUVXFK� DQ� YHUVFKLHGHQHQ

3:*�$XVI�KUXQJHQ�JHZRQQHQ�ZXUGHQ�E]Z��DXV�GHP�3:*�7HVWVWDQG�YRUOLHJHQ��(V�]HLJW�VLFK

TXDOLWDWLY�JXWH�hEHUHLQVWLPPXQJ��'LH�TXDQWLWDWLYH�$XVZHUWXQJ�XQG�GHU�9HUJOHLFK�PLW�PHKUH�

UHQ�3:*�$XVI�KUXQJHQ�PX�� VSlWHUHQ�$UEHLWHQ� YRUHQWKDOWHQ� EOHLEHQ�� GD� ELVODQJ� VRZRKO� ]X

ZHQLJ�5HFKHQHUJHEQLVVH�DOV�DXFK�]X�ZHQLJ�]XYHUOlVVLJH�0H�GDWHQ�YHUI�JEDU�VLQG��XP�HLQHQ

DXFK�VWDWLVWLVFK�WUDJIlKLJHQ�9HUJOHLFK�DQ]XVWHOOHQ�

������ 3DUDPHWHUYDULDWLRQ

'DV�JHVHW]WH�=LHO�ZXUGH�HUUHLFKW�� LQ�GHU�G\QDPLVFKHQ�6LPXODWLRQ�GLH�3DUDPHWHU�YDULLHUHQ�]X

N|QQHQ��GLH�GDV�/DXIYHUKDOWHQ�EHHLQIOXVVHQ�

− /lQJH��'XUFKPHVVHU��)ODQNHQJHRPHWULH�

− 3URILOYHUWHLOXQJ�

− $Q]DKO�XQG�$QRUGQXQJ�GHU�3ODQHWHQ�
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− )HUWLJXQJVWROHUDQ]HQ��6SLHO�XQG

− :HUNVWRII�

������ 3RWHQWLDO�GHU�0.6�6LPXODWLRQ

6FKRQ� GXUFK� GLH� DOV� *UXQGODJH� ]XU� 0.6�6LPXODWLRQ� HUVWHOOWHQ� 3URJUDPPH� ]XU� 3:*�

$XVOHJXQJ� XQG� ]XU� .RQWDNWSXQNWEHUHFKQXQJ� ZXUGH� GHXWOLFK�� GD�� UHFKQHUJHVW�W]WH� %HUHFK�

QXQJ�HLQ�ZHUWYROOHV�+LOIVPLWWHO� LVW��(UVW�GXUFK�GLH�G\QDPLVFKH�0RGHOOLHUXQJ�NDQQ�GDV�/DXI�

YHUKDOWHQ�YRUDXVEHUHFKQHW�ZHUGHQ��'DV�3RWHQWLDO� GHU� VWDWLVFKHQ� XQG� G\QDPLVFKHQ�0RGHOOLH�

UXQJ�]HLJW�VLFK�EHL�GHU�SUDNWLVFKHQ�$QZHQGXQJ�LQ�

− 9HUN�U]WHQ�(QWZLFNOXQJV]HLWHQ�

− .RVWHQUHGXNWLRQ�LQ�GHU�9RUVHULHQIHUWLJXQJ�XQG�GHU

− 6WHLJHUXQJ�YRQ�4XDOLWlW�XQG�=XYHUOlVVLJNHLW�



��9HUVXFKH ��

�� 9HUVXFKH

9HUVXFKH�ZXUGHQ�GXUFKJHI�KUW�� XP�GLH�=XOlVVLJNHLW� GHU� JHWURIIHQHQ�9HUHLQIDFKXQJHQ� QDFK�

]XZHLVHQ�XQG�GLH�(UJHEQLVVH�DXV�0RGHOOLHUXQJ��%HUHFKQXQJ�XQG�6LPXODWLRQ�PLW�GHP�UHDOHQ

9HUKDOWHQ�GHU�3:*�]X�YHUJOHLFKHQ��,P�VSDQQXQJVRSWLVFKHQ�9HUVXFK�N|QQHQ�GLH�'HKQXQJHQ

XQG��YRQ�LKQHQ�DEJHOHLWHW��GLH�6SDQQXQJHQ�LP�JHVDPWHQ�%DXWHLOYROXPHQ�XQWHU�VWDWLVFKHU�%HOD�

VWXQJ�EHVWLPPW�ZHUGHQ��$P�:LUNXQJVJUDGSU�IVWDQG�NDQQ�GHU]HLW�GDV�/DXIYHUKDOWHQ�LP�TXDVL�

VWDWLVFKHQ�%HWULHE�I�U�YHUVFKLHGHQH�/DVWIlOOH�XQWHUVXFKW�ZHUGHQ�

���� 6SDQQXQJVRSWLVFKHU�9HUVXFK

'LH�6SDQQXQJVRSWLN�HUP|JOLFKW�HV��GHQ�6SDQQXQJV]XVWDQG�DXV�GHQ�'HKQXQJHQ� LP�JHVDPWHQ

%DXWHLOYROXPHQ�]X�HUPLWWHOQ��'XUFK�GLH�9HUVXFKVEHODVWXQJ�ZLUG�GLH�ZLUNOLFKH�%HDQVSUXFKXQJ

HLQHU�/RZ�&RVW�3:*�LP�VWDWLVFKHQ�/DVWIDOO�QDFKJHELOGHW�

)�U� VSDQQXQJVRSWLVFKH� �.�U]HO�632��8QWHUVXFKXQJHQ�QXW]WH�+b+1/(� >+�@� HLQ�PD�VWlEOLFK

YHUJU|�HUWHV�0RGHOO�GHU�/RZ�&RVW�3:*��DQJHIHUWLJW�DXV�VSDQQXQJVGRSSHOEUHFKHQGHP�$UDO�

GLW� %�� %HVRQGHUHU�:HUW� ZXUGH� GDEHL� DXI� GLH� GHWDLOJHWUHXH�:LHGHUJDEH� DOOHU� 0HUNPDOH� GHU

/RZ�&RVW�3:*�JHOHJW��'LH�3ODQHWHQ�ZXUGHQ�PLW�GHP�VHOEHQ��PD�VWlEOLFK�XP�GHQ�)DNWRU��

YHUJU|�HUWHQ��)RUPGUHKPHL�HO�DXI�GHU�VHOEHQ�0DVFKLQH�PLW�JOHLFKDUWLJHP�3URJUDPP�JHIHUWLJW

ZLH�GLH�(URGLHUVWHPSHO� ]XU�+HUVWHOOXQJ�GHU�6SULW]JX�IRUPHQ��'LH�0XWWHU�ZXUGH�JHGUHKW�� VR

DXFK� GLH� 6SLQGHOVWDQJH� �PLW� 0��[�� *HZLQGH�  � YHUJU|�HUWHV�0�[��� *HZLQGH��� 'LH� 2EHU�

IOlFKHQJ�WH�XQG�)HUWLJXQJVJHQDXLJNHLW�HQWVSUDFKHQ�ZHLWJHKHQG�GHU�PD�VWlEOLFKHQ�9HUJU|�H�

UXQJ�GHV�2ULJLQDOV�

'LH�/DVWHLQOHLWXQJ� LQ�GLH�6SLQGHOVWDQJH�HUIROJW��EHU�HLQH� VRJHQDQQWH�1RUPPXWWHU� �PLW�0XW�

WHUK|KH�  � ���� 
� *HZLQGHQHQQGXUFKPHVVHU��PLW�PHWULVFKHP�*HZLQGH�� GHUHQ�9HUIRUPXQJHQ

XQG�6SDQQXQJHQ�DOV�5HIHUHQ]�EHWUDFKWHW�ZHUGHQ��'LH�0XWWHU�ZLUG��EHU�GHQ�=HQWULHUIODQVFK�VR

EHODVWHW�ZLH�XQWHU�QRUPDOHQ�(LQEDXEHGLQJXQJHQ��6W|UNUlIWH�ZHUGHQ�GXUFK�GHQ�IUHL�KlQJHQGHQ

$XIEDX�DXVJHVFKORVVHQ�



��9HUVXFKH ��

��

$EE�������=HLFKQXQJ�632�%HODVWXQJVHLQULFKWXQJ��9HUVXFKVDXIEDX�EHLP�(LQIULHUYHUVXFK

������ )RUPYHUPHVVXQJ�YRU�GHP�(LQIULHUYHUVXFK

'LH�9HUPHVVXQJ�JHVWDOWHW�VLFK�EHLP�PD�VWlEOLFK�YHUJU|�HUWHQ�0RGHOO�HLQIDFKHU�XQG�JHQDXHU

DOV�EHL�2ULJLQDOEDXWHLOHQ��GD�2ULJLQDOSURILOH�WHLOV�QXU�ZHQLJH�=HKQWHO�0LOOLPHWHU�JUR��VLQG�XQG

3URILOIHKOHU�PLW�LP�+DXVH�YHUI�JEDUHQ�0LWWHOQ�QLFKW�PHKU�JHQDX�JHQXJ�HUPLWWHOW�ZHUGHQ�N|Q�

QHQ�

$OOH�(LQ]HOWHLOH�GHV�0RGHOOV�ZXUGHQ�YRU�XQG�QDFK�GHP�VSDQQXQJVRSWLVFKHQ�(LQIULHUYHUVXFK

PLWWHOV� IRWRJUDILVFKHU�� $EGUXFN�� XQG� .RRUGLQDWHQPH�YHUIDKUHQ� YHUPHVVHQ�� 'DEHL� ZXUGHQ

)RUPIHKOHU�DXIJUXQG�GHU�)HUWLJXQJ�IHVWJHVWHOOW�

������ 'HU�3:*�(LQIULHUYHUVXFK

)RUPIHKOHU�GHU�3:*�(OHPHQWH�ZXUGHQ�NRPSHQVLHUW��LQGHP�GLH�3:*�VR�PRQWLHUW�ZXUGH��GD�

QXU� IHKOHUIUHLH� )ODQNHQ� LP�.UDIWIOX�� ODJHQ� XQG� VLFK�'XUFKPHVVHUDEZHLFKXQJHQ� DXVJOLFKHQ�

'LH�3:*�ZXUGH�GDI�U�VR�ÄHLQJHVSLHOW³��GD��)HKOVWHOOXQJHQ�GHU�3ODQHWHQ�YHUPLHGHQ�ZXUGHQ�
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������ )RUPYHUPHVVXQJ�QDFK�GHP�(LQIULHYHUVXFK

1DFK�GHP�(LQIULHUYHUVXFK�ZXUGH�GLH�)RUPYHUPHVVXQJ��EHUZLHJHQG�LP�.RRUGLQDWHQPH�YHU�

IDKUHQ� GXUFKJHI�KUW�� 0LW� HLQHP� ZlKUHQG� GHU� 9HUVXFKH� DQJHVFKDIIWHQ� 3URILOSURMHNWRU� EH�

VFKOHXQLJWHQ�VLFK�GLH�0HVVXQJHQ�EHL�HUK|KWHU�*HQDXLJNHLW�GXUFK�HOHNWURQLVFKH�0H�ZHUWDXI�

QDKPH�

������ 6SDQQXQJVRSWLVFKH�$XVZHUWXQJ�LP�3RODULVNRS

'HU�9HUVXFK�ZXUGH�XQWHU�GHU�9RUJDEH�JOHLFKHU�'HKQXQJHQ�YRQ�2ULJLQDO�XQG�0RGHOO�GXUFKJH�

I�KUW��ZHVKDOE�GHU�VSDQQXQJVRSWLVFKH�(IIHNW�QLFKW�VHKU�DXVJHSUlJW�DXIWUDW��6FKQLWWH�YRQ�GLH�

VHP�9HUVXFK�DQ]XIHUWLJHQ�LVW�GDKHU�QLFKW�EHDEVLFKWLJW��6FKQLWWH�VROOHQ�EHLP�]ZHLWHQ�9HUVXFK

DQJHIHUWLJW�ZHUGHQ��GHU�XQWHU�K|KHUHU�%HODVWXQJ�PLW�JU|�HUHQ�'HKQXQJHQ�HUIROJHQ�ZLUG��)�U

LKQ� N|QQHQ� GLH� VHOEHQ�$UDOGLW�3:*�(OHPHQWH� YHUZHQGHW�ZHUGHQ�� QDFKGHP� VLH� GXUFK�7HP�

SHUQ�YRQ�LKUHQ�6SDQQXQJHQ�XQG�9HUIRUPXQJHQ�DXV�GHP�HUVWHQ�9HUVXFK�EHIUHLW�ZXUGHQ�

������ 9HUVXFKVHUJHEQLVVH

− ,P�.HUQTXHUVFKQLWW�GHU�6SLQGHOVWDQJH�WUHWHQ�QXU�VHKU�JHULQJH�%HODVWXQJHQ�XQG�'HKQXQJHQ

DXI��'LH�/lQJH�GHU�6SLQGHOVWDQJH�YHUlQGHUW�VLFK�GXUFK�GLH�/DVW�QXU�XQZHVHQWOLFK��(LQ�0D�

I�U�GLH�'HKQXQJ�GHU�6SLQGHOVWDQJH� VLQG�GLH�YHUJU|�HUWHQ�*HZLQGHWHLOXQJHQ� �� VLHKH�$EE�

������GLH�GLH�9HUWHLOXQJ�GHU�=XJVSDQQXQJHQ�LQ�GHU�6SLQGHOVWDQJH�GHXWOLFK�ZLHGHUJHEHQ��DQ

GHQ�(QGHQ�NHLQH�'HKQXQJ��EHL�3:*�XQG�1RUPPXWWHU�$QVWLHJ�GHU�'HKQXQJ�DXI�GHQ�]ZL�

VFKHQ�LKQHQ�NRQVWDQWHQ�:HUW��

����

����

����

����

�

����

����

����

����

� �� �� �� ��� ��� ��� ��� ���

$EE�������'LH�*HZLQGHWHLOXQJHQ�ZHLFKHQ��EHU�GHU�/lQJH�GHU�6SLQGHOVWDQJH�QXU�ZHQLJ
YRP�XQJHGHKQWHQ�0D������DE���GLH�'HKQXQJHQ�HQWVSUHFKHQ�GHU��EHUWUDJHQHQ�$[LDOODVW

��������������      ����                 

������������1RUPPXWWHU �������3:*
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− 'LH�=XJIHVWLJNHLW�GHU�6SLQGHOVWDQJH�ZLUG�EHL�GHU�3:*�ELVODQJ�QRFK�QLFKW�DXVJHQXW]W��GD

QRFK�NHLQH�3ODQHWHQ�JHIHUWLJW�ZHUGHQ�N|QQHQ��GLH�ODQJ�JHQXJ�VLQG��XP��EHU�HQWVSUHFKHQG

YLHOH�.RQWDNWVWHOOHQ�HQWVSUHFKHQG�KRKH�/DVWHQ��EHUWUDJHQ�]X�N|QQHQ

- 'LH� K|FKVWHQ�0DWHULDOEHDQVSUXFKXQJHQ� WUHWHQ� EHLP� 3ODQHWHQ� QLFKW� LP� KLHU� VHKU� HQJ� JH�

ZlKOWHQ�.HUQTXHUVFKQLWW�DXI�VRQGHUQ�DQ�GHQ�.RQWDNWVWHOOHQ���VLHKH�$EE�����

− 'LH�.RQWDNWNUlIWH�VLQG�LQKRPRJHQ�YHUWHLOW���VLHKH�$EE������ELV�$EE�����

$EE�������'HU�]X�GHQ�'HKQXQJHQ�SURSRUWLRQDOH�VSDQQXQJVRSWLVFKH�(IIHNW� LVW�QXU�QDKH
DQ�GHQ�PDUNLHUWHQ�.RQWDNWSXQNWHQ�HUNHQQEDU

�

�
��

�

�
��

�

�
��

�

�
��

�

�
��

>
�1
�@
��

$EE�� ����� Ä7UDSH]I|UPLJH³�.RQWDNWNUDIWYHUWHLOXQJ� �EHU� GHU� 3ODQHWHQOlQJH� �� VNL]]LHUW
XQG�PXWWHUVHLWLJ�JHPHVVHQ���GLH�%DONHQ�JHEHQ�GHQ�%HUHLFK�GHV�P|JOLFKHQ�0H�IHKOHUV�DQ
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− 'LH�%HODVWXQJ�LVW�XQJOHLFKPl�LJ�DXI�GLH�I�QI�3ODQHWHQ�YHUWHLOW���VLHKH�$EE������

− ,P�)HLQSURILO�KDW�GHU�3ODQHW���LQ�GHU�I�QIWHQ�7HLOXQJ�HLQHQ�.RQWDNWSXQNW�PHKU�DOV�GLH�DQGH�

UHQ�3ODQHWHQ��3ODQHW���KDW�LQ�GHU�]HKQWHQ�7HLOXQJ�HLQHQ�.RQWDNWSXQNW�ZHQLJHU��$EE�������

�����

�
��
�

�
��
�

�
��
�

�
��
�

�
��
�

��������������

>� 1
�@
��

3ODQHW��

3ODQHW��

3ODQHW��

3ODQHW��

3ODQHW��

$EE�������'LH�.RQWDNWNUlIWH�VLQG�VSLQGHOVWDQJHQVHLWLJ�XQJOHLFKPl�LJ�YHUWHLOW

$EE�������9HUIRUPXQJ�GHU�0XWWHU�GXUFK�GLH�%HODVWXQJ��YHUJU|�HUW�GDUJHVWHOOW�

(ODVWLVFKH�9HUIRUPXQJHQ�VLQG�DXFK�DQ�GHU�0XWWHU�PH�EDU��VLH�ZLUG�JHVWDXFKW�XQG�ZHLWHW�VLFK

DXI���VLHKH�$EE������
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���� :LUNXQJVJUDGSU�IVWDQG

$P� '/5�:LUNXQJVJUDGSU�IVWDQG� ZXUGHQ� YRQ� 0�� +b+1/(� >+�@� YHUVFKLHGHQDUWLJH� 3:*V

XQWHU� YHUVFKLHGHQ� KRKHQ� /DVWHQ� XQG� 'UHK]DKOHQ� YHUPHVVHQ�� +LHU� VLQG� GLH� (UJHEQLVVH� GHU

0HVVXQJHQ�DQ��.XQVWVWRII��XQG�6WDKODXVI�KUXQJHQ�GHU�/RZ�&RVW�3:*�]XVDPPHQJHID�W�

������ $XIEDX

$EE�������3:*�:LUNXQJVJUDGSU�IVWDQG

������ 0HVVXQJ�XQG�%HUHFKQXQJ

'HU� :LUNXQJVJUDG� η � ZLUG� VRZRKO� EHLP� +HEHQ� �η
+
�� DOV� DXFK� EHLP� 6HQNHQ� �η

6
�� HLQHU

3U�IODVW�DXV�GHP�9HUJOHLFK�GHU�DXIJHZHQGHWHQ�PLW�GHU�JHOHLVWHWHQ�/HLVWXQJ��+XEOHLVWXQJ�YHU�

JOLFKHQ�PLW�GHU�$QWULHEVOHLVWXQJ��HUPLWWHOW�

η = =
−

=
+

3
3

3 3
3

3
3 3

$EWULHE

$QWULHE

$QWULHE 9HUOXVW

$QWULHE

$EWULHE

$EWULHE 9HUOXVW

�

0HWDOOEDOJNXSSOXQJ

6SDQQ]DQJHQ�
IXWWHU

6SLQGHOVWDQJH

3:*

3U�IVWDQGVJHVWHOO

(OHNWURPRWRU

0RPHQWHQDEVW�W]KHEHO

6SDFH�0RXVH�0RGXO

/DVWDQNRSSOXQJ

/DJHUXQJ



��9HUVXFKH ��

η
ϖ π+

P J Y
0

P J Y
0 Q

= =
�

�

)�U�GDV�6HQNHQ�GHU�/DVW�HUJLEW�VLFK�JHQDX�GDV�UH]LSURNH�9HUKlOWQLV���VLHKH�DXFK�$EE������

η
ϖ

6

0
P J Y

= �

)lOOW�GHU�:LUNXQJVJUDG�EHLP�+HEHQ�GHU�/DVW�XQWHU������VR�LVW�GLH�3:*�VHOEVWKHPPHQG��VLH

NDQQ� QLFKW� WUDQVODWRULVFK� DQJHWULHEHQ�ZHUGHQ��'LHVHU� )DOO� LVW� EHL� NOHLQHQ�*HVDPWVWHLJXQJHQ

DQ]XWUHIIHQ��GLH�/DVW�DOOHLQ�NDQQ�GLH�3:*�QLFKW�]XP�$QODXIHQ�EULQJHQ�

/LHJW� GHU�:LUNXQJVJUDG� EHLP� 6HQNHQ� XQWHU� 1XOO� �η
6

< ���� VR�PX�� ]XVlW]OLFK� ]X� GHQ� 5HL�

EXQJVYHUOXVWHQ�GHU�0RWRU�EUHPVHQG�EHVWURPW�ZHUGHQ��XP�HLQHQ�XQEHVFKOHXQLJWHQ�TXDVLVWDWL�

VFKHQ�%HWULHEV]XVWDQG�HLQ]XVWHOOHQ��'LHVHU�)DOO�WULWW�QXU�EHL�KRKHQ� 3 �HLQ�

6WHOOW� VLFK� EHLP� 6HQNHQ� GHU� /DVW� HLQ�:LUNXQJVJUDG� YRQ� η
6

= � � HLQ�� VR� HQWVSULFKW� GLH� $Q�

WULHEVOHLVWXQJ�GHV�0RWRUV�JHQDX�GHU�9HUOXVWOHLVWXQJ� 3
9HUOXVW

��(LQH�GHUDUWLJH�3:*�KDW�EHLP�+H�

EHQ�JHQDX�HLQHQ�:LUNXQJVJUDG�YRQ�����

η $EWULHE

$QWULHE

$EWULHE

$EWULHE 9HUOXVW

3
3

3
3 3

= =
+

=
+

=
�

� �
��� �

η
6

$EWULHE

$QWULHE

$QWULHE 9HUOXVW

$QWULHE

3
3

3 3
3

= =
−

=
−

=
� �
�

�� �

D��+HEHQ E��6HQNHQ

$EE�������.UlIWH��*HVFKZLQGLJNHLWHQ��0RPHQWH�XQG�'UHK]DKOHQ�EHLP�+HEHQ�XQG�6HQ�
NHQ�HLQHU�/DVW�>+�@

0
$Q

ϖ
$Q

)
$E

Y
$E

0
$E

ϖ
$E

)
$Q

Y
$Q



��9HUVXFKH ��

'LH�6SLQGHOVWDQJH�ZLUG� URWDWRULVFK�YRQ�HLQHP�GUHK]DKOJHUHJHOWHQ�(OHNWURPRWRU� DQJHWULHEHQ�

ZRGXUFK�VLFK�GLH�0XWWHU�PLW�GHU�/DVW�D[LDO�DXI��XQG�DEEHZHJW��'DEHL�ZLUG�GDV�$EVW�W]PR�

PHQW�GHU�0XWWHU�PLW�HLQHP�6SDFH�0RXVH�0RGXO�JHPHVVHQ��ZHOFKHV�DQDORJH�0H�VLJQDOH�OLH�

IHUW� �I�U� JHQDXHUH� $XVZHUWXQJ� DOV� EHL� GLJLWDOHP� 6WDQGDUGDXVJDQJ��� 'LH� 0HVVXQJ� GHV� $E�

VW�W]PRPHQWV�HUIROJW�PLWWHOV�GLHVHV�6HQVRUV��GD�GHU�0RWRU�VRZRKO�/DJHUUHLEXQJ�DOV�DXFK�LQQH�

UH� 9HUOXVWH� �EHUZLQGHQ� PX��� ZHVKDOE� GLH� GLUHNWH� $XVZHUWXQJ� GHV� 0RWRUVWURPHV� ]X� YHU�

IlOVFKWHQ�'UHKPRPHQWZHUWHQ�I�KUHQ�Z�UGH�

'HU�6FKOXSI�6�ZLUG�DXV�GHP�9HUJOHLFK�GHV�WDWVlFKOLFKHQ�9HUIDKUZHJHV��JHPHVVHQ�PLW�HLQHP

*ODVPD�VWDE��XQG�GHP�WKHRUHWLVFKHQ�9HUIDKUZHJ��HUUHFKQHW�DXV� 3 ��EHVWLPPW�

6
V V
V

=
−

� �

�

�

0LW� P� JHVDPWH�JHKREHQH�0DVVH�

J (UGEHVFKOHXQLJXQJ�

Y +XEJHVFKZLQGLJNHLW�

0 $EVW�W]PRPHQW�GHU�3:*�0XWWHU�

ϖ :LQNHOJHVFKZLQGLJNHLW�GHU�6SLQGHOVWDQJH�

V
� WKHRUHWLVFK�]XU�FNJHOHJWHU�:HJ�

V
�

WDWVlFKOLFK�]XU�FNJHOHJWHU�:HJ�

Q $Q]DKO�GHU�8PGUHKXQJHQ�GHU�6SLQGHOVWDQJH�

3 *HVDPWVWHLJXQJ�GHU�3:*�

/HJW�GLH�3:*�EHLP�6HQNHQ�WDWVlFKOLFK�HLQHQ�JU|�HUHQ�:HJ�]XU�FN�DOV�DXV�GHU�ÄLGHDOHQ³�*H�

VDPWVWHLJXQJ�XQG�GHU�$Q]DKO�GHU�8PGUHKXQJHQ�EHUHFKQHW��VR�ZLUG�LKU�6FKOXSI�QHJDWLY�

'HU�)HKOHU�GHU�:LUNXQJVJUDGEHUHFKQXQJ�∆η �EHWUlJW�QDFK�',56&+(5/�>'�@�

∆ ∆ ∆ ∆ ∆η
π

η η η η= ⋅ + ⋅ + ⋅ + ⋅






=
J G
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[
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0
G
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1
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= + + − +




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
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0 1
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0
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-H�QDFK�6SLQGHOW\S��/DVW�XQG�'UHK]DKO�VWHOOHQ�VLFK�XQWHUVFKLHGOLFK�KRKH�:LUNXQJVJUDGH�HLQ�

GHUHQ�%HUHFKQXQJ�PLW�HWZD����)HKOHU�EHKDIWHW�LVW�
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������ 0H�ZHUWH�DXV�3U�IVWDQGVOlXIHQ

%LVODQJ�OLHJHQ�QXU�UHODWLY�ZHQLJH�0H�UHLKHQ�YRP�'/5�:LUNXQJVJUDGSU�IVWDQG�YRU��$XV�GLH�

VHQ� VLQG� KLHU� DP� %HLVSLHO� YHUVFKLHGHQHU� $XVI�KUXQJHQ� GHU� /RZ�&RVW�3:*�0HVVXQJHQ� LQ

7H[W��7DEHOOHQ��*UDILNHQ�XQG�0H�VFKULHEHQ�ZLHGHUJHJHEHQ�

.XQVWVWRII�3:*�33���33�

3ODQHWHQ�DXV�3$��0XWWHU�DXV�320��6SLQGHOVWDQJH�DXV�9$�6WDKO��JHUROOW�

33���33���.XQVWVWRII /DVW)
$
�>1@ η >�@��0LWWHOZHUW 6FKOXSI�>�@��0LWWHOZHUW

+HEHQ �� ���� ����

'LHVH�/RZ�&RVW�3:*�EHVLW]W�HLQH�*HVDPWVWHLJXQJ�YRQ������PP�XQG�ZXUGH�KRFK�EHODVWHW�

− 8QDEKlQJLJ�YRQ�GHU�'UHK]DKO�LVW�GHU�:LUNXQJVJUDG�GHU�.XQVWVWRII�3:*�PLW�JXW�����UH�

ODWLY�QLHGULJ��'LH�KRKHQ�9HUOXVWH�KlQJHQ�SULPlU�PLW�GHU�KRKHQ�hEHUVHW]XQJ�EHL�NOHLQHU�*H�

VDPWVWHLJXQJ� ]XVDPPHQ�� 6HNXQGlU�PDFKW� VLFK� GHU� JHULQJH� (ODVWL]LWlWVPRGXO� YRQ�.XQVW�

VWRII� EHPHUNEDU�� GHU� ]X� VWDUNHQ� $ESODWWXQJHQ� GHU� .RQWDNWH� XQG� GDPLW� KRKHQ� %RKUUHL�

EXQJVHLQEX�HQ�I�KUW�

− 'HU�QHJDWLYH�6FKOXSI�LVW�YHUPXWOLFK�GDUDXI�]XU�FN]XI�KUHQ��GD��GLH�0XWWHU�PLW�HWZD�����

PP�hEHUPD��JHIHUWLJW�ZXUGH��'DGXUFK�ZHUGHQ�'0�XQG�'6�JU|�HU��ZHVKDOE�3*(6�]XQLPPW�

− (V�WUHWHQ�QXU�JHULQJH�6FKZDQNXQJHQ�LP�'UHKPRPHQW���:LUNXQJVJUDG��XQG�6FKOXSIYHUODXI

DXI��'LH�KRKHQ�9HUOXVWH�EHZLUNHQ�JXWH�'lPSIXQJ��GDV�6SDFH�0RXVH�0RGXO�ZLUG�NDXP�]X

6FKZLQJXQJHQ�DQJHUHJW�

%HL�HLQHP�9HUVXFKVODXI�PLW����1�ZXUGHQ�GLH�.XQVWVWRII�3:*V�]HUVW|UW��(UVWDXQOLFKHUZHLVH

VSUDQJ�GDEHL�HLQ�3ODQHW�PXWWHUVHLWLJ�YRQ�HLQHQ�%RUG�DXI�GHQ�QlFKVWHQ��EHU�

6WDKO�3:*V�3���3��

$OOH�(OHPHQWH�DXV�6WDKO��JHGUHKW��QLFKW�JHKlUWHW�

3���6WDKO /DVW)
$
�>1@ η >�@��0LWWHOZHUW 6FKOXSI�>�@��0LWWHOZHUW

+HEHQ ��� ���� ���

+HEHQ ��� ���� ���
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3����6WDKO /DVW)
$
�>1@ η >�@��0LWWHOZHUW 6FKOXSI�>�@��0LWWHOZHUW

+HEHQ ��� ���� ����

+HEHQ ��� ���� ����

+HEHQ ��� ���� ����

'LHVH� 6WDKOYHUVLRQHQ� GHU� /RZ�&RVW�3:*� LP� 0D�VWDE� ���� PLW� HLQHU� *HVDPWVWHLJXQJ� YRQ

������PP�ZXUGHQ�XQWHU�JHULQJHU�ELV�KRKHU�%HODVWXQJ�YHUPHVVHQ��'LH�6WDKO�3:*V�VLQG�SULQ�

]LSLHOO�QDFK�GHP�JOHLFKHQ�=HLFKQXQJVVDW]�JHIHUWLJW�ZLH�GLH�.XQVWVWRII�3:*V��KDEHQ�DEHU�XQ�

WHUVFKLHGOLFK�KRKHV�6SLHO�XQG�]HLJHQ�YRQHLQDQGHU�DEZHLFKHQGHV�hEHUWUDJXQJVYHUKDOWHQ�

'DV�hEHUWUDJXQJVYHUKDOWHQ�YHUlQGHUWH�VLFK�ZlKUHQG�GHU�0HVVXQJHQ��=XQlFKVW�KDWWH�]�%��GLH

3:*�3��VHKU�JHULQJHV�6SLHO�XQG�]HLJWH�JHULQJHQ�6FKOXSI��1DFK�GHU�%HODVWXQJ�PLW����1�ZD�

UHQ�GLH�XQJHKlUWHWHQ�)ODQNHQ� GHUDUW� YHUGU�FNW�� GD�� VLFK� K|KHUHV�6SLHO� HLQVWHOOWH��'LH� DXIJH�

I�KUWHQ�0H�UHLKHQ�EH]LHKHQ�VLFK�DXI�GHQ�HUVWHQ�9HUVXFKVODXI�GHU�XQEHVFKDGHWHQ�3:*�

,P�JHVDPWHQ�'UHK]DKOEHUHLFK�]ZLVFKHQ�����XQG������8�PLQ�OLHJHQ�GLH�:LUNXQJVJUDGH��EHU

����� GLH� 6FKOXSIZHUWH� XP� �����'HU� 6FKOXSI� YHUWHLOW� VLFK� GDEHL� DXI� EHLGH�.RQWDNWJUXSSHQ

�PXWWHU�� XQG� VSLQGHOVWDQJHQVHLWLJ��� ZREHL� GLH� (LQIO�VVH� GHV� 6FKUlJODXIHV� EHL� GHUDUW� KRKHP

6FKOXSI� KLQWHU� GLH� GHV� *OHLWHQV� LQ� 8PIDQJVULFKWXQJ� WUHWHQ�� 'LH� :LUNXQJVJUDGH� XQG� GHU

6FKOXSI�VLQG�EHLP�+HEHQ�XQG�6HQNHQ��EHU�GHU�'UHK]DKO�DQQlKHUQG�NRQVWDQW�

������ :LUNXQJVJUDGNHQQIHOGHU�XQG�$XVZHUWXQJ

%HVRQGHUV� DQVFKDXOLFK� LVW� GLH� &KDUDNWHULVWLN� GHU� 3:*V� DXV� GHQ� .HQQIHOGHUQ� GHU� $EE�� ���

DE]XOHVHQ��LQ�GHQHQ�GHU�:LUNXQJVJUDG�XQG�GHU�6FKOXSI�I�U�+HEHQ�XQG�6HQNHQ�GHU�/DVW��EHU

'UHK]DKO�XQG�$[LDOODVW�GDUJHVWHOOW�VLQG��'HU�:LUNXQJVJUDG�XQG�GHU�6FKOXSI�VLQG�MHZHLOV�LQ��

DQJHJHEHQ��GLH�'UHK]DKOHQ�LQ�UDG�V��GLH�/DVW�LQ�1�

'LH�0H�ZHUWDXVUHL�HU�LQ�$EE������EHL�����XQG�����UDG�V�VLQG�DXI�(LJHQIUHTXHQ]HQ�GHV�6SDFH�

0RXVH�0RGXOV�]XU�FN]XI�KUHQ��VLH�VSLHJHOQ�NHLQ�W\SLVFKHV�9HUKDOWHQ�GHU�3:*�ZLHGHU�

1HJDWLYH�:HUWH�I�U�GHQ�:LUNXQJVJUDG�WUHWHQ�]�%��GDQQ�DXI��ZHQQ�GHU�0RWRU�EHLP�6HQNHQ�GHU

/DVW� ]XP�%UHPVHQ� EHVWURPW� ZLUG�� (V� LVW� ]�%�� EHL� HLQHP�9HUKlOWQLV� YRQ�9HUOXVWOHLVWXQJ� ]X

$QWULHEVOHLVWXQJ�3$QWULHE
���39HUOXVW�YRQ�

�����HLQ�:LUNXQJVJUDG�YRQ�������]X�HUPLWWHOQ�
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��9HUVXFKH ���

9HUJOHLFKW�PDQ�GLH�0H�HUJHEQLVVH�EDXJOLFKHU�3:*V�ZLH�3��XQG�3����VR�VLQG�GLH�WHLOV�VWDUN

DEZHLFKHQGHQ� 0H�ZHUWYHUOlXIH� DXIIlOOLJ�� GLH� VLFK� ]XGHP� XQWHUVFKLHGOLFK� DXI� 6FKOXSI� XQG

:LUNXQJVJUDG�DXVZLUNHQ�

− %HL� 3��� GHU� 3:*�PLW� GHP� DQIDQJV� JHULQJVWHQ� 6SLHO�� VLQG� GLH� QLHGULJVWHQ� 6FKOXSIZHUWH

EHLP� +HEHQ� ]X� ILQGHQ�� 'HU�:LUNXQJVJUDG� OLHJW� EHL� PLWWOHUHU� /DVW� VHKU� JOHLFKPl�LJ� EHL

NQDSS�����

− %HLP�6HQNHQ�YRQ�3��QLPPW�GHU�:LUNXQJVJUDG�PLW�GHU�'UHK]DKO�DE��GHU�0RWRU�PX��IROJ�

OLFK�EHL�K|KHUHQ�'UHK]DKOHQ�PHKU�/HLVWXQJ�]XU�hEHUZLQGXQJ�GHU�5HLEXQJVYHUOXVWH�EHUHLW�

VWHOOHQ�

− (LQH� lKQOLFKH� 7HQGHQ]� ]HLJW� VLFK� DXFK� EHLP�+HEHQ� XQG� 6HQNHQ� YRQ� 3���� KLHU� OLHJW� GHU

:LUNXQJVJUDG�LP�JHVDPWHQ�0H�IHOG�K|KHU�DOV�EHL�3��

− ,QWHUHVVDQW� LVW�� GD��EHL�3���K|KHUH�:LUNXQJVJUDGH� DOV�EHL�3�� VWHWV� JHSDDUW�PLW� JU|�HUHP

6FKOXSI� DXIWUHWHQ�� 'LH� .UDIWSRODXVZDQGHUXQJ� WUlJW� EHL� GHU� 3:*� DOVR� LQ� lKQOLFK� KRKHP

0D�H�ZLH�GLH�'UHKSRODXVZDQGHUXQJ�]X�GHQ�9HUOXVWHQ�EHL��:HOFKH�9HUOXVWH��EHUZLHJHQ�

KlQJW� VHOEVW� EHL� JOHLFKHU�%DXDUW� YRUUDQJLJ� YRP�6SLHO�� GHU�2EHUIOlFKHQKlUWH� XQG� GHQ�%H�

WULHEVEHGLQJXQJHQ�DE�

− %HLP�+HEHQ�YRQ�3���VLQG�LP�6FKOXSI�XQG�:LUNXQJVJUDG�VWDUNH�0H�ZHUW�6FKZDQNXQJHQ

]X�HUNHQQHQ��GLH�EHL�HWZD�����XQG�����UDG�V�VLFKHU�DXI�(LJHQIUHTXHQ]HQ�GHV�6SDFH�0RXVH�

0RGXOV�]XU�FN]XI�KUHQ�VLQG�

− %HL� KRKHU� XQG� PLWWOHUHU� /DVW� LVW� GHU� :LUNXQJVJUDGYHUODXI� EHLP� 6HQNHQ� YRQ� 3��� VHKU

JOHLFKPl�LJ��'HU�6FKOXSI�YHUOlXIW� �KLQWHU�GHU� HWD�)OlFKH�YHUVWHFNW�� HEHQIDOOV� VHKU� JOHLFK�

Pl�LJ��ZREHL�HU�EHLP�+HEHQ�PLW�KRKHU�/DVW�UHODWLY�JHULQJH�:HUWH�XP�����DQQLPPW�

− 'HU�6FKOXSI�LQ�8PIDQJVULFKWXQJ�QLPPW�MH�QDFK�/DVWIDOO�LQ�EHLGHQ�.RQWDNWJUXSSHQ�:HUWH

ELV��EHU�����HLQ��ZDV�VRODQJH�QLFKW�DOV�WUDJLVFK�]X�ZHUWHQ�LVW��ZLH�HU�LQ�MHGHP�%HWULHEV]X�

VWDQG�KLQUHLFKHQG�NRQVWDQW�DXIWULWW��$QGHUQIDOOV�NDQQ�VLFK�NHLQ�VWDELOHU�%HWULHEVSXQNW�HLQ�

VWHOOHQ�E]Z��JHUHJHOW�ZHUGHQ��GDV�hEHUWUDJXQJVYHUKDOWHQ�Z�UGH�LQVWDELO��,QVWDELOH�=XVWlQGH

ILQGHQ�VLFK�EHL�GHQ�XQWHUVXFKWHQ�7HVWPXVWHUQ�XQG�/DVWIlOOHQ�QLFKW�

− %HLP�6HQNHQ� OHJW�GLH�3:*�HLQHQ� JU|�HUHQ�:HJ� ]XU�FN� DOV� EHUHFKQHW�� GDGXUFK�ZLUG� LKU

6FKOXSI�QHJDWLY�

− :LUG� HLQPDO� PLW� 0RWRUNUDIW� GLH� +DIWUHLEXQJ� GHU� LP� 6WLOOVWDQG� VHOEVWKHPPHQGHQ� 3:*

�EHUZXQGHQ�� VR� PX�� GHU� 0RWRU� QXQ� EUHPVHQG� PLWZLUNHQ� XP� HLQH� NRQVWDQWH� 6HQNJH�

VFKZLQGLJNHLW�HLQ]XKDOWHQ���GLH�HLQPDO�DQJHODXIHQH�3:*�LVW�QLFKW�PHKU�VHOEVWHKHPPHQG�
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���� /DXIJ�WH

$OV�(UJHEQLV�GHU�$QDO\VH��%HUHFKQXQJ��6LPXODWLRQ�XQG�GHU�9HUVXFKH�LVW�IHW]XKDOWHQ��GD��VLFK

GLH�/DXIJ�WH�YRUZLHJHQG�GXUFK�IROJHQGH�)DNWRUHQ�YHUEHVVHUQ�Ol�W�

�� 9HUULQJHUWHV�6SLHO��HQJHUH�7ROHUDQ]HQ��

�� 3Ul]LVH�)HUWLJXQJ��JOHLFKPl�LJH�7HLOXQJHQ��VDXEHUH�.RQWXUHQ��

�� +RKH� 2EHUIOlFKHQJ�WH� �EHL� 0LVFKUHLEXQJ� ZHQLJHU� )HVWN|USHUNRQWDNWH�� JHULQJHUHU� 9HU�

VFKOHL���

�� *UR�H�$EVW�W]OlQJHQ�/$�DQ�PXWWHU��XQG�VSLQGHOVHLWLJHQ�.RQWDNWHQ��EHVVHUH�)�KUXQJ��

�� .RQYH[H� )ODQNHQ� PLW� J�QVWLJHU� %DOOLJNHLW� �JHQDX� GHILQLHUWH� .RQWDNWSXQNWODJHQ� EHL

JOHLFK]HLWLJ�PHFKDQLVFK�VWDELOHQ�)ODQNHQSURILOHQ�XQG�JHULQJHQ�%RKUUHLEXQJVYHUOXVWHQ��

�� 9HUPHLGHQ�YRQ�6SLW]HQWUDJHQ� �KDW�]ZDU� VFKHLQEDU�KRKH�/DXIJ�WH�GXUFK� H[DNWH�.RQWDNW�

SXQNWODJH�DXI�GHU�)ODQNHQVSLW]H��I�KUW�DEHU�]X�SODVWLVFKHU�9HUIRUPXQJ�RGHU�IU�K]HLWLJHP

9HUVDJHQ�GXUFK�$XVEU�FKH��3LWWLQJ��*U�EFKHQELOGXQJ��

�� *U|�HUH� %DXIRUPHQ� �JHULQJHUH� 7ROHUDQ]HPSILQGOLFKNHLW�� NRVWHQJ�QVWLJHU� ]X� IHUWLJHQ�

'UHKSROYHUODJHUXQJHQ�ZLUNHQ�VLFK�JHULQJHU�DXI�GDV�/DXIYHUKDOWHQ�DXV��

�� +RKH�=XJIHVWLJNHLW��KRKHU�(�0RGXO��KRKH�]XOlVVLJH�)ODQNHQSUHVVXQJ��NOHLQH�.RQWDNWIOl�

FKHQ�KDEHQ�JXW�GHILQLHUWH�/DJH�DXI�GHQ�:lO]NUHLVHQ�XQG�JHULQJH�%RKUUHLEXQJVYHUOXVWH��

�� $QQlKHUQG�NUHLVI|UPLJH�.RQWDNWH� �YHUOXVWDUP�� KDEHQ� EHL� )HKOVWHOOXQJHQ� JHULQJHUH�.RQ�

WDNWIOlFKHQVFKZHUSXQNW�9HUODJHUXQJ�XQG�LPPHU�JHULQJHUH�%RKUUHLEXQJVYHUOXVWH�DOV�ODQJ�

JH]RJHQH�(OOLSVHQ��ZLFKWLJHU�DQ�GHQ�VSLQGHOVHLWLJHQ�DOV�DQ�GHQ�PXWWHUVHLWLJHQ�.RQWDNWHQ��

�� *HHLJQHWH� )�KUXQJ� GHU� (OHPHQWH� �'LVWDQ]VFKHLEHQ�� E]Z�� .lILJ�PLW� JHHLJQHWHP� 6SLHO� ±

NHLQ�9HUNOHPPHQ� GHU� 3ODQHWHQ� LQ� GHQ� )�KUXQJVVFKHLEHQ�� DEHU� JOHLFKPl�LJH� 9HUWHLOXQJ

GHU�3ODQHWHQ��EHU�GHQ�8PIDQJ��

�� *HHLJQHWH�6FKPLHUXQJ�PLW�JXW�KDIWHQGHQ�)HWWHQ��GLH�EHL�KRKHQ�'UHK]DKOHQ�QLFKW�DEIOLH�HQ

E]Z��EHL�7URFNHQVFKPLHUXQJ�9HUZHQGXQJ�XQWHUVFKLHGOLFKHU�:HUNVWRIIH��PLWHLQDQGHU�XQ�

WHU�KRKHQ�'U�FNHQ�LQ�.RQWDNW�NRPPHQGH�(OHPHQWH�VROOWHQ�XQWHUVFKLHGOLFKHQ�NULVWDOOLQHQ

E]Z��FKHPLVFKHQ�$XIEDX�EHVLW]HQ�XP�.DOWYHUVFKZHL�HQ�]X�YHUKLQGHUQ��

�� *�QVWLJH�0DWHULDOSDDUXQJHQ� �NHLQ�YHUVFKOHL�HPSILQGOLFKHV�$OXPLQLXP��EHVVHU�JXW� VSDQ�

EDUHV�320�RGHU� ]lKHV�3$�E]Z�� IRUPVWDELOH� IDVHUYHUVWlUNWH�7KHUPRSODVWH� EHL� 6SULW]JX�

�GLH�)DVHUYHUVWlUNXQJ�NDQQ�GLH�/HEHQVGDXHU�VHQNHQ��ZHQQ�GLH�)DVHUQ�DXV�GHU�0DWUL[�WUHWHQ
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XQG�VFKOHLIHQG�ZLUNHQ���LGHDO�LVW�URVWIUHLHU�6WDKO��ZHLO�KDUW�XQG�]lK��EHVVHU�EHDUEHLWEDU�LVW

DOOHUGLQJV�9HUJ�WXQJVVWDKO��

�� *HHLJQHWH� 2EHUIOlFKHQYHUIHVWLJXQJ�� ]�%�� .DOWYHUIHVWLJXQJ� GXUFK� 5ROOHQ� RGHU�:lUPHEH�

KDQGOXQJ�PLW�+lUWHQ�XQG�$QODVVHQ��]�%��3ODVPDQLWULHUHQ�PLW�DXVUHLFKHQGHU�(LQKlUWHWLHIH��

�� 5LOOHQSODQHWHQ�VLQG�LP�%HWULHE�ZHJHQ�JHULQJHUHU� ORNDOH�6WHLJXQJVVFKZDQNXQJHQ�XQG�GH�

UHQ�PHLVW� JHULQJHU�$XVZLUNXQJ� � DXI� GDV� /DXIYHUKDOWHQ� IHKOHUWROHUDQWHU� DOV� JHZLQGSURIL�

OLHUWH�3ODQHWHQ�

�� *HZLQGHSODQHWHQ�PLW�JHULQJHQ�7HLOVWHLJXQJHQ�XQG�PLWWHOKRKHU�*HVDPWVWHLJXQJ

�� $EVWLPPXQJ�GHU�/lQJH�GHU�JHZLQGHSURILOLHUWHQ�3ODQHWHQVHJPHQWH�VR��GD��VLFK�LQ�GHU�JH�

VDPWHQ�3:*�NHLQH�*HZLQGHDQIDQJV��XQG�*HZLQGHHQGVW|�H��GLH�MHGH�3ODQHWHQXPGUHKXQJ

DQ� MHGHP� 6HJPHQW� DXIWUHWHQ�� �EHUODJHUQ� N|QQHQ� E]Z�� JH]LHOWHV� hEHUODJHUQ�� ZREHL� VLFK

ÄV\PPHWULVFKH�6W|�H³�GXUFK�JHUDG]DKOLJH�*DQJ]DKO�GHU�6SLQGHOVWDQJH�ZHLWJHKHQG�JHJHQ�

VHLWLJ�NRPSHQVLHUHQ�

�� Ä5HFKWV�DXI�UHFKWV³� 3ODQHWHQEDXDUWHQ� ]HLJHQ� JHULQJHUH� $XVZLUNXQJHQ� YRQ� ORNDOHQ� 6WHL�

JXQJVZLQNHODEZHLFKXQJHQ�DOV�OLQNV�DXI�UHFKWV�$XVI�KUXQJHQ�

(LQH�JXWH�.RQVWUXNWLRQ�PLW�KRKHU�/DXIJ�WH��GLH�DXI�]XVlW]OLFKH�%DXHOHPHQWH�YHU]LFKWHQ�NDQQ

XQG�GDV�)XQNWLRQVSULQ]LS�GHU�3:*�JHVFKLFNW�DXVQXW]W� LVW�%DXDUWHQ�PLW�=ZDQJVI�KUXQJ� �I�U

GLH� ELVODQJ� QRFK� NHLQH� RSWLPDOHQ�/|VXQJHQ� JHIXQGHQ�ZXUGHQ�� YRU]X]LHKHQ��%HL� GHU� =HLFK�

QXQJVHUVWHOOXQJ��VROOWHQ�NHLQH�)HKOHU�DXIWUHWHQ��6FKZlFKHQ�YRQ�&$'�3URJUDPPHQ�VROOWHQ�PLW

YLHO� (UIDKUXQJ� XPJDQJHQ� ZHUGHQ�� 3Ul]LVH� )HUWLJXQJ� LVW� DXVVFKODJJHEHQG�� VLH� PX�� ZLH� GLH

0RQWDJH�JHZLVVHQKDIW�PLW�JHHLJQHWHQ�:HUN]HXJHQ�XQG�0DVFKLQHQ�DXVJHI�KUW�ZHUGHQ�
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�� $XVEOLFN

���� $XWRPDWLVLHUWH�2SWLPLHUXQJ

'XUFK� ZHLWHUH� 9HUHLQIDFKXQJ� GHV� 0.6�0RGHOOV� VROO� HLQH� VFKQHOOHUH� %HUHFKQXQJ� P|JOLFK

ZHUGHQ��GLH�GHQ�:HJ�]XU�UHFKQHUJHVW�]WHQ�2SWLPLHUXQJ�HU|IIQHW��'HU]HLW� LVW�GLH�G\QDPLVFKH

0.6�%HUHFKQXQJ� QRFK� ]X� UHFKHQLQWHQVLY�� XP� HLQH� DXWRPDWLVLHUWH� 3DUDPHWHUYDULDWLRQ� I�U

9HUJOHLFKVXQWHUVXFKXQJ�XQG�2SWLPLHUXQJ�DEODXIHQ�ODVVHQ�]X�N|QQHQ�

.�U]HUH�5HFKHQ]HLWHQ�VLQG�YRUUDQJLJ�GXUFK�GLH�5HGXNWLRQ�GHU�]X�EHUHFKQHQGHQ�*OHLFKXQJHQ

]X�HU]LHOHQ��'D]X�ELHWHW�VLFK�HLQH�9HUEHVVHUXQJ�GHU�PRPHQWDQHQ�3URJUDPPVWUXNWXU�DQ��JUR�H

*HZLQQH�VLQG�GDGXUFK�I�U�GDV�*HVDPWPRGHOO�QLFKW�]X�HUZDUWHQ��$XVVLFKWVUHLFKHU�VFKHLQW�HLQH

JUXQGOHJHQGH�9HUHLQIDFKXQJ�GHU�%HUHFKQXQJVDEOlXIH��VLH�VHW]W�DEHU�HLQHQ�UHGX]LHUWHQ�QHXHQ

0RGHOODQVDW]�YRUDXV�

���� 9HUHLQIDFKWH�.RQWDNWSXQNWEHUHFKQXQJ

'HU]HLW�ZLUG�YRQ�0��*5(%(167(,1�GLH�.RQWDNWSXQNWVXFKH��GLH�ELVODQJ�HLQH�VHFKVSDUDPHWULJH

2SWLPLHUXQJ�ZDU��GXUFK�HLQHQ� UHGX]LHUWHQ�$QVDW]� DXI�GLH�PLQLPDO�YLHU� JHQHUDOLVLHUWHQ�*HR�

PHWULHSDUDPHWHU�XPJHVFKULHEHQ��'LH�]X�O|VHQGHQ�*OHLFKXQJHQ�VLQG�GDEHL�ZHVHQWOLFK�XPIDQJ�

UHLFKHU�DOV�EHL�GHU�ELVKHULJHQ�%HVFKUHLEXQJ��'D�VLFK�GDV�2SWLPLHUXQJVSUREOHP�DEHU�YRQ�VHFKV

DXI�YLHU�3DUDPHWHU�UHGX]LHUW��HUKRIIW�HU�LQ�GLHVHP�3URJUDPPWHLO�YHUN�U]WH�5HFKHQ]HLWHQ�

���� 5HGX]LHUWHU�0RGHOODQVDW]��FKDUDNWHULVWLVFKHV�.RQWDNWSDDU

'HQ�JU|�WHQ�5HFKHQDXIZDQG�YHUXUVDFKW�GLH�KRKH�$Q]DKO�YRQ�.RQWDNWSXQNWHQ��+LHU�ZLUG�HLQ

$QVDW]�YRUJHVWHOOW��GHU�GDUDXI�DE]LHOW��GDV�*HVDPWV\VWHP�VWDUN�]X�YHUHLQIDFKHQ�

������ &KDUDNWHULVWLVFKH�.HQQJU|�HQ�GHU�.RQWDNWVWHOOH

,Q� GHU� DQDO\WLVFKHQ�%HVFKUHLEXQJ� GHU� 3:*�ZXUGH� DXV� GHP�*HVFKZLQGLJNHLWVSODQ� XQG� GHQ

*HVFKZLQGLJNHLWVIHOGHUQ�MHZHLOV�GLH�'UHK��XQG�.UDIWSROODJH�EHUHFKQHW��'LHVH�EHLGHQ�3ROODJHQ

VLQG�FKDUDNWHULVWLVFKH�(UVDW]JU|�HQ�HLQHU�.RQDWNWIOlFKH��GLH�GHUHQ�JHVDPWHV�hEHUWUDJXQJVYHU�

KDOWHQ�LQ�HLQIDFKVWHU�:HLVH�ZLHGHUJHEHQ�
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$XV�GHU�/DJH�YRQ��'UHKSRO�XQG�.RQWDNWSXQNW�LVW�GLH�VFKOXSI��XQG�JHRPHWULHDEKlQJLJH�/DJH

GHV�.UDIWSROV�LQ�GHU�.RQWDNWHEHQH�HLQGHXWLJ�]X�EHVWLPPHQ��=ZHL�6WDUUN|USHU�N|QQHQ�VLFK�LP

5DXP�QXU�XP�HLQH�JHPHLQVDPH�'UHKDFKVH�EHZHJHQ��'LHVH�'UHKDFKVH�GXUFKVW|�W� MHGH�.RQ�

WDNWHEHQH�LP�GRUW�J�OWLJHQ�'UHKSRO��'LH� UlXPOLFKH�/DJH�XQG�2ULHQWLHUXQJ�GHU�JHPHLQVDPHQ

'UHKDFKVH�LVW�]�%��GXUFK�%HUHFKQXQJ�]ZHLHU�'UHKSROH�EHNDQQW��6LH�LVW�YHUlQGHUOLFK�XQG�PX�

LQ�MHGHP�=HLWVFKULWW�QHX�EHVWLPPW�ZHUGHQ�

'LH�UlXPOLFKH�/DJH�YRQ�PHKUHUHQ�.UDIWSROHQ�NDQQ�QLFKW�GXUFK�HLQH�JHPHLQVDPH�$FKVH�EH�

VFKULHEHQ�ZHUGHQ�

$EE�������5lXPOLFKH�/DJH�GHU�JHPHLQVDPHQ�'UHKDFKVH�'$�XQG�GHU�ORNDOHQ�.UDIWSROH�.3
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������ %DXDUWVSH]LILVFKHV�.HQQIHOG

'LH�=XRUGQXQJ�GHU�.UDIWSROODJH�DXV�GHU�/DJH�YRQ�'UHKSRO�XQG�.RQWDNWSXQNW�LVW�QXU�YRQ�GHQ

JHRPHWULVFKHQ� 9HUKlOWQLVVHQ� DEKlQJLJ�� )�U� MHGHQ� 3:*�7\S� NDQQ� VLH� MHZHLOV� DOV� .HQQIHOG

YRUDE�EHUHFKQHW�XQG�WDEHOODULVFK�DEJHOHJW�ZHUGHQ��'DGXUFK�Ol�W�VLFK�GLH�2QOLQH�%HUHFKQXQJ

HOOLSWLVFKHU� ,QWHJUDOH� YHUPHLGHQ�� 'LH� YHUHLQIDFKWH� %HVFKUHLEXQJ� DOV� 3XQNWNRQWDNW� LVW� GDEHL

QLFKW�PHKU�HUIRUGHUOLFK��ZRGXUFK�GLH�%HUHFKQXQJ�I�U�NOHLQHQ�6FKOXSI�JHQDXHU�ZLUG�

������ =XVDPPHQIDVVHQ�HLQHU�.RQWDNWJUXSSH

'HU�+DXSWYRUWHLO�GHU�%HVFKUHLEXQJ�GXUFK�'UHK��XQG�.UDIWSROH�ZLUG�VLFK�GDQQ�]HLJHQ��ZHQQ�HV

JHOLQJW��DOOH�.RQWDNWVWHOOHQ�HLQHU�.RQWDNWJUXSSH��]�%��DOOHU�.RQWDNWH�HLQHV�3ODQHWHQ�]XU�6SLQ�

GHOVWDQJH��GXUFK�HLQ�VLH�UHSUlVHQWLHUHQGHV�.RQWDNWSDDU�]X�EHVFKUHLEHQ��=XPLQGHVW�I�U�DOOH

.RQWDNWVWHOOHQ�HLQHU�)ODQNHQVHLWH��]�%��REHUH�)ODQNH�GHU�6SLQGHOVWDQJH��HUVFKHLQW�HV�P|JOLFK�

�EHU�GLH�JHRPHWULVFKHQ�=XVDPPHQKlQJH�NLQHPDWLVFKH�9HUNRSSOXQJHQ�DXV]XGU�FNHQ�

'LH�.RQWDNWJUXSSHQ�MHZHLOV�]X�HLQHP�VLH�UHSUlVHQWLHUHQGHQ�(UVDW]NRQWDNWSDDU�]XVDPPHQ]X�

IDVVHQ�LVW�DXFK�GHVZHJHQ�J�QVWLJ��ZHLO�YRUHUVW�GHU�*HVDPWPRPHQWHQ��XQG�*HVDPWNUDIWDQVDW]

DOV� UHVXOWLHUHQGH� *U|�HQ� I�U� GLH� hEHUJDEH� LQ� GDV� +DXSWSURJUDPP� �6,03$&.�0.6�

)RUPDOLVPXV��EHLEHKDOWHQ�ZHUGHQ�NDQQ�

'DV�(UVDW]NRQWDNWSDDU�PX��GDI�U�DOOH�IROJHQGHQ�(LQIO�VVH�ULFKWLJ�EHVFKUHLEHQ�

− *HRPHWULVFKH�5DQGEHGLQJXQJHQ�ZLH�.RQWDNW]DKO���YHUWHLOXQJ�XQG�)ODQNHQJHRPHWULH�

− ,QKRPRJHQH�.RQWDNWNUDIWYHUWHLOXQJ�

− .RQWDNWVWHLILJNHLWHQ�XQG�(LQGULQJWLHIHQ�

− (LJHQEHZHJXQJHQ�XQG�)HKOVWHOOXQJHQ�

− 'LH�MHZHLOV�PD[LPDO�GXUFK�5HLEXQJ��EHUWUDJEDUH�7DQJHQWLDONUDIW�

:HQQ�I�U�MHGH�5HODWLYODJH�GDV�UHSUlVHQWDWLYH�.RQWDNWSDDU�PLW�'UHK��XQG�.UDIWSRO�DXV�HLQHP

.HQQIHOG� DEUXIEDU� LVW�� VR� LVW� DXFK� GHUHQ� UHVXOWLHUHQGH�*HVDPWNUDIW� XQG� GHUHQ� UHVXOWLHUHQGHV

*HVDPWPRPHQW�EHNDQQW��(V�LVW�NHLQH�LWHUDWLYH�%HUHFKQXQJ�PHKU�HUIRUGHUOLFK�

0|JOLFKHUZHLVH�NDQQ�GDUDXI�YHU]LFKWHW�ZHUGHQ�GDV�UHSUlVHQWDWLYH�.RQWDNWSDDU�LQ�HLQHP�DXV�

JHJOLHGHUWHQ� 8QWHUSURJUDPP� ]X� EHUHFKQHQ�� (UIROJW� GLH� %HUHFKQXQJ� GLUHNW� LP� 0.6�

)RUPDOLVPXV��VR�HQWIlOOW�GDV�$QOHJHQ�XQG�$XVOHVHQ�YRQ�hEHUJDEHWDEHOOHQ�
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'LH�)RUPXOLHUXQJ�GHV�QHXDUWLJHQ�0.6�0RGHOOV�XQG�VHLQH�9DOLGLHUXQJ�HUIRUGHUQ�HUKHEOLFKHQ

$XIZDQG��GHU�GXUFK�GLH�]X�HUZDUWHQGH�/HLVWXQJVVWHLJHUXQJ�JHUHFKWIHUWLJW�VFKHLQW�

���� 0.6�)(0�.RSSOXQJ

'HU]HLW�ZHUGHQ�LQ�MHGHP�6FKULWW�GHU�0.6�%HUHFKQXQJ�DOOH�.RQWDNWNUlIWH�HUPLWWHOW�XQG�WDEHO�

ODULVFK�DEJHOHJW��'DV�8QWHUSURJUDPP�]XU�.RQWDNWNUDIWEHUHFKQXQJ�ZXUGH�VR�DXIJHEDXW��GD��HV

GDV�(LQI�JHQ�HLQHV�ZHLWHUHQ�%HUHFKQXQJVVFKULWWHV�]XOl�W�

'DI�U� ZHUGHQ� GLH� QDFK� %HWUDJ�� 5LFKWXQJ� XQG�$QJULIIVRUW� EHNDQQWHQ�.RQWDNWNUlIWH� LQ� HLQHU

7DEHOOH�DEJHOHJW��6WDWW�GLHVH�*U|�HQ�VRIRUW�LQ�GHQ�0.6�)RUPDOLVPXV�HLQ]XOHVHQ��N|QQHQ�VLH

LQ�HLQHP�=ZLVFKHQVFKULWW�DOV�/DVWIDOO�I�U�HLQH�)LQLWH�(OHPHQW�%HUHFKQXQJ�GHV�MHZHLOLJHQ�(OH�

PHQWHV�KHUDQJH]RJHQ�ZHUGHQ��'DGXUFK�VLQG�]XP�HLQHQ�DOOH�:HUNVWRIIEHODVWXQJHQ�YROOVWlQGLJ

EHUHFKHQEDU�� DQGHUHUVHLWV� N|QQHQ� DXFK� GLH�9HUIRUPXQJHQ�GHU�(OHPHQWH� GHWDLOOLHUW� EHVWLPPW

ZHUGHQ��0LW�GHU�.HQQWQLV�GHU�:HUNVWRIIEHODVWXQJHQ� LP� VLPXOLHUWHQ�%HWULHEVIDOO�ZHUGHQ�/H�

EHQVGDXHUDEVFKlW]XQJHQ�XQG�NRQVWUXNWLYH�2SWLPLHUXQJ�YHUHLQIDFKW�

$Q�GHQ�0.6�)RUPDOLVPXV�N|QQHQ�QXQ�QHEHQ�GHQ�UHVXOWLHUHQGHQ�.UlIWHQ�XQG�0RPHQWHQ�GLH

DNWXHOOHQ�%DXWHLOJHRPHWULHQ��PLW�GHQ�ODVWEHGLQJWHQ�9HUIRUPXQJHQ��]XU�FN�EHUJHEHQ�ZHUGHQ�

:LOO�PDQ�GLH�9HUIRUPXQJHQ�PLW�LQ�GLH�ZHLWHUH�0.6�%HUHFKQXQJ�HLQEH]LHKHQ��VR�LVW�HLQH�HQW�

VSUHFKHQGH�1HX�)RUPXOLHUXQJ�GHU�*HRPHWULH�HUIRUGHUOLFK��'LHV�LVW�NHLQ�WULYLDOHV�3UREOHP��GD

GLH�9HUIRUPXQJHQ�ORNDO�HQJ�EHJUHQ]W�VLQG��]�%��YHUlQGHUWH�3URILOWHLOXQJ���)ODQNHQZLQNHO��

(V�ELHWHW�VLFK�DQ��GLH�ZLFKWLJVWHQ�3DUDPHWHU�LQ�GHU�*HRPHWULHEHVFKUHLEXQJ�PLW�HLQHU�YDULLHUED�

UHQ�.RQVWDQWHQ�DXV]XVWDWWHQ��GLH�LQ�HUVWHU�1lKHUXQJ�GLH�YHUlQGHUWH�*HRPHWULH�ULFKWLJ�ZLHGHU�

JLEW��/HJW�PDQ�GLH�(UJHEQLVVH�DXV�GHU�)RUPYHUPHVVXQJ�GHU�3:*�0XWWHU� LP�VSDQQXQJVRSWL�

VFKHQ�9HUVXFK��VLHKH�.DSLWHO������]XJUXQGH��VR�NDQQ�GLHVH�YDULDEOH�.RQVWDQWH�]�%��GLH�ODVWDE�

KlQJLJH�6WDXFKXQJ�GHU�0XWWHU�DOV�PRGLIL]LHUWHV�7HLOXQJVYHUKlOWQLV�ZLHGHUJHEHQ��'LH�9HUIRU�

PXQJ�GHU�0XWWHUVWHJH�NDQQ�LQ�HLQHP�PRGLIL]LHUWHQ�)ODQNHQZLQNHO�DEJHELOGHW�ZHUGHQ�

,Q� lKQOLFKHU�:HLVH� NDQQ� ]�%�� GLH�'HKQXQJ� GHU� 6SLQGHOVWDQJH� DOV�PRGLIL]LHUWH� 6WHLJXQJ� EH�

VFKULHEHQ�ZHUGHQ��)DOOV�GLHV�]X�XQJHQDX�LVW��N|QQHQ�GLH�YDULDEOHQ�.RQVWDQWHQ�QLFKWOLQHDU�GH�

ILQLHUW�ZHUGHQ��%HLP�PRPHQWDQ� YHUI�JEDUHQ� /HLVWXQJYHUP|JHQ� YRQ� JU|�HUHQ�:RUNVWDWLRQV

LVW�HV�IUDJOLFK��RE�HLQH�YROOVWlQGLJH�.RSSOXQJ�YRQ�0.6�XQG�)(0�EHL�DN]HSWDEOHP�5HFKHQ�

DXIZDQG�P|JOLFK� LVW��(V� VFKHLQW� XQZDKUVFKHLQOLFK�� GD�� HLQH� DEZHFKVHOQGH�%HUHFKQXQJ�YRQ

9HUIRUPXQJ�XQG�%HZHJXQJ�I�U�OlQJHUH�6LPXODWLRQV]HLWUlXPH�ZLUWVFKDIWOLFK�LVW�
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6LQQYROO� HUVFKHLQW� HV� KLQJHJHQ�� GLH�hEHUJDEHWDEHOOHQ� HLQHV�0.6�/DXIHV� ]�%�� DOOH� ���� ,QWH�

JUDWLRQVVFKULWWH�DE]XVSHLFKHUQ��1DFK�$EVFKOX��GHU�%HUHFKQXQJ�NDQQ�PDQ�HQWZHGHU�DXI�HLQHQ

GLHVHU� 3DUDPHWHUVlW]H� DXV� HLQHP� UHSUlVHQWDWLYHQ� %HUHFKQXQJV]HLWUDXP� ]XU�FNJUHLIHQ�� RGHU

0LWWHOZHUWH��EHU�GHU�6LPXODWLRQVGDXHU�EHUHFKQHQ��0LW�GLHVHP�UHSUlVHQWDWLYHQ�3DUDPHWHUVDW]

NDQQ�QXQ�HLQH�JHWUHQQWH�)(0�%HUHFKQXQJ�HUIROJHQ��'LH�GDUDXV� HUKDOWHQH�9HUIRUPXQJ�NDQQ

I�U�HLQHQ�QHXHQ�0.6�/DXI�DOV�QHXH�NRQVWDQWH�%DXWHLOJHRPHWULH�YRUJHJHEHQ�ZHUGHQ�

'XUFK� GLHVH�9HUHLQIDFKXQJ�ZLUG� GHU� 5HFKHQDXIZDQG� HUKHEOLFK� UHGX]LHUW�� 'LH� $XVVDJHNUDIW

GHU� 0.6�%HUHFKQXQJ� PLW� YHUIRUPWHU� *HRPHWULH� VROOWH� GDUXQWHU� DEHU� ZHQLJ� OHLGHQ�� GD� GLH

.RQWDNWH�ZHLWHUKLQ�DOV�HODVWLVFK�PRGHOOLHUW�XQG�EHUHFKQHW�ZHUGHQ�

+�� 1(77(5� KDW� LQ� VHLQHU� GLIIHUHQWLDOJHRPHWULVFKHQ� 'DUVWHOOXQJ� GHV� 5DG�6FKLHQH� .RQWDNWHV

>1�@�GLH�'UXFN��XQG�*HVFKZLQGLJNHLWVYHUWHLOXQJ�QLFKW�HOOLSWLVFKHU�.RQWDNWH���VLHKH�$EE�������

JHRPHWULVFK�EHVFKULHEHQ�XQG�EHUHFKQHW��(U�OHJWH�]XU�5HGXNWLRQ�GHU�6LPXODWLRQVUHFKHQ]HLW�GLH

YRUDE�EHUHFKQHWHQ�*HRPWHULHHLQIO�VVH�LQ�.HQQIHOGHUQ�DE��'XUFK�HLQH�YHUJOHLFKEDUH�.HQQIHOG�

IRUPXOLHUXQJ�VLQG�LQ�9HUELQGXQJ�PLW�GHU�%HVFKUHLEXQJ�YRQ�FKUDUNWHULVWLVFKHQ�(UVDW]NRQWDNW�

SDDUHQ�DXFK�EHL�GHU�3:*�6LPXODWLRQ�GHXWOLFK�N�U]HUH�5HFKHQ]HLWHQ�]X�HUZDUWHQ�

$EE�� �����1RUPDOVSDQQXQJVYHUWHLOXQJ� DP�hEHUJDQJ�5DGODXIIOlFKH� ]X�5DGNUDQ]� >1�@
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�� =XVDPPHQIDVVXQJ��$EVWUDFW

���� =XVDPPHQIDVVXQJ

,Q�GHU�YRUOLHJHQGHQ�$UEHLW�ZLUG�GLH�'/5�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO��3:*���HLQ�YRU�HOI

-DKUHQ�HQWZLFNHOWHV�9RUVFKXEJHWULHEH��XQWHUVXFKW��(UVWPDOV�ZHUGHQ�%HUHFKQXQJVDQVlW]H�XQG��

PHWKRGHQ� I�U� GLH� $XVOHJXQJVUHFKQXQJ� XQG� 0RGHOOLHUXQJ� GHU� 3:*� DOV� 0HKUN|USHUV\VWHP

YRUJHVWHOOW��5HFKHQ��XQG�6LPXODWLRQVHUJHEQLVVH�ZHUGHQ�PLW�9HUVXFKVHUJHEQLVVHQ�EHOHJW�

'LH�'/5�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO� �3:*��ZDQGHOW� HLQH�'UHK�� LQ� HLQ�9RUVFKXEEHZH�

JXQJ��6LH�NDQQ�GXUFK�:DKO�GHU�3URILOLHUXQJHQ�VRZRKO�PLW�JUR�HQ�DOV�DXFK�PLW�EHVRQGHUV�NOHL�

QHQ�*HVDPWVWHLJXQJHQ� DXVJHI�KUW�ZHUGHQ�� ,KU�PHFKDQLVFKHU�$XIEDX� LVW� HLQIDFK�� VLH� EHVWHKW

DXV�ZHQLJHQ�NRVWHQJ�QVWLJ�IHUWLJEDUHQ�XQG�HLQIDFK�PRQWLHUEDUHQ�(OHPHQWHQ�

$QDO\VH��0RGHOOELOGXQJ��%HUHFKQXQJ

=LHO�LVW�HV��GDV�NLQHPDWLVFKH�=XVDPPHQZLUNHQ�GHU�3:*�(OHPHQWH�XQG�GHUHQ�:HUNVWRIIEHOD�

VWXQJHQ�]X�XQWHUVXFKHQ��%HWUDFKWHW�ZHUGHQ�GLH�HLQ]HOQHQ�.RQWDNWVWHOOHQ�XQWHU�VWDWLVFKHU�%HOD�

VWXQJ�XQG�LQ�%HZHJXQJ��'LH�G\QDPLVFKHQ�(LJHQVFKDIWHQ�GHV�JHVDPWHQ�*HWULHEHV�ZHUGHQ�PLW

HLQHP�0HKUN|USHUV\VWHPDQVDW]�EHVFKULHEHQ�XQG�QXPHULVFK�VLPXOLHUW��'DI�U�ZHUGHQ�GLH�hEHU�

VHW]XQJVYHUKlOWQLVVH��.UDIWDQJULIIVSXQNWH�XQG�.RQWDNWNUlIWH�EHUHFKQHW�

'DV�hEHUWUDJXQJVYHUKDOWHQ�GHU�HLQ]HOQHQ�.RQWDNWVWHOOH�EHL�ERKUHQGHU�XQG�JOHLWHQGHU�5HLEXQJ

E]Z��]XVlW]OLFK��EHUODJHUWHP�6FKUlJODXI�ZLUG�EHUHFKQHW�XQG�JUDILVFK�GDUJHVWHOOW��,Q�GHQ�.RQ�

WDNWHQ�3ODQHW�0XWWHU�XQG�3ODQHW�6SLQGHOVWDQJH�ZHUGHQ�QRUPDO�XQG�WDQJHQWLDO�ZLUNHQGH�.UlIWH

�EHUWUDJHQ�� )�U� GLH� 0RGHOOLHUXQJ� ZLUG� DXI� GLH� *UXQGODJHQ� DXV� GHU� :lO]ODJHU�� XQG� =DKQ�

UDGWKHRULH� ]XU�FNJHJULIIHQ�� 'LH� )RUP� XQG� 'UXFNYHUWHLOXQJ� GHU� .RQWDNWIOlFKH� ZLUG� QDFK

+(57=�DXV�GHU�1RUPDOEHODVWXQJ�EHVWLPPW��1DFK�*$**(50(,(5��/87=��0$$��XQG�:(51,7=

ZLUG�GDU�EHUKLQDXV�GDV�*HVFKZLQGLJNHLWVIHOG�GHU�.RQWDNWIOlFKH�DXVJHZHUWHW��XP�GLH� I�U�GLH

PRPHQWDQ��EHUWUDJHQHQ�7DQJHQWLDONUlIWH�JHUDGH�HEHQ�FKDUDNWHULVWLVFKHQ�'UHK��XQG�.UDIWSROH

]X�EHVWLPPHQ��'LHVH�$QVlW]H�ZHUGHQ�DXI�GHQ�YRUOLHJHQGHQ�)DOO�YRQ��EHUODJHUWHU�%RKU��XQG

*OHLWUHLEXQJ�PLW�6FKUlJODXI�HUZHLWHUW�
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0RGHOOLHUXQJ�DOV�0HKUN|USHUV\VWHP

$XV� GHU� %HUHFKQXQJ� GHV� hEHUWUDJXQJVYHUKDOWHQV� GHU� HLQ]HOQHQ� 5HLEVWHOOH� LQ� YHUVFKLHGHQHQ

%HWULHEV]XVWlQGHQ�ZLUG� DEJHVFKlW]W��ZHOFKH�9HUHLQIDFKXQJHQ� I�U� GLH� G\QDPLVFKH�0RGHOOLH�

UXQJ� GHU� JHVDPWHQ� 3:*� ]XOlVVLJ� VLQG�� (V� VROOHQ� (LJHQEHZHJXQJHQ�� hEHUVHW]XQJVVFKZDQ�

NXQJHQ��.OHPPHQ�XQG�'XUFKUXWVFKHQ�QDFKJHELOGHW�ZHUGHQ�N|QQHQ��,Q�HLQHP�0HKUN|USHUV\�

VWHP�0RGHOO� �0.6�0RGHOO��ZHUGHQ�GLH�+DXSWHOHPHQWH�0XWWHU��3ODQHWHQ�XQG�6SLQGHOVWDQJH

DOV�6WDUUN|USHU�PLW�YROOVWlQGLJHU�*HRPHWULH�XQG�HODVWLVFKHQ�.RQWDNWHQ�VRZLH�&28/20%�VFKHU

5HLEXQJ��QDFKJHELOGHW��'LH�'LVWDQ]VFKHLEHQ�VLQG�DOV�)HGHU�'lPSIHU�(UVDW]N|USHU�PRGHOOLHUW�

'LHVH�9HUHLQIDFKXQJHQ�VLQG�HUIRUGHUOLFK��XP�GLH�PHFKDQLVFK�NRPSOH[H�3:*�DOV�*HVDPWV\�

VWHP�QXPHULVFK�QDFKELOGHQ�]X�N|QQHQ��'LH�3:*�LVW� VWDWLVFK��EHUEHVWLPPW��GD� VLH� VFKRQ� LQ

HLQIDFKHQ�$XVI�KUXQJHQ�PHKU�DOV�����.RQWDNWVWHOOHQ�KDW��]XGHP�VLQG�GLH�/DJHQ�GHU�.RQWDNW�

VWHOOHQ�LP�%HWULHE�YHUlQGHUOLFK��GD�GLH�(OHPHQWH�QLFKW�VWDUU�]XHLQDQGHU�JHI�KUW�ZHUGHQ�

6LPXODWLRQ�GHV�*HVDPWV\VWHPV

(V�ZHUGHQ� VRZRKO�6LPXODWLRQVOlXIH�PLW� NRD[LDO� ]XU�6SLQGHOVWDQJH� JHI�KUWHU�0XWWHU� XQG� HL�

QHP�GD]ZLVFKHQ�LQ�YLHU�)UHLKHLWVJUDGHQ�EHZHJOLFKHQ�3ODQHWHQ��DOV�DXFK�PLW�GHP�YROOVWlQGLJHQ

*HVDPWV\VWHP�GXUFKJHI�KUW��'LH�%HUHFKQXQJVHUJHEQLVVH�EHOHJHQ��GD��VRZRKO�3:*�$XVI�K�

UXQJHQ�PLW�5LOOHQSODQHWHQ��DOV�DXFK�$XVI�KUXQJHQ�PLW�JHZLQGHSURILOLHUWHQ�3ODQHWHQ�GHWDLOJH�

WUHX�QDFKJHELOGHW�ZHUGHQ�N|QQHQ��'DV�DXV�GHU�6LPXODWLRQVUHFKQXQJ�HUKDOWHQH�%HZHJXQJVYHU�

KDOWHQ�VWLPPW�PLW�GHQ�H[SHULPHQWHOO�HUPLWWHOWHQ�(LJHQVFKDIWHQ�UHDOHU�3:*V�JXW��EHUHLQ�

9HUVXFKH

8P�GLH�*�OWLJNHLW�GHU�0RGHOOELOGXQJ�]X��EHUSU�IHQ�XQG�GLH�%HUHFKQXQJVHUJHEQLVVH�EHZHUWHQ

]X�N|QQHQ��ZHUGHQ�9HUVXFKH�GXUFKJHI�KUW��'LH�.RQWDNWNUDIWYHUWHLOXQJ�XQG�GLH�:HUNVWRIIEH�

DQVSUXFKXQJ�]HLJW�DQVFKDXOLFK�GHU�VSDQQXQJVRSWLVFKH�(LQIULHUYHUVXFK��,P�:LUNXQJVJUDGSU�I�

VWDQG� ZLUG� GDV� 6FKOXSIYHUKDOWHQ� XQG� GHU� *HVDPWZLUNXQJVJUDG� YHUVFKLHGHQHU� 3:*�

$XVI�KUXQJHQ�HUPLWWHOW�

$XVEOLFN

$XI�GLH�(UJHEQLVVH�DXV�GHU�%HUHFKQXQJ�GHV�(LQ]HONRQWDNWHV��DXV�GHQ�9HUVXFKHQ�XQG�DXV�GHU

6LPXODWLRQ� GHV�*HVDPWV\VWHPV� JHVW�W]W��ZLUG� DEVFKOLH�HQG� HLQ�$QVDW]� YRUJHVWHOOW��PLW� GHP

GLH�G\QDPLVFKH�0RGHOOLHUXQJ�DOV�0HKUN|USHUV\VWHP�ZHLWHU�]X�YHUHLQIDFKHQ�XQG�GLH�5HFKHQ�

]HLWHQ� ]X� YHUULQJHUQ� VLQG�� (LQH� VFKQHOOH� %HUHFKQXQJ� GHV� YROOVWlQGLJHQ� *HWULHEHYHUKDOWHQV
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HUP|JOLFKW�GLH�(UZHLWHUXQJ�]XU�DXWRPDWLVFKHQ�3DUDPHWHUYDULDWLRQ�XQG�GLH�.RSSOXQJ�PLW�HLQHU

)LQLWH�(OHPHQWH�%HUHFKQXQJ�I�U�GLH�UHFKQHUJHVW�W]WH�2SWLPLHUXQJ�

���� $EVWUDFW

7KH�HOHYHQ�\HDUV�ROG�'/5�3ODQHWDU\�5ROOHU�6SLQGOH�'ULYH��356'��ZDV�DQDO\]HG�LQ�WKLV�WKHVLV�

1HZ�HYDOXDWLRQ�PHWKRGV�ZHUH�GHVFULEHG�IRU�SUHOLPLQDU\�FDOFXODWLRQ�DQG�0XOWL�%RG\�6\VWHP

PRGHOOLQJ��0%6��RI�GULYHV�OLNH�'/5�356'��&DOFXODWLRQ�DQG�VLPXODWLRQ�UHVXOWV�ZHUH�YHULILHG

E\�H[SHULPHQWDO�PHDVXUHPHQWV�

7KH� '/5� 3ODQHWDU\�5ROOHU�6SLQGOH�'ULYH� WUDQVIRUPV� URWDWLRQ� LQWR� WUDQVODWLRQ�� %\� FKRRVLQJ

DGHTXDWH�SURILOHV�LW�H[HUWV�KLJK�DV�ZHOO�DV�YHU\�ORZ�WRWDO�SLWFKHV��,WV�PHFKDQLFDO�VHWXS�FRQVLVWV

RI�HDV\�WR�PDFKLQH�DQG�HDV\�WR�DVVHPEOH�HOHPHQWV�

$QDO\VLV��0RGHOOLQJ��&DOFXODWLRQ

7KH�DLP�ZDV� WR� LQYHVWLJDWH� WKH� FRPOH[�NLQHPDWLFDO� LQWHUDFWLRQV�RI� DOO� WKH�356'�V� HOHPHQWV

DQG�WR�GHULYH�WKHUHRI�WKH�PDWHULDOV��VWUHVV�DQG�VWUDLQ��6LQJOH�FRQWDFWV�ZHUH�DQDO\]HG�XQGHU�VWD�

WLFDO�DQG�G\QDPLFDO�ORDG�FRQGLWLRQV��7KH�HQWLUH�V\VWHPV��G\QDPLFDO�EHKDYLRXU�ZDV�PRGHOOHG

DV� DQ�0%6� WR� VLPXODWH� LW� QXPHULFDOO\�� 7UDQVIRUPDWLRQ� UDWLR�� ORFDWLRQ� RI� FRQWDFW� SRLQWV� DQG

FRQWDFW�IRUFHV�ZHUH�FDOFXODWHG�

7KH�IULFWLRQDO�EHKDYLRXU�RI�DOO�VLQJOH�FRQWDFWV�XQGHU�VOLS��VSLQ��DQG�VNHZ�ZDV�FDOFXODWHG�DQG

LOOXVWUDWHG� JUDILFDOO\�� $OO� FRQWDFWV� RI� VSLQGOH�URG� WR� SODQHWDU\�UROOHU� DQG� SODQHWDU\�UROOHU� WR

VSLQGOH�QXW�WUDQVPLW�QRUPDO�DQG�WDQJHQWLDO�IRUFHV��)RU�PRGHOOLQJ�WKH�356'��EDVLFDO�UHVHDUFK

UHVXOWV�� NQRZQ� IRU� EHDULQJV� DQG� JHDU� GULYHV�� ZHUH� WDNHQ� LQWR� DFFRXQW�� /LNH� *$**(50(,(5�

/87=��0$$��DQG�:(51,7=�SXEOLVKHG�ILUVW��WKH�FRQWDFW�DUHDV�VSHHG��DQG�SUHVVXUH�GLVWULEXWLRQ

ZHUH�HYDOXDWHG�DV�ZHOO�DV�VSLQ��DQG�IRUFH�SROHV��7KHLU�PHWKRGV�ZHUH�DGDSWHG�DQG�H[WHQGHG�WR

WKH�356'V�FRQWDFWV�



��=XVDPPHQIDVVXQJ��$EVWUDFW ���

0XOWL�%RG\�6\VWHP�0RGHOOLQJ

$GPLWWHG� VLPSOLILFDWLRQV� IRU� G\QDPLFDO� PRGHOOLQJ� RI� WKH� HQWLUH� 356'� ZHUH� GHULYHG� IURP

FDOFXODWLRQ� RI� WKH� VLQJOH� FRQWDFWV�� WUDQVPLVVLRQDO� EHKDYLRXU�� 6LQJOH�ERG\�PRYHPHQWV� DQG

WUDQVPLVVLRQ�GLVFRQWLQXLWLHV�DV�ZHOO�DV�VWLFN��DQG�VOLS�HIIHFWV�KDG�WR�EH�HPXODWHG�

$�VSHFLDO�0%6�PRGHOO�GHVFULEHG�WKH�356'V�PDLQ�HOHPHQWV��QXW��SODQHWDU\�UROOHU��DQG�URG��DV

VWLII�ERGLHV�ZLWK�FRPSOHWH�JHRPHWU\�DQG�HODVWLF�FRQWDFWV�ZLWK�&28/20%�IULFWLRQ��7KH�VSDFHUV

DUH�VXEVWLWXWHG�E\�VRPH�VSULQJV�DQG�GDPSHUV��7KHVH�VLPSOLILFDWLRQV�ZHUH�QHFHVVDU\�WR�HPXODWH

WKH�HQWLUH�356'V�LQWHUDFWLRQV�QXPHULFDOO\�

7KH�356'�LV�VWDWLFDOO\�XQGHILQHG�DQG�HYHQ�TXLWH�VLPSOH�356'�YHUVLRQV�KDYH�PRUH�WKDQ����

FRQWDFW�SRLQWV�DW�DQ\� WLPH��ΒHFDXVH�RI�QR�VWLII�JXLGDQFH�RI� WKH�356'�HOHPHQWV�� WKH�QXPEHU

DQG�ORFDWLRQ�RI�FRQWDFW�SRLQWV�YDULHV�LQ�XVH�

6LPXODWLRQ

1XPHULFDO� VLPXODWLRQV�ZHUH� SHUIRUPHG� IRU� ERWK�� D� VLQJOH� SODQHWDU\� UROOHU�� JXLGHG� FRD[LDOO\

EHWZHHQ�QXW�DQG�URG��DQG�IRU�WKH�FRPSOHWH�356'�ZLWKRXW�DQ\�DGGLWLRQDO�JXLGDQFH��&DOFXODWLRQ

UHVXOWV�WHVWLILHG��WKDW�DOO�NQRZQ�356'�YHUVLRQV�FRXOG�EH�VLPXODWHG�UHDOLVWLFDOO\��7KH�VLPXODWHG

PRWLRQDO�EHKDYLRXU�ZDV�VLPLODU�WR�WKH�RQH�PHDVXUHG�LQ�H[SHULPHQWV�

([SHULPHQWV

7R�YHULI\�DQDO\VLV��PRGHOOLQJ��DQG�VLPXODWLRQV��VHYHUDO�H[SHULPHQWV�ZHUH�SHUIRUPHG��&RQWDFW�

IRUFH�GLVWULEXWLRQ��VWUHVV��DQG�VWUDLQ�ZHUH�YLVXDOL]HG�E\�SKRWRHODVWLFLW\�H[SHULPHQW��7RWDO�SLWFK

DQG�VOLS�RI�GLIIHUHQW�356'�YHUVLRQV�ZHUH�PHDVXUHG�LQ�D�VHQVRUL]HG�WHVWEHQFK�

3HUVSHFWLYH

7R� DFFHOHUDWH� WKH� QXPHULFDO� VLPXODWLRQ� RI� WKH� 356'�V� G\QDPLFDO� EHKDYLRXU�� D� VLPSOLILHG

0%6�VHWXS�ZDV�LQWURGXFHG��,W�ZDV�EDVHG�RQ�WKH�FDOFXODWLRQ�RI�WKH�VLQJOH�FRQWDFW��WKH�VLPXODWL�

RQ� RI� WKH� HQWLUH� V\VWHP�� DQG� WKH� H[SHULPHQWV� VKRZQ� KHUH�� $� QHZ� DXWRPDWLFDO� SDUDPHWHU�

YDULDWLRQ�IRU�356'�RSWLPL]DWLRQ�ZDV�GHVFULEHG�DV�ZHOO�DV�D�FRXSOLQJ�RI�0%6�PRGHOOLQJ�DQG

)LQLWH�(OHPHQW�0RGHOOLQJ��)(0��
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��� /LWHUDWXUYHU]HLFKQLV

$

>$�@�$PRQWRQV��*���'H�OD�5HVLVWDQFH�FDXVpH�GDQV�OHV�PDFKLQHV��WDQW�SDU�OHV�IURWWHPHQWV�GHV

SDUWLHV�TXL�OHV�FRPSRVHQW��TXH�SDU�OD�URLGHXU�GHV�FRUGHV��TX�RQ�\�HPSOR\H��HW�OD

PDQLqUH�GH�FDOFXOHU�O�XQ�GH�O�DXWUH�

0pPRLUHV�GH�0DWKHPDWLTXH�HW�GH�3K\VLTXH�SUpVHQWpV�j�O�$FDGpPLH��5R\DOH�GHV

6FLHQFHV��6�����II��������XQG�6�����II��������

%

>%�@�%U�VHU��3���8QWHUVXFKXQJHQ��EHU�GLH�HODVWRK\GURG\QDPLVFKH�6FKPLHUILOPGLFNH�EHL�HOOLS�

WLVFKHQ�.RQWDNWIOlFKHQ�

)DNXOWlW�I�U�0DVFKLQHQZHVHQ�XQG�(OHNWURWHFKQLN�GHU�7HFKQLVFKHQ�8QLYHUVLWlW

&DUROR�:LOKHOPLQLD�]X�%UDXQVFKZHLJ��'LVVHUWDWLRQ�������

>%�@�%|UQHFNH��.���5|VFK��+���5HWWLJ��+���.lVHU��:���+|VHO��7K���*UXQGODJHQYHUVXFKH�]XU

(UPLWWOXQJ�GHU�ULFKWLJHQ�+lUWHWLHIH�EHL�:lO]��XQG�%LHJHEHDQVSUXFKXQJ���$E�

VFKOX�EHULFKW�7HLO�,��)RUVFKXQJVYRUKDEHQ�1U����%HULFKWV]HLWUDXP���������

/DERUDWRULXP�I�U�:HUN]HXJPDVFKLQHQ�XQG�%HWULHEVOHKUH�GHU�5:7+�$DFKHQ

�:/=��/HKUVWXKO�I�U�:HUN]HXJPDVFKLQHQ�E]Z��)RUVFKXQJVVWHOOH�I�U�=DKQUlGHU

XQG�*HWULHEHEDX��)=*��GHU�7HFKQLVFKHQ�8QLYHUVLWlW�0�QFKHQ�

)RUVFKXQJVKHIW��)RUVFKXQJVYHUHLQLJXQJ�$QWULHEVWHFKQLN�H�9���+HIW���������

>%�@�%ORN��+���7KH�&DOFXODWLRQ�RI�6XUIDFH�7HPSHUDWXUH�XQGHU�([WUHPH�3UHVVXUH�/XEULFDWLRQ�

&RQGLWLRQV�

5R\DO�'XWFK�6KHOO�/DERUDWRU\��'HOIW�������

>%�@�%DOi]V��0���*RPEHUW��%���+lKQOH��0���+LU]LQJHU��*���6FKDHIHU��,���:LOOEHUJ��%��

3:*�$XVOHJXQJVSURJUDPP�XQG�'RNXPHQWDWLRQ�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN��-XOL������

>%�@�%U�VHU��3���%H\HU��+��-���$QDO\VH�YRQ�URWLHUHQGHQ�:lO]N|USHUSDDUXQJHQ�PLWWHOV�GHU�0H�

WKRGH�GHU�)LQLWHQ�(OHPHQWH��7HLO����$QDO\WLVFKH�/|VXQJHQ�

.RQVWUXNWLRQ�����6�����������6SULQJHU�9HUODJ�������

>%�@�%U�VHU��3���%H\HU��+��-���$QDO\VH�YRQ�URWLHUHQGHQ�:lO]N|USHUSDDUXQJHQ�PLWWHOV�GHU�0H�

WKRGH�GHU�)LQLWHQ�(OHPHQWH��7HLO����1XPHULVFKH�/|VXQJHQ�

.RQVWUXNWLRQ�����6�����������6SULQJHU�9HUODJ�������
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>%�@�%XWWHUID���-���(LQH�KRFKLQWHJULHUWH�PXOWLVHQVRULHOOH�9LHU�)LQJHU�+DQG�I�U�$QZHQGXQJHQ

LQ�GHU�6HUYLFHURERWLN�

'/5�2EHUSIDIIHQKRIHQ��5RERWLN�XQG�6\VWHPG\QDPLN��'LVVHUWDWLRQ�78�'DUP�

VWDGW��HLQJHUHLFKW�-XQL������

>%�@�%DOi]V��0���*RPEHUW��%���+lKQOH��0���+LU]LQJHU��*���:LOOEHUJ��%��

9RP�3ODQHWHQJHWULHEH�]XU�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO�

'/5�2EHUSIDIIHQKRIHQ��,QWHUQHU�%HULFKW��'/5�,%����������������

>%�@�%DOi]V��0���*RPEHUW��%���+lKQOH��0���+LU]LQJHU��*���6FKDHIHU��,���HW�DO��

'LH�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO��HLQ�³6SLQ�2II³�3URGXNW�DXV�GHU�GHXWVFKHQ

5DXPIDKUWIRUVFKXQJ�

'/5�2EHUSIDIIHQKRIHQ��,QWHUQHU�%HULFKW��'/5�,%����������������

>%��@�%DOi]V��0���*RPEHUW��%���+lKQOH��0���+LU]LQJHU��*���:LOOEHUJ��%��

'LH�'/5�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO�

'/5�2EHUSIDIIHQKRIHQ��,QWHUQHU�%HULFKW��'/5�,%����������������

>%��@�%DOi]V��0���6SLHFN��0���0XOWLERG\�6LPXODWLRQ�RI�D�1HZ�6SLQGOH�'ULYH�'HVLJQ�

3URFHHGLQJV�RI��(XURVLP�������+HOVLQNL��)LQODQG�������

>%��@�%DOi]V��0���6SLHFN��0���$QDO\VLV�RI�WKH�'/5�3ODQHWDU\�5ROOHU�6SLQGOH�'ULYH�

3URFHHGLQJV�RI��'(7&����������$60(�'HVLJQ�(QJLQHHULQJ�7HFKQLFDO�&RQIH�

UHQFH��$WODQWD��*$��86$�������

>%��@�%DOi]V��0���)LFNHU��(���+lKQOH��0���6SLHFN��0���'/5�3ODQHWDU\�5ROOHU�6SLQGOH�'ULYH�LQ

�6SDFHODE� 5RERW� 7HFKQRORJ\� ([SHULPHQW�� 0XOWLERG\� 6LPXODWLRQ�� DQG� 3KRWR�

HODVWLF�([SHULPHQW�

3URFHHGLQJV�RI� ���WK�'DQXELD�$GULD�6\PSRVLXP�RQ�([SHULPHQWDO�0HWKRGV� LQ

6ROLG�0HFKDQLFV��%HUWLQRUR��,WDO\�������

&

>&�@�&RXORPE��&��$���'LH�7KHRULH�HLQIDFKHU�0DVFKLQHQ�

0pPRLUHV�GH�PDWKpPDWLTXH�HW�GH�SK\VLTXH�GH�O¶$FDGpPLH�GHV�VFLHQFHV��6�����

����������

>&�@�&DUWHU��)��:���2Q�WKH�DFWLRQ�RI�D�ORFRPRWLYH�GULYLQJ�ZKHHO�

3URFHHGLQV�RI�WKH�3K\VLFDO�6RFLHW\�RI�/RQGRQ��6HULHV�$��9RO������������

'

>'�@�'L]LRJOX��%���*HWULHEHOHKUH�%DQG�����

)ULHGULFK�9LHZHJ�	�6RKQ��%UDXQVFKZHLJ�������
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>'�@�',1�������7���+lUWHWLHIH�ZlUPHEHKDQGHOWHU�7HLOH�

1RUPHQDXVVFKX��:lUPHEHKDQGOXQJVWHFKQLN�PHWDOOLVFKHU�:HUNVWRIIH�

'HXWVFKHV�,QVWLWXW�I�U�1RUPXQJ��%HXWK�9HUODJ��%HUOLQ�

>'�@�'HQQLV��-�(���6FKQDEHO��5�%���1XPHULFDO�0HWKRGV�IRU�8QFRQVWUDLQHG�2SWLPL]DWLRQ�DQG

1RQOLQHDU�(TXDWLRQV�

3UHQWLFH�+DOO��,QF���(QJOHZRRG�&OLIIV��1HZ�-HUVH\�������

>'�@�'LUVFKHUO��.���%HWUHXHU��%DOi]V��0���'HU�'/5�3:*�:LUNXQJVJUDGSU�IVWDQG��8VHU�0D�

QXDO��'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN�������

>'�@�'LHWULFK��-��*RPEHUW��%���9RUULFKWXQJ�]XU�8PZDQGOXQJ�HLQHU�'UHKEHZHJXQJ�LQ�HLQH

$[LDOEHZHJXQJ����(XURSlLVFKHV�3DWHQW�1U���������

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN�������

)

>)�@�)|SSO��/���'HU�6SDQQXQJV]XVWDQG�XQG�GLH�$QVWUHQJXQJ�GHV�:HUNVWRIIHV�EHL�GHU�%HU�K�

UXQJ�]ZHLHU�.|USHU�

)RUVFKXQJ�DXI�GHP�*HELHWH�GHV�,QJHQLHXUZHVHQV��%DQG����1U�����6HSW��2NW�

6HLWH����������%HUOLQ�������

>)�@�)URPP��+���%HUHFKQXQJ�GHV�6FKOXSIHV�EHLP�5ROOHQ�GHIRUPLHUEDUHU�6FKHLEHQ�

=HLWVFKULIW�I�U�DQJHZDQGWH�0DWKHPDWLN�XQG�0HFKDQLN��%DQG����+HIW����6�����

���������

*

>*�@�*HXSHO��+���)O�VVLJNHLWVUHLEXQJ�EHL�3XQNWEHU�KUXQJ�

'LVVHUWDWLRQ�7+�0�QFKHQ�������

>*�@�*DJJHUPHLHU��+���8QWHUVXFKXQJHQ�]XU�5HLENUDIW�EHUWUDJXQJ�LQ�5HJHO��5HLEUDGJHWULHEHQ

LP�%HUHLFK�HODVWRK\GURG\QDPLVFKHU�6FKPLHUXQJ�

'LVVHUWDWLRQ�78�0�QFKHQ�������

>*�@�YRQ�*HOOHUW��:���.�VWQHU��+���+HOOZLFK��0���.lVWQHU��+���5HLFKKDUW��+��

.OHLQH�(Q]\NORSlGLH���0DWKHPDWLN�

���$XIODJH��9(%�9HUODJ�(Q]\NORSlGLH�/HLS]LJ��/HLS]LJ�������

>*�@�*UHEHQVWHLQ��0���(QWZLFNOXQJ�HLQHV�HOHNWURPHFKDQLVFKHQ�6WHOODQWULHEHV�I�U�GHQ�ÄEUDNH

E\�ZLUH³�(LQVDW]�PLW�GHU�'/5�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN��'LSORPDUEHLW�

�����
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>*�@�*DEHOEHUJHU��-���%HWUHXHU��%DOD]V��0���(QWZLFNOXQJ�HLQHV�PXOWLVHQVRULHOOHQ�*UHLIHUV�I�U

GLH�PLQLPDO�LQYDVLYH�&KLUXUJLH��,QWHUQHU�%HULFKW�'/5�,%������������������

+

>+�@�+HUW]��+���hEHU�GLH�%HU�KUXQJ�IHVWHU�HODVWLVFKHU�.|USHU�XQG��EHU�GLH�+lUWH�

-RXUQDO�I�U�UHLQH�XQG�DQJHZDQGWH�0DWKHPDWLN������&HOOH�������

DXFK�LQ�� +��+HUW]��*HVDPPHOWH�:HUNH��%DQG����-�$��%DUWK��/HLS]LJ�������

>+�@�+lKQOH��0���6SDQQXQJV��XQG�9HUIRUPXQJVDQDO\VH�DQ�HLQHU�3ODQHWHQ�:lO]�

*HZLQGHVSLQGHO�PLW�SK\VLNDOLVFKHQ��VSDQQXQJVRSWLVFKHQ��XQG�QXPHULVFKHQ

0HWKRGHQ�

'/5�2EHUSIDIIHQKRIHQ�XQG�78�0�QFKHQ��'LSORPDUEHLW�������

DXFK�LQ��+lKQOH��0���%DOi]V��0���6SDQQXQJV��XQG�9HUIRUPXQJVDQDO\VH�DQ�HLQHU�3ODQHWHQ�

:lO]�*HZLQGHVSLQGHO�PLW�SK\VLNDOLVFKHQ��VSDQQXQJVRSWLVFKHQ��XQG�QXPHUL�

VFKHQ�0HWKRGHQ�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN��,QWHUQHU�%H�

ULFKW�1U������������������

>+�@�+lKQOH��0���$OEX�6FKlIHU��$���%HVFKUHLEXQJ�GHV�'/5�3U�IVWDQGV�]XU�0HVVXQJ�GHV�:LU�

NXQJVJUDGHV�YRQ�/LQHDUWULHEHQ�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN��-XOL������

,

>,�@�,1$��3DODQG��(��*���7HFKQLVFKHV�7DVFKHQEXFK�

,1$�:lO]ODJHU�6FKlIIOHU�.*��+HU]RJHQDXUDFK��)UDQNHQGUXFN�������

.

>.�@�.UDJHOVNL��,�9���hEHU�GLH�5HLEXQJ�XQJHVFKPLHUWHU�2EHUIOlFKHQ�

$OOXQLRQVNRQIHUHQ]��EHU�5HLEXQJ�XQG�9HUVFKOHL��LQ�0DVFKLQHQ��%DQG���

9HUODJ�GHU�$NDGHPLH�GHU�:LVVHQVFKDIWHQ�GHU�8G665�������

>.�@�.DONHU��-��-���7KUHH�'LPHQVLRQDO�(ODVWLF�%RGLHV�LQ�5ROOLQJ�&RQWDFW�

.OXZHU�$FDGHPLF�3XEOLVKHUV��'RUGUHFKW�%RVWRQ�/RQGRQ�������

>.�@�.UDJHOVNL�,��9���'RE\FLQ�0��1���.RPEDORY��9��6���*UXQGODJHQ�GHU�%HUHFKQXQJ�YRQ�5HL�

EXQJ�XQG�9HUVFKOHL��

&DUO�+DQVHU�9HUODJ��0�QFKHQ�:LHQ�������

>.�@�.RUW�P��:���/XJQHU��3���6\VWHPG\QDPLN�XQG�5HJHOXQJ�YRQ�)DKU]HXJHQ�

6SULQJHU�9HUODJ�������
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>.�@�.QRWKH��.���0LHGOHU��8��� $QDO\WLVFKH�1lKHUXQJVIRUPHO� I�U� GHQ� 5ROOZLGHUVWDQG� HODVWL�

VFKHU�XQG�YLVNRHODVWLVFKHU�:DO]HQ�

.RQVWUXNWLRQ�����6�����������6SULQJHU�9HUODJ�������

>.�@�.QRWKH��.��� 6WLFKHO�� 6���'LHW]�� 6W��� .RQ]HSW� I�U� HLQHQ� %HWULHEVIHVWLJNHLWVQDFKZHLV� DXI�

JUXQG�JHNRSSHOWHU�)(�0.6�6LPXODWLRQVUHFKQXQJHQ�

.RQVWUXNWLRQ�����6���������6SULQJHU�9HUODJ�������

/

>/�@�/XW]��2���*UXQGVlW]OLFKHV��EHU�VWXIHQORV�YHUVWHOOEDUH�:lO]JHWULHEH��HUVWH�0LWWHLOXQJ�

� =HLWVFKULIW�I�U�.RQVWUXNWLRQ�����-DKUJDQJ��+HIW���������

>/�@�/XW]��2���*UXQGVlW]OLFKHV��EHU�VWXIHQORV�YHUVWHOOEDUH�:lO]JHWULHEH��]ZHLWH�0LWWHLOXQJ�

� =HLWVFKULIW�I�U�.RQVWUXNWLRQ�����-DKUJDQJ��+HIW���������

>/�@�/XW]��2���*UXQGVlW]OLFKHV��EHU�VWXIHQORV�YHUVWHOOEDUH�:lO]JHWULHEH��GULWWH�0LWWHLOXQJ�

=HLWVFKULIW�I�U�.RQVWUXNWLRQ������-DKUJDQJ��+HIW����������

>/�@�/XW]��2���hEHU�HLQH�QHXH�)RUP�GHU�5H\QROGVVFKHQ�*OHLFKXQJ�]XU�6FKPLHU�+\GUR�

G\QDPLN�

,QJHQLHXU��$UFKLY�����%DQG��6HLWH���������������

>/�@�/DQJH��7K���6FKOHJHO��&���.�QVWOLFKH�)HGHU�DXI�%DVLV�HLQHV�0RWRUV�PLW�3ODQHWHQ�:lO]�

*HZLQGHVSLQGHO���$XIEDX�HLQHV�'HPRQVWUDWLRQVH[SHULPHQWHV�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5%�,27��,QWHUQHU�%HULFKW�������

0

>0�@�0DD���+���8QWHUVXFKXQJHQ��EHU�GLH�LQ�+HUW]
VFKHQ�)OlFKHQ��EHUWUDJEDUHQ�8PIDQJV�

NUlIWH�

'LVVHUWDWLRQ�DQ�GHU�7+�%UDXQVFKZHLJ�������

>0�@�0lJL��0���2Q�)ULFWLRQ�DW�(OOLSWLFDO�+HUW]LDQ�&RQWDFW�$UHDV�ZLWK�6SHFLDO�5HIHUHQFH�WR

9DULDEOH�'ULYH�$SSOLFDWLRQ�

'LVVHUWDWLRQ�DQ�GHU�&KDOPHUV�7HNQLVND�+|JVNRODV��*RWKHQEXUJ�������

>0�@�0lJL��0��2Q�(IILFLHQFLHV�RI�0HFKDQLFDO�&RSODQDU�6KDIW�3RZHU�7UDQVPLVVLRQV�

5HSRUW�IURP�WKH�'LYLVLRQ�RI�0DFKLQH�(OHPHQWV�

&KDOPHUV�8QLYHUVLW\�RI�7HFKQRORJ\��*RWKHEXUJ�������

>0�@�0LFKDHOLV��.���'LYHUVH�+LQZHLVH�LQ�PHKUHUHQ�8QWHUKDOWXQJHQ�

)DNXOWlW�I�U�0DVFKLQHQEDX��/HKUVWXKO�I�U�0DVFKLQHQHOHPHQWH�XQG�)RUVFKXQJV�

VWHOOH�I�U�=DKQUlGHU�XQG�*HWULHEHWHFKQLN��78�0�QFKHQ������������
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>0�@�0|QFK��(���)|SSO��/���3UDNWLVFKH�6SDQQXQJVRSWLN�

���$XIODJH��6SULQJHU�9HUODJ�������

>0�@�0H\EHUJ��.���9DFKHQDXHU��3���+|KHUH�0DWKHPDWLN���

6SULQJHU�9HUODJ�������

>0�@�0R\HU��&K��$���2EHUIOlFKHQVFKlGHQ�DQ�9HU]DKQXQJHQ�XQG�:lO]ODJHUQ�

.RQVWUXNWLRQ�����6���������6SULQJHU�9HUODJ�������

1

>1�@�1LHPDQQ��*���*HXSHO��+���)O�VVLJNHLWVUHLEXQJ�EHL�3XQNWEHU�KUXQJ�

=��.RQVWUXNWLRQ�����+HIW�����6HLWH���������������

>1�@� 1DUXVH�� &K��� 1HPRWR�� 5�� +DL]XND�� 6K��� (LQIOX�� GHU� 2EHUIOlFKHQEHKDQGOXQJ� XQG� GHU

6FKPLHUXQJ�DXI�GLH�)ODQNHQWUDJIlKLJNHLW�JHUDGYHU]DKQWHU�6WLUQUlGHU�

.RQVWUXNWLRQ�����6�����������6SULQJHU�9HUODJ�������

>1�@�1HWWHU��+���5DG�6FKLHQH�6\VWHPH�LQ�GLIIHUHQWLDODOJHEUDLVFKHU�'DUVWHOOXQJ�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�))�'5��'LVVHUWDWLRQ�������

>1�@�1LHPDQQ��*���0DVFKLQHQHOHPHQWH���.RQVWUXNWLRQ�XQG�%HUHFKQXQJ�YRQ�9HUELQGXQJHQ�

/DJHUQ��:HOOHQ�

=ZHLWH�$XIODJH��%DQG����6HLWH����������6SULQJHU�9HUODJ�������

3

>3�@�3IHLIIHU��)���(LQI�KUXQJ�LQ�GLH�'\QDPLN�

7HXEQHU�6WXGLHQE�FKHU��/HLWIlGHQ�GHU�DQJHZDQGWHQ�0DWKHPDWLN�XQG�0HFKDQLN

�/$00���%�*��7HXEQHU�9HUODJ�6WXWWJDUW�������

5

>5�@�5RORII��+���0DWHN��:���$QKDQJ�]X�0DVFKLQHQHOHPHQWH���1RUPXQJ��%HUHFKQXQJ��*HVWDO�

WXQJ��

9LHZHJ�9HUODJ��%UDXQVFKZHLJ�������

>5�@�5|VFK��+���8QWHUVXFKXQJHQ�]XU�:lO]IHVWLJNHLW�YRQ�5ROOHQ���(LQIOX��YRQ�:HUNVWRII��:lU�

PHEHKDQGOXQJ�XQG�6FKOXSI�

)DFKEHUHLFK�I�U�0DVFKLQHQZHVHQ��/HKUVWXKO�I�U�0DVFKLQHQHOHPHQWH�GHU�78

0�QFKHQ��'LVVHUWDWLRQ�������

>5�@�5RVXP��-���7LOFK��'���*UXQGODJHQXQWHUVXFKXQJ�YRQ�5ROOHQJHZLQGHWULHEHQ�

78�.DUOVUXKH��,QWHUQHU�%HULFKW�������
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6

>6�@�6FKRXWHQ��,U��0��-��:���(ODVWRK\GURG\QDPLVFKH�6FKPLHUXQJ���(LQIOX��HODVWRK\GURG\QD�

PLVFKHU�6FKPLHUXQJ�DXI�5HLEXQJ��9HUVFKOHL��XQG�/HEHQVGDXHU�YRQ�$QWULHEHQ�

)RUVFKXQJVNXUDWRULXP�0DVFKLQHQEDX��/DERU�I�U�$QWULHEVWHFKQLN�GHU�7HFKQL�

VFKHQ�+RFKVFKXOH�(LQGKRYHQ��)RUVFKXQJVKHIW�����)UDQNIXUW�D��0��������

>6�@�6W|�O��.���5HLEXQJV]DKOHQ�XQWHU�HODVWRK\GURG\QDPVLFKHQ�%HGLQJXQJHQ���9HUVXFKVHUJHE�

QLVVH�DQ�KRFKEHODVWHWHQ�*OHLW�:lO]�3DDUXQJHQ�

'LVVHUWDWLRQ�7+�0�QFKHQ�������

>6�@�6FKZHUWDVVHN��5���5REHUWVRQ��5�(���'\QDPLFV�RI�0XOWLERG\�6\VWHPV

6SULQJHU�9HUODJ�������

>6�@�6HYHULQ��'���8QWHUVXFKXQJHQ�DQ�:lO]JHWULHEHSDDUXQJHQ���%RKUPRPHQWH��7DQJHQWLDO�

NUlIWH��XQG�5HLEZHUWH�LQ�HOOLSVHQI|UPLJHQ�+HUW]¶VFKHQ�%HU�KUIOlFKHQ�PLW�NOHL�

QHQ�$FKVYHUKlOWQLVVHQ�

)DNXOWlW�I�U�0DVFKLQHQZHVHQ�GHU�78�%HUOLQ��'LVVHUWDWLRQ������

>6�@�6FKRXWHQ��,U��0��-��:��6���(ODVWRK\GURG\QDPLVFKH�6FKPLHUXQJ���(LQIOX��HODVWRK\GURG\�

QDPLVFKHU�6FKPLHUXQJ�DXI�5HLEXQJ��9HUVFKOHL��XQG�/HEHQVGDXHU�YRQ�$QWULH�

EHQ�

/DERU�I�U�$QWULHEVWHFKQLN�GHU�7HFKQLVFKHQ�+RFKVFKXOH�(LQGKRYHQ�

)RUVFKXQJVKHIW����������

>6�@�6WULHEHFN��5���.XJHOODJHU�I�U�EHOLHELJH�%HODVWXQJHQ�

0LWW��)RUVFK��$UE��9',����%HUOLQ�������XQG�=��9',�������������������

>6�@�6SLHFN��0���0RGHOOLHUXQJ�GHU�'/5�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO�

'/5�2EHUSIDIIHQKRIHQ��'LSORPDUEHLW�78�0�QFKHQ�������

DXFK�LQ��%DOi]V��0���6SLHFN��0���0RGHOOLHUXQJ�GHU�'/5�3ODQHWHQ�:lO]�*HZLQGHVSLQGHO�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN��,QWHUQHU�%H�

ULFKW�1U������������������

>6�@�6FKLHOHQ��:�2���7HFKQLVFKH�'\QDPLN�

7HXEQHU�6WXGLHQE�FKHU��/HLWIlGHQ�GHU�DQJHZDQGWHQ�0DWKHPDWLN�XQG�0HFKDQLN

�/$00���%�*��7HXEQHU�9HUODJ�6WXWWJDUW�������

>6�@�6SLHFN��0���6LPSDFN��86(5�5287,1(1�Ä3:*�IRUFH�HOHPHQW�63,1'(/³�XQG�Ä3:*�

IRUFH�HOHPHQW�0877(5³�
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'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�5RERWLN�XQG�6\VWHPG\QDPLN��3URJUDPP�

GRNXPHQWDWLRQ�������

>6��@�6WHLQHUW��7K���1HXHV�9HUIDKUHQ�]XU�%HUHFKQXQJ�GHU�5HLEXQJ�LQ�.XJHOODJHUQ�

=HLWVFKULIW�I�U�.RQVWUXNWLRQ�����6����������������

7

>7�@�7KH\VH��)�+���'LH�%OLW]WHPSHUDWXUK\SRWKHVH�QDFK�%ORN�XQG�LKUH�SUDNWLVFKH�$QZHQGXQJ

EHL�=DKQUlGHUQ��6FKPLHUWHFKQLN�����1U�����6��������������

>7�@�7UDXWHQEHUJ��:���%LGLUHNWLRQDOH�.RSSOXQJ�]ZLVFKHQ�&$'��XQG�0HKUN|USHUV\VWHPHQ�

'/5�2EHUSIDIIHQKRIHQ��$EWHLOXQJ�))�'5��'LVVHUWDWLRQ�������

9

>9�@�GD�9LQFL��/���7KH�1RWHERRNV�

'RYHU��1<�������

:

>:�@�:HUQLW]��:���%HVWLPPXQJ�GHU�%RKUPRPHQWH�EHL�+HUW]
VFKHU�3UHVVXQJ�PLW�3XQNWEHU�K�

UXQJ�

)ULHGULFK�9LHZHJ�	�6RKQ��%UDXQVFKZHLJ�������

>:�@�:LQWHU��+���*DJJHUPHLHU��+���9HUVXFKH�]XU�.UDIW�EHUWUDJXQJ�LQ�9HUVWHOO��5HLEUDGJH�

WULHEHQ�LP�%HUHLFK�HODVWRK\GURG\QDPLVFKHU�6FKPLHUXQJ��7HLO����

.RQVWUXNWLRQ�����+HIW����6�������6SULQJHU�9HUODJ�������

>:�@�:LQWHU��+���*DJJHUPHLHU��+���9HUVXFKH�]XU�.UDIW�EHUWUDJXQJ�LQ�9HUVWHOO��5HLEUDGJH�

WULHEHQ�LP�%HUHLFK�HODVWRK\GURG\QDPLVFKHU�6FKPLHUXQJ��7HLO����

.RQVWUXNWLRQ�����+HIW����6���������6SULQJHU�9HUODJ�������

>:�@�:�QVFK��'��6FKOHFKW��%��5XOND��:���0HKUN|USHUVLPXODWLRQ� LP�0DVFKLQHQ��XQG�$QOD�

JHQEDX�

.RQVWUXNWLRQ�����6�����������6SULQJHU�9HUODJ�������

>:�@�:HUQLW]��:���)ULFWLRQ�DW�+HUW]LDQ�&RQWDFW�ZLWK�&RPELQHG�5ROO�DQG�7ZLVW�

5ROOLQJ�&RQWDFW�3KHQRPHQD��(OHVHYLHU�3XEO��&RPS��������

=

>=�@�=ROOHU��0���%HWUHXHU��%DOi]V��0���$XVOHJXQJ�XQG�.RQVWUXNWLRQ�HLQHU�VHPL�DNWLYHQ�'URVVHO

I�U�GHQ�6WR�GlPSIHU�HLQHV�$LUEXV�%XJIDKUZHUNHV�

'/5�2EHUSIDIIHQKRIHQ��,QWHUQHU�%HULFKW�'/5�,%����������������
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����� %RKUUHLEXQJ�QDFK�/87=��0$$��XQG�:(51,7=

,P�.DSLWHO���ZXUGH�GLH�0|JOLFKNHLW�DQJHULVVHQ��NRPELQLHUWH�:lO]�%RKUUHLEXQJ�PLW�+LOIH�GHU
:lO]JHWULHEHWKHRULH� YRQ�/87=� >/�� �� /�@� XQG� GHQ� GDUDXI� DXIEDXHQGHQ�8QWHUVXFKXQJHQ� YRQ
:(51,7=�>:�@��0$$��>0�@�XQG�0b*,�>0����0�@�]X�EHKDQGHOQ�
1DFK�/87=�XQWHUVFKHLGHW�PDQ�LQ�GHU�.ODVVH�GHU�*HWULHEH��EHL�GHQHQ�GHU�.UDIWIOX��YRQ�$QWULHE
]X�$EWULHE�GXUFK�5HLEVFKOX��HUIROJW��]ZLVFKHQ�5HLEJHWULHEHQ�XQG�:lO]JHWULHEHQ��%HL�:lO]�
JHWULHEHQ�OLHJW� LQ�GHQ�.RQWDNWIOlFKHQ�� LP�*HJHQVDW]�]X�5HLEJHWULHEHQ��HLQH�ERKUHQGH�%HZH�
JXQJ�GHU�5HLEN|USHU�]XHLQDQGHU�YRU�
/87=�I�KUW�I�U�:lO]JHWULHEH�QHEHQ�GHP�LP�$XVODXIYHUVXFK�I�U�GLH�MHZHLOLJH�*HRPHWULH��0D�
WHULDOSDDUXQJ�XQG�6FKPLHUXQJ�XQWHU�UHLQHP�%RKUHQ�HUPLWWHOWHQ�%RKUUHLEXQJVNRHIIL]LHQWHQ�µ

%

HLQHQ�GLH�/HLVWXQJV�EHUWUDJXQJ�LQ�1XW]ULFKWXQJ�EHVFKUHLEHQGHQ�1XW]UHLEZHUW�µ
1
�HLQ�

µ
1

5 1XW]

1

)

)
= � �

9HUJOHLFKH�GD]X�LQVEHVRQGHUH�DXFK�PLW�$EE�������
'HU�1XW]UHLEZHUW� µ

1
�VWHOOW�HLQ�%HXUWHLOXQJVNULWHULXP�I�U�GLH��NRQVWUXNWLYH�*�WH��GHU�EHKDQ�

GHOWHQ�:lO]SDDUXQJ�GDU��(U�LVW�LQ�HUVWHU�/LQLH�DEKlQJLJ�YRQ�GHU�$XVZDQGHUXQJ�GHV�'UHKSROV
DXV�GHU�0LWWH�GHU��+(57=VFKHQ��.RQWDNWIOlFKH��%HJLQQHQG�EHL� µ

1
� ���I�U�GHQ�)DOO�GHV�UHLQHQ

%RKUHQV��NHLQH�$XVZDQGHUXQJ���VWHLJW�GHU�1XW]UHLEZHUW�]XQlFKVW�DQQlKHUQG�OLQHDU�]XU�'UHK�
SROYHUODJHUXQJ�XQG�QlKHUW�VLFK�GDQQ�I�U�'UHKSROODJHQ�DX�HUKDOE�GHU�.RQWDNWIOlFKH�DV\PSWR�
WLVFK�GHP�*UHQ]ZHUW�µ%��'D�GHU�6FKOXSI�DP�.RQWDNW�SURSRUWLRQDO�PLW�GHU�'UHKSROYHUODJHUXQJ
VWHLJW��H[LVWLHUW� I�U�:lO]JHWULHEH�HLQ�:LUNXQJVJUDGRSWLPXP�]ZLVFKHQ�GHQ�([WUHPSRVLWLRQHQ
RKQH�/HLVWXQJV�EHUWUDJXQJ��$�� UHLQHV�%RKUHQ� �NHLQH�7DQJHQWLDONUDIW�� XQG�%�� UHLQHV�*OHLWHQ
�$EWULHE� VWHKW��� /87=� EHUHFKQHW� I�U� NUHLVI|UPLJH� +(57=VFKH� .RQWDNWH� GDV� 2SWLPXP� GHU
'UHKSROYHUODJHUXQJ�EHL�GHP������IDFKHQ�GHV�5DGLXV�GHU�%HU�KUIOlFKH�XQG�HUZDUWHW�lKQOLFKH
9HUKlOWQLVVH�EHL�HOOLSWLVFKHQ�.RQWDNWHQ��GHUHQ�+DOEPHVVHU�QLFKW�]X�VWDUN�YRQHLQDQGHU�DEZHL�
FKHQ��'HU�YRQ�LKP�HLQJHI�KUWH�1XW]XQJVJUDG�ν1�DOV�GHU�4XRWLHQW�YRQ�1XW]UHLEKZHUW�µ1�XQG
*OHLWUHLEXQJVNRHIIL]LHQW�µ%��EHWUlJW�GDQQ������:(51,7=�HUKlOW�DOV�:HUW������
$XV�GHU�$XVZHUWXQJ�YRQ�:LUNXQJVJUDG�XQG�6FKOXSI�DQ�HLQHU�NUHLVI|UPLJHQ�.RQWDNWVWHOOH�JDE
/87=�IROJHQGH�(PSIHKOXQJHQ�I�U�GLH�*HVWDOWXQJ�YRQ�:lO]JHWULHEHQ�
− 'LH�:lO]EHODVWXQJ�GHU�hEHUWUDJXQJVVWHOOHQ�VROO�JHULQJ�EOHLEHQ��YLHOH�.RQWDNWH�PLW�JHULQJHU

%HODVWXQJ�VLQG�J�QVWLJHU�DOV�ZHQLJH�PLW�KRKHU�%HODVWXQJ�
− 'HU�:LUNXQJVJUDG�VWHLJW�PLW�GHP�(ODVWL]LWlWVPRGXO�GHU�YHUZHQGHWHQ�:HUNVWRIIH�
− 'HU�1XW]XQJVJUDG�ν1��GDV�9HUKlOWQLV�µ1�]X�µ%��VROO�LP�JHVDPWHQ�%HWULHEVEHUHLFK�]ZLVFKHQ

����XQG�����OLHJHQ��'DPLW�LVW�EHL�GHQ�PHLVWHQ�$QZHQGXQJHQ�HLQH�5HJHOXQJ�GHV�$QSUH��
GUXFNV�LQ�$EKlQJLJNHLW�YRQ�GHU��EHUWUDJHQHQ�5HLEXQJVNUDIW�HUIRUGHUOLFK�

- )�U�GLHVHQ�%HWULHEVEHUHLFK�OLHJW�GHU�'UHKSRO�QRFK� LQQHUKDOE�GHU�+(57=VFKHQ�)OlFKH��'HU
$EVWDQG� ]ZLVFKHQ�'UHKSRO� XQG�$QJULIIVSXQNW� GHU�5HLEXQJVNUDIW� VFKZDQNW� GDEHL� LQ� GHP
YHUKlOWQLVPl�LJ�HQJHQ�%HUHLFK�YRQ�����ELV�����GHV�.RQWDNWIOlFKHQGXUFKPHVVHUV�
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%HVWLPPXQJ�GHV�%RKUPRPHQWHV�RKQH�XQG�PLW�7DQJHQWLDONUDIWZLUNXQJ

*HJHEHQ�VHL�HLQH�NUHLVI|UPLJH�.RQWDNWIOlFKH�GHV�5DGLXV�D��DXI�GHU�HLQH�HOOLSWLVFKH�1RUPDO�
NUDIWYHUWHLOXQJ� �+(57=VFKH� 3UHVVXQJ��PLW� GHP�6FKHLWHOZHUW� S�� ODVWHW�� 'LH� |UWOLFKH� )OlFKHQ�
SUHVVXQJ�KlQJW�QXU�YRP�5DGLXV�U�DE�XQG�ZLUG�PLW�SU�EH]HLFKQHW�
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$EE��������,QILQLWHVLPDOHV�)OlFKHQVW�FN�GHU�.RQWDNWIOlFKH

'HU�'UHKSRO�GHU�%RKUEHZHJXQJ�OLHJH�LP�0LWWHOSXQNW�GHU�.UHLVIOlFKH��UHLQHV�%RKUHQ���$XI�HLQ
LQILQLWHV�)OlFKHQVW�FNV�G$�GLHVHU�.UHLVIOlFKH�
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$QDORJ� NDQQ� GDV� %RKUPRPHQW� HLQHU� HOOLSWLVFKHQ� .RQWDNWIOlFKH� PLW� +(57=VFKHU� 3UHV�
VXQJVYHUWHLOXQJ�EHUHFKQHW�ZHUGHQ�

GU
U Gϕ

D

E

ϕ

U�����ϕ�

$EE��������,QILQLWHVLPDOHV�)OlFKHQVW�FN�GHU�HOOLSWLVFKHQ�.RQWDNWIOlFKH

'LH�REHUH�,QWHJUDWLRQVJUHQ]H�GHV�LQQHUHQ�,QWHJUDOV�EH]LHKW�VLFK�KLHU�DXI�GHQ�5DQG�GHU�.RQWDNW�
IOlFKH��%HLP�.UHLV�NRQQWH�GHU�NRQVWDQWH�5DGLXV�D�HLQJHVHW]W�ZHUGHQ��EHL�GHU�(OOLSVH� LVW� GHU
5DGLXV�U

�
�DEHU�YRP�:LQNHO�ϕ� DEKlQJLJ��'HU�=XVDPPHQKDQJ� ODXWHW�PLW�GHQ�EHNDQQWHQ�+DO�

EDFKVHQ�D�XQG�E�

�

�

�

�

�

�

�U D E
= +VLQ FRVϕ ϕ

�

$OV�(UJHEQLV� GHU� ,QWHJUDWLRQ� GHU�%RKUPRPHQWDQWHLOH�G0� EHL� GHU�(OOLSVH� HUKlOW�PDQ� I�U� GDV
%RKUPRPHQW�
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GLHVHV� ,QWHJUDO� Ol�W� VLFK� QLFKW� JHVFKORVVHQ� DXVZHUWHQ��'LH� DXVSODQLPHWULHUWHQ�:HUWH� I�U� GDV
%RKUPRPHQW�EHL�NRPELQLHUWHP�*OHLWHQ�XQG�%RKUHQ�XQWHU�7DQJHQWLDONUDIW�ILQGHQ�VLFK�DOV�=X�
VWDQGVGLDJUDPP�EHL�:(51,7=���VLHKH�$EE�������
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$QKDQG�GHU�.HQQWQLV�GHV�%RKUPRPHQWV��GHU�/DJH�GHV�'UHKSROV�XQG�GHU�7DQJHQWLDONUDIW�Ol�W
VLFK�OHLFKW�GLH�3RVLWLRQ�GHV�.UDIWSROV�HUPLWWHOQ��,VW�O

1
�GHU�$EVWDQG�GHV�.UDIWSROV�YRP�'UHKSRO�

VR�JLOW�QDFK�:(51,7=�
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:(51,7=�ZHUWHWH� DXFK� GHQ� /HLVWXQJVYHUOXVW� DQ� HLQHU� %HU�KUVWHOOH� LQ� $EKlQJLJNHLW� YRQ� GHU
*HVWDOW�GHU�+(57=VFKHQ�.RQWDNWIOlFKH�DXV��'LH�RSWLPDOH�.RQVWHOODWLRQ�HUJDE�VLFK�EHL�HLQHP
+DOEDFKVHQYHUKlOWQLV�YRQ���������GLH�JU|�HUH�+DOEDFKVH�ELOGHW�GDEHL�PLW�GHU�9HUELQGXQJVOLQLH
YRQ�'UHK��XQG�.UDIWSRO�HLQHQ�UHFKWHQ�:LQNHO���XQG�HLQHQ�1XW]XQJVJUDG�YRQ������%HL�HLQHU
9HUlQGHUXQJ�GHV�+DOEDFKVHQYHUKlOWQLVVHV��EHU�GHQ�:HUW����.UHLVIOlFKH��KLQ�]X�Pl�LJ�ODQJJH�
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VWUHFNWHQ�(OOLSVHQ��+DOEDFKVHQYHUKlOWQLV�!���JU|�HUH�+DOEDFKVH�SDUDOOHO�]XU�9HUELQGXQJVOLQLH
YRQ�'UHK��XQG�.UDIWSRO��WUDW�NHLQH�VLJQLILNDQWH�(UK|KXQJ�GHV�/HLVWXQJVYHUOXVWHV�DXI��GLH�]X�
JHK|ULJH�$XVQXW]XQJ�YHUVFKRE�VLFK�GDEHL�LQ�5LFKWXQJ�HLQHV�K|KHUHQ�1XW]XQJVJUDGV�
0HVVXQJHQ� ]XU� NRPELQLHUWHQ� :lO]�%RKUUHLEXQJ� I�KUWHQ� X�D�� :(51,7=�� 0$$�� XQG� 0b*,

GXUFK�� %HVRQGHUV� LQWHUHVVDQW� KLQVLFKWOLFK� GHU� $QZHQGEDUNHLW� I�U� GLH� 3ODQHWHQ�:lO]�
*HZLQGHVSLQGHO�VLQG�GLH�9HUVXFKH�YRQ�0$$���(U�XQWHUVXFKWH�GLH�5HLEXQJVNRHIIL]LHQWHQ�EHL
NRPELQLHUWHU�:lO]�%RKUUHLEXQJ� EHL� GHQ�$QRUGQXQJHQ�.XJHO� JHJHQ�.HJHOZDO]H� XQG�.XJHO
JHJHQ�]\OLQGULVFKH�:DO]H��'LH�HUVWH�.RPELQDWLRQ�HQWVSULFKW�JHQDX�GHQ�9HUKlOWQLVVHQ�DP�3OD�
QHW�0XWWHU�.RQWDNW�GHU�/RZ�&RVW�3:*�

$EE��������=XVWDQGVGLDJUDPP�I�U�HOOLSWLVFKH�.RQWDNWIOlFKHQ�>:���%LOG���@
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����� )HUWLJXQJV]HLFKQXQJHQ�GHU�/RZ�&RVW�3:*

$EE��������=XVDPPHQEDX]HLFKQX]QJ�GHU�/RZ�&RVW�3:*
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�$EE��������3ODQHW�GHU�/RZ�&RVW�3:*
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$EE��������0XWWHU�GHU�/RZ�&RVW�3:*
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$EE��������'LVWDQ]VFKHLEH�GHU�/RZ�&RVW�3:*
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����� %HLVSLHOUHFKQXQJ

)�U�GLH�/2:�&267�3:*�ZLUG�KLHU�EHLVSLHOKDIW�GLH�$XVZLUNXQJ�YRQ�6FKOXSI�LQ�EHLGHQ�.RQ�

WDNWJUXSSHQ�EHUHFKQHW��$XV�GHQ�0H�ZHUWHQ�GHU�3U�IVWDQGVYHUVXFKH�NDQQ�GHU]HLW� QRFK�QLFKW

HUPLWWHOW�ZHUGHQ��ZLH�GHU�6FKOXSI�DXI�GLH�.RQWDNWJUXSSHQ�YHUWHLOW�LVW��$XV�GHU�%HUHFKQXQJ�GHU

3:*�DOV�0HKUN|USHUV\VWHPV��.DSLWHO����LVW�DEHU�EHNDQQW��GD��MH�QDFK�$QWULHEV��XQG�hEHUWUD�

JXQJVIDOO� GHU�6FKOXSI� LQ� GHQ�.RQWDNWJUXSSHQ� LQ� YHUlQGHUOLFKHU�+|KH� DXIWULWW�� DEKlQJLJ� YRQ

$QWULHEVPRPHQW� XQG� $QWULHEVGUHKULFKWXQJ�� 8P� GLH� $XVZLUNXQJHQ� GHV� 6FKOXSIHV� DXI� GDV

hEHUWUDJXQJVYHUKDOWHQ�GHU�3:*�LP�%HUHLFK�UHDO�DXIWUHWHQGHU�6FKOXSIZHUWH�]X�HUOlXWHUQ��ZHU�

GHQ�KLHU�GLH�*HVDPWVWHLJXQJHQ�HLQHU�/RZ�&RVW�3:*�I�U�YHUVFKLHGHQ�KRKH�6FKOXSIZHUWH�EH�

UHFKQHW��'HU�LQ�GHQ�7DEHOOHQ�DQJHJHEHQH�6FKOXSI�LVW�MHZHLOV�EH]RJHQ�DXI�GLH�'XUFKPHVVHUlQ�

GHUXQJ�HQWVSUHFKHQG�GHU�'UHKSRO��E]Z��'UHKDFKVDXVZDQGHUXQJ��DXVJHKHQG�YRQ�GHQ�MHZHLOL�

JHQ�:lO]NUHLVGXUFKPHVVHUQ�EHL�VFKOXSIIUHLHU�hEHUWUDJXQJ�

,Q� GHU� %HLVSLHOUHFKQXQJ� ZLUG� HLQH� 3:*� PLW� DQJHWULHEHQHU� 6SLQGHOVWDQJH� EHWUDFKWHW�� 'D

6FKOXSI�LPPHU�HLQH�9HUVFKOHFKWHUXQJ�GHV�hEHUWUDJXQJVYHUKDOWHQV�YHUXUVDFKW��VHQNW�HU�EHL�GHU

3DDUXQJ�6SLQGHOVWDQJH�3ODQHW�GHQ�I�U�GLH�hEHUWUDJXQJ�ZLUNVDPHQ�E]Z��HIIHNWLYHQ�'XUFKPHV�

VHU�GHV�$QWULHEV�XQG�HUK|KW�GHQ�GHV�$EWULHEV��%HL�GHU�0XWWHU� OlXIW� GHU�$EWULHE� LP�+RKOUDG

XP��GDKHU�VWHLJW�EHL�GHU�3:*�GXUFK�6FKOXSI�GHU�HIIHNWLYH�$QWULHEVGXUFKPHVVHU�XQG�GHU�HI�

IHNWLYH� $EWULHEVGXUFKPHVVHU�� 'LH� 9HUKlOWQLVVH� LP� .RQWDNW� 6SLQGHOVWDQJH�3ODQHW� JHKHQ� DXV

$EE������������XQG������D�KHUYRU��)�U�GHQ�.RQWDNW�3ODQHW�0XWWHU� LVW�GLH�8PIDQJVJHVFKZLQ�

GLJNHLW�GHV�3ODQHWHQ�$XIVWDQGVSXQNWHV�Y$0� LQ�GHU�0XWWHU�DXVVFKODJJHEHQG��GHU�QDFK�.DSLWHO

����PLW�GHU�*HVFKZLQGLJNHLW�GHV�3ODQHWHQWUlJHUV�XPOlXIW��
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0XWWHUVHLWLJ�ZLUG�GDKHU�GHU�6FKOXSI�DOV�(UK|KXQJ�GHU�8PODXIJHVFKZLQGLJNHLW�GHV�3ODQHWHQ�

VDW]HV�LQ�GHU�0XWWHU�GHILQLHUW��'LH�*HVFKZLQGLJNHLW�GHV�3ODQHWHQ�$XIVWDQGVSXQNWHV�Y$0�LQ�GHU

0XWWHU�QLPPW�GDEHL�XQWHU�6FKOXSI�GLUHNW�SURSRUWLRQDO�]XP�HIIHNWLYHQ�'XUFKPHVVHU�GHU�0XWWHU

]X��GHU�GXUFK�GLH�'UHKDFKVH�3ODQHW�0XWWHU�'$30� IHVWJHOHJW�ZLUG� �$EE�������E���)�U� GLH�*H�

VDPWVWHLJXQJVEHUHFKQXQJ� ZHUGHQ� HLQPDO� I�U� GHQ� LGHDOHQ� VFKOXSIIUHLHQ� )DOO� GLH�:lO]NUHLV�

GXUFKPHVVHU�G�;�HLQJHVHW]W�XQG�I�U�GHQ�VFKOXSIEHKDIWHWHQ�hEHUWUDJXQJVIDOO�GLH�'XUFKPHVVHU

G�;V��GLH�GXUFK�GLH�/DJH�GHU�'UHKDFKVHQ�E]Z��'UHKSROH�IHVWJHOHJW�VLQG���VLHKH�7DEHOOH�DXI�GHU

QlFKVWHQ�6HLWH�
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%HUHFKQXQJ�GHU�3:*�*HVDPWVWHLJXQJ���(LQJDEH��6FKOXSI 6FKOXSI =HOOH :HUWHLQJDEH�RGHU�%HUHFKQXQJ

1HQQGXUFKPHVVHU�GHU�PHWULVFKHQ�6SLQGHOVWDQJH��:HUWHLQJDEH� G�6 &� :(

:lO]NUHLVGXUFKPHVVHU�6SLQGHOVWDQJH G���6 &�  &����������
&��

:lO]NUHLVGXUFKPHVVHU�3ODQHW�VSLQGHOVHLWLJ�:( G���36 &� :(

:lO]NUHLVGXUFKPHVVHU�3ODQHW�PXWWHUVHLWLJ�:( G���30 &� :(

:lO]NUHLVGXUFKPHVVHU�0XWWHU G���0 &�  &��&��&�

7HLOXQJ�3URILO�GHU�6SLQGHOVWDQJH�������OLQNVJlQJLJ���:( 3�76 &� :(

7HLOXQJ�3URILO�GHV�3ODQHWHQIHLQSURILOV�������OLQNVJlQJLJ��:( 3�73 &� :(

*DQJ]DKO�6SLQGHOVWDQJHQSURILO J�6 &�� :(

*DQJ]DKO�3ODQHWHQIHLQSURILO��VSLQGHOVWDQJHQVHLWLJ� J�3 &�� :(

6FKOXSI�6SLQGHOVWDQJH�3ODQHW��DXV�'3�/DJH�DXI�D��:( 6�36 &�� :(

6FKOXSI�3ODQHW�0XWWHU 6�30 &�� :(

:lO]NUHLVGXUFKPHVVHU�6SLQGHOVWDQJH�PLW�6FKOXSI G���6�V &��  &�
���&���

:lO]NUHLVGXUFKPHVVHU�3ODQHW�VSLQGHOVHLWLJ�PLW�6FKOXSI G���36�V &��  &��&��
&�

:lO]NUHLVGXUFKPHVVHU�3ODQHW�PXWWHUVHLWLJ�PLW�6FKOXSI G���30�V &��  &���&���&��

:lO]NUHLVGXUFKPHVVHU�0XWWHU�PLW�6FKOXSI G���0�V &��  &�
���&���

.RQVWDQWH�� .�� &��  &��&�

.RQVWDQWH�� .�� &��  &��&�

.RQVWDQWH���PLW�6FKOXSI .���V &��  &���&��

.RQVWDQWH���PLW�6FKOXSI .���V &��  &���&��

*HVDPWVWHLJXQJ�RKQH�6FKOXSI 3�JHV &��  �&��
&��&����&���&���

*HVDPWVWHLJXQJ�PLW�6FKOXSI 3�JHV�V &��  �&��
&��
&��&��
&����&���&���
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(LQJDEHZHUWH� XQG�%HUHFKQXQJVHUJHEQLVVH� I�U� XQWHUVFKLHGOLFKH� 6FKXSIZHUWH� ]ZLVFKHQ� 6SLQ�

GHOVWDQJH�3ODQHW�XQG�3ODQHW�0XWWHU�VLQG�KLHU�WDEHOODULVFK�DXIJHOLVWHW�

6FKOXSI 6��0� 6��0� 6��0� 6���0� 6���0� 6��0� 6��0�� 6��0�� 6���0�� 6���0��

G�6 ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

G���6 ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

G���36 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

G���30 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

G���0 ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3�76 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3�73 ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

J�6 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

J�3 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

6�36 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

6�30 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

G���6�V ����� ����� ����� ���� ���� ����� ����� ����� ���� ����

G���36�V ���� ���� ���� ���� ����� ���� ���� ���� ���� �����

G���30�V ���� ���� ���� ���� ���� ���� ���� ����� ���� �����

G���0�V ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

.�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

.�� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

.���V ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

.���V ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

3�JHV ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3�JHV�V ����� ����� ����� ���� ���� ����� ����� ����� ���� ����

(LQH�2SWLPLHUXQJ�QDFK�GHP�J�QVWLJVWHQ�6FKOXSI�HUVFKHLQW�VLQQYROO��ZHQQ�HLQ�9RU]XJVODVWIDOO

EHNDQQW�LVW��,Q�GHQ�.DSLWHOQ�����XQG���ZLUG�DXI�GHQ�GDI�U�HUIRUGHUOLFKHQ�%HUHFKQXQJVDXIZDQG

HLQJHJDQJHQ�� )�U� ÄQRUPDOH³�$QZHQGXQJHQ�GHU�3:*� LVW� OHGLJOLFK� IHVW]XKDOWHQ�� GD�� VRZRKO

KRKHU� 'UHK]DKO�� DOV� DXFK� KRKHU� .UDIWVFKOXSI� GHQ�:LUNXQJVJUDG� GHU� .UDIW�EHUWUDJXQJ� HQW�

VFKHLGHQG�VHQNHQ�XQG�GHVZHJHQ�JXWH�5HVXOWDWH�YRUZLHJHQG�LP�ÄPLWWOHUHQ�6FKOXSIEHUHLFK³�]X

HUZDUWHQ�VLQG�
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$EE��������8PZHUWXQJ�YRQ�=XJIHVWLJNHLW�LQ�+lUWH�+9��+5&��+5$��+5%�RGHU�+%�>,�@
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����� %HVFKUHLEXQJHQ�GHU�.RQWDNWREHUIOlFKHQ

.RQWDNWREHUIOlFKH�GHU�0XWWHU

'LH�.RQWDNWIOlFKHQ�GHU�0XWWHU�]XP�3ODQHWHQ�VLQG�GLH�)ODQNHQ�GHU�0XWWHUVWHJH��'LHVH�)ODQNHQ

VLQG�JHUDGH�XQG�KDEHQ�NHLQH�6WHLJXQJ��6LH�N|QQHQ�GXUFK�.HJHO�EHVFKULHEHQ�ZHUGHQ��'LH�0LW�

WHODFKVH� HLQHV�.HJHOV� GHFNW� VLFK� GDEHL�PLW� GHU� /lQJVDFKVH� GHU�0XWWHU�� 6HLQH� 3RVLWLRQ�ZLUG

GXUFK� HLQHQ�9HNWRU� R
0
� IHVWJHOHJW�� GHU� YRP� 6FKZHUSXQNW� GHU�0XWWHU� �XQG� GDPLW� YRP�8U�

VSUXQJ�GHV�.|USHUNRRUGLQDWHQV\VWHPV�0�GHU�0XWWHU��]XU�.HJHOVSLW]H�UHLFKW��$X�HUGHP�PX�

QRFK�GHU�KDOEH�gIIQXQJVZLQNHO�ε�XQG�GLH�gIIQXQJVULFKWXQJ�GHV�.HJHOV�EHVWLPPW�VHLQ�

6FKZHUSXQNW
GHU�0XWWHU

0XWWHUVWHJ

)ODQNH

.HJHOVSLW]H
ε

R0

)ODQNHQZLQNHO

$EE�� �������0RGHOOLHUXQJ� HLQHU�0XWWHUVWHJIODQNH� GXUFK� HLQHQ�.HJHO� �KDOEHU�.HJHO|II�
QXQJVZLQNHOε �

.RQWDNWREHUIOlFKH�HLQHV�3ODQHWHQ�]XU�0XWWHU

'LH�PXWWHUVHLWLJH�/DXIIOlFKH�HLQHV�3ODQHWHQ�KDW�GLH�)RUP�HLQHU�.XJHOVFKLFKW��'HVZHJHQ�ZLUG

VLH�GXUFK�HLQH�.XJHO�EHVFKULHEHQ��'LH�3RVLWLRQ�GHU�.XJHO�ZLUG��ZLH�EHL�GHU�0XWWHU��GXUFK�HL�

QHQ�9HNWRU��KLHU� R
3
�JHQDQQW��YRP�3ODQHWHQVFKZHUSXQNW�HQWODQJ�GHU�/lQJVDFKVH�]XP�.XJHO�

PLWWHOSXQNW�IHVWJHOHJW���VLHKH�DXFK�$EE��������

.RQWDNWREHUIOlFKH�GHU�6SLQGHOVWDQJH

'DV�PHWULVFKH�,62�*HZLQGH�LVW�HLQ�6SLW]JHZLQGH�PLW�HLQHP�)ODQNHQZLQNHO�β�YRQ������6LQG

1HQQGXUFKPHVVHU�XQG�6WHLJXQJ�JHJHEHQ��N|QQHQ�DOOH�ZHLWHUHQ�*HZLQGHPD�H�EHUHFKQHW�RGHU

7DEHOOHQ� HQWQRPPHQ�ZHUGHQ�� (LQ� QRUPJHUHFKWHV� %RO]HQJHZLQGHSURILO� �GDV� *HZLQGHSURILOH

VLHKW�PDQ�LP�0HULGLDQVFKQLWW�HLQHV�.|USHUV��EHL�GHP�GLH�.|USHUOlQJVDFKVH�LQ�GHU�6FKQLWWHEH�
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QH�OLHJW��EHVLW]W�JHUDGH�)ODQNHQ�XQG�HLQH�JHUDGH�6WLUQIOlFKH�VRZLH�HLQH�)X�DXVUXQGXQJ���VLHKH

$EE��������

)�U� GLH� 0RGHOOLHUXQJ� ZHUGHQ� QXU� 5HFKWVJHZLQGH� EHU�FNVLFKWLJW�� 3:*�$XVI�KUXQJHQ�� EHL

GHQHQ�GLH�6SLQGHOVWDQJH�HLQ�/LQNVJHZLQGH�DXIZHLVW��N|QQHQ�GXUFK�HLQ�VSLHJHOV\PPHWULVFKHV

0RGHOO� EHVFKULHEHQ� ZHUGHQ�� 'LH� )X�DXVUXQGXQJ� XQG� GHU� 6WLUQIODQNHQEHUHLFK� ZHUGHQ� YHU�

QDFKOlVVLJW��GD�GRUW�LP�YRUDXVVLFKWOLFKHQ�.LSS��XQG�6FKUlQNEHUHLFK�GHV�3ODQHWHQ�NHLQ�.RQWDNW

]XP�*HJHQN|USHU�VWDWWILQGHW��'D�GLH�REHUH�XQG�GLH�XQWHUH�)ODQNHQIOlFKH� MHZHLOV�HLQH�HLJHQH

]XVDPPHQKlQJHQGH�XQG�VWHWLJH�)OlFKH�ELOGHQ��ZHUGHQ�VLH�DOV�XQDEKlQJLJH�)OlFKHQ�JHWUHQQW

EHKDQGHOW��'LH�PDWKHPDWLVFKH�(UIDVVXQJ�HLQHU�6SLQGHOVWDQJHQIODQNH�LVW�QLFKW��EHU�HLQHQ�HLQ�

IDFKHQ�JHRPHWULVFKHQ�.|USHU�P|JOLFK��'HVKDOE�PX��VLH��EHU�HLQH�3DUDPHWHU�GDUVWHOOXQJ�HU�

IROJHQ�� )�U� GLH� %HVFKUHLEXQJ� HLQHU� ]ZHLGLPHQVLRQDOHQ� )OlFKH� UHLFKHQ� ]ZHL� 3DUDPHWHU

�XQDEKlQJLJH�9DULDEOHQ��DXV�

�

3 1lKHUXQJ

)ODQNHQJHRPHWULH
QDFK�,62

6SLQGHOVWDQJHQ�
OlQJVDFKVH

1lKHUXQJ

$EE���������)ODQNHQSURILO�QDFK�,62�1RUP�XQG�1lKHUXQJ�I�U�GLH�3:*�0RGHOOLHUXQJ

bKQOLFK��ZLH�PDQ�HLQH�HEHQH�UHFKWHFNLJH�)OlFKH�DOV�HLQ�*HELOGH�EHWUDFKWHQ�NDQQ��GDV�DXV�XQ�

HQGOLFK� YLHOHQ� QHEHQHLQDQGHUOLHJHQGHQ�� JOHLFKODQJHQ� *HUDGHQVW�FNHQ� ]XVDPPHQJHVHW]W� LVW�

NDQQ�PDQ� VLFK� HLQH�)ODQNHQIOlFKH� DOV� HLQH�6FKDU�YRQ�XQHQGOLFK�YLHOHQ� DQHLQDQGHUOLHJHQGHQ

5DXPVSLUDOHQ� �+HOLFHV�� YRUVWHOOHQ�� (LQH�+HOL[� LVW� HLQH� HLQGLPHQVLRQDOH� .XUYH�� VR� GD�� HLQH

9DULDEOH�]XU�%HVWLPPXQJ�GHU�3RVLWLRQ�DXI�GHU�+HOL[�DXVUHLFKHQG�LVW��,Q�GLHVHP�)DOO�ZLUG�DOV

V = �
E]Z��� X
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3DUDPHWHU� GHU�0HULGLDQZLQNHO�Φ� ]ZLVFKHQ�0HULGLDQVFKQLWWULFKWXQJ� XQG� GHU� 5HIHUHQ]DFKVH

GHV�]XJUXQGHOLHJHQGHQ�.RRUGLQDWHQV\VWHPV�JHZlKOW��'DPLW�KDW�GLH�.XUYH�HLQHU�5DXPVFKUDX�

EH�GHU�6WHLJXQJ�3�PLW�NRQVWDQWHP�5DGLXV�5�XQG�HLQHU�5RWDWLRQVDFKVH��GLH�PLW�GHU�6 ] �$FKVH

E]Z�

�X �$FKVH�]XVDPPHQIlOOW��GLH�3DUDPHWHUGDUVWHOOXQJ�

�
X 5= FRVΦ�

�
Y 5= VLQ Φ�

� �
Z

3
= π Φ�

X
�

Z
�

Y
�

3

5

$EE���������3DUDPHWHU�F�DQ�HLQHU�+HOL[

'DEHL� VFKQHLGHW� GLH� .XUYH� GLH� 6 [ �$FKVH� E]Z�� GLH� �X �$FKVH�� GLH� DOV� 5HIHUHQ]� GLHQW�� 'HU

:HUWHEHUHLFK�YRQ�Φ�ZLUG�GXUFK�GLH�$Q]DKO�GHU�:LQGXQJHQ�GHU�5DXPVFKUDXEH�XQG�GLH�/DJH

GHV�8UVSUXQJV�EHVWLPPW��(U�LVW�QLFKW�DXI�GHQ�%HUHLFK�>����π@�EHVFKUlQNW�

1DFKGHP�GLH�3RVLWLRQ� HLQHV� EHOLHELJHQ�3XQNWV� DXI� HLQHU� JHJHEHQHQ�+HOL[� LQ� HLQHP� NDUWHVL�

VFKHQ� .RRUGLQDWHQV\VWHP� HLQGHXWLJ� IHVW]XOHJHQ� LVW� �VLHKH� $EE�� �������� PX�� PLW� +LOIH� GHU
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]ZHLWHQ� 9DULDEOHQ� QXU� QRFK� GLH� LQ� )UDJH� NRPPHQGH� +HOL[� DXVJHZlKOW� ZHUGHQ�� XP� MHGHQ

3XQNW� GHU� )ODQNHQIOlFKH� GDUVWHOOHQ� ]X� N|QQHQ��'D]X�ZLUG� GHU�0HULGLDQVFKQLWW� GHU� 6SLQGHO�

VWDQJHQIODQNH�EHWUDFKWHW��*HKW�PDQ�LQ�GLHVHU�]ZHLGLPHQVLRQDOHQ�'DUVWHOOXQJ�GLH�)ODQNH�HQW�

ODQJ�YRQ�LQQHQ�QDFK�DX�HQ��VR�EHU�KUW�PDQ�MHGH�GHU�+HOLFHV��GLH�GLH�)ODQNHQIOlFKH�ELOGHQ��$OV

NHQQ]HLFKQHQGHU�3DUDPHWHU�VROO�GLH�QRUPLHUWH�9DULDEOH�4�YHUZHQGHW�ZHUGHQ��GLH�EHL�GHU� LQ�

QHUVWHQ�+HOL[�PLW�GHP�5DGLXV�5L�GHQ�:HUW���XQG�EHL�GHU�lX�HUVWHQ��GHU�)ODQNHQVSLW]HQKHOL[�

GHU�:HUW���KDW�

3

4

4

Z
�

X�

4� ��

4� ��

5 L

5PD[

5 D

β

REHUH�)ODQNH

XQWHUH�)ODQNH

$EE���������3DUDPHWHU�4�DQ�REHUHU�XQG�XQWHUHU�6SLQGHOVWDQJHQIODQNH��0HULGLDQVFKQLWW�

'LH�1lKHUXQJ�GHV�)ODQNHQSURILOV��VLHKH�$EE��������� ODXWHW� LP�]ZHLGLPHQVLRQDOHQ�.RRUGLQD�

WHQV\VWHP��X��Z��GDV�GLH�0HULGLDQVFKQLWWHEHQH�DXIVSDQQW�

( )�
X 5 5 5 4

L D L
= + − �

� �
�Z D

3
4

6
= −� � �

4�EHZHJW�VLFK�GDEHL� LP�:HUWHEHUHLFK� [ ]4 ∈ � �� ��'HU�3DUDPHWHU�D 6 �EHVWLPPW��ZHOFKH�)ODQ�

NHQIOlFKH�EHVFKULHEHQ�ZLUG�

D
I�U GLH REHUH )ODQNHQIOlFKH

I�U GLH XQWHUH )ODQNHQIOlFKH6
=

+
−





�

�

'HU�2EHUIOlFKHQYHNWRU�I�U�HLQH�)ODQNHQIOlFKH�ODXWHW��NRPELQLHUW�DXV�GHQ�7HLOEHVFKUHLEXQJHQ�
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.RQWDNWREHUIOlFKH�HLQHV�3ODQHWHQ�]XU�6SLQGHOVWDQJH

'LH�%HVFKUHLEXQJ�GHU�2EHUIOlFKH�GHU�3ODQHWHQVHJPHQWH�VROO��lKQOLFK�ZLH�EHL�GHU�6SLQGHOVWDQ�

JH��DOV�3DUDPHWHUGDUVWHOOXQJ�HUIROJHQ��'LH�9RUJHKHQVZHLVH�LVW�ZHLWJHKHQG�DQDORJ�]X�GHU�%H�

VFKUHLEXQJ�GHU�6SLQGHOVWDQJH��GLH�3ODQHWHQ�EHVLW]HQ�DEHU�HLQ�DQGHUHV�)ODQNHQSURILO��(LQH�*H�

ZLQGHSURILOLHUXQJ�LVW�HEHQVR�P|JOLFK�ZLH�HLQH�5LOOHQSURILOLHUXQJ��JOHLFKH�)ODQNHQJHRPHWULH�

DEHU�RKQH�6WHLJXQJ��

'LH�3ODQHWHQIHLQSURILOLHUXQJ�KDW�EDOOLJH�)ODQNHQ��XP�]XU�6SLQGHOIODQNH�3XQNWNRQWDNW� ]X� HU�

]LHOHQ� XQG� 6SLW]HQWUDJHQ� ]X� YHUPHLGHQ�� ,P� 0HULGLDQVFKQLWW� ZHLVW� GLH� )ODQNH� NRQVWDQWH

.U�PPXQJ�DXI��'LH�6WLUQIOlFKH�LVW�EHL�GHU�/RZ�&RVW�3:*�PLW�NRQVWDQWHP�5DGLXV�DEJHUXQ�

GHW��'D�LP�%HUHLFK�GHU�6SLW]HQ��XQG�)X�DXVUXQJVUDGLHQ�NHLQ�.RQWDNW�]XU�6SLQGHOVWDQJH�DXI�

WULWW��ZHUGHQ�EHLGH�QLFKW�PRGHOOLHUW��VRQGHUQ�GLH�)ODQNHQ�LQ�EHLGHQ�5LFKWXQJHQ�ZHLWHUJHI�KUW�

ELV�VLH�VLFK�VFKQHLGHQ�

1lKHUXQJ

)ODQNHQ�
JHRPHWULH

1lKHUXQJ

3ODQHWHQ�

OlQJVDFKVH

$EE���������)ODQNHQSURILO�GHV�3ODQHWHQ�XQG�1lKHUXQJ
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'LH�)HLQSURILOLHUXQJ�ZLUG��ZLH�EHL�GHU�6SLQGHOVWDQJH��GXUFK�HLQH�+HOL[�EHVFKULHEHQ��$OV�9D�

ULDEOHQZHUW�I�U�GLH�3RVLWLRQ�DXI�GHU�+HOL[�GLHQW�GHU�0HULGLDQZLQNHO�φ��,Q�GHQ�)RUPHOQ�LVW�GLH

+HOL[� HLQH� 5HFKWVVFKUDXEH�� EHL� HLQHU� /LQNVVFKUDXEH�� ZLH� VLH� EHL� HLQHP� /LQNVJHZLQGH� DOV

)HLQSURILOLHUXQJ�DXIWULWW��YHUOlXIW�GHU�:HUW�HQWODQJ�GHU�/lQJVDFKVH�EHL�JOHLFKHU�'UHKULFKWXQJ

LQ�GLH�HQWJHJHQJHVHW]WH�5LFKWXQJ�ZLH�EHL�GHU�5HFKWVVFKUDXEH��%HL�HLQHU�5LOOHQSURILOLHUXQJ�GHV

3ODQHWHQ�KDW�GLH�+HOL[�GLH�6WHLJXQJ� 3 = � �XQG�GHJHQHULHUW�]XP�.UHLV�

$OOJHPHLQ� KDW� GLH�.XUYH� HLQHU�5DXPVFKUDXEH� GHU� 6WHLJXQJ�3�PLW� NRQVWDQWHP�5DGLXV�U� XQG

HLQHU�5RWDWLRQVDFKVH��GLH�PLW�GHU�3]�$FKVH�]XVDPPHQIlOOW��LP�3�6\VWHP�IROJHQGH�3DUDPHWHU�

GDUVWHOOXQJ�

�
X U= FRV φ �

�
Y U= VLQ φ �

� �
Z I

3
=

π
φ �

'DEHL�VFKQHLGHW�GLH�.XUYH�GLH�3[�$FKVH��'HU�:HUWHEHUHLFK�YRQ�φ�ZLUG�GXUFK�GLH�$Q]DKO�GHU

:LQGXQJHQ�GHU�5DXPVFKUDXEH�XQG�GLH�/DJH�GHV�8UVSUXQJV�EHVWLPPW��'HU�:HUW�I� EHVWLPPW

GLH�$UW�GHU�3URILOLHUXQJ�

I =
+

−







�

�

�

I�U 5HFKWVJHZLQGH�

I�U 5LOOHQSURILOLHUXQJ�

I�U /LQNVJHZLQGH�

'HU�]ZHLWH�3DUDPHWHU�T�JLEW��DQDORJ�]XU�%HVFKUHLEXQJ�EHL�GHU�6SLQGHOVWDQJH��GLH�3RVLWLRQ�GHU

EHVFKULHEHQHQ�+HOL[�DXI�GHU�)ODQNH�DQ��(LQ�T�:HUW�YRQ���HQWVSULFKW�LP�0HULGLDQVFKQLWW�GHP

NOHLQVWP|JOLFKHQ��LQQHUVWHQ��)ODQNHQUDGLXV��GHU�T�:HUW���HQWVSULFKW�GHU�)ODQNHQVSLW]HQKHOL[��

VLHKH�$EE��������
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U
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ξ
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(

3ODQHWHQ�
OlQJVDFKVH

)X�SXQNW�GHV
)ODQNHQUDGLXV

3
/RWOLQLH�DXI�GLH
/lQJVDFKVH

$EE���������3DUDPHWHU�T�DQ�GHU�REHUHQ�XQG�XQWHUHQ�3ODQHWHQIODQNH��0HULGLDQVFKQLWW�

%HPD�W�ZLUG�GDV�)ODQNHQSURILO�GXUFK�GHQ�.U�PPXQJVUDGLXV�GHU�)ODQNH�UN�VRZLH�GHQ�$EVWDQG

GHV�)X�SXQNWV�GHV�)ODQNHQNU�PPXQJVUDGLXV�YRQ�GHU�3ODQHWHQDFKVH�U�U�XQG�GHQ�$EVWDQG�GHV

)X�SXQNWV�YRP�/RW�GXUFK�GLH�)ODQNHQVSLW]H�DXI�GLH�3ODQHWHQDFKVH�Z�U��=XU�HLQIDFKHUHQ�PD�

WKHPDWLVFKHQ�%HKDQGOXQJ�ZHUGHQ�]XVlW]OLFK�]ZHL�*U|�HQ�ξ$�XQG�ξ(�HLQJHI�KUW��GLH�GLH�:LQ�

NHO��0LQLPDO��XQG�0D[LPDOZLQNHO��]ZLVFKHQ�GHU�3ODQHWHQPLWWHODFKVH�XQG�GHP�5DGLXVYHNWRU

DQJHEHQ���VLHKH�$EE���������'HU�:HUW�GHU�/DXIYDULDEOHQ�T�LVW��DQGHUV�DOV�EHL�GHU�6SLQGHOVWDQ�

JH��QLFKW�GLUHNW�SURSRUWLRQDO�]XU�UDGLDOHQ�3RVLWLRQ��X�DXI�GHU�)ODQNH�
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Ol�W�VLFK�GHU�:LQNHOEHUHLFK�∆ξ��GHQ�GHU�)ODQNHQUDGLXV��EHUVWUHLFKW��DQJHEHQ�
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∆ξ ξ ξ= −
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'LH�%HVFKUHLEXQJ�GHU�1lKHUXQJ�GHV�)ODQNHQSURILOV�ODXWHW�LP�.RRUGLQDWHQV\VWHP��X��Y��GDV�LQ

GHU�0HULGLDQVFKQLWWHEHQH�OLHJW�

( )� �
X U U T

U N $
= + +VLQ ξ ξ∆ �

( )( )� �
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3 N $ U
= + −FRV ξ ξ∆ �

T� KDW� ZLH� GHU� HQWVSUHFKHQGH� 6SLQGHOVWDQJHQSDUDPHWHU� GHQ� :HUWHEHUHLFK� [ ]T ∈ � �� �� D3� EH�

VWLPPW��DQDORJ�]X�D6�EHL�GHU�6SLQGHOVWDQJH��RE�GLH�REHUH�RGHU�XQWHUH�)ODQNHQIOlFKH�EHVFKULH�

EHQ�ZLUG�

'HU�2EHUIOlFKHQYHNWRU�HLQHU�)ODQNHQIOlFKH�ODXWHW�]XVDPPHQJHVHW]W�
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.RQWDNW�]ZLVFKHQ�3ODQHW�XQG�0XWWHU

'HU�LGHDOLVLHUWH�.RQWDNWSXQNW�XQG�GDV�0D��GHU�JU|�WHQ�(LQGULQJWLHIH�GHU�EHLGHQ�.|USHU�NDQQ

DQKDQG�HLQHU�JHRPHWULVFKHQ�%HWUDFKWXQJ�JHZRQQHQ�ZHUGHQ��'DEHL�GULQJW�GLH�.XJHO��GLH�GLH

/DXIIOlFKH�GHV�3ODQHWHQ�]XU�0XWWHU�KLQ�GDUVWHOOW��YRQ�LQQHQ�LQ�GHQ�.HJHO�HLQ��GHU�GLH�0XWWHU�

VWHJIODQNH�UHSUlVHQWLHUW�
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K

G

0XWWHUVWHJIODQNH
DOV�.HJHO

3ODQHWHQODXIIOlFKH
DOV�.XJHO3ODQHWHQ�

OlQJVDFKVH

0XWWHUOlQJV�
DFKVH

$EE�� ������� (LQGULQJHQ� HLQHU� .XJHO� LQ� HLQHQ� .HJHO� DOV� 0RGHOO� GHV� .RQWDNWHV� 0XW�
WHU�3ODQHW

(LQ�ZLFKWLJHU�=ZLVFKHQZHUW�I�U�GLH�HUVWUHEWH�%HUHFKQXQJ�LVW�GHU�$EVWDQG�GHV�0LWWHOSXQNWV�GHU

�3ODQHWHQNXJHO��YRQ�GHU�/lQJVDFKVH�GHV��0XWWHUNHJHOV���$OV�+HUOHLWXQJ�EHWUDFKWHQ�ZLU�HLQH

*HUDGH�J��GHUHQ�/DJH� LP�GUHLGLPHQVLRQDOHQ�5DXP�GXUFK� LKUHQ�%DVLVSXQNW�%�XQG�GHQ�5LFK�
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.UDIWDQJULIIVSXQNW�XQG�JU|�WH�(LQGULQJWLHIH�DQ�HLQHU�.RQWDNWVWHOOH

$QKDQG�GHU�3DUDPHWHUGDUVWHOOXQJHQ� I�U�GLH�2EHUIOlFKHQYHNWRUHQ� U 4
6
� � �Φ �XQG� U T

3
� � �φ � XQG

GHU� ]XJHK|ULJHQ�1RUPDOHQYHNWRUHQ� Q 4
6
� � �Φ � XQG� Q T

3
� � �φ � NDQQ� HLQ�*OHLFKXQJVV\VWHP� HU�

VWHOOW�ZHUGHQ��GHVVHQ�/|VXQJ�GLH�%HVWLPPXQJ�GHU�9DULDEOHQ�Φ��4��φ�XQG�T�HUP|JOLFKW�

(V�VHL�K�GLH�6WUHFNH�GHU�JU|�WHQ�(LQGULQJWLHIH�LP�.RQWDNW��,VW�GLH�(LQGULQJWLHIH�QHJDWLY��KDQ�

GHOW�HV�VLFK�OHGLJOLFK�XP�HLQH�$QQlKHUXQJ�GHU�2EHUIOlFKHQ��'LH�(QGSXQNWH�YRQ�K��GHU�6SLQ�

GHOVWDQJHQ�2EHUIOlFKHQSXQNW�$�XQG�GHU�3ODQHWHQ�2EHUIOlFKHQSXQNW�%�� VLQG�GLH�6FKHLWHO� GHU

VLFK� VFKQHLGHQGHQ�� JHNU�PPWHQ�)OlFKHQ� I�U�GLHVHQ�.RQWDNW��'LH�1RUPDOHQYHNWRUHQ� DXI� GLH

2EHUIOlFKH�YHUODXIHQ�I�U�GLHVH�3XQNWH�SDUDOOHO�]XHLQDQGHU��(V�ZLUG�ZLHGHU�YRUDXVJHVHW]W��GD�

GHU�.UDIWDQJULIIVSXQNW� LQ� GHU�0LWWH� ]ZLVFKHQ�$� XQG�%� OLHJW�� .UlIWH�ZLUNHQ� QXU��ZHQQ� HLQH

'XUFKGULQJXQJ�YRUOLHJW� �� LQ�$EE�� ������ LVW� ]XU� EHVVHUHQ�hEHUVLFKWOLFKNHLW� HLQH�$QQlKHUXQJ

JH]HLJW�
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6SLQGHOVWDQJH

3ODQHW

6FKZHUSXQNW
GHV�3ODQHWHQ

6FKZHUSXQNW
GHU�6SLQGHOVWDQJH

%

$
.UDIWDQJULIIVSXQNW

.3U

$EE���������6NL]]H�]XP�*OHLFKXQJVV\VWHP�GHU�.RQWDNWSXQNWEHUHFKQXQJ

'LH�HUIRUGHUOLFKHQ�*U|�HQ�]XU�%HUHFKQXQJ�GHU�/DJH�GHV�1RUPDONUDIWDQJULIIVSXQNWV�XQG�GHV

$EVWDQGV�]ZLVFKHQ�$�XQG�%�ODVVHQ�VLFK�DQKDQG�HLQHU�9HNWRUNHWWH�YRP�8UVSUXQJ�GHV�,QHUWLDO�

V\VWHPV��HQWVSULFKW�GHP�6FKZHUSXQNW�GHU�6SLQGHOVWDQJH��]XP�3XQNW�%�EHVWLPPHQ�

( ) ( ) ( )U 4 Q 4 U T S
6 6 3 3

Φ Φ� � �+ = +λ φ �

λ� LVW�HLQ�3URSRUWLRQDOLWlWVIDNWRU��GHU�GLH�/lQJH�YRQ� Q 6�DQ�GLH�VSH]LHOO�J�OWLJHQ�%HGLQJXQJHQ

DQSD�W��%HDFKWHW�PDQ�GLH�)RUGHUXQJ��GD��GLH�1RUPDOHQYHNWRUHQ� Q 6�XQG� Q 3�SDUDOOHO�]XHLQDQ�

GHU�YHUODXIHQ��HUKlOW�PDQ�GLH�=XVDW]EHGLQJXQJ�

( ) ( )Q 4 Q T
6 3

Φ� �= κ φ �

κ� LVW�ZLHGHUXP� HLQ� 3URSRUWLRQDOLWlWVIDNWRU� �ZHUGHQ� GLH�1RUPDOHQYHNWRUHQ� Q6 � XQG� Q 3 � QRU�

PLHUW��NDQQ�DXI�GHQ�3URSRUWLRQDOLWlWVIDNWRU�κ�YHU]LFKWHW�ZHUGHQ��GD�HLQH�.RQWDNWSDDUXQJ�LP�

PHU�QXU� DXV� HLQHU�2EHU��XQG�8QWHUIODQNH�EHVWHKHQ�NDQQ��GLH� ]XVlW]OLFKHQ��YRQ�GHQ� DQGHUHQ

9DULDEOHQ�DEKlQJLJHQ�1RUPLHUXQJVJOLHGHU�HUIRUGHUQ�EHLP�/|VHQ�GHV�*OHLFKXQJVV\VWHP�DEHU

HLQHQ�JU|�HUHQ�5HFKHQDXIZDQG�DOV�HLQ�]XVlW]OLFKHU�3URSRUWLRQDOLWlWVIDNWRU���$XV�GHQ�EHLGHQ

OHW]WHQ�)RUPHOQ�HUJHEHQ�VLFK�VHFKV�*OHLFKXQJHQ�PLW�GHQ�VHFKV�8QEHNDQQWHQ�Φ��4��φ��T��λ�XQG�

κ��'LHVHV�*OHLFKXQJVV\VWHP�EHVLW]W� LP�5HJHOIDOO� XQHQGOLFK� YLHOH�/|VXQJHQ��'D� VLFK� DQ� GHQ

.RQWDNWN|USHUQ�.RQWDNWEHUHLFKH�DEJUHQ]HQ�ODVVHQ��LQ�GHQHQ�MHZHLOV�QXU�HLQ�.RQWDNW�P|JOLFK

LVW��ZHLVW� GDV�*OHLFKXQJVV\VWHP�PD[LPDO� HLQH� VLQQYROOH� /|VXQJ� DXI��ZHQQ� GXUFK� JHHLJQHWH

$

%
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:DKO�GHU�3DUDPHWHU�:HUWHEHUHLFKH�QXU�GHU�PRPHQWDQ�EHWUDFKWHWH�.RQWDNWEHUHLFK�LQ�GHU�%H�

UHFKQXQJ�HUID�W�ZLUG�

6HW]W�PDQ�GLH�/|VXQJVZHUWH�ΦL��4L�I�U�GHQ�.RQWDNWEHUHLFK�L�LQ�GLH�2EHUIOlFKHQEHVFKUHLEXQJ

GHU�6SLQGHOVWDQJH�XQG�φL��TL�LQ�GLH�%HVFKUHLEXQJ�GHU�3ODQHWHQ�HLQ��HUKlOW�PDQ�GLH�2EHUIOlFKHQ�

SXQNWH�GHU�JU|�WHQ�ORNDOHQ�$QQlKHUXQJ�EH]LHKXQJVZHLVH��LP�)DOOH�HLQHV�.RQWDNWV��GHU�PD[L�

PDOHQ� (LQGULQJWLHIH��$P�9RU]HLFKHQ� GHV� 3DUDPHWHUV�λL� Ol�W� VLFK� HUNHQQHQ�� RE� GLH� )OlFKHQ

WDWVlFKOLFK�LQHLQDQGHU�HLQGULQJHQ��QHJDWLYHU�:HUW��RGHU�RE�HV�VLFK�OHGLJOLFK�XP�HLQH�$QQlKH�

UXQJ�KDQGHOW��SRVLWLYHU�:HUW��

'HU�9HNWRU� U .3�EHVWLPPW�GLH�3RVLWLRQ�GHU�.RQWDNWHOOLSVHQ]HQWUXPV�XQG�UHLFKW�YRP�8UVSUXQJ

GHV�,QHUWLDOV\VWHPV�]XP�.UDIWDQJULIIVSXQNW�.3�GHV�.RQWDNWHV�LP�.RQWDNWEHUHLFK�L�

U 4 U 4 Q 4
.3 L L L 6 L L

L

6 L L
� � � � � � � � � �Φ Φ Φλ λ= +

�
�

0LW� U .3�VLQG�GLH�.RRUGLQDWHQ�GHV�$QJULIIVSXQNWV�GHU�1RUPDONUDIW�DXI�GLH�6SLQGHOVWDQJH�)1�6

XQG�GHU�1RUPDONUDIW�DXI�GHQ�3ODQHWHQ�)1�3�EHNDQQW��'LH�:LUNXQJVOLQLH�GHU�.UlIWH�ZLUG�GXUFK

GLH� 1RUPDOHQYHNWRUHQ� DXI� GLH� .|USHUREHUIOlFKHQ� Q 6� XQG� Q 3� IHVWJHOHJW�� 'LH� 1RUPDONUlIWH

]HLJHQ�DOV�.RQWDNW�5HDNWLRQVNUDIW�LPPHU�LQ�GHQ�]XJHK|ULJHQ�.|USHU�KLQHLQ�

=XU�(UPLWWOXQJ�GHV�1RUPDONUDIWEHWUDJV�ZLUG�GHU�:HUW�GHU�PD[LPDOHQ�(LQGULQJWLHIH�K�KHUDQ�

JH]RJHQ�

K 4
I�U

Q 4 I�UL L L

L 6 L L

� � � �
�

� � � �
Φ Φλ

λ
λ λ=

>
≤





� �

�

������� +DXSWNU�PPXQJVUDGLHQ

:lKOW�PDQ�HLQHQ�EHOLHELJHQ�3XQNW�DXI�HLQHU�.|USHUREHUIOlFKH��GDQQ�ELOGHQ�GLH�(EHQHQ��GLH

GLHVHQ�3XQNW�XQG�]XGHP�GHVVHQ�1RUPDOHQYHNWRU�DXI�GLH�2EHUIOlFKH�HQWKDOWHQ��GLH�0HQJH�GHU

1RUPDOVFKQLWWHEHQHQ�GHU�2EHUIOlFKH� LQ�GLHVHP�3XQNW��(V�JLEW� VWHWV� HLQ� ]XHLQDQGHU�RUWKRJR�

QDOHV�3DDU�YRQ�1RUPDOVFKQLWWHEHQHQ��I�U�GLH�GLH�.U�PPXQJHQ�GHU�EHLGHQ�6FKQLWWNXUYHQ�GHV

(EHQHQSDDUV�PLW�GHU�2EHUIOlFKH�LP�.RQWDNWSXQNW�JOHLFK�GHQ�+DXSWNU�PPXQJHQ�GHU�2EHUIOl�

FKH� LQ� GLHVHP� 3XQNW� VLQG�� 'HILQLWLRQ� GHU� +DXSWNU�PPXQJ�HQ��� =X� MHGHP� �QLFKWVLQJXOlUHQ�
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)OlFKHQSXQNW�3�Ol�W�VLFK�HLQ�NDUWHVLVFKHV�.RRUGLQDWHQV\VWHP�ILQGHQ��EHL�GHP�GLH�]�$FKVH�LQ

5LFKWXQJ�GHU�)OlFKHQQRUPDOHQ�LQ�3�]HLJW��%HL�GHU�7D\ORU�(QWZLFNOXQJ�XP�3�VLQG�GLH�SDUWLHO�

OHQ�$EOHLWXQJHQ�HUVWHU�2UGQXQJ�QDFK�[�XQG�\�JOHLFK�1XOO��[�XQG�\�OLHJHQ�LQ�GHU�7DQJHQWHQH�

EHQH��� �EULJ�EOHLEHQ� GLH�*OLHGHU� ]ZHLWHU�2UGQXQJ� VRZLH�*OLHGHU� K|KHUHU�2UGQXQJ�XQG�RGHU

GDV� /$*5$1*(VFKH�5HVWJOLHG��'DV�.26� NDQQ� VR� XP� GLH� ]�$FKVH� JHGUHKW�ZHUGHQ�� GD�� GDV

JHPLVFKWH� *OLHG� ]ZHLWHU� 2UGQXQJ� �'LIIHUHQWLDWLRQ� QDFK� ∂[∂\�� JOHLFK� 1XOO� ZLUG� XQG� GDPLW

ZHJIlOOW��'LH�7D\ORUHQWZLFNOXQJ�UHGX]LHUW�VLFK�GDQQ�]X�
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N��XQG�N��QHQQW�PDQ�GLH�+DXSWNU�PPXQJHQ�GHU�)OlFKH�LQ�3�

'LH�.HKUZHUWH�GHU�+DXSWNU�PPXQJHQ�HUJHEHQ�GLH�+DXSWNU�PPXQJVUDGLHQ��%HL�GHQ�PHLVWHQ

.|USHUQ�VWHOOHQ�GLH�+DXSWNU�PPXQJVUDGLHQ�GLH�([WUHPZHUWH�GHU�.U�PPXQJVNUHLVKDOEPHVVHU

I�U�GHQ�EHWUDFKWHWHQ�3XQNW�GDU��'LHV�WULIIW�DXFK�I�U�GLH�3:*�.|USHU�]X�

+DXSWNU�PPXQJVUDGLHQ�GHU�0XWWHU

%HL�GHU�0XWWHU�EHVLW]HQ�GLH�.RQWDNWIOlFKHQ�]X�GHQ�3ODQHWHQ�GLH�)RUP�YRQ�.HJHOIOlFKHQ��'D�

PLW� IlOOW� GLH� HUVWH� +DXSWNU�PPXQJVHEHQH�PLW� GHP�0HULGLDQVFKQLWW� ]XVDPPHQ� �GLH� =XRUG�

QXQJ��ZHOFKH�+DXSWHEHQH� GLH� HUVWH� XQG�ZHOFKH� GLH� ]ZHLWH� LVW�� ZLUG� QLFKW� ]ZLQJHQG� YRUJH�

VFKULHEHQ��]XU�9HUHLQIDFKXQJ�GHU�%HVFKUHLEXQJ�VROO�KLHU�GLH�(EHQH��GLH�� MH�QDFK�.|USHU�� WDW�

VlFKOLFK� RGHU� QlKHUXQJVZHLVH�PLW� GHU�0HULGLDQVFKQLWWHEHQH� NRSODQDU� LVW�� DOV�1XPPHU� HLQV�

GLH� RUWKRJRQDO� GD]X� JHOHJHQH� DOV�1XPPHU� ]ZHL� EH]HLFKQHW�ZHUGHQ���'HU� HUVWH�+DXSWNU�P�

PXQJVUDGLXV�ρ�� LVW�XQHQGOLFK�JUR���GD�HLQH�.HJHOIOlFKH� LQ�GLHVHP�6FKQLWW�NHLQH�.U�PPXQJ

DXIZHLVW�

ρ
�

= ∞ ���

'HU� ]ZHLWH�+DXSWNU�PPXQJVUDGLXV�ρ��� RUWKRJRQDO� ]X�ρ��� LVW� JOHLFK� GHP�.U�PPXQJVUDGLXV

GHU�.XUYH��GHQ�GLH�.HJHOREHUIOlFKH�LQ�GHU�]ZHLWHQ�+DXSWNU�PPXQJVHEHQH�ELOGHW��'LH�]ZHLWH

+DXSWNU�PPXQJVHEHQH�VWHKW�GDEHL� LP�2EHUIOlFKHQSXQNW�23�VHQNUHFKW�DXI�GHU�0DQWHOIOlFKH

XQG�HUJLEW�EHL�GHU�/RZ�&RVW�3:*��gIIQXQJVZLQNHO�ε� ������DOV�6FKQLWWNXUYH�HLQH�+\SHUEHO�
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'HU�.U�PPXQJVNUHLVUDGLXV�GLHVHU�6FKQLWWK\SHUEHO�LVW�QLFKW�EHNDQQW��%HNDQQW�KLQJHJHQ�LVW�GHU

.U�PPXQJVUDGLXV�LQ�HLQHP�6FKQLWW�GXUFK�23�VHQNUHFKW�]XU�.HJHOPLWWHODFKVH��HLQ�GHUDUWLJHU

6FKQLWW� TXHU� GXUFK� HLQHQ�.HJHO� HUJLEW� HLQHQ�.UHLV�� GHU�5DGLXV� GLHVHV�.UHLVHV� U23� LVW� JOHLFK

GHP�$EVWDQG�YRQ�23�]XU�0LWWHODFKVH��1DFK�GHP�6DW]�YRQ�0(861,(5�LVW�HV�QXQ�P|JOLFK��GHQ

.U�PPXQJVUDGLXV�GHV�6FKQLWWV�VHQNUHFKW�]XU�.HJHOPLWWHODFKVH�LQ�GLH�+DXSWNU�PPXQJVHEHQH

XP]XOHJHQ��VLHKH�$EE���������

ρ
ε�

= U
23

FRV
�

ε

6FKQLWWHEHQH�VHQNUHFKW
]XU�.HJHOPLWWHODFKVH

6FKQLWWHEHQH�VHQNUHFKW
]XU�.HJHOPDQWHOIOlFKH 23 23U

ε

6FKQLWWK\SHUEHO

6FKQLWWNUHLV

.U�PPXQJVNUHLV�GHU
6FKQLWWK\SHUEHO�LQ�23

����+DXSWNU�PPXQJVHEHQH�

�
ρ

$EE���������6NL]]H�]XP�6DW]�YRQ�0(861,(5

+DXSWNU�PPXQJVUDGLHQ�GHU�6SLQGHOVWDQJH

'LH�HUVWH�+DXSWNU�PPXQJVHEHQH�JOHLFKW�EHL�GHU�JHZLQGHSURILOLHUWHQ�6SLQGHOVWDQJH�QLFKW�GHU

0HULGLDQVFKQLWWHEHQH��VRQGHUQ�ZHLVW�HLQHQ�JHULQJHQ�:LQNHO��JOHLFK�GHP�6WHLJXQJVZLQNHO�GHU

6SLUDOREHUIOlFKH� LP�3XQNW�23��]X�GLHVHU�DXI��'LH�6FKQLWWJHUDGH�GHU�+DXSWNU�PPXQJVHEHQH

PLW�GHU�0HULGLDQVFKQLWWHEHQH�OLHJW�DEHU�DXI�GHU�)ODQNHQREHUIOlFKH�XQG�IlOOW�PLW�GHU�6FKQLWWJH�

UDGHQ�GHU�0HULGLDQHEHQH�GXUFK�23�PLW�GHU�)ODQNHQIOlFKH�]XVDPPHQ��'HU�HUVWH�+DXSWNU�P�

PXQJVUDGLXV�LVW�GDKHU��ZLH�EHL�GHU�0XWWHU��XQHQGOLFK�JUR��

ρ
�

= ∞ �
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'HU�]ZHLWH�+DXSWNU�PPXQJVUDGLXV�VROO�QDFK�GHP�JOHLFKHQ�3ULQ]LS�HUPLWWHOW�ZHUGHQ�ZLH�EHLP

]ZHLWHQ�+DXSWNU�PPXQJVUDGLXV�GHU�0XWWHUIODQNH��'D�EHL�GHU�6SLQGHOVWDQJH�GLH�2EHUIOlFKHQ�

SXQNWH�PLW�JOHLFKHP�5DGLXV�DEHU�QLFKW��ZLH�EHL�GHU�NHJHOLJHQ�)ODQNHQIOlFKH��DXI�HLQHP�.UHLV�

VRQGHUQ� DXI� HLQHU�+HOL[� OLHJHQ��PX�� GHU�.U�PPXQJVUDGLXV� GHU�+HOL[� LQ�23� EHVWLPPW� XQG

DQVFKOLH�HQG��ZLH�EHLP�.HJHO��GXUFK�GHQ�6DW]�YRQ�0(861,(5�DXI�GLH�1RUPDOH�]XU�2EHUIOlFKH

DEJHELOGHW�ZHUGHQ��'DEHL�LVW�GLH�1RUPDOH�DXI�GLH�)ODQNHQIOlFKH�GXUFK�GLH�6WHLJXQJ�GHU�6SLQ�

GHOVWDQJH�QLFKW��ZLH�EHLP�.HJHO��JOHLFK�GHU�1RUPDOHQ�DXI�GLH�0HULGLDQVFKQLWWNXUYH�GHU�)ODQ�

NH��]ZLVFKHQ�GHQ�EHLGHQ�1RUPDOHQULFKWXQJHQ�OLHJW�HLQ�NOHLQHU�=ZLVFKHQZLQNHO��)�U�HLQH�NRU�

UHNWH�0(861,(5�$EELOGXQJ�P��WH�GDKHU�HLQ�NRUULJLHUWHU�)ODQNHQZLQNHO�β
�HLQJHVHW]W�ZHUGHQ

�$EE��������E���'LH�$EZHLFKXQJ�YRQ�β
�JHJHQ�EHU�β� LVW�EHL�NOHLQHQ�6WHLJXQJVZLQNHOQ��ZLH

VLH�EHL�GHU�3:*�PHLVW�DQ]XWUHIIHQ�VLQG��PLQLPDO�XQG�NDQQ�YHUQDFKOlVVLJW�ZHUGHQ��'LH�$EELO�

GXQJ�QDFK�0(861,(5�ZLUG� GDKHU� ]XU�9HUHLQIDFKXQJ�PLW� GHP�XQNRUULJLHUWHQ�)ODQNHQZLQNHO

GXUFKJHI�KUW� �9DULDEOHQ]HLFKHQ�PLW� 6WHUQ� NHQQ]HLFKQHQ� GLH� XP�GHQ� 6WHLJXQJVHLQIOX�� NRUUL�

JLHUWHQ�*U|�HQ��

β
2

.UHLV

7DQJHQWLDOYHNWRU
.UHLV

�
ρ

23
U23

����

23

β
2
∗

.UHLV
+HOL[

7DQJHQWLDOYHNWRU
.UHLV

7DQJHQWLDOYHNWRU
+HOL[

�
ρ

�
ρ∗ =ZLVFKHQZLQNHO

U23
6WHLJXQJZLQNHO

β
2

$EE���������'DUVWHOOXQJHQ�GHU�9HU]HUUXQJ�GHV�+DXSWNU�PPXQJVUDGLXV�GXUFK�GLH�6WHL�
JXQJ��D��.HJHO�QDFK�0HXVQLHU�EHLP�E��$EELOGXQJ�QDFK�0HXVQLHU�EHL�6SLQGHOVWDQJH

1DFK�0(<%(5*�9$&+(1$8(5�>0�@�EHWUlJW�GLH�.U�PPXQJ�HLQHU�JOHLFKPl�LJHQ�5DXPVSLUD�

OH�

κ

π

=
+

U

U
3

23

23

�

�

��

�

'HU�.U�PPXQJVNUHLVUDGLXV�LVW�GHU�.HKUZHUW�GHU�.U�PPXQJ��'DPLW�EHWUlJW�GHU�]ZHLWH�+DXSW�

NU�PPXQJVUDGLXV�PLW

E�D�
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+DXSWNU�PPXQJVUDGLHQ�EHL�HLQHP�ULOOHQSURILOLHUWHQ�3ODQHWHQ

:HLVW�GHU�3ODQHW�NHLQH�6WHLJXQJ�DXI��VR�IlOOW�ZLH�EHL�GHU�0XWWHU�HLQH�+DXSWNU�PPXQJVHEHQH

PLW�GHP�0HULGLDQVFKQLWW�]XVDPPHQ��'HU�.U�PPXQJVUDGLXV�LVW�KLHU�JOHLFK�GHP�%DOOLJNHLWVUD�

GLXV�UN�GHU�3ODQHWHQIODQNH�

ρ
�

= U
N
�

'LH� ]ZHLWH� +DXSWNU�PPXQJ� lKQHOW� HEHQIDOOV� GHQ� 9HUKlOWQLVVHQ� EHL� GHU� 0XWWHU�� =XVlW]OLFK

HUKlOW�GLH�3ODQHWHQIODQNH�QRFK�HLQHQ�.U�PPXQJVDQWHLO�GXUFK�GLH�EDOOLJH�)OlFKHQIRUP��'LHVHU

(LQIOX��LVW�DEHU�VR�JHULQJ��GD��GLH�3ODQHWHQIODQNH�LQ�JXWHU�1lKHUXQJ�GXUFK�HLQH�.HJHOIOlFKH

HUVHW]W� ZHUGHQ� NDQQ�� 'LH� %HUHFKQXQJ� HUIROJW� GDKHU� DQDORJ� ]XU� 0XWWHU� PLW� GHP� 6DW]� YRQ

0(861,(5��VLHKH�$EE����������$OV�:LQNHOPD��ZLUG�KLHU�DOOHUGLQJV�GHU�KDOEH�)ODQNHQZLQNHO

KHUDQJH]RJHQ�
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,Q�GHU�*OHLFKXQJ�LVW�EHUHLWV�DQJH]HLJW��GD��GHU�)ODQNHQZLQNHO�β�YRQ�GHU�/DJH�GHV�3XQNWV�23

DXI� GHU� )ODQNH� DEKlQJW�� 'LHVH� /DJH� ZLUG� GXUFK� GLH� /DXIYDULDEOH� T� EHVWLPPW�� 'HU� ]ZHLWH

+DXSWNU�PPXQJVUDGLXV�I�U�GLH�5LOOHQSODQHWHQIODQNH�EHUHFKQHW�VLFK�PLW
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'LH�+DXSWNU�PPXQJVUDGLHQ�GHV�3ODQHWHQ�LP�0XWWHUNRQWDNW�VLQG�HLQIDFK�]X�HUPLWWHOQ��GD�KLHU

GLH�.|USHUREHUIOlFKH�HLQH�.XJHO�LVW��ρ�� �ρ�� �5DGLXV�GHU�.XJHO��
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+DXSWNU�PPXQJVUDGLHQ�EHL�JHZLQGHSURILOHUWHQ�3ODQHWHQ

'D� GHU�8QWHUVFKLHG� LQ� GHQ� ]ZHLWHQ�+DXSWNU�PPXQJVUDGLHQ� ]ZLVFKHQ� JHUDGHQ� XQG� EDOOLJHQ

)ODQNHQ��YHUVFKZLQGHQG�JHULQJ�LVW��N|QQHQ�GLH�JHZLQGHSURILOLHUWHQ�3ODQHWHQ�QDFK�GHU�JOHLFKHQ

0HWKRGH�EHUHFKQHW�ZHUGHQ�ZLH�GLH�HEHQIDOOV�PLW�HLQHP�*HZLQGH�YHUVHKHQH�6SLQGHOVWDQJH�

'HU�HUVWH�+DXSWNU�PPXQJVUDGLXV�HQWVSULFKW�GHP�XP�GHQ�:LQNHO�GHU�|UWOLFKHQ�*HZLQGHVWHL�

JXQJ�JHGUHKWHQ�%DOOLJNHLWVUDGLXV�
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8QWHU�%HU�FNVLFKWLJXQJ�GHV�YDULDEOHQ�)ODQNHQZLQNHOV�EHWUlJW�GHU�]ZHLWH�+DXSWNU�PPXQJVUD�

GLXV�HLQHV�JHZLQGHSURILOLHUWHQ��EDOOLJHQ�3ODQHWHQ�
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'LH�+DXSWNU�PPXQJVUDGLHQ�]XU�0XWWHU�HQWVSUHFKHQ�ZLHGHU�GHP�5DGLXV�GHU�6HJPHQWNXJHO�

+(57=VFKH�.U�PPXQJVUDGLHQ

'LH�%HUHFKQXQJ� QDFK� GHU�+(57=VFKHQ�7KHRULH�ZLUG� KLHU� QLFKW� QlKHU� GDUJHVWHOOW�� ,Q� GLHVHP

$EVFKQLWW�ZLUG� QXU� DXI� GLH� %HVRQGHUKHLWHQ�� GLH� EHLP�(LQVDW]� GHU�+(57=VFKHQ� )RUPHOQ� ]XU

$QZHQGXQJ�DXI�GLH�3:*�DXIWUHWHQ�� YHUZLHVHQ�� ,QWHUHVVDQW� VLQG�KLHU� I�U�GLH�1RUPDONUDIWEH�

UHFKQXQJ�QDFK�+(57=�QLFKW�GLH� UHODWLYHQ�.U�PPXQJVUDGLHQ�VHOEVW�� VRQGHUQ�GLH�6XPPH�XQG

GLH�'LIIHUHUHQ]� LKUH�.HKUZHUWH��'LH�%HUHFKQXQJ�GLHVHU�*U|�HQ�HUIROJW� DXV�GHQ�+DXSWNU�P�

PXQJVUDGLHQ�GHU�.RQWDNWN|USHU�I�U�GHQ�%HU�KUSXQNW��(V�LVW�GDEHL�]X�EHU�FNVLFKWLJHQ��GD��GHU

JU|�HUH�+DXSWNU�PPXQJVUDGLXV�HLQHV�.|USHUV�DOV�ρL��GHU�NOHLQHUH�DOV�ρ
L�HLQJHVHW]W�ZLUG��%HL

6SLQGHOVWDQJH�XQG�0XWWHU�JLOW�GDPLW�GLH�=XRUGQXQJ�ρL��� �ρL�XQG�ρL��� �ρ
L��%HLP�3ODQHWHQ� LVW

GLH�=XRUGQXQJ�YRU�DOOHP�YRP�9HUKlOWQLV�:lO]NUHLVGXUFKPHVVHU�]X�%DOOLJNHLWVUDGLXV�DEKlQ�

JLJ�� %HL� GHU� /RZ�&RVW�3:*� LVW� GHU� %DOOLJNHLWVUDGLXV� LQ� MHGHP� )DOO� NOHLQHU� DOV� GHU� ]ZHLWH

+DXSWNU�PPXQJVUDGLXV��GHVKDOE�JLOW�KLHU�ρL��� �ρ
L�XQG�ρL��� �ρL�

'HU�=ZLVFKHQZLQNHO�ϕ�]ZLVFKHQ�GHQ�JU|�HUHQ�+DXSWNU�PPXQJVUDGLHQ�NDQQ�EHL�GHU�3DDUXQJ

6SLQGHOVWDQJH�3ODQHW��EHU�GHQ�&RVLQXVVDW]�HUPLWWHOW�ZHUGHQ�� U6�.3� LVW�GHU�$EVWDQG�GHV�.UDIW�

DQJULIIVSXQNWV�.3�]XU�6SLQGHOVWDQJHQOlQJVDFKVH��U3�.3�VHLQ�$EVWDQG�]XU�3ODQHWHQOlQJVDFKVH
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XQG�D�GHU�$FKVDEVWDQG�]ZLVFKHQ�GHQ�EHLGHQ�.|USHUQ��'HU�:LQNHO�γ�JLEW�GHQ�:LQNHO�]ZLVFKHQ

GHQ�7DQJHQWHQ�DQ�GLH�:lO]NUHLVH�YRQ�6SLQGHOVWDQJH�XQG�3ODQHW�LP�.RQWDNWSXQNW�DQ�

ϕ γ= ° − = ° −
+ −
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'LH�3DDUXQJ�3ODQHW�0XWWHU�ZHLVW�NHLQHQ�=ZLVFKHQZLQNHO�DXI��ϕ� ����

=XVlW]OLFK�LVW�QRFK�GHU�+LOIVZLQNHO�ϑ�]X�EHUHFKQHQ�
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:(51,7=� >:�@� JLEW� DQ�� GD�� GLH� +(57=VFKHQ�:HUWH� I�U� H[WUHP� ODQJJHVWUHFNWH� (OOLSVHQ� �ϑ

��������QLFKW� H[DNW� VLQG��'D�EHL�GHU�3:*�DEHU�NHLQH�.RQWDNWH�PLW� GHUDUWLJ� ODQJJHVWUHFNWHQ

.RQWDNWIOlFKHQ�]X�HUZDUWHQ�VLQG��PX��HLQH�.RUUHNWXU�I�U�GLHVH�$QZHQGXQJ�QLFKW�EHU�FNVLFK�

WLJW�ZHUGHQ�

������� 1RUPDONUDIW

0LW� GHP�+LOIVZLQNHO�ϑ� N|QQHQ� GLH� NU�PPXQJVDEKlQJLJHQ� 3DUDPHWHU�ψ� XQG� ξ� LQWHUSROLHUW

ZHUGHQ��0LW� GHU� EHUHFKQHWHQ� (LQGULQJWLHIH� �RGHU� DXFK� $ESODWWXQJ�� K� ODXWHW� GHU� %HWUDJ� GHU

1RUPDONUDIW�LQ�GHP�EHWUDFKWHWHQ�.RQWDNW��DXV�.DSLWHO�������
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'LH�5LFKWXQJ�GHU�.RQWDNWQRUPDONUDIW�ZLUG�GXUFK�GHQ�QRUPLHUWHQ�1RUPDOHQYHNWRU�DXI�GLH�HQW�

VSUHFKHQGH�2EHUIOlFKH�GHV�.|USHUV�L�DQJHJHEHQ�
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Q
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������� 7DQJHQWLDONUDIW�DXV�5HLEXQJ

8P�GHQ�$XIZDQG�I�U�GLH�0RGHOOLHUXQJ�XQG�%HUHFKQXQJ�LP�5DKPHQ�]X�KDOWHQ��ZLUG�YRUHUVW

GHU� 5HLEXQJVNUDIW� HLQ� �EHU� GLH� JHVDPWH� .RQWDNWIOlFKH� NRQVWDQWHU� 5HLEXQJVNRHIIL]LHQW� ]X�

JUXQGH�JHOHJW��'DPLW�LVW�GLH�5HLEXQJVNUDIW�QXU�YRQ�GHU�+|KH�GHU�1RUPDONUDIW�DEKlQJLJ�

) )
5 1

= µ �

'LH� 5LFKWXQJ� GHU� 5HLEXQJVNUDIW� LVW� YRQ� GHU� /DJH� GHV� 5HODWLYJHVFKZLQGLJNHLWVYHNWRUV� ]ZL�

VFKHQ�GHQ�.RQWDNWN|USHUQ�LP�%HU�KUSXQNW�DEKlQJLJ�

'HU� 5HODWLYJHVFKZLQGLJNHLWVYHNWRU� I�U� HLQHQ� .RQWDNW�� KLHU� I�U� GLH� 3DDUXQJ� 6SLQGHOVWDQ�

JH�3ODQHW��LVW�GLH�'LIIHUHQ]�GHU�*HVFKZLQGLJNHLWHQ�GHV�.UDIWDQJULIIVSXQNWV�.3��GLH�HU�EHL�N|U�

SHUIHVWHU� /DJH� DXI� GHQ� MHZHLOLJHQ� .|USHUQ� DXIZHLVW�� ,VW� GLH� /DJH� GHV� .UDIWDQJULIIVSXQNWV

GXUFK� GHQ� 2UWVYHNWRU� YRP�8UVSUXQJ� GHV� 6SLQGHOVWDQJHQUHIHUHQ]V\VWHPV� ]X� VHLQHU� 3RVLWLRQ

U.3 6� �EHVWLPPW��VR�EHUHFKQHW�VLFK�GLH�*HVFKZLQGLJNHLW� Y.3 6� �GHU�6SLQGHOVWDQJHQREHUIOlFKH�LP

.UDIWDQJULIIVSXQNW� DXV� GHU� 9HUVFKLHEXQJVJHVFKZLQGLJNHLW� GHV� 6SLQGHOVWDQJHQVFKZHUSXQNWV

Y
6 63� �JHJHQ�EHU�GHP�8UVSUXQJ�GHV�,QHUWLDOV\VWHPV�XQG�GHU�*HVFKZLQGLJNHLW��GLH�GHU�.UDIWDQ�

JULIIVSXQNW�GXUFK�GLH�5RWDWLRQ�GHU�6SLQGHOVWDQJH� �5RWDWLRQVJHVFKZLQGLJNHLW� ω
6
�� JHJHQ�EHU

GHP�,QHUWLDOV\VWHP�DXIZHLVW�

Y Y U.3 6 6 63 6 .3 6� � �= + ×ω �

'LH� *HVFKZLQGLJNHLW� GHU� 3ODQHWHQREHUIOlFKH� LP� .UDIWDQJULIIVSXQNW� HUUHFKQHW� VLFK� HQWVSUH�

FKHQG�� 'LH� 5HODWLYJHVFKZLQGLJNHLW�� GLH� ]ZLVFKHQ� EHLGHQ� 2EHUIOlFKHQ� LP� .RQWDNW� KHUUVFKW�

EHWUlJW�GDPLW�

( ) ( )Y Y U Y UUHO 3 63 3 .3 3 6 63 6 .3 6= + × − + ×� � � �ω ω �

)�U�HLQHQ�.RQWDNW�3ODQHW�0XWWHU�ODXWHW�GHU�5HODWLYJHVFKZLQGLJNHLWVYHNWRU�

( ) ( )Y Y U Y UUHO 3 63 3 .3 3 0 63 0 .3 0= + × − + ×� � � �ω ω �

ZREHL�GHU�$QVDW]� I�U�GLHVHQ�.RQWDNW�JUR�H�3UREOHPH�DXIZHUIHQ�NDQQ��8UVDFKH�GDI�U� LVW�GLH

:lO]EHZHJXQJ�GHV�3ODQHWHQ�LQ�GHU�0XWWHU��GLH�KLHU�GHQ�EHVWLPPHQGHQ�$QWHLO�GHU�NRPELQLHU�

WHQ� %HZHJXQJVIRUP� DXVPDFKW�� (LQIDFKHU� LVW� I�U� GLHVHQ� .RQWDNW� GLH� $XVULFKWXQJ� GHU� 5HL�

EXQJVNUDIW�LQ�8PIDQJVULFKWXQJ�GHU�0XWWHU�YRU]XQHKPHQ��,P�0HKUN|USHUPRGHOO�PX��]XVlW]�

OLFK�GLH�+DIWUHLEXQJ�EHU�FNVLFKWLJW�ZHUGHQ��RGHU�PDQ�VHW]W�JUXQGVlW]OLFK� LQ�GLHVHP�.RQWDNW

UHLQHV�5ROOHQ�YRUDXV��'LHVH� OHW]WH�$QQDKPH� LVW� HLQH� VHKU�JUREH�9HUHLQIDFKXQJ��6LH�PDJ� I�U
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HLQ�HUVWHV�)XQNWLRQVPRGHOO�DXVUHLFKHQG�VHLQ��XP�GLH�0HKUN|USHUVLPXODWLRQ�]X�HUSUREHQ��ZLUG

DEHU�I�U�JHQDXHUH�8QWHUVXFKXQJHQ�QLFKW�PHKU�WROHULHUEDU�VHLQ�

����� $Q]DKO�GHU�PLQLPDO�HUIRUGHUOLFKHQ�.RQWDNWSXQNWH

%HUHFKQXQJ�GHU�]XOlVVLJHQ�1RUPDONUDIW�HLQHV�.RQWDNWSXQNWHV�QDFK�+(57=�>+�@�

'LH�JHJHEHQHQ�*U|�HQ�VLQG�

− $[LDONUDIW�)�

− )ODQNHQZLQNHO�β .

=XQlFKVW�ZLUG�GLH�UHVXOWLHUHQGH�.UDIW�EHUHFKQHW��GLH�MHZHLOV�VHQNUHFKW�DXI�HLQH�)ODQNHQJUXSSH

GHV�3ODQHWHQ��PXWWHU��E]Z��VSLQGHOVWDQJHQVHLWLJ��ZLUNW��)ROJHQGH�)RUPHO�JLEW�HLQH�JXWH�1lKH�

UXQJ�I�U�GLH�UHVXOWLHUHQGH�)ODQNHQQRUPDONUDIW�RKQH�%HU�FNVLFKWLJXQJ�GHU�*HZLQGHVWHLJXQJ�

'LH�UHVXOWLHUHQGH�1RUPDONUDIW�4
�LVW�
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'LH� IROJHQGH�)RUPHO�EHU�FNVLFKWLJW� GLH�*HZLQGHVWHLJXQJ� HLQHV�.RQWDNWSDUWQHUV��%HVLW]W� GHU

DQGHUH�.RQWDNWN|USHU�HEHQIDOOV�HLQ�*HZLQGH��LP�.RQWDNW�6SLQGHOVWDQJH�3ODQHW���VR�ZLUG�EHL

GHU�.RQWDNWNUDIWEHUHFKQXQJ�QlKHUXQJVZHLVH�GDYRQ�DXVJHJDQJHQ��GD��EHLGH�6WHLJXQJHQ�LQ�GHU

.RQWDNWVWHOOH�LGHQWLVFK�VLQG�

'LH�UHVXOWLHUHQGH�1RUPDONUDIW�4�LVW�QXQ�
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=XOlVVLJH�)OlFKHQSUHVVXQJ��S]XO

6LFKHUKHLW�JHJHQ�*U�EFKHQELOGXQJ��6

(ODVWL]LWlWVPRGXOL�GHU�.RQWDNWSDUWQHU��(���(�
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$XV�GHU�)OlFKHQSUHVVXQJ�S+�QDFK�+HUW]��+(57=�VFKH�3UHVVXQJ��>+�@�XQG�GHU�675,%(&.�VFKHQ

:lO]SUHVVXQJ�.�>6�@�ZLUG�GLH�PD[LPDO�]XOlVVLJH�1RUPDONUDIW�4.RQWDNW�HLQHV�.RQWDNWSXQNWHV

EHVWLPPW�
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'��XQG�'��VLQG�]ZHL�GHU�YLHU�%HU�KUGXUFKPHVVHU�HLQHV�.RQWDNWSXQNWHV��'���'���'��XQG�'���

6LH�P�VVHQ� LQ� GHU� JOHLFKHQ�+DXSWHEHQH� OLHJHQ�� )�U� MHGH�(EHQH�ZLUG� HLQ�(UVDW]GXUFKPHVVHU

EHUHFKQHW��'HU�DXV�'��XQG�'��JHELOGHWH�'XUFKPHVVHU�',�EH]HLFKQHW�GHQ�NOHLQHUHQ�GHU�EHLGHQ

(UVDW]GXUFKPHVVHU��',�XQG�',,��
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'DUDXV�HUJLEW�VLFK�GLH�PD[LPDOH�.RQWDNWNUDIW�4.RQWDNW�
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'LH�PLQLPDOH�$Q]DKO�HUIRUGHUOLFKHU�.RQWDNWSXQNWH��N7�EH]HLFKQHW�GHQ�7UDJDQWHLO��LVW�GDQQ�
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1lKHUXQJ�GHU�\�)XQNWLRQ�]XU�%HUHFKQXQJ�GHU�+HUW]�VFKHQ�3UHVVXQJ
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7DEHOOH�QDFK�1LHPDQQ

$EE���������\�QDFK�DQDO\WLVFKHU�1lKHUXQJ�XQG�QDFK�7DEHOOHQZHUWHQ�DXV�1LHPDQQ�>1�@

������� %HU�KUGXUFKPHVVHU

8P�GLH�+(57=�VFKHQ�3UHVVXQJHQ�EHVWLPPHQ�]X�N|QQHQ��P�VVHQ�GLH�%HU�KUGXUFKPHVVHU�GHU

.RQWDNWSDUWQHU�LQ�EHLGHQ�+DXSWHEHQHQ�EHNDQQW�VHLQ��(V�ZLUG�YRQ�HLQHU�3XQNWEHU�KUXQJ�DXV�

JHJDQJHQ��G�K��I�U�MHGHQ�.RQWDNWSXQNW�ZHUGHQ�YLHU�%HU�KUGXUFKPHVVHU��]ZHL�SUR�.RQWDNWN|U�

SHU��EHQ|WLJW��6LH�ODVVHQ�VLFK�QDFK�IROJHQGHQ�)RUPHOQ�EHVWLPPHQ�
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.RQWDNW�]ZLVFKHQ�3ODQHW�XQG�0XWWHU���YRUKHU�IHVW]XOHJHQ
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G��3ODQHW� �VSLQGHOVWDQJHQVHLWLJH�%DOOLJNHLW�GHV�3ODQHWHQ��YRUKHU�IHVW]XOHJHQ�

������� %HUHFKQXQJ�GHU�.RQWDNWHOOLSVH
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