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$EE������� 5DQGEHGLQJXQJHQ�XQG�VWDWLRQlUH�)OXLG]XVWlQGH�I�U�GLH�8QWHUVXFKXQJ�HLQHV

.ROOHNWRUV��LQ�GHP�VLFK�GHU�9HUGDPSIXQJVDQIDQJVSXQNW�EHILQGHW��������������������� ��
$EE������� 0DVVHQVWU|PH�EHL�HLQHU�VSUXQJDUWLJHQ�=XQDKPH�GHU�(LQVWUDKOXQJ�DQ�HLQHP

.ROOHNWRU��LQ�GHP�VLFK�GHU�9HUGDPSIXQJVDQIDQJVSXQNW�EHILQGHW ���������������������� ��
$EE������� 0DVVHQVWU|PH� EHL� HLQHP� VSUXQJDUWLJHQ� 5�FNJDQJ� GHU� (LQVWUDKOXQJ� DQ

HLQHP�.ROOHNWRU��LQ�GHP�VLFK�GHU�9HUGDPSIXQJVDQIDQJVSXQNW�EHILQGHW������������ ��
$EE������� 5DQGEHGLQJXQJHQ�XQG�VWDWLRQlUH�)OXLG]XVWlQGH�I�U�GLH�8QWHUVXFKXQJ�HLQHV

$EVRUEHUVWUDQJDEVFKQLWWHV�EHL�WHLOZHLVHU�$EVFKDWWXQJ��������������������������������������� ��
$EE������� bQGHUXQJ�GHU�VSH]LILVFKHQ�(QWKDOSLH�LQQHUKDOE�HLQHV�$EVRUEHUURKUDEVFKQLW�

WHV�EHL�WHLOZHLVHU�$EVFKDWWXQJ����������������������������������������������������������������������������� ��
$EE������ 9HUVFKDOWXQJ� GHU� ',66�7HVWDQODJH� I�U� GLH� 7HVWV� YRP� ����������� XQG

��������������������������������������������������������������������������������������������������������������������� ��
$EE������ 7HPSHUDWXUYHUOlXIH�YRP������������EHL�9DULDWLRQ�GHV�0DVVHQVWURPHV������������ ��
$EE������ 9HUODXI�GHV�'UXFNYHUOXVWHV�YRP�������������EHU�GLH�hEHUKLW]HUNROOHNWRUHQ

���XQG���������������������������������������������������������������������������������������������������������������� ��
$EE������ 7HPSHUDWXUYHUOlXIH�YRP������������EHLP�'HIRNXVVLHUHQ�YRQ�.ROOHNWRUHQ������ ��
$EE��'��� 9HUDQVFKDXOLFKXQJ�GHV�&RXUDQW�)ULHGULFKV�/HZ\�.ULWHULXP �������������������������� ���
$EE��(��� %HWUDJ�GHV�9HUVWlUNXQJVIDNWRUV�I�U�YHUVFKLHGHQH�&RXUDQW�=DKOHQ ������������������ ���
$EE��(��� 5HODWLYHU�3KDVHQIHKOHU�I�U�YHUVFKLHGHQH�&RXUDQW�=DKOHQ �������������������������������� ���
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7DEHOOHQYHU]HLFKQLV

7DEHOOH����� .HQQGDWHQ�GHU�NDOLIRUQLVFKHQ�3DUDEROULQQHQNUDIWZHUNH�6(*6�,�,;�����������������
7DEHOOH����� 0|JOLFKNHLWHQ� I�U� GLH� $XIEULQJXQJ� GHU� 5DQGEHGLQJXQJHQ� GHV� YHUHLQ�

IDFKWHQ�*OHLFKXQJVV\VWHPV�GHU�6WU|PXQJ��������������������������������������������������������
7DEHOOH����� 9HUJOHLFK�GHV�YRP�=6:�HQWZLFNHOWHQ�=ZHLSKDVHQ�'UXFNYHUOXVWPRGHOOV

PLW�GHQ�JHPLWWHOWHQ�:HUWHQ�GHV�0RGHOOV�YRQ�/RFNDUW�0DUWLQHOOL ��������������������
7DEHOOH����� hEHUEOLFN��EHU�GHQ�(LQVDW]�GHU�YHUVFKLHGHQHQ�:lUPH�EHUJDQJVPRGHOOH�������
7DEHOOH����� *HRPHWULHGDWHQ� GHV� DXI� GHU� 36$� YHUPHVVHQHQ�� PRGLIL]LHUWHQ� /6���

.ROOHNWRUV�XQG�I�U�GLH�6LPXODWLRQ�DQJHQRPPHQH�.ROOHNWRUGDWHQ� ������������������
7DEHOOH����� hEHUEOLFN��EHU�JHEUlXFKOLFKH�)LQLWH�'LIIHUHQ]HQ�6FKHPDWD� ��������������������������
7DEHOOH�&��� ([SOL]LWH�)LQLWH�'LIIHUHQ]HQ�6FKHPDWD ������������������������������������������������������������
7DEHOOH�&��� ,PSOL]LWH�)LQLWH�'LIIHUHQ]HQ�6FKHPDWD� �����������������������������������������������������������
7DEHOOH�&��� 0HKUVFKULWWYHUIDKUHQ ����������������������������������������������������������������������������������������



9, )RUPHO]HLFKHQ

)RUPHO]HLFKHQ

*UR�H�ODWHLQLVFKH�%XFKVWDEHQ

6\PERO %H]HLFKQXQJ (LQKHLW

$ )OlFKH P�

$ 0DWUL[�GHV�'LIIHUHQ]LDOJOHLFKXQJVV\VWHPV�GHU�)OXLGVWU|PXQJ
% %UHLWH P
%R %RLOLQJ�1XPEHU �
& 7UDQVIRUPDWLRQVPDWUL[
& &RXUDQW�=DKO �
& )DNWRU�]XU�%HUHFKQXQJ�GHV�5RKUUHLEXQJVEHLZHUWHV �
&��&

 9HUOXVWEHLZHUWH�I�U�'�VHQ �
'H 'lPSIXQJVJOLHG
( $EEUXFK�)HKOHU
( (QKDQFHPHQW�)DNWRU �
( (LQKHLWVPDWUL[ �
) LPSOL]LWH�)XQNWLRQ �
)U )URXGH�=DKO �
* 3DUDPHWHU�LP�7DLWHO�'XNOHU�'LDJUDPP �
* 9HUVWlUNXQJVIDNWRU �
+ 9HQWLOVWHOOXQJ �
,GLU 'LUHNWH�6RODUVWUDKOXQJ :�P�

. 3DUDPHWHU�LP�7DLWHO�'XNOHU�'LDJUDPP �

. 5HJHOSDUDPHWHU �

.,$0 ,QFLGHQW�$QJOH�0RGLILHU �
/ /lQJH P
0 0DVVH NJ
0� 0DVVHQVWURP NJ�V
0Z 0ROJHZLFKW NJ�NPRO
1X 1XVVHOW�=DKO �
3 /HLVWXQJ :
3 :HOOHQ]DKO ��P
3U 3UDQGWO�=DKO �
5H 5H\QROGV�=DKO �
6 6FKOXSI �
6 6XSSUHVVLRQ�)DNWRU �
7 7KHUPRG\QDPLVFKH�7HPSHUDWXU .
7VN\ +LPPHOVWHPSHUDWXU .
7DPE 8PJHEXQJVWHPSHUDWXU .
8 8PIDQJVOlQJH P
9 9ROXPHQ P�

9� 9ROXPHQVWURP P��V
; 0DUWLQHOOL�3DUDPHWHU �



)RUPHO]HLFKHQ 9,,

.OHLQH�ODWHLQLVFKH�%XFKVWDEHQ

6\PERO %H]HLFKQXQJ (LQKHLW

D 6FKDOOJHVFKZLQGLJNHLW P�V
D 3DUDPHWHU� LQ�K\SHUEROLVFKHU�'LIIHUHQ]LDOJOHLFKXQJ� I�U�'LVNUHWLVLH�

UXQJV�6FKHPDWD
FS VSH]LILVFKH�:lUPHNDSD]LWlW�EHL�NRQVWDQWHP�'UXFN -�NJ�.
FV VSH]LILVFKH�:lUPHNDSD]LWlW�GHU�5RKUZDQG -�NJ�.
F

&
6SDOWHQYHNWRUHQ�GHU�7UDQVIRUPDWLRQVPDWUL[�&

G 'XUFKPHVVHU P
G
&

9HNWRU�I�U�UHFKWH�6HLWH�GHV�*OHLFKXQJVV\VWHPV�GHU�)OXLGVWU|PXQJ
GK K\GUDXOLVFKHU�'XUFKPHVVHU P
I���I� +LOIVIXQNWLRQHQ�]XU�%HVWLPPXQJ�GHV�:lUPH�EHUJDQJV �
J (UGEHVFKOHXQLJXQJ NJ�P��V
K +|KH P
K VSH]LILVFKH�(QWKDOSLH N-�NJ
KI VWDWLVFKH�)O�VVLJNHLWVK|KH P
KI� G\QDPLVFKH�)O�VVLJNHLWVK|KH��REHUH�:HOOHQK|KH� P
KILOP )LOPK|KH P
L NRPSOH[H�=DKO� �� �
N 5RKUUDXKLJNHLW P
N9� 9HQWLONHQQZHUW >P��K@
N96 9HQWLONHQQZHUW >P��K@
N9GLVW QXPHULVFKHU�9HQWLONHQQZHUW >P��K@
O /lQJHQEH]HLFKXQJ�I�U�5RKUVHJPHQWH P
O )�OOK|KH�HLQHV�%HKlOWHUV P
P� 0DVVHQVWURPGLFKWH NJ�P��V

8PVFKODJJP �

� 0LQGHVWGDPSIPDVVHQVWURPGLFKWH�I�U�5LQJVWU|PXQJ NJ�P��V
Q ([SRQHQW�]XU�%HUHFKQXQJ�GHV�5RKUUHLEXQJVEHLZHUWHV �
Q 9HQWLONHQQZHUW �
S 'UXFN EDU
T� :lUPHVWURPGLFKWH >:�P�@
W =HLW V
X VSH]LILVFKH�LQQHUH�(QHUJLH N-�NJ
Y VSH]LILVFKHV�9ROXPHQ P��NJ
Y 9DULDEOH�I�U�'LVNUHWLVLHUXQJV�6FKHPDWD
Z )�KUXQJVJU|�H��6ROOZHUW�
Z *HVFKZLQGLJNHLW P�V
[ 5HJHOJU|�H
[ 0DVVHQGDPSIJHKDOW �
[� 6WU|PXQJVPDVVHQGDPSIJHKDOW �
\ 6WHOOJU|�H
] /lQJHQNRRUGLQDWH P



9,,, )RUPHO]HLFKHQ

*ULHFKLVFKH�%XFKVWDEHQ

6\PERO %H]HLFKQXQJ (LQKHLW

D $EVRUSWLRQVJUDG �
D :lUPH�EHUJDQJVNRHIIL]LHQW :�P��.
E :LQNHO�I�U�:DQGVHJPHQW �
J ,QWHUFHSW�)DNWRU �
' 'LIIHUHQ] �
G 'LFNH P
H (PLVVLYLWlW �
H 'lPSIXQJVNRHIIL]LHQW �
H YROXPHWULVFKHU�'DPSIJHKDOW �
H� YROXPHWULVFKHU�6WU|PXQJVGDPSIJHKDOW �
] 5RKUUHLEXQJVEHLZHUW �
]�J 6XPPDQG�I�U�5RKUUHLEXQJVEHLZHUW�GHU�'DPSISKDVH �
K :LUNXQJVJUDG �
K G\QDPLVFKH�9LVNRVLWlW NJ�P�V
4 3KDVHQZLQNHO �
T (LQIDOOVZLQNHO�GHU�6RODUVWUDKOXQJ�]XU�.ROOHNWRUQRUPDOHQ �
- 7HPSHUDWXU �&
O (LJHQZHUW�GHU�0DWUL[�$ �
O :lUPHOHLWIlKLJNHLW :�P�.
O :HOOHQOlQJH P
Q NLQHPDWLVFKH�9LVNRVLWlW P��V
[ NRPSOH[HU�)RXULHUNRHIIL]LHQW
U 'LFKWH NJ�P�

U 5HIOHNWLYLWlW �
V 2EHUIOlFKHQVSDQQXQJ 1�P
V 6WHIDQ�%ROW]PDQQ�.RQVWDQWH :�P��.�

W 6FKXEVSDQQXQJVNUlIWH 1
W 7UDQVPLVVLRQVJUDG �
) 3KDVHQZLQNHO�GHV�9HUVWlUNXQJVIDNWRUV �
) =ZHLSKDVHQPXOWLSOLNDWRU �
M 1HLJXQJVZLQNHO�GHV�5RKUHV �
M 8PIDQJVZLQNHO �



)RUPHO]HLFKHQ ,;

,QGL]HV

6\PERO %H]HLFKQXQJ

D DX�HQ
D $XVWULWW
DEV DEVRUELHUW
DPE 8PJHEXQJ
EHQ EHQHW]W
EHVWU EHVWUDKOW
%6 %ODVHQVLHGHQ
GLU GLUHNW
H (LQWULWW
H H[DNW
HII HIIHNWLY
I IO�VVLJ
J JDVI|UPLJ
JDLQ JHZRQQHQ
JHV JHVDPW
JO JOHLFKSUR]HQWLJ
+&( +HDW�&ROOHFWLQJ�(OHPHQW
KI VWDWLVFKH�)O�VVLJNHLWVK|KH
L LQQHQ
L =lKOLQGH[
LQM (LQVSULW]XQJ��LQMHFWLRQ�
LQV ,VROLHUXQJ��LQVXODWLRQ�
,5 ,QWHJUDO�5HJOHU
LV LVHQWURS
N 6W�W]VWHOOH�GHU�2UWVGLVNUHWLVLHUXQJ
N =lKOLQGH[
.ROO .ROOHNWRU
.RQY .RQYHNWLRQ
NRQ] NRQ]HQWULHUW
NRUU NRUULJLHUW
OLQ OLQHDU
ORVV 9HUOXVW
P JHPLWWHOW
PRW 0RWRU�XQG�*HWULHEH
RSW RSWLVFK
3 3XPSH
35 3URSRUWLRQDO�5HJOHU
TXHU 4XHUVFKQLWW
T� EHKHL]W
5 5HLEXQJ
UHY UHYHUVLEHO
V LVHQWURS



; )RUPHO]HLFKHQ

V 5RKUZDQG��VROLG�
V VRODU
6 6WUDKOXQJ
WHFK WHFKQLVFK
WHLOEHQ WHLOEHQHW]W
WW EHLGH�3KDVHQ�WXUEXOHQW
XQEHK XQEHKHL]W
9 9HQWLO
: :DQG
]X ]XJHI�KUW

 9HUZHQGXQJ� LP� =ZHLSKDVHQJHELHW� PLW� YHUlQGHUWHU� 5H\QROGV�=DKO� XQG� K\�

GUDXOLVFKHP�'XUFKPHVVHU
� EHL�(LQKHLWVEHGLQJXQJHQ�I�U�9HQWLOH
� EHL�VHQNUHFKWHP�(LQIDOO�GHU�6WUDKOXQJ
�I /HHUURKUJU|�H�GHU�)O�VVLJSKDVH
�J /HHUURKUJU|�H�GHU�*DV��'DPSISKDVH
�SK ]ZHLSKDVLJ

+RFKJHVWHOOW

6\PERO %H]HLFKQXQJ

Q 6W�W]VWHOOH�GHU�=HLWGLVNUHWLVLHUXQJ

 PRGLIL]LHUW
� JHVlWWLJW��IO�VVLJ�
�� JHVlWWLJW��JDVI|UPLJ�
o 9HNWRU
�� LQYHUVH�0DWUL[

$EN�U]XQJHQ

6\PERO %H]HLFKQXQJ

&,(0$7 &HQWUR�GH�,QYHVWLJDFLRQHV�(QHUJpWLFDV��0HGLRDPELHQWDOHV�\�7HFQROyJLFDV
'/5 'HXWVFKHV�=HQWUXP�I�U�/XIW��XQG�5DXPIDKUW�H�9�
',66 'LUHFW�6RODU�6WHDP
'<02/$ '\QDPLF�0RGHOLQJ�/DERUDWRU\��6LPXODWLRQVXPJHEXQJ�
*8'( *UXQGOHJHQGH� 8QWHUVXFKXQJHQ� ]XU� 'LUHNWYHUGDPSIXQJ� QDFK� GHP� (LQVSULW]�

NRQ]HSW
+&( +HDW�&ROOHFWLQJ�(OHPHQW
+,35(66 +LJK�3UHVVXUH�([SHULPHQWV�RQ�6RODU�6WHDP
/6 /8=�6\VWHP��%H]HLFKQXQJ�GHU�3DUDEROULQQHQ�.ROOHNWRUHQ�GHU�)LUPD�/8=�
36$ 3ODWDIRUPD�6RODU�GH�$OPHUtD
6(*6 6RODU�(OHFWULF�*HQHUDWLQJ�6\VWHP
=6: =HQWUXP�I�U�6RQQHQHQHUJLH��XQG�:DVVHUVWRII�)RUVFKXQJ



.XU]IDVVXQJ ;,

.XU]IDVVXQJ

6LPXODWLRQ�HLQHV�3DUDEROULQQHQNROOHNWRUV�PLW�GLUHNWHU�'DPSIHU]HXJXQJ

,Q�GLHVHU�$UEHLW�ZLUG�HLQH�0RGHOOELEOLRWKHN�I�U�GLH�6LPXODWLRQ�HLQHV�3DUDEROULQQHQNROOHNWRUV
PLW�GLUHNWHU�'DPSIHU]HXJXQJ�LQ�GHQ�$EVRUEHUURKUHQ�HUVWHOOW��'LH�%LEOLRWKHN�LVW�LQ�GHU�YHUHLQ�
KHLWOLFKWHQ�� REMHNWRULHQWLHUWHQ� 6LPXODWLRQVVSUDFKH� I�U� GLH� 0RGHOOLHUXQJ� SK\VLNDOLVFKHU� 6\�
VWHPH� Ä0RGHOLFD³� YHUIDVVW��'LH�hEHUVHW]XQJ� YRQ�0RGHOLFD� LQ�&�4XHOOFRGH�ZLUG� GXUFK� GLH
6LPXODWLRQVXPJHEXQJ�Ä'\PROD³�EHZHUNVWHOOLJW�

'LH� 6LPXODWLRQ� GHU� :DVVHU�'DPSI�=ZHLSKDVHQVWU|PXQJ� HUIROJW� XQWHU� 9HUZHQGXQJ� HLQHV
KRPRJHQHQ�*OHLFKJHZLFKWVPRGHOOHV��0LW�+LOIH�GHU�7KHRULH�GHU�&KDUDNWHULVWLNHQ�ZHUGHQ�GLH
GLH� )OXLGVWU|PXQJ� EHVFKUHLEHQGHQ�� SDUWLHOOHQ� 'LIIHUHQ]LDOJOHLFKXQJHQ� YHUHLQIDFKW� XQG� GDV
9HUKDOWHQ� GHU� QHXHQ�*OHLFKXQJHQ� XQWHUVXFKW��'LH� HLQJHVHW]WHQ�0RGHOOH� I�U� GLH� 3KDVHQYHU�
WHLOXQJ�� GHU� :lUPH�EHUJlQJH� XQG� GHV� 'UXFNYHUOXVWHV� ZHUGHQ� YRUJHVWHOOW�� 9HUVFKLHGHQH
'LVNUHWLVLHUXQJVYHUIDKUHQ� GHU� )LQLWH�'LIIHUHQ]HQ� I�U� GLH� (UKDOWXQJVJOHLFKXQJHQ� GHU� )OXLG�
VWU|PXQJ�ZHUGHQ� XQWHUVXFKW� XQG� GHUHQ� (LJHQVFKDIWHQ� WKHRUHWLVFK� HUOlXWHUW�� 'LH� 9DOLGDWLRQ
GHV�HUVWHOOWHQ�0RGHOOHV�HUIROJW�GXUFK�HLQ�EHUHLWV�EHVWHKHQGHV�0RGHOO�XQG�GXUFK�0HVVXQJHQ�DQ
HLQHU�7HVWDQODJH�

(V� ZLUG� GDV� G\QDPLVFKH� 9HUKDOWHQ� HLQ]HOQHU� 9HUGDPSIHU�� XQG� hEHUKLW]HUNROOHNWRUHQ� QDFK
VSUXQJKDIWHQ� bQGHUXQJHQ� LQ� GHU� (LQVWUDKOXQJ�� GHP� (LQWULWWVPDVVHQVWURP�� GHU� VSH]LILVFKHQ
(LQWULWWVHQWKDOSLH�XQG�GHP�(LQVSULW]PDVVHQVWURP�VLPXOLHUW�� ,Q�HLQHU�ZHLWHUHQ�6LPXODWLRQ�HU�
IROJW� GLH�8QWHUVXFKXQJ� HLQHV�.ROOHNWRUVW�FNV�� LQ� GHP� VLFK� GHU�9HUGDPSIXQJVDQIDQJVSXQNW
EHILQGHW��,P�OHW]WHQ�.DSLWHO�ZLUG�GHU�hEHUKLW]HUEHUHLFK�HLQHU�7HVWDQODJH�I�U�VRODUH�'LUHNWYHU�
GDPSIXQJ� LP� 5H]LUNXODWLRQVNRQ]HSW� PLW� UHDOHQ� 5DQGEHGLQJXQJHQ� VLPXOLHUW�� 'LH� GXUFKJH�
I�KUWHQ�6LPXODWLRQHQ�KDEHQ�HKHU�H[HPSODULVFKHQ�&KDUDNWHU�DOV�GHQ�HLQHU�GHWDLOOLHUWHQ�8QWHU�
VXFKXQJ�GHU�'\QDPLN�HLQHV�VRODUHQ�'DPSIHU]HXJHUV\VWHPV��,P�9RUGHUJUXQG�GHU�$UEHLW�VWHKW
GLH�(UVWHOOXQJ�GHU�0RGHOOELEOLRWKHN�



;,, $EVWUDFW

$EVWUDFW

6LPXODWLRQ�RI�D�3DUDEROLF�7URXJK�&ROOHFWRU�ZLWK�'LUHFW�6WHDP�*HQHUDWLRQ

,Q�WKLV�GLSORPD�WKHVLV��D�PRGHO�OLEUDU\�IRU�WKH�VLPXODWLRQ�RI�D�SDUDEROLF�WURXJK�FROOHFWRU�ZLWK
GLUHFW� VWHDP� JHQHUDWLRQ� LQ� WKH� DEVRUEHU� WXEHV� LV� FUHDWHG�� 7KH� PRGHO� OLEUDU\� LV� ZULWWHQ� LQ
0RGHOLFD��D�XQLILHG�REMHFW�RULHQWHG�ODQJXDJH�IRU�SK\VLFDO�V\VWHPV�PRGHOOLQJ��7KH�WUDQVODWLRQ
RI�WKH�0RGHOLFD�FRGH�LQWR�&�FRGH�LV�SHUIRUPHG�E\�WKH�VLPXODWLRQ�SURJUDPPH�'\PROD�

7KH�PRGHOOLQJ�RI�WKH�WZR�SKDVH�IORZ�LV�GRQH�XQGHU�WKH�DVVXPSWLRQ�RI�D�KRPRJHQRXV�HTXLOLE�
ULXP� PRGHO�� %\� PHDQV� RI� WKH� WKHRU\� RI� FKDUDFWHULVWLFV� WKH� XQGHUO\LQJ� SDUWLDO� GLIIHUHQWLDO
HTXDWLRQV�RI�IORZ�DUH�VLPSOLILHG�DQG�WKH�FKDQJHG�SURSHUWLHV�RI�WKH�UHVXOWLQJ��VLPSOLILHG�HTXD�
WLRQV�DUH�H[DPLQHG��7KH�XVHG�PRGHOV�IRU�WKH�SKDVH�GLVWULEXWLRQ��WKH�KHDW�WUDQVIHU�DQG�WKH�SUHV�
VXUH�GURS�DUH�SUHVHQWHG��'LIIHUHQW�ILQLWH�GLIIHUHQFH�VFKHPHV�IRU�WKH�GLVFUHWL]DWLRQ�RI�WKH�FRQ�
VHUYDWLRQ�HTXDWLRQV�RI�IOXLG�IORZ�DUH�LQYHVWLJDWHG�DQG�WKHLU�SURSHUWLHV�DUH�H[SODLQHG�WKHRUHWL�
FDOO\��7KH�YDOLGDWLRQ�RI�WKH�FROOHFWRU�PRGHO�LV�GRQH�E\�PHDQV�RI�DQ�DOUHDG\�H[LVWLQJ��YDOLGDWHG
PRGHO�DQG�E\�FRPSDULVRQ�ZLWK�PHDVXUHPHQWV�RI�D�WHVW�IDFLOLW\�

6RPH�VLPXODWLRQV�DUH�SHUIRUPHG�IRU�H[DPLQLQJ�WKH�G\QDPLF�EHKDYLRXU�RI�D�VLQJOH�FROOHFWRU�RI
WKH�HYDSRUDWRU�DQG�VXSHUKHDWHU�VHFWLRQ�DIWHU�D�VWHS�FKDQJH�LQ�LUUDGLDWLRQ��LQOHW�PDVV�IORZ��LQOHW
VSHFLILF�HQWKDOS\�DQG�LQMHFWLRQ�PDVV�IORZ��2QH�VLPXODWLRQ�VWXG\�LQYHVWLJDWHV� WKH�SDUW�RI� WKH
FROOHFWRU�ZKLFK�FRQWDLQV�WKH�SUHKHDWHU�DQG�HYDSRUDWLQJ�VHFWLRQ��,Q�WKH�ODVW�FKDSWHU��D�VLPXOD�
WLRQ�RI�WKH�VXSHUKHDWHU�VHFWLRQ�RI�D�WHVW�IDFLOLW\�IRU�GLUHFW�VWHDP�JHQHUDWLRQ�ZLWK�UHDO�ERXQGDU\
FRQGLWLRQV� LV�SUHVHQWHG��7KH�SHUIRUPHG�VLPXODWLRQV� VKRXOG�EH�FRQVLGHUHG�DV�H[HPSODU\� DQG
QRW�DV�D�GHWDLOHG�VWXG\�RI�WKH�G\QDPLFV�RI�D�VRODU�VWHDP�JHQHUDWLQJ�V\VWHP��7KH�IRFXV�RI�WKLV
WKHVLV�LV�RQ�WKH�FUHDWLRQ�RI�WKH�PRGHO�OLEUDU\�
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�� (LQOHLWXQJ

'HU�%UXQGWODQG�5HSRUW��������GHILQLHUW�GHQ�%HJULII�GHU�QDFKKDOWLJHQ�(QWZLFNOXQJ�LP�6SDQ�
QXQJVIHOG�YRQ�JHVHOOVFKDIWOLFKHQ�%HG�UIQLVVHQ��ZLUWVFKDIWOLFKHU�(QWZLFNOXQJ�XQG�GHP�6FKXW]
GHU�8PZHOW��'HU�JDQ]KHLWOLFKH�$QVDW]�XPIDVVW�GLH�(QWZLFNOXQJ�DOOHU�1DWLRQHQ�GHU�(UGH�XQG
VFKOLH�W�DXFK�]XN�QIWLJH�*HQHUDWLRQHQ�LQ�GDV�+DQGHOQ�HLQ�

$QJHVLFKWV� HLQHU� DQVWHLJHQGHQ� :HOWEHY|ONHUXQJ�� HLQHU� YHUVWlUNWHQ� ,QGXVWULDOLVLHUXQJ� LQ
GHQ�6FKZHOOHQOlQGHUQ��GHV�EHUHFKWLJWHQ�$QVSUXFKHV�DOOHU�0HQVFKHQ�DXI�HLQHQ�DQJHPHVVHQHQ
/HEHQVVWDQGDUG��GHU�EHJUHQ]WHQ�5HVVRXUFHQ�XQG�GHU�EHJUHQ]WHQ�$XIQDKPHIlKLJNHLW� XQVHUHU
(UGH�I�U�6FKDGVWRIIH�LVW�HV�I�U�HLQH�2ULHQWLHUXQJ�DP�/HLWELOG�GHU�ÄQDFKKDOWLJHQ�(QWZLFNOXQJ³
K|FKVWH�=HLW��:LUWVFKDIW��*HVHOOVFKDIW�XQG�8PZHOW�VWHKHQ�LQ�HQJHU�%H]LHKXQJ�XQG�JHJHQVHL�
WLJHU�$EKlQJLJNHLW� ]X� HLQDQGHU��'LH� ]XN�QIWLJHQ�3UREOHPH�ZHUGHQ�X��D�� GXUFK�GLH�7HQGHQ]
GHU�*OREDOLVLHUXQJ�� GLH�PLWWOHUZHLOH� QLFKW� QXU� GLH� 8PZHOW� �]��%�� 7UHLEKDXVHIIHNW��� VRQGHUQ
DXFK�:LUWVFKDIW� XQG� *HVHOOVFKDIW� XPIDVVW�� DOOH� 1DWLRQHQ� GHU�:HOW� ]XVDPPHQ� WUHIIHQ�� 'LH
,QGXVWULHOlQGHU�KDEHQ�GLH�PRUDOLVFKH�3IOLFKW�XQG�GLH�WHFKQRORJLVFKHQ�XQG�ILQDQ]LHOOHQ�0|J�
OLFKNHLWHQ��HQGOLFK�GHP�/HLWELOG�GHU�ÄQDFKKDOWLJHQ�(QWZLFNOXQJ³�QlKHU�]X�NRPPHQ�

(LQH�XPZHOWIUHXQGOLFKH�XQG�NRVWHQJ�QVWLJH�(QHUJLHYHUVRUJXQJ�LVW�HLQH�GHU�9RUDXVVHW]XQJHQ
I�U� QDFKKDOWLJH�(QWZLFNOXQJ��1DFK� GHP�%HVFKOXVV� GHV�$XVVWLHJV� DXV� GHU�$WRPHQHUJLH� GHU
%XQGHVUHJLHUXQJ� XQG� GHU�1RWZHQGLJNHLW� GHU�5HGX]LHUXQJ� YRQ�7UHLEKDXVJDVHPLVVLRQHQ�� LVW
QHEHQ�GHU�HIIL]LHQWHUHQ�1XW]XQJ�XQG�(LQVSDUXQJ�YRQ�(QHUJLH�GLH�YHUVWlUNWH�1XW]XQJ�UHJHQH�
UDWLYHU�(QHUJLHQ�XQDEGLQJEDU���:LQWHU�������VSULFKW�YRQ�GHU�bUD�GHU�1XW]XQJ�IRVVLOHU�(QHU�
JLHWUlJHU�DOV�HLQHP�Ä:LPSHUQVFKODJ�LQ�GHU�DQWKURSRJHQHQ�(QHUJLHJHVFKLFKWH³�]ZLVFKHQ�GHU
ÄHUVWHQ�XQG�]ZHLWHQ�VRODUHQ�=LYLOLVDWLRQ³�

6RODUWKHUPLVFKH� .UDIWZHUNH� ZHLVHQ� HLQ� KRKHV� 3RWHQ]LDO� DXI�� HLQHQ� EHWUlFKWOLFKHQ� 7HLO� GHV
UHJHQHUDWLY�HU]HXJWHQ�6WURPHV�]X�OLHIHUQ��,Q�GHU�NDOLIRUQLVFKHQ�0RMDYH�:�VWH�KDEHQ�GLH�GRUW
LQVWDOOLHUWHQ� 6(*6�3DUDEROULQQHQNUDIWZHUNH� �6RODU� (OHFWULF� *HQHUDWLQJ� 6\VWHP�� VHLW� LKUHU
,QEHWULHEQDKPH�FD��GLH�+lOIWH�GHV�ZHOWZHLW�SURGX]LHUWHQ�6RODUVWURPHV�LQ�GDV�6WURPQHW]�HLQ�
JHVSHLVW���EHU���7:K���*H\HU��������%HL�GHQ�6(*6�.UDIWZHUNHQ�ZLUG�LQ�GHU�%UHQQOLQLH�GHU
SDUDEROI|UPLJHQ� 6SLHJHO� 7KHUPR|O� HUKLW]W�� ZHOFKHV� GLH� DXIJHQRPPHQH� (QHUJLH� DQ� HLQHQ
NRQYHQWLRQHOOHQ�'DPSINUDIWSUR]HVV�DEJLEW�

(LQH�P|JOLFKH�9HUEHVVHUXQJ�GLHVHV�.RQ]HSW� LVW�GLH�GLUHNWH�'DPSIHU]HXJXQJ� LQ�GHQ�$E�
VRUEHUURKUHQ�� 'XUFK� GLH� GDQQ� P|JOLFKH� $QKHEXQJ� GHU� REHUHQ� 3UR]HVVWHPSHUDWXU� XQG� GHQ
:HJIDOO�YRQ�3XPSHQ�XQG�:lUPHWDXVFKHU�ZLUG�HLQH�(IIL]LHQ]VWHLJHUXQJ�JHJHQ�EHU�GHU�ELVKH�
ULJHQ�7HFKQRORJLH�HUZDUWHW��(V�LVW�HLQH�.RVWHQUHGXNWLRQ�JHJHQ�EHU�GHU�EHVWHKHQGHQ�7HFKQR�
ORJLH�XP������EHUHFKQHW�ZRUGHQ��0D\�������

'LH�WKHUPRK\GUDXOLVFKHQ�*UXQGODJHQ�]XU�%HKHUUVFKXQJ�GHU�:DVVHU�'DPSI�6WU|PXQJ�LQ�GHQ
$EVRUEHUURKUHQ� ZXUGHQ� LQ� GHQ� OHW]WHQ� -DKUHQ� JHVFKDIIHQ�� 6LPXODWLRQVSURJUDPPH� ]XU� %H�

������������������������������������������������
� )�U YHUVFKLHGHQH (PLVVLRQVV]HQDULHQ EHUHFKQHW GDV ,3&& �,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH
&KDQJH� ELV ���� HLQH PLWWOHUH JOREDOH 7HPSHUDWXUHUK|KXQJ ]ZLVFKHQ ��� XQG ����&� (LQH XQPLWWHO�
EDUH 6WDELOLVLHUXQJ GHU .RKOHQGLR[LG�.RQ]HQWUDWLRQ DXI GHP JHJHQZlUWLJHQ :HUW N|QQWH QXU GXUFK

HLQH VRIRUWLJH 5HGXNWLRQ GHU (PLVVLRQHQ DXI �� ELV �� � XQG ZHLWHUHQ 5HGXNWLRQHQ GDQDFK HUUHLFKW
ZHUGHQ �,3&& ������



� ��(LQOHLWXQJ

WUDFKWXQJ� GHV� G\QDPLVFKHQ� 9HUKDOWHQV� GHU� $QODJH�� ]��%�� EHL�:RONHQGXUFKJlQJHQ�� ZXUGHQ
HUVWHOOW�� $XI� GHU� 36$� �3ODWDIRUPD� 6RODU� GH� $OPHUtD�� LVW� HLQH� *UR�YHUVXFKVDQODJH� �',66�
3URMHNW��'LUHFW�6RODU�6WHDP��]XU�8QWHUVXFKXQJ�GHU�'LUHNWYHUGDPSIXQJ�LQ�3DUDEROULQQHQNRO�
OHNWRUHQ�HUULFKWHW�ZRUGHQ�

'LH�0HKU]DKO�GHU�YRUKDQGHQHQ�6LPXODWLRQVSURJUDPPH�I�U�GLH�G\QDPLVFKH�%HVFKUHLEXQJ
GHU�'LUHNWYHUGDPSIXQJ�OLHJW�LQ�HLQHU�SUR]HGXUDOHQ�3URJUDPPLHUVSUDFKH�YRU��]��%��LQ�)RUWUDQ
RGHU�3DVFDO���'LH�3IOHJH�XQG�$QSDVVXQJ�GHU�6RIWZDUH�DQ�GLH�MHZHLOLJH�6LPXODWLRQVUHFKQXQJ
LVW� HLQ� ]HLWDXIZHQGLJHU�� XQG� LQVEHVRQGHUH� I�U� DQGHUH� 3HUVRQHQ� DOV� GHQ� XUVSU�QJOLFKHQ� 3UR�
JUDPPLHUHU�HLQ� VFKZLHULJHU�3UR]HVV��0LW�GHU�6LPXODWLRQVXPJHEXQJ�'\PROD�XQG�VHLQHU�RE�
MHNWRULHQWLHUWHQ�6SUDFKH�0RGHOLFD�NDQQ�GDV�0RGHOOZLVVHQ�HIIL]LHQW�XQG�IOH[LEHO�I�U�GLH�HUIRU�
GHUOLFKHQ�6LPXODWLRQ�EHUHLWJHVWHOOW�ZHUGHQ��$XV�HLQHU�0RGHOOELEOLRWKHN�ZLUG�GDV�]X�VLPXOLH�
UHQGH�$QODJHQNRQ]HSW�IOH[LEHO�XQG��EHUVLFKWOLFK�]XVDPPHQJHVWHOOW�

$EE������ 6(*6�.UDIWZHUNH ,,,�9,, EHL .UDPHU -XQFWLRQ� .DOLIRUQLHQ

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�ZLUG�LQ�GHU�6LPXODWLRQVVSUDFKH�0RGHOLFD�HLQH�0RGHOOEL�
EOLRWKHN� I�U� GLH� G\QDPLVFKH� 6LPXODWLRQ� HLQHV� 3DUDEROULQQHQNROOHNWRUV� PLW� 'LUHNWYHUGDPS�
IXQJ�HUVWHOOW��6LH�XPIDVVW�GLH�EHQ|WLJWHQ�.RPSRQHQWHQ�I�U�GLH�$EVRUEHUURKUVWU|PXQJ��VRZLH
ZHLWHUH� 3HULSKHULHNRPSRQHQWHQ� I�U� GLH� XQWHUVFKLHGOLFKHQ� $QODJHQNRQ]HSWH� GHU� 'LUHNWYHU�
GDPSIXQJ�� 'LH� 0RGHOOELEOLRWKHN� ZLUG� LQ� GHU� 6LPXODWLRQVXPJHEXQJ� '\PROD� JHWHVWHW� XQG
DQKDQG�YRQ�HLQHP�0RGHOOYHUJOHLFK�XQG�DQKDQG�YRQ�0HVVGDWHQ�GHU�9HUVXFKVDQODJH�DXI�GHU
36$�YDOLGLHUW��,P�9RUGHUJUXQG�GHU�$UEHLW�VWHKW�GLH�(UVWHOOXQJ�GHU�%LEOLRWKHN�LQ�0RGHOLFD��GLH
LP� '/5�ZHLWHUHQWZLFNHOW� ZLUG�� 'LH� GXUFKJHI�KUWHQ� 6LPXODWLRQHQ� KDEHQ� GHQ� 7HVW� XQG� GLH
9DOLGLHUXQJ�GHU�0RGHOOELEOLRWKHN�]XP�=LHO�XQG�KDEHQ�HKHU�H[HPSODULVFKHQ�&KDUDNWHU�DOV�GHQ
HLQHU�GHWDLOOLHUWHQ�8QWHUVXFKXQJ�GHU�'\QDPLN�HLQHV�VRODUHQ�'DPSIHU]HXJHUV\VWHPV�
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�� 6RODUWKHUPLVFKH�6WURPHU]HXJXQJ�GXUFK�3DUDEROULQQHQNUDIWZHUNH

���� $XIEDX�HLQHV�3DUDEROULQQHQNROOHNWRUV

(LQ� 3DUDEROULQQHQNROOHNWRU� VHW]W� VLFK� DXV� GHQ
*UXQGHOHPHQWHQ� 6SLHJHO� XQG� +HDW� &ROOHFWLQJ� (OH�
PHQW� �+&(�� ]XVDPPHQ�� ,Q� $EE������ LVW� GHU� /6���
.ROOHNWRU�� DEJHELOGHW�� GHU� ]XU]HLW� GHQ� 6WDQG� GHU
7HFKQLN�GDUVWHOOW��(U� EHVLW]W� HLQH�$SHUWXUZHLWH� YRQ
�����P� XQG� HLQH� /lQJH� YRQ� ���P�� 'LHVHU� .ROOHN�
WRUW\S� ZLUG� LQ� GHQ� QHXHUHQ� 6(*6�.UDIWZHUNHQ� LQ
.DOLIRUQLHQ� XQG� OHLFKW� PRGLIL]LHUW� LQ� GHU� ',66�
7HVWDQODJH� LQ� 6SDQLHQ� YHUZHQGHW�� (U� LVW� DQ� EHLGHQ
6WDQGRUWHQ� LQ�1RUG�6�G�5LFKWXQJ� DXVJHULFKWHW� XQG
ZLUG�HLQDFKVLJ�GHU�6RQQH�YRQ�2VW�QDFK�:HVW�QDFK�
JHI�KUW�� ,Q� GHQ� 6(*6�$QODJHQ� UHJHOW� HLQ� LQGLYL�
GXHOOHU� 6RQQHQVHQVRU� GDV� K\GUDXOLVFKH�$QWULHEVV\�
VWHP�GHV�.ROOHNWRUV��$Q�GHU�',66�7HVWDQODJH�ZHU�
GHQ�GLH�.ROOHNWRUHQ�GXUFK�HLQHQ�6RQQHQVWDQGVDOJR�
ULWKPXV�JHVWHXHUW�

$EE������ /6���.ROOHNWRU

,Q�GHU�%UHQQOLQLH�GHU�SDUDEROLVFK�JHNU�PPWHQ�6SLHJHO�VLW]W�GDV�+HDW�&ROOHFWLQJ�(OHPHQW��VLH�
KH�$EE��������'DV�YRP�:lUPHWUDJHUIOXLG�GXUFKIORVVHQH�$EVRUEHUURKU�LVW�PLW�HLQHU�VHOHNWLYHQ
%HVFKLFKWXQJ� KRKHU� $EVRUSWLYLWlW� LP�:HOOHQOlQJHQEHUHLFK� GHV� 6RQQHQOLFKWHV� XQG� JHULQJHU
(PLVVLYLWlW� LP� %HUHLFK� GHU� :lUPHVWUDKOXQJ� EHVFKLFKWHW�� =XU� ZHLWHUHQ� 9HUPLQGHUXQJ� GHU
:lUPHYHUOXVWH�LVW�GDV�$EVRUEHUURKU�YRQ�HLQHP�*ODVK�OOURKU�XPJHEHQ��'HU�5DXP�]ZLVFKHQ
*ODVK�OOURKU� XQG�$EVRUEHUURKU� LVW� HYDNXLHUW��'LH� )DOWHQElOJH� JOHLFKHQ� GLH� XQWHUVFKLHGOLFKH
WKHUPLVFKH�$XVGHKQXQJ�]ZLVFKHQ�*ODV��XQG�$EVRUEHUURKU�DXV��'LH�$EVRUEHUURKUH�GHU�',66�
7HVWDQODJH�EHVLW]HQ� HLQHQ� ,QQHQGXUFKPHVVHU�YRQ����PP�XQG�HLQHQ�$X�HQGXUFKPHVVHU�YRQ
���PP�

$EE������ 'DUVWHOOXQJ HLQHV $EVRUEHUURKUHV �+D\ �����

������������������������������������������������
� /6 VWHKW I�U /8= 6\VWHP
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���� %HVWHKHQGH�3DUDEROULQQHQ�.UDIWZHUNH

=ZLVFKHQ� ����� XQG� ����� ZXUGHQ� LQ� GHU� NDOLIRUQLVFKHQ� 0RMDYH�:�VWH� VXN]HVVLYH� QHXQ
.UDIWZHUNEO|FNH�GHV�6(*6�7\SV�JHEDXW��'LH� VRODUWKHUPLVFKHQ�3DUDEROULQQHQNUDIWZHUNH�DU�
EHLWHQ�QDFK�GHP�=ZHLNUHLVSULQ]LS��,P�.ROOHNRUIHOG�ZLUG�LQ�HLQHP�3ULPlUNUHLVODXI�7KHUPR|O
HUKLW]W�� ZHOFKHV� LQ� HLQHP� :lUPHWDXVFKHU� VHLQH� (QHUJLH� DQ� GHQ� :DVVHU�'DPSI�
6HNXQGlUNUHLVODXI�DEJLEW��%HL�%HGDUI�NDQQ�PLW�IRVVLOHP�%UHQQVWRII�QDFKJHIHXHUW�ZHUGHQ��'HU
'DPSI�ZLUG�LQ�HLQHU�NRQYHQWLRQHOOHQ�'DPSIWXUELQH�HQWVSDQQW�

9RQ�*HQHUDWLRQ�]X�*HQHUDWLRQ�VLQG�GLH�6(*6�%O|FNH�RSWLPLHUW�ZRUGHQ��'XUFK�GLH�9HU�
JU|�HUXQJ� GHU� .ROOHNWRUHQ�� GLH� 9HUEHVVHUXQJ� GHU� $EVRUEHUURKUEHVFKLFKWXQJ�� GLH� 2SWLPLH�
UXQJ�GHU�'DPSINUDIWSUR]HVVH��GLH�$QKHEXQJ�GHU�REHUHQ�3UR]HVVWHPSHUDWXU�XQG�9HUEHVVHUXQJ
YRQ�%HWULHE�XQG�:DUWXQJ�VLQG�HUKHEOLFKH�.RVWHQHLQVSDUXQJHQ�HUUHLFKW�ZRUGHQ��'LH�UHLQ�VROD�
UHQ� 6WURPJHVWHKXQJVNRVWHQ� NRQQWHQ� YRQ� �����86��N:K� EHL� 6(*6�,� DXI� ����� ELV
�����86��N:K�EHL�6(*6�9,,,�,;�JHVHQNW�ZHUGHQ��*H\HU��������'LH�(QWZLFNOXQJ�GHU�$QOD�
JHQ�LVW�LQ�7DEHOOH�����GDUJHVWHOOW�

7DEHOOH����� .HQQGDWHQ GHU NDOLIRUQLVFKHQ 3DUDEROULQQHQNUDIWZHUNH 6(*6 ,�,; �&RKHQ ������

6(*6 , ,, ,,, ,9 9 9, 9,, 9,,, ,;
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)HOGDXVWULWWVWHPS� >�&@ ��� ��� ��� ��� ��� ��� ��� ��� ���

$XVOHJ�ZLUNXQJVJUDG

WKHUPLVFK �-DKU� >�@ �� �� �� �� �� �� �� �� ��

RSWLVFK �6SLW]H� >�@ �� �� �� �� �� �� �� �� ��

$SHUWXUIOlFKHQ� /6��� ��� P
�
� /6��� ��� P

�
� /6��� ��� P

�

(LQH�ZHVHQWOLFKH�9HUEHVVHUXQJ�GLHVHV�.RQ]HSWHV�NDQQ�QLFKW�PHKU�HUUHLFKW�ZHUGHQ��GD�PLW�FD�
�����&�GLH�6WDELOLWlWVJUHQ]H�GHV�:lUPHWUlJHU|OV�HUUHLFKW�LVW�XQG�GDKHU�GLH�REHUH�3UR]HVVWHP�
SHUDWXU�QLFKW�ZHLWHU�HUK|KW�ZHUGHQ�NDQQ��'LH�,QYHVWLWLRQVNRVWHQ�N|QQHQ�QXU�QRFK�GXUFK�HLQH
6HULHQSURGXNWLRQ�JHVHQNW�ZHUGHQ��'DJHJHQ�HUP|JOLFKW�GLH�7HFKQRORJLH�GHU� VRODUHQ�'LUHNW�
YHUGDPSIXQJ�GHV�6SHLVHZDVVHUV�LQ�GHQ�$EVRUEHUURKUHQ�HLQH�ZHLWHUH�5HGX]LHUXQJ�GHU�6WURP�
JHVWHKXQJVNRVWHQ�

���� 6RODUH�+RFKGUXFN�'LUHNWYHUGDPSIXQJ�LQ�3DUDEROULQQHQNUDIWZHUNHQ

9RUWHLOH�GHU�'LUHNWYHUGDPSIXQJ��'XUFK�GLH�7HFKQRORJLH�GHU�'LUHNWYHUGDPSIXQJ�NDQQ�GHU
gONUHLVODXI�HLQJHVSDUW�ZHUGHQ��ZDV�HLQH�5HLKH�YRQ�9RUWHLOHQ�PLW�VLFK�EULQJW�

x� 'LH�%HJUHQ]XQJ� GHU� )OXLGWHPSHUDWXU� GXUFK� GLH� 6WDELOLWlWVJUHQ]H� GHV� 7KHUPR|OV� HQW�
IlOOW��'XUFK�HLQH�6WHLJHUXQJ�GHU�PLWWOHUHQ�)OXLGWHPSHUDWXU�ZLUG�GHU�H[HUJHWLVFKH�:LU�
NXQJVJUDG�GHV�.UDIW�:lUPH�3UR]HVVHV�YHUEHVVHUW�

x� 'XUFK�GHQ�HLQJHVSDUWHQ�:lUPHWDXVFKHU�ZHUGHQ�([HUJLHYHUOXVWH�YHUPLHGHQ�



��6RODUWKHUPLVFKH�6WURPHU]HXJXQJ�GXUFK�3DUDEROULQQHQNUDIWZHUNH �

x� 'HU�(LJHQEHGDUI�DQ�HOHNWULVFKHU�(QHUJLH�I�U�GLH�8PZlO]SXPSHQ�LVW�GXUFK�GHQ�:HJIDOO
GHV�gONUHLVODXIHV�UHGX]LHUW�

x� 'LH�.RVWHQ�I�U�GHQ�$XVWDXVFK�GHV�7KHUPR|OV�HQWIDOOHQ�
x� 'LH�%RGHQ��XQG�*UXQGZDVVHUJHIlKUGXQJ�GXUFK�GDV�gO�ZLUG�YHUPLHGHQ��'LH�%UDQGJH�

IDKU�NDQQ�HUKHEOLFK�YHUPLQGHUW�ZHUGHQ�
x� 'LH� ,QYHVWLWLRQVNRVWHQ� N|QQHQ� GXUFK� GHQ� :HJIDOO� GHU� :lUPHWDXVFKHU� XQG� DQGHUHU

.RPSRQHQWHQ�GHV�7KHUPR|ONUHLVODXIHV�UHGX]LHUW�ZHUGHQ�

$XI�GLH�%HVRQGHUKHLWHQ�XQG�P|JOLFKHQ�3UREOHPH�GHU�'LUHNWYHUGDPSIXQJ�ZLUG�LQ�.DSLWHO����
EHL�GHU�%HVFKUHLEXQJ�GHU�=ZHLSKDVHQVWU|PXQJ�HLQJHJDQJHQ�

.RQ]HSWH� GHU� 'LUHNWYHUGDPSIXQJ�� )�U� GLH� 'LUHNWYHUGDPSIXQJ� VLQG� GUHL� JUXQGOHJHQGH

.RQ]HSWH�HQWZLFNHOW�ZRUGHQ��VLHKH�$EE��������GLH�MHGRFK�DXFK�PLWHLQDQGHU�NRPELQLHUW�ZHU�
GHQ�N|QQHQ�

$EE������ 6FKHPDWLVFKH 'DUVWHOOXQJ GHU GUHL *UXQGNRQ]HSWH GHU 'LUHNWYHUGDPSIXQJ

'XUFKODXINRQ]HSW��%HLP�'XUFKODXINRQ]HSW�ZLUG�GHU�JHVDPWH�:DVVHUPDVVHQVWURP�DP�(LQWULWW
GHV�$EVRUEHUURKUHV�]XJHI�KUW��'HU�HLQIDFKH�$XIEDX�EHL�GLHVHP�.RQ]HSW�I�KUW�]X�JHULQJHUHQ
,QYHVWLWLRQVNRVWHQ� DOV� EHL� GHQ� DQGHUHQ�.RQ]HSWHQ��3UREOHPDWLVFK�NDQQ�EHL� GLHVHP�.RQ]HSW
GLH� 5HJHOXQJ� VHLQ�� GD� VLFK� EHL�$EVRUEHUURKUOlQJHQ� YRQ� �EHU� ����P� GLH� 5HJHOHLQJULIIH� DP
$EVRUEHUURKUHLQWULWW� HUVW� QDFK� HLQHU� HUKHEOLFKHQ� 9HU]|JHUXQJ� DP� $XVWULWW� GHU� 6WUHFNH� EH�
PHUNEDU�PDFKHQ�

5H]LUNXODWLRQVNRQ]HSW��%HLP�5H]LUNXODWLRQVNRQ]HSW�LVW�GHU�9HUGDPSIHUEHUHLFK�HLQGHXWLJ�YRP
hEHUKLW]HUEHUHLFK�GXUFK�GHQ�$EVFKHLGHEHKlOWHU�JHWUHQQW��$P�$EVRUEHUURKUHLQWULWW�ZLUG�PHKU
:DVVHU� HLQJHVSHLVW� DOV� YHUGDPSIW�ZHUGHQ� NDQQ��$P�(QGH� GHV� 9HUGDPSIHUV�ZLUG� QLFKWYHU�
GDPSIWHV�:DVVHU�GXUFK�GLH�5H]LUNXODWLRQVSXPSH�XQWHU�%HLPLVFKXQJ�YRQ�6SHLVHZDVVHU�LQ�GHQ
9HUGDPSIHU�]XU�FNJHI�KUW��'HU�LP�$EVFKHLGHEHKlOWHU�DEJHWUHQQWH�'DPSI�ZLUG�LQ�GHQ�hEHU�
KLW]HUEHUHLFK� JHOHLWHW�� 'D� GHU� 9HUGDPSIHUDEVFKQLWW� LPPHU� PLW�:DVVHU�EHUVFKXVV� EHWULHEHQ
ZHUGHQ� NDQQ�� ZHUGHQ� XQHUZ�QVFKWH� 6WU|PXQJVIRUPHQ� YHUPLHGHQ�� (LQH� JXWH� .�KOXQJ� GHU
$EVRUEHUURKUH� LVW� GDKHU� VLFKHU� JHVWHOOW�� 1DFKWHLOH� GHV� 5H]LUNXODWLRQVNRQ]HSWHV� VLQG� GHU� HU�



� ��6RODUWKHUPLVFKH�6WURPHU]HXJXQJ�GXUFK�3DUDEROULQQHQNUDIWZHUNH

K|KWH� ,QYHVWLWLRQVDXIZDQG�I�U�$EVFKHLGHEHKlOWHU�XQG�5H]LUNXODWLRQVSXPSH��VRZLH�HLQHQ�HU�
K|KWHQ�(LJHQOHLVWXQJVEHGDUI�GXUFK�GLH�5H]LUNXODWLRQVSXPSH�XQG�GHQ�HUK|KWHQ�'UXFNYHUOXVW
LQ�GHU�9HUGDPSIHUHLQKHLW�

(LQVSULW]NRQ]HSW��%HLP�(LQVSULW]NRQ]HSW�ZLUG�GDV�:DVVHU�GHP�$EVRUEHUURKU�DEVFKQLWWVZHLVH
]XJHI�KUW��'HU�0DVVHQVWURP�QLPPW� GDGXUFK� VXN]HVVLYH� ]X��'HU� HLQJHVSULW]WH�0DVVHQVWURP
ZLUG�GDEHL�VR�EHPHVVHQ��GDVV�DP�$XVWULWW� MHGHU�.ROOHNWRUHLQKHLW�GHU�JHZ�QVFKWH� WKHUPRG\�
QDPLVFKH�=XVWDQG�YRUOLHJW��'HU�9RUWHLO� GHV�(LQVSULW]NRQ]HSWHV� OLHJW� LQ� VHLQHU� JXWHQ�5HJHO�
EDUNHLW��$XI�HYHQWXHOO�|UWOLFKH�YHUVFKLHGHQH�6WUDKOXQJVVFKZDQNXQJHQ�HQWODQJ�GHV�$EVRUEHU�
URKUHV�NDQQ�JH]LHOW�GXUFK�GLH�HQWVSUHFKHQGHQ�(LQVSULW]VWHOOHQ� UHDJLHUW�ZHUGHQ��(LQ�1DFKWHLO
VWHOOW�GHU�HUK|KWH�,QYHVWLWLRQVDXIZDQG�I�U�GLH�(LQVSULW]VWHOOHQ�XQG�GLH�0HVVWHFKQLN�GDU�

'DV�',66�3URMHNW��'LH�)LUPD�/8=��GLH�GLH�6(*6�.UDIWZHUNH�HUULFKWHW�KDW��]HLJWH�HUVWH�$N�
WLYLWlWHQ�LQ�GHU�(UIRUVFKXQJ�GHU�'LUHNWYHUGDPSIXQJ��(LQH�*UXSSH�YRQ�)RUVFKXQJVHLQULFKWXQ�
JHQ�DXV�6SDQLHQ�XQG�'HXWVFKODQG�VHW]W�GLH�)RUVFKXQJ�LQ�HLQHU�5HLKH�YRQ�3URMHNWHQ�IRUW��0LW
GHP�:LVVHQ�DXV�GHQ�9RUXQWHUVXFKXQJHQ�GHU�3URMHNWH�*8'(��XQG�352',66��LVW�DXI�GHU�36$
�3ODWDIRUPD�6RODU�GH�$OPHUtD��LQQHUKDOE�GHV�',66�3URMHNWHV��'LUHFW�6RODU�6WHDP��HLQ�*UR��
YHUVXFK�]XU�'LUHNWYHUGDPSIXQJ�HUULFKWHW�ZRUGHQ��$Q�HLQHP�HUVWHQ������P�ODQJHQ�.ROOHNWRU�
VWUDQJ��VLHKH�$EE�������ZHUGHQ�GLH�REHQ�EHVFKULHEHQHQ�%HWULHEVNRQ]HSWH�XQWHU�UHDOHQ�%HGLQ�
JXQJHQ� JHWHVWHW� XQG� EHZHUWHW�� 3URMHNWSDUWQHU� VLQG� &,(0$7� �&HQWUR� GH� ,QYHVWLJDFLRQHV
(QHUJpWLFDV��0HGLRDPELHQWDOHV�\�7HFQROyJLFDV���GDV�'/5��6LHPHQV�.:8��3LONLQJWRQ�6RODU
XQG�GDV�=6:��=HQWUXP� I�U�6RQQHQHUJLH�� XQG�:DVVHUVWRII�)RUVFKXQJ���'DU�EHU�KLQDXV� EH�
WHLOLJHQ�VLFK�QRFK�HLQLJH�VSDQLVFKH�8QWHUQHKPHQ�XQG�(QHUJLHYHUVRUJXQJVXQWHUQHKPHQ��'DV
YRQ�%0%)�XQG�(8�JHI|UGHUWH�3URMHNW�EHJDQQ�DP����������XQG�KDW�HLQH�/DXI]HLW�YRQ�VHFKV
-DKUHQ�

$EE������ .ROOHNWRUVWUDQJ GHU ',66�7HVWDQODJH DXI GHU 36$

������������������������������������������������
� *UXQGOHJHQGH 8QWHUVXFKXQJHQ ]XU VRODUHQ 'LUHNWYHUGDPSIXQJ QDFK GHP (LQVSULW]NRQ]HSW �VWDWLR�

QlUH 7KHUPRK\GUDXOLN�

� 9RUXQWHUVXFKXQJ ]XP ',66 3URMHNW LP +LQEOLFN DXI GLH '\QDPLN GHU 'LUHNWYHUGDPSIXQJ� (QW�
ZLFNOXQJ YRQ 0H�WHFKQLN XQG 5HJHONRQ]HSWHQ�
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���� 'LH�=ZHLSKDVHQVWU|PXQJ�LQ�KRUL]RQWDOHQ�9HUGDPSIHUURKUHQ

,P�9HUJOHLFK�]X�GHQ�LQ�GHU�NRQYHQWLRQHOOHQ�.UDIWZHUNVWHFKQLN�DXIWUHWHQGHQ�6WU|PXQJVSDUD�
PHWHUQ�OLHJHQ�EHL�GHU�GLUHNWHQ�'DPSIHU]HXJXQJ�LQ�3DUDEROULQQHQ�IROJHQGH�8QWHUVFKLHGH�YRU
�*RHEHO�������

x� KRUL]RQWDOH�/DJH�GHU�9HUGDPSIHUURKUH
x� JU|�HUH�,QQHQGXUFKPHVVHU
x� JHULQJHUH�0DVVHQVWURPGLFKWHQ
x� JHULQJHUH�XQG�D]LPXWDO�DP�5RKUXPIDQJ�VWDUN�XQWHUVFKLHGOLFKH�:lUPHVWURPGLFKWHQ

'HU�*UXQG� I�U�GHQ�JU|�HUHQ� ,QQHQGXUFKPHVVHU�XQG�GLH�JHULQJHUHQ�0DVVHQVWURPGLFKWHQ� LVW�
GDVV�VLFK�GLH�*HRPHWULH�GHV�9HUGDPSIHUURKUHV�DQ�GHQ�RSWLVFKHQ�(LJHQVFKDIWHQ�GHV�.ROOHN�
WRUV�RULHQWLHUW� XQG�QLFKW� DQ� WKHUPRK\GUDXOLVFK� RSWLPDOHQ�*HVLFKWVSXQNWHQ��.HQQWQLVVH� �EHU
GHUDUWLJH� 'DPSIHU]HXJHUJHRPHWULHQ� XQG�5DQGEHGLQJXQJHQ� VLQG� HUVW� GXUFK� )RUVFKXQJHQ� LQ
GHQ�OHW]WHQ�-DKUHQ�YHUWLHIW�ZRUGHQ��0LW�GHQ�6WU|PXQJVIRUPHQ�XQG�:lUPH�EHUJlQJHQ�LQ�HL�
QHP� KRUL]RQWDOHQ� $EVRUEHUURKU� EHVFKlIWLJHQ� VLFK� GLH� $UEHLWHQ� YRQ� �*RHEHO������� XQG
�/DXIV��������*RHEHO� KDW� DOV�$UEHLWVPHGLXP� HLQ�:DVVHU�'DPSI�*HPLVFK� EHQXW]W��ZlKUHQG
/DXIV�PLW� HLQHP�.lOWHPLWWHO�XQG�bKQOLFKNHLWVJHVHW]HQ�JHDUEHLWHW�KDW�� �0�OOHU�������KDW� GLH
6WU|PXQJVSKlQRPHQH� LQ� JHQHLJWHQ� 9HUGDPSIHUURKUHQ� HUIRUVFKW�� 8QWHUVXFKXQJHQ� ]XU� 9HU�
EHVVHUXQJ� GHV� :lUPH�EHUJDQJV� GXUFK� (LQEDX� HLQHV� 9HUGUlQJXQJVN|USHUV� ZXUGHQ� YRQ
�*HVNHV�������GXUFKJHI�KUW��,P�)ROJHQGHQ�VROO�NXU]�DXI�GLH�6WU|PXQJVIRUPHQ�GHU�=ZHLSKD�
VHQVWU|PXQJ�HLQJHJDQJHQ�ZHUGHQ�

������ 6WU|PXQJVIRUPHQ�GHU�KRUL]RQWDOHQ�=ZHLSKDVHQVWU|PXQJ�

'LH� LQ� HLQHU� KRUL]RQWDOHQ� =ZHLSKDVHQVWU|PXQJ� DXIWUHWHQGHQ� P|JOLFKHQ� 6WU|PXQJVIRUPHQ
VLQG� LQ�$EE������GDUJHVWHOOW��%HL�NOHLQHP�'DPSIJHKDOW� WULWW�%ODVHQVWU|PXQJ� DXI��8QWHU�GHP
(LQIOXVV�GHU�6FKZHUNUDIW�VDPPHOQ�VLFK�GLH�%ODVHQ�EHYRU]XJW�LP�REHUHQ�7HLO�GHV�5RKUHV��%HL
(UK|KXQJ� GHV� 'DPSIJHKDOWHV� VFKOLH�HQ� VLFK� HLQ]HOQH� %ODVHQ� ]X�.ROEHQEODVHQ� ]XVDPPHQ�
%HL� ZHLWHUHU� =XQDKPH� GHV� 'DPSIJHKDOWHV� UHLFKHQ� GLH� 2EHUIOlFKHQVSDQQXQJVNUlIWH� QLFKW
PHKU�DXV��GLH�)O�VVLJNHLWVODPHOOHQ�]ZLVFKHQ�GHQ�.ROEHQ�DXIUHFKW]XHUKDOWHQ�XQG�HV�OLHJW�HLQH
6FKLFKWHQVWU|PXQJ� YRU��'LH� K|KHUH�*HVFKZLQGLJNHLW� GHU�*DVSKDVH� NDQQ� GXUFK� 6FKXEVSDQ�
QXQJ�DQ�GHU�3KDVHQJUHQ]H�GLHVH�]X�:HOOHQ�DQUHJHQ��0DQ�VSULFKW�GDQQ�YRQ�HLQHU�:HOOHQVWU|�
PXQJ��:HQQ�VLFK�GLH�:HOOHQ�DXIVWHLOHQ�XQG�GLH�REHUH�5RKUZDQG�EHU�KUHQ��OLHJW�GLH�VWDUN�LQ�
VWDWLRQlUH� 3IURSIHQVWU|PXQJ� YRU�� %HL� QRFK� K|KHUHU� *HVFKZLQGLJNHLW� LVW� GHU� G\QDPLVFKH
'UXFN�GHU�'DPSISKDVH� VR�KRFK�� GDVV�GLH�:HOOH� NXU]� YRU�(UUHLFKHQ� GHU�5RKUREHUVHLWH� YHU�
IRUPW� XQG� ]HUULVVHQ� ZLUG�� ZDV� DOV� 6FKZDOOVWU|PXQJ� EH]HLFKQHW� ZLUG�� %HL� QRFK� K|KHUHP
'DPSIJHVFKZLQGLJNHLWHQ�ZLUG�GLH�)O�VVLJNHLW�DQ�GLH�5RKUZDQG�JHGUlQJW��(V�OLHJW�HLQH�RIIHQH
E]Z��JHVFKORVVHQH�5LQJVWU|PXQJ�YRU��%HL�VHKU�KRKHQ�*HVFKZLQGLJNHLWHQ�N|QQHQ�GLH�6FKXE�
VSDQQXQJVNUlIWH�GHV�*DVHV�GLH�+DIWNUlIWH�GHU� )O�VVLJNHLW� DQ�GHU�:DQG��EHUZLQGHQ�� XQG� HV
HQWVWHKW�HLQH�6SU�K��RGHU�1HEHOVWU|PXQJ��0D\LQJHU�������
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$EE������ =ZHLSKDVHQ�6WU|PXQJVIRUPHQ LQ HLQHP KRUL]RQWDOHQ 5RKU

,Q� GHP� I�U� 3DUDEROULQQHQNUDIWZHUNH� PLW� 'LUHNWYHUGDPSIXQJ� LQWHUHVVLHUHQGHQ� 3DUDPHWHUEH�
UHLFK� OLHJHQ� YRU� DOOHP� 6FKZDOOVWU|PXQJ�� 6FKLFKWHQVWU|PXQJ�:HOOHQVWU|PXQJ�� RIIHQH� XQG
JHVFKORVVHQH� 5LQJVWU|PXQJ� YRU� �*RHEHO�������� .XU]� YRU� GHP� 9HUGDPSIXQJVHQGSXQNW
N|QQWH�DXFK�1HEHOVWU|PXQJ�DXIWDXFKHQ��$OV�NULWLVFK�HLQ]XVFKlW]HQ�VLQG�GLH�LQWHUPLWWLHUHQGHQ
6WU|PXQJVIRUPHQ�GHU�6FKZDOO��E]Z��3IURSIHQVWU|PXQJ�DXI�*UXQG�GHU�*HIDKU� VR� JHQDQQWHU
:DVVHUVFKOlJH�� LQ� GHQHQ� VLFK� )O�VVLJNHLWVVFKZlOOH� PLW� KRKHU� *HVFKZLQGLJNHLW� GXUFK� GDV
5RKU�EHZHJHQ�XQG�GLH�6WUXNWXU�JHIlKUGHQ��(V�KDW�VLFK�MHGRFK�LQ�GHQ�*8'(�9HUVXFKHQ�KHU�
DXVJHVWHOOW��GDVV�LP�%HUHLFK��ZR�GLHVH�6WU|PXQJVIRUPHQ�DXIWDXFKHQ��GLH�'DPSIJHVFKZLQGLJ�
NHLWHQ�QRFK�JHULQJ�VLQG�����P�V��XQG�VRPLW�GLH�:DVVHUVFKZlOOH�QXU�HLQH�JHULQJH�NLQHWLVFKH
(QHUJLH�EHVLW]HQ��%HL�GHU�6FKLFKWHQVWU|PXQJ�OLHJHQ�VWDUN�XQWHUVFKLHGOLFKH�:lUPH�EHUJDQJV�
HLJHQVFKDIWHQ�GHU�EHQHW]WHQ�XQG�XQEHQHW]WHQ�5RKUZDQG�YRU��,P�5RKU�N|QQHQ�NULWLVFKH�7KHU�
PRVSDQQXQJHQ�DXIWUHWHQ�� MHGRFK�NDQQ�HLQH�DXVUHLFKHQGH�'DXHUIHVWLJNHLW� MH�QDFK�'UXFN�XQG
:DQGVWlUNH� QRFK� EHL� D]LPXWDOHQ� 7HPSHUDWXUGLIIHUHQ]HQ� YRQ� ��� ELV� ���.� HU]LHOW� ZHUGHQ�
�*RHEHO�������

:�QVFKHQVZHUW� LVW� HLQH�JHVFKORVVHQH�5LQJVWU|PXQJ��GD�KLHU�HLQH�5XQGXPEHQHW]XQJ�GHU
5RKUZDQG�PLW� JXWHP�:lUPH�EHUJDQJ� YRUOLHJW� XQG� GLH� 6WU|PXQJ� QLFKW� LQWHUPLWWLHUHQG� LVW�
1HEHQ� VWDWLRQlUHQ� %HDQVSUXFKXQJHQ� LVW� GDV� $EVRUEHUURKU� DXFK� VWDUN� LQVWDWLRQlUHQ� WKHUPL�
VFKHQ�%HODVWXQJHQ�DXVJHVHW]W��(LQH�LQVWDWLRQlUH�%HDQVSUXFKXQJ�I�U�GDV�5RKU�LVW�]XP�%HLVSLHO
HLQ� ZDQGHUQGHU� 9HUGDPSIXQJVHQGSXQNW� RGHU� VLFK� VWDUN� lQGHUQGH� :lUPH�EHUJDQJVNRHIIL�
]LHQWHQ��6WHLQPDQQ�������
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'D�GLH�5LQJVWU|PXQJ�HLQH�HUZ�QVFKWH�6WU|PXQJVIRUP�LVW��VROO�NXU]�DXI�GLH�0HFKDQLVPHQ
GHV�8PVFKODJHV�YRQ� HLQHU�JHVFKLFKWHWHQ�6WU|PXQJ�]XU�5LQJVWU|PXQJ�HLQJHJDQJHQ�ZHUGHQ�
&KDUDNWHULVWLVFK�I�U�HLQH�=ZHLSKDVHQVWU|PXQJ�PLW�3KDVHQ�XQWHUVFKLHGOLFKHU�'LFKWH� LVW��GDVV
GLH�3KDVH�PLW�JHULQJHUHU�'LFKWH�HLQH�K|KHUH�6WU|PXQJVJHVFKZLQGLJNHLW�DXIZHLVW���'LH�DQ�GHU
3KDVHQJUHQ]H�DXIWUHWHQGHQ�6FKXEVSDQQXQJHQ�I�KUHQ�GD]X��GDVV�7URSIHQ�DXV�GHQ�:HOOHQ�GHU
IO�VVLJHQ� 3KDVH� KHUDXV� JHULVVHQ�ZHUGHQ� �(QWUDLQPHQW��� 'LHVH� 7URSIHQ� ODJHUQ� VLFK� DQ� HLQHU
DQGHUHQ�6WHOOH�GHU�5RKUZDQG�ZLHGHU�DQ��'HSRVLWLRQ���ZDV�]X�HLQHU�%HQHW]XQJ�GHU�5RKUZDQG
PLW�HLQHP�)O�VVLJNHLWVILOP�I�KUW��VLHKH�$EE��������(QWUDLQPHQW�NDQQ�DXFK�GXUFK�]HUSODW]HQGH
'DPSIEODVHQ� JHELOGHW�ZHUGHQ��(LQ� DQGHUHU�%HQHW]XQJVPHFKDQLVPXV� JHKW� YRQ� HLQHU�6HNXQ�
GlUVWU|PXQJ�LQQHUKDOE�GHU�'DPSISKDVH�DXV��GLH�GDV�:DVVHU�DQ�GHU�5RKUZDQG�KRFKWUHLEW��'LH
7DWVDFKH�� GDVV� HLQH�:HOOH� GXUFK� GLH� JU|�HUH� *DVJHVFKZLQGLJNHLW� LQ� GHU� 5RKUPLWWH� VWlUNHU
YHUIRUPW�ZLUG�DOV�DP�5DQG�� I�KUW�]X�HLQHU�.UDIWNRPSRQHQWH� LQ�8PIDQJVULFKWXQJ��GLH�HLQHQ
:DVVHUWUDQVSRUW�DQ�GLH�5RKUREHUVHLWH�YHUXUVDFKW��'LHVHU�0HFKDQLVPXV�LVW�XQWHU�GHP�%HJULII
:DYH�VSUHDGLQJ� EHVFKULHEHQ��$QGHUH�$XWRUHQ� I�KUHQ� GLH� %HQHW]XQJ� DXI� GLH� 3XPSZLUNXQJ
YRQ� 6W|UZHOOHQ� ]XU�FN�� )�U� (LQ]HOKHLWHQ� VHL� DXI� GLH� /LWHUDWXU� YHUZLHVHQ� �]��%�
�0D\LQJHU�������� �*RHEHO��������� (LQHQ� JUR�HQ� (LQIOXVV� DXI� GHQ� )O�VVLJNHLWVILOP� DQ� GHU
5RKUZDQG�ZLUG�GHP�9RUJDQJ�GHV�(QWUDLQPHQW�XQG�'HSRVLWLRQ�]XJHVSURFKHQ��*RHEHO�������

$EE������ :DVVHUWUDQVSRUW GXUFK (QWUDLQPHQW� GDUJHVWHOOW EHL YHUVFKLHGHQHQ 'U�FNHQ LP 4XHU�

VFKQLWW �HQWQRPPHQ DXV �*RHEHO ������� ,Q GHU OLQNHQ +lOIWH ��� EDU� OLHJW HLQH JH�

VFKORVVHQH 5LQJVWU|PXQJ� LQ GHU UHFKWHQ +lOIWH ���� EDU� HLQH RIIHQH 5LQJVWU|PXQJ

YRU�

������������������������������������������������
� 'LHV LVW HLQIDFK PLW GHU %HUQRXOOL�*OHLFKXQJ QDFK]XZHLVHQ� %HL JOHLFKHP 'UXFNJUDGLHQW EHVLW]W GLH
3KDVH PLW JHULQJHUHU 'LFKWH GLH K|KHUH *HVFKZLQGLJNHLW�
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������ 6WU|PXQJVIRUPHQNDUWHQ

=XU�9RUKHUVDJH�GHU�YHUVFKLHGHQHQ�6WU|PXQJVIRUPHQ�ZHUGHQ�6WU|PXQJVIRUPHQNDUWHQ�DXIJH�
VWHOOW�� ,Q� $EKlQJLJNHLW� GLPHQVLRQVORVHU� .HQQ]DKOHQ� VLQG� GLH� HLQ]HOQHQ� *HELHWH� GHU� 6WU|�
PXQJVIRUPHQ�GXUFK�.XUYHQ�YRQHLQDQGHU� DEJHJUHQ]W��6WU|PXQJVIRUPHQNDUWHQ� JHOWHQ� LQ� GHU
5HJHO�QXU�I�U�HLQHQ�EHVWLPPWHQ�3DUDPHWHUEHUHLFK�

,Q�GHU�$UEHLW�YRQ��0�OOHU�������LVW�HLQH�6WU|PXQJVIRUPHQNDUWH�I�U�HLQ�JHQHLJWHV��EHKHL]WHV
$EVRUEHUURKU�HQWZLFNHOW�ZRUGHQ��)�U�GDV�DXI]XVWHOOHQGH�0RGHOO�VROOHQ�GLH�%H]LHKXQJHQ�I�U
GHQ�hEHUJDQJ�GHU�YHUVFKLHGHQHQ�6WU|PXQJVIRUPHQ�LQ�HLQHP�KRUL]RQWDOHQ�$EVRUEHUURKU�YRQ
�*RHEHO������� YHUZHQGHW� ZHUGHQ�� ,Q� VHLQHU� $UEHLW� EHZHUWHW� HU� GLH� 9RUKHUVDJHTXDOLWlW� GHV
7DLWHO�'XNOHU�'LDJUDPPV� XQWHU� %HU�FNVLFKWLJXQJ� GHU� *UHQ]NXUYHQYHUVFKLHEXQJ� GXUFK� GLH
%HKHL]XQJ�DOV�JXW��'DV�'LDJUDPP�LVW�LQ�$EE������GDUJHVWHOOW��%HL�VHLWOLFKHU�%HVWUDKOXQJ�GHV
$EVRUEHUURKUHV�OLHJW�GLH�*UHQ]NXUYH�]ZLVFKHQ�JHVFKLFKWHWHU�6WU|PXQJ�XQG�5LQJVWU|PXQJ�FD�
XP�GHQ�)DNWRU���K|KHU�

$EE������ 7DLWHO�'XNOHU�'LDJUDPP DOV %HLVSLHO HLQHU 6WU|PXQJVIRUPHQNDUWH HLQHU =ZHLSKDVHQ�

VWU|PXQJ �HQWQRPPHQ DXV �*HVNHV ������� %HL VHLWOLFKHU %HVWUDKOXQJ GHV $EVRUEHU�

URKUHV OLHJW GLH *UHQ]NXUYH ]ZLVFKHQ :HOOHQVWU|PXQJ XQG 5LQJVWU|PXQJ �.XUYH PLW

)U

 EHVFKULIWHW� FD� XP GHQ )DNWRU � K|KHU �*RHEHO ������
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;WW�LVW�GHU�/RFNDUW�0DUWLQHOOL�3DUDPHWHU��GHU�GDV�9HUKlOWQLV�GHU�'UXFNYHUOXVWH�EHLGHU�3KD�
VHQ�DQJLEW��VLHKH�6HLWH������)U
�LVW�HLQH�PLW�GHQ�'LFKWHQ�PRGLIL]LHUWH�)URXGH�=DKO��'HU�3DUD�
PHWHU�*�VHW]W�GHQ�5HLEXQJVGUXFNYHUOXVW�GHU�)O�VVLJSKDVH��PLW�GHU�VFKHLQEDUHQ�*HVFKZLQGLJ�
NHLW�Z�I�EHUHFKQHW��]XP�$XIWULHE�GHV�*DVHV�LQV�9HUKlOWQLV��'LH�GLPHQVLRQVORVH�=DKO�.�LVW�GDV
3URGXNW� GHU�PRGLIL]LHUWHQ�)URXGH�=DKO� XQG� GHU�:XU]HO� GHU�5H\QROGV�=DKO� I�U� GLH� )O�VVLJ�
SKDVH��(LQH�*UHQ]OLQLH� LVW�GXUFK�;WW�XQG�HLQHQ�]XVlW]OLFKHQ�3DUDPHWHU�EHVWLPPW��GHU� DQ�GHU
.XUYH�DQJHJHEHQ�LVW��6R�LVW�]��%��GLH�6FKLFKW��XQG�GLH�:HOOHQVWU|PXQJ�GXUFK�GLH�3DUDPHWHU
;WW�XQG�.�EHVWLPPW�

������ *UXQGOHJHQGH�%H]LHKXQJHQ�XQG�'HILQLWLRQHQ

=XU�%HVFKUHLEXQJ�GHU�=ZHLSKDVHQVWU|PXQJ�ZHUGHQ�DQ�GLHVHU�6WHOOH�JUXQGOHJHQGH�'HILQLWLR�
QHQ�XQG�%H]LHKXQJHQ�YRUJHVWHOOW��'LH�*U|�HQ�GHU�)O�VVLJSKDVH�ZHUGHQ�PLW�GHP�,QGH[�Z��GLH
GHU�*DVSKDVH��E]Z��'DPSISKDVH�PLW�GHP�,QGH[�J�YHUVHKHQ�� ,Q�HLQHP�EHWUDFKWHWHQ�(OHPHQW
GHU�/lQJH�G]�VHW]W�VLFK�GDV�*HVDPWYROXPHQ�GHV�)OXLGV�DXV�GHP�9ROXPHQ�GHV�'DPSIHV�XQG
GHU�)O�VVLJNHLW�]XVDPPHQ��(QWVSUHFKHQGHV�JLOW�I�U�GLH�*HVDPWPDVVH�

JIJHVJIJHV 000999 � � XQG �����

'HU�YROXPHWULVFKH�'DPSIJHKDOW�H� LVW�GDV�9HUKlOWQLV�GHV�'DPSIYROXPHQV�]XP�*HVDPWYROX�
PHQ��(U� LVW� JOHLFK� GHP�4XRWLHQWHQ� DXV� GHU� GDPSIGXUFKVWU|PWHQ�4XHUVFKQLWWVIOlFKH� ]XU� JH�
VDPWHQ�4XHUVFKQLWWVIOlFKH�
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'HU�0DVVHQGDPSIJHKDOW�[�LVW�DOV�9HUKlOWQLV�GHU�'DPSIPDVVH�]XU�*HVDPWPDVVH�GHILQLHUW�
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'D� )O�VVLJ�� XQG� *DVSKDVH� PHLVW� HLQH� XQWHUVFKLHGOLFKH� *HVFKZLQGLJNHLW� EHVLW]HQ�� P�VVHQ
QRFK�GLH�6WU|PXQJVJU|�HQ�GHILQLHUW�ZHUGHQ��(V�JLOW�ZLHGHU�I�U�GLH�9ROXPHQ��E]Z��0DVVHQ�
VWU|PH�
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'DV�9HUKlOWQLV�YRQ�'DPSI��]X�*HVDPWPDVVHQVWURP�ZLUG� DOV�6WU|PXQJVPDVVHQGDPSIJHKDOW
EH]HLFKQHW�
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'DV�9HUKlOWQLV�GHU� MHZHLOLJHQ�9ROXPHQVWU|PH�]XU�*HVDPWTXHUVFKQLWWVIOlFKH�ZLUG� DOV�/HHU�
URKUJHVFKZLQGLJNHLW� EH]HLFKQHW�� 'DV� LVW� GLH� VFKHLQEDUH� *HVFKZLQGLJNHLW�� GLH� VLFK� HUJHEHQ
Z�UGH��ZHQQ�GHU�'DPSI��E]Z��)O�VVLJYROXPHQVWURP�GHQ�JHVDPWHQ�5RKUTXHUVFKQLWW�I�U�VLFK
DOOHLQ�KlWWH�
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'LH�PLWWOHUH�*HVFKZLQGLJNHLW� HLQHU�3KDVH�EHUHFKQHW� VLFK�DXV�GHP�9HUKlOWQLV�GHV�9ROXPHQ�
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'DV�*HVFKZLQGLJNHLWVYHUKlOWQLV�EHLGHU�3KDVHQ�ZLUG�DOV�6FKOXSI�6�EH]HLFKQHW��:HQQ�PDQ�GLH
%H]LHKXQJ� I�U� GLH� EHLGHQ� PLWWOHUHQ� *HVFKZLQGLJNHLWHQ� HLQVHW]W�� HUKlOW� PDQ� HLQH� ZLFKWLJH
*OHLFKXQJ�
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6LH�EULQJW�GLH�9HUELQGXQJ�]ZLVFKHQ�GHP�6WU|PXQJVPDVVHQGDPSIJHKDOW� [� �XQG�GHP�'DPSI�
JHKDOW�H�

'LH�YRQ� �*RHEHO�������YHUZHQGHWHQ�%H]LHKXQJHQ�EHQXW]HQ�GLH� LQ�$EE������GDUJHVWHOOWHQ
*U|�HQ��0LW�KI�ZLUG�GLH�VWDWLVFKH�)O�VVLJNHLWVK|KH�EH]HLFKQHW��GLH�EHL�6FKLFKWVWU|PXQJ�RKQH
:HOOHQ� YRUOLHJW��'LH� %H]HLFKQXQJ� GHU� REHUHQ�+|KH� GHU�:HOOHQ� EHL�:HOOHQVWU|PXQJ� ODXWHW
KI��� =XVlW]OLFK� NDQQ� GLH� %HQHW]XQJ� EHL� HLQHU� 5LQJVWU|PXQJ� QRFK� GXUFK� GLH� )LOPK|KH� KILOP
JHVWHLJHUW�ZHUGHQ��'LH�)LOPK|KH�ZLUG�DE�GHU�REHUHQ�:HOOHQK|KH�KI��JHPHVVHQ��2EHUH�:HO�
OHQK|KH� XQG� )LOPK|KH� ]XVDPPHQ� HUJHEHQ� GLH� %HQHW]XQJVK|KH� KEHQ�� 'LH� %HQHW]XQJVK|KH
NDQQ�DXFK��EHU�GHQ�VR�JHQDQQWHQ�%HQHW]XQJVZLQNHO�MEHQ�DXVJHGU�FNW�ZHUGHQ�
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���� 0RGHOO�GHV�LQVWDWLRQlUHQ�$EVRUEHUURKUHV

,Q�GLHVHP�.DSLWHO�HUIROJW�GLH�0RGHOOELOGXQJ�I�U�GDV�$EVRUEHUURKU��8P�GLH�LQVWDWLRQlUHQ�3Kl�
QRPHQH�ULFKWLJ�GDUVWHOOHQ�]X�N|QQHQ��LVW�GHU�$EVRUEHUVWUDQJ�DOV�HLQ�|UWOLFK�YHUWHLOWHV�6\VWHP
DEJHELOGHW�� (V�ZHUGHQ� GLH�0RGHOOH� I�U� GLH� )OXLGVWU|PXQJ�� GLH� 5RKUZDQG� XQG� GLH�:lUPH�
�EHUJlQJH� EHVFKULHEHQ�� :HLWHUH� PRGHOOLHUWH� .RPSRQHQWHQ� GHV� $EVRUEHUVWUDQJHV� EHILQGHQ
VLFK�LQ�$EVFKQLWW�����

������ 0RGHOO�GHU�)OXLGVWU|PXQJ

,Q�GLHVHP�$EVFKQLWW�ZHUGHQ�GLH�*OHLFKXQJHQ�I�U�HLQH�)OXLGVWU|PXQJ�KHUJHOHLWHW�XQG�YHUHLQ�
IDFKW��(V�HUIROJW�HLQH�PDWKHPDWLVFK�SK\VLNDOLVFKH�&KDUDNWHULVLHUXQJ�GHU�8UVSUXQJVJOHLFKXQ�
JHQ�ZLH�DXFK�GHU�YHUHLQIDFKWHQ�*OHLFKXQJHQ��,P�$QVFKOXVV�GDUDQ�ZHUGHQ�GLH�EHQXW]WHQ�HP�
SLULVFKHQ�%H]LHKXQJHQ�GHV�'UXFNYHUOXVWHV�YRUJHVWHOOW��GLH�]XVDPPHQ�PLW�GHQ�6WRIIZHUWURXWL�
QHQ�GDV�6\VWHP�O|VEDU�PDFKHQ�

(UKDOWXQJVJOHLFKXQJHQ

8P�GLH�HLQ]HOQHQ�$QQDKPHQ�EHL�GHU�+HUOHLWXQJ�GHU�EHQXW]WHQ�(UKDOWXQJVJOHLFKXQJHQ�]X�YHU�
GHXWOLFKHQ�� VLQG� GLH� +HUOHLWXQJHQ� KLHU� NXU]� VNL]]LHUW� �]��%�� �+LUVFK�������� �.ROHY�������
�0D\LQJHU��������



14 3 Mathematisch-Physikalisches Modell der Komponenten

Herleitung für die Einphasenströmung. Zuerst wird die Herleitung der Kontinuitätsglei-
chung, der Impulsbilanz und der Energiebilanz für die Einphasenströmungen des Vorwärm-
und Überhitzerbereichs beschrieben. Die instationären Bilanzen werden an einem ortsfesten
und volumenkonstanten, durchströmten Fluidelement der Länge dz aufgestellt (Eulersche
Betrachtungsweise, siehe Abb. 3-5). Dabei wird von einer eindimensionalen Durchströmung
ausgegangen; die beschreibenden Größen sollen über den Querschnitt als konstant angesehen
werden. Um die Herleitung zu vereinfachen, wird schon zu Beginn von einem Rohr mit kon-
stanter Querschnittsfläche A ausgegangen. Für die aus dem Fluidelement austretenden Grö-
ßen wird jeweils eine Taylor-Reihe angesetzt, die nach dem ersten Glied abgebrochen wird.

dz

z

w(z,t)

ρ(z,t)

u(z,t)

p(z,t)

w(z+dz,t)

ρ(z+dz,t)

u(z+dz,t)

p(z+dz,t)Bilanzraum

Fluid

ϕ
g

q&

Abb. 3-5: Bilanzraum für die Erhaltungsgleichungen der eindimensionalen Fluidströmung

Kontinuitätsgleichung. Für die Kontinuitätsgleichung gilt, dass die zeitliche Änderung der
Masse im Bilanzraum gleich der Differenz der ein- und austretenden Massenströme ist. Wei-
tere Massenzu- oder –abströme, wie sie z. B. an Einspritzstellen vorliegen, werden in einem
separaten Element betrachtet und treten daher hier nicht auf. Als Gleichung geschrieben und
mit A und dz gekürzt, lautet die Kontinuitätsgleichung:

( )
z

w

t ∂
∂

−=
∂
∂ ρρ

(3-18)

Impulsbilanz. Nach dem Gesetz von Newton ist die zeitliche Änderung des Impulses
∂(ρAwdz)/∂t gleich der Summe der äußeren Kräfte. Die Spannungen innerhalb des Fluidele-
ments heben sich gegenseitig auf und treten nicht als äußere Kräfte in Erscheinung. Nicht so
an den Rändern des freigeschnittenen Elements. An der Rohrwand treten Schubspannungen
entgegen der Strömungsrichtung auf. An den Schnittflächen treten Druckkräfte und die Im-
pulskräfte auf. Als Volumenkraft tritt die Gewichtskraft auf, die bei geneigten Rohren mit
dem Sinus des Neigungswinkel ϕ des Rohres zur Horizontalen eingeht. Als Gleichung ge-
schrieben und mit A und dz gekürzt, lautet die Impulsbilanz:

( ) ( )
A

U
g

z

p

z

w

t

w
τϕρ

ρρ
−−

∂
∂

−
∂

∂
−=

∂
∂

sin
2

(3-19)
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(QHUJLHELODQ]��'LH� LQ�HLQHP�)OXLGHOHPHQW�JHVSHLFKHUWH� �*HVDPW��(QHUJLH� VHW]W� VLFK�DXV�GHU
LQQHUHQ�(QHUJLH�VRZLH�GHU�NLQHWLVFKHQ�(QHUJLH�GHV�GDULQ�HQWKDOWHQHQ�)OXLGV�]XVDPPHQ��'HU
(QHUJLHLQKDOW� GHV�)OXLGHOHPHQWV� lQGHUW� VLFK� DXI�*UXQG� GHV� NRQYHNWLYHQ�=X�� XQG�$EIOXVVHV
YRQ� 6WU|PHQ� XQWHUVFKLHGOLFKHU� LQQHUHU� (QHUJLHQ� �U$ZX�� XQG� XQWHUVFKLHGOLFKHU� NLQHWLVFKHU
(QHUJLHQ��U$Z����Z�����=XGHP�PXVV�9HUVFKLHEHDUEHLW��S$Z��JHJHQ�GHQ�DQOLHJHQGHQ�'UXFN�S
EHLP�(LQ��XQG�$XVVFKLHEHQ� LQ�XQG�DXV�GHP�%LODQ]HOHPHQW�JHOHLVWHW�ZHUGHQ��*HJHQ�GLH�DQ�
JUHLIHQGH� *HZLFKWVNUDIW� PXVV� HEHQIDOOV� $UEHLW� JHOHLVWHW� ZHUGHQ� �UJZ$G]�VLQM��� $X�HUGHP
lQGHUW� VLFK� GHU�(QHUJLHLQKDOW� GXUFK�:lUPH]X�� E]Z�� ±DEIXKU��'LH� GXUFK�5HLEXQJVYRUJlQJH
GLVVLSLHUWH� $UEHLW� WDXFKW� LQ� GHU� (QHUJLHELODQ]� QLFKW� DXI�� GD� DQJHQRPPHQ� ZLUG�� GDVV� GXUFK
5HLEXQJ� HQWVWDQGHQH� :lUPH� LP� )OXLG� YHUEOHLEW� XQG� QLFKW� DXV� GHP� 6\VWHP� �]��%�� DQ� GLH
5RKUZDQG��DEJHEHQ�ZLUG��'LH�:lUPHOHLWXQJ�LQ�D[LDOH�5LFKWXQJ�ZLUG�YHUQDFKOlVVLJW��GD�GHU
GXUFK�VLH�WUDQVSRUWLHUWH�(QHUJLHVWURP�LP�9HUKlOWQLV�]XP�NRQYHNWLYHQ�(QHUJLHVWURP�VHKU�NOHLQ
LVW��'HU�NRQYHNWLYH�7HLO�GHU�VSH]LILVFKHQ�LQQHUHQ�(QHUJLH�XQG�GHU�9HUVFKLHEHDUEHLW�NDQQ�YHU�
HLQIDFKW�PLW�GHU�VSH]LILVFKHQ�(QWKDOSLH�JHVFKULHEHQ�ZHUGHQ�
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=ZHLSKDVHQVWU|PXQJ�� ,P� )ROJHQGHQ�ZHUGHQ� GHU� 'HWDLOOLHUXQJVJUDG� XQG� GLH� %LODQ]UlXPH
I�U� GLH� %HVFKUHLEXQJ� GHU� =ZHLSKDVHQVWU|PXQJ� IHVWJHOHJW�� ,Q� HLQHP� =ZHLIOXLG�6WU|PXQJV�
PRGHOO�ZHUGHQ� EHLGH� 3KDVHQ� JHWUHQQW� GXUFK� MHZHLOV� HLQHQ� 6DW]� YRQ� (UKDOWXQJVJOHLFKXQJHQ
EHVFKULHEHQ��'DV�KDW�]XU�)ROJH��GDVV�LQ�GHQ�ELVKHU�KHUJHOHLWHWHQ�*OHLFKXQJHQ�GHU�(LQSKDVHQ�
VWU|PXQJ� ]XVlW]OLFK� :HFKVHOZLUNXQJVWHUPH� ]ZLVFKHQ� GHQ� 3KDVHQ� EHU�FNVLFKWLJW� ZHUGHQ
P�VVHQ��,Q�GHU�0DVVHQELODQ]�LVW�GLHV�GHU��EHU�GLH�3KDVHQJUHQ]IOlFKH�DXVJHWDXVFKWH�0DVVHQ�
VWURP��,Q�GHU�,PSXOVELODQ]�WUHWHQ�]XVlW]OLFK�GLH�DQ�GHU�3KDVHQJUHQ]H�ZLUNHQGHQ�6FKXEVSDQ�
QXQJVNUlIWH� DXI�� 'DQHEHQ� HUIROJW� HLQH� ,PSXOV�EHUWUDJXQJ� GXUFK� GHQ� YHUGDPSIHQGHQ� E]Z�
NRQGHQVLHUHQGHQ� 0DVVHQVWURP�� ,Q� GHU� (QHUJLHELODQ]� WUHWHQ� ]XVlW]OLFK� :lUPHVWU|PH� ]ZL�
VFKHQ�GHQ�3KDVHQ�DXI��VRZLH�GHU�EHL�9HUGDPSIXQJ�.RQGHQVDWLRQ��EHUWUDJHQH�6WURP�GHU�LQQH�
UHQ�XQG�GHU�NLQHWLVFKHQ�(QHUJLHQ��'DQHEHQ�P�VVHQ�GLH�5HLEXQJVNUlIWH�]ZLVFKHQ�GHQ�)OXLGHQ
QXQ�LQ�GHQ�*OHLFKXQJHQ�DXIWDXFKHQ��GD�GXUFK�GLH�6FKXEVSDQQXQJV�EHUWUDJXQJ�YRQ�HLQHU�3KD�
VH�]XU�DQGHUHQ�(QHUJLH�ZHLWHUJHJHEHQ�ZLUG��1HEHQ�GHP�JU|�HUHQ�$XIZDQG�GHU�/|VXQJ�GHU
GRSSHOWHQ� $Q]DKO� YRQ� 'LIIHUHQ]LDOJOHLFKXQJHQ� EHUHLWHW� YRU� DOOHP� GLH� 0RGHOOLHUXQJ� GHU
7UDQVSRUWDQVlW]H�]ZLVFKHQ�GHQ�3KDVHQ�JUR�H�6FKZLHULJNHLWHQ��'LH�0RGHOOLHUXQJ�GLHVHU�7HU�
PH�VROOWH�I�U�DOOH�6WU|PXQJVIRUPHQ�YRUOLHJHQ�XQG�DXFK�I�U�VWDUN�LQVWDWLRQlUH�9RUJlQJH�*�O�
WLJNHLW�EHVLW]HQ��'LH�'DUVWHOOXQJ�LVW�PLW�JUR�HU�8QVLFKHUKHLW�XQG�8QNHQQWQLV�XQG�HLQHP�VHKU
JUR�HQ�UHFKQHULVFKHP�$XIZDQG�YHUEXQGHQ��$XV�GLHVHP�*UXQG�ZLUG�KLHU�GLHVHU�$QVDW]�QLFKW
ZHLWHU�YHUIROJW�

$GGLHUW�PDQ�GLH�*OHLFKXQJHQ�GHV�=ZHLIOXLG�0RGHOOV��VR�IDOOHQ�GLH�:HFKVHOZLUNXQJVWHUPH
]ZLVFKHQ�GHQ�3KDVHQ�ZHJ��'LH�*HVFKZLQGLJNHLW�EHLGHU�3KDVHQ�VROO�LPPHU�QRFK�XQWHUVFKLHG�
OLFK�VHLQ��HV�ZHUGHQ�MHGRFK�QXU�*OHLFKXQJHQ�I�U�GLH�*HVDPWPDVVH��GHQ�*HVDPWLPSXOV�XQG�GLH
*HVDPWHQHUJLH�EHLGHU�3KDVHQ�DXIJHVWHOOW��0DQ�VSULFKW�GDQQ�YRQ�HLQHP�KHWHURJHQHQ�0RGHOO�
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'LH�*OHLFKXQJHQ�VLQG�LQ�$QKDQJ�$�DXIJHI�KUW�� ,Q�GLHVHP�0RGHOO�WDXFKW�HLQH�%H]LHKXQJ�I�U
GHQ�6FKOXSI�E]Z��YROXPHWULVFKHQ�'DPSIJHKDOW�DXI��'LHVH�KDOEHPSLULVFKH�*OHLFKXQJ�VROO�I�U
DOOH�6WU|PXQJVIRUPHQ�XQG�LQVWDWLRQlUHQ�9RUJlQJH�*�OWLJNHLW�EHVLW]HQ��'D�GLHVHU�=XVDPPHQ�
KDQJ�EHL� GHU�KRKHQ�$Q]DKO�YRQ�(LQIOXVVJU|�HQ�GHU�=ZHLSKDVHQVWU|PXQJ�PLW� JUR�HQ�8QVL�
FKHUKHLWHQ�EHOHJW�LVW��XQG�ZHLO�GLH�'LIIHUHQ]LDOJOHLFKXQJHQ�GHV�KHWHURJHQHQ�0RGHOOV�NRPSOH�
[HU�VLQG��ZLUG�LQ�GLHVHU�$UEHLW�I�U�GLH�0RGHOOLHUXQJ�GHU�=ZHLSKDVHQVWU|PXQJ�HLQ�KRPRJHQHV
0RGHOO�YHUZHQGHW�

,P�KRPRJHQHQ�0RGHOO�ZHUGHQ�EHLGH�3KDVHQ�PRGHOOLHUW��DOV�RE�VLH�GLH�VHOEH�*HVFKZLQGLJ�
NHLW�KlWWHQ� �G��K��6FKOXSI�6 ����)�U�GLH�=XVWDQGVJU|�HQ�ZHUGHQ�JHPLWWHOWH�6WRIIZHUWH�DQJH�
QRPPHQ��'DGXUFK� OlVVW� VLFK� HLQH� =ZHLSKDVHQVWU|PXQJ�ZLH� HLQH� (LQSKDVHQVWU|PXQJ� HLQHV
KRPRJHQHQ�*HPLVFKHV�GDUVWHOOHQ��6WUHQJ�JHQRPPHQ�JLOW�GLHVH�9HUHLQIDFKXQJ�QXU� I�U�KRKH
�1HEHOVWU|PXQJ�� RGHU� QLHGULJH� 6WU|PXQJVPDVVHQGDPSIJHKDOWH� �%ODVHQVWU|PXQJ�� XQG� I�U
JHULQJH�'LFKWHXQWHUVFKLHGH��-H�PHKU�VLFK�GLH�6WU|PXQJVJHVFKZLQGLJNHLWHQ�GHU�EHLGHQ�3KDVHQ
XQWHUVFKHLGHQ�� XP� VR� XQJHQDXHU� ZLUG� GDV� 0RGHOO�� 1HEHQ� GHU� 7DWVDFKH�� GDVV� GHU� %HUHFK�
QXQJVDXIZDQG�I�U�HLQ�KHWHURJHQHV�E]Z��HLQ�=ZHLIOXLG�0RGHOO�VHKU�YLHO�JU|�HU�LVW��LVW�HV�IUDJ�
OLFK��RE�GLHVH�DXI�*UXQG�GHU�]XU]HLW�YRUOLHJHQGHQ�8QVLFKHUKHLWHQ�EHL�GHQ�GDQQ�QRWZHQGLJHQ�
PHLVW�HPSLULVFKHQ�RGHU�KDOEHPSLULVFKHQ�%H]LHKXQJHQ��GLH�5HDOLWlW�EHVVHU�DEELOGHQ��'DV�KR�
PRJHQH�0RGHOO�ZXUGH�LQ�GHU�9HUJDQJHQKHLW�VFKRQ�LQ�]DKOUHLFKHQ�$UEHLWHQ�GHU�G\QDPLVFKHQ
0RGHOOLHUXQJ� YRQ� 'DPSIHU]HXJHUQ� HUIROJUHLFK� HLQJHVHW]W� �]��%�� LQ� �6WHLQPDQQ�������
�/LSSNH�������� �$OH[RSRXORV�������� �7KRPDQQ�������� �(GHOPDQQ�������� XQG� ZLUG� DXFK� LQ
GLHVHU�$UEHLW�DQJHZHQGHW�

=XGHP�ZLUG�KLHU�YRQ�HLQHP�WKHUPRG\QDPLVFKHQ�*OHLFKJHZLFKW�]ZLVFKHQ�GHQ�EHLGHQ�3KD�
VHQ� DXVJHJDQJHQ�� 'LHV� I�KUW� ]XP� 0RGHOO� GHU� KRPRJHQHQ� *OHLFKJHZLFKWV�=ZHLSKDVHQ�
VWU|PXQJ�� 'LH� (UKDOWXQJVJOHLFKXQJHQ� VLQG� GLHVHOEHQ� ZLH� I�U� GLH� (LQSKDVHQVWU|PXQJ�� QXU
GDVV� GLH� 6WRIIZHUWH� JHPLWWHOW� VLQG�� 'HU�:DQGUHLEXQJVWHUP� ZLUG� GXUFK� GHQ� 7HUP� GHV� 5HL�
EXQJVGUXFNYHUOXVWHV� HUVHW]W�� )�U� HLQ� ZDDJUHFKWHV� 5RKU� �VLQM ��� ODXWHQ� GLH� %H]LHKXQJHQ
���������������XQG��������GDQQ�
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'LHVH�*OHLFKXQJHQ�JHOWHQ�DOVR�I�U�HLQH�(LQSKDVHQVWU|PXQJ�ZLH�I�U�HLQH�=ZHLSKDVHQVWU|PXQJ
XQWHU�GHU�$QQDKPH�HLQHV�KRPRJHQHQ�0RGHOOV��6LH�VLQG�LQ�GHU�/LWHUDWXU�DOV�(XOHUJOHLFKXQJHQ
EHNDQQW�� 0LW� GHQ� NRQVWLWXWLYHQ� *OHLFKXQJHQ� ]XU� %HVWLPPXQJ� GHV� 5HLEXQJVGUXFNYHUOXVWHV
XQG�GHU�HLQJHNRSSHOWHQ�:lUPH�VLQG�VLH�PLW�HLQHU�6WRIIZHUWEH]LHKXQJ�GHU�)RUP

����)�  SX U � ������

XQG�GHU�'HILQLWLRQ�GHU�VSH]LILVFKHQ�(QWKDOSLH

U

S
XK � ������

O|VEDU�



��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ ��

3K\VLNDOLVFKHV�9HUVWlQGQLV�XQG�9HUHLQIDFKXQJ�GHU�(UKDOWXQJVJOHLFKXQJHQ�

'DV�YHUZHQGHWH�*OHLFKXQJVV\VWHP��������LVW�HLQ�VWHLIHV��QLFKWOLQHDUHV��K\SHUEROLVFKHV�'LIIH�
UHQ]LDOJOHLFKXQJVV\VWHP��'DPLW� HV� LQ� GHU� YHUZHQGHWHQ� 6LPXODWLRQVXPJHEXQJ�'\PROD� HIIL�
]LHQW�JHO|VW�ZHUGHQ�NDQQ��PXVV�HV�YHUHLQIDFKW�ZHUGHQ��0LW�+LOIH�GHU�7KHRULH�GHU�&KDUDNWHUL�
VWLNHQ�OlVVW�VLFK�PDWKHPDWLVFK�EHJU�QGHQ��ZHOFKH�7HUPH�YHUQDFKOlVVLJEDU�VLQG��XQG�ZLH�VLFK
GDV�6\VWHP�YRU�XQG�QDFK�GHU�8PIRUPXQJ�YHUKlOW��'LH�9HUHLQIDFKXQJ�RULHQWLHUW�VLFK�X��D��DQ
�7KRPDQQ��������'DV�9RUJHKHQ�JOLHGHUW�VLFK�LQ���6FKULWWH�

x� &KDUDNWHULVLHUXQJ� GHU� (XOHU�*OHLFKXQJHQ� XQG� .RRUGLQDWHQWUDQVIRUPDWLRQ� PLW� +LOIH� GHU
7KHRULH�GHU�&KDUDNWHULVWLNHQ

x� 9HUHLQIDFKXQJ�GHU�WUDQVIRUPLHUWHQ�(XOHU�*OHLFKXQJHQ
x� .RUUHNWXU�GHU�YHUHLQIDFKWHQ�(XOHU�*OHLFKXQJHQ

$XV� GHU� 7KHRULH� GHU� &KDUDNWHULVWLNHQ� NDQQ� EHL� MHGHP� 6FKULWW� DXFK� HLQIDFK� GLH� $Q]DKO� GHU
SK\VLNDOLVFK�QRWZHQGLJHQ�5DQGEHGLQJXQJHQ�DEJHOHVHQ�ZHUGHQ��'DV�NRUULJLHUWH��YHUHLQIDFKWH
*OHLFKXQJVV\VWHP�GHV����6FKULWWHV�ZLUG�LQ�'\PROD�HLQJHVHW]W�

���6FKULWW��&KDUDNWHULVLHUXQJ�GHU�(XOHU�*OHLFKXQJHQ�

,QQHUKDOE� GHV� GUHL� *OHLFKXQJHQ� XPIDVVHQGHQ� 6\VWHPV� GHU� (XOHU�*OHLFKXQJHQ� WUHWHQ� YLHU�

8QEHNDQQWH�*U|�HQ�DXI��'LH�'LFKWH�U��GLH�*HVFKZLQGLJNHLW�Z��GHU�'UXFN�S�XQG�GLH�VSH]LIL�
VFKH� LQQHUH�(QHUJLH�X��'DV�*OHLFKXQJVV\VWHP�ZLUG�GXUFK�GLH�6WRIIZHUWEH]LHKXQJ�GHU�)RUP
������� HUJlQ]W�� :HQQ� GHU� 5HLEXQJVWHUP� LQ� GHU� ,PSXOVELODQ]� XQG� GLH� (QHUJLHTXHOOH� RGHU
�VHQNH�LQ�GHU�(QHUJLHELODQ]�EHNDQQW�VLQG��LVW�GDV�'LIIHUHQ]LDO�$OJHEUD�6\VWHP�PLW�YLHU�8QEH�
NDQQWHQ�XQG�YLHU�*OHLFKXQJHQ�O|VEDU��8P�GDV�GUHL�*OHLFKXQJHQ�XPIDVVHQGH�'LIIHUHQ]LDOJOHL�
FKXQJVV\VWHP� ������� ]X� FKDUDNWHULVLHUHQ��ZLUG� GLH� YLHUWH�8QEHNDQQWH� HOLPLQLHUW�� 'LHV�ZLUG
GXUFK�GLH�(LQI�KUXQJ�GHU�VWRII��XQG�]XVWDQGVVSH]LILVFKHQ�6FKDOOJHVFKZLQGLJNHLW�D�HUUHLFKW��
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'DPLW�OlVVW�VLFK�GLH�.RQWLQXLWlWVJOHLFKXQJ�DQVWDWW�PLW�GHU�'LFKWH�U�PLW�GHP�'UXFN�S�IRUPX�
OLHUHQ��'LFKWHlQGHUXQJHQ�ZHUGHQ�DOVR�MHW]W�PLWWHOV�'UXFNlQGHUXQJHQ�GDUJHVWHOOW�� ,P�$QKDQJ
%� VLQG� GLH� 8PIRUPXQJHQ� GHU� (UKDOWXQJVJOHLFKXQJHQ� GDUJHOHJW�� $OV� .RQWLQXLWlWVJOHLFKXQJ
VROO�%H]LHKXQJ��%�����DOV�,PSXOVELODQ]�GLH�%H]LHKXQJ��%�����I�U�HLQ�ZDDJUHFKWHV�5RKU��G��K�
M ���XQG�DOV�(QHUJLHELODQ]�GLH�WKHUPLVFKH�(QHUJLHELODQ]��%����YHUZHQGHW�ZHUGHQ��$OV�QHXHV
'LIIHUHQ]LDOJOHLFKXQJVV\VWHP�HUKlOW�PDQ�

������������������������������������������������
� 'LH VSH]LILVFKH (QWKDOSLH K LVW �EHU X� S XQG U EHVWLPPW� K X�S�U�

� 'HU ,QGH[ V VWHKW I�U GLH 1lKHUXQJ GHU LVHQWURSHQ $XVEUHLWXQJ GHU 'UXFNVW|UXQJ�



�� ��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ

$

8
T

G]

GSZ

]

ZS

]

X
Z

W

X

G]

GS

]

S

]

Z
Z

W

Z

]

S
Z

]

Z
D

W

S

5

5

�
UUU

UU

U

�

��

��

�¸
¹

·
¨
©

§ 
w
w

�
w
w

�
w
w

¸
¹

·
¨
©

§� 
w
w

�
w
w

�
w
w

 
w
w

�
w
w

�
w
w

������

'LHVHV�6\VWHP�HQWKlOW�QXU�QRFK�GLH�GUHL�8QEHNDQQWHQ�'UXFN�S��*HVFKZLQGLJNHLW�Z�XQG�VSH]L�
ILVFKH�LQQHUH�(QHUJLH�X��(V�OlVVW�VLFK�DOV�0DWUL]HQJOHLFKXQJ�VFKUHLEHQ�
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'LH�0DWUL]HQJOHLFKXQJ� ������� LVW� LP�.RRUGLQDWHQV\VWHP��S�Z�X�� J�OWLJ��'XUFK�HLQH�.RRUGL�
QDWHQWUDQVIRUPDWLRQ�ZLUG�QXQ�YHUVXFKW��GLH�0DWUL[�$�]X�GLDJRQDOLVLHUHQ��'LH�(LJHQZHUWH�GHU
0DWUL[�$�ZHUGHQ�GXUFK�GDV�FKDUDNWHULVWLVFKH�3RO\QRP�EHVWLPPW�

� � �GHW  � ($ O ������

(V�HUJLEW�VLFK�

DZDZZ � �  
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�XQG����� OOO ������

'DV�6\VWHP� ������� KDW� DOVR� GUHL� UHHOOH�� YHUVFKLHGHQH�(LJHQZHUWH��'DUDXV� NDQQ� JHVFKORVVHQ
ZHUGHQ�� GDVV� GLH� GD]XJHK|ULJHQ�(LJHQYHNWRUHQ� OLQHDU� XQDEKlQJLJ� VLQG��ZDV�9RUDXVVHW]XQJ
I�U�GLH�'LDJRQDOLVLHUEDUNHLW�GHU�0DWUL[�$� LVW� �0H\EHUJ��������'D� DOOH�GUHL�(LJHQZHUWH�YHU�
VFKLHGHQ� VLQG�� VSULFKW� �7KRPDV������� YRQ� HLQHP� VWULNW� K\SHUEROLVFKHQ� 6\VWHP��'LH� ]X� GHQ
(LJHQZHUWHQ�JHK|UHQGHQ�(LJHQYHNWRUHQ�ODXWHQ�
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:HUGHQ�GLH�(LJHQYHNWRUHQ�DOV�6SDOWHQYHNWRUHQ�LQ�GLH�7UDQVIRUPDWLRQVPDWUL[�&�JHVFKULHEHQ�
VR�NDQQ�HLQH�'LDJRQDOLVLHUXQJ�YRQ�$�HUIROJHQ��*OHLFKXQJ��������NDQQ�YRQ�OLQNV�PLW�&���XQG
YRQ�UHFKWV�PLW�GHU�(LQKHLWVPDWUL[�( &&���PXOWLSOL]LHUW�ZHUGHQ�
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(V� JLOW '&$&  ��� ��ZREHL�'� GLH�'LDJRQDOPDWUL[�PLW� GHQ� (LJHQYHNWRUHQ� YRQ�$� LVW�� *OHL�
FKXQJ��������OlVVW�VLFK�DOVR�LP�QHXHQ�.RRUGLQDWHQV\VWHP�YHUHLQIDFKW�VFKUHLEHQ�DOV�
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'LH� ,QYHUVH�GHU�7UDQVIRUPDWLRQVPDWUL[�&��� LQ�*OHLFKXQJ� �������NDQQ�QLFKW� LQ�GLH�'LIIHUHQ�
]LDOH�GHU�]HLWOLFKHQ�XQG�|UWOLFKHQ�$EOHLWXQJHQ�GHU�*OHLFKXQJ�KLQHLQJH]RJHQ�ZHUGHQ��GD�GHUHQ
.RHIIL]LHQWHQ� NHLQH�.RQVWDQWHQ� VLQG��8P�GLH� =HLWNRQVWDQWHQ� GHV�'LIIHUHQ]LDOJOHLFKXQJVV\�
VWHPV�GHQQRFK�DEOHVHQ�]X�N|QQHQ��NDQQ�GDV�QLFKWOLQHDUH�*OHLFKXQJVV\VWHP�OLQHDULVLHUW�ZHU�
GHQ��)�U�HLQHQ�NOHLQHQ�%HUHLFK�XP�GLH�/|VXQJ�N|QQHQ�GLH�.RHIIL]LHQWHQ�GHU�0DWUL[�&���DOV
NRQVWDQW�DQJHQlKHUW�ZHUGHQ�XQG�LQ�GLH�$EOHLWXQJHQ�KLQHLQJH]RJHQ�ZHUGHQ�
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$Q�GLHVHU�)RUP�GHV�*OHLFKXQJVV\VWHPV�LVW�]X�HUNHQQHQ��GDVV�GLH�.RHIIL]LHQWHQ�DXI�GHU�6SXU
GHU�'LDJRQDOPDWUL[�'��G��K��GLH�(LJHQZHUWH�*O����������GLH�$XVEUHLWXQJVJHVFKZLQGLJNHLW�YRQ
6W|UXQJHQ�DQJHEHQ��'LH�GXUFK�GDV�'LIIHUHQ]LDOJOHLFKXQJVV\VWHP�EHVFKULHEHQHQ�3KlQRPHQH
EUHLWHQ� VLFK� PLW� GHU� $EVROXWJHVFKZLQGLJNHLW� Z�D� LQ� 6WU|PXQJVULFKWXQJ� �UHFKWVODXIHQGH
0DFKOLQLH���PLW�GHU�$EVROXWJHVFKZLQGLJNHLW�Z�D�HQWJHJHQ�GHU�6WU|PXQJVULFKWXQJ� �OLQNVODX�
IHQGH�0DFKOLQLH�� XQG�PLW� GHU�.RQYHNWLRQVJHVFKZLQGLJNHLW�Z� �7HLOFKHQEDKQ�� DXV�� ZREHL�D
GLH�6FKDOOJHVFKZLQGLJNHLW�LVW��)�U�HLQH�EHVWLPPWH�/lQJH�G]�HUJHEHQ�VLFK�JUR�H�8QWHUVFKLHGH
LQ�GHU�=HLWNRQVWDQWHQ��(V�OLHJW�HLQ�VWHLIHV�'LIIHUHQ]LDOJOHLFKXQJVV\VWHP�YRU��+DOO�������

'LH�8QWHUVFKLHGH�LQ�GHU�=HLWNRQVWDQWH�HUVFKZHUHQ�GLH�,QWHJUDWLRQ�GHU�*OHLFKXQJHQ��6ROOHQ
DXFK�GLH�9RUJlQJH�PLW�VHKU�NOHLQHQ�=HLWNRQVWDQWHQ�GDUJHVWHOOW�ZHUGHQ��VR�PXVV�VLFK�GHU�=HLW�
VFKULWW�GHV�/|VXQJVDOJRULWKPXVHV�DQ�GHU�NOHLQVWHQ�=HLWNRQVWDQWH�RULHQWLHUHQ��ZDV��XP�DXI�HL�
QHQ�VWDWLRQlUHQ�:HUW�DXFK� I�U�GLH�9RUJlQJH�PLW� JU|�HUHQ�=HLWNRQVWDQWHQ� ]X�NRPPHQ�� VHKU
JUR�H�5HFKHQ]HLWHQ�HUIRUGHUOLFK�PDFKW��:LUG�GLH�=HLWVFKULWWZHLWH�JU|�HU�JHZlKOW��DOV�GLHV�I�U
GLH� VFKQHOO� VWDWWILQGHQGHQ� 3UR]HVVH� QRWZHQGLJ�ZlUH�� I�KUW� GLHV� LQ� GHU� 5HJHO� EHL� H[SOL]LWHQ
9HUIDKUHQ�]XU�,QVWDELOLWlW��EHL�LPSOL]LWHQ�9HUIDKUHQ�ZLUG�GLH�'\QDPLN�GHU�9RUJlQJH�PLW�NOHL�
QHU�=HLWNRQVWDQWH�QLFKW�ULFKWLJ�GDUJHVWHOOW��'D�LQ�GLHVHU�$UEHLW�GHU�=HLWLQWHJUDWRU�YRQ�'\PROD
PLW�DXWRPDWLVFKHU�6FKULWWZHLWHQVWHXHUXQJ�YHUZHQGHW�ZHUGHQ�VROO�XQG�DXI�GLH�'DUVWHOOXQJ�YRQ
PLW�6FKDOOJHVFKZLQGLJNHLW�DEODXIHQGHQ�9RUJlQJH��'UXFNVW|�H��YHU]LFKWHW�ZHUGHQ�NDQQ��ZLUG
LP����6FKULWW�HLQH�9HUHLQIDFKXQJ�GHU�(XOHUJOHLFKXQJHQ�DQJHVWUHEW�

'DV� &KDUDNWHULVWLNHQ�9HUIDKUHQ� ]XU� /|VXQJ� SDUWLHOOHU� 'LIIHUHQ]LDOJOHLFKXQJHQ� ZDQGHOW� GLH
GUHL�SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJHQ��������LQ�VHFKV�JHZ|KQOLFKH�'LIIHUHQ]LDOJOHLFKXQJHQ
XP��'UHL�GHU�VHFKV�JHZ|KQOLFKHQ�'LIIHUHQ]LDOJOHLFKXQJHQ�EHVWLPPHQ�GLH�5LFKWXQJ�GHU�&KD�
UDNWHULVWLNHQ�XQG�GUHL�DXI�GHQ�&KDUDNWHULVWLNHQ�J�OWLJH�JHZ|KQOLFKH�'LIIHUHQ]LDOJOHLFKXQJHQ
EHVFKUHLEHQ�GLH�6WU|PXQJ��'DV�3UREOHP�GHU�/|VXQJ�SDUWLHOOHU�'LIIHUHQ]LDOJOHLFKXQJHQ�NDQQ
DXI�GLH�/|VXQJ�JHZ|KQOLFKHU�'LIIHUHQ]LDOJOHLFKXQJHQ�]XU�FNJHI�KUW�ZHUGHQ��'DV�&KDUDNWH�
ULVWLNHQ�9HUIDKUHQ� ]XU� /|VXQJ� YRQ� 'LIIHUHQ]LDOJOHLFKXQJHQ� VROO� KLHU� QLFKW� ZHLWHU� YHUWLHIW
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ZHUGHQ��-HGRFK�JHEHQ�GLH�GUHL�&KDUDNWHULVWLNHQ�ZLFKWLJH�$XVN�QIWH��EHU�GLH�$Q]DKO�SK\VL�
NDOLVFK�QRWZHQGLJHU�5DQGEHGLQJXQJHQ��'LH�*OHLFKXQJHQ�GHU�&KDUDNWHULVWLNHQ�ODXWHQ��
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,Q�$EE������VLQG�GLH�9HUOlXIH�GHU�&KDUDNWHULVWLNHQ�VFKHPDWLVFK�LQ�GHU�2UW�=HLW�(EHQH�GDUJH�
VWHOOW��'LH�&KDUDNWHULVWLNHQ�VLQG�LP�KLHU�YRUOLHJHQGHQ�)DOO�.XUYHQ�XQG�NHLQH�*HUDGHQ��GD�*H�
VFKZLQGLJNHLW�XQG�6FKDOOJHVFKZLQGLJNHLW�)XQNWLRQHQ�YRQ�2UW�XQG�=HLW�VLQG��,Q�GHU�0LWWH�GHU
$EELOGXQJ�LVW�HLQ�3XQNW�3�XQG�VHLQ�$EKlQJLJNHLWV��XQG�(LQIOXVVJHELHW�GDUJHVWHOOW��'HU�3XQNW
3�EHHLQIOXVVW�]��%���EHU�GLH�OLQNVODXIHQGH�0DFKOLQLH�DXFK�3XQNWH��GLH�VWURPDXIZlUWV�YRQ�LKP
OLHJHQ��'LHV� VLQG� JHJHQ� GLH�.RQYHNWLRQVJHVFKZLQGLJNHLW� DQODXIHQGH�'UXFNVW|UXQJHQ��9RP
3XQNW�3�ODXIHQ�]XVlW]OLFK�,QIRUPDWLRQHQ�PLW�]ZHL�*HVFKZLQGLJNHLWHQ�VWURPDEZlUWV��'UXFN�
VW|UXQJHQ��GLH�VLFK�DXI�GHU�UHFKWVODXIHQGHQ�0DFKOLQLH�DXVEUHLWHQ��VRZLH�6W|UXQJHQ��GLH�VLFK
PLW�GHU�QRUPDOHQ�.RQYHNWLRQVJHVFKZLQGLJNHLW�Z�DXI�GHU�VR�JHQDQQWHQ�7HLOFKHQEDKQ�IRUWVHW�
]HQ�

%H]�JOLFK� GHU� QRWZHQGLJHQ�5DQGEHGLQJXQJHQ� I�U� GDV�$QIDQJV�5DQGZHUWSUREOHP� ������
JLEW�$EE������HLQH�9RUVWHOOXQJ��)�U�GLH�GUHL�SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJHQ��������P�VVHQ
DP�(LQ��XQG�$XVWULWW� MHZHLOV�GUHL�*U|�HQ�EHNDQQW�VHLQ��=ZHL�*U|�HQ��GLH�GHQ�)OXLG]XVWDQG
EHVFKUHLEHQ��]��%��X��S�RGHU�K��S��XQG�HLQH�*U|�H��GLH�GHQ�6WU|PXQJV]XVWDQG�GHV�)OXLGHV�EH�
VWLPPW� �]��%��Z� RGHU� 0� ���$P�(LQWULWW� LVW� GXUFK� GLH� OLQNVODXIHQGH�0DFKOLQLH� MHGRFK� VFKRQ
HLQH�*U|�H��EHU�GLH�$QIDQJVEHGLQJXQJHQ�IHVWJHOHJW��(V�VLQG�GRUW�DOVR�QXU�QRFK�]ZHL�5DQG�
EHGLQJXQJHQ�QRWZHQGLJ��$P�$XVWULWW�ZHUGHQ�]ZHL�*U|�HQ�GXUFK�GLH�UHFKWVODXIHQGH�0DFKOL�
QLH�XQG�GLH�7HLOFKHQEDKQ��EHU�GLH�$QIDQJVEHGLQJXQJHQ�IHVWJHOHJW��(V�LVW�GRUW�DOVR�QXU�QRFK
HLQH� 5DQGEHGLQJXQJ� QRWZHQGLJ�� :HLWHUH� SK\VLNDOLVFKH� 5DQGEHGLQJXQJHQ� Z�UGHQ� GDV� 6\�
VWHP�XQO|VEDU�PDFKHQ���

������������������������������������������������
� 'LH *OHLFKXQJHQ N|QQHQ KHUJHOHLWHW ZHUGHQ� LQGHP LQ *OHLFKXQJ ������ GDV WRWDOH 'LIIHUHQ]LDO HLQ�

JHI�KUW ZLUG XQG GLH /|VEDUNHLW GHV HQWVWHKHQGHQ *OHLFKXQJVV\VWHP QDFK wY�w] XQWHUVXFKW ZLUG� 'DV

6\VWHP LVW DXI GHQ &KDUDNWHULVWLNHQ QLFKW O|VEDU� GD GRUW DXI *UXQG YRQ 'LVNRQWLQXLWlWHQ GLH HUVWH
$EOHLWXQJ QLFKW H[LVWLHUW� (V PX� DOVR JHOWHQ� GDVV GLH 'HWHUPLQDQWH GHU 0DWUL[ GHV *OHLFKXQJVV\VWHP

DXI GHQ &KDUDNWHULVWLNHQ JOHLFK 1XOO LVW� $XV GLHVHU %HGLQJXQJ IROJHQ *OHLFKXQJHQ ������ ELV �������

�� 'XUFK YHUVFKLHGHQH 'LVNUHWLVLHUXQJVVFKHPDWD N|QQHQ ZHLWHUH 5DQGEHGLQJXQJHQ Q|WLJ ZHUGHQ�
'LHV VLQG MHGRFK QXPHULVFKH XQG NHLQH SK\VLNDOLVFKHQ 5DQGEHGLQJXQJHQ �VLHKH .DSLWHO �������
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0DFKOLQLH
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7HLOFKHQEDKQ

/LQNVODXIHQGH

0DFKOLQLH

UHFKWVODXIHQGH

0DFKOLQLH
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$XVWULWW
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7HLOFKHQ
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$EKlQJLJNHLWVJHELHW YRQ 3

3

(LQIOXVVJHELHW YRQ 3

$EE������ 9HUODXI GHU &KDUDNWHULVWLNHQ DP (LQWULWW LQ GDV %HUHFKQXQJVJHELHW �OLQNHU 7HLO�� LQ�

QHUKDOE GHV *HELHWHV �PLWWOHUHU 7HLO� XQG DP $XVWULWW �UHFKWHU 7HLO�� $P (LQ� XQG

$XVWULWW VLQG GLH $Q]DKO GHU QRWZHQGLJHQ 5DQGEHGLQJXQJHQ DE]XOHVHQ� ,P PLWWOHUHQ

7HLO LVW GDV GXUFK GLH &KDUDNWHULVWLNHQ EHJUHQ]WH $EKlQJLJNHLWV� XQG (LQIOXVVJHELHWHV

HLQHV 3XQNWHV 3 GDUJHVWHOOW� ,Q :LUNOLFKNHLW VLQG GLH &KDUDNWHULVWLNHQ JHNU�PPW�

���6FKULWW��9HUHLQIDFKXQJ�GHU�(XOHU�*OHLFKXQJHQ

'LH�1DWXU�GHU�(XOHU�*OHLFKXQJHQ��GLH�:HUN]HXJH� I�U�GHUHQ�8QWHUVXFKXQJ�XQG�GLH�6FKZLH�
ULJNHLWHQ�EHL�GHU�QXPHULVFKHQ�/|VXQJ��VWHLIHV�6\VWHP��VLQG�LQ�GHQ�OHW]WHQ�$EVFKQLWWHQ�GDUJH�
VWHOOW�ZRUGHQ��8P�GDV�*OHLFKXQJVV\VWHP�LP�6LPXODWLRQVSURJUDPP�'\PROD�PLW�YHUWUHWEDUHP
$XIZDQG� O|VHQ� ]X� N|QQHQ��ZHUGHQ� GLH�*OHLFKXQJHQ� GHU� WUDQVIRUPLHUWHQ� )RUP� YHUHLQIDFKW�
'LHV�ZLUG�LP�)ROJHQGHQ�GDUJHVWHOOW��'DV�6\VWHP��������DXVPXOWLSOL]LHUW�HUJLEW�
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'LH�6FKDOOJHVFKZLQGLJNHLW�LVW�XP�*U|�HQRUGQXQJHQ�K|KHU�DOV�GLH�.RQYHNWLRQVJHVFKZLQGLJ�
NHLW��Z��D���(V�JLOW�DOVR�GLH�1lKHUXQJ
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)�U�*OHLFKXQJHQ��������XQG��������VLQG�GLH�]HLWOLFKHQ�bQGHUXQJHQ�DQ�HLQHP�2UW�YLHO�NOHLQHU
DOV�GLH�bQGHUXQJHQ��GLH�HLQ�PLW�6FKDOOJHVFKZLQGLJNHLW�PLWEHZHJWHU�%HREDFKWHU�ZDKUQHKPHQ
Z�UGH�
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'LH�]HLWOLFKHQ�$EOHLWXQJHQ�N|QQHQ�DOVR�YHUQDFKOlVVLJW�ZHUGHQ��'LH�*OHLFKXQJ� �������EOHLEW
HUKDOWHQ��(V�HUJLEW�VLFK�IROJHQGHV�6\VWHP�
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$QVFKDXOLFK�ZXUGH�GLH�6WHLJXQJ�GHU�&KDUDNWHULVWLN��������DXI�XQHQGOLFK�XQG�GLH�6WHLJXQJ�GHU
&KDUDNWHULVWLN� ������� DXI� PLQXV� XQHQGOLFK� JHVHW]W�� $GGLHUW� PDQ� *OHLFKXQJHQ� ������� XQG
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6LH� HQWVSULFKW� GHU� HLQIDFKHQ�'UXFNYHUOXVWEH]LHKXQJ��8P� ]X� HLQHU� YHUHLQIDFKWHQ� (QHUJLHEL�
ODQ]�]X�NRPPHQ��ZLUG�*OHLFKXQJ��������PLW�Z�U�PXOWLSOL]LHUW�XQG�]X�%H]LHKXQJ��������DG�
GLHUW��8QWHU�1XW]XQJ�YRQ��[�VROO�I�U�GLH�=HLW�W�RGHU�GHQ�2UW�]�VWHKHQ�
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:HQQ�*OHLFKXQJ��������YRQ�*OHLFKXQJ��������DEJH]RJHQ�ZLUG��HUKlOW�PDQ�HLQH�YHUHLQIDFKWH
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'DV�$XVJDQJVJOHLFKXQJVV\VWHP��������KDW�VLFK�DOVR�PLW�+LOIH�GHU�7KHRULH�GHU�&KDUDNWHULVWL�
NHQ�SK\VLNDOLVFK�XQG�PDWKHPDWLVFK�QDFKYROO]LHKEDU�IROJHQGHUPD�HQ�YHUHLQIDFKHQ�ODVVHQ�
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$P�YHUHLQIDFKWHQ�6\VWHP�GHU�*OHLFKXQJHQ��������ELV��������VROO�GLH�$Q]DKO�GHU�QRWZHQGLJHQ
5DQGEHGLQJXQJHQ�DQ�(LQ��XQG�$XVWULWW�JHNOlUW�ZHUGHQ��'LH�JHZRQQHQHQ�(UNHQQWQLVVH�ODVVHQ
VLFK� DXFK� DXI� GDV� LP� ��� 6FKULWW� DQJHJHEHQH�� NRUULJLHUWH� *OHLFKXQJVV\VWHP� �EHUWUDJHQ�� 'LH
UHFKWV�� XQG� OLQNVODXIHQGH�0DFKOLQLH� ZXUGHQ� GXUFK� GLH� 9HUHLQIDFKXQJHQ� YHUlQGHUW�� 6LH� HU�
KLHOWHQ�GLH�6WHLJXQJ�SOXV�E]Z��PLQXV�XQHQGOLFK��)�U�GDV�6\VWHP�GHU�*OHLFKXQJHQ��������ELV
�������OLHJHQ�DOVR�IROJHQGH�&KDUDNWHULVWLNHQ�YRU�
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'UXFNVW|UXQJHQ�ODXIHQ�MHW]W�QLFKW�PHKU�PLW�6FKDOOJHVFKZLQGLJNHLW��VRQGHUQ�PLW�XQHQGOLFKHU
*HVFKZLQGLJNHLW�GXUFK�GDV�5RKU�� ,Q�$EE������ LVW� GHU�9HUODXI�GHU�&KDUDNWHULVWLNHQ� I�U� ]ZHL
3XQNWH�VFKHPDWLVFK�VNL]]LHUW��'HU�3XQNW�3�]XP�=HLWSXQNW��'W�ZLUG�GXUFK�GLH�7HLOFKHQEDKQ
EHVWLPPW�� VRZLH� GXUFK� ]ZHL�&KDUDNWHULVWLNHQ�PLW� XQHQGOLFKHU� 6WHLJXQJ� �E]Z�� GHU� 6WHLJXQJ
GW�G] ����(U�ZLUG�DOVR�GXUFK�HLQH�$QIDQJVEHGLQJXQJ�XQG�]ZHL�5DQGEHGLQJXQJHQ�]XP�=HLW�
SXQNW��'W�IHVWJHOHJW��'HU�3XQNW�$�DP�$XVWULWW�ZLUG�GXUFK�HLQH�$QIDQJVEHGLQJXQJ�GXUFK�GLH
7HLOFKHQEDKQ�XQG�]ZHL�5DQGEHGLQJXQJHQ�EHVWLPPW��'LH�5DQGEHGLQJXQJHQ�N|QQHQ�HQWZHGHU
DP�$XVWULWW��3XQNW�$��GLUHNW�YRUJHJHEHQ�VHLQ��RGHU�DP�(LQWULWW��:HQQ�VLH�DP�(LQWULWW�DXIJH�
SUlJW�ZHUGHQ��HUIROJW�GLH�,QIRUPDWLRQVYHUPLWWOXQJ�]XP�3XQNW�$��EHU�GLH�&KDUDNWHULVWLNHQ�PLW
XQHQGOLFKHU�6WHLJXQJ�
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� &KDUDNWHULVWLNHQ PLW 6WHLJXQJ rf

� &KDUDNWHULVWLNHQ PLW 6WHLJXQJ rf

$

$EE������ 9HUODXI GHU &KDUDNWHULVWLNHQ I�U GLH YHUHLQIDFKWHQ *OHLFKXQJVV\VWHPH ������ ELV

������ XQG ������ ELV ������� 'DUJHVWHOOW VLQG GLH &KDUDNWHULVWLNHQ LQQHUKDOE GHV %H�

UHFKQXQJVJHELHWHV I�U GHQ 3XQNW 3 �PLWWOHUHU 7HLO� XQG DP $XVWULWW 3XQNW $ �UHFKWHU

7HLO�� ,Q :LUNOLFKNHLW VLQG GLH &KDUDNWHULVWLNHQ JHNU�PPW�

)�U�GLH�&KDUDNWHULVWLNHQ�PLW�GHQ�XQHQGOLFKHQ�6WHLJXQJHQ�LVW�HV�XQHUKHEOLFK��RE�GLH�5DQGEH�
GLQJXQJHQ�DP�(LQ��RGHU�$XVWULWW�DQJHJHEHQ�ZHUGHQ��'LH�,QIRUPDWLRQ�ZLUG�XQHQGOLFK�VFKQHOO
LQ�EHLGH�5LFKWXQJHQ�DXVJHEUHLWHW��'D�DP�$XVWULWW�GLH�&KDUDNWHULVWLN�GHU�7HLOFKHQEDKQ�,QIRU�
PDWLRQHQ�OLHIHUW��G�UIHQ�GRUW�PD[LPDO�]ZHL�5DQGEHGLQJXQJHQ�DQJHJHEHQ�ZHUGHQ��(LQLJW�PDQ
VLFK�DXI�GLH� WKHUPRG\QDPLVFKH�*U|�HQ�VSH]LILVFKH�(QWKDOSLH�K��'UXFN�S�XQG�GLH�NLQHPDWL�
VFKH�*U|�H�0DVVHQVWURP� �0� �VR�VLQG�PLW�GHP�*OHLFKXQJVV\VWHP��������ELV��������IROJHQGH
5DQGEHGLQJXQJHQ�SK\VLNDOLVFK�GHQNEDU�

7DEHOOH����� 3K\VLNDOLVFK EHJU�QGHWH 0|JOLFKNHLWHQ I�U GLH $XIEULQJXQJ GHU 5DQGEHGLQJXQJHQ

GHV YHUHLQIDFKWHQ *OHLFKXQJVV\VWHPV ������ ELV ������ E]Z� ������ ELV �������

(LQWULWW $XVWULWW

$Q]DKO $UW GHU 5DQGEHGLQJXQJHQ $Q]DKO $UW GHU 5DQGEHGLQJXQJHQ

� K � S� 0�

� K� 0� � S

� K� S � 0�

� K� S� 0� � �

���6FKULWW��.RUUHNWXU�GHV�YHUHLQIDFKWHQ�6\VWHPV�XQG�&KDUDNWHULVLHUXQJ

'DV�*OHLFKXQJVV\VWHP��������ELV��������KDW�GHQ�1DFKWHLO��GDVV�HV�QLFKW�PHKU�PDVVHQNRQVHU�
YDWLY� LVW� �7KRPDQQ��������'HVKDOE�ZLUG� LP� )ROJHQGHQ� GLH� QLFKW� YHUHLQIDFKWH�.RQWLQXLWlWV�
JOHLFKXQJ�DXV�6\VWHP��������ZHLWHUYHUZHQGHW�
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'DV�NRUULJLHUWH�*OHLFKXQJVV\VWHP��PLW�XUVSU�QJOLFKHU�.RQWLQXLWlWVJOHLFKXQJ��ODXWHW�DOVR�
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8P�GLH�)UDJH�]X�EHDQWZRUWHQ�� LQZLHIHUQ�VLFK�GLH�&KDUDNWHULVWLNHQ�GXUFK�GHQ�$XVWDXVFK�GHU
.RQWLQXLWlWVJOHLFKXQJ�YHUlQGHUW� KDEHQ��ZLUG�GDV�*OHLFKXQJVV\VWHP� LQ� lKQOLFKHU�:HLVH�ZLH
GDV�XUVSU�QJOLFKH�6\VWHP�XPJHVFKULHEHQ�� ,Q�GHU� ,PSXOVELODQ]� LVW�GLH�=HLWDEOHLWXQJ�GHU�*H�
VFKZLQGLJNHLW�KHUDXVJHIDOOHQ��8P�VLH�ZLHGHU�DXI]XQHKPHQ��ZLUG�GLH�,PSXOVELODQ]��������PLW
HLQHP�3DUDPHWHU�E�JHVFKULHEHQ��GHU�VSlWHU�DXI�XQHQGOLFK�JHVHW]W�ZLUG�
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'XUFK� GLH� *UHQ]ZHUWEHWUDFKWXQJ� Eof� JHKW� GLH� ,PSXOVELODQ]� ������� LQ� GLH� ,PSXOVELODQ]
��������EHU��'LH�(QHUJLHELODQ]��������NDQQ�PLW�GHU�.RQWLQXLWlWVJOHLFKXQJ�XQG�GHU�'HILQLWLRQ
GHU�VSH]LILVFKHQ�(QWKDOSLH�K X�S�U�XPJHVFKULHEHQ�ZHUGHQ��'LH�.RQWLQXLWlWVJOHLFKXQJ�ZLUG
DQDORJ�ZLH�LQ��������XPJHIRUPW��0DQ�HUKlOW�
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'LHVHV�6\VWHP�NDQQ�ZLHGHU�DOV�0DWUL]HQJOHLFKXQJ�JHVFKULHEHQ�ZHUGHQ�
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'LH�(LJHQZHUWH�GHU�0DWUL[�$�VLQG�
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'HU� ]ZHLWH� XQG� GULWWH�(LJHQZHUW� VWUHEW� I�U� GLH� QRWZHQGLJH�*UHQ]ZHUWEHWUDFKWXQJ� I�U� Eof

JHJHQ�SOXV�E]Z��PLQXV�XQHQGOLFK��'LH�(LJHQZHUWH�VWHOOHQ�GLHVHOEHQ�&KDUDNWHULVWLNHQ�ZLH�GLH
*OHLFKXQJHQ��������ELV��������GHV�YHUHLQIDFKWHQ�6\VWHPV�GHV�]ZHLWHQ�6FKULWWHV�GDU��$XV�GLH�
VHP�*UXQG�JHOWHQ�GLH�I�U�GLHVHV�6\VWHP�JHPDFKWHQ�$XVVDJHQ�E]JO��GHU�&KDUDNWHULVWLNHQ�XQG
5DQGEHGLQJXQJHQ� DXFK� I�U� GDV� MHW]W� YRUOLHJHQGH�� NRUULJLHUWH� 6\VWHP� GHV� ��6FKULWWHV� �*OHL�
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FKXQJHQ� ������� ELV� ��������� $XV� GHQ� P|JOLFKHQ� .RPELQDWLRQHQ� GHU� 5DQGEHGLQJXQJHQ� GHU
7DEHOOH�����ZLUG� I�U�GDV�5HFKHQSURJUDPP�IROJHQGH�DXVJHZlKOW��$P�(LQWULWW�GHV�$EVRUEHU�
URKUVWUDQJHV�ZLUG�GHU�0DVVHQVWURP�XQG�GLH�VSH]LILVFKH�(QWKDOSLH��DP�$XVWULWW�GHU�'UXFN�YRU�
JHJHEHQ��VLHKH�DXFK�6HLWH�����

=XVDPPHQIDVVXQJ

(V� ZXUGH� GDV� GLH� 6WU|PXQJ� EHVFKUHLEHQGH� 6\VWHP� ������� ]X� GHQ� *OHLFKXQJHQ� ������� ELV
�������YHUHLQIDFKW�XQG�PLW�+LOIH�GHU�7KHRULH�GHU�&KDUDNWHULVWLNHQ�QlKHU�XQWHUVXFKW��'LH�NLQH�
WLVFKH�(QHUJLH� �

�

� Z � LVW� LQ� GHU� (QHUJLHELODQ]� ������� YHUQDFKOlVVLJW�ZRUGHQ��'LHV� KlWWH�PDQ
RKQH� ZHLWHUHV� DXFK� DQ� HLQHU� GLUHNWHQ� $EVFKlW]XQJ� UHFKWIHUWLJHQ� N|QQHQ�� 'LH� DXIWUHWHQGHQ
bQGHUXQJHQ�GHU�NLQHWLVFKHQ�(QHUJLH�OLHJHQ�PHKUHUH�*U|�HQRUGQXQJHQ�XQWHU�GHQ�bQGHUXQJHQ
GHU� VSH]LILVFKHQ� LQQHUHQ�(QHUJLH� GHV� KLHU� EHWUDFKWHWHQ� )OXLGV�� 6FKZLHULJHU�ZlUH� GLH�$UJX�
PHQWDWLRQ�GHU�9HUQDFKOlVVLJXQJ�GHU�7HUPH�LQ�GHU� ,PSXOVELODQ]��������JHZRUGHQ��'HU�6SHL�
FKHUWHUP� XQG� GLH� ,PSXOVNUlIWH� VLQG� YHUQDFKOlVVLJEDU�� (V� EOHLEW� QXU� GHU� 'UXFNYHUOXVW� DXI
*UXQG�GHU�5RKUUHLEXQJ��'XUFK� GLH�9HUHLQIDFKXQJ� OlVVW� VLFK� GDV�6\VWHP�GXUFK� HLQH� )LQLWH�
'LIIHUHQ]HQ�$SSUR[LPDWLRQ�LQ�'\PROD�O|VHQ�

(LQ�ZHLWHUHU�(UNHQQWQLVJHZLQQ� RELJHU�$EOHLWXQJ� LVW�� GDVV� DEJHVFKlW]W�ZHUGHQ� NDQQ��ZLH
VLFK� GDV� YHUHLQIDFKWH� *OHLFKXQJVV\VWHP� YHUKDOWHQ� ZLUG�� 'D� GLH� 6FKDOOJHVFKZLQGLJNHLW� DXI
XQHQGOLFK�JHVHW]W�ZXUGH��ODXIHQ�DOOH�'UXFNVW|UXQJHQ�PLW�XQHQGOLFKHU�*HVFKZLQGLJNHLW�GXUFK
GDV�5RKU��'LH�6LPXODWLRQ�YRQ�'UXFNVW|�HQ�ZLUG�DOVR�PLW�GLHVHP�0RGHOO�QLFKW�P|JOLFK�VHLQ���
/DQJVDPHU� DEODXIHQGH� 9RUJlQJH� ZLH� GLH� $XVEUHLWXQJ� YRQ� 7HPSHUDWXUVW|UXQJHQ� N|QQHQ
ZHLWHUKLQ�GDUJHVWHOOW�ZHUGHQ�

1LFKW�]XOHW]W�ZXUGH�GXUFK�RELJHV�9RUJHKHQ�GLH�$Q]DKO�SK\VLNDOLVFK�QRWZHQGLJHU�5DQGEH�
GLQJXQJHQ�DP�5DQGH�GHV�,QWHJUDWLRQVJHELHWHV�HUPLWWHOW�

5HLEXQJVGUXFNYHUOXVW

5HLEXQJVGUXFNYHUOXVW�GHU�(LQSKDVHQVWU|PXQJ��$OOJHPHLQ� EHUHFKQHW� VLFK� GHU�5HLEXQJV�
GUXFNYHUOXVW�LQQHUKDOE�HLQHV�5RKUHV�GXUFK�
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'HU�:LGHUVWDQGVEHLZHUW�]�EHUHFKQHW�VLFK�DXV�GHU�5H\QROGV�=DKO�5H�XQG�GHU�UHODWLYHQ�5RKU�
UDXKLJNHLW�N�GL�
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)�U� VHKU� JUR�H� 5H\QROGV�=DKOHQ� �YROO� DXVJHELOGHWH� WXUEXOHQWH� 6WU|PXQJ�� LVW� GHU� :LGHU�
VWDQGVEHLZHUW� QXU�QRFK�YRQ�GHU�5RKUUDXKLJNHLW� DEKlQJLJ�� HV� HUJLEW� VLFK� GDQQ� HLQ� TXDGUDWL�
VFKHV� 'UXFNYHUOXVWJHVHW]� �'SaZ���� )�U� QLHGULJH� 5H\QROGV�=DKOHQ� �ODPLQDUH� 6WU|PXQJ�
5H������� LVW� GHU� %HLZHUW�]� QXU� YRQ� GHU�5H\QROGV�=DKO� DEKlQJLJ�� %HL� ODPLQDUHU� 6WU|PXQJ

������������������������������������������������
�� $XFK RKQH YHUHLQIDFKWH ,PSXOVELODQ] ZlUH GLHV DXI *UXQG GHU YHUHLQIDFKWHQ 6WRIIZHUWURXWLQHQ
QLFKW P|JOLFK�
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OLHJW�HLQ� OLQHDUHV�'UXFNYHUOXVWYHUKDOWHQ� �'SaZ�� YRU�� ,P�hEHUJDQJVEHUHLFK�GHU�PLWWHOJUR�HQ
5H\QROGV�=DKOHQ�LVW�GHU�%HLZHUW�YRQ�EHLGHQ�3DUDPHWHUQ�DEKlQJLJ��(LQ�KlXILJ�DQJHZHQGHWHV
*HVHW]�I�U�WHFKQLVFK�JODWWH�5RKUH�LVW�GDV�*HVHW]�YRQ�%ODVLXV��9',�����D���(V�ZLUG�KLHU�I�U�GLH
:DVVHU�(LQSKDVHQVWU|PXQJ�DQJHZHQGHW�

�� ������I�U ����� �

5H5H& IQ

II] ������

0HVVXQJHQ�DQ�GHU�+,35(66�7HVWDQODJH�GHV�=6:�HUJDEHQ�DOV�.RHIIL]LHQWHQ�I�U�GDV�*HVHW]
YRQ�%ODVLXV�&O �������XQG�QO ��������'DPLW� EHUHFKQHQ� VLFK�PLW� GHP�*HVHW]�QDFK�%ODVLXV
lKQOLFK�JXWH�:HUWH�ZLH�QDFK�GHU�*OHLFKXQJ�YRQ�&ROHEURRN�XQG�:KLWH��GLH�GLH�UHODWLYH�5RKU�
UDXKLJNHLW�EHU�FNVLFKWLJW��'LVV�,�5HSRUW�������

)�U�K|KHUH�%HUHLFKH�GHU�5H\QROGV�=DKOHQ��ZLH�VLH�LQ�GHU�'DPSIVWU|PXQJ�YRUNRPPHQ��EH�
VLW]W�GDV�*HVHW]�YRQ�+HUUPDQQ� �9',�����D��*�OWLJNHLW��(V�ZLUG� LQ�GHU�YRUOLHJHQGHQ�$UEHLW
I�U�GLH�6LPXODWLRQ�GHU�HLQSKDVLJHQ�'DPSIVWU|PXQJ�LP�hEHUKLW]HUEHUHLFK�YHUZHQGHW�
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)�U�GLH�3DUDPHWHU�&J�XQG�QJ�ZHUGHQ�KLHU�GLH� LQ� �9',�����D��DQJHJHEHQHQ�:HUWH��EHUQRP�
PHQ��DOVR�&J �������XQG�QJ �����'HU�DGGLWLYH�3DUDPHWHU�]�J�ZLUG�GXUFK�GLH�%HGLQJXQJ� LQ�
QHUKDOE�GHV�=ZHLSKDVHQJHELHWHV�EHVWLPPW��GDVV�NHLQH�8QVWHWLJNHLWVVWHOOH�GHV�'UXFNYHUOXVWHV
DOV�)XQNWLRQ�GHV�6WU|PXQJVPDVVHQGDPSIJHKDOWHV�YRUOLHJHQ�GDUI�

5HLEXQJVGUXFNYHUOXVW� GHU� =ZHLSKDVHQVWU|PXQJ��'HU� 5HLEXQJVGUXFNYHUOXVW� HLQHU� =ZHL�
SKDVHQVWU|PXQJ� LVW� LQ� GHU�5HJHO� K|KHU� DOV� GHU�'UXFNYHUOXVW� HLQHU� (LQSKDVHQVWU|PXQJ�� =X�
VlW]OLFK�]XP�'UXFNYHUOXVW�GXUFK�GLH�:DQGUHLEXQJ�NRPPW�QRFK�GHU�'UXFNYHUOXVW�GXUFK�LUUH�
YHUVLEOHQ�,PSXOVDXVWDXVFK�]ZLVFKHQ�GHQ�3KDVHQ�KLQ]X��6R�ZLUG�]��%��GLH�*DVSKDVH�EHLP�3DV�
VLHUHQ� GHU�:HOOHQEHUJH� GHU� )O�VVLJSKDVH� DXI� .RVWHQ� GHV� 'UXFNHV� EHVFKOHXQLJW�� GHU� 'UXFN
ZLUG�DEHU�DXI�*UXQG�GHU�*HRPHWULH�QLFKW�ZLH�EHL�HLQHP� LGHDOHQ�'LIIXVRU�]XU�FNJHZRQQHQ�
VRQGHUQ�GXUFK�9HUZLUEHOXQJ� LQ� WKHUPLVFKH�(QHUJLH�XPJHZDQGHOW��$XFK�GXUFK�)O�VVLJNHLWV�
PLWUHL�HQ�XQG�:LHGHUHLQWDXFKHQ�GHU�7URSIHQ�LQ�GLH�)O�VVLJSKDVH�ZLUG�PHFKDQLVFKH�(QHUJLH
GLVVLSLHUW��6FKOLH�OLFK�VSLHOW�QHEHQ�DQGHUHQ�(IIHNWHQ�QRFK�GLH�$UEHLW�JHJHQ�2EHUIOlFKHQVSDQ�
QXQJVNUlIWH�HLQH�5ROOH� �0D\LQJHU��������'LHVH�9RUJlQJH� LQ�HLQHP�WKHRUHWLVFKHQ�0RGHOO� ]X
EHVFKUHLEHQ�LVW�HLQH�NRPSOH[H�$XIJDEH��+lXILJ�ZHUGHQ�GHVKDOE�HPSLULVFKH�RGHU�KDOEHPSLUL�
VFKH�'UXFNYHUOXVWPRGHOOH�DQJHZHQGHW�

,Q�GLHVHU�$UEHLW�ZLUG� I�U�GLH�6LPXODWLRQ�GDV�0RGHOO�YRQ�/RFNKDUW�0DUWLQHOOL� YHUZHQGHW�
(V� LVW� HLQIDFK� DQ]XZHQGHQ� XQG� HV� VLQG� NHLQH� ÄNUDVVHQ� $XVUHL�HU³� ]X� EHI�UFKWHQ
�0D\LQJHU��������/DXW��%DHKU�������OLHIHUW�HV�XQDEKlQJLJ�YRP�$QZHQGXQJVIDOO�EHIULHGLJHQ�
GH�(UJHEQLVVH�PLW�HLQHP�8QVLFKHUKHLWVEHUHLFK�YRQ�r������$OOHUGLQJV�ZXUGHQ�GLH�%H]LHKXQ�
JHQ�YRQ�/RFNKDUW�XQG�0DUWLQHOOL� EHL� QLHGULJHQ�'U�FNHQ� HQWZLFNHOW��ZDV�GHUHQ�$QZHQGXQJ
I�U�KRKH�'U�FNH�HYHQWXHOO�HWZDV�XQJHQDXHU�PDFKW�
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'DV�0RGHOO�QDFK�/RFNKDUW�0DUWLQHOOL� JHKW�ZLH�GLH�PHLVWHQ�$QVlW]H�GDYRQ�DXV�� GDVV�GHU
=ZHLSKDVHQGUXFNYHUOXVW�VLFK�PLWWHOV�HLQHV�.RUUHNWXUIDNWRUV�DXV�GHP�5HLEXQJVGUXFNDEIDOO�GHU
(LQ]HOSKDVHQ�HUPLWWHOQ�OlVVW�
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+LHULQ�LVW��GS�G]��I�GHU�5HLEXQJVGUXFNDEIDOO�GHU�)O�VVLJNHLW���GS�G]��J�GHU�GHV�'DPSIHV��XQWHU
GHU�9RUDXVVHW]XQJ��GDVV�MHGH�GHU�EHLGHQ�3KDVHQ�GDV�5RKU�DOOHLQ�GXUFKVWU|PW��$OV�6WU|PXQJV�
JHVFKZLQGLJNHLW�ZLUG�DOVR�MHZHLOV�GLH�/HHUURKUJHVFKZLQGLJNHLW�Z�I�E]Z��Z�J�JHQRPPHQ�� ,VW
)I

��E]Z��)J
��EHNDQQW��VR�LVW�GHU�'UXFNYHUOXVW�GHU�=ZHLSKDVHQVWU|PXQJ��EHU�GHQ�'UXFNYHU�

OXVW�GHU�(LQSKDVHQVWU|PXQJ�GHU�)O�VVLJNHLW�RGHU�GHQ�GHV�'DPSIHV�EHUHFKHQEDU��=LHO� LVW� HV�
GLH�=ZHLSKDVHQPXOWLSOLNDWRUHQ�)I�E]Z��)J�LQ�$EKlQJLJNHLW�HLQHV�3DUDPHWHUV�GDU]XVWHOOHQ��(V
ZLUG� GHU� VR� JHQDQQWH� /RFNDUW�0DUWLQHOOL�3DUDPHWHU� ;� HLQJHI�KUW�� GHVVHQ� 4XDGUDW� GDV� 9HU�
KlOWQLV�GHV�'UXFNDEIDOOV�GHU�)O�VVLJSKDVH�]XU�*DVSKDVH�GDUVWHOOW�
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:HUGHQ�QDFK�*OHLFKXQJ��������GLH�'UXFNYHUOXVWH�GHU�HLQ]HOQHQ�3KDVHQ�PLW�GHQ�/HHUURKUJH�
VFKZLQGLJNHLWHQ�GHU�%H]LHKXQJHQ��������XQG��������HLQJHI�KUW
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)�U� GLH� %HUHFKQXQJ� GHU�:LGHUVWDQGVEHLZHUWH� VHW]HQ� /RFNDUW� XQG�0DUWLQHOOL� I�U� WXUEXOHQWH
6WU|PXQJHQ�GLH�*�OWLJNHLW� GHV�%ODVLXV�*HVHW]HV� YRUDXV��'LH�5H\QROGV�=DKOHQ� VLQG�PLW� GHU
/HHUURKUJHVFKZLQGLJNHLW�GHU�3KDVHQ�JHELOGHW�

� �
Q

I

L

Q

I

I

$

G[0

&

5H

&

¸
¸
¹

·
¨
¨
©

§ �
  

K

]
�� �

������

Q

J

L

Q

J

J

$

G[0

&

5H

&

¸
¸
¹

·
¨
¨
©

§
  

K

]
��

������



��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ ��

(LQJHVHW]W� LQ�*OHLFKXQJ��������HUJLEW�VLFK�PLW�Q �����WXUEXOHQW�� WHFKQLVFK�JODWWHV�5RKU��GHU
/RFNDUW�0DUWLQHOOL�3DUDPHWHU�I�U�HLQH�WXUEXOHQWH�6WU|PXQJ�;WW
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0LW�GLHVHP�3DUDPHWHU�ODVVHQ�VLFK�GLH�=ZHLSKDVHQPXOWLSOLNDWRUHQ�GDUVWHOOHQ��)�U�HLQH�WXUEX�
OHQWH�6WU|PXQJ�JLOW�
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'DPLW�OlVVW�VLFK�GHU�'UXFNYHUOXVW�GHU�=ZHLSKDVHQVWU|PXQJ�PLW�+LOIH�GHV�'UXFNYHUOXVWHV�GHU
(LQSKDVHQVWU|PXQJ�EHUHFKQHQ�

,Q�$EE������ LVW� GHU�5HLEXQJVGUXFNYHUOXVW� GHU�(LQ�� E]Z��=ZHLSKDVHQVWU|PXQJ� LQ�$EKlQ�
JLJNHLW� GHU� VSH]LILVFKHQ� (QWKDOSLH� GDUJHVWHOOW�� 'LH� %HUHFKQXQJ� LVW� I�U� GUHL� 0DVVHQVWU|PH
0�  �����NJ�V�� �����NJ�V� XQG� �����NJ�V� EHL� HLQHP� 'UXFN� YRQ� MHZHLOV� S ���EDU� XQG� HLQHP
5RKULQQHQGXUFKPHVVHU�YRQ�GL ���PP�HUIROJW��'HU�'UXFNYHUOXVW�LP�(LQSKDVHQJHELHW�GHV�XQ�
WHUN�KOWHQ�:DVVHUV� LVW�JHULQJ�� ,P�%HUHLFK�GHU�(LQSKDVHQVWU|PXQJ�GHV��EHUKLW]WHQ�'DPSIHV
LVW�HU�DXI�*UXQG�GHU�K|KHUHQ�6WU|PXQJVJHVFKZLQGLJNHLWHQ�JU|�HU��(U�QLPPW�GRUW�PLW�VWHLJHQ�
GHU�VSH]LILVFKHU�(QWKDOSLH�]X��GD�GLH�'LFKWH�DEQLPPW�XQG�GLH�6WU|PXQJVJHVFKZLQGLJNHLW�]X�
QLPPW����,P�=ZHLSKDVHQJHELHW�LVW�HLQ�0D[LPXP�GHV�'UXFNYHUOXVWHV�]X�HUNHQQHQ��'LHV�OLHJW
DP�REHQ�EHVFKULHEHQHQ�LUUHYHUVLEOHQ�,PSXOVDXVWDXVFK�]ZLVFKHQ�GHU�:DVVHU��XQG�'DPSISKD�
VH�� 'LHVH� ,UUHYHUVLELOLWlWHQ� QHKPHQ� I�U� 6WU|PXQJVPDVVHQGDPSIJHKDOWH� o[� �� XQG� o[� ��
DOVR�EHL�1lKHUXQJ�DQ�GLH�(LQSKDVHQVWU|PXQJ�ZLHGHU�DE��ZDV�GDV�0D[LPXP�LP�'UXFNYHUOXVW
HUNOlUW��$Q�$EE������LVW�DXFK�GHXWOLFK�]X�HUNHQQHQ��GDVV�PLW�]XQHKPHQGHQ�0DVVHQVWURP��G��K�
]XQHKPHQGHQ�6WU|PXQJVJHVFKZLQGLJNHLWHQ�GHU�5HLEXQJVGUXFNYHUOXVW�VWDUN�DQVWHLJW�

������������������������������������������������
�� 'HU ,QGH[ WW GHXWHW DQ� GDVV GLHVHU =ZHLSKDVHQPXOWLSOLNDWRU *�OWLJNHLW EHVLW]W� ZHQQ EHLGH 3KDVHQ
WXUEXOHQW VWU|PHQ�
�� 'LH *HVFKZLQGLJNHLW JHKW LQ GDV (LQSKDVHQGUXFNYHUOXVWPRGHOO YRQ +HUPDQQ I�U WXUEXOHQWH 6WU|�
PXQJ PLW HLQHU 3RWHQ] Q!� HLQ� G�K WURW] QLHGULJHUHU 'LFKWH VWHLJW GHU 'UXFNYHUOXVW EHL K|KHUHU
(QWKDOSLH�
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m
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M=0,25 kg/s
M=0,50 kg/s
M=0,75 kg/s

überhitzt 2−phasig unterkühlt 

$EE������ 5HLEXQJVGUXFNYHUOXVWH GHU (LQ� XQG =ZHLSKDVHQVWU|PXQJ I�U GLH 0DVVHQVWU|PH
���� NJ�V� ���� NJ�V XQG ���� NJ�V �EHL S �� EDU� GL �� PP�� 'HU =ZHLSKDVHQGUXFN�
YHUOXVW LVW PLW GHP 0RGHOO YRQ /RFNKDUW�0DUWLQHOOL EHUHFKQHW�

,Q�$EE������LVW�GHU�(LQIOXVV�GHV�'UXFNHV�DXI�GHQ�5HLEXQJVGUXFNYHUOXVW�YHUGHXWOLFKW��)�U�GLH
'U�FNH�S ���EDU�����EDU�XQG�����EDU� LVW�I�U�HLQHQ�0DVVHQVWURP� 0�  ����NJ�V�GHU�'UXFNYHU�
OXVW� EHL� YHUVFKLHGHQHQ� 6WU|PXQJVPDVVHQGDPSIJHKDOWHQ��� HLQJH]HLFKQHW�� 'LH� 8UVDFKH� GHU
QLHGULJHUHQ�'UXFNYHUOXVWH�EHL�KRKHQ�'U�FNHQ�OLHJW�DQ�GHQ�NOHLQHUHQ�'DPSIJHVFKZLQGLJNHL�
WHQ��%HL�KRKHQ�'U�FNHQ�LVW�GLH�'LFKWH�GHV�'DPSIHV�JU|�HU�DOV�EHL�NOHLQHQ�'U�FNHQ��ZDV�EHL
JOHLFKHP�0DVVHQVWURP�HLQH�JHULQJH�*HVFKZLQGLJNHLW�GHU�'DPSISKDVH�EHGHXWHW�
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unterkühlt 2−phasig überhitzt 

$EE������ 5HLEXQJVGUXFNYHUOXVWH GHU (LQ� XQG =ZHLSKDVHQVWU|PXQJ I�U GLH 'U�FNH S �� EDU�
S �� EDU XQG S ��� EDU EHL HLQHP 0DVVHQVWURP YRQ ��� NJ�V �GL �� PP�� 'HU =ZHL�
SKDVHQGUXFNYHUOXVW LVW PLW GHP 0RGHOO YRQ /RFNKDUW�0DUWLQHOOL EHUHFKQHW�

������������������������������������������������
�� 'LH 6WU|PXQJVPDVVHQGDPSIJHKDOWH [� �� XQG [� !� VLQG UHFKQHULVFKH *U|�HQ� 6LH JHEHQ GHQ *UDG
GHU 8QWHUN�KOXQJ E]Z� hEHUKLW]XQJ DQ�
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8P�DEVFKlW]HQ�]X�N|QQHQ��RE�GDV�0RGHOO�YRQ�/RFNKDUW�0DUWLQHOOL�DXFK�I�U�GLH�$QZHQGXQJ
LQ� VRODUHQ�9HUGDPSIHUURKUHQ�PLW� LKUHQ� ]XP�7HLO� KRKHQ�'U�FNHQ� DQZHQGEDU� LVW�� HUIROJW� HLQ
9HUJOHLFK�PLW�HLQHP�YRP�=6:�HQWZLFNHOWHQ�0RGHOO��'LVV�,�5HSRUW��������'LHVHV�0RGHOO�LVW
DXV�0HVVXQJHQ�HQWZLFNHOW�ZRUGHQ��GLH�GHP�3DUDPHWHUEHUHLFK� HLQHV�3DUDEROULQQHQDEVRUEHUV
PLW� 'LUHNWYHUGDPSIXQJ� HQWVSUHFKHQ�� (V� OLHIHUW� HLQHQ� �EHU� DOOH� 6WU|PXQJVPDVVHQGDPSIJH�
KDOWH� [� �JHPLWWHOWHQ�=ZHLSKDVHQPXOWLSOLNDWRU�5� I�U� HLQHQ�$EVRUEHUVWUDQJ� LP�'XUFKODXINRQ�
]HSW�

>EDU@LQ�������� ����� SS5 �� ������

,Q�GLHVHP�0RGHOO� LVW� GHU�=ZHLSKDVHQPXOWLSOLNDWRU�5� GHILQLHUW� DOV� GDV�9HUKlOWQLV� GHV�=ZHL�
SKDVHQGUXFNYHUOXVWHV� ]XP�(LQSKDVHQGUXFNYHUOXVW��ZHQQ� GLH� JHVDPWH�0DVVH� DOV� )O�VVLJNHLW
VWU|PHQ�Z�UGH�
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$EE������� 9HUJOHLFK GHV =ZHLSKDVHQ�'UXFNYHUOXVWPRGHOOV YRQ /RFNDUW�0DUWLQHOOL �0�� PLW
GHP YRP =6: I�U GDV 'XUFKODXINRQ]HSW HQWZLFNHOWHQ 0RGHOO �0�� EHL HLQHP 0DV�
VHQVWURP YRQ ��� NJ�V �GL �� PP� XQG YHUVFKLHGHQHQ 'U�FNHQ� 'HU �EHU GHQ =ZHL�
SKDVHQEHUHLFK JHPLWWHOWH 'UXFNYHUOXVW GHV 0RGHOOV 0� P�VVWH EHL hEHUHLQVWLPPXQJ
GHU EHLGHQ 0RGHOOH GHP :HUW GHV 0RGHOOHV 0� HQWVSUHFKHQ�

'DV�0RGHOO�GHV�=6:�LVW�PLW�0���GDV�0RGHOO�YRQ�/RFNKDUW�0DUWLQHOOL�PLW�0��JHNHQQ]HLFK�
QHW�� 'D� GDV� EHLP� =6:� HQWZLFNHOWH� 0RGHOO� QXU� HLQHQ� LQWHJUDOHQ�:HUW� �EHU� GHQ� JHVDPWHQ
6WU|PXQJVPDVVHQGDPSIJHKDOW� GDUVWHOOW�� PXVV� ]XP� 9HUJOHLFK� DXFK� HLQ� 0LWWHOZHUW� I�U� GDV
0RGHOO�YRQ�/RFNKDUW�0DUWLQHOOL�EHUHFKQHW�ZHUGHQ��'LH�(UJHEQLVVH�VLQG�LQ�7DEHOOH�����GDUJH�
VWHOOW��'LH�$EZHLFKXQJHQ�GHU�0RGHOOH�VLQG�LQ�$EE�������JUDSKLVFK�GDUJHVWHOOW�
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7DEHOOH����� 9HUJOHLFK GHV YRP =6: HQWZLFNHOWHQ =ZHLSKDVHQ�'UXFNYHUOXVWPRGHOOV �0�� PLW
GHQ JHPLWWHOWHQ :HUWHQ GHV 0RGHOOV YRQ /RFNDUW�0DUWLQHOOL �0�� EHL YHUVFKLHGHQHQ
'U�FNHQ XQG 0DVVHQVWU|PHQ �GL �� PP��

0DVVHQVWURP

>NJ�V@

'UXFN

>EDU@

0RGHOO =6: �0��

>3D�P@

/RFNK��0DUWLQHOOL �0��

>3D�P@

5HODWLYH $EZHLFKXQJ

>�@

�� ��� ��� ��

�� �� ��� ���0�  ���� NJ�V
��� �� �� ���
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�� ��� ��� ���0�  ���� NJ�V
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�� ��� ��� ���0�  ���� NJ�V
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'LH :HUWH VLQG 0LWWHOZHUWH I�U DOOH [� ]ZLVFKHQ � XQG ��

'LH UHODWLYH $EZHLFKXQJ ZXUGH PLW IROJHQGHU )RUPHO EHUHFKQHW� UHO� $EZHLFKXQJ �0��0���0��
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$EE������� 5HODWLYH $EZHLFKXQJ GHU JHPLWWHOWHQ :HUWH GHV /RFNDUW�0DUWLQHOOL�0RGHOOV YRP

=ZHLSKDVHQ�'UXFNYHUOXVWPRGHOO GHV =6: LQ $EKlQJLJNHLW YRQ 'UXFN XQG 0DVVHQ�

VWURP �GL �� PP��

)�U�GHQ�YRUOLHJHQGHQ�)DOO�VLQG�GLH�$EZHLFKXQJHQ�]ZLVFKHQ�GHQ�EHLGHQ�0RGHOOHQ�I�U�QLHGUL�
JH�'U�FNH�JHULQJ��'HU�0DVVHQVWURP�KDW�NDXP�HLQHQ�(LQIOXVV�DXI�GLH�$EZHLFKXQJ�GHU�]ZHL
0RGHOOH�� GD� GLHVHU� LQ� EHLGHQ�0RGHOOHQ� QLFKW� LQ� GHQ� =ZHLSKDVHQPXOWLSOLNDWRU� HLQJHKW�� %HL
HLQHP�'UXFN�YRQ�S ���EDU� LVW�GLH�$EZHLFKXQJ�NOHLQHU�DOV������%HL�K|KHUHQ�'U�FNHQ�]HLJW
GDV�0RGHOO�YRQ�/RFNKDUW�0DUWLQHOOL�HWZDV�K|KHUH�:HUWH�DOV�GDV�0RGHOO�YRP�=6:��'LH�$E�
ZHLFKXQJ� EHWUlJW� EHL�S ����EDU�PD[LPDO�PLQXV� ������'LHV� I�U� GLH�8QJHZLVVKHLWHQ� LQ� GHU
=ZHLSKDVHQWHFKQLN� QRFK� HLQ� EHIULHGLJHQGHV�(UJHEQLV��'DV�0RGHOO� YRQ� /RFNKDUW�0DUWLQHOOL
NDQQ�DOVR�GXUFKDXV�EHL�GHU�6LPXODWLRQ�GHU�'LUHNWYHUGDPSIXQJ�DXFK�EHL�KRKHQ�'U�FNHQ�DQ�
JHZHQGHW�ZHUGHQ��ZHQQ�(LQEX�HQ�LQ�GHU�*HQDXLJNHLW�LQ�.DXI�JHQRPPHQ�ZHUGHQ��*HJHQ�EHU
GHP�0RGHOO�GHV�=6:�KDW�HV�GHQ�9RUWHLO��GDVV�HV�NHLQHQ�LQWHJUDOHQ�:HUW�I�U�DOOH�6WU|PXQJV�
PDVVHQGDPSIJHKDOWH�EHUHFKQHW��VRQGHUQ�HLQHQ�VHSDUDWHQ�:HUW�I�U�MHGHQ�'DPSIJHKDOW�OLHIHUW�
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3.2.2 Modell der Rohrwand

Die Energiebilanz wird für ein Rohrsegment aufgestellt. Das in Abb. 3-12 dargestellte Seg-
ment wird in einer Geometrieklasse15 durch den Rohraußen- und –innendurchmesser di und
da, den Winkel ∆β und die Länge dz beschrieben.
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Abb. 3-12: Rohrsegment mit den beschreibenden Größen, Randbedingungen und Gleichungen
der geometrischen Zusammenhänge.

Innerhalb des Segments wird eine einheitliche Temperatur Tw angenommen. Das Rohr soll
aus einem Material konstanter Dichte und spezifischer Wärmekapazität gefertigt sein. Die
axiale Wärmeleitung innerhalb des Rohres wird nicht berücksichtigt. Ein Temperaturgradient
in radialer Richtung soll vernachlässigt werden. Die Energiebilanz für das dargestellte Seg-
ment i lautet dann:
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ρρ & (3-85)

Durch die Definition einer Geometrieklasse in Dymola, die die Größe des Rohrsegments be-
schreibt, kann die Objektklasse Rohrwand flexibel an die jeweilige Fragestellung angepasst
werden16. Die zeitliche Ableitung der Fläche (letzte Term der rechten Seite) in Gleichung
(3-85) stellt einen Quell- bzw. Senkenterm dar, wenn sich die Grenzen des Rohrsegmentes

                                                
15 Die verwendete, objektorientierte Simulationssprache Modelica verwendet Klassen, um daraus
Objekte zu erzeugen. Ein Gesamtmodell setzt sich aus verschiedenen Objekten zusammen (siehe auch
Kapitel 4.2, Seite 66)
16 Die Rohrwand kann z. B. in mehrere Segmente unterschiedlicher Temperaturen unterteilt werden.
Die Wärmestromdichten in azimutaler Richtung (q‘

2 und q‘
4) können näherungsweise über eine statio-

näre, analytische Lösung abgeschätzt werden (siehe /Steinmann 1998/).



�� ��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ

DXI�*UXQG�HLQHU�VLFK�YHUVFKLHEHQGHQ�%HQHW]XQJVK|KH�lQGHUW��:HLWHW�VLFK�GDV�5RKUVHPHQW� L
DXI�.RVWHQ� GHV� 6HJPHQWHV� M� DXV� �G$TXHU�L�GW!���� XQG� LVW� GLH� 7HPSHUDWXU�7ZM� GHV� 6HJPHQWV� M
NOHLQHU�DOV�GLH�7HPSHUDWXU�7ZL�GHV�6HJPHQWHV�L��GDQQ�PXVV�VLFK�DXV�*U�QGHQ�GHU�(QHUJLHHU�
KDOWXQJ�GLH�7HPSHUDWXU�GHV�6HJPHQWHV�L�HUQLHGULJHQ��*HKW�PDQ�YRQ�IHVWHQ�*UHQ]HQ�]ZLVFKHQ
GHQ�5RKUVHJPHQWHQ�DXV��VR�HQWIlOOW�GHU�7HUP�

'D�GLH�6LPXODWLRQHQ� LQ� GLHVHU�$UEHLW� ]XU�%HJUHQ]XQJ� GHV�5HFKHQDXIZDQGHV�PLW� QXU� HL�
QHP��QLFKW�YHUlQGHUOLFKHQ�5RKUVHJPHQW��'E �S NRQVWDQW��GXUFKJHI�KUW�ZHUGHQ��HQWIlOOW�GHU
4XHOO��XQG�6HQNHQWHUP��$OV�5DQGEHGLQJXQJHQ�P�VVHQ�QXU� �T� � ��EHU�*OHLFKXQJ��������XQG

�T� ���EHU�GHQ�NRQYHNWLYHQ�:lUPHWUDQVSRUW�DQ�GLH�6WU|PXQJ��EHVWLPPW�ZHUGHQ��'DGXUFK�YHU�
HLQIDFKW�VLFK�*OHLFKXQJ��������]X�

���� GOTGOT
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G7
G$F Z

TXHUVV
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'XUFK�GLH�YHUHLQIDFKHQGH�$QQDKPH�HLQHU�HLQKHLWOLFKHQ�7HPSHUDWXU� I�U�GHQ�JHVDPWHQ�5RKU�
TXHUVFKQLWW��'E �S��ZHUGHQ�IROJHQGH�)HKOHU�LQ�.DXI�JHQRPPHQ��'LH�:lUPHVWURPGLFKWH�GHU
$EVWUDKOXQJ�ZLUG�DOV�]X�JHULQJ�EHUHFKQHW��GD�GLH�7HPSHUDWXU�GRUW� LQ�YLHUWHU�3RWHQ]�HLQJHKW�
%HL�7HPSHUDWXUGLIIHUHQ]HQ�YRQ�PD[LPDO�FD�����.� OLHJW�GHU�)HKOHU� MHGRFK�EHL�ZHQLJHQ�3UR�
]HQW� GHU� $EVWUDKOXQJVYHUOXVWH�� =ZHLWHQV� LVW� I�U� GLH� %HUHFKQXQJ� GHV� :lUPH�EHUJDQJV� GLH
WUHLEHQGH�.UDIW�QLFKW�GLH�'LIIHUHQ]�]ZLVFKHQ�GHU�EHUHFKQHWHQ�� JHPLWWHOWHQ�5RKUZDQGWHPSH�
UDWXU�]XU�)OXLGWHPSHUDWXU��VRQGHUQ�GLH�'LIIHUHQ]�]ZLVFKHQ�GHU�WDWVlFKOLFK�YRUOLHJHQGHQ�7HP�
SHUDWXU�]XU�)OXLGWHPSHUDWXU��'LHV�P�VVWH� LQ�*OHLFKXQJ� ��������EHL�GHU�%HUHFKQXQJ�GHV�JH�
PLWWHOWHQ�:lUPH�EHUJDQJV� EHU�FNVLFKWLJW�ZHUGHQ��ZDV� DEHU� DXI�*UXQG� GHU�8QNHQQWQLV� GHU
YHUVFKLHGHQHQ�5RKUZDQGWHPSHUDWXUHQ�QLFKW�P|JOLFK�LVW��VLHKH�DXFK�)X�QRWH����DXI�6HLWH�����

������ 0RGHOOH�I�U�GLH�:lUPH�EHUJlQJH

:lUPH�EHUJDQJH� PDFKHQ� $XVVDJHQ�� LQZLHIHUQ� GLH� �EHUWUDJHQH� :lUPH� YRP� WUHLEHQGHQ
7HPSHUDWXUJHIlOOH� DEKlQJW� XQG� ZLH� VFKQHOO� GHU� 3UR]HVV� GHU� :lUPH�EHUWUDJXQJ� DEOlXIW
�%DHKU�������� =XVDPPHQ�PLW� GHP�(QHUJLHVSHLFKHUYHUP|JHQ� GHU�5RKUZDQG� KDEHQ�:lUPH�
�EHUJlQJH�HLQHQ�EHGHXWHQGHQ�(LQIOXVV�DXI�GDV�G\QDPLVFKH�9HUKDOWHQ�GHU�$QODJH��$X�HUGHP
VLQG� VLH�ZLFKWLJ� LP�+LQEOLFN� DXI� GLH� 5RKUZDQGWHPSHUDWXUHQ��0D[LPDOWHPSHUDWXUHQ� G�UIHQ
JHQDXVR� ZHQLJ� �EHUVFKULWWHQ� ZHUGHQ� ZLH� 6SDQQXQJHQ�� GLH� GXUFK� |UWOLFKH� *UDGLHQWHQ� RGHU
7UDQVLHQWHQ�GHU�5RKUZDQG�DXVJHO|VW�ZHUGHQ��+RKH�5RKUZDQGWHPSHUDWXUHQ�ZLUNHQ�VLFK�DXFK
QHJDWLY�DXI�GLH�JHZRQQHQH�/HLVWXQJ�GHV�.ROOHNWRUV�DXV�

(LQH�0RGHOOYHUHLQIDFKXQJ�LVW�LQ�GHU�5HJHO�PLW�HLQHP�,QIRUPDWLRQVYHUOXVW�YHUEXQGHQ��'LH
9HUZHQGXQJ� HLQHV� KRPRJHQHQ�0RGHOOV� LP� =ZHLSKDVHQJHELHW� JHKW� PLW� GHU� (LQVFKUlQNXQJ
HLQKHU��GDVV�HV�NHLQH�$XVVDJHQ�EH]�JOLFK�GHU�3KDVHQYHUWHLOXQJ�RGHU�GHV�*HVFKZLQGLJNHLWV�
YHUKlOWQLVVHV� DXV� )O�VVLJ�� XQG�*DVSKDVH�PDFKHQ� NDQQ��$XFK� VLQG� GXUFK� GLH�0LWWHOXQJ� GHV
KRPRJHQHQ�0RGHOOV�DOOH�,QIRUPDWLRQHQ�E]JO��GHU�6WU|PXQJVIRUP�YHUORUHQ�JHJDQJHQ��'LHVHV
:LVVHQ�ZLUG�MHGRFK�I�U�GLH�0RGHOOLHUXQJ�GHV�:lUPH�EHUJDQJV�EHQ|WLJW��'DKHU�ZLUG��EHYRU
GLH� EHQXW]WHQ�:lUPH�EHUJDQJVEH]LHKXQJHQ� I�U� GLH� LQQHUH� 5RKUZDQG� EHVFKULHEHQ� ZHUGHQ�
]XHUVW�DXI�GDV�3KDVHQYHUWHLOXQJVPRGHOO�HLQJHJDQJHQ�
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3KDVHQYHUWHLOXQJVPRGHOO

8P�GHQ�XQEHNDQQWHQ�YROXPHWULVFKHQ�'DPSIJHKDOW� H� ]X�EHVWLPPHQ��PLW� GHP� DXFK� GLH�*H�
VFKZLQGLJNHLWHQ�GHU�EHLGHQ�3KDVHQ��EHU�GLH�*OHLFKXQJHQ� �������XQG� �������EHUHFKQHW�ZHU�
GHQ��JLEW�HV� IROJHQGH�0|JOLFKNHLWHQ��'HU�'DPSIJHKDOW�H�NDQQ�EHL� EHNDQQWHP�6FKOXSI��EHU
*OHLFKXQJ� ������� EHUHFKQHW� ZHUGHQ�� 'DI�U� LVW� DEHU� HLQH� VHSDUDWH� %H]LHKXQJ� I�U� GDV� *H�
VFKZLQGLJNHLWVYHUKlOWQLV� �6FKOXSI�� QRWZHQGLJ�� GLH� PHLVW� HPSLULVFKHU� RGHU� KDOEHPSLULVFKHU
$UW�LVW��'LH�]ZHLWH�0|JOLFKNHLW�EHVWHKW�GDULQ��VRIRUW�HLQH�%H]LHKXQJ�I�U�GHQ�'DPSIJHKDOW�]X
QXW]HQ��,P�IROJHQGHQ�$EVFKQLWW�ZHUGHQ�GLH�(UJHEQLVVH�YHUVFKLHGHQHU�$QVlW]H�YHUJOLFKHQ��XP
VLFK�GDQQ�I�U�GLH�9HUZHQGXQJ�HLQHU�%H]LHKXQJ�LQ�GHU�6LPXODWLRQ�]X�HQWVFKHLGHQ�

6FKOXSIPRGHOOH

$QVDW]� QDFK� /HY\�� (LQHU� GHU� HUVWHQ� XQG� HLQIDFKVWHQ� WKHRUHWLVFKHQ�$QVlW]H� I�U� GHQ� 6FKOXSI
VWDPPW�YRQ�/HY\��(U�VHW]WH�I�U�EHLGH��JHWUHQQW�VWU|PHQGHQ�3KDVHQ�GLH�,PSXOV��XQG�%HUQRXOOL�
*OHLFKXQJ�DQ�XQG�NDP�]X�IROJHQGHU�%H]LHKXQJ��0D\LQJHU�������
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/HY\�VWHOOWH�MHGRFK�IHVW��GDVV�]ZLVFKHQ�5HFKQXQJ�XQG�0HVVXQJ�$EZHLFKXQJHQ�ELV�����
DXIWUDWHQ��*OHLFKXQJ�������� LQ��������HLQJHVHW]W�HUJLEW�HLQH�LPSOL]LWH�%H]LHKXQJ�I�U�GHQ�YR�
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$QVDW]� QDFK� *RHEHO�� )�U� GHQ� 3DUDPHWHUEHUHLFK� HLQHV� 3DUDEROULQQHQNUDIWZHUNHV� VWHOOWH
�*RHEHO�������I�U�GHQ�6FKOXSI�IROJHQGH��QXU�YRP�'UXFN�DEKlQJLJH�.RUUHODWLRQ�IHVW�

� �
��

���
������ ��� S6 ���[���I�U �� � ������

S�LQ�>EDU@

)�U�'DPSIJHKDOWH� NOHLQHU� DOV� ���� VWUHEW� GHU� 6FKOXSI� JHJHQ� 6 ��� GD� GLH�:HOOHQVSLW]HQ� GHQ
5RKUTXHUVFKQLWW� I�U� GLH�'DPSIVWU|PXQJ� YHUNOHLQHUQ� �6FKZDOOVWU|PXQJ��� )�U�'DPSIJHKDOWH
JU|�HU� DOV� ����ZLUG� LQ� GHU�9HUJOHLFKVUHFKQXQJ� DQJHQRPPHQ�� GDVV� VLH� GLH� RELJH�%H]LHKXQJ
LKUH�*�OWLJNHLW� EHKlOW��0LW� GHP� EHNDQQWHQ� 6FKOXSI� HUKlOW� PDQ�PLW� GHU� XPJHIRUPWHQ�*OHL�
FKXQJ��������GHQ�'DPSIJHKDOW�H�
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0RGHOOH�]XU�GLUHNWHQ�%HVWLPPXQJ�GHV�'DPSIJHKDOWHV�H

$QVDW]�QDFK�5RXKDQL�� ,Q� �9',�������ZLUG�GLH�%H]LHKXQJ�QDFK�5RXKDQL�HPSIRKOHQ��GLH�GHQ
'DPSIJHKDOW�RKQH�GHQ�8PZHJ��EHU�GHQ�6FKOXSI�EHVWLPPW�
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PLW 6WU|PXQJVPDVVHQGDPSIJHKDOW� [� �LQ�>�@
'LFKWHQ�GHU�)O�VVLJ��XQG�'DPSISKDVH�UI��UJ�LQ�>NJ�P

�@
(UGEHVFKOHXQLJXQJ�J�LQ�>P�V�@
2EHUIOlFKHQVSDQQXQJ�V�LQ�>1�P@
0DVVHQVWURPGLFKWH�P� �LQ�>NJ��P�V�@

$QVDW]�QDFK�/DXIV��,Q��/DXIV�������ZLUG�HLQH�.RUUHODWLRQ�I�U�GHQ�)O�VVLJNHLWV�+ROGXS���HI�QXU
LQ�$EKlQJLJNHLW� GHV� /RFNDUW�0DUWLQHOOL�3DUDPHWHUV�;WW� �VLHKH�*OHLFKXQJ� �������� DXIJHVWHOOW�
)�U�GHQ�'DPSIJHKDOW�H�HUJLEW�VLFK�GDQQ�
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(LQ�9HUJOHLFK�GHU�KLHU�YRUJHVWHOOWHQ�$QVlW]H�]XU�%HVWLPPXQJ�GHV�YROXPHWULVFKHQ�'DPSIJH�
KDOWHV�LVW�LQ�$EE�������I�U�HLQ�:DVVHU�'DPSI�*HPLVFK�EHL�S ���EDU�XQG�HLQHU�0DVVHQVWURP�
GLFKWH� P�  ����NJ��P�V�� GDUJHVWHOOW��'LH�(UJHEQLVVH� ]HLJHQ� QLFKW� XQHUKHEOLFKH�8QWHUVFKLHGH
]ZLVFKHQ�GHQ�0RGHOOHQ����'LH�%H]LHKXQJ�QDFK�5RXKDQL� LVW� LQ�GHU�/LWHUDWXU� HPSIRKOHQ��6LH
OLHJW�]ZLVFKHQ�GHQ�.XUYHQ�YRQ�*RHEHO�XQG�/DXIV�XQG�]HLJW�HLQHQ�VWHWLJHQ�9HUODXI��$XV�GLH�
VHQ�*U�QGHQ�ZLUG�I�U�GHQ�ZHLWHUHQ�0RGHOODXIEDX�GLH�*OHLFKXQJ�YRQ�5RXKDQL�YHUZHQGHW�

'HU�6FKOXSI��GHU�QDFK�*OHLFKXQJ��������EHUHFKQHW�LVW��OLHJW�I�U�GHQ�%HUHLFK�YRQ�S ���EDU
XQG� S ����EDU� ]ZLVFKHQ� 6 �� XQG� 6 ����� 1DFK� GHU� %HUQRXOOL�*OHLFKXQJ� LVW� DXI� *UXQG� GHV
JHULQJHUHQ�'LFKWHXQWHUVFKLHGHV�GHU�EHLGHQ�3KDVHQ�EHL�VWHLJHQGHP�'UXFN�DXFK�GHU�*HVFKZLQ�
GLJNHLWVXQWHUVFKLHG�JHULQJHU�

$P� 9HUODXI� GHU� .XUYHQ� LVW� ]X� HUNHQQHQ�� GDVV� VFKRQ� HLQH� JHULQJH� 0HQJH� YHUGDPSIWHQ
:DVVHUV� HLQHQ� JUR�HQ�4XHUVFKQLWW� GHV�5RKUHV�EHOHJW��'LHV� LVW� DXI� GHQ� JUR�HQ�'LFKWHXQWHU�
VFKLHG�GHV�'DPSIHV�JHJHQ�EHU�:DVVHU�]XU�FN]XI�KUHQ�

������������������������������������������������
�� 'HU )O�VVLJNHLWV�+ROGXS HI LVW GHU YROXPHQJHPLWWHOWH� UHODWLYH $QWHLO GHU IO�VVLJHQ 3KDVH DP 4XHU�

VFKQLWW� (V JLOW GLH %H]LHKXQJ� HI�H ��

�� 'LH .XUYH QDFK �*RHEHO ����� ZHLVW HLQH .QLFNVWHOOH EHL [�  ��� DXI� GD GLH 6FKOXSIIXQNWLRQ LQ

LKUHP 'HILQLWLRQVEHUHLFK NRQVWDQW LVW XQG PLW +LOIH HLQHU OLQHDUHQ ,QWHUSRODWLRQ DXI GHQ JHVDPWHQ

=ZHLSKDVHQEHUHLFK �[� >���@ PLW HLQHU 8QVWHWLJNHLW EHL [�  ��� HUZHLWHUW ZXUGH�
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$EE������� 9HUJOHLFK YHUVFKLHGHQHU 0RGHOODQVlW]H I�U GHQ YROXPHWULVFKHQ 'DPSIJHKDOW H� EH�

UHFKQHW I�U HLQ :DVVHU�'DPSI�*HPLVFK EHL S �� EDU XQG HLQHU 0DVVHQVWURPGLFKWH

YRQ P�  ��� NJ��P�V��

0LW�+LOIH�GHV�YROXPHWULVFKHQ�'DPSIJHKDOWHV�H� LVW�DXV�JHRPHWULVFKHQ�%HWUDFKWXQJHQ�GHU�]X�
JHK|ULJH�:LQNHO�MKI�GHU�VWDWLVFKHQ�)O�VVLJNHLWVK|KH��VLHKH�$EE������DXI�6HLWH�����GDUVWHOOEDU�
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:LUG�%H]LHKXQJ��������GHU�6HLWH���� HLQJHVHW]W�� IROJW� DXV�GHP�'DPSIJHKDOW� HLQH� LWHUDWLY�]X
O|VHQGH�*OHLFKXQJ�I�U�GLH�VWDWLVFKH�:HOOHQK|KH�KI�
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8P�HLQH�DXIZHQGLJH��LWHUDWLYH�/|VXQJ�GHU�*OHLFKXQJ�]X�YHUPHLGHQ��ZXUGH�*OHLFKXQJ�������
GXUFK�HLQH�HLQIDFKH��OLQHDUH�%H]LHKXQJ�HUVHW]W�

� �H�� ���LI GK ������

,Q�$EE������� VLHKW�PDQ� LP� OLQNHQ�'LDJUDPP�GLH� GLPHQVLRQVORVH� VWDWLVFKH� )O�VVLJNHLWVK|KH
KI�GL�DOV�)XQNWLRQ�YRP�'DPSIJHKDOW�H��EHUHFKQHW�GXUFK�GLH�H[DNWH�%H]LHKXQJ��������XQG�GLH
1lKHUXQJ���������,P�UHFKWHQ�'LDJUDPP�GHU�$EE�������LVW�GLH�GLPHQVLRQVORVH�VWDWLVFKH�)O�V�
VLJNHLWVK|KH�KI�GL��EHU�GHP�6WU|PXQJVPDVVHQGDPSIJHKDOW� [� DXIJHWUDJHQ��ZLHGHU�PLW�GHU�H[�
DNWHQ�%H]LHKXQJ�XQG�GHU�1lKHUXQJ�EHUHFKQHW��0DQ�HUNHQQW��GDVV�GLH�9HUHLQIDFKXQJ�GXUFK�
DXV�]XOlVVLJ� LVW��'LH�)HKOHU� LQ�GHU� VWDWLVFKHQ�)O�VVLJNHLWVK|KH� OLHJHQ�XQWHU�����GHV�5RKULQ�
QHQGXUFKPHVVHUV�
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$EE������� 'LPHQVLRQVORVH VWDWLVFKH )O�VVLJNHLWVK|KH KI�GL DXIJHWUDJHQ �EHU GHP YROXPHWULVFKHQ

'DPSIJHKDOW H �OLQNHV 'LDJUDPP� XQG GHP 6WU|PXQJVPDVVHQGDPSIJHKDOW [� �UHFKWHV

'LDJUDPP�� EHUHFKQHW PLW GHU H[DNWHQ %H]LHKXQJ ������ XQG GHU 1lKHUXQJVEH]LH�

KXQJ �������

'LH� IROJHQGHQ� HPSLULVFKHQ� .RUUHODWLRQHQ� I�U� GLH� 3KDVHQYHUWHLOXQJ� VLQG� (UJHEQLVVH� GHV
*8'(�3URMHNWHV� �*RHEHO�������� LQ�GHP�GLH�=ZHLSKDVHQVWU|PXQJ�XQWHU�GHQ�5DQGEHGLQJXQ�
JHQ� HLQHV� $EVRUEHUURKUHV�PLW� 'LUHNWYHUGDPSIXQJ� XQWHUVXFKW� ZXUGH�� (V� ZXUGH� IHVWJHVWHOOW�
GDVV� DXFK� EHL� 6WU|PXQJVPDVVHQGDPSIJHKDOWHQ� QDKH� [�  �� GLH� VWDWLVFKH� )O�VVLJNHLWVK|KH� KI
QLFKW� XQWHU� ����PP�DEVLQNW��(V�ZLUG� GDKHU� HLQH� NRUULJLHUWH� VWDWLVFKH� )O�VVLJNHLWVK|KH�KI�NRUU
HLQJHI�KUW�
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'LH�REHUH�:HOOHQK|KH���KI��ZXUGH�LQQHUKDOE�GHV�*8'(�9HUVXFKVSURJUDPPHV�DOV�GRSSHOW�VR
JUR��ZLH�GLH�VWDWLVFKH�:HOOHQK|KH�HUPLWWHOW��(V�JLOW�DOVR�

NRUUII KK �� � 
�

������

'LH�%HQHW]XQJ� GHU� 5RKUZDQG� GXUFK� (QWUDLQPHQW� XQG�'HSRVLWLRQ� QLPPW�PLW� ]XQHKPHQGHU
NLQHWLVFKHU� (QHUJLH� GHU�'DPSISKDVH� ]X��'LH� )LOPK|KH� KILOP� VWHLJW� DOVR� TXDGUDWLVFK�PLW� GHU
'DPSIPDVVHQVWURPGLFKWH� JP� �
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'DEHL� VROO� PLW� P� J�8PVFKODJ�L� GLHMHQLJH� 'DPSIPDVVHQVWURPGLFKWH� EH]HLFKQHW� ZHUGHQ�� GLH� I�U
HLQH�JHVFKORVVHQH�5LQJVWU|PXQJ�PLQGHVWHQV�HUIRUGHUOLFK�LVW��'LHVH�8PVFKODJVPDVVHQVWURP�
GLFKWH�LVW�DEKlQJLJ�YRP�'UXFN�XQG�YRQ�GHU�%HKHL]XQJ��)�U�HLQH�XQEHKHL]WH�6WU|PXQJ�JLOW�

>EDU@LQ��PLW����������������� �

�� SSSP XQEHK8PVFKODJJ �� � ������

)�U�HLQH�EHKHL]WH�6WU|PXQJ�WULWW�GLH�JHVFKORVVHQH�5LQJVWU|PXQJ�HUVW�EHL�K|KHUHQ�'DPSIPDV�
VHQVWURPGLFKWHQ�HLQ��(V�JLOW�
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�� 'LH HQWVSUHFKHQGHQ *U|�HQ ZXUGHQ LQ $EE� ��� DXI 6HLWH �� HLQJHI�KUW�
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'LH�JHVDPWH�EHQHW]WH�+|KH�EHUHFKQHW�VLFK�VFKOLH�OLFK�DXV�GHU�6XPPH�GHU�REHUHQ�:HOOHQK|KH
KI��XQG�GHU�)LOPK|KH�KILOP��(V�ZLUG�]ZLVFKHQ�]ZHL�%HQHW]XQJVK|KHQ�XQWHUVFKLHGHQ�

x� 7HLOEHQHW]XQJVK|KH�� 'LH� +|KH�� XQWHUKDOE� ZHOFKHU� 'HSRVLWLRQ� VWDWWILQGHW�� DEHU� QLFKW
JHQ�JHQG�� XP� HLQHQ� GDXHUKDIWHQ� )O�VVLJNHLWVILOP� DXIUHFKW� ]X� HUKDOWHQ�� $XV� GHQ
*8'(�9HUVXFKHQ�KDW�VLFK�JH]HLJW��GDVV�HLQH�ZHLWHUH�8QWHUWHLOXQJ�LQQHUKDOE�GHU�7HLO�
EHQHW]XQJ�QRWZHQGLJ�LVW�
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x� %HQHW]XQJVK|KH��'LH�+|KH� XQWHUKDOE�ZHOFKHU� HLQ�)O�VVLJNHLWVILOP� DQ� GHU�5RKUZDQG
DQOLHJW�
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0LW�*OHLFKXQJ��������N|QQHQ�GDQQ�GLH�:LQNHO�I�U�GLH�HQWVSUHFKHQGHQ�+|KHQ�EHUHFKQHW�ZHU�
GHQ�
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,Q�$EE�������VLQG�GLH�PLW�GHP�5RKUGXUFKPHVVHU�QRUPLHUWHQ�+|KHQ�I�U�HLQH�XQEHKHL]WH�=ZHL�
SKDVHQVWU|PXQJ�EHL�S ���EDU� XQG�S ����EDU� DXIJHWUDJHQ�� ,Q� DOOHQ�%HUHLFKHQ�� LQ� GHQHQ� GLH
JHSXQNWHWH� /LQLH� GHU�%HQHW]XQJVK|KH�KEHQ� REHUKDOE� GHU� /LQLH� GHU�5RKUZDQG� OLHJW�� KHUUVFKW
HLQH� JHVFKORVVHQH� 5LQJVWU|PXQJ�� (LQH� 6FKZDOOVWU|PXQJ� OLHJW� GDQQ� YRU�� ZHQQ� GLH� REHUH
:HOOHQK|KH� KI�� GLH� 5RKUREHUVHLWH� �EHUVWHLJW�� ,Q� $EE������� OLHJW� EHL� S ���EDU� 6FKZDOOVWU|�
PXQJ� QXU� I�U� 6WU|PXQJVPDVVHQGDPSIJHKDOWH� [� ������ YRU�� ZlKUHQG� I�U� S ����EDU� GLHVH
6WU|PXQJVIRUP�ELV� [�  �����DXIWDXFKW��'LHV�NDQQ�GDGXUFK�HUNOlUW�ZHUGHQ��GDVV�EHL�QLHGULJHQ
'U�FNHQ�GLH�'DPSISKDVH�HLQH�JHULQJH�'LFKWH�EHVLW]W�XQG�GDKHU�HLQH�JHULQJH�'DPSIPDVVH�HLQ
JUR�HV�9ROXPHQ�HLQQLPPW��GLH�GLH�)O�VVLJSKDVH�YRQ�GHU�5RKUREHUVHLWH�YHUGUlQJW��%HL�K|KH�
UHQ�'U�FNHQ�EHVLW]W�GHU�'DPSI�HLQH�JU|�HUH�'LFKWH�XQG�GLH�9HUGUlQJXQJ�HUIROJW�HUVW�EHL�K|�
KHUHQ�6WU|PXQJVPDVVHQGDPSIJHKDOWHQ�

'LH�7DWVDFKH��GDVV�GLH�)LOPK|KH��$EVWDQG�]ZLVFKHQ�KI��XQG�KEHQ��EHL�QLHGULJHUHQ�'U�FNHQ
VFKQHOOHU� PLW� GHP� 6WU|PXQJVPDVVHQGDPSIJHKDOW� ]XQLPPW� DOV� EHL� K|KHUHQ� 'U�FNHQ�� OlVVW
VLFK� DXFK� DXI� GLH�'LFKWH� ]XU�FNI�KUHQ�� 'XUFK� GLH� JHULQJHUH�'LFKWH� EHL� QLHGULJHQ�'U�FNHQ
ZHLVW� EHL� HLQHP� EHVWLPPWHQ� 6WU|PXQJVPDVVHQGDPSIJHKDOW� GLH� *DVSKDVH� HLQH� K|KHUH� *H�
VFKZLQGLJNHLW�DXI�DOV�GLHV�EHL�K|KHUHQ�'U�FNHQ�GHU�)DOO�LVW��:LH�REHQ�EHVFKULHEHQ�ZRUGHQ�LVW�
ZLUG� GLH� %HQHW]XQJ� GXUFK� (QWUDLQPHQW� XQG� 'HSRVLWLRQ� GXUFK� HLQH� KRKH� 'DPSISKDVHQJH�
VFKZLQGLJNHLW�EHJ�QVWLJW�
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$EE������� 0LW GHQ .RUUHODWLRQHQ YRQ �*RHEHO ����� EHUHFKQHWH %HQHW]XQJVK|KH KEHQ� REHUH

:HOOHQK|KH KI� XQG NRUULJLHUWH� VWDWLVFKH )O�VVLJNHLWVK|KH KI�NRUU GHU XQEHKHL]WHQ

=ZHLSKDVHQVWU|PXQJ EHL S �� EDU �OLQNV� XQG S ��� EDU �UHFKWV�� MHZHLOV EHL HLQHU

0DVVHQVWURPGLFKWH P� JHV ��� NJ��P
�V�� $XIJHWUDJHQ VLQG GLH PLW GHP 5RKUGXUFK�

PHVVHU QRUPLHUWHQ *U|�HQ�

,Q� $EE������� VLQG� GLH� QRUPLHUWHQ� +|KHQ� I�U� HLQH� EHKHL]WH� =ZHLSKDVHQVWU|PXQJ
�T�  ���N:�P���EHL�S ���EDU�XQG�S ����EDU�]X�VHKHQ��,Q�9HUJOHLFK�PLW�$EE�������LVW�]X�HU�
NHQQHQ�� GDVV�PLW�%HKHL]XQJ� JHULQJHUH� )LOPK|KHQ� YRUOLHJHQ� DOV� RKQH� %HKHL]XQJ��2EHUKDOE
GHU�%HQHW]XQJVK|KH�ILQGHW�]ZDU�]XP�7HLO�QRFK�7U|SIFKHQDEODJHUXQJ�VWDWW��DEHU�QLFKW�JHQXJ�
XP�HLQH�YROOVWlQGLJH�%HQHW]XQJ�]X�JHZlKUOHLVWHQ�

)�U�K|KHUH�0DVVHQVWURPGLFKWHQ�YHUEHVVHUW� VLFK�GLH�%HQHW]XQJ�YRU� DOOHP�DXI�*UXQG�YRQ
HUK|KWHP�(QWUDLQPHQW� XQG�'HSRVLWLRQ��'HVKDOE� LVW� HLQH� ]X� JHULQJH�0DVVHQVWURPGLFKWH� YRU
DOOHP�EHL�VHLWOLFKHU�(LQVWUDKOXQJ�NULWLVFK�HLQ]XVFKlW]HQ��$XV�GHQ�YRUJHVWHOOWHQ�$EELOGXQJHQ
LVW�DXFK�]X�HUNHQQHQ��GDVV�GHU�%HUHLFK��LQ�GHP�NHLQH�5XQGXPEHQHW]XQJ�GHU�5RKUZDQG�YRU�
OLHJHQ�NDQQ��YRU�DOOHP�EHL�PLWWOHUHQ�6WU|PXQJVGDPSIJHKDOWHQ�DXIWULWW�� ,Q�GLHVHP�3DUDPHWHU�
EHUHLFK�ZLUG�GLH�5RKUZDQG�QLFKW�PHKU�GXUFK�6FKZlOOH�EHIHXFKWHW�ZLUG�� XQG�GLH�'DPSIJH�
VFKZLQGLJNHLW� LVW� ]XP�7HLO� QRFK� QLFKW� VR� KRFK� LVW�� GDVV� GHU�0HFKDQLVPXV� GHV�(QWUDLQPHQW
XQG�'HSRVLWLRQ�DXVUHLFKHQG�ZlUH�
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Wand      

p=30 bar p=100 bar 

$EE������� 0LW GHQ .RUUHODWLRQHQ YRQ �*RHEHO ����� EHUHFKQHWH %HQHW]XQJVK|KH KEHQ� REHUH

:HOOHQK|KH KI� XQG NRUULJLHUWH� VWDWLVFKH )O�VVLJNHLWVK|KH KI�NRUU GHU EHKHL]WHQ =ZHL�

SKDVHQVWU|PXQJ EHL S �� EDU �OLQNV� XQG S ��� EDU �UHFKWV�� MHZHLOV EHL HLQHU 0DV�

VHQVWURPGLFKWH P� JHV ��� NJ��P
�V� XQG HLQHU :lUPHVWURPGLFKWH T�  �� N:�P�� $XI�

JHWUDJHQ VLQG GLH PLW GHP 5RKUGXUFKPHVVHU QRUPLHUWHQ *U|�HQ�
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1DFKGHP�GLH�9HUWHLOXQJ�YRQ�)O�VVLJ��XQG�*DVSKDVH��VRZLH�GHUHQ�PLWWOHUH�*HVFKZLQGLJNHLWHQ
EHUHFKQHW�ZHUGHQ�N|QQHQ��ZHUGHQ� LP�QlFKVWHQ�$EVFKQLWW�GLH�YHUZHQGHWHQ�%H]LHKXQJHQ�I�U
GHQ�:lUPH�EHUJDQJ�DQ�GHU�LQQHUHQ�5RKUZDQG�YRUJHVWHOOW�

:lUPH�EHUJDQJ�DQ�GHU�LQQHUHQ�5RKUZDQG

$Q� GHU� LQQHUHQ� 5RKUZDQG� ZLUG� GLH� :lUPH� ]ZLVFKHQ� )OXLG� XQG�:DQG� GXUFK� .RQYHNWLRQ
�EHUWUDJHQ�� 'HU� XQEHNDQQWH�:lUPH�EHUJDQJVNRHIIL]LHQW� D� GHU� IROJHQGHQ� *OHLFKXQJ� PXVV
EHVWLPPW�ZHUGHQ�

� �77T Z �� D� �������

'DEHL�LVW�7:�GLH�5RKUZDQGWHPSHUDWXU�XQG�7�GLH�)OXLGWHPSHUDWXU�

:lUPH�EHUJDQJ�GHU�(LQSKDVHQVWU|PXQJ��)�U�GLH�%HUHFKQXQJ�GHV�:lUPH�EHUJDQJVNRHI�
IL]LHQWHQ�LP�(LQSKDVHQJHELHW�GHU�9RUZlUPXQJ�ZLH�GHU�hEHUKLW]XQJ�ZLUG�GLH�%H]LHKXQJ�YRQ
*QLHOLQVN\�YHUZHQGHW��9',�����E��
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PLW�GHP�'UXFNYHUOXVWEHLZHUW�]�

� � �

�� ����ORJ���� �� 5H] �������

)�U� GLH� LQ� 3DUDEROULQQHQNROOHNWRUHQ� DXIWUHWHQGHQ� /lQJHQ� NDQQ� GHU� .ODPPHUDXVGUXFN
����GL�/�

����� GXUFK� HLQV� DQJHQlKHUW� ZHUGHQ�� 'LH� 7HPSHUDWXUDEKlQJLJNHLW� GHU� 6WRIIZHUWH
P�VVWH�QRFK�PLW� HLQHP�]XVlW]OLFKHQ�)DNWRU�EHU�FNVLFKWLJW�ZHUGHQ��%HL�)O�VVLJNHLWHQ�GXUFK
�3U�3U:�

�����XQG�EHL�*DVHQ�GXUFK��7�7:�
Q��'HU�(LQIOXVV�OLHJW�DEHU�LP�YRUOLHJHQGHQ�%HUHLFK�EHL

ZHQLJHQ�3UR]HQW� XQG�ZLUG� YHUQDFKOlVVLJW��'HU�:lUPH�EHUJDQJVNRHIIL]LHQW�D� NDQQ� DXV� GHU
1XVVHOW�=DKO�EHVWLPPW�ZHUGHQ�

L

L

G

1XG
1X

O
D

O

D
 � �������

:lUPH�EHUJDQJ�GHU�=ZHLSKDVHQVWU|PXQJ�±�XQEHQHW]WHU�%HUHLFK��,P�*HELHW�GHU�=ZHL�
SKDVHQVWU|PXQJ�PXVV�GLH�EHQHW]WH�5RKUZDQG�YRQ�GHU�XQEHQHW]WHQ�XQWHUVFKLHGHQ�ZHUGHQ��,P
XQEHQHW]WHQ�%HUHLFK� VROO�GLH�*OHLFKXQJ�YRQ�*QLHOLQVN\� ��������EHQXW]W�ZHUGHQ��$OOHUGLQJV
P�VVHQ�MHW]W�5H\QROGV��XQG�1XVVHOW�=DKO�PLW�HLQHP�YHUlQGHUWHQ�'XUFKPHVVHU�JHELOGHW�ZHU�
GHQ��GD�GHU�'DPSI�QLFKW�PHKU�GHQ�JHVDPWHQ�6WU|PXQJVTXHUVFKQLWW�]XU�9HUI�JXQJ�KDW��'DKHU
LVW�DXFK�GLH�'DPSIVWU|PXQJVJHVFKZLQGLJNHLW�YHUlQGHUW��)�U�GHQ�K\GUDXOLVFKHQ�'XUFKPHVVHU
ZXUGHQ�XQWHUVFKLHGOLFKH�$QQDKPHQ�I�U�GHQ�EHQHW]WHQ�8PIDQJ�JHWHVWHW��(V�KDW�VLFK�JH]HLJW�
GDVV�GLH�$QQDKPH�HLQHU�ZDDJUHFKWHQ�3KDVHQJUHQ]IOlFKH�RKQH�%HU�FNVLFKWLJXQJ�GHU�)LOPK|�
KH��EHU�GHQ�JHVDPWHQ�=ZHLSKDVHQEHUHLFK�EHL�JHULQJHP�$XIZDQG�JXWH�(UJHEQLVVH�OLHIHUW��=XU
%HUHFKQXQJ� GHU� *U|�HQ� ZLUG� GDKHU� DQJHQRPPHQ�� GDVV� HLQH� 6FKLFKWHQVWU|PXQJ� YRUOLHJW�
1XVVHOW�=DKO�1XJ�XQG�5H\QROGV�=DKO�5HJ�GHU�'DPSISKDVH�ZHUGHQ�QXQ� IROJHQGHUPD�HQ�EH�
UHFKQHW�
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PLW�GHU�HUK|KWHQ�'DPSIJHVFKZLQGLJNHLW

$
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 �������

XQG�GHP�K\GUDXOLVFKHQ�'XUFKPHVVHU
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'HU�:LQNHO��MKI�JLEW�GLH�/DJH�GHU�3KDVHQJUHQ]IOlFKH�DQ�XQG�NDQQ�DXV�%H]LHKXQJ��������EH�
UHFKQHW�ZHUGHQ�

:lUPH�EHUJDQJ� GHU� =ZHLSKDVHQVWU|PXQJ� ±� EHQHW]WHU� %HUHLFK�� ,P� EHQHW]WHQ� %HUHLFK
P�VVHQ�YHUVFKLHGHQH�9HUGDPSIXQJVSKlQRPHQH�EHU�FNVLFKWLJW�ZHUGHQ��(V�ZLUG�GHVZHJHQ�DQ
GLHVHU� 6WHOOH� NXU]� DXI� GLH� YHUVFKLHGHQHQ� 3KDVHQ� GHU� 9HUGDPSIXQJ� HLQJHJDQJHQ�� ,P� 9RU�
ZlUPEHUHLFK� HLQHV� 9HUGDPSIHUURKUHV� JHOWHQ� GLH� *HVHW]Pl�LJNHLWHQ� GHV� :lUPH�EHUJDQJV
HLQHU� (LQSKDVHQVWU|PXQJ�� 1DFK� HLQHP� EHVWLPPWHQ� 6WU|PXQJVZHJ� ELOGHQ� VLFK� GLH� HUVWHQ
'DPSIEODVHQ�DQ�GHU�EHKHL]WHQ�5RKUZDQG��REZRKO�GLH�)O�VVLJNHLW�LP�0LWWHO�QRFK�NHLQH�6lWWL�
JXQJVWHPSHUDWXU�HUUHLFKW�KDW��'LH�%ODVHQ�HQWVWHKHQ�DQ�ORNDO��EHUKLW]WHQ�6WHOOHQ�DQ�GHU�5RKU�
ZDQG�XQG�NRQGHQVLHUHQ�GDQQ�ZLHGHU��'LHVHQ�9RUJDQJ�QHQQW�PDQ�XQWHUN�KOWHV�6LHGHQ��:HQQ
GLH�)O�VVLJNHLW�VFKOLH�OLFK�6lWWLJXQJVWHPSHUDWXU�HUUHLFKW�KDW��OLHJW�%ODVHQVLHGHQ�YRU��%ODVHQ�
VLHGHQ�OLHJW�VRODQJH�YRU��ELV�GHU�)O�VVLJNHLWVILOP�DQ�GHU�:DQG�G�QQ�JHQXJ�LVW��XP�GLH�:lUPH
RKQH�%ODVHQELOGXQJ�DQ�GLH� LP�.HUQ�VWU|PHQGH�'DPSISKDVH�GXUFK�.RQYHNWLRQ�XQG�/HLWXQJ
]X� WUDQVSRUWLHUHQ��'LHV�ZLUG� GDQQ� GHU� )DOO� VHLQ��ZHQQ� GLH� )LOPGLFNH� NOHLQHU� DOV� GHU� GXUFK�
VFKQLWWOLFKH�%ODVHQGXUFKPHVVHU� LVW��0DQ� VSULFKW� YRQ� VWLOOHP� 6LHGHQ� RGHU� NRQYHNWLYHP� 6WU|�
PXQJVVLHGHQ��'DV�9HUVFKZLQGHQ�GHV�)O�VVLJNHLWVILOPHV�QHQQW�PDQ�'U\RXW�E]Z��GHQ�%HUHLFK
VWURPDEZlUWV� 3RVW�'U\RXW�*HELHW�� 'LH� .�KOXQJ� GHU� :DQG� �EHUQLPPW� QXQ� 6SU�KN�KOXQJ�
6FKOLH�OLFK�IROJW�GHU�%HUHLFK�GHU�(LQSKDVHQ�'DPSIVWU|PXQJ��%HL� VHKU�KRKHQ�:lUPHVWURP�
GLFKWHQ�WULWW�GDV�VR�JHQDQQWH�)LOPVLHGHQ�DXI��EHL�GHP�VLFK�HLQ�ZlUPHLVROLHUHQGHU�'DPSIILOP
]ZLVFKHQ�5RKUZDQG�XQG�)O�VVLJSKDVH�ELOGHW��0DQ�VSULFKW�DXFK�YRQ�6LHGHNULVH�RGHU�ÄGHSDU�
WXUH�IURP�QXFOHDWH�ERLOLQJ³��0D\LQJHU�������

'DV�3UREOHP�GHV�)LOPVLHGHQV��EHL�GHP�VLFK�GHU�:lUPH�EHUJDQJ�VFKODJDUWLJ�YHUVFKOHFK�
WHUW��JLEW�HV�EHL�GHQ�HKHU�JHULQJHQ�:lUPHVWURPGLFKWHQ�HLQHV�3DUDEROULQQHQNUDIWZHUNHV�QLFKW�
,P� 5RKUJUXQG� WULWW� ELV� [� ������ %ODVHQVLHGHQ� DXI� �*RHEHO�������� DQ� GHQ� 5RKUZlQGHQ� DXFK
NRQYHNWLYHV� 6WU|PXQJVVLHGHQ��0LW� 6SU�KN�KOXQJ� LVW� EHL� GHU�'LUHNWYHUGDPSIXQJ� EHL� KRKHQ
'DPSIJHKDOWHQ�]X�UHFKQHQ��(V�LVW�DXFK�XQWHUN�KOWHV�6LHGHQ�LP�9RUZlUPEHUHLFK�]X�HUZDUWHQ�

%HLP�%ODVHQVLHGHQ�ZLUG�GXUFK�GDV�$EO|VHQ�GHU�%ODVHQ�XQG�GLH�GDGXUFK�HQWVWHKHQGH�7XU�
EXOHQ]� GHU�:lUPH�EHUJDQJ� JHJHQ�EHU�.RQYHNWLRQ� RKQH� 6LHGHQ� YHUEHVVHUW��:lKUHQG� EHLP
NRQYHNWLYHP� 6WU|PXQJVVLHGHQ� GHU� :lUPH�EHUJDQJ� KDXSWVlFKOLFK� YRQ� GHU� 0DVVHQVWURP�
GLFKWH�DEKlQJW��ZLUG�HU�EHLP�%ODVHQVLHGHQ�YRU�DOOHP�GXUFK�GLH�:lUPHVWURPGLFKWH�EHHLQIOXVVW
�%DHKU�������

,Q� JUR�HQ�7HLOHQ� GHU� =ZHLSKDVHQVWU|PXQJ� OLHJW� LP� EHQHW]WHQ�7HLO� DOVR�:lUPH�EHUJDQJ
GXUFK�%ODVHQVLHGHQ�XQG�6WU|PXQJVVLHGHQ�YRU��(V�ZXUGHQ�YHUVFKLHGHQH�:lUPH�EHUJDQJVNRU�
UHODWLRQHQ�I�U�GHQ�EHQHW]WHQ�%HUHLFK�GHU�=ZHLSKDVHQVWU|PXQJ�LQ�'\PROD�LPSOHPHQWLHUW�XQG
JHWHVWHW�� 6R� ZXUGH� HLQH� PLWWHOV� GHQ� *8'(�9HUVXFKHQ� HQWZLFNHOWH� %H]LHKXQJ� QDFK
�*RHEHO�������PLW�HLQHU�.RUUHODWLRQ�QDFK�*XQJRU�XQG�:LQWHUWRQ��*XQJRU�HW�DO��������YHUJOL�
FKHQ��)�U�VFKZDFK�EHKHL]WH�5RKUH�VLQG�RELJH�%H]LHKXQJHQ�XQWHU�8PVWlQGHQ�QLFKW�PHKU�J�O�
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WLJ��8P�WURW]GHP�HLQH�0RGHOONODVVH�HUVWHOOHQ�]X�N|QQHQ��GLH�ULFKWLJH�:lUPH�EHUJDQJVNRHIIL�
]LHQWHQ�LP�EHQHW]WHQ�7HLO�GHV�5RKUHV�DXFK�EHL�$EVFKDWWXQJ�OLHIHUW��ZLUG�DOV�XQWHUHV�/LPLW�I�U
GHQ�:lUPH�EHUJDQJ�GLH�%H]LHKXQJ�QDFK�*QLHOLQVN\�YHUZHQGHW�

:lUPH�EHUJDQJ�QDFK�*RHEHO��'LHVH�HPSLULVFKH�.RUUHODWLRQ�LVW�QXU�LP�3DUDPHWHUEHUHLFK�GHU
*8'(�9HUVXFKH�YHULIL]LHUW�

� � ��

��������������������� IISSEHQ �� D �������

PLW�GHQ�)DNWRUHQ�
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PLW�DEHQ�LQ�>N:�P��.@��S�LQ�>EDU@�� JP� LQ�>NJ�P�V@�XQG�T� LQ�>N:�P�@�

'LH�*UXQGJOHLFKXQJ� ��������EHU�FNVLFKWLJW�GLH�'UXFNDEKlQJLJNHLW�GHU� I�U�GHQ�:lUPH�EHU�
JDQJ� UHOHYDQWHQ� 6WRIIJU|�HQ��'XUFK� GHQ� )DNWRU� I�� ZLUG� GLH�9HUEHVVHUXQJ� GHV�:lUPH�EHU�
JDQJV� GXUFK�%ODVHQVLHGHQ� EHVFKULHEHQ��'HU� )DNWRU� I�� EHU�FNVLFKWLJW� GHQ� YHUEHVVHUWHQ�:lU�
PH�EHUJDQJ�EHL�HUK|KWHQ�'DPSIJHVFKZLQGLJNHLWHQ��'LHVHU�(LQIOXVV�KDW�EHL�JUR�HU�:lUPH�
VWURPGLFKWH�HLQH�JHULQJHUH�%HGHXWXQJ��ZDV�GXUFK�GHQ�)DNWRU� T���� �]XP�$XVGUXFN�NRPPW�

:lUPH�EHUJDQJ� �QDFK�*XQJRU�XQG�:LQWHUWRQ�� ,Q�GLHVHU�.RUUHODWLRQ�ZLUG� GHU�:lUPH�EHU�
JDQJ� LQ� ]ZHL�$QWHLOH� DXIJHVSDOWHQ��'HQ�PDNURNRQYHNWLYHQ� %HLWUDJ� GHU� HU]ZXQJHQHQ�.RQ�
YHNWLRQ�XQG�GHQ�PLNURNRQYHNWLYHQ�%HLWUDJ�GHV�%ODVHQVLHGHQV��'LH�EHLGHQ�:lUPH�EHUJDQJV�
NRHIIL]LHQWHQ�IOLH�HQ�PLW�*HZLFKWXQJVIDNWRUHQ�HLQ��( (QKDQFHPHQW�)DNWRU��6 6XSSUHVVLRQ�
)DNWRU��

%6.RQYEHQ 6( DDD � �������

$OV�:lUPH�EHUJDQJVNRHIIL]LHQW�D.RQY�HLQHU�HU]ZXQJHQHQ�)O�VVLJVWU|PXQJ�ZLUG�YRQ�*XQJRU
XQG�:LQWHUWRQ�GLH�%H]LHKXQJ�YRQ�'LWWXV�%RHOWHU�YRUJHVFKODJHQ��,P�5HFKHQSURJUDPP�ZXUGH
GLH�%H]LHKXQJ� QDFK�*QLHOLQVN\� �������� YHUZHQGHW�� GLH� HLQHQ� lKQOLFKHQ�(LQVDW]EHUHLFK�ZLH
GLH�%H]LHKXQJ� YRQ�'LWWXV�%RHOWHU� EHVLW]W��+LHUEHL�ZLUG� ]XU� %HUHFKQXQJ� GHU�5H\QROGV�=DKO
GLH� /HHUURKUJHVFKZLQGLJNHLW� Z�I� QDFK� *OHLFKXQJ� ������� YHUZHQGHW�� =XU� %HUHFKQXQJ� GHV
:lUPH�EHUJDQJV�EHL�%ODVHQVLHGHQ�ZLUG� GLH� =DKOHQZHUWJOHLFKXQJ� QDFK�&RRSHU� YRUJHVFKOD�
JHQ�

� � �����������

��

���� ORJ�� T0Z3U3U%6
��

�� D �������

PLW�D%6�LQ�>:�P��.@��GHP�0ROJHZLFKW�YRQ�:DVVHU�0Z ���>NJ�NPRO@�XQG�GHU�:lUPHVWURP�
GLFKWH� T� LQ�>:�P�@�

'HU� (QKDQFPHQW�)DNWRU�(�ZLUG� Q|WLJ�� GD� GLH�5H\QROGV�=DKO�PLW� GHU� /HHUURKUJHVFKZLQ�
GLJNHLW�EHUHFKQHW�ZLUG��,Q�:LUNOLFKNHLW�OLHJW�MHGRFK�HLQH�YLHO�K|KHUH�*HVFKZLQGLJNHLW�YRU��GLH
GHQ�:lUPH�EHUJDQJ�EHJ�QVWLJW��'HU�6XSSUHVVLRQ�)DNWRU�6�LVW�GDPLW�HUNOlUW��GDVV�PLW�VWHLJHQ�
GHU� HU]ZXQJHQHU�.RQYHNWLRQ� GLH� WKHUPLVFKH�*UHQ]VFKLFKW� G�QQHU�ZLUG� XQG� GDPLW� GLH� ]XP
%ODVHQZDFKVWXP�QRWZHQGLJH�hEHUKLW]XQJ�JHULQJHU�LVW�
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'HU� (QKDQFHPHQW�)DNWRU� (� ZLUG� PLW� GHU� %RLOLQJ�1XPEHU� %R� XQG� GHP� /RFNKDUW�
0DUWLQHOOL�3DUDPHWHU�;WW��VLHKH�*OHLFKXQJ���������DXVJHGU�FNW�

����

���� �
����������

WW;
%R( ���� �������

PLW�GHU�%RLOLQJ�1XPEHU�
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'LH�%RLOLQJ�1XPEHU�LVW�GHU�4XRWLHQW�GHV�DXI�GHU�5RKUZDQG�VHQNUHFKW�VWHKHQGHQ��GXUFK�6LH�
GHQ�YHUXUVDFKWHQ�0DVVHQVWURPHV�XQG�GHV�WRWDOHQ��D[LDOHQ��0DVVHQVWURPHV�

'HU�6XSSUHVVLRQ�)DNWRU�6�ZLUG�GXUFK�IROJHQGH�*OHLFKXQJ�EHVWLPPW�

����
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��������
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 �������

'DEHL�ZLUG�GLH�5H\QROGV�=DKO�5H�I�PLW�GHU�/HHUURKUJHVFKZLQGLJNHLW�QDFK�*OHLFKXQJ�������
JHELOGHW��%HL�VHKU�JHULQJHQ�0DVVHQVWURPGLFKWHQ��ZHQQ�GLH�)URXGH�=DKO�)U������LVW��P�VVWHQ
GHU�(QKDQFHPHQW�)DNWRU�XQG�GHU�6XSSUHVVLRQ�)DNWRU�QRFK�NRUULJLHUW�ZHUGHQ��'LHVHU�)DOO�WULWW
MHGRFK�QXU�EHL�VHKU�JHULQJHQ�0DVVHQVWU|PHQ�DXI��ZLH�VLH�K|FKVWHQV�HYWO��EHLP�(LQVSULW]NRQ�
]HSW� LP�YRUGHUHQ�7HLO�GHV�$EVRUEHUVWUDQJHV�YRUOLHJHQ�N|QQWHQ��XQG�ZLUG�GDKHU�QLFKW�ZHLWHU
YHUWLHIW��(V�VHL�DXI��*XQJRU�HW�DO��������YHUZLHVHQ�

:lUPH�EHUJDQJ� QDFK� *QLHOLQVN\�� 'LH� %H]LHKXQJ� QDFK� *QLHOLQVN\� �������� ZLUG� I�U� DEJH�
VFKDWWHWH� 5RKUH� E]Z�� I�U� VHKU� VFKZDFK� EHKHL]WH� 5RKUH� ]XU� %HUHFKQXQJ� GHV� :lUPH�EHU�
JDQJVNRHIIL]LHQWHQ�GHU�EHQHW]WHQ�:DQG�EHQXW]W��+LHU]X�ZLUG�]XU�%HUHFKQXQJ�GHU�5H\QROGV�
=DKO� GLH� WDWVlFKOLFKH� *HVFKZLQGLJNHLW� GHU� )O�VVLJSKDVH� QDFK� *OHLFKXQJ� ������� YHUZHQGHW�
$OV�K\GUDXOLVFKHU�5DGLXV�ZLUG�GHU�5DGLXV�GL�EHQXW]W����'HU�(LQVDW]�GHU�*OHLFKXQJ�QDFK�*QLH�
OLQVN\� LVW� ]X� UHFKWIHUWLJHQ�� GD� EHL� VFKZDFKHU� %HVWUDKOXQJ� HQWZHGHU� VWLOOHV� 6LHGHQ� YRUOLHJW
E]Z��GLH�ZHQLJHQ�HQWVWHKHQGHQ�%ODVHQ�QXU�HLQH�VHKU�JHULQJH�7XUEXOHQ]�HU]HXJHQ��(LQ�(QKDQ�
FHPHQW�)DNWRU� LVW�QLFKW�QRWZHQGLJ�� GD�GLH�5H\QROGV�=DKO� VRIRUW�PLW� GHU�ZDKUHQ�*HVFKZLQ�
GLJNHLW�EHUHFKQHW�ZLUG�

,Q� $EE������� XQG� $EE������� VLQG� I�U� YHUVFKLHGHQH� :lUPHVWURPGLFKWHQ� MHZHLOV� LP� OLQNHQ
'LDJUDPP� GLH� :lUPH�EHUJDQJVNRHIIL]LHQWHQ� GHU� EHQHW]WHQ� 5RKUZDQG� QDFK� *RHEHO�� LP
UHFKWHQ�'LDJUDPP�GHU�:lUPH�EHUJDQJ� QDFK�*XQJRU� XQG�:LQWHUWRQ� GDUJHVWHOOW��$EE������
JLOW�I�U�HLQHQ�0DVVHQVWURP� 0�  ����NJ�V��$EE�������I�U�HLQHQ�0DVVHQVWURP� 0�  ����NJ�V�� ,Q
EHLGHQ�$EELOGXQJHQ�OLHJW�HLQ�'UXFN�YRQ�S ���EDU�]X�*UXQGH��0LW�VWHLJHQGHU�HLQJHNRSSHOWHU
/HLVWXQJ�VWHLJW�DXFK�GHU�:lUPH�EHUJDQJVNRHIIL]LHQW��'LH�.RUUHODWLRQ�YRQ�*XQJRU�XQG�:LQ�
WHUWRQ�OLHIHUW�LQ�JUR�HQ�%HUHLFKHQ�JU|�HUH�:HUWH�DOV�GLH�%H]LHKXQJ�QDFK�*RHEHO��'LHVH�'LV�
NUHSDQ]� VSLHJHOW� GLH�8QVLFKHUKHLW� GHU� HPSLULVFKHQ�%HVFKUHLEXQJHQ�ZLHGHU��'LH�.RUUHODWLRQ
QDFK�*RHEHO�LVW�LP�3DUDPHWHUEHUHLFK�GHU�*8'(�9HUVXFKH�I�U�%HUHFKQXQJHQ�LQ�HLQHP�3DUD�

������������������������������������������������
�� (LQH %HUHFKQXQJ GHV K\GUDXOLVFKHQ 5DGLXV PLW GK �$�8  �����H�$���GL�S�MKI�VLQMKI�� EULQJW XQ�
SK\VLNDOLVFKH /|VXQJHQ I�U Ho� XQG ZLUG GDKHU QLFKW YHUZHQGHW�
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EROULQQHQNUDIWZHUN�YHULIL]LHUW��6LH�ZLUG�GDKHU�LQ�GLHVHU�$UEHLW�GHU�%H]LHKXQJ�YRQ�*XQJRU�XQG
:LQWHUWRQ�EHYRU]XJW�
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$EE������� 9HUJOHLFK GHU .RUUHODWLRQHQ YRQ *RHEHO �OLQNHV 'LDJUDPP� XQG *XQJRU 	 :LQWHUWRQ
�UHFKWHV 'LDJUDPP� LP =ZHLSKDVHQEHUHLFK I�U GHQ :lUPH�EHUJDQJ GHU EHQHW]WHQ
5RKUZDQG EHL YHUVFKLHGHQHQ :lUPHVWURPGLFKWHQ� 'HU 0DVVHQVWURP EHWUlJW ��� NJ�V
�S �� EDU� GL �� PP��
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$EE������� 9HUJOHLFK GHU .RUUHODWLRQHQ YRQ *RHEHO �OLQNHV 'LDJUDPP� XQG *XQJRU 	 :LQWHUWRQ
�UHFKWHV 'LDJUDPP� LP =ZHLSKDVHQEHUHLFK I�U GHQ :lUPH�EHUJDQJ GHU EHQHW]WHQ
5RKUZDQG EHL YHUVFKLHGHQHQ :lUPHVWURPGLFKWHQ� 'HU 0DVVHQVWURP EHWUlJW ��� NJ�V
�S �� EDU� GL �� PP��

'LH�%H]LHKXQJ�QDFK�*RHEHO�OLHIHUW�I�U�JHULQJH�:lUPHVWURPGLFKWHQ��ZLH�VLH�EHL�$EVFKDWWXQ�
JHQ� YRUNRPPHQ� N|QQHQ�� SK\VLNDOLVFK� QLFKW� NRUUHNWH� :HUWH�� 'LH� :lUPH�EHUJDQJVNRHIIL�
]LHQWHQ�ZHUGHQ�]XP�7HLO�QHJDWLY��6LH�ILQGHW�GDKHU�QXU�I�U�GHQ�:lUPH�EHUJDQJ�LP�EHQHW]WHQ
%HUHLFK�EHL�EHVWUDKOWHQ�5RKUHQ�9HUZHQGXQJ��/LHIHUW� VLH�EHL� VHKU�NOHLQHQ�6WUDKOXQJVGLFKWHQ
]X�JHULQJH�:HUWH��ZLUG�GLH�%H]LHKXQJ�QDFK�*QLHOLQVN\�EHQXW]W�

'HU�:lUPH�EHUJDQJVNRHIIL]LHQW�QDFK�*QLHOLQVN\�LVW�PLW�GHU�.RUUHODWLRQ�YRQ�*XQJRU�XQG
:LQWHUWRQ�LQ�$EE�������I�U�HLQHQ�'UXFN�YRQ�S ���EDU�XQG�HLQHQ�0DVVHQVWURP� 0�  ����NJ�V
GDUJHVWHOOW�� ,P� OLQNHQ�'LDJUDPP� LVW� GHU�:lUPH�EHUJDQJ� I�U� XQEHVWUDKOWH�5RKUH� EHUHFKQHW�
LP�UHFKWHQ�'LDJUDPP�I�U�HLQH�JHULQJH�:lUPHVWURPGLFKWH�YRQ���N:�P���(V�LVW�]X�HUNHQQHQ�
GDVV�EHLGH�:lUPH�EHUJDQJVNRHIIL]LHQWHQ�XQJHIlKU�GLH�VHOEH�*U|�HQRUGQXQJ�KDEHQ��(V�NDQQ
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DOVR� I�U� QLFKW� EHVWUDKOWH� XQG� VFKZDFK� EHVWUDKOWH� $EVRUEHUURKUH� GLH� DQJHJHEHQH� *OHLFKXQJ
QDFK�*QLHOLQVN\�DXFK�LP�=ZHLSKDVHQJHELHW�EHQXW]W�ZHUGHQ�
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Gnielinsky  
Gung.& Wint.

$EE������� 9HUJOHLFK GHU .RUUHODWLRQHQ YRQ *QLHOLQVN\ XQG *XQJRU 	 :LQWHUWRQ LP =ZHLSKD�
VHQEHUHLFK I�U GHQ :lUPH�EHUJDQJ GHU EHQHW]WHQ 5RKUZDQG� 'DV OLQNH 'LDJUDPP
]HLJW GHQ :lUPH�EHUJDQJ EHL XQEHVWUDKOWHQ 5RKUHQ� GDV UHFKWH 'LDJUDPP EHL HLQHU
NOHLQHQ :lUPHVWURPGLFKWH YRQ T�  � N:�P� �MHZHLOV I�U S �� EDU� 0�  ��� NJ�V�

GL �� PP��

*HPLWWHOWHU�:lUPH�EHUJDQJVNRHIIL]LHQW� GHU� =ZHLSKDVHQVWU|PXQJ��'D� GLH� 5RKUZDQG�
WHPSHUDWXU� D]LPXWDO� LQ�8PIDQJVULFKWXQJ� QXU�PLW� HLQHP�.QRWHQ� GLVNUHWLVLHUW� LVW�� �VLHKH�$E�
VFKQLWW��������ZLUG�LP�=ZHLSKDVHQJHELHW�HLQ�JHPLWWHOWHU�:lUPH�EHUJDQJVNRHIIL]LHQW�YHUZHQ�
GHW��'HU�:lUPH�EHUJDQJVNRHIIL]LHQW�GHU�EHQHW]WHQ�5RKUZDQG�D EHQ�I
 XQG�GHU�.RHIIL]LHQW�GHU
XQEHQHW]WHQ�:DQG�DJ
�JHKHQ�PLW�GHQ�MHZHLOLJHQ�%RJHQOlQJHQDQWHLOHQ�GHV�EHQHW]WHQ�XQG�XQ�
EHQHW]WHQ�5RKUVHJPHQWV�LQ�GHQ�JHPLWWHOWHQ�:lUPH�EHUJDQJVNRHIIL]LHQWHQ�HLQ���
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=XVDPPHQIDVVHQG�VLQG�GLH�EHQXW]WHQ�:lUPH�EHUJlQJH�I�U�GDV�JHVDPWH�*HELHW�GHU�9RUZlU�
PXQJ�� 9HUGDPSIXQJ� XQG� hEHUKLW]XQJ� LQ� HLQHP� GLUHNWYHUGDPSIHQGHQ� .ROOHNWRU� LQ
7DEHOOH�����GDUJHVWHOOW�

������������������������������������������������
�� 8P H[DNW ]X VHLQ� G�UIWHQ QLFKW GLH :lUPH�EHUJDQJVNRHIIL]LHQWHQ JHPLWWHOW ZHUGHQ� VRQGHUQ GLH
0LWWHOXQJ P��WH PLW GHQ :lUPHVWURPGLFKWHQ GHU HLQ]HOQHQ 5RKUVHJPHQWH VWDWWILQGHQ� 'DUDXV OLH�H
VLFK GDQQ HLQ JHPLWWHOWHU :lUPH�EHUJDQJVNRHIIL]LHQW DEOHLWHQ� GHU DEHU YRQ GHQ XQEHNDQQWHQ 7HPSH�
UDWXUHQ GHU MHZHLOLJHQ 5RKUVHJPHQWH DEKLHQJH� 'D GLHV DEHU EHL HLQHU D]LPXWDOHQ 'LVNUHWLVLHUXQJ PLW
QXU HLQHP 5RKUVHJPHQW QLFKW P|JOLFK LVW� ZLUG PLW *OHLFKXQJ ������� JHDUEHLWHW�
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7DEHOOH����� hEHUEOLFN �EHU GHQ (LQVDW] GHU YHUVFKLHGHQHQ :lUPH�EHUJDQJVPRGHOOH�

'DPSIJHKDOW >�@ .RHIIL]LHQWHQ 0RGHOOH %HPHUNXQJ

�[� ����� ID *QLHOLQVN\ �:DVVHU� :DVVHUVWU|PXQJ
(LQSKDVHQVWU|PXQJ

:DVVHU
����� �d [� ���� ID RGHU ID o EHQD *QLHOLQVN\ �:DVVHU�

� *RHEHO
8QWHUN�KOWHV 6LHGHQ

���� �d [� ���� 
ID RGHU 
ID o EHQD *QLHOLQVN\ �:DVVHU�
� *RHEHO

6FKZDOOVWU|PXQJ�
GDGXUFK 9ROOEHQHW]XQJ

���� �d [� ���� EHQI �
D o PD

���� �d [� ����
PD  

I � 
EHQ
 �� JI DDD �

*QLHOLQVN\ �:DVVHU�
� *RHEHO
*QLHOLQVN\ �'DPSI�

0LWWOHUHU :lUPH�EHU�
JDQJVNRHIIL]LHQW QDFK
3KDVHQYHUWHLOXQJV�
PRGHOO

���� �d [� ���� PD o 
JD (LQVHW]HQGH 6SU�K�
N�KOXQJ

=ZHLSKDVHQVWU|PXQJ

���� �d [� ���� 
JD *QLHOLQVN\ �'DPSI�
6SU�KN�KOXQJ VHKU
NOHLQ

(LQSKDVHQVWU|PXQJ

'DPSI
t[� !���� JD *QLHOLQVN\ �'DPSI� 'DPSIVWU|PXQJ

0LW GHQ ,QGL]HV I XQG J VLQG GLH :lUPH�EHUJlQJH GHU (LQSKDVHQVWU|PXQJ EH]HLFKQHW� ,VW ]XVlW]OLFK HLQ �
�
YHUPHUNW� VR ]HLJW GLHV GHUHQ 9HUZHQGXQJ LP =ZHLSKDVHQEHUHLFK PLW YHUlQGHUWHU 5H\QROGV�=DKO XQG K\GUDXOL�
VFKHP 5DGLXV DQ� 'HU ,QGH[ EHQ VWHKW I�U GHQ :lUPH�EHUJDQJ QDFK *RHEHO� 'HU ,QGH[ P VWHKW I�U GHQ JH�
PLWWHOWHQ :lUPH�EHUJDQJVNRHIIL]LHQW QDFK *OHLFKXQJ �������� 'HU 3IHLO Äo³ GHXWHW HLQHQ OLQHDUHQ hEHUJDQJ
EHLP :HFKVHO GHV 0RGHOOHV DQ �VLHKH 7H[W��

3UREOHPH�EHL�GHU�6LPXODWLRQ�EHUHLWHWHQ�8QVWHWLJNHLWVVWHOOHQ�GHV�:lUPH�EHUJDQJVNRHIIL]LHQ�
WHQ� EHLP�:HFKVHO� ]ZLVFKHQ� GHQ�:lUPH�EHUJDQJVPRGHOOHQ�� ,Q� GHU� DNWXHOOHQ�0RGHOOELEOLR�
WKHN� VLQG� GLH� 8QVWHWLJNHLWVVWHOOHQ� EHLP� 0RGHOOZHFKVHO� GHVKDOE� YHUPLHGHQ� ZRUGHQ�� ,Q
VFKPDOHQ� ,QWHUYDOOHQ� XP� GLH� 8QVWHWLJNHLWVVWHOOH� LVW� HLQ� OLQHDUHU� hEHUJDQJ� GHV�:lUPH�EHU�
JDQJVNRHIIL]LHQWHQ�]ZLVFKHQ�GHQ�0RGHOOHQ�HLQJHI�KUW�ZRUGHQ��(LQ�3IHLO�LQ�7DEHOOH�����GHXWHW
GHQ�OLQHDUHQ�hEHUJDQJ�DQ�

,P�)ROJHQGHQ�ZHUGHQ�GLH�LQ�7DEHOOH�����DXIJHI�KUWHQ�*UHQ]HQ�I�U�GHQ�:HFKVHO�]ZLVFKHQ
GHQ�HLQ]HOQHQ�:lUPH�EHUJDQJVPRGHOOHQ�HUNOlUW��'LH�(UOlXWHUXQJ�HUIROJW� I�U�HLQ�EHVWUDKOWHV
5RKU��)�U�GLH�%HUHFKQXQJ�GHV�:lUPH�EHUJDQJV�ZLUG� LP�%HUHLFK�GHV�XQWHUN�KOWHQ�:DVVHUV
ELV� �[� ������ DQJHQRPPHQ�� GDVV� HU]ZXQJHQH� .RQYHNWLRQ� RKQH� %ODVHQELOGXQJ� YRUOLHJW
�*QLHOLQVN\���$E� [�  ������ZLUG�YRQ�XQWHUN�KOWHP�6LHGHQ�DXVJHJDQJHQ��ZDV�GHQ�:lUPH�EHU�
JDQJ�YHUEHVVHUW��OLQHDUHU�hEHUJDQJ���,P�$QVFKOXVV�GDUDQ�IROJW�%ODVHQVLHGHQ�PLW�VHLQHP�JX�
WHQ�:lUPH�EHUJDQJ��*RHEHO���%HL�6WU|PXQJVPDVVHQGDPSIJHKDOWHQ� �[� �����ZXUGHQ� LQ�GHQ
*8'(�9HUVXFKHQ� 6FKZDOOVWU|PXQJ� JHPHVVHQ�� ZDV� HLQH� JXWH� %HQHW]XQJ� XQG� GDKHU� HLQHQ
JXWHQ�:lUPH�EHUJDQJ�PLW�VLFK�EULQJW��=XU�9HUPHLGXQJ�YRQ�8QVWHWLJNHLWHQ�IROJW�HLQ�OLQHDUHU
hEHUJDQJ�GHV�:lUPH�EHUJDQJVNRHIIL]LHQWHQ��ELV�EHL� [�  �����GHU�PLW�GHP�%HQHW]XQJVZLQNHO
JHPLWWHOWH� :lUPH�EHUJDQJVNRHIIL]LHQW� HUUHLFKW� LVW� �*RHEHO�� *QLHOLQVN\��� $E� HLQHP� 6WU|�
PXQJVPDVVHQGDPSIJHKDOW� YRQ� [�  �����ZLUG� GDYRQ� DXVJHJDQJHQ�� GDVV� GLH�5RKUZDQG� ODQJ�
VDP�DXVWURFNQHW�XQG�VLFK�GHU�(LQIOXVV�GHU�6SU�KN�KOXQJ�EHPHUNEDU�PDFKW��'HU�:lUPH�EHU�
JDQJ�VLQNW�DOVR�ODQJVDP��OLQHDUHU�hEHUJDQJ���$E� [�  �����LVW�GLH�.�KOZLUNXQJ�GHU�QRFK�YRU�
KDQGHQHQ�7U|SIFKHQ�VR�NOHLQ��GDVV�GHU�:lUPH�EHUJDQJ�GHU�*DVVWU|PXQJ� �*QLHOLQVN\��YHU�
ZHQGHW�ZLUG�
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'HU�DXI�GLHVH�:HLVH�EHUHFKQHWH�:lUPH�EHUJDQJVNRHIIL]LHQW�LVW�I�U�]ZHL�YHUVFKLHGHQH�:lU�
PHVWURPGLFKWHQ�XQG�0DVVHQVWU|PH�EHLP�'UXFN�YRQ�S ���EDU�LQ�$EE�������GDUJHVWHOOW��%HLP
OLQNHQ�'LDJUDPP��GDV�I�U�HLQH�%HKHL]XQJ�YRQ� T�  ���N:�P��XQG�0�  ����NJ�V�JLOW��ZLUG�HLQH
JHVFKORVVHQH�5LQJVWU|PXQJ�HUUHLFKW��,P�UHFKWHQ�%LOG��GDV�I�U� T�  ���N:�P��XQG�0�  ����NJ�V
HUVWHOOW� LVW�� OLHJW� LP�=ZHLSKDVHQEHUHLFK�QHEHQ�6FKZDOO��XQG�1HEHOVWU|PXQJ�QXU�HLQH�RIIHQH
5LQJVWU|PXQJ�YRU��'LH�JHVFKORVVHQH�5LQJVWU|PXQJ�ZLUG�DXI�*UXQG�GHU�JHULQJHUHQ�'DPSIJH�
VFKZLQGLJNHLW��JHULQJHUHU�0DVVHQVWURP��QLFKW�HUUHLFKW�

,Q�GHQ�(LQSKDVHQJHELHWHQ�LVW�]X�HUNHQQHQ��GDVV�GHU�JU|�HUH�0DVVHQVWURP�GHV�OLQNHQ�'LD�
JUDPPV� HLQHQ� YHUEHVVHUWHQ�:lUPH�EHUJDQJ� KHUYRUUXIW�� ,P� =ZHLSKDVHQEHUHLFK� VLQG� LQ� GHQ
'LDJUDPPHQ� GLH�:lUPH�EHUJDQJVNRHIIL]LHQWHQ� GHU� EHQHW]WHQ� �REHUH� /LQLH�� XQG� GHU� XQEH�
QHW]WHQ�5RKUZDQG� �XQWHUH�/LQLH�� JHSXQNWHW� HLQJH]HLFKQHW�� ,P�EHQHW]WHQ�7HLO�GHU�5RKUZDQG
LVW�LP�UHFKWHQ�'LDJUDPP��ZR�GLH�VWlUNHUH�%HKHL]XQJ�DXIWULWW��DXFK�ZLH�]X�HUZDUWHQ�GHU�K|KHUH
:lUPH�EHUJDQJ�YRUKDQGHQ��'HU�JHPLWWHOWH�:lUPH�EHUJDQJ�LVW�DEHU�DXI�*UXQG�GHU�VFKOHFK�
WHQ�%HQHW]XQJ�NOHLQHU�DOV�LP�OLQNHQ�'LDJUDPP�
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$EE������� *HPLWWHOWHU :lUPH�EHUJDQJVNRHIIL]LHQW �GXUFKJH]RJHQH /LQLH� I�U GLH (LQSKDVHQ�

ZDVVHUVWU|PXQJ� GLH =ZHLSKDVHQVWU|PXQJ XQG GLH (LQSKDVHQGDPSIVWU|PXQJ� 'DV

OLQNH 'LDJUDPP JLOW I�U Tµ �� N:�P� XQG 0�  ��� NJ�V� GDV UHFKWH I�U Tµ �� N:�P�

XQG 0�  ��� NJ�V �MHZHLOV EHL S �� EDU�� 'LH JHSXQNWHWHQ /LQLHQ GHXWHQ GHQ :lUPH�

�EHUJDQJ GHU EHQHW]WHQ �REHUH /LQLH� E]Z� XQEHQHW]WHQ 5RKUZDQG �XQWHUH /LQLH� DQ�

:lUPH�EHUWUDJXQJ�DQ�GHU�lX�HUHQ�5RKUZDQG

%HLP� 3DUDEROULQQHQNUDIWZHUN� VWHKW� GLH� lX�HUH� 5RKUZDQG� PLW� GHP� *ODVK�OOURKU�� GHU� +LP�
PHOVVWUDKOXQJ�XQG�GHU�NRQ]HQWULHUWHQ�6RODUVWUDKOXQJ� LP�6WUDKOXQJVDXVWDXVFK��:lUPHOHLWXQJ
XQG�.RQYHNWLRQ�ZLUG�XQWHUGU�FNW�ZHLO�GHU�5DXP�]ZLVFKHQ�$EVRUEHUURKU�XQG�+�OOURKU�HYD�
NXLHUW� LVW��'DV�*ODVK�OOURKU� VWHKW�ZLHGHUXP� LP�6WUDKOXQJVDXVWDXVFK�PLW� GHP�$EVRUEHUURKU�
GHU�+LPPHOVVWUDKOXQJ�XQG�GHU�NRQ]HQWULHUWHQ�6RODUVWUDKOXQJ��'DV�*ODVK�OOURKU�ZLUG�]XVlW]�
OLFK�NRQYHNWLY�GXUFK�GLH�8PJHEXQJVOXIW� JHN�KOW��'D� LQ�GLHVHU�$UEHLW�GLH�'\QDPLN�GHU�'L�
UHNWYHUGDPSIXQJ�LP�9RUGHUJUXQG�VWHKW��ZLUG�DXI�HLQH�DXIZHQGLJH�(QHUJLHELODQ]�GHV�+�OOURK�
UHV�YHU]LFKWHW��'DV�+�OOURKU�ZLUG� LQ�GHU�6WUDKOXQJVELODQ]�GHV�$EVRUEHUURKUHV�QLFKW� EHU�FN�
VLFKWLJW�� *ODV� LVW� LP� ,QIUDURWEHUHLFK� GHU� $EVRUEHUURKUDEVWUDKOXQJ� VFKOHFKW� GXUFKOlVVLJ�� GD�
GXUFK�ZHUGHQ�GLH�9HUOXVWH�GHV�$EVRUEHUV�HWZDV�]X�KRFK�EHUHFKQHW��'LHVHU�)HKOHU�ZLUG�MHGRFK
DXV�REHQ�JHQDQQWHQ�*U�QGHQ�LQ�.DXI�JHQRPPHQ�



��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ ��

'LH� (PLVVLYLWlW� LVW� I�U� HLQH� GLIIXV� VWUDKOHQGH� 2EHUIOlFKH� YRQ� GHU� :HOOHQOlQJH� XQG� GHU
7HPSHUDWXU�DEKlQJLJ��)�U�GLH�DEJHVWUDKOWH�(QHUJLH�GHU�:HOOHQOlQJH�O�HLQHV�UHDOHQ�6WUDKOHUV
JLOW�PLW�GHU�6WHIDQ�%ROW]PDQQ�.RQVWDQWH�V� ��������������:�P�.���%DHKU�������

� � �

� � 77T 6 VOH
O

 � �������

0LW�GHU�9HUHLQIDFKXQJ� GHU�9HUQDFKOlVVLJXQJ� GHV�+�OOURKUHV� VWHKW� GLH� lX�HUH�5RKUZDQG
PLW� GHU� +LPPHOVVWUDKOXQJ� XQG� GHU� 6RODUVWUDKOXQJ� LP� 6WUDKOXQJVDXVWDXVFK�� )�U� HLQH� GLIIXV
VWUDKOHQGH�2EHUIOlFKH�LVW�GHU�KHPLVSKlULVFKH�VSHNWUDOH�(PLVVLRQVJUDG�JOHLFK�GHP�KHPLVSKl�
ULVFKHQ�VSHNWUDOHQ�$EVRUSWLRQVJUDG� � � � �77 �� ODOH  ��:LUG�DQJHQRPPHQ��GDVV�GLH�+LPPHOV�
VWUDKOXQJ�XQG�GLH�DEJHVWUDKOWH�:lUPHVWUDKOXQJ�lKQOLFKH�:HOOHQOlQJHQEHUHLFKH�KDEHQ��E]Z�
GDVV�VLFK�GLH�5RKUZDQG�GRUW�ZLH�HLQ�JUDXHU�6WUDKOHU�YHUKlOW��VR�JLOW� � � � �77 DH | ��'DPLW�JLOW
I�U�GLH�$EVWUDKOXQJVYHUOXVWH�GHU�5RKUZDQG�EHL�GHU�7HPSHUDWXU�7Z�

� � � �����

VN\ZVN\ZORVV 7777T � � HVDHV� �������

ZREHL�I�U�GLH�(PLVVLYLWlW�H H�7Z��JLOW�
'LH�9HUHLQIDFKXQJ�GHV�JUDXHQ�6WUDKOHUV�JLOW�QLFKW�I�U�GLH�XQWHUVFKLHGOLFKHQ�:HOOHQOlQJHQ�

EHUHLFKH�GHU�6RODUVWUDKOXQJ�XQG�GHU�:lUPHVWUDKOXQJ��(V� JLOW� KLHU� DXI�*UXQG�GHU� VHOHNWLYHQ
%HVFKLFKWXQJ�� � � � �77 VDH z �� 'LH� 7HPSHUDWXUDEKlQJLJNHLW� GHV� $EVRUSWLRQVJUDGHV� DV� GHU
&HUPHW�%HVFKLFKWXQJ� GHV� $EVRUEHUURKUHV� LVW� QXU� VHKU� VFKZDFK� DXVJHSUlJW�� 'LH� :lUPH�
VWURPGLFKWH�GHU�DEVRUELHUWHQ�NRQ]HQWULHUWHQ�6RODUVWUDKOXQJ�EHUHFKQHW�VLFK�PLW�GHP�$EVRUSWL�
RQVJUDG�GHU�6RODUVWUDKOXQJ�DV�

NRQ]VDEV TT �� D �������

6RPLW�EHUHFKQHW�VLFK�GLH�I�U�GLH�5RKUZDQG�JHZRQQHQH�(QHUJLHIOXVVGLFKWH�]X�
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'HU� JHZRQQHQH�:lUPHVWURP� 4� � LVW� DOVR� GLH� DEVRUELHUWH� NRQ]HQWULHUWH� 6RODUVWUDKOXQJ��� DE�
]�JOLFK� GHU� $EVWUDKOXQJVYHUOXVWH� JHJHQ�EHU� GHU� 8PJHEXQJ�� 'LH� +LPPHOVWHPSHUDWXU� 7VN\
EHUHFKQHW�VLFK�]��%��QDFK��6ZLQEDQN�������DXV�GHU�8PJHEXQJVWHPSHUDWXU�7DPE�

� � ��������� DPEVN\ 77 � �������

$OV� VHOHNWLYH� $EVRUEHUVFKLFKW� ZLUG� HLQH� 62/(/� &HUPHW�%HVFKLFKWXQJ� ]X� *UXQGH� JHOHJW�
9RQ�6DQGLD�1DWLRQDO�/DERUDWRULHV�XQG�.-&�2SHUDWLQJ�&RPSDQ\�ZXUGH�GLH�&HUPHW�6FKLFKW
RSWLVFK� YHUPHVVHQ� XQG� JHWHVWHW� �&RKHQ�������� 'HU� JHPHVVHQH� $EVRUSWLRQVJUDG� GHU� 6RODU�
VWUDKOXQJ�ZXUGH�]X�

����� VD �������

EHVWLPPW��'LH�0HVVZHUWH� I�U�GLH�(PLVVLYLWlW�N|QQHQ� LQ�$EKlQJLJNHLW�GHU�5RKUZDQGWHPSH�
UDWXU�7Z�LQ�>.@�IROJHQGHUPD�HQ�DXVJHGU�FNW�ZHUGHQ�

� � ZZ 77 ����������������� ��� H �������

������������������������������������������������
�� 'LH 6WUDKOXQJVIOXVVGLFKWH GHU NRQ]HQWULHUWHQ 6WUDKOXQJ PX� PLW ��� PXOWLSOL]LHUW ZHUGHQ� GD T� NRQ]

DXI GLH KDOEH 5RKUDX�HQIOlFKH EH]RJHQ LVW �QXU FD� GLH +lOIWH GHV 5RKUXPIDQJV ZLUG EHVWUDKOW�� GLH

:lUPHVWURPGLFKWH T� MHGRFK DXI GLH JHVDPWH 5RKUDX�HQIOlFKH EH]RJHQ LVW�



�� ��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ

'DPLW� HUJHEHQ� VLFK� LP�7HPSHUDWXULQWHUYDOO� ]ZLVFKHQ�����&�XQG�����&�(PLVVLYLWlWHQ� ]ZL�
VFKHQ�������XQG�������

,Q�GHU�*OHLFKXQJ���������I�U�GLH�%HUHFKQXQJ�GHU�$EVWUDKOYHUOXVWH�JHKW�GLH�5RKUZDQGWHP�
SHUDWXU��ZHQQ�PDQ�GLH�7HPSHUDWXUDEKlQJLJNHLW�GHU�(PLVVLYLWlW�PLWEHU�FNVLFKWLJW�� LQ� I�QIWHU
3RWHQ]� HLQ��'LHV� EUDFKWH� 6FKZLHULJNHLWHQ� EHL� GHU� QXPHULVFKHQ� /|VXQJ�PLW� VLFK�� (V� ZXUGH
HLQH� HLQIDFKH�$QQlKHUXQJ� I�U� GLH�*OHLFKXQJHQ� ��������� �������� XQG� �������� DXVJHDUEHLWHW�
'LHVH� =DKOHQZHUWJOHLFKXQJ� VHW]W� HLQH� 8PJHEXQJVWHPSHUDWXU� YRQ� ����&� �7DPE �������.�
YRUDXV��6LH�HQWKlOW�EHUHLWV�GLH�7HPSHUDWXUDEKlQJLJNHLW�GHU�(PLVVLYLWlW�QDFK���������

� � ���������������������������� ���� Z
7

ORVV HT V� � TµORVV LQ >:�P�@� 7Z LQ >.@ �������

,P�OLQNHQ�'LDJUDPP�GHU�$EE�������LVW�GLH�9HUOXVWZlUPHVWURPGLFKWH�DOV�)XQNWLRQ�GHU�5RKU�
ZDQGWHPSHUDWXU�DXIJHWUDJHQ��'LH�%HUHFKQXQJ�LVW�PLW�GHQ�H[DNWHQ�)RUPHOQ�XQG�PLW�GHU�1lKH�
UXQJVJOHLFKXQJ� �������� GXUFKJHI�KUW� ZRUGHQ�� 'LH� 1lKHUXQJVNRUUHODWLRQ� ]HLJW� HLQH� JXWH
hEHUHLQVWLPPXQJ�PLW�GHU�H[DNWHQ�%HUHFKQXQJ��,P�UHFKWHQ�'LDJUDPP�GHU�$EE�������VLQG�DXI
GLH�5RKUOlQJH�EH]RJHQH�(QHUJLHVWU|PH�HLQJH]HLFKQHW��'LH�.XUYHQ�JHOWHQ�I�U�HLQH�6WUDKOXQJV�
IOXVVGLFKWH�GHU�NRQ]HQWULHUWHQ�6RODUVWUDKOXQJ�YRQ����N:�P��DXI�GLH�lX�HUH�5RKUZDQG��5RKU�
DX�HQGXUFKPHVVHU�GD ���PP���'LHV� HQWVSULFKW� GHP�PLW� HLQHU�GXUFKJH]RJHQHQ�/LQLH� GDUJH�
VWHOOWHQ�(QHUJLHVWURP��'LH�JHVWULFKHOW�JH]HLFKQHWH�.XUYH�VWHOOW�GLH�DEVRUELHUWH�6WUDKOXQJVOHL�
VWXQJ� GDU�� 'HU� YRQ� GHU� $EVRUEHUURKUZDQG� JHZRQQHQH� :lUPHVWURP� LVW� DOV� SXQNWLHUW�
JHVWULFKHOWH�/LQLH�GDUJHVWHOOW��'LH�9HUOXVWOHLVWXQJ�GXUFK�$EVWUDKOXQJ�HQWVSULFKW�GHU�'LIIHUHQ]
]ZLVFKHQ�DEVRUELHUWHU�6WUDKOXQJVOHLVWXQJ�XQG�JHZRQQHQHP�:lUPHVWURP��6LH�OLHJW�EHL�ZHQL�
JHQ�3UR]HQW�GHU�HLQJHNRSSHOWHQ�/HLVWXQJ�
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$EE������� /LQNHV 'LDJUDPP� 9HUJOHLFK GHU H[DNWHQ XQG JHQlKHUWHQ %HUHFKQXQJ GHU 9HUOXVW�

ZlUPHVWURPGLFKWH GXUFK $EVWUDKOXQJ �-DPE �� �&�� 5HFKWHV 'LDJUDPP� $XI GLH

/lQJH EH]RJHQH (QHUJLHVWU|PH GHU lX�HUHQ 5RKUZDQG �Tµ
NRQ]  �� N:�P�� GD �� PP�

-DPE �� �&��



��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ ��

���� 0RGHOOH�ZHLWHUHU�.RPSRQHQWHQ

)�U�HLQH�YROOVWlQGLJH�0RGHOOLHUXQJ�GHV�.ROOHNWRUV�IHKOHQ�QRFK�GLH�0RGHOONODVVHQ�I�U�GLH�%H�
VWLPPXQJ�GHU�)OXVVGLFKWH�GHU�NRQ]HQWULHUWHQ�6RODUVWUDKOXQJ�DXI�GHP�$EVRUEHUURKU��,Q�.DSL�
WHO� ������ZLUG� HLQ� HLQIDFKHV�0RGHOO� I�U� GLH� .ROOHNWRURSWLN� YRUJHVWHOOW�� =XGHP� VLQG� I�U� GLH
YHUVFKLHGHQHQ�.RQ]HSWH�GHU�'LUHNWYHUGDPSIXQJ�ZHLWHUH�.RPSRQHQWHQ�ZLH�5HJOHU��9HQWLOH�
'�VHQ�� $EVFKHLGHEHKlOWHU� XQG� 3XPSHQ� QRWZHQGLJ�� 'LH� 0RGHOOLHUXQJ� GLHVHU� %HVWDQGWHLOH
HUIROJW�LQ�GHQ�IROJHQGHQ�.DSLWHOQ�

������ .ROOHNWRURSWLN

'LH�LQ�GLHVHP�$EVFKQLWW�EHVFKULHEHQH�0RGHOONODVVH�I�KUW�GLH�%HUHFKQXQJ�GHU�DXI�GLH�$X�HQ�
VHLWH� GHV� $EVRUEHUURKUHV� IDOOHQGHQ�� NRQ]HQWULHUWHQ� 6RODUVWUDKOXQJ� DXV�� 'DEHL� P�VVHQ� HLQH
5HLKH�YRQ�9HUOXVWHQ�EHDFKWHW�ZHUGHQ�

*HRPHWULVFKH�9HUOXVWH� HLQHV�.ROOHNWRUV� HQWVWHKHQ�GXUFK�GLH� HLQDFKVLJH�1DFKI�KUXQJ��$XI
*UXQG� HLQHV� VFKUlJHQ� (LQIDOOVZLQNHO��ZLH� HV� EHL� HLQHP�1RUG�6�G� DXVJHULFKWHWHQ�.ROOHNWRU
YRU� DOOHP� LP�:LQWHUKDOEMDKU� GHU� )DOO� LVW�� YHUNOHLQHUW� VLFK� GLH� HIIHNWLYH� $SHUWXUIOlFKH� GHV
.ROOHNWRUV�PLW�GHP�.RVLQXV�GHV�(LQIDOOVZLQNHOV��'LHV�VLQG�GLH�VR�JHQDQQWHQ�Ä.RVLQXVYHUOX�
VWH³�� =X� GHQ� JHRPHWULVFKHQ� 9HUOXVWHQ� JHK|UHQ� DXFK� (QG�� XQG�0LWWHOYHUOXVWH�� GLH� GDGXUFK
DXIWUHWHQ�� GDVV� HLQ� UHIOHNWLHUWHV� 6RQQHQE�QGHO� EHL� VFKUlJHP� (LQIDOO� DP� (QGH� E]Z�� LQ� GHU
0LWWH�HLQHV�.ROOHNWRUV�GDV�$EVRUEHUURKU�QLFKW�WULIIW��'LH�JHRPHWULVFKHQ�9HUOXVWH�KlQJHQ�YRQ
GHU�2ULHQWLHUXQJ�GHV�.ROOHNWRUV��GHP�2UW�VRZLH�GHU�7DJHV��XQG�-DKUHV]HLW�DE�

2SWLVFKH�9HUOXVWH�FKDUDNWHULVLHUHQ�GLH�4XDOLWlW�HLQHV�.ROOHNWRUV��6LH�ZHUGHQ�GXUFK�GLH�5H�
IOHNWLYLWlW�GHV�6SLHJHOV��GLH�7UDQVPLVVLYLWlW�GHV�*ODVK�OOURKUHV��GHQ�$EVRUSWLRQVJUDG�GHU�VH�
OHNWLYHQ� %HVFKLFKWXQJ� XQG� GHQ� ,QWHUFHSW�)DNWRU� EHVWLPPW�� =XVlW]OLFK� JHKW� QRFK� HLQH� .RU�
UHNWXU� I�U� GLH� WDWVlFKOLFKH� 6SLHJHOIOlFKH��� XQG� I�U� QLFKW� DEVRUELHUHQGH� 7HLOVW�FNH� GHV� EH�
VWUDKOWHQ�+&(���HLQ��'HU�,QWHUFHSW�)DNWRU�JLEW�GHQ�$QWHLO�GHU�NRQ]HQWULHUWHQ�6WUDKOXQJ�DQ��GHU
YRP�$EVRUEHUURKU�HLQJHIDQJHQ�ZLUG�

7KHUPLVFKH�9HUOXVWH�GHV�.ROOHNWRUV�VLQG�EHUHLWV� LQ�GHU�:lUPH�EHUWUDJXQJ�DQ�GHU�lX�HUHQ
5RKUZDQG�LQ�.DSLWHO�������DE�6HLWH����EHU�FNVLFKWLJW�ZRUGHQ�XQG�JHKHQ�QLFKW�LQ�GLH�0RGHOO�
NODVVH�GHU�.ROOHNWRURSWLN�HLQ�

������������������������������������������������
�� 'LH HIIHNWLYH $SHUWXUIOlFKH GHU 6SLHJHO $HII LVW DXI *UXQG YRQ /�FNHQ ]ZLVFKHQ GHQ 6SLHJHOIDFHWWHQ
NOHLQHU DOV GLH DXV $SHUWXU|IIQXQJ %.ROO XQG .ROOHNWRUOlQJH /.ROO EHUHFKQHWH )OlFKH�

�� +&( +HDW &ROOHFWLQJ (OHPHQW� 1LFKW DOOH EHVWUDKOWHQ )OlFKHQ GHV $EVRUEHUURKUHV N|QQHQ GLH

6WUDKOXQJVHQHUJLH DEVRUELHUHQ XQG DQ GDV )OXLG ZHLWHUJHEHQ� 6R YHUKLQGHUQ ]� %� GLH )DOWHQElOJH GHU
+&( GHQ 6WUDKOHQJDQJ ]XP $EVRUEHUURKU�



�� ��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ

(LQIDFKHV�0RGHOO�I�U�GLH�.ROOHNWRURSWLN��'HU�%LODQ]UDXP�I�U�GDV�HLQIDFKH�.ROOHNWRURSWLN�
0RGHOO�XPIDVVW�6SLHJHO�XQG�+�OOURKU��DEHU�QLFKW�GLH�5RKUZDQG��'LH�$EVRUSWLYLWlW�GHU�VHOHN�
WLYHQ�%HVFKLFKWXQJ��VRZLH�GLH�$EVWUDKOXQJ�LVW�EHUHLWV�LQ�GHU�0RGHOONODVVH�I�U�GLH�5RKUZDQG
EHU�FNVLFKWLJW�ZRUGHQ�� 'DV�+�OOURKU� JHKW� QXU�PLW� VHLQHP�7UDQVPLVVLRQVJUDG� HLQ��'LH� YHU�
ZHQGHWHQ� :LUNXQJVJUDGH� P�VVHQ� DOV� LQWHJUDOH� :HUWH� �EHU� HLQHQ� JHVDPWHQ� .ROOHNWRU� EH�
WUDFKWHW�ZHUGHQ��'HU�RSWLVFKH�:LUNXQJVJUDG�ZLUG�KLHU�IROJHQGHUPD�HQ�GHILQLHUW�

.ROOHNWRUV�GHV�FKH$SHUWXUIOl�DXI�KOXQJ'LUHNWVWUDGHU��/HLVWXQJ

KHKUREHUIOlF$EVRUEHUUR�DXI�OXQJ6RODUVWUDKUWHQ�NRQ]HQWULHGHU��/HLVWXQJ
 RSWK �������

'HU�LQ�*OHLFKXQJ���������GHILQLHUWH��RSWLVFKH�:LUNXQJVJUDG�EHUHFKQHW�VLFK�I�U�GHQ�6SH]LDO�
IDOO�GHV�VHQNUHFKWHQ�(LQIDOOVZLQNHOV��,QGH[����IROJHQGHUPD�HQ�
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PLW� $HII��� (IIHNWLYH $SHUWXUIOlFKH GHU 6SLHJHOIDFHWWHQ LP (LQEDX]XVWDQG >P�@
/.ROO� /lQJH GHV .ROOHNWRUV >P@

%.ROO� $SHUWXUZHLWH GHV .ROOHNWRUV >P@
/+&(�HII�EHVWU��� (IIHNWLYH �DEVRUELHUHQGH� EHVWUDKOWH /lQJH GHV $EVRUEHUURKUHV >P@

/+&(�EHVWU��� EHVWUDKOWH /lQJH GHV $EVRUEHUURKUHV >P@

U�� 5HIOH[LRQVJUDG GHU 6SLHJHO >�@

W�� 7UDQVPLVVLRQVJUDG GHV +�OOURKUHV >�@

J�� ,QWHUFHSW�)DNWRU >�@

,QGH[ �� EHL VHQNUHFKWHP (LQIDOO GHU 6WUDKOXQJ�

%HL�QLFKW� VHQNUHFKWHP�(LQIDOO� GHU�6RODUVWUDKOXQJ� DXI�GHQ�.ROOHNWRU� JHKW�GHU�:LUNXQJVJUDG
PLW� GHP�.RVLQXV� GHV� (LQIDOOVZLQNHOV� ]XU�.ROOHNWRUQRUPDOHQ� ]XU�FN��+LQ]X� NRPPHQ� QRFK
(QG��XQG�0LWWHOYHUOXVWH��bQGHUXQJHQ�LQ�GHQ�EHVWUDKOWHQ�/lQJHQ�GHU�+&(��VRZLH�GLH�:LQNHO�
DEKlQJLJNHLW�GHU�0DWHULDOJU|�HQ��U�� W�� D���XQG�GHV�,QWHUFHSW�)DNWRUV��'LHVHV�9HUKDOWHQ�NDQQ
GXUFK�GHQ�,QFLGHQW�$QJOH�0RGLILHU��,$0��EHVFKULHEHQ�ZHUGHQ��(U�ZLUG�KLHU�ZLH� IROJW�GHIL�
QLHUW�

��RSW

RSW

,$0.
K

K
 �������

'HU� ,$0�ZLUG� LQ� GHU� 3UD[LV� KlXILJ� H[SHULPHQWHOO� HUPLWWHOW�� )�U� GHQ� /6���.ROOHNWRU�ZXUGH
YRQ�GHQ�6DQGLD�1DWLRQDO�/DERUDWRULHV� �61/��GHU� ,$0� LQ� HLQHU�7HVWUHLKH�EHVWLPPW��(U� VROO
KLHU�DOV�$QKDOWVSXQNW�DQJHJHEHQ�ZHUGHQ����'XGOH\�������

��������������������FRV TTT ���� ,$0. �������

'DEHL�LVW�T�GHU�(LQIDOOVZLQNHOV�GHU�6RODUVWUDKOXQJ�]XU�.ROOHNWRUQRUPDOHQ�LQ�*UDG�

������������������������������������������������
�� 'HU ,$0 LVW LQ GHU 7HVWUHLKH YRQ 61/ HWZDV DQGHUV DOV LQ GHU YRUOLHJHQGHQ $UEHLW GHILQLHUW ZRUGHQ�

'LH (QGYHUOXVWH VLQG HOLPLQLHUW ZRUGHQ� G� K� %H]LHKXQJ ������� JLOW I�U HLQHQ XQHQGOLFK ODQJHQ .RO�
OHNWRU� ZlKUHQG GLH LQ GLHVHU $UEHLW EHQXW]WH 'HILQLWLRQ ������� GHV ,$0 (QGYHUOXVWH HQWKlOW�



��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ ��

'LH�:lUPHVWURPGLFKWH�GHU�NRQ]HQWULHUWHQ�6RODUVWUDKOXQJ�DXI�GHU�$EVRUEHUURKUDX�HQVHLWH
NDQQ��EHU�GHQ�RSWLVFKHQ�:LUNXQJVJUDG��GDV�JHRPHWULVFKH�.RQ]HQWUDWLRQVYHUKlOWQLV�XQG�GLH
'LUHNWVWUDKOXQJ� EHUHFKQHW� ZHUGHQ�� 'DEHL� LVW� ]X� EHDFKWHQ�� GDVV� GLH�:lUPHVWURPGLFKWH� GHU
NRQ]HQWULHUWHQ�6RODUVWUDKOXQJ� NRQ]T� �LP�5HFKHQSURJUDPP�DXI�GLH�KDOEH�lX�HUH�5RKUXPIDQJV�
IOlFKH�EH]RJHQ�LVW�
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,Q�7DEHOOH�����VLQG�GLH�I�U�GLH�6LPXODWLRQ�]X�*UXQGH�JHOHJWHQ�.ROOHNWRUGDWHQ�DEJHGUXFNW�
0LW�GLHVHQ�:HUWHQ�HUUHFKQHW�VLFK�HLQ�RSWLVFKHU�.ROOHNWRUZLUNXQJVJUDG�EHL�VHQNUHFKWHP�(LQ�
IDOOVZLQNHO�GHU�6WUDKOXQJ���

� � ���� ��   q RSWRSW KTK �������

,Q� �3KDUDERG������� LVW� I�U� GHQ� /6���.ROOHNWRU� HLQ� RSWLVFKHU�:LUNXQJVJUDG� DQJHJHEHQ�� GHU
XPJHUHFKQHW�DXI�GLH�'HILQLWLRQ���������HLQHQ�:HUW�YRQ��������HUJLEW����

7DEHOOH����� *HRPHWULHGDWHQ GHV DXI GHU 36$ YHUPHVVHQHQ� PRGLIL]LHUWHQ /6���.ROOHNWRUV XQG

I�U GLH 6LPXODWLRQ DQJHQRPPHQH .ROOHNWRUGDWHQ�

%H]HLFKQXQJ *U|�H %HPHUNXQJ

$HII ����� P
�

(IIHNWLYH $SHUWXUIOlFKH GHU 6SLHJHOIDFHWWHQ LP (LQEDX]XVWDQG � $SHUWXUIOlFKH
GHV $EVRUEHUURKUHV

/.ROO ����� P /lQJH HLQHV .ROOHNWRUV

%.ROO ���� P $SHUWXUZHLWH HLQHV .ROOHNWRUV

/+&(�EHVWU ����� P (LQ +&( LVW ����� P ODQJ
D�
� 'DYRQ ZHUGHQ DEHU QXU ����� P YRQ GHQ 6SLHJHOQ

EHVWUDKOW�

/+&(�HII�EHVWU ����� P 9RQ ����� P EHVWUDKOWHQ +&( VLQG QXU ����� P DEVRUELHUHQG�

U� ���� 0LWWHOZHUW GHV 5HIOH[LRQVJUDGHV GHU 6SLHJHO PLW 9HUVFKPXW]XQJV� XQG :DVFK�
=\NOXV ZLH LQ .UDPHU -XQFWLRQ

D�

W� ���� 0LWWHOZHUW GHV 7UDQVPLVVLRQVJUDGHV GHV +�OOURKUHV PLW 9HUVFKPXW]XQJV� XQG
:DVFK�=\NOXV ZLH LQ .UDPHU -XQFWLRQ

D�

J� ���� $QQDKPH I�U GHQ ,QWHUFHSW�)DNWRU
E�

D�
�&RKHQ �����

E�
�.HPPH �����

������������������������������������������������
�� 'LH 6LPXODWLRQVUHFKQXQJHQ LQ .DSLWHO � ZXUGHQ DOOH PLW HLQHP (LQIDOOVZLQNHO YRQ �� EHUHFKQHW�

�� ,Q �3KDUDERG ����� LVW GHU RSWLVFKH :LUNXQJVJUDG PLW ���� � DQJHJHEHQ �LQNOXVLYH $EVRUSWLRQV�
JUDG YRQ �� ��� 'D LQ GLHVHU $UEHLW GHU RSWLVFKH :LUNXQJVJUDG GHQ $EVRUSWLRQVJUDG GHV 5RKUHV QLFKW

HQWKlOW� PX�WH GHU :LUNXQJVJUDG YRQ ���� � QRFK GXUFK GHQ $EVRUSWLRQVJUDG YRQ ���� JHWHLOW ZHU�
GHQ�
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������ 5HJOHU

8P�NRQVWDQWH�(LQWULWWVEHGLQJXQJHQ��'UXFN�XQG�7HPSHUDWXU��I�U�GLH�7XUELQH�XQG�HLQHQ�VLFKH�
UHQ�%HWULHE� HLQHV� 3DUDEROULQQHQNUDIWZHUNHV� VLFKHU]XVWHOOHQ�� LVW� HLQH� DXWRPDWLVFKH�5HJHOXQJ
GHU�$QODJH�QRWZHQGLJ��6R�PXVV�]��%��GHU�0DVVHQVWURP�GHU�(LQVSULW]N�KOHU�RGHU�GLH�6SHLVH�
ZDVVHUSXPSH� GHV�$EVRUEHUVWUDQJHV� JHUHJHOW�ZHUGHQ��0LW� GHU�5HJHOXQJ� GHU� VRODUHQ�'LUHNW�
YHUGDPSIXQJ� LQ� 3DUDEROULQQHQNROOHNWRUHQ� EHIDVVHQ� VLFK� ]��%�� GLH� $UEHLWHQ� YRQ� �(FN������
XQG��/LSSNH��������(LQ�KlXILJ�HLQJHVHW]WHU�5HJOHU�LQ�GHU�.UDIWZHUNVWHFKQLN�LVW�GHU�3,�5HJOHU�

[

Z H

� �
\5HJOHU

)�KUXQJVJU|�H Z

5HJHOJU|�H [

6WHOOJU|�H \

5HJHOGLIIHUHQ] H Z�[

$EE������� :LUNXQJVSODQ HLQHV 5HJOHUV XQG GD]XJHK|ULJH *U|�HQ�

'HU�3,�5HJOHU�YHUELQGHW�GLH�9RUWHLOH�YRQ�3��XQG� ,�5HJOHU��(U� LVW� UREXVW�� UHODWLY� VFKQHOO�XQG
KDW� NHLQH� EOHLEHQGH� 5HJHODEZHLFKXQJ�� 'LH� YHUZHQGHWHQ� 9DULDEOHQ� VLQG� LQ� $EE������� EH�
VFKULHEHQ�

� � � �³ ����� GW[Z.[Z.\ ,535 �������

.35�XQG�.,5�VLQG�3DUDPHWHU��GLH�EHL�GHU�5HJOHUV\QWKHVH�EHVWLPPW�ZHUGHQ�

������ 9HQWLOH

8QWHU�9HUQDFKOlVVLJXQJ�GHU�6SHLFKHUIlKLJNHLW�GHV�9HQWLOV�ODXWHW�GLH�.RQWLQXLWlWVJOHLFKXQJ�

���  �00 �� �������

,Q�GHU�(QHUJLHELODQ]�ZLUG�GLH�*HZLFKWVNUDIW�XQG�GLH�NLQHWLVFKH�(QHUJLH�YHUQDFKOlVVLJW��'DV
9HQWLO�VHL�JHJHQ�EHU�GHU�8PJHEXQJ�JXW�LVROLHUW��%HWUDFKWXQJ�DOV�DGLDEDWHV�9HQWLO��

�����  � K0K0 �� �������

'LH�,PSXOVELODQ]��LQ�GHU�DXFK�GHU�5HLEXQJVGUXFNYHUOXVW�HLQJHKW��ZLUG�GXUFK�GLH�9HQWLONHQQ�
OLQLH�EHVFKULHEHQ��6LH�KlQJW�YRQ�GHU�%DXDUW�GHV�9HQWLOV�DE�XQG�EHVFKUHLEW�GHQ�=XVDPPHQKDQJ
]ZLVFKHQ�9HQWLOVWHOOXQJ�+��0DVVHQVWURP�0� �XQG�'UXFNGLIIHUHQ]�'S9�

� � ���  ' 9S0+) � �������

'LH� )RUP� GHU� 9HQWLONHQQOLQLH� ZLUG� GXUFK� GLH� *HRPHWULH� GHV� 9HQWLONHJHOV� EHVWLPPW�� =ZHL
FKDUDNWHULVWLVFKH�)RUPHQ�KDEHQ�VLFK�DOV�EHVRQGHUV�ZLFKWLJ�KHUDXVJHVWHOOW��GLH�OLQHDUH�.HQQOL�
QLH�XQG�GLH�JOHLFKSUR]HQWLJH�.HQQOLQLH� �6FKQHLGHU��������%HLGH�.HQQOLQLHQ�VLQG�GXUFK�]ZHL
3DUDPHWHU�HLQGHXWLJ�EHVFKUHLEEDU�
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*OHLFKSUR]HQWLJH�9HQWLONHQQOLQLH��'LH� JOHLFKSUR]HQWLJH�.HQQOLQLH� NDQQ� GXUFK� HLQH� ([SR�
QHQWLDOIXQNWLRQ�GDUJHVWHOOW�ZHUGHQ�
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'LH�9HQWLONHQQOLQLH� LVW� GXUFK� GLH� ]ZHL� 3DUDPHWHU� N9�� XQG� QJO� EHVWLPPW�� 'HU� 3DUDPHWHU� QJO
NDQQ�DXV�GHP�N96�:HUW�XQG�GHP�N9��:HUW�IROJHQGHUPD�HQ�EHUHFKQHW�ZHUGHQ�
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$XV�*OHLFKXQJ���������HUKlOW�PDQ�I�U�GLH�JOHLFKSUR]HQWLJH�9HQWLONHQQOLQLH�
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PLW�U�XQG�U��LQ�>NJ�P�@��N9��LQ�>P��K@�XQG�0� �LQ�>NJ�V@��'HU�)DNWRU������ZLUG�QRWZHQGLJ��GD
GHU�N9��:HUW�QLFKW�LQ�6,�(LQKHLWHQ�JHPHVVHQ�ZLUG�

/LQHDUH� 9HQWLONHQQOLQLH�� 'LH� OLQHDUH� .HQQOLQLH� NDQQ� GXUFK� �� 3DUDPHWHU� IROJHQGHUPD�HQ
EHVFKULHEHQ�ZHUGHQ��6FKQHLGHU�������

� � +NNNN 99699 ��� �� �������

,Q��'XEEHO�������ZLUG�GLH�6FKUHLEZHLVH�PLW�HLQHP�]XVlW]OLFKHQ�3DUDPHWHU�QOLQ�DQJHJHEHQ��GHU
DEHU�GXUFK�GHQ�N9��:HUW�XQG�N96�:HUW�DXVJHGU�FNW�ZHUGHQ�NDQQ�
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$XV�*OHLFKXQJ���������HUKlOW�PDQ�I�U�GLH�OLQHDUH�9HQWLONHQQOLQLH�
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PLW�U�XQG�U��LQ�>NJ�P�@��N9��XQG�N96�LQ�>P��K@�XQG�0� �LQ�>NJ�V@�

.RUUHNWXU� I�U�9HQWLO|IIQXQJHQ�NOHLQHU�������'LH� RELJHQ�9HQWLONHQQOLQLHQ� VLQG� WKHRUHWL�
VFKH�*UXQGIRUPHQ��)�U�NOHLQH�9HQWLO|IIQXQJHQ�ZLUG�GDV�UHDOH�9HQWLO�KlXILJ�QLFKW�PHKU�NRU�
UHNW� GXUFK� GLH� *UXQGIRUP� EHVFKULHEHQ�� $XV� GLHVHP� *UXQG� ZXUGH� I�U� GLH� 6LPXODWLRQ� GHV
9HQWLOV�HLQ�ZHLWHUHU�3DUDPHWHU�N9GLVW�HLQJHI�KUW��GHU�GHQ�N9�:HUW�I�U�HLQ�YROOVWlQGLJ�JHVFKORV�
VHQHV�9HQWLO��+ ���GDUVWHOOW��)�U�+XEVWHOOXQJHQ�XQWHUKDOE������GHU�gIIQXQJ��+�+����LVW�YHU�
HLQIDFKW�HLQ�OLQHDUHU�9HUODXI�GHV�9ROXPHQVWURPHV�JHJHQ�GHQ�:HUW�N9GLVW���I�U�HLQ�YROOVWlQGLJ
JHVFKORVVHQHV� 9HQWLO� YRUJHVHKHQ�� )�U� EHLGH� EHVFKULHEHQHQ� 9HQWLOW\SHQ� VROO� I�U� gIIQXQJHQ
NOHLQHU������JHOWHQ�

� �
����I�U

����

��

�

�

�

��

�
¸
¸

¹

·

¨
¨

©

§
�

'��

'��
�

��
 +N

S

S0

NN
+ 9GLVW

9

9

9GLVW9 UU

�
�������

������������������������������������������������
�� 'HU N9GLVW�:HUW NDQQ I�U GLH 0RGHOOLHUXQJ DXV QXPHULVFKHQ *U�QGHQ QLFKW YROOVWlQGLJ DXI 1XOO JH�
VHW]W ZHUGHQ� (U NDQQ DXI HLQHQ :HUW YRQ FD� PLQLPDO ���� YHUNOHLQHUW ZHUGHQ� ELV HLQH 'LYLVLRQ GXUFK
1XOO DXIWULWW�
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ZREHL�N9���GHU�N9�:HUW�EHL������9HQWLO|IIQXQJ��+ ����XQG�N9GLVW�GHU�N9�:HUW�EHL�JHVFKORVVH�
QHP�9HQWLO��+ ���LVW

,Q�$EE������� LVW�GHU�0DVVHQVWURP� LQ�$EKlQJLJNHLW�GHV�9HQWLOKXEHV�+�EHL�YHUVFKLHGHQHQ
'UXFNGLIIHUHQ]HQ��EHU�GDV�9HQWLO�GDUJHVWHOOW��$OV�)OXLG�ZLUG� OHLFKW�XQWHUN�KOWHV�:DVVHU�JH�
QRPPHQ��ZLH�HV� LQ�GHQ�9HQWLOHQ�GHU�(LQVSULW]N�KOHU�YRUNRPPW��'DV� OLQNH�'LDJUDPP�]HLJW
HLQ�9HQWLO�PLW�JOHLFKSUR]HQWLJHU�.HQQOLQLH��GDV�UHFKWH�HLQ�9HQWLO�PLW�OLQHDUHU�.HQQOLQLH��%HL
9HQWLOK�EHQ�XQWHU������GHU�gIIQXQJ�HUNHQQW�PDQ�LQ�EHLGHQ�)lOOHQ�GHQ�OLQHDUHQ�9HUODXI�
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$EE������� 0DVVHQVWURP 0� LQ $EKlQJLJNHLW GHV 9HQWLOKXEHV + EHL 'UXFNGLIIHUHQ]HQ �EHU GDV
9HQWLO YRQ 'S9 � EDU� � EDU XQG � EDU� 'DV OLQNH 'LDJUDPP VWHOOW HLQ 9HQWLO PLW
JOHLFKSUR]HQWLJHU .HQQOLQLH� GDV UHFKWH HLQ 9HQWLO PLW OLQHDUHU .HQQOLQLH GDU �N96 ����
N9� ����� N9GLVW ��

��
|�� 8QWHUN�KOWHV :DVVHU� - ��� �&� S �� EDU��

'LH�6WHOOG\QDPLN�GHV�9HQWLOV��=HLW�I�U�gIIQHQ�XQG�6FKOLH�HQ��LVW�ELVKHU�QLFKW�EHDFKWHW�ZRU�
GHQ��6LH�VSLHOW�LQ�GHU�5HJHO�EHL�ULFKWLJ�HLQJHVWHOOWHQ�5HJHOSDUDPHWHUQ�DXFK�NHLQH�5ROOH��GD�GLH
=HLWNRQVWDQWH�GHV�5HJOHUV�GDQQ�JU|�HU�DOV�GLH�GHV�9HQWLOV�LVW���

������������������������������������������������
�� ,Q GLH 0RGHOOELEOLRWKHN LVW HLQ OLQHDUHV XQG HLQ JOHLFKSUR]HQWLJHV 9HQWLO� ZHOFKHV GLH 6WHOOG\QDPLN
EHU�FNVLFKWLJW� DXIJHQRPPHQ ZRUGHQ� 0LW GLHVHQ 9HQWLOHQ N|QQWHQ GLH XQWHUJHODJHUWHQ 5HJHONUHLVH
GHU 9HQWLOH LP +LQEOLFN DXI GDV =XVDPPHQVSLHO YRQ 5HJHO� XQG 6WHOOG\QDPLN XQWHUVXFKW ZHUGHQ� 'LH
%HUHFKQXQJ HUIROJW DXV QXPHULVFKHQ *U�QGHQ �(YHQWV� LQ GHU DNWXHOOHQ %LEOLRWKHN VHKU ODQJVDP�
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������ '�VH

%HL� DOOHQ� .RQ]HSWHQ� GHU� 'LUHNWYHUGDPSIXQJ� LVW� LP� hEHUKLW]HUEHUHLFK� HLQ� (LQVSULW]N�KOHU
YRUKDQGHQ��GHU�GLH�7HPSHUDWXUUHJHOXQJ�I�U�GHQ�(LQWULWW�GHV�'DPSIHV�LQ�GLH�7XUELQH�JHZlKU�
OHLVWHW��,P�,QMHNWLRQVNRQ]HSW�VLQG�(LQVSULW]N�KOHU�DXFK�LP�9HUGDPSIHUDEVFKQLWW�DQJHRUGQHW�

0LW�GHQVHOEHQ�9HUHLQIDFKXQJHQ�ZLH�EHLP�9HQWLO��6HLWH�����VLQG�GLH�.RQWLQXLWlWVJOHLFKXQJ
��������XQG�GLH�(QHUJLHELODQ]���������DXFK�I�U�GLH�'�VH�J�OWLJ����'LH�VWDWLRQlUH�,PSXOVELODQ]
I�KUW�]X�IROJHQGHU�'UXFNYHUOXVWFKDUDNWHULVWLN�GHU�'�VH�

U

�0
&S

�
� ' �������

'HU� 'UXFNYHUOXVW� �EHU� GLH� '�VH� ZLUG� PLWWHOV� HLQHV� 'UXFNGLIIHUHQ]PHVVHUV� DXIJHQRPPHQ�
'DUDXV�NDQQ�PLW�GHU�'�VHQNHQQOLQLH�GHU�0DVVHQVWURP�EHVWLPPW�ZHUGHQ��=DU]D��������'HU�VR
HUPLWWHOWH�0DVVHQVWURP�VWHOOW�GLH�5HJHOJU|�H�I�U�GHQ�3,�5HJOHU�GHV�(LQVSULW]YHQWLOV�GDU��'LH
'�VHQNHQQOLQLH� PXVV� ]XU� *HZlKUOHLVWXQJ� GHV� ULFKWLJHQ� (LQVSULW]PDVVHQVWURPHV� JHQDX� EH�
NDQQW�VHLQ��$XV�GLHVHP�*UXQG�ZXUGHQ�GLH�9HUOXVWEHLZHUWH�&

�H[SHULPHQWHOO� I�U� MHGH�'�VH
GHU�',66�$QODJH�HUPLWWHOW��)�U�GLH�EHL�GHU�0HVVXQJ�HUPLWWHOWHQ�:HUWH�&

�:HUWH�PXVV�*OHL�
FKXQJ���������PRGLIL]LHUW�ZHUGHQ�

U

�
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PLW�'S�LQ�>1�P�@��0� �LQ�>NJ�V@�XQG�U�LQ�>NJ�P�@�

������ 3XPSH

)�U�GLH�6LPXODWLRQ�HLQHV�3DUDEROULQQHQNUDIWZHUNHV�ZLUG�GDV�0RGHOO�HLQHU�6SHLVHZDVVHUSXP�
SH��VRZLH� LP�5H]LUNXODWLRQVNRQ]HSW�GDV�HLQHU�5H]LUNXODWLRQVSXPSH�EHQ|WLJW��)�U�GLH�5H]LU�
NXODWLRQVSXPSH� �.ROEHQSXPSH��GHU�',66�$QODJH�ZDU�NHLQ�.HQQIHOG�YRUKDQGHQ��'DKHU� HU�
IROJW� GLH�0RGHOOLHUXQJ� ]XQlFKVW� DOV� LGHDOH� 3XPSH��'LH� 9HUOXVWH� GHU� UHDOHQ� 3XPSH�ZHUGHQ
GXUFK�:LUNXQJVJUDGH�EHVFKULHEHQ��'D�GLH�&KDUDNWHULVWLN�GHV�0RWRUV�GHU�3XPSH�KlXILJ�VHSD�
UDW�JHJHEHQ� LVW��EHVWHKW�GLH�0RGHOONODVVH�3XPSH�DXV�GHQ�]ZHL�8QWHUNODVVHQ�Ä6LPSOH3XPS³
XQG�Ä0RWRU$QG'ULYH³�

6LPSOH3XPS�� 'LHVH� .ODVVH� XPIDVVW� GLH� 3XPSH�� MHGRFK� RKQH� $QWULHE� XQG� *HWULHEH�� 'LH
3XPSH�ZLUG�RKQH�6SHLFKHUYHUP|JHQ�XQG�DOV�|UWOLFK�QLFKW�YHUWHLOWHV�6\VWHP�PRGHOOLHUW��'LH
.RQWLQXLWlWVJOHLFKXQJ�ODXWHW�ZLH�EHL�'�VH�XQG�9HQWLO�

���  �00 �� �������

8QWHU�9HUQDFKOlVVLJXQJ�YRQ�NLQHWLVFKHU�XQG�JHRGlWLVFKHU�(QHUJLH�XQG�XQWHU�GHU�9RUDXVVHW�
]XQJ��GDVV�GDV�JHSXPSWH�)OXLG�NHLQH�:lUPH�DEJLEW��DGLDEDW���ODXWHW�GLH�(QHUJLHELODQ]�

�����  �� WHFK3K0K0 �� �������

������������������������������������������������
�� 'LH NLQHWLVFKH (QHUJLH ]ZLVFKHQ (LQ� XQG $XVWULWW GHU '�VH lQGHUW VLFK ]ZDU VWDUN� 6LH LVW DEHU LQ
GHU (QHUJLHELODQ] LP 9HUJOHLFK ]X GHU LP $EVRUEHUURKU ]XJHI�KUWHQ (QHUJLH YHUQDFKOlVVLJEDU�
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PLW�GHU�]XJHI�KUWHQ�WHFKQLVFKHQ�$UEHLW�3WHFK��'LH�UHYHUVLEHO�]X]XI�KUHQGH�$UEHLW�HLQHU�LGHD�
OHQ�3XPSH�I�U�HLQ�LQNRPSUHVVLEOHV�0HGLXP�LVW�
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1DFK�GHP�+DXSWVDW]�GK YGS�7GV�JHKW�EHL�HLQHU�UHDOHQ�3XPSH�HLQ�7HLO�GHU� WHFKQLVFKHQ�$U�
EHLW�GXUFK�,UUHYHUVLELOLWlWHQ�QLFKW�DOV�'UXFNJHZLQQ�HLQ��7GV���'LHV�ZLUG�GXUFK�GHQ�LVHQWURSHQ
:LUNXQJVJUDG�KLV�DXVJHGU�FNW�
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$XI�*UXQG�YRQ�5HLEXQJVYRUJlQJHQ� LQQHUKDOE�GHU�3XPSH�XQG�GHU�:HOOH�]XP�0RWRU��VRZLH
/LHIHUJUDGHQ��� VLQG�ZHLWHUH�([HUJLHYHUOXVWH� ]X� YHU]HLFKQHQ��'LHV� VROO�PLW� GHP�:LUNXQJV�
JUDG�K3�EHU�FNVLFKWLJW�ZHUGHQ��,QVJHVDPW�ODXWHW�GDQQ�GLH�GHU�3XPSHQZHOOH��QLFKW�GHP�0R�
WRU��]X]XI�KUHQGH�/HLVWXQJ���
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0RWRU$QG'ULYH�� ,Q�GLHVHU�.ODVVH�ZLUG�GDV�9HUKDOWHQ�YRQ�0RWRU�XQG�*HWULHEH�GDUJHVWHOOW�
=XP� MHW]LJHQ�=HLWSXQNW� LVW� GLHV� GXUFK� GLH�$QJDEH� HLQHV�ZHLWHUHQ�:LUNXQJVJUDGHV�KPRW� EH�
U�FNVLFKWLJW�
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������ $EVFKHLGHEHKlOWHU

%HLP�5H]LUNXODWLRQVNRQ]HSW�ZLUG�'DPSI�YRQ�QRFK�IO�VVLJHP�:DVVHU�DEJHWUHQQW�XQG�]X�GHQ
hEHUKLW]XQJVNROOHNWRUHQ�JHOHLWHW��'LH�IO�VVLJH�3KDVH�ZLUG�ZLHGHU�]X�GHQ�9HUGDPSIHUNROOHN�
WRUHQ�]XU�FNJHI�KUW��)�U�GLH�$EVFKHLGXQJ�PXVV�HLQ�JXW�LVROLHUWHU�%HKlOWHU�YRUKDQGHQ�VHLQ��'D
GHU�$EVFKHLGHEHKlOWHU�VLFK�LP�+RFKGUXFNWHLO�GHU�$QODJH�EHILQGHW��VLQG�GLH�5RKUZlQGH�GLFN�
'LH�JUR�H�WKHUPLVFKH�7UlJKHLW�PDFKW�VLFK�EHL�'UXFNlQGHUXQJHQ�XQG�GDPLW�6LHGHWHPSHUDWXU�
lQGHUXQJHQ��ZLH�VLH�EHLP�$Q��XQG�$EIDKUHQ�YRUNRPPHQ��EHPHUNEDU�

,Q�GLHVHU�$UEHLW�ZLUG�GHU�$EVFKHLGHEHKlOWHU�DOV�6SH]LDOIDOO�GHU�%DVLVNODVVH�HLQHV�%HKlOWHUV
PLW� Q� $QVFKO�VVHQ� GDUJHVWHOOW�� 8P� ,QIRUPDWLRQHQ� �EHU� GLH� )�OOK|KH� GHV� %HKlOWHUV� ]X� EH�
NRPPHQ�LVW�QRFK�HLQH�.ODVVH�LPSOHPHQWLHUW��GLH�DOV�)�OOVWDQGVDQ]HLJH�GLHQW��hEHU�GLH�)�OO�
K|KH�ZLUG�EHLP�5H]LUNXODWLRQVNRQ]HSW�GHU�0DVVHQVWURP�GHU�6SHLVHZDVVHUSXPSH�JHUHJHOW�

%DVLVNODVVH�%HKlOWHUPRGHOO��)�U�GDV�:DVVHU�'DPSI�*HPLVFK�ZLUG�YRQ� HLQHP�KRPRJHQHQ
*OHLFKJHZLFKWVPRGHOO�DXVJHJDQJHQ��'LH�'XUFKPLVFKXQJ�LQQHUKDOE�GHV�%HKlOWHUV�VHL�VR�JXW�
GDVV��EHUDOO�YRQ�HLQHU�NRQVWDQWHQ�)OXLGWHPSHUDWXU�7�DXVJHJDQJHQ�ZHUGHQ�NDQQ��,P�%HKlOWHU
OLHJW� GHU� NRQVWDQWH� 6LHGHGUXFN� S� YRU�� 'HU� :lUPHGXUFKJDQJVZLGHUVWDQG� GHU� :DQG� LVW� GLH

������������������������������������������������
�� ,Q GHU (QHUJLHELODQ] WULWW 3WHFK XQG QLFKW 3:HOOH DXI� GD DQJHQRPPHQ ZLUG� GDVV GLH GXUFK 5HLEXQJ
GHU 0DVFKLQHQWHLOH SURGX]LHUWH :lUPH DQ GLH 8PJHEXQJ XQG QLFKW DQ GDV )OXLG DEJHJHQ ZLUG�



��0DWKHPDWLVFK�3K\VLNDOLVFKHV�0RGHOO�GHU�.RPSRQHQWHQ ��

6XPPH� DXV� GHQ� HLQ]HOQHQ�:LGHUVWlQGHQ��ZREHL� GHU�*HVDPWZLGHUVWDQG� GXUFK� GHQ�:lUPH�
OHLWZLGHUVWDQG�GHU�,VROLHUXQJ�DQJHQlKHUW�ZHUGHQ�NDQQ�
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'DPLW�EHUHFKQHW�VLFK�GHU�9HUOXVWZlUPHVWURP�GHV�%HKlOWHUV�YHUHLQIDFKW�GXUFK�
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'XUFK�RELJH�9HUHLQIDFKXQJ�LVW�GLH�:DQGWHPSHUDWXU�7:�JOHLFK�GHU�)OXLGWHPSHUDWXU�7��=XVlW]�
OLFK�ZLUG�DQJHQRPPHQ��GDVV�GLH�:lUPHNDSD]LWlW�GHU�,VROLHUXQJ�LP�9HUJOHLFK�]XU�:lUPHND�
SD]LWlW�YRQ�%HKlOWHUZDQG�XQG�)OXLG�YHUQDFKOlVVLJEDU�LVW��'LH�:lUPHNDSD]LWlW�GHU�5RKUZDQG
VHL�XQDEKlQJLJ�YRQ�GHU�7HPSHUDWXU��.LQHWLVFKH�(QHUJLHQ�XQG�GHU�(LQIOXVV�GHU�*HZLFKWVNUDIW
ZHUGHQ�YHUQDFKOlVVLJW��8QWHU�GLHVHQ�$QQDKPHQ�JHOWHQ�I�U�GHQ�JHVDPWHQ�%HKlOWHU�PLW�Q�$Q�
VFKO�VVHQ�IROJHQGH�*OHLFKXQJHQ�
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:HLWHUH�EHQXW]WH�=XVDPPHQKlQJH�VLQG�GLH�6WRIIZHUWURXWLQHQ�XQG�GHU�=XVDPPHQKDQJ�]ZL�
VFKHQ�GHU�'LFKWH�U�GHV�KRPRJHQHQ�*HPLVFKHV��GHU�VLFK�LP�%HKlOWHU�EHILQGOLFKHQ�0DVVH�0JHV

XQG�GHP�%HKlOWHUYROXPHQ�9JHV�
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JHV
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$EVFKHLGHEHKlOWHU��)�U�GHQ�6SH]LDOIDOO�GHV�$EVFKHLGHEHKlOWHUV�LP�5H]LUNXODWLRQVNRQ]HSW�LVW
GLH�$Q]DKO�GHU�$QVFKO�VVH�Q ���ZREHL�]ZHL�%HGLQJXQJHQ�I�U�GLH�VSH]LILVFKH�(QWKDOSLH�YRU�
JHJHEHQ�VLQG��$P�$XVJDQJ�GHU�IO�VVLJHQ�3KDVH�PXVV�LQ�*OHLFKXQJ���������K K���6LHGHOLQLH�
JHOWHQ��DP�$XVJDQJ�GHV�'DPSIHV�LVW�K K����7DXOLQLH��

)�OOVWDQGVDQ]HLJH��)�U�HLQH�)�OOVWDQGVUHJHOXQJ�PXVV�GHU�)�OOVWDQG�LQ�GHU�$EVFKHLGHWURPPHO
EHNDQQW�VHLQ��)�U�GLH�6LPXODWLRQ�GHU�)�OOVWDQGVK|KH�ZLUG�GHU�UHDOH�$EVFKHLGHWDQN�GXUFK�HL�
QHQ�]\OLQGULVFKHQ�7DQN��RKQH�'HFNHO��XQG�%RGHQZ|OEXQJ��JOHLFKHQ�9ROXPHQV�9JHV�XQG�,Q�
QHQGXUFKPHVVHUV�GL�DQJHQlKHUW��'HU�0DVVHQGDPSIJHKDOW�[�LVW��EHU�HLQH�=XVWDQGVJU|�H��]��%�
K��EHUHFKHQEDU��hEHU�GHQ�'DPSIJHKDOW�H
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�� ��8PVHW]XQJ�GHV�0RGHOOV�LQ�0RGHOLFD

�� 8PVHW]XQJ�GHV�0RGHOOV�LQ�0RGHOLFD

���� 'LVNUHWLVLHUXQJ�GHU�(UKDOWXQJVJOHLFKXQJHQ

8P�SDUWLHOOH�'LIIHUHQ]LDOJOHLFKXQJHQ� QXPHULVFK� O|VHQ� ]X� N|QQHQ��P�VVHQ� GLH� NRQWLQXLHUOL�
FKHQ�*OHLFKXQJHQ�GLVNUHWLVLHUW�ZHUGHQ��,Q�GLHVHU�$UEHLW�HUIROJW�GLH�'LVNUHWLVLHUXQJ�PLW�+LOIH
ILQLWHU�'LIIHUHQ]HQ�

������ )LQLWH�'LIIHUHQ]HQ

%HL�GHQ�ILQLWHQ�'LIIHUHQ]HQ�ZHUGHQ�GLH�'LIIHUHQ]LDOH�GXUFK�HLQIDFKH�ILQLWH�'LIIHUHQ]HQ�HUVHW]W
�+RIIPDQQ��������7DEHOOH�����JLEW�HLQHQ�hEHUEOLFN����EHU�JHEUlXFKOLFKH�)LQLWH�'LIIHUHQ]HQ�
'LVNUHWLVLHUXQJHQ�PLW�$QJDEH�LKUHU�)HKOHURUGQXQJ��'LH�$QKlQJH�&�XQG�'�HQWKDOWHQ�ZHLWHU�
JHKHQGH� ,QIRUPDWLRQHQ� ]XU� 'LVNUHWLVLHUXQJ�� ,Q� $QKDQJ� &� VLQG� YHUVFKLHGHQH� 'LVNUHWLVLH�
UXQJVVFKHPDWD�GHU� ILQLWHQ�'LIIHUHQ]HQ�]XVDPPHQJHVWHOOW�� ,Q�$QKDQJ�'�ZLUG�DXI�GLH�(LJHQ�
VFKDIWHQ�GLVNUHWLVLHUWHU�*OHLFKXQJHQ�HLQJHJDQJHQ�

7DEHOOH����� hEHUEOLFN �EHU JHEUlXFKOLFKH )LQLWH�'LIIHUHQ]HQ�6FKHPDWD�

5�FNZlUWVGLIIHUHQ]HQ 9RUZlUWVGLIIHUHQ]HQ =HQWUDOGLIIHUHQ]HQ

�� $EOHLWXQJ

N[

I

w
w

[

II NN

'

�
��

[

II NN

'

�
��

[

II
NN

'

�
��

�

��

�� $EOHLWXQJ

N
[

I
�

�

w

w
�

��

��

�

[

III NNN

'

��
��

�

��

��

�

[

III
NNN

'

��
��

�

��

��

�

[

III
NNN

'

��
��

)HKOHURUGQXQJ 2�'[� 2�'[� 2�'[
�
�

������ 9HUZHQGHWH�'LVNUHWLVLHUXQJVVFKHPDWD

'DV� YHUZHQGHWH� 6LPXODWLRQVSURJUDPP�'\PROD� NDQQ� JHZ|KQOLFKH� 'LIIHUHQ]LDOJOHLFKXQJHQ
HUVWHU�2UGQXQJ�O|VHQ��,Q�GLHVHU�$UEHLW�ZXUGH�GHU�$QVDW]�YHUIROJW��GLHVH�)lKLJNHLW�GHV�6LPX�
ODWLRQVZHUN]HXJHV�]X�QXW]HQ�XQG�GDKHU�GLH�=HLWLQWHJUDWLRQ�GHP�3URJUDPP�]X��EHUODVVHQ��$OV
*OHLFKXQJVO|VHU�XQG�,QWHJUDWRU�ZLUG�GHU�PLW�'\PROD�PLWJHOLHIHUWH�'$66/�'$66/57�DXVJH�
ZlKOW��'LH�0HWKRGH�NDQQ�VWHLIH�'LIIHUHQ]LDO�$OJHEUD�6\VWHPH�O|VHQ�XQG�(UHLJQLVVH�PLW�+LOIH
YRQ�,QGLNDWRU�)XQNWLRQHQ�DXVO|VHQ��(OPTYLVW�HW�DO������D��

'LH�GLH�)OXLGVWU|PXQJ�EHVFKUHLEHQGHQ�� YHUHLQIDFKWHQ�'LIIHUHQ]LDOJOHLFKXQJHQ� �������ELV
�������P�VVHQ�GDKHU�QXU�EH]�JOLFK�GHU�2UWVNRRUGLQDWHQ�GLVNUHWLVLHUW�ZHUGHQ��'LH�1XW]XQJ�GHU
DXWRPDWLVFKHQ� =HLWLQWHJUDWLRQ� KDW� QHEHQ� YLHOHQ�9RUWHLOHQ� DEHU� DXFK� GHQ�1DFKWHLO�� GDVV� GLH
$XVZDKO�GHU�'LVNUHWLVLHUXQJVPHWKRGHQ�VHKU�HLQJHVFKUlQNW�LVW��'D�GHU�=HLWLQWHJUDWRU�GLH�=HLW�
VFKULWWZHLWH�DXWRPDWLVFK�ZlKOW��KDW�GHU�$QZHQGHU�DXFK�NHLQHQ�(LQIOXVV�DXI�GLH�&RXUDQW�=DKO�

������������������������������������������������
�� 'LH 7DEHOOH KDW NHLQHQ $QVSUXFK DXI 9ROOVWlQGLJNHLW� (V JLEW ZHLWHUH 'LIIHUHQ]HQVFKHPDWD PLW
QRFK K|KHUHQ )HKOHURUGQXQJHQ�



��8PVHW]XQJ�GHV�0RGHOOV�LQ�0RGHOLFD ��

ZHOFKH�PLWHQWVFKHLGHQG�I�U�GLH�*HQDXLJNHLW�HLQHV�9HUIDKUHQV�LVW��VLHKH�$QKDQJ�(���$XFK�GLH
YLHOYHUVSUHFKHQGHQ� 0HKUVFKULWW�0HWKRGHQ� VLQG� GDQQ� QLFKW� DQZHQGEDU�� 'LH� PLW
'$66/�'$66/57�XQG�HLQIDFKHU�2UWVGLVNUHWLVLHUXQJ�HUUHLFKWHQ�(UJHEQLVVH�OLHIHUQ�MHGRFK�I�U
GHQ� $QZHQGXQJVEHUHLFK� GHV� 0RGHOOV� DXVUHLFKHQG� JHQDXH� (UJHEQLVVH� �VLHKH� .DSLWHO� ���
9DOLGLHUXQJ� GHV� LQVWDWLRQlUHQ� .ROOHNWRUPRGHOOV��� :LOO� PDQ� GLH� QLFKWYHUHLQIDFKWHQ� (XOHU�
*OHLFKXQJHQ��������DXFK�LP�+LQEOLFN�DXI�'UXFNVW|UXQJHQ�DXVUHLFKHQG�JHQDX�O|VHQ��VR�LVW�GLH
HLJHQH�3URJUDPPLHUXQJ�GHU�=HLWGLVNUHWLVLHUXQJ�QLFKW�YHUPHLGEDU�

9HUIDKUHQ�HUVWHU�2UGQXQJ��'LH�VSH]LILVFKH�(QWKDOSLH�GHV�:DVVHUV�DP�$EVRUEHUURKUHLQWULWW
NDQQ� �EHU� GLH� EHNDQQWH� VSH]LILVFKH� (QWKDOSLH� LP� 9RUUDWVEHKlOWHU� XQG� GHU� HLQJHNRSSHOWHQ
3XPSOHLVWXQJ�EHUHFKQHW�ZHUGHQ��'DKHU�VROO�GHU�0DVVHQVWURP�XQG�GLH� VSH]LILVFKH�(QWKDOSLH
GHV�HLQVWU|PHQGHQ�0HGLXPV�DP�(LQWULWW� LQ�GDV�$EVRUEHUURKU�YRUJHJHEHQ�ZHUGHQ�� ,Q� HLQHP
.UDIWZHUN�ZLUG�GHU�'UXFN�DP�$EVRUEHUURKUDXVWULWW��EHU�GHQ�.RQGHQVDWLRQVGUXFN�XQG�GLH�$UW
GHU�)DKUZHLVH�GHU�7XUELQH�IHVWJHOHJW��'LHVH�$XIEULQJXQJ�GHU�5DQGEHGLQJXQJHQ� LVW�HLQH�GHU
0|JOLFKNHLWHQ�� GLH� VHLWHQV�GHU�7KHRULH�GHU�&KDUDNWHULVWLNHQ�SK\VLNDOLVFK�P|JOLFK� LVW� �VLHKH
7DEHOOH�����DXI�6HLWH������(V�ELHWHW�VLFK�GDKHU�DQ��GLH�|UWOLFKHQ�*UDGLHQWHQ�GHU�.RQWLQXLWlWV�
JOHLFKXQJ�XQG�(QHUJLHELODQ]�GXUFK�5�FNZlUWVGLIIHUHQ]HQ� ]X�GLVNUHWLVLHUWHQ�XQG� GLH�'UXFN�
YHUOXVWJOHLFKXQJ�GXUFK�9RUZlUWVGLIIHUHQ]HQ��'DGXUFK�HUJLEW�VLFK�DXV�GHQ�*OHLFKXQJHQ�������
ELV��������GDV�GLVNUHWLVLHUWH�6\VWHP�HUVWHU�2UGQXQJ���
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'DV�(UJHEQLV�GLHVHV�'LVNUHWLVLHUXQJVVFKHPDV�LVW�LP�REHUHQ�'LDJUDPP�GHU�$EE������DXI�6HLWH
���]X�VHKHQ��:HQQ�QLFKW�DQGHUV�HUZlKQW��ZHUGHQ�GLH�6LPXODWLRQHQ�LQ�GLHVHU�$UEHLW�PLW�GHP
'LVNUHWLVLHUXQJVVFKHPD�������GXUFKJHI�KUW�

������������������������������������������������
�� 'HU $XVGUXFN ULZL NDQQ ZLH IROJW GXUFK GHQ 0DVVHQVWURP DXVJHGU�FNW ZHUGHQ� ULZL 0� L �$�
,Q GHU (QHUJLHELODQ] ZLUG GLH NLQHWLVFKH (QHUJLH KLHU EHU�FNVLFKWLJW� :LUG GLH NLQHWLVFKH (QHUJLH YHU�
QDFKOlVVLJW� IRUPW '\PROD GLH *OHLFKXQJHQ DQGHUV XP XQG GDV 3UREOHP NRQYHUJLHUW QLFKW� (LQH JH�
QDXH %HJU�QGXQJ I�U GLHVHV 9HUKDOWHQ NDQQ LP 5DKPHQ GLHVHU $UEHLW QLFKW JHJHEHQ ZHUGHQ�



�� ��8PVHW]XQJ�GHV�0RGHOOV�LQ�0RGHOLFD

9HUIDKUHQ�]ZHLWHU�2UGQXQJ��8P�GLH�QXPHULVFKH�'LVVLSDWLRQ��VLHKH�.DSLWHO��������]X�YHU�
PLQGHUQ�� ZLUG� LQ� HLQHU� ZHLWHUHQ� 9HUVLRQ� I�U� .RQWLQXLWlWVJOHLFKXQJ� XQG� (QHUJLHELODQ]� GDV
=HQWUDOGLIIHUHQ]HQVFKHPD� HLQJHVHW]W�� 'LH� 'UXFNYHUOXVWJOHLFKXQJ� EOHLEW� XQYHUlQGHUW� PLW
9RUZlUWVGLIIHUHQ]HQ�GLVNUHWLVLHUW��'LH�*OHLFKXQJHQ�ODXWHQ�GDQQ�
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:LH��]X�HUNHQQHQ�LVW��VLQG�MHW]W�DXFK�QRFK�]XVlW]OLFKH�5DQGEHGLQJXQJHQ�I�U�GHQ�0DVVHQVWURP
0� �XQG�GLH�VSH]LILVFKH�(QWKDOSLH�K�DP�5RKUDXVWULWW�YRU]XVHKHQ��'LHVH�5DQGEHGLQJXQJHQ�VLQG
NHLQH�SK\VLNDOLVFKHQ��VRQGHUQ�QXPHULVFKH�5DQGEHGLQJXQJHQ��'DV�3UREOHP�GLHVHU�XQEHNDQQ�
WHQ�5DQGEHGLQJXQJHQ� NDQQ� JHO|VW�ZHUGHQ�� LQGHP� GDV� OHW]WH� (OHPHQW� GHV�$EVRUEHUVWUDQJHV
PLW� GHP�9HUIDKUHQ� HUVWHU�2UGQXQJ� YRQ�*OHLFKXQJ� ������ JHELOGHW�ZLUG��'DQQ� LVW� ZLH� EHLP
9HUIDKUHQ� HUVWHU�2UGQXQJ�DP�$XVWULWW� QXU� GHU� SK\VLNDOLVFK� YRUJHJHEHQH�'UXFN� DQ]XJHEHQ�
'DV� (UJHEQLV� GLHVHV� 'LVNUHWLVLHUXQJVVFKHPDV� LVW� LP�PLWWOHUHQ� 'LDJUDPP� GHU� $EE������ DXI
6HLWH����]X�VHKHQ�

9HUIDKUHQ�]ZHLWHU�2UGQXQJ�PLW�'lPSIXQJVJOLHG��$OV�'lPSIXQJ�RGHU�N�QVWOLFKH�'LVVLSD�
WLRQ�ZLUG�GDV�9RUJHKHQ�EH]HLFKQHW��LQ�HLQH�GLVNUHWLVLHUWH�*OHLFKXQJ��GHUHQ�/|VXQJHQ�QXPHUL�
VFKH�'LVSHUVLRQ�DXIZHLVHQ��]XVlW]OLFK�GlPSIHQGH�7HUPH�KLQ]X�]X�I�JHQ��'lPSIXQJVJOLHGHU
YHUPLQGHUQ�QLFKW�QXU�2V]LOODWLRQHQ��VRQGHUQ�VLH�KHOIHQ�DXFK��/|VXQJHQ�]X�VWDELOLVLHUHQ��'LH
+LQ]XQDKPH�HLQHV�'lPSIXQJVJOLHGHV�YLHUWHU�2UGQXQJ�]X�HLQHP�9HUIDKUHQ�]ZHLWHU�2UGQXQJ
EHHLQIOXVVW�LQ�GHU�5HJHO�GLH�IRUPDOH�2UGQXQJ�GHV�6FKHPDV�QLFKW��(LQ�W\SLVFKHV�'lPSIXQJV�
JOLHG�YLHUWHU�2UGQXQJ�HLQHV�HLQGLPHQVLRQDOHQ�3UREOHPV�LVW���+RIIPDQQ�������
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E]Z��PLW�HLQHP�=HQWUDOGLIIHUHQ]HQVFKHPD�GLVNUHWLVLHUW�

� ����� ���
����

����� 
NNNNNH
YYYYY' H �����

'LHVHV� 'lPSIXQJVJOLHG� ZXUGH� LQ� HLQHU� GULWWHQ� 9HUVLRQ� GHU� 'LVNUHWLVLHUXQJ� DXI� GLH� UHFKWH
6HLWH� GHU� PLW� =HQWUDOGLIIHUHQ]HQ� GLVNUHWLVLHUWHQ� .RQWLQXLWlWVJOHLFKXQJ� XQG� (QHUJLHELODQ]
�*OHLFKXQJHQ� ������� KLQ]XDGGLHUW�� 'HU� 'lPSIXQJVNRHIIL]LHQW� H� GDUI� QLFKW� ]X� JUR�� JHZlKOW
ZHUGHQ��+RIIPDQQ��������,P�PLWWOHUHQ�'LDJUDPP�GHU�$EE������DXI�6HLWH����LVW�GLH�:LUNXQJ
GHV�'lPSIXQJVJOLHGHV�]X�HUNHQQHQ��(V�YHUPLQGHUW�GLH�2V]LOODWLRQHQ��RKQH�GDVV�GLH�'LVVLSDWL�
RQ�PHUNOLFK�YHUVWlUNW�ZLUG�



��8PVHW]XQJ�GHV�0RGHOOV�LQ�0RGHOLFD ��

������ *HQDXLJNHLW�GLVNUHWLVLHUWHU�*OHLFKXQJHQ�±�QXPHULVFKH�'LIIXVLRQ

:HQQ�I�U�HLQ�YRUOLHJHQGHV�3UREOHP�HLQ�NRQYHUJHQWHV�/|VXQJVVFKHPD�JHIXQGHQ�LVW��VWHOOW�VLFK
QRFK� GLH� )UDJH� QDFK� GHU�*HQDXLJNHLW� GHU� /|VXQJ� GHU� )LQLWH�'LIIHUHQ]HQ�*OHLFKXQJ� JHJHQ�
�EHU�GHU�/|VXQJ�GHU�XUVSU�QJOLFKHQ��SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJ�

'LH�)HKOHU�HLQHV�9HUIDKUHQV�HUVWHU�2UGQXQJ�ZHUGHQ�DOV�QXPHULVFKH�'LVVLSDWLRQ�EH]HLFK�
QHW��6LH�YHUPLQGHUQ�*UDGLHQWHQ� LQQHUKDOE�HLQHU�/|VXQJ��(LQH�:HOOH�ZLUG�GXUFK�QXPHULVFKH
'LVVLSDWLRQ�YHUEUHLWHUW�XQG�DEJHIODFKW��'LH�)HKOHU�HLQHV�9HUIDKUHQV�]ZHLWHU�2UGQXQJ�ZHUGHQ
DOV� QXPHULVFKH� 'LVSHUVLRQ� EH]HLFKQHW� XQG� I�KUHQ� ]XP� 2V]LOOLHUHQ� GHU� /|VXQJ
�+RIIPDQQ�������� (LQH� 2V]LOODWLRQ� ZLUG� GXUFK� HLQH� YHUVFKLHGHQ� VFKQHOOH� $XVEUHLWXQJ� YRQ
6W|UXQJHQ�YHUXUVDFKW��'LH�.RPELQDWLRQ�GHU�)HKOHU�DXV�QXPHULVFKHU�'LVVLSDWLRQ�XQG�'LVSHU�
VLRQ�ZLUG� DOV�QXPHULVFKH�'LIIXVLRQ� EH]HLFKQHW� �$QGHUVRQ�������� ,Q� $EE������ �6HLWH� ���� LVW
OLQNV� GHXWOLFK� QXPHULVFKH�'LVVLSDWLRQ� ]X� HUNHQQHQ�� ZlKUHQG� UHFKWV� QXPHULVFKH� 'LVSHUVLRQ
VLFKWEDU�LVW��,Q�$EE�������6HLWH�����ZLUG�GHXWOLFK��GDVV�EHL�GHP�YHUZHQGHWHQ�9HUIDKUHQ�]ZHL�
WHU�2UGQXQJ�QHEHQ�QXPHULVFKHU�'LVSHUVLRQ�DXFK�QXPHULVFKH�'LVVLSDWLRQ�YRUOLHJW��+lXILJ�LVW
HV�DEHU�GHU�)DOO��GDVV�ZHQQ�'LVVLSDWLRQ�LQ�GHU�'LIIHUHQ]LDOJOHLFKXQJ�E]Z��QXPHULVFKH�'LVVL�
SDWLRQ� LP� 'LVNUHWLVLHUXQJVVFKHPD� YRUOLHJW�� GHU� GLVVLSDWLYH� (LQIOXVV� GLH� $XVGlPSIXQJ� GHU
QXPHULVFKHQ�'LVSHUVLRQ�EHZLUNW��7KRPDV�������

$QKDQJ�(�HQWKlOW�ZHLWHUJHKHQGH� ,QIRUPDWLRQHQ�]XU�8QWHUVXFKXQJ�GHU�*HQDXLJNHLW� HLQHV
'LVNUHWLVLHUXQJVVFKHPDV�� (V� ZLUG� GRUW� HLQ� $QVDW]� �EHU� PRGLIL]LHUWH� *OHLFKXQJHQ� XQG� GHU
(LQVDW]�HLQHU�HUZHLWHUWHQ�9RQ�1HXPDQQ�6WDELOLWlWVDQDO\VH�YRUJHVWHOOW�

,P�IROJHQGHQ�7HLO�GHV�.DSLWHOV�ZLUG�GDUJHVWHOOW��ZLH�VLFK�YHUVFKLHGHQH�2UWVGLVNUHWLVLHUXQJHQ
DXI�GLH�4XDOLWlW�GHU�/|VXQJ�GHU�SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJHQ�DXVZLUNHQ��'D]X�ZLUG�DXV�
VFKOLH�OLFK�GDV�0RGHOO�GHU�DGLDEDWHQ�)OXLGVWU|PXQJ�LP��EHUKLW]WHQ�%HUHLFK�RKQH�5RKUZDQG
EHWUDFKWHW�� (V� HUIROJW� DOVR� NHLQ� :lUPHHLQ� RGHU� ±DXVWUDJ� XQG� GLH� 5RKUZDQG� EHVLW]W� NHLQH
WKHUPLVFKH�7UlJKHLW��=XP�=HLWSXQNW�W ��V�ZLUG�HLQ�HLQ�6HNXQGH�GDXHUQGHU�5HFKWHFNLPSXOV�LQ
GHU�VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH�DXIJHJHEHQ��'XUFK�%HREDFKWXQJ�GLHVHV�5HFKWHFNLPSXOVHV
EHLP� 'XUFKODXIHQ� GHV� 5RKUHV� N|QQHQ� $XVVDJHQ� �EHU� GLH� (LJHQVFKDIWHQ� GHV� QXPHULVFKHQ
/|VXQJVYHUIDKUHQ� JHWURIIHQ� ZHUGHQ�� %HL� HLQHP� LGHDOHQ� /|VXQJVDOJRULWKPXV� P�VVWH� GHU
5HFKWHFNLPSXOV�QDFK�VHLQHU�/DXI]HLW�XQYHUIRUPW�DXV�GHP�6\VWHP�DXVWUHWHQ�

(LQIOXVV� GHV�'LVNUHWLVLHUXQJVVFKHPDV�� ,Q� $EE������ LVW� I�U� ]ZHL� 'LVNUHWLVLHUXQJVYHUIDKUHQ
GLH� 7HPSHUDWXU� LQ� GHU� 2UW�=HLW�(EHQH� I�U� GDV� REHQ� EHVFKULHEHQH�� QXPHULVFKH� ([SHULPHQW
DXIJHWUDJHQ�� ,Q�GHU� OLQNHQ�+lOIWH� LVW� HLQ�9HUIDKUHQ�HUVWHU�2UGQXQJ�]X� VHKHQ�� LQ�GHU� UHFKWHQ
+lOIWH�HLQ�9HUIDKUHQ�]ZHLWHU�2UGQXQJ�PLW�'lPSIXQJVJOLHG��0DQ�HUNHQQW�GHXWOLFK�HLQH�9HU�
EUHLWHUXQJ�XQG�$EIODFKXQJ�GHU�6W|UXQJ�LQ�GHU�OLQNHQ�$EELOGXQJ��'LHV�LVW�DXI�GLH�QXPHULVFKH
'LVVLSDWLRQ�GHV�9HUIDKUHQV�HUVWHU�2UGQXQJ�]XU�FN]XI�KUHQ��%HLP�9HUIDKUHQ�]ZHLWHU�2UGQXQJ
LQ�GHU�UHFKWHQ�$EELOGXQJ�LVW�GLH�QXPHULVFKH�'LVVLSDWLRQ�GHXWOLFK�YHUPLQGHUW��'DI�U�WUHWHQ�EHL
GLHVHP�6FKHPD�DEHU�QXPHULVFKH�2V]LOODWLRQHQ�DXI�
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$EE������ $XVEUHLWXQJ HLQHV 5HFKWHFNLPSXOVHV GHU 7HPSHUDWXU LQ DGLDEDWHU 6WU|PXQJ �RKQH
5RKUZDQG�� 'DUJHVWHOOW LVW OLQNV HLQ 9HUIDKUHQ HUVWHU 2UGQXQJ �5�FNZlUWVGLIIHUHQ�
]HQ�� UHFKWV HLQ 9HUIDKUHQ ]ZHLWHU 2UGQXQJ �=HQWUDOGLIIHUHQ]HQ PLW 'lPSIXQJVJOLHG��

,QVJHVDPW� VLQG� GUHL� YHUVFKLHGHQH� 'LVNUHWLVLHUXQJVVFKHPDWD� LPSOHPHQWLHUW� ZRUGHQ�� $OV� HLQ
9HUIDKUHQ�HUVWHU�2UGQXQJ�VLQG�5�FNZlUWVGLIIHUHQ]HQ����DOV�9HUIDKUHQ�]ZHLWHU�2UGQXQJ�VLQG
=HQWUDOGLIIHUHQ]HQ�XQG�]XU�9HUULQJHUXQJ�GHU�QXPHULVFKHQ�'LVSHUVLRQ�=HQWUDOGLIIHUHQ]HQ�PLW
HLQHP�'lPSIXQJVJOLHG�YLHUWHU�2UGQXQJ�JHZlKOW�ZRUGHQ��'LH�(UJHEQLVVH�GHV�REHQ�EHVFKULH�
EHQHQ��QXPHULVFKHQ�([SHULPHQWV�GHU�GUHL�9HUIDKUHQ�VLQG�LQ�$EE������LQ�=HLWGLDJUDPPHQ�GDU�
JHVWHOOW��,P�REHUHQ�'LDJUDPP�GHU�5�FNZlUWVGLIIHUHQ]HQ�LVW�GHXWOLFK�GLH�9HUVFKPLHUXQJ�XQG
$EIODFKXQJ�GHV�DXIJHEUDFKWHQ�5HFKWHFNLPSXOVHV�GXUFK�QXPHULVFKH�'LVVLSDWLRQ�]X�HUNHQQHQ�
,P�PLWWOHUHQ�'LDJUDPP�GHU�=HQWUDOGLIIHUHQ]HQ�RKQH�'lPSIXQJVJOLHG�LVW�GLH�QXPHULVFKH�'LV�
VLSDWLRQ�JHULQJHU��GDI�U�LVW�DEHU�GHXWOLFK�HLQH�QXPHULVFKH�'LVSHUVLRQ�]X�HUNHQQHQ��,P�XQWHUHQ
'LDJUDPP� GHU� =HQWUDOGLIIHUHQ]HQ� PLW� 'lPSIXQJVJOLHG� LVW� DQVFKDXOLFK� GLH� :LUNXQJ� GHV
'lPSIXQJVJOLHGHV�DXI�GLH�GXUFK�HLQ�9HUIDKUHQ�]ZHLWHU�2UGQXQJ�YHUXUVDFKWHQ�2V]LOODWLRQHQ
DXIJH]HLJW�

7URW]�GHU�VWlUNHUHQ�QXPHULVFKHQ�'LVVLSDWLRQ�ZLUG�LQ�GLHVHU�$UEHLW�I�U�GLH�6LPXODWLRQ�GHV
LQVWDWLRQlUHQ�9HUKDOWHQV�HLQHU�$EVRUEHUURKUVWU|PXQJ�HLQ�5�FNZlUWVGLIIHUHQ]HQ�6FKHPD�DQ�
JHZHQGHW�� 'LH� 'LVNUHWLVLHUXQJ� PLW� =HQWUDOGLIIHUHQ]HQ� RKQH� 'lPSIXQJVJOLHG� LVW� DXI� *UXQG
LKUHU�2V]LOODWLRQHQ� QLFKW� JHHLJQHW�� 6HOEVW�PLW�'lPSIXQJVJOLHG� LVW� GLH�$PSOLWXGH� GHU� HUVWHQ
6FKZLQJXQJ�FD��HLQ�'ULWWHO�VR�JUR��ZLH�GLH�$PSOLWXGH�GHV�DXIJHEUDFKWHQ�,PSXOVHV��'LHVH�LQ
:LUNOLFKNHLW� QLFKW� YRUKDQGHQHQ�6W|UXQJHQ� GHV�.ROOHNWRUPRGHOOV� N|QQWHQ� QHJDWLYH�$XVZLU�
NXQJHQ� DXI�GDV� ]X� VLPXOLHUHQGH�*HVDPWV\VWHP�� ]��%�� EH]�JOLFK�GHU�5HJHOEDUNHLW� KDEHQ��(V
ZLUG� GDKHU� YRUJH]RJHQ�� GDV� VWDELOHUH�'LVNUHWLVLHUXQJVVFKHPD� GHU�5�FNZlUWVGLIIHUHQ]HQ� I�U
GDV�.ROOHNWRUPRGHOO� ]X� YHUZHQGHQ�� 'HU� (IIHNW� GHU� QXPHULVFKHQ�'LVVLSDWLRQ�ZLUG� LP�9RU�
ZlUP��XQG�hEHUKLW]HUEHUHLFK�XP�HLQ�9LHOIDFKHV�GXUFK�:lUPHHLQ��XQG��DXVVSHLFKHUYRUJlQJH
GHU� WKHUPLVFK� WUlJHQ�5RKUZDQG��EHUWURIIHQ�� VR�GDVV� LQ�GLHVHQ�$EVFKQLWWHQ�GLH�$XVZLUNXQJ
DXI�GLH�/|VXQJ�QXU� JHULQJ� LVW� �VLHKH� DXFK�$EE��������1LFKW� ]XOHW]W� LVW� GHU� QXPHULVFKH�$XI�
ZDQG� I�U� HLQ� =HQWUDOGLIIHUHQ]HQYHUIDKUHQ�PLW�'lPSIXQJVJOLHG� YLHUWHU� 2UGQXQJ� LQ� '\PROD
ZHVHQWOLFK�K|KHU�DOV�I�U�HLQH�'LVNUHWLVLHUXQJ�PLW�5�FNZlUWVGLIIHUHQ]HQ��:HQQ�PDQ�(LQIOXVV

������������������������������������������������
�� 'LH YHUVFKLHGHQHQ 'LVNUHWLVLHUXQJVYHUIDKUHQ EH]LHKHQ VLFK KLHU QXU DXI GLH .RQWLQXLWlWVJOHLFKXQJ
XQG GLH (QHUJLHELODQ]� 'LH 'UXFNYHUOXVWJOHLFKXQJ ZLUG LPPHU PLW 9RUZlUWVGLIIHUHQ]HQ GLVNUHWLVLHUW�
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DXI� GLH� =HLWGLVNUHWLVLHUXQJ� KDW�� H[LVWLHUHQ� VLFKHUOLFK� EHVVHU� JHHLJQHWH� 'LVNUHWLVLHUXQJVVFKH�
PDWD�I�U�GLH�]X�*UXQGH�OLHJHQGHQ�SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJHQ�
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Rückwärtsdifferenzen 

Zentraldifferenzen 

Zentraldifferenzen mit
Dämpfungsglied 4.Ordnung 

$EE������ $XVEUHLWXQJ HLQHV 5HFKWHFNLPSXOVHV GHU 7HPSHUDWXU LQ DGLDEDWHU 6WU|PXQJ �RKQH
5RKUZDQG� I�U YHUVFKLHGHQH 'LVNUHWLVLHUXQJVVFKHPDWD� ,Q MHGHP 'LDJUDPP LVW GHU
]HLWOLFKH 9HUODXI GHV DXIJHJHEHQHQ 5HFKWHFNLPSXOVHV DP (LQWULWW �] � P�� LQ GHU
5RKUPLWWH �] �� P� XQG DP 5RKUHQGH �] �� P� DXIJH]HLFKQHW� $OV 'lPSIXQJVIDNWR�
UHQ GHV 9HUIDKUHQV PLW 'lPSIXQJ ZXUGHQ H.RQWLJO� ���� XQG H(QHUJLHELODQ] ���� EHQXW]W�

(LQIOXVV� GHU�'LVNUHWLVLHUXQJVOlQJH��:LH� LQ� $QKDQJ� (� DXI� 6HLWH� ���� EHVFKULHEHQ�� LVW� GLH
QXPHULVFKH�'LVVLSDWLRQ�DEKlQJLJ�YRQ�GHU�&RXUDQW�=DKO�XQG�GHP�:LQNHO�4���'HU�:LQNHO�4
LVW� DEKlQJLJ�YRQ�'LVNUHWLVLHUXQJVVFKULWWZHLWH�E]JO�� GHV�2UWHV�XQG�GHU�:HOOHQOlQJH�GHU�6W|�
UXQJ���,P�)ROJHQGHQ�ZLUG�DQJHQRPPHQ��GDVV�VLFK�GLH�*OHLFKXQJHQ�LQ�'\PROD�PLW�GHU�DXWR�
PDWLVFKHQ�=HLWGLVNUHWLVLHUXQJ�YHUKDOWHQ�ZLH�GDV� LQ�$QKDQJ�(�EHWUDFKWHWH�6\VWHP��:LUG� GLH
'LVNUHWLVLHUXQJVOlQJH� YHUNOHLQHUW�� VR� ZLUG�� JOHLFKH� =HLWVFKULWWZHLWH� YRUDXVJHVHW]W�� GLH� &RX�
UDQW�=DKO�JU|�HU��$XFK�GHU�:LQNHO�4�ZLUG�YHUJU|�HUW��1DFK�GHQ�(UNOlUXQJHQ� LQ�$QKDQJ�(
P�VVWH�VLFK�GDQQ�GLH�QXPHULVFKH�'LVVLSDWLRQ�GXUFK�HLQH�IHLQHUH�'LVNUHWLVLHUXQJ�YHUPLQGHUQ�
$XV�GLHVHP�*UXQG�ZXUGH�I�U�GLH�REHQ�EHVFKULHEHQH����P�ODQJH��DGLDEDWH�5RKUVWU|PXQJ�GDV
hEHUWUDJXQJVYHUKDOWHQ�GHV�5HFKWHFNLPSXOVHV�DP�5RKUDXVWULWW�PLW����XQG����(OHPHQWHQ�EH�
UHFKQHW�XQG�PLW�GHU�H[DNWHQ�/|VXQJ�YHUJOLFKHQ��,P�OLQNHQ�7HLO�YRQ�$EE������LVW�GDV�(UJHEQLV
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GHU�'LVNUHWLVLHUXQJ�PLW�5�FNZlUWVGLIIHUHQ]HQ��LP�UHFKWHQ�7HLO�GDV�(UJHEQLV�GHU�'LVNUHWLVLH�
UXQJ�PLW�=HQWUDOGLIIHUHQ]HQ�PLW�'lPSIXQJVJOLHG�GDUJHVWHOOW��:LH�]X�HUZDUWHQ�ZDU�� YHUNOHL�
QHUW� VLFK� GLH� QXPHULVFKH� 'LVVLSDWLRQ� PLW� IHLQHUHU� 'LVNUHWLVLHUXQJ�� (LQHP� EHOLHELJ� NOHLQHQ
.QRWHQDEVWDQG� GHU� ILQLWHQ�'LIIHUHQ]HQ� VWHKHQ� DEHU� KlXILJ�� ZLH� DXFK� LP� YRUOLHJHQGHQ� )DOO�
5HVWULNWLRQHQ�E]JO��GHU�5HFKQHUNDSD]LWlW�HQWJHJHQ�
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$EE������ hEHUWUDJXQJVYHUKDOWHQ HLQHV 5HFKWHFNLPSXOVHV GHU 7HPSHUDWXU LQ DGLDEDWHU 6WU|PXQJ
�RKQH 5RKUZDQG� I�U YHUVFKLHGHQH $Q]DKOHQ DQ 'LVNUHWLVLHUXQJVHOHPHQWHQ� /LQNV
'LVNUHWLVLHUXQJ PLW 5�FNZlUWVGLIIHUHQ]HQ� UHFKWV 'LVNUHWLVLHUXQJ PLW =HQWUDOGLIIHUHQ�
]HQ PLW 'lPSIXQJVJOLHG YLHUWHU 2UGQXQJ� �/ �� P��

���� 2EMHNWRULHQWLHUWH�0RGHOOLHUXQJ�SK\VLNDOLVFKHU�6\VWHPH�PLW�0RGHOLFD

'\PROD�LVW�HLQH�NRPPHU]LHOO�HUKlOWOLFKH�6LPXODWLRQVXPJHEXQJ�I�U�GLH�PXOWLGLV]LSOLQlUH�0R�
GHOOLHUXQJ� SK\VLNDOLVFKHU� 6\VWHPH�� =XU� (UVWHOOXQJ� HLQHU�0RGHOOELEOLRWKHN� LQ� '\PROD� NDQQ
GLH� 6LPXODWLRQVVSUDFKH� 0RGHOLFD� YHUZHQGHW� ZHUGHQ�� 0LW� 0RGHOLFD� ZLUG� HLQH� HLQKHLWOLFKH
6LPXODWLRQVVSUDFKH�JHVFKDIIHQ�� GLH�YRQ� DOOHQ�6LPXODWLRQVXPJHEXQJHQ� JHQXW]W�ZHUGHQ� VROO�
,P�*HJHQVDW]�]X�HLQHU�3URJUDPPLHUVSUDFKH��]��%��&���� HUP|JOLFKW�HV�0RGHOLFD� LQ�9HUELQ�
GXQJ�PLW�GHU�6LPXODWLRQVXPJHEXQJ�'\PROD�GHP�%HQXW]HU��DXI�HLQHU�K|KHUHQ�$EVWUDNWLRQV�
HEHQH�]X�DUEHLWHQ��'HU�1XW]HU�JLEW�GLH�*OHLFKXQJHQ�GHV�SK\VLNDOLVFKHQ�6\VWHPV�LQ�GHU�6LPX�
ODWLRQVVSUDFKH�0RGHOLFD�HLQ��'\PROD�JHQHULHUW�GDUDXV�HLQHQ�&�4XHOOFRGH��GHU�YRQ�HLQHP�&�
&RPSLOHU�LQ�HLQH�DXVI�KUEDUH�'DWHL�XPJHZDQGHOW�ZLUG�

'XUFK�GHQ�PRGXODUHQ��IOH[LEOHQ�(LQVDW]�GHU�0RGHOOH�LQ�'\PROD�ZLUG�GLH�:LHGHUYHUZHQG�
EDUNHLW�GHV�HUVWHOOWHQ�0RGHOOZLVVHQV�HUK|KW��'LH�6LPXODWLRQVXPJHEXQJ�YHUPLQGHUW�GHQ�3UR�
JUDPPLHUDXIZDQG�HUKHEOLFK�XQG�GHU�YRQ�'\PROD�HUVWHOOWH�4XHOOFRGH�LVW�VHKU�HIIL]LHQW�

2EMHNWRULHQWLHUWH�6LPXODWLRQVVSUDFKH��,Q�0RGHOLFD�LVW�GDV�.RQ]HSW�HLQHU�REMHNWRULHQWLHUWHQ
6LPXODWLRQVVSUDFKH� YHUZLUNOLFKW�� ,P� *HJHQVDW]� ]XU� SUR]HGXUDOHQ� 3URJUDPPLHUXQJ� ZHUGHQ
'DWHQ��$WWULEXWH��XQG�DXI�VLH�DQJHZHQGHWH�2SHUDWLRQHQ��0HWKRGHQ��LQ�DEJHVFKORVVHQHQ�(LQ�
KHLWHQ��GHQ�2EMHNWHQ��]XVDPPHQJHI�KUW��6WUXNWXU�XQG�9HUKDOWHQ�HLQHV�2EMHNWHV�ZLUG�LQ�HLQHU
]X�*UXQGH� OLHJHQGHQ�.ODVVH�GHILQLHUW��'LH�YHUVFKLHGHQHQ�2EMHNWH� HLQHU�.ODVVH�EHVLW]HQ�GLH
JOHLFKHQ� 0HWKRGHQ�� DEHU� HLQHQ� HLJHQHQ� 'DWHQUDXP�� *UXQGOHJHQGH� %H]LHKXQJHQ� ]ZLVFKHQ
GHQ�.ODVVHQ� ODVVHQ� VLFK� GXUFK� GLH� ]ZHL� *UXQGPXVWHU� GHU� 9HUHUEXQJ� XQG� $JJUHJDWLRQ� EH�
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VFKUHLEHQ� �0�KOWKDOHU�HW�DO��������� ,Q� $QOHKQXQJ� DQ� GLH� 1RWDWLRQ� YRQ� �%RRFK������� LVW� LQ
$EE������HLQ�.ODVVHQGLDJUDPP�I�U�GLH�HUVWHOOWHQ�'UXFNYHUOXVWPRGHOOH�DEJHELOGHW�

9HUHUEXQJ� RGHU� ÄLV�D³�5HODWLRQ�� (LQH� 8QWHUNODVVH� HUEW� YRQ� HLQHU� �(LQIDFKYHUHUEXQJ�� RGHU
PHKUHUHQ�2EHUNODVVHQ��0HKUIDFKYHUHUEXQJ���'LH�8QWHUNODVVH�VWHOOW�LQ�GHU�5HJHO�HLQH�6SH]LD�
OLVLHUXQJ�HLQHU�2EHUNODVVH�GDU��,Q�$EE������HUEHQ�]��%��GLH�(LQSKDVHQGUXFNYHUOXVWH�I�U�)O�V�
VLJNHLWHQ�XQG�*DVH��2QH3KDVH*DVGS��2QH3KDVH/LTGS��XQG�GLH�%DVLVNODVVH�I�U�GHQ�=ZHLSKD�
VHQGUXFNYHUOXVW� �%DVH7ZR3KDVHGS�� YRQ� GHU� %DVLVNODVVH� GHV� (LQSKDVHQGUXFNYHUOXVWHV� �%D�
VH2QH3KDVHGS��

$JJUHJDWLRQ�RGHU�ÄSDUW�RI³�5HODWLRQ��9HUVFKLHGHQH�.ODVVHQ�ZHUGHQ� ]X� HLQHU� QHXHQ�.ODVVH
]XVDPPHQJHI�KUW�� ,Q�$EE������ LVW� ]��%��]X�HUNHQQHQ��GDVV� VLFK�GLH�%DVLVNODVVH� I�U�GHQ�(LQ�
SKDVHQGUXFNYHUOXVW� �%DVH2QH3KDVHGS�� DXV� HLQHP� DXVZHFKVHOEDUHQ� 6WRIIZHUWPRGHOO� �PHGL�
XP0RGHO� I�U�GLH�*U|�HQ�Y��S��7��X��K�� [� ���DXV�HLQHP�DXVZHFKVHOEDUHQ�6WRIIZHUWPRGHOO� I�U
ZHLWHUH�6WRIIZHUWH��PHGLXPH[W0RGHO��I�U�GLH�*U|�HQ�K��O��3U��VRZLH�GHQ�6FKQLWWVWHOOHQ�I�U
GLH� ,QIRUPDWLRQHQ� GHU� )OXLGVWU|PXQJ� �LQIZVKS0GRW� I�U� GLH�*U|�HQ� K�� S� XQG� 0� �� XQG� GHV
'UXFNYHUOXVWHV��LQIGS�I�U�GLH�*U|�H�GS��]XVDPPHQVHW]W�

SURSK�RH[W$ �

%DVH2QH3KDVHGS

RXWHURXWHU GL� $� PLQ1XP� GLVW1XP

SDUDPHWHUSDUDPHWHU G]

UHSODFHDEOHUHSODFHDEOH

�PHGLXP0RGHO  SURSK�R&� SU

�PHGLXPH[W0RGHO SURSK�RH[W$� H[WSU

&&� LQSXW �LQIZVKS0GRW� LZV

&&� RXWSXW �LQIGS� LGS

2QH3KDVH*DVGS

H[WHQGVH[WHQGV %DVH2QH3KDVHGS

RXWHURXWHU &J� QJ� ]H�J

%

SURSK�R& �

RXWHURXWHU� L

&&� �FRQZVVWDWH� VW

VW��Y�S�7�X�K�[GRW�

LGS��GS�

LZV��K�S�0GRW�

%DVH7ZR3KDVHGS

H[WHQGVH[WHQGV %DVH2QH3KDVHGS
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F � 7KURXJK�*U|�H

%

$EE������ .ODVVHQGLDJUDPP I�U GLH 'UXFNYHUOXVWPRGHOOH �$XVVFKQLWW DXV GHP .ODVVHQGLD�
JUDPP I�U GDV $EVRUEHUURKUPRGHOO LQ $QKDQJ )��

+LHUDUFKLVFKH�0RGHOOLHUXQJ��'XUFK�GLH�REHQ�EHVFKULHEHQHQ�:HUN]HXJH� LVW�HLQH�KLHUDUFKL�
VFKH� 0RGHOOLHUXQJ� P|JOLFK�� ,Q� lKQOLFKHU� :HLVH� ZLH� LQ� $EE������ I�U� 'UXFNYHUOXVWPRGHOOH
GDUJHVWHOOW��ODVVHQ�VLFK�0RGHOOH�I�U�GLH�:lUPH�EHUJDQJH��GLH�5RKUZDQG�XQG�0RGHOOH�I�U�GLH
)OXLGVWU|PXQJ�HUVWHOOHQ��GLH�PLW�HLQHP�0RGHOO� I�U�GLH�.ROOHNWRURSWLN�]X�HLQHP�'LVNUHWLVLH�
UXQJVHOHPHQW� GHV� .ROOHNWRUV� DJJUHJLHUW� ZHUGHQ�� ,Q� $QKDQJ� )� LVW� GDV� JHVDPWH� .ODVVHQGLD�



�� ��8PVHW]XQJ�GHV�0RGHOOV�LQ�0RGHOLFD

JUDPP�I�U�GDV�$EVRUEHUURKUPRGHOO�I�U�'LUHNWYHUGDPSIXQJ�LQ�3DUDEROULQQHQ�VRZLH�GHU�3HUL�
SKHULHNRPSRQHQWHQ�DEJHELOGHW�

6FKQLWWVWHOOHQ��1DFKGHP�6FKQLWWVWHOOHQ�� VR� JHQDQQWH� Ä&RQQHFWRUHQ³� I�U� GLH� ,QWHUDNWLRQ� GHU
YHUVFKLHGHQHQ�0RGHOOH�GHILQLHUW� VLQG�� ODVVHQ� VLFK�0RGHOOH�PLWHLQDQGHU� YHUELQGHQ� RGHU� HLQ�
IDFK�JHJHQ�DQGHUH�DXVWDXVFKHQ��'LHV�HUP|JOLFKW�]��%��HLQHQ�UDVFKHQ�:HFKVHO�]ZLVFKHQ�0R�
GHOONRPSRQHQWHQ�YHUVFKLHGHQHU�0RGHOOLHUXQJVWLHIHQ��$X�HUGHP�N|QQHQ�3URJUDPPLHUDXIJD�
EHQ�EHL�GHU�9HUZHQGXQJ�GHU�YRUKHU�GHILQLHUWHQ�6FKQLWWVWHOOHQ�HLQIDFK�DXI�PHKUHUH�3HUVRQHQ
DXIJHWHLOW�ZHUGHQ��'XUFK�6FKQLWWVWHOOHQ�LVW�HLQH�.DSVHOXQJ�GHV�0RGHOOZLVVHQV�P|JOLFK��'HU
%HQXW]HU�GHU�MHZHLOLJHQ�.ODVVHQ�VLHKW�QXU�GLH�6FKQLWWVWHOOHQ��QLFKW�LKUH�,PSOHPHQWDWLRQ�

'\PROD�EHVLW]W�HLQH�JUDSKLVFKH�2EHUIOlFKH��LQ�GHQHQ�GLH�6FKQLWWVWHOOHQ�GHU�HLQ]HOQHQ�2E�
MHNWH�PLWHLQDQGHU�YHUVFKDOWHW�ZHUGHQ�N|QQHQ��1XU�JOHLFKH�6FKQLWWVWHOOHQ�G�UIHQ�PLWHLQDQGHU
YHUEXQGHQ�ZHUGHQ��0DQ�XQWHUVFKHLGHW�]ZHL�7\SHQ�YRQ�]X��EHUJHEHQGHQ�*U|�HQ��3RWHQ]LDO�
JU|�HQ� �DFURVV�9DULDEOH�� XQG�)OXVVJU|�HQ� �WKURXJK�9DULDEOH���%HL� GHU�9HUVFKDOWXQJ� ]ZHLHU
6FKQLWWVWHOOHQ�ZHUGHQ�GLH�3RWHQ]LDOJU|�HQ��]��%��K�XQG�S��DXI�GHQ�VHOEHQ�:HUW�JHVHW]W��ZlK�
UHQG�GLH�6XPPH�DOOHU�)OXVVJU|�HQ��]��%��0� �RGHU� T� ��HLQHU�9HUELQGXQJ�1XOO�HUJHEHQ�PXVV�

1LFKWNDXVDOH� 0RGHOOLHUXQJ� PLW� PDWKHPDWLVFKHQ� *OHLFKXQJHQ�� 'LH� :LHGHUYHUZHQGXQJ
GHU�HLQ]HOQHQ�.ODVVHQ�ZLUG�HUVW�GXUFK�GLH�0|JOLFKNHLW�GHU�DNDXVDOHQ�0RGHOOLHUXQJ�PLW�PD�
WKHPDWLVFKHQ� *OHLFKXQJHQ� P|JOLFK�� 'LH� 0RGHOOLHUXQJ� HLQHV� :LGHUVWDQGHV� ]��%�� PXVV� EHL
HLQHU� EORFNRULHQWLHUWHQ� 6SUDFKH� MH� QDFK� (LQVDW]EHUHLFK� �EHU� GLH� *OHLFKXQJ� ,58 � � RGHU

58,  �HUIROJHQ��(V�P�VVHQ� DOVR�]ZHL�YHUVFKLHGHQH�:LGHUVWlQGH� LQ�GHU�0RGHOOELEOLRWKHN
YRUKDQGHQ� VHLQ�� ,Q�0RGHOLFD� GDJHJHQ� NDQQ� GLH� *OHLFKXQJ� DNDXVDO� IRUPXOLHUW� ZHUGHQ�� GLH
.DXVDOLWlWV]XZHLVXQJ�HUIROJW�GDQQ�GXUFK�'\PROD� MH�QDFK�(LQVDW]EHUHLFK�GHV�:LGHUVWDQGHV�
,Q�0RGHOLFD�PXVV�GDKHU�QXU�HLQ�:LGHUVWDQG�LQ�GHU�0RGHOOELEOLRWKHN�YRUKDQGHQ�VHLQ��GHU�XQL�
YHUVHOO� HLQJHVHW]W� ZHUGHQ� NDQQ�� ,Q� HLQHU� .ODVVH�� LQ� GHU� NHLQH� DNDXVDOH� )RUPXOLHUXQJ� HU�
Z�QVFKW� LVW�� OlVVW� VLFK� LQ�0RGHOLFD� GLH�.DXVDOLWlW� GXUFK�=XZHLVXQJHQ� ]��%�� LQQHUKDOE� HLQHV
Ä,QSXW�2XWSXW�%ORFNV³�YRP�3URJUDPPLHUHU�IHVWOHJHQ��(OPTYLVW�HW�DO������E��

'HU� '\PROD�hEHUVHW]HU�� GHU� GHQ� &�4XHOOFRGH� HUVWHOOW�� EHQXW]W� GLH� *UDSKHQWKHRULH� I�U
.DXVDOLWlWV]XZHLVXQJHQ�� XP�GLH�'LIIHUHQ]LDO�$OJHEUD�*OHLFKXQJHQ� �'$(�� ]X� VRUWLHUHQ� XQG
XP� PLQLPDOH�� VLPXOWDQ� ]X� O|VHQGH� *OHLFKXQJVV\VWHPH� ]X� HUKDOWHQ� �7HDULQJ��� 'XUFK� 9HU�
VFKDOWXQJ�GHU�0RGHOONODVVHQ�NDQQ�HV�]X�6LQJXODULWlWHQ�NRPPHQ��GLH�YRQ�'\PROD�GXUFK�HLQH
,QGH[�5HGXNWLRQ�DXIJHO|VW�ZHUGHQ��� �VLHKH�DXFK��2WWHU�HW�DO����������0LW�(UHLJQLVVHQ��VR�JH�
QDQQWH� (YHQWV�� NDQQ� GLH� ,QWHJUDWLRQ� GHU� 'LIIHUHQ]LDOJOHLFKXQJHQ� XQWHUEURFKHQ� XQG� QDFK
$XVZHUWXQJ�GHU�(UHLJQLVJOHLFKXQJHQ�ZLHGHU�JHVWDUWHW�ZHUGHQ���

������������������������������������������������
�� 'DV )OXLGHOHPHQW �PLW GHQ LQVWDWLRQlUHQ (UKDOWXQJVJOHLFKXQJHQ� XQG GLH 6WRIIZHUWURXWLQH HUJHEHQ
]XVDPPHQ HLQ 6\VWHP PLW HLQHU VR JHQDQQWHQ =ZDQJVJOHLFKXQJ �U XQG X VLQG �EHU GLH 6WRIIZHUWURX�
WLQH YHUEXQGHQ XQG QLFKW XQDEKlQJLJ YRQHLQDQGHU LQWHJULHUEDU�� '\PROD GLIIHUHQ]LHUW GLH 6WRIIZHUW�
5RXWLQH XP GDV 3UREOHP HLQHU VLQJXOlUHQ -DFREL�0DWUL[ ]X O|VHQ�
�� (YHQWV ZHUGHQ X� D� EHLP hEHUJDQJ YRQ GHQ (LQSKDVHQJHELHWHQ ]XP =ZHLSKDVHQJHELHW RGHU XPJH�
NHKUW HLQJHVHW]W�



��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV ��

��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

,P�IROJHQGHQ�.DSLWHO�ZLUG�GLH�*�OWLJNHLW�GHV�HUVWHOOWHQ�.ROOHNWRUPRGHOOV�DXIJH]HLJW�XQG�GHU
(LQIOXVV�YHUVFKLHGHQHU�'LVNUHWLVLHUXQJVYHUIDKUHQ� DXI�GDV�(UJHEQLV�GLVNXWLHUW�� ,P�$QVFKOXVV
GDUDQ�ZLUG�GDV�9HUKDOWHQ�HLQ]HOQHU����P� ODQJHU�.ROOHNWRUHQ�PLW�YHUVFKLHGHQHQ�5DQGEHGLQ�
JXQJHQ�VLPXOLHUW�XQG�GLH�(UJHEQLVVH�GLVNXWLHUW��,Q�$EE������LVW�VFKHPDWLVFK�HLQ�.ROOHNWRU�PLW
GHQ�DXIJHSUlJWHQ�5DQGEHGLQJXQJHQ�XQG�%H]HLFKQXQJHQ�GDUJHVWHOOW��:HQQ�QLFKW�DQGHUV�YHU�
PHUNW��LVW�GHU�,QMHNWLRQVPDVVHQVWURP�JOHLFK�1XOO�
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$EE������ %H]HLFKQXQJHQ�GHU�5DQGEHGLQJXQJHQ�I�U�GHQ�VLPXOLHUWHQ�.ROOHNWRU�

���� 9DOLGLHUXQJ�GHV�LQVWDWLRQlUHQ�.ROOHNWRUPRGHOOV

(LQH�0RGHOOYDOLGLHUXQJ� NDQQ� GXUFK�PHKUHUH�$UWHQ� HUIROJHQ�� GXUFK� DQDO\WLVFKH�%HUHFKQXQ�
JHQ�� GXUFK� DQGHUH�� EHUHLWV� YDOLGLHUWH� QXPHULVFKH�0RGHOOH� RGHU� GXUFK� ([SHULPHQWH�� =X� GHQ
HLQIDFKHUHQ��DQDO\WLVFKHQ�%HUHFKQXQJHQ�JHK|UHQ�]��%��LP�YRUOLHJHQGHQ�)DOO�GLH�%LODQ]LHUXQJ
GHU�(UKDOWXQJVJU|�HQ�0DVVH�XQG�(QHUJLH�LP�VWDWLRQlUHQ�=XVWDQG��EHU�GHQ�.ROOHNWRU����:lK�
UHQG�EHL�GHU�9DOLGLHUXQJ�PLW�([SHULPHQWHQ�KlXILJ�GLH�(LQVWHOOXQJ�GHU�HQWVSUHFKHQGHQ�5DQG�
EHGLQJXQJHQ�LP�([SHULPHQW��VRZLH�GHU�=XJDQJ�]X�GHQ�0HVVJU|�HQ�PLW�JU|�HUHP�$XIZDQG
YHUEXQGHQ�LVW��VSLHOW�EHLP�9HUJOHLFK�PLW�DQGHUHQ��QXPHULVFKHQ�0RGHOOHQ�GLH�)UDJH�QDFK�GH�
UHQ�.RUUHNWKHLW�HLQH�HQWVFKHLGHQGH�5ROOH��8P�)HKOHU�GXUFK�GLH�0RGHOOELOGXQJ�YRQ�)HKOHUQ�
GLH�LKUH�8UVDFKH�LQ�GHU�1XPHULN�EHVLW]HQ��]X�XQWHUVFKHLGHQ��LVW�GHU�9HUJOHLFK�YRQ�0RGHOOHQ
PLW�YHUVFKLHGHQHQ�QXPHULVFKHQ�/|VXQJVYHUIDKUHQ�DQ]XVWUHEHQ�

'DV� LQVWDWLRQlUH�.ROOHNWRUPRGHOO�ZXUGH�DQDO\WLVFK�PLW�HLQIDFKHQ�(QHUJLH��XQG�0DVVHEL�
ODQ]HQ� HUIROJUHLFK�YDOLGLHUW��$X�HUGHP�ZXUGH�GDV�0RGHOO�PLW� HLQHP�YRQ� �6WHLQPDQQ������
DXIJHVWHOOWHQ�� YDOLGLHUWHQ�� QXPHULVFKHQ� 0RGHOO� I�U� GLH� LQVWDWLRQlUH� $EVRUEHUURKUVWU|PXQJ
YHUJOLFKHQ�XQG�HLQH�JXWH�hEHUHLQVWLPPXQJ�IHVWJHVWHOOW��,Q�$EE������LVW�GLH�UHODWLYH�bQGHUXQJ
GHU� VSH]LILVFKHQ�(QWKDOSLH� HLQHV� ���P� ODQJHQ�.ROOHNWRUV� DEJHELOGHW�� GHU� VLFK� LQQHUKDOE� GHV
.ROOHNWRUVWUDQJHV� LP� 9HUGDPSIHUEHUHLFK� EHILQGHW� XQG� GHVVHQ� 6RODUVWUDKOXQJ� XP� ���:�P�

VSUXQJDUWLJ� ]XU�FNJHKW�� $XIJHWUDJHQ� VLQG� GLH� (UJHEQLVVH� GHV� HUVWHOOWHQ�0RGHOOV� PLW� YDULD�

������������������������������������������������
�� 'LH (UKDOWXQJVJU|�H ,PSXOV ZXUGH LQ GHP YRUOLHJHQGHQ 0RGHOO QLFKW DQDO\WLVFK EHWUDFKWHW� GD LQ
GHU ]XU 'UXFNYHUOXVWJOHLFKXQJ YHUHLQIDFKWHQ ,PSXOVELODQ]� GLH ,PSXOVNUlIWH YHUQDFKOlVVLJW ZRUGHQ
VLQG�



�� ��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

EOHP�:lUPH�EHUJDQJ��PLW� HLQHP� IHVWHQ�:lUPH�EHUJDQJVNRHIIL]LHQWHQ� YRQ� ������:�P�.
XQG�GDV�YDOLGLHUWH�5HIHUHQ]PRGHOO�YRQ�6WHLQPDQQ��'DV�HUVWHOOWH�0RGHOO�]HLJW�HLQH�XP�HLQLJH
6HNXQGHQ� WUlJHUH�5HDNWLRQ� DXI� GHQ�(LQVWUDKOXQJVVSUXQJ� DOV� GDV� 5HIHUHQ]PRGHOO�� 'LH�*U|�
�HQRUGQXQJ�GHU�]HLWOLFKHQ�5HDNWLRQ�GHV�6\VWHPV�LVW� MHGRFK�PLW�FD�����V� LQ�EHLGHQ�0RGHOOHQ
lKQOLFK��'DV�6\VWHP�PLW�GHP�KRKHQ�:lUPH�EHUJDQJVNRHIIL]LHQWHQ�YRQ�������:�P�.�UHD�
JLHUW�HWZDV�VFKQHOOHU�DOV�GDV�0RGHOO�PLW�YDULDEOHP�:lUPH�EHUJDQJ��*UXQG�GDI�U�LVW��GDVV�LP
9HUGDPSIHUDEVFKQLWW�HLQ�=ZHLSKDVHQJHPLVFK�PLW�NRQVWDQWHU�7HPSHUDWXU�YRUOLHJW��6LHGHWHP�
SHUDWXU��� %HL� JXWHP� :lUPH�EHUJDQJ� PLW� HLQHP� :lUPH�EHUJDQJVNRHIIL]LHQWHQ� YRQ
������:�P�.� HQWVSULFKW� GLH� 5RKUZDQGWHPSHUDWXU� IDVW� GHU� NRQVWDQWHQ� 6LHGHWHPSHUDWXU� GHV
)OXLGV��(LQH�:lUPHDXVVSHLFKHUXQJ�GHU�5RKUZDQG��ZLH�VLH� LQ�JHULQJHP�0D�H�EHL�7HPSHUD�
WXUU�FNJDQJ�GHU�5RKUZDQGWHPSHUDWXU�EHL� VFKOHFKWHUHP�:lUPH�EHUJDQJ�EHLP�(LQEUXFK�GHU
(LQVWUDKOXQJ�DXIWULWW��ILQGHW�NDXP�VWDWW��'DV�6\VWHP�UHDJLHUW�DOVR�EHL�JXWHP�:lUPH�EHUJDQJ
LP�9HUGDPSIHUDEVFKQLWW� VFKQHOOHU� DOV� EHL� VFKOHFKWHP�:lUPH�EHUJDQJ��'LH�$EZHLFKXQJ� LQ
GHU�=HLWNRQVWDQWHQ�]ZLVFKHQ�GHP�HUVWHOOWHP�0RGHOO�XQG�GHP�5HIHUHQ]PRGHOO� OlVVW�VLFK�DXI
*UXQG�HLQHU�JHULQJHUHQ�QXPHULVFKH�'LVVLSDWLRQ�GHV�0RGHOOV�YRQ�6WHLQPDQQ�EHJU�QGHQ��ZHO�
FKHV�GHQ�)&7�$OJRULWKPXV���DQZHQGHW��'HU�)&7�$OJRULWKPXV�YHUPLQGHUW� LP�*HJHQVDW]�]X
ILQLWHQ� 'LIIHUHQ]HQ� HUVWHU� 2UGQXQJ� QXPHULVFKH� 'LVVLSDWLRQ� GXUFK� +LQ]XQDKPH� 9HUIDKUHQ
K|KHUHU�2UGQXQJ�
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α variabel      
α=10000 W/(m2K)
Referenzmodell       

$EE������ 9HUJOHLFK GHV LQVWDWLRQlUHQ .ROOHNWRUPRGHOOV PLW GHP 5HIHUHQ]PRGHOO YRQ
�6WHLQPDQQ ����� LP 9HUGDPSIHUDEVFKQLWW� 1RUPLHUWH VSH]LILVFKH (QWKDOSLHlQGHUXQJ
DP $XVWULWW GHV .ROOHNWRUV EHLP 5�FNJDQJ GHU (LQVWUDKOXQJ XP ��:�P� EHL W �� V
�SD �� EDU� 0� H ��� NJ�V� KH ���� N-�NJ� ,GLU ��� :�P�

o��� :�P�� / �� P�

'DV� QXPHULVFKH� ([SHULPHQW� GHV� 5�FNJDQJV� GHU� (LQVWUDKOXQJ� ZXUGH� PLW� VRQVW� JOHLFKHQ
5DQGEHGLQJXQJHQ�DXFK�I�U�HLQHQ�.ROOHNWRUVWUDQJ�LP�hEHUKLW]HUEHUHLFK�PLW�EHLGHQ�0RGHOOHQ
GXUFKJHI�KUW� XQG� LQ�$EE������ GDUJHVWHOOW�� 'LH� ]HLWOLFKH�� UHODWLYH� VSH]LILVFKH� (QWKDOSLHlQGH�

������������������������������������������������
�� )&7 EHGHXWHW )OX[�&RUUHFWHG�7UDQVSRUW� 'LH )&7�9HUIDKUHQ HLJQHQ VLFK I�U GLH 'DUVWHOOXQJ VFKDU�
IHU *UDGLHQWHQ �VLHKH �)OHWFKHU �������



��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV ��

UXQJ� VWLPPW� I�U� EHLGH�0RGHOOH� VHKU� JXW� �EHUHLQ��'LH� =HLWNRQVWDQWHQ� OLHJHQ� DXI�*UXQG� GHU
WKHUPLVFKHQ�7UlJKHLW�GHU�5RKUZDQG�LP�%HUHLFK�YRQ�PHKUHUHQ�KXQGHUW�6HNXQGHQ�XQG�GDPLW
�EHU�HLQH�*U|�HQRUGQXQJ�K|KHU� DOV� LP�9HUGDPSIHUEHUHLFK��'LHV� LVW� DXFK�GHU�*UXQG��ZLHVR
KLHU�EHLGH�0RGHOOH�VHKU�JXW��EHUHLQVWLPPHQ��'LH�LP�KLHU�YHUZHQGHWHQ�QXPHULVFKHQ�0RGHOO
DXIWUHWHQGH� 9HUVFKPLHUXQJ� GHU� $XVEUHLWXQJVIURQW� GXUFK� QXPHULVFKH� 'LVVLSDWLRQ� ZLUG� LP
9HUGDPSIHUEHUHLFK�GXUFK�GLH�:LUNXQJ�GHU�5RKUZDQG�EHL�ZHLWHP��EHUWURIIHQ��'DKHU�KDW�GLH
YRUOLHJHQGH�QXPHULVFKH�'LVVLSDWLRQ�LQ�GLHVHP�%HUHLFK�NDXP�HLQHQ�(LQIOXVV�
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Modelica−Modell
Referenzmodell 

$EE������ 9HUJOHLFK GHV LQVWDWLRQlUHQ .ROOHNWRUPRGHOOV PLW GHP 5HIHUHQ]PRGHOO YRQ
�6WHLQPDQQ ����� LP hEHUKLW]HUDEVFKQLWW� 1RUPLHUWH VSH]LILVFKH (QWKDOSLHlQGHUXQJ
DP $XVWULWW GHV .ROOHNWRUV EHLP 5�FNJDQJ GHU (LQVWUDKOXQJ XP ��:�P� EHL W ��� V
�SD �� EDU� 0� H ��� NJ�V� KH ���� N-�NJ� ,GLU ��� :�P�

o��� :�P�� / �� P�

���� .ROOHNWRU�LP�9HUGDPSIHUDEVFKQLWW

,P�IROJHQGHQ�$EVFKQLWW�ZLUG�PLW�GHP�HUVWHOOWHQ�0RGHOO�GDV�G\QDPLVFKH�9HUKDOWHQ�HLQHV����P
ODQJHQ�.ROOHNWRUV�XQWHU�YHUVFKLHGHQHQ�5DQGEHGLQJXQJHQ�XQWHUVXFKW��'HU�.ROOHNWRU�EHILQGH
VLFK�LP�9HUGDPSIHUDEVFKQLWW�LQQHUKDOE�GHV�.ROOHNWRUVWUDQJHV�

6SUXQJI|UPLJH�(UK|KXQJ�GHU�VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH��$EE������]HLJW�GDV�W\SLVFKH
9HUKDOWHQ�HLQHV�9HUGDPSIHUURKUHV�EHL�HLQHU�(UK|KXQJ�GHU�VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH�EHL
NRQVWDQW� JHKDOWHQHP�(LQWULWWVPDVVHQVWURP��%HYRU�GLH� VSH]LILVFKH�$XVWULWWVHQWKDOSLH� DXI� GHQ
QHXHQ�VWDWLRQlUHQ�(QGZHUW�DQVWHLJW��VLQNW�VLH�NXU]]HLWLJ�DE��'LHVHV�hEHUWUDJXQJVYHUKDOWHQ�GHV
6\VWHPV�OLHJW�GDULQ�EHJU�QGHW��GDVV�GLH�PLWWOHUH�'LFKWH�GHV�)OXLGV�PLW�VWHLJHQGHU�VSH]LILVFKHU
(QWKDOSLH� DEQLPPW��'D� GHU�0DVVHQVWURP� DP�(LQWULWW� NRQVWDQW� JHKDOWHQ�ZLUG�� IROJW� DXV� GHU
.RQWLQXLWlWVJOHLFKXQJ��GDVV�GLH�*HVFKZLQGLJNHLW�DQVWHLJHQ�PXVV��'LH�QRFK�LP�5RKU�YRUKDQ�
GHQH� )O�VVLJNHLWVPDVVH� PLW� XUVSU�QJOLFKHU� (LQWULWWVHQWKDOSLH� XQG� K|KHUHU� 'LFKWH� ZLUG� DOVR
VFKQHOOHU� DXVJHVFKREHQ� DOV� YRU� GHP� 6SUXQJ�� 'HU� $XVWULWWVPDVVHQVWURP� VWHLJW� EHL� JOHLFKHU
HLQJHNRSSHOWHU�:lUPH�YRU�EHUJHKHQG�DQ�XQG�GDPLW� VLQNW� GLH� VSH]LILVFKH�$XVWULWWVHQWKDOSLH
NXU]]HLWLJ��'LHVHV�9HUKDOWHQ�LVW�DXFK�LQ��3URIRV�������GDUJHVWHOOW�



�� ��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

8P�GHQ�(LQIOXVV�GHV�:lUPH�EHUJDQJV�EHVVHU�EHXUWHLOHQ�]X�N|QQHQ��ZXUGH�GDV�.ROOHNWRU�
YHUKDOWHQ� QHEHQ� GHP�YROOVWlQGLJHQ�0RGHOO�PLW� YDULDEOHP�:lUPH�EHUJDQJ� DXFK�PLW� HLQHP
YHUHLQIDFKWHQ�0RGHOO�PLW�NRQVWDQWHP�:lUPH�EHUJDQJVNRHIIL]LHQWHQ�YRQ�������:�P�.�XQ�
WHUVXFKW��:LH�PDQ� DXV�$EE������ HUNHQQW�� EHVLW]W� GLH�bQGHUXQJ� GHV�:lUPH�EHUJDQJV� HLQHQ
JUR�HQ�(LQIOXVV�DXI�GLH�'\QDPLN�GHV�.ROOHNWRUV��'LH�REHQ�HUOlXWHUWHQ�(IIHNWH�ZHUGHQ�GXUFK
HLQHQ�ZlKUHQG�GHU�0DVVHQVWURPVWHLJHUXQJ�VWDWWILQGHQGH�9HUEHVVHUXQJ�GHV�:lUPH�EHUJDQJV
�EHUODJHUW��VLHKH�GXUFKJH]RJHQH�/LQLH���'XUFK�GHQ�YHUEHVVHUWHQ�:lUPH�EHUJDQJ�ZLUG�(QHU�
JLH� DXV� GHU�5RKUZDQG� LQ� GDV� )OXLG� DXVJHVSHLFKHUW�� ZDV� GHQ� NXU]]HLWLJHQ�$QVWLHJ� YRU� GHP
5�FNJDQJ� GHU� VSH]LILVFKHQ� (QWKDOSLH� EHLP�0RGHOO� PLW� YDULDEOHP�:lUPH�EHUJDQJVNRHIIL�
]LHQWHQ�HUNOlUW�

'LH� DXIJHVWHOOWHQ� 0RGHOOJOHLFKXQJHQ� EHJU�QGHQ� GHQ� YHUEHVVHUWHQ� :lUPH�EHUJDQJ� IRO�
JHQGHUPD�HQ�� ,P� JHVDPWHQ� EHWUDFKWHWHQ� =HLWLQWHUYDOO� OLHJW� HLQH� RIIHQH� 5LQJVWU|PXQJ� YRU�
$XI�*UXQG�GHU�GXUFK�GHQ�NXU]]HLWLJ�K|KHUHQ�0DVVHQVWURP�EHGLQJWHQ�JU|�HUHQ�*HVFKZLQGLJ�
NHLW�OLHJW�HLQ�YHUEHVVHUWHU�:lUPH�EHUJDQJ�VRZRKO�LP�EHQHW]WHQ�ZLH�LP�XQEHQHW]WHQ�7HLO�GHU
5RKUZDQG� YRU�� $X�HUGHP� QLPPW�� REZRKO� GLH� REHUH�:HOOHQK|KH� VLQNW�� GHU� $QWHLO� GHU� EH�
QHW]WHQ�5RKUZDQG�GXUFK�HLQH�JU|�HUH�)LOPK|KH�DQ�GHU�5RKUZDQG�]X�
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α variabel       
α=10000 W/(m2*K)

$EE������ 6SH]LILVFKH (QWKDOSLHlQGHUXQJ DP $XVWULWW HLQHV 9HUGDPSIHUNROOHNWRUV QDFK HLQHU
VSUXQJI|UPLJHQ (UK|KXQJ �W �� V� GHU VSH]LILVFKHQ (LQWULWWVHQWKDOSLH KH XP
��� N-�NJ� %HUHFKQHW PLW GHP YROOVWlQGLJHQ 0RGHOO PLW YDULDEOHP :lUPH�EHUJDQJV�
NRHIIL]LHQW �GXUFKJH]RJHQH /LQLH� XQG HLQHP YHUHLQIDFKWHQ 0RGHOO PLW NRQVWDQWHP
:lUPH�EHUJDQJVNRHIIL]LHQWHQ �JHVWULFKHOWH /LQLH�� �SD �� EDU� 0� H ��� NJ�V�
KH ���� N-�NJo���� N-�NJ� ,GLU ��� :�P�� / �� P��



��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV ��

6SUXQJI|UPLJH�(UK|KXQJ�GHV�(LQWULWWVPDVVHQVWURPHV�� ,Q�$EE������ LVW�GLH�hEHUWUDJXQJV�
IXQNWLRQ� HLQHV� 9HUGDPSIHUNROOHNWRUV� EHL� HLQHU� (UK|KXQJ� GHV� (LQWULWWVPDVVHQVWURPHV� ]XP
=HLWSXQNW�W ���V�GDUJHVWHOOW��:LH�]X�HUZDUWHQ��VLQNW�GLH�VSH]LILVFKH�(QWKDOSLH�DXI�GHQ�QHXHQ
VWDWLRQlUHQ�(QG]XVWDQG��,QQHUKDOE�GHV�5RKUHV�OLHJW�HLQH�RIIHQH�5LQJVWU|PXQJ�YRU��'D�GXUFK
GLH�0DVVHQVWURPHUK|KXQJ� GHU�:lUPH�EHUJDQJ� VRZRKO� DQ� GHQ� EHQHW]WHQ��ZLH� DXFK� DQ� GHQ
XQEHQHW]WHQ� 5RKUDEVFKQLWWHQ� XP� ZHQLJH� 3UR]HQW� YHUEHVVHUW� ZLUG�� HUIROJW� HLQH�:lUPHDXV�
VSHLFKHUXQJ� DXV� GHU� 5RKUZDQG��ZDV� GHQ�5�FNJDQJ� GHU� VSH]LILVFKHQ� (QWKDOSLH� JHULQJI�JLJ
YHU]|JHUW�

'HU�0DVVHQVWURP�DP�$XVWULWW�GHV�.ROOHNWRUV�QLPPW�HUVW�QDFK�HLQHU�JHZLVVHQ�9HU]|JHUXQJ
GHQ�:HUW�GHV�(LQWULWWVPDVVHQVWURPHV�DQ��'LH�%HJU�QGXQJ�GDI�U� LVW��GDVV�VLFK� LP�QHXHQ�VWD�
WLRQlUHQ�=XVWDQG�HLQ�JU|�HUHV�:DVVHULQYHQWDU� LP�.ROOHNWRU�EHILQGHW��GDV�HUVW�YRP�(LQWULWWV�
PDVVHQVWURP�DXIJHI�OOW�ZHUGHQ�PXVV�

0 10 20 30 40 50 60 70 80

−30

−25

−20

−15

−10

−5

0

Zeit [s]

E
nt

ha
lp

ie
än

de
ru

ng
 [k

J/
kg

]

$EE������ 6SH]LILVFKH (QWKDOSLHlQGHUXQJ DP $XVWULWW HLQHV 9HUGDPSIHUNROOHNWRUV QDFK HLQHU
VSUXQJI|UPLJHQ (UK|KXQJ �W �� V� GHV (LQWULWWVPDVVHQVWURPHV 0� H XP ���� NJ�V�
�SD �� EDU� 0� H ��� NJ�Vo ���� NJ�V� KH ���� N-�NJ� ,GLU ��� :�P�� / �� P��

6SUXQJI|UPLJH�(UQLHGULJXQJ�GHV�(LQVSULW]PDVVHQVWURPHV� DP�.ROOHNWRUHLQWULWW�� ,Q� GHU
IROJHQGHQ� 6LPXODWLRQ� LVW� HLQ� 9HUGDPSIHUNROOHNWRU� PLW� (LQVSULW]VWHOOH� DP� .ROOHNWRUHLQWULWW
EHUHFKQHW��bQGHUW�VLFK�GHU�(LQVSULW]PDVVHQVWURP��VR�lQGHUW�VLFK�I�U�GHQ�.ROOHNWRU�JOHLFK]HL�
WLJ� GHU� (LQWULWWVPDVVHQVWURP� XQG� GLH� VSH]LILVFKH� (LQWULWWVHQWKDOSLH�� =XP� =HLWSXQNW� W ���V
ZLUG�GHU�(LQVSULW]PDVVHQVWURP�XP�������NJ�V� HUQLHGULJW��'LHV� NRPPW� HLQHP�JOHLFK]HLWLJHQ
5�FNJDQJ�GHV�(LQWULWWVPDVVHQVWURPHV�XQG�HLQHU�(UK|KXQJ�GHU�VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH
JOHLFK��'HU� QHXH� VWDWLRQlUH�(QG]XVWDQG�ZLUG� DOVR� EHL� HLQHU� K|KHUHQ� VSH]LILVFKHQ� (QWKDOSLH
OLHJHQ�



�� ��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

:LH� LQ� $EE������ ]X� HUNHQQHQ� LVW�� HUIROJW� HLQH� PHUNOLFKH� bQGHUXQJ� GHU� VSH]LILVFKHQ
(QWKDOSLH�HUVW�FD����V�QDFK�GHP�DXIJHEUDFKWHQ�6SUXQJ�LP�(LQVSULW]PDVVHQVWURP��'LHVHV�YHU�
]|JHUWH� 9HUKDOWHQ� LVW� )ROJH� GHU� hEHUODJHUXQJ� GHV� (IIHNWV� GHV� NXU]]HLWLJHQ� 5�FNJDQJV� GHU
VSH]LILVFKHQ�(QWKDOSLH�EHL�=XQDKPH�GHU�VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH�YRQ�$EE������XQG�GHU
=XQDKPH� GHU� VSH]LILVFKHQ� (QWKDOSLH� EHL� 5�FNJDQJ� GHV� (LQWULWWVPDVVHQVWURPHV�� GLH� EHLGHQ
(IIHNWH�NRPSHQVLHUHQ�VLFK� LQ�GHP�EHWUDFKWHWHQ�6SH]LDOIDOO� LQ�GHQ�HUVWHQ�I�QI�6HNXQGHQ�� ,P
5RKU�OLHJW�HLQH�RIIHQH�5LQJVWU|PXQJ�YRU�
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$EE������ 6SH]LILVFKH (QWKDOSLHlQGHUXQJ DP $XVWULWW HLQHV 9HUGDPSIHUNROOHNWRUV QDFK HLQHU
VSUXQJI|UPLJHQ (UQLHGULJXQJ �W �� V� GHV (LQVSULW]PDVVHQVWURPHV XP ����� NJ�V�
�SD �� EDU� 0� H ����� NJ�V� KH ���� N-�NJ� 0� LQM ����� NJ�Vo ����� NJ�V�
KLQM ���� N-�NJ� ,GLU ��� :�P�� / �� P��

6SUXQJI|UPLJHU�5�FNJDQJ�GHU�(LQVWUDKOXQJ��$XI�GDV�6LPXODWLRQVHUJHEQLV�HLQHV�6SUXQJHV
GHU�(LQVWUDKOXQJ�DQ�HLQHP�9HUGDPSIHUNROOHNWRU�XQG�GHVVHQ�'LVNXVVLRQ�ZLUG�DXI�.DSLWHO����
YHUZLHVHQ��%HL�GHQ�DXIJHEUDFKWHQ�5DQGEHGLQJXQJHQ�OLHJW�LP�5RKU�HLQH�RIIHQH�5LQJVWU|PXQJ
YRU�

���� .ROOHNWRU�LP�hEHUKLW]HUDEVFKQLWW

,Q�GLHVHP�.DSLWHO�ZLUG�HLQ����P�ODQJHU�.ROOHNWRU�LP�hEHUKLW]HUDEVFKQLWW�VLPXOLHUW��'LH�'\�
QDPLN� GHU� $EVRUEHUURKUVWU|PXQJ� ZLUG� VWDUN� GXUFK� (QHUJLHHLQ±� XQG� ±DXVVSHLFKHUYRUJlQJH
GHU�5RKUZDQG�EHVWLPPW��ZDV� GLH�=HLWNRQVWDQWH� GHV�6\VWHPV� XP� HWZD� HLQH�*U|�HQRUGQXQJ
JHJHQ�EHU�GHU�HLQHV�9HUGDPSIHUNROOHNWRUV���HUK|KW�

������������������������������������������������
�� ,P 9HUGDPSIHUNROOHNWRU VSLHOW GLH '\QDPLN GHU 5RKUZDQG DXI *UXQG GHU QXU YRP 'UXFN DEKlQJL�
JHQ XQG GDKHU IDVW NRQVWDQWHQ 6LHGHWHPSHUDWXU QXU HLQH XQWHUJHRUGQHWH 5ROOH�



��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV ��

6SUXQJI|UPLJH�(UK|KXQJ�GHU�VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH��,Q�$EE������VLQG�GLH�7HP�
SHUDWXUlQGHUXQJHQ�DQ�YHUVFKLHGHQHQ�6WHOOHQ�HLQHV�hEHUKLW]HUNROOHNWRUV�EHL�HLQHU�VSUXQJKDI�
WHQ�(UK|KXQJ�GHU�VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH�GDUJHVWHOOW��'HU�7HPSHUDWXUVSUXQJ�NRPPW�DQ
GHU� 6WHOOH� ��P� QDFK�.ROOHNWRUHLQWULWW� VHLQHU� /DXI]HLW� HQWVSUHFKHQG� QDFK� FD�� ����V� DQ�� DEJH�
VFKZlFKW� GXUFK� GLH� DQ� GLH� 5RKUZDQG� DEJHJHEHQH� (QHUJLH�� 'LH� =HLWNRQVWDQWH� GHU� $XIZlU�
PXQJ� GHU� HUVWHQ� ��P� GHU� 5RKUZDQG� EHWUlJW� FD�� ���V�� %HL� OlQJHUHQ�hEHUKLW]HUURKUHQ� �VLHKH
.XUYH����P��LVW�DP�$XVWULWW�QDFK�GHU�/DXI]HLW�GHV�(LQJDQJVLPSXOVHV�NHLQ�7HPSHUDWXUVSUXQJ
PHKU� IHVW]XVWHOOHQ�� 6WDWWGHVVHQ� HUIROJW� HLQ� ODQJVDPHU� 7HPSHUDWXUDQVWLHJ�� GHU� HUVW� HLQVHW]W�
ZHQQ�VLFK�GLH�5RKUZDQG�HWZDV�HUZlUPW�KDW�

)�U�9RUZlUP��XQG�hEHUKLW]HUV\VWHPH�LVW� LQ�GHU�/LWHUDWXU�KlXILJ�GDV�N'�0RGHOO�HUZlKQW�
,Q� �3URIRV������� HQWVSUHFKHQ� GLH� GDPLW� HU]LHOWHQ� GLPHQVLRQVORVHQ� )RUPIXQNWLRQHQ� GHQ� LQ
$EE������GDUJHVWHOOWHQ�.XUYHQ�

'LH�bQGHUXQJ�GHU� VSH]LILVFKHQ�(QWKDOSLH� LP�QHXHQ�� VWDWLRQlUHQ�=XVWDQG� DP�$XVWULWW� GHV
hEHUKLW]HUNROOHNWRUV� IlOOW� JHULQJHU� DXV� DOV� DP�5RKUHLQWULWW��'LHV� LVW� DXI�*UXQG�GHU� HUK|KWHQ
WKHUPLVFKHQ�9HUOXVWH�GHV�.ROOHNWRUV�EHL�K|KHUHQ�7HPSHUDWXUHQ�EHGLQJW��'D�GLH�6LPXODWLRQHQ
PLW� YHUHLQIDFKWHQ�� OLQHDULVLHUWHQ� 6WRIIZHUWURXWLQHQ� GXUFKJHI�KUW� ZXUGHQ�� YHUKDOWHQ� VLFK� LQ
$EE������ GLH� 7HPSHUDWXUlQGHUXQJHQ� ZLH� GLH� EHVFKULHEHQHQ� bQGHUXQJ� GHU� VSH]LILVFKHQ
(QWKDOSLH��,Q�GHU�5HDOLWlW��EHUZLHJHQ�MHGRFK�GLH�1LFKWOLQHDULWlWHQ�GHU�6WRIIZHUWURXWLQHQ�JH�
JHQ�EHU�GHP�(IIHNW�GHU�HUK|KWHQ�WKHUPLVFKHQ�9HUOXVWH��XQG�GLH�7HPSHUDWXUlQGHUXQJ�LP�QHX�
HQ��VWDWLRQlUHQ�=XVWDQG�DP�$XVWULWW�GHV�hEHUKLW]HUNROOHNWRUV� LVW�JU|�HU� DOV�GLH�DP�5RKUHLQ�
WULWW�� ,Q�GLHVHP�3XQNW� OLHIHUW�GDV�0RGHOO�DOVR�QRFK� IDOVFKH�$XVVDJHQ��'LH�6WRIIZHUWURXWLQHQ
VLQG�OLQHDULVLHUW�ZRUGHQ��QDFKGHP�EHLP�(LQVDW]�QLFKWOLQHDUHU�5RXWLQHQ�.RQYHUJHQ]SUREOHPH
DXIJHWUHWHQ�VLQG��'LH�(UVWHOOXQJ�QLFKWOLQHDUHU�6WRIIZHUWURXWLQHQ�N|QQWH�HLQ�3XQNW�I�U�GLH�]X�
N�QIWLJH�:HLWHUHQWZLFNOXQJ�GHU�%LEOLRWKHN�VHLQ�
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$EE������ 7HPSHUDWXUlQGHUXQJ LQQHUKDOE HLQHV hEHUKLW]HUNROOHNWRUV QDFK HLQHU VSUXQJI|UPLJHQ
(UK|KXQJ �W �� V� GHU (LQWULWWVWHPSHUDWXU 7H XP �� .� 'DUJHVWHOOW LVW GHU 9HUODXI DP
(LQWULWW �� P�� QDFK � P� �� P� �� P XQG DP $XVWULWW ��� P�� �SD �� EDU�
0� H  ��� NJ�V� KH ���� N-�NJo���� N-�NJ� ,GLU ��� :�P�� / �� P��



�� ��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

6SUXQJI|UPLJH�(UK|KXQJ�GHV�(LQWULWWVPDVVHQVWURPHV��,Q�$EE������LVW�GDV�hEHUWUDJXQJV�
YHUKDOWHQ� HLQHV� hEHUKLW]HUNROOHNWRUV� EHL� HLQHU� (UK|KXQJ� GHV� (LQWULWWVPDVVHQVWURPHV� ]XP
=HLWSXQNW� W ��V�GDUJHVWHOOW��'LH�7HPSHUDWXU�GHV� DXVVWU|PHQGHQ�0HGLXPV�QLPPW� DXI�*UXQG
GHU�:lUPHDXVVSHLFKHUXQJ�GHU�5RKUZDQG�DQ�GDV�)OXLG�QXU�ODQJVDP�DE��'LH�=HLWNRQVWDQWH�LVW
LP�9HUJOHLFK�PLW� HLQHP�.ROOHNWRU� LP�9HUGDPSIHUDEVFKQLWW� �$EE������� XP� HLQH�*U|�HQRUG�
QXQJ�K|KHU��$EE������]HLJW�LQ�GHQ�HUVWHQ�����V�GHQ�FKDUDNWHULVWLVFKHQ��OLQHDUHQ�5�FNJDQJ�GHU
7HPSHUDWXU�EHL�HLQHU�(UK|KXQJ�GHV�(LQWULWWVPDVVHQVWURPHV�HLQHV�hEHUKLW]HUNROOHNWRUV�
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$EE������ 7HPSHUDWXUlQGHUXQJ DP $XVWULWW HLQHV hEHUKLW]HUNROOHNWRUV QDFK HLQHU VSUXQJI|UPL�
JHQ (UK|KXQJ �W � V� GHV (LQWULWWVPDVVHQVWURPHV 0H XP ���� NJ�V� �SD �� EDU�
0H ��� NJ�Vo ���� NJ�V� KH ���� N-�NJ� ,GLU ��� :�P�� / �� P��

6SUXQJI|UPLJH� (UQLHGULJXQJ� GHV� (LQVSULW]PDVVHQVWURPHV� DP� .ROOHNWRUHLQWULWW�� 'LH
7HPSHUDWXUlQGHUXQJ�GHV�hEHUKLW]HUV\VWHPV�DQ�YHUVFKLHGHQHQ�3RVLWLRQHQ�GHV�.ROOHNWRUV�EHL
HLQHU� (UQLHGULJXQJ� GHV� (LQVSULW]PDVVHQVWURPHV� LVW� LQ� $EE������ ]X� HUNHQQHQ�� (V� LVW� HLQH
hEHUODJHUXQJ�GHV�9HUKDOWHQV�HLQHU�VSUXQJDUWLJHQ�(UK|KXQJ�GHU�VSH]LILVFKHQ�(QWKDOSLH��VLHKH
$EE�������PLW�HLQHU�(LQWULWWVPDVVHQVWURPHUQLHGULJXQJ��ZREHL�GHU�(LQIOXVV�GHU�(QWKDOSLHHUK|�
KXQJ�GRPLQLHUW�

$P�$XVWULWW�NRPPW�LP�VWDWLRQlUHQ�(QG]XVWDQG�]XU�7HPSHUDWXUHUK|KXQJ�GXUFK�(UK|KXQJ
GHU� VSH]LILVFKHQ�(LQWULWWVHQWKDOSLH�GHV�*HPLVFKHV�QRFK�GLH�7HPSHUDWXUHUK|KXQJ� DXI�*UXQG
GHV�JHULQJHUHQ�*HVDPWPDVVHQVWURPHV�KLQ]X�



��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV ��
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$EE������ 7HPSHUDWXUlQGHUXQJ LQQHUKDOE HLQHV hEHUKLW]HUNROOHNWRUV QDFK HLQHU VSUXQJI|UPLJHQ
(UQLHGULJXQJ �W �� V� GHV (LQVSULW]PDVVHQVWURPHV XP ����� NJ�V� 'DUJHVWHOOW LVW GHU
9HUODXI DP (LQWULWW �� P�� QDFK � P� �� P� �� P XQG DP $XVWULWW ��� P�� �SD �� EDU�
0� H  ����� NJ�V� KH ���� N-�NJ� 0� LQM ����� NJ�Vo ����� NJ�V� KLQM ���� N-�NJ�
,GLU ��� :�P�� / �� P��

'HU�VSUXQJI|UPLJH�5�FNJDQJ�GHU�(LQVWUDKOXQJ�DQ�HLQHP�hEHUKLW]HUNROOHNWRU�LVW�LQ�.DSL�
WHO�����GDUJHVWHOOW�ZRUGHQ�

���� .ROOHNWRUHQ�PLW�ZDQGHUQGHP�9HUGDPSIXQJVDQIDQJVSXQNW

%HL�HLQHP�VRODUHQ�'DPSIHU]HXJHU� LVW�GLH�(QHUJLH]XIXKU�GXUFK�GLH� IOXNWXLHUHQGH�6RODUVWUDK�
OXQJ�VWlUNHUHQ�6FKZDQNXQJHQ�XQWHUZRUIHQ�DOV�EHL�HLQHP�NRQYHQWLRQHOO�PLW�%UHQQVWRII�EHIHX�
HUWHQ�'DPSIHU]HXJHU��'DGXUFK�JLEW�HV� LQQHUKDOE�HLQHV�.ROOHNWRUVWUDQJHV� VWlUNHU�ZDQGHUQGH
9HUGDPSIXQJVDQIDQJVSXQNWH� XQG� EHLP�'XUFKODXI�� XQG�(LQVSULW]NRQ]HSW� DXFK� VWlUNHU�ZDQ�
GHUQGH�9HUGDPSIXQJVHQGSXQNWH�DOV�LQ�GHQ�5RKUHQ�KHUN|PPOLFKHU�'DPSIHU]HXJHU��,P�HUVWHQ
7HLO�GLHVHV�8QWHUNDSLWHOV�ZLUG�GHVZHJHQ�GDV�9HUKDOWHQ�HLQHV�.ROOHNWRUV�XQWHUVXFKW��GHU�VLFK
LP�=XVWDQG�GHV�9HUGDPSIHQV�E]Z��GHV�:LHGHUEHI�OOHQV�PLW�IO�VVLJHP�:DVVHU�EHILQGHW�

(LQ�ZHLWHUHV�&KDUDNWHULVWLNXP� HLQHV� VRODUHQ�'DPSIHU]HXJHUV� LVW� GLH� 7DWVDFKH�� GDVV� VLFK
GLH� 6FKZDQNXQJ� GHU� HLQJHNRSSHOWHQ� (QHUJLHVWU|PH� WHLOZHLVH� QXU� DXI� EHJUHQ]WH� $EVFKQLWWH
GHV�'DPSIHU]HXJHUV�DXVZLUNHQ��0DQ�GHQNH�]��%��DQ�HLQH�$EVFKDWWXQJ�GHU�HUVWHQ�.ROOHNWRUHQ
GXUFK� HLQH�NOHLQH�:RONH�ZlKUHQG�GHU� UHVWOLFKH�$EVRUEHUVWUDQJ�EHVWUDKOW� EOHLEW�� ,P� ]ZHLWHQ
7HLO�GHV�.DSLWHOV�ZLUG�EHLVSLHOKDIW� I�U� HLQHQ�����P� ODQJHQ�$EVFKQLWW� GHV�.ROOHNWRUVWUDQJHV
HLQH�WHLOZHLVH�$EVFKDWWXQJ�VLPXOLHUW�



�� ��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

.ROOHNWRU�EHLP�hEHUJDQJ�YRQ�GHU�)O�VVLJ��LQ�GLH�=ZHLSKDVHQVWU|PXQJ��,Q�GHU�IROJHQGHQ
5HFKQXQJ�ZLUG� VLPXOLHUW�� ZLH� HLQ�PLW�:DVVHU� EHI�OOWHU� .ROOHNWRU� EHLP�$QVWLHJ� GHU� 6RODU�
VWUDKOXQJ�LQ�GDV�*HELHW�GHU�=ZHLSKDVHQVWU|PXQJ��EHUJHKW��,Q�GHQ�.ROOHNWRU�WULWW�HLQ�0DVVHQ�
VWURP�XQWHUN�KOWHV�:DVVHU�YRQ�����NJ�V��,P�VWDWLRQlUHQ�$QIDQJV]XVWDQG�PLW�HLQHU�JHULQJHUHQ
(LQVWUDKOXQJ�YRQ�����:�P��WULWW�GDV�:DVVHU�OHLFKW�XQWHUN�KOW�DXV�GHP�.ROOHNWRU�ZLHGHU�DXV�
=XP�=HLWSXQNW�W ����V�VWHLJW�GLH�(LQVWUDKOXQJ�VSUXQJDUWLJ�DXI�����:�P��DQ�XQG�HLQ�7HLO�GHU
6WU|PXQJ� JHKW� LQ� GDV� =ZHLSKDVHQJHELHW� �EHU�� (LQH� GHUDUWLJH�.RPELQDWLRQ� GHU� 5DQGEHGLQ�
JXQJHQ�KDW�PDQ�LQ�HLQHP�$EVRUEHUVWUDQJ� LP�9RUZlUPDEVFKQLWW��ZHQQ�GLH�(LQVWUDKOXQJ�DQ�
VWHLJW��'DV�JHVFKLOGHUWH��QXPHULVFKH�([SHULPHQW�PLW� VHLQHQ�5DQGEHGLQJXQJHQ�XQG�)OXLG]X�
VWlQGHQ�LVW�LQ�$EE�������GDUJHVWHOOW�
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6WDWLRQlUHU =XVWDQG $ PLW (LQVWUDKOXQJ ,
GLU
 ��� :�P�

6WDWLRQlUHU =XVWDQG % PLW (LQVWUDKOXQJ ,
GLU
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$EE������� 5DQGEHGLQJXQJHQ XQG ]XJHK|ULJH� VWDWLRQlUH )OXLG]XVWlQGH I�U GLH 8QWHUVXFKXQJ
HLQHV .ROOHNWRUV EHLP hEHUJDQJ YRQ GHU )O�VVLJ± LQ GLH =ZHLSKDVHQVWU|PXQJ �=X�
VWDQG $o%� E]Z� EHLP :LHGHUDXII�OOHQ PLW :DVVHU �=XVWDQG %o$��

1DFK�HLQHU�(UK|KXQJ�GHU�(LQVWUDKOXQJ�HUZlUPW�VLFK�GDV�)OXLG�XQG�IlQJW�DP�(QGH�GHV�.RO�
OHNWRUV�DQ�]X�VLHGHQ��'D�PLW�HLQHU�QXU�JHULQJHQ�(UK|KXQJ�GHV�6WU|PXQJVPDVVHQGDPSIJHKDO�
WHV��EHU�1XOO�GHU�YROXPHWULVFKH�'DPSIJHKDOW�DXI�*UXQG�GHU�VWDUN�XQWHUVFKLHGOLFKHQ�'LFKWHQ
YRQ�:DVVHU�XQG�'DPSI�HQRUP�DQVWHLJW��HUK|KW�VLFK�SO|W]OLFK�GHU�0DVVHQVWURP�VWURPDEZlUWV
GHV�YHUGDPSIHQGHQ�)O�VVLJNHLWVJHELHWHV��,P�QHXHQ��VWDWLRQlUHQ�(QG]XVWDQG�KDW�VLFK�GDV�:DV�
VHUPDVVHQLQYHQWDU� GHV� .ROOHNWRUV� JHJHQ�EHU� VHLQHP�$QIDQJV]XVWDQG� YHUULQJHUW�� =XVlW]OLFK
]XP�HLQWUHWHQGHQ�0DVVHQVWURP�PXVV�DOVR�0DVVH�DXV�GHP�6\VWHP�KHUDXVIOLH�HQ�



��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV ��

,Q�$EE�������VLQG�GLH�0DVVHQVWURPYHUOlXIH�DQ�YHUVFKLHGHQHQ�6WHOOHQ�LP�.ROOHNWRU�DXIJH�
]HLFKQHW��$P�$XVWULWW� GHV�.ROOHNWRUV� �.XUYH�PLW�%H]HLFKQXQJ����P�� LVW� HLQH�=XQDKPH�GHV
0DVVHQVWURPHV�ZlKUHQG�FD������V�]X� VHKHQ��'LH�9HUOlXIH� DQ�GHQ�YHUVFKLHGHQHQ�6WHOOHQ� LP
.ROOHNWRU�N|QQHQ� IROJHQGHUPD�HQ� HUNOlUW�ZHUGHQ��'HU�0DVVHQVWURP�DQ�GHU�6WHOOH����P�HU�
K|KW�VLFK�QXU�NXU]]HLWLJ�XQG�QXU�ZHQLJ��'LHV�OLHJW�GDUDQ��GDVV�VWURPDXIZlUWV�YRQ����P�DXV�
VFKOLH�OLFK�IO�VVLJHV�:DVVHU�YRUOLHJW��GHVVHQ�'LFKWH�EHL�7HPSHUDWXUHUK|KXQJ�QXU�JHULQJI�JLJ
]XQLPPW��'LH�3RVLWLRQ����P�LVW�GLH�DP�ZHLWHVWHQ�VWURPDXIZlUWV�OLHJHQGH�6WHOOH�LP�$EVRUEHU�
URKU�XQG�]HLWOLFK�GLH�OHW]WH�6WHOOH��DQ�GHU�9HUGDPSIXQJ�HLQVHW]W��$Q�GHU�3RVLWLRQ����P�ILQGHW
GLH�9HUGDPSIXQJ�DXI�*UXQG�GHU�9RUZlUPXQJ� LP�$EVRUEHUURKU�VWURPDXIZlUWV�VFKRQ�IU�KHU
VWDWW��$X�HU�GHU�0DVVHQVWURPHUK|KXQJ�GXUFK�GLH�9HUGDPSIXQJ�DQ�GHU� MHZHLOLJHQ�6WHOOH� HU�
K|KW� VLFK� GHU�0DVVHQVWURP� ]XVlW]OLFK� GXUFK� VlPWOLFKH� 9HUGDPSIXQJVYRUJlQJH�� GLH� VWURP�
DXIZlUWV�VWDWWILQGHQ��'LHVH�7DWVDFKH�HUNOlUW�GLH�VWURPDEZlUWV�LPPHU�JU|�HU�ZHUGHQGHQ�bQGH�
UXQJHQ�LP�0DVVHQVWURP�
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$EE������� 0DVVHQVWU|PH EHL HLQHU VSUXQJDUWLJHQ =XQDKPH GHU (LQVWUDKOXQJ XP ��� :�P�� ,Q�
QHUKDOE GHV .ROOHNWRUV ILQGHW QDFK GHP 6SUXQJ GHU hEHUJDQJ YRQ GHU )O�VVLJVWU|�
PXQJ LQ GLH =ZHLSKDVHQVWU|PXQJ VWDWW� 'DUJHVWHOOW LVW GHU 9HUODXI EHL �� P� �� P�
�� P XQG DP $XVWULWW ��� P�� �SD �� EDU� 0� H  ��� NJ�V� KH ���� N-�NJ�
,GLU ��� :�P�

o��� :�P�� / �� P��

,Q�GHU�6LPXODWLRQ�ZXUGH�GHU�(LQWULWWVPDVVHQVWURP�IHVW�YRUJHJHEHQ��$QVWDWW�GHV�0DVVHQVWUR�
PHV�NDQQ�DP�(LQWULWW�DXFK�GHU�'UXFN�YRUJHJHEHQ�ZHUGHQ��'DQQ�ZlUH�HV�YRUVWHOOEDU��GDVV�EHL
HLQHU� 9HUGDPSIXQJ� LP� $EVRUEHUURKU�� ZHQQ� QLFKW� GHU� (LQWULWWVGUXFN� VFKQHOO� HUK|KW� Z�UGH�
HLQH�]HLWOLFK�EHJUHQ]WH�5�FNVWU|PXQJ�VWDWWILQGHW��6HOEVW�ZHQQ�HLQH�5�FNVWU|PXQJ�GXUFK�(LQ�
EDXWHQ�YHUKLQGHUW�ZlUH��Z�UGH�GDV�)OXLG�QLFKW�PHKU�VWU|PHQ�N|QQHQ�XQG�HV�Z�UGH�]X�HLQHU
JHIlKUOLFKHQ�hEHUKLW]XQJ�GHV�5RKUHV�NRPPHQ��(LQH�GHUDUWLJH�%HWUDFKWXQJ�LVW�MHGRFK�PLW�GHQ
]XU]HLW� EHQXW]WHQ� 6WRIIZHUWURXWLQHQ� QRFK� QLFKW� P|JOLFK�� 6LPXODWLRQHQ� E]JO�� GHU� 5�FNVWU|�
PXQJ�LQQHUKDOE�HLQHV�$EVRUEHUURKUHV�EHL�HLQHU�(UK|KXQJ�GHU�HLQJHVWUDKOWHQ�/HLVWXQJ�ZXUGHQ
YRQ��6WHLQPDQQ�������GXUFKJHI�KUW�



�� ��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

'LH�.QLFNVWHOOHQ�LP�9HUODXI�GHU�0DVVHQVWU|PH�LQ�$EE�������KDEHQ�IROJHQGH�VLPXODWLRQV�
WHFKQLVFKH�8UVDFKHQ��(UVWHQV�LVW�GLH�'LVNUHWLVLHUXQJ�PLW����(OHPHQWHQ�I�U�GLHVHV�QXPHULVFKH
([SHULPHQW� QRFK� ]X� JURE�� $QVWDWW� ZLH� LQ� GHU� 5HDOLWlW� HLQH� NRQWLQXLHUOLFK� ZDQGHUQGH� 9HU�
GDPSIXQJV]RQH�]X�KDEHQ��YHUGDPSIW�]X�EHVWLPPWHQ�=HLWSXQNWHQ� VFKODJDUWLJ� LPPHU� HLQ� JH�
VDPWHV�(OHPHQW�YRQ���P�/lQJH��=ZHLWHQV�VLQG� LQ�GHU� ,PSXOVELODQ]�GLH�7UlJKHLWVNUlIWH�YHU�
QDFKOlVVLJW�ZRUGHQ��2KQH�GLHVH�9HUHLQIDFKXQJHQ�ZlUHQ� VSUXQJKDIWH�bQGHUXQJHQ�GHV�0DV�
VHQVWURPHV��ZLH�VLH�KLHU�]X�EHREDFKWHQ�VLQG��QLFKW�P|JOLFK�XQG�GHU�9HUODXI�GHU�0DVVHQVWU|�
PH�ZlUH�RKQH�.QLFNVWHOOHQ��'LH�(UJHEQLVVH�VLQG�XQWHU�GLHVHQ�*HVLFKWVSXQNWHQ�]X�EHZHUWHQ�

,Q� GHU� =ZHLSKDVHQVWU|PXQJ� OLHJW� DXI� *UXQG� HLQHV� JHULQJHQ� 6WU|PXQJVPDVVHQGDPSIJH�
KDOWV� � [� ������ QRFK� 6FKZDOOVWU|PXQJ YRU�� 'LH� 5RKUZDQG� NDQQ� DOVR� DOV� Y|OOLJ� EHQHW]W� EH�
WUDFKWHW�ZHUGHQ��*RHEHO�������

.ROOHNWRU� EHLP�:LHGHUDXII�OOHQ�PLW�:DVVHU�� ,Q� GLHVHP�$EVFKQLWW� ZLUG� GHU� XPJHNHKUWH
9RUJDQJ�ZLH� LP� YRUKHUJHKHQGHQ�$EVFKQLWW� EHWUDFKWHW�� 'HU� .ROOHNWRU� ZLUG� DP� (LQWULWW� PLW
IO�VVLJHP�:DVVHU� EHVFKLFNW� XQG�PLW� HLQHU� (LQVWUDKOXQJ� YRQ� ����:�P�� EHDXIVFKODJW��'DQQ
EHILQGHW�VLFK�LP�.ROOHNWRU�LP�VWDWLRQlUHQ�$QIDQJV]XVWDQG�LP�OHW]WHQ�6W�FN�HLQH�=ZHLSKDVHQ�
VWU|PXQJ�� 'XUFK� HLQHQ� 5�FNJDQJ� LQ� GHU� VRODUHQ� (LQVWUDKOXQJ� ]XP� =HLWSXQNW� W ����V� XP
����:�P�� UHLFKW� GLH� HLQJHNRSSHOWH� /HLVWXQJ� QLFKW� PHKU� DXV�� GDV� HLQVWU|PHQGH�:DVVHU� ]X
YHUGDPSIHQ�XQG�GHU�.ROOHNWRU�ZLUG�ODQJVDP�ZLHGHU�PLW�IO�VVLJHP�:DVVHU�EHI�OOW��'DV�QXPH�
ULVFKH�([SHULPHQW�ZLUG�YHUGHXWOLFKW��ZHQQ�$EE�������YRQ�XQWHQ�QDFK�REHQ�JHOHVHQ�ZLUG��$Q�
IDQJV]XVWDQG�%�XQG�(QG]XVWDQG�$��

,Q�$EE�������VLQG�GLH�]HLWOLFKHQ�9HUOlXIH�GHU�0DVVHQVWU|PH�DQ�YHUVFKLHGHQHQ�6WHOOHQ�LP
$EVRUEHUURKU�GDUJHVWHOOW�
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$EE������� 0DVVHQVWU|PH EHL HLQHP VSUXQJDUWLJHQ 5�FNJDQJ GHU (LQVWUDKOXQJ XP ��� :�P��
,QQHUKDOE GHV .ROOHNWRUV ILQGHW QDFK GHP 6SUXQJ GHU hEHUJDQJ YRQ GHU =ZHLSKDVHQ�
VWU|PXQJ ]XU )O�VVLJVWU|PXQJ VWDWW� 'DUJHVWHOOW LVW GHU 9HUODXI EHL �� P� �� P� �� P
XQG DP $XVWULWW ��� P�� �SD �� EDU� 0� H ��� NJ�V� KH ���� N-�NJ� ,GLU ��� :�P�

o��� :�P�� / �� P��



��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV ��

6WURPDXIZlUWV� YRQ����P� OLHJW�ZlKUHQG�GHV� JHVDPWHQ�� G\QDPLVFKHQ�9RUJDQJHV� IO�VVLJHV
:DVVHU�YRU��GHVVHQ�7HPSHUDWXU�OHLFKW�DEQLPPW�XQG�GHVVHQ�'LFKWH�JHULQJI�JLJ�]XQLPPW��=XP
=HLWSXQNW� GHV�6WUDKOXQJVU�FNJDQJHV� �W ����V�� QLPPW� GHU� 6WU|PXQJVPDVVHQGDPSIJHKDOW� LP
JHVDPWHQ�*HELHW�GHU�=ZHLSKDVHQVWU|PXQJ��DOVR�DE�GHU�3RVLWLRQ����P�XQG�VWURPDEZlUWV��DE�
:lKUHQG�GHU�0DVVHQVWURP�DQ�GHU�6WHOOH����P�QXU� DXI�*UXQG�GHV�:LHGHUEHI�OOHQV�GHV�$E�
VFKQLWWV� ]ZLVFKHQ� ���P� XQG� ���P� DEQLPPW�� UHGX]LHUW� VLFK� GHU� 0DVVHQVWURP� DQ� GHU� 6WHOOH
���P� DXI� *UXQG� GHU� (UQLHGULJXQJ� GHV� 6WU|PXQJVPDVVHQGDPSIJHKDOWHV� LP� JHVDPWHQ� $E�
VFKQLWWHV� GHU� =ZHLSKDVHQVWU|PXQJ�� 'LHV� HUNOlUW� GHQ� QDFK� (LQWULWW� GHV� 6WUDKOXQJVVSUXQJHV
DXIWUHWHQGHQ�VWDUNHQ�� VSUXQJDUWLJHQ�5�FNJDQJ�GHV�$XVWULWWVPDVVHQVWURPHV� �VLHKH�.XUYH�PLW
3DUDPHWHU�Ä���P³���GHU�HWZD�HLQ�9LHUWHO�GHV�0DVVHQVWURPHV�LP�VWDWLRQlUHQ�=XVWDQG�EHWUlJW�
'LH�.QLFNVWHOOHQ�LP�9HUODXI�GHU�.XUYHQ�VLQG�GHQ�LP�YRUKHULJHQ�$EVFKQLWW�HUOlXWHUWHQ�VLPX�
ODWLRQVWHFKQLVFKHQ�8UVDFKHQ�]X]XVFKUHLEHQ�

'LH�6LPXODWLRQVHUJHEQLVVH�GHV�.ROOHNWRUYHUKDOWHQV�EHLP�:LHGHUEHI�OOHQ� OHJHQ� QDKH�� GLH
$XVZLUNXQJHQ�GHV�0DVVHQVWURPU�FNJDQJHV�DXI�GLH�QDFKIROJHQGHQ�.ROOHNWRUHQ�QlKHU�]X�EH�
WUDFKWHQ�

7HLOZHLVH�$EVFKDWWXQJ�YRQ�.ROOHNWRUHQ��'HU� LP�)ROJHQGHQ�EHWUDFKWHWH�9RUJDQJ�VLPXOLHUW
HLQHQ�6WUDKOXQJVU�FNJDQJ�XP�����:�P��DXI�GHQ�HUVWHQ����P�HLQHV�����P�ODQJHQ�$EVRUEHU�
VWUDQJDEVFKQLWWHV��'LH�$EVFKDWWXQJ�ILQGHW�]XP�7HLO�LP�9RUZlUPDEVFKQLWW�GHV�$EVRUEHUURKU�
VWUDQJHV�VWDWW��'LH�LQ�$EE�������GDUJHVWHOOWH�6NL]]H�YHUGHXWOLFKW�GLH�5DQGEHGLQJXQJHQ�XQG�GLH
]XJHK|ULJHQ��VWDWLRQlUHQ�=XVWlQGH�
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6WDWLRQlUHU =XVWDQG RKQH $EVFKDWWXQJ

6WDWLRQlUHU =XVWDQG PLW WHLOZHLVHU $EVFKDWWXQJ

$EE������� 5DQGEHGLQJXQJHQ XQG ]XJHK|ULJH� VWDWLRQlUH )OXLG]XVWlQGH I�U GLH 8QWHUVXFKXQJ
HLQHV ��� P ODQJHQ $EVRUEHUVWUDQJDEVFKQLWWHV EHL WHLOZHLVHU $EVFKDWWXQJ� 'HU EH�
WUDFKWHWH $EVFKQLWW OLHJW LP %HUHLFK GHV hEHUJDQJV YRQ GHU )O�VVLJ� ]XU =ZHLSKDVHQ�
VWU|PXQJ�



�� ��0RGHOOYDOLGLHUXQJ�XQG�G\QDPLVFKH�6LPXODWLRQ�HLQHV�.ROOHNWRUV

'DV�6LPXODWLRQVHUJHEQLV�GHV�QXPHULVFKHQ�([SHULPHQWV� LVW� LQ�$EE�������]X�VHKHQ��(LQH�WHLO�
ZHLVH�$EVFKDWWXQJ�EHZLUNW�DP�$XVWULWW��.XUYH�PLW�3DUDPHWHU�����P��HLQH�NXU]]HLWLJH�(UK|�
KXQJ�GHU�VSH]LILVFKHQ�(QWKDOSLH��EHYRU�HLQ�QHXHU��VWDWLRQlUHU�=XVWDQG�PLW�QLHGULJHUHU�VSH]LIL�
VFKHU�(QWKDOSLH�HUUHLFKW�ZLUG�

'DV�9HUKDOWHQ�ZLUG�VHKU�VFKQHOO�NODU��ZHQQ�PDQ�LQ�%HWUDFKW�]LHKW��GDVV�GLH�5DQGEHGLQJXQ�
JHQ� GHU� HUVWHQ� ���P� GHV� $EVRUEHUURKUVWUDQJHV� GHQHQ� GHV� YRUKHULJHQ� $EVFKQLWWHV� GHU
$EE������� HQWVSUHFKHQ�� 'DKHU� HQWVSULFKW� GHU� EHREDFKWHWH� 0DVVHQVWURP� LQ� GHU� 0LWWH� GHV
����P� ODQJHQ� $EVRUEHUURKUDEVFKQLWWHV� HWZD� GHU� .XUYH� PLW� GHP� 3DUDPHWHU� Ä���P³� LQ
$EE��������'HU� ]ZHLWH� 7HLO� GHV� EHWUDFKWHWHQ� ����P� ODQJHQ�$EVFKQLWWV� HUOHEW� DOVR� WHPSRUlU
HLQHQ�(LQEUXFK�GHV�0DVVHQVWURPHV��ZDV�EHL� JOHLFKEOHLEHQGHU�� HLQJHNRSSHOWHU�/HLVWXQJ� HLQH
NXU]]HLWLJ�K|KHUH�VSH]LILVFKH�$XVWULWWVHQWKDOSLH�KHUYRUUXIW�
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$EE������� bQGHUXQJ GHU VSH]LILVFKHQ (QWKDOSLH LQQHUKDOE HLQHV ��� P ODQJHQ $EVRUEHUURKUDE�
VFKQLWWHV EHL HLQHU WHLOZHLVHQ $EVFKDWWXQJ �W ��� V� GHU HUVWHQ �� P� 'DUJHVWHOOW LVW
GHU 9HUODXI EHL �� P� �� P� �� P XQG DP $XVWULWW ���� P�� ,QQHUKDOE GHV .ROOHNWRUV
ILQGHW GHU hEHUJDQJ YRQ GHU )O�VVLJ� ]XU =ZHLSKDVHQVWU|PXQJ VWDWW� �SD �� EDU�
0� H  ��� NJ�V� KH ���� N-�NJ� ,GLU ������� :�P�

o������� :�P�� / ��� P��



��'\QDPLVFKH�6LPXODWLRQ�GHU�',66�7HVWDQODJH ��

�� '\QDPLVFKH�6LPXODWLRQ�GHU�',66�7HVWDQODJH

,Q� GLHVHP�.DSLWHO� ZHUGHQ� 6LPXODWLRQVHUJHEQLVVH� PLW� 0HVVZHUWHQ� DQ� GHU� ',66�7HVWDQODJH
YHUJOLFKHQ��$Q�EHLGHQ�EHWUDFKWHWHQ�7HVWWDJHQ�ZXUGH�GLH�',66�3DUDEROULQQH� LP�5H]LUNXODWL�
RQVNRQ]HSW�EHL�S ���EDU�EHWULHEHQ��=XU�8QWHUVXFKXQJ�GHV�G\QDPLVFKHQ�9HUKDOWHQV�LP�hEHU�
KLW]HUEHUHLFK�ZXUGHQ�]HLWZHLVH�.ROOHNWRUHQ�GHIRNXVVLHUW��RGHU�GHU�0DVVHQVWURP�ZXUGH�YHU�
lQGHUW�� $EE������ ]HLJW� GLH� 9HUVFKDOWXQJ� GHU� $QODJH� DQ� GHQ� EHWUDFKWHWHQ� 7HVWWDJHQ�� ,Q� GHQ
6LPXODWLRQHQ�ZXUGHQ� GLH�hEHUKLW]HUNROOHNWRUHQ� ��� XQG� ��� EHWUDFKWHW�� 'HU�.ROOHNWRU���� LVW
���P�ODQJ��.ROOHNWRU����EHVLW]W�HLQH�/lQJH�YRQ����P�

hEHUKLW]WHU 'DPSI
S �� EDU

��� P

%�2�3�

5H]LUNXODWLRQ

(LQVSULW]�
6\VWHP

� � � � � � � � � �� ��

1RUG6�G

:DVVHU

$EE������ 9HUHLQIDFKWH 'DUVWHOOXQJ GHU ',66�7HVWDQODJH DXI GHU 36$� $EJHELOGHW LVW GLH 9HU�
VFKDOWXQJ I�U GLH 7HVWV YRP ���������� XQG �����������

0DVVHQVWURPlQGHUXQJ��,P�7HVW�YRP������������ZXUGH�GHU�(LQWULWWVPDVVHQVWURP�EHLP�%H�
WULHE� GHU� $QODJH� LP� 5H]LUNXODWLRQVNRQ]HSW� YDULLHUW�� 'LH� ]HLWOLFKHQ� 7HPSHUDWXUYHUOlXIH� DQ
YHUVFKLHGHQHQ�6WHOOHQ�GHV�hEHUKLW]HUEHUHLFKHV�VLQG�LQ�$EE������GDUJHVWHOOW��'LH�GXUFKJH]RJH�
QHQ�/LQLHQ�VWHOOHQ�6LPXODWLRQVHUJHEQLVVH��GLH�JHSXQNWHWHQ�/LQLHQ�0HVVHUJHEQLVVH�GDU�
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$EE������ =HLWOLFKH 7HPSHUDWXUYHUOlXIH YRP ���������� DP (LQWULWW LQ GHQ hEHUKLW]HUEHUHLFK
�(LQWULWW .ROO� ���� QDFK �� P �$XVWULWW .ROO� ��� XQG DP $XVWULWW GHV $EVRUEHUVWUDQJHV
�$XVWULWW .ROO� ��� EHL 9DULDWLRQ GHV 0DVVHQVWURPHV� 'LH 6LPXODWLRQVHUJHEQLVVH VLQG
DOV GXUFKJH]RJHQH /LQLHQ� GLH 0HVVHUJHEQLVVH DOV JHSXQNWHWH /LQLHQ GDUJHVWHOOW�



�� ��'\QDPLVFKH�6LPXODWLRQ�GHU�',66�7HVWDQODJH

'HU�XQEHNDQQWH�RSWLVFKH�:LUNXQJVJUDG���GHU�.ROOHNWRUHQ����XQG����LVW�I�U�GLH�6LPXODWLRQ�VR
JHZlKOW�� GDVV� LP� VWDWLRQlUHQ� =XVWDQG� GLH� VLPXOLHUWH� $XVWULWWVWHPSHUDWXU� GHV� .ROOHNWRUV���
JOHLFK�GHU�JHPHVVHQHQ�$XVWULWWVWHPSHUDWXU�LVW��%HL�GHU�6LPXODWLRQ�ZLUG�GDYRQ�DXVJHJDQJHQ�
GDVV�EHLGH�.ROOHNWRUHQ�GHQVHOEHQ�RSWLVFKHQ�:LUNXQJVJUDG�EHVLW]HQ��'LH�$XVWULWWVWHPSHUDWXU
GHV�.ROOHNWRUV���� LVW� LQ� GHU� 6LPXODWLRQ� JHULQJI�JLJ� K|KHU� DOV� LQ� GHU�0HVVXQJ�� 'LHV� GHXWHW
GDUDXI�KLQ�� GDVV�GHU� WDWVlFKOLFKH�RSWLVFKH�:LUNXQJVJUDG�GHV�.ROOHNWRUV� ��� JHULQJHU� DOV� GHU
GHV�.ROOHNWRUV����LVW�

,Q�$EE������LVW�I�U�GHQ�7HVW�YRP������������GHU�VLPXOLHUWH�XQG�JHPHVVHQH��]HLWOLFKH�9HU�
ODXI�GHV�'UXFNYHUOXVWHV��EHU�GLH�hEHUKLW]HUNROOHNWRUHQ����XQG����GDUJHVWHOOW��'LH�6LPXODWLRQ
LVW�PLW�GHQ�DXI�6HLWH����JHQDQQWHQ�3DUDPHWHUQ�GHV�'UXFNYHUOXVWHV�PLW�GHP�*HVHW]�YRQ�+HUU�
PDQQ�GXUFKJHI�KUW��'LH�0HVVZHUWH� VLQG�HWZDV�K|KHU� DOV�GLH� VLPXOLHUWHQ�:HUWH��'XUFK�HLQH
JH]LHOWH�$QDO\VH�GHV�'UXFNYHUOXVWYHUKDOWHQV�GHU�$QODJH�NDQQ�HLQH�.DOLEUDWLRQ�GHU�3DUDPHWHU
GHV�'UXFNYHUOXVWPRGHOOV�GXUFKJHI�KUW�XQG�HLQH�EHVVHUH�hEHUHLQVWLPPXQJ�]ZLVFKHQ�6LPXOD�
WLRQ�XQG�0HVVXQJ�HUUHLFKW�ZHUGHQ�
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$EE������ =HLWOLFKHU 9HUODXI GHV 'UXFNYHUOXVWHV YRP ���������� �EHU GLH hEHUKLW]HUNROOHNWRUHQ
�� XQG ��� 'LH 6LPXODWLRQVHUJHEQLVVH VLQG DOV GXUFKJH]RJHQH /LQLH� GLH 0HVVHUJHE�
QLVVH DOV JHSXQNWHWH /LQLH GDUJHVWHOOW�

������������������������������������������������
�� =� %� LVW GHU 5HIOH[LRQVJUDG GHU 6SLHJHO DP 9HUVXFKVWDJ XQG GHU ,QFLGHQW $QJOH 0RGLILHU GHU .RO�
OHNWRUHQ XQEHNDQQW�



��'\QDPLVFKH�6LPXODWLRQ�GHU�',66�7HVWDQODJH ��

'HIRNXVVLHUXQJ�YRQ�.ROOHNWRUHQ�� ,P�9HUODXI�GHV�9HUVXFKV�YRP������������ZXUGH� ]XHUVW
GHU�.ROOHNWRU����I�U�FD��HLQH�KDOEH�6WXQGH�GHIRNXVVLHUW��1DFK�(UUHLFKXQJ�HLQHV�HUQHXWHQ��VWD�
WLRQlUHQ�=XVWDQGHV�ZXUGH�.ROOHNWRU����HLQH�=HLW�ODQJ�GHIRNXVVLHUW��'LH�]HLWOLFKHQ�7HPSHUD�
WXUYHUOlXIH�DQ�YHUVFKLHGHQHQ�6WHOOHQ�GHV�hEHUKLW]HUEHUHLFKHV�VLQG�LQ�$EE������GDUJHVWHOOW��'LH
6LPXODWLRQVHUJHEQLVVH� VLQG� DOV� GXUFKJH]RJHQH� .XUYHQ�� GLH� 0HVVHUJHEQLVVH� DOV� JHSXQNWHWH
.XUYHQ�HLQJHWUDJHQ�
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$EE������ =HLWOLFKH 7HPSHUDWXUYHUOlXIH YRP ���������� DP (LQWULWW LQ GHQ hEHUKLW]HUEHUHLFK
�(LQWULWW .ROO� ���� QDFK �� P �$XVWULWW .ROO� ��� XQG DP $XVWULWW GHV $EVRUEHUVWUDQJHV
�$XVWULWW .ROO� ���� =XHUVW LVW .ROOHNWRU ��� GDQDFK .ROOHNWRU �� GHIRNXVVLHUW ZRUGHQ�
'LH 6LPXODWLRQVHUJHEQLVVH VLQG DOV GXUFKJH]RJHQH /LQLHQ� GLH 0HVVHUJHEQLVVH DOV JH�
SXQNWHWH /LQLHQ GDUJHVWHOOW�

'HU� 5�FNJDQJ� GHU� $XVWULWWVWHPSHUDWXU� GHV� $EVRUEHUVWUDQJHV� EHLP� 'HIRNXVVLHUHQ� GHV� .RO�
OHNWRUV����LVW�JHULQJHU�DOV�EHLP�'HIRNXVVLHUHQ�GHV�.ROOHNWRUV�����GD�.ROOHNWRU����QXU�KDOE�VR
ODQJ�ZLH�.ROOHNWRU���� LVW��'HU�7HPSHUDWXUU�FNJDQJ�DP�$EVRUEHUURKUDXVWULWW�EHLP�'HIRNXV�
VLHUHQ�LVW�LQ�GHU�6LPXODWLRQ�JHULQJHU�DOV�EHLP�9HUVXFK�PLW�GHU�$QODJH��'LHVH�'LVNUHSDQ]�]ZL�
VFKHQ�0RGHOO�XQG�5HDOLWlW�GHXWHW�GDUDXI�KLQ��GDVV�GLH�:lUPHYHUOXVWH�GHU�$QODJH� LQ�GHU�6L�
PXODWLRQ� ]XU]HLW� QRFK� DOV� ]X� JHULQJ� EHUHFKQHW�ZHUGHQ�� ,Q� GHU� 6LPXODWLRQ� VLQG� QXU� GLH�$E�
VWUDKOXQJVYHUOXVWH� GHV� $EVRUEHUURKUHV� EHU�FNVLFKWLJW�� LQ� GHU� 5HDOLWlW� WUHWHQ� GDQHEHQ� X��D�
9HUOXVWH�GXUFK�:lUPHOHLWXQJ�DQ�GHU�+DOWHVWUXNWXU�GHU�$EVRUEHUURKUH�RGHU�:lUPHYHUOXVWH�DQ
GHQ�9HUELQGXQJVVW�FNHQ�]ZLVFKHQ�GHQ�.ROOHNWRUHQ�DXI�



�� ��=XVDPPHQIDVVXQJ�XQG�$XVEOLFN

�� =XVDPPHQIDVVXQJ�XQG�$XVEOLFN

,P�5DKPHQ�GHU�YRUOLHJHQGHQ�$UEHLW�ZLUG�LQ�GHU�6LPXODWLRQVVSUDFKH�0RGHOLFD�HLQH�0RGHOOEL�
EOLRWKHN�I�U�GLH�G\QDPLVFKH�6LPXODWLRQ�HLQHV�3DUDEROULQQHQNROOHNWRUV�PLW�GLUHNWHU�'DPSIHU�
]HXJXQJ� LQ�GHQ�$EVRUEHUURKUHQ�HUVWHOOW��0RGHOLFD�VROO�]X�HLQHP�QHXHQ�6WDQGDUG� I�U�GLH�6L�
PXODWLRQVXPJHEXQJHQ�GHU�YHUVFKLHGHQHQ�+HUVWHOOHU�ZHUGHQ��,Q�GLHVHU�$UEHLW�ZLUG�GLH�6LPX�
ODWLRQVXPJHEXQJ�Ä'\PROD³�YHUZHQGHW�

,Q�HLQHP�HUVWHQ�6FKULWW�ZHUGHQ�GLH�0RGHOOLHUXQJVWLHIH�XQG�GLH�%LODQ]UlXPH�I�U�GLH�LQVWDWLRQl�
UHQ�(UKDOWXQJVJOHLFKXQJHQ�I�U�0DVVH�� ,PSXOV�XQG�(QHUJLH�IHVWJHOHJW��'LH�%HVFKUHLEXQJ�GHU
6WU|PXQJ� HUIROJW� HLQGLPHQVLRQDO� XQG� LP� =ZHLSKDVHQJHELHW�ZLUG� HLQ� KRPRJHQHV�*OHLFKJH�
ZLFKWVPRGHOO�JHZlKOW��'DPLW�GDV�JHNRSSHOWH�6\VWHP�SDUWLHOOHU�'LIIHUHQ]LDOJOHLFKXQJHQ�LQ�GHU
6LPXODWLRQVXPJHEXQJ�'\PROD�PLW� YHUWUHWEDUHP�$XIZDQG� JHO|VW�ZHUGHQ� NDQQ�� HUIROJW� HLQH
9HUHLQIDFKXQJ�GHU�*OHLFKXQJHQ��8P�]X�EHJU�QGHQ��ZHOFKH�7HUPH�YHUQDFKOlVVLJEDU�VLQG�XQG
ZLH� VLFK� GHUHQ� 9HUQDFKOlVVLJXQJ� SK\VLNDOLVFK� DXI� GLH� 6LPXODWLRQ� GHU� 6WU|PXQJ� DXVZLUNW�
ZLUG� HLQH�9HUHLQIDFKXQJ�PLW�+LOIH� GHU�7KHRULH� GHU�&KDUDNWHULVWLNHQ� YRUJHQRPPHQ��'LHVHV
9RUJHKHQ�JLEW�DXFK�GDU�EHU�$XVNXQIW��ZLH�YLHOH�SK\VLNDOLVFK�QRWZHQGLJH�5DQGEHGLQJXQJHQ
I�U�GLH�YHUHLQIDFKWHQ�*OHLFKXQJHQ�DP�$EVRUEHUURKUHLQULWW� XQG�±DXVWULWW� YRUJHJHEHQ�ZHUGHQ
P�VVHQ�

=XU�'LVNUHWLVLHUXQJ�GHU�SDUWLHOOHQ�(UKDOWXQJVJOHLFKXQJHQ�E]JO��GHU�2UWVNRRUGLQDWH�ZHUGHQ
ILQLWH� 'LIIHUHQ]HQ� DQJHZHQGHW�� 'LH� (UJHEQLVVH� HLQHV� 'LVNUHWLVLHUXQJVYHUIDKUHQ� HUVWHU� 2UG�
QXQJ�� HLQHV�9HUIDKUHQ� ]ZHLWHU�2UGQXQJ� XQG� HLQHV�9HUIDKUHQV� ]ZHLWHU�2UGQXQJ�PLW�'lPS�
IXQJ�ZHUGHQ�LP�+LQEOLFN�DXI�QXPHULVFKH�'LVVLSDWLRQ�XQG�'LVSHUVLRQ�PLWHLQDQGHU�YHUJOLFKHQ�
(LQH�WKHRUHWLVFKH�%HWUDFKWXQJ�GHU�8UVDFKHQ�GHU�QXPHULVFKHQ�'LIIXVLRQVIHKOHU�LVW�LQ�GHQ�$Q�
KlQJHQ� JHJHEHQ�� $XV� 6WDELOLWlWVJU�QGHQ� XQG� DXV� *U�QGHQ� GHV� 5HFKHQDXIZDQGHV� ZLUG� GDV
'LVNUHWLVLHUXQJVYHUIDKUHQ�HUVWHU�2UGQXQJ�YHUZHQGHW�

'LH�%HVFKUHLEXQJ�GHV�NRQYHNWLYHQ�:lUPH�EHUJDQJV�LP�=ZHLSKDVHQJHELHW�HUIROJW�]XP�JUR�
�HQ�7HLO�PLW�.RUUHODWLRQHQ�DXV�GHP�*8'(�3URMHNW���*RHEHO���������VRZHLW�GLHV�GHU�'HILQLWL�
RQVEHUHLFK�GHU�%H]LHKXQJHQ�]XOlVVW�� ,Q� GHQ�(LQSKDVHQJHELHWHQ� XQG� DX�HUKDOE� GHV�'HILQLWL�
RQVEHUHLFKHV�GHU�*8'(�.RUUHODWLRQHQ�ZLUG�DXI�DQGHUH�%H]LHKXQJHQ�GHU�/LWHUDWXU�]XU�FNJH�
JULIIHQ��ZREHL�8QVWHWLJNHLWHQ� EHLP�:HFKVHO� ]ZLVFKHQ� GHQ� HLQ]HOQHQ�0RGHOOHQ�ZHLWJHKHQG
YHUKLQGHUW�ZHUGHQ�

,Q�GHQ�YRUOLHJHQGHQ�6LPXODWLRQHQ�LVW�GLH�:DQG�GHV�$EVRUEHUURKUHV�LQ�D]LPXWDOHU�5LFKWXQJ
GXUFK�HLQHQ�HLQ]HOQHQ�.QRWHQ�GLVNUHWLVLHUW��'DV�0RGHOO�I�U�GLH�5RKUZDQG�LVW�MHGRFK�VR�YRUEH�
UHLWHW��GDVV�HLQH�(UZHLWHUXQJ�GHU�6LPXODWLRQ�PLW�PHKUHUHQ�5RKUVHJPHQWHQ�DXFK�LQ�D]LPXWDOHU
5LFKWXQJ�P|JOLFK�LVW�

'HU]HLW� ZLUG� LQ� GHQ� 6LPXODWLRQHQ� GHU� $EVRUEHUURKUVWU|PXQJ� QRFK� HLQH� YHUHLQIDFKWH
6WRIIZHUWURXWLQH�I�U�:DVVHU�XQG�:DVVHUGDPSI�YHUZHQGHW��'LH�(UVWHOOXQJ�HLQHU�QLFKWOLQHDUHQ
6WRIIZHUWURXWLQH��GLH�LQ�'\PROD�NHLQH�.RQYHUJHQ]SUREOHPH�LQ�GHU�G\QDPLVFKHQ�6LPXODWLRQ
KHUYRUUXIW��N|QQWH�HLQ�3XQNW�I�U�GLH�]XN�QIWLJH�:HLWHUHQWZLFNOXQJ�GHU�6WRIIZHUW�%LEOLRWKHN
VHLQ�

'DV�$EVRUEHUURKUPRGHOO�ZLUG�PLW�HLQHP�YDOLGLHUWHQ�5HIHUHQ]PRGHOO���6WHLQPDQQ��������YHU�
JOLFKHQ� XQG� HV�ZLUG� HLQH� JXWH�hEHUHLQVWLPPXQJ� IHVWJHVWHOOW��'DV�9HUKDOWHQ� HLQ]HOQHU� .RO�
OHNWRUHQ�VRZRKO�LP�9HUGDPSIHU��DOV�DXFK�LP�hEHUKLW]HUEHUHLFK�QDFK�VSUXQJKDIWHQ�bQGHUXQ�



��=XVDPPHQIDVVXQJ�XQG�$XVEOLFN ��

JHQ� LQ� GHU� (LQVWUDKOXQJ�� GHP� (LQWULWWVPDVVHQVWURP�� GHU� VSH]LILVFKHQ� (LQWULWWVHQWKDOSLH� XQG
GHP�(LQVSULW]PDVVHQVWURP�ZLUG�VLPXOLHUW��,QVEHVRQGHUH�ZLUG�HLQ�.ROOHNWRUVW�FN��LQ�ZHOFKHP
VLFK�GHU�9HUGDPSIXQJVDQIDQJVSXQNW�EHILQGHW��EHL�bQGHUXQJ�GHU�(LQVWUDKOXQJ�XQWHUVXFKW�

,P� OHW]WHQ� .DSLWHO� ZLUG� VFKOLH�OLFK� GHU� hEHUKLW]HUEHUHLFK� GHU� ',66�7HVWDQODJH� DXI� GHU
36$� LP� 5H]LUNXODWLRQVNRQ]HSW� PLW� UHDOHQ� 5DQGEHGLQJXQJHQ� VLPXOLHUW�� 'LH� 6LPXODWLRQVHU�
JHEQLVVH� ]HLJHQ� PLW� GHQ�0HVVZHUWHQ� HLQH� JXWH� hEHUHLQVWLPPXQJ�� 'LH�:lUPHYHUOXVWH� GHU
.ROOHNWRUHQ�ZHUGHQ�QRFK�DOV�HWZDV�]X�JHULQJ�EHUHFKQHW�

'LH� (UVWHOOXQJ� GHU� 0RGHOOELEOLRWKHN� KDW� VLFK� DQ� GHQ� *UXQGVlW]HQ� GHU� REMHNWRULHQWLHUWHQ
$QDO\VH� XQG� GHV� REMHNWRULHQWLHUWHQ�'HVLJQV� RULHQWLHUW��'DGXUFK� XQG� GXUFK� GLH�0|JOLFKNHLW
GHV� IOH[LEOHQ� (LQVDW]� GHU� 0RGHOONRPSRQHQWHQ� LQ� '\PROD� NDQQ� GDV� 0RGHOOZLVVHQ� HLQIDFK
ZLHGHUYHUZHQGHW�XQG�HUZHLWHUW�ZHUGHQ�

1HEHQ� GHP�.ROOHNWRUPRGHOO� VLQG� ZHLWHUH�0RGHOOH� GHU� 3HULSKHULHNRPSRQHQWHQ� ZLH� $E�
VFKHLGHEHKlOWHU� I�U� GDV� 5H]LUNXODWLRQVNRQ]HSW�� 3XPSHQ�� 5HJOHU�� 9HQWLOH�� '�VHQ�� 7�6W�FNH
XQG�ZlUPHLVROLHUWH�5RKUH�LQ�0RGHOLFD�LPSOHPHQWLHUW�XQG�JHWHVWHW�ZRUGHQ��'HU�7HVW�GHV�=X�
VDPPHQVSLHOV� GLHVHU� .RPSRQHQWHQ�PLW� GHP� REHQ� EHVFKULHEHQHQ� .ROOHNWRUPRGHOO� VWHKW� MH�
GRFK� QRFK� DXV�� 0LW� GHP� .ROOHNWRUPRGHOO� XQG� GHQ� 3HULSKHULHNRPSRQHQWHQ� DOV� *UXQGODJH
VROOHQ�LP�'/5�LQ�=XNXQIW�GLH�HLQ]HOQHQ�%HWULHEVNRQ]HSWH�GHU�'LUHNWYHUGDPSIXQJ�PLW�LKUHQ
5HJHOXQJVNRQ]HSWHQ�SDUDOOHO�]X�GHQ�7HVWV�DQ�GHU�',66�$QODJH�PLW�KRKHU�)OH[LELOLWlW� VLPX�
OLHUW�ZHUGHQ�N|QQHQ�



�� ��/LWHUDWXUYHU]HLFKQLV

�� /LWHUDWXUYHU]HLFKQLV

�$OH[RSRXORV �����
$OH[RSRXORV� 6�2�� '\QDPLVFKH 6LPXODWLRQ YRQ GLUHNWYHUGDPSIHQGHQ NRQ]HQWULHUHQGHQ 6RODU�
NROOHNWRUHQ� 'LSORPDUEHLW� 0DWKHPDWLVFK�1DWXUZLVVHQVFKDIWOLFKH )DNXOWlW GHU 5KHLQLVFKHQ
)ULHGULFK�:LOKHOPV�8QLYHUVLWlW %RQQ� ����

�$QGHUVRQ �����
$QGHUVRQ� '�$�� 7DQQHKLOO� -�&�� 3OHWFKHU� 5�+�� &RPSXWDWLRQDO )OXLG 0HFKDQLFV DQG +HDW 7UDQV�
IHU� 0F *UDZ�+LOO %RRN &RPSDQ\� 1HZ <RUN� ����

�%DHKU �����
%DHKU� +�'�� 6WHSKDQ�.�� :lUPH� XQG 6WRII�EHUWUDJXQJ� 6SULQJHU�9HUODJ� %HUOLQ� +HLGHOEHUJ�
����

�%RRFK �����
%RRFK� *�� 2EMHNWRULHQWLHUWH $QDO\VH XQG 'HVLJQ� $GGLVRQ�:HVOH\ 3XEOLVKLQJ &RPSDQ\� %RQQ�
3DULV� 5HDGLQJ �0DVV�� X� D�� ����

�&KHVWHU �����
&KHVWHU� &�5�� 7HFKQLTXHV LQ 3DUWLDO 'LIIHUHQWLDO (TXDWLRQV� 0F *UDZ�+LOO %RRN &RPSDQ\� 1HZ
<RUN� ����

�&RKHQ �����
&RKHQ� *� X� D�� 5HFHQW ,PSURYHPHQWV DQG 3HUIRUPDQFH ([SHULHQFH DW WKH .UDPHU -XQFWLRQ
6(*6 3ODQWV� ,QWHUQDWLRQDO 6RODU (QHUJ\ &RQIHUHQFH 6DQ $QWRQLR� 7H[DV� $PHULFDQ 6RFLHW\ RI
0HFKDQLFDO (QJLQHHUV� 1HZ <RUN� SS� �������� ����

�&RKHQ �����
&RKHQ� *�(�� .HDUQH\� '�:�� .ROE� *�-�� )LQDO 5HSRUW RQ 2SHUDWLRQ DQG 0DLQWHQDQFH ,PSURYH�
PHQW 3URJUDP IRU &RQFHQWUDWLQJ 6RODU 3RZHU 3ODQWV� 6$1'�������� 6DQGLD 1DWLRQDO /DERUDWR�
ULHV� $OEXTXHUTXH� 1HZ 0H[LFR� ����

�'LVV�,�5HSRUW �����
',66�3KDVH , 3URMHFW� )LQDO 3URMHFW 5HSRUW� &ROHFFLyQ 'RFXPHQWRV &LHPDW� &LHPDW� 0DGULG�
����

�'XEEHO �����
%HLW]� :�� .�WWQHU� .�+�� 'XEEHO� 7DVFKHQEXFK I�U GHQ 0DVFKLQHQEDX� ��� $XIODJH� 6SULQJHU�
9HUODJ� %HUOLQ� +HLGHOEHUJ� 1HZ <RUN� ����

�'XGOH\ �����
'XGOH\� 9�(�� .ROE� *�-� HW DO�� 6ORDQ� 0�� .HDUQH\� '�� 7HVW 5HVXOWV� 6(*6 /6�� 6RODU &ROOHF�
WRU� 6$1'�������� 6DQGLD 1DWLRQDO /DERUDWRULHV� $OEXTXHUTXH� 1HZ 0H[LFR� ����

�(FN �����
(FN� 0�� 'DV G\QDPLVFKH 6\VWHPYHUKDOWHQ GHU VRODUHQ 'LUHNWYHUGDPSIXQJ XQG hEHUKLW]XQJ LQ
3DUDEROULQQHQNROOHNWRUHQ� 'LVVHUWDWLRQ� ,QVWLWXW I�U 7HFKQLVFKH 7KHUPRG\QDPLN� 'HXWVFKHV =HQ�
WUXP I�U /XIW� XQG 5DXPIDKUW �LQ 9RUEHUHLWXQJ�

�(GHOPDQQ �����
(GHOPDQQ� +�� 0RGHOOLHUXQJ GHU '\QDPLN XQG GHV 5HJHOYHUKDOWHQV I�U HLQHQ 'DPSIHU]HXJHU PLW
]LUNXOLHUHQGHU :LUEHOVFKLFKWIHXHUXQJ� 9',�)RUWVFKULWWVEHULFKWH� 5HLKH �� 1U� ���� ����

�(OPTYLVW HW DO� ����D�
(OPTYLVW� +�� %U�FN� '�� 2WWHU� 0�� '\PROD 8VHUV�V 0DQXDO� 9HUVLRQ ���� '\QDVLP $%� /XQG�
6FKZHGHQ� ����



��/LWHUDWXUYHU]HLFKQLV ��

�(OPTYLVW HW DO� ����E�
(OPTYLVW� +�� %DFKPDQQ� %�� %RXGDXG� )�� %URHQLQN� -�� %U�FN� '�� (UQVW� 7�� )UDQNH� 5�� )ULW]�
VRQ� 3�� -HDQGHO� $�� *UR]PDQ� 3�� -XVOLQ� .�� .nJHGDKO� '�� .ORVH� 0�� /RXEHUH� 1�� 0DWWVVRQ�
6�(�� 0RVWHUPDQQ� 3�� 1LOVVRQ� +�� 2WWHU� 0�� 6DKOLQ� 3�� 6FKQHLGHU� $�� 7XPPHVFKHLW� +�� 9DQJ�
KHOXZH� +�� 0RGHOLFD ± $ 8QLILHG 2EMHFW�2ULHQWHG /DQJXDJH IRU 3K\VLFDO 6\VWHPV 0RGHOLQJ
�7XWRULDO DQG 5DWLRQDOH�� 9HUVLRQ ���� ����

�)OHWFKHU �����
)OHWFKHU� &�$�-�� &RPSXWDWLRQDO 7HFKQLTXHV IRU )OXLG '\QDPLFV� 9ROXPH ,,� 6HFRQG (GLWLRQ�
6SULQJHU�9HUODJ� 1HZ <RUN� %HUOLQ� +HLGHOEHUJ� ����

�*HVNHV �����
*HVNHV� 3�� =ZHLSKDVHQVWU|PXQJ LQ 5LQJNDQlOHQ VRODUHU 'DPSIHU]HXJHUURKUH� 9',�
)RUWVFKULWWVEHULFKWH� 5HLKH �� 1U� ���� ����

�*H\HU �����
*H\HU� 0�� +ROOlQGHU� $�� $ULQJKRII� 5�� 1DYD� 3�� +lOIWH GHV ZHOWZHLW SURGX]LHUWHQ 6RODUVWUR�
PHV� 6RQQHQHUJLH� +� �� 6� ������ ����

�*H\HU �����
*H\HU� 0�� 4XDVFKQLQJ� 9�� 6RODU 7KHUPDO 3RZHU� 5HQHZDEOH (QHUJ\ :RUOG 5HYLHZ ,VVXH �����
����� 9ROXPH �� 1R� �� -DPHV 	 -DPHV� /RQGRQ� -XO\�$XJXVW ����

�*RHEHO �����
*RHEHO� 2�� :lUPH�EHUJDQJ LQ $EVRUEHUURKUHQ YRQ 3DUDEROULQQHQ�6RODUNUDIWZHUNHQ� 9',�
)RUWVFKULWWVEHULFKWH� 5HLKH �� 1U� ���� ����

�*XQJRU HW DO� �����
*XQJRU� .�(�� :LQWHUWRQ� 5�+�6�� $ JHQHUDO FRUUHODWLRQ IRU IORZ ERLOLQJ LQ WXEHV DQG DQQXOL� ,QW�
-RXUQDO RI +HDW DQG 0DVV 7UDQVIHU� 9RO� ��� 1R� �� SS� �������� ����

�+DOO �����
+DOO� *�� :DWW� -�0�� 0RGHUQ 1XPHULFDO 0HWKRGV IRU 2UGLQDU\ 'LIIHUHQWLDO (TXDWLRQV� &ODUHQGRQ
3UHVV� 2[IRUG� ����

�+D\ �����
+D\� 6�� $EVRUEHUURKUW\SHQ YRQ 3DUDEROULQQHQNUDIWZHUNHQ� (LQH WHFKQLVFK�|NRQRPLVFKH $QDO\�
VH� 'LSORPDUEHLW� ,QVWLWXW I�U (QHUJLHZLUWVFKDIW XQG 5DWLRQHOOH (QHUJLHDQZHQGXQJ� 8QLYHUVLWlW
6WXWWJDUW� ����

�+LUVFK �����
+LUVFK� &�� 1XPHULFDO &RPSXWDWLRQ RI ,QWHUQDO DQG ([WHUQDO )ORZV� 9ROXPH �� -RKQ :LOH\ 	
6RQV� &KLFKHVWHU� 1HZ <RUN� %ULVEDQH� 7RURQWR� 6LQJDSRUH� ����

�+RIIPDQQ �����
+RIIPDQQ� .�$�� &KLDQJ� 6�7�� &RPSXWDWLRQDO )OXLG '\QDPLFV IRU (QJLQHHUV� 9ROXPH ,� (QJL�
QHHULQJ (GXFDWLRQ 6\VWHP� :LFKLWD� .DQVDV� ����

�,3&& �����
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH� &OLPDW &KDQJH ����� ,3&& 6HFRQG $VVHVVPHQW�
����� KWWS���ZZZ�LSFF�FK�SXE�UHSRUWV�KWP

�.HPPH �����
.HPPH� 5�� 7KHUPRG\QDPLVFKH 8QWHUVXFKXQJHQ ]XP 3DUDEROULQQHQWHVWVWDQG /6� DXI GHU 3ODWD�
IRUPD 6RODU GH $OPHUtD� 'LSORPDUEHLW� ,QVWLWXW I�U 7KHUPRG\QDPLN� 8QLYHUVLWlW +DQQRYHU� ����

�.ROHY �����
.ROHY� 1�,�� 7UDQVLHQWH =ZHLSKDVHQ�6WU|PXQJ� 6SULQJHU�9HUODJ� %HUOLQ� +HLGHOEHUJ� 1HZ <RUN�
7RN\R� ����

�/DXIV �����
/DXIV� .�)�� 7KHUPR� XQG )OXLGG\QDPLN LQ HLQHP VRODUHQ 9HUGDPSIHUURKU PLW (LQVSULW]XQJ� 'LV�
VHUWDWLRQ� /HKUVWXKO $ I�U 7KHUPRG\QDPLN� 7HFKQLVFKH 8QLYHUVLWlW 0�QFKHQ� ����



�� ��/LWHUDWXUYHU]HLFKQLV

�/LSSNH �����
/LSSNH� )�� 1XPHULVFKH 6LPXODWLRQ GHU $EVRUEHUG\QDPLN YRQ 3DUDEROULQQHQ�6RODUNUDIWZHUNHQ
PLW GLUHNWHU 'DPSIHU]HXJXQJ� 9',�)RUWVFKULWWVEHULFKWH� 5HLKH �� 1U� ���� ����

�3KDUDERG �����
3KDUDERG� )�� 3KLOLEHUW� &�� /8= VRODU SRZHU SODQWV� 6XFFHVV LQ &DOLIRUQLD DQG ZRUOGZLGH SUR�
VSHFWV� '/5 IRU ,($ 6636�6RODU�3DFHV� ����

�3URIRV �����
3URIRV� 3�� 'LH 5HJHOXQJ YRQ 'DPSINUDIWDQODJHQ� 6SULQJHU�9HUODJ� %HUOLQ� +HLGHOEHUJ� 1HZ
<RUN� /RQGRQ� 3DULV� 7RN\R� ����

�0D\ �����
0D\� (�.�� 0XUSK\ /�0�� 3HUIRUPDQFH %HQHILWV RI WKH 'LUHFW *HQHUDWLRQ RI 6WHDP LQ /LQH�)RFXV
6RODU &ROOHFWRUV� -RXUQDO RI 6RODU (QHUJ\ (QJLQHHULQJ� 9RO� ���� SS� �������� ����

�0D\LQJHU �����
0D\LQJHU� )�� 6WU|PXQJ XQG :lUPH�EHUJDQJ LQ *DV�)O�VVLJNHLWV�*HPLVFKHQ� 6SULQJHU�9HUODJ�
:LHQ� 1HZ <RUN� ����

�0H\EHUJ �����
0H\EHUJ� .�� 9DFKHQDXHU� 3�� +|KHUH 0DWKHPDWLN �� 6SULQJHU�9HUODJ� %HUOLQ� +HLGHOEHUJ� 1HZ
<RUN� ����

�0�KOWKDOHU HW DO� �����
0�KOWKDOHU� *�� 6FKPLW]� *�� 1XW]XQJ REMHNWRULHQWLHUWHU :HUN]HXJH ]XU 0RGHOOLHUXQJ XQG 6L�
PXODWLRQ YRQ .UDIWZHUNVSUR]HVVHQ� 9',�%HULFKW 1U� ����� 0RGHOOLHUXQJ XQG 6LPXODWLRQ YRQ
'DPSIHU]HXJHUQ XQG )HXHUXQJHQ� '�VVHOGRUI� ����

�0�OOHU �����
0�OOHU� 0�-�� 6WU|PXQJVSKlQRPHQH EHL GHU 'LUHNWYHUGDPSIXQJ LQ 3DUDEROULQQHQ�6RODUNUDIW�
ZHUNHQ� 9',�)RUWVFKULWWVEHULFKWH� 5HLKH �� 1U� ���� ����

�2WWHU HW DO� �����
2WWHU� 0�� %DFKPDQQ� %�� 2EMHNWRULHQWLHUWH 0RGHOOLHUXQJ 3K\VLNDOLVFKHU 6\VWHPH� 7HLO �� DW�
$XWRPDWLVLHUXQJVWHFKQLN ��� 6HLWHQ $���$��� ������

�6FKQHLGHU �����
6FKQHLGHU� :�� 5HJHOXQJVWHFKQLN I�U 0DVFKLQHQEDXHU� 9LHZHJ� %UDXQVFKZHLJ� :LHVEDGHQ� ����

�6WHLQPDQQ �����
6WHLQPDQQ� :�'�� '\QDPLN VRODUHU 'DPSIHU]HXJHU� 'LVVHUWDWLRQ� 8QLYHUVLWlW 6WXWWJDUW �LQ 9RUEH�
UHLWXQJ�

�6WHLQPDQQ �����
6WHLQPDQQ� :�'�� (FN� 0�� 'LUHFW 6RODU 6WHDP *HQHUDWLRQ LQ 3DUDEROLF 7URXJKV� 7KHUPDO 6WUHVV
GXH WR 9DULDWLRQV LQ ,UUDGLDWLRQ� ,Q 3URFHHGLQJV RI WKH ��WK 6RODU3$&(6 ,QWHUQDWLRQDO 6\PSRVLXP
RQ 6RODU 7KHUPDO &RQFHQWUDWLQJ 7HFKQRORJLHV Ä6RODU 7KHUPDO ����³� 6\GQH\� ����

�6ZLQEDQN �����
6ZLQEDQN� /RQJ�ZDYH UDGLDWLRQ IURP FOHDU VNLHV� 4XDUWHUO\ -RXUQDO RI 5R\DO 0HWHRURO� 6RFLHW\�
9RO� ��� ����� ]LWLHUW QDFK� +DKQH� (�� 'U�FN� +�� )LVFKHU� 6�� 6RODUWHFKQLN� 7HLO �� 9RUOHVXQJV�
VNULSW� ,QVWLWXW I�U 7KHUPRG\QDPLN XQG :lUPHWHFKQLN� ����

�7KRPDQQ �����
7KRPDQQ� :�� (LQ QLFKWOLQHDUHV� PDWKHPDWLVFKHV 0RGHOO KRKHU *HQDXLJNHLW I�U 'DPSIHU]HXJHU�
9',�)RUWVFKULWWVEHULFKWH� 5HLKH �� 1U� ���� ����

�7KRPDV �����
7KRPDV� -�:�� 1XPHULFDO 3DUWLDO 'LIIHUHQWLDO (TXDWLRQV� )LQLWH 'LIIHUHQFH 0HWKRGV� 6SULQJHU�
9HUODJ� 1HZ <RUN� %HUOLQ� +HLGHOEHUJ� ����



��/LWHUDWXUYHU]HLFKQLV ��

�9', �����
9',�:lUPHDWODV� �� $XIODJH� $EVFKQLWW +EE� 6WU|PXQJVVLHGHQ JHVlWWLJWHU )O�VVLJNHLWHQ� 6SULQ�
JHU�9HUODJ %HUOLQ� +HLGHOEHUJ� ����

�9', ����D�
9',�:lUPHDWODV� �� $XIODJH� $EVFKQLWW /E� 'UXFNYHUOXVW EHL GHU 6WU|PXQJ GXUFK 5RKUH� 9',�
9HUODJ� '�VVHOGRUI� ����

�9', ����E�
9',�:lUPHDWODV� �� $XIODJH� $EVFKQLWW *E� :lUPH�EHUJDQJ EHL GHU 6WU|PXQJ GXUFK 5RKUH�
9',�9HUODJ� '�VVHOGRUI� ����

�:LQWHU �����
:LQWHU� &�-�� 6RQQHQHQHUJLH QXW]HQ� 7HFKQLN� :LUWVFKDIW� 8PZHOW� .OLPD� 9'(�9HUODJ� %HUOLQ�
2IIHQEDFK� ����

�=DU]D �����
=DU]D� (�� 'HVFULSWLRQ RI WKH %DODQFH RI 3ODQW RI WKH 36$ 'LVV 7HVW )DFLOLW\� 'RFXPHQW 1��
',66�(1�%3���� 3ODWDIRUPD 6RODU GH $OPHUtD� ����



$�*OHLFKXQJHQ�I�U�GDV�KHWHURJHQH�0RGHOO ��

$QKDQJ

$� *OHLFKXQJHQ�I�U�GDV�KHWHURJHQH�0RGHOO

,P�KHWHURJHQHQ�0RGHOO�ZHUGHQ� XQWHUVFKLHGOLFKH�*HVFKZLQGLJNHLWHQ� GHU� IO�VVLJHQ� XQG� JDV�
I|UPLJHQ�3KDVH�EHU�FNVLFKWLJW��,QQHUKDOE�HLQHU�3KDVH�ZLUG�GDV�EHVWHKHQGH�*HVFKZLQGLJNHLWV�
SURILO�GXUFK�HLQH�JHPLWWHOWH�*HVFKZLQGLJNHLW�DQJHQlKHUW��(V�ZLUG�HLQH�*OHLFKXQJ�I�U�GLH�*H�
VDPWPDVVH�� GHQ� *HVDPWLPSXOV� XQG� GLH� *HVDPWHQHUJLH� EHLGHU� 3KDVHQ� DXIJHVWHOOW�� 'DGXUFK
HQWIDOOHQ�GLH�VFKZHU�]X�PRGHOOLHUHQGHQ�7UDQVSRUWWHUPH�]ZLVFKHQ�GHQ�3KDVHQ��0LW�9HUQDFK�
OlVVLJXQJ�GHU�7HUPH�GHU�NLQHWLVFKHQ�(QHUJLH�LQ�GHU�(QHUJLHELODQ]�ODXWHQ�GLH�*OHLFKXQJHQ�I�U
GDV�KHWHURJHQH�0RGHOO��VLHKH�DXFK��0D\LQJHU��������
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'DEHL�PXVV� PDQ� EHDFKWHQ�� GDVV� GHU� 5HLEXQJVGUXFNYHUOXVW� ]ZDU� GXUFK� GLH�:DQGVFKXE�
VSDQQXQJ� YHUXUVDFKW� ZLUG�� GLHVH� DEHU� QLFKW� GHU� :DQGVFKXEVSDQQXQJ� HLQHU� (LQSKDVHQVWU|�
PXQJ�HQWVSULFKW��'LH�:DQGVFKXEVSDQQXQJ�LVW�GXUFK�GHQ�,PSXOVWUDQVSRUW�DQ�GHU�3KDVHQJUHQ]�
IOlFKH�XQG�,PSXOVWUDQVSRUW�GXUFK�]��%��)O�VVLJNHLWVPLWUHL�HQ�LQ�GHU�5HJHO�HUK|KW��'LHV�PDFKW
HLQH�%HUHFKQXQJVPHWKRGH�I�U�GHQ�'UXFNYHUOXVW�LQ�=ZHLSKDVHQVWU|PXQJHQ�QRWZHQGLJ�

=XU�YROOVWlQGLJHQ�/|VXQJ�GHV�6\VWHPV�VLQG�QHEHQ�GHQ�NRQVWLWXWLYHQ�*OHLFKXQJHQ�I�U�GHQ
5HLEXQJVGUXFNYHUOXVW�XQG�]XU�%HVWLPPXQJ�GHU�HLQJHNRSSHOWHQ�(QHUJLH�QRFK�ZHLWHUH�%H]LH�
KXQJHQ�QRWZHQGLJ��(LQH�6WRIIZHUW�%H]LHKXQJ�GHU�)RUP�
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XQG�HLQH�%H]LHKXQJ��GLH�GHQ�6FKOXSI�6��*HVFKZLQGLJNHLWVYHUKlOWQLV�ZJ�ZI��PLW�GHP�'DPSI�
JHKDOW�H�XQG�GHP�6WU|PXQJVPDVVHQGDPSIJHKDOW� [� LQ�%H]LHKXQJ�EULQJW�
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:LUG� DQJHQRPPHQ�� GDVV� EHLGH� 3KDVHQ� PLWHLQDQGHU� LP� WKHUPRG\QDPLVFKHQ� *OHLFKJHZLFKW
VLQG��GDQQ�IHKOW�I�U�GLH�/|VXQJ�GHV�RELJHQ�*OHLFKXQJVV\VWHPV�PLW�GHQ���8QEHNDQQWHQ�XL��UL�
S��KL��ZJ��ZI�XQG�H�QRFK�GLH�VLHEWH�%H]LHKXQJ��'LHV�LVW�HLQH�PLW�HLQHU�JUR�HQ�8QVLFKHUKHLW�EH�
ODVWHWH��HPSLULVFKH�E]Z��KDOEHPSLULVFKH�*OHLFKXQJ�GHU�)RUP�

� �DUDPHWHU6WU|PXQJVSRGHU�DUDPHWHU6WU|PXQJVS� HH   66 �$����



�� %�8PIRUPXQJHQ�]X�GHQ�(UKDOWXQJVJOHLFKXQJHQ

%� 8PIRUPXQJHQ�]X�GHQ�(UKDOWXQJVJOHLFKXQJHQ

'LH�(UKDOWXQJVJOHLFKXQJHQ�N|QQHQ�LQ�HLQHU�9LHO]DKO�YRQ�YHUVFKLHGHQHQ�6FKUHLEZHLVHQ�DXV�
JHGU�FNW�ZHUGHQ��,Q�GLHVHP�$EVFKQLWW�VROOHQ�GLH�LQ�GLHVHU�$UEHLW�YHUZHQGHWHQ�'DUVWHOOXQJHQ
DXV�GHQ�8UVSUXQJVJOHLFKXQJHQ�KHUJHOHLWHW�XQG�HUNOlUW�ZHUGHQ�

$OV�$XVJDQJVJOHLFKXQJHQ�ZHUGHQ�GLH�(XOHU�*OHLFKXQJHQ�PLW�NRQVWDQWHP�5RKUTXHUVFKQLWW
$�RKQH�=XIXKU�RGHU�$EIXKU�WHFKQLVFKHU�$UEHLW�YHUZHQGHW�
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'LH�.RQWLQXLWlWVJOHLFKXQJ�NDQQ�DQVWDWW�PLW�GHU�'LFKWH�PLW�GHP�'UXFN�JHVFKULHEHQ�ZHUGHQ�
'UXFN��XQG�'LFKWHlQGHUXQJHQ�VLQG��EHU�GLH�6FKDOOJHVFKZLQGLJNHLW�D�JHNRSSHOW�
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'DPLW�NDQQ�HLQ�DOOJHPHLQHV�'LIIHUHQ]LDO�GHU�'LFKWH�U� IROJHQGHUPD�HQ�XPJHVFKULHEHQ�ZHU�
GHQ��ZREHL�[�I�U�GLH�=HLW�W�RGHU�GHQ�2UW�]�VWHKHQ�VROO�
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:LUG� DXI� GLH� .RQWLQXLWlWVJOHLFKXQJ� GHV� *OHLFKXQJVV\VWHPV� �%���� GLH� 3URGXNWUHJHO� DQJH�
ZDQGW��GLH�8PIRUPXQJHQ�QDFK��%����YROO]RJHQ�XQG�PLW�D��PXOWLSOL]LHUW��HUKlOW�PDQ�DOV�0DV�
VHQELODQ]�
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'LH�,PSXOVELODQ]�NDQQ�PLW�+LOIH�GHU�.RQWLQXLWlWVJOHLFKXQJ�XPJHVFKULHEHQ�ZHUGHQ��0LW
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EHQ|WLJW�� 'LH� PHFKDQLVFKH� (QHUJLHELODQ]� NDQQ� DXV� GHU� ,PSXOVELODQ]� GHU� *OHLFKXQJ� �%���
GXUFK�0XOWLSOLNDWLRQ�PLW�GHU�*HVFKZLQGLJNHLW�Z�XQG�'LYLVLRQ�GXUFK�U�DEJHOHLWHW�ZHUGHQ�
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%�8PIRUPXQJHQ�]X�GHQ�(UKDOWXQJVJOHLFKXQJHQ ��

'LH�NLQHWLVFKH�(QHUJLH�LQQHUKDOE�HLQHV�)OXLGHOHPHQWV�lQGHUW�VLFK�DOVR�GXUFK�GLH�YHUVFKLHGH�
QHQ�NLQHWLVFKHQ�(QHUJLHQ�LP�=X��XQG�$EVWURP��DXI�*UXQG�GHU�$UEHLW�JHJHQ�EHU�'UXFN��XQG
*HZLFKWVNUlIWHQ�XQG�DXI�*UXQG�YRQ�5HLEXQJVYRUJlQJHQ�

'LH�WKHUPLVFKH�(QHUJLHELODQ]�NDQQ�DXV�GHU��*HVDPW��(QHUJLHELODQ]�DXV�GHP�*OHLFKXQJV�
V\VWHP��%����XQG�GHU�PHFKDQLVFKHQ�(QHUJLHELODQ]��%����KHUJHOHLWHW�ZHUGHQ��'LH�7HUPH�GHU
NLQHWLVFKHQ�(QHUJLH�GHU��*HVDPW��(QHUJLHELODQ]��%����ZHUGHQ�LQ�JHWUHQQWH�'LIIHUHQ]LDOH�JH�
VFKULHEHQ�XQG�GDQQ�GLH�PHFKDQLVFKH�(QHUJLHELODQ]��%����DEJH]RJHQ��(V�HUJLEW�VLFK�
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,Q�GHU�WKHUPLVFKHQ�(QHUJLHELODQ]�WULWW�MHW]W�GHU�5HLEXQJVWHUP�DOV�4XHOOH�DXI��,Q�GHU�*HVDPW�
HQHUJLHELODQ]��%����WULWW�GLHVHU�7HUP�QLFKW�DXI��GD�GLH�GLVVLSLHUWH�NLQHWLVFKH�(QHUJLH�QXU�LQ�GLH
DQGHUH�(QHUJLHIRUP�GHU�WKHUPLVFKHQ�(QHUJLH�XPJHZDQGHOW�ZLUG��'LH�*HVDPWHQHUJLH�LVW�HLQH
(UKDOWXQJVJU|�H��GLH�WKHUPLVFKH�(QHUJLH�XQG�GLH�NLQHWLVFKH�(QHUJLH�QLFKW��'DI�U�IHKOW�LQ�GHU
WKHUPLVFKHQ�(QHUJLHELODQ]�GHU�7HUP�GHU�$UEHLW�JHJHQ�GLH�*HZLFKWVNUlIWH��'LH�LQQHUH�(QHUJLH
lQGHUW�VLFK�IROJOLFK�QLFKW�PLW�DQJUHLIHQGHQ�*HZLFKWVNUlIWHQ��'LHVH�KDEHQ�NHLQHQ�(LQIOXVV�DXI
GLH�WKHUPLVFKH�(QHUJLH�

0LW�GHU�.RQWLQXLWlWVJOHLFKXQJ�NDQQ�PDQ�GLH�WKHUPLVFKH�(QHUJLHELODQ]��%����DXFK�VFKUHL�
EHQ�
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/lVVW�PDQ� LQ�*OHLFKXQJ� �%���� GLH� VSH]LILVFKH� (QWKDOSLH� LP� NRQYHNWLYHQ�$QWHLO� VWHKHQ� XQG
VHW]W� QXU� GLH� .RQWLQXLWlWVJOHLFKXQJ� HLQ�� VR� HUJLEW� VLFK� HLQH� ZHLWHUH� )RUP� GHU� WKHUPLVFKHQ
(QHUJLHELODQ]�
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$Q�*OHLFKXQJ� �%����� NDQQ�PDQ� VFKRQ� YRUDE� I�U� HLQHQ� 6SH]LDOIDOO� IROJHQGHV� DEOHVHQ��9HU�
QDFKOlVVLJW�PDQ� LQ� GHU� (QHUJLHELODQ]� YRQ�*OHLFKXQJVV\VWHP� �%���� GLH� NLQHWLVFKH� (QHUJLHQ
XQG� EHVFKUHLEW� PDQ� HLQ� ZDDJUHFKWHV� 5RKU� �VLQ�M ���� GDQQ� JHKW� *OHLFKXQJ� �%����� LQ� GLH
(QHUJLHELODQ]�YRQ�*OHLFKXQJ��%�����EHU��ZHQQ�JLOW�
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�� %�8PIRUPXQJHQ�]X�GHQ�(UKDOWXQJVJOHLFKXQJHQ

'LHV�LVW�GHU�DXI�6HLWH����PLW�GHU�7KHRULH�GHU�&KDUDNWHULVWLNHQ�KHUJHOHLWHWH�6SH]LDOIDOO�GHU�YHU�
HLQIDFKWHQ�,PSXOVELODQ]�

,P�)ROJHQGHQ�ZLUG�HLQH�YHUHLQIDFKWH�)RUP�GHU�(QHUJLHELODQ]�LQ�PHKUHUHQ�6FKUHLEZHLVHQ
JHVFKULHEHQ��9HUQDFKOlVVLJW�PDQ� LQ� GHU� (QHUJLHELODQ]� LQ� �%���� GLH� NLQHWLVFKH� (QHUJLH� XQG
VFKUHLEW�GLH�%LODQ]�I�U�ZDDJUHFKWH�5RKUH��VLQ�M ����VR�HUKlOW�PDQ�
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0LW� X K�S�U� XQG� XQWHU� 9HUZHQGXQJ� GHU� .RQWLQXLWlWVJOHLFKXQJ� NDQQ� PDQ� GLH� YHUHLQIDFKWH
(QHUJLHELODQ]�QXU�PLW�GHU�VSH]LILVFKHQ�(QWKDOSLH�K�DXFK�ZLH�IROJW�VFKUHLEHQ�
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&�)LQLWH�'LIIHUHQ]HQ�6FKHPDWD ��

&� )LQLWH�'LIIHUHQ]HQ�6FKHPDWD

([SOL]LWH��LPSOL]LWH�XQG�0HKUVFKULWW�9HUIDKUHQ� �(LQH�SDUWLHOOH�'LIIHUHQ]LDOJOHLFKXQJ�OlVVW
VLFK�GXUFK�YLHOHUOHL�.RPELQDWLRQHQ�GXUFK�ILQLWH�'LIIHUHQ]HQ�GLVNUHWLVLHUHQ��0DQ�XQWHUVFKHLGHW
H[SOL]LWH�0HWKRGHQ�YRQ�GHQ� LPSOL]LWHQ�0HWKRGHQ��%HL� H[SOL]LWHQ�0HWKRGHQ� LVW�GHU�:HUW�DQ
HLQHU�6WHOOH�N�]XP�=HLWVFKULWW�Q���DXV�VFKRQ�EHNDQQWHQ�:HUWHQ�YRUKHULJHU�=HLWVFKULWWH�H[SOL]LW
EHUHFKHQEDU��(LQH�$XVZDKO�H[SOL]LWHU�'LIIHUHQ]HQ�6FKHPDWD�LVW�LQ�7DEHOOH�&���]X�VHKHQ��%HL
LPSOL]LWHQ�9HUIDKUHQ�KlQJW�GDJHJHQ�GHU�:HUW�DQ�GHU�6WHOOH�N�]XP�=HLWSXQNW�Q���YRQ�DQGHUHQ
XQEHNDQQWHQ�:HUWHQ�GHV�=HLWSXQNWHV�Q���DE��ZDV�GLH�VLPXOWDQH�/|VXQJ�HLQHV�*OHLFKXQJVV\�
VWHPV�QRWZHQGLJ�PDFKW��,PSOL]LWH�9HUIDKUHQ�VLQG�LQ�GHU�5HJHO�VWDELOHU��EHL�H[SOL]LWHQ�9HUIDK�
UHQ� LVW� GLH� =HLWVFKULWWZHLWH� EHJUHQ]W�� XP� HLQ� VWDELOHV� (UJHEQLV� ]X� HUKDOWHQ�� -HGRFK� GDUI� EHL
LPSOL]LWHQ�0HWKRGHQ�]XU�(UUHLFKXQJ�HLQHU�JHZ�QVFKWHQ�*HQDXLJNHLW�HLQH�EHVWLPPWH�'LVNUH�
WLVLHUXQJVOlQJH� DXFK� QLFKW� �EHUVFKULWWHQ� ZHUGHQ� �VLHKH� $QKDQJ� (��� ,Q� 7DEHOOH�&��� LVW� HLQH
$XVZDKO�LPSOL]LWHU�'LVNUHWLVLHUXQJVVFKHPDWD�DXIJHI�KUW��'DQHEHQ�JLEW�HV�VR�JHQDQQWH�0HKU�
VFKULWWYHUIDKUHQ��EHL�GHQHQ�HLQ�:HUW�GHV�=HLWVFKULWWHV�Q�YRQ�PHKUHUHQ�=HLWVFKULWWHEHQHQ�DE�
KlQJW�� +lXILJ� VLQG� GLHV� VR� JHQDQQWH� 3UlGLNWRU�.RUUHNWRU�9HUIDKUHQ�� EHL� GHQHQ� LP� HUVWHQ
6FKULWW�HLQ�WHPSRUlUHU�:HUW�I�U�GLH�XQEHNDQQWH�9DULDEOH�HUPLWWHOW�ZLUG��PLW�GHVVHQ�+LOIH�GDQQ
LP�]ZHLWHQ�6FKULWW�GHU�NRUUHNWH�:HUW�HUPLWWHOW�ZLUG��'LHVH�0HWKRGHQ�VLQG�DXFK�JXW�I�U�QLFKW�
OLQHDUH�3UREOHPH�JHHLJQHW� �+RIIPDQQ��������(LQH�$XVZDKO�DQ�0HKUVFKULWWYHUIDKUHQ�VLQG� LQ
7DEHOOH�&���GHV�$QKDQJV�&�]XVDPPHQJHVWHOOW�

'LH� LQ� GHQ� IROJHQGHQ� 7DEHOOHQ�PLW� YHUVFKLHGHQHQ� )LQLWH�'LIIHUHQ]HQ�6FKHPDWD� GLVNUHWL�
VLHUWH��SDUWLHOOH�'LIIHUHQ]LDOJOHLFKXQJ�ODXWHW�
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' � 0LGSRLQW�/HDSIURJ DXFK DOV 0HKUVFKULWWYHUIDKUHQ NODVVLIL]LHUEDU�

)7%6 )RUZDUG 7LPH %DFNZDUG 6SDFH� )7)6 )RUZDUG 7LPH )RUZDUG 6SDFH� )7&6 )RUZDUG 7LPH &HQWUDO 6SDFH



�� &�)LQLWH�'LIIHUHQ]HQ�6FKHPDWD

7DEHOOH�&��� ,PSOL]LWH )LQLWH�'LIIHUHQ]HQ�6FKHPDWD �7KRPDV ������ �+RIIPDQQ ������

1DPH 6FKHPD 6WDELOLWlW 2UGQXQJ

%7%6 � � Q

N

Q

N

Q

N
YY&&Y  ��� ��

�

��

�
� &t� 2�'W��

2�']�

%7)6 � � Q

N

Q

N

Q

N
Y&YY&  �� �

�

� �

�

�� &d� 2�'W��

2�']�

%7&6
Q

N

Q

N

Q

N

Q

N
YY

&
YY

&
 ��� �

�

��

�

�

�

��

�

��

$�VWDELO 2�'W��

2�']
�
�

/D[�:HQGURII
�LPSOL]LW� � � Q

N

Q

N

Q

N

Q

N
YY

&&
Y&Y

&&
 ¸̧

¹

·
¨̈
©

§
�����¸̧

¹

·
¨̈
©

§
�� �

�

��

�

�

�

�

���

�

�

��
�

��

$�VWDELO 2�'W
�
��

2�']
�
�

&UDQN�
1LFROVRQ

Q

N

Q

N

Q

N

Q

N

Q

N

Q

N
Y

&
YY

&
Y

&
YY

&
��

�

�

��

�

����
��

�

�

��

�
�� ���

$�VWDELO�
VW|UDQIlOOLJ

2�'W
�
��

2�']
�
�

0LW GHU &RXUDQW�=DKO
]

WD&
'

' 
%7%6 %DFNZDUG 7LPH %DFNZDUG 6SDFH� %7)6 %DFNZDUG 7LPH )RUZDUG 6SDFH� %7&6 %DFNZDUG 7LPH &HQWUDO 6SDFH

7DEHOOH�&��� 0HKUVFKULWWYHUIDKUHQ �7KRPDV ������ �+RIIPDQQ ������

1DPH 6FKHPD 6WDELOLWlW 2UGQXQJ

/D[�:HQGURII�
PXOWL�VWHS � � � �Q

N

Q

N

Q

N

Q

N

Q

N
YY

&
YYY ��� 

��

�

� ��

��

�
�

�

�

�

XQG � ���
�

�

�

�

�

�

� �

�

�

�

� �� 
Q

N

Q

N

Q

N

Q

N
YY&YY

~&~d� 2�'W
�
��

2�']
�
�

%HDP�
:DUPLQJ

� �Q

N

Q

N

Q

NN
YY&YY

�




�
�� 

XQG � � � �> @Q

N

Q

N

Q

NNNN

Q

N

Q

N
YYY&YY&YYY

��




�





�

�� �
���

� ������ 

�d&d� 2�'W
�
��

2�'W']��

2�']
�
�

0DF&RUPDFN � �Q
N

Q

N

Q

NN
YY&YY �� 

��




XQG � �> @


�





�

��

�

� ��� 
NNN

Q

N

Q

N
YY&YYY

~&~d� 2�'W
�
��

2�']
�
�

)&7 6LHKH /LWHUDWXU

0LW GHU &RXUDQW�=DKO
]

WD&
'

' 
)&7 )OX[ &RUUHFWHG 7UDQVSRUW



'�(UOlXWHUXQJHQ�]X�GHQ�(LJHQVFKDIWHQ�GLVNUHWLVLHUWHU�*OHLFKXQJHQ ��

'� (UOlXWHUXQJHQ�]X�GHQ�(LJHQVFKDIWHQ�GLVNUHWLVLHUWHU�*OHLFKXQJHQ

%HL�GHU�QXPHULVFKHQ�/|VXQJ�SDUWLHOOHU�'LIIHUHQ]LDOJOHLFKXQJHQ� WUHWHQ� LP�$OOJHPHLQHQ�]ZHL
7\SHQ�YRQ�/|VXQJVIHKOHUQ�DXI��5XQGXQJVIHKOHU�XQG�)HKOHU�GXUFK�GLH�$QZHQGXQJ�HLQHU�EH�
VWLPPWHQ�QXPHULVFKHQ�0HWKRGH��+RIIPDQQ��������:lKUHQG�PDQ�DXI�5XQGXQJVIHKOHU�ZHQLJ
(LQIOXVV� KDW�� N|QQHQ�)HKOHU� GXUFK� GLH�$XVZDKO� HLQHU� JHHLJQHWHQ�'LVNUHWLVLHUXQJ�PLQLPLHUW
ZHUGHQ�� 'DKHU� ZHUGHQ� LP� )ROJHQGHQ� HLQLJH� %HJULIIH�� GLH� GLH� (LJHQVFKDIWHQ� GLVNUHWLVLHUWHU
*OHLFKXQJHQ�EHVFKUHLEHQ��HUOlXWHUW�

.RQVLVWHQ]��(LQH�)LQLWH�'LIIHUHQ]HQ�*OHLFKXQJ�HLQHU�SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJ�ZLUG�DOV
NRQVLVWHQW�EHWUDFKWHW��ZHQQ�GHU�ORNDOH�$EEUXFKIHKOHU�PLW�NOHLQHU�ZHUGHQGHQ�*LWWHUDEVWlQGHQ
JHJHQ�1XOO�JHKW�

6WDELOLWlW��(LQ�QXPHULVFKHV�6FKHPD�ZLUG�DOV�VWDELO�EHWUDFKWHW��ZHQQ� LUJHQGHLQ� LQ�GLH�)LQLWH�
'LIIHUHQ]HQ�*OHLFKXQJ�HLQJHI�KUWHU�)HKOHU�PLW�GHU�/|VXQJ�GHU�*OHLFKXQJ�EHJUHQ]W�EOHLEW�

.RQYHUJHQ]�� (LQ� )LQLWH�'LIIHUHQ]HQ�6FKHPD� LVW� NRQYHUJHQW�� ZHQQ� GLH� /|VXQJ� GHU� )LQLWH�
'LIIHUHQ]HQ�*OHLFKXQJ�PLW�NOHLQHU�ZHUGHQGHP�*LWWHUDEVWDQG�JHJHQ�GLH�/|VXQJ�GHU�SDUWLHOOHQ
'LIIHUHQ]LDOJOHLFKXQJ�VWUHEW�

bTXLYDOHQ]WKHRUHP�YRQ�/D[��)�U�HLQH�)LQLWH�'LIIHUHQ]HQ�*OHLFKXQJ��GLH�HLQ�O|VEDUHV��OLQHDUHV
$QIDQJVZHUWSUREOHP�DSSUR[LPLHUW��LVW�GLH�QRWZHQGLJH�XQG�KLQUHLFKHQGH�%HGLQJXQJ�I�U�.RQ�
YHUJHQ]�GLH�.RQVLVWHQ]�XQG�6WDELOLWlW�GHU�)LQLWH�'LIIHUHQ]HQ�*OHLFKXQJ�

.RQVHUYDWLYLWlW��)LQLWH�'LIIHUHQ]HQ�*OHLFKXQJHQ��I�U�GLH�GDV�(UKDOWXQJVJHVHW]��EHU�HLQ�EHOLH�
ELJHV� *HELHW� YRQ� *LWWHUSXQNWHQ� JLOW�� ZHUGHQ� DOV� NRQVHUYDWLY� EH]HLFKQHW�� )�U� HLQH� )LQLWH�
'LIIHUHQ]HQ�$SSUR[LPDWLRQ� PXVV� .RQVHUYDWLYLWlW� JHOWHQ�� ZHQQ� GLH� ]XJHK|ULJHQ� SDUWLHOOHQ
'LIIHUHQ]LDOJOHLFKXQJHQ�HLQ�(UKDOWXQJVJHVHW]�EHVFKUHLEHQ�

-HGH�QLFKWOLQHDUH�*OHLFKXQJ�E]Z��MHGHV�QLFKWOLQHDUH�*OHLFKXQJVV\VWHP�NDQQ�]X�HLQHP�TXDVL�
OLQHDUHQ� 6\VWHP� UHGX]LHUW� ZHUGHQ�� 'LH� %HKDQGOXQJ� TXDVLOLQHDUHU� 'LIIHUHQ]LDOJOHLFKXQJVV\�
VWHPH�XQWHUVFKHLGHW�VLFK�ZHQLJ�YRQ�GHU�/|VXQJ�OLQHDUHU�6\VWHPH��&KHVWHU��������6WHOOYHUWUH�
WHQG�I�U�GDV�K\SHUEROLVFKH�6\VWHP�TXDVLOLQHDUHU�'LIIHUHQ]LDOJOHLFKXQJHQ�GHU�*OHLFKXQJHQ�GHU
)OXLGVWU|PXQJ�ZLUG� GHVKDOE� DQ� GLHVHU� 6WHOOH� HLQH�PLW� HLQHP�)7%6�6FKHPD��� GLVNUHWLVLHUWH�
K\SHUEROLVFKH�� OLQHDUH�'LIIHUHQ]LDOJOHLFKXQJ� DXI�.RQVLVWHQ]��6WDELOLWlW� XQG�.RQYHUJHQ]�XQ�
WHUVXFKW�� 'LH�.RQWLQXLWlWVJOHLFKXQJ� XQG� GLH� (QHUJLHELODQ]� ZHUGHQ� LQ� GHU�0RGHOOELEOLRWKHN
DXFK�PLW�HLQHP�5�FNZlUWVGLIIHUHQ]HQ� �%6���6FKHPD�EH]�JOLFK�GHU�2UWVNRRUGLQDWH�GLVNUHWL�
VLHUW��GLH�=HLWGLVNUHWLVLHUXQJ�HUIROJW�DXWRPDWLVFK�GXUFK�GHQ�'\PROD�,QWHJUDWRU��'LH�(UJHEQLV�
VH�GHU�8QWHUVXFKXQJ�ODVVHQ�VLFK�GDKHU�]XP�7HLO�DXI�GDV�YRUOLHJHQGH�3UREOHP��EHUWUDJHQ��'LH
SDUWLHOOH�'LIIHUHQ]LDOJOHLFKXQJ��GHUHQ�GLVNUHWLVLHUWH�)RUP�XQWHUVXFKW�ZLUG��ODXWHW�
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�� )7%6 VWHKW I�U Ä)RUZDUG 7LPH DQG %DFNZDUG 6SDFH³� HV ZLUG DOVR HLQ H[SOL]LWHV 5�FNZlUWVGLIIH�
UHQ]HQ�6FKHPD XQWHUVXFKW�



��� '�(UOlXWHUXQJHQ�]X�GHQ�(LJHQVFKDIWHQ�GLVNUHWLVLHUWHU�*OHLFKXQJHQ

0LW�GHP�)7%6�6FKHPD�GLVNUHWLVLHUW��ODXWHW�GLH�)LQLWH�'LIIHUHQ]HQ�$SSUR[LPDWLRQ�
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'HU�5HFKQHU� O|VW� GLH� DSSUR[LPLHUWH�)LQLWH�'LIIHUHQ]HQ�*OHLFKXQJ� �'�����'LH� H[DNWH� )LQLWH�
'LIIHUHQ]HQJOHLFKXQJ�HQWKlOW�DEHU�QRFK�GLH�YHUQDFKOlVVLJWHQ�$EEUXFKWHUPH�XQG�ODXWHW�
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'LH� GHU� SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJ� HQWVSUHFKHQGH�� H[DNWH� )LQLWH�'LIIHUHQ]HQJOHLFKXQJ
�'���� JHKW� LQ� GLH� DSSUR[LPLHUWH�*OHLFKXQJ� �'���� �EHU�� ZHQQ� GHU� $EEUXFKIHKOHU�(N

Q� JHJHQ
1XOO�VWUHEW��'D�I�U�DOOH�N�XQG�Q

�OLP
��

 
o''

Q

N
W]

( �'���

JLOW��LVW�GDV�'LIIHUHQ]HQVFKHPD�PLW�GHU�'LIIHUHQ]LDOJOHLFKXQJ�NRQVLVWHQW�

'��� 6WDELOLWlW

=XP�1DFKZHLV�GHU�6WDELOLWlW�HLQHV�QXPHULVFKHQ�9HUIDKUHQV�ZLUG�KLHU�GDV�&RXUDQW�)ULHGULFKV�
/HZ\�.ULWHULXP��&)/�.ULWHULXP��DQJHZHQGHW��(V�DUJXPHQWLHUW��EHU�GDV�DQDO\WLVFKH�XQG�QX�
PHULVFKH� (LQIOXVVJHELHW� GHU� *OHLFKXQJHQ�� 'LH�0HWKRGH� OLHIHUW�� ZLH� YLHOH� DQGHUH� DXFK�� QXU
HLQH�QRWZHQGLJH�XQG�NHLQH�KLQUHLFKHQGH�%HGLQJXQJ�I�U�6WDELOLWlW�

&RXUDQW�)ULHGULFKV�/HZ\�.ULWHULXP�� 'LH� &)/�%HGLQJXQJ� XQG� GDV� ]XJHK|ULJH� 7KHRUHP
ODXWHW��7KRPDV�������

Ä(LQH�SDUWLHOOH�'LIIHUHQ]LDOJOHLFKXQJ�XQG�HLQ�DEJHOHLWHWHV�'LIIHUHQ]HQ�6FKHPD�HUI�OOW�GLH
&RXUDQW�)ULHGULFKV�/HZ\�%HGLQJXQJ�� ZHQQ� GDV� DQDO\WLVFKH� $EKlQJLJNHLWVJHELHW� LQQHUKDOE
GHV� QXPHULVFKHQ� $EKlQJLJNHLWVJHELHWHV� OLHJW�³� 'DV� ]XJHK|ULJH� 7KHRUHP� EHVDJW�� GDVV� HLQH
HUI�OOWH�&)/�%HGLQJXQJ�HLQH�QRWZHQGLJH�%HGLQJXQJ�I�U�.RQYHUJHQ]�LVW�

$XV� GHU� 7KHRULH� GHU� K\SHUEROLVFKHQ� 'LIIHUHQ]LDOJOHLFKXQJHQ� IROJW�� GDVV� VLFK� 6W|UXQJHQ
PLW�HLQHU�HQGOLFKHQ�*HVFKZLQGLJNHLW�OlQJV�GHU�VR�JHQDQQWHQ�&KDUDNWHULVWLNHQ�DXVEUHLWHQ��VLH�
KH�.DSLWHO���������(LQ�3XQNW�GHU�/|VXQJVHEHQH�NDQQ�QXU�GLH�DQGHUHQ�3XQNWH�EHHLQIOXVVHQ��GLH
LQ�VHLQHP�(LQIOXVVJHELHW�OLHJHQ��E]Z��XPJHNHKUW��HU�ZLUG�QXU�YRQ�3XQNWHQ�EHHLQIOXVVW��GLH�LQ
VHLQHP�$EKlQJLJNHLWVJHELHW� OLHJHQ�� 'LHVHV� DQDO\WLVFKH� (LQIOXVV�� E]Z�� $EKlQJLJNHLWVJHELHW
LVW� SK\VLNDOLVFK� GXUFK� GLH� K\SHUEROLVFKHQ� 'LIIHUHQ]LDOJOHLFKXQJHQ� IHVWJHOHJW�� *LOW� I�U� GLH
$XVJDQJVJOHLFKXQJ� �'���� GLH�$QIDQJVEHGLQJXQJ� Y�]��� I�]�� XQG� EHVWHKW� GLH� /|VXQJVHEHQH
DXV�]�� �XQG�W!���GDQQ�KlQJW�GLH�/|VXQJ�LP�3XQNW��]�W��QXU�YRP�)XQNWLRQVZHUW�YRP�3XQNW



'�(UOlXWHUXQJHQ�]X�GHQ�(LJHQVFKDIWHQ�GLVNUHWLVLHUWHU�*OHLFKXQJHQ ���

�]��W�� PLW� ]� ]�DW� E]Z�� YRQ� DOOHQ� GD]ZLVFKHQ� OLHJHQGHQ� 3XQNWH� DE�� 'LHVH� 3XQNWH� VLQG� GDV
DQDO\WLVFKH�$EKlQJLJNHLWVJHELHW�YRP�3XQNW��]�W��

(V�JLEW�DEHU�DXFK�HLQ�GXUFK�GHQ�JHZlKOWHQ�QXPHULVFKHQ�/|VXQJVDOJRULWKPXV�EHHLQIOXVVWHV
QXPHULVFKHV�$EKlQJLJNHLWVJHELHW��6R�HUNHQQW�PDQ�DQ�GHU�)LQLWH�'LIIHUHQ]HQJOHLFKXQJ��'����
GDVV�GHU�)XQNWLRQVZHUW�DQ�GHU�6WHOOH�N�]XP�QHXHQ�=HLWSXQNW�Q���DXV�:HUWHQ�DQ�GHU�6WHOOH�N
XQG�N���EHUHFKQHW�ZLUG�� QLFKW� DEHU� ]��%�� YRQ�GHQ�6WHOOHQ�N���RGHU�N����'LH� HUOlXWHUWHQ�=X�
VDPPHQKlQJH�ZHUGHQ�LQ�$EE��'���GDUJHVWHOOW�

W

Q��

]

N�� N

Q

� � � �� �WQ]NW] '�' ���

DW]] � 
�

&KDUDNWHULVWLN

$EE��'��� 9HUDQVFKDXOLFKXQJ GHV &RXUDQW�)ULHGULFKV�/HZ\�.ULWHULXP� 'XQNHO VFKDWWLHUW LVW GHU

DQDO\WLVFKH $EKlQJLJNHLWVEHUHLFK GHU SDUDEROLVFKHQ 'LIIHUHQ]LDOJOHLFKXQJ� KHOO

VFKDWWLHUW �LQNOXVLYH GXQNHO VFKDWWLHUWHU %HUHLFK� LVW GHU QXPHULVFKH $EKlQJLJNHLWVEH�

UHLFK GHV )LQLWHQ�5�FNZlUWVGLIIHUHQ]HQ�6FKHPDV�

(LQ�3XQNW��]�W��KDW�GLH�GDV�DQDO\WLVFKH�$EKlQJLJNHLWVJHELHW�EHJUHQ]HQGH�&KDUDNWHULVWLN�

DW]] � 
�

�'���

,Q�GHU�GLVNUHWLVLHUWHQ�/|VXQJVHEHQH�NDQQ�GHU�3XQNW��]�W��GDUJHVWHOOW�ZHUGHQ�DOV�

� � � �� �WQ]NW] '�' ��� �'���

'LH�GLVNUHWLVLHUWHQ�.RRUGLQDWHQ��'����LQ��'����HLQJHVHW]W��HUJLEW�GLH�GDV�DQDO\WLVFKH�$EKlQ�
JLJNHLWVJHELHW� EHJUHQ]HQGH� &KDUDNWHULVWLN� GHV� 3XQNWHV� �]�W�� LQ� GHU� GLVNUHWLVLHUWHQ� /|VXQJV�
HEHQH�

� � � � ]Q
]

WD
NWQD]N] '¸

¹

·
¨
©

§ �
'
'

� '��' ��
�

�'���

'DV�DQDO\WLVFKH�$EKlQJLJNHLWVJHELHW� LVW� LQ�$EE��'���GXQNHO�VFKUDIILHUW�� ,Q�GHUVHOEHQ�$EELO�
GXQJ�HUNHQQW�PDQ�DXFK�OHLFKW�GDV�QXPHULVFKH�$EKlQJLJNHLWVJHELHW�,DEK�GHV�'LIIHUHQ]HQVFKH�
PDV��'�����(V�LVW�KHOO�XQG�GXQNHO�VFKUDIILHUW�

� �> @]N]QN,
DEK

''�� �� �'���



��� '�(UOlXWHUXQJHQ�]X�GHQ�(LJHQVFKDIWHQ�GLVNUHWLVLHUWHU�*OHLFKXQJHQ

'DV� &/)�.ULWHULXP� YHUODQJW� QXQ�� GDVV� GDV� DQDO\WLVFKH� $EKlQJLJNHLWVJHELHW� LQQHUKDOE� GHV
QXPHULVFKHQ�$EKlQJLJNHLWVJHELHWHV�OLHJW��DOVR�]���,DEK�
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'LH�'LVNUHWLVLHUXQJVVFKULWWH�'W� XQG�']� VLQG� SRVLWLY�� 'LH� 8QJOHLFKXQJ� �'����� NDQQ� QXU� I�U
SRVLWLYH�D�HUI�OOW�ZHUGHQ����%HL�YRUJHJHEHQHP�D�GDUI�DOVR�GLH�=HLWVFKULWWZHLWH�QLFKW�]X�JUR�
JHZlKOW�ZHUGHQ��VRQVW�ZLUG�GDV�9HUIDKUHQ� LQVWDELO��:LUG�GLH�=HLWVFKULWWZHLWH� VHKU�NOHLQ�JH�
ZlKOW�� HUJHEHQ� VLFK� NOHLQH� &RXUDQW�=DKOHQ�� XQG� HV� NDQQ� YHUVWlUNW� QXPHULVFKH� 'LVVLSDWLRQ
DXIWUHWHQ� �VLHKH� $QKDQJ� (��� 'LHVHOEH� 6WDELOLWlWVEHGLQJXQJ� �'����� OLHIHUW� DXFK� GLH� 9RQ�
1HXPDQQ�6WDELOLWlWVDQDO\VH�� GLH� GDV� 9HUKDOWHQ� GHU� $PSOLWXGH� HLQHU� )RXULHU�.RPSRQHQWH
XQWHUVXFKW�

'��� .RQYHUJHQ]

)�U�HLQ�ULFKWLJ�JHVWHOOWHV��OLQHDUHV�$QIDQJVZHUWSUREOHP�NDQQ�GLH�.RQYHUJHQ]�GHU�ILQLWHQ�'LI�
IHUHQ]HQ�*OHLFKXQJ�PLW�GHP�bTXLYDOHQ]WKHRUHP�YRQ�/D[�QDFKJHZLHVHQ�ZHUGHQ��VLHKH�6HLWH
����� 'D� I�U� GLH� )LQLWH�'LIIHUHQ]HQJOHLFKXQJ� .RQVLVWHQ]� XQG� 6WDELOLWlW��� JH]HLJW� ZXUGH�� LVW
KLHUPLW�DXFK�GHUHQ�.RQYHUJHQ]�QDFKJHZLHVHQ�

������������������������������������������������
�� (LQ VWDELOHV 9HUIDKUHQ I�U QHJDWLYH D HUKlOW PDQ ]� %�� LQGHP PDQ 9RUZlUWVGLIIHUHQ]HQ DQVWDWW

5�FNZlUWVGLIIHUHQ]HQ LQ GHU 2UWVGLVNUHWLVLHUXQJ YHUZHQGHW� 'DV 9HUKlOWQLV D'W�'] LVW GLH &RXUDQW�

=DKO�

�� 'LH KLQUHLFKHQGH %HGLQJXQJ I�U 6WDELOLWlW ZXUGH KLHU QLFKW EHZLHVHQ� (V VHL DXI GLH /LWHUDWXU YHU�
ZLHVHQ�



(�(UOlXWHUXQJHQ�]XU�QXPHULVFKHQ�'LVVLSDWLRQ�XQG�'LVSHUVLRQ ���

(� (UOlXWHUXQJHQ�]XU�QXPHULVFKHQ�'LVVLSDWLRQ�XQG�'LVSHUVLRQ

(��� 0RGLIL]LHUWH�*OHLFKXQJHQ

1XPHULVFKH� 'LIIXVLRQ� NDQQ� ]��%�� PLW� +LOIH� VR� JHQDQQWHU� PRGLIL]LHUWHU� *OHLFKXQJHQ� QlKHU
XQWHUVXFKW�ZHUGHQ��'D]X�ZLUG�GLH�SDUWLHOOH�'LIIHUHQ]LDOJOHLFKXQJ� �'�����RKQH�GLH�$EEUXFK�
WHUPH�]X�YHUQDFKOlVVLJHQ��GLVNUHWLVLHUW�
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$QVFKOLH�HQG�ZHUGHQ�LQ�GLHVHU�*OHLFKXQJ�GLH�$EEUXFKWHUPH��GLH�'LIIHUHQ]HQTXRWLHQWHQ�QDFK
GHU�=HLW�HQWKDOWHQ��GXUFK�7HUPH�PLW�'LIIHUHQ]HQTXRWLHQWHQ�QDFK�GHP�2UW�HUVHW]W��'LHV�ZLUG
GXUFK� JHVFKLFNWHV�$EOHLWHQ�GHU�'LIIHUHQ]HQJOHLFKXQJ� �(����XQG�(LQVHW]HQ� GHU�$EOHLWXQJ� LQ
GLHVHOEH�*OHLFKXQJ��(����HUUHLFKW��$OV�(UJHEQLV�HUKlOW�PDQ�GLH�VR�JHQDQQWH�PRGLIL]LHUWH�*OHL�
FKXQJ��+RIIPDQQ�������
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'HU� 5HFKQHU� O|VW� DOVR� QLFKW� GLH� XUVSU�QJOLFKH� 'LIIHUHQ]LDOJOHLFKXQJ�� VRQGHUQ� *OHLFKXQJ
�(�����'LHVH�HQWKlOW�MHGRFK�$EOHLWXQJHQ�]ZHLWHU�XQG�GULWWHU�2UGQXQJ����'LH�$EOHLWXQJ�]ZHLWHU
2UGQXQJ�ZLUNW�GDEHL�GLVVLSDWLY�DOV�QXPHULVFKHV�'LIIXVLRQVJOLHG�PLW�GHP�QXPHULVFKHQ�'LIIX�
VLRQVNRHIIL]LHQWHQ� � ��

�
�� ' &]D ��'LH�$EOHLWXQJ�GULWWHU�2UGQXQJ�ZLUNW�VLFK�GLVSHUVLY�DXV��6R�

ZRKO�'LVVLSDWLRQ�ZLH�DXFK�'LVSHUVLRQ�VLQG�DEKlQJLJ�YRQ�GHU�JHZlKOWHQ�'LVNUHWLVLHUXQJVOlQ�
JH�']� XQG� GHU�&RXUDQW�=DKO�� GLH� EHL� YRUJHJHEHQHP�D� XQG�']� YRQ� GHU� =HLWVFKULWWZHLWH� GHV
9HUIDKUHQV�DEKlQJW��0DQ�HUNHQQW�GDVV�I�U�&RXUDQW�=DKOHQ�&���GLH�/|VXQJ�GLVVLSDWLY�LVW��I�U
&RXUDQW�=DKOHQ�& ��DEHU�NHLQH�'lPSIXQJ�YRUOLHJW��'DV�9HUIDKUHQ�ZLUG�I�U�&!��LQVWDELO��GD
GDQQ�HLQ�QHJDWLYHU�QXPHULVFKHU�'LIIXVLRQVNRHIIL]LHQW�DXIWUHWHQ�Z�UGH��'LHVH� OHW]WH�$XVVDJH
ZLUG�GXUFK�GDV�(UJHEQLV�GHU�6WDELOLWlWVDQDO\VH�*OHLFKXQJ��'�����EHVWlWLJW�

(��� *HQDXLJNHLWVXQWHUVXFKXQJ�GXUFK�HUZHLWHUWH�6WDELOLWlWVDQDO\VH

'LH�9RQ�1HXPDQQ�6WDELOLWlWVDQDO\VH� OLHIHUW� QHEHQ� GHU�%HGLQJXQJ� I�U� 6WDELOLWlW� DXFK� ,QIRU�
PDWLRQHQ��EHU�GLH�*HQDXLJNHLW�HLQHV�9HUIDKUHQV��6LH�JLEW�GDEHL�WLHIHUH�(LQEOLFNH�LQ�GLH�9RU�
JlQJH� GHU� QXPHULVFKHQ� 'LVVLSDWLRQ� XQG� 'LVSHUVLRQ� �$QGHUVRQ������� XQG� ZLUG� KLHU� YRUJH�
VWHOOW�

������������������������������������������������
�� 'HU $EEUXFKWHUP LVW YRQ 2UGQXQJ GUHL XQG KDW LQ 5HODWLRQ ]X GHQ 7HUPHQ HUVWHU XQG ]ZHLWHU 2UG�

QXQJ LQ '] �$EOHLWXQJHQ ]ZHLWHU XQG GULWWHU 2UGQXQJ� QXU HLQHQ XQWHUJHRUGQHWHQ (LQIOXVV�



��� (�(UOlXWHUXQJHQ�]XU�QXPHULVFKHQ�'LVVLSDWLRQ�XQG�'LVSHUVLRQ

([DNWH�/|VXQJ�GHU�SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJ�� =XHUVW� VROOHQ� QRFK� HLQPDO� NXU]� GLH
(LJHQVFKDIWHQ�GHU�SDUWLHOOHQ�'LIIHUHQ]LDOJOHLFKXQJ��'����XQG�GHUHQ�H[DNWHQ�/|VXQJ�GDUJHOHJW
ZHUGHQ��(V�LVW�HLQH�K\SHUEROLVFKH��OLQHDUH��QLFKW�GLVVLSDWLYH�*OHLFKXQJ�HLQHV�.RQYHNWLRQVSUR�
EOHPV�� (LQH� HLQJHEUDFKWH� 6W|UXQJ� ZDQGHUW�� LKUH� )RUP� EHLEHKDOWHQG�� GXUFK� GLH� 2UW�=HLW�
(EHQH��'D�GLH�*OHLFKXQJ�OLQHDU�LVW��UHLFKW�HV�DXV��HLQH�(OHPHQWDUO|VXQJ�]X�XQWHUVXFKHQ��(LQH
DQDO\WLVFKH�(OHPHQWDUO|VXQJ�NDQQ�GXUFK�HLQHQ�6HSDUDWLRQVDQVDW]�GHU�)RUP��

L3]W

H
HHY J �(���

JHIXQGHQ�ZHUGHQ��,Q�GLHVHP�$QVDW]�LVW�L�LVW�GLH�NRPSOH[H�=DKO� �� �XQG�3�LVW�GLH�:HOOHQ]DKO
LQ�]�5LFKWXQJ��G��K��I�U�GLH�:HOOHQOlQJH�O]�JLOW� 3]

SO � ��'HU�3DUDPHWHU�J�NDQQ�HLQH�UHHOOH�RGHU
NRPSOH[H�=DKO�VHLQ��'HQ�$QVDW]� �(���� LQ�GLH�'LIIHUHQ]LDOJOHLFKXQJ��'����HLQJHVHW]W��HUJLEW
I�U�GHQ�3DUDPHWHU�J ±L3DW�XQG�VRPLW�

�� DW]L3L3]L3DW

H
HHHY ��   �(���

'LHVH�H[DNWH�(OHPHQWDUO|VXQJ�EHVFKUHLEW�HLQH�6W|UXQJ��GLH�QLFKW�GLVVLSDWLY�PLW�GHU�.RQYHNWL�
RQVJHVFKZLQGLJNHLW� D� GXUFK� GLH� 2UW�=HLW�/|VXQJVHEHQH� KLQGXUFKZDQGHUW�� 1LFKW� GLVVLSDWLY�
DEHU� VWDELO� EHGHXWHW�� GDVV� GLH�$PSOLWXGH� GHU� )RXULHU�.RPSRQHQWH� ]X� DOOHQ� =HLWHQ� NRQVWDQW
EOHLEW�XQG�GDKHU�GHU�%HWUDJ�GHV�H[DNWHQ�9HUVWlUNXQJVIDNWRUV�*H�HLQV�EHWUDJHQ�PXVV�

� �
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JHN�U]W H
LWL3D

H
HH* )'�   �(���

PLW GHP H[DNWHQ 3KDVHQZLQNHO &W3D
H

4� '� ) �(���

XQG GHP %HWUDJ HLQV� � 
H

* �(���

/|VXQJ� GHU� DSSUR[LPLHUHQGHQ� )LQLWH�'LIIHUHQ]HQ�*OHLFKXQJ�� ,P� IROJHQGHQ� 7HLO� ZLUG
XQWHUVXFKW��ZLH�VLFK�GLH�/|VXQJ�GHU�DSSUR[LPLHUHQGHQ�)LQLWH�'LIIHUHQ]HQ�*OHLFKXQJ�YHUKlOW�
'D]X�ZLUG�GLH�/|VXQJ�GXUFK�HLQH�NRPSOH[H�)RXULHU�5HLKH�DQJHQlKHUW��'D�GDV�3UREOHP�OLQHDU
LVW��JHQ�JW�GLH�8QWHUVXFKXQJ�HLQHU�.RPSRQHQWH�GHU�5HLKH��)�U�GHQ�)XQNWLRQVZHUW�YN

Q�DQ�GHU
6WHOOH�N�]XP�=HLWSXQNW�Q�ODXWHW�VLH�

N]L3QQ

N
HY ��' [ �(����

+LHUEHL� LVW�[Q� GHU� NRPSOH[H� )RXULHUNRHIIL]LHQW�� GHU� GLH�$PSOLWXGH� GHU� )XQNWLRQ� ]XP�=HLW�
SXQNW�Q�DQJLEW��L�LVW�GLH�NRPSOH[H�=DKO� �� �XQG�3�LVW�GLH�:HOOHQ]DKO�LQ�]�5LFKWXQJ��G��K��I�U
GLH�:HOOHQOlQJH�O]�JLOW� 3]

SO � ��,Q�JOHLFKHU�:HLVH�JLOW�I�U�GLH�6WHOOH�N�]XP�=HLWSXQNW�Q���

N]L3QQ

N
HY ���� '��  [ � �(����

XQG�DQ�GHU�6WHOOH�N���]XU�=HLW�Q�

�����

�

�'

�
 N]L3QQ

N
HY [ �(����

������������������������������������������������
�� 'HU ,QGH[ H VWHKW LP )ROJHQGHQ I�U ÄDQDO\WLVFK H[DNW³�



(�(UOlXWHUXQJHQ�]XU�QXPHULVFKHQ�'LVVLSDWLRQ�XQG�'LVSHUVLRQ ���

:HUGHQ� *OHLFKXQJHQ� �(������ �(����� XQG� �(����� LQ� GLH� )LQLWH�'LIIHUHQ]HQJOHLFKXQJ� �'���
HLQJHVHW]W�XQG�HLQ�3KDVHQZLQNHO�4 3']�GHILQLHUW��VR�HUJLEW�VLFK�

� ����� �4444� �
'
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'HU�:LQNHO�4�� LQ�GHQ�,QIRUPDWLRQHQ��EHU�GLH�2UWVGLVNUHWLVLHUXQJVOlQJH�']�XQG�GLH�:HOOHQ�
OlQJH�O�HLQHU�6W|UXQJ�HLQJHKHQ��ODXWHW�
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'HU�9HUVWlUNXQJVIDNWRU�LVW�HLQH�)XQNWLRQ�GHU�&RXUDQW�=DKO�&�XQG�GHV�:LQNHOV�4��'LH�QXPH�
ULVFKH�'LVVLSDWLRQ�KlQJW�IROJOLFKHUZHLVH�PLW�GHQ�'LVNUHWLVLHUXQJVVFKULWWZHLWHQ�LQ�2UW�XQG�=HLW
ZLH�PLW�GHU�:HOOHQOlQJH�GHU�DE]XELOGHQGHQ�6W|UXQJ�]XVDPPHQ��,Q�$EE��(���LVW�GHU�(LQIOXVV
GHU�YHUVFKLHGHQHQ�*U|�HQ�DQVFKDXOLFK�LQ�HLQHP�3RODU�'LDJUDPP�GDUJHVWHOOW��,Q�$EKlQJLJNHLW
GHV�:LQNHOV�4��GHU�YHUHLQIDFKHQG�JHVDJW�GDV�9HUKlOWQLV�GHU�'LVNUHWLVLHUXQJVOlQJH�]XU�:HO�
OHQOlQJH� HLQHU� 6W|UXQJ� GDUVWHOOW�� LVW� GHU� %HWUDJ� GHV� 9HUVWlUNXQJVIDNWRUV� GDUJHVWHOOW�� 'LHVH
.XUYHQ�VLQG� I�U�YHUVFKLHGHQH�&RXUDQW�=DKOHQ� HLQJHWUDJHQ��$XV�GHP�3RODU�'LDJUDPP�NDQQ
PDQ�HLQLJH�*HJHEHQKHLWHQ�DQVFKDXOLFK�DEOHVHQ��(LQ�9HUIDKUHQ�ZLUG�LQVWDELO��ZHQQ�GHU�%HWUDJ
GHV�9HUVWlUNXQJVIDNWRUV�JU|�HU�HLQV� LVW��'LHV� LVW� LQ�$EE��(���I�U�DOOH�.XUYHQ��GLH�DX�HUKDOE
GHV�(LQKHLWVNUHLVHV�� DOVR� I�U�&RXUDQW�=DKOHQ� JU|�HU� DOV� HLQV� JHJHEHQ�� ,VW� GLH� &RXUDQW�=DKO
JOHLFK�HLQV��VR�LVW�I�U�DOOH�:HOOHQOlQJHQ�XQG�'LVNUHWLVLHUXQJVOlQJHQ�GHU�%HWUDJ�GHV�9HUVWlU�
NXQJVIDNWRUV�JOHLFK�HLQV��GLH�'LVVLSDWLRQ�DOVR�JOHLFK�1XOO��)�U�&RXUDQW�=DKOHQ��GLH�NOHLQHU�DOV
HLQV�VLQG��OLHJW�YRU�DOOHP�I�U�JUR�H�:LQNHO�4�QXPHULVFKH�'LVVLSDWLRQ�YRU��'DV�EHGHXWHW��GDVV
6W|UXQJHQ�PLW� NOHLQHU�:HOOHQOlQJH� JHJHQ�EHU� GHU�'LVNUHWLVLHUXQJVOlQJH�']� VWDUN� JHGlPSIW
ZHUGHQ��ZlKUHQG�ODQJZHOOLJH�6W|UXQJHQ��NOHLQH�:LQNHO�4���ZHQLJHU�JHGlPSIW�ZHUGHQ��2GHU
XPJHNHKUW��EHL�JOHLFKHU�:HOOHQOlQJH�GHU�6W|UXQJ�LVW�GLH�QXPHULVFKH�'LVVLSDWLRQ�I�U�JU|�HUH
']��:LQNHO�4��JU|�HU��VWlUNHU�DXVJHSUlJW��'LHVH�%HREDFKWXQJ�LVW�LQ�$EE������DXI�6HLWH����]X
PDFKHQ�
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=XU�0LQLPLHUXQJ� GHU� QXPHULVFKHQ�'LVVLSDWLRQ�ZlUHQ� DOVR�&RXUDQW�=DKOHQ� QDKH� HLQV� DQ]X�
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(�(UOlXWHUXQJHQ�]XU�QXPHULVFKHQ�'LVVLSDWLRQ�XQG�'LVSHUVLRQ ���

$XV�GLHVHU�'DUVWHOOXQJ� NDQQ�PDQ� IROJHQGH� ,QIRUPDWLRQHQ� DEOHVHQ��'DV� UHODWLYH�3KDVHQYHU�
KlOWQLV�LVW�JOHLFK�HLQV��G��K�GHU�3KDVHQIHKOHU�LVW�JOHLFK�1XOO�I�U�HLQH�&RXUDQW�=DKO�JOHLFK�����
)�U�6W|UXQJHQ�PLW�JUR�HU�:HOOHQOlQJH�JHJHQ�EHU�GHU�'LVNUHWLVLHUXQJVOlQJH��DOVR� I�U�NOHLQH
:LQNHO�4� �� LVW�GHU�3KDVHQIHKOHU� DXFK� I�U�&RXUDQW�=DKOHQ�XQJOHLFK����� VHKU�NOHLQ��'DJHJHQ
ZLUG�HU�I�U�JU|�HUH�:LQNHO��DOVR�I�U�6W|UXQJHQ�PLW�NOHLQHUHU�:HOOHQOlQJH�JU|�HU��)�U�&RX�
UDQW�=DKOHQ� NOHLQHU� DOV� ���� LVW� GDV� UHODWLYH� 3KDVHQYHUKlOWQLV� NOHLQHU� HLQV��'DV� EHGHXWHW�� GHU
3KDVHQZLQNHO�)� LVW�NOHLQHU�DOV�GHU�H[DNWH�3KDVHQZLQNHO�)H��ZDV�PLW�GHU�$XVVDJH�JOHLFKEH�
GHXWHQG� LVW�� GDVV� GLH�$XVEUHLWXQJVJHVFKZLQGLJNHLW� HLQHU�:HOOH� NOHLQHU� DOV� GLH� H[DNWH�$XV�
EUHLWXQJVJHVFKZLQGLJNHLW�LVW��)�U�&RXUDQW�=DKOHQ�JU|�HU�DOV�����LVW�GHU�3KDVHQZLQNHO�)�JU|�
�HU�DOV�GHU�H[DNWH�3KDVHQZLQNHO�)H��ZDV�EHGHXWHW��GDVV�:HOOHQ�GHU�HLJHQWOLFKHQ�:HOOH�YRU�
DXVHLOHQ�

)�U�GDV�YRUJHVWHOOWH�H[SOL]LWH�5�FNZlUWVGLIIHUHQ]HQ�6FKHPD��)7%6��LVW�I�U�HLQH�PLQLPDOH
QXPHULVFKH�'LVVLSDWLRQ�DOVR�HLQH�&RXUDQW�=DKO�QDKH�HLQV�DQ]XVWUHEHQ��ZlKUHQG�I�U�PLQLPDOH
QXPHULVFKH�'LVSHUVLRQ�HLQH�&RXUDQW�=DKO�YRQ�����HUIRUGHUOLFK�LVW�



��� )�.ODVVHQGLDJUDPPH

)� .ODVVHQGLDJUDPPH

)�U� GLH� LQ� 0RGHOLFD� HUVWHOOWH� %LEOLRWKHN� ZXUGH� LQ� $QOHKQXQJ� DQ� GLH� 1RWDWLRQ� YRQ
�%RRFK�������.ODVVHQGLDJUDPPH�JH]HLFKQHW��6LH�VLQG�DXI�GHQ�IROJHQGHQ�6HLWHQ�DEJHELOGHW��,Q
GHQ�'LDJUDPPHQ�VLQG�GLH�%H]LHKXQJHQ�]ZLVFKHQ�GHQ�.ODVVHQ�GDUJHVWHOOW��$X�HUGHP�VLQG�GLH
1DPHQ�GHU�6FKQLWWVWHOOHQ��&RQQHFWRUHQ��XQG�GLH�]X��EHUJHEHQGHQ�6FKQLWWVWHOOHQJU|�HQ� HLQ�
JHWUDJHQ�� .ODVVHQ�� LQ� GHQHQ� HLQH� .DXVDOLWlW� YRUJHJHEHQ� LVW� �,QSXW�2XWSXW�%ORFN��� VLQG� PLW
GHP�+LQZHLV� ÄEORFN³� YHUVHKHQ�� %DVLVNODVVHQ�� GLH� QXU� DOV� (OWHUQNODVVHQ� GLHQHQ�� DEHU� VHOEVW
QLFKW�2EMHNWH�ELOGHQ�N|QQHQ��VLQG�PLW�HLQHP�Ä%³�YHUVHKHQ��GDV�YRQ�HLQHP�'UHLHFN�XPJHEHQ
LVW��(V�VLQG�]ZHL�'LDJUDPPH�DQJHKlQJW�

x� 'DV� HUVWH� 'LDJUDPP� ]HLJW� GLH� .ODVVHQ� GHV� $EVRUEHUURKUPRGHOOV� I�U� GLH� 'LUHNWYHU�
GDPSIXQJ�LQ�3DUDEROULQQHQ�

x� 'DV�]ZHLWH�'LDJUDPP�]HLJW�GLH�.ODVVHQ�GHU�0RGHOOH�GHU�3HULSKHULHNRPSRQHQWHQ�



    CalcEpsRouB                                         .
outerouter: i, Mdot, A, p, xdot, vi[3], vii[3], sig
CC: (infep) iep

    HstatA                                                    .
outerouter: di, minNum
CC: (infep) iep
CC: (inflength) hstatcorr

    BaseCalcPhiA                                           .
outerouter: i, Mdot, A, di, minNum, xdot, p,

vi[3], vii[3], sig
CalcEpsRouB CalcEpsRouB1
HstatA HstatA1
CC: input (infconnectradi) iqdotkonz
CC: output (infangle) phi

    CalcPhipawetA           .
extendsextends BaseCalcPhiA

    proph2oC                .
outerouter: i
CC: (conwsstate) st

    CalcEpsRou                                                    .
outerouter: i, A
replaceablereplaceable

(mediumModel =proph2oC) pr
(mediumextModel =proph2oextA) prext

CC: (infwshp) iws
CC: (infep) iep

    proph2oextA     .

    propAbs             .

    CalcPhiwetA              .
extendsextends BaseCalcPhiA

    BaseCalcAlphaGniel                                  .
outerouter i, Mdot, A, di, distNum, minNum, etal,

etag, lambl, lambg, Prl, Prg, v, T, xdot
(CalcEpsRouB) CalcEpsRouB1
CC: (infheattrans) iht

    CalcAlphaGnielWet            .
extends extends BaseCalcAlphaGniel
outerouter vi, etai, lambi, Pri

    CalcAlphaGnielDry                .
extends extends BaseCalcAlphaGniel
outerouter vii, etaii, lambii, Prii
(Hstat) HstatA1    CalcAlphaGoebelWet                    .

outerouter i, Mdot, A, minNum, xdot, p
CC: input (infconnectradi) iqdotkonz
CC: output (infheattrans) awet

    CalcAlphaGungWet            .
extends extends BaseCalcAlphaGniel
outerouter etai, etaii, lambi, Pri, vi[3],

vii[3], hi, hii, Mw
CC: input (infconnectradi)

iqdotkonz

    CalcAlphaWetA                                                          .
outerouter i, Mdot, A, di, distNum, minNum, p, v, T, xdot,

vi[3], vii[3], sig, etai, lambi, Pri,  etal, etag, lambl,
lambg, Prl, Prg

(CalcAlphaGoebelWet) CalcAlphaGoebelWet1
(CalcAlphaGoebelWet) CalcAlphaGoebelWetLim
(CalcAlphaGnielWet) CalcAlphaGnielWet1
CC: input (infconnectradi) iqdotkonz
CC: output (infheattrans) awet

    CalcAlphaMeanA                                                    .
outerouter i, Mdot, A, di, distNum, minNum, p, v, T, xdot,

vi[3], vii[3], sig, etai, etaii, lambi, lambii, Pri, Prii,
etal, etag, lambl, lambg, Prl, Prg

(CalcAlphaWetA) CalcAlphaWetA1
(CalcAlphaGnielDry) CalcAlphaGnielDry1
(CalcPhiwetA) CalcPhiwetA1
CC: input (infconnectradi) iqdotkonz
CC: output (infheattrans) amean

    ConvHTWet                                 
extendsextends BaseConvHT
(CalcAlphaWetA) CalcAlphaWetA1
CC: (infconnectradi) iqdotkonz

    ConvHTHom                                    
extendsextends BaseConvHT
(CalcAlphaMeanA) CalcAlphaMeanA1
CC: (infconnectradi) iqdotkonz

    ConvHTDry                                           
extendsextends BaseConvHT
(CalcAlphaGnielDry) CalcAlphaGnielDry 1

    RBradi                      .
C:C: (connectradi) radi

TwoISOthroughSum                 
CC: input (conthrou) throu1
CC: input (conthrou) throu2
CC: output (conthrou) throu3

SeparationThrouAcross             
CC: connectradi radi
CC: inftemperature temp
CC: heatflux heat

    BaseRadiation                            
CC: (connectradi) qdotrad
CC: (inftemperature) iTemp

RadiationExpfit                         
extendsextends BaseRadiation

    Absorption                               
outerouter: absorp
CC: (connectradi) qdotkonz
CC: (connectradi) qdotrefl
CC: (connectradi) qdotabs

Radiation                            
extendsextends BaseRadiation
propAbs propAbs1
CC: (inftemperature) iT0

OuterHTExpfit                                                      
(Absorption) Absorption1
(TwoISOthroughSum) TwoISOthroughSum1
(RadiationExpfit) RadiationExpfit1
(RBradi) Rbqdotrefl
(SeparationThrouAcross) SeparationThrouAcross
CC: (connectradi) qdotkonzmean
CC: (heatflux) gain

    proph2oC                .
outerouter: i
CC: (conwsstate) st

BaseOnePhasedp                                            
outerouter di, A, minNum, distNum
parameterparameter dz
replaceablereplaceable
  (mediumModel =proph2oC) pr

(mediumextModel=proph2oextA) extpr
CC: input (infwshpMdot) iws
CC: output (infdp) idp  

OnePhaseGasdp               
extends extends  BaseOnePhasedp
outer outer Cg, ng, ze0g

TwoPhasedpC                 
extends extends  BaseOnePhasedp
outer outer i, Cl, nl, ze0l

TwoPhasedpA                 
extends extends  BaseTwoPhasedp
outer outer ze0g, ze0l

TwoPhasedpD                 
extends extends  BaseTwoPhasedp
outer outer ze0l
(BaseTwoPhasedp)  BaseTwoPhasedp1
(BaseTwoPhasedp)  BaseTwoPhasedp2

bipolhpMdot                               
CC: (watersteamA) wsA
CC: (watersteamB) wsB

Calcqdotkonzmean                          
outerouter dout
CC: input (connectradi) qdotkonz
CC: output (connectradi) qdotkonzmean

WallGeometrySeg                 
outerouter: di, dout
CC: (infangle) dgam
CC: (inflength) dL1
CC: (inflength) dL2
CC: (infarea) dAcross

BaseWallBalanceSta       
CC: (heatflux) heatA
CC: (heatflux) heatB  

BaseWallBalanceDyn     
outerouter: rhos, cs
CC: (heatflux) heatA
CC: (heatflux) heatB  

WallBalanceSegSta                               
extendsextends BaseWallBalanceSta
(WallGeometrySeg) WallGeometrySeg1
CC: (infangle) dgam

WallBalanceSegDyn                               
extendsextends BaseWallBalanceDyn
(WallGeometrySeg) WallGeometrySeg1
CC: (infangle) dgam

    BaseConvHT                          
(mediumModel) pr
(mediumextModel) extpr
CC: (heatflux) heatA
CC: (heatflux) heatB
CC: (infwshpMdot) iws

FluidVolDynCS                                                             
extendsextends bipolhpMdot
outerouter di, A, i
parameterparameter dz
replaceablereplaceable
  (mediumModel=proph2oC) prA 
    (mediumModel=proph2oC) prB
    (pressureDropModel=TwoPhasedpD) pressureDropModel1
CC: (heatflux) qdotfluid
CC: output (infwshpMdot) iws
CC: (infwshpMdot) iws2
CC: (infwshpMdot) iws3

FluidVolDynCSDampDP                                                             
extendsextends bipolhpMdot
outerouter di, A, i
parameterparameter dz, epsdampMB, epsdampEB
replaceablereplaceable
  (mediumModel=proph2oC) prA 
    (mediumModel=proph2oC) prB
    (pressureDropModel=TwoPhasedpD) pressureDropModel1
CC: (heatflux) qdotfluid
CC: output (infwshpMdot) iws
CC: (infwshpMdot) iws0
CC: (infwshpMdot) iws2
CC: (infwshpMdot) iws3
CC: (infwshpMdot) iws4

FluidHTWallStaDPA                                           
extendsextends bipolhpMdot
outerouter di, dout
parameterparameter dz
(Calcqdotkonzmean) Calcqdotkonzmean1
(OuterHTExpfit) OuterHTExpfit1
(WallBalanceSegSta) WallBalanceSegSta1
(ConvHTHom) ConvHTHom1
(FluidVolStaDP) FluidVolStaDP1

(redeclare pressureDropModel=TwoPhasedpD)
CC: (connectradi) qdotkonz

FluidHTWallDynDPA                                           
extendsextends bipolhpMdot
outerouter di, dout
parameterparameter dz
(SimpleCollOptics) SimpleCollOptics1
(Calcqdotkonzmean) Calcqdotkonzmean1
(OuterHTExpfit) OuterHTExpfit1
(WallBalanceSegDyn) WallBalanceSegDyn1
(ConvHTHom) ConvHTHom1
(FluidVolDynDP) FluidVolDynDP1

(redeclare pressureDropModel=TwoPhasedpD)
CC: (connectradi) Idir
CC: (infwshpMdot) iws2
CC: (infwshpMdot) iws3

Klassendiagramm:
Absorberrohrmodell für Direkt-
verdampfung in Parabolrinnen

Juli 2000

FluidVolDynDP                                                                     
extendsextends bipolhpMdot
outerouter di, A, i
parameterparameter dz
replaceablereplaceable
  (mediumModel=proph2oC) prA 
    (mediumModel=proph2oC) prB
    (pressureDropModel=TwoPhasedpD) pressureDropModel1
CC: (heatflux) qdotfluid
CC: output (infwshpMdot) iws

bipolhpMdot                               
CC: (watersteamA) wsA
CC: (watersteamB) wsB

    proph2oC                .
outerouter: i
CC: (conwsstate) st

    proph2oC                .
outerouter: i
CC: (conwsstate) st

FluidVolStaDP                                                                           
extendsextends bipolhpMdot
outerouter di, A
parameterparameter dz
replaceablereplaceable
  (mediumModel =proph2oC) prA 
    (mediumModel =proph2oC) prB
    (pressureDropModel=BaseOnePhasedp) pressureDropModel1
CC: (heatflux) qdotfluid
CC: (infwshpMdot) iws

FluidHTWallDynCSDampDPA                                  
extendsextends bipolhpMdot
outerouter di, dout
parameterparameter dz, epsdampMB, epsdampEB
(SimpleCollOptics) SimpleCollOptics1
(Calcqdotkonzmean) Calcqdotkonzmean1
(OuterHTExpfit) OuterHTExpfit1
(WallBalanceSegDyn) WallBalanceSegDyn1
(ConvHTHom) ConvHTHom1
(FluidVolDynCSDampDP) FluidVolDynCSDampDP1

(redeclare pressureDropModel=TwoPhasedpD)
CC: (connectradi) Idir
CC: (infwshpMdot) iws0
CC: (infwshpMdot) iws2
CC: (infwshpMdot) iws3
CC: (infwshpMdot) iws4

Oberhalb dieser Linie sind die Beziehungen nur angedeutet.

st.(v,p,T,u,h,xdot)

block

block

block

block

B

B

B
B

BB

B
B
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iep.(ep)

iws.(h,p)

    CalcEpsA                                .
outerouter: i
replaceablereplaceable

(mediumModel =proph2oC) pr
CC: (infwshp) iws
CC: (infep) iep

iws.(h,p)

iep.(ep)

    CalcEpsB                         .
outerouter: i, p, xdot, vi[3], vii[3]
CC: (infep) iep

iep.(ep)
iht.(a)

awet.(a)

iqdotkonz.(qdot)

iht.(a)

iht.(a)iht.(a)

iqdotkonz.(qdot)
awet.(a)

iqdotkonz.(qdot)

iqdotkonz.(qdot)

amean.(a)

heatB.(T/qdot)

heatA.(T/qdot)

iws.(h,p,Mdot)

heatB.(T/qdot) iws.(h,p,Mdot)

qdotfluid.(T/qdot)

heatB.(T/qdot) iws.(h,p,Mdot)

heatA.(T/qdot)

heatB.(T/qdot)

wsA.
(h,p/Mdot)

heatA.(T/qdot)

iqdotkonz.(qdot)

iws.(h,p,Mdot)

iws.(h,p,Mdot)

wsB.
(h,p/Mdot)

wsB.
           (h,p/Mdot)

wsA.
(h,p/Mdot)

heatA.(T/qdot)
iqdotkonz.(qdot)

st.(v,p,T,u,h,xdot)
wsA.

(h,p/Mdot)

wsB.
(h,p/Mdot)

qdotfluid.(T/qdot)
iws.(h,p,Mdot)

iws.(h,p,Mdot)
iws0.(..) iws2.(..)

iws4.(..)

qdotfluid.(T/qdot)

wsB.
(h,p/Mdot)

wsA.
(h,p/Mdot)

st.(v,p,T,u,h,xdot)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

qdotfluid.(T/qdot)iws3.(..)
iws.(h,p,Mdot) iws3.(..)iws2.(..)

qdotkonz.(/qdot)

qdotkonzmean.(/qdot)

iep.(ep)

hstatcorr.(l)

qdotkonz.(/qdot)

phi.(angl)

iqdotkonz.(qdot)

phi.(angl)

iqdotkonz.(qdot)

phi.(angl)

iqdotkonz.(qdot)

iep.(ep)

throu2.(/qdot)

gain.(T/qdot)

heat.(T/qdot)

radi.(/qdot)temp.(T)

iTemp.(T)qdotrad.(/qdot)

iTemp.(T)qdotrad.(/qdot)

iTemp.(T)
qdotrad.(/qdot)

   iT0.(T)

qdotabs.(/qdot)

throu1.(/qdot)

qdotrefl.(/qdot)

radi.(/qdot)

throu3.(/qdot)

qdotkonzmean.(/qdot)

st.(v,p,T,u,h,xdot)

idp.(dp)

iws.(h,p/Mdot)

BaseTwoPhasedp                
extends extends  BaseOnePhasedp
outer outer Cl, nl, Cg, ng, i

idp.(dp)

iws.(h,p/Mdot)

OnePhaseLiqdp               
extends extends  BaseOnePhasedp
outer outer Cl, nl, ze0l

idp.(dp)

iws.(h,p/Mdot)

idp.(dp)

iws.(h,p/Mdot)

idp.(dp)

iws.(h,p/Mdot)

idp.(dp)

iws.(h,p/Mdot)

idp.(dp)

iws.(h,p/Mdot)

heatB.(T/qdot)

heatA.(T/qdot)

heatB.(T/qdot)

heatA.(T/qdot)

heatB.(T/qdot)

heatA.(T/qdot)

heatB.(T/qdot)

heatA.(T/qdot)

dgam.
(angl)

dgam.
(angl)

dgam.
(angl)

dL1.(l) dL2.(l) dAcross.(A)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

qdotkonz.(/qdot)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

Idir.(/qdot) iws2.(h,p,Mdot)
iws3.(h,p,Mdot)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

Idir.(/qdot) iws2.(..) iws3.(h,p,Mdot)iws0.(..)

iws4.(..)

LEGENDE                            _
Is-a Beziehung
Part-of Beziehung
Basisklasse
Input-Output-Block

        , C C Conncector
   (a,b/c)  a,b : Across-Größe

c    : Through-Größe

block

B

    proph2oC                .
outerouter: i
CC: (conwsstate) st

st.(v,p,T,u,h,xdot)

    proph2oextA     .
block

SimpeCollOptics                               
outerouter dout
parameterparameter refl,trans,interc,Aeff,

Lcoll,Bcoll,LHCE,LHCEeff,IAM
CC: input (connectradi) Idir
CC: output (connectradi) qdotkonz

block

Idir.(/qdot)

qdotkonz.(/qdot)

    proph2oextA     .
block



wsA.
(h,p/Mdot)

Klassendiagramm:
Modelle von Peripherie-
komponenten

Juli 2000

LEGENDE                            _
Is-a Beziehung
Part-of Beziehung
Basisklasse
Input-Output-Block

        , C C Conncector
   (a,b/c)  a,b : Across-Größe

c    : Through-Größe

block

B

   IcontrolA               .
extendsextends BaseControl
parameterparameter tau

xset.(x)

xact.(x)

yout.(x)

xsetmin.(x) xsetmax.(x)

  PIcontrolA               .
extendsextends BaseControl
parameterparameter KI, KP, y0

xset.(x)

xact.(x)

yout.(x)

xsetmin.(x)
xsetmax.(x)

    BaseControl                      .
CC: (conacross) xset
CC: (conacross) xact
CC: (conacross) yout
CC: (conacross) xsetmin
CC: (conacross) xsetmax

xset.(x)

xact.(x)

yout.(x)

xsetmin.(x) xsetmax.(x)

B

    BaseValve                                         .
extends extends bipolhpMdot
parameterparameter kvdist, kv0, kvs
replaceablereplaceable
  (mediumModel =proph2oC)   prA
CC: (conacross) H
CC: (conacross) Mdotactual
CC: (conacross) Mdotmin
CC: (conacross) Mdotmax

Mdotactual.(x)

H.(x) Mdotmin.(x)
B

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

Mdotmax.(x)

    BaseEqualValve                                   .
extends extends BaseValve

Mdotactual.(x)

H.(x) Mdotmin.(x)
B

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

Mdotmax.(x)

    LinValve                                 .
extends extends BaseLinValve

Mdotactual.(x)

H.(x) Mdotmin.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

Mdotmax.(x)
    LinValveDyn                           .
extends extends BaseLinValve
parameterparameter dHdt

Mdotactual.(x)

H.(x) Mdotmin.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

Mdotmax.(x)

    EqualValve                              .
extends extends BaseEqualValve

Mdotactual.(x)

H.(x) Mdotmin.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

Mdotmax.(x)

    EqualValveDyn                        .
extends extends BaseEqualValve
parameterparameter dHdt

Mdotactual.(x)

H.(x) Mdotmin.(x)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

Mdotmax.(x)

    BaseValveWithController                     .
extends extends bipolhpMdot
replaceablereplaceable
  (Valve =BaseValve) Valve1

(Control =Base Control) Control1
CC: (conacross) xset

xset.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

B

    LinValveWithPIcontrolA             .
extends extends BaseValveWithController
redeclare Valve=LinValve
redeclare Control=PIcontrolA

xset.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

    EqualValveDynWithPIcontrolA    .
extends extends BaseValveWithController
redeclare Valve=EqualDynValve
redeclare Control=PIcontrolA

xset.(x)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

    EqualValveWithPIcontrolA          .
extends extends BaseValveWithController
redeclare Valve=EqualValve
redeclare Control=PIcontrolA

xset.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

    LinValveDynWithPIcontrolA       .
extends extends BaseValveWithController
redeclare Valve=LinDynValve
redeclare Control=PIcontrolA

xset.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

bipolhpMdot                               
CC: (watersteamA) wsA
CC: (watersteamB) wsB wsB.

(h,p/Mdot)

   NozzleA                                          .
extends extends bipolhpMdot
parameterparameter Cnoz
replaceablereplaceable
  (mediumModel =proph2oC)   prB

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

   TpieceA               .
extendsextends bipolhpMdot
CC: (watersteamB) wsC

   wsA.
(h,p/Mdot)

   wsB.
(h,p/Mdot)

wsC.(h,p/Mdot)

    SimplePump                                              .
extends extends bipolhpMdot
parameterparameter etairrfluid, etapump,VdotPerRPM
replaceablereplaceable
  (mediumModel =proph2oC) prA
CC: (pmechanical) Pshaft

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

Pshaft.(/Pin)

  MotorAndDrive                        .
parameterparameter etamot
CC: (pmechanical) Pshaft
CC: (pmechanical) Pin

Pshaft.(/Pin)

Pin.(/Pin)

   ComplSimplePump                    .
extends extends bipolhpMdot
(SimplePump) SimplePump1
(MotorAndDrive) MotorAndDrive1
CC: (pmechanical) Pin

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

Pin.(/Pin)

    proph2oC                .
outerouter: i
CC: (conwsstate) st

st.(v,p,T,u,h,xdot)

  LevelIndicatorA                        .
outerouter xdot, vi[3], vii[3], i
parameterparameter di, hcyl, csph
CC: (conacross) ilevel

ilevel.(x)

  ConductionHT                        .
parameterparameter lamb, delta
CC: (heatflux) heatA
CC: (heatflux) heatB

heatB.(T/qdot)

heatA.(T/qdot)

   BaseInsulatedTankLPA                        .
parameterparameter lambins, deltains, cwall, Am,

Mwall, di, hcyl, csph
replaceablereplaceable

(mediumModel =proph2oC) pr
(ConductionHT) ConductionHT1
RBheat RBheat1
CC: (watersteamA) wsA
CC: (watersteamB) wsB
CC: (watersteamA) wsC
CC: (heatflux) heatAmb

wsA.(h,p/Mdot)

wsC.
(h,p/Mdot)

wsB.(h,p/Mdot)

heatAmb.
(T/qdot)

  LevelIndicatorB                        .
outerouter xdot, vi[3], vii[3], i
parameterparameter di, hcyl, csph
CC: (conacross) ilevel

ilevel.(x)

InsulatedSteamSeparatorLPA                .
extends extends BaseInsulatedTankLPA
outerouter i
replaceablereplaceable

(LevelInd =LevelIndicatorB) LevelInd1
CC: (conacross) ilevel

wsA.(h,p/Mdot)

wsC.
(h,p/Mdot)

wsB.(h,p/Mdot)

heatAmb.
(T/qdot)

ilevel.(x)

    RBheat                      .
C:C: (heatflux) heat

heat.(T/qdot)

    proph2oC                .
outerouter: i
CC: (conwsstate) st

st.(v,p,T,u,h,xdot)

  WithBendsdp                                                   .
extends extends  pressureDropModel
parameter parameter NumOf90Bends, NumOf45Bends,

NumOfTankInlets, NumOfTankOutlets, ze90Bends,
ze45Bends, zeTankInlet, zeTankOutlet

replaceablereplaceable
  (pressureDropModel =BaseOnePhasedp)
CC: (infdp) idpWithBends

idp.(dp)

iws.(h,p/Mdot)

idpWithBends.(dp)

BaseOnePhasedp                                            
outerouter di, A, minNum, distNum
parameterparameter dz
replaceablereplaceable
  (mediumModel =proph2oC) pr

(mediumextModel=proph2oextA) extpr
CC: input (infwshpMdot) iws
CC: output (infdp) idp  

B

idp.(dp)

iws.(h,p/Mdot)

siehe auch anderes
Klassendiagramm

    OnePhaseGasWithBendsdp         .
extends extends WithBendsdp
redeclare redeclare 

pressureDropModel=OnePhaseGasdp

idp.(dp)

iws.(h,p/Mdot)

idpWithBends.(dp)

    OnePhaseLiqWithBendsdp         .
extends extends WithBendsdp
redeclare redeclare 

pressureDropModel=OnePhaseLiqdp

idp.(dp)

iws.(h,p/Mdot)

idpWithBends.(dp)

    TwoPhasedpDWithBendsdp         .
extends extends WithBendsdp
redeclare redeclare 

pressureDropModel=TwoPhasedpD

idp.(dp)

iws.(h,p/Mdot)

idpWithBends.(dp)

    CalcQdotsupport                                 .
parameter parameter A0, A1, lamb, deltains,

deltamount
CC: (heatflow) hflowA
CC: (heatflow) hflowB

hflowA.(T/Qdot)

hflowB.(T/Qdot)

   InsulTubeGeometry               
parameterparameter di, dout, deltains,
     NumSupportperm
CC: (infangle) dgam
CC: (inflength) dL1
CC: (inflength) dL2
CC: (infarea) dAcross

dgam.
(angl)

dL1.(l) dL2.(l) dAcross.(A)

BaseWallBalanceDyn     
outerouter: rhos, cs
CC: (heatflux) heatA
CC: (heatflux) heatB  

B

heatB.(T/qdot)

heatA.(T/qdot)

   WallBalanceInsulTubeDyn                                 
extendsextends BaseWallBalanceDyn
parameterparameter di, dout, deltains, NumSupportperm
(InsulTubeGeometry)  InsulTubeGeometry1 (di, dout,

 deltains, NumSupportperm)
CC: (infangle) dgam
CC: (hflow) hflowQdotsupport

dgam.
(angl)

hflowQdotsupport.(T/Qdot)

   InsuTubeWithBendsDynDPA                                                         .
extendsextends bipolhpMdot
parameterparameter    dz, di, dout, lambins, deltains, A0, A1, lambsupp, deltamount,

NumSupportperm
replaceablereplaceable
  (FluidVol=FluidVolDynAllDP) FluidVol1 (dz) 
    ((ConvHT= BaseConvHT) ConvHT1
(ConductionHT) ConductionHTInsulation

      (lambins, deltains)
(CalcQdotsupport)  CalcQdotsupport1 (A0,A1,

      lambsupp, deltains, deltamount)
(WallBalanceInsulTubeDyn)  WallBalanceInsulTubeDyn1 (di,

     dout, deltains, NumSupportperm)
(RBheat)  RBheat1
(RBheatB)  RBheatB1

wsA.
(h,p/Mdot)

B

wsB.
(h,p/Mdot)

 InsuLiqTubeWithBendsDynDPA .
extends extends InsuTubeWithBendsDynDPA
redeclare redeclare 

FluidVol= FluidVolDynLiqDP
ConvHT=ConvHTLiq

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

 InsuGasTubeWithBendsDynDPA .
extends extends InsuTubeWithBendsDynDPA
redeclare redeclare 

FluidVol= FluidVolDynGasDP
ConvHT=ConvHTGas

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

 Insu2phTubeWithBendsDynDPA .
extends extends InsuTubeWithBendsDynDPA
redeclare redeclare 

FluidVol= FluidVolDyn2phDP
ConvHT=ConvHTHom

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

qdotfluid.(T/qdot)

    FluidVolDynLiqDP       .
extends extends FluidVolDynAllDP
redeclare (pressureDropModel 

=OnePhaseLiqWithBendsdp)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

iws.(h,p,Mdot)

FluidVolDynAllDP                                                                     
extendsextends bipolhpMdot
outerouter di, A, i
parameterparameter dz
replaceablereplaceable
  (mediumModel=proph2oC) prA 
    (mediumModel=proph2oC) prB
    (pressureDropModel=With Bendsdp) pressureDropModel1
CC: (heatflux) qdotfluid
CC: output (infwshpMdot) iws

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

iws.(h,p,Mdot)

B
qdotfluid.(T/qdot)

qdotfluid.(T/qdot)

    FluidVolDynGasDP       .
extends extends FluidVolDynAllDP
redeclare (pressureDropModel 

=OnePhaseGasWithBendsdp)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

iws.(h,p,Mdot)

qdotfluid.(T/qdot)

    FluidVolDyn2phDP       .
extends extends FluidVolDynAllDP
redeclare (pressureDropModel 

=TwoPhasedpDWithBendsdp)

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

iws.(h,p,Mdot)

bipolhpMdot                               
CC: (watersteamA) wsA
CC: (watersteamB) wsBwsA.

(h,p/Mdot) wsB.
(h,p/Mdot)

    proph2oC                .
outerouter: i
CC: (conwsstate) st

st.(v,p,T,u,h,xdot)

    RBheat              .
C:C: (heatflux) heat

heat.(T/qdot)

    RBheatB              .
C:C: (heatflow) hflow

hflow.(T/Qdot)

    BaseConvHT                          
(mediumModel) pr
(mediumextModel) extpr
CC: (heatflux) heatA
CC: (heatflux) heatB
CC: (infwshpMdot) iws

B

heatB.(T/qdot)

heatA.(T/qdot)

iws.(h,p,Mdot)

    ConvHTDry       ConvHTWet   

    ConvHTHom   

siehe auch anderes
Klassendiagramm

   PotentialhpMdot           .
parameterparameter h, p
CC: (watersteamA) wsA
CC: (watersteamB) wsB

wsA.
(h,p/Mdot)

wsB.
(h,p/Mdot)

    BaseLinValve                                   .
extends extends BaseValve

Mdotactual.(x)

H.(x) Mdotmin.(x)

wsA.
(h,p/Mdot) wsB.

(h,p/Mdot)

Mdotmax.(x)
B
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