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=XVDPPHQIDVVXQJ�
,Q�GLHVHP�%HLWUDJ�ZLUG�GLH�,QWHUDNWLRQ�PLW��'��XQG��'�(LQJDEHJHUlWHQ�EHL�GHU�7KHUDSLHSODQXQJ�HQGR�
VNRSLVFKHU�(LQJULIIH�XQWHUVXFKW�XQG�HYDOXLHUW��ZREHL�HUVWPDOV�GHU�V\VWHPDWLVFKH�9HUJOHLFK�XQWHUVFKLHG�
OLFKHU�(LQJDEHJHUlWH� GHQ�)RNXV�ELOGHW��$X�HUGHP�ZHUGHQ�0|JOLFKNHLWHQ� ]XU�$EELOGXQJ� YRQ� VRZRKO�
HLQHP�(LQJDEHJHUlW�DOV�DXFK�HLQHU�.RPELQDWLRQ�DXV�YHUVFKLHGHQHQ�*HUlWHQ�DXI�HLQH�,QWHUDNWLRQVWHFK�
QLN�EHVFKULHEHQ��'DEHL�OLHJW�GHU�6FKZHUSXQNW�GHU�0HQVFK�&RPSXWHU�,QWHUDNWLRQ�DXI�GHU�6WHXHUXQJ�GHV�
%HWUDFKWXQJVSXQNWHV��DOVR�GHV�YLUWXHOOHQ�(QGRVNRSV��

�� (LQOHLWXQJ�
9LUWXHOOH�(QGRVNRSLH� JHZLQQW� I�U� GLH�'LDJQRVWLN� XQG�7KHUDSLHSODQXQJ� ]XQHKPHQG� DQ�%H�
GHXWXQJ��%HGLQJW�GXUFK�GLH�VWHWLJ�VWHLJHQGH�$XIO|VXQJ�XQG�GDPLW�DXFK�'DWHQPHQJH�EHL�GHQ�
ELOGJHEHQGHQ�9HUIDKUHQ�LVW�HLQH�UDVFKH�%HWUDFKWXQJ�YRQ�ELV�]X�PHKUHUHQ�KXQGHUW�6FKLFKWELO�
GHUQ�PLWWOHUZHLOH�GHXWOLFK�NRPSOL]LHUWHU�JHZRUGHQ��,P�*HJHQ]XJ�SURILWLHUHQ�MHGRFK�FRPSX�
WHUJHVW�W]WH�3ODQXQJVDQVlW]H�YRQ�HEHQ�MHQHU�KRKHQ�$XIO|VXQJ��GD�GHU�'HWDLOOLHUXQJVJUDG�GHU�
JHQHULHUWHQ�%LOGHU�HQWVSUHFKHQG�DQVWHLJW��,Q�GHQ�OHW]WHQ�-DKUHQ�KDEHQ�GLH�6RIWZDUHDVVLVWHQWHQ�
EHUHLWV�PD�JHEOLFK�GLH�PHGL]LQLVFKH�7KHUDSLHSODQXQJ�EHHLQIOXVVW��(V�ZXUGHQ�6\VWHPH�HQW�
ZLFNHOW��ZHOFKH�GHP�$U]W�EHUHLWV�YRU�GHU�2SHUDWLRQ�GLH�0|JOLFKNHLW�JHEHQ��GHQ�2SHUDWLRQV�
DEODXI�DQ�GHP�3DWLHQWHQ�YLUWXHOO�]X�SODQHQ��=LHO�HLQHU�2SHUDWLRQ�LVW�HV��GHQ�3DWLHQWHQ�]X�KHL�
OHQ� XQG� GDEHL�� XP� .RPSOLNDWLRQHQ� ]X� YHUPHLGHQ�� P|JOLFKVW� VFKRQHQG� ]X� RSHULHUHQ�� 'LH�
FRPSXWHUJHVW�W]WH�� FKLUXUJLVFKH� 7KHUDSLHSODQXQJ� NDQQ� DQ� GLHVHU� 6WHOOH� DQVHW]HQ�� XP� PLW�
+LOIH� YRQ� RSWLPLHUWHQ� ,QWHUDNWLRQVWHFKQLNHQ� XQG� DXVJHZlKOWHQ� (LQJDEHJHUlWHQ� SUlRSHUDWLY�
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YHUVFKLHGHQH�9DULDQWHQ�GHU�2SHUDWLRQ�]X�HUSUREHQ�XQG�LQ�%H]XJ�DXI�GDV�PLW�LKQHQ�YHUEXQGH�
QH�5LVLNR�]X�DQDO\VLHUHQ��

�� 6WDQG�GHU�)RUVFKXQJ�XQG�=LHOVWHOOXQJ�
+DXSWDQZHQGXQJ� I�U� YLUWXHOOH� (QGRVNRSLH� ZDU� ELVODQJ� YRU� DOOHP� GLH� 'LDJQRVWLN� �%DUW]�
������� I�U�GLH�HLQH�5HLKH�HIIL]LHQWHU�9LVXDOLVLHUXQJHQ�XQG�%LOGDQDO\VHWHFKQLNHQ�HQWZLFNHOW�
ZXUGHQ��+RQJ�HW�DO��������1HXEDXHU�HW�DO���������%LOGDQDO\VH� LVW�ZHVHQWOLFK��ZHQQ�5LVLNR�
VWUXNWXUHQ� GDUJHVWHOOW� ZHUGHQ� VROOHQ� E]Z�� TXDQWLWDWLYH� $XVVDJHQ�� ]�%�� 0D�DQJDEHQ� YRQ�
6WUXNWXUHQ� HUIRUGHUOLFK� VLQG�� 'LH� LQWHUDNWLYH� UlXPOLFKH� 5HSUlVHQWDWLRQ� EHL� HLQHU� YLUWXHOOHQ�
(QGRVNRSLH�NDQQ�QXQ�]XVlW]OLFK�DOV�/DQGNDUWH�I�U�GLH�2SHUDWLRQ�GLHQHQ�XQG�GDPLW�GLH�LQWUD�
RSHUDWLYH�2ULHQWLHUXQJ�XQWHUVW�W]HQ��(LQH�ZHVHQWOLFKH�6FKZLHULJNHLW�VWHOOW�MHGRFK�GLH�,QWHUDN�
WLRQ�PLW�GHUDUWLJHQ��G�9LVXDOLVLHUXQJHQ�GDU���
'LH� .DPHUDVWHXHUXQJ� GHV� YLUWXHOOHQ� (QGRVNRSV� LVW� GDEHL� GLH� +DXSW�,QWHUDNWLRQVDXIJDEH��
'XUFK� GLH�9LHO]DKO� GHU� LQWHUDNWLYHQ�0|JOLFKNHLWHQ� VROOWH� GLH�:DKO� GHV�(LQJDEHJHUlWHV� I�U�
HLQH�HQWVSUHFKHQGH�,QWHUDNWLRQVWHFKQLN�JXW��EHUOHJW�VHLQ��1HEHQ�GHQ�KHUN|PPOLFKHQ�(LQJD�
EHPHGLHQ��ZLH�7DVWDWXU�RGHU�0DXV��JDE�HV�LQ�GHQ�OHW]WHQ�-DKUHQ�YLHOH�:HLWHUHQWZLFNOXQJHQ��
�'�(LQJDEHJHUlWH��ZHOFKH�I�U�,QWHUDNWLRQHQ�LP�GUHLGLPHQVLRQDOHQ�5DXP�HQWZLFNHOW�ZXUGHQ��
ZHUGHQ� LQ�GHU� ,QWHUYHQWLRQVSODQXQJ�QRFK� VHOWHQ�HLQJHVHW]W��(LQDUEHLWXQJV]HLW� XQG�$QVFKDI�
IXQJVNRVWHQ� ZHUGHQ� PHLVW� DOV� *U�QGH� JHJHQ� HLQH� 1HXDQVFKDIIXQJ� HLQHV� (LQJDEHJHUlWHV�
JHQDQQW���
'LHVH�%DUULHUH� NDQQ�QXU� GXUFK� HLQHQ� V\VWHPDWLVFKHQ�9HUJOHLFK�YRQ�(LQJDEHJHUlWHQ� JHJHQ�
�EHU�DQGHUHQ�DEJHEDXW�ZHUGHQ��'DV�=LHO�GLHVHU�$UEHLW�ODJ�LQ�GHU�(QWZLFNOXQJ�HLQHV�6\VWHPV�
]XP� REMHNWLYHQ�9HUJOHLFK� YRQ� (LQJDEHJHUlWHQ� I�U� ,QWHUDNWLRQVWHFKQLNHQ� ]XU�.DPHUDVWHXH�
UXQJ�� (V� JLQJ� GDEHL� XQWHU� DQGHUHP� XP�GHQ�9HUJOHLFK� KHUN|PPOLFKHU�(LQJDEHPHGLHQ��ZLH�
0DXV�XQG�7DVWDWXU��PLW�DOWHUQDWLYHQ�(LQJDEHJHUlWHQ��ZLH�GHP�*UDILN�7DEOHWW��GHP�7UDFNEDOO�
RGHU�GHU�6SDFHPRXVH��(LQ�-R\VWLFN��ZLH�LKQ�GDV�67(36�6\VWHP��1HXEDXHU�HW�DO��������QXW]W��
ZXUGH� KLHU� DXIJUXQG� GRUW� DXIJHI�KUWHU� 3UREOHPH� QLFKW� EHWUDFKWHW�� 'LH� *HJHQ�EHUVWHOOXQJ�
ZXUGH�PLW�+LOIH�GHV�KLHU�HQWZLFNHOWHQ�9HUJOHLFKVV\VWHPV�GXUFKJHI�KUW��$OV�,QWHUDNWLRQVWHFK�
QLN� NDP� KLHUEHL� GLH� 6WHXHUXQJ� HLQHU� YLUWXHOOHQ� .DPHUD� LQ� GHQ� 1DVHQQHEHQK|KOHQ� �11+��
]XP�(LQVDW]��'HU�)RNXV�ODJ�KLHU�EHZXVVW�DXI�GHU�.DPHUDVWHXHUXQJ��GD�JHUDGH�EHL�GHU�,QWHU�
YHQWLRQVSODQXQJ� GLHV� GLH� DP� KlXILJVWHQ� DXIWUHWHQGH� ,QWHUDNWLRQ�PLW� HLQHP�3ODQXQJVV\VWHP�
LVW��'DI�U�VWDQGHQ�&7�'DWHQVlW]H�GHU�11+�]XU�9HUI�JXQJ��
8P� DEVFKlW]HQ� ]X� N|QQHQ�� RE� KDSWLVFKHV� )HHGEDFN� EHL� GHU� .DPHUDVWHXHUXQJ� ]XVlW]OLFKH�
9RUWHLOH� ELHWHW��ZXUGH� HLQ�ZHLWHUHV�7HVWV\VWHP�NRQ]LSLHUW��ZHOFKHV�GDV�3KDQWRP�GHU�)LUPD�
6HQV$EOH� DOV� ,QWHUDNWLRQVJHUlW� YHUZHQGHW��0LW� GLHVHP� VWHKHQ� VHFKV� )UHLKHLWVJUDGH� I�U� GLH�
(LQJDEH�XQG�GUHL�I�U�GLH�KDSWLVFKH�$XVJDEH��5DXPSXQNW��]XU�9HUI�JXQJ��bKQOLFKH�$QVlW]H�
VLQG� EHUHLWV� HUIROJUHLFK� EHL� &KLUXUJLHVLPXODWRUHQ� I�U� HQGRVNRSLVFKH� (LQJULIIH� �9RVV� HW� DO��
������3|�QHFN�HW�DO��������YHUZHQGHW�ZRUGHQ��GD�HV�KLHUEHL�YRU�DOOHP�DXI�HLQH�EHVWP|JOLFKH�
6LPXODWLRQ�HLQHU�UHDOHQ�2SHUDWLRQ�DQNRPPW���
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�� 8PVHW]XQJ�
'LH� $XVZDKO� GHU� ]X� XQWHUVXFKHQGHQ� (LQJDEHJHUlWH� HUIROJWH� QDFK� HLQHU� (LQVFKlW]XQJ� GHU�
SRWHQWLHOOHQ�(LJQXQJ�I�U�GLH�6WHXHUXQJ�GHU�YLUWXHOOHQ�(QGRVNRSLH�XQG�GHU�NOLQLVFKHQ�9HUI�J�
EDUNHLW� E]Z�� GHQ� $QVFKDIIXQJVNRVWHQ�� 'DU�EHU� KLQDXV� ZXUGH� GDV� 3KDQWRP� EHWUDFKWHW�� RE�
ZRKO�HV�DXIJUXQG�GHU�KRKHQ�$QVFKDIIXQJVNRVWHQ�XQG�GHU�=LHOULFKWXQJ�GHU�(QWZLFNOXQJ��3OD�
QXQJVV\VWHP� YV�� &KLUXUJLHVLPXODWLRQ�� YHUPXWOLFK� NHLQHQ� SUDNWLVFKHQ� (LQVDW]� LQ� .OLQLNHQ�
ILQGHQ�ZLUG��'HQQRFK�N|QQWH�HV� WKHRUHWLVFK�EHVVHU� I�U�GLH�KLHU�YRUOLHJHQGH�,QWHUDNWLRQVDXI�
JDEH�JHHLJQHW�VHLQ��GD�HV�HLQH�lKQOLFKH�+DQGKDEXQJ�ZLH�HLQ�UHDOHV�(QGRVNRS�ELHWHW��
8QWHUVXFKW�ZXUGHQ�GDKHU�LQ�HUVWHU�/LQLH��7DVWDWXU��0DXV��7UDFNEDOO��6SDFHEDOO�XQG�*UDSKLN�
WDEOHWW� VRZLH� VLQQYROOH� .RPELQDWLRQHQ� GDUDXV�� 'LH� ,PSOHPHQWLHUXQJ� GHU� 7HVWXPJHEXQJ�
HUIROJWH� PLWWHOV� 97. � � ZHOFKHV� VLFK� DOV� J�QVWLJ� I�U� GLH� $QELQGXQJ� GHU� *HUlWHELEOLRWKHNHQ�
KHUDXVVWHOOWH��'DV�3KDQWRP�ZXUGH�PLW�GHP�6HQV$EOH�2SHQ+DSWLFV� WRRONLW � �DQJHVWHXHUW�XQG�
GDV� ]XJHK|ULJH� 7HVWV\VWHP�PLW�+LOIH� GHU�%LOGYHUDUEHLWXQJV�� XQG�9LVXDOLVLHUXQJVELEOLRWKHN�
0H9LV/DE � � XPJHVHW]W� �QlKHUHV� VLHKH�.U�JHU� HW� DO�� �������+LHUEHL� LVW� HLQH� EHVRQGHUV� KRKH�
:LHGHUKROUDWH� GHU� .UDIWEHUHFKQXQJ� HQWVFKHLGHQG� �!�N+]��� GD� DQVRQVWHQ� HLQH� $UW� =LWWHUQ�
VS�UEDU� Z�UGH�� $EELOGXQJ� �� VWHOOW� GLH� HUIRUGHUOLFKHQ� %H]LHKXQJHQ� ]ZLVFKHQ� GHQ� YLVXHOOHQ�
XQG� KDSWLVFKHQ�$XVJDEHQ� GHV� 6\VWHPV� XQG� GHQ�(LQJDEHQ� GHV�%HQXW]HUV� GDU��:LH� DXI� GHU�
OLQNHQ�6HLWH�GHV�6FKHPDV�]X�HUNHQQHQ�LVW��ZHUGHQ�1DYLJDWLRQVVWUXNWXUHQ��GDUXQWHU�VLQG�KLHU�
'DWHQVWUXNWXUHQ�ZLH�]�%��*UDGLHQWHQIHOGHU�]X�YHUVWHKHQ��DXV�GHP�3DWLHQWHQGDWHQVDW]�YRUEH�
UHFKQHW��XP�HLQH�P|JOLFKVW�KRKH�KDSWLVFKH�%HUHFKQXQJVUDWH�HUUHLFKHQ�]X�N|QQHQ��'LH�9LVXD�
OLVLHUXQJ�HUIROJW�PLW�+LOIH�YRQ�GLUHNWHP�9ROXPHQUHQGHULQJ��ZHOFKHV�0H9LV/DE�EHUHLWVWHOOW��
,Q�$EELOGXQJ���LVW�GLHV�LQ�GHP�ILQDOHQ�,QWHUIDFH�GHV�3KDQWRP�7HVWV\VWHPV�]X�VHKHQ��
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'LH�DQGHUHQ��ZHLWHU�REHQ�HUZlKQWHQ�(LQJDEHJHUlWH��XQWHUVFKHLGHQ�VLFK�JHQHUHOO�YRU�DOOHP�LQ�
GHU�$Q]DKO�GHU�)UHLKHLWVJUDGH�XQG�GHU�*HQHULHUXQJ�YRQ�DEVROXWHQ�RGHU�UHODWLYHQ�3RVLWLRQV�
ZHUWHQ��8P�GLHVH�(LQJDEHGDWHQ�LQ�EHOLHELJHQ�.RPELQDWLRQHQ�]X�HUIDVVHQ��ZXUGH�LQ�97.�HLQ�
,QWHUIDFH�&RQWUROOHU� LPSOHPHQWLHUW�� ZHOFKHU� HLQHUVHLWV� 'DWHQ� I�U� GLH� .DPHUDVWHXHUXQJ� GHV�
YLUWXHOOHQ�(QGRVNRSV��DQGHUHUVHLWV�VSH]LHOOH�,QIRUPDWLRQHQ�]XU�(YDOXLHUXQJ�DQ�GLH�$QDO\VH�
PRGXOH� OLHIHUW�� ,Q�GHP� ,QWHUIDFH�&RQWUROOHU� ILQGHW�GLH�=XRUGQXQJ�GHU� DQNRPPHQGHQ�'DWHQ�
]X� GHQ� ,QWHUDNWLRQVWHFKQLNHQ� VWDWW�� 'LH� JOHLFK]HLWLJH� 9HUZHQGXQJ� PHKUHUHU� (LQJDEHJHUlWH�
ZLUG�GXUFK�HLQH�SULRULVLHUWH�:DUWHVFKODQJH�UHDOLVLHUW��=XU�$QZHQGXQJ�GHU�$QDO\VHPHWKRGHQ�
ZHUGHQ�� QHEHQ� GHU� *HUlWH�,'�� GLH� 2ULHQWLHUXQJ� GHU� .DPHUD� XQG� GLH� 3RVLWLRQ� GHU� .DPHUD�
VRZLH�GLH�DNWXHOOH�bQGHUXQJVIUHTXHQ]�GLHVHU�:HUWH�DXIJH]HLFKQHW��$EELOGXQJ���YHUGHXWOLFKW�
GLHVH�%H]LHKXQJHQ�XQG�]HLJW�]XVlW]OLFK� OLQNV�XQWHQ� LP�%LOG�HLQLJH�P|JOLFKH�$XVJDEHQ��GLH�
GHU�,QWHUIDFH�&RQWUROOHU�OLHIHUQ�NDQQ��:HVHQWOLFK�LVW�GDEHL��GDVV�QXQ�JHQHUDOLVLHUWH�:HUWH�YRQ�
GHQ� XQWHUVFKLHGOLFKHQ� (LQJDEHJHUlWHQ� ]XU� 9HUI�JXQJ� VWHKHQ� XQG� I�U� YLHOIlOWLJH� $XIJDEHQ�
JHQXW]W�ZHUGHQ�N|QQHQ��
�
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�� (YDOXLHUXQJ�
)�U�GLH�(YDOXLHUXQJ�ZXUGH�HLQ�7HVWV]HQDULR�PLW�HLQHU��'�'DUVWHOOXQJ�GHU�1DVHQQHEHQK|KOHQ�
HUVWHOOW�� $OV� $QDO\VHPHWKRGH� ILHO� GLH� :DKO� HLQHUVHLWV� DXI� GLH� $XVZHUWXQJ� GHU� %HZHJXQJ�
VHOEVW�� DOVR� GHU�$Q]DKO� GHU�bQGHUXQJHQ� SUR�=HLWWDNW�� DQGHUHUVHLWV� DXI� HLQHQ�3IDGYHUJOHLFK��
'D]X�ZXUGH� HLQ�%HZHJXQJVSIDG�YRUJHJHEHQ��ZHOFKHU� HLQHU� W\SLVFKHQ�(QGRVNRSLH� GHU�1D�
VHQQHEHQK|KOHQ�HQWVSULFKW��'LH�3UREDQGHQ�KDWWH�ZlKUHQG�GHU�6WXGLH�GLH�$XIJDEH��:HJPDU�
NHQ�DE]XIOLHJHQ�XQG�VRPLW�GHP��'�3IDG�]X�IROJHQ��)�U�GLH�$XVZHUWXQJ�ZXUGH�GHU�YRUJHJH�
EHQH�3IDG�PLW�.XJHOQ�YHUVHKHQ�XQG� MHZHLOV�GHU�6FKQLWW�PLW�GHP�DXIJH]HLFKQHWHQ�3IDG�GHV�
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3UREDQGHQ�HUPLWWHOW��YJO��$EELOGXQJ�����'HU�$OJRULWKPXV�NDQQ�GHP]XIROJH�PLW�GHP�5DGLXV�
XQG� GHP� 'LVWDQ]ZHUW� SDUDPHWULHUW� ZHUGHQ�� XP� GHQ� *UDG� GHU� 6HQVLELOLWlW� HLQ]XVWHOOHQ��
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)�U�GLH�]ZHLWH�$QDO\VH��GLH�$XVZHUWXQJ�GHV�Ä=LWWHUQV³�E]Z��GHV�7UHPRUV�GHU�(LQJDEH��ZXU�
GHQ� GLH� JHWDNWHWHQ� 3RVLWLRQV�� XQG�2ULHQWLHUXQJVGDWHQ� JHQXW]W��'LH�$XIJDEH� HLQHU�.DPHUD�
IDKUW� LQ�GHU� ,QWHUYHQWLRQVSODQXQJ�EHVWHKW�PHLVW� LQ� HLQHU� ]LHOJHULFKWHWHQ�%HZHJXQJ�]X� HLQHU�
NRQNUHWHQ� 6WHOOH� GHU� 1DVHQQHEHQK|KOHQ�� (LQ� KRKHU� 7UHPRU�:HUW� VROOWH� VLFK� HQWVSUHFKHQG�
QHJDWLY�DXI�HLQH�IO�VVLJH�XQG�JOHLFKI|UPLJH�.DPHUDEHZHJXQJ�DXVZLUNHQ��YJO��$EELOGXQJ�����
'LH�(UIDVVXQJ�YRQ�$XVVDJHQ�SRWHQWLHOOHU�1XW]HU�HUIROJWH�EHL�EHLGHQ�6\VWHPHQ�PLWWHOV�)UDJH�
E|JHQ��ZHOFKH�$VSHNWH��ZLH�GLH�(LQDUEHLWXQJV]HLW�RGHU�=XIULHGHQKHLW�EHL�GHU�%HQXW]XQJ�GHV�



�$UQR�.U�JHU��.ULVWLQD�6WDPSH��6WHIIHQ�,UUJDQJ��,OND�5LFKWHU��*HUR�6WUDX��XQG�%HUQKDUG�3UHLP

(LQJDEHJHUlWHV�RGHU�GLH�(IIL]LHQ]�EHL�HLQHU�1XW]XQJ�XQG�GLH�(UI�OOXQJ�YRQ�(UZDUWXQJHQ�DQ�
GLH�6WHXHUXQJ��DEIUDJWHQ��
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8P�GLH�/HUQUDWH�HLQHU�(LQJDEHPHWKRGH�HLQVFKlW]HQ�]X�N|QQHQ��PXVVWH�MHGHU�GHU����3UREDQ�
GHQ�GLH�JHVWHOOWH�$XIJDEH�GHU�3IDGYHUIROJXQJ�PHKUIDFK�O|VHQ��$XV�GLHVHP�H[SORUDWLYHQ�HUV�
WHQ� 7HLO� GHU� (YDOXLHUXQJ� HUJDEHQ� VLFK� HLQLJH� LQWHUHVVDQWH� 7UHQGV� DXV� GHQ�0HVVXQJHQ� I�U�
3IDGYHUJOHLFK�XQG�7UHPRU��'LH�DXIJHVWHOOWHQ�7KHVHQ�ZXUGHQ�LP�NRQILUPDWLYHQ�7HLO�GHU�(YD�
OXLHUXQJ��EHUSU�IW��'LH����3UREDQGHQ�VHW]WHQ�VLFK�KLHUEHL�YRU�DOOHP�DXV�bU]WHQ���P��Z��XQG�
([SHUWHQ�GHU�0HGL]LQWHFKQLN���P��Z��]XVDPPHQ��/HW]WHUH�KDEHQ�EHUXIOLFK�PLW�GHU�*HUlWH��
XQG�6\VWHPHQWZLFNOXQJ�LP�%HUHLFK�0HGL]LQ�(UIDKUXQJ�XQG�NHQQHQ�VLFK�JXW�LP�8PJDQJ�PLW�
GHP� &RPSXWHU� DXV�� $OWHUVPl�LJ� YDULLHUHQ� GLH� 7HVWSHUVRQHQ� ]ZLVFKHQ� ��� XQG� ��� -DKUHQ��
$EELOGXQJ���]HLJW�GHQ�$XIEDX�GHU�EHLGHQ�6\VWHPH�PLW�3UREDQGHQ��

�� $XVZHUWXQJ�
(V� VWHOOWH� VLFK� KHUDXV�� GDVV� GLH� EHLGKlQGLJH� ,QWHUDNWLRQ� �YJO��*XLDUG� ������+LQFNOH\� HW� DO��
������6XEUDPDQLDQ��������]�%��7DVWDWXU���0DXV��JHQHUHOO�DN]HSWLHUW�ZLUG�XQG�JXWH�5HVXOWDWH�
OLHIHUW�� ZDV� GLH� $XVI�KUXQJ� GHU� JHVWHOOWHQ� ,QWHUDNWLRQVDXIJDEH� DQJHKW�� *HUDGH� $QIlQJHUQ�
EHUHLWHW� MHGRFK� GLH�.RRUGLQDWLRQ� 6FKZLHULJNHLWHQ��:HLWHUKLQ� EHVLW]W� GHU�7UDFNEDOO� LP�9HU�
JOHLFK�]XU�0DXV�GHQ�9RUWHLO�GHV�JHULQJHUHQ�3ODW]EHGDUIV�XQG�ZXUGH�DXFK�LQ�GHU�+DQGKDEXQJ�
DOV� VXEMHNWLY� EHVVHU� EHZHUWHW��(LQ�1DFKWHLO� GLHVHV�*HUlWHV� LVW� GLH�7UHPRU�$QIlOOLJNHLW��ZDV�
VLFK�DQIDQJV� LQ�HLQHP�VWHWHQ�hEHUVWHXHUQ�XQG�GDPLW�5LFKWXQJVlQGHUXQJHQ�GHU�.DPHUD�ZL�
GHUVSLHJHOW��lKQOLFK�GHQ�(UJHEQLVVHQ�LQ�0DF.HQ]LH�HW�DO����������
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'DV� *UDSKLNWDEOHWW� VWHOOW� KLHU� ]ZDU� HLQH� UHODWLY� H[RWLVFKH� ,QWHUDNWLRQVPHWKRGH� I�U� GLHVHV�
$QZHQGXQJVJHELHW�GDU��ELHWHW�MHGRFK�YLHOH�)UHLKHLWVJUDGH�XQG�HUODXEW�HV�GDU�EHU�KLQDXV�PLW�
]ZHL� QHLJXQJVVHQVLWLYHQ� 6WLIWHQ� JOHLFK]HLWLJ� ]X� LQWHUDJLHUHQ�� :LH� GLH� (YDOXLHUXQJ� ]HLJWH��
NDQQ� GDV�7DEOHWW� I�U� GLH�1DYLJDWLRQ� LQ� GHQ� DQDWRPLVFKHQ�6WUXNWXUHQ� �EHU� GLH� 6WLIWQHLJXQJ�
HLQJHVHW]W� ZHUGHQ�� HV� LVW� MHGRFK� QRFK� )HLQDUEHLW� I�U� GLH� -XVWLHUXQJ� GHU� ,QWHUDNWLRQVWHFKQLN�
Q|WLJ��'LH� �EHU�GLH�ZLHGHUKROWHQ�9HUVXFKH� HUPLWWHOWH�/HUQUDWH�ZDU�KLHU� HUIUHXOLFK�KRFK�� VR�
GDVV�GHU�$QVDW]�ZHLWHU�YHUIROJW�ZHUGHQ�NDQQ��'HU�6SDFHEDOO�HUIlKUW�GLH�K|FKVWH�$N]HSWDQ]�
EHL�GHQ�%HQXW]HUQ�� OLHIHUW�DXFK�GLH�JHQDXHVWHQ�hEHUHLQVWLPPXQJHQ�EHL�GHU�3IDGYHUIROJXQJ�
XQG�GDV�EHL�JHULQJHP�7UHPRU��'DU�EHU�KLQDXV�LVW�KLHU�GLH�/HUQNXUYH�VHKU�VWHLO��ZDV�DXIJUXQG�
GHU�GLUHNWHQ�$EELOGXQJ�GHU�.DPHUDVWHXHUXQJ�DXFK�]X�HUZDUWHQ�ZDU��$EELOGXQJ��� VWHOOW�GLH�
(UJHEQLVVH�GHU�EHLGHQ�GXUFKJHI�KUWHQ�7HVWV�QRFK�HLQPDO�JHJHQ�EHU��%HLP�=LWWHUQ��7UHPRU�
:HUW��$EELOGXQJ� �� OLQNV�� LVW� HLQ� EHVRQGHUV� NOHLQHU�:HUW� DQJHVWUHEW� XQG� EHL� GHP�3IDGYHU�
JOHLFK�UHSUlVHQWLHUHQ�KRKH�:HUWH�DXFK�HLQHQ�KRKHQ�*UDG�DQ�hEHUHLQVWLPPXQJ��$XFK�ZHQQ�
GLH�JHULQJH�$Q]DKO�GHU�6WLFKSUREHQ�QLFKW�]X�HLQHU�VLJQLILNDQWHQ�$XVVDJH�I�KUW��NDQQ�GLHVHV�
(UJHEQLV� GHQQRFK� DOV� 7UHQG� IRUPXOLHUW� ZHUGHQ��:HLWHUH� 7HVWV� PLW� PHKU� 7HLOQHKPHUQ� XQG�
HLQHP�QRFK�NODUHU�JHWUHQQWHQ�7HLOQHKPHUIHOG�ZlUHQ�]XN�QIWLJ�DQ]XVWUHEHQ��

7HVW�PLW�GHP�3KDQWRP�
%HL�GHP�3KDQWRP�7HVW�KDEHQ�VHFKV�3UREDQGHQ����PlQQOLFK����ZHLEOLFK��LP�$OWHU�]ZLVFKHQ�
���XQG����-DKUHQ�DQ�GHU�(YDOXLHUXQJ�WHLOJHQRPPHQ��$XIJUXQG�GHU�JHULQJHQ�=DKO�ZHUGHQ�GLH�
(UJHEQLVVH�YRUZLHJHQG�TXDOLWDWLY� LQWHUSUHWLHUW��'LH�3UREDQGHQ�EHZHUWHWHQ� LKUH�(UIDKUXQJHQ�
PLW�&RPSXWHUQ�XQG�GHQ�(LQJDEHJHUlWHQ�0DXV�XQG�7DVWDWXU�DOV�UHFKW�KRFK��'XUFKVFKQLWW����
DXI�HLQHU�6NDOH�YRQ���ELV�����'LH�(UIDKUXQJ�PLW��'�(LQJDEHJHUlWHQ��'XUFKVFKQLWW������XQG�
)RUFH�)HHGEDFN�*HUlWHQ��'XUFKVFKQLWW������ZXUGHQ�DOV�ZHVHQWOLFK�JHULQJHU�HLQJHVFKlW]W��(V�
ZXUGH�IHVWJHVWHOOW��GDVV�GLH�%HZHUWXQJ�GHU�GXUFK�GDV�KDSWLVFKH�)HHGEDFN�XQWHUVW�W]WHQ�1DYL�
JDWLRQ� LQ� IDVW�DOOHQ�.ULWHULHQ�EHVVHU�DXVILHO�� DOV�EHL�GHQ�DQGHUHQ�1DYLJDWLRQVWHFKQLNHQ��'LH�
HQWVSUHFKHQGHQ�(UJHEQLVVH�VLQG�LQ�$EELOGXQJ���]XVDPPHQIDVVHQG�GDUJHVWHOOW��
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(LQH� ZHLWHUH� (YDOXLHUXQJ� ZXUGH�PLW� +12�&KLUXUJHQ� XQG� ([SHUWHQ� LP�%HUHLFK� &RPSXWHU�
$VVLVWHG�6XUJHU\�GXUFKJHI�KUW��'LH�$EELOGXQJ���UHFKWV�]HLJW�GHQ�GRUWLJHQ�9HUVXFKVDXIEDX��
'LH�$XVZHUWXQJ�HUIROJWH�GXUFK�VHPLVWUXNWXULHUWH�,QWHUYLHZV��'LH�1DYLJDWLRQ�PLW�GHP�3KDQ�
WRP�XQG�5�FNJDEHNUlIWHQ�NRQQWH�LP�9HUJOHLFK�]XU�1DYLJDWLRQ�PLW�GHU�6SDFHPRXVH�GLH�([�
SORUDWLRQ�GHV�11+�'DWHQVDW]HV�QRFK�EHVVHU� XQWHUVW�W]HQ��'DV�%HQXW]HUIHHGEDFN�EH]�JOLFK�
GHU� (LQJHZ|KQXQJV]HLW� XQG� GHU� ,QWHUDNWLRQ� DQ� VLFK� ZDU� SRVLWLY�� 'LH� KDSWLVFK� XQWHUVW�W]WH�
.DPHUDVWHXHUXQJ�VWHOOWH�VLFK�EHL�GHQ�7HVWV�LP�9HUJOHLFK�]X�GHQ�DQGHUHQ�EHLGHQ�1DYLJDWLRQV�
WHFKQLNHQ� �6SDFHPRXVH� E]Z�� 3KDQWRP� RKQH� )RUFHIHHGEDFN�� DOV� GLH� DP� EHVWHQ� JHHLJQHWH�
7HFKQLN�KHUDXV��'LH�GLUHNWH�6WHXHUXQJ�HUOHLFKWHUWH�GLH�2ULHQWLHUXQJ�XQG�3RVLWLRQLHUXQJ�GHV�
YLUWXHOOHQ�(QGRVNRSV� LP�11+�0RGHOO��'LHVHV�lX�HUWH� VLFK� LQ�GHU�%HZHUWXQJ�GHU�.ULWHULHQ�
UlXPOLFKH�2ULHQWLHUXQJ��=XIULHGHQKHLW�XQG�(UOHUQEDUNHLW��VLHKH�$EELOGXQJ�����'LH�%HQXW]HU�



(LQJDEHJHUlWH�XQG�,QWHUDNWLRQVWHFKQLNHQ�I�U�GLH�YLUWXHOOH�(QGRVNRSLH� �

I�KUXQJ��GLH�GXUFK�GLH�9HUPHLGXQJ�YRQ�.ROOLVLRQHQ�PLW�GHP�*HZHEH�XQWHUVW�W]W�ZLUG�� HU�
P|JOLFKW�HLQH�HIIL]LHQWHUH�([SORUDWLRQ�GHU�'DWHQ�DOV�PLW�GHU�6SDFHPRXVH��'LH�1DYLJDWLRQ�PLW�
GHP� 3KDQWRP� RKQH� 5�FNJDEHNUlIWH� ZXUGH� YRQ� GHQ� 3UREDQGHQ� LQ� 3XQNWHQ� ZLH� UlXPOLFKH�
2ULHQWLHUXQJ� XQG� %HGLHQEDUNHLW� EHVVHU� EHZHUWHW� DOV� GLH� 1DYLJDWLRQ� PLW� GHU� 6SDFHPRXVH��
MHGRFK�LVW�GLH�IUHLH�3RVLWLRQLHUXQJ�LP�5DXP�DOV�DQVWUHQJHQG�HLQJHVFKlW]W�ZRUGHQ��7DEHOOH���
IDVVWH�GLH�JHVDPWHQ�(UJHEQLVVH�GHU�8QWHUVXFKXQJHQ�]XVDPPHQ��
�
G
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?4s�:�B�O
I+I+D	; N�O/B�B�D�;
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� 0DXV�7DVWDWXU� 7UDFNEDOO�7DVWDWXU� 6SDFHEDOO� *UDSKLNWDEOHWW� 3KDQWRP�
9RUNHQQWQLVVH� �� R� �� �� ��
%HGLHQXQJ� �� �� �� �� ��
3ODW]EHGDUI� R� �� �� �� ��
7UHPRU� R� �� �� R� R�
/HUQNXUYH� �� R� �� �� ��
$N]HSWDQ]� �� R� �� �� ��
3UHLV� �� R� �� �� ��

�� =XVDPPHQIDVVXQJ�XQG�$XVEOLFN�
(V�ZXUGHQ�0HWKRGHQYHUJOHLFKH�I�U�(LQJDEHJHUlWH�XQG�,QWHUDNWLRQVWHFKQLNHQ�I�U�GDV�$QZHQ�
GXQJVJHELHW� GHU� YLUWXHOOHQ�(QGRVNRSLH� GXUFKJHI�KUW��'DI�U�ZXUGH� HLQH�6FKQLWWVWHOOH� NRQ]L�
SLHUW� XQG� XPJHVHW]W�� GLH� YHUVFKLHGHQDUWLJH� 7HFKQLNHQ� ]XVDPPHQI�KUW� XQG�:HUWH� JHQHUDOL�
VLHUW��:LFKWLJ�ZDU�GDEHL�XQWHU�DQGHUHP��GDVV�PHKUHUH�(LQJDEHJHUlWH�JOHLFK]HLWLJ�YHUZHQGHW�
ZHUGHQ�N|QQHQ��XP�DXFK�.RPELQDWLRQVP|JOLFKNHLWHQ�]X�XQWHUVXFKHQ��0DXV�E]Z��7UDFNEDOO�
XQG�7DVWDWXU� ELOGHQ�KLHU� QXU� WULYLDOH� XQG� LQ� GHU�3UD[LV� KlXILJ� YRUNRPPHQGH�9DULDQWHQ�� MH�
GRFK� NDQQ� EHL� %HGDUI� QXQ� MHGH�*HUlWHNRPELQDWLRQ� UHDOLVLHUW� ZHUGHQ��'LH� (UVWHOOXQJ� HLQHV�
7HVWV]HQDULRV� GLHQWH� GHU�(YDOXLHUXQJ� GHU�(LQJDEHUlWH�� ZHOFKH� KLHU� XQWHUVXFKW�ZXUGHQ��'LH�
(QWZLFNOXQJ� YRQ� ]ZHL� $QDO\VHDOJRULWKPHQ� �7UHPRU� XQG� 3IDGYHUJOHLFK�� HUP|JOLFKWH� GLH�
$XVZHUWXQJ�GHV�YRUKHU�GHILQLHUWHQ�7HVWV]HQDULRV��
'LH�8QWHUVXFKXQJ�YHUVFKLHGHQHU�(LQJDEHJHUlWH�I�U�GHQ�(LQVDW]�LQ�GHU�YLUWXHOOHQ�(QGRVNRSLH�
HUJDE��GDVV�8QWHUVFKLHGH�LQ�GHU�$N]HSWDQ]�XQG�GHU�(LJQXQJ�EHVWHKHQ��)�U�GLH�JHOHJHQWOLFKH�
1XW]XQJ��]�%��EHL�VHOWHQHU�GXUFKJHI�KUWHQ�3ODQXQJHQ��LVW�GHU�6SDFHEDOO�E]Z��GLH�6SDFHPRXVH�
GDV� (LQJDEHJHUlW� GHU� :DKO�� MHGRFK� YHUEXQGHQ� PLW� K|KHUHQ� $QVFKDIIXQJVNRVWHQ�� 7DVWDWXU�
XQG�0DXV� VLQG� HEHQIDOOV� JHHLJQHW�� MHGRFK� EHGDUI� HV� KLHU� HLQHU� JHZLVVHQ� (LQDUEHLWXQJV]HLW�
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E]Z��HLQHU�KlXILJHUHQ�1XW]XQJ��'HU�7UDFNEDOO�NDQQ�GLH�0DXV�HUVHW]HQ��ZDV�GHQ�3ODW]EHGDUI��
]�%��LP�23��PLQLPLHUW��'DV�*UDSKLNWDEOHWW��ZHOFKHV�VHKU�JUR�HV�3RWHQ]LDO�HWZD�I�U�$QQRWDWL�
RQHQ�RGHU�EHLGKlQGLJH�%HGLHQXQJ�PLW�]ZHL�6WLIWHQ�ELHWHW��NDQQ�EHL�HQWVSUHFKHQGHU�:HLWHU�
HQWZLFNOXQJ�GHU�,QWHUDNWLRQVWHFKQLN�HEHQIDOOV�HLQJHVHW]W�ZHUGHQ��
'HU� HQWZLFNHOWH� ,QWHUIDFH�&RQWUROOHU�ZLUG�GHU]HLW� LQ� HLQ�2SHUDWLRQVSODQXQJVV\VWHP� I�U�1D�
VHQQHEHQK|KOHQ� LQWHJULHUW� XQG� GRUW� XP� EHUHLWV� HQWZLFNHOWH�7HFKQLNHQ� I�U� KDSWLVFKHV� )HHG�
EDFN�HUZHLWHUW��6RPLW�LVW�GDV�(QGRVNRSLHV\VWHP�GDQQ�]XN�QIWLJ�PLW�HLQHU�9LHO]DKO�YRQ�(LQ�
JDEHJHUlWHQ�VWHXHUEDU�XQG�NDQQ�MH�QDFK�9RUOLHEHQ�GHU�1XW]HU�E]Z��GHU�*HUlWHDXVVWDWWXQJ�GHU�
.OLQLN� YHUZHQGHW�ZHUGHQ��:HLWHUI�KUHQGH�6WXGLHQ�� ]�%�� DXFK� LQ� YHUZDQGWHQ�%HUHLFKHQ�GHU�
(QGRVNRSLH� XQG�PLW� HLQHU� JU|�HUHQ�$Q]DKO� DQ� 7HLOQHKPHUQ�� VROOHQ� KHOIHQ� GLH� JHIXQGHQHQ�
7UHQGV� ]X� XQWHUPDXHUQ��'LHV� VROOWH� GDQQ� YRU� DOOHP�PLW� VWDWLVWLVFKHQ�0HWKRGHQ� JHVFKHKHQ��
XP� 6LJQLILNDQ]HQ� NRUUHNW� ]X� HUPLWWHOQ�� 6XEMHNWLYH� 3UlIHUHQ]HQ� EHL� GHU� .DPHUDVWHXHUXQJ��
EHLVSLHOVZHLVH�GLH�9HUWDXVFKXQJ�GHU�$EELOGXQJ�YRQ�OLQNV�XQG�UHFKWV��GLH�ZlKUHQG�GHU�8QWHU�
VXFKXQJHQ�HEHQIDOOV�]X�7DJH�WUDWHQ��VROOWHQ�DX�HUGHP�ZHLWHU�XQWHUVXFKW�ZHUGHQ��

/LWHUDWXUYHU]HLFKQLV�
%DUW]��'����������9LUWXDO�(QGRVFRS\�LQ�5HVHDUFK�DQG�&OLQLFDO�3UDFWLFH��&RPSXWHU�*UDSKLFV�)RUXP�����

1U�����6�����������
*XLDUG�<����������$V\PPHWULF�GLYLVLRQ�RI�ODERU�LQ�KXPDQ�VNLOOHG�ELPDQXDO�DFWLRQ��7KH�NLQHPDWLF�FKDLQ�

DV�D�PRGHO��-RXUQDO�RI�0RWRU�%HKDYLRU��9R�������1R�����3DJHV�����������
+LQFNOH\��.���3DXVFK��5���3URIILWW��'��	�.DVVHOO��1�� ��������7ZR�KDQGHG�YLUWXDO�PDQLSXODWLRQ��$&0�
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