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Zusammenfassung: Mittels pflanzensoziologischer, biometrischer und ökologischer Verfahren
sollen mögliche Koinzidenzen zwischen Luftverunreinigungen aus Verbrennungsmotoren und
Vegetationsschäden im Frankfurter Stadtwald aufgezeigt werden. Hierbei wird angestrebt,
die Ergebnisse der ökologisch-vegetationskundlichen Untersuchungen im Rahmen einer Ver- 
bundforschung mit luftchemischen Befunden korrelieren zu können.
Es wurde ein Vitalitätsquotient entwickelt, der die Schadensbeurteilung unbelaubter 
Wipfeltriebe von Rotbuchen am lebenden Baum anhand einer kontinuierlichen Skala erlaubt,
wobei fotografische Aufnahmen als Grundlage der Berechnung dienten.
Auf vier Transekten wurden Schwermetallgehalte untersucht.

The effect of pollution caused by internal combustion engines on the emironnent and ve- 
getation in Frankfurt's forest.

Summary: Using biometric methods, ecological methods and methods of plant sociology,
attempts were made to demonstrate possible connections between pollution levels in the       
air caused by internal combustion engines and the damage sustained by the vegetation in
Frankfurt's forest. Efforts were made to correlate the results of the tests carried out
on the environment and vegetation within the framework of integrated research with the
results of tests carried out to establish the chemical construction of the air.
A vitality quotient was developed, making it possible to assess on a continuous scale the 
extent of the damage sustained by the bare shoots on the tops of living beeches. Photo-
graphs were used as the basis of assessment.
The heavy metal content of four transections was examined.
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%HL�XQVHUHQ�$UEHLWHQ�VWHOOHQ ZLU�LPPHU�ZLHGHU�IHVW��GD��GLH�.UDXWYHJHWDWLRQ�GHV6WDGWZDOGHV�GXUFK�GLH�]DKOUHLFKHQ�:DOGVSD]LHUJlQJHU��5DGIDKUHU� -RJJHU�XQG�5HL�WHU� VWDUN EHHLQWUlFKWLJW� LVW�� ,Q� YLHOHQ� VWDGWQDKHQ� :DOGDEWHLOXQJHQ� VLQG� GDKHU'DXHUXQWHUVXFKXQJVIOlFKHQ�� VHOEVW� ZHQQ� VLH HLQJH]lXQW� VLQG�� SUDNWLVFK� QLFKW� ]XQXW]HQ�� (V� HUVFKLHQ� XQV� GDKHU� DQJHEUDFKW�� DXFK� %DXPVW�PSIH� DOV 'DXHUXQWHUVXFK��XQJVIOlFKHQ� ]X� YHUZHQGHQ�� GD� DXI� GLHVHQ� ELVKHU� NHLQH� GXUFK� GLH PHQVFKOLFKH�$NWLYLWlW�YHUXUVDFKWHQ�9HUlQGHUXQJHQ�IHVW]XVWHOOHQ�ZDUHQ�
,Q�SIODQ]HQVR]LRORJLVFKHU�+LQVLFKW�VWHOOHQ�6WU�QNH�6RQGHUVWDQGRUWH�GDU��GLH IDVW��EHUDOO�LP�:DOG�]X ILQGHQ�XQG�OHLFKW�]X�PDUNLHUHQ�VLQG��)�U�GLH�%HVLHGOXQJ�GHU6W�PSIH� LVW� ZHQLJHU� GLH� XPJHEHQGH� 9HJHWDWLRQ� DOV� YLHOPHKU GLH� )HXFKWLJNHLW�%HVFKDWWXQJ��5DQGODJH��%RGHQ��HQWVFKHLGHQG��I�U�GLH 3LO]H�VSLHOW�GDU�EHUKLQDXVGLH�+RO]DUW�HLQH�5ROOH� 6LQG�GLH�6WU�QNH�QLFKW�]X�DOW��NDQQ�GLH�+RO]DUW�GLUHNWEHVWLPPW� ZHUGHQ�� DQVRQVWHQ� NDQQ GDV� 9RUNRPPHQ� EHVWLPPWHU 3LO]DUWHQ� GDU�EHU$XIVFKOX��JHEHQ�
:LH�VLFK�EHL�GHQ�ELVKHULJHQ�9RUYHUVXFKHQ�JH]HLJW�KDW��ZHLVHQ�lOWHUH %DXPVW�PSIH�JHJHQ�EHU� GHP� VHKU� JHULQJ� EHODVWHWHQ� )ULVFKKRO]� ZHVHQWOLFK� K|KHUH 3E�*HKDOWH�DXI�� 'LHVHU� 8PVWDQG� G�UIWH� DXI� WURFNHQH� XQG QDVVH� 'HSRVLWLRQ� VRZLH� DXI� GLH
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7DEHOOH����,Q�6RPPHU�XQG�+HUEVW �����DQ�GHU�,VHQEXUJHU�6FKQHLVH�XQG�GHU�6WUD�HQ�EDKQ�DQ�GHQ�PDUNLHUWHQ�%DXPVW�PSIHQ�JHIXQGHQH�3LO]DUWHQ�
$UPLOODULHOOD�PHOOHD�DJJ��������������������0HULSLOXV�JLJDQWHXV$VFRFRU\QH�VDUFRLGHV 0HUXOLXV�WUDPHOORVXV%LVSRUD�DQWHQQDWD���������������������������0ROOLVLD�FLQHUUD%MHUNDQGHUD�DGXVWD������������������������������ OLJQL&DORFHUD�FRUQHD�����������������������������0\FHQD�JDOHULFXODWD� YLVFRVD����������� � JDORSRGD&HULSRULRSVLV�JLOYHVFHQV������������������������ SXUD&KRQGURVWHUHXP�SXUSXUHXQ������������������������ SXUSXUHRIXVFD&ROO\ELD�IXVLSHV�������������������������������� VDQJXLQROHQWD&RSULQXV�PLFDFHXV�������������������� � FI��]HSKLUXV&UHSLGRWXV�PROOLV���������������������������1HFWULD�FLQQDEDULQD� YDULDELOLV��������������������������� FRFFLQHD&XGRQLHOOD�DFLFXODULV��������������������������� HSLVSKDHULD&\DWKXV�VWULDWXV������������������������ 1HREXOJDULD�SXUD&\OLQGUREDVLGLXP�HYROYHQV�������������������2UELOLD�[DQWKRVWLJPD'DFU\P\FHV�VWLOODWXV������������������������2XGHPDQVLHOOD�UDGLFDWD'DHGDOHD�TXHUFLQD���������������������������3DQHOOXV�VWLSWLFXV'DHGDOHRSVLV�FRQIUDJRVD����������������� � VHURWLQUV'DV\VF\SKXV�QLYHXV��������������������������3D[LOOXV�LQYROXWXV� YLUJLQHXV�����������������������3HQLRSKRUD�TXHUFLQD'LDWU\SH�GLVFLIRUPLV������������������������3H]L]D�PLFURSXV� VWLJPD�����������������������������3KDHROXV�VFKZHLQLW]LL�)LVWXOLQD�KHSDWLFD��������������������������3KROLRWD�OHQWD*DQRGHUPD�DSSODQDWXP������������������������3OXWHXV�DWULFDSLOOXV*\PQRSLOXV�SHQHWUDQV������������������������3RO\SRUXV�EUXPDOLV+HWHUREDVLGLRQ�DQQRVXP��������������������������� VTXDUURVXV+\PHQRFKDHWH�UXELJLQRVD���������������������3RVWLD�VXEFDHVLD+\PHQRVF\SKXV�FDO\F\OXV���������������������3VDWK\UHOOD�K\GURSKLOD+\SKRORPD�FDSQRLGHV����������������������������� FI��VDFURFHSKDOD� IDVFLFXODUH������������������ 5DPDULD�VWULFWD� VXEODWHULWLXP���������������������6FKL]RSK\OOXQ�FRPPXQH+\SRFKQXV�IXVLVSRUXV������������������������6FKL]RSRUD�SDUDGR[D+\SR[\ORQ�IUDJLIRUPH������������������������6FXWHOOLQLD�XPEUDUXP,QRQRWXV�QRGXORVXV���������������������� 6SDUDVVLV�FULVSD� UDGLDWXV���������������������������6WHUHXP�KLUVXWXQ-XQJKXKQLD�QLWLGD������������������������������� UXJRVXQ.XHKQHURP\FHV�PXWDELOLV������������������������� VDQJXLQROHQWXP/DVLRVSKDHULD�RYLQD�������������������������7UDPHWHV�JLEERVD�� VSHUPRLGHV������������������������ KLUVXWD/D[LWH[WXP�ELFRORU������������������������������ YHUVLFRORU/HQWLQXV�OHSLGHXV���������������������������7ULFKDSWXP�DELHWLQXP/\FRSHUGRQ�S\ULIRUPH������������������������8VWXOLQDGHXVWD0DUDVPLHOOXV�UDPHDOLV�����������������������;HURFRPXV�FKU\VHQWHURQ0DUDVPLXV�Z\QQHL����������������������������;\ODULD�K\SR[\ORQ0HJDFROO\ELD�SODW\SK\OOD������������������������ SRO\PRUSKD
'RFKWZLUNXQJ�GHU�6W�PSIH��EHL�GHU�%RGHQO|VXQJ�DQJHVDXJW�XQG�GDV�:DVVHU YHUGXQV��WHW�ZLUG��XQG�GLH�GDPLW�HLQKHUJHKHQGH�SDVVLYH�$NNXPXODWLRQ�]XU�FN]XI�KUHQ�VHLQ�
8P� GHQ� VSH]LILVFKHQ� (LQIOX�� HLQHU� 6WUD�H DXI� GLHVH� $NNXPXODWLRQ� �HYHQWXHOOH(LJQXQJ� GHU� 6W�PSIH� DOV� $NNXPXODWLRQVLQGLNDWRUHQ�� VRZLH� DXI� GLH� %HVLHGOXQJ�GHU6W�PSIH�PLW�3LO]HQ�XQG�0RRVHQ�]X�XQWHUVXFKHQ��ZXUGHQ�LQ�� � ���P�$EVWDQG�QHEHQ



��
HLQHU�JXW�IUHTXHQWLHUWHQ�)DKUEDKQ����%XFKHQ���(LFKHQ� XQG�.LHIHUQVW�PSIH�DXVJH�VXFKW�XQG�]ZHFNV�'DXHUEHREDFKWXQJ�PDUNLHUW��HEHQVR�ZXUGH�PLW ���6W�PSIHQ�QHEHQHLQHU�6WUD�HQEDKQOLQLH��GLH�LQ�HWZD�����P�$EVWDQG�SDUDOOHO YHUVHW]W�]XU�6WUD�HYHUOlXIW�� YHUIDKUHQ�� :HJHQ� GHU� bKQOLFKNHLW� GHU EHLGHQ� 6WDQGRUWVJUXSSHQ� VLQGNOLPDWLVFKH��SHGRORJLVFKH�XQG�SIODQ]HQVR]LRORJLVFKH�8QWHUVFKLHGH�JHULQJ�]X YHU��DQVFKODJHQ�� 'LH� JHZRQQHQHQ� (UJHEQLVVH EHOHJHQ� EHVRQGHUV� EHL� GHQ� %XFKHQVW�PSIHQGHQ� (LQIOX�� GHU� 6WUD�HQQlKH DXI� GDV� $UWHQJHI�JH� XQG� DXI� GLH� %OHLDNNXPXODWLRQGXUFK�GLHVHV�7RWKRO]��GLH�/DJH�GHU�6W�PSIH�LVW�DXV�$EELOGXQJ���HUVLFKWOLFK�
=XU�&KDUDNWHULVLHUXQJ GHV�+RO]DEEDXHV�XQG�GHV�$OWHUV�GHU�6W�PSIH�ZHUGHQ�SK\VLND�OLVFKH� �]XP� %HLVSLHO 6DXJIlKLJNHLW��� SLO]� XQG� PRRVVR]LRORJLVFKH� %HREDFKWXQJHQKHUDQJH]RJHQ�� 1HEHQ GHQ� 6FKZHUPHWDOOJHKDOWHQ� GHV� +RO]HV� OLHJW� GHU� 6FKZHUSXQNWGLHVHU�8QWHUVXFKXQJ�LQ�GHU�)UDJH��RE�XQG�ZLHZHLW�HV 'LIIHUHQ]HQ�LP�$UWHQJHI�JH�GHU�VWXPSIEHVLHGHOQGHQ�*HVHOOVFKDIWHQ�XQG�LKUHU�6XN]HVVLRQHQ�LQ�$EKlQJLJNHLW YRQ�GHU� =XJHK|ULJNHLW� ]X� HLQHU� GHU� EHLGHQ 6WDQGRUWVJUXSSHQ� JLEW�� (LQH� HUVWH� hEHU�VLFKW�GHU�KRO]EHVLHGHOQGHQ�VRZLH�GHU�VRQVWLJHQ�3LO]DUWHQ�ILQGHW�VLFK�LQ 7DEHOOH���
'DU�EHUKLQDXV� ZXUGHQ $JDU�� VRZLH� +RO]EORFNNXOWXUHQ� GHU� 3LO]DUWHQ� 7UD�PHWHV� JLEERVD�� %MHUNDQGHUD� DGXVWD XQG� 6FKL]RSK\OOXP� FRPPXQH� DQJHOHJW�� XP� GHQ(LQIOX��YRQ�6FKZHUPHWDOOHQ�DXI�:DFKVWXP�XQG�+RO]DEEDX DXFK�XQWHU�VWDQGDUGLVLHU�WHQ�%HGLQJXQJHQ�]X�XQWHUVXFKHQ���
&��(UIDVVXQJ�XQG�%HZHUWXQJ�GHV�=XVWDQGHV�GHU�9HJHWDWLRQ
�� 'RNXPHQWDWLRQ� XQG .ODVVLIL]LHUXQJ� XQEHODXEWHU� :LSIHOWULHEH� YRQ� XQWHUVFKLHG�OLFK�JHVFKlGLJWHQ�5RWEXFKHQ�PLWWHOV�HLQHV�9LWDOLWlWVTXRWLHQWHQ
8P� GLH� JHJHQZlUWLJH� 6FKDGHQVV\PSWRPDWLN� ]X� GRNXPHQWLHUHQ XQG� LKUHQ� ZHLWHUHQ9HUODXI� ]X� YHUIROJHQ�� VHW]WHQ ZLU� XQV� GDV� =LHO�� GHQ� *HVXQGKHLWV]XVWDQG� HLQHUJU|�HUHQ�=DKO YRQ�5RWEXFKHQ�IHVW]XKDOWHQ�XQG�GLHV�MlKUOLFK�]X�ZLHGHUKROHQ��'LHVH%DXPDUW�LVW�JHZlKOW�ZRUGHQ��GD�VLH�JOHLFKUDQJLJ�PLW�(LFKHQ�GLH�KlXILJVWH�/DXE�EDXPDUW� GHV� 6WDGWZDOGHV� LVW� XQG� KLHU� DXFK� RKQH� PHQVFKOLFKH� (LQIOX�QDKPH DP�$XIEDX�GHU�9HJHWDWLRQ�ZHVHQWOLFK�EHWHLOLJW�VHLQ�G�UIWH�
=XU� &KDUDNWHULVLHUXQJ� GHV� *HVXQGKHLWV]XVWDQGHV� VROOWH� GDV YRQ� 52/2))� ������YRUJHVFKODJHQH�� DXI� GHU 9HU]ZHLJXQJVPRUSKRORJLH� GHU� 5RWEXFKH� EDVLHUHQGH� 0RGHOOHLQHU� 6FKDGHQVNODVVLIL]LHUXQJ KHUDQJH]RJHQ� ZHUGHQ�� 'DQDFK� ODVVHQ� VLFK� GLH� ZH�VHQWOLFKHQ�.ULWHULHQ�HLQHU�=XRUGQXQJ�]X�GHQ�6FKDGVWXIHQ ����YHUHLQIDFKW�IROJHQ�GHUPD�HQ�GDUVWHOOHQ�
� 6FKDGVWXIH�2� 6RZRKO� GLH� 7HUPLQDONQRVSHQ� DOV� DXFK� GLH� REHUVWHQ� 6HLWHQNQRVSHQGHU� :LSIHOWULHEH� ZDFKVHQ� PLW� /DQJWULHEHQ� DXV �([SORUDWLRQVVWD��GLXP��� 6FKDGVWXIH��� 'LH� 7HUPLQDONQRVSHQ� ELOGHQ� /DQJWULHEH DXV�� GLH� 6HLWHQNQRVSHQGDJHJHQ� QXU� QRFK� .XU]WULHEH� GDV� (UVFKHLQXQJVELOG� JOHLFKW�Ä6SLH�HQ³�XQG�Ä3HLWVFKHQ³��'HJHQHUDWLRQVVWDGLXP��
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� 6FKDGVWXIH��� $OOH� .QRVSHQ� GHU� :LSIHOWULHEH� ELOGHQ� QXU QRFK� .XU]WULHEH�� 9HU�]ZHLJXQJHQ� XQWHUEOHLEHQ�� VROFKH� 7ULHEH� HULQQHUQ� DQ Ä3LQVHO³��6WDJQDWLRQVVWDGLXP��� 6FKDGVWXIH��� 'LH� 7HUPLQDONQRVSHQ� KDEHQ� �EHU� YLHOH� -DKUH KLQZHJ� QXU� QRFK.XU]WULHEH� JHVFKREHQ� XQG� GLH VR� HQWVWDQGHQHQ� .XU]WULHENHWWHQEUHFKHQ� ZHJHQ XQJ�QVWLJHU� VWDWLVFKHU� (LJHQVFKDIWHQ� KlXILJ� DE�GHU�%DXP�VWLUEW�YRQ�GHU�6SLW]H�DXVJHKHQG�DOOPlKOLFK DE��5HVLJQD�WLRQVVWDGLXP��
*HQHUHOO� YHUULQJHUW� VLFK� PLW ]XQHKPHQGHU� 6FKlGLJXQJ� GDV� /lQJHQZDFKVWXP� GHU:LSIHOWULHEH�
8QVHUHP� =ZHFNH� HLQHU� 'RNXPHQWDWLRQ� GHU (QWZLFNOXQJ� GHV� *HVXQGKHLWV]XVWDQGHVJHQ�JW�HV�MHGRFK�QLFKW��GLH�6FKDGVWXIHQ�DXVJHVXFKWHU�5RWEXFKHQ ]X�HUIDVVHQ�XQGGLHV� LQ GHQ� IROJHQGHQ� -DKUHQ� ]X� ZLHGHUKROHQ�� GD� GHU� *HVXQGKHLWV]XVWDQG� VLFKQLFKW� VSUXQJKDIW� YRQ� HLQHU� 6WXIH� ]XU QlFKVWHQ� EHZHJW�� VRQGHUQ� HLQHP� DOOPlKOL�FKHQ�� NRQWLQXLHUOLFKHQ :DQGHO� XQWHUOLHJW�� 'DKHU� PX�WH� GDV� VWDUUH� .ODVVLIL]LH�UXQJVVFKHPD� ]XJXQVWHQ� IHLQHUHU 'LIIHUHQ]LHUXQJHQ�� LP� ,GHDOIDOO� ]XJXQVWHQ� HLQHU�NRQWLQXLHUOLFKHQ�6NDOD�PRGLIL]LHUW�ZHUGHQ�
(LQH� H[DNWH� 9HUPHVVXQJ� GHU :LSIHOWULHEH�� DXI� GHU� DXFK� GLH� (UJHEQLVVH� 52/2))V������� EDVLHUHQ�� ZlUH� VLFKHU� Z�QVFKHQVZHUW� JHZHVHQ� ZDU� EHL� OHEHQGHQ� %lXPHQMHGRFK� QLFKW� GXUFKI�KUEDU�� GD� NHLQH� =XJDQJVP|JOLFKNHLW ]X� GHQ� :LSIHOWULHEHQEHVWDQG��$XFK�GLH�8QWHUVXFKXQJ�YRQ�DXV�GHU�.URQH KHUDXVJHVlJWHQ�$VWHQ�HQWILHO�GD� GDPLW GHUHQ� ZHLWHUH� (QWZLFNOXQJ� QLFKW� PHKU� KlWWH� YHUIROJW� ZHUGHQ� N|QQHQ�GDU�EHUKLQDXV�ZDU�QLFKW�DXV]XVFKOLH�HQ��GD��HLQ�VROFKHU�(LQJULII DXFK�GLH�YHU�EOLHEHQHQ�.URQHQWHLOH�LQ�LKUHP�:DFKVWXP�EHHLQIOX�W�KlWWH�
'DKHU� HUSUREWHQ� ZLU�� RE XQG� ZLHZHLW� GDV� )RWRJUDILHUHQ� YRQ� :LSIHOWULHEHQ� HLQHJHHLJQHWH� 0HWKRGH� GDUVWHOOW�� XP GHQ� *HVXQGKHLWV]XVWDQG� YRQ� 5RWEXFKHQ� GLIIHUHQ�]LHUW�]X�HUIDVVHQ�XQG�]X�GRNXPHQWLHUHQ��RKQH�GLH�%lXPH�]X�EHVFKlGLJHQ���
0HWKRGH
'LH�$XIQDKPHQ�ZXUGHQ�PLW�HLQHU�6SLHJHOUHIOH[NDPHUD��1,.21�)$��LQ�9HUELQGXQJ PLW�HLQHP�����PP� XQG�HLQHP�����PP��EMHNWLY��1292)/(;�E]Z��1,.21��DXI�$*)$3$1� XQG�,/)25'�6:�)LOPHQ����������XQG�����$6$��XQWHU�9HUZHQGXQJ�HLQHV�6WDWLYHV�JHPDFKW���$XV� GHP� JHVDPWHQ� *HELHW� GHV� )UDQNIXUWHU 6WDGWZDOGHV� ZlKOWHQ� ZLU� ���� P|JOLFKVW�EHU�����-DKUH�DOWH 5RWEXFKHQ�YHUVFKLHGHQHU�6FKDGVWXIHQ�DXV��$EE������EHL�GHQHQGLH� :LSIHOWULHEH� KLQUHLFKHQG� JXW� HLQ]XVHKHQ ZDUHQ�� MHGH� 6FKDGVWXIH� VROOWH JU|���HQRUGQXQJVPl�LJ� LP� JOHLFKHQ� 8PIDQJH UHSUlVHQWLHUW� VHLQ�� =XP� 7HLO� QDKPHQ� ZLUDXFK�VROFKH�%lXPH�DXI��GLH�]ZDU QXU�HLQHQ�VFKOHFKWHQ�%OLFN�LQ�LKUH�.URQH�JHVWDW�WHWHQ�� GLH� XQV� DEHU� LQWHUHVVDQW� HUVFKLHQHQ� GD� VLH� *HJHQVWDQG� GHU� |NRORJLVFK�FKHPLVFKHQ�8QWHUVXFKXQJHQ�VLQG�
:LU� ZlKOWHQ QXU� $OWEXFKHQ� DXV�� GD� EHL� M�QJHUHQ� %XFKHQ� GDV� $XIILQGHQ� VWlUNHU



��
JHVFKlGLJWHU� ,QGLYLGXHQ DXIJUXQG� GHUHQ� JHULQJHU� =DKO� VFKZLHULJ� JHZRUGHQ� ZlUH�HLQ� 9HUJOHLFK� YRQ $XIQDKPHQ� MXQJHU� JHVXQGHU� %lXPH� PLW� VROFKHQ� YRQ� DOWHQ�� JH�VFKlGLJWHQ�%XFKHQ�ZlUH�]ZHLIHOKDIW�
'LH� DXVJHVXFKWHQ %XFKHQ� ZXUGHQ� XQDXIIlOOLJ� PDUNLHUW�� LKUH� /DJH� LQ� GHU� .DUWHIHVWJHKDOWHQ�XQG�GHU�.DPHUDVWDQGRUW�QRWLHUW��$XV�GHP�:LSIHO�MHGHV�%DXPHV QDKPHQ�ZLU���YHUVFKLHGHQH�%LOGDXVVFKQLWWH�PLW�GHP�����PP��EMHNWLY��DX�HUGHP�PLW�GHP����PP��EMHNWLY�HLQH�.URQHQ�EHUVLFKW�DXI��GHU�$XIQDKPH]HLWUDXP�UHLFKWH�YRP�����0lU]ELV� ]XP ���� $SULO� ������ 'DV� $OWHU� GHU� %lXPH� ZXUGH� GHP� )RUVWHLQULFKWXQJVEXFKHQWQRPPHQ�
$Q�2UW�XQG�6WHOOH RUGQHWHQ�ZLU�MHGHU�GHU�5RWEXFKHQ�JHPl��GHP�YRQ�52/2))�������YRUJHVFKODJHQHQ�6FKHPD�HLQH�GHU���6FKDGVWXIHQ�]X�
=XU� $XVZHUWXQJ NDQQ� GLH� /lQJH� GHU� 7ULHEH� ZHGHU� DEVROXW� QRFK� LP� 9HUKlOWQLV� GHU$XIQDKPHQ� XQWHUHLQDQGHU� KHUDQJH]RJHQ� ZHUGHQ�� GD GHU� $EELOGXQJVPD�VWDE� QLFKW�EHNDQQW�XQG YRQ�)RWRJUDILH�]X�)RWRJUDILH�XQWHUVFKLHGOLFK�LVW��(LQ�NXU]HU�-DKUHV�WULHE�EHVLW]W�MHGRFK�QDFK�XQVHUHU�%HREDFKWXQJ�ZHQLJHU�.QRVSHQ�DOV�HLQ ODQJHU��VRGD��GLH�=DKO�GHU�.QRVSHQ�GLH�/lQJH�LKUHV�:LSIHOWULHEHV�ZLGHUVSLHJHOW� 'LH�XQWHU�

$EELOGXQJ� ��� 9HUIDKUHQVVFKHPD� ]XU� (UPLWWOXQJ� GHV 9LWDOLWlWVTXRWLHQWHQ� 9� EHL)DJXV�V\OYDWLFD
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VWHQ�� VHOEVW DXV� QlFKVWHU� 1lKH� NDXP� ]X� HUNHQQHQGHQ� .QRVSHQ� HLQHV� (QGWULHEHVN|QQHQ�DXI�GHQ�)RWRJUDILHQ�]ZDU�QLFKW�LGHQWLIL]LHUW�ZHUGHQ� MHGRFK�NDQQ�GLHVHU8PVWDQG�EHLP�9HUJOHLFK�YRQ�$XIQDKPHQ�XQWHUHLQDQGHU XQEHU�FNVLFKWLJW�EOHLEHQ��GDHU��EHUDOO�JOHLFKHUPD�HQ�DXIWULWW��ÄVFKODIHQGH�.QRVSHQ³����1HEHQ�GHU�/lQJH�GHV�7HUPLQDOWULHEHV�VSLHOHQ�GDV�9RUKDQGHQVHLQ�XQG GLH�)RUP�GHU6HLWHQWULHEH�HLQH�HQWVFKHLGHQGH�5ROOH�EHL�GHU�%HXUWHLOXQJ�GHV *HVXQGKHLWV]XVWDQ��GHV��'DKHU�VHW]HQ�ZLU�]XU�$XVZHUWXQJ�GLH�/lQJH GHV����6HLWHQWULHEHV�LQV 9HUKlOW��QLV�]XU�/lQJH�GHV�(QGWULHEHV� VR�GD��PDQ�HLQHQ�4XRWLHQWHQ�PLW�:HUWHQ�]ZLVFKHQ��XQG�HUZDUWXQJVJHPl� HWZD���HUKlOW��IHKOHQ�GLH�7HUPLQDONQRVSH��GHU����6HLWHQWULHERGHU�GHU�JDQ]H�(QGWULHE��VR�ZLUG�GLHVHU�4XRWLHQW�]X���JHVHW]W�
'LH�=DKO�GHU�.QRVSHQ DP�(QGWULHE�ZLUG�GXUFK����GLYLGLHUW�XQG�GLHVHU�:HUW�PLW�GHPNRUUHVSRQGLHUHQGHQ� 4XRWLHQWHQ� JHPLWWHOW�� 'LH� DXI� GLHVH :HLVH� HUKDOWHQH� =DKOQLPPW�ZLHGHU�:HUWH�]ZLVFKHQ���XQG�HWZD���DQ�
(QWVSUHFKHQG�ZLUG�PLW�P|JOLFKVW�YLHOHQ�(QGWULHEHQ�SUR $XIQDKPH�YHUIDKUHQ��ZREHL�GDUDXI� ]X� DFKWHQ� LVW�� GD�� GLH� KLHUI�U� DXVJHPHVVHQHQ =ZHLJH� IUHL� GHQ� /XIWUDXPHUREHUQ� N|QQHQ�� RKQH� YRQ� DQGHUHQ� .URQHQWHLOHQ� EHKLQGHUW� ]X� ZHUGHQ�� $OOH VR�HUKDOWHQHQ� :HUWH HLQHV� %DXPHV� ZHUGHQ� ]X� HLQHU� =DKO�� GHP� Ä9LWDOLWlWVTXRWLHQWHQ9³��JHPLWWHOW �$EE������-H�JU|�HU�GLHVHU�9LWDOLWlWVTXRWLHQW��GHVWR�SRVLWLYHU�LVWGHU�*HVXQGKHLWV]XVWDQG�HLQHU�%XFKH�]X�YHUDQVFKODJHQ�
(UJHEQLVVH
�HL����GHU���� %XFKHQ�LVW�GLH�%LOGTXDOLWlW�VR�VFKOHFKW��GD��VLH�QLFKW�EHZHUWHWZHUGHQ�N|QQHQ��'LH�*U�QGH�KLHUI�U�VLQG�LQ DXIQDKPHWHFKQLVFKHQ�)HKOHUQ��8QVFKlU�IH��9HUZDFNHOQ���LQ�XQJHHLJQHWHP�%OLFNZLQNHO �]X�IODFK�]XU�9HU]ZHLJXQJVHEHQH�GHU7ULHEH��XQG�LQ�]X�JHULQJHU�*U|�H�GHU�DEJHELOGHWHQ =ZHLJH�]X�VXFKHQ��'HU��EHUZLH�JHQGH� 7HLO� GHU� $XIQDKPHQ� ZHLVW� GDJHJHQ� HLQHQ� JUR�HQ� 'HWDLOUHLFKWXP� DXI� VR�ODVVHQ�VLFK�IDVW�GXUFKZHJ�GLH�7ULHEEDVLVQDUEHQ�GHV OHW]WHQ�-DKUHVWULHEHV�HUNHQ�QHQ��MD�WHLOV�VRJDU��EHU�����-DKUH�]XU�FNYHUIROJHQ��$EE���������(LQH�=XRUGQXQJ�GHU�9LWDOLWlWVTXRWLHQWHQ ]X�GHQ�6FKDGVWXIHQ�LVW�QXU�LP�)DOOH�YRQ6FKDGVWXIH���WKHRUHWLVFK�]X�EHJU�QGHQ��GRUW�IHKOHQ�GLH 6HLWHQWULHEH��4� �����XQGGD� GHU� (QGWULHE� DXV� HLQHU� .XU]WULHENHWWH� EHVWHKW�� LVW PHLVWHQV� QXU� QRFK� HLQHHLQ]LJH� 7HUPLQDONQRVSH� YRUKDQGHQ� �.�  � ��� 6RPLW� PX�� GHU� 9LWDOLWlWVTXRWLHQW� LP)DOOH� YRQ 6FKDGVWXIH� �� NOHLQHU� DOV� ���� ZHUGHQ�� )�U� GLH� $EJUHQ]XQJ� GHU� �EULJHQ6FKDGVWXIHQ�ZlKOWHQ�ZLU�QDFK�HUVWHU 'XUFKVLFKW�GHU�$XIQDKPHQ�IROJHQGH�ZLOON�UOL�FKH�=XRUGQXQJ��
6FKDGVWXIH����������d 9���������d 9���������������d 9�����������������9������
�� =XU� hEHUSU�IXQJ� GHU� YRUJHQRPPHQHQ� .ODVVLIL]LHUXQJ� ZHUGHQ� ]XU� =HLW� LP� 6WDGWZDOG� GLH :LSIHOWULHEH��YRQ�JHIlOOWHQ�E]Z��GXUFK�6WXUP�JHZRUIHQHQ�$OWEXFKHQ�JHPHVVHQ



��
'LH� DXI GLHVH� :HLVH� JHZRQQHQHQ� (UJHEQLVVH� ]HLJW� 7DEHOOH� ��� (V� HUJHEHQ� VLFK� ��%XFKHQ� GHU 6FKDGVWXIH� ��� ��� PLW� 6FKDGVWXIH� ��� ��� PLW� 6FKDGVWXIH� �� XQG� ��� GHU6FKDGVWXIH����+LHU]X�VROO�QRFKPDOV�EHPHUNW�ZHUGHQ��GD��GLH�IRWRJUDILHUWHQ %lXPH�NHLQH�UHSUlVHQWDWLYH�6WLFKSUREH�DXV�GHP�%XFKHQEHVWDQG GHV�)UDQNIXUWHU�6WDGWZDO�GHV� GDUVWHOOHQ� XQG� VRPLW� NHLQH� 5�FNVFKO�VVH� DXI� GHQ� DOOJHPHLQHQ *HVXQGKHLWV]X��VWDQG�GLHVHV�:DOGHV�]XODVVHQ�
%HL�GHU 2EHUSU�IXQJ�XQVHUHU�(UJHEQLVVH�LP�+LQEOLFN�DXI�HLQHQ�P|JOLFKHQ�=XVDPPHQ�KDQJ� ]ZLVFKHQ 9LWDOLWlWVTXRWLHQW� XQG� %DXPDOWHU� NRPPW� PDQ� ]X� GHP� 6FKOX��� GD�LQQHUKDOE� GHU YRQ� XQV� HUID�WHQ $OWHUVVSDQQH� YRQ� ��� ELV� ���� -DKUHQ� GLH� IHVWJH�VWHOOWHQ�6FKDGV\PSWRPH�QLFKW�DOOHLQ�DOV�$XVGUXFN�HLQHV�QDW�UOLFKHQ $OWHUVSUR]HV��VHV� GHU� 5RWEXFKHQ� JHGHXWHW ZHUGHQ� N|QQHQ�� GD� ]ZLVFKHQ� 9LWDOLWlWVTXRWLHQW� XQG$OWHU� GHU� %lXPH� QXU� HLQ� .RUUHODWLRQVNRHIIL]LHQW� YRQ� U � ����� EHVWHKW�� GLHVHUOLHJW�ZHLW�XQWHU�GHU�6LJQLILNDQ]VFKZHOOH�GHV�����1LYHDXV�YRQ�U�������� �����
,Q�GLH�JOHLFKH�5LFKWXQJ�ZHLVHQ�GLH�%HIXQGH�52/2))V���������QDFK�GHQHQ�DXFK EHL�JHVXQGHQ�$OWEXFKHQ�QRFK�:LSIHOWULHEH�GHV�([SORUDWLRQVVWDGLXPV�RGHU�]XPLQGHVW�GHV'HJHQHUDWLRQVVWDGLXPV� ]X� ILQGHQ� VLQG XQG� GHU� 2EHUJDQJ� YRP� 'HJHQHUDWLRQV� ]XP�6WDJQDWLRQVVWDGLXP� HUVW� PLW HWZD� ���� -DKUHQ� HLQVHW]W�� VRIHUQ� HV� VLFK� QLFKW� XPXQWHUVWlQGLJH�%XFKHQ�KDQGHOW�
%HNDQQWHUPD�HQ�VLQG�6FKDGV\PSWRPH EHL�JDQ]�RGHU ZHQLJVWHQV�]XP�7HLO�IUHLVWHKHQGHQ%XFKHQ��DOVR�HWZD�EHL�hEHUKlOWHUQ�RGHU�DP�5DQG�VWRFNHQGHQ�%lXPHQ� KlXILJ�XQG�LQIRUWJHVFKULWWHQHUHP� 6WDGLXP� DQ]XWUHIIHQ� DOV LP� %HVWDQG�� 'LHV� VROOWH� VHLQHQ$XVGUXFN� DXFK� LQ� GHU� YRQ� XQV GXUFKJHI�KUWHQ� $XVZHUWXQJVPHWKRGH� ILQGHQ�� 'D]XZHUGHQ�GLH�9LWDOLWlWV]DKOHQ�LQ�]ZHL�*UXSSHQ�JHWHLOW��MH�QDFKGHP��RE�GLH�EHWUHI�IHQGHQ�%XFKHQ�LP�%HVWDQG�RGHU�HLQ]HOQ�RGHU�DP�:DOGUDQG�VWRFNHQ��VLHKH�7DE� ����]ZHLIHOKDIWH� )lOOH�� ZLH� HWZD HUVW� LP� :LQWHU� �������� IUHLJHVWHOOWH� %lXPH� �]XP%HLVSLHO� 1U�� �������� EOHLEHQ� XQEHU�FNVLFKWLJW�� 'D LQ� EHLGHQ� *UXSSHQ� GLH� :HUWHZHGHU� QRUPDOYHUWHLOW� VLQG� QRFK LKUH� 9HUWHLOXQJVIRUPHQ� VLFK� JOHLFKHQ�� PX�� ]XUVWDWLVWLVFKHQ�$XVZHUWXQJ�GHU�0HGLDQWHVW�KHUDQJH]RJHQ ZHUGHQ��0DQ�HUKlOW�GDQQ�I�ULQVJHVDPW� ���� %lXPH �  � ������� VR� GD�� GLH� 6LJQLILNDQ]VFKZHOOH� GHV� �� ��1LYHDXV��YRQ� �����  � ����� ZHLW� �EHUVFKULWWHQ ZLUG�� 6RPLW� EHVWHKW� GLH� ]X� IRUGHUQGH� VWR�FKDVWLVFKH�$EKlQJLJNHLW�]ZLVFKHQ�9LWDOLWlWVTXRWLHQW XQG�([SRQLHUWKHLW�GHU�5RWEX�FKHQ�
'HU� 9HUJOHLFK� GHU� YRU� 2UW� YRUJHQRPPHQHQ 6FKDGVWXIHQ]XRUGQXQJ� PLW� GHU� QDFK� GHU�%LOGDXVZHUWXQJ�HUKDOWHQHQ�HUJLEW�LQ����)lOOHQ�hEHUHLQVWLPPXQJ�XQG LQ����)lOOHQ'LIIHUHQ]HQ� XP� �� 6WXIH GHU� 6FKDGHQVNODVVLIL]LHUXQJ�� $EZHLFKXQJHQ� XP� �� RGHU� �6WXIHQ�NRPPHQ�QLFKW�YRU�
6FKDGVWXIH����������������������������������������� �YRU�2UW�JHVFKlW]W��������������������������������������JHPl��9LWDOLWlWVTXRWLHQW�EHUHFKQHW���������������������
'LIIHUHQ]�JHJHQ�EHU�6FKlW]XQJ�SRVLWLYHU���������������QHJDWLYHU���������������



��



��
'LH� QlKHUH� %HWUDFKWXQJ� GLHVHU� 'LIIHUHQ]� ]HLJW�� GD�� PLW GHQ� YRQ� XQV� JHZlKOWHQ*UHQ]ZHUWHQ�GHU�9LWDOLWlWV]DKOHQ�EHL�GHU�=XRUGQXQJ�]X�GHQ�6FKDGVWXIHQ ��RGHU��OHW]WHUH�JHJHQ�EHU�GHU�6FKlW]XQJ�YRU�2UW�GHXWOLFK�EHYRU]XJW�ZLUG�
)�U� GLH� *HVDPWKHLW� GHU� (UJHEQLVVH� HUJLEW� HLQ� 0HKUIHOGHU� F��7HVW� PLW� F�  � ����EHL� HLQHU� 6LJQLILNDQ]VFKZHOOH� YRQ� F������� �Â��� ��� ��1LYHDX�� MHGRFK�� GD�� GLH�%HZHUWXQJVHUJHEQLVVH�VWRFKDVWLVFK�XQDEKlQJLJ�YRQ�GHU�:DKO�GHU�0HWKRGH�VLQG�
'LVNXVVLRQ
)ROJHQGH� )DNWRUHQ� N|QQWHQ� EHL GHU� KLHU� GXUFKJHI�KUWHQ� 6FKDGHQVEHZHUWXQJ� ]X)HKOEHXUWHLOXQJHQ�JHI�KUW�KDEHQ�
� ,P� %HVWDQGHVLQQHUHQ ZDUHQ� GLH� :LSIHOWULHEH� GHU� 5RWEXFKHQ� RIW� QXU� VFKOHFKWDXV]XPDFKHQ��VR�GD��ZLU�XQWHU�8PVWlQGHQ�6HLWHQlVWH�IRWRJUDILHUW�KDEHQ�G�UIWHQ�'D� VROFKH� 7ULHEH� HLQ� GHU 'HJHQHUDWLRQV�� RGHU� GHU� 6WDJQDWLRQVSKDVH� YHUJOHLFK�EDUHV� :DFKVWXP� ]HLJHQ�� LQGHP� VLH� YRQ� EHQDFKEDUWHQ� .URQHQWHLOHQ� EHKLQGHUWZHUGHQ� �52/2)) ������� JHODQJWHQ� ZLU� LQ� HLQLJHQ� )lOOHQ� EHL� YHUKlOWQLVPl�LJJHVXQGHQ�%lXPHQ�ZDKUVFKHLQOLFK�]X�HLQHU�]X�VFKOHFKWHQ�%HZHUWXQJ��� =ZDU�LVW�GLH�$XVZHUWXQJ�GHU $XIQDKPHQ�QXU�PLW�JHULQJHQ�VXEMHNWLYHQ�(LQIO�VVHQEHKDIWHW�� GLH :DKO� GHV� %LOGDXVVFKQLWWHV� XQWHUOLHJW� MHGRFK� GHU� :LOON�U� GHV%HREDFKWHUV��'D�EHL�HLQLJHQ�%XFKHQ�DQ�HLQ XQG�GHPVHOEHQ�,QGLYLGXXP�:LSIHOWULH�EH UHFKW� GLIIHULHUHQGHU� 6FKDGV\PSWRPH� DXIWUDWHQ�� PX�� GDUDXI� JHDFKWHW� ZHUGHQ�P|JOLFKVW�YLHOH�:LSIHOWULHEH�]X�HUIDVVHQ�� $Q� %XFKHQ�� DXV� GHQHQ� EHUHLWV� JUR�H� 7HLOH� GHU� .URQHQ KHUDXVJHEURFKHQ� ZDUHQ�ZXUGHQ�WLHIHUOLHJHQGH��QRFK�OHEHQGH�=ZHLJH�IRWRJUDILHUW��GD VLFK�QXU�DQ�GLHVHQ�QRFK�HLQH�ZHLWHUH (QWZLFNOXQJ�YRQ�6FKDGV\PSWRPHQ�YHUIROJHQ�Ol�W��'LH�%HXUWHL�OXQJ� VROFKHU� %lXPH� DOOHLQH� DQKDQG� GLHVHU� $XIQDKPHQ I�KUW� GDQQ� ]X� HLQHP� ]XSRVLWLYHQ�(UJHEQLV�� 'LH�0HWKRGH�ILQGHW�GRUW�LKUH *UHQ]HQ��ZR�:LSIHOWULHEH�QLFKW�PLW�KLQUHLFKHQGHU�9HUJU|�HUXQJ�RGHU�QXU XQWHU�XQJHHLJQHWHP�%OLFNZLQNHO�IRWRJUDILHUW�ZHUGHQ�N|Q�QHQ�
8QWHU� %HU�FNVLFKWLJXQJ GLHVHU� $VSHNWH� JHVWDWWHW� GLH� KLHU� YRUJHVWHOOWH� 0HWKRGHHLQH� 6FKDGHQVEHXUWHLOXQJ� DQKDQG� HLQHU NRQWLQXLHUOLFKHQ� 6NDOD�� 6LH� LVW� RKQHJUR�HQ WHFKQLVFKHQ� $XIZDQG� XQG� RKQH� %HVFKlGLJXQJ� GHU� %XFKHQ� GXUFKI�KUEDU�� 'LH)RWRJUDILHQ� VWHOOHQ� MHGHU]HLW� �EHUSU�IEDUH %HOHJH� GDU�� PLW� GHQHQ� GLH� ZHLWHUH(QWZLFNOXQJ�YHUIROJW�ZHUGHQ�NDQQ�
$XFK� PLW� HLQHP� VWDUNHQ� )HUQJODV� RGHU 6SHNWLY� Ol�W� VLFK� GHU� 9LWDOLWlWVTXRWLHQW�HLQHU�%XFKH�EHUHLWV�DEVFKlW]HQ� XQG�ZHQQ�GLHVHV�PLW�HLQHU�GUHKEDUHQ�6NDOD�VRZLHHLQHP� 6WDWLY YHUVHKHQ� ZLUG�� VLQG� GLH� DXI� GLHVH� :HLVH� JHZRQQHQHQ� :HUWH� GHQHQHLQHU�)RWRDXVZHUWXQJ�HEHQE�UWLJ�
,P�IROJHQGHQ�ZLUG�QRFK GDU]XOHJHQ�VHLQ��GD��GHU�YRQ�XQV�HQWZLFNHOWH�9LWDOLWlWV�TXRWLHQW� I�U� 5RWEXFKHQ� DXFK� I�U� .RUUHODWLRQVEHUHFKQXQJHQ EHL� GHU� 6XFKH� QDFK=XVDPPHQKlQJHQ� YHUZHQGEDU LVW�� LP� *HJHQVDW]� ]XP� 6FKlW]YHUIDKUHQ� ZLUG� KLHU� JH�]lKOW�RGHU�JHPHVVHQ�



��
=HLWOLFKH�(QWZLFNOXQJ�4U�6FKlGHQ�DQ�5RWEUFKHQ
An 48 gefällten bzw. durch Sturm geworfenen Rotbuchen haben wir den Längenzuwachs der Wipfeltriebe

in Anlehnung an ROLOFF (1984, 1985a, b) zurückverfolgt Es zeigte sich, daß die von ROLOFF beschrie-

benen Schadsymptome und der von ihm festgestellte, zeitlich z. T. weit zurückliegende Schadbeginn

auch für die Rotbuchenbestände des Frankfurter Stadtwaldes zutrifft. Dabei fiel auf, da8 entgegen

dem allgemeinen Trend einige Baumexemplare auch in Jahren nach extremen Niederschlagsdefiziten noch

guten Zuwachs aufwiesen Dies zeigt die hohe ökologische Plastizität der Rotbuche nicht nur auf 

großklimatische, sondern auch auf kleinstandörtliche, eventuell auch konkurrenzbedingte Änderungen zu 

reagieren Bei unseren Untersuchungen fielen besonders an den Straßenrändern Kronendeformationen, 

Abknickungen der Äste zu der der Windrichtung abgewandten Seite, Kronenwölbungen und -verbuschungen 

auf.

WENTZEL (1971) hat diese Erscheinungsformen als „Immissionshabitus“ beschrieben und „Ausharr-Resi- 
stenz“ genannt Diese bezeichnet die unterschiedliche Fähigkeit verschiedener Baumarten, (wenigstens 
kurzzeitlich?) auf die Immissionsbelastung des oberen Kronenteils durch verstärkte Regeneration der 
Blattsubstanz in dem unteren Kronenbereich zu reagieren. Bei der quantitativen Erfassung der Blatt- 
masse sowie der Bewertung von Waldschäden anhand der Belaubung ist auf dieses Phänomen besonders zu 
achten.

�� %HVWLPPXQJ� XQG� 9HUJOHLFK� YRQ� %ODWWJHZLFKWHQ XQG� %ODWWIOlFKHQ� DXVJHZlKOWHU5RWEXFKHQ�XQG�(LFKHQ�LQ�$EKlQJLJNHLW�]X�6WUD�HQHQWIHUQXQJ�XQG�6FKDGVWXIH��(LQ� ZLFKWLJHV� .ULWHULXP� I�U� GLH� $EVFKlW]XQJ GHU� 9LWDOLWlW� XQG� :�FKVLJNHLW� YRQ3IODQ]HQ�VWHOOW�LKUH�6WRIISURGXNWLRQ�GDU� %HL�KRKHP�6FKDGVWRIIHLQWUDJ�WULWW�HLQHHQWVSUHFKHQGH� 0LQGHUXQJ� HLQ�� %HL� 3IODQ]HQ� LVW GLH� 6WRIISURGXNWLRQ� PLW� HLQHPPH�EDUHQ� 6XEVWDQ]]XZDFKV� SUR� )�lFKH� XQG� =HLWHLQKHLW� YHUEXQGHQ�� %HL NUDXWLJHQ�3IODQ]HQ�Ol�W�VLFK�GHU�REHULUGLVFKH�=XZDFKV�OHLFKW PLWWHOV�(UQWHPHWKRGHQ�HUIDV�VHQ��VFKZLHULJHU�LVW�HV�EHL�%lXPHQ��GD�GHU =XZDFKV�VLFK�YRUZLHJHQG�LP�.URQHQUDXPDEVSLHOW� E]Z�� GLH (QWQDKPH� YRQ� 3UREHQ� ]X� 6FKlGHQ� XQG�RGHU� ]XU� 'HVWUXNWLRQ� GHU%HVWlQGH�I�KUW�
0HWKRGH
%HL�GHQ�LP�-DKUH���������GXUFKJHI�KUWHQ�FKHPLVFK�|NRORJLVFKHQ�9RUXQWHUVXFKXQJHQ�KDWWH� HV� VLFK JH]HLJW�� ZLH� VFKZLHULJ� HV� LVW�� JHHLJQHWHV� 3UREHPDWHULDO� DXV� GHP.URQHQUDXP�]X�HQWQHKPHQ��:LU�YHUZHQGHWHQ�GDKHU�I�U�GLH 8QWHUVXFKXQJHQ������XQG�����GDV�3UREHPDWHULDO�DXV�GHQ�/DXEIDOOHQ��'LH�%HVWLPPXQJ GHU�%ODWWIOlFKHQ�XQG%ODWWDFKVHQ��JU|�WH�/lQJH�XQG�%UHLWH��HUIROJWH�KDOEDXWRPDWLVFK PLW�HLQHP�PHFKD�QLVFKHQ�%LOGDXVZHUWXQJVJHUlW��023���$0�����.RQWURQ�0H�JHUlWH����
Herrn Prof. Dr. G. Fleissner haben wir für die leihweise Überlassung des Gerätes und Frau Dr. G. 

Fleissner für die Einführung und Mithilfe bei der Erstellung von Computerprogrammen zu danken

(UJHEQLVVH
:LH�QRFK�DXVJHI�KUW�ZLUG��ZDU�GDV�$XVPHVVHQ�GHU�%ODWWIOlFKHQ�VRZLH GLH�UHFKQHUL�VFKH�$XVZHUWXQJ�GHU�(UJHEQLVVH�VHKU DUEHLWV��E]Z��]HLWDXIZHQGLJ��'LH�$XVZHUWXQJ�HQ�VLQG�GDKHU�QRFK QLFKW�DEJHVFKORVVHQ�XQG�HV�NDQQ�]XU�=HLW�QXU�HLQH�RULHQWLH�UHQGH�XQG�YRUOlXILJH�'DUVWHOOXQJ�HUIROJHQ���



��
%ODWWJHZLFKWH
=ZLVFKHQ�%ODWWJHZLFKW�XQG�9LWDOLWlWVTXRWLHQW��EHUHFKQHW�LP�:LQWHU��������� VLHKH�7DE�����HUJLEW�VLFK�HLQ�.RUUHODWLRQVNRHIIL]LHQW�YRQ�U� ������� PLW�HLQHU�6LJQL�ILNDQ]� DXI� GHP� �� ��1LYHDX� �U������� ��������� 'D� GDV� /lQJHQZDFKVWXP� �4XHUFXV�7\S��GHU�5RWEXFKH�ZHLWJHKHQG�YRQ�GHQ :XFKVEHGLQJXQJHQ�GHV�YHUJDQJHQHQ�-DKUHV�DEKlQJW�G��K��DOVR�YRQ GHP�LP�-DKUH������YRUKDQGHQHQ�/DXE�EHVWLPPW�ZLUG��52/2))�������ZDU� GLHVH .RUUHODWLRQ� ]X� HUZDUWHQ�� 'LH� %UDXFKEDUNHLW� GHV� 9LWDOLWlWVTXRWLHQWHQ]HLJW�VLFK�DOVR�DXFK�LQ�GLHVHP�)DOOH���
%ODWWIOlFKH�YRQ�5RWEXFKHQ
=XU�%HDQWZRUWXQJ�GHU�)UDJH� ZLH�JUR��GLH�6WLFKSUREH�VHLQ�PX���XP�UHSUlVHQWDWLYH0LWWHOZHUWH�I�U %ODWWIOlFKH���OlQJH�XQG��EUHLWH�GHU�5RWEXFKH�]X�HUKDOWHQ��ZXUGHQ�VlPWOLFKH�%�lWWHU�LQ�GHQ�)DOOHQ����� �Q�� �������������Q� �������XQG��������Q� ������YHUPHVVHQ�XQG�GLH�0LQGHVW]DKO�GHU�%HREDFKWXQJHQ�QDFK�6$&+6������� HUUHFK��QHW��'LH�%HUHFKQXQJ�HUJDE��GD��HLQH�'LIIHUHQ]�]ZLVFKHQ GHQ�0LWWHOZHUWHQ�YRQ�����EHL�]ZHLVHLWLJHU�)UDJHVWHOOXQJ�DXI�GHP�����1LYHDX�PLW�HLQHU�7HVWVWlUNH YRQ�����PLW�VWDWLVWLVFKHU�6LJQLILNDQ]�IHVWJHVWHOOW�ZHUGHQ�NDQQ� ZHQQ�PLQGHVWHQV�MHZHLOV���������E]Z������%�lWWHU�DXVJHZHUWHW�ZHUGHQ�

7DEHOOH����0H�HUJHEQLVVH�GHU�YROOVWlQGLJ�DXVJHZHUWHWHQ�%ODWWIDOOHQ LQ�GHU�:DOG�DEWHLOXQJ ���GHV�)UDQNIXUWHU�6WDGWZDOGHV��Q� �6WLFKSUREHQXPIDQJ��Q���� SUR]HQ��WXDOHU� $QWHLO� DP� *HVDPWVWLFKSUREHQXPIDQJ� [� � 0LWWHOZHUW�� V� � 6WDQGDUGDEZHL��FKXQJ��I���)DNWRU�]XU�DQQlKHUXQJVZHLVHQ�%HUHFKQXQJ�GHU�%ODWWIOlFKH�I�Â�)�lFKH��[/lQJH � [%UHLWH����
%),� �%ODWWIOlFKHQLQGH[��Pð�%ODWWIOlFKH�MH�Pð�%RGHQIOlFKH���*HZ�  �*HZLFKW�GHU7URFNHQVXEVWDQ]� MH� Q� %�lWWHU� %)*�  � %ODWWIOlFKHQJHZLFKW� �7URFNHQJHZLFKW� MH(LQKHLW�%ODWWIOlFKH��
'LH�)DOOHQ������������XQG�������VWHKHQ�XQWHU�GHQ�%XFKHQ�1U���������XQG����



��

$EELOGXQJ� ��� 3UR]HQWXDOH� +lXILJNHLW� GHU� %ODWWIOlFKHQYHUWHLOXQJ� LP� -DKUH �����XQWHUVFKLHGOLFK�JHVFKlGLJWHU�%XFKHQ��Q� ������$Q]DKO�GHU�.ODVVHQ�����

,Q�7DEHOOH ��VLQG�GLH�0H�HUJHEQLVVH�YRQ�GUHL�YROOVWlQGLJ�DXVJHZHUWHWHQ�%ODWWIDO�OHQ� LQ� GHU� :DOGDEWHLOXQJ� ��� DXV GHP� -DKUH� ����� GDUJHVWHOOW�� 'HU� $EVWDQG� ]XUYHUNHKUVUHLFKHQ�%DEHQKlXVHU�/DQGVWUD�H�EHWUlJW�YRQ�)DOOH�������� �%XFKH ����HWZD��P��YRQ�)DOOH�������� �%XFKH�����HWZD�����P�XQG YRQ�)DOOH��������� �%XFKH����HWZD�����P��%HWUDFKWHW�PDQ�GLH�*HVDPW]DKO�GHU�%�lWWHU�E]Z��GDV�9HUKlOWQLV 6RQ��QHQ�� ]X� 6FKDWWHQEOlWWHUQ�� VR� ZHUGHQ� GHXWOLFKH� 8QWHUVFKLHGH� VLFKWEDU�� GLH HYHQ��WXHOO� DXI� NOHLQUlXPLJ� ZHFKVHOQGHQ� 6WDQGRUWEHGLQJXQJHQ� EHUXKHQ N|QQWHQ�� 2EZRKO%XFKH����VR�QDKH�DQ�GHU 6WUD�H�VWHKW��EHVLW]W�VLH�PHKU�6FKDWWHQEOlWWHU�DOV�%XFKH���� ZHOFKH� ]ZDU� ZHLW� HQWIHUQW� YRQ� GHU� 6WUD�H�� DEHU� DP 5DQGH� HLQHU� NOHLQHQ)UHLIOlFKH�ZlFKVW��+LQJHJHQ�QLPPW�GLH�PLWWOHUH�*U|�H�GHU %ODWWIOlFKH�PLW�VWHL�JHQGHU�(QWIHUQXQJ�]XU�6WUD�H�]X��'LHV�WULIIW�QLFKW QXU�I�U�GLH�JHWUHQQWH�$XVZHU�WXQJ�YRQ�6RQQHQ� XQG�6FKDWWHQEOlWWHUQ��VRQGHUQ�DXFK�I�U�DOOH�XQWHUVXFKWHQ %�lW��WHU�SUR�)DOOH�]X��'LH�3U�IXQJ�GHU�*U|�HQXQWHUVFKLHGH�PLW�+LOIH�GHV�W�7HVWV�EHL�]ZHLVHLWLJHU� )UDJHVWHOOXQJ HUJDE� HLQH� VWDWLVWLVFKH� 6LJQLILNDQ]� DXI� GHP� ���� ��1LYHDX� /HGLJOLFK�]ZLVFKHQ�GHQ�6RQQHQEOlWWHUQ�GHU�%XFKH��� XQG����LVW�GHU�8QWHU�VFKLHG�QXU�DXI�GHP�����1LYHDX�VLJQLILNDQW���



��
)�U�GLH�ZHLWHUH�%HDUEHLWXQJ�KDEHQ�ZLU�GHQ�6WLFKSUREHQXPIDQJ�DXI�Q  �����IHVWJH�OHJW�
=XU�=HLW�ZLUG�JHSU�IW��LQZLHZHLW�HV��EHUKDXSW�P|JOLFK�LVW� PLWWHOV�]X�GHILQLH�UHQGHU�*U|�HQNODVVHQ�HLQH�(LFKXQJ�DXI�GLH��EOLFKHQ 6FKDGVWXIHQ�YRU]XQHKPHQ��'LH$EE�� �� VROO� GLH� 6FKZLHULJNHLWHQ� HLQHU� $EJUHQ]XQJ� YHUGHXWOLFKHQ�� 0LWWHOV DXVJH��ZlKOWHU�0H�ZHUWH�DXV�GHQ�-DKUHQ������ZXUGHQ�GLH�+LVWRJUDPPH�GHU�%XFKHQ���� ��������XQG�����JH]HLFKQHW�XQG GLH�SUR]HQWXDOH�+lXILJNHLW�GHU�%ODWWIOlFKHQYHUWHLOXQJEHL�XQWHUVFKLHGOLFKHP�6FKlGLJXQJVJUDG�GDUJHVWHOOW� (V�VLQG�]ZDU�hEHUHLQVWLPPXQJ�HQ�PLW�GHQ�LQ�7DEHOOH���DQJHI�KUWHQ 9LWDOLWlWVTXRWLHQWHQ�EH]LHKXQJVZHLVH�6FKDG�VWXIHQ�VLFKWEDU��HLQH�DEJHVLFKHUWH�=XRUGQXQJ�LVW�]XU�=HLW�MHGRFK�ZHJHQ�XQVHUHVJHULQJHQ�3UREHPDWHULDOV�QRFK�QLFKW�P|JOLFK�
���%HUHFKQXQJ�GHV�%ODWWIOlFKHQLQGH[HV�LQ�DXVJHZlKOWHQ�/DXEZDOGEHVWlQGHQ
,P�5DKPHQ�XQVHUHV�9RUKDEHQV�VROO GHU�%ODWWIOlFKHQLQGH[�DOV�%HZHUWXQJVPD�VWDE�I�UXQWHUVFKLHGOLFKH� 3URGXNWLYLWlW� YRQ %DXPLQGLYLGXHQ� RGHU� %HVWlQGHQ� GLHQHQ�� 'DKHULVW�]X�SU�IHQ��RE�HV�P|JOLFK�LVW��PLW�VHLQHU�+LOIH .RLQ]LGHQ]HQ�]ZLVFKHQ�6FKDG�VWRIIEHODVWXQJ�XQG�3IODQ]HQZDFKVWXP�VLFKWEDU�]X�PDFKHQ�
'HU�%ODWWIOlFKHQLQGH[ �%),��ZLUG�QDFK�67(8%,1*��������GHILQLHUW�DOV6XPPH�HLQIDFKH�%ODWWIOlFKH�LQ�Pð%),� �BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB%RGHQIOlFKH�LQ�Pð

7DEHOOH����%ODWWIOlFKHQLQGH[�XQWHU�%XFKHQ�YRQ�3URILO�,� ,,��,9�VRZLH�DP�:DOGUDQGXQG�LP�%HVWDQGVLQQHUQ�V�GOLFK�GHV�*ROISODW]HV�
�� �)OlFKHQEHUHFKQXQJ�DXIJUXQG�DOOHU�%OlWWHU�SUR�)DOOH� �)OlFKHQEHUHFKQXQJ�DXIJUXQG�YRQ�����%OlWWHUQ�SUR�)DOOH�  �)OlFKHQEHUHFKQXQJ�DXIJUXQG�YRQ�����%OlWWHUQ�SUR�)DOOH



��
,Q� GHU� )RUVWZLVVHQVFKDIW� PL�W� PDQ� GLH JHVDPWH� DVVLPLOLHUHQGH� 2EHUIOlFKH� GHU%�lWWHU� HLQHV ,QGLYLGXXPV� RGHU� %HVWDQGHV� �0,76&+(5/,&+� ������ XQG� HUKlOW� VRPLWHLQHQ� XP� GHQ )DNWRU� �� K|KHUHQ� :HUW�� 'HU� %ODWWIOlFKHQLQGH[� HUUHLFKW� DOV� GLPHQ�VLRQVORVH� =DKO� :HUWH� YRQ� HWZD� ��� LQ� QRUGLVFKHQ� 3ROVWHUJHVHOOVFKDIWHQ� XQG� ELVHWZD����LQ�+RFKVWDXGHQIOXUHQ�
:LU� I�KUWHQ� GLH� %HVWLPPXQJ� GHV� %ODWWIOlFKHQLQGH[HV� QDFK� 67(8%,1*� ������ GXUFK��'LH� EHQ|WLJWHQ� 6WLFKSUREHQ� ZXUGHQ� GHQ� %ODWWIDOOHQ� QDFK� GHP� =XIDOOVSULQ]LS HQW��QRPPHQ��'LH�(UJHEQLVVH�GHU�%HUHFKQXQJHQ�ILQGHQ�VLFK�LQ�7DEHOOH�����'LH� .RUUHODWLRQ� YRQ� %ODWWIOlFKHQLQGH[� XQG� 9LWDOLWlWVTXRWLHQW LVW� DXI� GHP� �� ��1LYHDX� VLJQLILNDQW�� $XIJUXQG� GHV� KRKHQ� $UEHLWVDXIZDQGHV ZDU� HV� XQV� QLFKW� P|J�OLFK��YRQ DOOHQ�XQWHUVXFKWHQ�%XFKHQ�����%ODWWIOlFKHQ�DXV]XPHVVHQ��)�U�GLH�ZHLWH�UHQ� 8QWHUVXFKXQJHQ ELHWHW� VLFK� DQ�� GLH� %HVWLPPXQJ� GHU� %ODWWIOlFKHQ� QDFK� GHU)RUPHO� )�  � /� [� %� [� I� DQJHQlKHUW� YRU]XQHKPHQ�� �)�  %ODWWIOlFKH�� /�  � PD[LPDOH%ODWWOlQJH��%� �PD[LPDOH�%ODWWEUHLWH��I� �)DNWRU��VLHKH�.5((% �������'LH�(UJHE�QLVVH HQWVSUHFKHQGHU� %HUHFKQXQJHQ� GHV )DNWRUV� I�U� GLH� %XFKHQ� GHV� 6WDGWZDOGHVILQGHQ� VLFK� LQ 7DEHOOH����7URW]GHP�VSLHJHOQ�VLFK�LQ�GHQ�:HUWHQ��DXFK�ZHQQ�PDQVLH�QXU�UHODWLY�ZHUWHW��GLH�:XFKVEHGLQJXQJHQ�EH]LHKXQJVZHLVH�:XFKVOHLVWXQJHQ JXW�ZLHGHU�
'��gNRORJLVFK�FKHPLVFKH�8QWHUVXFKXQJHQ�����0HWKRGH
(LQ�ZHVHQWOLFKHV�$QOLHJHQ�XQVHUHV 9RUKDEHQV�ZDU�HV��LQ�HQJHU�9HUELQGXQJ�PLW�GHQYHJHWDWLRQVNXQGOLFKHQ� 8QWHUVXFKXQJHQ� DXFK� 6FKZHUPHWDOOJHKDOWH� XQG� DXVJHZlKOWH0LQHUDOVWRIIJHKDOWH� LQ GHQ� :DOG|NRV\VWHPHQ� ]X� HUIDVVHQ�� 'DV� 6FKZHUPHWDOO� %OHLZLUG�VSH]LILVFK�YRQ�.UDIWIDKU]HXJHQ�HPLWWLHUW��GD�HV GHP�9HUJDVHUNUDIWVWRII�DOV$QWLNORSIPLWWHO�]XJHVHW]W�ZLUG��'DQHEHQ�JDE�HV�DEHU�DXFK�+LQZHLVH DXI�GLH�YHU�VWlUNWH� ,PPLVVLRQ� DQGHUHU� 6FKZHUPHWDOOH� LQ� 6WUD�HQQlKH�� 'HVZHJHQ� ZXUGHQ DXFK�&DGPLXP��=LQN��.XSIHU��&KURP�XQG�1LFNHO�LQ�XQVHUH�8QWHUVXFKXQJHQ�HLQEH]RJHQ����'LH�%HHLQIOXVVXQJ GHU�XQWHUVXFKWHQ�:DOG|NRV\VWHPH�GXUFK�.UDIWIDKU]HXJLPPLVVLRQHQVROOWH� PLW� +LOIH� YRQ� *UDGLHQWHQ� GHU� 6FKZHUPHWDOOEHODVWXQJ� DXIJH]HLJW ZHUGHQ��'D]X� ZXUGHQ� DQ� YLHU� DXVJHZlKOWHQ� %XFKHQZDOGVWDQGRUWHQ� GLH� 7UDQVHNWH� ,�,9�HWDE�OLHUW��GLH�YRQ�GHQ�6WUD�HQ�ZHJI�KUHQ�XQG�DQ�GHQHQ LQ�XQWHUVFKLHGOLFKHQ�(QWIHU�QXQJHQ�]XU 6WUD�H�3UREHQ�YRQ�%RGHQ���.UDXW���6WUDXFK� RGHU�%DXPVFKLFKW�JHVDPPHOWZXUGHQ�
'HU� 7UDQVHNW� ,� �VLHKH� $EE�� �� %DXP�1U�� �������� SDUDOOHO� ]XU� +DXSWZLQGULFKWXQJ��6:��XQG�VHQNUHFKW�YRQ�GHU�YLHUVSXULJHQ�%XQGHVVWUD�H �����%DEHQKlXVHU�/DQGVWUD�%H�� GXUFKVFKQLWWOLFKHU :HUNWDJVYHUNHKU� HWZD� ������� )DKU]HXJH�� JHI�KUW�� ZXUGHEHUHLWV����� ]X�8QWHUVXFKXQJHQ�DXVJHZlKOW��$X�HU�LP 7UDQVHNW�,�GHU�:DOGDEWHLOXQJ��� ZXUGHQ� LQ� �� EHQDFKEDUWHQ� :DOGDEWHLOXQJHQ 3UREHQ� DQDO\VLHUW�� (V� VROOWH� YHU�VXFKW�ZHUGHQ��GLH�6FKZHUPHWDOOEHODVWXQJ�XQG��DNNXPXODWLRQ�LQ�HLQHP�VWUD�HQQDKHQ�%XFKHQZDOG�DQKDQG�P|JOLFKVW�YLHOHU�gNRV\VWHPNRPSDUWLPHQWH�]X�YHUIROJHQ���



��
=XU� (UIDVVXQJ YRQ� 6FKZHUPHWDOOJUDGLHQWHQ� LQ� GHQ� 7UDQVHNWHQ� ,,�,9� DQDO\VLHUWHQ�ZLU�GDV�LQ�GHQ�%ODWWIDOOHQ�JHVDPPHOWH�+HUEVWODXE�GHV�-DKUHV �����YRQ�5RWEXFKHQXQG�7UDXEHQ� XQG�6WLHOHLFKHQ��,Q GHQ�7UDQVHNWHQ�,L�XQG�,,,�ZXUGHQ�GLH�%OHL� XQG�&DGPLXPJHKDOWH GHV�DQIDOOHQGHQ�+HUEVWODXEHV�JHWUHQQW�QDFK�GHQ 6DPPOXQJV]HLWUlX��PHQ� 2NWREHU�� 1RYHPEHU� XQG� 'H]HPEHU� JHPHVVHQ� =XGHP� PDFKWHQ� GLH� (UJHEQLVVH� GHUEODWWPRUSKRORJLVFKHQ�8QWHUVXFKXQJHQ�GLH�JHWUHQQWH�0HVVXQJ�YRQ�6RQQHQ� XQG�6FKDW�WHQEOlWWHUQ�QRWZHQGLJ�
$OOH� +HUEVWODXE�7UDQVHNWH� OLHJHQ� LP� 1DKEHUHLFK� GHU� $XWREDKQ� $� �� �:�U]EXUJ� �.|OQ�� PLW� HLQHP� GXUFKVFKQLWWOLFKHQ :HUNWDJVYHUNHKU� �':79�� YRQ� HWZD� �������)DKU]HXJHQ�� %HL� 7UDQVHNW� ,, �VLHKH� $EE�� ��� %DXP�1U�� ������� NRPPHQ� ]XVlW]OLFK�QRFK� GLH ,PPLVVLRQHQ� GHU� %XQGHVVWUD�H� %� ������ �':7<�� HWZD� ������� )DKU]HXJH�KLQ]X��'HU�7UDQVHNW�YHUOlXIW�HWZD�YDQ�6�GRVWHQ�QDFK�1RUGZHVWHQ XQG�VWHKW�VRPLWIDVW� VHQNUHFKW� ]XU� +DXSWZLQGULFKWXQJ�� :LH� 7UDQVHNW� ,,� EHJLQQW 7UDQVHNW� ,,,�VLHKH�$EE�����%DXP�1U�����������LQ�XQPLWWHOEDUHU�1lKH�]XU�$����,P�*HJHQVDW]�]XOHW]WHUHP�YHUOlXIW�HU�DEHU SDUDOOHO�]XU�+DXSWZLQGULFKWXQJ�XQG�HQGHW�HUVW�LQ����P�6WUD�HQHQWIHUQXQJ��ZlKUHQG�7UDQVHNW�,,�QXU�����P�ODQJ�LVW� 'LH�(UJHEQLVVH�YRQ7UDQVHNW� ,,,� VROOWHQ� SULPlU� ]XU� hEHUSU�IXQJ� GHU� (UJHEQLVVH� YRQ� 7UDQVHNW ,,�JHQXW]W� ZHUGHQ�� 'DQHEHQ� VROOWHQ� DEHU� DXFK� 9HUJOHLFKH� ]ZLVFKHQ� SDUDOOHO� XQGVHQNUHFKW�]XU�+DXSWZLQGULFKWXQJ�YHUODXIHQGHQ�7UDQVHNWHQ�DQJHVWHOOW�ZHUGHQ�
,P�7UDQVHNW�,9��VLHKH�$EE�����%DXP�1U����������ZXUGH�GDV�+HUEVWODXE�YRQ�%XFKHQ�XQG�(LFKHQ�GHV�6DPPHO]HLWUDXPHV�2NWREHU�DXI�GLH�*HKDOWH�DQ�%OHL��&DGPLXP��=LQN�.XSIHU�XQG�&KURP�XQWHUVXFKW��'HU�HWZD �����P�ODQJH�7UDQVHNW�ZXUGH�VR�JHOHJW��GD�HU�DQ�GHU�$XWREDKQ�$���EHJLQQHQG�XQG�LQ�6�G�1RUG�5LFKWXQJ�YHUODXIHQG�QDFK�HWZD���� P� GLH� %XQGHVVWUD�H� %� �� �':79�� HWZD� ������� )DKU]HXJH�� �EHUTXHUW� XQG� GDQQQRFK� ZHLWHUH� ���� P� LQ� GDV� :DOGHVLQQHUH� I�KUW� 'LHVH� $QRUGQXQJ� JHVWDWWHWH� HV�DXFK�(OHPHQWH�]X�XQWHUVXFKHQ��GLH�LP�+LQEOLFN�DXI HLQH�YHUNHKUVEHGLQJWH�,PPLV�VLRQ�LQ�6WUD�HQQlKH�QRFK�UHODWLY�ZHQLJ�XQWHUVXFKW�VLQG� GD�LP�9HUODXI�GHV�7UDQV�HNWHV�]ZHL�6SLW]HQ�GHU�6FKZHUPHWDOOEHODVWXQJ�]X�HUZDUWHQ�ZDUHQ�
hEHU�GDV�+HUEVWODXE�ZLUG QXU�HLQ�UHODWLY�JHULQJHU�$QWHLO�GHV�JHVDPWHQ�6FKZHUPH�WDOOHLQWUDJHV� LQ� :DOG|NRV\VWHPH� HUID�W� �0$<(5� ������ 8P� HLQHQ� (LQGUXFN� �EHUHLQHQ� ZHVHQWOLFK� JU|�HUHQ� $QWHLO� GHU� *HVDPWVFKZHUPHWDOOGHSRVLWLRQ� ]X� HUODQJHQ�ZXUGHQ�DXFK�3UREHQ�GHU�REHUVWHQ�6WUHX�/DJH�GHV�%RGHQV�XQWHUVXFKW��GLH�LP�ZHVHQW�OLFKHQ� DXU GHP� YRUMlKULJHQ� /DXEIDOO� EHVWHKW�� -H� 6WDQGRUW� ZXUGHQ� GUHL� 3UREHQHQWQRPPHQ� XQG MHGH� 3UREH� ZXUGH� ]ZHLIDFK� DQDO\VLHUW�� 'LH� DQJHJHEHQHQ� 6FKZHUPH�WDOOZHUWH�VLQG�DOVR�0LWWHOZHUWH�DXV�VHFKV�(LQ]HOEHVWLPPXQJHQ�
'HU� )UDQNIXUWHU 6WDGWZDOG� ZLUG� YRQ� ]DKOUHLFKHQ� 6WUD�HQ� ]HUVFKQLWWHQ� PLW� HLQHPGXUFKVFKQLWWOLFKHQ� :HUNWDJVYHUNHKU� YRQ� LQVJHVDPW PLQGHVWHQV���������)DKU]HXJHQ��6HLQH� /DJH� LQ� HLQHP XUEDQ�LQGXVWULHOOHQ� %DOOXQJVJHELHW� YHUELHWHW� GDKHU� GDV�$XIILQGHQ�HFKWHU�1XOOSUREHQ�)�lFKHQ��(V�NRQQWH�QXU�YHUVXFKW�ZHUGHQ��GLH�6FKZHU�PHWDOOJHKDOWH�GHU�6WUHX�LQ�*HELHWHQ�JOHLFKHU�%DXPDUWHQ]XVDPPHQVHW]XQJ�]X EHVWLP��PHQ��GLH�YRQ�HLQHU GLUHNWHQ�'HSRVLWLRQ�YHUNHKUVEHGLQJWHU�6FKZHUPHWDOOLPPLVVLRQHQZHLWJHKHQG�XQEHHLQIOX�W�VLQG��'LHVH�6FKZHUPHWDOOJHKDOWH�ZHUGHQ�LP�8QWHUVFKLHG ]X�HFKWHQ� 1XOOSUREHQ� LP IROJHQGHQ� DOV� Ä+LQWHUJUXQGEHODVWXQJ³� EH]HLFKQHW�� $XIJUXQGGHU� (UJHEQLVVH� GHU� GUHL DQGHUHQ� 7UDQVHNWH� ZXUGH� DOV� ÄVLFKHUH³� (QWIHUQXQJ� ]XU



��
QlFKVWHQ�6WUD�H�HLQH�6WUHFNH�YRQ�����P�DQJHVHKHQ��=XU )HVWVWHOOXQJ�GHU�+LQWHU�JUXQGEHODVWXQJ�GHU�6WUHX�PLW 6FKZHUPHWDOOHQ�VWDQGHQ�GDPLW�QXU������GHU�JHVDPWHQ6WDGWZDOGIOlFKH�]XU�9HUI�JXQJ��'LH�6WUHXHQWQDKPH�]XU�%HVWLPPXQJ�GHU +LQWHUJUXQG��EHODVWXQJ�HUIROJWH�DQ�I�QI��EHU�GDV�JHVDPWH 6WDGWZDOGJHELHW�YHUWHLOWHQ�6WDQGRU�WHQ�
,P�7UDQVHNW�,�ZXUGHQ SDUDOOHO�]XU�$QDO\VH�GHU�6FKZHUPHWDOOJHKDOWH�DXFK�QRFK�GLH*HKDOWH� DQ� O|VOLFKHP� 1LWUDW�� 6XOIDW� XQG� &KORULG� LP %RGHQ� JHPHVVHQ� �VLHKH� $E�VFKQLWW�������$X�HUGHP�ZXUGH�YHUVXFKW��.RLQ]LGHQ]HQ�]ZLVFKHQ GHQ�.DOLXP���&DO�FLXP��XQG�0DJQHVLXPJHKDOWHQ�GHV�%XFKHQODXEHV�DXVJHZlKOWHU�%lXPH XQG�GHUHQ�6FKl�GLJXQJVJUDG�IHVW]XVWHOOHQ��VLHKH�$EVFKQLWW������
'LH� 0LQHUDOVWRIIDQDO\VH� HUIROJWH� QDFK GHP� 3ULQ]LS� GHU� FKHPLVFKHQ� 1D�YHUDVFKXQJGHU� RUJDQLVFKHQ� 3UREHQ� PLW� +LOIH� NRQ]HQWULHUWHU 6DOSHWHU�� XQG� 3HUFKORUVlXUH�60,7+��������'LH�0HVVXQJ�GHU 6FKZHUPHWDOOJHKDOWH�HUIROJWH�DQVFKOLH�HQG�DQ�HLQHP$WRPDEVRUSWLRQVVSHNWUDOSKRWRPHWHU� �$$6� ������ )LUPD� 3HUNLQ�(OPHU�� PLW� *UDSKLW�URKURIHQ�� 'LH� 0HVVXQJ� GHU� 3IODQ]HQQlKUVWRIIH� HUIROJWH� GDJHJHQ� DP )ODPPHQ�$$6��$$6������)LUPD�3HUNLQ�(OPHU����'LH� $QZHQGXQJ� GHU� FKHPLVFKHQ� 1D�YHUDVFKXQJ� ZXUGH� LP� 9HUODXI� GHV 8QWHUVXFKXQJV��]HLWUDXPHV�VWlQGLJ�YHUEHVVHUW��:lKUHQG�DP�$QIDQJ QRFK�EHWUlFKWOLFKH�6lXUHPHQJHQLQ� RIIHQHQ� 7HIORQEHFKHUQ� DEJHGDPSIW� ZXUGHQ�� NRQQWH� GDV� 6lXUHYROXPHQ� GXUFK (LQ��I�KUXQJ� YRQ� $XIVFKOX�DSSDUDWHQ� PLW 5�FNIOX�N�KOXQJ� VWDUN� UHGX]LHUW� ZHUGHQ�� 'HU9HU]LFKW�DXI�3HUFKORUVlXUH�XQG�GLH�JU|�WP|JOLFKH�9HUPHLGXQJ�YRQ 6FKZHUPHWDOOYHU��OXVWHQ�ZlKUHQG�GHU�9HUDVFKXQJ�ZXUGHQ�VFKOLH�OLFK�GXUFK�GLH�$QZHQGXQJ�YRQ 'UXFN��DXIVFKOX�DSSDUDWHQ� �$XWRNODY���� )LUPD� 3HUNLQ�(OPHU��HUUHLFKW��*OHLFK]HLWLJ�ZXU�GHQ� (PSILQGOLFKNHLW XQG� 5HSURGX]LHUEDUNHLW� GHU� 0HVVXQJHQ� GXUFK� (LQI�KUXQJ� GHU3ODWWIRUPWHFKQLN�DP�*UDSKLWURKURIHQ�$$6�HUK|KW��VR�GD��GLH�0HVVXQJ�YRQ�6WDQGDUG�UHIHUHQ]PDWHULDO� �1%6� ������ &LWUXV� OHDYHV�� PLW� +LOIH� GHU� YHUEHVVHUWHQ 0HWKRGHQ�GLH�5HSURGXNWLRQ�GHU�]HUWLIL]LHUWHQ�6FKZHUPHWDOOZHUWH�HUEUDFKWH�
���6FKZHUPHWDOOJUDGLHQWHQ��(UJHEQLVVH�LQ�7UDQVHNW�,
'LH� 0H�HUJHEQLVVH� GHU� 6FKZHUPHWDOODQDO\VHQ� GHU� XQWHUVXFKWHQ %RGHQKRUL]RQWH� LP7UDQVHNW�,�]HLJHQ�NODUH�$EKlQJLJNHLWHQ ]ZLVFKHQ�GHQ�6FKZHUPHWDOOJHKDOWHQ�XQG�GHU(QWIHUQXQJ�]XU�6WUD�H��$EE�����XQG�����
)�U� GLH� XQWHUVXFKWHQ� 6FKZHUPHWDOOH� HUZHLVW� VLFK GLH� +XPXVDXIODJH� DOV� 6HQNH� LPgNRV\VWHP��,QVEHVRQGHUH�GHU�2)�+RUL]RQW�UHLFKHUW�LQ�JUR�HP�$XVPD��6FKZHUPHWDOOHDQ��'HU�GXUFKVFKQLWWOLFKH�hEHUK|KXQJVIDNWRU�/���2)���$K�EH]RJHQ�DXI�/� �� VLHKW�I�U�GLH�(OHPHQWH�ZLH�IROJW�DXV�
3E� ��������������&G� ��������������



��

$EELOGXQJHQ����XQG�����7UDQVHNW�, � %OHL��XQG�&DGPLXPJHKDOWH���J�J�756��YRQ�GUHL%RGHQKRUL]RQWHQ�LQ�$EKlQJLJNHLW�YRQ�GHU�6WUD�HQHQWIHUQXQJ�

,QWHUHVVDQW� LVW� DXFK� GHU 9HUJOHLFK� ]ZLVFKHQ� GHU� VDOSHWHUVlXUHO|VOLFKHQ� XQGZDVVHUO|VOLFKHQ� 6FKZHUPHWDOOIUDNWLRQ ]ZLVFKHQ� %|GHQ� PLW� VDXUHQ� S+�:HUWHQ� XQG�%|GHQ�PLW�DONDOLVFKHQ�S+�:HUWHQ��6R�VLQG�LQ�VDXUHQ�%|GHQ���������GHU�VDOSHWHU��VDXUHO|VOLFKHQ� 6FKZHUPHWDOOH� DXFK� ZDVVHUO|VOLFK�� LQ� DONDOLVFKHQ %|GHQ� EHWUlJWGLHVHU�$QWHLO�MHGRFK�ZHQLJHU�DOV�������'LHVHV� XQWHUVFKLHGOLFKH� /|VOLFKNHLWVYHUKDOWHQ� GHU� 6FKZHUPHWDOOH� LQ %|GHQ� YHU�VFKLHGHQHU�S+�%HUHLFKH�HUNOlUW�DXFK�GLH�(UJHEQLVVH�GHU�6FKZHUPHWDOOPHVVXQJHQ�YRQ�9HJHWDWLRQVRUJDQHQ� GHU� 5RWEXFKH�� :lKUHQG� VLFK� I�U JU�QH� %�lWWHU� XQG� 5LQGH� GHU5RWEXFKH� �$EE� ���� OLQHDUH� E]Z�� H[SRQHQWLHOOH� %H]LHKXQJHQ� GHU� %OHLJHKDOWH� ]XU6WUD�HQHQWIHUQXQJ�HUNHQQHQ ODVVHQ��IDOOHQ�EHL�GHQ�:XU]HO� �$EE������XQG�+RO]SUR�EHQ� �$EE�� ���� VHKU QLHGULJH� %OHLJHKDOWH� LQ� HLQHU� 6WUD�HQHQWIHUQXQJ� YRQ� VHFKV0HWHUQ�DXI��$OV�HLQ]LJHU�:XFKVRUW�LP�7UDQVHNW�,�KDW�GHU�%RGHQ�LQ���P�6WUD�HQHQW�IHUQXQJ� DONDOLVFKH� S+�:HUWH� XQG� HLQH� VWDUN� YHUPLQGHUWH� :DVVHUO|VOLFKNHLW� GHU�6FKZHUPHWDOOH�� 'LH� 6FKZHUPHWDOOJHKDOWH� YRQ� :XU]HO� XQG� +RO]SUREHQ� VLQG� DOVRYHUPXWOLFK�ZHLWJHKHQG YRQ HGDSKLVFKHQ�)DNWRUHQ��3IODQ]HQYHUI�JEDUNHLW��DEKlQJLJ�8QWHU� GHQ JOHLFKDUWLJHQ� %RGHQYHUKlOWQLVVHQ� LP� ZHLWHUHQ� 9HUODXI� GHV� 7UDQVHNWHVODVVHQ�VLFK�GDQQ�DXFK�EHL GLHVHQ�9HJHWDWLRQVRUJDQHQ�%H]LHKXQJHQ�]ZLVFKHQ�%OHLJH�KDOWHQ�XQG�6WUD�HQHQWIHUQXQJ�HUNHQQHQ�
'LH�+RO]SUREHQ�GHU�5RWEXFKH�ZXUGHQ�LQ�%UXVWK|KH�PLW�HLQHP�6WDPPERKUHU�HQWQRPPHQ�'HU� +RO]]XZDFKV� GHU� -DKUH �������� XQG� �������� ZXUGH� JHWUHQQW� EHDUEHLWHW�� 'LH�$QDO\VH� GHU� 6FKZHUPHWDOOJHKDOWH� EHLGHU� $OWHUVVWXIHQ� ]HLJWH VLJQLILNDQW� K|KHUH%OHLJHKDOWH�GHU�M�QJHUHQ�+RO]SUREHQ��$EE�������ZlKUHQG =LQN��XQG�&DGPLXPJHKDOWHNHLQH� DOWHUVEHGLQJWHQ 8QWHUVFKLHGH� DXIZLHVHQ�� 'LH� %DEHQKlXVHU� /DQGVWUD�H� LVWHUVW� $QIDQJ� GHU� VLHE]LJHU� -DKUH� ]X� HLQHP� YLHUVSXULJHQ� $XWREDKQ]XEULQJHU DXVJH��EDXW�ZRUGHQ��'LH�K|KHUHQ�%OHLJHKDOWH�GHU�M�QJHUHQ�+RO]SUREHQ ODVVHQ�VLFK�GDKHUYHUPXWOLFK�PLW�GHP�VHLWKHU�JHVWLHJHQHQ�9HUNHKUVDXINRPPHQ�HUNOlUHQ��
9RQ�GHQ�]XU�$XVZDKO�VWHKHQGHQ�8QWHUZXFKVSIODQ]HQ�GHV�7UDQVHNWHV�,��VLHKH 7DE����



��



��
ZXUGHQ� GLH� 6FKZHUPHWDOOJHKDOWH� GHV� %HUJDKRUQ�-XQJZXFKVHV�� GHV� .OHLQEO�WLJHQ�6SULQJNUDXWHV� VRZLH� GHV� )ODWWHUJUDVHV� XQWHUVXFKW�� GD� QXU� GLHVH 3IODQ]HQ� LQDXVUHLFKHQGHU� 0HQJH� LP� 9HUODXI� GHV� JHVDPWHQ� 7UDQVHNWHV� YRUNDPHQ� 7URW]� GHVXQHLQKHLWOLFKHQ�'DWHQPDWHULDOV�XQG�GHU�NOHLQHQ�8QWHUVFKLHGH�]ZLVFKHQ�GHQ HLQ]HO��QHQ�3UREHQDKPHSXQNWHQ�Ol�W�VLFK�HLQH�VLJQLILNDQWH�$EQDKPH�GHU 6FKZHUPHWDOOJHKDO��WH� PLW� ]XQHKPHQGHU� 6WUD�HQHQWIHUQXQJ EHL� DOOHQ� XQWHUVXFKWHQ� 3IODQ]HQ� IHVWVWHO�OHQ��%OHLJUDGLHQWHQ�EHVWHKHQ�EHL�DOOHQ GUHL�XQWHUVXFKWHQ�3IODQ]HQ��%HUJDKRUQ�XQG6SULQJNUDXW�]HLJHQ GDU�EHUKLQDXV�DXFK�QRFK�HLQH�$EQDKPH�LKUHU�=LQN� XQG�&DGPLXP�JHKDOWH�PLW�]XQHKPHQGHU�6WUD�HQHQWIHUQXQJ�
'LH�(UJHEQLVVH�GHU�%HUHFKQXQJHQ�ODVVHQ�DXI HLQ�XQWHUVFKLHGOLFKHV�$NNXPXODWLRQV�YHUKDOWHQ� I�U� 6FKZHUPHWDOOH� EHL� GHQ� GUHL� XQWHUVXFKWHQ� 3IODQ]HQDUWHQ� VFKOLH�HQ�:lKUHQG�GLH�%OHLJHKDOWH�GHU�UDXKHQ��NXU]KDDULJHQ %ODWWVSUHLWHQ�GHV�WLHIZXU]HOQ�GHQ� %HUJDKRUQV� LP� 9HUODXI� GHU� 9HJHWDWLRQVSHULRGH DQVWHLJHQ�� Ol�W� VLFK� NHLQHVLJQLILNDQWH� 9HUlQGHUXQJ� GHU� =LQN� XQG� &DGPLXPJHKDOWH� IHVWVWHOOHQ�� 'DV� 6SULQJ�NUDXW�ZXU]HOW�QXU�LQ GHU�+XPXVDXIODJH�XQG�DNNXPXOLHUW�=LQN�XQG�&DGPLXP��ZlKUHQGGLH� %OHLJHKDOWH LP� /DXIH� GHU� 9HJHWDWLRQVSHULRGH� VRJDU� VLQNHQ�� 'DV� )ODWWHUJUDVUHLFKW� PLW� VHLQHQ� :XU]HOQ� ELV� LQ� GHQ� $K�+RUL]RQW�� 'LH� %OHLJHKDOWH� VWHLJHQ� LP�9HUODXI�GHU�9HJHWDWLRQVSHULRGH��GDJHJHQ�QHKPHQ�GLH�=LQN��XQG�&DGPLXPJHKDOWH�DE�
'LH� 8QWHUVXFKXQJHQ� LP� 7UDQVHNW� ,� HUEUDFKWHQ� GHQ 1DFKZHLV�� GD�� DOOH� YRQ� XQVXQWHUVXFKWHQ�.RPSDUWLPHQWH VWUD�HQQDKHU�%XFKHQZDOG|NRV\VWHPH�GXUFK�GLH�YHUNHKUV�EHGLQJWH� 6FKZHUPHWDOONRQWDPLQDWLRQ� EHWURIIHQ� ZHUGHQ�� 'LHVH 6FKZHUPHWDOONRQWDPL��QDWLRQ�XPID�W�QLFKW�QXU GLH�'HSRVLWLRQ�YRQ�%OHLSDUWLNHOQ��VRQGHUQ�JLOW�DXFK�I�UGLH�EHLGHQ�DQGHUHQ�SRWHQWLHOO�WR[LVFKHQ�6FKZHUPHWDOOH�=LQN XQG�&DGPLXP��:HLWHUH(UJHEQLVVH�ILQGHQ�VLFK�EHL�.2&+/(5����������
(UJHEQLVVH�LQ�GHQ�7UDQVHNWHQ�,,���,9
,Q�7UDQVHNW�,,�EHVLW]HQ�GLH�%XFKHQ�6FKDWWHQEOlWWHU�GLH�K|FKVWHQ�6FKZHUPHWDOOJH�KDOWH��JHIROJW YRQ�6FKDWWHQ� XQG�6RQQHQEOlWWHUQ�GHU�(LFKH��'LH�6RQQHQEOlWWHU�GHU%XFKH�KDEHQ�GLH�QLHGULJVWHQ�*HKDOWH�
%HL�HLQHP�9HUJOHLFK�GHU�6FKZHUPHWDOOJHKDOWH�YHUVFKLHGHQHU�6DPPHO]HLWUlXPH��VLHKH$EE�� ������� VLQG� NHLQH� VLJQLILNDQWHQ� 8QWHUVFKLHGH� ]ZLVFKHQ� GHQ� 2NWREHU� XQG�1RYHPEHUDQDO\VHQ�HUNHQQEDU��,P�'H]HPEHU�VWHLJHQ�GDQQ�GLH�6FKZHUPHWDOOJHKDOWH GHU�%XFKHQEOlWWHU�VLJQLILNDQW��ZlKUHQG�GLH�'H]HPEHU�%�lWWHU�GHU�(LFKHQ�NHLQH�VLJQL�ILNDQWHQ�8QWHUVFKLHGH�]X�GHQ�9RUPRQDWHQ�DXIZHLVHQ�
)�U� GDV� +HUEVWODXE GHU� EHLGHQ� XQWHUVXFKWHQ� %DXPDUWHQ� Ol�W� VLFK� LP� 7UDQVHNW� ,,HLQH� H[SRQHQWLHOOH $EQDKPH� GHU� %OHLJHKDOWH� PLW� ]XQHKPHQGHU� 6WUD�HQHQWIHUQXQJ�HUNHQQHQ� �$EE� ��� XQG� ����� 'DEHL� YHUOlXIW� GLH� $EQDKPH� GHU� %OHLJHKDOWH� EHL� GHQ(LFKHQEOlWWHUQ�VWHLOHU�DOV�EHL�GHQ�%XFKHQEOlWWHUQ��'LH�GLUHNWH� YHUNHKUVEHGLQJWH�6FKZHUPHWDOODNNXPXODWLRQ�GHU�XQWHUVXFKWHQ�%�lWWHU�HQGHW�LQ GLHVHP�7UDQVHNW�QDFKHWZD� ���� P� 6WUD�HQHQWIHUQXQJ� 'LH� (UJHEQLVVH� GHU� &DGPLXP� XQG� 1LFNHODQDO\VHQDVVHQ�NHLQH�%H]LHKXQJHQ�]XU�1lKH�HLQHU�YLHOEHIDKUHQHQ�6WUD�H�HUNHQQHQ�



��



��



��



��
'LH�REHQ�DQJHI�KUWHQ�$XVVDJHQ ZHUGHQ�GXUFK�GLH�0HVVXQJHQ�LP�7UDQVHNW�,,,�EHVWl�WLJW��6R ILQGHW�PDQ�DXFK�KLHU�HLQH�VLJQLILNDQWH�(UK|KXQJ�GHU�6FKZHUPHWDOOJHKDOWHYRQ�%XFKHQEOlWWHUQ�LP�6DPPHO]HLWUDXP�'H]HPEHU��ZlKUHQG�VLFK�EHL�GHQ�(LFKHQEOlW�WHUQ� NHLQH 8QWHUVFKLHGH� ]ZLVFKHQ� GHQ� 6DPPHO]HLWUlXPHQ� IHVWVWHOOHQ� ODVVHQ�� 'LH6FKZHUPHWDOOJHKDOWH� GHU� 6FKDWWHQEOlWWHU� EHLGHU� %DXPDUWHQ� VLQG HEHQIDOOV� K|KHUDOV� EHL� GHQ� 6RQQHQEOlWWHUQ�� ZREHL� DXFK� KLHU� GLH %XFKHQ�6FKDWWHQEOlWWHU� GLH�K|FKVWHQ� XQG� GLH� %XFKHQ�6RQQHQEOlWWHU� GLH� QLHGULJVWHQ� 6FKZHUPHWDOOJHKDOWH� DXI�ZHLVHQ�
'LH� :DKO� GHU� 7URFNHQVXEVWDQ]� DOV� %H]XJVJU|�H� I�U� 6FKZHUPHWDOOJHKDOWH� YRQ %OlW��WHUQ�LQ�,PPLVVLRQVVLWXDWLRQHQ�NDQQ�]X�9HU]HUUXQJHQ�I�KUHQ��GLH��EHU�GLH HLJHQW��OLFKHQ� %HGLQJXQJHQ� GHU� 6FKZHUPHWDOOGHSRVLWLRQ� DXI� %ODWWREHUIOlFKHQ� KLQZHJWlX�VFKHQ��8QVHUH�EODWWPRUSKRORJLVFKHQ�8QWHUVXFKXQJHQ��VLHKH�.DSLWHO�&����IDQGHQ EHL�%XFKHQ�6RQQHQEOlWWHUQ� GRSSHOW� VR� KRKH� :HUWH� GHV� %ODWWIOlFKHQJHZLFKWHV� �J� 7URN�NHQVXEVWDQ]�P��%ODWWIOlFKH��ZLH�EHL�6FKDWWHQEOlWWHUQ��'LH�K|KHUHQ 6FKZHUPHWDOO��JHKDOWH�GHU�6FKDWWHQEOlWWHU�WlXVFKHQ�GDKHU�HLQH�K|KHUH�6FKZHUPHWDOOGHSRVLWLRQ LP�,QQHUQ�YRQ�%DXPNURQHQ�YRU��$XV�GLHVHP�*UXQG�VFKLHQ�HV VLQQYROO��GLH�JHPHVVHQHQ6FKZHUPHWDOOJHKDOWH� DXFK DXI� GLH� %ODWWIOlFKH� ]X� EH]LHKHQ�� 'DV� %ODWWIOlFKHQJH�ZLFKW� GHU XQWHUVXFKWHQ� /DXESUREHQ� ZXUGH� GDKHU� SDUDOOHO� ]XU� 3UREHQDXIEHUHLWXQJI�U�GLH�6FKZHUPHWDOODQDO\VH�EHVWLPPW�
'LH� :DKO� GHU %ODWWIOlFKH� DOV� %H]XJVJU|�H� I�U� GLH� %OHLJHKDOWH� EHZLUNW� HLQH� 8P�NHKUXQJ� GHU 9HUKlOWQLVVH� ]ZLVFKHQ� 6RQQHQ� XQG� 6FKDWWHQEOlWWHUQ� YRQ� %XFKHQ� XQG(LFKHQ�JHJHQ�EHU�GHU�%H]XJVJU|�H�7URFNHQVXEVWDQ] �$EE����������:LH�HUZDUWHW�VLQG�GLH� YRUQHKPOLFK� DXV� GHP lX�HUHQ� .URQHQEHUHLFK� VWDPPHQGHQ� 6RQQHQEOlWWHU� K|KHUHQ%OHLGHSRVLWLRQHQ�DXVJHVHW]W�DOV�GLH�6FKDWWHQEOlWWHU��(LQH�JOHLFKODXWHQGH ,QWHU��SUHWDWLRQ� GHU� PLWWOHUHQ� &DGPLXPJHKDOWH� YRQ� %XFKHQ� XQG� (LFKHQEOlWWHUQ� VW|�WGDJHJHQ�DXI�6FKZLHULJNHLWHQ��$EE�����������:lKUHQG�EHL�GHU�%XFKH�GLH�DXVJHSUlJWHQ�8QWHUVFKLHGH�EHL�GHQ�&DGPLXPJHKDOWHQ YRQ�6FKDWWHQ�� XQG� 6RQQHQEOlWWHUQ� GXUFK� GLH� :DKO� GHU� %H]XJVJU|�H� %ODWWIOlFKH QLYHO��OLHUW�ZHUGHQ��WUHWHQ�EHL GHU�(LFKH�GLH�8QWHUVFKLHGH�]ZLVFKHQ�6RQQHQ� XQG�6FKDW�WHQEOlWWHUQ�GXUFK�GLH�%H]XJVJU|�H�%ODWWIOlFKH�VWlUNHU KHUYRU��'LH�$QZHQGEDUNHLWGHU� %H]XJVJU|�H� %ODWWIOlFKH� ]XU� 'DUVWHOOXQJ� GHU� 'HSRVLWLRQVYHUKlOWQLVVH� GHV6FKZHUPHWDOOV� &DGPLXP� VFKHLQW� GDKHU� IUDJOLFK�� LQVEHVRQGHUH� GD� GLH� +HUNXQIW GHV�&DGPLXPV��$XIQDKPH�DXV�GHP�%RGHQ�RGHU�GLUHNWH�'HSRVLWLRQ DXI�GLH�%ODWWREHUIOl�FKHQ��QLFKW�VR�HLQGHXWLJ�LVW�ZLH�EHL�%OHL�
:LH� EHL� 7UDQVHNW� ,, QHKPHQ� GLH� %OHLJHKDOWH� GHV +HUEVWODXEHV� YRQ� 7UDQVHNW� ,,,PHKU�RGHU�ZHQLJHU�H[SRQHQWLHOO�PLW�]XQHKPHQGHU�6WUD�HQHQWIHUQXQJ�DE� 'DU�EHUKLQ��DXV�VFKHLQW�EHL�GHQ�%XFKHQEOlWWHUQ�YRQ�7UDQVHNW�,,,�DXFK�HLQ�*UDGLHQW�GHU &DG��PLXPJHKDOWH� P|JOLFK� 'LH� %HUHFKQXQJ� GHV� 5DQJNRUUHODWLRQVNRHIIL]LHQWHQ� QDFK6SHDUPDQ� �6$&+6� ������ HUJDE HLQH� VLJQLILNDQWH� �S� � ������� QHJDWLYH� %H]LHKXQJYRQ&DGPLXPJHKDOWHQ�XQG�6WUD�HQHQWIHUQXQJ�
9HUJOHLFKW� PDQ� GLH� HQWVSUHFKHQGHQ� 6FKZHUPHWDOOJHKDOWH� YRQ 6WDQGRUWHQ� JOHLFKHU6WUD�HQHQWIHUQXQJ�� VR ODVVHQ� VLFK� NHLQH VLJQLILNDQWHQ� 8QWHUVFKLHGH� ]ZLVFKHQ7UDQVHNW�,, XQG�7UDQVHNW�,,,�IHVWVWHOOHQ��'LH�XQWHUVFKLHGOLFKH�/DJH�GHU�7UDQVHN�



��

$EELOGXQJHQ����ELV�����0LWWOHUH�%OHLJHKDOWH�GHU�6RQQHQEOlWWHU��$��XQG 6FKDWWHQ��EOlWWHU��%��YRQ�%XFKHQ�XQG�(LFKHQ�HQWODQJ�7UDQVHNW�,,,��2EHQ���%H]XJVJU|�H�7URFNHQVXEVWDQ]��PJ�J�756��8QWHQ��%H]XJVJU|�H�%ODWWIOlFKH��PJ�GPð�%ODWWIOlFKH��

WH�]XU�+DXSWZLQGULFKWXQJ�VFKHLQW�GDKHU�NHLQHQ�(LQIOX��DXI�GLH�+|KH GHU�6FKZHUPH�WDLOJHKDOWH�GHV�+HUEVWODXEHV�]X�KDEHQ��'DJHJHQ�PX��GLH�5HLFKZHLWH�GHU YHUNHKUV�EHGLQJWHQ�6FKZHUPHWDOONRQWDPLQDWLRQ�GHV�+HUEVWODXEHV�EHL�GHP�SDUDOOHO�]XU +DXSW��ZLQGULFKWXQJ�YHUODXIHQGHQ�7UDQVHNW�,,,�JU|�HU�HLQJHVFKlW]W ZHUGHQ��6R�HUUHLFKHQGLH�%OHLJHKDOWH�GRUW�HUVW�QDFK ��������P�6WUD�HQHQWIHUQXQJ�LKU�VWDQGRUWEHGLQJWHV1LYHDX�� %HL� GHU %H]XJVJU|�H� %ODWWIOlFKH� ZLUG� VRJDU� HLQH� 5HLFKZHLWH� YRQ� ELV� ]X����P�6WUD�HQHQWIHUQXQJ�HUNHQQEDU��'LH�+DXSWZLQGULFKWXQJ�KDW GDKHU�HLQH�:LUNXQJDXI� GLH� 5HLFKZHLWH� GHU YHUNHKUVEHGLQJWHQ�6FKZHUPHWDOONRQWDPLQDWLRQ�VWUD�HQQDKHU:DOG|NRV\VWHPH�
'LH�(UJHEQLVVH�GHU�7UDQVHNWH�,,�XQG�,,,��EHU�GLH�K|KHUHQ 6FKZHUPHWDOOJHKDOWH�GHU6FKDWWHQEOlWWHU� JHJHQ�EHU GHQ� 6RQQHQEOlWWHUQ� ZHUGHQ� LP� 7UDQVHNW� ,9� EHVWlWLJW�'LHVH�$XVVDJH�JLOW�QLFKW�QXU�I�U�GLH�%OHL� XQG�&DGPLXPJHKDOWH��VRQGHUQ�DXFK�I�UGLH�DQGHUHQ�XQWHUVXFKWHQ�6FKZHUPHWDOOH�
%HL�GHQ�$QDO\VHQ�GHV�+HUEVWODXEHV�VLQG�QXU�I�U�%OHL�*UDGLHQWHQ GHU�6FKZHUPHWDOO�EHODVWXQJ�HUNHQQEDU��$EE�������:LH�HUZDUWHW�]HLJHQ�VLFK�]ZHL�6SLW]HQ GHU�6FKZHU�PHWDOOEHODVWXQJ�� 'HU� HUVWH� OLHJW� LQ� XQPLWWHOEDUHU� 1lKH� ]XU $XWREDKQ� $� ��� GLH



��

$EELOGXQJ��� ELV�����0LWWOHUH�&DGPLXPJHKDOWH�GHU�6RQQHQEOlWWHU��$��XQG�6FKDWWHQ�EOlWWHU��%��YRQ�%XFKHQ�XQG�(LFKHQ�HQWODQJ�7UDQVHNW�,,,�2EHQ���%H]XJVJU|�H�7URFNHQVXEVWDQ]��PJ�J 756��8QWHQ��%H]XJVJU|�H�%ODWWIOlFKH��PJ�GPð�%ODWWIOlFKH��

]ZHLWH��VHKU�YLHO�NOHLQHUH�6SLW]H�OLHJW�LQ�XQPLWWHOEDUHU�1lKH�]XU %XQGHVVWUD�H�%���LQ�HWZD�����P�(QWIHUQXQJ�]XU�$���
'LH�6FKZHUPHWDOODQDO\VHQ�GHU�6WUHXSUREHQ�]XU�(UIDVVXQJ�GHU +LQWHUJUXQGEHODVWXQJ�LP�)UDQNIXUWHU�6WDGWZDOG�ZHLVHQ�UHODWLY�JUR�H�6FKZDQNXQJHQ�DXI��6R�EHWUDJHQ GLH�9DULDWLRQVNRHIIL]LHQWHQ� ]ZLVFKHQ� ��� ��%OHL� XQG� ��� ��.XSIHU��� (QWVSUHFKHQG� LVWDXFK�GLH�%UHLWH�GHV��� ��9HUWUDXHQVEHUHLFKHV�GHV�0LWWHOZHUWHV�GHU�+LQWHUJUXQGEH�ODVWXQJ�PLW�6FKZHUPHWDOOHQ�LQ�GHQ�$EE����������,P�9HUODXI�YRQ�7UDQVHNW�,9�ODVVHQ�VLFK�LQ�GHU�6WUHX PHKU�RGHU�ZHQLJHU�I�U�DOOHXQWHUVXFKWHQ� 6FKZHUPHWDOOH� GUHL� 6WDQGRUWH PLW� HUK|KWHU� 6FKZHUPHWDOOEHODVWXQJHUNHQQHQ�� :LH� HUZlKQW� WULWW GLH� K|FKVWH� 6FKZHUPHWDOOEHODVWXQJ� LQ� XQPLWWHOEDUHU1lKH�]XU�$XWREDKQ�$ ��DXI��'HU�]ZHLWH��NOHLQHUH�*LSIHO�EHILQGHW�VLFK�LP�1DKEH�UHLFK�GHU %XQGHVVWUD�H�%����LQ���������P�(QWIHUQXQJ�]XU�$����'HU�GULWWH�3HDN�GHU�6FKZHUPHWDOOEHODVWXQJ�� GHU� QXU� VHOWHQ� �EHU� GHQ� ��� ��9HUWUDXHQVEHUHLFK� GHV�0LW��WHOZHUWHV� GHU� +LQWHUJUXQGEHODVWXQJ� KLQDXVJHKW�� EHILQGHW� VLFK� LQ� HWZD ���� P(QWIHUQXQJ� ]XU� $� �� LP� 1DKEHUHLFK HLQHU� JU|�HUHQ� :DOGOLFKWXQJ�� $XIJUXQG� GLHVHU(UJHEQLVVH�NDQQ�HLQH�HUK|KWH ,PPLVVLRQVEHODVWXQJ�YRQ�VWUD�HQQDKHQ�%XFKHQZDOG|NR�



��
V\VWHPHQ� QLFKW QXU� GXUFK� %OHL�� VRQGHUQ� DXFK� GXUFK� &DGPLXP�� =LQN�� .XSIHU� XQG�&KURP�HQWKDOWHQGH�$HURVROH�DQJHQRPPHQ�ZHUGHQ�
(LQ� 9HUJOHLFK� GHU� 6FKZHUPHWDOOJHKDOWH� YRQ� +HUEVWODXE XQG� 6WUHX� HUJLEW� HLQH� LP'XUFKVFKQLWW� � � �IDFK� K|KHUH� 6FKZHUPHWDOOEHODVWXQJ� GHU� 6WUHX�� (V� PX�� GDKHU�GDYRQ�DXVJHJDQJHQ�ZHUGHQ��GD��K|FKVWHQV �����GHU�JHVDPWHQ�6FKZHUPHWDOOGHSRVLWLRQGHV� XQWHUVXFKWHQ� %XFKHQ�(LFKHQ�:DOGHV� �EHU� GDV� +HUEVWODXE� HLQJHWUDJHQ� ZLUG�� GDGHU�6WUHX�]XGHP�EHWUlFKWOLFKH�6FKZHUPHWDOOPHQJHQ�GXUFK�KRUL]RQWDOH�XQG YHUWLNDOH�9HUODJHUXQJVSUR]HVVH�HQW]RJHQ�ZLUG���
���1LWUDW���6XOIDW��XQG�&KORULGJHKDOWH�LP�%RGHQ
=XVlW]OLFK� ]X� GHQ� 6FKZHUPHWDOODQDO\VHQ� GHU� %RGHQKRUL]RQWH� ZXUGHQ� LP� 7UDQVHNW ,�DXFK� GLH� 1LWUDW��� 6XOIDW� XQG� &KORULGJHKDOWH� GHU� $K�%RGHQKRUL]RQWH� EHVWLPPW�7DE������'D]X�ZXUGHQ�GLH�VWDQGRUWIHXFKWHQ�%RGHQSUREHQ�PLW����P0 &DOFLXPDFHWDW��/|VXQJ��[WUDKLHUW��7$%$7$%$,�	�',&.�������XQG�GLH�$QLRQHQJHKDOWH QDFK�)LOWUDWLRQPLW�HLQHP�,RQHQFKURPDWRJUDSKHQ��0RGHOO�����)LUPD�'LRQH[��JHPHVVHQ��.2&+/(5������

$EELOGXQJ�����%OHLJHKDOWH��PJ�J�756��GHV�+HUEVWODXEHV�YRQ�6RQQHQ� XQG�6FKDWWHQ�EOlWWHUQ�GHU�(LFKH�HQWODQJ�7UDQVHNW�,9�



��



��
%HL� GHU� $XVZHUWXQJ GHU� *HKDOWH� DOOHU� GUHL� XQWHUVXFKWHQ� $QLRQHQ� LP� 9HUODXI� GHV7UDQVHNWV� ,� PLW +LOIH� GHV� YHUWHLOXQJVIUHLHQ� 5DQJNRUUHODWLRQVNRHIIL]LHQWHQ� QDFK6SHDUPDQ��6$&+6�������IDQGHQ�VLFK�VLJQLILNDQWH�%H]LHKXQJHQ�]XU 6WUD�HQHQWIHUQXQJ��$EE������

$EELOGXQJ� ���� 1LWUDW��� 6XOIDW� XQG� &KORULGJHKDOWH� �PJ�J� 756�� YRQ� $K�%RGHQKRUL��]RQWHQ�HQWODQJ�7UDQVHNW�,�

7DEHOOH����1LWUDW���6XOIDW��XQG�&KORULGJHKDOWH��PJ�J�756��LQ�$K�%RGHQKRUL]RQWHQ�HQWODQJ�7UDQVHNW�,�

'LH� =XQDKPH GHU� 1LWUDWLRQHQ� PLW� VWHLJHQGHU� 6WUD�HQHQWIHUQXQJ� GHXWHW� DXI� HLQHQ(LQIOX��GHU�6WUD�H�DXI�3UR]HVVH�GHV�6WLFNVWRIINUHLVODXIHV�LP�XQWHUVXFKWHQ�:DOG�ERGHQ��P|JOLFK�ZlUH�]XP�%HLVSLHO�HLQH�+HPPXQJ�GHU�1LWULILNDWLRQ��'LH $EQDKPH�GHU&KORULGJHKDOWH� PLW� ]XQHKPHQGHU� 6WUD�HQHQWIHUQXQJ� LVW ZDKUVFKHLQOLFK� DXI� GHQZLQWHUOLFKHQ�6WUHXVDO]HLQVDW]�]XU�FN]XI�KUHQ��ZREHL GLH�5HLFKZHLWH�GHU�6DO]GHSR�



��
VLWLRQ� K|FKVWHQV� HWZD� ��� P� EHWUlJW�� $XFK� GLH� 6XOIDWJHKDOWH� GHU� XQWHUVXFKWHQ%|G3Q� QHKPHQ� LP� 9HUODXI� GHV� 7UDQVHNWV� ,� DE� 'LHV� JLOW� DOOHUGLQJV� QXU� XQWHUYHUJOHLFKEDUHQ� %RGHQYHUKlOWQLVVHQ�� 'HU� QLHGULJH� 6XOIDWJHKDOW� LP �� P� YRQ� GHU6WUD�H� HQWIHUQWHQ� %RGHQ� N|QQWH DXI� GLH� DONDOLVFKH� %RGHQUHDNWLRQ� ]XU�FN]XI�KUHQVHLQ�XQG�HLQ�HWZDLJHU�6XOIDWHLQWUDJ�GXUFK�&DOFLXP�]X�*LSV�DXVJHIlOOW ZHUGHQ��GHUPLW� GHP� YHUZHQGHWHQ� ([WUDNWLRQVPLWWHO� QLFKW� O|VOLFK� LVW�� 7URW]� GHU 5HODWLYLWlW�GHU�PLW�GHU�KLHU YHUZHQGHWHQ�0HWKRGH�JHIXQGHQHQ�:HUWH�NDQQ�HLQ�=XVDPPHQKDQJ�GHU1LWUDW��� 6XOIDW� XQG� &KORULGJHKDOWH� LP� %RGHQ� PLW� GHU� (QWIHUQXQJ� ]XU 6WUD�H�YHUPXWHW�ZHUGHQ�
�� .DOLXP���&DOFLXP� XQG�0DJQHVLXPJHKDOWH�LP�+HUEVWODXE�YRQ�%XFKHQ�XQWHUVFKLHG�OLFKHU�6FKDGVWXIHQ
%HL� GHQ� 6FKZHUPHWDOODQDO\VHQ� GHV +HUEVWODXEHV� GHU� 7UDQVHNWH� ,,� ELV� ,9� ZXUGHQ/DXESUREHQ�XQWHUVFKLHGOLFK�VWDUN�JHVFKlGLJWHU�%XFKHQ�GHU�FKHPLVFKHQ 1D�YHUDVFK��XQJ� ]XJHI�KUW�� )�U� GLH� 8QWHUVXFKXQJ� GHU 1lKUVWRIIJHKDOWH� ZXUGHQ� GDYRQ� MH� YLHU%lXPH�GHU�6FKDGVWXIHQ�2������ XQG���DXVJHZlKOW��'LH�=XRUGQXQJ�]X�GHQ�6FKDGVWXIHQHUIROJWH�PLW�GHU�+LOIH�GHU�YLVXHOOHQ�%HXUWHLOXQJ�GHU HLQ]HOQHQ�%HDUEHLWHU�QDFK.URQHQYHUOLFKWXQJ�� 9HUJLOEXQJ� GHU� %OlWWHU� XQG� SHULSKHUHU� $VWG�UUH�� 9RQ MHGHP�%DXP�ZXUGHQ�GLH�.DOLXP���&DOFLXP� XQG�0DJQHVLXPJHKDOWH�JHWUHQQW�QDFK�6RQQHQ� XQG�6FKDWWHQEOlWWHUQ� I�U� GLH� 6DPPHO]HLWUlXPH� 2NWREHU�� 1RYHPEHU XQG� 'H]HPEHU� EH�VWLPPW�
'LH�1lKUVWRIIDQDO\VHQ�HUJDEHQ��GD��LP�XQWHUVXFKWHQ +HUEVWODXE�GLH�GXUFKVFKQLWW�OLFKHQ� *HKDOWH� DQ� .DOLXP� �6RQQHQEOlWWHU�� ����� ��� 6FKDWWHQEOlWWHU� ����� ���&DOFLXP��6RQQHQEOlWWHU����������6FKDWWHQEOlWWHU��������� XQG�0DJQHVLXP��6RQQHQ�EOlWWHU�����������6FKDWWHQEOlWWHU� ��������XP�HWZD�GLH�+lOIWH�QLHGULJHU�OLHJHQ�DOV�LQ�YHUJOHLFKEDUHQ�8QWHUVXFKXQJHQ�YRQ�]XP�%HLVSLHO�)/2&.,*(5�	�DO���������DQJU�QHQ�%XFKHQEOlWWHUQ��%HL�.DOLXP�XQG�0DJQHVLXP��QLFKW�MHGRFK�EHL�&DOFLXP NRQQ��WHQ�IHUQHU�LQ�6FKDWWHQEOlWWHUQ�VLJQLILNDQW�K|KHUH�*HKDOWH DOV�LQ�6RQQHQEOlWWHUQIHVWJHVWHOOW�ZHUGHQ�
:HGHU� EHL� &DOFLXP� QRFK� EHL� 0DJQHVLXP� ZXUGHQ� VLJQLILNDQWH� 8QWHUVFKLHGH ]ZLVFKHQ�GHQ�6DPPHO]HLWUlXPHQ�EHREDFKWHW��'DJHJHQ�VLQG�GLH�.DOLXPJHKDOWH GHU�6RQQHQ� XQG�6FKDWWHQEOlWWHU� LP� 6DPPHO]HLWUDXP� 'H]HPEHU� VLJQLILNDQW� QLHGULJHU DOV� LQ� GHQEHLGHQ�9RUPRQDWHQ��'LH�PLWWOHUHQ�1lKUVWRIIJHKDOWH MH�6FKDGVWXIH��$EE���������GHU�XQWHUVXFKWHQ� +HUEVWODXESUREHQ� ODVVHQ� 7HQGHQ]HQ HUNHQQHQ�� GLH� DXI� HLQH� bQGHUXQJGHU�1lKUVWRIIJHKDOWH�PLW�]XQHKPHQGHU�6FKlGLJXQJ�GHU %XFKHQ�KLQGHXWHQ��%HVRQGHUVGHXWOLFK�VLQG�GLHVH�7HQGHQ]HQ�EHL�GHQ�.DOLXP� XQG�&DOFLXPJHKDOWHQ GHU�6FKDWWHQ�EOlWWHU��VRZLH�GHQ�0DJQHVLXPJHKDOWHQ�GHU�6RQQHQEOlWWHU�
0LW�+LOIH�GHV�WULHEPRUSKRORJLVFKHQ�9LWDOLWlWVTXRWLHQWHQ��VLHKH .DSLWHO�%��ZXUGHQXQ�YHUVXFKW��GLH�EHREDFKWHWHQ�7HQGHQ]HQ�GXUFK�%HUHFKQXQJ�VLJQLILNDQWHU .RUUHOD��WLRQHQ� ]ZLVFKHQ� GHP� 6FKlGLJXQJVJUDG� GHU� %XFKHQ� XQG� GHQ� 1lKUVWRIIJHKDOWHQ� GHV+HUEVWODXEHV�JHQDXHU�]X�FKDUDNWHULVLHUHQ��'D]X ZXUGHQ��JHWUHQQW�QDFK�6RQQHQ� XQG�6FKDWWHQEOlWWHUQ��GLH�1lKUVWRIIJHKDOWH�DOOHU�GUHL�6DPPHO]HLWUlXPH�YHUZHQGHW��Q  �����



��
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$EELOGXQJHQ����XQG�����.RUUHODWLRQ�]ZLVFKHQ�.DOLXPJHKDOW�YRQ�6RQQHQ� XQG�6FKDW�WHQEOlWWHUQ� GHV +HUEVWODXEHV� YRQ� %XFKHQ� XQG� GHQ� 9LWDOLWlWVTXRWLHQWHQ� DOV� $XV�GUXFN�GHV�6FKlGLJXQJVJUDGHV�GHU�XQWHUVXFKWHQ�%lXPH�

(V�NRQQWH�HLQH�VLJQLILNDQWH�$EQDKPH�GHU�.DOLXPJHKDOWH�YRQ�6RQQHQ� XQG�6FKDWWHQ�EOlWWHUQ� GHV� XQWHUVXFKWHQ� +HUEVWODXEHV YRQ� %XFKHQ� PLW� ]XQHKPHQGHP� 6FKlGLJXQJV�JUDG�GHU�%lXPH�IHVWJHVWHOOW ZHUGHQ��$EE�����XQG������(LQH�QDFK�6DPPHO]HLWUlXPHQJHWUHQQW�GXUFKJHI�KUWH�.RUUHODWLRQVDQDO\VH��Q� �����]HLJWH��GD� QXU�LP�6DPPHO�]HLWUDXP� 'H]HPEHU� KRFKVLJQLILNDQWH� �S  � ������� %H]LHKXQJHQ� ]XP� 6FKlGLJXQJVJUDGDXIWUDWHQ�� 'D� JOHLFK]HLWLJ� GLH .DOLXPJHKDOWH� GHU� 'H]HPEHU�%OlWWHU� GHXWOLFK� JH�JHQ�EHU�GHQ�9RUPRQDWHQ�HUQLHGULJW�VLQG� Ol�W�VLFK�HLQH�YHUPHKUWH�.DOLXPDXVZDVFK�XQJ� �OHDFKLQJ�� DXV� GHP� +HUEVWODXE� PLW ]XQHKPHQGHP� 6FKlGLJXQJVJUDG� GHU� %XFKHYHUPXWHQ�
'DJHJHQ� ]HLJHQ� GLH� &DOFLXPJHKDOWH GHV� XQWHUVXFKWHQ� +HUEVWODXEHV� HLQHQ� VLJQLIL�NDQWHQ�$QVWLHJ�PLW�]XQHKPHQGHP�6FKlGLJXQJVJUDG�GHU�%XFKHQ��1XU�GLH�0DJQHVLXPJH�KDOWH�GHU�XQWHUVXFKWHQ�6RQQHQEOlWWHU��QLFKW�GLH�GHU 6FKDWWHQEOlWWHU�GHV�%XFKHQ�+HUEVWODXEHV� ODVVHQ� DXI� HLQH� VLJQLILNDQWH� %H]LHKXQJ ]XP� 6FKlGLJXQJVJUDG� GHU%lXPH� VFKOLH�HQ�� ZREHL� DXFK� KLHU� HLQ� $QVWLHJ� PLW� ]XQHKPHQGHU� 6FKlGLJXQJ ]X��HUNHQQHQ�LVW��$EE�������:HGHU�EHL�&DOFLXP��QRFK�EHL�0DJQHVLXP�ODVVHQ�VLFK�8QWHU�VFKLHGH�EHL�JHWUHQQWHU�.RUUHODWLRQVDQDO\VH�GHU�6DPPHO]HLWUlXPH�HUNHQQHQ�
%HL�5�FNVFKO�VVHQ�YRQ�1lKUVWRIIJHKDOWHQ�GHV�+HUEVWODXEHV DXI�P|JOLFKH�6FKDGV\P�SWRPH�RGHU �XUVDFKHQ�GHU�XQWHUVXFKWHQ�%lXPH�LVW�lX�HUVWH�9RUVLFKW�JHERWHQ��8QWHUDQGHUHP� N|QQWH GHU� $QVWLHJ� GHU� &DOFLXP� XQG� 0DJQHVLXPJHKDOWH� GHV� +HUEVWODXEHVPLW� ]XQHKPHQGHP 6FKlGLJXQJVJUDG� GHU� %lXPH� ]XP� %HLVSLHO� DXI� HLQHQ� YHUPLQGHUWHQ5�FNWUDQVSRUW�GHU�1lKUVWRIIH�DP�(QGH�GHU�9HJHWDWLRQVSHULRGH�]XU�FN]XI�KUHQ VHLQ��:HLWHUKLQ� LVW� GDUDQ� ]X� HULQQHUQ�� GD�� LP� -DKUH ����� DXI�UXQG� GHV� DX�HUJHZ|KQ�OLFKHQ�:LWWHUXQJVYHUODXIHV�GHU�/DXEIDOO�GHU�%XFKH�ELV�LQ�GHQ�'H]HPEHU�GDXHUWH��
1RFKPDOV�VHL�GDUDXI�YHUZLHVHQ��GD��GLH�=XRUGQXQJ�GHU�:HUWH ]X�GHQ�6FKDGVWXIHQ�LQGHQ� +LVWRJUDPPHQ� QDFK� YLVXHOOHU 6FKlW]XQJ� GXUFK� GHQ� %HDUEHLWHU� HUIROJWH�� =XU



��

$EELOGXQJ� ���� .RUUHODWLRQ� ]ZLVFKHQ� 0DJQHVLXPJHKDOWHQ YRQ� 6RQQHQEOlWWHUQ� GHV+HUEVWODXEHV�YRQ�%XFKHQ�XQG�GHQ�9LWDOLWlWVTXRWLHQWHQ GHU�XQWHUVXFKWHQ�%lXPH�

%HUHFKQXQJ� GHU .RUUHODWLRQHQ� ZXUGH� GHU� 9LWDOLWlWVTXRWLHQW� YHUZHQGHW�� GDGXUFKZXUGH�XQVHUHV�(UDFKWHQV�HLQH�EHVVHUH�$XVVDJH�HUUHLFKW�
(��$XVEOLFN
(V� ZXUGH YRQ� XQV� QLFKW� DQJHVWUHEW� RGHU� HUZDUWHW�� .DXVDO]XVDPPHQKlQJH� ]ZLVFKHQ6FKZHUPHWDOOEHODVWXQJ� LQ� GHQ� SIODQ]OLFKHQ� 2UJDQHQ� XQG� GHQ� DOV� 9LWDOLWlWVPLQGH�UXQJ� EHREDFKWEDUHQ :DOGVFKlGHQ� IHVW]XVWHOOHQ�� +LHU]X� UHLFKHQ� )UHLODQGXQWHUVX�FKXQJHQ� DOOHLQ QLFKW� DXV�� 'LH� %HVWLPPXQJ� GHU� 6FKZHUPHWDOOH� ZDU� YLHOPHKU� HLQ0LWWHO� �ÄWULJJHU³��� GHQ� YHUVWlUNWHQ�6FKDGVWRIIHLQWUDJ�GXUFK�.UDIWIDKU]HXJDEJDVHQDFK]XZHLVHQ�� 'LH� YRQ� XQV� GXUFKJHI�KUWHQ� 8QWHUVXFKXQJHQ� EHOHJHQ�� GD�� WURW] GHU�RKHQ� ,PPLVVLRQV�%HODVWXQJ� GHV� )UDQNIXUWHU� 5DXPHV� GXUFK� )OXJ]HXJYHUNHKU� XQG�,QGXVWULH�DXFK�*UDGLHQWHQ�LQ�GHU�6FKZHUPHWDOO�'HSRVLWLRQ�YRQ�GHU�6WUD�H�ELV�]XP�$EVWDQG� YRQ� PLQGHVWHQV� ���� P� ELV� ���� P� LQ� GHQ� :DOG� KLQHLQ YRUOLHJHQ�� ,Q� GHU9HJHWDWLRQ� VLQG� 6FKDGV\PSWRPH� YRUKDQGHQ�� ELVKHU� MHGRFK YRQ� XQV� QRFK� QLFKW� DOV6FKDGJUDGLHQW� ÄPH�EDU³�� 'LHV� G�UIWH� ZLH� GLH� GXUFKJHI�KUWHQ� 8QWHUVXFKXQJHQ� DQ�GHXWHQ�� YRU� DOOHP� GXUFK� GLH� QRFK XQDXVJHUHLIWHQ� (UIDVVXQJVNULWHULHQ� EHGLQJWVHLQ�� (V PX�� GDKHU� GLH� $XIJDEH� YHJHWDWLRQVNXQGOLFKHU� )RUVFKXQJHQ� VHLQ�� HLQHU�VHLWV� IHVW]XVWHOOHQ�� ZHOFKH� VRQVWLJHQ� 9HUELQGXQJHQ� YRQ� GHQ� 6WUD�HQ DXV� GLH9HJHWDWLRQ�EHODVWHQ��DQGHUHUVHLWV�YHUIHLQHUWH�0HWKRGHQ�]X�HQWZLFNHOQ��ZHOFKH GLH�6\PSWRPDWLN�GHU�:DOGVFKlGHQ�JHQDXHU�HUIDVVHQ�
'DV�:DOGVFKDGHQVSUREOHP LVW�QLFKW�QXU�HLQH�+HUDXVIRUGHUXQJ�DQ�GDV�)DFK�3IODQ]HQ�
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