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7KHUPRSK\VLNDOLVFKH�'DWHQ� YRQ� IO�VVLJHQ�0HWDOOHQ� VLQG� YRQ� JUR�HP� ,QWHUHVVH� DOV�(LQJDQJVGDWHQ�
I�U�QXPHULVFKH�6LPXODWLRQVUHFKQXQJHQ�EHL�*LH�SUR]HVVHQ��,Q�GLHVHU�$UEHLW�ZHUGHQ�0HVVXQJHQ�GHU�
WKHUPRSK\VLNDOLVFKHQ� (LJHQVFKDIWHQ� YRQ� IHVWHP� XQG� IO�VVLJHP� =LUNRQLXP� XQG� 3ODWLQ� SUlVHQWLHUW��
'LHVH�0HVVXQJHQ�GHU��WKHUPRSK\VLNDOLVFKHQ�(LJHQVFKDIWHQ�ZHLW�LQ�GLH�IO�VVLJH�3KDVH�KLQHLQ�ZHUGHQ�
PLWWHOV� RKPVFKHU� 3XOVKHL]WHFKQLN� GXUFKJHI�KUW�� ZREHL� $XIKHL]UDWHQ� YRQ� ELV� ]X��
����.�V�HUUHLFKW�ZHUGHQ��GLH�JDUDQWLHUHQ��GDVV� VLFK�GLH�*HRPHWULH�GHU�3UREH� WURW]�GHU�6FKZHUNUDIW�
LQQHUKDOE� GLHVHU� ZHQLJHQ� µV� DQ� 0HVV]HLW� LQ� GHU� IO�VVLJHQ� 3KDVH� QLFKW� lQGHUW�� 'LH� 0HVVXQJHQ�
ZHUGHQ�DQ�=LUNRQLXP��XQG�3ODWLQGUlKWHQ�PLW�HLQHP�'XUFKPHVVHU�YRQ�����PP�XQG�HLQHU�PLWWOHUHQ�
/lQJH� YRQ� FD�� ��� PP� GXUFKJHI�KUW�� 'XUFK� 0HVVXQJ� GHV� 6WURPV� GXUFK� GLH� 3UREH�� GHV�
6SDQQXQJVDEIDOOV�HQWODQJ�GHU�3UREH�XQG�GHU�6WUDKOXQJVWHPSHUDWXU�GHU�'UDKWREHUIOlFKH�DOV�)XQNWLRQ�
GHU� =HLW� NDQQ� PDQ� GLH� VSH]LILVFKH� (QWKDOSLH�� GLH� VSH]LILVFKH� :lUPHNDSD]LWlW�� GHQ� VSH]LILVFKHQ�
HOHNWULVFKHQ� :LGHUVWDQG�� XQG� XQWHU� 9HUZHQGXQJ� GHV� :LHGHPDQQ�)UDQ]�*HVHW]HV� GLH�
:lUPHOHLWIlKLJNHLW� XQG� 7HPSHUDWXUOHLWIlKLJNHLW� DOV� )XQNWLRQ� GHU� 7HPSHUDWXU� HUPLWWHOQ�� (LQ� µV�
'2$3� NDQQ� DXFK� QRFK� GDV� 9HUKDOWHQ� GHV� WHPSHUDWXUDEKlQJLJHQ� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ� XQWHUVXFKHQ��ZDV� ]X� HLQHU� JHQDXHUHQ�(UPLWWOXQJ�GHU�7HPSHUDWXU� I�KUW�� GD�
PDQ� GLH� ELVKHULJH�$QQDKPH� HLQHV� NRQVWDQWHQ� QRUPDOHQ� VSHNWUDOHQ� (PLVVLRQVNRHIIL]LHQWHQ� LQ� GHU�
IO�VVLJHQ�3KDVH�QXQ�QLFKW�PHKU�EHQ|WLJW����
'LH�HUKDOWHQHQ�'DWHQ�ZHUGHQ�GLVNXWLHUW�XQG�PLW�:HUWHQ�DXV�GHU�/LWHUDWXU�YHUJOLFKHQ��6LH�]HLJHQ�HLQH�
JXWH�hEHUHLQVWLPPXQJ�LQQHUKDOE�GHU�8QVLFKHUKHLWVJUHQ]HQ��

�
�
�
$EVWUDFW��
�
7KHUPRSK\VLFDO� GDWD� RI� OLTXLG� PHWDOV� DUH� RI� LPSRUWDQW� LQWHUHVW� IRU� LQSXW� GDWD� RI� QXPHULFDO�
VLPXODWLRQ�DW�FDVWLQJ��:LWKLQ�WKLV�ZRUN�WKH�PHDVXUHPHQW�RI�WKHUPRSK\VLFDO�SURSHUWLHV�RI�VROLG�DQG�
OLTXLG�=LUFRQLXP�DQG�3ODWLQXP�LV�SUHVHQWHG��7KHVH�PHDVXUHPHQWV�RI�WKHUPRSK\VLFDO�SURSHUWLHV�IDU�
LQWR�WKH�OLTXLG�SKDVH�DUH�FDUULHG�RXW�E\�DQ�RKPLF�SXOVH�KHDWLQJ�WHFKQLTXH�UHDFKLQJ�KHDWLQJ�UDWHV�XS�
WR�����.�V��ZKLFK�JXDUDQWHHV� WKDW� WKH�JHRPHWU\�RI� WKH�VDPSOH�UHPDLQV�VWDEOH�ZLWKLQ�WKH�IHZ�µV�RI�
PHDVXULQJ� WLPH� LQ� WKH� OLTXLG� SKDVH� LQ� VSLWH� RI� JUDYLW\��7KH�PHDVXUHPHQWV� DUH� SHUIRUPHG�RQ�ZLUH�
VKDSHG�=LUFRQLXP�DQG�3ODWLQXP�ZLWK�D�GLDPHWHU�RI�����PP�DQG�DQ�DYHUDJH�OHQJWK�RI�DERXW����PP��
%\� PHDVXULQJ� WKH� FXUUHQW� WKURXJK� WKH� VDPSOH�� WKH� YROWDJH� GURS� DORQJ� LW� DQG� WKH� UDGLDWLRQ�
WHPSHUDWXUH�RI�LWV�VXUIDFH�DV�D�IXQFWLRQ�RI�WLPH��RQH�FDQ�FDOFXODWH�WKH�VSHFLILF�HQWKDOS\��VSHFLILF�KHDW�
FDSDFLW\�� VSHFLILF� HOHFWULFDO� UHVLVWLYLW\�� DQG� XVLQJ� WKH�:LHGHPDQQ�)UDQ]� ODZ� WKHUPDO� FRQGXFWLYLW\�
DQG� WKHUPDO� GLIIXVLYLW\� DV� D� IXQFWLRQ� RI� WHPSHUDWXUH�� %\� PHDQV� RI� D� µV�'2$3� RQH� FDQ� DOVR�
LQYHVWLJDWH� WKH� EHKDYLRXU� RI� WHPSHUDWXUH� GHSHQGLQJ� QRUPDO� VSHFWUDO� HPLVVLYLW\�� ZKLFK� OHDGV� WR� D�
PRUH�DFFXUDWH�GHWHUPLQDWLRQ�RI� WHPSHUDWXUH�DQG�PDNHV� WKH�IRUPHU�DVVXPSWLRQ�RI�FRQVWDQW�QRUPDO�
VSHFWUDO�HPLVVLYLW\�LQ�WKH�OLTXLG�SKDVH�XQQHFHVVDU\���
7KH� LQYHVWLJDWHG� GDWD� DUH� GLVFXVVHG� DQG� FRPSDUHG� ZLWK� OLWHUDWXUH� YDOXHV�� 7KH\� VKRZ� D� JRRG�
DJUHHPHQW�ZLWKLQ�WKHLU�OLPLWV�RI�XQFHUWDLQWLHV��
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.DSLWHO�������(LQOHLWXQJ �������������������������������������������������������������������������� ���

.DSLWHO�������0HVVDXIEDX�GHV�µV�3XOVKHL]H[SHULPHQWV�������������������������� ���
�
�����$OOJHPHLQHV������������������������������������������������������������������������������������������������������������������������� ����
�����(OHNWULVFKHU�$XIEDX������������������������������������������������������������������������������������������������������������� ����
�����'XUFKI�KUXQJ�GHV�([SHULPHQWV������������������������������������������������������������������������������������������� ����
�����0HVVJU|�HQ ����������������������������������������������������������������������������������������������������������������������������

�������6WURPPHVVXQJ ���������������������������������������������������������������������������������������������������������
�������6SDQQXQJVPHVVXQJ��������������������������������������������������������������������������������������������������
�������0HVVXQJ�GHU�6WUDKOXQJVLQWHQVLWlW ����������������������������������������������������������������������������
�������0HVVXQJ�GHV�QRUPDOHQ�VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ ������������������������������������

���������3RODULPHWHU������������������������������������������������������������������������������������������������
���������$XIEDX ������������������������������������������������������������������������������������������������������

.DSLWHO�������'DWHQDXVZHUWXQJ� �������������������������������������������������������������� ���
�
�����$OOJHPHLQHV���������������������������������������������������������������������������������������������������������������������������� �����
7HPSHUDWXU ������������������������������������������������������������������������������������������������������������������������������������
�����6SH]LILVFKH�(QWKDOSLH �������������������������������������������������������������������������������������������������������������
�����6SH]LILVFKH�:lUPHNDSD]LWlW ��������������������������������������������������������������������������������������������������
�����6SH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG �������������������������������������������������������������������������������������
�����:lUPHOHLWIlKLJNHLW �����������������������������������������������������������������������������������������������������������������
�����7HPSHUDWXUOHLWIlKLJNHLW ����������������������������������������������������������������������������������������������������������
�����1RUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW �����������������������������������������������������������������������������

�������$OOJHPHLQHV �������������������������������������������������������������������������������������������������������������
�������)UHVQHONRHIIL]LHQWHQ ������������������������������������������������������������������������������������������������
�������3RODULVLHUWHV�/LFKW ����������������������������������������������������������������������������������������������������
�������6WRNHV�)RUPDOLVPXV ������������������������������������������������������������������������������������������������
�

.DSLWHO�������(UJHEQLVVH ������������������������������������������������������������������������� ���
�
�����=LUNRQLXP�������������������������������������������������������������������������������������������������������������������������������

�������$OOJHPHLQHV �������������������������������������������������������������������������������������������������������������
�������1RUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW ��������������������������������������������������������������
�������6SH]LILVFKH�(QWKDOSLH ����������������������������������������������������������������������������������������������
�������6SH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN �����������������������������������������������
�������6SH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�RKQH�.RUUHNWXU�GHU�9ROXPV]XQDKPH�����������
�������'LFKWH�����������������������������������������������������������������������������������������������������������������������
�������.RUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG ���������������������������������������������������
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�������:lUPHOHLWIlKLJNHLW ��������������������������������������������������������������������������������������������������
�������7HPSHUDWXUOHLWIlKLJNHLW �������������������������������������������������������������������������������������������
�

�����3ODWLQ���������������������������������������������������������������������������������������������������������������������������������������
�������$OOJHPHLQHV �������������������������������������������������������������������������������������������������������������
�������1RUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW ��������������������������������������������������������������
�������6SH]LILVFKH�(QWKDOSLH ����������������������������������������������������������������������������������������������
�������6SH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN �����������������������������������������������
�������6SH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�RKQH�.RUUHNWXU�GHU�9ROXPV]XQDKPH�����������
�������'LFKWH�����������������������������������������������������������������������������������������������������������������������
�������.RUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG ���������������������������������������������������
�������:lUPHOHLWIlKLJNHLW ��������������������������������������������������������������������������������������������������
�������7HPSHUDWXUOHLWIlKLJNHLW �������������������������������������������������������������������������������������������
�

.DSLWHO�������8QVLFKHUKHLWVEHWUDFKWXQJ �������������������������������������������������� ���
�
�����$OOJHPHLQHV���������������������������������������������������������������������������������������������������������������������������� �����
6WDWLVWLN������������������������������������������������������������������������������������������������������������������������������������������
�����8QVLFKHUKHLWVDQDO\VH ��������������������������������������������������������������������������������������������������������������
�����=XVDPPHQIDVVXQJ�GHU�UHODWLYHQ�0HVVXQVLFKHUKHLWHQ ������������������������������������������������������������

.DSLWHO�������=XVDPPHQIDVVXQJ�XQG�$XVEOLFN �������������������������������������� ���
�
�����$OOJHPHLQHV���������������������������������������������������������������������������������������������������������������������������� �����
=LUNRQLXP��������������������������������������������������������������������������������������������������������������������������������������
�����3ODWLQ���������������������������������������������������������������������������������������������������������������������������������������
�����9HUEHVVHUXQJVYRUVFKOlJH �������������������������������������������������������������������������������������������������������

.DSLWHO�������/LWHUDWXUQDFKZHLV �������������������������������������������������������������� ����
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�
(LQOHLWXQJ 
�
�
'DQN� GHU� UDVDQWHQ� (QWZLFNOXQJ� GHU� &RPSXWHU� VLQG� LQ� GHQ� OHW]WHQ� -DKUHQ� QXPHULVFKH�
6LPXODWLRQVSUR]HVVH� LPPHU� ZLFKWLJHU� XQG� LQWHUHVVDQWHU� JHZRUGHQ� XQG� VWHOOHQ� KHXW]XWDJH� HLQHQ�
ZLFKWLJHQ� )DNWRU� EHL� *LH�SUR]HVVHQ� LQ� GHU� 0HWDOOLQGXVWULH� GDU�� 'DKHU� KHUUVFKW� HLQH� JHVWHLJHUWH�
1DFKIUDJH� DQ� LPPHU� QRFK� JHQDXHUHQ� WKHUPRSK\VLNDOLVFKHQ� 'DWHQ� YRQ� 5HLQPHWDOOHQ� XQG�
0HWDOOOHJLHUXQJHQ��GLH�DOV�(LQJDQJVGDWHQ�I�U�GLYHUVH�6LPXODWLRQHQ�EHQ|WLJW�ZHUGHQ����
�
0LW�GHP�DP�,QVWLWXW�I�U�([SHULPHQWDOSK\VLN�LQ�*UD]�DXIJHEDXWHQ�VFKQHOOHQ�(QWODGXQJVNUHLV�N|QQHQ�
WKHUPRSK\VLNDOLVFKH� 'DWHQ� I�U� HOHNWULVFK� OHLWHQGH� 0DWHULDOLHQ� HUKDOWHQ� ZHUGHQ�� (V� KDQGHOW� VLFK�
GDEHL�XP�HLQH�RKPVFKH�3XOVKHL]DQODJH��EHL�GHU�GLH�JHZlKOWH�GUDKWI|UPLJH�3UREH�PLWWHOV�6WURP�YRQ�
HLQHU� .RQGHQVDWRUEDWWHULH� �EHU� HLQHQ� VWDUN� JHGlPSIWHQ� HOHNWULVFKHQ� 6FKZLQJNUHLV� LQQHUKDOE�
ZHQLJHU�µV�ZHLW�LQ�GLH�IO�VVLJH�3KDVH�KLQHLQ�HUKLW]W�ZLUG��'DEHL�ZLUG�GHU�6WURP�GXUFK�GLH�3UREH��GHU�
6SDQQXQJVDEIDOO� HQWODQJ� GHU� 3UREH�� GLH� 6WUDKOXQJVWHPSHUDWXU� GHU� 'UDKWREHUIOlFKH� XQG� LP�
$OOJHPHLQHQ�DXFK�GLH�9ROXPHQH[SDQVLRQ�DOV�)XQNWLRQ�GHU�=HLW�JHPHVVHQ��$XV�GLHVHQ�3ULPlUGDWHQ�
NDQQ� GDQQ� GLH� VSH]LILVFKH� (QWKDOSLH�� GLH� VSH]LILVFKH�:lUPHNDSD]LWlW�� GHU� VSH]LILVFKH� HOHNWULVFKH�
:LGHUVWDQG� XQG� PLW� +LOIH� GHV� :LHGHPDQQ�)UDQ]�*HVHW]HV� GLH� :lUPHOHLWIlKLJNHLW� XQG� GLH�
7HPSHUDWXUOHLWIlKLJNHLW� DOV� )XQNWLRQ� GHU� 7HPSHUDWXU� HUUHFKQHW� ZHUGHQ�� 'D� DXI� GLH� 'UDKWSUREH�
�YHUWLNDO� HLQJHVSDQQW�� VWHWV� GLH� 6FKZHUNUDIW�ZLUNW��PXVV� GDV� ([SHULPHQW� VHKU� VFKQHOO� YRQ� VWDWWHQ�
JHKHQ�� GD� VRQVW� GHU� 'UDKW� LQ� GHU� IO�VVLJHQ� 3KDVH� LQ� VLFK� ]XVDPPHQILHOH� E]Z�� ]XPLQGHVW�
$XVEXFKWXQJHQ�EHNlPH��GLH�HLQH�0HVVXQJ�YHUIlOVFKHQ�Z�UGHQ��'DV�HUIRUGHUW�HLQH�=HLWVNDOD�LP�µV�
%HUHLFK� XQG� HLQ� VHKU� VFKQHOOHV� RSWLVFKHV� 3\URPHWHU�� PLW� GHP� GLH� 6WUDKOXQJVLQWHQVLWlW� GHU�
'UDKWREHUIOlFKH�HUPLWWHOW�ZLUG��=XU�(UPLWWOXQJ�GHU�7HPSHUDWXU�DXV�GHU�6WUDKOXQJVLQWHQVLWlW�ZLUG�GDV�
3ODQFNVFKH� 6WUDKOXQJVJHVHW]� YHUZHQGHW��'DV� VHW]W� MHGRFK�GLH�$QQDKPH�YRUDXV�� GDVV� GHU� QRUPDOH�
VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW�LQ�GHU�IO�VVLJHQ�3KDVH�NRQVWDQW�LVW��GDVV�KHL�W��GHQ�:HUW��GHQ�HU��DP�
6FKPHO]�EHUJDQJ�KDW��DXFK�EHLEHKlOW��'DV�NDQQ�MHGRFK�]X�IDOVFKHQ�7HPSHUDWXUZHUWHQ�I�KUHQ��ZHQQ�
VLFK�HEHQ�GLHVHU�QRUPDOH�VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW�LQ�GHU�IO�VVLJHQ�3KDVH�GRFK�lQGHUW��
�
8P�GLHVHV�3UREOHP�]X�EHVHLWLJHQ�ZXUGH�YRU�HLQLJHQ�-DKUHQ�GHU�3XOVKHL]DQODJH�HLQ�µV�'LYLVLRQ�RI�
$PSOLWXGH�3KRWRSRODULPHWHU�KLQ]XJHI�JW��'DPLW�LVW�HLQH�GLUHNWH�0HVVXQJ�GHV�QRUPDOHQ�VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ� P|JOLFK�� XQG� VRPLW� HLQH� JHQDXHUH� (UPLWWHOXQJ� GHU� 7HPSHUDWXU� GHU�
'UDKWSUREH��'HU�SK\VLNDOLVFKH�+LQWHUJUXQG�EHL�GLHVHU�0HVVXQJ�LVW�GLH�(UPLWWOXQJ�GHU�bQGHUXQJ�GHV�
3RODULVDWLRQV]XVWDQGHV� HLQHV� SULPlU� OLQHDU� SRODULVLHUWHQ� /DVHUVWUDKOV� PLW� HLQHU� :HOOHQOlQJH� YRQ�
������QP�LQIROJH�5HIOHNWLRQ�DQ�GHU�HUKLW]HQ�2EHUIOlFKH�GHU�'UDKWSUREH��$XFK�LQ�GLHVHP�)DOO�PXVV�
GLH�0HVVXQJ�LQIROJH�GHU�=HLWVNDOD�LP�µV�%HUHLFK�RKQH�EHZHJWH�7HLOH�DXVNRPPHQ��'LH�$XVZHUWXQJ�
HUIROJW��EHU�GHQ�6WRNHV�)RUPDOLVPXV��
�
�
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9HUPHVVHQ�ZHUGHQ�=LUNRQLXP��XQG�3ODWLQGUDKWSUREHQ��'LH�HUKDOWHQHQ�WKHUPRSK\VLNDOLVFKHQ�'DWHQ�
ZHUGHQ� GXUFK� (UJHEQLVVH� HLQHU� '6&�0HVVXQJ� �'LIIHUHQWLDO�6FDQQLQJ�&DORULPHWU\�� HUJlQ]W�� GLH�
HEHQIDOOV�DP�,QVWLWXW�I�U�([SHULPHQWDOSK\VLN�GXUFKJHI�KUW�ZLUG��6FKOLH�OLFK�ZHUGHQ�GLH�(UJHEQLVVH�
PLW�/LWHUDWXUZHUWHQ�YHUJOLFKHQ�XQG�GLVNXWLHUW��
�
�

�
�
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.DSLWHO���
�
0HVVDXIEDX�GHV�

µV�3XOVKHL]H[SHULPHQWV 
�
�
�����$OOJHPHLQHV�
�
'LH� 3XOVKHL]PHWKRGH� �RGHU� DXFK� 'UDKWH[SORVLRQVPHWKRGH�� EDVLHUW� LP� :HVHQWOLFKHQ� DXI� GHU�
RKPVFKHQ�$XIKHL]XQJ� YRQ�'UDKWSUREHQ� GXUFK� HLQHQ� NXU]HQ� 6WURPLPSXOV��'DEHL�ZLUG� GHU� 6WURP�
GXUFK�GLH�3UREH��GHU�6SDQQXQJVDEIDOO��EHU�GLH�3UREH��GLH�6WUDKOXQJVWHPSHUDWXU�GHU�'UDKWREHUIOlFKH�
XQG�LP�$OOJHPHLQHQ�DXFK�GLH�9ROXPHQH[SDQVLRQ�DOV�)XQNWLRQ�GHU�=HLW�JHPHVVHQ��)�U�GLHVH�$UEHLW�
VWDQG�MHGRFK�NHLQH�&&'�.DPHUD�]XU�9HUI�JXQJ��GDKHU�PXVVWH�DXI�/LWHUDWXUZHUWH�I�U�GLH�([SDQVLRQ�
]XU�FNJHJULIIHQ�ZHUGHQ��$EELOGXQJ����� ]HLJW� HLQHQ� W\SLVFKHQ�0HVVGDWHQVDW]� LQ�$EKlQJLJNHLW�YRQ�
GHU�=HLW��ZLH�HU�EHL�HLQHP�3XOVKHL]H[SHULPHQW�YRQ�GHU����%LW�$'�.DUWH�JHOLHIHUW�ZXUGH��LQ�GLHVHP�
)DOO�I�U�=LUNRQLXP��
�
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$EELOGXQJ� ����� � 0HVVGDWHQVDW]� I�U� HLQ� HLQ]HOQHV� 3XOVKHL]H[SHULPHQW� PLW� =LUNRQLXP� LQ�
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$EKlQJLJNHLW�YRQ�GHU�=HLW��

�����(OHNWULVFKHU�$XIEDX�
�
'DV�6FKDOWELOG�GHV�YHUZHQGHWHQ�(QWODGHNUHLVHV�LVW�LQ�$EELOGXQJ�����]X�VHKHQ��'HU�]XP�$XIKHL]HQ�
GHU� 3UREH� QRWZHQGLJH� 6WURPSXOV� PLW� HLQHU� ]HLWOLFKHQ� /lQJH� YRQ� HLQLJHQ� ]HKQ�µV� �LP� )DOOH� YRQ�
=LUNRQLXP� HWZD� ��� µV�� ZLUG� YRQ� HLQHP� 5/&�(QWODGXQJVNUHLV� HU]HXJW�� 'LH� (QHUJLH� LVW� LQ� HLQHU�
%DWWHULH� YRQ� SDUDOOHOJHVFKDOWHWHQ� .RQGHQVDWRUHQ� PLW� HLQHU� *HVDPWNDSD]LWlW� YRQ� ���� µ)�
JHVSHLFKHUW�� %HL� PD[LPDOHU� /DGHVSDQQXQJ� YRQ� ��� N9� VWHKHQ� ��� N-� DQ� HOHNWULVFKHU� (QHUJLH� ]XU�
9HUI�JXQJ��$EKlQJLJ�YRP�0DWHULDO�XQG�3UREHQGXUFKPHVVHU�ZLUG�GLH�.RQGHQVDWRUEDWWHULH�DXI���ELV�
���N9�DXIJHODGHQ���
�
�

�
�

$EELOGXQJ�������6FKHPDWLVFKHU�6FKDOWSODQ�GHV�YHUZHQGHWHQ�(QWODGXQJVNUHLVHV��

+*���+RFKVSDQQXQJVQHW]WHLO�� 6���6FKDOWHU�� &�������µ)�.RQGHQVDWRUEDQN�� 5&52:���&URZEDU�
ZLGHUVWDQG��.XU]VFKOXVVZLGHUVWDQG��� ,*����6WDUWLJQLWURQ�� ,*����/|VFKLJQLWURQ�� 59���$QSDVV�
ZLGHUVWDQG�� 5/�//���:LGHUVWDQG�XQG�,QGXNWLYLWlW�GHU�/HLWXQJHQ�� 53�/3���:LGHUVWDQG�XQG�
,QGXNWLYLWlW�GHU�3UREH�� 5��5����6SDQQXQJVWHLOHUZLGHUVWlQGH�� 66������6SDQQXQJVVFKQHLGHQ��
33���3HDUVRQ�6RQGH�� (*���(QWODGHJHIl��� 3<���3\URPHWHU�� /���/LQVH�� ,)���,QWHUIHUHQ]ILOWHU���
//���*ODVIDVHU�/LFKWOHLWHU�� '���3KRWRGLRGH�� $���9HUVWlUNHU�� $'���$QDORJ�'LJLWDO�:DQGOHU��
3&���&RPSXWHU�]XU�'DWHQHUIDVVXQJ�� 3*���3XOVJHQHUDWRU�� ,�� 8KHLVV�� 8NDOW�� -���JHPHVVHQH�6LJQDOH�
GHV�6WURPV��GHU�6SDQQXQJHQ�XQG�GHU�6WUDKOXQJVLQWHQVLWlW��
�
'HU� GXUFK� GLH� 3UREH� IOLH�HQGH� 6WURP� HUUHLFKW� :HUWH� ELV� PD[LPDO� ���N$�� 'HU� JU|�WH� 7HLO� GHU�



������������������������������

� �

HOHNWULVFKHQ�(QHUJLH�ZLUG�YRP�$QSDVVZLGHUVWDQG��59� ������Ω���GHU�JHULQJVWH�7HLO�YRQ�GHU�3UREH�
VHOEVW�DXIJHQRPPHQ��8P�GLH�3UREHQJHRPHWULH�DXFK�LQ�GHU�IO�VVLJHQ�3KDVH�DXIUHFKW]XHUKDOWHQ��G�K��
XP� HLQ� 9HUELHJHQ� XQG� .QLFNHQ� GHV� 'UDKWV� XQG� HLQH� GDPLW� YHUEXQGHQH� )HKOPHVVXQJ� GHU�
6WUDKOXQJVLQWHQVLWlW� ]X� YHUKLQGHUQ�� VLQG� $XIKHL]UDWHQ� LQ� GHU� *U|�HQRUGQXQJ� YRQ� ����.�V�
QRWZHQGLJ��'LH�3XOVIRUP�GHV�6WURPV�VROOWH�GDEHL�P|JOLFKVW�UHFKWHFNLJ�VHLQ��XP�6WURPlQGHUXQJHQ�
XQG�GDPLW� YHUEXQGHQH� LQGXNWLYH�6SDQQXQJVDQWHLOH�ZlKUHQG�GHU� IO�VVLJHQ�3KDVH�JHULQJ�]X�KDOWHQ��
8P� GLHVH� 3XOVIRUP� ]X� HUKDOWHQ� LVW� GHU� (QWODGXQJVNUHLV� VWDUN� �EHUGlPSIW� �.ULHFKIDOO� HLQHU�
6FKZLQJXQJ��� $OV� 3ODWWIRUP�� DXI� GHU� VlPWOLFKH� .RPSRQHQWHQ� GHU� 0HVVJHUlWH� PRQWLHUW� ZHUGHQ�
N|QQHQ�� GLHQW� HLQH� JUR�H� %HWRQSODWWH� PLW� HLQHU� GDUDXI� PRQWLHUWHQ� HOR[LHUWHQ�� PLW� *HZLQGHQ�
YHUVHKHQHQ�$OXPLQLXPSODWWH��

�
�
�
�����'XUFKI�KUXQJ�GHV�([SHULPHQWV�
�
1DFK� GHP� /DGHQ� GHU� .RQGHQVDWRUEDWWHULH� &� PLW� GHP� +RFKVSDQQXQJVQHW]WHLO� +*� ZLUG� GDV�
([SHULPHQW�PDQXHOO�PLW�HLQHP�7DVWHU�DP�3XOVJHQHUDWRU�3*�JHVWDUWHW��'HU�3XOVJHQHUDWRU�OLHIHUW�ELV�
]X� I�QI� 77/�,PSXOVH�� GLH� ]X� YRUJHZlKOWHQ� =HLWSXQNWHQ� GLH� ,JQLWURQV� XQG� GHQ� $'�:DQGOHU�
DXVO|VHQ�� $OV� HUVWHV� ZLUG� GHU� $'�:DQGOHU� ]XU� 'DWHQHUIDVVXQJ� LP� &RPSXWHU� JHWULJJHUW�� 1DFK�
����µV� ZLUG� GDV� 6WDUWLJQLWURQ� ,*�� JH]�QGHW�� $XIJUXQG� GHU� QLHGULJHQ� ,QGXNWLYLWlW� GHV� JHVDPWHQ�
.UHLVHV� HUUHLFKW� GHU� 6WURP� LQQHUKDOE� ZHQLJHU� µV� VHLQHQ� PD[LPDOHQ� :HUW�� 'LH�
6WURPDQVWLHJVJHVFKZLQGLJNHLW�EHWUlJW�HWZD����� ������$�V��'LH�'UDKWSUREH�HUKLW]W� VLFK�QXQ�PLW�HLQHU�
7HPSHUDWXUDQVWLHJVUDWH�YRQ�����.�V�ZHLW�LQ�GHQ�IO�VVLJHQ�%HUHLFK�KLQHLQ��-HQDFKGHP��ZLH�ZHLW�GHU�
7HPSHUDWXUDQVWLHJ�JHZ�QVFKW�LVW��ZLUG�GLH�(QWODGXQJ�QDFK�FD�����µV�ELV����µV��([SHULPHQWLHUGDXHU��
7ULJJHU]HLW�� GXUFK�=�QGHQ�GHV�/|VFKLJQLWURQV� ,*�� EHHQGHW��'DGXUFK�ZLUG� GHU�6WURPNUHLV�PLW�GHU�
'UDKWSUREH� NXU]JHVFKORVVHQ� XQG� GLH� 5HVWHQHUJLH� �EHU� GHQ� &URZEDUZLGHUVWDQG� 5&52:� HQWODGHQ��
8QWHUOLHVH� PDQ� GDV�� Z�UGH� GHU� LP� 0HWDOOGDPSI� ]X� EUHQQHQ� EHJLQQHQGH� /LFKWERJHQ� GLH�
3UREHQKDOWHUXQJ�EHVFKlGLJHQ�XQG�GDV�(QWODGHJHIl��VWDUN�YHUVFKPXW]HQ��
,JQLWURQV� VLQG� 4XHFNVLOEHUVFKDOWHU� PLW� 'XUFKEUXFKVSDQQXQJHQ� JU|�HU� ���N9�� GLH� VHKU� JUR�H�
6WU|PH� �N$�� LQ� H[WUHP� NXU]HU� =HLW� �����QV�� VFKDOWHQ� N|QQHQ�� 6LH� EUDXFKHQ� GD]X� HLQHQ�
6SDQQXQJVLPSXOV�YRQ�HWZD���N9��1lKHUHV�]X�GLHVHQ�,JQLWURQVFKDOWU|KUHQ�ILQGHW�VLFK�LQ�>�@�XQG�
YRU�DOOHP�LQ�>�@��
'HU� RKPVFKH� :LGHUVWDQG� 5&52:� LVW� VR� DXVJHOHJW�� GDVV� GHU� (QWODGXQJVNUHLV� DXFK� EHL�
GXUFKJHVFKDOWHWHP� ,JQLWURQ� ,*�� VR� VWDUN� JHGlPSIW� LVW�� GDVV� HU� QLFKW� GXUFKVFKZLQJHQ� NDQQ�
�DSHULRGLVFKHU� *UHQ]IDOO��� (U� EHVWHKW� DXV� ��� *UDSKLWVWlEHQ� LQ� 6HULHQVFKDOWXQJ� PLW� HLQHP�
*HVDPWZLGHUVWDQG� YRQ� ����Ω�� 'HU� RKPVFKH� $QSDVVZLGHUVWDQG� 59� GLHQW� ]XU� )RUPXQJ� GHV�
6WURPLPSXOVHV� XQG� LVW� YDULDEHO� JHKDOWHQ�� XP� XQDEKlQJLJ� YRP� 3UREHQPDWHULDO� XQG� GHVVHQ�
:LGHUVWDQG�HLQHQ�P|JOLFKVW�UHFKWHFNLJHQ�6WURPLPSXOV�]X�HU]HXJHQ��VLHKH�.DSLWHO���������(U�EHVWHKW�
DXV� HLQHP�PlDQGHUI|UPLJ�JHERJHQHP�:LGHUVWDQGVGUDKW�XQG�NDQQ� MH�QDFK�3UREHQPDWHULDO�HQWZHGHU�
DXI������Ω�RGHU������Ω�HLQJHVWHOOW�ZHUGHQ��//�LVW�GLH�,QGXNWLYLWlW�GHU�=XOHLWXQJHQ�]XP�(QWODGHJHIl���
'LHVH�=XOHLWXQJHQ�EHVWHKHQ�DXV�XQLVROLHUWHQ�.XSIHUEOHFKHQ�RGHU�IOH[LEOHQ�0DVVHNDEHOQ��GLH�GXUFK�
39&�6FKOlXFKH� LVROLHUW� VLQG��'DV�(QWODGHJHIl��KDW�]XVDPPHQ�PLW�GHU�3UREH�HLQH�,QGXNWLYLWlW�/S��
'HU�6SDQQXQJVDEIDOO�8�ZLUG�PLW�HLQHP�RKPVFKHQ�6SDQQXQJVWHLOHU�5�� ��5��XQG�GHU�6WURP�,�PLW�
HLQHU� 3HDUVRQ�6WURPVRQGH�� ZHOFKH� QDFK� GHP� ,QGXNWLRQVSULQ]LS� IXQNWLRQLHUW�� JHPHVVHQ�� 'LH�
/DGHHLQKHLW� +*� GHU� .RQGHQVDWRUEDWWHULH� &� LVW� HLQ� +RFK�XQG�*OHLFKVSDQQXQJVQHW]JHUlW�� (LQ�
6LFKHUKHLWVNXU]�VFKOXVVE�JHO�XQG�HLQ�PHFKDQLVFKHU�6FKDOWHU�PLW�9RUZLGHUVWDQG�]XP�(QWODGHQ�
GHU� 5HVWVSDQQXQJ� HUJlQ]HQ� GHQ� HOHNWULVFKHQ� $XIEDX� GHV� (QWODGXQJVNUHLVHV�� 'D� ZlKUHQG� GHU�
(QWODGXQJ�HLQ�H[WUHP�KRKHU�6WURPDQVWLHJ�G,�GW�YRQ�ELV�]X�����$�V�DXIWULWW��P�VVHQ�DOOH�0HVVNDEHO�
XQG� 0HVVHLQULFKWXQJHQ� DEJHVFKLUPW� ZHUGHQ�� XP� HOHNWURPDJQHWLVFKH� (LQVWUHXXQJHQ� XQG� VRPLW�
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)HKOHUTXHOOHQ� ]X� YHUPHLGHQ�� 'D]X� VLQG� DOOH� 0HVVNDEHO� NRD[LDO� DXVJHI�KUW� XQG� ]XVlW]OLFK� LQ�
.XSIHUOHLWXQJHQ� YHUOHJW�� 'LH� 0HVVGDWHQHUIDVVXQJ� DOOHU� *U|�HQ� HUIROJW� PLW� HLQHU�
&RPSXWHUDQODJH�� ZHOFKH� LQ� HLQHU� JHVFKLUPWHQ� 0HVVNDELQH� XQWHUJHEUDFKW� LVW�� 'LH�
.XSIHUOHLWXQJHQ� VLQG� DQ� $XVVW�OSXQJHQ� GLHVHU� 0HVVNDELQH� DQJHO|WHW�� 6RPLW� LVW� GHU� JHVDPWH�
HOHNWULVFKH�0HVVNUHLV�LQ�HLQHP�)DUDGD\�.lILJ�YRU�DOOHQ�(LQVWUHXXQJHQ�JHVFK�W]W��=XVlW]OLFK�EHILQGHW�
VLFK� DXFK� GLH� 6WHXHUHOHNWURQLN� XQG� GLH� 'DWHQHUIDVVXQJ� GHV� 3RODULPHWHUV� LQ� GLHVHU� JHVFKLUPWHQ�
0HVVNDELQH��

�
�
�
�����0HVVJU|�HQ�
�
'LH�]HLWDXIJHO|VWHQ�0HVVJU|�HQ�VLQG�GHU�6WURP��GHU�GXUFK�GHQ�3UREHQGUDKW��'XUFKPHVVHU�����PP��
GXUFKVFKQLWWOLFKH�/lQJH�]ZLVFKHQ�GHQ�6SDQQXQJVVFKQHLGHQ�FD�����PP��IOLH�W��GHU�6SDQQXQJVDEIDOO�
]ZLVFKHQ�GHQ�6SDQQXQJVVFKQHLGHQ�DP�'UDKW�XQG�GLH�6WUDKOXQJVLQWHQVLWlW�GHU�'UDKWREHUIOlFKH��0LW�
HLQHP� 3RODULPHWHU� �µV�'2$3�� ZLUG� ]XVlW]OLFK� GHU� QRUPDOH� VSHNWUDOH� (PLVVLRQVNRHIIL]LHQW� EHL�
������QP�JHPHVVHQ��
)�U� GLH� *U|�HQ� 6WURP�� 6SDQQXQJ� �]ZHLPDO�� XQG� 3\URPHWHUVLJQDO� ZHUGHQ� ]ZHL�
7UDQVLHQWHQUHFRUGHUERDUGV�YHUZHQGHW��GLH�PLWHLQDQGHU�V\QFKURQLVLHUW�VLQG��-HGH�GHU�EHLGHQ�.DUWHQ�
NDQQ� ]ZHL�.DQlOH�PLW� HLQHU�$XIO|VXQJ� YRQ� ���%LW� XQG� HLQHU�PD[LPDOHQ�$EWDVWUDWH� YRQ� ���0+]�
DXI]HLFKQHQ�� 'LH� � 6RIWZDUH� ,16,*+7� VWHXHUW� GLH� EHLGHQ� 0HVVNDUWHQ�� OLHVW� GLH� 'DWHQ� DXV� XQG�
HUP|JOLFKW�HLQ�$EVSHLFKHUQ�LP�$6&,,�)RUPDW��
'LH� YLHU�'HWHNWRUVLJQDOH� GHV� 3RODULPHWHUV�ZHUGHQ� HEHQIDOOV�PLW� HLQHP�7UDQVLHQWHQ�UHFRUGHUERDUG�
DXIJH]HLFKQHW�� MHGRFK�LQ�HLQHP�HLJHQHQ�&RPSXWHU��GHU�DXFK�GLH�6RIWZDUH�]XU�.RPPXQLNDWLRQ�PLW�
GHU�6WHXHUHOHNWURQLN�GHV�3RODULPHWHUV�HQWKlOW��'LHVH�0HVVNDUWH�KDW�YLHU�.DQlOH�PLW�HLQHU�$XIO|VXQJ�
YRQ� ���%LW� XQG� HLQHU� PD[LPDOHQ� $EWDVWUDWH� YRQ� ����0+]�� 'DKHU� NRPPW� GHU� )DNWRU� YLHU� LQ� GHU�
0HQJH�GHU�DXIJH]HLFKQHWHQ�'DWHQ�GHU�YHUZHQGHWHQ�0HVVNDUWHQ��

�
�
�
�������6WURPPHVVXQJ�
�
'LH�6WURPPHVVXQJ�HUIROJW��ZLH� LQ�$EELOGXQJ�����DQJHGHXWHW��PLW�HLQHU�0HVVVSXOH��)LUPD�3HDUVRQ�
(OHFWURQLFV��0RGHOO� ������� GLH� QDFK� GHP� ,QGXNWLRQVSULQ]LS� DUEHLWHW�� (LQ�5&�,QWHJUDWLRQVJOLHG� LVW�
EHUHLWV� LQ� GLH� 6RQGH� HLQJHEDXW�� 'DV� DQIDOOHQGH� 6SDQQXQJVVLJQDO� LVW� GDKHU� GHP� 6WURP� GLUHNW�
SURSRUWLRQDO�� 8P� GLH� PD[LPDOH� (LQJDQJVVSDQQXQJ� GHU� $'�:DQGOHUNDUWH� �8PD[�  � ��9�� QLFKW� ]X�
�EHUVFKUHLWHQ��ZLUG�GDV�6LJQDO�PLW�6SDQQXQJVWHLOHUQ��GLH�]XJOHLFK�DOV����Ω�.RD[LDONDEHODEVFKOXVV�
GLHQHQ� XP� 5HIOH[LRQHQ� GHV� 0HVVVLJQDOV� ]X� YHUKLQGHUQ�� LP� 9HUKlOWQLV� YRQ� FD�� �����
EH]LHKXQJVZHLVH� FD�� ����� JHWHLOW�� =XU� (UPLWWOXQJ� GLHVHU� *HVDPWIDNWRUHQ� .� ZXUGH� MHZHLOV� HLQH�
3HDUVRQVRQGH�]XVDPPHQ�PLW�HLQHP�6SDQQXQJVWHLOHU�XQG�GHP����Ω�.RD[LDONDEHODEVFKOXVV�YRQ�GHU�
)LUPD�3HDUVRQ�(OHFWURQLFV�NDOLEULHUW��8P�QXQ�I�U�MHGH�GHU�EHLGHQ�3HDUVRQVRQGHQ�GHQ�*HVDPWIDNWRU�
.� I�U� DOOH� GUHL� LQ�9HUZHQGXQJ� VWHKHQGHQ�6SDQQXQJVWHLOHU� ]X� HUKDOWHQ��ZXUGH� HLQH�0HVVUHLKH�PLW�
1LRE�GXUFKJHI�KUW��EHL�GHU�I�U�MHGH�3HDUVRQVRQGH�GUHLPDO�QXU�GDV�6WURPVLJQDO�DXIJH]HLFKQHW�ZXUGH��
ZREHL� MHZHLOV� LPPHU� HLQHU� GHU� GUHL� 6SDQQXQJVWHLOHU� HLQJHEDXW� ZDU�� 'XUFK� 'LYLVLRQ� GLHVHU�
0HVVNXUYHQ� I�U� GHQ� PLWNDOLEULHUWHQ� XQG� I�U� MH� HLQHQ� GHU� EHLGHQ� QLFKW� PLWNDOLEULHUWHQ�
6SDQQXQJVWHLOHUZLGHUVWlQGH� XQG� 0LWWHOZHUWELOGXQJ� LQ� HLQHP� I�U� GLH� 0HVVXQJ� JHHLJQHWHQ�
=HLWLQWHUYDOO�� ZXUGHQ� GLH� ZHLWHUHQ� YLHU� *HVDPWIDNWRUHQ� .� HUKDOWHQ�� 'LH� JHQDXHQ� :HUWH� GHU�
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LQVJHVDPW� GUHL� YHUZHQGHWHQ� 6SDQQXQJVWHLOHU� VRZLH� GLH� NDOLEULHUWHQ� �IHWW� JHGUXFNWHQ�� XQG�
EHUHFKQHWHQ� �QRUPDO� JHGUXFNWHQ��*HVDPWIDNWRUHQ�.� I�U�GLH�6WURPPHVVXQJ� ILQGHQ� VLFK� LQ�7DEHOOH�
����ZLHGHU��
�
�
7DEHOOH� ����� *HVDPWIDNWRUHQ� .� I�U� GLH� 6WURPPHVVXQJ� GHU� EHLGHQ� 3HDUVRQVRQGHQ� PLW� GHQ�
HLQ]HOQHQ� 6SDQQXQJVWHLOHUQ�� 'LH� IHWW� JHGUXFNWHQ� :HUWH� ZXUGHQ� GXUFK� .DOLEUDWLRQ� GLUHNW�
HUKDOWHQ� XQG� VLQG� GDKHU� PLW� HLQHU� JHULQJHUHQ� 0HVVXQVLFKHUKHLW� EHKDIWHW� DOV� GLH� GXUFK�
5HODWLYPHVVXQJ�HUPLWWHOWHQ��
�
%H]HLFKQXQJ�GHU�
6SDQQXQJVWHLOHU�

JHQDXHV�7HLOXQJVYHUKlOWQLV� .��3HDUVRQVRQGH����
>$�9@�

.��3HDUVRQVRQGH����
>$�9@�

QHXHU������ ���������� ������������ ������������
DOWHU������ ���������� ������������ ������������
DOWHU������ ����������� ������������ ������������

�
�

'LH�3HDUVRQ�6RQGH�LVW�]XP�6FKXW]�YRU�(LQVWUHXXQJHQ�]XVlW]OLFK�PLW�HLQHP�0HWDOOEHKlOWHU�
DEJHVFKLUPW��8P�0DVVHYHUVFKLHEXQJHQ��ZHOFKH�LP�P9�%HUHLFK�OLHJHQ��YHUQDFKOlVVLJHQ�]X�N|QQHQ��
OLHJW�GLH�$XVJDQJVVSDQQXQJ�LP�%HUHLFK�YRQ����ELV�����9��'LH�0HVVOHLWXQJ�YRP�6WURPZDQGOHU�]XP�
&RPSXWHU�LVW�HLQ�.RD[LDONDEHO�PLW�HLQHP�:HOOHQZLGHUVWDQG�YRQ����Ω��ZHOFKHV�]XVlW]OLFK�LQ�HLQHP�
.XSIHUURKU�YRU�(LQVWUHXXQJHQ�JHVFK�W]W�LVW��:LH�LQ�$EELOGXQJ�����]X�VHKHQ�LVW�XQG�ZLH�VLFK�EHL�GHU�
$XVZHUWXQJ�PLW�GHP�3URJUDPP�+27:,5(�YRQ�6DFKVHQKRIHU�>�@�HUJLEW��LVW�GLH�$QIDQJVIODQNH�GHV�
6WURPV�H[WUHP�VWHLO�����������$�V���'LHVH�ZLUG�GXUFK�GLH�,QGXNWLYLWlW�GHV�JHVDPWHQ�
(QWODGXQJVNUHLVHV�HUPLWWHOW��'XUFK�GHQ�$QSDVVZLGHUVWDQG�LP�(QWODGXQJVNUHLV�LVW�GLH�)RUP�GHV�
6WURPLPSXOVHV�NDXP�YRP�YHUlQGHUOLFKHQ�3UREHQZLGHUVWDQG�DEKlQJLJ��=XU�%HUHFKQXQJ�GHU�
$EKlQJLJNHLW�GHV�6WURPYHUODXIV�YRQ�GHQ�$QODJHQSDUDPHWHUQ�RKPVFKHU�:LGHUVWDQG��,QGXNWLYLWlW�XQG�
.DSD]LWlW�ZLUG�LQ�HUVWHU�1lKHUXQJ�YRQ�HLQHP�LGHDOHQ�VHULHOOHQ�5/&�(QWODGXQJVNUHLV�DXVJHJDQJHQ��8P�
QXQ�GHQ�JHZ�QVFKWHQ�P|JOLFKVW�UHFKWHFNLJHQ�6WURPYHUODXI�]X�HUKDOWHQ��PXVV�GLH�,QGXNWLYLWlW�GHV�
.UHLVHV�JHULQJ�XQG�GHU�'lPSIXQJVZLGHUVWDQG�UHODWLY�JUR��VHLQ��6LPXODWLRQHQ�GD]X�ILQGHQ�VLFK�LQ�>�@��
0LW�GHQ�GRUW�EHUHFKQHWHQ�*OHLFKXQJHQ�N|QQHQ�VlPWOLFKH�$QODJHQSDUDPHWHU�GHV�JHVDPWHQ�.UHLVHV�
VLPXOLHUW�ZHUGHQ�XQG�HV�]HLJW�VLFK��GDVV�GHU�6WURPLPSXOV�EHL�FD��O�Ω *HVDPWZLGHUVWDQG�GHU�
5HFKWHFNIRUP�DP�QlFKVWHQ�NRPPW��

�
�
�

�������6SDQQXQJVPHVVXQJ�
�
8P� QXU� GHQ� 6SDQQXQJVDEIDOO� HQWODQJ� GHV� 3UREHQGUDKWV�� XQG� QLFKW� DXFK� GLH� 6SDQQXQJHQ� DQ� GHQ�
GLYHUVHQ� hEHUJDQJVZLGHUVWlQGHQ� ]X� PHVVHQ�� ZLUG� GLH� 6SDQQXQJ� ]ZLVFKHQ� ]ZHL�
6SDQQXQJVVFKQHLGHQ�HUPLWWHOW��'DEHL�ZLUG�MHZHLOV�GLH�6SDQQXQJ�]ZLVFKHQ�6SDQQXQJVVFKQHLGH�O�XQG�
(UGH�� E]Z�� ]ZLVFKHQ� 6SDQQXQJVVFKQHLGH� �� XQG� (UGH� JHPHVVHQ�� 'LH� 6SDQQXQJVDEIlOOH� DQ� GHQ�
hEHUJDQJVZLGHUVWlQGHQ� NRPSHQVLHUHQ� VLFK� EHL� GHU� 'LIIHUHQ]ELOGXQJ�� 'DV� YHUZHQGHWH�
(QWODGHJHIl�� ZXUGH� YRQ� 6HLIWHU� >�@� HQWZRUIHQ�� 'LH� .RQVWUXNWLRQ� LVW� lKQOLFK� GHU� HLQHV�
NRD[LDOHQ� =\OLQGHUV�� 'LH� 'UDKWSUREH� LVW� GHU� LQQHUH� /HLWHU�� ZREHL� GHU� 6WURP� �EHU� GDV� *HKlXVH�
]XU�FNIOLH�W��(LQH�'DUVWHOOXQJ�GHV�(QWODGHJHIl�HV�QDFK�6HLIWHU�>�@�ILQGHW�VLFK�LQ�$EELOGXQJ������
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�
�
$EELOGXQJ�������'DV�(QWODGHJHIl���

����*HKlXVH�DXV�$OXPLQLXP�� ����'UDKWNOHPPXQJ�� ����6SDQQYRUULFKWXQJ�I�U�'UDKWSUREH��
����$OXPLQLXPGHFNHO�� ����'UDKWSUREH�� ����*ODVIHQVWHU�I�U�3\URPHWHU�� ����)HQVWHU�DXV�
VSDQQXQJVIUHLHP�*ODV�I�U�3RODULPHWHU�� ����7URYLGXU�,VROLHUXQJ�I�U�6WURPGXUFKI�KUXQJ��
����+DOWHUXQJ�� �����$OXPLQLXPSODWWH�� �����%HWRQWLVFK�� �����6WURP]XI�KUXQJ�� �����6WURPDEI�KUXQJ��
�����6FKODXFK�]XP�6S�OHQ�PLW�6FKXW]JDV��1���� �����0HVVGUlKWH�]XU� 6SDQQXQJVPHVVXQJ��
�����(UGSRWHQWLDO�I�U�6SDQQXQJVPHVVXQJ�� �����2�5LQJ�� �����0HVVLQJVFKHLEH��
�����IOH[LEOHU�%DOJ�DXV�GHU�9DNXXPWHFKQLN�]XU�HOHNWURPDJQHWLVFKHQ� $EVFKLUPXQJ� ]XVDPPHQ� PLW�
GHQ�EHLGHQ�%1&�6WHFNHUQ�]XU�6SDQQXQJVPHVVXQJ��'DUVWHOOXQJ�QDFK�6HLIWHU�>�@��

$OV� 6SDQQXQJVVFKQHLGHQ� ZXUGHQ� 7DQWDOEOlWWFKHQ� �FD�� ��PP� [� ���PP�� �KRKHU� 6FKPHO]SXQNW�
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YRQ������.�XQG�JXWH�PHFKDQLVFKH�)HVWLJNHLW��PLW�HLQHP�9�I|UPLJHQ�(LQVFKQLWW�YHUZHQGHW��XP�
HLQHQ� RSWLPDOHQ� +DOW� DXI� GHP� 'UDKW� ]X� ILQGHQ�� 'LH� 6SDQQXQJVVFKQHLGHQ� ZHUGHQ� PLW�
6SDQQVFKUDXEHQ�DXI�GHP�'UDKW�DXIJHVHW]W��'HWDLOV�ILQGHQ�VLFK�ZLHGHUXP�LQ�>�@��'HU�$EVWDQG�GLHVHU�
EHLGHQ�6FKQHLGHQ�XQG� VRPLW� GLH� I�U�GLH�6SDQQXQJVPHVVXQJ�HQWVFKHLGHQGH�/lQJH�GHU�3UREH�NDQQ�
PLW�+LOIH�HLQHV�0H�NDWKHWRPHWHU�PLW�HLQHU�*HQDXLJNHLW�YRQ������PP�HUPLWWHOW�ZHUGHQ��:LFKWLJ�I�U�
GLH� 5HSURGX]LHUEDUNHLW� GHU� 'DWHQ� LVW�� GDVV� GLH� 'UDKWOlQJH� MHZHLOV� LPPHU� GLHVHOEH� LVW� XQG� VRPLW�
LPPHU�GLHVHOEH�0DVVH�DXIJHKHL]W�ZLUG��ZRGXUFK�HLQ�P|JOLFKHU�V\VWHPDWLVFKHU�)HKOHU�YRQ�YRUQKHUHLQ�
YHUPLHGHQ�ZLUG���
�
'DV� JHVDPWH� (QWODGXQJVJHIl�� ZLUG� QDFK� MHGHP� ([SHULPHQW� YRP� /DERUWLVFK� HQWIHUQW� XQG� PXVV�
JHUHLQLJW�ZHUGHQ��(V� EHVWHKW� DXV� ]ZHL�7HLOHQ��GHP�HLJHQWOLFKHQ�*HKlXVH�PLW�GHQ�)HQVWHUQ�XQG�GHQ�
6WURPDQVFKO�VVHQ� DP� XQWHUHQ� (QGH� XQG� HLQHU� (LQKHLW�� EHVWHKHQG� DXV� GHP� 'HFNHO� XQG� GHQ�
.OHPPYRUULFKWXQJHQ�I�U�GHQ�3UREHQGUDKW��1DFK�GHP�:HFKVHO�GHU�)HQVWHU�ZLUG�GDV�*HKlXVH�DXI�GLH�
+DOWHUXQJ� �VLHKH� �� LQ� $EELOGXQJ� ����� JHVWHFNW� XQG� VR� JHGUHKW�� ELV� GHU� YRP� 3RODUL]DWLRQ�6WDWH�
*HQHUDWRU��36*��NRPPHQGH�/DVHUVWUDKO�YRP�(LQWULWWVIHQVWHU�LQ�VLFK�VHOEVW�UHIOHNWLHUW�ZLUG��'DQQ�ZLUG�
HV�PLW�HLQHP�6FKODXFKELQGHU�DXI�GLH�NRD[LDO�DXVJHI�KUWH�6WURPOHLWXQJ�JHNOHPPW�XQG�PLW�GHU�=X��XQG�
$EOHLWXQJ�I�U�GDV�6FKXW]JDV��1���YHUEXQGHQ��'HU�'UDKW�ZLUG� LP�DQGHUHQ�7HLO�GHV�*HIl�HV�PRQWLHUW�
XQG�GLH�6SDQQXQJVVFKQHLGHQ��ZHOFKH� HEHQIDOOV�EHL� MHGHP�([SHULPHQW� HUQHXHUW�ZHUGHQ�P�VVHQ��PLW�
GHP�'UDKW� LQ�.RQWDNW�JHEUDFKW��'DQDFK�ZLUG�GLHVHU�7HLO�PLW�GHP�*HKlXVH�YHUVFKUDXEW�XQG�PLW�GHQ�
%1&�6WHFNHUQ�]XU�6SDQQXQJVPHVVXQJ�YHUEXQGHQ��
�
'XUFK� GHQ� LQGXNWLYHQ� 6SDQQXQJVVSUXQJ� NRPPW� GHU� VWHLOH� $QVWLHJ� ]X� %HJLQQ� GHU� 6SDQQXQJV�
NXUYHQ� LQ� $EELOGXQJ� ���� ]XVWDQGH�� 'HU� Ä.QLFN�� LQ� GHQ� EHLGHQ� 6SDQQXQJVYHUOlXIHQ�� VRZLH� LP�
6WURPYHUODXI�EHL�HWZD�����µV�HQWVSULFKW�GHP�=�QGHQ�GHV�/|VFKLJQLWURQV��9RQ�GD�DQ�ZLUG�GLH�3UREH�
�EHU� GHQ� &URZEDUZLGHUVWDQG� NXU]JHVFKORVVHQ�� (V� ]HLJW� VLFK� HLQ� H[SRQHQWLHOOHU� 6WURP�� XQG�
6SDQQXQJVDEIDOO�� 'LH� 'LIIHUHQ]� GLHVHU� EHLGHQ� 6SDQQXQJVPHVVXQJHQ� HUJLEW� GHQ� HLJHQWOLFKHQ�
6SDQQXQJVDEIDOO� DP� 3UREHQGUDKW�� ZREHL� GDV� MHZHLOLJH� 6SDQQXQJVWHLOXQJVYHUKlOWQLV� ]X�
EHU�FNVLFKWLJHQ�LVW��
�
�

6SDQQXQJVWHLOHU�I�U�8KHLVV��������������
6SDQQXQJVWHLOHU�I�U�8NDOW������������������

�
�

'DPLW� HUJLEW� VLFK� I�U� GHQ� 6SDQQXQJVDEIDOO� �8 � ]ZLVFKHQ� GHQ� EHLGHQ� 6SDQQXQJVVFKQHLGHQ� RKQH�
.RUUHNWXU�GHV�LQGXNWLYHQ�$QWHLOV��
�
�

NDOWKHLVV 888 ⋅−⋅= �������������� ������������������������������������������������
�
�
'LHVHU�6SDQQXQJVDEIDOO� �8 � LQ�$EKlQJLJNHLW� YRQ�GHU�=HLW� W � VHW]W� VLFK� DXV�GUHL�7HUPHQ�]XVDPPHQ��

ZREHL� ��W, �GHU�6WURP�GXUFK�GLH�3UREH�� ��W53 �GHU�RKPVFKH�:LGHUVWDQG�GHU�3UREH�� // �GLH�,QGXNWLYLWlW�
GHV�0HVVNUHLVHV�XQG� 3/ �GLH�,QGXNWLYLWlW�GHU�3UREH�LVW��
�
�

[ ]
GW

WG/
W,

GW

WG,
//W5W,W8 3
3/3

��
��

��
������� ⋅+⋅++⋅= ����������������������������������

'HU� HUVWH�7HUP� LVW�GHU�JHVXFKWH�RKPVFKH�6SDQQXQJVDEIDOO� HQWODQJ�GHU�3UREH��'HU�]ZHLWH�7HUP��
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ZHOFKHU�UHFKQHULVFK�NRPSHQVLHUW�ZHUGHQ�NDQQ��VWHOOW�GHQ�LQGXNWLYHQ�6SDQQXQJVDQWHLO�GDU��GHU�GXUFK�
GLH� ,QGXNWLYLWlW� GHV� 0HVVNUHLVHV� XQG� GHV� 3UREHQGUDKWV� LP� =XVDPPHQKDQJ� PLW� GHU� ]HLWOLFKHQ�
6WURPlQGHUXQJ� DXIWULWW�� 'HU� GULWWH� 7HUP� EHU�FNVLFKWLJW� GLH� bQGHUXQJ� GHU� ,QGXNWLYLWlW�� ZHOFKH�
GXUFK� GLH� 'XUFKPHVVHU]XQDKPH� GHV� 3UREHQGUDKWV� ]XVWDQGH� NRPPW�� (LQH� $EVFKlW]XQJ� YRQ�
+RVDHXV�>�@�]HLJW��GDVV�GLHVHU�7HUP�YHUQDFKOlVVLJW�ZHUGHQ�NDQQ��'D�GHU�9HUODXI�GHU�]HLWOLFKHQ�

6WURPlQGHUXQJ�
GW

WG, ��
� EHNDQQW� LVW�� NDQQ� DXV� GHP� 6SDQQXQJVVSUXQJ� DP� $QIDQJ� PLW� GHP�

PLWWOHUHQ�7HUP�DXI�GHU�UHFKWHQ�6HLWH�LQ�*OHLFKXQJ�������GLH�,QGXNWLYLWlW� 3/ // + �EHUHFKQHW�ZHUGHQ��
'DPLW�NDQQ�ZLHGHUXP�PLW�*OHLFKXQJ�������GHU�ZDKUH�6SDQQXQJVDEIDOO�DQ�GHU�'UDKWSUREH�GXUFK�
6XEWUDNWLRQ� GHV� LQGXNWLYHQ�$QWHLOV� HUPLWWHOW�ZHUGHQ��'LHVH�%HUHFKQXQJHQ�ZHUGHQ� LP�3URJUDPP�
+27:,5(�>�@�DXVJHI�KUW��

�
�
�
�������0HVVXQJ�GHU�6WUDKOXQJVLQWHQVLWlW�
�
'LH� 7HPSHUDWXU� GHU� SXOVJHKHL]WHQ� 'UlKWH� ZLUG� GXUFK� GLH� 0HVVXQJ� GHU� 6WUDKOXQJVLQWHQVLWlW� LKUHU�
2EHUIOlFKH� HUPLWWHOW�� $OOH� 0HVVXQJHQ� DQ� =LUNRQLXP� XQG� 3ODWLQ� ZXUGHQ� PLW� GHP� 3\URPHWHU���
GXUFKJHI�KUW�� 'LH� GD]X� JHK|UHQGH� 3KRWRGLRGH� ZHLVW� EHL� HLQHU� :HOOHQOlQJH� YRQ� ����QP� GLH�
K|FKVWH�UHODWLYH�VSHNWUDOH�(PSILQGOLFKNHLW�DXI��VLHKH�$EELOGXQJ��������
�

�
$EELOGXQJ� ����� � 5HODWLYH� VSHNWUDOH� (PSILQGOLFKNHLW� 6UHO� GHU� 3KRWRGLRGH� 6)+� ���� LQ�
$EKlQJLJNHLW�YRQ�GHU�:HOOHQOlQJH�O�ODXW�2VUDP�'DWHQEODWW�LP�3\URPHWHU����
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'DV� LP� 3\URPHWHU��� HLQJHEDXWH� ,QWHUIHUHQ]ILOWHU� KDW� ODXW� 'DWHQEODWW� �VLHKH� $EELOGXQJ� ����� HLQH�
=HQWUXPVZHOOHQOlQJH� YRQ� ������QP� XQG� HLQH� +DOEZHUWVEUHLWH� YRQ� �����QP�� )�U� QLHGULJHU�
VFKPHO]HQGH�0DWHULDOLHQ�JLEW�HV�QRFK�HLQ�ZHLWHUHV�3\URPHWHU�PLW�HLQHP�HLQJHEDXWHQ�,QWHUIHUHQ]ILOWHU�
PLW�HLQHU�=HQWUXPVZHOOHQOlQJH��������QP�XQG�HLQHU�+DOEZHUWVEUHLWH�YRQ������QP��
�

�
�

$EELOGXQJ� ����� � 7UDQVPLVVLRQ� GHV� YHUZHQGHWHQ� ������QP�,QWHUIHUHQ]ILOWHUV� LP��
3\URPHWHU���LQ�$EKlQJLJNHLW�YRQ�GHU�:HOOHQOlQJH��O��ODXW�)LUPHQGDWHQEODWW��

�

�
�

$EELOGXQJ�������$XIEDX�GHV�3\URPHWHUV��

����DFKURPDWLVFKH�/LQVH���� ����DFKURPDWLVFKH�/LQVH���� ����0HVVPLNURVNRS�� ����NODSSEDUHU� 6SLHJHO��
����,QWHUIHUHQ]ILOWHU������6SDOW������/LFKWOHLWHU��'DUVWHOOXQJ�QDFK�5XSUHFKWHU�>�@���
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,Q�$EELOGXQJ�����LVW�HLQH�VFKHPDWLVFKH�'DUVWHOOXQJ�GHV�$XIEDXV�GHU�EHLGHQ�3\URPHWHU�JH]HLJW��'HU�
'UDKW� ZLUG� GXUFK� ]ZHL� /LQVHQ� JOHLFKHU� %UHQQZHLWH� DXI� HLQH� 6SDOWEOHQGH��
������PP� [� �����PP�� DEJHELOGHW�� KLQWHU� ZHOFKHU� GHU� /LFKWOHLWHU� SRVLWLRQLHUW� LVW�� GHU� GLH�
6WUDKOXQJVLQWHQVLWlW� ]XU� 3KRWRGLRGH� ZHLWHUOHLWHW�� 'LHVH� EHILQGHW� VLFK� HEHQIDOOV� ]XU� $EVFKLUPXQJ�
YRU� HOHNWURPDJQHWLVFKHQ� (LQVWUHXXQJHQ� ]XVDPPHQ� PLW� GHU� 6WURPYHUVRUJXQJ� XQG� GHU�
9HUVWlUNHUHOHNWURQLN� LQ� HLQHP� 0HWDOOJHKlXVH�� 'LH� %OHQGH� GLHQW� GHU� *HVLFKWVIHOGEHJUHQ]XQJ�� 'D�
GHU�'UDKW�XQG�GLH�%OHQGH�MHZHLOV�LP�%UHQQSXQNW�GHU�MHZHLOLJHQ�/LQVH�MXVWLHUW�VLQG��OLHJW�HLQH�����
$EELOGXQJ�YRU��.XU]�YRU�GHU�%OHQGH�EHILQGHW� VLFK� LP�6WUDKOHQJDQJ�QRFK�GDV� ,QWHUIHUHQ]ILOWHU�
�VLHKH�$EELOGXQJ�������=XP�-XVWLHUHQ�GHU�JDQ]HQ�(LQULFKWXQJ�NDQQ�LQ�GHQ�6WUDKOHQJDQJ�]ZLVFKHQ�
/LQVH���XQG�,QWHUIHUHQ]ILOWHU�HLQ�6SLHJHO�GXUFK�HLQHQ�'UHKKHEHO�HLQJHEUDFKW�ZHUGHQ��'HU�6SLHJHO�
LVW� VR� MXVWLHUW�� GDVV� GDV� %LOG� GHV� 'UDKWV� �LP� %UHQQSXQNW� GHU� /LQVH� ��� PLW� HLQHP� 0LNURVNRS�
EHWUDFKWHW� ZHUGHQ� NDQQ��'D� GLH� (QWIHUQXQJ� GHU� /LQVH��� ]XU� %OHQGH� E]Z��0LNURVNRS� JOHLFK� VLQG��
NDQQ� �EHU� 6FKDUIVWHOOHQ� GHV�%LOGHV� LP�0LNURVNRS� GLH� (QWIHUQXQJ� GHU� /LQVH��� ]XP�'UDKW� MXVWLHUW�
ZHUGHQ�� VR� GDVV� HLQH� VFKDUIH� ����$EELOGXQJ� YRUOLHJW�� ,Q� $EELOGXQJ� ���� LVW� EHL� FD�� ����µV� GDV�
6FKPHO]SODWHDX� ]X� HUNHQQHQ�� GDV� ]XU� .DOLEULHUXQJ� GHU� 7HPSHUDWXUPHVVXQJ� KHUDQJH]RJHQ� ZLUG�
�6FKPHO]SXQNW� �����.� I�U� =LUNRQLXP���1DFK� FD�� ����µV�ZLUG� GDV�([SHULPHQW� GXUFK�=�QGHQ� GHV�
/|VFKLJQLWURQV� XQWHUEURFKHQ�� 9RUKHU� VFKRQ�� EHL� FD�� ����µV�� JHKW� GLH� 9HUVWlUNHU�6FKDOWXQJ� GHV�
3\URPHWHUV� LQ� GLH� 6lWWLJXQJ� XQG� GDV� ,QWHQVLWlWVVLJQDO� EOHLEW� NRQVWDQW�� 'HU� PLW� GHP� 3\URPHWHU�
JHPHVVHQH�,QWHQVLWlWVYHUODXI�HUP|JOLFKW�HV�ODXW�.DSLWHO������GLH�7HPSHUDWXU�LQ�$EKlQJLJNHLW�YRQ�GHU�
=HLW�]X�HUPLWWHOQ��'HWDLOV�]XP�3\URPHWHU�ILQGHQ�VLFK�LQ�>�@��

�
$EELOGXQJ�������0HVVJHUlWH�.RPSRQHQWHQ�I�U�6WUDKOXQJVLQWHQVLWlWV��XQG�
(PLVVLRQVNRHIIL]LHQWHQPHVVXQJ��YRQ�REHQ���

����'LRGHQODVHU�� ����(LQNRSSHOXQJVVSLHJHO�� ����3RODUL]DWLRQ�6WDWH�*HQHUDWRU��36*��� ����3RODUL]DWLRQ�
6WDWH�'HWHFWRU��36'�������(QWODGHJHIl�������3\URPHWHU��'DUVWHOOXQJ�QDFK�6HLIWHU�>�@��
�
:LFKWLJH�$QIRUGHUXQJHQ�DQ�GLH�9HUVWlUNHUHOHNWURQLN�VRZLH�DQ�GHQ�6WUDKOXQJVGHWHNWRU�VLQG���
D���+RKH�(PSILQGOLFKNHLW�XP�HLQH�JHULQJH�(LQVDW]WHPSHUDWXU�]X�JHZlKUOHLVWHQ��
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E���0|JOLFKVW�JUR�H�%DQGEUHLWH�ZHJHQ�GHU�.�U]H�GHV�([SHULPHQWV��
F���*HULQJHV�5DXVFKHQ�XP�HLQH�KRKH�7HPSHUDWXUDXIO|VXQJ�]X�HU]LHOHQ��
G���/LQHDULWlW��EHU�GHQ�JHVDPWHQ�%HUHLFK�XP�GDV�3\URPHWHU�NDOLEULHUHQ�]X�N|QQHQ��
H���+RKH�WKHUPLVFKH�XQG�]HLWOLFKH�6WDELOLWlW�GHU�6FKDOWXQJVSDUDPHWHU��GD�VRQVW�GDV�3\URPHWHU��
�����YRU�MHGHU�0HVVXQJ�NDOLEULHUW�ZHUGHQ�P�VVWH��
�
�
�
�������0HVVXQJ�GHV�QRUPDOHQ�VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ�
�
�
���������3RODULPHWHU�

�
(LQ� 3RODULPHWHU� ]XU� (UPLWWOXQJ� GHU� RSWLVFKHQ� .RQVWDQWHQ� PXVV� DXIJUXQG� GHU� H[WUHP� NXU]HQ�
'DXHU�HLQHV�3XOVKHL]H[SHULPHQWV�RKQH�EHZHJOLFKH�7HLOH�JHEDXW�VHLQ��'D]X�YHUZHQGHW�PDQ�HLQ�
VRJHQDQQWHV� µV�'LYLVLRQ� RI� $PSOLWXGH� 3KRWRSRODULPHWHU� �µV�'2$3��� 'HU� 3RODUL]DWLRQ�6WDWH�
'HWHFWRU� �36'�� VWHOOW� GDV� .HUQVW�FN� GHV� 3RODULPHWHUV� GDU�� ,Q� GLHVHP�'HWHNWRU� ZLUG� GHU� YRQ� GHU�
'UDKWSUREH�UHIOHNWLHUWH�6WUDKO�PLWWHOV�HLQHV�VSH]LHOO�EHVFKLFKWHWHQ�6WUDKOWHLOHUV�LQ�]ZHL�7HLOVWUDKOHQ�
]HUOHJW�� ZHOFKH�ZLHGHUXP�PLWWHOV� ]ZHLHU�*ODQ�7KRPSVRQ� /LQHDUSRODULVDWRUHQ� LQ� ]ZHL� ]XHLQDQGHU�
VHQNUHFKW� OLQHDU� SRODULVLHUWH� .RPSRQHQWHQ� DXIJHVSDOWHW� ZHUGHQ� �� GDKHU� GHU� 1DPH�� 'LHVH� YLHU�
7HLOVWUDKOHQ� ZHUGHQ� ]XU� ,QWHQVLWlWVHUPLWWOXQJ� DXI� 3KRWRGHWHNWRUHQ� IRNXVVLHUW� XQG� PLWWHOV� /RFN�,Q�
7HFKQLN� YHUVWlUNW��'LH� 6LJQDOH�ZHUGHQ�PLW�*ODVIDVHURSWLN� LQ� GLH� JHVFKLUPWH�0HVVNDELQH� JHI�KUW��
'HU� 6WUDKOWHLOHU� XQG� GLH� 3ULVPHQ� VLQG� GDEHL� VR� DQJHRUGQHW�� GDVV� DXV� GHQ� YLHU� JHPHVVHQHQ�
,QWHQVLWlWHQ�GHU�3RODULVDWLRQV]XVWDQG�XQG�GDUDXV�GHU�QRUPDOH�VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW�EHL�
������QP�HUPLWWHOW�ZHUGHQ�NDQQ��VLHKH�.DSLWHO�������

 
�
�
���������$XIEDX�

�
'DV� µV�'LYLVLRQ� RI� $PSOLWXGH� 3KRWRSRODULPHWHU� �µV�'2$3�� EHVWHKW� LQVJHVDPW� DXV� VHFKV�
.RPSRQHQWHQ�� 'HP� 3RODUL]DWLRQ�6WDWH�*HQHUDWRU� �36*��� HLQHU� PRGXOLHUWHQ� ���0+]��
/DVHUGLRGH�DOV�/LFKWTXHOOH� ��������QP���GHP�5HIHUHQ]GHWHNWRU�]XU�.DOLEUDWLRQ��GHP�3RODUL]DWLRQ�
6WDWH�'HWHFWRU� �36'���GHU�9HUVWlUNHUHOHNWURQLN�XQG�HLQHP�&RPSXWHU�]XU�'DWHQHUIDVVXQJ�E]Z��]XU�
6WHXHUXQJ�GHU�.DOLEUDWLRQ���
�



�������������������������������
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�
$EELOGXQJ�������$XIEDX�GHV�PV�'2$3��

����3RODUL]DWLRQ�6WDWH�'HWHFWRU� �36'��� ����(QWODGHJHIl��� ����3RODUL]DWLRQ�6WDWH�*HQHUDWRU�
�36*���'DUVWHOOXQJ�QDFK�6HLIWHU�>�@��
�
�
$EELOGXQJ� ���� ]HLJW� GLH� RSWLVFKHQ�.RPSRQHQWHQ� GHV� 3RODULPHWHUV� VRZLH� GDV�(QWODGHJHIl�� LQ� GHU�
0HVVSRVLWLRQ��$EELOGXQJ� ���� ]HLJW� GHQ�0HVVDXIEDX� I�U� GLH�0HVVXQJ� GHV� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ�XQG�GHU�6WUDKOXQJVLQWHQVLWlW��
�
'HU� 3RODUL]DWLRQ�6WDWH�*HQHUDWRU� �36*�� EHVWHKW� LP� :HVHQWOLFKHQ� DXV� HLQHP� GUHKEDU� PRQWLHUWHQ�
λ���3OlWWFKHQ�XQG�HLQHP�HEHQIDOOV�GUHKEDU�PRQWLHUWHQ�/LQHDUSRODULVDWRU� �*ODQ�7KRPSVRQ�3ULVPD���
0LW� GLHVHQ� EHLGHQ� RSWLVFKHQ� %DXWHLOHQ� NDQQ� MHGHU� EHOLHELJH� 3RODULVDWLRQV]XVWDQG� HU]HXJW� ZHUGHQ�
�GXUFK�6FKULWWPRWRUHQ����
�
$OV� /LFKWTXHOOH� GLHQW� HLQ� 'LRGHQODVHU�� 'LHVHU� /DVHU� DUEHLWHW� EHL� HLQHU� :HOOHQOlQJH� YRQ��
������QP� XQG� ZLUG� LP� .RQVWDQWVWURPPRGXV� EHWULHEHQ�� 'LH� 9HUVRUJXQJVVSDQQXQJ� EHWUlJW��
���9��]XU�0RGXODWLRQ�ZLUG�HLQ�H[WHUQHV�77/�6LJQDO�YHUZHQGHW��'LH�PD[LPDOH�0RGXODWLRQVIUHTXHQ]�
EHWUlJW����0+]�� LQ�XQVHUHP�)DOO�ZLUG�GHU�/DVHU�PLW���0+]�EHWULHEHQ��'LHVHU�/DVHU�EHILQGHW� VLFK�
]XU�HOHNWURPDJQHWLVFKHQ�$EVFKLUPXQJ� LQ�HLQHU�0HWDOOER[�XQPLWWHOEDU�YRU�GHP�36*��'D�GHU�36*�
EHL�GHU�-XVWLHUXQJ�DXI�GHQ�3UREHQGUDKW�VHLWOLFK�YHUVFKREHQ�ZHUGHQ�PXVV��ZLUG�GHU�/DVHUVWUDKO��EHU�
]ZHL� 6SLHJHO� LQ� GHQ� 36*� HLQJHNRSSHOW�� 8P� HOHNWURPDJQHWLVFKH� (LQVWUHXXQJHQ� LQ� GLH� %R[� ]X�
YHUKLQGHUQ��ZLUG�GHU�/DVHUVWUDKO�GXUFK�HLQ�G�QQHV�.XSIHUURKU�DXV�GHU�%R[�JHI�KUW��'LH�.DEHO�]XU�
6SDQQXQJVYHUVRUJXQJ�GHV�/DVHUV�XQG�GHU�(OHNWURQLN��VRZLH�GDV�.DEHO�PLW�GHP�0RGXODWLRQVVLJQDO�
ZHUGHQ�HEHQIDOOV�GXUFK�HLQ�.XSIHUURKU�YRQ�GHU�0HVVNDELQH�]XU�%R[�JHI�KUW��'D�GLH�:HOOHQOlQJH�
GHV� /DVHUPRGXOV� HWZDV� WHPSHUDWXUDEKlQJLJ� LVW�� ZXUGH� VRZRKO� HLQH� +HL]XQJ� DOV� DXFK� HLQH�
3HOWLHUN�KOXQJ�HLQJHEDXW��
�
�
�
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�
$EELOGXQJ������6FKHPDWLVFKHU�$XIEDX�GHV�PV�'2$3���

36*���3RODUL]DWLRQ�6WDWH�*HQHUDWRU�� 36'���3RODUL]DWLRQ�6WDWH�'HWHFWRU�� /���'LRGHQODVHU�PLW�
������QP�� λ�����λ���3OlWWFKHQ�� /3���/LQHDUSRODULVDWRU�� /����/LQVH�GHV�36*�� '���'UDKWSUREH��
,%���,ULVEOHQGH�GHV�36'�� /����/LQVHQSDDU�PLW�GD]ZLVFKHQ�EHILQGOLFKHQ�,QWHUIHUHQ]ILOWHU�,)��
+'6���KDOEGXUFKOlVVLJHU�6SLHJHO�� &&'���&&'�.DPHUD�PLW�DQJHVFKORVVHQHP�0RQLWRU��
%���/RFKEOHQGH�� /����/LQVH�LP�36'�� 67���6WUDKOWHLOHU�� *73���*ODQ�7KRPVRQ�3ULVPHQ���
/��/����/LQVHQ� YRU� GHQ� /LFKWOHLWHUQ�� '��'����YLHU� /LFKWOHLWHU� PLW� DQJHVFKORVVHQHQ� 3KRWRGLRGHQ��
/����/LQVH�I�U�&&'�.DPHUD�
�
�
'HU� 3RODUL]DWLRQ�6WDWH�'HWHFWRU� �36'�� VWHOOW� GDV� HLJHQWOLFKH� .HUQVW�FN� GHV� 3RODULPHWHUV� GDU�� (U�
PLVVW� GHQ�3RODULVDWLRQV]XVWDQG�GHV� UHIOHNWLHUWHQ�/DVHUVWUDKOV�QDFK�HLQHP�YRQ�$]]DP�HQWZLFNHOWHQ�
3ULQ]LS� >�@��'HU� UHIOHNWLHUWH�6WUDKO�ZLUG�PLWWHOV� HLQHV�6WUDKOWHLOHUV�67� LQ� ]ZHL�7HLOVWUDKOHQ�]HUOHJW�
XQG�YRQ�GLHVHQ�7HLOVWUDKOHQ�ZHUGHQ�GLH� ,QWHQVLWlWHQ� ]ZHLHU� ]XHLQDQGHU� VHQNUHFKWHU�.RPSRQHQWHQ�
HUPLWWHOW�� 'HU� RSWLVFKH� $XIEDX� GHV� 36'� LVW� LQ� $EELOGXQJ� ���� ]X� VHKHQ�� 'HU� YRQ� GHU� 3UREH�
UHIOHNWLHUWH�6WUDKO�ZLUG�GXUFK�HLQ�/LQVHQSDDU�/��PLW�HLQHP�GD]ZLVFKHQ�EHILQGOLFKHQ�,QWHUIHUHQ]ILOWHU�
,)� PLW� HLQHU� VHKU� JHULQJHQ� +DOEZHUWVEUHLWH� YRQ� QXU� ����QP� ]XP� (OLPLQLHUHQ� GHU�
7HPSHUDWXUVWUDKOXQJ�YRQ�GHU�2EHUIOlFKH�GHV�KHL�HQ�3UREHQGUDKWV�DXI�HLQH�/RFKEOHQGH�%�PLW�HLQHP�
'XUFKPHVVHU�YRQ���PP�IRNXVVLHUW��'DQDFK�ZLUG�GHU�6WUDKO�PLW�HLQHU�ZHLWHUHQ�/LQVH�/��NROOLPLHUW�
XQG�PLWWHOV� HLQHV� 6WUDKOWHLOHUV� 67� LQ� ]ZHL� 7HLOVWUDKOHQ� ]HUOHJW��'LHVH� EHLGHQ� 7HLOVWUDKOHQ�ZHUGHQ�
MHZHLOV� PLW� HLQHP� *ODQ�7KRPSVRQ� /LQHDUSRODULVDWRU� *73� LQ� ]ZHL� ]XHLQDQGHU� VHQNUHFKWH� OLQHDU�
SRODULVLHUWH�.RPSRQHQWHQ�DXIJHVSDOWHW��'LH�YLHU� VR�HUKDOWHQHQ�7HLOVWUDKOHQ�ZHUGHQ�PLW�/LQVHQ��/��
ELV� /��� DXI� MHZHLOV� HLQHQ� /LFKWOHLWHU� IRNXVVLHUW�� 'LHVH� OHLWHQ� GDV� /LFKW� LQ� GLH� DEJHVFKLUPWH�
0HVVNDELQH��ZR�GLH�,QWHQVLWlWHQ�� ���� ��� ,,,, ��PLWWHOV�3KRWRGLRGHQ��'��ELV�'���JHPHVVHQ�ZHUGHQ��
�
'HU� 6WUDKOWHLOHU� 67� LVW� HLQ� 3OlWWFKHQ� DXV� =LQNVXOILG�� ZHOFKHV� PLW� HLQHU� G�QQHQ� 6FKLFKW�
0DJQHVLXPIOXRULG� EHVFKLFKWHW� LVW�� 'LH� 'LFNH� GLHVHU� 6FKLFKW�� VRZLH� GHU� :LQNHO� XQWHU� GHP� GHU�
6WUDKOWHLOHU� LP� 6WUDKOHQJDQJ� VWHKW��ZXUGHQ� VR� JHZlKOW�� GDVV� ]ZLVFKHQ� GHP� UHIOHNWLHUWHQ� XQG� GHP�
WUDQVPLWWLHUWHQ� 6WUDKO� HLQH� 3KDVHQYHUVFKLHEXQJ� � YRQ� XQJHIlKU� λ��� KHUYRUJHUXIHQ� ZLUG�� $OV�
3KDVHQYHUVFKLHEXQJ�ZLUG�KLHU� HLQH�bQGHUXQJ�GHU�3KDVHQGLIIHUHQ]�GHU�Q��XQG�GHU�S��.RPSRQHQWH�
GHV�UHIOHNWLHUWHQ�XQG�GHV�WUDQVPLWWLHUWHQ�6WUDKOV�YHUVWDQGHQ��
�
%HLP�-XVWLHUHQ�GHV�36'�PXVV�GDUDXI�JHDFKWHW�ZHUGHQ��GDVV�GHU�UHIOHNWLHUWH�/DVHUVWUDKO�VRZRKO�
GXUFK�GDV�=HQWUXP�GHU�(LQWULWWVEOHQGH�,%�JHKW��DOV�DXFK�GLH�/RFKEOHQGH�%�]HQWUDO�WULIIW��,VW�OHW]WHUHV�
QLFKW�GHU�)DOO��ZLUG�HLQ�7HLO�GHV�6WUDKOV�DEJHVFKQLWWHQ�XQG�HV�KHUUVFKHQ�QLFKW�GLH�JOHLFKHQ�
%HGLQJXQJHQ�ZLH�EHL�GHU�.DOLEUDWLRQ��ZDV�HLQH�JUR�H�0HVVXQVLFKHUKHLW�]XU�)ROJH�KDW��8P�]X�
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JHZlKUOHLVWHQ��GDVV�GHU�6WUDKO�WDWVlFKOLFK�]HQWULVFK�GXUFK�GLH�%OHQGH�LP�,QQHUHQ�GHV�'HWHNWRUV�JHKW��
LVW�GHU�36'�PLW�HLQHU�&&'�.DPHUD��PLW�DQJHVFKORVVHQHP�0RQLWRU��DXVJHVWDWWHW��ZHOFKH��EHU�HLQHQ�
KDOEGXUFKOlVVLJHQ�6SLHJHO�+'6�GLH�GLUHNWH�%HREDFKWXQJ�GHU�%OHQGH�HUP|JOLFKW��'LH�
6WHFNYHUELQGXQJHQ�I�U�GLH�YLHU�/LFKWOHLWHU�EHILQGHQ�VLFK�HEHQVR�ZLH�GLH�%1&�%XFKVH�I�U�GDV�
9LGHRVLJQDO�XQG�GHU�6WHFNHU�I�U�GLH�6SDQQXQJVYHUVRUJXQJ�GHU�&&'�.DPHUD�DXI�GHU�5�FNVHLWH�GHV�
36'���
�
:lKUHQG�GHV�([SHULPHQWV�ZLUG�GLH�'UDKWSUREH�DXI�HLQH�7HPSHUDWXU�YRQ�HLQLJHQ�WDXVHQG�.�HUKLW]W��
'DEHL�JHODQJW�WURW]�GHV�VFKPDOEDQGLJHQ�,QWHUIHUHQ]ILOWHUV�,)�+LQWHUJUXQGVWUDKOXQJ�LQ�GHQ�'HWHNWRU��
8P�GLHVH�YRP�HLJHQWOLFKHQ�6LJQDO�]X�WUHQQHQ�YHUZHQGHW�PDQ�/RFN�,Q�7HFKQLN�]XU�9HUVWlUNXQJ�GHU�
HUKDOWHQHQ�6LJQDOH��'DI�U�ZLUG�GHU�/DVHU�PLW�HLQHU�)UHTXHQ]�YRQ���0+]�PLW�HLQHP�H[WHUQHQ��77/�
6LJQDO�PRGXOLHUW��:lKUHQG��GHU��ÄRQ³�3KDVH��ZLUG��GHU��/DVHU��LP�.RQVWDQWVWURPPRGXV�EHWULHEHQ��
'LH�'DWHQDXI]HLFKQXQJ�HUIROJW�VFKOLH�OLFK�PLW�����0+]��
�
'LH�YLHU�,QWHQVLWlWHQ�ZHUGHQ�PLW�/LFKWOHLWHUQ�LQ�GLH�DEJHVFKLUPWH�0HVVNDELQH�JHI�KUW��ZR�VLH�LQ�GHU�
(OHNWURQLNER[�PLWWHOV� 6LOL]LXP�3KRWRGHWHNWRUHQ� LQ� HOHNWULVFKH� 6LJQDOH� XPJHZDQGHOW� ZHUGHQ�� 'HU�
5HFKQHU� ]XU� 'DWHQHUIDVVXQJ� LVW� PLW� ]ZHL� (LQVFKXENDUWHQ� ]XU� 'DWHQHUIDVVXQJ� DXVJHVWDWWHW�� 'LH�
VFKQHOOHUH� .DUWH� PLW� YLHU� .DQlOHQ� KDW� HLQH� PD[LPDOH� 6DPSOLQJ�5DWH� YRQ��
����0+]� XQG� HLQH� $XIO|VXQJ� YRQ� ���%LW�� 'LHVH� .DUWH� GLHQW� ]XU� (UIDVVXQJ� GHU� YLHU� .DQlOH� GHV�
3RODULPHWHUV�� (LQH� ZHLWHUH� 0HVVNDUWH� PLW� �� %LW� $XIO|VXQJ� XQG� HLQHU� 6DPSOLQJ�5DWH� YRQ��
����N+]� GLHQW� ]XU� (UIDVVXQJ� GHV� 6LJQDOV� GHV� 5HIHUHQ]GHWHNWRUV� XQG� ]XU� $QVWHXHUXQJ� GHU�
6FKULWWPRWRUVWHXHUXQJ� GHV� 3RODUL]DWLRQ�6WDWH�*HQHUDWRUV� ZlKUHQG� GHU� .DOLEUDWLRQ�� 3ULQ]LSLHOO�
EUlXFKWH� GLH� *HUlWHPDWUL[� QXU� HLQPDO� HUPLWWHOW� ]X� ZHUGHQ�� HV� KDW� VLFK� MHGRFK� JH]HLJW�� GDVV� VLFK�
GLHVH��ZHQQ�DXFK�QXU�JHULQJI�JLJ��LP�/DXIH�GHU�=HLW�lQGHUQ��'DKHU�PDFKW�HV�6LQQ��YRQ�=HLW�]X�=HLW�
HLQH�.DOLEUDWLRQ�GXUFK]XI�KUHQ��
�
=XU� .RQVWUXNWLRQ� GHV� (QWODGXQJVJHIl�HV� ZlUH� QRFK� ]X� VDJHQ�� GDVV� GLH� EHLGHQ� )HQVWHU� �VLHKH�
$EELOGXQJ� ������ GXUFK� GLH� GHU� /DVHUVWUDKO� ]XU� 0HVVXQJ� GHV� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ� GXUFKJHKW�� DXV� 6SH]LDOJODV� VHLQ�P�VVHQ�� GDV� QLFKW� GRSSHOEUHFKHQG� LVW�� GD�
HLQH� GRSSHOEUHFKHQGH� 6FKHLEH� GHQ� 3RODULVDWLRQV]XVWDQG� GHV� /DVHUOLFKWV� XQEHUHFKHQEDU� YHUlQGHUQ�
Z�UGH�� =X� UDVFKHV� $EN�KOHQ� EHL� GHU� 3URGXNWLRQ� YRQ� *ODVVFKHLEHQ� I�KUW� QlPOLFK� ]X�
6SDQQXQJVGRSSHOEUHFKXQJ�� $XFK� P�VVHQ� VLH� VR� HLQJHEDXW� ZHUGHQ�� GDVV� NHLQH� PHFKDQLVFKHQ�
6SDQQXQJHQ�DXIWUHWHQ��GLH�HEHQIDOOV�'RSSHOEUHFKXQJ�YHUXUVDFKHQ�N|QQHQ��'HWDLOV�GD]X�ILQGHQ�VLFK�
LQ� >�@�� 'D� GLH� )HQVWHU� GXUFK� GHQ� KHL�HQ� 0HWDOOGDPSI� EHVFKLFKWHW� ZHUGHQ� ±� GLH� 6WlUNH� GHU�
9HUXQUHLQLJXQJ� KlQJW� VHKU� VWDUN� YRP� XQWHUVXFKWHQ�0HWDOO� DE�� HWZD� EHVFKLFKWHW� 3ODWLQ�ZHVHQWOLFK�
PHKU�DOV�=LUNRQLXP�±�P�VVHQ�VLH�QDFK�MHGHP�9HUVXFK�DXVJHWDXVFKW�ZHUGHQ���
�
'HWDLOLQIRUPDWLRQHQ�]XP�JHVDPWHQ�µV�'2$3�6\VWHP�ILQGHQ�VLFK�LQ�>�@��>�@�XQG�>�@��
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.DSLWHO���
�
'DWHQDXVZHUWXQJ�
�
�
�����$OOJHPHLQHV�
�
'LHVHU� $EVFKQLWW� EHIDVVW� VLFK� PLW� GHU� $XVZHUWXQJ� GHU� GXUFK� GLH� (PLVVLRQVNRHIIL]LHQWHQ���
6WUDKOXQJV��� 6SDQQXQJV�� XQG� 6WURPPHVVXQJ� HUKDOWHQHQ� 'DWHQPHQJH� ]XU� (UPLWWOXQJ� GHU�
WKHUPRSK\VLNDOLVFKHQ� 'DWHQ� GHU� 0HWDOOH�� ,P� 5DKPHQ� GLHVHU� $UEHLW� VWDQG� MHGRFK� NHLQH� &&'�
.DPHUD�]XU�9HUI�JXQJ��GDKHU�PXVVWH�I�U�GLH�'LFKWH�DOV�)XQNWLRQ�GHU�7HPSHUDWXU�DXI�/LWHUDWXUZHUWH�
]XU�FNJHJULIIHQ� ZHUGHQ�� 'LH� 5RKGDWHQ� GHU� ]HLWDEKlQJLJHQ� 0HVVZHUWH� I�U� 6WURP�� 6SDQQXQJ� XQG�
2EHUIOlFKHQVWUDKOXQJVLQWHQVLWlW� OLHJHQ� DOV� $6&,,�'DWHLHQ� YRU�� 'LH� $XVZHUWXQJ� GHV� 'DWHQVDW]HV�
HUIROJWH� ]XQlFKVW� XQWHU� =XKLOIHQDKPH� GHV� YRQ� 6DFKVHQKRIHU� >�@� HQWZLFNHOWHQ�� DXI� 0$7/$%�
EDVLHUHQGHQ� $XVZHUWHSURJUDPPV� +27:,5(�� 'LH� ZHLWHUH� $XVZHUWXQJ� HUIROJWH� VFKOLH�OLFK� XQWHU�
2ULJLQ������
�

�

�
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$EELOGXQJ�������6FKHPD�GHU�'DWHQDXVZHUWXQJ��

$EELOGXQJ� ���� ]HLJW� GDV� � 6FKHPD� GHU� 'DWHQDXVZHUWXQJ�� 'LH� GDULQ� YRUNRPPHQGHQ� JHPHVVHQHQ�
:HUWH��REHUVWH�=HLOH��XQG�GDUDXV�EHUHFKQHWH�WKHUPRSK\VLNDOLVFKHQ�*U|�HQ�VLQG���

�
W� =HLW�
ε QRUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW��µV�'2$3��
-� 2EHUIOlFKHQVWUDKOXQJVLQWHQVLWlW��3\URPHWHU��
8� NRUULJLHUWH�6SDQQXQJ�HQWODQJ�GHU�'UDKWSUREH�]ZLVFKHQ�GHQ�6SDQQXQJVVFKQHLGHQ�
,� 6WURP�GXUFK�GLH�'UDKWSUREH��3HDUVRQVRQGH��
7� 7HPSHUDWXU�GHU�'UDKWSUREH�
+� VSH]LILVFKH�(QWKDOSLH�

ρXQNRUU�� XQNRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
G� 'LFKWH�GHV�'UDKWV��/LWHUDWXUZHUWH��
ρ NRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
λ :lUPHOHLWIlKLJNHLW�
FS� VSH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN�
D� 7HPSHUDWXUOHLWIlKLJNHLW�

�

�
�
�����7HPSHUDWXU�
�
�
,QIROJH� GHU� KRKHQ� 7HPSHUDWXUHQ� EHL� RKPVFKHQ� 3XOVKHL]H[SHULPHQWHQ� XQG� GHU� H[WUHP� NXU]HQ�
([SHULPHQWLHUGDXHU� YRQ� QXU�ZHQLJHQ�µV� NDQQ� GLH� 3UREHQWHPSHUDWXU� DXVVFKOLH�OLFK�PLW� RSWLVFKHQ�
0HWKRGHQ� HUPLWWHOW� ZHUGHQ�� $XV� GLHVHP� *UXQG� ZLUG� GLH� 6WUDKOXQJVLQWHQVLWlW� PLWWHOV� VFKQHOOHU�
3\URPHWHU�]HLWDXIJHO|VW�HUPLWWHOW��
'LH� YRQ� HLQHU� EHOLHELJHQ� 2EHUIOlFKH� PLW� GHU� WKHUPRG\QDPLVFKHQ� 7HPSHUDWXU� 7� HPLWWLHUWH�
HOHNWURPDJQHWLVFKH�6WUDKOXQJ�EH]HLFKQHW�PDQ�DOV�7HPSHUDWXUVWUDKOXQJ��6LH�KlQJW�HLQHUVHLWV�YRQ�GHU�
7HPSHUDWXU� DE�� DQGHUHUVHLWV� DEHU� DXFK� YRQ� GHU�:HOOHQOlQJH�� GHU� SK\VLNDOLVFKHQ� XQG� FKHPLVFKHQ�
%HVFKDIIHQKHLW�GHU�VWUDKOHQGHQ�2EHUIOlFKH�XQG�YRQ�GHU�5LFKWXQJ�GHU�6WUDKOXQJ��=XU�%HVFKUHLEXQJ�
GHU� 6WUDKOXQJVFKDUDNWHULVWLN� YRQ� VROFKHQ� UHDOHQ� 2EHUIOlFKHQ� EHGLHQW� PDQ� VLFK� GHV� .RQ]HSWV� GHV�
6FKZDU]HQ�.|USHUV�� (V� KDQGHOW� VLFK� GDEHL� XP� HLQH� ,GHDOLVLHUXQJ� HLQHU�2EHUIOlFKH�PLW� IROJHQGHQ�
(LJHQVFKDIWHQ��
�
•� (LQ� 6FKZDU]HU� .|USHU� DEVRUELHUW� DOOH� DXI� LKQ� DXIWUHIIHQGH� 6WUDKOXQJ� XQDEKlQJLJ� YRQ� GHUHQ�
5LFKWXQJ� XQG� :HOOHQOlQJH� XQG� XPJHNHKUW� OlVVW� HU� DXFK� DOOH� YRQ� LQQHQ� DQ� GLH� 2EHUIOlFKH�
JHODQJHQGH�6WUDKOXQJ�KHUDXV��
•� 'LH� (PLVVLRQ� YRQ� 6WUDKOXQJVHQHUJLH� LVW� EHL� HLQHP� 6FKZDU]HQ� .|USHU� LQ� MHGH� 5LFKWXQJ� JOHLFK�
JUR���
•� (V� JLEW� NHLQH� 2EHUIOlFKH�� GLH� EHL� JHJHEHQHU� 7HPSHUDWXU� XQG� :HOOHQOlQJH� PHKU� WKHUPLVFKH�
6WUDKOXQJ�HPLWWLHUHQ�NDQQ�DOV�HLQ�6FKZDU]HU�.|USHU���
�
)�U�GLH�VSHNWUDOH�6WUDKOGLFKWH� 6./ �λ �HLQHV�6FKZDU]HQ�6WUDKOHUV�LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU�

7 �XQG�GHU�:HOOHQOlQJH�λ �JLOW�GDV�3ODQFNVFKH�6WUDKOXQJVJHVHW]���
�
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%HL� �F �XQG� �F �KDQGHOW�HV�VLFK�XP�GLH�HUVWH�XQG�]ZHLWH�3ODQFNVFKH�6WUDKOXQJVNRQVWDQWH��VLHKH�DXFK�
>�@��� )�U� VLH� JLOW� IROJHQGHU� =XVDPPHQKDQJ� PLW� GHQ� 1DWXUNRQVWDQWHQ� � 3ODQFNVFKHV�
:LUNXQJVTXDQWXP�K ��9DNXXPOLFKWJHVFKZLQGLJNHLW� F �XQG�%ROW]PDQQ�.RQVWDQWH� N ��
�

�
������

� ������������������� −−− ⋅±⋅⋅⋅=⋅⋅= VUP:FKF ��������������������������
�

���
� ���������������� −−− ⋅±⋅⋅=⋅⋅= P.NFKF ����������������������������������
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:HOOHQOlQJH��PP�
�

$EELOGXQJ�������'DV�3ODQFNVFKH�6WUDKOXQJVJHVHW]�QDFK�*OHLFKXQJ��������

�

8QWHU�GHU� VSHNWUDOHQ�6WUDKOGLFKWH� 6./ �λ � HLQHV�6FKZDU]HQ�6WUDKOHUV�YHUVWHKW�PDQ� MHQH�(QHUJLH��GLH�

EHL� GHQ� YHUVFKLHGHQHQ� :HOOHQOlQJHQ� MHZHLOV� LQQHUKDOE� HLQHV� 6SHNWUDOEHUHLFKV� GHU�
:HOOHQOlQJHQHLQKHLW� SUR�=HLWHLQKHLW� VHQNUHFKW� ]XU�2EHUIOlFKH� GHV� 6WUDKOHUV� SUR�)OlFKHQHLQKHLW� LQ�
GLH�5DXPZLQNHOHLQKHLW����6WHUDGLDQW��DXVJHVWUDKOW�ZLUG��,KUH�6,�(LQKHLW�LVW�GDKHU�:�P���
'LH� VSHNWUDOH� 6WUDKOGLFKWH� HLQHV� 6FKZDU]HQ�.|USHUV� KlQJW� DOVR� QXU� YRQ� GHU� 7HPSHUDWXU� XQG� GHU�
:HOOHQOlQJH�� QLFKW� DEHU� YRQ� GHQ� FKHPLVFK�SK\VLNDOLVFKHQ� (LJHQVFKDIWHQ� GHU� 2EHUIOlFKH� DE�� %HL�
HLQHU� JHJHEHQHQ� 7HPSHUDWXU� 7 � VWUDKOW� HLQ� 6FKZDU]HU� .|USHU� HLQ� 0D[LPXP� DQ� VSHNWUDOHU�
6WUDKOGLFKWH� 6./ �λ � DE�� MHGHU� UHDOH� 6WUDKOHU� KDW� EHL� JOHLFKHU� 7HPSHUDWXU� HLQH� JHULQJHUH� VSHNWUDOH�



�������������������������������

� ��

6WUDKOGLFKWH� λ/ �� 'LHVHU� 8QWHUVFKLHG� ZLUG� GXUFK� GHQ� �LP� $OOJHPHLQHQ� ULFKWXQJVDEKlQJLJHQ��

VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ� λε  EHU�FNVLFKWLJW� �
�

��������� � 7/77/ 6. λλελ λλλ ⋅= �����������������������������������������������

�
�
'D�LQ�ZHLWHUHU�)ROJH�GLHVHU�$UEHLW�QXU�GHU�QRUPDOH�VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW� ⊥�λε  HLQH�5ROOH�
VSLHOW� �� GLHV� LVW� GHU� VSHNWUDOH� ULFKWXQJVDEKlQJLJH�(PLVVLRQVNRHIIL]LHQW� I�U�GLH�5LFKWXQJ� VHQNUHFKW�
]XU� 2EHUIOlFKH� �� XQG� DXFK� QXU� GLHVHU�PLW� GHP� 3RODULPHWHU� JHPHVVHQ�ZHUGHQ� NDQQ�� �ZLUG� HU� GHU�
(LQIDFKKHLW�KDOEHU�PLW�ε �EH]HLFKQHW�XQG�HV�IROJW�DXV�GHP�REHQ�*HVDJWHQ��
�
�

�� ≤≤ ε                                                              (3.5) 
�
�
+DW�PDQ�HLQ�VWUDKOHQGHV�2EMHNW��GDV�VLFK�QLFKW�ZLH�HLQ�6FKZDU]HU�.|USHU�YHUKlOW��VR�NDQQ�PDQ�GLH�
�ZDKUH�� 7HPSHUDWXU� 7 � GHV� 2EMHNWHV� PLW� HLQHP� 3\URPHWHU� DOOHLQH� QLFKW� HUPLWWHOQ�� 0DQ� PLVVW�
OHGLJOLFK�GLH�6WUDKOXQJVWHPSHUDWXU� UDG7 ��'DV�LVW� MHQH�7HPSHUDWXU��GLH�HLQ�6FKZDU]HU�.|USHU�KDEHQ�
PXVV�XP�GLH�JOHLFKH�VSHNWUDOH�6WUDKOGLFKWH�DXV]XVHQGHQ�ZLH�GHU� UHDOH�.|USHU��GHVVHQ�7HPSHUDWXU�
PDQ�ZLVVHQ�ZLOO��)�U�GHQ�=XVDPPHQKDQJ�GHU�VSHNWUDOHQ�6WUDKOGLFKWHQ�YRQ�UHDOHP�.|USHU� λ/ �XQG�

6FKZDU]HQ�.|USHU� 6./ �λ �JLOW�DOVR�PLW�*OHLFKXQJ��������

�
�

������������ �� 7/77/7/ 6.UDG6. λλελλ λλλ ⋅== �������������������������������������

�
�
0LW� GHP� 3ODQFNVFKHQ� 6WUDKOXQJVJHVHW]� �*OHLFKXQJ ������� HUJLEW� VLFK� IROJHQGHU� =XVDPPHQKDQJ�
]ZLVFKHQ�GHU�6WUDKOXQJVWHPSHUDWXU� UDG7 �XQG�GHU��ZDKUHQ��7HPSHUDWXU�7 ��
�
�

�
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�
�

$XV� *OHLFKXQJ ������ XQG� ������ IROJW�� GDVV� GLH� 6WUDKOXQJVWHPSHUDWXU� QLH� JU|�HU� DOV� GLH� �ZDKUH��
7HPSHUDWXU�HLQHV�UHDOHQ�.|USHUV�VHLQ�NDQQ��0LW�*OHLFKXQJ�������NDQQ�PDQ�EHL�JHHLFKWHP�3\URPHWHU�
XQG� GHU� .HQQWQLV� GHV� ]HLWOLFKHQ� 9HUODXI� GHV� (PLVVLRQVNRHIIL]LHQWHQ� GHQ� ]HLWOLFKHQ�
7HPSHUDWXUYHUODXI�HUPLWWHOQ��VLHKH�µV�'2$3�0RGXV�LQ�GHU�+27:,5(�$XVZHUWXQJ���
,QWHJULHUW�PDQ�QXQ�*OHLFKXQJ �������EHU�GHQ�JHVDPWHQ�5DXPZLQNHO�XQG�DOOH�:HOOHQOlQJHQ�HUJLEW�
VLFK�GLH�JHVDPWH�6WUDKOXQJVOHLVWXQJ�SUR�)OlFKHQHLQKHLW�GHU�3UREH��'HU�3\URPHWHUGHWHNWRU�HPSIlQJW�
DEHU�QXU�GLH�6WUDKOXQJVOHLVWXQJ� , �HLQHV�NOHLQHQ�7HLOV�GHV�5DXPZLQNHOV�YRQ�QXU�HLQHP�NOHLQHQ�7HLO�
GHU�2EHUIOlFKH�GHU�3UREH��'LHVHP�8PVWDQG�WUlJW�GHU�*HRPHWULHIDNWRU�* �5HFKQXQJ��'HU�)DNWRU� 67 �
EHU�FNVLFKWLJW� GHQ� VSHNWUDOHQ� 7UDQVPLVVLRQVJUDG� GHU� JHVDPWHQ� RSWLVFKHQ� $QRUGQXQJ� YRQ� GHU�
3UREHQREHUIOlFKH�ELV�]XP�3KRWRGHWHNWRU�PLW�HLQHU�VSHNWUDOHQ�(PSILQGOLFKNHLW� 6 ��VLHKH�$EELOGXQJ�
������'LHVH�OHW]WHQ�GUHL�)DNWRUHQ�EOHLEHQ�ZlKUHQG�HLQHU�0HVVXQJ�NRQVWDQW��'HU�'HWHNWRU�VLHKW�DOVR�
IROJHQGHV�6LJQDO��
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λλλλελλ G6777/*7, 6 ⋅⋅⋅⋅⋅= ∫
∞

�������������
�

������������������������������������

'D�GHU�:HOOHQOlQJHQEHUHLFK�GXUFK�GDV�,QWHUIHUHQ]ILOWHU�LP�3\URPHWHU�PLW�GHU�=HQWUXPVZHOOHQOlQJH�

�λ �XQG�GHU�+DOEZHUWVEUHLWH� λ∆ �VHKU�VWDUN�HLQJHHQJW�ZLUG��NDQQ�PDQ�GDV�,QWHJUDO�YHUHLQIDFKHQ�]X��

 
 

λλλλελλ ∆⋅⋅⋅⋅⋅= ������������� ����� 6777/*7, 6 ���������������������������������
�
�
$XV�GLHVHU�*OHLFKXQJ�OLH�H�VLFK�WKHRUHWLVFK��ZHQQ�GLH�7HPSHUDWXU��XQG�:HOOHQOlQJHQDEKlQJLJNHLW�
DOO� GLHVHU� )DNWRUHQ� H[SOL]LW� EHNDQQW� ZlUH�� GHU� ]HLWOLFKH� 9HUODXI� GHU� VSHNWUDOHQ� 6WUDKOGLFKWH� XQG�
GDUDXV�GHU�7HPSHUDWXUYHUODXI�HUPLWWHOQ��,Q�GHU�5HJHO�LVW�GLHV�DEHU�QLFKW�GHU�)DOO�XQG�PDQ�EHQ|WLJW�
GDKHU� HLQH�9HUJOHLFKVPHVVXQJ��'D]X� RUGQHW�PDQ� GHU� 6WUDKOXQJVLQWHQVLWlW� GHU�'UDKWSUREH� P, � DP�

6FKPHO]�EHUJDQJ� GLH� 6FKPHO]WHPSHUDWXU P7 � DXV� GHU� /LWHUDWXU� ]X� XQG� YHUJOHLFKW� GLHVH�
6WUDKOXQJVLQWHQVLWlW�PLW�GHU�JHPHVVHQHQ�,QWHQVLWlW�]X�HLQHP�EHOLHELJHQ�=HLWSXQNW� W��(V�HUJLEW�VLFK�
I�U�GDV�9HUKlOWQLV�GHU�,QWHQVLWlWHQ��
�
�
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�
�
'HU� ,QGH[� P � EH]HLFKQHW� GLH� *U|�HQ� DP� 6FKPHO]SXQNW�� :LH� PDQ� VLHKW�� IDOOHQ� EHL� GLHVHU�
9HUKlOWQLVELOGXQJ�VlPWOLFKH�VFKZHU�]X�HUIDVVHQGHQ�)DNWRUHQ� 67*� XQG� 6 ��VRZLH� λ∆ �KHUDXV�XQG�
PDQ�NDQQ�RKQH�GDV�3\URPHWHU�]X�NDOLEULHUHQ�GLH�7HPSHUDWXU�GHU�3UREH�HUPLWWHOQ��/|VW�PDQ�GLHVH�
*OHLFKXQJ�QXQ�QDFK�7 �DXI�HUJLEW��VR�HUJLEW�VLFK�VFKOLH�OLFK�I�U�GDV�7HPSHUDWXUVLJQDO��
�

�

�
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�

,Q�GLHVH�*OHLFKXQJ�JHKW�QHEHQ�GHP�]HLWOLFKHQ�9HUODXI�GHU�6WUDKOXQJVLQWHQVLWlW�DXFK�GDV�9HUKlOWQLV�
����� P77 εε � GHU� (PLVVLRQVNRHIIL]LHQWHQ� HLQ�� 'LHVH� 0HWKRGH� VHW]W� DEHU� DXFK� � YRUDXV�� GDVV� GDV�

3\URPHWHUVLJQDO� HLQ� VFK|QHV� 6FKPHO]SODWHDX� OLHIHUW�� GDV� NHLQH� DOO]X� JUR�H� � � � 6WHLJXQJ� DXIZHLVW��
GDPLW�HLQH�7HPSHUDWXU]XRUGQXQJ��EHUKDXSW�HUVW�P|JOLFK�LVW��
�
/LHJHQ�NHLQH�0HVVGDWHQ��EHU�GHQ�(PLVVLRQVNRHIIL]LHQWHQ�GXUFK�HLQH�VHSDUDWH�µV�'2$3�0HVVXQJ�
YRU��VR� WULIIW�PDQ��EOLFKHUZHLVH�GLH�$QQDKPH��GDVV�GHU�QRUPDOH�VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW� LQ�
GHU�IO�VVLJHQ�3KDVH�GHU�JOHLFKH�ZLH�DP�6FKPHO]�EHUJDQJ�LVW��
�
�
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'LHVH�$QQDKPH�LVW�MHGRFK�HWZDV�JHZDJW�XQG�JHK|UW�I�U�GLH�MHZHLOLJH�3UREHQVXEVWDQ]��EHUSU�IW��GD�
0HVVXQJHQ� GHV� QRUPDOHQ� VSHNWUDOHQ� (PLVVLRQVNRHIIL]LHQWHQ� GLYHUVHU� 0HWDOOH� XQG� /HJLHUXQJHQ�
]HLJWHQ� �VLHKH� >�@� XQG� >��@��� GDVV� GLHVHU� LP� $OOJHPHLQHQ� LQ� GHU� IO�VVLJHQ� 3KDVH� QLFKW� NRQVWDQW�
EOHLEW��:LH� 6HLIWHU� >��@�PLW� HLQHU� 6LPXODWLRQ� ]HLJWH�� LVW� GLHVHU�8QWHUVFKLHG� DEHU� HUVW� EHL� K|KHUHQ�
7HPSHUDWXUHQ��G�K��HLQLJH�����.�REHUKDOE�GHV�6FKPHO]�EHUJDQJV��VLJQLILNDQW��
8P�GLH�7HPSHUDWXU�PLW�HLQHP�NDOLEULHUWHQ�3\URPHWHU�DEVROXW�PHVVHQ�]X�N|QQHQ���ZDV�I�U�0HWDOOH�
XQG�/HJLHUXQJHQ��GHUHQ�6FKPHO]�EHUJDQJ�S\URPHWULVFK�QLFKW�DXIJHO|VW�ZHUGHQ�NDQQ��QRWZHQGLJ�LVW�
��EHQ|WLJW�PDQ�GLH�.HQQWQLV�GHV�9HUODXIV� ��� � 7λε ��
,VW� GHU� 6FKPHO]SXQNW� HLQHU� 6XEVWDQ]� QLFKW� JHQDX� EHNDQQW� PXVV� GDV� 3\URPHWHU� VHOEVW� NDOLEULHUW�
ZHUGHQ��'LHV� JHVFKLHKW� DQ� HLQHU�2EHUIOlFKH� �:ROIUDPEDQGODPSH��GHUHQ�6WUDKOXQJVWHPSHUDWXU�EHL�
GHU� HQWVSUHFKHQGHQ�:HOOHQOlQJH� �λ �GHV�3\URPHWHUV�JHQDX�EHNDQQW� LVW��'D]X� LVW�GLH�.HQQWQLV�GHV�
QRUPDOHQ� VSHNWUDOHQ� (PLVVLRQVNRHIIL]LHQWHQ� LQ� $EKlQJLJNHLW� YRQ� GHU� :HOOHQOlQJH� XQG� GHU�
�ZDKUHQ��7HPSHUDWXU� HUIRUGHUOLFK� �VLHKH�$EELOGXQJ������� GHQQ�GDPLW� OlVVW� VLFK� DXV�GHU�EHNDQQWHQ�
6WUDKOXQJVWHPSHUDWXU� GHU� :ROIUDPEDQGODPSH� GLH� ZDKUH� 7HPSHUDWXU� PLWWHOV� *OHLFKXQJ� ������
HUUHFKQHQ��
�
�

�
�

$EELOGXQJ������6SHNWUDOHU�(PLVVLRQVJUDG� ��λε �YRQ�:ROIUDP�QDFK�>��@��

�
%HL� HLQHU� VROFKHQ� .DOLEUDWLRQ� HUKlOW� PDQ� HLQHQ� )DNWRU� . �� GHU� GLH� GLUHNWH� (UPLWWOXQJ� GHU�
6WUDKOXQJVWHPSHUDWXU�DXV�GHP�3\URPHWHUVLJQDO�PLWWHOV�*OHLFKXQJ��������HUODXEW��
�
�

�

� �OQ
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�
�
6 � LVW� GDV� 6SDQQXQJVVLJQDO� DP� $XVJDQJ� GHV� 3\URPHWHUYHUVWlUNHUV�� (V� HUJLEW� VLFK� GXUFK�
0XOWLSOLNDWLRQ� GHU� 6WUDKOXQJVOHLVWXQJ� , �� GLH� GHU� 'HWHNWRU� VLHKW�� DXV� *OHLFKXQJ� ������ PLW� GHU�
(PSILQGOLFKNHLW� 9 � GHU� HOHNWURQLVFKHQ� 6FKDOWXQJ� �LQ� 9ROW�:DWW��� 'LH� (UPLWWOXQJ� GHU� �ZDKUHQ��
7HPSHUDWXU� HUIROJW� GDQQ� VFKOLH�OLFK� ZLHGHU� PLW� *OHLFKXQJ� ������� $XVI�KUOLFKH� 'HWDLOV� ]XU�
7HPSHUDWXUPHVVXQJ�PLWWHOV�3\URPHWHU�ILQGHQ�VLFK�LQ�>�@��

�

�

���������������������

��������

�����6SH]LILVFKH�(QWKDOSLH�

�
�
'LH� 'HILQLWLRQ� GHU� WKHUPRG\QDPLVFKHQ� =XVWDQGVJU|�H� (QWKDOSLH� + � DOV� )XQNWLRQ� GHU� HEHQIDOOV�
WKHUPRG\QDPLVFKHQ�=XVWDQGVJU|�H�,QQHUHQ�(QHUJLH�8 ��GHV�'UXFNV� S �XQG�GHV�9ROXPHQV�9 �ODXWHW��
�

9S8+ ⋅+= ��������������������������������������������������������������
�
�

,Q�GLIIHUHQWLHOOHU�)RUP�HUJLEW�VLFK��
�
�

GS9G9SG8G+ ⋅+⋅+= ���������������������������������������������������
�

�
'HU�HUVWH�+DXSWVDW]�GHU�7KHUPRG\QDPLN��PLW�GHU�GLIIHUHQWLHOOHQ�:lUPH� 4δ ���
�
�

G9S4G8 ⋅−= δ �����������������������������������������������������������
�
�
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(QWKDOSLH�JOHLFK�GHU�GHP�6\VWHP�]XJHI�KUWHQ�:lUPH�� ,P�)DOOH�HLQHV�VWURPGXUFKIORVVHQHQ�/HLWHUV�
NDQQ� GLHVH�:lUPH� JOHLFK� GHU� -RXOHVFKHQ�:lUPH� JHVHW]W� ZHUGHQ�� 'LH�:lUPHDEVWUDKOXQJ� LQ� GHU�
NXU]HQ�=HLW��µV��GHV�([SHULPHQWV�ZLUG�GDEHL�YHUQDFKOlVVLJW��'D�GLH�HLQ]HOQHQ�([SHULPHQWH�MHZHLOV�
EHL�5DXPWHPSHUDWXU� �FD������.��XQG�XQWHU�1RUPDOGUXFN� �FD����DWP��EHJLQQHQ��HUZHLVW�HV� VLFK�DOV�
�EHUDXV�]ZHFNPl�LJ��GLHVHQ�1RUPDO]XVWDQG�DOV��ZLOON�UOLFKHQ��1XOOSXQNW�GHU�(QWKDOSLH�]X�ZlKOHQ��
,QWHJULHUW�PDQ�QXQ��EHU�GLH�'DXHU�GHV�([SHULPHQWV��VR�HUJLEW�VLFK�I�U�GLH�VSH]LILVFKH�(QWKDOSLH�� �
(QWKDOSLH�SUR�0DVVHQHLQKHLW�LQ�-ÂNJ�����GLH�GHU�(LQIDFKKHLW�KDOEHU�LQ�ZHLWHUHU�)ROJH�HEHQIDOOV�PLW�+ �
EH]HLFKQHW�ZLUG��IROJHQGHU�$XVGUXFN��
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6SDQQXQJVDEIDOO� HQWODQJ� GHU� 3UREH� XQG� , � GHQ� 6WURP� GXUFK� GLH� 3UREH�� 'LH� 0DVVH� GHU� 3UREH�
HUUHFKQHW�VLFK�DXV�GHU�'LFKWH� �G �EHL�5DXPWHPSHUDWXU��/LWHUDWXUZHUW�RGHU�+HUVWHOOHUDQJDEH���GHU�PLW�
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'LH� /lQJH� GHV� 'UDKWV� ]ZLVFKHQ� GHQ� 6SDQQXQJVVFKQHLGHQ� ZLUG� PLW� HLQHP� 0HVVNDWKHWRPHWHU�
JHPHVVHQHQ�� ZREHL� GHU� $EVWDQG� GHU� 6FKQHLGHQ� PLW� HLQHU� *HQDXLJNHLW� YRQ� �� ����PP� HUPLWWHOW�
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'DV�KHL�W��PDQ�NDQQ�GLH� VSH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN�DXV�GHU�6WHLJXQJ�GHU�
.XUYH� ��7+ �HUPLWWHOQ��8PJHNHKUW�OlVVW�VLFK�EHL�EHNDQQWHU�:lUPHNDSD]LWlW��]XP�%HLVSLHO�DXV�HLQHU�
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$XVJHKHQG�YRP�2KPVFKHQ�*HVHW]�HUJLEW�VLFK�I�U�GHQ�HOHNWULVFKHQ�:LGHUVWDQG� 5 �HLQHV��YRP�6WURP�
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)�U�HLQHQ�KRPRJHQHQ�.|USHU�GHU�/lQJH� O �PLW�GHU�NRQVWDQWHQ�4XHUVFKQLWWVIOlFKH� $ ��HUJLEW�VLFK�HLQ�
VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG� ρ ��LQ�ΩÂP��YRQ��
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,P�$OOJHPHLQHQ�GHKQW�VLFK�HLQ�0HWDOOGUDKW�EHLP�(UKLW]HQ�DXV��9HU]LFKWHW�PDQ�LQ�HUVWHU�1lKHUXQJ�
DXI�HLQH�.RUUHNWXU�GHU�=XQDKPH�GHV�3UREHQTXHUVFKQLWWV�LQIROJH�GHU�WKHUPLVFKHQ�$XVGHKQXQJ�RGHU�
VWHKHQ�NHLQH�GLHVEH]�JOLFKHQ�'DWHQ�ZHGHU�DXV�GHU�/LWHUDWXU�QRFK�DXV�HLQHP�HLJHQHQ�([SHULPHQW��]X�
9HUI�JXQJ�� VR� PXVV� PDQ� VLFK� PLW� GHP� VRJHQDQQWHQ� XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�
:LGHUVWDQG� �XQNRUUρ � ]XIULHGHQ� JHEHQ�� 'LHVH� 'DWHQ� VLQG� LQVRIHUQ� DXFK� YRQ� %HGHXWXQJ�� GD� LQ� GHU�
/LWHUDWXU� YLHOIDFK� QXU� XQNRUULJLHUWH� :HUWH� DQJHJHEHQ� ZHUGHQ�� $XV� *OHLFKXQJ� ������� XQG� �������
IROJW� I�U� HLQH� ]\OLQGULVFKH�'UDKWSUREH�PLW� GHU� /lQJH� O � XQG� GHP�5DGLXV� �U � EHL�5DXPWHPSHUDWXU�
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'LH�/lQJHQDXVGHKQXQJ�ZLUG�YHUQDFKOlVVLJW��GD�GDV�([SHULPHQW�H[WUHP�VFKQHOO�DEOlXIW��VR�GDVV��GHU�
'UDKW�QLFKW�LQ�GHU�/DJH�LVW��D[LDO�]X�H[SDQGLHUHQ��
6WHKHQ� MHGRFK�'DWHQ�]XU� WKHUPLVFKHQ�$XVGHKQXQJ�]XU�9HUI�JXQJ� �� LQ�GHU�/LWHUDWXU�ZHUGHQ�JHUQH�
'LFKWHSRO\QRPH� ��7G � DQJHJHEHQ� �� VR� NDQQ� PDQ� GDPLW� HLQH� UHODWLYH� 9ROXPHQ]XQDKPH� PLW� GHU�
7HPSHUDWXU� XQG� LQ� ZHLWHUHU� )ROJH�� XQWHU� GHU� 9HUQDFKOlVVLJXQJ� GHU� D[LDOHQ� ([SDQVLRQ��
QlKHUXQJVZHLVH�GLH�WHPSHUDWXUDEKlQJLJH�4XHUVFKQLWWV]XQDKPH�GHV�'UDKWV�HUPLWWHOQ��'HU�,QGH[�QXOO�
EH]HLFKQHW�GLH�MHZHLOLJHQ�*U|�HQ�EHL�5DXPWHPSHUDWXU��
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'LH� %HUHFKQXQJ� GHU� *U|�HQ� ��W7 �� ��W+ �� ��� WXQNRUUρ �� ��7+ � VRZLH� ��� 7XQNRUUρ � HUIROJWH� PLW� GHP��
$XVZHUWHSURJUDPP�+27:,5(�YRQ�6DFKVHQKRIHU� >�@��'LH�ZHLWHUH�$XVZHUWXQJ� HUIROJWH�PLW� GHP�
'DWHQDQDO\VHSURJUDPP�2ULJLQ������
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8QWHU� GHU�:lUPHOHLWIlKLJNHLW� λ � YHUVWHKW�PDQ� ]XQlFKVW� GHQ� 3URSRUWLRQDOLWlWVIDNWRU� ]ZLVFKHQ� GHU�
:lUPHVWURPGLFKWH� T
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'LH�:lUPHOHLWIlKLJNHLW� YRQ� )HVWN|USHUQ� NDQQ� LQ� HLQHQ� 3KRQRQHQDQWHLO� XQG� HLQHQ� HOHNWURQLVFKHQ�
$QWHLO� ]HUWHLOW� ZHUGHQ�� %HL�0HWDOOHQ� LVW� GHU� HOHNWURQLVFKH�$QWHLO� GHU�:lUPHOHLWXQJ� GRPLQLHUHQG��
'LH�(UIDKUXQJ��GDVV�JXWH�HOHNWULVFKH�/HLWHU�DXFK�JXWH�:lUPHOHLWHU�VLQG��VSLHJHOW�GDV�:LHGHPDQQ�
)UDQ]� *HVHW]� ZLHGHU�� GHQQ� I�U� GDV� 9HUKlOWQLV� YRQ� :lUPHOHLWIlKLJNHLW� λ � �LQ� :Â.��ÂP���� ]X�
HOHNWULVFKHU�/HLWIlKLJNHLW�σ ��LQ�Ω��ÂP����HUJLEW�VLFK�QDFK�>��@�LQ�GHU�1lKHUXQJ�IUHLHU�(OHNWURQHQ��
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7 LVW�GLH�7HPSHUDWXU�� N �GLH�%ROW]PDQQ�.RQVWDQWH�XQG� H �GLH�(OHPHQWDUODGXQJ�GHV�(OHNWURQV��'HU�
NRQVWDQWH� 7HUP� DXI� GHU� UHFKWHQ� 6HLWH� YRQ� *OHLFKXQJ� ������� ZLUG� DOV� GLH� /RUHQW]�=DKO� / �
]XVDPPHQJHIDVVW�� ,Q� :DKUKHLW� LVW� GLH� /RUHQW]�=DKO� DEHU� QLFKW� NRQVWDQW�� VRQGHUQ� PDWHULDO�� XQG�
WHPSHUDWXUDEKlQJLJ� �VLHKH� >�@�� >��@� XQG� >��@��� ,Q� GLHVHU� $UEHLW� ZLUG� MHGRFK� PLW� GHP�
WHPSHUDWXUXQDEKlQJLJHQ� WKHRUHWLVFK� NRQVWDQWHQ�:HUW� DXV� *OHLFKXQJ� ������� QDFK� >��@� JHUHFKQHW��
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:LH�PDQ� VLHKW�� JHKW� LQ�*OHLFKXQJ� �������GHU�NRUULJLHUWH� VSH]LILVFKH�HOHNWULVFKH�:LGHUVWDQG� ��7ρ �
HLQ�� G�K��PDQ�EHQ|WLJW� HLQH�([SDQVLRQVPHVVXQJ�GHV�'UDKWV�RGHU�]XPLQGHVW�HLQHQ�=XVDPPHQKDQJ�
]ZLVFKHQ�7HPSHUDWXU�XQG�5DGLXV��VLHKH�*OHLFKXQJ����������
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'DV�:LHGHPDQQ�)UDQ]�*HVHW]� LVW� JXW� HUI�OOW�� ZHQQ� GHU� *LWWHUDQWHLO� GHV� VSH]LILVFKHQ� HOHNWULVFKHQ�
:LGHUVWDQGV�NOHLQ�JHJHQ�EHU�GHP�(OHNWURQHQDQWHLO�GHV�VSH]LILVFKHQ�HOHNWULVFKHQ�:LGHUVWDQGV��XQG�
GHU�3KRQRQHQDQWHLO�GHU�:lUPHOHLWIlKLJNHLW�NOHLQ�JHJHQ�EHU�GHP�(OHNWURQHQDQWHLO�GHU�VSH]LILVFKHQ�
:lUPHOHLWIlKLJNHLW� LVW�� 7URW]� HLQLJHU� YHUHLQIDFKHQGHU� $QQDKPHQ� EHL� GHU� +HUOHLWXQJ� GHV�
:LHGHPDQQ�)UDQ]� *HVHW]HV�� HUZHLVW� VLFK� GLHVHV� DOV� VHKU� OHLVWXQJVIlKLJ�� EHVRQGHUV� EHL� K|KHUHQ�
7HPSHUDWXUHQ� � .7 ���> ��� VRGDVV� GDPLW� GLH� :lUPHOHLWIlKLJNHLW� λ � XQG� GDUDXV� ZLHGHUXP� GLH�
7HPSHUDWXUOHLWIlKLJNHLW� D � �VLHKH� .DSLWHO� ������ DXV� GHP� VSH]LILVFKHQ� HOHNWULVFKHQ�:LGHUVWDQG� ρ ��
DEJHVFKlW]W�ZHUGHQ�NDQQ��1DW�UOLFK� LVW� LQ�GHU�8QVLFKHUKHLWVEHWUDFKWXQJ�GDUDXI�]X�DFKWHQ��GDVV�GLH�
/RUHQW]]DKO� / �LP�$OOJHPHLQHQ�DEHU�QLFKW�NRQVWDQW�LVW��
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�������� DXV� GHU� HUVLFKWOLFK� LVW�� GDVV� GLH� 7HPSHUDWXUOHLWIlKLJNHLW� NHLQH� )XQNWLRQ� GHU�
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'LHVH� *U|�H� D � LVW� LQ� GHU� 7KHUPRSK\VLN� YRQ� JUR�HU� %HGHXWXQJ�� GD� EHL� YLHOHQ� ([SHULPHQWHQ� ]XU�
(UPLWWOXQJ� GHU�:lUPHOHLWIlKLJNHLW� QXU� GLH� 7HPSHUDWXUOHLWIlKLJNHLW� GLUHNW� HUPLWWHOW� ZHUGHQ� NDQQ��
XQG�GDKHU�I�U�GLHVH�*U|�H�PHKU�/LWHUDWXUZHUWH�]XU�9HUI�JXQJ�VWHKHQ��'LH�:lUPHOHLWXQJVJOHLFKXQJ�
KDW� I�U� GHQ� )DOO�� GDVV� NHLQH�:lUPHTXHOOHQ� LP� ,QQHUHQ� GHV� 9ROXPHQV� YRUKDQGHQ� VLQG�� HLQH� JUR�H�
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bKQOLFKNHLW�PLW�GHP�O��)LFNVFKHQ�*HVHW]��ZHOFKHV�GLH�'LIIXVLRQ�EHVFKUHLEW��$XV�GLHVHP�*UXQG�ZLUG�
GLH�7HPSHUDWXUOHLWIlKLJNHLW� D � LP�(QJOLVFKHQ�DXFK� WKHUPDO�GLIIXVLYLW\�JHQDQQW��$OV�$QDORJRQ�]XU�
7HPSHUDWXUOHLWIlKLJNHLW�D�NDQQ�PDQ�GDEHL�GLH�'LIIXVLRQVNRQVWDQWH�'�EHWUDFKWHQ��GLH�DXFK�GLHVHOEH�
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� LVW� GLH� HLQJHSUlJWH� 6WURPGLFKWH� �YRP� 0DJQHWIHOG� XQG� HOHNWULVFKHP� )HOG� XQDEKlQJLJH�� IL[�
YRUJHJHEHQ� 6WURPGLFKWH��� σ � GLH� HOHNWULVFKH� /HLWIlKLJNHLW�� �ε � GLH� 'LHOHNWUL]LWlWVNRQVWDQWH� GHV�

9DNXXPV�� ε � GLH� UHODWLYH� 'LHOHNWUL]LWlWVNRQVWDQWH�� �µ � GLH� 3HUPHDELOLWlW� GHV� 9DNXXPV�

�,QGXNWLRQVNRQVWDQWH�� XQG� µ � GLH� UHODWLYH� 3HUPHDELOLWlW�� 'LHVH� VLHEHQ� *OHLFKXQJHQ� VWHOOHQ� GDV�
JUXQGOHJHQGH� 3RVWXODW� GHU� (OHNWURG\QDPLN� GDU�� $XV� LKQHQ� OlVVW� VLFK� ]XP� %HLVSLHO� GLH�
:HOOHQJOHLFKXQJ� I�U� GDV� HOHNWULVFKH�)HOG� DEOHLWHQ� XQG�GDPLW�GLH�$XVEUHLWXQJ�YRQ�/LFKW� LQ� HLQHP�
OLQHDUHQ��0HGLXP�PLW �≠σ �XQG� �≈µ ��0HWDOO��EHVFKUHLEHQ���
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∆ � LVW� GHU� /DSODFH�2SHUDWRU�� � ]\[ �� �� VLQG� GLH� GUHL� 5DXPULFKWXQJHQ�� $OV� /|VXQJHQ� GLHVHU�
*OHLFKXQJ� NDQQ� PDQ� IRUWODXIHQGH� KDUPRQLVFKH� PRQRFKURPDWLVFKH� :HOOHQ� PLW� GHP�
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'D� HLQH� QLFKWYHUVFKZLQGHQGH� /HLWIlKLJNHLW� σ � LPPHU� PLW� GHU� %LOGXQJ� YRQ� -RXOHVFKHU� :lUPH�
YHUEXQGHQ� LVW�� ZLUG� EHL� GHU� :HOOHQDXVEUHLWXQJ� LQ� HLQHP� /HLWHU� (QHUJLH� LUUHYHUVLEHO� LQ� :lUPH�
XPJHZDQGHOW�� GLH� :HOOH� ZLUG� DEVRUELHUW�� 0HWDOOH� VLQG� LP� VLFKWEDUHQ� 6SHNWUDOEHUHLFK� SUDNWLVFK�
XQGXUFKVLFKWLJ��'LHV� LVW�PLW� HLQHP� KRKHQ�5HIOH[LRQVYHUP|JHQ� YHUEXQGHQ��ZDV� VLFK� GLH�2SWLN� LQ�
)RUP� YRQ� 6SLHJHOQ� ]X� 1XW]HQ� PDFKW�� 'LH� DOOJHPHLQHQ� /|VXQJHQ� YRQ� *OHLFKXQJ� ������� I�U�
HOHNWURPDJQHWLVFKH� :HOOHQ� LP� ,QQHUHQ� GHV� )HVWN|USHUV� VLQG� VRPLW� JHGlPSIWH� :HOOHQ�� )�U� GHQ�
NRPSOH[HQ�%UHFKXQJVLQGH[�Q′ �JLOW�IRUPDO��
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Q � LVW� GHU� UHHOOH� %UHFKXQJVLQGH[�� κ � $EVRUSWLRQVLQGH[� XQG� F � GLH� 9DNXXPOLFKW�JHVFKZLQGLJNHLW��
'LHVH�*OHLFKXQJ�VWHOOW�GHQ�=XVDPPHQKDQJ�]ZLVFKHQ�GHQ�RSWLVFKHQ�0DWHULDOJU|�HQ� Q �XQG�κ �XQG�
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'DPLW� VLQG� I�U� �≈µ �GLH�RSWLVFKHQ�*U|�HQ�%UHFKXQJV��XQG�$EVRUSWLRQVLQGH[�YROOVWlQGLJ�DXI�GLH�
UHODWLYH�'LHOHNWUL]LWlWVNRQVWDQWH�XQG�GLH�/HLWIlKLJNHLW�]XU�FNJHI�KUW��'HU�$EVRUSWLRQVNRHIIL]LHQW�η �
LVW� GHU� %UXFKWHLO� GHU� ,QWHQVLWlW�� GHU� EHLP� 'XUFKODXIHQ� HLQHU� /lQJHQHLQKHLW� LQ� HLQHP� EHWUDFKWHWHQ�
6WRII�DEVRUELHUW�ZLUG��)�U�LKQ�JLOW��
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7ULIIW� /LFKW� DXI� GLH� *UHQ]IOlFKH� ]ZHLHU� 'LHOHNWULND� � �Q �� �Q �� ��� == σσ ��� VR� ZLUG� HLQ� 7HLO� GHU�
/LFKWVWUDKOHQ�UHIOHNWLHUW�XQG�HLQ�7HLO�GULQJW�LQ�GDV�0HGLXP�HLQ��$XV�GHQ�6WHWLJNHLWVEHGLQJXQJHQ�DQ�
GHU� *UHQ]IOlFKH� IROJW� GDV� %UHFKXQJVJHVHW]� �VLHKH� $EELOGXQJ� ������ ZHOFKHV� GHQ� :LQNHO� GHV�
JHEURFKHQHQ� WΘ � E]Z��GHV� UHIOHNWLHUWHQ� UΘ �6WUDKOV�DOV�)XQNWLRQ�GHV�(LQIDOOVZLQNHOV� LΘ �XQG�GHU�

$XVEUHLWXQJVJHVFKZLQGLJNHLW�GHV�/LFKWV�LQ�EHLGHQ�0HGLHQ� �F �XQG� �F �DQJLEW��
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=XU�%HUHFKQXQJ�GHU�UHIOHNWLHUWHQ�XQG�GXUFKJHODVVHQHQ�/LFKWLQWHQVLWlWHQ�I�U�EHOLHELJH�3RODULVDWLRQHQ�
XQG� (LQIDOOVZLQNHO� VLHKH� DXFK� >�@�� >�@� XQG� >��@�� $EELOGXQJ� ���� ]HLJW� GLH� =HUOHJXQJ� GHV� OLQHDU�
SRODULVLHUWHQ�/LFKWV�EHL�5HIOH[LRQ�XQG�%UHFKXQJ�LQ�HLQIDOOHQGHQ��,QGH[�L���UHIOHNWLHUWHQ��,QGH[�U��XQG�
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JHEURFKHQHQ�6WUDKO��,QGH[�W���(LQH�HEHQH�*UHQ]IOlFKH�WUHQQW�]ZHL�0HGLHQ��/XIW�����±�'LHOHNWULNXP�
�����PLW�GHQ�UHHOOHQ�%UHFKXQJVLQGL]HV� �Q �XQG� �Q ���
�
'LH�$PSOLWXGHQ�GHU�GUHL�:HOOHQ�ZHUGHQ�]ZHFNPl�LJHUZHLVH� LQ�.RPSRQHQWHQ� �OLQHDU�SRODULVLHUWH�
7HLOZHOOHQ�� QRUPDO� �,QGH[� Q�� XQG� SDUDOOHO� �,QGH[� S�� ]XU� (LQIDOOVHEHQH� ]HUOHJW�� 'HU� HLQIDOOHQGHQ�
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$EELOGXQJ�������/LFKW�DQ�GHU�*UHQ]IOlFKH�����]ZHLHU�'LHOHNWULND��
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LΘ ���:LQNHO�]ZLVFKHQ�HLQIDOOHQGHU�:HOOH�XQG�GHU�)OlFKHQQRUPDOHQ�

UΘ ���:LQNHO�]ZLVFKHQ�UHIOHNWLHUWHU�:HOOH�XQG�GHU�)OlFKHQQRUPDOHQ�

WΘ ���:LQNHO�]ZLVFKHQ�JHEURFKHQHU�:HOOH�XQG�GHU�)OlFKHQQRUPDOHQ�

SQ $$ � ���$PSOLWXGH�GHU�HLQIDOOHQGHQ�QRUPDOHQ���SDUDOOHOHQ�HOHNWULVFKHQ�)HOGVWlUNH�

SQ 55 � ���$PSOLWXGH�GHU�UHIOHNWLHUWHQ�QRUPDOHQ���SDUDOOHOHQ�HOHNWULVFKHQ�)HOGVWlUNH�

SQ 77 � ���$PSOLWXGH�GHU�JHEURFKHQHQ�QRUPDOHQ���SDUDOOHOHQ�HOHNWULVFKHQ�)HOGVWlUNH�

�'DUVWHOOXQJ�QDFK�6HLIWHU�>�@��
'LH� $PSOLWXGHQ� ZHUGHQ� HEHQIDOOV� NRPSOH[� DQJHVFKULHEHQ�� GD� LQ� LKQHQ� GLH� ,QIRUPDWLRQ� �EHU� GLH�
3KDVH� GHU� :HOOH� VWHFNW�� 'LHV� LVW� HUIRUGHUOLFK�� GD� DXV� GHQ� )UHVQHOVFKHQ� *OHLFKXQJHQ� ������� XQG�
������� DXFK� HLQH� $XVVDJH� �EHU� GLH� 3KDVHQlQGHUXQJ� JHPDFKW� ZHUGHQ� NDQQ�� $XV� HLQIDFKHQ�
JHRPHWULVFKHQ� %HWUDFKWXQJHQ� ODVVHQ� VLFK� GDQQ� GLH� .RPSRQHQWHQ� GHU� HOHNWULVFKHQ� )HOGVWlUNH�
SDUDOOHO�]XU�[���\��XQG�]�$FKVH�DOV�)XQNWLRQHQ�GLHVHU�OLQHDU�SRODULVLHUWHQ�7HLOZHOOHQ�GDUVWHOOHQ���
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HUI�OOW� LVW�� GD� GLH� 7DQJHQWLDONRPSRQHQWHQ� EHLGHU� )HOGVWlUNHQ� VWHWLJ� VHLQ� P�VVHQ�� 'D� EHL� UHHOOHP�
%UHFKXQJVLQGH[� NHLQ� 3KDVHQVSUXQJ� DXIWULWW�� P�VVHQ� GLHVH� %HGLQJXQJHQ� DXFK� I�U� GLH�$PSOLWXGHQ�
JHOWHQ��6R�IROJW�I�U�GLH�$PSOLWXGHQYHUKlOWQLVVH� SU �XQG� QU �UHIOHNWLHUWHQ�:HOOH��)UHVQHONRHIIL]LHQWHQ��
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'LHVH� ZLFKWLJHQ� %H]LHKXQJHQ� N|QQHQ� DXFK� I�U� HLQ� DEVRUELHUHQGHV� 0HGLXP� �� � �≠κ �� 0HWDOO��
EHQXW]W� ZHUGHQ�� QXU� KDW� PDQ� GDQQ� GHQ� NRPSOH[HQ� %UHFKXQJVLQGH[� �Q′ � HLQ]XVHW]HQ�� $OV�
5HIOH[LRQVYHUP|JHQ� ℜ �ZLUG�GDV�9HUKlOWQLV�GHU�(QHUJLH�GHV� UHIOHNWLHUWHQ�6WUDKOV�]XU�(QHUJLH�GHV�
HLQIDOOHQGHQ�6WUDKOV�EH]HLFKQHW��'D�GLH�(QHUJLH�SURSRUWLRQDO�GHP�4XDGUDW�GHU�$PSOLWXGH�LVW��JLOW��
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:HQQ�HLQH�:HOOH�DXI�HLQH�2EHUIOlFKH�WULIIW��ZLUG�VLH�]X�HLQHP�JHZLVVHQ�7HLO�UHIOHNWLHUW��]X�HLQHP�
JHZLVVHQ�7HLO�DEVRUELHUW�XQG�GHU�UHVWOLFKH�7HLO�ZLUG�GHQ�)HVWN|USHU�ZLHGHU�YHUODVVHQ��'DI�U�JLOW�GHU�
(QHUJLHVDW]��ZREHL�ℜ �GDV�5HIOH[LRQV���Α �GDV�$EVRSWLRQV��XQG�Τ �GDV�7UDQVPLVVLRQVYHUP|JHQ�LVW��
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)�U� XQGXUFKVLFKWLJH� �RSDNH�� 0HGLHQ� LVW� GDV� 7UDQVPLVVLRQVYHUP|JHQ� QXOO�� RELJH� *OHLFKXQJ�
YHUHLQIDFKW�VLFK�]X��
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)�U� 6FKZDU]N|USHUVWUDKOHU� LP� WKHUPLVFKHQ� *OHLFKJHZLFKW� LVW� GDV� $EVRUSWLRQVYHUP|JHQ� ZLH� GDV�
(PLVVLRQVYHUP|JHQ� ε �I�U�DOOH�:HOOHQOlQJHQ�XQG�5DXPULFKWXQJHQ����)�U�UHDOH�.|USHU�LVW�ε �LPPHU�
NOHLQHU����$XV�*OHLFKJHZLFKWV�EHUOHJXQJHQ�IROJW��GDVV�GLH�*OHLFKKHLW�GHV�(PLVVLRQVYHUP|JHQV�PLW�
GHP�$EVRUSWLRQVYHUP|JHQ�DXFK�I�U�UHDOH�.|USHU�JHOWHQ�PXVV��.LUFKKRIIVFKHV�*HVHW]���ZREHL�DEHU�
LQ�GLHVHP�)DOO�HLQH�5LFKWXQJVDEKlQJLJNHLW��:LQNHO�Θ �XQG�Φ ��YRUOLHJW��
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'LH�EHGHXWHW�DEHU��GDVV�GHU�QRUPDOH�VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW� εε λ ≡⊥� ��VLHKH�.DSLWHO�������DXV�

GHP�QRUPDOHQ�VSHNWUDOHQ�5HIOH[LRQVYHUP|JHQ� Q�λℜ �HUPLWWHOW�ZHUGHQ�NDQQ��
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)�U�QRUPDOHQ�(LQIDOO�HUJLEW�VLFK�I�U�GDV�5HIOH[LRQVYHUP|JHQ� ℜ≡ℜ Q�λ �NHLQ�8QWHUVFKLHG�]ZLVFKHQ�

GHQ�EHLGHQ�5LFKWXQJHQ�QRUPDO�E]Z��SDUDOOHO�]XU�(LQIDOOVHEHQH�XQG�HV�JLOW��
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6FKOLH�OLFK�HUJLEW�VLFK�I�U�GHQ�QRUPDOHQ�VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ�ε �PLW�*OHLFKXQJ��������
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%HL� GHU� (UPLWWOXQJ� GHU� RSWLVFKHQ� (LJHQVFKDIWHQ� YRQ�0HWDOOHQ� VSLHOW� GDV� JHEURFKHQH� /LFKW� NDXP�
HLQH� 5ROOH�� GDKHU� ZXUGHQ� GLH� GD]XJHK|ULJHQ� )UHVQHONRHIIL]LHQWHQ� QLFKW� H[SOL]LW� REHQ� GDUJHVWHOOW��
'LH� 0DWHULDOHLJHQVFKDIWHQ� N|QQHQ� YROOVWlQGLJ� DXV� GHQ� 3DUDPHWHUQ� GHV� UHIOHNWLHUWHQ� /LFKWVWUDKOV�
HUPLWWHOW�ZHUGHQ��'LH�5HIOH[LRQVNRHIIL]LHQWHQ� SU �XQG� QU �VLQG�QXQ�NRPSOH[�XQG�EHL�GHU�5HIOH[LRQ�

DQ�GHU�0HWDOOREHUIOlFKH� WULWW� QHEHQ�GHU�bQGHUXQJ�GHU�$PSOLWXGHQ�DXFK�HLQ�3KDVHQVSUXQJ� Φ � DXI��
'LH�5HIOH[LRQVNRHIIL]LHQWHQ�ZHUGHQ�GDKHU�LQ�IROJHQGHU�)RUP�DQJHVFKULHEHQ��ZREHL� Sρ �XQG� Qρ �GHU�

%HWUDJ�GHV�NRPSOH[HQ�5HIOH[LRQVNRHIIL]LHQWHQ�XQG� SΦ XQG� QΦ �GLH�3KDVHQlQGHUXQJHQ�VLQG��
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'LH� 3DUDPHWHU� Ψ � XQG� ∆ � ZHUGHQ� HOOLSVRPHWULVFKH� 3DUDPHWHU� JHQDQQW�� GHQQ� VLH� EHVFKUHLEHQ� GLH�
bQGHUXQJ� GHV� 3RODULVDWLRQV]XVWDQGHV� EHL� HLQHU� 5HIOH[LRQ� YROOVWlQGLJ�� 0LW� HLQHP� 3RODULPHWHU�
ZHUGHQ� GLH� bQGHUXQJHQ� GHV� 3RODULVDWLRQV]XVWDQGHV� JHPHVVHQ�� 'DKHU� LVW� GHU� =XVDPPHQKDQJ�
]ZLVFKHQ�GHQ�HOOLSVRPHWULVFKH�3DUDPHWHU� Ψ �XQG� ∆ �XQG�GHQ�RSWLVFKHQ�0DWHULDOJU|�HQ� Q �XQG� κ �
GHV�0HWDOOV�YRQ�,QWHUHVVH��$XV�GHQ�*OHLFKXQJHQ����������������XQG��������IROJW�I�U� ρa ���
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1XU�ZHQQ�GDV�0HGLXP���DOV�YHUOXVWIUHL�� �Q �UHHOO��DQJHQRPPHQ�ZLUG��KDW�HLQH�$XIVSDOWXQJ�LQ�5HDO��
XQG� ,PDJLQlUWHLO� SK\VLNDOLVFK� �EHUKDXSW� HLQHQ� 6LQQ�� GD� VRQVW� YRQ� NHLQHP� (LQIDOOVZLQNHO� LΘ �
JHVSURFKHQ� ZHUGHQ� NDQQ�� ZHLO� GLH� HOHNWURPDJQHWLVFKH� :HOOH� LQ� HLQHP� OHLWHQGHQ� 0HGLXP�
LQKRPRJHQ�LVW��(UVHW]W�PDQ�GHQ�%UHFKXQJVZLQNHO� WΘ �GXUFK�GHQ�(LQIDOOVZLQNHO� LΘ �DXV�*OHLFKXQJ�
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'LHVH�*OHLFKXQJ�ZLUG�GLH�IXQGDPHQWDOH�*OHLFKXQJ�GHU�(OOLSVRPHWULH�JHQDQQW��
�
�
�
�

�������3RODULVLHUWHV�/LFKW�
�
�
1DW�UOLFKHV� /LFKW� ZLH� GDV� 6RQQHQOLFKW� RGHU� GLH� 6WUDKOXQJ� HLQHU� KHL�HQ� 2EHUIOlFKH� EHVWHKW� DXV�
:HOOHQ]�JHQ��GHUHQ�3RODULVDWLRQVULFKWXQJHQ�LP�5DXP�VWDWLVWLVFK�YHUWHLOW�VLQG��$XIJUXQG�GHU�JUR�HQ�
$Q]DKO�GLHVHU�:HOOHQ]�JH�LVW�VROFKHV�/LFKW�XQSRODULVLHUW��(UVW�GXUFK�:HFKVHOZLUNXQJ�PLW�0DWHULH�
ZHUGHQ� JHZLVVH� 6FKZLQJXQJVHEHQHQ� EHYRU]XJW� XQG� PDQ� HUKlOW� WHLOZHLVH� RGHU� YROOVWlQGLJ�
SRODULVLHUWHV�/LFKW��
�
3RODULVLHUWHV� /LFKW� NDQQ� PDQ� DOV� hEHUODJHUXQJ� ]ZHLHU� OLQHDU� SRODULVLHUWHU� /LFKWZHOOHQ�� GHUHQ�
3RODULVDWLRQVHEHQHQ� VHQNUHFKW� ]XHLQDQGHU� VWHKHQ�� HQWVWDQGHQ� GHQNHQ�� 'HU� UHVXOWLHUHQGH�
3RODULVDWLRQV]XVWDQG� HUJLEW� VLFK� DXV� GHP� 9HUKlOWQLV� GHU� $PSOLWXGHQ� [(� � XQG� \(� � VRZLH� GHU�

UHODWLYHQ�3KDVHQODJH�δ �GHU�7HLOZHOOHQ��VLHKH�$EELOGXQJ�������
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�
$EELOGXQJ������9HUVFKLHGHQ�)RUPHQ�YRQ�SRODULVLHUWHP�/LFKW��

δ���3KDVHQGLIIHUHQ]�]ZLVFKHQ�GHQ�]ZHL�]XHLQDQGHU�VHQNUHFKWHQ��OLQHDU�SRODULVLHUWHQ�7HLOZHOOHQ�
D���(�[� �(�\���δ� ���������OLQHDU�SRODULVLHUWHV�/LFKW�
E���(�[�!�(�\���δ� ���������OLQHDU�SRODULVLHUWHV�/LFKW�
F���(�[� �(�\���δ� ≠����HOOLSWLVFK�SRODULVLHUWHV�/LFKW�
G���(�[�!�(�\���δ� ≠����HOOLSWLVFK�SRODULVLHUWHV�/LFKW�
�'DUVWHOOXQJ�QDFK�6HLIWHU�>�@��
�
�
$XI�GLHVH�:HLVH�OlVVW�VLFK�MHGHU�EHOLHELJH�3RODULVDWLRQV]XVWDQG�KHUVWHOOHQ��YRQ�OLQHDU��EHU�]LUNXODU�
ELV�KLQ�]X�HOOLSWLVFK�SRODULVLHUWHP�/LFKW��-HQH�.XUYH��ZHOFKH�GLH�6SLW]H�GHV�UHVXOWLHUHQGHQ�9HNWRUV�
GHV� HOHNWULVFKHQ� )HOGHV� EHVFKUHLEW�� ZHQQ� PDQ� GLH� :HOOH� YRQ� YRUQH� EHWUDFKWHW�� QHQQW� PDQ�
3RODULVDWLRQVHOOLSVH�� 6LH� ZLUG� GXUFK� GDV� $]LPXW� Ψ � �YHUJOHLFKH� *OHLFKXQJ� �������� ±� GDV� LVW� GHU�
:LQNHO� ]ZLVFKHQ� GHU� +DXSWDFKVH� XQG� GHU� [�$FKVH� GHV� %H]XJVV\VWHPV� ±� XQG� GHU� (OOLSWL]LWlW�
χ FKDUDNWHULVLHUW��VLHKH�$EELOGXQJ�������6LH�VLQG�HLQHU�GLUHNWHQ�0HVVXQJ�MHGRFK�QLFKW�]XJlQJOLFK��
�
�



�������������������������������

� ��

�
�

$EELOGXQJ�������'LH�3RODULVDWLRQVHOOLSVH��

D���E���JUR�H���NOHLQH�+DOEDFKVH��� χ...ΕOOLSWL]LWlW,    Ψ...$]LPXW�� [� \���.RRUGLQDWHQV\VWHP� GHV�
%HREDFKWHUV�� [¶�\¶���.RRUGLQDWHQV\VWHP� GHU� 3RODULVDWLRQVHOOLSVH�� (�[��(�[���$PSOLWXGHQ� GHU� ]ZHL�
]XHLQDQGHU� VHQNUHFKWHQ�� OLQHDU� SRODULVLHUWHQ� 7HLOZHOOHQ� LQ� [���\�5LFKWXQJ� �'DUVWHOOXQJ� QDFK�
6DFKVHQKRIHU�>�@��
�
�
'LH�*U|�HQ� LQ�$EELOGXQJ����� VLQG�QLFKW�XQDEKlQJLJ�YRQHLQDQGHU� �VLHKH�>�@���-H�QDFK�8PODXIVLQQ�
GHV�)HOGVWlUNHYHNWRUV�XQWHUVFKHLGHW�PDQ�UHFKWV��LP�8KU]HLJHUVLQQ�YRQ�YRUQH�EHWUDFKWHW��E]Z��OLQNV�
SRODULVLHUWHV� /LFKW�� 'HU� 6RQGHUIDOO� ]LUNXODU� SRODULVLHUWHV� /LFKW� HUJLEW� VLFK� EHL� *OHLFKKHLW� GHU�
$PSOLWXGHQ� � \[ (( �� = � EHL�$XVEUHLWXQJVULFKWXQJ� ]�� XQG� HLQHU� 3KDVHQGLIIHUHQ]� YRQ� �π � �UHFKWV��

RGHU� ��π ��OLQNV���%HWUlJW�GHU�3KDVHQXQWHUVFKLHG���RGHU�JDQ]]DKOLJH�9LHOIDFKH�YRQ�π ��VR�HQWDUWHW�
GLH�5RWDWLRQVHOOLSVH�]X�HLQHU�*HUDGHQ��VLHKH�$EELOGXQJ�������
�

�
�

$EELOGXQJ� ������9HUVFKLHGHQH� 3RODULVDWLRQVHOOLSVHQ� DOV� )XQNWLRQ� GHU� 3KDVHQGLIIHUHQ]�
δ ]ZLVFKHQ�GHQ�EHLGHQ�VHQNUHFKW�]XHLQDQGHU�VWHKHQGHQ��OLQHDU�SRODULVLHUWHQ�7HLOZHOOHQ���REHUH�
5HLKH��UHFKWV�SRODULVLHUWHV�/LFKW��XQWHUH�5HLKH��OLQNV�SRODULVLHUWHV�/LFKW���
�'DUVWHOOXQJ�QDFK�6HLIWHU�>�@��
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�������6WRNHV�)RUPDOLVPXV�
�
�
8P�GLH�3RODULVDWLRQVHOOLSVH�YROOVWlQGLJ�]X�EHVFKUHLEHQ�EHGDUI�HV�GUHLHU�YRQHLQDQGHU�XQDEKlQJLJHU�
*U|�HQ�� 'LH� $PSOLWXGHQ� [( � XQG� � \( � VRZLH� GLH� 3KDVHQGLIIHUHQ]� δ �� RGHU� GLH� +DXSW�� XQG�

1HEHQDFKVH� D �XQG� E �VRZLH�GDV�$]LPXW� Ψ ��,Q�GHU�3UD[LV�KDEHQ�VLFK�GLH�YRQ�6WRNHV�HLQJHI�KUWHQ�
3DUDPHWHU� ���� ��� 6666 �PLW�GHU�'LPHQVLRQ�HLQHU�,QWHQVLWlW� , �EHZlKUW��

�
�
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�, � LVW� GLH�*HVDPWLQWHQVLWlW�� [, � GLH� ,QWHQVLWlW� GHU� KRUL]RQWDO� OLQHDU� SRODULVLHUWHQ�.RPSRQHQWH�� \, �

,QWHQVLWlW�GHU�YHUWLNDO�OLQHDU�SRODULVLHUWHQ�.RPSRQHQWH�� ��+, �,QWHQVLWlW�GHU������OLQHDU�SRODULVLHUWHQ�

.RPSRQHQWH�� ��−, � ,QWHQVLWlW� GHU� � ±���� OLQHDU� SRODULVLHUWHQ� .RPSRQHQWH�� 5=3, � GLH� ,QWHQVLWlW� GHU�

UHFKWV� ]LUNXODU� SRODULVLHUWHQ� .RPSRQHQWH� XQG� /=3, � GLH� ,QWHQVLWlW� GHU� OLQNV� ]LUNXODU� SRODULVLHUWHQ�
.RPSRQHQWH��'UHL�GLHVHU�YLHU�6WRNHV�3DUDPHWHU�VLQG�YRQHLQDQGHU�XQDEKlQJLJ��6LH�VLQG�GXUFK��
�
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PLWHLQDQGHU� YHUEXQGHQ�� 'DV� *OHLFKKHLWV]HLFKHQ� JLOW� I�U� YROOVWlQGLJ� SRODULVLHUWHV� /LFKW�� GDV�
*U|�HU]HLFKHQ�I�U�WHLOZHLVH�SRODULVLHUWHV�/LFKW��'HU�3RODULVDWLRQVJUDG� 3GHJ �HUJLEW�VLFK�DOVR�]X��
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'LH�6WRNHV�3DUDPHWHU�ODVVHQ�VLFK�DXFK�DOV�)XQNWLRQHQ�YRQ� [(� �� \(� ��δ �RGHU�YRQ�Ψ �� χ �GDUVWHOOHQ�

�VLHKH� LQ� >�@��� 'LH� 6WRNHV�3DUDPHWHU� ODVVHQ� VLFK� JXW� DQKDQG� GHU� 3RLQFDUp�.XJHO� YHUDQVFKDXOLFK��
1RUPLHUW�PDQ� GLH� ,QWHQVLWlW� DXI� �� XQG� IDVVW� GLH� GUHL�.RPSRQHQWHQ� ��� �� 666 � DOV�.RRUGLQDWHQ� LQ�
HLQHP� UHFKWZLQNHOLJHQ�.RRUGLQDWHQV\VWHP�DXI�� VR� OLHJW� MHGHU�P|JOLFKH�3RODULVDWLRQV]XVWDQG�3�DXI�
GHU�2EHUIOlFKH�HLQHU�(LQKHLWVNXJHO��VLHKH�$EELOGXQJ�������
�
�
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$EELOGXQJ�������'LH�3RLQFDUp�.XJHO���

6���6���6����.RPSRQHQWHQ� GHV� 6WRNHV�9HNWRUV� �VLHKH� *OHLFKXQJ� ��������� 3���LUJHQGHLQ� VSH]LHOOHU�
3RODULVDWLRQV]XVWDQG��Ψ���$]LPXW��χ���(OOLSWL]LWlW��'DUVWHOOXQJ�QDFK�6DFKVHQKRIHU�>�@��
�

�
'XUFK�GLH�'DUVWHOOXQJ�GHV�3RODULVDWLRQV]XVWDQGHV�DXI�GHU�2EHUIOlFKH�GHU�3RLQFDUp�.XJHO�NDQQ�PDQ�
DXV� GHQ� GUHL� 6WRNHV�3DUDPHWHUQ� GLH� )RUP� GHU� 3RODULVDWLRQVHOOLSVH� HUNHQQHQ�� =XVWlQGH� DXI� GHU�
1RUGKDOENXJHO� VLQG� UHFKWV�� DXI� GHU� 6�GKDOENXJHO� OLQNV� SRODULVLHUW�� 'HU� 1RUGSRO� HQWVSULFKW� GHP�
UHFKWV��GHU�6�GSRO�GHP�OLQNV�]LUNXODU�SRODULVLHUWHQ�=XVWDQG��3RODULVDWLRQV]XVWlQGH�DP�bTXDWRU�VLQG�
OLQHDU� SRODULVLHUW� XQG� XQWHUVFKHLGHQ� VLFK� GXUFK� GDV� $]LPXW� Ψ �� ���������� LVW� KRUL]RQWDO�� ����������
�����������������YHUWLNDO�XQG������������±����OLQHDU�SRODULVLHUWHV�/LFKW��'HU�$]LPXW�QLPPW�GDEHL�PLW�
VWHLJHQGHP� /lQJHQJUDG� XP� GHQ� GRSSHOWHQ� :LQNHO� ]X�� -H� ZHLWHU� HLQ� 3RODULVDWLRQV]XVWDQG� YRP�
bTXDWRU� HQWIHUQW� LVW�� GHVWR� JU|�HU� LVW� GLH� (OOLSWL]LWlW�� 'LH� YLHU� 6WRNHV�3DUDPHWHU� ZHUGHQ� DXV�
UHFKHQWHFKQLVFKHQ�*U�QGHQ�DOV�GLH�.RPSRQHQWHQ�HLQHV�9HNWRUV�DXIJHIDVVW��
�
�
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7ULWW� SRODULVLHUWHV� /LFKW� PLW� 0DWHULH� LQ� :HFKVHOZLUNXQJ�� VR� lQGHUW� VLFK� LP� $OOJHPHLQHQ� GHU�
3RODULVDWLRQV]XVWDQG�� 'LHVH� bQGHUXQJ� NDQQ� PDWKHPDWLVFK� GXUFK� HLQH� �[��0DWUL[� EHVFKULHEHQ�
ZHUGHQ��GLH�0�OOHU�0DWUL[�JHQDQQW�ZLUG��*OHLFKXQJ��������EHVFKUHLEW�QXQ�GLHVH�:HFKVHOZLUNXQJ��
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ZREHL� ���� ��� 6666 � GLH� 6WRNHV�3DUDPHWHU� YRU� XQG� ���� ��� 6666 ′′′′ � GLH� 6WRNHV�3DUDPHWHU� QDFK� GHU�
5HIOH[LRQ�DP�3UREHQGUDKW�VLQG��
�
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)�U� GLH� YRP� 3RODUL]DWLRQ�6WDWH�'HWHFWRU� �36'�� JHPHVVHQHQ� YLHU� ,QWHQVLWlWHQ� ,
&
� JLOW� HLQ� ]X�

*OHLFKXQJ� ������� DQDORJHU� =XVDPPHQKDQJ�� ZREHL� HV� VLFK� EHL� $
(
� XP� GLH� �QLFKW� VLQJXOlUH��

*HUlWHPDWUL[�KDQGHOW��
�

6$, ′⋅=
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�

$XV�GHQ�YLHU�JHPHVVHQHQ� ,QWHQVLWlWHQ�XQG�GHU� LQYHUVHQ�*HUlWHPDWUL[�NDQQ�GHU�6WRNHV�9HNWRU�GHV�
UHIOHNWLHUWHQ�/DVHUVWUDKOV�HLQGHXWLJ�HUPLWWHOW�ZHUGHQ��
�
�

,$6
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'LH� *HUlWHPDWUL[� ZLUG� GXUFK� .DOLEUDWLRQ� GHV� µV−'2$3� LQ� HLQHP� VHKU� DXIZHQGLJHQ� XQG�
NRPSOL]LHUWHQ�9RUJDQJ�HUPLWWHOW��'LHVHU�ZLUG�LQ�>�@��>�@�XQG�>�@�DXVI�KUOLFK�EHVFKULHEHQ��
�
'LH�5HIOH[LRQ�DQ�HLQHU�2EHUIOlFKH�NDQQ�GXUFK�IROJHQGH�0�OOHU�0DWUL[�EHVFKULHEHQ�ZHUGHQ��
�
�
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'HU�6WRNHV�9HNWRU�GHV�UHIOHNWLHUWHQ�6WUDKOV�NDQQ�DXV�GHU�*OHLFKXQJ��������EHUHFKQHW�ZHUGHQ��
�
�

606 UHIOH[

&(&
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�
�
:lKOW�PDQ��ZLH�LQ�GLHVHP�)DOO��I�U�GHQ�3RODULVDWLRQV]XVWDQG�GHV�/DVHUVWUDKOV�YRU�GHU�5HIOH[LRQ�
�����OLQHDU�SRODULVLHUW�/LFKW�6� ������������VR�HUJHEHQ�VLFK�DXV�*OHLFKXQJ��������IROJHQGH�6WRNHV�
3DUDPHWHU�GHV�UHIOHNWLHUWHQ�6WUDKOV��
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*HPHVVHQ�ZHUGHQ�GLH�YLHU�,QWHQVLWlWHQ� ( )���� ��� ,,,,, =

&
�PLW�GHQ�YLHU�'HWHNWRUHQ�GHV�36'��

=XVDPPHQ�PLW�GHU�GXUFK�GLH�.DOLEUDWLRQ�HUPLWWHOWHQ�*HUlWHPDWUL[� $
(
�HUKlOW�PDQ�PLW�*OHLFKXQJ�

�������GHQ�6WRNHV�9HNWRU� ( )���� ��� 66666 ′′′′=′
&

�GHV�UHIOHNWLHUWHQ�/DVHUVWUDKOV��$XV�GHQ�*OHLFKXQJHQ�

�������XQG��������HUJHEHQ�VLFK�GDQQ�GLH�HOOLSVRPHWULVFKHQ�3DUDPHWHU�Ψ �XQG�∆ ��XQG�DXV�GLHVHQ�PLW�
*OHLFKXQJ��������GDV�9HUKlOWQLV�GHU�)UHVQHONRHIIL]LHQWHQ� ρa ��$XV�*OHLFKXQJ��������IROJHQ�GDQQ�
ZLHGHUXP�PLW�GHU�%UHFK]DKO� �� ≈Q ��JHQDXJHQRPPHQ�JLOW�� �������� =Q ��YRQ�6WLFNVWRII��6FKXW]JDV��
GLH�RSWLVFKHQ�.RQVWDQWHQ� �Q �XQG� �κ �GHU�'UDKWSUREH��6FKOLH�OLFK�HUJLEW�VLFK�GDUDXV�PLW�*OHLFKXQJ�
�������GHU�QRUPDOH�VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW�ε �EHL�������QP��
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.DSLWHO���
�
(UJHEQLVVH�
�
�
�����=LUNRQLXP�
�
�
�������$OOJHPHLQHV�
�
=LUNRQLXP� JHK|UW� ]XU� *UXSSH� GHU� G��(OHPHQWH�� ]XVDPPHQ� PLW� 7LWDQ� XQG� +DIQLXP�� 6HLQH�
(OHNWURQHQNRQILJXUDWLRQ� LVW� >.U@�G��V��� VHLQH� 2UGQXQJV]DKO� ��� XQG� VHLQH� UHODWLYH� $WRPPDVVH�
EHWUlJW�������QDFK�>��@��6HLQH�.ULVWDOOVWUXNWXU�EHL�5DXPWHPSHUDWXU�LVW�KH[DJRQDO��1DFK�>��@�HUIROJW�
EHL������.��QDFK�>��@�EHL������.��QDFK�>��@�EHL������.�XQG�VFKOLH�OLFK�QDFK�>��@�EHL������.�HLQ�
VWUXNWXUHOOHU� 3KDVHQ�EHUJDQJ� YRQ� GLHVHU� KH[DJRQDO� GLFKWHVWHQ� .XJHOSDFNXQJ� �KFS�� ]X� HLQHP�
NXELVFK� UDXP]HQWULHUWHQ�*LWWHU� �EFF�� �VLHKH� DXFK�$EELOGXQJ������� ,Q� >��@� ILQGHW� VLFK� HLQH�ZHLWHUH�
=XVDPPHQIDVVXQJ�� GLH� hEHUJDQJVWHPSHUDWXUHQ� GLHVHV� IHVW�IHVW�hEHUJDQJV� YRQ� ��� YHUVFKLHGHQHQ�
$XWRUHQ�DXIOLVWHW��'LH�:HUWH�ODVVHQ�DXI�HLQH�hEHUJDQJVWHPSHUDWXU�YRQ�FD�������.�VFKOLH�HQ��
�
�

�

�
$EELOGXQJ������3KDVHQGLDJUDPP�YRQ�UHLQHP�=LUNRQLXP�QDFK� >��@��'UXFN�DOV�)XQNWLRQ�GHU�
7HPSHUDWXU��
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� ��

=LUNRQLXP� XQG� +DIQLXP� VLQG� VLFK� FKHPLVFK� DX�HURUGHQWOLFK� lKQOLFK�� GD� VLH� QHEHQ� GHU� DQDORJHQ�
(OHNWURQHQNRQILJXUDWLRQ� LQIROJH� GHU� /DQWKDQLGHQNRQWUDNWLRQ� � $EQDKPH� GHU� ,RQHQUDGLHQ� PLW�
VWHLJHQGHU�=DKO�YRQ��I�(OHNWURQHQ��IDVW�GLHVHOEHQ�$WRP��XQG�,RQHQUDGLHQ�EHVLW]HQ��=LUNRQLXP�XQG�
+DIQLXP� WUHWHQ� LQ� GHU� 1DWXU� IDVW� LPPHU� JHPHLQVDP� DXI�� =LUNRQLXP� EHVLW]W� HLQH� KRKH�
.RUURVLRQVEHVWlQGLJNHLW� XQG� KHUYRUUDJHQGH� PHFKDQLVFKH� (LJHQVFKDIWHQ�� ZLH� HWZD� HLQH� KRKH�
PHFKDQLVFKH� )HVWLJNHLW�� (V� ZLUG� ZHJHQ� GLHVHU� (LJHQVFKDIWHQ� VRZLH� ZHJHQ� VHLQHV� JHULQJHQ�
(LQIDQJTXHUVFKQLWWV�I�U�1HXWURQHQ�DOV�5HDNWRUEDXVWRII�YHUZHQGHW��'RFK�GD]X�PXVV�HV�YRQ�+DIQLXP�
IUHL� VHLQ�� GHVVHQ� (LQIDQJTXHUVFKQLWW� I�U� 1HXWURQHQ� HWZD� ���� PDO� VR� JUR�� LVW� ZLH� GHUMHQLJH� GHV�
=LUNRQLXPV��:HLWHUH�'HWDLOV�]X�=LUNRQLXP�XQG�GHVVHQ�9HUELQGXQJHQ�ILQGHQ�VLFK�LQ�>��@��$EELOGXQJ�
����]HLJW�GDV�3KDVHQGLDJUDPP�=LUNRQLXP�+DIQLXP��

�
�
$EELOGXQJ������ �3KDVHQGLDJUDPP�=LUNRQLXP�+DIQLXP�QDFK� >��@��7HPSHUDWXU� DOV�)XQNWLRQ�
GHU�$WRPSUR]HQWH�DQ�=LUNRQLXP��
�
1DFK� HLQLJHQ� 9RUYHUVXFKHQ� ZXUGH� VFKOLH�OLFK� I�U� GLH� 'XUFKI�KUXQJ� GHU� ([SHULPHQWH� HLQH�
/DGHVSDQQXQJ� GHU� .RQGHQVDWRUEDWWHULH� YRQ� ����� N9� XQG� HLQH� ([SHULPHQWLHUGDXHU� YRQ� ���µV�
JHZlKOW�� 'LH� I�U� GHQ� 6SDQQXQJVDEIDOO� HQWVFKHLGHQGH� 'LVWDQ]� ]ZLVFKHQ� GHQ� EHLGHQ�
6SDQQXQJVVFKQHLGHQ� ZDU� EHL� GHQ� LQVJHVDPW� �� ([SHULPHQWHQ� HWZDV� YHUVFKLHGHQ�� 6LH� ZXUGH� PLW�
HLQHP� 0H�NDWKHWRPHWHU� DXI� ����PP� JHQDX� JHPHVVHQ� XQG� EHZHJWH� VLFK� LQ� HLQHP� %HUHLFK� YRQ�
������PP�ELV� ������PP��'HU�'XUFKPHVVHU� GHV�=LUNRQLXPGUDKWV� EHWUXJ� ODXW�+HUVWHOOHUDQJDEH�����
PP�� ZDV� GXUFK� 9HUPHVVHQ� PLWWHOV� 0LNURPHWHUVFKUDXEH� DXI� ±� �����PP� JHQDX� EHVWlWLJW� ZXUGH��
6HLQH�5HLQKHLW�ZXUGH�YRQ�GHU�+HUVWHOOHUILUPD�*RRGIHOORZ�PLW��������DQJHJHEHQ��'DV�5HVWPDWHULDO�
G�UIWH�JU|�WHQWHLOV�+DIQLXP�VHLQ��GD�EHLGH�(OHPHQWH�±�ZLH�VFKRQ�HUZlKQW���QXU�VFKZHU�YRQHLQDQGHU�
]X� WUHQQHQ� VLQG�� 'LH� 'LFKWH� EHL� 5DXPWHPSHUDWXU� ZXUGH� ODXW� 'DWHQEODWW� PLW� �����NJ�P��� GHU�
6FKPHO]SXQNW�PLW� �����.� DQJHJHEHQ��'D�GLHVHU�:HUW� DXFK�GXUFK� >��@�� >��@�� >��@�� >��@�XQG� >��@�
EHVWlWLJW�ZLUG��ZXUGH�HU� I�U�GLH�ZHLWHUH�.DONXODWLRQ�YHUZHQGHW��'LH�2EHUIOlFKH�GHV�'UDKWV�ZXUGH�
LQIROJH�H[WUHPHU�5DXKHLW��VLHKH�$EELOGXQJ������PLW�HLQHP�6FKOHLISDSLHU�GHU�.|UQXQJ������SROLHUW�
XQG�DQVFKOLH�HQG�PLW�$FHWRQ�JHUHLQLJW��'DV�(UJHEQLV�LVW�LQ�$EELOGXQJ�����]X�VHKHQ��
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$EELOGXQJ� ����� � )HOGHOHNWURQHQPLNURVNRSLVFKH� $XIQDKPH� GHU� XQSROLHUWHQ� 2EHUIOlFKH� GHV�
=LUNRQLXPGUDKWV�LQ������IDFKHU�9HUJU|�HUXQJ��$XIQDKPH�EHL�)(/0,�=)(�*UD]���
�
�

�

�
$EELOGXQJ� ����� � )HOGHOHNWURQHQPLNURVNRSLVFKH� $XIQDKPH� GHU� SROLHUWHQ� 2EHUIOlFKH� GHV�
=LUNRQLXPGUDKWV�LQ������IDFKHU�9HUJU|�HUXQJ��$XIQDKPH�EHL�)(/0,�=)(�*UD]���

�
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'LH�:HOOHQOlQJH�GHV�3\URPHWHU�)LOWHUV�ZDU�������QP�PLW�HLQHU�+DOEZHUWVEUHLWH�YRQ������QP��VLHKH�
$EELOGXQJ��������
�
)�U�GLH�$XVZHUWXQJ�DQ�=LUNRQLXP�ZXUGH�DOV�.�)DNWRU�GHU�3HDUVRQ�6WURPPHVVVRQGH�]XVDPPHQ�PLW�
GHP� DOWHQ� ����� 6SDQQXQJVWHLOHU� GHU� :HUW� �YRU� GHU� .DOLEUDWLRQ��� 9$. ��������= � YHUZHQGHW��
1DFK�.DOLEUDWLRQ�GXUFK�3HDUVRQ�(OHFWURQLFV�HUJDE�VLFK�MHGRFK�I�U�GLHVH�.RPELQDWLRQ�HLQ�:HUW�YRQ�

9$. ���������= � �VLHKH�7DEHOOH�������'DV�KHL�W��GDVV�GHU�YHUZHQGHWH�.�)DNWRU�XP���������]X�
KRFK�ZDU��,Q�ZHLWHUHU�)ROJH�VLQG�GLH�0HVVZHUWH�I�U�GHQ�6WURP� , ��GLH�(QWKDOSLH� + ��GLH�VSH]LILVFKH�
:lUPHNDSD]LWlW� EHL� NRQVWDQWHP� 'UXFN� SF � XQG� GLH�:lUPHOHLWIlKLJNHLW� λ � ]X� KRFK� XQG� P�VVHQ�

GDKHU� GXUFK� GHQ� )DNWRU� �������� GLYLGLHUW�ZHUGHQ��'LH�:HUWH� I�U� GHQ� XQNRUULJLHUWHQ� VSH]LILVFKHQ�
HOHNWULVFKHQ�:LGHUVWDQG� �XQNRUUρ �XQG�GHQ�NRUULJLHUWHQ�VSH]LILVFKHQ�HOHNWULVFKHQ�:LGHUVWDQG� ρ �VLQG�
GDJHJHQ� ]X� QLHGULJ� XQG� P�VVHQ� PLW� GHQVHOEHQ� )DNWRU� PXOWLSOL]LHUW� ZHUGHQ�� (LQ]LJ� GLH�
7HPSHUDWXUOHLWIlKLJNHLW�D �EHGDUI�NHLQHU�.RUUHNWXUHQ��GD�VLFK�GLH�)DNWRUHQ�JHJHQVHLWLJ�ZHJN�U]HQ���
�
'DV� (QWODGHJHIl�� ZXUGH� QDFK� (LQEDX� GHV� 'UDKWV� XQG� 9HUVFKOXVV� PLW� 6WLFNVWRII� XQWHU�
$WPRVSKlUHQGUXFN�JHVS�OW��'LH�'DWHL�DXWRBFDO�����ZXUGH�DOV�.DOLEUDWLRQVPDWUL[�I�U�GLH�µV�'2$3�
$XVZHUWXQJ� YHUZHQGHW�� 'LH� HUUHFKQHWHQ� *U|�HQ� ZXUGHQ� JU|�WHQWHLOV� LQ� $EKlQJLJNHLW� YRQ� GHU�
7HPSHUDWXU�GDUJHVWHOOW��REZRKO�HLQH�'DUVWHOOXQJ�LQ�$EKlQJLJNHLW�YRQ�GHU�(QWKDOSLH�JHQDXHU�ZlUH��
-HGRFK�ZlUH�GDQQ�HLQ�9HUJOHLFK�PLW�/LWHUDWXUZHUWHQ�QDKH]X�XQP|JOLFK��*DQ]�DOOJHPHLQ�ZlUH�QRFK�
]X�VDJHQ��GDVV�EHL�GHU�$XVZHUWXQJ�GHU�'DWHQ�LPPHU�QXU�MHQHU�%HUHLFK�YHUZHQGHW�ZHUGHQ�NRQQWH��LQ�
GHP� GDV� 3\URPHWHU� QLFKW� �EHUVWHXHUW� KDW�� 'DV� LVW� MHQHU� ]HLWOLFKH� 5DKPHQ� ELV� ]XP� DEUXSWHQ�
hEHUJDQJ�GHU�6WUDKOXQJVLQWHQVLWlW�YRQ�HLQHP�VWHLOHQ�$QVWLHJ�]XU�HLQHU�+RUL]RQWDOHQ��LQ�$EELOGXQJ�
����EHL�FD������µV���'DV�YHUZHQGHWH�����QP�3\URPHWHU� LVW� DX�HUGHP�EHL�7HPSHUDWXUHQ�XQWHUKDOE�
YRQ� �����.� QLFKW� VHQVLEHO�� 'DKHU� NDQQ� GHU� 'DWHQVDW]� DXFK� LQ� GLHVHP� %HUHLFK� VWDUN� UHGX]LHUW�
ZHUGHQ��
�
�
�
�

�������1RUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW�
�
,Q�*OHLFKXQJ��������]XU�%HUHFKQXQJ�GHV�QRUPDOHQ�VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ� ε �JHKHQ�GLH�
PLW�GHP�3RODULPHWHU�JHPHVVHQHQ�XQG�DP�3&�HUUHFKQHWHQ�:HUWH�I�U�GHQ�UHHOOHQ�%UHFKXQJVLQGH[� Q �
XQG�GHQ�$EVRUSWLRQVLQGH[�κ �HLQ��=XU�9HUDQVFKDXOLFKXQJ�VLQG�GLHVH�:HUWH�LQ�$EELOGXQJ�����I�U�HLQ�
HLQ]HOQHV�([SHULPHQW�GDUJHVWHOOW���
�
0DQ� VLHKW� VHKU� VFK|Q�� GDVV� VLFK� GLH� RSWLVFKHQ�.RQVWDQWHQ�� DEJHVHKHQ� YRP�5DXVFKHQ�� VFKRQ� YRU�
%HJLQQ�GHV�6FKPHO]HQ��HUVW�YHUWLNDOH�/LQLH�LQ�$EELOGXQJ������lQGHUQ��:lKUHQG� Q �XQG�κ �VWHLJHQ��
VLQNW�GHU�(PLVVLRQVNRHIIL]LHQW��'LHV�LVW�YHUPXWOLFK�DXI�HLQ�*OlWWHQ�GHU�2EHUIOlFKH�]XU�FN]XI�KUHQ��
GHQQ�HLQH�JODWWHUH��HEHQHUH�2EHUIOlFKH�EHGHXWHW�HLQHQ�JHULQJHUHQ�(PLVVLRQVNRHIIL]LHQWHQ��
�
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�

$EELOGXQJ� ����� 5HHOOHU� %UHFKXQJVLQGH[� Q �� $EVRUSWLRQVLQGH[� κ � XQG� QRUPDOHU� VSHNWUDOHU�
(PLVVLRQVNRHIIL]LHQW� ε � �EHL�������QP�LQ�$EKlQJLJNHLW�YRQ�GHU�=HLW�I�U�HLQ�(LQ]HOH[SHULPHQW�
EHL�=LUNRQLXP��

�
�
)�U�GLH�ε �$XVZHUWXQJ�NRQQWHQ�VHFKV�0HVVUHLKHQ�YHUZHQGHW�ZHUGHQ��'D�LQ�GHU�IHVWHQ�3KDVH�QDKH]X�
MHGHU� EHOLHELJH� ε �:HUW� GXUFK� XQWHUVFKLHGOLFKHV� 3ROLHUHQ� GHV� 'UDKWV� LQ� HLQHP� ZHLWHQ� %HUHLFK�
HLQJHVWHOOW�ZHUGHQ�NDQQ� �� MHGRFK�QLFKW� UHSURGX]LHUEDU� ��PDFKW�HV�NHLQHQ�6LQQ��GRUW�HLQHQ� OLQHDUHQ�
/HDVW�6TXDUHV�)LW� DQ]XJHEHQ�� 1DFK� 0LWWHOZHUWELOGXQJ� GLHVHU� VHFKV� .XUYHQ� HUJDE� VLFK� LQ� GHU�
IO�VVLJHQ�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�IROJHQGHU�OLQHDUHU�/HDVW�6TXDUHV�)LW�
I�U ��7IO�VVLJε ��VLHKH�$EELOGXQJ�������

�
�

77IO�VVLJ ⋅⋅−= −����������������ε ����������������������������������������

�
�

$P� 6FKPHO]SXQNW� EHREDFKWHW� PDQ� HLQHQ� :HUW� YRQ� FD�� ε �  � ������ ([WUDSROLHUW� PDQ� GLH�
*HUDGHQJOHLFKXQJ�ELV�]XU�FN�]XP�6FKPHO]SXQNW� 67 � ������.��VR�HUKlOW�PDQ�GRUW�HLQ� ε ��GDV�UHFKW�
JXW�PLW�GHQ�/LWHUDWXUZHUWHQ�LQ�7DEHOOH�����]XVDPPHQVWLPPW��
�
�

����������� =.IO�VVLJε �

�
�
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���� ��0LWWHOZHUW�YRQ�VHFKV�0HVVXQJHQ
��/LQHDUHU�)LW�LQ�GHU�IO�VVLJHQ�3KDVH
��6FKPHO]SXQNW�������.
��H��EHL��O� �����QP�QDFK�>��@
��H��EHL��O� �����QP�QDFK�>��@
��H��EHL��O� �����QP�QDFK�>��@
��H��EHL��O� �����QP�QDFK�>��@
��H��EHL��O� �������QP�QDFK�>��@
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7HPSHUDWXU��.�
�

�
$EELOGXQJ� ����� 0LWWHOZHUW� YRQ� VHFKV� 0HVVXQJHQ� GHV� QRUPDOHQ� VSHNWUDOHQ� (PLVVLRQV�
NRHIIL]LHQWHQ� EHL� ������QP� XQG� OLQHDUHU� /HDVW�6TXDUHV�)LW� LQ� GHU� IO�VVLJHQ� 3KDVH� LQ�
$EKlQJLJNHLW�YRQ�GHU�ZDKUHQ�7HPSHUDWXU�]XVDPPHQ�PLW�HLQLJHQ�DXVJHZlKOWHQ�:HUWHQ�DXV�
GHU�/LWHUDWXU�I�U�=LUNRQLXP��
�

�
)�U� DOOH� PLW� GHP� 3RODULPHWHU� XQWHUVXFKWHQ� 0DWHULDOLHQ� HUJDE� VLFK� ELVKHU� LPPHU� HLQ� VWHLOHU��
NRQWLQXLHUOLFKHU�$EIDOO�GHV�(PLVVLRQVNRHIIL]LHQWHQ��GHU�VFKRQ�HWZDV�YRU�GHP�6FKPHO]SXQNW�EHJLQQW�
XQG� XQPLWWHOEDU� QDFK� GHP� 6FKPHO]HQ� EHHQGHW� LVW�� ,Q� GHU� IO�VVLJHQ� 3KDVH� NDQQ� GHU�
(PLVVLRQVNRHIIL]LHQW�GDQQ�OHLFKW�VWHLJHQ��IDOOHQ�RGHU�HLQHQ�NRQVWDQWHQ�:HUW�KDEHQ��VLHKH�>��@��>��@�
XQG�>�@��,Q�$EELOGXQJ�����]HLJW�VLFK�MHGRFK��GDVV�GHU�(PLVVLRQVNRHIIL]LHQW�ZLH�¶�EOLFK¶�VFKRQ�YRU�
GHP�6FKPHO]DQIDQJ�HWZDV�VLQNW�XQG�]ZDU�YRQ������DXI�HWZD�������'DV�LVW�QLFKW�ZHLWHU�HUVWDXQOLFK�±�
HV�G�UIWH�VLFK�GDEHL�XP�HLQ�*OlWWHQ�GHU�2EHUIOlFKH�KDQGHOQ�����GRFK�GDQQ�EOHLEW�GHU�:HUW�ZlKUHQG�
GHV� 6FKPHO]HQV� XQG� ELV� FD�� ����.� LQ� GLH� IO�VVLJH� 3KDVH� KLQHLQ� NRQVWDQW�� 'DV� LVW� GDV� QHXH��
XQHUZDUWHWH� (UJHEQLV� GLHVHU� 0HVVUHLKH�� )�U� K|KHUH� 7HPSHUDWXUHQ� VLQNW� GHU�:HUW� YRQ� ε � ZLHGHU�
ZHLWHU� VWHLO� DE�� ELV� HU� GHQ� HLJHQWOLFKHQ�:HUW� GHU� IO�VVLJHQ� 3KDVH� HUUHLFKW� KDW�� ,Q� ZHLWHUHU� )ROJH�
NRPPW�HV�]X�HLQHP�OHLFKWHQ�$EIDOO��GHU�GXUFK�*OHLFKXQJ�������EHVFKULHEHQ�ZLUG��'LHVHV�3ODWHDX�GHV�
(PLVVLRQVNRHIIL]LHQWHQ� NDQQ� YHUVFKLHGHQH� 8UVDFKHQ� KDEHQ�� =LUNRQLXP� LVW� HLQ� VHKU� UHDNWLYHV�
(OHPHQW�� 6DXHUVWRII� XQG� 6WLFNVWRII� EHVLW]HQ� HLQH� KRKH� /|VOLFKNHLW� LQ� GLHVHP� 0HWDOO� XQG� VHLQH�
2EHUIOlFKH�NDQQ�EHGHFNW�VHLQ�YRQ�2[LGHQ�XQG�1LWULGHQ��GLH�DXFK�GXUFK�GDV�3ROLHUHQ�QLFKW�HQWIHUQW�
ZHUGHQ�N|QQHQ��GD�VLH�VLFK�DQ�/XIW�VWlQGLJ�QHX�ELOGHQ�N|QQHQ��,Q�>��@�ZLUG�GLH�$EKlQJLJNHLW�GHU�
RSWLVFKHQ�3DUDPHWHU�YRQ�2EHUIOlFKHQVFKLFKWHQ�EHVFKULHEHQ��(V�]HLJW�VLFK�LQ�GDULQ��GDVV� ε � LQ�VHKU�
ZHLWHQ� %HUHLFKHQ� YDULLHUHQ� NDQQ�� ZHQQ� VLFK� HLQH� RSWLVFK� WUDQVSDUHQWH� 2[LG�� RGHU� 1LWULGVFKLFKW�
SDVVHQGHU�%UHFK]DKO�JHULQJI�JLJ� LQ� LKUHU�'LFNH�lQGHUW��(V�ZLUG�DXFK�EHVFKULHEHQ��GDVV� VLFK�GLHVH�
6FKLFKWHQ� EHL� VWHLJHQGHQ� 7HPSHUDWXUHQ� DXIO|VHQ� RGHU� WUDQVSDUHQW� ZHUGHQ�� $XI� MHGHQ� )DOO� KDEHQ�
2EHUIOlFKHQYHUXQUHLQLJXQJHQ� ORJLVFKHUZHLVH� HLQHQ� JUR�HQ� (LQIOXVV� DXI� GHQ�
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(PLVVLRQVNRHIIL]LHQWHQ��'DV� G�UIWH� DXFK� GLH�8UVDFKH� I�U� GDV�3ODWHDX� LQ�$EELOGXQJ����� VHLQ��(UVW�
ZHQQ� DOOH� 2EHUIOlFKHQVFKLFKWHQ� YHUVFKZXQGHQ� VLQG�� VHL� HV� GXUFK� 9HUEUHQQHQ�� 9HUGDPSIHQ��
'LVVR]LLHUHQ�� 7UDQVSDUHQWZHUGHQ� RGHU� VRQVWLJH� 9RUJlQJH�� VLQNW� GHU� (PLVVLRQVNRHIIL]LHQW� DXI� GHQ�
:HUW� LQ� GHU� IO�VVLJHQ� 3KDVH� DE�� 'DKHU� VFKHLQW� GDV� ([WUDSROLHUHQ� ]XU�FN� ]XP� 6FKPHO]SXQNW�
JHUHFKWIHUWLJW�� (V� ILQGHQ� VLFK� QRFK� DQGHUH� %HULFKWH� �EHU� 8QVWLPPLJNHLWHQ� YRQ� SK\VLNDOLVFKHQ�
*U|�HQ�� GLH� DXFK� LP� =XVDPPHQKDQJ�PLW� GHP� VSH]LHOOHQ�9HUODXI� GHV� (PLVVLRQVNRHIIL]LHQWHQ� LP�
%HUHLFK� GHV� 6FKPHO]SXQNWHV� VWHKHQ�� ZLH� HLQ� OHLFKWHU� $QVWLHJ� GHU� 6WUDKOXQJVWHPSHUDWXU� DP�
6FKPHO]SODWHDX�LQ�>��@�XQG�HLQ�KRKHU�:HUW�GHU�VSH]LILVFKHQ�:lUPHNDSD]LWlW�DP�6FKPHO]SXQNW�XQG�
LQ�GHU�EHJLQQHQGHQ�IO�VVLJHQ�3KDVH�EHL�JOHLFK]HLWLJHU�JUR�HU�6WUHXXQJ�GHU�'DWHQ�LQ�>��@��
�
�
�
7DEHOOH� ����� /LWHUDWXUZHUWH� I�U� GHQ� QRUPDOHQ� VSHNWUDOHQ� (PLVVLRQVNRHIIL]LHQWHQ� DP�
6FKPHO]SXQNW��VLHKH�$EELOGXQJ�������
�

$XWRU� :HOOHQOlQJH�>QP@� 7HPSHUDWXU�>.@� (PLVVLRQVNRHIIL]LHQW�
GLHVH�$UEHLW� ������ ����� ������

>��@� ���� ����� ������
>��@� ���� ����� ������
>��@� ���� ����� ������
>��@� ���� ���������� �����
>��@� XQDEKlQJLJ� ����� �����

�
�
:HLWHUH� 9HUJOHLFKVZHUWH� ILQGHQ� VLFK� LQ� >��@�� :LH� PDQ� DXV� $EELOGXQJ� ���� VLHKW�� IlOOW� GHU�
(PLVVLRQVNRHIIL]LHQW�OHLFKW�LQ�GHU�IO�VVLJHQ�3KDVH��ZDV�]X�HLQHP�V\VWHPDWLVFKHQ�)HKOHU�I�KUW��ZHQQ�
PDQ� GLH�7HPSHUDWXU�PLWWHOV� NRQVWDQWHP� ε� �*OHLFKXQJ� �������� HUPLWWHOW�� GD� GDEHL� MD� GLH�$QQDKPH�
JHPDFKW� ZLUG�� GDVV� VLFK� ε � HEHQ� LQ� GHU� IO�VVLJHQ� 3KDVH� QLFKW� lQGHUH�� -HGRFK� LVW� LP� )DOO� YRQ�
=LUNRQLXP� ±� ZLH� PDQ� DXV� $EELOGXQJ� ���� VHKHQ� NDQQ� �� GHU� 8QWHUVFKLHG� ]ZLVFKHQ� GHQ� EHLGHQ�
7HPSHUDWXUHUPLWWOXQJVPHWKRGHQ� VHKU�JHULQJ��*HQDXHUH�%HWUDFKWXQJHQ�]HLJWHQ��GDVV�GHU�PD[LPDOH�
8QWHUVFKLHG�LQ�GLHVHP�(LQ]HOH[SHULPHQW�ZHQLJHU�DOV�����EHWUlJW��,Q�ZHLWHUHU�)ROJH�ZXUGH�GDKHU�PLW�
GHU�7HPSHUDWXU��EHUHFKQHW�PLWWHOV�NRQVWDQWHP�ε��*OHLFKXQJ����������JHUHFKQHW��GD�GHU�'DWHQVDW]�LP�
+27:,5(�0RGXV�YLHU�PDO�VR�JUR��LVW�DOV�LP�µV�'2$3�0RGXV��GD�LQ�GLHVHP�0RGXV�DXIJUXQG�GHU�
%HVFKUlQNXQJ�GXUFK�GLH�6WHXHUHOHNWURQLN�GHV�µV�'2$3�XQG�GHU�/RFN�,Q�9HUVWlUNHUWHFKQLN�QXU�PLW�
����0+]� DXIJH]HLFKQHW�ZHUGHQ�NDQQ�XQG�GDKHU� GLH�0HVVXQJ�PLW�GHP�(OOLSVRPHWHU� UHODWLY�ZHQLJ�
'DWHQSXQNWH� LQ� GHU� LQWHUHVVLHUHQGHQ� IO�VVLJHQ� 3KDVH� PLW� UHODWLY� JUR�HU� 6WUHXXQJ� OLHIHUW�� )�U� GLH�
ZHLWHUH�$XVZHUWXQJ�LP�µV�'2$3�0RGXV�ZLUG�GHU�'DWHQVDW]��GHU�PLW�GHQ�EHLGHQ�0HVVNDUWHQ�PLW�MH�
���0+]� DXIJH]HLFKQHW� ZLUG�� GXUFK� 0LWWHOXQJ� YRQ� MHZHLOV� YLHU� 0HVVSXQNWHQ� DXI� HLQ� 9LHUWHO�
UHGX]LHUW�� 'LHV� I�KUW� ]X� HLQHP� HQRUPHQ� 9HUOXVW� DQ�0HVVGDWHQ� XQG� ]ZDQJVOlXILJ� DXFK� ]X� HLQHP�
OHLFKWHQ�6KLIW�GHU�=HLWDFKVH�LQ�GHU�*U|�HQRUGQXQJ�YRQ�FD������µV��ZDV�HLQHQ�ZHLWHUHQ�)HKOHU�QDFK�
VLFK�]LHKW��'DV�DOOHV�]XVDPPHQ�UHFKWIHUWLJW�GLH�$XVZHUWXQJ�LP�+27:,5(�0RGXV��
�
�
�
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��7HPSHUDWXU�PLWWHOV�NRQVWDQWHP�H
��ZDKUH�7HPSHUDWXU
��(PLVVLRQVNRHIIL]LHQW
��6FKPHO]DQIDQJ
��6FKPHO]HQGH

7
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�

=HLW��PV�
�

�
$EELOGXQJ� ����� 1RUPDOHU� VSHNWUDOHU� (PLVVLRQVNRHIIL]LHQW� EHL� ������ QP�� 7HPSHUDWXU��
EHUHFKQHW�PLWWHOV� NRQVWDQWHP� H� �*OHLFKXQJ� �������� XQG�ZDKUH�7HPSHUDWXU� LQ�$EKlQJLJNHLW�
YRQ�GHU�=HLW�I�U�HLQ�(LQ]HOH[SHULPHQW�DQ�=LUNRQLXP��
�
�
�

�
�������6SH]LILVFKH�(QWKDOSLH�
�
'LH� $EKlQJLJNHLW� GHU� VSH]LILVFKHQ� (QWKDOSLH� + � YRQ� GHU� 7HPSHUDWXU� 7 �� EHUHFKQHW� PLWWHOV�
NRQVWDQWHP�ε� �*OHLFKXQJ���������� LVW� LQ�$EELOGXQJ�����GDUJHVWHOOW��(V�KDQGHOW�VLFK�GDEHL�XP�HLQHQ�
0LWWHOZHUW�DXV�QHXQ�0HVVXQJHQ��=XVlW]OLFK�ILQGHW�VLFK�LQ�$EELOGXQJ�����HLQ�OLQHDUHU�/HDVW�6TXDUHV�
)LW�GLHVHV�0LWWHOZHUWV�LQ�GHU�IHVWHQ�XQG�IO�VVLJH�3KDVH��VRZLH�/LWHUDWXUZHUWH�]XP�9HUJOHLFK��)�U�GLH�
*HUDGHQJOHLFKXQJHQ� ��7+ ��LQ�N-ÂNJ����HUJDEHQ�VLFK�LQ�GHU�IHVWHQ�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ�
�����.�ELV������.�XQG�LP�IO�VVLJHQ�$JJUHJDWV]XVWDQG�LP�7HPSHUDWXUEHUHLFK�YRQ������.�ELV������
.�IROJHQGH�OLQHDUH�/HDVW�6TXDUHV�)LWV���
�

�
�

77+ IHVW ⋅+= ������������� ����������������������������������������������

�
�

77+ IO�VVLJ ⋅+−= ������������� �������������������������������������������

�
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$XV�GLHVHQ�*OHLFKXQJHQ�HUKlOW�PDQ�GLH�:HUWH�GHU�VSH]LILVFKHQ�(QWKDOSLH�DP�6FKPHO]SXQNW�I�U�GLH�
MHZHLOLJH�3KDVH��
�
�

������������ −⋅= NJN-.+ IHVW �
�

������������ −⋅= NJN-.+ IO�VVLJ �
�

�

��� ���� ���� ���� ���� ���� ����
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��0LWWHOZHUW�YRQ�QHXQ�0HVVXQJHQ
��/LQHDUHU�)LW�GHV�0LWWHOZHUWHV
��6FKPHO]SXQNW�������.
��:HUWH�DP�6FKPHO]SXQNW�DXV�>��@
��:HUWH�DP�6FKPHO]SXQNW�DXV�>��@
��:HUWH�DP�6FKPHO]SXQNW�DXV�>��@
��:HUWH�PLWWHOV�HLJHQHU�'6&�0HVVXQJ
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7HPSHUDWXU��.�
�

�
$EELOGXQJ�������6SH]LILVFKH�(QWKDOSLH�LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��EHUHFKQHW�PLWWHOV�
NRQVWDQWHP� H� �*OHLFKXQJ� ��������� :HUWH� PLWWHOV� HLJHQHU� '6&� �'LIIHUHQWLDO�6FDQQLQJ�
&DORULPHWU\����0HVVXQJ�XQG�/LWHUDWXUZHUWH�DP�6FKPHO]SXQNW�]XP�9HUJOHLFK��
�
�
�
'DUDXV� HUJLEW� VLFK� HLQH� (QWKDOSLHGLIIHUHQ]� +∆ �� GLH� GHU� IHVW�IO�VVLJ� 3KDVHQ�EHUJDQJVZlUPH�
HQWVSULFKW��
�

������ −⋅=∆ NJN-+ �
�
�

=XP�hEHUSU�IHQ� GHU� 4XDOLWlW� GHU� 3XOVKHL]H[SHULPHQWVPHVVZHUWH� ZXUGH� ]XVlW]OLFK� HLQH�0HVVXQJ�
PLW� GHU� '6&� GHU� $UEHLWVJUXSSH� GXUFKJHI�KUW�� 'DEHL� ZXUGH� =LUNRQLXP� GHU� H[DNW� JOHLFKHQ�
=XVDPPHQVHW]XQJ�ZLH�EHLP�µV�3XOVKHL]H[SHULPHQW�YHUZHQGHW�� MHGRFK� LQ�7DEOHWWHQIRUP�PLW�HLQHU�
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� ��

0DVVH�YRQ� �������������PJ�� ,Q�$EELOGXQJ����� ILQGHW� VLFK�GLHVH�0HVVNXUYH� I�U� ��7+ � �VLHKH�DXFK�
>��@��� GLH� � PLWWHOV� *OHLFKXQJ� ������� HUKDOWHQ� ZXUGH�� 'D]X� PXVVWH� GLH� ��7F S �0HVVNXUYH� ]X�

QLHGULJHQ�7HPSHUDWXUHQ�KLQ�PLW�NRQVWDQWHQ�:HUWHQ�HUJlQ]W�ZHUGHQ��XP�YRQ�����.�ZHJ�LQWHJULHUHQ�
]X� N|QQHQ� �� GLH� (QWKDOSLH� EHL� ����.� ZXUGH� ZLOON�UOLFK� PLW� QXOO� IHVWJHVHW]W�� 'HU� IHVW�IHVW�
3KDVHQ�EHUJDQJ�YRQ�=LUNRQLXP�EHL�FD�������.�LVW�ZLHGHUXP�HUNHQQEDU��:LH�PDQ�VLHKW��SDVVHQ�GLH�
EHLGHQ� 0HVVNXUYHQ� LP� 5DKPHQ� LKUHU� 0HVVXQVLFKHUKHLWHQ� JXW� ]XVDPPHQ�� ZDV� GLH� *�WH� GHU�
0HVVZHUWH�GHV�µV�3XOVKHL]H[SHULPHQWV�XQWHUPDXHUW��
�
�
7DEHOOH� ����� /LWHUDWXUZHUWH� I�U� GLH� VSH]LILVFKH� (QWKDOSLH� DP� 6FKPHO]SXQNW� ]XP� 9HUJOHLFK�
�VLHKH�$EELOGXQJ�������
�

$XWRU� 7HPSHUDWXU�>.@� +IHVW�>N-�ÂNJ
��@� +IO�VVLJ�>N-�ÂNJ

��@� '+�>N-�ÂNJ��@�
GLHVH�$UEHLW� ����� ������ ������ ������

>��@� ����� ���� ���� ����
>��@� ����� ���� ���� ����
>��@� ����� ���� ���� ����

>��@��>��@��>��@� �� ������ ������ ������
�
�
$XFK� GLH� /LWHUDWXUZHUWH� ]HLJHQ� HLQH� JXWH� hEHUHLQVWLPPXQJ� PLW� GHQ� (UJHEQLVVHQ� GLHVHU� $UEHLW�
�VLHKH�$EELOGXQJ�������
�
�
�

�
�������6SH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN�
�
'LH�VSH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN� SF �ZLUG�PLWWHOV�*OHLFKXQJ��������EHUHFKQHW��

�
�

������� −− ⋅⋅= .NJ-F
IHVWS �

�
������� −− ⋅⋅= .NJ-F

IO�VVLJS �

�
�
,P� $OOJHPHLQHQ� LVW� GLH� VSH]LILVFKH�:lUPHNDSD]LWlW� SF � LQ� GHU� IHVWHQ� 3KDVH� DEHU� QLFKW� NRQVWDQW��

VRQGHUQ�NDQQ�QXU�GXUFK�HLQ�3RO\QRP�YRQ�PLQGHVWHQV���2UGQXQJ�LQ�GHU�7HPSHUDWXU� 7 �DQJHQlKHUW�
ZHUGHQ� �VLHKH� LQ� >��@�� >��@�� >��@�� >��@�� >��@� XQG� >��@��� %HL� GLHVHP� ([SHULPHQW� HUIROJW� GLH�
(QHUJLHHLQNRSSOXQJ� MHGRFK� VR� UDVFK�� GDVV� VLFK� I�U� GLH� (QWKDOSLH� ��7+ � HLQH� *HUDGH� HUJLEW� XQG�
GDPLW� ��7F S �NRQVWDQW� LVW��=XP�9HUJOHLFK�GHU�JHPHVVHQHQ�:HUWH�ILQGHQ�VLFK�LQ�7DEHOOH�����HLQLJH�

:HUWH� DXV� GHU� /LWHUDWXU�� $XFK� KLHU� ]HLJW� VLFK� LP� 5DKPHQ� GHU� 0HVVXQVLFKHUKHLWHQ� HLQH� JXWH�
hEHUHLQVWLPPXQJ��'LH�(UJHEQLVVH�GHU�'6&�0HVVXQJ�VLQG�LQ�$EELOGXQJ�����GDUJHVWHOOW��
�
7DEHOOH� ����� /LWHUDWXUZHUWH� I�U� GLH� VSH]LILVFKH� :lUPHNDSD]LWlW� DP� 6FKPHO]SXQNW� ]XP�
9HUJOHLFK��
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$XWRU� 7HPSHUDWXU�>.@� FS�IHVW�>-�ÂNJ
��Â.��@� FS�IO�VVLJ�>-�ÂNJ

��Â.��@�

GLHVH�$UEHLW� ����� ������ ������
>��@� ����� ���� ��
>��@� ����� ������ ��
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��VSH]LILVFKH�:lUPHNDSD]LWlW
��VSH]LILVFKH�(QWKDOSLH
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7HPSHUDWXU��.�
�

�
$EELOGXQJ� ����� 6SH]LILVFKH�:lUPHNDSD]LWlW� XQG� VSH]LILVFKH�(QWKDOSLH� LQ�$EKlQJLJNHLW� YRQ�
GHU�7HPSHUDWXU�I�U�GLH�=LUNRQLXP�7DEOHWWH��5HLQKHLW���������DXV�GHU�'6&�0HVVXQJ��

�
�
%HL� HLQHU� ZLHGHUKROWHQ� 0HVVXQJ� GHU� VSH]LILVFKHQ�:lUPHNDSD]LWlW� YRQ� =LUNRQLXP� PLW� GHU� '6&�
]HLJWH� VLFK�� GDVV� VLFK� GLH� 6WUXNWXU� GHU� 3UREH� YHUlQGHUW� �VLHKH� $EELOGXQJ� �������� 0LW� MHGHP�
$XIKHL]YRUJDQJ� ZLUG� GLH� ( )7F S �.XUYH� QLHGULJHU� XQG� EUHLWHU�� 'LH� 3KDVHQ�EHUJDQJV�WHPSHUDWXU�

VWHLJW� DQ�� ZlKUHQG� GLH� )OlFKHQ� XQWHU� GHQ� 3HDNV� JHULQJHU� ZHUGHQ�� 'DV� KHL�W�� GDVV� GLH�
8PZDQGOXQJVZlUPHQ�VLQNHQ�� MH�|IWHU�GLH�=LUNRQLXPSUREH�HUKLW]W�XQG�ZLHGHU�DEJHN�KOW�ZLUG��'LH�
%UHLWH� GHV� 3HDNV� LQ� $EELOGXQJ� ����� OlVVW� HLQH� TXDOLWDWLYH� $EVFKlW]XQJ� GHU� 9HUXQUHLQLJXQJ� GHU�
3UREH� ]X�� MH� VFKPlOHU�� GHVWR� UHLQHU� GLH�=LUNRQLXPSUREH��=X� HUNOlUHQ� LVW� GLHVHV�9HUKDOWHQ�PLW�GHU�
VWDUNHQ� *HWWHUZLUNXQJ� YRQ� =LUNRQLXP�� 'XUFK� (LQODJHUXQJ� YRQ� )UHPGDWRPHQ� LQ� GLH� EHL�
5DXPWHPSHUDWXU� KH[DJRQDOH� *LWWHUVWUXNWXU� XQG� %LOGXQJ� HLQHV� (LQODJHUXQJVPLVFKNULVWDOOV� lQGHUW�
VLFK� GLH� %HZHJOLFKNHLW� GHV� *LWWHUV�� 'LH� IHVW�IHVW� 3KDVHQXPZDQGOXQJ� ZLUG� GDGXUFK� HUVFKZHUW�� ,Q�
>��@�ILQGHW�PDQ��GDVV�=LUNRQLXP�EHL������&����$WRP���:DVVHUVWRII�RGHU������1�DXIQHKPHQ�NDQQ��
7URW]� 0HVVXQJ� XQWHU� $UJRQ� DOV� 6FKXW]JDV� VLQG� LP� 6S�OJDV� QRFK� JHQ�JHQG� 9HUXQUHLQLJXQJHQ�
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YRUKDQGHQ� XP� GLHVHQ� (IIHNW� GHXWOLFK� ]X� PDFKHQ�� $XV� GLHVHP� *UXQG� ZXUGH� QXU� HLQH� HLQ]LJH�
0HVVXQJ�PLW�GHU�=LUNRQLXPWDEOHWWH�GHU�5HLQKHLW��������GXUFKJHI�KUW��VLHKH�$EELOGXQJ��������
�
�

���� ���� ���� ���� ����
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��=U����������0HVVXQJ
��=U����������0HVVXQJ
��=U����������0HVVXQJ
��=U����������0HVVXQJ
��=U����������0HVVXQJ
��=U����������0HVVXQJ
�=U����������0HVVXQJ
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7HPSHUDWXU���.�
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�
$EELOGXQJ� ������ 6SH]LILVFKH� :lUPHNDSD]LWlW� LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU� EHL�
ZLHGHUKROWHP�0HVVHQ�HLQ�XQG�GHUVHOEHQ�=LUNRQLXPSUREH��=U�6FKZDPP��5HLQKHLW���������LP�
9HUJOHLFK�]XU�HLQPDOLJHQ�0HVVXQJ�GHU�=LUNRQLXPWDEOHWWH�PLW��������5HLQKHLW��
�

�
�
��������6SH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�RKQH�.RUUHNWXU�GHU�
�����������9ROXPV]XQDKPH�
�
=XU� 9HUDQVFKDXOLFKXQJ� GHV� α�β�3KDVHQ�EHUJDQJV� EHL� HWZD� �����.� LQ� =LUNRQLXP� ZXUGH� LQ�
$EELOGXQJ������GHU�XQNRUULJLHUWH�VSH]LILVFKH�HOHNWULVFKH�:LGHUVWDQG�LQ�$EKlQJLJNHLW�YRQ�GHU�=HLW�
GDUJHVWHOOW��'DEHL� LVW�GHU� IHVW�IHVW�3KDVHQ�EHUJDQJ�VHKU�GHXWOLFK�DOV�3HDN�PLW�%HJLQQ�EHL�������µV�
XQG�(QGH�EHL�������µV� ]X� HUNHQQHQ��'DV� LVW� GDV� HUVWH�0DO��GDVV�HLQ� IHVW�IHVW�3KDVHQ�EHUJDQJ�PLW�
GLHVHU�3XOVKHL]DQODJH�]X�EHREDFKWHQ�ZDU��:HLWHUV�LVW�GHU�6FKPHO]�EHUJDQJ�PLW�%HJLQQ�EHL�������µV�
XQG�(QGH�EHL�������µV�]X�VHKHQ��'HU�%HUHLFK�GHU�EHLGHQ�3KDVHQ�EHUJlQJH� LVW� MHZHLOV�GXUFK�]ZHL�
YHUWLNDOH� /LQLHQ� HLQJH]HLFKQHW�� &H]DLUOL\DQ� >��@� JLEW� I�U� GLH� 7HPSHUDWXU� GLHVHV� IHVW�IHVW�
3KDVHQ�EHUJDQJV������.�DQ� 
�
�



�������������������������������

� ��

��� ��� ��� ��� ��� ���
���

���

���

���

���

���

���

�

��(LQ]HOPHVVXQJ
��D���E��3KDVHQ�EHUJDQJVDQIDQJ�EHL�������PV
��D���E��3KDVHQ�EHUJDQJVHQGH�����EHL�������PV
��6FKPHO]DQIDQJ�EHL�������PV
��6FKPHO]HQGH�����EHL�������PV
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=HLW��PV� �
$EELOGXQJ�������8QNRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�LQ�$EKlQJLJNHLW�YRQ�GHU�
=HLW�I�U�HLQH�(LQ]HOPHVVXQJ��%HLGH�3KDVHQ�EHUJlQJH��D�IHVW�o�E�IHVW� ��E�IHVW�o�IO�VVLJ��VLQG�
GXUFK�YHUWLNDOH�/LQLHQ�JHNHQQ]HLFKQHW��
�
�
'LH� OLQHDUHQ�/HDVW�6TXDUHV�)LWV� DXV� QHXQ�0HVVXQJHQ�GHV� XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�
:LGHUVWDQGV�LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�NRQVWDQWHP�ε ���*OHLFKXQJ���������
EHUHFKQHW� ZXUGH�� LVW� LQ� $EELOGXQJ� ����� ]X� VHKHQ�� =XP� 9HUJOHLFK� VLQG� ZLHGHUXP� HLQLJH�
/LWHUDWXUZHUWH� HLQJHI�JW��)�U�GLH�*HUDGHQJOHLFKXQJ�YRQ� ��� 7XQNRUUρ � �LQ�µΩÂP�� LQ�GHU� IHVWHQ�3KDVH�
LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG�LQ�GHU�IO�VVLJHQ�3KDVH�LP�7HPSHUDWXULQWHUYDOO�
YRQ������.�ELV������.�HUJDEHQ�VLFK��
�
�
�

77IHVWXQNRUU ⋅⋅+= −�
� ���������������ρ ��������������������������������������

�
�

77IO�VVLJXQNRUU ⋅⋅+= −�
� ���������������ρ ������������������������������������
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��/LQHDUH�)LWV�GLHVHU�$UEHLW
��6FKPHO]SXQNW�������.
��:HUWH�DXV�>��@�IHVWH�3KDVH
��:HUWH�DXV�>��@�IO�VVLJH�3KDVH
��:HUW���DXV�>��@�IHVWH�3KDVH
��:HUWH�DXV�>��@�IHVWH�3KDVH
��:HUWH�DXV�>��@�IHVWH�3KDVH
��:HUW���DXV�>��@�IHVWH�3KDVH

7HPSHUDWXU��.�
�

$EELOGXQJ� ������ � /LQHDUH� /HDVW�6TXDUHV�)LWV� GHV� XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�
:LGHUVWDQGV� LQ�$EKlQJLJNHLW� YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�NRQVWDQWHP�H� �*OHLFKXQJ�
��������EHUHFKQHW�ZXUGH��XQG�/LWHUDWXUZHUWH�]XP�9HUJOHLFK��
�
�
$XV� GHQ� *OHLFKXQJHQ� ������ XQG� ������ HUKlOW� PDQ� GLH� :HUWH� GHV� XQNRUULJLHUWHQ� VSH]LILVFKHQ�
HOHNWULVFKHQ�:LGHUVWDQGV� DP� 6FKPHO]SXQNW� I�U� GLH� MHZHLOLJH� 3KDVH�� ZHOFKH� DXFK� LQ� 7DEHOOH� ����
DQJHJHEHQ�VLQG��
�
�

P.IHVWXQNRUU ⋅Ω= µρ ������������ �

�

P.IO�VVLJXQNRUU ⋅Ω= µρ ������������ �

�

P.XQNRUU ⋅Ω=∆ µρ ������������ �
�
�
�
�
�
�
�
�
�
7DEHOOH������/LWHUDWXUZHUWH�I�U�GHQ�XQNRUULJLHUWHQ�VSH]LILVFKHQ�HOHNWULVFKHQ�:LGHU�VWDQG�DP�
6FKPHO]SXQNW�LP�9HUJOHLFK��



�������������������������������

� ��

�
$XWRU� 7HPSHUDWXU�>.@� UXQNRUU��IHVW�>P:ÂP@� UXQNRUU��IO�VVLJ�>P:ÂP@�

GLHVH�$UEHLW� ����� ������ ������
>��@� ����� ����� �����
>��@� ����� ������ ��

>��@��>��@� µEHLP�6FKPHO]HQ¶� ������ ������
>��@� ����� ������� ��
>��@� ����� ������ ��
>��@� ����� ������ ��

�
(V�]HLJW�VLFK�DXFK�LQ�GLHVHP�)DOO�HLQH�VHKU�JXWH�hEHUHLQVWLPPXQJ�PLW�GHQ�:HUWHQ�DXV�GHU�/LWHUDWXU��
�
�
�
�

�������'LFKWH�
�
'D� EHL� GHQ� =LUNRQLXP�0HVVXQJHQ� NHLQH� &&'�.DPHUD� ]XU� 9HUI�JXQJ� VWDQG�� PXVVWH� I�U� GHQ�
WHPSHUDWXUDEKlQJLJHQ� 'LFKWHYHUODXI� �LQ� NJÂP���� DXI� HLQHQ� /LWHUDWXUZHUW� ]XU�FNJHJULIIHQ� ZHUGHQ��
'LHVHQ� OLHIHUW� >��@� I�U�GLH� IHVWH�3KDVH� LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG� LQ�GHU�
IO�VVLJHQ�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�PLW��

�
�
�

���������������� −⋅−= 77G IHVW ������������������������������������������

�
�

���������������� −⋅−= 77G IO�VVLJ ���������������������������������������

�
�
�
0LW� GLHVHQ� 'LFKWHZHUWHQ� G � ZLUG� LQ� ZHLWHUHU� )ROJH� GHU� �NRUULJLHUWH�� VSH]LILVFKH� HOHNWULVFKH�
:LGHUVWDQG� XQG� GLH� :lUPHOHLWIlKLJNHLW� EHUHFKQHW�� 'LH� 'LFKWH� G � LVW� LQ� $EELOGXQJ� ����� LQ�
$EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU� GDUJHVWHOOW�� 'D� GLH� :HUWH� I�U� GLH� 'LFKWH� QLFKW� LP� JHVDPWHQ�
EHQ|WLJWHQ�7HPSHUDWXUEHUHLFK� ]XU�9HUI�JXQJ� VWHKHQ��PXVV�GLH�'DWHQPHQJH� I�U�GHQ� �NRUULJLHUWHQ��
VSH]LILVFKHQ� HOHNWULVFKHQ� :LGHUVWDQG� XQG� GLH� :lUPHOHLWIlKLJNHLW� DXI� GLH� REHQ� DQJHJHEHQHQ�
7HPSHUDWXULQWHUYDOOH�UHGX]LHUW�ZHUGHQ��
�
�
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��'LFKWH�QDFK�>��@�LQ�GHU�IHVWHQ�3KDVH
��'LFKWH�QDFK�>��@�LQ�GHU�IO�VVLJHQ�3KDVH
��6FKPHO]SXQNW������.

'
LF
KW
H�
�N
JÂ
P

��

�

7HPSHUDWXU��.�
�

�
$EELOGXQJ��������'LFKWH�QDFK�>��@�LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��

�
�
�
�
�������.RUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
�
0LW� GHQ� LP� YRUKHULJHQ� .DSLWHO� DQJHJHEHQHQ� 'LFKWHSRO\QRPHQ� ZXUGH� GHU� NRUULJLHUWH� VSH]LILVFKH�
HOHNWULVFKH� :LGHUVWDQG� HUUHFKQHW� XQG� ]XVDPPHQ� PLW� GHP� XQNRUULJLHUWHQ� LQ� $EELOGXQJ� �����
GDUJHVWHOOW�� 0DQ� VLHKW�� GDVV� GLH� NRUULJLHUWHQ� :HUWH� �EHU� GHQ� XQNRUULJLHUWHQ� OLHJHQ�� 'DV� NRPPW�
GDKHU�� GDVV� GHU� VSH]LILVFKH�:LGHUVWDQG� SURSRUWLRQDO� ]XU� 4XHUVFKQLWWVIOlFKH� GHV� 'UDKWV� LVW� �VLHKH�
*OHLFKXQJ� ��������� %HU�FNVLFKWLJW�PDQ� QXQ� GLH� 9ROXPHQH[SDQVLRQ� GHV�'UDKWV� EHLP�(UKLW]HQ�� VR�
ZlFKVW� QDW�UOLFK� GLH� 4XHUVFKQLWWVIOlFKH� XQG� GDPLW� DXFK� GHU� NRUULJLHUWH� VSH]LILVFKH� HOHNWULVFKH�
:LGHUVWDQG� LP�9HUJOHLFK� ]X� GHP�)DOO��ZR�PDQ�GLH�4XHUVFKQLWWVIOlFKH� DOV� NRQVWDQW� HUDFKWHW�� DOVR�
EHLP� XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�:LGHUVWDQG�� (V� HUJDEHQ� VLFK� LP� IHVWHQ�=XVWDQG� LP�
7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG�LQ�GHU�IO�VVLJH�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ�
�����.� � ELV� �����.� IROJHQGH� ]ZHL� 3RO\QRPH� ���*UDGHV� I�U� GHQ� NRUULJLHUWHQ� VSH]LILVFKHQ�
HOHNWULVFKHQ�:LGHUVWDQG� ��7ρ ��LQ�µΩ�ÂP���
�
�

��� ����������������������� 777IHVW ⋅⋅+⋅⋅+= −−ρ �����������������������
��� ����������������������� 777IO�VVLJ ⋅⋅+⋅⋅+= −−ρ �����������������������
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�
$XV� GLHVHQ� *OHLFKXQJHQ� HUKlOW� PDQ� GLH� :HUWH� GHV� NRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�
:LGHUVWDQGV�DP�6FKPHO]SXQNW�I�U�GLH�MHZHLOLJH�3KDVH��
�

�

P.IHVW ⋅Ω= µρ ����������� �

�

P.IO�VVLJ ⋅Ω= µρ ����������� �

�
P. ⋅Ω=∆ µρ ����������� �

�
�
�

���� ���� ���� ���� ���� ���� ���� ����
����

����

����

����

����

����

����

����

����

��NRUULJLHUWH�:HUWH
��XQNRUULJLHUW�:HUWH
��6FKPHO]SXQNW�������.
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7HPSHUDWXU��.�
�

�
$EELOGXQJ� ������ � .RUULJLHUWHU� XQG� XQNRUULJLHUWHU� VSH]LILVFKHU� HOHNWULVFKHU� :LGHUVWDQG� LQ�
$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�NRQVWDQWHP�H��*OHLFKXQJ���������EHUHFKQHW�
ZXUGH��
�
�
�
�������:lUPHOHLWIlKLJNHLW�
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� ��

�
'LH� :lUPHOHLWIlKLJNHLW� λ � LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU�� ZHOFKH� PLWWHOV� NRQVWDQWHP� ε�
�*OHLFKXQJ� �������� EHUHFKQHW� ZXUGH�� LVW� ]XVDPPHQ� PLW� /LWHUDWXUZHUWHQ� LQ� $EELOGXQJ� �����
GDUJHVWHOOW�� :LH� PDQ� DXV� GHU� %HUHFKQXQJ� GHU� :lUPHOHLWIlKLJNHLW� LQ� .DSLWHO� ���� XQG� DXFK� DXV�
$EELOGXQJ������VHKHQ�NDQQ��KDQGHOW�HV�VLFK�EHL� ��7λ ��LQ�:ÂP��Â.����LQ�GHU�MHZHLOLJHQ�3KDVH�QLFKW�
PHKU� XP� *HUDGHQJOHLFKXQJHQ�� (V� ZXUGHQ� LQ� GLHVHP� )DOO� TXDGUDWLVFKH� /HDVW�6TXDUHV�)LWV�
YHUZHQGHW��)�U�GLH�IHVWH�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG�I�U�GLH�IO�VVLJH�
3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�HUJDE�VLFK�IROJHQGH�$EVFKlW]XQJ��

�
�

����������������������� 777IHVW ⋅⋅−⋅+= −λ ���������������������������

�
�

������������������������� 777IO�VVLJ ⋅⋅−⋅+= −λ �������������������������

�
�
�

���� ���� ���� ���� ���� ���� ���� ����

��
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�
:
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ÂP

��

Â.

��

�

��O
IHVW

����GLHVH�$UEHLW
��O

IO�VVLJ
�GLHVH�$UEHLW

��6FKPHO]SXQNW�������.
��O

IHVW
����DXV�>��@

��O
IHVW

����DXV�>��@�EHL������.
��O

IO�VVLJ
�DXV�>��@�EHL������.

��O
IHVW

����DXV�>��@

7HPSHUDWXU��.�
�

�

$EELOGXQJ��������:lUPHOHLWIlKLJNHLW� λ �LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�
NRQVWDQWHP�H��*OHLFKXQJ���������EHUHFKQHW�ZXUGH��

�
$XV� GHQ� *OHLFKXQJHQ� ������� XQG� ������� HUKlOW� PDQ� GLH� :HUWH� GHU� :lUPHOHLWIlKLJNHLW� DP�
6FKPHO]SXQNW�I�U�GLH�MHZHLOLJH�3KDVH��
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� ��

�
�

������������ −− ⋅⋅= .P:.IHVWλ �

�
������������ −− ⋅⋅= .P:.IO�VVLJλ �

�
�

7DEHOOH������/LWHUDWXUZHUWH�I�U�GLH�:lUPHOHLWIlKLJNHLW�DP�6FKPHO]SXQNW�]XP�9HUJOHLFK��

$XWRU� 7HPSHUDWXU�>.@� O�IHVW�>:ÂP��Â.��@� O�IO�VVLJ�>:ÂP��Â.��@�
GLHVH�$UEHLW� ����� ����� �����

>��@� ����� ����� ��
>��@� ����� ����� �����
>��@� ����� ����� ��

�
�
(V� ]HLJW� VLFK� DXFK� I�U� GLH� :lUPHOHLWIlKLJNHLW� ZLHGHU� HLQH� VHKU� JXWH� hEHUHLQVWLPPXQJ� PLW� GHQ�
:HUWHQ�DXV�GHU�/LWHUDWXU��VLHKH�$EELOGXQJ������XQG�7DEHOOH�������YRU�DOOHP�PLW�GHQ�YRP�1DWLRQDO�
3K\VLFDO�/DERUDWRU\�13/�>��@�YRUJHVFKODJHQHQ�:HUWHQ��
�
�
�
�

�������7HPSHUDWXUOHLWIlKLJNHLW�
�
'LH�7HPSHUDWXUOHLWIlKLJNHLW� D � LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�NRQVWDQWHP�ε�
�*OHLFKXQJ� �������� EHUHFKQHW� ZXUGH�� LVW� ]XVDPPHQ� PLW� /LWHUDWXUZHUWHQ� LQ� $EELOGXQJ� �����
GDUJHVWHOOW��:LH�PDQ�DXV�GHU�%HUHFKQXQJ�GHU�7HPSHUDWXUOHLWIlKLJNHLW�LQ�.DSLWHO�����VLHKW��KDQGHOW�HV�
VLFK�EHL� ��7D ��LQ�P�ÂV����LQ�GHU�MHZHLOLJHQ�3KDVH�QLFKW�PHKU�XP�*HUDGHQJOHLFKXQJHQ��(V�ZXUGH�LQ�
GLHVHP� )DOO� MHGRFK� DXI� TXDGUDWLVFKH� /HDVW�6TXDUHV�)LWV� YHU]LFKWHW�� GD� HV� JHQ�JW�� VLH� DOV�*HUDGHQ�
DQ]XQlKHUQ��)�U�GLH�IHVWH�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG�I�U�GLH�IO�VVLJH�
3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�HUJDE�VLFK�IROJHQGH�$EVFKlW]XQJ��
�
�
�

77D IHVW ⋅⋅+⋅= −− �� ���������������� ������������������������������������

�

77D IO�VVLJ ⋅⋅+⋅= −− �� ���������������� �����������������������������������

�
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GLHVH�$UEHLW
��6FKPHO]SXQNW�������.
��:HUWH�DXV�>��@�IHVWH�3KDVH
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7HPSHUDWXU��.�
�

$EELOGXQJ� ������ � 7HPSHUDWXUOHLWIlKLJNHLW� D � LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU�� ZHOFKH�
PLWWHOV�NRQVWDQWHP�H��*OHLFKXQJ���������EHUHFKQHW�ZXUGH�XQG�:HUW�DXV�>��@��

�
$XV� GHQ� *OHLFKXQJ� ������� XQG� ������� HUKlOW� PDQ� HLQH� $EVFKlW]XQJ� I�U� GLH� :HUWH� GHU�
7HPSHUDWXUOHLWIlKLJNHLW�DP�6FKPHO]SXQNW�I�U�GLH�MHZHLOLJH�3KDVH��
�
�

���������������� −− ⋅⋅= VP.D IHVW �

�
���������������� −− ⋅⋅= VP.D IO�VVLJ �

�
�

'LH�9HUJOHLFKVZHUWH�YRQ�>��@�OLHJHQ�XP�FD�������ELV������K|KHU�DOV�GLH�:HUWH�LQ�GLHVHU�$UEHLW��
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� ��

�����3ODWLQ�
�
�
�������$OOJHPHLQHV�
�
3ODWLQ� LVW�HLQ�(GHOPHWDOO�XQG�JHK|UW�]XU�*UXSSH�GHU�3ODWLQPHWDOOH��6HLQH�(OHNWURQHQ�NRQILJXUDWLRQ�
LVW� >;H@�I���G��V��� VHLQH�2UGQXQJV]DKO� ��� XQG� VHLQH� UHODWLYH�$WRPPDVVH� EHWUlJW� QDFK� >��@�� >��@��
>��@��>��@�XQG�>��@���������6HLQH�.ULVWDOOVWUXNWXU�LVW�NXELVFK�IOlFKHQ]HQWULHUW��IFF���(V�LVW�JOlQ]HQG��
VFKPLHG��XQG�YHUIRUPEDU�XQG�NRPPW�LQ�GHU�(UGNUXVWH�PLW�HLQHU�+lXILJNHLW�YRQ�FD��������SSP�YRU��
3ODWLQ�ZLUG�ZHGHU�YRQ�6DXHUVWRII�QRFK�YRQ�:DVVHU�DQJHJULIIHQ�XQG�LVW�XQO|VOLFK�LQ�DOOHQ�6lXUHQ��PLW�
$XVQDKPH�YRQ�.|QLJVZDVVHU�RGHU�JHVFKPRO]HQHQ�$ONDOLHQ��1DFK�>��@�KDW�HV�GLH�)lKLJNHLW��JUR�H�
0HQJHQ�*DVH��YRU�DOOHP�:DVVHUVWRII��DEHU�DXFK�6DXHUVWRII�LQ�IHVWHU�/|VXQJ�DXI]XQHKPHQ��
�
3ODWLQ�ZLUG� DXI� YLHOHQ�*HELHWHQ� YHUZHQGHW��ZLH� ]XP�%HLVSLHO� EHL� GHU�+HUVWHOOXQJ�YRQ�*HZLFKWHQ�
XQG�(LFKPD�HQ�� LQ�GHU�HOHNWURQLVFKHQ�,QGXVWULH� I�U�HOHNWULVFKH�.RQWDNWH��GLH�KRKHQ�7HPSHUDWXUHQ�
DXVJHVHW]W�ZHUGHQ�N|QQHQ��XQG�EHL�GHU�3URGXNWLRQ�YRQ�(OHNWURGHQ��GLH�$QJULIIHQ�YRQ�&KHPLNDOLHQ�
DXVJHVHW]W�ZHUGHQ�N|QQHQ��*DQ]�EHVRQGHUV�YHUEUHLWHW�XQG�ZLFKWLJ�LVW�GLH�9HUZHQGXQJ�YRQ�3ODWLQ�LQ�
$XVSXIINDWDO\VDWRUHQ�� GHUHQ� NHUDPLVFKH� :DEHQVWUXNWXU� PLW� 3ODWLQ� EHVFKLFKWHW� LVW�� 3ODWLQ� ZLUG�
HEHQIDOOV� QDFK� GHU� ,76���� LQ� ZHLWHQ� %HUHLFKHQ� GHU� WKHUPRG\QDPLVFKHQ� 7HPSHUDWXUVNDOD� DOV�
0DWHULDO� LQ� :LGHUVWDQGVWKHUPRPHWHUQ� YHUZHQGHW�� :HLWHUH� 'HWDLOV� ]X� 3ODWLQ� XQG� GHVVHQ�
9HUELQGXQJHQ�ILQGHQ�VLFK�LQ�>��@��
��
1DFK� HLQLJHQ� 9RUYHUVXFKHQ� PLW� 3ODWLQGUDKW� GHU� 6WlUNH� �����PP� ZXUGH� VFKOLH�OLFK� I�U� GLH�
'XUFKI�KUXQJ�GHU�([SHULPHQWH�HLQH�/DGHVSDQQXQJ�GHU�.RQGHQVDWRUEDWWHULH�YRQ�������N9�XQG�HLQH�
([SHULPHQWLHUGDXHU� YRQ� ���µV� JHZlKOW�� 'LH� I�U� GHQ� 6SDQQXQJVDEIDOO� HQWVFKHLGHQGH� 'LVWDQ]�
]ZLVFKHQ�GHQ�EHLGHQ�6SDQQXQJVVFKQHLGHQ�ZDU�ZLHGHUXP�EHL�GHQ�LQVJHVDPW����([SHULPHQWHQ�HWZDV�
YHUVFKLHGHQ��6LH�ZXUGH�HEHQIDOOV�PLW�GHPVHOEHQ�0H�NDWKHWRPHWHU�DXI�����PP�JHQDX�JHPHVVHQ�XQG�
EHZHJWH� VLFK� LQ� HLQHP� %HUHLFK� YRQ� ������PP� ELV� ������PP�� 'HU� 'XUFKPHVVHU� GHV� 3ODWLQGUDKWV�
EHWUXJ� ODXW�+HUVWHOOHUDQJDEH�����PP��ZDV�GXUFK�9HUPHVVHQ�PLWWHOV�0LNURPHWHUVFKUDXEH�HEHQIDOOV�
DXI� ±� �����PP� JHQDX� EHVWlWLJW�ZXUGH�� 6HLQH�5HLQKHLW�ZXUGH� YRQ� GHU�+HUVWHOOHUILUPD�$GYHQW�PLW�
���������DQJHJHEHQ��'LH�'LFKWH�EHL�5DXPWHPSHUDWXU�ZXUGH�PLW�������NJ�P��QDFK�>��@��>��@��>��@�
XQG�>��@��XQG�GHU�6FKPHO]SXQNW�PLW������.�DQJHJHEHQ��ZDV�ZLHGHUXP�GXUFK�>��@��>��@��>��@��>��@��
>��@�� >��@�� >��@� XQG� >��@� EHVWlWLJW� ZLUG�� 'DKHU� ZXUGH� GLHVHU� :HUW� I�U� GLH� ZHLWHUH� .DONXODWLRQ�
YHUZHQGHW�� 'LH� 2EHUIOlFKH� GHV� 'UDKWV� ZXUGH� LQIROJH� DXVUHLFKHQGHU� *ODWWKHLW� �VLHKH� $EELOGXQJ�
������QLFKW�ZLH�LP�)DOOH�YRQ�=LUNRQLXP�PLW�6FKOHLISDSLHU�SROLHUW��VRQGHUQ�QXU�PLW�$FHWRQ�JHUHLQLJW���
�
'LH�:HOOHQOlQJH�GHV�3\URPHWHU�)LOWHUV�ZDU�������QP�PLW�HLQHU�+DOEZHUWVEUHLWH�YRQ������QP��VLHKH�
$EELOGXQJ�������)�U�GLH�$XVZHUWXQJ�ZXUGH�DOV�.�)DNWRU�GHU�3HDUVRQ�6WURPPHVVVRQGH�]XVDPPHQ�
PLW� GHP� DOWHQ� ����� 6SDQQXQJVWHLOHU� GHU� :HUW� QDFK� GHU� .DOLEUDWLRQ� GXUFK� 3HDUVRQ� (OHFWURQLFV��

9$. ���������= ��VLHKH�7DEHOOH������YHUZHQGHW���
'DV� (QWODGHJHIl�� ZXUGH� QDFK� (LQEDX� GHV� 'UDKWV� XQG� 9HUVFKOXVV� ZLHGHUXP�PLW� 6WLFNVWRII� XQWHU�
$WPRVSKlUHQGUXFN� JHVS�OW�� 'LH� 'DWHL� DXWRBFDO����� XQG� DXWRBFDO����� ZXUGHQ� DOV�
.DOLEUDWLRQVPDWUL]HQ� I�U� GLH� µV�'2$3�$XVZHUWXQJ� YHUZHQGHW�� $EELOGXQJ� ����� ]HLJW� HLQHQ�
W\SLVFKHQ�0HVVGDWHQVDW]��ZLH�HU�I�U�HLQ�HLQ]HOQHV�3XOVKHL]H[SHULPHQW�PLW�3ODWLQ�HUKDOWHQ�ZXUGH��
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$EELOGXQJ� ������ � )HOGHOHNWURQHQPLNURVNRSLVFKH�$XIQDKPH� GHU� XQSROLHUWHQ�2EHUIOlFKH� GHV�
3ODWLQGUDKWV�LQ�����IDFKHU�9HUJU|�HUXQJ��$XIQDKPH�EHL�)(/0,�=)(�*UD]���
�
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=HLW��PV� �
$EELOGXQJ� ������ � 0HVVGDWHQVDW]� I�U� HLQ� HLQ]HOQHV� 3XOVKHL]H[SHULPHQW� PLW� 3ODWLQ� LQ�
$EKlQJLJNHLW�YRQ�GHU�=HLW��

�������1RUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW�
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�
,Q�*OHLFKXQJ��������]XU�%HUHFKQXQJ�GHV�QRUPDOHQ�VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ� ε �JHKHQ�GLH�
PLW�GHP�3RODULPHWHU�JHPHVVHQHQ�XQG�DP�3&�HUUHFKQHWHQ�:HUWH�I�U�GHQ�UHHOOHQ�%UHFKXQJVLQGH[� Q �
XQG�GHQ�$EVRUSWLRQVLQGH[� κ �HLQ��=XU�9HUDQVFKDXOLFKXQJ�VLQG�GLHVH�:HUWH�LQ�$EELOGXQJ������I�U�
HLQ� HLQ]HOQHV� ([SHULPHQW� GDUJHVWHOOW�� 0DQ� VLHKW� VFK|Q�� GDVV� VLFK� GLH� RSWLVFKHQ� .RQVWDQWHQ��
DEJHVHKHQ�YRP�5DXVFKHQ��VFKRQ�YRU�%HJLQQ�GHV�6FKPHO]HQ��HUVW�YHUWLNDOH�/LQLH�LQ�$EELOGXQJ�������
lQGHUQ�� :lKUHQG� Q � XQG� κ � VWHLJHQ�� EOHLEW� GHU� QRUPDOH� VSHNWUDOH� (PLVVLRQVNRHIIL]LHQW� HKHU�
NRQVWDQW�� 'LHV� LVW� YHUPXWOLFK� DXI� HLQH� bQGHUXQJ� GHU� %DQGVWUXNWXU� LP� 2EHUIOlFKHQEHUHLFK� EHL�
K|KHUHQ�7HPSHUDWXUHQ�]XU�FN]XI�KUHQ��
�
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���%UHFKXQJVLQGH[��Q
���$EVRUSWLRQVLQGH[��N
���(PLVVLRQVNRHIIL]LHQW��H
���6FKPHO]DQIDQJ
���6FKPHO]HQGH

=HLW��PV� �

$EELOGXQJ� ������ 5HHOOHU� %UHFKXQJVLQGH[� Q �� $EVRUSWLRQVLQGH[� κ � XQG� QRUPDOHU� VSHNWUDOHU�
(PLVVLRQVNRHIIL]LHQW� ε � � EHL� ������ QP� LQ� $EKlQJLJNHLW� YRQ� GHU� =HLW� I�U� HLQ� HLQ]HOQHV�
([SHULPHQW�EHL�3ODWLQ��

�
�
)�U�GLH� ε �$XVZHUWXQJ�NRQQWHQ�VLHEHQ�0HVVUHLKHQ�YHUZHQGHW�ZHUGHQ��'D� LQ�GHU� IHVWHQ�3KDVH�GHU�
ε �:HUW� GXUFK� GLH� 2EHUIOlFKHQEHVFKDIIHQKHLW� HUPLWWHOW� ZLUG�� PDFKW� HV� NHLQHQ� 6LQQ�� GRUW� HLQHQ�
OLQHDUHQ�/HDVW�6TXDUHV�)LW�DQ]XJHEHQ��1DFK�0LWWHOZHUWELOGXQJ�GLHVHU�VLHEHQ�.XUYHQ�HUJDE�VLFK�LQ�
GHU� IO�VVLJHQ� 3KDVH� LP� 7HPSHUDWXULQWHUYDOO� YRQ� �����.� ELV� �����.� IROJHQGHU� OLQHDUHU� /HDVW�
6TXDUHV�)LW�I�U ��7IO�VVLJε ��VLHKH�$EELOGXQJ��������

�
�
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77IO�VVLJ ⋅⋅+= −����������������ε ����������������������������������������

�
�

$XV� GLHVHU� *OHLFKXQJ� HUKlOW� PDQ� HLQ� ε � DP� 6FKPHO]SXQNW�� GDV� HLQLJHUPD�HQ� JXW� PLW� GHQ�
/LWHUDWXUZHUWHQ�LQ�7DEHOOH�����]XVDPPHQVWLPPW��
�
�

����������� =.IO�VVLJε �
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��0LWWHOZHUW�YRQ�VLHEHQ�0HVVXQJHQ
��/LQHDUHU�)LW�LQ�GHU�IO�VVLJHQ�3KDVH
��6FKPHO]SXQNW�������.
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7HPSHUDWXU��.�
�

�
$EELOGXQJ� ������ 0LWWHOZHUW� YRQ� VLHEHQ� 0HVVXQJHQ� GHV� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ�EHL�������QP�XQG�OLQHDUHU�/HDVW�6TXDUHV�)LW�LQ�GHU�IO�VVLJHQ�3KDVH�LQ�
$EKlQJLJNHLW�YRQ�GHU�ZDKUHQ�7HPSHUDWXU�]XVDPPHQ�PLW�HLQLJHQ�DXVJHZlKOWHQ�:HUWHQ�DXV�
GHU�/LWHUDWXU�I�U�3ODWLQ��
�

�
,Q� $EELOGXQJ� ����� LVW� GHU� 0LWWHOZHUW� YRQ� VLHEHQ� 0HVVXQJHQ� GHV� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ�EHL�������QP�LQ�$EKlQJLJNHLW�YRQ�GHU�ZDKUHQ�7HPSHUDWXU�]X�VHKHQ��
��
�
�
�
�
7DEHOOH� ����� /LWHUDWXUZHUWH� I�U� GHQ� QRUPDOHQ� VSHNWUDOHQ� (PLVVLRQVNRHIIL]LHQWHQ� DP�
6FKPHO]SXQNW��VLHKH�$EELOGXQJ��������
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$XWRU� :HOOHQOlQJH�>QP@� 7HPSHUDWXU�>.@� (PLVVLRQVNRHIIL]LHQW�

GLHVH�$UEHLW� ������ ����� ������
>��@� ������ ����� ������
>��@� ���� ����� ������
>��@� ������ ����� ������

�
�
:LH�PDQ�DXV�$EELOGXQJ������VLHKW��VWHLJW�GHU�QRUPDOH�VSHNWUDOH�(PLVVLRQVNRHIIL]LHQW�OHLFKW�LQ�GHU�
IO�VVLJHQ� 3KDVH�� ZDV� ]X� HLQHP� V\VWHPDWLVFKHQ� )HKOHU� I�KUW�� ZHQQ� PDQ� GLH� 7HPSHUDWXU� PLWWHOV�
NRQVWDQWHP�ε��*OHLFKXQJ���������HUPLWWHOW��GD�GDEHL�MD�GLH�$QQDKPH�JHPDFKW�ZLUG��GDVV�VLFK�ε �HEHQ�
LQ�GHU� IO�VVLJHQ�3KDVH�QLFKW�lQGHUH�� -HGRFK� LVW� LP�)DOO�YRQ�3ODWLQ�±�ZLH�PDQ�DXV�$EELOGXQJ������
VHKHQ�NDQQ�±�GHU�8QWHUVFKLHG�]ZLVFKHQ�GHQ�EHLGHQ�7HPSHUDWXU�HUPLWWOXQJVPHWKRGHQ�VHKU�JHULQJ��
*HQDXHUH� %HWUDFKWXQJHQ� ]HLJWHQ�� GDVV� GHU� PD[LPDOH� 8QWHUVFKLHG� LQ� GLHVHP� (LQ]HOH[SHULPHQW�
ZHQLJHU� DOV� ���� �� EHWUlJW�� ,Q� ZHLWHUHU� )ROJH� ZXUGH� GDKHU� DXFK� EHL� 3ODWLQ� PLW� GHU� 7HPSHUDWXU��
EHUHFKQHW�PLWWHOV�NRQVWDQWHP�ε��*OHLFKXQJ����������JHUHFKQHW��
�
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��7HPSHUDWXU�PLWWHOV�NRQVWDQWHP�H
��ZDKUH�7HPSHUDWXU
��(PLVVLRQVNRHIIL]LHQW�H
��6FKPHO]DQIDQJ
��6FKPHO]HQGH
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=HLW��PV�
�

�
$EELOGXQJ� ������ 1RUPDOHU� VSHNWUDOHU� (PLVVLRQVNRHIIL]LHQW� EHL� ������ QP�� 7HPSHUDWXU��
EHUHFKQHW�PLWWHOV� NRQVWDQWHP� H� �*OHLFKXQJ� �������� XQG�ZDKUH�7HPSHUDWXU� LQ�$EKlQJLJNHLW�
YRQ�GHU�=HLW�I�U�HLQ�(LQ]HOH[SHULPHQW�DQ�3ODWLQ�LQ�$EKlQJLJNHLW�YRQ�GHU�=HLW��
�

�
�������6SH]LILVFKH�(QWKDOSLH�
�
'LH� $EKlQJLJNHLW� GHU� VSH]LILVFKHQ� (QWKDOSLH� + � YRQ� GHU� 7HPSHUDWXU� 7 �� EHUHFKQHW� PLWWHOV�
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NRQVWDQWHP� ε ��*OHLFKXQJ����������LVW�LQ�$EELOGXQJ������GDUJHVWHOOW��(V�KDQGHOW�VLFK�GDEHL�XP�HLQHQ�
0LWWHOZHUW�DXV�HOI�0HVVXQJHQ��=XVlW]OLFK�ILQGHW�VLFK�LQ�$EELOGXQJ������HLQ�OLQHDUHU�/HDVW�6TXDUHV�
)LW�GLHVHV�0LWWHOZHUWV�LQ�GHU�IHVWHQ�XQG�IO�VVLJH�3KDVH��VRZLH�/LWHUDWXUZHUWH�]XP�9HUJOHLFK��)�U�GLH�
*HUDGHQJOHLFKXQJHQ� ��7+ ��LQ�N-ÂNJ����HUJDEHQ�VLFK�LQ�GHU�IHVWHQ�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ�
�����.�ELV������.�XQG�LP�IO�VVLJHQ�$JJUHJDWV]XVWDQG�LP�7HPSHUDWXUEHUHLFK�YRQ������.�ELV������
.�IROJHQGH�OLQHDUH�/HDVW�6TXDUHV�)LWV���
�
�
�

77+ IHVW ⋅+−= ����������������� ���������������������������������������

�
�

77+ IO�VVLJ ⋅+= ����������������� ���������������������������������������

�
�

$XV�GLHVHQ�*OHLFKXQJHQ�HUKlOW�PDQ�GLH�:HUWH�GHU�VSH]LILVFKHQ�(QWKDOSLH�DP�6FKPHO]SXQNW�I�U�GLH�
MHZHLOLJH�3KDVH��
�

�
������������ −⋅= NJN-.+ IHVW �

�
������������ −⋅= NJN-.+ IO�VVLJ �

�
�

'DUDXV� HUJLEW� VLFK� HLQH� (QWKDOSLHGLIIHUHQ]� +∆ �� GLH� GHU� IHVW�IO�VVLJ� 3KDVHQ�EHUJDQJVZlUPH�
HQWVSULFKW��
�

������ −⋅=∆ NJN-+ �
�
�
=XP�hEHUSU�IHQ�GHU�4XDOLWlW�GHU�3XOVKHL]H[SHULPHQWVPHVVZHUWH�ILQGHW�VLFK�LQ�$EELOGXQJ������DXFK�
HLQH�.XUYH�I�U�+�7���GLH�DXV�HLQHP�(LFKSRO\QRP�YRQ�GHU�37%�%UDXQVFKZHLJ�I�U�FS�7�� I�U�3ODWLQ�
HUPLWWHOW�ZXUGH��'D]X�PXVVWHQ�GLH� ��7F S �:HUWH�]XQlFKVW�LQWHUSROLHUW�ZHUGHQ��3RO\QRP����*UDGHV���

'LHVHV�3RO\QRP�ZXUGH�ELV�]XP�6FKPHO]SXQNW�YRQ�3ODWLQ�������.��H[WUDSROLHUW�XQG�VFKOLH�OLFK��EHU�
GLH�7HPSHUDWXU� LQWHJULHUW��'DEHL� VHW]W�PDQ�GLH�(QWKDOSLH�EHL�����.�ZLOON�UOLFK�PLW�QXOO� IHVW��:LH�
PDQ� VLHKW�� SDVVHQ� GLH� EHLGHQ� 0HVVNXUYHQ� LP� 5DKPHQ� LKUHU� 0HVVXQVLFKHUKHLWHQ� DXVJH]HLFKQHW�
]XVDPPHQ��ZDV�GLH�*�WH�GHU�0HVVZHUWH�GHV�µV�3XOVKHL]H[SHULPHQWV�XQWHUPDXHUW��
�
�
�
�
7DEHOOH� ����� /LWHUDWXUZHUWH� I�U� GLH� VSH]LILVFKH� (QWKDOSLH� DP� 6FKPHO]SXQNW� ]XP� 9HUJOHLFK�
�VLHKH�$EELOGXQJ��������
�

$XWRU� 7HPSHUDWXU�>.@� +IHVW�>N-�ÂNJ
��@� +IO�VVLJ�>N-�ÂNJ

��@� '+�>N-�ÂNJ��@�
GLHVH�$UEHLW� ����� ������ ������ ������

>��@� ����� �� �� ����
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>��@���>��@� EHLP�6FKPHO]HQ� ������ ������ ������
>��@� EHLP�6FKPHO]HQ� �� �� ����
>��@� ����� ������ ������ ������
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��0LWWHOZHUW�YRQ����0HVVXQJHQ
��/LQHDUHU�)LWV�GLHVHU�$UEHLW
��6FKPHO]SXQNW�������.
��:HUWH�DXV�>��@�IO�VVLJH�3KDVH
��:HUWH�DXV�>��@�DP�6FKPHO]SXQNW
��:HUWH�DXV�>��@�XQG�>��@�DP�6FKPHO]SXQNW
��:HUWH�DXV�>��@
��:HUWH�YRP�37%�%UDXQVFKZHLJ
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7HPSHUDWXU��.� �
�
$EELOGXQJ� ������ � 6SH]LILVFKH� (QWKDOSLH� LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU�� EHUHFKQHW�
PLWWHOV�NRQVWDQWHP�H��*OHLFKXQJ���������XQG�/LWHUDWXUZHUWH�]XP�9HUJOHLFK��
�
�
$XFK� GLH� /LWHUDWXUZHUWH� ]HLJHQ� HLQH� JXWH� hEHUHLQVWLPPXQJ� PLW� GHQ� (UJHEQLVVHQ� GLHVHU� $UEHLW�
�VLHKH�$EELOGXQJ������XQG�7DEHOOH�������(LQH�$XIOLVWXQJ�YRQ�ZHLWHUHQ�]ZHL�/LWHUDWXUZHUWHQ�I�U�∆+��
QlPOLFK� ������ N-ÂNJ��� XQG� ������ N-ÂNJ���� GLH� EHLGH� VHKU� JXW� PLW� GHQ� (UJHEQLVVHQ� GLHVHU� $UEHLW�
]XVDPPHQSDVVHQ��ILQGHW�VLFK�LQ�>��@��
�
�
�

�������6SH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN�
�
'LH�VSH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN� SF �ZLUG�PLWWHOV�*OHLFKXQJ��������EHUHFKQHW��

�
�
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������� −− ⋅⋅= .NJ-F
IHVWS �

�
������� −− ⋅⋅= .NJ-F

IO�VVLJS �

�
�
,P� $OOJHPHLQHQ� LVW� GLH� VSH]LILVFKH�:lUPHNDSD]LWlW� SF � LQ� GHU� IHVWHQ� 3KDVH� DEHU� QLFKW� NRQVWDQW��

VRQGHUQ�NDQQ�QXU�GXUFK�HLQ�3RO\QRP�YRQ�PLQGHVWHQV����2UGQXQJ�LQ�GHU�7HPSHUDWXU�7 �DQJHQlKHUW�
ZHUGHQ��VLHKH�LQ�>��@�XQG�>��@���%HL�GLHVHP�([SHULPHQW�HUIROJW�GLH�(QHUJLHHLQNRSSOXQJ�MHGRFK�VR�
UDVFK�� GDVV� VLFK� I�U� GLH� (QWKDOSLH� ��7+ � HLQH�*HUDGH� HUJLEW� XQG� GDPLW� ��7F S � NRQVWDQW� LVW�� =XP�

9HUJOHLFK� GHU�JHPHVVHQHQ�:HUWH� ILQGHQ� VLFK� LQ�7DEHOOH����� HLQLJH�:HUWH� DXV�GHU�/LWHUDWXU��$XFK�
KLHU� ]HLJW� VLFK� LP� 5DKPHQ� GHU� 0HVVXQVLFKHUKHLWHQ� HLQH� JXWH�hEHUHLQVWLPPXQJ��
�
�
�
7DEHOOH� ����� /LWHUDWXUZHUWH� I�U� GLH� VSH]LILVFKH� :lUPHNDSD]LWlW� DP� 6FKPHO]SXQNW� ]XP�
9HUJOHLFK��
�

$XWRU� 7HPSHUDWXU�>.@� FS�IHVW�>-�ÂNJ
��Â.��@� FS�IO�VVLJ�>-�ÂNJ

��Â.��@�
GLHVH�$UEHLW� ����� ������ ������

>��@� ����� �� ������
>��@� ����� ������ ��
>��@� ����� �� ������
>��@� ����� ������ ������
>��@� ����� ������ ��

�
(LQH� ZHLWHUH� $XIOLVWXQJ� YRQ� GUHL� /LWHUDWXUZHUWHQ� I�U� FS� IO�VVLJ�� QlPOLFK� ������ -ÂNJ

��Â.�����
������ -ÂNJ��Â.��� XQG� ������ -ÂNJ��Â.���� GLH� DOOH� VHKU� JXW� PLW� GHQ� (UJHEQLVVHQ� GLHVHU� $UEHLW�
]XVDPPHQSDVVHQ��ILQGHW�VLFK�LQ�>��@��
�
�

�
�
������� 6SH]LILVFKHU� HOHNWULVFKHU� :LGHUVWDQG� RKQH� .RUUHNWXU� GHU�
�����������9ROXPV]XQDKPH�

�
,Q�$EELOGXQJ������LVW�GHU�XQNRUULJLHUWH�VSH]LILVFKH�HOHNWULVFKH�:LGHUVWDQG�LQ�$EKlQJLJNHLW�YRQ�GHU�
=HLW�GDUJHVWHOOW��:HLWHUV�LVW�GHU�6FKPHO]�EHUJDQJ�PLW�%HJLQQ�EHL�������µV�XQG�(QGH�EHL�������µV�]X�
VHKHQ��'HU�%HUHLFK�GLHVHV�3KDVHQ�EHUJDQJV�LVW�GXUFK�]ZHL�YHUWLNDOH�/LQLHQ�HLQJH]HLFKQHW��
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�
$EELOGXQJ�������8QNRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�LQ�$EKlQJLJNHLW�YRQ�GHU�
=HLW�I�U�HLQH�(LQ]HOPHVVXQJ��'HU�3KDVHQ�EHUJDQJ��IHVW�o� IO�VVLJ�� LVW�GXUFK�YHUWLNDOH�/LQLHQ�
JHNHQQ]HLFKQHW��
�
�
'LH� OLQHDUHQ� /HDVW�6TXDUHV�)LWV� DXV� HOI� 0HVVXQJHQ� GHV� XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�
:LGHUVWDQGV�LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�NRQVWDQWHP�ε ���*OHLFKXQJ���������
EHUHFKQHW� ZXUGH�� LVW� LQ� $EELOGXQJ� ����� ]X� VHKHQ�� =XP� 9HUJOHLFK� VLQG� ZLHGHUXP� HLQLJH�
/LWHUDWXUZHUWH� HLQJHI�JW��)�U�GLH�*HUDGHQJOHLFKXQJ�YRQ� ��� 7XQNRUUρ � �LQ�µΩÂP�� LQ�GHU� IHVWHQ�3KDVH�
LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG�LQ�GHU�IO�VVLJHQ�3KDVH�LP�7HPSHUDWXULQWHUYDOO�
YRQ������.�ELV������.�HUJDEHQ�VLFK��
�
�
�

77IHVWXQNRUU ⋅⋅+= −�
� ����������������ρ �����������������������������������

�

77IO�VVLJXQNRUU ⋅⋅+= −�
� ����������������ρ ���������������������������������

�
�
�
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7HPSHUDWXU��.�
�

�
$EELOGXQJ� ������ � 0LWWHOZHUW� DXV� ��� 0HVVXQJHQ� XQG� OLQHDUH� /HDVW�6TXDUHV�)LWV� GHV�
XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�:LGHUVWDQGV� LQ�$EKlQJLJNHLW� YRQ�GHU�7HPSHUDWXU��
ZHOFKH�PLWWHOV�NRQVWDQWHP�H� �*OHLFKXQJ� �������� EHUHFKQHW�ZXUGH�� VRZLH�/LWHUDWXUZHUWH� ]XP�
9HUJOHLFK��
�
�
$XV� GHQ� *OHLFKXQJHQ� ������� XQG� ������� HUKlOW� PDQ� GLH� :HUWH� GHV� XQNRUULJLHUWHQ� VSH]LILVFKHQ�
HOHNWULVFKHQ�:LGHUVWDQGV� DP� 6FKPHO]SXQNW� I�U� GLH� MHZHLOLJH� 3KDVH�� ZHOFKH� DXFK� LQ� 7DEHOOH� ����
DQJHJHEHQ�VLQG��
�
�

P.IHVWXQNRUU ⋅Ω= µρ ������������ �

�

P.IO�VVLJXQNRUU ⋅Ω= µρ ������������ �

�

P.XQNRUU ⋅Ω=∆ µρ ������������ �
�
�
�
�
�
�
�
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7DEHOOH������/LWHUDWXUZHUWH�I�U�GHQ�XQNRUULJLHUWHQ�VSH]LILVFKHQ�HOHNWULVFKHQ�:LGHU�VWDQG�DP�
6FKPHO]SXQNW�LP�9HUJOHLFK��
�

$XWRU� 7HPSHUDWXU�>.@� UXQNRUU��IHVW�>P:ÂP@� UXQNRUU��IO�VVLJ�>P:ÂP@�
GLHVH�$UEHLW� ����� ������ ������

>��@� ����� ������� ��
>��@� EHLP�6FKPHO]HQ� ������ ������

�
�
(V�]HLJW�VLFK�DXFK�LQ�GLHVHP�)DOO�HLQH�VHKU�JXWH�hEHUHLQVWLPPXQJ�PLW�GHQ�:HUWHQ�DXV�GHU�/LWHUDWXU��
�
�
�
�

�������'LFKWH�
�
'D� DXFK� EHL� GHQ� 3ODWLQ�0HVVXQJHQ� NHLQH� &&'�.DPHUD� ]XU� 9HUI�JXQJ� VWDQG�� PXVVWH� I�U� GDV�
9ROXPVYHUKlOWQLV� ��99 �DXI�HLQHQ�/LWHUDWXUZHUW�]XU�FNJHJULIIHQ�ZHUGHQ��'LHVHQ�OLHIHUW�>��@�LQ�GHU�

IHVWHQ�3KDVH�LQ�)RUP�HLQHV�3RO\QRPV�I�U�GLH�UHODWLYH�/lQJHQDXVGHKQXQJ� �� ""∆ �LP�%HUHLFK�����&�

ELV�������&��ZREHL�GLH�7HPSHUDWXU�XQG�GLH�/lQJH� �" �DXI����&�EH]RJHQ�VLQG��
�

@>�������@>������� ����
� &7&7 °⋅⋅+°⋅⋅=∆ −−"" �����������������������������

�
�
$XV�GLHVHQ�:HUWHQ�ZXUGH�HLQ�ELV�]XP�6FKPHO]SXQNW�KLQ�H[WUDSROLHUWHV�3RO\QRP�]ZHLWHQ�*UDGHV�I�U�
GLH�UHODWLYH�9ROXPVDXVGHKQXQJ� ��� � 799 IHVW �LQ�GHU�IHVWHQ�3KDVH�HUUHFKQHW��

�
�

@>���������@>�������������������� ����
� .7.7799 IHVW ⋅⋅+⋅⋅+= −−

�������

�
�
>��@�OLHIHUW�GDJHJHQ�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV�PLQGHVWHQV������.�PLW� �9 �JOHLFK�GHP�
9ROXPHQ� EHL� 5DXPWHPSHUDWXU� �����.�� HLQ� 3RO\QRP� ]ZHLWHQ� *UDGHV� � I�U� GLH� UHODWLYH�
9ROXPVDXVGHKQXQJ� ��� � 799 IO�VVLJ �LQ�GHU�IO�VVLJHQ�3KDVH��

�
�

@>���������@>�������������������� ����
� .7.7799 IO�VVLJ ⋅⋅+⋅⋅+= −−

�������

�
�
'LHVH�*OHLFKXQJ�PXVVWH� HUVW� DXV� GHP�9HUODXI� YRQ� ( )+99 �� � XQG� GHP�9HUODXI� YRQ� ( )7+ � GXUFK�
(LQVHW]HQ�EHUHFKQHW�ZHUGHQ��0LW�GLHVHQ�:HUWHQ�ZLUG�LQ�ZHLWHUHU�)ROJH�GHU��NRUULJLHUWH��VSH]LILVFKH�
HOHNWULVFKH�:LGHUVWDQG�XQG�GLH�:lUPHOHLWIlKLJNHLW�EHUHFKQHW��'DV�9ROXPVYHUKlOWQLV� ( )799 �� � LVW�
LQ�$EELOGXQJ������LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU�GDUJHVWHOOW��
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��6FKPHO]SXQNW�������.

9
RO
XP

VY
HU
Kl

OW
QL
V�
�9
�9

�

7HPSHUDWXU��.� �
$EELOGXQJ� ������ � 9ROXPVYHUKlOWQLV� ��99 � QDFK� >��@� XQG� >��@� LQ� $EKlQJLJNHLW� YRQ� GHU�
7HPSHUDWXU��

�
�
�
�������.RUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
�
0LW�GHQ�LP�YRUKHULJHQ�.DSLWHO�DQJHJHEHQHQ�9ROXPVDXVGHKQXQJVSRO\QRPHQ�ZXUGH�GHU�NRUULJLHUWH�
VSH]LILVFKH�HOHNWULVFKH�:LGHUVWDQG�HUUHFKQHW�XQG�]XVDPPHQ�PLW�GHP�XQNRUULJLHUWHQ� LQ�$EELOGXQJ�
�����GDUJHVWHOOW��0DQ�VLHKW��GDVV�GLH�NRUULJLHUWHQ�:HUWH��EHU�GHQ�XQNRUULJLHUWHQ�OLHJHQ��'DV�NRPPW�
GDKHU�� GDVV� GHU� VSH]LILVFKH�:LGHUVWDQG� SURSRUWLRQDO� ]XU� 4XHUVFKQLWWVIOlFKH� GHV� 'UDKWV� LVW� �VLHKH�
*OHLFKXQJ� ��������� %HU�FNVLFKWLJW�PDQ� QXQ� GLH� 9ROXPHQH[SDQVLRQ� GHV�'UDKWV� EHLP�(UKLW]HQ�� VR�
ZlFKVW� QDW�UOLFK� GLH� 4XHUVFKQLWWVIOlFKH� XQG� GDPLW� DXFK� GHU� NRUULJLHUWH� VSH]LILVFKH� HOHNWULVFKH�
:LGHUVWDQG� LP�9HUJOHLFK� ]X� GHP�)DOO��ZR�PDQ�GLH�4XHUVFKQLWWVIOlFKH� DOV� NRQVWDQW� HUDFKWHW�� DOVR�
EHLP� XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�:LGHUVWDQG�� (V� HUJDEHQ� VLFK� LP� IHVWHQ�=XVWDQG� LP�
7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG�LQ�GHU�IO�VVLJH�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ�
�����.� ELV� �����.� IROJHQGH� ]ZHL� 3RO\QRPH� ��� *UDGHV� I�U� GHQ� NRUULJLHUWHQ� VSH]LILVFKHQ�
HOHNWULVFKHQ�:LGHUVWDQG� ��7ρ ��LQ�µΩ�ÂP���
�
�

��� ���������������������������� 777IHVW ⋅⋅+⋅⋅+= −−ρ �����������������

�
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��� ���������������������������� 777IO�VVLJ ⋅⋅+⋅⋅+= −−ρ ���������������
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7HPSHUDWXU��.� �
$EELOGXQJ� ������ � .RUULJLHUWHU� XQG� XQNRUULJLHUWHU� VSH]LILVFKHU� HOHNWULVFKHU� :LGHUVWDQG� LQ�
$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�NRQVWDQWHP�H��*OHLFKXQJ���������EHUHFKQHW�
ZXUGH��
�
�
�
$XV�GLHVHQ�*OHLFKXQJ�HUKlOW�PDQ�GLH�:HUWH�GHV�NRUULJLHUWHQ�VSH]LILVFKHQ�HOHNWULVFKHQ�:LGHUVWDQGV�
DP�6FKPHO]SXQNW�I�U�GLH�MHZHLOLJH�3KDVH��
�
�

P.IHVW ⋅Ω= µρ ����������� �

�

P.IO�VVLJ ⋅Ω= µρ ����������� �

�

P. ⋅Ω=∆ µρ ����������� �

�
�������:lUPHOHLWIlKLJNHLW�
�
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� ��

'LH� :lUPHOHLWIlKLJNHLW� λ � LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU�� ZHOFKH� PLWWHOV� NRQVWDQWHP� ε�
�*OHLFKXQJ� �������� EHUHFKQHW� ZXUGH�� LVW� ]XVDPPHQ� PLW� /LWHUDWXUZHUWHQ� LQ� $EELOGXQJ� �����
GDUJHVWHOOW�� :LH� PDQ� DXV� GHU� %HUHFKQXQJ� GHU� :lUPHOHLWIlKLJNHLW� LQ� .DSLWHO� ���� XQG� DXFK� DXV�
$EELOGXQJ������VHKHQ�NDQQ��KDQGHOW�HV�VLFK�EHL� ��7λ ��LQ�:ÂP��Â.����LQ�GHU�MHZHLOLJHQ�3KDVH�QLFKW�
PHKU� XP� *HUDGHQJOHLFKXQJHQ�� (V� ZXUGHQ� LQ� GLHVHP� )DOO� TXDGUDWLVFKH� /HDVW�6TXDUHV�)LWV�
YHUZHQGHW��)�U�GLH�IHVWH�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�XQG�I�U�GLH�IO�VVLJH�
3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�HUJDE�VLFK�IROJHQGH�$EVFKlW]XQJ��
�
�

��� ��������������������������� 777IHVW ⋅⋅−⋅⋅+= −−λ �����������������

�
�

��� ���������������������������� 777IO�VVLJ ⋅⋅−⋅⋅+= −−λ ��������������

�
�

�
$XV� GLHVHQ�*OHLFKXQJHQ� HUKlOW� PDQ� GLH�:HUWH� GHU�:lUPHOHLWIlKLJNHLW� DP� 6FKPHO]SXQNW� I�U� GLH�
MHZHLOLJH�3KDVH��
�
�

������������ −− ⋅⋅= .P:.IHVWλ �

�
������������ −− ⋅⋅= .P:.IO�VVLJλ �

�
�
�

7DEHOOH�������/LWHUDWXUZHUWH�I�U�GLH�:lUPHOHLWIlKLJNHLW�DP�6FKPHO]SXQNW�]XP�9HUJOHLFK��

$XWRU� 7HPSHUDWXU�>.@� O�IHVW�>:ÂP��Â.��@� O�IO�VVLJ�>:ÂP��Â.��@�
GLHVH�$UEHLW� ����� ����� �����

>��@� ����� ��� ���
>��@� ����� ����� ��

�
�
(V� ]HLJW� VLFK� DXFK� I�U� GLH� :lUPHOHLWIlKLJNHLW� ZLHGHU� HLQH� VHKU� JXWH� hEHUHLQVWLPPXQJ� PLW� GHQ�
VSlUOLFK�YRUKDQGHQHQ�:HUWHQ�DXV�GHU�/LWHUDWXU��VLHKH�$EELOGXQJ������XQG�7DEHOOH��������YRU�DOOHP�
PLW�GHQ�YRP�1DWLRQDO�3K\VLFDO�/DERUDWRU\�13/�>��@�YRUJHVFKODJHQHQ�:HUWHQ��
�
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7HPSHUDWXU��.�
$EEL

OGXQJ� ������ � :lUPHOHLWIlKLJNHLW� λ � LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU�� ZHOFKH� PLWWHOV�
NRQVWDQWHP�H��*OHLFKXQJ���������EHUHFKQHW�ZXUGH��

�

�
�
�������7HPSHUDWXUOHLWIlKLJNHLW�
�
'LH�7HPSHUDWXUOHLWIlKLJNHLW� D � LQ�$EKlQJLJNHLW�YRQ�GHU�7HPSHUDWXU��ZHOFKH�PLWWHOV�NRQVWDQWHP�ε�
�*OHLFKXQJ� �������� EHUHFKQHW� ZXUGH�� LVW� ]XVDPPHQ� PLW� /LWHUDWXUZHUWHQ� LQ� $EELOGXQJ� �����
GDUJHVWHOOW��:LH�PDQ�DXV�GHU�%HUHFKQXQJ�GHU�7HPSHUDWXUOHLWIlKLJNHLW�LQ�.DSLWHO�����VLHKW��KDQGHOW�HV�
VLFK�EHL� ��7D � �LQ�P�ÂV���� LQ�GHU� MHZHLOLJHQ�3KDVH�QLFKW�PHKU�XP�*HUDGHQJOHLFKXQJHQ��(V�ZXUGHQ�
GDKHU�TXDGUDWLVFKH�/HDVW�6TXDUHV�)LWV�YHUZHQGHW��)�U�GLH� IHVWH�3KDVH� LP�7HPSHUDWXULQWHUYDOO� YRQ�
�����.�ELV������.�XQG�I�U�GLH�IO�VVLJH�3KDVH�LP�7HPSHUDWXULQWHUYDOO�YRQ������.�ELV������.�HUJDE�
VLFK�IROJHQGH�$EVFKlW]XQJ��
�
�

����� ����������������������������� 777D IHVW ⋅⋅−⋅⋅+⋅= −−−
�������������

�
�

�
����� ����������������������������� 777D IO�VVLJ ⋅⋅−⋅⋅+⋅= −−−
�������������
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7HPSHUDWXU��.�
�

$EELOGXQJ� ������ 7HPSHUDWXUOHLWIlKLJNHLW� D � LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU�� ZHOFKH�
PLWWHOV�NRQVWDQWHP�H��*OHLFKXQJ���������EHUHFKQHW�ZXUGH��

�
$XV� GHQ� *OHLFKXQJHQ� ������� XQG� ������� HUKlOW� PDQ� GLH� :HUWH� GHU� 7HPSHUDWXUOHLWIlKLJNHLW� DP�
6FKPHO]SXQNW�I�U�GLH�MHZHLOLJH�3KDVH��
�
�

���������������� −− ⋅⋅= VP.D IHVW �

�
���������������� −− ⋅⋅= VP.D IO�VVLJ �

�
�
�

)�U�GLH�7HPSHUDWXUOHLWIlKLJNHLW�YRQ�3ODWLQ�ODJHQ�NHLQH�/LWHUDWXUZHUWH�DOV�9HUJOHLFK�]XU�9HUI�JXQJ��
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�

.DSLWHO���
�
8QVLFKHUKHLWVEHWUDFKWXQJ 
�
�
�
�����$OOJHPHLQHV�
�
,Q� >��@� XQG� >��@� ILQGHQ� VLFK� DOOJHPHLQH� 5HJHOQ� I�U� GLH� (UPLWWOXQJ� XQG� $QJDEH� GHU�
0HVVXQVLFKHUKHLW��'LH�*UXQGODJH�GHV�/HLWIDGHQV�VLQG�(PSIHKOXQJHQ�GHV�,QWHUQDWLRQDOHQ�.RPLWHHV�
I�U�0D��XQG�*HZLFKW��&,30��XQG�GHU�$UEHLWVJUXSSH�]XU�$QJDEH�YRQ�0HVVXQVLFKHUKHLWHQ��:HJHQ�
GHV�0DQJHOV�DQ�LQWHUQDWLRQDOHU�hEHUHLQNXQIW��EHU�GLH�$QJDEH�GHU�8QVLFKHUKHLW�LP�0HVVZHVHQ��ZDU�
HV�GDV�=LHO�� GHU�$QJDEH�YRQ�0HVVXQVLFKHUKHLWHQ� HLQHQ� LQWHUQDWLRQDOHQ�6WDQGDUG� ]X�YHUOHLKHQ��GDV�
KHL�W�HLQHUVHLWV�YROOVWlQGLJ�GDU�EHU�]X�LQIRUPLHUHQ��ZLH�PDQ�]X�8QVLFKHUKHLWVDQJDEHQ�NRPPW�XQG�
DQGHUHUVHLWV�HLQH�*UXQGODJH�I�U�GHQ�LQWHUQDWLRQDOHQ�9HUJOHLFK�YRQ�0HVVHUJHEQLVVHQ�]X�OLHIHUQ��'D�
GHU� %HJULII� ¶)HKOHU¶� IRUWDQ� DXVJHGLHQW� KDW�� KLHU� LP� ZHLWHUHQ� HLQLJH� $XV]�JH� DXV� >��@� ]X� GHQ�
EHJULIIOLFKHQ�'HILQLWLRQHQ��
�
�
�0HVVEDUH��*U|�H��(LJHQVFKDIW�HLQHV�3KlQRPHQV��HLQHV�.|USHUV�RGHU�HLQHU�6XEVWDQ]��GLH�TXDOLWDWLY�

EHVFKULHEHQ�XQG�TXDQWLWDWLY�HUPLWWHOW�ZHUGHQ�NDQQ��
�
�*U|�HQ��:HUW��6SH]LHOOH�*U|�H��GDUJHVWHOOW�DOV�3URGXNW�DXV�=DKO�XQG�(LQKHLW��
�
:HUW��:HUW��GHU�PLW�GHU�'HILQLWLRQ�HLQHU�EHWUDFKWHWHQ�VSH]LHOOHQ�*U|�H��EHUHLQVWLPPW��:HUWH�VLQG�

LKUHU�1DWXU�QDFK�QLFKW�HUPLWWHOEDU��
�
5LFKWLJHU�:HUW��'XUFK� 9HUHLQEDUXQJ� DQHUNDQQWHU� :HUW�� GHU� HLQHU� EHWUDFKWHWHQ� VSH]LHOOHQ� *U|�H�

]XJHRUGQHW� ZLUG�� XQG� GHU� PLW� HLQHU� GHP� MHZHLOLJHQ� =ZHFN� DQJHPHVVHQHQ�
0HVVXQVLFKHUKHLW�EHKDIWHW�LVW��

�
0HVVXQJ��*HVDPWKHLW�GHU�7lWLJNHLWHQ�]XU�(UPLWWOXQJ�HLQHV�*U|�HQZHUWV��
�
0HVVSULQ]LS��'LH�ZLVVHQVFKDIWOLFKH�*UXQGODJH�HLQHV�0HVVYHUIDKUHQV��
�
0HVVPHWKRGH��$OOJHPHLQH� %HVFKUHLEXQJ� GHU� ORJLVFKHQ� $EIROJH� YRQ� +DQGOXQJHQ� ]XU�

'XUFKI�KUXQJ�YRQ�0HVVXQJHQ��
�
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0HVVYHUIDKUHQ��*HVDPWKHLW� GHU� JHQDX� EHVFKULHEHQHQ� 7lWLJNHLWHQ�� ZLH� VLH� EHL� GHU� $XVI�KUXQJ�
VSH]LHOOHU�0HVVXQJHQ�HQWVSUHFKHQG�HLQHU�YRUJHJHEHQHQ�0HVVPHWKRGH�DQJHZHQGHW�
ZHUGHQ��

0HVVJU|�H��6SH]LHOOH�*U|�H��GLH�*HJHQVWDQG�HLQHU�0HVVXQJ�LVW��
�
(LQIOXVVJU|�H��*U|�H��GLH�QLFKW�0HVVJU|�H�LVW��MHGRFK�GDV�0HVVHUJHEQLV�EHHLQIOXVVW���
�
0HVVHUJHEQLV��(LQHU�0HVVJU|�H�]XJHRUGQHWHU��GXUFK�0HVVXQJ�JHZRQQHQHU�:HUW��(LQH�YROOVWlQGLJH�

$QJDEH�GHV�0HVVHUJHEQLVVHV�HQWKlOW�HLQH�,QIRUPDWLRQ��EHU�GLH�0HVVXQVLFKHUKHLW��
�
8QEHULFKWLJWHV�0HVVHUJHEQLV��0HVVHUJHEQLV� YRU� %HULFKWLJXQJ� KLQVLFKWOLFK� GHU� V\VWHPDWLVFKHQ�

0HVVDEZHLFKXQJ��
�
%HULFKWLJWHV�0HVVHUJHEQLV�� 0HVVHUJHEQLV� QDFK� %HULFKWLJXQJ� KLQVLFKWOLFK� GHU� V\VWHPDWLVFKHQ�

0HVVDEZHLFKXQJ��
�
0HVVJHQDXLJNHLW��$XVPD��GHU�hEHUHLQVWLPPXQJ�]ZLVFKHQ�GHP�0HVVHUJHEQLV�XQG�HLQHP�:HUW�GHU�

0HVVJU|�H��
�

6WDQGDUGPHVVXQVLFKHUKHLW��$OV� 6WDQGDUGDEZHLFKXQJ� DXVJHGU�FNWH� 8QVLFKHUKHLW� GHV� (UJHEQLVVHV�
HLQHU�0HVVXQJ��

�
0HVVXQVLFKHUKHLW��'HP� 0HVVHUJHEQLV� ]XJHRUGQHWHU� 3DUDPHWHU�� GHU� GLH� 9HUWHLOXQJ� GHU� :HUWH�

NHQQ]HLFKQHW��GLH�YHUQ�QIWLJHUZHLVH�GHU�0HVVJU|�H�]XJHRUGQHW�ZHUGHQ�N|QQHQ��
'HU� 3DUDPHWHU� NDQQ� EHLVSLHOVZHLVH� HLQH� 6WDQGDUGDEZHLFKXQJ� �RGHU� HLQ�
JHJHEHQHV� 9LHOIDFKHV� GDYRQ�� VHLQ�� 'LH� 0HVVXQVLFKHUKHLW� HQWKlOW� LP�
$OOJHPHLQHQ� YLHOH� .RPSRQHQWHQ�� (LQLJH� GLHVHU� .RPSRQHQWHQ� N|QQHQ� DXV� GHU�
VWDWLVWLVFKHQ� 9HUWHLOXQJ� GHU� (UJHEQLVVH� HLQHU� 0HVVUHLKH� HUPLWWHOW� XQG� GXUFK�
HPSLULVFKH� 6WDQGDUGDEZHLFKXQJHQ� JHNHQQ]HLFKQHW� ZHUGHQ�� 'LH� DQGHUHQ�
.RPSRQHQWHQ�� GLH� HEHQIDOOV� GXUFK� 6WDQGDUGDEZHLFKXQJHQ� FKDUDNWHULVLHUW�
ZHUGHQ� N|QQHQ�� ZHUGHQ� DXV� DQJHQRPPHQHQ� :DKUVFKHLQOLFKNHLWVYHUWHLOXQJHQ�
HUPLWWHOW��GLH�VLFK�DXI�(UIDKUXQJ�RGHU�DQGHUH� ,QIRUPDWLRQHQ�JU�QGHQ��(V�ZLUG�
YRUDXVJHVHW]W�� GDVV� GDV�0HVVHUJHEQLV� GHU� EHVWH� 6FKlW]ZHUW� I�U� GHQ�:HUW� GHU�
0HVVJU|�H�LVW��XQG�GDVV�DOOH�.RPSRQHQWHQ�GHU�0HVVXQVLFKHUKHLW�]XU�9HUWHLOXQJ�
EHLWUDJHQ��HLQJHVFKORVVHQ�GLHMHQLJHQ��ZHOFKH�YRQ�V\VWHPDWLVFKHQ�(LQZLUNXQJHQ�
KHUU�KUHQ��

�
(UZHLWHUWH�0HVVXQVLFKHUKHLW��.HQQZHUW�� GHU� HLQHQ� %HUHLFK� XP� GDV�0HVVHUJHEQLV� NHQQ]HLFKQHW��

YRQ� GHP� HUZDUWHW� ZHUGHQ� NDQQ�� GDVV� HU� HLQHQ� JUR�HQ� $QWHLO� GHU�
9HUWHLOXQJ� GHU� :HUWH� XPIDVVW�� GLH� GHU� 0HVVJU|�H�
YHUQ�QIWLJHUZHLVH�]XJHRUGQHW�ZHUGHQ�N|QQHQ��

�
(UZHLWHUXQJVIDNWRU��=DKOHQIDNWRU��PLW� GHP� GLH� 6WDQGDUGPHVVXQVLFKHUKHLW�PXOWLSOL]LHUW�ZLUG�� XP�

HLQH�HUZHLWHUWH�0HVVXQVLFKHUKHLW�]X�HUKDOWHQ��(LQ�(UZHLWHUXQJVIDNWRU�N� OLHJW�
W\SLVFK�LP�%HUHLFK���ELV����DEKlQJLJ�YRQ�GHU�9HUWHLOXQJ��

�
�
�
�
�
�
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0HVVDEZHLFKXQJ��0HVVHUJHEQLV� PLQXV� GHQ� :HUW� GHU� 0HVVJU|�H�� 6LH� LVW� HLQH� QLFKW� HUIDVVEDUH�
*U|�H�� :HLO� HLQ� :HUW� QLFKW� IHVWJHVWHOOW� ZHUGHQ� NDQQ�� ZLUG� LQ� GHU� 3UD[LV� HLQ�
ULFKWLJHU�:HUW�YHUZHQGHW��+lQJW�GDV�(UJHEQLV�HLQHU�0HVVXQJ�YRQ�GHQ�:HUWHQ�
DQGHUHU�*U|�HQ� DOV� GHU�0HVVJU|�H�DE�� IOLH�HQ�GLH�0HVVDEZHLFKXQJHQ� ]X�GHQ�
0HVVZHUWHQ�GLHVHU�*U|�HQ�LQ�GLH�0HVVDEZHLFKXQJ�GHV�0HVVHUJHEQLVVHV�HLQ��

�
5HODWLYH�0HVVDEZHLFKXQJ��0HVVDEZHLFKXQJ�GLYLGLHUW�GXUFK�GHQ�:HUW�GHU�0HVVJU|�H��
�
=XIlOOLJH�0HVVDEZHLFKXQJ��0HVVHUJHEQLV�PLQXV�GHV�0LWWHOZHUWV��GHU�VLFK�DXV�HLQHU�XQEHJUHQ]WHQ�

$Q]DKO� YRQ� 0HVVXQJHQ� GHUVHOEHQ� 0HVVJU|�H� HUJHEHQ� Z�UGH�� GLH�
XQWHU� :LHGHUKROEHGLQJXQJHQ� DXVJHI�KUW� ZXUGH�� 6LH� LVW� JOHLFK�
0HVVDEZHLFKXQJ� PLQXV� V\VWHPDWLVFKHU� 0HVVDEZHLFKXQJ�� :HLO� QXU�
HLQH�HQGOLFKH�$Q]DKO�YRQ�0HVVXQJHQ�GXUFKJHI�KUW�ZHUGHQ�NDQQ��NDQQ�
PDQ�QXU�HLQHQ�6FKlW]ZHUW�GHU�]XIlOOLJHQ�0HVVDEZHLFKXQJ�IHVWVWHOOHQ��

�
6\VWHPDWLVFKH�0HVVDEZHLFKXQJ��0LWWHOZHUW�� GHU� VLFK� DXV� HLQHU� XQEHJUHQ]WHQ� $Q]DKO� YRQ�

0HVVXQJHQ� GHUVHOEHQ� 0HVVJU|�H� HUJHEHQ� Z�UGH�� GLH� XQWHU�
:LHGHUKROEHGLQJXQJHQ� DXVJHI�KUW� ZXUGHQ�� PLQXV� HLQHP� :HUW�
GHU�0HVVJU|�H��6LH� LVW�JOHLFK�0HVVDEZHLFKXQJ�PLQXV� ]XIlOOLJHU�
0HVVDEZHLFKXQJ�� :LH� GHU� :HUW� NDQQ� DXFK� GLH� V\VWHPDWLVFKH�
0HVVDEZHLFKXQJ� XQG� LKUH� 8UVDFKHQ� QLFKW� YROOVWlQGLJ� EHNDQQW�
VHLQ�� (LQ� XQHUNDQQWHU� V\VWHPDWLVFKHU� (LQIOXVV� NDQQ� EHL� GHU�
(UPLWWOXQJ� GHU� 0HVVXQVLFKHUKHLW� HLQHV� 0HVVHUJHEQLVVHV� QLFKW�
EHU�FNVLFKWLJW�ZHUGHQ�� WUlJW� MHGRFK� ]X� GHVVHQ�0HVVDEZHLFKXQJ�
EHL��

�
.RUUHNWLRQ��$OJHEUDLVFK�]XP�XQEHULFKWLJWHQ�0HVVZHUW�DGGLHUWHU�:HUW�]XP�$XVJOHLFK�KLQVLFKWOLFK�

GHU� V\VWHPDWLVFKHQ� 0HVVDEZHLFKXQJ�� 'LH� .RUUHNWLRQ� LVW� JOHLFK� GHU� HLQJHVFKlW]WHQ�
V\VWHPDWLVFKHQ� 0HVVDEZHLFKXQJ� PLW� HQWJHJHQJHVHW]WHP� 9RU]HLFKHQ�� :HLO� GLH�
V\VWHPDWLVFKH�0HVVDEZHLFKXQJ� QLFKW� JHQDX� EHNDQQW� VHLQ� NDQQ�� LVW� HLQ� YROOVWlQGLJHU�
$XVJOHLFK�QLFKW�P|JOLFK��

�
.RUUHNWLRQVIDNWRU��=DKOHQIDNWRU�� PLW� GHP� GDV� 0HVVHUJHEQLV� ]XP� $XVJOHLFK� KLQVLFKWOLFK� GHU�

V\VWHPDWLVFKHQ� 0HVVDEZHLFKXQJ� PXOWLSOL]LHUW� ZLUG�� :HLO� GLH� V\VWHPDWLVFKH�
0HVVDEZHLFKXQJ� QLFKW� JHQDX� EHNDQQW� VHLQ� NDQQ�� LVW� HLQ� YROOVWlQGLJHU�
$XVJOHLFK�QLFKW�P|JOLFK��
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(UZDUWXQJVZHUW��HLQHU�=XIDOOVJU|�H��
�
(U� LVW� JOHLFK� GHP� 0LWWHOZHUW� XQG� ZLUG� VWDWLVWLVFK� HLQJHVFKlW]W� GXUFK� ] �� GHQ� DULWKPHWLVFKHQ�
0LWWHOZHUW�DXV� Q �XQDEKlQJLJHQ�%HREDFKWXQJVZHUWHQ� L] �GHU�=XIDOOVJU|�H� = ��
�
�
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�
9DULDQ]��HLQHU�=XIDOOVJU|�H��
�
9HUWHLOXQJVPD���GDV�JOHLFK�GHU�6XPPH�GHU�TXDGULHUWHQ�$EZHLFKXQJHQ�GHU�%HREDFKWXQJVZHUWH�YRQ�
LKUHP� DULWKPHWLVFKHQ� 0LWWHOZHUW� GLYLGLHUW� GXUFK� GLH� XP� �� YHUPLQGHUWH� $Q]DKO� GHU�
%HREDFKWXQJVZHUWH�LVW��'LH�9DULDQ]� �σ �OlVVW�VLFK�PLW� ] ��DXV�*OHLFKXQJ��������ZLH�IROJW�GXUFK�GLH�
HPSLULVFKH�9DULDQ]��HLQHU�=XIDOOVJU|�H�� ( )L]V � �HLQVFKlW]HQ��'LH� L] �VLQG� Q �%HREDFKWXQJVZHUWH�
YRQ� = ��
�
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(PSLULVFKH�6WDQGDUGDEZHLFKXQJ��HLQHU�=XIDOOVJU|�H��
�
)�U� HLQH� 5HLKH� YRQ� 0HVVXQJHQ� GHUVHOEHQ� 0HVVJU|�H� GLH� *U|�H� V �� ZHOFKH� GLH� 9HUWHLOXQJ� GHU�
(UJHEQLVVH�FKDUDNWHULVLHUW�XQG�GXUFK�GLH�)RUPHO�
�
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�
JHJHEHQ� LVW��ZREHL� L] � GDV�(UJHEQLV� GHU� L�WHQ�0HVVXQJ�XQG� ] � GHU� DULWKPHWLVFKH�0LWWHOZHUW� �QDFK�
*OHLFKXQJ��������GHU� Q �(UJHEQLVVH�LVW��6LH�LVW�VRPLW�GLH�SRVLWLYH�4XDGUDWZXU]HO�DXV�GHU�HPSLULVFKHQ�
9DULDQ]��HLQHU�=XIDOOVJU|�H���
�
�
9DULDQ]��GHV�DULWKPHWLVFKHQ�0LWWHOZHUWV��
�
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'LH�9DULDQ]�I�U�GHQ�DULWKPHWLVFKHQ�0LWWHOZHUW��(UZDUWXQJVZHUW��HLQHU�5HLKH�YRQ� Q �XQDEKlQJLJHQ�
%HREDFKWXQJVZHUWHQ� L] � YRQ� = � ZLUG� GXUFK� GLH� HPSLULVFKH� 9DULDQ]�

�GHV�DULWKPHWLVFKHQ�0LWWHOZHUWV�� ��� ]V �ZLH�IROJW�HLQJHVFKlW]W��
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'LH� 9DULDQ]� I�U� GHQ� DULWKPHWLVFKHQ� 0LWWHOZHUW� GHU� %HREDFKWXQJVZHUWH� LVW� HLQ� EHVVHU� JHHLJQHWHV�
0D�� I�U� GLH� 0HVVXQVLFKHUKHLW� HLQHV� 0HVVHUJHEQLVVHV� DOV� GLH� 9DULDQ]� GHU� HLQ]HOQHQ�
%HREDFKWXQJVZHUWH��'LH�9DULDQ]�I�U�HLQH�=XIDOOVJU|�H� = �PXVV�VRUJIlOWLJ�YRQ�GHU�9DULDQ]�I�U�GDV�
0LWWHO� ] �XQWHUVFKLHGHQ�ZHUGHQ��
�
�
�
(PSLULVFKH�6WDQGDUGDEZHLFKXQJ��GHV�DULWKPHWLVFKHQ�0LWWHOZHUWV��
�
3RVLWLYH�4XDGUDWZXU]HO�DXV�GHU�HPSLULVFKHQ�9DULDQ]��GHV�DULWKPHWLVFKHQ�0LWWHOZHUWV���6LH�LVW�QLFKW�
GLH� ]XIlOOLJH�0HVVDEZHLFKXQJ�GHV�0LWWHOV�� VRQGHUQ� HLQ�0D�� I�U� GLH�0HVVXQVLFKHUKHLW� GHV�0LWWHOV�
DXIJUXQG�YRQ�]XIlOOLJHQ�(LQIO�VVHQ��
�
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.RYDULDQ]�
�
'LH� .RYDULDQ]� ���FRY =< � ]ZHLHU� =XIDOOVJU|�HQ� < � XQG� = � LVW� HLQ� 0D�� I�U� LKUH� JHJHQVHLWLJH�
$EKlQJLJNHLW��6LH�OlVVW�VLFK�HLQVFKlW]HQ�GXUFK� ��� LL ]\V ��GLH�PDQ�DXV� Q �XQDEKlQJLJHQ�3DDUHQ�YRQ�

JOHLFK]HLWLJHQ�%HREDFKWXQJHQ� L\ �XQG� L] �YRQ�< �XQG� = �JHZLQQW��ZREHL� \ �XQG� ] �QDFK�*OHLFKXQJ�
������EHUHFKQHW�ZHUGHQ��
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6LQG�]ZHL�=XIDOOVJU|�HQ�XQDEKlQJLJ�YRQHLQDQGHU��LVW�LKUH�.RYDULDQ]�JOHLFK�1XOO��'LH�HLQJHVFKlW]WH�
.RYDULDQ]�GHU�EHLGHQ�0LWWHOZHUWH� \ �XQG� ] �ZLUG�GXUFK� Q]\V]\V LL ������� = �DQJHJHEHQ���
�
6WDQGDUGPHVVXQVLFKHUKHLW�I�U�XQNRUUHOLHUWH�(LQJDQJVJU|�HQ�
�
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6LQG� GLH� 1� (LQJDQJVJU|�HQ� �; �� �; �� ����� 1; � XQDEKlQJLJ� YRQHLQDQGHU�� GDQQ� HUJLEW� VLFK� I�U� GLH�

6WDQGDUGPHVVXQVLFKHUKHLW� ��\X � ]XP�6FKlW]ZHUW� \ � GHU�0HVVJU|�H� �������� �� 1;;;I< = ��ZREHL�

�[ �� �[ �� ����� 1[ � GLH� (LQJDQJVVFKlW]ZHUWH� �0LWWHOZHUWH�� ]X� GHQ� L; � XQG� �� L[X � GHUHQ�
6WDQGDUGPHVVXQVLFKHUKHLWHQ�QDFK�*OHLFKXQJ�������VLQG��
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'LH�SDUWLHOOHQ�$EOHLWXQJHQ�
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:HQQ� < � GHU� )RUP� 1S

1
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�� � LVW� XQG� GLH� ([SRQHQWHQ� LS � DOV� SRVLWLYH� RGHU�
QHJDWLYH� =DKOHQ� PLW� YHUQDFKOlVVLJEDUHQ� 0HVVXQVLFKHUKHLWHQ� EHNDQQW� VLQG�� OlVVW� VLFK� GLH� UHODWLYH�

6WDQGDUGPHVVXQVLFKHUKHLW�
\
\X ��
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6WDQGDUGPHVVXQVLFKHUKHLW�I�U�NRUUHOLHUWH�(LQJDQJVJU|�HQ�
�
6LQG�GLH�(LQJDQJVJU|�HQ�NRUUHOLHUW�� ODXWHW�GHU� MHZHLOV�]XP�0HVVHUJHEQLV�JHK|UHQGH�$XVGUXFN� I�U�
GLH�6WDQGDUGPHVVXQVLFKHUKHLW��
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ZREHL� L[ �XQG� M[ �GLH�6FKlW]ZHUWH�YRQ� L; �XQG� M; �VLQG�VRZLH� ������ LMML [[X[[X = �GLH�JHVFKlW]WH�

.RYDULDQ]�]X� L[ �XQG� M[ �LVW��

�
�

(UZHLWHUWH�0HVVXQVLFKHUKHLW�
�
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'LH� HUZHLWHUWH� 0HVVXQVLFKHUKHLW� HUKlOW� PDQ� GXUFK� 0XOWLSOLNDWLRQ� GHU� 6WDQGDUGPHVV�XQVLFKHUKHLW�
��\X �PLW�HLQHP�(UZHLWHUXQJVIDNWRU� N ��

�
�

��\XN8 ⋅= �����������������������������������������������������������������
�
�

'DV� (UJHEQLV� HLQHU� 0HVVXQJ� NDQQ� GDQQ� EHTXHP� GXUFK� 8\ ± � DXVJHGU�FNW� ZHUGHQ�� ZDV� VR� ]X�
LQWHUSUHWLHUHQ�LVW��GDVV� \ �GHU�EHVWH�6FKlW]ZHUW�GHV�GHU�0HVVJU|�H�< �]XJHK|ULJHQ�:HUWV�LVW�XQG�GDVV�

8\ − �ELV� 8\ + � HLQHQ�%HUHLFK�GDUVWHOOW��YRQ�GHP�HUZDUWHW�ZLUG��GDVV�HU�HLQHQ�JUR�HQ�$QWHLO�GHU�
9HUWHLOXQJ�GHU�:HUWH�XPIDVVW��GLH�< �VLQQYROOHUZHLVH�]XJHRUGQHW�ZHUGHQ�N|QQHQ���
��
�
�
�
1DFK� GLHVHQ� EHJULIIOLFKHQ� 'HILQLWLRQHQ� XQG� GHU� 6WDWLVWLN� QRFK� HLQ� SDDU� (UOlXWHUXQJHQ� ]XU�
9RUJHKHQVZHLVH�� =XQlFKVW� ZLUG� DXV� GHQ� XQEHULFKWLJWHQ� %HREDFKWXQJVZHUWHQ� HLQ� XQEHULFKWLJWHU�
DULWKPHWLVFKHU� 0LWWHOZHUW� GHU� %HREDFKWXQJVZHUWH� HUUHFKQHW�� DOVR� GHU� 6FKlW]ZHUW� L[ � GHU�

(LQJDQJVJU|�H� L; �� 'LHVHU� 0LWWHOZHUW� ZLUG� GDQDFK� KLQVLFKWOLFK� DOOHU� EHNDQQWHU� V\VWHPDWLVFKHU�
0HVVDEZHLFKXQJHQ� EHULFKWLJW��'LHVHV� EHULFKWLJWH�(UJHEQLV�NDQQ�DOV�EHVWHU�6FKlW]ZHUW� GHV�:HUWHV�
EH]HLFKQHW� ZHUGHQ�� HV� LVW� MHGRFK� QLFKW� GHU�:HUW� GHU�0HVVJU|�H�� 'DV� KHL�W�� HU� ZHLFKW� GDYRQ� DE�
LQIROJH� YRQ� ]XIlOOLJHQ� 6FKZDQNXQJHQ� GHU� %HREDFKWXQJVZHUWH�� XQYROONRPPHQHU� (UPLWWOXQJ� GHU�
.RUUHNWLRQHQ� I�U� V\VWHPDWLVFKH� (LQIO�VVH� XQG� .HQQWQLVO�FNHQ� �EHU� EHVWLPPWH� SK\VLNDOLVFKH�
(UVFKHLQXQJHQ��$XV�GHQ�6WDQGDUGPHVVXQVLFKHUKHLWHQ� �� L[X � I�U� MHGHQ�(LQJDQJVVFKlW]ZHUW� L[ �XQG�
HYHQWXHOO� YRUKDQGHQHQ� .RYDULDQ]HQ� HUPLWWHOW� PDQ� GLH� 6WDQGDUGPHVVXQVLFKHUKHLW� ��\X �� )DOOV�
HUIRUGHUOLFK� HUKlOW�PDQ�GDUDXV�PLWWHOV�*OHLFKXQJ� �������QRFK�GLH� HUZHLWHUWH�0HVVXQVLFKHUKHLW�8 ��
'LHVH�EHLGHQ�:HUWH�ELOGHQ�]XVDPPHQ�PLW�GHP�6FKlW]ZHUW� \ �GDV�0HVVHUJHEQLV��
�
�
(V�VHL�QRFK�DQJHPHUNW��GDVV�ZHGHU�GHU�:HUW�GHU� UHDOLVLHUWHQ�*U|�H�QRFK�GHU�:HUW�GHU�0HVVJU|�H�
MHPDOV� JHQDX� EHNDQQW� VHLQ� N|QQHQ�� EHNDQQW� VHLQ� N|QQHQ� OHGLJOLFK� LKUH� 6FKlW]ZHUWH�� 'LH� JHQDXH�
$EZHLFKXQJ� HLQHV�0HVVHUJHEQLVVHV� LVW� LP�$OOJHPHLQHQ� DOVR� XQEHNDQQW� XQG� QLFKW� HUIDVVEDU��'DV�
0HVVHUJHEQLV� NDQQ� DXV� GHQ� 6FKlW]ZHUWHQ� GHU� (LQJDQJVJU|�HQ� XQG� GLH� 6WDQGDUGPHVVXQVLFKHUKHLW�
GLHVHV� (UJHEQLVVHV� DXV� GHQ� 6WDQGDUGPHVVXQVLFKHUKHLWHQ� GHU� 6FKlW]ZHUWH� HUUHFKQHW� ZHUGHQ�� 'LH�
0HVVXQVLFKHUKHLW�GU�FNW�VRPLW�DXV��GDVV�HV�I�U�HLQH�JHJHEHQH�0HVVJU|�H�XQG�HLQ�JHJHEHQHV��]X�LKU�
JHK|UHQGHV�0HVVHUJHEQLV�QLFKW�HLQHQ�:HUW��VRQGHUQ�HLQH�XQHQGOLFKH�0HQJH�YRQ�XP�GDV�(UJHEQLV�
YHUWHLOWH�:HUWHQ�JLEW��GLH�PLW�DOOHQ�%HREDFKWXQJHQ�XQG�'DWHQ�YHUHLQEDU�VLQG�XQG�GHU�0HVVJU|�H�PLW�
YHUVFKLHGHQHQ� *UDGHQ� YRQ� *ODXEZ�UGLJNHLW� ]XJHZLHVHQ� ZHUGHQ� N|QQHQ�� $OVR�� NXU]�
]XVDPPHQJHIDVVW�� 'LH� 0HVVXQVLFKHUKHLW� HLQHV� 0HVVHUJHEQLVVHV� VSLHJHOW� GLH� XQ]XUHLFKHQGH�
.HQQWQLV� GHV� :HUWV� GHU� 0HVVJU|�H� ZLGHU�� 'DV� 0HVVHUJHEQLV� LVW� QDFK� DQJHI�JWHU� .RUUHNWLRQ�
KLQVLFKWOLFK� GHU� HUNDQQWHQ� V\VWHPDWLVFKHQ� (LQIO�VVH� LPPHU� QXU� HLQ� 6FKlW]ZHUW� GHU� 0HVVJU|�H�
LQIROJH�GHU�0HVVXQVLFKHUKHLW��GLH�VLFK�DXV�]XIlOOLJHQ�(LQIO�VVHQ�XQG�XQYROONRPPHQHU�%HULFKWLJXQJ�
GHV�(UJHEQLVVHV�KLQVLFKWOLFK�V\VWHPDWLVFKHU�(LQIO�VVH�HUJLEW��
�

�����8QVLFKHUKHLWVDQDO\VH�
�
,Q�GLHVHP�.DSLWHO�ZHUGHQ�I�U�GLH�HLQ]HOQHQ�0HVVJU|�HQ�GLH� UHODWLYHQ�6WDQGDUGPHVVXQVLFKHUKHLWHQ�
HLQJHVFKlW]W�� 'D� DOOH� ([SHULPHQWH� JXW� UHSURGX]LHUEDU�ZDUHQ� XQG� GLH� (UJHEQLVVH� GXUFK�0LWWHOXQJ�
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�EHU� PHKUHUH� (LQ]HOPHVVXQJHQ� HUKDOWHQ� ZXUGHQ�� LVW� GLH� VWDWLVWLVFKH� 6WDQGDUGPHVVXQVLFKHUKHLW�
JHJHQ�EHU�GHU�GHU�V\VWHPDWLVFKHQ�(LQI�VVH�]X�YHUQDFKOlVVLJHQ��$OOH�LQ�GLHVHP�.DSLWHO�DQJHJHEHQHQ�
0HVVXQVLFKHUKHLWHQ�VLQG�6WDQGDUGPHVVXQVLFKHUKHLWHQ��
�
�
�
6WURP�
�
'LH�6WDQGDUGPHVVXQVLFKHUKHLW�GHU�6WURPPHVVXQJ�HUJLEW�VLFK�DXV�GHU�6WDQGDUGPHVVXQVLFKHUKHLW�GHU�
6WURPPHVVXQJ� GHU� 3HDUVRQVRQGH� XQG� GHP� 'LJLWDOLVLHUXQJVIHKOHU� GHV� $'�:DQGOHUV�� /HW]WHUHU� LVW�
DEHU� LP� 9HUJOHLFK� ]X� HUVWHUHQ� YHUVFKZLQGHQG� NOHLQ� XQG� ZLUG� LQ� ZHLWHUHU� )ROJH� YHUQDFKOlVVLJW��
:HLWHUV� NRPPW� QRFK� HLQ� V\VWHPDWLVFKHU� 8QVLFKHUKHLWVHLQIOXVV� LQIROJH� GHV� 6NLQHIIHNWV� GD]X�� GHU�
MHGRFK� VFKZHU� HLQ]XVFKlW]HQ� LVW�� 'LHVHU� (IIHNW� YHUXUVDFKW� EHL� HLQHU� JUR�HQ� 6WURPlQGHUXQJ� HLQH�
UDGLDO�LQKRPRJHQH� 6WURPGLFKWHYHUWHLOXQJ�� GLH� ]X� HLQHU� XQJOHLFKPl�LJHQ� $XIKHL]XQJ� GHU� 3UREH�
I�KUW�� 'D� JUR�H� 6WURPlQGHUXQJHQ� DEHU� QXU� ]X� %HJLQQ� GHV� ([SHULPHQWV� VWDWWILQGHQ�� ]X� GLHVHP�
=HLWSXQNW� DEHU� ZHGHU� GDV� 3\URPHWHU� QRFK� GDV� (OOLSVRPHWHU� YHUZHUWEDUH�0HVVGDWHQ� OLHIHUW�� NDQQ�
DXFK� GLHVHU� (LQIOXVV� YHUQDFKOlVVLJW� ZHUGHQ�� (LQ� ZHLWHUHU� V\VWHPDWLVFKHU� 8QVLFKHUKHLWVHLQIOXVV�
Z�UGH�VLFK�DXV�GHQ�6SDQQXQJVWHLOHUQ�HUJHEHQ��GXUFK�HLQH�JHPHLQVDPH�.DOLEULHUXQJ�]XVDPPHQ�PLW�
GHU� 6WURPPHVVVRQGH� NRQQWH� GLHV� MHGRFK� YHUPLHGHQ� ZHUGHQ�� 6RPLW� HUJLEW� VLFK� I�U� GLH� UHODWLYH�
6WDQGDUGPHVVXQVLFKHUKHLW�GHU�6WURPPHVVXQJ��PLW�GHP�YRQ�3HDUVRQ�HOHFWRQLFV�DQJHJHEHQHQ�:HUW��
�
�

��
�� =

,
,X

�

�
�
6SDQQXQJ�
�
'LH� 6WDQGDUGPHVVXQVLFKHUKHLW� GHU� 6SDQQXQJVPHVVXQJ� ZLUG� YRU� DOOHP� GXUFK� GLH�
6WDQGDUGPHVVXQVLFKHUKHLW� GHU� :LGHUVWlQGH� GHU� EHLGHQ� 6SDQQXQJVWHLOHU� YHUXUVDFKW�� ZHOFKH� GLH�
+RFKVSDQQXQJ� DXI� HLQHQ� I�U� GLH� 0HVVNDUWH� HUODXEWHQ� :HUW� UHGX]LHUHQ�� ,KUH� UHODWLYH�
6WDQGDUGPHVVXQVLFKHUKHLW� ZLUG� PLW� MHZHLOV� ���� �� HLQJHVFKlW]W�� 'HU� 'LJLWDOLVLHUXQJVIHKOHU� LVW�
ZLHGHUXP� YHUQDFKOlVVLJEDU�� � 'LH� ZHLWHUHQ� 7HUPH� LQ� *OHLFKXQJ� ������ WUDJHQ� WKHRUHWLVFK� DXFK� ]XU�
0HVVXQVLFKHUKHLW� GHU� 6SDQQXQJ� EHL�� MHGRFK� LQ� NHLQHP� UHOHYDQWHQ� $XVPD��� 9HUVXFKH� PLW� GHU�
$XVZHUWXQJ� XQWHU� +27:,5(� KDEHQ� JH]HLJW�� GDVV� OHLFKW� bQGHUXQJHQ� EHL� GHQ� *UHQ]HQ� GHU�
,QWHUSRODWLRQ� NHLQH� VLJQLILNDQWH� bQGHUXQJ� LP� 6SDQQXQJVYHUODXI� YHUXUVDFKHQ��'DV� KHL�W�� GDVV� GHU�
]ZHLWH�7HUP�LQ�*OHLFKXQJ�������NHLQHQ�VLJQLILNDQWHQ�%HLWUDJ�]XU�6WDQGDUGPHVVXQVLFKHUKHLW� OLHIHUW��
8QG� DXFK� GHU� GULWWH� 7HUP� OLHIHUW� NHLQHQ� %HLWUDJ� ]XU� 6WDQGDUGPHVVXQVLFKHUKHLW�� GHQQ� HLQH�
$EVFKlW]XQJ� YRQ�+RVDHXV� >�@� ]HLJW�� GDVV� GLHVHU� 7HUP� YHUQDFKOlVVLJW� ZHUGHQ� NDQQ�� 6RPLW� HUJLEW�
VLFK�I�U�GLH�UHODWLYH�6WDQGDUGPHVVXQVLFKHUKHLW�GHU�6SDQQXQJVPHVVXQJ��
�

��
��

�

� =
NRUU

NRUU

8

8X
�

7HPSHUDWXU�
�
'HU�JU|�WH�(LQIOXVV�DXI�GLH�0HVVXQVLFKHUKHLW�GHU�7HPSHUDWXUPHVVXQJ�ZDU�ODQJH�=HLW�GLH�$QQDKPH�
HLQHV� NRQVWDQWHQ� QRUPDOHQ� VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ� LQ�GHU� IO�VVLJHQ�3KDVH��'LHV�NRQQWH�
GXUFK�GLH�$QVFKDIIXQJ�GHV�(OOLSVRPHWHUV��µV�'2$3��EHVHLWLJW�ZHUGHQ��GD�QXQPHKU�GHU�9HUODXI�LQ�
GHU�IO�VVLJHQ�3KDVH�EHNDQQW�LVW��'DJHJHQ�YHUEOHLEHQGH�8QVLFKHUKHLWVTXHOOHQ�VLQG�GLH�1LFKWOLQHDULWlW�
GHV� 3\URPHWHUYHUVWlUNHUV� XQG� HLQ� V\VWHPDWLVFKHU� 8QVLFKHUKHLWVHLQIOXVV� EHL� GHU� %HUHFKQXQJ� GHU�
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7HPSHUDWXU��'DV� ,QWHUIHUHQ]ILOWHU� GHV�3\URPHWHUV�KDW� HLQH�+DOEZHUWVEUHLWH�YRQ������QP��ZlKUHQG�
GLH� )RUPHO� I�U� GLH� 7HPSHUDWXU� �*OHLFKXQJ� �������� HLQH� H[DNWH� :HOOHQOlQJH� YHUZHQGHW�� (LQ�
6LPXODWLRQVSURJUDPP�YRQ�6DFKVHQKRIHU� >�@�]HLJW� MHGRFK��GDVV�GLHVHU�(LQIOXVV� LP�3URPLOOHEHUHLFK�
OLHJW���
%HL� GHU� +27:,5(�$XVZHUWXQJ� ZLUG� GDV� 6FKPHO]SODWHDX� GXUFK� HLQH� 0DUNHUOLQLH� DXI� GHU�
,QWHQVLWlWVNXUYH� IHVWJHOHJW��'D�QXU� VHKU�ZHQLJH�'DWHQSXQNWH� LQ�GLHVHP�%HUHLFK�YRUOLHJHQ�XQG�GDV�
6FKPHO]SODWHDX�]XVlW]OLFK�DXFK�QRFK�HLQH�6WHLJXQJ�DXIZHLVHQ�NDQQ��LVW�GLH�/DJH�QLFKW�LPPHU�VHKU�
HLQIDFK� IHVW]XOHJHQ��ZDV� ]X� HLQHU�9DULDWLRQ� GHV� VRJHQDQQWHQ�.�:HUWV� I�KUW��([SHULPHQWH�PLW� GHU�
$XVZHUWXQJ�KDEHQ�JH]HLJW��GDVV�GHU�(LQIOXVV�HLQHV�VFKOHFKWHQ�.�:HUWV� �6FKPHO]SODWHDX�HQWZHGHU�
]X�QLHGULJ�RGHU�]X�KRFK�JHZlKOW��VLFK�PD[LPDO�LP�]HKQWHO�3URPLOOHEHUHLFK�EHZHJW�XQG�VRPLW�NHLQHQ�
QHQQHQVZHUWHQ�(LQIOXVV�GDUVWHOOW��'LH�UHODWLYH�6WDQGDUGPHVVXQVLFKHUKHLW�GHU�7HPSHUDWXU�ZLUG�VRPLW�
HLQJHVFKlW]W�]X��
�
�

��
�� =

7
7X

�

�
�
�
1RUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW�
�
'LH� 6WDQGDUGPHVVXQVLFKHUKHLW� GHV� QRUPDOHQ� VSHNWUDOHQ� (PLVVLRQVNRHIIL]LHQWHQ� VHW]W� VLFK� DXV� GHU�
6WDQGDUGPHVVXQVLFKHUKHLW� GHU� (OHPHQWH� GHU� *HUlWHPDWUL[�� EH]LHKXQJVZHLVH� GHU�
6WDQGDUGPHVVXQVLFKHUKHLW� GHU� (OHPHQWH� GHU� LQYHUWLHUWHQ� *HUlWHPDWUL[� XQG� GHU� )RUWSIODQ]XQJ� GHU�
0HVVXQVLFKHUKHLW�EHL�GHU�%HUHFKQXQJ�GHU�6WRNHVNRPSRQHQWHQ�GHV�UHIOHNWLHUWHQ�/DVHUVWUDKOV�DXV�GHQ�
JHPHVVHQHQ� 'HWHNWRUVLJQDOHQ� ]XVDPPHQ�� /DXW� 6HLIWHU� >�@� OlVVW� VLFK� GLH� UHODWLYH�
6WDQGDUGPHVVXQVLFKHUKHLW�GHU�(PLVVLRQVNRHIIL]LHQWHQPHVVXQJ�HLQVFKlW]HQ�]X��
�
�

��
�� =

ε
εX

�

�
�

�
'UDKWPDVVH�
�
'LH�0DVVH�GHV�'UDKWHV�ZLUG�QDFK�*OHLFKXQJ��������HUUHFKQHW��'LH�'LFKWH�LVW�DXV�GHU�/LWHUDWXU�XQG�
GXUFK�GLH�+HUVWHOOHUDQJDEH�JHQDXHVWHQV�EHNDQQW�XQG�LKUH�0HVVXQVLFKHUKHLW�YHUQDFKOlVVLJEDU�JHULQJ��
'D� GHU� 'UDKW� JH]RJHQ� ZXUGH�� LVW� GLH� 0HVVXQVLFKHUKHLW� GHV� 'XUFKPHVVHUV� HEHQIDOOV� ]X�
YHUQDFKOlVVLJHQ��(LQ]LJ�GLH�/lQJHQPHVVXQJ�PLW�GHP�0HVVNDWKHWRPHWHU��DXI������PP�JHQDX��OLHIHUW�
HLQH� UHOHYDQWH� 6WDQGDUGPHVVXQVLFKHUKHLW�� 6RPLW� HUJLEW� VLFK� I�U� GLH� UHODWLYH�
6WDQGDUGPHVVXQVLFKHUKHLW�GHU�'UDKWPDVVH��
�

��
�� =

P
PX

�

�
�
�
6SH]LILVFKH�(QWKDOSLH�
�
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'LH�UHODWLYH�6WDQGDUGPHVVXQVLFKHUKHLW�GHU�VSH]LILVFKHQ�(QWKDOSLH��*OHLFKXQJ���������VHW]W�VLFK�DXV�
GHQ� UHODWLYHQ� 6WDQGDUGPHVVXQVLFKHUKHLWHQ� GHV� 6WURPV�� GHU� 6SDQQXQJ� XQG� GHU� 0DVVH� GHV� 'UDKWV�
]XVDPPHQ��:HJHQ�GHU�NXU]HQ�0HVV]HLWHQ�N|QQHQ�:lUPHYHUOXVWH�GXUFK�7HPSHUDWXUVWUDKOXQJ�XQG�
:lUPHOHLWXQJ� YHUQDFKOlVVLJW� ZHUGHQ�� 'LH� 6WDQGDUGPHVVXQVLFKHUKHLW� GHU� 6FKPHO]ZlUPH� LVW� GLH�
'LIIHUHQ]� ]ZHLHU� (QWKDOSLHZHUWH�� GDKHU� YHUGRSSHOW� VLFK� GLH� 6WDQGDUGPHVVXQVLFKHUKHLW� GHU�
(LQ]HOHUJHEQLVVH��)�U�GLH� UHODWLYH�6WDQGDUGPHVVXQVLFKHUKHLW�GHU�VSH]LILVFKHQ�(QWKDOSLH�HUJLEW�VLFK�
I�U�XQNRUUHOLHUWH�(LQJDQJVJU|�HQ�QDFK�*OHLFKXQJ��������
�
�

��
�� =

+
+X

�

�
�
�
6SH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN�
�
'LH� VSH]LILVFKH� :lUPHNDSD]LWlW� �*OHLFKXQJ� �������� LVW� PLW� GHU� 6WDQGDUGPHVVXQVLFKHUKHLW� GHU�
(QWKDOSLH� XQG� GHU� 7HPSHUDWXU� EHKDIWHW�� 'LH� UHODWLYH� VWDWLVWLVFKH� 0HVVXQVLFKHUKHLW� GHU�
$XVJOHLFKVJHUDGHQ� LP� IHVWHQ� ZLH� LP� IO�VVLJHQ� %HUHLFK� OLHJW� XQWHU� �� ��� GLH� UHODWLYH�
6WDQGDUGPHVVXQVLFKHUKHLW�QDFK�GHP�)RUWSIODQ]XQJVJHVHW]�LVW�GDJHJHQ�GLH�6XPPH�DXV�GHU�UHODWLYHQ�
6WDQGDUGPHVVXQVLFKHUKHLW� GHU� VSH]LILVFKHQ� (QWKDOSLH� XQG� GHU� UHODWLYHQ� 6WDQGDUGPHVVXQVLFKHUKHLW�
GHU� 7HPSHUDWXU�� 6RPLW� IROJW� I�U� GLH� UHODWLYH� 6WDQGDUG�PHVVXQVLFKHUKHLW� GHU� VSH]LILVFKHQ�
:lUPHNDSD]LWlW��
�
��

��
��

=
S

S

F

FX
�

�
�

'LH� UHODWLYH� 6WDQGDUGPHVVXQVLFKHUKHLW� YRQ� SF � �XQG� + �� EHL� GHU� '6&�0HVVXQJ� EHWUlJW� �� ��

�VLHKH>��@���
�
�
8QNRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
�
'HU� XQNRUULJLHUWH� VSH]LILVFKH� HOHNWULVFKH� :LGHUVWDQG� �*OHLFKXQJ� �������� LVW� PLW� GHU�
6WDQGDUGPHVVXQVLFKHUKHLW� GHU� 6WURP�� XQG� 6SDQQXQJVPHVVXQJ�� VRZLH� GHU� /lQJHQPHVVXQJ� GHU�
'UDKWSUREH� EHKDIWHW�� 6RPLW� HUJLEW� VLFK� I�U� GLH� UHODWLYH�6WDQGDUGPHVVXQVLFKHUKHLW� GHV� VSH]LILVFKHQ�
HOHNWULVFKHQ�:LGHUVWDQGV�I�U�XQNRUUHOLHUWH�(LQJDQJVJU|�HQ�QDFK�*OHLFKXQJ��������
�
�

��
��

�

� =
XQNRUU

XQNRUUX

ρ
ρ

�

�
�

.RUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
�
)�U� GHQ� NRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ� :LGHUVWDQG� �*OHLFKXQJ� �������� NRPPW� QRFK� GLH�
UHODWLYH� 0HVVXQVLFKHUKHLW� GHU� 'LFKWH� GD]X�� 'LHVH� ZLUG� I�U� =LUNRQLXP� QDFK� >��@� PLW� ���� ��
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HLQJHVFKlW]W��)�U�3ODWLQ�ZLUG�GLH�UHODWLYH�0HVVXQVLFKHUKHLW�PLW������HLQJHVFKlW]W��6RPLW�HUJLEW�VLFK�
I�U�GLH�UHODWLYH�6WDQGDUGPHVVXQVLFKHUKHLW�GHV�NRUULJLHUWHQ�VSH]LILVFKHQ�HOHNWULVFKHQ�:LGHUVWDQGV�I�U�
EHLGH�0HWDOOH��
�

��
�� =

ρ
ρX �

�
�
:lUPHOHLWIlKLJNHLW�
�
'LH� 6WDQGDUGPHVVXQVLFKHUKHLW� GHU�:lUPHOHLWIlKLJNHLW� �*OHLFKXQJ� �������� LVW� YRU� DOOHP� GXUFK� GLH�
0HVVXQVLFKHUKHLW� GHU� /RUHQW]�=DKO� / � EHVWLPPW�� GHQQ� GLH� LVW� LP� $OOJHPHLQHQ� WHPSHUDWXU�� XQG�
PDWHULDODEKlQJLJ�� 'LH� $QJDEHQ� GLHVHU� 9HUKlOWQLV]DKO� VFKZDQNHQ� LP� %HUHLFK� ]ZLVFKHQ�

�������� −− ⋅⋅⋅ .9 �XQG� �������� −− ⋅⋅⋅ .9 ��'DKHU�ZLUG�GLH�0HVVXQVLFKHUKHLW�YRQ� / �JUR�]�JLJ�PLW�
FD������HLQJHVFKlW]W��'D]X�NRPPHQ�QRFK�GLH�6WDQGDUGPHVVXQVLFKHUKHLWHQ�GHU�7HPSHUDWXU�XQG�GHV�
NRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ� :LGHUVWDQGV�� 6RPLW� HUJLEW� VLFK� I�U� GLH� UHODWLYH�
6WDQGDUGPHVVXQVLFKHUKHLW�GHU�:lUPHOHLWIlKLJNHLW�I�U�XQNRUUHOLHUWH�(LQJDQJVJU|�HQ�QDFK�*OHLFKXQJ�
�������
�

��
�� =

λ
λX

�

�
�
�
7HPSHUDWXUOHLWIlKLJNHLW�
�
'LH� 7HPSHUDWXUOHLWIlKLJNHLW� ZLUG� QDFK� *OHLFKXQJ� ������� EHUHFKQHW�� ,Q� LKUH� 6WDQGDUG�
PHVVXQVLFKHUKHLW� JHKHQ� GLH� GHU� /RUHQW]�=DKO�� GHV� XQNRUULJLHUWHQ� VSH]LILVFKHQ� HOHNWULVFKHQ�
:LGHUVWDQGV��GHU�VSH]LILVFKHQ�:lUPHNDSD]LWlW�XQG�GHU�7HPSHUDWXU�HLQ��/HW]WHUH�EHLGHQ�VLQG�QLFKW�
XQDEKlQJLJ� YRQHLQDQGHU�� 6RPLW� HUJLEW� VLFK� I�U� GLH� UHODWLYH� 6WDQGDUGPHVVXQVLFKHUKHLW� GHU�
:lUPHOHLWIlKLJNHLW�I�U�GLHVH�WHLOZHLVH�NRUUHOLHUWH�(LQJDQJVJU|�HQ��

�
��

�� =
D
DX �

�
�
�

�����=XVDPPHQIDVVXQJ�GHU�UHODWLYHQ�0HVVXQVLFKHU�
KHLWHQ�
�
,Q�7DEHOOH� ���� XQG����� ILQGHQ� VLFK�GLH� HUZHLWHUWHQ� UHODWLYHQ�0HVVXQVLFKHUKHLWHQ�� GLH� VLFK� DXV�GHQ�
6WDQGDUGPHVVXQVLFKHUKHLWHQ� GHV� YRUKHULJHQ� .DSLWHOV� GXUFK� 0XOWLSOLNDWLRQ� PLW� GHP�
(UZHLWHUXQJVIDNWRU� �=N �HUJHEHQ��
�
�
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� ��

7DEHOOH������(UZHLWHUWH�� �=N ��UHODWLYH�0HVVXQVLFKHUKHLWHQ�GHU�(LQIOXVVJU|�HQ��
�

(LQIOXVVJU|�H� 5HODWLYH�0HVVXQVLFKHUKHLW�
>�@�

6WURP� , � ��
6SDQQXQJ� �NRUU8 � ��
7HPSHUDWXU�7 � ��
QRUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW�ε � ��
0DVVH�P � ��
�
�
�
7DEHOOH������(UZHLWHUWH�� �=N ��UHODWLYH�0HVVXQVLFKHUKHLWHQ�GHU�0HVVJU|�HQ��
�

0HVVJU|�H� 5HODWLYH�0HVVXQVLFKHUKHLW�
>�@�

VSH]LILVFKH�(QWKDOSLH�+ � ��
6FKPHO]ZlUPH� +∆ � ��
VSH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN� SF � ��
XQNRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG� �XQNRRUρ � ��

�XQNRUUρ∆ � ��
NRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG� ρ � ��

ρ∆ � ���
:lUPHOHLWIlKLJNHLW�λ � ���
7HPSHUDWXUOHLWIlKLJNHLW�D � ���
�
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� ��

�

.DSLWHO���
�
=XVDPPHQIDVVXQJ�XQG�$XVEOLFN 
�
�
�����$OOJHPHLQHV�
�
'LH�LQ�ZHLWHUHU�)ROJH�YHUZHQGHWHQ�$EN�U]XQJHQ�GHU�SK\VLNDOLVFKHQ�*U|�HQ�ZHUGHQ�QRFKPDOV�
DQJHI�KUW��

�
�

ε QRUPDOHU�VSHNWUDOHU�(PLVVLRQVNRHIIL]LHQW�
7� 7HPSHUDWXU�
+� (QWKDOSLH�
FS� VSH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN�

ρXQNRUU�� XQNRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
ρ NRUULJLHUWHU�VSH]LILVFKHU�HOHNWULVFKHU�:LGHUVWDQG�
λ :lUPHOHLWIlKLJNHLW�
D� 7HPSHUDWXUOHLWIlKLJNHLW�

�
�

�
�

�����=LUNRQLXP�
�
�
'DV� ZRKO� LQWHUHVVDQWHVWH� (UJHEQLV� GLHVHU� $UEHLW� VWHOOW� GHU� 9HUODXI� GHV� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ� LQ� $EKlQJLJNHLW� YRQ� GHU� 7HPSHUDWXU� GDU� PLW� GHP�PDUNDQWHQ� 3ODWHDX� LP�
%HUHLFK�GHV�6FKPHO]SXQNWV��VLHKH�$EELOGXQJ�������'HWDLOV�GD]X�ILQGHQ�VLFK�LQ�.DSLWHO��������,Q�GHQ�
7DEHOOHQ� ���� XQG� ���� ILQGHQ� VLFK� GLH� .RHIIL]LHQWHQ� GHU� 3RO\QRPH� GHU� )RUP�

�
����� 7D7DD7\ ⋅+⋅+= � �/HDVW�6TXDUHV�)LWV�� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ�

I�U�=LUNRQLXP�LP�MHZHLOV�J�OWLJHQ�7HPSHUDWXUEHUHLFK�LQ�GHU�IHVWHQ�XQG�IO�VVLJHQ�3KDVH��7DEHOOH�����
EHLQKDOWHW� QRFK� GLH� DXV� GHQ� )LWV� H[WUDSROLHUWHQ� :HUWH� GHU� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� DP�
6FKPHO]SXQNW� ������.�� VRZLH� GHUHQ� HUZHLWHUWH� � �=N �� UHODWLYH� 0HVVXQVLFKHUKHLWHQ�� 'LH�
(UJHEQLVVH�]HLJHQ�HLQH�VHKU�JXWH�hEHUHLQVWLPPXQJ�PLW�GHQ�/LWHUDWXUZHUWHQ��
)�U�GLH�$XVZHUWXQJ�DQ�=LUNRQLXP�ZXUGH�DOV�.�)DNWRU�GHU�3HDUVRQ�6WURPPHVVVRQGH�]XVDPPHQ�PLW�
GHP� DOWHQ� ����� 6SDQQXQJVWHLOHU� GHU� :HUW� �YRU� GHU� .DOLEUDWLRQ��� 9$. ��������= � YHUZHQGHW��
1DFK�.DOLEUDWLRQ�GXUFK�3HDUVRQ�(OHFWURQLFV�HUJDE�VLFK�MHGRFK�I�U�GLHVH�.RPELQDWLRQ�HLQ�:HUW�YRQ�
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� ��

9$. ���������= � �VLHKH�7DEHOOH�������'DV�KHL�W��GDVV�GHU�YHUZHQGHWH�.�)DNWRU�XP���������]X�
KRFK�ZDU��,Q�ZHLWHUHU�)ROJH�VLQG�GLH�0HVVZHUWH�I�U�GHQ�6WURP� , ��GLH�(QWKDOSLH� + ��GLH�VSH]LILVFKH�
:lUPHNDSD]LWlW� EHL� NRQVWDQWHP� 'UXFN� SF � XQG� GLH�:lUPHOHLWIlKLJNHLW� λ � ]X� KRFK� XQG� P�VVHQ�

GDKHU� GXUFK� GHQ� )DNWRU� �������� GLYLGLHUW�ZHUGHQ��'LH�:HUWH� I�U� GHQ� XQNRUULJLHUWHQ� VSH]LILVFKHQ�
HOHNWULVFKHQ�:LGHUVWDQG� �XQNRUUρ �XQG�GHQ�NRUULJLHUWHQ�VSH]LILVFKHQ�HOHNWULVFKHQ�:LGHUVWDQG� ρ �VLQG�
GDJHJHQ� ]X� QLHGULJ� XQG� P�VVHQ� PLW� GHQVHOEHQ� )DNWRU� PXOWLSOL]LHUW� ZHUGHQ�� (LQ]LJ� GLH�
7HPSHUDWXUOHLWIlKLJNHLW�D �EHGDUI�NHLQHU�.RUUHNWXUHQ��GD�VLFK�GLH�)DNWRUHQ�JHJHQVHLWLJ�ZHJN�U]HQ���
�
�
7DEHOOH�������.RHIIL]LHQWHQ�GHU�3RO\QRPH�GHU�)RUP� �

����� 7D7DD7\ ⋅+⋅+= ��/HDVW�6TXDUHV�
)LWV�� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� I�U� =LUNRQLXP� LP� MHZHLOV� J�OWLJHQ�
7HPSHUDWXUEHUHLFK�LQ�GHU�IHVWHQ�3KDVH���
�

� (LQKHLW� D�� D�� D�� 7HPSHUDWXUEHUHLFK�
+� N-ÂNJ��� ������ ������� �� �����.�≤ Τ ≤ 2125 Κ�
FS� -ÂNJ��Â.��� ������ �� �� �����.�≤ Τ ≤ 2125 Κ�

ρXQNRUU� µΩÂP� ������� �����Â����� �� �����.�≤ Τ ≤ 2125 Κ�
ρ� µΩÂP� �������� ������Â����� ����Â����� �����.�≤ Τ ≤ 2125 Κ�
λ� :ÂP��Â.��� ������ �����Â����� ������Â����� �����.�≤ Τ ≤ 2125 Κ�
D� P�ÂV��� �����Â����� �����Â����� �� �����.�≤ Τ ≤ 2125 Κ�

�
�
�
7DEHOOH�������.RHIIL]LHQWHQ�GHU�3RO\QRPH�GHU�)RUP� �

����� 7D7DD7\ ⋅+⋅+= ��/HDVW�6TXDUHV�
)LWV�� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� I�U� =LUNRQLXP� LP� MHZHLOV� J�OWLJHQ�
7HPSHUDWXUEHUHLFK�LQ�GHU�IO�VVLJHQ�3KDVH���
�

� (LQKHLW� D�� D�� D�� 7HPSHUDWXUEHUHLFK�
ε �� ������� �������Â����� �� �����.�≤ Τ ≤ 3580 Κ�
+� N-ÂNJ��� ������� ������� �� �����.�≤ Τ ≤ 3430 Κ�
FS� -ÂNJ��Â.��� ������ �� �� �����.�≤ Τ ≤ 3430 Κ�

ρXQNRUU� µΩÂP� ������� �����Â����� �� �����.�≤ Τ ≤ 3505 Κ�
ρ� µΩÂP� �������� ������Â����� ����Â����� �����.�≤ Τ ≤ 2300 Κ�
λ� :ÂP��Â.��� ������� �����Â����� �������Â����� �����.�≤ Τ ≤ 2300 Κ�
D� P�ÂV��� �����Â����� �����Â����� �� �����.�≤ Τ ≤ 3505 Κ�

�
�
�
�
7DEHOOH� ����� � :HUWH� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� I�U� =LUNRQLXP� DP�
6FKPHO]SXQNW�������.��VRZLH�GHUHQ�HUZHLWHUWH�� �=N ��UHODWLYH�0HVVXQVLFKHUKHLWHQ��
�
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� ��

� (LQKHLW� IHVWH�3KDVH� IO�VVLJH�3KDVH� 'LIIHUHQ]�
UHODWLYH�

0HVVXQVLFKHUKHLW�
����

ε �� �� ������ �� ��
+� N-ÂNJ��� ������� ������� ������� ��
FS� -ÂNJ��Â.��� ������ ������ �� ��

ρXQNRUU� µΩÂP� ������ ������ ������ ��
ρ� µΩÂP� ������ ������ ������ ��
λ� :ÂP��Â.��� ����� ����� �� ���
D� P�ÂV��� �����Â����� �����Â����� �� ���

�
�
�
9RUVFKOlJH�I�U�ZHLWHUJHKHQGH�8QWHUVXFKXQJHQ��
�

���� 'LH� =XVDPPHQVHW]XQJ� GHU� =LUNRQLXPGUDKWSUREHQ� SU�IHQ�� (V� ZlUH� LQWHUHVVDQW�
KHUDXV]XILQGHQ�� LQ� ZLH� ZHLW� GLH� +HUVWHOOHUDQJDEHQ� PLW� GHQ� WDWVlFKOLFKHQ� 9HUKlOWQLVVHQ�
�EHUHLQVWLPPHQ� �VLHKH� 3KDVHQGLDJUDPP� =LUNRQLXP�+DIQLXP�� .DSLWHO� �������� (LQ� JUR�HU�
+DIQLXPDQWHLO� N|QQWH� HEHQIDOOV� I�U� GDV� 3ODWHDX� LP� 9HUODXI� GHV� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ� YHUDQWZRUWOLFK� VHLQ�� GD� +DIQLXP� HLQHQ� XP� IDVW� ����.� K|KHUHQ�
6FKPHO]SXQNW�EHVLW]W�DOV�=LUNRQLXP��

���� (LQ�DQGHUHV�*DV�DOV�6FKXW]JDV�DQVWHOOH�YRQ�1��YHUZHQGHQ��=LUNRQLXP�LVW�HLQ�VHKU�UHDNWLYHV�
(OHPHQW�� 6HLQH� 2EHUIOlFKH� NDQQ� EHGHFNW� VHLQ� YRQ� 2[LGHQ� XQG� 1LWULGHQ�� GLH� DXFK� GXUFK�
3ROLHUHQ�QLFKW�HQWIHUQW�ZHUGHQ�N|QQHQ��GD� VLH� VLFK�DQ�/XIW�VWlQGLJ�QHX�ELOGHQ�N|QQHQ�XQG�
6DXHUVWRII�XQG�6WLFNVWRII�EHVLW]HQ�HLQH�KRKH�/|VOLFKNHLW�LQ�GLHVHP�0HWDOO��$X�HUGHP�ZHLVW�
=LUNRQLXP�HLQH�VWDUNH�*HWWHUZLUNXQJ�DXI��,Q�>��@�ILQGHW�PDQ��GDVV�=LUNRQLXP�EHL������&����
$WRPSUR]HQW�:DVVHUVWRII�RGHU������1�DXIQHKPHQ�NDQQ��6HOEVW�EHL�0HVVXQJ�XQWHU�$UJRQ�
DOV� 6FKXW]JDV� �'6&�0HVVXQJ�� VLQG� LP� 6S�OJDV� QRFK� JHQ�JHQG� 9HUXQUHLQLJXQJHQ�
YRUKDQGHQ�XP�GLHVHQ�(IIHNW�GHXWOLFK�]X�PDFKHQ��VLHKH�.DSLWHO�������XQG���������'DKHU�ZLUG�
HV�VFKZLHULJ��HLQH�0HVVXQJ�XQWHU�JHHLJQHWHQ�6FKXW]JDVEHGLQJXQJHQ�GXUFK]XI�KUHQ��

���� (LQ�ODQJVDPHU�¶6FKXVV¶��GDV�KHL�W�HLQ�$EVFKDOWHQ�ZlKUHQG�GHV�6FKPHO]HQV�XQG�GDPLW�HLQH�
9HUOlQJHUXQJ�GHV�6FKPHO]SODWHDXV�N|QQWH�ZHLWHUH�LQWHUHVVDQWH�$XIVFKO�VVH�LQ�EH]XJ�DXI�HLQ�
¶$EEUHQQHQ¶�GHU�2EHUIOlFKH��DOVR�HLQ�$XIO|VHQ�YRQ�2EHUIOlFKHQYHUXQUHLQLJXQJHQ�EULQJHQ��

�
�
�
�
�
�
�
�
�

�����3ODWLQ�
�
,Q� GHQ� 7DEHOOHQ� ���� XQG� ���� ILQGHQ� VLFK� GLH� .RHIIL]LHQWHQ� GHU� 3RO\QRPH� GHU� )RUP�

�
����� 7D7DD7\ ⋅+⋅+= � �/HDVW�6TXDUHV�)LWV�� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ�
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� ��

I�U� 3ODWLQ� LP� MHZHLOV� J�OWLJHQ� 7HPSHUDWXUEHUHLFK� LQ� GHU� IHVWHQ� XQG� IO�VVLJHQ� 3KDVH�� 7DEHOOH� ����
EHLQKDOWHW� QRFK� GLH� DXV� GHQ� )LWV� H[WUDSROLHUWHQ� :HUWH� GHU� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� DP�
6FKPHO]SXQNW� ������.�� VRZLH� GHUHQ� HUZHLWHUWH� � �=N �� UHODWLYH� 0HVVXQVLFKHUKHLWHQ�� 1DFK�
.DOLEUDWLRQ� GHU� 3HDUVRQ�6WURPPHVVVRQGHQ� ]HLJHQ� DXFK� GLHVH� (UJHEQLVVH� HLQH� VHKU� JXWH�
hEHUHLQVWLPPXQJ�PLW�GHQ�/LWHUDWXUZHUWHQ��
�
�
7DEHOOH�������.RHIIL]LHQWHQ�GHU�3RO\QRPH�GHU�)RUP� �

����� 7D7DD7\ ⋅+⋅+= ��/HDVW�6TXDUHV�
)LWV�� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� I�U� 3ODWLQ� LP� MHZHLOV� J�OWLJHQ�
7HPSHUDWXUEHUHLFK�LQ�GHU�IHVWHQ�3KDVH���
�

� (LQKHLW� D�� D�� D�� 7HPSHUDWXUEHUHLFK�
+� N-ÂNJ��� ��������� ��������� �� �����.�≤ Τ ≤ 2042 Κ�
FS� -ÂNJ��Â.��� ������ �� �� �����.�≤ Τ ≤ 2042 Κ�

ρXQNRUU� µΩÂP� ������� ������Â����� �� �����.�≤ Τ ≤ 2042 Κ�
ρ� µΩÂP� ��������� �������Â����� �������Â����� �����.�≤ Τ ≤ 2042 Κ�
λ� :ÂP��Â.��� �������� �������Â����� ��������Â����� �����.�≤ Τ ≤ 2042 Κ�
D� P�ÂV��� �������Â����� �������Â����� ��������Â������ �����.�≤ Τ ≤ 2042 Κ�

�
�
�
7DEHOOH�������.RHIIL]LHQWHQ�GHU�3RO\QRPH�GHU�)RUP� �

����� 7D7DD7\ ⋅+⋅+= ��/HDVW�6TXDUHV�
)LWV�� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� I�U� 3ODWLQ� LP� MHZHLOV� J�OWLJHQ�
7HPSHUDWXUEHUHLFK�LQ�GHU�IO�VVLJHQ�3KDVH���
�

� (LQKHLW� D�� D�� D�� 7HPSHUDWXUEHUHLFK�
ε �� ������� ������Â����� �� �����.�≤ Τ ≤ 2735 Κ�
+� N-ÂNJ��� �������� ��������� �� �����.�≤ Τ ≤ 2830 Κ�
FS� -ÂNJ��Â.��� ������ �� �� �����.�≤ Τ ≤ 2830 Κ�

ρXQNRUU� µΩÂP� ������� ������Â����� �� �����.�≤ Τ ≤ 2830 Κ�
ρ� µΩÂP� ��������� �������Â����� �������Â����� �����.�≤ Τ ≤ 2830 Κ�
λ� :ÂP��Â.��� ��������� �������Â����� ��������Â����� �����.�≤ Τ ≤ 2830 Κ�
D� P�ÂV��� �������Â����� �������Â����� ��������Â������ �����.�≤ Τ ≤ 2830 Κ�

�
�
�
�
�
7DEHOOH� ����� � :HUWH� I�U� GLH� HUPLWWHOWHQ� WKHUPRSK\VLNDOLVFKHQ� *U|�HQ� I�U� 3ODWLQ� DP�
6FKPHO]SXQNW�������.��VRZLH�GHUHQ�HUZHLWHUWH�� �=N ��UHODWLYH�0HVVXQVLFKHUKHLWHQ��
�
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� ��

� (LQKHLW� IHVWH�3KDVH� IO�VVLJH�3KDVH� 'LIIHUHQ]�
UHODWLYH�

0HVVXQVLFKHUKHLW�
����

ε �� �� ������ �� ��
+� N-ÂNJ��� ������� ������� ������� ��
FS� -ÂNJ��Â.��� ������ ������ �� ��

ρXQNRUU� µΩÂP� ������ ������ ������ ��
ρ� µΩÂP� ������ ������ ������ ��
λ� :ÂP��Â.��� ����� ����� �� ���
D� P�ÂV��� �����Â����� �����Â����� �� ���

�
�
�
9RUVFKOlJH�I�U�ZHLWHUJHKHQGH�8QWHUVXFKXQJHQ��
�

���� 'D�GLH�HLQ]HOQHQ�0HVVNXUYHQ�GHV�QRUPDOHQ�VSHNWUDOHQ�(PLVVLRQVNRHIIL]LHQWHQ�PHKU�VWUHXHQ�
DOV� EHL� =LUNRQLXP�� HPSILHKOW� HV� VLFK�� GD� DXI� HLQ� 3ROLHUHQ� GHU� 'UDKWREHUIOlFKH� YHU]LFKWHW�
ZXUGH� �VHKU� VFK|Q� JODWWH� 2EHUIOlFKH�� VLHKH� $EELOGXQJ� ������� GXUFK� 3ROLHUHQ� PLW� HLQHP�
6FKOHLISDSLHU� GHU� .|UQXQJ� ����� GHILQLHUWHUH�� UHSURGX]LHUEDUHUH� %HGLQJXQJHQ� ]X� VFKDIIHQ��
(V�NDQQ�QlPOLFK�VHLQ��GDVV�GLH�)(/0,�$XIQDKPH�JHUDGH�HLQ�VHKU�VFK|QHV��JODWWHV�7HLOVW�FN�
GHV� 'UDKWHV� ]HLJW�� GLH� 'UDKWREHUIOlFKH� DEHU� PHKU� RGHU� PLQGHU� JU|�HUH� 6FKZDQNXQJHQ� LQ�
LKUHU�*�WH�DXIZHLVW��

���� $XIJUXQG�GHU� DXVJH]HLFKQHWHQ�hEHUHLQVWLPPXQJ�GHU�0HVVZHUWH� I�U�GLH�(QWKDOSLH�PLW� GHQ�
/LWHUDWXUZHUWHQ��YRU�DOOHP�PLW��GHQ�:HUWHQ�GHU�37%�%UDXQVFKZHLJ��VLHKH�.DSLWHO�������XQG�
$EELOGXQJ��������HPSILHKOW�HV�VLFK��3ODWLQ�DOV�5HIHUHQ]PDWHULDO�I�U�GHQ�(QWODGXQJVNUHLV�]X�
YHUZHQGHQ�� (LQH� KDOEMlKUOLFKH� .RQWUROOPHVVXQJ� N|QQWH� QlPOLFK� HYHQWXHOOH� QHX�
GD]XJHNRPPHQH�V\VWHPDWLVFKH�8QVLFKHUKHLWVTXHOOHQ�DXI]HLJHQ��

�
�
�

�
�����9HUEHVVHUXQJVYRUVFKOlJH��
�
�
$OOJHPHLQH�9HUEHVVHUXQJVYRUVFKOlJH��
�

���� 8P�]X�hEHUSU�IHQ��ZDV�GLH�0HVVNDUWH�I�U�HLQ�6LJQDO�OLHIHUW��ZlUH�HV�VLQQYROO��VLH�HLQPDO�PLW�
�9�*OHLFKVSDQQXQJ�]X�EHDXIVFKODJHQ�XQG�VR�]X�NDOLEULHUHQ��

���� 'DV�JU|�WH�3UREOHP�EHL�GHU�µV�'2$3�0HVVXQJ�LVW��GDVV�HLQIDFK�]X�ZHQLJH�0HVVSXQNWH�LP�
LQWHUHVVLHUHQGHQ��GDV�KHL�W� IO�VVLJHQ�%HUHLFK�YRUOLHJHQ��'LHVHV�3UREOHP�OlVVW�VLFK�DEHU�QXU�
GXUFK�HLQH�0HVVNDUWH�PLW�HLQHU�K|KHUHQ�$XI]HLFKQXQJVUDWH�O|VHQ��

���� (LQH�DQGHUH�0|JOLFKNHLW�ZlUH�GLJLWDOHV�0RGXOLHUHQ�GHU�0HVVVLJQDOH��
���� (V�ZlUH�DXFK�]X��EHUSU�IHQ��RE�HLQ�3ROLHUHQ�GHU�'UDKWREHUIOlFKH�LQ�/lQJVULFKWXQJ�ZLH�EHL�

=LUNRQLXP� QLFKW� HLQHQ� ZHVHQWOLFKHQ� (LQIOXVV� DXI� GHQ� QRUPDOHQ� VSHNWUDOHQ�
(PLVVLRQVNRHIIL]LHQWHQ�KDEHQ�NDQQ��



�������������������������������
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�
�
+27:,5(�9HUEHVVHUXQJVYRUVFKOlJH��
�

���� 'LH�OLQNH�0DUNHUOLQLH�YHUVFKZLQGHW�LPPHU�EHLP�HUVWHQ�0DO�QDFK�GHP�3URJUDPPVWDUW��0DQ�
PXVV�GDKHU�GHQ�$XVZHUWHSUR]HVV�QHX�VWDUWHQ��

���� ,P�µV�'2$3�$XVZHUWXQJVPRGXV�ZlUH�HV�VLQQYROO��GHQ�.�:HUW�E]Z��GLH�7P�:HUWH�DXV�GHP�
+27:,5(�$XVZHUWXQJVPRGXV� ]X� �EHUQHKPHQ�� GD� GLH� 'DWHQPHQJH� LP� µV�'2$3�
$XVZHUWXQJVPRGXV�QXU�HLQ�9LHUWHO�GHUHU� LP�+27:,5(�$XVZHUWXQJVPRGXV�EHWUlJW� �VLHKH�
.DSLWHO� ������ 'LH� ¶WHPSHUDWXUH� YLD� � PHOWLQJ� SODWHDX¶� LVW� DXIJUXQG� GHU� YLHO� JHULQJHUHQ�
'DWHQPHQJH�IHKOHUEHKDIWHWHU��GD�GLH�'DWHQ�DXV�*U�QGHQ�GHU�5HGXNWLRQ�JHPLWWHOW�ZHUGHQ��

���� (LQ�)HQVWHU�DXI�GHU�3URJUDPPREHUIOlFKH��GDV�GLH�ODXIHQGH�9HUlQGHUXQJ�GHV�.�:HUWHV�EHLP�
9HUVFKLHEHQ� GHU� 0DUNHUOLQLH� I�U� GHV� 6FKPHO]SODWHDX� LQ� (FKW]HLW� DQ]HLJW�� ZlUH� GXUFKDXV�
VLQQYROO�XQG�HLQH�HQRUPH�=HLWHUVSDUQLV�EHLP�$XVZHUWHQ��

���� (V� JHQ�JW� LP� µV�'2$3�$XVZHUWXQJVPRGXV� QLFKW�� HLQHQ� .�:HUW� HLQ]XJHEHQ�� PDQ� PXVV�
]XVlW]OLFK� QRFK� ¶WHPSHUDWXUH� YLD� �PHOWLQJ� SODWHDX¶� DXVI�KUHQ� XP�GHQ� YROOHQ�'DWHQVDW]� ]X�
HUKDOWHQ��$XFK�KLHU�ZlUH�HLQH�$QSDVVXQJ�VLQQYROO��

�
�
�
6FKOXVVEHPHUNXQJ��
�
(LQ� 9HUJOHLFK� GHU� 0HVVHUJHEQLVVH� GLHVHU� $UEHLW� PLW� :HUWHQ� DXV� GHU� /LWHUDWXU� ]HLJW�� GDVV� GDV�
3XOVKHL]H[SHULPHQW� MHW]W� QDFK� GHU� .DOLEUDWLRQ� GHU� 3HDUVRQ�6WURPPHVVVRQGHQ� ]XVDPPHQ�PLW� GHQ�
6SDQQXQJVWHLOHUQ� DXVJH]HLFKQHWH� :HUWH� OLHIHUW�� 'LH� (UJHEQLVVH� OLHJHQ� WURW]� WHLOZHLVH� JUR�HU�
HUZHLWHUWHU� � �=N �� UHODWLYHU� 0HVVXQVLFKHUKHLWHQ� VHKU� QDKH� DQ� GHQ� 9HUJOHLFKVZHUWHQ�� ZDV� LP�
6SH]LHOOHQ�I�U�GLH�:lUPHOHLWIlKLJNHLW�YRQ�=LUNRQLXP�XQG�3ODWLQ�KLHU�HUZlKQW�VHL��VLHKH�$EELOGXQJ�
�����XQG��������6RPLW�KDW�GHU�GRFK�HWZDV�NRVWVSLHOLJH�.DOLEULHUSUR]HVV� LQ�GHQ�86$�QDFKKDOWLJHQ�
(UIROJ�JH]HLJW��



��������������������������������

� ���

�

.DSLWHO���
�
/LWHUDWXUQDFKZHLV�
�
�
�
�

>�@������+RVDHXV�+���������%HVWLPPXQJ�WKHUPRSK\VLNDOLVFKHU�'DWHQ�YRQ�,QFRQHO�����LP�IHVWHQ�
XQG� IO�VVLJHQ� =XVWDQG�PLWWHOV� VWDWLVFKHU� XQG� G\QDPLVFKHU�0HWKRGHQ�� �'LSORPDUEHLW��
,QVWLWXW�I�U�([SHULPHQWDOSK\VLN��78�*UD]�

�
>�@�������.DVFKQLW]� (��� ������ %HVWLPPXQJ� WKHUPRSK\VLNDOLVFKHU� 'DWHQ� YHUVFKLHGHQHU�0HWDOOH�

EHL� RKPVFKHU� 3XOVDXIKHL]XQJ� LP� 0LNURVHNXQGHQEHUHLFK�� 'LVVHUWDWLRQ�� ,QVWLWXW� I�U�
([SHULPHQWDOSK\VLN��78�*UD]�

�
>�@������6DFKVHQKRIHU�)���������'DWD�HYDOXDWLRQ�IRU�SXOVH�KHDWLQJ�H[SHULPHQWV�FRPELQHG�ZLWK�

HPLVVLYLW\� PHDVXUHPHQWV� XVLQJ� D� GLYLVLRQ�RI�DPSOLWXGH� SKRWRSRODULPHWHU�� 'LSORPD�
7KHVLV��,QVWLWXW�I�U�([SHULPHQWDOSK\VLN��78�*UD]�



��

� ���

�
>�@� � � � � � 6HLIWHU� $��� ������ %HVWLPPXQJ� � GHV� � QRUPDOHQ� � VSHNWUDOHQ� � (PLVVLRQVNRHIIL]LHQWHQ� YRQ�

IO�VVLJHQ� SXOVJHKHL]WHQ� 0HWDOOHQ� PLWWHOV� HLQHV� VFKQHOOHQ� 3KRWRSRODULPHWHUV�� 'LVVHUWDWLRQ��
,QVWLWXW�I�U�([SHULPHQWDOSK\VLN��78�*UD]�

�
>�@����5XSUHFKWHU��-�����������(QWZLFNOXQJ��XQG��.DOLEUDWLRQ��HLQHV���6XEPLNURVHNXQGHQ�3\URPHWHUV��

'LSORPDUEHLW��,QVWLWXW�I�U�([SHULPHQWDOSK\VLN��78�*UD]�
�
>�@���$]]DP�5��0��$���������'LYLVLRQ�RI�DPSOLWXGH�SKRWRSRODULPHWHU��'2$3��IRU�WKH�VLPXOWDQHRXV�

PHDVXUHPHQW�RI�DOO�IRXU�6WRNHV�SDUDPHWHUV�RI�OLJKW��2SWLFD�$FWD��9RO��������������
�
>�@�������%RERULGLV�.���������$SSOLFDWLRQ�RI�VLQJOH�ZDYHOHQJWK�UDGLDWLRQ�WKHUPRPHWU\�DQG�KLJK�VSHHG�

ODVHU� SRODULPHWU\� WR� WKHUPRSK\VLFDO� SURSHUW\� PHDVXUHPHQWV� RQ� SXOVH�KHDWHG� PHWDOV��
'LVVHUWDWLRQ��1,67��*DLWKHUVEXUJ�XQG�,QVWLWXW�I�U�([SHULPHQWDOSK\VLN��78�*UD]�

�
>�@�����0RKU�3��-���7\ORU�%��1���������&2'$7$�5HFRPPHQGHG�9DOXHV�RI�WKH�)XQGDPHQWDO�3K\VLFDO�

&RQVWDQWV��������-RXUQDO�RI�3K\VLFDO�DQG�&KHPLFDO�5HIHUHQFH�'DWD��9RO������1R�����������
5HYLHZV�RI�0RGHUQ�3K\VLFV��9RO������1R����

�
>�@� � � � � � � &DJUDQ�&���%UXQQHU�&��� 6HLIWHU�$��� 3RWWODFKHU�*��� 6HSWHPEHU� ������2Q� WKH� OLTXLG� SKDVH�

EHKDYLRXU�RI�QRUPDO�VSHFWUDO�HPLVVLYLW\�DW�������QP�RI�VRPH�VHOHFWHG�PHWDOV��VXEPLWWHG�WR�
WKH�(&73�/RQGRQ��+LJK�7HPSHUDWXUHV���+LJK�3UHVVXUHV�

�
�
�
>��@�����%UXQQHU�&���&DJUDQ�&���6HLIWHU�$���3RWWODFKHU�*���������7KH�1RUPDO�6SHFWUDO�(PLVVLYLW\�DW�D�

:DYHOHQJWK�RI�������QP�DQG�7KHUPRSK\VLFDO�3URSHUWLHV�RI�OLTXLG�=LUFRQLXP�XS�WR�WKH�(QG�
RI�WKH�6WDEOH�/LTXLG�3KDVH��VXEPLWWHG�WR�WKH��WK�6\PSRVLXP�RQ�7HPSHUDWXUH�

�
>��@�����6HLIWHU�$���������%HVWLPPXQJ�WKHUPRSK\VLNDOLVFKHU�'DWHQ�YRQ�(LVHQ�1LFNHO�/HJLHUXQJHQ�LP�

IO�VVLJHQ� =XVWDQG� PLWWHOV� RKPVFKHU� 3XOVDXIKHL]XQJ�� � 'LSORPDUEHLW�� ,QVWLWXW� I�U�
([SHULPHQWDOSK\VLN��78�*UD]�

�
>��@�����'H�9RV�-�&���������$�1HZ�'HWHUPLQDWLRQ�RI�WKH�(PLVVLYLW\�RI�7XQJVWHQ�5LEERQ��3K\VLFD�;;�

����������������
�
>��@�����:HL�PDQWHO� &K��� +DPDQQ� &��� ������ *UXQGODJHQ� GHU� )HVWN|USHUSK\VLN�� 6SULQJHU�9HUODJ��

%HUOLQ��+HLGHOEHUJ��1HZ�<RUN�
�
>��@�����%HUJPDQQ� /��� 6FKlIHU� &��� ������ /HKUEXFK� GHU� ([SHULPHQWDOSK\VLN�� %DQG� ,,� ��  $XIODJH��

:DOWHU�GH�*UX\WHU��1HZ�<RUN�
�
>��@�����)OXFN�� +HXPDQQ�� 3HULRGHQV\VWHP� GHU� (OHPHQWH� XQWHU� %HU�FNVLFKWLJXQJ� GHU� ,83$&�

(PSIHKOXQJHQ�ELV�������:,/(<�9&+�9HUODJ�*PE+����������$XIODJH�
�
>��@�����:KLWH� *�� .��������+HDW� &DSDFLW\� RI� 7UDQVLWLRQ�0HWDOV� DW� +LJK� 7HPSHUDWXUHV�� 5HSULQWHG�

IURP�,QWHUQDWLRQDO�-RXUQDO�RI�7KHUPRSK\VLFV��9RO�����1R�������������
�
>��@� ����.RUREHQNR� 9�� 1��� 6DYYDWLPVNLL� $�� ,��� ������ 3URSHUWLHV� RI� VROLG� DQG� OLTXLG� =LUFRQLXP��

7UDQVODWHG�IURP�7HSORIL]LND�9\VRNLNK�7HPSHUDWXU��9RO������1R�������������
�



��

� ���

>��@����.RUREHQNR�9��1����6DYYDWLPVNL�$��,���6HYRVW\DQRY�.��.���������([SHULPHQWDO�LQYHVWLJDWLRQ�
RI�VROLG�DQG�OLTXLG�]LUFRQLXP��+LJK�7HPSHUDWXUHV���+LJK�3UHVVXUHV��9RO��������������

>��@� ���&H]DLUOL\DQ� $��� 5LJKLQL� )��� ������ 7KHUPRG\QDPLF� 6WXGLHV� RI� WKH� α → β  3KDVH�
7UDQVIRUPDWLRQ� LQ� =LUFRQLXP� 8VLQJ� D� 6XEVHFRQG� 3XOVH� +HDWLQJ� 7HFKQLTXH�� -RXUQDO� RI��
5HVHDUFK�RI�WKH�1DWLRQDO�%XUHDX�RI�6WDQGDUGV���$��3K\VLFV�DQG�&KHPLVWU\��9RO����$��1R�����
������

�
>��@� ���*XLOOHUPHW�$��)��� ������&ULWLFDO� HYDOXDWLRQ�RI� WKH� WKHUPRG\QDPLF�SURSHUWLHV�RI� ]LUFRQLXP��

+LJK�7HPSHUDWXUHV���+LJK�3UHVVXUHV��9RO��������������
�
>��@�����(�6�0LFURZDUH�,QF���6RIWZDUH��7$33��9HUVLRQ�������������(60LFUR#DRO�FRP�
�
>��@�����*XWPDQQ�9���+HQJJH� (��� ������$QRUJDQLVFKH�&KHPLH�� HLQH� (LQI�KUXQJ�� ��$XIODJH��9&+��

:HLQKHLP��1HZ�<RUN��%DVHO��&DPEULGJH�
�
>��@�����.ULVKQDQ�6��:HEHU� -��.��5���$QGHUVRQ�&��'��DQG�1RUGLQH�3��&���������6SHFWUDO�HPLVVLYLW\�

DQG� RSWLFDO� SURSHUWLHV� DW� QP�����=λ � IRU� OLTXLG� XUDQLXP� DQG� ]LUFRQLXP� DW� KLJK�
WHPSHUDWXUHV��-RXUQDO�RI��1XFOHDU�0DWHULDOV���������������������1RUWK�+ROODQG�

�
>��@�����.ULVKQDQ�6���1RUGLQH�3��&���������6SHFWUDO�HPLVVLYLWLHV�LQ�WKH�YLVLEOH�DQG�LQIUDUHG�RI�OLTXLG�

=U��1L��DQG�QLFNHO�EDVHG�ELQDU\�DOOR\V��-RXUQDO�RI�$SSOLHG�3K\VLFV������������������
>��@����%D\NDUD�7���+DXJH�5��+���1RUHP�1���/HH�3���0DUJUDYH�-��/���������$�5HYLHZ�RI�&RQWDLQHUOHVV�

7KHUPRSK\VLFDO� 3URSHUW\�0HDVXUHPHQWV� IRU� /LTXLG�0HWDOV� DQG�$OOR\V��+LJK�7HPSHUDWXUH�
6FLHQFH��9RO�������������

�
>��@�����0DUW\Q\XN� 0��0��� .DULPNKRG]KDHY� ,��� 7VDSNRY� 9�� ,��� ������ 5HVLVWDQFH� DQG� HQWKDOS\� RI�

UHIUDFWRU\�H[SORGLQJ�ZLUHV��6RY��3K\V��7HFK��3K\V���9RO������1R����������������
�
>��@���� 6HLIWHU� $��� 6DFKVHQKRIHU� )��� .ULVKQDQ� 6��� 3RWWODFKHU� *��� ������ 0LFURVHFRQG� /DVHU�

3RODULPHWU\� IRU� (PLVVLYLW\� 0HDVXUHPHQWV� RQ� /LTXLG� 0HWDOV� DW� +LJK� 7HPSHUDWXUHV� ��
$SSOLFDWLRQ�WR�1LRELXP��,QWHUQDWLRQDO�-RXUQDO�RI�7KHUPRSK\VLFV��9RO������1R���������������

�
>��@� � ��&DJUDQ�&��� 3RWWODFKHU�*��� ������1RUPDO� 6SHFWUDO�(PLVVLYLW\� RI� /LTXLG�&RSSHU� DQG�/LTXLG�

6LOYHU�DW�������QP��VXEPLWWHG�WR�WKH��WK�6\PSRVLXP�RQ�7HPSHUDWXUH�
�
�
>��@�����&H]DLUOL\DQ�$���5LJKLQL�)���������0HDVXUHPHQW�RI�0HOWLQJ�3RLQW��5DGLDQFH�7HPSHUDWXUH��DW�

0HOWLQJ�3RLQW���DQG�(OHFWULFDO�5HVLVWLYLW\� �DERYH������.��RI�=LUFRQLXP�E\�D�3XOVH+HDWLQJ�
0HWKRG��5HY��,QW��+WHV��7HPS��HW�5pIUDFW���9RO��������������

�
>��@���� �.ULVKQDQ�6���+DQVHQ�*��3���+DXJH�5��+���0DUJUDYH�-��/���������6SHFWUDO�(PLVVLYLWLHV�DQG�

2SWLFDO� 3URSHUWLHV� RI� (OHFWURPDJQHWLFDOO\� /HYLWDWHG� /LTXLG� 0HWDOV� DV� )XQFWLRQV� RI�
7HPSHUDWXUH�DQG�:DYHOHQJWK��+LJK�7HPSHUDWXUH�6FLHQFH��9RO������������

 
>��@� � � � � 5RQFKL� &���+LHUQDXW� -�� 3��� +\ODQG�*�� -��� ������(PLVVLYLW\� ;�3RLQWV� LQ� 6ROLG� DQG� /LTXLG�

5HIUDFWRU\�7UDQVLWLRQ�0HWDOV��0HWURORJLD��9RO��������������
�
>��@����:LOWKDQ��%���$XJXVW�������%HVWLPPXQJ�GHU�VSH]LILVFKHQ�:lUPHNDSD]LWlW�YRQ�6WRIIHQ�PLWWHOV�

G\QDPLVFKHU�'LIIHUHQ]NDORULPHWULH��'LSORPDUEHLW��,QVWLWXW�I�U�([SHULPHQWDOSK\VLN��78�*UD]�
 



��

� ���

>��@� � � � �0DUW\Q\XN�0��0��� 7VDSNRY� 9�� ,��� ������2YHUKHDWLQJ� RI� WKH� KH[DJRQDO� PRGLILFDWLRQ� RI�
=LUFRQLXP�DERYH�WKH�3RO\PRUSKLF�7UDQVLWLRQ�7HPSHUDWXUH�XQGHU�3XOVH�+HDWLQJ�&RQGLWLRQV��
6RYLHW�3K\VLFV���6ROLG�6WDWH��9RO������1R���������������

�
>��@�����0DUW\Q\XN�0��0���7VDSNRY�9��,���������7KH�5HVLVWLYLW\��(QWKDOS\�DQG�3KDVH�7UDQVLWLRQV�RI�

7LWDQLXP��=LUFRQLXP�DQG�+DIQLXP�GXULQJ�3XOVH�+HDWLQJ��5XVVLDQ�0HWDOOXUJ\������������
�
>��@�����&H]DLUOL\DQ�$���5LJKLQL�)���������6LPXOWDQHRXV�0HDVXUHPHQWV�RI�+HDW�&DSDFLW\��(OHFWULFDO�

5HVLVWLYLW\� DQG�+HPLVSKHULFDO� 7RWDO� (PLWWDQFH� E\� D� 3XOVH�+HDWLQJ� 7HFKQLTXH�� =LUFRQLXP�
�����WR������.��-RXUQDO�RI��5HVHDUFK�RI�WKH�1DWLRQDO�%XUHDX�RI�6WDQGDUGV���$��3K\VLFV�DQG�
&KHPLVWU\��9RO����$��1R�������������

 
>��@�����)LOLSSRZ� /�� 3��� ������ 8QWHUVXFKXQJ� GHU� WKHUPLVFKHQ� (LJHQVFKDIWHQ� LP� 6WRII� DQ� � � GHU��

0RVNDXHU�8QLYHUVLWlW��,QW��-��+HDW�0DVV�7UDQVIHU��9RO���������������3HUJDPRQ�3UHVV�
�
>��@�����*DWKHUV�5���������'\QDPLF�PHWKRGV�IRU�LQYHVWLJDWLQJ�WKHUPRSK\VLFDO�SURSHUWLHV�RI�PDWWHU�DW�

YHU\�KLJK�WHPSHUDWXUHV�DQG�SUHVVXUHV��5HS��3URJ��3K\V��������������
�
>��@�����*XUYLFK�/��9���9H\WV� ,��9���$OFRFN�&��%��� ������7KHUPRG\QDPLF�3URSHUWLHV� RI� ,QGLYLGXDO�

6XEVWDQFHV��)RXUWK�(GLWLRQ��9RO�������������
�
>��@���� 3DUDGLV� 3�� )��� 5KLP� :�� .��� ������ 7KHUPRSK\VLFDO� SURSHUWLHV� RI� ]LUFRQLXP� DW� KLJK�

WHPSHUDWXUH��-��0DWHU��5HV���9RO������1R���������������
�
>��@����'HVDL�3��'���-DPHV�+��0���+R�&��<���������(OHFWULFDO�5HVLVWLYLW\�RI�9DQDGLXP�DQG�=LUFRQLXP��

-��3K\V��&KHP��5HI��'DWD��9RO������1R���������������
�
>��@�����0LOOV�.��&���0RQDJKDQ�%��-���.HHQH�%��-���������7KHUPDO�&RQGXFWLYLWLHV�RI�0ROWHQ�0HWDOV��

3DUW���3XUH�0HWDOV��13/�5HSRUW�&007�$�����
�
>��@� ���,QWHUQDWLRQDO� � 1XFOHDU� � 6DIW\� � &HQWHU� � ,16&�� � 0DWHULDO� � 3URSHUWLHV� � 'DWDEDVH��

KWWS���ZZZ�LQVF�DQO�JRY�PDWSURS�]LUFRQLXP�WKBFRQ�]LUFVXPP�KWPO�
�
>��@�����$GYHQW� 5HVHDUFK� 0DWHULDOV� 3HULRGLF� 7DEOH�� KWWS���ZZZ�DGYHQW�UP�FRP��

SHULRGLFWDEOH�DVS�
�
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