
.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�z�%RQLIDWLXVVWUD�H�����z�������5KHLQH�z�7HO�������������������
(�0DLO��UKHLQH#NRHWWHU�FRQVXOWLQJ�FRP��z��ZZZ�NRHWWHU�FRQVXOWLQJ�FRP��

�

�

�

�

�

�

�

����:RUNVKRS�*DVPHQJHQPHVVXQJ�±�
*DVDQODJHQ�±�*DVWHFKQLN������

�
����������0lU]�

�
9RUWUDJ�����

�

�

1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�

YRQ�*DVEHVFKDIIHQKHLWHQ�

�

�

'U��$FKLP�=DMF�
0HWHU�4�6ROXWLRQV�*PE+�

�

� �

125



'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

Abstrakt:  

'LH�*DVTXDOLWlWHQ�LQ�GHXWVFKHQ�(UGJDVQHW]HQ�KDEHQ�VLFK�LQ�GHQ�OHW]WHQ�-DKUHQ�JHlQGHUW�XQG�

ZHUGHQ�VLFK�]XN�QIWLJ�DXFK�ZHLWHU�DXV�YHUVFKLHGHQVWHQ�*U�QGHQ�lQGHUQ��8P�GLHVHQ�QHXHQ�

0DUNWDQIRUGHUXQJHQ� JHUHFKW� ]X� ZHUGHQ� LVW� HV� HUIRUGHUOLFK�� GLH� HLQJHVHW]WH� 0HVVWHFKQLN��

LQVEHVRQGHUH� GLH� ]XU� HLFKDPWOLFKHQ� *DVEHVFKDIIHQKHLWVEHVWLPPXQJ�� DQ� GLH� QHXHQ�

$QIRUGHUXQJHQ� DQ]XSDVVHQ� XQG� ZHLWHU� ]X� HQWZLFNHOQ�� ,P� =XJH� GHU�:HLWHUHQWZLFNOXQJ� GHU�

*DVFKURPDWRJUDSKLH� VWHKW�QXQ�HLQ�*HQHUDWLRQVZHFKVHO� YRQ�GHU�0LFUR�7HFKQRORJLH�KLQ�]XU�

1DQR�7HFKQRORJLH�DQ��'LH�)LUPD�0HWHU�4�6ROXWLRQV�*PE+�KDW�PLW�GHP�0*&IOH[�GHQ�HUVWHQ�

1DQR�3UR]HVVJDVFKURPDWRJUDSKHQ� HLQJHI�KUW�� ,Q� GLHVHP� %HLWUDJ� ZHUGHQ� GLH� WHFKQLVFKHQ�

0|JOLFKNHLWHQ� GHV� QHXDUWLJHQ� 0*&IOH[� YRUJHVWHOOW�� $X�HUGHP� ZHUGHQ� QHXH�� LQQRYDWLYH�

$SSOLNDWLRQVP|JOLFKNHLWHQ�HU|UWHUW��GLH�PLW�HLQHU�0LFUR�7HFKQRORJLH�QLFKW�P|JOLFK�VLQG���

1. Einführung 

,Q�'HXWVFKODQG�ZLUG� GXUFK� GLH� HLFKSIOLFKWLJH� (UGJDVPHVVXQJ� GLH� DQ� GLH� .XQGHQ� JHOLHIHUWH�

(QHUJLHPHQJH�ELODQ]LHUW��8P�GLHVH�(QHUJLH�]X�HUPLWWHOQ��VLQG�]ZHL�0HVVJU|�HQ�HUIRUGHUOLFK��

GDV�(UGJDVYROXPHQ��%HWULHEV��XQG�1RUPYROXPHQ��XQG�GHU�%UHQQZHUW��'DV�9ROXPHQ�ZLUG�PLW�

9ROXPHQPHVVJHUlWHQ�� ZLH� ]�%�� 8OWUDVFKDOO��� 7XUELQHQUDG�� XQG� 'UHKNROEHQJDV]lKOHUQ�

EHVWLPPW�� )�U� GLH� %UHQQZHUWEHVWLPPXQJ�*DVEHVFKDIIHQKHLWVPHVVXQJ� NRPPHQ� 3UR]HVV�

JDVFKURPDWRJUDSKHQ��3*&��]XP�(LQVDW]�>�@���

�

'LH�&KURPDWRJUDSKLH�LVW�HLQH�DXVJHUHLIWH�7HFKQRORJLH�XQG�JHKW�DXI�JUXQGOHJHQGH�$UEHLWHQ�]XU�

$GVRUSWLRQVFKURPDWRJUDSKLH� YRQ� 3IODQ]HQIDUEVWRIIHQ� GXUFK� 0LFKDLO� 6HPMRQRZLWVFK� =ZHW�

������� ]XU�FN� >�@�� 'DQDFK� LVW� GLH� ZHLWHUH� (QWZLFNOXQJ� GHU� &KURPDWRJUDSKLH� LQV� 6WRFNHQ�

JHUDWHQ�XQG�DXFK�GLH�$UEHLWHQ�YRQ�=ZHW�JHULHWHQ�LQ�9HUJHVVHQKHLW��'HU�QlFKVWH�0HLOHQVWHLQ�

LQ�GHU�*HVFKLFKWH�GHU�6lXOHQFKURPDWRJUDSKLH�ZXUGH�NXU]�QDFK�GHP�=ZHLWHQ�:HOWNULHJ�YRQ�

(ULND� &UHPHU� JHVHW]W�� 9RQ� LKU� ZXUGH� GDV� HUVWH� *DVFKURPDWRJUDPP� GHU� *HVFKLFKWH�

YHU|IIHQWOLFKW��(V�]HLJW�GLH�7UHQQXQJ�YRQ�/XIW�XQG�.RKOHQVWRIIGLR[LG�DQ�$NWLYNRKOH� >�@�������

ZXUGH�HLQ�HUVWHU�*DVFKURPDWRJUDSK�LP�KHXWLJHQ�6LQQH�YRQ�$QWKRQ\�7UDIIRUG�-DPHV�XQG�$�-�3��

0DUWLQ� HQWZLFNHOW�� ,KUH� HUVWH� SXEOL]LHUWH� $UEHLW� ����� ]HLJWH� GLH� *&�7UHQQXQJ� YRQ�

&DUERQVlXUHQ�>�@��,Q�GLHVHU�IU�KHQ�(QWZLFNOXQJ�GHU�*DVFKURPDWRJUDSKLH�ZDU�GLHVH�7HFKQLN�

QRFK� DXI� /DERUDQZHQGXQJHQ� EHVFKUlQNW�� %HL� GHU� ZHLWHUHQ� (QWZLFNOXQJ� ZXUGH� GDQQ� DEHU�

UDVFK� DXFK� GDV� 3RWHQWLDO� I�U� 3UR]HVVDQZHQGXQJHQ� XQG� GHUHQ� .RQWUROOH� HUNDQQW�� 6R� ]XP�

%HLVSLHO� KDW� GLH� )LUPD� Ä%HFNPDQ� ,QVWUXPHQWV³� PLW� GHP� Ä0RGHO� ���� ,QGXVWULDO� *DV�

&KURPDWRJUDSK� ZLWK� 6DPSOH� +DQGOLQJ� DQG� 6HULHV� $� $QDO\]HU³� HLQHQ� GHU� HUVWHQ�

3UR]HVVJDVFKURPDWRJUDSKHQ� EHUHLWV� LQ� GHQ� ����HU� -DKUHQ� DXI� GHQ� 0DUNW� JHEUDFKW�� 'LH�

$EELOGXQJ���]HLJW�GDV�0RGHO�����YRQ�%HFNPDQ�,QVWUXPHQWV��

126



'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

�
Abbildung 1��0RGHO� ���� ,QGXVWULDO�*DVFKURPDWRJUDSK�PLW�3UREHQDXIEHUHLWXQJ�XQG�6HULH�$�

$QDO\VDWRU�GHU�)LUPD�%HFNPDQ�,QVWUXPHQWV�>�@�

�

,Q�$EELOGXQJ���LVW�]XVHKHQ��ZLH�JUR��GLH�3UR]HVVJDVFKURPDWRJUDSKHQ�DQIDQJV�QRFK�ZDUHQ��

'LH�7HFKQLN�ZXUGH�LQ�GHU�)ROJH]HLW�VWHWLJ�ZHLWHUHQWZLFNHOW��(LQ�0HLOHQVWHLQ�LQ�GHU�(QWZLFNOXQJ�

ZXUGH�(QGH�GHU�����HU�-DKUH�GXUFK�GLH�0LQLDWXULVLHUXQJ�GHU�*HUlWHWHFKQLN��GHQ�VRJHQDQQWHQ�

0LFUR�*DVFKURPDWRJUDSKHQ� HUUHLFKW�� 'LH� 0LFUR�*DVFKURPDWRJUDSKLH� EHUXKW� DXI� GHU�

VRJHQDQQWHQ�0(06�7HFKQRORJLH� �0LFUR�(OHFWUR�0HFKDQLFDO�6\VWHPV���%HL� LKUHU�(LQI�KUXQJ�
ZXUGH� GLHVH� QHXH� 7HFKQRORJLH� $QIDQJ� GHU� ����HU� -DKUH� XQWHU� DQGHUHP� LP� GDPDOLJHQ�

=HQWUDOODERU� GHU�5XKUJDV�$*� LQ�'RUVWHQ� �KHXWH� GLH�2SHQ�*ULG�(XURSH�*PE+�� DXVI�KUOLFK�

JHSU�IW� >�@�� =XU� JOHLFKHQ� =HLW� ZXUGHQ� YRQ� GHU� 37%� LQ� %UDXQVFKZHLJ� DXFK� GLH� HUVWHQ�

3UR]HVVJDVFKURPDWRJUDSKHQ� I�U� GLH� HLFKDPWOLFKH� 0HVVXQJ� GHU� (UGJDV]XVDPPHQVHW]XQJ�

XQG�GLH�%HUHFKQXQJ�GHU�EUHQQWHFKQLVFKHQ�'DWHQ�]XJHODVVHQ��'LHVHV�ZDU�DXFK�GHU�$QIDQJ�

YRP�(QGH�LQ�GHU�HLFKSIOLFKWLJHQ�%UHQQZHUWEHVWLPPXQJ�GHU�ELVKHU�HLQJHVHW]WHQ�.DORULPHWHU��

GLH�LQ�GHU�)ROJH]HLW�GXUFK�3UR]HVVJDVFKURPDWRJUDSKHQ�HUVHW]W�ZXUGHQ���

�

9HUJOHLFKW� PDQ� GLH� DNWXHOOHQ� 0DUNWDQIRUGHUXQJHQ� �7DEHOOH� ��� PLW� GHU� 0HVVWHFKQLN� ]XU�

%HVWLPPXQJ�GHU�*DVEHVFKDIIHQKHLW�E]Z��GHV�%UHQQZHUWHV�GLH�]XU]HLW�]XJHODVVHQ� LVW��]HLJW�

VLFK� GHXWOLFK�� GDVV� QLFKW� QXU� :HLWHUHQWZLFNOXQJHQ� DOOHLQ� DQ� GHU� 3HULSKHULH� �&RPSXWHU��

6RIWZDUH��.RPPXQLNDWLRQ�HWF���GLH�KHXWLJHQ�+HUDXVIRUGHUXQJHQ� O|VHQ�N|QQHQ��(V�PXVV�DQ�

GHU�XUVSU�QJOLFKHQ�7HFKQRORJLH��XQG�]ZDU�GHU�*DVFKURPDWRJUDSKLH�QDFK�IDVW����-DKUHQ�GHU�

6WDJQDWLRQ�LQ�GLHVHP�%HUHLFK�ZHLWHUHQWZLFNHOW�ZHUGHQ���
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

0DUNWDQIRUGHUXQJ� $NWXHOOH�]XJHODVVHQH�*HUlWHWHFKQLN�

=XVlW]OLFK�:DVVHUVWRII��6DXHUVWRII�XQG�
6WLFNVWRII�VHSDUDW�]X�HUIDVVHQ�

'XUFK� HLQ� ]XVlW]OLFKHV� 0ROHNXODUVLHE�
0RGXO�JHO|VW��-H�QDFK�:DVVHUVWRIIJHKDOW�JJI��

]XVlW]OLFK�$UJRQ�DOV�7UlJHUJDV��

*HJHEHQHQIDOOV�+HOLXP�%HVWLPPXQJ� ,Q� .RPELQDWLRQ� PLW� 0ROHNXODUVLHE�0RGHO�
XQG�$UJRQ�DOV�7UlJHUJDV�JHO|VW�

/��+�*DV�0DUNWUDXPXPVWHOOXQJ�EHQ|WLJW�

HLFKDPWOLFKH�%HVWLPPXQJ�GHU�

*DVEHVFKDIIHQKHLW�NOHLQHU�HLQH�0LQXWH��XP�
.RQGLWLRQLHUXQJVDQODJHQ�]X�VWHXHUQ�

'LH�$QDO\VH]HLWHQ�EHWUDJHQ�MH�QDFK�

+HUVWHOOHU�]ZLVFKHQ���XQG���0LQXWHQ�

3RZHU�WR�*DV�PDFKW�HV�QRWZHQGLJ�
:DVVHUVWRII�PLW�0HVVEHUHLFKHQ�YRQ���ELV�
�����XQG�]XN�QIWLJ�HYHQWXHOO�QRFK�K|KHUH�

+��.RQ]HQWUDWLRQHQ�HLFKDPWOLFK�]XJHODVVHQ�

]X�PHVVHQ�

'LHV�LVW�QXU�PLW�]ZHL�7UlJHUJDVHQ�P|JOLFK�
�K|KHUHU�$XIZDQG�EHL�GHU�3HULSKHULH�XQG�

,QVWDOODWLRQ��VRZLH�K|KHUH�

,QYHVWLWLRQVNRVWHQ��JU|�HUH�%DXIRUP��

K|KHUH�$XVIDOOZDKUVFKHLQOLFKNHLW��

1HXH�)RUPIDNWRUHQ��*U|�H��*HZLFKW��)RUP��

GHU�*HKlXVH��XP�PRELOH�$SSOLNDWLRQHQ�]X�
YHUZLUNOLFKHQ�

$NWXHOO�VHKU�JUR�H��*HUlWHK|KHQ�ELV�����FP�

XQG� *HUlWHEUHLWHQ� PLW� ELV� ]X� ��� FP�� XQG�

VFKZHUH�*HKlXVH�����ELV����NJ����
5HGXNWLRQ�YRQ�(PLVVLRQHQ�YHUXUVDFKW�
GXUFK�GLH�3UREHQDXIEHUHLWXQJ�I�U�

*DVEHVFKDIIHQKHLWVV\VWHPH�

$NWXHOO�ZLUG�GDV�NRPSOHWWH�DXV�GHU�3LSHOLQH�

�EHU�GHQ�%\SDVV�HQWQRPPHQH�(UGJDV��EHU�

'DFK� DEJHEODVHQ�� (V� H[LVWLHUW� KLHU� NHLQH�
/|VXQJ��GLH�DXI�GHQ�%\SDVV��YHUDQWZRUWOLFK�
I�U�FD�������YHU]LFKWHW���

Tabelle 1��0DUNWDQIRUGHUXQJHQ��
�

� �
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

,Q�$EELOGXQJ���VLQG�GLH�FKHPLVFKHQ�.RPSRQHQWHQ�GHV�(UGJDVHV��GLH�DNWXHOO�]XU�%UHQQZHUW����

*DVEHVFKDIIHQKHLWVEHVWLPPXQJ�DQDO\VLHUW�ZHUGHQ�P�VVHQ�DXIJHI�KUW���

�
Abbildung 2�� (UGJDV� .RPSRQHQWHQ�� GLH� ]XU� %UHQQZHUW�� �� *DVEHVFKDIIHQKHLWVEHVWLPPXQJ�

DQDO\VLHUW�ZHUGHQ�P�VVHQ���

�

$OV� .RQVHTXHQ]� DXV� GHU� 0LQLDWXULVLHUXQJ� $QIDQJ� GHU� ����LJHU� -DKUH� VWHKW� QXQ� GHU�

*HQHUDWLRQVZHFKVHO�YRQ�GHU�0LFUR�7HFKQRORJLH�KLQ�]XU�1DQR�7HFKQRORJLH�DQ��,Q������ZXUGH�

YRQ�GHU�)LUPD�0HWHU�4�6ROXWLRQV�*PE+�PLW�GHP�0*&IOH[�GHU�HUVWH�3UR]HVVJDVFKURPDWRJUDSK�

EDVLHUHQG�DXI�1DQR�7HFKQRORJLH�DXI�GHP�GHXWVFKHQ�0DUNW�HLQJHI�KUW�>�@���

2. Nano-Prozessgaschromatograph vom Typ MGCflex[7] 

'HU�3UR]HVVJDVFKURPDWRJUDSK�0*&IOH[�YRQ�0HWHU�4�6ROXWLRQV�*PE+��$EELOGXQJ����LVW�LQ�GHU�

/DJH� EHL� HLQHU� $QDO\VHQ]HLW� YRQ� QXU� ��� 6HNXQGHQ� ��� (LQ]HONRPSRQHQWHQ� ]X� EHVWLPPHQ�

�LQNOXVLYH�+HOLXP���$X�HUGHP�OlVVW�VLFK�GXUFK�GLH�1DQRWHFKQRORJLH�HLQH�GHXWOLFK�NRPSDNWHUH�

%DXIRUP� I�U� HLQHQ�3UR]HVVJDVFKURPDWRJUDSKHQ� HUUHLFKHQ�� $XIJUXQG� VHLQHU� )OH[LELOLWlW� XQG�

6FKQHOOLJNHLW�LQ�GHU�$QDO\VH�LVW�GHU�0*&IOH[�KHUYRUUDJHQG�HLQVHW]EDU�LQ�1HW]NRSSOXQJVSXQNWHQ��

%LRJDVHLQVSHLVH��XQG�3RZHU�WR�*DV�$QODJHQ�VRZLH�.RQGLWLRQLHUXQJVDQODJHQ��0LVFKDQODJHQ����

�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

Abbildung 3��0*&IOH[�YRQ�0HWHU�4�6ROXWLRQV�*PE+��

�
+HU]VW�FN�GHV�0*&IOH[�LVW�HLQ�*&�6WHFNPRGXO��$EELOGXQJ�����'DV�*&�6WHFNPRGXO�EHLQKDOWHW�

ELV�]X���YROO�IXQNWLRQVIlKLJH��HLQ]HOQH�*&�0RGXOH��$EELOGXQJ�����-HGHV�*&�0RGXO�LVW�PLW�HLQHP�

,QMHNWRU�� ]ZHL� *&�7UHQQVlXOHQ� XQG� ]ZHL� :/'�'HWHNWRUHQ� �:lUPHOHLWIlKLJNHLWVGHWHNWRU��

EHVW�FNW��$X�HUGHP�LVW�MHGHV�*&�0RGXO�DOV�Ä%DFNIOXVK�WR�'HWHFWRU³��.RQILJXUDWLRQ�DXVJHOHJW��

130



'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

�
Abbildung 4��*&�6WHFNPRGXO�GHV�0*&IOH[�

�

�
Abbildung 5��,QQHUHU�$XIEDX�GHV�*&�6WHFNPRGXOV�GHV�0*&IOH[�

�
'HU� 3UR]HVVJDVFKURPDWRJUDSK� 0*&IOH[� ]HLFKQHW� VLFK� GXUFK� HLQH� ELVKHU� QLFKW� HUUHLFKWH�

$QDO\VHQODXI]HLW�XQG�HLQHP�VHKU�NRPSDNWHQ�$XIEDX�DXV��������PP�[�����PP�[�����PP��
%�[�+�[�7��DXV��%HVRQGHUV�]X�HUZlKQHQ�LVW��GDVV�HV�VLFK�EHL�GHP�*HKlXVH��LQ�GDV�GHU�3*&�
HLQJHEDXW� LVW��EHUHLWV�XP�HLQ�([G�*HKlXVH� �$7(;�=RQH� ,,%�+���KDQGHOW��'DV�*HZLFKW�GHV�

0*&IOH[�LQNO��([G�*HKlXVH�EHWUlJW�WURW]GHP�QXU�FD�����NJ���
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

'LH�$XIWHLOXQJ��ZHOFKH�.RPSRQHQWH�PLW�ZHOFKHP�*&�0RGXO�JHPHVVHQ�ZLUG��LVW�LQ�$EELOGXQJ���

YHUDQVFKDXOLFKW��'DEHL�LVW�]X�HUNHQQHQ��GDVV�GDV�YLHUWH�0RGXO�IHKOW��GD�HV�I�U�GLH�%HVWLPPXQJ�

GHU����(UGJDVNRPSRQHQWHQ�QLFKW�EHQ|WLJW�ZLUG��+LHU�NDQQ��MH�QDFK�.XQGHQZXQVFK��HLQ�YLHUWHV�

0RGXO�HLQJHEDXW�ZHUGHQ��ZLH�]�%��HLQH�]ZHLWH�0ROVLHEVlXOH�PLW�$UJRQ�DOV�7UlJHUJDV��+HOLXP�

$QDO\WLN��� $OOH� ��� .RPSRQHQWHQ� ZHUGHQ� LQQHUKDOE� HLQHU� $QDO\VHQ]HLW� YRQ� ��� 6HNXQGHQ�

EHVWLPPW��

�

�
Abbildung 6��=XRUGQXQJ�GHU�]X�PHVVHQGHQ�.RPSRQHQWHQ�SUR�*&�.DQDO�GHV�0*&IOH[�

�
'LH�:DVVHUVWRII�.DOLEULHUNXUYH�LVW�LQ�$EELOGXQJ���YHUDQVFKDXOLFKW�>�@��(V�IlOOW�IROJHQGHV�DXI��

x� 0HVVEHUHLFK�I�U�:DVVHUVWRII���ELV�����PLW�+HOLXP�DOV�7UlJHUJDV�
x� 4XDGUDWLVFKH�$QSDVVXQJ�GHU�.DOLEULHUNXUYH�
x� 5HJUHVVLRQVNRHIIL]LHQWHQ�YRQ��������

�

'LH�$EELOGXQJ���YHUDQVFKDXOLFKW�GLH�$QRPDOLH�GHV�:DVVHUVWRIIHV�LQ�+HOLXP�DOV�7UlJHUJDV��GLH�

LQ�DOOHQ�KHUN|PPOLFKHQ�*DVFKURPDWRJUDSKHQ�PLW�0LNURWHFKQRORJLH�EHREDFKWHW�ZHUGHQ�NDQQ��

,P� 9HUJOHLFK� GD]X� LVW� GHU� 6LJQDOYHUODXI� GHV� 0*&IOH[� GDUJHVWHOOW�� GHU� GLHVH� $QRPDOLH� QLFKW�

DXIZHLVW��9HUJOHLFKW�PDQ�GLH�:lUPHOHLWIlKLJNHLW�GHV�:DVVHUVWRIIHV�PLW�GHU�GHV�+HOLXPV��VR�

VROOWH� PLW� VWHLJHQGHU� :DVVHUVWRIINRQ]HQWUDWLRQ� LP� 7UlJHUJDV� +HOLXP� HLQ� QHJDWLYHV� 6LJQDO�

DXIWUHWHQ��$EELOGXQJ���]HLJW��GDVV�EHLP�0*&IOH[�GLHV�GHU�)DOO� LVW��%HL�HLQHP�KHUN|PPOLFKHQ�

*DVFKURPDWRJUDSKHQ�LVW�GDV�*HJHQWHLO�GHU�)DOO��'DV�6LJQDO�LVW�JHJHQ�GLH�(UZDUWXQJHQ�ELV�FD��

�� �� SRVLWLY�� 'DQDFK� NHKUW� VLFK� GDV� 6LJQDO� XP�� REZRKO� GLH� :DVVHUVWRIINRQ]HQWUDWLRQ� LP�

7UlJHUJDV�+HOLXP�]XQLPPW��0LW�ZHLWHUHP�$QVWLHJ�GHU�:DVVHUVWRII�.RQ]HQWUDWLRQ�DE�FD������

:DVVHUVWRII�LQ�+HOLXP�LVW�GDV�6LJQDO�VWHWLJ�QHJDWLY���
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

'LH�$EELOGXQJ���EHZHLVW�HLQGUXFNVYROO��GDVV�EHLP�0*&IOH[�ELV������:DVVHUVWRII�LQ�+HOLXP�GLH�

$QRPDOLH�QLFKW�DXIWULWW��

�

0LW� HLQHP� KHUN|PPOLFKHQ� *DVFKURPDWRJUDSKHQ� NDQQ� PLW� +HOLXP� DOV� 7UlJHUJDV� QXU� HLQ�

0HVVEHUHLFK�YRQ���ELV����:DVVHUVWRII�UHDOLVLHUW�ZHUGHQ��%HQXW]W�PDQ�HLQ�*DVJHPLVFK�DXV�

���:DVVHUVWRII�LQ�+HOLXP�DOV�7UlJHUJDV��VR�LVW�GHU�0HVVEHUHLFK�QLFKW�HLQJHVFKUlQNW��-HGRFK�

ZLUG�GDV�*DVJHPLVFK�EHL� GHQ�+HUVWHOOHUQ� I�U� WHFKQLVFKH�*DVH�DOV�3U�IJDV�HLQJHVWXIW��'DV�

VSH]LHOOH� 7UlJHUJDV� LVW� WHXHU� XQG� KDW� DXFK� GLH� W\SLVFK� ODQJHQ� /LHIHU]HLWHQ� YRQ�3U�IJDVHQ��

'HVKDOE�KDW�GLHVH�/|VXQJ�QXU�WKHRUHWLVFKHQ�&KDUDNWHU��1XU�ZHQQ�]XVlW]OLFK�]XP�+HOLXP�]�%��

DXFK�$UJRQ�DOV�]ZHLWHV�7UlJHUJDV�EHL�KHUN|PPOLFKHQ�*DVFKURPDWRJUDSKHQ�HLQJHVHW]W�ZLUG��

VR�VLQG�0HVVEHUHLFKH�YRQ���ELV�����XQG�JU|�HU�I�U�:DVVHUVWRII�P|JOLFK��

�

0LW�GHP�0*&IOH[�LVW�HV�P|JOLFK���ELV����0RO��:DVVHUVWRII�PLW�+HOLXP�DOV�HLQ]LJHP�7UlJHUJDV�

]X� HLFKDPWOLFK� PHVVHQ� XQG� GDEHL� DXI� GDV� ]ZHLWH� 7UlJHUJDV� �$UJRQ� RGHU� 6WLFNVWRII�� ]X�

YHU]LFKWHQ��'DV�PDFKW�GLH�3HULSKHULH�HUKHEOLFK�NRPSDNWHU�XQG�DXV�6LFKW�GHU�,QYHVWLWLRQV��XQG�

GHU�%HWULHEVNRVWHQ�DXFK�J�QVWLJHU���

�

)�U� GLH� HLFKDPWOLFKH� *DVEHVFKDIIHQKHLWVEHVWLPPXQJ� LVW� DNWXHOO� GHU� 0HVVEHUHLFK� I�U�

:DVVHUVWRII�ELV������LQWHUHVVDQW��'LH�.DOLEULHUIXQNWLRQ�I�U�GLHVHQ�%HUHLFK�LVW�LQ�$EELOGXQJ���

GDUJHVWHOOW�� 'LH� .RUUHODWLRQVDQSDVVXQJ� HUIROJWH� PLW� HLQHP� 3RO\QRP� ��� *UDGHV�� GHVVHQ�

5HJUHVVLRQVNRHIIL]LHQW�KHUYRUUDJHQGH���������$EELOGXQJ����EHWUlJW�>�@���

�

��

�

�
�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

�
Abbildung 7��.DOLEULHUIXQNWLRQ�I�U�:DVVHUVWRII����ELV����0RO���>�@�

�

�
�

Abbildung 8: 9HUJOHLFK� GHU� .DOLEULHUNXUYHQ� KHUN|PPOLFKHU� 3*&� EDVLHUHQG� DXI�

0LNURWHFKQRORJLH�XQG�0*&IOH[�EDVLHUHQG�DXI�1DQRWHFKQRORJLH�>�@�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

�
$EELOGXQJ����.DOLEULHUIXQNWLRQ�I�U�:DVVHUVWRII����ELV����0RO���>�@�

3. Mobile Gasbeschaffenheitsmessung vom Typ MGCmobile [9] 

,P�%HUHLFK�GHU�*DVEHVFKDIIHQKHLWVPHVVXQJ�XQG�LP�6SH]LHOOHQ�LP�%HUHLFK�GHU�HLFKDPWOLFKHQ�

*DVEHVFKDIIHQKHLWVPHVVXQJ�P�VVHQ�VHLW�HLQLJHU�=HLW�IOH[LEOH��QHXH�:HJH�EHVFKULWWHQ�ZHUGHQ��

XP� GLH� $QIRUGHUXQJHQ� GHU� (LFKlPWHU� XQG� GHU� $EUHFKQXQJ� ]X� HUI�OOHQ�� 6R� ZXUGH� EHL� GHU�

%UHQQZHUWYHUIROJXQJ�LQ�9HUWHLOQHW]HQ�PLW�+LOIH�HLQHU�0RELOHQ�*DVEHVFKDIIHQKHLWVPHVVXQJ�LQ�

HLQHP�QHXQ�PRQDWLJHQ�)HOGYHUVXFK�]XU�9DOLGLHUXQJ�HLQHV�QHXDUWLJHQ�.RUUHNWXUDOJRULWKPXV�LQ�

.RPELQDWLRQ� PLW� 6WDQGDUGODVWSURILOHQ� �6/3�� XQG� XQWHU� 9HUZHQGXQJ� ZHLWHUHU�

(LQJDQJVLQIRUPDWLRQHQ� I�U� MHGHQ� 1HW]NQRWHQ� GHU� %UHQQZHUW� HUPLWWHOW� >���� ��@�� (LQ� PRELOHU�

3UR]HVVJDVFKURPDWRJUDSK�KDW�HEHQIDOOV�EHL�GHU�9DOLGLHUXQJ�HLQHV�QHXHQ�5HFKHQNHUQV�I�U�GLH�

6PDUW�6LP�6RIWZDUH�]XU�%UHQQZHUWYHUIROJXQJ�JHKROIHQ�>��@��

�

'LH�.HUQDXIJDEH�HLQHV�PRELOHQ�*DVEHVFKDIIHQKHLWVV\VWHPV� LVW� HV� LQQHUKDOE� N�U]HVWHU�=HLW�

*DVEHVFKDIIHQKHLWVPHVVZHUWH�� VHL� HV� DOV� (UVDW]� HLQHU� EHVWHKHQGHQ� *DVEHVFKDIIHQKHLWV�

PHVVXQJ� �]��%�� QDFK�0HOGXQJ�HLQHV�6\VWHPDXVIDOOV� RGHU� ]XU�0HVVZHUWHUKDOWXQJ�EHL� HLQHU�

6WDWLRQVXPU�VWXQJ�RGHU��HUQHXHUXQJ��RGHU�VHL�HV�DQ�1HW]NQRWHQSXQNWHQ��GLH��EOLFKHUZHLVH�

QLFKW�PLW�HLQHU�*DVEHVFKDIIHQKHLWVPHVVXQJ�DXVJHU�VWHW�VLQG��]X�OLHIHUQ��'LH�(LQVDW]JHELHWH�

HLQHU�PRELOHQ�*DVEHVFKDIIHQKHLWVPHVVXQJ�VLQG�YLHOIlOWLJ��

x� hEHUZDFKXQJ�YRQ�5HNRQVWUXNWLRQVV\VWHPHQ��7UDQVSRUWQHW]H��
x� $OV�%DFN�8S�6\VWHP�LQQHUKDOE�YRQ�7UDQVSRUWQHW]HQ�
x� %UHQQZHUWYHUIROJXQJ��6PDUW6LP���9HUWHLOQHW]H��
x� (UVDW]PHVVXQJ�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

x� 1HW]NRSSOXQJVSXQNWH�
x� %LRJDVHLQVSHLVH��XQG�3RZHU�WR�*DV�$QODJHQ�
x� *DVPLVFK��XQG�.RQGLWLRQLHUXQJVDQODJHQ�
x� 1HW]VHJPHQWH��GLH�XPJHVWHOOW�ZHUGHQ��N|QQHQ�NRPSOHWW��EHUZDFKW�ZHUGHQ�
x� ([DNWH��HLFKDPWOLFKH�0HVVXQJ��ZDQQ�GLH�8PVWHOOXQJ�DEJHVFKORVVHQ�LVW�

�
'DV� ELVKHULJH�� PRELOH� *DVEHVFKDIIHQKHLWVV\VWHP� EHVWHKW� LP� :HVHQWOLFKHQ� DXV� HLQHP�

$QKlQJHU���.OHLQ�/.:��GHVVHQ�/DGHUDXP�LQ�]ZHL�5lXPH�DXIJHWHLOW�LVW�>��@��,P�3ULQ]LS�NDQQ�

PDQ�GLH�6\VWHPO|VXQJ�LQ�GUHL�7HLOH�XQWHUWHLOHQ��

x� $QKlQJHU���.OHLQ�/.:�
x� *DVEHVFKDIIHQKHLWVPHVVXQJ��([�%HUHLFK��
x� $XVZHUWHHOHNWURQLN��1LFKW�([�%HUHLFK��

�
/HW]WHQGOLFK� EHVWHKW� EHL� HLQHU� PRELOHQ� *DVEHVFKDIIHQKHLWVPHVVXQJ� GLH� +HUDXVIRUGHUXQJ�

GDULQ��HLQ�0HVV�6\VWHP�]X�JHQHULHUHQ��GDV�HV�HUP|JOLFKW�XQWHU�HLFKUHFKWOLFKHQ�%HGLQJXQJHQ�

P|JOLFKVW�VFKQHOO�XQG�PRELO� UHDOH�0HVVZHUWH� LP�6W|U��RGHU�5HYLVLRQVIDOO� ]X� OLHIHUQ��XP�GLH�

$XVIDOO]HLWHQ�VR�JHULQJ�ZLH�P|JOLFK�]X�KDOWHQ��,Q�$EELOGXQJ����LVW�GHU�NRQVWUXNWLYH�$XIEDX�HLQHU�

WUDGLWLRQHOOHQ�PRELOHQ�*DVEHVVFKDIIHQKHLWVPHVVXQJ�GDUJHVWHOOW��

�

�
$EELOGXQJ�����+HUN|PPOLFKHU�$XIEDX�HLQHU�PRELOHQ�*DVEHVFKDIIHQKHLWVPHVVXQJ�>��@�

�

,Q�GHQ�OHW]WHQ�-DKUHQ�KDW�VLFK�GLH�WUDGLWLRQHOOH�*DVEHVFKDIIHQKHLWVPHVVXQJ�VHKU�EHZlKUW�XQG�

VHKU�JXW�'LHQVWH�JHOHLVWHW��-HGRFK�KDW�VLFK�DXFK�KHUDXVJHVWHOOW��GDVV�GLHVH�PRELOHQ�6\VWHPH�

VHKU�VFKZHU�VHLQ�N|QQHQ��6R�NDQQ�GDV�*HZLFKW�HLQHU�PRELOHQ�*DVEHVFKDIIHQKHLWVPHVVXQJ�

YRQ�FD����7RQQHQ�ELV�FD����7RQQHQ�YDULLHUHQ��'D�VROFKH�6\VWHPH�XQWHU�8PVWlQGHQ�DXI�QLFKW�

EHIHVWLJWHP�*HOlQGH�EHZHJW�ZHUGHQ��LVW�HV�OHLFKW�YRUVWHOOEDU��GDVV�HV�XQWHU�8PVWlQGHQ�VHKU�

VFKZLHULJ� VHLQ� NDQQ�� GHQ�$QKlQJHU� RGHU� GHQ�.OHLQ�/.:� ]X� EHZHJHQ�� $X�HUGHP� VLQG� GLH�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

DNWXHOOHQ�PRELOHQ�*DVEHVFKDIIHQKHLWVPHVV\VWHPH� LPPHU� QRFK� VHKU� JUR�� XQG� GDPLW� DXFK�

QLFKW�VR�IOH[LEHO�HLQVHW]EDU��+LHU�NDQQ�GLH�1DQRWHFKQRORJLH�SXQNWHQ��'HU�)RUPIDNWRU�GHV�QHXHQ�

0*&IOH[�NDQQ�VHLQHQ�9RUWHLO�NODU�DXVVSLHOHQ��$NWXHOO�EHILQGHQ�VLFK�VHKU�JUR�H��*HUlWHK|KHQ�

ELV�����FP�XQG�*HUlWHEUHLWHQ�PLW�ELV�]X����FP��XQG�VFKZHUH�*HKlXVH�����ELV����NJ�� LP�
(LQVDW]��'HU�0*&IOH[� ]HLFKQHW� VLFK� GXUFK� HLQHQ�VHKU� NRPSDNWHQ�$XIEDX� DXV� �������PP�[�
����PP�[�����PP��%�[�+�[�7���%HVRQGHUV�]X�HUZlKQHQ�LVW��GDVV�HV�VLFK�EHL�GHP�*HKlXVH��
LQ�GDV�GHU�3*&�HLQJHEDXW�LVW��EHUHLWV�XP�HLQ�([G�*HKlXVH��$7(;�=RQH�,,%�+���KDQGHOW��'DV�

*HZLFKW�GHV�0*&IOH[�EHWUlJW�WURW]GHP�QXU�FD�����NJ��$XIJUXQG�GLHVHU�QRFK�QLH�GDJHZHVHQHQ�
.RPSDNWKHLW�� LVW� HV�P|JOLFK� GHQ�3*&�0*&IOH[�PRELO� LQ� HLQHQ�$OXNRIIHU� ]X� LQWHJULHUHQ��'LH�

$EELOGXQJ� ��� YHUDQVFKDXOLFKW� GDV� )XQNWLRQVVFKHPDV� GHV� 0*&IOH[� DOV� PRELOH�

*DVEHVFKDIIHQKHLWVPHVVXQJ�LP�$OXNRIIHU��0*&PRELOH���

�
$EELOGXQJ�����)XQNWLRQVVFKHPD�GHU�.RIIHUO|VXQJ�0*&PRELOH��

�

'LH�$EELOGXQJ����]HLJW�GLH�NRPSOHWWH�PRELOH�*DVEHVFKDIIHQKHLWVPHVVXQJ�LQNOXVLYH�GHU�'UXFN��

XQG� 'XUFKIOXVVUHJHOXQJ� VRZLH� )LOWHUXQJ�� 6SDQQXQJVYHUVRUJXQJ�� 'DWHQYHUELQGXQJ� XQG�

7HPSHUDWXU�EHUZDFKXQJ� DOV� PRELOH� .RIIHUO|VXQJ� 0*&PRELOH�� 'LH� 9RUWHLOH� GHU� PRELOHQ�

*DVEHVFKDIIHQKHLWVPHVVXQJ�DOV�.RIIHUO|VXQJ�OLHJHQ�NODU�DXI�GHU�+DQG��

�
x� 1LHGULJH�,QYHVWLWLRQVNRVWHQ�
x� +RKH�)OH[LELOLWlW�
x� .XU]H�5�VW]HLW�
x� 6HKU�VFKQHOO�HLQVDW]EHUHLW�
x� $X�HQPD�H��+��[�%�[�7�������î�����î������PP��
x� *HVDPWJHZLFKW�������NJ�
x� 6HKU�NRPSDNWH�%DXIRUP��NDQQ�LP�.RIIHUUDXP�HLQHV�3.:�V�WUDQVSRUWLHUW�ZHUGHQ��
x� $7(;�=RQH���
x� %LV�]X���JDVFKURPDWRJUDSKLVFKH�0RGXOH�
x� %HVWLPPXQJ�YRQ����(LQ]HONRPSRQHQWHQ�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

x� :DVVHUVWRIIPHVVXQJ�ELV�]X�����PLW�+HOLXP�DOV�7UlJHUJDV��NHLQH���XQWHUVFKLHGOLFKHQ�
7UlJHUJDVH�QRWZHQGLJ�

x� 6HKU�VFKQHOOH�=\NOHQ]HLW������0LQXWH��
x� (LFKDPWOLFKH�I�U�*DVEHVFKDIIHQKHLWVPHVVXQJ��
x� 1H66,�±�$XIEHUHLWXQJVV\VWHP��0LQLPLHUXQJ�GHV�7RWYROXPHQV��
x� ,QNOXVLYH�+RFKGUXFNUHGX]LHUVWDWLRQ��+'5��
x� 7HPSHUDWXU�EHUZDFKXQJ�GHV�$XIVWHOOXQJVRUWHV�

�
�

�
$EELOGXQJ�����0RELOH�*DVEHVFKDIIHQKHLWVPHVVXQJ�DOV�.RIIHUO|VXQJ�0*&PRELOH��

�

4. Direkte Gasbeschaffenheitsmessung vom Typ MGCtransmitter [7] 

�
'HU� DNWXHOOH� 6WDQG� GHU� 7HFKQLN� GHU� HLFKSIOLFKWLJHQ� %UHQQZHUWPHVVXQJ� LVW� LQ� $EELOGXQJ� ���

GDUJHVWHOOW�� 'DV� ]X� PHVVHQGH� *DV� ZLUG� PLW� +LOIH� HLQHU� 3UREHQHQWQDKPHVRQGH� DXV� GHU�

*DVSLSHOLQH�LP�7UDQVSRUWQHW]�HQWQRPPHQ��'DEHL�EHILQGHW�VLFK�GDV�*DV�XQWHU�3LSHOLQHGUXFN�

�W\SLVFKHUZHLVH� ]ZLVFKHQ� ��� XQG� ���� EDUJ� ±� EHL� GHU� (LQVSHLVXQJ� UHJHQHUDWLYHU� *DVH�

HQWVSUHFKHQG�QLHGULJHU���'LHVHU�'UXFN�PXVV�DXI�GHQ�'UXFN�UHGX]LHUW�ZHUGHQ��PLW�GHP�GHU�3*&�

DUEHLWHQ�NDQQ��'LHVHU�'UXFN�LVW�LQ�GHU�5HJHO�������EDUJ��%HL�GHU�'UXFNUHGX]LHUXQJ�N�KOW�VLFK�

GDV�(UGJDV�DXIJUXQG�GHV�-RXOH�7KRPVRQ�(IIHNWHV�DE��6RPLW�PXVV�GDV�*DV��EHU�HLQH�EHKHL]WH�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

3UREHQOHLWXQJ� ]XU� +RFKGUXFNUHGX]LHUVWXIH� �+'5�� WUDQVSRUWLHUW� ZHUGHQ�� +LHU� HUIROJW� GLH�

'UXFNUHGX]LHUXQJ�GHV�*DVHV��$QVFKOLH�HQG�ZLUG�GDV�*DV��EHU�HLQH�/HLWXQJ�]XP�3*&�JHI�KUW��

�

�

�
$EELOGXQJ�����%ORFNVFKHPD�HLQHU�KHUN|PPOLFKHQ�HLFKDPWOLFKHQ�*DVEHVFKDIIHQKHLWVPHVVXQJ�

�
(LQ�1DFKWHLO�EHVWHKHQGHU�6\VWHPH�EHVWHKW�X�D�� LP�7UDQVSRUWZHJ�GHV�3UREHQJDVHV�YRQ�GHU�

(QWQDKPHVRQGH�LP�/HLWXQJVQHW]�]XP�3*&��ZHOFKHU�VLFK�LQ�HLQHP�*HElXGH��*DVPHVVVWDWLRQ��

EHILQGHW�� GDV� VLFK�� MH� QDFK� |UWOLFKHQ� *HJHEHQKHLWHQ�� QLFKW� LPPHU� GLUHNW� QHEHQ� GHU�

(UGJDVURKUOHLWXQJ� EHILQGHQ� NDQQ�� 'LHVHU� 7UDQVSRUWZHJ� KlQJW� VRPLW� YRQ� GHQ� ORNDOHQ�

%HGLQJXQJHQ�DE�XQG�EHWUlJW�EHL�(UGJDVPHVVVWDWLRQHQ�LQ�GHU�3UD[LV�ELV�]X�����0HWHU��-H�QDFK�

)DEULNDW�EHQ|WLJW�GHU�3*&�XQWHUVFKLHGOLFKH�3UREHQJDVIO�VVH��FD�����ELV�����PO�PLQ���'LHVH�

'XUFKIO�VVH� VLQG� ]X� JHULQJ�� XP� GDV� Ä7RWYROXPHQ³� GHU� (QWQDKPH�3UREHQOHLWXQJ��

+5'�3UREHQOHLWXQJ�]X�VS�OHQ��'DPLW�GLH�3UREH��GLH�YRP�3*&�I�U�GLH�HLFKUHFKWOLFK�QRWZHQGLJH�

%HVWLPPXQJ� GHV� %UHQQZHUWHV� EHQ|WLJW� ZLUG� XQG� GDPLW� GDV� JHPHVVHQH� (UJHEQLV� DXFK�

UHSUlVHQWDWLY� I�U� GDV�(UGJDV� LQ� GHU�3UREHQOHLWXQJ� LVW��ZLUG�HLQ�%\SDVV�PLW� HLQHP�VHKU� YLHO�

K|KHUHQ�'XUFKIOXVV��DEKlQJLJ�YRP�7RWYROXPHQ���LQ�GHU�5HJHO�PLQGHVWHQV�XP�GHQ�)DNWRU����

K|KHU�DOV�GHU�'XUFKIOXVV�]XP�3*&�� LQVWDOOLHUW��'DV�*DV�DXV�GHU�%\SDVV�/HLWXQJ�ZLUG�QDFK�

GHP�6WDQG�GHU�7HFKQLN�LQ�GLH�$WPRVSKlUH��EHU�GDV�'DFK�GHU�0HVVVWDWLRQ�DEJHEODVHQ�XQG�

I�KUW�GDGXUFK�]X�0HWKDQHPLVVLRQHQ��$XV�GHU�6XPPH�GHV�%\SDVV�'XUFKIOXVVHV�XQG�GHP�]XP�

3*&�JHI�KUWHQ�3UREHQJDV�HUJLEW�VLFK�GLH�*HVDPWHPLVVLRQ�GHV�6\VWHPV��(UGJDV�EHVWHKW�]X�
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'U��$��=DMF���0HWHU�4�6ROXWLRQV�*PE+��1DQR�*DVFKURPDWRJUDSKLH�±�,QQRYDWLYH�%HVWLPPXQJ�*DVTXDOLWlWHQ�

.g77(5�&RQVXOWLQJ�(QJLQHHUV�*PE+�	�&R��.*�±�����:RUNVKRS�*DVPHQJHQPHVVXQJ������

FD�������ELV������DXV�0HWKDQ��0HWKDQ�KDW�ODXW�GHP�.\RWR�3URWRNROO�HLQH�XP�GHQ�)DNWRU����

K|KHUH� .OLPDVFKlGOLFKNHLW� DOV� &2��� (LQ� W\SLVFKHU� 'XUFKIOXVV� LP� %\SDVV� HLQHU�

%UHQQZHUWPHVVVWHOOH� OLHJW�EHL�HWZD�����ELV������ O�VHF�HQWVSUHFKHQG�FD������ O�K�(UGJDV� �FD��

������Pñ�-DKU��XQG�HQWVSULFKW�GDPLW�HLQHP�&2��bTXLYDOHQW�YRQ�FD������W��FD����������Pñ��SUR�

-DKU��'DPLW� LVW�GHU�0HWKDQHLQWUDJ�DXV�HLQHU�%UHQQZHUWPHVVVWHOOH�HLQ�HUKHEOLFKHU�QHJDWLYHU�

(LQIOXVVIDNWRU�I�U�GDV�.OLPD��8QWHU�=XJUXQGHOHJXQJ��GDVV�LQ�'HXWVFKODQG�FD��������ELV�������

3*&V� LQ�(UGJDVQHW]NRSSOXQJVSXQNWHQ� LQVWDOOLHUW� VLQG�� HQWVSUHFKHQ�GLH�%\SDVV�(PLVVLRQHQ�

HLQHP�NXPXOLHUWHQ�&2��bTXLYDOHQW�YRQ���������W�ELV���������W�SUR�-DKU�I�U�'HXWVFKODQG���

�

'HU�ILQDQ]LHOOH�9HUOXVW�GXUFK�GDV�$EEODVHQ�GLHVHV�(UGJDVHV�LQ�GLH�$WPRVSKlUH�OLHJW�EHL�FD��

������ELV�������¼�SUR�-DKU�XQG�0HVVVWHOOH��EHL�HLQHP�(QGYHUEUDXFKHUSUHLV�YRQ���FW�N:K��±�

YRONVZLUWVFKDIWOLFK� �RKQH� .OLPDHLQIO�VVH�� HQWVSULFKW� GLHVHV� HLQHP� 9HUOXVW� I�U� DOOH�

%UHQQZHUWPHVVVWHOOHQ�LQ�'HXWVFKODQG�YRQ�FD����ELV���0LR��¼�-DKU��

�

$OV�ZHLWHUHU�QHXHU�$VSHNW� LQ�GHU�REHQ�GDUJHVWHOOWHQ�%HUHFKQXQJ�GHU� ILQDQ]LHOOHQ�1DFKWHLOH�

NRPPW�DE������PLW�GHP�%XQGHV�.OLPDVFKXW]JHVHW]��.6*��GD]X��$E�GLHVHP�=HLWSXQNW�ZLUG�

I�U�HLQH�7RQQH�&2��(PPLVVRQ�PLW����(XUR�VWHLJHQG�DXI����(XUR�ELV������EHUHFKQHW��'DQDFK�

VWHLJW�GHU�3UHLV�OLQHDU�ELV������DXI����(XUR�SUR�7RQQH�>��@�DQ���

�

$XI�GHU�%DVLV�GHU�(QWZLFNOXQJ�HLQHV�NRPSDNWHQ�3*&�YRP�7\S�0*&IOH[�I�U�GLH�HLFKSIOLFKWLJH�

$QDO\VH�YRQ�(UGJDV�GXUFK�GLH�0HWHU�4�6ROXWLRQV�*PE+�LVW�GLH�,GHH�HLQHV�3*&�7UDQVPLWWHUV�

HQWVWDQGHQ� �$EELOGXQJ� ����� =LHO� GHV� 0*&WUDQVPLWWHU� LVW� GLH� IDVW� NRPSOHWWH� 5HGX]LHUXQJ� GHU�

0HWKDQHPLVVLRQHQ��XQG�9HUOXVWH��XQG�GLH�HLQIDFKH��NRPSDNWH�,QVWDOODWLRQ�YRU�2UW��GLUHNW�DXI�

GHU�3LSHOLQH�PLW�GHQ�HQWVSUHFKHQGHQ�(LQVSDUXQJHQ� I�U�GLH�$QZHQGHU�VRZLH�GLH�XQLYHUVHOOH�

(LQVHW]EDUNHLW� LQ� 9HUELQGXQJ�PLW� HLQHU� DXVIDKUEDUHQ�(QWQDKPHVRQGH��'HU�0*&WUDQVPLWWHU�KDW�

IROJHQGH�(LJHQVFKDIWHQ�>��@��

�

x� 0HVVXQJ�GHU�(LQ]HONRPSRQHQWHQ�GHV�(UGJDVHV��RGHU�lKQOLFKHU�*DVH�ZLH�6*��PLW�ELV�
]X�����:DVVHUVWRII��+���DQJHUHLFKHUWHV�(UGJDV��HLQ]XVSHLVHQGH�*DVH�LQ�GDV�
|IIHQWOLFKH�*DVQHW]�DXV�%LRJDVDQODJHQ��R�l���HQWVSUHFKHQG�GHU�HLFKUHFKWOLFKHQ�
9RUJDEHQ�GHU�37%�]XU�(QHUJLHDEUHFKQXQJ�YRQ�(UGJDVHQ��

x� (LFKUHFKWOLFKH�=XODVVXQJVIlKLJNHLW�GHV�JHVDPWHQ�3*&�7UDQVPLWWHUV�GXUFK�GLH�37%�
x� (LQVDW]P|JOLFKNHLW�LQ�*DVQHW]HQ�PLW�HLQHP�'UXFNEHUHLFK�YRQ���EDU�ELV�����EDU�

DEVROXW�
x� 8PJHEXQJV��XQG�*DVWHPSHUDWXUHQ�YRQ�����&�ELV������&�
x� 'LUHNWH�,QVWDOODWLRQ�GHV�0*&WUDQVPLWWHU�LQ�HLQHU�%DXHLQKHLW�PLW�3UREHQHQWQDKPH�XQG�

*DVDXIEHUHLWXQJ�DXI�GHU�3LSHOLQH�
x� 'LUHNWH�5�FNI�KUXQJ�GHV�%\SDVV�*DVVWURPHV�LQ�GLH�3LSHOLQH�RKQH�YRUKHULJH�

'UXFNUHGX]LHUXQJ�]XU�9HUPHLGXQJ�YRQ�Ä7RWYROXPHQ³�XQG�YHUPHLGEDUHQ�
0HWKDQHPLVVLRQHQ�
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x� 9RUPRQWDJH���(LFK��XQG�3U�IP|JOLFKNHLW�GHV�NRPSOHWWHQ�7UDQVPLWWHUV�LQ�GHU�
:HUNVWDWWIHUWLJXQJ�

x� 9RU�2UW�0RQWDJH�GHV�3*&�7UDQVPLWWHUV�PLW���3HUVRQHQ�RKQH�ZHLWHUH�+HEHPLWWHO�PLW�
PD[�����NJ�

x� 2SWLRQDOHU�(LQEDX�LQ�HLQHQ�6FKXW]NDVWHQ�PLW�6SDQQXQJVYHUVRUJXQJVDQVFKOXVV���9�
XQG�GHU�0|JOLFKNHLW�GHU�'DWHQNRPPXQLNDWLRQ�XQG�)HUQGDWHQDEUXI�XQG��ZDUWXQJ�

x� 2SWLRQDOH�$XVI�KUXQJ�PLW�HLQHU�XQWHU�%HWULHEVGUXFN�DXVIDKUEDUHQ�(QWQDKPHVRQGH��
XP�GHQ�(LQVDW]�LQ�DOOHQ�%HUHLFKHQ�GHV�(UGJDVQHW]HV�]X�JHZlKUOHLVWHQ��6WLFKSXQNW�
0ROFKIlKLJNHLW�GHU�3LSHOLQH���

�

�
$EELOGXQJ�����)XQNWLRQVVFKHPD�GHV�0*&WUDQVPLWWHU�

�

'D]X� ZLUG� GHU� 0*&WUDQVPLWWHU� PLW� HLQHU� VHKU� NRPSDNWHQ� 3UREHQDXIEHUHLWXQJ� XQG� GHU�

3UREHQHQWQDKPHVRQGH�GLUHNW�DXI�GHU�*DVOHLWXQJ�LQVWDOOLHUW��$EELOGXQJ������'LHVHU�$XIEDX�ZLUG�

HUVW�GXUFK�GHQ�EHUHLWV�YRUHQWZLFNHOWHQ�0*&IOH[�GHU�)LUPD�0HWHU�4�6ROXWLRQV�DXIJUXQG�GHV�VHKU�

NRPSDNWHQ�*HKlXVHV�PLW�HLQHU�*U|�H�QXU�XQZHVHQWOLFK�JU|�HU�DOV�HLQ�',1�$���%ODWW�XQG�GHP�

*HZLFKW� YRQ� QXU� ��� NJ� P|JOLFK�� 'LH� 'UXFNUHGX]LHUXQJ� LVW� LQWHJUDOHV� %DXWHLO� LQ� GHU�

3UREHQDXIEHUHLWXQJ�� VR� GDVV� HLQH� %HKHL]XQJ� GHU� 3UREHQOHLWXQJ� QLFKW� PHKU� QRWZHQGLJ� LVW��

6RPLW�IDOOHQ�IROJHQGH�VHSDUDWH�%DXHOHPHQWH�DXV�GHU�DNWXHOOHQ�,QVWDOODWLRQVEDXZHLVH�ZHJ��

x� %HKHL]WH�3UREHQOHLWXQJ�
x� 6HSDUDWH�'UXFNUHGX]LHUVWXIH�
x� 7UDQVSRUWOHLWXQJ�
x� %\SDVV�

�

,P�9HUJOHLFK�GD]X�EHQ|WLJW�GHU�KHUN|PPOLFKH�$XIEDX�GHU�*DVEHVFKDIIHQKHLWVPHVVXQJ��

x� (LQH�HLQIDFKH�3UREHQHQWQDKPH��RKQH�5�FNI�KUXQJ��LQ�GHU�3LSHOLQH�
x� (LQH�EHKHL]WH�=XI�KUXQJVOHLWXQJ����ELV�����P��EHDXIVFKODJW�PLW�YROOHP�3LSHOLQHGUXFN�

���ELV�����EDU����
x� (LQH�VHSDUDWH�'UXFNUHGX]LHUVWDWLRQ��+'5��
x� 7UDQVSRUWOHLWXQJ�]XP�3*&�
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x� 6HSDUDWH�6WHXHUXQJV���6SHLFKHU��XQG�'DWHQNRPPXQLNDWLRQVHLQKHLW�LQ�HLQHP�
H[SORVLRQVVLFKHUHQ�5DXP��

�

�
$EELOGXQJ�����$XIEDX�GHV�0*&WUDQVPLWWHU�

�

'XUFK� GLH� VHKU� NRPSDNWH� .RQVWUXNWLRQ� NDQQ� GHU� 3*&�7UDQVPLWWHU� �DQVWDWW� LQ� GHU� HQWIHUQW�

OLHJHQGHQ� 0HVVVWDWLRQ�� GLUHNW� DXI� GHU� (UGJDVOHLWXQJ� LQVWDOOLHUW� ZHUGHQ�� 'DGXUFK� ZLUG� GLH�

3UREHQHQWQDKPH�PLW� U�FNJHI�KUWHP� %\SDVV� GLUHNW� LQ� GHU� 3LSHOLQH� DXI� GHU� (QWQDKPHVWHOOH�

XQWHUKDOE�GHV�3*&�7UDQVPLWWHUV�GXUFKJHI�KUW�XQG�QXU�GLH�I�U�GLH�$QDO\VH�QRWZHQGLJH�3UREH�

HQWQRPPHQ� XQG� LP� 'UXFN� UHGX]LHUW�� $OV� 5HVXOWDW� GHU� GLUHNWHQ� (QWQDKPH� ZHUGHQ� GLH�

0HWKDQHPLVVLRQHQ� GHU� 0HVVVWHOOH� DXI� GHQ� 3UREHQJDVIOXVV� GHV� 3*&� PLW� FD�� ��� ELV�
����PO�PLQ�EHVFKUlQNW��HQWVSUHFKHQG�FD�����ELV����Pñ�(UGJDV�-DKU�XQG�0HVVVWHOOH��XQG�GDPLW�

XP� ELV� ]X� FD�� ���� JHJHQ�EHU� GHP� KHUN|PPOLFKHQ� 9HUIDKUHQ� UHGX]LHUW�� $XFK� GLH�
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,QVWDOODWLRQ�YRU�2UW�YHUHLQIDFKW�VLFK�GXUFK�GHQ�:HJIDOO�GHU�EHKHL]WHQ�XQG�GUXFNEHDXIVFKODJWHQ�

=XI�KUXQJVOHLWXQJ� XQG� GHQ�:HJIDOO� GHU� VHSDUDWHQ�+RFKGUXFNUHGX]LHUVWXIH� �+'5�� XQG� GHQ�

:HJIDOO� GHU� VHSDUDWHQ� 6WHXHUXQJV�� XQG� 'DWHQVSHLFKHUHLQKHLW� �LQWHJULHUW� LP� QHXHQ� 3*&��

HUKHEOLFK�� :HLWHUKLQ� NDQQ� GHU� 3*&�7UDQVPLWWHU� QHEHQ� (UGJDVQHW]HQ� DXFK� I�U�

:DVVHUVWRIIQHW]H��%LRJDV�(LQVSHLVXQJHQ�XQG�3W*�$SSOLNDWLRQHQ�HLQJHVHW]W�ZHUGHQ��

�

5. Zusammenfassung und Ausblick 

%HGLQJW� GXUFK� GLH� LQ� GHU� QDKHQ� =XNXQIW� DQVWHKHQGHQ� bQGHUXQJHQ� LQ� GHQ�

*DV]XVDPPHQVHW]XQJHQ�GHU� WUDQVSRUWLHUWHQ�(UGJDVH�� LQVEHVRQGHUH�GXUFK�GLH�=XPLVFKXQJ�

YRQ�:DVVHUVWRII��HUJHEHQ�VLFK�YHUlQGHUWH�$QIRUGHUXQJHQ�DQ�GLH�YHUZHQGHWH�0HVVWHFKQLN��'HU�

0*&IOH[�LVW�EHUHLWV�KHXWH�VFKRQ�LQ�GHU�/DJH�DOOH�]XN�QIWLJHQ�$QIRUGHUXQJHQ�]X�HUI�OOHQ��(V�]HLJW�

VLFK��GDVV�GHU�*HQHUDWLRQVZHFKVHO�YRQ�GHU�0LFUR�7HFKQRORJLH�]XU�1DQR�7HFKQRORJLH��]X�HLQHU�

GHXWOLFK�OHLVWXQJVIlKLJHUHQ�&KURPDWRJUDSKLH�I�KUW���

�

'HU�HUVWH�1DQR�*DVFKURPDWRJUDSK�0*&IOH[�LVW�LQ�GHU�/DJH�DOOH����(UGJDVNRPSRQHQWHQ��GLH�

]XU�%UHQQZHUW����*DVEHVFKDIIHQKHLWVEHVWLPPXQJ�DQDO\VLHUW�ZHUGHQ�P�VVHQ��LQ����6HNXQGHQ�

]X�DQDO\VLHUHQ��0LW�GHP�0*&IOH[�LVW�HV�P|JOLFK���ELV����������0RO��:DVVHUVWRII�PLW�+HOLXP�

DOV� 7UlJHUJDV� ]X�PHVVHQ� XQG� GDEHL� DXI� GDV� ]ZHLWH� 7UlJHUJDV� �$UJRQ� RGHU� 6WLFNVWRII�� ]X�

YHU]LFKWHQ��

�

'HU�0*&IOH[�LVW�DXIJUXQG�VHLQHU�VHKU�NRPSDNWHQ�%DXIRUP�$XVJDQJVSXQNW�XQG�%DVLV�I�U�QHXH��

ELV�GDKLQ�QLFKW�P|JOLFKHQ�$QZHQGXQJVP|JOLFKNHLWHQ��$OV�HUVWHV�GLHVHU�QHXHQ�$QZHQGXQJHQ�

LVW�GHU�0*&PRELOH��+LHU� LVW�HLQ�NRPSOHWWHV�HLFKDPWOLFKHV�*DVEHVFKDIIHQKHLWVV\VWHP�LQ�HLQHP�

$OXNRIIHU�LQWHJULHUW��%LV�KHXWH�ZDUHQ�GD]X�HQWZHGHU�HLQ�3.:�$QKlQJHU�RGHU�HLQ�.OHLQ�/.:�

QRWZHQGLJ��'LH�]ZHLWH�QHXDUWLJH�$QZHQGXQJ�LVW�LQ�)RUP�GHV�0*&WUDQVPLWWHUV�UHDOLVLHUW�ZRUGHQ��

+LHUEHL� LVW� HV� HUVWPDOV� P|JOLFK� PLW� HLQHP� 3*&� RKQH� %\SDVV� GLH� *DVEHVFKDIIHQKHLW� ]X�

EHVWLPPHQ�XQG�GDPLW�I�U�HLQH�5HGXNWLRQ�GHU�(PLVVLRQHQ�XP�FD������XQG�DXFK�GLH�ODXIHQGHQ�

.RVWHQ��.RVWHQ�I�U�GLH�(UGJDVYHUOXVWH��$EJDEH�I�U�&2��(PLVVLRQHQ��SUR�0HVVSXQNW�HUKHEOLFK�

]X�UHGX]LHUHQ���

�

'LH� (UJHEQLVVH� XQG� GLH� /HLVWXQJVIlKLJNHLW� GHV� 0*&IOH[� ]HLJHQ�� GDVV� GLH� 1DQR�

*DVFKURPDWRJUDSKLH�GHU�ULFKWLJH�:HJ�LVW��XP�GLH�DNWXHOOHQ�XQG�]XN�QIWLJHQ�PHVVWHFKQLVFKHQ�

+HUDXVIRUGHUXQJHQ�GHU�HLFKDPWOLFKHQ�*DVEHVFKDIIHQKHLWVEHVWLPPXQJ�]X�O|VHQ��'HU�0*&IOH[�

EHILQGHW�VLFK�DNWXHOO�LQ�GHU�37%�=XODVVXQJ�I�U�GHQ�HLFKDPWOLFKHQ�9HUNHKU��

�

�
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6. Danksagung 

'DV�3URMHNW�Ä3*&�7UDQVPLWWHU�_�3UR]HVVJDVFKURPDWRJUDSK�
7UDQVPLWWHU� ]XU� HPLVVLRQVUHGX]LHUWHQ� *DVEHVFKDIIHQ�
KHLWVEHVWLPPXQJ� YRQ� (UGJDV��VXEVWLWXWHQ�³� �+$�3URMHNW�
1U��� ������������ ZLUG� LP� 5DKPHQ� GHU� ,QQRYDWLRQVI|UGHUXQJ�

+HVVHQ� DXV� 0LWWHOQ� GHU� /2(:(� ±� /DQGHV�2IIHQVLYH� ]XU�

(QWZLFNOXQJ� :LVVHQVFKDIWOLFK|NRQRPLVFKHU� ([]HOOHQ]��

)|UGHUOLQLH� ��� .08�9HUEXQGYRUKDEHQ� JHI|UGHUW�� 'DV� 3URMHNW�

ZLUG� XQWHU� GHU�ZLVVHQVFKDIWOLFKHQ�%HJOHLWXQJ� GHV� )UDXQKRIHU�

,QVWLWXW�,((�LQ�.DVVHO�GXUFKJHI�KUW��:HLWHUH�,QIRUPDWLRQHQ�XQWHU�

ZZZ�LQQRYDWLRQVIRHUGHUXQJ�KHVVHQ�GH��

�

'HU� $XWRU� GDQNW�ZHLWHUKLQ� GHU�*DVWUDQVSRUW�1RUG�*PE+�XQG� GHU�*$6&$'(�*DVWUDQVSRUW�

*PE+��GDVV�VLH�VLFK�DQ�GHP�)RUVFKXQJVSURMHNW�EHWHLOLJHQ�XQG�0HVVVWHOOHQ�I�U�GLH�(USUREXQJ�

�)HOGWHVW��GHV�0*&WUDQVPLWWHUV�]XU�9HUI�JXQJ�VWHOOHQ��

7. Literatur 
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�����

>�@� /&�*&�,QWHUQDWLRQDO��9RO����1R�����
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��������������±�����
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*DVJHPLVFKHQ³��*DV�:lUPH�,QWHUQDWLRQDO����������������

>�@� =DMF�� $FKLP�� Ä*DVEHVFKDIIHQKHLWVPHVVXQJ� LQ� ��� 6HNXQGHQ� PLW� +LOIH� GHU� 3UR]HVVJDV�
FKURPDWRJUDSKLH³��JZI�*DV���(QHUJLH������������±�����

>�@�� =DMF�� $FKLP�� 6QLWMHU�� 0DUFR�� +HOELJ�� .ULVWLQD�� $QGHUEU�JJH�� 7KHR�� :ROI�� 0DUNXV�� Ä1DQR�
*DVFKURPDWRJUDSKLH�±�'HU�6FKO�VVHO�]XU�LQQRYDWLYHQ�%HVWLPPXQJ�DNWXHOOHU�XQG�]XN�QIWLJHU�
*DVTXDOLWlWHQ³��JZI�*DV���(QHUJLH�������

>�@� 3DWHQWDQPHOGXQJ�(3��������������������0HWHU�4�6ROXWLRQV�*PE+��Ä0RELOH�0HVVDQODJH�]XU�
'XUFKI�KUXQJ�HLQHU�*DVDQDO\VH³�������

>��@�6FKOH\�� 3��� 6FKHQN�� -�� XQG� +LHOVFKHU�� $��� Ä%UHQQZHUWYHUIROJXQJ� LQ� 9HUWHLOQHW]HQ�� 7HLO�
(QWZLFNOXQJ�XQG�9DOLGLHUXQJ�GHV�9HUIDKUHQV³��JZI�*DV�(UGJDV����������������
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>��@�6FKHQN��-���6FKOH\��3���+LHOVFKHU��$���)HUQDQGH]��&��XQG�0lXUHU��6���Ä%UHQQZHUWYHUIROJXQJ�LQ�
9HUWHLOQHW]HQ��7HLO���±�$XVZHUWXQJ�)HOGYHUVXFK�XQG�,PSOHPHQWLHUXQJ³��JZI�*DV�(UGJDV������
����������

>��@�+LHOVFKHU�� $��� )LHELJ��&��� 6FKOH\��3��� 6SDQ��5�� XQG�6FKHQN�� -��� Ä%UHQQZHUWYHUIROJXQJ�PLW�
6PDUW6LP� ±� HLQ� QHXHU�5HFKHQNHUQ� ]XU� 6WU|PXQJVVLPXODWLRQ³�� JZI�*DV�(UGJDV�� ���������
������

>��@�=DMF��$FKLP��)ULHGFKHQ��0LFKDHO��Ä0RELOH�*DVEHVFKDIIHQKHLWVPHVVXQJ³���JZI�*DVௗௗ(UGJDV��
��������������

>��@�%XQGHV�.OLPDVFKXW]JHVHW]��.6*��������

>��@�3DWHQWDQPHOGXQJ� (3� ������������ 0HWHU�4� 6ROXWLRQV� *PE+�� Ä9RUULFKWXQJ� ]XU�
%HVFKDIIHQKHLWVPHVVXQJ�HLQHV�LQ�HLQHU�*DVOHLWXQJ�VWU|PHQGHQ�*DVHV³�������
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