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$EELOGXQJ�����hEHUEOLFN��EHU�GLH�(OHPHQWH�XQG�LQWHUQHQ�3UR]HVVH�GHV�)LOWHUV�����������������
$EELOGXQJ�����&RQVWUDLQWV�&KHFN���������������������������������������������������������������������������������������
$EELOGXQJ�����,QSXW�&KHFN�������������������������������������������������������������������������������������������������
$EELOGXQJ�����,QSXW�0DWUL[�8SGDWH������������������������������������������������������������������������������������
$EELOGXQJ�����7DEX�6XFKH�LP�'HWDLO����������������������������������������������������������������������������������
$EELOGXQJ�����.RQ]HSW�PLW�DXIJHO|VWHP�)LOWHU�������������������������������������������������������������������
�



7DEHOOHQYHU]HLFKQLV� � 9�

7DEHOOHQYHU]HLFKQLV�
7DEHOOH����hEHUVLFKW��EHU�-REYDULDEOHQ��������������������������������������������������������������������������������
7DEHOOH����.RPSOH[LWlWV�EHUVLFKW�YRQ�YHUZDQGWHQ�3UREOHPHQ�GHV�-RE�6KRS�3UREOHPV����
7DEHOOH����$UEHLWVVFKULWWH��0DVFKLQHQ�XQG�%HDUEHLWXQJV]HLWHQ�������������������������������������������
7DEHOOH����([HPSODULVFKH�$XVZDKO�YRQ�3ULRULWlWVUHJHOQ�����������������������������������������������������
7DEHOOH����9HUJOHLFK�GHU�KHXULVWLVFKHQ�2SWLPLHUXQJVYHUIDKUHQ������������������������������������������
7DEHOOH����.RPSRQHQWHQ�GHV�-RE�6KRS�6\VWHPV�����������������������������������������������������������������
7DEHOOH����2SWLPLHUXQJVPHWKRGHQ�]XU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�������������������������
7DEHOOH����hEHUVLFKW�$QIRUGHUXQJHQ�±�.RPSRQHQWHQ���������������������������������������������������������
7DEHOOH����0|JOLFKH�6FKZDFKVWHOOHQ�GHV�.RQ]HSWHV�����������������������������������������������������������
7DEHOOH�����(UJHEQLVVH�I�U�GLH�%HQFKPDUNSUREOHPH�YRQ�7DLOODUG���������������������������������,�
7DEHOOH�����(UJHEQLVVH�I�U�GLH�%HQFKPDUNSUREOHPH�YRQ�'HPLUNRO�HW�DO��������������������,9�
7DEHOOH�����(UJHEQLVVH�I�U�GLH����VFKZHUHQ�%HQFKPDUNSUREOHPH�����������������������������������9,�
7DEHOOH�����$EZHLFKXQJ�XQG�'DXHU�GHU�/|VXQJVYHUIDKUHQ�I�U�GLH����VFKZHUHQ�%HQFK�

PDUNSUREOHPH���������������������������������������������������������������������������������������������9,,�
� �



$OJRULWKPXVYHU]HLFKQLV� � 9,�

$OJRULWKPXVYHU]HLFKQLV�
$OJRULWKPXV����%UDQFK�	�%RXQG�����������������������������������������������������������������������������������������
$OJRULWKPXV����6LPXODWHG�$QQHDOLQJ����������������������������������������������������������������������������������
$OJRULWKPXV����*HQHWLVFKHU�$OJRULWKPXV����������������������������������������������������������������������������
$OJRULWKPXV����7DEX�6XFKH�������������������������������������������������������������������������������������������������
$OJRULWKPXV����$QW�&RORQ\�2SWLPL]DWLRQ���������������������������������������������������������������������������
$OJRULWKPXV����7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL���������������������������������������������������
�
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)RUPHOYHU]HLFKQLV�
�������'XUFKODXI]HLW�������������������������������������������������������������������������������������������������������������
�������:DUWH]HLW��������������������������������������������������������������������������������������������������������������������
�������0LQLPLHUXQJ�GHU�6XPPH�GHU��JHZLFKWHWHQ��)HUWLJVWHOOXQJV]HLWHQ���������������������������
�������0LQLPLHUXQJ�GHU�6XPPH�GHU�'XUFKODXI]HLWHQ����������������������������������������������������������
�������0LQLPLHUXQJ�GHU�PD[LPDOHQ�'XUFKODXI]HLW��������������������������������������������������������������
�������0LQLPLHUXQJ�GHU�6XPPH�GHU�:DUWH]HLWHQ����������������������������������������������������������������
�������*HVDPW]\NOXV]HLW�������������������������������������������������������������������������������������������������������
�������/HHU]HLW����������������������������������������������������������������������������������������������������������������������
�������0LQLPLHUXQJ�GHU�6XPPH�GHU�/HHU]HLWHQ�������������������������������������������������������������������
��������0LQLPLHUXQJ�GHU�*HVDPW]\NOXV]HLW�������������������������������������������������������������������������
��������7HUPLQDEZHLFKXQJ��������������������������������������������������������������������������������������������������
��������9HUVSlWXQJ���������������������������������������������������������������������������������������������������������������
��������7HUPLQ�EHUVFKUHLWXQJ����������������������������������������������������������������������������������������������
��������0LQLPLHUXQJ�GHU�PD[LPDOHQ�7HUPLQDEZHLFKXQJ���������������������������������������������������
��������0LQLPLHUXQJ�GHU�6XPPH�GHU��JHZLFKWHWHQ��9HUVSlWXQJ����������������������������������������
��������0LQLPLHUXQJ�GHU�6XPPH�GHU��JHZLFKWHWHQ��7HUPLQ�EHUVFKUHLWXQJ�����������������������
��������.RPSOH[LWlWVUHGXNWLRQ��������������������������������������������������������������������������������������������
�������=LHOIXQNWLRQ�GHV�JHPLVFKW�JDQ]]DKOLJHQ�2SWLPLHUXQJVPRGHOOV�������������������������������
�������1HEHQEHGLQJXQJHQ�GHV�JHPLVFKW�JDQ]]DKOLJHQ�2SWLPLHUXQJVPRGHOOV��������������������
�������:HUWHEHUHLFK�GHV�JHPLVFKW�JDQ]]DKOLJHQ�2SWLPLHUXQJVPRGHOOV������������������������������
�������=LHOIXQNWLRQ�GHV�0DQQH�0RGHOOV������������������������������������������������������������������������������
�������(UVWH�1HEHQEHGLQJXQJ�GHV�0DQQH�0RGHOOV��������������������������������������������������������������
�������=ZHLWH�1HEHQEHGLQJXQJ�GHV�0DQQH�0RGHOOV�����������������������������������������������������������
�������'ULWWH�1HEHQEHGLQJXQJ�GHV�0DQQH�0RGHOOV�������������������������������������������������������������
�������9LHUWH�1HEHQEHGLQJXQJ�GHV�0DQQH�0RGHOOV������������������������������������������������������������
�������'HILQLWLRQVEHUHLFK�GHU�6WDUW]HLWSXQNWH����������������������������������������������������������������������
��������'HILQLWLRQVEHUHLFK�GHU�%LQlUYDULDEOH�����������������������������������������������������������������������
��������%LQlUYDULDEOH�GHV�0DQQHPRGHOOV����������������������������������������������������������������������������
�������$XVJDQJVO|VXQJ���������������������������������������������������������������������������������������������������������
�������,QSXW�0DWUL[���������������������������������������������������������������������������������������������������������������
�������(UVWH�VFKOHFKWH�/|VXQJ����������������������������������������������������������������������������������������������
�������,QSXW�0DWUL[�QDFK�GHU�HUVWHQ�VFKOHFKWHQ�/|VXQJ�������������������������������������������������������
�������=ZHLWH�VFKOHFKWH�/|VXQJ�������������������������������������������������������������������������������������������
�������,QSXW�0DWUL[�QDFK�GHU�]ZHLWHQ�VFKOHFKWHQ�/|VXQJ����������������������������������������������������
�������*XWH�/|VXQJ���������������������������������������������������������������������������������������������������������������
�������,QSXW�0DWUL[�QDFK�GHU�JXWHQ�/|VXQJ�������������������������������������������������������������������������
�������'ULWWH�VFKOHFKWH�/|VXQJ���������������������������������������������������������������������������������������������
��������,QSXW�0DWUL[�QDFK�GHU�GULWWHQ�VFKOHFKWHQ�/|VXQJ����������������������������������������������������
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��������(UVWH�]X��EHUSU�IHQGH�/|VXQJ���������������������������������������������������������������������������������
��������$Q]DKO�HUODXEWHU�hEHUHLQVWLPPXQJHQ�GHU� ,QSXW�0DWUL[�PLW�GHU�DNWXHOOHQ�6WHOO�

JU|�H���������������������������������������������������������������������������������������������������������������
��������=ZHLWH�]X��EHUSU�IHQGH�/|VXQJ������������������������������������������������������������������������������
�
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6\PEROYHU]HLFKQLV�
�ܣ 0HQJH�GHU�YHUERWHQHQ�SURILWDEOHQ�=�JH�

�݇ܣ .RHIIL]LHQWHQPDWUL[�

९� 0HQJH�GHU�%LQlU]DKOHQ�

�ݎܤ %ORFNݎ��DXI�GHP�NULWLVFKHQ�3IDG�

ܾ� *UHQ]YHNWRU�PLWݍ��.RPSRQHQWHQ�ሺܾଵǡǥ ǡ ܾ௤ሻ�

�ܥ 0HQJH�GHU�JHULFKWHWHQ�NRQMXQNWLYHQ�.DQWHQ�

ܿ� 9DULDEOHQYHNWRU�PLWݎ��.RPSRQHQWHQ�ሺܿଵǡǥ ǡ ܿ௥ሻ�

Ƹܿ� $NWXHOO�EHVWH�REHUH�6FKUDQNH�

Ƽܿ� 8QWHUH�6FKUDQNH�GHU�/|VXQJ�ුݔ�

�௜ܥ =HLWSXQNW�GHU�)HUWLJVWHOOXQJ�YRQܬ�௜�

�௠௔௫ܥ *HVDPW]\NOXV]HLW�

�ܦ 0HQJH�GHU�XQJHULFKWHWHQ�GLVMXQNWLYHQ�.DQWHQ�

�௜ܦ 'XUFKODXI]HLW�YRQܬ�௜�

�௠௔௫ܦ 0D[LPDOH�'XUFKODXI]HLW�

݀� $Q]DKO�GHU�GXUFKJHI�KUWHQ�6LPXODWLRQVGXUFKOlXIH�

݀௜� /LHIHUWHUPLQ�YRQܬ�௜�

�ܧ (UHLJQLVW\S�

�ܨ )ORZ�6KRS�

�ܩ 'LVMXQNWLYHU�*UDSK�

݃� 0LQGHVWDQ]DKO�GXUFK]XI�KUHQGHU�6LPXODWLRQVGXUFKOlXIH�

�௝ܫ /HHU]HLW�YRQܯ�௝�

݅� ,WHUDWLRQVVFKULWW�

݅௠௔௫� 0D[LPDOH�$Q]DKO�DQ�,WHUDWLRQHQ��

�ܬ -RE�6KRS�

�௜ܬ -RE�݅�

�ܭ %HJUHQ]HQGH�9DULDEOH�

�௔ܭ 0HQJH�DOOHU�/|VXQJVNRPSRQHQWHQ�

݇௡ೌ � /|VXQJVNRPSRQHQWH�YRQݔ�௡ೌ �
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�ܮ 0HQJH�DOOHU�XQJHO|VWHQ�3UREOHPH�

�௜ܮ 7HUPLQDEZHLFKXQJ�YRQܬ�௜�

�௠௔௫ܮ 0D[LPDOH�7HUPLQDEZHLFKXQJ�

݈� /lQJH�GHU�7DEX�/LVWH�

�ܯ 0LWWHOZHUW�DOOHU�ELV�]XP�DNWXHOOHQ�=HLWSXQNW�EHUHFKQHWHU�=LHOJU|�HQ�

�௝ܯ 0DVFKLQH�݆�

݉� $Q]DKO�GHU�0DVFKLQHQ�

݉௜� $Q]DKO�GHU�$UEHLWVVFKULWWH�YRQܬ�௜�

݉௨� 0D[LPDOH�$Q]DKO�GHU�$UEHLWVVFKULWWH�

ܰ� $Q]DKO�DOOHU�$UEHLWVVFKULWWH�

ܰሺݔሻ�
1DFKEDUVFKDIW� GHU� /|VXQJ� �ݔ �0HQJH� DOOHU� YRQ� �ݔ DXV� HUUHLFKEDUHQ�
/|VXQJHQ��

݊� $Q]DKO�GHU�-REV�

݊௔� $Q]DKO�GHU�$PHLVHQ�

ܱ� 2SHQ�6KRS�

ܱ௜ଵ� ���%HDUEHLWXQJVVFKULWW�YRQܬ�௜�

ܱ௜௝� $UEHLWVVFKULWW�YRQܬ�௜�DXIܯ�௝�

௜ܱ௠೔� /HW]WHU�%HDUEHLWXQJVVFKULWW�YRQܬ�௜�

ܲ� 3DUDOOHOH�0DVFKLQHQ�

௜ܲାଵ� )ROJHSRSXODWLRQ�

�ݕܲ $Q]DKO�DQ�,QGLYLGXHQ�

଴ܲ� ,QLWLDOSRSXODWLRQ�

�݌ %HDUEHLWXQJV]HLW�

�௜݌ %HDUEHLWXQJV]HLW�YRQܬ�௜�

�௜௝݌ %HDUEHLWXQJV]HLW�YRQܬ�௜�DXIܯ�௝�

�௟݌ 0LQLPDOH�%HDUEHLWXQJV]HLW�

�௦݌ :DKUVFKHLQOLFKNHLW�HLQH�VFKOHFKWHUH�/|VXQJ�]X�DN]HSWLHUHQ�

�௨݌ 0D[LPDOH�%HDUEHLWXQJV]HLW�

ܳ� 8QLIRUPH�SDUDOOHOH�0DVFKLQHQ�
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ܳ௞� 8QWHUSUREOHP�

ܳ௥௘௟௔௫� 5HOD[LHUWHV�3UREOHP�ܳ݇�

ܴ� +HWHURJHQH�SDUDOOHOH�0DVFKLQHQ�

ܴܽ� $XVJDQJVSUREOHP�

ܴ௛� 5HVVRXUFH�݄�

Թା� 0HQJH�GHU�SRVLWLYHQ�UHHOOHQ�=DKOHQ�

�௛௜ݎ %HDQVSUXFKWHU�7HLO�YRQ�ܴ௛�GXUFKܬ�௜�

�௜ݎ $XIWUDJVIUHLJDEHWHUPLQ�YRQܬ��௜�

ܵ� 0HQJH�NRQMXQNWLYHU�.DQWHQ��6HOHNWLRQ��

௜ܵ� 6WDUW]HLWSXQNW�YRQ�2SHUDWLRQ�݅�

௝ܵ� 6WDUW]HLWSXQNW�YRQ�2SHUDWLRQ�݆�

�כܵ 6WDUW]HLWSXQNW�GHU�6HQNH�

�ݏ $Q]DKO�GHU�5HVVRXUFHQ�

�ூெݏ
$Q]DKO� DQ� hEHUHLQVWLPPXQJHQ� GHU� ,QSXW�0DWUL[� PLW� GHU� DNWXHOOHQ�
6WHOOJU|�H�

ூெෞݏ �
$Q]DKO� HUODXEWHU� hEHUHLQVWLPPXQJHQ� GHU� ,QSXW�0DWUL[� PLW� GHU�
DNWXHOOHQ�6WHOOJU|�H�

ܶ� 7DEX�/LVWH�

ܶԢ� $NWXDOLVLHUWH�7DEX�/LVWH�

௜ܶ� 9HUVSlWXQJ�YRQܬ�௜�

�ݐ 7ROHUDQ]ZHUW�GHV�,QSXW�0DWUL[�8SGDWHV�

�௜ݐ 7HPSHUDWXU�LP�,WHUDWLRQVVFKULWW�݅�

௜ܷ� 7HUPLQ�EHUVFKUHLWXQJ�YRQܬ�௜�

ܸ� 0HQJH�DOOHU�.QRWHQ�GHV�GLVMXQNWLYHQ�*UDSKHQ�

ܸሺݔሻ� 0HQJH�GHU�YRQݔ��P|JOLFKHQ�=�JHݒ��

�ݒ =XJ�]X�HLQHU�/|VXQJ��

�௜௝ݒ %HDUEHLWXQJVJHVFKZLQGLJNHLW�YRQܯ�௝�I�Uܬ�௜�

௝ݒ � %HDUEHLWXQJVJHVFKZLQGLJNHLW�YRQܯ�௝�

�ᇱݒ =XJ�]XU�/|VXQJݔ�ᇱ�
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�ᇱିଵݒ 8PNHKUXQJ�GHV�=XJHVݒ�ᇱ�

ܹ� :HUWHEHUHLFK�GHU�9DULDEOHQ�ሺܿଵǡ ǥ ǡ ܿ௥ሻ�

௜ܹ� *HVDPWH�:DUWH]HLW�YRQܬ�௜�

௜ܹ௝� :DUWH]HLW�YRQܬ�௜�YRUܯ�௝�

�௜ݓ *HZLFKWXQJ�YRQܬ�௜�

ܺ� /|VXQJVUDXP�

�ݔ =XOlVVLJH�/|VXQJ�

�ොݔ $NWXHOO�EHVWH�/|VXQJ�

�ݔු 2SWLPDOH�/|VXQJ�I�U�ܳ௥௘௟௔௫�

�ᇱݔ 1DFKEDUVFKDIWVO|VXQJ�

�Ԣ௜ݔ $XVJHZlKOWH�1DFKEDUVFKDIWVO|VXQJ�LP�,WHUDWLRQVVFKULWW�݅�

௡ೌݔ � /|VXQJ�GHU�$PHLVH�݊௔�

�௜௝ݕ %LQlUYDULDEOH��

�௝ݕ ,QGLYLGXXP�݆�

�ଵݕ ���VHOHNWLHUWHV�,QGLYLGXXP�

�ଶݕ ���VHOHNWLHUWHV�,QGLYLGXXP�

ଵᇱݕ � ,QGLYLGXXPݕ�ଵ�QDFK�.UHX]XQJ�

ଶᇱݕ � ,QGLYLGXXPݕ�ଶ�QDFK�.UHX]XQJ�

�ଵᇱᇱݕ 0XWLHUWHV�,QGLYLGXXPݕ�ଵᇱ �

�ଶᇱᇱݕ 0XWLHUWHV�,QGLYLGXXPݕ�ଶᇱ �

Ժା� 0HQJH�GHU�SRVLWLYHQ�JDQ]HQ�=DKOHQ�

�ሺܿሻݖ =LHOIXQNWLRQ�LQ�$EKlQJLJNHLW�YRQ�ሺܿଵǡǥ ǡ ܿ௥ሻ�

�ሻݔሺݖ =LHOIXQNWLRQVZHUW�GHU�/|VXQJݔ��

�௝ሻݕሺݖ )LWQHVVZHUW�GHV�,QGLYLGXXPVݕ�௝�

�ߙ 0DVFKLQHQXPJHEXQJ��JHVDPW��

�ଵߙ 0DVFKLQHQXPJHEXQJ�

�ଶߙ 0DVFKLQHQDQ]DKO�

�ߚ 1HEHQEHGLQJXQJHQ�

�ߛ =LHOIXQNWLRQ�
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߱� *HZLFKWXQJ�GHU�(OHPHQWH�GHU�,QSXW�0DWUL[�

ሼ݅ǡ ݆ሽ� 'LVMXQNWLYH�.DQWH��YRQ�݅�]X�݆�RGHU�݆�]X�݅��

ሺ݅ǡ ݆ሻ� .RQMXQNWLYH�.DQWH��YRQ�݅�]X�݆��

� �

�



��(LQOHLWXQJ� � ��

��

�

�� (LQOHLWXQJ�
+HXW]XWDJH�EHZHJHQ�VLFK�SURGX]LHUHQGH�8QWHUQHKPHQ�LQ�0lUNWHQ��GLH�YRQ�VHKU�JUR�HU�
'\QDPLN� JHSUlJW� VLQG�� 9HUXUVDFKW� ZLUG� GLHVH� '\QDPLN� YRU� DOOHP� GXUFK� GLH� NXU]HQ�
3URGXNWOHEHQV]\NOHQ� XQG� GLH� QLFKW� H[DNW� SODQEDUH� $XIWUDJVODJH�� (UVFKZHUHQG� NRPPW�
KLQ]X��GDVV�GLH�.XQGHQ�QLFKW�QXU�HLQH�KRKH�,QGLYLGXDOLVLHUEDUNHLW�GHU�3URGXNWH�HUZDUWHQ��
VRQGHUQ�DXFK�GLH�(LQKDOWXQJ�GHU�/LHIHUWHUPLQH�IRUGHUQ��%HUHLWV�NOHLQH�$EZHLFKXQJHQ�]X�
HLQHP�YHUHLQEDUWHQ�/LHIHUWHUPLQ�N|QQHQ�.RQYHQWLRQDOVWUDIHQ�QDFK�VLFK�]LHKHQ��XQG�LP�
VFKOLPPVWHQ� )DOO� PXVV� PLW� GHP� 9HUOXVW� GHV� .XQGHQ� JHUHFKQHW� ZHUGHQ�� 'DV� VWHOOW�
8QWHUQHKPHQ� YRU� HLQH� JUR�H� +HUDXVIRUGHUXQJ�� GHQQ� GDV� 3URGXNWLRQVV\VWHP� PXVV�
HLQHUVHLWV�IOH[LEHO�JHQXJ�VHLQ��XP�GLH�XQWHUVFKLHGOLFKVWHQ�3URGXNWYDULDQWHQ�SURGX]LHUHQ�
]X� N|QQHQ�� DQGHUHUVHLWV� PXVV� HV� XQWHU� %HU�FNVLFKWLJXQJ� GHU� /LHIHUWHUPLQH� HLQHQ�
HIIL]LHQWHQ�VRZLH�HIIHNWLYHQ�8PJDQJ�PLW�GHQ�3URGXNWLRQVIDNWRUHQ�HUP|JOLFKHQ��8QWHU�
QHKPHQ�VLQG�MHGRFK�GXUFK�NRPSOH[H�3URGXNWLRQV��XQG�/RJLVWLNVWUXNWXUHQ�FKDUDNWHULVLHUW��
VRGDVV� YRU� DOOHP�GLH� ]HLWOLFKH�(LQSODQXQJ�GHU�$XIWUlJH�� DOVR�GLH�$EODXISODQXQJ�� HLQH�
JUR�H�+HUDXVIRUGHUXQJ�GDUVWHOOW��'HVKDOE�VHW]HQ�VLH� LPPHU�KlXILJHU�GLH�6LPXODWLRQ�DOV�
:HUN]HXJ� LQ� GHU� 3URGXNWLRQVSODQXQJ� XQG� �VWHXHUXQJ� HLQ�� XP� GLH� .RQVHTXHQ]HQ� GHU�
XQWHUVFKLHGOLFKHQ�$EODXISOlQH�]X�YHUDQVFKDXOLFKHQ�VRZLH�]X�XQWHUVXFKHQ��$XFK�ZHQQ�
GLH� %HZHUWXQJ� GHU� HLQ]HOQHQ� $EODXISOlQH� PLW� GHU� 6LPXODWLRQ� P|JOLFK� LVW�� LVW� HV� EHL�
SUD[LVUHOHYDQWHQ� 3UREOHPJU|�HQ� QDKH]X� XQP|JOLFK�� RKQH� V\VWHPDWLVFKH� 6XFKH� HLQH�
RSWLPDOH� /|VXQJ� E]JO�� HLQHU� RGHU�PHKUHUHU� =LHOIXQNWLRQHQ� ]X� ILQGHQ��+LHUI�U� ZHUGHQ�
2SWLPLHUXQJVPHWKRGHQ�DQJHZDQGW�� GLH�PLW� HLQHP�V\VWHPDWLVFKHQ�6XFKSUR]HVV� I�U� HLQ�
YRUOLHJHQGHV�$EODXISODQXQJVSUREOHP�HLQH�KLQUHLFKHQG�JXWH�/|VXQJ�ILQGHQ�N|QQHQ��'LH�
2SWLPLHUXQJVYHUIDKUHQ�ZHUGHQ�LQ�GLHVHP�=XVDPPHQKDQJ�PLW�GHU�6LPXODWLRQ�JHNRSSHOW��
XP�GLH�YHUVFKLHGHQHQ�/|VXQJVDOWHUQDWLYHQ�PLW�GHU�6LPXODWLRQ�]X�HYDOXLHUHQ��

'DV�=LHO�GLHVHU�$UEHLW� LVW�GLH�(QWZLFNOXQJ�HLQHV�QHXHQ�.RQ]HSWHV�]XU�.RSSOXQJ�HLQHV�
KHXULVWLVFKHQ�2SWLPLHUXQJVYHUIDKUHQV�PLW�GHU�HUHLJQLVGLVNUHWHQ�6LPXODWLRQ�LP�5DKPHQ�
GHU�$EODXISODQXQJ��'LH�GDI�U�HLQJHVHW]WH�+HXULVWLN�VROO�LQ�GHU�/DJH�VHLQ��$EODXISODQXQJV�
SUREOHPH�EHVRQGHUV�VFKQHOO�XQG�LQ�DQJHPHVVHQHU�4XDOLWlW�]X�O|VHQ��,QQHUKDOE�GHV�QHXHQ�
.RQ]HSWHV�VROO�GLH�6LPXODWLRQ�QLFKW�QXU�GLH�=LHOJU|�HQEHUHFKQXQJ��EHUQHKPHQ��VRQGHUQ�
GXUFK�GLH�(QWZLFNOXQJ�HLQHV�QHXHQ�.RSSOXQJVHOHPHQWV�DXFK�LQGLUHNW�DP�/|VXQJVSUR]HVV�
EHWHLOLJW�ZHUGHQ��$XI�GLHVH�:HLVH�VROO�HLQ�RSWLPDOHV�=XVDPPHQZLUNHQ�YRQ�6LPXODWLRQ�
XQG�2SWLPLHUXQJ�HQWVWHKHQ��VRGDVV�GLH�HIIL]LHQWH�XQG�HIIHNWLYH�/|VXQJ�YRQ�JUR�HQ�VRZLH�
VFKZHU�O|VEDUHQ�$EODXISODQXQJVSUREOHPHQ�HUP|JOLFKW�ZLUG����

'LH�$EODXISODQXQJ� LVW� 7HLO� YLHOHU�:LVVHQVFKDIWVEHUHLFKH�� VRGDVV� VLH� ]X�%HJLQQ� GLHVHU�
$UEHLW� QXU� LP� .RQWH[W� GHU� 3URGXNWLRQ� EHWUDFKWHW� ZLUG�� GDPLW� GHUHQ� $XIJDEHQ� XQG�
)XQNWLRQHQ��GLH�I�U�GLHVH�$UEHLW�UHOHYDQW�VLQG��GHXWOLFK�ZHUGHQ��'LH�IROJHQGH�(LQI�KUXQJ�
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JUXQGOHJHQGHU�%HJULIIOLFKNHLWHQ�XQG�1RWDWLRQHQ�HUP|JOLFKW�GLH�.RPSOH[LWlWVEHWUDFKWXQJ�
YRQ�2SWLPLHUXQJVSUREOHPHQ��GLH�LQQHUKDOE�GHU�$EODXISODQXQJ�DXIWUHWHQ��'LH�(UJHEQLVVH�
GLHVHU�%HWUDFKWXQJ�GLHQHQ�]XU�$EOHLWXQJ�YRQ�$QIRUGHUXQJHQ��GLH�DQ�GLH�2SWLPLHUXQJV�
PHWKRGLN�JHVWHOOW�ZHUGHQ��$QVFKOLH�HQG�ZHUGHQ�H[DNWH�VRZLH�KHXULVWLVFKH�2SWLPLHUXQJV�
YHUIDKUHQ�DXI�GLH�(LJQXQJ�]XU�/|VXQJ�YRQ�$EODXISODQXQJVSUREOHPHQ�KLQ�XQWHUVXFKW��'LH�
IROJHQGH� $QDO\VH� GHU� 5HVXOWDWH� ZLFKWLJHU� %HQFKPDUNWHVWV� HUODXEW� VFKOXVVHQGOLFK� GLH�
:DKO�HLQHU�2SWLPLHUXQJVPHWKRGLN��GLH�GLH�$QIRUGHUXQJHQ�HUI�OOW�XQG�VRPLW�LP�ZHLWHUHQ�
9HUODXI�GHU�$UEHLW�PLW�GHU�HUHLJQLVGLVNUHWHQ�6LPXODWLRQ�JHNRSSHOW�ZLUG���

,P�$QVFKOXVV�ZHUGHQ� GLH�(LQVDW]JHELHWH� GHU� 6LPXODWLRQ� LQQHUKDOE� GHU�$EODXISODQXQJ�
EHWUDFKWHW��GDPLW�GHU�9HUZHQGXQJV]ZHFN�GHV�QHXHQ�.RQ]HSWHV�YHUGHXWOLFKW�ZHUGHQ�NDQQ��
'DUDQ� DQNQ�SIHQG� ZHUGHQ� GLH� GHU]HLWLJHQ� .RQ]HSWH� ]XU� VLPXODWLRQVEDVLHUWHQ� 2SWL�
PLHUXQJ�HUOlXWHUW��GDPLW�GLH�)RUVFKXQJVO�FNH��GLH�GXUFK�GDV�QHXH�.RQ]HSW�JHVFKORVVHQ�
ZHUGHQ�VROO��LGHQWLIL]LHUW�ZHUGHQ�NDQQ��0LW�+LOIH�GLHVHU�)RUVFKXQJVO�FNH�ZHUGHQ�VRZRKO�
$QIRUGHUXQJHQ�DQ�GDV�.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��DOV�DXFK�
$QIRUGHUXQJHQ�DQ�GLH�HLQJHVHW]WH�2SWLPLHUXQJVPHWKRGLN��GLH�GXUFK�GLH�.RSSOXQJ�PLW�
GHU� 6LPXODWLRQ� HQWVWHKHQ�� DEJHOHLWHW�� =XQlFKVW� ZLUG� JHSU�IW�� RE� GDV� DXVJHZlKOWH�
2SWLPLHUXQJVYHUIDKUHQ�DXFK�GLHVH�$QIRUGHUXQJHQ�HUI�OOW��1DFKIROJHQG�ZLUG�GDV�LQ�GLHVHU�
$UEHLW�HQWZLFNHOWH�.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ�HUOlXWHUW��'LH�
GHWDLOOLHUWHQ� $XVI�KUXQJHQ� GHV� QHXHQ� .RSSOXQJVHOHPHQWV� VRZLH� GHVVHQ� .HUQ�
NRPSRQHQWHQ� YHUGHXWOLFKHQ� GLH� )XQNWLRQVZHLVH� XQG� %HVRQGHUKHLWHQ� GHV� QHXHQ� .RQ�
]HSWHV�� 'LH� DEVFKOLH�HQGH� 9DOLGLHUXQJ� JLEW� $XIVFKOXVV�� LQZLHZHLW� GLH� LGHQWLIL]LHUWH�
)RUVFKXQJVO�FNH� PLW� GHP� QHXHQ� .RQ]HSW� ]XU� VLPXODWLRQVEDVLHUWHQ� 2SWLPLHUXQJ� YRQ�
$EODXISOlQHQ� JHVFKORVVHQ� ZLUG� XQG� LGHQWLIL]LHUW� P|JOLFKH� 6FKZDFKVWHOOHQ�� GLH� GXUFK�
]XN�QIWLJH�)RUVFKXQJ�JHQDXHU�XQWHUVXFKW�ZHUGHQ�VROOWHQ��



��$EODXISODQXQJ� � ��

��

�

�� $EODXISODQXQJ�
'LH�$EODXISODQXQJ�LVW�*HJHQVWDQG�XQWHUVFKLHGOLFKHU�ZLVVHQVFKDIWOLFKHU�'LV]LSOLQHQ�XQG�
)RUVFKXQJVDNWLYLWlWHQ� ZLH� GHU� 0DWKHPDWLN�� ,QIRUPDWLN�� :LUWVFKDIWVZLVVHQVFKDIW� XQG�
,QJHQLHXUVZLVVHQVFKDIW� �YJO�� .OHPPW�� ������� ,Q� GHU� YRUOLHJHQGHQ� $UEHLW� ZLUG� GLH�
$EODXISODQXQJ�LP�LQJHQLHXUVZLVVHQVFKDIWOLFKHQ�.RQWH[W�EHWUDFKWHW�XQG�LVW�VRPLW�DOV�7HLO�
GHU�3URGXNWLRQ�]X�YHUVWHKHQ���

���� (LQRUGQXQJ�GHU�$EODXISODQXQJ�LQ�GHQ�.RQWH[W�GHU�
3URGXNWLRQ�

'HU� %HJULII� 3URGXNWLRQ�� LP� :HLWHUHQ� DXFK� DOV� 3URGXNWLRQVSUR]HVV� XQG� 7KURXJKSXW�
EH]HLFKQHW��EHVFKUHLEW�GLH�Ä.RPELQDWLRQ�XQG�7UDQVIRUPDWLRQ�YRQ�3URGXNWLRQVIDNWRUHQ�
]XP�=ZHFNH�GHU�(UVWHOOXQJ�YRQ�6DFK��XQG�RGHU�'LHQVWOHLVWXQJHQ³��=lSIHO��������6������
'LH� I�U� GHQ� 3URGXNWLRQVSUR]HVV� QRWZHQGLJHQ� )DNWRUHQ� UHSUlVHQWLHUHQ� GHQ� ,QSXW� �YJO��
'RPVFKNH�HW�DO���������XQG�ODVVHQ�VLFK�QDFK�*XWHQEHUJ��������ZLH�IROJW�NODVVLIL]LHUHQ��

x� 0HQVFKOLFKH�$UEHLWVNUDIW�
x� %HWULHEVPLWWHO�
x� :HUNVWRIIH�

'LH�GXUFK�GHQ�7KURXJKSXW�KHUJHVWHOOWHQ�3URGXNWH�ZHUGHQ�LQ�PDWHULHOOH�XQG�LPPDWHULHOOH�
*�WHU�GLIIHUHQ]LHUW��YJO��'RPVFKNH�HW�DO���������XQG�DOV�2XWSXW�EH]HLFKQHW��YJO��+RLWVFK��
�������$EELOGXQJ���VWHOOW�GHQ�6DFKYHUKDOW�]ZLVFKHQ�,QSXW��7KURXJKSXW�XQG�2XWSXW�GDU���

�
$EELOGXQJ����,QSXW��7KURXJKSXW�XQG�2XWSXW��'RPVFKNH�HW�DO���������

:HUGHQ�GHU� ,QSXW��7KURXJKSXW�XQG�2XWSXW�DJJUHJLHUW�� HQWVWHKW�GDV�3URGXNWLRQVV\VWHP�
�YJO��=lSIHO�� �������'DV�3URGXNWLRQVV\VWHP� LVW� HLQ�6XEV\VWHP�GHU�8QWHUQHKPXQJ�XQG�
VWHKW�LQQHUKDOE�GHV�*HVDPWV\VWHPV�8QWHUQHKPXQJ�PLW�DQGHUHQ�6XEV\VWHPHQ�VRZLH�GHUHQ�
8PZHOW�LQ�9HUELQGXQJ��YJO��6FKZDUW]���������

������ 0DQDJHPHQWHEHQHQ�LQ�GHU�3URGXNWLRQ�
'DV�0DQDJHPHQW�GHV�3URGXNWLRQVV\VWHPV�XPIDVVW�VlPWOLFKH�3ODQXQJV���6WHXHUXQJV��XQG�
hEHUZDFKXQJVDXIJDEHQ��YJO��+DQVPDQQ���������'LHVH�$XIJDEHQ�VLQG�GLH�.HUQHOHPHQWH�
GHV� 3URGXNWLRQVPDQDJHPHQWV� XQG� HQWVSUHFKHQG� LKUHU� ]HLWOLFKHQ� 5HLFKZHLWH�
�V��$EELOGXQJ����ODVVHQ�VLH�VLFK�GHQ�IROJHQGHQ�GUHL�KLHUDUFKLVFKHQ�(EHQHQ�]XRUGQHQ��YJO��
=lSIHO���������

�

,QSXW 2XWSXW
7KURXJKSXW
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��� 6WUDWHJLVFKHV�3URGXNWLRQVPDQDJHPHQW�
��� 7DNWLVFKHV�3URGXNWLRQVPDQDJHPHQW�
��� 2SHUDWLYHV�3URGXNWLRQVPDQDJHPHQW�

�
$EELOGXQJ����=HLWOLFKH�5HLFKZHLWH�GHU�0DQDJHPHQWHEHQHQ��'RPVFKNH�HW�DO���������

'DV�VWUDWHJLVFKH�3URGXNWLRQVPDQDJHPHQW�OHLWHW�DXV�GHQ��EHUJHRUGQHWHQ�8QWHUQHKPHQV�
]LHOHQ��]�%��PLW�ZHOFKHQ�3URGXNWHQ�DXI�ZHOFKHQ�0lUNWHQ��GDV�ODQJIULVWLJH�3URGXNWLRQV�
SURJUDPP�DE��YJO��$FNHU��������XQG�EHVWLPPW�GLH�KLHUI�U�QRWZHQGLJHQ�5HVVRXUFHQ��YJO��
.HUQ�� ������� ,P� 0LWWHOSXQNW� VWHKHQ� GHU� (UKDOW� XQG� $XIEDX� HLQHV� OHLVWXQJV�� XQG�
ZHWWEHZHUEVIlKLJHQ�3URGXNWLRQVV\VWHPV��YJO��+RLWVFK���������

'DV� WDNWLVFKH�3URGXNWLRQVPDQDJHPHQW� LQLWLLHUW�GLH�HUIRUGHUOLFKHQ�0D�QDKPHQ��XP�GLH�
9RUJDEHQ� XQG� =LHOH� GHV� VWUDWHJLVFKHQ� 3URGXNWLRQVPDQDJHPHQW� XP]XVHW]HQ� �YJO��
6FKZDUW]�� �������+LHU]X� ]lKOHQ� 3URJUDPPHQWVFKHLGXQJHQ�� GLH�$XVZLUNXQJHQ� DXI� GDV�
3URGXNWSRUWIROLR�KDEHQ��VRZLH�$XVVWDWWXQJVHQWVFKHLGXQJHQ��GLH�GDV�3URGXNWLRQVV\VWHP�
DQ�GLH�8QWHUQHKPHQVXPZHOW�DQSDVVHQ��YJO��=lSIHO���������

'DV� RSHUDWLYH� 3URGXNWLRQVPDQDJHPHQW�PXVV� HLQH� HIIHNWLYH� XQG� HIIL]LHQWH� 3URGXNWLRQ�
XQWHU�GHQ�JHWURIIHQHQ�(QWVFKHLGXQJHQ�GHV�VWUDWHJLVFKHQ�XQG�WDNWLVFKHQ�3URGXNWLRQVPD�
QDJHPHQWV�GXUFK�ODXIHQGH�$QSDVVXQJVHQWVFKHLGXQJHQ�JHZlKUOHLVWHQ��YJO��=lSIHO���������
=X� GHQ� .HUQDXIJDEHQ� GHV� RSHUDWLYHQ� 3URGXNWLRQVPDQDJHPHQWV� ]lKOHQ� VRPLW� �YJO��
'RPVFKNH�HW�DO����������

��� 3URGXNWLRQVSURJUDPPSODQXQJ��
��� %HUHLWVWHOOXQJVSODQXQJ��
��� 3URGXNWLRQVSUR]HVVSODQXQJ�

'LH� GUHL� +DXSWDXIJDEHQ� GHV� RSHUDWLYHQ� 3URGXNWLRQVPDQDJHPHQWV� UHSUlVHQWLHUHQ� LP�
$OOJHPHLQHQ�GLH�ZHVHQWOLFKHQ�(OHPHQWH�GHU�3URGXNWLRQVSODQXQJ��YJO��$GDP���������

6WUDWHJLVFKHV�3URGXNWLRQVPDQDJHPHQW
��������-DKUH�

7DNWLVFKHV�3URGXNWLRQVPDQDJHPHQW
���������-DKUH�

2SHUDWLYHV�3URGXNWLRQVPDQDJHPHQW
�NXU]IULVWLJ�

3ODQXQJV�
]HLWSXQNW

=HLW
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������ 3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ��
'LH�HLQ]HOQHQ�$XIJDEHQ�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�P�VVHQ�FKURQRORJLVFK�
XQG� LP�'HWDLO�EHWUDFKWHW�ZHUGHQ��GDPLW�GLH�5ROOH�XQG�)XQNWLRQ�GHU�$EODXISODQXQJ� LP�
.RQWH[W�GHU�3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�VNL]]LHUW�ZHUGHQ�NDQQ��V��$EELOGXQJ�����

�
$EELOGXQJ����3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ��QDFK�6FKZDUW]�������X��'RPVFKNH�HW�DO���������

,Q� GHU� 3URGXNWLRQVSURJUDPPSODQXQJ�ZLUG� GLH�$UW� XQG�0HQJH� GHU� ]X� SURGX]LHUHQGHQ�
*�WHU�I�U�HLQHQ�GHILQLHUWHQ�3ODQXQJV]HLWUDXP�PLW�+LOIH�YRQ�$EVDW]SURJQRVHQ�XQG�RGHU�
.XQGHQDXIWUlJHQ�GHWHUPLQLHUW��YJO��=lSIHO��������6FKHHU���������$QKDQG�GHU�0HQJH�GHU�
]X� SURGX]LHUHQGHQ� *�WHU� ZHUGHQ� LP� 5DKPHQ� GHU� %HUHLWVWHOOXQJVSODQXQJ� GLH� I�U� GLH�
3URGXNWLRQ�EHQ|WLJWHQ�3URGXNWLRQVIDNWRUHQ�KLQVLFKWOLFK�4XDOLWlW��4XDQWLWlW�XQG�%HUHLW�
VWHOOXQJV]HLWSXQNW�HUPLWWHOW��YJO��'RPVFKNH�HW�DO����������'LH�3URGXNWLRQVSUR]HVVSODQXQJ�
GLHQW�]XU�]HLWOLFKHQ�XQG�UlXPOLFKHQ�.RRUGLQDWLRQ�GHV�)HUWLJXQJVSUR]HVVHV��DEHU�DXFK�]XU�

���/RVJU|�HQSODQXQJ
���'XUFKODXIWHUPLQLHUXQJ
���.DSD]LWlWVWHUPLQLHUXQJ

6ROO��,VW�
$EZHLFKXQJ

$XIWUDJVIUHLJDEH

3URGXNWLRQVSURJUDPP�
SODQXQJ

%HUHLWVWHOOXQJV�
SODQXQJ

3URGXNWLRQVSUR]HVV�
SODQXQJ

$EODXISODQXQJ

.RQWUROOH

3U
RG
XN
WLR

QV
SO
DQ
XQ
J
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6WHXHUXQJ� GHU�3URGXNWLRQ� XQG� OlVVW� VLFK� LQ� /RVJU|�HQSODQXQJ��'XUFKODXI�� XQG�.DSD�
]LWlWVWHUPLQLHUXQJ�XQWHUJOLHGHUQ��YJO��'RPVFKNH�HW�DO����������,QQHUKDOE�GHU�/RVJU|�HQ�
SODQXQJ� ZHUGHQ� NRVWHQRSWLPDOH� /RVJU|�HQ� XQG� GHUHQ� ]HLWOLFKH� 9HUWHLOXQJ� LQQHUKDOE�
HLQHV� 3URGXNWLRQV]HLWUDXPHV� JHVXFKW� �YJO�� 'RPVFKNH� HW� DO��� ������� 'LH� 'XUFKODXI�
WHUPLQLHUXQJ�HUPLWWHOW�XQWHU�%HDFKWXQJ�GHU�WHFKQRORJLVFKHQ�%HDUEHLWXQJVUHLKHQIROJH�GHU�
$XIWUlJH�� DEHU�XQWHU�9HUQDFKOlVVLJXQJ�GHU�EHVWHKHQGHQ�.DSD]LWlWHQ��GLH�JUREHQ�6WDUW��
XQG� (QGWHUPLQH� I�U� GLH� $UEHLWVYRUJlQJH� �YJO�� 6FKZDUW]�� ������� ,P� 9HUODXI� GHU�
.DSD]LWlWVWHUPLQLHUXQJ� ZLUG� GHU� ]XU� $XIWUDJVUHDOLVLHUXQJ� EHQ|WLJWH� .DSD]LWlWVEHGDUI�
GHP�YHUI�JEDUHQ�.DSD]LWlWVEHVWDQG�JHJHQ�EHUJHVWHOOW�XQG� LP�)DOOH�HLQHU�$EZHLFKXQJ�
HLQ�.DSD]LWlWVDEJOHLFK�GXUFKJHI�KUW��YJO��'RPVFKNH�HW�DO����������$QVFKOLH�HQG�ZHUGHQ�
GLH�$XIWUlJH�]XU�3URGXNWLRQ�IUHLJHJHEHQ�XQG�GLH�3URGXNWLRQVSODQXQJ�LVW�DEJHVFKORVVHQ��
'HU�0RPHQW� GHU� $XIWUDJVIUHLJDEH� NHQQ]HLFKQHW� GHQ� hEHUJDQJ� YRQ� GHU� 3URGXNWLRQV�
SODQXQJ�]XU�3URGXNWLRQVVWHXHUXQJ��YJO��6FKZDUW]���������,P�5DKPHQ�GHU�QDFKIROJHQGHQ�
$EODXISODQXQJ�ZHUGHQ�GLH�$XIWUDJVUHLKHQIROJHQ�I�U�GLH�HLQ]HOQHQ�5HVVRXUFHQ�EHVWLPPW�
XQG� GLH� HLQ]HOQHQ� $UEHLWVYRUJlQJH� GHU� $XIWUlJH� ]HLWOLFK� GHWDLOOLHUW� HLQJHSODQW� �YJO��
6FKZDUW]�� ������� :lKUHQG� GHU� )HUWLJXQJ� ZHUGHQ� GLH� JHSODQWHQ� 6ROO�'DWHQ� PLW� GHQ�
)HUWLJXQJV�,VW�'DWHQ�DEJHJOLFKHQ��YJO��=lSIHO���������/LHJW�HLQH�$EZHLFKXQJ�DX�HUKDOE�
GHV�7ROHUDQ]EHUHLFKHV�YRU��ZHUGHQ�HQWVSUHFKHQGH�0D�QDKPHQ�ZLH�]�%��GLH�bQGHUXQJ�
GHV�$EODXISODQV�HLQJHOHLWHW���

���� 'HILQLWLRQ�$EODXISODQXQJ�
'LH�$EODXISODQXQJ�LVW�HLQH�GHWDLOOLHUWH�]HLWOLFKH�XQG�UlXPOLFKH�3ODQXQJ�YRQ�3URGXNWLRQV�
SUR]HVVHQ� �YJO�� $GDP�� ������ 6HHOEDFK�� ������ *XWHQEHUJ�� ������ XQG� NDQQ� LQ� GUHL�
3ODQXQJVVFKULWWH�JHJOLHGHUW�ZHUGHQ��YJO��=HOHZVNL�HW�DO����������

��� %HDUEHLWXQJVSODQXQJ�

,P�5DKPHQ�GHU�%HDUEHLWXQJVSODQXQJ�ZHUGHQ�0DVFKLQHQIROJHQ� I�U� GLH� HLQ]HOQHQ�3UR�
GXNWH�HUVWHOOW��LQGHP�MHGHU�HLQ]HOQH�%HDUEHLWXQJVVFKULWW�HLQHV�$XIWUDJHV�HLQHU�EHVWLPPWHQ�
0DVFKLQH� ]XJHRUGQHW�ZLUG� �YJO��$FNHU�� ������� 'LHVH�0DVFKLQHQIROJH� LVW�PHLVW� GHWHU�
PLQLHUW�XQG�NDQQ�QLFKW�EHHLQIOXVVW�ZHUGHQ��YJO��6FKZDUW]���������

��� 5HLKHQIROJHSODQXQJ�

'DV� ]HQWUDOH� (OHPHQW� GHU� $EODXISODQXQJ� LVW� GLH� 5HLKHQIROJHSODQXQJ�� +LHU� ZLUG� GLH�
5HLKHQIROJH�GHU�]X�EHDUEHLWHQGHQ�$XIWUlJH�I�U� MHGH�HLQ]HOQH�0DVFKLQH�EHVWLPPW��YJO��
$FNHU���������'LH�$XIWUDJVIROJH�UHSUlVHQWLHUW�GDV�(UJHEQLV�GHU�5HLKHQIROJHSODQXQJ��YJO��
6FKZDUW]���������

�

�
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��� 7HUPLQSODQXQJ�

,P� OHW]WHQ� 6FKULWW� ZHUGHQ� GHQ� HLQ]HOQHQ� $UEHLWVYRUJlQJHQ� GHU� $XIWUlJH� VRZLH� GHQ�
$XIWUlJHQ� DOV�*DQ]HV� IU�KHVWP|JOLFKH� XQG� GLH� VSlWHVW� ]XOlVVLJHQ� 6WDUW�� XQG� (QG]HLW�
SXQNWH�]XJHRUGQHW��YJO��=lSIHO���������

'DV� (UJHEQLV� GHU� $EODXISODQXQJ� LVW� HLQ� QDFK� EHVWLPPWHQ� =LHOIXQNWLRQHQ� KLQUHLFKHQG�
RSWLPDOHU�0DVFKLQHQEHOHJXQJVSODQ�PLW�HLQHU�]HLWOLFKHQ�5HLFKZHLWH�YRQ���ELV����7DJHQ��
GHU�HLQ�YRUKHU�GHILQLHUWHV�$EODXISODQXQJVSUREOHP�O|VW��YJO��.HUQ���������

���� 'HILQLWLRQ�$EODXISODQXQJVSUREOHP�
(LQ�$EODXISODQXQJVSUREOHP�LVW�ÄHLQ�GXUFK�HLQ�7ULSHOߙ�ȁߚȁߛ�GDUJHVWHOOWHV�2SWLPLHUXQJV�
SUREOHP�� EHL� GHP�HLQH�=XWHLOXQJ�YRQ³� �-DHKQ� XQG�3HVFK�� ������ 6�� ����݊� -REVܬ�௜�ሺ݅ ൌ
ͳǡ ǥ ǡ ݊ሻ� ]X�݉� 0DVFKLQHQܯ�௝�ሺ݆ ൌ ͳǡǥ ǡ݉ሻ� I�U� HLQ� EHVWLPPWHV� =HLWLQWHUYDOO� HUPLWWHOW�
ZHUGHQ� PXVV� �YJO�� *UDKDP� HW� DO��� ������ %UXFNHU�� ������� 'DV� (UJHEQLV� LVW� HLQ� QDFK�
EHVWLPPWHQ�.ULWHULHQ� ]XOlVVLJHU�$EODXISODQ� �HQJO�� VFKHGXOH��� GHU� DOV�*DQWW�'LDJUDPP�
GDUJHVWHOOW�ZHUGHQ�NDQQ��'LHVHV�NDQQ�VRZRKO�PDVFKLQHQ��DOV�DXFK�MRERULHQWLHUW�VHLQ��YJO��
%UXFNHU���������-HGHU�-REܬ�௜�ZLUG�GDEHL�GXUFK�IROJHQGH�9DULDEOHQ��V��7DEHOOH����JHQDX�
VSH]LIL]LHUW��YJO��3LQHGR���������

7DEHOOH����hEHUVLFKW�-REYDULDEOHQ�

%H]HLFKQXQJ� %HGHXWXQJ�

݉௜� $Q]DKO�GHU�$UEHLWVVFKULWWH�YRQܬ�௜��

௜௝݌ ��HQJO��SURFHVVLQJ�WLPH�� %HDUEHLWXQJV]HLW�YRQܬ�௜�DXIܯ�௝�

��HQJO��UHOHDVH�GDWH��௜ݎ $XIWUDJVIUHLJDEHWHUPLQ� YRQ� ��௜ܬ G�K�� IU�KHVWP|JOLFKHU�=HLWSXQNW�
]XU�(LQSODQXQJ�YRQܬ�௜�

݀௜��HQJO��GXH�GDWH�� /LHIHUWHUPLQ�YRQܬ�௜��G�K��=HLWSXQNW��DQ�GHPܬ�௜�IHUWLJJHVWHOOW�VHLQ�
VROOWH�

௜ݓ ��HQJO��ZHLJKW�� *HZLFKWXQJ�YRQܬ�௜��]�%��:HUWLJNHLW��.RVWHQ��3ULRULWlW��YJO��-DHKQ�
XQG�3HVFK��������

�

'LH� YRQ�*UDKDP� HW� DO�� ������� HLQJHI�KUWH�'UHLIHOGQRWDWLRQ� HUP|JOLFKW� HV��$EODXISOD�
QXQJVSUREOHPH�QDFK�LKUHU�0DVFKLQHQXPJHEXQJߙ���GHQ�$EODXI��XQG�1HEHQEHGLQJXQJHQ�
���������YJO��-DHKQ�XQG�3HVFK��X�NODVVLIL]LHUHQ[�ߛ��VRZLH�GHU�DQJHVWUHEWHQ�=LHOIXQNWLRQߚ
'LH�%DVLV� I�U� GLH� QDFKIROJHQGHQ�$XVI�KUXQJHQ� ELOGHW� GDV� 6FKHPD� YRQ�*UDKDP�HW� DO��
���������
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������ .ODVVLILNDWLRQ�QDFK�0DVFKLQHQXPJHEXQJ�
'DV�HUVWH�)HOG�GHU�1RWDWLRQ�ZLUG�GXUFKߙ� ൌ �ଶ�VSH]LIL]LHUW��'LH�0DVFKLQHQXPJHEXQJߙଵߙ
ZLUG� GXUFK� �ଵߙ XQG� GLH� 0DVFKLQHQDQ]DKO� GXUFK� �ଶߙ EHVFKULHEHQ�� ,VW� ଵߙ א ሼ׎ǡܲǡ ܳǡ ܴሽ�
EHVWHKHQ�DOOH�-REVܬ�௜�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ�DXV�QXU�HLQHP�$UEHLWVVFKULWW��GHU�DXI�MHGHU�0DVFKLQH�
௝�ሺ݆ܯ ൌ ͳǡǥ ǡ݉ሻ�PLW�GHU�%HDUEHLWXQJV]HLW݌�௜௝�GXUFKJHI�KUW�ZHUGHQ�NDQQ��

ଵߙ ൌ �ଵ�VWHKW�]XU�%HDUEHLWXQJ�DOOHU�$XIWUlJH�]XU�9HUI�JXQJ��'LHܯ���QXU�HLQH�0DVFKLQH׎
%HDUEHLWXQJV]HLW�LVW݌�௜ଵ ൌ ��௜݌

ଵߙ ൌ ܲ�� LGHQWLVFKH�SDUDOOHOH�0DVFKLQHQ�VWHKHQ�]XU�9HUI�JXQJ�XQG�N|QQHQ�JOHLFK]HLWLJ�
HLQJHVHW]W�ZHUGHQ��'LH�%HDUEHLWXQJV]HLW�LVW݌�௜௝ ൌ ௜�I�U�݆݌ ൌ ͳǡǥ ǡ݉ሻ��

ଵߙ ൌ ܳ��XQLIRUPH�SDUDOOHOH�0DVFKLQHQ�PLW�LQGLYLGXHOOHQ�%HDUEHLWXQJV]HLWHQ�VWHKHQ�]XU�
9HUI�JXQJ� XQG� N|QQHQ� JOHLFK]HLWLJ� HLQJHVHW]W�ZHUGHQ��'LH�%HDUEHLWXQJV]HLW� LVW݌�௜௝ ൌ
௜݌ ௝Τݒ ��ZREHLݒ�௝ �GLH�%HDUEHLWXQJVJHVFKZLQGLJNHLW�GHU�0DVFKLQHܯ�௝�I�U�ሺ݆ ൌ ͳǡ ǥ ǡ݉ሻ�LVW�
�YJO��3LQHGR���������

ଵߙ ൌ ܴ��KHWHURJHQH�SDUDOOHOH�0DVFKLQHQ�VWHKHQ�]XU�9HUI�JXQJ�XQG�N|QQHQ�JOHLFK]HLWLJ�
HLQJHVHW]W� ZHUGHQ�� 'LH� %HDUEHLWXQJV]HLW� LVW� ௜௝݌ ൌ ௜݌ ௜௝Τݒ �� 'LH� %HDUEHLWXQJVJHVFKZLQ�
GLJNHLWݒ�௜௝�LVW�VRZRKO�PDVFKLQHQ��DOV�DXFK�MREDEKlQJLJ��YJO��3LQHGR��������'RPVFKNH�HW�
DO����������

%HVWHKHQ� GLH� HLQ]HOQHQ� -REV� DXV� PHKUHUHQ� $UEHLWVVFKULWWHQ�� GLH� DXI� YHUVFKLHGHQHQ�
0DVFKLQHQ�DXVJHI�KUW�ZHUGHQ�P�VVHQ��LVWߙ�ଵ א ሼܱǡ ǡܨ �����YJO��'RPVFKNH�HW�DO��ሽܬ�����

ଵߙ ൌ ܱ��2SHQ�6KRS���-HGHU�$XIWUDJܬ�௜�I�U�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ�PXVV�MHGH�0DVFKLQHܯ�௝�I�U�ሺ݆ ൌ
ͳǡ ǥ ǡ݉ሻ�JHQDX�HLQPDO�GXUFKODXIHQ��(V�H[LVWLHUW�NHLQH�YRUJHJHEHQH�5HLKHQIROJH��LQ�GHU�
GLH�-REV�DXI�GHQ�0DVFKLQHQ�EHDUEHLWHW�ZHUGHQ�P�VVHQ��YJO��3LQHGR����������

ଵߙ ൌ ��ܨ �)ORZ�6KRS��� -HGHU�$XIWUDJ� �௜ܬ I�U�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ� GXUFKOlXIW� MHGH�0DVFKLQHܯ�௝�
I�U� ሺ݆ ൌ ͳǡ ǥ ǡ݉ሻ� JHQDX� HLQPDO�� $OOH� $XIWUlJH� KDEHQ� GLH� JOHLFKH� 5HLKHQIROJH� �YJO��
3LQHGR��������XQG�GLHVH�HQWVSULFKW�GHU�0DVFKLQHQIROJH�ሺܯଵǡܯଶǡǥ ǡܯ௠ሻ��YJO��'RPVFKNH�
HW�DO����������

ଵߙ ൌ ��RE�6KRS-���ܬ�-HGHU�$XIWUDJܬ�௜�I�U�ሺ݅ ൌ ͳǡ ǥ ǡ ݊ሻ�GXUFKOlXIW�GLH�0DVFKLQHQ�LQ�HLQHU�
LQGLYLGXHOO� IHVWJHOHJWHQ� 5HLKHQIROJH� �YJO�� 3LQHGR�� ������� $XIWUlJH� N|QQHQ� HLQ]HOQH�
0DVFKLQHQ�DXVODVVHQ�� DEHU� DXFK�PHKUIDFK�DXI� HLQHU�0DVFKLQH�EHDUEHLWHW�ZHUGHQ� �YJO��
'RPVFKNH�HW�DO���������3LQHGR���������

������ .ODVVLILNDWLRQ�QDFK�$EODXIHLJHQVFKDIWHQ�XQG�1HEHQEHGLQJXQJHQ�
'DV�]ZHLWH�)HOG�GHV�7ULSHOV�NODVVLIL]LHUW�GLH�(LJHQVFKDIWHQ�XQG�1HEHQEHGLQJXQJHQ�GHU�
-REV�� I�U� GLH� HLQ�$EODXISODQ� HU]HXJW�ZHUGHQ� VROO��*UDKDP�HW� DO�� ������� VFKODJHQ� HLQH�



��$EODXISODQXQJ� � ��

��

�

6FKUHLEZHLVH� PLW� VHFKV� .RPSRQHQWHQ� ሺߚଵǡǥ ǡ �଺ሻߚ YRU�� XP� GLH� $XIWUDJVHLJHQVFKDIWHQ�
E]Z��$EODXIFKDUDNWHULVWLND� ]X� VSH]LIL]LHUHQ�� ,Q� GHU� /LWHUDWXU� H[LVWLHUHQ� QRFK� XPIDQJ�
UHLFKHUH�$XVI�KUXQJHQ��GLHVH�VROOHQ�DEHU�DQ�GLHVHU�6WHOOH�XQEHDFKWHW�EOHLEHQ��GD�QXU�HLQ�
NXU]HU�hEHUEOLFN��EHU�P|JOLFKH�-REVSH]LILNDWLRQHQ�JHJHEHQ�ZHUGHQ�VROO��

ଵߚ א ሼݐ݊݉݌ǡ �ሽ׎

��HQJO��SUHHPSWLRQ��ݐ݊݉݌�'LH�%HDUEHLWXQJ�GHU�$XIWUlJH�GDUI�XQWHUEURFKHQ�XQG�]X�HLQHP�
VSlWHUHQ� =HLWSXQNW� �JJI�� DXI� HLQHU� DQGHUHQ�0DVFKLQH��ZLHGHU� IRUWJHVHW]W�ZHUGHQ� �YJO��
'RPVFKNH�HW�DO����������

�׎�'LH�%HDUEHLWXQJ�GHU�$XIWUlJH�GDUI�DXI�NHLQHU�0DVFKLQH�XQWHUEURFKHQ�ZHUGHQ��:DUWH�
]HLWHQ�]ZLVFKHQ�]ZHL�$UEHLWVVFKULWWHQ�KLQJHJHQ�VLQG�HUODXEW���

ଶߚ א ሼݏ݁ݎǡ ͳǡݏ݁ݎ �ሽ׎

��HQJO��UHVVRXUFH��ݏ݁ݎ�'LH�]XU�9HUI�JXQJ�VWHKHQGHQ�5ݏ�HVVRXUFHQ�ܴ௛�I�U�ሺ݄ ൌ ͳǡǥ ǡ �ሻݏ
VLQG�EHVFKUlQNW��(V�ZLUG�DQJHQRPPHQ��GDVV�MHGHU�-REܬ�௜�I�U�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ�HLQHQ�7HLOݎ�௛௜�
YRQ�ܴ௛�I�U�ሺ݄ ൌ ͳǡǥ ǡ ���ሻ�ZlKUHQG�GHU�%HDUEHLWXQJ�EHDQVSUXFKWݏ

�ͳݏ݁ݎ�(V�H[LVWLHUW�QXU�HLQH�5HVVRXUFH�]XU�%HDUEHLWXQJ��

�׎�(V�H[LVWLHUHQ�NHLQH�5HVVRXUFHQEHVFKUlQNXQJHQ��

ଷߚ א ሼܿ݁ݎ݌ǡ �ሽ׎

�ܿ݁ݎ݌ �HQJO�� SUHFHGHQFH� UHODWLRQV��� =ZLVFKHQ� GHQ� -REV� �௜ܬ I�U� ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ� EHVWHKHQ�
5HLKHQIROJHEH]LHKXQJHQ�� GLH� LQ� )RUP� HLQHV� JHULFKWHWHQ� D]\NOLVFKHQ� *UDSKHQ� � UHSUl�
VHQWLHUW�ZHUGHQ��(QWKlOW�GHU�*UDSK�]�%��HLQHQ�:HJ�YRQܬ�ଵ�QDFKܬ�ଶ��GDQQ�PXVVܬ�ଵ�EHHQGHW�
VHLQ��EHYRU�GLH�%HDUEHLWXQJ�YRQܬ�ଶ�EHJLQQHQ�GDUI��

�׎�(V�H[LVWLHUHQ�NHLQH�5HLKHQIROJHEH]LHKXQJHQ��

ସߚ א ሼݎ௜ǡ �ሽ׎

�௜ݎ�'HU�-REܬ�௜�I�U�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ�EHVLW]W�HLQHQ�LQGLYLGXHOOHQ�$XIWUDJVIUHLJDEHWHUPLQ��VRGDVV�
YRU�=HLWSXQNWݎ�௜�GLH�%HDUEHLWXQJ�GHV�-REVܬ�௜�QLFKW�EHJRQQHQ�ZHUGHQ�GDUI��

�׎�(V�ZLUG�DQJHQRPPHQ��GDVVݎ�௜ �ൌ �Ͳ�LVW��

ହߚ א ሼ݉௜ ൑ ݉௨ǡ �ሽ׎

݉௜ ൑ ݉௨��)�U�GHQ�)DOO��GDVV�Į�� ܬ���NDQQ�I�U�GLH�-REVܬ�௜�I�U�ሺ݅ ൌ ͳǡ ǥ ǡ ݊ሻ�HLQH�PD[LPDOH�
$Q]DKO�DQ�$UEHLWVVFKULWWHQ�݉௨�IHVWJHOHJW�ZHUGHQ��

�׎�'LH�$Q]DKO�GHU�$UEHLWVVFKULWWH�I�U�DOOH�-REVܬ�௜�I�U�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ�LVW�EHOLHELJ���

� �
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଺ߚ א ሼ݌௜௝ ൌ ǡ݌ ௟݌ ൑ ௜௝݌ ൑ ௨ǡ݌ �ሽ׎

௜௝݌ ൌ �݌�$OOH�$UEHLWVVFKULWWH� GHU�$XIWUlJH� �௜ܬ I�U� ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ� KDEHQ� HLQH� HLQKHLWOLFKH�
%HDUEHLWXQJV]HLW݌����

௟݌ ൑ ௜௝݌ ൑ �௨݌�'LH�%HDUEHLWXQJV]HLWHQ�GHU�$XIWUlJHܬ�௜�I�U�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ�VLQG�EHVFKUlQNW�
XQG�P�VVHQ�]ZLVFKHQ�GHU�PLQLPDOHQ݌�௟�XQG�PD[LPDOHQ�%HDUEHLWXQJV]HLW݌�௨�OLHJHQ���

�׎�)�U�DOOH�$XIWUlJHܬ�௜�I�U�ሺ݅ ൌ ͳǡǥ ǡ ݊ሻ�VLQG�EHOLHELJH�%HDUEHLWXQJV]HLWHQ�]XJHODVVHQ��

������ .ODVVLILNDWLRQ�QDFK�=LHOIXQNWLRQ�
,P�5DKPHQ�GHU�$EODXISODQXQJ�ZHUGHQ�]XOlVVLJH�0DVFKLQHQEHOHJXQJVSOlQH�JHVXFKW��GLH�
VRZRKO� GLH� GHWHUPLQLHUWH�0DVFKLQHQIROJH� DOV� DXFK�ZHLWHUH� LQ�)RUP� YRQ�$EODXIHLJHQ�
VFKDIWHQ�XQG�1HEHQEHGLQJXQJHQ�EHVFKULHEHQH�5HVWULNWLRQHQ��]�%��$XIWUDJVIUHLJDEH]HLW�
SXQNWH��HLQKDOWHQ��YJO��$FNHU���������(V�LVW�DOOHUGLQJV�QLFKW�DXVUHLFKHQG��HLQ�$EODXISOD�
QXQJVSUREOHP�PLW�HLQHP�ÄQXU³�]XOlVVLJHQ�0DVFKLQHQEHOHJXQJVSODQ�]X�O|VHQ��YLHOPHKU�
PXVV�GHU�)RNXV�EHL�GHU�$EODXISODQXQJ�DXI�GLH�2SWLPLHUXQJ�JHZLVVHU�=LHOJU|�HQ�JHOHJW�
ZHUGHQ��YJO��.OHPPW���������1DFK�'RPVFKNH�HW�DO���������ODVVHQ�VLFK�GLHVH�=LHOJU|�HQ�
LQ�IROJHQGH�.DWHJRULHQ�HLQWHLOHQ��

x� 'XUFKODXI]HLWEH]RJHQH�=LHOH�
x� .DSD]LWlWVRULHQWLHUWH�=LHOH��
x� 7HUPLQRULHQWLHUWH�=LHOH��

'XUFKODXI]HLWEH]RJHQH�=LHOH�KDEHQ�SRVLWLYHQ�(LQIOXVV�DXI�GLH�DEODXIEHGLQJWHQ�.RVWHQ��
.�U]HUH�'XUFKODXI]HLWHQ�UHGX]LHUHQ�GLH�.DSLWDOELQGXQJVNRVWHQ�GHU�$XIWUlJH�XQG�HUP|J�
OLFKHQ�HLQH�$EQDKPH�GHU�/DJHUXQJV]HLW�GHU�=ZLVFKHQSURGXNWH��ZDV�HLQH�5HGXNWLRQ�GHU�
/DJHUKDOWXQJVNRVWHQ�QDFK�VLFK�]LHKW��YJO��6FKZDUW]��������6HHOEDFK��������$FNHU���������
'HV�:HLWHUHQ�ZHUGHQ�GXUFK�NXU]H�'XUFKODXI]HLWHQ�(UO|VH�IU�KHU�HU]LHOW��YJO��+DQVPDQQ��
�������6FKQHOOH�3URGXNWLRQVDEOlXIH�KDEHQ�QLFKW�QXU�SRVLWLYH�.RVWHQZLUNXQJHQ��VRQGHUQ�
DXFK� :HWWEHZHUEVYRUWHLOH�� .�U]HUH� 'XUFKODXI]HLWHQ� HUODXEHQ� GHQ� 8QWHUQHKPHQ� DXI�
bQGHUXQJHQ�GHU�1DFKIUDJH�EHVVHU�UHDJLHUHQ�]X�N|QQHQ��YJO��+RLWVFK���������

'LH�'XUFKODXI]HLWܦ�௜�EDVLHUW�DXI�GHP�$XIWUDJVIUHLJDEHWHUPLQݎ�௜�XQG�GHP�=HLWSXQNW�GHU�
$XIWUDJVIHUWLJVWHOOXQJܥ�௜��

� ௜ܦ ൌ ௜ܥ െ ௜ݎ�௜��I�Uݎ ൌ Ͳ�௜ܦ� ൌ �௜ܥ ������

'LH�:DUWH]HLW� ௜ܹ௝�JLEW�GLH�=HLW�DQ��GLH�$XIWUDJܬ�௜�YRU�0DVFKLQHܯ�௝�ZDUWHW��ZlKUHQG� ௜ܹ�
GLH�JHVDPWH�:DUWH]HLW�YRQ�$XIWUDJܬ�௜�DQJLEW��

� ௜ܹ ൌ σ ௜ܹ௝
௠
௝ୀଵ �� ������
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$XV�GHU�'XUFKODXI]HLW�XQG�:DUWH]HLW�HUJHEHQ�VLFK�VRPLW�IROJHQGH�GXUFKODXI]HLWEH]RJHQH�
=LHOIXQNWLRQHQ��

x� 0LQLPLHUXQJ�GHU�6XPPH�GHU��JHZLFKWHWHQ��)HUWLJVWHOOXQJV]HLWHQ�

� ߛ ൌ σ ሺݓ௜ሻܥ௜௡
௜ୀଵ �� ������

x� 0LQLPLHUXQJ�GHU�6XPPH�GHU�'XUFKODXI]HLWHQ�

� ߛ ൌ σ ௜௡ܦ
௜ୀଵ �� ������

x� 0LQLPLHUXQJ�GHU�PD[LPDOHQ�'XUFKODXI]HLW�

� ߛ ൌ ௠௔௫ܦ ൌ ���ሼܦ௜�ȁ ݅ ൌ ͳǡǥ ǡ ݊ሽ� ������

x� 0LQLPLHUXQJ�GHU�6XPPH�GHU�:DUWH]HLWHQ�

� ߛ ൌ σ ௜ܹ
௡
௜ୀଵ �� ������

.DSD]LWlWVEH]RJHQH� =LHOH� IRNXVVLHUHQ� DXI� GLH� $XVODVWXQJ� GHU� I�U� GHQ� %HDUEHLWXQJV�
SUR]HVV� EHQXW]WHQ�5HVVRXUFHQ��%HL� HLQHU� KRKHQ�$XVODVWXQJ� GHU�0DVFKLQHQ� VLQNHQ� GLH�
/HHU]HLWHQ�XQG�VRPLW� UHGX]LHUHQ�VLFK�GLH�/HHUNRVWHQ��VRGDVV�DXFK�NDSD]LWlWVRULHQWLHUWH�
=LHOH�HLQHQ�SRVLWLYHQ�(IIHNW�DXI�GLH�)HUWLJXQJVNRVWHQ�KDEHQ��YJO��=lSIHO����������

'LH� *HVDPW]\NOXV]HLWܥ�௠௔௫� JLEW� GHQ� =HLWUDXP� YRQ� GHP�%HJLQQ� GHU� %HDUEHLWXQJ� GHV�
HUVWHQ�$XIWUDJHVܬ�ଵ�ELV�]XU�)HUWLJVWHOOXQJ�GHV�OHW]WHQ�$XIWUDJHVܬ�௡�DQ��6LH�NDQQ�VRPLW�DXFK�
DOV�%HOHJXQJV]HLW�LQWHUSUHWLHUW�ZHUGHQ��YJO��'RPVFKNH�HW�DO����������

� ௠௔௫ܥ ൌ ௜�ȁ�݅ܥሼݔܽ݉ ൌ ͳǡ ǥ ǡ ݊ሽ� ������

'LH� /HHU]HLW� �௝ܫ LVW� GLH� 6XPPH� GHU� =HLWHQ�� LQ� GHQHQ� GLH� 0DVFKLQHܯ�௝�LQQHUKDOE� GHU�
*HVDPW]\NOXV]HLW�NHLQHQ�$XIWUDJ�EHDUEHLWHW��YJO��'RPVFKNH�HW�DO����������

� ௝ܫ ൌ ௠௔௫ܥ െ σ ௜௝௡݌
௜ୀଵ �� ������

$XV�GHU�=\NOXV]HLW�XQG�/HHU]HLW�HUJHEHQ�VLFK�VRPLW�IROJHQGH�2SWLPLHUXQJVIXQNWLRQHQ��

x� 0LQLPLHUXQJ�GHU�6XPPH�GHU�/HHU]HLWHQ�

� ߛ ൌ σ ௝௠ܫ
௝ୀଵ �� ������

x� 0LQLPLHUXQJ�GHU�*HVDPW]\NOXV]HLW�

� ߛ ൌ �௠௔௫ܥ �������

7HUPLQRULHQWLHUWH�=LHOH� GLHQHQ�KDXSWVlFKOLFK�GHU�9HUEHVVHUXQJ�GHU�7HUPLQWUHXH�XQG�
YHUVXFKHQ� HQWVWHKHQGH� .RVWHQ� GXUFK� YHUVSlWHWH� $XIWUlJH� ]X� YHUKLQGHUQ�� 0DQJHOQGH�
7HUPLQWUHXH�NDQQ�KRKH�.RQYHQWLRQDOVWUDIHQ�XQG�2SSRUWXQLWlWVNRVWHQ��YHUXUVDFKW�GXUFK�
GLH�$EZDQGHUXQJ�YRQ�.XQGHQ��QDFK�VLFK�]LHKHQ��YJO��6LHJHO���������$XVJDQJVEDVLV�I�U�
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GLH� WHUPLQRULHQWLHUWH� 2SWLPLHUXQJ� VLQG� GLH� LQGLYLGXHOOHQ� )HUWLJVWHOOXQJV]HLWHQ� GHU�
$XIWUlJHܥ�௜�VRZLH�GHUHQ�/LHIHUWHUPLQH�݀௜��

'LH�7HUPLQDEZHLFKXQJܮ�௜�HLQHV�-REV�UHSUlVHQWLHUW�GLH�$EZHLFKXQJ�GHU�)HUWLJVWHOOXQJV�
]HLW�HLQHV�-REV�]X�VHLQHP�/LHIHUWHUPLQ��

� ௜ܮ ൌ ௜ܥ െ ݀௜� �������

)�U� ௜ܮ ൐ Ͳ� LVW� GHU� -RE� YHUVSlWHW�� I�U� ௜ܮ ൑ Ͳ� NDQQ� GHU� -RE� YRU� GHP� )lOOLJNHLWVWHUPLQ�
IHUWLJJHVWHOOW� ZHUGHQ�� 'DUDXV� UHVXOWLHUHQG� ZLUG� GLH� 9HUVSlWXQJ� ௜ܶ �YRQ� �௜ܬ ZLH� IROJW�
GDUJHVWHOOW��

� ௜ܶ ൌ ���ሺܥ௜ െ ݀௜ǡ Ͳሻ ൌ ���ሺܮ௜ǡ Ͳሻ� �������

'LH� 7HUPLQ�EHUVFKUHLWXQJ� ௜ܷ� ELHWHW� HLQH� ZHLWHUH� $QDO\VHP|JOLFKNHLW�� RE� JHIRUGHUWH�
)lOOLJNHLWHQ�HLQJHKDOWHQ�ZHUGHQ�RGHU�QLFKW��

�
௜ܷ ൌ ቄͳ ௜ܥ����� ൐ ݀௜�

Ͳ ����� � �������

$QKDQG� GLHVHU� =LHOJU|�HQ� ODVVHQ� VLFK� IROJHQGH� WHUPLQRULHQWLHUWH� =LHOIXQNWLRQHQ�
IRUPXOLHUHQ��

x� 0LQLPLHUXQJ�GHU�PD[LPDOHQ�7HUPLQDEZHLFKXQJ�

� ߛ ൌ ௠௔௫ܮ ൌ ���ሼܮ௜�ȁ ݅ ൌ ͳǡǥ ǡ ݊ሽ� �������

x� 0LQLPLHUXQJ�GHU�6XPPH�GHU��JHZLFKWHWHQ��9HUVSlWXQJ�

� ߛ ൌ ሺݓሻܶ ൌ σ ሺݓ௜ሻ ௜ܶ
௡
௜ୀଵ �� �������

x� 0LQLPLHUXQJ�GHU�6XPPH�GHU��JHZLFKWHWHQ��7HUPLQ�EHUVFKUHLWXQJHQ�

� ߛ ൌ σ ሺݓ௜ሻ ௜ܷ
௡
௜ୀଵ �� �������

=ZLVFKHQ� GHQ� EHVFKULHEHQHQ� =LHOJU|�HQ� N|QQHQ� %H]LHKXQJHQ� EHVWHKHQ�� GLH� DOV�
NRPSOHPHQWlU�� NRQNXUULHUHQG� RGHU� LQGLIIHUHQW� EH]HLFKQHW�ZHUGHQ� N|QQHQ� �YJO��$FNHU��
������� 6LQG� GLH� =LHOJU|�HQ� ]XHLQDQGHU� NRPSOHPHQWlU�� ZLUNW� VLFK� GLH� 9HUIROJXQJ� GHV�
HLQHQ�=LHOV�SRVLWLY�DXI�GDV�DQGHUH�=LHO�DXV��6R�EHHLQIOXVVW�GLH�0LQLPLHUXQJ�GHU�6XPPH�
GHU� )HUWLJVWHOOXQJV]HLWSXQNWH� ������ DXFK� GLH�0LQLPLHUXQJ� GHU� 6XPPH� GHU� 'XUFKODXI�
]HLWHQ��������1LFKW�QXU�=LHOJU|�HQ�LQQHUKDOE�HLQHU�=LHONDWHJRULH�N|QQHQ�NRPSOHPHQWlU�
]XHLQDQGHU� VHLQ�� VRQGHUQ� DXFK� =LHOJU|�HQ� YHUVFKLHGHQHU� =LHONDWHJRULHQ� N|QQHQ� VLFK�
SRVLWLY� EHHLQIOXVVHQ� �YJO�� 5LQQRR\� .DQ�� $�� +�� *��� ������� :LUG� LP� 5DKPHQ� GHU�
$EODXISODQXQJ�HLQH�0LQLPLHUXQJ�GHU�'XUFKODXI]HLW�DQJHVWUHEW��������VR�ZLUG�DXFK�JOHLFK�
]HLWLJ�GLH�6XPPH�GHU�9HUVSlWXQJHQ�PLQLPLHUW���������

%HHLQIOXVVW� HLQH� =LHOYHUIROJXQJ� HLQH� DQGHUH� =LHOJU|�H� QHJDWLY�� VR� VLQG� GLHVH� =LHOH�
NRQIOLNWLRQlU� ]XHLQDQGHU�� :LUG� HLQH� GXUFKODXI]HLWRULHQWLHUWH� =LHOJU|�H� ZLH� GLH�
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0LQLPLHUXQJ�GHU�:DUWH]HLW�������DQJHVWUHEW��JHVFKLHKW�GLHV�DXI�.RVWHQ�GHU�/HHU]HLW����
����GLH�HLQH�NDSD]LWlWVRULHQWLHUWH�=LHOJU|�H�GDUVWHOOW��*XWHQEHUJ��������EHVFKUHLEW�GLHVHQ�
=XVDPPHQKDQJ� DOV� GDV� 'LOHPPD� GHU� $EODXISODQXQJ�� %HL� ]ZHL� � NRQNXUULHUHQGHQ�
=LHOJU|�HQ� NDQQ� NHLQ� $EODXISODQ� JHIXQGHQ� ZHUGHQ�� GHU� EHLGH� =LHOH� RSWLPDO� HUI�OOW��
YLHOPHKU�PXVV�PLW�0HWKRGHQ�GHU�0HKU]LHORSWLPLHUXQJ�QDFK�HLQHU�.RPSURPLVVO|VXQJ�
JHVXFKW�ZHUGHQ��YJO��$FNHU��������)DQGHO���������,Q�GLHVHP�=XVDPPHQKDQJ�UHSUlVHQWLHUW�
GLH�3DUHWRPHQJH�DOOH�RSWLPDOHQ�.RPSURPLVVH��YJO��:HLJHUW�XQG�5RVH���������:RROVH\��
5�� (�� '�� ������� VFKOlJW� GLH� OH[LNRJUDSKLVFKH� 2UGQXQJ� YRU�� XP� =LHONRQIOLNWH� ]X�
�EHUZLQGHQ��'DEHL�ZLUG�GDV�2SWLPLHUXQJVSUREOHP�PLW�]ZHL�NRQNXUULHUHQGHQ�=LHOJU|�HQ�
]XHUVW� KLQVLFKWOLFK� HLQHU� =LHOJU|�H� RSWLPLHUW� XQG� DQVFKOLH�HQG� GLH�.RPSURPLVVO|VXQJ�
JHZlKOW��GLH�EH]�JOLFK�GHU�]ZHLWHQ�=LHOJU|�H�DP�EHVWHQ�LVW��'LH�=LHOJHZLFKWXQJ�QDFK�YDQ�
:DVVHQKRYH�XQG�*HOGHUV� ������� LVW� HLQH�ZHLWHUH�$OWHUQDWLYH�]XU�.RPSURPLVVILQGXQJ��
'LH� HLQ]HOQHQ� =LHOJU|�HQ� ZHUGHQ� DQKDQG� LKUHU� 5HOHYDQ]� EHZHUWHW� XQG� PLWHLQDQGHU�
YHUNQ�SIW��6R�HQWVWHKW�HLQH�=LHOIXQNWLRQ�PLW�JHZLFKWHWHQ�=LHOJU|�HQ��GLH�GLH�RSWLPDOHQ�
.RPSURPLVVO|VXQJHQ�EHVFKUHLEW���

6LQG�]ZHL�=LHOJU|�HQ�KLQJHJHQ�Y|OOLJ�XQDEKlQJLJ�XQG�HV�EHVWHKW�NHLQH�:HFKVHOZLUNXQJ�
]ZLVFKHQ�LKQHQ��VLQG�VLH�LQGLIIHUHQW��

������ 7\SHQ�YRQ�$EODXISODQXQJVSUREOHPHQ�
'DPLW�$EODXISODQXQJVSUREOHPH�JHO|VW�ZHUGHQ�N|QQHQ��LVW�HV�QLFKW�QXU�QRWZHQGLJ��GDV�
3UREOHP� PLW� DOO� VHLQHQ� $EODXI�� XQG� 1HEHQEHGLQJXQJHQ� VRZLH� GHU� =LHOIXQNWLRQ� ]X�
EHVFKUHLEHQ��HV�EHGDUI�DXFK�QRFK�HLQHU�'LIIHUHQ]LHUXQJ�GHU�$EODXISODQXQJVSUREOHPH�LQ�
YHUVFKLHGHQH�7\SHQ��+LHU� OLHJW�GHU�)RNXV�YRU�DOOHP�DXI�GHP�2SWLPLHUXQJVJHJHQVWDQG�
VRZLH� GHQ� (LJHQVFKDIWHQ� GHU�'DWHQ�� GLH� I�U� GLH� /|VXQJ� GHV�$EODXISODQXQJVSUREOHPV�
QRWZHQGLJ�VLQG��

�������� 3ULPDOH�XQG�GXDOH�$EODXISODQXQJVSUREOHPH�

,VW� GLH� WHFKQRORJLVFKH� %HDUEHLWXQJVUHLKHQIROJH� �0DVFKLQHQIROJH�� I�U� MHGHQ� $XIWUDJ�
GHWHUPLQLHUW�XQG�HLQH�RSWLPDOH�$XIWUDJVIROJH�VROO�JHIXQGHQ�ZHUGHQ�� OLHJW�HLQ�SULPDOHV�
$EODXISODQXQJVSUREOHP�YRU��YJO��$FNHU���������,VW�KLQJHJHQ�GLH�$XIWUDJVIROJH�JHJHEHQ�
XQG� GLH�0DVFKLQHQIROJH� GHU� $XIWUlJH� VROO� EHVWLPPW� ZHUGHQ�� ZLUG� YRQ� HLQHP� GXDOHQ�
$EODXISODQXQJVSUREOHP�JHVSURFKHQ��YJO��$FNHU���������

�������� 6WDWLVFKH�XQG�G\QDPLVFKH�$EODXISODQXQJVSUREOHPH�

/LHJHQ�]XP�3ODQXQJV]HLWSXQNW�DOOH�HUIRUGHUOLFKHQ�$XIWUlJH�EHUHLW��G�Kݎ��௜ ൌ Ͳ��GDQQ�OLHJW�
HLQ�VWDWLVFKHV�$EODXISODQXQJVSUREOHP�YRU��YJO��6FKZDUW]���������,Q�GLHVHP�)DOO�ZLUG�I�U�
GHQ�JDQ]HQ�$XIWUDJVEHVWDQG�HLQ�$EODXISODQ�HUVWHOOW�XQG�HUVW�QDFKGHP�GLHVHU�YROOVWlQGLJ�
DEJHDUEHLWHW� LVW�� ZLUG� HLQ� QHXHU� $EODXISODQ� DQJHIHUWLJW� �YJO�� 6FKZDUW]�� ������� ,P�
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*HJHQVDW]� GD]X� VWHKHQ� GLH� G\QDPLVFKHQ� $EODXISODQXQJVSUREOHPH�� +LHU� OLHJHQ� ]XP�
3ODQXQJVEHJLQQ� QRFK� QLFKW� DOOH� $XIWUlJH� YRU�� GD� VLH� XQWHUVFKLHGOLFKH� $XIWUDJVIUHL�
JDEH]HLWSXQNWH� EHVLW]HQ� �YJO�� 'RPVFKNH� HW� DO��� ������� 'HP]XIROJH� P�VVHQ� QHX� DQ�
NRPPHQGH�$XIWUlJH� EHL� GHU�0DVFKLQHQEHOHJXQJ�NRQWLQXLHUOLFK� EHU�FNVLFKWLJW�ZHUGHQ�
�YJO��6FKZDUW]���������

�������� 'HWHUPLQLVWLVFKH�XQG�VWRFKDVWLVFKH�$EODXISODQXQJVSUREOHPH�

%HL� GHWHUPLQLVWLVFKHQ� $EODXISODQXQJVSUREOHPHQ� VLQG� DOOH� I�U� GLH� 3ODQXQJVSHULRGH�
EHQ|WLJWHQ�'DWHQ��ZLH�GLH�$XIWUDJVIUHLJDEH]HLWSXQNWH��GLH�0DVFKLQHQIROJH��GLH�$Q]DKO�
XQG�(LJHQVFKDIWHQ�GHU�0DVFKLQHQ�VRZLH�GLH�%HDUEHLWXQJV]HLWHQ�GHU�5HVVRXUFHQ��D�SULRUL�
EHNDQQW��YJO��'RPVFKNH�HW�DO���������-DFRE�XQG�$GDP���������,VW�QXU�HLQH�GLHVHU�'DWHQ�
XQEHNDQQW� RGHU� XQVLFKHU�� OLHJW� HLQ� VWRFKDVWLVFKHV� $EODXISODQXQJVSUREOHP� YRU� �YJO��
6HHOEDFK���������

'LH� 3URGXNWLRQVVWHXHUXQJ� XQWHUOLHJW� LQ� GHU� 5HDOLWlW� ODXIHQG� 9HUlQGHUXQJHQ� XQG�
8QVLFKHUKHLWHQ��EHGLQJW�GXUFK�0DVFKLQHQDXVIlOOH�RGHU�1DFKIUDJHVFKZDQNXQJHQ��DXI�GLH�
DQJHPHVVHQ�UHDJLHUW�ZHUGHQ�PXVV��'LH�EHWULHEOLFKH�3UD[LV�ZLUG�IROJOLFK�QDFK�GHQ�REHQ�
JHQDQQWHQ�'LIIHUHQ]LHUXQJVP|JOLFKNHLWHQ�PLW�G\QDPLVFK�VWRFKDVWLVFKHQ�0RGHOOHQ�DEJH�
ELOGHW��YJO��$FNHU���������'\QDPLVFKH�0RGHOOH�IRUGHUQ�DOOHUGLQJV�HLQH�NRQWLQXLHUOLFKH�
3ODQlQGHUXQJ�RGHU�1HXSODQXQJ�YRQ�$XIWUDJVIROJHQ��YHUXUVDFKW�GXUFK�HLQWUHWHQGH�9HU�
lQGHUXQJHQ� ZLH� QHXH� $XIWUDJVIUHLJDEHQ�� VRGDVV� HLQH� XQ]ZHFNPl�LJ� KRKH� 3ODQXQJV�
IUHTXHQ]�HUIRUGHUOLFK�ZHUGHQ�NDQQ��YJO��.XUEHO�XQG�0H\QHUW���������$XV�GLHVHP�*UXQG�
ZHUGHQ�LQ�8QWHUQHKPHQ�PHLVW�VWDWLVFK�GHWHUPLQLVWLVFKH�0RGHOOH�EHWUDFKWHW��YJO��$FNHU��
������� $XFK� LQ� GLHVHU� $UEHLW� ZLUG� $EVWDQG� YRQ� G\QDPLVFK�VWRFKDVWLVFKHQ� 0RGHOOHQ�
JHQRPPHQ�� VRGDVV� LP� )ROJHQGHQ� QXU� SULPDOH� VWDWLVFK�GHWHUPLQLVWLVFKH� $EODXISOD�
QXQJVSUREOHPH�EHWUDFKWHW�ZHUGHQ���

���� .RPSOH[LWlW�YRQ�$EODXISODQXQJVSUREOHPHQ�
3ULPDOH� $EODXISODQXQJVSUREOHPH�� GLH� 5HLKHQIROJHSUREOHPH� GDUVWHOOHQ�� VLQG� 7HLO� GHU�
NRPELQDWRULVFKHQ�2SWLPLHUXQJ� �YJO�� 'RPVFKNH� XQG�'UH[O�� ������� =LHO� GHU� NRPELQD�
WRULVFKHQ�2SWLPLHUXQJ�LVW�GDV�)LQGHQ�HLQHU�RSWLPDOHQ�/|VXQJ�I�U�GDV�]XJUXQGH�OLHJHQGH�
2SWLPLHUXQJVSUREOHP� DXV� HLQHU� HQGOLFKHQ� /|VXQJVPHQJH� �YJO��'RPVFKNH� XQG�'UH[O��
�������'LH�=HLW��GLH�HLQ�$OJRULWKPXV�]XU�/|VXQJVILQGXQJ�EHQ|WLJW��KlQJW�PD�JHEOLFK�YRQ�
GHU�.RPSOH[LWlW�GHV�YRUOLHJHQGHQ�2SWLPLHUXQJVSUREOHPV�DE��,Q�GHU�.RPSOH[LWlWVWKHRULH�
ZHUGHQ�$EODXISODQXQJVSUREOHPH�GHVKDOE�LQ�GLH�]ZHL�.ODVVHQ�ܲ��HQJO��SRO\QRPLDO��XQG�
ܰܲ��HQJO��QRQGHWHUPLQLVWLF�SRO\QRPLDO��XQWHUWHLOW��(LQ�3UREOHP�JHK|UW�GHU�.ODVVH�ܲ�DQ��
ZHQQ� GLH� $Q]DKO� GHU� 5HFKHQRSHUDWLRQHQ� HLQHV� /|VXQJVYHUIDKUHQV� LP� 9HUKlOWQLV� ]XU�
3UREOHPJU|�H� QLFKW� VWlUNHU� DOV� PLW� HLQHP� 3RO\QRP� ZlFKVW� �YJO�� 7UR�PDQQ�� �������
3UREOHPH�GHU�.ODVVH�ܲ�VLQG�VRPLW�HIIL]LHQW�O|VEDU��YJO��'RPVFKNH�XQG�'UH[O���������,Q�
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GHU�/LWHUDWXU�ZLUG�RIWPDOV�EHKDXSWHW��GDVV�GLH�.ODVVH�ܰܲ�DOOH�3UREOHPH�HQWKlOW��GLH�QLFKW�
LQ� 3RO\QRPLDO]HLW� O|VEDU� VLQG�� 'LHV� LVW� DOOHUGLQJV� IDOVFK�� GD� GLH� 0HQJH� DOOHU� LQ�
SRO\QRPLHOOHU�=HLW�O|VEDUHQ�3UREOHPH��YHUPXWOLFK��HLQH�7HLOPHQJH�YRQ�ܰܲ�LVW��ܲ ك ܰܲ��
�YJO��.UXPNH�XQG�1ROWHPHLHU���������9LHOPHKU�VLQG�HV�GLH�ܰܲ�VFKZHUHQ�3UREOHPH��GLH�
QLFKW� LQ�3RO\QRPLDO]HLW� O|VEDU�VLQG��YJO��'RPVFKNH�XQG�'UH[O���������'LH�5HFKHQ]HLW�
ZlFKVW� PLW� GHU� 3UREOHPJU|�H� H[SRQHQWLHOO�� VRGDVV� EHUHLWV� NOHLQH� 3UREOHPH� PLW� GHP�
KHXWLJHQ�6WDQG�GHU�7HFKQLN�QLFKW�JHO|VW�ZHUGHQ�N|QQHQ��YJO��$FNHU���������.QXVW��������
JLEW�HLQHQ�XPIDVVHQGHQ�hEHUEOLFN��EHU�GHQ�DNWXHOOHQ�6WDQG�GHU�)RUVFKXQJ�EH]�JOLFK�GHU�
=XRUGQXQJ�YRQ�$EODXISODQXQJVSUREOHPHQ�]X�GHQ�.ODVVHQ�ܲ�XQG�ܰܲ��+LHU�LVW�HUNHQQEDU��
GDVV� GHU� *UR�WHLO� GHU� $EODXISODQXQJVSUREOHPH�ܰܲ�VFKZHU� XQG� VRPLW� QLFKW� HIIL]LHQW�
O|VEDU�LVW���

(LQH�=XWHLOXQJ�YRQ�$EODXISODQXQJVSUREOHPHQ�]X�GHQ�.RPSOH[LWlWVNODVVHQ�ܲ�XQG�ܰܲ�LVW�
YRQ� JUR�HU� %HGHXWXQJ�� GHQQ� GDYRQ� LVW� HV� DEKlQJLJ�� ZHOFKH� /|VXQJVYHUIDKUHQ� ]XU�
3UREOHPO|VXQJ�KHUDQJH]RJHQ�ZHUGHQ�N|QQHQ��V��.DSLWHO�����±�������(LQIDFKH�5HGXNWLRQV�
UHJHOQ��V��$EELOGXQJ����HUODXEHQ�HLQ�$EODXISODQXQJVSUREOHP�VFKQHOO�GHU�.ODVVH�ܲ�RGHU�
ܰܲ�]X]XRUGQHQ��YJO��%UXFNHU����������

�
$EELOGXQJ����5HGXNWLRQVUHJHOQ��.OHPPW��������

'DI�U�LVW�HV�QRWZHQGLJ��GLH�.RPSOH[LWlWVRUGQXQJ�GHV�$XVJDQJVSUREOHPV�]X�NHQQHQ��GHQQ�
LVW�GLHVHV�3UREOHP�ܰܲ�VFKZHU��VR�LVW�DXFK�GDV�3UREOHP��ZHOFKHV�GXUFK�GLH�5HGXNWLRQV�
UHJHOQ�HU]HXJW�ZHUGHQ�NDQQ��ܰܲ�VFKZHU��,P�IROJHQGHQ�%HLVSLHO�VROO�PLW�+LOIH�GHU�5HGXN�
WLRQVUHJHOQ� QDFKJHZLHVHQ�ZHUGHQ�� GDVV� HV� VLFK� EHL� �௜ܥ௜ݓȁȁσ݉ܬ XP� HLQ�ܰܲ�VFKZHUHV�
3UREOHP� KDQGHOW�� 'D� �௜ܥȁȁσʹܨ HLQ�ܰܲ�VFKZHUHV� 3UREOHP� LVW�� OlVVW� HV� VLFK� ZLH� IROJW�
UHGX]LHUHQ�E]Z��VSH]LDOLVLHUHQ��YJO��*DUH\�HW�DO����������

� ௜ܥԡσʹܨ ן� � ௜ܥԡσʹܬ ן� ௜ܥԡσ݉ܬ� ן� � ௜ܥ௜ݓԡσ݉ܬ ��ז�� �������
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���� 'DV�-RE�6KRS�3UREOHP��
'DV� -RE�6KRS�3UREOHP� LVW�ZLH� IROJW� GHILQLHUW� �YJO�� 6FKXWWHQ�� ������ -DLQ� XQG�0HHUDQ��
��������

(V�P�VVHQ�݊�-REVܬ�௜�I�U��݅ ൌ ͳǡǥ ǡ ݊ሻ�]X�݉�0DVFKLQHQܯ�௝�I�U�ሺ݆ ൌ ͳǡ ǥ ǡ݉ሻ�]XJHRUGQHW�
ZHUGHQ��-HGHU�-REܬ�௜�PXVV�DXI�MHGHU�0DVFKLQHܯ�௝�JHQDX�HLQPDO�EHDUEHLWHW�ZHUGHQ�XQG�
EHVWHKW� DXV�݉௜� $UEHLWVVFKULWWHQ� ௜ܱଵǡ ǥ ǡ ܱ௜௠೔ �� GLH� LQ� HLQHU� GHWHUPLQLHUWHQ� 5HLKHQIROJH�
HLQJHSODQW�ZHUGHQ�P�VVHQ��(V�H[LVWLHUHQ�ܰ ൌ σ ݉௜

௡
௜ୀଵ �$UEHLWVVFKULWWH�LQVJHVDPW��)�U�GHQ�

)DOO�� GDVV�݉௜ ൌ ݉�� H[LVWLHUHQ�ܰ ൌ ݊ ൈ݉� 2SHUDWLRQHQ��ܱ௜௝� UHSUlVHQWLHUW� GHQ�$UEHLWV�
VFKULWW�YRQ�-REܬ�௜��GHU�DXI�0DVFKLQHܯ�௝�I�U�GLH�%HDUEHLWXQJV]HLW݌�௜௝�RKQH�8QWHUEUHFKXQJ�
DXVJHI�KUW� ZHUGHQ�PXVV�� -HGHU� -RE� KDW� HLQH� LQGLYLGXHOOH�0DVFKLQHQIROJH� XQG� LVW� XQ�
DEKlQJLJ�YRQ�GHQ�DQGHUHQ�-REV��-HGH�0DVFKLQH�NDQQ�QXU�HLQHQ�-RE�JOHLFK]HLWLJ�EHDUEHLWHQ�
XQG�MHGHU�-RE�NDQQ�]HLWJOHLFK�DXI�QXU�HLQHU�0DVFKLQH�EHDUEHLWHW�ZHUGHQ��'LH�'DXHU��ELV�
DOOH� 2SHUDWLRQHQ� YRQ� DOOHQ� -REV� DXVJHI�KUW� ZXUGHQ�� ZLUG� DOV� *HVDPW]\NOXV]HLWܥ�௠௔௫�
EH]HLFKQHW��V��.DSLWHO���������)�U�DOOH�-REV�JLOWݎ�௜ ൌ Ͳ�XQG�DXFK�DOOH�0DVFKLQHQ�VWHKHQ�
]XP�=HLWSXQNW���]XU�9HUI�JXQJ��5�VW]HLWHQ�GHU�0DVFKLQHQ�XQG�7UDQVSRUW]HLWHQ�GHU�-REV�
]ZLVFKHQ�GHQ�0DVFKLQHQ�ZHUGHQ�YHUQDFKOlVVLJW��:DUWH]HLWHQ�YRU�GHQ�0DVFKLQHQ�VRZLH�
/HHU]HLWHQ�GHU�0DVFKLQHQ�VLQG�]XOlVVLJ��YJO��+HQQLQJ����������

'DV� =LHO� GHV� -RE�6KRS�3UREOHPV� LVW� GLH� *HVDPW]\NOXV]HLW� �௠௔௫ܥ ]X� PLQLPLHUHQ�� (LQ�
0DVFKLQHQEHOHJXQJVSODQ�LVW�GHPQDFK�]XOlVVLJ��ZHQQ�HU�GLH�REHQ�EHVFKULHEHQHQ�%HGLQJ�
XQJHQ�HUI�OOW��'DV�-RE�6KRS�3UREOHP�NDQQ�PLW�+LOIH�GHU���)HOG�1RWDWLRQ�YRQ�*UDKDP�HW�
DO���������DOVܬ�ȁȁܥ௠௔௫�DXVJHGU�FNW�ZHUGHQ��

/HQVWUD�HW�DO���������OLHIHUWHQ�GHQ�PDWKHPDWLVFKHQ�%HZHLV��GDVV�HV�VLFK�EHLܬ�ȁȁܥ௠௔௫�XP�
HLQ�ܰܲ�VFKZHUHV� 3UREOHP� KDQGHOW�� 7DEHOOH� �� JLEW� HLQHQ� NOHLQHQ� hEHUEOLFN� �EHU� GLH�
.RPSOH[LWlWV]XRUGQXQJHQ�YRQ�YHUZDQGWHQ�3UREOHPHQܬ��ȁȁܥ௠௔௫�VWHOOW�GDEHL�GLH�*HQHUD�
OLVLHUXQJ�GHU�DXIJHOLVWHWHQ�3UREOHPH�GDU��7DEHOOH���]HLJW�GHXWOLFK��GDVV�HV�VLFK�EHL�GHQ�
PHLVWHQ�-RE�6KRS�3UREOHPHQ��EHL�GHQHQ�GLH�*HVDPW]\NOXV]HLWܥ�௠௔௫�PLQLPLHUW�ZHUGHQ�
VROO��XP�ܰܲ�VFKZHUH�3UREOHPH�KDQGHOW��/HGLJOLFK�HLQ�3UREOHP�PLW���0DVFKLQHQ��HLQHU�
%HDUEHLWXQJV]HLW� YRQ� HLQHU� =HLWHLQKHLW� XQG� XQWHUVFKLHGOLFKHQ� $XIWUDJVIUHLJDEH]HLW�
SXQNWHQ� LVW�QRFK� LQ�SRO\QRPLDOHU�/DXI]HLW� O|VEDU��%HUHLWV�HLQ�-RE�6KRS�3UREOHP�PLW���
0DVFKLQHQ�XQG�GHU�=LHOIXQNWLRQܥ�௠௔௫�LVW�ܰܲ�VFKZHU���

� �
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���

�

7DEHOOH����.RPSOH[LWlWV�EHUVLFKW�YRQ�YHUZDQGWHQ�3UREOHPHQ�GHV�-RE�6KRS�3UREOHPV�

3UREOHP� .RPSOH[LWlW� 4XHOOH�

௜௝݌ȁʹܬ ൌ ͳǡ ௠௔௫ܥ௜௝ȁݎ � ܲ� 7LPNRYVN\��������

௠௔௫ܥȁȁʹܬ � ܰܲ�VFKZHU�
/HQVWUD�XQG�5LQQRR\�.DQ�

�������

�௠௔௫ܥȁݐ݊݉݌ȁʹܬ ܰܲ�VFKZHU�
/HQVWUD�XQG�5LQQRR\�.DQ�

�������

ȁ݊͵ܬ ൌ ͵ȁܥ௠௔௫ � ܰܲ�VFKZHU�
6RWVNRY�XQG�6KDNKOHYLFK�

�������

௜௝݌ȁ͵ܬ ൌ ͳȁܥ௠௔௫ � ܰܲ�VFKZHU�
/HQVWUD�XQG�5LQQRR\�.DQ�

�������

�௠௔௫ܥȁȁܬ ܰܲ�VFKZHU�
/HQVWUD�XQG�5LQQRR\�.DQ�

�������

�

(LQ�YRQ�)LVKHU�XQG�7KRPSVRQ� �������YHU|IIHQWOLFKWHV�%HQFKPDUNSUREOHP�I�Uܬ�ȁȁܥ௠௔௫�
PLW����-REV�XQG����0DVFKLQHQ�EOLHE�WURW]�JUR�HU�ZLVVHQVFKDIWOLFKHU�$QVWUHQJXQJ����-DKUH�
XQJHO|VW� �YJO�� 6FKXVWHU�� ������� 'LH� $Q]DKO� P|JOLFKHU� 5HLKHQIROJHQ� �LQNOXVLYH� XQ�
]XOlVVLJHU��GHV�-RE�6KRS�3UREOHPV�HQWVSULFKW�ሺ݊Ǩሻ௠��(LQ�3UREOHP�PLW����0DVFKLQHQ�XQG�
���-REV�EHVLW]W�IROJOLFK�§��������î�������P|JOLFKH�5HLKHQIROJHQ�XQG�YHUGHXWOLFKW�GDPLW��
GDVV�GDV� �௠௔௫�3UREOHP�HLQHV�GHUܥȁȁܬ VFKZHUVWHQ�3UREOHPH�GHU�NRPELQDWRULVFKHQ�2SWL�
PLHUXQJ�LVW��YJO��%ULQNN|WWHU�XQG�%UXFNHU���������'DV�-RE�6KRS�3UREOHP�]lKOW�]X�GHQ�
EHVWXQWHUVXFKWHQ� 3UREOHPHQ� GHU�$EODXISODQXQJ� �YJO�� 6FKXVWHU�� �������'LHV� OLHJW� ]XP�
HLQHQ� DQ� GHU�6FKZLHULJNHLW� GHV�3UREOHPV�XQG� ]XP�DQGHUHQ� DQ� GHU� 7DWVDFKH�� GDVV� GDV�
2SWLPLHUXQJVSUREOHP� GLH� *UXQGODJH� I�U� YLHOH� NRPSOL]LHUWH� 3UREOHPH� DXV� GHU� 3UD[LV�
ELOGHW� �YJO�� 6FKXVWHU�� ������ %ULQNN|WWHU� XQG� %UXFNHU�� ������� =XVlW]OLFK� HUP|JOLFKHQ�
(UZHLWHUXQJHQ� GHV� -RE�6KRS�3UREOHPV� GLH� 0RGHOOLHUXQJ� UHDOLVWLVFKHU� 3URGXNWLRQV�
YRUJlQJH�� ZHVKDOE� LP� ZHLWHUHQ� 9HUODXI� GHU� $UEHLW� GHP� -RE�6KRS�3UREOHP� ��௠௔௫ܥȁȁܬ�
EHVRQGHUH�$XIPHUNVDPNHLW�JHVFKHQNW�ZLUG��YJO��+HQQLQJ���������



��2SWLPLHUXQJ�XQG�6LPXODWLRQ� � ��
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�� 2SWLPLHUXQJ�XQG�6LPXODWLRQ�
,Q� GLHVHP�.DSLWHO�ZHUGHQ� ]XQlFKVW� H[DNWH�XQG� KHXULVWLVFKH�/|VXQJVYHUIDKUHQ� DXI� GLH�
(LJQXQJ�]XU�/|VXQJ�YRQ�$EODXISODQXQJVSUREOHPHQ�KLQ�XQWHUVXFKW�XQG�HLQ�9HUIDKUHQ�]XU�
/|VXQJ�GHV�-RE�6KRS�3UREOHPV�ZLUG�DXVJHZlKOW��,P�$QVFKOXVV�ZLUG�GLH�5ROOH�GHU�6LPX�
ODWLRQ�LQ�GHU�3URGXNWLRQ�YHUGHXWOLFKW�XQG�GLH�(LQVDW]JHELHWH�GHU�VLPXODWLRQVEDVLHUWHQ�2S�
WLPLHUXQJ�ZHUGHQ�LP�5DKPHQ�GHU�$EODXISODQXQJ�HUOlXWHUW��'HU�$EVFKOXVV�GLHVHV�.DSLWHOV�
LVW�HLQ�hEHUEOLFN��EHU�GLH�GHU]HLWLJHQ�0HWKRGHQ�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ��
'LH�GDEHL�LGHQWLIL]LHUWHQ�6FKZDFKVWHOOHQ�ELOGHQ�GLH�*UXQGODJH�I�U�GLH�DQJHVWUHEWH�.RQ�
]HSWHQWZLFNOXQJ�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��

���� ([DNWH�2SWLPLHUXQJ�
5HLKHQIROJHSUREOHPH�� GLH� LP� 5DKPHQ� GHU� SULPDOHQ� $EODXISODQXQJ� DXIWUHWHQ�� VLQG�
%HVWDQGWHLO� GHU� .RPELQDWRULN� �YJO�� /LWWJHU�� ������� 6ROOHQ� GLHVH� 5HLKHQIROJHSUREOHPH�
XQWHU� %HU�FNVLFKWLJXQJ� HLQHU� =LHOIXQNWLRQ� JHO|VW� ZHUGHQ�� OLHJW� HLQH� NRPELQDWRULVFKH�
2SWLPLHUXQJVDXIJDEH�YRU��YJO��%HQNHU���������'LH�/|VXQJVPHQJH�GHV�NRPELQDWRULVFKHQ�
2SWLPLHUXQJVSUREOHPV�EHVWHKW�DXV� HLQHU�HQGOLFKHQ�0HQJH�DQ�3HUPXWDWLRQHQ�DXV�HLQHU�
HQGOLFKHQ�0HQJH�DQ�(OHPHQWHQ��YJO��%HQNHU���������VRGDVV�HQXPHUDWLYH�9HUIDKUHQ�]XU�
/|VXQJVILQGXQJ�HLQJHVHW]W�ZHUGHQ��YJO��*DUILQNHO�XQG�1HPKDXVHU���������

([DNWH�9HUIDKUHQ�EHUXKHQ�DXI�GHP�3ULQ]LS�GHU�(QXPHUDWLRQ�XQG�N|QQHQ�GLH�RSWLPDOH�
/|VXQJ�HLQHV�2SWLPLHUXQJVSUREOHPV�LQ�HQGOLFK�YLHOHQ�6FKULWWHQ�ILQGHQ�XQG�YHULIL]LHUHQ�
�YJO��5LHFN��������RGHU�VWHOOHQ�IHVW��GDVV�GDV�3UREOHP�QLFKW�O|VEDU�LVW��YJO��$FNHU���������
'HU� /|VXQJVDOJRULWKPXV� NDQQ� DOOHUGLQJV� LQ� $EKlQJLJNHLW� YRQ� GHU� .RPSOH[LWlW� GHV�
YRUOLHJHQGHQ�3UREOHPV�HUKHEOLFKH�/DXI]HLWHQ�EHQ|WLJHQ��YJO��6FKZDUW]���������(UVW�GHU�
NRQWLQXLHUOLFKH�$QVWLHJ�GHU�5HFKQHUOHLVWXQJ�HUP|JOLFKW��EHUKDXSW�GLH�$QZHQGXQJ�YRQ�
H[DNWHQ� 2SWLPLHUXQJVYHUIDKUHQ� I�U� GDV� -RE�6KRS�3UREOHP� �YJO�� 6FKXVWHU�� ������� 'LH�
/|VXQJ� YRQ� $EODXISODQXQJVSUREOHPHQ� PLW� H[DNWHQ� 2SWLPLHUXQJVPHWKRGHQ� HUIROJW�
KDXSWVlFKOLFK� GXUFK� GLH� $QZHQGXQJ� GHU� JHPLVFKW�JDQ]]DKOLJHQ� 3URJUDPPLHUXQJ� XQG�
GHP�Ä%UDQFK�	�%RXQG³�9HUIDKUHQ��YJO��7UR�PDQQ���������9LHOH�/|VXQJVYHUIDKUHQ�I�U�
$EODXISODQXQJVSUREOHPH��VR�DXFK�GLH�JHQDQQWHQ�H[DNWHQ�9HUIDKUHQ��EDVLHUHQ�DXI�GHP�
3ULQ]LS� GHV� YRQ� 5R\� XQG� 6XVVPDQ� ������� HLQJHI�KUWHQ� GLVMXQNWLYHQ� *UDSKHQ� �YJO��
6FKXVWHU���������

������ 'LVMXQNWLYHU�*UDSK�
0LW�+LOIH�GHV�GLVMXQNWLYHQ�*UDSKHQ�N|QQHQ�6KRS�3UREOHPH�XQG�IROJOLFK�DXFK�GDV�-RE�
6KRS�3UREOHP�JUDSKLVFK�PRGHOOLHUW�ZHUGHQ��YJO��.OHPPW���������'HU�GLVMXQNWLYH�*UDSK�
UHSUlVHQWLHUW� EHL� HLQHU� UHJXOlUHQ� =LHOIXQNWLRQ� DOOH� ]XOlVVLJHQ� $EODXISOlQH� GHV� 6KRS�
3UREOHPV�XQG�HQWKlOW�VRPLW�DXFK�GLH�RSWLPDOH�/|VXQJ�GHV�2SWLPLHUXQJVSUREOHPV��YJO��
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%UXFNHU���������'DV�9RUKDQGHQVHLQ�GHU�RSWLPDOHQ�/|VXQJ�LQQHUKDOE�GHV�*UDSKHQ�HUNOlUW��
ZHVKDOE�GHU�GLVMXQNWLYH�*UDSK�DOV�%DVLV�I�U�H[DNWH�2SWLPLHUXQJVYHUIDKUHQ�GLHQW��

'HU�GLVMXQNWLYH�*UDSKܩ� ൌ ሺܸǡ ǡܥ ��������YJO��%UXFNHU��ሻ�LVW�GDEHL�ZLH�IROJW�GHILQLHUWܦ�

ܸ�UHSUlVHQWLHUW�GLH�0HQJH�DOOHU�.QRWHQ�GHV�*UDSKHQ��'LH�$Q]DKO�GHU�.QRWHQ�VHW]W�VLFK�
DXV�GHU�0HQJH�DOOHU�$UEHLWVVFKULWWH�XQG�]ZHL�ILNWLYHQ�.QRWHQ��HLQHU�4XHOOH�Ͳ א ܸ�VRZLH�
HLQHU� 6HQNH� א�כ ܸ�� ]XVDPPHQ�� 'LH� .QRWHQ� GHV� *UDSKHQ� VLQG� JHZLFKWHW�� ZREHL� GDV�
*HZLFKW� GHU� 4XHOOH� XQG� 6HQNH� �� LVW�� 'LH� .QRWHQ� GHU� $UEHLWVVFKULWWH� VLQG� PLW� GHQ�
VSH]LILVFKHQ�3UR]HVV]HLWHQ݌�௜௝�JHZLFKWHW���

�ܥ LVW�GLH�0HQJH�GHU�JHULFKWHWHQ�NRQMXQNWLYHQ�.DQWHQ��'LHVH�.DQWHQ�UHSUlVHQWLHUHQ�GLH�
5HLKHQIROJHEH]LHKXQJHQ�]ZLVFKHQ�GHQ�HLQ]HOQHQ�2SHUDWLRQHQ��ሺ݅ǡ ݆ሻ א ��EHGHXWHW��GDVVܥ
LQQHUKDOE�HLQHV�-REV�GHU�9RUJDQJ�݆�HUVW�VWDUWHW��QDFKGHP�GHU�9RUJDQJ�݅�DEJHVFKORVVHQ�LVW��
(V�H[LVWLHUHQ�DXFK�NRQMXQNWLYH�.DQWHQ�]ZLVFKHQ�GHU�4XHOOH�XQG�DOOHQ�2SHUDWLRQHQ��GLH�
NHLQHQ�9RUJlQJHU�KDEHQ��VRZLH�]ZLVFKHQ�GHU�6HQNH�XQG�DOOHQ�2SHUDWLRQHQ��GLH�NHLQHQ�
1DFKIROJHU� KDEHQ�� (LQ� *UDSK� ܴ ൌ ሺܸǡ �ሻܥ ZLUG� IROJOLFK� DXFK� DOV� 5HLKHQIROJHJUDSK�
EH]HLFKQHW��YJO��6FKXVWHU���������

�ܦ LVW� GLH�0HQJH� GHU� XQJHULFKWHWHQ�GLVMXQNWLYHQ�.DQWHQ�� 6LH� YHUELQGHQ�$UEHLWVVFKULWWH�
�.QRWHQ��XQWHUVFKLHGOLFKHU�-REV��GLH�DXI�GHU�JOHLFKHQ�0DVFKLQH�JHIHUWLJW�ZHUGHQ�P�VVHQ��
)�U�HLQH�GLVMXQNWLYH�.DQWH�ሼ݅ǡ ݆ሽ א ��EHVWHKW�GLH�:DKOP|JOLFKNHLW�]ZLVFKHQ�GHU�.DQWHܦ
ሺ݅ǡ ݆ሻ� XQG� ሺ݆ǡ ݅ሻ� �YJO�� 6FKXVWHU�� ������� 'LVMXQNWLYH� .DQWHQ� UHSUlVHQWLHUHQ� VRPLW� GLH�
.DSD]LWlWVEHVFKUlQNXQJHQ�GHU�0DVFKLQHQ��YJO��+HQQLQJ���������

'DV� =LHO� LVW� QXQ�� DOOH� GLVMXQNWLYHQ� .DQWHQ� ]X� IL[LHUHQ�� G�K�� LQ� JHULFKWHWH� NRQMXQNWLYH�
.DQWHQ�]X��EHUI�KUHQ��(LQH�6HOHNWLRQ�ܵ�EH]HLFKQHW�GDEHL�HLQH�0HQJH�YRQ�NRQMXQNWLYHQ�
.DQWHQ�XQG�LVW�YROOVWlQGLJ��ZHQQ�

x� MHGH�GLVMXQNWLYH�.DQWH�IL[LHUW�ZXUGH�XQG�
x� GHU�UHVXOWLHUHQGH�*UDSKܩ�ሺܵሻ ൌ ሺܸǡ ܥ ׫ ܵሻ�D]\NOLVFK�LVW��

$XV�MHGHU�YROOVWlQGLJHQ�6HOHNWLRQ�NDQQ�HLQ�]XOlVVLJHU�$EODXISODQ�HU]HXJW�ZHUGHQ��YJO��
.OHPPW�� ������� %H]XJQHKPHQG� DXI� GDV� -RE�6KRS�3UREOHP� NDQQ� GDV� 2SWLPLHUXQJV�
SUREOHP�RSWLPDO�JHO|VW�ZHUGHQ��ZHQQ�ÄGHU�OlQJVWH�:HJ�YRQ�GHU�4XHOOH�]XU�6HQNH��VRJ��
NULWLVFKHU�3IDG��PLQLPDO�LVW³��+HQQLQJ��������6������

)ROJHQGHV� %HLVSLHO� VROO� GHQ� $XIEDX� GHV� GLVMXQNWLYHQ� *UDSKHQ� YHUGHXWOLFKHQ�� (V�
H[LVWLHUHQ�GUHL�-REV� ଵǡܬ� ଶǡܬ �ଷሻ��GLH�DXI�GUHL�0DVFKLQHQܬ �ଷሻܯଶǡܯଵǡܯ� EHDUEHLWHW�ZHUGHQ�
P�VVHQ�� 7DEHOOH� �� VWHOOW� GLH� -REV� PLW� GHQ� $UEHLWVVFKULWWHQ� �$6��� GHQ� ]XJHK|ULJHQ�
0DVFKLQHQܯ�௝�VRZLH�GHQ�%HDUEHLWXQJV]HLWHQ݌�௝�GDU��
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7DEHOOH����$UEHLWVVFKULWWH��0DVFKLQHQ�XQG�%HDUEHLWXQJV]HLWHQ�

� �ଵܬ �ଶܬ �ଷܬ

$6� �� �� �� �� �� �� �� �� ��

�௝ܯ �ଵܯ �ଷܯ �ଶܯ �ଶܯ �ଵܯ �ଷܯ �ଵܯ �ଶܯ �ଷܯ

�௝݌ �� �� �� �� �� �� �� �� ��

�

$EELOGXQJ���LOOXVWULHUW�GHQ�]X�7DEHOOH���]XJHK|ULJHQ�GLVMXQNWLYHQ�*UDSKHQ��'DV�=LHO�LVW�
QXQ��DOOH�GLVMXQNWLYHQ�.DQWHQ�]X�IL[LHUHQ�XQG�VR�GLH�5HVVRXUFHQNRQIOLNWH�]X�O|VHQ��

�
$EELOGXQJ����'LVMXQNWLYHU�*UDSK��QDFK�:HQQLQN��������

'DV�(UJHEQLV�LVW�HLQH��ZLH�LQ�$EELOGXQJ���GDUJHVWHOOWH��YROOVWlQGLJH�6HOHNWLRQ��

�
$EELOGXQJ����9ROOVWlQGLJH�6HOHNWLRQ�

�

�

�

�

�

�

�

�

�

�
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:LH�LQ�GHP�*DQWW�'LDJUDPP��V��$EELOGXQJ����]X�HUNHQQHQ�LVW��ELOGHQ�GLH�2SHUDWLRQHQ�
������������ GHQ� NULWLVFKHQ� 3IDG� LQ� GLHVHU� 6HOHNWLRQ� �V�� $EELOGXQJ� ��� XQG� OLHIHUQ� HLQH�
*HVDPW]\NOXV]HLW�YRQ����=(��2SWLPLHUXQJVYHUIDKUHQ��GLH�DXI�GHP�GLVMXQNWLYHQ�*UDSKHQ�
EHUXKHQ�� YHUVXFKHQ� QXQ� GXUFK� GLH� (U]HXJXQJ� YRQ� YHUVFKLHGHQHQ� 6HOHNWLRQHQ� HLQHQ�
$EODXISODQ�]X�ILQGHQ��EHL�GHP�GHU�NULWLVFKH�3IDG�PLQLPDO�LVW��

�
$EELOGXQJ����*DQWW�'LDJUDPP��:HQQLQN��������

������ *HPLVFKW�JDQ]]DKOLJHV�2SWLPLHUXQJVPRGHOO�
$EODXISODQXQJVSUREOHPH�ODVVHQ�VLFK�QLFKW�QXU�JUDSKLVFK�GDUVWHOOHQ��VRQGHUQ�N|QQHQ�DXFK�
LP�5DKPHQ�GHU�H[DNWHQ�2SWLPLHUXQJ�DOV�PDWKHPDWLVFKH�3URJUDPPH�IRUPXOLHUW�ZHUGHQ�
�YJO��'RPVFKNH�XQG�'UH[O���������5LQQRR\�.DQ��$��+��*���������VLHKW�LQ�GLHVHQ�PDWKH�
PDWLVFKHQ�3URJUDPPHQ�VRJDU�HLQH�HIIHNWLYH�/|VXQJVP|JOLFKNHLW�YRQ�$EODXISODQXQJV�
SUREOHPHQ�� (LQH� LQ� GLHVHP� =XVDPPHQKDQJ� DQJHZDQGWH� 0HWKRGLN� ]XU� /|VXQJ� YRQ�
$EODXISODQXQJVSUREOHPHQ� LVW�GLH�JHPLVFKW�JDQ]]DKOLJH�3URJUDPPLHUXQJ��HQJO��PL[HG�
LQWHJHU� SURJUDPPLQJ�� �YJO�� .DOOUDWK�� ������� 'LH� JHPLVFKW�JDQ]]DKOLJH� 2SWLPLHUXQJ�
EHUXKW� DXI� GHP� 3ULQ]LS� GHU� YROOVWlQGLJHQ� (QXPHUDWLRQ�� G�K�� GDVV� DOOH� P|JOLFKHQ�
$EODXISOlQH�JHQHULHUW�ZHUGHQ��XP�GLH�RSWLPDOH�/|VXQJ�]X�ILQGHQ��YJO��.DOOUDWK���������
,P�$OOJHPHLQHQ�OLHJW�HLQ�VROFKHV�0RGHOO�LQ�IROJHQGHU�)RUP�YRU��YJO��'RPVFKNH�HW�DO���
������'RPVFKNH�XQG�'UH[O��������8QJHU���������

0LQLPLHUH�RGHU�PD[LPLHUH��

� �ሺܿሻݖ ������

XQWHU�GHQ�1HEHQEHGLQJXQJHQ��

� ௞ܿܣ ൑ ܾ� ������

�

�

�

�

�

�

�

� �

� � �� �� �� ��

0DVFKLQH��

0DVFKLQH��

0DVFKLQH��
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� ܿ� א ଵܹ ൈ ǥൈ ௥ܹǡ����� ௝ܹ א ሼԹାǡ Ժାǡ ९ሽ��ò��݆ ൌ ͳǡǥ ǡ �ݎ ������

'DEHL�KDEHQ�GLH�YHUZHQGHWHQ�6\PEROH�IROJHQGH�%HGHXWXQJ��

���ሺܿሻݖ � � =LHOIXQNWLRQ�LQ�$EKlQJLJNHLW�YRQ�ሺܿଵǡǥ ǡ ܿ௥ሻ�

ܿ� � � � 9DULDEOHQYHNWRU�PLWݎ��.RPSRQHQWHQ�ሺܿଵǡǥ ǡ ܿ௥ሻ�

ܾ� � � � *UHQ]YHNWRU�PLWݍ��.RPSRQHQWHQ�ሺܾଵǡǥ ǡ ܾ௤ሻ�

௞ܣ ൌ ሺܽ௜௝ሻ௜ୀଵǡ௝ୀଵ
௤ǡ௥ � .RHIIL]LHQWHQPDWUL[�PLWݍ��=HLOHQ�XQG�6ݎ�SDOWHQ�

ܹ� � � � :HUWHEHUHLFK�GHU�9DULDEOHQ�ሺܿଵǡ ǥ ǡ ܿ௥ሻ�

௝ܿ א Թା� � � .RQWLQXLHUOLFKH�SRVLWLYH�9DULDEOH�

௝ܿ א Ժା� � � *DQ]]DKOLJH�SRVLWLYH�9DULDEOH� �

௝ܿ א ९� � � %LQlUH�9DULDEOH�

������EHVFKUHLEW�GLH�=LHOIXQNWLRQ��GLH�PLQLPLHUW�RGHU�PD[LPLHUW�ZHUGHQ�VROO��,P�)DOO�GHV�
-RE�6KRS�3UREOHPV�VROO�GXUFK�GLH�JHHLJQHWH�:DKO�GHU�9DULDEOHQ�GLH�=LHOIXQNWLRQܥ�௠௔௫�
PLQLPLHUW�ZHUGHQ�� )�U�ZHLWHUH� UHOHYDQWH� =LHOIXQNWLRQHQ� GHU�$EODXISODQXQJ� V��.DSLWHO�
�������

������ LVW� HLQ� OLQHDUHV� 1HEHQEHGLQJXQJVV\VWHP�� ZHOFKHV� DXV� *OHLFKXQJHQ� XQG�8QJOHL�
FKXQJHQ�EHVWHKHQ�NDQQ��

������OHJW�GHQ�:HUWHEHUHLFK�GHU�(QWVFKHLGXQJVYDULDEOHQ�IHVW��'LH�9DULDEOHQ�N|QQHQ�HLQHQ�
UHHOOHQ��JDQ]]DKOLJHQ�RGHU�ELQlUHQ�:HUW�DQQHKPHQ��'LH�ELQlUHQ�:HUWH�HLJQHQ�VLFK�EHVRQ�
GHUV��XP�5HLKHQIROJHEH]LHKXQJHQ�LQQHUKDOE�HLQHV�$EODXISODQXQJVSUREOHPV�DE]XELOGHQ�
�YJO��6HHOEDFK���������

'LH�RSWLPDOH�/|VXQJ�HLQHV�$EODXISODQXQJVSUREOHPV�PLW�+LOIH�GHU�JHPLVFKW�JDQ]]DKOL�
JHQ�3URJUDPPLHUXQJ�HQWVSULFKW�IROJOLFK�HLQHP�9HNWRU�ܿ��GHU�GLH�%HGLQJXQJHQ�������XQG�
������HUI�OOW�XQG�I�U�GHQ�GLH�=LHOIXQNWLRQ�������HLQ�JOREDOHV�0D[LPXP�RGHU�0LQLPXP�
DQQLPPW� �YJO��'RPVFKNH�HW� DO��� �������(LQ� VHKU�EHNDQQWHV�XQG�RIWPDOV� DQJHZHQGHWHV�
JHPLVFKW�JDQ]]DKOLJHV� 3URJUDPP� ]XU� /|VXQJ� GHV� -RE�6KRS�3UREOHPV� LVW� GDV�0RGHOO�
QDFK�0DQQH���������GHVVHQ�)XQNWLRQVZHLVH�LP�)ROJHQGHQ�HUOlXWHUW�ZHUGHQ�VROO���

������ -RE�6KRS�0RGHOOLHUXQJ�QDFK�0DQQH�
'DV�0RGHOO�QDFK�0DQQH��������LVW�ODXW�%U�JJHPDQQ��������HLQH�HIIL]LHQWH�0|JOLFKNHLW��
XP� GDV� -RE�6KRS�3UREOHP� ]X� PRGHOOLHUHQ�� .OHPPW� ������� EHVWlWLJW� GDV� PLW� VHLQHQ�
%HQFKPDUNWHVWV� XQG� VLHKW� LQ� GHP�0RGHOO� QDFK�0DQQH� ������� HEHQIDOOV� 3RWHQWLDO� ]XU�
/|VXQJ�GHV�-RE�6KRS�3UREOHPV��'DV�-RE�6KRS�3UREOHP�NDQQ�QDFK�0DQQH��������ZLH�
IROJW�PRGHOOLHUW�ZHUGHQ��YJO��%UXFNHU�XQG�.QXVW��������0DQQH���������
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0LQLPLHUXQJ�GHU�=LHOIXQNWLRQ��

� ሻݔሺݖ ൌ ௠௔௫ܥ ൌ �כܵ ������

0LW�GHQ�1HEHQEHGLQJXQJHQ��

� ௜ܵ ൅ ௜݌ ൑ ��ò��݅כܵ ՜א�כ �ܥ ������

� ௜ܵ ൅ ௜݌ ൑ ௝ܵ��ò��݅ ՜ ݆ א �ܥ ������

� ௜ܵ ൅ ௜݌ െ ൫ͳܭ െ ௜௝൯ݕ ൑ ௝ܵ��ò��ሺ݅ െ ݆ א �ሻܦ ������

� ௝ܵ ൅ ௝݌ െ ௜௝ݕܭ ൑ ௜ܵ��ò��ሺ݅ െ ݆ א �ሻܦ ������

� ௜ܵ ൒ Ͳ��ò��݅ ൌ ሺͲǡǥ ǡכሻ� ������

� ௜௝ݕ א ሼͲǡͳሽ��ò��ሺ݅ െ ݆ א �ሻܦ �������

'LH�=LHOIXQNWLRQ�GHV�-RE�6KRS�3UREOHPV��GLH�0LQLPLHUXQJ�GHU�*HVDPW]\NOXV]HLW��ZLUG�
GXUFK�������DXVJHGU�FNW��ܵכ�EHVFKUHLEW�GDEHL�GHQ�LPDJLQlUHQ�6WDUW]HLWSXQNW�GHU�6HQNH�GHV�
GLVMXQNWLYHQ�*UDSKHQ�XQG�UHSUlVHQWLHUW�VRPLW�GHQ�(QG]HLWSXQNW�GHU�OHW]WHQ�%HDUEHLWXQJ��
'LH�%HGLQJXQJ�������EHVFKUHLEW�GLH�OHW]WH�2SHUDWLRQ�GHV�NULWLVFKHQ�3IDGHV�YRQ�݅ ՜כ�XQG�
YHUELQGHW�VRPLW�GLH�=LHOIXQNWLRQ�PLW�GHP�5HVWULNWLRQHQV\VWHP�������±��������������HQW�
VSULFKW�GHU�LQGLYLGXHOOHQ�0DVFKLQHQIROJH�GHU�$XIWUlJH�XQG�VWHOOW�VLFKHU��GDVV�2SHUDWLRQ�݆�
HUVW�VWDUWHQ�NDQQ��ZHQQ�2SHUDWLRQ�݅�EHHQGHW�LVW��.RQNXUULHUHQ�]ZHL�$XIWUlJH�݅�XQG�݆�XP�
GLH�JOHLFKH�0DVFKLQH��GDUJHVWHOOW�GXUFK�HLQH�GLVMXQNWLYH�.DQWH�LP�$EODXIJUDSKHQ��NDQQ�
HQWZHGHU� ݅� YRU� ݆� � ������ RGHU� ݆� YRU� ݅� ������ EHDUEHLWHW� ZHUGHQ�� 'LH� KLQUHLFKHQG� JUR�H�
9DULDEOHܭ��VWHOOW�GDEHL�VLFKHU��GDVV�QXU�HLQH�GHU�%HGLQJXQJHQ�EHJUHQ]HQG�ZLUNW��0DQQH�
�������I�KUW�I�U�GLHVHQ�5HVVRXUFHQNRQIOLNW�GLH�%LQlUYDULDEOHݕ�௜௝�HLQ����������

� ௜௝ݕ ൌ ቄͳ ������݅�����݆
Ͳ ����� � �������

'HU�]XOlVVLJH�'HILQLWLRQVEHUHLFK�GHV�0DQQH�0RGHOOV�LVW�PLW�������XQG��������DQJHJHEHQ���

'DV�0RGHOO�YRQ�0DQQH��������HLJQHW�VLFK�DOOHUGLQJV�QXU�]XU�H[DNWHQ�/|VXQJ�YRQ�-RE�
6KRS�3UREOHPHQ�PLW�PD[LPDO����-REV�XQG����0DVFKLQHQ��YJO��.OHPPW���������,P�$OO�
JHPHLQHQ�HLJQHQ�VLFK�JHPLVFKW�JDQ]]DKOLJH�3URJUDPPH�QXU�I�U�NOHLQH�RGHU�VSH]LHOOH�3UR�
EOHPLQVWDQ]HQ� �YJO�� 3UH�PDU�� �������'HU� H[SRQHQWLHOOH�$QVWLHJ� GHV� 5HFKHQDXIZDQGV��
EHGLQJW�GXUFK�GLH�=XQDKPH�GHU�%LQlUYDULDEOHQ��PDFKW�GDV�/|VHQ�YRQ�3UREOHPHQ�LQ�SUD�
[LVUHOHYDQWHQ�*U|�HQ�QLFKW�P|JOLFK��YJO��6FKZDUW]��������.XUEHO�XQG�5RKPDQQ���������

������ Ä%UDQFK�	�%RXQG³�9HUIDKUHQ�
(LQH�ZHLWHUH�H[DNWH�/|VXQJVPHWKRGH�LVW�GDV�Ä%UDQFK�	�%RXQG³�9HUIDKUHQ��,P�*HJHQ�
VDW]� ]XU� JHPLVFKW�JDQ]]DKOLJHQ� 3URJUDPPLHUXQJ� LVW� GDV� HLQ� 9HUIDKUHQ� GHU� LPSOL]LWHQ�
(QXPHUDWLRQ� �YJO�� .DOOUDWK�� ������� ,P� 5DKPHQ� GHU� LPSOL]LWHQ� (QXPHUDWLRQ� ZHUGHQ�
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]XQlFKVW�DOOH�/|VXQJHQ�EHWUDFKWHW��DEHU�ZlKUHQG�GHV�/|VXQJVSUR]HVVHV�VFKULWWZHLVH�GLH�
/|VXQJVDOWHUQDWLYHQ� DXVJHVFKORVVHQ��GLH� I�U�GLH� RSWLPDOH�/|VXQJ�QLFKW�PHKU� LQ�)UDJH�
NRPPHQ��YJO��6LHJHO���������'LH�,GHH�GHV�Ä%UDQFK�	�%RXQG³�9HUIDKUHQV�LVW�HV�VRPLW��HLQ�
$EODXISODQXQJVSUREOHP�VFKULWWZHLVH�LQ�NOHLQH��OHLFKWHU�O|VEDUH�8QWHUSUREOHPH�]X�]HUOH�
JHQ��ZREHL�GLH�EHVWH�/|VXQJ�DOOHU�8QWHUSUREOHPH�GDV�JOREDOH�2SWLPXP�GDUVWHOOW� �YJO��
.OHPPW��������$FKWHUEHUJ����������

'LH�DOOJHPHLQH�9RUJHKHQVZHLVH�HLQHV�Ä%UDQFK�	�%RXQG³�9HUIDKUHQ�NDQQ�PLW�$OJRULWK�
PXV���VNL]]LHUW�ZHUGHQ��YJO��$FKWHUEHUJ���������

$OJRULWKPXV����%UDQFK�	�%RXQG�

�����,QLWLDOLVLHUHܮ� ՚ ሼܴ௔ሽǡ Ƹܿ ՚ λ�

�����7HLOH�ܴ௔�LQ�GLH�8QWHUSUREOHPH�ܴ௔ ൌ ܳଵ ׫ ǥ׫ ܳ௞�XQGܮ� ՚ ܮ ׫ ሼܳଵǡǥ ǡ ܳ௞ሽ�
�����:HQQܮ� ൌ ����GDQQ׎
����� � 6WRSS��*HEHݔ�ො�XQG� Ƹܿ�DXV��
�����6RQVW�

������ � :lKOH�ܳ௞ א ܮ��XQGܮ ՚ �ሼܳሽ̳ܮ
������ � %LOGH�XQG�O|VH�GLH�5HOD[DWLRQ�ܳ௥௘௟௔௫�YRQ�ܳ௞���

������ � :HQQ�ܳ௥௘௟௔௫ ് ���GDQQ׎
������ � � Ƽܿ ՚ �ሻݔሺුݖ
�������� � :HQQ� Ƽܿ ൒ Ƹܿ��GDQQ�JHKH�]X�����
������ � � 6RQVW�

�������� � � :HQQ�ුݔ�]XOlVVLJ�I�U�ܴ௔�GDQQ�
������ � � �� � ොݔ ՚ ��XQGݔු Ƹܿ ՚ Ƽܿ��JHKH�]X�����
������ � � � 6RQVW�

������ � � � � ܴ௔ ՚ ܳ௞��JHKH�]X������
�������� � � (QGH�:HQQ�
������ � � (QGH�:HQQ�
������ � (QGH�:HQQ�
������ � JHKH�]X�����
������(QGH�:HQQ�

'HU�Ä%UDQFK�	�%RXQG³�$OJRULWKPXV�VWDUWHW�PLW�GHU�,QLWLDOLVLHUXQJ�GHU�0HQJHܮ���GLH�DOOH�
XQJHO|VWHQ� 3UREOHPH� HQWKlOW�� XQG� GHU� DNWXHOO� EHVWHQ� REHUHQ� 6FKUDQNH� Ƹܿ� ����� 'DV�
$XVJDQJVSUREOHP� ܴ௔� ZLUG� LQ� HLQIDFKHU� ]X� O|VHQGH� 8QWHUSUREOHPH� JHWHLOW� �HQJO��
EUDQFKLQJ�� XQG� GHU� 0HQJH� �ܮ KLQ]XJHI�JW� ����� 'DGXUFK� HQWVWHKW� HLQ� 6XFKEDXP� �V��
$EELOGXQJ�����GHVVHQ�:XU]HO�ܴ௔�GDV�$XVJDQJVSUREOHP�GDUVWHOOW��YJO��$FKWHUEHUJ����������
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$EELOGXQJ����6XFKEDXP��$FKWHUEHUJ��������

-HGHU�GLHVHU�.QRWHQ�HQWVSULFKW�GDEHL�HLQHP�GLVMXQNWLYHQ�*UDSKHQ�XQG�HQWKlOW�VRPLW�DOOH�
/|VXQJHQ�GHV�7HLOSUREOHPV��YJO��%UXFNHU���������$XVܮ��ZLUG�HLQ�3UREOHP�ܳ௞�DXVJHVXFKW�
����XQG�GHVVHQ�5HOD[DWLRQ�ܳ௥௘௟௔௫�JHELOGHW�XQG�JHO|VW������([LVWLHUW�NHLQH�]XOlVVLJH�/|VXQJ�
I�U�ܳ௥௘௟௔௫��ZLUG�GDV�3UREOHP�QLFKW�ZHLWHU�EHWUDFKWHW�XQG�HLQ�QHXHV�3UREOHP�DXVܮ��ZLUG�
DXVJHZlKOW� ����� YRUDXVJHVHW]W� ���� LVW� QLFKW� HUI�OOW��$QVRQVWHQ� ���� VWHOOW� �ݔු GLH� RSWLPDOH�
/|VXQJ� I�U�ܳ௥௘௟௔௫� XQG� Ƽܿ� GHQ� GD]XJHK|ULJHQ� =LHOIXQNWLRQVZHUW� GDU� ����� ,VW� GLH� XQWHUH�
6FKUDQNH� Ƽܿ�JU|�HU�DOV�GLH�DNWXHOO�EHVWH�REHUH�6FKUDQNH� Ƹܿ��ZLUG�ܳ௞�QLFKW�ZHLWHU�EHWUDFKWHW�
������GD�HV�GLH�RSWLPDOH�/|VXQJ�YRQ�ܴ௔�QLHPDOV�HQWKDOWHQ�NDQQ��HQJO��ERXQGLQJ���$XI�
GLHVH� :HLVH� ZLUG� GLH� YROOVWlQGLJH� (QXPHUDWLRQ� DOOHU� P|JOLFKHQ� /|VXQJHQ� YRQ�
ܴ௔�YHUKLQGHUW��9HUEHVVHUW�GLH�/|VXQJ�ුݔ�YRQ�ܳ௥௘௟௔௫�GLH�DNWXHOO�EHVWH�REHUH�6FKUDQNH������
XQG�LVW�HLQH�]XOlVVLJH�/|VXQJ�I�U�ܴ௔�������ZLUG�VRZRKO�GLH�DNWXHOO�EHVWH�/|VXQJ�DOV�DXFK�
GLH�DNWXHOO�EHVWH�REHUH�6FKUDQNH�HUVHW]W�������$QVRQVWHQ������ZLUG�GDV�DNWXHOO�EHWUDFKWHWH�
3UREOHP� LQ� ZHLWHUH� NOHLQHUH� 7HLOSUREOHPH� YHU]ZHLJW� ������ (LQ� 3UREOHP�ZLUG� VRODQJH�
YHU]ZHLJW��ELV�GDV��7HLO��3UREOHP�DXVJHORWHW�LVW��YJO��'RPVFKNH�HW�DO����������(LQ�3UREOHP�
ZLUG�DOV�DXVJHORWHW�EH]HLFKQHW��ZHQQ�HV�QLFKW�PHKU�ZHLWHU�EHWUDFKWHW�ZHUGHQ�PXVV��GD�
HLQHU� GHU� VLFK� JHJHQVHLWLJ� DXVVFKOLH�HQGHQ� )lOOH� HLQJHWUHWHQ� LVW�� �YJO�� 'RPVFKNH� XQG�
'UH[O���������

��� )�U�ܳ௥௘௟௔௫�H[LVWLHUW�NHLQH�]XOlVVLJH�/|VXQJ��
��� 'LH�EHVWH�/|VXQJ�HLQHV�8QWHUSUREOHPV�LVW�VFKOHFKWHU�DOV�GLH�DNWXHOO�EHVWH�/|VXQJ��
��� (LQH�QHXH�YHUEHVVHUQGH�/|VXQJ�LVW�JHIXQGHQ�XQG�]XOlVVLJ�I�U�ܳ௥௘௟௔௫�XQG�ܴ௔���

5D

4� 4N����������������

$XVJHORWHWHV
8QWHUSUREOHP

$NWXHOOHV
8QWHUSUREOHP

1HXH
8QWHUSUREOHPH

*HO|VWHV
8QWHUSUREOHP

0|JOLFKH
/|VXQJ

:XU]HO

8QJHO|VWH
8QWHUSUREOHPH
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'DV�Ä%UDQFK�	�%RXQG³�9HUIDKUHQ�LVW�EHHQGHW��VREDOGܮ��NHLQH�XQJHO|VWHQ�3UREOHPH�PHKU�
HQWKlOW������'DQQ�ZLUG�GLH�DNWXHOO�EHVWH�/|VXQJ�VRZLH�GLH�DNWXHOO�EHVWH�REHUH�6FKUDQNH�
DXVJHJHEHQ������

=XU� /|VXQJ� GHV� -RE�6KRS�3UREOHPV� H[LVWLHUHQ� YLHOHQ� XQWHUVFKLHGOLFKH� Ä%UDQFK� 	�
%RXQG³�9HUIDKUHQ��GLH�DXI�GHP�GDUJHVWHOOWHQ�)XQNWLRQVSULQ]LS�EDVLHUHQ��'LH�KHXW]XWDJH�
EHVWHQ�Ä%UDQFK�	�%RXQG³�9HUIDKUHQ�]XU�/|VXQJ�GHV�-RE�6KRS�3UREOHPV�VWDPPHQ�YRQ�
%UXFNHU� HW� DO�� ��������0DUWLQ�XQG�6KPR\V� ��������$SSOHJDWH�XQG�&RRN� ������� VRZLH�
&DVHDX�XQG�/DEXUWKH��������XQG�N|QQHQ��ͳͲ ൈ ͳͲ��3UREOHPLQVWDQ]HQ�SUREOHPORV�O|VHQ�
�YJO��6FKXVWHU���������%HL�SUD[LVUHOHYDQWHQ�3UREOHPJU|�HQ�VWR�HQ�DEHU�DXFK�GLH�Ä%UDQFK�
	�%RXQG³�0HWKRGHQ�VFKQHOO�DQ�LKUH�*UHQ]HQ��YJO��-DLQ�XQG�0HHUDQ���������%ULQNN|WWHU�
XQG�%UXFNHU��������GHPRQVWULHUWHQ�GDV�PLW�GHP�9HUVXFK��XQJHO|VWH�%HQFKPDUNSUREOHPH�
]X�O|VHQ��ZREHL�VLH�GLH�%HUHFKQXQJ�QDFK�PHKUHUHQ�7DJHQ�DEEUHFKHQ�PXVVWHQ��ZHLO�GDV�
2SWLPXP� ELV� GDKLQ� QLFKW� JHIXQGHQ�ZXUGH�� 'LH� *UHQ]HQ� VROFKHU� Ä%UDQFK�	�%RXQG³�
9HUIDKUHQ�OLHJHQ�EHL�3UREOHPJU|�HQ�YRQ��ͳͷ ൈ ͳͷ��ELV�PD[LPDO��ʹͲ ൈ ͳͷ���ZREHL�GDV�
NOHLQVWH�RIIHQH�%HQFKPDUNSUREOHP��ʹͲ ൈ ͳͲ��JUR��LVW��YJO��+HQQLQJ����������

)�U� GLH� /|VXQJ� GHV� -RE�6KRS�3UREOHPV� LQ� SUD[LVUHOHYDQWHQ� *U|�HQ� NRPPHQ� H[DNWH�
9HUIDKUHQ� VRPLW� QLFKW� LQ� )UDJH��ZHVKDOE� KHXULVWLVFKH�0HWKRGHQ� HLQH� ZHLW� YHUEUHLWHWH�
$QZHQGXQJ�ILQGHQ��YJO��$QGHUVHQ�HW�DO����������,VW�HLQ�3UREOHP�DOOHUGLQJV�GHU�.ODVVH�ܲ�
]XJHRUGQHW��VROOWH�]XU�RSWLPDOHQ�/|VXQJ�HLQ�H[DNWHV�9HUIDKUHQ�DQJHZHQGHW�ZHUGHQ��YJO��
$FNHU���������7URW]�GHU�HLQJHVFKUlQNWHQ�1XW]EDUNHLW�YRQ�H[DNWHQ�9HUIDKUHQ�]XU�/|VXQJ�
GHV� -RE�6KRS�3UREOHPV� VSLHOHQ� GLH� JHPLVFKW�JDQ]]DKOLJH� 3URJUDPPLHUXQJ� XQG� GDV�
Ä%UDQFK� 	� %RXQG³�9HUIDKUHQ� HLQH� ZLFKWLJH� 5ROOH�� GHQQ� PLW� LKQHQ� NDQQ� DQ� NOHLQHQ�
3UREOHPLQVWDQ]HQ�GLH�/|VXQJVTXDOLWlW�KHXULVWLVFKHU�9HUIDKUHQ�IHVWJHVWHOOW�ZHUGHQ��YJO��
5LHFN���������

���� +HXULVWLVFKH�9HUIDKUHQ�
'LH�RSWLPDOH�/|VXQJ�YRQ�$EODXISODQXQJVSUREOHPHQ�PLWWHOV�H[DNWHU�9HUIDKUHQ�LVW�ZLH�LQ�
YRUKHULJHP�.DSLWHO�HU|UWHUW�QLFKW�E]Z��QXU�HLQJHVFKUlQNW�I�U�NOHLQH�E]Z��3UREOHPH�GHU�
.ODVVH�ܲ�P|JOLFK��VRGDVV�SUD[LVUHOHYDQWH�ܰܲ�VFKZHUH�3UREOHPH�QXU�PLWWHOV�KHXULVWLVFKHU�
9HUIDKUHQ� QlKHUXQJVZHLVH� JHO|VW� ZHUGHQ� N|QQHQ� �YJO�� .LVWQHU� XQG� 6WHYHQ�� �������
+HXULVWLVFKH�/|VXQJVYHUIDKUHQ�VROOWHQ�GHPQDFK�QXU�]XP�(LQVDW]�NRPPHQ��ZHQQ�NHLQH�
HIIL]LHQWHQ� $OJRULWKPHQ� H[LVWLHUHQ�� GLH� GDV� YRUOLHJHQGH� 3UREOHP� O|VHQ� N|QQHQ� �YJO��
%UXFNHU��������.OHPPW���������

������ 'HILQLWLRQ�+HXULVWLN�
,Q�GHU�/LWHUDWXU�H[LVWLHUW�HLQH�9LHO]DKO�DQ�XQWHUVFKLHGOLFKHQ�'HILQLWLRQHQ�I�U�KHXULVWLVFKH�
/|VXQJVYHUIDKUHQ�E]Z��+HXULVWLNHQ��GHQQRFK�HUNHQQW�6WUHLP��������GUHL�0HUNPDOH��GLH�
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LQ�DOOHQ�'HILQLWLRQHQ�HQWKDOWHQ�VLQG��'HPQDFK�EH]HLFKQHW�PDQ�HLQH�/|VXQJVVWUDWHJLH�DOV�
KHXULVWLVFK��ZHQQ�VLH�DOOH�GHU�GUHL�IROJHQGHQ�3XQNWH�HUI�OOW��YJO��6WUHLP���������

��� 1LFKWZLOON�UOLFKH�(QWVFKHLGXQJVRSHUDWRUHQ�NRPPHQ�]XP�(LQVDW]�
��� 3RWHQWLHOOH�/|VXQJHQ�ZHUGHQ�YRP�6XFKSUR]HVV�DXVJHVFKORVVHQ�
��� (V�H[LVWLHUW�NHLQH�*DUDQWLH��GDVV�GDV�3UREOHP�RSWLPDO�JHO|VW�ZLUG�

+HXULVWLVFKH� /|VXQJVYHUIDKUHQ� VLQG� GHPQDFK�0HWKRGHQ�� GLH� XQWHU� =XKLOIHQDKPH� YRQ�
SUREOHPDEKlQJLJHQ�6XFKUHJHOQ�QDFK�]XOlVVLJHQ��KLQUHLFKHQG�JXWHQ�/|VXQJHQ�LQ�YHUWUHW�
EDUHU�5HFKHQ]HLW�VXFKHQ��GLH�JHIXQGHQHQ�/|VXQJHQ�DOOHUGLQJV�QLFKW�GHP�JOREDOHQ�2SWL�
PXP�HQWVSUHFKHQ�P�VVHQ��YJO��=DQDNLV�HW�DO����������,P�9HUJOHLFK�]X�H[DNWHQ�/|VXQJV�
YHUIDKUHQ�NDQQ�EHL�HLQHU�/|VXQJ��GLH�GXUFK�HLQH�+HXULVWLN�EHVWLPPW�ZXUGH��GLH�*�WH�GHU�
/|VXQJ�QLFKW�EHXUWHLOW�XQG�HV�N|QQHQ�DXFK�NHLQH�$XVVDJHQ�JHWURIIHQ�ZHUGHQ��ZLH�ZHLW�
GLHVH�/|VXQJ�YRP�2SWLPXP�HQWIHUQW�LVW��YJO��.OHPPW��������$FNHU����������

+HXULVWLVFKH�/|VXQJVYHUIDKUHQ� ODVVHQ� VLFK� LQ� XQWHUVFKLHGOLFKH�*UXSSHQ� HLQWHLOHQ� �YJO��
'RPVFKNH�HW�DO����������

��� 8QYROOVWlQGLJ�DXVJHI�KUWH�H[DNWH�9HUIDKUHQ�
��� 5HOD[DWLRQVEDVLHUWH�9HUIDKUHQ�
��� (U|IIQXQJVYHUIDKUHQ�
��� 9HUEHVVHUXQJVYHUIDKUHQ�
��� .RPELQDWLRQ�DXV���±�����EOLFK�LVW�.RPELQDWLRQ�YRQ����XQG����

1HEHQ�GHU�(LQWHLOXQJ�LQ�REHQVWHKHQGH�*UXSSHQ�N|QQHQ�KHXULVWLVFKH�0HWKRGHQ�DXFK�LQ�
GHWHUPLQLVWLVFKH�XQG� VWRFKDVWLVFKH�9HUIDKUHQ� HLQJHWHLOW�ZHUGHQ� �YJO��'RPVFKNH�HW� DO���
�������'HWHUPLQLVWLVFKH�/|VXQJVYHUIDKUHQ�OLHIHUQ�EHL�ZLHGHUKROWHU�$QZHQGXQJ�DXI�GDV�
JOHLFKH�3UREOHP�XQG�GHQ�JOHLFKHQ�$QIDQJVEHGLQJXQJHQ�VWHWV�GLHVHOEH�/|VXQJ��6WRFKDV�
WLVFKH�+HXULVWLNHQ�KLQJHJHQ�OLHIHUQ�EHL�PHKUIDFKHU�$QZHQGXQJ�DXI�HLQ�$EODXISODQXQJV�
SUREOHP�DXIJUXQG�HLQHU�]XIlOOLJHQ�.RPSRQHQWH�LQQHUKDOE�GHV�$OJRULWKPXV�XQWHUVFKLHG�
OLFKH�(UJHEQLVVH�WURW]�LGHQWLVFKHU�6WDUWEHGLQJXQJHQ��YJO��'RPVFKNH�HW�DO�����������

������ 8QYROOVWlQGLJ�DXVJHI�KUWH�H[DNWH�9HUIDKUHQ�
([DNWH�9HUIDKUHQ��ZLH�GHU�Ä%UDQFK�	�%RXQG³�$OJRULWKPXV��ZHUGHQ�EHHQGHW��EHYRU�GLH�
RSWLPDOH�/|VXQJ�JHIXQGHQ�ZXUGH��YJO��'RPVFKNH�XQG�6FKROO���������'LHV�JHVFKLHKW�]�%���
ZHQQ�HLQH�EHVWLPPWH�/|VXQJVJ�WH�HUUHLFKW�LVW��YJO��'RPVFKNH�HW�DO����������

������ 5HOD[DWLRQVEDVLHUWH�9HUIDKUHQ�
,P�5DKPHQ�YRQ�5HOD[DWLRQVYHUIDKUHQ�ZHUGHQ�GLH�1HEHQEHGLQJXQJHQ�XQG�5HVWULNWLRQHQ�
HLQHV�3UREOHPV�JHORFNHUW��VRGDVV�GXUFK�GLH�/|VXQJ�GHV�ZHQLJHU�UHVWULQJLHUWHQ�3UREOHPV�
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HLQH� JXWH� ]XOlVVLJH� /|VXQJ� I�U� GDV� $XVJDQJVSUREOHP� JHIXQGHQ� ZHUGHQ� NDQQ� �YJO��
'RPVFKNH�HW�DO���������'RPVFKNH�XQG�6FKROO���������

������ (U|IIQXQJVYHUIDKUHQ�
(U|IIQXQJVYHUIDKUHQ�HUPLWWHOQ� I�U�HLQ�]X� O|VHQGHV�3UREOHP�HLQH� HLQ]LJH�/|VXQJ��RKQH�
ZHLWHUH�/|VXQJHQ�ZlKUHQG�GHV�JHVDPWHQ�/|VXQJVSUR]HVVHV�]X�JHQHULHUHQ��YJO��0�OOHU�
0HUEDFK���������'LH�*HVDPWO|VXQJ�ZLUG�GDEHL�GXUFK�GLH�VXN]HVVLYH�9HUYROOVWlQGLJXQJ�
YRQ�7HLOO|VXQJHQ�NRQVWUXLHUW� �YJO��=lSIHO� XQG�%UDXQH���������'LH� HUPLWWHOWH� ]XOlVVLJH�
/|VXQJ� YRQ�(U|IIQXQJVYHUIDKUHQ� NDQQ� DOV� /|VXQJ� GHV� 3UREOHPV�� DEHU� DXFK� DOV� 6WDUW�
O|VXQJ�I�U�9HUEHVVHUXQJVYHUIDKUHQ�GLHQHQ��YJO��0�OOHU�0HUEDFK����������

'DV�3ULRULWlWVUHJHOYHUIDKUHQ�LVW�HLQ�ZHLWYHUEUHLWHWHV�(U|IIQXQJVYHUIDKUHQ�XQG�ZLUG�LQ�GHU�
3UD[LV�VHKU�KlXILJ�I�U�GLH�/|VXQJ�GHV�-RE�6KRS�3UREOHPV�DQJHZDQGW���YJO��$FNHU��������
9DQ� '\NH� 3DUXQDN�� +��� ������ 3LQHGR�� ������� 3ULRULWlWVUHJHOYHUIDKUHQ� EDVLHUHQ� QDFK�
'RPVFKNH�HW�DO���������DXI�]ZHL�6FKULWWHQ��

��� %HVWLPPH�GHQ�5DQJZHUW�I�U�HLQ�2EMHNW�DQKDQG�HLQHU�3ULRULWlWVUHJHO�
��� %HVWLPPH�GLH�$XIWUDJVUHLKHQIROJH�DXI�%DVLV�GHU�5DQJZHUWH�

,Q�)HUWLJXQJVV\VWHPHQ�N|QQHQ�PHKUHUH�-REV�]XP�JOHLFKHQ�=HLWSXQNW�XP�HLQH�0DVFKLQH�
NRQNXUULHUHQ��'LHVHU�6DFKYHUKDOW�ZLUG�LQ�HLQHP�GLVMXQNWLYHQ�*UDSKHQ�GXUFK�XQJHULFKWHWH�
GLVMXQNWLYH�.DQWHQ�GDUJHVWHOOW��V��.DSLWHO���������,P�5DKPHQ�GHU�$EODXISODQXQJ�PXVV�QXQ�
HLQH�$XIWUDJVIROJH�I�U�GLH�0DVFKLQH�JHIXQGHQ�ZHUGHQ��GDPLW�GLHVHU�5HVVRXUFHQNRQIOLNW�
JHO|VW�ZHUGHQ�NDQQ��'LHV�JHVFKLHKW�GXUFK�GHQ�(LQVDW]�VRJHQDQQWHU�3ULRULWlWVUHJHOQ��GLH�
GHQ� HLQ]HOQHQ� -REV� 5DQJZHUWH�� EH]RJHQ� DXI� GLH� 0DVFKLQH�� XP� GLH� VLH� NRQNXUULHUHQ��
]XZHLVHQ��6FKULWW������$XI�%DVLV�GLHVHU�5DQJZHUWH�ZHUGHQ�LP����6FKULWW�GLH�-REV�DXV�GHU�
.RQIOLNWPHQJH�LQ�GHU�HQWVSUHFKHQGHQ�5HLKHQIROJH�VFKULWWZHLVH�GHU�0DVFKLQH�]XJHRUGQHW��
0LW�3ULRULWlWVUHJHOYHUIDKUHQ�N|QQHQ�I�U�HLQIDFKH�3UREOHPH��ZLH�(LQ�0DVFKLQHQSUREOHPH�
RGHU�)ORZ�6KRS�3UREOHPH��RSWLPDOH�/|VXQJHQ�JHIXQGHQ�ZHUGHQ��YJO��6FKZDUW]���������
)�U�NRPSOH[H�3UREOHPVWHOOXQJHQ�OLHIHUQ�VROFKH�9HUIDKUHQ�DOOHUGLQJV�QXU�/|VXQJHQ�PLW�
VWDUNHQ� $EZHLFKXQJHQ� YRP� 2SWLPXP� �YJO�� 6FKZDUW]�� ������� 'LHV� OLHJW� DQ� GHU�
VXN]HVVLYHQ�9RUJHKHQVZHLVH� GHU�3ULRULWlWVUHJHOYHUIDKUHQ�� VRGDVV� LP�9HUODXI� GHV�9HU�
IDKUHQV�LPPHU�ZHQLJHU�NRQNXUULHUHQGH�-REV�]XU�(LQSODQXQJ�]XU�9HUI�JXQJ�VWHKHQ��YJO��
'RPVFKNH�HW�DO����������'DGXUFK�QLPPW�GLH�:DKUVFKHLQOLFKNHLW�� HLQH�XQJ�QVWLJH�(QW�
VFKHLGXQJ�EH]�JOLFK�GHU�=LHOIXQNWLRQ�JHWURIIHQ�]X�KDEHQ��]X��YJO��'RPVFKNH�HW�DO����������
7HLFK��������XQWHUVXFKWH�GLH�/|VXQJVTXDOLWlW�YRQ�3ULRULWlWVUHJHOYHUIDKUHQ�DQ�3UREOHPHQ��
EHL� GHQHQ� GLH� *HVDPW]\NOXV]HLW� PLQLPLHUW� ZHUGHQ� VROOWH�� XQG� VWHOOWH� IHVW�� GDVV� MHGH�
/|VXQJ�PLQGHVWHQV������YRP�2SWLPXP�HQWIHUQW�ZDU��6WHOOW�GLH�/|VXQJ�HLQHV�3ULRULWlWV�
UHJHOYHUIDKUHQV� HLQH� 6WDUWO|VXQJ� I�U� 9HUEHVVHUXQJVYHUIDKUHQ� GDU�� VR� VLQG� GLH� VWDUNHQ�
$EZHLFKXQJHQ�ZHQLJHU�EHGHXWHQG��YJO��6FKZDUW]����������



��2SWLPLHUXQJ�XQG�6LPXODWLRQ� � ��

���

�

=XU� /|VXQJ� YRQ� NRPSOH[HQ� 3UREOHPHQ�� ZLH� GHP� -RE�6KRS�3UREOHP�� I�KUW� GLH� UHLQH�
$QZHQGXQJ�YRQ�3ULRULWlWVUHJHOQ�]X�GHXWOLFKHQ�XQG�XQQ|WLJHQ�9HU]|JHUXQJHQ�LP�3URGXN�
WLRQVDEODXI��YJO��-DHKQ�XQG�3HVFK���������8P�GDV�3ULRULWlWVUHJHOYHUIDKUHQ�DXFK�I�U�NRP�
SOH[H�3UREOHPVWUXNWXUHQ�DQZHQGHQ�]X�N|QQHQ��ZHUGHQ�GLH�3ULRULWlWVUHJHOQ�LQ�VSH]LHOOH�
(U|IIQXQJVYHUIDKUHQ�LQWHJULHUW��YJO��%DNHU���������'HU�YRQ�*LIIOHU�XQG�7KRPSVRQ��������
HQWZLFNHOWH�$OJRULWKPXV��*7�$OJRULWKPXV��ZLUG�LQ�GLHVHP�=XVDPPHQKDQJ�RIWPDOV�]XU�
(UVWHOOXQJ�YRQ�$EODXISOlQHQ�YHUZHQGHW�XQG�ELOGHW�GLH�%DVLV�I�U�+HXULVWLNHQ��GLH�DXI�GHU�
$QZHQGXQJ�YRQ�3ULRULWlWVUHJHOQ�EHUXKHQ��YJO��%áDĪHZLF]�HW�DO����������$XI�HLQH�JHQDXH�
(UOlXWHUXQJ�GHV�*7�$OJRULWKPXV�VROO�DQ�GLHVHU�6WHOOH�YHU]LFKWHW�ZHUGHQ���

7DEHOOH����([HPSODULVFKH�$XVZDKO�YRQ�3ULRULWlWVUHJHOQ�

1DPH� .�U]HO� $XVZDKO�DEKlQJLJ�YRQ«�
+|FKVWH�3ULRULWlW�I�U�

$XIWUDJ«�

=XIDOOVUHJHO� 5$1'20� =XIDOO�
«�PLW�GHP�JHULQJVWHQ�:HUW�
HLQHU�JOHLFKYHUWHLOWHQ�=XIDOOV]DKO�

2SHUDWLRQV]HLW��
UHJHO�

637�/37� 3UR]HVV]HLWHQ�
«�PLW�GHU�N�U]HVWHQ�OlQJVWHQ�
3UR]HVV]HLW�DQ�EHWUDFKWHWHU�0D�
VFKLQH�

/LHIHUWHUPLQ��
UHJHO�

(''� )HUWLJVWHOOXQJVWHUPLQHQ� «�PLW�GHP�IU�KVWHQ�/LHIHUWHUPLQ�

:HUWUHJHO� 9$/8(� :HUWHQ� «�PLW�GHP�K|FKVWHQ�3URGXNWZHUW�

�

7DEHOOH���]HLJW�HLQH�H[HPSODULVFKH�$XVZDKO�DQ�3ULRULWlWVUHJHOQ��GLH�KlXILJ�LQ�GHU�3UD[LV�
HLQJHVHW]W�ZHUGHQ��YJO��%UDK�XQG�:KHHOHU��������+DQVPDQQ��������=lSIHO���������'LHVH�
5HJHOQ� ZXUGHQ� YRQ� GHQ� YHUVFKLHGHQHQ� =LHOIXQNWLRQHQ� GHU� $EODXISODQXQJVSUREOHPH�
DEJHOHLWHW��]�%��(''�YRQ�WHUPLQRULHQWLHUWHQ�=LHOIXQNWLRQHQ��637�/37�YRQ�GXUFKODXI]HLW�
EH]RJHQHQ�=LHOIXQNWLRQHQ��XQG�GLHQHQ� VRPLW� ]XU�8QWHUVW�W]XQJ�GHU�=LHOHUUHLFKXQJ� LP�
5DKPHQ�GHV�/|VXQJVSUR]HVVHV��YJO��+RLWVFK����������

������ 9HUEHVVHUXQJVYHUIDKUHQ�
9HUEHVVHUXQJVYHUIDKUHQ� DUEHLWHQ� QDFK� GHP� 3ULQ]LS� ÄILQG� D� IHDVLEOH� VROXWLRQ� DQG� WKHQ�
VHDUFK�IRU�EHWWHU�RQHV³��YJO��+LOOLHU��������6��������6LH�EHQ|WLJHQ�]XP�6WDUW�GHPQDFK�HLQH�
EHUHLWV�]XOlVVLJH�/|VXQJ�I�U�GDV�YRUOLHJHQGH�$EODXISODQXQJVSUREOHP��GLH�]XIlOOLJ�HU]HXJW�
RGHU� GXUFK� HLQ� (U|IIQXQJVYHUIDKUHQ�� ZLH� GHP� 3ULRULWlWVUHJHOYHUIDKUHQ�� EHUHLWJHVWHOOW�
ZXUGH��YJO��'RPVFKNH�HW�DO����������6LH�DUEHLWHQ�GDQQ�ZLH�IROJW��

9RQ�GLHVHU�]XOlVVLJHQ�/|VXQJݔ��DXVJHKHQG�VXFKHQ�9HUEHVVHUXQJVYHUIDKUHQ�LWHUDWLY�GHQ�
/|VXQJVUDXP�QDFK�HLQHU�9HUEHVVHUXQJVP|JOLFKNHLW�DE��,P�*HJHQVDW]�]X�9HUIDKUHQ�GHU�
YROOVWlQGLJHQ�(QXPHUDWLRQ��V��.DSLWHO��������EHVFKUlQNHQ�VLH�VLFK�EHL�GHU�/|VXQJVVXFKH�
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QLFKW�DXI�GHQ�JHVDPWHQ�/|VXQJVUDXP�ܺ��VRQGHUQ�QXU�DXI�HLQHQ�7HLO�GHV�/|VXQJVUDXPHV��
GLH�VRJHQDQQWH�1DFKEDUVFKDIW�ܰ ሺݔሻ ؿ ܺ��YJO��'RZVODQG���������'LH�1DFKEDUVFKDIW�ܰ ሺݔሻ�
GHILQLHUW� VRPLW� GHQ� 7HLO� GHV� JHVDPWHQ� /|VXQJVUDXPHV�� GHU� YRQ� �ݔ DXV� PLW� HLQIDFKHQ�
7UDQVIRUPDWLRQHQ�]X�HUUHLFKHQ�LVW��XQG�ZLUG�GXUFK�HLQH�1DFKEDUVFKDIWVIXQNWLRQ��GLH�GLH�
7UDQVIRUPDWLRQVUHJHOQ�IHVWOHJW��EHVWLPPW��YJO��$FNHU��������=lSIHO�XQG�%UDXQH���������
(LQH�7UDQVIRUPDWLRQ�GHU�/|VXQJ�HUJLEW�VLFK�GDEHL�DXV��YJO��'RPVFKNH�XQG�6FKROO���������

��� GHU�9HUlQGHUXQJ�GHU�/|VXQJ�DQ�HLQHU�6WHOOH�
��� GHP�9HUWDXVFKHQ�YRQ�(OHPHQWHQ�
��� GHP�9HUVFKLHEHQ�YRQ�(OHPHQWHQ�

(LQH�/|VXQJݔ�Ԣ א ܰሺݔሻ�JLOW�VRPLW�DOV�EHQDFKEDUW��ZHQQ�VLH�LQ�HLQHP�HLQ]LJHQ�6FKULWW�LP�
5DKPHQ� GHU� 7UDQVIRUPDWLRQVYRUVFKULIWHQ� ]X� HUUHLFKHQ� LVW� �YJO�� 5HHYHV� XQG� %HDVOH\��
������� 'LH� hEHUI�KUXQJ� HLQHU� /|VXQJ� �ݔ ]X� HLQHU� /|VXQJ� �Ԣݔ ZLUG� DXFK� DOV� =XJ� �ݒ
EH]HLFKQHW� �YJO�� 'RPVFKNH� XQG�'UH[O�� �������'LH� *HVWDOW� GHU� 1DFKEDUVFKDIW� LVW� DXV�
VFKODJJHEHQG� I�U� GLH� (UUHLFKEDUNHLW� GHU� /|VXQJHQ� LP� /|VXQJVUDXP� XQG� KDW� VRPLW�
PD�JHEOLFKHQ�(LQIOXVV�DXI�GLH�(IIL]LHQ]�XQG�(IIHNWLYLWlW�GHV�6XFKYHUIDKUHQV��YJO��*ORYHU�
XQG�/DJXQD���������8QWHUVFKHLGHQ�VLFK�GLH�/|VXQJHQ�HLQHU�1DFKEDUVFKDIW�QXU�PLQLPDO�
YRQ� GHU� EHWUDFKWHWHQ� /|VXQJ�� KDW� GLHV� HLQH� GHWDLOOLHUWH� /|VXQJVVXFKH� ]XU� )ROJH�� ZDV�
ZLHGHUXP� LQ� HLQHU� ODQJVDPHQ�$QQlKHUXQJ� DQ� GDV�2SWLPXP� UHVXOWLHUW� �YJO�� 6FKZDUW]��
������� 6LQG� GLH�8QWHUVFKLHGH� KLQJHJHQ� JU|�HU��ZLUG� GHU� /|VXQJVUDXP�]ZDU� VFKQHOOHU�
GXUFKVXFKW�� HV� EHVWHKW� DEHU� DXFK� GLH�*HIDKU�� GDVV� GDV�2SWLPXP��EHUVHKHQ�ZLUG� �YJO��
'XHFN� HW� DO��� �������'DV�3ULQ]LS�GHU�1DFKEDUVFKDIWVVXFKH� VRZLH� GLH�=XVDPPHQKlQJH�
]ZLVFKHQ� GHQ� DN]HSWLHUWHQ� /|VXQJHQ� XQG� GHQ� 1DFKEDUVFKDIWHQ� LVW� LQ� $EELOGXQJ� ��
GDUJHVWHOOW��YJO��=lSIHO�XQG�%UDXQH����������

�
$EELOGXQJ����3ULQ]LS�GHU�1DFKEDUVFKDIWVVXFKH��=lSIHO�XQG�%UDXQH��������
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8P�GDV�-RE�6KRS�3UREOHP�PLW�9HUEHVVHUXQJVYHUIDKUHQ�]X�O|VHQ��ZHUGHQ�YHUVFKLHGHQH�
1DFKEDUVFKDIWHQ�YRUJHVFKODJHQ��([HPSODULVFK�VROO�DQ�GLHVHU�6WHOOH�GLH�1DFKEDUVFKDIW�1��
HUZlKQW�ZHUGHQ��GLH�DXI�GHU�8PNHKUXQJ�HLQHV�GLVMXQNWLYHQ�3IHLOHV�EHUXKW��YJO��*HLJHU��
�������,P�5DKPHQ�GHU�$QZHQGXQJ�YRQ�9HUEHVVHUXQJVYHUIDKUHQ�]XU�/|VXQJ�YRQ�$EODXI�
SODQXQJVSUREOHPHQ�LVW�QLFKW�QXU�GLH�6WUXNWXU�GHU�1DFKEDUVFKDIW�]X�EHVWLPPHQ��VRQGHUQ�
DXFK�HLQH�$XVZDKOVWUDWHJLH��DXI�GHUHQ�%DVLV�HLQH�XQWHUVXFKWH�1DFKEDUVFKDIWVO|VXQJ�DN�
]HSWLHUW�ZLUG��XP�YRQ�GRUW�HLQH�QHXH�,WHUDWLRQ�]X�VWDUWHQ��$QKDQG�GHU�$XVZDKOVWUDWHJLH�
N|QQHQ�9HUEHVVHUXQJVYHUIDKUHQ�LQ�]ZHL�.DWHJRULHQ�HLQJHWHLOW�ZHUGHQ��YJO��'RPVFKNH�HW�
DO����������

��� 5HLQH�9HUEHVVHUXQJVYHUIDKUHQ�

%HL�UHLQHQ�9HUEHVVHUXQJVYHUIDKUHQ�ZLUG�GLH�1DFKEDUVFKDIWVO|VXQJ�QXU�DN]HSWLHUW��ZHQQ�
LKU�=LHOIXQNWLRQVZHUW�LP�9HUJOHLFK�]XU�DNWXHOOHQ�/|VXQJ�JU|�HU�EHL�0D[LPLHUXQJVSUR�
EOHPHQ�XQG�NOHLQHU�EHL�0LQLPLHUXQJVSUREOHPHQ�LVW��'DEHL�NDQQ�GLH�HUVWH�EHVVHUH�/|VXQJ�
JHZlKOW�ZHUGHQ��HQJO��ILUVW�ILW��RGHU�QDFK�'XUFKVXFKHQ�GHU�JHVDPWHQ�1DFKEDUVFKDIW�GLH�
/|VXQJ��GLH�]XU�JU|�WP|JOLFKHQ�9HUEHVVHUXQJ�GHV�=LHOIXQNWLRQVZHUWHV�I�KUW��HQJO��EHVW�
ILW���:LUG�NHLQH�YHUEHVVHUQGH�1DFKEDUO|VXQJ�JHIXQGHQ��HQGHW�GDV�9HUIDKUHQ��'LH�JHIXQ�
GHQH�/|VXQJ�NDQQ�]ZDU�I�U�GLH�1DFKEDUVFKDIWVGHILQLWLRQ�HLQ�ORNDOHV�2SWLPXP�GDUVWHOOHQ��
NDQQ�DEHU�ZHLW�YRQ�GHP�JOREDOHQ�2SWLPXP�HQWIHUQW�VHLQ��YJO��%UXFNHU����������

$EELOGXQJ����YHUGHXWOLFKW�GLHVHQ�6DFKYHUKDOW�DQKDQG�GHU�LQ�$EKlQJLJNHLW�YRQݔ��]X�PLQL�
PLHUHQGHQ�)XQNWLRQݖ�ሺݔሻ�XQG�]HLJW��GDVV�GLH�1DFKEDUVFKDIWVO|VXQJݔ�Ԣଵ�GDV�ORNDOH��DEHU�
QLFKW�GDV�JOREDOH�0LQLPXP�GDUVWHOOW��'D�UHLQH�9HUEHVVHUXQJVYHUIDKUHQ�LQQHUKDOE�HLQHU�
,WHUDWLRQ� QXU� /|VXQJHQ� ]XODVVHQ�� GLH� GHQ� =LHOIXQNWLRQVZHUW� PLQLPLHUHQ�� NDQQ� GLHVHV�
ORNDOH�2SWLPXP�IROJOLFK�QLH�YHUODVVHQ�ZHUGHQ��

�
$EELOGXQJ�����/|VXQJVODQGVFKDIW��QDFK�'RPVFKNH�HW�DO���������

�̵͵

�̵ʹ

�̵ͳ

�ሺ
�ሻ

�
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��� /RNDOH�6XFKYHUIDKUHQ��

/|VXQJVYHUIDKUHQ�� GLH� 1DFKEDUVFKDIWVO|VXQJHQ� DN]HSWLHUHQ�� GHUHQ� =LHOIXQNWLRQVZHUW�
VFKOHFKWHU�LVW�DOV�GHU�GHU�DNWXHOOHQ�/|VXQJ��ZHUGHQ�DOV�ORNDOH�6XFKYHUIDKUHQ�EH]HLFKQHW�
�YJO��'RPVFKNH� XQG� 6FKROO�� �������'XUFK� GLH�$N]HSWDQ]� YRQ� VFKOHFKWHUHQ� /|VXQJHQ�
N|QQHQ�ORNDOH�2SWLPD�YHUODVVHQ�ZHUGHQ��'DPLW�LQ�$EELOGXQJ����GDV�JOREDOH�2SWLPXP�
�Ԣଶሻ�LQݔ��Ԣଷ�HUUHLFKW�ZHUGHQ�NDQQ��PXVV�LQ�GHU�QlFKVWHQ�,WHUDWLRQ�HLQH�9HUVFKOHFKWHUXQJݔ
.DXI�JHQRPPHQ�ZHUGHQ��$XFK�EHL�ORNDOHQ�6XFKYHUIDKUHQ�H[LVWLHUW�GLH�)LUVW��XQG�%HVW�
)LW�6WUDWHJLH�� GLHVH� JLOW� HV� DEHU� I�U� GHQ� )DOO� YRQ� =LHOIXQNWLRQVYHUVFKOHFKWHUXQJHQ� ]X�
DGDSWLHUHQ��'LH�)LUVW�)LW�6WUDWHJLH�HUODXEW�HV��HLQHQ�VFKOHFKWHUHQ�=LHOIXQNWLRQVZHUW�]XIlO�
OLJ��LQ�$EKlQJLJNHLW�GHV�$XVPD�HV�GHU�9HUVFKOHFKWHUXQJ�RGHU�EHL�0DQJHO�HLQHU�YHUEHV�
VHUQGHQ�/|VXQJ�]X�ZlKOHQ��YJO��'RPVFKNH�HW�DO����������,P�5DKPHQ�GHU�%HVW�)LW�6WUDWH�
JLH�ZLUG�GLH�EHVWP|JOLFKH�/|VXQJ�RGHU�±�I�U�GHQ�)DOO�GHU�1LFKWH[LVWHQ]�HLQHU�YHUEHVVHUQ�
GHQ�/|VXQJ�±�GLH�/|VXQJ�PLW�GHU�NOHLQVWHQ�9HUVFKOHFKWHUXQJ�GHU�JHVDPWHQ�1DFKEDUVFKDIW�
DN]HSWLHUW� �HQJO�� VWHHSHVW� GHVFHQW�EHL�0LQLPLHUXQJVSUREOHPHQ�� �YJO��'RPVFKNH� HW� DO���
��������

9HUEHVVHUXQJVYHUIDKUHQ�N|QQHQ�HUIROJUHLFK�I�U�GLH�/|VXQJ�GHV�-RE�6KRS�3UREOHPV�JH�
QXW]W�ZHUGHQ��YJO��5HHYHV��&���������'DPLW�GLH� ORNDOHQ�2SWLPD��EHUZXQGHQ�XQG�RGHU�
YLHOYHUVSUHFKHQGH�1DFKEDUVFKDIWHQ�XQWHUVXFKW�ZHUGHQ�N|QQHQ��ZXUGHQ�0HWDKHXULVWLNHQ�
HQWZLFNHOW�� GLH� GLH� 9HUEHVVHUXQJVYHUIDKUHQ� QDFK� EHVWLPPWHQ� 3ULQ]LSLHQ� VWHXHUQ� �YJO��
'RPVFKNH�XQG�6FKROO���������Ä0HWDKHXULVWLNHQ�VLQG�GDGXUFK�FKDUDNWHULVLHUW��GDVV�HLQH�
�EHUJHRUGQHWH� 6WUDWHJLH� HLQH� DQGHUH�� PHLVW� SUREOHPVSH]LILVFKH� +HXULVWLN� VWHXHUW� XQG�
PRGLIL]LHUW��XP�EHVVHUH�/|VXQJHQ�]X�ILQGHQ��DOV� MHQH��GLH�GLH�XQWHUJHRUGQHWH�+HXULVWLN�
DOOHLQ� ILQGHQ� Z�UGH�³� �YJO�� =lSIHO� XQG� %UDXQH�� ������ 6�� ����� 0HWDKHXULVWLNHQ� VLQG�
SUREOHPXQDEKlQJLJ� XQG� N|QQHQ� DXI� HLQH� 9LHO]DKO� DQ� 3UREOHPVWHOOXQJHQ� DQJHZDQGW�
ZHUGHQ��YJO��3LUORW��������� ,P�)ROJHQGHQ�ZHUGHQ�GLH�SRSXOlUVWHQ�0HWDKHXULVWLNHQ��GLH�
]XU�/|VXQJ�GHV�-RE�6KRS�3UREOHPV�HLQJHVHW]W�ZHUGHQ��DXVI�KUOLFK�GDUJHVWHOOW�XQG�GHUHQ�
)XQNWLRQVZHLVH�HUOlXWHUW��YJO��=lSIHO�XQG�%UDXQH���������

�������� 6LPXODWHG�$QQHDOLQJ�
6LPXODWHG�$QQHDOLQJ�LVW�HLQH�0HWDKHXULVWLN��GLH�DXI�GHU�ORNDOHQ�6XFKH�EDVLHUW�XQG�ZXUGH�
LQ�GHQ�����HU�-DKUHQ�XQDEKlQJLJ�YRQ�.LUNSDWULFN�HW�DO���������XQG�ýHUQê��������]XU�/|�
VXQJ�YRQ�NRPELQDWRULVFKHQ�2SWLPLHUXQJVSUREOHPHQ�HQWZLFNHOW��YJO��=lSIHO�XQG�%UDXQH��
�������'DV�9HUIDKUHQ�EDVLHUW�GDEHL�DXI�GHP�$OJRULWKPXV�YRQ�0HWURSROLV�HW�DO����������
GHU�GHQ�(UVWDUUXQJVYRUJDQJ�HLQHU�IO�VVLJHQ�0DWHULH�]XP�)HVWN|USHU�ZLGHUVSLHJHOW��'DV�
=LHO� HLQHV� VROFKHQ� $EN�KOXQJVYRUJDQJ� LVW� GDV� (UUHLFKHQ� HLQHV� =XVWDQGHV� PLQLPDOHU�
(QHUJLH��DQDORJ�]XU�*HVDPW]\NOXV]HLW���YJO��=lSIHO�XQG�%UDXQH���������$OJRULWKPXV���
VROO�GLH�)XQNWLRQVZHLVH�GHV�6LPXODWHG�$QQHDOLQJ�YHUGHXWOLFKHQ��YJO��*HLJHU���������
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$OJRULWKPXV����6LPXODWHG�$QQHDOLQJ�

������ *HQHULHUH�HLQH�$XVJDQJVO|VXQJݔ��
������ :LHGHUKROH�

������ � (U]HXJH�HLQ�(OHPHQWݔ�Ԣ א ܰሺݔሻ�
������ � (YDOXLHUHݔ�ᇱ�
������ � :HQQݖ�ሺݔᇱሻ ൑ �ሻ�GDQQݔሺݖ
����� � � ݔ ՚ �Ԣݔ
������ � 6RQVW�

����� � � ݔ ՚ ௦݌�Ԣ�PLWݔ ൌ ݁ି
೥ሺೣᇲሻష�೥ሺೣሻ

೟೔ �
������ � (QGH�:HQQ�

�������� 9HUPLQGHUHݐ�௜�
�������%LV�$EEUXFKNULWHULXP�HUI�OOW�

'LH� 6WDUWO|VXQJ� �ݔ GHV�$OJRULWKPXV�ZLUG� ]XIlOOLJ� RGHU� GXUFK� HLQ� (U|IIQXQJVYHUIDKUHQ�
EHUHLWJHVWHOOW�� ,P� 5DKPHQ� GHU� 7UDQVIRUPDWLRQVYRUVFKULIWHQ� ZLUG� HLQH� 1DFKEDUVFKDIWV�
O|VXQJ�YRQݔ��HU]HXJW������1DFKGHP�GHU�=LHOIXQNWLRQVZHUW�GHU�1DFKEDUVFKDIWVO|VXQJݔ�ᇱ�
EHVWLPPW�ZXUGH������ZLUG�GHU�=LHOIXQNWLRQVZHUW�YRQݔ�ᇱ�PLW�GHP�=LHOIXQNWLRQVZHUW�GHU�
DNWXHOOHQ�/|VXQJݔ��YHUJOLFKHQ������,VW�GHU�=LHOIXQNWLRQVZHUW�GHU�1DFKEDUVFKDIWVO|VXQJݔ�ᇱ�
NOHLQHU��ZLUG�GLH�/|VXQJݔ��HUVHW]W������DQGHUQIDOOV�����ZLUG�GLH�VFKOHFKWHUH�/|VXQJ�PLW�
HLQHU�JHZLVVHQ�:DKUVFKHLQOLFKNHLW�DN]HSWLHUW� �����'HU�]HQWUDOH�6WHXHUXQJVSDUDPHWHUݐ�௜�
GHV� $OJRULWKPXV� HQWVSULFKW� LP� XUVSU�QJOLFKHQ� $OJRULWKPXV� YRQ�0HWURSROLV� HW� DO�� GHU�
7HPSHUDWXU� LP� ,WHUDWLRQVVFKULWW� ݅�� ,Q� $QDORJLH� ]XP� $EN�KOXQJVSUR]HVV� ZLUG� GHU�
6WHXHUXQJVSDUDPHWHU� �௜ݐ QDFK� HLQHU� 9HUPLQGHUXQJVUHJHO� LP� /DXIH� GHV� $OJRULWKPXV�
UHGX]LHUW� ������ VRGDVV� GLH�$N]HSWDQ]ZDKUVFKHLQOLFKNHLW� HLQHU� VFKOHFKWHUHQ� /|VXQJ� I�U�
݅ ՜ λ�PLQLPLHUW�ZLUG������YJO��*HLJHU���������'HU�$OJRULWKPXV�VXFKW�VRODQJH�QDFK�HLQHU�
GHQ�=LHOIXQNWLRQVZHUW�YHUEHVVHUQGHQ�/|VXQJ��ELV�HLQ�EHVWLPPWHV�$EEUXFKNULWHULXP��]�%��
GLH� IHKOHQGH� 9HUEHVVHUXQJ� GHV� =LHOIXQNWLRQVZHUWHV� �EHU� HLQHQ� EHVWLPPWHQ� =HLWUDXP��
HUI�OOW�LVW�������YJO��=lSIHO�XQG�%UDXQH���������

�������� *HQHWLVFKH�$OJRULWKPHQ�

*HQHWLVFKH�$OJRULWKPHQ�ZXUGHQ� YRQ�+ROODQG� ������� HQWZLFNHOW� XQG� VLQG� KHXULVWLVFKH�
2SWLPLHUXQJVYHUIDKUHQ��GLH� DXI�GHU�(YROXWLRQVVWUDWHJLH�EDVLHUHQ� �YJO��3HVFK�XQG�9R���
�������6LH�HUP|JOLFKHQ�GLH�/|VXQJ�YRQ�$EODXISODQXQJVSUREOHPHQ�GXUFK�GLH�$QZHQGXQJ�
YRQ�3UR]HVVHQ�GHU�ELRORJLVFKHQ�(YROXWLRQ��YJO��=lSIHO�XQG�%UDXQH���������,P�*HJHQVDW]�
]XP�6LPXODWHG�$QQHDOLQJ�EHWUDFKWHQ�JHQHWLVFKH�$OJRULWKPHQ�ZlKUHQG�HLQHV�,WHUDWLRQV�
VFKULWWV�QLFKW�QXU�HLQH�/|VXQJ��VRQGHUQ�N|QQHQ�HLQH�JDQ]H�0HQJH�YRQ�/|VXQJVP|JOLFK�
NHLWHQ��VRJ��3RSXODWLRQ��DXI�9HUEHVVHUXQJHQ�XQWHUVXFKHQ��YJO��)ULW]VFKH��������*ROGEHUJ��
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�������'HU�6XFKSUR]HVV�YRQ�JHQHWLVFKHQ�$OJRULWKPHQ�EHVWHKW�LP�:HVHQWOLFKHQ��DQDORJ�
]XP�(YROXWLRQVSUR]HVV��DXV�GHU�6HOHNWLRQ��5HNRPELQDWLRQ�XQG�0XWDWLRQ��YJO��'RPVFKNH�
XQG�6FKROO���������

x� 6HOHNWLRQ�

$XV� HLQHU� $XVJDQJVSRSXODWLRQ�ZHUGHQ� ,QGLYLGXHQ�� GLH� GLH� /|VXQJ� HLQHV� 3UREOHPV� LQ�
NRGLHUWHU� )RUP� HQWKDOWHQ�� DXVJHZlKOW� XQG� LQ� GLH� QDFKIROJHQGH� WHPSRUlUH� 3RSXODWLRQ�
�EHUWUDJHQ��YJO��3HVFK�XQG�9R����������'LH�$XVZDKOZDKUVFKHLQOLFKNHLW�KlQJW�GDEHL�VWDUN�
YRP� )LWQHVVZHUW� �=LHOIXQNWLRQVZHUW�� GHU� ,QGLYLGXHQ� DE� �YJO�� 'RPVFKNH� XQG� 6FKROO��
�������-H�EHVVHU�GHU�=LHOIXQNWLRQVZHUW�E]Z��MH�ILWWHU�GDV�,QGLYLGXXP�LVW��GHVWR�K|KHU�LVW�
GLH� :DKUVFKHLQOLFKNHLW�� DOV� (OWHUQLQGLYLGXXP� DXVJHZlKOW� ]X� ZHUGHQ� �YJO�� 6FKZDUW]��
�������$XI�GLHVH�:HLVH�NDQQ�GDV�3ULQ]LS�YRQ�'DUZLQ�ÄVXUYLYDO�RI�WKH�ILWWHVW³�LP�5DKPHQ�
GHU� /|VXQJVVXFKH� XPJHVHW]W�ZHUGHQ� �YJO��*ROGEHUJ�� �������8P� ORNDOH�2SWLPD� �EHU�
ZLQGHQ� ]X� N|QQHQ��ZHUGHQ� WHLOZHLVH� DXFK� VFKOHFKWHUH�/|VXQJHQ� I�U� GLH� QDFKIROJHQGH�
3RSXODWLRQ�VHOHNWLHUW��YJO��6FKZDUW]���������

x� 5HNRPELQDWLRQ�

,P�5DKPHQ�GHU�5HNRPELQDWLRQ�ZHUGHQ�]ZHL�ILWWH�,QGLYLGXHQ��VRJ��(OWHUQ��PLWHLQDQGHU�
JHNUHX]W��XP�QDFK�0|JOLFKNHLW�QHXH�XQG�QRFK�ILWWHUH� ,QGLYLGXHQ� �VRJ��.LQGHU�� I�U�GLH�
QDFKIROJHQGH�3RSXODWLRQ��VRJ��*HQHUDWLRQ��]X�HU]HXJHQ��YJO��=lSIHO�XQG�%UDXQH���������
'LH�.RPELQDWLRQ�E]Z��GHU�$XVWDXVFK�YRQ�*HQHQ��7HLOO|VXQJHQ��HUP|JOLFKW�HLQH�(UZHL�
WHUXQJ� GHV� /|VXQJVUDXPV� XQG� VRPLW� HLQ� 9HUODVVHQ� YRQ� ORNDOHQ� 2SWLPD� �YJO�� $FNHU��
�������'LH�)ROJH�GHU�5HNRPELQDWLRQ�YRQ�ILWWHQ�,QGLYLGXHQ�LVW�GLH�6WHLJHUXQJ�GHU�GXUFK�
VFKQLWWOLFKHQ�)LWQHVV�E]Z��GHV�=LHOIXQNWLRQVZHUWHV�GHU�JHVDPWHQ�3RSXODWLRQ��EHU�PHKUHUH�
*HQHUDWLRQHQ��YJO��+HLVWHUPDQQ���������

x� 0XWDWLRQ�

0LW�HLQHU�JHULQJHQ�:DKUVFKHLQOLFKNHLW�ZHUGHQ�GLH�GXUFK�GLH�5HNRPELQDWLRQ�HU]HXJWHQ�
,QGLYLGXHQ�DQ�]XIlOOLJHU�6WHOOH�JHULQJI�JLJ�YHUlQGHUW��YJO��'RPVFKNH�XQG�6FKROO���������
'LH�0XWDWLRQ�YRQ� ,QGLYLGXHQ� HUP|JOLFKW� GLH�([SORUDWLRQ� YRQ� QHXHQ�*HELHWHQ� LP�/|�
VXQJVUDXP�XQG�YHUKLQGHUW�VRPLW�HLQH�YHUIU�KWH�.RQYHUJHQ]�GHV�9HUIDKUHQV��GLH�GXUFK�GLH�
LPPHU�lKQOLFKHU�ZHUGHQGHQ�,QGLYLGXHQ�YHUXUVDFKW�ZHUGHQ�Z�UGH��YJO��$FNHU���������

'HU�$OJRULWKPXV���VROO�GLH�)XQNWLRQVZHLVH�GHV�JHQHWLVFKHQ�$OJRULWKPXV�YHUGHXWOLFKHQ�
�YJO��=lSIHO�XQG�%UDXQH���������

� �
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$OJRULWKPXV����*HQHWLVFKHU�$OJRULWKPXV�

�����(U]HXJH�]XIlOOLJ�ȁ ௬ܲȁ�,QGLYLGXHQ�I�U�,QLWLDOSRSXODWLRQ� ଴ܲ ൌ ሼݕଵǡ ଶǡݕ ǥ ǡ �௉೤ሽݕ

�����%HZHUWH�MHGHV�,QGLYLGXXPݕ�௝ǡ��ò���݆ ൌ ͳǡǥ ǡ ௬ܲ��G�K��HUPLWWOHݖ�൫ݕ௝൯�I�U�DOOHݕ�௝�

�����݅ ՚ Ͳ�
�����:HQQ�݅ ൏ ݅௠௔௫�GDQQ�

������ � ,QLWLDOLVLHUH�)ROJHSRSXODWLRQ�� ௜ܲାଵ ՚ �׎
������ � :HQQ�ȁ ௜ܲାଵȁ ൏ ȁ ௬ܲȁ�GDQQ�

������ �6HOHNWLHUH�]ZHL�,QGLYLGXHQݕ�ଵ�XQGݕ�ଶ�QDFK�EHVWLPPWHU�6HOHNWLRQVUHJHO�
DXV� ௜ܲ�

������ �(U]HXJH� ]ZHL� QHXH� ,QGLYLGXHQ� ଵᇱݕ � XQG� ଶᇱݕ � GXUFK� $QZHQGXQJ� HLQHV�
.UHX]XQJVRSHUDWRUV�DXIݕ�ଵᇱ �XQGݕ�ଶᇱ �

������ �0XWLHUH� ଵᇱݕ � XQG� ଶᇱݕ � PLW� HLQHP� 0XWDWLRQVRSHUDWRU� PLW� JHJHEHQHU�
:DKUVFKHLQOLFKNHLW�]Xݕ�ଵᇱᇱ�XQGݕ�ଶᇱᇱ�

�������� � %HZHUWXQJ�YRQݕ�ଵᇱᇱ�XQGݕ�ଶᇱᇱ�
������� �)�JHݕ�ଵᇱᇱ�XQGݕ�ଶᇱᇱ�]XU�)ROJHSRSXODWLRQ�KLQ]X�� ௜ܲାଵ ՚ ௜ܲାଵ ׫ ሼݕଵᇱᇱǡ ��ଶᇱᇱሽݕ

JHKH�]X�����
�������� (QGH�:HQQ�

������ � ݅ ՚ ݅ ൅ ͳ��JHKH�]X�����
������(QGH�:HQQ�

=X�%HJLQQ�GHV�JHQHWLVFKHQ�$OJRULWKPXV�ZHUGHQ�_ ௬ܲȁ�,QGLYLGXHQ�I�U�GLH�,QLWLDOSRSXODWLRQ�

଴ܲ�HU]HXJW�XQG�DQVFKOLH�HQG�ZHUGHQ�GLH�)LWQHVVZHUWH�GHU�,QGLYLGXHQ�]�ݕ௝ሻ�EHVWLPPW������
)�U�GLH�)ROJHSRSXODWLRQ�ZHUGHQ�]ZHL�,QGLYLGXHQ�EDVLHUHQG�DXI�LKUHQ�)LWQHVVZHUWHQ�DXV�
JHZlKOW�����XQG�HQWVSUHFKHQG�GHV�YHUZHQGHWHQ�.UHX]XQJVRSHUDWRUV�PLWHLQDQGHU�JHNUHX]W�
�����1DFKGHP�GLH�1DFKNRPPHQ�PLW�HLQHU�JHULQJHQ�:DKUVFKHLQOLFKNHLW�PXWLHUW�VLQG������
ZLUG�LKU�)LWQHVVZHUW�EHVWLPPW������XQG�VLH�ZHUGHQ�GHU�)ROJHSRSXODWLRQ�KLQ]XJHI�JW�������
'LH�6FKULWWH�����±������ZHUGHQ�VRODQJH�DXVJHI�KUW��ELV�GLH�JHZ�QVFKWH�*U|�H�GHU�*HQHUD�
WLRQ�HUUHLFKW�LVW��'HU�$OJRULWKPXV�WHUPLQLHUW������ZHQQ�݅ ௠௔௫�*HQHUDWLRQHQ�HU]HXJW�ZXUGHQ�
�����'LH�/|VXQJ�PLW�GHP�EHVWHQ�)LWQHVVZHUW�GHU�OHW]WHQ�*HQHUDWLRQ�LVW�GLH�EHVWH�/|VXQJ�
GHV�3UREOHPV�QDFK�HLQHU�$Q]DKO�DQ�݅�,WHUDWLRQHQ���

$XVVFKODJJHEHQG� I�U�GHQ�(UIROJ� HLQHV� JHQHWLVFKHQ�$OJRULWKPXV� LVW� GLH�.RGLHUXQJ�GHU�
/|VXQJVNDQGLGDWHQ��YJO��0LWFKHOO���������'LH�/|VXQJVNRGLHUXQJ�LVW�SUREOHPVSH]LILVFK�
XQG�I�U�GDV�-RE�6KRS�3UREOHP�H[LVWLHUHQ�YLHOH�.RGLHUXQJVYRUVFKOlJH��$OV�%HLVSLHO�VROO�
DQ�GLHVHU�6WHOOH�GLH�YRQ�1DNDQR�XQG�<DPDGD��������YRUJHVFKODJHQH�ELQlUH�.RGLHUXQJ�
JHQDQQW� ZHUGHQ�� 6LH� EDVLHUW� DXI� GHP� GLVMXQNWLYHQ�*UDSKHQ� XQG� UHSUlVHQWLHUW� PLW� GHQ�
:HUWHQ� �� XQG� �� HLQ� GLVMXQNWLYHV� 3IHLOHSDDU�� (LQH� XPIDVVHQGH�hEHUVLFKW� �EHU� ZHLWHUH�
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/|VXQJVNRGLHUXQJHQ�I�U�GDV�-RE�6KRS�3UREOHP�LVW�LQ�7HLFK���������=lSIHO�XQG�%UDXQH�
�������XQG�5L[HQ��������JHJHEHQ��

�������� 7DEX�6XFKH�
'LH�7DEX�6XFKH�LVW�HLQ�YRQ�*ORYHU��������XQG�+DQVHQ��������EHVFKULHEHQHV�9HUEHVVH�
UXQJVYHUIDKUHQ��GDV�DXI�GHP�3ULQ]LS�GHU�ORNDOHQ�6XFKH�EDVLHUW�XQG�LQ�MHGHP�,WHUDWLRQV�
VFKULWW�GLH�1DFKEDUVFKDIW�ܰሺݔሻ�YROOVWlQGLJ�GXUFKVXFKW�XQG��QLFKW�YHUERWHQH��1DFKEDU�
VFKDIWVO|VXQJHQ� QDFK� GHU�%HVW�)LW�6WUDWHJLH� DN]HSWLHUW� �YJO�� =lSIHO� XQG�%UDXQH��������
'RPVFKNH� XQG�6FKROO�� �������$XVJHKHQG�YRQ� HLQHU�EHNDQQWHQ�/|VXQJݔ��ZHUGHQ� DOOH�
1DFKEDUVFKDIWVO|VXQJHQ�HU]HXJW� �YJO�� *HLJHU�� ������� 'LH� EHVWH� 1DFKEDUVFKDIWVO|VXQJ�
ZLUG� DN]HSWLHUW�� DXFK� ZHQQ� VLH� HLQHQ� VFKOHFKWHUHQ� =LHOIXQNWLRQVZHUW� DOV� GLH� DNWXHOOH�
/|VXQJ�DXIZHLVW�XQG�GLHQW�DOV�$XVJDQJVO|VXQJ� I�U�GHQ�QlFKVWHQ� ,WHUDWLRQVVFKULWWݔ�ଵᇱ א
ܰሺݔሻǡ ଶᇱݔ א ܰሺݔଵᇱ ሻǡǥ ǡ ௜ᇱݔ א ܰሺݔ௜ିଵᇱ ሻ� �YJO��*HLJHU���������6FKOHFKWHUH�/|VXQJHQ�ZHUGHQ�
LP�5DKPHQ�GHU�7DEX�6XFKH�XQG�LP�*HJHQVDW]�]XP�6LPXODWHG�$QQHDOLQJ�DOOHUGLQJV�QXU�
DN]HSWLHUW�� ZHQQ� NHLQH� 9HUEHVVHUXQJVP|JOLFKNHLW� LQ� GHU� JHVDPWHQ� 1DFKEDUVFKDIW�
H[LVWLHUW��YJO��'RPVFKNH�HW�DO����������'DPLW�GDV�9HUIDKUHQ�QLFKW�GXUFK�GLH�$XVZDKO�GHU�
EHVWHQ�1DFKEDUVFKDIWVO|VXQJ�]X�HKHPDOLJHQ�/|VXQJHQ�]XU�FNNHKUW�XQG�VRPLW�LQ�=\NOHQ�
JHUlW��ZHUGHQ�EHUHLWV�EHWUDFKWHWH�/|VXQJHQ�E]Z��=�JH��GLH� ]X� LKQHQ� I�KUHQ�� WDEXLVLHUW�
�YJO�� =lSIHO� XQG� %UDXQH�� ������� 'LH� /LVWH�� GLH� ,QIRUPDWLRQHQ� �EHU� GLH� YHUERWHQHQ�
/|VXQJHQ�E]Z��=�JH�HQWKlOW��ZLUG�7DEX�/LVWH�JHQDQQW�XQG�LVW�GDV�]HQWUDOH�(OHPHQW�GHV�
9HUIDKUHQV� �YJO�� *ORYHU�� ������� ,VW� HLQ� =XJ� YHUERWHQ�� HUI�OOW� DEHU� HLQ� JHZLVVHV�
$VSLUDWLRQVNULWHULXP� �]�%�� ÄLVW� EHVVHU� DOV� GLH� DNWXHOO� EHVWH� /|VXQJ³��� NDQQ� GLHVHU� =XJ�
GHQQRFK�DXVJHZlKOW�ZHUGHQ��YJO��=lSIHO�XQG�%UDXQH����������'LH�/lQJH�݈�GHU�7DEX�/LVWH�
KDW�PD�JHEOLFKHQ�(LQIOXVV�DXI�GLH�(LJHQVFKDIWHQ�GHU�6XFKH��.XU]H�/LVWHQ�I�KUHQ�]X�HLQHU�
LQWHQVLYHQ�6XFKH��G�K��GLH�6XFKH�IRNXVVLHUW�VLFK�DXI�GLH�YLHOYHUVSUHFKHQGHQ�5HJLRQHQ�GHV�
/|VXQJVUDXPHV�� ZlKUHQG� ODQJH� /LVWHQ� ]X� HLQHU� GLYHUVLIL]LHUWHQ�� G�K�� HLQHU� P|JOLFKVW�
EUHLWHQ��6XFKH�I�KUHQ��YJO��*ORYHU���������'LH�7DEX�/LVWH�VWHOOW�VRPLW�HLQ�*HGlFKWQLV�GDU��
GDV�GHQ�6XFKYHUODXI�DXI]HLFKQHW�XQG�GLH�6XFKULFKWXQJ�VWHXHUW��PLW�GHP�=LHO��HLQH�%DODQFH�
]ZLVFKHQ�LQWHQVLYHU�XQG�GLYHUVLIL]LHUWHU�6XFKH�]X�HUUHLFKHQ��YJO��7LQJ�HW�DO�����������

(LQLJH�:LVVHQVFKDIWOHU� VHKHQ� JUR�HV� 3RWHQWLDO� LQ� GLHVHP� 6XFKSUR]HVV�� VRGDVV� VLH� GLH�
7DEX�6XFKH�E]Z��(OHPHQWH�YRQ�LKU�PLW�DQGHUHQ�+HXULVWLNHQ�YHUELQGHQ�XQG�VR�K\EULGH�
9HUIDKUHQ�HQWZLFNHOQ��YJO��7LQJ�HW�DO����������'LH�)XQNWLRQVZHLVH�GHU�7DEX�6XFKH�VROO�
PLW�+LOIH�GHV�$OJRULWKPXV���GDUJHVWHOOW�ZHUGHQ��YJO��=lSIHO�XQG�%UDXQH���������

� �
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$OJRULWKPXV����7DEX�6XFKH�

������ (U]HXJH�LQLWLDOH�/|VXQJݔ��
������ ܶ ՚ �׎
������ ොݔ ՚ �ݔ
������ :HQQ�$EEUXFKNULWHULXP�QLFKW�HUUHLFKW�GDQQ�

������ � %HVWLPPH�0HQJH�ܸሺݔሻ�GHU�YRQ�/|VXQJݔ��DXV�P|JOLFKHQ�=�JH�
������ � .RQVWUXLHUH�/|VXQJHQ�LQ�ܰሺݔሻ�GXUFK�$QZHQGXQJ�DOOHU�HUODXEWHQ�=�JH�
�� � ݒ א ܸሺݔሻ�PLWݒ� ב ܶ�
������ � :lKOH�HLQHQ�HUODXEWHQ�=XJݒ�ᇱ�GHU�]X�EHVWHPݔ�ᇱ א ܰሺݔሻ�I�KUW�
����� � ݔ ՚ �ᇱݔ
����� � ܶ ՚ ܶ ׫ ሼݒᇱିଵሽ�
�������� :HQQݖ�ሺݔሻ ൏ �ොሻ�GDQQݔሺݖ
�������� � ොݔ ՚ �ݔ
�������� (QGH�ZHQQ�
������ � *HKH�]X�����
�������(QGH�ZHQQ�

'LH�7DEX�6XFKH�VWDUWHW�PLW�HLQHU�]XOlVVLJHQ�/|VXQJݔ������XQG�HLQHU�OHHUHQ�7DEX�/LVWH��
ZREHL�GLH�/lQJH�GHU�7DEX�/LVWH�DXVVFKODJJHEHQG�I�U�GLH�3HUIRUPDQFH�GHV�$OJRULWKPXV�
LVW� �����(LQH� ODQJH�7DEX�/LVWH�VFKUlQNW�GLH�6XFKH�VWDUN�HLQ��ZlKUHQG�HLQH�NXU]H�7DEX�
/LVWH�GLH�*HIDKU�ELUJW�LQ�=\NOHQ�]X�JHUDWHQ��YJO��=lSIHO�XQG�%UDXQH���������'LH�/|VXQJ�
�ݔ LVW� ]XP� 6WDUW]HLWSXQNW� GLH� DNWXHOO� EHVWH� /|VXQJ� �ො�GHV�$EODXISODQXQJVSUREOHPVݔ �����
6RODQJH�GDV�$EEUXFKNULWHULXP�QLFKW�HUUHLFKW�LVW������ZLUG�GLH�0HQJH�DOOHU�P|JOLFKHQ�=�JH�
YRQݔ��EHVWLPPW�����XQG�GXUFK�GLH�$QZHQGXQJ�DOOHU�HUODXEWHQ�=�JH�ZHUGHQ�GLH�1DFKEDU�
VFKDIWVO|VXQJHQ�HU]HXJW������9RQ�GLHVHQ�/|VXQJHQ�ZLUG�GHU�=XJݒ�ᇱ�DXVJHZlKOW��GHU�]XU�
EHVWP|JOLFKHQ�1DFKEDUVFKDIWVO|VXQJݔ�ᇱ� I�KUW� �����'LH�1DFKEDUVFKDIWVO|VXQJݔ�ᇱ� LVW�GLH�
$XVJDQJVO|VXQJݔ��I�U�GHQ�QlFKVWHQ�,WHUDWLRQVVFKULWW������'LH�8PNHKUXQJ�GHV�=XJHVݒ�ᇱ��
GHU�]X�GHU�EHVWHQ�1DFKEDUVFKDIWVO|VXQJ�JHI�KUW�KDW��ZLUG�DXI�GLH�7DEX�/LVWH�ܶ�JHVHW]W�
XQG�LVW�VRPLW�I�U�GLH�IROJHQGHQ�,WHUDWLRQVVFKULWWH�YHUERWHQ������,VW�GHU�=LHOIXQNWLRQVZHUW�
GHU�QHXHQ�$XVJDQJVO|VXQJݔ��NOHLQHU�DOV�GHU�=LHOIXQNWLRQVZHUW�GHU�DNWXHOO�EHVWHQ�/|VXQJ�
�ොݔ ������ ZLUG� GLHVH� HUVHW]W� ������ 'HU� $OJRULWKPXV� WHUPLQLHUW�� VREDOG� HLQ� EHVWLPPWHV�
$EEUXFKNULWHULXP�� ZLH� ]�%�� GLH� PD[LPDOH� $Q]DKO� DQ� ,WHUDWLRQVVFKULWWHQ� RGHU� GLH�
PD[LPDOH�$Q]DKO�DQ�,WHUDWLRQVVFKULWWHQ�RKQH�9HUEHVVHUXQJ��HUUHLFKW�ZLUG��
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�������� $QW�&RORQ\�2SWLPL]DWLRQ�
$PHLVHQDOJRULWKPHQ�ZXUGHQ�LQ�GHQ�����HUQ�YRQ�'RULJR�HW�DO���������HLQJHI�KUW�XQG�VLQG�
HLQH�YRQ�GHU�1DWXU�LQVSLULHUWH�0HWDKHXULVWLN�]XU�/|VXQJ�YRQ�NRPELQDWRULVFKHQ�2SWLPLH�
UXQJVSUREOHPHQ� �YJO�� 'RULJR� XQG� %OXP�� ������� 'LH� $QW�&RORQ\�2SWLPL]DWLRQ�$OJR�
ULWKPHQ��$&2�$OJRULWKPHQ��YRQ�'RULJR�XQG�'L�&DUR���������'RULJR�HW�DO���������XQG�
'RULJR�XQG�6W�W]OH��������VLQG�GDEHL�GLH�SRSXOlUVWH�.ODVVH�GHU�$PHLVHQDOJRULWKPHQ��YJO��
'RULJR�XQG�6W�W]OH���������(LQH�XPIDVVHQGH�)RUVFKXQJV�EHUVLFKW�]X�$&2�$OJRULWKPHQ�
OLHIHUW�'RULJR���������'LH�$&2�$OJRULWKPHQ�EDVLHUHQ�DXI�GHP�9HUKDOWHQ�HLQHU�$PHLVHQ�
NRORQLH� EHL� GHU� )XWWHUVXFKH�� 'LH� $PHLVHQ� VXFKHQ� GLH� *HJHQG� XP� LKU� 1HVW� DXI� HLQH�
ZLOON�UOLFKH�$UW�XQG�:HLVH�QDFK�)XWWHU�DE��%HL�GHU�%HZHJXQJ�VRQGHUQ�GLH�$PHLVHQ�HLQHQ�
FKHPLVFKHQ�'XIWVWRII��GDV�VRJ��3KHURPRQ��DE��GHQ�DQGHUH�$PHLVHQ�ULHFKHQ�N|QQHQ��6WHKW�
HLQH�$PHLVH�YRU�HLQHU�:HJHQWVFKHLGXQJ��ZlKOW�VLH�PLW�JUR�HU�:DKUVFKHLQOLFKNHLW�GHQ�
:HJ�PLW� GHU� VWlUNVWHQ� 3KHURPRQNRQ]HQWUDWLRQ�� +DW� HLQH� $PHLVH� 1DKUXQJ� JHIXQGHQ��
EHZHUWHW� VLH�GLH�0HQJH�XQG�4XDOLWlW�GHV�)XWWHUV�XQG�EULQJW�HLQ�7HLO�GDYRQ�]XU�FN� LQV�
1HVW��$XI�GHP�5�FNZHJ�YHUlQGHUW�VLFK�GLH�DEJHVRQGHUWH�3KHURPRQPHQJH�LQ�$EKlQJLJ�
NHLW�YRQ�GHU�4XDQWLWlW�XQG�4XDOLWlW�GHV�)XWWHUV��$XI�GLHVH�:HLVH�ZHUGHQ�DQGHUH�$PHLVHQ�
DXI�GLHVHQ�:HJ�DXIPHUNVDP�XQG�IROJHQ�GHU�3KHURPRQVSXU�]XU�)XWWHUTXHOOH��'LH�LQGLUHNWH�
.RPPXQLNDWLRQ�GHU�$PHLVHQ�GXUFK�GHQ�'XIWVWRII�3KHURPRQ�HUP|JOLFKW�GDV�)LQGHQ�GHU�
N�U]HVWHQ�:HJH�]ZLVFKHQ�GHP�1HVW�XQG�GHU�)XWWHUTXHOOH��'LH�GXUFK�GDV�=XVDPPHQZLU�
NHQ� EHL� GHU� )XWWHUVXFKH� HQWVWHKHQGHQ� )lKLJNHLWHQ�ZHUGHQ� DOV� 6FKZDUPLQWHOOLJHQ]� EH�
]HLFKQHW� �YJO�� %RQDEHDX� HW� DO��� ������ %RQDEHDX� HW� DO��� ������� 'LH� $&2�$OJRULWKPHQ�
QXW]HQ�GLHVH�6FKZDUPLQWHOOLJHQ]��XP�HLQ�0XOWL�$JHQWHQ�6\VWHP�DXI�%DVLV�GHV�NROOHNWL�
YHQ�9HUKDOWHQV�YRQ�$PHLVHQ�]X�HQWZLFNHOQ�XQG�VR�NRPELQDWRULVFKH�2SWLPLHUXQJVSUR�
EOHPH� ]X� O|VHQ�� 'LH� $PHLVHQ� �$JHQWHQ�� VLQG� GDEHL� HLQ� 7HLO� GHU� $PHLVHQNRORQLH�
�$JHQWHQV\VWHP���YJO��%OXP��������'RULJR�XQG�%OXP���������

$OJRULWKPXV� �� VROO� GLH� )XQNWLRQVZHLVH� HLQHV� $&2�$OJRULWKPXV� YHUGHXWOLFKHQ� �YJO��
%OXP�� ������ =lSIHO� XQG� %UDXQH�� ������� =X� %HJLQQ� GHV� $&2�$OJRULWKPXV� ZLUG� GLH�
$Q]DKO�GHU�$PHLVHQ�݊௔�EHVWLPPW�����XQG�GLH�3KHURPRQVSXUHQ�ZHUGHQ�LQLWLDOLVLHUW������
-HGH� N�QVWOLFKH�$PHLVH� NRQVWUXLHUW� LP�9HUODXI� GHV�$OJRULWKPXV� HLQH� /|VXQJݔ�௡ೌ � DOV�
5HLKHQIROJH�YRQ�/|VXQJVNRPSRQHQWHQ�݇௡ೌ �XQWHU�GHU�$QQDKPH��GDVV�HLQH�JXWH�/|VXQJ�
DXV� JXWHQ� /|VXQJVNRPSRQHQWHQ� EHVWHKW� �YJO�� 'RULJR� XQG� %OXP�� ������� 'LH�
/|VXQJVNRQVWUXNWLRQ�VWDUWHW�PLW�HLQHU�OHHUHQ�5HLKHQIROJHݔ�௡ೌ ������,P�$QVFKOXVV�ZHUGHQ�
GLH� I�U� GLH� (UZHLWHUXQJ� GHU� /|VXQJ� ௡ೌݔ � P|JOLFKHQ� /|VXQJVNRPSRQHQWHQ� ܰሺݔ௡ೌሻ�
EHVWLPPW�� ZREHL� ܰሺݔ௡ೌሻ ك ௔ܭ ך ௡ೌݔ � PLW� ௔ܭ ൌ ሼ݇ଵǡǥ ǡ ݇௡ሽ� ����� 'LH� $XVZDKO� GHU�
QlFKVWHQ� /|VXQJVNRPSRQHQWH� HUIROJW� LQ� MHGHP� .RQVWUXNWLRQVVFKULWW� SUREDELOLVWLVFK��
EDVLHUHQG�DXI�GHQ�3KHURPRQZHUWHQ������

� �
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$OJRULWKPXV����$QW�&RORQ\�2SWLPL]DWLRQ�

�����%HVWLPPH�$Q]DKO�GHU�$PHLVHQ�݊௔�
�����,QLWLDOLVLHUH�3KHURPRQVSXUHQ�

�����:HQQ�$EEUXFKNULWHULXP�I�U�DOOH�݊௔�QLFKW�HUUHLFKW�GDQQ��
������ � 6HW]Hݔ�௡ೌ ൌ ሼሽ�

������ � %HVWLPPH�ܰሺݔ௡ೌሻ�

������ � :HQQݔ�௡ೌ �QLFKW�YROOVWlQGLJ�GDQQ�

������ � � ݇௡ೌ ՚�ZlKOH�YRQ�ܰ൫ݔ௡ೌ൯�

������ � � ௡ೌݔ ՚�HUZHLWHUH�GLH�/|VXQJ�XP�GLH�/|VXQJVNRPSRQHQWH�݇௡ೌ�

������ � � %HVWLPPH�ܰሺݔ௡ೌሻ��JHKH�]X�����

�������� (QGH�:HQQ�
�������� $NWXDOLVLHUH�3KHURPRQVSXUHQ�
�������� )�KUH�'lPRQ�$NWLYLWlWHQ�GXUFK�
������ � JHKH�]X�����
�������(QGH�:HQQ�

1DFKGHP�GLH�/|VXQJݔ�௡ೌ�HUZHLWHUW�ZXUGH������ZHUGHQ�DOOH�P|JOLFKHQ�/|VXQJVNRPSR�
QHQWHQ�I�U�GHQ�QlFKVWHQ�.RQVWUXNWLRQVVFKULWW�HU]HXJW������'LH�.RQVWUXNWLRQVVFKULWWH��±��
ZHUGHQ�VRODQJH�DXVJHI�KUW��ELV�GLH�/|VXQJݔ�௡ೌ �YROOVWlQGLJ�NRQVWUXLHUW�ZXUGH������'DPLW�
GDV� 9HUIDKUHQ� QLFKW� ]X� VFKQHOO� NRQYHUJLHUW� XQG� ORNDOH� 2SWLPD� QLFKW� PHKU� YHUODVVHQ�
ZHUGHQ� N|QQHQ�� ZHUGHQ� DOOH� 3KHURPRQZHUWH� DEJHVFKZlFKW� �3KHURPRQYHUGXQVWXQJ���
'LHV�HQWVSULFKW�HLQHP�Ä9HUJHVVHQ³�XQG�HUP|JOLFKW�GLH�([SORUDWLRQ�GHV�/|VXQJVUDXPHV�
������=XGHP�ZHUGHQ�DEHU�DXFK�3KHURPRQSIDGH��DXI�GHQHQ�GLH�/|VXQJVNRPSRQHQWHQ�GHU�
DNWXHOOHQ�/|VXQJ� OLHJHQ��YHUVWlUNW� ������0LW�+LOIH�GHU�'lPRQ�$NWLYLWlWHQ������ZHUGHQ�
]HQWUDOH�(LQJULIIH�LQ�GDV�9HUIDKUHQ�YRUJHQRPPHQ��GLH�GXUFK�GLH�HLQ]HOQHQ�$PHLVHQ�QLFKW�
UHDOLVLHUW� ZHUGHQ� N|QQHQ�� 6R� NDQQ� GHU� 'lPRQ� ]�%�� HQWVFKHLGHQ�� RE� HLQHU� /|VXQJV�
NRPSRQHQWH��GLH�]XU�DNWXHOO�EHVWHQ�/|VXQJ�JHK|UW��HLQ�HUK|KWHU�3KHURPRQZHUW�]XJHZLH�
VHQ�ZLUG�� XP� GLHVH� 6XFKULFKWXQJ� ]X� YHUVWlUNHQ��'HU�$OJRULWKPXV� WHUPLQLHUW�PLW� GHP�
(LQWUHWHQ�HLQHV�EHVWLPPWHQ�$EEUXFKNULWHULXPV��ZLH�]�%��GDV�$EODXIHQ�HLQHU�GHILQLHUWHQ�
/DXI]HLW��

������ 9HUJOHLFK�GHU�KHXULVWLVFKHQ�2SWLPLHUXQJVYHUIDKUHQ�
7DEHOOH���IDVVW�GLH�ZHVHQWOLFKHQ�0HUNPDOH�GHU�LQ�GHQ�OHW]WHQ�.DSLWHOQ�YRUJHVWHOOWHQ�0HWD�
KHXULVWLNHQ�]XVDPPHQ�XQG�OlVVW�VRPLW�HLQHQ�NXU]HQ�DEVFKOLH�HQGHQ�9HUJOHLFK�GHU�9HU�
IDKUHQ� ]X�� 'LH� IROJHQGHQ� $XVI�KUXQJHQ� EDVLHUHQ�� ZHQQ� QLFKW� DQGHUV� DQJHJHEHQ�� DXI�
GHQHQ�YRQ�=lSIHO�XQG�%UDXQH���������
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'DV� 6LPXODWHG� $QQHDOLQJ� XQG� GLH� 7DEX�6XFKH� HU]HXJHQ� LQ� MHGHP� ,WHUDWLRQVVFKULWW�
/|VXQJHQ�PLW�GHU�+DPPLQJ�'LVWDQ]����'DV�EHGHXWHW��GDVV�GLH�LP�6XFKSUR]HVV�JHQHULHU�
WHQ�/|VXQJHQ�VLFK�XP�MHZHLOV�HLQHQ�GLVMXQNWLYHQ�3IHLO� LP�GLVMXQNWLYHQ�*UDSKHQ�XQWHU�
VFKHLGHQ��'LH�/|VXQJVVXFKH��GLH�DXI�GLHVH�:HLVH�]XVWDQGH�NRPPW��ZLUG�DXFK�DOV�7LHIHQ�
VXFKH��VRJ��,QWHQVLILNDWLRQ��EH]HLFKQHW��0HWDKHXULVWLNHQ�PLW�HLQHU�+DPPLQJ�'LVWDQ]������
ZLH�*HQHWLVFKH�$OJRULWKPHQ�RGHU�$&2�$OJRULWKPHQ�� HU]HXJHQ�/|VXQJHQ�� GLH� VLFK� LQ�
PHKUHUHQ�GLVMXQNWLYHQ�3IHLOHQ�LP�$EODXIJUDSKHQ�XQWHUVFKHLGHQ��$XI�GLHVH�:HLVH�ZHUGHQ�
/|VXQJHQ� HU]HXJW�� GLH� VLFK� VWDUN� XQWHUVFKHLGHQ� E]Z�� ZHLW� YRQHLQDQGHU� HQWIHUQW� VLQG��
+LHUDXV�UHVXOWLHUW�GLH�VRJHQDQQWH�%UHLWHQVXFKH��VRJ��'LYHUVLILNDWLRQ���PLW�GHU�QHXH�XQ�
EHNDQQWH� 5HJLRQHQ� GHV� /|VXQJVUDXPHV� HUVFKORVVHQ� ZHUGHQ� N|QQHQ�� (LQH� HUIROJV�
YHUVSUHFKHQGH�0HWDKHXULVWLN� IRNXVVLHUW� VLFK� DOOHUGLQJV�QLFKW�QXU� DXI�GLH�%UHLWHQ��RGHU�
7LHIHQVXFKH� DOOHLQ�� VRQGHUQ� VWUHEW� YLHOPHKU� HLQ� DXVJHJOLFKHQHV� 9HUKlOWQLV� ]ZLVFKHQ�
,QWHQVLILNDWLRQ�XQG�'LYHUVLILNDWLRQ�DQ��6R�NDQQ�HLQH�OlQJHUH�7DEX�/LVWH�LP�5DKPHQ�GHU�
7DEX�6XFKH� XQG� HLQH� KRKH� $QIDQJVWHPSHUDWXU� EHLP� 6LPXODWHG�$QQHDOLQJ�9HUIDKUHQ�
QHEHQ� GHU� 7LHIHQVXFKH� DXFK� ]X� HLQHP� JHZLVVHQ� *UDG� GLH� %UHLWHQVXFKH� HUP|JOLFKHQ��
8PJHNHKUW� OlVVW�GLH�6HOHNWLRQ�YRQ�ILWWHQ� ,QGLYLGXHQ�EHL�GHQ�*HQHWLVFKHQ�$OJRULWKPHQ�
XQG� GLH� (UK|KXQJ� GHU� 3KHURPRQZHUWH� I�U� YLHOYHUVSUHFKHQGH� /|VXQJHQ� EHL� GHQ�
$&2�$OJRULWKPHQ�QHEHQ�GHU�DXVJHSUlJWHQ�%UHLWHQVXFKH�DXFK�GLH�7LHIHQVXFKH�]X��,PPHU�
KlXILJHU�ZHUGHQ�DOOHUGLQJV�0HWDKHXULVWLNHQ��GLH�VLFK�DXI�GLH�7LHIHQVXFKH�IRUFLHUHQ�PLW�
9HUIDKUHQ�GHU�%UHLWHQVXFKH�NRPELQLHUW��XP�GHQ�6XFKSUR]HVV�]X�RSWLPLHUHQ��YJO��7LQJ�HW�
DO��� �������(LQH� LQ�GLHVHP�=XVDPPHQKDQJ�KlXILJ� DXIWUHWHQGH�.RPELQDWLRQ� LVW� GLH�GHU�
7DEX�6XFKH�PLW�*HQHWLVFKHQ�$OJRULWKPHQ��YJO��7LQJ�HW�DO����������

0HWDKHXULVWLNHQ��GLH�DXI�GHU�1DFKEDUVFKDIWVVXFKH�EDVLHUHQ��VXFKHQ�SUR�,WHUDWLRQVVFKULWW�
HLQH�EHVVHUH�/|VXQJ��ZREHL�DXFK�VFKOHFKWHUH�/|VXQJHQ�XQWHU�EHVWLPPWHQ�%HGLQJXQJHQ�
DN]HSWLHUW� ZHUGHQ�� ZlKUHQG� SRSXODWLRQVEDVLHUWH� 9HUIDKUHQ� JDQ]H� /|VXQJVPHQJHQ� LQ�
HLQHP� ,WHUDWLRQVVFKULWW� XQWHUVXFKHQ�� 3RSXODWLRQVEDVLHUWH�9HUIDKUHQ�� DEHU� DXFK� 6LPXOD�
WHG�$QQHDOLQJ�9HUIDKUHQ�ZHQGHQ� QDWXUDQDORJH� 3ULQ]LSLHQ� ]XU� /|VXQJ� YRQ�$EODXISOD�
QXQJVSUREOHPHQ�DQ��

+HXULVWLNHQ��GLH�HUIROJUHLFKH�/|VXQJHQ�E]Z��/|VXQJVNRPSRQHQWHQ�RGHU�DEHU�YHUERWHQH�
/|VXQJHQ�E]Z��=�JH�VSHLFKHUQ��EHVLW]HQ�HLQ�Ä*HGlFKWQLV³�]XU�HIIHNWLYHQ�*HVWDOWXQJ�GHV�
6XFKSUR]HVVHV�XQG�HUP|JOLFKHQ�GDV�9HUODVVHQ�YRQ�ORNDOHQ�2SWLPD�RGHU�GLH�9HUVWlUNXQJ�
GHU�6XFKH�DXI�HLQHQ�YLHOYHUVSUHFKHQGHQ�%HUHLFK�GHV�/|VXQJVUDXPHV���

:HOFKH�KHXULVWLVFKHQ�6XFKYHUIDKUHQ�QXQ�PHKU�(UIROJ�YHUVSUHFKHQ��ZLUG�XQWHU�GHP�%H�
JULII�Ä1R�)UHH�/XQFK³�GLVNXWLHUW��YJO��:ROSHUW�XQG�0DFUHDG\���������8UVSU�QJOLFK�EHVDJW�
GLHVH�0HWDSKHU��GDVV�LQ�HLQHU�6WDGW�DOOH�5HVWDXUDQWV�LP�0LWWHO�GLH�JOHLFKHQ�3UHLVH��EHU�GLH�
JHVDPWH�6SHLVHNDUWH�IRUGHUQ��YJO��)ULW]VFKH���������,Q�%H]XJ�DXI�0HWDKHXULVWLNHQ�EHGHX�
WHW�GLHV��GDVV�GLH�6XFKYHUIDKUHQ�LP�0LWWHO�I�U�YHUVFKLHGHQH�=LHOIXQNWLRQHQ��EHU�HLQHP�
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/|VXQJVUDXP�JOHLFK�JXWH�(UJHEQLVVH�OLHIHUQ��YJO��:ROSHUW�XQG�0DFUHDG\���������0HWD�
KHXULVWLNHQ�VLQG�DOOJHPHLQH�9HUIDKUHQ�XQG�N|QQHQ�I�U�YLHOH�XQWHUVFKLHGOLFKH�3UREOHP�
VWHOOXQJHQ�DQJHZDQGW�ZHUGHQ��YJO��)ULW]VFKH���������-HGRFK�VFKUlQNHQ�ÄHLQH�5HLKH�YRQ�
$QQDKPHQ��EHU�GHQ�/|VXQJVUDXP�XQG�GLH�=LHOIXQNWLRQ³��)ULW]VFKH��������6������GLH�EHL�
GHU� (QWZLFNOXQJ� YRQ� 0HWDKHXULVWLNHQ� JHWURIIHQ� ZHUGHQ�� GLH� 3UREOHPVWHOOXQJHQ� HLQ��
VRGDVV�HLQH�0HWDKHXULVWLN�I�U�HLQ�3UREOHP�VHKU�JXWH�/|VXQJHQ��I�U�HLQ�DQGHUHV�KLQJHJHQ�
QXU� VFKOHFKWH� (UJHEQLVVH� OLHIHUQ� NDQQ� �YJO�� )ULW]VFKH�� ������� 'HQQRFK� N|QQHQ�
0HWDKHXULVWLNHQ�I�U�EHVWLPPWH�/|VXQJVPHQJHQ�XQG�=LHOIXQNWLRQHQ�VHKU�OHLVWXQJVIlKLJ�
VHLQ��YJO��:ROSHUW�XQG�0DFUHDG\���������'DPLW�GLH�/HLVWXQJVIlKLJNHLW�GHU�0HWDKHXULV�
WLNHQ�I�U�GDV�-RE�6KRS�3UREOHP�EHXUWHLOW�ZHUGHQ�NDQQ��P�VVHQ�VLH�DQ�HEHQ�GLHVHP�3UR�
EOHP�XQWHU�JOHLFKHQ�%HGLQJXQJHQ�JHWHVWHW�ZHUGHQ���

���� $XVZDKO�HLQHU�0HWDKHXULVWLN�]XU�/|VXQJ�GHV�-RE�6KRS�
3UREOHPV�

,Q�GHQ�YRUKHULJHQ�.DSLWHOQ�ZXUGHQ�YHUVFKLHGHQH�0HWDKHXULVWLNHQ� YRUJHVWHOOW�� GLH� VLFK�
JUXQGVlW]OLFK�]XU�/|VXQJ�GHV�-RE�6KRS�3UREOHPV�HLJQHQ��'DPLW�GLH�/|VXQJVYHUIDKUHQ�
PLWHLQDQGHU�YHUJOLFKHQ�ZHUGHQ�N|QQHQ��XP�HLQH� OHLVWXQJVIlKLJH�0HWDKHXULVWLN� I�U�GDV�
-RE�6KRS�3UREOHP�]X�EHVWLPPHQ��P�VVHQ�VLH�DQ�GHQ�JOHLFKHQ�3UREOHPHQ�JHWHVWHW�ZHUGHQ��
'LH�%HQFKPDUNSUREOHPH�OLHIHUQ�GDI�U�HLQHQ�HLQKHLWOLFKHQ�6WDQGDUG��XP�GLH�9HUIDKUHQ�]X�
WHVWHQ�XQG�GLH�(UJHEQLVVH�PLWHLQDQGHU�YHUJOHLFKHQ�]X�N|QQHQ��%HQFKPDUNSUREOHPH�KD�
EHQ�XQWHUVFKLHGOLFKH�3UREOHPGLPHQVLRQHQ�XQG�6FKZLHULJNHLWVJUDGH��VRGDVV�GLH�*UHQ]HQ�
XQG�)lKLJNHLWHQ�GHU�+HXULVWLNHQ�DXIJH]HLJW�ZHUGHQ�N|QQHQ�� ,Q�GHU�/LWHUDWXU�H[LVWLHUHQ�
YLHOH� %HQFKPDUNSUREOHPH�� GLH� YRQ� )LVKHU� XQG� 7KRPSVRQ� �������� /DZUHQFH� ��������
$GDPV� HW� DO�� �������� $SSOHJDWH� XQG� &RRN� �������� 6WRUHU� HW� DO�� �������� <DPDGD� XQG�
1DNDQR���������7DLOODUG��������XQG�'HPLUNRO�HW�DO���������IRUPXOLHUW�ZXUGHQ���

-DLQ�XQG�0HHUDQ��������KDEHQ�GLH�EHNDQQWHVWHQ�+HXULVWLNHQ�DQ�GHQ�REHQ�DXIJHOLVWHWHQ�
%HQFKPDUNSUREOHPHQ� JHWHVWHW�� 'LH� (UJHEQLVVH� LKUHU� 7HVWV� VROOHQ� LP� )ROJHQGHQ� GD]X�
GLHQHQ�� HLQH� OHLVWXQJVIlKLJH�+HXULVWLN� ]X� LGHQWLIL]LHUHQ�� GLH� VLFK� ]XU� /|VXQJ� GHV� -RE�
6KRS�3UREOHPV�XQG�]XU�.RSSOXQJ�PLW�GHU�6LPXODWLRQ�HLJQHW��:LH�LQ�.DSLWHO�����GDUJH�
VWHOOW��OLHJHQ�GLH�*UHQ]HQ�YRQ�H[DNWHQ�0HWKRGHQ�]XU�/|VXQJ�GHV�-RE�6KRS�3UREOHPV�MH�
QDFK�9HUIDKUHQ�EHL�3UREOHPJU|�HQ�YRQ�ሺʹͲ ൈ ͳͷሻ��Ä%UDQFK�	�%RXQG³��XQG�ሺʹͲ ൈ ʹͲሻ�
�0DQQH�0RGHOO���VRGDVV�HLQ�KHXULVWLVFKHV�2SWLPLHUXQJVYHUIDKUHQ�JHVXFKW�ZLUG��GDV�YRU�
DOOHP� I�U� JU|�HUH� 3UREOHPH� JXWH� /|VXQJHQ� JHQHULHUW�� 'LH� YRQ� 7DLOODUG� ������� XQG�
'HPLUNRO�HW�DO���������IRUPXOLHUWHQ�%HQFKPDUNSUREOHPH�VWHOOHQ�GLH�GDI�U�QRWZHQGLJHQ�
3UREOHPLQVWDQ]HQ� PLW� *U|�HQ� YRQ� ELV� ]X� ሺͳͲͲ ൈ ʹͲሻ� E]Z�� ሺͷͲ ൈ ʹͲሻ� EHUHLW� XQG�
HUP|JOLFKHQ� GLH� %HXUWHLOXQJ� GHU� /HLVWXQJVIlKLJNHLW� YRQ�+HXULVWLNHQ� I�U� JU|�HUH� -RE�
6KRS�3UREOHPH�� 9DHVVHQV�� 5�� -��0�� HW� DO�� ������� ZHLVHQ� GDUDXI� KLQ�� GDVV� GLH� REHUHQ�
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*UHQ]HQ��REHUH�*UHQ]HQ�QlKHUQ�VLFK�GHP�RSWLPDOHQ�:HUW�YRQ�ÄREHQ³�XQG�GLH�XQWHUHQ�
*UHQ]HQ�YRQ�ÄXQWHQ³��HLQIDFKHU�]X�EHVWLPPHQ�VLQG�XQG�VLH�PHLVWHQV�DXFK�GLH�EHVWH�ELVKHU�
HU]LHOWH�/|VXQJ�GDUVWHOOHQ��)�U�GLH�IROJHQGH�$QDO\VH�GHU�(UJHEQLVVH�VLQG�GHVKDOE�QXU�GLH�
REHUHQ�*UHQ]HQ�YRQ�5HOHYDQ]���

7DEHOOH�����V��$QKDQJ�$���]HLJW�GLH�(UJHEQLVVH�GHU�%HQFKPDUNWHVWV�I�U�GLH�3UREOHPH�YRQ�
7DLOODUG���������(V�LVW�]X�HUNHQQHQ��GDVV�DE�HLQHU�*U|�H�YRQ��͵Ͳ ൈ ͳͷ��ELV��͵Ͳ ൈ ʹͲሻ�GLH�
EHVWHQ� REHUHQ� 6FKUDQNHQ� KDXSWVlFKOLFK� YRQ� %DODV� XQG� 9D]DFRSRXORV� ������� HU]HXJW�
ZHUGHQ��/lVVW�PDQ�GLH�(UJHEQLVVH�YRQ�7DLOODUGV� �������7DEX�6XFKH�XQEHDFKWHW��GD� HU�
VHOEVW�GLH�%HQFKPDUNSUREOHPH�IRUPXOLHUW�KDW�XQG�VLH� I�U�%HQFKPDUNSUREOHPH�DQGHUHU�
$XWRUHQ�NHLQH�JXWHQ�REHUHQ�6FKUDQNHQ�JHQHULHUW��OLHIHUW�DE�HLQHU�3UREOHPJU|�H�YRQ��ͷͲ ൈ
ͳͷሻ�ELV��ͳͲͲ ൈ ʹͲ��KDXSWVlFKOLFK�GLH�+HXULVWLN�YRQ�1RZLFNL�XQG�6PXWQLFNL��������GLH�
EHVWHQ�(UJHEQLVVH��$OOHUGLQJV�VLQG�DXFK�EHLGH�9HUIDKUHQ�LQ�GHU�/DJH��NOHLQH�3UREOHPH�
RSWLPDO� ]X� O|VHQ�� 6R� ILQGHW� GLH�+HXULVWLN� YRQ�1RZLFNL� XQG� 6PXWQLFNL� ������� I�U� GDV�
3UREOHP� 7'��� �ʹͲ ൈ ͳͷ�� GLH� RSWLPDOH� /|VXQJ� XQG� GDV� 9HUIDKUHQ� YRQ� %DODV� XQG�
9D]DFRSRXORV� ������� HUP|JOLFKW� GLH� RSWLPDOH� /|VXQJ� YRQ� 7'��� �ͳͷ ൈ ͳͷ��� )�U� GLH�
%HQFKPDUNSUREOHPH�YRQ�'HPLUNRO�HW�DO���������PLW�GHQ�*U|�HQ��ʹͲ ൈ ͳͷ����ʹͲ ൈ ʹͲ���
ሺ͵Ͳ ൈ ͳͷሻ�� �͵Ͳ ൈ ʹͲ��� �ͶͲ ൈ ͳͷ��� �ͶͲ ൈ ʹͲ��� �ͷͲ ൈ ͳͷ�� XQG� �ͷͲ ൈ ʹͲ�� OLHIHUW� IDVW�
DXVVFKOLH�OLFK� GLH� 7DEX�6XFKH� YRQ�1RZLFNL� XQG� 6PXWQLFNL� ������� GLH� EHVWHQ� REHUHQ�
6FKUDQNHQ�XQG�VRJDU�DXFK�]ZHL�RSWLPDOH�/|VXQJHQ�I�U��ͶͲ ൈ ͳͷ��3UREOHPH��V��7DEHOOH�
����$QKDQJ�$����:LUG�7DEHOOH�����V��$QKDQJ�$���EHWUDFKWHW��VR�IlOOW�DXI��GDVV�YLHOH�JUR�H�
3UREOHPH� EHUHLWV� RSWLPDO� JHO|VW� ZXUGHQ� �7'���7'����� ZlKUHQG� KLQJHJHQ� NOHLQH�
3UREOHPH� �7'���7'����QRFK� LPPHU� XQJHO|VW� VLQG��0DWVXR�HW� DO�� �������XQG�7DLOODUG�
�������������VWHOOHQ�LQ�GLHVHP�=XVDPPHQKDQJ�IHVW��GDVV�3UREOHPH�OHLFKWHU�]X�O|VHQ�VLQG��
ZHQQ� GDV� 9HUKlOWQLV� YRQ� -REV� ]X� 0DVFKLQHQ� JU|�HU� DOV� YLHU� LVW�� 'HV�:HLWHUHQ� VLQG�
3UREOHPLQVWDQ]HQ��GLH�LQ�LKUHU�'LPHQVLRQ�TXDGUDWLVFK�VLQG��VFKZHUHU�]X�O|VHQ��YJO��-DLQ�
XQG�0HHUDQ���������$Q�GLHVHU�6WHOOH�ZlUH�HV�IROJOLFK�XQ]XUHLFKHQG��HLQH�+HXULVWLN�]XU�
/|VXQJ�GHV�-RE�6KRS�3UREOHPV�DXV]XZlKOHQ��GLH�QXU�I�U�GLH�JUR�HQ�%HQFKPDUNSUREOHPH�
JXWH� REHUH� 6FKUDQNHQ� EHVWLPPW�� DEHU� DQ� GHQ� NOHLQHUHQ� VFKZHUHQ� 3UREOHPLQVWDQ]HQ�
VFKHLWHUW��9DHVVHQV��5��-��0��HW�DO���������VWHOOWHQ�HLQ�6HW�EHVWHKHQG�DXV����3UREOHPHQ�
]XVDPPHQ��GLH�YRQ�DQGHUHQ�$XWRUHQ�XQG�YRQ�LKQHQ�DOV�VFKZHU�O|VEDU�EH]HLFKQHW�ZXUGHQ��
XP�HLQHQ�3HUIRUPDQFH�9HUJOHLFK�YRQ�+HXULVWLNHQ�]X�HUP|JOLFKHQ��/DXW�9DHVVHQV��5��-��
0��HW�DO���������VROO�HLQH�JXWH�+HXULVWLN�LQ�GHU�/DJH�VHLQ��GLHVH����3UREOHPH�LQQHUKDOE�
YRQ�����&,�&38�6HNXQGHQ�PLW�HLQHU�PLWWOHUHQ�UHODWLYHQ�$EZHLFKXQJ�YRQ�PD[LPDO�����
�LQVJHVDPW�� ]X� O|VHQ�� 7DEHOOH� ��� �V�� $QKDQJ� $��� UHSUlVHQWLHUW� GLH� (UJHEQLVVH� GHU�
+HXULVWLNHQ�I�U�GLHVH����%HQFKPDUNSUREOHPH��,P�*HJHQVDW]�]X�GHP�Ä%UDQFK�	�%RXQG³�
9HUIDKUHQ�YRQ�0DUWLQ��������LVW�]X�HUNHQQHQ��GDVV�NHLQH�+HXULVWLN�LQ�GHU�/DJH�LVW��DOOH����
3UREOHPH� RSWLPDO� ]X� O|VHQ�� $P� EHVWHQ� VFKQHLGHW� GDV� 9HUIDKUHQ� YRQ� %DODV� XQG�
9D]DFRSRXORV��������PLW����RSWLPDO�JHO|VWHQ�3UREOHPHQ�DE��6RZRKO�GLH�+HXULVWLN�YRQ�
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1XLMWHQ�XQG�/H�3DSH��������DOV�DXFK�GLH�+HXULVWLN�YRQ�7KRPVHQ��������O|VHQ����GHU����
3UREOHPH�RSWLPDO��'DV�6LPXODWHG�$QQHDOLQJ�9HUIDKUHQ�YRQ�<DPDGD�XQG�1DNDQR��������
XQG�GLH�7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL��������N|QQHQ�KLQJHJHQ���3UREOHPH�
O|VHQ�� :�UGH� VLFK� GLH� $XVZDKO� GHU� +HXULVWLN� OHGLJOLFK� DXI� GLH� $Q]DKO� GHU� RSWLPDO�
JHO|VWHQ�3UREOHPH�EHVFKUlQNHQ��VROOWH�GDV�9HUIDKUHQ�YRQ�%DODV�XQG�9D]DFRSRXORV��������
JHZlKOW�ZHUGHQ��$OOHUGLQJV�VSLHOW�QDFK�9DHVVHQV��5��-��0��HW�DO�� �������QHEHQ�GHU�EH�
Q|WLJWHQ�=HLW�DXFK�GLH�PLWWOHUH�UHODWLYH�$EZHLFKXQJ�EHL�GHU�%HXUWHLOXQJ�GHU�/HLVWXQJV�
IlKLJNHLW� HLQH� �EHUJHRUGQHWH� 5ROOH� �V�� 7DEHOOH� ���� $QKDQJ� $���� %HWUDFKWHW� PDQ� GLH�
6XPPH�GHU�PLWWOHUHQ�UHODWLYHQ�$EZHLFKXQJ��HU]LHOHQ�%DODV�XQG�9D]DFRSRXORV��������GDV�
EHVWH�(UJHEQLV�PLW���������'LH�7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL��������HU]LHOW�
KLQJHJHQ� HLQH�PLWWOHUH� UHODWLYH�$EZHLFKXQJ�YRQ� �������XQG� OLHIHUW� GHQ� VFKOHFKWHVWHQ�
:HUW��2EZRKO�GLH�7DEX�6XFKH�1RZLFNL�XQG�6PXWQLFNL��������GLH�*UHQ]H�YRQ�9DHVVHQV��
5��-��0��HW�DO����������EHUVFKUHLWHW��LVW�HLQH�PLWWOHUH�UHODWLYH�$EZHLFKXQJ�YRQ��������HLQ�
LPPHU�QRFK�VHKU�JXWHU�:HUW��YJO��-DLQ�XQG�0HHUDQ���������,P�9HUJOHLFK�]X�GHQ�DQGHUHQ�
+HXULVWLNHQ� LVW� GLH� 7DEX�6XFKH� YRQ� 1RZLFNL� XQG� 6PXWQLFNL� ������� PLW� HLQHU� GXUFK�
VFKQLWWOLFKHQ�'DXHU�YRQ�§�����&,�&38�6HNXQGHQ�GDV�VFKQHOOVWH�9HUIDKUHQ�XQG�NDQQ�GLH�
DXVJHZlKOWHQ�%HQFKPDUNSUREOHPH�ELV� ]X�����PDO� VR� VFKQHOO� O|VHQ��'DV� Ä%UDQFK�DQG�
%RXQG³�9HUIDKUHQ�YRQ�0DUWLQ� �������NDQQ�]ZDU�DOOH�GHU����3UREOHPH� O|VHQ��EHQ|WLJW�
GDI�U� DOOHUGLQJV� GXUFKVFKQLWWOLFK�ൎ� ������ &,�&38�6HNXQGHQ�� 'LHVHU� 9HUJOHLFK� ]HLJW�
HLQGUXFNVYROO��GDVV�PLW�HLQHU�+HXULVWLN�HLQH�KLQUHLFKHQG�JXWH�/|VXQJ�LQ�GHXWOLFK�N�U]HUHU�
=HLW�HUUHLFKW�ZHUGHQ�NDQQ���

$OOH�GHU�LQ�7DEHOOH�����V��$QKDQJ�$���DXIJHI�KUWHQ�+HXULVWLNHQ�VLQG�LQ�GHU�/DJH��GLH�YRQ�
9DHVVHQV��5��-��0��HW�DO���������DXVJHZlKOWHQ�%HQFKPDUNSUREOHPH�PLW�HLQHU�DN]HSWDEOHQ�
$EZHLFKXQJ�YRP�2SWLPXP�]X�O|VHQ��'LH�9HUIDKUHQ�YRQ�%DODV�XQG�9D]DFRSRXORV��������
XQG�1RZLFNL�XQG�6PXWQLFNL��������HU]LHOHQ�]XVlW]OLFK�JXWH�(UJHEQLVVH�I�U�JU|�HUH�-RE�
6KRS�3UREOHPH� �V�� 7DEHOOH� ������� $QKDQJ� $���� 'LH� 7DEX�6XFKH� YRQ� 1RZLFNL� XQG�
6PXWQLFNL� ������� OLHIHUW� IDVW� DOOH� EHVWHQ� REHUHQ� 6FKUDQNHQ� GHU� JUR�HQ� XQG� VFKZHUHQ�
%HQFKPDUNSUREOHPH�YRQ�'HPLUNRO�HW�DO����������ZlKUHQG�GLH�+HXULVWLN�YRQ�%DODV�XQG�
9D]DFRSRXORV��������GLH�PHLVWHQ�REHUHQ�6FKUDQNHQ�I�U�GLH�YRQ�7DLOODUG��������IRUPX�
OLHUWHQ�3UREOHPH� OLHIHUW��'LH�7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL� �������NDQQ� LP�
9HUJOHLFK�]XU�+HXULVWLN�YRQ�%DODV�XQG�9D]DFRSRXORV��������ZHQLJHU�GHU����%HQFKPDUN�
SUREOHPH�RSWLPDO� O|VHQ�XQG�GLH�PLWWOHUH� UHODWLYH�$EZHLFKXQJ� LVW� HEHQIDOOV� VFKOHFKWHU��
GDI�U�HUP|JOLFKW�VLH�GLH�/|VXQJ�GHU�3UREOHPH�LQQHUKDOE�N�U]HVWHU�=HLW��'LH�/|VXQJ�YRQ�
3UREOHPHQ�PLW�HLQHU�KRKHU�*HVFKZLQGLJNHLW�XQG�HLQHU�KLQUHLFKHQG�JXWHQ�4XDOLWlW�ELUJW�
JUR�HV�3RWHQWLDO�I�U�GLH�.RSSOXQJ�PLW�GHU�6LPXODWLRQ��V��.DSLWHO���������VRGDVV�GLH�7DEX�
6XFKH� YRQ� 1RZLFNL� XQG� 6PXWQLFNL� ������� LP� )ROJHQGHQ� 7HLO� GHU� $UEHLW� PLW� GHU�
6LPXODWLRQ�JHNRSSHOW�ZLUG��
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���� 7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL�
'LH�YRQ�1RZLFNL�XQG�6PXWQLFNL��������HQWZLFNHOWH�7DEX�6XFKH�GLHQW�]XU�5HGX]LHUXQJ�
GHU� *HVDPW]\NOXV]HLW� LP� 5DKPHQ� GHV� -RE�6KRS�3UREOHPV�� $OJRULWKPXV� �� VWHOOW� GLH�
)XQNWLRQVZHLVH�XQG�%HVRQGHUKHLWHQ�GHU�7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL��������
GDU��

$OJRULWKPXV����7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL�

�����(U]HXJH�LQLWLDOH�/|VXQJ�[�

�����,QLWLDOLVLHUH�ܶ ൌ �׎
����ොݔ� ՚ �ݔ
�����݅ ൌ Ͳ�
�����:HQQ�݅ ൏ ݅௠௔௫�GDQQ�
������ � ݅ ՚ ݅� ൅ ͳ�
������ � %HVWLPPH�GLH�0HQJH�ܸሺݔሻ�GHU�YRQ�/|VXQJݔ��DXV�P|JOLFKHQ�=�JH�
������ � :HQQ�ܸሺݔሻ ൌ׎��GDQQ�
������ � � 6WRSS��*HEH�DNWXHOO�EHVWH�/|VXQJݔ�ො�DXV�
�������� 6RQVW�

�������� � %HVWLPPH�GLH�0HQJH�GHU�93�=�JHܣ��
�������� � :HQQ�ሺܸሺݔሻ̳ܶሻ ׫ ܣ ് ��GDQQ׎
�������� � � :lKOHݒ�ᇱ א ሺܸሺݔሻ̳ܶሻ ׫ �����VRGDVVܣ � � �
� � � � ǡݔ௠௔௫ሺܰሺܥ ᇱሻሻݒ ൌ ����ሼܥ௠௔௫൫ܰሺݔǡ ݒ�ሻ൯�หݒ א ሺܸሺݔሻ̳ܶሻ ׫ ��ሽܣ

�������� � 2GHU�:HQQ�ȁܸሺݔሻȁ ൌ ͳ��GDQQ��
�������� � � :lKOHݒ�ᇱ א ܸሺݔሻ�� � �
������ � � 6RQVW��

�������� � � :LHGHUKROH��ܶ ՚ ܶ۩ ௟ܶ��VRODQJH�ELV�ܸሺݔሻ̳ܶ ് �׎
�������� � � � :lKOHݒ�ᇱ א ܸሺݔሻ̳ܶ�
�������� � (QGH�:HQQ�
������ � (QGH�:HQQ�

������ � ᇱݔ ՚ ܰሺݔǡ �ᇱሻݒ
������ � ܶᇱ ՚ �ᇱିଵݒ۩ܶ
������ � ݔ ՚ �ᇱݔ
������ � ܶ ՚ ܶᇱ�

�������� :HQQܥ�௠௔௫ሺݔሻ ൏ �ොሻ�GDQQݔ௠௔௫ሺܥ
������ � � ොݔ ՚ �ݔ
������ � �� ݅ ՚ Ͳ�
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)RUWVHW]XQJ�$OJRULWKPXV���
�������� (QGH�:HQQ�
������ � JHKH�]X�����
������(QGH�:HQQ�

'HU�$OJRULWKPXV�VWDUWHW�PLW�HLQHU�LQLWLDOHQ�/|VXQJ�I�U�GDV�$EODXISODQXQJVSUREOHPݔ������
XQG�HLQHU�OHHUHQ�7DEXOLVWH�ܶ������'LH�LQLWLDOH�/|VXQJ�VWHOOW�]X�%HJLQQ�GLH�DNWXHOOH�EHVWH�
/|VXQJ� �ොݔ GDU� ����� ݅� UHSUlVHQWLHUW� LQQHUKDOE� GHV� $OJRULWKPXV� HLQHQ� =lKOHU�� GHU� GLH�
,WHUDWLRQHQ�RKQH�9HUEHVVHUXQJHQ�HUIDVVW�XQG�ZLUG�]X�%HJLQQ�DXI���JHVHW]W������6R�ODQJH�
GLHVHU� =lKOHU� NOHLQHU� LVW� DOV� HLQ� YRUKHU� EHVWLPPWHV�0D[LPXP�� ZLUG� GHU� $OJRULWKPXV�
DXVJHI�KUW�����XQG�GHU�=lKOHU�KRFKJHVHW]W������1XQ�ZLUG�GLH�0HQJH�DOOHU�P|JOLFKHQ�=�JH�
LQ�GHU�1DFKEDUVFKDIW�YRQݔ��EHVWLPPW� �����'LH�$Q]DKO�GHU�HUODXEWHQ�=�JH�KlQJW�GDEHL�
PD�JHEOLFK� YRQ� GHU� 1DFKEDUVFKDIWVIXQNWLRQ� DE�� 'LH� PHLVWHQ� 7DEX�6XFKHQ� HU]HXJHQ�
1DFKEDUVFKDIWVO|VXQJHQ�� LQGHP� ]ZHL� DXIHLQDQGHUIROJHQGH� 2SHUDWLRQHQ�� GLH� DXI� GHP�
NULWLVFKHQ�3IDG�OLHJHQ��PLWHLQDQGHU�YHUWDXVFKW�ZHUGHQ��'LH�*U|�H�GHU�1DFKEDUVFKDIW�LVW�
VRPLW� YRQ� GHU� $Q]DKO� GHU� NULWLVFKHQ� 3IDGH� VRZLH� GHU� $Q]DKO� DQ� 2SHUDWLRQHQ� MHGHV�
NULWLVFKHQ�3IDGHV�DEKlQJLJ�XQG�NDQQ�GHPHQWVSUHFKHQG�JUR��ZHUGHQ��YJO��YDQ�/DDUKRYHQ��
3HWHU�-��0��HW�DO���������7DLOODUG���������7DLOODUG��������YHUVXFKW�VROFKHQ�JUR�HQ�1DFK�
EDUVFKDIWHQ�GXUFK�GLH�%HVWLPPXQJ�YRQ�XQWHUHQ�6FKUDQNHQ�JHUHFKW�]X�ZHUGHQ��VRGDVV�HLQH�
YROOVWlQGLJH� %HUHFKQXQJ� GHU� *HVDPW]\NOXV]HLW� MHGHU� 1DFKEDUVFKDIWVO|VXQJ� QLFKW�
HUIRUGHUOLFK�LVW��ZRKLQJHJHQ�1RZLFNL�XQG�6PXWQLFNL��������GLH�1DFKEDUVFKDIWHQ�GLUHNW�
UHGX]LHUHQ��+LHU]X�ZHUGHQ�]XHUVW�GLH�2SHUDWLRQHQ��GLH�DXI�HLQHP�]XIlOOLJ�DXVJHZlKOWHQ�
NULWLVFKHQ� 3IDG� OLHJHQ�� LQ� %O|FNH� HLQJHWHLOW� ଵǡǥܤ ǡ ��௥ܤ $QVFKOLH�HQG� N|QQHQ� SUR� =XJ�
HQWZHGHU�GLH�HUVWHQ�RGHU�OHW]WHQ�EHLGHQ�2SHUDWLRQHQ�YRQܤ�ଶǡǥ ǡ �௥ିଵ��GLH�OHW]WHQ�EHLGHQܤ
2SHUDWLRQHQ�YRQܤ�ଵ� RGHU�GLH� HUVWHQ�EHLGHQ�2SHUDWLRQHQ�YRQܤ�௥� YHUWDXVFKW�ZHUGHQ� �V��
$EELOGXQJ������

�
$EELOGXQJ�����7UDQVIRUPDWLRQVUHJHOQ�YRQ�1RZLFNL�XQG�6PXWQLFNL��=lSIHO�XQG�%UDXQH��������

([LVWLHUHQ�NHLQH�P|JOLFKHQ�=�JH������ WHUPLQLHUW�GHU�$OJRULWKPXV�XQG�GLH�DNWXHOO�EHVWH�
/|VXQJݔ�ො�ZLUG�DXVJHJHEHQ������$QGHUQIDOOV�N|QQHQ�GLH�=�JH�GUHL�.ODVVHQ�]XJHRUGQHW�
ZHUGHQ��

��� ܸሺݔሻ̳ܶ��(UODXEWH�=XJ��(�=�JH��
��� ܣ ൌ ݒ א ܸሺݔሻ ת ܶ ׷ ǡݔ௠௔௫൫ܰሺܥ� ሻ൯ݒ ൏ �ොሻݔ௠௔௫ሺܥ� 9HUERWHQH�� DEHU� SURILWDEOH�

=�JH��93�=�JH��

����� ����� ����� ����� �����

%� %U%������%U��
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��� ܸሺݔሻ ת �9�ܣ̳ܶHUERWHQH�XQG�QLFKW�SURILWDEOH�=�JH��913�=�JH��

$XV� HLQHU� 0HQJH� YRQ� (�� XQG� 93�=�JHQ� ����� ZLUG� GHU� =XJ� �ᇱݒ DXVJHZlKOW�� GHU� ]XU�
1DFKEDUVFKDIWVO|VXQJ�ܰሺݔǡ ������([LVWLHUHQ��ᇱሻ�PLW�GHP�EHVWHQ�=LHOIXQNWLRQVZHUW�I�KUWݒ
ZHGHU�(��QRFK�93�=�JH��LVW�I�U�GHQ�6XFKSUR]HVV�HQWVFKHLGHQG��ZHOFKHU�913�=XJ�VHOHN�
WLHUW�ZLUG��(QWKlOW�GLH�0HQJH�QXU�HLQHQ�913�=XJ�������ZLUG�GLHVHU�]XU�(U]HXJXQJ�GHU�
1DFKEDUVFKDIWVO|VXQJ�JHZlKOW�������DQGHUQIDOOV������ZLUG�GHU�ÄlOWHVWH³�=XJ�JHZlKOW�XQG�
GLH�7DEX�/LVWH�ܶ�GXUFK�5HSOLNDWLRQ�GHV�ÄM�QJVWHQ³�=XJHV�VRODQJH�PRGLIL]LHUW�ELV�ܸሺݔሻ ്
�׎ ������'DQQ�HQWKlOW�GLH�0HQJH�ܸሺݔሻ̳ܶ�JHQDX�HLQHQ�P|JOLFKHQ�=XJ��GHU�DOV�QlFKVWHV�
DXVJHZlKOW� ZHUGHQ� NDQQ� ������ 'DV� IROJHQGH� %HLVSLHO� LOOXVWULHUW� GLHVHQ� EHVRQGHUHQ�
6HOHNWLRQVSUR]HVV�YRQ�1RZLFNL�XQG�6PXWQLFNL���������

0DQ�EHWUDFKWH�HLQH�0HQJH�YRQ�913�=�JHQ�ܸሺݔሻ ൌ ሼሺ͵ǡ ʹሻǡ ሺ૝ǡ ૟ሻሽ�XQG�HLQH�7DEX�/LVWH�

ܶ ൌ ሼሺͳǡ ʹሻǡ ሺ૝ǡ ૟ሻǡ ሺͳǡ Ͷሻǡ ሺ͵ǡ ʹሻǡ ሺͶǡ ͵ሻሽ�

PLW�GHU�/lQJH�݈ ൌ ͷ��1DFK�GHU�EHVFKULHEHQHQ�6HOHNWLRQVUHJHO�ZLUG�QXQ�GHU�=XJ��GHU�DP�
OlQJVWHQ� DXI� GHU�7DEX�/LVWH� VWHKW� XQG� DXFK� LQ� GHU�0HQJH�ܸሺݔሻ� HQWKDOWHQ� LVW�� JHZlKOW�
ሺͶǡ͸ሻ���'LH�7DEX�/LVWH�ZLUG�GXUFK�5HSOLNDWLRQ�GHV�OHW]WHQ�=XJHV�ሺͶǡ͵ሻ�VRODQJH�YHUlQGHUW��
ELV�GHU�DXVJHZlKOWH�=XJ�ሺͶǡ͸ሻ�QLFKW�PHKU�WDEX�LVW��'DV�(UJHEQLV�LVW�GLH�PRGLIL]LHUWH�7DEX�
/LVWH�

ܶ ൌ ሼሺͳǡ Ͷሻǡ ሺ͵ǡ ʹሻǡ ሺͶǡ ͵ሻǡ ሺͶǡ ͵ሻǡ ሺͶǡ͵ሻሽ��

GLH�GLH�:DKO�GHV�=XJHV�ሺͶǡ͸ሻ�HUODXEW��

1DFKGHP�HLQHU�GHU�GUHL�)lOOH������������RGHU������HLQJHWUHWHQ�LVW��ZLUG�GLH�1DFKEDUVFKDIWV�
O|VXQJݔ�ᇱ�GXUFK�$QZHQGXQJ�GHV�JHZlKOWHQ�=XJHVݒ�ᇱ�HU]HXJW������XQG�GLH�7DEXOLVWH�GXUFK�
+LQ]XI�JHQ� GHU� 8PNHKUXQJ� GHV� =XJHV� �ᇱିଵݒ PRGLIL]LHUW� ������ $QVFKOLH�HQG� ZLUG� GLH�
/|VXQJݔ��GXUFK�GLH�1DFKEDUVFKDIWVO|VXQJݔ�ᇱ� �����XQG�GLH�7DEXOLVWH�ܶ�GXUFK�GLH�DNWX�
DOLVLHUWH�7DEXOLVWH�ܶᇱ������HUVHW]W��,VW�GHU�=LHOIXQNWLRQVZHUW�GHU�/|VXQJݔ��NOHLQHU�DOV�GHU�
DNWXHOO�EHVWH�=LHOIXQNWLRQVZHUW�������ZLUG�GLH�DNWXHOO�EHVWH�/|VXQJݔ�ො�GXUFK�GLH�/|VXQJݔ��
HUVHW]W������XQG�GHU�=lKOHU�݅�ZLHGHU�DXI���JHVHW]W�������'HU�$OJRULWKPXV�WHUPLQLHUW��ZHQQ�
GLH�PD[LPDOH�$Q]DKO�DQ�,WHUDWLRQHQ�RKQH�9HUEHVVHUXQJHQ�ሺ݅௠௔௫ሻ�HUUHLFKW�ZLUG������

���� 6LPXODWLRQ�
'LH�$QDO\VH�XQG�%HXUWHLOXQJ�YRQ� WHFKQLVFKHQ�6\VWHPHQ��ZLH�GHP�3URGXNWLRQVV\VWHP��
DQKDQG�PDWKHPDWLVFK�DQDO\WLVFKHU�0RGHOOH� LVW�RIWPDOV�QLFKW�P|JOLFK��GD�]X�YLHOH�]HLW��
XQG� ]XIDOOVDEKlQJLJH� 9DULDEOHQ� VRZLH�:LUN]XVDPPHQKlQJH� H[LVWLHUHQ� �YJO�� :HQ]HO��
������ 0lU]� XQG� :HLJHUW�� ������ 9',� ����� %ODWW� ���� 'DPLW� VROFKH� KRFKNRPSOH[HQ�
6\VWHPH�GHQQRFK�JHSODQW��UHDOLVLHUW�XQG�EHWULHEHQ�ZHUGHQ�N|QQHQ��ILQGHW�GLH�6LPXODWLRQV�
WHFKQLN�$QZHQGXQJ��YJO��9',������%ODWW������
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������ *UXQGODJHQ�6LPXODWLRQ�
=X� %HJLQQ� GLHVHV� .DSLWHOV� VROOHQ� ]XQlFKVW� GLH� ZLFKWLJVWHQ� %HJULIIOLFKNHLWHQ�� GLH� LP�
GLUHNWHQ�=XVDPPHQKDQJ�PLW�GHU�6LPXODWLRQ�VWHKHQ��GHILQLHUW�ZHUGHQ��XP�MHGHU]HLW�HLQ�
HLQKHLWOLFKHV�%HJULIIVYHUVWlQGQLV�]X�JHZlKUOHLVWHQ��'LH�'HILQLWLRQHQ�IROJHQ�GDEHL��ZHQQ�
QLFKW�DQGHUV�DQJHJHEHQ��GHU�YRP�9HUHLQ�'HXWVFKHU� ,QJHQLHXUH��������YHU|IIHQWOLFKWHQ�
5LFKWOLQLH������%ODWW����

'HILQLWLRQ�6\VWHP�

(LQ�6\VWHP�LVW�ÄHLQH�YRQ�LKUHU�8PZHOW�DEJHJUHQ]WH�0HQJH�YRQ�(OHPHQWHQ��GLH�PLWHLQDQ�
GHU�LQ�%H]LHKXQJ�VWHKHQ³��9',������%ODWW����6������'LH�(QWLWlWHQ�VLQG�GLH�(OHPHQWH�GHV�
6\VWHPV��GHVVHQ�9HUKDOWHQ�GHWDLOOLHUW�EHWUDFKWHW�ZHUGHQ�VROO��XQG�ZHUGHQ�PLWWHOV�$WWULEXWH�
FKDUDNWHULVLHUW��YJO��3LGG���������(LQH�$NWLYLWlW�LQQHUKDOE�HLQHV�6\VWHPV��DXVJHO|VW�GXUFK�
HLQ�(UHLJQLV��EHVLW]W�HLQH�VSH]LILVFKH�'DXHU�XQG�WUDQVIRUPLHUW�GHQ�=XVWDQG�GHU�HQWVSUH�
FKHQGHQ�(QWLWlW� �YJO�� 3LGG�� ������� (LQ� HLQWUHWHQGHV�(UHLJQLV� NDQQ� GHQ� 6\VWHP]XVWDQG�
IROJOLFK�PLW� VRIRUWLJHU�:LUNXQJ� lQGHUQ��'HU�6\VWHP]XVWDQG�ZLUG� ]X� MHGHP� EHOLHELJHQ�
=HLWSXQNW� GXUFK� DOOH� ]XU� %HVFKUHLEXQJ� QRWZHQGLJHQ� =XVWDQGVYDULDEOHQ� GHU� (QWLWlWHQ�
GHILQLHUW� �YJO�� %DQNV� HW� DO��� ������� 7DEHOOH� �� VWHOOW� GDV� -RE�6KRS�6\VWHP� PLW� VHLQHQ�
.RPSRQHQWHQ�H[HPSODULVFK�GDU���

7DEHOOH����.RPSRQHQWHQ�GHV�-RE�6KRS�6\VWHPV�

6\VWHP� (QWLWlWHQ� $WWULEXWH� (UHLJQLV�
=XVWDQGV�
YDULDEOH�

3URGXNWLRQV�
V\VWHP��

�-RE�6KRS��

0DVFKLQHQ�
3UR]HVV]HLW��
.DSD]LWlW�

6WDUW�(QGH�GHU�
%HDUEHLWXQJ�

=XVWDQG�GHU�
0DVFKLQH��IUHL��

EHOHJW��

$XIWUlJH�
0DVFKLQHQIROJH��

8PIDQJ�

$QNXQIW�DQ�
0DVFKLQH��

9HUODVVHQ�GHU�
0DVFKLQH�

=XVWDQG�GHV�
$XIWUDJV�

�ZDUWHQG��LQ�
%HDUEHLWXQJ��

�������� 'HILQLWLRQ�0RGHOO�

(LQ� 0RGHOO� LVW� HLQH� ÄYHUHLQIDFKWH� 1DFKELOGXQJ� HLQHV� JHSODQWHQ� RGHU� H[LVWLHUHQGHQ�
6\VWHPV� PLW� VHLQHQ� 3UR]HVVHQ� LQ� HLQHP� DQGHUHQ� EHJULIIOLFKHQ� RGHU� JHJHQVWlQGOLFKHQ�
6\VWHP��(V� XQWHUVFKHLGHW� VLFK� KLQVLFKWOLFK� GHU� XQWHUVXFKXQJVUHOHYDQWHQ� (LJHQVFKDIWHQ�
QXU�LQQHUKDOE�HLQHV�YRP�8QWHUVXFKXQJV]LHO�DEKlQJLJHQ�7ROHUDQ]UDKPHQV�YRP�9RUELOG³�
�9',� ����� %ODWW� ��� 6�� ���� (LQ� 0RGHOO� HLQHV� 6\VWHPV�� GDV� PLW� +LOIH� GHU� 6LPXODWLRQ�
DQDO\VLHUW�XQG�XQWHUVXFKW�ZLUG��EH]HLFKQHW�PDQ�DOV�6LPXODWLRQVPRGHOO��YJO��&DUVRQ�XQG�
0DULD�� ������� 'DV� 6LPXODWLRQVPRGHOO� ELOGHW� GDV� ]X� XQWHUVXFKHQGH� 6\VWHP� LQ� HLQHP�
JHULQJHUHQ� 'HWDLOOLHUXQJVJUDG� �ÄVR� DEVWUDNW� ZLH� P|JOLFK�� VR� GHWDLOOLHUW� ZLH� Q|WLJ³�
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�:HQ]HO�� ������6�� ���� DE�XQG�EHVFKUHLEW�GDV�2SWLPLHUXQJVSUREOHP�PLW� VHLQHQ�1HEHQ�
EHGLQJXQJHQ� XQG� 5HVWULNWLRQHQ� �]�%�� 0DVFKLQHQIROJH� GHU� $XIWUlJH�� .DSD]LWlW� GHU�
0DVFKLQHQ��HWF����/DZ��������WHLOW�VROFKH�6LPXODWLRQVPRGHOOH�LQ�IROJHQGH�.ODVVHQ�HLQ��

x� 6WDWLVFK�YV��G\QDPLVFK�

6WDWLVFKH�6LPXODWLRQVPRGHOOH�UHSUlVHQWLHUHQ�GDV�6\VWHP�]X�HLQHP�EHVWLPPWHQ�=HLWSXQNW�
RGHU�VLH�VWHOOHQ�HLQ�6\VWHP�GDU��LQGHP�=HLW�NHLQH�5ROOH�VSLHOW��]�%��0RQWH�&DUOR�0RGHOOH���
'\QDPLVFKH�0RGHOOH� KLQJHJHQ� ]HLJHQ�� ZLH� VLFK� HLQ� 6\VWHP� �EHU� GLH� =HLW� HQWZLFNHOW�
UHVSHNWLYH�YHUKlOW��]�%��HLQH�)|UGHUHLQULFKWXQJ�LQ�HLQHP�3URGXNWLRQVV\VWHP���

x� 'HWHUPLQLVWLVFK�YV��VWRFKDVWLVFK�

(LQ�GHWHUPLQLVWLVFKHV�6LPXODWLRQVPRGHOO�HQWKlOW�NHLQH�]XIDOOVDEKlQJLJHQ�.RPSRQHQWHQ��
VRGDVV�EHL�HLQHU�XQYHUlQGHUWHQ�,QSXWYDULDWLRQ�GHU�2XWSXW�GHWHUPLQLHUW�LVW��]�%��HLQ�6LPX�
ODWLRQVPRGHOO�]XU�SULPDOHQ�$EODXISODQXQJ���0LW�VWRFKDVWLVFKHQ�0RGHOOHQ�N|QQHQ�6\VWH�
PH�QDFKJHELOGHW�ZHUGHQ��GLH�]XIDOOVDEKlQJLJH�(OHPHQWH�HQWKDOWHQ��]�%��3UR]HVV]HLWHQ�PLW�
EHVWLPPWHQ�9HUWHLOXQJVIXQNWLRQHQ���'HU�2XWSXW�YRQ�VWRFKDVWLVFKHQ�0RGHOOHQ�LVW�]XIDOOV�
EHGLQJW�XQG�NDQQ�VRPLW�QXU�DOV�6FKlW]XQJ�GHU�HLJHQWOLFKHQ�(LJHQVFKDIWHQ�GHV�0RGHOOV�
GLHQHQ��

x� .RQWLQXLHUOLFK�YV��GLVNUHW�

.RQWLQXLHUOLFKH� 6LPXODWLRQVPRGHOOH� HUODXEHQ� NRQWLQXLHUOLFKH� =XVWDQGVlQGHUXQJHQ� GHV�
6\VWHPV��EHU�GHQ�=HLWYHUODXI��'LVNUHWH�0RGHOOH�KLQJHJHQ�N|QQHQ�GLH�6\VWHP]XVWlQGH�
QXU�]X�GLVNUHWHQ�=HLWSXQNWHQ�lQGHUQ��

�������� 'HILQLWLRQ�9DOLGLHUXQJ�
,P� HLJHQWOLFKHQ� 6LQQH� YHUVWHKW� PDQ� XQWHU� GHU� Ä9DOLGLHUXQJ� >�@� GLH� NRQWLQXLHUOLFKH�
hEHUSU�IXQJ��RE�GLH�0RGHOOH�GDV�9HUKDOWHQ�GHV�DEJHELOGHWHQ�6\VWHPV�KLQUHLFKHQG�JHQDX�
ZLHGHUJHEHQ³��5DEH�HW�DO���������6�������'D�LQ�GLHVHU�$UEHLW�NHLQ�0RGHOO�HQWZLFNHOW�ZLUG��
VRQGHUQ�HLQ�.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��VROO�GLH�9DOLGLHUXQJ�
$XIVFKOXVV�JHEHQ��RE�GLH�IXQNWLRQDOHQ�$QIRUGHUXQJHQ�DQ�GDV�.RQ]HSW�HUI�OOW�ZHUGHQ���

�������� 'HILQLWLRQ�6WHOOJU|�HQ�
6WHOOJU|�HQ� EH]HLFKQHQ� GLH� (LQJULIIVSXQNWH� LQ� GDV� 6LPXODWLRQVPRGHOO� �YJO�� .OHPPW��
������ XQG� KDEHQ� VRPLW� PD�JHEOLFKHQ� (LQIOXVV� DXI� GDV� 9HUKDOWHQ� GHV� 0RGHOOV� �YJO��
:HLJHUW�HW�DO����������:HLJHUW�XQG�5RVH��������XQWHUVFKHLGHQ�]ZLVFKHQ�GUHL�7\SHQ�YRQ�
6WHOOJU|�HQ��

��� 3DUDPHWHUYDULDWLRQ��0LW�+LOIH�HLQHU�3DUDPHWHUYDULDWLRQ�NDQQ�]�%��GHU�3XIIHU�HLQHU�
0DVFKLQH�RGHU�GLH�.DSD]LWlW�HLQHU�0DVFKLQH�YHUlQGHUW�ZHUGHQ��
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��� =XRUGQXQJHQ�$XVZDKO��'LHVH�6WHOOJU|�HQ�HUP|JOLFKHQ�]�%��GLH�=XRUGQXQJ�YRQ�
-REV�]X�0DVFKLQHQ�RGHU�GLH�$XVZDKO�YRQ�:DUWHGLV]LSOLQHQ� I�U�HLQ�3XIIHUODJHU�
�]�%��),)2���

��� 3HUPXWDWLRQ��5HLKHQIROJHQ��ZLH�]�%��GLH�$XIWUDJVIROJH��ZHUGHQ�GXUFK�3HUPXWD�
WLRQHQ� GDUJHVWHOOW�� 'LH� 9HUlQGHUXQJ� HLQHU� 3HUPXWDWLRQ� KDW� HLQHQ� ZLUNVDPHQ�
(LQIOXVV�DXI�GDV�$EODXIYHUKDOWHQ�HLQHV�6\VWHPV��YJO��:HLJHUW�XQG�5RVH����������

7UHWHQ�LP�5DKPHQ�GHV�2SWLPLHUXQJVSUREOHPV�=XRUGQXQJV��XQG�3HUPXWDWLRQVYDULDEOHQ�
DXI�� LVW� GLHV� HLQ� VWDUNHU�+LQZHLV��GDVV�GLH� VLPXODWLRQVEDVLHUWH�2SWLPLHUXQJ� DQJHZDQGW�
ZHUGHQ�VROOWHQ��YJO��:HLJHUW�XQG�5RVH���������'DV�-RE�6KRS�3UREOHP�DXV�.DSLWHO�����LVW�
KLHUI�U�HLQ�JXWHV�%HLVSLHO��'LH�0DVFKLQHQIROJH�UHSUlVHQWLHUW�HLQH�=XRUGQXQJVYDULDEOH�XQG�
GLH�JHVXFKWH�$XIWUDJVIROJH�VWHOOW�HLQH�6WHOOJU|�H�YRP�7\S�3HUPXWDWLRQ�GDU��)ROJHQGHV�
%HLVSLHO�LOOXVWULHUW�HLQH�P|JOLFKH�6WHOOJU|�H�LP�5DKPHQ�GHV�-RE�6KRS�3UREOHPV���

%HLVSLHO��,QQHUKDOE�HLQHV�GLVMXQNWLYHQ�*UDSKHQ�EHVWHKW�DXI�HLQHU�0DVFKLQHܯ�ଵ�HLQ�5HV�
VRXUFHQNRQIOLNW�]ZLVFKHQܬ�ଶǡ ܬହ�����଼ܬ ��=X�GHVVHQ�/|VXQJ�ZLUG�QXQ�HLQH�6WHOOJU|�H�ܵଵ ൌ
ሼͳǡʹǡ͵ሽ�YRP�7\S�3HUPXWDWLRQ�HU]HXJW��,P�$QVFKOXVV�ZHUGHQ�GLH�-REV�LQ�͵Ǩ�XQWHUVFKLHG�
OLFKH�5HLKHQIROJHQ�JHEUDFKW�XQG�PLW�GHU�6WHOOJU|�H�ܵଵ�HLQGHXWLJ�YHUNQ�SIW��]�%ܬ��ହ ՜ ͳǡ
ܬ଼ ՜ ʹǡ ଶܬ ՜ ͵���,P�$QVFKOXVV�ZLUG�GLH�6WHOOJU|�H�ܵଵ�PLW�GHU�0DVFKLQHܯ�ଵ�YHUNQ�SIW�XQG�
GLH�=LHOJU|�H�NDQQ��EDVLHUHQG�DXI�GHQ�YHUVFKLHGHQHQ�5HLKHQIROJHDOWHUQDWLYHQ��EHXUWHLOW�
ZHUGHQ���

1LFKW� DOOH� 6WHOOJU|�HQ� KDEHQ�$XVZLUNXQJHQ� DXI� GLH� =LHOJU|�HQ�� VRGDVV� QXU� GLH� 6WHOO�
JU|�HQ� EHU�FNVLFKWLJW� ZHUGHQ� VROOWHQ�� GLH� GDV� 6\VWHPYHUKDOWHQ� EHHLQIOXVVHQ�� XP� GHQ�
5HFKHQDXIZDQG�VR�JHULQJ�ZLH�P|JOLFK�]X�KDOWHQ��YJO��:HLJHUW�XQG�5RVH���������

�������� 'HILQLWLRQ�=LHOJU|�HQ�
6LQG�GLH�6WHOOJU|�HQ�LGHQWLIL]LHUW��P�VVHQ�GLH�=LHOJU|�HQ��GLH�LP�)RNXV�GHU�2SWLPLHUXQJ�
OLHJHQ��EHVWLPPW�ZHUGHQ��(LQ�hEHUEOLFN��EHU�GLH�JlQJLJHQ�=LHOJU|�HQ�GHU�$EODXISODQXQJ�
LVW� LQ�.DSLWHO�������]X�ILQGHQ��:LFKWLJ�LVW�YRU�DOOHP�GHU�=XVDPPHQKDQJ�]ZLVFKHQ�GHQ�
6WHOO��XQG�=LHOJU|�HQ��YJO��:HLJHUW�XQG�5RVH���������,VW�GHU�=XVDPPHQKDQJ�QLFKW�RGHU�
QXU� PLW� VHKU� KRKHP� $XIZDQG� PDWKHPDWLVFK� IRUPXOLHUEDU� �V�� *UHQ]HQ� GHV� 0DQQH�
0RGHOOV���ZLUG�GLH�VLPXODWLRQVEDVLHUWH�2SWLPLHUXQJ�DQJHZDQGW��YJO��:HLJHUW�XQG�5RVH��
�������'LH�6LPXODWLRQ�OLHIHUW�QDFK�MHGHP�6LPXODWLRQVGXUFKODXI�I�U�EHVWLPPWH�:HUWH�XQG�
$XVSUlJXQJHQ�GHU�6WHOOJU|�HQ�NRQNUHWH�:HUWH�GHU�=LHOJU|�HQ��YJO��:HLJHUW�XQG�5RVH��
�������,P�5DKPHQ�GHV�-RE�6KRS�3UREOHPV�LVW�OHGLJOLFK�GHU�:HUW�GHU�*HVDPW]\NOXV]HLW�
��௠௔௫ሻ�YRQ�,QWHUHVVHܥ�
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�������� 'HILQLWLRQ�6LPXODWLRQ�
6LPXODWLRQ� LVW� GDV� Ä1DFKELOGHQ� HLQHV� 6\VWHPV� PLW� VHLQHQ� G\QDPLVFKHQ� 3UR]HVVHQ� LQ�
HLQHP�H[SHULPHQWLHUEDUHQ�0RGHOO��XP�]X�(UNHQQWQLVVHQ�]X�JHODQJHQ��GLH�DXI�GLH�:LUN�
OLFKNHLW� �EHUWUDJEDU� VLQG�� ,QVEHVRQGHUH�ZHUGHQ� GLH�3UR]HVVH� �EHU� GLH�=HLW� HQWZLFNHOW³�
�9',������%ODWW����6������1DFK�:HQ]HO��������NDQQ�GLH�6LPXODWLRQ�ZLH�IROJW�NODVVLIL]LHUW�
ZHUGHQ��V��$EELOGXQJ������

�
$EELOGXQJ�����.ODVVLILNDWLRQ�GHU�6LPXODWLRQ��:HQ]HO��������

$QDORJ�]X�GHQ�6LPXODWLRQVPRGHOOHQ�H[LVWLHUHQ�NRQWLQXLHUOLFKH�XQG�GLVNUHWH�6LPXODWLRQV�
V\VWHPH��,P�5DKPHQ�GHU�NRQWLQXLHUOLFKHQ�6LPXODWLRQ�lQGHUW�VLFK�GHU�=XVWDQG�GHV�0RGHOOV�
VWHWLJ��EHU�GLH�=HLW��V��$EELOGXQJ�������

�
$EELOGXQJ�����.RQWLQXLHUOLFKH�6\VWHP]XVWDQGVlQGHUXQJ��%DQNV��������

,QQHUKDOE� GLVNUHWHU� 6LPXODWLRQVV\VWHPH� lQGHUW� VLFK� GHU� 6\VWHP]XVWDQG� KLQJHJHQ�
VSUXQJKDIW�]X�GLVNUHWHQ�=HLWSXQNWHQ��V��$EELOGXQJ������

6LPXODWLRQ

NRQWLQXLHUOLFK GLVNUHW

]HLWJHVWHXHUW HUHLJQLV�
RULHQWLHUW

6\
VWH

P
]X
VWD

QG

=HLW�W
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$EELOGXQJ�����'LVNUHWH�6\VWHP]XVWDQGVlQGHUXQJ��%DQNV��������

'LVNUHWH�6LPXODWLRQHQ�N|QQHQ�HQWZHGHU�]HLWJHVWHXHUW�RGHU�HUHLJQLVRULHQWLHUW�VHLQ��:LUG�
GLH�6LPXODWLRQV]HLW�XP�HLQ�NRQVWDQWHV�=HLWLQWHUYDOO�HUK|KW�XQG�DOOH�LQ�GLHVHP�=HLWUDXP�
DXIJHWUHWHQHQ� =XVWDQGVlQGHUXQJHQ� ZHUGHQ� GXUFKJHI�KUW�� OLHJW� HLQH� ]HLWJHVWHXHUWH�
GLVNUHWH� 6LPXODWLRQ� YRU�� ,P� *HJHQVDW]� KLHU]X� ZLUG� HLQH� =XVWDQGVlQGHUXQJ� LQ� HLQHP�
HUHLJQLVRULHQWLHUWHQ�6\VWHP�GXUFK�GDV�(LQWUHWHQ�HLQHV�LQWHUQHQ�(UHLJQLVVHV�KHUEHLJHI�KUW�
�YJO��+RUQ���������'LH�=HLW�]ZLVFKHQ�(UHLJQLVVHQ�YHUEUDXFKW�6LPXODWLRQV]HLW��DEHU�NHLQH�
5HFKHQ]HLW��ZlKUHQG�GLH�=XVWDQGVlQGHUXQJHQ�EHLP�(LQWUHWHQ�HLQHV�(UHLJQLVVHV�5HFKHQ�
]HLW��DEHU�NHLQH�6LPXODWLRQV]HLW�YHUEUDXFKHQ��YJO��:HQ]HO���������

'LH� 6LPXODWLRQ� ZXUGH� LQ� GHU� 9HUJDQJHQKHLW� KDXSWVlFKOLFK� ]XU� 3ODQXQJVDEVLFKHUXQJ�
YHUZHQGHW�� +HXW]XWDJH� ZLUG� VLH� LQ� GHU� 3URGXNWLRQVSODQXQJ�� �UHDOLVLHUXQJ� VR�
ZLH� �VWHXHUXQJ� DQJHZDQGW� �9',� ����� %ODWW� ��� XQG�ZLUG� VRPLW� DXFK� LP� 5DKPHQ� GHU�
$EODXISODQXQJ�HLQJHVHW]W��YJO��)RZOHU�HW�DO����������

������ (LQVDW]JHELHWH�GHU�6LPXODWLRQ�LQQHUKDOE�GHU�$EODXISODQXQJ�
9LHOH� $XWRUHQ� EHIDVVHQ� VLFK� PLW� GHP� (LQVDW]� GHU� 6LPXODWLRQ� LQ� GHQ� YHUVFKLHGHQVWHQ�
%HUHLFKHQ� GHU� 3URGXNWLRQ� XQG� /RJLVWLN� XQG� JHEHQ� HLQHQ� JXWHQ� hEHUEOLFN� �EHU� GLH�
P|JOLFKHQ�(LQVDW]JHELHWH�GHU�6LPXODWLRQ��)RZOHU�HW�DO���������IRNXVVLHUHQ�VLFK�GDEHL�DXI�
GHQ� %HUHLFK� GHU� $EODXISODQXQJ� XQG� LGHQWLIL]LHUHQ� PHKUHUH� (LQVDW]P|JOLFKNHLWHQ� GHU�
6LPXODWLRQ���

� �

6\
VWH

P
]X
VWD

QG

=HLW�W
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x� %LOGXQJ�YRQ�$EODXISOlQHQ��

'LH� 6LPXODWLRQ� ZLUG� JHQXW]W�� XP� $EODXISOlQH� PLW� HLQHP� ]HLWOLFKHQ� +RUL]RQW� YRQ�
PHKUHUHQ�6WXQGHQ�ELV�]X�HLQHP�7DJ�]X�JHQHULHUHQ��3ULRULWlWVUHJHOQ�N|QQHQ�GDEHL�7HLO�GHU�
6LPXODWLRQ�VHLQ�XQG�GLH�HLQ]HOQHQ�-REV�GHQ�YHUVFKLHGHQHQ�0DVFKLQHQ�]XZHLVHQ���

x� %LOGXQJ�YRQ�GHWDLOJHWUHXHQ�$EODXISOlQHQ�

([LVWLHUW�EHUHLWV�HLQ�$EODXISODQ��ZLUG�GLH�6LPXODWLRQ�JHQXW]W��XP�GDV�6\VWHPYHUKDOWHQ��
ZLH� ]�%��GLH�6WDUW�� XQG�(QG]HLWSXQNWH�GHU�HLQ]HOQHQ�-REV�� EHVVHU� VFKlW]HQ� ]X�N|QQHQ��
+LHUI�U�ZLUG�GDV�0RGHOO��GDV�]XU�%LOGXQJ�GHV�LQLWLDOHQ�$EODXISODQV�YHUZHQGHW�ZXUGH��PLW�
GHWDLOOLHUWHQ�,QIRUPDWLRQHQ�HUJlQ]W��6R�EDVLHUHQ�GLH�3UR]HVV]HLWHQ�QLFKW�PHKU�DXI�GHWHUPL�
QLVWLVFKHQ�:HUWHQ��VRQGHUQ�ZHUGHQ�GXUFK�HQWVSUHFKHQGH�9HUWHLOXQJVIXQNWLRQHQ�HUVHW]W��
XP�GLH�5HDOLWlW�EHVVHU�DEELOGHQ�]X�N|QQHQ���

x� 3DUDPHWULVLHUXQJ� YRQ� +HXULVWLNHQ� VRZLH� *HQHULHUXQJ� YRQ� 7HVWLQVWDQ]HQ� I�U�
+HXULVWLNHQ��

9LHOH� +HXULVWLNHQ� P�VVHQ� YRU� LKUHP� (LQVDW]� PLW� +LOIH� GHU� 6LPXODWLRQ� SDUDPHWULVLHUW�
ZHUGHQ�� GDPLW� VLH� DQ� GLH� YRUOLHJHQGHQ� 6LWXDWLRQHQ� DGDSWLHUW� ZHUGHQ� N|QQHQ�� 'HV�
:HLWHUHQ� N|QQHQ� PLW� GHU� 6LPXODWLRQ� 7HVWLQVWDQ]HQ� XQG� %HQFKPDUNV� I�U� +HXULVWLNHQ�
HU]HXJW�ZHUGHQ��

x� %HZHUWXQJ�YRQ�+HXULVWLNHQ�

%HYRU� HLQH� +HXULVWLN� LQ� GHU� 3UD[LV� ]XU� $EODXISODQXQJ� YHUZHQGHW� ZLUG�� PXVV� GDV�
9HUKDOWHQ�GHV�3URGXNWLRQVV\VWHPV�LQ�$EKlQJLJNHLW�GHU�]XU�$EODXISODQXQJ�YHUZHQGHWHQ�
+HXULVWLN�PLW�+LOIH�GHU�6LPXODWLRQ�DQDO\VLHUW�ZHUGHQ��

x� 2SWLPLHUXQJ�YRQ�$EODXISOlQHQ�

0LW�+LOIH�HLQHU�2SWLPLHUXQJVPHWKRGH�ZLUG�HLQ�]XOlVVLJHU�$EODXISODQ�JHVXFKW��GHU�HLQH�
RGHU� PHKUHUH� =LHOIXQNWLRQHQ� RSWLPDO� HUI�OOW�� 'LH� 6LPXODWLRQ� GLHQW� LQ� GLHVHP�
=XVDPPHQKDQJ� ]XU� %HVWLPPXQJ� GHU� =LHOJU|�HQ� I�U� GLH� /|VXQJVDOWHUQDWLYHQ� XQG�
HUP|JOLFKW�VRPLW�GLH�%HZHUWXQJ�GHU�XQWHUVFKLHGOLFKHQ�$EODXISOlQH��YJO��)X���������

'DV�(LQVDW]JHELHW�GHV�LP�5DKPHQ�GLHVHU�$UEHLW�HQWZLFNHOWHQ�.RQ]HSWHV�]XU�.RSSOXQJ�
YRQ� 6LPXODWLRQ� XQG�2SWLPLHUXQJ� OLHJW� LQQHUKDOE� GLHVHV� %HUHLFKV��'LH�*U�QGH� I�U� GLH�
(QWZLFNOXQJ� HLQHV� QHXHQ� .RQ]HSWHV� VRZLH� GLH� GDPLW� YHUEXQGHQHQ� $QIRUGHUXQJHQ�
ZHUGHQ�LQ�.DSLWHO�������HU|UWHUW��
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������ (UHLJQLVGLVNUHWH�6LPXODWLRQ�
'LH�HUHLJQLVGLVNUHWH�6LPXODWLRQ�LVW�GLH�KlXILJVWH�LP�%HUHLFK�GHU�3URGXNWLRQ�XQG�/RJLVWLN�
DQJHZDQGWH�0HWKRGH�]XU�3ODQXQJ��%HZHUWXQJ��9HUEHVVHUXQJ�XQG�6WHXHUXQJ�YRQ�6\VWH�
PHQ� XQG� 3UR]HVVHQ� �YJO�� 5RVH� XQG� 0lU]�� ������� 6LH� ZLUG� HUIROJUHLFK� ]XU�
5HLKHQIROJHSODQXQJ� XQG� �RSWLPLHUXQJ� VRZLH� $EODXISODQXQJ� JHQXW]W� �YJO�� .UXJ� XQG�
6FKZRSH��������,OW]VFKH�HW�DO���������6FKZHGH�HW�DO���������+HLE�XQG�1LFNHO���������-HGHV�
HUHLJQLVGLVNUHWH�6\VWHP�EHVWHKW�DXV�IROJHQGHQ�.HUQNRPSRQHQWHQ��YJO��/DZ���������

x� 6\VWHP]XVWDQG�� 0HQJH� YRQ� =XVWDQGVYDULDEOHQ�� GLH� GDV� 6\VWHP� ]X� HLQHP�
EHVWLPPWHQ�=HLWSXQNW�EHVFKUHLEHQ��

x� 6LPXODWLRQVXKU��9DULDEOH�PLW�GHU�DNWXHOOHQ�6LPXODWLRQV]HLW��
x� (UHLJQLVOLVWH�� /LVWH� PLW� =HLWSXQNWHQ�� ]X� GHQHQ� GLH� MHZHLOLJHQ� (UHLJQLVW\SHQ�

HLQWUHWHQ��
x� 6WDWLVWLVFKHU�=lKOHU��9DULDEOHQ�]XU�6SHLFKHUXQJ�YRQ�VWDWLVWLVFKHQ�,QIRUPDWLRQHQ�

�EHU�GDV�6\VWHPYHUKDOWHQ��
x� ,QLWLDOLVLHUXQJVURXWLQH�� 8QWHUSURJUDPP� ]XU� ,QLWLDOLVLHUXQJ� GHV� 6LPXODWLRQVPR�

GHOOV�]XP�=HLWSXQNW����
x� =HLWI�KUXQJVURXWLQH��8QWHUSURJUDPP�]XU�%HVWLPPXQJ�GHV�QlFKVWHQ�(UHLJQLVVHV�

DXV�GHU�(UHLJQLVOLVWH�XQG�]XP�9RUVWHOOHQ�GHU�6LPXODWLRQV]HLW� DXI�GHQ�6WDUW]HLW�
SXQNW�GHV�QlFKVWHQ�(UHLJQLVVHV��

x� (UHLJQLVURXWLQH��8QWHUSURJUDPP�]XU�$NWXDOLVLHUXQJ�GHV�6\VWHP]XVWDQGV�HQWVSUH�
FKHQG�GHV�HLQWUHWHQGHQ�(UHLJQLVW\SV��(V�H[LVWLHUW�MHZHLOV�HLQH�(UHLJQLVURXWLQH�SUR�
(UHLJQLVW\S��

x� %LEOLRWKHNVURXWLQHQ��0HQJH�YRQ�8QWHUSURJUDPPHQ�]XU�(U]HXJXQJ�YRQ�=XIDOOV�
JU|�HQ��GLH�GXUFK�GLH�:DKUVFKHLQOLFKNHLWVYHUWHLOXQJ�LP�6LPXODWLRQVPRGHOO�IHVW�
JHOHJW�VLQG��

x� %HULFKWVURXWLQH��8QWHUSURJUDPP�� GDV� QDFK�(QGH� GHU� 6LPXODWLRQ� DXI� %DVLV� GHU�
VWDWLVWLVFKHQ� =lKOHU� 6FKlW]ZHUWH� I�U� GLH� JHZ�QVFKWHQ� 6\VWHPOHLVWXQJVJU|�HQ�
JHQHULHUW�XQG�HLQHQ�%HULFKW�HU]HXJW��

x� +DXSWSURJUDPP��8QWHUSURJUDPP�� GDV� GXUFK�$XIUXIHQ� GHU� =HLWI�KUXQJVURXWLQH�
GDV�QlFKVWH�(UHLJQLV�EHVWLPPW�XQG�GLH�HQWVSUHFKHQGH�(UHLJQLVURXWLQH�]XU�bQGH�
UXQJ�GHV�6\VWHP]XVWDQGHV�DXIUXIW��(V��EHUSU�IW�GHV�:HLWHUHQ��RE�GLH�6LPXODWLRQ�
HQGHW�XQG�UXIW�LP�JHJHEHQHQ�)DOO�GLH�%HULFKWVURXWLQH�DXI��

'LH� IROJHQGH�$EELOGXQJ���� VWHOOW� GHQ�=XVDPPHQKDQJ�GHU� REHQ� DXIJHOLVWHWHQ�.RPSR�
QHQWHQ�GDU�XQG�UHSUlVHQWLHUW�]XJOHLFK�GHQ�$EODXI�HLQHU�HUHLJQLVGLVNUHWHQ�6LPXODWLRQ��
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�
$EELOGXQJ�����$EODXI�HLQHU�HUHLJQLVGLVNUHWHQ�6LPXODWLRQ��/DZ��������

'LH�6LPXODWLRQ�VWDUWHW�PLW�GHP�+DXSWSURJUDPP�XQG�UXIW�GLH�,QLWLDOLVLHUXQJVURXWLQH�DXI��
+LHU�ZLUG�GLH�6LPXODWLRQVXKU�DXI�GHQ�=HLWSXQNW���JHVHW]W��'DQQ�ZHUGHQ�DOOH�=XVWDQGV�
YDULDEOHQ�� VWDWLVWLVFKHQ� =lKOHU� VRZLH� GLH� (UHLJQLVOLVWH� LQLWLDOLVLHUW�� ,P� $QVFKOXVV� ZLUG�
GXUFK� GDV� +DXSWSURJUDPP� GLH� =HLWI�KUXQJVURXWLQH� DXIJHUXIHQ�� ,QQHUKDOE� GHU� =HLW�
I�KUXQJVURXWLQH� ZLUG� PLW� +LOIH� GHU� (UHLJQLVOLVWH� GHU� (UHLJQLVW\Sܧ�� EHVWLPPW�� GHU� DOV�
QlFKVWHV�HLQWUHWHQ�ZLUG��'LH�6LPXODWLRQVXKU�ZLUG�DXI�GHQ�=HLWSXQNW��DQ�GHP�(UHLJQLVW\S�
�ܧ HLQWULWW�� YRUJHVWHOOW�� 'DQDFK� UXIW� GDV� +DXSWSURJUDPP� GLH� (UHLJQLVURXWLQH� GHV�
(UHLJQLVW\SVܧ��DXI��'LHVH�EHVWHKW��EOLFKHUZHLVH�DXV�GUHL�6FKULWWHQ��

��� 'HU�6\VWHP]XVWDQG�ZLUG�HQWVSUHFKHQG�GHV�HLQWUHWHQGHQ�(UHLJQLVW\SVܧ��YHUlQGHUW�
��� 'LH� ,QIRUPDWLRQ� �EHU� GDV� 6\VWHPYHUKDOWHQ� ZLUG� GXUFK� GLH� $NWXDOLVLHUXQJ� GHU�

VWDWLVWLVFKHQ�=lKOHU�JHVDPPHOW�

(

QHLQ

��

��

��

MD

���5XIH�GLH�,QLWLDOLVLHUXQJVURXWLQH�DXI
�
�
�
���5XIH�GLH�=HLWI�KUXQJVURXWLQH�DXI
���5XIH�(UHLJQLVURXWLQH�(�DXI
�6FKULWWH����XQG����ZLHGHUKROHQG�

���6HW]H
6LPXODWLRQVXKU� ��
���,QLWLDOLVLHUH�GHQ
6\VWHP]XVWDQG�XQG
GLH�VWDWLVWLVFKHQ�=lKOHU
���,QLWLDOLVLHUH�GLH
(UHLJQLVOLVWH

���%HVWLPPH�GHQ
(UHLJQLVW\S�(�
GHU�DOV�QlFKVWHV�
HLQWUHWHQ�ZLUG
���6WHOOH�6LPXODWLRQVXKU
DXI�GHQ�=HLWSXQNW�
DQ�GHP�(�HLQWULWW

���$NWXDOLVLHUH�GHQ�6\VWHP]XVWDQG
���$NWXDOLVLHUH�GLH�VWDWLVWLVFKHQ�=lKOHU
���*HQHULHUH�]XN�QIWLJH�(UHLJQLVVH
XQG�I�JH�VLH�GHU�(UHLJQLVOLVWH�KLQ]X

*HQHULHUH
=XIDOOVYDULDEOHQ

(QGHW�GLH
6LPXODWLRQ"

���%HUHFKQH�6\VWHPOHLVWXQJV�
JU|�HQ
���(UVWHOOH�%HULFKW

6WDUW

6WRSS

,QLWLDOLVLHUXQJVURXWLQH +DXSWSURJUDPP =HLWI�KUXQJVURXWLQH

(UHLJQLVURXWLQH�(
%LEOLRWKHNVURXWLQH

%HULFKWVURXWLQH
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��� 'LH�=HLWHQ�I�U�]XN�QIWLJ�HLQWUHWHQGH�(UHLJQLVVH�ZHUGHQ�HU]HXJW�XQG�GHU�(UHLJQLV�
OLVWH�KLQ]XJHI�JW��2IWPDOV�ZHUGHQ�=XIDOOVJU|�HQ��GLH�GXUFK�GLH�%LEOLRWKHNVURXWL�
QHQ� EHUHLWJHVWHOOW� ZHUGHQ�� YHUZHQGHW�� XP� ]XN�QIWLJH� (UHLJQLV]HLWSXQNWH� ]X�
HU]HXJHQ��

,VW� GLH� (UHLJQLVURXWLQH� DXVJHI�KUW� XQG� HV� VWHKHQ� NHLQH� ZHLWHUHQ� (UHLJQLVVH� DXI� GHU�
(UHLJQLVOLVWH��ZLUG�GLH�6LPXODWLRQ�EHHQGHW��'DV�+DXSWSURJUDPP�UXIW�GLH�%HULFKWVURXWLQH�
DXI��XP�GLH�JHZ�QVFKWHQ�6\VWHPOHLVWXQJVJU|�HQ��]�%��*HVDPW]\NOXV]HLW��]X�EHUHFKQHQ�
XQG�HLQHQ�DEVFKOLH�HQGHQ�%HULFKW�]X�HUVWHOOHQ��

$EELOGXQJ����XQG����UHSUlVHQWLHUHQ�]ZHL�P|JOLFKH�(UHLJQLVW\SHQ��GLH�LP�5DKPHQ�GHV�
-RE�6KRS�0RGHOOV�DXIWUHWHQ�N|QQHQ�XQG�VROOHQ�GHQ�$EODXI�HLQHU�(UHLJQLVURXWLQH�YHUGHXW�
OLFKHQ�� 'DV� (UHLJQLV� Ä$UULYDO³� VWHOOW� GLH� $QNXQIW� HLQHV� -REV� DQ� HLQHU� 0DVFKLQH� GDU��
ZlKUHQG� GDV� (UHLJQLV� Ä'HSDUWXUH³� GHQ� =HLWSXQNW� GHU� (QWODGXQJ� GHU�0DVFKLQH� UHSUl�
VHQWLHUW��

�
$EELOGXQJ�����(UHLJQLV�Ä$UULYDO³��QDFK�/DZ��������

,VW�GDV�QlFKVWH�HLQWUHWHQGH�(UHLJQLV�YRP�7\S�Ä$UULYDO³��ZLUG�GLH�GD]XJHK|ULJH�(UHLJQLV�
URXWLQH�DXIJHUXIHQ��V��$EELOGXQJ������=XHUVW�ZLUG�GLH�0DVFKLQH��DXI�GHU�GHU�-RE�]X�EH�
DUEHLWHQ�LVW��EHVWLPPW��,VW�GLHVH�0DVFKLQH�ÄEHOHJW³��G�K��EHDUEHLWHW�HLQHQ�DQGHUHQ�-RE��ZLUG�
GHU�DQNRPPHQGH�-RE�LQ�GLH�:DUWVFKODQJH�JHVHW]W�XQG�GLH�(UHLJQLVURXWLQH�LVW�EHHQGHW��,VW�

MD QHLQ

0DVFKLQH�I�U�GHQ
-RE�EHVWLPPHQ

0DVFKLQH
EHOHJW"

-RE�LQ�GLH
:DUWHVFKODQJH�VHW]HQ

=XVWDQG�LQ��EHOHJW�
lQGHUQ�XQG�VWDWLVWLVFKH

'DWHQ�VDPPHOQ

(UHLJQLV��'HSDUWXUH�
I�U�GHQ�-RE�HUVWHOOHQ
XQG�WHUPLQLHUHQ

$UULYDO

5HWXUQ
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GLH�0DVFKLQH�KLQJHJHQ�ÄOHHU³��ZLUG�LKU�=XVWDQG�LQ�ÄEHOHJW³�JHZHFKVHOW�XQG�'DWHQ�I�U�GHQ�
VWDWLVWLVFKHQ�=lKOHU�ZHUGHQ�JHVDPPHOW��%HYRU�GLH�(UHLJQLVURXWLQH�HQGHW��ZLUG�I�U�GHQ�-RE�
GDV� (UHLJQLV� Ä'HSDUWXUH³� HUVWHOOW� XQG� ]HLWOLFK� WHUPLQLHUW�� $Q� GLHVHU� 6WHOOH� N|QQHQ� GLH�
=XIDOOVJU|�HQ�GHU�%LEOLRWKHNVURXWLQH�GLH�]HLWOLFKH�3ODQXQJ�GHV�(UHLJQLVVHV�Ä'HSDUWXUH³�
EHHLQIOXVVHQ��]�%��GXUFK�]XIlOOLJ�HLQWUHWHQGH�6W|UXQJHQ�ZlKUHQG�GHU�%HDUEHLWXQJ��,VW�GDV�
(UHLJQLV� Ä'HSDUWXUH³� GLHVHV� -REV� GDV� QlFKVWH� HLQWUHWHQGH� (UHLJQLV� �]ZLVFKHQ]HLWOLFK�
N|QQHQ�DQGHUH�(UHLJQLVVH�HLQWUHWHQ��]�%��$QNXQIW�HLQHV�DQGHUHQ� -REV�DQ�HLQHU�DQGHUHQ�
0DVFKLQH���ZLUG�GLH�(UHLJQLVURXWLQH�Ä'HSDUWXUH³�DXIJHUXIHQ��V��$EELOGXQJ������

�
$EELOGXQJ�����(UHLJQLV�Ä'HSDUWXUH³��QDFK�/DZ��������

QHLQ MD

MD

QHLQ

0DVFKLQH�EHVWLPPHQ��
GLH�GHU�-RE�YHUOlVVW

:DUWHQ�-REV�YRU
GHU�0DVFKLQH"

=XVWDQG�GHU�0DVFKLQH
LQ��IUHL��lQGHUQ

'HQ�HUVWHQ�-RE�GHU
:DUWHVFKODQJH�HQWIHUQHQ

=XVWDQG��EHOHJW��EHL�
EHKDOWHQ�XQG�VWDWLVWLVFKH

'DWHQ�VDPPHOQ

:HLWHUH�$UEHLWV�
VFKULWWH"

(UHLJQLVURXWLQH�$UULYDO
I�U�QlFKVWHQ�$UEHLWVVFKULWW

DXIUXIHQ

'DV�(UHLJQLV��'HSDUWXUH�
GHV�-REV�HUVWHOOHQ
XQG�WHUPLQLHUHQ

'HSDUWXUH

5HWXUQ
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=X�%HJLQQ�GHU�(UHLJQLVURXWLQH�ZLUG�GLH�0DVFKLQH�EHVWLPPW��GLH�GHU�-RE�YHUOlVVW��,VW�GLH�
:DUWHVFKODQJH� YRU� GLHVHU� 0DVFKLQH� OHHU�� ZLUG� GHU� =XVWDQG� GHU� 0DVFKLQH� LQ� ÄIUHL³�
JHlQGHUW��:DUWHQ�KLQJHJHQ�-REV�DXI�GLH�%HDUEHLWXQJ�YRU�GLHVHU�0DVFKLQH��ZLUG�GHU�HUVWH�
-RE�GHU�:DUWVFKODQJH�HQWIHUQW��'HU�=XVWDQG�GHU�0DVFKLQH�EOHLEW�ÄEHOHJW³�XQG�HV�ZHUGHQ�
'DWHQ� I�U� GHQ� VWDWLVWLVFKHQ� =lKOHU� JHVDPPHOW�� $QVFKOLH�HQG� ZLUG� GDV� Ä'HSDUWXUH³�
(UHLJQLV�GHV�HUVWHQ�-REV�DXV�GHU�:DUWHVFKODQJH��DXFK�KLHU�PLW�P|JOLFKHP�(LQIOXVV�GHU�
=XIDOOVJU|�H��]HLWOLFK�WHUPLQLHUW��0�VVHQ�NHLQH�ZHLWHUHQ�$UEHLWVVFKULWWH�GHV�-REV��GHU�GLH�
0DVFKLQH� YHUOlVVW�� DXVJHI�KUW� ZHUGHQ�� HQGHW� GLH� (UHLJQLVURXWLQH�� $QVRQVWHQ� ZLUG� GLH�
(UHLJQLVURXWLQH� Ä$UULYDO³� I�U� GHQ�QlFKVWHQ�$UEHLWVVFKULWW� GHV� -REV� DXIJHUXIHQ� XQG� GLH�
(UHLJQLVURXWLQH�Ä'HSDUWXUH³�HQGHW���

'XUFK�GHQ� LQ�$EELOGXQJ����EHVFKULHEHQHQ�6LPXODWLRQVGXUFKODXI�NDQQ�GDV�6\VWHPYHU�
KDOWHQ� �EHU� GLH� =HLW� PLW� ]X� %HJLQQ� IHVWJHOHJWHQ� 6WHOOJU|�HQ� XQWHUVXFKW� ZHUGHQ�� ,P�
5DKPHQ�HLQHV�6LPXODWLRQVH[SHULPHQWV��V��$EELOGXQJ�����ZHUGHQ�QXQ�GLH�6WHOOJU|�HQ�GHV�
6LPXODWLRQVPRGHOOV�EHL�MHGHP�6LPXODWLRQVODXI�V\VWHPDWLVFK�YHUlQGHUW��XP�GDV�9HUKDOWHQ�
GHU�=LHOJU|�HQ��LQ�$EKlQJLJNHLW�GHU�6WHOOJU|�HQ��]X�HUJU�QGHQ��YJO��&DUVRQ�XQG�0DULD��
�������

�
$EELOGXQJ�����6LPXODWLRQVH[SHULPHQW��3LGG��������

=LHO�LVW�HV��DXI�%DVLV�GHU�(UJHEQLVEHZHUWXQJ�GHV�6LPXODWLRQVH[SHULPHQWV�HLQH�RSWLPDOH�
6WHOOJU|�HQNRQILJXUDWLRQ� ]X� ILQGHQ�� VRGDVV� HLQH� RGHU� PHKUHUH� =LHOYRUJDEHQ� RSWLPDO�
HUI�OOW�ZHUGHQ��YJO��:HQ]HO����������

'D�GLH�6LPXODWLRQ�VHOEVW�NHLQH�RSWLPLHUHQGHQ�.RPSRQHQWHQ�HQWKlOW��YJO��9',������%ODWW�
����N|QQHQ�PLW�LKUHU�+LOIH�OHGLJOLFK�YHUVFKLHGHQH�/|VXQJVDOWHUQDWLYHQ�EHZHUWHW�ZHUGHQ�
�YJO��:HQ]HO�� ������� 8P� GLH� RSWLPDOH� 6WHOOJU|�HQNRQILJXUDWLRQ� I�U� HLQH� =LHOYRUJDEH�
EHVWLPPHQ� ]X� N|QQHQ��PXVV� GLH� 6LPXODWLRQ� IROJOLFK� PLW� HLQHU� 2SWLPLHUXQJVPHWKRGH�
JHNRSSHOW�ZHUGHQ��V��$EELOGXQJ������YJO��&DUVRQ�XQG�0DULD����������

6WHOOJU|�HQ =LHOJU|�HQ

([SHULPHQWLHUHQ

6LPXODWLRQV�
PRGHOO�
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�
$EELOGXQJ�����.RSSOXQJ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��&DUVRQ�XQG�0DULD��������

'LH� 2SWLPLHUXQJVPHWKRGH� �EHUQLPPW� LQ� GLHVHP� =XVDPPHQKDQJ�� EDVLHUHQG� DXI� GHQ�
=LHOJU|�HQ�� GLH� 9DULDWLRQ� GHU� 6WHOOJU|�HQ�� XP� ]X� HLQHU� RSWLPDOHQ� .RQILJXUDWLRQ� ]X�
JHODQJHQ��

������ 2SWLPLHUXQJVPHWKRGHQ�]XU�.RSSOXQJ�PLW�GHU�6LPXODWLRQ�
)X� ������� LGHQWLIL]LHUW� YLHU� 2SWLPLHUXQJVPHWKRGHQ�� GLH� LP� 5DKPHQ� GHU� VLPXODWLRQV�
EDVLHUWHQ� 2SWLPLHUXQJ� DNWXHOOHU� *HJHQVWDQG� GHU� )RUVFKXQJ� VLQG�� 7DEHOOH� �� VWHOOW� GLH�
+DXSWPHUNPDOH�GHU�9HUIDKUHQ�NXU]�GD��

7DEHOOH����2SWLPLHUXQJVPHWKRGHQ�]XU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�

0HWKRGH� +DXSWPHUNPDOH�

6WRFKDVWLF�$SSUR[LPDWLRQ��

�*UDGLHQW�EDVHG�$SSURDFKHV��

��*UDGLHQW�EDVHG�$SSURDFKHV�OHJHQ�GLH�6XFKULFK�
WXQJ�LQ�$EKlQJLJNHLW�GHV�*UDGLHQWHQ�GHU�=LHOIXQN�
WLRQ�IHVW��YJO��$SULO�HW�DO���������

�� 6WRFKDVWLF�$SSUR[LPDWLRQ�$OJRULWKPHQ� DKPHQ�
GLHVH� 6XFKH� LQ� HLQHU� ]XIDOOVDEKlQJLJHQ� $UW� XQG�
:HLVH�QDFK��YJO��)X��������

5HVSRQVH�6XUIDFH�0HWKRGRORJ\�

��=LHO�LVW�HLQH�DSSUR[LPLHUWH�IXQNWLRQDOH�%H]LHKXQJ�
]ZLVFKHQ� 6WHOO�� XQG� =LHOJU|�HQ� ]X� HUKDOWHQ� �YJO��
)X��������)X�HW�DO���������

�� 'DGXUFK� HQWVWHKHQ� VRJ�� 0HWDPRGHOOH�� GLH� GLH�
=LHOIXQNWLRQ�HQWZHGHU� I�U�GHQ�JOREDOHQ�/|VXQJV�
EHUHLFK��YJO��%DUWRQ��������RGHU�I�U�HLQHQ�ORNDOHQ�
%HUHLFK�FKDUDNWHULVLHUHQ��YJO��$SULO�HW�DO���������

5DQGRP�6HDUFK�

�� 1DFKEDUVFKDIWVO|VXQJ� ZLUG� ]XIlOOLJ� DXVJHZlKOW�
�YJO��$SULO�HW�DO���������

��=HQWUDOHV�(OHPHQW�LVW�GLH�'HILQLWLRQ�HLQHU�JHHLJ�
QHWHQ�1DFKEDUVFKDIW��YJO��)X�������

�

6WHOOJU|�HQ

=LHOJU|�HQ6LPXODWLRQV�
PRGHOO

2SWLPLHUXQJV�
PHWKRGLN



��2SWLPLHUXQJ�XQG�6LPXODWLRQ� � ��

���

�

)RUWVHW]XQJ�7DEHOOH���

0HWKRGH� +DXSWPHUNPDOH�

6DPSOH�3DWK�2SWLPL]DWLRQ�

�� 2SWLPLHUW� ZLUG� QLFKW� GDV� 8UVSUXQJVSUREOHP��
VRQGHUQ� HLQ� GHWHUPLQLVWLVFKHV� 2SWLPLHUXQJVSUR�
EOHP��GDVV�VLFK�GLHVHP�DQQlKHUW��YJO��$QGUDGRWWLU��
������

�� 'DV� GHWHUPLQLVWLVFKH�2SWLPLHUXQJVSUREOHP� EH�
UXKW�DXI�=XIDOOVYDULDEOHQ��YJO��$SULO�HW�DO���������

��8P�P|JOLFKVW�QDK�DP�XUVSU�QJOLFKHQ�3UREOHP�]X�
OLHJHQ��PXVV�GLH�$Q]DKO�GHU�=XIDOOVYDULDEOHQ�VHKU�
JUR��VHLQ��YJO��$QGUDGRWWLU��������

�

'HQ�REHQ�EHVFKULHEHQHQ�9HUIDKUHQ�ZLUG�LQ�GHU�)DFKOLWHUDWXU�JUR�H�$XIPHUNVDPNHLW�JH�
VFKHQNW��YJO��)X��������$QGUDGRWWLU��������$SULO�HW�DO���������&DUVRQ�XQG�0DULD��������)X��
0��������)X�HW�DO����������MHGRFK�ILQGHW�NHLQH�GLHVHU�0HWKRGHQ�SUDNWLVFKH��NRPPHU]LHOOH��
$QZHQGXQJ��YJO��$SULO�HW�DO����������$QGUDGRWWLU��������OLHIHUW�KLHUI�U�]ZHL�*U�QGH���

Ä$OWKRXJK� VLPXODWLRQ� RSWLPL]DWLRQ� KDV� UHFHLYHG� D� IDLU� DPRXQW� RI� DWWHQWLRQ� IURP� WKH�
UHVHDUFK�FRPPXQLW\�LQ�UHFHQW�\HDUV��WKH�FXUUHQW�PHWKRGV�JHQHUDOO\�UHTXLUH�D�FRQVLGHUDEOH�
DPRXQW� RI� WHFKQLFDO� VRSKLVWLFDWLRQ� RQ� WKH� SDUW� RI� WKH� XVHU�� DQG� WKH\� RIWHQ� UHTXLUH� D�
VXEVWDQWLDO�DPRXQW�RI�FRPSXWHU�WLPH�DV�ZHOO³���$QGUDGRWWLU��������6���������

,Q�NRPPHU]LHOOHQ�6LPXODWLRQVDQZHQGXQJHQ�ZHUGHQ�KDXSWVlFKOLFK�0HWDKHXULVWLNHQ�]XU�
2SWLPLHUXQJ�HLQJHVHW]W� �YJO��$SULO� HW� DO��� ������� GHQQ� VLH� VLQG� OHLFKW�YHUVWlQGOLFK�XQG�
OLHIHUQ�KLQUHLFKHQG�JXWH�/|VXQJHQ�LQ�NXU]HU�=HLW��V��.DSLWHO�������$EELOGXQJ����]HLJW�GLH�
)XQNWLRQVZHLVH� GHU� VLPXODWLRQVEDVLHUWHQ� 2SWLPLHUXQJ� PLW� HLQHU� 0HWDKHXULVWLN� DOV�
2SWLPLHUXQJVPHWKRGH��

�
$EELOGXQJ�����6LPXODWLRQVEDVLHUWH�2SWLPLHUXQJ�PLW�HLQHU�0HWDKHXULVWLN��:HLJHUW�HW�DO���������

(YDOXLHUHQ

6LPXOLHUHQ

6HW]HQ�lQGHUQ

%HUHFKQHQ

0HWDKHXULVWLN

6LPXODWLRQV�
PRGHOO

6WHOO�
JU|�HQ

=LHO�
JU|�HQ
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=X� %HJLQQ� GHV� 2SWLPLHUXQJVSUR]HVVHV� ZLUG� HLQH� 6WHOOJU|�HQNRQILJXUDWLRQ� GXUFK� GLH�
+HXULVWLN�VHOEVW�RGHU�HLQ�(U|IIQXQJVYHUIDKUHQ��]�%��3ULRULWlWVUHJHOYHUIDKUHQ��EHVWLPPW��V��
.DSLWHO� �������� 'DV� 6LPXODWLRQVPRGHOO� ZLUG� PLW� GHQ� 6WHOOJU|�HQ� DXVJHI�KUW� XQG� GDV�
6\VWHPYHUKDOWHQ�NDQQ�GXUFK�GLH�%HUHFKQXQJ�GHU�=LHOJU|�H�EHXUWHLOW�ZHUGHQ��'LH�0HWD�
KHXULVWLN�HYDOXLHUW�GHQ�:HUW�GHU�=LHOJU|�H�XQG�YHUlQGHUW�GLH�6WHOOJU|�HQ�QDFK�GHQ�5HJHOQ�
GHU� DQJHZDQGWHQ� +HXULVWLN� I�U� GHQ� QlFKVWHQ� 6LPXODWLRQVGXUFKODXI�� :lKUHQG� GHV�
2SWLPLHUXQJVSUR]HVVHV� NRPPXQL]LHUHQ� GLH� 6LPXODWLRQ� XQG� GHU� 6XFKDOJRULWKPXV� DXV�
VFKOLH�OLFK��EHU�GLH�6WHOO��XQG�GLH�=LHOJU|�HQ��YJO��:HLJHUW�HW�DO�����������

,P�5DKPHQ� GHV�2SWLPLHUXQJV]\NOXV� NRPPHQ� RIWPDOV�0HWDPRGHOOH� ]XP�(LQVDW]�� GLH�
YRUDXVVLFKWOLFK�VFKOHFKWHUH�/|VXQJHQ��LP�9HUJOHLFK�]XU�DNWXHOO�EHVWHQ�/|VXQJ��KHUDXV�
ILOWHUQ� VROOHQ�� EHYRU� HLQ�6LPXODWLRQVGXUFKODXI� VWDUWHW� �YJO��$SULO� HW� DO��� ������� � ,Q�$E�
ELOGXQJ� ��� LVW� GHU� =XVDPPHQKDQJ� ]ZLVFKHQ�+HXULVWLN��0HWDPRGHOO� XQG� 6LPXODWLRQV�
PRGHOO�LOOXVWULHUW��:LUG�GLH�=LHOJU|�H�HLQHU�P|JOLFKHQ�/|VXQJ�DQKDQG�GHV�0HWDPRGHOOV�
DOV�VFKOHFKW�HLQJHVFKlW]W��ZLUG�GLH�/|VXQJ�YHUZRUIHQ��$QGHUQIDOOV�ZLUG�VLH�]XU�6LPXODWLRQ�
IUHLJHJHEHQ�XQG�LKUH�JHQDXH�=LHOJU|�H�ZLUG�EHUHFKQHW��

�
$EELOGXQJ�����6LPXODWLRQVEDVLHUWH�2SWLPLHUXQJ�PLW�HLQHP�0HWDPRGHOO��$SULO�HW�DO���������

1DFK�/DJXQD�XQG�0DUWL��������VLQG�VROFKH�0HWDPRGHOOH�VHKU�ZLFKWLJ��GD�6LPXODWLRQHQ�
VHKU�UHFKHQLQWHQVLY�VLQG�XQG�GLH�GXUFK�0HWDPRGHOOH�HLQJHVSDUWH�5HFKHQ]HLW�GD]X�JHQXW]W�
ZHUGHQ� NDQQ�� GHQ� /|VXQJVUDXP�XPIDVVHQGHU� QDFK� HLQHU� RSWLPDOHQ� /|VXQJ� ]X� GXUFK�
VXFKHQ��(LQ�ZHLWHUHV�0HUNPDO�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�LVW�GLH�0|JOLFKNHLW�
&RQVWUDLQWV�]X�VSH]LIL]LHUHQ��GLH�GLH�=XOlVVLJNHLW�YRQ�/|VXQJHQ�GHILQLHUHQ��YJO��$SULO�HW�
DO����������%DVLHUHQ�&RQVWUDLQWV�QXU�DXI�6WHOO��RGHU�=LHOJU|�HQ��NDQQ�GLH�=XOlVVLJNHLW�HLQHU�

=LHO�
JU|�H

QHLQ

MD

0HWDKHXULVWLN

6LPXODWLRQV�
PRGHOO 6FKOHFKWHU"

/|VXQJ
YHUZHUIHQ

0|JOLFKH
/|VXQJ

*HVFKlW]WH
=LHOJU|�H

0HWDPRGHOO
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/|VXQJ�YRU�RGHU�QDFK�GHP�6LPXODWLRQVODXI��EHUSU�IW�ZHUGHQ��YJO��$SULO�HW�DO����������
%H]LHKHQ�VLFK�GLH�&RQVWUDLQWV�QXU�DXI�6WHOOJU|�HQ��NDQQ�DXFK�KLHU�GXUFK�GHQ�$XVVFKOXVV�
HLQHU� XQ]XOlVVLJHQ� /|VXQJ� YRU� GHP� 6LPXODWLRQVODXI� ZHUWYROOH� =HLW� JHVSDUW� XQG� VWDWW�
GHVVHQ�]XU�/|VXQJVVXFKH�EHQXW]W�ZHUGHQ��

������ 'HU]HLWLJH�.RQ]HSWH�]XU�.RSSOXQJ�YRQ�2SWLPLHUXQJ�XQG�
6LPXODWLRQ�

'LH� ,QWHUDNWLRQ� ]ZLVFKHQ� GHU� 2SWLPLHUXQJVPHWKRGH� XQG� GHU� �HUHLJQLVGLVNUHWHQ��
6LPXODWLRQ�OlVVW�VLFK�LQ�]ZHL�9DULDQWHQ�DXIWHLOHQ��YJO��0lU]�XQG�.UXJ���������

��� 6HTXHQWLHOOH�,QWHUDNWLRQ�
��� +LHUDUFKLVFKH�,QWHUDNWLRQ�

6LQG�GLH�2SWLPLHUXQJVPHWKRGHQ�XQG�GLH�6LPXODWLRQ�VHTXHQWLHOO�PLWHLQDQGHU�JHNRSSHOW��
LVW�GLH�YRUKHUJHKHQGH�3KDVH�YROOVWlQGLJ�DXVJHI�KUW��EHYRU�GLH�QDFKIROJHQGH�3KDVH�VWDUWHW�
�V��$EELOGXQJ����X������,Q�$EELOGXQJ����LVW�GLH�2SWLPLHUXQJ�GHU�6LPXODWLRQ�YRUJHODJHUW��
,Q�GLHVHP�=XVDPPHQKDQJ�ZLUG�GLH�5HDOLWlW�PLW�HLQHP�HLQIDFKHQ�PDWKHPDWLVFKHQ�0RGHOO�
GDUJHVWHOOW��ZHOFKHV�GLH�%HUHFKQXQJ�GHV�2SWLPXPV�HUP|JOLFKW��'D�GDV�0RGHOO�QLFKW�DOOH�
%HGLQJXQJHQ�XQG�5HVWULNWLRQHQ�EHU�FNVLFKWLJW��ZLUG�GLH�/|VXQJ�PLW�GHU�QDFKIROJHQGHQ�
6LPXODWLRQ��EHUSU�IW��YJO��0lU]�XQG�.UXJ����������

�
$EELOGXQJ�����6LPXODWLRQ�]XU�hEHUSU�IXQJ�GHU�0DFKEDUNHLW��0lU]�XQG�.UXJ��������

,VW� GLH� 6LPXODWLRQ� KLQJHJHQ� GHU� 2SWLPLHUXQJ� YRUJHODJHUW�� VWHOOW� GLH� 6LPXODWLRQ� QDFK�
YROOVWlQGLJHU�$XVI�KUXQJ�(LQJDQJVJU|�HQ�EHUHLW��GLH�]XP�6WDUW�GHU�2SWLPLHUXQJVPHWKR�
GH�EHQ|WLJW�ZHUGHQ��V��$EELOGXQJ�������

�
$EELOGXQJ�����6LPXODWLRQ�]XU�6WDUWZHUWEHUHLWVWHOOXQJ��0lU]�XQG�.UXJ��������

6LQG�GLH�6LPXODWLRQ�XQG�GLH�2SWLPLHUXQJ�KLHUDUFKLVFK�PLWHLQDQGHU�YHUNQ�SIW��ZLUG�GLH�
MHZHLOV�XQWHUJHRUGQHWH�.RPSRQHQWH�GXUFK�GLH�)�KUXQJVNRPSRQHQWH�DXIJHUXIHQ��V��$E�
ELOGXQJ����XQG������,P�*HJHQVDW]�]XU�VHTXHQWLHOOHQ�9HUNQ�SIXQJ�ZLUG�HLQH�3KDVH�LPPHU�
ZLHGHU�XQWHUEURFKHQ��XP�QRWZHQGLJH�(UJHEQLVVH�YRQ�GHU�XQWHUJHRUGQHWHQ�.RPSRQHQWH�
]X�HUKDOWHQ���

/|VXQJ
2SWLPLHUXQJ 6LPXODWLRQ

6WDUWZHUWH
6LPXODWLRQ 2SWLPLHUXQJ



��2SWLPLHUXQJ�XQG�6LPXODWLRQ� � ��

���

�

,Q� $EELOGXQJ� ��� ZLUG� LP� 5DKPHQ� HLQHV� 6LPXODWLRQVH[SHULPHQWV� GLH� 2SWLPLHUXQJ�
DXIJHUXIHQ�� XP� HLQH� JHJHEHQH� $XIJDEHVWHOOXQJ� ]X� O|VHQ�� 'LH� 2SWLPLHUXQJVPHWKRGH�
OLHIHUW�GLH�JHIRUGHUWHQ�(UJHEQLVVH�DQ�GLH�6LPXODWLRQ�]XU�FN�XQG�GLHVH�ZLUG�IRUWJHVHW]W���

�
$EELOGXQJ�����2SWLPLHUXQJ�LQQHUKDOE�GHU�6LPXODWLRQ��QDFK�0lU]�XQG�.UXJ��������

:LUG�GLH�6LPXODWLRQ�GXUFK�GLH�2SWLPLHUXQJ�DXIJHUXIHQ��GLHQW�GHU�6LPXODWLRQVGXUFKODXI�
GHU�%HZHUWXQJ�GHU�GXUFK�GLH�2SWLPLHUXQJVPHWKRGH�EHUHLWJHVWHOOWHQ�/|VXQJ��V��$EELOGXQJ�
�����8QWHU�%HU�FNVLFKWLJXQJ�GLHVHU�%HZHUWXQJ�ZLUG�GLH�/|VXQJVVXFKH� IRUWJHVHW]W� XQG�
HLQH�DQGHUH�/|VXQJVDOWHUQDWLYH�GHU�6LPXODWLRQ�]XU�%HZHUWXQJ��EHUJHEHQ����

�
$EELOGXQJ�����6LPXODWLRQ�]XU�%HZHUWXQJ��QDFK�0lU]�XQG�.UXJ��������

������ )RUVFKXQJVYRUKDEHQ�LP�%HUHLFK�GHU�.RSSOXQJ�YRQ�2SWLPLHUXQJ�
XQG�6LPXODWLRQ�

,Q�HLQHP�XPIDVVHQGHQ�9HUJOHLFK�YRQ�7KHRULH�XQG�3UD[LV�GHU�VLPXODWLRQVEDVLHUWHQ�2SWL�
PLHUXQJ�]HLJW�)X��������GLH�XQWHUVFKLHGOLFKHQ�(QWZLFNOXQJHQ�DXI�XQG�LGHQWLIL]LHUW�GDEHL�
HLQLJH�6FKZDFKVWHOOHQ��GLH�GXUFK�]XN�QIWLJH�)RUVFKXQJ�EHKREHQ�ZHUGHQ�VROOWHQ��9LHOH�
'HIL]LWH� EH]LHKHQ� VLFK� DXI� 6\VWHPH� PLW� ]XIDOOVDEKlQJLJHP� &KDUDNWHU�� DEHU� GHQQRFK�
ODVVHQ�VLH�VLFK�]XP�7HLO�DXI�GHWHUPLQLVWLVFKH�6\VWHPH��ZLH�LP�)DOO�GHU�SULPDOHQ�VWDWLVFK�
GHWHUPLQLVWLVFKHQ�$EODXISODQXQJ���EHUWUDJHQ���

:HUGHQ�GLH�DNWXHOOHQ�NRPPHU]LHOOHQ�$QZHQGXQJHQ�]XU�VLPXODWLRQVEDVLHUWHQ�2SWLPLH�
UXQJ�EHWUDFKWHW��VR�LVW�HLQH�hEHUOHJHQKHLW�GHU�6LPXODWLRQ�JHJHQ�EHU�GHU�2SWLPLHUXQJV�
PHWKRGH� ]X� HUNHQQHQ�� GLH� OHGLJOLFK� HLQ� 8QWHUSURJUDP� GHU� 6LPXODWLRQ� GDUVWHOOW�
�V��$EELOGXQJ�������

6LPXODWLRQ

2SWLPLHUXQJ

2SWLPLHUXQJ

6LPXODWLRQ
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�
$EELOGXQJ�����2SWLPLHUXQJVPHWKRGH�DOV�8QWHUSURJUDPP�GHU�6LPXODWLRQ��)X��������

$XV�SUDNWLVFKHU�6LFKW�VWHKW�GLHV�DOOHUGLQJV�LQ�HLQHP�:LGHUVSUXFK��+LHU�OLHJW�GHU�)RNXV�
DXI�GHU�2SWLPLHUXQJ��DOVR�GHP�*HQHULHUHQ�YRQ�P|JOLFKHQ�/|VXQJHQ��YJO��)X���������'LH�
6LPXODWLRQ�GLHQW�OHGLJOLFK�]XU�%HZHUWXQJ�GHU�/|VXQJVDOWHUQDWLYHQ��G�K��%HUHFKQXQJ�GHU�
=LHOJU|�H��YJO��)X���������$EELOGXQJ����VWHOOW�GLHVHQ�6DFKYHUKDOW�GDU�XQG�LOOXVWULHUW�HEHQ�
IDOOV�GLH�K|KHUH�5HFKHQLQWHQVLWlW�GHU�2SWLPLHUXQJVPHWKRGH�LP�9HUJOHLFK�]XU�6LPXODWLRQ��

����������� �
$EELOGXQJ�����3UDNWLVFKH�6LFKW�DXI�VLPXODWLRQVEDVLHUWH�2SWLPLHUXQJ��)X��������

'DPLW�GLHVHU�*HJHQVDW]�EHVHLWLJW�ZHUGHQ�NDQQ��VWHOOW�)X��������IROJHQGH�$QIRUGHUXQJHQ�
DQ�GLH�]XN�QIWLJH�VLPXODWLRQVEDVLHUWH�2SWLPLHUXQJ������

x� $OOJHPHLQJ�OWLJNHLW��'LH�2SWLPLHUXQJVPHWKRGH�VROO�LQ�GHU�/DJH�VHLQ��YLHOH�YHU�
VFKLHGHQH�3UREOHPH�]X�O|VHQ��

x� 7UDQVSDUHQ]��0LW�HLQHU�HLQIDFKHQ�.RQILJXUDWLRQ�GHU�2SWLPLHUXQJVPHWKRGH�VROO��
GHU�PDWKHPDWLVFKH�$QVSUXFK�DQ�GHQ�1XW]HU�VLQNHQ��,Q�GLHVHP�=XVDPPHQKDQJ�VHL�
QRFK�HUZlKQW��GDVV�HLQ�]X�KRKHU�PDWKHPDWLVFKHU�$QVSUXFK�RIWPDOV�HLQ�+HPPQLV�

0|JOLFKH
/|VXQJ

=LHO�
JU|�H

(UHLJQLVGLVNUHWH
6LPXODWLRQ

2SWLPLHUXQJV�
PHWKRGLN

=LHO�
JU|�H

0|JOLFKH
/|VXQJ

2SWLPLHUXQJVPHWKRGLN

(UHLJQLVGLVNUHWH
6LPXODWLRQ
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I�U�GLH�$QZHQGXQJ�YRQ�6LPXODWLRQVZHUN]HXJHQ�GDUVWHOOW��YJO��0lU]�XQG�:HLJHUW��
�������

x� +RKH�'LPHQVLRQDOLWlW��'LH�LPSOHPHQWLHUWHQ�$OJRULWKPHQ�VROOHQ�LQ�GHU�/DJH�VHLQ�
DXFK�3UREOHPH�PLW�KRKHQ�'LPHQVLRQHQ�]X�O|VHQ��

x� (IIL]LHQ]�� 'LH� 6LPXODWLRQ� XQG� 2SWLPLHUXQJ� VROOHQ� RSWLPDO� ]XVDPPHQZLUNHQ��
VRGDVV�5HFKQHUUHVVRXUFHQ�HIIL]LHQWHU�JHQXW]W�ZHUGHQ�N|QQHQ�XQG�VR�GLH�/|VXQJ�
YRQ�JU|�HUHQ�3UREOHPHQ�HUP|JOLFKW�ZLUG��

:lKUHQG�GLH�$OOJHPHLQJ�OWLJNHLW��7UDQVSDUHQ]�XQG�KRKH�'LPHQVLRQDOLWlW�DXVVFKOLH�OLFK�
YRQ�GHU�DXVJHZlKOWHQ�2SWLPLHUXQJVPHWKRGH�DEKlQJLJ�LVW��NDQQ�GLH�(IIL]LHQ]�GXUFK�NRQ�
]HSWXHOOH�0D�QDKPHQ�YHUEHVVHUW�ZHUGHQ��=XU�(IIL]LHQ]VWHLJHUXQJ�VROOHQ�QDFK�)X��������
YRU� DOOHP� XQQ|WLJH� 6LPXODWLRQVGXUFKOlXIH� YHUPLHGHQ� XQG� HLQIOXVVUHLFKH� 6WHOOJU|�HQ�
LGHQWLIL]LHUW�ZHUGHQ��



�� .RSSOXQJ� GHU� 7DEX�6XFKH� PLW� GHU� HUHLJQLVGLVNUHWHQ� 6LPXODWLRQ� ]XU� /|VXQJ� GHV� -RE�6KRS�
3UREOHPV� � ��

���

�

�� .RSSOXQJ�GHU�7DEX�6XFKH�PLW�GHU�HUHLJQLV�
GLVNUHWHQ�6LPXODWLRQ�]XU�/|VXQJ�GHV�-RE�6KRS�
3UREOHPV�

,Q�GLHVHP�.DSLWHO�ZLUG�HLQ�QHXHV�.RQ]HSW�]XU�.RSSOXQJ�GHU�7DEX�6XFKH�YRQ�1RZLFNL�
XQG�6PXWQLFNL� �������±� LP�)ROJHQGHQ�QXU�QRFK�DOV�7DEX�6XFKH�EH]HLFKQHW�±�PLW� GHU�
HUHLJQLVGLVNUHWHQ�6LPXODWLRQ�HQWZLFNHOW��XP�GLH�LQ�.DSLWHO�������DXIJHI�KUWHQ�$QIRUGH�
UXQJHQ�]X�HUI�OOHQ��$EELOGXQJ����ELOGHW�GLH�$XVJDQJVVLWXDWLRQ�GHV�.DSLWHOV�XQG�LOOXVWULHUW�
GLH� =XVDPPHQKlQJH� ]ZLVFKHQ� GHQ� LGHQWLIL]LHUWHQ� $QIRUGHUXQJHQ� XQG� GHQ� HLQ]HOQHQ�
.RPSRQHQWHQ�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ���

�
$EELOGXQJ�����)XQNWLRQDOH�$QIRUGHUXQJHQ�DQ�GDV�QHXH�.RQ]HSW�

,Q�$EELOGXQJ����LVW�]X�HUNHQQHQ��GDVV�VLFK�QLFKW�DOOH�$QIRUGHUXQJHQ�QXU�DXI�GLH�.RSSOXQJ�
YRQ�6LPXODWLRQ� XQG�2SWLPLHUXQJ�EH]LHKHQ� ����� VRQGHUQ� DXFK� DXI� GLH�7DEX�6XFKH� �����
=XHUVW�ZLUG�GHVKDOE�JHSU�IW��RE�GLH�7DEX�6XFKH�DXFK�GHQ�$QIRUGHUXQJHQ��GLH�QLFKW�GDV�
.RQ]HSW�GHU�.RSSOXQJ�EHWUHIIHQ��JHUHFKW�ZHUGHQ�NDQQ��(UVW�LP�$QVFKOXVV�ZLUG�GDV�QHXH�
.RQ]HSW� HUOlXWHUW�� 'LH� DEVFKOLH�HQGH� 9DOLGLHUXQJ� SU�IW�� RE� XQG� LQZLHZHLW� GLH�
$QIRUGHUXQJHQ�GHU�3UD[LV�PLW�GHP�QHXHQ�.RQ]HSW�HUI�OOW�ZHUGHQ�N|QQHQ��*OHLFK]HLWLJ�
VROO� GLH� 9DOLGLHUXQJ� DEHU� DXFK� P|JOLFKH� 6FKZDFKVWHOOHQ� DXIGHFNHQ� XQG� VRPLW� GLH�
(OHPHQWH� LGHQWLIL]LHUHQ�� GHQHQ� LP� 5DKPHQ� ]XN�QIWLJHU� )RUVFKXQJ� EHVRQGHUH�
$XIPHUNVDPNHLW�]XWHLOZHUGHQ�VROOWH��

=LHO�
JU|�H

0|JOLFKH
/|VXQJ

7DEX�6XFKH

(UHLJQLVGLVNUHWH
6LPXODWLRQ

��=XVDPPHQZLUNHQ�YRQ�6LPXODWLRQ�	�2SWLPLHUXQJ
��,GHQWLILNDWLRQ�YRQ�HLQIOXVVUHLFKHQ�6WHOOJU|�HQ
��9HUPHLGXQJ�XQQ|WLJHU�6LPXODWLRQVGXUFKOlXIH

��$OOJHPHLQJ�OWLJNHLW
��+RKH�'LPHQVLRQDOLWlW
��7UDQVSDUHQ]

���

���
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���� (LJQXQJ�GHU�7DEX�6XFKH�]XU�.RSSOXQJ�PLW�GHU�
6LPXODWLRQ�

'LH�LQ�$EELOGXQJ����XQWHU�����GDUJHVWHOOWHQ�$QIRUGHUXQJHQ�N|QQHQ�QLFKW�DOOH�GLUHNW�YRQ�
GHU�2SWLPLHUXQJVPHWKRGH�HUI�OOW�ZHUGHQ��'DV�$EODXISODQXQJVSUREOHP��GDV�DXVJHZlKOW�
ZXUGH�� XP� GLH� /|VXQJVTXDOLWlW� XQG� �SHUIRUPDQFH� GHU� +HXULVWLN� ]X� EHXUWHLOHQ�� VSLHOW�
KLHUEHL�HLQH�HEHQVR�ZLFKWLJH�5ROOH��'LH�KRKH�'LPHQVLRQDOLWlW�XQG�7UDQVSDUHQ]�VLQG�DXV�
VFKOLH�OLFK�YRQ�GHU�DXVJHZlKOWHQ�2SWLPLHUXQJVPHWKRGH�DEKlQJLJ��ZlKUHQG�GLH�$OOJH�
PHLQJ�OWLJNHLW� GHU� +HXULVWLN� LQGLUHNW� GXUFK� GDV� ]XU� (YDOXDWLRQ� EHQXW]WH� $EODXISOD�
QXQJVSUREOHP�EHHLQIOXVVW�ZLUG��

������ +RKH�'LPHQVLRQDOLWlW�
=XU�/|VXQJ�GHV�-RE�6KRS�3UREOHPV�ZXUGH�LQ�.DSLWHO�����HLQH�JHHLJQHWH�+HXULVWLN�JH�
VXFKW��$OV�*UXQGODJH� I�U� GLH�(YDOXDWLRQ� GLHQWHQ� GLH�(UJHEQLVVH� YHUVFKLHGHQHU�%HQFK�
PDUNWHVWV��'HU�)RNXV� ODJ�GDEHL�HLQHUVHLWV�DXI�3UREOHPHQ�PLW�EHVRQGHUV�KRKHQ�'LPHQ�
VLRQHQ�XQG�DQGHUHUVHLWV�DXI�YRQ�9DHVVHQV��5��-��0��HW�DO���������DOV�VFKZHU�EH]HLFKQHWHQ�
3UREOHPHQ��'LH�7DEX�6XFKH�NRQQWH�QLFKW�I�U�DOOH�VFKZHUHQ�3UREOHPH�RSWLPDOH�/|VXQJHQ�
HU]LHOHQ�� HUUHLFKWH� DEHU� HLQH� DN]HSWDEOH� $EZHLFKXQJ� YRP� 2SWLPXP� XQG� OLHIHUWH� GLH�
(UJHEQLVVH�LQ�HLQHU�VHKU�KRKHQ�*HVFKZLQGLJNHLW��,P�=XVDPPHQKDQJ�PLW�GHU�VLPXODWLRQV�
EDVLHUWHQ�2SWLPLHUXQJ�LVW�DEHU�YRU�DOOHP�GLH�)lKLJNHLW��3UREOHPH�PLW�KRKHQ�'LPHQVLRQHQ�
]X� O|VHQ�� YRQ� JUR�HU� %HGHXWXQJ�� 'LH� 7DEX�6XFKH� HU]LHOWH� I�U� YLHOH� 3UREOHPH� PLW�
'LPHQVLRQHQ�YRQ�ELV�]X��ͳͲͲ ൈ ʹͲ��WHLOZHLVH�RSWLPDOH�/|VXQJHQ�RGHU�GLH�EHVWHQ�REHUHQ�
6FKUDQNHQ��'LH�LP�9HUJOHLFK�VHKU�KRKH�/|VXQJVJHVFKZLQGLJNHLW�GHU�7DEX�6XFKH�EHL�GHQ�
���VFKZHUHQ�3UREOHPHQ�OlVVW�HUZDUWHQ��GDVV�DXFK�I�U�QRFK�JU|�HUH�3UREOHPH�KLQUHLFKHQG�
JXWH�/|VXQJHQ�LQ�N�U]HVWHU�=HLW�EHUHLWJHVWHOOW�ZHUGHQ�N|QQHQ��'DV�.ULWHULXP�HLQHU�KRKHQ�
'LPHQVLRQDOLWlW�ZLUG�YRQ�GHU�7DEX�6XFKH�VRPLW�HUI�OOW��

������ 7UDQVSDUHQ]�
:HUGHQ�GLH�)RUVFKXQJVDQVWUHQJXQJHQ�LP�%HUHLFK�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�
E]JO��GHU�2SWLPLHUXQJVPHWKRGH�XQG�GLH�LQ�NRPPHU]LHOOHU�6RIWZDUH�LPSOHPHQWLHUWHQ�9HU�
IDKUHQ�EHWUDFKWHW��VR�LVW�]X�HUNHQQHQ��GDVV�NHLQH�GHU�0HWKRGHQ��GLH�LQ�GHU�)RUVFKXQJ�JUR�H�
$XIPHUNVDPNHLW�HUIlKUW��LQ�GHU�3UD[LV�DQJHZDQGW�ZLUG��V��.DSLWHO���������'LHV�OLHJW�YRU�
DOOHP�LQ�GHP�KRKHQ�PDWKHPDWLVFKHQ�$QVSUXFK��GHQ�GLH�2SWLPLHUXQJVPHWKRGHQ��GLH�LQ�
GHU�)RUVFKXQJ�HQWZLFNHOW�ZHUGHQ��DQ�GHQ�1XW]HU�VWHOOHQ��'DPLW�VLFK�HLQH�2SWLPLHUXQJV�
PHWKRGH�I�U�GHQ�(LQVDW]�LQ�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�HLJQHW��VROOWH�VLH�NHLQH�
KRKHQ�IDFKOLFKHQ�$QVSU�FKH�DQ�GHQ�1XW]HU�VWHOOHQ��)ROJOLFK�VROOWH�GLH�.RQILJXUDWLRQ�GHU�
+HXULVWLN� NHLQH� WLHIJU�QGLJHQ� PDWKHPDWLVFKHQ� 9HUVWlQGQLVVH� HUIRUGHUQ� XQG� GLH�
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9RUJHKHQVZHLVH� GHU�+HXULVWLN� VROOWH� GHPQDFK�P|JOLFKVW� WUDQVSDUHQW� VHLQ�� VRGDVV� MHGH�
2SHUDWLRQ�GHV�9HUIDKUHQV�]X�MHGHP�=HLWSXQNW�QDFKYROO]RJHQ�ZHUGHQ�NDQQ���

2EZRKO�GLHVHV�.ULWHULXP�QLFKW�GLH�$XVZDKO�GHU�+HXULVWLN� LQ�.DSLWHO� ����EHHLQIOXVVWH��
GHQQ�KLHU�VWDQG�YRU�DOOHP�GLH�3HUIRUPDQFH�XQG�/|VXQJVTXDOLWlW�LP�9RUGHUJUXQG��NDQQ�
GLH�7DEX�6XFKH�GLHVH�$QIRUGHUXQJ�HUI�OOHQ��'LH�7DEX�6XFKH�EHVWHKW�DXV�QXU�]ZHL�+DXSW�
NRPSRQHQWHQ��GHU�7DEX�/LVWH�XQG�GHU�7UDQVIRUPDWLRQVUHJHO��GLH�GLH�/|VXQJVVXFKH�PD��
JHEOLFK� VWHXHUQ�� 'LH� )XQNWLRQVZHLVH� GHU� 7DEX�/LVWH� ZLH� DXFK� GLH� YRQ� 1RZLFNL� XQG�
6PXWQLFNL� ������� YHUZHQGHWH� 7UDQVIRUPDWLRQVUHJHO� ]XU� 'HILQLWLRQ� GHU� 1DFKEDUVFKDIW�
HUIRUGHUW�NHLQ�WLHIJU�QGLJHV�9HUVWlQGQLV��+LHU�ZHUGHQ�OHGLJOLFK�]ZHL�2SHUDWLRQHQ��GLH�DXI�
GHP�NULWLVFKHQ�3IDG�OLHJHQ��PLWHLQDQGHU�YHUWDXVFKW��V��$EELOGXQJ������,VW�GHP�$QZHQGHU�
EHZXVVW��ZLH�GLH�/lQJH�GHU�7DEX�/LVWH�GLH�%UHLWHQ��XQG�7LHIHQVXFKH�EHHLQIOXVVW��JLEW�HV�
NHLQH�ZHLWHUHQ�IDFKOLFKHQ�+HUDXVIRUGHUXQJHQ��GLH�EHL�GHP�(LQVDW]�GHU�+HXULVWLN�DXIWUHWHQ�
N|QQHQ��

������ $OOJHPHLQJ�OWLJNHLW�
,P� *HJHQVDW]� ]XU� KRKHQ�'LPHQVLRQDOLWlW� XQG� 7UDQVSDUHQ]�� NDQQ� GLH� )RUGHUXQJ� QDFK�
$OOJHPHLQJ�OWLJNHLW�YRQ�GHU�7DEX�6XFKH�QLFKW�GLUHNW�HUI�OOW�ZHUGHQ��:LH�LQ�.DSLWHO�������
XQWHU�GHP�6WLFKZRUW�Ä1R�)UHH�/XQFK³�EHUHLWV�GLVNXWLHUW��LVW�NHLQH�+HXULVWLN�LQ�GHU�/DJH�
QXU�VHKU�JXWH�/|VXQJHQ�I�U�GLH�XQWHUVFKLHGOLFKVWHQ�3UREOHPH�]X�HU]LHOHQ��'HU�$QVSUXFK�
DXI� HLQH� DOOJHPHLQJ�OWLJH�$QZHQGEDUNHLW� GHU�2SWLPLHUXQJVPHWKRGH� IRUGHUW� DOOHUGLQJV�
JHQDX�GLHVH�)lKLJNHLW��]X�GHU�HLJHQWOLFK��QRFK��NHLQH�+HXULVWLN�LPVWDQGH�LVW��)ROJOLFK�OlVVW�
DOOHLQ� GLH� (LQVFKUlQNXQJ� DXI� $EODXISODQXQJVSUREOHPH� GLH� $OOJHPHLQJ�OWLJNHLW� GHU�
+HXULVWLN�I�U�DQGHUH�3UREOHPH��GLH�LQ�3URGXNWLRQ�XQG�/RJLVWLN�DXIWUHWHQ�N|QQHQ��QLFKW�]X��
8P�GHQQRFK�GHU�)RUGHUXQJ�QDFK�$OOJHPHLQJ�OWLJNHLW�QDFKNRPPHQ�]X�N|QQHQ�XQG�VR�
]XPLQGHVW� LQQHUKDOE�GHU�$EODXISODQXQJ�GLH�EUHLWH�$QZHQGEDUNHLW�GHU�+HXULVWLN�]X�HU�
P|JOLFKHQ��ZXUGH�HLQ�EHVWLPPWHV�$EODXISODQXQJVSUREOHP�]XU�%HZHUWXQJ�XQG�$XVZDKO�
GHU�+HXULVWLNHQ�KHUDQJH]RJHQ���

'DV�-RE�6KRS�3UREOHP�JLOW�DOV�HLQ�VHKU�JHQHUHOOHV�3UREOHP��GDV�GLH�*UXQGODJH�I�U�YLHOH�
ZHLWHUH� 3UREOHPH� GHU� $EODXISODQXQJ� ELOGHW� �V�� .DSLWHO� ������ 'D� GLH� 7DEX�6XFKH� GDV�
3UREOHP� LQ� $QEHWUDFKW� GHU� /|VXQJVTXDOLWlW� XQG� 3HUIRUPDQFH� VHKU� JXW� O|VHQ� NDQQ� �V��
.DSLWHO� ������ VROOWH� VLH� DXFK� TXDOLWDWLY� JXWH� (UJHEQLVVH� LQ� NXU]HU� =HLW� I�U� DQGHUH�
$EODXISODQXQJVSUREOHPH� HU]LHOHQ� N|QQHQ�� GLH� DXI� GHP� -RE�6KRS�3UREOHP� EDVLHUHQ��
'HP]XIROJH� NDQQ� ]XPLQGHVW� LQQHUKDOE� GHU� $EODXISODQXQJ� HLQ� JHZLVVHU� *UDG� DQ�$OO�
JHPHLQJ�OWLJNHLW�VLFKHUJHVWHOOW�ZHUGHQ��

'LH� 7DEX�6XFKH� HUI�OOW� QLFKW� QXU� GLH� $QIRUGHUXQJHQ�� GLH� LP� =XVDPPHQKDQJ�PLW� GHU�
6XFKH�QDFK�HLQHU�RSWLPDOHQ�/|VXQJ� I�U�$EODXISODQXQJVSUREOHPH�EHVWHKHQ� �V��.DSLWHO�
������ VRQGHUQ� VLH� NDQQ� DXFK� GHQ� )RUGHUXQJHQ�� GLH� DQ� GLH� 2SWLPLHUXQJVPHWKRGH� LP�
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5DKPHQ�GHU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ�JHVWHOOW�ZHUGHQ��V��$EELOGXQJ�
�����QDFKNRPPHQ��$XIJUXQG�GLHVHU�KHUYRUUDJHQGHQ�(LJHQVFKDIWHQ�ZLUG�GLH�7DEX�6XFKH�
LQ� GLHVHU� $UEHLW� ]XU� VLPXODWLRQVEDVLHUWHQ� 2SWLPLHUXQJ� YRQ� $EODXISODQXQJVSUREOHPHQ�
HLQJHVHW]W�XQG��EHUQLPPW�LP�QHXHQ�.RQ]HSW�GLH�6XFKH�QDFK�/|VXQJVDOWHUQDWLYHQ��

���� .RQ]HSWHQWZLFNOXQJ�]XU�.RSSOXQJ�GHU�7DEX�6XFKH�PLW�
GHU�HUHLJQLVGLVNUHWHQ�6LPXODWLRQ�

,Q�.DSLWHO�����ZXUGH�JH]HLJW��GDVV�GLH�7DEX�6XFKH�GLH�$QIRUGHUXQJHQ��GLH�DQ�GLH�2SWL�
PLHUXQJVPHWKRGH�LP�.RQWH[W�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�JHVWHOOW�ZHUGHQ��HU�
I�OOW��1XQ�JLOW�HV��GHQ�$QIRUGHUXQJHQ�DQ�GLH�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��
ZLH�VLH�LQ�$EELOGXQJ����XQWHU�����DXIJHI�KUW�VLQG��PLW�HLQHP�QHXHQ�.RQ]HSW�JHUHFKW�]X�
ZHUGHQ��=XQlFKVW�ZLUG�GDV�QHXH�.RQ]HSW�VHKU�DOOJHPHLQ�XQG�DOV�*DQ]HV�EHWUDFKWHW��XP�
HLQHQ�JUREHQ�hEHUEOLFN��EHU�GLH�+DXSWHOHPHQWH�XQG�LKUH�%H]LHKXQJ�]XHLQDQGHU�]X�HU�
KDOWHQ�� ,P� $QVFKOXVV� ZLUG� GDV� ]HQWUDOH� (OHPHQW� GHV� QHXHV� .RQ]HSWHV� GHWDLOOLHUW� EH�
WUDFKWHW��GDPLW�GLH�)XQNWLRQVZHLVH�XQG�%HVRQGHUKHLWHQ�YHUGHXWOLFKW�ZHUGHQ�N|QQHQ��

������ +DXSWNRPSRQHQWHQ�GHV�QHXHQ�.RQ]HSWHV�
,Q�$EELOGXQJ����LVW�GDV�NUHLHUWH�.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ�
JURE�VNL]]LHUW��'HU�+DXSWXQWHUVFKLHG�]X�GHQ�.RSSOXQJVPHWKRGHQ��GLH� LQ�.DSLWHO�������
YRUJHVWHOOW�ZXUGHQ��LVW�GHQQRFK�GLUHNW�]X�HUNHQQHQ��:lKUHQG�EHL�GLHVHQ�0HWKRGHQ�GDV�
2SWLPLHUXQJVYHUIDKUHQ� XQG� GLH� HUHLJQLVGLVNUHWH� 6LPXODWLRQ� GLUHNW� PLWHLQDQGHU� NRP�
PXQL]LHUHQ��YHUOlXIW�GLH�.RPPXQLNDWLRQ�LQ�GHP�QHXHQ�.RQ]HSW�LQGLUHNW�XQG�DXVVFKOLH��
OLFK��EHU�GHQ�LP�5DKPHQ�GLHVHU�$UEHLW�HQWZRUIHQHQ�)LOWHU��,Q�GHU�IROJHQGHQ�(UOlXWHUXQJ�
ZLUG�GHU�)LOWHU�YRUHUVW�DOV�%ODFN�%R[�EHWUDFKWHW��EHYRU�HU�LP�QlFKVWHQ�.DSLWHO�GHWDLOOLHUW�
YRUJHVWHOOW�ZLUG��

'LH�VLPXODWLRQVEDVLHUWH�2SWLPLHUXQJ�EHJLQQW�PLW�HLQHU�]XOlVVLJHQ�/|VXQJ��GLH�]�%��GXUFK�
HLQ�(U|IIQXQJVYHUIDKUHQ�EHUHLWJHVWHOOW�ZXUGH��'LH�7DEX�6XFKH�VWDUWHW��EDVLHUHQG�DXI�GHU�
$XVJDQJVO|VXQJ��PLW�GHP�6XFKSUR]HVV�XQG�HU]HXJW�GXUFK�GLH�$QZHQGXQJ�GHU�VSH]LIL�
VFKHQ�7UDQVIRUPDWLRQVUHJHO�YRQ�1RZLFNL�XQG�6PXWQLFNL��������HLQH�0HQJH�DQ�1DFKEDU�
VFKDIWVO|VXQJHQ��-HGH�GLHVHU�1DFKEDUVFKDIWVO|VXQJHQ�VWHOOW�HLQH�SRWHQWLHOOH�/|VXQJ�GHV�
2SWLPLHUXQJVSUREOHPV�GDU��8P�GLH�1DFKEDUVFKDIWVO|VXQJHQ�PLWHLQDQGHU�YHUJOHLFKHQ�]X�
N|QQHQ�� PXVV� I�U� MHGH� /|VXQJ� GLH� =LHOJU|�H�� LQ� GLHVHP� )DOO� GLH� *HVDPW]\NOXV]HLW��
EHUHFKQHW�ZHUGHQ��+LHUI�U��EHUJLEW�GLH�7DEX�6XFKH�GLH�P|JOLFKH�/|VXQJ�DQ�GHQ�)LOWHU��
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$EELOGXQJ�����.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ�

,P�*HJHQVDW]�]X�GHQ�9HUIDKUHQ�LQ�.DSLWHO�������ZLUG�LQ�GLHVHP�.RQ]HSW�QLFKW�I�U�MHGH�
P|JOLFKH�/|VXQJ�GLH�=LHOJU|�H�GXUFK�HLQHQ�6LPXODWLRQVGXUFKODXI�EHUHFKQHW��'HU�)LOWHU�
EHVWLPPW��RE�HLQH�/|VXQJ�]XU�6LPXODWLRQ�IUHLJHJHEHQ�RGHU�DXVJHVFKORVVHQ�ZLUG��*LEW�GHU�
)LOWHU�GLH�SRWHQWLHOOH�/|VXQJ�QLFKW�]XU�6LPXODWLRQ�IUHL��ZLUG�LKUH�=LHOJU|�H�QLFKW�EHUHFKQHW�
XQG� GLH� /|VXQJVVXFKH�ZLUG� GXUFK� GLH� 7DEX�6XFKH� RKQH� %HU�FNVLFKWLJXQJ� GHU� DXVJH�
VFKORVVHQHQ�/|VXQJ�IRUWJHVHW]W��$QGHUQIDOOV�ZLUG�HLQ�6LPXODWLRQVGXUFKODXI�JHVWDUWHW�XQG�
GLH�=LHOJU|�H�GHU�/|VXQJ�EHVWLPPW��'LH�VWDWLVWLVFKHQ�'DWHQ�GHV�6LPXODWLRQVGXUFKODXIHV�
ZHUGHQ�GHP�)LOWHU��EHUPLWWHOW��VRGDVV�HU�GLH�'DWHQ�I�U�]XN�QIWLJH�(QWVFKHLGXQJHQ�EHU�FN�
VLFKWLJHQ�NDQQ��'LH�9RUJHKHQVZHLVH�ZLHGHUKROW�VLFK�VR�ODQJH��ELV�HQWZHGHU�I�U�MHGH�1DFK�
EDUVFKDIWVO|VXQJ�GLH�=LHOJU|�H�EHUHFKQHW�RGHU�GLH�/|VXQJ�DEJHOHKQW�ZXUGH��$EELOGXQJ�
��� UHSUlVHQWLHUW� GLHVHQ�6DFKYHUKDOW�PLW� GHU�1DFKEDUVFKDIW� GHU�$XVJDQJVO|VXQJݔ���)�U�
MHGH�JU�QH�1DFKEDUVFKDIWVO|VXQJ�ZXUGH�GXUFK�HLQHQ�6LPXODWLRQVGXUFKODXI�GLH�=LHOJU|�H�
EHVWLPPW��GLH�URWHQ�/|VXQJHQ�KLQJHJHQ�ZXUGHQ�GXUFK�GHQ�)LOWHU�YRP�/|VXQJVSUR]HVV�
DXVJHVFKORVVHQ���

�
$EELOGXQJ�����1DFKEDUVFKDIW�PLW�DXVJHVFKORVVHQHQ�XQG�IUHLJHJHEHQHQ�/|VXQJHQ�

=LHOJU|�H�X�
DXVJHVFKORVVHQH

/|VXQJ

)UHLJHJHEHQH
/|VXQJ

0|JOLFKH
/|VXQJ

=LHOJU|�H�X�
VWDWLVWLVFKH�'DWHQ

7DEX�6XFKH

(UHLJQLVGLVNUHWH
6LPXODWLRQ

)LOWHU

�[

1�[�

$XVJHVFKORVVHQH
/|VXQJ

/|VXQJ�PLW
=LHOJU|�H
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:XUGHQ� DOOH� 1DFKEDUVFKDIWVO|VXQJHQ� EHWUDFKWHW�� YHUJOHLFKW� GLH� 7DEX�6XFKH� GLH� =LHO�
JU|�HQ�GHU�/|VXQJHQ�PLWHLQDQGHU�XQG�ZlKOW�HLQH�/|VXQJ�QDFK�GHU�%HVW�)LW�6WUDWHJLH�DXV��
'LHVH�/|VXQJ�ELOGHW�GLH�$XVJDQJVO|VXQJ�I�U�GLH�QlFKVWH�,WHUDWLRQ��'HU�6XFKSUR]HVV�ZLUG�
VRODQJH�DXVJHI�KUW��ELV�GDV�$EEUXFKNULWHULXP�GHU�7DEX�6XFKH�HUI�OOW�LVW��'LH�DNWXHOO�EHVWH�
/|VXQJ�LVW�GLH�ÄRSWLPDOH³�/|VXQJ�GHV�$EODXISODQXQJVSUREOHPV���

'LH�%HVFKUHLEXQJ�GHU�)XQNWLRQVZHLVH�GHV�6FKHPDV�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�
2SWLPLHUXQJ�YHUGHXWOLFKW��GDVV�GHU�)LOWHU�GDV�]HQWUDOH�(OHPHQW�GHV�QHXHQ�.RQ]HSWV�ELOGHW�
XQG�PD�JHEOLFK�GHQ�/|VXQJVSUR]HVV�VWHXHUW���

������ 'HU�)LOWHU�DOV�]HQWUDOHV�(OHPHQW�GHV�.RQ]HSWHV�
,P�YRUKHULJHQ�.DSLWHO�ZXUGH� EHL� GHU�%HWUDFKWXQJ�GHV�.RQ]HSWV� DXIJH]HLJW�� GDVV� GHP�
)LOWHU�HLQH�EHVRQGHUV�ZLFKWLJH�5ROOH�]XNRPPW��1XQ�VROO�GHU�)RNXV�DXVVFKOLH�OLFK�DXI�GHQ�
)LOWHU� JHOHJW� ZHUGHQ�� GDPLW� GLH� LQWHUQHQ�$EOlXIH� HUOlXWHUW� ZHUGHQ� N|QQHQ�� %HYRU� GLH�
DXVI�KUOLFKH� (UNOlUXQJ� GHU� )XQNWLRQVZHLVH� HUIROJW�� VHL� QRFK� HUZlKQW�� GDVV� GLH� 7DEX�
6XFKH� XQG� GLH� HUHLJQLVGLVNUHWH� 6LPXODWLRQ� EHL� GHU� %HWUDFKWXQJ� YRUHUVW� YHUQDFKOlVVLJW�
ZHUGHQ�� $EELOGXQJ� ��� UHSUlVHQWLHUW� VRPLW� GHQ� )LOWHU� PLW� VHLQHQ� .RPSRQHQWHQ� XQG�
3UR]HVVHQ��

�
$EELOGXQJ�����hEHUEOLFN��EHU�GLH�(OHPHQWH�XQG�LQWHUQHQ�3UR]HVVH�GHV�)LOWHUV�

'HP�)LOWHU�ZLUG�YRQ�GHU�7DEX�6XFKH�HLQH�P|JOLFKH�/|VXQJ��EHUJHEHQ�� ,QQHUKDOE�GHV�
&RQVWUDLQWV�&KHFNV�ZLUG��EHUSU�IW��RE�HV�VLFK�E]JO��GHV�YRUOLHJHQGHQ�3UREOHPV�XP�HLQH�
]XOlVVLJH�/|VXQJ�KDQGHOW�� ,VW�GDV�GHU�)DOO��ZLUG�GLH�/|VXQJ�DQ� GHQ� ,QSXW�&KHFN��EHU�
JHEHQ��$QGHUQIDOOV�LVW�GLH�/|VXQJ�XQ]XOlVVLJ�XQG�ZLUG�DXVJHVFKORVVHQ��,P�,QSXW�&KHFN�

0|JOLFKH
/|VXQJ

=XOlVVLJH
/|VXQJ

,QSXW�0DWUL[

8Q]XOlVVLJH
/|VXQJ

$EJHOHKQWH
/|VXQJ

)UHLJHJHEHQH
/|VXQJ

$XVJHVFKORVVHQH
/|VXQJ

=LHOJU|�H

VWDWLVWLVFKH
'DWHQ

&RQVWUDLQWV�&KHFN

,QSXW�&KHFN,QSXW�0DWUL[�8SGDWH
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ZLUG�GLH�/|VXQJ�XQWHU�9HUZHQGXQJ�GHU�,QSXW�0DWUL[�DXI�LKUH�YRUDXVVLFKWOLFKH�4XDOLWlW�
JHSU�IW��+DQGHOW�HV�VLFK�XP�HLQH�YHUPXWOLFK�VFKOHFKWH�/|VXQJ��]�%��=LHOJU|�H�LVW�JU|�HU�
DOV�HLQ�*UHQ]ZHUW���ZLUG�GLH�/|VXQJ�DEJHOHKQW�XQG�QLFKW�ZHLWHU�EHWUDFKWHW��,VW�GLH�/|VXQJ�
YHUPXWOLFK�JXW��]�%��=LHOJU|�H�LVW�NOHLQHU�DOV�HLQ�*UHQ]ZHUW��ZLUG�VLH�IUHLJHJHEHQ�XQG�GHU�
HUHLJQLVGLVNUHWHQ�6LPXODWLRQ��EHUJHEHQ��,P�$QVFKOXVV�DQ�GLH�HUHLJQLVGLVNUHWH�6LPXODWLRQ�
ZHUGHQ�GLH�VWDWLVWLVFKHQ�'DWHQ�GHP�,QSXW�0DWUL[�8SGDWH�]XU�9HUI�JXQJ�JHVWHOOW�XQG�GLH�
=LHOJU|�H�GHU�/|VXQJ�ZLUG�GHU�7DEX�6XFKH��EHUPLWWHOW���

1DFKGHP�GLH�LQWHUQHQ�3UR]HVVH�GHV�)LOWHUV�NXU]�HUOlXWHUW�ZXUGHQ��LVW�]X�HUNHQQHQ��GDVV�
GHU�)LOWHU�DXV�YLHU�.RPSRQHQWHQ�EHVWHKW��GLH�I�U�GLH�)UHLJDEH�RGHU�GHQ�$XVVFKOXVV�YRQ�
/|VXQJHQ�YHUDQWZRUWOLFK�VLQG��,Q�GHQ�QDFKIROJHQGHQ�.DSLWHOQ�ZHUGHQ�GHVKDOE�GLH�.HUQ�
HOHPHQWH�GHWDLOOLHUW�EHWUDFKWHW�XQG�DXVI�KUOLFK�HUNOlUW��

�������� &RQVWUDLQWV�&KHFN�
'HU�&RQVWUDLQWV�&KHFN� GLHQW� ]XU� VFKQHOOHQ�.RQWUROOH�� RE� HLQH� YRUJHVFKODJHQH� /|VXQJ�
DXFK�]XOlVVLJ�LVW�� ,P�5DKPHQ�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�UHSUlVHQWLHUHQ�GLH�
&RQVWUDLQWV�GLH�DEODXIRUJDQLVDWRULVFKHQ�%HGLQJXQJHQ�XQG�G�UIHQ�QLFKW�YHUOHW]W�ZHUGHQ�
�V��.DSLWHO���������'HU�&RQVWUDLQWV�&KHFN�SU�IW�IROJOLFK��RE�GLH�YRUJHVFKODJHQH�/|VXQJ�
GLHVH�1HEHQEHGLQJXQJHQ�QLFKW�YHUOHW]W�XQG�VRPLW�HLQH�]XOlVVLJH�/|VXQJ�LVW��$EELOGXQJ�
���GLHQW�]XU�9HUDQVFKDXOLFKXQJ�GLHVHV�3ULQ]LSV��

�
$EELOGXQJ�����&RQVWUDLQWV�&KHFN�

QHLQ MD

/|VXQJ�DXI
=XOlVVLJNHLW��EHUSU�IHQ&RQVWUDLQWV

,VW�GLH�/|VXQJ
]XOlVVLJ"

/|VXQJ�DEOHKQHQ�XQG
DQ�7DEX�6XFKH
]XU�FNJHEHQ

/|VXQJ�DQ
,QSXW�&KHFN
ZHLWHUJHEHQ

6WDUW
&RQVWUDLQWV�&KHFN

(QGH
&RQVWUDLQWV�&KHFN
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0LW�GHU�hEHUJDEH�HLQHU�P|JOLFKHQ�/|VXQJ�YRQ�GHU�7DEX�6XFKH�VWDUWHW�GHU�&RQVWUDLQWV�
&KHFN��1XQ�ZLUG��EDVLHUHQG�DXI�GHQ�HQWVSUHFKHQGHQ�&RQVWUDLQWV�GHV�-RE�6KRS�3UREOHPV��
�EHUSU�IW��RE�HV�VLFK�XP�HLQH�]XOlVVLJH�/|VXQJ�KDQGHOW��'LH�&RQVWUDLQWV�EHVWHKHQ�KLHU�
OHGLJOLFK�DXV�5HLKHQIROJHEHGLQJXQJHQ��GLH�HLQJHKDOWHQ�ZHUGHQ�P�VVHQ��$XI�GLHVH�:HLVH�
NDQQ�DXVJHVFKORVVHQ�ZHUGHQ��GDVV�GXUFK�GLH�7UDQVIRUPDWLRQVUHJHOQ�GHU�7DEX�6XFKH��GLH�
DXI� GHP� 9HUWDXVFKHQ� YRQ� (OHPHQWHQ� EDVLHUW�� GLH� 0DVFKLQHQIROJHQ� GHU� -REV� YHUOHW]W�
ZHUGHQ��'LH��EULJHQ�&RQVWUDLQWV��ZLH� ]�%��GLH�5HVVRXUFHQNDSD]LWlW��ZHUGHQ�GXUFK�GLH�
HQWVSUHFKHQGH�0RGHOOLHUXQJ�GHV�6\VWHPV�HLQJHKDOWHQ�XQG�P�VVHQ�QLFKW�H[SOL]LW��EHUSU�IW�
ZHUGHQ�� +lOW� GHU� /|VXQJVYRUVFKODJ� GLH�0DVFKLQHQIROJHQ� QLFKW� HLQ�� ZLUG� GLH� /|VXQJ�
DXVJHVFKORVVHQ� XQG� DQ� GLH� 7DEX�6XFKH� ]XU�FNJHJHEHQ�� $QGHUQIDOOV� LVW� GLH� /|VXQJ�
]XOlVVLJ�XQG�ZLUG�DQ�GHQ�,QSXW�&KHFN�ZHLWHUJHEHQ���

�������� ,QSXW�&KHFN�
,P�*HJHQVDW]�]XP�&RQVWUDLQWV�&KHFN��GHU�QXU�GLH�,QWHJUDWLRQ�HLQHU�EHUHLWV�EHVWHKHQGHQ�
0HWKRGLN�GDUVWHOOW��LVW�GHU�,QSXW�&KHFN�HLQH�1HXKHLW��$EELOGXQJ����VWHOOW�GHQ�$EODXI�GHV�
,QSXW�&KHFNV�GDU�XQG�VROO�GLH�%HVRQGHUKHLWHQ�YHUGHXWOLFKHQ���

�
$EELOGXQJ�����,QSXW�&KHFN�

MD

QHLQ MD

QHLQ/|VXQJ�DXI�YVO�
4XDOLWlW�SU�IHQ,QSXW�0DWUL[

6WDUW
,QSXW�&KHFN

9VO��JXWH
/|VXQJ"

(QGH
,QSXW�&KHFN

G�!�J"

/|VXQJ�DQ�6LPXODWLRQ
ZHLWHUJHEHQ

/|VXQJ�DEOHKQHQ�XQG
DQ�7DEX�6XFKH
]XU�FNJHEHQ

�



�� .RSSOXQJ� GHU� 7DEX�6XFKH� PLW� GHU� HUHLJQLVGLVNUHWHQ� 6LPXODWLRQ� ]XU� /|VXQJ� GHV� -RE�6KRS�
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�

'HU� ,QSXW�&KHFN� VWDUWHW� PLW� GHU� hEHUJDEH� HLQHU� ]XOlVVLJHQ� /|VXQJ� GXUFK� GHQ�
&RQVWUDLQWV�&KHFN�� 'LH� /|VXQJ� ZLUG� MHGRFK� QXU� JHSU�IW�� ZHQQ� EHUHLWV� HLQH� JHZLVVH�
$Q]DKO�DQ�6LPXODWLRQVGXUFKOlXIHQ�݀�HUUHLFKW�ZXUGH��'LH�9DULDEOH�݃�GHILQLHUW�GLH�*UHQ]H��
GLH� �EHUVFKULWWHQ� ZHUGHQ� PXVV�� XQG� EHVWLPPW� VRPLW� GLH� $NWLYLWlW� GHV� ,QSXW�&KHFNV��
:XUGHQ� QRFK� QLFKW� JHQ�JHQG� 6LPXODWLRQVGXUFKOlXIH� DXVJHI�KUW� ሺ݀ ൏ ݃ሻ�� ZLUG� GLH�
/|VXQJ�RKQH�3U�IXQJ�DQ�GLH�6LPXODWLRQ�ZHLWHUJHJHEHQ��XP�GLH�*HIDKU�HLQH�IDOVFKH�(QW�
VFKHLGXQJ�DXIJUXQG�HLQHU�]X�JHULQJHQ�'DWHQJUXQGODJH�]X�WUHIIHQ��]X�UHGX]LHUHQ��hEHU�
VWHLJW�GLH�$Q]DKO�GHU�ELVKHULJHQ�6LPXODWLRQVGXUFKOlXIH�GLH�IHVWJHOHJWH�*UHQ]H�ሺ݀ ൐ ݃ሻ��
ZLUG�GLH�YRUDXVVLFKWOLFKH�4XDOLWlW�GHU�/|VXQJ�XQWHU�=XKLOIHQDKPH�GHU�,QSXW�0DWUL[��EHU�
SU�IW��'LH� ,QSXW�0DWUL[�EHLQKDOWHW� ,QIRUPDWLRQHQ� �EHU�6WHOOJU|�HQ�� GLH� LQ� GHU�9HUJDQ�
JHQKHLW�]X�VFKOHFKWHQ�/|VXQJHQ�JHI�KUW�KDEHQ��'LH�,QSXW�0DWUL[�ZLUG�LQ�.DSLWHO���������
GHWDLOOLHUW�EHWUDFKWHW�XQG�VSLHOW�]XP�9HUVWlQGQLV�GHV�,QSXW�&KHFNV�DQ�GLHVHU�6WHOOH�HLQH�
XQWHUJHRUGQHWH�5ROOH�� /lVVW� GLH� ,QSXW�0DWUL[� LQ�%H]XJ� DXI� GLH� 6WHOOJU|�H� GHU� /|VXQJ�
5�FNVFKO�VVH�]X��GDVV�GLH�/|VXQJ�YRUDXVVLFKWOLFK�JXW�LVW��]�%��=LHOJU|�H�LVW�NOHLQHU�DOV�
HLQ�*UHQ]ZHUW���ZLUG�VLH�]XU�6LPXODWLRQ�IUHLJHJHEHQ��,VW�GLH�:DKUVFKHLQOLFKNHLW�KLQJHJHQ�
KRFK��GDVV�GLH�/|VXQJ�VFKOHFKW�LVW��]�%��=LHOJU|�H�LVW�JU|�HU�DOV�HLQ�*UHQ]ZHUW���ZLUG�GLH�
/|VXQJ�YRQ�GHU�ZHLWHUHQ�%HWUDFKWXQJ�DXVJHVFKORVVHQ��'HU� ,QSXW�&KHFN�HQGHW� IROJOLFK�
HQWZHGHU�PLW�GHU�ILQDOHQ�)UHLJDEH�GHU�/|VXQJ�I�U�GLH�6LPXODWLRQ�RGHU�PLW�GHP�$XVVFKOXVV�
GHU�/|VXQJ���

$EELOGXQJ����]HLJW�GHXWOLFK��GDVV�GLH�(QWVFKHLGXQJ�LQQHUKDOE�GHV� ,QSXW�&KHFNV��RE�HV�
VLFK� XP� HLQH� JXWH� RGHU� VFKOHFKWH� /|VXQJ� KDQGHOW�� DXI� GHU� ,QSXW�0DWUL[� EDVLHUW�� 'LH�
,QSXW�0DWUL[�LVW�VRPLW�PD�JHEOLFK�I�U�GLH�/HLVWXQJVIlKLJNHLW�GHV� ,QSXW�&KHFNV�YHUDQW�
ZRUWOLFK�XQG�ZLUG�GXUFK�GDV�,QSXW�0DWUL[�8SGDWH�HUVWHOOW��

�������� ,QSXW�0DWUL[�8SGDWH��
'DV�,QSXW�0DWUL[�8SGDWH�KDW�GXUFK�GLH�(U]HXJXQJ�XQG�%HUHLWVWHOOXQJ�GHU�,QSXW�0DWUL[�
JUR�HQ�(LQIOXVV�DXI�GHQ�/|VXQJVSUR]HVV�XQG�LVW�VRPLW�HLQH�GHU�ZHVHQWOLFKHQ�.RPSRQHQ�
WHQ�GHV�QHXHQ�.RQ]HSWHV��,P�)ROJHQGHQ�ZLUG�]XHUVW�GDV�,QSXW�0DWUL[�8SGDWH�DXVI�KUOLFK�
GDUJHVWHOOW��EHYRU�GLH�6WUXNWXU�XQG�,QKDOWH�GHU�,QSXW�0DWUL[�DQKDQG�HLQHV�%HLVSLHOV�YHU�
GHXWOLFKW�ZHUGHQ��

,Q�$EELOGXQJ����LVW�GHU�$EODXI�GHV�,QSXW�0DWUL[�8SGDWHV��GDV�PLW�GHP�(QGH�GHV�6LPXOD�
WLRQVGXUFKODXIV� VWDUWHW�� LOOXVWULHUW��:XUGH� I�U�GLH� IUHLJHJHEHQH�/|VXQJݔ�Ԣ�PLW�+LOIH�GHU�
6LPXODWLRQ�GLH�=LHOJU|�H�EHVWLPPW��ZHUGHQ�LP�$QVFKOXVV�GLH�VWDWLVWLVFKHQ�'DWHQ�DQ�GDV�
,QSXW�0DWUL[�8SGDWH� �EHUJHEHQ�� ,QQHUKDOE� HLQHV� 6LPXODWLRQVGXUFKODXIV� N|QQHQ� YLHOH�
VWDWLVWLVFKH�'DWHQ�JHQHULHUW�ZHUGHQ��MHGRFK�VLQG�KLHU�QXU�]ZHL�YRQ�EHVRQGHUHP�,QWHUHVVH��

��� 'LH�=LHOJU|�Hݖ�ሺݔᇱሻ�GHU�DNWXHOO�EHWUDFKWHWHQ�/|VXQJ�XQG�
��� GHU�0LWWHOZHUWܯ��DOOHU�ELV�MHW]W�EHUHFKQHWHQ�=LHOJU|�HQ���



�� .RSSOXQJ� GHU� 7DEX�6XFKH� PLW� GHU� HUHLJQLVGLVNUHWHQ� 6LPXODWLRQ� ]XU� /|VXQJ� GHV� -RE�6KRS�
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���

�

'LH�9HUZHQGXQJ�GHV�0LWWHOZHUWVܯ�� ]XU�%HXUWHLOXQJ� GHU�4XDOLWlW� GHU�/|VXQJ�KDW� GHQ�
9RUWHLO��GDVV�GHU�0LWWHOZHUW�NHLQH�VWDWLVFKH�*UHQ]H�ELOGHW�� ,P�9HUODXI�GHU�VLPXODWLRQV�
EDVLHUWHQ� 2SWLPLHUXQJ� SDVVW� HU� VLFK� GHQ� 5HJLRQHQ� GHV� /|VXQJVUDXPHV� DQ�� VRGDVV� LQ�
VFKOHFKWHQ� 5HJLRQHQ� HLQ� *UR�WHLO� DOOHU� /|VXQJHQ� QLFKW� GLUHNW� YRP� /|VXQJVSUR]HVV�
DXVJHVFKORVVHQ�ZLUG��'DV�UHGX]LHUW�GLH�*HIDKU��GDVV�/|VXQJHQ�XQEHDFKWHW�EOHLEHQ��GLH�LP�
ZHLWHUHQ�9HUODXI�GHU�/|VXQJVVXFKH�]X�HLQHU�EHVVHUHQ�RGHU�YLHOOHLFKW�]XU�RSWLPDOHQ�/|�
VXQJ�JHI�KUW�KlWWHQ���

$QKDQG� GHU� =LHOJU|�H� ��ᇱሻݔሺݖ GHV�0LWWHOZHUWVܯ�� VRZLH� GHP�7ROHUDQ]ZHUW� ��ZLUGݐ QXQ�
LQQHUKDOE� GHV� ,QSXW�0DWUL[�8SGDWHV� GLH�4XDOLWlW� GHU�/|VXQJ�QDFK� HLQHP�6LPXODWLRQV�
GXUFKODXI� IHVWJHVWHOOW�� ,VWݖ�ሺݔᇱሻ ൐ ܯ ൅ �Ԣ�DOV�VFKOHFKW�GHILQLHUW�XQGݔ��ZLUG�GLH�/|VXQJݐ
QLPPW�PLW�LKUHU�6WHOOJU|�H�(LQIOXVV�DXI�GLH�,QSXW�0DWUL[��V��.DSLWHO�����������=XN�QIWLJH�
/|VXQJHQ�PLW�lKQOLFKHQ�6WHOOJU|�HQ�ZHUGHQ�QXQ�LQQHUKDOE�GHV�,QSXW�&KHFNV�DOV�YRUDXV�
VLFKWOLFK�VFKOHFKW�EHWUDFKWHW�XQG�YRP�ZHLWHUHQ�/|VXQJVSUR]HVV�DXVJHVFKORVVHQ��

�
$EELOGXQJ�����,QSXW�0DWUL[�8SGDWH�

QHLQ

MD QHLQ

MD

,QSXW�0DWUL[

6WDUW
,QSXW�0DWUL[�8SGDWH

(QGH
,QSXW�0DWUL[�8SGDWH

]�[
��!�0���W

0DWUL[�PLW
DNWXHOOHQ�6WHOOJU|�HQ

DNWXDOLVLHUHQ

0�XQG�]�[
�
DXVOHVHQ

6WDWLVWLVFKH
'DWHQ

$NWXHOOH�6WHOOJU|�H�PLW
0DWUL[�YHUJOHLFKHQ

*HPHLQVDPNHLWHQ"0DWUL[�YHUlQGHUQ
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�

,Q�GLHVHP�=XVDPPHQKDQJ�NDQQ�DXFK�GLH�)XQNWLRQ�GHU�9DULDEOHݐ��YHUGHXWOLFKW�ZHUGHQ��
'HU�7ROHUDQ]ZHUWݐ��VROO�DQ�GLHVHU�6WHOOH�YHUKLQGHUQ��GDVV�MHGH�/|VXQJݔ�Ԣ�PLWݖ�ሺݔᇱሻ ൐ �ܯ
DOV�VFKOHFKWH�/|VXQJ�GHILQLHUW�ZLUG��9LHOPHKU�PXVV�GLH�=LHOJU|�H�GHU�/|VXQJݔ�Ԣ�DXFK�
DX�HUKDOE�GHU�7ROHUDQ]�OLHJHQ�ሺݖሺݔᇱሻ ൐ ܯ ൅ �ሻ��GDPLW�GLH�/|VXQJ�DOV�VFKOHFKW�JLOW�XQGݐ
PLW� LKUHU� 6WHOOJU|�H� GLH� ,QSXW�0DWUL[� EHHLQIOXVVW�� 'HU� (LQIOXVV� HLQHU� /|VXQJ�� GLH� QXU�
ÄHWZDV³� JU|�HU� DOV� GHU� 0LWWHOZHUW� LVW�� NDQQ� GD]X� I�KUHQ�� GDVV� ]XN�QIWLJH� /|VXQJHQ�
DXIJUXQG�YRQ�*HPHLQVDPNHLWHQ� LKUHU�6WHOOJU|�HQ�PLW�GHU� ,QSXW�0DWUL[�YRP�/|VXQJV�
SUR]HVV� DXVJHVFKORVVHQ� ZHUGHQ�� REZRKO� VLH� DXV� GHP� ORNDOHQ� 2SWLPXP� KHUDXVI�KUHQ�
N|QQWHQ��'HQQ�ZLH� LQ�.DSLWHO� ������ HUOlXWHUW� XQG� LQ�$EELOGXQJ� ��� LOOXVWULHUW��P�VVHQ�
RIWPDOV�VFKOHFKWHUH�/|VXQJHQ�DN]HSWLHUW�ZHUGHQ��GDPLW�GDV�JOREDOH�2SWLPXP��EHUKDXSW�
HUUHLFKW�ZHUGHQ�NDQQ��

:LUG� LP�5DKPHQ�GHV� ,QSXW�0DWUL[�8SGDWHV� IHVWJHVWHOOW��GDVVݖ�ሺݔᇱሻ ൏ ܯ ൅ ���ZLUG�GLHݐ
/|VXQJݔ�Ԣ�DOV�JXW�GHILQLHUW��$QVFKOLH�HQG�ZLUG�JHSU�IW��RE�GLH�6WHOOJU|�H�*HPHLQVDPNHL�
WHQ�PLW�GHU�,QSXW�0DWUL[�EHVLW]W��6ROOWH�GDV�GHU�)DOO�VHLQ��ZLUG�GLH�,QSXW�0DWUL[�HEHQIDOOV�
DNWXDOLVLHUW��V��.DSLWHO�����������$XI�GLHVH�:HLVH�ZLUG�YHUKLQGHUW��GDVV�IDOVFKH�6WUXNWXUHQ�
LQQHUKDOE�GHU�,QSXW�0DWUL[�HQWVWHKHQ�XQG�VR�XQEHDEVLFKWLJW�YRUDXVVLFKWOLFK�JXWH�/|VXQ�
JHQ�YRP�/|VXQJVSUR]HVV�DXVJHVFKORVVHQ�ZHUGHQ���

�������� ,QSXW�0DWUL[�
'HU�$EODXI�GHV�,QSXW�&KHFNV�PDFKW�GHXWOLFK��GDVV�(QWVFKHLGXQJHQ��GLH�]XP�$XVVFKOXVV�
HLQHU�/|VXQJ�I�KUHQ��YRQ�GHU� ,QSXW�0DWUL[�DEKlQJLJ�VLQG�� ,Q�GLHVHP�.DSLWHO�ZLUG�QXQ�
HUOlXWHUW��ZLH�GLH�6WHOOJU|�HQ�GLH� ,QSXW�0DWUL[�EHHLQIOXVVHQ�� VRGDVV�ELV�]XP�=HLWSXQNW�
݀ ൌ ݃� �V�� $EELOGXQJ� ���� HLQH� HIIHNWLYH� ,QSXW�0DWUL[� HU]HXJW� ZHUGHQ� NDQQ�� GLH� LP�
ZHLWHUHQ�9HUODXI��GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ��݀ ൐ ݃��GLH�8QWHUVFKHLGXQJ�YRQ�
YRUDXVVLFKWOLFK�JXWHQ�XQG�VFKOHFKWHQ�/|VXQJHQ�HUP|JOLFKW���

,P� IROJHQGHQ�%HLVSLHO�ZLUG� HLQ� -RE�6KRS�3UREOHP� GHU�*U|�H� ሺ͵ ൈ ͵ሻ� EHWUDFKWHW�� 'LH�
VLPXODWLRQVEDVLHUWH�2SWLPLHUXQJ�VWDUWHW�PLW�HLQHU�$QIDQJVO|VXQJݔ�ଵ��GLH�GXUFK�HLQ�(U�
|IIQXQJVYHUIDKUHQ�EHUHLWJHVWHOOW�ZXUGH��$Q�GLHVHU�6WHOOH�VHL�QRFK�HUZlKQW��GDVV�݀ ൏ ݃�LVW�
XQG�GHVKDOE�MHGH�HU]HXJWH�/|VXQJ�]XU�6LPXODWLRQ�IUHLJHJHEHQ�ZLUG��'LH�6WHOOJU|�H�MHGHU�
/|VXQJ� LVW� HLQH� 3HUPXWDWLRQ�� GLH� DOV� ͵ ൈ ͵�0DWUL[� GLH� $XIWUDJVIROJH� GHU� MHZHLOLJHQ�
0DVFKLQH��=HLOH���±�0DVFKLQH����=HLOH���±�0DVFKLQH���XVZ���UHSUlVHQWLHUW��:LH�VFKRQ�LQ�
.DSLWHO� ������ HUZlKQW�� KDQGHOW� HV� VLFK� EHL� /|VXQJHQ�� GLH� GXUFK� (U|IIQXQJVYHUIDKUHQ�
EHUHLWJHVWHOOW� ZXUGHQ�� RIWPDOV� XP� /|VXQJHQ� PLW� HLQHU� HUKHEOLFKHQ� $EZHLFKXQJ� YRP�
2SWLPXP��'HVKDOE�HQWKlOW�GLH�,QSXW�0DWUL[��HEHQIDOOV�HLQH�͵ ൈ ͵�0DWUL[��]X�%HJLQQ�GLH�
6WHOOJU|�Hݔ�ଵ�� -HGHV�(OHPHQW�GHU� ,QSXW�0DWUL[�HUKlOW� GLH�*HZLFKWXQJ�߱ ൌ Ͳ�� GD�QRFK�
NHLQH�6WHOOJU|�H�GLH�0DWUL[�EHHLQIOXVVW�E]Z��(OHPHQWH�GHU�0DWUL[�EHVWlWLJW�KDW����
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ͳ ʹ ͵
͵ ʹ ͳ
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ͳఠୀ଴ ʹఠୀ଴ ͵ఠୀ଴
͵ఠୀ଴ ʹఠୀ଴ ͳఠୀ଴
ʹఠୀ଴ ͳఠୀ଴ ͵ఠୀ଴

൩� ������

,P�5DKPHQ�GHU� /|VXQJVVXFKH�ZLUG� QXQ� GXUFK� GLH�7DEX�6XFKH� HLQH� QHXH�/|VXQJݔ�Ԣଵ�
JHQHULHUW�XQG�]XU�6LPXODWLRQ�IUHLJHJHEHQ��'DV�,QSXW�0DWUL[�8SGDWH�GHILQLHUW�GLH�/|VXQJ�
LP� $QVFKOXVV� DQ� GHQ� 6LPXODWLRQVGXUFKODXI� DOV� VFKOHFKW�� VRGDVV� �Ԣଵݔ GLH� ,QSXW�0DWUL[�
YHUlQGHUW��

�
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'LH�9HUlQGHUXQJ�GHU�,QSXW�0DWUL[�EDVLHUW��QDFKGHP�hEHUHLQVWLPPXQJHQ�]ZLVFKHQ�GHU�
,QSXW�0DWUL[�XQG�GHU�DNWXHOOHQ�/|VXQJ�JHVXFKW�ZXUGHQ��DXI�IROJHQGHQ�5HJHOQ��

��� (OHPHQWH�GHU�,QSXW�0DWUL[��GLH�PLW�(OHPHQWHQ�GHU�6WHOOJU|�H�GHU�VFKOHFKWHQ�/|�
VXQJ��EHUHLQVWLPPHQ��ZHUGHQ�YHUVWlUNW��'LH�*HZLFKWXQJ�GHU��EHUHLQVWLPPHQGHQ�
(OHPHQWH�ZLUG�XP���HUK|KW��

��� 'LH� *HZLFKWXQJ� GHU� (OHPHQWH� GHU� ,QSXW�0DWUL[�� GLH� QLFKW� PLW� (OHPHQWHQ� GHU�
VFKOHFKWHQ� /|VXQJ� �EHUHLQVWLPPHQ�� ZLUG� XP� �� UHGX]LHUW�� :LUG� GXUFK� GLH�
5HGXNWLRQ� GDEHL� HLQH� *HZLFKWXQJ� QHJDWLY�� ZLUG� GDV� ]XJHK|ULJH� (OHPHQW� GHU�
,QSXW�0DWUL[�GXUFK�GDV�HQWVSUHFKHQGH�(OHPHQW�GHU�DNWXHOOHQ�/|VXQJ�HUVHW]W���

'LH�$QZHQGXQJ�GHU�5HJHOQ����XQG����YHUlQGHUW�GLH�,QSXW�0DWUL[��������VRGDVV�VLFK�GLH�
DNWXDOLVLHUWH�,QSXW�0DWUL[�������HUJLEW��

�
�� ൌ � ൥

͵ఠୀ଴ ͳఠୀ଴ ʹఠୀ଴
ʹఠୀ଴ ͵ఠୀ଴ ͳఠୀଵ
͵ఠୀ଴ ͳఠୀଵ ʹఠୀ଴

൩� ������

6REDOG� LP�ZHLWHUHQ�9HUODXI�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�ZLHGHU�HLQH�/|VXQJ�
LQQHUKDOE�GHV�,QSXW�0DWUL[�8SGDWHV�DOV�VFKOHFKW�GHILQLHUW�ZLUG��HUIROJW�HLQH�HUQHXWH�$N�
WXDOLVLHUXQJ�GHU�,QSXW�0DWUL[��������'LH�/|VXQJݔ�Ԣଶ�������VWHOOW�LQ�GLHVHP�=XVDPPHQKDQJ�
GLH�QlFKVWH�VFKOHFKWH�/|VXQJ�GDU��

�
Ԣଶݔ ൌ ൥

ʹ ͵ ͳ
͵ ͳ ʹ
ͳ ͵ ʹ

൩� ������

1DFKGHP�GLH�*HPHLQVDPNHLWHQ� XQG�8QWHUVFKLHGH� ]ZLVFKHQ� GHU� ,QSXW�0DWUL[� XQG� GHU�
6WHOOJU|�H�YRQݔ�Ԣଶ� LGHQWLIL]LHUW�ZXUGHQ��ZLUG�GLH� ,QSXW�0DWUL[�������GXUFK�GLH�$QZHQ�
GXQJ�GHU�5HJHOQ�LQ�GLH�,QSXW�0DWUL[��������EHUI�KUW��



�� .RSSOXQJ� GHU� 7DEX�6XFKH� PLW� GHU� HUHLJQLVGLVNUHWHQ� 6LPXODWLRQ� ]XU� /|VXQJ� GHV� -RE�6KRS�
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���

�

�
�� ൌ � ൥

ʹఠୀ଴ ͵ఠୀ଴ ͳఠୀ଴
͵ఠୀ଴ ͳఠୀ଴ ͳఠୀ଴
ͳఠୀ଴ ͳఠୀ଴ ʹఠୀଵ

൩� ������

'LH�REHQ�DXIJHI�KUWHQ�8SGDWHV�GHU� ,QSXW�0DWUL[�EHVFKUHLEHQ��ZLH�VFKOHFKWH�/|VXQJHQ�
GLH�,QSXW�0DWUL[�EHHLQIOXVVHQ�E]Z��YHUlQGHUQ��$EELOGXQJ����]HLJW�DEHU�DXFK��GDVV�JXWH�
/|VXQJHQ�(LQIOXVV�DXI�GLH�,QSXW�0DWUL[�KDEHQ��8P�GHQ�(LQIOXVV�HLQHU�JXWHQ�/|VXQJ�DXI�
GLH� ,QSXW�0DWUL[� ������]X�YHUGHXWOLFKHQ��ZLUG�GDV�%HLVSLHO�PLW� HLQHU�JXWHQ�/|VXQJݔ�Ԣଷ�
������IRUWJHVHW]W���

�
Ԣଷݔ ൌ ൥

ʹ ͳ ͵
͵ ʹ ͳ
ͳ ʹ ͵

൩� ������

'HU� 9HUJOHLFK� GHU� 6WHOOJU|�H� YRQ� �Ԣଷݔ ������ PLW� GHU� ,QSXW�0DWUL[� ������ ]HLJW�� GDVV�
hEHUHLQVWLPPXQJHQ�YRUKDQGHQ�VLQG��,P�ZHLWHUHQ�9HUODXI�GHU�VLPXODWLRQVEDVLHUWHQ�2SWL�
PLHUXQJ�VROOHQ�DOOHUGLQJV�JXWH�/|VXQJHQ�QLFKW�XQEHDEVLFKWLJW�YRP�/|VXQJVSUR]HVV�DXV�
JHVFKORVVHQ�ZHUGHQ��'HVKDOE�P�VVHQ�GLH�6WHOOHQ�GHU� ,QSXW�0DWUL[��DQ�GHQHQ�hEHUHLQ�
VWLPPXQJHQ�H[LVWLHUHQ��IUHLJHJHEHQ�ZHUGHQ��'DUDXV�HUJLEW�VLFK�GLH�,QSXW�0DWUL[��������

�
�� ൌ � ൥

െ ͵ఠୀ଴ ͳఠୀ଴
െ ͳఠୀ଴ െ
െ ͳఠୀ଴ ʹఠୀଵ

൩� ������

'LH� QlFKVWH� VFKOHFKWH� /|VXQJݔ�Ԣସ� ������ EHVHW]W� GLH� IUHLJHZRUGHQHQ� 6WHOOHQ� GHU� ,QSXW�
0DWUL[��������'LH�QHXHQ�(OHPHQWH�ZHUGHQ�PLW�QXOO�JHZLFKWHW�XQG�GLH�DQGHUHQ�(OHPHQWH�
ZLH�JHZRKQW�YHUlQGHUW���������UHSUlVHQWLHUW�GLH�GXUFKݔ�Ԣସ�YHUlQGHUWH�,QSXW�0DWUL[��

��
Ԣସݔ ൌ ൥

ʹ ͵ ͳ
ʹ ͵ ͳ
͵ ʹ ͳ

൩� ������

�
�� ൌ � ൥

ʹఠୀ଴ ͵ఠୀଵ ͳఠୀଵ
ʹఠୀ଴ ͵ఠୀ଴ ͳఠୀ଴
͵ఠୀ଴ ʹఠୀ଴ ʹఠୀ଴

൩� �������

'DV�%HLVSLHO�]HLJW��ZLH�GLH�,QSXW�0DWUL[�QDFK�MHGHP�6LPXODWLRQVGXUFKODXI�HQWZHGHU�PLW�
GHU� 6WHOOJU|�H� HLQHU� VFKOHFKWHQ� /|VXQJ� RGHU� JJI�� GXUFK� hEHUHLQVWLPPXQJHQ� PLW� GHU�
6WHOOJU|�H�HLQHU�JXWHQ�/|VXQJ�YHUlQGHUW�ZLUG��1XQ�ZLUG�DQKDQG�GHV�%HLVSLHOV�QRFK�HU�
OlXWHUW�� ZLH� LP� 5DKPHQ� GHV� ,QSXW�&KHFNV� I�U� ሺ݀ ൐ ݃�� XQWHU� 9HUZHQGXQJ� GHU� ,QSXW�
0DWUL[� HLQH� /|VXQJ� DXVJHVFKORVVHQ� RGHU� ]XU� 6LPXODWLRQ� IUHLJHJHEHQ� ZLUG�� +LHUI�U�
P�VVHQ�DOOHUGLQJV�QRFK�]ZHL�ZHLWHUH�9DULDEOHQ�HLQJHI�KUW�ZHUGHQ��'LH�9DULDEOHݏ�ூெ�UH�
SUlVHQWLHUW�GLH�$Q]DKO�DQ�hEHUHLQVWLPPXQJHQ�GHU� ,QSXW�0DWUL[�PLW�GHU�6WHOOJU|�H�GHU�
DNWXHOOHQ�/|VXQJ�XQGݏ�ூெෞ �GLH�$Q]DKO�HUODXEWHU�hEHUHLQVWLPPXQJHQ��GLH�GDEHL�QLFKW��EHU�
VFKULWWHQ�ZHUGHQ�GDUI�� ,VWݏ�ூெ ൐ ூெෞݏ ��KDQGHOW�HV�VLFK�YRUDXVVLFKWOLFK�XP�HLQH�VFKOHFKWH�
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�

/|VXQJ��ZDV�GD]X�I�KUW��GDVV�VLH�YRP�ZHLWHUHQ�/|VXQJVSUR]HVV�DXVJHVFKORVVHQ�ZLUG��,VW�
ூெݏ ൑ ூெෞݏ ��LVW�GLH�/|VXQJ�YRUDXVVLFKWOLFK�JXW�XQG�ZLUG�]XU�6LPXODWLRQ�IUHLJHJHEHQ��

'HP�,QSXW�&KHFN�ZLUG�GLH�/|VXQJݔ�Ԣହ���������EHUJHEHQ��'LHVH�VROO�QXQ�PLW�GHU�,QSXW�
0DWUL[� ������� �EHUSU�IW�ZHUGHQ��2E� GLH� /|VXQJݔ�Ԣହ� DXVJHVFKORVVHQ� RGHU� IUHLJHJHEHQ�
ZLUG��KlQJW�YRQ�GHU�*UHQ]Hݏ�ூெෞ ��������DE��

�
Ԣହݔ ൌ ൥

ͳ ૜ ʹ
ͳ ૜ ʹ
ʹ ͳ ͵

൩� �������

� ூெෞݏ ൌ ͸� �������

,P�5DKPHQ�GHV�,QSXW�&KHFNV�ZLUG�QXQݏ�ூெ�EHVWLPPW��=ZHL�(OHPHQWH�YRQݔ�Ԣହ�VWLPPHQ�
PLW�]ZHL�(OHPHQWHQ�GHU�,QSXW�0DWUL[���������EHUHLQ��'D�ʹ ൑ ͸��ZLUG�GLH�/|VXQJ�DQ�GLH�
HUHLJQLVGLVNUHWH�6LPXODWLRQ��EHUJHEHQ��'LH�QlFKVWH�/|VXQJݔ�Ԣ଺� �������KDW�KLQJHJHQ���
�EHUHLQVWLPPHQGH�(OHPHQWH�PLW�GHU�,QSXW�0DWUL[��������XQG�ZLUG�GHVKDOE�YRP�ZHLWHUHQ�
/|VXQJVSUR]HVV�DXVJHVFKORVVHQ��ͺ ൐ ͸���

�
Ԣ଺ݔ ൌ ൥

૛ ૜ ૚
૛ ૜ ૚
૜ ૛ ͳ

൩� �������

'DV� %HLVSLHO� ]XU� )XQNWLRQVZHLVH� GHU� ,QSXW�0DWUL[� ]HLJW�� GDVV� GLH� ,QSXW�0DWUL[� HLQH�
G\QDPLVFKH� .RPSRQHQWH� LQQHUKDOE� GHV� QHXHQ� .RQ]HSWHV� GDUVWHOOW�� 1DFK� MHGHP�
6LPXODWLRQVGXUFKODXI� ZLUG� GLH� ,QSXW�0DWUL[� GXUFK� 6WHOOJU|�HQ� VFKOHFKWHU� /|VXQJHQ�
DNWXDOLVLHUW� XQG�*HPHLQVDPNHLWHQ�PLW� 6WHOOJU|�HQ� JXWHU� /|VXQJHQ�ZHUGHQ� HOLPLQLHUW��
:LH�$EELOGXQJ���]HLJW��HQWVSULFKW�GLH�6XFKH�QDFK�1DFKEDUVFKDIWVO|VXQJHQ�HLQHU�:DQGH�
UXQJ�GXUFK�GHQ�/|VXQJVUDXP��'DV�EHGHXWHW��GDVV�VLFK�/|VXQJHQ��GLH� LP�/|VXQJVUDXP�
ZHLW�YRQHLQDQGHU�HQWIHUQW�VLQG��VWDUN�XQWHUVFKHLGHQ��(LQH�VWDWLVFKH�,QSXW�0DWUL[�Z�UGH�
IROJOLFK�GD]X� I�KUHQ��GDVV�GLH� ,GHQWLILNDWLRQ�YRQ� VFKOHFKWHQ�/|VXQJHQ� LQQHUKDOE� HLQHU�
5HJLRQ�LP�/|VXQJVUDXP�]ZDU�P|JOLFK�LVW��DEHU�DXIJUXQG�GHU�9HUVFKLHGHQKHLW�GHU�/|VXQ�
JHQ�LQ�DQGHUHQ�ZHLWHQWIHUQWHQ�5HJLRQHQ�VFKHLWHUW��'DV�KDW�]XU�)ROJH��GDVV�XQEHDEVLFKWLJW�
JXWH� /|VXQJHQ� YRQ� GHU� /|VXQJVVXFKH� DXVJHVFKORVVHQ�ZHUGHQ� N|QQWHQ�� ,VW� GLH� ,QSXW�
0DWUL[�KLQJHJHQ�G\QDPLVFK��OlVVW�GLH�NRQWLQXLHUOLFKH�:HLWHUHQWZLFNOXQJ�HLQH�$QSDVVXQJ�
DQ�GLH�MHZHLOLJH�5HJLRQ�LP�/|VXQJVUDXP�]X��'DV�HUP|JOLFKW�HLQH�HIIHNWLYH�8QWHUVFKHL�
GXQJ�YRQ�JXWHQ�XQG�VFKOHFKWHQ�/|VXQJHQ��XQDEKlQJLJ�YRQ�GHU�3RVLWLRQ�LP�/|VXQJVUDXP��

(LQ�ZHLWHUHU�9RUWHLO�GHU�,QSXW�0DWUL[�LVW�GLH�)OH[LELOLWlW�EH]�JOLFK�GHU�XQWHUVFKLHGOLFKHQ�
/|VXQJVNRGLHUXQJHQ��V��.DSLWHO�����������'D�LP�5DKPHQ�GHV�,QSXW�0DWUL[�8SGDWHV�QXU�
QDFK�hEHUHLQVWLPPXQJHQ�LQ�GHU�6WUXNWXU�]ZLVFKHQ�GHU�,QSXW�0DWUL[�XQG�GHU�6WHOOJU|�H�
HLQHU�JXWHQ�RGHU�VFKOHFKWHQ�/|VXQJ�JHVXFKW�ZLUG��LVW�HV�LUUHOHYDQW��RE�GLH�6WHOOJU|�H�PLW�
%LQlU]DKOHQ�NRGLHUW� LVW�RGHU�±�ZLH� LP�REHQ�DXIJHI�KUWHQ�%HLVSLHO�±�GLH�6WHOOJU|�H�GLH�
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$XIWUDJVIROJHQ�GHU�HLQ]HOQHQ�0DVFKLQHQ�UHSUlVHQWLHUW��'LH�,QSXW�0DWUL[�PXVV�OHGLJOLFK�
LQ�GHU�JOHLFKHQ�)RUP�ZLH�GLH�6WHOOJU|�HQ�GHU�/|VXQJHQ�NRGLHUW�VHLQ��'DV�ZLUG�HUUHLFKW��
LQGHP�]X�%HJLQQ�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�GHU�,QSXW�0DWUL[�GLH�6WHOOJU|�H�
GHU�$XVJDQJVO|VXQJ��GLH�GXUFK�GDV�(U|IIQXQJVYHUIDKUHQ�EHUHLWJHVWHOOW�ZXUGH��]XJHZLHVHQ�
ZLUG���

1DFKGHP�DOOH�.RPSRQHQWHQ�GHV�)LOWHUV�DXVI�KUOLFK�GDUJHVWHOOW�XQG�HUOlXWHUW�ZXUGHQ��ZLUG�
LP� )ROJHQGHQ� GHU� (LQIOXVV� GHU� YHUVFKLHGHQHQ� 9DULDEOHQ�� GLH� LQ� GHQ� OHW]WHQ� .DSLWHOQ�
DXIJHI�KUW�ZXUGHQ��LGHQWLIL]LHUW��

������ 3DUDPHWULVLHUXQJ�GHV�)LOWHUV�
'HU�,QSXW�&KHFN��GDV�,QSXW�0DWUL[�8SGDWH�VRZLH�GLH�,QSXW�0DWUL[�HQWKDOWHQ�9DULDEOHQ��
GLH�GDV�9HUKDOWHQ�GHV�QHXHQ�.RQ]HSWHV�PD�JHEOLFK�VWHXHUQ�XQG�VRPLW�(LQIOXVV�DXI�GHQ�
(UIROJ� GHU� VLPXODWLRQVEDVLHUWHQ� 2SWLPLHUXQJ� KDEHQ�� ,Q� GHQ� IROJHQGHQ� $XVI�KUXQJHQ�
ZHUGHQ�YRU�DOOHP�GLH�)XQNWLRQHQ�XQG�$XIJDEHQ�GHU�YHUVFKLHGHQ�9DULDEOHQ�GDUJHOHJW���

�������� $NWLYLWlW�GHV�,QSXW�&KHFNV�
'HU� ,QSXW�&KHFN�GLHQW� ]XU�hEHUSU�IXQJ�GHU�YRUDXVVLFKWOLFKHQ�4XDOLWlW�YRQ�/|VXQJHQ��
'LH�hEHUSU�IXQJ�ILQGHW�DOOHUGLQJV�QXU�GDQQ�VWDWW��ZHQQ�VFKRQ�HLQH�JHZLVVH�$Q]DKO�DQ�
6LPXODWLRQVGXUFKOlXIHQ� �݀ ൐ ݃�� HUUHLFKW�ZXUGH� �V�� $EELOGXQJ� �����'LH�*UHQ]H�݃� EH�
VWLPPW�IROJOLFK�GLH�$NWLYLWlW�GHV�,QSXW�&KHFNV�XQG�VROOWH�VR�JUR��VHLQ��GDVV�GLH� ,QSXW�
0DWUL[�DXVUHLFKHQG�,QIRUPDWLRQHQ��EHU�6WHOOJU|�HQ��GLH�]X�VFKOHFKWHQ�/|VXQJHQ�I�KUHQ��
HUKDOWHQ�NDQQ��-H�K|KHU�GLH�*HZLFKWXQJ�GHU�(OHPHQWH�GHU�,QSXW�0DWUL[�LVW��G�K��MH�KlXILJHU�
*HPHLQVDPNHLWHQ�]ZLVFKHQ�VFKOHFKWHQ�/|VXQJHQ�JHIXQGHQ�ZXUGHQ��GHVWR�K|KHU�LVW�GLH�
:DKUVFKHLQOLFKNHLW�� GDVV� VFKOHFKWH� /|VXQJHQ� LP� ,QSXW�&KHFN� LGHQWLIL]LHUW� ZHUGHQ�
N|QQHQ��'LH�ORJLVFKH�.RQVHTXHQ]�LVW�QXQ��HLQ�JUR�HV�݃�]X�ZlKOHQ��'DV�I�KUW�DEHU�]X�HLQHU�
ODQJHQ� ,QDNWLYLWlW� GHV� ,QSXW�&KHFNV�� VRGDVV� ]XQlFKVW� MHGH� /|VXQJ� ]XU� 6LPXODWLRQ�
IUHLJHJHEHQ� ZLUG� XQG� HUVW� VHKU� VSlW� /|VXQJHQ� YRP� /|VXQJVSUR]HVV� DXVJHVFKORVVHQ�
ZHUGHQ�� 'DV� VWHKW� DEHU� LP� :LGHUVSUXFK� ]X� GHU� $QIRUGHUXQJ� DQ� GDV� .RQ]HSW�� GDVV�
XQQ|WLJH� 6LPXODWLRQVGXUFKOlXIH� YHUPLHGHQ� ZHUGHQ� VROOHQ�� ,VW� ݃� KLQJHJHQ� ]X� NOHLQ��
ZHUGHQ� DXIJUXQG� PDQJHOQGHU� ,QIRUPDWLRQHQ� LQQHUKDOE� GHV� ,QSXW�&KHFNV� NHLQH� ]X�
YHUOlVVLJHQ�(QWVFKHLGXQJHQ�JHWURIIHQ��'DGXUFK�HQWVWHKW�GLH�*HIDKU��GDVV�XQEHDEVLFKWLJW�
JXWH�/|VXQJHQ�YRP�/|VXQJVSUR]HVV�DXVJHVFKORVVHQ�ZHUGHQ��

�������� 7ROHUDQ]UDKPHQ�GHV�,QSXW�0DWUL[�8SGDWHV�

1DFKGHP�GLH�=LHOJU|�H� HLQHU�/|VXQJ�GXUFK�GLH�6LPXODWLRQ�EHUHFKQHW�ZXUGH��ZLUG� LP�
,QSXW�0DWUL[�8SGDWH�EHVWLPPW��RE�HV�VLFK�XP�HLQH�JXWH�RGHU�VFKOHFKWH�/|VXQJ�KDQGHOW�
�V��$EELOGXQJ������ ,Q� GLHVHP�=XVDPPHQKDQJ� VSLHOW� GHU� 7ROHUDQ]ZHUW� �ݐ HLQH�ZLFKWLJH�
5ROOH�� ,Q�.RPELQDWLRQ�PLW�GHP�0LWWHOZHUWܯ��ELOGHW�HU�HLQH�7ROHUDQ]]RQH��GDPLW�QLFKW�
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MHGH�/|VXQJ��GLH�QXU�JU|�HU�DOV�GHU�0LWWHOZHUWܯ��LVW��(LQIOXVV�DXI�GLH�,QSXW�0DWUL[�QLPPW�
�V�� .DSLWHO� ���������� 0LW� GHP� 6WDUW� GHU� VLPXODWLRQVEDVLHUWHQ� 2SWLPLHUXQJ� LVW� HV� QXQ�
ZLFKWLJ��GDVVݐ��QLFKW�]X�NOHLQ��DEHU�DXFK�QLFKW�]X�JUR��LVW��(LQ�]X�NOHLQHU�7ROHUDQ]ZHUW�
NDQQ� GD]X� I�KUHQ�� GDVV� HLQH� /|VXQJ�� GHUHQ� =LHOJU|�H� QXU� PLQLPDO� JU|�HU� DOV� GHU�
0LWWHOZHUW�LVW��DOV�VFKOHFKW�GHILQLHUW�ZLUG��$XV�GHP�GDUDXV�UHVXOWLHUHQGHQ�(LQIOXVV�DXI�GLH�
,QSXW�0DWUL[�ZHUGHQ�lKQOLFKH�/|VXQJHQ�LP�,QSXW�&KHFN�DXVJHVFKORVVHQ��REZRKO�VLH�LP�
ZHLWHUHQ�9HUODXI�HYWO��]X�HLQHU�JXWHQ�/|VXQJ�JHI�KUW�KlWWHQ� �V��$EELOGXQJ������ ,VW�GHU�
7ROHUDQ]ZHUW�KLQJHJHQ�]X�JUR���ZLUG�HLQ�*UR�WHLO�GHU�/|VXQJHQ�DOV�JXW�GHILQLHUW�XQG�]X�
ZHQLJ�VFKOHFKWH�/|VXQJHQ�KDEHQ�(LQIOXVV�DXI�GLH� ,QSXW�0DWUL[��VRGDVV�NHLQH�*HPHLQ�
VDPNHLWHQ� LQ� GHQ� 6WHOOJU|�HQ� VFKOHFKWHU� /|VXQJHQ� IHVWJHVWHOOW� ZHUGHQ� N|QQHQ�� 'DV�
ZLHGHUXP�Z�UGH�HLQH�HIIHNWLYH�8QWHUVFKHLGXQJ�YRQ�JXWHQ�XQG�VFKOHFKWHQ�/|VXQJHQ�LP�
,QSXW�&KHFN�YHUKLQGHUQ���

�������� $Q]DKO�GHU�hEHUHLQVWLPPXQJHQ�PLW�GHU�,QSXW�0DWUL[�

'LH�6WHOOJU|�H� HLQHU� /|VXQJ�ZLUG� LP�5DKPHQ�GHV� ,QSXW�&KHFNV�PLW� GHU� ,QSXW�0DWUL[�
YHUJOLFKHQ��hEHUVWHLJW� GLH�$Q]DKO� DQ�*HPHLQVDPNHLWHQ� �ூெݏ GLH�*UHQ]H� ூெෞݏ ��ZLUG� GLH�
/|VXQJ� QLFKW� ]XU� 6LPXODWLRQ� IUHLJHJHEHQ� XQG� YRP� ZHLWHUHQ� /|VXQJVSUR]HVV� DXVJH�
VFKORVVHQ��'LH�*UHQ]Hݏ�ூெෞ � OHJW�IROJOLFK�IHVW��DE�ZLHYLHO��EHUHLQVWLPPHQGHQ�(OHPHQWHQ�
HLQH�/|VXQJ�YRUDXVVLFKWOLFK�HLQH�VFKOHFKWH�/|VXQJ�LVW��$XFK�EHL�GLHVHU�9DULDEOHQ�PXVV�
HLQH�JHHLJQHWH�%DODQFH�JHIXQGHQ�ZHUGHQ��,VW�GLH�*UHQ]Hݏ�ூெෞ �]X�JUR���ZHUGHQ�QXU�ZHQLJH�
/|VXQJHQ�YRQ�GHU�6LPXODWLRQ�DXVJHVFKORVVHQ��'LH�/|VXQJHQ��GLH�DXVJHVFKORVVHQ�ZHUGHQ��
VLQG� PLW� KRKHU� :DKUVFKHLQOLFKNHLW� VFKOHFKWH� /|VXQJHQ�� ,VW� ூெෞݏ � KLQJHJHQ� VHKU� NOHLQ��
ZHUGHQ�VHKU�YLHOH�/|VXQJHQ�DXVJHVFKORVVHQ��VRGDVV�DXFK�HYWO��JXWH�/|VXQJHQ�YRQ�GHU�
ZHLWHUHQ�%HWUDFKWXQJ�DXVJHVFKORVVHQ�ZHUGHQ���

������ 'LH�HUHLJQLVGLVNUHWH�6LPXODWLRQ�XQG�7DEX�6XFKH�LQQHUKDOE�GHV�
QHXHQ�.RQ]HSWHV�

=XP�$EVFKOXVV�GHU�$XVI�KUXQJHQ�GHV�QHXHQ�.RQ]HSWHV�]XU�.RSSOXQJ�GHU�HUHLJQLVGLV�
NUHWHQ�6LPXODWLRQ�PLW�GHU�7DEX�6XFKH�ZLUG�DXV�*U�QGHQ�GHU�9ROOVWlQGLJNHLW�QRFK�GDUJH�
VWHOOW��ZLH�GLH�HUHLJQLVGLVNUHWH�6LPXODWLRQ�GLH�I�U�GDV�.RQ]HSW�HUIRUGHUOLFKHQ�'DWHQ�EHUHLW�
VWHOOW�XQG�ZLH�HLQH�DXVJHVFKORVVHQH�/|VXQJ�GLH�ZHLWHUH�/|VXQJVVXFKH�EHHLQIOXVVW��

:LUG�HLQH�/|VXQJݔ�Ԣ�GXUFK�GHQ�)LOWHU�]XU�6LPXODWLRQ�IUHLJHJHEHQ��ZLUG�GDV�6LPXODWLRQV�
PRGHOO�PLW�GHU�6WHOOJU|�H�GHU�/|VXQJݔ�ᇱ�DXVJHI�KUW��:lKUHQG�GHU�6LPXODWLRQ�ZHUGHQ�GLH�
HUIRUGHUOLFKHQ�(UHLJQLVURXWLQHQ�DXIJHUXIHQ��V��$EELOGXQJ������,QQHUKDOE�GHU�MHZHLOLJHQ�
(UHLJQLVURXWLQH�ZLUG�GHU�VWDWLVWLVFKH�=lKOHU�PLW�'DWHQ��EHU�GHQ�DNWXHOOHQ�6\VWHP]XVWDQG�
DNWXDOLVLHUW��V��$EELOGXQJ����	������,VW�GLH�6LPXODWLRQ�EHHQGHW��EHUHFKQHW�GLH�%HULFKWV�
URXWLQH��EDVLHUHQG�DXI�GHQ�'DWHQ�GHV�VWDWLVWLVFKHQ�=lKOHUV��GLH�=LHOJU|�Hݖ�ሺݔᇱሻ�XQG�GHQ�
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0LWWHOZHUWܯ���'LH� ]ZHL�*U|�HQ�ZHUGHQ� GHP�)LOWHU� �EHUJHEHQ�� GDPLW� GLH�4XDOLWlW� GHU�
/|VXQJݔ�Ԣ�EHXUWHLOW�ZHUGHQ�NDQQ��V��$EELOGXQJ����	������'LH�EHUHFKQHWH�=LHOJU|�Hݖ�ሺݔᇱሻ�
ZLUG�DXFK�GHU�7DEX�6XFKH��EHUJHEHQ�XQG�GHU�/|VXQJݔ�Ԣ�]XJHRUGQHW��V��$EELOGXQJ������

�������� �
$EELOGXQJ�����7DEX�6XFKH�LP�'HWDLO�

:LUG�HLQH�/|VXQJݔ�Ԣ�KLQJHJHQ�QLFKW�]XU�6LPXODWLRQ�IUHLJHJHEHQ�XQG�YRP�)LOWHU�YRQ�GHP�
ZHLWHUHQ�/|VXQJVSUR]HVV�DXVJHVFKORVVHQ��ZLUG�GLH�/|VXQJ�GHU�7DEX�6XFKH�]XU�FNJHJH�
EHQ��V��$EELOGXQJ����	������'DPLW�VLH�DXFK�LP�ZHLWHUHQ�9HUODXI��]XQlFKVW��QLFKW�PHKU�
DOV�/|VXQJ�LQ�)UDJH�NRPPW��ZLUG�GLH�DXVJHVFKORVVHQH�/|VXQJ�DXI�GLH�7DEX�/LVWH�JHVHW]W�
�V��$EELOGXQJ������'LH�DXVJHVFKORVVHQH�/|VXQJ�N|QQWH�DXFK�DOV�&RQVWUDLQW�IRUPXOLHUW�XQG�
GXUFK�GHQ�&RQVWUDLQWV�&KHFN�YRQ�GHU�ZHLWHUHQ�/|VXQJVVXFKH�DXVJHVFKORVVHQ�ZHUGHQ��,Q�
GLHVHP� )DOO� LVW� GLH� /|VXQJ� HQGJ�OWLJ� YRP� UHVWOLFKHQ� /|VXQJVSUR]HVV� DXVJHVFKORVVHQ��
:LUG�GLH�DXVJHVFKORVVHQH�/|VXQJ�KLQJHJHQ�DXI�GLH�7DEX�/LVWH�JHVHW]W��KDW�GDV�HLQHQ�HQW�
VFKHLGHQGHQ�9RUWHLO��,VW�GLH�7DEX�/LVWH�YROO��G�K��MHGH�6WHOOH�GHU�7DEX�/LVWH�LVW�GXUFK�HLQH�
WDEXLVLHUWH�RGHU�DXVJHVFKORVVHQH�/|VXQJ�EHOHJW��ZLUG�GXUFK�HLQH�KLQ]XNRPPHQGH�/|VXQJ�
GLH� HUVWH� �ÄlOWHVWH³�� /|VXQJ� DXI� GHU�7DEX�/LVWH�ZLHGHU� IUHLJHJHEHQ��'LH� DQGHUHQ�/|V�
XQJHQ�ZDQGHUQ�XP�HLQH�6WHOOH�QDFK�REHQ��VRGDVV�DP�(QGH�GHU�7DEX�/LVWH�3ODW]�I�U�GLH�
QHXH�/|VXQJ�HQWVWHKW��'DV�3ULQ]LS�LVW�LQ�.DSLWHO�����YHUDQVFKDXOLFKW��'DV�I�KUW�GD]X��GDVV�
HLQH�/|VXQJ��GLH�DXVJHVFKORVVHQ�ZXUGH��QDFK�HLQHU�JHZLVVHQ�=HLW�ZLHGHU�DOV�/|VXQJ�LQ�
)UDJH�NRPPHQ�NDQQ��+LHU�OLHJW�GHU�9RUWHLO�JHJHQ�EHU�GHU�)RUPXOLHUXQJ�DOV�&RQVWUDLQW��
(LQH� /|VXQJ�� GLH� LQ� HLQHU� 5HJLRQ� GHV� /|VXQJVUDXPHV� DXIJUXQG� HLQHU� YRUDXVVLFKWOLFK�
VFKOHFKWHQ� =LHOJU|�H� YRP� /|VXQJVSUR]HVV� DXVJHVFKORVVHQ� ZXUGH�� N|QQWH� LQ� HLQHU�
DQGHUHQ� 5HJLRQ� GHV� /|VXQJVUDXPHV� ]X� HLQHP� VSlWHUHQ� =HLWSXQNW� HLQH� JXWH� /|VXQJ�
GDUVWHOOHQ��:lUH�GLH�/|VXQJ�DOV�&RQVWUDLQW�IRUPXOLHUW�ZRUGHQ��JlEH�HV�NHLQH�0|JOLFKNHLW��
GLH�/|VXQJ�DXV]XZlKOHQ��6WDQG�GLH�/|VXQJ�DXI�GHU�7DEX�/LVWH�XQG�LVW�]ZLVFKHQ]HLWOLFK�
ZLHGHU� IUHLJHJHEHQ�� NDQQ� VLH� LQ� GHQ� IROJHQGHQ� ,WHUDWLRQHQ� YRQ� GHU� 7DEX�6XFKH� DXV�
JHZlKOW�ZHUGHQ���

=LHOJU|�H�]�[
�

$XVJHVFKORVVHQH
/|VXQJ�[


6XFK�
DOJRULWKPXV

7DEX�/LVWH

�

7DEX�6XFKH
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1DFKGHP�GDV�*HVDPWNRQ]HSW�XQG�GLH�.HUQNRPSRQHQWHQ�LQ�GHQ�OHW]WHQ�.DSLWHOQ�DXVI�KU�
OLFK�GDUJHVWHOOW�ZXUGHQ��VROO�PLW�GHU�IROJHQGHQ�9DOLGLHUXQJ�JHSU�IW�ZHUGHQ��RE�GDV�QHXH�
.RQ]HSW�DOOH�LQ�.DSLWHO�������LGHQWLIL]LHUWHQ�IXQNWLRQDOHQ�$QIRUGHUXQJHQ�HUI�OOW���

���� 9DOLGLHUXQJ�GHV�.RQ]HSWHV�
%HYRU�GLH�9DOLGLHUXQJ�GHV�.RQ]HSWHV�HUIROJW��ZHUGHQ�QRFKPDOV�DOOH�.RPSRQHQWHQ�GHV�
.RQ]HSWHV� XQG� LKUH� %H]LHKXQJHQ� ]XHLQDQGHU� EHWUDFKWHW�� +LHUI�U� ZXUGH� GHU� )LOWHU� DXV�
$EELOGXQJ����ÄDXIJHO|VW³��VRGDVV�GDV�QHXH�.RQ]HSW�LQ�GHU�JOHLFKHQ�)RUP��LQ�GHU�DXFK�GLH�
0HWKRGHQ�]XU�.RSSOXQJ�LQ�.DSLWHO�������LOOXVWULHUW�ZXUGHQ��GDUJHVWHOOW�ZHUGHQ�NDQQ��YJO��
$EELOGXQJ������'DV�HUOHLFKWHUW�GLH�DQVFKOLH�HQGH�9DOLGLHUXQJ��GD�GLH�ZHVHQWOLFKHQ�8QWHU�
VFKLHGH� XQG� GLH� GDPLW� YHUEXQGHQHQ� $XVZLUNXQJHQ� GLUHNW� HUNHQQEDU� VLQG�� 9RU� GHU�
9DOLGLHUXQJ�ZLUG�GDV�.RQ]HSW�LQ�$EELOGXQJ����NXU]�HUOlXWHUW��XP�GLH�:LUN]XVDPPHQ�
KlQJH�DOOHU�LQ�.DSLWHO�����GDUJHVWHOOWHQ�.RPSRQHQWHQ�]X�YHUGHXWOLFKHQ��

�
$EELOGXQJ�����.RQ]HSW�PLW�DXIJHO|VWHP�)LOWHU�

'LH�7DEX�6XFKH�JHQHULHUW�GXUFK�GLH�$QZHQGXQJ�GHU�VSH]LILVFKHQ�7UDQVIRUPDWLRQVUHJHOQ�
HLQH�P|JOLFKH�/|VXQJݔ�Ԣ��'LH�/|VXQJݔ�Ԣ�ZLUG�EDVLHUHQG�DXI�GHQ�IRUPXOLHUWHQ�&RQVWUDLQWV�
GHV�-RE�6KRS�3UREOHPV�DXI�GLH�=XOlVVLJNHLW��EHUSU�IW��,VW�GLH�/|VXQJ�XQ]XOlVVLJ��ZLUG�
VLH�DXVJHVFKORVVHQ�XQG�DXI�GLH�7DEX�/LVWH�JHVHW]W��$QGHUQIDOOV�ZLUG�VLH�GHP�,QSXW�&KHFN�

=LHOJU|�H�]�[
�

$XVJHVFKORVVHQH�/|VXQJ�[


0|JOLFKH�/|VXQJ�[


=XOlVVLJH
/|VXQJ�[


)UHLJHJHEHQH
/|VXQJ�[


=LHOJU|�H�]�[
��
0LWWHOZHUW�0

7DEX�6XFKH

&RQVWUDLQWV�
&KHFN

,QSXW�&KHFN

(UHLJQLVGLVNUHWH
6LPXODWLRQ

,QSXW�0DWUL[,QSXW�0DWUL[�
8SGDWH

&RQVWUDLQWV
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�EHUJHEHQ��:LUG�LQQHUKDOE�GHV�,QSXW�&KHFNV�PLW�+LOIH�GHU�,QSXW�0DWUL[�IHVWJHVWHOOW��GDVV�
GLH�/|VXQJ�YRUDXVVLFKWOLFK�JXW�LVW��ZLUG�VLH�]XU�6LPXODWLRQ�IUHLJHJHEHQ��6ROOWH�GLH�,QSXW�
0DWUL[�6FKO�VVH�]XODVVHQ��GLH�GDUDXI�GHXWHQ��GDVV�GLH�/|VXQJ�ZDKUVFKHLQOLFK�VFKOHFKW�LVW��
ZLUG�VLH�HEHQIDOOV�DXVJHVFKORVVHQ�XQG�DXI�GLH�7DEX�/LVWH�JHVHW]W��1DFKGHP�GLH�6LPXOD�
WLRQ�PLW�GHU�6WHOOJU|�H�GHU�/|VXQJݔ�Ԣ�DXVJHI�KUW�ZXUGH��ZHUGHQ�GLH�=LHOJU|�Hݖ�ሺݔᇱሻ�XQG�
GHU�0LWWHOZHUWܯ��GHP�,QSXW�0DWUL[�8SGDWH��EHUJHEHQ��XP�GLH�,QSXW�0DWUL[�]X�DNWXDOL�
VLHUHQ��'LH�=LHOJU|�Hݖ�ሺݔᇱሻ�ZLUG�DXFK�GHU�7DEX�6XFKH��EHUPLWWHOW�XQG�GHU�]XJHK|ULJHQ�
/|VXQJݔ�Ԣ�]XJHRUGQHW��'LH�9RUJHKHQVZHLVH�ZLHGHUKROW�VLFK�VR�ODQJH��ELV�GDV�$EEUXFK�
NULWHULXP�GHU�7DEX�6XFKH�HUI�OOW�ZLUG���

'LH�IROJHQGH�9DOLGLHUXQJ�GHV�.RQ]HSWHV�VROO�QXQ�]HLJHQ��ZLH�XQG�GXUFK�ZHOFKH�.RP�
SRQHQWHQ�GHV�QHXHQ�.RQ]HSWHV�GLH�IXQNWLRQDOHQ�$QIRUGHUXQJHQ�DXV�.DSLWHO�������LQ�$E�
ELOGXQJ����XQWHU�����HUI�OOW�ZHUGHQ��

������ ,QWHJUDWLRQ�GHU�HUHLJQLVGLVNUHWHQ�6LPXODWLRQ�LQ�GHQ�
/|VXQJVSUR]HVV�

%HWUDFKWHW�PDQ�GLH�.RQ]HSWH��GLH�LQ�.DSLWHO�������YRUJHVWHOOW�ZXUGHQ�� LVW�]X�HUNHQQHQ��
GDVV� GLH� 2SWLPLHUXQJVPHWKRGH� GRUW� QXU� I�U� GLH� /|VXQJVVXFKH� XQG� GLH� 6LPXODWLRQ�
OHGLJOLFK� I�U� GLH� =LHOJU|�HQEHUHFKQXQJ� YHUDQWZRUWOLFK� LVW�� (V� H[LVWLHUW� GHPQDFK� HLQH�
LPDJLQlUH�*UHQ]H�]ZLVFKHQ�GHQ�EHLGHQ�.RPSRQHQWHQ��GHQQ�MHGH�.RPSRQHQWH�QLPPW�QXU�
GLH�HLJHQHQ�$XIJDEHQ�ZDKU��9HUJOHLFKW�PDQ�QXQ�GDV�QHXH�.RQ]HSW��V��$EELOGXQJ�����PLW�
$EELOGXQJ� ���� IlOOW� DXI�� GDVV� GLH� HUHLJQLVGLVNUHWH� 6LPXODWLRQ� QXQ� QLFKW� PHKU�
DXVVFKOLH�OLFK� GLH� =LHOJU|�HQ� I�U� GLH� 7DEX�6XFKH� EHUHFKQHW�� 'LH� VWDWLVWLVFKHQ� 'DWHQ�
�ሻ�GHV�6LPXODWLRQVGXUFKODXIV�ZHUGHQ�DXFK�GHP�,QSXW�0DWUL[�8SGDWH��EHUPLWWHOWܯᇱሻǡݔሺݖ�
XQG�HUP|JOLFKHQ�VR�GLH�4XDOLWlWVEHXUWHLOXQJ�GHU�/|VXQJHQ��,Q�$EKlQJLJNHLW�GHU�/|VXQJV�
TXDOLWlW�ZLUG�GLH�,QSXW�0DWUL[�HQWVSUHFKHQG�GHU�YRUJHVWHOOWHQ�5HJHOQ�DNWXDOLVLHUW�XQG�EH�
HLQIOXVVW� LP� 9HUODXI� GHU� VLPXODWLRQVEDVLHUWHQ� 2SWLPLHUXQJ� GHQ� $XVVFKOXVV� RGHU� GLH�
)UHLJDEH�GHU�/|VXQJHQ�LP�,QSXW�&KHFN��6RPLW�OlVVW�GLH�HUHLJQLVGLVNUHWH�6LPXODWLRQ�GXUFK�
GLH� %HUHLWVWHOOXQJ� GHU� VWDWLVWLVFKHQ� 'DWHQ� I�U� GDV� ,QSXW�0DWUL[�8SGDWH� HLQH� 8QWHU�
VFKHLGXQJ� YRQ� YRUDXVVLFKWOLFK� JXWHQ� XQG� VFKOHFKWHQ� /|VXQJHQ� LP� ,QSXW�&KHFN� ]X� �V��
$EELOGXQJ������$XI�GLHVH�:HLVH�ZLUG�GLH�6LPXODWLRQ� LQGLUHNW� DP�/|VXQJVSUR]HVV�EH�
WHLOLJW�� 'DV� =XVDPPHQZLUNHQ� GHU� GUHL� .RPSRQHQWHQ� �,QSXW�0DWUL[�8SGDWH�� ,QSXW�
0DWUL[�� ,QSXW�&KHFN�� HUP|JOLFKW� IROJOLFK� GDV� =XVDPPHQZLUNHQ� GHU� HUHLJQLVGLVNUHWHQ�
6LPXODWLRQ�PLW�GHU�7DEX�6XFKH���

������ ,GHQWLILNDWLRQ�HLQIOXVVUHLFKHU�6WHOOJU|�HQ�
(LQH�ZHLWHUH�$QIRUGHUXQJ��GLH�PLW�+LOIH�GHV�QHXHQ�.RQ]HSWHV�HUI�OOW�ZHUGHQ�VROO��LVW�GLH�
,GHQWLILNDWLRQ�YRQ�HLQIOXVVUHLFKHQ�6WHOOJU|�HQ��+LHUI�U�PXVV�]XHUVW�GLH�)UDJH�EHDQWZRUWHW�



�� .RSSOXQJ� GHU� 7DEX�6XFKH� PLW� GHU� HUHLJQLVGLVNUHWHQ� 6LPXODWLRQ� ]XU� /|VXQJ� GHV� -RE�6KRS�
3UREOHPV� � ��

���

�

ZHUGHQ��ZHOFKH�6WHOOJU|�HQ�LP�5DKPHQ�GHV�-RE�6KRS�3UREOHPV�DOV�HLQIOXVVUHLFK�]X�EH�
]HLFKQHQ�VLQG��'LH�VLPXODWLRQVEDVLHUWH�2SWLPLHUXQJ�GHV�-RE�6KRS�3UREOHPV�KDW�GDV�=LHO��
HLQH�/|VXQJ�PLW�HLQHU�P|JOLFKVW�NXU]HQ�*HVDPW]\NOXV]HLW�]X�ILQGHQ��6WHOOJU|�HQ�VLQG�LQ�
GLHVHP�=XVDPPHQKDQJ�HLQIOXVVUHLFK��ZHQQ�VLH�JUR�H�$XVZLUNXQJHQ�DXI�GLH�/lQJH�GHU�
*HVDPW]\NOXV]HLW�KDEHQ��,Q�GLHVHU�$UEHLW�ZHUGHQ�GHVKDOE�DOOH�6WHOOJU|�HQ�DOV�HLQIOXVV�
UHLFK�EH]HLFKQHW��GLH�QLFKW�]X�HLQHU�NXU]HQ�*HVDPW]\NOXV]HLW�I�KUHQ��'DPLW�HLQH�8QWHU�
VFKHLGXQJ�LQ�ODQJH�XQG�NXU]H�*HVDPW]\NOXV]HLWHQ��EHUKDXSW�P|JOLFK�LVW��ZLUG�LP�,QSXW�
0DWUL[�8SGDWH� HLQH�*UHQ]H� GHILQLHUW� �V��.DSLWHO� ���������� 6R� LVW� GLH� ,GHQWLILNDWLRQ� YRQ�
6WHOOJU|�HQ��GLH�]X�ODQJHQ�*HVDPW]\NOXV]HLWHQ��JU|�HU�DOV�GLH�GHILQLHUWH�*UHQ]H��I�KUHQ��
P|JOLFK��,P�5DKPHQ�GHV�,QSXW�0DWUL[�8SGDWHV�ZLUG�PLW�GHU�,QSXW�0DWUL[�QDFK�*HPHLQ�
VDPNHLWHQ�LQ�VROFKHQ�6WHOOJU|�HQ�JHVXFKW��XP�LPPHU�ZLHGHU�YRUNRPPHQGH�6WUXNWXUHQ�
XQG�(OHPHQWH�]X�LGHQWLIL]LHUHQ��V��.DSLWHO�����������'D�VLFK�6WHOOJU|�HQ��GLH�LP�/|VXQJV�
UDXP� ZHLW� YRQHLQDQGHU� HQWIHUQW� VLQG�� VWDUN� XQWHUVFKHLGHQ�� ZLUG� GLH� ,QSXW�0DWUL[�
NRQWLQXLHUOLFK� GXUFK� VFKOHFKWH� 6WHOOJU|�HQ� DNWXDOLVLHUW�� $XI� GLHVH� :HLVH� ZLUG� GLH�
,GHQWLILNDWLRQ� YRQ� HLQIOXVVUHLFKHQ� 6WHOOJU|�HQ� ]X� MHGHP� =HLWSXQNW� GHU� VLPXODWLRQV�
EDVLHUWHQ�2SWLPLHUXQJ�VLFKHUJHVWHOOW��

������ 9HUPHLGXQJ�XQQ|WLJHU�6LPXODWLRQVGXUFKOlXIH�
,Q�$EELOGXQJ����LVW�]X�HUNHQQHQ��GDVV�GDV�QHXH�.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�
XQG�2SWLPLHUXQJ�DXFK�GLH�0|JOLFKNHLW�ELHWHW��/|VXQJHQ�YRQ�GHU�ZHLWHUHQ�%HWUDFKWXQJ�
DXV]XVFKOLH�HQ�� :HUGHQ� /|VXQJHQ� YRP� /|VXQJVSUR]HVV� DXVJHVFKORVVHQ�� ZHUGHQ� VLH�
QLFKW�]XU�6LPXODWLRQ�IUHLJHJHEHQ�XQG�LKQHQ�ZLUG�IROJOLFK�NHLQH�=LHOJU|�H�]XJHZLHVHQ��
=LHO�LVW�HV��GLH�/|VXQJHQ�DXV]XVFKOLH�HQ��GLH�YRQ�YRUQKHUHLQ�QLFKW�I�U�GLH�RSWLPDOH�/|�
VXQJ�LQ�)UDJH�NRPPHQ�XQG�EHL�GHQHQ�GLH�%HUHFKQXQJ�LKUHU�=LHOJU|�H�PLW�GHU�6LPXODWLRQ�
VRPLW�XQQ|WLJ�ZlUH��8P�]X�YHUKLQGHUQ��GDVV�GLH�RSWLPDOH�/|VXQJ�RGHU�GLH�/|VXQJHQ��GLH�
]X� LKU� I�KUHQ� Z�UGHQ�� DXVJHVFKORVVHQ� ZHUGHQ�� P�VVHQ� GLH� /|VXQJHQ� VRUJIlOWLJ� DXV�
JHZlKOW� ZHUGHQ�� )�U� GLHVHQ� =ZHFN� ZXUGHQ� GHU� &RQVWUDLQWV�� XQG� ,QSXW�&KHFN� LQ� GDV�
.RQ]HSW�LQWHJULHUW��,P�&RQVWUDLQWV�&KHFN�ZHUGHQ�DOOH�/|VXQJHQ�DXVJHVFKORVVHQ��GLH�I�U�
GDV�YRUOLHJHQGH�3UREOHP�XQ]XOlVVLJ�VLQG��V��.DSLWHO�����������'DV�VWHOOW�]ZDU�NHLQH�%HVRQ�
GHUKHLW�GDU��GLHQW�DEHU�WURW]GHP�GHP�=LHO��XQQ|WLJH�6LPXODWLRQVGXUFKOlXIH�]X�YHUPHLGHQ��
'HU�,QSXW�&KHFN�KLQJHJHQ�LVW�HLQH�HOHPHQWDUH�.RPSRQHQWH�GHV�QHXHQ�.RQ]HSWV�XQG�VWHKW�
LP� GLUHNWHQ� =XVDPPHQKDQJ�PLW� GHU� ,GHQWLILNDWLRQ� YRQ� HLQIOXVVUHLFKHQ�6WHOOJU|�HQ� �V��
.DSLWHO����������,QQHUKDOE�GHV�,QSXW�&KHFNV�ZHUGHQ�PLW�GHU�,QSXW�0DWUL[�/|VXQJHQ��GLH�
DXIJUXQG�GHU�(UJHEQLVVH�YRUKHULJHU�6LPXODWLRQVGXUFKOlXIH�YRUDXVVLFKWOLFK�VFKOHFKWH�/|�
VXQJHQ�VLQG��LGHQWLIL]LHUW��V��.DSLWHO�����������'HU�$XVVFKOXVV�GLHVHU�/|VXQJHQ�LP�,QSXW�
&KHFN�YHUKLQGHUW�VRPLW�HLQHQ�XQQ|WLJHQ�6LPXODWLRQVGXUFKODXI��'XUFK�GLH�GLUHNWH�5�FN�
I�KUXQJ� GHU� DXVJHVFKORVVHQHQ� /|VXQJ� DQ� GLH�7DEX�6XFKH� �V��$EELOGXQJ� ����ZLUG� GLH�
HLQJHVSDUWH�=HLW�JHQXW]W��XP�GHQ�/|VXQJVUDXP�QDFK�ZHLWHUHQ�/|VXQJHQ�]X�GXUFKVXFKHQ��
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$XV�GLHVHP�*UXQG�ZXUGH� LQ�.DSLWHO�����GLH�7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL�
������� GHP� 9HUIDKUHQ� YRQ� %DODV� XQG� 9D]DFRSRXORV� ������� YRUJH]RJHQ�� GD� GLH� HLQ�
JHVSDUWH�=HLW�GXUFK�GLH�KRKH�/|VXQJVJHVFKZLQGLJNHLW�GHU�7DEX�6XFKH�HIIL]LHQWHU�JHQXW]W�
ZHUGHQ�NDQQ�XQG�GLH�:DKUVFKHLQOLFKNHLW�VRPLW�DQVWHLJW��GLH�RSWLPDOH�/|VXQJ�]X�ILQGHQ���

'LH�9DOLGLHUXQJ�GHV�.RQ]HSWHV�]HLJW��GDVV�GLH�IXQNWLRQDOHQ�$QIRUGHUXQJHQ��GLH�LQ�.DSLWHO�
������ DQ� GDV� QHXH� .RQ]HSW� ]XU� .RSSOXQJ� YRQ� 6LPXODWLRQ� XQG� 2SWLPLHUXQJ� JHVWHOOW�
ZXUGHQ��HUI�OOW�ZHUGHQ�N|QQHQ��7DEHOOH���JLEW�HLQHQ�DEVFKOLH�HQGHQ�hEHUEOLFN��EHU�GLH�
$QIRUGHUXQJHQ�XQG�GLH�.RPSRQHQWHQ��GLH�]X�GHU�(UI�OOXQJ�GLHVHU�EHLWUDJHQ���

7DEHOOH����hEHUVLFKW�$QIRUGHUXQJHQ�±�.RPSRQHQWHQ�

$QIRUGHUXQJHQ� 9HUDQWZRUWOLFKH�.RPSRQHQWHQ�

=XVDPPHQZLUNHQ�GHU�6LPXODWLRQ�	�2SWLPLHUXQJ�

��,QSXW�0DWUL[�8SGDWH�

��,QSXW�0DWUL[�

��,QSXW�&KHFN�

,GHQWLILNDWLRQ�HLQIOXVVUHLFKHU�6WHOOJU|�HQ�
��,QSXW�0DWUL[�8SGDWH�

��,QSXW�0DWUL[�

9HUPHLGXQJ�XQQ|WLJHU�6LPXODWLRQVGXUFKOlXIH�
��&RQVWUDLQWV�&KHFN�

��,QSXW�&KHFN�

�

������ 0|JOLFKH�6FKZDFKVWHOOHQ�GHV�QHXHQ�.RQ]HSWHV�
$XFK�ZHQQ�GLH�9DOLGLHUXQJ�]HLJW��GDVV�GLH�IXQNWLRQDOHQ�$QIRUGHUXQJHQ��GLH�LQ�.DSLWHO�
������DQ�GDV�QHXH�.RQ]HSW�JHVWHOOW�ZXUGHQ��HUI�OOW�ZHUGHQ��NDQQ�GDV�.RQ]HSW�QLFKW�RKQH�
:HLWHUHV�LQ�GHU�3UD[LV�DQJHZDQGW�ZHUGHQ��9LHOPHKU�VROOWH�GDV�.RQ]HSW�DOV�*UXQGODJH�I�U�
GLH�]XN�QIWLJH�)RUVFKXQJ�LP�5DKPHQ�GHU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�GLHQHQ��'D�
GDV�5LVLNR� EHVWHKW��ZlKUHQG� GHV�/|VXQJVSUR]HVVHV� HLQLJH� /|VXQJHQ� IlOVFKOLFKHUZHLVH�
DXV]XVFKOLH�HQ� �]�%�� GLH� RSWLPDOH� RGHU� /|VXQJHQ�� GLH� ]XU� RSWLPDOHQ� /|VXQJ� JHI�KUW�
KlWWHQ���VROOWH�GHU�)RNXV�KDXSWVlFKOLFK�DXI�GHQ�.RPSRQHQWHQ��GLH�I�U�GLH�,GHQWLILNDWLRQ�
YRQ�HLQIOXVVUHLFKHQ�6WHOOJU|�HQ�XQG�GHQ�$XVVFKOXVV�YRQ�/|VXQJHQ�YHUDQWZRUWOLFK�VLQG��
OLHJHQ��V��7DEHOOH�����'DV�LQ�GLHVHU�$UEHLW�HQWZLFNHOWH�.RQ]HSW�VWHOOW�GLH�I�U�GLH�]XN�QIWLJH�
)RUVFKXQJ�EHQ|WLJWHQ�3DUDPHWHU�EHUHLW��V��.DSLWHO���������VRGDVV�GDV�9HUKDOWHQ�GHV�*H�
VDPWNRQ]HSWHV�PLW�YHUVFKLHGHQHQ�3DUDPHWHUNRPELQDWLRQHQ�XQWHUVXFKW�ZHUGHQ�NDQQ��'LH�
IROJHQGH�7DEHOOH�]HLJW�GLH�P|JOLFKHQ�6FKZDFKVWHOOHQ�GHU�HLQ]HOQHQ�.RPSRQHQWHQ�DXI�
XQG�LGHQWLIL]LHUW�GLH�3DUDPHWHU��GLH�GLHVH�EHHLQIOXVVHQ��'HV�:HLWHUHQ�ZHUGHQ�)UDJHVWHO�
OXQJHQ�KHUYRUJHEUDFKW��GLH�LQ�=XNXQIW�ZHLWHU�HUIRUVFKW�ZHUGHQ�VROOWHQ��'HU�&RQVWUDLQWV�



�� .RSSOXQJ� GHU� 7DEX�6XFKH� PLW� GHU� HUHLJQLVGLVNUHWHQ� 6LPXODWLRQ� ]XU� /|VXQJ� GHV� -RE�6KRS�
3UREOHPV� � ��

���

�

&KHFN�LVW�DQ�GLHVHU�6WHOOH�QLFKW�PLW�DXIJHI�KUW��GD�GLH�(LQKDOWXQJ�GHU�1HEHQEHGLQJXQJHQ�
LQ�MHGHP�)DOO�JHVLFKHUW�ZHUGHQ�PXVV��

7DEHOOH����0|JOLFKH�6FKZDFKVWHOOHQ�GHV�.RQ]HSWHV�

,QSXW�0DWUL[�8SGDWH�

6FKZDFKVWHOOH� )UDJHVWHOOXQJ� 3DUDPHWHU�

*UHQ]H�]XU�%HXUWHLOXQJ�GHU�
4XDOLWlW�GHU�/|VXQJHQ�

��(LJQHW�VLFK�GHU�0LWWHOZHUW�]XU�%HXUWHLOXQJ�GHU�
4XDOLWlW�GHU�/|VXQJHQ"�

��+DW�GLH�7ROHUDQ]�(LQIOXVV�DXI�GDV�(UJHEQLV"�

:HQQ�MD���

��:LH�JUR��VROOWH�GHU�7ROHUDQ]ZHUW�VHLQ"��

�ܯ��

�ݐ��

,QSXW�0DWUL[�

6FKZDFKVWHOOH� )UDJHVWHOOXQJ� 3DUDPHWHU�

)LQGHQ�YRQ�*HPHLQVDPNHLWHQ�LQ�
GHQ�6WHOOJU|�HQ�

��:HUGHQ�JHQ�JHQG�*HPHLQVDPNHLWHQ�LQ�GHQ�6WHOO�
JU|�HQ�VFKOHFKWHU�/|VXQJHQ�JHIXQGHQ"�

:HQQ�MD���

��:LH�KRFK�VROOWH�GLH�$Q]DKO�DQ�hEHUHLQVWLPPXQJHQ�
VHLQ��EHYRU�GLH�/|VXQJ�DXVJHVFKORVVHQ�ZLUG"�

��([LVWLHUW�GDEHL�HLQ�RSWLPDOHV�9HUKlOWQLV�YRQݏ�ூெෞ �]XU�
'LPHQVLRQ�GHU�6WHOOJU|�H"�

��3DVVW�VLFK�GLH�,QSXW�0DWUL[�GHU�3RVLWLRQ�LP�
/|VXQJVUDXP�DXVUHLFKHQG�DQ"�

�ூெݏ��

ூெෞݏ�� �

,QSXW�&KHFN�

6FKZDFKVWHOOH� )UDJHVWHOOXQJ� 3DUDPHWHU�

$XVVFKOXVV�YRQ�/|VXQJHQ�

��.DQQ�WURW]�GHV�$XVVFKOXVVHV�YRQ�/|VXQJHQ�HLQH�
RSWLPDOH�/|VXQJ�HU]LHOW�ZHUGHQ"�

��.DQQ�GLH�/|VXQJV]HLW�GXUFK�GHQ�$XVVFKOXVV�YRQ�
/|VXQJHQ�UHGX]LHUW�ZHUGHQ"��

��:HOFKH�$QIRUGHUXQJ�VWHOOW�GDV�$XVVFKOLH�HQ�YRQ�
/|VXQJHQ�DQ�GLH�/lQJH�GHU�7DEX�/LVWH"�

��+DW�GLH�'DXHU�GHU�DQIlQJOLFKHQ�,QDNWLYLWlW�GHV�
,QSXW�&KHFNV�(LQIOXVV�DXI�GDV�(UJHEQLV"�

:HQQ�MD��

��:LH�RIW�VROOWH�GLH�,QSXW�0DWUL[�DNWXDOLVLHUW�ZHUGHQ��
EHYRU�GHU�,QSXW�&KHFN�DNWLYLHUW�ZLUG"�

��݀�

��݃�

��݈�

�

)�U�GLH�8QWHUVXFKXQJ�GHU�YHUVFKLHGHQHQ�)UDJHVWHOOXQJHQ�LQ�7DEHOOH���HPSILHKOW�GHU�$XWRU�
GLH�YRQ�9DHVVHQV��5��-��0��HW�DO���������DOV�VFKZHU�EH]HLFKQHWHQ�%HQFKPDUNSUREOHPH��V��



�� .RSSOXQJ� GHU� 7DEX�6XFKH� PLW� GHU� HUHLJQLVGLVNUHWHQ� 6LPXODWLRQ� ]XU� /|VXQJ� GHV� -RE�6KRS�
3UREOHPV� � ��

���
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.DSLWHO�������-HGHV�GLHVHU�3UREOHPH�ZXUGH�EHUHLWV�RSWLPDO�JHO|VW��VRGDVV��EHUSU�IW�ZHUGHQ�
NDQQ��RE�GLH�,QWHJUDWLRQ�GHU�HUHLJQLVGLVNUHWHQ�6LPXODWLRQ�LQ�GHQ�/|VXQJVSUR]HVV�XQG�GHU�
GDPLW�YHUEXQGHQH�$XVVFKOXVV�YRQ�/|VXQJHQ��EHUKDXSW�HLQH�RSWLPDOH�/|VXQJ�GHU�%HQFK�
PDUNSUREOHPH�HUP|JOLFKW��'HV�:HLWHUHQ�HUODXEW�GHU�XPIDVVHQGH�3HUIRUPDQFHYHUJOHLFK�
YRQ�-DLQ�XQG�0HHUDQ��������HLQH�%HZHUWXQJ�GHU�YHUVFKLHGHQHQ�3DUDPHWHUNRPELQDWLRQHQ�
E]JO��GHU�/|VXQJVSHUIRUPDQFH��]�%��$EZHLFKXQJ�YRP�2SWLPXP�XQG�/|VXQJVJHVFKZLQ�
GLJNHLW���8QDEKlQJLJ�YRQ�GHQ�5HVXOWDWHQ�I�U�GLH����%HQFKPDUNSUREOHPH�VROOWH�DXFK�GLH�
)lKLJNHLW�]XU�/|VXQJ�YRQ�JUR�HQ�SUD[LVUHOHYDQWHQ�3UREOHPHQ�XQWHUVXFKW�ZHUGHQ��(UVW�
GLH�(UJHEQLVVH�YRQ�%HQFKPDUNWHVWV�PLW�XQWHUVFKLHGOLFKHQ�3DUDPHWHUNRPELQDWLRQHQ�I�U�
NOHLQH�XQG�JUR�H�3UREOHPH�ODVVHQ�HLQH�%HXUWHLOXQJ�]X��RE�XQG�LQ�ZHOFKHP�5DKPHQ�VLFK�
GDV�.RQ]HSW�LQ�GHU�3UD[LV�DQZHQGHQ�OlVVW���
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�� =XVDPPHQIDVVXQJ�
'LH�%HWUDFKWXQJ�GHU�$EODXISODQXQJ�LP�SURGXNWLRQVZLUWVFKDIWOLFKHQ�.RQWH[W�]HLJW��GDVV�
VLH�HLQ�$XIJDEHQJHELHW�GHU�3URGXNWLRQVVWHXHUXQJ�LVW��,Q�GLHVHP�5DKPHQ�KDW�VLH�GLH�$XI�
JDEH��YHUVFKLHGHQH�$EODXISODQXQJVSUREOHPH�XQWHU�%HU�FNVLFKWLJXQJ�HLQHU�RGHU�PHKUHUHU�
=LHOIXQNWLRQHQ� ]X� O|VHQ�� 6ROFKH� $EODXISODQXQJVSUREOHPH� VLQG� DEHU� YRQ� KRKHU� .RP�
SOH[LWlW� JHNHQQ]HLFKQHW��'LH�PHLVWHQ�YRQ� LKQHQ� VLQG� VRJDU�ܰܲ�VFKZHU�� VRGDVV� I�U�GLH�
/|VXQJ�H[DNWH�9HUIDKUHQ��ZLH�GDV�Ä%UDQFK�	�%RXQG³�9HUIDKUHQ�RGHU�GLH�JHPLVFKW�JDQ]�
]DKOLJH�3URJUDPPLHUXQJ��QXU�ELV�]X�HLQHU�EHVWLPPWHQ�3UREOHPJU|�H�LQ�)UDJH�NRPPHQ��
3UREOHPH�LQ�SUD[LVUHOHYDQWHQ�*U|�HQ�VLQG�QXU�XQWHU�=XKLOIHQDKPH�YRQ�+HXULVWLNHQ�]X�
O|VHQ��'DV�-RE�6KRS�3UREOHP�VWHOOW� LQ�GLHVHP�=XVDPPHQKDQJ�HLQ�EHVRQGHUV�VFKZHUHV�
$EODXISODQXQJVSUREOHP�GDU�XQG�LVW�]XJOHLFK�*UXQGODJH�I�U�YLHOH�NRPSOL]LHUWH�3UREOHPH�
GHU�3UD[LV��YJO��6FKXVWHU��������%ULQNN|WWHU�XQG�%UXFNHU���������$XV�GLHVHP�*UXQG�GLHQW�
GDV�-RE�6KRS�3UREOHP�]XU�$XVZDKO�HLQHU�+HXULVWLN��GLH�LP�5DKPHQ�GLHVHU�$UEHLW�PLW�GHU�
6LPXODWLRQ�]X�NRSSHOQ�LVW��'LH�$QDO\VH�GHU�(UJHEQLVVH�PHKUHUHU�%HQFKPDUNWHVWV�]HLJW��
GDVV�GLH�7DEX�6XFKH�YRQ�1RZLFNL�XQG�6PXWQLFNL��������GDV�-RE�6KRS�3UREOHP�LQ�HLQHU�
DQJHPHVVHQHQ�4XDOLWlW� XQG� YRU� DOOHP�PLW� HLQHU� VHKU� KRKHQ�*HVFKZLQGLJNHLW� O|VW�� ,P�
QHXHQ�.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��EHUQLPPW�VLH�GHVKDOE�
GLH�$XIJDEH�GHU�/|VXQJVVXFKH��

,P�5DKPHQ�GHU�3URGXNWLRQ�XQG�/RJLVWLN�LVW�GLH�HUHLJQLVGLVNUHWH�6LPXODWLRQ�HLQ�ZLFKWLJHV�
:HUN]HXJ��PLW� GHP� GDV�9HUKDOWHQ� YRQ� NRPSOH[HQ� 6\VWHPHQ�XQWHUVXFKW� XQG� EHXUWHLOW�
ZHUGHQ�NDQQ��'HVKDOE�ZLUG�GLH�6LPXODWLRQ�DXFK�LQ�GHU�$EODXISODQXQJ�I�U�YHUVFKLHGHQH�
$XIJDEHQ�HLQJHVHW]W��+LHU�GLHQW�VLH�]XU�VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ�YRQ�$EODXI�
SOlQHQ��,Q�GLHVHP�=XVDPPHQKDQJ�EHUHFKQHW�GLH�6LPXODWLRQ�DEHU�OHGLJOLFK�GLH�=LHOJU|�H�
I�U�MHGH�YRQ�GHU�2SWLPLHUXQJVPHWKRGLN�YRUJHVFKODJHQH�/|VXQJ��'LHV�VWHKW�DEHU�LQ�HLQHP�
:LGHUVSUXFK�]X�GHQ�NRPPHU]LHOOHQ�$QZHQGXQJHQ��LQ�GHQHQ�QLFKW�GLH�6LPXODWLRQ��VRQ�
GHUQ�GLH�2SWLPLHUXQJVPHWKRGLN�HLQH�XQWHUJHRUGQHWH�5ROOH�VSLHOW��8P�GLHVH�*HJHQVlW]�
OLFKNHLW� ]X�YHUPHLGHQ�� IRUGHUW� )X� �������YRQ�]XN�QIWLJHQ�.RQ]HSWHQ� ]XU� VLPXODWLRQV�
EDVLHUWHQ�2SWLPLHUXQJ�HLQ�EHVVHUHV�=XVDPPHQZLUNHQ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��
8P�GLH�(IIL]LHQ]� GHU� VLPXODWLRQVEDVLHUWHQ�2SWLPLHUXQJ� ]X� VWHLJHUQ�� VROO� GHPQDFK�GLH�
,GHQWLILNDWLRQ� YRQ� HLQIOXVVUHLFKHQ� 6WHOOJU|�HQ� XQG� YRU� DOOHP� GLH� 9HUPHLGXQJ� YRQ�
XQQ|WLJHQ�6LPXODWLRQVGXUFKOlXIHQ�HUP|JOLFKW�ZHUGHQ��

%DVLHUHQG�DXI�GLHVHQ�$QIRUGHUXQJHQ�LVW�HLQ�QHXHV�.RQ]HSW�]XU�.RSSOXQJ�YRQ�6LPXODWLRQ�
XQG�2SWLPLHUXQJ�HQWZLFNHOW�ZRUGHQ��:lKUHQG�GLH�GHU]HLWLJHQ�.RQ]HSWH�]XU�VLPXODWLRQV�
EDVLHUWHQ�2SWLPLHUXQJ�GLUHNW��EHU�GLH�6WHOO��XQG�=LHOJU|�HQ�PLWHLQDQGHU�NRPPXQL]LHUHQ��
JHVFKLHKW�GLHV�LP�QHXHQ�.RQ]HSW�DXVVFKOLH�OLFK��EHU�GHQ�HQWZLFNHOWHQ�)LOWHU��'HU�)LOWHU�
EHVWHKW� DXV�YLHU�ZHVHQWOLFKHQ�.RPSRQHQWHQ��GLH� GHQ�3UR]HVV�GHU� VLPXODWLRQVEDVLHUWHQ�
2SWLPLHUXQJ�PD�JHEOLFK�VWHXHUQ���



��=XVDPPHQIDVVXQJ� � ��
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��� &RQVWUDLQWV�&KHFN��'HU�&RQVWUDLQWV�&KHFN�GLHQW�]XU�hEHUSU�IXQJ�GHU�/|VXQJ�DXI�
LKUH�=XOlVVLJNHLW��9HUOHW]W�GLH�YRQ�GHU�7DEX�6XFKH�YRUJHVFKODJHQH�/|VXQJ�GLH�
1HEHQEHGLQJXQJHQ�GHV�-RE�6KRS�3UREOHPV��LVW�GLH�/|VXQJ�XQ]XOlVVLJ�XQG�ZLUG�
YRQ�GHU�ZHLWHUHQ�%HWUDFKWXQJ�DXVJHVFKORVVHQ��

��� ,QSXW�&KHFN��,VW�GLH�/|VXQJ�]XOlVVLJ��ZLUG�XQWHU�=XKLOIHQDKPH�GHU�,QSXW�0DWUL[�
�EHUSU�IW��RE�HV�VLFK�XP�HLQH�YRUDXVVLFKWOLFK�JXWH�RGHU�VFKOHFKWH�/|VXQJ�KDQGHOW��
,VW�GLH�/|VXQJ�YHUPXWOLFK�VFKOHFKW��ZLUG�VLH�HEHQIDOOV�YRP�/|VXQJVSUR]HVV�DXV�
JHVFKORVVHQ��

��� ,QSXW�0DWUL[�8SGDWH�� 'HP� ,QSXW�0DWUL[�8SGDWH� ZHUGHQ� QDFK� MHGHP� 6LPXOD�
WLRQVGXUFKODXI� VWDWLVWLVFKH� 'DWHQ� �EHUPLWWHOW�� GDPLW� GLH� 4XDOLWlW� GHU� /|VXQJ�
IHVWJHVWHOOW�ZHUGHQ�NDQQ��,VW�GLH�/|VXQJ�VFKOHFKW��QLPPW�GLH�6WHOOJU|�H�(LQIOXVV�
DXI� GLH� ,QSXW�0DWUL[�� GDPLW� lKQOLFKH� 6WHOOJU|�HQ� LQ� =XNXQIW� LP� ,QSXW�&KHFN�
LGHQWLIL]LHUW�XQG�DXVJHVFKORVVHQ�ZHUGHQ�N|QQHQ��

��� ,QSXW�0DWUL[��'LH�,QSXW�0DWUL[�HQWKlOW�,QIRUPDWLRQHQ�]X�6WHOOJU|�HQ��GLH�LQ�GHU�
9HUJDQJHQKHLW�]X�VFKOHFKWHQ�/|VXQJHQ�JHI�KUW�KDEHQ��-H�PHKU�*HPHLQVDPNHLWHQ�
HLQH�6WHOOJU|�H�PLW�GHU�,QSXW�0DWUL[�KDW��GHVWR�JU|�HU�LVW�GLH�:DKUVFKHLQOLFKNHLW��
GDVV�HV�VLFK�XP�HLQH�YRUDXVVLFKWOLFK�VFKOHFKWH�/|VXQJ�KDQGHOW��$XI�GLHVH�:HLVH�
NDQQ�GLH�,QSXW�0DWUL[�GLH�,GHQWLILNDWLRQ�YRQ�YRUDXVVLFKWOLFK�VFKOHFKWHQ�/|VXQJHQ�
LP�,QSXW�&KHFN�HUP|JOLFKHQ��

'LH� YLHU� .RPSRQHQWHQ� GHV� )LOWHUV� ODVVHQ� GLH� ,GHQWLILNDWLRQ� YRQ� HLQIOXVVUHLFKHQ� E]Z��
VFKOHFKWHQ� 6WHOOJU|�HQ� VRZLH� GLH� 9HUPHLGXQJ� XQQ|WLJHU� 6LPXODWLRQVGXUFKOlXIH� GXUFK�
GHQ�$XVVFKOXVV�VFKOHFKWHU�/|VXQJHQ�]X��'XUFK�GLH�hEHUPLWWOXQJ�GHU�GDI�U�QRWZHQGLJHQ�
VWDWLVWLVFKHQ�'DWHQ�]XU�4XDOLWlWVEHXUWHLOXQJ�LP�,QSXW�0DWUL[�8SGDWH�GLHQW�GLH�HUHLJQLV�
GLVNUHWH�6LPXODWLRQ� LP�QHXHQ�.RQ]HSW� VRPLW�QLFKW�QXU�]XU�%HUHFKQXQJ�GHU�=LHOJU|�H��
VRQGHUQ�KDW�DXFK�LQGLUHNWHQ�(LQIOXVV�DXI�GHQ�/|VXQJVSUR]HVV��VRGDVV�GLH�(IIL]LHQ]�GXUFK�
GDV�RSWLPDOH�=XVDPPHQZLUNHQ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ�JHVWHLJHUW�ZHUGHQ�NDQQ��

'DV� QHXH� .RQ]HSW� ]XU� .RSSOXQJ� YRQ� 6LPXODWLRQ� XQG� 2SWLPLHUXQJ� NDQQ� QLFKW� RKQH�
:HLWHUHV� LQ� GHU� 3UD[LV� DQJHZDQGW� ZHUGHQ�� 9LHOPHKU� GLHQW� HV� DOV� *UXQGODJH� I�U� GLH�
]XN�QIWLJH� )RUVFKXQJ� LP� 5DKPHQ� GHU� VLPXODWLRQVEDVLHUWHQ� 2SWLPLHUXQJ�� +LHU� LVW� DQ�
%HQFKPDUNSUREOHPHQ�� I�U� GLH� RSWLPDOH�/|VXQJHQ� H[LVWLHUHQ�� ]X� SU�IHQ�� RE� GXUFK� GHQ�
$XVVFKOXVV� YRQ� /|VXQJHQ� �EHUKDXSW� RSWLPDOH� /|VXQJHQ� HU]LHOW� ZHUGHQ� N|QQHQ�� 'HV�
:HLWHUHQ�PXVV�DQDO\VLHUW�ZHUGHQ��RE�DXVUHLFKHQG�*HPHLQVDPNHLWHQ�LQ�GHQ�6WHOOJU|�HQ�
VFKOHFKWHU�/|VXQJHQ�IHVWJHVWHOOW�ZHUGHQ�N|QQHQ��VRGDVV�]XYHUOlVVLJ�]ZLVFKHQ�JXWHQ�XQG�
VFKOHFKWHQ�/|VXQJHQ�XQWHUVFKLHGHQ�ZHUGHQ�NDQQ��$XFK�GLH�*UHQ]H��GLH� LQQHUKDOE�GHV�
,QSXW�0DWUL[�8SGDWHV� ]XU� 4XDOLWlWVEHXUWHLOXQJ� GHU� /|VXQJHQ� JHQXW]W� ZLUG�� PXVV� HLQ�
JHKHQG� DXI� GHUHQ� (LJQXQJ� KLQ� XQWHUVXFKW� ZHUGHQ�� 'LH� YLHOIlOWLJHQ� 3DUDPHWHUNRP�
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ELQDWLRQHQ� GHV� )LOWHUV� HUP|JOLFKHQ� GLH� GDI�U� QRWZHQGLJHQ� 7HVWV�� VRGDVV� GLH� =ZHFN�
Pl�LJNHLW� GHV� QHXHQ� .RQ]HSWHV� I�U� GLH� XQWHUVFKLHGOLFKVWHQ� $QZHQGXQJVIlOOH� LQ� GHU�
3UD[LV��EHUSU�IW�ZHUGHQ�NDQQ��
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�� /LWHUDWXUYHU]HLFKQLV�
$DUWV�� %��� $� SDUDOOHO� ORFDO� VHDUFK� DOJRULWKP� IRU� WKH� MRE� VKRS� VFKHGXOLQJ� SUREOHP��

(LQGKRYHQ�� (LQGKRYHQ�8QLYHUVLW\� RI� 7HFKQRORJ\��'HSDUWPHQW� RI�0DWKHPDWLFV� DQG�
&RPSXWLQJ�6FLHQFH��0DVWHUWKHVLV��������

$FKWHUEHUJ��7���&RQVWUDLQW�LQWHJHU�SURJUDPPLQJ��%HUOLQ��7HFKQLVFKH�8QLYHUVLWlW�%HUOLQ��
)DNXOWlW�,,��0DWKHPDWLN�XQG�1DWXUZLVVHQVFKDIWHQ��'LVVHUWDWLRQ��������

$FNHU�� ,��� 0HWKRGHQ� GHU� PHKUVWXILJHQ� $EODXISODQXQJ� LQ� GHU� +DOEOHLWHULQGXVWULH��
:LHVEDGHQ��*DEOHU�������

$GDP��'���3URGXNWLRQVSODQXQJ�EHL�6RUWHQIHUWLJXQJ��(LQ�%HLWUDJ�]XU�7KHRULH�GHU�0HKU�
SURGXNWXQWHUQHKPXQJ��:LHVEDGHQ��*DEOHU�������

$GDP��'���3ODQXQJ�XQG�(QWVFKHLGXQJ��0RGHOOH���=LHOH���0HWKRGHQ��:LHVEDGHQ��*DEOHU�
������

$GDPV�� -��� %DODV�� (��� =DZDFN�� '��� 7KH� VKLIWLQJ� ERWWOHQHFN� SURFHGXUH� IRU� MRE� VKRS�
VFKHGXOLQJ��0DQDJHPHQW�6FLHQFH��������������6�����±�����

$QGHUVHQ��(���*ODVV��&�$���3RWWV��&�1���0DVFKLQH�VFKHGXOLQJ��,Q��$DUWV��(���/HQVWUD��-�.��
�+UVJ����/RFDO�VHDUFK�LQ�FRPELQDWRULDO�RSWLPL]DWLRQ��-RKQ�:LOH\�	�6RQV�������6�����±
�����

$QGUDGRWWLU�� 6��� $� UHYLHZ� RI� VLPXODWLRQ� RSWLPL]DWLRQ� WHFKQLTXHV�� ,Q�� &DUVRQ�� -���
0DQLYDQQDQ��0���0HGHLURV��'�-���:DWVRQ��(���+UVJ����3URFHHGLQJV�RI�WKH������:LQWHU�
6LPXODWLRQ�&RQIHUHQFH��:DVKLQJWRQ��86$��������6�����±�����

$SSOHJDWH��'���&RRN��:���$�FRPSXWDWLRQDO�VWXG\�RI� WKH� MRE�VKRS�VFKHGXOLQJ�SUREOHP��
256$�-RXUQDO�RQ�&RPSXWLQJ�������������6�����±�����

$SULO�� -��� *ORYHU�� )��� .HOO\�� -�3��� /DJXQD�� 0��� 3UDFWLFDO� LQWURGXFWLRQ� WR� VLPXODWLRQ�
RSWLPL]DWLRQ��,Q��)HUULQ��'���0RUULFH��'���6DQFKH]��3���&KLFN��6���+UVJ����3URFHHGLQJV�
RI�WKH������:LQWHU�6LPXODWLRQ�&RQIHUHQFH��1HZ�2UOHDQV��86$��������6����±����

%DNHU��.�5���,QWURGXFWLRQ�WR�VHTXHQFLQJ�DQG�VFKHGXOLQJ��1HZ�<RUN��7RURQWR��-RKQ�:LOH\�
	�6RQV�������

%DODV��(���9D]DFRSRXORV��$���*XLGHG�ORFDO�VHDUFK�ZLWK�VKLIWLQJ�ERWWOHQHFN�IRU�MRE�VKRS�
VFKHGXOLQJ��0DQDJHPHQW�6FLHQFH��������������6�����±�����

%DQNV��-���&DUVRQ��-���1HOVRQ��%�/���1LFRO��'���'LVFUHWH�HYHQW�V\VWHP�VLPXODWLRQ��8SSHU�
6DGGOH�5LYHU��3UHQWLFH�+DOO�������

%DUWRQ�� 5��� 6LPXODWLRQ�PHWDPRGHOV�� ,Q�� &DUVRQ�� -���0DQLYDQQDQ��0���0HGHLURV��'�-���
:DWVRQ�� (�� �+UVJ���� 3URFHHGLQJV� RI� WKH� ����� :LQWHU� 6LPXODWLRQ� &RQIHUHQFH��
:DVKLQJWRQ��86$��������6�����±�����
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%HQNHU��+���0DWKHPDWLVFKH�2SWLPLHUXQJ�PLW�&RPSXWHUDOJHEUDV\VWHPHQ��(LQI�KUXQJ�I�U�
,QJHQLHXUH�� 1DWXUZLVVHQVFKDIWOHU� XQG�:LUWVFKDIWVZLVVHQVFKDIWOHU� XQWHU� $QZHQGXQJ�
YRQ�0$7+(0$7,&$��0$3/(��0$7+&$'��0$7/$%�XQG�(;&(/��%HUOLQ�>X�D�@��
6SULQJHU�������

%áDĪHZLF]��-���'RPVFKNH��:���3HVFK��(���7KH�MRE�VKRS�VFKHGXOLQJ�SUREOHP��FRQYHQWLRQDO�
DQG�QHZ�VROXWLRQ�WHFKQLTXHV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��������������
6���±����

%OXP��&���$QW�FRORQ\�RSWLPL]DWLRQ��LQWURGXFWLRQ�DQG�UHFHQW�WUHQGV��3K\VLFV�RI�/LIH�5H�
YLHZV�������������6�����±�����

%RQDEHDX��(���'RULJR��0���7KHUDXOD]��*���6ZDUP�LQWHOOLJHQFH��IURP�QDWXUDO�WR�DUWLILFLDO�
LQWHOOLJHQFH��1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV�������

%RQDEHDX��(���'RULJR��0���7KHUDXOD]��*���,QVSLUDWLRQ�IRU�RSWLPL]DWLRQ�IURP�VRFLDO�LQVHFW�
EHKDYLRXU��1DWXUH������������������6����±����

%UDK��6�$���:KHHOHU��*�(���&RPSDULVRQ�RI�VFKHGXOLQJ�UXOHV�LQ�D�IORZ�VKRS�ZLWK�PXOWLSOH�
SURFHVVRUV��D�VLPXODWLRQ��6,08/$7,21��������������6�����±�����

%ULQNN|WWHU�� :��� %UXFNHU�� 3��� 6ROYLQJ� RSHQ� EHQFKPDUN� SUREOHPV� IRU� WKH� MRE� VKRS�
SUREOHP�� 2VQDEU�FN�� )DFKEHUHLFK� 0DWKHPDWLN�,QIRUPDWLN�� 8QLYHUVLWlW� 2VQDEU�FN�
������

%ULQNN|WWHU��:���%UXFNHU��3���6ROYLQJ�RSHQ�EHQFKPDUN�LQVWDQFHV�IRU�WKH�MRE�VKRS�SUREOHP�
E\�SDUDOOHO�KHDG�WDLO�DGMXVWPHQWV��-RXUQDO�RI�6FKHGXOLQJ�������������6����±����

%UXFNHU��3���6FKHGXOLQJ�DOJRULWKPV��%HUOLQ��+HLGHOEHUJ��6SULQJHU�������

%UXFNHU�� 3��� -XULVFK��%��� 6LHYHUV��%���$� EUDQFK� DQG� ERXQG� DOJRULWKP� IRU� WKH� MRE�VKRS�
VFKHGXOLQJ�SUREOHP��'LVFUHWH�$SSOLHG�0DWKHPDWLFV��������������6�����±�����

%UXFNHU�� 3���.QXVW�� 6���&RPSOH[� VFKHGXOLQJ��%HUOLQ��+HLGHOEHUJ��1HZ�<RUN��6SULQJHU�
������

%U�JJHPDQQ��:���$XVJHZlKOWH�3UREOHPH�GHU�3URGXNWLRQVSODQXQJ��0RGHOOLHUXQJ��.RP�
SOH[LWlW�XQG�QHXHUH�/|VXQJVP|JOLFKNHLWHQ��+HLGHOEHUJ��3K\VLFD�9HUODJ�������

&DUVRQ�� <��� 0DULD�� $��� 6LPXODWLRQ� RSWLPL]DWLRQ�� PHWKRGV� DQG� DSSOLFDWLRQV�� ,Q��
$QGUDGyWWLU��6���+HDO\��.�-���:LWKHUV��'�+���1HOVRQ��%�/���+UVJ����3URFHHGLQJV�RI�WKH�
�����:LQWHU�6LPXODWLRQ�&RQIHUHQFH��$WODQWD��86$��������6�����±�����

&DVHDX�� <��� /DEXUWKH�� )��� ,PSURYLQJ� EUDQFK� DQG� ERXQG� IRU� MREVKRS� VFKHGXOLQJ� ZLWK�
FRQVWUDLQW�SURSDJDWLRQ��,Q��*RRV��*���+DUWPDQLV��-���/HHXZHQ��-���'H]D��0���(XOHU��5���
0DQRXVVDNLV�� ,�� �+UVJ���� &RPELQDWRULFV� DQG� FRPSXWHU� VFLHQFH�� %HUOLQ�� +HLGHOEHUJ��
6SULQJHU�������6�����±�����
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ýHUQê��9���7KHUPRG\QDPLFDO�DSSURDFK�WR�WKH�WUDYHOLQJ�VDOHVPDQ�SUREOHP��DQ�HIILFLHQW�
VLPXODWLRQ�DOJRULWKP��-RXUQDO�RI�2SWLPL]DWLRQ�7KHRU\�DQG�$SSOLFDWLRQV��������������
6����±����

'HPLUNRO�� (��� 0HKWD�� 6��� 8]VR\�� 5��� $� FRPSXWDWLRQDO� VWXG\� RI� VKLIWLQJ� ERWWOHQHFN�
SURFHGXUHV�IRU�VKRS�VFKHGXOLQJ�SUREOHPV��-RXUQDO�RI�+HXULVWLFV�������������6�����±
�����

'HPLUNRO��(���0HKWD��6���8]VR\��5���%HQFKPDUNV�IRU�VKRS�VFKHGXOLQJ�SUREOHPV��(XURSHDQ�
-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK���������������6�����±�����

'RPVFKNH��:���'UH[O��$���(LQI�KUXQJ� LQ�2SHUDWLRQV�5HVHDUFK��%HUOLQ� >X�D�@��6SULQJHU�
������

'RPVFKNH��:���6FKROO��$���+HXULVWLVFKH�9HUIDKUHQ��-HQD��:LUWVFKDIWVZLVVHQVFKDIWOLFKH�
)DNXOWlW��)ULHGULFK�6FKLOOHU�8QLYHUVLWlW�-HQD�������

'RPVFKNH�� :��� 6FKROO�� $��� 9R��� 6��� 3URGXNWLRQVSODQXQJ�� $EODXIRUJDQLVDWRULVFKH�
$VSHNWH��%HUOLQ��+HLGHOEHUJ��1HZ�<RUN��6SULQJHU�������

'RULJR��0���������$QW�FRORQ\�RSWLPL]DWLRQ��8QWHU�0LWDUEHLW�YRQ�5RPDLQ�+HQGULFN[�XQG�
/HRQDUGR� %H]HUUD��8QLYHUVLWp� /LEUH� GH�%UX[HOOHV� %HOJLXP��2QOLQH� YHUI�JEDU� XQWHU�
KWWS���ZZZ�DFR�PHWDKHXULVWLF�RUJ��]XOHW]W�JHSU�IW�DP�����������

'RULJR��0���%OXP��&���$QW�FRORQ\�RSWLPL]DWLRQ�WKHRU\��D�VXUYH\��7KHRUHWLFDO�&RPSXWHU�
6FLHQFH���������������6�����±�����

'RULJR�� 0��� 'L� &DUR�� *��� 7KH� DQW� FRORQ\� RSWLPL]DWLRQ� PHWDKHXULVWLF�� ,Q�� &RUQH�� '���
*ORYHU�� )��� 'RULJR��0�� �+UVJ����1HZ� LGHDV� LQ� RSWLPLVDWLRQ�� /RQGRQ��0F*UDZ�+LOO�
������6����±����

'RULJR��0���'L�&DUR��*���*DPEDUGHOOD��/�0���$QW�DOJRULWKPV�IRU�GLVFUHWH�RSWLPL]DWLRQ��
$UWLILFLDO�/LIH�������������6�����±�����

'RULJR�� 0��� 0DQLH]]R�� 9��� &RORUQL�� $��� $QW� V\VWHP�� RSWLPL]DWLRQ� E\� D� FRORQ\� RI�
FRRSHUDWLQJ� DJHQWV�� ,(((�7UDQVDFWLRQV� RQ� 6\VWHPV��0DQ�� DQG�&\EHUQHWLFV�� 3DUW� %�
�&\EHUQHWLFV���������������6����±����

'RULJR��0���6W�W]OH��7���$QW�FRORQ\�RSWLPL]DWLRQ��&DPEULGJH��0,7�3UHVV�������

'RZVODQG�� .�$��� 6LPXODWHG� DQQHDOLQJ�� ,Q�� 5HHYHV�� &�5�� �+UVJ���� 0RGHUQ� KHXULVWLF�
WHFKQLTXHV�IRU�FRPELQDWRULDO�SUREOHPV��1HZ�<RUN��-RKQ�:LOH\�	�6RQV�������6����±
����

'XHFN��*���6FKHXHU��7���:DOOPHLHU��+��0���7ROHUDQ]VFKZHOOH�XQG�6LQWIOXW��1HXH�,GHHQ�
]XU�2SWLPLHUXQJ��6SHNWUXP�GHU�:LVVHQVFKDIW�����������6����±����

)DQGHO�� *��� 2SWLPDOH� (QWVFKHLGXQJ� EHL� PHKUIDFKHU� =LHOVHW]XQJ�� %HUOLQ�� 1HZ� <RUN��
6SULQJHU�������
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)LVKHU�� +��� 7KRPSVRQ�� *�/��� 3UREDELOLVWLF� OHDUQLQJ� FRPELQDWLRQV� RI� ORFDO� MRE�VKRS�
VFKHGXOLQJ�UXOHV��>V�O�@��>V�Q�@�������

)RZOHU��-���0|QFK��/���5RVH��2���6FKHGXOLQJ�DQG�VLPXODWLRQ��,Q��+HUUPDQQ��-�:���+UVJ����
+DQGERRN�RI�SURGXFWLRQ�VFKHGXOLQJ��1HZ�<RUN��6SULQJHU�������6�����±�����

)ULW]VFKH��$���+HXULVWLVFKH�6XFKH�LQ�NRPSOH[HQ�6WUXNWXUHQ��=XU�9HUZHQGXQJ�*HQHWLVFKHU�
$OJRULWKPHQ� EHL� GHU� $XIWUDJVHLQSODQXQJ� LQ� GHU� $XWRPRELOLQGXVWULH�� :LHVEDGHQ��
*DEOHU�������

)X��0���+J����+DQGERRN�RI�VLPXODWLRQ�RSWLPL]DWLRQ��1HZ�<RUN��+HLGHOEHUJ��'RUGUHFKW��
/RQGRQ��6SULQJHU�������

)X�� 0�&��� 2SWLPL]DWLRQ� IRU� VLPXODWLRQ�� WKHRU\� YV�� SUDFWLFH�� ,1)2506� -RXUQDO� RQ�
&RPSXWLQJ��������������6�����±�����

)X��0�&���*ORYHU��)�:���$SULO��-���6LPXODWLRQ�RSWLPL]DWLRQ��D�UHYLHZ��QHZ�GHYHORSPHQWV��
DQG� DSSOLFDWLRQV�� ,Q�� $UPVWURQJ�� )��� -RLQHV�� -��� 6WHLJHU�� 1��� .XKO�� 0�� �+UVJ����
3URFHHGLQJV�RI�WKH������:LQWHU�6LPXODWLRQ�&RQIHUHQFH��2UODQGR��86$��������6����±
����

*DUH\�� 0�5��� -RKQVRQ�� '�6��� 6HWKL�� 5��� 7KH� FRPSOH[LW\� RI� IORZVKRS� DQG� MREVKRS�
VFKHGXOLQJ��0DWKHPDWLFV�RI�2SHUDWLRQV�5HVHDUFK�������������6�����±�����

*DUILQNHO��5�6���1HPKDXVHU��*�/���,QWHJHU�SURJUDPPLQJ��1HZ�<RUN��-RKQ�:LOH\�	�6RQV�
������

*HLJHU��0�-���0XOWLNULWHULHOOH�$EODXISODQXQJ��:LHVEDGHQ��'HXWVFKHU�8QLYHUVLWlWV�9HUODJ�
������

*LIIOHU��%���7KRPSVRQ��*�/���$OJRULWKPV� IRU� VROYLQJ�SURGXFWLRQ�VFKHGXOLQJ�SUREOHPV��
2SHUDWLRQV�5HVHDUFK�������������6�����±�����

*ORYHU�� )��� )XWXUH� SDWKV� IRU� LQWHJHU� SURJUDPPLQJ� DQG� OLQNV� WR� DUWLILFLDO� LQWHOOLJHQFH��
&RPSXWHUV�	�2SHUDWLRQV�5HVHDUFK��������������6�����±�����

*ORYHU��)���7DEX�6HDUFK���3DUW�,��,1)2506�-RXUQDO�RQ�&RPSXWLQJ�������������6�����±
�����

*ORYHU��)���7DEX�6HDUFK���3DUW�,,��,1)2506�-RXUQDO�RQ�&RPSXWLQJ�������������6���±����

*ORYHU�� )��� /DJXQD�� 0��� 7DEX� VHDUFK�� ,Q�� 5HHYHV�� &�5�� �+UVJ���� 0RGHUQ� KHXULVWLF�
WHFKQLTXHV�IRU�FRPELQDWRULDO�SUREOHPV��1HZ�<RUN��-RKQ�:LOH\�	�6RQV�������6����±
�����

*ROGEHUJ�� '�(��� *HQHWLF� DOJRULWKPV� LQ� VHDUFK�� RSWLPL]DWLRQ�� DQG� PDFKLQH� OHDUQLQJ��
%RVWRQ��$GGLVRQ�:HVOH\�������

*UDKDP�� 5�/��� /DZOHU�� (�/��� /HQVWUD�� -�.��� 5LQQRR\� .DQ�� $��� 2SWLPL]DWLRQ� DQG�
DSSUR[LPDWLRQ� LQ� GHWHUPLQLVWLF� VHTXHQFLQJ� DQG� VFKHGXOLQJ�� D� VXUYH\�� ,Q�� +DPPHU��
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3�/���-RKQVRQ��(�/���.RUWH��%�+���+UVJ����'LVFUHWH�2SWLPL]DWLRQ�,,��3URFHHGLQJV�RI�WKH�
$GYDQFHG�5HVHDUFK�,QVWLWXWH�RQ�'LVFUHWH�2SWLPL]DWLRQ�DQG�6\VWHPV�$SSOLFDWLRQV�RI�
WKH�6\VWHPV�6FLHQFH�3DQHO�RI�1$72�DQG�RI�WKH�'LVFUHWH�2SWLPL]DWLRQ�6\PSRVLXP��
$PVWHUGDP��1HZ�<RUN��2[IRUG��1RUWK�+ROODQG�3XEOLVKLQJ�&RPSDQ\�������6�����±
�����

*XWHQEHUJ�� (��� *UXQGODJHQ� GHU� %HWULHEVZLUWVFKDIWVOHKUH�� 'LH� 3URGXNWLRQ�� %HUOLQ��
6SULQJHU�������

+DQVHQ��3���7KH�VWHHSHVW�DVFHQW�PLOGHVW�GHVFHQW�KHXULVWLF�IRU�FRPELQDWRULDO�SURJUDPPLQJ��
,Q�� >V�Q�@� �+UVJ���� 3URFHHGLQJV� RI� WKH� &RQJUHVV� RQ� 1XPHULFDO� 0HWKRGV� LQ�
&RPELQDWRULDO�2SWLPL]DWLRQ��������

+DQVPDQQ��.��:���,QGXVWULHOOHV�0DQDJHPHQW��0�QFKHQ�>X�D�@��2OGHQERXUJ�������

+HLE��&���1LFNHO��6���3HUIRUPDQFHYHUJOHLFK�]ZLVFKHQ�VLPXODWLRQVEDVLHUWHU�2QOLQH��XQG�
2IIOLQH�2SWLPLHUXQJ� DQKDQG� YRQ� 6FKHGXOLQJ�3UREOHPHQ�� ,Q�� 0lU]�� /��� .UXJ�� :���
5RVH�� 2��� :HLJHUW�� *�� �+UVJ���� 6LPXODWLRQ� XQG� 2SWLPLHUXQJ� LQ� 3URGXNWLRQ� XQG�
/RJLVWLN�� 3UD[LVRULHQWLHUWHU� /HLWIDGHQ�PLW� )DOOEHLVSLHOHQ�� %HUOLQ�� 6SULQJHU� ������ 6��
���±�����

+HLVWHUPDQQ��-���*HQHWLVFKH�$OJRULWKPHQ��7KHRULH�XQG�3UD[LV�HYROXWLRQlUHU�2SWLPLHUXQJ��
6WXWWJDUW��7HXEQHU�������

+HQQLQJ�� $��� 3UDNWLVFKH� -RE�6KRS� 6FKHGXOLQJ�3UREOHPH�� -HQD�� )ULHGULFK�6FKLOOHU�
8QLYHUVLWlW�-HQD��)DNXOWlW�I�U�0DWKHPDWLN�XQG�,QIRUPDWLN��'LVVHUWDWLRQ��������

+LOOLHU�� )�6��� (IILFLHQW� KHXULVWLF� SURFHGXUHV� IRU� LQWHJHU� OLQHDU� SURJUDPPLQJ� ZLWK� DQ�
LQWHULRU��2SHUDWLRQV�5HVHDUFK��������������6�����±�����

+RLWVFK�� +��-��� 3URGXNWLRQVZLUWVFKDIW�� *UXQGODJHQ� HLQHU� LQGXVWULHOOHQ� %HWULHEV�
ZLUWVFKDIWVOHKUH��0�QFKHQ��9DKOHQ�������

+ROODQG��-�+���$GDSWDWLRQ�LQ�QDWXUDO�DQG�DUWLILFLDO�V\VWHPV��DQ�LQWURGXFWRU\�DQDO\VLV�ZLWK�
DSSOLFDWLRQV�WR�ELRORJ\��FRQWURO��DQG�DUWLILFLDO�LQWHOOLJHQFH��$QQ�$UERU��8QLYHUVLW\�RI�
0LFKLJDQ�3UHVV�������

+RUQ��6���6LPXODWLRQVJHVW�W]WH�2SWLPLHUXQJ�YRQ�)HUWLJXQJVDEOlXIHQ� LQ�GHU�3URGXNWLRQ�
HOHNWURQLVFKHU� +DOEOHLWHUVSHLFKHU�� 'UHVGHQ�� 7HFKQLVFKH� 8QLYHUVLWlW� 'UHVGHQ��
'LVVHUWDWLRQ��������

,OW]VFKH�� /��� 6FKPLGW�� 3��0��� 9|ONHU�� 6��� 6LPXODWLRQVEDVLHUWH� 2SWLPLHUXQJ� GHU�
(LQVWHXHUXQJVUHLKHQIROJH� I�U� GLH�$XWRPRELO�(QGPRQWDJH�� ,Q��0lU]�� /��� .UXJ��:���
5RVH�� 2��� :HLJHUW�� *�� �+UVJ���� 6LPXODWLRQ� XQG� 2SWLPLHUXQJ� LQ� 3URGXNWLRQ� XQG�
/RJLVWLN�� 3UD[LVRULHQWLHUWHU� /HLWIDGHQ�PLW� )DOOEHLVSLHOHQ�� %HUOLQ�� 6SULQJHU� ������ 6��
���±�����
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-DFRE�� +��� $GDP�� '��� ,QGXVWULHEHWULHEVOHKUH�� +DQGEXFK� I�U� 6WXGLXP� XQG� 3U�IXQJ��
:LHVEDGHQ��*DEOHU�������

-DHKQ�� )��� 3HVFK�� (��� $EODXISODQXQJ�� (LQI�KUXQJ� LQ� 6FKHGXOLQJ�� %HUOLQ�� +HLGHOEHUJ��
6SULQJHU�*DEOHU�������

-DLQ�� $�6��� 0HHUDQ�� 6��� 'HWHUPLQLVWLF� MRE�VKRS� VFKHGXOLQJ�� SDVW�� SUHVHQW� DQG� IXWXUH��
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK���������������6�����±�����

.DOOUDWK��-���*HPLVFKW�JDQ]]DKOLJH�2SWLPLHUXQJ��0RGHOOLHUXQJ�LQ�GHU�3UD[LV��:LHVEDGHQ��
6SULQJHU�������

.HUQ��:���,QGXVWULHOOH�3URGXNWLRQVZLUWVFKDIW��6WXWWJDUW��3RHVFKHO�������

.LUNSDWULFN��6���*HODWW��&�'���9HFFKL��0�3���2SWLPL]DWLRQ�E\�VLPXODWHG�DQQHDOLQJ��6FLHQFH�
�����������������6�����±�����

.LVWQHU��.��3���6WHYHQ��0���3URGXNWLRQVSODQXQJ��+HLGHOEHUJ��3K\VLFD�9HUODJ�������

.OHPPW�� $��� $EODXISODQXQJ� LQ� GHU� +DOEOHLWHU�� XQG� (OHNWURQLNSURGXNWLRQ�� +\EULGH�
2SWLPLHUXQJVYHUIDKUHQ�XQG�'HNRPSRVLWLRQVWHFKQLNHQ��:LHVEDGHQ��6SULQJHU�9LHZHJ�
������

.QXVW��6���������&RPSOH[LW\�UHVXOWV�IRU�VFKHGXOLQJ�SUREOHPV��8QWHU�0LWDUEHLW�YRQ�6LJULG�
.QXVW�� +J�� Y�� 3�� %UXFNHU�� )DNXOWlW� ,QIRUPDWLN�� 8QLYHUVLWlW� 2VQDEU�FN�� 2QOLQH�
YHUI�JEDU� XQWHU� KWWS���ZZZ��LQIRUPDWLN�XQL�RVQDEUXHFN�GH�NQXVW�FODVV��� ]XOHW]W� JH�
SU�IW�DP�������������

.UXJ�� :��� 6FKZRSH�� 0��� 6LPXODWLRQVEDVLHUWH� 5HLKHQIROJHRSWLPLHUXQJ� LQ� GHU�
3URGXNWLRQVSODQXQJ�XQG��VWHXHUXQJ�� ,Q��0lU]��/���.UXJ��:���5RVH��2���:HLJHUW��*��
�+UVJ����6LPXODWLRQ�XQG�2SWLPLHUXQJ� LQ�3URGXNWLRQ�XQG�/RJLVWLN��3UD[LVRULHQWLHUWHU�
/HLWIDGHQ�PLW�)DOOEHLVSLHOHQ��%HUOLQ��6SULQJHU�������6�����±�����

.UXPNH�� 6�2��� 1ROWHPHLHU�� +��� *UDSKHQWKHRUHWLVFKH� .RQ]HSWH� XQG� $OJRULWKPHQ��
:LHVEDGHQ��6SULQJHU�9LHZHJ�������

.XUEHO��.���0H\QHUW��-���)OH[LELOLWlW�XQG�3ODQXQJVVWUDWHJLHQ�I�U�LQWHUDNWLYH�336�6\VWHPH��
$UEHLWVEHULFKWH� GHV� /HKUVWXKOV� I�U� :LUWVFKDIWVLQIRUPDWLN�� 'RUWPXQG�� 8QLYHUVLWlW�
'RUWPXQG�������

.XUEHO��.���5RKPDQQ��7���(LQ�9HUJOHLFK�YRQ�9HUIDKUHQ�]XU�0DVFKLQHQEHOHJXQJVSODQXQJ��
6LPXODWHG� $QQHDOLQJ�� *HQHWLVFKH� $OJRULWKPHQ� XQG� PDWKHPDWLVFKH� 2SWLPLHUXQJ��
:LUWVFKDIWVLQIRUPDWLN��������������6�����±�����

/DJXQD��0���0DUWL��5���1HXUDO�QHWZRUN�SUHGLFWLRQ�LQ�D�V\VWHP�IRU�RSWLPL]LQJ�VLPXODWLRQV��
,,(�7UDQVDFWLRQV��������������6�����±�����

/DZ��$�0���6LPXODWLRQ�PRGHOLQJ�DQG�DQDO\VLV��%RVWRQ��0F*UDZ�+LOO�������
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/DZUHQFH��6���6XSSOHPHQW�WR�UHVRXUFH�FRQVWUDLQHG�SURMHFW�VFKHGXOLQJ��DQ�H[SHULPHQWDO�
LQYHVWLJDWLRQ� RI� KHXULVWLF� VFKHGXOLQJ� WHFKQLTXHV�� 3LWWVEXUJK�� &DUQHJLH�0HOORQ�
8QLYHUVLW\��'LVVHUWDWLRQ��������

/HQVWUD�� -�.��� 5LQQRR\� .DQ�� $��� &RPSXWDWLRQDO� FRPSOH[LW\� RI� GLVFUHWH� RSWLPL]DWLRQ�
SUREOHPV�� ,Q�� +DPPHU�� 3�/��� -RKQVRQ�� (�/��� .RUWH�� %�+�� �+UVJ���� 'LVFUHWH�
2SWLPL]DWLRQ� ,�� 3URFHHGLQJV� RI� WKH� $GYDQFHG� 5HVHDUFK� ,QVWLWXWH� RQ� 'LVFUHWH�
2SWLPL]DWLRQ�DQG�6\VWHPV�$SSOLFDWLRQV�RI�WKH�6\VWHPV�6FLHQFH�3DQHO�RI�1$72�DQG�
RI� WKH�'LVFUHWH� 2SWLPL]DWLRQ� 6\PSRVLXP��$PVWHUGDP��1HZ�<RUN��2[IRUG��1RUWK�
+ROODQG�3XEOLVKLQJ�&RPSDQ\�������6�����±�����

/HQVWUD�� -�.��� 5LQQRR\� .DQ�� $��� %UXFNHU�� 3��� &RPSOH[LW\� RI� PDFKLQH� VFKHGXOLQJ�
SUREOHPV�� ,Q��+DPPHU��3�/���-RKQVRQ��(�/���.RUWH��%�+���1HPKDXVHU��*�/�� �+UVJ����
6WXGLHV� LQ� LQWHJHU� SURJUDPPLQJ�� $PVWHUGDP�� 1HZ� <RUN�� 2[IRUG�� 1RUWK�+ROODQG�
3XEOLVKLQJ�&RPSDQ\�������6�����±�����

/LWWJHU�� .��� 2SWLPLHUXQJ�� (LQH� (LQI�KUXQJ� LQ� UHFKQHUJHVW�W]WH� 0HWKRGHQ�� %HUOLQ��
+HLGHOEHUJ��6SULQJHU�������

0DQQH��$�6���2Q�WKH�MRE�VKRS�VFKHGXOLQJ�SUREOHP��2SHUDWLRQV�5HVHDUFK�������������6��
���±�����

0DUWLQ��3���6KPR\V��'���$Q�QHZ�DSSURDFK�WR�FRPSXWLQJ�RSWLPDO�VFKHGXOHV�IRU�WKH�MRE�
VKRS� VFKHGXOLQJ� SUREOHP�� ,Q�� &XQQLQJKDP�� :�+��� 0F&RUPLFN�� 6�7KRPDV��
4XH\UDQQH�� 0�� �+UVJ���� ,QWHJHU� SURJUDPPLQJ� DQG� FRPELQDWRULDO� RSWLPL]DWLRQ��
3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�,3&2�&RQIHUHQFH��9DQFRXYHU��&DQDGD��������6��
���±�����

0DUWLQ��3�'���$�WLPH�RULHQWHG�DSSURDFK�WR�FRPSXWLQJ�RSWLPDO�VFKHGXOHV�IRU�WKH�MRE�VKRS�
VFKHGXOLQJ�SUREOHP��,WKDFD��&RUQHOO�8QLYHUVLW\��6FKRRO�RI�2SHUDWLRQV�5HVHDUFK�DQG�
,QGXVWULDO�(QJLQHHULQJ��'LVVHUWDWLRQ��������

0lU]��/���.UXJ��:���.RSSOXQJ�YRQ�6LPXODWLRQ�XQG�2SWLPLHUXQJ��,Q��0lU]��/���.UXJ��:���
5RVH�� 2��� :HLJHUW�� *�� �+UVJ���� 6LPXODWLRQ� XQG� 2SWLPLHUXQJ� LQ� 3URGXNWLRQ� XQG�
/RJLVWLN��3UD[LVRULHQWLHUWHU�/HLWIDGHQ�PLW�)DOOEHLVSLHOHQ��%HUOLQ��6SULQJHU�������6����±
����

0lU]��/���:HLJHUW��*���6LPXODWLRQVJHVW�W]WH�2SWLPLHUXQJ��,Q��0lU]��/���.UXJ��:���5RVH��
2���:HLJHUW�� *�� �+UVJ���� 6LPXODWLRQ� XQG�2SWLPLHUXQJ� LQ� 3URGXNWLRQ� XQG� /RJLVWLN��
3UD[LVRULHQWLHUWHU�/HLWIDGHQ�PLW�)DOOEHLVSLHOHQ��%HUOLQ��6SULQJHU�������6���±����

0DWVXR��+���6XK��&�-���6XOOLYDQ��5�6���$�FRQWUROOHG�VHDUFK�VLPXODWHG�DQQHDOLQJ�PHWKRG�
IRU�WKH�JHQHUDO�MRE�VKRS�VFKHGXOLQJ�V\VWHP��:RUNLQJ�3DSHU��$XVWLQ��*UDGXDWH�6FKRRO�
RI�%XVLQHVV��'HSDUWHPHQW�RI�0DQDJHPHQW��8QLYHUVLW\�RI�7H[DV�������
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0HWURSROLV��1���5RVHQEOXWK��$�:���5RVHQEOXWK��0�1���7HOOHU��$�+���7HOOHU��(���(TXDWLRQ�
RI�VWDWH�FDOFXODWLRQV�E\�IDVW�FRPSXWLQJ�PDFKLQHV��7KH�-RXUQDO�RI�&KHPLFDO�3K\VLFV�����
���������6��������

0LWFKHOO��0���$Q�LQWURGXFWLRQ�WR�JHQHWLF�DOJRULWKPV��&DPEULGJH��0,7�3UHVV�������

0�OOHU�0HUEDFK��+���2SWLPDOH�5HLKHQIROJHQ��%HUOLQ��+HLGHOEHUJ��6SULQJHU�������

1DNDQR�� 5��� <DPDGD�� 7��� &RQYHQWLRQDO� JHQHWLF� DOJRULWKP� IRU� MRE� VKRS� SUREOHPV�� ,Q��
.HQQHWK��0�.���%RRNHU��/�%���+UVJ����3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�*HQHWLF�$OJRULWKPV�DQG�WKHLU�$SSOLFDWLRQV��������6�����±�����

1RZLFNL�� (��� 6PXWQLFNL��&���$� IDVW� WDERR� VHDUFK� DOJRULWKP� IRU� WKH� MRE� VKRS� SUREOHP��
0DQDJHPHQW�6FLHQFH��������������6�����±�����

1XLMWHQ��:���/H�3DSH��&���&RQVWUDLQW�EDVHG�MRE�VKRS�VFKHGXOLQJ�ZLWK�,/2*�VFKHGXOHU��
-RXUQDO�RI�+HXULVWLFV�������������6�����±�����

3HVFK�� (���9R��� 6��� 6WUDWHJLHV�ZLWK�PHPRULHV�� ORFDO� VHDUFK� LQ� DQ� DSSOLFDWLRQ� RULHQWHG�
HQYLURQPHQW��25�6SHNWUXP����������������6����±����

3LGG�� 0��� &RPSXWHU� VLPXODWLRQ� LQ� PDQDJHPHQW� VFLHQFH�� &KLFKHVWHU�� 1HZ� <RUN��
:HLQKHLP��%ULVEDQH��6LQJDSRUH��7RURQWR��-RKQ�:LOH\�	�6RQV�������

3LQHGR��0���6FKHGXOLQJ��WKHRU\��DOJRULWKPV��DQG�V\VWHPV��1HZ�<RUN��6SULQJHU�������

3LUORW��0���*HQHUDO�ORFDO�VHDUFK�PHWKRGV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�����
���������6�����±�����

3UH�PDU�� '�%��� 3URGXNWLRQV�� XQG� NRVWHQWKHRUHWLVFKH� 0RGHOOLHUXQJ� GHU�
.XSSHOSURGXNWLRQ�� ,Q��.HXSHU�� )��� /D\HU��0�� �+UVJ���� 3URGXNWLRQ� XQG�&RQWUROOLQJ��
)HVWVFKULIW� I�U� 0DQIUHG� /D\HU� ]XP� ���� *HEXUWVWDJ�� :LHVEDGHQ�� 'HXWVFKHU�
8QLYHUVLWlWV�9HUODJ�������6����±�����

5DEH��0���6SLHFNHUPDQQ��6���:HQ]HO��6���9HULILNDWLRQ�XQG�9DOLGLHUXQJ�I�U�GLH�6LPXODWLRQ�
LQ�3URGXNWLRQ�XQG�/RJLVWLN��9RUJHKHQVPRGHOOH�XQG�7HFKQLNHQ��%HUOLQ��+HLGHOEHUJ��
6SULQJHU�������

5HHYHV��&���+J����0RGHUQ�KHXULVWLF�WHFKQLTXHV�IRU�FRPELQDWRULDO�SUREOHPV��/RQGRQ��1HZ�
<RUN��0F*UDZ�+LOO�%RRN�&R��������

5HHYHV�� &�5���%HDVOH\�� -�(��� ,QWURGXFWLRQ�� ,Q�� 5HHYHV�� &�5�� �+UVJ����0RGHUQ� KHXULVWLF�
WHFKQLTXHV�IRU�FRPELQDWRULDO�SUREOHPV��1HZ�<RUN��-RKQ�:LOH\�	�6RQV�������6���±����

5LHFN�� -��� 7RXUHQSODQXQJ� PLWWHOVWlQGLVFKHU� 6SHGLWLRQVXQWHUQHKPHQ�� 0RGHOOH� XQG�
0HWKRGHQ��:LHVEDGHQ��*DEOHU�������

5LQQRR\�.DQ��$��+��*���0DFKLQH�VFKHGXOLQJ�SUREOHPV��FODVVLILFDWLRQ��FRPSOH[LW\�DQG�
FRPSXWDWLRQV��7KH�+DJXH��1LMKRII�������
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5L[HQ�� ,��� 0DVFKLQHQEHOHJXQJVSODQXQJ� PLW� HYROXWLRQlUHQ� $OJRULWKPHQ�� :LHVEDGHQ��
'HXWVFKHU�8QLYHUVLWlWV�9HUODJ�������

5RVH��2���0lU]��/���6LPXODWLRQ��,Q��0lU]��/���.UXJ��:���5RVH��2���:HLJHUW��*���+UVJ����
6LPXODWLRQ�XQG�2SWLPLHUXQJ�LQ�3URGXNWLRQ�XQG�/RJLVWLN��3UD[LVRULHQWLHUWHU�/HLWIDGHQ�
PLW�)DOOEHLVSLHOHQ��%HUOLQ��6SULQJHU�������6����±����

5R\��%���6XVVPDQ��%���/HV�SUREOqPHV�G
RUGRQQDQFHPHQW�DYHF�FRQWUDLQWHV�GLVMRQFWLYHV��
1RWH�GH�WUDYDLO�QR�����'LUHFWLRQ�6FLHQWLILTXH��3DULV��>V�Q�@�������

6FKHHU�� $��:��� :LUWVFKDIWVLQIRUPDWLN�� 5HIHUHQ]PRGHOOH� I�U� LQGXVWULHOOH�
*HVFKlIWVSUR]HVVH��%HUOLQ��+HLGHOEHUJ��1HZ�<RUN��%DUFHORQD��%XGDSHVW��+RQJNRQJ��
/RQGRQ��0DLODQG��3DULV��6DQWD�&ODUD��6LQJDSXU��7RNLR��6SULQJHU�������

6FKXVWHU��&�-���1R�ZDLW�-RE�6KRS�6FKHGXOLQJ��.RPSOH[LWlW�XQG�/RFDO�6HDUFK��'XLVEXUJ��
8QLYHUVLWlW�'XLVEXUJ�(VVHQ��)DNXOWlW�GHU�1DWXUZLVVHQVFKDIWHQ��'LVVHUWDWLRQ��������

6FKXWWHQ��-���3UDFWLFDO�MRE�VKRS�VFKHGXOLQJ��$QQDOV�RI�2SHUDWLRQV�5HVHDUFK�����������6��
���±�����

6FKZDUW]��)���6W|UXQJVPDQDJHPHQW�LQ�3URGXNWLRQVV\VWHPHQ��$DFKHQ��6KDNHU�������

6FKZHGH��&���.OLQJHELHO��.���3DXOL��7���:DJHQLW]��$���6LPXODWLRQVJHVW�W]WH�2SWLPLHUXQJ�
I�U�GLH�GLVWULEXWLRQVRULHQWLHUWH�$XIWUDJVUHLKHQIROJHSODQXQJ�LQ�GHU�$XWRPRELOLQGXVWULH��
,Q��0lU]��/���.UXJ��:���5RVH��2���:HLJHUW��*���+UVJ����6LPXODWLRQ�XQG�2SWLPLHUXQJ�LQ�
3URGXNWLRQ� XQG� /RJLVWLN�� 3UD[LVRULHQWLHUWHU� /HLWIDGHQ� PLW� )DOOEHLVSLHOHQ�� %HUOLQ��
6SULQJHU�������6�����±�����

6HHOEDFK��+�$���$EODXISODQXQJ��:�U]EXUJ��:LHQ��3K\VLFD�9HUODJ�������

6HHOEDFK��+�$���$EODXISODQXQJ��,Q��:LWWPDQQ��:���.HUQ��:���.|KOHU��5���.�SSHU��+��8���
:\VRFNL��.��YRQ��+UVJ����+DQGZ|UWHUEXFK�GHU�%HWULHEVZLUWVFKDIW��6WXWWJDUW��6FKlIIHU�
3RHVFKHO�������6���±����

6LHJHO��7���2SWLPDOH�0DVFKLQHQEHOHJXQJVSODQXQJ��=ZHFNPl�LJNHLW�GHU�=LHONULWHULHQ�XQG�
9HUIDKUHQ�]XU�/|VXQJ�GHV�5HLKHQIROJHSUREOHPV��%HUOLQ��(��6FKPLGW�������

6RWVNRY��<���6KDNKOHYLFK��1�9���13�KDUGQHVV�RI� VKRS�VFKHGXOLQJ�SUREOHPV�ZLWK� WKUHH�
MREV��'LVFUHWH�$SSOLHG�0DWKHPDWLFV��������������6�����±�����

6WRUHU��5�+���:X��6�'���9DFFDUL��5���1HZ�VHDUFK�VSDFHV�IRU�VHTXHQFLQJ�SUREOHPV�ZLWK�
DSSOLFDWLRQ�WR�MRE�VKRS�VFKHGXOLQJ��0DQDJHPHQW�6FLHQFH���������������6������±������

6WUHLP��+���+HXULVWLVFKH�/|VXQJVYHUIDKUHQ��9HUVXFK�HLQHU�%HJULIIVNOlUXQJ��=HLWVFKULIW�I�U�
2SHUDWLRQV�5HVHDUFK��������������6�����������

7DLOODUG��(���3DUDOOHO�WDERR�VHDUFK�WHFKQLTXH�IRU�WKH�MREVKRS�VFKHGXOLQJ�SUREOHP��,QWHUQDO�
UHVHDUFK� UHSRUW�� 'pSDUWHPHQW� GH�0DWKpPDWLTXHV�� eFROH� 3RO\WHFKQLTXH� )pGpUDOH� GH�
/DXVDQQH��/DXVDQQH��6ZLW]HUODQG��������
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7DLOODUG��(���%HQFKPDUNV�IRU�EDVLF�VFKHGXOLQJ�SUREOHPV��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�
5HVHDUFK��������������6�����±�����

7DLOODUG�� (��� 3DUDOOHO� WDERR� VHDUFK� WHFKQLTXHV� IRU� WKH� MRE� VKRS� VFKHGXOLQJ� SUREOHP��
,1)2506�-RXUQDO�RQ�&RPSXWLQJ�������������6�����±�����

7HLFK��7���2SWLPLHUXQJ�YRQ�0DVFKLQHQEHOHJXQJVSOlQHQ�XQWHU�%HQXW]XQJ�KHXULVWLVFKHU�
9HUIDKUHQ��/RKPDU��.|OQ��(XO�������

7KRPVHQ�� 6��� 0HWDKHXULVWLFV� FRPELQHG� ZLWK� EUDQFK� DQG� ERXQG�� 7HFKQLFDO� 5HSRUW��
&RSHQKDJHQ�%XVLQHVV�6FKRRO��&RSHQKDJHQ��'HQPDUN��������

7LPNRYVN\��9�*���$�SRO\QRPLDO�WLPH�DOJRULWKP�IRU�WKH�WZR�PDFKLQH�XQLW�WLPH�UHOHDVH�
GDWH�MRE�VKRS�VFKHGXOH�OHQJWK�SUREOHP��'LVFUHWH�$SSOLHG�0DWKHPDWLFV��������������6��
���±�����

7LQJ��&��.���/L��6��7���/HH��&���2Q�WKH�KDUPRQLRXV�PDWLQJ�VWUDWHJ\�WKURXJK�WDEX�VHDUFK��
,QIRUPDWLRQ�6FLHQFHV�����������������6�����±�����

7UR�PDQQ��(���$EODXISODQXQJ�EHL�(LQ]HO��XQG�6HULHQSURGXNWLRQ��,Q��.HUQ��:���6FKU|GHU��
+��+��� :HEHU�� -�� �+UVJ���� +DQGZ|UWHUEXFK� GHU� 3URGXNWLRQVZLUWVFKDIW�� 6WXWWJDUW��
6FKlIIHU�3RHVFKHO�������6����±����

8QJHU��7���/LQHDUH�2SWLPLHUXQJ��:LHVEDGHQ��7HXEQHU�������

9DHVVHQV��5��-��0���$DUWV��(��+��/���/HQVWUD��-�.���-RE�VKRS�VFKHGXOLQJ�E\�ORFDO�VHDUFK��
,1)2506�-RXUQDO�RQ�&RPSXWLQJ�������������6�����±�����

9DQ�'\NH�3DUXQDN��+���&KDUDFWHUL]LQJ�WKH�PDQXIDFWXULQJ�VFKHGXOLQJ�SUREOHP��-RXUQDO�RI�
0DQXIDFWXULQJ�6\VWHPV��������������6�����±�����

YDQ�/DDUKRYHQ��3HWHU�-��0���$DUWV��(PLOH�+��/���/HQVWUD��-�.���-RE�VKRS�VFKHGXOLQJ�E\�
VLPXODWHG�DQQHDOLQJ��2SHUDWLRQV�5HVHDUFK��������������6�����±�����

YDQ� :DVVHQKRYH�� /�1��� *HOGHUV�� /�)��� 6ROYLQJ� D� ELFULWHULRQ� VFKHGXOLQJ� SUREOHP��
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�������������6����±����

9HUHLQ�'HXWVFKHU�,QJHQLHXUH������%ODWW����6LPXODWLRQ�YRQ�/RJLVWLN���0DWHULDOIOXVV��XQG�
3URGXNWLRQVV\VWHPHQ��*UXQGODJHQ��%HUOLQ��%HXWK��������

:HLJHUW��*���.OHPPW��$���+RUQ�� 6���'HVLJQ� DQG� YDOLGDWLRQ� RI� KHXULVWLF� DOJRULWKPV� IRU�
VLPXODWLRQ�EDVHG� VFKHGXOLQJ� RI� D� VHPLFRQGXFWRU� EDFNHQG� IDFLOLW\�� ,QWHUQDWLRQDO�
-RXUQDO�RI�3URGXFWLRQ�5HVHDUFK��������������6������±������

:HLJHUW��*���5RVH��2���6WHOO��XQG�=LHOJU|�HQ��,Q��0lU]��/���.UXJ��:���5RVH��2���:HLJHUW��
*���+UVJ����6LPXODWLRQ�XQG�2SWLPLHUXQJ�LQ�3URGXNWLRQ�XQG�/RJLVWLN��3UD[LVRULHQWLHUWHU�
/HLWIDGHQ�PLW�)DOOEHLVSLHOHQ��%HUOLQ��6SULQJHU�������6����±����
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:HQQLQN�� 0��� $OJRULWKPLF� VXSSRUW� IRU� DXWRPDWHG� SODQQLQJ� ERDUGV�� (LQGKRYHQ��
7HFKQLVFKH� 8QLYHUVLWHLW� (LQGKRYHQ�� 'HSDUWPHQW� RI� 0DWKHPDWLFV� DQG� &RPSXWLQJ�
6FLHQFH��3K�'��7KHVLV��������

:HQ]HO�� 6��� 5HIHUHQ]PRGHOOH� I�U� GLH� 6LPXODWLRQ� LQ� 3URGXNWLRQ� XQG� /RJLVWLN�� 'HOIW��
(UODQJHQ��*KHQW��6DQ�'LHJR��6RFLHW\�IRU�&RPSXWHU�6LPXODWLRQ�,QWHUQDWLRQDO�������

:ROSHUW�� '�+��� 0DFUHDG\�� :�*��� 1R� IUHH� OXQFK� WKHRUHPV� IRU� RSWLPL]DWLRQ�� ,(((�
7UDQVDFWLRQV�RQ�(YROXWLRQDU\�&RPSXWDWLRQ�������������6����±����

:ROSHUW�� '�+���0DFUHDG\��:�*���&RHYROXWLRQDU\� IUHH� OXQFKHV�� ,(((�7UDQVDFWLRQV� RQ�
(YROXWLRQDU\�&RPSXWDWLRQ�������������6�����±�����

:RROVH\��5��(��'���3URGXFWLRQ�VFKHGXOLQJ�TXLFN�DQG�GLUW\�PHWKRGV�IRU�SDUDOOHO�PDFKLQHV��
3URGXFWLRQ�DQG�,QYHQWRU\�0DQDJHPHQW��������������6����±����

<DPDGD�� 7��� 1DNDQR�� 5��� $� JHQHWLF� DOJRULWKP� DSSOLFDEOH� WR� ODUJH�VFDOH� MRE�VKRS�
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DQG�DSSOLFDWLRQV��%RVWRQ��6SULQJHU�������6�����±�����
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