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2VQDEU�FN�XQWHU�GHU�/HLWXQJ�YRQ�+HUUQ�3URI��'U��5RJHU�%ODFKQLN�GXUFKJHI�KUW�

'DWXP�GHU�$EJDEH�� ����'H]HPEHU�����

'DWXP�GHU�3U�IXQJ�� ����-DQXDU�����

%HULFKWHUVWDWWHU� 3URI��'U��5RJHU�%ODFKQLN

3URI��'U��+DQV�5HXWHU
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���� :HLWHUH�.ULVWDOOGDWHQ��������������������������������������������������������������������������������������������

������ =HOOSDUDPHWHU�GHU�JHPHVVHQHQ�.ULVWDOOHQ�����������������������������������������������

������ %HVFKUHLEXQJ�GHU�HQWVWDQGHQH�.ULVWDOOH��������������������������������������������������

*� '�����	�+�����������������������������������������������������������������������������������������$

���� 'DV�TXDVLELQlUH�6\VWHP�$J�7H�*D�7H���������������������������������������������������������������

���� 'DV�6\VWHP�=LQQ�$QWLPRQ�6HOHQ������������������������������������������������������������������������

������ .DORULPHWULH���������������������������������������������������������������������������������������������
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������ 3KDVHQJOHLFKJHZLFKWH������������������������������������������������������������������������������

������ 5HDNWLYLWlWHQ���������������������������������������������������������������������������������������������

������ &KDONRJHQLGRPHWDOODWH����������������������������������������������������������������������������

���� $XVEOLFN���������������������������������������������������������������������������������������������������������������

(� ,��	
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)�U� GLH� (QWZLFNOXQJ� GHU� 0DWHULDOZLVVHQVFKDIW� XQG� :HUNVWRIIWHFKQLN� VSLHOHQ� GLH

.HQQWQLVVH��EHU�GLH�SK\VLNDOLVFKHQ�XQG�FKHPLVFKHQ�(LJHQVFKDIWHQ�GHU�PHKUNRPSRQHQWLJHQ

6\VWHPH� HLQH�ZLFKWLJH�5ROOH��'LH� FKDONRJHQKDOWLJHQ�9HUELQGXQJHQ� JHZLQQHQ� DXIJUXQG� GHU

KDOEOHLWHQGHQ�(LJHQVFKDIWHQ�XQG�GHV�SRWHQWLHOOHQ�RSWLVFKHQ�6SHLFKHUYHUP|JHQV�I�U�WHFKQLVFKH

$QZHQGXQJHQ� ]XQHKPHQG� DQ� %HGHXWXQJ�� 6LH� N|QQHQ� DOV� 6HQVRUHQ�� 3KRWRZLGHUVWlQGH�

RSWLVFKH� 6SHLFKHU� XQG� LQ� GHU� (OHNWURRSWLN� HLQJHVHW]W� ZHUGHQ�� 'LH� $XINOlUXQJ� GHU� 3KDVHQ�

JOHLFKJHZLFKWH�ELQlUHU�XQG�WHUQlUHU�&KDONRJHQV\VWHPHQ�VLQG�I�U�GLHVHQ�)RUVFKXQJV]ZHLJ�YRQ

EHVRQGHUHP�,QWHUHVVH��'LH�$UEHLWVJUXSSH�$QRUJDQLVFKH�&KHPLH�,�GHV�,QVWLWXWV�I�U�&KHPLH�DQ

GHU�8QLYHUVLWlW�2VQDEU�FN�EHVFKlIWLJW�VLFK�LQQHUKDOE�GHU�)HVWN|USHUFKHPLH�XQWHU�DQGHUHP�PLW

GHU�$XINOlUXQJ�GHU�3KDVHQJOHLFKJHZLFKWH�YRQ�FKDONRJHQKDOWLJHQ�6\VWHPHQ�

'LH� NRQYHQWLRQHOOH� 0HWKRGH� ]XU� $XINOlUXQJ� YRQ� 3KDVHQGLDJUDPPHQ� JHKW� YRQ� GHU

$QDO\VH� HLQ]HOQHU� 3UREHQ� �EHU� GHQ� JHVDPWHQ�%HUHLFK� GHV� ]X� XQWHUVXFKHQGHQ� 6\VWHPV� DXV�

7KHUPRDQDO\WLVFKH�� U|WJHQRJUDSKLVFKH� XQG� PLNURDQDO\WLVFKH�0HVVGDWHQ� ZHUGHQ� TXDQWLWDWLY

EHVWLPPW�XQG�LQ�'DWHQEDQNHQ�JHVDPPHOW��'LH�JUDSKLVFKH�'DUVWHOOXQJ�GHU�0HVVHUJHEQLVVH�I�U

GLH�3KDVHQYHUKlOWQLVVH�HUIROJW�LQ�=XVWDQGVGLDJUDPPHQ�

'HQ� EHGHXWHQGVWHQ� %HLWUDJ� OLHIHUQ� QHEHQ� GHQ� NDORULPHWULVFKHQ� H[SHULPHQWHOOHQ� 8QWHU�

VXFKXQJHQ�GLH�YHUEUHLWHWHQ�FRPSXWHUJHVW�W]WHQ�5HFKQXQJHQ�XQWHU�(LQEH]LHKXQJ�DOOHU�WKHUPR�

G\QDPLVFK� UHOHYDQWHQ� 'DWHQ�� 'LH� 2SWLPLHUXQJ� I�U� PHKUNRPSRQHQWLJH� 6\VWHPH� EDVLHUW� DXI

$QSDVVXQJ� GHU� .RHIIL]LHQWHQ� YRQ� JHHLJQHWHQ� 0RGHOOJOHLFKXQJHQ� DQ� GLH� H[SHULPHQWHOOHQ

'DWHQVlW]H� XQWHU� 9HUZHQGXQJ� PDWKHPDWKLVFKHU� 1lKHUXQJVYHUIDKUHQ� ZLH� GLH� *DX�VFKH

0HWKRGH� GHU� )HKOHUTXDGUDWPLQLPLHUXQJ�� ,Q]ZLVFKHQ� ZXUGH� HLQH� 5HLKH� YRQ� 9HUIDKUHQ� LQ

3URJUDPPH� LQWHJULHUW�� GLH� ]XU� %HUHFKQXQJ� PHKUNRPSRQHQWLJHU� 6\VWHPH� GLHQHQ�� 'DPLW

EHVFKlIWLJHQ� VLFK� XQWHU� DQGHUHQ� GLH� 6*7(�*UXSSH� �6FLHQWLILF�*URXS�7KHUPRGDWD�(XURSH�

XQG�GLH�&DOSKDG�*UXSSH��&RPSXWHU�&RXSOLQJ�RI�3KDVH�'LDJUDPV�DQG�7KHUPRFKHPLVWU\��

5HDNWLYLWlWVXQWHUVXFKXQJHQ� GHU� LQWHUPHWDOOLVFKHQ� XQG� FKDONRJHQKDOWLJHQ� 9HUELQGXQJHQ

I�KUHQ� ]X� QHXHQ� .HQQWQLVVHQ� I�U� GLH� =XVWDQGVGLDJUDPPEHVWLPPXQJHQ�� %HL� �EOLFKHU� 9RU�
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JHKHQVZHLVH� ]XU�$XINOlUXQJ� YRQ� 3KDVHQJOHLFKJHZLFKWHQ� VLQG� GLH� EHL� QLHGULJHU� 7HPSHUDWXU

VWDELOHQ� RGHU� PHWDVWDELOHQ� 9HUELQGXQJHQ� VFKZHU� ]XJlQJOLFK�� 8P� FKDONRJHQKDOWLJH� 9HU�

ELQGXQJHQ� VFKQHOO� XQG� SKDVHQUHLQ� KHU]XVWHOOHQ�� NDQQ� GLH�PHFKDQLVFKH� 6\QWKHVH� DQJHZDQGW

ZHUGHQ�� 'LH� 5HDNWLRQVZHJH� GHU� $XVJDQJVVWRIIH� ]XP� 3URGXNW� VLQG� ELV� KHXWH� QLFKW� Y|OOLJ

JHNOlUW�� LKU� VSH]LILVFKHU� XQG� NRPSOL]LHUWHU� &KDUDNWHU� EHGDUI� YHUWLHIWHU� )RUVFKXQJ� LQ� GLHVHP

%HUHLFK��'XUFK�GLH�DXV�GHU�3UD[LV�JHZRQQHQH�(UJHEQLVVH��EHU�GLH�5HDNWLRQVYHUOlXIH� ODVVHQ

VLFK�GLHVH�6\QWKHVHQZHJH�EHVVHU�VWHXHUQ��GLH�$XVEHXWHQ�VWHLJHUQ�XQG�DXFK�EHVRQGHUV�VFKZHU

]XJlQJOLFKH�3KDVHQ�WHLOZHLVH�GLUHNW�KHUVWHOOHQ�

(LQ� DQGHUHU� $VSHNW� ]XU� 6\QWKHVH� OLHJW� DXI� GHP� *HELHW� GHU� 6WUXNWXUDQDO\VH� YRQ

&KDONRJHQLGRPHWDOODWHQ��GLH�DXV�HLQHU�NDWLRQLVFKHQ�.RPSRQHQWH�XQG�HLQHP�SRO\DQLRQLVFKHQ

7HLOJHU�VW� NRYDOHQW� JHEXQGHQHU� 9HUELQGXQJHQ� EHVWHKHQ�� 'LHVH� QDQRSRU|VH� 6WRIINODVVH� LVW

DXIJUXQG� YRQ� ,RQHQDXVWDXVFK�� XQG� .DWDO\VDWRUHLJHQVFKDIWHQ� EHNDQQW�� 'XUFK� )RUVFKXQJHQ

]XP� .ULVWDOOZDFKVWXP� XQG� (QWZLFNOXQJ� QHXHU� 0HVVWHFKQLN� ZHUGHQ� LPPHU� SRU|VHUH

6WUXNWXUHQ� HQWGHFNW�� 'HU� (LQVDW]� YRQ� 7HPSODWHQ�� ]�� %�� $ON\ODPPRQLXP��� 3KHQ\OSKRV�

SKRQLXP��RGHU�$ONDOLPHWDOONDWLRQHQ�HUP|JOLFKW�GLH�$XVELOGXQJ�YHUVFKLHGHQHU�6WUXNWXUHQ�LP

QDQRVNDOLJHQ� %HUHLFK�� 'LH� VSH]LHOOHQ� $QLRQWHLOVWUXNWXUHQ� PLW� KDOEOHLWHQGHQ� &KDONRJHQ�

LGRPHWDOODWHQ� N|QQHQ� VRZRKO� DOV� (QGRKDOEOHLWHU�� ZHOFKH� 6WUXNWXUHQ� DXV� KDOEOHLWHQGHQ

&OXVWHUQ��.HWWHQ�RGHU�6FKLFKWHQ�EHVLW]HQ��RGHU�DOV�([RKDOEOHLWHU�PLW�]HROLWKDOWLJHQ�1DQRSRUHQ

HLQH�WHFKQLVFKH�%HGHXWXQJ�ILQGHQ�
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,P�5DKPHQ�GLHVHU�$UEHLW�VROOHQ�'LIIHUHQ]�7KHUPRDQDO\VH�XQG�U|WJHQRJUDSKLVFKH�VRZLH

PLNURDQDO\WLVFKH�0HWKRGHQ� XQG�PLNURVNRSLVFKH� *HI�JHXQWHUVXFKXQJHQ� DQ� GHQ� FKDONRJHQ�

KDOWLJHQ� WHUQlUHQ� 6\VWHPHQ� 6LOEHU�*DOOLXP�7HOOXU� XQG� =LQQ�$QWLPRQ�6HOHQ� GXUFKJHI�KUW

ZHUGHQ��'LH�IROJHQGH�7DEHOOH�]HLJW�GLH�([SHULPHQWH�XQG�0HVVXQJHQ�]X�GHQ�HQWVSUHFKHQGHQ

6\VWHPHQ�

8QWHUVXFKXQJHQ� 6\VWHP�$J�*D�7H� 6\VWHP�6Q�6E�6H�

.DORULPHWULVFKH�%HVWLPPXQJ� >��5g0@ ([]H�HQWKDOSLHQ

3KDVHQGLDJUDPP�

$XINOlUXQJ�YRQ

*HKDOWVVFKQLWWHQ�

$J�7H�*D�7H�
�TXDVLELQlU�

6Q6H�6E�6H���TXDVLELQlU�

6Q6H�6E��TXDVLELQlU�

6Q6H��6E�6H�

[6H� �����

[6H� �����

5HDNWLYLWlW�  ELQlUH�XQG�WHUQlUH
9HUELQGXQJHQ

5|QWJHQRJUDSKLVFKH

(LQNULVWDOO�6WUXNWXUDQDO\VH�
.RPELQDWLRQ�GHU�0HWDOOH�PLW�&KDONRJHQHQ

'LH�8QWHUVXFKXQJHQ�LP�6\VWHP�6LOEHU�*DOOLXP�7HOOXU�ZHUGHQ�DOV�(UZHLWHUXQJ�GHU�LQ�GHU

$UEHLWVJUXSSH� GXUFKJHI�KUWHQ� NDORULPHWULVFKHQ�0HVVXQJHQ� YRQ� 5g0(50$11� >��5g0@� DXI

GLH� $XINOlUXQJ� GHV� 3KDVHQGLDJUDPPV� NRQ]HQWULHUW�� 'HU� TXDVLELQlUH� 6FKQLWW� $J�7H�*D�7H�

VROO�DXI�*UXQGODJH�GHU�YRUKDQGHQHQ�XQWHUVFKLHGOLFKHQ�$QJDEHQ�GHU�*OHLFKJHZLFKWH��EHUSU�IW

ZHUGHQ��'LH�3XEOLNDWLRQHQ�GHU�$UEHLWVJUXSSHQ�YRQ�3$/$71,.�HW�DO��>��3$/����3$/����3$/�@

XQG�.5b0(5� >��.5b@�� VRZLH� HLQHU� IUDQ]|VLVFKHQ�*UXSSH�*8,77$5'�HW� DO�� >��*8,�� ��0$=�

��*8,�� ��*8,� ��*8,@�XQWHUVFKHLGHQ� VLFK�EH]�JOLFK�GHU�(UJHEQLVVH��'DV�7HLOV\VWHP�DXI� GHU

JDOOLXPUHLFKHQ� 6HLWH� LVW� QLFKW� NRPSOHWW� DXIJHNOlUW�� =LHO� GLHVHU� 8QWHUVXFKXQJHQ� LVW� HV�� GLH

EHVWHKHQGHQ� :LGHUVSU�FKH� DXI]XNOlUHQ� XQG� PLW� +LOIH� YRQ� WKHUPRDQDO\WLVFKHQ�� U|QWJHQR�

JUDSKLVFKHQ�XQG�PLNURDQDO\WLVFKHQ�0HVVPHWKRGHQ� GLH� 3KDVHQYHUKlOWQLVVH� GHV� TXDVLELQlUHQ

6FKQLWWHV�YROOVWlQGLJ�]X�NOlUHQ�

'DV�6\VWHP�=LQQ�$QWLPRQ�6HOHQ� LVW� VHKU�NRPSOH[�� GDKHU� JHVWDOWHW� VLFK�GLH�$XINOlUXQJ

GHV� 3KDVHQGLDJUDPPV� VFKZLHULJ�� 'LH� NDORULPHWULVFKHQ� %HVWLPPXQJHQ� N|QQHQ� GDEHL� GLH

*OHLFKJHZLFKWVXQWHUVXFKXQJHQ� XQWHUVW�W]HQ��$XIJUXQG� GHU� JXWHQ�PHFKDQLVFKHQ� 3XOYHULVLHU�
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EDUNHLW� DOOHU� GUHL� (OHPHQWH� HLJQHW� VLFK� GLHVHV� 6\VWHP� DXFK� I�U� GLH� PHFKDQRFKHPLVFKH

6\QWKHVH�XQG�I�U�GLH�5HDNWLYLWlWVXQWHUVXFKXQJHQ�

'LH� TXDVLELQlUHQ� 6FKQLWWH� 6Q6H�6E�6H�� QDFK� :2%67� >��:2%@� XQG� 6Q6H�6E� QDFK

$/,'=+$129� HW� DO�� >��$/,@� VROOHQ� XQWHU� GHP� (LQEH]XJ� GHU� YRUKDQGHQHQ� 'DWHQ� �EHUSU�IW

ZHUGHQ��'DEHL�VLQG�ZHLWHUH�6FKQLWWH��6Q6H�6E�6H���6Q6H�6E��[6H� ������XQG�[6H� �������I�U�GLH

NRPSOHWWH� $XINOlUXQJ� GLHVHV� 6\VWHPV� YRQ� EHVRQGHUHU� %HGHXWXQJ�� 'LH� 3KDVHQGLDJUDPPH

VROOHQ�DQKDQG�GHU�DQDO\WLVFKHQ�0HVVHUJHEQLVVH�HUVWHOOW�ZHUGHQ�

8P� GLH� WKHUPRG\QDPLVFKHQ� (LJHQVFKDIWHQ� GLHVHV� FKDONRJHQKDOWLJHQ� 6\VWHPV� ]X

JHZLQQHQ�� VROOHQ� ([]H�HQWKDOSLHQ� �EHU� GHQ� JHVDPWHQ�.RQ]HQWUDWLRQVEHUHLFK� NDORULPHWULVFK

EHVWLPPW� ZHUGHQ�� )�U� HLQHQ� 6FKQLWW� ZLUG� ]XVlW]OLFK� LQ� 7HPSHUDWXUDEKlQJLJNHLW� JHPHVVHQ�

$QKDQG� GHU� JHZRQQHQHQ� 0HVVGDWHQ� VROOHQ� GLH� ([]H�HQWKDOSLHQ� PLW� JHHLJQHWHQ� 0RGHOOHQ

JHILWWHW�XQG�GLH�WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ�XQWHU�9HUZHQGXQJ�EHNDQQWHU�/LWHUDWXUGDWHQ

EHUHFKQHW�ZHUGHQ�

'LH�PHFKDQRFKHPLVFKH�6\QWKHVH�ELQlUHU�XQG�WHUQlUHU�9HUELQGXQJHQ�LP�HQWVSUHFKHQGHQ

6\VWHP� VROO� GXUFKJHI�KUW� XQG� GDEHL� DEODXIHQGH� 5HDNWLRQHQ� XQWHUVXFKW� ZHUGHQ�� 'DGXUFK

ODVVHQ� VLFK�5�FNVFKO�VVH� DXI�GLH�5HDNWLRQVZHJH� HLQHU� V\QWKHWLVLHUWHQ�9HUELQGXQJ� ]HLW�� XQG

WHPSHUDWXUDEKlQJLJ�DXV�XQWHUVFKLHGOLFKHU�$XVJDQJVVWRIIHQ�]LHKHQ��'LHVH�N|QQHQ�DOV�*UXQG�

ODJHQ� I�U� GDV�(UVWHOOHQ� YRQ�5HDNWLRQVGLDJUDPPHQ�GLHQHQ��GLH� LP�*HJHQVDW]� ]X� NODVVLVFKHQ

3KDVHQGLDJUDPPHQ�GLH�8QJOHLFKJHZLFKWH�LP�6\VWHP�GDUVWHOOHQ��'DU�EHU�KLQDXV�VROOWH�JH]HLJW

ZHUGHQ�� LQZLHZHLW� GLH�%HVFKDIIHQKHLW� GHV�$XVJDQJVVWRIIHV� XQG� GHU� IHVWHQ�5HDNWLRQVSDUWQHU

DXI�GLH�PHFKDQRFKHPLVFKHQ�5HDNWLRQVDEOlXIH�(LQIOX��KDW��'DGXUFK� VROOHQ� WKHUPRFKHPLVFK

VFKZLHULJ�]XJlQJOLFKH�9HUELQGXQJHQ�LP�(LQ]HOIDOO�GLUHNW�KHUJHVWHOOW�ZHUGHQ�

(LQ� ZHLWHUHU� 6FKZHUSXQNW� GLHVHU� $UEHLW� OLHJW� DXI� GLH� 6WUXNWXUDQDO\VH� GHU� &KDONRJHQ�

LGRPHWDOODWH��'LH�6\QWKHVHQ�VROOHQ�HQWVSUHFKHQG�GHU�$UEHLW�YRQ�)(+/.(5�>��)(+@�IRUWJHVHW]W

ZHUGHQ��'XUFK�9DULDWLRQ�GHU� LQ�GHQ� ]X�XQWHUVXFKHQGHQ�6\VWHPHQ�YRUNRPPHQGHQ�(OHPHQWH

ELHWHW� VLFK� GLH� 0|JOLFKNHLW� �EHU� GLH� 9HUZHQGXQJ� YHUVFKLHGHQHU� RUJDQLVFKHU� 7HPSODWH� DOV

5HDNWLRQVSDUWQHU�PLWWHOV�+\GURWKHUPDOV\QWKHVH�QHXH�6WUXNWXUHQ�]X�HQWGHFNHQ�
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=XU�(UNOlUXQJ�GHU�3KDVHQJOHLFKJHZLFKWH�HLQHV�EHWUDFKWHWHQ�6\VWHPV�ZLUG�HLQH�=XVWDQGV�

JOHLFKXQJ� DXIJHVWHOOW�� LQ� GHU� GLH� =XVWDQGVYDULDEOHQ�� ]�� %�� 7HPSHUDWXU�� 'UXFN� XQG� .RQ]HQ�

WUDWLRQ� PLWHLQDQGHU� YHUNQ�SIW� VLQG�� 'DV� *LEEVVFKH� 3KDVHQJHVHW]� �*O�� ����� EHVFKUHLEW� GLH

%H]LHKXQJ�]ZLVFKHQ�GHQ�YRUKDQGHQHQ�3KDVHQ��.RPSRQHQWHQ�XQG� GHQ�=XVWDQGVYDULDEOHQ� LQ

6\VWHPHQ�� (V� JLEW� DQ�� ZLHYLHO� =XVWDQGVYDULDEOHQ� IUHL� JHZlKOW� ZHUGHQ� N|QQHQ�� ZHQQ� GLH

$Q]DKO�GHU�3KDVHQ�XQG�.RPSRQHQWHQ�GHV�6\VWHPV�YRUJHJHEHQ�LVW��'LHVH�3KDVHQUHJHO� LVW�DOV

*UXQGODJH�EHL�GHU�3KDVHQGLDJUDPPDXINOlUXQJ�J�OWLJ�

)� )UHLKHLWVJHUDGH�GHV�*OHLFKJHZLFKWV�

3� $Q]DKO�GHU�3KDVHQ�

.� $Q]DKO�GHV�XQDEKlQJLJHQ�.RPSRQHQWHQ�GHV�6\VWHPV�

7DE�������%HLVSLHOH�]XU�$QZHQGXQJ�GHV�*LEEVVFKHQ�3KDVHQJHVHW]HV�EHL�NRQVWDQWHP�'UXFN�

*OHLFKJHZLFKW 3 . ) $UW�GHV�*OHLFKJHZLFKWV

6FKPHO]SXQNW � � � 1RQYDULDQWHV�*OHLFKJHZLFKW

/LTXLGXVOLQLH � � �
8QLYDULDQWHV�*OHLFKJHZLFKW�

7�YRUJHJHEHQ��.RQ]HQWUDWLRQ�IHVWJHOHJW

(LQSKDVLJH

6FKPHO]H
� � �

%LYDULDQWHV�*OHLFKJHZLFKW�

7�XQG�.RQ]HQWUDWLRQ�N|QQHQ�VLFK�lQGHUQ

)HVW�IO�VVLJ�

*OHLFKJHZLFKW
� � �

8QLYDULDQWHV�*OHLFKJHZLFKW�

7�HUK|KW��lQGHUQ�VLFK�GLH�.RQ]HQWUDWLRQHQ

(XWHNWLVFKHV

*OHLFKJHZLFKW
� � �

1RQYDULDQWHV�*OHLFKJHZLFKW�

IHVWJHOHJWH�.RQ]HQWUDWLRQ�LP�*OHLFKJHZLFKW

/|VOLFKNHLWVEHUHLFK � � �
8QLYDULDQWHV�*OHLFKJHZLFKW�

7�YRUJHJHEHQ��.RQ]HQWUDWLRQ�ZLUG�EHVWLPPW

,P� 3KDVHQGLDJUDPP� ZHUGHQ� GLH� ([LVWHQ]EHUHLFKH� XQG� GLH� =XVWlQGH� HLQ]HOQHU� .RP�

SRQHQWHQ� GHV� EHWUHIIHQGHQ� 6\VWHPV� DOV� )XQNWLRQ� GHU� =XVWDQGVYDULDEOHQ� GDUJHVWHOOW�� 'LH

.RQ]HQWUDWLRQHQ�� LP� 0DVVHQEUXFK� RGHU� 0ROHQEUXFK�� WUHWHQ� DOV� =XVWDQGVYDULDEOH� EHL� GHU

JUDSKLVFKHQ�'DUVWHOOXQJ�GHU�3KDVHQJOHLFKJHZLFKWH�LQ�PHKUNRPSRQHQWLJHQ�6\VWHPHQ�DXI��)�U

������*O��������������������������������������������������������������+=+ .3)
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HLQ�ELQlUHV�RGHU�TXDVLELQlUHV�6\VWHP�ZLUG�LQ�GHU�5HJHO�GLH�.RQ]HQWUDWLRQ�LQ�$EKlQJLJNHLW�GHU

7HPSHUDWXU�DXIJHWUDJHQ��)�U�HLQ�WHUQlUHV�6\VWHP�ZLUG�GDV�*LEEVVFKH�'UHLHFN�YHUZHQGHW�� LQ

GHP�GLH�0ROHQEU�FKH�GHU�GUHL�YHUVFKLHGHQHQ�6WRIIH�DOV�6HLWHQ�GDUJHVWHOOW�ZHUGHQ�

7DE�������,QYDULDQWH�*OHLFKJHZLFKWH�LP�ELQlUHQ�6\VWHP�$−%�

5HDNWLRQVW\S *OHLFKJHZLFKW 3KDVHQGLDJUDPP

HXWHNWLVFK /�=�α���β
/

α�〉 ∨ 〈 �β

HXWHNWRLG γ�=�α���β
γ

α�〉 ∨ 〈 �β

PRQRWHNWLVFK /��=�α���/�
/�

α�〉 ∨  

�/�

PRQRWHNWRLG β�=�α���γ
β

α�〉 ∨  

�γ

PHWDWHNWLVFK β�=�α���/
β

α�

 ∨  

�/

SHULWHNWLVFK α���/�=�β
α�〉 ∧  


�/

β

SHULWHNWRLG α���β�=�γ
α�〉 ∧  


�β

γ

V\QWHNWLVFK /����/��=�α
/��

 ∧  

�/�

α

������ 	��

���������	�

%HLP�6FKPHO]YRUJDQJ�ZLUG�:lUPH�YHUEUDXFKW��XP�GHQ�.ULVWDOO�YRP�)HVW]XVWDQG�LQ�GHQ

IO�VVLJHQ� =XVWDQG� ]X� �EHUI�KUHQ�� =XU� %HVFKUHLEXQJ� GLHVHV� 9RUJDQJV� ZLUG� HLQH� JHHLJQHWH

)XQNWLRQ�� GLH� IUHLH� (QWKDOSLH�*� GHILQLHUW�� $XVJHKHQG� YRQ� GHU�*LEEV�+HOPKROW]�*OHLFKXQJ

67+* ⋅−= �ZLUG�I�U�MHGH�3KDVH�GLH�IUHLH�(QWKDOSLH�LQ�$EKlQJLJNHLW�YRQ�7HPSHUDWXU��'UXFN

XQG�=XVDPPHQVHW]XQJ�IRUPXOLHUW�

'LH�*�)XQNWLRQ� EHVLW]W� NHLQHQ� SK\VLNDOLVFK� IHVWJHVHW]WHQ� 1XOOSXQNW�� GHVKDOE� ZLUG� HLQ

5HIHUHQ]]XVWDQG� �6WDEOH� (OHPHQW� 5HIHUHQFH�� I�U� GDV� UHLQH� (OHPHQW� L� LQ� GHU� 3KDVH� φ� EHL

6WDQGDUGWHPSHUDWXU�+L
6(5

��������.��GHILQLHUW��(U�EHVFKUHLEW�I�U�DOOH�EHWHLOLJWHQ�(OHPHQWH�XQG

VW|FKLRPHWULVFKH�3KDVHQ�GHQ�SK\VLNDOLVFKHQ�=XVWDQG��GHU�EHL�YRUJHIXQGHQHU�7HPSHUDWXU�XQWHU

HLQHP� %DU� 'UXFN� VWDELO� LVW�� ,P� *OHLFKJHZLFKW� KHUUVFKW� GLH� JOHLFKH� 7HPSHUDWXU� I�U� GLH

EHWHLOLJWHQ� 3KDVHQ� XQG� VRPLW� GHU� JOHLFKH� 5HIHUHQ]]XVWDQG�� 'LH� *LEEVVFKH� (QWKDOSLH� HLQHU

)HVWSKDVH�φ�LVW�GDQQ�ZLH�IROJW�]X�GHILQLHUHQ�
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'LH�'LIIHUHQ]�GHU�*LEEVFKHQ�IUHLHQ�(QWKDOSLH�∆*7�3� �∆+���7∆6�JLEW�GLH�7ULHENUDIW�HLQHV

FKHPLVFKHQ�*OHLFKJHZLFKWV�DQ��GDV�VLFK�LQ�*UDGLHQWHQ�GHV�FKHPLVFKHQ�3RWHQWLDOV�DXVGU�FNHQ

Ol�W��'LH�(UPLWWOXQJ�GHU�∆*7�3� HUIROJW�GXUFK�$QSDVVXQJ�GHU�GHILQLHUWHQ�.RHIIL]LHQWHQ�DQ�GLH

H[SHULPHQWHOOHQ�0HVVGDWHQ��GLH�DXV�.DORULPHWULH��*OHLFKJHZLFKWVEHVWLPPXQJ�XQG�=XVWDQGV�

GLDJUDPP� VWDPPHQ�� 0LVFKXQJV��� 6FKPHO]�� XQG� 8PZDQGOXQJVHQWKDOSLH�� (QWKDOSLHGLI�

IHUHQ]HQ�� VRZLH� :lUPHNDSD]LWlWHQ� N|QQHQ� DXV� GHQ� NDORULPHWULVFKHQ�0HVVXQJHQ� EHVWLPPW

ZHUGHQ��&KHPLVFKH�3RWHQWLDOH�ZHUGHQ�DXV�(0.��RGHU�'DPSIGUXFNPHVVXQJHQ��XQG�3KDVHQ�

GLDJUDPPGDWHQ� DXV� WKHUPDQDO\WLVFKHQ�� 5|QWJHQEHXJXQJV�� RGHU� PHWDOORJUDSKLVFKHQ� 9HU�

IDKUHQ�HUPLWWHOW�

������ �����������	
���������	����

7HPSHUDWXU�� XQG� 'UXFNDEKlQJLJNHLW� GHU� WKHUPRG\QDPLVFKHQ� )XQNWLRQHQ� NDQQ� PDWKH�

PDWLVFK�GXUFK�HLQH�5HLKHQHQWZLFNOXQJ�GHU�PRODUHQ�:lUPHNDSD]LWlW�FS�QDFK�.8%$6&+(:6.,

HW�DO��>��.8%@�EHVFKULHEHQ�ZHUGHQ��)�U�UHLQH�(OHPHQWH�XQG�VW|FKLRPHWULVFKH�3KDVHQ�ZLUG�GLH

*�)XQNWLRQ�QXU� WHPSHUDWXUDEKlQJLJ� DXVJHGU�FNW�� GD�GLH�'UXFNlQGHUXQJ� I�U� )HVWN|USHU� XQG

6FKPHO]H�YHUQDFKOlVVLJEDU�LVW��'LH�.RHIIL]LHQWHQ�ZHUGHQ�GXUFK�GLH�,QWHJUDWLRQVNRQVWDQWHQ�LQ

+� XQG�6� IHVWJHOHJW� XQG� HUJHEHQ� VLFK� DXV� GHP�=XVDPPHQKDQJ� �EHU� GLH� 9DULDEOH� 7� I�U� GLH

HLQ]HOQHQ�WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ�DXV�GHU�PRODUHQ�:lUPHNDSD]LWlW��'LH�'DUVWHOOXQJ

DOV� 3RWHQ]UHLKH� JLOW� GDPLW� I�U� DOOH� WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ��ZLH�(QWKDOSLH�� (QWURSLH

XQG� )UHLH� (QWKDOSLH�� 'LH�%HUHFKQXQJ� GHU� 7HPSHUDWXUDEKlQJLJNHLW� GHU� *LEEVVFKHQ� (QHUJLH

QDFK�GHU�%HVFKUHLEXQJ�Ä6*7(³��6FLHQWLILF�*URXS�7KHUPRGDWD�(XURSH��HQWVSULFKW�IROJHQGHU

)RUPHO�

∑
=

=
Q

L

6(5

L
.+7*

�

������*O��������������������������������������������������������������φ

������*O������������������������)('�OQ�&%$�� ��� +⋅+⋅+⋅+⋅⋅+⋅+=− −
777777+7*

6(5

L

φ
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7DE�������7HPSHUDWXUDEKlQJLJNHLW�GHU�WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ�DOV�3RWHQ]UHLKH�

*U|�H 3RWHQ]UHLKHQHQWZLFNOXQJ�

0RODUH�:lUPHNDSD]LWlW FS� ± & ± ' �7 ± ( ��7
��

± ) �7
��

�����

(QWKDOSLH +� $ � ± & 7 ± ' 7
��

� ( ��7 ± ) �7
��

�����

(QWURSLH 6� ± % ± & ���OQ�7�� ± ' �7 � ( ��7
��

± ) �7
��

�����

)UHLH�(QWKDOSLH *� $ � % 7 � & 7�OQ�7� � ' 7
��

� ( ��7 � ) 7
��

�����

'LH�LQ�GLHVHU�$UEHLW�YHUZHQGHWHQ�.RHIIL]LHQWHQ�GHU��*O�������VLQG�I�U�UHLQH�(OHPHQWH�DXV

HLQHU�'DWHQEDQN�',16'$/(� >��',1@� ]X� HQWQHKPHQ�� )�U� 6HOHQ�ZXUGH� GLH� YRQ�&+$1*� HW� DO�

>��&+$@� DQJHJHEHQH� %HVFKUHLEXQJ� YHUZHQGHW�� 'LH� 7HPSHUDWXUDEKlQJLJNHLW� GHU� MHZHLOLJHQ

WKHUPRG\QDPLVFKHQ� )XQNWLRQHQ� XQG� YHUZHQGHWHQ� .RHIIL]LHQWHQVlW]H� VLQG� LQ� IROJHQGHU

7DEHOOH�DXIJHOLVWHW�

7DE�������7HPSHUDWXUDEKlQJLJNHLW�GHU�.RHIIL]LHQWHQ�I�U�UHLQH�(OHPHQWH�=LQQ�XQG�$QWLPRQ�

3KDVH

3DUDPHWHU
7HPSHUDWXU��. ��7I+* 6(5

LL
=−φ

��-�PRO
��

6Q��WHWUDJ� ������7������ ±�����������������������7�±��������7�OQ�7���������������7
��

6(5
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6Q

WHWU

6Q
− ��������Â��

�
��7

�±�
�±����������Â��

±�
��7
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±�������Â��
�
��7

�±�
������������Â��

±�
��7

��

���������7������ ��������������������7�±�����������7�OQ�7��±�������������7
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�
��7

�±�
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±�
��7

��
�±��������Â��
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��7

�±�

������7������� ±����������������������7�±���������7�OQ�7�

6Q��GLDP� ������7��������� ±�����������������������7�±��������7�OQ�7��±������������7
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6(5
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6Q

GLDP

6Q
− ���������Â��

�
��7

�±�
����������Â��

±�
��7
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��
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��7

�±�
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±�
��7
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6Q��OLTXLG� ������7������ ±����������������������7�±��������7�OQ�7���������������7
��

6(5
+* 6Q

OLT
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��7

�±�
�±����������Â��

±�
��7

��
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��7
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±�
��7
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��7
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�
��7
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��7
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6(5
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6E
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6E
− �������������7

��
����������Â��

�
��7

�±�
�±����������Â��

±�
��7
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��������7������� ±������������������������7�±�������7�OQ�7�������������Â��
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��7

�±�

6E��OLTXLG� ���������7�������� �����������������������7�±������������7�OQ�7���������������7
��

6(5
+* 6E

OLT

6E − ����������Â��
�
��7

�±�
�±����������Â��

±�
��7
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�±���������Â��

±��
��7
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7DE�������7HPSHUDWXUDEKlQJLJNHLW�GHU�.RHIIL]LHQWHQ�I�U�GDV�(OHPHQW�6HOHQ�JHPl��GHU�Ã6*7(µ�

'HILQLWLRQ�

3KDVH

3DUDPHWHU
7HPSHUDWXU��. ��7I+* 6(5

LL
=−φ

��-�PRO
��

6H��KH[DJ� ���������7�������� ±����������������������7�±�������7�OQ�7��±����������7
��

6(5
+*

6H

KH[

6H
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��7
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��������7������ ±����������������������7�±�������7�OQ�7��±����������7
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'LH�NRQ]HQWUDWLRQVDEKlQJLJH�*�)XQNWLRQ�EHVWHKW�DXV�GHP�5HIHUHQ]���,GHDOPLVFKXQJ��XQG

([]H�WHLO�� ***+�7�* (LGUHI6(5

L ++=−φ �

'DEHL� EHVFKUHLEW� GHU� HUVWH� %HLWUDJ� ^ ( )�.��+�7�*[* 6(5

LL

Q

L

L

UHI
������

�

�

−⋅= ∑
=

φ `� GLH

PHFKDQLVFKH�0LVFKXQJ�PLW�GHQ�6WRIIPHQJHQDQWHLOHQ� [L� I�U�GLH� MHZHLOLJH�.RPSRQHQWH� L� EHL

JOHLFKHU�7HPSHUDWXU�ZLH�GLH�HQWVSUHFKHQGH�0LVFKSKDVH�

'HU� ]ZHLWH� 7HUP� ^ [ ]��[[��[[75*LG

����
OQOQ� ⋅+⋅⋅⋅=φ `� EHU�FNVLFKWLJW� GLH� LGHDOH

0LVFKXQJV�� RGHU� .RQILJXUDWLRQVHQWURSLH� XQG� HQWKlOW� NHLQH� .RHIIL]LHQWHQ�� GLH� DQ]XSDVVHQ

VLQG�

'HU� ([]H�WHUP� ^ ( )∑
=

+ −⋅⋅=
Q

L

L

L

(
[[[*

�

����
��.

φ `� EHLQKDOWHW� DOOH� $EZHLFKXQJHQ� YRP

LGHDOHQ� 9HUKDOWHQ�� GLH� VLFK� LQ� )RUP� HLQHU� 3RWHQ]UHLKH� .L� WHPSHUDWXUDEKlQJLJ� DXVGU�FNHQ

ODVVHQ��-HGHP�.L�LVW�HLQH�5HLKH�YRQ�PD[LPDO�VHFKV�P|JOLFKHQ�.RHIIL]LHQWHQ�ELV�)L�]XJHRUGQHW

>��/8.@�� �

L

�

L

�

LLLLL
)('OQ&%$. 777�7�77 ⋅+⋅+⋅+⋅⋅+⋅+= − �� 'LH� %HUHFKQXQJ� GHU

(QHUJLHEHLWUlJH� LP� ([]H�WHUP� NDQQ� HQWZHGHU� GXUFK� SK\VLNDOLVFKH� 0RGHOOH� RGHU� GXUFK

$SSUR[LPDWLRQVIXQNWLRQHQ�HUIROJHQ�

����$� %�&��	�����	
�������
��

'LH�*LEEVVFKH�(QHUJLH�HLQHU�VW|FKLRPHWULVFKHQ�3KDVH�$S%T�KDW�HLQHQ�]XVlW]OLFKHQ�7HUP�

GHU� DXI� HLQ� 0RO� GHU� VW|FKLRPHWULVFKHQ� )RUPHOHLQKHLW� �S� �� T� 0RO� $WRPH�� EH]RJHQ� LVW�

**+�7�* IUHI6(5

L ∆+=−φ �� 'LHVH� %HVFKUHLEXQJ� HQWKlOW� GUHL� 3DUDPHWHU� .��� .�� XQG� .��� 'LH

HUVWHQ�]ZHL�VLQG�GHU�%HLWUDJ�GHU�.RPSRQHQWHQ��.��EHVFKUHLEW�GHQ�$QWHLO�GHU�IUHLHQ�%LOGXQJV�

HQWKDOSLH�^ OLT

%%

OLT

%$%$

OLT

$$

I *\*\*\*
TSTS

��� ⋅+⋅+⋅= `�GHU�VW|FKLRPHWULVFKHQ�9HUELQGXQJ�$S%T�
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+HXWLJH� FRPSXWHUJHVW�W]WH�5HFKQXQJHQ� HUP|JOLFKHQ� HLQH� NRPSDNWH�%HKDQGOXQJ� XQWHU�

VFKLHGOLFKHU� WKHUPRG\QDPLVFKHQ� 'DWHQ�� XP� HLQH� $QDO\VH� XQDEKlQJLJHU� 0HVVGDWHQ� GXUFK�

]XI�KUHQ��'DV�9HUIDKUHQ�Ol�W�VLFK�LQ�IROJHQGH�6FKULWWH�]HUOHJHQ��9RUJHKHQ�QDFK�3(7=2:�HW�DO�

>��3(7@�

$� 0LQLPLHUXQJ�GHU�*LEEVFKHQ�(QHUJLHQ� RGHU�(LQVWHOOHQ� GHV�*OHLFK�

JHZLFKWV� GHU� YRUOLHJHQGHQ� 3KDVHQ� DOV� 9RUDXVVHW]XQJ�� ZREHL� GLH

FKHPLVFKHQ�3RWHQWLDOH�DOOHU�3KDVHQ�JOHLFK�VLQG�

%� 'HILQLWLRQ�GHU�*LEEVVFKH�(QHUJLH�HLQ]HOQHU�3KDVHQ�P|JOLFKVW�QDFK

SK\VLNDOLVFK�DEJHOHLWHWHQ�0RGHOOHQ�

&� $XIVWHOOHQ� HLQHU� PDWKHPDWLVFKHQ� $QSDVVXQJVIRUPHO� GHU� .RQ]HQ�

WUDWLRQVDEKlQJLJNHLW� I�U� GLH� $QSDVVXQJ� GHV� HPSLULVFKHQ� 9HUODXIV

GHU�0HVVNXUYHQ�

'LH�ULFKWLJH�:DKO�GHU�SK\VLNDOLVFKHQ�0RGHOOH� I�U�HLQ]HOQH�3KDVHQ�EHHLQIOX�W�GLUHNW�GLH

5HFKHQHUJHEQLVVH�� 1LFKW� PHKU� DOV� GHILQLHUWH�� DEHU� DXFK� QLFKW� ZHQLJHU� DOV� EHQ|WLJWH

.RHIIL]LHQWHQ�VROOHQ�I�U�GLH�2SWLPLHUXQJ�DQJHSD�W�ZHUGHQ�

'XUFK� 2SWLPLHUXQJ� ZHUGHQ� YHUVFKLHGHQH�0HVVZHUWH� GHU� MHZHLOLJHQ� .RHIIL]LHQWHQVlW]H

DXV� GHP� DXWRPDWLVLHUWHQ� *DX��9HUIDKUHQ� HUKDOWHQ�� GLH� GLH� %HUHFKQXQJ� GHU� JHZ�QVFKWHQ

WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ�HUP|JOLFKHQ��$XV�GHU�%HUHFKQXQJ�GHU�3KDVHQJOHLFKJHZLFKWH

HUJLEW� VLFK�GDV�=XVWDQGVGLDJUDPP�I�U� GDV� EHWUHIIHQGH�6\VWHP��'DGXUFK�ZLUG� HLQ�9HUJOHLFK

GHU� EHUHFKQHWHQ� )XQNWLRQHQ� GHV� =XVWDQGVGLDJUDPPV� PLW� GHQ� H[SHULPHQWHOOHQ� :HUWHQ

P|JOLFK��'LH� NRPSDNWH� )RUP� GHU� WKHUPRG\QDPLVFKHQ� )XQNWLRQHQ� XQG� .RHIIL]LHQWHQVlW]HQ

HLJQHW�VLFK�HLQHUVHLWV�I�U�GLH�6SHLFKHUXQJ�LQ�'DWHQEDQNHQ�XQG�DQGHUHUVHLWV�I�U�GLH�%HKDQGOXQJ

K|KHUNRPSRQHQWLJHU� 6\VWHPH�� GD� KlXILJ� GXUFK� ([WUDSRODWLRQ� GLH�5DQGV\VWHPHQ� �EHUEU�FNW

ZHUGHQ�N|QQHQ�

������ �

�"	��������

'DV� YRQ� 6200(5� >��620��� ��620�@� EHVFKULHEHQH� $VVR]LDWPRGHOO� EHUXKW� DXI� GHU

$QQDKPH� GHV� 9RUOLHJHQV� YRQ� $VVR]LDWHQ� PLW� 1DKRUGQXQJ� LQ� GHU� 6FKPHO]H�� ZREHL� GLH
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%LOGXQJ� GHV� $VVR]LDWV� PLW� GHP� 0DVVHQZLUNXQJVJHVHW]� EHVFKULHEHQ� ZHUGHQ� NDQQ�� 'LH

PDWKHPDWLVFKHQ� $EOHLWXQJHQ� I�U� GLH� *OHLFKJHZLFKWVNRQVWDQWHQ� GHU� $VVR]LDWH� N|QQHQ� GHQ

3XEOLNDWLRQHQ�>��620�����620�@� HQWQRPPHQ�ZHUGHQ��ZDV� ]X� IROJHQGHP�$XVGUXFN� I�U�GLH

*LEEV�(QHUJLH�GHU�6FKPHO]H�I�KUW�

'DV� $VVR]LDWPRGHOO� HLJQHW� VLFK� LQVEHVRQGHUH� ]XU� $QDO\VH� GHU� .RQ]HQWUDWLRQV�� XQG

7HPSHUDWXUDEKlQJLJNHLWHQ�WKHUPRG\QDPLVFKHU�)XQNWLRQHQ�I�U�GLH�ELQlUHQ�6\VWHPH��GLH�HLQH

GHXWOLFKH�$EZHLFKXQJ�YRP�UHJXOlUHQ�9HUKDOWHQ�DXIZHLVHQ��(V�HUJLEW�VLFK�LQ�$EKlQJLJNHLW�GHU

=XVDPPHQVHW]XQJ� LQ� )ROJH� GHU� $VVR]LDWELOGXQJ� HLQ� FKDUDNWHULVWLVFKHU�� H[RWKHUPHU� 9HUODXI

GHU� 0LVFKXQJVHQWKDOSLHQ� PLW� HLQHP� 0LQLPXP�� GHVVHQ� /DJH� GHU� =XVDPPHQVHW]XQJ� HLQHV

$VVR]LDWV�HQWVSULFKW�

'LH�YRQ�/8.$6�HW�DO��>��/8.@�YHUZHQGHWH�%HVFKUHLEXQJ�EHLQKDOWHW�GLH�0|JOLFKNHLW�]XU

%HU�FNVLFKWLJXQJ� ]XVlW]OLFKHU� 3DUDPHWHU� XQG� .RHIIL]LHQWHQ� ]XU� %HUHFKQXQJ� GHU� .RQ]HQ�

WUDWLRQV��XQG�7HPSHUDWXUDEKlQJLJNHLW�GHU�*LEEVVFKHQ�(QHUJLH��'LH�7HPSHUDWXUDEKlQJLJNHLW

ZLUG�GDEHL� LQ�)RUP�YRQ�*OHLFKXQJ� ������GDUJHVWHOOW��'DEHL�JLOW� I�U�GLH� HLQ]HOQHQ�3DUDPHWHU

JHPl��GHU�/LWHUDWXU�>��620�����620�@�

;��<� 6WHOOHQ�GLH�MHZHLOLJHQ�ZHFKVHOZLUNHQGHQ�6SH]LHV��GDV

$VVR]LDW�$S%T�XQG�GLH�IUHLHQ�$WRPH�$�XQG�%�GDU�

'LH� )RUPDOLVPHQ� GHU� DQDO\WLVFKHQ� %HVFKUHLEXQJHQ� YRQ� /8.$6� HW� DO�� >��/8.@� XQG

6200(5� >��620��� ��620�@� XQWHUVFKHLGHQ� VLFK� KLQVLFKWOLFK� GHU� 'DUVWHOOXQJ� GHU� HLQ]HOQHQ

3DUDPHWHU��'LH� DQDORJHQ�%H]HLFKQXQJHQ�GHU�EHLGHQ� NRPSDWLEOHQ�%HVFKUHLEXQJVZHLVHQ� VLQG

LQ�IROJHQGHU�7DEHOOH�JHJHQ�EHUJHVWHOOW�

7DE�������%H]HLFKQXQJ�GHU�3DUDPHWHU�GHV�$VVR]LDWPRGHOOV�QDFK�/8.$6�HW�DO��>��/8.@�XQG

6200(5�>��620�����620�@�

3DUDPHWHU /8.$6�HW�DO��>��/8.@ 6200(5�>��620�����620�@
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'DV�$VVR]LDWPRGHOO�JLOW�XQWHU�%HU�FNVLFKWLJXQJ�GHU�:HFKVHOZLUNXQJVSDUDPHWHU�DXFK�I�U

%HUHFKQXQJ�GHU� WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ� LQ� WHUQlUHQ�6\VWHPHQ��'LH�)RUPXOLHUXQJHQ

GHU�$QZHQGXQJ�VLQG�LQ�6&+/,(3(5�>��6&+@�XQG�5g0(50$11�>��5g0@�EHVFKULHEHQ�

������ .����(����	���	������#�������
��

=XU� %HUHFKQXQJ� GHU� WKHUPRG\QDPLVFKHQ� )XQNWLRQHQ� WHUQlUHU� 3KDVHQ� DXV� GHQ� ]XJH�

K|ULJHQ� ELQlUHQ� 5DQGV\VWHPHQ� VWHKHQ� HLQH� *UXSSH� YRQ� ([WUDSRODWLRQVIRUPHOQ� QDFK� 7223

>��722@� XQG� QDFK� %211,(5� >��%21@� ]XU� 9HUI�JXQJ�� 'LHVH� HLJQHQ� VLFK� LQVEHVRQGHUH� I�U

VROFKH� WHUQlUHQ�6\VWHPHQ��EHL�GHQHQ�VLFK�GLH�FKDONRJHQKDOWLJHQ�5DQGV\VWHPH�XQWHUHLQDQGHU

ZHVHQWOLFK� lKQOLFKHU� YHUKDOWHQ� DOV� JHJHQ�EHU�GHP� UHLQ�PHWDOOLVFKHQ�5DQGV\VWHP��0LW�+LOIH

GHV� 3URJUDPPV� Ã7(5**6µ� >��/8.@� ZHUGHQ� GLH� )XQNWLRQHQ� DQ� GLH� H[SHULPHQWHOOHQ�:HUWH

DQJHSD�W�� )�U� GLH� $QSDVVXQJ� GHU� WKHUPRG\QDPLVFKHQ� )XQNWLRQHQ� PLW� GHQ� QRWZHQGLJHQ

WHUQlUHQ� 0RGHOOSDUDPHWHUQ� DQ� GLH� H[SHULPHQWHOOHQ� :HUWH� LVW� HLQH� DXIZHQGLJH� QXPHULVFKH

,WHUDWLRQ�LQ�GLH�6RIWZDUH�LQWHJULHUW�

���� � %�-�����

7DE�������'LH�YHUZHQGHWHQ�&RPSXWHU�3URJUDPPH�

3URJUDPP .XU]EHVFKUHLEXQJ 5HIHUHQ]

0(:( 0HVVZHUWDXIQDKPH�XQG��DXVZHUWXQJ�I�U�GLH�0LVFKXQJV�
NDORULPHWULH

>��6&+@

5$, 8PUHFKQXQJ�GHU�0HVVHUJHEQLVVH�DXV�Ã0(:(µ�LQ�WHUQlUH
([]H�HQWKDOSLHQ

>��6&+@

%,1*66 $QSDVVXQJ�XQG�2SWLPLHUXQJ�GHU�.RHIIL]LHQWHQ�XQG
0RGHOOSDUDPHWHU�LQ�ELQlUHQ�6\VWHPHQ

>��/8.����/8.@

%,1).7 %HUHFKQXQJ�GHU�=XVWDQGVGLDJUDPPHQ�XQG�WKHUPR�
G\QDPLVFKHQ�)XQNWLRQHQ�LQ�ELQlUHQ�6\VWHPHQ

>��/8.����/8.@

),77(5$6 $QSDVVXQJ�WHUQlUHU�:HFKVHOZLUNXQJVSDUDPHWHU�DQ
H[SHULPHQWHOOH�([]H�HQWKDOSLHQ

>��6&+@

&$/7(5$6 %HUHFKQXQJ�WKHUPRG\QDPLVFKHU�)XQNWLRQHQ�LQ�ELQlUHQ
XQG�WHUQlUHQ�6\VWHPHQ

>��6&+@
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���� /������������
��&�(�������	����

,Q�0HKUSKDVHQV\VWHPHQ� ILQGHQ� QDFK�6&+8/=� >��6&+@� KHWHURJHQH� )HVWN|USHUUHDNWLRQHQ

PHLVWHQV� �EHU� 7UDQVSRUWYRUJlQJH� GXUFK� 'LIIXVLRQ� VWDWW�� 'LH� 3URGXNWH� HQWVWHKHQ� GXUFK

'LIIXVLRQ�HLQHU�RGHU�PHKUHUHU�(GXNWH��EHU�GLH�3KDVHQJUHQ]IOlFKHQ�GHV�5HDNWLRQVJHPLVFKHV�

'DEHL� VSLHOHQ� GLH� SKDVHQJUHQ]HQNRQWUROOLHUWHQ� 5HDNWLRQHQ� HLQH� HQWVFKHLGHQGH� 5ROOH�� 'LHVH

5HDNWLRQHQ� ODVVHQ� VLFK� GXUFK� OLQHDUHV� :DFKVWXP� GHU� 3URGXNWVFKLFKW� NHQQ]HLFKQHQ�� 'LH

3KDVHQJUHQ]IOlFKHQ�� GLH� HLQH� JHULQJH� $XVGHKQXQJ� EHVLW]W�� HQWKDOWHQ� HLQHQ� JUR�HQ� WKHUPR�

G\QDPLVFKHQ�3RWHQ]LDOJUDGLHQWHQ��ZRGXUFK�XQWHU�EHVWLPPWHQ�%HGLQJXQJHQ�PDNURVNRSLVFKHU

7UDQVSRUW� VWDWWILQGHQ� NDQQ�� 'D� GLHVH� *UDGLHQWHQ� QLFKW� VR� VFKQHOO� ZLH� GLH� 'UXFN�� XQG

7HPSHUDWXUJUDGLHQWHQ�DXVJHJOLFKHQ�ZHUGHQ��VWHKW�HLQ�)HVWN|USHU�KlXILJ�PLW�GHU�XQPLWWHOEDUHQ

8PJHEXQJ�LP�SDUWLHOOHQ�*OHLFKJHZLFKW�

$OOH� 5HDNWLRQHQ� LP� )HVWN|USHUQ� VLQG� HLQH� )ROJH� YRQ� .ULVWDOOEDXIHKOHUQ�� 'LH� GUHL

P|JOLFKHQ� 3XQNWGHIHNWH� VLQG� GLH� )HKOVWHOOH�� GHU� =ZLVFKHQJLWWHUSODW]� XQG� )UHPGDWRPH�� 'LH

K|KHUGLPHQVLRQDOHQ�*LWWHUIHKOHU��ZLH�OLQHDUH�9HUVHW]XQJHQ�XQG�*UHQ]IOlFKHQYHUVFKLHEXQJHQ

N|QQHQ�HEHQVR�ZLH�GLH�3XQNWIHKOHU�GDV�:DFKVWXP�HLQHV�.ULVWDOOV�YHUXUVDFKHQ�XQG�IRUWVHW]HQ�

'LH�*LWWHUIHKOHU��VRZLH�GLH�.RUQJUHQ]HQ��3KDVHQJUHQ]HQ�XQG�2EHUIOlFKHQ�EHHLQIOXVVHQ�GLUHNW

GLH� 'LIIXVLRQHQ� LQ� HLQHP� LQKRPRJHQHQ� (LQSKDVHQV\VWHP� XQG� GDPLW� DXFK� GHQ� 7UDQVSRUW

LQQHUKDOE� GHV� )HVWN|USHUV�� 'LH� 'LIIXVLRQVJHVFKZLQGLJNHLW� VWHLJW� PLW� GHU� 'LPHQVLRQ� GHU

)HKOHU��DOVR�YRQ�3XQNWIHKOHUQ��EHU�/LQLHQIHKOHU�ELV�]X�)OlFKHQIHKOHUQ�

'LH� 3DUWLNHOJU|�H�� *HRPHWULH� GHU� 3DUWLNHO�� .RUQJU|�HQYHUWHLOXQJ� XQG� .RQWDNWIOlFKHQ

KDEHQ� XQWHU� DQGHUHP� (LQIOX�� DXI� GLH� 3XOYHUUHDNWLRQHQ� LP� *HJHQVDW]� ]X� GHQ� NRPSDNWHQ

)HVWN|USHUUHDNWLRQHQ��'LHVH�3DUDPHWHU�N|QQHQ�]X�bQGHUXQJHQ�GHU�3KDVHQJUHQ]HQIOlFKHQ��GHU

5HDNWLRQVHQWKDOSLH�XQG� GHV�:lUPHWUDQVSRUWV� I�KUHQ��'LH� 3XOYHUUHDNWLRQHQ� YHUODXIHQ� LQ�GHU

5HJHO�QLFKW�XQWHU� LVRWKHUPHQ�5HDNWLRQVEHGLQJXQJHQ�XQG�N|QQHQ� VLFK� HYHQWXHOO� GXUFK� HLQHQ

7UDQVSRUW��EHU�GLH�*DVSKDVH�RGHU�HLQH�'LIIXVLRQ�LQ�GHQ�*UHQ]IOlFKHQ�HUJHEHQ��%HL�QLHGULJHU

7HPSHUDWXU� ZLUG� GLH� 3XOYHUUHDNWLRQ� YRP�1LFKWJOHLFKJHZLFKW� GHU� $XVJDQJVVWRIIH� EHVWLPPW

XQG�]X�%HJLQQ�GHU�5HDNWLRQ�YRQ�3KDVHQJUHQ]IOlFKHQ�NRQWUROOLHUW�

'LH�PHFKDQRFKHPLVFKH�6\QWKHVH� HUP|JOLFKW�KHWHURJHQH�)HVWN|USHUUHDNWLRQHQ�]ZLVFKHQ

SXOYHUI|UPLJHQ�.RPSRQHQWHQ�GXUFK�=XIXKU� YRQ�PHFKDQLVFKHU�(QHUJLH� EHLP�0DKOYRUJDQJ�

:lKUHQG� GHV� 0DKOSUR]HVVHV� WUHWHQ� LQ� GHQ� $XVJDQJVSXOYHUQ� HUVW� HODVWLVFKH� XQG� GDQQ

SODVWLVFKH� 9HUIRUPXQJHQ� DXI� XQG� VHW]HQ� VLFK� PLW� GHP� =HUNOHLQHUQ� XQG� GHU� %LOGXQJ� YRQ

5LVVHQ�IRUW��'LH�]XJHI�KUWH�PHFKDQLVFKH�(QHUJLH�I�KUW�DOV�2EHUIOlFKHQHQHUJLH�]X�7HPSHUDWXU�

lQGHUXQJHQ�� ZDV� 3KDVHQXPZDQGOXQJHQ� XQG� %LOGXQJ� PHWDVWDELOHU� =XVWlQGH� E]Z�� 3KDVHQ
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EHZLUNW��'DEHL�SURILWLHUW�GLH�'LIIXVLRQ�LP�)HVWN|USHU�YRQ�GHU�9HUVFKLHEXQJ�GHU�*LWWHUIHKOHU

XQG� YRQ� GHQ� LPPHU� NOHLQHU� ZHUGHQGHQ� .RUQJU|�HQ�� 'LH� =XVDPPHQVHW]XQJ�� 6WUXNWXU� XQG

(LJHQVFKDIWHQ�GHU�3URGXNWH�KlQJHQ�QDFK�6&+8/=�>��6&+@�YRQ�0DKOGDXHU��%HVFKDIIHQKHLW�GHV

0DKOJHIl�HV�� .XJHOPDVVH�� )�OOJUDGH� LP� 0DKOEHFKHU�� 'UHK]DKOYHUKlOWQLV� XQG� 5RWDWLRQV�

JHVFKZLQGLJNHLW�GHV�0DKOHQV�DE�
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7DE�������'LH�YHUZHQGHWHQ�6XEVWDQ]HQ�

&KHPLNDOLHQ +HUNXQIW )RUP 5HLQKHLW %HPHUNXQJ

$QWLPRQ $%&5 6FKURW����PP �������

%OHL 3UHXVVDJ 6W�FNH �������

*DOOLXP 9$:

,QJDO�6WDGH

6W�FNH ������

*DOOLXP�

SKRVSKLG

&HUDF 6W�FNH �������

,QGLXP 3UHXVVDJ 6W�FNH �������

6FKZHIHO 5LHGHO 3XOYHU ����� 6XEOLPLHUW�

XPNULVWDOOLVLHUW

6HOHQ +HUDHXV *UDQXODW����PP ������� 5����������

6�������������

JLIWLJ

6LOEHU &KHPSXU

6WUHP�&KHPLFDOV

3XOYHU

1DGHOQ

�����

�������

��������PLFURQ

6LOLFLXP 6FKXFKDUGW .RUQJU|�H

≤������PP

��±���

6L2� 6WUHP�&KHPLFDOV 3XOYHU �������

7HOOXU $%&5 6W�FNH ������� JLIWLJ

=LQQ &KHPSXU

&KHPSXU

6WUHP�&KHPLFDOV

*UDQXODW����PP

*UDQXODW����PP

3XOYHU

������

�������

�������
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���� �
�����
	������


������ �������
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�����

,Q� HLQHU�(LJHQEDX�$SSDUDWXU�QDFK�*$7+(5� >��*$7@�ZXUGH� GLH�'LIIHUHQ]WKHUPRDQDO\VH

GXUFKJHI�KUW�� 'LH� EHL� $XIWULWW� HLQHV� :lUPHHIIHNWV� UHVXOWLHUWH� 7HPSHUDWXUGLIIHUHQ]� ∆7

]ZLVFKHQ� GHU� 3UREH� XQG� 5HIHUHQ]� EHZLUNWH� HLQH� 6SDQQXQJVlQGHUXQJ� GHU� ]ZHL� 1L�&U�1L�

7KHUPRHOHPHQWH�� 'HUHQ� HOHNWULVFKH� 6LJQDOH� ZXUGHQ� PLW� HLQHP� 9LHUNDQDOVFKUHLEHU� GHU� )D�

/DXPDQQ��0RGHOO�6HUYRNDVV����� UHJLVWULHUW��=XU�5HJHOXQJ�GHV�2IHQV�ZXUGH� HLQ�3,'�5HJOHU

GHU�)D��1RYRFRQWURO��0RGHOO�1HZWURQLF�0LFUR����73��HLQJHVHW]W�

(YDNXLHUWH�4XDU]JODVDPSXOOHQ� �Φ$X�HQ�  � ��PP��:DQGVWlUNH� ����PP��/lQJH� FD�� �� FP�

ZXUGHQ�DOV�3UREHQEHKlOWHU�JHZlKOW��'LH� IHLQ�JHP|UVHUWH�3UREHQPDVVH�EHWUXJ� ]ZLVFKHQ����

XQG�����PJ��$OV�5HIHUHQ]�GLHQWH�HLQH�PLW�6LOLFLXP�JHI�OOWH��LGHQWLVFKH�4XDU]JODVDPSXOOH��$OV

$XIKHL]��XQG�$EN�KOJHVFKZLQGLJNHLW�ZXUGHQ����.�PLQ�XQG�DOV�(QGWHPSHUDWXU�ZXUGH�XP�FD�

���.��EHU�GHP�6FKPHO]SXQNW�GHU�3UREHQ�OLHJHQGH�7HPSHUDWXU�HLQJHVWHOOW�

'LH�JUDSKLVFKH�$XVZHUWXQJ�GHU�'7$�.XUYHQ��$EE�������HUIROJWH�LP�$OOJHPHLQHQ�DQKDQG

GHU� $XIKHL]NXUYH�� 'LH� %HUHFKQXQJ� GHU� 7KHUPRHIIHNWH� ZXUGH� XQWHU� %HU�FNVLFKWLJXQJ� GHU

.DOLEULHUJHUDGHQ�GHV�2IHQV�XQG�GHV�6FKUHLEHUYHUVDW]HV�DXV�GHQ�DXIJH]HLFKQHWHQ�6SDQQXQJHQ

YRUJHQRPPHQ��'LH�.DOLEULHUXQJ�GLHVHU�$SSDUDWXU�ZXUGH��EHU�GLH�6FKPHO]SXQNWEHVWLPPXQJ

GHU�UHLQHQ�(OHPHQWHQ�*DOOLXP��,QGLXP��%OHL��$QWLPRQ�XQG�6LOEHU�JHJHQ�6LOLFLXP�DOV�5HIHUHQ]

QDFK� 0h//(5� >��0h/@� GXUFKJHI�KUW�� 'LH� 8PUHFKQXQJVJOHLFKXQJHQ� NRQQWHQ� �EHU� GLH

HUPLWWHOWHQ�5HJUHVVLRQVJHUDGHQ�HUVWHOOW�ZHUGHQ�
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$EE�������$XVZHUWXQJ�YRQ�'7$�3HDNV�

D� 6FKPHO]SHDN�GHU�3UREH�������$W���*D

E� $EN�KOXQJVSHDN�GHU�3UREH�������$W���*D

F� $EN�KOXQJVSHDN�GHU�3UREH�������$W���*D

G� 6FKPHO]SHDN�GHU�3UREH������$W���*D

������ � �!"����
��


,Q�HLQHP�'LIIHUHQWLDO�6FDQQLQJ�&DORULPHWHU�GHU�)D��1HW]VFK��0RGHOO�����&�FHOO�3HJDVXV

ZXUGH�ZHLWHUH� WKHUPRDQDO\WLVFKH�%HVWLPPXQJHQ�PLW� XQWHUVFKLHGOLFKHQ�$XIKHL]UDWHQ� GXUFK�

JHI�KUW��,P�*HJHQVDW]�]XP�'7$�*HUlW�ZXUGHQ�KLHUI�U�&KURPHO�.RQVWDQWDQ�7KHUPRHOHPHQWH

HLQJHVHW]W�� 'LH� 3UREHDPSXOOHQ� �Φ$X�HQ�  � ����PP��:DQGVWlUNH� ����PP�� /lQJH� FD�� ���� FP�

ZXUGHQ� LQ� IHXFKWHQ� =HOOVWRII� HLQJHZLFNHOW�� PLW� IO�VVLJHP� 6WLFNVWRII� HLQJHIURUHQ� XQG� XQWHU

ODXIHQGHU� (YDNXLHUSXPSH� DEJHVFKPRO]HQ�� 'LH� .DOLEULHUXQJ� HUIROJWH� DQDORJ� GHU� '7$�

0HVVXQJ�PLW�*DOOLXP�� ,QGLXP��=LQQ��%OHL��=LQN�XQG�$QWLPRQ�JHJHQ�HLQH� OHHUH�$PSXOOH�DOV

5HIHUHQ]�� 'LH� 0HVVNXUYH� ZXUGH�� ZLH� GLH� '7$�.XUYH�� PLW� +LOIH� GHU� 1HWVFK�&RPSXWHU�

VRIWZDUH�DXVJHZHUWHW�

ϑ��&

8�P9

D

ϑ
� ϑ ��&ϑ

�
ϑ
�

8�P9

E

ϑ ��&ϑ
�

ϑ
�

8�P9

F

ϑ��&ϑ
�

8�P9

G
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������ ������	�����

'DV� 'LODWRPHWHU� GHU� )D�� %lKU�*HUlWHEDX� *PE+� GLHQWH� ]XU� 0HVVXQJ� GHU� OLQHDUHQ

WKHUPLVFKHQ�$XVGHKQXQJ�HLQHU�VWDEI|UPLJHQ�3UREH�LQ�$EKlQJLJNHLW�GHU�7HPSHUDWXU��,Q�HLQHP

2IHQ��EHUWUXJ� HLQH�PLW�GHU�3UREHQDXIODJH�YHUEXQGHQH�6FKXEVWDQJH�DXV�$OXPLQLXPR[LG�GLH

WKHUPLVFKH� $XVGHKQXQJ�� 'LH� /lQJHQlQGHUXQJ� EHLP� $XIKHL]HQ� ZXUGH� PLW� HLQHP� DXI� GHU

DQGHUHQ� 6HLWH� GHU� 6FKXEVWDQJH� EHIHVWLJWHQ� :HJDXIQHKPHU� JHPHVVHQ�� $XIODJH� XQG� 6FKXE�

VWDQJH� GHKQWHQ� VLFK� DXIJUXQG� GHVVHOEHQ� 0DWHULDOV� JOHLFKDUWLJ� DXV�� VR� GDVV� GLH� WKHUPLVFKH

bQGHUXQJ� GHU� 3UREH� PLW� +LOIH� GHU� EHNDQQWHQ� $XVGHKQXQJ� GHV� $OXPLQLXPR[LGV� EHVWLPPW

ZHUGHQ�NRQQWH�

����#� $%
���
�����������"����
��


=XU� TXDOLWDWLYHQ� 5|QWJHQXQWHUVXFKXQJ� EHL� 5DXPWHPSHUDWXU� GLHQWH� HUVWHQV� I�U� GLH

'LIIUDNWRJUDPPDXIQDKPH� HLQ� 7UDQVPLVVLRQV�3XOYHUGLIIUDNWRPHWHU� GHU� )D�� 6WRH� 	� &,(�

0RGHOO� 67$',�3�����PLW� HLQHP�5|QWJHQJHQHUDWRU� YRP�7\S� ,VR�'HE\HIOH[� ������ =ZHLWHQV

ZXUGH� I�U� GLH� )LOPDXIQDKPHQ� HLQ� 3XOYHUGLIIUDNWRPHWHU� GHU� )D�� +XEHU�� 9HUWLFDO� *XLQLHU

&DPHUD�����PLW�5|QWJHQJHQHUDWRUW\S�,VR�'HE\HIOH[������YHUZHQGHW��,Q�EHLGHQ�)lOOHQ�ZXUGH

GLH�SXOYHUI|UPLJH�3UREH� DXI� )ROLH�PLW� 3DUDIILQ� DXIJHWUDJHQ� XQG� LQ� HLQHQ� VFKHLEHQI|UPLJHQ

3UREHWUlJHU�LQ�GDV�'LIIUDNWRPHWHU�HLQJHVSDQQW��'LH�'LIIUDNWRJUDPPH�GHU�URWLHUHQGHQ�3UREHQ

VWDUWHWHQ�PLW�HLQHP�%HXJXQJVZLQNHO�LQ��θ�EHL�����XQG�HQGHWHQ�EHL������'LH�%HVWUDKOXQJV]HLW

EHWUXJ� I�U� MHGHQ� ��� 6FKULWW� ���� 6HNXQGHQ�� 'LH� JHVDPWH� %HOLFKWXQJV]HLW� I�U� HLQH� 3UREH

YDULLHUWH�]ZLVFKHQ�]ZHLHLQKDOE�XQG�GUHL�6WXQGHQ��0LW�GHU�*XLQLHU�.DPHUD�NRQQWHQ�GDJHJHQ

GUHL� 3UREHQ� JOHLFK]HLWLJ� LQ� HLQHU� 0DVNH� VFKZHQNHQG� EHVWUDKOW� ZHUGHQ�� 'LH� 5|QWJHQILOPH

HUODXEWHQ�HLQHQ�JU|�HUHQ�6WUDKOXQJVEHUHLFK�]X�HUIDVVHQ�

)�U�+RFKWHPSHUDWXU�5|QWJHQDXIQDKPHQ�VWDQG�HQWZHGHU�HLQ�3XOYHUGLIIUDNWRPHWHU�GHU�)D�

6WRH�	� &,(�� 0RGHOO� 67$',� 3� PLW� HLQHP� *UDSKLWRIHQ� RGHU� HLQH� +HL]NDPHUD� 7\SV� (QUDI

1RQLXV�'HOHI�*XLQLHU�6LPRQ�)5����� ]XU�9HUI�JXQJ��'LH�'LIIUDNWRJUDPPDXIQDKPH�HUIROJWH

VFKULWWZHLVH� EHL�GHQ� JHZ�QVFKWHQ�7HPSHUDWXUHQ��'DV� 3UREHQSXOYHU�ZXUGH� LQ� HLQHP�4XDU]�

JODVPDUNU|KUFKHQ� �Φ�  � ���� PP�� /lQJH� ��� FP�� HYDNXLHUW� XQG� URWLHUHQG� EHVWUDKOW�� 'LH

'LIIUDNWRJUDPPH�ZXUGHQ�PLW�0HVVSDUDPHWHUQ�ZLH� EHL�5DXPWHPSHUDWXU� DXIJHQRPPHQ��'LH

+HL]NDPHUD� GLHQWH� I�U� NRQWLQXLHUOLFKH� $XIQDKPHQ� LQ� HLQHP� 7HPSHUDWXULQWHUYDOO� YRQ

5DXPWHPSHUDWXU� ELV� �����&�� 'D]X� PX�WH� GLH� IHLQJHP|UVHUWH� 3UREH� LQ� HLQ� 4XDU]�

JODVPDUNU|KUFKHQ��Φ� �����PP��/lQJH���FP��HLQJHI�OOOW�XQG�XQWHU�9DNXXP�DXI�HLQH�/lQJH

YRQ�FD����FP�DEJHVFKPRO]HQ�ZHUGHQ��0LW�+RFKWHPSHUDWXU]HPHQW�ZXUGH�GLH�3UREH�DXI�GHP
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3UREHQWUlJHU�EHIHVWLJW�XQG�URWLHUHQG�QDFK�HLQHP�YRUJHJHEHQHQ�+HL]SURJUDPP�JHPHVVHQ��'LH

$XIKHL]UDWH�EHWUXJ���.�K��XQG�GHU�)LOPYRUVFKXE�����ELV�����PP�K�

'LH�5|QWJHQPHVVXQJHQ�ZXUGHQ� MHZHLOV�XQWHU�9HUZHQGXQJ�PRQRFKURPDWLVFKHU�&X�.α��

6WUDKOXQJ� PLW� HLQHU� :HOOHQOlQJH� λ� YRQ� �������� SP� GXUFKJHI�KUW�� 'LH� ,GHQWLILNDWLRQ� GHU

'LIIUDNWRJUDPPH�HUIROJWH�PLW�GHP�3URJUDPP�Ä9LVXDO�;32:³�GXUFK�9HUJOHLFK�PLW�/LWHUDWXU�

ZHUWHQ�GHU�-&3'6�'DWHL� �-RLQW�&RPPLWHH�RQ�3RZGHU�'LIIUDFWLRQ�6WDQGDUG�� DXV�GHU�'DWHQ�

EDQN�3')�-&3'6�>��3')@�

����&� "�����
�����

8P� +RPRJHQLWlWVEHUHLFKH� YRQ� 3KDVHQ� XQG� GLH� =XVDPPHQVHW]XQJ� LQ� GHU� 3UREH� LP

9HUJOHLFK�]XU�(LQZDDJH�]X�DQDO\VLHUHQ��ZXUGH�HLQH�(OHNWURQHQVWUDKO�5|QWJHQPLNURVRQGH�GHU

)D��&DPHFD��0RGHOO�6;����YHUZHQGHW��'LH�XQEHKDQGHOWHQ�3UREHQ�ZXUGHQ�LQ�JHHLJQHWHU�*U|�H

XQG�$QRUGQXQJ�LQ�HLQHP�GDUDXI�DEJHVWLPPWHQ�.XQVWKDU]�HLQJHEHWWHW��9RU�GHP�0HVVHQ�ZXUGH

GHU� 3UREHQWUlJHU�PLW� 3URSDQRO� JHVFKOLIIHQ�� SROLHUW� XQG�PLW� .RKOHQVWRII� EHGDPSIW�� XP� HLQH

OHLWIlKLJH�'�QQVFKLFKW�KHU]XVWHOOHQ�

1DFK� GHU�0LNURVRQGHQPHVVXQJ� ZXUGHQ� GLH� HLQJHEHWWHWHQ� 3UREHQ� QRFK� HLQPDO� SROLHUW�

XQG� LQ� HLQHP� $XIOLFKWPLNURVNRS� )D�� 5HLFKHUW� EHREDFKWHW�� 'LH� PLNURVNRSLVFKHQ� %LOGHU

ZXUGHQ�PLW�HLQHU�.DPHUD�7\SV�2O\SXV�20���LQ�SRODULVLHUWHP�/LFKW�SKRWRJUDSKLHUW��:HQQ�GLH

YHUVFKLHGHQHQ�%HVWDQGWHLOH�HLQHU�KHWHURJHQHQ�3UREH�JOHLFKHV�5HIOH[LRQVYHUP|JHQ�DXIZLHVHQ�

ZXUGH� GLH� 3UREH� LQ� YHUG�QQWHU� 6DOSHWHUVlXUH� DQJHlW]W�� 'LH� %HOLFKWXQJV]HLWHQ� EHWUXJHQ� I�U

DXVJHZlKOWH�3UREHQ�VHOHNWLY���RGHU����6HNXQGHQ��GDQQ�LQ�$EVWlQGHQ�YRQ����6HNXQGHQ�ELV�]X

PD[LPDO�HLQHU�0LQXWH�
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���� "�����
��������	�����

������ "����
���
�
�

'LH� %HVWLPPXQJ� GHU� 0LVFKXQJVHWKDOSLHQ� HUIROJWH� LQ� HLQHP� (LJHQEDXNDORULPHWHU� PLW

LVRSHULEROHP� 7HPSHUDWXUYHUODXI� QDFK� *$7+(5� XQG� %/$&+1,.� >��*$7@�� 'DV� .DORULPHWHU

NRQQWH� ELV� �����.� EHWULHEHQ� ZHUGHQ�� 'LH� 7HPSHUDWXUNRQVWDQ]� EHWUXJ� EHL� HLQHU� 0HVV�

WHPSHUDWXU�YRQ������.�±���.��(LQH�VFKHPDWLVFKH�'DUVWHOOXQJ�]HLJW�IROJHQGH�*UDSKLN�

$EE�������6FKHPD�GHU�0HVVDQRUGQXQJ�GHV�0LVFKXQJVNDORULPHWHUV�

'DV�:lUPHIOX�NDORULPHWHU�EHVWDQG�DXV�HLQHP�2IHQ��LQ�GHP�HLQH�]\OLQGULVFKH�0HVV]HOOH

DXV� 6WHQDQ� EHIHVWLJW� ZXUGH�� 'LH� =HOOH� ZXUGH� GXUFK� HLQH� .HUDPLNVFKHLEH� LQ� 3UREHQ�� XQG

5HIHUHQ]UDXP�JHWHLOW��$OV�5HIHUHQ]�GLHQWH� HLQH�PLW� 6LOLFLXP�JHI�OOWH�4XDU]JODVDPSXOOH�� GLH

GDXHUKDIW�LP�XQWHUHQ�7HLO�GHU�=HOOH�EHODVVHQ�ZXUGH��=XP�0HVVHQ�ZXUGH�HLQ�5HDNWLRQVURKU�LQ

GHQ�3UREHQUDXP�GHU�=HOOH�HLQJHEUDFKW��'LH�7KHUPRVSDQQXQJ�ZXUGH��EHU�]HKQ�3ODWLQ�%OHFKH

����×��×�����PP��JHPHVVHQ��GLH�PLW�3W�5K������'UlKWHQ�]X�HLQHU�7KHUPRVlXOH�YHUVFKZHL�W

ZXUGHQ��'LH�7HPSHUDWXUPHVVXQJ�HUIROJWH�GXUFK�HLQ�LQ�GHU�.HUDPLNVFKHLEH�EHILQGOLFKHV�3W�3W�

5K������7KHUPRHOHPHQW�

.DORULPHWHU���0HVV]HOOH��7� �NRQVW��

3,'�5HJOHU

'�$�:DQGOHU���0LOOLYROWPHWHU

&RPSXWHUDXVZHUWXQJ

�)D��(XURWKHUP��0RGHOO�����

7HPSHUDWXUUHJOXQJ

7KHUPRVSDQQXQJ

�)D��.HLWKOH\��0RGHOO�����

0HVVNXUYH

�,%0�NRPSDWLEOHU�3&�
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'LH�3UREHQWHPSHUDWXUHQ�ZXUGHQ�ZlKUHQG�GHU�0HVVXQJ�PLW�+LOIH�GHU�6RIWZDUH�Ä0(:(³

QDFK�6&+/,(3(5�>��6&+@�NRQWLQXLHUOLFK�HUID�W�XQG�JHVSHLFKHUW��$XV�GHQ�JHVSHLFKHUWHQ�'DWHQ

OLH�HQ� VLFK� QDFK� GHU� 0HVVXQJ� DQRPDOH� :HUWH� RGHU� %HUHLFKH� HUNHQQHQ�� VR� NRQQWHQ� VHOEVW

0LVFKXQJVO�FNHQ�RGHU�.ULVWDOOLVDWLRQVYRUJlQJH�ORNDOLVLHUW�ZHUGHQ�

������ '�(�������
��������
���������
��


)�U� GDV� WHUQlUH� 6\VWHP� =LQQ�$QWLPRQ�6HOHQ� ZXUGHQ� I�QI� ELQlUH� /HJLHUXQJHQ� GHV

PHWDOOLVFKHQ�5DQGV\VWHPV�6Q\6E��\�PLW� \� ���������������������XQG� ����� ]X� MHZHLOV� ��� J� DXV

UHLQHQ� (OHPHQWHQ� KHUJHVWHOOW�� ,Q� VSH]LHOO� JHIHUWLJWHQ� 4XDU]DPSXOOHQ� PLW� HLQJHHQJWHP� +DOV

�Φ$X�HQ�  � ���PP��:DQGVWlUNH� ��PP�� /lQJH� FD�� ��� FP�� ZXUGHQ� GLH�5HDNWLRQVJHPLVFKH

HYDNXLHUW�� HLQJHVFKPRO]HQ�� LQ� HLQHP� +HL]RIHQ� EHL� �����.� YHUIO�VVLJW�� GXUFK� PHKUPDOLJHV

6FK�WWHOQ� KRPRJHQLVLHUW� XQG� DQVFKOLH�HQG� LQ� (LVZDVVHU� DEJHVFKUHFNW�� 'LH� I�QI� $XVJDQJV�

OHJLHUXQJHQ� HUVFKLHQHQ� XQWHU� GHP� 0LNURVNRS� KRPRJHQ�� $XI� HLQ� 7HPSHUQ� ZXUGH� GHVKDOE

YHU]LFKWHW�

������ "����
����"�����
���
�������


8QWHU�$QZHQGXQJ�GHU�(LQZXUIPHWKRGH�HQWODQJ�GHU�I�QI�*HKDOWVVFKQLWWH�6Q\6E�±\�6H�PLW

\� ���������������������XQG������ZXUGHQ�GLH�NDORULPHWULVFKHQ�0HVVXQJHQ�LQ�HLQHP�LQHLQDQGHU

JHVWHFNWHQ� 'RSSHOURKU� DXV� 4XDU]JODV� GXUFKJHI�KUW�� ,Q� GHP� $X�HQURKU� �Φ$X�HQ�  � ��� PP�

:DQGVWlUNH� �� PP�� /lQJH� FD�� ���� FP�� ZXUGHQ� HLQH� GHU� ]X� PLVFKHQGHQ� 6XEVWDQ]HQ� EHL

0HVVWHPSHUDWXU�YRUJHOHJW��'DV� ,QQHQURKU��Φ$X�HQ� ���PP��:DQGVWlUNH�����PP��FD�����PP

OlQJHU� DOV� GDV� $X�HQURKU�� PLW� G�QQHU� 6SLW]H� DP� IODFKHQ� %RGHQ� GLHQWH� VRZRKO� DOV

.DOLEULHUURKU�DOV�DXFK�DOV�5�KUHU�]XP�'XUFKPLVFKHQ�GHU�6FKPHO]H��,P�,QQHQURKU�EHIDQG�VLFK

GLH�6FKPHO]H�GHU�.DOLEULHUVXEVWDQ]�=LQQ�PLW�HLQHU�5HLQKHLW�YRQ���������'XUFK�(LQOHLWHQ�YRQ

$UJRQ�ZXUGHQ�GLH�0HVVU|KUFKHQ�VDXHUVWRIIIUHL�JHKDOWHQ�

1DFKGHP�GLH� YRUJHOHJWH� 6XEVWDQ]� YRQ� FD�� ���� J�� HQWZHGHU� HLQH� ELQlUH� /HJLHUXQJ� RGHU

UHLQHV�6HOHQ�GLH�HLQJHVWHOOWH�7HPSHUDWXU�YRQ�����.�RGHU�����.�HUUHLFKWH��ZXUGH�GLH� DQGHUH

.RPSRQHQWH�YRQ�5DXPWHPSHUDWXU�KLQ]X�JHJHEHQ��'LH�'XUFKPLVFKXQJ�ZXUGH�GXUFK�'UHKHQ

GHV� ,QQHQURKUHV� ]XU� VFKQHOOHUHQ� (LQVWHOOXQJ� GHV� *OHLFKJHZLFKWV� KHUEHLJHI�KUW�� 'LH� EHLP

0LVFKHQ� IUHLJHVHW]WH� :lUPH� ZXUGH� GXUFK� ,QWHJUDWLRQ� GHU� 3HDNIOlFKH� ]XJHRUGQHW�� 'LH

0LVFKXQJVHQWKDOSLH� HQWVSUDFK� GHU� JHPHVVHQHQ�:lUPH� EH]�JOLFK� GHU� *HVDPWSUREHQPHQJH�

-HGHU� *HKDOWVVFKQLWW� ZXUGH� PHKUIDFK� JHPHVVHQ�� 1DFK� MHGHP� 0LVFKYRUJDQJ� ZXUGH� GLH
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0HVVHLQKHLW� GXUFK� =XJDEH� HLQHU� EHVWLPPWHQ� =LQQPHQJH�PLW� 5DXPWHPSHUDWXU� LQ� GLH� =LQQ�

VFKPHO]H� GHV� ,QQHQURKUV� NDOLEULHUW�� 'LH� 5HSURGX]LHUEDUNHLW� GHU� 0HVVZHUWH� EHWUXJ� I�U� DOOH

0HVVXQJHQ�±����

����#� )�����
�
����������	�
�����
"�����
���
�������


'LH�0LVFKXQJVHQWKDOSLHQ� GHU� *HKDOWVVFKQLWWH� HQWVSUHFKHQ� GHU� 5HDNWLRQVJOHLFKXQJ� �*O�

������(LQ�7HLO�GHV�:lUPHHIIHNWV�HQWVWDQG�EHUHLWV�GXUFK�GLH�=XJDEH�XQG�ZXUGH�HQWVSUHFKHQG

GHU�(QWKDOSLHGLIIHUHQ]HQ� (LQZXUI.7+ ����� −∆ �EHUHFKQHW��'LH�(QWKDOSLHGLIIHUHQ]�ZXUGH�GXUFK

GHQ�VHSDUDWHQ�(LQZXUI�GHU�EHWUHIIHQGHQ�ELQlUHQ�/HJLHUXQJHQ�HUPLWWHOW��)�U�6HOHQ�ZXUGH�GLH

YRQ�>��6&+@�DQJHJHEHQHQ�:HUWH��EHUQRPPHQ�

'LH� 3HDNIOlFKH� $� GHU� MHZHLOLJHQ�0HVVNXUYH� ZXUGH� XQWHU� )HVWOHJXQJ� GHU� ,QWHJUDWLRQV�

JUHQ]HQ� PLW� +LOIH� GHV� Ã0(:(µ� 3URJUDPPV� HUPLWWHOW�� 'LH� :lUPHPHQJH� EH]�JOLFK� GHU

)OlFKHQ� UHVXOWLHUWH� DXV� GHP� .DOLEULHUIDNWRU� )�� GHU� GXUFK� (LQZXUI� EHNDQQWHU� 0HQJHQ� =LQQ

QDFK�*OHLFKXQJ�����EHUHFKQHW�ZHUGHQ�NRQQWH��GLH�H[SHULPHQWHOOH�0LVFKXQJVHQWKDOSLH�ZXUGH

GDQQ�PLW�*OHLFKXQJ�����EHUHFKQHW�

∆+�7±���.�6Q�� (QWKDOSLHGLIIHUHQ]�]ZLVFKHQ�0HVVWHPSHUDWXU�7�XQG�����.�I�U�=LQQ

LQ�-�PRO
±�
�QDFK�>��%$5@�

Q6Q� 6WRIIPHQJH�GHV�HLQJHEUDFKWHQ�=LQQV�LQ�PRO�

$� 3HDNIOlFKH�LQ�P
�
�

8P�GLH�([]H�HQWKDOSLHQ�GHU�WHUQlUHQ�6\VWHPH�]X�EHUHFKQHQ��ZXUGHQ�GLH�HQWVSUHFKHQGHQ

(QWKDOSLHZHUWH� GHU� ELQlUHQ� 6\VWHPH� =LQQ�$QWLPRQ� EHQ|WLJW�� GLH� DXV� GHQ� 6FKPHO]HQ� GHU

MHZHLOLJHQ� (OHPHQWH� DQKDQG� GHV� /LWHUDWXUZHUWV� YRQ� 6HOHQ� PLWWHOV� 6RIWZDUH� QDFK� /8.$6

>��/8.@�RSWLPLHUW�ZXUGHQ��$XV�GHP�EHUHFKQHWHQ�.RHIIL]LHQWHQVDW]�NRQQWHQ�JHPl��IROJHQGHU

5HDNWLRQ�GLH�LQWHJUDOHQ�0LVFKXQJVHQWKDOSLHQ�GHV�WHUQlUHQ�6\VWHPV�HUUHFKQHW�ZHUGHQ�

�������*O������6H6E6Q6H[6E6Q[��� [[����\���[�\��\�\
H[S ������O�����������O������O��
(

+

−−−−  →+−

�������*O���@PRO�>-
�������

��

H[S
��������������

Q

.7+Q)
+

JHV

(LQZXUI(LQZXUI(
−∆⋅−Α⋅

=

������*O����������������������������������������������������������@P�>-�����
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������*O������������6H6E6Q����6H[�6E�\�[�����6Q[�\��� [[����\���[���\� �O��O��O��O�
(
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��#� $������
�*����	 ����	 
! +! �

��#��� "����
����	����� �
�����


'LH�%LOGXQJ� GHU�9HUELQGXQJHQ� 6Q6H�� 6Q6H��� 6E�6H�� XQG� 6Q�6E�6H��� ZXUGHQ�PLW� HLQHU

3ODQHWHQNXJHOP�KOH� GHU� )D�� )ULWVFK�� 0RGHOO� 3XOYHULVHWWH� �� XQWHUVXFKW�� 'LH� PHFKDQR�

FKHPLVFKH�+HUVWHOOXQJ�GHU�9HUELQGXQJHQ�OLH��VLFK�GXUFK�9DULDWLRQ�GHU�5HDNWLRQVEHGLQJXQJHQ

ZlKUHQG�GHV�0DKOSUR]HVVHV�EHHLQIOXVVHQ��(V�ZXUGHQ�]ZHL�0DKOEHFKHU�XQG�]ZHL�0DKONXJHOQ

DXV�:ROIUDPFDUELG�HLQJHVHW]W��'LH�3DUDPHWHUHLQVWHOOXQJHQ�]HLJW�7DE������

7DE�������(LQVWHOOXQJHQ�GHU�3ODQHWHQNXJHOP�KOH�

3DUDPHWHU 'DWHQ

'UHKIUHTXHQ] ����8�PLQ

9ROXPHQ�0DKOEHFKHU ���PO

$Q]DKO�GHU�0DKONXJHOQ ��SUR�%HFKHU

0DKONXJHOGXUFKPHVVHU ���PP

=XQlFKVW�ZXUGHQ�GLH� UHLQHQ�(OHPHQWSXOYHU� LQ�GHQ�HQWVSUHFKHQGHQ�=XVDPPHQVHW]XQJHQ

LQ�GHU�*HVDPWPHQJH�YRQ�����ELV�����J�HLQJHZRJHQ��IHLQJHP|UVHUW�XQG�LQ�$UJRQ�$WPRVSKlUH

JHPDKOHQ��9RU� XQG�ZlKUHQG�GHU�PHFKDQLVFKHQ�%HKDQGOXQJ�ZXUGH� QDFK� EHVWLPPWHQ�0DKO�

GDXHUQ�HLQH�3UREH�YRQ�����ELV�����PJ�DXV�GHP�5HDNWLRQVJHPLVFK� I�U�'7$��XQG�5|QWJHQ�

PHVVXQJHQ� HQWQRPPHQ�� 1DFK� MHGHU� 3UREHQHQWQDKPH� ZXUGHQ� GLH� 0DKOEHFKHU� HUQHXW� PLW

$UJRQ� JHVS�OW�� .ULVWDOOLQLWlW� XQG� ,GHQWLWlW� GHU� (GXNWH� XQG� 3URGXNWH� ZXUGH� GXUFK� '7$�

0HVVXQJHQ� XQG� 9HUJOHLFK� GHU� JHPHVVHQHQ� 'LIIUDNWRJUDPPH� PLW� GHU� 'DWHQEDQN� 3RZGHU

'LIIUDFWLRQ�)LOH�������'DWDEDVH�6HWV������9ROXPH�3')���>��3')@�HUPLWWHOW�

��#��� ,��+���
���
����������

(OHPHQWDUHV��NULVWDOOLQHV�6HOHQ�ZXUGH�]X�%HJLQQ�GHU�9HUVXFKVUHLKH�HLQJHVHW]W��:lKUHQG

GHV�0DKOYRUJDQJV�EHJDQQ�GDV�NULVWDOOLQH�6HOHQ�QDFK����PLQ�DPRUSK�]X�ZHUGHQ��HUVW�GDQDFK

WUDW� HLQH� HUZDUWHWH� 5HDNWLRQ� DXI�� $XV� GLHVHP� *UXQG� ZXUGH� EHL� GHQ� QDFKIROJHQGHQ� 0DKO�

YHUVXFKHQ�GDV�DPRUSKH�6HOHQ�DOV�(GXNW�YHUZHQGHW�

8P�GLH�$XVZLUNXQJ�GHU�.RUQJU|�H�GHV�HLQJHVHW]WHQ�(GXNWV�DXI�GLH�5HDNWLRQ�]X�SU�IHQ�

ZXUGH�GLH�PD[LPDOH�3DUWLNHOJU|�H�YRU�GHP�0DKOHQ�IHVWJHOHJW��'DV�KDQGHOV�EOLFKH�=LQQSXOYHU

ZXUGH�GXUFK�HLQH�6LHEDSSDUDWXU�GHU�)D��5HWVFK��0RGHOO�$6�����EDVLF�QDFK�',1��������PLW

DXVJHZlKOWHQ�6LHEHQ�XQWHUVFKLHGOLFKHU�0DVFKHQJU|�H�YRUEHKDQGHOW��(LQH�*HVDPWPDVVH�YRQ
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������J�GHV�=LQQSXOYHUV�ZXUGH�I�U�HLQH�'DXHU�YRQ����PLQ�PLWWHOVWDUN��$PSOLWXGHQVNDOLHUXQJ

���� ]ZHLPDO� JHVLHEW�� 'LH� 7HLOFKHQJU|�H� XQG� 0DVVHQYHUWHLOXQJ� LVW� LQ� IROJHQGHU� 7DEHOOH

]XVDPPHQJHID�W�

7DE�������9HUWHLOXQJ�GHU�3DUWLNHOJU|�H�YRQ�=LQQ�3XOYHU�

0DVFKHQ�LQ��P 0DVVH�LQ�J 0DVVHQYHUWHLOXQJ�LQ��

���� ���� ����

���±��� ���� ����

���±��� ���� �����

���±���� ����� �����

����±���� ���� �����

����±���� ����� �����

!���� ���� ����

��#��� $����������+�������
�������
�

'LH�0DKOYHUVXFKH�I�U�6Q6H��ZXUGHQ�PLW�YHUVFKLHGHQHQ�7HLOFKHQJU|�HQ�GHV�=LQQSXOYHUV

GXUFKJHI�KUW�� XP� GHUHQ� $XVZLUNXQJ� �EHU� '7$�.XUYHQ� XQG� 'LIIUDNWRJUDPPH� DXI� GLH

5HDNWLRQ� EHXUWHLOW� ]X� N|QQHQ�� 'LH� 'LFKWH� GHU� 3UREHQ� YDULLHUWH� YRQ� ORVHU� 6FK�WWXQJ� ELV� ]X

NRPSDNWHP�3XOYHUQ��VRZLH�JHSUHVVWHQ�7DEOHWWHQ��(V�NRQQWH�NHLQ�(LQIOX��DXI�GDV�5HDNWLRQV�

YHUKDOWHQ� EHLP�$XIKHL]HQ� IHVWJHVWHOOW�ZHUGHQ��'DPLW� HUJDE� VLFK� I�U� GLH� 5HDNWLRQVJHPLVFKH

HLQH� DXVUHLFKHQGH� 5HSURGX]LHUEDUNHLW� XQDEKlQJLJ� YRQ� GHU� 'LFKWH� GHU� 3UREHQ�� 'LH� PLWWOHUH

6WDQGDUGDEZHLFKXQJ� GHU� 2QVHW�7HPSHUDWXU� EHWUXJ� EHL� YHUJOHLFKEDUHQ� '7$�0HVVXQJHQ� ±

����.�

'LH� HQWVWDQGHQHQ� =ZLVFKHQ�� XQG� (QGSURGXNWH� ZXUGHQ� EHL� JHHLJQHWHQ� 7HPSHUDWXUHQ

XQWHUKDOE� GHV� 6FKPHO]SXQNWHV� I�U� GUHL� 0RQDWH� LP� 2IHQ� JHWHPSHUW�� GDQDFK� HUIROJWHQ

U|QWJHQRJUDSKLVFKH�8QWHUVXFKXQJHQ��(V�ZXUGH�NHLQ�VLJQLILNDQWHU�8QWHUVFKLHG�]ZLVFKHQ�GHQ

IULVFK�KHUJHVWHOOWHQ�XQG�GHQ�N�QVWOLFK�JHDOWHUWHQ�3UREHQ�IHVWJHVWHOOW�
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��&�  �
��������'�����������
���


��&��� $����
���


7DE�������=XU�6\QWKHVH�HLQJHVHW]WH�7HPSODWH�

/|VXQJVPLWWHO +HUNXQIW &KHPLVFKH�)RUPHO %HPHUNXQJ

3URS\ODPLQ )OXND +�&�+�&�+�&�1+� OHLFKW�HQW]�QGOLFK�

lW]HQG

%XW\ODPLQ 0HUFN�
6FKXFKDUGW

+�&��+�&���1+� OHLFKW�HQW]�QGOLFK�

JHVXQGKHLWVVFKlGOLFK

(WK\OHQGLDPLQ )OXND 1+��&+ &+�1+� lW]HQG

'LHWK\ODPLQ 0HUFN�

6FKXFKDUGW

+�&�+�&�1+�&+��&+� OHLFKW�HQW]�QGOLFK�

JHVXQGKHLWVVFKlGOLFK

'LSURS\ODPLQ )OXND +�&��+�&���1+��&+����&+� OHLFKW�HQW]�QGOLFK�

JHVXQGKHLWVVFKlGOLFK

'LEXW\ODPLQ )OXND +�&��+�&���1+��&+����&+� JHVXQGKHLWVVFKlGOLFK

7ULHWK\ODPLQ )OXND 1��&+��&+��� OHLFKW�HQW]�QGOLFK�

lW]HQG

7ULSURS\ODPLQ )OXND 1��&+��&+��&+��� lW]HQG

6HN�%XW\ODPLQ 0HUFN�

6FKXFKDUGW

+�&�&+�1+���&+��&+� JHVXQGKHLWVVFKlGOLFK

7HUW�%XW\ODPLQ V��R� +�1�&��&+��� JLIWLJ

'L�LVR�3URS\ODPLQ )OXND �+�&���+&�1+��&+��&+��� OHLFKW�HQW]�QGOLFK�

lW]HQG

'L�VHN�%XW\ODPLQ 0HUFN�
6FKXFKDUGW

+�&�+�&��+�&�+&�1+�
&+�&+���&+��&+�

JHVXQGKHLWVVFKlGOLFK

����3KHQ\OHQGLDPLQ 0HUFN�
6FKXFKDUGW

+�1��&�+���1+� JLIWLJ�

XPZHOWJHIlKUOLFK

��,RGDQLOLQ V��R� ,��&�+���1+�

��,RGDQLOLQ V��R� ,��&�+���1+� JHVXQGKHLWVVFKlGOLFK

����'LLRGEHQ]RO V��R� ,��&�+���,

7HWUDSKHQ\O�
SKRVSKRQLXP�%URPLG

)OXND >3K�3@%U UHL]HQG

7HWUDSKHQ\O�
SKRVSKRQLXP�&KORULG

)OXND >3K�3@&O UHL]HQG
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��&��� -��������	����
�����

'LH�+HUVWHOOXQJ�GHU�&KDONRJHQLGRPHWDOODWH�ZXUGH�PLWWHOV�+\GURWKHUPDOV\QWKHVH�GXUFK�

JHI�KUW��'LH�KHWHURJHQH�5HDNWLRQ�IDQG�LQ�ZlVVULJHP�0HGLXP�REHUKDOE�����.�XQG�XQWHU�HLQHP

'UXFN�YRQ���EDU�QDFK�5$%(1$8�>��5$%@�VWDWW��'LH�VFKZHUO|VOLFKHQ�6WRIIH�ELOGHWHQ�VLFK�XQWHU

GLHVHQ�%HGLQJXQJHQ�EHL�$QZHVHQKHLW�YRQ�:DVVHU�RGHU�0LQHUDOLVDWRUHQ�ZLH�2+
−
��6[

�−
��6H[

�−

XQG�1+
��
�.RPSOH[HQ�

'LH�6\QWKHVH�HUIROJWH�GXUFK�.RPELQDWLRQ�GHU�(OHPHQWH�6LOEHU�XQG�*DOOLXP��VRZLH�=LQQ

XQG�$QWLPRQ�PLW�6HOHQ�XQG�7HOOXU��'LH�(OHPHQWH�ZXUGHQ�LQ�6WRIIPHQJHQYHUKlOWQLV�0HWDOO�]X

&KDONRJHQ�YRQ�����XQG�HLQHQ�*HVDPWJHZLFKW�YRQ�����J�LQ�HLQH�4XDU]JODVDPSXOOH��Φ$X�HQ� ��

PP��:DQGVWlUNH���PP��/lQJH�FD������PP��HLQJHZRJHQ��'LHVHP�5HDNWLRQVJHPLVFK�ZXUGH

HLQH� 7HPSODWO|VXQJ� YRQ� ���� ELV� �� PO� ]XJHVHW]W� XQG� LP� IHXFKWHQ� =HOOVWRII� PLW� IO�VVLJHP

6WLFNVWRII� JHN�KOW� HYDNXLHUW� XQG� HLQJHVFKPRO]HQ�� 'LH� 3UREHDPSXOOHQ� ZXUGHQ� LQ� HLQHP

SURJUDPPLHUEDUHQ�2IHQ�GHU�)D��+HUDHXV��0RGHOO�)XQFWLRQ� /LQH�PLW� HLQHU�$XIKHL]UDWH� YRQ

���.�K�DXI������&�JHKHL]W��EHL�GLHVHU�7HPSHUDWXU�]ZHL�0RQDWH�JHWHPSHUW�XQG�DQVFKOLH�HQG

PLW����.�K�DXI�5DXPWHPSHUDWXU�JHN�KOW��$OV�7HPSODWH�ZXUGHQ�*HPLVFKH�YRQ�GHU�$PLQH�RGHU

GLHVH�LQ�UHLQHU�)RUP�PLW�:DVVHU�HLQJHVHW]W�

��&���  ��������
�����

'LH�6WUXNWXUDQDO\VH�ZXUGH�PLW�+LOIH�GHV�9LHUNUHLV�(LQNULVWDOO�'LIIUDNWRPHWHUV�3��GHU�)D�

6LHPHQV�GXUFKJHI�KUW��'LH�YHUZHQGHWH�0R�.α�6WUDKOXQJ�KDWWH�HLQH�:HOOHQOlQJH�YRQ�������

SP�� (LQNULVWDOOH� ZXUGHQ� YROOVWlQGLJ� LQ� =ZHLNRPSRQHQWHQNOHEHU� �&\DQDFU\ODWNOHEHU�� HLQJH�

VFKORVVHQ�XQG�DXI�GHU�6SLW]H�HLQHV�*ODVPDUNU|KUFKHQV�IL[LHUW��'DV�3URJUDPP�Ä6+(/;6���³

>��6,(@�GHU�)D��%UXNHU�I�KUWH�GLUHNW�]XU�6WUXNWXUDXINOlUXQJ��Ä6+(/;/���³�DXV�GHP�JOHLFKHQ

3URJUDPPSDNHW�YHUIHLQHUWH�GLH�/|VXQJ�QDFK�GHU�0HWKRGH�NOHLQVWHQ�)HKOHUTXDGUDWVXPPH��'LH

JUDSKLVFKHQ�'DUVWHOOXQJHQ�GHU�DQDO\VLHUWHQ�6WUXNWXUHQ�ZXUGHQ�PLW�GHQ�3URJUDPPHQ�.3/27

>��+81@�XQG�257(3���>��)$5@�HUVWHOOW�
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�����������	�����	�
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������ ��	�	
�	

5HLQHV� 6LOEHU� LVW� HLQ� ZHL�JOlQ]HQGHV� (GHOPHWDOO�� VFKPLO]W� EHL� �������&� XQG� VLHGHW� EHL

������&�XQWHU�%LOGXQJ�HLQHV�PHKUDWRPLJHQ��EODXHQ�'DPSIHV�QDFK�+2//(0$11�>��+2/@��(V

EHVLW]W� XQWHU� DOOHQ� 0HWDOOHQ� GLH� EHVWH� :lUPH�� XQG� HOHNWULVFKH� /HLWIlKLJNHLW� XQG� Ol�W� VLFK

ZHJHQ�VHLQHU�:HLFKKHLW�XQG�'HKQEDUNHLW� OHLFKW�YHUIRUPHQ��6LOEHU� LVW�HLQ�EHVRQGHUV�GXNWLOHV

0HWDOO�XQG�NULVWDOOLVLHUW�LQ�NXELVFK�GLFKWHU�.XJHOSDFNXQJ��(V�ELOGHW�PLW�GHQ�PHLVWHQ�0HWDOOHQ

/HJLHUXQJHQ��GLH� DXV� LQWHUPHWDOOLVFKHQ�9HUELQGXQJHQ� XQG�0LVFKNULVWDOO� EHVWHKHQ� >��5g0@�

'XUFK� HLQH� VHKU� G�QQH�� GXUFKVLFKWLJH� 2[LGHVFKLFKW� ZLUG� GDV� 0HWDOO� YRU� ZHLWHUHP� $QJULII

VFK�W]W�

*DOOLXP�VWHOOW�HLQ�ZHL�HV��ZHLFKHV�XQG�GHKQEDUHV�(OHPHQW�PLW�HLQHU�QLHGULJHQ�6FKPHO]�

WHPSHUDWXU�YRQ��������&��DEHU�HLQHP�KRKHQ�6LHGHSXQNW�YRQ�������&�GDU��(V�]lKOW�WURW]�VHLQHU

UHODWLY� KRKHQ� HOHNWULVFKHQ� /HLWIlKLJNHLW� ]X� GHQ� +DOEPHWDOOHQ�� (V� KDW� HLQH� RUWKRUKRPELVFKH

6WUXNWXU�XQG�EDXW�VLFK�DXV�JHZHOOWHQ�XQG�YHUNQ�SIWHQ�$WRPVFKLFKWHQ�DXI��(V�]HLJW�LQ�VHLQHP

FKHPLVFKHQ�9HUKDOWHQ�JUR�H�bKQOLFKNHLW�PLW�GHP�OHLFKWHUHQ�*UXSSHQKRPRORJHQ��$OXPLQLXP�

*DOOLXP�LVW�DQ�GHU�/XIW�EHVWlQGLJ�XQG�ZLUG�YRP�:DVVHU�NDXP�DQJHJULIIHQ�

.ULVWDOOLQHV�7HOOXU�LVW�VLOEHUZHL���PHWDOOLVFK�JOlQ]HQG�XQG�QXU�YRQ�JHULQJHU�+lUWH��:HJHQ

VHLQHU�6SU|GLJNHLW� Ol�W�HV� OHLFKW�SXOYHULVLHUHQ��'HU�6FKPHO]SXQNW� OLHJW�EHL��������&�XQG�GHU

6LHGHSXQNW�EHL�������&��'LH�6WUXNWXU�GHV�PHWDOOLVFKHQ�7HOOXUV�KDW�KH[DJRQDOH�6\PPHWULH�ZLH

GLH�GHV�KH[DJRQDOHQ�6HOHQV��'LH�.ULVWDOOH�HQWKDOWHQ�JHZLQNHOWH�� VSLUDOLJ�DQJHRUGQHWH�.HWWHQ

PLW�NRYDOHQW�]ZHLELQGLJHP�7HOOXU�
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$EE�������'DV�3KDVHQGLDJUDPP�$J�*D�QDFK�>��2.$@�

'DV�3KDVHQGLDJUDPP�6LOEHU�*DOOLXP�ZLUG�YRQ�GUHL�SHULWHNWLVFKHQ�*OHLFKJHZLFKWHQ�XQG

HLQHP� (XWHNWLNXP� EHL� ����� $W��� *D� XQG� ����&� JHSUlJW�� 'LH� )HVWSKDVH� ζ�� EHVLW]W� HLQH

3KDVHQEUHLWH�YRQ������ELV������$W���*D�XQG�ZDQGHOW�VLFK�QDFK�%$5(1�>��%$5@�NRQJUXHQW�EHL

�����&� ]XU� ζ�0RGLILNDWLRQ� XP�� 'LH� ζ�� XQG� ζ��3KDVH� ELOGHQ� PLW� GHP� VLOEHUUHLFKHQ

0LVFKNULVWDOO��$J��EHL������&�XQG������$W���*D�HLQ�HXWHNWRLGHV��VRZLH�PLW�GHU�6FKPHO]H�EHL

�����&� XQG� ����� $W��� *D� HLQ� PHWDWHNWLVFKHV� *OHLFKJHZLFKW�� 'LH� +RFKWHPSHUDWXUSKDVH� ζ

]HUIlOOW�GDQQ�EHL������&�SHULWHNWLVFK� LQ�HLQHQ�VLOEHUUHLFKHQ�0LVFKNULVWDOO�XQG�6FKPHO]H��'LH

VW|FKLRPHWULVFKH�3KDVH�$J*D�PLW�:�7\S�6WUXNWXU�ZXUGH�YRQ�)(6&+277(� >��)(6@� HQWGHFNW

XQG� EHWHLOLJW� VLFK� PLW� *DOOLXP� DQ� GHU� HXWHNWLVFKHQ� 5HDNWLRQ�� 6LH� ]HUVHW]W� VFKOLH�OLFK� EHL

�����&�HEHQIDOOV�SHULWHNWLVFK�]X�ζ��3KDVH�XQG�6FKPHO]H�
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$EE�������'DV�3KDVHQGLDJUDPP�$J�7H�QDFK�>��.$5@�

'DV�6LOEHU�7HOOXU�6\VWHP�HQWKlOW�HLQH�0LVFKXQJVO�FNH�LP�%HUHLFK������±������$W���7H

PLW� HLQHU� PRQRWHNWLVFKHQ� 7HPSHUDWXU� YRQ� �����&�� (V� H[LVWLHUWHQ� I�QI� )HVWSKDVHQ�� NXELVFK

IOlFKHQ]HQWULHUWHV� 6LOEHU�� KH[DJRQDOHV� 7HOOXU� XQG� GUHL� 0LVFKSKDVHQ� $J�7H�� $J���7H� XQG

$J�7H���'LH�HLQ]LJH�NRQJUXHQW�VFKPHO]HQGH�3KDVH�$J�7H�H[LVWLHUW�QDFK�.5$&(.�>��.5$@�LQ

GUHL�EHNDQQWHQ�0RGLILNDWLRQHQ��'LH�SRO\PRUSKH�8PZDQGOXQJ�GHU�VWDELOHQ�PRQRNOLQHQ�3KDVH

α�$J�7H�]XU� LQWHUPHWDOOLVFKHQ��NXELVFK� IOlFKHQ]HQWULHUWHQ�β�$J�7H�3KDVH� ILQGHW�EHL������&

XQG�]XU�NXELVFK� UDXP]HQWULHUWHQ�γ�$J�7H�EHL������&�VWDWW��:HQQ�GLH�=XVDPPHQVHW]XQJ�GHU

$J�7H�3KDVH�HLQ�ZHQLJ�VLOEHUUHLFKHU�ZLUG��ILQGHW�HLQH�ZHLWHUH�8PZDQGOXQJ�EHL������&�VWDWW�

(LQ�(XWHNWLNXP�DXI�VLOEHUUHLFKHU�6HLWH�OLHJW�EHL������$W���7H�XQG������&��VRZLH�HLQ�]ZHLWHV

DXI�WHOOXUUHLFKHU�6HLWH�EHL������$W���7H�XQG������&��'LH�3KDVH�$J���7H�]HLJW�ZLH�GLH�$J�7H�

3KDVH�HLQHQ�VFKPDOHQ�+RPRJHQLWlWVEHUHLFK�XQG�ZDQGHOW�VLFK�EHL������&�]XU�β�3KDVH�XP��GLH

VLFK�EHL������&�SHULWHNWLVFK�]HUVHW]W��'LH�α�β�8PZDQGOXQJ�GHU�$J�7H��3KDVH�JHKW�]ZLVFKHQ

�����&�XQG������&�YRQVWDWWHQ��'LH�+RFKWHPSHUDWXU�3KDVH�β�$J�7H��]HUVHW]W�VLFK�SHULWHNWLVFK

EHL������&�
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$EE�������'DV�3KDVHQGLDJUDPP�*D�7H�QDFK�>��.$7@�

'DV� =XVWDQGVGLDJUDPP� GHV� 6\VWHPV� *DOOLXP�7HOOXU� HQWKlOW� HEHQIDOOV� HLQH�0LVFKXQJV�

O�FNH�]ZLVFKHQ���XQG����$W���*D�EHL������&��9LHU�IHVWH�0LVFKSKDVHQ�VLQG�LGHQWLIL]LHUW��]ZHL

NRQJUXHQW� VFKPHO]HQGH� 3KDVHQ� *D7H� XQG� *D�7H��� HLQH� LQNRQJUXHQW� VFKPHO]HQGH� 3KDVH

*D�7H��VRZLH�EHL������&�HLQH�HXWHNWRLG�]HUIDOOHQGH�3KDVH�*D�7H��QDFK�%/$&+1,.�XQG�,5/(

>��%/$@��$X�HUGHP� H[LVWLHUHQ� ]ZHL�(XWHNWLND� ]ZLVFKHQ�*D7H� XQG�*D�7H�� EHL� ���$W���7H

XQG������&��E]Z��]ZLVFKHQ�*D�7H��XQG�7HOOXU�EHL����$W���7H�XQG������&��(LQ�GHJHQHULHUWHV

(XWHNWLNXP� DXI� GHU� JDOOLXPUHLFKHUHQ� 6HLWH� EHVLW]W� HLQH� HXWHNWLVFKH� 7HPSHUDWXU�� GLH� QDKH]X

PLW�GHP�6FKPHO]SXQNW�YRQ�*DOOLXP��EHUHLQVWLPPW�

'LH� ZLFKWLJVWHQ� LQYDULDQWHQ� 5HDNWLRQHQ�� GLH� GD]XJHK|ULJHQ� 7HPSHUDWXUHQ� XQG

=XVDPPHQVHW]XQJHQ� ZXUGHQ� I�U� DOOH� GUHL� ELQlUHQ� 5DQGV\VWHPHQ� LQ� IROJHQGHU� 7DEHOOH� ���

GDUJHVWHOOW�
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7DE�������,QYDULDQWH�5HDNWLRQHQ�GHU�6\VWHPH�$J�*D�QDFK�>��2.$@��$J�7H�QDFK�>��.$5@�XQG�*D�7H

QDFK�>��.$7@�

*OHLFKJHZLFKWH�LP�$J�*D�6\VWHP $W���*D 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�$J � ��� VFKPHO]HQ

�$J����/�o�ζ [� �����[
/
� ��� ��� SHULWHNWLVFK

ζ�o��$J����ζ� a��� ��� HXWHNWRLG

ζ�o�ζ� �� ��� SRO\PRUSK

/���ζ�o�ζ� [� �����[
/
� ��� a���� SHULWHNWLVFK

/���ζ��o�$J*D [� �����[
/
� ��� ��� SHULWHNWLVFK

/�o�$J*D���*D �� �� HXWHNWLVFK

/�o�*D ��� �� VFKPHO]HQ

*OHLFKJHZLFKWH�LP�$J�7H�6\VWHP $W���7H 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�$J ��� ��� VFKPHO]HQ

/��o��$J����γ�$J�7H ���� ��� HXWHNWLVFK

/��o�/����γ�$J�7H [
/�� �������[

/�� ����� ��� PRQRWHNWLVFK

γ�$J�7H�o�β�$J�7H ���� ��������� SRO\PRUSK

β�$J�7H�o�α�$J�7H ���� ��� SRO\PRUSK

/���β�$J�7H�o�β�$J���7H ������[
/
� ����� ��� SHULWHNWLVFK

β�$J���7H�o�α�$J���7H ���� ��� SRO\PRUSK

α�$J���7H�o�α�$J�7H���α�$J�7H� ���� ��� HXWHNWRLG

/���β�$J���7H�o�β�$J�7H� ������[
/
� ����� ��� SHULWHNWLVFK

β�$J�7H��o�α�$J�7H� ���� ��������� SRO\PRUSK

/�o�β�$J�7H�����7H� ���� ��� HXWHNWLVFK

/�o�7H ����� ��� VFKPHO]HQ

*OHLFKJHZLFKWH�LP�*D�7H�6\VWHP $W���7H 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�*D � ���� VFKPHO]HQ

/�o��*D����*D7H a�� a����� GHJHQHULHUW�HXWHNWLVFK

/��o�/����*D7H [
/��a����[

/��a��� ����±�� PRQRWHNWLVFK

/��o�/����/� a��� a���� NULWLVFKHU�3XQNW

/�o�*D7H �� ����±��� NRQJUXHQW�VFKPHO]HQ

/�o�*D7H���*D�7H� a��� a���� HXWHNWLVFK

/���*D�7H��o�*D�7H� [
/
� ������� a���� SHULWHNWLVFK

/�o�*D�7H� �� ����±��� NRQJUXHQW�VFKPHO]HQ

/���*D�7H��o�*D�7H� [
/
� ��������±�� ����±��� SHULWHNWLVFK

*D�7H��o�*D�7H�����7H� �� ����±��� HXWHNWRLG

/�o�*D�7H�����7H� ���±�� ����±�� HXWHNWLVFK

/�o�7H ��� ������ VFKPHO]HQ

/�o�*D7H���*D�7H�
�

�� ����±�� HXWHNWLVFK

������������������������������������������������
�
�0HWDVWDELOH�5HDNWLRQ�
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'LH� ]DKOUHLFKHQ� 3XEOLNDWLRQHQ� �EHU� GDV� WHUQlUH� 6\VWHP� 6LOEHU�*DOOLXP�7HOOXU� NRQ]HQ�

WULHUWHQ�VLFK�DXI�GHQ�TXDVLELQlUHQ�6FKQLWW�$J�7H�*D�7H��� ,Q�GLHVHP�ELQlUHQ�6\VWHP�ZXUGHQ

GUHL�WHUQlUH�3KDVHQ�LGHQWLIL]LHUW��$J�*D7H���$J*D7H��XQG�$J*D�7H���'LH�3KDVHQYHUKlOWQLVVH

]ZLVFKHQ� GHQ� WHUQlUHQ� 3KDVHQ�$J*D7H�� XQG� *D�7H�� GLIIHULHUHQ� LQ� GHQ� 9HU|IIHQWOLFKXQJHQ

YHUVFKLHGHQHU�$XWRUHQ�

$EE�������'HU�TXDVLELQlUH�6FKQLWW�$J�7H�*D�7H��QDFK�>��3$/����3$/�����3$/��XQG���.5b@�

1DFK� RELJHP� 3KDVHQGLDJUDPP� ]HUIlOOW� GLH� WHUQlUH� 9HUELQGXQJ� $J�*D7H�� EHL� �����&

SHULWHNWLVFK�XQG�]HLJW�HLQH�UHYHUVLEOH�SRO\PRUSKH�8PZDQGOXQJ�EHL�FD������&��'LH�HXWHNWLVFKH

5HDNWLRQ�]ZLVFKHQ�GHQ�WHUQlUHQ�3KDVHQ�$J�*D7H��XQG�$J*D7H�� ILQGHW�QDFK�YHUVFKLHGHQHQ

$QJDEHQ�EHL������&�]ZLVFKHQ�GHQ�=XVDPPHQVHW]XQJHQ������QDFK�3$/$71,.�HW�DO�� >��3$/@

XQG� ����� $W��� *D� QDFK� .5b0(5� >��.5b@� VWDWW�� 'DV� JOHLFKH� (XWHNWLNXP� WULWW� DEHU� QDFK
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*8,77$5'� HW� DO�� >��*8,@� EHL� �����&� XQG� ����� $W��� *D� DXI� �$EE�� ������ 'LH� SHULWHNWLVFKH

8PZDQGOXQJ� GHU� $J*D7H��3KDVH� OLHJW� EHL� ���� ±� ���&� >��3$/�� ��3$/��� ��3$/��� ��.$5@

E]Z��EHL������&�>��*8,@��'HU�+RPRJHQLWlWVEHUHLFK�GHU�3KDVH�$J*D7H��QLPPW�PLW�VWHLJHQGHU

7HPSHUDWXU�]X��'LH�GULWWH�WHUQlUH�3KDVH�$J*D�7H��PLW�HLQHU�JHRUGQHWHQ�6WUXNWXU�EHVLW]W�HLQHQ

VFKPDOHQ�/|VOLFKNHLWVEHUHLFK�XQG�ELOGHW�PLW�$J*D7H�� XQG�GHP�XQJHRUGQHWHQ�0LVFKNULVWDOO

�*D�7H��� EHL� ���� ±� ���&� HLQ� HXWHNWRLGHV� *OHLFKJHZLFKW� >��.5b@�� =ZLVFKHQ� GHU� 3KDVH

$J*D�7H��XQG�GHU�5DQGSKDVH�*D�7H��H[LVWLHUW�HLQ�%HUHLFK�PLW�YROOVWlQGLJHU�0LVFKEDUNHLW�

$EE�������'HU�TXDVLELQlUH�6FKQLWW�$J�7H�*D�7H��QDFK�>��*8,@�

'LH� IUDQ]|VLVFKH� 3XEOLNDWLRQHQ� YRQ� *8,77$5'� HW� DO�� >��*8,@� XQG� >��*8,@� ZHLFKHQ

MHGRFK�YRQ�GHQ�DQGHUHQ�$QJDEHQ�DE��'HPQDFK�VFKPLO]W�GLH�3KDVH�$J�*D7H��NRQJUXHQW�EHL

�����&�� ,KUH� SRO\PRUSKH� 8PZDQGOXQJ� OLHJW� DXI� ����&�� $XI� GHU� VLOEHUUHLFKHQ� 6HLWH� GLHVHU

9HUELQGXQJ� H[LVWLHUW� HLQ� ZHLWHUHV� (XWHNWLNXP� EHL� �����&� XQG� ����� $W��� *D�� (LQH� +RFK�

WHPSHUDWXUSKDVH� PLW� HLQHU� IRUPDOHQ� =XVDPPHQVHW]XQJ� YRQ� $J�*D�7H��� ZLUG� ]XVlW]OLFK

FKDUDNWHULVLHUW��,KUH�5|QWJHQDXIQDKPH�GHXWHW�HLQHQ�SHULWHNWLVFKHQ�=HUIDOO�EHL������&�DQ��$XV

GHU�U|QWJHQRJUDSKLVFKHQ�+RFKWHPSHUDWXU�$QDO\VH�GHV�(LQNULVWDOOV�HUJLEW�VLFK�I�U�GLHVH�3KDVH

HLQH�WHWUDJRQDOH�6WUXNWXU��'LH�3KDVH�$J*D�7H��EHWHLOLJW�VLFK�DQ�HLQHP�SHULWHNWRLGHQ�*OHLFK�

JHZLFKW� EHL� �����&�� $X�HUGHP� ZHUGHQ� ]ZHL� JHRUGQHWH� 3KDVHQ� %�� XQG� %�� lKQOLFK� GHU
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=LQNEOHQGH�6WUXNWXU� YRQ�*D�7H�� EHREDFKWHW�� ,KUH� =XVDPPHQVHW]XQJHQ� OLHJHQ� DXI� ����� XQG

�����$W���*D��'LH�9HUELQGXQJ�%��ZDQGHOWH�VLFK�EHL������&��%��EHL������&�XP�

������ ��%��	���	���


'LH� $UEHLWHQ� �EHU� GLH� YRUOLHJHQGHQ� 3KDVHQYHUKlOWQLVVH� ZHUGHQ� LQ� ]ZHL� *UXSSHQ

HLQJHWHLOW��'LH�HLQH�4XHOOH�VWDPPW�YRQ�UXVVLVFKHQ�$XWRUHQ��XQWHU�DQGHUHP�YRQ�3$/$71,.�HW

DO�� >��3$/�� ��3$/��� ��3$/�@� XQG� GHP� %HULFKW� YRQ� >��.5b@�� 'LH� DQGHUHQ� IUDQ]|VLVFKH

3XEOLNDWLRQHQ�*8,77$5'� HW� DO�� >��*8,�� ���0$=�� ��*8,�� ��*8,� XQG� ��� -8/@�ZLGHUVSUDFKHQ

HLQLJHQ�IU�KUHUHQ�(UJHEQLVVHQ�

7DE�������8QWHUVFKLHGOLFKH�5HDNWLRQHQ�LP�6\VWHP�$J�7H�*D�7H��QDFK�>��.5b@�XQG�>��*8,@�

*OHLFKJHZLFKWH $W���*D 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�γ�$J�7H ���� ����>��.5b����*8,@ VFKPHO]HQ

γ�$J�7H�o�β�$J�7H ���� a�����>��*8,@ SRO\PRUSK

β�$J�7H�o�α�$J�7H ����
����>��.5b@�

����>��*8,@
SRO\PRUSK

/�o�β�$J�7H���$J�*D7H� ���� ����>��*8,@ HXWHNWLVFK

β�$J�*D7H��o�α�$J�*D7H� ����
��±����>��.5b@�

���>��*8,@
SRO\PRUSK

/�o�β�$J�*D7H� ���� ����>��*8,@ VFKPHO]HQ

/���$J�7H�o�β�$J�*D7H� [� �������[
/
� ����� ����>��.5b@ SHULWHNWLVFK

/�o�α�$J�*D7H����$J*D7H�
������>��.5b@

������>��*8,@

����>��.5b@�

����>��*8,@
HXWHNWLVFK

/����*D�7H���o�$J*D7H� [
/
� ��������[�a������ ����>��.5b@

/���$J�*D�7H���o�$J*D7H� [
/
� ��������[�a������ ����>��*8,@

SHULWHNWLVFK

/���$J*D�7H��o�$J�*D�7H��
[
/
� �������

[� ��������������
����>��*8,@ SHULWHNWLVFK

�*D�7H���o�$J*D7H���

$J*D�7H�
[
�*D�7H��� ������ ����>��.5b@ PRQRWHNWRLG

�*D�7H�����$J*D7H��o

$J*D�7H�
[
�*D�7H��� ������ ����>��*8,@ SHULWHNWRLG

/�o�*D�7H� ����� ����>��.5b����*8,@ VFKPHO]HQ

%HL� GHU�9HUELQGXQJ�$J*D7H�� ZLUG� HLQ� LUUHYHUVLEOHV� 6FKUXPSIHQ� REHUKDOE� �����&� XQG

HLQH� 3KDVHQXPZDQGOXQJ� EHLP� $XIKHL]HQ� XP� �����&� YRQ� .$1(//,6� >��.$1@� EHREDFKWHW�

GDEHL� ZLUG� NHLQH� 6WUXNWXUlQGHUXQJ� ELV� �����&� YRQ� .,67$,$+� XQG� 9(18'+$5� >��.,6@

IHVWJHVWHOOW�� 'HU� 6FKPHO]SXQNW� GLHVHU� 3KDVH� ZLUG� EHL� �����&� YRQ� */$=29� HW� DO�� >��*/$@�

�����&� YRQ�=+8=(� HW� DO�� >��=+8@�� �����&� YRQ�%(5*(5� XQG�%$/$1(96.$<$� >��%(5@�� XQG

�������&� EHLP� $XIKHL]HQ� YRQ� >��.$1@� EHULFKWHW�� (LQH� 5HLKH� YRQ� 6WXGLHQ� ]HLJW� GLH

HQWVFKHLGHQGH� SHULWHNWLVFKH� 5HDNWLRQ� GHU� $J*D7H��3KDVH� ]X� 6FKPHO]H� XQG� 0LVFKNULVWDOO
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�*D�7H��� EHL� ���� ±� ���&� >��3$/�� ��3$/��� ��3$/��� ��.5b@�� E]Z�� ]X� 6FKPHO]H� XQG

$J�*D�7H���EHL������&�>��*8,@��'LH�=XVDPPHQVHW]XQJ�$J�*D�7H���]ZLVFKHQ�$J*D7H��XQG

$J*D�7H�� ZLUG� DXFK� LQ� HLQHU� VSlWHUHQ� 9HU|IIHQWOLFKXQJ� YRQ� >��*8,@� DOV� HLQH� +RFK�

WHPSHUDWXU�9HUELQGXQJ�PLW� UHFKW� VFKPDOHP� +RPRJHQLWlWVEHUHLFK� LQWHUSUHWLHUW�� 6LH� VROO� DXV

HLQHU� WHUQlUHQ�$XVZLUNXQJ� GHV� 7HLOGUHLHFNV�$J�7H�*D�7H��7H� LP� *LEEVVFKHQ� 'UHLHFN� $J�

*D�7H� HQWVWDQGHQ� VHLQ� �$EE�� ������ (LQH� DXVJHGHKQWH� 3KDVHQEUHLWH� YRQ�$J*D7H�� QLPPW� ]X

JDOOLXPUHLFKHUHU�6HLWH�KLQ�PLW�VWHLJHQGHU�7HPSHUDWXU�]X�XQG�HUVWUHFNW�VLFK�YRQ������$W���*D

EHL������&�ELV������$W���*D�EHL������&�>��.5b@��'LHVHU�+RPRJHQLWlWVEHUHLFK�ZLUG�HEHQIDOOV

YRQ� >��3$/@� XQG� >��3$/�@� EHL� �����&� XQG� ����� $W��� *D� ELV� �����&� XQG� ����� $W��� *D

JHIXQGHQ��'LH� =XVDPPHQVHW]XQJ� GHU�$J*D7H��3KDVH� LQ� GHU� SHULWHNWLVFKH�5HDNWLRQ� EHWUlJW

�����$W���*D�>��3$/�@�RGHU������$W���*D�>��.5b@��'LH�/LTXLGXVOLQLH�]ZLVFKHQ������−�����

$W���*D�OLHJW�IODFK��EHU�GHU�3HULWHNWLNDOHQ�

$EE�������'DV�WHUQlUH�6\VWHP�$J�*D�7H�QDFK�>��*8,@�

$��$J�*D7H�� %��$J*D7H�� &��$J*D�7H�

'LH� 9HUELQGXQJ� $J*D�7H�� KDW� HLQH� JHRUGQHWH� 6WUXNWXU�� GLH� VLFK� EHL� �����&� LQ� HLQH

XQJHRUGQHWH�6WUXNWXU� �*D�7H���XPZDQGHOW� >��.5b@��(LQH�RUWKRUKRPELVFKH�6WUXNWXU�XQG�HLQ

SHULWHNWRLGHV�*OHLFKJHZLFKW�EHL������&�ZLUG�GDJHJHQ�YRQ�>��*8,@�DQJHJHEHQ��LQGHP�VLFK�DXV

GLHVHU� 3KDVH� $J*D7H�� XQG� �*D�7H��� ELOGHW�� 'LH� 8PZDQGOXQJ� GHU� =XVDPPHQVHW]XQJ

$J*D�7H�� ILQGHW� EHL� �����&� VWDWW� XQG� GLH� 6FKPHO]WHPSHUDWXU� EHWUlJW� �����&�� 'HU� 0LVFK�

*D$J

7H

*D7H

*D�7H�

*D�7H�

$J�7H

$J�7H�
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NULVWDOO��*D�7H���ZLUG�ELV�]X�HLQHU�=XVDPPHQVHW]XQJ�YRQ������RGHU�������$W���*D�EHL�KRKHU

7HPSHUDWXU� YRQ� >��.5b@� EHREDFKWHW�� (U� ELOGHW� PLW� GHU� 6FKPHO]H� XQG� GHU� 9HUELQGXQJ

$J*D7H�� HLQ� SHULWHNWLVFKHV� *OHLFKJHZLFKW� EHL� ����� $W��� *D� >��3$/@� RGHU� ����� $W��� *D

>��.5b@�� ,P� *HJHQVDW]� ]X� GLHVHU� $XVVDJH� EHVFKUHLEHQ� GLH� IUDQ]|VLVFKHQ� $XWRUHQ� GLH

$J*D�7H��3KDVH�XQG�GHQ�YROOVWlQGLJHQ�0LVFKNULVWDOOEHUHLFK�GHU�5DQGYHUELQGXQJ�*D�7H��EHL

KRKHU�7HPSHUDWXU�DOV�QLFKW�NRPSOHWW�JHNOlUW�

,Q� GLHVHU� $UEHLW� VROOHQ� GLH� IROJHQGHQ� ZLGHUVSU�FKOLFKHQ� 3KDVHQYHUKlOWQLVVH� GHV� TXDVL�

ELQlUHQ�6\VWHPV�$J�7H�*D�7H��DXIJHNOlUW�ZHUGHQ�

7DE�������:LGHUVSU�FKH�YHUVFKLHGHQHU�/LWHUDWXUVWHOOHQ�

3KDVH�XQG

3KDVHQEHUHLFK

>��3$/����3$/�����3$/�@�

>��.5b@

>��*8,����0$=����*8,@�

>��*8,����-8/@

$J�7H�$J�*D7H� SHULWHNWLVFK HXWHNWLVFK

$J�*D7H� LQNRQJUXHQWHV�VFKPHO]HQ NRQJUXHQWHV�VFKPHO]HQ

$J�*D7H��$J*D7H� HXWHNWLVFK HXWHNWLVFK

$J*D7H� SHULWHNWLVFK�PLW�3KDVHQEUHLWH SHULWHNWLVFK

$J*D7H��$J*D�7H� SHULWHNWLVFK SHULWHNWLVFK

$J�*D�7H�� QLFKW�LGHQWLIL]LHUW LGHQWLIL]LHUW

$J*D�7H�
3KDVHQEUHLWH�

NRQJUXHQWH�8PZDQGOXQJ

SHULWHNWRLG�

QLFKW�NRPSOHWW�JHNOlUW

$J*D�7H��*D�7H�
+RPRJHQLWlWVEHUHLFK�

QLFKW�NRPSOHWW�JHNOlUW

0HKUSKDVHQJHELHW�

QLFKW�NRPSOHWW�JHNOlUW
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'LH� 0HVVHUJHEQLVVH� I�U� GDV� 6\VWHP� $J�7H�*D�7H�� EDVLHUHQ� DXI� WKHUPRDQDO\WLVFKHQ�

U|QWJHQRJUDSKLVFKHQ� XQG�PLNURDQDO\WLVFKHQ�8QWHUVXFKXQJHQ�� ,QVJHVDPW� ��� 3UREHQ� ZXUGHQ

DXV� KRFKUHLQHP� 6LOEHU�� *DOOLXP� XQG� 7HOOXU� HLQJHZRJHQ�� LQ� HYDNXLHUWHQ�4XDU]JODVDPSXOOHQ

EHL� ������&� KRPRJHQLVLHUW� XQG� LQ� (LVZDVVHU� DEJHVFKUHFNW�� $OOH� GLHVH� 3UREHQ� ZXUGHQ

]XQlFKVW�QLFKW�JHWHPSHUW��VRQGHUQ�GLUHNW�PLWWHOV�'7$��'LIIUDNWRPHWHU��DX�HU�GHU�3UREH�[*D� 

��������XQG�*XLQLHUNDPHUD��DX�HU�3UREHQ�[*D� ��������������������������������XQG��������

XQWHUVXFKW��$XIJUXQG�GHV� IHVWJHVWHOOWHQ�8QJOHLFKJHZLFKWV� LQ�GHQ�3UREHQ�ZXUGHQ�EHVWLPPWH

3UREHQ� EHL� JHHLJQHWHQ�7HPSHUDWXUHQ� JHWHPSHUW� XQG� GDQQ� QRFK�PDO� DQDO\VLHUW�� 1DFK� HUVWHQ

0HVVHUJHEQLVVHQ� ZXUGHQ� LP� %HUHLFK� GHU� 9HUELQGXQJHQ� $J*D7H�� XQG� $J*D�7H�� PHKUHUH

3UREHQ�ZLHGHUKROW�SUlSDULHUW��XP�GLH�3KDVHQYHUKlOWQLVVH�GLHVHV�%HUHLFKHV�]X��EHUSU�IHQ��'LH

JHQDXH� (LQZDDJH� XQG� GLH� '7$�(IIHNWH� GHU� 3UREHQ� N|QQHQ� GHP� $QKDQJ� �7DE�� ����

HQWQRPPHQ�ZHUGHQ�

7DE�������3UlSDULHUWH�3UREHQ�PLW�EHVRQGHUHU�=XVDPPHQVHW]XQJHQ�XQG�GXUFKJHI�KUWH

8QWHUVXFKXQJHQ
�
�

3UREHQ�1U� [*D +HL]NDPHUD 'LODWRPHWHU 0LURVRQGH %HPHUNXQJ

� ������ × × $J�7H��VHKU�KDUW

� ������ × × $J�*D7H�

�� ������ × × $J*D7H�

�� ������ ×
�� ������ ×
�� ������

�� ������ VSU|GH

�� ������ × VHKU�VSU|GH

�� ������ VHKU�VSU|GH

�� ������ × × × $J*D�7H���VHKU�VSU|GH

�� ������ × *D�7H�

������������������������������������������������
��×��'LHVH�0HVVXQJ�ZXUGH�GXUFKJHI�KUW�



.$3,7(/����'$6�3+$6(1',$*5$00�$J�7H�*D�7H�������������������������������������������������������������������������
��

��"� ���	
��	����	����$�	
��
����	

��"��� ����(	���
	
���
��	�� �
�)	���
��
	


'LH� KRFK� VFKPHO]HQGH� ELQlUH� 3KDVH� $J�7H� ]HLJWH� LQ� LKUHU� '7$�.XUYH� GUHL� VFKDUIH�

V\PPHWULVFKH� XQG� HQGRWKHUPH� 3HDNV�� 'HU� HUVWH� JUR�H� 3HDN� PLW� HLQHU� 7HPSHUDWXU� YRQ

�������&�ZLHV�DXI�GLH�SRO\PRUSKH�8PZDQGOXQJ�α��]X�β�$J�7H�KLQ��'HU�]ZHLWH�UHODWLY�NOHLQH

3HDN�EHL��������&�HQWVSUDFK�GHU�β�γ�8PZDQGOXQJ�PLW�JHULQJHU�HQGRWKHUPHQ�(QWKDOSLH��'HU

GULWWH� 3HDN� NHQQ]HLFKQHWH� GHQ� 6FKPHO]YRUJDQJ� YRQ� γ�$J�7H�PLW� GHP� JU|�WHQ� WKHUPLVFKHQ

(IIHNW�EHL�HLQHU�6FKPHO]WHPSHUDWXU�YRQ��������&�

'LH� EHLGH� SRO\PRUSKHQ� 8PZDQGOXQJHQ� GHU� 5DQGYHUELQGXQJ� $J�7H� NRQQWHQ� DXI� GHP

TXDVLELQlUHQ�6FKQLWW�$J�7H�*D�7H��ZLHGHUJHIXQGHQ�ZHUGHQ��'LH�α�β�8PZDQGOXQJ�KDWWH�HLQH

GXUFKVFKQLWWOLFKH� 7HPSHUDWXU� YRQ� �������&� XQG� HQWVSUDFK� GHQ� /LWHUDWXUZHUWHQ� YRQ� �����&

>��.$5@�XQG������&�>��.5b@��'LH� HQWVSUHFKHQGHQ�3HDNV�GHU� 3UREHQ� ]ZLVFKHQ�GHQ�3KDVHQ

$J�7H� XQG� $J�*D7H�� �EHUQDKPHQ� GLH� )RUP� XQG� GLH� 5HODWLRQ� GHU� 6WlUNH� GHU� 5DQGSKDVH

$J�7H� XQG�ZXUGHQ� HLQGHXWLJ� LGHQWLIL]LHUW��'LH�β�0RGLILNDWLRQ� EHKLHOW� LKUHQ� VFKPDOHQ� )HVW�

O|VOLFKNHLWVEHUHLFK� DXFK� LP� WHUQlUHQ� 6\VWHP�� ,KU� NOHLQHU� WKHUPLVFKHU� 8PZDQGOXQJVHIIHNW

ZXUGH� GXUFK� =XJDEH� YRQ�*D�7H�� VWDUN� EHHLQIOX�W� XQG� VDQN� YRQ� XUVSU�QJOLFK� �������&� DXI

�������&�LP�TXDVLELQlUHQ�6\VWHP��(LQ�VFKZDFKHU�HQGRWKHUPHU�(IIHNW�EHL��������&�HQWVWDQG

]XVlW]OLFK�GXUFK�=XJDEH�YRQ�*D�7H��XQG�GHXWHWH�GLH�3HULWHNWLNDOH�GHU�9HUELQGXQJ�$J�*D7H�

DQ�� 0LW� =XQDKPH� GHU� *D�7H��.RQ]HQWUDWLRQ� VFKUXPSIWHQ� GLH� $EVWlQGH� ]ZLVFKHQ� GHQ

SHULWHNWLVFKHQ�(IIHNWHQ�XQG�GHQ�6FKPHO]SHDNV��'HU� HQGRWKHUPHQ�6FKPHO]HIIHNW�YRQ�$J�7H

ZXUGH�GDGXUFK�VWDUN�YHUULQJHUW�

'LH� '7$�.XUYH� GHU� 5DQGYHUELQGXQJ� *D�7H�� ZXUGH� GXUFK� HLQHQ� HLQ]LJHQ� JUR�HQ

HQGRWKHUPHQ� 3HDN� FKDUDNWHULVLHUW�� 'LH� QDKH]X� GUHLHFNLJH� 3HDNIRUP� HQWVSUDFK� HLQHP� NRQ�

JUXHQWHQ�6FKPHO]YHUKDOWHQ�lKQOLFK�HLQHP�KRFKUHLQHQ�(OHPHQW��'HU�6FKPHO]SXQNW�HUJDE�VLFK

EHL�HLQHU�7HPSHUDWXU�YRQ��������&�

��"��� ����(	���
	
��	�
��	��*	��+���	
��
����%�	


'HU� QLHGULJH� SRO\PRUSKH� 8PZDQGOXQJVHIIHNW� YRQ� α�β�$J�*D7H�� EHL� HWZD� ����&� OLH�

VLFK� ZHJHQ� GHV� XQUHJHOPl�LJHQ� $QIDQJVYHUKDOWHQV� GHU� '7$�$SSDUDWXU� QLFKW� ]XYHUOlVVLJ

DXVZHUWHQ�� 'LHVHU� (IIHNW� NRQQWH� DEHU� EHL� GUHL� EHQDFKEDUWHQ� 3UREHQ� PLW� GHQ� =XVDPPHQ�

VHW]XQJHQ� [*D�  � �������� ������� XQG� �������PLW� HLQHP�0LWWHOZHUW� YRQ� ������&� ]XJHRUGQHW
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ZHUGHQ�� 'LH� QLFKW� JHWHPSHUWH� $J�*D7H��3KDVH� ]HLJWH� LKUHQ� SHULWHNWLVFKHQ� =HUIDOO� EHL

�������&� XQG� LKUH� /LTXLGXVWHPSHUDWXU� EHL� �������&�� =ZHL� VFKZDFKH� HQGRWKHUPH� (IIHNWH

ZXUGHQ� EHL� �������&� XQG� �������&� JHIXQGHQ�� 'HU� ]ZHLWH� VFKZDFKH� (IIHNW� VFKLHQ� DXI� GLH

EHQDFKEDUWH�(XWHNWLNDOH�KLQ]XZHLVHQ��XQG�YHUVFKZDQG�PLW�GHP�YRULJHQ�QDFK�YLHUZ|FKLJHP

7HPSHUQ� EHL� �����&�� 2IIHQEDU� UHLFKW� GLH� 7HPSHU]HLW� DXV�� XP� GHQ� EHLP� $EVFKUHFNHQ

HQWVWDQGHQHQ� .RQ]HQWUDWLRQVJUDGLHQWHQ� LQ� GHU� 3UREH� DXI]XKHEHQ�� 6ROFKH� (IIHNWH� N|QQWHQ

DXFK� GXUFK� HLQH� 5HDNWLRQ� GHU� ]XHUVW� JHELOGHWHQ� .ULVWDOOH� PLW� GHP� 4XDU]JODV� RGHU� GXUFK

([SDQVLRQ� DEJHVFKUHFNWHU� 3UREHQ� ]XVWDQGHJHNRPPHQ� VHLQ�� 'LH� 8UVDFKH� GHU� 5LVVH� DQ� GHU

,QQHQREHUIOlFKH�GHU�4XDU]JODVDPSXOOH� GHU� VLOEHUUHLFKHQ�3UREHQ�ZXUGH� GDGXUFK� HUNOlUW��'LH

$PSXOOHQ� PLW� GHQ� 3UREHQ]XVDPPHQVHW]XQJHQ� [*D�  � ������� XQG� ������� ]HUEUDFKHQ� EHLP

$EVFKUHFNHQ�LP�(LVZDVVHU��QDFKGHP�GLH�3UREHQSUlSDUDWLRQ�ZLHGHUKROW�ZXUGH�

'LH�'7$�.XUYH�GHU�]ZHLWHQ�3KDVH�$J*D7H�� HQWKLHOW�HLQHQ�JUR�� VFKDUIHQ� HQGRWKHUPHQ

3HDN�EHL��������&�DOV�6FKPHO]SHDN�XQG�HLQHQ�YRUJHODJHUWHQ�NOHLQHQ�3HDN�EHL��������&��%HLGH

(IIHNWH�EOLHEHQ�QDFK�GHP�7HPSHUQ�EHL������&�HUKDOWHQ�� VR�NRQQWH� IHVWJHVWHOOW�ZHUGHQ��GDVV

GLH� =XVDPPHQVHW]XQJ� GHU� 3UREH� JHULQJI�JLJ� VLOEHUUHLFKHU� ZDU� DOV� GLH� =XVDPPHQVHW]XQJ

$J*D7H���'HU�VFKZDFKH�(IIHNW�EHL��������&�HQWVSUDFK�GHU�(XWHNWLNDOHQ�DXI�GHU�$J�7H�6HLWH

GLHVHU� 9HUELQGXQJ�� 'DV� (XWHNWLNXP� ]ZLVFKHQ� GHQ� WHUQlUHQ� 9HUELQGXQJHQ� $J�*D7H�� XQG

$J*D7H��ODJ�EHL�HLQHU�.RQ]HQWUDWLRQ�YRQ�[*D� ���������'LH�HUPLWWHOWH�HXWHNWLVFKH�7HPSHUDWXU

GHV�HQGRWKHUPHQ�(IIHNWV�EHWUXJ�GXUFKVFKQLWWOLFK��������&�

'LH� '7$�.XUYH� GHU� 3KDVH� $J*D�7H�� PLW� HLQHU� =XVDPPHQVHW]XQJ� YRQ� [*D�  � ������

ZXUGH� YRQ� HLQHP� NOHLQHQ� 3HDN� EHL� �������&� XQG� HLQHP� JUR�HQ� EUHLWHQ� 6FKPHO]SHDN� EHL

�������&�JHSUlJW��'HU�HUVWH�3HDN�GHXWHWH�GHQ�SHULWHNWLVFKHQ�(IIHNW�GHU�9HUELQGXQJ�$J*D7H�

DQ��%HL�DOOHQ�3UREHQ�]ZLVFKHQ�[*D� ��������XQG��������NRQQWH�HLQH�SHULWHNWLVFKH�7HPSHUDWXU

YRQ��������&�EHVWLPPW�ZHUGHQ��0LW�]XQHKPHQGHU�*D�7H��.RQ]HQWDWLRQ�ZXUGHQ�GLH�6FKPHO]�

SHDNV�GLHVHU�3UREHQ� VFKlUIHU�XQG�GHU� 3HDNIRUP�GHU�5DQGYHUELQGXQJ�*D�7H�� lKQOLFKHU��'LH

3UREHQ� GHU� =XVDPPHQVHW]XQJHQ� [*D�  � ������� ELV� ������� HQWKLHOWHQ� YRU� GHP� JUR�HQ

6FKPHO]SHDN� QRFK� HLQHQ� NOHLQHQ� YRUJHODJHUWHQ� 3HDN�� GHU� EHL� HLQLJHQ� 3UREHQ� ZHJHQ� GHV

5DXVFKHQV� GHU� *UXQGOLQLH� QLFKW� HUPLWWHOW� ZHUGHQ� NRQQWH�� 'LHVHU� (IIHNW� ZLHV� DXI� GHQ

VFKZDFKHQ�6ROLGXVHIIHNW�GHV�hEHUJDQJV�YRP�0LVFKNULVWDOO� �*D�7H��� ]XP�=ZHLSKDVHQJHELHW

*D�7H��XQG�6FKPHO]H�KLQ�

'XUFK�GLH�'7$�0HVVHUJHEQLVVH�NRQQWH�IHVWJHVWHOOW�ZHUGHQ��GDVV�GDV�TXDVLELQlUH�3KDVHQ�

GLDJUDPP� LP� %HUHLFK� YRQ� $J�7H� ELV� [*D�  � ������� ELV� DXI� NOHLQH� $EZHLFKXQJHQ� GHU

8PZDQGOXQJVWHPSHUDWXUHQ� PLW� GHU� 3XEOLNDWLRQ� YRQ� >��.5b@� �EHUHLQVWLPPW�� 8P� GLH

*OHLFKJHZLFKWH� GHU� 3KDVHQ� $J*D7H�� XQG� $J*D�7H��� VRZLH� GLH� GHV� YROOVWlQGLJHQ� 0LVFK�
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EDUNHLWVEHUHLFK� DXI� JDOOLXPUHLFKHU� 6HLWH� QDFK� >��.5b@� ]X� �EHUSU�IHQ�� EHGDUI� HV� ZHLWHUHU

U|WJHQRJUDSKLVFKHU�8QWHUVXFKXQJHQ��(EHQVR�VROOWH�GLH�8QNODUKHLW�]X�GHU�YRQ�>��*8,@�DQJH�

JHEHQHQ�+RFKWHPSHUDWXUSKDVH�$J�*D�7H���PLWWHOV�GHU�5|QWJHQPHWKRGH�EHDQWZRUWHW�ZHUGHQ�

(LQ�9HUJOHLFK�GHU�HUPLWWHOWHQ�XQG�SXEOL]LHUWHQ�8PZDQGOXQJVWHPSHUDWXUHQ�EHNDQQWHU�3KDVHQ

ZXUGH�LQ�QDFK�IROJHQGHU�7DEHOOH�����]XVDPPHQJHID�W��'LH�HLQ]HOQHQ�WKHUPLVFKHQ�(IIHNWH�XQG

GLH�GD]XJHK|ULJHQ�'7$�.XUYHQ�ZXUGHQ�LP�$QKDQJ�GHU�7DE�����XQG�$EE������GDUJHVWHOOW�

7DE�������(UPLWWHOWH�'7$�(IIHNWH�GHU�LQYDULDQWHQ�*OHLFKJHZLFKWH�

*OHLFKJHZLFKW [*D 7HUPLWWHOW���& 7/LWHUDWXU���& =LWDW

/�o�γ�$J�7H ����� ��� ����� >��.5b@

γ�$J�7H�o�β�$J�7H ����� ��� !���� >��.5b@

β�$J�7H�o�α�$J�7H ����� ��� ������� >��.5b@

β�$J�*D7H��o�α�$J�*D7H� ������ �� ���±��� >��*8,����.5b@

/��γ�$J�7H�o�α�$J�*D7H� [� ��������[
/
� ������ ��� ��� >��.5b@

/���γ�$J�7H�o�β�$J�7H���α�
$J�*D7H�

a���������� ���

/�o�$J�*D7H����$J*D7H� (XWHNWLNXP ��� ����±���� >��.5b@

/���$J*D�7H��o�$J*D7H� [
/
� ��������[�a������ ��� ����±���� >��*8,����.5b@

/�o�*D�7H� ����� ��� ��� >��.5b����*8,@

��"�"� ��,���
�������%�	�	����	


8P� GDV� YRQ� >��*8,@� EHVFKULHEHQH� SHULWHNWRLGH� *OHLFKJHZLFKW� EHL� �����&� ]X� NOlUHQ�

ZXUGHQ� GLH� 3UREHQ� ]ZLVFKHQ� GHQ� WHUQlUHQ� 9HUELQGXQJHQ� $J*D7H�� XQG� $J*D�7H�� PLWWHOV

'6&��'LIIHUHQWLDO�6FDQQLQJ�&DORULPHWU\��XQWHUVXFKW��,P�9HUJOHLFK�]XU�'7$�0HVVXQJ�PLW�GHU

6WDQGDUG�$XIKHL]UDWH� YRQ� ���.�PLQ� ZXUGH� HLQH� JHULQJHUH� $XIKHL]JHVFKZLQGLJNHLW� YRQ

��.�PLQ�JHZlKOW��'LH�(PSILQGOLFKNHLW�GHV�EHQXW]WHQ�'6&�*HUlWHV�ZXUGH�GXUFK�HOHNWURQLVFKH

$XI]HLFKQXQJ� XQG� &RPSXWHUDXVZHUWXQJ� GHU� HLQ]HOQHQ� 0HVVNXUYH� PLW� ]XVlW]OLFKHU� 9HU�

JU|�HUXQJ� HUK|KW��'LH� (UJHEQLVVH� EHL� KRKHQ� 7HPSHUDWXUHQ� EHVWlWLJWHQ� GLH� '7$�:HUWH�� ,P

QLHGULJHUHQ� 7HPSHUDWXUEHUHLFK� HQWVWDQG� HLQ� NOHLQHU� HQGRWKHUPHU� (IIHNW� EHL� �����&�� (LQLJH

3UREHQ� NRQQWHQ� QRFK� HLQ� YRUJHODJHUWHU� H[RWKHUPHU� 3HDN� EHL� �����&� DXI� '6&�.XUYH

]XJHRUGQHW�ZHUGHQ�
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7DE�������'6&�(IIHNWH�YRQ�3UREHQ�]ZLVFKHQ�$J*D7H��XQG�$J*D�7H��

[*D (WHUQlU��HQGRWKHUP���& (YRUJHODJHUW��H[RWKHUP���&

������ ����� 
������ ����� �����

������ ����� �����

������ ����� 
������ ����� �����

������ ����� 

3DUDOOHO� ]X� '6&�0HVVXQJHQ� ZXUGHQ� $J*D�7H�� XQG� ]ZHL� ZHLWHUH� 3UREHQ� PLW� GHQ

=XVDPPHQVHW]XQJHQ� [*D�  � ������� XQG� ������� I�U� GLH� 'LODWRPHWHUPHVVXQJ� SUlSDULHUW�� 'LH

3UREHQ�ZXUGHQ�HUVW�IHLQ�SXOYHULVLHUW�XQG�GDQQ�XQWHU�HLQHP�PD[LPDOHQ�'UXFN�YRQ�����7RQQHQ

PLW�HLQHU�K\GUDXOLVFKHQ�3UHVVH�GHU�)D��Ä3HUNLQ�(OPHU³�]X�3UHVVOLQJHQ��Φ� ���PP�XQG�/lQJH

FD����PP��JHIRUPW��8P�XQHUZ�QVFKWH�bQGHUXQJ�GXUFK�6LQWHUHIIHNWH�DXV]XVFKOLH�HQ��ZXUGHQ

GLHVH�3UREHQSUHVVOLQJH�I�U�HLQHQ�7DJ�YRU�GHU�0HVVXQJ�EHL������&�JHWHPSHUW��$OOH�GUHL�3UREHQ

]HLJWHQ�HLQHQ�HLQGHXWLJHQ�(IIHNW�EHL����������E]Z�������&��GHU�QLFKW�LQ�GHQ�'7$�.XUYHQ�]X

VHKHQ�ZDU��'LH�3UREH�[*D� ��������]HLJWH�QRFK�HLQHQ�]ZHLWHQ�(IIHNW�EHL�FD�������&��ZDV�GHU

QLFKW�NRPSOHWW�JHNOlUWHQ�3KDVHQXPZDQGOXQJ�EHL������&�YRQ�>��*8,@�HQWVSUHFKHQ�N|QQWH�XQG

DXIJUXQG�GHV�(UZHLFKHQV�YRU�GHP�6FKPHO]HQ�QLFKW�LQ�%HWUDFKW�JH]RJHQ�ZHUGHQ�GXUIWH�

6RZRKO�GLH�'6&��DOV�DXFK�GLH�'LODWRPHWHU�0HVVGDWHQ�EHVWlWLJWHQ�GHQ�(IIHNW�EHL������&�

GHU� HLQPDO� DOV� SHULWHNWRLGHV� *OHLFKJHZLFKW� EHL� �����&� QDFK� >��*8,@�� DEHU� ZLHGHUXP� YRQ

GHQVHOEHQ�$XWRUHQ�*8,77$5'�HW�DO��>��*8,@�DOV�WHUQlUHU�(IIHNW�EH]HLFKQHW�ZXUGH��$OOH�(IIHNWH

]HLJWHQ� HLQH� NOHLQH� 8PZDQGOXQJVZlUPH� XQG� P��WHQ� DOV� WHUQlUHU� (IIHNW� EHZHUWHW� ZHUGHQ�

ZHLO� VLH� GXUFK� $XVGHKQXQJ� GHV� VFKPDOHQ� +RPRJHQLWlWVEHUHLFKHV� YRQ� $J�7H� LQV� WHUQlUH

*HELHW� GHV� *LEEVVFKHQ� 'UHLHFNV� ]XVWDQGHQ� NRPPHQ�� 'LH� PHKUIDFK� SUlSDULHUWHQ� XQG� EHL

XQWHUVFKLHGOLFKHQ�7HPSHUDWXUHQ�JHWHPSHUWHQ�$J�7H�3UREHQ�]HLJWHQ�DOOH�GLH�β�γ�8PZDQGOXQJ

EHL������&��ZDV�GHU�8PZDQGOXQJVWHPSHUDWXU� QDFK� >��.$5@� DXI� GHU� VLOEHUUHLFKHQ� 6HLWH� LP

ELQlUHQ�6\VWHP�HQWVSUDFK��'LHVH�8PZDQGOXQJ�VDQN�GXUFK�GLH�=XJDEH�YRQ�7HOOXU�DXI������&

LP� WHUQlUHQ� XQG� ZXUGH� GDPLW� QRFK� QLHGULJHU� DOV� �����&� >��.$5@� LP� ELQlUHQ� 6\VWHP�� 'LH

=XVDPPHQVHW]XQJHQ�GHU�JHPHVVHQHQ�3UREHQ� LQ�GLHVHP�%HUHLFK� ODJHQ� ]ZDU� JHQDX� DXI�GHP

TXDVLELQlUHQ�6FKQLWW��ZXUGHQ�DEHU�GXUFK�GLH�$XVGHKQXQJ�GHU�3KDVHQEUHLWH�YRQ�β�$J�7H� LQV

WHUQlUHQ�*HELHW�HLQ�ZHQLJ�]XU�WHOOXUUHLFKHQ�6HLWH�YHUVFKREHQ��'DV�WHUQlUH�(XWHNWLNXP�OLHJW�LQ

GHP� WHUQlUHQ� 6XEGUHLHFN� $J�7H�*D�7H��7H� ZLH� LQ� >��*8,@� EHVFKULHEHQ�� 'HVKDOE� NRQQWH

DQJHQRPPHQ�ZHUGHQ��GDVV�GLHVHU�WKHUPLVFKH�(IIHNW�DXV�GHP�WHUQlUHQ�7HLOJHELHW�REHUKDOE�GHV

JHUHFKQHWHQ�6FKQLWWHV� VWDPPWH��'HU� TXDVLELQlUH� 6FKQLWW� YHUOlXIW�ZDKUVFKHLQOLFK� YRQ�$J�7H
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]XP�0D[LPXP�GHV�+RPRJHQLWlWVEHUHLFKV�YRQ�$J�7H�LP�WHUQlUHQ�6\VWHP��GDGXUFK�ZLUG�GHU

6FKQLWW�]XU�=XVDPPHQVHW]XQJ�$J�7H�QLFKW�TXDVLELQlU�

'LHVH�$XVVDJH�NRQQWH�DXFK�GXUFK�GLH�PLNURDQDO\WLVFKHQ�0HVVXQJHQ�LP�8QWHUNDSLWHO����

XQG�GLH�PLNURVNRSLVFKH�*HI�JHVFKOLIIELOGHU��$EE������ELV�������EHVWlWLJW�ZHUGHQ�

$EE�������'HU�TXDVLELQlUH�6FKQLWW�$J�7H�*D�7H��LP�*LEEVVFKHQ�'UHLHFN�

��
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'DV� *XLQLHUYHUIDKUHQ� ELHWHW� HLQHQ� 9RUWHLO� JHJHQ�EHU� GHU� 'LIIUDNWRPHWULH�� ZHLO� GLH

5|QWJHQUHIOH[H� LQ� HLQHP�JUR�HQ�:LQNHOEHUHLFK� YRQ��θ�  � ��� ±� ����� DXIJHQRPPHQ�ZHUGHQ

N|QQHQ�� 'LH� EHNDQQWHQ� 3KDVHQ� ZXUGHQ� GXUFK� hEHUODSSXQJ� GHU� 6WULFKGLDJUDPPH� GHU

MHZHLOLJHQ�-&3'6�'DWHL�XQWHU�%HU�FNVLFKWLJXQJ�JOHLFKHU�6NDOLHUXQJ�LGHQWLIL]LHUW�

7DE�������,GHQWLIL]LHUXQJ�GHU�EHNDQQWHQ�3KDVHQ�

3KDVH 'DWHLQDPH /LWHUDWXUTXHOOH

$J�7H ��������SNV 1DWO��%XU��6WDQG��86��0RQRJU�������������������

α�$J�*D7H� ��������SNV >��*8,@

$J*D�7H� ��������SNV >��*8,@

*D�7H� ��������SNV $��0XNKHUMHH��HW�DO���%XOO��0DWHU��6FL���,QGLD���������������

$XI�GHU� VLOEHUUHLFKHQ�6HLWH�PLVFKWHQ� VLFK�GLH�$J�*D7H��5HIOH[H� LQ�GLH�$J�7H�5HIOH[H�

ZXUGHQ� PLW� GHU� =XQDKPH� YRQ� *D�7H�� LP� HXWHNWLVFKHQ� 7HLOV\VWHP� VFKZlFKHU� XQG

YHUVFKZDQGHQ�LQ�1lKH�GHU�9HUELQGXQJ�$J*D7H���)UHPGH�5|QWJHQUHIOH[H��GLH�QLFKW�PLW�GHU

-&3'6�'DWHL� ]XJHRUGQHW� ZHUGHQ� NRQQWHQ�� ZXUGHQ� ]ZLVFKHQ� $J*D7H�� XQG� $J*D�7H�

EHREDFKWHW��$E�$J*D�7H��ELV�]X�GHU�5DQGSKDVH�*D�7H�� ]HLJWHQ�GLH�3UREHQ�JOHLFKEOHLEHQGH

5|QWJHQPXVWHU��GHUHQ�:LQNHOZHUWH�PLW�]XQHKPHQGHP�*D�7H��$QWHLO�ZXFKVHQ��$QKDQJ�$EE�

�����

������ ��&&��.�%�	�	����	


'LH�'LIIUDNWRJUDPPH�DOOHU�3UREHQ�ZXUGHQ�LQ�HLQHP�:LQNHOEHUHLFK�YRQ��θ� �����±����

XQG� I�U� MHGHQ� ��� �θ� 6FKULWW� PLW� HLQHU� %HVWUDKOXQJVGDXHU� YRQ� ���� VHF� DXIJHQRPPHQ�� 'LH

(UJHEQLVVH�EHVWlWLJWHQ�GLH�*XLQLHUDXIQDKPHQ�

=ZLVFKHQ� $J�7H� XQG� $J�*D7H�� HUJDEHQ� GLH� 3UREHQ� VFKZDFKH� 5HIOH[H�� 'LH� 3KDVH

$J�*D7H�� ]HLJWH� WURW]� JOHLFKHU� %HVWUDKOXQJVGDXHU� VFKlUIHUH� 5HIOH[H� XQG� ZHQLJHU� *UXQG�

UDXVFKHQ��'LH�,QWHQVLWlW�GHU�$J�7H�5HIOH[H�QDKP�HUZDUWXQJVJHPl��PLW�ZDFKVHQGHU�*DOOLXP�

NRQ]HQWUDWLRQ� DE�� ZlKUHQG� GLH� ,QWHQVLWlW� GHU� $J�*D7H��5HIOH[H� ]XQDKP�� ,P� HXWHNWLVFKHQ

7HLOV\VWHP�]ZLVFKHQ�GHQ�3KDVHQ�$J�*D7H��XQG�$J*D7H�� VDQN�ZLHGHUXP�GLH� ,QWHQVLWlW�GHU

$J�*D7H��5HIOH[H� XQG� VWLHJ� GLH� GHU� $J*D7H��3KDVH�� 'HQ� YRQ� >��*8,@� DQJHJHEHQHQ� ]ZHL

+RFKWHPSHUDWXUSKDVHQ� $J�*D�7H��� XQG� $J�����*D�����7H� HQWVSUHFKHQGHQ� 3UREHQ� ]HLJWHQ
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$J*D7H��3HDNV�� GHUHQ� /DJHQ� MHGRFK� LQ� GHQ� JU|�HUHQ� :LQNHOEHUHLFK� YHUVFKREHQ� ZXUGHQ�

%HJLQQHQG�PLW�GHU�3UREH�[*D� ��������ZXUGH�GLH�,QWHQVLWlW�GHU�$J*D�7H��5HIOH[H�VWlUNHU�

'LH�JHWHPSHUWH�$J*D7H��3UREH�HQWKLHOWH�VFKDUIH�5HIOH[H��GLH�PLW�GHQ�]XYRU�JHPHVVHQHQ

5|WJHQGDWHQ� ]ZDU� �EHUHLQVWLPPWHQ�� MHGRFK� QLFKW�PLW� GHU� -&3'6�'DWHL�PLW� GHU� 3XEOLNDWLRQ

YRQ� 3$7(/� HW� DO�� >��3$7@� QDFKYROO]RJHQ� ZHUGHQ� NRQQWHQ�� 'LH� /LWHUDWXUUHFKHUFKH� OLHIHUWH

NHLQH�ZHLWHUH�,QIRUPDWLRQHQ�]XU�,GHQWLIL]LHUXQJ�GLHVHU�3KDVH��VR�PX�WHQ�GLH�*LWWHUNRQVWDQWHQ

GLHVHU�3KDVH�PLW�+LOIH�GHV�3URJUDPPV�Ä9LVXDO�;32:³�LQGL]LHUW�ZHUGHQ��=ZLVFKHQ�GHQ�3KDVHQ

$J*D�7H�� XQG� *D�7H�� ZXUGHQ� DXVJHKHQG� YRQ� GHU� 3UREH� [*D�  � ������� ELV� ]XU� 5DQGSKDVH

*D�7H��JOHLFKPl�LJ�YHUVFKREHQH�*D�7H��5|QWJHQUHIOH[H�JHIXQGHQ��'LH�*LWWHUNRQVWDQWHQ�GHU

3UREHQ� LQ� GLHVHP� %HUHLFK� ZXUGHQ� ]XU� hEHUSU�IXQJ� GHV� +RPRJHQLWlWVEHUHLFKV� DQKDQG� GHU

*D�7H��5HIOH[H�LQGL]LHUW�

����"� /	�0.��	����&
���	


)�QI�3KDVHQ�XQG�GLH�3UREHQ�[*D� ��������XQG��������ZXUGHQ�PLWWHOV�+HL]NDPHUD�DXI�LKU

+RFKWHPSHUDWXU�9HUKDOWHQ� XQWHUVXFKW�� 'HU� 7ROHUDQ]EHUHLFK� EHWUXJ� DXIJUXQG� GHU� JUR�HQ

8QWHUVFKLHGH� ]ZLVFKHQ� GHQ� WDWVlFKOLFKHQ� XQG� GHQ� HLQJHVWHOOWHQ� 7HPSHUDWXUHQ� HWZD� ����&�

GHVKDOE� ZXUGHQ� GLH� 8PZDQGOXQJVWHPSHUDWXUHQ� DXI� GLH� GXUFK� '7$�0HVVXQJHQ� EHNDQQWHQ

7HPSHUDWXUHQ� EH]RJHQ�� 'LH� HQWVSUHFKHQGHQ� 3DUDPHWHUHLQVWHOOXQJHQ� VLQG� LQ� GHU� IROJHQGHQ

7DEHOOH�DXIJHOLVWHW�

7DE�������(LQVWHOOXQJHQ�GHU�+HL]NDPHUDDXIQDKPHQ�

3UREH 7WDWVlFKOLFK���& 7HLQJHVWHOOW���& W%HOLFKWXQJ��K
)LOPYRUVFKXE

�PP�K��

$J�7H���� �������� ��������� ��� ���

$J�7H���� ��������� ��������� �� ���

$J�*D7H� ��������� ��������� �� ���

$J*D7H� ��������� ��������� �� ���

[*D� ������� ��������� ��������� �� ���

$J*D�7H� ��������� ��������� ��� ���

[*D� ������� ��������� ��������� �� ���

'HU�5|QWJHQILOP�YRQ�$J�7H�EHVWlWLJWH�GLH�]ZHL�SRO\PRUSKHQ�8PZDQGOXQJHQ��2EHUKDOE

����&�YHUVFKZDQGHQ�HLQLJH�]XU�α�3KDVH�JHK|UHQGHQ�5HIOH[H�LP�%HUHLFK�JUR�HU�:LQNHO�XQG

HV�HQWZLFNHOWHQ�VLFK�QHXH�VFKZDFKH�5HIOH[H��GLH�ZLHGHUXP�EHL������&�YHUVFKZDQGHQ��'D�LQ

GHU� /LWHUDWXU� NHLQH� 'DWHQ� �EHU� β�$J�7H� ]XU� 9HUI�JXQJ� VWDQGHQ�� NRQQWHQ� GUHL� YHUEOLHEHQH

VFKDUIH� 5HIOH[H� QLFKW� ]XJHRUGQHW� ZHUGHQ�� 'LHVH� lQGHUWHQ� VLFK� LP� %HUHLFK� YRQ� �����&� ELV
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�����&�XQG�EHVWlWLJWHQ�GLH�β�γ�3KDVHQXPZDQGOXQJ��,Q�0HVVXQJHQ�YRQ�$J�*D7H��]HUVHW]WHQ

VLFK� GLH� 3UREHQ� VSlWHVWHQV� EHL� �����&�� 'LHVH� 7HPSHUDWXU� HQWVSUDFK� GHU� SHULWHNWLVFKHQ

=HUVHW]XQJ�EHL������&��$J*D7H��]HLJWH�HLQHQ�HLQ]LJHQ�(IIHNW�FD������&�YRU�GHP�6FKPHO]HQ�

ZDV�GDV�SHULWHNWLVFKH�*OHLFKJHZLFKW�DQGHXWHWH��'DV�5|QWJHQPXVWHU�YRQ�$J*D�7H��ZDQGHOWH

VLFK�FD�������&�XQWHU�GHU�6FKPHO]WHPSHUDWXU�YRQ������&�XP��'LHVH�8PZDQGOXQJ�ZLHV� DXI

GHQ�YRQ�>��.5b@�EHVFKULHEHQHQ�SHULWHNWLVFKHQ�=HUIDOO�KLQ�

'LH�3UREH�EHL�[*D� ��������GHXWHWH�]ZHL�(IIHNWH�DQ��'HU�HUVWH�ODJ�LP�%HUHLFK�YRQ������&

ELV������&��2EHUKDOE�GLHVHV�7HPSHUDWXUEHUHLFKV�]HLJWHQ�VLFK�YHUVFKREHQH�$J*D7H��5HIOH[H�

8QWHUKDOE�GLHVHU�7HPSHUDWXU�EHVD�HQ�GLH�5HIOH[H�JUR�H�bKQOLFKNHLW�PLW�GHU�'LIIUDNWRPHWHU�

DXIQDKPH�GHU�3UREH�[*D� ���������/HW]WHUHV�GHXWHWH�VRZRKO�GLH�$QZHVHQKHLW�YRQ�$J*D�7H�

DOV�DXFK�YRQ�$J*D7H��EHL�QLHGULJHU�7HPSHUDWXU�DQ��2EHUKDOE������&�VWLPPWH�GDV�0XVWHU�GHU

5HIOH[H� JHQDX�PLW� GHU� 3KDVH�$J*D7H�� �EHUHLQ��'DV� 5HIOH[PXVWHU� GLHVHU� 3UREH� YHUlQGHUWH

VLFK� QRFK�PDO� FD�� ����&� YRU� GHP� 6FKPHO]SXQNW�� 'LHVHV� NHQQ]HLFKQHWH� GLH� +RPRJHQLWlWV�

JUHQ]H� GHU� $J*D7H��3KDVH�� (LQH� JHQDXH� ,QWHUSUHWDWLRQ� GHU� 3KDVHQYHUKlOWQLVVH� HLQ]HOQHU

3UREHQ�LVW�GHP�$QKDQJ��$EE������±�$EE�������]X�HQWQHKPHQ�

7DE�������8PZDQGOXQJVWHPSHUDWXUHQ�GHU�+HL]NDPHUDDXIQDKPHQ�

[*D 78PZDQGOXQJ�����& 78PZDQGOXQJ�����& 76FKPHO]���&

������ ��� ��� !����

������ ��� ���

������ ��� ��� ���

������ ��� ��� R[LGLHUW

������ ��� ���

������ 1
��0�	��
��	������	�.%
���
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=XU�,GHQWLIL]LHUXQJ�GHU�3KDVHQ�$J*D7H��ZXUGH�GLH�*LWWHUNRQVWDQWHQ�JHWHPSHUWHU�3UREHQ

DQKDQG�GHU�'LIIUDNWRPHWHUUHIOH[H�PLWWHOV�GHV�Ä9LVXDO�;32:³�3URJUDPPV�QDFK�GHP�Ä:HUQHU³�

9HUIDKUHQ� EHUHFKQHW� �$QKDQJ� 7DE�� ������ $XIJUXQG� GHU� $J*D7H�� lKQOLFKHQ� 5|QWJHQUHIOH[H

GHU�3UREH�[*D� ��������EHL�KRKHQ�7HPSHUDWXU�ZXUGHQ�GLH�=HOOSDUDPHWHU�XQG�GLH�5DXPJUXSSH

YRQ�GHQ�DQJHJHEHQHQ�*LWWHUNRQVWDQWHQ�>��*8,@�U�FNJHUHFKQHW��'DV�5HVXOWDW�GHU�%HUHFKQXQJ

�7DE�������]HLJWH�HLQH�WHWUDJRQDOH�6\PPHWULH�XQG�GLH�5DXPJUXSSH�, ��G�I�U�GLH�=XVDPPHQ�

VHW]XQJ� $J*D7H��� 'LH� EHL� �����&� JHWHPSHUWHQ� 3UREHQ� GHU� DQJHEOLFKHQ� 3KDVH� $J�*D�7H��

ZLHVHQ� GLH� JOHLFKH� 5DXPJUXSSH� XQG� 6\PPHWULH� PLW� HWZDV� NOHLQHUHQ� *LWWHUNRQVWDQWHQ� DXI�

(EHQVR�EHVD�HQ�GLH�3UREHQ�LQ�GHU�8PJHEXQJ�PLW�GHQ�=XVDPPHQVHW]XQJHQ�YRQ�[*D� �������
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ELV��������HUZDUWXQJVJHPl��GLH�JOHLFKH�6\PPHWULH�XQG�5DXPJUXSSH��(V� VWHOOWH� VLFK� VRPLW

KHUDXV��GDVV�GLH�3UREH�PLW�GHU�.RQ]HQWUDWLRQ�[*D� ��������LQQHUKDOE�GHV�/|VOLFKNHLWVEHUHLFKV

GHU�3KDVH�$J*D7H��ODJ�� ,Q�GHP�YRUOLHJHQGHQ�TXDVLELQlUHQ�6\VWHP�H[LVWLHUW�GLH�YRQ�>��*8,@

DQJHJHEHQH� 3KDVH� $J�*D�7H��� QLFKW�� 'LH� JHPHVVHQHQ� G�:HUWH� LQ� c� XQG� GLH� EHUHFKQHWHQ

:HUWH�GEHUHFKQHW�LQ�c�VLQG�GHP�$QKDQJ�GHU�7DE������±�7DE������]X�HQWQHKPHQ�

7DE��������=HOOSDUDPHWHU�GHU�3KDVH�$J*D7H��

[*D D� �E��c F��c

��������$J*D7H�� ������ �������

������ ������ �������

�������$J�*D�7H��� ������ �������

��������$J�����*D�����7H� ������ �������

��9RQ�GHU�/LWHUDWXUVWHOOH�>��*8,@�DQJHJHEHQ�)HVWSKDVHQ�

=XU�(UPLWWOXQJ�GHV�YROOVWlQGLJHQ�/|VOLFKNHLWVEHUHLFKHV�YRQ�*D�7H��ZXUGH�HLQH�GHU�5DQG�

SKDVHQ�*D�7H��LVRW\SH�6WUXNWXU�>��0h/@�YRUDXVJHVHW]W��'D�GLH�5|QWJHQUHIOH[H�GHU�3UREHQ�DE

GHU� 9HUELQGXQJ� $J*D�7H�� GHU� *D�7H��3KDVH� lKQOLFKH� 0XVWHU� ]HLJWHQ�� ZXUGHQ� GLH� 3UREHQ

EHJLQQHQG�PLW� [*D�  � ������� DQKDQG� GHV�'LIIUDNWRJUDPPV�GHU�*D�7H��3KDVH� LQGL]LHUW�� $OOH

5HIOH[H�NRQQWHQ�PLW�HLQHU�NXELVFKHQ�6\PPHWULH�LQ�GHU�5DXPJUXSSH�) ��P�LQGL]LHUW�ZHUGHQ�

HEHQVR� ZLH� *D�7H��� VRPLW� EHVWlWLJWH� VLFK� GLH� $QQDKPH� HLQHV� /|VOLFKNHLWVEHUHLFKV� QDFK

>��.5b@��'LH�3KDVH�$J*D�7H�� ]HLJWH�HLQH�RUWKRUKRPELVFKH�6\PPHWULH�ZLH� LQ�GHU�/LWHUDWXU

EHVFKULHEHQ��'LH�=HOOSDUDPHWHU�ZLFKHQ�MHGRFK�YRQ�GHQ�DQJHJHEHQHQ�:HUWHQ�YRQ�>��*8,@�DE�

'LH� =HOOSDUDPHWHU� GHU� 3UREH� [*D�  � ������� ZXUGHQ� LQ� IROJHQGHU� *UDSKLN� DOV� $XVUHL�HU

LJQRULHUW��(LQH� OLQHDUH�$EKlQJLJNHLW�GHU�*LWWHUNRQVWDQWH�YRQ�GHU�=XVDPPHQVHW]XQJ�EHVWDQG

LP�%HUHLFK�]ZLVFKHQ�$J*D�7H��PLW�[*D� ��������XQG�*D�7H���,P�%HUHLFK�]ZLVFKHQ�GHU�3UREH

[*D� ��������XQG�$J*D�7H��ZXUGHQ�GLH�JOHLFKHQ�*LWWHUNRQVWDQWHQ�HUPLWWHOW��6RPLW�NRQQWH�GLH

$XVVDJH�GHU�3XEOLNDWLRQ�YRQ�>��.5b@�EHVWlWLJW�ZHUGHQ��GDVV�DXI�GHU�JDOOLXPUHLFKHQ�6HLWH�GHV

TXDVLELQlUHQ�6\VWHPV�$J�7H�*D�7H��HLQ�%HUHLFK�PLW�YROOVWlQGLJHU�0LVFKEDUNHLW�]ZLVFKHQ�[*D

 ��������XQG�[*D� ��������H[LVWLHUW�
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$EE�������$EKlQJLJNHLW�GHU�*LWWHUNRQVWDQWHQ�LP�%HUHLFK�[*D� ��������±��������

'LH�*LWWHUNRQVWDQWHQ�ZXUGHQ�YRQ�$J*D�7H��>��*8,@�XQG�YRQ�*D�7H��>��08.@�DQJHJHEHQ�

*LWWHUNRQVWDQWHQ�LP�%HUHLFK�[�*D�� ����������
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8P�GLH�WDWVlFKOLFKHQ�=XVDPPHQVHW]XQJHQ�SUlSDULHUWHU�3KDVHQ�$J�*D7H��XQG�$J*D�7H��

VRZLH�GLH� 3KDVHQEHUHLWH� GHU�9HUELQGXQJ�$J*D7H�� IHVW]XVWHOOHQ��ZXUGHQ� GLHVH� ]ZHL� 3KDVHQ

XQG�GLH� 3UREHQ� [*D�  � ������� XQG� [*D�  �������� HUQHXW�KHUJHVWHOOW��'LH� ]ZHLPRQDWHODQJ� EHL

�����&� JHWHPSHUWHQ� 3UREHQ� ZXUGHQ� QLFKW� ZLH� I�U� �EOLFKH� 8QWHUVXFKXQJHQ� SXOYHULVLHUW�

VRQGHUQ�HV�ZXUGH�YRQ�GHU�*HVDPWKHLW� HLQ�JHHLJQHWHV�6W�FN� LQ�NRPSDNWHU�)RUP�DXVJHVXFKW�

'LH� 3UREHQVW�FNH� ZXUGHQ� LQ� .XQVWKDU]� HLQJHEHWWHW� XQG� JHJHQ� GLH� 6WDQGDUGV� UHLQHV� 6LOEHU�

7HOOXU�XQG�*DOOLXPSKRVSKLG�LQ�GHU�0LNURVRQGH�XQWHUVXFKW�

$J�*D7H�� XQG� $J*D�7H�� HUJDEHQ� VLFK� DXV� HQWVSUHFKHQGHQ� 0ROHQEU�FKHQ� GHU� GUHL

(OHPHQWH�XQG�NRQQWHQ�GLUHNW�DXI�GDV�*LEEVVFKH�'UHLHFN�$J�*D�7H��EHUWUDJHQ�ZHUGHQ��'HU

+RPRJHQLWlWVEHUHLFK�YRQ�$J*D7H��ZXUGH�GXUFK�GLH�]ZHL�DXI�YHUVFKLHGHQHQ�6HLWHQ�OLHJHQGHQ

3UREHQ� EHVWLPPW�� 'LH� .RQ]HQWUDWLRQHQ� GLHVHU� 3UREHQ� ODJHQ� HLQ� ZHQLJ� REHUKDOE� GHV

TXDVLELQlUHQ�6FKQLWWHV� LP�%HUHLFK�GHV�6XEGUHLHFNV�$J�7H� �*D�7H��7H��'LHVH�7DWVDFKH�NDP

GXUFK� HLQH�hEHUWUDJXQJ� GHV� /|VOLFKNHLWVEHUHLFKV� GHU� ELQlUHQ�5DQGYHUELQGXQJ� β�$J�7H� LQV

WHUQlUH�6\VWHP�]XVWDQGH��'LH�ELQlUH�5DQGSKDVH�HUZHLWHUWH�LKUHQ�+RPRJHQLWlWEHUHLFK�QDFK�GHU

PHWDOOLVFKHQ�6HLWH� LP�*LEEVVFKH�'UHLHFN�$J�*D�7H��GHVKDOE� ODJ�GHU�EHUHFKQHWH�6FKQLWW� HLQ

ZHQLJ� �EHU� GHP� WDWVlFKOLFKHQ� TXDVLELQlUHQ� 6FKQLWW�� 6RPLW� ODJHQ� GLH� JHQDX� HLQJHZRJHQGHQ

3UREHQ�DXFK�NQDSS��EHU�GHP�6FKQLWW�

7DE��������0LNURVRQGHPHVVHUJHEQLVVH��7HPSHUQ�EHL������&��

3UREH [$J [*D [7H

������±������ ������±������ ������±������
$J�*D7H�

������ ������ ������

[*D� ������� ������±������ ������±������ ������±������
[*D� ������� ������±������ ������±������ ������±������

������±������ ������±������ ������±������
$J*D�7H�

������ ������ ������

��7KHRUHWLVFKH�:HUWH�

'LH� JXWHQ�(UJHEQLVVH� GHU� HUVWHQ�0LNURVRQGHQPHVVXQJHQ� ERWHQ� ZHLWHUH�0|JOLFKNHLWHQ�

XP� GDV� HXWHNWLVFKH� 7HLOV\VWHP� XQG� GHQ� ZLGHUVSU�FKOLFKHQ� %HUHLFK� ]ZLVFKHQ� GHQ� 3KDVHQ

$J*D7H��XQG�$J*D�7H��DXI]XNOlUHQ��'D]X�ZXUGHQ�DOOH�9HUELQGXQJHQ�XQG�GLH�3UREHQ�LQ�GHP

YRUJHVHKHQHQ�*HELHWHQ�HUQHXW�SUlSDULHUW��'LHVH�3UREHQ�ZXUGHQ�GDQQ�JH]LHOW�EHL������&�I�U���

:RFKHQ�������&�I�U���:RFKHQ�������&�XQG������&�I�U�HLQH�:RFKH�JHWHPSHUW��'LH�ZLHGHU�
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KROWHQ� 0HVVHUJHEQLVVH� ]HLJWHQ� JHJHQ�EHU� GHQ� HUVWHQ� 0HVVUHLKH� GXUFK� $QZHQGXQJ� HLQHU

DQGHUHQ� $XVZHUWPHWKRGH� HLQH� JU|�HUH� $EZHLFKXQJ�� %HL� �����&� EHWUXJ� GHU� PD[LPDOH

0HVVIHKOHU�XP�������EHL�KRKHQ�7HPSHUDWXUHQ�FD�������,Q�GHU�IROJHQGHQ�7DEHOOH������NRQQWHQ

GLH�9HUELQGXQJHQ�XQG�(XWHNWLND�WURW]�GHU�$EZHLFKXQJHQ�HUNDQQW�ZHUGHQ�

%HL� DOOHQ� 9HUELQGXQJHQ� ZXUGHQ� GLH� HUZDUWHWHQ� =XVDPPHQVHW]XQJHQ� IHVWJHVWHOOW�

=ZLVFKHQ�GHQ� WHUQlUHQ�3KDVHQ�$J�*D7H�� XQG�$J*D7H�� KDWWHQ� GLH� EHL� �����&� JHWHPSHUWHQ

3UREHQ�[*D� ��������XQG�[*D� ��������]ZHL�XQWHUVFKLHGOLFKH�.RQ]HQWUDWLRQVEHUHLFKH��(LQHU

GHXWHWH�GLH�/DJH�GHV�(XWHNWLNXPV��GHU�DQGHUH�GLH�MHZHLOLJH�EHQDFKEDUWH�9HUELQGXQJ�DQ��'LH

EHL������&�JHWHPSHUWHQ�3UREHQ�]HLJWHQ�GLH�HQWVSUHFKHQGHQ�=XVDPPHQVHW]XQJHQ�GHU�*UHQ]�

SKDVHQ��%HL�GHU�3UREH�[*D� ��������ZXUGH�GLH�HQWVSUHFKHQGH�.RQ]HQWUDWLRQ�GHV�(XWHNWLNXPV

XQG�$J*D7H��JHIXQGHQ�

,Q�GHP�QLFKW�NRPSOHWW� DXIJHNOlUWHQ�%HUHLFK�ZXUGHQ� EHL�GHQ� KHWHURJHQHQ�3UREHQ� [*D�  

�������XQG�[*D� ��������.RQ]HQWUDWLRQHQ�EHL������&�HUPLWWHOW��ZHOFKH�GHQ�3KDVHQ�$J*D7H�

XQG�$J*D�7H�� HQWVSUDFKHQ��%HL������&�XQG� �����&� ]HLJWH� GLH� 3UREH� EHL� [*D�  � ������� QXU

$J*D7H���EHL������&�$J*D7H��XQG�$J*D�7H���'LHV�ZXUGH�GDGXUFK�HUNOlUW��GDVV�EHL�QLHGULJHU

7HPSHUDWXU�HLQH�OlQJHUH�7HPSHU]HLW�EHQ|WLJW�ZXUGH��XP�GDV�*OHLFKJHZLFKW� LQ�GHU�3UREH�]X

HUUHLFKHQ�� (V� EOLHEHQ� GLH� 9HUKlOWQLVVH� EHL� KRFKHQ� 7HPSHUDWXUHQ� QDFK� GHP� $EN�KOHQ

YHUKDOWHQ�� %HL� KRKHU� 7HPSHUDWXU� ODJ� GLH� =XVDPPHQVHW]XQJ� GLHVHU� 3UREH� LQQHUKDOE� GHU

3KDVHQEUHLWH�GHU�9HUELQGXQJ�$J*D7H���'LH�3UREH�[*D� ��������ZLHV�EHL�GUHL�YHUVFKLHGHQHQ

7HPSHUDWXUHQ� DXI� GHQ� .RQ]HQWUDWLRQHQ� DXI�� GLH� GHQ� 3KDVHQ� $J*D�7H�� XQG� *D�7H�

HQWVSUDFKHQ�
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7DE��������0LNURVRQGHQPHVVHUJHEQLVVH��7HPSHUQ�EHL������&�������&�������&�XQG������&��

3UREH [*D 7HPSHUQ�EHL���& [$J [*D [7H %HPHUNXQJ

$J�7H ������ ��� ����� �����

$J�*D7H� ������ ��� ����� ����� �����

���
�����

�����

�����

�����

�����

�����

$J�*D7H�

$J*D7H�
������

���
�����

�����

�����

�����

�����

�����

$J�*D7H�

(XWHNWLNXP

������ ���
�����

�����

�����

�����

�����

�����

�$J�*D7H��

$J*D7H�

���
�����

�����

�����

�����

�����

�����

(XWHNWLNXP

$J*D7H�
������

���
�����

�����

�����

�����

�����

�����

(XWHNWLNXP

$J*D7H�

$J*D7H� ������ ��� ����� ����� �����

������ ���
�����

�����

�����

�����

�����

�����

$J*D7H�

$J*D�7H�

��� ����� ����� ����� $J*D7H�

���
�����

�����

�����

�����

�����

�����

$J*D7H�

$J*D�7H�
������

��� ����� ����� ����� $J*D7H�

��� ����� ����� �����

��� ����� ����� �����

��� ����� ����� �����
$J*D�7H� ������

��� ����� ����� �����

��� ����� ����� �����

��� ����� ����� ����� $XVUHLVVHU������

��� ����� ����� �����

*D�7H� ������ ��� ����� �����

1DFK�GHQ�0LNURDQDO\VHQ�ZXUGHQ�GLH�3UREHQ�QRFKPDOV�PLW� ,VRSURSDQRO�SROLHUW�� XP�GLH

*UDSKLWVFKLFKW�]X�HQWIHUQHQ��'LH�3UREHQ�ZXUGHQ�]XHUVW� LQ�YHUG�QQWHU�6DO]VlXUH�XQG�GDQQ� LQ

YHUG�QQWHU� 6DOSHWHUVlXUH� JHlW]W�� GDPLW� GLH� 6WUXNWXUHQ� GHU� .RUQJUHQ]HQ� EHVVHU� ]X� *HOWXQJ

NRPPHQ��$XI� HLQHP�$XIOLFKWPLNURVNRS�PLW� HLQHU� QHXQ]LJIDFKHQ�9HUJU|�HUXQJ�ZXUGHQ� GLH

3UREHQ�PLW�YHUVFKLHGHQHQ�%HOLFKWXQJV]HLWHQ�SKRWRJUDSKLHUW��'LH�3KRWRV�ZXUGHQ�DQKDQG�GHU

/LWHUDWXUVWHOOH�YRQ�52672.(5�XQG�'925$.�>��526@�FKDUDNWHULVLHUW�
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$EE�������$J�7H��7HPSHUQ�EHL������&� $EE��������$J�7H��RKQH�7HPSHUQ�

$EE��������$J�*D7H���7HPSHUQ�EHL������&� $EE��������[*D� ���������7HPSHUQ�EHL������&�

$EE��������[*D� ���������7HPSHUQ�EHL������&�
GHXWHW�HLQ�HXWHNWLVFKHV�*OHLFKJHZLFKW�DQ�

$EE��������[*D� ���������7HPSHUQ�EHL������&�
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$EE��������[*D� ���������RKQH�7HPSHUQ� $EE��������$J*D7H��[*D� ���������RKQH
7HPSHUQ�

$EE��������[*D� ���������RKQH�7HPSHUQ� $EE��������$J*D�7H��[*D� ���������7HPSHUQ
EHL������&�

$EE��������$J*D�7H��[*D� ���������RKQH

7HPSHUQ�

$EE��������*D�7H��[*D� ���������7HPSHUQ�EHL

����&�

%HL�GHQ�I�QI�JHWHPSHUWHQ�KRPRJHQHQ�3KDVHQ�LQ�GHU�$EELOGXQJHQ�YRQ�����ELV������XQG

YRQ������ELV������NRQQWH�NHLQH�6WUXNWXU�� VRQGHUQ�QXU�.RUQJU|VVHQ�0XVWHU� HUNDQQW�ZHUGHQ�

GLH�GXUFK�bW]HQ� LQ�YHUG�QQWHQ�6DOSHWHUVlXUH�HQWVWDQGHQ��'LH�QLFKW�JHWHPSHUWH�$J�7H�3UREH
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HQWKLHOW�SULPlUH�.ULVWDOOH�YRQ�EHQDFKEDUWHU�β�$J���7H�3KDVH��GD�GLH�HLQJHZRJHQH�=XVDPPHQ�

VHW]XQJ�HLQ�ZHQLJ�DXI�GHU�WHOOXUUHLFKHQ�6HLW�ODJ�

'LH�3UREH�PLW�GHU�=XVDPPHQVHW]XQJ�[*D� ��������]HLJWH�GLH�SULPlUHQ�.ULVWDOOH� LQ�GHU

$EELOGXQJ� ������ 'LH� ]XHUVW� DXV� GHU� 6FKPHO]H� DXVNULVWDOOLVLHUWH� .RPSRQHQWH� HQWVSUDFK� GHU

.RQ]HQWUDWLRQ�YRQ�$J�*D7H���'DV�6FKOLIIELOG�GHU�3UREH�[*D� ���������$EE��������HQWKLHOW�GDV

W\SLVFKH� 0XVWHU� HLQHV� HLQIDFKHQ� (XWHNWLNXPV�� =ZHL� YHUVFKLHGHQH� .RPSRQHQWHQ� YHUWHLOWHQ

VLFK� VWDWLVWLVFK� �EHU� GHQ� 6FKOLII�� 'LHVH� 3UREH� HUJDE� HLQH� lKQOLFKH� 6WUXNWXU� PLW� RGHU� RKQH

7HPSHUQ�� 'LH� SULPlUHQ� .ULVWDOOH� GHXWHWHQ�� YHUJOHLFKEDU� GHU� 3UREH� [*D�  � �������� DXI� GLH

QlFKVWH�9HUELQGXQJ�$J*D7H��KLQ�

'LH�QLFKW�JHWHPSHUWH�$J*D7H��3UREH�GHU�$EELOGXQJ�����]HLJWH�HLQH�NRPSOH[HV�6FKOLII�

PXVWHU��QLFKW�ZLH�]X�HUZDUWHQ��HLQ�GHXWOLFK�SHULWHNWLVFKHV�*OHLFKJHZLFKW��'LHVHV�NDQQ�GXUFK

GDV� VFKQHOOH� $EN�KOHQ� LP� (LVZDVVHU� HUNOlUW� ZHUGHQ�� GD� LQ� GHU� 3UREH� HLQ� .RQ]HQWUDWLRQV�

JUDGLHQW� HQWVWDQG�� 'LH� QLFKW� JHWHPSHUWH� 3UREH� [*D�  � ������� �$EE�� ������ HQWKLHOW� HEHQIDOOV

SULPlUH� .ULVWDOOH� YRQ� $J*D7H��� ZLH� ]X� HUZDUWHQ� ZDU�� 6RZRKO� JHWHPSHUWH� DOV� DXFK

XQJHWHPSHUWH�3UREHQ�GHU�3KDVHQ�$J*D�7H�� XQG�*D�7H�� LQ�GHU�$EELOGXQJHQ������XQG�����

OLH�HQ�GXUFK�VDXUHV�bW]HQ�GLH�.RUQJUHQ]HQ�LQ�GHQ�6FKOLIIELOGHUQ�GHXWOLFK�KHUYRUWUHWHQ�
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,Q� GLHVHU� $UEHLW� ZXUGHQ� GLH� :LGHUVSU�FKH� GHU� /LWHUDWXUDQJDEHQ� YRQ� >��.5b@� XQG

>��*8,@� ]X�GHP�TXDVLELQlUHQ�6FKQLWW�$J�7H�*D�7H�� JHNOlUW��'LH�YRQ� >��*8,@� DQJHJHEHQHQ

+RFKWHPSHUDWXUSKDVH� NRQQWH� U|QWJHQRJUDSKLVFK� DOV� $J*D7H��0LVFKNULVWDOO� LGHQWLIL]LHUW

ZHUGHQ��'DV�SHULWHNWRLGH�*OHLFKJHZLFKW�GHU�9HUELQGXQJ�$J*D�7H��EHL������&�ZXUGH�DOV�HLQ

WHUQlUHU� (IIHNW� JHZHUWHW�� GHU� VLFK� QLFKW� DXI� GHP� YRUOLHJHQGHQ� TXDVLELQlUHQ� 6FKQLWW� $J�7H�

*D�7H�� ZLHGHUIDQG�� GDPLW� NRQQWH� GDV� YRQ� >��.5b@� HUVWHOOWH� 3KDVHQGLDJUDPP� EHVWlWLJW

ZHUGHQ�

'LH�QHXH�,QWHUSUHWDWLRQ�GHV�3KDVHQGLDJUDPPV�]HLJWH�GHQ�GHXWOLFKHQ�(LQIOX��GHU�=XQDKPH

GHU�.RQ]HQWUDWLRQ�YRQ�*D�7H�� DXI�GLH�SRO\PRUSKH�8PZDQGOXQJ�β�γ�$J�7H��'LH�8PZDQG�

OXQJVWHPSHUDWXUHQ� LP� %HUHLFK� ]ZLVFKHQ� GHQ� 3KDVHQ� $J�7H� XQG� $J�*D7H�� ZXUGHQ� YRQ

�����&�LP�ELQlUHQ�6\VWHP�$J�7H�DXI������&�LP�WHUQlUHQ�6\VWHP�HUQLHGULJW�

'LH� 3KDVHQEUHLWH� GHU� 3KDVH� $J*D7H�� NRQQWH� PLW� +LOIH� GHU� 0LNURDQDO\VH� EHL� YHU�

VFKLHGHQHQ� 7HPSHUDWXUHQ� EHVWLPPW� ZHUGHQ�� 6LH� ]HUILHO�� ZLH� LQ� GHU� %HVFKUHLEXQJ� YRQ

>��.5b@�� SHULWHNWLVFK� ]XP�0LVFKNULVWDOO� �*D�7H��� XQG� 6FKPHO]H�� 'DV� 9HUKDOWHQ� GHU� 3KDVH

$J*D�7H�� EHL� KRKHU�7HPSHUDWXU�EHVWlWLJWH�GLH�$QJDEH� YRQ� >��.5b@�� 6LH� ELOGHW� ]XVDPPHQ

PLW�GHU�3KDVH�$J*D7H��XQG�GHP�0LVFKNULVWDOO��*D�7H���HLQ�SHULWHNWRLGHV�*OHLFKJHZLFKW�

$X�HUGHP� NRQQWH� GHU� +RPRJHQLWlWVEHUHLFK� ]ZLVFKHQ� $J*D�7H�� XQG� *D�7H�� GXUFK

U|QWJHQRJUDSKLVFKH�0HVVXQJHQ�JHNOlUW�ZHUGHQ�� ,Q�GLHVHP�*HELHW� WUDWHQ�DX�HU�GHP�6FKPHO�

]SHDN� NHLQHUOHL� DQGHUH� WKHUPLVFKH� (IIHNWH� DXI�� GDPLW� ZXUGH� GLH� 3KDVHQXPZDQGOXQJHQ� YRU

GHP� 6FKPHO]HQ� LQ� GLHVHP� %HUHLFK� DXVJHVFKORVVHQ�� $XFK� GLH� %HUHFKQXQJ� GHU� *LWWHU�

NRQVWDQWHQ�GHU�3UREHQ�NRQQWH�GLHVHQ�YROOVWlQGLJHQ�0LVFKEDUNHLWVEHUHLFK�EHVWlWLJHQ�

'DV�VR�HUKDOWHQH�3KDVHQGLDJUDPP�GHV�TXDVLELQlUHQ�6\VWHPV�$J�7H�*D�7H��ZXUGH�LQ�GHU

IROJHQGHQ� $EELOGXQJ� ����� GDUJHVWHOOW�� 'LH� QLFKW� JHQDX� EHVWLPPWHQ� 3KDVHQJUHQ]HQ� ZXUGHQ

GXUFK�JHVWULFKHOWH�/LQLHQ�JHNHQQ]HLFKQHW�
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$EE��������1HXH�,QWHUSUlWDWLRQ�GHV�TXDVLELQlUHQ�6FKQLWWV�$J�7H�*D�7H��
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'DV�6FKZHUPHWDOO�=LQQ�WULWW�LQ�PHKUHUHQ�0RGLILNDWLRQHQ�DXI�>��5g0@��'DV�β�=LQQ�ZLUG

ÄZHL�HV� =LQQ³� JHQDQQW�� (V� LVW� HLQ� VLOEHUZHL�HV�� JOlQ]HQGHV� EHL� ��������&� VFKPHO]HQGHV

0HWDOO�>��+2/@��(V�EHVLW]W�HLQH�JHULQJH�+lUWH�XQG�HLQH�EHGHXWHQGH�'HKQEDUNHLW�XQG�Ol�W�VLFK

DXV�GHU�6FKPHO]H�LQ�WHWUDJRQDOHU�)RUP�DXVNULVWDOOLVLHUHQ��'DV�*HI�JH�NDQQ�GXUFK�bW]HQ�PLW

6DO]VlXUH�]X�(UVFKHLQXQJ�NRPPHQ��Ä=LQQVFKUHL³�HQWVWHKW�GXUFK�%LHJHQ��LQGHP�GLH�.ULVWDOOLWH

HLQDQGHU�UHLEHQ��%HLP�(UZlUPHQ�DXI������&�HQWVWHKW�GDV�UKRPERHGULVFKH�XQG�VSU|GH�γ�=LQQ�

8QWHUKDOE� YRQ� ������&� ZDQGHOW� VLFK� GDV� β�=LQQ� LQ� HLQH� KDOEPHWDOOLVFKH�0RGLILNDWLRQ�� GDV

NXELVFKH�α�=LQQ� XP��GDV� HLQ� LP�'LDPDQW�*LWWHUW\S� NULVWDOOLVLHUHQGHV� JUDXHV� 3XOYHU� LVW��%HL

JHZ|KQOLFKHU� 7HPSHUDWXU� LVW� =LQQ� JHJHQ� /XIW�� :DVVHU� XQG� VFKZDFKH� 6lXUHQ� RGHU� %DVHQ

EHVWlQGLJ�

$QWLPRQ�JHK|UW�]X�GHQ�+DOEPHWDOOHQ�GHU� I�QIWHQ�+DXSWJUXSSH��'DV�(OHPHQW�NRPPW

ZLH�3KRVSKRU�XQG�$UVHQ�LQ�PHKUHUHQ�0RGLILNDWLRQHQ�YRU��$P�KlXILJVWHQ�LVW�GDV�VWDELOH�JUDXH

$QWLPRQ�� ZHOFKHV� HLQ� VLOEHUZHL�HV�� VWDUN� JOlQ]HQGHV� XQG� VHKU� VSU|GHV�0HWDOO� LVW� XQG� HLQH

KH[DJRQDO�UKRPERHGULVFKH� 6WUXNWXU� KDW�� (V� Ol�W� VLFK� OHLFKW� SXOYHULVLHUHQ� XQG� VFKPLO]W� EHL

�������&� XQWHU� 9ROXPHQYHUPLQGHUXQJ�� 'LH� .ULVWDOOVWUXNWXU� HQWKlOW� 'RSSHOVFKLFKWHQ� DXV

JHZHOOWHQ� 6HFKVULQJHQ�� 'DV� VFKZDU]H� DPRUSKH� $QWLPRQ� LVW� QLFKW� HOHNWULVFK� OHLWHQG� XQG

HQWVWHKW� GXUFK� $EN�KOXQJ� GHV� 'DPSIHV� DXI� NDOWHQ� )OlFKHQ�� (V� ZDQGHOW� VLFK� EHL� ���&� ]X

JUDXHP�$QWLPRQ�XP�

(OHPHQWDUHV�6HOHQ�NRPPW�lKQOLFK�GHP�6FKZHIHO�LQ�PHKUHUHQ�0RGLILNDWLRQHQ�YRU��9RP

URWHQ� 6HOHQ� VLQG� GUHL� PRQRNOLQH� 0RGLILNDWLRQHQ� XQG� HLQH� DPRUSKH� )RUP� EHNDQQW�� 'DV

VFKZDU]H�6HOHQ�H[LVWLHUW�LQ�JODVDUWLJHU�XQG�DPRUSKHU�)RUP��%HLP�(UKLW]HQ�DXI������&�ZDQGHOW

VLFK� GLH� URWH� RGHU� VFKZDU]H� 0RGLILNDWLRQ� LQ� GLH� JUDXH� PHWDOOLVFKH� )RUP� XP�� GLH� HLQH

KH[DJRQDOH� 6WUXNWXU� EHVLW]W��'HU� 6FKPHO]SXQNW� I�U� 6HOHQ� NDQQ� QLFKW� GLUHNW� H[DNW� EHVWLPPW

ZHUGHQ� >*0(/,1@�� GD� GLH�*OHLFKJHZLFKWVHLQVWHOOXQJ� ]ZLVFKHQ�.ULVWDOO� XQG� 6FKPHO]H� GXUFK

JHULQJH�9HUXQUHLQLJXQJHQ� LQ� GHU� 6FKPHO]H� EHKLQGHUW� ZLUG��0RQRNOLQHV� 6HOHQ� VFKPLO]W� EHL

�����&� YRU� GHU� 8PZDQGOXQJ� LQ� GLH� WULJRQDOH�0RGLILNDWLRQ�� 7ULJRQDOHV� 6HOHQ� VFKPLO]W� EHL

�������&�EHL�VHKU�ODQJVDPHP�(UZlUPHQ�YRQ����&�PLQ��%HL�K|KHUHU�$XIKHL]JHVFKZLQGLJNHLW

YRQ������&�PLQ�NDQQ�HLQH�6FKPHO]WHPSHUDWXU�ELV�]X������&�HUUHLFKW�ZHUGHQ��'HU�9HUODXI�GHU
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6FKPHO]GUXFNNXUYH� YRQ� 6FKZHIHO�� 6HOHQ� XQG� 7HOOXU� JHKRUFKHQ� HLQHU� JHPHLQVDPHQ� 5HJHO�

XQG� EHVLW]HQ� HLQ�0D[LPXP� EHL� HLQHP� EHVWLPPWHQ� 'UXFN�� 6HOHQ� LVW� LQ� VHLQHQ� FKHPLVFKHQ

(LQJHQVFKDIWHQ�GHP�6FKZHIHO�XQG�7HOOXU�VHKU�lKQOLFK�

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


$EE�������3KDVHQGLDJUDPP�6Q�6E�QDFK�>��35(@�

'DV�3KDVHQGLDJUDPP�=LQQ�$QWLPRQ�]HLJW� ]ZHL�ELQlUH�3KDVHQ�� HLQH�EUHLWH�β�3KDVH�XQG

HLQH�+RFKWHPSHUDWXU�3KDVH�6Q�6E���'LH�EHLGH�3KDVHQ�XQG�GHU�0LVFKNULVWDOO��β�6Q��ELOGHQ�PLW

GHU�EHQDFKEDUWHQ�3KDVH�XQG�GHU�6FKPHO]H�SHULWHNWLVFKH�*OHLFKJHZLFKWH��'HU�0LVFKNULVWDOO��β�

6Q��]HUIlOOW�SHULWHNWLVFK�EHL������&�LQ�6Q�6E��XQG�6FKPHO]H��'LH�6Q�6E��EHWHLOLJW�VLFK�PLW�GHU

β�3KDVH�XQG�GHP�0LVFKNULVWDOO� �β�6Q��EHL������&�DQ� HLQHP�HXWHNWRLGHQ�*OHLFKJHZLFKW�XQG

]HUVHW]W�VLFK�EHL������&��'LH�β�3KDVH�EHVLW]W�HLQHQ�EUHLWHQ�+RPRJHQLWlWVEHUHLFK�YRQ�FD�����ELV

FD�����$W����(EHQVR�ZHLVW�GDV�(OHPHQW�$QWLPRQ�HLQHQ�0LVFKNULVWDOOEHUHLFK��6E��LP�ELQlUHQ

6\VWHP�DXI�
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$EE�������3KDVHQGLDJUDPP�6Q�6H�QDFK�>��6+$@�

'DV�=XVWDQGVGLDJUDPP�=LQQ�6HOHQ�ZLUG�YRQ�HLQHU�0LVFKXQJVO�FNH�DXI�GHU� ]LQQUHLFKHQ

6HLWH� PLW� HLQHU� PRQRWHNWLVFKHQ� 7HPSHUDWXU� YRQ� �����&� JHSUlJW�� =ZHL� VW|FKLRPHWULVFKH

9HUELQGXQJHQ�6Q6H�XQG�6Q6H��VFKPHO]HQ�NRQJUXHQW�EHL������&�XQG������&��=ZLVFKHQ�GLHVHQ

EHLGHQ� 3KDVHQ� ILQGHW� HLQH� HXWHNWLVFKH� 5HDNWLRQ� ]XU� 6FKPHO]H� EHL� ��� $W��� 6H� VWDWW�� GHUHQ

7HPSHUDWXU� EHL� �����&� OLHJW�� =ZHL� GHJHQHULHUWH� (XWHNWLND� H[LVWLHUHQ� DP�5DQG� GHV� 3KDVHQ�

GLDJUDPPV��,KUH�HXWHNWLVFKHQ�7HPSHUDWXUHQ�VWLPPHQ�PLW�GHQ�6FKPHO]SXQNWHQ�GHU�MHZHLOLJHQ

(OHPHQWH� QDKH]X� �EHUHLQ�� 'DV� *OHLFKJHZLFKW� ]ZLVFKHQ� HOHPHQWDUHP� =LQQ�� 6Q6H� XQG

6FKPHO]H�KDW�HLQH�7HPSHUDWXU�YRQ�FD�������&�XQG�GDV� ]ZLVFKHQ�HOHPHQWDUHP�6HOHQ��6Q6H�

XQG�6FKPHO]H�OLHJW�EHL�HWZD������&�
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$EE�������3KDVHQGLDJUDPP�6E�6H�QDFK�>��*+2@�

'DV�6\VWHP�$QWLPRQ�6HOHQ�ZLUG�GXUFK�HLQH�YROOVWlQGLJ�DXIJHNOlUWH�0LVFKXQJVO�FNH�DXI

GHU�DQWLPRQUHLFKHQ�6HLWH�]ZLVFKHQ����XQG����$W���6H�PLW�HLQHU�NULWLVFKHQ�7HPSHUDWXU�YRQ

�����&�FKDUDNWHULVLHUW��'LH�PRQRWHNWLVFKH�5HDNWLRQ� ]ZLVFKHQ�6FKPHO]HQ� XQG� GHP�(OHPHQW

$QWLPRQ�ILQGHW�EHL����$W���6H�XQG������&�VWDWW��1DKH�GHU�=XVDPPHQVHW]XQJ�YRQ�[6H� ����

OLHJW�HLQ�(XWHNWLNXP�]ZLVFKHQ�HOHPHQWDUHP�$QWLPRQ�XQG�GHU�ELQlUHQ�9HUELQGXQJ�6E�6H��EHL

�����&�YRU��6E�6H��VFKPLO]W�NRQJUXHQW�XQG�ELOGHW�PLW�GHP�(OHPHQW�6HOHQ�XQG�GHU�6FKPHO]H

HLQ�GHJHQHULHUWHV�(XWHNWLNXP��GDV�EHL�HLQHU�7HPSHUDWXU�YRQ������&�OLHJW�
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7DE�������,QYDULDQWH�5HDNWLRQHQ�LQ�6\VWHPHQ�6Q�6E�QDFK�>��35(@��6Q�6H�QDFK�>��6+$@�XQG�6E�6H

QDFK�>��*+2@�

*OHLFKJHZLFKWH�LP�6\VWHP�6Q�6E $W���6Q 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�6Q � ��� VFKPHO]HQ

/���6Q�6E��o��β�6Q� ���� ��� SHULWHNWRLG

6Q�6E��o��β�6Q����β �������� ��� HXWHNWRLG

/���β�o�6Q�6E� [
/
� ����������� ��� SHULWHNWLVFK

/����6E��o�β [
/
� ����������� ��� SHULWHNWLVFK

/�o�6E ����� ��� VFKPHO]HQ

*OHLFKJHZLFKWH�LP�6\VWHP�$J�7H $W���6H 7HPSHUDWXU���& 5HDNWLRQVW\S

/��o�6Q � ��� VFKPHO]HQ

/��o�/����6Q6H [
/�� �����[

/���� ��� PRQRWHNWLVFK

/��o�6Q6H �� ��� NRQJUXHQW�VFKPHO]HQG

/��o�6Q6H���6Q6H� �� ��� HXWHNWLVFK

/��o�6Q6H� �� ��� NRQJUXHQW�VFKPHO]HQG

/��o�6Q6H�����6H� a���� a���� GHJHQHULHUW�HXWHNWLVFK

/�o�6H ��� ��� VFKPHO]HQ

*OHLFKJHZLFKWH�LP�6\VWHP�6E�6H $W���6H 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�6E � ��� VFKPHO]HQ

/��o�/����6E [
/�� �����[

/�� ��� ��� PRQRWHNWLVFK

/�o�/����/� a��� ��� NULWLVFKHU�3XQNW

/�o��6E����6E�6H� �� ��� HXWHNWLVFK

/�o�6E�6H� �� ��� NRQJUXHQW�VFKPHO]HQG

/�o�6E�6H����6H� a���� a���� GHJHQHULHUW�HXWHNWLVFK

/�o�6H ��� ��� VFKPHO]HQ
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$EE�������'HU�TXDVLELQlUH�6FKQLWW�6Q6H�6E�6H��QDFK�>��:2%@�

'HU� TXDVLELQlUH� 6FKQLWW� 6Q6H�6E�6H�� ZXUGH� YRQ�:2%67� >��:2%@� PLWWHOV� 'LIIHUHQWLDO�

7KHUPRDQDO\VH�XQG�PLNURVNRSLVFKH�*HI�JHELOGHU�XQWHUVXFKW��'DV�GDUDXV�UHVXOWLHUWHQ�3KDVHQ�

GLDJUDPP�LVW�GXUFK�HLQH�EHL������&�NRQJUXHQW� VFKPHO]HQGH� WHUQlUH�9HUELQGXQJ�6Q�6E�6H��

XQG� ]ZHL� EHQDFKEDUWH� (XWHNWLND� JHNHQQ]HLFKQHW�� 'LH� (UVWDUUXQJVWHPSHUDWXUHQ� GHU� 5DQG�

NRPSRQHQWHQ�EHWUDJHQ�I�U�6Q6H������&�XQG�I�U�6E�6H�������&��'LH�8PZDQGOXQJ�YRQ�6Q6H

ZLUG� EHL� ���� ±� ���&� VRZRKO� EHLP� $XIKHL]HQ� DOV� DXFK� EHLP� $EN�KOHQ� IHVWJHVWHOOW�� 'LHVH

8PZDQGOXQJVWHPSHUDWXU� HUK|KW� VLFK� EHL� =XJDEH� YRQ� 6E�6H�� DXI� �����&� XQG� HLQ� 0LVFK�

NULVWDOOEHUHLFK�HUZHLWHUW� VLFK�ELV�]X���0RO���6E�6H�� LQV� WHUQlUHQ�6\VWHP��(LQH�SHULWHNWLVFKH

5HDNWLRQ�YRQ�β�6Q6H�PLW�6FKPHO]H�I�KUW�]XU�%LOGXQJ�GHU�0LVFKNULVWDOOH�α�6Q6H�EHL������&�

'LH� HLQ]LJH� WHUQlUH� 9HUELQGXQJ� 6Q�6E�6H��� VFKPLO]W� EHL� �����&�� =ZHL� (XWHNWLND� PLW� ����

E]Z�������0RO���6E�6H��HUVWDUUHQ�EHL������&�E]Z�������&�

=ZLVFKHQ����XQG����0RO���6E�6H�� WDXFKHQ�8QJOHLFKJHZLFKWVHIIHNWH� ]ZLVFKHQ� �����&

XQG������&�DXI��GLH�VLFK�GXUFK�7HPSHUQ�DXIKHEHQ�ODVVHQ��=ZHL�(IIHNWH�EHL�GHQ�HXWHNWLVFKHQ

.RQ]HQWUDWLRQHQ� HUVFKHLQHQ� LPPHU� ZLHGHU� XQG� ZHUGHQ� VLQJXOlU� LP� 3KDVHQGLDJUDPP� HLQ�

JH]HLFKQHW��ZHLO�VLH�QDFK�>��:2%@�QLFKW�GXUFK�7HPSHUQ�EHVHLWLJW�ZHUGHQ�N|QQHQ�
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9RQ� 60,7+� HW� DO�� >��60,@� ZXUGH� I�U� GLHVHQ� 6FKQLWW� HLQH� ZHLWHUH� WHUQlUH� 9HUELQGXQJ

�6Q�6E�6H�� RGHU� 6Q6E�6H��� DQJHJHEHQ�� 3NV�)LOH� �������� JLEW� GLH� 5|QWJHQUHIOH[H� GLHVHU

9HUELQGXQJ�DQ�

7DE�������,QYDULDQWH�5HDNWLRQHQ�GHV�TXDVLELQlUHQ�6FKQLWWHV�6Q6H�6E�6H��QDFK�>��:2%@�

*OHLFKJHZLFKWH 0RO���6E�6H� 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�β�6Q6H ��� ��� VFKPHO]HQG

β�6Q6H�o�α�6Q6H ��� ��� SRO\PRUSK

/���β�6Q6H�o�α�6Q6H a���� ��� SHULWHNWLVFK

/�o�α�6Q6H���6Q�6E�6H�� ���� ��� HXWHNWLVFK

/�o�6Q�6E�6H�� ���� ��� NRQJUXHQW�VFKPHO]HQG

/�o�6Q�6E�6H�����6E�6H� ���� ��� HXWHNWLVFK

/�o�6E�6H� ����� ��� VFKPHO]HQG

����#� �
�� �������
��!"�		����
���

$EE�������'HU�TXDVLELQlUH�6FKQLWW�6Q6H�6E�QDFK�>��$/,@�

(LQ�DQGHUHU�6FKQLWW��6Q6H�6E�� LP�6\VWHP�6Q�6E�6H�ZXUGH�YRQ�HLQHU�*UXSSH� UXVVLVFKHU

$XWRUHQ� $/,'=+$129� HW� DO�� >��$/,@� PLWWHOV� '7$�� 5)$�� 06$�� 0LNURDQDO\VH�� 'LFKWH�

PHVVXQJHQ� XQG� (OHNURDQDO\VH� XQWHUVXFKW�� 'HU� 6FKQLWW� LVW� TXDVLELQlU� XQG� ZLUG� YRQ� HLQHU

JUR�HQ� 0LVFKXQJVO�FNH� ]ZLVFKHQ� ��� XQG� ��� 0RO��� 6Q6H� PLW� HLQHU� PRQRWHNWLVFKHQ

7HPSHUDWXU� YRQ� FD�� �����&� JHSUlJW�� 'LH� 3KDVHQEUHLWH� GHU� ELQlUHQ� 9HUELQGXQJ� 6Q6H� GHKQW



.$3,7(/����'$6�6<67(0�=,11�$17,021�6(/(1��������������������������������������������������������������������������������

VLFK� YRQ� ��� 0RO��� 6Q6H� EHL� 5DXPWHPSHUDWXU� DXI� ��� 0RO��� 6Q6H� EHL� �����&� DXV�� VLH

VFKPLO]W�VFKOLH�OLFK�NRQJUXHQW�EHL������&��0LW�VWHLJHQGHP�*HKDOW�YRQ�$QWLPRQ�LQ�GHU�6Q6H�

)HVWO|VXQJ�YHUNOHLQHUW�VLFK�GDV�9ROXPHQ�GHU�(OHPHQWDU�=HOOH��$OOH�/HJLHUXQJHQ� LP�%HUHLFK

YRQ� $QWLPRQ� ]X� ���0RO��� 6Q6H� VLQG� KHWHURJHQH� *HPLVFKH� DXV� 6Q6H� XQG� $QWLPRQ�� 'DV

(XWHNWLNXP�DXI�GHU�DQWLPRQUHLFKHQ�6HLWH�OLHJW�EHL�HLQHU�=XVDPPHQVHW]XQJ�YRQ���0RO���6Q6H

XQG�VFKPLO]W�EHL�����±����&��1DFK�>��$/,@� H[LVWLHUW� DXI�GLHVHP�TXDVLELQlUHQ�6\VWHP�NHLQH

WHUQlUH�9HUELQGXQJ��)HUQHU�JLEW�HV�NHLQH�'DWHQ�DXV�WKHUPRG\QDPLVFKHQ�8QWHUVXFKXQJHQ�

7DE�������,QYDULDQWH�5HDNWLRQHQ�GHV�TXDVLELQlUHQ�6FKQLWWHV�6Q6H�6E�QDFK�>��$/,@�

*OHLFKJHZLFKWH 0RO���6Q6H 7HPSHUDWXU���& 5HDNWLRQVW\S

/�o�α�6Q6H ��� ���
�

VFKPHO]HQG

/��o�/����α�6Q6H [
/��a�����[

/��a��� ��� PRQRWHNWLVFK

/��o�α�6Q6H���6E � a���� HXWHNWLVFK

/�o�6H �  �
VFKPHO]HQG

������������������������������������������������
�
�'LHVH�$QJDEH�LVW�IHKOHUKDIW�LQ�GHU�3XEOLNDWLRQ�>��$/,@��'HU�:HUW�VROO�EHL�FD�������&�OLHJHQ�

�
�.HLQH�$QJDEH�LQ�GHU�3XEOLNDWLRQ�>��$/,@��'HU�:HUW�OLHJW�EHL������&�QDFK�>��35(@�XQG�>��*+2@�
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)�U�GLH�$XINOlUXQJ�GHU�3KDVHQYHUKlOWQLVVH� LP�6\VWHP�=LQQ�$QWLPRQ�6HOHQ�ZXUGHQ�DXI

GHP�JHVDPWHQ�WHUQlUHQ�*HELHW� I�QI�*HKDOWVVFKQLWWH� ]ZLVFKHQ�GHQ�PHWDOOLVFKHQ�/HJLHUXQJHQ

XQG� HOHPHQWDUHP� 6HOHQ� XQWHUVXFKW�� 'LH�0LVFKXQJVHQWKDOSLHQ� ZXUGHQ� HQWODQJ� GHU� *HKDOWV�

VFKQLWWH� 6Q���6E����6H�� 6Q���6E����6H�� 6Q���6E����6H�� 6Q���6E����6H� XQG� 6Q���6E����6H� EHL� HLQHU

7HPSHUDWXU� YRQ� ����.�NDORULPHWULVFK� EHVWLPPW��$XIJUXQG� GHU� EHVRQGHUHQ� /DJH� ZXUGH� GHU

6FKQLWW�6Q���6E����6H�]XVlW]OLFK�QRFK�EHL�����.�JHPHVVHQ��'LH�([]H�HQWKDOSLHQ�GHV�6\VWHPV

NRQQWHQ�QLFKW��EHU�����.�JHPHVVHQ�ZHUGHQ��GD�6HOHQ�GDQQ�GLH�6LHGHWHPSHUDWXU�YRQ�����.

>��./2@� �EHUVFKUHLWHQ� Z�UGH�� $XI� GHU� DQGHUHQ� 6HLWH� NRQQWH� GDV� 6\VWHP� DXFK� QLFKW� EHL

GHXWOLFK� WLHIHUHU� 7HPSHUDWXU� JHPHVVHQ� ZHUGHQ�� ZHLO� GLH� /HJLHUXQJ� 6Q���6E���� LP� 3KDVHQ�

GLDJUDPP� 6Q�6E� EHL� NQDSS� ����.� DXI� GHU� /LTXLGXVOLQLH� LQ� GHQ� IHVWHQ� =XVWDQG� �EHUJHKW

>��35(@��6R�NRQQWH�GLH�7HPSHUDWXUDEKlQJLJNHLW�GHU�([]H�HQWKDOSLHQ� I�U�GLHVHV�6\VWHP�QXU

EHL�]ZHL�7HPSHUDWXUHQ�HUPLWWHOW�ZHUGHQ��'LH�*HKDOWVVFKQLWWH�6Q���6E����6H�XQG�6Q���6E����6H

ZXUGHQ�GUHLPDO�DXI�GHU�PHWDOOLVFKHQ�6HLWH�XQG�GRSSHOW�DXI�GHU�6HOHQVHLWH�JHPHVVHQ��)�U�GLH

DQGHUHQ�*HKDOWVVFKQLWWH�ZXUGH�MHZHLOV�HLQH�'RSSHOPHVVXQJ�GXUFKJHI�KUW�

'LH�NDORULPHWULVFKHQ�0HVVNXUYHQ�DOOHU�6FKQLWWH�ZLHVHQ�HLQHQ�QDKH]X�GUHLHFNI|UPLJHQ

9HUODXI�PLW� MHZHLOV� HLQHP�0LQLPXP� DXI��'LHVHU�9HUODXI� OLH�� VLFK� QXU� XQ]XUHLFKHQG� GXUFK

3RO\QRPH� DQSDVVHQ�� %HLP� 9RUOLHJHQ� PHWDOOLVFKHU� .RPSRQHQWHQ� HUVWDUUWHQ� GLH� 5HDNWLRQV�

VFKPHO]HQ� WHLOZHLVH� QDFK� HLQLJHQ� (LQZ�UIH� YRQ� 6HOHQ�� 'XUFK� GHQ� .ULVWDOOLVDWLRQVYRUJDQJ

ZXUGH�GLH�*OHLFKJHZLFKWVHLQVWHOOXQJ� HUKHEOLFK� JHVW|UW�� VR� NRQQWHQ�DQ� HLQLJHQ�6WHOOHQ� NHLQH

YHUZHUWEDUHQ� 0HVVHUJHEQLVVH� HU]LHOW� ZHUGHQ�� 'DJHJHQ� NRQQWHQ� GLH� 0HVVZHUWH� YRQ� YLHU

*HKDOWVVFKQLWWHQ��ELV�DXI�HLQHQ�6FKQLWW�YRQ�6Q���6E����6H��EHL�YRUJHOHJWHP�6HOHQ�ELV�]X�HLQHU

.RQ]HQWUDWLRQ�YRQ�ZHQLJHU�DOV�[6H �����DXIJHQRPPHQ�ZHUGHQ�

'LH�HQWVSUHFKHQGHQ�:lUPHHIIHNWH�XQG�GLH�VLFK�GDUDXV�HUJHEHQGHQ�(QWKDOSLHQ�ZXUGHQ

PLW� GHP� $VVR]LDWPRGHOO� DQ� +DQG� GHU� .RHIIL]LHQWHQ� GHU� ELQlUHQ� 5DQGV\VWHPH� UHFKQHULVFK

DQJHSD�W�� 'LH� RSWLPLHUWHQ� ELQlUHQ� 3DUDPHWHU� ZXUGHQ� I�U� GLH� VHOHQKDOWLJHQ� 6\VWHPHQ� YRQ

./26(� >��./2@�XQG� I�U�GDV�PHWDOOLVFKH�6\VWHP�YRQ�6&+/,(3(5� >��6&+@��EHUQRPPHQ�� )�U

GLHVHV� 6\VWHP� PLW� NRPSOL]LHUWHQ� 3KDVHQYHUKlOWQLVVHQ� LQ� GHU� 6FKPHO]H� NRQQWHQ� VR� GLH

([]H�HQWKDOSLHQ�RKQH�WHUQlUH�:HFKVHOZLUNXQJHQ�]XIULHGHQVWHOOHQG�EHUHFKQHW�ZHUGHQ��%HL�GHU

%HUHFKQXQJ� GHU� ([]H�HQWKDOSLHQ� PLW� WHUQlUHQ� :HFKVHOZLUNXQJHQ� PX�WHQ� JU|�HUHQ� $E�

ZHLFKXQJHQ�LQ�.DXI�JHQRPPHQ�ZHUGHQ�
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7DE�������7KHUPRG\QDPLVFKH�.RHIIL]LHQWHQ�GHU�ELQlUHQ�6\VWHPHQ�

6E6Q�>��6&+@ 6E�6H��>��./2@ 6Q6H�>��./2@

�������� ������� ���������

���� ��������� ��������

��� ��� ���

������� �������� ����

��� �������� ���

��� ��� ���

������� ��� ���

��� ��� ���

��� ��� ���

������ ������� ����

��� ������� ���

��� ��� ���

7DE�������%HUHFKQHWH�.RHIIL]LHQWHQ�PLW�WHUQlUHQ�:HFKVHOZLUNXQJ�

.RHIIL]LHQW :HUW

.� ���

.� ��������

.� ������

.� ���

.� ���

.� ������

'LH�NDORULPHWULVFKHQ�0HVVHUJHEQLVVH�ZXUGHQ�LQ�GHQ�*UDSKLNHQ�$EE������ELV�$EE������

GXUFK� XQWHUVFKLHGOLFKHQ� 6\PEROH� GDUJHVWHOOW�� GLH� GLH� MHZHLOLJH� 0HVVUHLKH� NHQQ]HLFKQHQ�

=XVDPPHQ� PLW� GHQ� 6\PEROHQ� ZXUGHQ� GLH� EHUHFKQHWHQ� WKHUPRG\QDPLVFKHQ� (QWKDOSLH�

)XQNWLRQHQ�RKQH�WHUQlUHQ�:HFKVHOZLUNXQJHQ�LQ�)RUP�GHU�GXUFKJH]RJHQHQ�/LQLHQ�JH]HLJW�XQG

GLH�.XUYHQ�PLW� WHUQlUHQ�:HFKVHOZLUNXQJHQ� GXUFK� JHVWULFKHOWH�/LQLHQ� GDUJHVWHOOW�� )�U� MHGHQ

*HKDOWVVFKQLWW� ZXUGHQ� GLH� ([]H�HQWKDOSLHQ� LQ� $EKlQJLJNHLW� GHV� 6WRIIPHQJHQDQWHLOV� [6H

ZLHGHUJHJHEHQ�

=XU�(UJlQ]XQJ�GLHVHU�$EELOGXQJHQ� VLQG�GLH�0HVVZHUWH� ]XVDPPHQ�PLW� GHQ� RSWLPLHUWHQ

([]H�HQWKDOSLHQ� DOOHU� EHL� ����.� JHPHVVHQHQ� *HKDOWVVFKQLWWH� XQG� ]XVlW]OLFK� GHV� 6FKQLWWHV

6Q���6E����6H�EHL�����.�LP�$QKDQJ�7DE�������ELV�7DE�������DXIJHOLVWHW�
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$EE�������([SHULPHQWHOOH�([]H�HQWKDOSLHQ�I�U

GHQ�6FKQLWW�6Q���6E����6H�EHL�7� �����.�

$EE�������([SHULPHQWHOOH�([]H�HQWKDOSLHQ�I�U

GHQ�6FKQLWW�6Q���6E����6H�EHL�7� �����.�

$EE�������([SHULPHQWHOOH�([]H�HQWKDOSLHQ�I�U

GHQ�6FKQLWW�6Q���6E����6H�EHL�7� �����.�

$EE�������([SHULPHQWHOOH�([]H�HQWKDOSLHQ�I�U

GHQ�6FKQLWW�6Q���6E����6H�EHL�7� �����.�
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$EE��������([SHULPHQWHOOH�([]H�HQWKDOSLHQ�I�U

GHQ�6FKQLWW�6Q���6E����6H�EHL�7� �����.�

$EE��������([SHULPHQWHOOH�([]H�HQWKDOSLHQ�I�U

GHQ�6FKQLWW�6Q���6E����6H�EHL�7� �����.�

'LH�(QWKDOSLHQNXUYHQ�YHUODXIHQ�GLVNRQWLQXLHUOLFK�DXI�GHU�PHWDOOLVFKHQ�6HLWH�GHV�6FKQLWWHV

6Q���6E����6H� EHL� [VH�  � ���� XQG� 6Q���6E����6H� EHL� [VH�  � ���� �$EE�� ���� XQG� ������ 'LH� .QLFNH

NDPHQ� DXIJUXQG� HLQHU� .ULVWDOOLVDWLRQ� ZlKUHQG� GHV� 0LVFKYRUJDQJV� QDFK� GHP� (LQZXUI� YRQ

6HOHQ�YRQ�5DXPWHPSHUDWXU�]XVWDQGH�� ,Q�EHLGHQ�)lOOHQ�HUJHEHQ�VLFK�VSUXQJKDIWH�.XUYHQ�EHL

GHU� %HUHFKQXQJ� PLW� WHUQlUHQ� :HFKVHOZLUNXQJ�� 'LHVH� 6SU�QJH� HQWVWHKHQ� JHQDX� LQ� GHP

%HUHLFK��LQ�GHP�GDV�0LQLPXP�GHU�([]H�HQWKDOSLH�YRQ�GHU�PHWDOOLVFKHQ�6HLWH�HUUHLFKW�ZLUG�

2IIHQVLFKWOLFK�OLHJW�GLH�8UVDFKH�GDULQ��GDVV�GLH�6FKPHO]H�LP�.DORULPHWHU�EHLP�(LQZXUI�YRQ

HLQHP�EHVWLPPWHQ�6HOHQDQWHLO�HUVWDUUWH�XQG�GLH�NDORULPHWULVFKH�0HVVXQJ�GHVKDOE�DEJHEURFKHQ

ZXUGH�� 6R� OLH�HQ� VLFK�NHLQH�:HUWH� EHL� GLHVHU� =XVDPPHQVHW]XQJ� HU]HXJHQ� XQG� GLH� WKHUPR�

G\QDPLVFKH�5HFKQXQJ�YHUOlXIW�QLFKW�RSWLPDO��'LH�$QZHQGXQJ�GHV�$VVR]LDWPRGHOOV�I�KUW�EHL

GHU�%HUHFKQXQJ�GHU�WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ�LQ�GLHVHP�%HUHLFK�]X�NHLQHU�/|VXQJ�

'LH�%HUHFKQXQJ�GHU�([]H�HQWKDOSLHQ�VRZRKO�PLW�DOV�DXFK�RKQH�WHUQlUHQ�:HFKVHOZLUNXQJ

VWLPPWH� I�U� GLH� 6FKQLWWH� 6Q���6E����6H�� 6Q���6E����6H� XQG� 6Q���6E����6H� �EHUHLQ�� 'LH

(QWKDOSLHNXUYHQ�YHUKDOWHQ�VLFK�HEHQIDOOV�VSUXQJKDIW�LQ�GHU�1lKH�GHU�0LQLPDULQQH�

'LH� ELQlUHQ� 3KDVHQGLDJUDPPH� 6Q�6H� XQG� 6E�6H� ZHLVHQ� DXI� GHU� PHWDOOLVFKHQ� 6HLWH

HLQH�0LVFKXQJVO�FNH�DXI��(V�NDQQ�DQJHQRPPHQ�ZHUGHQ��GDVV�VLFK�EHLGH�0LVFKXQJVO�FNHQ�LP

WHUQlUHQ� %HUHLFK� HUZHLWHUQ�� 'LHVH� $QQDKPH� ZXUGH� EHL� GHU� 8QWHUVXFKXQJHQ� GHV� WHUQlUHQ

3KDVHQGLDJUDPPV�EHVWlWLJW�
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7DE�������0LQLPDOH�H[SHULPHQWHOOH�0LVFKXQJVHQWKDOSLHQ�GHU�ELQlUHQ�PHWDOOLVFKHQ

/HJLHUXQJHQ�

(QWKDOSLHQ�RKQH�WHUQlUH

:HFKVHOZLUNXQJ��-PRO
±�

(QWKDOSLHQ�PLW�WHUQlUHU

:HFKVHOZLUNXQJ��-PRO
±�

6FKQLWW

[6H '+6Q�6E��7±����.� [6H '+6Q�6E��7±����.�

6Q���6E����6H ������ �������� ������ ��������

6Q���6E����6H ������ �������� ������ ��������

6Q���6E����6H ������ �������� ������ ��������

6Q���6E����6H ������ �������� ������ ��������

6Q���6E����6H ������ �������� ������ ��������

6Q���6E����6H ������ �������� ������ ��������

'LH�(QWKDOSLHQNXUYHQ�DOOHU�*HKDOWVVFKQLWWH�ZHLVHQ�HLQ�0LQLPXP�DXI��GDV�LP�%HUHLFK�YRQ

[VH� ������OLHJW��DX�HU�EHLP�6FKQLWW�6Q���6E����6H��'DV�0LQLPXP�GHU�0LVFKXQJVHQWKDOSLHQ�DXI

GHP�6FKQLWW�6Q���6E����6H� HUJLEW� VLFK�EHL�GHU�%HUHFKQXQJ�QLFKW� HLQGHXWLJ��GD�GLH�0HVVZHUWH

DXI�GHU� VHOHQUHLFKHQ�6HLWH� LQ�1lKH�GHU�=XVDPPHQVHW]XQJ� [VH�  � ����$EZHLFKXQJHQ� ]HLJWHQ�

'LH� 0LVFKXQJVHQWKDOSLHQ� LP� WHUQlUHQ� 6\VWHP� �$EE�� ������ ]HLJHQ� HLQH� 0LQLPDULQQH�� GLH

]ZLVFKHQ�GHQ�EHLGHQ�NRQJUXHQW�VFKPHO]HQGHQ�9HUELQGXQJHQ�GHU�ELQlUHQ�&KDONRJHQV\VWHPH

YHUOlXIW�

'LH�7HPSHUDWXUDEKlQJLJNHLW�GHU�0LVFKXQJVHQWKDOSLHQ�]HLJW�I�U�GHQ�6FKQLWW�6Q���6E����6H

HLQ� XQHUZDUWHWHV� (UJHEQLV�� 0LW� VWHLJHQGHU� 7HPSHUDWXU� QLPPW� LQ� GLHVHP� )DOO� GLH� ([]H��

HQWKDOSLH�DE��%HL�����.�OLHJW�GDV�0LQLPXP�GHU�([]H�HQWKDOSLH�EHL�HWZD�±���N-�PRO�XQG�EHL

����.�EHL�±���N-�PRO��'LH�EHUHFKQHWHQ�0LQLPDUHQ�OLHJHQ�MHGRFK�LQ�GHU�HUZDUWHWHQ�7HQGHQ]�

EHL�����.�EHL�±���N-�PRO�XQG�EHL�����.�EHL�±���N-�PRO��$OOHUGLQJV� VWLPPW�GHU�EHUHFKQHWH

:HUW� PLW� GHQ� H[SHULPHQWHOOHQ� 'DWHQ� EHL� GHU� QLHGULJHQ� 7HPSHUDWXU� EHVVHU� DOV� EHL� KRKHU

7HPSHUDWXU��EHUHLQ�

'LH� ([]H�HQWKDOSLHQ� DOOHU� I�QI� *HKDOWVVFKQLWWH� ZXUGHQ� XQWHU� %HU�FNVLFKWLJXQJ� YRQ

IO�VVLJ�IHVW�*OHLFKJHZLFKWHQ� I�U� GLH� 7HPSHUDWXU� YRQ� ����.� DXI� GDV� *LEEVFKH� 'UHLHFN

�EHUJHWUDJHQ��$EE���������'LH�,VRHQWKDOSLH�.XUYHQ�GHU�FKDONRJHQKDOWLJHQ�5DQGV\VWHPHQ�6Q�

6H�XQG�6E�6H�DOV�)XQNWLRQ�GHU�.RQ]HQWUDWLRQ�]HLJWHQ�0LQLPD��GLH�LQ�GHQ�3KDVHQGLDJUDPPHQ

GHQ�NRQJUXHQW�VFKPHO]HQGHQ�9HUELQGXQJHQ�6Q6H�XQG�6E�6H�� HQWVSUDFKHQ��'LH�GULWWH�ELQlUH

9HUELQGXQJ�� 6Q6H��� EHHLQIOX�WH� GLH� NDORULPHWULVFKHQ� 0HVVXQJHQ� GHU� 3UREHQ� LQ� LKUHU

8PJHEXQJ�� 'LH� ([]H�HQWKDOSLHQNXUYHQ� GHU� 3UREHQ� DXI� GHU� VHOHQUHLFKHQ� 6HLWH� VLQG� LQ

5LFKWXQJ�]X�6Q6H��DXVJHEXFKW�
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$EE��������3URMHNWLRQ�GHU�,VRHQWKDOSLHQ�I�U�7� �����.�DXI�GDV�*LEEVVFKH�'UHLHFN��+
(
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������ '��&���	��

'LH�8QWHUVXFKXQJHQ�GHU�6FKQLWWH�LP�WHUQlUHQ�6\VWHP�=LQQ�$QWLPRQ�6HOHQ�ZXUGHQ�]XHUVW

DXI�GLH�hEHUSU�IXQJ�GHU� ]ZHL�YHU|IIHQWOLFKWHQ�TXDVLELQlUHQ�6FKQLWWH�6Q6H�6E�6H�� >��:2%@

XQG� 6Q6H�6E� >��$/,@� NRQ]HQWULHUW�� $QVFKOLH�HQG� ZXUGH� GHU� LQ� GHU� /LWHUDWXU� QRFK� QLFKW

XQWHUVXFKWH�6FKQLWW�6Q6H��6E�6H��JHZlKOW��'D�GLHVHU�6FKQLWW�]ZLVFKHQ�GHQ�EHLGHQ�NRQJUXHQW

VFKPHO]HQGHQ�ELQlUHQ�3KDVHQ�6Q6H�� XQG�6E�6H�� YHUOlXIW��ZXUGH� HLQ�TXDVLELQlUHV�9HUKDOWHQ

HUZDUWHW�� )�U� GLH� $XINOlUXQJ� GHV� JHVDPWHQ� WHUQlUHQ� 6\VWHPV� ZXUGHQ� DQVFKOLH�HQG� ]ZHL

WHUQlUH� *HKDOWVVFKQLWWH� PLW� NRQVWDQWHU� 6HOHQNRQ]HQWUDWLRQ� YRQ� [6H�  � ����� XQG� [6H�  � ���

JHPHVVHQ�

$EE��������'DUVWHOOXQJ�GHU�6FKQLWWH�DXI�GHP�*LEEVVFKH�'UHLHFN�

8P� HLQH� GLUHNWH� hEHUWUDJXQJ� GHU� 3UREHQ� GHU� 6FKQLWWH� LQV� *LEEVVFKHQ� 'UHLHFN� ]X

HUP|JOLFKHQ��ZXUGHQ�GLH�.RQ]HQWUDWLRQHQ� VHOEVW� I�U�GLH�TXDVLELQlUHQ�6FKQLWWH� DXV� GHQ� GUHL

UHLQHQ�(OHPHQWHQ�EHUHFKQHW��'DV�*LEEVVFKH�'UHLHFNH�ZXUGH�VR�DXIJHVWHOOW��GDVV�GDV�6HOHQ�DOV

&KDONRJHQHOHPHQW�DXI�GHU�6SLW]H�XQG�GDV�$QWLPRQ�XQWHQ�UHFKWV�DXIJHEUDFKW�ZXUGH�

��
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'D� VLFK� DOOH� (OHPHQWH�� =LQQ�� $QWLPRQ� XQG� 6HOHQ� SXOYHULVLHUHQ� OLH�HQ�� NRQQWH� GLH

(LQZDDJH�LP�*HJHQVDW]�]XP�6\VWHP�6LOEHU�*DOOLXP�7HOOXUV�JHQDX�DXI�GHQ�EHUHFKQHWHQ�:HUW

JHEUDFKW�ZHUGHQ��'LH� HLQJHZRJHQHQ�3UREHQ�ZXUGHQ�JUXQGVlW]OLFK�QDFK�GHP�$XIVFKPHO]HQ

]XHUVW� EHL� �����&� JHWHPSHUW�� )�U� EHVWLPPWH� 0HVVXQJHQ� ZXUGHQ� VSH]LHOOH� =XVDPPHQ�

VHW]XQJHQ�EHL�K|KHUHQ�7HPSHUDWXUHQ�JHWHPSHUW��$XIJUXQG�GHU�6SU|GLJNHLW�GHU�VHOHQKDOWLJHQ

3UREHQ�NRQQWHQ�I�U�GDV�6\VWHP�NHLQH�0LNURVRQGHQPHVVXQJHQ�GXUFKJHI�KUW�ZHUGHQ�
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������ �
�� �������
��!"�		����
�����
�

�������� 3UREHQKHUVWHOOXQJ

=XU�hEHUSU�IXQJ�GHV�6FKQLWWHV�6Q6H�6E�6H��ZXUGHQ�]XHUVW�LP�JHVDPWHQ�.RQ]HQWUDWLRQV�

LQWHUYDOO�GUHL]HKQ�3UREHQ�LQNOXVLYH�GHU�5DQGYHUELQGXQJHQ�XQG�GHU�P|JOLFKHQ�WHUQlUHQ�3KDVHQ

HLQJHZRJHQ��1DFK�GHP�$XIVFKPHO]HQ�ZXUGHQ� GLHVH� 3UREHQ� EHL������&� ]HKQ�:RFKHQ� ODQJ

JHWHPSHUW�XQG�GDQDFK�DQDO\VLHUW��8P�GDV�*OHLFKJHZLFKW� LQ�GHU�3UREHQ� VLFKHU� ]X� HUUHLFKHQ�

ZXUGHQ�GLHVH�3UREHQ�QRFKPDOV�EHL������&�JHWHPSHUW��'LH�7HPSHU]HLW�ZXUGH�MHGRFK�DXI�VHFKV

:RFKHQ�UHGX]LHUW�

1DFK� GHU� HUVWHQ� 3UREHQUHLKH� ZXUGHQ� DXI� GHU� ]LQQUHLFKHQ� 6HLWH� XQG� LQ� GHU� 1lKH� GHU

WHUQlUHQ� 9HUELQGXQJ� 6Q�6E�6H��� >��:2%@� ]XU� (UJlQ]XQJ� QRFK� ]Z|OI� ZHLWHUH� =XVDPPHQ�

VHW]XQJHQ� SUlSDULHUW��'LH�.RQ]HQWUDWLRQHQ� [6H�  � �����������������������XQG� �������ZXUGH

PHKUPDOV�KHUJHVWHOOW��'LH�]ZHLWH�3UREHQUHLKH�ZXUGH�VFKOLH�OLFK�EHL������&�QXU�YLHU�:RFKHQ

ODQJ�JHWHPSHUW�

0LW� +LOIH� WKHUPRDQDO\WLVFKHU� XQG� U|QWJHQRJUDSKLVFKHU� 0HWKRGHQ� ZXUGHQ� GLHVH� YHU�

VFKLHGHQHQ�3UREHQ�XQWHUVXFKW�

�������� '7$�0HVVHUJHEQLVVH

'LH�3UREHQ�YRQ�6Q6H�DXV�GHU�HUVWHQ�3UREHUHLKH��GLH�EHL�XQWHUVFKLHGOLFKHQ�7HPSHUDWXUHQ

JHWHPSHUW�ZXUGHQ�� ]HLJWHQ� LQ�'7$�0HVVXQJHQ� VRZRKO� EHLP�$XIKHL]HQ� XQG� DOV� DXFK� EHLP

$EN�KOHQ� LGHQWLVFKH�(IIHNWH��'LH�.XUYHQYHUOlXIH�ZDUHQ�XQDEKlQJLJ�YRQ�7HPSHU]HLWHQ�XQG

2IHQWHPSHUDWXUHQ�� 6LH� EHVD�HQ� ]ZHL� (IIHNWH�� ]XVlW]OLFK� WUDW� HLQ� VFKZDFKHU� (IIHNW� EHL

�������&� LQ� GHU� EHL� �����&� JHWHPSHUWHQ� 3UREH� DXI�� 'LHVHU� NOHLQH� 3HDN� YHUVFKZDQG� QDFK

QRFKPDOLJHP� 7HUPSHUQ� EHL� �����&� XQG� ZXUGH� DOV� 8QJOHLFKJHZLFKWVHIIHNW� LJQRULHUW�� 'HU

(IIHNW�EHL�QLHGULJHU�7HPSHUDWXU�ZXUGH� LQ�EHLGHQ�)lOOHQ�GXUFK�HLQHQ�NOHLQHQ� V\PPHWULVFKHQ

3HDN�FKDUDNWHULVLHUW�XQG�GHXWHWH�GLH�SRO\PRUSKH�α�β�8PZDQGOXQJ�PLW�HLQHU�7HPSHUDWXU�YRQ

�����&� ±� ���&� >��:2%@� DQ�� 'LH� 8PZDQGOXQJVWHPSHUDWXU� HUK|KWH� VLFK� PLW� VWHLJHQGHU

7HPSHUDWXU�DOV�7HPSHUQ�YRQ��������&�DXI��������&��'HU�VWDUNH�6FKPHO]HIIHNW�ZXUGH�MHZHLOV

YRQ� HLQHP�JUR�HQ�GUHLHFNLJHQ�3HDN�EHL��������&�EHL�QLHGULJHU� XQG�EHL� �������&� EHL� KRKHU

7HPSHUWHPSHUDWXU�JHNHQQ]HLFKQHW�

,Q�GHU�'7$�.XUYH�GHU�ELQlUHQ�5DQGYHUELQGXQJ�6E�6H��HUVFKLHQHQ�ZLGHU�(UZDUWHQ�]ZHL

VFKDUIH�(IIHNWH��GLH�VLFK�QLFKW�GXUFK�7HPSHUQ�DXIKHEHQ� OLH�HQ��'HU� UHODWLY�VFKZDFKH�(IIHNW

EHL� �������&� E]Z�� �������&� NRQQWH� QLFKW� GXUFK� ODQJHV� 7HPSHUQ� EHVHLWLJW� ZHUGHQ� XQG
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HQWVSUDFK�GHU�HXWHNWLVFKHQ�7HPSHUDWXU�YRQ������&�DXI�GHU�DQWLPRQUHLFKHQ�6HLWH� LP�ELQlUHQ

3KDVHQGLDJUDPP�6E�6H�QDFK�>��*+2@��'LHVHU�(IIHNW�NDP�GXUFK�GHQ�9HUOXVW�YRQ�6HOHQ�EHLP

$EVFKPHO]HQ�]XVWDQGH��'HU�6FKPHO]SHDN�KDWWH�HLQH�EHLQDKH�GUHLHFNLJH�)RUP��'LH�6FKPHO]�

WHPSHUDWXU� EHWUXJ� �������&� EHL� QLHGULJHU� XQG� �������&� EHL� GHU� KRKHQ� 7HPSHUWHPSHUDWXU�

6E�6H��ZXUGH�LQQHUKDOE�GHU�:lJHJHQDXLJNHLW�PHKUPDOV�SUlSDULHUW��'LH�'7$�0HVVXQJ�HUJDE

GDQDFK�HLQHQ�HLQ]LJHQ�(IIHNW�EHL��������&��GHU�GHP�NRQJUXHQWHQ�6FKPHO]HQ�HQWVSUDFK�

$XI� GHU� ]LQQUHLFKHQ� 6HLWH� GHV� 6FKQLWWHV� ERW� HLQH� EHL� �����&� JHWHPSHUWH� 3UREH�PLW� GHU

=XVDPPHQVHW]XQJ� YRQ� [6H�  � ������� HLQHQ� NRPSOL]LHUWHQ� '7$�.XUYHQYHUODXI�� 'HU� UHODWLY

NOHLQH�� VFKDUIH� 3HDN� EHL� �������&� HQWVSUDFK� GHU� SHULWHNWLVFKHQ� 7HPSHUDWXU� YRQ� �����&� LP

6\VWHP�6Q�6E�>��35(@��'LHVHU�(IIHNW�YHUVFKZDQG�QDFK�GHP�7HPSHUQ�EHL������&�XQG�ZXUGH

GHVKDOE� DOV� 8QJOHLFKJHZLFKWVHIIHNW� QLFKW� YHUZHQGHW�� 'HU� ]ZHLWH�� VFKZDFKH� (IIHNW� EHL

�������&�� GHU� HEHQIDOOV� GXUFK� 7HPSHUQ� EHL� �����&� YHUVFKZDQG�� HUVFKLHQ� DOV� =HLFKHQ� HLQHU

VFKZDFKHQ�5HDNWLRQ�]ZLVFKHQ�GHP�0LVFKNULVWDOO�α�6Q6H�XQG�GHU�YRQ�60,7+� HW� DO�� >��60,@

DQJHJHEHQHQ�WHUQlUHQ�9HUELQGXQJ�6Q6E�6H���'HU�GULWWH��UHODWLY�JUR�H�(IIHNW�EHL��������&�ZDU

EUHLW� XQG�ZXUGH�PLW� �������&� YRQ� GHU� EHL� �����&� JHWHPSHUWHQ� 3UREH� EHVWlWLJW�� 6FKOLH�OLFK

ZXUGH� GLH� 6FKPHO]WHPSHUDWXU� EHL� �������&� E]Z�� �������&� JHIXQGHQ�� 'LH� PHKUPDOV

SUlSDULHUWHQ� 3UREHQ� LP�.RQ]HQWUDWLRQVLQWHUYDOO� ]ZLVFKHQ� [6H�  � ������� XQG� ������� ZXUGHQ

GHVKDOE�QXU�EHL������&�JHWHPSHUW�XQG�EHVWlWLJWHQ�GLH�$QJDEHQ�GHU�3XEOLNDWLRQ�YRQ�:2%67

>��:2%@�

$OOH�3UREHQ� LP�%HUHLFK�YRQ�[6H� ��������ELV��������]HLJWHQ�GUHL�(IIHNWH� LQ� GHQ�'7$�

0HVVXQJHQ��'HU�HUVWH�HQGRWKHUPH�(IIHNW�EHL�GXUFKVFKQLWWOLFK��������&�ZXFKV�PLW�VWHLJHQGHU

.RQ]HQWUDWLRQ� YRQ� 6HOHQ�� %HL� GHU� .RQ]HQWUDWLRQ� YRQ� [6H�  � ������� �EHUWUDI� GLHVHU� DQIDQJV

VFKZDFKH� 3HDN� GHQ� ]ZHLWHQ�� 'HU� ]ZHLWH�� JUR�H� (IIHNW� EHL� FD�� �������&� GHXWHWH� DXI� GLH

SHULWHNWLVFKHQ�5HDNWLRQ�XQG�ZXUGH�HEHQIDOOV�VWlUNHU�PLW�GHU�=XQDKPH�GHV�6HOHQJHKDOWV��'LH

EHL�QRFK�K|KHUHQ�7HPSHUDWXUHQ�EHREDFKWHWHQ�6FKPHO]SHDNV�ZXUGH�LPPHU�IODFKHU��PLW�QDFK�

ODVVHQGHQ� HQGRWKHUPHQ� (IIHNWHQ� XQG� VLQNHQGHQ� 7HPSHUDWXUHQ� PLW� ]XQHKPPHQGHP� 6HOHQ�

DQWHLO��6RPLW�VFKUXPSIWHQ�GLH�$EVWlQGH�]ZLVFKHQ�GHQ�SHULWHNWLVFKHQ�3HDNV�XQG�GHQ�6FKPHO]�

SHDNV�� ELV� GLH� 6FKPHO]SHDNV� ]X� HLQHU� QDFKJHODJHUWHQ� 6FKXOWHU� GHV� VWDUNHQ� SHULWHNWLVFKHQ

3HDNV�ZXUGHQ�

%HL� GHU� '7$�.XUYH� GHU� 3UREH� [6H�  � ������� NRQQWHQ� ]ZHL� �EHUODJHUWHQ� 3HDNV� EHLP

$XIKHL]HQ�PLW�GHQ�7HPSHUDWXUHQ��������&�GHU�YRUGHUHQ�XQG��������&�GHU�KLQWHUHQ�7DQJHQWH�

MHGRFK� GUHL� 3HDNV� EHLP� $EN�KOHQ� HUNDQQW� ZHUGHQ�� 'LH� $EN�KOXQJVNXUYH� GHU� QLFKW

JHWHPSHUWHQ�9HUELQGXQJ�6Q6E�6H��KDWWH�HLQ�lKQOLFKHV�$XVVHKHQ��HV�HUJDE�VLFK�DEHU�QXU� HLQ

HLQ]LJHU� 3HDN� EHLP� $XIKHL]HQ� EHL� �������&�� 'LH� JHWHPSHUWH� 6Q6E�6H��3UREH� ]HLJWH� HLQHQ
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$XIKHL]SHDN�EHL��������&�XQG�]ZHL�$EN�KOSHDNV��'LH�'7$�(UJHEQLVVH�YRQ�6Q6E�6H��EHLP

$EN�KOHQ�GHXWHWHQ�]XQlFKVW�DXI�GLH�/LTLXGXVNXUYH��GDQQ�DXI�HLQHQ�SHULWHNWLVFKHQ�=HUIDOO�XQG

]XP�(QGH�QRFK�DXI�GLH�EHQDFKEDUWHQ�(XWHNWLNDOH��'LH�3UREH�[6H� �������� ODJ�]ZLVFKHQ�GHQ

WHUQlUHQ� 3KDVHQ� 6Q6E�6H�� XQG� 6Q�6E�6H���� 'LH� '7$�.XUYH� GHU� JHWHPSHUWHQ� 3UREH� YHUOLHI

lKQOLFK�ZLH�GLH�YRQ�6Q6E�6H��� ]HLJWH� MHGRFK�HLQHQ�EUHLWHUHQ�$XIKHL]SHDN�EHL��������&��'LH

WHUQlUH�9HUELQGXQJ�6Q�6E�6H��� �[6H� ��������� ]HLJWH� LQ� LKUHP�'7$�9HUODXI� HLQHQ�3HDN�EHL

�������&� PLW� HLQHU� YRUJHODJHUWHQ� 6FKXOWHU�� GHUHQ� 7HPSHUDWXU� EHL� �������&� ODJ�� 'LH

YRUJHODJHUWH� 6FKXOWHU� NRQQWH� QLFKW� GXUFK� 7HPSHUQ� EHVHLWLJW� ZHUGHQ� XQG� ZLHV� DXI� GLH

(XWHNWLNDOH�DXI�GHU�VHOHQUHLFKHQ�6HLWH�KLQ�

$E�GHU�=XVDPPHQVHW]XQJ�[6H� ��������NRQQWHQ�DXI�GHQ�'7$�.XUYHQ�]ZHL�(IIHNWH�EHLP

$XIKHL]HQ� XQG� HLQHU� EHLP� $EN�KOHQ� HUNDQQW� ZHUGHQ�� 'HU� HUVWH� $XIKHL]SHDN� ZDU� DQIDQJV

VFKZlFKHU�DOV�GHU�]ZHLWH��%HLGH�$XIKHL]SHDNV�WUHQQWHQ�VLFK�EHL�GHU�.RQ]HQWUDWLRQ�YRQ�[6H� 

������� XQG� ZHFKVHOWHQ� LKUH� ,QWHQVLWlWHQ� DE� GHU� 3UREH�PLW� [6H�  � �������� 'HU� 6FKPHO]SHDN

WDXFKWH� ZLHGHU� EHL� [6H�  � ������� DXI� XQG� EOLHE� DOV� HLQ]LJHU� (IIHNW� GHU� '7$�0HVVXQJ� YRQ

6E�6H��PLW�HLQHU�6FKPHO]WHPSHUDWXU�YRQ��������&�HUKDOWHQ�

'LH� '7$�.XUYHQ� GHU� LGHQWLIL]LHUWHQ� 3KDVHQ� XQG� GHU� EHGHXWVDPHQ� 3UREHQ� VLQG� LQ� GHU

$EE�������PLW�GHQ�GD]XJHK|UWHQ�'LIIUDNWRJUDPPHQ�GDUJHVWHOOW�
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$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHU�3UREHQ�GHV�6FKQLWWHV�6Q6H�6E�6H��
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�������� 5|QWJHQPHVVHUJHEQLVVH

'LH�0HVVXQJ�GHU�ELQlUHQ�5DQGYHUELQGXQJ�6Q6H�EHVWlWLJWH�PLW�PLQLPDOHQ�$EZHLFKXQJHQ

GLH�5|QWJHQUHIOH[H�GHU�/LWHUDWXUDQJDEHQ�LQ�GHU�-&3'6�'DWHQEDQN�PLW�GHP�SNV�)LOH���������

'LH�5|QWJHQUHIOH[H�GHU� HUQHXW�SUlSDULHUWHQ�3KDVH� VWLPPWHQ�DX�HU�3HDNLQWHQVLWlWHQ�PLW�GHP

5HIOH[PXVWHU�GHU�'DWHL�Ä��������SNV³�JHQDX��EHUHLQ�

'LH�5HIOH[PXVWHU�GHU�3UREHQ�LP�%HUHLFK�YRQ�[6H� ��������ELV��������HQWVSUDFKHQ�GHP

YRQ� 6Q6Q�� 'LH� 3HDNODJH� YHUVFKREHQ� VLFK� MHGRFK� LPPHU� PHKU� ]X� JU|�HUHP� �θ�%HUHLFK�

*OHLFK]HLWLJ�ZXFKVHQ�3HDNV�DXI��GLH�]X�GHU�YRQ�60,7+�HW�DO��>��60,@�EHVFKULHEHQHQ�WHUQlUHQ

9HUELQGXQJ�6Q6E�6H��RGHU�6Q�6E�6H��JHK|UWHQ��$E�GHU�3UREH�PLW�[6H� ��������YHUVFKZDQGHQ

GLH� 5HIOH[H� YRQ� 6Q6H� LP�*UXQGUDXVFKHQ�� (V� YHUEOLHEHQ� QXU� GLH� 6Q6E�6H��5HIOH[H� ELV� DXI

HLQHQ�3HDN�EHL��θ� ��������$E�GHU�=XVDPPHQVHW]XQJ�[6H� ��������ZXFKVHQ�GLH�6Q�6E�6H��

5HIOH[H� LQWHQVLYHU�� 'DV� 5|QWJHQPXVWHU� HQWVSUDFK� GHU� 9HUELQGXQJ� DXFK� PLW� YHUJOHLFKEDUHQ

,QWHQVLWlWHQ�

'LH� EHL� �����&� JHWHPSHUWH� 3UREH�� GLH� HLQH� =XVDPPHQVHW]XQJ� YRQ� [6H�  � ������� KDWWH�

ZXUGH� YRQ� >��60,@� DOV� WHUQlUH�9HUELQGXQJ� 6Q6E�6H�� RGHU� DXFK� DOV� 6Q�6E�6H�� LGHQWLIL]LHUW�

'LH� LQ� GHU� 3XEOLNDWLRQ� YHU|IIHQWOLFKWHQ� 5HIOH[ODJHQ� ZXUGHQ� PLW� GHP� 3URJUDPP� Ä9LVXDO

;
32:

³�DOV�'LIIUDNWRJUDPP�U�FNJHUHFKQHW��XP�HLQHQ�GLUHNWHQ�9HUJOHLFK�PLW�GHQ�JHPHVVHQHQ

5HIOH[HQ� ]X� HUP|JOLFKHQ��'LH� 3UREHQ� EHVWlWLJWHQ�GLH�$QJDEHQ� YRQ� >��60,@� VRZRKO� I�U�GLH

3HDNODJHQ� DOV� DXFK� I�U� GLH� 3HDNLQWHQVLWlWHQ�� 0LW� ZDFKVHQGHP� $QWLPRQDQWHLO� HQWZLFNHOWHQ

VLFK�]ZHL�VLJQLILNDQWH�5HIOH[H�EHL��θ� �������XQG�������LQ�GHP�'LIIUDNWRJUDPP�GHU�3UREH�PLW

[6H� ���������GLH�GHU�6Q�6E�6H���3KDVH�]XJHRUGQHW�ZHUGHQ�NRQQWHQ�

7DE�������,GHQWLIL]LHUXQJ�GHU�ELQlUHQ�XQG�WHUQlUHQ�3KDVHQ�

3KDVH 'DWHLQDPH /LWHUDWXUVWHOOH

6Q6H ��������SNV $YLORY��$��HW�DO���.ULVWDOORJUDIL\D����������������

6Q6E�6H� ��������SNV >��60,@

6E�6H� ��������SNV >��7,'@

,P�%HUHLFK�]ZLVFKHQ�[6H� ��������XQG�6E�6H��VWLPPWHQ�GLH�5HIOH[ODJH�DOOHU�3UREHQ�PLW

MHQHQ�YRQ�6E�6H�� �EHUHLQ��'LH� ,QWHQVLWlWHQ�GHU�5|QWJHQUHIOH[H�YRQ�6Q�6E�6H��� VFKUXPSIWHQ

ELV� DXI� GHQ� JU|�WHQ� 5HIOH[� EHL� �θ�  � ������ PLW� ]XQHKPHQGHP� 6HOHQJHKDOW�� =ZHL� LQWHQVLYH

5HIOH[H� �θ�  � ������ XQG� ������ YHUEOLHEHQ� ELV� ]X� GHU� .RQ]HQWUDWLRQ� YRQ� [6H�  � ������� XQG

ZXUGHQ�GDQDFK�YRQ�GHQ�VWlUNHU�ZHUGHQGHQ�6E�6H��5HIOH[HQ��EHUWURIIHQ��'LH�(UJHEQLVVH�GHU
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5|QWJHQPHVVXQJHQ�ZLHVHQ�HLQHQ�KHWHURJHQHQ�%HUHLFK�DXI�GHU�DQWLPRQUHLFKHQ�6HLWH�]ZLVFKHQ

GHU�6Q�6E�6H���XQG�6E�6H��

'LH�5HIOH[PXVWHU�GHU�LGHQWLIL]LHUWHQ�ELQlUHQ�XQG�WHUQlUHQ�3KDVHQ�XQG�LKUHU�EHQDFKEDUWHQ

3UREHQ�ZXUGHQ�PLW�GHQ�YHU|IIHQWOLFKHQ�5|QWJHQGDWHLHQ�LQ�GHU�'DWHQEDQN�LQ�GHU�$EELOGXQJ���

���]XVDPPHQJHVWHOOW�

�������� ,QGL]LHUXQJ�GHU�*LWWHUNRQVWDQWHQ�GHV�6FKQLWWHV�6Q6H�6E�6H�

'LH� JHPHVVHQHQ� 5HIOH[H� ZXUGHQ� ]XHUVW� I�U� GLH� ELQlUH� 3KDVH� 6Q6H� PLW� +LOIH� GHV

3URJUDPPV� Ä9LVXDO� ;32:³� QDFK� GHP�9HUIDKUHQ� Ä:HUQHU³� LQGL]LHUW�� 'DV� (UJHEQLV� JDE� GLH

EHNDQQWH� RUWKRUKRPELVFKH� 6WUXNWXU� XQG� GLH� YHU|IIHQWOLFKWH� 5DXPJUXSSH� 3 QQP� ZLHGHU�

MHGRFK�DEHU�XQWHUVFKLHGOLFKH�=HOOSDUDPHWHU��'DKHU�ZXUGHQ�GLHVH�=HOONRQVWDQWHQ�DOV�6WDUWZHUW

I�U�ZHLWHUHV�,QGL]LHUHQ�GHU�EHQDFKEDUWHQ�3UREHQ�HLQJHVHW]W�

'LH� 3UREHQ� PLW� GHQ� =XVDPPHQVHW]XQJHQ� [6H�  � �������� �������� ������� XQG� ������

ZXUGHQ�DQKDQG�GHU�YHUJOHLFKEDUHQ�6Q6H�3HDNV�LQGL]LHUW��'LH�%HUHFKQXQJ�]HLJWH�HEHQIDOOV�GLH

JOHLFKH� RUWKRUKRPELVFKH� 6\PPHWULH� XQG� GLH� JOHLFKH� 5DXPJUXSSH�� 'LH� *U|�H� GHU� =HOO�

SDUDPHWHU�D�XQG�E�VDQNHQ�WHQGHQ]LHOO�PLW�]XQHKPHQGHQ�6HOHQ�.RQ]HQWUDWLRQ��GDJHJHQ� VWLHJ

GLH� GHV� =HOOSDUDPHWHUV� F� DQ�� 'LH� =XVDPPHQVHW]XQJ� [6H�  � ������� NDP� DXV� GHU� ]ZHLWHQ

3UREHQUHLKH� XQG� EHVWlWLJWH� GLH� YRUKHUJHKHQGH� ,QGL]LHUXQJ� XQWHU� NOHLQHU� $EZHLFKXQJHQ� GHU

=HOOSDUDPHWHU��'LH�=HOONRQVWDQWH�GHU�3UREH�[6H� ��������KDWWHQ�LP�9HUJOHLFK�]X�GHQ�DQGHUHQ

3UREHQ�JUR�H�$EZHLFKXQJHQ�XQG�ZXUGHQ�GHVKDOE�DOV�$XVUHL�HU�LJQRULHUW�

7DE�������*LWWHUNRQVWDQWHQ�GHU�LQGL]LHUWHQ�3UREHQ�

[6H D��c E��c F��c %HPHUNXQJ

��������6Q6H�QDFK�>��$9,@� ����� ���� ����

��������6Q6H� ������ ����� �����

������ ������ ����� �����

������ ������ ����� ����� $EZHLFKXQJ

������ ������ ����� ����� $XVUHL�HU

������ ������ ����� �����

��'LH�3UREH�ZXUGH�]XU�(UJlQ]XQJ�QDFKSUlSDULHUW�

,Q�GHU�JUDSKLVFKHQ�'DUVWHOOXQJ�GHU�=HOOSDUDPHWHUQ� �$EE��������NRQQWH�EHL�D�ZHJHQ�GHU

$EZHLFKXQJ�GHU�3UREH�[6H� ��������NHLQH�NODUH�7HQGHQ]�HUNDQQW�ZHUGHQ��'LH�=HOOSDUDPHWHU�E

XQG� F� OLH�HQ� VLFK� LP� %HUHLFK� ]ZLVFKHQ� GHQ� .RQ]HQWUDWLRQHQ� YRQ� [6H�  � ������� XQG� [6H�  



.$3,7(/����'$6�6<67(0�=,11�$17,021�6(/(1��������������������������������������������������������������������������������

������� JUDSKLVFK� GDUVWHOOHQ�� ,Q� GHU� 5LFKWXQJ� E� QDKPHQ� GLH� =HOOSDUDPHWHU� ELV� ]X� GHU

.RQ]HQWUDWLRQ�[6H� ��������DE��XQG�GDQQ�EOLHE�NRQVWDQW�

$EE��������$EKlQJLJNHLW�GHU�=HOONRQVWDQWHQ�LP�%HUHLFK�[6H� ��������±��������

'LH� WHUQlUH� =XVDPPHQVHW]XQJ� 6E6Q�6H�� RGHU� 6E�6Q�6H�� ZXUGH� PLW� GHQ� YRQ� >��60,@

DQJHJHEHQHQ� 5HIOH[HQ� YHUJOLFKHQ�� 'LH� JXWH� hEHUHLQVWLPPXQJ� GHU� 5HIOH[ODJHQ� EHZLHV� GLH

([LVWHQ]� GLHVHU� 9HELQGXQJ�� $XIJUXQG� GHU� ZHQLJHQ� LQWHQVLYHQ� 5HIOH[HQ� NRQQWHQ� GLH

SUlSDULHUWHQ� 3UREHQ� LQ� GHU� 1lKH� GLHVHU� 9HUELQGXQJ� QLFKW� DQKDQG� GHV� Ä:HUQHU³�9HUIDKUHQ

LQGL]LHUW�ZHUGHQ�

�������� ,QWHUSUHWDWLRQ�GHV�3KDVHQGLDJUDPPV

$XIJUXQG� GHU� JHQDXHQ�'7$�0HVVXQJ� NRQQWH� GLH� HLQ]LJH� WHUQlUH� 3KDVH� DOV� 6Q�6E�6H��

LGHQWLIL]LHUW�ZHUGHQ��'D�GLHVH�=XVDPPHQVHW]XQJ�EHLP�$EN�KOHQ�HLQHQ�3HDN�DQ]HLJWH��ZXUGH

HLQ�NRQJUXHQWHV�6FKPHO]YHUKDOWHQ�IHVWJHVWHOOW��6RPLW�H[LVWLHUWH�GLH�YRQ�>��60,@�EHVFKULHEHQH

9HUELQGXQJ�6Q6E�6H��LQ�GHU�/|VOLFKNHLWVEHUHLFK�GHU�6Q�6E�6H���3KDVH�

2EZRKO� GLH� 0HVVHUJHEQLVVH� EHOHJWH� GLH� $QJDEH� YRQ� >��:2%@�� NRQQWH� GLHVHU� 6FKQLWW

QLFKW�DOV�TXDVLELQlU�EHZHUWHW�ZHUGHQ��'LH�5DQGSKDVH�6Q6H�HUZLHV�HLQH�EUHLWH�+RPRJHQLWlWV�

EHUHLFK�ZLH�YRQ�>��$/,@�EHVFKULHEHQ��'LH�SRO\PRUSKH�8PZDQGOXQJ�YRQ�6Q6H�EHL������&�LP

WHUQlUHQ� *HELHW� NRQQWH� QLFKW� GXUFK� /LWHUDWXUKLQZHLV� JHIXQGHQ� ZHUGHQ�� GHVKDOE� ZXUGH� DOV

WHUQlUHU�(IIHNW�DXVJHZHUWHW�

=HOONRQVWDQWH�LP�%HUHLFK�[�6H�� ������������

�����

����� �����

�����

���

����

���

����

���

����

���

����

���
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$EE��������3KDVHQGLDJUDPP�GHV�6FKQLWWHV�6Q6H�6E�6H��
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������ �
�� �������
��!"�		����
���

�������� 3UREHQKHUVWHOOXQJ

$XI�GHP�6FKQLWW�6Q6H�6E�ZXUGHQ���J�6Q6H�XQG�I�U�WHUQlUH�=XVDPPHQVHW]XQJHQ�MHZHLOV

����J�LQ�EHVWLPPWHQ�$EVWlQGHQ�SUlSDULHUW��'LH�$PSXOOH�GHU�3UREH�PLW�[6H� ��������]HUVSUDQJ

EHLP�$EVFKUHFNHQ� XQG� R[LGLHUWH�� VR� GDVV� GLHVH� =XVDPPHQVHW]XQJ� I�U� GLH� 8QWHUVXFKXQJHQ

QLFKW�PHKU�EUDXFKEDU�ZDU��'LHVH�3UREH�ODJ�DEHU�LP�%HUHLFK�GHU�0LVFKXQJVO�FNH�>��$/,@��VR

GDVV� GLH� 3UREH� I�U� GLH� $XINOlUXQJ� GHV� =XVWDQGVGLDJUDPPV� QLFKW� EHGHXWVDP� ZDU�� 'LH

YHUEOLHEHQHQ� DFKW� 3UREHQ� XQG� GLH�5DQGYHUELQGXQJ� 6Q6H�ZXUGHQ� EHL� �����&� ]HKQ�:RFKHQ

JHWHPSHUW�XQG�DQVFKOLH�HQG�JHU|QWJW�XQG�PLW�GHU�'7$�YHUPHVVHQ�

7DE�������=XVDPPHQVHW]XQJHQ�XQG�(LQZDDJHQ�GHV�TXDVLELQlUHQ�6FKQLWWHV�6Q6H�6E�

=XVDPPHQVHW]XQJ (LQZDDJH��J
3UREHQ�1U�

[6Q [6E [6H P6Q P6E P6H PJHV

���6Q6H� ������ ������ ������ ������  ������ ������

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

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

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

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

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

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

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

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

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

�������� '7$�0HVVHUJHEQLVVH

'LH� '7$�$XVZHUWXQJHQ� YRQ� QLFKW� JHWHPSHUWHP� 6Q6H� XQWHUVFKLHGHQ� VLFK� LQ� EHLGHQ

(IIHNWH� YRQ� GHQ� JHWHPSHUWHQ� 3UREHQ� I�U� GHQ� 6FKQLWW� 6Q6H�6E�6Q��� 'LH� 8PZDQGOXQJV�

WHPSHUDWXUHQ� ODJHQ� HWZDV� WLHIHU� DOV� GLH� GHU� JHWHPSHUWHQ� 3UREHQ�� $QWLPRQ� ZXUGH� HEHQIDOOV

WKHUPLVFK�DQDO\VLHUW��'LH�'7$�0HVVXQJ� ]HLJWH� HLQHQ� HLQ]LJHQ� VWDUN� HQGRWKHUPHQ�6FKPHO]�

HIIHNW�PLW�HLQHU�6FKPHO]WHPSHUDWXU�YRQ��������&�

'LH� 3UREH� [6H�  � ������� ]HLJWH� LQ� GHU� '7$�.XUYH� ]ZHL� JUR�H� 3HDNV� PLW� NOHLQHQ� YRU�

JHODJHUWHQ�6FKXOWHUQ��'LH�'7$�0HVVXQJ�GHU�3UREH�[6H� ��������HQWKLHOW�DXFK�]ZHL�(IIHNWH�

'HU�HUVWH�(IIHNW�HQWVSUDFK�GHU�PRQRWHNWLVFKHQ�5HDNWLRQ�>��$/,@��'HU�]ZHLWH�3HDN�VWLHJ�QXU

ODQJVDP� DQ� XQG� ODJ� EHL� �������&�� 'LH� 3UREHQ� EHL� [6H�  � ������� XQG� [6H�  � ������� ]HLJWHQ
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lKQOLFKH� 0HVVNXUYHQ�� 'LH� 7HPSHUDWXUHQ� GHV� ]ZHLWHQ� (IIHNWV� ODJHQ� EHL� �������&� XQG

�������&��$XV�MHGHP�VWDUNHQ�$XIKHL]HIIHNW�GHU�3UREHQ�LP�%HUHLFK�]ZLVFKHQ�[6H� ��������XQG

�������HQWVWDQG�EHLP�$EN�KOHQ�HLQHQ�'RSSHOSHDN��%HL�ZHLWHUHP�$EN�KOHQ�ZXUGH�QRFK�HLQ

]XVlW]OLFKHU�(IIHNW�EHL�FD�������&�IHVWJHVWHOOW��'LH�$EN�KOXQJVNXUYHQ�GLHVHU�3UREHQ�]HLJWHQ

DOVR�LQVJHVDPW�I�QI�VLJQLILNDQWH�3HDNV�DQ�

'LH� 3UREH� [6H�  � ������� ]HLJWH� VRZRKO� EHLP� $XIKHL]HQ� DOV� DXFK� EHLP� $EN�KOHQ� ]ZHL

(IIHNWH��ZREHL�GHU�LQWHQVLYH�(IIHNW�EHL��������&�EHLP�$EN�KOHQ�YRQ�GHP�UHODWLY�IODFKHQ�3HDN

EHL� �������&� �EHUWURIIHQ�� (LQ� lKQOLFKHU� '7$�9HUODXI� ZXUGH� YRQ� GHU� 3UREH� [6H�  � ������

JH]HLJW�

'LH�'7$�.XUYH�GHU�3UREH�EHL�[6H�  � �������EHVD�� HLQHQ� HLQ]LJHQ� JUR�HQ� HQGRWKHUPHQ

(IIHNW� EHL� �������&�� GHU� DXI� GLH� HXWHNWLVFKHQ� 5HDNWLRQ� GHXWHWH�� %HL� GHU� $EN�KOXQJVNXUYH

GLHVHU� 3UREH� NRQQWH� HLQ� ]ZHLWHU�� VHKU� NOHLQHU� (IIHNW� REHUKDOE� GHU� HXWHNWLVFKHQ� 7HPSHUDWXU

EHREDFKWHW�ZHUGHQ�� GHU� VLFK� QLFKW� DXVZHUWHQ� OLH��� 'LH� 3UREH� EHL� [6H�  � ������� HUJDE� HLQHQ

VWDUNHQ� HQGRWKHUPHQ� HXWHNWLVFKHQ�(IIHNW� EHL� �������&� XQG� HLQHQ� NOHLQHQ� IODFKHQ� 6FKPHO]�

HIIHNW�EHL��������&�

7DE��������(QGRWKHUPH�(IIHNWH�GHU�3UREHQ�LP�TXDVLELQlUHQ�6\VWHP�6Q6H�6E�

7KHUPLVFKH�(IIHNWH���&��7HPSHUQ�EHL������&�
3UREHQ�1U� [6H

3� 3� 3� 3� 3�

���6Q6H� ������ ����� �����

� ������ ����� ����� ����� �����
K

� ������ ����� ����� �����
K

� ������ ����� ����� ����� �����
K

� ������ ����� ����� �����
K

� ������ ����� ����� �����
K

� ������ ����� �����
K

� ������ �����

�� ������ ����� �����
K

6E ������ �����

��'HU�3HDN�ZXUGH�YRQ�HLQHP�YRUJHODJHUWHQ�6FKXOWHU�DXVJHZHUWHW�

K
��$XVZHUWXQJ�DXVJHKHQG�YRQ�GHU�6SLW]H�GHV�6FKPHO]SHDNV�

'LH� '7$�0HVVHUJHEQLVVH� GHV� 6FKQLWWHV� 6Q6H�6E� ]HLJWHQ� GXUFKJHKHQG� HLQHQ� VWDUNHQ

(IIHNW� EHL� GXUFKVFKQLWWOLFKH� 7HPSHUDWXU� YRQ� �������&�� GLHVHV� HQWVSUDFK� GHU� YRQ� >��$/,@

DQJHJHEHQHQ�(XWHNWLNDOHQ�EHL������&��'LH�3HDNK|KH�GLHVHU�HQGRWKHUPHQ�(IIHNWH�VWLHJ�PLW�GHU

$EQDKPH�GHV�6HOHQJHKDOWV�VWDUN�DQ��,Q�GHU�1lKH�GHV�(XWHNWLNXPV�EHL�GHU�=XVDPPHQVHW]XQJ

[6H� ��������ZXUGH�GLH�JU|�WH�3HDNK|KH�DXI�GHP�6FKQLWW�HUUHLFKW��'DV�PRQRWHNWLVFKH�*OHLFK�
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JHZLFKW� EHL� FD�� �����&� >��$/,@� NRQQWH� GXUFK� GLH�'7$�0HVVXQJHQ� QLFKW� HLQGHXWLJ� HUNDQQW

ZHUGHQ�� 'LH� 3HDNV� LP� GLHVHQ� 7HPSHUDWXUEHUHLFK� ]HLJWHQ� MHGRFK� ]ZHL� (IIHNWH�� GLH� DXI� GLH

PRQRWHNWLVFKH�5HDNWLRQ�XQG�GLH�VFKZDFKH�IO�VVLJ�IO�VVLJ�8PZDQGOXQJ�KLQGHXWHWHQ�

�������� 5|QWJHQPHVVHUJHEQLVVH

,P� JHVDPWHQ� .RQ]HQWUDWLRQVLQWHUYDOO� GHV� 6FKQLWWHV� 6Q6H�6E� ZXUGHQ� QXU� 6Q6H�� XQG

$QWLPRQ�5HIOH[H� JHIXQGHQ�� $OOH� 'LIIUDNWRJUDPPH� GHU� 3UREHQ� DXI� GLHVHP� 6FKQLWW� NRQQWHQ

HLQZDQGIUHL�LGHQWLIL]LHUW�ZHUGHQ�

0LW� =XJHEH� GHV� $QWLPRQDQWHLOV� VDQN� GLH� 6Q6H�5HIOH[H� GUDVWLVFK� XQG� YHUVFKREHQ� VLFK

PLQLPDO�]XP�JU|�HUHQ��θ�%HUHLFK��*OHLFK]HLWLJ�HQWZLFNHOWHQ�VLFK�GLH�$QWLPRQSHDNV�VFKQHOO�

GLH� EHL� GHU� =XVDPPHQVVHW]XQJ� YRQ� [6H�  � ������� GLH� 6Q6H�3HDNV� �EHUUDJWHQ�� $E� GLHVHU

.RQ]HQWUDWLRQ�lQGHUWHQ�VLFK�GLH�/DJHQ�GHV�3HDNV�LP�]XJHK|ULJHQ��θ�%HUHLFK�QLFKW�PHKU��'LH

,QWHQVLWlW�GHU�6Q6H�5HIOH[H�ZXUGH�PLW�GHU�VWHLJHQGHQ�$QWLPRQNRQ]HQWUDWLRQ�NOHLQHU�XQG�VLH

YHUVFKZDQG�EHL�GHU�3UREH�[6H� ��������LP�8QWHUJUXQG��'LH�$QWLPRQUHIOH[H�VWLPPWHQ�LQ�LKUHU

/DJH�PLW� GHQ� /LWHUDWXUDQJDEHQ� GHV� -&3'6�)LOHV� �������� �EHUHLQ��1XU� GLH� ,QWHQVLWlWHQ� GHU

$QWLPRQUHIOH[H�EHL��θ� �������XQG��θ� �������WDXVFKWHQ��VRZLH�GHU�3HDN�EHL��θ� �������]HLJWH

VWlUNHUH�,QWHQVLWlW�DOV�HV�GLH�/LWHUDWXU�GHU�-&3'6�'DWHQEDQN�YRUJDE�

'LH� 5|QWJHQPHVVXQJHQ� EHZLHVHQ� ]ZHLIHOORV� GHQ� TXDVLELQlUHQ� &KDUDNWHU� GHV� 6FKQLWWHV

6Q6H�6E��(LQH�,QGL]LHUXQJ�GHU�=HOOSDUDPHWHU�ZDU��EHUIO�VVLJ�XQG�ZXUGH�GHVKDOE�QLFKW�GXUFK�

JHI�KUW��6RPLW�NRQQWHQ�GLH�'DWHQ�GHU�9HU|IIHQWOLFKXQJ�YRQ�>��$/,@�EHVWlWLJW�ZHUGHQ�
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$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHU�3UREHQ�GHV�TXDVLELQlUHQ�6\VWHPV�6Q6H�6E�
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�������� ,QWHUSUHWDWLRQ�GHV�3KDVHQGLDJUDPPV

1DFK�YRUOLHJHQGHQ�'7$��XQG�5|QWJHQPHVVHUJHEQLVVH�EOLHE�GLH�([LVWHQW�GHU�0LVFKXQJV�

O�FNH� PLNURDQDO\WLVFK� ]X� SU�IHQ�� VR� ZXUGHQ� DOOH� '7$�3UREHQ� GLHVHV� 6FKQLWWHV� QDFK� GHU

WKHUPLVFKHQ�8QWHUVXFKXQJ� HLQJHEHWWHW�� $XIJUXQG� GHU� 6SU|GLJNHLW� GHU� 3UREH� OLH�HQ� VLH� VLFK

QLFKW�VFKOLIIHQ��8QWHU�GHP�0LNURVNRS�NRQQWH�MHGRFK�KHOOHQ�)OHFNHQ�HUNDQQW�ZHUGHQ��GLH�DXI

GLH�0LVFKXQJVO�FNH�VFKOLH�HQ��6RPLW�EHVWlWLJW�GLH�HLJHQH�8QWHUVXFKXQJ�GDV�3KDVHQGLDJUDPP

6Q6H�6E�YRQ�>��$/,@�

$EE��������3KDVHQGLDJUDPP�GHV�TXDVLELQlUHQ�6FKQLWWHV�6Q6H�6E�
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����#� �
���!"�		����
������
�

�������� 3UREHQKHUVWHOOXQJ

$XI� GHP� 6FKQLWW� 6Q6H��6E�6H�� ZXUGH� VLHEHQ� WHUQlUHQ� 3UREHQ� XQG� GHQ� EHLGHQ� 5DQG�

YHUELQGXQJ�6Q6H��XQG�6E�6H��KHUJHVWHOOW��'LH�3UREHDPSXOOH�PLW�GHU�=XVDPPHQVHW]XQJ�[6H� 

�������SODW]WH�EHLP�$EVFKUHFNHQ� LP�(LVEDG��1DFK�GHU� 3UlSDUDWLRQ�ZXUGHQ�GLH�=XVDPPHQ�

VHW]XQJHQ�EHL������&�]HKQ�:RFKHQ�JHWHPSHUW��'LH�JHWHPSHUWHQ�3UREHQ�ZXUGHQ�PLWWHOV�'7$�

XQG�5|QWJHQPHVVXQJ�XQWHUVXFKW�

%HLP�gIIQHQ�GHU�3UREHDPSXOOHQ�PLW�GHQ�=XVDPPHQVHW]XQJHQ�YRQ�[6H� ��������XQG�[6H� 

�������ZXUGH�HLQ�VWHFKHQG�ULHFKHQGHV�*DV�IUHLJHVHW]W�

7DE��������=XVDPPHQVHW]XQJHQ�XQG�(LQZDDJHQ�GHV�TXDVLELQlUHQ�6FKQLWWHV�6Q6H��6E�6H��

=XVDPPHQVHW]XQJ (LQZDDJH��J
3UREHQ�1U�

[6Q [6E [6H P6Q P6E P6H PJHV

���6Q6H�� ������ ������ ������ ������  ������ ������

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

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

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

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

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

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

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

���6E�6H�� ������ ������ ������  ������ ������ ������

�������� '7$�0HVVHUJHEQLVVH

'LH�'7$�0HVVXQJ� GHU� QLFKW� JHWHPSHUWHQ�5DQGYHUELQGXQJ� 6Q6H�� HQWKLHOW� GUHL� (IIHNWH�

'HU� VFKRQHQGH� (IIHNW� EHL� �������&� HQWVSUDFK� GHU� DXI� GHU� VHOHQUHLFKHQ� 6HLWH� YRQ� 6Q6H�

OLHJHQGHQ� (XWHNWLNDOHQ� EHL� FD�� �����&�� (LQ� UHODWLY� NOHLQHU� 3HDN� EHL� �������&� YRU� GHP

6FKPHO]SHDN�GHXWHWH�DXI�GLH�HXWHNWLVFKH�7HPSHUDWXU�YRQ������&�]ZLVFKHQ�6Q6H�XQG�6Q6H��

'HU�6FKPHO]HIIHNW�YRQ�6Q6H��ZDU�VWDUN�HQGRWKHUP�XQG�ZXUGH�LP�*HJHQVDW]�]X�GHU�/LWHUDWXU�

DQJDEH� YRQ� �����&� QDFK� >��6+$@� EHL� �������&� DXVJHZHUWHW�� 'D� GLHVH� 3KDVH� NRQJUXHQW

VFKPLO]W��JLOW�DEHU�QLFKW�JHWHPSHUW�ZXUGH��N|QQHQ�LQ�GHU�3UREH�8QJOHLFKJHZLFKWH�YRUOLHJHQ�

ZDV� GLH� $EZHLFKXQJHQ� HUNOlUW�� 8P� GLH� (IIHNWH� ]X� NOlUHQ�� ZXUGH� 6Q6H�� QRFK� HLQPDO

SUlSDULHUW�� 'LH� .XUYH� HUJDE� VLFK� HLQHQ� HLQ]LJHQ� 3HDN� PLW� GHU� 6FKPHO]WHPSHUDWXU� YRQ

�������&�
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'LH� =XVDPPHQVHW]XQJHQ� [6H�  � ������� XQG� ������� HUJDEHQ� EHLP� $XIKHL]HQ� ]ZHL

�EHUODSSHQWH�(IIHNWH��'LH�$EN�KOXQJVNXUYHQ�VSLHJHOWHQ�GLH�$XIKHL]SHDNV�ZLHGHU��'HU� HUVWH

JUR�HQ�(IIHNW�]HLJWH�HLQH�HXWHNWLVFKH�5HDNWLRQ�DQ��'HU�]ZHLWH�3HDN�VWLHJ�LP�$XVNOLQJHQ�GHV

HUVWHQ� 3HDNV� IODFK� DQ� XQG� ZDU� HEHQIDOOV� VWDUN� HQGRWKHUP�� 0LW� DEQHKPHQGHP� 6HOHQJHKDOW

VFKUXPSIWH� VHLQHU� JUR�HQ� HQGRWKHUPHQ� (IIHNW� XQG� GLH� $EVWlQGH� ]XP� HUVWHQ� (IIHNW� ZXUGH

NOHLQHU�� ,Q�GHQ�'7$�.XUYHQ�GHU�3UREHQ�[6H� ��������XQG�������� ILHOHQ�GLH�EHLGHQ�(IIHNWH

IDVW�]XVDPPHQ��'LH�7UHQQXQJ�GHU�(IIHNWH�ZDU�QXU�EHL�GHU�=XVDPPHQVHW]XQJ�[6H� ��������LQ

GHU�$EN�KONXUYH�]X�VHKHQ��,Q�GHU�$EN�KONXUYH�GHU�3UREH�[6H� ��������NRQQWHQ�HEHQIDOOV�QRFK

]ZHL� (IIHNWH� HUNDQQW� ZHUGHQ�� 'DV� GHXWHWH� DXI� GLH� HXWHNWLVFKH� .RQ]HQWUDWLRQ� KLQ�� 'LH

=XVDPPHQVHW]XQJ�[6H� ��������HQWKLHOW�HLQHQ�JUR�HQ�XQG�EUHLWHQ�3HDN�LQ�GHU�$XIKHL]NXUYH�

GHU�DXI�]ZHL�YHUVFKLHGHQH�(IIHNWH�ZLHV��'LH� OHW]WH� WHUQlUH�(LQZDDJH�]HLJWH�HLQHQ�GHU�3UREH

[6H� ��������lKQOLFKHQ�9HUODXI�PLW�7HPSHUDWXUHQ�YRQ�������XQG��������&�

7DE��������(QGRWKHUPH�(IIHNWH�GHU�3UREHQ�LP�6FKQLWW�6Q6H��6E�6H��

7KHUPLVFKH�(IIHNWH���&
3UREHQ�1U� [6H

3� 3�

���6Q6H�� ������ �����

� ������ ����� �����
K

� ������ ����� �����
K

� ������ ����� �����
K

� ������ ����� �����
K

� ������ �����

� ������ ����� �����
K

���6E�6H�� ������ �����

K
��$XVZHUWXQJ�DXVJHKHQG�YRQ�GHU�6SLW]H�GHV�6FKPHO]SHDNV�

'LH� '7$�0HVVHUJHEQLVVH� GHV� 6FKQLWWHV� GHXWHWHQ� DXI� HLQ� HXWHNWLVFKHV� 9HUKDOWHQ�� 'LH

(XWHNWLNDOH� PLW� GHU� GXUFKVFKQLWWOLFKHQ� 7HPSHUDWXU� YRQ� �������&� ZXUGH� YRQ� DOOHQ� 3UREHQ

GXUFK� HLQHQ� VWDUNHQ� HQGRWKHUPHQ� 3HDN� JHNHQQ]HLFKQHW�� 'HU� 6FKPHO]HIIHNW� ]HLFKQHWH� VLFK

GXUFK�GLH�IDOOHQGHQ�6FKPHO]WHPSHUDWXUHQ�YRQ�GHQ�5DQGYHUELQGXQJHQ�]XP�(XWHNWLNXP�DE�
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$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHU�3UREHQ�GHV�TXDVLELQlUHQ�6\VWHPV�6Q6H��6E�6H��
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�������� 5|QWJHQPHVVHUJHEQLVVH

)�U�GLH�ELQlUH�5DQGYHUELQGXQJ�6Q6H��JDE�HV�PHKUHUH�$QJDEHQ�LQ�GHU�-&3'6�'DWHQEDQN

GXUFK� GLH� YHUVFKLHGHQH� 6WDSHOIRUPHQ� GHU� 6WUXNWXU� �EHU�� GLH� YRQ� 3$/26=� HW� DO�� >��3$/@

EHULFKWHW�ZXUGHQ��'DV�SUlSDULHUWH�6Q6H��SD�WH�]X�NHLQHU�GHU�5|QWJHQPXVWHU�LQ�GHU�>��3')@�

'DWHLHQ��(V�HQWKLHOW�HLQLJH�5|QWJHQUHIOH[H�GHU�SNV�)LOHV���������XQG����������'DV�5|QWJHQ�

PXVWHU�YRQ�6E�6H��ZXUGH�EHL�GHP�TXDVLELQlUHQ�6FKQLWW�6Q6H�6E�6H��XQWHUVXFKW�XQG�I�U�GHQ

6FKQLWW�6Q6H��6E�6H���EHUQRPPHQ�

'LH� 'LIIUDNWRJUDPPH� DXI� GHP� 6FKQLWW� 6Q6H��6E�6H�� ]HLJWHQ� QXU� 6Q6H�� XQG� 6E�6H�

5HIOH[H��%HL�GHU�=XVDPPHQVHW]XQJ�[6H� ��������IDQGHQ�VLFK�GUHL�NOHLQH�5|QWJHQUHIOH[H�EHL

�θ�  � ������� ������ XQG� ������� GLH� ]X� GHQ� LQWHQVLYVWHQ� 5HIOH[HQ� YRQ� 6E�6H�� JHK|UWHQ�� 0LW

]XQHKPHQGHQ� 6E�6H��$QWHLO� ELOGHWHQ� VLFK� GLH� 6E�6H��5HIOH[H� LPPHU� GHXWOLFKHU� DXI� GHQ

'LIIUDNWRJUDPPHQ� DXV�� 0LW� GHU� =XVDPPHQVHW]XQJ� [6H�  � ������� GRPLQLHUWHQ� GLH� 6E�6H��

5HIOH[H� GDV�5|QWJHQPXVWHU��'LH� 6Q6H��5HIOH[H� ZXUGHQ� LPPHU� NOHLQHU�� $XI� GHP�5|QWJHQ�

GLIIUDNWRJUDPP�GHU� 6Q6H��3KDVH� EHQDFKEDUWHQ� 3UREH� [6H�  � ������� YHUEOLHE� QXU� HLQ� 6Q6H��

5HIOH[�EHL��θ� �����

�������� ,QWHUSUHWDWLRQ�GHV�3KDVHQGLDJUDPPV

6RZRKO�GLH�'7$�0HVVHUJHEQLVVH�DOV�DXFK�GLH�5|QWJHQGLIIUDNWRJUDPPH�KDEHQ�HLQGHXWLJ

TXDVLELQlUH� (LJHQVFKDIW� GHV� 6FKQLWWHV� 6Q6H��6E�6H�� EHZLHVHQ�� (LQ� HXWHNWLVFKHV� *OHLFK�

JHZLFKW�EHIDQG� VLFK� LQ�GHU�1lKH�GHU�=XVDPPHQVHW]XQJ�[6H�  � �������PLW� HLQHU�7HPSHUDWXU

YRQ� FD�� �����&�� $XV� GHP� =XVDPPHQKDQJ� GHU� 0HVVGDWHQ� ZXUGH� I�U� GLHVHV� 6\VWHP� HLQ

TXDVLELQlUHV�3KDVHQGLDJUDPP�DXIJHVWHOOW�
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$EE��������3KDVHQGLDJUDPP�GHV�TXDVLELQlUHQ�6\VWHPV�6Q6H��6E�6H��
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������ �
���!"�		�(6H�)�*���

�������� 3UREHQKHUVWHOOXQJ

1DFK�$QJDEHQ�PHKUHUHU�$XWRUHQ�>��6+$@�XQG�>��*+2@�H[LVWLHUHQ�LQ�GHQ�ELQlUHQ�5DQG�

V\VWHPHQ� 6Q�6H� XQG� 6E�6H� 0LVFKXQJVO�FNHQ� DXI� GHU� PHWDOOLVFKHQ� 6HLWH�� $XI� GHP

TXDVLELQlUHQ� 6FKQLWW� 6Q6H�6E�ZXUGH� HEHQVR� HLQH�0LVFKXQJVO�FNHQ� QDFKJHZLHVHQ��8P� GHQ

%HUHLFK�GHU�0LVFKXQJVO�FNHQ�LP�WHUQlUHQ�*HELHW�]X�XQWHUVXFKHQ��ZXUGH�HLQ�6FKQLWW�GXUFK�GLH

PHWDOOLVFKH� 6HLWH� GHV� *LEEVVFKHQ� 'UHLHFNV� JHOHJW�� 'HU� 6FKQLWW� PLW� NRQVWDQWHU� 6HOHQ�

NRQ]HQWUDWLRQ�YRQ�[6H� ������ZXUGH�VR�DXVJHZlKOW��GDVV�HU�LP�%HUHLFK�GHU�EHLGHQ�0LVFKXQJV�

O�FNHQ�GHU�ELQlUHQ�6\VWHPH�ODJ�

$XI� GHP� 6FKQLWW� ZXUGHQ� DFKW� 3UREHQ� LP� JHVDPWHQ� .RQ]HQWUDWLRQVEHUHLFK� HLQJHZRJHQ

XQG� DXIJHVFKPRO]HQ�� 'LH� 3UREH� PLW� GHU� =XVDPPHQVHW]XQJ� [6E�  � ������� ZXUGH� EHLP

$EVFKUHFNHQ�DXIJUXQG�GHU�JHSODW]WHQ�$PSXOOH�DQ�GHU�/XIW�R[LGLHUW��'LH�YHUEOLHEHQHQ�3UREHQ

ZXUGHQ�DQVFKOLH�HQG�EHL������&�]ZHL�0RQDWH�JHWHPSHUW�XQG�DQDO\VLHUW�

7DE��������=XVDPPHQVHW]XQJHQ�XQG�(LQZDDJHQ�GHV�6FKQLWWHV�[6H� ������

=XVDPPHQVHW]XQJ (LQZDDJH��J
3UREHQ�1U�

[6Q [6E [6H P6Q P6E P6H PJHV

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

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

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

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

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

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

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

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

�������� '7$�0HVVHUJHEQLVVH

'LH�'7$�.XUYH�GHU�ELQlUHQ�3UREH�HQWKLHOW� LQ�EHLP�$XIKHL]HQ�]ZHL�(IIHNWH��'HU�(IIHNW

EHL��������&�HQWVSUDFK�GHU�HXWHNWLVFKHQ�5HDNWLRQ�EHL�FD�������&�LP�ELQlUHQ�3KDVHQGLDJUDPP

6Q�6H��'HU�]ZHLWH�3HDN�EHL��������&�KDWWH�HLQH�YRUJHODJHUWH�6FKXOWHU�EHL��������&��GLH�GHP

PRQRWHNWLVFKHQ� *OHLFKJHZLFKW� LP� 6\VWHP� 6Q6H�6E� EHL� �����&� HQWVSUDFK�� 'LH� EHQDFKEDUWH

3UREH�PLW� [6E�  � ������� ]HLJWH� HLQHQ� lKQOLFKHQ�'7$�9HUODXI�� ZHLO� VLH� LP�%HUHLFK� YRQ� 6Q�

6Q6H�6E� ODJ��'HU� HXWHNWLVFKH� (IIHNW� DXV� GHP� ELQlUHQ�5DQG� HUK|KWH� VLFK� DXI� �������&�� GHU

PRQRWHNWLVFKH�(IIHNW�DXI��������&�
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'HU�6FKQLWW�EHL�[6H� ������NUHX]WH�GHQ�TXDVLELQlUHQ�6FKQLWW�6Q6H�6E�EHL�GHU�=XVDPPHQ�

VHW]XQJ�[6E� ���������'LHVH�WHUQlUH�3UREH�XQG�GLH�3UREH�EHL�[6E� ��������ZLHVHQ�HLQHQ�Y|OOLJ

DQGHUHQ�'7$�9HUODXI�PLW� MHZHLOV� ]ZHL�(IIHNWHQ�DXI��'LH�7DWVDFKH��GDVV� VLFK�GLH�3UREHQ� LQ

GHP� 7HLOGUHLHFN� 6Q6H�6Q�6E�6H���6E� EHIDQGHQ�� ]HLJW�� GDVV� 6Q�6Q6H�6E� ]X� HLQHP� DQGHUHQ

'UHLSKDVHQJHELHW� ZHFKVHOWH�� LQ� GHP� GHU�0LVFKNULVWDOO� GHU� WHUQlUHQ� 9HUELQGXQJ� 6Q�6E�6H��

H[LVWLHUW��'HU�(IIHNW�GHU�3UREH�EHL�[6E� ��������WUDW�EHL�QLHGULJHU�7HPSHUDWXU�DXI�XQG�VSDOWHWH

PLW� YRU�� XQG� QDFKJHODJHUWHQ� 6FKXOWHUQ� DXI�� GLH� ]X� GUHL� VLJQLILNDQWHQ� 3HDNV� EHL� GHQ

=XVDPPHQVHW]XQJHQ�[6E� ��������XQG�[6E� ��������ZXUGHQ�

'LH�'7$�.XUYH� GHU�=XVDPPHQVHW]XQJ� [6E�  � ������� lQGHUWH� VLFK� QRFK� HLQPDO�� GD� GLH

=XVDPPHQVHW]XQJ��EHU�GHP�6FKQLWWSXQNW�GHU�/LQLH�6Q�6E�6H���6E�ODJ��'DV�'UHLSKDVHQJHELHW

ZHFKVHOWH�YRQ�6Q6H���6Q�6E�6H�����6E�]X�6Q�6E�6H�����6E���6E�6H���'DPLW�HUJDEHQ�VLFK�LQ

GHU� '7$�0HVVXQJ� ]ZHL� JUR�H� (IIHNWH� EHL� ������ XQG� �������&�� 'LHVH� VWDUNHQ� (IIHNWH

HQWVSUDFKHQ� GHU� HXWHNWLVFKHQ�5HDNWLRQ� EHL� �����&� XQG� GHP�PRQRWHNWLVFKHQ� *OHLFKJHZLFKW

EHL������&�>��*+2@��'HU�VFKZDFKH�(IIHNW�GHU�0LVFKXQJVO�FNH�NRQQWH�EHLP�$XIKHL]HQ�QLFKW

DXVJHZHUWHW�ZHUGHQ��LQ�GHU�$EN�KOXQJ�ZXUGH�MHGRFK�HLQ�IODFKHU�3HDN�GHXWOLFK�

7DE��������(QGRWKHUPH�(IIHNWH�GHU�3UREHQ�LP�6FKQLWW�[6H� ������

7KHUPLVFKH�(IIHNWH���&��7HPSHUQ�EHL������&�
3UREHQ�

1U�
[6H [6E

3� 3� 3� 3�

� ���� ������ ����� ����� �����

� ���� ������ ����� ����� �����

� ���� ������ ����� �����
K

� ���� ������ ����� �����
K

� ���� ������ ����� ����� ����� �����
K

� ���� ������ ����� ����� ����� �����
K

� ���� ������ ����� �����

K
��$XVZHUWXQJ�DQ�GHU�6SLW]H�GHV�6FKPHO]SHDNV�



.$3,7(/����'$6�6<67(0�=,11�$17,021�6(/(1��������������������������������������������������������������������������������

$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHU�3UREHQ�GHV�6FKQLWWHV�[6H� ������

�������� 5|QWJHQPHVVHUJHEQLVVH

'LH�'LIIUDNWRJUDPPH�]HLJHQ�IROJHQGH�7HQGHQ]��'LH�5|QWJHQUHIOH[H�GHU�]X�GHP�ELQlUHQ

5DQGV\VWHP�JHK|UHQGHQ�3UREH����6Q����6H������]HLJWHQ�HLQGHXWLJ�GLH�LQWHQVLYHQ�6Q6H�5HIOH[H

PLW�]ZHL�VFKZlFKHUHQ�5HIOH[HQ�YRQ�=LQQ��'LH�=LQQ�5HIOH[H�ZXUGHQ� LP�5|QWJHQPXVWHU�GHU

3UREH����[6E� ���������VFKZlFKHU�XQG�YHUVFKZDQGHQ�LQ�3UREH����[6E� ����������ZlKUHQG�GLH

6Q6H�5HIOH[H�GRPLQLHUWHQ��(LQ�LQWHQVLYHU�5HIOH[�EHL��θ� �������HQWZLFNHOWH�VLFK�ODQJVDP�DXV

GHU�3UREH�[6E� ��������XQG�ZXFKVWH�PLW�]XQHKPHQGHP�$QWLPRQDQWHLO�DQ��'D�GLH�3UREHQ���ELV
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��LQ�GHP�0LVFKNULVWDOOEHUHLFK�6Q���6Q6H���6E�ODJHQ��NRQQWHQ�LKUH�'LIIUDNWRJUDPPHQ�PLW�GHQ

EHNDQQWHQ�SNV�)LOHV�YHUJOLFKHQ�ZHUGHQ�

0LW� =XQDKPH� GHV� $QWLPRQDQWHLOV� ZXUGH� GHU� LQWHQVLYVWH� 6Q6H�5HIOH[� YRQ� HLQHP

DQOLHJHQGHQ�5HIOH[��EHUWURIIHQ�XQG�YHUVFKZDQG�EHL�GHU�ELQlUHQ�3UREH�6E����6H�����JDQ]�DXV�

(LQ� LQWHQVLYHU�5HIOH[� HQWZLFNHOWH� VLFK�DE�GHU� 3UREH�PLW� [6E�  � ������� XQG� HUUHLFKWH� EHL�GHU

3UREH� PLW� [6E�  � ������� PD[LPDOH� ,QWHQVLWlW�� 1DFK� (UIDVVHQ� GHU� ELQlUHQ� .RQ]HQWUDWLRQ

YHUVFKZDQGHQ�GLH�5HIOH[H�NRPSOHWW��(QWJHJHQ�GHU�(UZDUWXQJ�OLH��VLFK�GLHVHU�5HIOH[�QLFKW�GHU

WHUQlUHQ�3KDVH�6Q�6E�6H���]XRUGQHQ�

'LH� 7DWVDFKH� GHU� IRUWJHVHW]WHQ� 9HUVFKLHEXQJ� GHU� 5HIOH[ODJHQ� EHLGHU� .RPSRQHQWHQ

GHXWHWH�DXI�HLQHQ�KHWHURJHQHQ�0LVFKNULVWDOOEHUHLFK�LP�JHVDPWHQ�6FKQLWW�KLQ�

�������� ,QWHUSUHWDWLRQ�GHV�3KDVHQGLDJUDPPV

$EE��������3KDVHQGLDJUDPP�GHV�6FKQLWWHV�[6H� ������
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����+� �
���!"�		�(6H�)�*�,*

�������� 3UREHQKHUVWHOOXQJ

2EZRKO�GLH�TXDVLELQlUH�(LJHQVFKDIW�GHV�6FKQLWWHV�6Q6H��6E�6H��EHOHJW�ZXUGH��EOLHE�GLH

/DJH�GHV� WHUQlUHQ�(XWHNWLNXPV�]X�NOlUHQ��'D]X�ZXUGHQ� WKHUPLVFKH�XQG�5|QWJHQPHVVXQJHQ

DQ� HLQHP� 6FKQLWW� DXI� GHU� VHOHQUHLFKHQ� 6HLWH� GHV� 7HLOGUHLHFNHV� 6Q6H��6E�6H��6H� PLW� HLQHU

NRQVWDQWHQ�6HOHQNRQ]HQWUDWLRQ�YRQ�[6H� ������GXUFKJHI�KUW�

7DE��������=XVDPPHQVHW]XQJHQ�XQG�(LQZDDJHQ�GHV�6FKQLWWHV�[6H� ������

=XVDPPHQVHW]XQJ (LQZDDJH��J
3UREHQ�1U�

[6Q [6E [6H P6Q P6E P6H PJHV

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

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

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

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

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

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

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

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

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

�������� '7$�0HVVHUJHEQLVVH

'LH� '7$�.XUYH� GHU� 3UREH� �� �6Q���6H����� ]HLJWH� GHQ� HUZDUWHWHQ� HXWHNWLVFKHQ� XQG� GHQ

6FKPHO]HIIHNW��'LH� HXWHNWLVFKH�7HPSHUDWXU� EHL� �������&� ODJ�QLHGULJHU� DOV� GHU� /LWHUDWXUZHUW

YRQ������&�>��6+$@��'HU�6FKPHO]SHDN�ZXUGH�DXIJUXQG�GHU�DV\PPHWULVFKHQ�*HVWDOW�EHU�GHU

KLQWHUHQ� 6SLW]H� PLW� �������&� DXVJHZHUWHW�� %HL� QLHGULJHUHU� 7HPSHUDWXU� WDXFKWH� HLQ� NOHLQHU

(IIHNW� EHL� �������&� DXI�� GHU� VLFK� NHLQHP� EHNDQQWHQ� (IIHNW� ]XRUGQHQ� OLH��� %HLP�$EN�KOHQ

YHUVFKZDQG�HU�

'LH�3UREHQ�[6E� ��������XQG�[6E� ��������YHUOLHIHQ�EHL�GHU�'7$�0HVVXQJ�lKQOLFK��'LH

HXWHNWLVFKHQ�(IIHNWH�NRQQWHQ�HLQGHXWLJ�LGHQWLIL]LHUW�ZHUGHQ��'LH�6FKPHO]HIIHNWH�QDKPHQ�PLW

VWHLJHQGHQ� $QWLPRQNRQ]HQWUDWLRQ� DE�� 'LH� $EN�KOXQJVNXUYH� HQWKLHOWH� ZLH� GLH� ELQlUH� 3UREH

]ZHL�3HDNV�

'LH� 3UREHQ� LQ� GHU�0LWWH� GHV� 6FKQLWWHV� ]HLJWHQ� HLQHQ� NRPSOL]LHUWHQ� '7$�9HUODXI�� $XV

HLQHP�NOHLQHQ� HQGRWKHUPHQ�(IIHNW�EHL��������&� HQWZLFNHOWH� VLFK� HLQ� H[RWKHUPHU�(IIHNW� EHL

�������&�� GHU� GHU� 5HNULVWDOOLVDWLRQ� GHV� HLQJHVHW]WHQ� DPRUSKHQ� 6HOHQV� DQ]HLJWH�� 'LHVHP
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XQJHZ|KQOLFKHQ�(IIHNW�IROJWHQ�]ZHL�IODFKH�3HDNV��'HU�DV\PPHWULVFKH�3HDN�EHL�HWZD��������&

ZXUGH�YRQ�GHQ�3UREHQ�LP�%HUHLFK�[6E� ��������ELV�[6E� ��������JH]HLJW�XQG�YHUVFKZDQG�DE

GHU�=XVDPPHQVHW]XQJ�YRQ�[6E� ���������'HU�DV\PPHWULVFKH�6FKPHO]SHDN�ILHO�ELV�]XU�3UREH

[6E� ��������DE�XQG�YHUOLHI�VSUXQJKDIW�]XU�HLQHQ�7HPSHUDWXU�YRQ��������&�

$XI�GHU�DQWLPRQUHLFKHQ�6HLWH�GHV�6FKQLWWHV�]HLJWH�GLH�'7$�.XUYH�GHU�3UREH�[6E� �������

]ZHL�HQGRWKHUPH�(IHNWH��GLH�MHZHLOV�HLQH�YRUJHODJHUWH�6FKXOWHU�EHVD�HQ��'DJHJHQ�]HLJWH�GLH

ELQlUH� 3UREH� [6E�  � ������� ]ZHL� VDXEHUH� 3HDNV� EHL� ������ XQG� �������&�� 'LHVH� (IIHNWH

HQWVSUDFKHQ�GHP�HXWHNWLVFKHQ�*OHLFKJHZLFKW�EHL������&�XQG�GHU�6FKPHO]UHDNWLRQ�LP�6\VWHP

6E�6H�>��*+2@�

7DE��������(QGRWKHUPH�(IIHNWH�GHU�3UREHQ�LP�6FKQLWW�[6H� ������

7KHUPLVFKH�(IIHNWH���&��7HPSHUQ�EHL������&�
3UREHQ
�1U�

[6H [6E
3� 3� 3� 3� 3�

� ���� ������ ����� ����� �����
K

� ���� ������ ����� ����� ����� �����
K

� ���� ������ ����� ����� ����� �����
K

� ���� ������ ����� �����
H[

����� �����
K

� ���� ������ ����� �����
H[

����� �����
K

� ���� ������ ����� �����
H[

�����
H[

����� �����
K

� ���� ������ ����� ����� �����
H[

�����
K

� ���� ������ ����� ����� ����� �����
K

� ���� ������ ����� �����
K

K
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$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHU�3UREHQ�GHV�6FKQLWWHV�[6H� ������

�������� 5|QWJHQPHVVHUJHEQLVVH

'LH�5|QWJHQPXVWHU�GHU�3UREHQ�]HLJWHQ�HLQGHXWLJ�NHLQH�IUHPGHQ�5HIOH[H�DX�HU�GHQ�5HIOH[

GHU� EHLGHQ� ELQlUHQ� 6\VWHPHQ� XQG� GHQHQ� GHV� NULVWDOOLQHQ� 6HOHQV�� %HL� GHQ� DQWLPRQDUPHQ

3UREHQ�NRQQWHQ�GLH�6HOHQSHDNV�EHL��θ� �������XQG�������QLFKW�HUNDQQW�ZHUGHQ��GD� VLFK�DXI

GHQVHOEHQ� /DJHQ� 6Q6H��5HIOH[HQ� EHIDQGHQ�� 'LH� EHLGH� 6HOHQUHIOH[H� IDQGHQ� VLFK� WURW]� GHU

VFKZDFKHQ�,QWHQVLWlW�ELV�]XP�DQWLPRQUHLFKHQ�ELQlUHQ�5DQG�GHV�6FKQLWWHV��$XI�GHP�'LIIUDNWR�

JUDPP� GHU� =XVDPPHQVHW]XQJ� [6E�  � ������� YHUVFKZDQGHQ� GLH� 5HIOH[H� GHU� ELQlUHQ� 3UREH

6Q���6H����� 1XU� GLH� 6HOHQSHDNV� ZDUHQ� HLQGHXWLJ� ]X� VHKHQ�� $E� GHU� 3UREH� [6E�  � ������

HQWZLFNHOWHQ� VLFK� GLH� 6E�6H��5HIOH[H��'LH� ELQlUH� 3UREH� 6E���6H���� ]HLJWH� U|QWJHQRJUDSKLVFK

HLQH�0LVFKXQJ�YRQ�6HOHQ�XQG�6E�6H��
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�������� ,QWHUSUlWDULRQ�GHV�3KDVHQGLDJUDPPV

'HU� XQWHUVXFKWH� 6FKQLWW� HUZLHV� DOV� W\SLVFK� I�U� HLQ� WHUQlUHV� *HELHW� >��35,@�� 'DV� ELQlUH

(XWHNWLNXP�OLHJW�ZLH�LQ�GHP�3KDVHQGUDJUDPP�6Q6H��6E�6H��DXI�GHU�DQWLPRQUHLFKHQVHLWH��'LH

WHUQlUHQ�GHJUHQHULHUWHQ�(XWHNWLND�EHILQGHQ� VLFK�1DKH�GHP�ELQlUHQ�5DQG�GHV� 6FKQLWWHV��'LH

'7$�(IIHNWH� OLH�HQ� VLFK�DXIJUXQG�GHU� DV\PPHWULVFKHQ� XQG� IOlFKHQ�3HDNIRUPHQ�PLW� UHODWLY

JUR�HQ� $EZHLFKXQJHQ� DXVZHUWHQ�� 'LH� (UJHEQLVVH� NRQQWH� LQ� IROJHQGHP� =XVWDQGVGLDJUDPP

GDUJHVWHOOW� ZHUGHQ�� 'LH� 5HNULVWDOOLVDWLRQ� GHV� DPRUSKHQ� 6HOHQV� ZXUGH� HEHQIDOOV� LQ� GDV

'LDJUDPP�DXIJHQRPPHQ�

$EE��������3KDVHQGLDJUDPP�GHV�6FKQLWWHV�[6H� ������
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$XIJUXQG�GHU�YRUOLHJHQGHQ�8QWHUVXFKXQJHQ�ZXUGH�IHVWJHVWHOOW��GDVV�GLH�6FKQLWWH�6Q6H�6E

XQG�6Q6H��6E�6H��TXDVLELQlU�VLQG��$QKDQG�GHU�DXV�GHQ�I�QI�*HKDOWVVFKQLWWHQ�LQ�GHP�WHUQlUHQ

6\VWHP�=LQQ�$QWLPRQ�6HOHQ�JHZRQQHQHQ�'DWHQ�ZXUGHQ�GLH�3KDVHQYHUKlOWQLVVH�GHU�6FKQLWWH

DXI�GDV�*LEEVFKH�'UHLHFN�LQ�IROJHQGHU�$EELOGXQJ�SURML]LHUW�

$EE��������3KDVHQGLDJUDPP�GHV�6\VWHPV�6Q�6E�6H�
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'LH�ELQlUHQ�XQG�WHUQlUHQ�9HUELQGXQJHQ�GHV�6\VWHP�N|QQHQ�ZLH�ELVKHU�GXUFK�WKHUPLVFKHV

%HKDQGHOQ�GHU�$XVJDQJVVWRIIH�LQ�HLQHU�$PSXOOH�KHUJHVWHOOW�ZHUGHQ��6LH�N|QQHQ�DEHU�DXFK�DXV

GHQ�(GXNWHQ�PLW�+LOIH�HLQHU�3ODQHWHQNXJHOP�KOH�XQWHU�9DULDWLRQ�XQWHUVFKLHGOLFKHQ�3DUDPHWHU

PHFKDQRFKHPLVFK�V\QWKHWLVLHUW�ZHUGHQ�

=XU�(UPLWWOXQJ� GHU� 5HDNWLRQVZHJH� ZXUGHQ� GLH� ELQlUH� 3KDVHQ� 6Q6H�� 6Q6H�� XQG� 6E�6H�

VRZLH� GLH� WHUQlUH� =XVDPPHQVHW]XQJHQ� 6Q6E�6H�� XQG� 6Q�6E�6H��� DXV� GHQ� (OHPHQWHQ� LQ

3ODQHWHQ�.XJHOP�KOH� �7\S� Ä3XOYHULVHWWH� �³� GHU� )D�� )ULWVFK�� V\QWKHWLVLHUW�� 'LH� (OHPHQWH

$QWLPRQ� XQG� 6HOHQ� ZXUGHQ� YRU� %HJLQQ� GHV� 0DKOSUR]HVVHV� IHLQ� JHP|UVHUW� XQG� PLW� GHP

SXOYHUI|UPLJHQ�=LQQ�EHNDQQWHU�.RUQJU|�H� GXUFK�5�KUHQ� YHUPLVFKW��'LH� GDEHL� DEODXIHQGHQ

5HDNWLRQHQ�ZXUGHQ�LQ�VLWX�GLIIHUHQ]�WKHUPRDQDO\WLVFK�XQG�H[�VLWX�U|QWJHQRJUDSKLVFK�YHUIROJW�

8P�GHQ�(LQIOX��GHU�.ULVWDOOLQLWlW�GHV�6HOHQSXOYHUV� DXI�GHQ�0DKOSUR]H�� ]X��EHUSU�IHQ�

ZXUGHQ�I�U�GLH�ELQlUHQ�=XVDPPHQVHW]XQJ�6E�6H��NULVWDOOLQHV�XQG�DPRUSKHV�6HOHQ�HLQJHVHW]W�

8P� GLH� %HHLQIOXVVXQJ� GXUFK� GLH� .RUQJU|�H� IHVW]XVWHOOHQ�� ZXUGH� GDV� =LQQSXOYHU� YHU�

VFKLHGHQHU�.RUQJU|�HQ�I�U�GLH�+HUVWHOOXQJ�YRQ�6Q6H��HLQJHVHW]W�

%H]�JOLFK� GHU� 5HSURGX]LHUEDUNHLW� GHU� YHUVFKLHGHQHQ� 9HUVXFKVUHLKHQ� JDOW� HV� ]X� �EHU�

SU�IHQ��LQ�ZLHIHUQ�GLH�8QWHUVFKLHGH�LQ�HQWVSUHFKHQGHQ�'7$�.XUYHQ�RGHU�'LIIUDNWRJUDPPHQ

WDWVlFKOLFK� DXI� GLH� YHUlQGHUWHQ� 9HUVXFKVSDUDPHWHU� ]XU�FN]XI�KUHQ� VLQG�� 'D]X� ZXUGHQ� GLH

3UREHQ� QDFK� EHVWLPPWHQ� 0DKOGDXHUQ� DXV� GHQ� 5HDNWLRQVJHPLVFKHQ� HQWQRPPHQ� XQG� QDFK

9DULDWLRQ�GHU�3UREHIRUP��JHSUH�WH�7DEOHWWHQ�RGHU�3XOYHU�LQ�NRPSDNWHU�RGHU�ORVHU�6FK�WWXQJ�

JHU|QWJW�XQG�PLWWHOV�'7$�DQDO\VLHUW�

'LH� '7$�$SSDUDWXU� ZXUGH� PLW� HLQHU� $XIKHL]JHVFKZLQGLJNHLW� YRQ� �����&�K� JHIDKUHQ�

'LH�(QGWHPSHUDWXU�ZXUGH�QDFK�%HGDUI�HQWZHGHU�QDFK�GHU�5HDNWLRQ�RGHU�ELV� FD������&��EHU

GHQ�6FKPHO]WHPSHUDWXUHQ�GHU�3UREH�IHVWJHOHJW��'LH�PLWWOHUH�6WDQGDUGDEZHLFKXQJ�GHU�2QVHW�

7HPSHUDWXU� EHWUXJ� EHL� YHUJOHLFKEDUHQ� '7$�0HVVXQJHQ� ±� ���&�� )�U� GLH� WKHUPLVFKH� XQG

U|WJHQRJUDSKLVFKH�$QDO\VH�ZXUGH�LQ�GHU�5HJHO�HLQH�3UREH�PLW�GHU�0DVVH�YRQ�����±�����PJ

GHP�5HDNWLRQVJHPLVFK�HQWQRPPHQ�
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�������� 0HFKDQRFKHPLVFKH�6\QWKHVH

'LH�PHFKDQLVFKH�%HKDQGOXQJ�GHU�SXOYHULVLHUWHQ�(OHPHQWH�$QLPRQ�XQG�NULVWDOOLQHV�6HOHQ

ZXUGH� DOV� HUVWHV� LQ� GHU� 3ODQHWHQNXJHOP�KOH� XQWHU� $UJRQ�$WPRVSKlUH� ]XU� 6\QWKHVH� GHU

ELQlUHQ� 9HUELQGXQJ� 6E�6H�� GXUFKJHI�KUW�� 'DV� NULVWDOOLQH� 6HOHQ� ZXUGH� GXUFK� HLQWlJLJHV

7HPSHUQ�GHU�DPRUSKHQ�0RGLILNDWLRQ�EHL������&�KHUJHVWHOOW��$PRUSKHV�6HOHQ�ZXUGH�GDU�EHU

KLQDXV�HLQJHVHW]W�

)�U�GLH�6\QWKHVH�YRQ�6Q6H�XQG�6Q6H��ZXUGH�=LQQSXOYHU�PLW�HLQHU�.RUQJU|�H�LP�%HUHLFK

]ZLVFKHQ�����XQG������P�HLQJHVHW]W��'LH�+HUVWHOOXQJ�YRQ�6Q6H��ZXUGH�XQWHU�GHU�JOHLFKHQ

%HGLQJXQJHQ�XQWHU�(LQVDW]�GHV�IHLQHUHQ�=LQQSXOYHUV��Φ�������P��ZLHGHUKROW�

'LH�5RWDWLRQVJHVFKZLQGLJNHLW� GHU�0�KOH�ZXUGH� I�U� DOOH� 6\QWKHVHQ� HLQKHLWOLFK�PLW� ���

8PGUHKXQJ� SUR� 0LQXWH� JHZlKOW�� 9RP� 5HDNWLRQVJHPLVFK� ZXUGH� MHZHLOV� HLQH� 3UREH� QDFK

0DKOGDXHUQ� YRQ� ��� ��� ��� ���� XQG� GDQQ� LQ� ��� PLQ�WLJHQ� $EVWlQGHQ� ELV� ]X� HLQHU� 6WXQGH

HQWQRPPHQ��:HQQ�GLH�5|QWJHQGLIIUDNWRJUDPPH�I�U�GLH�=XVDPPHQVHW]XQJ�6E�6H��HLQH�QLFKW

DXVUHLFKHQGH�5HDNWLRQ�]HLJWHQ��ZXUGH�GHU�0DKOSUR]H�� IRUWJHI�KUW��'LH�3UREHHQWQDKPH�IDQG

GDQQ�LQ����PLQ�WLJHQ�$EVWlQGHQ�VWDWW��ELV�HLQH�JHVDPWH�0DKOGDXHU�PD[LPDO�YRQ�GUHL�6WXQGHQ

HUUHLFKW�ZXUGH�

7DE��������(LQZDDJHQ�GHU�=XVDPPHQVHW]XQJHQ�6Q6H��6Q6H��XQG�6E�6H��

=XVDPPHQVHW]XQJ (LQZDDJH��J
9HUELQGXQJ

[6Q [6E [6H P6Q P6E P6H

6Q6H ������ ������ ������ ������

6Q6H� ������ ������ ������ ������

6Q6H�
�

������ ������ ������ ������

6E�6H�
�

������ ������ ������ ������

6E�6H� ������ ������ ������ ������

������������������������������������������������
���=LQQSXOYHU�PLW�HLQHU�.RUQJU|�H�NOHLQHU�DOV�����P�ZXUGH�HLQJHVHW]W�

��.ULVWDOOLQHV�6HOHQ�ZXUGH�HLQJHVHW]W�
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�������� %HZHUWXQJ�GHU�'7$�0HVVXQJHQ�GHU�ELQlUHQ�3KDVHQ

'LH�'7$�0HVVXQJHQ�GHU�HQWQRPPHQHQ�3UREHQ�GHU�=XVDPPHQVHW]XQJ�6E�6H��]HLJWHQ�GLH

$XVZLUNXQJ�GHU�PHFKDQLVFKHQ�%HKDQGOXQJ�DXI�GDV�5HDNWLRQVYHUKDOWHQ��'LH�'LIIUDNWRJUDPPH

YHUGHXWOLFKWHQ��GDVV�GLH�5HDNWLRQ�]ZLVFKHQ�$QWLPRQ�XQG�6HOHQ�HLQH�LQWHQVLYHUH�PHFKDQLVFKH

%HKDQGOXQJ� EHQ|WLJWH�� GLH� HUVW� QDFK� ���PLQ� ]X� HLQHU� YROOVWlQGLJHQ� 8PVHW]XQJ� I�KUWH�� %HL

9HUZHQGXQJ�GHV�DPRUSKHQ�6HOHQV� WUDW�KLQJHJHQ� VFKRQ�QDFK����0LQXWHQ� HLQHQ�8PVDW]� HLQ�

:lKUHQG� GHV� 0DKOYRUJDQJV� EHJDQQ� GDV� NULVWDOOLQH� 6HOHQ� QDFK� ��� PLQ�WLJHU� 0DKOGDXHU

DPRUSK� ]X� ZHUGHQ�� 'HVKDOE� ZXUGH� I�U� ZHLWHUH� 0DKOYHUVXFKH� JUXQGVlW]OLFK� GDV� DPRUSKH

6HOHQ�HLQJHVHW]W�

'LH�5HDNWLRQ�]ZLVFKHQ�=LQQSXOYHU�XQG�DPRUSKHP�6HOHQ�WUDW�ZlKUHQG�GHU�PHFKDQLVFKHQ

%HKDQGOXQJ�YLHO�IU�KHU�DOV�GLH�]ZLVFKHQ�$QWLPRQ�XQG�6HOHQ�DXI��)�U�GDV�5HDNWLRQVJHPLVFK

]X�6Q6H�XQG�6Q6H��IDQG�HLQ�YROOVWlQGLJH�8PZDQGOXQJ�QDFK�HLQHU�0DKOGDXHU�YRQ����0LQXWHQ

]X� 6Q6H�� VWDWW�� 8QWHU� GHU� 9HUZHQGXQJ� YRQ� =LQQSXOYHU� PLW� HLQHU� JHULQJHUHQ� .RUQJU|�H

YHUN�U]WH�VLFK�ZLH�HUZDUWHW�GLH�5HDNWLRQV]HLW�I�U�6Q6H��XP����0LQXWHQ�

$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHU�PHFKDQRFKHPLVFK�EHKDQGHOWHQ�5HDNWLRQVJHPLVFKH

]XU�6\QWKHVH�YRQ�6E�6H��PLW�DPRUSKHP�6HOHQ�
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$EE��������'7$�.XUYHQ�PHFKDQRFKHPLVFK�EHKDQGHOWHU�5HDNWLRQVJHPLVFKH�]XU�6\QWKHVH�GHU

9HUELQGXQJHQ�6Q6H��OLQNH�6SDOWH��XQG�6Q6H���UHFKWH�6SDOWH��

�������� %HZHUWXQJ�GHU�5|QWJHQGLIIUDNWRJUDPPH�GHU�ELQlUHQ�3KDVHQ

'LH�'LIIUDNWRJUDPPH�GHU�6E�6H��*HPLVFKH�ZXUGHQ�ELV�]XU�0DKOGDXHU�YRQ���6WXQGHQ�LQ

HLQHP�GUHLGLPHQVLRQDOHQ�'LDJUDPP��$EE��������GDUJHVWHOOW��'LH�5|QWJHQUHIOH[H� ODVVHQ�VLFK

JXW�]X�6E�6H��]XRUGQHQ��'LH�5HIOH[H�GHV�NULVWDOOLQHQ�6HOHQV�ZDUHQ�QDFK�HLQH�0LQXWH�0DKOHQ

YHUVFKZXQGHQ�� 'DV� ]HLJWH� DQ�� GDVV� 6HOHQ� DPRUSK� ZXUGH�� 1DFK� ��� PLQ�WLJHP� 0DKOHQ

YHUVFKZDQGHQ�DOOH�$QWLPRQ�5HIOH[H��JOHLFK]HLWLJ�HQWVWDQGHQ�GLH�YRQ�6E�6H��

'LH�(OHPHQWH�=LQQ�XQG�6HOHQ�UHDJLHUWHQ�LP�*HJHQVDW]�]X�6E�6H��EHUHLWV�QDFK����0LQXWHQ

YROOVWlQGLJ� ]X� 6Q6H� XQG� QDFK� ��� 0LQXWHQ� ]X� 6Q6H��� 'LH� '7$�.XUYHQ� ]HLJWHQ� HLQHQ

H[RWKHUPHQ�5HDNWLRQVSHDN�EHL��������&�I�U�6Q6H�XQG�EHL��������&�I�U�6Q6H���GHVKDOE�WUDW�GLH

NRPSOHWWH� 8PVHW]XQJ� GHV� 5HDNWLRQVJHPLVFKHV� ]X� 6Q6H� IU�KHU� DOV� ]X� 6Q6H�� DXI�� 'LH

'LIIUDNWRJUDPPH�GHU�*HPLVFKH�EHVWlWLJWHQ�GLH�'7$�0HVVHUJHEQLVVH�

$OOH� ELQlUH� 9HUELQGXQJHQ� HUJDEHQ� LQ� GHU� PHFKDQRFKHPLVFKHQ� 5HDNWLRQ� HLQH� DXV�

UHLFKHQGH�5HSURGX]LHUEDUNHLW��XQDEKlQJLJ�YRQ�GHU�'LFKWH�GHU�3UREHQ�
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$EE��������'LIIUDNWRJUDPPH�GHU�PHFKDQRFKHPLVFK�EHKDQGHOWHQ�*HPLVFKH��6E����6H�

$EE��������3URMHNWLRQ�GHU�'LIIUDNWRJUDPPH�GHU�PHFKDQRFKHPLVFK�EHKDQGHOWHQ�*HPLVFKH�

6Q���6H�XQG�6Q����6H�
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�������� 0HFKDQRFKHPLVFKH�6\QWKHVH�GHU�WHUQlUHQ�3KDVHQ

3DUDOOHO�ZXUGHQ� I�U� GLH�=XVDPPHQVHW]XQJHQ�6Q6E�6H�� XQG�6Q�6E�6H��� MHZHLOV� �� J� DXV

GHQ�UHLQHQ�SXOYHUI|UPLJHQ�(OHPHQWHQ�HLQJHZRJHQ��'DV�IHLQH�=LQQSXOYHU��EHUVFKULWW�QLFKW�GLH

.RUQJU|�H�YRQ�����P��'LH�3UREHHQWQDKPH�IDQG�DP�$QIDQJ�XQG�ZlKUHQG�GHV�0DKOSUR]HVVHV

QDFK� ��� ��� ��� ���� ���� ��� XQG� ���0LQXWHQ� VWDWW�� %HL� 6Q6E�6H�� ZXUGH� HLQH� OHLFKWH� :lUPH�

HQWZLFNOXQJ�QDFK����PLQ�WLJHP�0DKOHQ�IHVWJHVWHOOW��1DFK�HLQHU�0DKOGDXHU�YRQ����0LQXWHQ

ZXUGH� HLQH� JUR�H�0HQJH� YRQ�:lUPH� IUHLJHVHW]W��'DV�5HDNWLRQVJHPLVFK� 6Q�6E�6H��� ZXUGH

QDFK� ��� PLQ�WLJHP� 0DKOHQ� PLQLPDO� ZDUP�� QDFK� ��� 0LQXWHQ� OHLFKW� ZDUP�� (UVW� QDFK� ��

0LQXWHQ�ZXUGH�GHU�0DKOEHFKHU�YRQ�GHU�VWDUN�H[RWKHUPHQ�5HDNWLRQ�KHL���'LHVH�%HREDFKWXQJ

]HLJWH�GLH�IUHLZHUGHQGH�5HDNWLRQVZlUPH�HLQHUVHLWV��XQG�GLH�]XJHI�KUWH�PHFKDQLVFKHQ�(QHUJLH

DQGHUHUVHLWVDQ��%HL� EHLGHQ�5HDNWLRQVJHPLVFKHQ� ZXUGH� HLQH� )DUEHlQGHUXQJ� IHVWJHVWHOOW��0LW

]XQHKPHQGHU�0DKOGDXHU�ZXUGH�GLH�3UREHIDUEH�LPPHU�GXQNOHU�

7DE��������(LQZDDJHQ�GHU�=XVDPPHQVHW]XQJHQ�6Q6E�6H��XQG�6Q�6E�6H���

=XVDPPHQVHW]XQJ (LQZDDJH��J
9HUELQGXQJ

[6Q [6E [6H P6Q P6E P6H

6Q6E�6H� ������ ������ ������ ������ ������ ������

6Q�6E�6H�� ������ ������ ������ ������ ������ ������

�������� %HZHUWXQJ�GHU�'7$�0HVVXQJHQ�GHU�WHUQlUHQ�=XVDPPHQVHW]XQJHQ

'LH� EHLGHQ� =XVDPPHQVHW]XQJHQ� KDWWHQ� lKQOLFKH� '7$�.XUYHQ�� 'LH� QLFKW� JDQ]

DEUHDJLHUWHQ� 5HDNWLRQVJHPLVFKH� ]HLJWHQ� ]LHPOLFK� NRPSOL]LHUWH� '7$�9HUOlXIH�� 'LH� .XUYHQ

GHV� 5HDNWLRQVJHPLVFKV� 6Q6E�6H�� ]HLJWHQ� HLQH� VSUXQJKDIWH� bQGHUXQJ� ]ZLVFKHQ� GHQ

0DKOGDXHU� YRQ� ��� XQG� ���0LQXWHQ�� (LQH� GUDVWLVFKH� bQGHUXQJ� GHV� .XUYHQYHUODXIV� EHL� GHU

=XVDPPHQVHW]XQJ�6Q�6E�6H���IDQG�]ZLVFKHQ�0DKOGDXHUQ�YRQ����ELV����0LQXWHQ�VWDWW�

(LQ�NOHLQHU� VFKDUIHU�(IIHNW�PLW� HLQHU� GXUFKVFKQLWWOLFKHQ�7HPSHUDWXU� YRQ�������&� YHUORU

GHQ� HQGRWKHUPHQ� &KDUDNWHU� PLW� ]XQHKPHQGHU� 0DKOGDXHU�� (U� HQWVWDQG� ZHJHQ� HLQHU

9HUNOHLQHUXQJ�GHU�3DUWLNHOJU|�H�GXUFK�=XIXKU�PHFKDQLVFKHU�(QHUJLH��1DFK�HLQHU�0DKOGDXHU

YRQ����0LQXWHQ�YHUVFKZDQG�GLHVHU�(IIHNW�EHL�GHU�=XVDPPHQVHW]XQJ�6Q6E�6H���XQG�QDFK���

0LQXWHQ� EHL� GHP� 5HDNWLRQVJHPLVFK� 6Q�6E�6H���� (LQ� HUVWH� H[RWKHUPH� (IIHNW� KDWWH� HLQHP

0LWWHOZHUW� YRQ� �������&�� (U� ZLHV� DP� $QIDQJ� HLQH� EUHLWH� )RUP� DXI�� ZlKUHQG� GHV� 0DKO�
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SUR]HVVHV�ZXUGH�HU�QDFK�XQG�QDFK�VFKlUIHU��'HU�(IIHNW�GHXWHWH�5HNULVWDOOLVDWLRQ�YRQ�DPRUSKHQ

6HOHQ�DQ��'HU�]ZHLWH�JUR�H�HQGRWKHUPH�(IIHNW�EHL�GXUFKVFKQLWWOLFK��������&�HQWVSUDFK�GHP

6FKPHO]HQ�YRQ�6HOHQ��1DFKGHP�6HOHQ�JHVFKPRO]HQ�ZDU�� O|VWH�HV�HLQH�KHIWLJH�5HDNWLRQ�DXV�

GLH�GXUFK�HLQHQ�VHKU�JUR�HQ�H[RWKHUPHQ�3HDN�VLFKWEDU�ZXUGH��'LHVHU�5HDNWLRQVSHDN�EHL�FD�

�������&� ZXUGH� PLW� OlQJHUHU� 0DKOGDXHU� NOHLQHU� XQG� YHUVFKZDQG� QDFK� ��� 0LQXWHQ� EHL

6Q6E�6H��XQG�QDFK����0LQXWHQ�EHL�6Q�6E�6H����'HU�QlFKVWH�(IIHNW�PLW�HLQHP�0LWWHOZHUW�YRQ

�������&� ]HLJWH� HLQH� XPJHNHKUWH� (QWZLFNOXQJ�� 'LHVHU� (IIHNW� ZXUGH� ZlKUHQG� GHV

0DKOSUR]HVVHV� LPPHU� H[RWKHUPHU�� VFKUXPSIWH� DEHU� QDFK� ��� 0LQXWHQ� XQG� YHUVFKZDQG

HQGJ�OWLJ�QDFK����0LQXWHQ�

'LH�'7$�0HVVXQJ�GHV�5HDNWLRQVJHPLVFKHV�6Q6E�6H��]HLJWH�QDFK����PLQ�WLJHP�0DKOHQ

HLQHQ� HLQ]LJHQ� (IIHNW� PLW� HLQHP� NOHLQHQ� YRUJHODJHUWHQ� 6FKXOWHU�� 'LHVHU� 3HDN� VDK� GHP

6FKPHO]SHDN�GHU�UHLQHQ�9HUELQGXQJ�6Q6E�6H��VHKU�lKQOLFK�XQG�ZXUGH�PLW�HLQHU�7HPSHUDWXU

YRQ��������&�DXVJHZHUWHW��1DFK�HLQHU�0DKOGDXHU�YRQ����0LQXWHQ�ZXUGH�GDV�(UJHEQLV�QRFK

GHXWOLFKHU�� 'DV� 5HDNWLRQVJHPLVFK� ZDU� WDWVlFKOLFK� ]XU� WHUQlUHQ� 9HUELQGXQJ� XPJHZDQGHOW

ZRUGHQ��'LH�6FKPHO]WHPSHUDWXU�ZXUGH�DQ�GHU�YRUGHUHQ�7DQJHQWH�GHV�3HDNV�DXVJHZHUWHW�XQG

EHWUXJ� �������&�� 'LHVH� 7HPSHUDWXU� HQWVSUDFK� GHP� 6FKPHO]SXQNW� GHU� NRQYHQWLRQHOO

KHUJHVWHOOWHQ� 9HUELQGXQJ� PLW� �������&�� 'LH� 6FKPHO]HIIHNWH� HQWVWDQGHQ� GLUHNW� QDFK� HLQHP

H[RWKHUPHQ�(IIHNW�XQG�NDPHQ�PLW�GHU�]XQHKPHQGHQ�0DKOGDXHU�LPPHU�EHVVHU�]XU�*HOWXQJ�

%HLP� 5HDNWLRQVJHPLVFK� 6Q�6E�6H��� WUDWHQ� GLH� 5HDNWLRQVSHDNV� LP� 9HUJOHLFK� ]XU

0LVFKXQJ�6Q6E�6H�����0LQXWHQ�VSlWHU�DXI��QlPOLFK�QDFK�HLQHU�0DKOGDXHU�YRQ����0LQXWHQ�

'LH�.XUYH�]HLJWH�HLQHQ�HQGRWKHUPHQ�3HDN�PLW�HLQHU�YRUJHODJHUWHQ�6FKXOWHU��'HU�6FKPHO]SHDN

EHL��������&�]HLJWH�WURW]�GHU�QLFKW�JDQ]�V\PPHWULVFKH�)RUP�VFKRQ�GLH�6FKPHO]WHPSHUDWXU�GHU

9HUELQGXQJ�6Q�6E�6H���YRQ��������&�DQ��'LH�QDFK�HLQHU�6WXQGH�0DKOHQ�HQWQRPPHQH�3UREH

GLHVHU�=XVDPPHQVHW]XQJ�]HLJWH�HLQHQ�JUR�HQ�VFKDUIHQ�GUHLHFNLJHQ�3HDN�LQ�GHU�'7$�.XUYH�

'LH�)RUP�GHV�3HDNV�HQWVSUDFK�GHP�6FKPHO]SHDN�HLQHU�NRQJUXHQW�VFKPHO]HQGHQ�9HUELQGXQJ�

'LH�$XVZHUWXQJ�GHU�2QVHW�7HPSHUDWXU�NRQQWH�DQ�GHU�)URQW�GHV�6FKPHO]SHDNV�YRUJHQRPPHQ

ZHUGHQ�� 'LH� 6FKPHO]WHPSHUDWXU� I�U� GLHVH� 3UREH� EHWUXJ� �������&�� GLH� PLW� GHU

6FKPHO]WHPSHUDWXU�GHU�6Q�6E�6H���3KDVH��EHUHLQVWLPPWH�
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7DE��������'7$�(IIHNWH�GHU�=XVDPPHQVHW]XQJHQ�6Q6E�6H��XQG�6Q�6E�6H���

7KHUPLVFKH�(IIHNWH���&
0DKOGDXHU

�PLQ
3� 3� 3� 3� 3� 3�
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5HDNWLRQVJHPLVFK�]XU�9HUELQGXQJ�6Q�6E�6H��
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�� �����

H[
��([RWKHUPHU�(IIHNW�

K
��$XVZHUWXQJ�DXVJHKHQG�YRQ�GHU�6SLW]H�GHV�6FKPHO]SHDNV�

�������� %HZHUWXQJ�GHU�5|QWJHQGLIIUDNWRJUDPPH�GHU�WHUQlUHQ�=XVDPPHQVHW]XQJHQ

$XI� GHQ� 5|QWJHQGLIIUDNWRJUDPPHQ� GHU� HLQJHZRJHQHQ� 3UREHQ� ZDUHQ� DQIDQJV� QXU� GLH

5HIOH[H�]X�VHKHQ��GLH�]X�=LQQ�XQG�$QLPRQ�JHK|UWHQ��'D�EHL�GHU�(LQZDDJH�DPRUSKHV�6HOHQ

HLQJHVHW]W�ZXUGH��HUJDE�6HOHQ�LP�5|QWJHQPXVWHU�NHLQH�3HDNV�

'LH�=LQQUHIOH[H�KDWWHQ�]XP�%HJLQQ�GHV�0DKOSUR]HVVHV�HWZD�GLH�JOHLFKH�,QWHQVLWlW�ZLH�GHU

$QWLPRQUHIOH[H��ZXUGHQ� DEHU� VFKRQ� QDFK� HLQPLQ�WLJHU� PHFKDQLVFKHQ� %HKDQGOXQJ� YRQ� GHQ

$QWLPRQUHIOH[HQ� �EHUWURIIHQ�� (LQ� ]XP� $QWLPRQ� JHK|UHQGH� VWDUNHU� 5HIOH[� EHL� �θ�  � �����

GRPLQLHUWH�QDFK�0DKOGDXHU�YRQ����0LQXWHQ�I�U�6Q6E�6H��XQG����0LQXWHQ�I�U�6Q�6E�6H���DXI

GHP�'LIIUDNWRJUDPP��6Q6E�6H��XQG�6Q�6E�6H���ZLHVHQ�JOHLFKDUWLJH�5|QWJHQPXVWHU�DXI��DEHU

PLW� XQWHUVFKLHGOLFKHQ� ,QWHQVLWlWHQ�� 'DV� 5|QWJHQELOG� GHU� 0LVFKXQJ� 6Q6E�6H�� lQGHUWH� VLFK

VSUXQJKDIW�QDFK����PLQ�WLJHU�%HKDQGOXQJ��'HU�LQWHQVLYVWH�5HIOH[�YHUlQGHUWH�VHLQH�/DJH�YRQ

�θ� �������]X��θ� ��������)�U�GLH�0LVFKXQJ�6Q�6E�6H���EHGXUIWH�HV�GDJHJHQ�]XU�YROOVWlQGLJHQ

8PZDQGOXQJ�HLQHU� OlQJHUHQ�PHFKDQLVFKHQ�%HKDQGOXQJ��$XI�GHQ�'LIIUDNWRJUDPPHQ�NRQQWH
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GHXWOLFK� HUNDQQW� ZHUGHQ�� GDVV� GLHVH� bQGHUXQJ� HUVW� QDFK� HLQHU�0DKOGDXHU� YRQ� ���0LQXWHQ

DXIWUDW�

'DV�5|QWJHQPXVWHU�EHLGHU�=XVDPPHQVHW]XQJHQ�YHUlQGHUWH�VLFK�QDFK�GHP�VSUXQJKDIWHQ

:HFKVHO�QLFKW�PHKU��'DV�5DXVFKHQ�GHU�*UXQGOLQLH�QDFK�GHU�8PZDQGOXQJ�ZXUGH�LQ�GHQ�'7$�

.XUYHQ� PLW� ]XQHKPHQGHU� 0DKOGDXHU� VWlUNHU�� 'LH� 3UREHQUHIOH[H� VDKHQ� DXV�� DOV� RE� GDV

5HDNWLRQVJHPLVFK�HLQHQ�JHZLVVHQ�$QWHLO�YRQ�DPRUSKHQ�.RPSRQHQWHQ�HQWKLHOW��ZDV�GDGXUFK

]XVWDQGH� NDP�� GDVV� GLH� .RUQJU|�H� GHU� 3UREHQ� GXUFK� GLH� PHFKDQRFKHPLVFKH� %HKDQGOXQJ

LPPHU�IHLQHU�ZXUGH�

'D� GLH� EHLGH� WHUQlUH� =XVDPPHQVHW]XQJHQ� 6Q6E�6H�� XQG� 6Q�6E�6H��� DQDORJH� '7$�

.XUYHQ� XQG� 5|QWJHQPXVWHU� DXIZLHVHQ�� ZXUGHQ� QXU� GLH� 0HVVHUJHEQLVVH� GHU� LGHQWLIL]LHUWHQ

6Q�6E�6H���3KDVH�LQ�GHU�$EE�������GDUJHVWHOOW�
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$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHV�0DKOSUR]HVVHV�]X�6Q6E�6H��
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$EE��������'7$��XQG�5|QWJHQPHVVXQJHQ�GHV�0DKOSUR]HVVHV�]XU�9HUELQGXQJ�6Q�6E�6H���
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+\GURWKHUPDOV\QWKHVH� EHL� UHODWLY�KRKHU� 7HPSHUDWXU� I�KUW� EHL�9HUZHQGXQJ� YRQ�0HWDOO�

6HOHQ� XQG� DXVJHZlKOWHQ� PLWWHOJUR�HQ� $PLQHQ� ]X� YHUVFKLHGHQHQ� WHUQlUHQ� 0HWDOOFKDONR�

JHQLGHQ�� ,QVEHVRQGHUH� ELOGHWHQ� VLFK� EHL� GLHVHU� 6\QWKHVH� XQWHU� EHVWLPPWHQ� 5HDNWLRQV�

EHGLQJXQJHQ� JHUQ� =LQQVHOHQLGH�� 'LH� *UXQGVWUXNWXUHQ� GHU� =LQQVHOHQLGH� KDEHQ� GUHL

6WUXNWXUHLQKHLWHQ� >��)(+@�� 6Q6H��7HWUDHGHU�� WULJRQDOH� 6Q6H��%LS\UDPLGHQ� XQG� 6Q6H��

2NWDHGHU�� 'LHVH� 3RO\HGHU� N|QQHQ� MH� QDFK� GHQ� 5HDNWLRQVEHGLQJXQJHQ� �EHU� (FNHQ�� .DQWHQ

RGHU�)OlFKHQ�YHUNQ�SIW�ZHUGHQ��,P�9HUODXI�GHU�5HDNWLRQ�HQWVWDQGHQ�.HWWHQ��6FKLFKWHQ�RGHU

GUHLGLPHQVLRQDOHV�1HW]ZHUNH�

'LH�9HUVXFKVUHLKH�VWDUWHWH�PLW�GHU�.RPELQDWLRQ�HLQHV�0HWDOOV�PLW�6HOHQ�RGHU�7HOOXU��XQG

ZXUGH��EHU�GLH�(LQZDDJH�HLQHV�0HWDOOV�PLW�EHLGHQ�&KDONRJHQHQ�RGHU�YRQ�]ZHL�0HWDOOHQ�PLW

HLQHP� &KDONRJHQ� IRUWJHVHW]W�� $QVFKOLH�HQG� ZXUGH� GLH� $Q]DKO� GHU� 5HDNWDQGHQ� DXI� YLHU

(OHPHQWH��QlPOLFK�]ZHL�0HWDOOH�6LOEHU�XQG�*DOOLXP�E]Z��=LQQ�XQG�$QWLPRQ�PLW�GHQ�EHLGHQ

&KDONRJHQHQ� 6HOHQ� XQG� 7HOOXU� HUK|KW�� 'LH� $XVJDQJVVXEVWDQ]� ZXUGH� LQ� 4XDU]JODVDPSXOOHQ

PLW� HLQHU�*HVDPWPHQJH� YRQ� ���� J� HLQJHZRJHQ� XQG�PLW� ]ZHL� XQWHUVFKLHGOLFKHQ�$PLQH� XQG

:DVVHU� YHUVHW]W�� $OOH� 3UREHDPSXOOHQ� ZXUGHQ� LQ� IHXFKWHQ� =HOOVWRII� HLQJHZLFNHOW� XQG� LQ

IO�VVLJHP� 6WLFNVWRII� HLQJHIURUHQ�� XQG� GDQQ� XQWHU� 9DNXXP� DEJHVFKPRO]HQ�� ,Q� HLQHP

SURJUDPPLHUEDUHQ�2IHQ�ZXUGHQ�GLH�3UREHDPSXOOH�VFKULWWZHLVH������&�SUR�6WXQGH��DXI������&

JHEUDFKW�XQG�GRUW�I�U�HLQ�ELV�]ZHL�0RQDWH�JHWHPSHUW�

,Q� GHQ� =XVDPPHQVHW]XQJHQ�� LQ� GHQHQ� GDV� (OHPHQW� 7HOOXU� DOV� HLQ]LJHV� &KDONRJHQ

HLQJHVHW]W�ZXUGH��ELOGHWHQ�VLFK�PLW�DOOHQ�YLHU�YHUZHQGHWHQ�0HWDOOHQ�NHLQH�.ULVWDOOH��'DV�NDQQ

GDGXUFK� HUNOlUW� ZHUGHQ�� GDVV� 7HOOXU� LQ� GHU� &KDONRJHQJUXSSH� HKHU� PHWDOOLVFKHQ� &KDUDNWHU

EHVLW]W�XQG� VLFK� QLFKW� DQ�GHU� K\GURWKHUPLVFKHQ�5HDNWLRQHQ� EHWHLOLJW�� 'DJHJHQ� HQWZLFNHOWHQ

VLFK�GLH�0HWDOOH�PLW�6HOHQ�XQWHUVFKLHGOLFKH�.ULVWDOOH�

'LH�HQWVWDQGHQHQ�.ULVWDOOH�ZXUGHQ�]XHUVW�LQ�$PSXOOHQ�XQWHU�GHP�0LNURVNRS�EHREDFKWHW�

%HLP�gIIQHQ�GHU�$PSXOOH�ZXUGH�GDV�/|VXQJVPLWWHO�HQWIHUQW�XQG�GLH�.ULVWDOOH�ZXUGHQ�VRIRUW

LQ�6FKOLII�)HWW�HLQJHWDXFKW��XQG�VR�HLQH�P|JOLFKH�2[LGDWLRQ�DQ�GHU�/XIW�YHUPLHGHQ��8QWHU�GHP

0LNURVNRS�ZXUGHQ�GLH�I�U�GLH�5|QWJHQPHVVXQJ�JHHLJQHWHQ�(LQNULVWDOOH�GHU�)RUP�XQG�*U|�H

QDFK� DXVJHVXFKW�� XQG� GDQQ� YROOVWlQGLJ� LQ� 6HNXQGHQNOHEHU� RGHU� =ZHLNRPSRQHQWHQNOHEHU

HLQJHVFKORVVHQ�XQG�DXI�GHP�3UREHWUlJHU�IL[LHUW��'LH�(LQNULVWDOODQDO\VH�HUIROJWH�PLWWHOV�HLQHV

9LHUNUHLV�'LIIUDNWRPHWHUV�GHV�7\SV�3��GHU�)D��6LHPHQV�EHL�7� �����.��'LH�YHUZHQGHWH�0R�
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.α�6WUDKOXQJ�EHVLW]W�HLQH�:HOOHQOlQJH�YRQ���������c��'LH�.ULVWDOOVWUXNWXUHQ�ZXUGHQ�PLW�GHQ

3URJUDPPHQ�Ä6+(/;6���³�>��6,(@�XQG�Ä6+(/;/���³�EHUHFKQHW��'LH�*UDSKLNHQ�ZXUGHQ�PLW

GHQ�3URJUDPPHQ�.3/27�>��+81@�XQG�257(3���>��)$5@�GDUJHVWHOOW�

'LH�.ULVWDOOH��GLH�GXUFK�6WUXNWXUDQDO\VH�HUIROJUHLFK�LGHQWLIL]LHUW�ZHUGHQ�NRQQWHQ��ZXUGHQ

LQ�IROJHQGHU�7DEHOOH�����]XVDPPHQJHIDVVW�

7DE�������(LQZDDJH�GHU�=XVDPPHQVHW]XQJHQ�]XU�.ULVWDOOV\QWKHVH�

(LQZDDJH��J 7HPSODWH

3UREH
�

P6Q P6E P6H P7H 'LSURS\ODPLQ 'LEXW\ODPLQ

:DVVHU
.ULVWDOO�

IDUEH

QH��� ������ ������ ��PO ��PO ��PO JHOE

QHW��� ������ ������ ������ ��PO ��PO ��PO URW

QEHW��� ������ ������ ������ ������ ��PO ��PO ��PO JHOE

������������������������������������������������
��'LH�3UREHQHQQXQJ��6Q�⇒ �ÄQ³��6�⇒ �ÄV³��6E�⇒ �ÄE³��6H�⇒ �ÄH³��$J�⇒ �ÄD³��*D�⇒ �ÄJ³��7H�⇒ �ÄW³�
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'LH� 3UREH� PLW� GHU� %H]HLFKQXQJ� ÄQH���³� ZXUGH� DXV� HOHPHQWDUHP� =LQQ� XQG� 6HOHQ� LP

9HUKlOWQLV� YRQ� ]ZHL� ]X� I�QI� PLW� MHZHLOV� �� PO� 'LSURS\ODPLQ�� 'LEXW\ODPLQ� XQG� :DVVHU

KHUJHVWHOOW�� 1DFK� GHU� +\GURWKHUPDOV\QWKHVH� ELOGHWH� GLHVHV� *HPLVFK� JUR�H� ]LWURQHQJHOEH

WUDQVSDUHQWH�.ULVWDOOH�

������ "�
���������	���	�������������������������

$EE�������6WUXNWXUHOHPHQW�YRQ�>�&�+���1+�@� >6Q�6H�@�
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$XV�0HVVGDWHQ� HUJDE� VLFK� HLQH� ELS\UDPLGDOH�*UXQGVWUXNWXU� GHU� >6Q�6H�@
�−�(LQKHLW�� GLH

GHQ� /LWHUDWXUDQJDEHQ� >��6+(@�� >��&$0@�� XQG� >��%25@� HQWVSUDFK�� 'LH� =LQQDWRPH� VLQG

WHWUDHGULVFK�YRQ�YLHU�6HOHQDWRPHQ�XPJHEHQ��-HGHV�6HOHQDWRP�ILQGHW�]X�]ZHL�=LQQDWRPHQ��GLH

JHZLQNHOW� ]XHLQDQGHU� VWHKHQ��hEHU�:DVVHUVWRIIEU�FNHQELQGXQJHQ� ]ZLVFKHQ� GHQ� 6HOHQ�� XQG

GHQ�6WLFNVWRIIDWRPHQ�ZXUGHQ�GLH�0ROHN�OH�GHV�/|VXQJVPLWWHOV�IL[LHUW�

0LW�+LOIH�GHV�3URJUDPPV�Ä'LDPDQW³�ZXUGH�GLH�.ULVWDOOVWUXNWXU�DXI�GLH�E�F�(EHQH�LQ�GHU

$EE�� ���� SURML]LHUW�� 'LH� 3UREH� ÄQEHW���³� EHVD�� VLFK� GLH� JOHLFKH�.ULVWDOOVWUXNWXU�PLW� HLQHP

]XVlW]OLFKHQ�:DVVHUPROHN�O�

$EE�������3URMHNWLRQ�GHU�(OHPHQWDU]HOOH�YRQ�>�&�+���1+�@� >6Q�6H�@�DXI�GLH�D�$[VHO�

E

F

&
+

6H

6Q

1
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7DE�������.ULVWDOOGDWHQ�YRQ�>�&�+���1+�@� >6Q�6H�@�

0HVVXQJHQ (UJHEQLVVH

6XPPHQIRUPHO &��+��1�6H�6Q�
0RODUH�0DVVH ������

.ULVWDOOV\VWHQ RUWKRUKRPELVFK

5DXPJUXSSH 3EFQ

D� �������������c

E� �����������c

=HOONRQVWDQWH

F� �����������c

=HOOYROXPHQ ��������cñ

)RUPHOHLQKHLW�LQ�GHU�(OHPHQWDU]HOOH ��

(OHNWURQHQ�LQ�GHU�(OHPHQWDU]HOOH )������ �����

%HUHFKQHWH�'LFKWH ������PJ�Pñ

$EVRUSWLRQVNRHIIL]LHQW �������PP��

%HXJXQJVEHUHLFK ������±�������

,QGH[JUHQ]HQ ���� K� ������ N� ������� O� ��

5HIOHFWLRQV�FROOHFWHG���XQLTXH ������������>5�LQW�� �������@

&RPSOHWHQHVV�WR�WKHWD� ������

7PLQ��7PD[ ��������������

5HILQHPHQW�PHWKRG )XOO�PDWUL[�OHDVW�VTXDUHV�RQ�)�

'DWD���UHVWUDLQWV���SDUDPHWHUV ��������������

*�WHIDNWRU�)� �����

=XYHUOlVVLJNHLWVIDNWRU�>,!�σ�,�@ 5�� ���������Z5�� �������

*HVDPWHU�=XYHUOlVVLJNHLWVIDNWRU 5�� ���������Z5�� �������

([WLQNWLRQVNRHIIL]LHQW ����������

/DUJHVW�GLII��SHDN�DQG�KROH ������DQG��������H��c��
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7DE�������$WRPNRRUGLQDWHQ�XQG�lTXLYDOHQWH�LVRWURSH�7HPSHUDWXUIDNWRUHQ�I�U�GLH�6WUXNWXU

>�&�+���1+�@� >6Q�6H�@�

$WRP [ \ ] ������8�HT���c�

6Q��� ������ ��������� ������ �����

6Q��� ������ ��������� ������ �����

6H��� ��������� ���������� ��������� �����

6H��� ��������� ��������� ��������� �����

6H��� ��������� ��������� ��������� �����

1��� ��������� ��������� ��������� �����

&���� ��������� ��������� ��������� �����

&���� ���������� ��������� ��������� �����

&���� ���������� ��������� ��������� ������

&���� ��������� ��������� ��������� �����

&���� ���������� ��������� ��������� �����

&���� ���������� ��������� ��������� ������

1��$� ��������� ��������� ��������� �����

&���$� ���������� ��������� ��������� ������

&���$� ���������� ���������� ��������� �������

&���$� ���������� ���������� ���������� �������

&���$� ���������� ���������� ��������� �������

&���$� ���������� ���������� ���������� �������

&���$� ���������� ���������� ���������� �������
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7DE�������%LQGXQJVOlQJHQ�XQG�%LQGXQJVZLQNHO�YRQ�>�&�+���1+�@� >6Q�6H�@�

%LQGXQJHQ $EVWlQGH���c %LQGXQJHQ :LQNHO���

6Q����6H��� ���������� 6H����6Q����6H����� ���������

6Q����6H����� ���������� 6H����6Q����6H����� ���������

6Q����6H����� ���������� 6H������6Q����6H����� ���������

6Q����6H��� ���������� 6H����6Q����6H��� ���������

6Q����6H��� ���������� 6H������6Q����6H��� ���������

6Q����6H����� ���������� 6H������6Q����6H��� ��������

6Q����6H��� ���������� 6H����6Q����6H����� ���������

6Q����6H����� ���������� 6H����6Q����6H��� ���������

1����&���� ��������� 6H������6Q����6H��� ���������

1����&���� ��������� 6H����6Q����6H����� ���������

&�����&���� ��������� 6H������6Q����6H����� ���������

&�����&���� ��������� 6H����6Q����6H����� ��������

&�����&���� ��������� 6Q����6H����6Q��� ��������

&�����&���� ��������� &�����1����&���� ��������

1��$��&���$� ��������� 1����&�����&���� ���������

1��$��&���$� ��������� &�����&�����&���� ���������

&���$��&���$� �������� 1����&�����&���� ���������

&���$��&���$� �������� &�����&�����&���� ���������

&���$��&���$� �������� &���$��1��$��&���$� ���������

&���$��&���$� �������� &���$��&���$��1��$� ���������

&���$��&���$��&���$� ������

&���$��&���$��1��$� ���������

&���$��&���$��&���$� ������

6\PPHWULHRSHUDWLRQ�]XU�(UJlQ]XQJ�lTXLYDOHQWHU�$WRPH������[���\��]����
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7DE�������$QLVRWURSH�WKHUPLVFKH�$XVOHQNXQJVSDUDPHWHU��c��[������I�U�>�&�+���1+�@� >6Q�6H�@�PLW����π�

>K��D��8�������������K�N�D�E�8��@�

$WRP 8�� 8�� 8�� 8�� 8�� 8��

6Q��� ����� ����� ����� � ����� �

6Q��� ����� ����� ����� � ���� �

6H��� ����� ����� ����� ����� ����� ����

6H��� ����� ����� ����� ���� ����� ����

6H��� ����� ����� ����� ����� ����� �����

1��� ����� ����� ����� ���� ���� �����

&���� ����� ����� ����� ���� ���� ����

&���� ����� ����� ������ ����� ����� ����

&���� ������� ������ ������� ������� ������ ������

&���� ����� ����� ����� ������ ����� �����

&���� ����� ����� ������� ������ ������ �����

&���� ������� ������� ������� ������� ������� �����

1��$� ����� ����� ����� ����� ���� ����

&���$� ������� ������ ������� ������ ������ ������

&���$� ������� ������� ������ ������� ������� �������

&���$� ������ ������� ������� ������� ������� ��������

&���$� ������� ������� ������� �������� �������� ������

&���$� ������� ������� ������� �������� ������� �������

&���$� ������� ������� ������� ������� �������� ������
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7DE�������:DVVHUVWRIIDWRPNRRUGLQDWHQ�XQG�LVRWURSH�WKHUPLVFKH�$XVOHQNXQJVSDUDPHWHU�I�U

>�&�+���1+�@� >6Q�6H�@�

$WRP [ \ ] ������8�HT���c�

+��$� ������ ������ ������ �������

+��%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���&� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���&� ������ ������ ������ �������

+��$�� ������ ������ ������ �������

+��$�� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���&� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���$� ������ ������ ������ �������

+���%� ������ ������ ������ �������

+���&� ������ ������ ������ �������
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��#� �	���	�������������������������������$��%

��#��� ����	
����� !�������

,P�9HUJOHLFK� ]X�GHU�REHQJHQDQQWHQ�6WUXNWXU�ZXUGH� LQ�GHU�=XVDPPHQVHW]XQJ� ÄQHW���³

GLH�+lOIWH�GHV�6HOHQV�GXUFK�7HOOXU�HUVHW]W��'LH�DQQlKHUQG�UXQGOLFKHQ�.ULVWDOOH�HQWVWDQGHQHQ�LQ

JUR�HU�0HQJH�XQG�YHUZXFKVHQ�PLWHLQDQGHU��6LH�ZDUHQ�NOHLQHU�DOV�GLH�GHU�3UREH�ÄQH���³�XQG

EHVD�HQ��HLQH�JOlQ]HQGH��GXUFKVFKHLQHQGH�UXELQURWH�)DUEH�

'LH� 5|QWJHQDQDO\VH� HUJDE� HLQH� .ULVWDOOVWUXNWXU�� GLH� LQ� GHU� 'XUFKI�KUXQJ� LQ� GHU

YRUDQJHJDQJHQHQ� $UEHLW� >��)(+@� HUVWPDOV� JHIXQGHQ� ZXUGH�� $OOHUGLQJV� KDW� )(+/.(5� HLQH

DQGHUH�=XVDPPHQVHW]XQJ�JHZlKOW��DQVWHOOH�GHV�7HOOXUV�ZXUGH�6FKZHIHO�YHUZHQGHW�

'DV�(OHPHQW�7HOOXU�EHWHLOLJWH�VLFK�]ZDU�QLFKW�GLUHNW�DQ�GLH�+\GURWKHUPDOV\QWKHVH��GUDQJ

MHGRFK�DXIJUXQG�GHV�JU|�HUHQ�5DGLXV�DQ�GLH�*LWWHUSOlW]H�YRQ�6HOHQ��'LH�EHVWLPPWH�UlXPOLFKH

$QRUGQXQJH�GHV�6HOHQV�LQ�GHU�.ULVWDOOVWUXNWXU�ZXUGH�GXUFK�GLH�$QZHVHQKHLW�GHU�7HOOXUDWRPH

JHVW|UW�� 'LH� ELS\UDPLGDOHQ� *UXQGJHU�VWH� GHU� 3UREH� ÄQH���³� ZXUGH� GDGXUFK� WHLOZHLVH

DEJHVSHUUW��VR�HQWVWDQG�HLQH�DGDPDQWDQDUWLJH�7HLOVWUXNWXU�

$EE�������6WUXNWXUHOHPHQW�YRQ�>�&�+���1+�@� >6Q�6H��@⋅�+�2�
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��#��� "�
���������	���	��

'LH� HLJHQH� 6WUXNWXUDQDO\VH� GHV� 9LHUNUHLV�(LQNULVWDOO�'LIIUDNWRPHWHUV� EHVWlWLJWH� XQWHU

JHULQJI�JLJHQ� $EZHLFKXQJHQ� GLH� 6WUXNWXUIRUPHO� GHV� REHQ� DQJHJHEHQHQ� %HLWUDJV� YRQ

>�&�+���1+�@� >6Q�6H��@⋅�+�2�� 'LH� %LQGXQJVOlQJHQ� XQG� �ZLQNHO� GHV� DGDPDQWDQDUWLJHQ

*UXQGJHU�VWHV� >6Q�6H��@
�−� VWLPPWH�PLW�GHU�$QJDEH�YRQ�&$03%(//� HW��DO�� >��&$0@��EHUHLQ�

6WDWW�GHU� LQ�YRQ�3$5.� HW�� DO�� >��3$5@� YHU|IIHQWOLFKWHQ�7HWUDHWK\ODPPRQLXP�6WUXNWXU�ZXUGH

7HWUDGLSURS\ODPPRQLXP�DQ�GDV�*UXQGJHU�VW�DQJHEDXW��'LH�HLQ]HOQH�0HVVGDWHQ�XQWHUVFKHLGHQ

VLFK�YRQ�GHQ�:HUWHQ�>��)(+@��EHVRQGHUV�EHL�GHQ�:DVVHUVWRIIEU�FNHQELQGXQJHQ�]ZLVFKHQ�GHQ

6WLFNVWRIIDWRPHQ� XQG� 6HOHQDWRPHQ�� VRZLH� ]ZLVFKHQ� GHQ� 6DXHUVWRIIDWRPHQ� XQG� GHQ

6HOHQDWRPHQ��:HLWHUH� ,QIRUPDWLRQHQ� ]X� GHQ� 6WUXNWXUGDWHQ� VLQG� GHQ� IROJHQGHQ� 7DEHOOHQ� ]X

HQWQHKPHQ�

7DE�������.ULVWDOOGDWHQ�YRQ�>�&�+���1+�@� >6Q�6H��@⋅�+�2�LP�9HUJOHLFK�PLW�GHU�$QJDEH�YRQ�>��)(+@�

.ULVWDOOGDWHQ (LJHQH�$QJDEH $QJDEH�YRQ�>��)(+@

6XPPHUIRUPHO &��+��1�2�6H��6Q� &��+��1�2�6H��6Q�
0RODUH�0DVVH ��������J�PRO ��������J�PRO

.ULVWDOOV\VWHQ WHWUDJRQDO WHWUDJRQDO

5DXPJUXSSH , �����DPG , ���DPG
D� �����������c D� ����������c

E� �����������c E� ����������c

=HOONRQVWDQWH

F� �������������c F� �����������c

)RUPHOHLQKHLW�LQ�GHU�(OHPHQWDU]HOOH � �

(OHNWURQHQ�LQ�GHU�(OHPHQWDU]HOOH )������ ����� )������ �����

=HOOYROXPHQ �����������cñ ��������cñ

%HUHFKQHWH�'LFKWH ������PJ�Pñ ������PJ�Pñ

$EVRUSWLRQVNRHIIL]LHQW ������PP�� ������PP��

%HVWUDKOXQJVZLQNHOEHUHLFK �θ� �������±������� �θ� �������±�������
,QGH[JUHQ]HQ ���� K� ������� N� ��

���� O� �

���� K� �������� N� ���

���� ,� ��

5HIOHFWLRQV�FROOHFWHG���XQLTXH ������������>5�LQW�� �������@

&RPSOHWHQHVV�WR�WKHWD� ������

7PLQ��7PD[ ��������������

5HILQHPHQW�PHWKRG )XOO�PDWUL[� OHDVW�VTXDUHV� RQ
)�

'DWD���UHVWUDLQWV���SDUDPHWHUV �������������

*�WHIDNWRU�)� ����� �����

=XYHUOlVVLJNHLWVIDNWRU�>,!�σ�,�@ 5�� ���������Z5�� ������� 5�� ���������Z5�� �������

*HVDPWHU�=XYHUOlVVLJNHLWVIDNWRU 5�� ���������Z5�� ������� 5�� ���������Z5�� �������

([WLQNWLRQVNRHIIL]LHQW ����������

/DUJHVW�GLII��SHDN�DQG�KROH ������DQG��������H��c��
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,Q� GHU� DGDPDQWDQDUWLJHQ� 6WUXNWXUHLQKHLW� GHV� 6HOHQRVWDQQDW�$QLRQV� >6Q�6H��@
�−� LVW� MHGHV

=LQQDWRP� YRQ� YLHU� 6HOHQDWRPHQ� WHWUDHGULVFK� XPJHEHQ�� =ZHL� =LQQDWRP� ZHUGHQ� GXUFK� HLQ

6HOHQDWRP�LQ�JHZLQNHOWHU�$QRUGQXQJ�YHUEU�FNW��9LHU�0ROHN�OH�'LSURS\ODPLQ�ZHUGHQ�GXUFK

:DVVHUVWRIIEU�FNHQELQGXQJHQ� ]ZLVFKHQ� GHQ� 6WLFNVWRIIDWRPHQ� XQG� GHQ� DX�HQ� VWHKHQGHQ

6HOHQDWRPHQ� DQ� GDV�*UXQGJHU�VW� JHEXQGHQ��'LH�:DVVHUVWRIIDWRPH� ZXUGHQ� LVRWURS� XQG� GLH

DQGHUHQ� $WRPH� DQLVRWURS� YHUIHLQHUW�� 'LH� JHQDXH� /DJH� GHU� $WRPHQ� PLW� $XVQDKPH� GHU

:DVVHUVWRIIDWRPH� LVW� LQ� 7DE�� ���� ZLHGHUJHJHEHQ�� 'LH� %LQGXQJVOlQJHQ� ZXUGHQ� HEHQIDOOV� LQ

7DE������DXIJHOLVWHW�

7DE�������$WRPNRRUGLQDWHQ�XQG�lTXLYDOHQWH�LVRWURSH�7HPSHUDWXUIDNWRUHQ�I�U�6WUXNWXU

>�&�+���1+�@� >6Q�6H��@⋅�+�2�

$WRP [ \ ] ������8�HT���c�

6Q��� ��������� ������ ��������� �����

6H��� ��������� ��������� ������ �����

6H��� ������ ������ ��������� �����

6H��� ��������� ����� ��������� �����

1��� ��������� ������ ��������� �����

&��� ��������� ��������� ���������� �����

&��� ��������� ��������� ���������� ������

&��� ��������� ��������� ���������� �������

2��� ��������� ������ ��������� �����

7DE�������%LQGXQJVOlQJHQ�XQG�%LQGXQJVZLQNHO�YRQ�>�&�+���1+�@� >6Q�6H��@⋅�+�2�

%LQGXQJHQ $EVWlQGH���c %LQGXQJHQ :LQNHO���

6Q����6H��� ���������� 6H����6Q����6H��� ���������

6Q����6H��� ���������� 6H����6Q����6H��� ���������

6Q����6H��� ��������� 6H����6Q����6H��� ���������

6Q����6H����� ��������� 6H����6Q����6H����� ���������

6H����6Q����� ��������� 6H����6Q����6H����� ���������

6H����6Q����� ���������� 6H����6Q����6H����� ���������

1����&��� ��������� 6Q����6H����6Q����� ���������

1����&����� ��������� 6Q������6H����6Q��� ���������

&����&��� ��������� &����1����&����� ���������

&����&��� ��������� 1����&����&��� ��������

&����&����&��� ���������

6\PPHWULHRSHUDWLRQ�]XU�(UJlQ]XQJ�lTXLYDOHQWHU�$WRPH�

����\�����[������]�����������\������[������]����������[����\�����]���������[��\�����]�
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,P� 9HUJOHLFK� ]X� GHU� YRQ� >��)(+@� JHIXQGHQHQ� 6WUXNWXU� ZXUGH� ]XVlW]OLFK� HLQ� 6DXHU�

VWRIIULQJ�JHIXQGHQ��GHU�GDV�YLHU�6DXHUVWRIIDWRPHQ�JHELOGHW�LVW��GLH�UHFKWHFNLJ�SODQ�DQJHRUGQHW

VLQG�� 'HQ� 6DXHUVWRIIDWRPHQ� GHV� :DVVHUV� VROOWHQ� MHZHLOV� ]ZHL� :DVVHUVWRIIDWRPH� ]XJHWHLOW

ZHUGHQ��'LH�$QDO\VH�]HLJWH�QXU�YLHU�:DVVHUVWRIIDWRPH�DX�HUKDOE�GHV�6DXHUVWRIIULQJV��'LH�YLHU

IHKOHQGHQ� :DVVHUVWRIIDWRPH� OLHJHQ� DXI� GHU� %LQGXQJVOLQLH� GHU� 2−2�%LQGXQJ� XQG� VLQG

IHKOJHRUGQHW�

:DVVHUVWRIIEU�FNHQELQGXQJHQ� ZXUGHQ� ]ZLVFKHQ� GHQ� 6DXHUVWRIIDWRPHQ� XQG� GHQ

6WLFNVWRII�� E]Z�� 6HOHQDWRPHQ� IHVWJHVWHOOW��'LH�2−1�%LQGXQJVOlQJHQ� EHWUXJHQ� ������c�� GHQ

I�U�2−6H� ������c� ��'LH�%LQGXQJVOlQJH� I�U� GLH� LP�9LHUULQJ� OLHJHQGH�2−+�%LQGXQJ� EHWUXJ

������c�

$EE�������3URMHNWLRQ�GHU�(OHPHQWDU]HOOH�YRQ�>�&�+���1+�@� >6Q�6H��@⋅�+�2�DXI�GLH�DF�(EHQH�
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$EE�������3URMHNWLRQ�GHU�(OHPHQWDU]HOOH�YRQ�>�&�+���1+�@� >6Q�6H��@⋅�+�2�DXI�GLH�DE�(EHQH�
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7DE��������$QLVRWURSH�WKHUPLVFKH�$XVOHQNXQJVSDUDPHWHU��c�[������I�U�>�&�+���1+�@� >6Q�6H��@��+�2�

���π��>K��D��8�������������K�N�D�E�8��@�

$WRP 8�� 8�� 8�� 8�� 8�� 8��

6Q��� ����� ����� ����� � ���� �

6H��� ����� ����� ����� ���� ���� �����

6H��� ����� ������ ����� � � �

6H��� ����� ������ ����� � ����� �

1��� ����� ����� ����� � ���� �

&��� ����� ������� ����� ������ ���� �����

&��� ������� ����� ������� ������� ������ �����

&��� ������� ������� ������� ������� ������� �������

2��� ����� ����� ����� � ����� �

7DE��������:DVVHUVWRIIDWRPNRRUGLQDWHQ�XQG�LVRWURSH�WKHUPLVFKH�$XVOHQNXQJVSDUDPHWHU�I�U

>�&�+���1+�@� >6Q�6H��@⋅�+�2�

$WRP [ \ ] ������8�HT���c��

+���� ������ ������ ������� �������

+���� ������ ������ ������� �������

+���� ������ ������ ������ �������

+���� ������ ������ ������ �������

+���� ������ ������ ������� �������

+���� ������ ������ ������� �������

+���� ������ ������ ������ �������

+���� ������ ������ ������ �������

+���� ������ ������ ������ �������
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��$� &��	��������	
���
	��

��$��� '���(
�
)�	���������)������������	
����

'LH� (LQNULVWDOODQDO\VH� NRQQWH� I�U� GLH� IDUEORVHQ� .ULVWDOOH� GHU� 3UREH� ÄJHW���³� QLFKW

YROOVWlQGLJ�GXUFKJHI�KUW�ZHUGHQ��GD�GLHVH�.ULVWDOOH� I�U�GDV�YRUKDQGHQH�9LHUNUHLV�'LIIUDNWR�

PHWHU� ]X� NOHLQ� ZDUHQ�� 0LW� GHQ� ]ZHL� XQJHZ|KQOLFKHQ� $PLQHQ� 7HWUDSKHQ\OSKRVSKRQLXP�

FKORULG�XQG�7HWUDSKHQ\OSKRVSKRQLXPEURPLG�HQWVWDQGHQ�PLW�6LOEHU�XQG�*DOOLXP�EHUHLWV�VFKRQ

QDFK� HLQHP�7DJ� VLFKWEDUH� UXELQURWH�.ULVWDOOH��'LH� JHQDXH�$QDO\VH� GLHVHU� .ULVWDOOH� NRQQWHQ

QLFKW� YHUYROOVWlQGLJW� ZHUGHQ�� ZHLO� HLQH� 2[LGDWLRQ� WURW]� GHU� (LQVFKOLH�XQJ� GHV� .ULVWDOOV� LQ

.OHEHU� QDFK� NXU]HU� =HLW� DXIWUDW�� %HL� GLHVHQ� .ULVWDOOHQ� NRQQWH� GLH� =HOONRQVWDQWH� JHPHVVHQ

ZHUGHQ�

7DE��������(LQZDDJH�GHU�=XVDPPHQVHW]XQJHQ�]XU�.ULVWDOOKHUVWHOOXQJ�

(LQZDDJH��J 7HPSODWH
3UREH

P*D P6H P7H $PLQ�� $PLQ��
:DVVHU

.ULVWDOO�
IDUEH

JHW��� ������ ������ ������ 3URS\ODPLQ�����PO %XW\ODPLQ�����PO �PO URW��JHOE

JHW���E ������ ������ ������ 'LSURS\ODPLQ����PO
'LEXW\ODPLQ�����PO

>3K�3@&O��������PJ ��PO UXELQURW

JHW���F ������ ������ ������ 'LSURS\ODPLQ����PO >3K�3@%U��������PJ �PO UXELQURW

7DE��������.ULVWDOOGDWHQ�GHU�3UREH�ÄJHW���³��ÄJHW���E³��ÄJHW���F³�

.ULVWDOOGDWHQ�GHU�3UREH�ÄJHW���³

D� ������c α� ����
E� ������c β� ����

=HOONRQVWDQWH

F� ������c γ� ����
=HOOYROXPHQ ������cñ

.ULVWDOOGDWHQ�GHU�3UREH�ÄJHW���E³

D� �������c α� ����
E� �������c β� �������

=HOONRQVWDQWH

F� �������c γ� ����
=HOOYROXPHQ �������cñ

.ULVWDOOGDWHQ�GHU�3UREH�ÄJHW���F³

D� �������c α� ����
E� �������c β� ��������

=HOONRQVWDQWH

F� �������c γ� ����
=HOOYROXPHQ �������cñ
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��$��� *�� !��������������	�	
����������	
���

'LH� 3UREH� ÄQEH���³�� ÄQEHW���³�� ÄQVH���³� XQG� ÄQEH���³� HUJDEHQ� PLW� GHQ� $PLQHQ

(WK\OHQGLDPLQ�� 'LHWK\ODPLQ�� 'LSURS\ODPLQ� XQG� 'LEXW\ODPLQ� LPPHU� ZLHGHU� YHUVFKLHGHQH

NOHLQH�.ULVWDOOH��(LQ�(LQNULVWDOO�VFKLHQ�GLH�)RUP�YRQ�IDUEORVHQ�3OlW]FKHQ�]X�KDEHQ��6LH�ZDUHQ

XQUHJHOPl�LJH�%UXFKVW�FNH�HLQHU�JUR�HQ�3ODWWH��GDV�XUVSU�QJOLFK�PLW�HLQHP�DQGHUHQ�.ULVWDOO

YHUZDFKVHQ�ZDU��'LH�.ULVWDOOH�GHU�3UREH�ÄQEH���³�XQG�ÄQEHW���³�ZDUHQ�OXIWHPSILQGOLFK�XQG

NRQQWHQ�QLFKW�DXI�GHP�9LHUNUHLV�'LIIUDNWRPHWHU�JHPHVVHQ�ZHUGHQ�

7DE��������(LQZDDJH�GHU�=XVDPPHQVHW]XQJHQ�]XU�.ULVWDOOKHUVWHOOXQJ�

(LQZDDJH��J 7HPSODWH
3UREH

P6Q P6E P6H P7H $PLQ�� $PLQ��
:DVVHU

.ULVWDOO�
IDUEH

QEH��� ������ ������ ������ 'LSURS\ODPLQ

��PO

'LEXW\ODPLQ

��PO

�PO URW��JHOE

QEHW��� ������ ������ ������ ������ (WK\OHQGLDPLQ

��PO

'LHWK\ODPLQ

��PO

�PO JHOE�
IDUEORV

(LQZDDJH��J 7HPSODWH
3UREH

P6Q P6 P6E P6H $PLQ�� $PLQ��
:DVVHU

.ULVWDOO�
IDUEH

QVH��� ������ ������ ������ 'LEXW\ODPLQ

���PO

  RUDQJH�
IDUEORV

QHW��� ������ ������ ������ 'LEXW\ODPLQ

���PO

  RUDQJH�
IDUEORV
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��� �������	
����	�

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

,Q� GHU� YRUOLHJHQGHQ� $UEHLW� ZXUGHQ� GLH� 3KDVHQJOHLFKJHZLFKWH� GHV� WHUQlUHQ� 6\VWHPV

6LOEHU�*DOOLXP�7HOOXU�DXI�GHP�TXDVLELQlUHQ�6FKQLWW�$J�7H�*D�7H��JHNOlUW��'D]X�ZXUGHQ���

=XVDPPHQVHW]XQJHQ�DXV�UHLQHQ�(OHPHQWHQ�LQ�HYDNXLHUWHQ�4XDU]JODVDPSXOOHQ�SUlSDULHUW�XQG

PLWWHOV� WKHUPRDQDO\WLVFKHQ�� U|QWJHQRJUDSKLVFKHQ� 0HWKRGHQ� XQG� 0LNURVRQGHQPHVVXQJHQ

XQWHUVXFKW�� 'LH� 3KDVHQYHUKlOWQLVVH� ZXUGHQ� DQKDQG� ZLGHUVSU�FKOLFKHU� 3XEOLNDWLRQHQ� YRQ

>��3DO@�� >��3DO@�� >��3DO�@�� >��.Ul@� XQG� >��*XL@�� >��0D]@�� >��*XL@�� >��*XL@�� >��-XO@

�EHUSU�IW�

'LH� 3KDVHQXPZDQGOXQJ� GHU� α�� LQ� GLH� β�$J�7H� 0RGLILNDWLRQ� ZXUGH� GXUFK� '7$�

0HVVXQJHQ�EHL������&�LP�WHUQlUHQ�%HUHLFK�JHIXQGHQ��LQ�/LWHUDWXUGDWHQ�ZXUGH�VLH�ELVKHU�QLFKW

QDFKJHZLHVHQ�� 'UHL� WHUQlUH� 3KDVHQ� $J�*D7H��� $J*D7H�� XQG� $J*D�7H�� NRQQWHQ� DXI� GHP

TXDVLELQlUHQ� 6\VWHP� HLQGHXWLJ� LGHQWLIL]LHUW� ZHUGHQ�� 'HU� /|VOLFKNHLWVEHUHLFK� GHU� $J*D7H��

3KDVH� NRQQWH� GXUFK� PLNURDQDO\WLVFKH� 0HWKRGHQ� IHVWJHOHJW� ZHUGHQ�� 'LH� (UJHEQLVVH� GHU

WKHUPLVFKHQ�$QDO\VHQ�VWLPPWHQ�DQQlKHUQG�PLW�GHQ�$QJDEHQ�YRQ�>��.5b@��EHUHLQ��%H]�JOLFK

GHU�3KDVHQYHUKlOWQLVVH�LQ�GHU�8PJHEXQJ�GHU�WHUQlUHQ�9HUELQGXQJ�$J*D�7H��HQWVSUHFKHQ�GLH

0LNURVRQGHQPHVVXQJHQ�XQG�GHQ�YHU|IIHQWOLFKWHQ�(UJHEQLVVHQ�YRQ�>��.5b@��$XI�GHU�JDOOLXP�

UHLFKHQ� 6HLWH� GHV� 6\VWHPV� ZXUGH� GXUFK� ,QGL]LHUXQJ� GHU� *LWWHUNRQVWDQWHQ� HLQ� EUHLWHU

+RPRJHQLWlWVEHUHLFK�JHIXQGHQ��GHU�GLH�5HVXOWDWH�GHU�9HU|IIHQWOLFKXQJ�YRQ�>��.5b@�HEHQIDOOV

EHVWlWLJWH�

���� ������������		��	����	�����	

������ ������������

'LH� ([]H�HQWKDOSLHQ� GHV� WHUQlUHQ� 6\VWHP� =LQQ�$QWLPRQ�6HOHQ� ZXUGH� HUVW� XQWHU� GHU

9HUZHQGXQJ�GHU�(LQZXUIPHWKRGH�NDORULPHWULVFK�EHVWLPPW�XQG�GDQQ�PLW�+LOIH�GHV�$VVR]LDW�

PRGHOOV�VRZRKO�PLW�DOV�DXFK�RKQH�%HU�FNVLFKWLJXQJ�WHUQlUHU�:HFKVHOZLUNXQJ�EHUHFKQHW��(V

HUJLEW� VLFK� HLQH� JXWH� hEHUHLQVWLPPXQJ� ]ZLVFKHQ� GHQ� H[SHULPHQWHOO� HUPLWWHOWHQ� (QWKDOSLHQ

XQG�GHQ�EHUHFKQHWHQ�WKHUPRG\QDPLVFKHQ�)XQNWLRQHQ�

'LH� ,VRHQWKDOSLH�.XUYHQ�]HLJWHQ�HLQH�0LQLPDULQQH��GLH�]ZLVFKHQ�GHQ�EHLGHQ�NRQJUXHQW

VFKPHO]HQGHQ� 9HUELQGXQJHQ� 6Q6H� XQG� 6E�6H�� YHUOlXIW�� 'LH� EHUHFKQHWH� 7HPSHUDWXUDE�
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KlQJLJNHLW� GHV� 6FKQLWWHV� 6Q���6E����6H� ]HLJWH� GHQ� �EOLFKH� WHQGHQ]LHOOHQ� $QVWLHJ� PLW� GHU

7HPSHUDWXU]XQDKPH�� XPJHNHKUW� ]X� GHQ� H[SHULPHQWHOOHQ� (UJHEQLVVHQ�� 0LWWLJ� LP� 6\VWHP

H[LVWLHUW� HLQHQ� 0LVFKXQJVO�FNH� DXI� GHU� PHWDOOLVFKHQ� 6HLWH�� ,Q� GLHVHP� %HUHLFK� ZXUGHQ� GLH

YRUOLHJHQGH� 6FKPHO]H� EHL� =XIXKU� GHV� ]ZHLWHQ� .RPSRQHQWH� IHVW�� GDKHU� NRQQWHQ� PLW� GHU

(LQZXUIPHWKRGH�NHLQH�NDORULPHWULVFKHQ�0H�ZHUWH�HU]HXJW�ZHUGHQ�

������ � ���	����! ��"�! ��

,Q�GHU�$UEHLW�ZXUGHQ�GLH�3KDVHQJOHLFKJHZLFKWH�I�U�I�QI�6FKQLWWH�LP�WHUQlUHQ�6\VWHP�6Q�

6E�6H� XQWHUVXFKW�� 'LH� ]ZHL� YHU|IIHQWOLFKWHQ� TXDVLELQlUHQ� 6FKQLWWH� 6Q6H�6E�6H�� QDFK

>��:2%@� XQG� 6Q6H�6E� QDFK� >��$/,@� ZXUGHQ� WKHUPRDQDO\WLVFK� XQG� U|QWJHQRJUDSKLVFK

�EHUSU�IW�

(LJHQH�0HVVHUJHEQLVVH� VWLPPHQ� ]ZDU�PLW� GHU� $QJDEHQ� YRQ� >��:2%@� �EHUHLQ�� ZLGHU�

VSUHFKHQ�DEHU�GHU�TXDVLELQlUHQ�(LJHQVFKDIW�GHV�6FKQLWWHV�6Q6H�6E�6H���'D�GLH�0RGLILNDWLRQV�

XPZDQGOXQJ�GHU�ELQlUH�5DQGSKDVH�6Q6H�DQKDQG�GHV�([SHULPHQW�QLFKW�JHIXQGHQ�ZXUGH��VWHOOW

VLFK�KHUDXV��GDVV�GLH�8PZDQGOXQJ�EHL������&�HLQ�WHUQlUHU�(IIHNW�LVW��6WDWW�GHVVHQ�H[LVWLHUW�GLH

5DQGYHELQGXQJ� 6Q6H� HLQH� 3KDVHQEUHLWH� ZLH� LQ� GHU� 3XEOLNDWLRQ� YRQ� >��$/,@� EHVFKULHEHQ

ZXUGH��$X�HUGHP�NRQQWH�HLQH�HLQ]LJH�WHUQlUH�9HUELQGXQJ�6Q�6E�6H���DXI�GLHVHP�6FKQLWW�PLW

GHQ� YHU|IIHQWOLFKWHQ� :HUWHQ� GHU� 5|QWJHQUHIOH[HQ� YRQ� >��60,@� LGHQWLIL]LHUW� ZHUGHQ�� 'LHVH

9HUELQGXQJ�HUZLHV�HEHQIDOOV�HLQH�3KDVHQEHUHLWH�

'HU� TXDVLELQlUH� &KDUDNWHU� GHV� 6FKQLWWHV� 6Q6H�6E� >��$/,@� NRQQWH� XQWHU� JHULQJHQ

$EZHLFKXQJHQ� GHU� 0HVVGDWHQ� EHVWlWLJW� ZHUGHQ�� (LQ� LQ� GHU� /LWHUDWXU� QLFKW� EHVFKULHEHQHU

6FKQLWW� 6Q6H��6E�6H�� ZXUGH� ZHJHQ� GHU� VSH]LHOOHQ� /DJH� ]ZLVFKHQ� ]ZHL� NRQJUXHQW

VFKPHO]HQGHQ�9HUELQGXQJHQ� DQDO\VLHUW�� 'LH�'7$�� XQG�5|QWJHQPHVVXQJHQ� EHZLHVHQ� HLQHQ

TXDVLELQlUHQ� &KDUDNWHU� PLW� HLQHP� HXWHNWLVFKHQ� *OHLFKJHZLFKW�� 'LH� XQWHUVXFKWHQ� WHUQlUHQ

6FKQLWWH�EHL�[6H� ������XQG�[6H� ������]HLJWHQ�NRPSOL]LHUWH�3KDVHQYHUKlOWQLVVH�

����#� $��%��&�����	

:lKUHQG�GLH�5HDNWLRQHQ�EHL�KRKHQ�7HPSHUDWXUHQ�WKHUPRG\QDPLVFK�NRQWUROOLHUW�ZHUGHQ�

JHZLQQW�GLH�NLQHWLVFK�NRQWUROOLHUWH�5HDNWLRQ�EHL�QLHGULJHUHQ�7HPSHUDWXUHQ�DQ�%HGHXWXQJ�

%HL�GHQ�PHFKDQRFKHPLVFKHQ�5HDNWLRQHQ�HUJDE� HV� VLFK� I�U�GLH�5HDNWLRQVJHPLVFKH� DOOHU

GUHL� ELQlUHQ� 9HUELQGXQJHQ� HLQH� DXVUHLFKHQGH� 5HSURGX]LHUEDUNHLW� XQDEKlQJLJ� YRQ� GHU

3XOYHUGLFKWH��'LH�5HDNWLRQ�]XU�9HUELQGXQJ�6E�6H��EHLP�(LQVDW]�YRQ�NULVWDOOLQHP�6HOHQ� WUDW

QDFK����0LQXWHQ�0DKOGDXHU� DXI��8QWHU�(LQVDW]� YRQ� DPRUSKHP�6HOHQ� HUIROJWH� GLH� 3URGXNW�
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ELOGXQJ����0LQXWHQ� VFKQHOOHU��'LH� ]ZHL�=LQQVHOHQLGH� UHDJLHUWHQ� IU�KHU� DOV�$QWLPRQVHOHQLG�

'LH�8PZDQGOXQJ� EHJDQQ� I�U� GDV� 6Q6H�5HDNWLRQVJHPLVFK� QDFK� ���0LQXWHQ� XQG� I�U� 6Q6H�

QDFK� ���0LQXWHQ�0DKOGDXHU��%HL�GHU�$QZHQGXQJ� YRQ�=LQQSXOYHU�PLW�NOHLQHUHU� .RUQJU|�H

NRQQWH� GLH� PHFKDQLVFKH� %HKDQGOXQJ� I�U� GLH� =XVDPPHQVHW]XQJ� 6Q6H�� XP� ��� 0LQXWHQ

YHUN�U]W�ZHUGHQ�

'LH� WHUQlUHQ� =XVDPPHQVHW]XQJHQ� 6Q6E�6H�� XQG� 6Q�6E�6H��� ZXUGHQ� PLW� GHQ� JOHLFKHQ

3DUDPHWHUQ� ZLH� GLH� ELQlUHQ� 3KDVHQ� ]XU� 9HUELQGXQJ� XPJHZDQGHOW�� %HLGH� 5HDNWLRQV�

PLVFKXQJHQ� YHUKLHOWHQ� VLFK� EHL� GHU� PHFKDQLVFKHQ� %HKDQGOXQJ� lKQOLFK�� 'LH� =XVDPPHQ�

VHW]XQJ�6Q6E�6H��YROO]RJ�HLQH�YROOVWlQGLJH�8PZDQGOXQJ�]ZLVFKHQ�0DKOGDXHUQ�YRQ����XQG

���0LQXWHQ��(LQ�5HDNWLRQ�]X�6Q�6E�6H���HUIROJWH�HWZDV�VSlWHU�DOV�]X�6Q6E�6H���QlPOLFK�QDFK

=HLWHQ�YRQ����ELV����0LQXWHQ�QDFK�GHP�%HJLQQ�GHV�0DKOSUR]HVVHV�

����'� ( ��%���	�)����������

'LH� &KDONRJHQLGRPHWDOODWH� ZXUGH� GXUFK� +\GURWKHUPDO\QWKHVH� LQ� .RPELQDWLRQ� GHU� LQ

GLHVHU�$UEHLW�YRUNRPPHQGHQ�(OHPHQWH�PLW�YHUVFKLHGHQHQ�RUJDQLVFKHQ�7HPSODWHQ�KHUJHVWHOOW�

=ZHL� (LQNULVWDOOVWUXNWXUDQDO\VHQ� ZXUGHQ� PLWWHOV� 5|QWJHQGLIIUDNWRPHWULH� GXUFKJHI�KUW�� (LQH

QHXH� .ULVWDOOVWUXNWXU� >�&�+���1+�@� >6Q�6H�@� PLW� HLQHU� ELS\UDPLGDOHQ� *UXQGVWUXNWXU� GHU

>6Q�6H�@
�−�(LQKHLW�ZXUGH�JHIXQGHQ��(LQH�ZHLWHUH�6WUXNWXU�YRQ�>�&�+���1+�@� >6Q�6H��@⋅�+�2

PLW� DGDPDQWDQDUWLJHU� 6WUXNWXUHLQKHLW� GHV� 6HOHQRVWDQQDW�$QLRQV� >6Q�6H��@
�−� EHVWlWLJW�

DEJHVHKHQ�YRQ�JHULQJHQ�$EZHLFKXQJHQ��GLH�$QJDEHQ�YRQ�>��)(+@�
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)�U� NDORULPHWULVFKH� 0HVVXQJHQ� LQ� VHOHQKDOWLJHQ� 6\VWHPH� NRPPW� QHEHQ� GHU� (LQZXUI�

PHWKRGH�QRFK�GLH�0HWKRGH�GHV�GLUHNWHQ�0LVFKHQV�DOV� VLQQYROOH�$OWHUQDWLYH� LQ�%HWUDFKW��'D

EHL� GLHVHU� 0HWKRGH� VLFK� GLH� HLQ]HOQHQ� .RPSRQHQWHQ� HUVW� LP� .DORULPHWHU� EHL� JOHLFKHU

7HPSHUDWXU�PLWHLQDQGHU�PLVFKHQ��I�KUW�GLHVH�0HWKRGH�]X�JHQDXHUHQ�:HUWHQ�XQG�HLJQHW�VLFK

EHVVHU�I�U�GLH�VHOHQKDOWLJHQ�6\VWHPH�

8P� GDV� 3KDVHQGLDJUDPPV� LP� WHUQlUHQ� *HELHW� NRPSOHWW� DXI]XNOlUHQ�� ZHUGHQ� ZHLWHUH

8QWHUVXFKXQJHQ� LQ� GHP� PHWDOOLVFKHQ� %HUHLFK� GHV� *LEEVVFKHQ� 'UHLFNV� EHQ|WLJ�� $XI� GHU

PHWDOOLVFKHQ� 6HLWH�� QDKH� GHP� 5DQG� GHV� *LEEVFKHQ� 'UHLHFNV� VROOWH� HLQ� 6FKQLWW� XQWHUVXFKW

ZHUGHQ�� XP� GHQ� (LQIOX�� GHU� ELQlUHQ� 3KDVHQJOHLFKJHZLFKWH� DXI� GDV� WHUQlUHQ� *HELHW� ZHLWHU

DXI]XNOlUHQ�

%HL�GHU�'XUFKI�KUXQJ�YRQ�([SHULPHQWHQ� ]XU�5HDNWLYLWlW� VROOWHQ�0DKOSUR]HVVH� QLFKW� ]X

3UREHQHQWQDKPHQ� XQWHUEURFKHQ� ZHUGHQ�� GD� GLHV� ]X� HLQHP� (QHUJLHYHUOXVW� ZlKUHQG� GHU

PHFKDQLVFKHQ� %HKDQGOXQJ� I�KUW�� 8P� GDV� 9HUKDOWHQ� HLQHV� 0DKOSUR]HVVHV� JHQDXHU� ]X

DQDO\VLHUHQ�� P�VVHQ� GLH� (GXNWH� NRQWLQXLHUOLFK� EHKDQGHOW� ZHUGHQ�� (V� JLEW� NRPPHU]LHOO

HUKlOWOLFKH� 0HVVHLQULFKWXQJHQ�� ZHOFKH� GLH� 7HPSHUDWXU� ZlKUHQG� GHV� 0DKOYRUJDQJV� �EHU�

ZDFKHQ��ZRGXUFK�JHQDXH�5HDNWLRQV��E]Z��8PZDQGOXQJV]HLWHQ�EHVWLPPW�ZHUGHQ�N|QQHQ�

'LH�6\QWKHVHYLHOIDOW�GHU�&KDONRJHQLGRPHWDOODWH�NDQQ�GXUFK�.RPELQDWLRQ�GHU�$PLQH��]�

%�� $QLOLQ� RGHU� +DORJHQDQLOLQ� XQG� GXUFK� =XVDW]� HLQHV� ZHLWHUHQ� UHDNWLYHUHQ� (OHPHQWV� ZLH

6FKZHIHO� HUZHLWHUW� ZHUGHQ�� (LQH� 9DULDWLRQ� GHU� /|VXQJVPLWWHO� XQG� HLQH� bQGHUXQJ� GHU

$XIKHL]JHVFKZLQGLJNHLW�� VRZLH� GLH� 7HPSHU]HLW� EHHLQIOXVVHQ� GLH� 6\QWKHVH�� (LQ� DQGHUHV

9HUIDKUHQ�� GLH� ,3'6�0HVVXQJ�� NDQQ� GDV� $QDO\VLHUHQ� OXIWHPSILQGOLFKHU� .ULVWDOOH� GUDVWLVFK

YHUHLQIDFKHQ�
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