


  . . . 

BMU – 2004-636 

 

 

 

Testsystem für radonrückhaltende Maßnahmen 

 

 

 

Prof. Dr. Hans-Christoph Mehner 

Martin Grantz 

 

 

 

 



 
- 2  - 

 
 

  

IMPRESSUM 

 

Dieser Band enthält einen Abschlussbericht über ein vom Bundesministerium für 

Umwelt, Naturschutz und Reaktorsicherheit (BMU) gefördertes Vorhaben. 

Verantwortlich für den Inhalt sind allein die Autoren. Das BMU übernimmt keine 

Gewähr für die Richtigkeit, die Genauigkeit und Vollständigkeit der Angaben sowie 

die Beachtung privater Rechte Dritter. Der Eigentümer behält sich alle Rechte an der 

weiteren Nutzung oder Vervielfältigung des Berichts vor.  

 

Der Bericht wurde von der Hochschule Zittau/Görlitz erstellt. 

 

Der Bericht gibt die Auffassung und Meinung des Auftragnehmers wieder und muss 

nicht mit der des BMU übereinstimmen. 

 

 

Herausgeber: 

Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit 

Arbeitsgruppe RS I 1  

Postfach 12 06 29 

53048 Bonn 

 

ISSN 1612-6386 

Erscheinungsjahr: 2004 

 



�

7HVWV\VWHP�I�U�UDGRQU�FNKDOWHQGH�0D�QDKPHQ
� 5DGRQ
5DGRQ LVW�HLQ�FKHPLVFK�LQHUWHV�(GHOJDV��GDV�DOV�7RFKWHUQXNOLG�GHV�5DGLXPV�LQ�GHQ�QDW�UOLFKHQ�=HUIDOOVUHLKHQDXIWULWW��9RQ�UHOHYDQWHU�%HGHXWXQJ�VLQG�]ZHL�1XNOLGH���5Q�����PLW�HLQHU�+DOEZHUW]HLW�YRQ�����G�DXV�GHU�8UDQ�5HLKH�DXVJHKHQG�YRP�8������5Q�����PLW�HLQHU�+DOEZHUW]HLW�YRQ������V�DXV�GHU�7KRULXP�5HLKH�DXVJHKHQG�YRP�7K����
'LH 6WUDKOHQVFKXW]SUREOHPDWLN�GLHVHU���DNWLYHQ�1XNOLGH�OLHJW�QLFKW�VR�VHKU�LP�5DGRQ��VRQGHUQ�LQVHLQHQ�)ROJHSURGXNWHQ��GLH�YRUQHKPOLFK���DNWLYH�6FKZHUPHWDOOH�VLQG��)O�FKWLJHV��FKHPLVFK�LQHUWHV5DGRQZLUG�GXUFK�$WPXQJ�E]Z���EHU�GLH�+DXW�LQNRUSRULHUW�XQG�NDQQ�HEHQVR�ZLHGHU�DEJHJHEHQ�ZHUGHQ�:HQQ MHGRFK�HLQ]HOQH�$WRPH�LQQHUKDOE�GHV�.|USHUV�]HUIDOOHQ��ZHUGHQ�GLH�HQVWHKHQGHQ�6FKZHUPHWDOOHSO|W]OLFK FKHPLVFK�DNWLY�XQG�LPPRELO��G��K���GD��GLH�QDFKIROJHQGHQ���=HUIlOOH�DOOH�LQ�HLQHP�RUWVIHVWHQ*HELHW JHVFKHKHQ�XQG�GDKHU�HLQH�JUR�H�6FKlGLJXQJ�GHU�QlKHUHQ�8PJHEXQJ�KHUYRUUXIHQ��$EHU�QLFKWQXU�YRQ�GHQ�=HUIDOOVSURGXNWHQ�GHV�LQNRUSRULHUWHQ 5DGRQV�JHKW�*HIDKU�DXV��VRQGHUQ�DXFK�YRQ�GHQ=HUIDOOVSURGXNWHQ GHV�5DGRQ��GLH�LQ�GHU�$WHPOXIW�HQWVWHKHQ�XQG�GRUW�HQWZHGHU�DQ�$HURVROHQ�JHEXQGHQZHUGHQ��DWWDFKHG��RGHU�QRFK�IUHL�VLQG��XQDWWDFKHG���G�K��DWRPDU�LQ�GHU�/XIW�YRUOLHJHQ��'LHVH�EOHLEHQEHLP�$WPHQ�LQ�GHU�/XQJH�QDKH]X�RUWVIHVW�KDIWHQ��'HVKDOE�VROOWH�GLH�5DGRQNRQ]HQWUDWLRQ�LQ�QHX�]XHUUULFKWHQGHQ�:RKQUlXPHQ�����%T�P QLFKW��EHUVFKUHLWHQ���
8UDQKDOWLJH�0LQHUDOH�VLQG ZHLW�YHUEUHLWHW��8�D��NRPPW�8UDQ�LQ�PHUNOLFKHU�$NWLYLWlWVNRQ]HQWUDWLRQLQ*UDQLW�YRU��GHU�YRUQHKPOLFK�LQ�+lXVHUQ�lOWHUHQ�'DWXPV�]XU�(UULFKWXQJ�YRQ�.HOOHUQ�XQG�8QWHUJHVFKRVVHQYHUZHQGHWZXUGH��:HJHQ�VHLQHU�FKHPLVFKHQ�,QDNWLYLWlW�NDQQ�5DGRQ�QLFKW�LP�*HVWHLQ�JHEXQGHQ�ZHUGHQ�(VGLIIXQGLHUW�DXV�GHP�JHRJHQHQ�8QWHUJUXQG�RGHU�GHU�8PJHEXQJVOXIW�YRQ�%HUJZHUNHQ�XQG�$EUDXPKDOGHQGHV8UDQEHUJEDXV�LQ�GLH�5DXPOXIW�YRQ�DQOLHJHQGHQ�+lXVHUQ��6R�N|QQHQ�VLFK�5DXPOXIWNRQ]HQWUDWLRQHQYRQELV�]X���������%T�P DXIEDXHQ��EHVRQGHUV�ZHQQ�GXUFK�:lUPHLVROLHUXQJVPD�QDKPHQ�GHU�/XIWDXVWDXVFK��YRQ .HOOHUQ�PLW�GHU�$X�HQOXIW�XQWHUEXQGHQ�ZLUG�XQG�GLH�.HOOHU�DXI�6WROOHQJlQJHQ�YRQ�%HUJZHUNHQVWHKHQ��VR�GD��GXUFK�.DPLQZLUNXQJ�NRQYHNWLYHU�7UDQVSRUW�YRQ�5DGRQ�LQ�GLH�.HOOHU�VWDWWILQGHW�
6RPLW NRPPW�GHU�6DQLHUXQJ�YRQ�$OWEDXWHQ�LQ�UDGRQEHODVWHWHQ�*HELHWHQ�HLQH�JUR�H�$XIJDEH�]X��'LHNRVWHQJ�QVWLJVWH�9DULDWH�LVW�HV��:lQGH�XQG�%|GHQ�YRQ�LQQHQ�PLW�HLQHU�G�QQHQ�)ROLH�]X��EHU]LHKHQ�GLH ´UDGRQGLFKWµ�LVW��'D�5DGRQ�FKHPLVFK�LQHUW�LVW��NDQQ�NHLQ�0DWHULDO�LP�ZLUNOLFKHQ�6LQQ�UDGRQGLFKWVHLQ� (V�NDQQ�DEHU�VR�UDGRQKHQPPHG�VHLQ��GD��GDV�5DGRQ�VRODQJH�]XU�FNKDOWHQ�ZLUG��ELV�HLQ�JUR�HU7HLO ]HUIDOOHQ�LVW��.HOOHU�>�@�KDW�GDKHU�HLQH�5�FNKDOWXQJ�DXI������ H ��GHV�$XVJDQJVZHUWHV�XQWHU���*OHLFKJHZLFKWVEHGLQJXQJHQ�DOV�UDGRQGLFKW�EH]HLFKQHW�
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� 'LH�0H�DSSDUDWXU
��� $QIRUGHUXQJHQ�DQ�GLH�0H�DSSDUDWXU
(V VROOWH�HLQH�$SSDUDWXU�NRQVWUXLHUW�ZHUGHQ��GLH�5�FNKDOWHHLJHQVFKDIWHQ�YRQ�)ROLHQ�XQG�5RKUHQ�WHVWHQNRQQWH��'LH�.RQVWUXNWLRQ�HLQHU�PRELOHQ�'LIIXVLRQDSSDUDWXU�VROOWH�IROJHQGH�%HGLQJXQJHQ�HUI�OOHQ���'LH�$SSDUDWXU�VROOWH�I�U�)ROLHQ�PLW�����PP�'XUFKPHVVHU�DXVJHOHJW�VHLQ���'LH�$SSDUDWXU�VROOWH�PRELO�HLQVHW]EDU�VHLQ���'LH�0HVVXQJ�YRQ�5RKUPDWHULDOLHQ�VROOWH�P|JOLFK�VHLQ
��� 0H�SULQ]LS�
'LIIXVLRQVPHVVXQJHQZHUGHQ�JUXQGVlW]OLFK�LQ�GHU�$UW�GXUFKJHI�KUW��GD��HLQ�9RUODJHYROXPHQ�UDGRQKDOWLJLVW XQG�PDQ�LQ�HLQHP�*HJHQYROXPHQ�GLH�]HLWOLFKH�(QWZLFNOXQJ�GHU�5DGRQNRQ]HQWUDWLRQ�PL�W��,Q'HXWVFKODQG ZHUGHQ�QRFK�DQ�GHU�8QLYHVLWlWVNOLQLN�+RPEXUJ��6DDU�5DGRQPHVVXQJHQ�GXUFKJHI�KUW�'DV�.HUQVW�FN�GLHVHU�$SSDUDWXU�EHVWHKW�DXV�]ZHL�0DJGHEXUJHU�+DOENXJHOQ��GLH�GXUFK�GLH�GHQ�]XXQWHUVXFKHQGH�Q�)ROLH�%DXVWRII�JHWUHQQW�VLQG��(LQH�GLHVHU�.XJHOQ�LVW�GLUHNW�PLW�GHU�5DGRQTXHOOHYHUEXQGHQ��'LH�$SSDUDWXU�OLHIHUW�LQ�GHU�*U|�HQRUGQXQJ�HLQHQ�0H�ZHUW�SUR�0RQDW�>�@�
'DV0H�SULQ]LS�GLHVHU�QHXNRQVWUXLHUWHQ�$SSDUDWXU�EHVWHKW�LQ�GHU�7UHQQXQJ�YRQ�4XHOOHQ���0H���XQG'HWHNWLRQVYROXPHQ��
'LHVHV�9HUIDKUHQ�KDW�PHKUHUH�9RUWHLOH�� 'LH 0H�]HLW�I�U�HLQHQ�0H�SXQNW�EHWUlJW�GHXWOLFK�ZHQLJHU�DOV���+DOEZHUW]HLWHQGHV�1XNOLGHV5Q������ 'LH'HWHNWRUHQ�ZHUGHQ�QLFKW�]X�VWDUN�EHODVWHW��GD�VLH�RKQH�gIIQHQ�GHU�4XHOOH�YRQ�GHU�$NWLYLWlWJHWUHQQW�ZHUGHQ�N|QQHQ�� 'HU (LQEDX�GHU�)ROLHQ�I�KUW�]X�NHLQHP�$NWLYLWlWVYHUOXVW�LP�4XHOOHQUDXP��VR�GD��GLH�]HLWOLFKH'DXHU (LQVWHOOXQJ�HLQHV�VWDWLRQlUHQ�=XVWDQGHV�]XU�)RUWI�KUXQJ�HLQHU�QHXHQ�0HVVXQJ�JHULQJEOHLEW�� 'DV�DNWLYH�9ROXPHQ�LVW�NOHLQ�� 'LH�UDGLRDNWLYH�%HODVWXQJ�GHU�([SHULPHQWDWRUHQ�LVW�EHLP�:HFKVHOQ�GHU�)ROLH�JHULQJ�
'LH�1DFKWHLOH�GLHVHU�0H�SULQ]LSDQRUGQXQJ�VLQG�� 'XUFK�GHQ�7UDQVSRUW�YRQ�$NWLYLWlW�YHUULQJHUW�VLFK�GLH�$NWLYLWlW�LQ�GHU�9RUODJHNDPPHU�� 'HU�4XRWLHQW�DXV�$NWLYLWlWHQ�GHU�'LIIXVLRQV��XQG�9RUODJHNDPPHU�LVW�QLFKW�GLH�JHZ�QVFKWH0H�JU|�H��VRQGHUQ�HLQH�=ZLVFKHQJU|�H�



�

��� $SSDUDWXUGDWHQ
'LH�0H�DSSDUDWXU�]XU�0HVVXQJ�YRQ�)ROLHQ�EHVWHKW�DXV�]ZHL�SODQSDUDOOHOHQ�$OXPLQLXPEO|FNHQ�LQGHQHQ ]ZHL�GHFNXQJVJOHLFKH�6SLUDOHQ�HLQJHIUlVW�ZXUGHQ��=ZLVFKHQ�GHQ�%O|FNHQ�ZLUG�GLH�]X��EHUSU�IHQGH)ROLH�HLQJHVSDQQW��'LH�'DWHQ�GHV�3URWRW\SV�GHU�0H�DSSDUDWXU�VLQG�LQ�>«@�EHLJHI�JW�
'LPHQVLRQ�HLQHV�%ORFNHV� ����ï�����ï����PP >�����ï�����ï����PP @� �*HZLFKW�HLQHV�%ORFNHV� �����NJ >������NJ�@'LPHQVLRQ�HLQHV�6SLUDOJDQJHV� �����ï������PP�'LFNH�HLQHV�6WHJHV� �����PP'XUFKPHVVHU�GHU�6SLUDOH� ����PP >�����PP�@9ROXPHQ�GHU�6SLUDOH� �������PO� >�������PO�@9ROXPHQIOX��GHV�7UlJHUJDVHV� ���PO�PLQ��9HUZHLO]HLW�LQ�GHU�6SLUDOH� �������V� >�������V�@+DOEZHUW]HLW�5Q����� ������G+DOEZHUW]HLW�$U���� �����K
'XUFK GLH�6FKZHUH�GHU�$SSDUDWXU�LVW�GLH�0RELOLWlW�HLQJHVFKUlQNW��$XV�6WDELOLWlWVJU�QGHQ�NRQQWH�MHGRFKGLH�7LHIH�GHU�%O|FNH�QLFKW�XQWHU����PP�UHGX]LHUW�ZHUGHQ�
'HU�VFKHPDWLVFKH�$XIEDX�GHU�9HUVXFKVDQRUGQXQJ�LVW�LQ�$EE����LP�$QKDQJ�GDUJHVWHOOW��$EE����]HLJWHLQ�)RWR�GHU�YHUZHQGHWHQ�0H�DSSDUDWXU�$OV 7UlJHUJDV�ZLUG�$UJRQ�YHUZHQGHW��0LW�+LOIH�]ZHLHU�)ORZ�&RQWUROOHU��0.6��ZHUGHQ�GLH�*DVIO�VVHI�U GLH�9RUODJHQ��XQG�GLH�'LIIXVLRQVNDPPHU�HLQJHVWHOOW��'HU�(LQIDFKKHLW�KDOEHU�KDEHQ�GLH�*DVIO�VVHJOHLFKH�:HUWH��$XI GHU�9RUODJHQVHLWH�ZLUG�GHU�*DVVWURP�GXUFK�]ZHL����O�*ODVNROEHQ�JHOHLWHW��,P�HUVWHQ�GLHVHU�.ROEHQEHILQGHW VLFK�HWZD���NJ�XUDQKDOWLJHV�(U]�LQ�]HUNOHLQHUWHP�=XVWDQG��'LHV�LVW�GLH�´5DGRQTXHOOHµ��'DQQZLUG GDV�*DV�GXUFK�HLQH�*DVZDVFKIODFKH�JHOHLWHW��GLH�]XU�7UHQQXQJ�YRQ�4XHOOHQ��XQG�0H�YROXPHQGLHQW� %HL�$XVWDXVFK�GHU�)ROLHQ�LVW�HLQH�5�FNGLIIXVLRQ�LQ�GDV�4XHOOHQYROXPHQ�QLFKW�P|JOLFK�XQGVRPLW ]XU�(UUHLFKXQJ�HLQHV�VWDWLRQlUHQ�=XVWDQGHV�QXU�GDV�0H�YROXPHQ�DXV]XWDXVFKHQ��'LH�$NWLYLWlWGHV*DVVWURPV�NDQQ�QDFK�SDVVLHUHQ�GHU�6SLUDOH�EHVWLPPW�ZHUGHQ��$OSKDJXDUG�3UR���8QWHU�GHQ�JHJHEHQHQH[SHULPHQWHOOHQ�%HGLQJXQJHQ�ZLUG�HLQH VWDWLRQlUH�$NWLYLWlW�YRQ���������%T�P HUUHLFKW��9RU�GHP��=XJDQJ ]XU�$EJDVOHLWXQJ�ZLUG�GHU�*DVVWURP�GXUFK�HLQH�]ZHLWH�:DVFKIODVFKH�JHOHLWHW��XP�GDV�6\VWHP]X�LVROLHUHQ��$XI�GHU�'LIIXVLRQVVHLWH�VLHKW�GLH�/RJLVWLN�GHV�*DVVWURPV�lKQOLFK�DXV��QXU�GD��HU�QLFKWGXUFK ]ZHL�.ROEHQ�JHOHLWHW�ZLUG��8P�HLQ�lKQOLFKHV�'UXFNJHIlOOH�]X�HUKDOWHQ�LVW�GLH�HUVWH�:DVFKIODVFKHYRU�GHU�=XOHLWXQJ�LQ�GLH�6SLUDOH�QRWZHQGLJ�
$EELOGXQJ ��]HLJW�GLH�$NWLYLWlW�DQ�5Q�����LQ�GHU�9RUODJHNDPPHU��ZHQQ�GLH�4XHOOH�YRQ�HLQHP�9ROXPHQIOX�GHV7UlJHUJDVHV�]XP�7UDQVSRUW�YRQ�$NWLYLWlW�DXV�GHP�4XHOOHQUDXP�LQ�GLH�9RUODJHNDPPHU�GXUFKVWUU|PWZLUG��'DV�QDFK�HLQHP�)ROLHQZHFKVHO�DXV]XWDXVFKHQGH�9ROXPHQ�EHUWUlJW�HWZD�����PO��$OSKDJXDUG�����PO��6SLUDOH������PO��=XOHLWXQJHQ��HWZD����PO���'LH�$XVWDXVFK]HLW EHWUlJW�GDV�GUHL��ELV�I�QIIDFKH�GHV4XRWLHQWHQ�DXV�DXV]XWDXVFKHQGHP�9ROXPHQ�XQG�9ROXPHQIOX���8P�]ZHL�0HVVXQJHQ�DP�7DJ�GXUFKI�KUHQ�]X�N|QQHQ��PX��GHU�VWDWLRQlUH�=XVWDQG�QDFK�K|FKVWHQV��6WXQGHQ�HUUHLFKW�VHLQ��/ HLQH�0HVVXQJ��EHU�1DFKW���'LHV�I�KUW�]X�HLQHP�9ROXPHQVIOX��YRQ���PO�PLQ ���8QWHU�GLHVHQ�%HGLQJXQJHQ�EHWUlJW�GLH�VWDWLRQlUH�$NWLYLWlW�I�U�5Q�����LQ�GHU�9RUODJHNDPPHU�HWZD�������GHU�*OHLFKJHZLFKWVDNWLYLWlW�LQ�GHQ�.ROEHQ��'LHVHU�)DNWRU�LVW�JUR��JHQXJ��XP�HLQH�7UHQQXQJYRQ�4XHOOHQUDXP�XQG�9RUODJHNDPPHU�]X�UHFKWIHUWLJHQ��
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� 7KHRULH
��� /|VXQJ�GHV�HLQIDFKHQ�'LIIHUHQWLDOJOHLFKXQJVV\VWHPV
(V�VHL�IROJHQGHV�HLQIDFKHV�5HDNWLRQVVFKHPD�LQ�GHU�6SLUDOH�JHJHEHQ�

�4 $ =XJDQJ�YRQ�5Q�LQ�GLH�9RUODJHNDPPHU�GXUFK�4XHOOH$ �� UDGLRDNWLYHU�=HUIDOO�LQQHUKDOE�GHU�9RUODJHNDPPHU$ �� $EIOX��YRQ�$NWLYLWlW�DXV�GHU�9RUODJHNDPPHU$ �K % 7UDQVIHU�LQ�GLH�'LIIXVLRQVNDPPHU% �� UDGLRDNWLYHU�=HUIDOO�LQQHUKDOE�GHU�'LIIXVLRQVNDPPHU% �� $EIOX��YRQ�$NWLYLWlW�DXV�GHU�'LIIXVLRQVNDPPHU% �K $ 7UDQVIHU�LQ�GLH�9RUODJHNDPPHU
'DEHL VHL�$�5DGRQ�LQ�GHU�9RUODJHNDPPHU�XQG�%�5DGRQ�LQ�GHU�'LIIXVLRQVNDPPHU��4 VHL�GHU�4XHOOWHUPGHU 5DGRQSURGXNWLRQ��� GLH�UDGLRDNWLYH�=HUIDOOVNRQVWDQWH��� GHU�$EIOX�WHUP�XQG�K GHU�7UDQVIHUWHUP�KZLUG�EHZX�W�QLFKW�'LIIXVLRQVWHUP�JHQDQQW��GD�ZLH�LQ�.DSLWHO�����VSlWHU�DQJHI�KUW�ZLUG��GLH�'LIIXVLRQGXUFK GLH�)ROLH�QXU�HLQ�7HLOVFKULWW�GHV�7UDQVIHUV�GDUVWHOOW��)�U�GLHVHV�JHNRSSHOWH�5HDNWLRQVVFKHPDHUKlOW�PDQ�IROJHQGHV�'LIIHUHQWLDOJOHLFKXQJVV\VWHP�

������D��«���J�

'LH*OHLFKXQJ������H��LVW�HLQH�LQKRPRJHQH��QLFKWJHNRSSHOWH�OLQHDUH�'LIIHUHQWLDOJOHLFKXQJ�HUVWHU�2UGQXQJ�GLH�PLW�+LOIH�GHU�9DULDWLRQ�GHU�.RQVWDQWHQ�JHO|VW�ZHUGHQ�NDQQ�
������D��«���F�

'LH EHLGHQ�1lKHUXQJVO|VXQJHQ�JHOWHQ�I�U�GLH�6SH]LDOIlOOH�HLQHU�D[LDOHQ�XQG�HLQHU�UDGLDOHQ�9HUWHLOXQJHLQHV�5DGLRQXNOLGHV�LP�.DQDO�'LH�%HVWLPPXQJ�GHU�.RQVWDQWHQ�� HUIROJW�GXUFK�IROJHQGH�5DQGEHGLQJXQJHQ���������� %  ���W ���� $  �$�W �� ���'HU�]HLWOLFK�XQEHVFKUlQNWHQ�%HGLQJXQJ�GHV�VWDWLRQlUHQ�=XVWDQGHV$  �>$ ��% @ ~ W��DOVR�DXFK�I�U�W� �����W�� �W� �W�� �W�$ LVW�GLH�PD[LPDO�P|JOLFKH�9RUODJHNRQ]HQWUDWLRQ�DP�(LQJDQJ�GHU�9RUODJHNDPPHU�RGHU�$XVJDQJV�� �W ��NRQ]HQWUDWLRQ�'LH�$XVJDQJVNRQ]HQWUDWLRQ�NDQQ�PDQ�DOV�)XQNWLRQ�GHV�3URGXNWLRQVIDNWRUV�4GDUVWHOOHQ�4 LVW�DEHU�QLFKW�GLH�(IIXVLRQVUDWH�LP�4XHOOHQUDXP��VRQGHUQ�GLH�WKHRUHWLVFKH�(IIXVLRQ�HLQHU�ILNWLYHQ4XHOOH DP�GLUHNWHQ�(LQJDQJ�]XU�9RUODJHNDPPHU�XQG�GXUFK�GHQ�7UDQVSRUWYHUOXVW�YRP�4XHOOHQUDXPELV�KLQ�]XU�9RUODJHNDPPHU�EHVWLPPW�
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,P )ROJHQ�GHQ�VROO�GLH�5LFKWLJNHLW�GHU�HUVWHOOWHQ�EHLGHQ�1lKHUXQJVJOHLFKXQJHQ�YHULIL]LHUW�ZHUGHQ���� 'D]X�ZLUG�]XHUVW�GHU��)DOO�GHU�VFKQHOOHQ�'LIIXVLRQ�>�K � � ��� @�DQJHQRPPHQ��(V�HUJHEHQ�VLFK�IROJHQGH�.RQ]HQWUDWLRQHQ�DP�$XVJDQJ�GHU�6SLUDOHQ�
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'LHVH (UJHEQLVVH�VLQG�MHGHV�I�U�VLFK�ULFKWLJ��GD�GLH�)ROLH�NHLQH�3XPSH��VRQGHUQ�HLQ�GXUFKOlVVLJHU�.|USHULVW�XQG�GHU�7UDQVIHU�LQ�EHLGH�5LFKWXQJHQ�HUIROJW�
�� $OV�]ZHLWHV�EHWUDFKWHW�PDQ�GHQ�6SH]LDOIDOO�K � ���,QGLHVHP�)DOO�LVW�GLH�PD[LPDOH�9RUODJHNRQ]HQWUDWLRQ�$ GLH�VWDWLRQlUH�.RQ]HQWUDWLRQ�LQQHUKDOE� �W�HLQHV�7HLOYROXPHQV�GHU�9RUODJHNDPPHU�GHVVHQ�9ROXPHQ�QDFK�HLQHU�=HLW�W�GXUFKVWU|PW�ZLUG�
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'LHVHV�*OHLFKXQJ�LVW�QLFKW�PLW�GHQ�UDGLDOHQ�/|VXQJVJOHLFKXQJHQ����D��E��NRQVLVWHQW��'HU�)HKOHU OLHJWLQ GHU�GULWWHQ�%HGLQJXQJ��$  �>$ ��% @ ��GLH�]XU�+HUOHLWXQJ�GHU/|VXQJVJOHLFKXQJHQ����D��E����W�� �W� �W�� �W�DXI�GLH�5DQGEHGLQJXQJ�$  �>$ ��% @ ��UHGX]LHUW�ZXUGHQ��'LHV�Ol�W�DXI�HLQH�VFKLFKWZHLVH���W ��� �W� �W�� �W ��,QWHUSUHWDWLRQ�GHU�'LIIHUHQWLDOJOHLFKXQJVO|VXQJ�����D���VFKOLH�HQ�
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9HUJOHLFKW�PDQ�*OHLFKXQJHQ�����E�F��PLW�GHQ�*OHLFKXQJHQ������D�E���VR�NDQQ�PDQ�GHQ�)HKOHU�GXUFK$QZHQGXQJ GHU�VFKLFKWZHLVH�,WHUDWLRQ�GHU�UDGLDOHQ�1lKHUXQJ�LP�9HUJOHLFK�]XU�D[LDOHQ�1lKHUXQJEHVWLPPHQ��'HU�)HKOHU�ZLUG�NOHLQ��ZHQQ�HLQHU�YRQ�]ZHL�*UHQ]IlOOHQ�HLQWULWW�� � ª��� K ª�����
9RQ GHQ�R��D��%HGLQJXQJHQ�LVW�GLH�HUVWH�GLH�ZLFKWLJHUH�%HGLQJXQJ��GD�X��8���EHU�HLQHQ�EUHLWHQ�%HUHLFKYRQ *U|�HQRUGQXQJHQ�GLH�*HVFKZLQGLJNHLWVNRQVWDQWH�GHV�7UDQVIHUV�EHVWLPPW�ZHUGHQ�VROO��6RODQJHGLHVH�%HGLQJXQJ�HUI�OOW�LVW��LVW�GLH�ZDKUH�9HUWHLOXLQJ�GHU�.RQ]HQWUDWLRQ�GXUFK�GLH�UDGLDOH�RGHU�D[LDOH1lKHUXQJ�EHVFKUHLEEDU�8QWHU GHQ�JHJHEHQHQ�H[SHULPHQWHOOHQ�8PVWlQGHQ�LVW�GLH�%HGLQJXQJ��GD��GLH�*HFKZLQGLJNHLWVNRQWDQWHGHV NRQYHNWLYHQ�$EOXVVHV�GHXWOLFK�JU|�HU�DOV�GLH�=HUIDOOVNRQVWDQWH�GHV�5DGLRQXNOLGHV�VHL��LPPHU�HUI�OOW��  ������ï��� V$U��� �� ���  �������ï��� V5Q���� �� ���  ������ï��� VNO��6SLUDOH �� ���  ������ï��� VJU��6SLUDOH �� ��
1HEHQ�GHU�$NWLYLWlW�DP�(LQJDQJ�GHU�9RUODJHNDPPHU�LVW�GLH�VWDWLRQlUH�.RQ]HQWUDWLRQ�DP�(QGH�GHU'LIIXVLRQVNDPPHU�GLH�]ZHLWH�H[SHULPHQWHOO�]X�HUPLWWHOQGH�0H�JU|�H�% ��W LVW�GLH�9HUZHLO]HLW�WY��H[S� YLQQHUKDOE�GHU�9RUODJH���'LIIXVLRQVNDPPHU�'LHVH H[SHULPHQWHOOH�*U|�H�LVW�DXFK�HLQH�)XQNWLRQ�GHV�7UlJHUJDVIOXVVHV��ZlKUHQG�GLH�]X�HUPLWWHOQGH*UHQ]NRQ]HQWUDWLRQ�% QXU�HLQH�)XQNWLRQ�GHU�=HUIDOOVNRQVWDQWH�XQG�GHU�'LIIXVLRQVNRQWDQWH�LVW��W��PD[�0DQ NDQQ�GHQ�0XOWLSOLNDWRU�EHWUHFKQHQ��PLW�GHP�PDQ�GHQ�H[SHULPHQWHOO�EHVWLPPWHQ�.RQ]HQWUDWLRQV�TXRWLHQWHQ�% $ PXOWLSOL]LHUHQ�PX���XP�GHQ*UHQ]NRQ]HQWUDWLRQVTXRWLHQWHQ�]X�EHUHFKQHQ��W��H[S� ��W ����:HQQ�GLHVHU�*UHQ]NRQ]HQWUDWLRQVTXRWLHQW�NOHLQHU�DOV�����LVW��EH]HLFKQHW�PDQ�GDV�DXI�'LIIXVLRQV�HLJHQVFKDIWHQ�JHSU�IWH�0DWHULDO�DOV�GLFKW�JHJHQ�EHU�GHU�EHWUDFKWHWHQ�7UDQVIHUNRPSRQHQWH�

�������D��«���G�

'HU)DNWRU�]ZLVFKHQ�JHPHVVHQHP�XQG�PD[LPDOHP�.RQ]HQWUDWLRQVTXRWLHQWHQ�LVW�OHLGHU�WUDQV]HQGHQW�G�K� XQWHU�GHQ�JHJHEHQHQ�8PVWlQGHQ�QLFKW�QDFK�GHP�7UDQVIHUVWHUP�K DXIO|VEDU��'LH�(UPLWWOXQJGHU (UJHEQLVVH�PX��GDKHU�JUDSKLVFK�HUIROJHQ��7DEHOOH���LP�$QKDQJ�]HLJW�HLQH�QXPHULVFKH�%HUHFKQXQJ
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YRQVWDWLRQlUHP�.RQ]HQWUDWLRQTXRWLHQWHQ�LQ�GHU�'LIIXVLRQVNDPPHU�XQG�GHP�GD]XJHK|ULJHQ�*UHQ]NRQ]HQ�WUDWLRQVTXRWLHQWHQ� $EELOGXQJ���IROJW�GLHVHU�%HUHFKQXQJ�XQG�]HLJW�HLQH�$XIWUDJXQJ�YRQ�*UHQ]NRQ]HQWUD�WLRQVTXRWLHQWHQXQG�H[SHULPHQWHOO�EHVWLPPEDUHQ�VWDWLRQlUHQ�.RQ]HQWUDWLRQVTXRWLHQWHQ�LQ�GHU�'LIIXVLRQV�NDPPHU��6LH�GLHQW�GDPLW�GHU�JUDSKLVFKHQ�$XVZHUWXQJ�
6RPLW NDQQ�GXUFK�GLH�7DEHOOH�VRZRKO�GLH�*HVFKZLQGLJNHLWVNRQVWDQWH�GHV�7UDQVIHUV�DOV�DXFK�GHU�*OHLFK�JHZLFKWVNRQ]HQWUDWLRQVTXRWLHQW EHVWLPPW�ZHUGHQ��)�U�5Q�����PX��GLH�*HVFKZLQGLJNHLWVNRQVWDQWHGHU 'LIIXVLRQ�QDFK�*OHLFKXQJ�����F��NOHLQHU�DOV���ï��� V  �����ï��� PRO V VHLQ��XP�HLQHQ�� �� �� �� ��*UHQ]NRQ]HQWUDWLRQVTXRWLHQWHQ�YRQ�ZHQLJHU�DOV�����]X�EHNRPPHQ��+LHU�ZLUG�QRFKPDOV�GHXWOLFK�ZLH�ZLFKWLJ�GLH�%HGLQJXQJ�� ª�� LVW��ZHLO�GLH�UHOHYDQWHQ�*U|�HQRUGQXQJHQ�I�U�GLH�%HVWLPPXQJ�YRQK GHXWOLFK�XQWHU�GHQ�:HUWHQ�I�U�GLH�=HUIDOOVNRQVWDQWH�OLHJHQ�
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��� %HVWLPPXQJ�GHV�JHVFKZLQGLJNHLWVEHVWLPPHQGHQ�6FKULWWHV
,Q.DSLWHO���ZXUGH�HLQ�HLQIDFKHV�6\VWHP�YRQ�(OHPHQWDUUHDNWLRQHQ�]XU�%HVFKUHLEXQJ�GHV�7UDQVIHUSUR]HVVHVDXIJHVWHOOW��'LHVHV�5HDNWLRQVVFKHPD�ZLUG�QXQ�GXUFK HLQLJH�(OHPHQWDUUHDNWLRQHQ�HUZHLWHUW��XP�GHQJHVFKLQGLJNHLWVEHVWLPPHQGHQ�6FKULWW�GHV�7UDQVIHUV�]X�HUPLWWHOQ�

�4 $ =XJDQJ�YRQ�5Q�LQ�GLH�9RUODJHNDPPHU�GXUFK�4XHOOHJ$ �� UDGLRDNWLYHU�=HUIDOO�LQQHUKDOE�GHU�9RUODJHNDPPHUJ$ �� $EIOX��YRQ�$NWLYLWlW�DXV�GHU�9RUODJHNDPPHUJ$ �N $ $GVRUSWLRQ�DQ�GLH�)ROLHJ � DGV$ �N $ 'HVRUSWLRQ�YRQ�GHU�)ROLHDGV G J$ �! $ (LQWULWW�LQ�GLH�)ROLHDGV LQ$ �� % 'LIIXVLRQ�GXUFK�GLH�)ROLHLQ HLQ% �� UDGLRDNWLYHU�=HUIDOO�LQQHUKDOE�GHU�'LIIXVLRQVNDPPHU% �� $EIOX��YRQ�$NWLYLWlW�DXV�GHU�'LIIXVLRQVNDPPHU% �N % $GVRUSWLRQ�DQ�GLH�)ROLHJ � DGV% �N % 'HVRUSWLRQ�YRQ�GHU�)ROLHDGV G J% �! % (LQWULWW�LQ�GLH�)ROLHDGV LQ% �� $ 'LIIXVLRQ�GXUFK�GLH�)ROLHLQ HLQ'DV�DXV�GLHVHP�6\VWHP�YRQ�(OHPHQWDUUHDNWLRQHQ�HQVWHKHQGH�6\VWHP�YRQ�JHNRSSHOWHQ�'LIIHUHQWLDO�JOHLFKXQJHQ LVW�QLFKW�PHKU�DQDO\WLVFK�O|VEDU��0DQ�NDQQ�MHGRFK�HLQLJH�GHU�*HVFKZLQGLJNHLWVNRQVWDQWHQDXV�GHU�7KHRULH�EHUHFKQHQ�
,Q GHU�7KHRULH�VLQG�*HVFKZLQGLJNHLWVNRQVWDQWHQ�GXUFK�$UUKHQLXVDQVlW]H�]X�EHVFKUHLEHQ�� I�U�GHUHQ)UHTXHQ]IDNWRUHQ YRQ�5HDNWLRQHQ�HUVWHU�XQG�]ZHLWHU�2UGQXQJ�>����@�IROJHQGH�PLNURVNRSLVFKH�$QVlW]HJHOWHQ�
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'LH 0D[ZHOOJHVFKZLQGLJNHLW�EHWUlJW�I�U�5Q�����EHL�����&�������P�V ��'DKHU�NDQQ�GHU�)UHTXHQ]IDNWRU��GXUFK�7HLOFKHQGLFKWH�Q��6WR�TXHUVFKQLWW�) XQG�0ROPDVVHQYHUKlOWQLV�P ��P RGHU�GXUFK�GLH PLWWOHUH� �IUHLH�:HJOlQJH�� EHUHFKQHW ZHUGHQ��'XUFK�GLH�PLNURNRSLVFKH�%HWUDFKWXQJ�HUJLEW�VLFK��GD��GHUPI:)UHTXHQ]IDNWRU�GXUFKDXV�QLFKW�WHPSHUDWXUXQDEKlQJLJ�LVW�'LHVH *OHLFKXQJHQ�VLQG�I�U�GLHVH�$UEHLW�IXQGDPHQWDO��(LQH�*HVFKZLQGLJNHLWVNRQVWDQWH�LVW�GXUFK%HVWLPPXQJGHV�)UHTXHQ]IDNWRUV�XQG�GHU�$NWLYLHUXQJVHQHUJLH�HLQGHXWLJ�GHILQLHUW��'HU�JHVFKZLQGLJNHLWV�EHVWLPPHQGH 6FKULWW�LVW�GLH�5HDNWLRQ��GHUHQ�*HVFKZLQGLJNHLWVNRQVWDQWH�GHQ�NOHLQVWHQ�:HUW�DQQLPPW�'LHV LVW�JHZ|KQOLFK�GLH�5HDNWLRQ�PLW�GHU�K|FKVWHQ�$NWLYLHUXQJVHQHUJLH��,P�)ROJHQGHQ�VROOHQ�GLH*HVFKZLQGLJNHLWVNRQVWDQWHQ�GHU�HLQ]HOQHQ�5HDNWLRQHQ�EHUHFKQHW�ZHUGHQ�
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����� $EIOX�'LH�$EIOX�NRQVWDQWH�LVW�HLQ)XQNWLRQ�GHV�9ROXPHQIOXVVHV�0 XQG�GHV�DNWLYHQ�9ROXPHQV�GHU�6SLUDOH�
������

����� =HUIDOO'LH *HVFKZLQGLJNHLWVNRQVWDQWH�LVW�GLH�=HUIDOOVNRQVWDQWH�GHU�1XNOLGH��GLH�GXUFK�GLH�+DOEZHUW]HLWEHVWLPPW�ZLUG
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����� 'HVRUSWLRQ)�U�(GHOJDVDWRPH�Ol�W�VLFK�GLH�$GVRSWLRQVGDXHU�- GXUFK�GLH�'LSRODXVOHQNXQJ�O GDUVWHOOHQ��GD�GHU� G$WRPNHUQ GHV�(GHOJDVHV�EHL�$GVRUSWLRQ�DQ�HLQHU�´:DQGµ�LP�(OHNWURQHQIHOG�RV]LOOLHUW�XQG�GXUFK&RXORPENUlIWH ]XU�FNJHGUlQJW�ZLUG��'LH�'LSRODXVOHQNXQJ�HQWVSULFKW�GHP�$EVWDQG�YRQ�/DGXQJVVFKZHU�SXQNW�GHU�(OHNWURQHQ�XQG�GHP�$WRPNHUQ�'HU ZHLWHUHQ�'DUVWHOOXQJ�GHU�'HVRUSWLRQ�VROO�HLQH�PLNURNLQHWLVFKH�%HWUDFKWXQJ�$GVRUSWLRQ�YRUDQJHVWHOOWZHUGHQ�'LH $GVRUSWLRQ��3K\VLVRUSWLRQ��YRQ�(GHOJDVHQ�DQ�HLQH�:DQG�HUIROJW�VWR�NRQWROOLHUW��ZHLO�VFKRQ�GHUHUVWH6WR��]XU�'LSROELOGXQJ�I�KUW�XQG�VRPLW�QLFKW�XQWHUVFKHLGEDU�LVW��RE�GLH�U�FNVFKZLQJHQGH�'LSROELOGXQJGXUFK6WR��RGHU�GXUFK�YRUKHULJH�6FKZLQJXQJ�HUIROJWH��'DPLW�]lKOW�MHGH�'LSROVFKZLQJXQJ�]XU�'HVRUSWLRQ�'LHVHV VWDWHPHQW�LVW�EHUHFKWLJW��GD�VLFK�EHUHLWV�EHLP�6WR��GLH�/DJH�YRQ�$WRPNHUQ�XQG�/DGXQJVVFKZHUSXQNWGHU (OHNWURQHQ�YHUVFKLHEHQ��'LH�'LSRODXVOHQNXQJ�NDQQ�VRPLW�DXV�GHU�'HVRUSWLRQVHQHUJLH�YRQ�HLQHP'LSRO EHNDQQWHU�6WlUNH�>S  �T�� U @�RGHU�DXV�GHU�9HUGDPSIXQJVHQWKDOSLH�GHU�(GHOJDVH�EHVWLPPW� $WRP�ZHUGHQ�

�����D��E��F��

I LVW�HLQH�)XQNWLRQ�GHU�5LFKWXQJVNRVLQL�XQG�HLQ�VWDWLVWLVFKHU�:HUW��)�U�XQJHULFKWHWH�%HZHJXQJHQFRV�KNDQQPDQ�GHQ�PLWWOHUHQ�'LSROZLQNHO��K!�EHUHFKQHQ��ZHQQ�PDQ�EHGHQNW��GD��GHU�/DGXQJV�VFKZHUSXQNWGHU (OHNWURQHQODGXQJ�LP�.UHX]XQJVSXQNW�GHU�'LSRODFKVHQ�OLHJW��6\PPHWULH�EHUOHJXQJHQ�VFKUlQNHQVRPLW�GHQ�,QWHJUDWLRQVEHUHLFK�DXI�GDV�,QWHUYDOO�>��«�%��@�HLQ��)�U5Q�����HUJHEHQ�VLFK�VRPLW�I�U�GLH�PLWWOHUH�'LSRODXVOHQNXQJ�:HUWH�YRQ������SP��ZHQQ�PDQ�*OHLFKXQJ��� E��PLW�I � FRV��K!�ZlKOW��'LHV�LVW�HWZD�GHU����IDFKH�.HUQGXUFKPHVVHU�RGHU��������GHVFRV�K+�OOHQGXUFKPHVVHUV��
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'LH 'DXHU� HLQHU�$GVRUSWLRQ� IROJW�GHU�)UHQNHOJOHLFKXQJ� >���@�� GLH� OHW]WOLFK�QXU�GDV� ,QYHUVH�GHV$UUKHQLXVDXVGUXFNV�HLQHU�*HVFKZLQGLJNHLWVNRQVWDQWHQ�LVW�
������

� LVW�GLH�'LHOHNWUL]LWlWVNRQVWDQWH��]�GLH�$Q]DKO�GHU�(OHPHQWDUODGXQJHQ�H��U GHU�5DGLXV�XQG�P� $WRP 0ROGLH�0ROPDVVH�GHV�EHWUDFKWHQ�(GHOJDVHV�'LH QHXH�.RQVWDQWH�� KDW�I�U�5Q�����HLQHQ�:HUW�YRQ������� V��- QLPPW�DP�6LHGHSXQNW�GHU�IO�VVLJHQ� ����3KDVH�GHV�5Q�����GHQ�:HUW�����ï��� V�DQ��)�U�$UJRQ�EHWUDJHQ�GLHVH�:HUWH�����ï��� V�E]Z�������� ���ï �� V��- LVW�VRPLW�HWZDV�K|KHU�DOV�LQ�GHU�/LWHUDWXU�DOV�)UHTXHQ]IDNWRU�GHU�'HVRUSWLRQ�I�U�*ODV�PLW��� ������� V�DQJHJHEHQ�LVW�>�@����'LH'HVRUSWLRQVHQHUJLH�PX��LQ�JHVRQGHUWHQ�([SHULPHQWHQ�EHVWLPPW�ZHUGHQ��'D]X�ELHWHQ�VLFK�([SHULPHQWHEHL WLHIHQ�7HPSHUDWXUHQ�DQ��EHL�GHQHQ�GLH�'DXHU�HLQHU�$GRUSWLRQ�DQZlFKVW��$OV�.lOWHElGHU�NRPPHQIO�VVLJH*DVH�ZLH�6WLFNVWRII�����.���$UJRQ�����.���6DXHUVWRII�����.��LQ�)UDJH��ZHLO�KLHU�EHL�XQWHUVFKLHGOLFKHQ7HPSHUDWXUHQ��GLH�GLFKW�EHLHLQDQGHU�OLHJHQ��JHPHVVHQ�ZHUGHQ�NDQQ�
����� $GVRUSWLRQ1DFK�GHQ�YRUDQJHKHQGHQ�%HWUDFKWXQJHQ�YRQ�$GVRUSWLRQ�XQG�'HVRUSWLRQ�LVW�GLH�6WR�]DKO�PLW�GHU:DQG�GHU�)UHTXHQ]IDNWRU�GHU�$GVRUSWLRQVUHDNWLRQ�XQG�GLH�$NWLYLHUXQJVHQHUJLH�I�U�GLH�$GVRUSWLRQSHU GHILQLWLRQHP�QLFKW�H[LVWHQW��'LHV�I�KUW�]X�HLQHP�VWLFNLQJ�IDFWRU�� ��XQG�]X�GHU�$XVVDJH���GD�GLH$GVRUSWLRQ�YRQ�(GHOJDVHQ�DQ�HLQH�:DQG�VWR�NRQWROOLHUW�HUIROJW��'LHVH�$XVVDJH�LVW�H[WUHP�ZLFKWLJ�GD GLHVH�5HDNWLRQ�DXVQDKPVORV�GLH�HLQ]LJH�$UW�YRQ�5HDNWLRQ�LVW��GLH�GHILQLWRQVJHPl��VWR�NRQWUROOLHUWHUIROJW��'LH�6WR�]DKOHQ�PLW�GHU�:DQG�EHUHFKQHQ�VLFK�QDFK�]ZHL�*OHLFKXQJHQ�

�����D��E��
)�U�1XNOLGH�GHUHQ�+DOEZHUW]HLW�LP�9HUKlOWQLV�]XU�9HUZHLO]HLW�LQ�GHU�6SLUDOH�NOHLQ�LVW��HUJLEW�VLFK�I�UGLH 6WR�]DKO�PLW�GHU�:DQG�GLH�*OHLFKXQJ�����E��>�@��'LH�6WR�]DKO�I�U�5Q�����PLW�VHLQHU�JUR�HQ�+DOEZHUW]HLWEHUHFKQHW�VLFK�MHGRFK�QDFK�*OHLFKXQJ�����D��>���@��
����� 'LIIXVLRQ(LQ lKQOLFKHU�PLNURNRSLVFKHU�$QVDW]�ZLH�I�U�GLH�)UHTXHQ]IDNWRUHQ�YRQ�*HVFKZLQGLJNHLWVNRQVWDQWHQOLHIHUW�I�U�GHQ�'LIIXVLRQVNRHIIL]LHQWHQ�XQG�GLH�'LIIXVLRQV]HLW�IROJHQGH�*OHLFKXQJHQ�>�@�

�����D��E��
'LH�'LIIXVLRQV]HLW�HUJLEW�VLFK�DXV�GHU�9DULDQ]�GHU�$XIHQWKDOWVZDKUVFKHLQOLFKNHLW��:HQQ�GLH�9DULDQ]JOHLFKGHQ�*HIl�GLPHQVLRQHQ�LVW��LVW�GHU�'LIIXVLRQVSUR]H��GXUFK�GLH�)ROLH�DEJHVFKORVVHQ��'LH�%HUHFKQXQJGHU 'LIIXVLRQV]HLW�QDFK�����E��LVW�QXU�I�U�VWR�NRQWUROOLHUWH�'LIIXVLRQ�YRQ�$WRPHQ�GXUFK�)ROLHQ�HUODXEW�
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��

'LHV�LVW�EHL�ZHLFKHQ��QLFKW�YHUQHW]WHQ�RUJDQLVFKHQ�0DWHULDOLHQ�JHZlKUOHLVWHW��GD�LQ�GLHVHP�=XVWDQGGLH0DNURPROHN�OH�DOV�]ZHLGLPHQVLRQDOH�)O�VVLJNHLW�JHOWHQ��'LHV�EHGHXWHW��GD��GLH�IXQNWLRQHOOHQ�*UXSSHQTXHU�]X�LKUHU�/lQJVULFKWXQJ�VFKZLQJHQ�N|QQHQ��
����� (LQWULWW�LQ�GLH�)ROLH'LHVH5HDNWLRQ�LVW�HLQH�.RQNXUUHQ]UHDNWLRQ�GHU�'HVRUSWLRQ��'DV�EHGHXWHW��GD��VLH�GHQVHOEHQ�)UHTXHQ]IDNWRUDEHU�HLQH�DQGHUH�$NWLYLHUXQJVHQHUJLH�EHVLW]W��'LH�(QHUJLHGLIIHUHQ]�]XU�'HVRUSWLRQ�NDQQ�PDQ�GXUFKGHQ�(LQVDW]�XQWHUVFKLHGOLFKHU�$Q]DKO�YRQ�2EHUIOlFKHQ�EHL�NRQVWDQWHU�6FKLFKWGLFNH�PHVVHQ�

����D���F��

*OHLFKXQJ������JHKW�YRQ�IROJHQGHQ�GUHL�0HVVXQJHQ�DXV��� HLQIDFKH�)ROLH�PLW�6FKLFKWGLFNH�G�� HLQIDFKH�)ROLH�PLW�6FKLFKWGLFNH��G� GRSSHOWH�)ROLH�PLW�MHZHLOLJHU�6FKLFKWGLFNH�G
'LH�HLQIDFKH�G�QQH�)ROLH�EHVLW]W�IROJHQGH�(LJHQVFKDIWHQ�� 2EHUIOlFKHQHLQWULWWVZDKUVFKHLQOLFKNHLW� �GXUFK�� 'LIIXVLRQVZDKUVFKHLQOLFKNHLW �GLII'LH�HLQIDFKH�GLFNH�)ROLH EHVLW]W�LP�9HUJOHLFK�]XU�G�QQHQ�HLQIDFKHQ�)ROLH�IROJHQGH�(LJHQVFKDIWHQ�� 2EHUIOlFKHQHLQWULWWVZDKUVFKHLQOLFKNHLW� �GXUFK�� 'LIIXVLRQVZDKUVFKHLQOLFKNHLW � � PLW�� !��GLII)�U GLH�GRSSHOWJHOHJWH�G�QQH�)ROLH�HUJLEW�VLFK�GLHVHOEH�'LIIXVLRQVZDKUVFKHLQOLFKNHLW�ZLH�I�U�GLH�HLQIDFKHGLFNH)ROLH��GD�GLHVHOEH�'LFNH�YRUOLHJW��%HL�EHNDQQWHU�'HVRUSWLRQVHQHUJLH�LVW�GLH�(LQWULWWVHQHUJLH�GXUFKGHQ�(LQVDW]�YRQ�)ROLHQ�XQWHUVFKLHGOLFKHU�'LFNH�]X�EHVWLPPHQ�
����� *UXSSHQHIIHNWH'XUFK GLH�7UHQQXQJ�YRQ�4XHOOHQ�XQG�9RUODJHQUDXP�Ol�W�VLFK�RKQH�:HLWHUHV�GLH�4XHOOH�LQ�$NWLYLWlWXQG�$UW�DXVZHFKVHOQ��0DQ�NDQQ�VRPLW�5DGRQ�GXUFK�7KRURQ��5Q������RGHU�GXUFK�DQGHUH�(GHOJDVHHUVHW]HQ�XQG GLHVHOEHQ�*U|�HQ�GHU�'LIIXVLRQ��GHV�(LQWULWWV�RGHU�GHU�'HVRUSWLRQ�EHVWLPPHQ��'LHVZLUIW GLH�)UDJH�QDFK�GHP�:DUXP�DXI��GD�MD�5DGRQ�XQG�YLHOOHLFKW�QRFK�7KRURQ�GRVLPHWULVFK�LQWHUHVVDQWVLQG�*OHLFKXQJHQ������XQG������VLQG�*UXSSHQJOHLFKXQJHQ��GLH�I�U�GLH�(GHOJDVH�DOV�*UXSSH�JHOWHQ��'LH)UDJH�QDFK�*UXSSHQHIIHNWHQ�LVW�VRPLW�ZLFKWLJ��ZHLO�PDQ�VLFK�JJI��HLQ�J�QVWLJHV�(GHOJDV�²�]��%��QDFKHLQHU SUDNWLVFKHQ�+DOEZHUW]HLW�²�DXVVXFKHQ�NDQQ��XP�GDQQ�GLH�(UJHELVVH�DXI�DQGHUH�(GHOJDVH�]X�EHUWUDJHQ�:HQQ�GLHVH�hEHUWUDJXQJVIDNWRUHQ�I�U�GLH�HLQ]HOQHQ�*OHLFKXQJHQ�LGHQWLVFK�E]Z��EHUHFKHQEDUVLQG� VSULFKW�PDQ�YRQ�*UXSSHQHIIHNWHQ�RGHU�HLQHU�([WUDSRODWLRQ�YRQ�(LJHQVFKDIWHQ�KRPRORJHU�(OHPHQWH�6RPLW�ZHUGHQ�(UJHEQLVVH��EHUWUDJEDU�XQG�(LJHQVFKDIWHQ�HLQ]HOQHU�I�U�GLH�$SSDUDWXU�XQSUDNWLVFKHU(GHOJDVH�RGHU�VRJDU�1XNOLGH�YRUKHUVDJEDU�'LH hEHUSU�IXQJ�DXI�*UXSSHQHIIHNWH�LVW�VRPLW�HLQ�HOHPHQWDUHU�%DXVWHLQ�LP�9HUVWlQGQLV�GHU�FKHPLVFK�SK\VLNDOLVFKHQ�'XUFKGULQJXQJ�YRQ�%DXPDWHULDOLHQ�GXUFK�(GHOJDVH�



��

� ([SHULPHQWHOOH�(UJHEQLVVH
'LH0H�HUJHEQLVVH�XQG�DXI�%H]XJ�JHQRPPHQHQ�'DWHQ�ZHUGHQ�LQ�7DEHOOHQ�PLW�IRUWODXIHQGHU�1XPPHULHUXQJLP$QKDQJ�DQJHI�KUW��,Q�GHQ�HLQ]HOQHQ�7HLONDSLWHO�ZLUG�DXI�GLHVH�1XPHULHUXQJ�KLQJHZLHVHQ��:HUGHQMHGRFK HLQ]HOQH�7HLOH�GHU�7DEHOOHQ�VHSDUDW�EHWUDFKWHW�XQG�LQ�)RUP�NOHLQHUHU�7DEHOOHQ�VLFKWEDU�JHPDFKW�HUKDOWHQ�GLHVH�GLH�1XPPHULHUXQJ�GHV�7HLONDSLWHOV�
��� %HVWLPPXQJ�GHU�7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWH
7DEHOOH�����LP�$QKDQJ�]HLJW�HLQH�QXPHULVFKH�%HUHFKQXQJ�GHU�JHPHVVHQHQ�XQG�*UHQ]DNWLYLWlWHQ�I�U5Q�����XQG�$U�����VRZLH�I�U�5Q�����I�U�GLH�NOHLQH�XQG�JUR�H�$SSDUDWXU�I�U�HLQH�IHVWH�hEHU�DOOHV�'LIIXVLRQVNRQVWDQWH K��0LW�+LOIH�GLHVHU�7DEHOOH�ZXUGH�GXUFK�KDOEORJDULWKPLVFKH�,QWHUSRODWLRQ�K I�UGLH�H[SHULPHQWHOOHQ�:HUWH�EHVWLPPW�'LH 0HVVXQJHQ�GLHVHU�0H�UHLKH��GLH�PLW�5Q�����DQ�.XQVVWRIIROLHQ�GXUFKJHI�KUW�ZXUGHQ��VLQG�LQ7DEHOOH ����LP�$QKDQJ�DXIJHI�KUW��8P�ZHQLJHU�DOV����GHU�$XVJDQJVDNWLYLWlW�DQ�5Q�����GXUFK]XODVVHQ�VLQG :HUWH�K � �� V HUIRUGHUOLFK��.HLQH�GHU�YHUZHQGHWHQ�)ROLHQ�HUUHLFKW�GLHVH�5�FNKDOWXQJ��� ��3RO\XUHWKDQVFKDXP��38��NRPPW�DOOHUGLQJV�LQ�JUHLIEDUH�1lKH�GHU�5DGRQGLFKWKHLW��$X�HUGHPZXUGHQ�GLH�$NWLYLWlWVTXRWLHQWHQ�lOWHUHU�$UEHLWHQ��>�@��>�@��PLW�+LOIH�GLHVHU�7DEHOOH�DXVJHZHUWHW�
)D]LW� 'LH 7KHRULH�OLHIHUW�I�U�MHGH�DXV]XPHVVHQGH�)ROLH�HLQHQ�:HUW�I�U�GLH�*HVFKZLQGLJNHLVWNRQVWDQWHGHV7UDQVIHUV��GHU�GXUFK�KDOEORJDULWKPLVFKH�,QWHUSRODWLRQ�GHU�:HUWH�GHU�7DEHOOH�����LQ�$QKDQJ�EHVWLPPWZHUGHQ NDQQ��$X�HUGHP�LVW�GXUFK�GLH�7DEHOOH�]X�EHVWLPPHQ�RE�HLQH�)ROLHQ�UDGRQGLFKW�LVW�RGHU�QLFKW�
��� hEHUSU�IXQJ�GHU�$SSDUDWXUHQ
'DQXQ�]ZHL�$SSDUDWXUHQ�XQG�]ZHL�5DGLRQXNOLGH�XQWHUVFKLHGOLFKHU�*U|�H�XQG�+DOEZHUW]HLW�]XU�9HUI�JXQJVWDQGHQ�NRQQWH�HLQH�hEHUSU�IXQJ�GHU�7KHRULH�HUIROJHQ��
7DEHOOH������D��JLEW�GLH�HUPLWWHOWHQ�:HUWH�I�U�HLQH�39&�)ROLH�PLW�HLQHU�'LFNH�YRQ������P�DQ��'D]XZXUGHQ 0HVVXQJHQ�GLHVHU�$UEHLW�PLW�0HVVXQJHQ�lOWHUHU�$UEHLWHQ��>�@�>�@����V��7DEHOOHQ�����XQG����LP�$QKDQJ���YHUJOLFKHQ�

5Q���� $U��� 5Q���� 5Q����NOHLQH�6SLUDOH NOHLQH�6SLUDOH NOHLQH�6SLUDOH JUR�H�6SLUDOH>���@ >���@$NWLYLWlWVTXRWLHQW ������� �������� �������� ��������,QWHUSRDOWLRQVIDNWRU ������� �������� ������� ���������K >�V @ �����ï��� ������ï��� ������ï��� ������ï����� �� �� �� ��
7DEHOOH�����D�� ([SHULPHQWHOOH�OH�(UJHEQLVVH�I�U������P�VWDUNH�39&��)ROLH�
'LHVH�0H�HUJHEQLVVH�VLQG�QLFKW�OHLFKW�]X�LQWHUSHUWLHUHQ�/ 'LH EHUHFKQHWHQ�:HUWH�I�U�GLH�7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWH�GHU�0HVVXQJHQ�I�U�GLHVH$UEHLW ]ZLVFKHQ�GHU�JUR�HQ�XQG�GHU�NOHLQHQ�6SLUDOH�GLIIHULHUHQ�OHLFKW��'LHV�NDQQ�MHGRFK�PLW�GHP0H�IHKOHU�GHU�$NWLYLWlWVPHVVXQJ�HUNOlUW�ZHUGHQ��VR�GD��GLH�EHLGHQ�0HVVXQJHQ�JXW��EHUHLQVWLPPHQXQG�HLQHQ�:HUW�GHU�'LIIXVLRQVJHVFKZLQGLJNHLWVNRQVWDQWHQ�YRQ�K  �����ï��� V HUJHEHQ��� ��



��

/ 'HU:HUW�GHU�7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWHQ�I�U�$U����LQ�GHU�NOHLQHQ�6SLUDOH�HUJLEW�VLFKDXV�GHP�$NWLYLWlWVTXRWLHQWHQ�lOWHUHU�0HVVXQJHQ�]X�K  �����ï��� V ��'LHVHU�:HUW�LVW�NOHLQHU�DOV�GHU�� ��YRQ5Q�����GHU�MHW]LJHQ�0HVVXQJHQ��'LHV�ZXUGH�QLFKW�HUZDUWHW�XQG�LVW�DXFK�QLFKW�VLQQYROO��GD�5Q����LP 9HUJOHLFK�]X�$U���QDFK�GHU�SK\VLNOLVFKHQ�3DUDPHWHUQ�LQ�7DEHOOH�����LP�$QKDQJ�VRZRKO�HLQHQJU|�HUHQ 5DGLXV�EHVLW]W�DOV�DXFK�VFKZHUHU�LVW��:HQQ�PDQ�GLHVH�$UJRQZHUWH�DOOHUGLQJV�PLW�GHQ�:HUWHQlOWHUHU 0HVVXQJHQ��GLH�]X�HLQHU�7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWH�YRQ�K  �����ï��� V I�KUHQ��� ��YHUJOHLFKW� LVW�HLQ�VLQQYROOHU�=XVDPPHQKDQJ�JHJHEHQ��'LHVH�(IIHNWH�ZHUGHQ�LQ�GHQ�QlFKVWHQ�.DSLWHOQZHLWHU�GLVNXWLHUW�ZHUGHQ�
)D]LW� 'LH 0HVVXQJHQ�PLW�5Q�����]HLJHQ��GD��GLH�.RQVWUXNWLRQ�GHU�QHXHQ�6SLUDOH�]X�JXWHQ��PLWGHQ�0HVVXQJHQ�GHU�NOHLQHUHQ�9HUVXFKVDSSDUDWXU�NRQVLVWHQWHQ�(UJHEQLVVHQ�I�KUW��
��� *UXSSHQHIIHNWH
,Q�7DEHOOH������D��ZXUGHQ�GLH�7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWHQ�HLQLJHU�DXVJHZlKOWHU�0DWHULDOLHQDXIJHOLVWHW�'D]X�ZXUGH�GHU�4XRWHQW�HUPLWWHOW�

0DWHULDO 'LFNH $U 5Q 4XRWLHQW>��P�@3( ���� �����ï��� �����ï��� ����� ��
33 ���� ������ï��� �����ï��� ������ ��
.DXWVFKXN ��� �����ï��� �����ï��� ������ ��
39& ��� ������ï��� �����ï��� ������ ��
=HOORSKDQ ���� �����ï��� �����ï��� ����� ��
$O ���� ������ï��� ������ï��� ����� ��
38 ���� �����ï��� ������ï��� ���� ��
7DEHOOH�����D�� 7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWHQ�YRQ�$U����XQG�5Q�����DXVJHZlKOWHU�0DWHULDOHQ�QDFK�>���@��>���@
(LQLJH�DXVJHZlKOWH�SK\VLNDOLVFKH�(LJHQVFKDIWHQ�ZXUGHQ�LQ�7DEHOOH�����E�I�U�GLH�1XNOLGH�$U����XQG5Q���� DQJHI�KUW��)�U�HLQHQ�NLQHWLVFKHQ�(IIHNW�VLQG�GLH�*U|�HQ�1XNOLGPDVVH�²�DOV�0D��I�U�GLH0D[ZHOOJHVFKZLQGLJNHLW�²�XQG�1XNOLGUDGLXV�ZLFKWLJ�²�I�U�HLQHQ�WKHUPRG\QDPLVFKHQ�(IIHNW�MHGRFKGLH�9HUGDPSIXQJVHQWKDOSLH�$U 5QP >�J�PRO @ �� �����
U >�SP�@ ����� �����$WRP+ >�N-�PRO @ ��� ����9 ��
7DEHOOH�����E�� DXVJHZlKOWH�(LJHQVFKDIWHQ�YRQ�$U����XQG�5Q����(LQ�NLQHWLVFKHU�$QVDW]�I�KUW�]X�HLQHP�UH]LSURNHQ�4XRWLHQWHQ�GHU�0DVVHQZXU]HOQ�PXOWLSOL]LHUW�PLWHLQHP4XDUGDW�GHU�5DGLHQ��ZDV�]X�HLQHP�:HUW�YRQ������I�KUW��(LQ�WKHUPRG\QDPLVFKHU�$QVDW]�I�KUWEHL�=LPPHUWWHPSHUDWXU�]X�HLQHP�:HUW�YRQ��������



��

,Q�7DEHOOH������D��WUHWHQ�GUHL�$UWHQ�YRQ�)ROLHQ�DXI�/ GLFNH�XQSRODUH�)ROLHQ'LH�7KHUPRG\QDPLN�VSLHOW�LQ�GLHVHP�)DOO�HLQH�XQWHUJHRUGQHWH�5ROOH�XQG�EHVWlWLJW�VRPLW�GHQ�LQ�GHQ*OHLFKXQJHQ �����D��E��GDUJHVWHOOWHQ�NLQHWLVFKHQ�$QVDW]�I�U�GLH�'LIIXVLRQ�GXUFK�GLH�)ROLH���$OV�%HLVSLHOVLQG39&�XQG�1DWXUNDXWVFKXN�]X�QHQQHQ��GHUHQ�:HUW�I�U�GHQ�4XRWHQWHQ�GHU�7UDQVIHUJHVFKZLQGLJNHLWVNRQ�VWDQWHQ�XP�GHQ�:HUW�����OLHJW�/ G�QQH�XQSRODUH�)ROLHQ�7KHUPRG\QDPLVFKH�(IIHNWH�N|QQHQ�DEHU�DXFK�QLFKW�JDQ]�DXVJHVFKORVVHQ�ZHUGHQ��GD�GHU�4XRWHQWGHU7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWHQ�JHJHQ�EHU�GHQ�9RUKHUVDJHQ�HWZDV�HUK|KW�LVW��7KHUPRG\QDPLVFKH(IIHNWH I�KUHQ�DEHU�LQ�GLH�ULFKWLJH�5LFKWXQJ�XQG�ZLUNHQ�GHP�NLQHWLVFKHQ�$QVDW]�QLFKW�HQWJHJHQ��'HU7UDQVIHU EHLQKDOWHW�EHNDQQWOLFK�GLH�'LIIXVLRQ�GXUFK�GLH�)ROLHQ��ZLH�DXFK�GHQ�(LQWULWW�LQ�GLH�)ROLH�'LH NLQHWLVFKHQ�9RUKHUVDJHQ�EH]LHKHQ�VLFK�MHGRFK�QXU�DXI�GHQ�7HLOSUR]H��GHU�'LIIXVLRQ��GHU�EHL�G�QQHQ)ROLHQ QDW�UOLFK�LP�9HUJOHLFK�]X�DQGHUHQ�7HLOUHDNWLRQHQ�ZHQLJHU�VWDUN�LQV�JHZLFKW�IlOOW�XQG�GDKHUQFKW�GHQ�:HUW�GHV�4XRWLHQWHQ�GRPLQLHUHQ�NDQQ�'LH�:HUWH�GHU�7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWH�YRQ�$U����IlOOW�I�U�G�QQHV�33�DXV�GHP�5DKPHQ�'D MHGRFK�GLH�:HUWH�GHU�*HVFKZLQGLJNHLWVNRQVWDQWHQ�YRQ�33�LP�9HUJOHLFK�]XP�G�QQHUHQ�3(�HUNOlUEDUVLQG��VROOWH�HLQH�hEHUSU�IXQJ�GHU�$UJRQPHVVXQJ�HUZRJHQ�ZHUGHQ�/ GLFNH�SRODUH�)ROLHQ�3RO\XUHWKDQ IlOOW�XQWHU�GLHVH�*UXSSH��'HU�4XRWLHQW�LVW�VHKU�GHXWOLFK�JHJHQ�GHQ�NLQHWLVFK�YRUKHUJHVDJWHQ:HUW�HUK|KW��VR�GD��PDQ�GDYRQ�DXVJHKHQ�PX���GD��WKHUPRG\QDPLVFKH�(IIHNWH�GHQ�$XVVFKODJ�JHEHQ�
'LH )ROLHQ�DXV�XQSRODUHQ�%DXVWHLQHQ�VLQG�DOOH�ZHLFK��(V�VFKHLQW�GHVKDOE��DOV�RE�GDV�5DGRQ�LQ�GHU)ROLH ´JHO|VWµ�ZLUG��(V�YHUKlOW�VLFK�VR��DOV�RE�HV�VLFK�LQ�HLQHU�IO�VVLJHQ�3KDVH�EHILQGHW��'HVKDOE�NDQQPDQ LQ GLHVHP�)DOO�YRQ�GHQ�)ROLHQ�DOV� HLQHU�]ZHLGLPHQVLRQDOHQ�)O�VVLJNHLW� VSUHFKHQ��'�K��GLH0DNURPROHN�OH VLQG�OLQHDU�XQG�GLH�HLQ]HOQHQ�IXQNWLRQHOOHQ�*UXSSHQ�EHZHJHQ�VLFK�]ZHLGLPHQVLRQDOIUHL�ZREHL�GLH�/DJH�GHV�0DNURPROHN�OV�QLFKW�YHUlQGHUW�ZLUG��$X�HUGHP�VLQG�GLH�IXQNWLRQHOOHQ�*UXSSHQPHLVW�$ON\O�5HVWH��GLH�XQSRODU�VLQG�XQG�GDKHU�GDV�XQSRODUH�(GHOJDV�´O|VHQµ�
3RO\XUWHWKDQ�LVW�HLQ�GUHLGLPHQVLRQDO�YHUQHW]WHU�6FKDXP��GHVVHQ�IXQNWLRQHOOHQ�*UXSSHQ�SRODU�VLQG�+LHU�NRPPHQ�]ZHL�3ULQ]LSLHQ�]XVDPPHQ���HLQH�SRODUH�8PJHEXQJ�XQG��HLQH�JUREH�9HUQHW]XQJ��VR�GD��GHP�5DGRQ�HLQH�9LHO]DKO�YRQ�.DQlOHQ�]XU�9HUI�JXQJ�VWHKW�
,Q�HLQHP�9HUJOHLFK�YHUVLQQELOGOLFKW��VLQG�GLH�ZHLFKHQ�.XQVVWRIIH�ZLH�HLQ�6HHWDQJIHOG��GXUFK�GDV�HLQ)LVFK��5DGRQ��$UJRQ��KLQGXUFKVFKZLPPW��(V�EHZHJHQ�VLFK�GHU�)LVFK�XQG�GHU�6HHWDQJ��VR�GD��HLQVFKQHOOHU 7UDQVSRUW��KLHU�7UDQVIHU��P|JOLFK�ZLUG��'HU�IHVWH�3RO\XUHWKDQVFKDXP�HQVWSULFKW�LQ�GLHVHP%LOG HLQHP�.RUDOOHQULII��GD��]ZDU�YRQ�YLHOHQ�5LW]HQ��*lQJHQ�XQG�.DQlOHQ�GXUFK]RJHQ�LVW��DEHU�GHP)LVFK��5DGRQ��$UJRQ��MH�QDFK�*U|�H�QXU�ZHQLJH�YRQ�GLHVHQ�DOV�:HJ�]XU�9HUI�JXQJ�VWHKHQ�
)D]LW� 'LH�0HVVXQJHQ�I�U�$U����EHG�UIHQ�HLQHU�ZHLWHUHQ�8QWHUVXFKXQJ��GD�VLH�DXVVFKOLH�OLFK�DXI0HVVXQJHQPLW�GHP�3URWRW\S�EHUXKHQ��'LHVH�8QWHUVXFKXQJHQ�NRQQWHQ�OHLGHU�QRFK�QLFKW�VWDWWILQGHQ�GD�GHU�=/)5�GXUFK�(LQEDX�HLQHU�QHXHQ�%UDQGPHOGH��XQG�2EMHNWVLFKHUXQJVDQODJH�YRQ�'H]HPEHU�����ELV�6HSWHPEHU������DX�HU�%HWULHE�XQG�VRPLW�GLH�3URGXNWLRQ�YRQ�$U����QLFKW�P|JOLFK�ZDU�
��� $OWHUXQJ�YRQ�)ROLHQ
:HQQ�PDQ�GLH�HUKDOWHQHQ�'DWHQ�I�U�GLH�*HVFKZLQGLJNHLWVNRQVWDQWH�GHV�7UDQVIHUV�YRQ�GHQ�)ROLHQPLW GHQHQ�lOWHUHU�0HVVXQJHQ�YHUJOHLFKW��NDQQ�PDQ�HLQHQ�)DNWRU�HUPLWWOHQ��XP�GHQ�GHU�7UDQVSRUW]XJHQRPPHQKDW��'LHV�NDQQ�I�U�$OWHUXQJVSUR]HVVH�VWHKHQ��GD�GLH�YHUZHQGHWHQ�)ROLHQ�YRP�7UDQVSRUW
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LQ WURFNHQHP�(GHOJDV�LQ�7UDQVSRUW�LQ�IHXFKWHP�(GHOJDV�JHEUDFKW�ZXUGHQ��,Q�7DEHOOH������D��ZXUGHQGLH�7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWHQ�HLQLJHU�)ROLHQ�]XDPPHQJHVWHOOW��,Q�GHU�=ZLVFKHQ]HLW��GLHHWZD���-DKUH�GDXHUWH�ZXUGHQ�GLH�)ROLHQ�LQ�6DXHUVWRIIDWPRVSKlUH���JHZ|KQOLFK�LQ�'XQNHOKHLW��DEHUEHL��XQEHDEVLFKWLJW��HUK|KWHU�/XIWIHXFKWH�DP�=/)5�JHODJHUW�
0DWHULDO 'LFNH DOW� MHW]W>��P�@ QDFK�>���@39& ��� �����ï��� ������ï����� ��

38 ���� ������ï��� ������ï����� ��
7DEHOOH�����D�� 7UDQVIHUJHVFKZLQGLJNHLWVNRQVWDQWH�I�U�5Q����
'HU�)DNWRU�OLHJW�]ZLVFKHQ�����XQG�������'DEHL�PX��JHVDJW�ZHUGHQ��GD��38�VLFKWEDUH�=HLFKHQ�YRQ$OWHUXQJVHUVFKHLQXQJHQ DXIZLHV�XQG�GLHV�HUVW�DXI�GDV�3UREOHP�GHU�$OWHUXQJ�XQG�GHVVHQ�$XVZLUNXQJKLQZLHV�
��� %HVWLPPXQJ�GHV�JHVFKZLQGLJNHLWVEHVWLPPHQGHQ�6FKULWWHV
,Q 7DEHOOH�����LP�$QKDQJ�VLQG�GLH�'HVRUSWLRQVHQHUJLHQ�GHU�(GHOJDVH�YRQ�XQWHUVFKLHGOLFKHQ�0DWHULDOLHQDXIJHI�KUW >�@��'LH�'HVRUSWLRQVHQHUJLHQ�I�U�5DGRQ�OLHJHQ�OHLFKW��EHU�GHQHQ�GHU�9HUGDPSIXQJVHQWKDOSLH�(LFKOHU JLEW�HLQH�'HVRUSWLRQVHQHUJLH�YRQ������N-�PRO I�U�5DGRQ�DXI�(LV�DQ�>�@��'LH�EHUHFKQHWHQ��:HUWH�VLQG�GDKHU�JODXEZ�UGLJ��ZHLO�VLH�QLFKW�NOHLQHU�DOV�GLH�9HUGDPSIXQJVHQWKDOSLH�DEHU�DXFK�QLFKWYLHO�JU|�HU�DOV�GLH�YRP�(LV�DOV�%HLVSLHO�HLQHU�LQ�VLFK�SRODUHQ�6XEVWDQ]�VHLQ�N|QQHQ��
,Q7DEHOOH�����LP�$QKDQJ�ZXUGHQ�SK\VLNDOLVFKH�*U|�HQ�GHU�(GHOJDVH�]XVDPPHQJHVWHOOW��=XU�%HVWLPPXQJGHV JHVFKZLQGLNHLWVEHVWLPPHQGHQ� 6FKULWWHV� ZHUGHQ� GLH� LQ� 7DEHOOH� ���� DQJHI�KUWHQ$XIHQWKDOWVZDKUVFKHLQOLFK�NHLWHQ�I�U�5Q�����PLW�+LOIH�GHU�*OHLFKXQJHQ�LP�$EVFKQLWW�����XQG�GHUSK\VLNDOLVFKHQ�*U|�HQ�GHU�7DEHOOH�����EHUHFKQHW��
%HLP�38�HLQ�GHXWOLFKHU�$QVWLHJ�GHU�'LIIHUHQ]�YRQ�(LQWULWWV��XQG�'HVRUSWLRQVHQHUJLH�]X�VHKHQ��,QGLHVHP )DOO�LVW�GDV�9HUKlOWQLV�YRQ�(LQWULWW�LQ�GLH�)ROLH�]X�'HVRUSWLRQ�YRQ�GHU�)ROLH�HWZD�HLQV�]X�]ZHL�)�U GLH�DQGHUHQ�)ROLHQ�QlKHUW�VLFK�GDV�9HUKlOWQLV�HLQHU�*OHLFKYHUWHLOXQJ�YRQ�(LQWULWW�XQG�'HVRUSWLRQDQ�
:HQQ�PDQ�GLH�*HVFKZLQGLJNHLWVNRQVWDQWHQ�I�U�$EIOX� XQG�=HUIDOO�YHUQDFKOlVVLJW��(LQVWHOOXQJ�GHVVWDWLRQlUHQ =XVWDQGHV���ZLUG�GHXWOLFK��GD��GHU�(LQWULWW�LQ�GLH�)ROLH�GHU�JHVFKZLQGLJNHLWVEHVWLPPHQGH6FKULWWGHU�hEHU�$OOHV�'LIIXVLRQ�LVW��GD�GLH�*HVFKZLQGLJNHLWVNRQVWDQWH�GHQ�JHULQJVWHQ�:HUW�LP�9HUJOHLFK]X�GHQ�DQGHUHQ�KDW�



��

� 'LVNXVVLRQ
=XVDPPHQIDVVHQG�NDQQ�PDQ�IROJHQGHV�IHVWVWHOOHQ�
/ 'LH $SSDUDWXU�OLHIHUW�JXWH�(UJHEQLVVH�]XU�%HVWLPPXQJ�GHU�.ODVVLIL]LHUXQJ�DOV�UDGRQGLFKW�'D]X�JHQ�JW�HLQH�)ROLH�SUR�]X�XQWHUVXFKHQGHV�0DWHULDO�/ 'HU 7UDQVIHU�GXUFK�G�QQH�)ROLHQ�ZLUG�]XQHKPHQG�GXUFK�WKHUPRG\QDPLVFKH�(LJHQVFKDIWHQE]JO��GHV�*UXSSHQHIIHNWHV�EHKHUUVFKW�/ .XQVWRIIROLHQ ODVVHQ�VLFK�LQ�]ZHL�.DWHJRULHQ�WHLOHQ��(LQPDO�)ROLHQ�PLW�JHULQJHU�'LIIHUHQ]]ZLVFKHQ�(LQWULWW�XQG�'HVRUSWLRQ�XQG�ZHOFKH�PLW�PHUNOLFKHU�(QHUJLHGLIIHUHQ]��/ :HQQPDQ�PHKUHUH�)ROLHQ�PLW�HLQHP�EHVWLPPWHQ�'LFNHYHUKlOWQLV�YHUZHQGHW��NDQQ�PDQ�]XVlW]OLFKGHQ�JHVFKZLQGLJNHLWVEHVWLPPHQHQ�6FKULWW�HUKDOWHQ��'LHVH�0HVVXQJ�KlQJW�QLFKW�YRQ�GHU�$SSDUDWXU�VRQGHUQ�YRQ�GHU�9HUI�JEDUNHLW�GHV�0DWHULDOV�DE�/ 'HU JHVFKZLQGLJNHLWVEHVWLPPHQGH�6FKULWW�LVW�XQWHU�VWDWLRQlUHQ�%HGLQJXQJHQ�GHU�(LQWULWW�LQGLH)ROLHQ��'LHV�I�KUW�]XU�$XVVDJH��GD��HV�HIIHNWLYHU�LVW��HLQH�)ROLH�PLW�LQQHUHQ�2EHUIOlFKHQ�]X�NRQVWUXLHUHQ�DOV�GLHVH�HLQIDFK�QXU�GLFNHU�]X�PDFKHQ�/ )ROLHQ XQWHUOLHJHQ�HLQHP�QRFK�QlKHU�]X�XQWHUVXFKHQGHP�$OWHUXQJVSUR]H���GHU�GD]X�I�KUW�GD��GHU�5DGRQWUDQVIHU�GXUFK�GLH�)ROLH�]XQLPPW��
� $XVEOLFN
'LH�$QODJH�OLHIHUW�I�U�5Q�����LQ�SUDNWLVFKHQ�=HLWHQ�(UJHEQLVVH��-HGRFK�LVW�GHU�*UXSSHQHIIHNW�QRFKQLFKW HQWJ�OWLJ�JHNOlUW��)�U�GLH�(GHOJDVH�$U�����.U���P��;H�����E]Z��;H����P�YHUVSULFKW�GLH�HLQIDFKH$NWLYLHUXQJ HLQHU�*DVPLVFKXQJ�GHU�(GHOJDVH�QDW�UOLFKHU�1XNOLG]XVDPPHQVHW]XQJ�GHWHNWLHUEDUHU$NWLYLWlWHQ�0LW�+LOIH�GLHVHU�1XNOLGH�N|QQHQ�GLH�'LIIXVLRQVHLJHQVFKDIWHQ�EHVWLPPW�XQG�GHU�*UXSSHQHIIHNWEHUHFKHQEDU JHPDFKW�ZHUGHQ��'LHV�ZLUG� GXUFK� GLH� ����� HUIROJWH�$QVFKDIIXQJ� HLQHV� ORZ�OHYHO*DPPDPH�SODW]HV�XQWHUVW�W]W�
(LQH8QWHUVXFKXQJ�GHV�$OWHUXQJVSUR]HVVHV�YRQ�)ROLHQ�VROOWH�XQEHGLQJW�HUIROJHQ��GD�VRQVW�)HKOLQYVWLWLRQHQLQ )ROLHQ�JHWlWLJW�ZHUGHQ��GLH�GDQQ�QDFK�HLQLJHQ�-DKUHQ�GDV�=HUWLILNDW�́ UDGRQGLFKWµ�YHUOLHUHQ�N|QQWHQXQG�GHUHQ�$XVWDXVFK�]X�JJI��HUKHEOLFKHQ�.RVWHQ�I�KUHQ�NDQQ�
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7DEHOOHQ
7��� ([SHULPHQWHOOH�XQG�*UHQ]DNWLYLWlWHQ�EHL�JHJHEHQHU�hEHU�$OOHV�'LIIXVLRQVNRQVWDQWH7���� 0H�HUJHEQLVVH�YRQ�)ROLHQPHVVXQJHQ�I�U�5Q����7���� $XVZHUWXQJ�GHU�0H�HUJHEQLVVH�YRQ�)ROLHQPHVVXQJHQ�I�U�5Q�����QDFK�>���@7��� $XVZHUWXQJ�GHU�0H�HUJHEQLVVH�YRQ�)ROLHQPHVVXQJHQ�I�U�$U����QDFK�>���@7��� 'HVRUSWLRQVHQHUJLHQ�YRQ�(GHOJDVHQ�DQ�XQWHUVFKLHGOLFKHQ�0DWHULDOLHQ7��� SK\VLNDOLVFKH�*U|�HQ�GHU�(GHOJDVH7��� %HUHFKQXQJ�GHU�HLQ]HOQHQ�*HVFKZLQGLJNHLWVNRQVWDQWHQ

$EELOGXQJHQ
$��� 6FKHPDWLVFKH�$QRUGQXQJ�GHU�0H�DSSDUDWXU$��� 3KRWRJUDSKLH�GHU�0H�DSSDUDWXU$��� $NWLYLWlW�LQ�GHU�9RUODJHNDPPHU�DOV�)XQNWLRQ�GHV�9ROXPHQIOXVVHV�GXUFK�GLH�4XHOOH$��� *OHLFKJHZLFKWVDNWLYLWlW�DOV�)XQNWLRQ�GHU�VWDWLRQlUHQ�$NWLYLWlW�

/LWHUDWXU
>���@ *��.HOOHU��5DGRQGLIIXVLRQ������5DGRQVWDWXVJHVSUlFK��1HXKHUEHUJ���������������������%HULFKWH�GHU�66.��+HIW������������������>���@ *��:HGOHU��/HKUEXFK�GHU�3K\VLNDOLVFKHQ�&KHPLH��9HUODJ�&KHPLH��:HLQKHLP������>���@ :�-��0RRUH��3KVLFDO�&KHPLVWU\��&KDSWHUV�������������/RQJPDQ��%XUQW�0LOO��8�.�������>���@ -��+�GH�%RHU��7KH�'\QDPLFDO�&KDUDFWHU�RI�$GVRUSWLRQ ��� HG���&ODUHQGRQ�3UHVV��2[IRUG��������.DSLWHO�,,,���������QG;����������>���@ 0�*UDQW]��7UDFH�$PRXQW�&RPSRQHQWV�LQ�/DPLQDU�*DV�)ORZ���7KHRUWLFDO�DQG�([SHULPHQWDO�6WXGLHV ��� :RUNVKRS��3K\VLFVWKDQG�&KHPLVWU\�RI�WKH�+HDYLHVW�(OHPHQWV���6WHQXQJVVXQG��6ZHGHQ��-XQH�� ��� ����WK WK>���@ (� 6FKPXW]HU��*UXQGODJHQ�GHU�7KHRUHWLVFKHQ�3K\VLN ��7HLO�,,��.DSLWHO�������'HXWVFKHU�9HUODJ�GHU�:LVVHQVFKDIWHQ�%HUOLQ������>���@ 1� *HRUJL� ([SHULPHQWHOOH�8QWHUVXFKXQJHQ�]XU�'LIIXVLRQ�YRQ�5DGRQ�GXUFK�%DXVWRIIIROLHQ ��'LSORPDUEHLW��%$�5LHVD�����������>���@ 0��*UDQW]��+�&KU��0HKQHU��5DGRQGLIIXVLRQVZLGHUVWDQG�YRQ�%DXVWRIIHQ ��6FKOX�EHULFKW��$IX(�3URMHNW��).=���������7,%��+DQQRYHU��VXEP������$SULO�����>���@� %� (LFKOHU��+�3��=LPPHUPDQQ��+�:��*lJJHOHU��$GVRUSWLRQ�RI�5DGRQ�RQ�,FH�6XUIDFHV ��-��3K\V��&KHP��$���������������������������
,P�5DKPHQ�GLHVHV�3URMHNWHV�ZXUGH�HLQH�6WXGLHQDUEHLW�EHWUHXW�

&� *HRUJH��8QWHUVXFKXQJ�]X�(LJHQVFKDIWHQ�XQG�9HUZHQGXQJ�JHRSRO\PHUHU�0DWHULDOLHQ��3RO\RUJDQRVLOR[DQH��I�U�GLH�=ZLVFKHQODJHUXQ JUDGLRDNWLYHU�$EIlOOH ��%DFFHOHDXUXVDUEHLW��+RFKVFKXOH�=LWWDX�*|UOLW]������������



ϑ 5Q���� 5Q���� 5Q���� 5Q���� $U��� $U��� 5Q���� 5Q���� $U���>�VA���@ NO��6SLUDOH JU��6SLUDOH NO��6SLUDOH JU��6SLUDOH NO��6SLUDOH NO��6SLUDOH'LII�9RUO� 'LII�9RUO� 'LII�9RUO� 'LII�9RUO� 'LII�9RUO� 'LII�9RUO�
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7DEHOOH����([SHULPHQWHOOH�XQG�*UHQ]DNWLYLWlWHQ�EHL�JHJHEHQHU�hEHU�$OOHV�'LIIXVLRQVNRQVWDQWH�����������������)HWW�JHGUXFNW�VLQG�GLH�*UHQ]DNWLYLWlWHQ��EHL�GHQHQ�5DGRGLFKWKHLW�QDFK�.HOOHU�YRUOLHJW�



VWHDG\�VWDWH� )HKOHU $BH[S��$B� ,QWHUSRODWLRQVI� ϑ (BGXUFK���(BGHV>�%T�PA���@ >�%T�PA���@ >�VA���@ >�N-��PRO�@
9RUODJHDNWLYLWlW ������ ����� ���

)ROLH 0DWHULDO )DUEH 'LFNH =DKO�)ROLHQ>�PP�@
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Abbildung 01:   Schematischer Aufbau der Meßapparatur



Abbildung 02:   Photographie der Meßapparatur



Abbildung 03:   relative Aktivität in der Vorlagekammer als Funktion des Volumenflusses



Abbildung 04:   Gleichgewichtsaktivität als Funktion der stationären Aktivität
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