
/HKUVWXKO IXU (OHNWULVFKH 0DVFKLQHQ XQG *HUDWH� �

2SWLPLHUWH $XVOHJXQJ HLQHU
0RGXODUHQ 'DXHUPDJQHWPDVFKLQH IXU HLQ�

$XWDUNHV +\EULGIDKU]HXJ

%HUQKDUG .UD{HU

9ROOVWDQGLJHU $EGUXFN GHU YRQ GHU )DNXOWDW IXU (OHNWURWHFKQLN XQG ,QIRUPDWLRQVWHFKQLN� � �

GHU 7HFKQLVFKHQ 8QLYHUVLWDW 0XQFKHQ ]XU (UODQJXQJ GHV DNDGHPLVFKHQ *UDGHV HLQHV� �

'RNWRU�,QJHQLHXUV

JHQHKPLJWHQ 'LVVHUWDWLRQ�

9RUVLW]HQGHU� 8QLY��3URI� 'U��,QJ� 8� :DJQHU

3UXIHU GHU 'LVVHUWDWLRQ��

�� 8QLY��3URI� 'U��,QJ� +�:� /RUHQ]HQ

�� 8QLY��3URI� 'U��,QJ� +� %DXVFK

'LH 'LVVHUWDWLRQ ZXUGH DP �� �� ���� EHL GHU 7HFKQLVFKHQ 8QLYHUVLWDW 0XQFKHQ HLQJH�� �

UHLFKW XQG GXUFK GLH )DNXOWDW IXU (OHNWURWHFKQLN XQG ,QIRUPDWLRQVWHFKQLN DP ��� �� ����� �

DQJHQRPPHQ�
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�	�
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� (LQOHLWXQJ �

��� (QWZLFNOXQJ HLQHV +\EULGIDKU]HXJV DQ GHU 780 � � � � � � � � � � � � � � � �

��� +DXSWPHUNPDOH GHV $XWDUNHQ +\EULGIDKU]HXJV � � � � � � � � � � � � � � � � �

��� $QIRUGHUXQJHQ XQG =LHOH IXU GHQ HOHNWULVFKHQ $QWULHE � � � � � � � � � � � � ��

��� /RVXQJVDQVDW]H � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �

� 7KHRULH GHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH �

��� $XVIXKUXQJVIRUPHQ YRQ 0RGXODUHQ 'DXHUPDJQHWPDVFKLQHQ � � � � � � � � ��

��� 3ROUDGIHOG GHV 5RWRUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6WURPEHODJ GHV 6WDWRUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6WURPEHODJ HLQHV 0RGXOV � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6WURPEHODJ DOOHU 0RGXOH � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'UHKPRPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6SDQQXQJVGLmHUHQWLDOJOHLFKXQJHQ � � � � � � � � � � � � � � � � � � � � � � � ��

����� 'DV 'LmHUHQWLDOJOHLFKXQJVV\VWHP LQ 6WUDQJGDUVWHOOXQJ � � � � � � � � ��

����� 'DV 'LmHUHQWLDOJOHLFKXQJVV\VWHP LQ 5DXP]HLJHUGDUVWHOOXQJ � � � � � ��

����� =XRUGQXQJ GHU +DUPRQLVFKHQ ]X GHQ 5DXP]HLJHUQ � � � � � � � � � ��

� 7KHRULH GHU 0'0 PLW PHFKDQLVFKHU )HOGVFKZDFKXQJ ���

��� (LQVDW]JHELHW XQG :LUNXQJVZHLVH YRQ )HOGVFKZDFKYHUIDKUHQ � � � � � � � � ���

��� $XIEDX GHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH PLW PHFKDQLVFKHU )HOG�
VFKZDFKXQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 3ROUDGIHOG GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ 0DVFKLQH � � � � � � � � � � � � ���

��� 'UHKPRPHQW GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ 0DVFKLQH � � � � � � � � � � ���

��� 'LmHUHQWLDOJOHLFKXQJHQ GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ 0DVFKLQH � � � � � ���

��� %HWULHEVZHLVH GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ 0DVFKLQH � � � � � � � � � � ���

,



����� 'UHKPRPHQWHQWZLFNOXQJ DP %HLVSLHO HLQHV %HVFKOHXQLJXQJVYRUJDQJV ��

����� %HVWLPPXQJ GHU 6ROOVWURPNRPSRQHQWHQ ]X HLQHP 6ROOPRPHQW EHL
JHJHEHQHU 'UHK]DKO � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 2SWLPLHUWH $XVOHJXQJ GHV 3URWRW\SHQ ��

��� 9RUJHKHQVZHLVH EHL GHU 0DVFKLQHQDXVOHJXQJ � � � � � � � � � � � � � � � � � ��

��� $QIRUGHUXQJHQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 0DWHULDODXVZDKO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� +DQGUHFKQXQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5RWRUSROSDDU]DKO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� -RFKVWDUNHQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� /XIWVSDOW� 0DJQHW� XQG =DKQNRSIJHRPHWULH � � � � � � � � � � � � � � � � � � ��

��� 6WUDQJ]DKO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5DGLXV� � /DQJHQRSWLPLHUXQJ � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� (LQoX{ DXI GLH (LVHQYHUOXVWH � � � � � � � � � � � � � � � � � � � � � � ��

����� (LQoX{ DXI GLH .XSIHUYHUOXVWH � � � � � � � � � � � � � � � � � � � � � ��

����� 0LQLPLHUXQJ GHU *HVDPWYHUOXVWH � � � � � � � � � � � � � � � � � � � ��

���� 2SWLPLHUXQJ GHU 1XWJHRPHWULH � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ (LQoX{ DXI GLH (LVHQYHUOXVWH � � � � � � � � � � � � � � � � � � � � � � ��

������ (LQoX{ DXI GLH .XSIHUYHUOXVWH � � � � � � � � � � � � � � � � � � � � � ��

������ 0LQLPLHUXQJ GHU *HVDPWYHUOXVWH � � � � � � � � � � � � � � � � � � � ��

���� *OHLFK]HLWLJH 2SWLPLHUXQJ YRQ 5DGLXV� /DQJH XQG 1XWIRUP � � � � � � � � � ���

���� :LFNOXQJVDXVOHJXQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� =XVDPPHQIDVVXQJ GHU 0DVFKLQHQGDWHQ � � � � � � � � � � � � � � � � � � � � ��

���� $NWLYWHLOH GHV 3URWRW\SHQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� .RQVWUXNWLRQ XQG +HUVWHOOXQJ GHV 3URWRW\SHQ ��

��� .RQVWUXNWLRQ GHV 3URWRW\SHQ � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� +HUVWHOOXQJ GHV 3URWRW\SHQ � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� '\QDPLVFKH 6LPXODWLRQ XQG 5HDOLVLHUXQJ GHU 6WHXHUXQJ DXI HLQHP 0L�

NURFRQWUROOHU ��

��� (QWZLFNOXQJ HLQHV 6LPXODWLRQVSURJUDPPV � � � � � � � � � � � � � � � � � � � ��

����� 6WUXNWXU GHV ]X PRGHOOLHUHQGHQ $QWULHEV � � � � � � � � � � � � � � � ��

,,



����� 0RGHOOLHUXQJ GHU .RPSRQHQWHQ GHV $QWULHEV � � � � � � � � � � � � � ��

����� $EODXISODQ GHV 6LPXODWLRQVSURJUDPPV � � � � � � � � � � � � � � � � ��

��� 8PVHW]XQJ DXI GHP 0LNURFRQWUROOHU � � � � � � � � � � � � � � � � � � � � � � ��

��� 8QWHUVXFKXQJ GHV 0DVFKLQHQYHUKDOWHQV DP VWDUUHQ 1HW] � � � � � � � � � � � ��

����� 6LPXODWLRQVHUJHEQLVVH DP VWDUUHQ 1HW] � � � � � � � � � � � � � � � � ��

����� $QDO\WLVFKH %HVWLPPXQJ GHU (LJHQZHUWH � � � � � � � � � � � � � � � ��

��� 8QWHUVXFKXQJ GHV 0DVFKLQHQYHUKDOWHQV DP 8PULFKWHU � � � � � � � � � � � � ��

� 0HVVXQJHQ DP DXVJHIXKUWHQ $QWULHE ���

��� 0HVVXQJ GHU 0DVFKLQHQSDUDPHWHU � � � � � � � � � � � � � � � � � � � � � � � ��

��� (UUHLFKEDUHU 'UHKPRPHQW��'UHK]DKOEHUHLFK � � � � � � � � � � � � � � � � � ��

����� 'DXHUEHWULHE � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ 8EHUODVWEHWULHE � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 9HUOXVWYHUKDOWHQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� .XSIHUYHUOXVWH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� (LVHQYHUOXVWH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

����� *HVDPWYHUOXVWH XQG :LUNXQJVJUDG � � � � � � � � � � � � � � � � � � ���

��� )XQNWLRQ GHU )HOGVFKZDFKXQJ � � � � � � � � � � � � � � � � � � � � � � � � � ����

� %HZHUWXQJ XQG $XVEOLFN ���

��� %HZHUWXQJ GHU )HOGVFKZDFKXQJ � � � � � � � � � � � � � � � � � � � � � � � � ����

��� %HZHUWXQJ GHU RSWLPLHUWHQ $XVOHJXQJ � � � � � � � � � � � � � � � � � � � � � ���
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D $Q]DKO GHU SDUDOOHOHQ =ZHLJH
D  D 6WURPEHODJ DOOHU 6WUDQJH�
�

D  D� 6WURPEHODJ GHV HUVWHQ 6WUDQJV
� �ADy  P �x

 D QXH
�P
 PXH $PSOLWXGHQ GHU )RXULHUNRHp]LHQWHQ GHV 6WURPEHODJV DOOHU 0RGXOH
�AD � �y  P �x

 D� QXH
�P
 PXH $PSOLWXGHQ GHU )RXULHUNRHp]LHQWHQ GHV 6WURPEHODJV HLQHV 0RGXOV
D � D LQ SRV� E]Z� QHJ� 8PIDQJVULFKWXQJ ODXIHQGH 'UHKZHOOH GHV 6WURPEHODJV� b

D (mHNWLYZHUW GHV 6WURPEHODJVHII

D NRPSOH[HU =HLJHU �7UDQVIRUPDWLRQ LQ 5DXP]HLJHUGDUVWHOOXQJ�
$ .XSIHUTXHUVFKQLWWVoDFKH HLQHU :LQGXQJ HLQHV 0RGXOV�FX

$ /XIWVSDOWoDFKH �=\OLQGHUoDFKH�� �p

E  E QV 1XWVFKOLW]EUHLWHQV

E  E Q 1XWEUHLWHQ

%  % S 3ROUDGIHOG GHV 5RWRUV �DEKDQJLJ YRQ YHUVFKLHGHQHQ 9DULDEOHQ��S

%  % S I 3ROUDGIHOG� GDV YRP IHVWHQ 5RWRUWHLO HU]HXJW ZLUGS I

%  % S E 3ROUDGIHOG� GDV YRP EHZHJOLFKHQ 5RWRUWHLO HU]HXJW ZLUGS E

%  % S P] XEHU GLH %OHFKSDNHWODQJH JHPLWWHOWH ,QGXNWLRQ� �SP]

%  % S I P] XEHU GLH %OHFKSDNHWODQJH JHPLWWHOWH ,QGXNWLRQ GHV IHVWHQ 7HLOV� �S I P]

%  % S E P] XEHU GLH %OHFKSDNHWODQJH JHPLWWHOWH ,QGXNWLRQ GHV EHZHJOLFKHQ 7HLOV� �S EP]

A%S�

 % S NDSSD )RXULHUNRHp]LHQW GHV *HVDPWSROUDGIHOGHV
%SPD[

 % S PD[ 0D[LPDOZHUW GHV 3ROUDGIHOGHV
%SP] PD[

 % S P] PD[ 0D[LPDOZHUW GHV JHPLWWHOWHQ ,QGXNWLRQVYHUODXIV GHV *HVDPWIHOGV
A% )RXULHUNRHp]LHQW GHV )HOGHV GHV IHVWHQ 7HLOVS I P] �

A% )RXULHUNRHp]LHQW GHV )HOGHV GHV IHVWHQ 7HLOV GHU *UXQGZHOOHS I P] �

A% )RXULHUNRHp]LHQW GHV )HOGHV GHV EHZHJOLFKHQ 7HLOVS EP] �

A% )RXULHUNRHp]LHQW GHV )HOGHV GHV EHZHJOLFKHQ 7HLOV GHU *UXQGZHOOHS EP] �

A%SP] �

 % S P] NDSSD )RXULHUNRHp]LHQW GHV JHPLWWHOWHQ *HVDPWSROUDGIHOGV
A%SP] �

 % S P] � )RXULHUNRHp]LHQW GHU *UXQGZHOOH GHV JHPLWWHOWHQ *HVDPWSROUDGIHOGV
% ,QGXNWLRQ GHV *HVDPWIHOGV LQ GHU /DQJVDFKVH�S GP]

% ,QGXNWLRQ GHV *HVDPWIHOGV LQ GHU 4XHUDFKVHS TP]

% ,QGXNWLRQ DP -RFKLQQHQUDGLXVM L

% ,QGXNWLRQ DP -RFKDX{HQUDGLXVM D

,9



% ,QGXNWLRQ LP =DKQNRSI]N

% /XIWVSDOWLQGXNWLRQp

% 5HPDQHQ]LQGXNWLRQ GHV 3HUPDQHQWPDJQHWPDWHULDOVU

% 0LWWHOZHUW GHU ,QGXNWLRQ
& 7UDQVIRUPDWLRQVPDWUL[ ]XU 8PZDQGOXQJ YRQ 6WUDQJ� LQ 5DXP]HLJHUGDUVW�
G G�$FKVH GHV EHZHJOLFKHQ 7HLOVEHZ

G G�$FKVH GHV IHVWHQ 7HLOVIHVW

G 'UDKWGXUFKPHVVHU �EODQN�GU

( (LQKHLWVPDWUL[
I )DNWRU ]XU $QSDVVXQJ DQ GLH 7UDQVIRUPDWLRQVJOHLFKXQJ
) WDQJHQWLDO DQ 6WDWRU XQG 5RWRU DQJUHLIHQGH .UDIWH�
G) GLmHUHQWLHOOH .UDIW
�J /DXnQGH[ IXU GLH ([LVWHQ]EHGLQJXQJ GHU JHRPHWULVFKHQ 6XPPH�
J /DXnQGH[ IXU GLH ([�EHG� GHU JHR� 6XPPH QDFK %HUHLFKVHLQVFKUDQNXQJ� �
K 0DJQHWKRKH�SP

K -RFKKRKH DOOJHPHLQ�M

K 5RWRUMRFKKRKH�M �

K 6WDWRUMRFKKRKH�M �

K 1XWKRKH�Q

K %H]XJVQXWKRKH�Q �

K 1XWVFKOLW]KRKH�QV

L 6WURP �DOOJ��
�L 6WURP GHV HUVWHQ 6WUDQJV
NL 6WURP GHV N�WHQ 6WUDQJV
AL $PSOLWXGH GHU )RXULHUNRHp]LHQWHQ GHV 6WURPVx

L  L G 6WURP� GHU HLQ )HOG LQ 5LFKWXQJ GHV 3ROUDGIHOGV DXIEDXWG

L  L T GUHKPRPHQWELOGHQGHU 6WURPDQWHLOT
eL  L
 G 6ROOZHUW GHV G�6WURPVG
eL  L
 T 6ROOZHUW GHV T�6WURPVT
�

L .RUUHNWXUZHUW IXU GHQ G�6WURP�G
�

L .RUUHNWXUZHUW IXU GHQ T�6WURP�T

L GUHKPRPHQWELOGHQGHU 6WURPDQWHLO� GHU GDV 1HQQPRPHQW KHUYRUUXIWT QHQQ

, =XOHLWXQJVVWURP
,  , QHQQ =XOHLWXQJVVWURP EHL 1HQQPRPHQW� 1HQQVWURPQHQQ

, PD[� DXIWUHWHQGHU =XOHLWXQJVVWURP LP 0�Q�.HQQIHOGPD[

, �U� O� /HLWHUVWURP DOV )XQNWLRQ YRQ /DQJH XQG 5DGLXV�OH

, 6WUDQJVWURPVWU

L 9HNWRU GHU 6WUDQJVWURPH�
aL 5DXP]HLJHU GHV 6WURPV
,PIHZJ ,PDJLQDUWHLO HLQHV GHU (LJHQZHUWH �6FKZLQJIUHTXHQ]��
N 4XRWLHQW GHU )RXULHUNRHp]LHQWHQ JOHLFKHU 2UGQXQJE I

N 9HUKDOWQLV GHU -RFKVWDUNH ]XU KDOEHQ 0DJQHWEUHLWH� �M

N 9HUKDOWQLV YRQ DNWXHOOHU ]X %H]XJVSDNHWODQJH� �O

N 9HUKDOWQLV YRQ DNWXHOOHP ]X %H]XJVOXIWVSDOWUDGLXV�U

N 9HUKDOWQLV YRQ DNWXHOOHU ]X %H]XJVQXWWLHIH�K

N 9HUKDOWQLV YRQ DNWXHOOHU ]X %H]XJVQXWEUHLWH�E

N )RUWODXIHQGH 1XPHULHUXQJ GHU 6WUDQJH� /DXnQGH[�
O PDJQHWLVFK ZLUNVDPH %OHFKSDNHWODQJH �1HWWRSDNHWODQJH�� �

9



O 3DNHWODQJH EHL GHU VLFK PLQLPDOH *HVDPWYHUOXVWH HUJHEHQ�RSW

O %H]XJVSDNHWODQJH EHL 3DUDPHWHUYDULDWLRQ��

O D[LDOH :LFNHONRSIDXVGHKQXQJ DXI HLQHU 6HLWHZN

O PLWWOHUH /DQJH HLQHU :LQGXQJ XP HLQ 0RGXO�ZLFN

O $QWHLO GHU PLWWOHUHQ :LQGXQJVODQJH LQ D[LDOHU 5LFKWXQJ�D[

O $QWHLO GHU PLWWOHUHQ :LQGXQJVODQJH LQ 8PIDQJVULFKWXQJ�XP

O 0DJQHWODQJH�SP

O =HLOHQLQGH[
/ ,QGXNWLYLWDWVPDWUL[ LQ 6WUDQJGDUVWHOOXQJ�
�

/ ,QGXNWLYLWDWVPDWUL[ LQ 5DXP]HLJHUGDUVWHOOXQJ�
/ 1XWVWUHXPDWUL[ LQ 6WUDQJGDUVWHOOXQJ} Q

/ 6WLUQVWUHXPDWUL[ LQ 6WUDQJGDUVWHOOXQJ} V

/ 0DWUL[ GHU /XIWVSDOWLQGXNWLYLWDW LQ 6WUDQJGDUVWHOOXQJ�p

/ 1XWVWUHXLQGXNWLYLWDW HLQHV 6WUDQJV�} Q

/ 6WLUQVWUHXLQGXNWLYLWDW HLQHV 6WUDQJV�} V

/ /XIWVSDOWLQGXNWLYLWDW HLQHV 6WUDQJV�p

/ 6WUDQJLQGXNWLYLWDW�VWU

P 6WUDQJ]DKO GHU 0DVFKLQH
�P nNWLYH 6WUDQJ]DKO GHU 0DVFKLQH

P 0DVVH GHU %H]XJVPDVFKLQH�

P 0DVVH GHU =DKQH LQ GHU %H]XJVPDVFKLQH�] �

P 6WDWRUHLVHQPDVVHIH �

P 0DVVH GHU 6WDWRUZLFNOXQJFX �

P 0DVVH GHU 3HUPDQHQWPDJQHWHQSP

P 5RWRUHLVHQPDVVHIH �

P DNWLYH *HVDPWPDVVHDNW

0 'UHKPRPHQW
G0 GLmHUHQWLHOOHV 'UHKPRPHQW
0 'UHKPRPHQW DXI GHQ IHVWHQ 5RWRUWHLOI

0 'UHKPRPHQW DXI GHQ EHZHJOLFKHQ 5RWRUWHLOE

0 *HVDPWGUHKPRPHQW DQ GHU :HOOHJHV

0  0 QHQQ 1HQQGUHKPRPHQW �'UHKPRPHQW LP 1HQQ� E]Z� (FNSXQNW�QHQQ

0 PD[� DXIWUHWHQGHV 'UHKPRPHQW LP 0�Q�.HQQIHOGPD[

0 GDPSIHQGHV 'UHKPRPHQW ]ZLVFKHQ GHQ 5RWRUWHLOHQ�GPS

0 :LGHUVWDQGVPRPHQWODVW
e0 6ROOGUHKPRPHQW

0 5XFNVWHOOPRPHQW GHU )HGHU�)

0 'UHKPRPHQW� GDV VLFK EHL XQHQGOLFK KRKHU 6WUDQJ]DKO HUJDEH��

Q 'UHK]DKO
Q  Q QHQQ 1HQQGUHK]DKO �'UHK]DKO LP 1HQQ� E]Z� (FNSXQNW�QHQQ

1 $Q]DKO GHU 3:0�%DXVWHLQH,&

S 3ROSDDU]DKO GHV 5RWRUV
�S  S 3ROSDDU]DKO GHV 6WDWRUVV

3 /HLVWXQJ �KLHU PHFKDQLVFK�
3  3 QHQQ 1HQQOHLVWXQJ �PHFK� /HLVWXQJ LP 1HQQ� E]Z� (FNSXQNW�QHQQ

3 PD[� DXIWUHWHQGH /HLVWXQJ LP 0�Q�.HQQIHOGPD[

3 (LVHQYHUOXVWH GHU 0DVFKLQHY IH

3 �O� (LVHQYHUOXVWH DOV )XQNWLRQ GHU %OHFKSDNHWODQJH�Y IH
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3 �U� (LVHQYHUOXVWH DOV )XQNWLRQ GHV /XIWVSDOWUDGLXVY IH

3 �K � (LVHQYHUOXVWH DOV )XQNWLRQ GHU 1XWWLHIHY IH Q

3 �E � (LVHQYHUOXVWH DOV )XQNWLRQ GHU 1XWEUHLWHY IH Q

3 (LVHQYHUOXVWH QDFK 5DGLXV� /DQJHQRSWLPLHUXQJ�Y IH RSW

3 .XSIHUYHUOXVWH GHU 0DVFKLQHY FX

3 �O� .XSIHUYHUOXVWH DOV )XQNWLRQ GHU %OHFKSDNHWODQJH�Y FX

3 �U� .XSIHUYHUOXVWH DOV )XQNWLRQ GHV /XIWVSDOWUDGLXVY FX

3 �K � .XSIHUYHUOXVWH DOV )XQNWLRQ GHU 1XWWLHIHY FX Q

3 �E � .XSIHUYHUOXVWH DOV )XQNWLRQ GHU 1XWEUHLWHY FX Q

3 .XSIHUYHUOXVWH QDFK 5DGLXV� /DQJHQRSWLPLHUXQJ�Y FX RSW

3 *HVDPWYHUOXVWH QDFK 5DGLXV� /DQJHQRSWLPLHUXQJ�Y JHV RSW

3 3HUPDQHQWPDJQHWYHUOXVWHY SP

3 5HLEYHUOXVWHY U

T T�$FKVH GHV EHZHJOLFKHQ 7HLOVEHZ

T T�$FKVH GHV IHVWHQ 7HLOVIHVW

U /XIWVSDOWUDGLXV �0LWWHOZHUW DXV 6WDWRUDX{HQ� XQG 5RWRULQQHQGXUFKP��
U /XIWVSDOWUDGLXV� EHL GHP VLFK PLQLPDOH *HVDPWYHUOXVWH HUJHEHQRSW

U 6WDWRUDX{HQUDGLXV�D

U 6WDWRULQQHQUDGLXV� L

U 0DJQHWLQQHQUDGLXVSP L

U 0DJQHWDX{HQUDGLXVSPD

U 5RWRUMRFKLQQHQUDGLXVM L �

U 5RWRUMRFKDX{HQUDGLXVM D �

5 :LGHUVWDQGVPDWUL[ LQ 6WUDQJGDUVWHOOXQJ
�

5 :LGHUVWDQGVPDWUL[ LQ 5DXP]HLJHUGDUVWHOOXQJ
5 6WUDQJZLGHUVWDQGVWU

5HIHZJ 5HDOWHLO HLQHV GHU (LJHQZHUWH �'DPSIXQJ��
V 6WURPGLFKWH
V /DQJHQYHUKDOWQLV� :LQGXQJVODQJH LQ 8PIDQJV� E]Z� D[LDOHU 5LFKWXQJ� � �OU

V 0DVVHQYHUKDOWQLV EHL GHU 1XWWLHIHQRSWLPLHUXQJ�K

V 0DVVHQYHUKDOWQLV EHL GHU 1XWEUHLWHQRSWLPLHUXQJ�E

6 $Q]DKO GHU 6WDWRU]DKQH PLW :LFNOXQJ�
6 6FKDOW]XVWDQGH GHU +DOEEUXFNHQ GHV :HFKVHOULFKWHUV� �L

6 .XU]]HLFKHQ IXU HLQH JHRPHWULVFKH 6XPPH LQ DOOJ� 'DUVWHOOXQJ�O w �h�

6 .XU]]HLFKHQ IXU HLQH JHRPHWULVFKH 6XPPH� �x y �h�

W =HLW
7 3HULRGHQGDXHU GHU 3ROUDGVSDQQXQJ
X $XVJDQJVSDQQXQJHQ GHU +DOEEUXFNHQ GHV :HFKVHOULFKWHUV�L

X  X S ,QGX]LHUWH 6SDQQXQJS

X ,QGX]LHUWH 6SDQQXQJ LQ GHU /DQJVDFKVH�SG

X ,QGX]LHUWH 6SDQQXQJ LQ GHU 4XHUDFKVHST
eX 6SDQQXQJVVROOZHUW IXU GLH /DQJVDFKVH� �G
eX 6SDQQXQJVVROOZHUW IXU GLH 4XHUDFKVH�T

8 .OHPPHQVSDQQXQJ
8 %DWWHULHVSDQQXQJEDWW

8 PD[� DXIWUHWHQGH .OHPPHQVSDQQXQJ LP 0�Q�.HQQIHOGPD[

8 3ROUDGVSDQQXQJS

8 LQGXNWLYHU 6SDQQXQJVDEIDOO/
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8 RKPVFKHU 6SDQQXQJVDEIDOO5

X 9HNWRU GHU 6WUDQJVSDQQXQJHQ
aX 5DXP]HLJHU GHU 6SDQQXQJ
NY �W� DOOJ� %H]HLFKQXQJ IDU HLQH ]HLWDEKDQJLJH 6WUDQJJUR{H� � �
AY )RXULHUNRHp]LHQWHQ GLHVHU *UR{H�w

Y DOOJ� %H]HLFKQXQJ IXU HLQHQ 9HNWRU LQ 6WUDQJGDUVWHOOXQJ�
aY DOOJ� %H]HLFKQXQJ IXU HLQHQ 9HNWRU LQ 5DXP]HLJHUGDUVWHOOXQJ�
Z :LQGXQJV]DKO DQ GHQ 0DVFKLQHQNOHPPHQ
�Z :LQGXQJV]DKO HLQHV 0RGXOV
N[ .RRUGLQDWH GHV ]XP 6WUDQJ N JHKRULJHQ 0RGXOV DP 6WDWRUXPIDQJ��

[  [ � PH� 6WDWRUNRRUGLQDWH�

[  [ � PH� 5RWRUNRRUGLQDWH� EHL PHFK� )HOGVFKZDFKXQJ� .RRUG� GHV IHVWHQ 7HLOV��

[  [ � EHL PHFK� )HOGVFKZDFKXQJ� PH� 5RWRUNRRUGLQDWH GHV EHZHJOLFKHQ 7HLOV��

] .RRUGLQDWH LQ D[LDOH 5LFKWXQJ
= =DKQ]DKO GHV 6WDWRUV
== 0HQJH GHU JDQ]HQ =DKOHQ HLQVFKOLHOLFK QXOO�

m  DOSKD PHFKDQLVFKHU 9HUVFKLHEXQJVZLQNHO ]ZLVFKHQ GHQ 5RWRUWHLOHQ
m  DOSKD � 6WDWRUPRGXOEHGHFNXQJ �=DKQNRSIEUHLWH EH]RJHQ DXI 0RGXOWHLOXQJ��

m  DOSKD � 5RWRUSROEHGHFNXQJ �0DJQHWEUHLWH EH]RJHQ DXI 3ROWHLOXQJ��

o :LQNHOODJH GHV 5RWRUV EHL W  ��

o HO� 6WDWRUNRRUGLQDWH�

o HO� 5RWRUNRRUGLQDWH� EHL PH� )HOGV�� .RRUG� GHV IHVWHQ 7HLOV�

o EHL PHFK� )HOGVFKZDFKXQJ�� HO� 5RWRUNRRUGLQDWH GHV EHZHJOLFKHQ 7HLOV��

p KLHU� 3KDVHQYHUVFKLHEXQJ GHU *UXQGVFKZLQJXQJHQ GHU 6WUDQJVWURPH�
p JHRPHWULVFKHU /XIWVSDOWJHR

� 'LmHUHQ] ]ZLVFKHQ 6WDWRUPRGXO� XQG 5RWRUSROWHLOXQJU

� 3KDVHQYHUVFKLHEXQJ GHU LQ GHQ 0RGXOHQ LQGX]LHUWHQ 6SDQQXQJHQL

� /DJHZLQNHO GHV EHZHJOLFKHQ 7HLOV� DXI GHQ 6WDWRU EH]RJHQE

� /DJHZLQNHO GHV IHVWHQ 7HLOV� DXI GHQ 6WDWRU EH]RJHQI

� DOOJ� %H]HLFKQXQJ IXU HLQH 5RWRUODJH� DXI GHQ 6WDWRU EH]RJHQ�P
e� 6ROOZHUW IXU GLH /DJH GHV EHZHJOLFKHQ 7HLOV�

�  NDSSD 2UGQXQJV]DKO GHU )RXULHUUHLKH GHV 3ROUDGIHOGHV
w 2UGQXQJV]DKO GHU )RXULHUUHLKH HLQHU DOOJ� *UR{H�
x UHODWLYH 3HUPHDELOLWDW�U

x  PXH 2UGQXQJV]DKO GHU 6WURPREHUVFKZLQJXQJHQ
�y  QXH
 2UGQXQJV]DKO GHU )HOGZHOOHQ GHV 6WDWRUV

y  QXH 2UGQXQJV]DKO GHU )HOGZHOOHQ GHV 5RWRUV
�z 6HKQXQJVIDNWRU GHU 6WDWRUZLFNOXQJV y

�z 1XWVFKOLW]� E]Z� 1XWVFKOLW]EUHLWHQIDNWRU GHV 6WDWRUVQV y

�z 6WDWRUZLFNOXQJVIDNWRUy

| VSH]LnVFKHU :LGHUVWDQG GHV .XSIHUV
~ 6WDWRUPRGXOWHLOXQJ�

~ 5RWRUSROWHLOXQJ�

~ 6WDWRUPRGXODEVWDQGP


 9HUVFKLHEXQJVZLQNHO GHU 2EHUZHOOHQ EHL W  ��


 $QIDQJVZLQNHO GHU 2EHUVFKZLQJXQJHQ EHL W  �x


 UDXPOLFKHU 9HUVDW] GHU 0RGXOH DXIHLQDQGHUIROJ� 6WUDQJ]XJHKRULJNHLW� �p


 3KDVHQODJH GHV 6WURPV�
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 3KDVHQODJH GHU *UR{H ]XP =HLWSXQNW W  ��w

�  SVL S DOOJ� %H]HLFKQXQJ IXU HLQHQ 3ROUDGoX{�S

� 3ROUDGoX{DQWHLO LQ GLH G�$FKVH GHV EHZHJOLFKHQ 7HLOVSG

� 3ROUDGoX{DQWHLO LQ GLH T�$FKVH GHV EHZHJOLFKHQ 7HLOVST

� *HVDPWSROUDGoX{SJHV

A� )OX{DPSOLWXGHS

k 9HNWRU GHV YHUNHWWHWHQ 3ROUDGoXVVHV LQ 6WUDQJGDUVWHOOXQJS

ak 5DXP]HLJHU GHV YHUNHWWHWHQ 3ROUDGoXVVHV
S

ak�m� 9HNWRU GHV YHUNHWWHWHQ )OXVVHV DEKDQJLJ YRQ GHU $XVOHQNXQJ�
�  RPHJD HO� :LQNHOJHVFKZLQGLJNHLW �KLHU DXFK ]XU 'UHKULFKWXQJVDQJDEH�
� HO� :LQNHOJHVFKZLQGLJNHLW GHV IHVWHQ 7HLOVI

� HO� :LQNHOJHVFKZLQGLJNHLW GHV EHZHJOLFKHQ 7HLOVE
e

� 6ROOZHUW GHU HO� :LQNHOJHVFKZLQGLJNHLW
� :LQNHOJHVFKZLQG� LP 1HQQSXQNWQHQQ

�  RPHJD S :LQNHOJHVFKZLQGLJNHLW GHU 3HQGHOPRPHQWHS

�  RPHJD P PHFK� :LQNHOJHVFKZLQGLJNHLWP

� PHFK� :LQNHOJHVFKZLQGLJNHLW GHV IHVWHQ 7HLOVI P

� PHFK� :LQHHOJHVFKZLQGLJNHLW GHV EHZHJOLFKHQ 7HLOVEP

,;



������	��������

%HL GHU (QWZLFNOXQJ YRQ $XWRPRELODQWULHEHQ QLPPW GLH %HGHXWXQJ HLQHV JHULQJHQ .UDIW�
VWRmYHUEUDXFKV LPPHU PHKU ]X� 1HEHQ GHU )RUWHQWZLFNOXQJ GHV 9HUEUHQQXQJVPRWRUV
VHOEVW ZLUG XQWHUVXFKW� ZLH GXUFK HOHNWULVFKH $QWULHEH XQG VWXIHQORVH *HWULHEH JUR{HU
6SUHL]XQJ GLH (p]LHQ] HUKRKW ZHUGHQ NDQQ� $Q GHU 7HFKQLVFKHQ 8QLYHUVLWDW ZXUGH ]X� �
GLHVHP =ZHFN GHU 6RQGHUIRUVFKXQJVEHUHLFK ��� 8PZHOWIUHXQGOLFKH $QWULHEVWHFKQLN IXU�

�
)DKU]HXJH? HLQJHULFKWHW� 'LH YRUOLHJHQGH $UEHLW EHVFKDIWLJW VLFK PLW GHU RSWLPLHUWHQ $XV��
OHJXQJ HLQHV HOHNWURPHFKDQLVFKHQ :DQGOHUV IXU GLHVHV )RUVFKXQJVSURMHNW� $XV GHU $Q��
ZHQGXQJ GHnQLHUHQ VLFK GLH /HLVWXQJV� XQG %DXUDXPIRUGHUXQJHQ IXU GHQ $QWULHE VRZLH�
GHU :XQVFK QDFK JHULQJHP *HZLFKW XQG KRFKVWPRJOLFKHP :LUNXQJVJUDG� 8P GLHVH =LH�� �
OH ]X HUUHLFKHQ� ZLUG GLH 0DVFKLQH QDFK GHP 3ULQ]LS GHU 0RGXODUHQ 'DXHUPDJQHWPD�

�
VFKLQH?�0'0� ^ HLQHU SHUPDQHQWPDJQHWLVFK HUUHJWHQ 6\QFKURQPDVFKLQH PLW %UXFKORFK�
ZLFNOXQJ ^ HQWZRUIHQ� GD GLHVHU 0DVFKLQHQW\S HLQH KRKH 'UHKPRPHQWGLFKWH XQG JHULQJH
9HUOXVWH DXIZHLVW�

$XVJHKHQG YRQ HLQIDFKHQ %HLVSLHOHQ ZHUGHQ GLH %DXIRUPHQ GHU 0'0 HQWZLFNHOW XQG GDV
3ULQ]LS GHU 'UHKPRPHQWELOGXQJ HUODXWHUW� %DVLHUHQG DXI GLHVHQ TXDOLWDWLYHQ (UJHEQLVVHQ�
ZLUG PLW GHQ *OHLFKXQJHQ IXU 6WURPEHODJ XQG /XIWVSDOWIHOG GLH 'UHKPRPHQWJOHLFKXQJ�
HUDUEHLWHW� 'LH 0'0 HQWZLFNHOW GDV 'UHKPRPHQW GXUFK HLQ NRPSOH[HV =XVDPPHQVSLHO
YRQ ,QGXNWLRQVZHOOHQ XQG 6WURPEHODJVGUHKZHOOHQ� 'XUFK HLQH DXI GLH 6WUDQJ]DKO QRU�
PLHUWH 'DUVWHOOXQJ JHOLQJW HV� GDV JUXQGVDW]OLFKH 9HUKDOWHQ GHU 0'0 XQDEKDQJLJ YRQ� �
HLQHU NRQNUHWHQ %DXIRUP KHUDXV]XDUEHLWHQ� 8P HLQHQ EHVVHUHQ (LQEOLFN LQ GLH )XQNWL�
RQ GHU 0'0 ]X EHNRPPHQ� DOV LKQ EOR{H )RUPHOQ HUODXEHQ� ZHUGHQ GLHVH PD{JHEHQGHQ
=XVDPPHQKDQJH YLVXDOLVLHUW� )XU GLH 8QWHUVXFKXQJ YRQ G\QDPLVFKHQ 9RUJDQJHQ ZHUGHQ� � �
GLH 6SDQQXQJVGLmHUHQWLDOJOHLFKXQJHQ KHUJHOHLWHW� 'D 0RGXODUH 'DXHUPDJQHWPDVFKLQHQ LQ
GHU 5HJHO PLW HLQHU 6WUDQJ]DKO JUR{HU GUHL DXVJHIXKUW ZHUGHQ� PX{ PDQ GLH 'LPHQVLRQ� �
GHU :LGHUVWDQGV� E]Z� ,QGXNWLYLWDWVPDWUL]HQ EHL GHU DOOJHPHLQHQ +HUOHLWXQJ RmHQ ODVVHQ��
'XUFK JHHLJQHWH 7UDQVIRUPDWLRQ NDQQ YRQ GHQ 'LmHUHQWLDOJOHLFKXQJHQ LQ 6WUDQJGDUVWHO�
OXQJ DXI GLH 5DXP]HLJHUGDUVWHOOXQJ XEHUJHJDQJHQ ZHUGHQ� ,P *HJHQVDW] ]X NRQYHQWLRQHO��
OHQ GUHLVWUDQJLJHQ 0DVFKLQHQ EHQRWLJW PDQ IXU GLH YROOVWDQGLJH %HVFKUHLEXQJ GHU 0'0� � � �
PHKU DOV HLQHQ 5DXP]HLJHU� %HL GHU 8QWHUVXFKXQJ IDOOW DXI� GD{ MHGH 7HLOVFKZLQJXQJ YRQ�
6WURP� 3ROUDG� XQG .OHPPHQVSDQQXQJ HLQHQ %HLWUDJ ]X JHQDX HLQHP 5DXP]HLJHU OLHIHUW�

(QWVSUHFKHQG GHP YLHOIDOWLJHQ (LQVDW]JHELHW YRQ (OHNWURPRWRUHQ XQWHUVFKHLGHQ VLFK GLH�
LP YRUJHVHKHQHQ 'UHK]DKOEHUHLFK ]X HUEULQJHQGHQ 'UHKPRPHQWH EHWUDFKWOLFK� %HVWLP��
PHQG LVW KLHU LQ HUVWHU /LQLH GLH $UW GHU %HODVWXQJ LP MHZHLOLJHQ $QZHQGXQJVIDOO� 7ULWW EHL
SHUPDQHQWHUUHJWHQ 6\QFKURQPDVFKLQHQ HLQ 'UHK]DKOEHUHLFK DXI� LQ GHP GLH DEJHJHEHQH
/HLVWXQJ NRQVWDQW VHLQ VROO� HUZHLVW VLFK GLH NRQVWDQWH ,QGXNWLRQ GHU 3HUPDQHQWPDJQH�
WHQ DOV QDFKWHLOLJ IXU GLH 'LPHQVLRQLHUXQJ GHU /HLVWXQJVHOHNWURQLN� ZHOFKH GLH 0DVFKLQH�
VSHLVW� -H JUR{HU GDV 9HUKDOWQLV ]ZLVFKHQ GHU PLQLPDOHQ XQG PD[LPDOHQ 'UHK]DKO GHV� �

;



.RQVWDQWOHLVWXQJVEHUHLFKV LVW� GHVWR VWDUNHU XEHUVFKUHLWHW GLH 6WURPULFKWHUEHPHVVXQJVOHL�� �
VWXQJ GLH $EJDEHOHLVWXQJ GHU 0DVFKLQH� (V VLQG GHVKDOE ]DKOUHLFKH 9HUIDKUHQ EHNDQQW�
XP GLH 3ROUDGVSDQQXQJ LQQHUKDOE GLHVHV 'UHK]DKOEHUHLFKV NRQVWDQW ]X KDOWHQ� (LQHV GHU
DQJHZDQGWHQ 3ULQ]LSLHQ LVW GLH 7HLOXQJ GHV 5RWRUV LQ JHJHQHLQDQGHU YHUGUHKEDUH %HUHLFKH�
VR GD{ GHU YHUNHWWHWH )OX{ LQ GHU 6WDWRUZLFNOXQJ UHGX]LHUW ZHUGHQ NDQQ� 1RUPDOHUZHLVH
ZLUG HLQ 6WHOODQWULHE EHQRWLJW� XP GLHVH %HUHLFKH ]XHLQDQGHU LQ GLH ULFKWLJH 3RVLWLRQ ]X�
EULQJHQ� 'DV EHVRQGHUH 0HUNPDO GHV KLHU YRUJHVWHOOWHQ 9HUIDKUHQV EHVWHKW GDULQ� GD{ ]ZL�
VFKHQ GHQ %HUHLFKHQ QXU HLQH )HGHU EHQRWLJW ZLUG� ZHOFKH GHQ 5RWRU LQ HLQHU 6WHOOXQJ KDOW�� �
LQ GHU GLH )OX{YHUNHWWXQJ YHUVFKZLQGHW� $XVJHKHQG YRQ GHU %HVFKUHLEXQJ GHU 5RWRUNRQ�
VWUXNWLRQ GHV 3URWRW\SHQ� NRQQHQ GLH =XVDPPHQKDQJH IXU 3ROUDGIHOG XQG 'UHKPRPHQW� � �
HUDUEHLWHW ZHUGHQ� $OV %HVRQGHUKHLW LVW GDV YRQ GHU $XVOHQNXQJ GHV 5RWRUV DEKDQJLJH�
2EHUZHOOHQVSHNWUXP KHUYRU]XKHEHQ� 0LW GLHVHQ 9RUDUEHLWHQ NRQQHQ GLH 6\VWHPJOHLFKXQ��
JHQ KHUJHOHLWHW ZHUGHQ� $XV JUXQGVDW]OLFKHQ %HWUDFKWXQJHQ ]X GHQ %HWULHEVHLJHQVFKDIWHQ�
HUJLEW VLFK� GD{ GLH 0DVFKLQHQVWURPH DEKDQJLJ YRQ GHU 5RWRUSRVLWLRQ YRUJHJHEHQ ZHUGHQ� �
PXVVHQ� ZDV HLQHQ %HWULHE DQ HLQHP 6WURPULFKWHU XQG HLQH (UIDVVXQJ GHU 5RWRUODJH YRU��
DXVVHW]W� )HUQHU ODVVHQ VLFK GLH 6ROOVWURPNRPSRQHQWHQ EHVWLPPHQ� GLH HLQJHSUDJW ZHUGHQ�
PXVVHQ� XP HLQ JHJHEHQHV 'UHKPRPHQW ]X HUUHLFKHQ��

1DFKGHP GHU 0DVFKLQHQW\S XQG GDV )HOGVFKZDFKYHUIDKUHQ IHVWJHOHJW ZXUGHQ� EHVWHKW�
GLH $XIJDEH� GLH 0DVFKLQH VR ]X GLPHQVLRQLHUHQ� GD{ HLQ RSWLPDOHU .RPSURPL{ EHL GHU
(UIXOOXQJ GHU $QIRUGHUXQJHQ HUUHLFKW ZLUG� =X %HJLQQ GHV (QWZXUIVYRUJDQJV YHUVFKDmW�

�PDQ VLFK HLQHQ 8EHUEOLFN XEHU GHQ (LQoX{ GHU ZDKOEDUHQ 0DVFKLQHQSDUDPHWHU �3D�� �
NHWODQJH� /XIWVSDOWUDGLXV� 6WUDQJ]DKO HWF�� DXI GLH 0DVFKLQHQNHQQJUR{HQ �:LUNXQJVJUDG�� �
*HZLFKW HWF��� 0LW +DQGUHFKQXQJHQ ^ EDVLHUHQG DXI HLQIDFKVWHQ )RUPHOQ ^ ZHUGHQ JURE
%HUHLFKH IXU GLH HLQ]HOQHQ 3DUDPHWHU EHVWLPPW� XP HLQHQ $QKDOWVZHUW IXU GLH )HLQRSWLPLH�� �
UXQJ ]X JHZLQQHQ� 'DEHL ]HLJW VLFK� GD{ EHL HLQHU ZLUNXQJVJUDGRSWLPLHUWHQ $XVOHJXQJ GHU
0DVFKLQH� GLH GHQ YHUIXJEDUHQ %DXUDXP YROO DXVQXW]W� GDV ]XODVVLJH 0D[LPDOJHZLFKW LP�� �
PHU QRFK GHXWOLFK XQWHUVFKULWWHQ ZLUG� $XVJHKHQG YRQ GLHVHP (UJHEQLV NRQ]HQWULHUW PDQ
VLFK DXI HLQH $XVOHJXQJ PLW PLQLPDOHQ 9HUOXVWHQ� 'D]X ZLUG GHU (LQoX{ YRQ 3ROSDDU]DKO�
/XIWVSDOWUDGLXV� 3DNHWODQJH XQG 1XWJHRPHWULH DXI .XSIHU� XQG (LVHQYHUOXVWH GRNXPHQ��
WLHUW� 'DEHL JHOLQJW HV� GLH $EKDQJLJNHLWHQ LQ )RUP DQDO\WLVFKHU )XQNWLRQHQ GDU]XVWHOOHQ��
GLH DXVJHKHQG YRQ HLQHU %H]XJVPDVFKLQH GLH $XpQGXQJ GHV 0LQLPXPV JHVWDWWHQ� 9RU�
DXVVHW]XQJ LVW HLQH JHQDXH .HQQWQLV GHU (LVHQ� XQG .XSIHUYHUOXVWH GHU %H]XJVPDVFKLQH�
$OV (UJHEQLV HUKDOW PDQ RSWLPDOH :HUWH IXU /XIWVSDOWUDGLXV XQG %OHFKSDNHWODQJH VR�� � �
ZLH 1XWWLHIH XQG �EUHLWH� 'LHVHV 9RUJHKHQ LVW GHVKDOE LQWHUHVVDQW� ZHLO HV GLH $Q]DKO GHU
HUIRUGHUOLFKHQ ,WHUDWLRQHQ ]XU 0DVFKLQHQDXVOHJXQJ GHXWOLFK UHGX]LHUW� :HLWHUKLQ LVW HV
XQDEKDQJLJ YRQ GHP KLHU YRUOLHJHQGHQ 0DVFKLQHQW\S XQG NDQQ IXU DOOH 7URPPHOODXIHU�� � �
PDVFKLQHQ DQJHZHQGHW ZHUGHQ� 1DFKGHP DOOH 0DVFKLQHQSDUDPHWHU GHnQLHUW ZRUGHQ VLQG�
NRQQHQ GLH QRFK QLFKW HUPLWWHOWHQ 0DVFKLQHQNHQQJUR{HQ EHUHFKQHW ZHUGHQ� 6LH GLHQHQ� �
GHP 9HUJOHLFK PLW GHQ VSDWHU JHPHVVHQHQ :HUWHQ� 6FKOLH{OLFK ZLUG GLH )HOGYHUWHLOXQJ GHU�
HQGJXOWLJHQ $XVOHJXQJ GXUFK QXPHULVFKH )HOGEHUHFKQXQJ DEVFKOLH{HQG XEHUSUXIW�� � �

'D GLH %DXIRUP GHV 3URWRW\SHQ DOV $X{HQODXIHU XQJHZRKQOLFK LVW XQG YRU DOOHP GLH� �
.RQVWUXNWLRQ XQG )HUWLJXQJ GHU PHFKDQLVFKHQ )HOGVFKZDFKXQJ DX{HUVW DQVSUXFKVYROO ZDU�� �
LVW GHQ 3DVVLYWHLOHQ GHU 0DVFKLQH HLQ HLJHQHV .DSLWHO JHZLGPHW� 1HEHQ HLQHU GHWDLOOLHUWHQ
%HVFKUHLEXQJ GHU .RQVWUXNWLRQ ZLUG DXI GLH +HUVWHOOXQJVYHUIDKUHQ XQG 6FKZLHULJNHLWHQ
EHLP $XIEDX GHV 3URWRW\SHQ KLQJHZLHVHQ�

8P HLQH 0'0 DXV GHU %DWWHULHJOHLFKVSDQQXQJ VSHLVHQ ]X NRQQHQ� ZLUG HLQH /HLVWXQJVHOHN��
WURQLN YHUZHQGHW� *HPD{ GHP 3ULQ]LS GHU YRUJHVFKODJHQHQ PHFKDQLVFKHQ )HOGVFKZDFKXQJ� �

;,



LVW HLQ EHVWLPPXQJVJHPD{HU %HWULHE QXU GDQQ PRJOLFK� ZHQQ GLH 6WDWRUVWURPH DEKDQJLJ� � � �
YRQ GHU /DJH GHU EHLGHQ 5RWRUWHLOH HLQJHSUDJW ZHUGHQ� 'D]X ZLUG HLQ 0LNURSUR]HVVRU YHU��
ZHQGHW� GHU DXVJHKHQG YRQ GHQ 3RVLWLRQHQ GHU EHLGHQ 5RWRUWHLOH XQG GHQ 6WDWRUVWURPHQ�
GLH 6ROOVSDQQXQJHQ IXU GHQ 3XOVZHFKVHOULFKWHU LQ (FKW]HLW HU]HXJW� 8P GDV 6WHXHUXQJVSUR��
JUDPP IXU GHQ 0LNURSUR]HVVRU ]X HQWZLFNHOQ� ZLUG ]XQDFKVW GHU JHVDPWH $QWULHE QXPH�� �
ULVFK VLPXOLHUW� 'HU VR HQWZLFNHOWH XQG JHWHVWHWH $OJRULWKPXV ZLUG KLQVLFKWOLFK )XQNWLRQ
XQG (FKW]HLWIDKLJNHLW DP 0LNURSUR]HVVRU XQG $QWULHE HUSUREW ELV VLFK GHU JHZXQVFKWH� �
%HWULHE HUUHLFKHQ OD{W� 'LHV LVW QRWZHQGLJ� GD PDQ DQ GHU /HLVWXQJVJUHQ]H GHV YHUZHQ��
GHWHQ 3UR]HVVRUV DUEHLWHW� 'HU (LQoX{ GHU 5HFKHQOHLVWXQJ DXI GLH 4XDOLWDW GHU 5HJHOXQJ�
ZLUG GXUFK 9HUJOHLFKVVLPXODWLRQHQ YHUDQVFKDXOLFKW�

%HL GHU PH{WHFKQLVFKHQ 8QWHUVXFKXQJ GHU 0DVFKLQH VWHKHQ (LQKDOWXQJ GHU $QIRUGHUXQ�
JHQ� GLH .RQWUROOH GHU EHL GHU $XVOHJXQJ HUUHFKQHWHQ 0DVFKLQHQNHQQJUR{HQ XQG GLH NRU��
UHNWH )XQNWLRQ GHU PHFKDQLVFKHQ )HOGVFKZDFKXQJ LP 9RUGHUJUXQG� 8P GLH 'DXHUOHLVWXQJ�
]X XEHUSUXIHQ� ZXUGH GLH 0DVFKLQH MH HLQH 6WXQGH LP PRWRULVFKHQ XQG JHQHUDWRULVFKHQ� �

��1HQQSXQNW EHWULHEHQ� 'LH GDEHL DXIWUHWHQGHQ 8EHUWHPSHUDWXUHQ YRQ PD[LPDO �� & JH�
VWDWWHQ EHL GHU JHZDKOWHQ ,VRODWLRQVNODVVH XQG GHP ]XODVVLJHQ 7HPSHUDWXUEHUHLFK GHU� �

�0DJQHWHQ HLQHQ %HWULHE ELV ]X HLQHU 8PJHEXQJVWHPSHUDWXU YRQ FD� �� &� 'LHV LVW HLQH
�ZLFKWLJH 9RUDXVVHW]XQJ IXU GHQ (LQEDX GHU 0DVFKLQH LP 0RWRUUDXP� 'LH JHIRUGHUWH 8EHU��

ODVWEDUNHLW DXI GDV GRSSHOWH 1HQQPRPHQW NRQQWH QDFKJHZLHVHQ ZHUGHQ� ZREHL VLFK YRU
DOOHP GHU GLH 0'0 VSHLVHQGH 6WURPULFKWHU XQG GLH %HODVWXQJVPDVFKLQH DOV EHJUHQ]HQG
HUZLHVHQ� 6R HUUHLFKWHQ GLH 7HPSHUDWXUHQ DP :HFKVHOULFKWHU EHUHLWV QDFK ZHQLJHQ 6HNXQ�
GHQ EHL GRSSHOWHP /DVWPRPHQW NULWLVFKH :HUWH� 'LH DOV %HODVWXQJVPDVFKLQH YHUZHQGHWH
$V\QFKURQPDVFKLQH PX{WH LP /HHUODXI H[WUHP JHVDWWLJW ZHUGHQ� XP GDV .LSSPRPHQW DXI�
GLH HUIRUGHUOLFKHQ:HUWH ]X EULQJHQ� %HL GHU %HVWLPPXQJ GHU /HHUODXIYHUOXVWH NRQQWH QLFKW
]ZLVFKHQ (LVHQYHUOXVWHQ XQG 5HLEXQJVYHUOXVWHQ XQWHUVFKLHGHQ ZHUGHQ� 'LH JHPHVVHQHQ
:HUWH ZDUHQ JUR{HU DOV GLH HUUHFKQHWHQ (LVHQYHUOXVWH� ZDV SODXVLEHO LVW� 'LH $EZHLFKXQJ�
NRQQWH GXUFK 9HUJOHLFK PLW GHU /LWHUDWXU DXI GLH /DJHU� XQG /XIWUHLEXQJ ]XUXFNJHIXKUW� �
ZHUGHQ� 'LH 6WURPDXIQDKPH GHU 0DVFKLQH HQWVSULFKW GHQ HUUHFKQHWHQ :HUWHQ� VR GD{
GLH .XSIHUYHUOXVWH GLH HUZDUWHWHQ :HUWH HUUHLFKHQ� )XKUW PDQ HLQH GLUHNWH :LUNXQJV��
JUDGEHVWLPPXQJ LQ 0RWRU� XQG *HQHUDWRUEHWULHE GXUFK� HUKDOW PDQ LQ EHLGHQ )DOOHQ LP� �
%HUHLFK XP GHQ 1HQQSXQNW ��� :LUNXQJVJUDG LQFO� GHU =XOHLWXQJHQ� 'LH )XQNWLRQ GHU
PHFKDQLVFKHQ )HOGVFKZDFKXQJ ZXUGH GXUFK HLQH JHZLVVH 5HLEXQJ ]ZLVFKHQ GHQ EHLGHQ�
5RWRUWHLOHQ EHHLQWUDFKWLJW� 7URW]GHP NRQQWHQ DOOH ZHVHQWOLFKHQ (LJHQVFKDIWHQ GHU QHX��
DUWLJHQ 7HFKQLN SUD]LVH QDFKJHZLHVHQ ZHUGHQ� )XU HLQHQ )DKU]HXJHLQVDW] XQWHU UDXKHQ� �

�8PJHEXQJVEHGLQJXQJHQ ZDUH MHGRFK HLQH 8EHUDUEHLWXQJ GHV 5RWRUV QRWZHQGLJ��
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��� (QWZLFNOXQJ HLQHV +\EULGIDKU]HXJV DQ GHU 780

'LH =XQDKPH GHV PRWRULVLHUWHQ 6WUD{HQYHUNHKUV IXKUW LQ GHQ GDYRQ EHWURmHQHQ /DQGHUQ� �
]X HUKHEOLFKHU /XIWYHUVFKPXW]XQJ XQG HLQHP KRKHQ .UDIWVWRmEHGDUI� %HVRQGHUV VWRUHQG�
ZLUNW VLFK GLHV� EHGLQJW GXUFK GLH KRKH 9HUNHKUVGLFKWH� LQ %DOOXQJV]HQWUHQ DXV� 8P GLH
JHQDQQWHQ 1DFKWHLOH GHU 0RELOLWDW GRUW ]X YHUULQJHUQ� LVW YRU DOOHP HLQ UHGX]LHUWHU (QHU��
JLHEHGDUI EHLP %HWULHE GHU )DKU]HXJH LP 6WDGWYHUNHKU VRZLH HLQ HPLVVLRQVIUHLHU .XU]�
VWUHFNHQEHWULHE ZXQVFKHQVZHUW��

8P GLHVH =LHOH ]X HUUHLFKHQ� ZXUGHQ YHUVFKLHGHQH $QVWUHQJXQJHQ XQWHUQRPPHQ� $P EH�
NDQQWHVWHQ LVW GLH (QWZLFNOXQJ YRQ (OHNWURIDKU]HXJHQ� EHL GHQHQ GHU YHUEUHQQXQJVPRWR�
ULVFKH $QWULHE GXUFK HLQHQ (OHNWURPRWRU HUVHW]W ZLUG� $QGHUHUVHLWV ]HLJW HLQHV GHU MXQJ��
VWHQ 3URGXNWH GHU $XWRPRELOLQGXVWULH� GD{ DXFK GHU NRQYHQWLRQHOOH 9HUEUHQQXQJVPRWRU
]XVDPPHQ PLW HLQHU 2SWLPLHUXQJ GHV )DKU]HXJV QRFK GHXWOLFKH 3RWHQWLDOH ]XU 9HUULQJH�
UXQJ GHV .UDIWVWRmEHGDUIV ELUJW� 4XDVL DOV 0LWWHOZHJ ]LHOHQ VRJHQDQQWH +\EULGIDKU]HX�
JH GDUDXI� GHQ 9HUEUHQQXQJVPRWRU PRJOLFKVW QXU LP %HUHLFK GHV JHULQJVWHQ VSH]LnVFKHQ�
9HUEUDXFKV ]X EHWUHLEHQ� 'DEHL NRPPHQ $QWULHEVV\VWHPH ]XP (LQVDW]� EHL GHQHQ GHU
9HUEUHQQXQJVPRWRU PLW HLQHP RGHU PHKUHUHQ (OHNWURPRWRUHQ YHUEXQGHQ ZLUG� $EKDQJLJ�
GDYRQ� ZLH GHU )OX{ GHU $QWULHEVOHLVWXQJ ]X GHQ 5DGHUQ XQG ]ZLVFKHQ GHQ 0RWRUHQ HU��
IROJW� XQWHUVFKHLGHW PDQ ?VHULHOOH? XQG ?SDUDOOHOH? +\EULGIDKU]HXJH�

%HLP 6HULHOOHQ +\EULG WUHLEW HLQ 9HUEUHQQXQJVPRWRU HLQHQ VWHWV DOV *HQHUDWRU ZLUNHQGHQ
HOHNWURPHFKDQLVFKHQ :DQGOHU DQ� 'LH YRQ LKP DEJHJHEHQH /HLVWXQJ ZLUG DQ GLH HOHN�
WULVFKHQ )DKUPRWRUHQ ZHLWHUJHOHLWHW XQG GRUW LQ PHFKDQLVFKH /HLVWXQJ ]XUXFNJHZDQGHOW��
0HLVW KDQGHOW HV VLFK EHL GHQ HOHNWURPHFKDQLVFKHQ (QHUJLHZDQGOHUQ XP 'UHKVWURPDQ�
WULHEH� GLH XEHU 6SDQQXQJVXPULFKWHU DXV HLQHP *OHLFKVSDQQXQJVQHW] YHUVRUJW ZHUGHQ��
GDV DXV GHP *HQHUDWRU JHVSHLVW ZLUG� 'XUFK GLH 9HUZHQGXQJ HLQHV (QHUJLHVSHLFKHUV LP
6SDQQXQJV]ZLVFKHQNUHLV NDQQ ]XP HLQHQ GDV $QIDKUYHUKDOWHQ YHUEHVVHUW ZHUGHQ� ]XP DQ�
GHUHQ EHVWHKW GLH 0RJOLFKNHLW ]XU 5HNXSHUDWLRQ� ,P 9HUJOHLFK PLW HLQHP NRQYHQWLRQHOOHQ�
.)= NRPPHQ ]ZHL LQ GHU 5HJHO DXI GLH YROOH $QWULHEVOHLVWXQJ DXV]XOHJHQGH HOHNWULVFKH
$QWULHEH XQG JJI� HLQ (QHUJLHVSHLFKHU KLQ]X� 'LH (LJHQVFKDIWHQ GHV VHULHOOHQ +\EULG ODV�
VHQ VLFK GXUFK GLH :DKO GHV (QHUJLHVSHLFKHUV PD{JHEOLFK EHHLQoXVVHQ� :LUG DXI HLQHQ
(QHUJLHVSHLFKHU YHU]LFKWHW� VR PX{ GHU 9HUEUHQQXQJVPRWRU VWHWV GLH DP 5DG JHIRUGHUWH
$QWULHEVOHLVWXQJ EHUHLWVWHOOHQ� (LQ 6SHLFKHU PLW JHULQJHP (QHUJLHLQKDOW� DEHU KRKHU /DGH�

�



XQG (QWODGHOHLVWXQJ JHVWDWWHW HLQHQ JOHLFKPD{LJHUHQ %HWULHE GHV 9HUEUHQQXQJVPRWRUV XQG�
HUPRJOLFKW 5HNXSHUDWLRQ� :LUG GHU (QHUJLHLQKDOW GHV 6SHLFKHUV VR YHUJUR{HUW� GD{ ODQJHUH� � �
6WUHFNHQ RKQH 8QWHUVWXW]XQJ GHV 9HUEUHQQXQJVPRWRUV JHIDKUHQ ZHUGHQ NRQQHQ� PX{ GLH�� �
VHU QLFKW PHKU DXI GLH YROOH $QWULHEVOHLVWXQJ DXVJHOHJW ZHUGHQ� 0DQ NDQQ LQ GLHVHP )DOO
DXFK YRQ HLQHP (OHNWURIDKU]HXJ PLW HLQHU PLWJHIXKUWHQ 1DFKODGHPRJOLFKNHLW GHU %DWWHULH� �
VSUHFKHQ �VRJ� UDQJH H[WHQGHU�� 7URW] GHV *HZLFKWV XQG GHU 8PZDQGOXQJVZLUNXQJVJUDGH
GHU ]XVDW]OLFKHQ .RPSRQHQWHQ ODVVHQ VLFK EHL JHHLJQHWHU $XVOHJXQJ GHV $QWULHEV ^ $E��
VWLPPXQJ GHU .RPSRQHQWHQ DXIHLQDQGHU XQG DXI GDV )DKU]HXJ ^ JXWH )DKUOHLVWXQJHQ XQG
JHULQJHU 9HUEUDXFK YHUELQGHQ >�@� >�@

%LOG ���� 3ULQ]LSELOG HLQHV VHULHOOHQ +\EULGDQWULHEV

:LUG GHU YHUEUHQQXQJVPRWRULVFKH $QWULHE VR GXUFK (OHNWURPRWRUHQ HUJDQ]W� GD{ GLH $Q��
WULHEVOHLVWXQJ HQWZHGHU YRP 9HUEUHQQXQJVPRWRU RGHU GHP (OHNWURPRWRU RGHU YRQ EHLGHQ
JHPHLQVDP HUEUDFKW ZHUGHQ NDQQ� VR VSULFKW PDQ YRQ HLQHP SDUDOOHOHQ +\EULG� 'LH 9D�
ULDWLRQVPRJOLFKNHLWHQ VLQG KLHU QRFK YLHOIDOWLJHU DOV EHLP VHULHOOHQ +\EULG� 6R NDQQ HLQ� �
YROOLJ HLJHQVWDQGLJHU HOHNWULVFKHU $QWULHE DQ HLQHU GHU EHLGHQ $FKVHQ YRUJHVHKHQ ZHU�� �
GHQ >�@� $OWHUQDWLY NRQQHQ EHLGH 0RWRUHQ JHPHLQVDP DXI GLH (LQJDQJVZHOOH HLQHV *HWULH��
EHV ZLUNHQ >�@� :LUG IXU GHQ HOHNWULVFKHQ $QWULHE HLQ (QHUJLHVSHLFKHU YRUJHKDOWHQ� VLQG�
HLQ UHLQ HOHNWULVFKHU )DKUEHWULHE XQG GLH %UHPVHQHUJLHUXFNJHZLQQXQJ PRJOLFK� 9DULDWL�� �
RQVPRJOLFKNHLWHQ HUJHEHQ VLFK DXFK KLHU GXUFK GLH (LJHQVFKDIWHQ GHV (QHUJLHVSHLFKHUV��
'DEHL ULFKWHQ VLFK GLH 5HLFKZHLWH LQ UHLQ HOHNWULVFKHP %HWULHE QDFK GHU %DWWHULHNDSD]LWDW��
GLH )DKUOHLVWXQJHQ XQG GLH PD[LPDO ]XUXFNJHZLQQEDUH %UHPVOHLVWXQJ QDFK GHU $XVOHJXQJ�
GHV $QWULHEV XQG GHU 0D[LPDOOHLVWXQJ GHV 6SHLFKHUV� 6FKOLH{OLFK NDQQ GHU 6SHLFKHU EHL
)DKUW PLW GHP 9HUEUHQQXQJVPRWRU DXIJHODGHQ ZHUGHQ� LQGHP PDQ GHQ HOHNWULVFKHQ $Q�
WULHE JHQHUDWRULVFK ZLUNHQ OD{W� 0DQ VSULFKW GDQQ YRQ HLQHP DXWDUNHQ +\EULGIDKU]HXJ� GD�
GHU HOHNWULVFKH (QHUJLHVSHLFKHU QLFKW DXV GHP 1HW] QDFKJHODGHQ ZHUGHQ PX{� 8P GLHVH
%HWULHEVPRGL HQWVSUHFKHQG GHU )DKUVLWXDWLRQ RSWLPDO HLQ]XVHW]HQ� NRPPW GHU %HWULHEV�
VWUDWHJLH GHV $QWULHEV JUR{H %HGHXWXQJ ]X� 'DEHL VROO HLQHUVHLWV GHU 9HUEUHQQXQJVPRWRU
QXU LQ GHQ %HUHLFKHQ VHLQHV JHULQJVWHQ VSH]LnVFKHQ 9HUEUDXFKV HLQJHVHW]W ZHUGHQ� $QGH�
UHUVHLWV LVW GLH %DWWHULHODGXQJ VWHWV LQ HLQHP YRUJHJHEHQHQ %HUHLFK ]X KDOWHQ� 7URW] GHU
.RPSOH[LWDW GHU %HWULHEVZHLVH ZXUGHQ PHKUHUH )DKU]HXJH HQWZLFNHOW >�@��

+\EULGIDKU]HXJH ODVVHQ VLFK VRPLW GDQDFK XQWHUVFKHLGHQ� RE GHU 9HUEUHQQXQJVPRWRU HLQH
PHFKDQLVFKH 9HUELQGXQJ ]X GHQ $QWULHEVUDGHUQ KDW �SDUDOOHO� RGHU QLFKW �VHULHOO�� ,QQHU��
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%LOG ���� 3ULQ]LSELOG HLQHV SDUDOOHOHQ +\EULGDQWULHEV

KDOE GLHVHU ]ZHL *UXSSHQ JLEW HV MHGRFK HLQH 9LHO]DKO YRQ 9DULDQWHQ� GLH VLFK LQ HUVWHU
/LQLH GXUFK GLH 'LPHQVLRQLHUXQJ YRQ 9HUEUHQQXQJVPRWRU� HOHNWULVFKHP $QWULHE XQG (QHU�
JLHVSHLFKHU XQWHUVFKHLGHQ�

(LQ 9HUJOHLFK GHU HLQ]HOQHQ .RQ]HSWH LVW VFKZLHULJ� ,Q GHU 5HJHO ZHUGHQ GLH .ULWHULHQ
�9HUEUDXFK� *HVDPWHQHUJLHDXIZDQG� (PLVVLRQHQ� 5HLFKZHLWH HWF��� QDFK GHQHQ GLH $QWULH�
EH EHZHUWHW ZHUGHQ NRQQHQ� XQWHUVFKLHGOLFK JHZLFKWHW� *UR{H 8QWHUVFKLHGH ]HLJHQ DXFK�
GLH 9HUVXFKVWUDJHU� G�K� GDV YHUZHQGHWH )DKU]HXJ IXU GLH $XIQDKPH GHV $QWULHEV� GLH� �
9HUVXFKVEHGLQJXQJHQ� ]�%� GHU ]XJUXQGH OLHJHQGH )DKU]\NOXV XQG GLH %HODGXQJ� VRZLH
GHU *UDG GHU 2SWLPLHUXQJ GHU HLQJHVHW]WHQ .RPSRQHQWHQ >�@>�@� (LQ NQDSS JHKDOWHQHU
9HUJOHLFK ZDUH GDKHU QLFKW VDFKJHUHFKW� HLQ GHWDLOOLHUWHU 9HUJOHLFK ZXUGH ]X XPIDQJUHLFK�� �

'HVKDOE VROO XQWHU GHU 9RUDXVVHW]XQJ� GD{ GLH :DKO GHV $QWULHEV DXI GHQ $XWDUNHQ +\EULG
^ DOV 6SH]LDOIDOO GHV 3DUDOOHOK\EULGV ^ JHIDOOHQ LVW� XQWHUVXFKW ZHUGHQ� ZLH GLHVHU $QWULHE
XQG YRU DOOHP GHU GDULQ HQWKDOWHQH HOHNWURPHFKDQLVFKH (QHUJLHZDQGOHU ]X JHVWDOWHQ LVW�
XP HLQ JXQVWLJHV *HVDPWHUJHEQLV ]X HUKDOWHQ� $Q GHU 7HFKQLVFKHQ 8QLYHUVLWDW 0XQFKHQ� � �
ZXUGH ]X GLHVHP =ZHFN HLQ $QWULHE IXU HLQ $XWDUNHV +\EULGIDKU]HXJ DXI %DVLV HLQHV 3.:�
XQWHUVXFKW� ,P *HJHQVDW] ]X YLHOHQ DQGHUHQ 8QWHUVXFKXQJHQ XEHU +\EULGIDKU]HXJH ZXU��
GH GDEHL GDV =LHO YHUIROJW� GLH ]XP (LQVDW] NRPPHQGHQ .RPSRQHQWHQ IXU LKUH $XIJDEH�
]X RSWLPLHUHQ >�@>�@� +LHUGXUFK HUJDEHQ VLFK QLFKW QXU EHVRQGHUV JHHLJQHWH 7HLOH IXU GHQ�
$XWDUNHQ +\EULG� HV NRQQWHQ YLHOPHKU ^ GXUFK GLH $QZHQGXQJ GHU HUDUEHLWHWHQ %HUHFK�
QXQJVYHUIDKUHQ ^ DXFK DXI DQGHUHQ *HELHWHQ QHXH� HUKHEOLFK YHUEHVVHUWH (UJHEQLVVH HU]LHOW
ZHUGHQ >�@�

��� +DXSWPHUNPDOH GHV $XWDUNHQ +\EULGIDKU]HXJV

0D{JHEHQG IXU GLH $QIRUGHUXQJHQ DQ GHQ (OHNWURPRWRU VLQG GHU $XIEDX XQG GLH %H��
WULHEVZHLVH GHV $XWDUNHQ +\EULG � 'D]X JHKRUW� GD{ GLH JHIRUGHUWH .UDIWVWRmHLQVSDUXQJ�
LP YHUEUHQQXQJVPRWRULVFKHQ %HWULHE PLW GHU 9HUZHQGXQJ HLQHV VWXIHQORVHQ *HWULHEHV
JUR{HU 6SUHL]XQJ XQG GHV HOHNWULVFKHQ =XVDW]DQWULHEV HUUHLFKW ZLUG� 'HU JUR{H 6WHOOEHUHLFK
GHV VWXIHQORVHQ *HWULHEHV JHVWDWWHW HLQHQ ZLUNXQJVJUDGRSWLPDOHQ %HWULHE GHV 9HUEUHQ�
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QXQJVPRWRUV� (LQ %HWULHE GHU 9HUEUHQQXQJVNUDIWPDVFKLQH XQWHU YHUEUDXFKVXQJXQVWLJHQ�
%HGLQJXQJHQ NDQQ GDGXUFK ZHLWJHKHQG YHUPLHGHQ ZHUGHQ� ,Q %HWULHEVIDOOHQ� LQ GHQHQ�
GHU 9HUEUHQQXQJVPRWRU QXU HLQHQ JHULQJHQ :LUNXQJVJUDG HUUHLFKW ^ GLHV VLQG YRU DOOHP
%HWULHEVSXQNWH LQ GHQHQ QXU HLQH JHULQJH /HLVWXQJ ]XP $QWULHE GHV )DKU]HXJV EHQRWLJW�
ZLUG �7HLOODVWEHWULHE� ^ WUHLEW GHU HOHNWURPHFKDQLVFKH :DQGOHU GDV )DKU]HXJ DQ� $XFK
GHU VWRS�DQG�JR�%HWULHE XQG GDV $QIDKUHQ VROOHQ PLW GHP HOHNWULVFKHQ $QWULHE EHZDOWLJW�
ZHUGHQ� +LHU ZLUG GXUFK GLH ZHLWH *HWULHEHVSUHL]XQJ HLQ JXWHV %HVFKOHXQLJXQJYHUKDO�
WHQ HUPRJOLFKW� $XI 6WUHFNHQDEVFKQLWWHQ� LQ GHQHQ GHU 9HUEUHQQXQJVPRWRU DUEHLWHW� EHLP�
%UHPVHQ RGHU EHL JHULQJHP /DGH]XVWDQG GHU %DWWHULH ZLUG GLHVH GXUFK GHQ DOV *HQHUD�
WRU ZLUNHQGHQ HOHNWURPHFKDQLVFKHQ :DQGOHU ZLHGHU DXIJHODGHQ� 'XUFK GHQ HOHNWULVFKHQ
$QWULHE ZLUG GHU HPLVVLRQVIUHLH %HWULHE� ZHQQ DXFK PLW �REHUKDOE FD� �� NP�K� HLQJH�
VFKUDQNWHU %HVFKOHXQLJXQJ� 5HLFKZHLWH XQG +RFKVWJHVFKZLQGLJNHLW UHDOLVLHUW� 'XUFK GLHVH� �
%HWULHEVZHLVH ZLUG HLQ 1DFKODGHQ GHU 7UDNWLRQVEDWWHULH DXV GHP 1HW] HQWEHKUOLFK�

'LH 8PUXVWXQJ HLQHV )DKU]HXJV PLW NRQYHQWLRQHOOHP 9HUEUHQQXQJVDQWULHE DXI +\EULGDQ��
WULHE LVW VWHWV PLW GHP (LQEDX YRQ ]XVDW]OLFKHQ .RPSRQHQWHQ YHUEXQGHQ� 'D VLFK HL��
QH (UKRKXQJ GHV )DKU]HXJJHZLFKWV XQJXQVWLJ DXI GHQ 9HUEUDXFK DXVZLUNW� PX{ DXI HLQ� �
PRJOLFKVW JHULQJHV *HZLFKW DOOHU ]XVDW]OLFKHQ .RPSRQHQWHQ JHDFKWHW ZHUGHQ�� �

(LQ 7HLO GHU YRP 9HUEUHQQXQJVPRWRU HU]HXJWHQ PHFKDQLVFKHQ (QHUJLH ZLUG GXUFK JH�
QHUDWRULVFKHQ %HWULHE GHV HOHNWULVFKHQ $QWULHEVVWUDQJV LQ GHU %DWWHULH JHVSHLFKHUW� 'HU
:LUNXQJVJUDG MHGHU .RPSRQHQWH GHV HOHNWULVFKHQ $QWULHEV JHKW GDPLW TXDGUDWLVFK LQ GLH
*HVDPWHQHUJLHELODQ] HLQ� 'DPLW ZLUG GHXWOLFK� GD{ IXU DOOH HOHNWULVFKHQ $QWULHEVNRPSR��
QHQWHQ HLQ EHVRQGHUV KRKHU :LUNXQJVJUDG JHIRUGHUW ZHUGHQ PX{�

��� $QIRUGHUXQJHQ XQG =LHOH IXU GHQ HOHNWULVFKHQ�

$QWULHE

0LW GHP HOHNWULVFKHQ $QWULHE VROO EHL JHULQJHP *HZLFKW HLQ KRKHU :LUNXQJVJUDG HUUHLFKW
ZHUGHQ� 0LW %OLFN DXI GDV 0DFKEDUH ZXUGHQ KLHUIXU IROJHQGH =DKOHQZHUWH GHnQLHUW� 'HU�
DXV 8PULFKWHU XQG HOHNWURPHFKDQLVFKHP :DQGOHU EHVWHKHQGH 7HLO GHV HOHNWULVFKHQ $Q�
WULHEV VROO QLFKW PHKU DOV LQVJHVDPW �� NJ ZLHJHQ� 'HU :LUNXQJVJUDG GHV HOHNWULVFKHQ
$QWULHEV VROO LQ JUR{HQ %HUHLFKHQ GHV 'UHKPRPHQW��'UHK]DKOIHOGHV PLQGHVWHQV ��� EH�
WUDJHQ� :HLWHUH $QIRUGHUXQJHQ UHVXOWLHUHQ DXV GHU YRUJHVHKHQHQ %HWULHEVVWUDWHJLH� GLH DXI
HLQHQ PLQLPDOHQ .UDIWVWRmYHUEUDXFK GHV )DKU]HXJV DE]LHOW� 6R ZXUGH GLH 1HQQOHLVWXQJ ]X

�� N: IHVWJHOHJW >�@� ZREHL HLQH NXU]]HLWLJH 8EHUODVWEDUNHLW IXU HWZD �� V DXI GHQ GRSSHOWHQ�
:HUW DQ]XVWUHEHQ LVW� 'LH 'UHK]DKOHQ YRQ 9HUEUHQQXQJVPRWRU XQG (OHNWURPRWRU VWHKHQ
NRQ]HSWEHGLQJW LQ HLQHP IHVWHQ 9HUKDOWQLV ]XHLQDQGHU� 'LH GHU 1HQQGUHK]DKO GHV (OHNWUR��
PRWRUV ]XJHRUGQHWH YHUEUHQQXQJVPRWRULVFKH 'UHK]DKO ZLUG DXI ���� 8S0 IHVWJHOHJW >��@�
'LHVH GHQ (QWZXUI GHV $QWULHEV EHVWLPPHQGHQ 9RUJDEHQ VLQG LQ %LOG ��� GDUJHVWHOOW�

��� /RVXQJVDQVDW]H� �

$XVJHKHQG YRQ GHQ GDUJHVWHOOWHQ $QIRUGHUXQJHQ PX{ JHNODUW ZHUGHQ� PLW ZHOFKHQ HOHN��
WULVFKHQ $QWULHEHQ GLH $XIJDEH ]X ORVHQ XQG ZLH GLH MHZHLOLJH .RQnJXUDWLRQ DXV]XOHJHQ�
LVW� $OV DXVVLFKWVUHLFKVWH .RQ]HSWH ZXUGHQ SXOVZHFKVHOULFKWHUJHVSHLVWH $V\QFKURQPRWRUHQ

�



%LOG ���� 'UHKPRPHQW��'UHK]DKOSURnO

XQG SHUPDQHQWPDJQHWLVFK HUUHJWH 6\QFKURQPDVFKLQHQ ]XHUVW XQWHUVXFKW� $QVFKOLH{HQG
ZXUGHQ GLH 0RGXODUH 'DXHUPDJQHWPDVFKLQH VRZLH GLH 7UDQVYHUVDOoX{PDVFKLQH DOV YLHO�
YHUVSUHFKHQGH 6RQGHUEDXIRUPHQ GHU PLW 3HUPDQHQWPDJQHWHQ HUUHJWHQ 6\QFKURQPDVFKLQH
LQ GLH %HWUDFKWXQJ DXIJHQRPPHQ� $XV GHU 'HnQLWLRQ GHU $QIRUGHUXQJHQ LVW QRFK RmHQ�
LQ ZHOFKHP IHVWHQ 9HUKDOWQLV GLH 'UHK]DKOHQ YRQ 9HUEUHQQXQJVPRWRU XQG (OHNWURPRWRU�

�VWHKHQ VROOHQ� 6LQQYROO LVW HLQHUVHLWV GLH 8EHUVHW]XQJ GHU 'UHK]DKO LQV 6FKQHOOH� GLH HLQH
*HWULHEHVWXIH QRWZHQGLJ PDFKW� 0DQ HUUHLFKW VR HLQ JHULQJHUHV *HZLFKW LP HOHNWURPHFKD�
QLVFKHQ (QHUJLHZDQGOHU� PX{ DEHU =XVDW]JHZLFKW XQG 9HUOXVWH GHU *HWULHEHVWXIH LQ .DXI
QHKPHQ� $QGHUHUVHLWV NRPPW HLQH GLUHNWH .RSSOXQJ LQ )UDJH� GLH GLHVH 1DFKWHLOH XPJHKW�
GDIXU DEHU HLQ KRKHUHV 0DVFKLQHQJHZLFKW EHGHXWHW XQG EHL GHU VFKZLHULJH (LQEDXEHGLQ�� �
JXQJHQ GLH $XVOHJXQJ VWDUN EHHLQoXVVHQ� 'D GLH HOHNWURPHFKDQLVFKHQ (QHUJLHZDQGOHU
IXU GHQ GLUHNW JHNXSSHOWHQ (LQEDX LQ MHGHP )DOOH VSH]LHOO DXV]XOHJHQGH XQG DXIZHQGLJ�
DXI]XEDXHQGH 6RQGHUHQWZLFNOXQJHQ VLQG� ZXUGHQ ]XQDFKVW 0DVFKLQHQ XQWHUVXFKW� GHUHQ�
'UHK]DKOQLYHDX XP GHQ )DNWRU GUHL JHJHQXEHU GHP GHV 9HUEUHQQXQJVPRWRUV DQJHKREHQ�
LVW� 'DEHL ]HLJWH VLFK� GD{ VHOEVW KLHU QXU PLW JH]LHOW DQJHSD{WHQ 0DVFKLQHQ EHIULHGLJHQGH
(UJHEQLVVH HUUHLFKEDU VLQG >��@>�@� 3DUDOOHO ZXUGH PLW GHU $XVOHJXQJ MH HLQHU 7UDQVYHUVDO�
oX{PDVFKLQH XQG HLQHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH IXU GLH GLUHNWH .RSSOXQJ EH��
JRQQHQ� :DKUHQG GLH 7UDQVYHUVDOoX{PDVFKLQH YRQ 3URI� :HK DP ,QVWLWXW IXU (OHNWULVFKH� �
0DVFKLQHQ� $QWULHEH XQG %DKQHQ GHU 7HFKQLVFKHQ 8QLYHUVLWDW %UDXQVFKZHLJ HQWZLFNHOW�
ZXUGH >��@� IDQGHQ GLH $XVOHJXQJVDUEHLWHQ ]XU 0'0 DP /HKUVWXKO IXU (OHNWULVFKH 0D��
VFKLQHQ XQG *HUDWH �/(0*� GHU 7HFKQLVFKHQ 8QLYHUVLWDW 0XQFKHQ VWDWW� ,P $QVFKOX{� � �
KLHUDQ EHKDQGHOW GLH YRUOLHJHQGH $UEHLW GLH WKHRUHWLVFKHQ *UXQGODJHQ� GLH $XVOHJXQJ� GHQ
$XIEDX� GLH 5HJHOXQJ XQG GLH ,QEHWULHEQDKPH GLHVHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH�
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'LH %HWULHEVHLJHQVFKDIWHQ YRQ 0RGXODUHQ 'DXHUPDJQHWPDVFKLQHQ �DEJHNXU]W 0'0� VRO��
OHQ LQ PHKUHUHQ 6WXIHQ ]XQHKPHQGHU 9HUDOOJHPHLQHUXQJ HQWZLFNHOW ZHUGHQ� =XHUVW ZLUG
HLQH HLQIDFKH )XQNWLRQVHUNODUXQJ JHJHEHQ� PLW GHUHQ +LOIH GLH YHUVFKLHGHQHQ %DXIRUPHQ�
GHU 0'0 VFKULWWZHLVH DEJHOHLWHW ZHUGHQ NRQQHQ� 'DQDFK ZHUGHQ DOOJHPHLQ GLH EHVWLP��
PHQGHQ *OHLFKXQJHQ GLHVHV 0DVFKLQHQW\SV DOV WKHRUHWLVFKH %DVLV ]X GHQ ZHLWHUHQ %H�
WUDFKWXQJHQ HUDUEHLWHW� 'LH 'DUVWHOOXQJ RULHQWLHUW VLFK GDEHL DQ >��@>��@ XQG EHKDOW VRZHLW�
PRJOLFK GLH GRUW YHUZHQGHWHQ %H]HLFKQXQJHQ EHL� ,Q GHU 5HLKHQIROJH GHU %HKDQGOXQJ XQG�
GHU 6FKZHUSXQNWVHW]XQJ ZHLFKW VLH MHGRFK YRQ MHQHQ $UEHLWHQ DE� $XFK VROO GLH (QWVWH�
KXQJ GHU 'UHKZHOOHQ XQG 'UHKPRPHQWH GHXWOLFKHU DOV ELVKHU YHUDQVFKDXOLFKW ZHUGHQ�

��� $XVIXKUXQJVIRUPHQ YRQ 0RGXODUHQ 'DXHUPD��

JQHWPDVFKLQHQ

%LOG ��� JLEW ]ZHL HLQIDFKH %HLVSLHOH GHU 0'0 ZLHGHU� =XQDFKVW IDOOW GLH $XVIXKUXQJ DOV� � �
$X{HQODXIHU DXI� 'XUFK GLH LQ GHU 5HJHO KRFKSROLJH $XVIXKUXQJ� GLH ]X GXQQHQ -RFKHQ� � �
IXKUW� ODVVHQ VLFK HLQ JUR{HUHU /XIWVSDOWUDGLXV XQG HLQH JUR{HUH /XIWVSDOWREHUoDFKH HU�� � � �
]LHOHQ DOV EHL HLQHP ,QQHQODXIHU� ZDV EHL JHJHEHQHQ :HUWHQ IXU /XIWSDOWLQGXNWLRQ XQG� �
6WURPEHODJ GDV 'UHKPRPHQW HUKRKW� 'HU JHZRQQHQH IUHLH 5DXP LQQHUKDOE GHV 5RWRUV�
NDQQ IXU WLHIH 6WDWRUQXWHQ JHQXW]W ZHUGHQ� VR GD{ GHU 6WURPEHODJ YHUJUR{HUW ZHUGHQ� �
NDQQ� ZDV QRFKPDOV ]X HLQHP 'UHKPRPHQWDQVWLHJ IXKUW� 9HUJOHLFKH ]ZLVFKHQ GHU 'UHK��
PRPHQWDXVEHXWH YRQ ,QQHQ� XQG $X{HQODXIHUEDXZHLVH nQGHQ VLFK DXFK LQ >��@>��@ XQG�
>��@� 'LH QDFKIROJHQGHQ %HWUDFKWXQJHQ ]XU 7KHRULH VLQG MHGRFK YROOLJ XQDEKDQJLJ GDYRQ�� �
RE GLH 0DVFKLQH DOV ,QQHQ� RGHU $X{HQODXIHU DXVJHIXKUW ZLUG�� �

$XI GHU LQQHUHQ 5RWRUREHUoDFKH VLQG �S 3HUPDQHQWPDJQHWHQ PLW GHU 3ROEHGHFNXQJ m� �

XQG GHU 3ROWHLOXQJ ~ DQJHRUGQHW� ,P 6WDWRU HUNHQQW PDQ = =DKQH� GLH MHZHLOV PLW HL���

QHU 6SXOHQZLFNOXQJ YHUVHKHQ VLQG� 'LH (LQKHLW DXV 6WDWRU]DKQ XQG :LFNOXQJ ZLUG DOV
0RGXO >��@ EH]HLFKQHW� 'LH 7HLOXQJ ~ XQG GLH 0RGXOEHGHFNXQJ m GHU =DKQH LVW EHL�� �

DOOHQ 0RGXOHQ JOHLFK� ,KUH $QRUGQXQJ DP 8PIDQJ LP $EVWDQG ~ � GHU KLHU PLW GHUP

7HLOXQJ ~ XEHUHLQVWLPPW� LVW GDKHU JOHLFKPD{LJ� 0DQ VSULFKW GDKHU YRQ HLQHU LVRWURSHQ� ��

$XVIXKUXQJVIRUP� 'HU %HWUDJ GHU :LQNHOGLmHUHQ] ]ZLVFKHQ GHU 5RWRUSROWHLOXQJ ~ XQG� �

�



GHU 6WDWRU]DKQWHLOXQJ ~ ZLUG PLW � EH]HLFKQHW� ,Q %LOG ��� VLQG GLHVH %HJULmH DQKDQG� U

YRQ 0DVFKLQHQTXHUVFKQLWWHQ GDUJHVWHOOW� 'D 0DVFKLQHQ PLW JHUDGHU XQG VROFKH PLW XQ�
JHUDGHU 0RGXO]DKO = ^ GLH LP %LOG PLW GHU 6WUDQJ]DKO XEHUHLQVWLPPW ^ LQ GHU 7KHRULH�
XQWHUVFKLHGOLFK EHKDQGHOW ZHUGHQ PXVVHQ� LVW MH HLQ %HLVSLHO IXU GLHVH EHLGHQ 9DULDQWHQ� �
DQJHJHEHQ� 'LH HLQH 0DVFKLQH PLW =  � 0RGXOHQ XQG �S  � 5RWRUSROHQ XQG HLQH
ZHLWHUH PLW =  � 0RGXOHQ XQG HEHQIDOOV �S  � 3ROHQ VLQG 5HSUDVHQWDQWHQ EHVRQGHUV�
HLQIDFKHU %DXIRUPHQ�

%LOG ���� 4XHUVFKQLWWH YRQ %HLVSLHOPDVFKLQHQ PLW �S � =

/HJW PDQ GLH EHLGHQ %HLVSLHOH LQ %LOG ��� ]XJUXQGH� NDQQ PDQ XEHUOHJHQ� ZLH VLFK GLH�
'UHKEHZHJXQJ HQWZLFNHOW� $QJHQRPPHQ GLH :LFNOXQJ YRQ 0RGXO � ZLUG VR YRQ HLQHP
6WURP GXUFKoRVVHQ� GD{ GLH )HOGOLQLHQ DXV GHP =DKQNRSI DXVWUHWHQ XQG GLHVHU VLFK GDPLW
PDJQHWLVFK ZLH HLQ 1RUGSRO YHUKDOW� VR ZLUG GHU QDFKVWJHOHJHQH 6XGSRO GHV 5RWRUV DQJH�� � �
]RJHQ� ELV HU VLFK JHQDX JHJHQXEHU YRQ 0RGXO � EHnQGHW� 'LHVHU $QIDQJV]XVWDQG LVW LQ GHQ�
$EELOGXQJHQ GDUJHVWHOOW� 0DQ VXFKW QXQ DP 8PIDQJ GDV 0RGXO� GDV EHL GHU IXU 0RGXO ��
IHVWJHOHJWHQ 6WURPULFKWXQJ GHQ 5RWRU GXUFK $Q]LHKXQJ XP GHQ JHULQJVWHQ :LQNHO LQ GLH
JHZXQVFKWH 'UHKULFKWXQJ ZHLWHUEHZHJW� 'LHVHV 0RGXO ZLUG DOV 0RGXO � EH]HLFKQHW� )XU� �
GLH EHLGHQ 0DVFKLQHQ LP %HLVSLHO ZXUGH DOV 5RWRUSRO]DKO GLH DXI GLH 0RGXO]DKO IROJHQ�
GH QDFKVWJUR{HUH JHUDGH =DKO JHZDKOW� 'HU :LQNHO� XP GHQ VLFK GHU 5RWRU ZHLWHUEHZHJW� � �
KDW� LVW GHVKDOE HLQ JDQ]]DKOLJHV 9LHOIDFKHV YRQ � � (LQ 6WURPoX{ LQ HLQHP GHU DQGHUHQU

0RGXOH ZXUGH GHQ 5RWRU HEHQIDOOV EHZHJHQ� MHGRFK XP JUR{HUH :LQNHOEHWUDJH� 9HUIROJW� � �
PDQ GDV 3ULQ]LS ZHLWHU� PXVVHQ DQVFKOLH{HQG GLH 6SXOHQ GHU 0RGXOH � ELV = YRQ HLQHP�
6WURP GXUFKoRVVHQ ZHUGHQ� 'HU 5RWRU GUHKW VLFK GDEHL VWHWV XP GHQ JOHLFKHQ :LQNHOEH�
WUDJ ZHLWHU� 6FKOLH{OLFK LVW GHU 5RWRU ZLHGHU LQ HLQHU 3RVLWLRQ� GLH GHP $QIDQJV]XVWDQG
YROOLJ HQWVSULFKW��

'DEHL KDW VLFK GHU 5RWRU XP HLQ 3ROSDDU ZHLWHUJHGUHKW XQG KDW ^ HLQH JOHLFKPD{LJH 'UH��
KXQJ YRUDXVJHVHW]W ^ LQ MHGHP GHU 0RGXOH HLQH 9ROOSHULRGH GHU LQGX]LHUWHQ 6SDQQXQJ
KHUYRUJHUXIHQ� 'LH LQ GHQ EHLGHQ %HLVSLHOPDVFKLQHQ HU]HXJWHQ 6\VWHPH GHU LGHDOLVLHUWHQ
LQGX]LHUWHQ 6SDQQXQJHQ VLQG LQ %LOG ��� GDUJHVWHOOW� 0DQ HUNHQQW HUZDUWXQJVJHPD{� GD{�
LQ MHGHP 0RGXO HLQH DQGHUH 6SDQQXQJ LQGX]LHUW ZLUG� 'LH 3KDVHQYHUVFKLHEXQJ GHU HLQ�
]HOQHQ 6SDQQXQJHQ EHWUDJW 7 = E]Z� �{ = ^ PLW 7 DOV 6FKZLQJXQJVGDXHU ^ XQG ZLUG�
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PLW � EH]HLFKQHW� 'DPLW LVW HLQH 'UHKXQJ GHV 5RWRUV XP 9LHOIDFKH YRQ � HLQHU HOHN�L U

WULVFKHQ 3KDVHQYHUVFKLHEXQJ XP � ]XJHRUGQHW� %HL GHQ 6SDQQXQJHQ GHU 0DVFKLQH PLWL

GXUFK YLHU WHLOEDUHU 0RGXO]DKO nQGHW PDQ ]X MHGHP 6SDQQXQJVYHUODXI JHQDX HLQHQ HQW�
VSUHFKHQGHQ 9HUODXI� GHU XP { YHUVFKREHQ LVW� ,Q GHU 3UD[LV EHGHXWHW GLHV� GD{ PDQ IXU�
GLH %HLVSLHOPDVFKLQH PLW XQJHUDGHU 6WUDQJ]DKO HLQ YHUVRUJHQGHV =�SKDVLJHV 6SDQQXQJV�
V\VWHP PLW HLQHU 3KDVHQYHUVFKLHEXQJ YRQ �{ =  � EHQRWLJW� )XU GLH 0DVFKLQH PLW� �L

JHUDGHU 6WUDQJ]DKO EHQRWLJW PDQ HLQ = ��SKDVLJHV 6\VWHP PLW HEHQIDOOV �{ = E]Z� { =�
DOV 3KDVHQYHUVFKLHEXQJ� 'LHVH $Q]DKO GHU 3KDVHQ GHV ]XU 9HUVRUJXQJ QRWLJHQ 6\VWHPV�
HQWVSULFKW GHU 6WUDQJ]DKO GHU 0DVFKLQH� GLH PLW P EH]HLFKQHW ZLUG� =XVDW]OLFK ZLUG GLH�

� �nNWLYH 6WUDQJ]DKO P GHnQLHUW� )XU 0DVFKLQHQ PLW JHUDGHU 6WUDQJ]DKO JLOW P  �P� GLH�
nNWLYH 6WUDQJ]DKO HQWVSULFKW GDPLW GHU $Q]DKO GHU 3KDVHQ� GLH VLFK RKQH GLH =XVDPPHQ�
VFKDOWXQJ YRQ 0RGXOHQ HUJLEW� %HL 0DVFKLQHQ PLW XQJHUDGHU 6WUDQJ]DKO VWLPPHQ P XQG
�P XEHUHLQ� %HL GHQ GDUJHVWHOOWHQ 0DVFKLQHQ VWHKHQ GLH 3RO]DKO XQG GLH 6WUDQJ]DKO LQ GHU�

IROJHQGHQ %H]LHKXQJ ]XHLQDQGHU�

� �= b � P b � = b � P b �
�S =   P XQJHUDGH �S =   P JHUDGH�����

� �= P = P

'LHVH *OHLFKXQJHQ EHVFKUHLEHQ EHVRQGHUV HLQIDFKH 9DULDQWHQ YRQ 0'0� GLH DOV %DVLV
]XP (QWZXUI NRPSOH[HUHU 0DVFKLQHQ GLHQHQ NRQQHQ� 'LH LQ %LOG ��� JH]HLJWHQ 0DVFKLQHQ�
]HLJHQ MHZHLOV HLQHQ 5HSUDVHQWDQWHQ GLHVHU *UXQGW\SHQ?��

�

%LOG ���� ,QGX]LHUWH 6SDQQXQJHQ GHU %HLVSLHOPDVFKLQHQ

,Q GHQ JHJHEHQHQ %HLVSLHOHQ ZXUGH GDYRQ DXVJHJDQJHQ� GD{ �S � = LVW� 'LHV LVW NHLQH
]ZLQJHQGH 9RUDXVVHW]XQJ� ,Q %LOG ��� ZLUG JH]HLJW� ZLH GLH 5RWRUHQ GHU LQ %LOG ��� JH]HLJ�
WHQ 0DVFKLQHQ DXV]XVHKHQ KDEHQ� ZHQQ GHU 6WDWRU XQYHUDQGHUW XEHUQRPPHQ ZLUG XQG� �
�S ! = JLOW�

'LH 3KDVHQYHUVFKLHEXQJ ]ZLVFKHQ GHQ LQGX]LHUWHQ 6SDQQXQJHQ GHU 0RGXOH EOHLEW JOHLFK�
%H]XJOLFK GHU ]XU 6SHLVXQJ HUIRUGHUOLFKHQ 4XHOOH EHGHXWHW GLHV� GD{ GLH JOHLFKH 9HUVRUJXQJ�
]XP (LQVDW] NRPPHQ NDQQ� )DOOV GLH 1XPHULHUXQJ GHU 0RGXOH ^ G�K� GLH =XRUGQXQJ
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%LOG ���� 4XHUVFKQLWWH YRQ %HLVSLHOPDVFKLQHQ PLW �S ! =

HLQHU EHVWLPPWHQ 3KDVHQYHUVFKLHEXQJ ]X HLQHP 0RGXO ^ EHLEHKDOWHQ ZLUG� DQGHUW VLFK�
GLH 'UHKULFKWXQJ� 'D GLH 5RWRUSROWHLOXQJ QXQ NOHLQHU LVW DOV LP YRULJHQ )DOO� GUHKW VLFK
GHU 5RWRU QXQ LQQHUKDOE HLQHU 3HULRGH GHU LQGX]LHUWHQ 6SDQQXQJ ZHQLJHU ZHLW DOV LP
)DOO �S � =� 0DQ NDQQ GLHV DXFK GDUDQ HUNHQQHQ� GD{ GHU :LQNHO � DEJHQRPPHQ KDW�U

ZRJHJHQ � NRQVWDQW JHEOLHEHQ LVW� 'HU =XVDPPHQKDQJ ]ZLVFKHQ 'UHK]DKO XQG )UHTXHQ]L

YHUDQGHUW VLFK GHVKDOE� 'LH *OHLFKXQJHQ LQ ������ ZHOFKH GLH HUVWHQ EHLGHQ *UXQGW\SHQ�
EHVFKUHLEHQ� NRQQHQ QXQ IROJHQGHUPD{HQ YHUDOOJHPHLQHUW ZHUGHQ��

� �= h � P h � = h � P h �
�S =   P XQJHUDGH �S =   P JHUDGH�����

� �= P = P

,Q GHQ YLHU YRUJHVWHOOWHQ %HLVSLHOHQ JLQJ PDQ YRQ HLQHP PLQLPDOHQ %HWUDJ GHU 'LmHUHQ]
]ZLVFKHQ GHU $Q]DKO GHU 6WDWRUPRGXOH XQG MHQHU GHU 5RWRUSROH DXV� 'D GLH $Q]DKO GHU
5RWRUSROH JHUDGH VHLQ PX{ ^ GLH 3ROSDDU]DKO PX{ JDQ]]DKOLJ VHLQ ^ LVW GLHVH PLQLPDOH 'LI�
IHUHQ] EHL XQJHUDGHU 0RGXO]DKO HLQV XQG EHL JHUDGHU 0RGXO]DKO ]ZHL� 'LHVHQ 6DFKYHUKDOW
JLEW GLH *OHLFKXQJ ����� ZLHGHU� 'LHVH )RUGHUXQJ VROO QXQ IDOOHQ JHODVVHQ ZHUGHQ� /LQNV LQ
%LOG ��� HUNHQQW PDQ HLQH 0DVFKLQH� GLH PDQ DXV GHP 5HSUDVHQWDQWHQ YRQ *UXQGW\S � DXV�
%LOG ��� HQWZLFNHOQ NDQQ� 'UHLPDO JOHLFKPD{LJ DP 8PIDQJ YHUWHLOW EHnQGHQ VLFK *UXSSHQ�
YRQ 0RGXOHQ XQG 3ROHQ� GHUHQ UHODWLYH /DJH YRQ 0RGXO ]X 3RO LGHQWLVFK PLW GHU OLQNHQ
0DVFKLQH LQ %LOG ��� LVW� 'LHVH *UXSSHQ VLQG GXUFK GLH GLFNHQ� JHVWULFKHOWHQ /LQLHQ JH�
JHQHLQDQGHU DEJHJUHQ]W� ,P %HLVSLHO LVW PLW =  �� XQG �S  �� GLH 'LmHUHQ] ]ZLVFKHQ
0RGXO]DKO XQG 3RO]DKO ]X GUHL JHZRUGHQ� 9ROOLJ DQDORJ LVW GLH UHFKWV DEJHELOGHWH 0DVFKL��
QH DXV ]ZHL GHU 5HSUDVHQWDQWHQ GHV *UXQGW\SV � DXIJHEDXW� %HL =  �� XQG �S  ���
KDW VLFK GLH 'LmHUHQ] = b �S JHJHQXEHU GHP *UXQGW\S YHUGRSSHOW� 'DV $XIEDXSULQ]LS�
LVW GDPLW IXU 0DVFKLQHQ PLW �S � = XQG �S ! = DQZHQGEDU��

'LH 3KDVHQODJH GHU LQ GHQ 0RGXOHQ LQGX]LHUWHQ 6SDQQXQJHQ LVW LQ %LOG ��� GDUJHVWHOOW�
,P *HJHQVDW] ]X GHQ ELVKHULJHQ 9HUODXIHQ HUNHQQW PDQ� GD{ LQ HLQ]HOQHQ 0RGXOHQ LGHQ��
WLVFKH 6SDQQXQJHQ LQGX]LHUW ZHUGHQ� 'LHVH )HVWVWHOOXQJ� GLH DXFK EHL GHP %HLVSLHO PLW
XQJHUDGHU 6WUDQJ]DKO �OLQNV LP %LOG� JHPDFKW ZLUG� GDUI QLFKW GDPLW YHUZHFKVHOW ZHUGHQ�
GD{ EHL 0DVFKLQHQ PLW JHUDGHU 6WUDQJ]DKO 6SDQQXQJHQ PLW HLQHU 3KDVHQYHUVFKLHEXQJ
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%LOG ���� 4XHUVFKQLWWH YRQ %HLVSLHOPDVFKLQHQ� GLH DXV GHQ *UXQGW\SHQ DEJHOHLWHW VLQG

YRQ { DXIWUHWHQ� 0DQ NDQQ GDPLW ^ DQGHUV DOV YRUKHU ^ PHKUHUH 0RGXOH ]X HLQHP 6WUDQJ
]XVDPPHQIDVVHQ XQG JHPHLQVDP PLW HLQHU 3KDVH GHU YHUVRUJHQGHQ 6SDQQXQJ YHUELQGHQ�
=XVDW]OLFK EHVWHKW EHL 0DVFKLQHQ JHUDGHU 6WUDQJ]DKO QDFK ZLH YRU GLH 0RJOLFKNHLW� 0R�� �
GXOH PLW JHJHQSKDVLJHQ LQGX]LHUWHQ 6SDQQXQJHQ ]XVDPPHQ]XIDVVHQ �%LOG ��� UHFKWV��

%LOG ���� ,QGX]LHUWH 6SDQQXQJHQ GHU DEJHOHLWHWHQ %HLVSLHOPDVFKLQHQ

'LH 0RGXOH� LQ GHQHQ LGHQWLVFKH 6SDQQXQJHQ LQGX]LHUW ZHUGHQ� OLHJHQ V\PPHWULVFK DP
8PIDQJ YHUWHLOW� 6LH ZHUGHQ HLQHP 6WUDQJ ]XJHRUGQHW� 'LH $Q]DKO GLHVHU VLFK ZLHGHUKR�

�OHQGHQ 0RGXOH JOHLFKHU 6WUDQJ]XJHKRULJNHLW ZLUG PLW S >��@ E]Z� S >��@� GHU VRJ� 6WDWRU�� V

SROSDDU]DKO� EH]HLFKQHW� 'D{ GLHVH %H]HLFKQXQJ HLQHQ SK\VLNDOLVFKHQ +LQWHUJUXQG EHVLW]W�
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3 Teilmaschinen à Grundtyp 3 2 Teilmaschinen à Grundtyp 2
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ZLUG LQ $EVFKQLWW ��� GHXWOLFK� =ZLVFKHQ MH ]ZHL 0RGXOHQ� GLH HLQHP 6WUDQJ ]XJHRUGQHW
ZXUGHQ� LVW GLH $EIROJH GHU 6WUDQJ]XJHKRULJNHLW GHU HLQ]HOQHQ 0RGXOH JHQDX ZLH LP ]X��
JHKRULJHQ *UXQGW\S� $QDORJ ]X GHQ %HLVSLHOPDVFKLQHQ LQ %LOG ���� GLH GUHL E]Z� ]ZHL�

�7HLOPDVFKLQHQ? HQWKDOWHQ� NDQQ PDQ DXV S 0DVFKLQHQ HLQHV GHU *UXQGW\SHQ QHXH 0D�
�
VFKLQHQ JHQHULHUHQ� 'LH $Q]DKO VR DXIHLQDQGHUIROJHQGHU 7HLOPDVFKLQHQ NDQQ GDPLW HLQH
EHOLHELJH QDWXUOLFKH =DKO VHLQ� $XFK GLHVH 9HUDOOJHPHLQHUXQJ NDQQ LQ GHQ *OHLFKXQJHQ��
ZHOFKH GLH %H]LHKXQJ ]ZLVFKHQ 0RGXO]DKO� 6WUDQJ]DKO XQG 3ROSDDU]DKO EHVFKUHLEHQ� HLQ�
EH]RJHQ ZHUGHQ�

� � � �= h S P h � = h �S P h �
�S =   P XQJHUDGH �S =   P JHUDGH�����

� �= P = P

�'LH YRUVWHKHQGH 8EHUVLFKW XEHU GLH PRJOLFKHQ $XVIXKUXQJVIRUPHQ YRQ 0RGXODUHQ 'DX�� � �
HUPDJQHWPDVFKLQHQ XQG LKUHQ =XVDPPHQKDQJ PLW GHQ DQIDQJV YRUJHVWHOOWHQ HLQIDFKHQ
*UXQGW\SHQ VWHOOW QXU GHQ $XVVFKQLWW YRQ .RPELQDWLRQVPRJOLFKNHLWHQ GHU 0RGXO� XQG�

�3RO]DKOHQ GDU� GHU LQ GLHVHU $UEHLW HLQH 5ROOH VSLHOW� %LOG ��� JLEW HLQH 8EHUVLFKW� ZHOFKH
GLH LQ GHQ )RUPHOQ ����������� HQWKDOWHQHQ .RPELQDWLRQVPRJOLFKNHLWHQ YRQ 0RGXODQ]DKO��
3ROSDDU]DKO XQG 6WUDQJ]DKO YHUDQVFKDXOLFKW� %HL JHJHEHQHU 0RGXO]DKO XQG 6WUDQJ]DKO
NDQQ PDQ GLH 0RJOLFKNHLWHQ IXU GLH 3ROSDDU]DKO DEOHVHQ� :HOFKH =XVDPPHQKDQJH VLFK� � �
EHL %HUXFNVLFKWLJXQJ DOOHU .RPELQDWLRQVPRJOLFKNHLWHQ HUJHEHQ� LVW >��@ ]X HQWQHKPHQ�� �

%LOG ���� =XVDPPHQKDQJ YRQ 6WUDQJ�� 3ROSDDU� XQG 0RGXO]DKO EHL LVRWURSHQ 0DVFKLQHQ

'LH )XQNWLRQVZHLVH ZXUGH ELVKHU QXU VRZHLW EHOHXFKWHW� GD{ TXDOLWDWLY NODU ZXUGH� ZLH
HLQH 'UHKEHZHJXQJ ]XVWDQGH NRPPHQ NDQQ� )XU JHQDXHUH $XVVDJHQ ]X GHQ %HWULHEVHL��
JHQVFKDIWHQ PXVVHQ GLH )RXULHUUHLKHQ YRQ 3ROUDGIHOG XQG 6WURPEHODJ HUPLWWHOW XQG LKUH�
:HFKVHOZLUNXQJ XQWHUVXFKW ZHUGHQ�
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��� 3ROUDGIHOG GHV 5RWRUV

'HU 5RWRU LVW HQWVSUHFKHQG GHQ $EELOGXQJHQ ���� ��� RGHU ��� DXIJHEDXW� ,Q JOHLFKPD{LJHP�
$EVWDQG IROJHQ DQ VHLQHU GHP /XIWVSDOW ]XJHZDQGWHQ 2EHUoDFKH 3HUPDQHQWPDJQHWHQ DE��
ZHFKVHOQGHU 0DJQHWLVLHUXQJ DXIHLQDQGHU� 'LH WDWVDFKOLFKHQ )HOGYHUODXIH LQ SHUPDQHQWPD�� �
JQHWLVFK HUUHJWHQ 0DVFKLQHQ PLW )ODFKPDJQHWDQRUGQXQJ DKQHOQ PHLVW HLQHU 7UDSH]� RGHU�
5HFKWHFNIXQNWLRQ PLW DEJHUXQGHWHQ .QLFNHQ E]Z� .DQWHQ� 6WHKW HLQHP 0DJQHWHQ HLQH
6WDWRUQXW JHJHQXEHU� ZLUNW VLFK GLHV LQ HLQHU YHUULQJHUWHQ ,QGXNWLRQ DXV� 'LHVHU (mHNW�
ZLUG GXUFK HLQHQ LP %HUHLFK GHU 6WDWRUQXW YHUJUR{HUWHQ /XIWVSDOW KHUYRUJHUXIHQ� .RQNUHW�
YHUZHQGHW PDQ LQ GHU %HUHFKQXQJ GHU /XIWVSDOWLQGXNWLRQ HLQH )RXULHUUHLKH� ZHOFKH GLH
RUWVDEKDQJLJH 9HUJUR{HUXQJ GHV /XIWVSDOWV QDFKELOGHW� )HUQHU PX{ EHUXFNVLFKWLJW ZHUGHQ�� � �
GD{ GLH 0DJQHWHQ LQ D[LDOHU 5LFKWXQJ XQWHUWHLOW VHLQ NRQQHQ� $Q GHQ 6WR{VWHOOHQ GHU 7HLO��
PDJQHWHQ EOHLEW HLQ NOHLQHU 6SDOW� XP GLH :LUEHOVWURPEDKQHQ ]X XQWHUEUHFKHQ� 8P PLW
HLQHU LQ D[LDOHU 5LFKWXQJ NRQVWDQWHQ ,QGXNWLRQ DUEHLWHQ ]X NRQQHQ� LVW HV ]ZHFNPD{LJ�� �
GHQ 0LWWHOZHUW LQ D[LDOHU 5LFKWXQJ ]X ELOGHQ�

'D LP )ROJHQGHQ EHVRQGHUV GDV =XVDPPHQZLUNHQ GHU )RXULHUUHLKHQ YRQ )HOG XQG 6WURP�
EHODJ KHUDXVJHDUEHLWHW ZHUGHQ VROO� ZLUG KLHU HLQ LGHDOLVLHUWHU 5HFKWHFNYHUODXI DQJHQRP�
PHQ� GD GLHVHU VWDUNH 2EHUZHOOHQ DXIZHLVW� 8P VSDWHU GLH 'UHKPRPHQWEHUHFKQXQJ HLQIDFK�
]X KDOWHQ� ZLUG DQJHQRPPHQ� GD{ HV VLFK XP HLQHQ LQ GHU D[LDOHQ $XVGHKQXQJ GHU 0DVFKL�
QH XEHUDOO NRQVWDQWHQ 9HUODXI KDQGHOW� (EHQIDOOV XP GLH %HUHFKQXQJ HLQIDFK ]X KDOWHQ��
ZLUG GHU /XIWVSDOW DOV NRQVWDQW DQJHQRPPHQ� $OV %HLVSLHO VHL HLQ )HOGYHUODXI PLW HLQHU
3ROEHGHFNXQJ YRQ m  ���� DQJHQRPPHQ� 'LHV HQWVSULFKW GHP 3ROEHGHFNXQJVIDNWRU� GHU�

LQ GHQ $EELOGXQJHQ ]X GHQ *UXQGW\SHQ � ELV � ]XJUXQGH JHOHJW ZXUGH� 'HU XEHU GHU HOHN��
WULVFKHQ 8PIDQJVNRRUGLQDWH GHV 5RWRUV DQJHWUDJHQH )HOGYHUODXI XEHU HLQHP 3ROSDDU LVW LQ�
%LOG ��� GDUJHVWHOOW� 8P IXU ,QQHQ� XQG $X{HQODXIHUPDVFKLQHQ GLH JOHLFKHQ %H]LHKXQJHQ� �
]X HUKDOWHQ ^ GLHV LVW EHVRQGHUV EHL GHU %HUHFKQXQJ GHV 'UHKPRPHQWV YRQ %HGHXWXQJ ^
]DKOW PDQ UDGLDO QDFK DX{HQ ODXIHQGH ,QGXNWLRQVOLQLHQ SRVLWLY� 'D HQWVSUHFKHQG GHU 'Hn��
QLWLRQ LQ >��@ GLH )HOGOLQLHQ DXV HLQHP 1RUGSRO DXVWUHWHQ� EHQRWLJW PDQ DXI GHU 2EHUoDFKH� �
HLQHV ,QQHQODXIHUV HLQHQ 6XGSRO� XP HLQ )HOG LQ SRVLWLYH 5LFKWXQJ DXI]XEDXHQ� )XU HLQHQ� � �
$X{HQODXIHU VLQG GLH 9HUKDOWQLVVH JHQDX XPJHNHKUW�� �

%LOG ���� ,GHDOLVLHUWHU 9HUODXI GHV 3ROUDGIHOGHV XEHU HLQHP 3ROSDDU�
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=XQDFKVW ZLUG GLH ,QGXNWLRQ XEHU GLH (LVHQSDNHWODQJH O JHPLWWHOW�� � �

] O=
�

%  % �]�G] �����SP] S
O
] �

'LH EHVFKUHLEHQGH )RXULHUUHLKH GHV LGHDOLVLHUWHQ 9HUODXIV ODXWHW ZLH IROJW�

� �; ;
A A% �[ �  % FRV��S[ �  % FRV��o � �����SP] � SP] � � SP] � �

� � � �

'DULQ LVW GLH .RRUGLQDWH [ GHU UDXPOLFKH 5RWRUZLQNHO� GHU GLH :HUWH >�� �{@ DQQLPPW���

'LH HOHNWULVFKH .RRUGLQDWH GHV /DXIHUV ZLUG PLW o EH]HLFKQHW� %H]LHKW PDQ GLH *OHLFKXQJ� �

DXI GLH 6WDWRUNRRUGLQDWH [ HUKDOW PDQ IROJHQGH $EKDQJLJNHLW�� ��

�;
A% �[ � W�  % FRV��S[ b ��Wb 
 � �  NRQVW� �����SP] � SP] � � �

� �

'LH =XVDPPHQKDQJH YRQ UDXPOLFKHU 6WDWRU� XQG 5RWRUNRRUGLQDWH VRZLH HOHNWULVFKHU 5R�� �
WRUNRRUGLQDWH VLQG JHJHEHQ GXUFK�

[  [ � � W� 
  S  o  S� � W� 
  S �  � S  NRQVW� ������ � P � � P � P

1DFK $XVIXKUHQ GHU )RXULHU]HUOHJXQJ HUKDOW PDQ IXU GLH :HUWH GHU $PSOLWXGHQ�� � �

�A%  % VLQ��m { �� �����SP] � SP] PD[ �
�{

9HUQDFKODVVLJW PDQ GLH 1XWXQJ� LVW GHU )HOGYHUODXI YLHUWHOSHULRGLVFK XQG HV WUHWHQ QXU�
XQJHUDG]DKOLJH 2EHUZHOOHQ DXI� )XU GLH ZHLWHUHQ 8QWHUVXFKXQJHQ VHL GLHV YRUDXVJHVHW]W��
'DV VLFK IXU GHQ LQ %LOG ��� JH]HLJWHQ� UHFKWHFNIRUPLJHQ )HOGYHUODXI HUJHEHQGH 2EHUZHO�� �
OHQVSHNWUXP LVW LQ %LOG ��� GDUJHVWHOOW�

%LOG ���� 2EHUZHOOHQVSHNWUXP GHV 5HFKWHFNIHOGHV EHL m  �����

(V NDQQ VSDWHU ]XP 9HUJOHLFK PLW GHQ VLFK WDWVDFKOLFK HUJHEHQGHQ 9HUODXIHQ KHUDQJH]RJHQ� � �
ZHUGHQ� (LQH $QSDVVXQJ DQ GHQ )HOGYHUODXI HLQHU DXVJHIXKUWHQ 0DVFKLQH NDQQ GXUFK�
(LQVHW]HQ GHU HQWVSUHFKHQGHQ )RXULHUNRHp]LHQWHQ HUIROJHQ�
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��� 6WURPEHODJ GHV 6WDWRUV

'LH IROJHQGHQ *OHLFKXQJHQ ZHUGHQ IXU LVRWURSH 0DVFKLQHQ PLW =  6 �G�K� MHGHU =DKQ�
WUDJW HLQH 6SXOH� HQWZLFNHOW� 0DVFKLQHQ PLW XQJOHLFKPD{LJHU 9HUWHLOXQJ GHU 0RGXOH �DQL�� �

�VRWURS� YHUKDOWHQ VLFK ]ZDU SULQ]LSLHOO JHQDXVR ^ GLHV JHKW EHUHLWV DXV GHQ 8EHUOHJXQJHQ
]XP =XVDPPHQKDQJ GHU %DXIRUPHQ LQ $EVFKQLWW ��� KHUYRU ^ GLH LP IROJHQGHQ JHPDFKWHQ
9RUDXVVHW]XQJHQ ZXUGHQ MHGRFK YHUOHW]W ZHUGHQ��

����� 6WURPEHODJ HLQHV 0RGXOV

�$XVJDQJVSXQNW GHU 8EHUOHJXQJHQ LVW GHU 6WURPEHODJ GHU 0RGXOH HLQHV 6WUDQJV� 'LH
%LOG ��� E]Z� %LOG ���� ]HLJHQ GLHVHQ 6WURPEHODJ EHL HLQHU 0DVFKLQH PLW XQJHUDGHU E]Z�
JHUDGHU 6WUDQJ]DKO� $XIJUXQG GHU 6\PPHWULH DP 8PIDQJ NDQQ PDQ VLFK DXI GHQ S
�
WHQ 7HLO GHV 8PIDQJV EHVFKUDQNHQ� :LH EHL GHU %HKDQGOXQJ YRQ HOHNWULVFKHQ 0DVFKLQHQ�
XEOLFK� ZHUGHQ GLH 6WURPEHODJH DOV XQHQGOLFK GXQQH %DQGHU YRQ GHU %UHLWH GHV 1XWVFKOLW�� � � �
]HV DQJHQRPPHQ� GLH XQPLWWHOEDU DXI GHU 2EHUoDFKH GHV 6WDWRUV OLHJHQ��

%LOG ���� 6WURPEHODJ HLQHV 0RGXOV PLW GHQ ]ZHL +DXSWZHOOHQ� P XQJHUDGH �P  ��

�'HU LQ GHU =HLFKQXQJ DQJHJHEHQH 6WURP L GXUFKoLH{W GLH Z :LQGXQJHQ GHU 6SXOHQZLFN�
�OXQJ GHV EHWUDFKWHWHQ 0RGXOV �� 'LH S 0RGXOJUXSSHQ GHU 0DVFKLQH ^ VLH ZXUGHQ LQ

$EVFKQLWW ��� DOV 7HLOPDVFKLQHQ? EH]HLFKQHW ^ VLQG DOV LQ 5HLKH JHVFKDOWHW DQJHQRPPHQ�
�

'LH UHVXOWLHUHQGH :LQGXQJV]DKO HLQHV 6WUDQJV HUJLEW VLFK VR DXV GHU :LQGXQJV]DKO HLQHV
� �0RGXOV Z XQG GHU 6WDWRUSROSDDU]DKO S � 'LH %HVFKUHLEXQJ GHV 6WURPEHODJV GXUFK HLQH

)RXULHUUHLKH ODXWHW�

� � � � �; �Z S { VLQ�y S E  ��QV� � � � �D �[ � W�  L �W� VLQ�y � VLQ�y S [ � ������ �
� � �{U P y S E  �

� QVy  �

'LH 2EHUZHOOHQ� ZHOFKH GHQ JHULQJVWPRJOLFKHQ 8QWHUVFKLHG ]ZLVFKHQ 6WDWRUPRGXOWHLOXQJ�
XQG LKUHU :HOOHQODQJH DXIZHLVHQ� ZHUGHQ LP IROJHQGHQ HLQH EHVRQGHUH %HGHXWXQJ HUODQJHQ�
XQG VROOHQ +DXSWZHOOHQ JHQDQQW ZHUGHQ� ,P %HWULHE ZLUG GLH :LFNOXQJ GHV 6WUDQJV �

�YRQ HLQHP :HFKVHOVWURP GXUFKoRVVHQ� GHU PLW L �W� EH]HLFKQHW LVW� 'D ]XQDFKVW NHLQH�
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�%LOG ����� 6WURPEHODJ HLQHV 0RGXOV PLW GHQ ]ZHL +DXSWZHOOHQ� P JHUDGH �P  ��

(LQVFKUDQNXQJHQ ]X GHVVHQ ]HLWOLFKHP 9HUODXI JHPDFKW ZHUGHQ VROOHQ� ZLUG HLQH DOOJHPHLQH�
)RXULHUUHLKH ]XU %HVFKUHLEXQJ YHUZHQGHW�

�;
� AL �W�  L FRV�x�W� 
 � ������x x

x �

$XIJUXQG GHU EHLP $XIEDX GHU 0DVFKLQH HLQJHKDOWHQHQ 6\PPHWULH GHV 5RWRUV XQG GDPLW
GHU LQGX]LHUWHQ 6SDQQXQJHQ VLQG DXFK GLH 6WURPH KDOEZHOOHQV\PPHWULVFK XQG YLHUWHO��
SHULRGLVFK HLQ]XSUDJHQ� (V WUHWHQ VR QXU XQJHUDG]DKOLJH 2EHUVFKZLQJXQJHQ DXI� )XU GLH� �
ZHLWHUHQ %HWUDFKWXQJHQ VHL GLHV YRUDXVJHVHW]W� 1DFK (LQVHW]HQ GHU )RXULHUUHLKH GHV 6WURPV
LQ GLH )RUPHO GHV 6WURPEHODJV HUKDOW PDQ��

� � � � � �; ; �Z S { VLQ�y S E  ��QV� � � �AD �[ � W�  L FRV�x�W� 
 � VLQ�y � VLQ�y S [ � ������� x x �
� � �{U P y S E  �

� QVx �y  �

'DULQ ODVVHQ VLFK GHU 6HKQXQJVIDNWRU� GHU 1XWVFKOLW]IDNWRU XQG GDPLW GHU :LFNOXQJVIDNWRU
GHnQLHUHQ�

� �{ VLQ�y S E  ��QV�
� � � � �z  VLQ�y � z  z  z c z ������V y QV y y V y QV y

� � �P y S E  �QV

9RQ ,QWHUHVVH LVW� ZHOFKHV )RXULHUVSHNWUXP DQ 6WURPEHODJVZHOOHQ YRQ HLQHU 0RGXOJUXSSH
HU]HXJW ZLUG� %HL GHU %HWUDFKWXQJ GHU )RUPHO ������ ]HLJW VLFK� GD{ GHU $XVGUXFN IXU�
GLH $PSOLWXGHQ YRQ GHU 6WUDQJ]DKO XQDEKDQJLJ JHPDFKW ZHUGHQ NDQQ� ZHQQ PDQ GHQ�

� �6WURPEHODJ LQ $EKDQJLJNHLW YRQ y  P GDUVWHOOW��

�y� � � VLQ� =E  ���Z S y � QV� P AAD  VLQ� {� L ������� � � xy  P x y�{U P =E  �
� QVP

A1LPPW PDQ DXFK GLH $EKDQJLJNHLW GHU $PSOLWXGHQ GHU 6WURPREHUVFKZLQJXQJHQ L DOV� x

NRQWLQXLHUOLFK DQ� NDQQ PDQ HLQH +XOOoDFKH IXU GLH :HUWH GHU $PSOLWXGHQ LQ GLHVHU QHX�� � �
HQ 'DUVWHOOXQJ DQJHEHQ �%LOG ������ $OV 3DUDPHWHU JHKHQ LQ GLHVH 'DUVWHOOXQJ QXU GHU
1XWVFKOLW] XQG GLH 6WURPIRUP HLQ�
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%LOG ����� )RXULHUVSHNWUXP GHV 6WURPEHODJV HLQHV 0RGXOV LQ EH]RJHQHU 'DUVWHOOXQJ

'LH =HLFKQXQJ HQWKDOW LQ DOOJHPHLQHU )RUP GLH YRP 6WURPEHODJ KHUYRUJHUXIHQHQ $P��
SOLWXGHQ� 'LHVH 'DUVWHOOXQJ LVW IXU DOOH 0RGXODUHQ 'DXHUPDJQHWPDVFKLQHQ LQ LVRWURSHU�
%DXZHLVH DQZHQGEDU�

� �'HU ZHOOHQIRUPLJH 9HUODXI GHU $PSOLWXGHQ LQ 5LFKWXQJ GHU y  P .RRUGLQDWH ZLUG GXUFK�
� �GHQ 6HKQXQJVIDNWRU EHVWLPPW� 'LH PD[LPDOHQ $PSOLWXGHQ WUHWHQ EHL �y  P � � DXI� ZDV

OHLFKW YHUVWDQGOLFK LVW� GD KLHU GLH :HOOHQODQJH PLW GHU 6WDWRUQXWWHLOXQJ XEHUHLQVWLPPW�� � �
,KQHQ IROJHQ ZHLWHUH UHODWLYH 0D[LPD LP $EVWDQG YRQ HLQV� 'LH OHLFKWH $EQDKPH GLHVHU
UHODWLYHQ 0D[LPD PLW ]XQHKPHQGHU 2UGQXQJ EHGLQJW GHU 1XWVFKOLW]IDNWRU� -H VFKPDOHU
GLH 1XW LVW� GHVWR JHULQJHU LVW GLH $EQDKPH� ,Q GHU *UDSKLN ZXUGH HLQ 1XWVFKOLW] YRQ ���
GHU 0RGXOWHLOXQJ DQJHQRPPHQ� ���~ � )XU GLH 6WURPIRUP ZXUGH HLQ 5HFKWHFNYHUODXI PLW��

HLQHU %ORFNEUHLWH YRQ ��� DQJHQRPPHQ� 'LHVHU YHUIXJW XEHU HLQ 2EHUVFKZLQJXQJVVSHN�� �
WUXP� GDV PLW � x DEIDOOW XQG PLW HLQHU 6LQXVIXQNWLRQ PRGXOLHUW LVW��

%HL DOO GLHVHQ :HOOHQ KDQGHOW HV VLFK XP RUWVIHVWH 9HUODXIH� GHQHQ :HFKVHOIHOGHU HQWVSUH��
FKHQ� )RUPDO DX{HUW VLFK GLHV LQ ������ GDULQ� GD{ GLH $EKDQJLJNHLW YRQ =HLW XQG 2UW LQ� �
GHQ $UJXPHQWHQ ]ZHLHU WULJRQRPHWULVFKHU )XQNWLRQHQ DXIWULWW�

����� 6WURPEHODJ DOOHU 0RGXOH

$XVJHKHQG YRQ GHP 9HUKDOWHQ HLQHV 0RGXOV NDQQ QDFK GHP 6WURPEHODJ JHIUDJW ZHUGHQ�
GHU YRQ DOOHQ 0RGXOHQ ]XVDPPHQ HU]HXJW ZLUG� 'LH IXU HLQH %HZHJXQJ GHV 5RWRUV EHQRWLJ�� �
WHQ 6WURPEHODJVGUHKZHOOHQ HUKDOW PDQ QXU� ZHQQ HLQ JHHLJQHWHV 6WURPV\VWHP ]XU 6SHL��
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�VXQJ GHU 0DVFKLQH YRUKDQGHQ LVW� (QWVSUHFKHQG GHQ 8EHUOHJXQJHQ ]XU (U]HXJXQJ HLQHU
'UHKEHZHJXQJ LQ $EVFKQLWW ��� XQG GHQ 9HUODXIHQ GHU LQGX]LHUWHQ 6SDQQXQJ �%LOG �����
PXVVHQ GLH HLQ]HOQHQ 6WUDQJH N PLW 6WURPHQ YHUVRUJW ZHUGHQ� GHUHQ 3KDVHQYHUVFKLHEXQJ� � �
JHJHQXEHU GHP 6WURP LQ 6WUDQJ � JHQDX GHU 3KDVHQYHUVFKLHEXQJ GHU N�WHQ 3ROUDGVSDQ��
QXQJ JHJHQXEHU GHU 3ROUDGVSDQQXQJ LQ 6WUDQJ � HQWVSULFKW� %HL GHU $XIVWHOOXQJ GHU *OHL��
FKXQJHQ PX{ EHUXFNVLFKWLJW ZHUGHQ� GD{ GLH 0RGXOH� GLH ]X DXIHLQDQGHUIROJHQGHQ 3KDVHQ�
JHKRUHQ� DP 8PIDQJ QLFKW XQPLWWHOEDU DXIHLQDQGHUIROJHQ� 'LHV ZXUGH EHUHLWV DXV GHQ�
%HLVSLHOHQ LQ $EVFKQLWW ��� GHXWOLFK� %HL XQJHUDGHU 6WUDQJ]DKO LVW GHU XEHUQDFKVWH =DKQ� �
GHP QDFKVWHQ 6WUDQJ ]X]XRUGQHQ� 'DEHL LVW EHL 0DVFKLQHQ PLW �S � = JHJHQ GLH� EHL�
�S ! = PLW GHU 'UHKULFKWXQJ ]X ]DKOHQ �%LOG ���� ����� 'HU UDXPOLFKH 9HUVDW] GHU DXIHLQ�� �
DQGHUIROJHQGHQ 0RGXOH OD{W VLFK DQJHEHQ ]X��

�{ �{N�� N
  � XQG IXU GLH UDXPOLFKH .RRUGLQDWH [  [ b � ������� �p � �= =

+DQGHOW HV VLFK GDJHJHQ XP HLQH 0DVFKLQH PLW JHUDGHU 6WUDQJ]DKO� VR OLHJW GDV 0RGXO HLQHV
QDFKIROJHQGHQ 6WUDQJV XP P � � 0RGXOH ZHLWHUJHGUHKW� $XFK KLHU JLOW� GD{ EHL �S � =
JHJHQ GLH� EHL �S ! = PLW GHU 'UHKULFKWXQJ ]X ]DKOHQ LVW� +LHU ODXWHW GLH ]XJHKRULJH� �
)RUPHO�

�{ �{ �{ �{N�� N
  � XQG IXU GLH UDXPOLFKH .RRUGLQDWH [  [ b b ������� �p � �� ��S = �S =

'HU 6WURP LP N�WHQ 6WUDQJ ODXWHW GDQQ�

�;
N AL �W�  L FRV�x�W� 
 b x�N b ��p� ������x x

x �

)XU XQJHUDGH 6WUDQJ]DKOHQ JLOW GDEHL��

�
p  �{ �� h � � � �S ! = XQG b � �S � = ������

P

%HL JHUDGHQ 6WUDQJ]DKOHQ LVW p JHJHEHQ GXUFK�

�P � h � �
p  �{ � � h � � � �S ! = XQG b � �S � = ������

�� � P

�'LH HOHNWULVFK ZLUNVDPH 3KDVHQYHUVFKLHEXQJ GHU 6WURPH EHWUDJW VWHWV N c �{ P � ZDV� �
VLFK GXUFK (LQVHW]HQ YRQ ������ E]Z� ������ XQG NXU]H 5HFKQXQJ QDFKZHLVHQ OD{W� 'D�
QXQ EHNDQQW LVW� ZLH GLH 6WUDQJH DP 8PIDQJ DQJHRUGQHW VLQG XQG ZLH GLH 6SHLVXQJ ]X�
HUIROJHQ KDW� VROO DQ ]ZHL %HLVSLHOHQ GLH 9HUWHLOXQJ GHV 6WURPEHODJV IXU HLQHQ =HLWSXQNW�
W DP 8PIDQJ DQJHJHEHQ ZHUGHQ��

%HL V\PPHWULVFKHU 6SHLVXQJ GHU 6WDWRUZLFNOXQJHQ YRQ *UXQGW\S ��� XQG ��� HUKDOW PDQ�
GLH GDUJHVWHOOWHQ 9HUODXIH GHV 6WURPEHODJV� :LH EHUHLWV GDUJHOHJW� VLQG GLH 6WDWRUHQ YRQ�
*UXQGW\S � XQG � VRZLH � XQG � LGHQWLVFK DXIJHEDXW� %HL GHU *UDSKLN ZXUGH HLQ =DKQEH�
GHFNXQJVIDNWRU YRQ ��� EHUXFNVLFKWLJW� 'LHV HQWVSULFKW GHP :HUW� GHU LQ GHQ 6NL]]HQ LQ�
$EVFKQLWW ��� DQJHQRPPHQ ZXUGH� -HGHU 6WURPEHODJVLPSXOV VHW]W VLFK DXV ]ZHL $QWHLOHQ
]XVDPPHQ� GLH YRQ GHU :LFNOXQJ GHV OLQNHQ E]Z� UHFKWHQ 0RGXOV VWDPPHQ� ,P *HJHQVDW]
]XP 6WURPEHODJ HLQHV 0RGXOV ELOGHQ VLFK MHZHLOV ]ZHL 2UGQXQJV]DKOHQ EHVRQGHUV VWDUN
DXV� (V VLQG GLHV GLH REHQ DOV +DXSWZHOOHQ HLQJHIXKUWHQ 2UGQXQJHQ� GHUHQ :HOOHQODQJH� �
GHU 6WDWRUPRGXOWHLOXQJ IDVW HQWVSULFKW� 'LH DQVFKOLH{HQGH 8QWHUVXFKXQJ ZLUG ]HLJHQ� GD{
HV VLFK GDEHL XP ]ZHL JHJHQODXnJH 'UHKZHOOHQ KDQGHOW� 'LH 3ROSDDU]DKO GHV 5RWRUV LVW VR�

��



%LOG ����� 6WURPEHODJ DOOHU 0RGXOH PLW GHQ ]ZHL +DXSWZHOOHQ� P XQJHUDGH �P  ��

�%LOG ����� 6WURPEHODJ DOOHU 0RGXOH PLW GHQ ]ZHL +DXSWZHOOHQ� P JHUDGH �P  ��

]X ZDKOHQ� GD{ VLH PLW GHU 2UGQXQJV]DKO HLQHU GHU EHLGHQ :HOOHQ XEHUHLQVWLPPW� 'XUFK� �
GDV =XVDPPHQZLUNHQ GHU )HOGHU HQWVWHKW GDV 'UHKPRPHQW�

0LW +LOIH GHU ]ZLVFKHQ GHQ 6WUDQJHQ ]X EHUXFNVLFKWLJHQGHQ UDXPOLFKHQ 9HUVFKLHEXQJ� � �
������ E]Z� ������ XQG GXUFK GLH PDWKHPDWLVFKH %HVFKUHLEXQJ GHV V\PPHWULVFKHQ 6\�
VWHPV ������ HUKDOW PDQ QDFK (LQVHW]HQ LQ ������ GLH %H]LHKXQJ IXU GHQ YRQ DOOHQ 0RGXOHQ� �
]XVDPPHQ HU]HXJWHQ 6WURPEHODJ�

�P � �� �; ; ;��Z S zy � �AD�[ � W�  b L FRV�x�W�
 bx�Nb ��p� VLQ�y S [ b y�Nb ��p�������� x x �
{U

� x �N � y  �

)RUPDO WUHWHQ LQ ������ GLH $EKDQJLJNHLWHQ YRQ =HLW XQG 2UW LQ ]ZHL YHUVFKLHGHQHQ WULJR��
QRPHWULVFKHQ )XQNWLRQHQ DXI� 6XPPLHUW PDQ GLH 6WURPEHODJH GHU HLQ]HOQHQ 6WUDQJH XQG� �

�QXW]W GDEHL GLH 8EHUHLQVWLPPXQJ YRQ UDXPOLFKHU 9HUVFKLHEXQJ XQG HOHNWULVFKHU 3KDVHQ��
YHUVFKLHEXQJ� XP VLQQYROO ]XVDPPHQ]XIDVVHQ� NDQQ PDQ QDFKZHLVHQ� GD{ VLFK 'UHKZHO�
OHQ DXVELOGHQ� 1DFK 8PIRUPXQJ� ZREHL XQWHU DQGHUHP GLH WULJRQRPHWULVFKHQ )XQNWLRQHQ
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NRPSOH[ DXVJHGUXFNW ZHUGHQ� HUKDOW PDQ�� �

� �� � �; ;��Z S z Py AD�[ � W�  b L� x
{U �M

� x �y  �K
� � � ��M�x�W�
 �y S [ � e bM�x�W�
 �y S [ �x x� �H 6 b H 6 ��� xy ���xy ��� L

� � � �
bM�x�W�
 by S [ � e �M�x�W�
 by S [ �x � x �H 6 b H 6 �������� xy �b�xy �b�

%HL GHU $XVZHUWXQJ WUHWHQ HQGOLFKH JHRPHWULVFKH 6XPPHQ DXI� )XU GHQ $XVGUXFN� GHQ�
PDQ EHL LKUHU $XVZHUWXQJ HUKDOW� ZLUG HLQH $ENXU]XQJ HLQJHIXKUW�� � �

�
� S� �P � �VLQ��y h x�P p ��; S S� � �SbM��y hx��Nb��p M��y hx��P b��p �

S SH  6  H ������� �x y �h� S� �P VLQ��y h x�p ��N � S

'HU KRFKJHVWHOOWH 6WHUQ EH]HLFKQHW GLH NRQMXJLHUW NRPSOH[H *UR{H� )XU EHOLHELJH (LQVHW�� �
�]XQJHQ DXV GHP ]XODVVLJHQ :HUWHEHUHLFK YRQ y XQG x ZLUG GHU =DKOHU LQ ������ ]X QXOO�� �

'D GDV $UJXPHQW GHV =DKOHUV GHU 6LQXVIXQNWLRQ HLQ 9LHOIDFKHV GHV 1HQQHUDUJXPHQWV LVW��
ZLUG IXU HLQLJH GHU PRJOLFKHQ (LQVHW]XQJHQ GHU 1HQQHU ]X QXOO� (LQH *UHQ]ZHUWEHWUDFK�� �
WXQJ IXU GLHVH )DOOH OLHIHUW GDQQ GHQ :HUW � HQWZHGHU IXU GDV SRVLWLYH RGHU GDV QHJDWLYH� � �
9RU]HLFKHQ LQ 6 � 'LH %HGLQJXQJ� GLH GD]X ]X HUIXOOHQ LVW� ODXWHW��xy�h�

�S
� � ��y i x�p �  J { PLWJ � == �������
S

1DFK (LQVHW]HQ GHU :HUWH IXU p NDQQ QDFK GHQ EHLGHQ 9RU]HLFKHQ XQWHUVFKLHGHQ ZHUGHQ��
'LH IXU JHUDGH XQG XQJHUDGH 6WUDQJ]DKOHQ HLQ]XKDOWHQGHQ %HGLQJXQJHQ ODXWHQ GDQQ��

IXU GDV QHJDWLYH 9RU]HLFKHQ� GDV ]X HLQHU LP SRVLWLYHQ 6LQQ XPODXIHQGHQ :HOOH IXKUW�� �� �
�

P �� J P
 XQJHUDGHS �� P h�
�y b x  6  � 6  � �������P xy�b� xy����J P
 JHUDGHS � �P �P  ���h��h�

IXU GDV SRVLWLYH 9RU]HLFKHQ� GDV ]X HLQHU LQ QHJDWLYHP 'UHKVLQQ XPODXIHQGHQ :HOOH IXKUW�� �� ��P �� J P
 XQJHUDGHS �� P h�
�y � x  6  � 6  � �������P xy�b� xy����J P
 JHUDGHS � �P �P  ���h��h�

'XUFK ZHLWHUH 8PIRUPXQJ� EHL GHU GLH %H]LHKXQJ

� �S P h � S P h �
 P
 XQJHUDGH  P
 JHUDGH ������

� �S � S �

EHQXW]W ZLUG� NDQQ PDQ VFKUHLEHQ��
�� �S J P P
 XQJHUDGH� �y i x  �������� �� J P P
 JHUDGHS �P ��

�'LH OLQNH 6HLWH LVW IXU DOOH y XQG x DXV GHP PRJOLFKHQ :HUWHEHUHLFK JDQ]]DKOLJ� ,P HUVWHQ� �
�)DOO ODVVHQ VLFK GHVKDOE IXU DOOH XQJHUDGHQ (LQVHW]XQJHQ IXU J NHLQH /RVXQJHQ nQGHQ�� � �

�,P ]ZHLWHQ )DOO LVW GLH %HGLQJXQJ YRQ :HUWHQ IXU J � ZHOFKH GLH UHFKWH 6HLWH JDQ]]DKOLJ�
� �PDFKHQ� QRFK VWDUNHU HLQJHVFKUDQNW� 1XU ZHQQ J HLQ 9LHOIDFKHV YRQ � �P ���  � �P���� �

��



LVW� ZLUG GLH UHFKWH 6HLWH JDQ]]DKOLJ� 'D{ GLHVH %HGLQJXQJ HUIXOOW VHLQ PX{� OD{W VLFK� �
IROJHQGHUPD{HQ ]HLJHQ� :HQQ GLH UHFKWH 6HLWH DXFK IXU DQGHUH :HUWH JDQ]]DKOLJ VHLQ VROO��

� �PX{ GHU 4XRWLHQW J  �P � �� HLQ %UXFK VHLQ� 'DV 3URGXNW GLHVHV %UXFKV PLW P PX{
�GDQQ HLQH JDQ]H =DKO HUJHEHQ� 'LHV LVW QXU PRJOLFK� ZHQQ GHU 1HQQHU GHV %UXFKV LQ P�

�DOV )DNWRU HQWKDOWHQ LVW� 0DQ NDQQ VLFK DQGHUHUVHLWV OHLFKW XEHUOHJHQ� GD{ P  �P � ���
WHLOHUIUHPG VHLQ PXVVHQ� +DWWHQ VLH HLQHQ JHPHLQVDPHQ 7HLOHU� XQWHUVFKLHGHQ VLH VLFK XP� �
PLQGHVWHQV HLQPDO GHQ :HUW GLHVHV 7HLOHUV� 'LH 'LmHUHQ] LVW DEHU HLQV� 0DQ NDQQ GHVKDOE�

�RKQH GLH $XVVDJH GHU *OHLFKXQJHQ ]X DQGHUQ� GHQ :HUWHEHUHLFK YRQ J DXI GLH :HUWH�
HLQVFKUDQNHQ� GLH PXOWLSOL]LHUW PLW � � E]Z� � �P��� HLQH JDQ]H =DKO HUJHEHQ� 'D GLHVH�
3URGXNWH DOOH JDQ]HQ =DKOHQ DQQHKPHQ JLOW�

S
� � � �y i x  JP P XQJHUDGH XQG P JHUDGH J � == �������

�S

�:HQQ HLQ :HUWHSDDU YRQ y XQG x GLHVH %HGLQJXQJ HUIXOOW� HUJLEW VLFK HLQH 'UHKZHOOH��
1DFK (LQVHW]XQJ GHU (UJHEQLVVH LQ GLH *OHLFKXQJ ������ HUKDOW PDQ IXU GLH )RUP GHU� �
'UHKZHOOHQ�

� �� � �; ;��Z S z Py � �AD �[ � W�  b L VLQ�x�W� 
 b y S [ � SRV� 'UHKZHOOH ������� � x x �
{U �

� x �y  �

� �� � �; ;��Z S z Py � �AD �[ � W�  b L VLQ�x�W� 
 � y S [ � QHJ� 'UHKZHOOH ������b � x x �
{U �

� x �y  �

)XU GHQ ,QGH[ � HUKDOW PDQ HLQH 'UHKZHOOH� GLH LQ GLH QHJDWLYH 5LFKWXQJ GUHKW� XQG� �
XPJHNHKUW� 'LH $PSOLWXGHQ VLQG JHJHEHQ GXUFK�

�y� � � �VLQ� =E  ���Z S y P� QVP A
� �AD  VLQ� {� L ������y  P x � xy�{U P �=E  �QV�P

9RQ EHVRQGHUHP ,QWHUHVVH LVW QXQ� ZHOFKH 'UHKZHOOHQ VLFK DXVELOGHQ XQG PLW ZHOFKHU
*HVFKZLQGLJNHLW GLHVH XPODXIHQ� 'D]X ZLUG LQ %LOG ���� XQG %LOG ���� YHUDQVFKDXOLFKW�
ZHOFKH 'UHKZHOOHQ HLQH 0'0 DXIZHLVHQ NDQQ� 'DEHL HUZHLVW HV VLFK ZLHGHU DOV ]ZHFNPD{LJ��
GLH ([LVWHQ]EHGLQJXQJ ������ DXI GLH 6WUDQJ]DKO ]X QRUPLHUHQ�� � t u�y x S

� �
i  J IXU P JHUDGH XQG P XQJHUDGH J � == ������� �

� � �P P S

'LH DXI GLH 6WUDQJ]DKO EH]RJHQHQ 2UGQXQJV]DKOHQ ZHUGHQ DOV NRQWLQXLHUOLFKH *UR{HQ GDU��
�JHVWHOOW� ZDV HLQH XPIDVVHQGH 8EHUVLFKW ]X GHQ VLFK HQWZLFNHOQGHQ 'UHKZHOOHQ JHZDKUW��

%HUXFNVLFKWLJW PDQ GLHVH (UJHEQLVVH� OLHJHQ GLH $PSOLWXGHQ GHU 'UHKZHOOHQ GHV P�VWUDQJL�� �
JHQ 6\VWHPV DXI GHQ GXUFK GLH %LOG ���� E]Z� %LOG ���� JHJHEHQHQ /LQLHQ LP 6\VWHP GHU
'UHKZHOOHQ� GLH YRQ HLQHP 0RGXO KHUYRUJHUXIHQ ZHUGHQ �%LOG ������ 'DEHL YHUJUR{HUQ VLFK�

�GLH $PSOLWXGHQ XP GHQ )DNWRU P  � �%LOG ������

��� 'UHKPRPHQW

'LH 6WURPEHODJVGUHKZHOOHQ� GLH GHU 6WDWRU HLQHU 0'0 HU]HXJW ������� ZLUNHQ PLW GHQ
:HOOHQ GHV 3ROUDGIHOGHV ]XVDPPHQ XQG UXIHQ GDGXUFK DQ GHQ OXIWVSDOWVHLWLJHQ 2EHU�

��



%LOG ����� ([LVWHQ] XQG 'UHKULFKWXQJ GHU 'UHKZHOOHQ EHL �S � =

%LOG ����� ([LVWHQ] XQG 'UHKULFKWXQJ GHU 'UHKZHOOHQ EHL �S ! =

oDFKHQ YRQ 6WDWRU XQG 5RWRU .UDIWH XQG GDPLW 'UHKPRPHQWH KHUYRU� 'LH 0XOWLSOLNDWLRQ� �
GHV 6WURPEHODJV PLW HLQHP $EVFKQLWW GHV /XIWVSDOWXPIDQJV UHSUDVHQWLHUW HLQHQ 6WURP�
E]Z� JHQDXHU HLQH 'XUFKoXWXQJ� 6R NDQQ PDQ VLFK GLH (QWVWHKXQJ GLHVHU .UDIWH DXI GHQ�
)DOO ]XUXFNJHIXKUW GHQNHQ� GD{ VLFK HLQ VWURPGXUFKoRVVHQHU /HLWHU LP /XIWVSDOWIHOG EHnQ�� �
GHW� (QWVSUHFKHQG GHQ 'HnQLWLRQHQ� GD{ HLQ DXV GHU =HLFKHQHEHQH KHUDXVoLH{HQGHU 6WURP
XQG HLQ UDGLDO QDFK DX{HQ JHULFKWHWHV )HOG SRVLWLY ]X ]DKOHQ VLQG� HUKDOW PDQ HLQ LQ GLH� �
PDWKHPDWLVFK SRVLWLYH 5LFKWXQJ DXI GHQ 6WDWRU ZLUNHQGHV 0RPHQW� (QWVSUHFKHQG DFWLR
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%LOG ����� )RXULHUVSHNWUXP GHV 6WURPEHODJV DOOHU 0RGXOH

JHJHQJOHLFK UHDFWLR NDQQ GLH LQ HLQHP GLmHUHQWLHOOHQ 8PIDQJVVWXFN DP 5RWRU HQWZLFNHOWH�
.UDIW XQG GDV ]XJHRUGQHWH 'UHKPRPHQW DQJHJHEHQ ZHUGHQ ]X�

G0  U G)  U �bDG[ O% �  bUO �D% G[ � ������� SP] SP] �

'XUFK ,QWHJUDWLRQ XEHU GLH 8PIDQJVNRRUGLQDWH HUKDOW PDQ QXQ GDV *HVDPWPRPHQW GHU� �
0DVFKLQH�

�{ �{= =
�0  G0  bU O D% G[ ������SP] �

� �

8P GLH ,QWHJUDOH EHUHFKQHQ ]X NRQQHQ� ZHUGHQ 6WURPEHODJ XQG ,QGXNWLRQ HQWVSUHFKHQG�
� ������� XQG ����� HLQJHVHW]W� 'DEHL QXW]W PDQ EHLP 6WURPEHODJ GHQ =XVDPPHQKDQJ y S  

yS� XP GLH +DUPRQLVFKHQ YRQ 6WURPEHODJ XQG 3ROUDGIHOG DXI GLH JOHLFKH *UXQGZHOOH ^
QDPOLFK GLH GHV 3ROUDGIHOGHV ^ ]X EH]LHKHQ��

�{= � �� � �; ;�Z S z Py� A0  bU O L VLQ�ix�Wi 
 b yS[ � cx x �
{U �
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'LH $XVIXKUXQJ GHU ,QWHJUDOH OLHIHUW DOV =ZLVFKHQHUJHEQLV��
� � � � �;;; Z S zy� � AA0  U O P L {% cx SP] �

{U
y � x � � ��
VLQ�b�y � ��S{�

VLQ��ix � ���Wb �y � ��S{ i 
 � 
 � �x �
�y � ��S{ �

VLQ�b�y b ��S{�
VLQ��ixb ���Wb �y b ��S{ i 
 b 
 � ������x �

�y b ��S{

'LH *OHLFKXQJ HQWKDOW GLH 7HUPH VLQ�b�y � ��S{� �y � �� XQG VLQ�b�y b ��S{��y b ��S{��
0DQ VWHOOW GXUFK *UHQ]ZHUWEHWUDFKWXQJ IHVW� GD{ QXU IXU GHQ )DOO y  b� E]Z� y  ��
HLQH /RVXQJ XQJOHLFK QXOO H[LVWLHUW� $QVFKDXOLFK EHGHXWHW GLHV� GD{ HLQ 'UHKPRPHQW ^�
JOHLFKJXOWLJ RE HV VLFK GDEHL XP HLQ 1XW]� RGHU HLQ 3HQGHOPRPHQW KDQGHOW ^ QXU HQWVWHKHQ�
NDQQ� ZHQQ GLH 2UGQXQJV]DKO HLQHU 6WURPEHODJVGUHKZHOOH PLW GHU HLQHU 3ROUDGIHOGZHOOH
XEHUHLQVWLPPW� 'LH 7HUPH QHKPHQ GDQQ GHQ :HUW � DQ� ZDV ]X IROJHQGHQ *OHLFKXQJHQ�
IXKUW��

� � � � �;;; Z S zy� � AA0  bU O P L {% VLQ��ixb ���Wi 
 b 
 � y  b� ������x SP] � x �
{U

y � x � � �

� � � � �;;; Z S zy� � AA0  bU O P L {% VLQ��ix� ���Wi 
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y � x � � �

'HU LP $UJXPHQW GHU 6LQXVIXQNWLRQ HQWKDOWHQH ]HLWDEKDQJLJH $QWHLO ZLUG EHL GHQ PHLVWHQ�
.RPELQDWLRQHQ YRQ 2UGQXQJV]DKOHQ QLFKW ]X QXOO XQG IXKUW GDKHU ]X HLQHP 3HQGHOPR��
PHQW� ,VW MHGRFK x  h� HUIXOOW� HUKDOW PDQ HLQHQ ]HLWXQDEKDQJLJHQ $XVGUXFN XQG GDPLW� � �
HLQ 1XW]PRPHQW� :LUG GXUFK JHHLJQHWH 6SHLVXQJ 
 h 
  { � HLQJHKDOWHQ� HUUHLFKWx �

PDQ GLH PD[LPDOH $PSOLWXGH GLHVHV 1XW]PRPHQWDQWHLOV�

� � � � �;;; Z S zy� � AA0  bU O P L {% y  i� x  h� ������x SP] �
{U

y � x � � �

(LQHQ JXWHQ (LQEOLFN LQ GLH )XQNWLRQVZHLVH HUKDOW PDQ EHL GHU 8QWHUVXFKXQJ GHU )UH��
TXHQ]HQ GHU 3HQGHOPRPHQWH LQ $EKDQJLJNHLW YRQ x XQG y� 2mHQEDU LVW GLH )UHTXHQ] GHV�
3HQGHOPRPHQWV LQ ������ JHJHEHQ GXUFK�

�  �ix � ��� E]Z� �  �ix i y�� ������S S

%H]LHKW PDQ GLH ([LVWHQ]EHGLQJXQJ ������ IXU 6WURPEHODJVGUHKZHOOHQ DXI GLH *UXQGZHOOH�
GHV 3ROUDGIHOGHV� VR HUNHQQW PDQ GHQ =XVDPPHQKDQJ PLW GHP )DNWRU LQ �������

�S
�y i x  JP J � == �������
S

7HLOW PDQ DQVFKOLH{HQG GXUFK GLH 6WUDQJ]DKO� NDQQ PDQ GHQ 9HUODXI GHU 3HQGHOIUHTXHQ]HQ
� �DOV NRQWLQXLHUOLFKH )XQNWLRQ GHU 2UGQXQJV]DKOHQ y P XQG x P GDUVWHOOHQ�

� � ��  P  �y P � x P �� ������S

'D IXU MHGHV 3HQGHO� RGHU 1XW]PRPHQW HLQH 6WURPEHODJVGUHKZHOOH 9RUDXVVHW]XQJ LVW��
NRQQHQ DXFK QXU IXU GLH 2UGQXQJV]DKOHQ� ZHOFKH GLH ([LVWHQ]EHGLQJXQJ HUIXOOHQ� 3HQGHO�� � �
PRPHQWIUHTXHQ]HQ DQJHJHEHQ ZHUGHQ� 'HVKDOE VWLPPHQ GLH LQ %LOG ���� JH]HLJWHQ /LQLHQ

��



PLW GHQHQ DXV %LOG ���� XQG %LOG ���� XEHUHLQ� 'HXWOLFK HUNHQQW PDQ LQ GLHVHP %HLVSLHO��
GDV IXU �S � = JLOW� GD{ DOOH LQ QHJDWLYH 5LFKWXQJ XPODXIHQGHQ :HOOHQ DXVVFKOLH{OLFK�
3HQGHOPRPHQWH HU]HXJHQ� 'LH LQ SRVLWLYH 5LFKWXQJ ODXIHQGHQ 6WURPEHODJVGUHKZHOOHQ EH�
VLW]HQ ]ZDU GHQ ULFKWLJHQ 8PODXIVLQQ� ODXIHQ DEHU ]X VFKQHOO �UHFKWV REHQ� E]Z� ]X ODQJVDP

��OLQNV XQWHQ LP %LOG� XP� 'LH 'UHKZHOOHQ HQWODQJ GHU x P $FKVH VWHKHQ SUDNWLVFK� ZDV
PDQ OHLFKW GDGXUFK HUNHQQW� GD{ GLH 3HQGHOIUHTXHQ] GHU SRVLWLY XQG QHJDWLY XPODXIHQGHQ
:HOOHQ JOHLFKJUR{ LVW� 1XW]PRPHQWH HQWVWHKHQ GXUFK GLH .RPELQDWLRQHQ YRQ y XQG x� GLH
GXUFK GHQ 9RU]HLFKHQZHFKVHO GHU 3HQGHOIUHTXHQ] HUNHQQEDU VLQG�

%LOG ����� )UHTXHQ] GHU 3HQGHOPRPHQWH

��� 6SDQQXQJVGLmHUHQWLDOJOHLFKXQJHQ

8P %HWUDFKWXQJHQ XEHU GDV G\QDPLVFKH 9HUKDOWHQ DQ]XVWHOOHQ� EHQRWLJW PDQ GLH %H�� �
VFKUHLEXQJ GHV 0DVFKLQHQYHUKDOWHQV GXUFK 'LmHUHQWLDOJOHLFKXQJHQ� 'LHVH ELOGHQ HLQHUVHLWV
GLH *UXQGODJH YRQ QXPHULVFKHQ &RPSXWHUVLPXODWLRQHQ LP =HLWEHUHLFK� PLW GHUHQ +LOIH GLH
0DVFKLQHQUHJHOXQJ DXVJHOHJW ZHUGHQ NDQQ� $QGHUHUVHLWV ELHWHQ VLH DXFK GLH 0RJOLFKNHLW�
HLQHU DQDO\WLVFKHQ %HKDQGOXQJ ]�%� ]XU 8QWHUVXFKXQJ GHV 6WDELOLWDWVYHUKDOWHQV� ,Q MHGHP�
)DOO PX{ EHUXFNVLFKWLJW ZHUGHQ� GD{ GLH LQ GHQ YRUDQJHJDQJHQHQ $EVFKQLWWHQ KHUJHOHLWH��
WHQ )RUPHOQ WHLOZHLVH IXU NRQVWDQWH 'UHK]DKO JHOWHQ XQG QXQ HQWVSUHFKHQG YHUDOOJHPHLQHUW�
ZHUGHQ PXVVHQ��
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����� 'DV 'LmHUHQWLDOJOHLFKXQJVV\VWHP LQ 6WUDQJGDUVWHOOXQJ

%HNDQQWOLFK LVW GLH YHNWRULHOOH 6XPPH GHU LQ GHQ 0RGXOHQ HLQHV 6WUDQJV LQGX]LHUWHQ 6SDQ�
QXQJ� GHV RKPVFKHQ XQG GHV LQGXNWLYHQ 6SDQQXQJVDEIDOOV JOHLFK GHU DQ GHQ .OHPPHQ DQ�
OLHJHQGHQ 6SDQQXQJ� )XU MHGHV GHU 0RGXOH NDQQ GLHVHU =XVDPPHQKDQJ IRUPXOLHUW ZHUGHQ��
'LH HLQ]HOQHQ *OHLFKXQJHQ ID{W PDQ GXUFK 0DWUL[VFKUHLEZHLVH ]XVDPPHQ�

G G
X  5L � / L � k ������S

GW GW

�'LH =HLWIXQNWLRQHQ GHU 6WUDQJJUR{HQ 6SDQQXQJ� 6WURP XQG )OX{ ELOGHQ GLHP .RPSRQHQ��
WHQ GHV HQWVSUHFKHQGHQ 9HNWRUV� 'LH *HVWDOW GHU 0DWUL]HQ JLEW $XIVFKOX{ XEHU GLH JHJHQ��
VHLWLJH 9HUNRSSOXQJ GLHVHU 6WUDQJJUR{HQ� 'LH LQ GHQ 0DWUL]HQ DXIWUHWHQGHQ :LGHUVWDQGV��
XQG ,QGXNWLYLWDWVZHUWH VLQG DEKDQJLJ YRQ GHU 0DVFKLQHQJHRPHWULH XQG GHU :LFNOXQJV�� �
DXVOHJXQJ >��@� %HL GHU 0DWUL[ GHU :LGHUVWDQGH KDQGHOW HV VLFK XP HLQH 'LDJRQDOPDWUL[��
GD GHU :LGHUVWDQG HLQHV 0RGXOV VLFK QXU DXI 6SDQQXQJ XQG 6WURP GLHVHV 0RGXOV DXV�
ZLUNW� 'LH 9HUVFKDOWXQJ GHU ]X HLQHP 6WUDQJ JHKRUHQGHQ 0RGXOH HUJLEW GHQ :LGHUVWDQG�
5 �VWU

5  5 c( ������VWU

'LH 0DWUL[ GHU ,QGXNWLYLWDWHQ OD{W VLFK LQ GLH 1XWVWUHX�� GLH 6WLUQVWUHX� XQG /XIWVSDOWLQ�� �
GXNWLYLWDWVPDWUL[ ]HUOHJHQ��

/  / � / � / ������}Q }V p

'DEHL LVW DXIJUXQG GHV :LFNOXQJVDXIEDXV OHLFKW QDFKYROO]LHKEDU� GD{ HV VLFK EHL GHU 6WLUQ�
VWUHXPDWUL[ XP HLQH 'LDJRQDOPDWUL[ KDQGHOQ PX{� GD GLH 6WLUQVWUHXIHOGHU QLFKW PLWHLQ�
DQGHU YHUNRSSHOW VLQG�

/  / c( ������}V }V

'DJHJHQ NRQQHQ GLH 0DWUL]HQ GHU 1XWVWUHXLQGXNLYLWDWHQ NHLQH 'LDJRQDOIRUP DXIZHLVHQ�� �
'DV YRP 6WURP HLQHV 0RGXOV HU]HXJWH 6WUHXIHOG LVW QLFKW QXU PLW GHU :LFNOXQJ GLHVHV
0RGXOV VRQGHUQ DXFK PLW GHQ :LFNOXQJHQ GHU EHQDFKEDUWHQ 0RGXOH YHUNHWWHW� (QWVSUH�
FKHQG GHU LQ $EVFKQLWW ��� KHUJHOHLWHWHQ 1XPHULHUXQJ GHU 6WUDQJH PX{ GDEHL ]ZLVFKHQ�
0DVFKLQHQ JHUDGHU XQG XQJHUDGHU 6WUDQJ]DKO XQWHUVFKLHGHQ ZHUGHQ�

EHL XQJHUDGHU 6WUDQJ]DKO HUJLEW VLFK�

� �
� � � � � � � b� � b� � � � � � � �

% &� � � � � � � � � � b� � b� � � � �% &% &� � �% &� � �� � �% &% &% &/  / b� � � � � � � � � � � � � � � b� � ������}Q }Q% &% &
b� � b� � � � � � � � � � � � � � �% &% &% � � � &� � �� � �# $
� � � � � � b� � b� � � � � � � � �

��



EHL JHUDGHU 6WUDQJ]DKO PX{ HV ODXWHQ�
� �

� � � � � � � b� � � b� � � � � � � �% &% &� � � � � � � � � � b� � � b� � � � �% &% &� � �� � �% &� � �% &% &
b� � � � � � � � � � � � � � � b� � �% &

/  / % & ������}Q }Q% &� b� � � � � � � � � � � � � � � b� �% &% &� � �� � �% &� � �% &% &� � � b� � � b� � � � � � � � � � � �# $
� � � � � � b� � � b� � � � � � � � �

8P GLH )RUP GHU /XIWVSDOWLQGXNWLYLWDWHQ ]X HUKDOWHQ� NDQQ PDQ VLFK EHL HLQHU 0DVFKLQH�
XQJHUDGHU 6WUDQJ]DKO XEHUOHJHQ� GD{ VLFK GHU YRQ HLQHP 0RGXO HU]HXJWH )OX{ JOHLFKPD{LJ� �

�XEHU DOOH P b � DQGHUHQ 0RGXOH ]XUXFNVFKOLH{W� 'LH 6XPPH GHU VLFK ]XUXFNVFKOLH{HQGHQ� � �
)OXVVH HQWVSULFKW GHP )OX{ GXUFK GDV HUUHJHQGH 0RGXO VHOEVW��

� �
� � � ��b � P b� P b� P � � � � � � b� P% &� � � �% b� P �b � P b� P � � � � � � b� P &% &

� � � �% &
b� P b� P � b � P � � � � � � b� P% &% &� � � �/  / � ������p p % &� � � � ��� � � �% &% &� � �% &� �� � �� � � �b � P b� P# $

� � � � �
b� P b� P b� P � � � b� P �b � P

%HL 0DVFKLQHQ JHUDGHU 6WUDQJ]DKO HUJHEHQ VLFK EHL GHU 'DUVWHOOXQJ IXU P
 6WUDQJH GLH� �
JOHLFKHQ %H]LHKXQJHQ ZLH REHQ� 5HGX]LHUW PDQ GDV 6\VWHP DXI P 6WUDQJH� LQGHP PDQ�
0RGXOH PLW 3KDVHQYHUVFKLHEXQJ { ]XVDPPHQVFKDOWHW� HUKDOW PDQ HLQH 'LDJRQDOPDWUL[��

/  / c( ������p p

0LW +LOIH GHU 6SDQQXQJVGLmHUHQWLDOJOHLFKXQJHQ NRQQHQ GXUFK ,QWHJUDWLRQ GLH 0DVFKLQHQ��
VWURPH HUUHFKQHW ZHUGHQ� 'LHVH HQWZLFNHOQ ]XVDPPHQ PLW GHP 3ROUDGIHOG GDV 0DVFKL��
QHQGUHKPRPHQW� 'LH 'UHKPRPHQWELODQ] DP 5RWRU HUJLEW VFKOLH{OLFK GLH QRFK IHKOHQGH
%HZHJXQJVGLmHUHQWLDOJOHLFKXQJ GHV $QWULHEV�

G G G
� d  0 b0 �  S � ������P JHV ' : P

GW GW GW

����� 'DV 'LmHUHQWLDOJOHLFKXQJVV\VWHP LQ 5DXP]HLJHUGDUVWHO�

OXQJ

*HKW PDQ EHL GHU 'DUVWHOOXQJ YRQ GHQ 6WUDQJJUR{HQ DXI 5DXP]HLJHU ^ GLH VRJ� V\PPHWUL��
VFKHQ .RPSRQHQWHQ GHU 0RPHQWDQZHUWH ^ XEHU� NDQQ PDQ XEHU GLH /HLVWXQJVEHUHFKQXQJ� �
=XVDPPHQKDQJH ]X GHU LQ GHQ $EVFKQLWWHQ ��� XQG ��� GXUFKJHIXKUWHQ %HWUDFKWXQJ GHU� �
'UHKZHOOHQ XQG 'UHKPRPHQWH KHUVWHOOHQ� 'D]X ZHUGHQ GLH GLH 6WUDQJJUR{HQ HQWKDOWHQ��
GHQ 9HNWRUHQ PLW HLQHU NRPSOH[HQ 7UDQVIRUPDWLRQVPDWUL[ PXOWLSOL]LHUW� 'LH 0DWUL[ &

��



KDW IROJHQGH )RUP�
� �
� � � � � � � � � � �% &�

b� b� bN b�P b��% &� D D � � � D � � � D% &
�

b� b� b�N b��P b��% &� D D � � � D � � � D% &T % &� � � � �% &� � � � �� � � � � �&  I P % & ������% &�
bN b�N bNN b�P b��% &� D D � � � D � � � D% &% &� � � � �% � � � � � &� � � � �# $

� � � � �
b�P b�� b��P b�� bN�P b�� b�P b��� D D � � � D � � � D

�'LH TXDGUDWLVFKH P �GLPHQVLRQDOH 0DWUL[ JHQXJW GHU %HGLQJXQJ��

e7 e7
&&  & &  I( ������

�M�{ P'HU LQ ������ DXIWUHWHQGH NRPSOH[H 'UHKHU JHQXJW D  H ��

'LH +LQ� E]Z� 5XFNWUDQVIRUPDWLRQ ZHUGHQ GXUFK 0XOWLSOLNDWLRQ PLW GLHVHU 7UDQVIRUPDWL��
RQVPDWUL[ GXUFKJHIXKUW��

�
e7a aY  &Y Y  & Y ������

I

'HU 9HNWRU Y VWHKW GDEHL IXU HLQHQ GHU 6WUDQJYHNWRUHQ YRQ 6SDQQXQJ� 6WURP E]Z� )OX{��
'HU )DNWRU I NDQQ VR IHVWJHOHJW ZHUGHQ� GD{ GHU 5DXP]HLJHU DQVFKDXOLFK LQWHUSUHWLHUW ZHU�
GHQ NDQQ� (QWVSUHFKHQG >��@ ZDKOW PDQ LKQ VR� GD{ VLFK EHL 3URMHNWLRQ GHV 5DXP]HLJHUV�
DXI GLH UDXPOLFKH /DJH GHU 6WUDQJDFKVHQ JHUDGH GHU :HUW GLHVHU 6WUDQJJUR{H ]XP GLHVHP� �
=HLWSXQNW HUJLEW�

1DFK GHU 7UDQVIRUPDWLRQ HUKDOW PDQ IXU GDV 6\VWHP GHU 'LmHUHQWLDOJOHLFKXQJHQ�� �

� � G G
� �a a aaX  5 L � / L � k ������S

I I GW GW

'XUFK GLH 7UDQVIRUPDWLRQ HUUHLFKW PDQ LQ HUVWHU /LQLH HLQH 'LDJRQDOLVLHUXQJ GHV 6\VWHPV�
'LH *OHLFKXQJHQ GHU 5DXP]HLJHU VLQG GDGXUFK YRQHLQDQGHU HQWNRSSHOW� $XV ������ NDQQ
PDQ HUNHQQHQ� GD{ VLFK GLH :LGHUVWDQGVPDWUL[ XQG GLH 0DWUL[ GHU 6WLUQVWUHXLQGXNWL�
YLWDWHQ QXU XP HLQHQ NRQVWDQWHQ )DNWRU DQGHUQ� 'DJHJHQ LVW GLH $XVZLUNXQJ LQ GHU 1XW�� �
VWUHXLQGXNWLYLWDW XQG GHU /XIWVSDOWLQGXNWLYLWDW GHXWOLFK HUNHQQEDU�� �

�
5  I 5 ������

�
/  I /  I / c( ������}V }V}V

EHL XQJHUDGHU 6WUDQJ]DKO HUJLEW VLFK�

� ��
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�
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� % &/  I / �������}Q}Q % &P b�� � � � b FRV� N�� � � �% &
�% &�% &� �# $

�
P b� �� � � � b FRV� �P b ����
�

��



EHL JHUDGHU 6WUDQJ]DKO PX{ HV ODXWHQ�

� ��
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�

�% &P b�% &� � � �b FRV� ��� � � �
�% &% &� �% &�

� % &/  I / �������}Q}Q % &P b�
� � � � b FRV� N�� � � �% &

�% &�% &� �# $
�
P b� �

� � � � b FRV� �P b ����
�

)XU GLH +DXSWLQGXNWLYLWDWHQ JLOW EHL XQJHUDGHU 6WUDQJ]DKO�� �
� �

� � � �% &
� � � � � � �% &% &% &� � � � � � �% &�

/  I / % & ������p �p �% &�% &% &
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� � � �

EHL JHUDGHU 6WUDQJ]DKO HUKDOW PDQ��
� �
� � � �% &� � � � � � �% &% &% &� � � � � � �% &�

/  I / % & ������p �p �% &�% &% &
� � � � � � �# $

� � � �

����� =XRUGQXQJ GHU +DUPRQLVFKHQ ]X GHQ 5DXP]HLJHUQ

%LVKHU ZXUGH QLFKW GDUDXI HLQJHJDQJHQ� GD{ HLQH 0RGXODUH 'DXHUPDJQHWPDVFKLQH LQ GHU
5HJHO PHKU DOV GUHL 6WUDQJH KDW� 8P GLH $XVZLUNXQJHQ DXI GLH 5DXP]HLJHUGDUVWHOOXQJ�
]X HUNHQQHQ� ZLUG GLH 7UDQVIRUPDWLRQ DQKDQG HLQHU SHULRGLVFKHQ *UR{H PLW EHOLHELJHP�
2EHUVFKZLQJXQJVVSHNWUXP EHUHFKQHW� 'LHVH *UR{H� GLH KLHU Y JHQDQQW ZHUGHQ VROO� HQW��
VSULFKW LQ LKUHU 'DUVWHOOXQJ EHLVSLHOVZHLVH GHP 6WUDQJVWURP ZLH HU LQ ������ DQJHJHEHQ
ZXUGH� VLH NDQQ DEHU DXFK IXU GLH .OHPPHQ� RGHU 3ROUDGVSDQQXQJ VWHKHQ��
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1DFKGHP PDQ GLHV DXVPXOWLSOL]LHUW KDW
� �

�{ �{��M� M��P b���M�w�W�
 � bMw��b��p bMw��b��p bMw�P b��pw � �P PH �H � � H H � � � H H �% &
�{ �{��M� M��P b��% &bM�w�W�
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NDQQ PDQ ]XVDPPHQIDVVHQ� )XU GLH O� ��WH =HLOH GHV 9HNWRUV JLOW��

�P �; VLQ��O h w�P p �� �M��Ohw��Nb��p � � M��Ohw��P b��p �H  P c 6  P c H ������Ow�h� �P VLQ��Oh w�p ��
N �

'HU $XIEDX GLHVHU *OHLFKXQJ HQWVSULFKW JHQDX GHP GHV $XVGUXFNV ������� GHU EHL GHU
%HUHFKQXQJ GHV 6WURPEHODJV DOOHU 0RGXOH JHZRQQHQ ZXUGH�

�$XV GLHVHP *UXQG NRQQHQ DXFK GLH JOHLFKHQ 8EHUOHJXQJHQ ]XU ([LVWHQ] GHV $XVGUXFNV�
DQJHZDQGW ZHUGHQ� 'HU =HLOHQLQGH[ O GHU 7UDQVIRUPDWLRQVPDWUL[ XQG GLH 2UGQXQJV]DKO
GHU 2EHUVFKZLQJXQJ w PXVVHQ VRPLW ������ JHQXJHQ�� �

� � ��O i w�  P J PLWJ � == �������

(UIXOOW HLQ :HUWHSDDU GLH *OHLFKXQJ PLW GHP QHJDWLYHQ 9RU]HLFKHQ� IXKUW GLHV ]X HLQHP� �
�M�w�W�
 �w%HLWUDJ ]X GHP LQ SRVLWLYHU 'UHKULFKWXQJ XPODXIHQGHQ NRPSOH[HQ 'UHKHU H LQ

������� (QWVSUHFKHQG IXKUW HLQ :HUWHSDDU� GDV GLH *OHLFKXQJ PLW SRVLWLYHP 9RU]HLFKHQ�
bM�w�W�
 �wHUIXOOW� ]X HLQHP %HLWUDJ LQ GHP 'UHKHU H � GHU LQ PDWKHPDWLVFK QHJDWLYHU 5LFK��

WXQJ XPODXIW��

:HQQ PDQ GLHVH *OHLFKXQJ DXI GLH 6WUDQJ]DKO QRUPLHUW� HLJQHW VLH VLFK IXU HLQH JUDSKLVFKH�
'DUVWHOOXQJ� 8P GDV 1XOOV\VWHP NRUUHNW GDU]XVWHOOHQ XQG GLH 6\PPHWULHEHGLQJXQJ H[DNW
]X HUIDVVHQ� XQWHUVFKHLGHW PDQ ]ZLVFKHQ JHUDGHQ XQG XQJHUDGHQ 6WUDQJ]DKOHQ�

%LOG ����� =XRUGQXQJ GHU +DUPRQLVFKHQ ]X GHQ 5DXP]HLJHUQ
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�'LH P 5DXP]HLJHU HUKDOW PDQ� LQGHP HQWODQJ YRQ ZDDJUHFKWHQ /LQLHQ DOOH NRPSOH[HQ�
'UHKHU DXIVXPPLHUW ZHUGHQ� GLH GDV 2EHUVFKZLQJXQJVVSHNWUXP GHU ]X WUDQVIRUPLHUHQ�
GHQ *UR{H HU]HXJHQ� 2mHQEDU IXKUW MHGH 2EHUVFKZLQJXQJ GLHVHU *UR{H ]X HLQHP %HLWUDJ� � �
VRZRKO ]X GHP LQ SRVLWLYH 5LFKWXQJ XPODXIHQGHQ 5DXP]HLJHU DOV DXFK ]X GHP LQ QH�
JDWLYH 5LFKWXQJ XPODXIHQGHQ =HLJHU� ,Q >��@ ZHUGHQ GHVKDOE QHJDWLYH 2UGQXQJV]DKOHQ
HLQJHIXKUW XQG PDQ EHVFKUDQNW VLFK DXI GLH LQ GLH SRVLWLYH 5LFKWXQJ XPODXIHQGHQ 5DXP�� �

�]HLJHU� 8EHUGLHV NDQQ GXUFK HLQIDFKH 5HFKQXQJ QDFKJHZLHVHQ ZHUGHQ� GD{ GLH LQ QHJDWLYH
�5LFKWXQJ XPODXIHQGHQ =HLJHU VLFK DXV GHP V\PPHWULVFK ]X P  � OLHJHQGHQ NRQMXJLHUW

NRPSOH[HQ =HLJHU KHUOHLWHQ ODVVHQ� GHU LQ SRVLWLYH 5LFKWXQJ GUHKW� )D{W PDQ GLH EHLGHQ
OHW]WHQ $XVVDJHQ ]XVDPPHQ� NDQQ PDQ VLFK DXI GLH 5DXP]HLJHU PLW HLQHP ,QGH[ NOHL�

�QHU P  � EHVFKUDQNHQ� ZREHL GLH LQ QHJDWLYH 5LFKWXQJ XPODXIHQGHQ $QWHLOH GXUFK GLH�
HLQJHIXKUWHQ QHJDWLYHQ 2UGQXQJV]DKOHQ EHVFKULHEHQ ZHUGHQ��

)HUQHU ZLUG GHXWOLFK� GD{ PLW ]XQHKPHQGHU 6WUDQJ]DKO LPPHU JUR{HUH $EVWDQGH ]ZLVFKHQ� �
GHQ 2UGQXQJV]DKOHQ HQWVWHKHQ� GLH ]X HLQHP 5DXP]HLJHU EHLWUDJHQ� %HVFKUDQNW PDQ VLFK�
DXI GHQ 5DXP]HLJHU� GHU GLH *UXQGVFKZLQJXQJ HQWKDOW� ZLUG GLH 0DVFKLQH EHL ]XQHKPHQ��
GHU 6WUDQJ]DKO LPPHU XQJHQDXHU EHVFKULHEHQ� VRIHUQ 6WURP� 6SDQQXQJ RGHU 3ROUDGIHOG
2EHUVFKZLQJXQJHQ HQWKDOWHQ�

'HU (LQoX{ GHU 2EHUVFKZLQJXQJHQ DXI GDV 9HUKDOWHQ GHV 5DXP]HLJHUV VHL NXU] HUODXWHUW��
$OV EHNDQQWHV %HLVSLHO VHL GHU 9HUODXI GHV 6SDQQXQJVUDXP]HLJHUV DP $XVJDQJ HLQHV GUHL�
SKDVLJHQ 3XOVZHFKVHOULFKWHUV DQJHIXKUW� GHU LP %ORFNEHWULHE DUEHLWHW� 'HU 9HUODXI GHU�
6WUDQJVSDQQXQJ ^ GHU ]X WUDQVIRUPLHUHQGHQ *UR{H ^ HQWVSULFKW HLQHU 7UHSSHQNXUYH� 'HU�
6SDQQXQJVUDXP]HLJHU� GHU LP 0LWWHOSXQNW HLQHV UHJHOPD{LJHQ 6HFKVHFNV EHJLQQW� EHZHJW�
VLFK VSUXQJDUWLJ YRQ HLQHU (FNH ]XU QDFKVWHQ� :XUGH PDQ VLFK DXI GLH *UXQGZHOOH GHU� �
7UHSSHQIXQNWLRQ EHVFKUDQNHQ ^ G�K� GHQ 2EHUZHOOHQDQWHLO YHUQDFKODVVLJHQ ^ HUKLHOWH PDQ� �
HLQH NUHLVIRUPLJH %HZHJXQJ GHV 5DXP]HLJHUV��
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,P YRUDQJHJDQJHQHQ .DSLWHO ZXUGHQ GLH WKHRUHWLVFKHQ *UXQGODJHQ GHU 0RGXODUHQ 'DXHU�
PDJQHWPDVFKLQH LQ NRQYHQWLRQHOOHU %DXZHLVH HUDUEHLWHW� 'LH IXU GDV +\EULGIDKU]HXJ HQW��
ZLFNHOWH 0DVFKLQH QXW]W HLQ EHVRQGHUHV 9HUIDKUHQ� XP GDV )HOG GHU 3HUPDQHQWPDJQHWHQ
JH]LHOW ]X YHUDQGHUQ� 'LHV ZLUNW VLFK DXFK DXI GLH LQ .DSLWHO � KHUJHOHLWHWHQ *OHLFKXQ��
JHQ DXV� 1DFK HLQHU GHWDLOOLHUWHQ %HVFKUHLEXQJ GHV QHX HQWZLFNHOWHQ )HOGVFKZDFKYHUIDK��
UHQV ZHUGHQ GHVKDOE GLH $XVZLUNXQJHQ DXI GLH LP YRUDQJHJDQJHQHQ .DSLWHO KHUJHOHLWH�
WH 7KHRULH XQWHUVXFKW� 'DEHL ZHUGHQ GLH EHVFKUHLEHQGHQ *OHLFKXQJHQ IXU GLHVH VSH]LHOOH�
$XVIXKUXQJVIRUP HLQHU 0'0 HQWZLFNHOW��

��� (LQVDW]JHELHW XQG :LUNXQJVZHLVH YRQ )HOG�

VFKZDFKYHUIDKUHQ�

%HL GHQ PHLVWHQ $QZHQGXQJHQ YRQ GUHK]DKOYDULDEOHQ $QWULHEHQ� GLH PLW SHUPDQHQWPD�
JQHWLVFK HUUHJWHQ 6\QFKURQPDVFKLQHQ DUEHLWHQ� VWHOOW GLH VRJHQDQQWH )HOGVFKZDFKXQJ HLQ�
]HQWUDOHV 3UREOHP GDU� 'LHV VROO QDFK HLQHU (UNODUXQJ GHV 3ULQ]LSV XQG GHU =ZHFNPD{LJ�� �
NHLW GHU )HOGVFKZDFKXQJ NXU] EHJUXQGHW ZHUGHQ�� �

=XP 9HUVWDQGQLV LVW HV ZHVHQWOLFK ]X ZLVVHQ� GD{ GLH PLW HLQHP 6SDQQXQJVXPULFKWHU�
GDUVWHOOEDUH $XVJDQJVVSDQQXQJ GXUFK GLH YRUKDQGHQH *OHLFKVSDQQXQJVTXHOOH� ]�%� HLQ
JOHLFKJHULFKWHWHV 'UHKVSDQQXQJVQHW] RGHU HLQH %DWWHULH� EHVWLPPW ZLUG� 1DFK GHU $XVOH�
JXQJ GHV ]X YHUVRUJHQGHQ 0RWRUV DXI GLHVH 6SDQQXQJ LVW GHU 6WURP� GHQ GHU 8PULFKWHU
EHUHLWVWHOOHQ PX{� HEHQIDOOV EHNDQQW� 'LH *UR{H GHU *OHLFKVSDQQXQJ XQG GHU GHP 8P��
ULFKWHU HQWQHKPEDUH 6WURP EHVWLPPHQ GLH $XVZDKO GHU %DXHOHPHQWH XQG GDGXUFK GLH
*UR{H XQG GLH .RVWHQ GHV 8PULFKWHUV� 'D GLH .RVWHQ IXU /HLVWXQJVKDOEOHLWHU QDFK ZLH YRU� �
KRFK VLQG� PX{ GDV 3URGXNW DXV 6WURP XQG 6SDQQXQJ� GLH VRJHQDQQWH 6WURPULFKWHUEH�
PHVVXQJVOHLVWXQJ� PRJOLFKVW NOHLQ JHKDOWHQ ZHUGHQ� %HL EHVWLPPWHQ $QZHQGXQJHQ NDQQ�
GLHVHU :HUW GHXWOLFK KHUDEJHVHW]W ZHUGHQ� ZHQQ HLQH )HOGVFKZDFKXQJ ]XP (LQVDW] NRPPW��

�'LH IROJHQGHQ 8EHUOHJXQJHQ VROOHQ GLHV DQKDQG VHKU HLQIDFKHU $QQDKPHQ YHUGHXWOLFKHQ�
,QVEHVRQGHUH ZLUG DXI GLH 3KDVHQYHUVFKLHEXQJ YRQ 6WURP XQG 6SDQQXQJ VRZLH DXI GLH
]XVDW]OLFKHQ 6WURPDQWHLOH� GLH EHL PDQFKHQ )HOGVFKZDFKYHUIDKUHQ ]XU 9HUULQJHUXQJ GHV� �
*HVDPWoXVVHV QRWZHQGLJ VLQG� QLFKW HLQJHJDQJHQ�

��



2E HLQH )HOGVFKZDFKXQJ YRUJHVHKHQ ZHUGHQ VROOWH� ULFKWHW VLFK QDFK GHP JHIRUGHUWHQ�
'UHKPRPHQW��'UHK]DKOSURnO� $QJHQRPPHQ GLH YRUJHVHKHQH $QZHQGXQJ HUUHLFKW LP %H�
WULHE 'UHK]DKOHQ ]ZLVFKHQ QXOO XQG Q XQG HV VROO PRJOLFK VHLQ� EHL MHGHU 'UHK]DKO�QHQQ

]ZLVFKHQ GLHVHQ *UHQ]HQ GDVVHOEH 'UHKPRPHQW DXI]XEDXHQ� (LQ VROFKHV $QIRUGHUXQJSUR�
nO LVW LQ %LOG ��� GDUJHVWHOOW XQG ZLUG DP EHVWHQ RKQH GHQ (LQVDW] HLQHU )HOGVFKZDFKXQJ�
UHDOLVLHUW� 'D GDV JHIRUGHUWH 'UHKPRPHQW XEHU GHQ JHVDPWHQ 'UHK]DKOEHUHLFK NRQVWDQW�
LVW� NDQQ DXFK GDV 3URGXNW GHV 6WURPV� GHU GDV 0RPHQW ELOGHW� PLW GHP )OX{ LP JHVDP�
WHQ 'UHK]DKOEHUHLFK NRQVWDQW JHKDOWHQ ZHUGHQ� 'LH LQGX]LHUWH 0DVFKLQHQVSDQQXQJ VWHLJW
DXIJUXQG GHV NRQVWDQWHQ )OXVVHV OLQHDU PLW GHU 'UHK]DKO DQ� 'DPLW LVW GHU GLH 0DVFKLQH
VSHLVHQGH 6WURPULFKWHU DXI GLH 6SDQQXQJ EHL GHU KRFKVWHQ 'UHK]DKO XQG GHQ LP JDQ��
]HQ %HWULHEVEHUHLFK NRQVWDQWHQ 6WURP DXV]XOHJHQ� 'HU JHVDPWH %HWULHEVEHUHLFK LVW GDKHU
GXUFK GHQ $QNHUVWHOOEHUHLFK DEJHGHFNW�

%LOG ���� 'UHKPRPHQW��'UHK]DKOYHUODXI EHL GHP NHLQH )HOGVFKZDFKXQJ QRWZHQGLJ LVW�

'LH 'UHKPRPHQW��'UHK]DKOIRUGHUXQJ� ZLH VLH LQ %LOG ��� DQJHJHEHQ LVW� HQWVSULFKW ELV
]X GHU 'UHK]DKO� DE GHU GDV JHIRUGHUWH 'UHKPRPHQW DEQLPPW� GHP REHQ EHVFKULHEHQHQ
9HUKDOWHQ� ,Q GHP VLFK DQVFKOLH{HQGHQ 'UHK]DKOEHUHLFK� LQ GHP HLQH NRQVWDQWH /HLVWXQJV�
DEJDEH JHIRUGHUW ZLUG� VWHKW PDQ YRU GHP 3UREOHP HLQHU OLQHDU PLW GHU 'UHK]DKO DQVWHL�
JHQGHQ LQGX]LHUWHQ 6SDQQXQJ� EHGLQJW GXUFK GHQ NRQVWDQWHQ )OX{ GHV SHUPDQHQWPDJQH�
WLVFK HUUHJWHQ 5RWRUV �GXQQH JHVWULFKHOWH /LQLHQ LQ %LOG ����� 2ULHQWLHUW PDQ VLFK DQ GHQ�
)RUGHUXQJHQ IXU GHQ $QWULHE GHV $XWDUNHQ +\EULG� LVW GLH LQGX]LHUWH 6SDQQXQJ EHL 0D[L��
PDOGUHK]DKO GUHLPDO VR JUR{ ZLH LP VRJHQDQQWHQ (FNSXQNW� $OV (FNSXQNW RGHU 1HQQSXQNW
ZLUG GHU 3XQNW EH]HLFKQHW� DQ GHP YRQ GHU )RUGHUXQJ HLQHV NRQVWDQWHQ 0RPHQWV DXI HLQH
.RQVWDQWOHLVWXQJVIRUGHUXQJ XEHUJHJDQJHQ ZLUG� 'DV 3URGXNW DXV GHQ PD[LPDO DXIWUHWHQ��
GHQ :HUWHQ YRQ 6SDQQXQJ XQG 6WURP LVW GDPLW GUHLPDO VR JUR{ ZLH LP (FNSXQNW� DE GHP
GLH DEJHJHEHQH :LUNOHLVWXQJ QLFKW PHKU VWHLJW� 'LH /HLVWXQJVIDKLJNHLW GHV 8PULFKWHUV�
ZLUG VR QXU ]X HLQHP 'ULWWHO DXVJHVFKRSIW� GD EHL PD[LPDOHP 6WURP KRFKVWHQV HLQ 'ULW�� �
WHO GHU HUUHLFKEDUHQ 6SDQQXQJ DXIWULWW E]Z� EHL PD[LPDOHU 6SDQQXQJ QXU HLQ 'ULWWHO GHV
6WURPV oLH{W� IXU GHQ GHU :HFKVHOULFKWHU ]X EHPHVVHQ LVW� *HOLQJW HV GDJHJHQ� GHQ YHUNHW��
WHWHQ )OX{ GHU 0DVFKLQH DE GHP (FNSXQNW PLW ]XQHKPHQGHU 'UHK]DKO DE]XVHQNHQ� VR GD{
GLH LQGX]LHUWH 6SDQQXQJ NRQVWDQW EOHLEW� NDQQ GLH 0DVFKLQH LP (FNSXQNW DXI HLQH KRKHUH�

��

konstantes Drehmoment

U

I

M

Pmax

max

max

max

nennn / n

U

I

M

1

P



6SDQQXQJ DXVJHOHJW ZHUGHQ� ,P NRQNUHWHQ %HLVSLHO NDQQ GLH :LQGXQJV]DKO YHUGUHLIDFKW
ZHUGHQ� ZDV GHQ =XOHLWXQJVVWURP DXI HLQ 'ULWWHO VHQNW� 'HU 8PULFKWHU NDQQ VR DXI GLHVHQ
JHULQJHUHQ 6WURP DXVJHOHJW ZHUGHQ� 'LH GLFNHUHQ JHVWULFKHOWHQ /LQLHQ LQ %LOG ��� JHEHQ
GLHV ZLHGHU� -H JUR{HU GDV 9HUKDOWQLV GHU 0D[LPDOGUHK]DKO ]XU 'UHK]DKO LP (FNSXQNW� �
LVW� GHVWR VWDUNHU PDFKW VLFK GLH )HOGVFKZDFKXQJ LQ GHU 6WURPULFKWHUEHPHVVXQJVOHLVWXQJ� �
EHPHUNEDU� (LQ ZHLWHUHU 9RUWHLO GHV UHGX]LHUWHQ )OXVVHV OLHJW LQ GHU 9HUPLQGHUXQJ GHU
(LVHQYHUOXVWH EHL KRKHQ 'UHK]DKOHQ� 2KQH )HOGVFKZDFKXQJ ZXUGHQ LP YRUJHVWHOOWHQ %HL�� �
VSLHO GLH (LVHQYHUOXVWH EHL 0D[LPDOGUHK]DKO PLQGHVWHQV GUHLIDFK� ZDKUVFKHLQOLFKHU IXQI��
ELV VLHEHQIDFK KRKHU OLHJHQ DOV LP (FNSXQNW� 6HOEVW EHL LQWHQVLYHU .XKOXQJ ZXUGH GLHV LP� � �

�'DXHUEHWULHE EHL 0D[LPDOGUHK]DKO ]XU 8EHUKLW]XQJ IXKUHQ��

%LOG ���� 'UHKPRPHQW��'UHK]DKOYHUODXI EHL GHP HLQH )HOGVFKZDFKXQJ VLQQYROO LVW�

8P GHQ YRQ 3HUPDQHQWPDJQHWHQ� GLH LQ (OHNWURPRWRUHQ HLQJHVHW]W ZHUGHQ� HU]HXJWHQ
)OX{ GUHK]DKODEKDQJLJ ]X VWHOOHQ� VLQG VHKU YLHOH YHUVFKLHGHQH 9HUIDKUHQ YRUJHVFKODJHQ�
ZRUGHQ >��@� >��@� >��@� ,KQHQ LVW JHPHLQVDP� GD{ GLH 9HUULQJHUXQJ GHV YHUNHWWHWHQ )OXV�
VHV JHJHQ GDV NRQVWDQWH )HOG GHU 0DJQHWHQ VWHWV PLW ]XVDW]OLFKHP $XIZDQG YHUEXQ��
GHQ LVW� $EKDQJLJ YRP $QIRUGHUXQJVSURnO GHV $QWULHEV XQG GHQ VSH]LnVFKHQ 9RU� XQG�
1DFKWHLOHQ GHU )HOGVFKZDFKYHUIDKUHQ ZLUG HLQH (QWVFKHLGXQJ JHWURmHQ� 'HU (LQVDW] GHV�
:DQGOHUV LQ HLQHP +\EULGIDKU]HXJ ZDU IXU GLH $XVZDKO GHV LP IROJHQGHQ EHVFKULHEHQHQ�
)HOGVFKZDFKYHUIDKUHQV DXVVFKODJJHEHQG� %HL HLQHP 6FKDGHQ LQ 0DVFKLQH RGHU 8PULFKWHU�
YHUKDOW VLFK HLQH SHUPDQHQWPDJQHWLVFK HUUHJWH 0DVFKLQH GDQQ XQNULWLVFK� ZHQQ VLFK ZH��
GHU .XU]VFKOX{VWURPH QRFK ]X KRKH 3ROUDGVSDQQXQJHQ DXVELOGHQ� :HQQ LP )HKOHUIDOO GHU�
YHUNHWWHWH )OX{ LQ GHU 0DVFKLQH� PRJOLFKVW RKQH DNWLYHQ (LQJULm� ]X QXOO ZLUG� VLQG GLH��
VH %HGLQJXQJHQ HUIXOOW� ,P *HJHQVDW] ]X DOOHQ DQGHUHQ EHNDQQWHQ )HOGVFKZDFKYHUIDKUHQ� �
ZLUG GLHV GXUFK GDV KLHU YRUJHVWHOOWH )HOGVFKZDFKNRQ]HSW HUUHLFKW��
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��� $XIEDX GHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH

PLW PHFKDQLVFKHU )HOGVFKZDFKXQJ�

%HL HLQHU SHUPDQHQWHUUHJWHQ 6\QFKURQPDVFKLQH QDFK GHP 3ULQ]LS GHU 0RGXODUHQ 'DXHU�
PDJQHWPDVFKLQH OLHJHQ GLH HLQ]HOQHQ 0DJQHWSROH PLW LQ 8PIDQJVULFKWXQJ DEZHFKVHOQGHU
0DJQHWLVLHUXQJ DXI GHU 5RWRUREHUoDFKH� 'LHV LVW GHQ LP YRUDQJHJDQJHQHQ .DSLWHO YRUJH��
VWHOOWHQ $XVIXKUXQJVIRUPHQ JHPHLQVDP� 'HU LP IROJHQGHQ EHVFKULHEHQH )HOGVFKZDFKPH�� �
FKDQLVPXV PDFKW NRQVWUXNWLYH 0D{QDKPHQ LP 5RWRU HUIRUGHUOLFK� GLH DQKDQG HLQHU ,Q�
QHQODXIHUPDVFKLQH EHVVHU GDUVWHOOEDU VLQG� 'HVKDOE LVW LQ %LOG ��� HLQ NRQYHQWLRQHOO DXI��
JHEDXWHU 5RWRU HLQHU ,QQHQODXIHUPDVFKLQH GDUJHVWHOOW� 'LH DQVFKOLH{HQG EHVFKULHEHQHQ�
9HUDQGHUXQJHQ VLQG VLQQJHPD{ DXI HLQH $X{HQODXIHUPDVFKLQH XEHUWUDJEDU� 'HU 6WDWRU�� � � �
GHVVHQ $XIEDX GHWDLOOLHUW EHVSURFKHQ ZXUGH� PX{ QLFKW YHUDQGHUW ZHUGHQ��

%LOG ���� .RQYHQWLRQHOOHU 5RWRUDXIEDX LQ )ODFKPDJQHWDQRUGQXQJ

(QWVSUHFKHQG %LOG ��� GHQNW PDQ VLFK GHQ 5RWRU D[LDO LQ PHKUHUH JHJHQHLQDQGHU XQG
JHJHQXEHU GHU :HOOH GUHKEDUH 5LQJH ]HUWHLOW� -HGHU 5LQJ ZLUG HLQHU YRQ ]ZHL *UXSSHQ ]X��
JHRUGQHW� 'LH 7HLOH GHU HLQHQ *UXSSH ^ HV KDQGHOW VLFK GDEHL JHZLVVHUPD{HQ XP -RFKULQJH
PLW GHQ GDUDXI DXIJHEUDFKWHQ 0DJQHWHQ ^ VROOHQ IHVW PLW GHU :HOOH YHUEXQGHQ ZHUGHQ�
'LH DQGHUHQ 5LQJH ZHUGHQ IHVW PLWHLQDQGHU YHUEXQGHQ� VR GD{ VLH VLFK QXU JHPHLQVDP
JHJHQXEHU GHU :HOOH YHUGUHKHQ NRQQHQ� 'DEHL VLQG DOOH 7HLOULQJH HLQHU *UXSSH VR DXV�� �
]XULFKWHQ� GD{ VLH VLFK UHODWLY ]XU :HOOH LQ GHU JOHLFKHQ /DJH EHnQGHQ� /LH{H PDQ HLQH
JHULQJIXJLJH� JH]LHOWH 9HUVFKLHEXQJ GHU 7HLOULQJH ]X� HUKLHOWH PDQ GHU :LUNXQJ QDFK HLQH�
6FKUDJXQJ GHV 5RWRUV� :LH VLFK HLQH 6FKUDJXQJ EHL HLQHU 0RGXODUHQ 'DXHUPDJQHWPD�� �
VFKLQH DXI GDV %HWULHEVYHUKDOWHQ DXVZLUNW LVW LQ >��@ EHVFKULHEHQ� ,Q GHU 5HJHO ZLUG PDQ
GHQ 5RWRU LQ HLQH JHUDGH $Q]DKO YRQ 5LQJHQ DXIWHLOHQ� GLH D[LDOH /DQJH GHU 5LQJH JOHLFK�
ZDKOHQ XQG GLH 5LQJH DEZHFKVHOQG GHQ *UXSSHQ ]XRUGQHQ� 'D VLFK GLH 5LQJH HLQHU *UXS��
SH VWHWV JHPHLQVDP YHUGUHKHQ� VROO LP IROJHQGHQ QXU QRFK YRQ HLQHP IHVWHQ 7HLO �*UXSSH
GHU 5LQJH� GLH IHVW PLW GHU :HOOH YHUEXQGHQ LVW� XQG HLQHP EHZHJOLFKHQ 7HLO �*UXSSH GHU
5LQJH� GLH VLFK JHJHQ GLH 5RWRUZHOOH YHUGUHKHQ NDQQ� GLH 5HGH VHLQ� 'HU EHZHJOLFKH 7HLO
ZLUG DXFK DOV GUHKEDUHU 7HLO EH]HLFKQHW�
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%LOG ���� 5RWRUDXIEDX PLW PHFKDQLVFKHU )HOGVFKZDFKXQJ�

'LH 5HLEXQJ ]ZLVFKHQ GHQ EHLGHQ 7HLOHQ PX{ JHJHQXEHU GHQ 1XW]GUHKPRPHQWHQ YHU��
QDFKODVVLJEDU VHLQ� $XFK D[LDOH .UDIWH� GLH ]�%� GXUFK $Q]LHKXQJ RGHU $EVWR{XQJ GHU� �
0DJQHWHQ HQWVWHKHQ NRQQHQ� GXUIHQ GLHVH %HZHJXQJ QLFKW EHKLQGHUQ� $XIJUXQG GHU %H�� �
ZHJXQJVPRJOLFKNHLW GHU EHLGHQ *UXSSHQ YRQ 5LQJHQ ZHUGHQ VLFK GLH 0DJQHWHQ GHU EH��
ZHJOLFKHQ *UXSSH VR HLQVWHOOHQ� GD{ LQ D[LDOHU 5LFKWXQJ VWHWV 0DJQHWHQ PLW DEZHFKVHOQGHU
0DJQHWLVLHUXQJ QHEHQHLQDQGHU OLHJHQ� 'LHV LVW GHU 5XKH]XVWDQG RGHU XQDXVJHOHQNWH =X�
VWDQG GHV 5RWRUV� $QVFKDXOLFK LVW VRIRUW NODU� GD{ GHU UHVXOWLHUHQGH )OX{ LQ GLHVHU 3RVLWLRQ
YHUVFKZLQGHW� :LUG GHU 5RWRU LQ 'UHKXQJ YHUVHW]W� VR ZLUG EHL LGHDOLVLHUWHU %HWUDFKWXQJ
NHLQH 6SDQQXQJ LQ GHQ 6WDWRUZLFNOXQJHQ LQGX]LHUW� /HQNW PDQ GDJHJHQ GHQ EHZHJOLFKHQ
7HLO DXV GLHVHU 5XKHODJH DXV� LP DX{HUVWHQ )DOO ELV ]X GHU /DJH� LQ GHU DOOH 0DJQHWHQ JOHL��
FKHU 0DJQHWLVLHUXQJVULFKWXQJ D[LDO oXFKWHQ� VR ZLUG LP 6WDWRU GLH 6SDQQXQJ LQGX]LHUW�
GLH PDQ EHL 9HUZHQGXQJ HLQHV NRQYHQWLRQHOOHQ 5RWRUV �%LOG ���� HUKDOWHQ ZXUGH� 'DPLW�
LVW TXDOLWDWLY HUNODUW� ZLH GHU YHUNHWWHWH )OX{ YHUDQGHUW ZHUGHQ NDQQ�� �

8P GLH JHZXQVFKWH 3RVLWLRQ ]X HUUHLFKHQ� LVW QRUPDOHUZHLVH HLQ 6WHOODQWULHE QRWZHQGLJ� 6R�
LVW GLH '\QDPLN GHU )OX{DQGHUXQJ XQG GDPLW GHV 'UHKPRPHQWDXIEDXV PD{JHEOLFK YRQ�
GHU /HLVWXQJVIDKLJNHLW GLHVHV $QWULHEV DEKDQJLJ� )HUQHU PX{ IXU HLQH /HLVWXQJVXEHUWUD�� � � �
JXQJ DXI GLH URWLHUHQGH 6WHOOYRUULFKWXQJ JHVRUJW ZHUGHQ� :HQQ GHU 9HUVWHOOPHFKDQLVPXV
VHOEVWKHPPHQG LVW� WULWW QXU ]X =HLWHQ� LQ GHQHQ YHUVWHOOW ZLUG� HLQ /HLVWXQJVEHGDUI DXI�
)XU GHQ *HVDPWZLUNXQJVJUDG XQG GLH 'LPHQVLRQLHUXQJ LVW GLHV YRQ 9RUWHLO� :HLWHU VLQG�
9HUIDKUHQ GHQNEDU� GLH RKQH +LOIVHQHUJLH DXVNRPPHQ� 6R ZHUGHQ LQ >��@ 9HUVWHOOPHFKD�
QLVPHQ YRUJHVFKODJHQ� GLH GUHK]DKODEKDQJLJ GLH HUIRUGHUOLFKH $XVOHQNXQJ KHUEHLIXKUHQ�� �
(LQH (QHUJLHXEHUWUDJXQJ DXI GHQ 5RWRU HQWIDOOW GDPLW� 1RFK ZHLWHU JHKW GLH LP IROJHQGHQ� �
$EVFKQLWW ��� GHWDLOOLHUW EHVFKULHEHQH 0HWKRGH� EHL GHU GLH 6WDWRUVWURPH GLH /DJH GHU�
JHJHQHLQDQGHU YHUVFKLHEOLFKHQ 5RWRUWHLOH EHVWLPPHQ�

8P GHQ 5RWRU LQ HLQHU 0DVFKLQH HLQVHW]HQ ]X NRQQHQ� VLQG QRFK ]ZHL NRQVWUXNWLYH 0D{��
QDKPHQ YRU]XVHKHQ� 'XUFK HLQH PHFKDQLVFKH 6SHUUH PXVVHQ $XVOHQNXQJHQ GHV EHZHJ��
OLFKHQ 7HLOV YRQ PHKU DOV HLQHU 3ROWHLOXQJ JHJHQXEHU GHU 5XKHODJH LP XQG JHJHQ GHQ�
8KU]HLJHUVLQQ YHUKLQGHUW ZHUGHQ� XQG HV LVW GHU EHZHJOLFKH 7HLO PLWWHOV HLQHU )HGHU DQ
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GHQ IHVWHQ 7HLO ]X NRSSHOQ� 'LHVH )HGHU ZLUG VR PRQWLHUW� GD{ VLH LQ GHU 5XKHODJH NHLQH
.UDIW DXIEULQJHQ NDQQ� :LUG GHU EHZHJOLFKH 7HLO JHJHQXEHU GHP IHVWHQ 7HLO DXVJHOHQNW��
VR HU]HXJW GLH )HGHU HLQH .UDIW� GLH LKQ LQ GLH 5XKHODJH ]XUXFNGUHKHQ ZLOO��

$QKDQG GLHVHU %HVFKUHLEXQJ NDQQ JHSUXIW ZHUGHQ� ZLH VLFK HLQ VROFKHU $QWULHE LP )HK��
�OHUIDOO YHUKDOW� 7ULWW LQ GHU :LFNOXQJ HLQ 6FKDGHQ DXI� IXKUW GLHVHU ]X HLQHP 8EHUVWURP� �

XQG ]X HLQHU VWDUNHUHQ 0DVFKLQHQHUZDUPXQJ RGHU DXFK ]X YHUDQGHUWHQ %HWULHEVHLJHQ�� � �
VFKDIWHQ� 'HU 6WURPULFKWHU EHVLW]W ]XU 6HOEVWXEHUZDFKXQJ HLQH 6WURPEHJUHQ]XQJ� GLH EHL�
]X KRKHQ 6WURPHQ GHQ $QWULHE DEVFKDOWHW� :HQQ GHU 6WURPULFKWHU GLH 0DVFKLQHQWHPSH��
UDWXU QLFKW XEHUZDFKW� YHUJUR{HUW VLFK GHU :LFNOXQJVVFKDGHQ� ELV GHU %HWULHE QLFKW PHKU� �
PRJOLFK LVW� ,Q DOOHQ )DOOHQ VFKZLQJW QDFK GHP $EVFKDOWHQ GHU 5RWRU LQ GLH 5XKHODJH�� �
(LQ 6FKDGHQ LQ GHU /HLVWXQJVHOHNWURQLN ZLUG GLDJQRVWL]LHUW XQG IXKUW HEHQIDOOV ]XU $E��
VFKDOWXQJ� $XFK HLQ $XVIDOO GHU 6WHXHUXQJVHOHNWURQLN� GHU EHL HLQHP %HWULHE REHUKDOE GHU
(FNGUHK]DKO HLQH =HUVWRUXQJ GHU /HLVWXQJVHOHNWURQLN ]XU )ROJH KDEHQ NDQQ� YHUXUVDFKW�
NHLQH ZHLWHUHQ 6FKDGHQ� 'HU %HWULHE HLQHU LQ GHU YRUJHVWHOOWHQ :HLVH IHOGJHVFKZDFKWHQ�� �
SHUPDQHQWPDJQHWLVFK HUUHJWHQ 6\QFKURQPDVFKLQH LVW GDPLW DKQOLFK XQSUREOHPDWLVFK ZLH�
EHL HLQHU $V\QFKURQPDVFKLQH� 6R NDQQ GDV )DKU]HXJ DXFK QDFK HLQHP $XVIDOO GHV HOHNWUL�
VFKHQ $QWULHEV ZHLWHUEHWULHEHQ ZHUGHQ�

��� 3ROUDGIHOG GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ 0D��

VFKLQH

$XVJHKHQG YRQ GHU *UXQGLGHH PX{ QXQ GXUFK 5HFKQXQJ JHNODUW ZHUGHQ� ZLH VLFK HLQH�
$QRUGQXQJ GHU EHVSURFKHQHQ )RUP DOV $QWULHE YHUKDOW� =XQDFKVW ZHUGHQ GHVKDOE GLH YRP� �
IHVWHQ XQG GHP EHZHJOLFKHQ 7HLO HU]HXJWHQ 3ROUDGIHOGHU DOV )XQNWLRQHQ GHV :LQNHOV GDUJH�
VWHOOW� 8P GLH $QVFKDXOLFKNHLW ]X YHUEHVVHUQ XQG GLH EHUHLWV EHL GHU NRQYHQWLRQHOOHQ 0'0
YHUZHQGHWH 'DUVWHOOXQJVIRUP EHL]XEHKDOWHQ� ZHUGHQ GLH XEHU GLH 3DNHWODQJH JHPLWWHOWHQ� �
,QGXNWLRQHQ YHUZHQGHW� 'D]X ZHUGHQ ]ZHL .RRUGLQDWHQDFKVHQ GHnQLHUW� 'LH HLQH $FKVH
[ VROO PLW GHP IHVWHQ 7HLO GHV 5RWRUV YHUEXQGHQ VHLQ� (QWVSUHFKHQG GHU %LOG ��� VROO GHU�

.RRUGLQDWHQXUVSUXQJ LQ GHU 0LWWH HLQHV 3ROV OLHJHQ GHVVHQ )HOGOLQLHQ UDGLDO QDFK DX{HQ
JHULFKWHW VLQG� %HL HLQHU ,QQHQODXIHUPDVFKLQH ZDUH GLHV HLQ 1RUGSRO� 'LH DQGHUH $FKVH� �
^ [ ^ ZLUG DP EHZHJOLFKHQ 5RWRUWHLO RULHQWLHUW� 'HU 8UVSUXQJ GLHVHU .RRUGLQDWHQDFKVH�

OLHJW LQ GHU 0LWWH HLQHV 3ROV� GHVVHQ )HOGOLQLHQ UDGLDO QDFK LQQHQ ZHLVHQ ^ EHLP ,QQHQODXIHU�
LVW GLHV HLQ 6XGSRO� 'LH 1XOODJHQ VLQG GDGXUFK VR IHVWJHOHJW� GD{ GLH EHLGHQ $FKVHQ LQ GHU�
5RWRUUXKHODJH XEHUHLQVWLPPHQ��

'HU EHZHJOLFKH 7HLO NDQQ XP HLQHQ :LQNHO m JHJHQ GHQ IHVWHQ 7HLO YHUGUHKW VHLQ� :LH EH�
UHLWV EHVFKULHEHQ NDQQ VLFK GHU EHZHJOLFKH 7HLO PD[LPDO XP HLQH 3ROWHLOXQJ LP XQG JHJHQ
GHQ 8KU]HLJHUVLQQ YHUGUHKHQ� 'LHVH 6LWXDWLRQ LVW IXU HLQH GHU PRJOLFKHQ 9HUVFKLHEXQJV�� �
ULFKWXQJHQ LQ %LOG ��� GDUJHVWHOOW� 'HU )DOO GHU HQWJHJHQJHVHW]WHQ 9HUVFKLHEXQJVULFKWXQJ
LVW LQ %LOG ��� EHUHLWV JH]HLJW ZRUGHQ�

0DQ VWHOOW QXQ GLH YRP IHVWHQ 7HLO HUUHJWH /XIWVSDOWLQGXNWLRQ LQ $EKDQJLJNHLW YRQ GHU�
.RRUGLQDWH [ GDU� GLH GXUFK��

[  [ � � W� 
  o  S� � W� 
 ������ � P � � P �

PLW GHU 6WDWRUNRRUGLQDWH [ YHUEXQGHQ LVW� 'LH %HVFKUHLEXQJ GHU /DJH GHV GUHKEDUHQ 7HLOV�

��



�%LOG ���� 8EHU GLH 3DNHWODQJH JHPLWWHOWH 3ROUDGIHOGDQWHLOH GHV IHVWHQ XQG GHV GUHKEDUHQ�
7HLOV VRZLH GDV *HVDPWIHOG

HUIROJW PLW GHU .RRUGLQDWH [ � GLH LQ IROJHQGHU :HLVH PLW [ LQ %H]LHKXQJ VWHKW�� �� �
b{ {

[  [ � m PLW m � � ������ �
S S

%HYRU GLH ,QGXNWLRQHQ GHU EHLGHQ 7HLOH DOV )XQNWLRQ GLHVHU .RRUGLQDWHQ GDUJHVWHOOW ZHU�
GHQ� PLWWHOW PDQ XEHU GLH (LVHQSDNHWODQJH O�� �

] O=�
%  % �]�G] �����S I P] S I

O
] �

] O=�
%  % �]�G] �����S EP] SE

O
] �

'LHVH ,QGXNWLRQHQ NRQQHQ LQ GHU 0DVFKLQH QLFKW WDWVDFKOLFK JHPHVVHQ ZHUGHQ� HUPRJOL�� � �
FKHQ MHGRFK VSDWHU GLH IRUPDO ULFKWLJH $GGLWLRQ EHLGHU )HOGHU� 'LHVH 'DUVWHOOWXQJ KDW GHQ�
9RUWHLO� GD{ GLH 9HUKDOWQLVVH IXU HLQHQ LP 6WDWRU EHnQGOLFKHQ� JJI� VWURPGXUFKoRVVHQHQ� �
/HLWHU NRUUHNW ZLHGHUJHJHEHQ ZHUGHQ� GD DQ GHVVHQ $QIDQJ XQG (QGH QXU GLH $XVZLUNXQJ
GHU D[LDO JHPLWWHOWHQ ,QGXNWLRQ IHVWJHVWHOOW ZHUGHQ NDQQ�

%HL GHQ .RRUGLQDWHQ [ � [ � [ KDQGHOW HV VLFK XP UDXPOLFKH :LQNHO� 'LHV LVW DXFK VFKRQ�� � �

DXV RELJHQ *OHLFKXQJHQ HUNHQQEDU�
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6R NDQQ PDQ IXU GLH )RXULHUUHLKHQ GHV IHVWHQ XQG GHV GUHKEDUHQ $QWHLOV GHV 3ROUDGIHOGHV�
VFKUHLEHQ�

� �; ;
A A% �[ �  % FRV��S[ �  % FRV��o � �����S I P] � SI P] � � SI P] � �

� � � �

� �; ;
A A% �[ �  % FRV��S[ �  % FRV��o � �����S EP] � S EP] � � S EP] � �

� � � �

$XIJUXQG GHV JOHLFKHQ $XIEDXV JLEW HV HLQHQ =XVDPPHQKDQJ ]ZLVFKHQ GHQ $PSOLWXGHQ
GHV IHVWHQ XQG GHV GUHKEDUHQ $QWHLOV� =XP HLQHQ VLQG GLH EHLGHQ 7HLOH XP JHQDX { JH�
JHQHLQDQGHU SKDVHQYHUVFKREHQ� ]XP DQGHUHQ NDQQ DQQDKHUXQJVZHLVH GDYRQ DXVJHJDQJHQ�
ZHUGHQ� GD{ LKUH )RUP XQG GDPLW GLH UHODWLYH +RKH GHU 2EHUVFKZLQJXQJHQ ]XU *UXQG��
VFKZLQJXQJ XEHUHLQVWLPPW� 0DQ NDQQ GLHV IROJHQGHUPD{HQ DXVGUXFNHQ�� �

AM% MS EP] �
N  �����E I AM% MSI P] �

,Q %LOG ��� ZXUGH XEHUGLHV HLQH JOHLFKH $PSOLWXGH IXU EHLGH )HOGHU ]X *UXQGH JHOHJW� ,Q� �
GLHVHP VSH]LHOOHQ )DOO JLOW N  �� 'DPLW NDQQ JHVFKULHEHQ ZHUGHQ�E I

�;
A% �[ �  bN % FRV�� S[ � �����S EP] � E I S I P] � �

� �

6FKOLH{OLFK NDQQ QRFK GLH .RRUGLQDWH [ GXUFK [ HUVHW]W ZHUGHQ�� �

�;
A% �[ �  bN % FRV�� S �[ � m�� �����S EP] � E I S I P] � �

� �

'XUFK GLH 'DUVWHOOXQJ GHU ,QGXNWLRQ DOV HLQH *UR{H� GLH XEHU GLH 3DNHWODQJH JHPLWWHOW� � �
ZXUGH� NDQQ PDQ IRUPDO GLH )HOGHU GHV IHVWHQ XQG GHV EHZHJOLFKHQ 7HLOV DGGLHUHQ XQG
HUKDOW VR IROJHQGHQ $XVGUXFN IXU GDV *HVDPWIHOG�� �

% �[ �  % �[ � � % �[ �SP] � S I P] � S EP] �

� r s;
A % FRV�� S[ �b N FRV�� S �[ � m�� ������SI P] � � E I �

� �

)XU GHQ 6SH]LDOIDOO N  � LVW GDV 3ROUDGIHOG YRQ IHVWHP XQG EHZHJOLFKHP 7HLO JOHLFK� E I

JUR{ XQG PDQ HUKDOW��

�;
A% �[ �  % VLQ�� S �[ � m ��� VLQ�� Sm �� ������SP] � SP] � �

� �

'DPLW NRQQHQ GLH YRQ GHU $XVOHQNXQJ DEKDQJLJHQ $PSOLWXGHQ GHU 2EHUZHOOHQ DQJHJHEHQ� �
ZHUGHQ� 'HU $XVGUXFN % VWHKW GDEHL IXU GLH LQQHUKDOE GHU 3ROEHGHFNXQJ m HUUHLFKWH�SP] �

XQG XEHU GLH 0DVFKLQHQODJH JHPLWWHOWH ,QGXNWLRQ GHV IHVWHQ E]Z� GHV EHZHJOLFKHQ 7HLOV�� �
'LHVHU :HUW LVW JHQDX KDOE VR JUR{ ZLH GLH ,QGXNWLRQ GHV *HVDPWSROUDGIHOGHV EHL YROOHU
$XVOHQNXQJ�

�A% �m�  % VLQ��m { �� VLQ�� Sm �� ������SP] � SP] PD[ �
�{

��



'DV QHXH *HVDPWSROUDGIHOG ZHLVW JHJHQXEHU GHP IHVWHQ 3ROUDGIHOGDQWHLO HLQH 3KDVHQ��
YHUVFKLHEXQJ XP m � DXI XQG GLH $PSOLWXGHQ GHU HLQ]HOQHQ .RPSRQHQWHQ VLQG PLW
VLQ��Sm �� EHZHUWHW� 'LHV EHGHXWHW� GD{ VLFK LQ $EKDQJLJNHLW YRP 9HUVFKLHEXQJVZLQNHO�
m GDV 2EHUVFKZLQJXQJVVSHNWUXP DQGHUW� ZDV DXFK XQPLWWHOEDU DXV GHP )HOGYHUODXI LQ�
%LOG ��� HUVLFKWOLFK LVW� ,P XQDXVJHOHQNWHQ )DOO �m  �� YHUVFKZLQGHW GDV 3ROUDGIHOG �E]Z�
HV HUUHLFKW HLQ 0LQLPXP IXU N � ��� %HL YROOHU $XVOHQNXQJ �m  h{ S� HUKDOW PDQ� �E I

HLQ 0D[LPXP� 'D GLH )RXULHU]HUOHJXQJ EH]RJHQ DXI GLH $FKVH [ GXUFKJHIXKUW ZLUG� GDV��

0D[LPXP DEHU PLW GHU $XVOHQNXQJ ZDQGHUW� HUJHEHQ VLFK DXFK JHUDG]DKOLJH 2EHUZHOOHQ�

%LOG ���� 2EHUZHOOHQ �Hm�� GHV 3ROUDGJHVDPWIHOGHV DEKDQJLJ YRQ GHU $XVOHQNXQJ�

8P GLH %HWULHEVHLJHQVFKDIWHQ GHU 0DVFKLQH LQ GHQ *OHLFKXQJHQ NODU ]X HUNHQQHQ� PX{
PDQ VLFK DXI GLH *UXQGZHOOH EHVFKUDQNHQ��

A% �[ �  % VLQ�S �[ � m ��� VLQ�Sm �� ������SP] � SP] � �

'LH %HWUDFKWXQJ GHV 3ROUDGIHOGHV HUJDE� GD{ GLH /DJH GHV 0D[LPXPV GHU *HVDPWIHOGDP�
SOLWXGH EH]XJOLFK GHU .RRUGLQDWHQDFKVHQ [ �[ GHV IHVWHQ E]Z� GHV EHZHJOLFKHQ 7HLOV ZDQ�� � �

GHUW� 'D LKU :HUW % EHVWLPPHQG IXU GLH 3ROUDGVSDQQXQJ LVW� JLEW ������ DQ� ZLH GLH�S

*HVDPWIHOGDPSOLWXGH YRQ GHU $XVOHQNXQJ DEKDQJW� 'LH $XVOHQNXQJ ZLUG XEHU GDV 'UHK�� �
PRPHQW DXI GHQ EHZHJOLFKHQ 7HLO JHVWHXHUW� 8P GLH 6WURPH EH]RJHQ DXI GHVVHQ /DQJV�� �
XQG 4XHUDFKVH YRUJHEHQ XQG UHJHOQ ]X NRQQHQ� PXVVHQ GLH $QWHLOH GHV )HOGHV LQ GLHVHQ� �
EHLGHQ $FKVHQ EHVWLPPW ZHUGHQ� 'D]X VHW]W PDQ GLH 5RWRUNRRUGLQDWH GHV IHVWHQ 7HLOV DXI
[  { � E]Z� { XQG QXW]W GLH $GGLWLRQVWKHRUHPH� %HL GHQ .RRUGLQDWHQ � XQG �� PE PI

KDQGHOW HV VLFK XP GLH LP VWDWRUIHVWHQ .RRUGLQDWHQV\VWHP EHVWLPPEDUH /DJH GHV IHVWHQ
�E]Z� EHZHJOLFKHQ 5RWRUWHLOV� 'HU 8EHUJDQJ DXI GLHVH .RRUGLQDWHQ LVW ]ZHFNPD{LJ� GD VLH�
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PLW /DJHJHEHUQ EHVWLPPW ZHUGHQ NRQQHQ XQG GLH IROJHQGHQ *OHLFKXQJHQ YRU DOOHP IXU� �
GLH QRFK ]X HUDUEHLWHQGH $QVWHXHUXQJ GHU 0DVFKLQH EHGHXWVDP VLQG�

A A% �m�  � � c% � � b FRV�S�� b � �� �  � � c% ��b FRV�Sm��S GP] SP] � PE PI SP] �

A A ������% �m�  � � c% VLQ�S�� b � ��  � � c% VLQ�Sm�S TP] SP] � PE PI SP] �

A A% �m�  % VLQ�S�� b � � ��  % VLQ�Sm ��SP] SP] � PE PI SP] �

��� 'UHKPRPHQW GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ�

0DVFKLQH

'DV 'UHKPRPHQW HQWVWHKW GXUFK GLH .UDIWZLUNXQJ ]ZLVFKHQ GHQ 3ROUDGIHOGZHOOHQ XQG
GHQ 'UHKZHOOHQ GHV 6WURPEHODJV� 'HU 6WDWRU HLQHU PHFKDQLVFK IHOGJHVFKZDFKWHQ 0'0�
HQWVSULFKW YROOLJ GHP GHU ]XJHKRULJHQ NRQYHQWLRQHOOHQ 0DVFKLQH� 'LH EHVFKUHLEHQGHQ *OHL�� �
FKXQJHQ GHV 6\VWHPV GHU 'UHKZHOOHQ NRQQHQ GDPLW YROOVWDQGLJ XEHUQRPPHQ ZHUGHQ� � �
������� 'DV 3ROUDGIHOG JHQXJW GHU LQ ������ IHVWJHKDOWHQHQ %HVFKUHLEXQJ IXU GLH IHOG�� �
JHVFKZDFKWH 0DVFKLQH� 8P GLH 'UHKPRPHQWJOHLFKXQJ IXU GLH NRQYHQWLRQHOOH 0DVFKLQH� �
YHUZHQGHQ ]X NRQQHQ� PX{ PDQ GLH XEHU GLH %OHFKSDNHWODQJH JHPLWWHOWHQ ,QGXNWLRQHQ� � �
YHUZHQGHQ� 'DPLW HQWVSULFKW GDV DXI GHQ IHVWHQ 7HLO ZLUNHQGH 'UHKPRPHQW YROOLJ GHP IXU� �
HLQH NRQYHQWLRQHOOH 0'0 HUPLWWHOWHQ :HUW ������� 'DV DXI GHQ 5RWRU DXVJHXEWH 0RPHQW�
LVW JHJHEHQ GXUFK�

�{ �{= =
�0  G0  bU O D% G[SP] �

� �� �
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� � �
�;
A� % FRV��S[ b ��Wb �So � �Sm� ������S EP] � � �

� �

'D HLQ DXV GHU =HLFKHQHEHQH KHUDXVoLH{HQGHU 6WURP XQG HLQ UDGLDO QDFK DX{HQ ZHLVHQGHV
)HOG SRVLWLY ]X ]DKOHQ VLQG� HUKDOW PDQ HLQ LQ GLH SRVLWLYH PDWKHPDWLVFKH 5LFKWXQJ GUH�� �
KHQGHV 0RPHQW� 'DV DXI GHQ 5RWRU ZLUNHQGH 0RPHQW LVW JHQDX HQWJHJHQJHVHW]W XQG PDQ
HUKDOW HLQ QHJDWLYHV 9RU]HLFKHQ LQ GHU *OHLFKXQJ GHV 5RWRUGUHKPRPHQWV� 'D LP IROJHQGHQ�
LQ HUVWHU /LQLH GLH 0RPHQWH DXI GHQ 5RWRU LQWHUHVVLHUHQ� VROO GLHVH 'HnQLWLRQ ]XJUXQGH
JHOHJW ZHUGHQ�

'LH ,QWHJUDWLRQ ZLUG IXU GHQ EHZHJOLFKHQ XQG GHQ IHVWHQ 7HLO JHWUHQQW DXVJHIXKUW� 0DQ� �
HUKDOW IXU GHQ IHVWHQ E]Z� GHQ GUHKEDUHQ 7HLO�� �

� � � � �;;; Z S zy� � AA0  bU O P {L % VLQ��hx b ���Wh 
 b �So � ������I x S I P] � x �
{U� � y � x �

��



� � � � �;;; Z S zy� � AA0  bU O P {L % VLQ��hxb ���Wh 
 b �So � �Sm� ������E x S EP] � x �
{U� � y � x �

'DV SRVLWLYH 9RU]HLFKHQ LQ GHQ h =HLFKHQ EH]LHKW VLFK DXI 'UHKZHOOHQ� GLH LQ SRVLWLYHU
5LFKWXQJ XPODXIHQ� GDV QHJDWLYH 9RU]HLFKHQ JLOW IXU 'UHKZHOOHQ PLW QHJDWLYHU 8PODXI��
ULFKWXQJ�

6FKOLH{OLFK LVW GDV 'UHKPRPHQW GHU )HGHU� GLH ]ZLVFKHQ EHLGHQ 7HLOHQ OLHJW� ]X EHDFKWHQ�
,Q $EVFKQLWW ��� ZXUGH EHVFKULHEHQ� GD{ HLQH )HGHU ]ZLVFKHQ GHQ 7HLOHQ VR DQJHEUDFKW
ZLUG� GD{ HLQ 5XFNVWHOOPRPHQW HQWVWHKW� GDV SURSRUWLRQDO ]XU $XVOHQNXQJ LVW��

Sm
0  0  � c ������) QHQQ

{

,P VWDWLRQDUHQ %HWULHE ZLUG GDYRQ DXVJHJDQJHQ� GD{ GLH 9HUVFKLHEXQJ ]HLWOLFK NRQVWDQW�
LVW� 'DPLW LVW GDV YRQ GHU )HGHU DXI GHQ IHVWHQ 7HLO XEHUWUDJHQH 0RPHQW JOHLFK GHP�
'UHKPRPHQW� GDV DXI GHQ EHZHJOLFKHQ 7HLO ZLUNW�

1XQ VROOHQ HLQLJH 6SH]LDOIDOOH QDKHU EHWUDFKWHW ZHUGHQ� %HL N  � VLQG GLH 1XW]PRPHQWH� � E I

�hxb �  �� IROJHQGHUPD{HQ GDUVWHOOEDU�

0 z b L c VLQ�h
 b �So � 0 z L c VLQ�h
 b �So � �Sm� ������I xy� x � E xy� x �

'LH *UR{H GHV 'UHKPRPHQWV ZLUG YRQ GHU UHODWLYHQ /DJH GHV 6WURPEHODJV XQG GHV YRQ�
LKP KHUYRUJHUXIHQHQ $QNHUUXFNZLUNXQJVIHOGHV ]XU 6WHOOXQJ GHV 5RWRUV EHVWLPPW� 'LHV�
ZLUG GXUFK GHQ :LQNHO h
 b �So DXVJHGUXFNW� 'D HV VLFK QXU XP HLQH )HVWOHJXQJ GHV�x �

%H]XJVSXQNWV KDQGHOW� NDQQ� RKQH GLH $OOJHPHLQJXOWLJNHLW ]X YHUOHW]HQ� GHU :LQNHO o ]X� �

�QXOO JHVHW]W ZHUGHQ� :HLWHUKLQ EHVFKUDQNW PDQ VLFK GHU EHVVHUHQ 8EHUVLFKW KDOEHU DXI GLH�
*UXQGVFKZLQJXQJHQ E]Z� �ZHOOHQ�

'DV PD[LPDOH SRVLWLYH 'UHKPRPHQW HUJLEW VLFK GDQQ IXU GHQ IHVWHQ 7HLO� ZHQQ GHU 3KD��
VHQZLQNHO GHV 6WURPV GLH %HGLQJXQJ 
  b{ � HUIXOOW� %HLP GUHKEDUHQ 7HLO PX{ GLH��

%HGLQJXQJ 
 � Sm  { � HUIXOOW VHLQ� 'LHV JLOW IXU GHQ )DOO� GD{ GLH 6WURPJUXQGVFKZLQ�� ��

JXQJ HLQH 'UHKZHOOH� GLH LQ SRVLWLYHU 5LFKWXQJ XPODXIW� HU]HXJW� ,P DQGHUHQ )DOO JLOW��

  { � XQG b
 � Sm  { ��� �

6FKOLH{OLFK NDQQ PDQ GLHVH =XVDPPHQKDQJH JUDSKLVFK GDUVWHOOHQ� 'DV HUVWH %LOG �%LOG �����
]HLJW GDV YRP IHVWHQ 7HLO HU]HXJWH 'UHKPRPHQW DEKDQJLJ YRQ 6WURP XQG $XVOHQNXQJ��
8QWHU GHP1HQQPRPHQW YHUVWHKW PDQ GDV 1HQQPRPHQW GHU 0DVFKLQH EHL YROOHP )HOG� 'LH
EHLGHQ (EHQHQ VWHOOHQ GHQ 'UHKPRPHQWYHUODXI IXU GLH 6WURPZLQNHO 
  { � E]Z� 
  � � �

{ � GDU� (UZDUWXQJVJHPD{ LVW NHLQH $EKDQJLJNHLW YRQ GHU $XVOHQNXQJ YRUKDQGHQ� 'LH� �
$XVOHQNXQJ ZLUG VWHWV DXI HOHNWULVFKH :LQNHO XPJHUHFKQHW� (V LVW GHVKDOE Sm GDUJHVWHOOW�

%LOG ��� ]HLJW GDV 'UHKPRPHQW DXI GHQ EHZHJOLFKHQ 7HLO DEKDQJLJ YRQ GHQ JOHLFKHQ�
*UR{HQ� $XFK KLHU ZLUG GHU 9HUODXI GHV 'UHKPRPHQWV IXU GLH REHQ DQJHJHEHQHQ :LQ�� �
NHO YRQ 
 JH]HLJW��

%HLP IHVWHQ 7HLO VLQNW GDV HQWZLFNHOWH 'UHKPRPHQW� ZHQQ YRQ GHU )RUGHUXQJ 
  { �
DEJHZLFKHQ ZLUG� 'DV 'UHKPRPHQW DXI GHQ EHZHJOLFKHQ 7HLO HUUHLFKW VHLQ 0D[LPXP GDQQ
EHL DQGHUHQ :HUWHQ GHU $XVOHQNXQJ m� ,QWHUHVVDQW LVW DXFK GLH )UDJH� IXU ZHOFKH :HUWH�
YRQ 
 �XQG Sm� VLFK GLH EHWUDJVPD{LJ JUR{WHQ :HUWH GHV 'UHKPRPHQWV LQ SRVLWLYHU XQG� ��

QHJDWLYHU 5LFKWXQJ HUJHEHQ� +LHU]X IROJHQGH 7DEHOOH�

��



%LOG ���� 'UHKPRPHQW DXI GHQ IHVWHQ 7HLO DEKDQJLJ YRQ 6WURP XQG $XVOHQNXQJ�

%LOG ���� 'UHKPRPHQW DXI GHQ GUHKEDUHQ 7HLO DEKDQJLJ YRQ 6WURP XQG $XVOHQNXQJ�

IHVWHU 7HLO� )DOO :LQNHO 'UHKULFKWXQJ 9RU]HLFKHQ 0

� 
  b{ � SRVLWLY ��

� 
  � { � SRVLWLY b�

� 
  � { � QHJDWLY ��

� 
  b{ � QHJDWLY b�

GUHKEDUHU 7HLO� )DOO :LQNHO 'UHKULFKWXQJ 9RU]HLFKHQ 0

� �
 � Sm  �{ � SRVLWLY ��

� �
 � Sm  b{ � SRVLWLY b�

� b
 � Sm  �{ � QHJDWLY ��

� b
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(LQH LQ SRVLWLYHU 5LFKWXQJ XPODXIHQGH 'UHKZHOOH GUHKW VLFK LP PDWKHPDWLVFK SRVLWLYHQ
6LQQ ^ G�K� LP *HJHQXKU]HLJHUVLQQ� (QWVSUHFKHQG ZLUG HLQ LQ SRVLWLYHU 5LFKWXQJ GHnQLHUWHV
'UHKPRPHQW YHUVXFKHQ� GHQ 5RWRU JHJHQ GHQ 8KU]HLJHUVLQQ LQ %HZHJXQJ ]X VHW]HQ� 'LHV
GHnQLHUW GDV 9RU]HLFKHQ YRQ m� 9HUGUHKW VLFK GHU EHZHJOLFKH 7HLO XQWHU GHU :LUNXQJ HLQHV
SRVLWLYHQ 'UHKPRPHQWV� VR ZLUG m NOHLQHU QXOO� %HL QHJDWLYHQ 0RPHQWHQ JLOW HQWVSUHFKHQG
GDV 8PJHNHKUWH� 'LHV NDQQ DQKDQG YRQ *OHLFKXQJ ��� QDFKYROO]RJHQ ZHUGHQ�

,QWHUHVVDQW LVW IHUQHU� ZDV LQ GHQ (QGODJHQ GHV EHZHJOLFKHQ 7HLOV JLOW�

)DOO :LQNHO 6WURPSKDVHQODJH ]XJHKRULJHU )DOO GHV IHVWHQ 7HLOV�

� Sm  b{ �
  �{ � b Sm  ��{ � ��

� Sm  �{ �
  b{ � b Sm  b�{ � ��

� Sm  b{ b
  �{ � b Sm  ��{ � ��

� Sm  �{ b
  b{ �b Sm  b�{ � ��

$QKDQG GHU HUVWHQ =HLOH VROO HUNODUW ZHUGHQ� ZDV GLHV DXVVDJW� :HQQ PDQ JHPD{ )DOO � HLQ� �
SRVLWLYHV 0RPHQW DXI GHQ EHZHJOLFKHQ 7HLO DXIEULQJW ^ GXUFK HQWVSUHFKHQG QDFKJHIXKUWH�
(LQSUDJXQJ GHU 6WURPSKDVHQODJH ^ VR EHZHJW VLFK GLHVHU 7HLO LQ GLH (QGSRVLWLRQ PLW�
Sm  b{� ,Q GLHVHU /DJH HQWVSULFKW GDV )HOG GHV EHZHJOLFKHQ 7HLOV JHQDX GHP GHV IHVWHQ
7HLOV� $XI GLH EHLGHQ 7HLOH PX{ DOVR GDV JOHLFKH 'UHKPRPHQW ZLUNHQ� 'LHV ]HLJW VLFK
DXFK GDULQ� GD{ VLFK GHU GXUFK GLH 1DFKIXKUXQJ EHZLUNWH 6WURPSKDVHQZLQNHO ]X 
  � �

�{ �b �b{�  �{ � HUJLEW� 'LHV HQWVSULFKW JHQDX GHU 3KDVHQODJH 
  b{ � LQ )DOO ���

(QWVSUHFKHQG VLQG GLH DQGHUHQ =HLOHQ GHU 7DEHOOH ]X LQWHUSUHWLHUHQ� :LUG GXUFK GLH
6WURPHLQSUDJXQJ HLQ SRVLWLYHV 0RPHQW HU]HXJW� VR EHZHJW VLFK GHU 5RWRU LQ GLH (QG��
ODJH Sm  b{� EHL QHJDWLYHQ 0RPHQWHQ JLOW Sm  {� ,Q GLHVHU /DJH DQJHODQJW� IXKUW GLH�
6WURPHLQSUDJXQJ� GLH ]XQDFKVW JHZDKOW ZXUGH� XP DXI GHQ EHZHJOLFKHQ 7HLO HLQ GHnQLHUWHV� � �
0RPHQW DXI]XEULQJHQ� GD]X� GD{ DXFK GHU IHVWH 7HLO HLQ JOHLFKJHULFKWHWHV 'UHKPRPHQW PD�
[LPDOHU 6WDUNH DXVXEW� 1DFK $XVULFKWHQ GHV GUHKEDUHQ 7HLOV YHUKDOW VLFK GLH 0DVFKLQH GD�� � �
PLW ZLH HLQH KHUNRPPOLFKH 0DVFKLQH RKQH GLHVHQ )HOGVFKZDFKPHFKDQLVPXV� ,Q >��@ nQGHQ� �
VLFK ZHLWHUH GHWDLOOLHUWH %HWUDFKWXQJHQ ]XP 9HUKDOWHQ GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ��
SHUPDQHQWPDJQHWLVFK HUUHJWHQ 6\QFKURQPDVFKLQH PLW 9HUVWHOOXQJ GHU (UUHJXQJ XEHU GLH�
6WDWRUVWURPH��

��� 'LmHUHQWLDOJOHLFKXQJHQ GHU PHFKDQLVFK IHOGJH�

VFKZDFKWHQ 0DVFKLQH�

'LH YRUJHVWHOOWH PHFKDQLVFKH )HOGVFKZDFKXQJ QXW]W HLQH EHVRQGHUH .RQVWUXNWLRQ GHV 5R��
WRUV� XP GDV )HOG VWHOOHQ ]X NRQQHQ� 'D GHU 6WDWRU XQYHUDQGHUW EOHLEW� PX{ LQ GHU 6SDQ�� �
QXQJVGLmHUHQWLDOJOHLFKXQJ IXU GLH NRQYHQWLRQHOOH 0DVFKLQH ������ OHGLJOLFK GLH $EKDQJLJ�� �
NHLW GHV 3ROUDGIHOGHV YRQ GHU $XVOHQNXQJ EHUXFNVLFKWLJW ZHUGHQ��

G G
X  5L � / L � k �m� ������S

GW GW

8P GHQ QHXHQ YHUNHWWHWHQ )OX{ ]X EHVWLPPHQ� NDQQ PDQ ������ XEHU HLQ 6WDWRUPRGXO�
LQWHJULHUHQ�

8P GLH $XVOHQNXQJ ]X HUKDOWHQ� GLH PDQ EHQRWLJW� XP GDV )HOG E]Z� GHQ )OX{ ]X HUPLW��
WHOQ� PXVVHQ GLH %HZHJXQJVJOHLFKXQJHQ GHU 0DVFKLQHQWHLOH DXIJHVWHOOW XQG DXVJHZHUWHW�

��



ZHUGHQ� 0DQ VWHOOW GD]X GLH 'UHKPRPHQWELODQ] GHU ]ZHL 5RWRUWHLOH DXI� (LQHUVHLWV ZLU�
NHQ GLH HOHNWURPDJQHWLVFK HQWZLFNHOWHQ 'UHKPRPHQWH QDFK ������ XQG ������� DQGHUHUVHLWV
NDQQ HLQ 'UHKPRPHQW DQ GHU :HOOH DQJUHLIHQ� 6FKOLH{OLFK HU]HXJW GLH )HGHU HLQ 0RPHQW�
GDV GHU $XVOHQNXQJ SURSRUWLRQDO LVW XQG GHQ EHZHJOLFKHQ 7HLO LQ VHLQH 5XKHODJH ]XUXFN��
GUHKHQ ZLOO� 'LH PHFKDQLVFKHQ $QVFKODJH YHUKLQGHUQ $XVOHQNXQJHQ YRQ PHKU DOV HLQHU�
3ROWHLOXQJ� 6LH XEHQ GDEHL DXI GHQ EHZHJOLFKHQ 7HLO JHQDX GDV 0RPHQW DXV� GDV GXUFK GLH�
DXI GLHVHQ ZLUNHQGHQ HOHNWURPDJQHWLVFKHQ .UDIWH HQWVWHKW� 8P LQ GHU %HZHJXQJVGLmHUHQ��
WLDOJOHLFKXQJ HLQH )DOOXQWHUVFKHLGXQJ ]X YHUPHLGHQ� ZLUG GLHVH (LJHQVFKDIW GHV $QVFKODJV
LQ GLH *OHLFKXQJ GHU )HGHUFKDUDNWHULVWLN DXIJHQRPPHQ�

Sm
0  0  � c M Sm M � {) QHQQ

{ ������
M Sm M  {0  h0) E

'XUFK GHQ PHFKDQLVFKHQ $XIEDX NRQQHQ DEVLFKWOLFK �]�%� GXUFK NRQVWUXNWLYH 0D{QDK��
PHQ� RGHU XQDEVLFKWOLFK �]�%� GXUFK 5HLEXQJ ]ZLVFKHQ GHQ EHLGHQ 7HLOHQ� .UDIWH DXI��
WUHWHQ� ZHOFKH GLH 5HODWLYEHZHJXQJ GHU 7HLOH EUHPVHQ� :HQQ GLHVH 5HLENUDIWH PLW GHU�
5HODWLYJHVFKZLQGLJNHLW ]ZLVFKHQ GHQ EHLGHQ 7HLOHQ ]XQHKPHQ� YHUKDOWHQ VLH VLFK ZLH HLQ
'DPSIXQJVHOHPHQW ]ZLVFKHQ GHQ 7HLOHQ� :HQQ GHU =XVDPPHQKDQJ ]ZLVFKHQ 'LmHUHQ]JH��
VFKZLQGLJNHLW XQG 5HLENUDIW HLQVWHOOEDU LVW� ZLUG GLH 'DPSIXQJVNRQVWDQWH HQWVSUHFKHQG�
GHP JHZXQVFKWHQ 6FKZLQJXQJVYHUKDOWHQ JHZDKOW� ,VW GLH 5HLEXQJ GXUFK GHQ PHFKDQLVFKHQ� �
$XIEDX EHGLQJW� SD{W PDQ VLH DQ GDV UHDOH 9HUKDOWHQ DQ�

0  G�� b � � ������GPS E I

:HLWHUKLQ NRQQWHQ QRFK WHLOV NRPSOL]LHUW ]X EHVFKUHLEHQGH 9HUNRSSOXQJHQ ZLH +DIWUHL��
EXQJ RGHU 6WLFNVOLSHmHNW DXIWUHWHQ� 'D GLHVH LQ MHGHP )DOO XQHUZXQVFKW VLQG� VROO GLH�
.RQVWUXNWLRQ VR DXVJHIXKUW VHLQ� GD{ LKU (LQoX{ DXI GHQ %HWULHE YHUQDFKODVVLJEDU LVW�� �
'DPLW NRQQHQ GLH %HZHJXQJVGLmHUHQWLDOJOHLFKXQJHQ IXU GHQ EHZHJOLFKHQ XQG GHQ IHVWHQ� �
7HLO IRUPXOLHUW ZHUGHQ�

G� � G�E EP
c   d �0 b0 b G�� b � �� ������E E ) E I

GW S GW

G� � G�I I P
c   d �0 �0 � G�� b � �b0 � ������I I ) E I ODVW

GW S GW

,QWHJULHUW PDQ GLHVH *OHLFKXQJHQ� HUKDOW PDQ GLH *HVFKZLQGLJNHLW XQG /DJH GHU EHLGHQ�
5RWRUWHLOH� 'DPLW LVW DXFK GLH $XVOHQNXQJ EHVWLPPEDU� GLH LQ GHQ 6SDQQXQJVGLmHUHQWL�
DOJOHLFKXQJHQ EHQRWLJW ZLUG� XP GDV 3ROUDGIHOG % �m� ]X HUUHFKQHQ�� S

��� %HWULHEVZHLVH GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ�

0DVFKLQH

(LQHUVHLWV NRQQHQ GLH ELVKHU GDUJHVWHOOWHQ )RUPHOQ GLH *UXQGODJH ELOGHQ ]X SUD]LVHQ DQD�� �
O\WLVFKHQ 8QWHUVXFKXQJHQ HLQHU 0DVFKLQH QDFK GHP GDUJHVWHOOWHQ .RQ]HSW� $QGHUHUVHLWV
ZXUGH EHUHLWV DXI ZHVHQWOLFKH 3ULQ]LSLHQ KLQJHZLHVHQ� GLH IXU HLQHQ DXIJDEHQJHPD{HQ� �
%HWULHE ^ QDPOLFK GLH $EJDEH HLQHV YHUDQGHUEDUHQ JOHLFKPD{LJHQ 'UHKPRPHQWV ^ DXV�� � �
VFKODJJHEHQG VLQG >��@� >��@� %HYRU LP $EVFKQLWW ����� TXDQWLWDWLY EHVWLPPW ZLUG� ZLH GHU
6WURP HLQ]XSUDJHQ LVW� ZLUG GDV .RQ]HSW GHU 0DVFKLQHQUHJHOXQJ DQKDQG HLQHV %HLVSLHOV�

��



EHVFKULHEHQ� 8P GLHV XEHUVLFKWOLFK ]X KDOWHQ� EHVFKUDQNW PDQ VLFK DXI HLQH 0DVFKLQH PLW� �
N  �� HV ZLUG DOVR YRQ GHP IHVWHQ XQG GHP EHZHJOLFKHQ 7HLO GHU JOHLFKH PDJQHWL�E I

VFKH )OX{ HU]HXJW� GD GLH 6XPPH GHU D[LDOHQ /DQJHQ DOOHU 7HLOULQJH GHV IHVWHQ XQG GHV�
EHZHJOLFKHQ 7HLOV JOHLFK LVW� )HUQHU ZLUG GDYRQ DXVJHJDQJHQ� GD{ GLH )HGHU� GLH EHLGH 7HL�
OH PLWHLQDQGHU YHUELQGHW� EHL KDOEHP 1HQQPRPHQW XP HLQH 3ROWHLOXQJ DXVJHOHQNW ZLUG�
'LH 0DVFKLQH ZLUG DXV HLQHP LGHDOLVLHUWHQ 6WURPULFKWHU JHVSHLVW� GHU HV VWHWV JHVWDWWHW�
GLH JHZXQVFKWHQ 6WURPH LQ GHU EHQRWLJWHQ 3KDVHQODJH XQG *UR{H HLQ]XSUDJHQ� (V NDQQ� � � � �
MHZHLOV EH]XJOLFK GHV IHVWHQ XQG GHV EHZHJOLFKHQ 7HLOV HLQH /DQJV� XQG HLQH 4XHUDFKVH� �
GHnQLHUW ZHUGHQ� $EKDQJLJ GDYRQ DXI ZHOFKHQ GHU 7HLOH GHU 5DXP]HLJHU GHV 6WURPV EH]R��
JHQ ZLUG� HUKDOW PDQ LQ GHU 5HJHO XQWHUVFKLHGOLFKH /DQJV� XQG 4XHUNRPSRQHQWHQ� 'D IXU� � �
GLH 5HJHOXQJ GHU 0DVFKLQH VWHWV GHU EHZHJOLFKH 7HLO DXVVFKODJJHEHQG LVW� ZLUG GHU 6WURP
VWHWV DXI GLHVHQ 7HLO EH]RJHQ� $X{HU ZHQQ EHVRQGHUV GDUDXI KLQJHZLHVHQ ZLUG� LVW HLQH G�
E]Z� T�.RPSRQHQWH LPPHU EH]XJOLFK GHV EHZHJOLFKHQ 7HLOV GHnQLHUW��

����� 'UHKPRPHQWHQWZLFNOXQJ DP %HLVSLHO HLQHV %HVFKOHXQL�

JXQJVYRUJDQJV

(V VROO QXQ EHWUDFKWHW ZHUGHQ� ZLH GLH 0DVFKLQH DXV GHP 6WLOOVWDQG� DXVJHKHQG YRP 5X�
KH]XVWDQG� LQ GHP NHLQH $XVOHQNXQJ YRUOLHJW� EHVFKOHXQLJW ZHUGHQ NDQQ� 'D]X ZLUG HLQ
6WURP LQ GHU T�$FKVH VR HLQJHSUDJW� GD{ GHU EHZHJOLFKH 7HLO VLFK LQ GHU JHZXQVFKWHQ� �
'UHKULFKWXQJ ^ KLHU LVW GLHV GHU 8KU]HLJHUVLQQ ^ ]X GUHKHQ EHJLQQW �%LOG ����� ,P HUVWHQ
$XJHQEOLFN� LQ GHP QRFK NHLQH $XVOHQNXQJ YRUOLHJW� ZLUG GDEHL DXI EHLGH 7HLOH HLQ JOHLFK�
JUR{HV� DEHU HQWJHJHQJHVHW]WHV 'UHKPRPHQW DXVJHXEW �D�� $XFK ZHQQ VLFK GHU EHZHJOLFKH�
7HLO ]X GUHKHQ EHJLQQW� ZLUG GHU 6WURP VWHWV H[DNW LQ VHLQHU T�$FKVH JHIXKUW� �E� ELV�
�I�� 'DGXUFK EOHLEW GDV 0RPHQW DXI GHQ EHZHJOLFKHQ 7HLO NRQVWDQW� ZDKUHQG GDV QHJDWL��
YH 'UHKPRPHQW DXI GHQ IHVWHQ 7HLO PLW ]XQHKPHQGHU $XVOHQNXQJ DEQLPPW� �E���F�� ,P
JOHLFKHQ 0D{H� LQ GHP GLH $XVOHQNXQJ VWHLJW� ZLUG GXUFK GLH )HGHU HLQ UXFNVWHOOHQGHV 0R��
PHQW DXI GHQ EHZHJOLFKHQ 7HLO HU]HXJW� GDV DP IHVWHQ 7HLO DOV SRVLWLYHV 0RPHQW DQJUHLIW�
'DPLW EDXW GHU 6WURP ]XQDFKVW HLQH $XVOHQNXQJ DXI� GDV 'UHKPRPHQW DQ GHU :HOOH�
LVW GDJHJHQ VRJDU NXU]]HLWLJ QHJDWLY� -H ZHLWHU GLH $XVOHQNXQJ DQVWHLJW� GHVWR JHULQJHU
LVW GHU QHJDWLYH $QWHLO GHV 'UHKPRPHQWV� GHU YRP IHVWHQ 7HLO HU]HXJW ZLUG �F�� 'DJH�
JHQ ZLUG GXUFK GLH )HGHU HLQ ]XQHKPHQGHV 0RPHQW DXI GLH :HOOH XEHUWUDJHQ� 6REDOG GLH�
+DOIWH GHU 0D[LPDODXVOHQNXQJ HUUHLFKW LVW� NHKUW VLFK GDV 9RU]HLFKHQ DXI GHQ IHVWHQ 7HLO�
XP XQG XQWHUVWXW]W GLH %HVFKOHXQLJXQJ �G�� 'LH ZHLWHUH 9HUJUR{HUXQJ GHU $XVOHQNXQJ� �
OD{W GDV 'UHKPRPHQW ZHLWHU ]XQHKPHQ �H�� 6FKOLH{OLFK NRPPW GHU EHZHJOLFKH 7HLO LQ GHU�
(QGODJH DQ� GLH PD[LPDOH $XVOHQNXQJ LVW HUUHLFKW� (LQH ZHLWHUH 9HUGUHKXQJ ZLUG GXUFK
HLQHQ PHFKDQLVFKHQ $QVFKODJ� GHU GLH %HZHJXQJ KHPPW� YHUKLQGHUW� 'D VLFK LQ GHU YROO
DXVJHOHQNWHQ 3RVLWLRQ GHV 5RWRUV GLH )HOGHU DGGLHUHQ� HU]HXJW DXFK GHU IHVWH 7HLO GDV
YROOH 'UHKPRPHQW �I�� 'HU 0RWRU EDXW QXQ JHJHQ HLQH /DVW HLQ 'UHKPRPHQW DXI E]Z�
EHVFKOHXQLJW ZHLWHU�

8P HLQHQ :HFKVHO YRP 0RWRU� LQ GHQ *HQHUDWRUEHWULHE ]X YROO]LHKHQ� LVW GDV 9RU]HLFKHQ
GHV T�6WURPV ]X DQGHUQ XQG GHU EHZHJOLFKH 7HLO PX{ HQWJHJHQJHVHW]W DXVJHOHQNW ZHUGHQ��
'D]X ZLUG GHU T�6WURP ]XQDFKVW UHGX]LHUW� GDPLW GLH $XVOHQNXQJ DXI QXOO ]XUXFNJHKW�� �
$QVFKOLH{HQG ZLUG VR� ZLH HV IXU GHQ 0RWRUEHWULHE EHVFKULHEHQ ZXUGH� GDV 'UHKPRPHQW�
LQ GLH DQGHUH 5LFKWXQJ DXIJHEDXW� :HUGHQ GDGXUFK 0RWRU XQG /DVW DEJHEUHPVW XQG
LQ GLH DQGHUH 5LFKWXQJ EHVFKOHXQLJW� ZLUG NODU� GD{ GHU 0RWRUEHWULHE LQ GHU DQGHUHQ
'UHKULFKWXQJ RKQH 9HUDQGHUXQJ GHU $XVOHQNXQJ HUUHLFKW ZHUGHQ NDQQ� QDFKGHP VLFK GLH�

��



%LOG ���� =HLJHUELOGHU EHLP +RFKODXI

'UHKULFKWXQJ JHDQGHUW KDW��

����� %HVWLPPXQJ GHU 6ROOVWURPNRPSRQHQWHQ ]X HLQHP 6ROOPR�

PHQW EHL JHJHEHQHU 'UHK]DKO

1DFKGHP GDV SULQ]LSLHOOH 9HUKDOWHQ EHVFKULHEHQ LVW� VROO JHNODUW ZHUGHQ� ZLH GLH G� XQG�
T�6WURPNRPSRQHQWH HLQ]XVWHOOHQ VLQG� XP EHL HLQHU JHJHEHQHQ 'UHK]DKO GDV JHZXQVFKWH�
0RPHQW ]X HUKDOWHQ� 'DEHL ZHUGHQ GLH JOHLFKHQ 9RUDXVVHW]XQJHQ ZLH LQ $EVFKQLWW ���
JHWURmHQ�

=XVDPPHQKDQJ YRQ *HVDPWoX{ XQG $XVOHQNXQJ

$XV ������ VWHOOW PDQ QRFKPDOV GLH DXI /DQJV� XQG 4XHUDFKVH GHV EHZHJOLFKHQ 7HLOV�
EH]RJHQHQ )OXVVH XQG GHQ *HVDPWoX{ DOV )XQNWLRQ GHU $XVOHQNXQJ GDU��

A A�  � � c � ��b FRV�S�� b � ���  � � c � �� b FRV�Sm��SG S P E PI S

A A �������  � � c � VLQ�S�� b � ��  � � c � VLQ�Sm�ST S P E PI S

A A�  � VLQ�S�� b � � ��  � VLQ�Sm ��SJHV S P E PI S

� �Z S zyA A�  � U O % ������S I �
S

6RODQJH NHLQH $XVOHQNXQJ YRUOLHJW� LVW GHU )OX{ LQ EHLGHQ $FKVHQ QXOO� 9HUVFKLHEW PDQ
GHQ EHZHJOLFKHQ 7HLO� HUUHLFKW PDQ LQ GHU T�$FKVH HLQ 0D[LPXP EHL { �� GDV GXUFK
GLH 0DJQHWHQ GHV IHVWHQ 7HLOV KHUYRUJHUXIHQ ZLUG� $QVFKOLH{HQG JHKW GHU )OX{ ZLHGHU
]XUXFN� ELV EHL YROOHU $XVOHQNXQJ EHLGH 7HLOH JOHLFK DXVJHULFKWHW VLQG XQG GDPLW GHU�
)OX{ LQ GHU T�$FKVH YHUVFKZLQGHW� ,Q GHU G�$FKVH KHEHQ VLFK GLH )HOGDQWHLOH DXI� VRODQJH
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NHLQH $XVOHQNXQJ YRUKDQGHQ LVW� /HQNW PDQ GLH 7HLOH JHJHQHLQDQGHU DXV� KHEW GHU IHVWH
7HLO GDV )HOG GHV EHZHJOLFKHQ 7HLOV LPPHU ZHQLJHU DXI XQG DGGLHUW VLFK VFKOLH{OLFK ]X
GLHVHP� 'HU *HVDPWoX{� GHU IXU GLH LQGX]LHUWH 6SDQQXQJ PD{JHEOLFK LVW� HUJLEW VLFK DXV�
GHU YHNWRULHOOHQ 6XPPH GHU EHLGHQ $QWHLOH XQG LVW YRP 6LQXV GHU KDOEHQ $XVOHQNXQJ
DEKDQJLJ��

$EKDQJLJNHLW GHV 'UHKPRPHQWV YRQ $XVOHQNXQJ XQG 6WURP�

$XIJUXQG GHU .RSSOXQJ GHU 5RWRUWHLOH XEHU GLH 'UHKIHGHU LVW HLQH $XVOHQNXQJ DXFK VWHWV�
PLW HLQHP 'UHKPRPHQW DXI GHQ EHZHJOLFKHQ 7HLO YHUEXQGHQ� GDV XEHU GLH )HGHUNRQVWDQWH�
HUPLWWHOW ZHUGHQ NDQQ� :HLWHUKLQ NDQQ HLQH $XVOHQNXQJ QXU GDQQ YRUOLHJHQ� ZHQQ GHU
6WURP HLQH .RPSRQHQWH LQ 4XHUULFKWXQJ HQWKDOW� 'LHVHU IXU GDV 'UHKPRPHQW DXI GHQ� �
EHZHJOLFKHQ 7HLO HUIRUGHUOLFKH 6WURP �HU ZLUG DOV UHLQHU T�6WURP HLQJHSUDJW� UXIW DXFK HLQ�
'UHKPRPHQW DXI GHQ IHVWHQ 7HLO KHUYRU� 6R NDQQ PDQ IXU GDV *HVDPWPRPHQW VFKUHLEHQ��

� � � ���
�P LTA0  S � L � � c � b FRV { M L M�M L MJHV S T T T QHQQ
� LT QHQQ

�P A0  S � L M L MwM L M ������JHV S T T T QHQQ
�

'DV 'UHKPRPHQW LVW GDPLW LQ GHU EHNDQQWHQ :HLVH DOV )XQNWLRQ YRQ )OX{ XQG 6WURP
GDUVWHOOEDU� 'HU OLQHDUH (LQoX{ GHV T�6WURPV DXI GDV 'UHKPRPHQW VWDPPW YRP EHZHJ�
OLFKHQ 7HLO XQG ZLUG XEHU GLH )HGHU DXI GLH :HOOH XEHUWUDJHQ� 'HU QLFKWOLQHDUH $QWHLO� �
NRPPW GXUFK GLH :LUNXQJ GHV T�6WURPV DXI GHQ IHVWHQ 7HLO ]XVWDQGH� 'LHVHV 'UHKPR�
PHQW ZLUG GXUFK GDV =XVDPPHQZLUNHQ GHV )OXVVHV LQ GHU /DQJVDFKVH PLW GHP 6WURP LQ�
GHU 4XHUDFKVH HU]HXJW� 'LH $XVOHQNXQJ� GLH LP $XVGUXFN IXU GHQ /DQJVoX{ DXIWULWW� LVW� �
ZLHGHUXP SURSRUWLRQDO ]XP T�6WURP� (V ZXUGH EHUHLWV GDUDXI KLQJHZLHVHQ� GD{ GLH 'UHK�
IHGHU VR DXV]XOHJHQ LVW� GD{ VLH GXUFK GDV KDOEH 1HQQPRPHQW JHUDGH XP HLQH 3ROWHLOXQJ
DXVJHOHQNW ZLUG� 'HPHQWVSUHFKHQG OHQNW GHU 1HQQZHUW GHV T�6WURPV GHQ EHZHJOLFKHQ 7HLO
XP JHQDX GLHVHQ %HWUDJ DXV� $XIJUXQG GHV PHFKDQLVFKHQ $QVFKODJV EHZLUNW HLQH ZHLWHUH

�9HUJUR{HUXQJ GHV T�6WURPV LP 8EHUODVWEHWULHE NHLQH )HOGDQGHUXQJ PHKU� 'HVKDOE LVW KLHU� �
HLQH DQGHUH 'UHKPRPHQWJOHLFKXQJ JXOWLJ��

6FKOLH{OLFK LVW ]X EHUXFNVLFKWLJHQ� GD{ HLQH G�6WURPNRPSRQHQWH GLH $XVOHQNXQJ ^ XQG GD��
PLW GHQ )OX{ ^ QLFKW DQGHUW� DEHU HLQHQ (LQoX{ DXI GDV 'UHKPRPHQW KDW� 'LHVHU $QWHLO GHV�
0RPHQWV HQWVWHKW� ZHQQ HLQ G�6WURP PLW GHP )HOG LQ GHU 4XHUULFKWXQJ ]XVDPPHQZLUNW�
'LH )RUPHO IXU GDV 'UHKPRPHQW ������ NDQQ GDKHU XP HLQHQ 7HUP HUZHLWHUW ZHUGHQ��

� � � � �� � ���
�P L { L {T TA0  S � � � c L �b FRV b L VLQ M L M�M L MJHV S T G T T QHQQ
� L LT QHQQ T QHQQ

�P A0  S � L M L MwM L M ������JHV S T T T QHQQ
�

6REDOG GLH YROOH $XVOHQNXQJ HUUHLFKW LVW� KDW GLHVH .RPSRQHQWH NHLQHQ (LQoX{ PHKU� GD
NHLQ )OX{ LQ GHU /DQJVDFKVH PHKU H[LVWLHUW��

��



%HUHFKQXQJ GHU 6ROOVWURPNRPSRQHQWHQ

,P $QNHUVWHOOEHUHLFK EHVWHKW GLH )RUGHUXQJ� HLQ JHJHEHQHV 6ROOPRPHQW HLQ]XVWHOOHQ� 'DEHL
PX{ DXI GLH $XVOHQNXQJ� GLH VLFK GDEHL HUJLEW� NHLQH 5XFNVLFKW JHQRPPHQ ZHUGHQ� GD GLH�
6SDQQXQJ VWHWV DXVUHLFKW� GHQ HUIRUGHUOLFKHQ 6WURP ]X WUHLEHQ� $XV GLHVHP *UXQG LVW HV
]ZHFNPD{LJ� GLH $XVOHQNXQJ VR JUR{ ZLH PRJOLFK ]X PDFKHQ� GD VR GDV 'UHKPRPHQW PLW� �
GHP JHULQJVWHQ 6WURP XQG GDKHU PLW GHP EHVWHQ :LUNXQJVJUDG HU]HXJW ZLUG� 'LHV KHL{W�
GD{ GHU 6WURP DOV UHLQHU 4XHUVWURP HLQ]XSUDJHQ LVW� 0DQ HUKDOW GLHVHQ 6WURP� LQGHP� �
PDQ GLH 'UHKPRPHQWJOHLFKXQJ ������ QDFK GHP 6ROOVWURP DXoRVW� 'D GLH *OHLFKXQJ QLFKW�
DQDO\WLVFK ORVEDU LVW� ZLUG GDV (UJHEQLV QXPHULVFK EHVWLPPW XQG LQ HLQHU 'DWHL DEJHOHJW�� � � � ���

e� LP Te eA0  S � L � � � b FRV { ������S T� LT QHQQ

,P )HOGVFKZDFKEHUHLFK ZLUG W\SLVFKHUZHLVH HLQH NRQVWDQWH /HLVWXQJVDEJDEH JHIRUGHUW� )XU� �
GLH GRSSHOWH 1HQQGUHK]DKO VROO JH]HLJW ZHUGHQ� GD{ GLHV DOOHLQ PLW HLQHU T�6WURPYRUJDEH
QLFKW HUUHLFKEDU LVW� 8P GLH LQGX]LHUWH 6SDQQXQJ NRQVWDQW ]X KDOWHQ� PX{ GHU *HVDPWoX{
DXI GLH +DOIWH DEJHVHQNW ZHUGHQ� $XV *OHLFKXQJ ������ HUNHQQW PDQ� GD{ GLH $XVOHQNXQJ�
GDKHU QXU { � HUUHLFKHQ GDUI� $XV ������ HUUHFKQHW VLFK GDIXU HLQ 'UHKPRPHQW� GDV EHL HL��
QHP 9LHUWHO GHV 1HQQPRPHQWV OLHJW� 8P EHL GRSSHOWHU 1HQQGUHK]DKO GLH 1HQQOHLVWXQJ ]X
HUUHLFKHQ� IHKOW GDKHU QRFK HLQ 'UHKPRPHQWDQWHLO JOHLFKHU *UR{H� 'XUFK HLQH $QKHEXQJ�
GHV T�6WURPV GDUI GLHVHU $QWHLO QLFKW HU]HXJW ZHUGHQ� GD PLW LKP DXFK GLH $XVOHQNXQJ
VWHLJHQ ZXUGH� 'LHVHV 0RPHQW ZLUG GHVKDOE GXUFK HLQHQ ]XVDW]OLFKHQ G�6WURP HLQJHVWHOOW�� �
,P )HOGVFKZDFKEHUHLFK JLEW PDQ GDKHU GHQ 6WURP VR ODQJ DOV UHLQHQ T�6WURP YRU� ELV�
GLH LQGX]LHUWH 6SDQQXQJ LKUHQ 1HQQZHUW HUUHLFKW� $QVFKOLH{HQG KDOW PDQ GHQ 4XHUDQWHLO�
NRQVWDQW XQG HUKRKW QDFK %HGDUI GLH G�6WURP�.RPSRQHQWH� %HL GHU %HUHFKQXQJ GHU EHL��
GHQ 6ROOVWURPNRPSRQHQWHQ QXW]W PDQ ]XQDFKVW GLH $EKDQJLJNHLW GHV *HVDPWoXVVHV YRP� �
T�6WURP� � �

eL {TA�  � VLQ M M ������SJHV S
L �T QHQQ

0DQ ORVW GLHV QDFK GHP T�6WURP DXI� � �
L �T QHQQ SJHV

L  DUFVLQ ������T A{ � �S

XQG EHUXFNVLFKWLJW� GD{ GLH 9RUJDEH HLQHU 'UHK]DKO HLQHU %HJUHQ]XQJ YRQ )OX{ XQG $XV��
OHQNXQJ HQWVSULFKW�

� �SJHV QHQQ
 ������

A M � M�S

6R HUKDOW PDQ GHQ PD[LPDO ]XODVVLJHQ T�6WURP�� �� �
e0 L �T QHQQ QHQQeL  DUFVLQ ������T eM 0 M { � M � M

$XV ������ E]Z� ������ NDQQ GDV YRQ GLHVHP 6WURP JHELOGHWH 'UHKPRPHQW HUUHFKQHW ZHU�
GHQ� )DOOV GLHVHU :HUW XQWHUKDOE GHV 6ROOPRPHQWV OLHJW� HUKDOW PDQ PLW ������ GHQ ]XVDW]�� �

��



OLFK EHQRWLJWHQ G�6WURPDQWHLO��

�Pe e eA0 � S� � � b L ��b FRV��L  L � {��S T QHQQT Te �L  ������G eVLQ��L  L � {�T QHQQT

%HVRQGHUV LQVWUXNWLY LVW GLH 'DUVWHOOXQJ GLHVHU 6ROOVWURPNRPSRQHQWHQ XEHU GHU�
'UHKPRPHQW��'UHK]DKOHEHQH �%LOGHU ���������������� ,P .RQVWDQW�'UHKPRPHQWEHUHLFK
XQWHUKDOE GHU 1HQQGUHK]DKO ZLUG NHLQ G�6WURP HLQJHSUDJW� 'DJHJHQ VWHLJW GHU 6ROOZHUW�
GHV T�6WURPV EHL NOHLQHQ /DVWHQ VWHLO DQ� GD GRUW GLH $XVOHQNXQJ XQG GHU )OX{ JHULQJ
VLQG XQG GHVKDOE DXFK IXU NOHLQH 'UHKPRPHQWH HLQ UHODWLY KRKHU 6WURP EHQRWLJW ZLUG�� �
,P )HOGVFKZDFKEHUHLFK LVW IXU JOHLFKH 'UHKPRPHQWH GHU JOHLFKH T�6WURP HLQ]XSUDJHQ ZLH� � �
LP $QNHUVWHOOEHUHLFK� 6REDOG GLH *UHQ]H� GLH GXUFK GLH PD[LPDOH LQGX]LHUWH 6SDQQXQJ
JHJHEHQ LVW� XEHUVFKULWWHQ ZLUG� KDOW PDQ GHQ T�6WURP NRQVWDQW� ,Q GLHVHP %HUHLFK LVW� �
HQWVSUHFKHQG %LOG ���� HLQ ]XVDW]OLFKHU G�6WURP YRU]XJHEHQ� 'D VLFK GHU )OX{ LQ GLHVHP�
*HELHW QLFKW PHKU DQGHUW� VWHLJW GHU G�6WURP OLQHDU PLW GHU 'UHKPRPHQWIRUGHUXQJ DQ��
(QWVSUHFKHQG GHU .RSSOXQJ XEHU HLQH 'UHKIHGHU HQWVSULFKW HLQ T�6WURP DXFK HLQHU $XV��
OHQNXQJ� ZRUDXI EHUHLWV KLQJHZLHVHQ ZXUGH� $XIJUXQG GLHVHU 3URSRUWLRQDOLWDW NDQQ GLH�
*UDSKLN GHV T�6WURP�6ROOZHUWV DXFK DOV 6ROOZHUW GHU $XVOHQNXQJ LQWHUSUHWLHUW ZHUGHQ�

%LOG ����� 6ROOZHUW GHV T�6WURPV

'LH 'DUVWHOOXQJ GHV *HVDPWVWURPV ]HLJW� GD{ GHU 6WURP LP JHVDPWHQ 'UHKPRPHQW�
�'UHK]DKOEHUHLFK HWZD OLQHDU PLW GHP JHIRUGHUWHQ 'UHKPRPHQW �$QNHUVWHOOEHUHLFK� E]Z�
GHU /HLVWXQJ �)HOGVFKZDFKEHUHLFK� ZDFKVW� 'LHV OD{W DXI HLQ JXQVWLJHV 9HUKDOWHQ GHV :LU�� � � �
NXQJVJUDGV LP %HWULHEVEHUHLFK VFKOLH{HQ� 'LH VSDWHU DXVJHIXKUWHQ 0HVVXQJHQ EHVWDWLJHQ� � �
GLHVH 9HUPXWXQJ�
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%LOG ����� 6ROOZHUW GHV G�6WURPV

%LOG ����� $PSOLWXGH GHV *HVDPWVWURPV

��

0510152025303540

0
1000

2000
3000

4000
5000

6000
0

5

10

15

20

25

30

35

40

M / (Nm)
n / (UpM)

I_d / (A)

0
5

10
15

20
25

30
35

40

0 1000 2000 3000 4000 5000 6000

0

5

10

15

20

25

30

35

40

M / (Nm)

n / (UpM)

I / (A)



�����	� "

#�����	
�	 $���	���� �	�
%
����&�	�

'LH ]ZHL YRUDQJHJDQJHQHQ .DSLWHO VWHOOHQ GLH *OHLFKXQJHQ ]XU 9HUIXJXQJ� GLH ]XU PDWKH��
PDWLVFKHQ %HVFKUHLEXQJ GHU 0DVFKLQH HUIRUGHUOLFK VLQG� 'DPLW NDQQ GLH $XVOHJXQJ HLQHU
0DVFKLQH HQWVSUHFKHQG GHQ DQIDQJV JHVWHOOWHQ )RUGHUXQJHQ EHJRQQHQ ZHUGHQ� )XU GLH�
ZHLWHUH %HKDQGOXQJ GHV 3URWRW\SHQ XQG XP VSDWHU GHQ 9HUJOHLFK PLW 0H{HUJHEQLVVHQ ]X�

�YHUHLQIDFKHQ� ZLUG DP (QGH GHV .DSLWHOV HLQH XPIDVVHQGH 8EHUVLFKW GHU 0DVFKLQHQSDUD�
PHWHU XQG GHU GDUDXV HUUHFKQHWHQ 0DVFKLQHQNHQQGDWHQ JHJHEHQ�

��� 9RUJHKHQVZHLVH EHL GHU 0DVFKLQHQDXVOHJXQJ

'LH $XVOHJXQJ VWHOOW PHLVW HLQHQ .RPSURPL{ ]ZLVFKHQ GHU RSWLPDOHQ (UIXOOXQJ YRQ (LQ��
]HODQIRUGHUXQJHQ GDU� GD GLH 9HUDQGHUXQJ HLQHV 0DVFKLQHQSDUDPHWHUV �]�%� /DQJH� 3RO�� �
SDDU]DKO� /XIWVSDOWUDGLXV� LQ GHU 5HJHO HLQLJH 0DVFKLQHQNHQQGDWHQ �]�%� :LUNXQJVJUDG�
*HZLFKW� 'UHKPRPHQW� JXQVWLJ� DQGHUH �]�%� .RVWHQ� $XIZDQG� GDJHJHQ XQJXQVWLJ EH�� �
HLQoX{W� %HL GHQ $QIRUGHUXQJHQ NDQQ XQWHUVFKLHGHQ ZHUGHQ ]ZLVFKHQ 'DWHQ� GLH VWULNW
HLQ]XKDOWHQ VLQG� XQG =LHOHQ� GHQHQ PRJOLFKVW QDKH JHNRPPHQ ZHUGHQ VROO� %HL GHQ 'D��
WHQ KDQGHOW HV VLFK LQ GHU 5HJHO XP *UR{HQ ZLH /HLVWXQJ RGHU 'UHKPRPHQW� IXU GLH� �
=DKOHQZHUWH YRUJHJHEHQ ZHUGHQ� 'LH =LHOH NRQQHQ DOV )RUGHUXQJ QDFK HLQHP PRJOLFKVW� �

�
KRKHQ :LUNXQJVJUDG? RGHU PRJOLFKVW JHULQJHQ *HZLFKW? IRUPXOLHUW ZHUGHQ� %HL GLHVHQ�

�
MH QDFK $QZHQGXQJ VWDUN YDULLHUHQGHQ 'DWHQ XQG =LHOHQ NDQQ HV VLFK EHLVSLHOVZHLVH XP
0DVFKLQHQNHQQGDWHQ ZLH :LUNXQJVJUDG� *HZLFKW RGHU DXFK 3HQGHOPRPHQW� *HUDXVFK��
�8EHUODVWEDUNHLW XQG QLFKW ]XOHW]W GLH .RVWHQ KDQGHOQ�

,P 5DKPHQ GHV (QWZXUIVYRUJDQJV ZLUG ]ZHFNPD{LJHUZHLVH GHU (LQoX{ GHU LQ *UHQ]HQ IUHL�
ZDKOEDUHQ 0DVFKLQHQSDUDPHWHU DXI GLH (UIXOOXQJ GHU )RUGHUXQJHQ GRNXPHQWLHUW� $Q�� �
KDQG GLHVHU 'RNXPHQWDWLRQ WULmW PDQ VFKOLH{OLFK GLH (QWVFKHLGXQJ IXU HLQH EHVWLPPWH�
.RPELQDWLRQ YRQ 0DVFKLQHQSDUDPHWHUQ� 8P QLFKW ]X HLQHU XQXEHUVLFKWOLFKHQ 9LHO]DKO�
YRQ 'LDJUDPPHQ XQG IXQNWLRQDOHQ =XVDPPHQKDQJHQ ]X JHODQJHQ� LVW HV HPSIHKOHQVZHUW��
*UXSSHQ YRQ ZHLWJHKHQG HQWNRSSHOWHQ 3DUDPHWHUQ ]X VXFKHQ� 'LHV JHVFKLHKW PLW +LOIH
HLQHU 0DWUL[� ZHOFKH GLH ZHVHQWOLFKHQ JHJHQVHLWLJHQ %HHLQoXVVXQJHQ YHUDQVFKDXOLFKW�

8P GLH (LQoXVVH NODU GRNXPHQWLHUHQ ]X NRQQHQ� GXUIHQ VWHWV QXU HLQ ELV ]ZHL 0DVFKLQHQ�� � �
SDUDPHWHU JOHLFK]HLWLJ JHDQGHUW ZHUGHQ� 'LH DQGHUHQ 3DUDPHWHU ZHUGHQ GDEHL IHVWJHKDO��

��



%LOG ���� *HJHQVHLWLJH %HHLQoXVVXQJ YRQ 0DVFKLQHQSDUDPHWHUQ

WHQ� $XI GLHVH :HLVH VROO LP )ROJHQGHQ GHU (QWZXUIVSUR]H{ HUODXWHUW ZHUGHQ� GHU ]X GHP�
YRUOLHJHQGHQ 3URWRW\SHQ IXKUWH��

��� $QIRUGHUXQJHQ

9RUDXVVHW]XQJ IXU GLH $XVOHJXQJ LVW GLH JHQDXH .HQQWQLV GHU $QIRUGHUXQJHQ� GLH GHU�
$QWULHE ]X HUIXOOHQ KDW� (QWVSUHFKHQG .DSLWHO � VLQG GLH GRUW IRUPXOLHUWHQ )RUGHUXQJHQ��
GLH VLFK VSH]LHOO DXV GHP (LQVDW] LP $XWDUNHQ +\EULG HUJHEHQ� VWULNW HLQ]XKDOWHQ�

'UHK]DKOEHUHLFK�
1HQQGUHK]DKO ���� 8S0 +RFKVWGUHK]DKO ���� 8S0�

'DXHUEHWULHE�
1HQQGUHKPRPHQW ���� 1P 1HQQOHLVWXQJ ��� N:

.XU]]HLWEHWULHE�
0D[LPDOGUHKPRPHQW ���� 1P 0D[LPDOOHLVWXQJ ���� N:

$EPHVVXQJHQ�
*HVDPWODQJH �� PP 'XUFKPHVVHU ��� PP�

1HEHQ GLHVHQ IHVWHQ 'DWHQ VLQG QRFK GLH =LHOH ]X GHnQLHUHQ� GHQHQ PRJOLFKVW QDKH JH��
�

NRPPHQ ZHUGHQ VROO?� ,P YRUOLHJHQGHQ )DOO LVW HLQ PRJOLFKVW KRKHU :LUNXQJVJUDG LP�
JHVDPWHQ 'UHKPRPHQW��'UHK]DKOEHUHLFK EHL JOHLFK]HLWLJ JHULQJVWHP *HZLFKW DQ]XVWUH�
EHQ� ,Q EHVWLPPWHQ )DOOHQ NDQQ HV VLQQYROO VHLQ� HLQ *XWHIXQNWLRQDO ]X GHnQLHUHQ� GHVVHQ� �
:HUW HLQ ([WUHPXP DQQHKPHQ VROO >��@�
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��� 0DWHULDODXVZDKO

%HYRU PLW GHU $XVOHJXQJ EHJRQQHQ ZHUGHQ NDQQ� PX{ IHVWJHOHJW ZHUGHQ� ZHOFKH (LVHQ�
XQG 0DJQHWPDWHULDOLHQ LQ %HWUDFKW JH]RJHQ ZHUGHQ VROOHQ� 'XUFK +DQGUHFKQXQJHQ ]HLFK�
QHWH VLFK IUXK DE� GD{ PLW 8PPDJQHWLVLHUXQJVIUHTXHQ]HQ YRQ � N+] XQG GDUXEHU JHUHFK�� �
QHW ZHUGHQ PX{� 'LHV PDFKWH GLH 9HUZHQGXQJ HLQHV VHKU GXQQHQ %OHFKV QRWZHQGLJ� XP�
GLH :LUEHOVWURPYHUOXVWH JHULQJ ]X KDOWHQ� 'D DQIDQJV GHU +HUVWHOOXQJVSUR]H{ GHV %OHFK�
SDNHWV QLFKW NODU ZDU� PX{WH GLH %OHFKGLFNH VR JHZDKOW ZHUGHQ� GD{ GHU %OHFKVFKQLWW�
QRWIDOOV GXUFK 6WDQ]HQ KHUJHVWHOOW ZHUGHQ NDQQ� 8P GLH (LVHQYHUOXVWH YRU DOOHP EHL KRKHQ
)UHTXHQ]HQ JHULQJ ]X KDOWHQ XQG JOHLFK]HLWLJ 6WDQ]HQ ]X HUPRJOLFKHQ� ZXUGH ]XQDFKVW HLQ� �
+RFKIUHTXHQ]EOHFK PLW HLQHU 6WDUNH YRQ ��� PP DXVJHZDKOW� 'LHVHV 0DWHULDO NRQQWH DXFK� �
QDFK JHQDXHU .HQQWQLV GHU (LVHQYHUOXVWH EHLEHKDOWHQ ZHUGHQ >��@�

'DV 0DJQHWPDWHULDO VROOWH HLQH KRKH 5HPDQHQ]LQGXNWLRQ XQG JOHLFK]HLWLJ EHL HUKRKWHQ�
7HPSHUDWXUHQ HLQH DXVUHLFKHQGH 6LFKHUKHLW JHJHQ (QWPDJQHWLVLHUXQJ ELHWHQ� $XIJUXQG
GHU $X{HQODXIHUEDXZHLVH NRQQWH EHLP 3URWRW\SHQ YRQ HLQHU HUKHEOLFK EHVVHUHQ .XKOXQJ� �
DXVJHJDQJHQ ZHUGHQ� DOV VLH EHL NRQYHQWLRQHOOHQ ,QQHQODXIHUPDVFKLQHQ YRUOLHJW� 'D EHL�
GLHVHQ 0DVFKLQHQ XEHUGLHV KRKHUH *HJHQIHOGHU DOV EHLP 3URWRW\SHQ DXIWUHWHQ� NDQQ GDV� �
EHL GLHVHQ 0DVFKLQHQ YHUZHQGHWH 0DWHULDO ����+5 9DFXXPVFKPHO]H� SUREOHPORV DXFK IXU�
GLHVH $QZHQGXQJ YHUZHQGHW ZHUGHQ� 'D GLH 5HPDQHQ]LQGXNWLRQ HEHQIDOOV DXVUHLFKHQG LVW�
HQWVFKLHG PDQ VLFK IXU GLHVHQ :HUNVWRm >��@��

8P EHL GHU :LFNOXQJ HLQHQ PRJOLFKVW KRKHQ )XOOIDNWRU ]X HUUHLFKHQ� ZDU ]XQDFKVW HLQ� � �
5HFKWHFNGUDKW YRUJHVHKHQ� 0LW GLHVHP 'UDKW ZDUH ELV ]X ��� .XSIHUDQWHLO EH]RJHQ DXI�
GLH XQLVROLHUWH 1XWoDFKH HUUHLFKEDU JHZHVHQ� 'DPLW EHL KRKHQ )UHTXHQ]HQ GHU :HFK��
VHOVWURPZLGHUVWDQG QLFKW PHKU DOV ��� GHV *OHLFKVWURPZLGHUVWDQGV EHWUDJW� GXUIWH GLH�
'UDKWKRKH ��� PP QLFKW XEHUVFKUHLWHQ� (LQ VSH]LHOO DQJHIHUWLJWHU 'UDKW PLW GLHVHQ (LJHQ�� �
VFKDIWHQ OLH{ VLFK MHGRFK QLFKW YHUDUEHLWHQ >��@� 0DQ HQWVFKOR{ VLFK GDKHU� HLQHQ 5XQGGUDKW
PLW ���� PP 'XUFKPHVVHU ]X YHUZHQGHQ� 0LW GLHVHU /RVXQJ HUUHLFKW PDQ HLQHQ )XOOIDNWRU� �
YRQ LPPHUKLQ QRFK ��� >��@�

��� +DQGUHFKQXQJ

�(LQHQ HUVWHQ 8EHUEOLFN� ZLH GLH $XIJDEH ]X ORVHQ LVW� YHUVFKDmW PDQ VLFK GXUFK HLQLJH�
+DQGUHFKQXQJHQ >��@� )HUQHU GLHQHQ VLH GD]X� IXU GLH 0DVFKLQHQSDUDPHWHU %HUHLFKH DQ��
]XJHEHQ� DXI GHUHQ %DVLV GLH REHQ EHVFKULHEHQH 3DUDPHWHUYDULDWLRQ GXUFKJHIXKUW ZHUGHQ�
NDQQ� 'HU +DQGUHFKQXQJ OLHJHQ VHKU HLQIDFKH *OHLFKXQJHQ ]XU 'UHKPRPHQW� XQG 9HU�
OXVWEHVWLPPXQJ ]XJUXQGH� 8P GDV JHIRUGHUWH 'UHKPRPHQW LQ GHP JHULQJHQ %DXUDXP
HU]HXJHQ ]X NRQQHQ� ZLUG HLQ PRJOLFKVW JUR{HU /XIWVSDOWUDGLXV DQJHVWUHEW� (UVWH $QKDOWV�� �
ZHUWH IXU GLH :DKO YRQ 0RGXO� XQG 3ROSDDU]DKO HUKDOW PDQ DXV >��@ XQG >��@� 'LHVHQ� �
$UEHLWHQ NRQQHQ DXFK +LQZHLVH ]X GHU ]X HUZDUWHQGHQ ,QGXNWLRQVYHUWHLOXQJ� GHU =DKQ��
NRSIJHRPHWULH XQG GHU :DKO GHU 0RGXO� XQG 3ROEHGHFNXQJVIDNWRUHQ HQWQRPPHQ ZHUGHQ�
0LW +LOIH YRQ +DQGUHFKQXQJHQ DXI %DVLV GLHVHU $QKDOWVZHUWH NRQQHQ EHUHLWV HLQLJH ZLFK��
WLJH $XVVDJHQ JHWURmHQ ZHUGHQ�

q :HQQ GHU %DXUDXP JXW JHQXW]W ZLUG �G�K� GHU /XIWVSDOWUDGLXV OLHJW PRJOLFKVW ZHLW�
DX{HQ�� ODVVHQ VLFK VRJDU 'UHKPRPHQWH HU]HXJHQ� GLH EHL ��� 1P OLHJHQ XQG VHOEVW

�GHQ 8EHUODVWEHUHLFK JXW DEGHFNHQ�

��



q $XFK EHL LQWHQVLYHU $XVQXW]XQJ GHV %DXUDXPV GXUFK DNWLYHV 0DWHULDO EOHLEW GLH
DNWLYH 0DVVH XQWHU �� NJ� PLW 7UDJHUNRQVWUXNWLRQ VLQG FD� �� NJ ]X HUZDUWHQ��

q 'D GLH *HVDPWPDVVH XQWHU GHU YHUJOHLFKEDUHU $QWULHEH PLW *HWULHEHXQWHUVHW]XQJ
OLHJW >��@� ZLUG EHL GHU $XVOHJXQJ YRU DOOHP DXI HLQHQ KRKHQ :LUNXQJVJUDG JHDFKWHW�

��� 5RWRUSROSDDU]DKO

8P GHQ (LQoX{ GHU 3ROSDDU]DKO NRUUHNW ]X HUIDVVHQ� PX{ ]ZLVFKHQ 0DVFKLQHQ PLW �S � =
XQG �S ! = XQWHUVFKLHGHQ ZHUGHQ� %HL 5RWRUHQ YRQ 0DVFKLQHQ PLW �S ! = VLQG GLH
0DJQHWHQ LQ GHU 5HJHO IDVW VR EUHLW ZLH GLH 5RWRUSROWHLOXQJ� GLH 0DJQHWHQ VWR{HQ GLUHNW
DQHLQDQGHU�

'LH 3ROSDDU]DKO VWHKW XEHU GLH JHIRUGHUWH 'UHK]DKO LQ GLUHNWHP =XVDPPHQKDQJ PLW GHU�
)UHTXHQ] XQG GHQ (LVHQYHUOXVWHQ� )HUQHU KDW VLH GLUHNWHQ (LQoX{ DXI GLH -RFKGLFNHQ� -H
KRKHU GLH 3ROSDDU]DKO LVW� GHVWR JHULQJHU LVW GHU )OX{� GHU YRP HLQ]HOQHQ 3HUPDQHQWPD��
JQHWHQ HU]HXJW ZLUG� 'D VLFK GLHVHU )OX{ LQ ]ZHL JOHLFKHQ +DOIWHQ ]X EHLGHQ 6HLWHQ DXIWHLOW�
XQG XEHU GDV 5RWRUMRFK VFKOLH{W� NDQQ ^ NRQVWDQWH ,QGXNWLRQ LP -RFK YRUDXVJHVHW]W ^�
GDV -RFK EHL VWHLJHQGHU 3RO]DKO GXQQHU DXVJHIXKUW ZHUGHQ� %HUXFNVLFKWLJW PDQ� GD{ LP� � �
YRUOLHJHQGHQ )DOO GHU $X{HQGXUFKPHVVHU YRUJHJHEHQ LVW� ZLUG GHXWOLFK� GD{ GHU /XIWVSDO�
WUDGLXV LP JOHLFKHQ 0D{H ]XQHKPHQ NDQQ� LQ GHP GLH 5RWRUMRFKGLFNH DEQLPPW� 'XUFK
GHQ LQ GHU 'UHKPRPHQWIRUPHO ����� E]Z� ����� JH]HLJWHQ TXDGUDWLVFKHQ =XVDPPHQKDQJ
YRQ /XIWVSDOWUDGLXV XQG 'UHKPRPHQW HUNHQQW PDQ� GD{ EHL GHU 9RUJDEH HLQHV PD[LPD�
OHQ $X{HQGXUFKPHVVHUV GDV YRQ GHU 0DVFKLQH HQWZLFNHOWH 'UHKPRPHQW EHL ]XQHKPHQGHU
3ROSDDU]DKO DQVWHLJW�

%HL HLQHU 0'0 QLPPW GLH 0RGXO]DKO PLW GHU 5RWRUSROSDDU]DKO ]X� ZHQQ DXFK NHLQH
GLUHNWH 3URSRUWLRQDOLWDW YRUOLHJW �%LOG ����� 'HVKDOE VLQG ]DKOUHLFKH DQGHUH *UR{HQ ZLH� �
1XWEUHLWH� :LFNHONRSoDQJH XQG 0DVFKLQHQODQJH HEHQIDOOV YRQ GHU 3ROSDDU]DKO DEKDQJLJ�� � �
ZHQQ DXFK LQ JHULQJHUHP 0D{H� 6ROO EHL ]XQHKPHQGHU 0RGXO]DKO GHU XEHU GHQ 8PIDQJ�
JHPLWWHOWH 6WURPEHODJ NRQVWDQW EOHLEHQ� QLPPW PLW GHU 0RGXOEUHLWH DXFK GLH 1XWEUHLWH
DE� 'HU :LFNHONRSI ZLUG GDGXUFK LQ 8PIDQJVULFKWXQJ NXU]HU� ZDV GXUFK GLH DEQHKPHQGH�
=DKQEUHLWH EHGLQJW LVW� =XVDW]OLFK QLPPW GLH D[LDOH $XVGHKQXQJ GHU :LFNHONRSIH DE� 'D� �
GLH 1XWHQ MHGRFK PHLVW UHODWLY VFKPDO VLQG� IDOOW GLHV DEVROXW NDXP LQV *HZLFKW� %HLGH�
(LQoXVVH ZLUNHQ VLFK ^ YRU DOOHP EHL NXU]HQ 0DVFKLQHQ ^ LQ UHGX]LHUWHQ :LFNOXQJVYHU��
OXVWHQ DXV� 'D DXFK GLH /DQJH GHU 0DVFKLQH IHVWOLHJW� KDW GLH 9HUNXU]XQJ GHU D[LDOHQ� �
:LFNHONRSoDQJH (LQoX{ DXI GLH 3DNHWODQJH� 'LHVH JHKW ^ ZHQQ DXFK QXU OLQHDU ^ LQ GLH� �
'UHKPRPHQWIRUPHO HLQ� 0DQ NDQQ ]XVDPPHQIDVVHQG IHVWKDOWHQ� GD{ EHL JHJHEHQHQ $X�
{HQPD{HQ HLQH =XQDKPH GHU 5RWRUSROH PLW HLQHU 6WHLJHUXQJ GHV 'UHKPRPHQWV YHUEXQGHQ
LVW XQG DQGHUHUVHLWV ]X YHUJUR{HUWHQ (LVHQYHUOXVWHQ IXKUW� 8P KLHU HLQH (QWVFKHLGXQJ WUHI�� �
IHQ ]X NRQQHQ� PXVVHQ GLH 9HUOXVWH LQ $EKDQJLJNHLW YRQ GHU 3RO]DKO TXDQWLn]LHUW ZHUGHQ�� � �

)XU GLH *UDSKLN JHKW PDQ YRQ HLQHU NRQVWDQWHQ 3DNHWODQJH YRQ �� PP VRZLH HLQHU 1XW�� �
WLHIH YRQ �� PP XQG HLQHU =DKQNRSIKRKH YRQ � PP DXV� 'LHVH :HUWH HUJDEHQ VLFK DXV�
GHU +DQGUHFKQXQJ� 'HU JHULQJH (LQoX{ GHU 3ROSDDU]DKO DXI GLH /DQJH ZLUG VRPLW YHU��
QDFKODVVLJW� 'LH 1XWEUHLWH EHWUDJW ��� GHU 6WDWRU]DKQWHLOXQJ� 'HU 3ROEHGHFNXQJVIDNWRU� �
GHU 0DJQHWHQ ULFKWHW VLFK HQWVSUHFKHQG >��@ QDFK GHU 0RGXOEHGHFNXQJ� 8P GLH 6WUHXXQJ
GHV YRQ GHQ 3HUPDQHQWPDJQHWHQ HU]HXJWHQ )HOGHV JHULQJ ]X KDOWHQ� ZLUG GLH 0DJQHWEUHL�
WH JOHLFK GHU 0RGXOEUHLWH JHZDKOW� ,Q $QOHKQXQJ DQ DXVJHIXKUWH 0DVFKLQHQ >��@ ZLUG GLH� �

��



%LOG ���� $EKDQJLJNHLW GHU (LVHQYHUOXVWH YRQ GHU 3ROSDDU]DKO�

0RGXOEHGHFNXQJ ]X ��� GHU 0RGXOWHLOXQJ JHZDKOW� )XU GLH -RFKKRKH ZHUGHQ ��� GHU� � �
KDOEHQ 0DJQHWUXFNHQEUHLWH DQJHVHW]W� %HL GLHVHP :HUW NRQQHQ GLH -RFKH GHQ 0DJQHW�� �
oX{ IXKUHQ� RKQH GD{ HLQH 6DWWLJXQJ GHV 0DWHULDOV HLQVHW]W �$EVFKQLWW ����� 'LHVH :HUWH� �
HUJHEHQ VLFK DOV SODXVLEOH 6WDUWZHUWH DXV GHQ DQIDQJV GXUFKJHIXKUWHQ +DQGUHFKQXQJHQ��
0DQ HUNHQQW� GD{ EHL GHP (QWZXUI IXU S �� GLH (LVHQYHUOXVWH EHL FD� ��� : OLHJHQ� 'LH�
.XSIHUYHUOXVWH GLHVHV (QWZXUIV OLHJHQ HWZD EHL ��� :� VR GD{ GLH *HVDPWYHUOXVWH ^ ZHQQ
HLQ JHZLVVHU =XVFKODJ IXU GLH =XVDW]YHUOXVWH EHUXFNVLFKWLJW ZLUG ^ XQWHU ��� : OLHJHQ�� �
(LQH ZHLWHUH =XQDKPH GHU 3RO]DKO IXKUW ]X ZHLWHU VWHLJHQGHQ (LVHQYHUOXVWHQ� RKQH GHQ�
/XIWVSDOWGXUFKPHVVHU GHXWOLFK ]X YHUJUR{HUQ� 0RGXODUH 'DXHUPDJQHWPDVFKLQHQ� GLH PLW�
�S ! = DXVJHOHJW ZHUGHQ� HUUHLFKHQ HLQ KRKHUHV 'UHKPRPHQW XQG ZHLVHQ KRKHUH (LVHQ�� �
YHUOXVWH DXI DOV 0DVFKLQHQ PLW �S � =� 'D IXU GLHVHQ $QZHQGXQJVIDOO QLFKW DXI KRFKVWHV� �
'UHKPRPHQW JHDFKWHW ZHUGHQ PX{� ZLUG EHYRU]XJW HLQH 0DVFKLQH PLW �S � = XQWHU�
VXFKW� )D{W PDQ DOO GLHVH (UJHEQLVVH ]XVDPPHQ� VROOWH GLH 3ROSDDU]DKO ]ZLVFKHQ S  �
XQG S  �� JHZDKOW ZHUGHQ��

��� -RFKVWDUNHQ�

0D{JHEHQG EHL GHU )HVWOHJXQJ GHU -RFKVWDUNHQ LVW GLH 9HUPHLGXQJ ]X KRKHU ,QGXNWLRQHQ��
GLH HLQHQ XQQRWLJ KRKHQ PDJQHWLVFKHQ 6SDQQXQJVIDOO ]XU )ROJH KDEHQ� +LHU VLQG HV YRU DO��
OHP ]ZHL $XVZLUNXQJHQ ]X KRKHU ,QGXNWLRQHQ� GLH HV ]X YHUPHLGHQ JLOW� (UVWHQV ZLUG GXUFK
]X VWDUNH 6DWWLJXQJ GHU -RFKH GLH /XIWVSDOWLQGXNWLRQ VLQNHQ� ZDV GDV HQWZLFNHOWH 'UHKPR��
PHQW KHUDEVHW]W� =ZHLWHQV IXKUHQ KRKH ,QGXNWLRQHQ LP 6WDWRUMRFK ]X KRKHQ VSH]LnVFKHQ�
(LVHQYHUOXVWHQ� $X{HUGHP NRQQHQ DXV HLQHP KRFK JHVDWWLJWHQ 6WDWRUMRFK :HFKVHOIHOGHU� �
DXVWUHWHQ� GLH LQ OHLWIDKLJHQ 0DWHULDOLHQ LQ GHU 1DKH GHV -RFKV :LUEHOVWURPH LQGX]LHUHQ� � �
NRQQHQ� 8P GLH -RFKH JHHLJQHW ]X GLPHQVLRQLHUHQ� ZXUGHQ GHVKDOE QXPHULVFKH )HOGUHFK��
QXQJHQ IXU *HRPHWULHQ PLW XQWHUVFKLHGOLFKHU -RFKKRKH GXUFKJHIXKUW� 8P HLQHQ $QKDOWV�� � �

�SXQNW IXU VLQQYROOH :HUWH ]X HUKDOWHQ� NDQQ IROJHQGH 8EHUOHJXQJ DQJHVWHOOW ZHUGHQ� 'LH�
HUIRUGHUOLFKH -RFKVWDUNH ULFKWHW VLFK QDFK GHP YRQ GHQ 3HUPDQHQWPDJQHWHQ HU]HXJWHQ�

��
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)OX{� -H HLQH +DOIWH GHU )OXVVHV VFKOLH{W VLFK XEHU GDV -RFK ]XP EHQDFKEDUWHQ 0DJQHWHQ�� �
'HVVHQ *UR{H KDQJW YRQ GHU $XVGHKQXQJ LQ 8PIDQJVULFKWXQJ� GHU 0DJQHWODQJH XQG GHU� � �
/XIWVSDOWLQGXNWLRQ DE� 'D GLH /XIWVSDOWLQGXNWLRQ PD[LPDO GLH 5HPDQHQ]LQGXNWLRQ HUUHL�
FKHQ NDQQ XQG GLHVH GHXWOLFK QLHGULJHU OLHJW DOV GLH 6DWWLJXQJVLQGXNWLRQ GHV -RFKPDWHULDOV��
PX{ GLH -RFKKRKH QLFKW EUHLWHU VHLQ DOV GLH KDOEH $XVGHKQXQJ GHU 0DJQHWHQ LQ 8PIDQJV��

�ULFKWXQJ� 'LHVH 8EHUOHJXQJ EHJUXQGHW GLH EHL GHU %HVWLPPXQJ GHU 3ROSDDU]DKO JHWURmHQH�
9RUDXVVHW]XQJ� :HQQ DQJHQRPPHQ ZLUG� GD{ GLH D[LDOH 0DJQHW� XQG -RFKODQJH XEHU�� �
HLQVWLPPHQ� LVW HV ]ZHFNPD{LJ GLH -RFKKRKH DOV )XQNWLRQ GHU %UHLWH GHV 0DJQHWUXFNHQV� � �
DQ]XJHEHQ�

m ~� �
K  N c �����M M

�

(V EH]HLFKQHW ~ GLH 5RWRUSROWHLOXQJ� m GHQ 5RWRUSROEHGHFNXQJVIDNWRU XQG N VWHOOW� � M

GLH DXI GLH KDOEH 5XFNHQEUHLWH QRUPLHUWH -RFKKRKH GDU� )XU N  � LVW GLH -RFKKRKH� � � �M

JOHLFK GHU KDOEHQ 5XFNHQEUHLWH XQG GLH -RFKLQGXNWLRQ HQWVSULFKW DQQDKHUXQJVZHLVH GHU� �
/XIWVSDOWLQGXNWLRQ� :LUG DXI %DVLV HLQHU 0DVFKLQH PLW �� 3ROHQ GLH -RFKKRKH YDULLHUW��
HUKDOW PDQ GLH (UJHEQLVVH GHU XQWHQVWHKHQGHQ 7DEHOOH��

N K �PP % �7 % �7 % �7 3 �:M M M L M D ]N Y IH

��� ������ ������� ������� ������� ��������
���� ����� ������� ������� ������� ��������
��� ����� ������� ������� ������� ��������

(V NDQQ IHVWJHVWHOOW ZHUGHQ� GD{ ELV N { ���� NHLQH $EQDKPH GHU /XIWVSDOWLQGXNWLRQ�M

GLH VLFK LQ GHU =DKQNRSnQGXNWLRQ % QLHGHUVFKODJW� VWDWWnQGHW� 'DV 5RWRUMRFK VROOWH�]N

GDPLW QLFKW GLFNHU DOV HV GLHVHP :HUW HQWVSULFKW DXVJHIXKUW ZHUGHQ� (LQH XQQRWLJH 9HU�� �
NOHLQHUXQJ GHV /XIWVSDOWGXUFKPHVVHUV ZDUH GLH )ROJH� 'DV 6WDWRUMRFK PX{ PLQGHVWHQV�
HEHQVRGLFN VHLQ� ZHQQ HLQH VDWWLJXQJVEHGLQJWH $EQDKPH GHU /XIWVSDOWLQGXNWLRQ XQWHU��
EOHLEHQ VROO� 'DUXEHU KLQDXV VWHOOW VLFK GLH )UDJH� RE EHL GLFNHUHQ -RFKHQ GLH (LVHQYHUOXVWH�
VLQNHQ� (QWVSUHFKHQG GHU 7DEHOOH LVW GLHV ]ZDU QLFKW GHU )DOO� XP MHGRFK GLH ,QGXNWLRQ DQ
GHU ,QQHQVHLWH GHV 6WDWRUMRFKV JHULQJ ]X KDOWHQ XQG DXVWUHWHQGH 6WUHXIHOGHU ]X YHUKLQGHUQ�
ZXUGH GDV 6WDWRUMRFK PLW HLQHU 6WDUNH YRQ �� PP DXVJHOHJW� 6R YHUPHLGHW PDQ :LUEHO��
VWURPYHUOXVWH LQ HLQHP 6WDWRUWUDJHU DXV OHLWIDKLJHP 0DWHULDO� GLH GXUFK GLHVH 6WUHXIHOGHU� �
HU]HXJW ZHUGHQ NRQQHQ��

��� /XIWVSDOW� 0DJQHW� XQG =DKQNRSIJHRPHWULH

*HPD{ GHU HLQIDFKHQ )RUPHO ����� LVW IXU GLH /XIWVSDOWLQGXNWLRQ �% � LQ HUVWHU /LQLH GLH� � p

5HPDQHQ]LQGXNWLRQ �% � XQG GDV 9HUKDOWQLV YRQ 0DJQHWKRKH �K � ]X /XIWVSDOWKRKH �p�� � �U SP

PD{JHEHQG� GLH PDJQHWLVFKHQ 6SDQQXQJVIDOOH LP (LVHQ VLQG GDEHL YHUQDFKODVVLJW� =LHO LVW� �
HV� HLQH PRJOLFKVW KRKH ,QGXNWLRQ EHL PHFKDQLVFK YHUWUHWEDUHP /XIWVSDOW XQG JOHLFK]HLWLJ�
QLFKW ]X KRKHQ 0DJQHWHQ ]X HUUHLFKHQ�

% �p
 x  � �����U

% � � p  KU JHR SP

%HL GHU )HVWOHJXQJ GHV /XIWVSDOWV LVW ]X EHUXFNVLFKWLJHQ� GD{ GHU 5RWRU DXV JHJHQHLQDQGHU�
EHZHJOLFKHQ (LQ]HOWHLOHQ DXI]XEDXHQ LVW� XP GLH YRUJHVWHOOWH PHFKDQLVFKH )HOGVFKZDFKXQJ�
XP]XVHW]HQ� $XIJUXQG GHU 7ROHUDQ]HQ� PLW GHQHQ GLHVH 7HLOH JHIHUWLJW ZHUGHQ NRQQHQ� GHU�

��



+HUVWHOOXQJVWROHUDQ]HQ GHU 0DJQHWKRKH VRZLH 6FKZDQNXQJHQ GHU 'LFNH YRQ .RUURVLRQV��
VFKXW]VFKLFKW XQG .OHEHVSDOW GXUIWH GHU /XIWVSDOW QLFKW ]X NOHLQ JHZDKOW ZHUGHQ� 1DFKGHP�
GLH $EZHLFKXQJHQ JHVFKDW]W ZDUHQ� OHJWH PDQ GHQ /XIWVSDOW ]X ��� PP IHVW��

:HQQ GLH 0DJQHWKRKH HWZD IXQIPDO VR JUR{ ZLH GHU /XIWVSDOW EHPHVVHQ ZLUG� HUUHLFKW� �
PDQ XEHU ��� GHU 5HPDQHQ]LQGXNWLRQ DOV /XIWVSDOWLQGXNWLRQ� 1HEHQ GHU KRKHQ /XIW��
VSDOWLQGXNWLRQ LVW HLQH JXWH 6LFKHUKHLW JHJHQ LUUHYHUVLEOH (QWPDJQHWLVLHUXQJ XQG YRQ GHU
$QNHUUXFNZLUNXQJ EHGLQJWH :LUEHOVWURPYHUOXVWH DQ]XVWUHEHQ� )XU GLH $QNHUUXFNZLUNXQJ� � �
LVW GLH 6XPPH DXV 0DJQHWKRKH XQG /XIWVSDOWKRKH HQWVFKHLGHQG� 8P KLHU HLQHQ DXVUHL�� �
FKHQGHQ 6LFKHUKHLWVDEVWDQG ]X KDEHQ� ZLUG GLH 0DJQHWKRKH VR JUR{ JHZDKOW� GD{ VLFK� �
LP 1HQQSXQNW QXU HLQH )HOGYHU]HUUXQJ YRQ HWZD ��� EH]RJHQ DXI GLH PD[LPDOH /XIW�
VSDOWLQGXNWLRQ YRQ FD� �7 HUJLEW� 0LW HLQHU 0DJQHWKRKH YRQ � PP HUUHLFKW PDQ HLQH�
DXVUHLFKHQGH 6LFKHUKHLW�

1HEHQ GHU 0DJQHWEUHLWH LVW DXFK GLH UHODWLYH 3ROEHGHFNXQJ m �%LOG ���� IHVW]XOHJHQ� +LHU�

NDQQ PDQ HQWVSUHFKHQG GHQ 8QWHUVXFKXQJHQ LQ >��@ GLPHQVLRQLHUHQ� /DXW >��@ QLPPW
GLH 6WUHXXQJ ]ZLVFKHQ GHQ EHQDFKEDUWHQ 0DJQHWHQ ^ EHL GHP EHUHLWV JURE EHNDQQWHQ
9HUKDOWQLV YRQ 0DJQHWKRKH ]X 3ROWHLOXQJ YRQ ���� ELV ���� ^ REHUKDOE HLQHU 3ROEHGHFNXQJ� �
YRQ FD� ��� VWDUN ]X� 'LHVHU :HUW VROOWH GHVKDOE QLFKW XEHUVFKULWWHQ ZHUGHQ��

'HU =DKQNRSI PX{ HLQH )XKUXQJ GHV PDJQHWLVFKHQ )HOGHV ]XP =DKQ HUPRJOLFKHQ XQG GLH� �
6WUHXXQJ GHV SHUPDQHQWPDJQHWLVFK HUUHJWHQ )HOGHV JHULQJ KDOWHQ� *OHLFK]HLWLJ NDQQ XEHU�
GLH 1XWVFKOLW]VWUHXXQJ GLH 0DVFKLQHQVWUHXLQGXNWLYLWDW PD{JHEOLFK EHHLQoX{W ZHUGHQ��

8P GLH )HOGOLQLHQ� GLH DXV GHP 0DJQHWHQ DXVWUHWHQ� ]XP =DKQ ]X IXKUHQ� LVW HLQH DXV��
UHLFKHQGH +RKH GHV =DKQNRSIHV HUIRUGHUOLFK� 'LH +RKH LVW VR DXV]XOHJHQ� GD{ GHU )OX{ LP� �
=DKQ QLFKW GXUFK 6DWWLJXQJ LP =DKQNRSIEHUHLFK UHGX]LHUW ZLUG� 6WDUN YHUHLQIDFKHQG NDQQ�
DQJHQRPPHQ ZHUGHQ� GD{ GHU =DKQNRSI GLH )HOGOLQLHQ DXV LKUHU UDGLDOHQ $XVULFKWXQJ� PLW
GHU GLHVH DXV GHP 0DJQHWHQ DXVWUHWHQ� LQ HLQH WDQJHQWLDOH 5LFKWXQJ XPOHQNW� ,P =DKQ
ZHUGHQ GLH )HOGOLQLHQ VFKOLH{OLFK ZLHGHU LQ HLQH UDGLDOH 5LFKWXQJ JHOHQNW� 0LW GLHVHU %H�
WUDFKWXQJ NDQQ IHVWJHVWHOOW ZHUGHQ� GD{ GHU =DKQNRSI GDQQ DXVUHLFKHQG GLPHQVLRQLHUW LVW�
ZHQQ GLH =DKQNRSIKRKH JOHLFK GHU $XVNUDJXQJ GHV =DKQNRSIHV LVW� /D{W PDQ JHGDQNOLFK� �
GLH =DKQEUHLWH JHJHQ QXOO JHKHQ� HQWVSULFKW GLH $XVNUDJXQJ JHUDGH GHU KDOEHQ 0DJQHW�
EUHLWH� GD IHVWJHOHJW ZXUGH� GD{ GLH =DKQNRSIEUHLWH JOHLFK GHU 0DJQHWEUHLWH VHLQ VROO� 'LH
=DKQNRSIKRKH ZXUGH GDQQ GHU KDOEHQ 0DJQHWEUHLWH HQWVSUHFKHQ� ZDV LQ YROOLJHU $QDOR�� � �

�JLH ]X GHQ 8EHUOHJXQJHQ EHL GHU -RFKVWDUNH VWHKW� 'LH GRUW DQJHVWHOOWHQ %HUHFKQXQJHQ�
]HLJHQ� GD{ PDQ PLW GLHVHU 9RUJHKHQVZHLVH VLFKHU HLQH DXVUHLFKHQGH =DKQNRSIKRKH HUKDOW�� �
'LH =DKQNRSIKRKH ZLUG �DQKDQG GLHVHU %H]LHKXQJ� GHVKDOE HUVW EHVWLPPW� QDFKGHP GLH�
1XWEUHLWH XQG GHU 1XWVFKOLW] IHVWJHOHJW ZXUGHQ�

)XU GLH $XVOHJXQJ GHU =DKQNRSIEUHLWH �G�K� GHV 0RGXOEHGHFNXQJVIDNWRUV m �%LOG ������ �

NRQQHQ ZLHGHU +LOIHVWHOOXQJHQ DXV >��@ HQWQRPPHQ ZHUGHQ� 0LW GHU /XIWVSDOWKRKH YRQ� �
��� PP XQG GHU EHUHLWV JURE IHVWOLHJHQGHQ 0RGXO]DKO YRQ =  �� � � � �� NDQQ GHU 0R�
GXOEHGHFNXQJVIDNWRU ELV HWZD ��� HUKRKW ZHUGHQ� RKQH HLQH 6WUHXQJ YRQ PHKU DOV HWZD�
�� LQ .DXI QHKPHQ ]X PXVVHQ��

'LH $XVOHJXQJ YRQ 5RWRUSRO� XQG 0RGXOEHGHFNXQJVIDNWRU VWHKHQ LQ HQJHU 9HUELQGXQJ�
GD QDFK >��@ GLH JHULQJVWH 6WUHXXQJ HUUHLFKW ZLUG� ZHQQ GLH 0DJQHWEUHLWH PLW GHU =DKQ�
NRSIEUHLWH XEHUHLQVWLPPW� (QWVSUHFKHQG GHQ REHQ HUPLWWHOWHQ (UJHEQLVVHQ VROOWH GLH 5R��
WRUSROEHGHFNXQJ EHL FD� ��� OLHJHQ� GLH 0RGXOEHGHFNXQJ VROOWH HWZD ��� EHWUDJHQ� 'D
HQWVSUHFKHQG GHQ +DQGUHFKQXQJHQ HLQH 0DVFKLQH PLW �S � = IDYRULVLHUW ZLUG� NRQQHQ GLH�

��



GUHL %HGLQJXQJHQ JXW LQ (LQNODQJ JHEUDFKW ZHUGHQ�

1HEHQ GLHVHQ $VSHNWHQ� ZHOFKH GLH 6WUHXXQJ GHV PDJQHWLVFKHQ )HOGHV EHWUHmHQ� PX{
GHU (LQoX{ GHU 1XWVFKOLW]VWUHXXQJ DXI GLH 0DVFKLQHQLQGXNWLYLWDW EHDFKWHW ZHUGHQ� 'LH�
,QGXNWLYLWDWHQ IXKUHQ HLQHUVHLWV ]X HLQHU HUZXQVFKWHQ *ODWWXQJ GHV 6WURPV� =LHO VROOWH� � � �
HLQH PD[LPDOH :HOOLJNHLW YRQ FD� �� VHLQ� $QGHUHUVHLWV NDQQ GHU 6SDQQXQJVDEIDOO EHL
KRKHQ )UHTXHQ]HQ VR JUR{ ZHUGHQ� GD{ GHU YRQ GHU 5HJHOXQJ YRUJHJHEHQH 6WURP QLFKW
PHKU HLQJHSUDJW ZHUGHQ NDQQ� GD NHLQH 6SDQQXQJVUHVHUYH PHKU YRUOLHJW� (V PX{ GHVKDOE�
JHZDKUOHLVWHW VHLQ� GD{ LQ DOOHQ %HWULHEVSXQNWHQ GHU JHIRUGHUWH 6WURP JHWULHEHQ ZHUGHQ�
NDQQ� 2E GLHVH %HGLQJXQJHQ HUIXOOW VLQG� ZLUG HUVW EHL GHU :LFNOXQJVDXVOHJXQJ JHSUXIW�� �
6ROOWHQ VLH QLFKW HLQJHKDOWHQ ZHUGHQ� PXVVHQ $QSDVVXQJHQ DP 1XWVFKOLW] HUZRJHQ ZHUGHQ��

��� 6WUDQJ]DKO

$P HLQIDFKVWHQ HUNODUW VLFK GHU (LQoX{ GHU 6WUDQJ]DKO DXI GDV 'UHKPRPHQW� ZHQQ PDQ�
DQQLPPW� GD{ QXU HLQ =DKQ YRQ 6WURP GXUFKoRVVHQ ZLUG� 'D HQWVSUHFKHQG GHP )XQN�
WLRQVSULQ]LS HLQHU 0'0 GLH 6WDWRU� XQG 5RWRUSROWHLOXQJ XQWHUVFKLHGOLFK VHLQ PXVVHQ��
HQWVWHKW HLQ %HUHLFK� LP GHP NHLQH )OX{DQGHUXQJ VWDWWnQGHW >��@>��@��

%LOG ���� (LQoX{ GHU 6WUDQJ]DKO DXI GDV VSH]LnVFKH 'UHKPRPHQW

'D LQ GLHVHP %HUHLFK NHLQH 6SDQQXQJ LQGX]LHUW ZLUG� NDQQ NHLQH /HLVWXQJ XPJHVHW]W XQG
NHLQ 'UHKPRPHQW DXIJHEDXW ZHUGHQ� 'LH *UR{H GLHVHV %HUHLFKV KDQJW YRP 8QWHUVFKLHG� �
]ZLVFKHQ GHQ EHLGHQ 3ROWHLOXQJHQ DE� 'LHVHU ZLUG DP JHULQJVWHQ� ZHQQ GHU 8QWHUVFKLHG
]ZLVFKHQ GHU $Q]DKO GHU 6WDWRU]DKQH XQG MHQHU GHU 5RWRUSROH HLQV E]Z� ]ZHL EHWUDJW�� �
MH QDFKGHP RE HV VLFK XP HLQH JHUDGH RGHU XQJHUDGH $Q]DKO YRQ 6WDWRU]DKQHQ KDQGHOW��
'DPLW ZLUG QDFK �S =  �Ph �� P GLH 6WUDQJ]DKO JOHLFK GHU 0RGXO]DKO LP 6WDWRU� 'D
0'0V LQ GHU 5HJHO KRFKSROLJ ^ �S ��� RGHU VRJDU GHXWOLFK KRKHU ^ DXVJHIXKUW ZHUGHQ�� �
XP *HZLFKW ]X VSDUHQ �$EVFKQLWW ����� ZXUGH GLHV ]X H[WUHP JUR{HQ 6WUDQJ]DKOHQ IXKUHQ�� �
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GLH HLQHQ VHKU JUR{HQ $XIZDQG EHLP :HFKVHOULFKWHU QDFK VLFK ]LHKHQ� 8P GLH $QVWHXH�
UXQJ GHV :HFKVHOULFKWHUV HLQIDFK ]X KDOWHQ� VROOWH DXI KDQGHOVXEOLFKH %DXVWHLQH �,&V� ]XU�
(U]HXJXQJ GHV 3XOVPXVWHUV ]XUXFNJHJULmHQ ZHUGHQ� 'LHVH LQWHJULHUWHQ 6FKDOWNUHLVH �,&��

�VWHOOHQ GLH 6LJQDOH IXU GUHL XP ��� YHUVFKREHQH 6SDQQXQJHQ GDU� 6RPLW ZDU GLH $Q]DKO GHU�
YHUIXJEDUHQ 6WUDQJ]DKOHQ DXI GLH 9LHOIDFKHQ YRQ GUHL UHGX]LHUW� ZDV DEHU JHQXJ 6SLHOUDXP�
]XU 2SWLPLHUXQJ OD{W� 'LH 0RGXO]DKO NDQQ VR HEHQIDOOV QXU 9LHOIDFKH YRQ GUHL DQQHKPHQ��
EHL EHVWLPPWHQ 0RGXO]DKOHQ EHVWHKW GLH 0RJOLFKNHLW� XQWHUVFKLHGOLFKH 6WUDQJ]DKOHQ ]X�
UHDOLVLHUHQ� ,Q GHU XQWHQVWHKHQGHQ 7DEHOOH ZLUG IXU HLQLJH 0RGXO]DKOHQ GHU JHPD{ GHU� �
RELJHQ )RUPHO HUUHFKQHWH :HUW GHV 'UHKPRPHQWV UHODWLY ]XP 'UHKPRPHQW� GDV EHL XQ�
HQGOLFK KRKHU 6WUDQJ]DKO HUUHLFKW ZLUG� DQJHJHEHQ�

= � � � �� �� �� �� �� �� �

0 0 ����� ����� ����� ����� ����� ����� ����� ����� ����� ������

1 � � � � � � � � � �,&

'D GHU 3URWRW\S YRU DOOHP HLQHQ KRKHQ :LUNXQJVJUDG EHVLW]HQ VROO XQG GLH =XQDKPH GHV
'UHKPRPHQWV GXUFK (UKRKHQ GHU 6WUDQJ]DKO QLFKW PLW VWHLJHQGHQ 9HUOXVWHQ YHUEXQGHQ�
LVW� LVW HV HUVWUHEHQVZHUW� GHP 0D[LPXP PRJOLFKVW QDKH ]X NRPPHQ� %HL HLQHU 6WUDQJ]DKO�
YRQ P
 �� QDKHUW PDQ VLFK ELV DXI NQDSS XEHU �� DQ GLHVHQ WKHRUHWLVFKHQ 0D[LPDO�� �
ZHUW DQ� )HUQHU UHLFKHQ ]ZHL NRQYHQWLRQHOOH 3:0�%DXVWHLQH �1  �� DXV� XP HLQH,&

]ZROIVWUDQJLJH 0DVFKLQH ]X YHUVRUJHQ� 0DQ YHUZHQGHW GD]X ]ZHL GUHLSKDVLJH 6\VWHPH�� �
�GLH XP �� HOHNWULVFK JHJHQHLQDQGHU YHUVHW]W VHLQ PXVVHQ� :HQQ PDQ GHQ $XIZDQG IXU� �

HLQHQ GULWWHQ %DXVWHLQ �1  �� LQ .DXI QLPPW� HUUHLFKW PDQ HLQ XP HWZD �� KRKHUHV�,&

'UHKPRPHQW� 'D GLH IHUWLJXQJVEHGLQJWHQ 6FKZDQNXQJHQ GHU 5HPDQHQ]LQGXNWLRQ VRZLH
GLH 7ROHUDQ]HQ GHV JHRPHWULVFKHQ /XIWVSDOWV HLQHQ JUR{HUHQ (LQoX{ DXI GDV 'UHKPRPHQW�
KDEHQ� ELHWHW GDV ]ZROISKDVLJH 6\VWHP GDV EHVWH 9HUKDOWQLV YRQ $XIZDQG ]X 1XW]HQ�� �

$XV $EVFKDW]XQJHQ ]XU 5RWRUSRO]DKO� GHQ (LVHQYHUOXVWHQ XQG GHP UHDOLVLHUEDUHQ /XIW��
VSDOWGXUFKPHVVHU HUJLEW VLFK� GD{ GLH 5RWRUSROSDDU]DKO EHL HWZD S �� OLHJHQ VROOWH� =X
HLQHP 5RWRU PLW �� 3ROHQ NDQQ HLQ 6WDWRU PLW HLQHU =DKQ]DKO YRQ = �� XQG S
 � DXV�
JHIXKUW ZHUGHQ� 'LHV IXKUWH ]XU (QWVFKHLGXQJ� GHQ 3URWRW\S PLW P
 �� DXI]XEDXHQ�� �

��� 5DGLXV� � /DQJHQRSWLPLHUXQJ�

�9RU GHP %HJLQQ GHU 8EHUOHJXQJHQ VROO DQJHQRPPHQ ZHUGHQ� GD{ HLQH 0DVFKLQH EHVWHKW�
ZHOFKH GLH (QWZXUIVDXIJDEH HUIXOOW� %HLVSLHOH� ZLH PDQ ]X GLHVHU 0DVFKLQH NRPPHQ NDQQ��
ZHUGHQ LQ $EVFKQLWW ��� YRUJHVWHOOW� 'LH 0DVFKLQHQWKHRULH HUODXEW GDQQ GLH %HUHFKQXQJ

�GHV /HLWHUVWURPV , � GHQ GLH 0DVFKLQH KLHU]X DXIQHKPHQ PX{� 8EHU GLH HEHQIDOOV EH�OH

NDQQWHQ 4XHUVFKQLWWH GHU .XSIHUOHLWHU NRQQHQ GDUDXV GLH .XSIHUYHUOXVWH EHVWLPPW ZHU��
GHQ� 0LW +LOIH HLQHU %HUHFKQXQJ GHV PDJQHWLVFKHQ .UHLVHV ^ YRU]XJVZHLVH PLW +LOIH YRQ
)(0�3URJUDPPHQ ^ NRQQHQ GLH (LVHQYHUOXVWH GHU 0DVFKLQH HUPLWWHOW ZHUGHQ� $QGHUH�
9HUOXVWDUWHQ� ZLH :LUEHOVWURPYHUOXVWH LQ GHQ 3HUPDQHQWPDJQHWHQ� ZHUGHQ QLFKW EHUXFN��
VLFKWLJW� GD VLH XQEHGHXWHQG VLQG� ZHQQ PDQ JHHLJQHWH 0D{QDKPHQ ]XU 8QWHUGUXFNXQJ�
YRQ =XVDW]YHUOXVWHQ DQZHQGHW�

$XVJHKHQG YRQ GLHVHU ZHLWJHKHQG EHOLHELJHQ %H]XJVPDVFKLQH� VROO QXQ JHSUXIW ZHUGHQ��
ZLH VLFK HLQH 9HUDQGHUXQJ YRQ /XIWVSDOWUDGLXV XQG �ODQJH DXI GLH 9HUOXVWH DXVZLUNW� 'LH� �
0DVFKLQH ZLUG GDEHL JHZLVVHUPD{HQ HLQHU ]HQWULVFKHQ E]Z� D[LDOHQ 6WUHFNXQJ XQWHUZRU�
IHQ� 'DEHL ZLUG YRUDXVJHVHW]W� GD{ GDV ]X HQWZLFNHOQGH 'UHKPRPHQW VRZLH GDV JHIRUGHUWH

��



'UHK]DKOSURnO NRQVWDQW EOHLEHQ� 9RQ ,QWHUHVVH LVW QXQ� ZLH PDQ HLQHQ HLQIDFKHQ )RUPHO]X�
VDPPHQKDQJ ]ZLVFKHQ GHQ 9HUOXVWHQ GHU %H]XJVPDVFKLQH XQG GHQHQ HLQHU QXU KLQVLFKWOLFK
/DQJH XQG 5DGLXV YHUDQGHUWHQ 0DVFKLQH HUKDOWHQ NDQQ�� �

����� (LQoX{ DXI GLH (LVHQYHUOXVWH

:HQQ 0DJQHWIHOGYHU]HUUXQJHQ DQ GHQ 6WLUQVHLWHQ GHU 0DVFKLQH DX{HU $FKW EOHLEHQ� NDQQ
PDQ VLFK DXI HLQH ]ZHLGLPHQVLRQDOH )HOGEHUHFKQXQJ EHVFKUDQNHQ� 'DPLW LVW GLH )HOGYHU��
WHLOXQJ XQDEKDQJLJ YRQ GHU *UR{H GHU 0DVFKLQH� 'LHV LVW HLQOHXFKWHQG� ZHQQ PDQ VLFK� �
YRU $XJHQ KDOW� GD{ GDV )HOGOLQLHQELOG XQDEKDQJLJ YRQ GHU NRQNUHWHQ 0DVFKLQHQJUR{H� � �
LVW� 'DPLW VLQG DXFK GLH VSH]LnVFKHQ (LVHQYHUOXVWH LP %OHFKSDNHW NRQVWDQW� 'LH DEVROXWHQ
(LVHQYHUOXVWH VLQG GDQQ QXU HLQH )XQNWLRQ GHU (LVHQPDVVH� 'LHVH QLPPW TXDGUDWLVFK PLW
GHP 5DGLXV XQG OLQHDU PLW GHU 3DNHWODQJH ]X� $OV )RUPHO ODXWHW GLH $EKDQJLJNHLW YRQ� �
GHU /DQJH��

O
3 �O�  3 �O � c �����Y IH Y IH �

O�

RGHU DXFK�

O
3 �O�  3 �O � c N PLW N � �����Y IH Y IH � O O

O�

%HL HLQHU 6WUHFNXQJ GHU 0DVFKLQH LQ 5DGLDOULFKWXQJ VLQG GLH =XVDPPHQKDQJH JDQ] DKQ�� �
OLFK� )XU GLH $EKDQJLJNHLW YRP 5DGLXV HUJLEW VLFK GHU =XVDPPHQKDQJ�� � t u�U
3 �U�  3 �U � c �����Y IH Y IH �

U�

E]Z�

U
�3 �U�  3 �U � c N PLW N � �����Y IH Y IH � U U

U�

'DV 9RUJHKHQ NDQQ PDQ VLFK QRFKPDOV OHLFKW DQKDQG GHU :LUNXQJ GHU 6WUHFNXQJ DXI HLQ
'LVNUHWLVLHUXQJVHOHPHQW YHUGHXWOLFKHQ� 'DV 9ROXPHQHOHPHQW GHU 0DJQHWIHOGEHUHFKQXQJ
LVW JHJHEHQ GXUFK p9  pO c pU c U p
� 'HU (LQoX{ GHU /DQJH LVW OLQHDU� GHU 5DGLXV JHKW�
GDJHJHQ TXDGUDWLVFK HLQ� 'DPLW HUKDOW PDQ GXUFK =XVDPPHQIDVVXQJ EHLGHU $EKDQJLJNHL�� �
WHQ�

�3 �O� U�  3 �O � U � c N c N �����Y IH Y IH � � O U

'DEHL VLQG 3 �O � U � GLH IXU GLH 6WDUWJHRPHWULH EHVWLPPWHQ (LVHQYHUOXVWH��Y IH � �

'LHVH )RUPHOQ JHVWDWWHQ DXI HLQIDFKH :HLVH GLH %HUHFKQXQJ GHU (LVHQYHUOXVWH IXU EHOLHELJH�
/DQJHQ E]Z� 5DGLHQ� VRODQJH GLH )RUP GHV 4XHUVFKQLWWV JOHLFK LVW��

����� (LQoX{ DXI GLH .XSIHUYHUOXVWH

%HL YRUDXVVHW]XQJVJHPD{ NRQVWDQWHU /HLVWXQJ XQG 'UHK]DKO PXVVHQ EHL 9DULDWLRQ YRQ� �
/DQJH E]Z� 5DGLXV GLH 6WURPH DQJHSD{W ZHUGHQ� XP HLQ NRQVWDQWHV 'UHKPRPHQW ]X HU�� �
KDOWHQ� ,P *HJHQVDW] ]X GHQ (LVHQYHUOXVWHQ NDQQ EHL GHQ .XSIHUYHUOXVWHQ HLQ =XVDPPHQ�
KDQJ� GHU QXU GLH 9HUOXVWH GHU 6WDUWPDVFKLQH XQG GLH 6WUHFNXQJVIDNWRUHQ HQWKDOW� QLFKW�

��



DQJHJHEHQ ZHUGHQ� 'HU *UXQG OLHJW GDULQ� GD{ VLFK GLH :LFNOXQJVODQJH DXV ]ZHL 7HL��
OHQ �1XWEHUHLFK� :LFNHONRSI� ]XVDPPHQVHW]W� GLH VLFK QLFKW JOHLFKIRUPLJ PLW GHU /DQJH� �
E]Z� GHP 5DGLXV YHUDQGHUQ� 6WDWW GHVVHQ ZLUG GHU (LQoX{ GHU 6WUHFNXQJVIDNWRUHQ LQ GHU�
)RUPHO GHU .XSIHUYHUOXVWEHUHFKQXQJ HLQJHUHFKQHW�

�Z OZLFN�3  = c , c | �����Y FX OH
$FX

�'DEHL VLQG = GLH 0RGXO]DKO� , GHU /HLWHUVWURP� Z VWHKW IXU GLH :LQGXQJV]DKO HLQHV�OH

0RGXOV� O LVW GLH PLWWOHUH :LQGXQJVODQJH XP HLQHQ =DKQ XQG $ LVW GHU .XSIHUTXHU��ZLFN FX

VFKQLWW GHV 'UDKWHV� =XHUVW ZLUG GLH $QSDVVXQJ GHV 6WURPV EHL *HRPHWULHDQGHUXQJHQ��
DQVFKOLH{HQG GHU (LQoX{ DXI GLH :LFNOXQJVODQJH XQG GHQ 'UDKWTXHUVFKQLWW EHKDQGHOW��
'D GDV 'UHKPRPHQW GLUHNW SURSRUWLRQDO ]XP 6WURP LVW �����^ $EZHLFKXQJHQ YRQ GLH�
VHU 5HJHO ZHJHQ 6DWWLJXQJ VLQG YHUQDFKODVVLJW ^ NDQQ GLH LP /HLWHUVWURP HUIRUGHUOLFKH� �
9HUDQGHUXQJ OHLFKW DQJHJHEHQ ZHUGHQ��

0  D c % c $ c U PLW D z , XQG $  �{U c O �����HII p HII OH p

+LHU JLOW� D � (mHNWLYZHUW GHV 6WURPEHODJV� %� 0LWWHOZHUW GHU ,QGXNWLRQ� $ � /XIWVSDOW�HII p

oDFKH� 6WHLJW GLH 0DVFKLQHQODQJH� VR QLPPW DXFK GLH GUHKPRPHQWELOGHQGH /XIWVSDOWoDFKH� � �
SURSRUWLRQDO ]X� 'HU 6WURP PX{ VRPLW XPJHNHKUW SURSRUWLRQDO ]XU /DQJH VHLQ� 0LW GHP�
5DGLXV VWHLJW QHEHQ GHU /XIWVSDOWoDFKH DXFK GHU +HEHODUP DQ� 'HU 6WURP LVW GDKHU XP��
JHNHKUW SURSRUWLRQDO ]XP 4XDGUDW GHV 5DGLXV DQ]XSDVVHQ�

� �
, �U� O�  , �U � O � c c ������OH OH � � �N NO U

'LH :LFNOXQJVODQJH VHW]W VLFK ]XVDPPHQ DXV HLQHU D[LDOHQ /DQJH O XQG GHU /DQJH GHV� � �D[

:LFNHONRSIV PLW VHLQHU $XVGHKQXQJ LQ 8PIDQJVULFKWXQJ O � 'LH D[LDOH .RPSRQHQWH LVWXP

OLQHDU YRQ N DEKDQJLJ� ZRJHJHQ O OLQHDU YRQ N DEKDQJW�� �O XP U

O  � �O � O � PLW O �O�  O �O � N XQG O �U�  O �U � N ������ZLFN D[ XP D[ D[ � O XP XP � U

'LH 1XWoDFKH LVW TXDGUDWLVFK PLW GHP 5DGLXV JHNRSSHOW� 'DEHL ZLUG HLQ NRQVWDQWHU )XOO�� �
IDNWRU XQG HLQH XQYHUDQGHUWH :LQGXQJV]DKO YRUDXVJHVHW]W� (V VROO QLFKW DQJHQRPPHQ�
ZHUGHQ� GD{ GXUFK YHUDQGHUWH 'LPHQVLRQHQ XQWHUVFKLHGOLFKH +HUVWHOOXQJVYHUIDKUHQ IXU GLH� �
:LFNOXQJ XQG GDPLW XQWHUVFKLHGOLFKH )XOOIDNWRUHQ YRUOLHJHQ� )HUQHU NDQQ QLFKW EHUXFN�� �
VLFKWLJW ZHUGHQ� GD{ GLH 'UDKWH QXU LQ GLVNUHWHQ $EPHVVXQJHQ YHUIXJEDU VLQG� 'DPLW JLOW� �
DXFK IXU GHQ .XSIHUTXHUVFKQLWW��

�$ �U�  $ �U � c N ������FX FX � U

1XQ NRQQHQ GLH HLQ]HOQHQ $EKDQJLJNHLWHQ GHU .RPSRQHQWHQ LQ ����� HLQJHVHW]W ZHUGHQ�� �

� �
�

�� � Z � �O �O � N � O �U � N �D[ � O XP � U
3  = c , �O � U � c | ������Y FX OH � � � �N N $ �U � NO U FX � U

$QVFKOLH{HQG NDQQ GLH $EKDQJLJNHLW GHU .XSIHUYHUOXVWH YRQ 5DGLXV� XQG /DQJHQDQGH�� � �
UXQJ VRZLH GHQ .XSIHUYHUOXVWHQ GHU %H]XJVPDVFKLQH DQJHJHEHQ ZHUGHQ� 0DQ HUNHQQW
GHQ VWDUNHQ (LQoX{ GHV 5DGLXV DXI GLH .XSIHUYHUOXVWH�

N � V N �O OU U
3  3 �O � U � c c ������Y FX Y FX � � � �� � V N NOU O U

��



'DULQ EH]HLFKQHW V GDV LQ GHU %H]XJVPDVFKLQH YRUOLHJHQGH 9HUKDOWQLV GHV LQ 8PIDQJV��OU

ULFKWXQJ OLHJHQGHQ 7HLOV GHU :LQGXQJHQ ]X GHP $QWHLO� GHU LQ GHU LQ D[LDOHU 5LFKWXQJ
OLHJW�

O �U �D[ �
V  ������OU

O �O �XP �

$XVJHKHQG YRQ GHU %H]XJVPDVFKLQH NRQQHQ PLW +LOIH HLQHV 3URJUDPPV GLH MHZHLOV ]X�
HLQHP EHVWLPPWHQ 5DGLXV XQG HLQHU EHVWLPPWHQ /DQJH JHKRULJHQ 9HUOXVWH HUUHFKQHW ZHU�� �
GHQ�

����� 0LQLPLHUXQJ GHU *HVDPWYHUOXVWH

%DVLHUHQG DXI GLHVHQ )RUPHOQ NDQQ GLH *HRPHWULH GHU %H]XJVPDVFKLQH HLQHU 9DULDWLRQ YRQ
/DQJH XQG 5DGLXV XQWHUZRUIHQ ZHUGHQ� 6R NRQQHQ EHLVSLHOVZHLVH GLH /DQJH XQG GHU 5DGLXV� � �
EHUHFKQHW ZHUGHQ� EHL GHQHQ VLFK GLH JHULQJVWHQ *HVDPWYHUOXVWH HUJHEHQ� :HLWHU NDQQ PDQ
IXU HLQHQ IHVWHQ 5DGLXV GLH /DQJH PLW GHQ JHULQJVWHQ *HVDPWYHUOXVWHQ EHVWLPPHQ RGHU� �
XPJHNHKUW�

'LHVH GUHL 0RJOLFKNHLWHQ VROOHQ IXU GHQ )DOO� GD{ DOV %H]XJVPDVFKLQH GHU 3URWRW\S JHZDKOW� � �
ZLUG� YRUJHIXKUW ZHUGHQ� $XV GHU (LVHQYHUOXVWEHUHFKQXQJ IXU GHQ 0DVFKLQHQTXHUVFKQLWW� �
IROJW HLQ :HUW YRQ 3 �O � U � { ��� :� 8P %HDUEHLWXQJV]XVFKODJH ]X EHUXFNVLFKWLJHQ� �Y IH � �

ZLUG GLH 5HFKQXQJ PLW HLQHP DQJHQRPPHQHQ :HUW YRQ ��� : IXU GLH (LVHQYHUOXVWH�
GXUFKJHIXKUW� =XP 'UHKPRPHQWDXIEDX EHGDUI HV HLQHV 6WURPHV� GHU .XSIHUYHUOXVWH YRQ�
FD� ��� : ]XU )ROJH KDW� 0LW GLHVHQ :HUWHQ NRQQHQ QXQ GLH )RUPHOQ ����� XQG �������
DXVJHZHUWHW ZHUGHQ�

�� $OV DEVROXW RSWLPDOH *HRPHWULH HUKDOW PDQ HLQH 0DVFKLQH PLW FD� ��� PP 5DGLXV XQG�
HLQHU /DQJH YRQ FD� �� PP� 'LH 9HUOXVWH EHWUDJHQ GDQQ��

U  ������� PP 3  ������ :RSW Y FX RSW

O  ������ PP 3  ������� :RSW Y IH RSW

3  ������� :Y JHV RSW

=XQDFKVW XEHUUDVFKW GLH JHULQJH 0DVFKLQHQODQJH� GLH MD ]XVDPPHQ PLW GHP JUR{HQ 5DGLXV� � �
HLQHQ KRKHQ .XSIHUYHUOXVWDQWHLO LQ GHQ :LFNHONRSIHQ EHGHXWHW� $QGHUHUVHLWV PX{ EHDFKWHW�
ZHUGHQ� GD{ DXIJUXQG GHV JUR{HQ 5DGLXV QXU QRFK ZHQLJ 6WURP ]XU 'UHKPRPHQWELOGXQJ
QRWLJ LVW XQG GLHVHU 6WURP JUR{H 1XWTXHUVFKQLWWH ]XU 9HUIXJXQJ KDW� 'LHVHV (UJHEQLV� �
]HLJW EHUHLWV GHXWOLFK� GD{ GHU 5DGLXV GHU 0DVFKLQH LQQHUKDOE GHV YHUIXJEDUHQ %DXUDXPV�
VR JUR{ ZLH PRJOLFK JHZDKOW ZHUGHQ VROOWH�� �

�� 'HU PD[LPDOH $X{HQUDGLXV YRQ ��� PP �$EVFKQLWW ���� XQG GLH HLQ]XKDOWHQGHQ 5RWRU�
MRFKKRKHQ JHVWDWWHQ MHGRFK QXU HLQHQ PD[LPDOHQ /XIWVSDOWUDGLXV YRQ �HWZD� ��� PP� (V�
LVW GDUXP GLH )UDJH ]X VWHOOHQ� PLW ZHOFKHU 0DVFKLQHQODQJH VLFK GLH JHULQJVWHQ *HVDPW��
YHUOXVWH EHL GLHVHP 5DGLXV HUJHEHQ� 'LH %HUHFKQXQJ HUJLEW DOV JXQVWLJVWH /DQJH HLQHQ� �
:HUW YRQ FD� �� PP� 'LHVH 3DNHWODQJH NDQQ LQ GHU PD[LPDOHQ *HVDPWODQJH YRQ �� PP� �
UHDOLVLHUW ZHUGHQ� 'LH (UJHEQLVVH GHU 2SWLPLHUXQJ XQWHUVFKHLGHQ VLFK GDPLW NDXP YRQ
GHQHQ GHU %H]XJVPDVFKLQH�

U  ������� PP 3  ������ :RSW Y FX RSW

O  ������ PP 3  ������� :RSW Y IH RSW

3  ������� :Y JHV RSW

��



�� 6FKOLH{OLFK NDQQ PDQ QDFK GHP 5DGLXV IUDJHQ� GHU EHL HLQHU 3DNHWODQJH YRQ �� PP��
GHP PD[LPDO DXVIXKUEDUHQ :HUW� ]X GHQ JHULQJVWHQ 9HUOXVWHQ IXKUW� (V HUJLEW VLFK�� �

U  ������ PP 3  ������ :RSW Y FX RSW

O  ������ PP 3  ������� :RSW Y IH RSW

3  ������� :Y JHV RSW

'LH JHULQJHQ 8QWHUVFKLHGH GHU *HVDPWYHUOXVWH ODVVHQ DXI oDFKH 0LQLPD LQ GHQ .XUYHQ
VFKOLH{HQ� ZHOFKH GLH *HVDPWYHUOXVWH LQ $EKDQJLJNHLW YRQ /DQJH XQG 5DGLXV ZLHGHUJHEHQ�� �
,Q GHQ IROJHQGHQ EHLGHQ 'DUVWHOOXQJHQ �%LOGHU �������� ZHUGHQ GLHVH .XUYHQ DQJHJHEHQ�
$XmDOOLJ XQG UHOHYDQW IXU GHQ (QWZLFNOHU LVW HLQHUVHLWV� GD{ VLFK DXFK IXU /DQJHQ XQG� � � �
5DGLHQ� GLH VLFK EHUHLWV ZHLW YRP DEVROXWHQ 2SWLPXP HQWIHUQW EHnQGHQ� HLQ ]XJHKRULJHU�
5DGLXV E]Z� HLQH /DQJH nQGHQ ODVVHQ� EHL GHQHQ GLH *HVDPWYHUOXVWH GHU 0DVFKLQH HLQ�
0LQLPXP GDUVWHOOHQ� 'LHV JLOW DXFK IXU GLH .XUYHQ� GHUHQ 0LQLPXP QLFKW PHKU LP GDUJH��
VWHOOWHQ %HUHLFK OLHJW� 'DEHL LVW ZLFKWLJ� GD{ GLHVH 0LQLPD QXU XQZHVHQWOLFK KRKHU OLHJHQ�
DOV LP DEVROXWHQ 2SWLPXP� $QGHUHUVHLWV IDOOW DXI� GD{ EHL HLQHU XQJXQVWLJHQ .RPELQDWLRQ� �
GHU :HUWH GXUFKDXV VHKU KRKH *HVDPWYHUOXVWH UHVXOWLHUHQ NRQQHQ� 'HU (QWZLFNOHU NDQQ�
GDPLW LQ JHZLVVHQ *UHQ]HQ /DQJH XQG 5DGLXV DQ GLH (LQEDXEHGLQJXQJHQ DQSDVVHQ� RKQH�
HLQHQ VFKOHFKWHQ :LUNXQJVJUDG LQ .DXI QHKPHQ ]X PXVVHQ� 9RUDXVVHW]XQJ LVW� GD{ HLQ�
:HUWHSDDU JHZDKOW ZLUG� GDV LQ GHU 1DKH GHU /LQLH GHU 0LQLPD OLHJW�� �

%LOG ���� $EKDQJLJNHLW GHU *HVDPWYHUOXVWH YRQ GHU 3DNHWODQJH� 5DGLXV LVW 3DUDPHWHU� �

���� 2SWLPLHUXQJ GHU 1XWJHRPHWULH

'LH :DKO GHU 1XWIRUP VRZLH LKUH %UHLWH XQG 7LHIH EHHLQoXVVHQ GLH 9HUOXVWH GHU 0DVFKLQH
HUKHEOLFK� 8P GLH ]XU 'UHKPRPHQWHQWZLFNOXQJ QRWLJHQ 6WURPH XQG )HOGHU ]X IXKUHQ� VLQG� � �
EHVWLPPWH 4XHUVFKQLWWH IXU GLH 1XW VRZLH GHQ =DKQ %HGLQJXQJ� %HNDQQWOLFK GXUIHQ EH�� �
VWLPPWH NULWLVFKH *UHQ]ZHUWH GHU 6WURPGLFKWH LP .XSIHU XQG GHU ,QGXNWLRQ LP =DKQ QLFKW
XEHUVFKULWWHQ ZHUGHQ� .DQQ LP HUVWHQ )DOO QRFK GXUFK YHUEHVVHUWH .XKOXQJ ]X KRKHUHQ� � �
:HUWHQ JHJDQJHQ ZHUGHQ� VR VWHOOW GLH 6DWWLJXQJVLQGXNWLRQ GHV (LVHQV LP ]ZHLWHQ )DOO�
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%LOG ���� $EKDQJLJNHLW GHU *HVDPWYHUOXVWH YRP 5DGLXV� 3DNHWODQJH LVW 3DUDPHWHU� �

HLQH UHODWLY n[H *UR{H GDU� GLH DXFK IXU GLH PHLVWHQ JHHLJQHWHQ (OHNWUREOHFKH QXU JH�� �
ULQJIXJLJ YDULLHUW� 'RFK DXFK XQWHUKDOE GLHVHU *UHQ]ZHUWH NDQQ GXUFK HLQH JXQVWLJH :DKO� �
GHU 1XW GDV 9HUOXVWQLYHDX DEJHVHQNW ZHUGHQ� =LHO VROO HV ZLHGHUXP VHLQ� HLQHQ IXQNWLRQD�
OHQ =XVDPPHQKDQJ ]ZLVFKHQ GHQ 1XWDEPHVVXQJHQ XQG GHQ (LVHQ� E]Z� .XSIHUYHUOXVWHQ
]X nQGHQ� 'LH 8QWHUVXFKXQJ JHKW ZLHGHU YRQ HLQLJHQ $QQDKPHQ DXV� GLH GDV 3UREOHP
XEHUVFKDXEDU PDFKHQ� 6R VROO GLH 1XWIRUP HLQ 5HFKWHFN VHLQ� GD DXI GLHVH :HLVH HLQID��
FKHUH %H]LHKXQJHQ IXU GLH .XSIHUYHUOXVWH IROJHQ� 'LHVH DQ VLFK IXU GHQ )HOGYHUODXI HWZDV� �
XQJXQVWLJH XQG GHVKDOE IXU 0RGXODUH 'DXHUPDJQHWPDVFKLQHQ XQJHZRKQOLFKH )RUP LVW� � �
LP )DOOH GHV 3URWRW\SHQ DXVIXKUEDU� GD VLFK HLQH UHODWLY JHULQJH 1XWWLHIH HUJLEW� )HUQHU�
VHL ZLHGHU HLQ NRQVWDQWHU )XOOIDNWRU DQJHQRPPHQ��

������ (LQoX{ DXI GLH (LVHQYHUOXVWH

:XUGH NHLQH 1XWoDFKH QRWLJ VHLQ� ZDUH GDV 6WDWRUHLVHQPDWHULDO DXI GLH =DKQNRSIH XQG� � � � �
GDV -RFK EHVFKUDQNW� :LUG HLQH EHVWLPPWH 1XWWLHIH DQJHQRPPHQ� VR NRPPW ^ VRODQJH�
GLH =XZDFKVH NOHLQ LP 9HUKDOWQLV ]XP 5DGLXV VLQG ^ HLQ (LVHQDQWHLO KLQ]X� GHU SURSRUWLR�� �
QDO ]XU 1XWWLHIH LVW� 'LH (LVHQYHUOXVWH QHKPHQ GDPLW DXVJHKHQG YRQ HLQHP 6RFNHODQWHLO
OLQHDU PLW GHU 1XWWLHIH ]X� :LOO PDQ GLH $EKDQJLJNHLW DXVJHKHQG YRQ HLQHP EHNDQQWHQ�
9HUOXVWZHUW EHL HLQHU EHVWLPPWHQ 1XWWLHIH GDUVWHOOHQ� HUKDOW PDQ��

3 �K �  3 �K � c �� � V �N b ��� ������Y IH Q Y IH Q � K K

P K= � Q
PLW V � XQG N � ������K K

P K� Q �

%HL ]XQHKPHQGHU 1XWEUHLWH VWHLJW GLH =DKQLQGXNWLRQ HQWVSUHFKHQG GHU 4XHUVFKQLWWVHLQHQ�
JXQJ LP =DKQ DQ� 'D VRZRKO +\VWHUHVH� DOV DXFK :LUEHOVWURPYHUOXVWH TXDGUDWLVFK YRQ GHU
,QGXNWLRQ DEKDQJHQ� VWHLJHQ GLH VSH]LnVFKHQ 9HUOXVWH TXDGUDWLVFK DQ� $QGHUHUVHLWV QLPPW�
GDV DEVROXW XP]XPDJQHWLVLHUHQGH 0DWHULDO GXUFK GLH 9HUULQJHUXQJ GHV =DKQTXHUVFKQLWWV
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DE� :HQQ PDQ GDUDXI DFKWHW� GD{ 6DWWLJXQJVHLQoXVVH QLFKW LQ GHQ 9RUGHUJUXQG WUHWHQ�� �
NDQQ PDQ VFKUHLEHQ� � �

b�

� � NE
3 �E �  3 �E � c �� � V �� b N �� � b ������Y IH Q Y IH Q � E E ~Q�b

E�

P EQ � Q
PLW V � XQG N � ������E E

P E� Q �

'LHV ZXUGH DQKDQG HLQHU 7HVWJHRPHWULH PLW +LOIH YRQ )(0�5HFKQXQJHQ NRQWUROOLHUW� $OV
'DWHQEDVLV GLHQWH ZLHGHUXP GHU 3URWRW\S� ,QQHUKDOE GHU UHOHYDQWHQ %HUHLFKH NDQQ PDQ
GLH %H]LHKXQJ DOV DXVUHLFKHQG JXW HUIXOOW DQVHKHQ� $E HLQHU 1XWEUHLWH YRQ FD� ��� HU��
NHQQW PDQ EHUHLWV GHQ (LQoX{ GHU 6DWWLJXQJ� GHU GHQ (LVHQYHUOXVWDQVWLHJ EHL VWHLJHQGHU�
1XWEUHLWH DEoDFKW�

%LOG ���� (LVHQYHUOXVWH DEKDQJLJ YRQ GHQ 1XWDEPHVVXQJHQ�

������ (LQoX{ DXI GLH .XSIHUYHUOXVWH

'LH $EKDQJLJNHLW GHU .XSIHUYHUOXVWH YRQ GHU 1XWJUR{H OD{W VLFK HLQIDFKHU IDVVHQ XQG� � �
LVW SUD]LVHU� GD NHLQH 1LFKWOLQHDULWDWHQ DXIWUHWHQ� 'LH 9HUOXVWH YHUKDOWHQ VLFK XPJHNHKUW� �
SURSRUWLRQDO ]XU 1XWoDFKH� ZHOFKH SURSRUWLRQDO PLW GHU 1XWEUHLWH XQG �WLHIH ]XQLPPW��
'LH $EKDQJLJNHLW ODXWHW GDPLW��

3 �K �  3 �K � c N ������Y FX Q Y FX Q � K

3 �E �  3 �E � c N ������Y FX Q Y FX Q � E

:REHL N XQG N ZLH LP )DOOH GHU (LVHQYHUOXVWH GHnQLHUW VLQG� 'LHVH =XVDPPHQKDQJH VLQG�K E

LQ %LOG ��� GDUJHVWHOOW�
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%LOG ���� .XSIHUYHUOXVWH DEKDQJLJ YRQ GHQ 1XWDEPHVVXQJHQ�

������ 0LQLPLHUXQJ GHU *HVDPWYHUOXVWH

)XKUW PDQ EHLGH $EKDQJLJNHLWHQ ]XVDPPHQ� NDQQ EHL HLQHU ]XJUXQGH OLHJHQGHQ %H]XJV�� �
JHRPHWULH HLQ 2SWLPXP DXV GHQ .XUYHQYHUODXIHQ DEJHOHVHQ ZHUGHQ��

%LOG ���� *HVDPWYHUOXVWH DEKDQJLJ YRQ GHQ 1XWDEPHVVXQJHQ�

'D HV VLFK DXFK KLHU XP HLQ VHKU oDFKHV 2SWLPXP KDQGHOW� EHVWHKW ZLHGHU 6SLHOUDXP
IXU GLH $XVZDKO� %HNDQQWOLFK VLQG GLH (LVHQYHUOXVWH PLW EHWUDFKWOLFKHQ 8QVLFKHUKHLWHQ� �
LQ GHU %HUHFKQXQJ EHKDIWHW� (V ZLUG GHVKDOE HLQH *HRPHWULH DXVJHZDKOW� GLH DXFK GDQQ�
JHULQJH *HVDPWYHUOXVWH DXIZHLVW� ZHQQ GLH WDWVDFKOLFKHQ (LVHQYHUOXVWH JHULQJIXJLJ KRKHU� � �
VHLQ VROOWHQ DOV HUZDUWHW�
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���� *OHLFK]HLWLJH 2SWLPLHUXQJ YRQ 5DGLXV� /DQJH�

XQG 1XWIRUP

'LH LQ GHQ $EVFKQLWWHQ ��� XQG ���� YRUJHVWHOOWHQ )RUPHOQ JHEHQ $XVNXQIW XEHU GLH�
UHODWLYHQ 9HUDQGHUXQJHQ GHU EHLGHQ +DXSWYHUOXVWDUWHQ EHL 9DULDWLRQHQ YRQ /DQJH� 5DGL�� �
XV� 1XWEUHLWH XQG 1XWWLHIH� 'LHVH ELVKHU XQDEKDQJLJ YRQHLQDQGHU EHWUDFKWHWHQ (LQoXVVH� �
NRQQHQ DXFK LQ LKUHU JOHLFK]HLWLJHQ :LUNXQJ DXI GLH 9HUOXVWH EHWUDFKWHW ZHUGHQ� 0LW +LOIH�
GHU )RUPHOQ ������ XQG ������ NDQQ DXVJHKHQG YRQ HLQHU 6WDUWJHRPHWULH� GHUHQ 9HUOXV�
WDXIWHLOXQJ EHNDQQW LVW� HLQH YHUEHVVHUWH *HRPHWULH JHIXQGHQ ZHUGHQ�

3 �O� U� K � E �  3 �O � U � K � E �9 FX Q Q 9 FX � � Q � Q �

N � V N � �O OU U
c c c ������

� �� � V N N N NOU K EQ QO U

3 �O� U� K � E �  3 �O � U � K � E �Y IH Q Q 9 IH � � Q � Q �� �
b�

� � NEQ�
cN c N c �� � V ��b N �� c � b c �� � V �N b ��� ������O U E E K K

�b ~  EQ �

0LW QXPHULVFKHU 5HFKQXQJ NRQQWH JHSUXIW ZHUGHQ� RE GLH RELJHQ *OHLFKXQJHQ ^ LQQHUKDOE� �
VLQQYROOHU *UHQ]HQ IXU GLH YLHU YDULDEOHQ 0DVFKLQHQSDUDPHWHU ^ HLQ 0LQLPXP GHU 9HUOXVWH�
PLW GHP ]XJHKRULJHQ 3DUDPHWHUVDW] ]X EHVWLPPHQ HUODXEHQ��

���� :LFNOXQJVDXVOHJXQJ

(QWVSUHFKHQG GHQ LQ $EVFKQLWW ��� JHWURmHQHQ )HVWOHJXQJHQ IXU /XIWVSDOW XQG 0D��
JQHWKRKH NDQQ GLH /XIWVSDOWLQGXNWLRQ DEJHVFKDW]W ZHUGHQ� 1DFK ����� HUJLEW VLFK PLW� �

�GHU 5HPDQHQ]LQGXNWLRQ GHV 0DJQHWPDWHULDOV YRQ ���� 7 �:HUW EHL �� &� HLQH /XIWVSDOW�
LQGXNWLRQ YRQ HWZD � 7� %HL HLQHU 3ROSDDU]DKO YRQ S  ��� GLH EHL ���� 8S0 HLQHU
)UHTXHQ] YRQ ��� +] HQWVSULFKW� HUKDOW PDQ HLQHQ (mHNWLYZHUW GHU LQGX]LHUWHQ 6SDQQXQJ�
YRQ FD� ��� 9 SUR :LQGXQJ� 'LHVHQ :HUWHQ OLHJHQ HLQH 3DNHWODQJH YRQ �� PP XQG HLQ�
/XIWVSDOWUDGLXV YRQ ��� PP ]XJUXQGH�

8P GHQ :HFKVHOVWURPZLGHUVWDQG EHL KRKHQ 'UHK]DKOHQ XQG GDPLW KRKHQ )UHTXHQ]HQ
QLFKW ]X VWDUN DQVWHLJHQ ]X ODVVHQ� PX{ GHU 'UDKWGXUFKPHVVHU UHODWLY GXQQ JHKDOWHQ ZHU��
GHQ� /D{W PDQ EHL 0D[LPDOGUHK]DKO ^ GLH )UHTXHQ] EHWUDJW LQ GLHVHP )DOO ���� +] ^� �
HLQH :LGHUVWDQGV]XQDKPH YRQ ��� ]X� GDUI HLQ 'UDKWGXUFKPHVVHU YRQ ��� PP QLFKW
XEHUVFKULWWHQ ZHUGHQ��

0LW GLHVHP 'UDKW VROO GLH HQWVSUHFKHQG GHU %OHFKVFKQLWWRSWLPLHUXQJ IHVWJHOHJWH 1XWIRUP
PRJOLFKVW JXW JHIXOOW ZHUGHQ� 0DQ NDQQ RKQH ZHLWHUHV HUNHQQHQ� GD{ PHKUHUH 'UDKWH� � �
SDUDOOHO JHVFKDOWHW ZHUGHQ PXVVHQ� %HL GHU 3DUDOOHOVFKDOWXQJ PX{ GDUDXI JHDFKWHW ZHUGHQ��
GD{ VDPWOLFKH SDUDOOHOHQ (LQ]HOZLFNOXQJHQ PLW ZHLWJHKHQG JOHLFKHQ )OXVVHQ YHUNHWWHW VLQG� �
XQG GHQ JOHLFKHQ :LGHUVWDQG DXIZHLVHQ� XP $XVJOHLFKVVWURPH ]X YHUPHLGHQ� 6FKOLH{OLFK�
PX{ VLFK GLH :LFNOXQJ PLW YHUWUHWEDUHP $XIZDQG KHUVWHOOHQ ODVVHQ� 'LH )RUGHUXQJHQ

��



ODVVHQ VLFK YRQ HLQHU :LFNOXQJ HUIXOOHQ� GLH LQ IXQI 6FKLFKWHQ PLW MH �� :LQGXQJHQ XP� �
GHQ =DKQ JHOHJW ZLUG� 'LH IXQI (LQ]HOGUDKWH ZHUGHQ SDUDOOHO JHVFKDOWHW�� �

$XV GHU 6SDQQXQJVTXHOOH NDQQ EHL %HODVWXQJ HLQH 6WUDQJVSDQQXQJ YRQ FD� �� 9 EHUHLW�
�JHVWHOOW ZHUGHQ� 'LH YRUJHVHKHQH :LFNOXQJ PLW HLQHU :LQGXQJV]DKO YRQ Z  �� IXKUW�

EHL ���� 8S0 ]X HLQHU 3ROUDGVSDQQXQJ YRQ FD� �� 9� 0LW GHU $QJDEH IXU GLH :LQGXQJV��
]DKO NRQQHQ QDFK >��@ XQG >��@ GLH ,QGXNWLYLWDWHQ EHVWLPPW ZHUGHQ� 'LH 'LmHUHQ] YRQ� �
� 9 UHLFKW DXFK EHL KRKHQ 'UHK]DKOHQ DXV� XP GHQ 0DVFKLQHQVWURP HLQ]XSUDJHQ� %H��
GLQJW GXUFK GLH :DKO HLQHU 0DVFKLQH PLW S
  � XQG JHUDGHU 6WUDQJ]DKO NRQQHQ MH YLHU�
0RGXOH PLW HLQHP =ZHLJ GHV 3XOVZHFKVHOULFKWHUV YHUEXQGHQ ZHUGHQ� 'D EHUHLWV HLQ =DKQ
GLH PD[LPDO ]XODVVLJH 3ROUDGVSDQQXQJ HUUHLFKW� PXVVHQ GLH 0RGXOH HLQHV 6WUDQJV SDUDOOHO� �
JHVFKDOWHW ZHUGHQ�

���� =XVDPPHQIDVVXQJ GHU 0DVFKLQHQGDWHQ

�'LH DQJHVWHOOWHQ 8EHUOHJXQJHQ JHVWDWWHQ GLH )HVWOHJXQJ GHU *HRPHWULH GHV %OHFKVFKQLWWV�
GHU 0DJQHW� XQG 5RWRUJHRPHWULH VRZLH GHU :LFNOXQJ� 'LHVH 'DWHQ ZHUGHQ LQ GHU IROJHQGHQ
7DEHOOH ]XVDPPHQJHID{W� 'LH $XVOHJXQJ GHU 0DVFKLQH LVW GDPLW DEJHVFKORVVHQ�

6WUDQJ]DKO� P  �
�nNWLYH 6WUDQJ]DKO� P  ��

3RO]DKO� �S  ��
�3ROSDDU]DKO GHV 6WDWRUV� S  �

=DKQ]DKO� =  ��
�PLWODXIHQGH +DXSWZHOOH y  �
�JHJHQODXIHQGH +DXSWZHOOH y  �

JHRPHWULVFKHU /XIWVSDOW� p  ��� PPJHR

0DJQHWKRKH� K  � PP� SP

0DJQHWODQJH� O  �d �� PP �D[LDO YLHU 7HLOPDJQHWHQ�� SP

5RWRUSROEHGHFNXQJVIDNWRU� m  �����

6WDWRU]DKQEHFNXQJVIDNWRU� m  ������

1XWVFKOLW]KRKH� K  ��� PP� QV

1XWVFKOLW]EUHLWH� E  ��� PPQV

1XWKRKH� K  ���� PP� Q

1XWEUHLWH� E  ��� PPQ

6WDWRUMRFKKRKH� K  ���� PP� M �

5RWRUMRFKKRKH� K  ��� PP� M �

/XIWVSDOWUDGLXV� U  ����� PPp

6WDWRUDX{HQUDGLXV� U  ���� PP�D

6WDWRULQQHQUDGLXV� U  ���� PP� L

0DJQHWLQQHQUDGLXV� U  ����� PPSP L

0DJQHWDX{HQUDGLXV� U  ����� PPSPD

5RWRUMRFKLQQHQUDGLXV� U  ����� PPM � L

5RWRUMRFKDX{HQUDGLXV� U  ����� PPM �D

%OHFKSDNHWODQJH� O  ���� PP� IH

�:LQGXQJV]DKO� Z  Z  ��

��



SDUDOOHOH =ZHLJH� D  �
'UDKWGXUFKPHVVHU �EODQN�� G  ���� PPGU

:LFNHONRSIDXVGHKQXQJ� O  � PP MH 6HLWHZN

0LW +LOIH GHU VR IHVWJHOHJWHQ 0DVFKLQHQSDUDPHWHU ODVVHQ VLFK GLH 0DVFKLQHQNHQQJUR{HQ�
EHVWLPPHQ� 'LH :HUWH GHU ZLFKWLJVWHQ *UR{HQ VROOHQ DQJHJHEHQ ZHUGHQ��

/XIWVSDOWLQGXNWLRQ� % { ��� 7pPD[

6WURPEHODJVJUXQGZHOOH� $  ����� $�P� �

�6WURPGLFKWH� 6  ���� $�PP
'UHKPRPHQW� 0  ����� 1P'

3ROUDGVSDQQXQJ� 8  ��� 9 SUR :LQGXQJ LP 1HQQSXQNWS
�:LQGXQJV]DKO� Z  Z  ��

SDUDOOHOH =ZHLJH� D  �
6WUDQJVWURP� ,  ���� $6WU

6WUDQJZLGHUVWDQG� 5  ����� Pl6WU

6WUDQJLQGXNWLYLWDW� /  ���� x+� 6WU

,QGXNWLYHU 6SDQQXQJVIDOO� 8  ���� 9 LP 1HQQSXQNW/

2KPVFKHU 6SDQQXQJVIDOO� 8  ���� 9 LP 1HQQSXQNW5

.XSIHUYHUOXVWH� 3  ���� : EHL 1HQQVWURPY FX

(LVHQYHUOXVWH� 3 { ��� : LP 1HQQSXQNW �%HDUEHLWXQJV]XVFKODJ ����Y IH

3HUPDQHQWPDJQHWYHUOXVWH� 3 { �� : LP 1HQQSXQNWY SP

5HLEYHUOXVWH� 3 { �� : EHL 1HQQGUHK]DKOY U

*HVDPWYHUOXVWH� 3 { ��� : LP 1HQQSXQNWY JHV

6WDWRUHLVHQPDVVH� P  ���� NJIH �

6WDWRUNXSIHUPDVVH� P  ���� NJFX �

3HUPDQHQWPDJQHWPDVVH� P  ���� NJSP

5RWRUHLVHQPDVVH� P  ���� NJIH �

DNWLYH *HVDPWPDVVH� P  ���� NJDNW

$EVFKOLH{HQG VROO GLH JHIXQGHQH *HRPHWULH PLW HLQHU PDJQHWLVFKHQ )HOGUHFKQXQJ XEHU��
SUXIW ZHUGHQ� %LOG ��� ]HLJW GDV YRQ GHQ 3HUPDQHQWPDJQHWHQ HUUHJWH )HOG RKQH GHQ�
(LQoX{ GHU 6WDWRUVWURPH� :DKOW PDQ HLQH 'DUVWHOOXQJ� ZHOFKH GLH ,QGXNWLRQHQ DQJLEW�� �
VWHOOW PDQ LQ GHQ (LVHQEHUHLFKHQ PD[LPDOH ,QGXNWLRQHQ YRQ ��� 7 IHVW� ZDV GHXWOLFK XQ�
WHUKDOE GHU 6DWWLJXQJVLQGXNWLRQ GHV YHUZHQGHWHQ 0DWHULDOV OLHJW� :HLWHUKLQ NRQQHQ GDV� �
HQWZLFNHOWH 'UHKPRPHQW XQG GLH )HOGYHU]HUUXQJ GXUFK GLH 6WDWRUVWURPH QXPHULVFK EH��
VWLPPW ZHUGHQ� 'XUFK GLH 6WDWRUVWURPH HQWVWHKW HLQH JHZLVVH )HOGYHU]HUUXQJ� GLH ORNDO ]X�
HUKRKWHQ ,QGXNWLRQHQ XQG KRKHUHQ (LVHQYHUOXVWHQ IXKUW� 'LHVH $XVVDJHQ JHZLQQW PDQ DXV� � �
GHU 6LPXODWLRQ GHU 0DVFKLQH PLW LQ GHU 4XHUDFKVH HLQJHSUDJWHP 1HQQVWURP �%LOG �������

��



%LOG ���� )HOGYHUODXI LP /HHUODXI

%LOG ����� )HOGYHUODXI EHL 1HQQPRPHQW

��

FieldLines

FieldLines



8P GLH 3ROUDGVSDQQXQJ QXPHULVFK ]X HUPLWWHOQ� ZXUGH GHU 5RWRU LQ 6FKULWWHQ YRQ MH
���� JHGUHKW� ELV HLQH 'UHKXQJ XP HLQH 9LHUWHOSHULRGH YROOHQGHW ZDU� 'HU ZHLWHUH 9HUODXI

NDQQ GXUFK GLH 6\PPHWULHHLJHQVFKDIWHQ HUJDQ]W ZHUGHQ� $OV (UJHEQLV HUKDOW PDQ GHQ LQ� �
%LOG ���� JH]HLJWHQ 9HUODXI YRQ )OX{ XQG 3ROUDGVSDQQXQJ� 'LHVH %HUHFKQXQJHQ ELOGHQ
DXFK GLH %DVLV ]X HLQHU VHKU SUD]LVHQ 0HWKRGH GHU (LVHQYHUOXVWEHVWLPPXQJ� GLH LQ >��@ ]X�
GLHVHP .DSLWHO EHVFKULHEHQ ZLUG�

%LOG ����� ,QGX]LHUWH 6SDQQXQJ EHL YROOHU $XVOHQNXQJ

���� $NWLYWHLOH GHV 3URWRW\SHQ

,Q %LOG ���� VLQG GLH DNWLYHQ 7HLOH GHV 3URWRW\SHQ LP /DQJV� XQG 4XHUVFKQLWW GDUJHVWHOOW��
'DEHL VWHOOW GHU DX{HUH 5LQJ GDV 5RWRUMRFK GDU� DXI GHP GLH 3HUPDQHQWPDJQHWHQ DQ��
JHEUDFKW VLQG� 'LH �� 1HRG\P�(LVHQ�%RU � 0DJQHWHQ VLQG HQWVSUHFKHQG GHQ EHQRWLJWHQ�
5DGLHQ JHIRUPW� 'HU 6WDWRU� GHU DXV ��� PP VWDUNHP (OHNWUREOHFK DXIJHEDXW LVW� WUDJW�
�� 0RGXOH� $XI EHLGHQ 6HLWHQ GHV 6WDWRUV VLQG GXQQH 3HUWLQD[VFKHLEHQ DXIJHEUDFKW� GLH�
GD]X GLHQHQ� GLH :LFNOXQJ LP :LFNHONRSIEHUHLFK ]X VWXW]HQ XQG JHJHQ GDV 6WDWRUHLVHQ�
]X LVROLHUHQ� 'DPLW VLQG VDPWOLFKH $NWLYWHLOH GHU 0DVFKLQH GHnQLHUW� VR GD{ PLW GHU .RQ��
VWUXNWLRQ GHU 3DVVLYWHLOH XQG GHQ (LQULFKWXQJHQ� GLH IXU GLH PHFKDQLVFKH )HOGVFKZDFKXQJ� �
QRWLJ VLQG� EHJRQQHQ ZHUGHQ NDQQ��
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%LOG ����� /DQJV� XQG 4XHUVFKQLWW GHU $NWLYWHLOH GHV 3URWRW\SHQ�
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,P YRUDQJHJDQJHQHQ .DSLWHO ZXUGHQ GLH DNWLYHQ 7HLOH GHV 0RWRUV GLPHQVLRQLHUW� 8P GHQ
$QWULHE DOV 9HUVXFKVWUDJHU DXI]XEDXHQ� PX{ GLH .RQVWUXNWLRQ GHU 3DVVLYWHLOH HUIROJHQ��
$QVFKOLH{HQG NDQQ PLW GHU +HUVWHOOXQJ GHU DNWLYHQ XQG SDVVLYHQ 7HLOH GHV 0RWRUV EHJRQ�
QHQ ZHUGHQ�

��� .RQVWUXNWLRQ GHV 3URWRW\SHQ

'LH VWDUNH %HVFKUDQNXQJ GHV %DXUDXPV KDW QLFKW QXU DXI GLH $XVOHJXQJ GHU DNWLYHQ 7HLOH�
VWDUNHQ (LQoX{� DXFK GLH NRQVWUXNWLYH *HVWDOWXQJ GHU SDVVLYHQ 7HLOH PX{ PLW (UnQGXQJV�
UHLFKWXP HUIROJHQ� =XQDFKVW ZDU HLQH 8QWHUVXFKXQJ GHU 0DVFKLQH DQ HLQHP 9HUVXFKVVWDQG�
JHSODQW� GHU UDXPOLFK NHLQH DQVSUXFKVYROOHQ )RUGHUXQJHQ VWHOOWH� ,P *HJHQVDW] ]XU (LQ��
EDXVLWXDWLRQ LP )DKU]HXJ ^ KLHU ZLUG GHU 5RWRU DXI HLQH DXV GHP VWXIHQORVHQ *HWULHEH
DXVWUHWHQGH :HOOH PRQWLHUW ^ PX{WH IXU GHQ %HWULHE DP 9HUVXFKVVWDQG HLQH HLJHQH /DJH��
UXQJ GHV 5RWRUV YRUJHVHKHQ ZHUGHQ� $XV GLHVHP *UXQG VLQG 6WDWRU� XQG 5RWRUWUDJHU IXU� �
GHQ %HWULHE DP 9HUVXFKVVWDQG DQGHUV DXV]XIXKUHQ� DOV HV IXU GHQ VSDWHUHQ )DKU]HXJHLQVDW]� � �
HUIRUGHUOLFK LVW� 'LH DQGHUHQ 7HLOH GHU 0DVFKLQH VLQG VR JHVWDOWHW� GD{ VLH IXU HLQHQ )DKU��
]HXJHLQVDW] QLFKW JHDQGHUW ZHUGHQ PXVVHQ� $QKDQG GHU .RQVWUXNWLRQV]HLFKQXQJ %LOG ���� �
ZHUGHQ ]XQDFKVW GLH ZHVHQWOLFKHQ (OHPHQWH GHU 0DVFKLQH EH]HLFKQHW��

'HU PLW ��� EH]HLFKQHWH 6WDWRUWUDJHU VWHOOW GLH 9HUELQGXQJ ]ZLVFKHQ 6WDWRUEOHFKSDNHW �����
0DVFKLQHQIX{ ��� XQG /DJHUXQJ ��� GDU� 'DV 6WDWRUEOHFKSDNHW ��� ZLUG PLW 6FKUDXEHQ ����
GLH DXI HLQHQ 'UXFNULQJ ��� ZLUNHQ� DXI GHQ %XQG ��� DP 6WDWRUWUDJHU JHSUH{W� 'DV 'UHK��
PRPHQW ZLUG VRPLW UHLEVFKOXVVLJ XEHUWUDJHQ� 'LH .UDIW GHU 6FKUDXEHQ ��� ZLUG XEHU GHQ� � �
LP 'XUFKPHVVHU JHWHLOWHQ 6SDQQULQJ ��� DXI GHQ 6WDWRUWUDJHU ��� XEHUWUDJHQ� $X{HUKDOE� �
GHV %XQGHV DP 6WDWRUWUDJHU E]Z� GHV 'UXFNULQJV VLQG GLH :LFNHONRSIH ��� GHU 0DVFKLQH� �
VLFKWEDU� 'DV PLW ���� EH]HLFKQHWH (OHPHQW XEHUQLPPW GLH )XQNWLRQ GHV 5RWRUWUDJHUV PLW� �
:HOOH XQG ZHLVW HLQ :HOOHQHQGH DXI� DQ GHP HLQH %HODVWXQJVHLQKHLW DQJHNXSSHOW ZHUGHQ
NDQQ� $Q LKP LVW PLW GHQ 6FKUDXEHQ ���� GHU DX{HUH 5RWRUMRFKULQJ ���� XQG GLH DXV PHK��
UHUHQ 7HLOHQ EHVWHKHQGH .RQVWUXNWLRQ ����� ZHOFKH GLH PHFKDQLVFKH )HOGVFKZDFKXQJ QDFK�
.DSLWHO � UHDOLVLHUW� DQJHEUDFKW� $P ,QQHQUDGLXV GHU .RQVWUXNWLRQVHOHPHQWH ���� VLQG GLH
3HUPDQHQWPDJQHWHQ ���� EHIHVWLJW� 'LH 7HLOH GHU )HOGVFKZDFKXQJ ���� VWXW]HQ VLFK PLW� �

��



.XJHOODJHUQ ���� DXI 5RWRUWUDJHU ���� XQG 5RWRUMRFKULQJ ���� DE� 'LH )HGHU ���� VRUJW�
IXU GDV UXFNVWHOOHQGH 0RPHQW� GDV IXU GLH LQ GLHVHU $UEHLW YRUJHVWHOOWH PHFKDQLVFKH )HOG�� � �
VFKZDFKXQJ HUIRUGHUOLFK LVW� 6FKOLH{OLFK VLQG GDV /RVODJHU ���� XQG GDV )HVWODJHU ���� ]X�
HUNHQQHQ� GLH 6WDWRU XQG 5RWRU ]XHLQDQGHU SRVLWLRQLHUHQ� *HQDXHUH $QJDEHQ ]X )XQNWLRQ
XQG $XVIXKUXQJ GHU 7HLOH nQGHQ VLFK LQ GHU YROOVWDQGLJHQ 6DPPOXQJ GHU .RQVWUXNWLRQV�� �
]HLFKQXQJHQ >��@�

%LOG ���� /DQJVVFKQLWW GHV 3URWRW\SHQ�

'HU LQQHUH $XIEDX GHV 5RWRUV ZLUG DQKDQG GHU 'HWDLO]HLFKQXQJ %LOG ��� JHQDXHU EH�
VFKULHEHQ� 'LH 5HDOLVLHUXQJ GHU PHFKDQLVFKHQ )HOGVFKZDFKXQJ� ZLH VLH LP $EVFKQLWW ����
GDUJHVWHOOW LVW� ZLUIW EHL HLQHP $X{HQODXIHU PLW HLQHU 5RWRUMRFKVWDUNH YRQ QXU ��� PP� �
HLQLJH 3UREOHPH DXI� 8P EHL GHU HUVWHQ $XVIXKUXQJ GHV 3ULQ]LSV DXI GHU VLFKHUHQ 6HLWH�
]X VHLQ� ZXUGH EHVFKORVVHQ� GHQ EHZHJOLFKHQ 7HLO GHV 5RWRUV PLW 'XQQULQJODJHUQ �����
JHJHQXEHU GHP IHVWHQ 7HLO ��������� ]X IXKUHQ� (LQH *OHLWODJHUXQJ� GLH NRQVWUXNWLY ]ZDU� �
GHXWOLFK ZHQLJHU $XIZDQG EHGHXWHW KDWWH� VFKLHQ XQWHU %HUXFNVLFKWLJXQJ GHU 8QZXFKW�� �
XQG 0DJQHWNUDIWH ]X XQVLFKHU� $Q GHU ,QQHQVHLWH GHV 5RWRUMRFKULQJV ���� VLQG $EVWDQGV��
HOHPHQWH ���� HUNHQQEDU� GLH MHZHLOV HWZD HLQ $FKWHO GHV 8PIDQJV EHGHFNHQ� 'LH YLHU
LQ JOHLFKHP $EVWDQG DQJHRUGQHWHQ (OHPHQWH WUDJHQ GHQ -RFKULQJ ���� GHV IHVW PLW GHU
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%LOG ���� 4XHUVFKQLWW GHV 3URWRW\SHQ

5RWRUZHOOH YHUEXQGHQHQ 5RWRUWHLOV� 'LH 6FKUDXEHQ ���� ZHUGHQ GXUFK HLQH %RKUXQJ LQ
GHQ $EVWDQGVHOHPHQWHQ JHVWHFNW XQG LQ *HZLQGHERKUXQJHQ GHV 5LQJV ���� JHKDOWHQ� $P
5LQJ ���� LVW GLH +DOIWH GHU LQVJHVDPW �� 0DJQHWHQ EHIHVWLJW� 'HU VRJ� EHZHJOLFKH 5RWRU��
WHLO PX{WH LQ ]ZHL 5LQJH ��������� XQWHUWHLOW ZHUGHQ� 'HU 5LQJ ����� GHU DXI GHP OLQNHQ
'XQQULQJODJHU DXoLHJW� JUHLIW ]ZLVFKHQ GHQ $EVWDQGVHOHPHQWHQ ���� KLQGXUFK XQG ZLUG�
PLW HLQHU VSLHOIUHLHQ 3DVVXQJ DXI GHQ 5LQJ ���� DXIJHVFKREHQ� 'XUFK 9RUVSUXQJH XQG�
$XVVSDUXQJHQ ZLUG HUUHLFKW� GD{ GLH EHLGHQ 7HLOH QXU LQ HLQHU 3RVLWLRQ ]XVDPPHQJHIXJW�
ZHUGHQ NRQQHQ� 'LHV LVW HUIRUGHUOLFK� GDPLW 0DJQHWHQ JOHLFKHU 0DJQHWLVLHUXQJ D[LDO H[��
DNW oXFKWHQ� 'DV UHFKWH 'XQQULQJODJHU XQWHUVWXW]W GHQ 5LQJ ���� XQG ZLUG VHOEVW GXUFK� �
HLQHQ ��� PP VWDUNHQ $OXPLQLXPULQJ DQ GHQ -RFKULQJ ���� DQJHEXQGHQ� 'LHVH DXIZHQGL�
JH .RQVWUXNWLRQ HUNODUW VLFK GDGXUFK� GD{ JHHLJQHWH /DJHU QXU LQ GLVNUHWHQ $EVWXIXQJHQ�
YHUIXJEDU VLQG� 6R NRQQWH GHU EHZHJOLFKH 7HLO QLFKW GLUHNW DXI GHP IHVWHQ 7HLO JHODJHUW ZHU��
GHQ� ,Q GLHVHP )DOO KDWWH PDQ GLH /DJHU LQQHUKDOE GHV -RFKUDXPV DQRUGQHQ NRQQHQ� 'LH� �
5LQJH GHV IHVWHQ 7HLOV ZXUGHQ VLFK VRPLW DP 5DQG GHV 3DNHWV EHnQGHQ XQG PLW GHQ 5LQJHQ�
GHV EHZHJOLFKHQ 7HLOV JHJHQXEHU GHU MHW]LJHQ $QRUGQXQJ 3ODW] WDXVFKHQ� 9RUDXVVHW]XQJ�
KLHUIXU LVW HLQ /DJHULQQHQUDGLXV� GHU PLQGHVWHQV � PP JUR{HU LVW DOV GHU $X{HQUDGLXV� �
GHU 0DJQHWHQ� *OHLFK]HLWLJ PX{ GHU /DJHUDX{HQUDGLXV � PP NOHLQHU DOV GHU -RFKULQJDX�
{HQUDGLXV VHLQ� 'D GLH $QIHUWLJXQJ JHHLJQHWHU /DJHU DXVJHVSURFKHQ WHXHU XQG PLW ODQJHQ
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/LHIHUIULVWHQ YHUEXQGHQ LVW� QDKP PDQ GHQ KRKHQ $XIZDQG EHL GHU +HUVWHOOXQJ GHU 7HLOH
LQ .DXI� 'LH )HGHU ����� ZLUG GXUFK HLQH $QRUGQXQJ DXV VHFKV %ODWWIHGHUQ GDUJHVWHOOW�

%LOG ���� .RQVWUXNWLRQ GHU PHFKDQLVFKHQ )HOGVFKZDFKXQJ LP 5RWRU�

��� +HUVWHOOXQJ GHV 3URWRW\SHQ

0LW +LOIH GHU IHUWLJJHVWHOOWHQ .RQVWUXNWLRQV]HLFKQXQJHQ NDQQ PLW GHU +HUVWHOOXQJ GHU
.RPSRQHQWHQ EHJRQQHQ ZHUGHQ� )XU GLH +HUVWHOOXQJ GHV %OHFKSDNHWV VWDQGHQ PHKUH��
UH +HUVWHOOXQJVYHUIDKUHQ ]X $XVZDKO� 'DV 0DWHULDO ZXUGH XQWHU DQGHUHP GHVKDOE DXV�
JHZDKOW� ZHLO HLQH %HDUEHLWXQJ GXUFK 6WDQ]HQ PRJOLFK LVW� )XU GLH +HUVWHOOXQJ HLQHV HLQ]L�� � �
JHQ 3URWRW\SHQ VLQG MHGRFK GLH (LQPDONRVWHQ IXU GDV 6WDQ]ZHUN]HXJ ]X KRFK� 6FKOLH{OLFK�

�nHO GLH $XVZDKO ]ZLVFKHQ GHQ 9HUIDKUHQ $W]HQ� :DVVHUVWUDKO� XQG /DVHUVFKQHLGHQ DXI
GLH /DVHUEHDUEHLWXQJ� (LQH KRKH 3UD]LVLRQ� JHULQJH %HVFKDGLJXQJ GHU ,VROLHUVFKLFKW XQG� �
NXU]H /LHIHU]HLW ZDUHQ KLHUIXU DXVVFKODJJHEHQG� 8P HLQH $XVELOGXQJ YRQ :LUEHOVWURPHQ� �
LP 6WDWRUWUDJHU LQ MHGHP )DOO ]X XQWHUELQGHQ� ZXUGH DXI GHP $OXPLQLXP GHV 7UDJHUV HLQH� �
LVROLHUHQGH %HVFKLFKWXQJ DQJHEUDFKW�

%HVRQGHUH 6FKZLHULJNHLWHQ EHUHLWHWH GLH VSDQDEKHEHQGH %HDUEHLWXQJ GHU 5RWRUWHLOH� GLH
IXU GLH )HOGVFKZDFKXQJ QRWZHQGLJ VLQG� 6R ZXUGHQ GXUFK GLH LQQHUHQ 6SDQQXQJHQ GHV 0D�� �
WHULDOV� GLH EHLP 'UHKHQ IUHL ZXUGHQ� GLH NRQ]HQWULVFKHQ 5LQJH YHUIRUPW� 'LH .RQVHTXHQ]
ZDU� GD{ VLFK GLH 5LQJH VWHOOHQZHLVH EHUXKUWHQ� ZDV ]X HLQHU HUKRKWHQ 5HLEXQJ IXKUWH�� � �
'LH 5HLEXQJ ZDU YRP =XVDPPHQEDX GHU 7HLOH DEKDQJLJ� GHU 8UVSUXQJ GHU 5HLENUDIWH� �
LVW GHVKDOE LQ HLQHU 'HIRUPDWLRQ QDFK GHU %HDUEHLWXQJ ]X VXFKHQ� )XU HLQHQ IUXKHU DP� �
/HKUVWXKO KHUJHVWHOOHQ 3URWRW\SHQ ZXUGHQ GLH HLQ]HOQHQ 0DJQHWSROH DXV PHKUHUHQ (LQ�
]HOPDJQHWHQ JOHLFKHU 0DJQHWLVLHUXQJ DXIJHEDXW� 'D GLH 0DJQHWHQ LP DXIPDJQHWLVLHUWHQ
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=XVWDQG YHUDUEHLWHW ZHUGHQ PX{WHQ� ZDU HV VFKZLHULJ� GLH 0DJQHWSODWWFKHQ� GLH ]XVDP��
PHQ HLQHQ 3RO HUJHEHQ VROOWHQ� SRVLWLRQVJHQDX ]X YHUNOHEHQ� 8P GLHVH 6FKZLHULJNHLWHQ ]X
YHUPHLGHQ� HQWVFKLHG PDQ VLFK� MHGHQ 3RO DXV QXU HLQHP 0DJQHWHQ GDU]XVWHOOHQ � DEJHVH�
KHQ YRQ GHU D[LDOHQ 8QWHUWHLOXQJ� GLH IXU GLH 8PVHW]XQJ GHU )HOGVFKZDFKXQJ QRWZHQGLJ� �
ZDU� 'LHV ZDU PLW GHXWOLFK KRKHUHQ .RVWHQ YHUEXQGHQ� GD GLH 0DJQHWHQ HQWVSUHFKHQG GHU�
HUIRUGHUOLFKHQ 6FKDOHQIRUP JHVFKOLmHQ ZHUGHQ PX{WHQ� =ZDU ZXUGH DXI GLHVH :HLVH GHU
9RUJDQJ GHV 9HUNOHEHQV YHUHLQIDFKW� GRFK HUZLHV VLFK GLH .OHENUDIW QLFKW DOV DXVUHLFKHQG�
(UVW QDFK PHKUHUHQ 9HUVXFKHQ PLW YHUVFKLHGHQHQ .OHEVWRmHQ� GLH DOOH GLH HUIRUGHUOLFKHQ
3DUDPHWHU DXIZLHVHQ� XQG QDFKGHP GLH 0DJQHWHQ YRQ HLQHU VFKOHFKW KDIWHQGHQ .RUURVL�
RQVVFKXW]VFKLFKW EHIUHLW ZXUGHQ� NRQQWH HLQH ]XYHUODVVLJH 9HUNOHEXQJ HUUHLFKW ZHUGHQ��

��



%LOG ���� 6HLWHQDQVLFKW GHV 6WDWRUV ^ JHVHKHQ YRQ GHU $EWULHEVVHLWH

%LOG ���� 6HLWHQDQVLFKW GHV 6WDWRUV ^ JHVHKHQ YRP )ODQVFK

��



%LOG ���� 6HLWHQDQVLFKW GHV 5RWRUV ^ JHVHKHQ YRQ GHU $EWULHEVVHLWH

%LOG ���� 6HLWHQDQVLFKW GHV 5RWRUV ^ JHVHKHQ YRP )ODQVFK

��
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%LVKHU ZXUGH HUDUEHLWHW� ZHOFKHQ *HVHW]PD{LJNHLWHQ HLQH 0RGXODUH 'DXHUPDJQHWPDVFKL��
QH JHKRUFKW XQG ZHOFKH %HWULHEVZHLVH EHL HLQHU 0DVFKLQH GLHVHV 7\SV YRUOLHJW� ZHQQ HLQH
PHFKDQLVFKH )HOGVFKZDFKXQJ ]XP (LQVDW] NRPPW� GHUHQ )OX{YHUDQGHUXQJ XEHU GLH 6WD�� � �
WRUVWURPH HUUHLFKW ZLUG� 'DEHL ZXUGHQ GLH *OHLFKXQJHQ� GLH GDV G\QDPLVFKH 9HUKDOWHQ EH��
VFKUHLEHQ� ]ZDU HUDUEHLWHW �$EVFKQLWW ����� DEHU QRFK QLFKW DQJHZDQGW� =XVDPPHQ PLW GHQ
LQ .DSLWHO � HUDUEHLWHWHQ 0DVFKLQHQSDUDPHWHUQ VROOHQ GLHVH (UJHEQLVVH JHQXW]W ZHUGHQ�
XP DXI QXPHULVFKHP XQG DQDO\WLVFKHP :HJH GDV G\QDPLVFKH 9HUKDOWHQ ]X XQWHUVXFKHQ�

��� (QWZLFNOXQJ HLQHV 6LPXODWLRQVSURJUDPPV

$XV GHP .DSLWHO � LVW EHUHLWV KHUYRUJHJDQJHQ� GD{ IXU HLQH LQ GHU EHVFKULHEHQHQ :HLVH�
IHOGJHVFKZDFKWH 0DVFKLQH HLQ %HWULHE XQHUOD{OLFK LVW� EHL GHP GLH 6WURPH DEKDQJLJ YRQ� � � �
GHU /DJH GHU EHLGHQ 5RWRUWHLOH HLQJHSUDJW ZHUGHQ� XP GDV JHIRUGHUWH %HWULHEVYHUKDOWHQ ]X�
HU]LHOHQ� 8P GLH 0DVFKLQH VR EHWUHLEHQ ]X NRQQHQ� VLQG ]XVDW]OLFKH .RPSRQHQWHQ QRWZHQ�� �
GLJ� GLH HQWVSUHFKHQG %LOG ��� DQ]XRUGQHQ VLQG� 'DV DXI GHP 0LNURFRQWUROOHU DEODXIHQGH
3URJUDPP XEHUQLPPW GDULQ GLH 6WHXHUXQJ E]Z� 5HJHOXQJ GHV 3XOVZHFKVHOULFKWHUV XQG�
GDPLW GHU 0DVFKLQH� 8P GLHVHV 3URJUDPP ]X HQWZLFNHOQ� LVW HV LQ HLQHU 9RUVWXIH QRWZHQ�
GLJ� GHQ JHVDPWHQ $QWULHE QXPHULVFK ]X VLPXOLHUHQ� +LHUIXU ZXUGH HLQ HLJHQHV 3URJUDPP�
LQ GHU 3URJUDPPLHUVSUDFKH )2575$1 HQWZLFNHOW� (LQ %HWULHE DQ HLQHP VWDUUHQ 1HW] ^
]ZDU PLW YHUDQGHUOLFKHU )UHTXHQ] XQG 6SDQQXQJ ^ IXKUW PLWXQWHU ]X HLQHP QLFKW YRUKHU�� �
VHKEDUHQ 9HUKDOWHQ GHV 0RWRUV� 'LHV JLOW DXIJUXQG GHU XQEHNDQQWHQ /DJH GHV EHZHJOLFKHQ
7HLOV EHUHLWV IXU VWDWLRQDUH %HWULHEVIDOOH XQG ZXUGH LQ >��@ LP 'HWDLO XQWHUVXFKW� 'HQQRFK� � �
NDQQ PDQ $XVVDJHQ ]XP G\QDPLVFKHQ 9HUKDOWHQ WUHmHQ� ZHQQ VLQQYROOH $QIDQJVEHGLQ�
JXQJHQ YRUJHJHEHQ ZHUGHQ XQG GLH 0DVFKLQH DQVFKOLH{HQG PLW EHVWLPPWHQ $QUHJXQJHQ
EHDXIVFKODJW ZLUG� ,QVEHVRQGHUH GLH 9HUELQGXQJ HLQHV )HGHU��0DVVHVFKZLQJHUV PLW HOHN�
WURPDJQHWLVFKHQ .UDIWHQ VROOWH *HJHQVWDQG GHU 8QWHUVXFKXQJ VHLQ� 8P GLHV ]X HUPRJOL�� �
FKHQ� VROOWH PLW GHP 6LPXODWLRQVSURJUDPP DXFK HLQ VROFKHU %HWULHE QDFKJHELOGHW ZHUGHQ
NRQQHQ� 6FKOLH{OLFK VROOWH HV PRJOLFK VHLQ� IXU GLH $XVOHQNXQJ ]ZLVFKHQ GHP IHVWHQ XQG� � �
GHP EHZHJOLFKHQ 5RWRUWHLO HLQHQ IHVWHQ :HUW YRU]XJHEHQ� 'LHV HQWVSULFKW GHU 6LPXODWLRQ

��



HLQHU NRQYHQWLRQHOOHQ 0'0� 6R NRQQHQ 8QWHUVFKLHGH XQG *HPHLQVDPNHLWHQ LP %HWULHEV��
YHUKDOWHQ KHUDXVJHDUEHLWHW ZHUGHQ�

����� 6WUXNWXU GHV ]X PRGHOOLHUHQGHQ $QWULHEV

'LH 6WUXNXU GHV UHDOLVLHUWHQ $QWULHEV\VWHPV LVW LQ %LOG ��� DQJHJHEHQ� :LH HUZDKQW� EH��
VWHKW GLH ZLFKWLJVWH $XIJDEH GHU &RPSXWHUVLPXODWLRQ GDULQ� GDV 3URJUDPP IXU GHQ LP�
%LOG GDUJHVWHOOWHQ 0LNURFRQWUROOHU ]X HQWZLFNHOQ� 'LHVHV 3URJUDPP EHQRWLJW DOV (LQJDQJV��
JUR{HQ ,QIRUPDWLRQHQ ]XP =XVWDQG GHU +DUGZDUH ^ EHLVSLHOVZHLVH GLH /DJH GHU 7HLOURWR��
UHQ RGHU GLH =XOHLWXQJVVWURPH� 'LHVH 6LJQDOH VWHKHQ WHLOZHLVH QXU DOV GLVNUHWH :HUWH ]XU�
9HUIXJXQJ XQG NRQQHQ YRP 0LNURFRQWUROOHU QXU LQ EHVWLPPWHQ =HLWVFKULWWHQ HLQJHOHVHQ� �
ZHUGHQ� 6FKOLH{OLFK EHGDUI GLH %HDUEHLWXQJ GHU HLQ]HOQHQ 3URJUDPPWHLOH HLQHU JHZLVVHQ
=HLWGDXHU� GLH YRQ GHU 5HFKHQOHLVWXQJ GHV 0LNURSUR]HVVRUV DEKDQJW� $XV GLHVHQ *UXQGHQ� �
ZXUGH GDV 6LPXODWLRQVV\VWHP VR JHVWDOWHW� GD{ GLH (LJHQVFKDIWHQ GHU +DUGZDUHUHDOLVLHUXQJ
EHUXFNVLFKWLJW ZHUGHQ NRQQHQ� +LHUEHL LVW GLH *HQDXLJNHLW MHGHV 0RGHOOV PLW 5XFNVLFKW� � �
DXI GLH 5HFKHQ]HLW JHHLJQHW ]X ZDKOHQ� %HLVSLHOVZHLVH JHQXJW DOV $EELOG GHV 3XOVZHFK�� �
VHOULFKWHUV HLQH $QRUGQXQJ DXV LGHDOHQ 6FKDOWHUQ� ZDKUHQG GLH :LQNHODXoRVXQJ GHU 5R�� �
WRUODJHJHEHU JHQDX GHQ 5HDOLWDWHQ HQWVSUHFKHQ PX{� :LH ZHLW GLH 9HUHLQIDFKXQJHQ GHV�
0RGHOOV JHKHQ GXUIHQ� ULFKWHW VLFK QDFK GHQ HU]LHOWHQ (UJHEQLVVHQ� 6LQG GLHVH HUNHQQEDU�
]X XQJHQDX� ZDV DQ HLQHP LQVWDELOHQ /DXI GHU 0DVFKLQH RGHU HLQHU ]X JUR{HQ $EZHLFKXQJ
]XU QDFKVW IHLQHUHQ 0RGHOOLHUXQJ HUNHQQEDU LVW� PX{ SUD]LVLHUW ZHUGHQ�� �

%LOG ���� 6WUXNWXU GHV UHDOLVLHUWHQ $QWULHEV

����� 0RGHOOLHUXQJ GHU .RPSRQHQWHQ GHV $QWULHEV

%HYRU PLW GHU 3URJUDPPLHUXQJ EHJRQQHQ ZHUGHQ NDQQ� LVW GLH PDWKHPDWLVFKH %HVFKUHL�
EXQJ GHU LQ %LOG ��� HUNHQQEDUHQ %DXVWHLQH GHV $QWULHEV ]XVDPPHQ]XVWHOOHQ� 'D]X ZXU�
GHQ GLH 7HLODXIJDEHQ GHV 0LNURFRQWUROOHUSURJUDPPV VRZLH GLH 6LJQDOoXVVH EHVRQGHUV KHU��
DXVJHVWHOOW�

��

Strommessung

Lagemessung (fest, bew.)

Batterie

Pulswechsel-
richter

Treiber-
bausteine

Pulsweiten-
modulator

Mikrocontroller

Fahrzeugregler

CAN-Bus Lichtwellenleiter

MDM



.RPSRQHQWHQ ]XU (QHUJLHZDQGOXQJ

$Q GHU UHFKWHQ 6HLWH GHV %LOGHV VLQG GLH IXU GHQ /HLVWXQJVoX{ YHUDQWZRUWOLFKHQ .RPSR��
QHQWHQ GDUJHVWHOOW� %DWWHULH� 3XOVZHFKVHOULFKWHU XQG 0DVFKLQH�

%DWWHULH %DWWHULH XQG 6WURPULFKWHU ELOGHQ NHLQHQ ]HQWUDOHQ *HJHQVWDQG GHU 8QWHUVX�
FKXQJ XQG VLQG GHVKDOE PRJOLFKVW HLQIDFK GDUJHVWHOOW� 'LH %DWWHULH ZLUG DOV LGHDOH 6SDQ��
QXQJVTXHOOH DQJHQRPPHQ� GLH 6SDQQXQJ 8 LVW GDKHU XQDEKDQJLJ YRQ GHU %HODVWXQJ��EDW

:LOO PDQ GLH %DWWHULH DOV UHDOH 6SDQQXQJVTXHOOH EHWUDFKWHQ� ZLUG GDV 3XOVPXVWHU LP
3XOVZHLWHQPRGXODWRU VR DQJHSD{W� GD{ GHU (mHNWLYZHUW GHU 0DVFKLQHQVSDQQXQJHQ DXFK
EHL %HODVWXQJ NRQVWDQW EOHLEW�

6WURPULFKWHU 'HU 6WURPULFKWHU ZLUG HEHQIDOOV DOV YHUOXVWIUHL DQJHQRPPHQ XQG VFKDOWHW
GLH %DWWHULHVSDQQXQJ HQWVSUHFKHQG VHLQHP 6FKDOW]XVWDQG DXI GLH 0DVFKLQHQNOHPPHQ� 'DV
YRQ GHU 0DVFKLQH EHQRWLJWH ]ZROISKDVLJH 6SDQQXQJVV\VWHP ZLUG GXUFK LQQHUH 9HUVFKDO�� �
WXQJ GHU 0DVFKLQH DXI VHFKV 3KDVHQ UHGX]LHUW� 'LHVHV 6\VWHP LVW PLW ]ZHL GUHLSKDVLJHQ

�6\VWHPHQ� GLH HLQH IHVWH 3KDVHQYHUVFKLHEXQJ YRQ �� DXIZHLVHQ� GDUVWHOOEDU� $XV GLHVHP
*UXQG LVW HV HUIRUGHUOLFK� MH ]ZHL GHU 6WURPH HLQHV 6\VWHPV ]X PHVVHQ XQG GHP 0LNURFRQ��
WUROOHU ]X]XIXKUHQ� 'HU 6FKDOW]XVWDQG ZLUG GXUFK GLH 6LJQDOH GHV 3XOVZHLWHQPRGXODWRUV�
IROJHQGHUPD{HQ EHVWLPPW�

� �
�6 � 6 � 6 �� � �

X  6 b c 8� � EDW
�� �

�6 � 6 � 6 �� � �
X  6 b c 8� � EDW

�� �
�6 � 6 � 6 �� � �

X  6 b c 8 ������ � EDW
�

0DVFKLQH 'LH 0DVFKLQH ZLUG DOWHUQDWLY GXUFK GLH 6SDQQXQJVGLmHUHQWLDOJOHLFKXQJHQ LQ
6WUDQJGDUVWHOOXQJ ������ EHVFKULHEHQ� 'LHVH *OHLFKXQJHQ EHUXFNVLFKWLJHQ GLH %HVRQGHUKHL��
WHQ GHU PHFKDQLVFKHQ )HOGVFKZDFKXQJ� :LOO PDQ HLQH 0DVFKLQH PLW NRQVWDQWHU (UUHJXQJ�
XQWHUVXFKHQ� YHUZHQGHW PDQ GLH *OHLFKXQJ ������ E]Z� ������� 'LH 0DVFKLQHQSDUDPHWHU�
LQVEHVRQGHUH GLH +DXSWLQGXNWLYLWDW� ZHUGHQ DOV NRQVWDQW DQJHQRPPHQ� 'LHV LVW JHUHFKWIHU��
WLJW� GD VLFK GLH ,QGXNWLYLWDWHQ GHV 3URWRW\SHQ DXIJUXQG GHV JUR{HQ HmHNWLYHQ /XIWVSDOWV�
DXFK EHL KRKHUHQ 6WURPHQ QXU XP ZHQLJH 3UR]HQW DQGHUQ >��@� (LQH HUZDUPXQJVEHGLQJ�� � � �
WH 9HUDQGHUXQJ GHV 6WDWRUZLGHUVWDQGHV RGHU GHU 5HPDQHQ]LQGXNWLRQ GHU 0DJQHWHQ ZDU�
]XQDFKVW QLFKW YRUJHVHKHQ XQG HUZLHV VLFK DOV QLFKW QRWZHQGLJ��

6LJQDOYHUDUEHLWHQGH .RPSRQHQWHQ

/LQNV LQ %LOG ��� EHnQGHQ VLFK GLH VLJQDOYHUDUEHLWHQGHQ (OHPHQWH� GHU 0LNURFRQWUROOHU
XQG GHU 3XOVZHLWHQPRGXODWRU� 'LHVH (OHPHQWH VLQG YHUJOHLFKVZHLVH SUD]LVH EHVFKULHEHQ��
GD HV VLFK JH]HLJW KDW� GD{ GLH 'LVNUHWLVLHUXQJVVWXIHQ XQG GLH +DXnJNHLW GHU 8QWHUSUR��
JUDPPDXIUXIH XQPLWWHOEDU DXI GLH %HWULHEVHLJHQVFKDIWHQ GXUFKVFKODJHQ� 'HVKDOE NDQQ GLH

��



%LOG ���� 6WUXNWXU GHV ]X VLPXOLHUHQGHQ $QWULHEV

$XIUXIVFKULWWZHLWH GHU QXQ ]X EHVFKUHLEHQGHQ 8QWHUSURJUDPPH EHOLHELJ HLQJHVWHOOW ZHU�
GHQ�

6ROOVWURPEHVWLPPXQJ ,Q $EVFKQLWW ��� ZXUGH HQWZLFNHOW� GD{ DEKDQJLJ YRP JHIRUGHU��
WHQ 'UHKPRPHQW XQG GHU DXJHQEOLFNOLFK YRUOLHJHQGHQ 'UHK]DKO GHV $QWULHEV GLH 6ROOZHUWH
GHV 4XHU� XQG /DQJVVWURPV YRU]XJHEHQ VLQG �������������� 'D GHUHQ %HVWLPPXQJ WHLOZHLVH�
LWHUDWLY HUIROJHQ PX{� ZHUGHQ GLH :HUWHSDDUH YRU GHP 3URJUDPPVWDUW IXU GHQ JHVDPWHQ�
'UHKPRPHQW��'UHK]DKOEHUHLFK EHUHFKQHW XQG LQ HLQHP )HOG DEJHOHJW� :DKUHQG GHV 3UR��

eJUDPPDEODXIV ZHUGHQ GLH HLQHP JHIRUGHUWHQ 'UHKPRPHQW0 ]XJHRUGQHWHQ 6ROOZHUWH IXU�
e eGHQ 4XHU� XQG GHQ /DQJVVWURP ^ L XQG L ^ DEKDQJLJ YRQ GHU 'UHK]DKO DXV GHP )HOG� �T T

JHOHVHQ�

0DVFKLQHQPRGHOO ,P 0DVFKLQHQPRGHOO ZHUGHQ DXV GHQ ?JHPHVVHQHQ? /DJHZLQNHOQ
GHV IHVWHQ XQG GHV EHZHJOLFKHQ 7HLOV �� �� �� GLH )OXVVH LQ /DQJV� � XQG 4XHUDFKVH� �PI P E G

� EHUHFKQHW�T

A�  � � c � ��b FRV�S c �� b � ��� �����SG S P E PI

A�  � � c � VLQ�S c �� b � ��� �����SG S P E PI

�8EHU GLH /DJHDQGHUXQJ ]ZLVFKHQ ]ZHL DXIHLQDQGHU IROJHQGHQ %HUHFKQXQJVVFKULWWHQ NDQQ�
GLH :LQNHOJHVFKZLQGLJNHLW � EHVWLPPW ZHUGHQ�

c�E
�  S c �����E

cW
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0LW LKU NRQQHQ GLH LQGX]LHUWHQ 6SDQQXQJHQ X � X EHUHFKQHW ZHUGHQ�� G T

X  b� c � �����SG SG E

X  � c � �����ST ST E

6FKOLH{OLFK ZHUGHQ DXV GHQ ?JHPHVVHQHQ? 6WUDQJVWURPHQ L���� L���� L���� L��� XQG GHU /DJH�
GHV EHZHJOLFKHQ 5RWRUWHLOV GLH 4XHU� XQG GLH /DQJVNRPSRQHQWH GHV DNWXHOOHQ 0DVFKLQHQ��
VWURPV HUPLWWHOW XQG GHP 6WURPUHJOHU ]XJHIXKUW� 'D]X ZLUG ]XQDFKVW MHZHLOV GHU GULWWH� �
6WURP HLQHV 6\VWHPV HUPLWWHOW ^ GD GLH 0DVFKLQH ]ZHL XQDEKDQJLJH 6WHUQSXQNWH KDW� LVW�
GLHV ]XODVVLJ� 0LW GHQ VHFKV VR HUUHFKQHWHQ 6WUDQJVWURPHQ ZLUG HQWVSUHFKHQG ������ GHU� �

M�E5DXP]HLJHU EHVWLPPW� 'XUFK 0XOWLSOLNDWLRQ PLW GHP NRPSOH[HQ 'UHKHU H ZLUG GHU
5DXP]HLJHU DXI GHQ EHZHJOLFKHQ 7HLO GHV 5RWRUV EH]RJHQ� 'XUFK 9HUJOHLFK GHU ,VW� XQG
6ROOZHUWH GHV 0DVFKLQHQVWURPV ZHUGHQ .RUUHNWXUZHUWH IXU GLH 6ROOVWURPNRPSRQHQWHQ EH��
VWLPPW�

6WURPUHJHOXQJ 'HU 6WURPUHJOHU LVW DOV 3,�5HJOHU DXVJHOHJW� XP VWDWLRQDUH 'LmHUHQ]HQ�
� �DXVUHJHOQ ]X NRQQHQ� 'LH VR EHVWLPPWHQ .RUUHNWXUNRPSRQHQWHQ L �L ZHUGHQ ^ DQDORJ� G T

]X GHQ LQ GHU ?6ROOZHUWEHVWLPPXQJ? HUPLWWHOWHQ 6WURPZHUWHQ ^ GHU (LQKHLW ]XJHIXKUW��
ZHOFKH GLH 6ROOVSDQQXQJ XQG �IUHTXHQ] HUUHFKQHW�

6SDQQXQJV��'UHK]DKOVWHXHUXQJ $XVJHKHQG YRQ GHQ 6ROOZHUWHQ GHU 6WURPH� GHQ DXV�
GHP 6WURPIHKOHU EHVWLPPWHQ .RUUHNWXUZHUWHQ XQG GHP LP 0DVFKLQHQPRGHOO HUUHFKQH�

e eWHQ 0DVFKLQHQ]XVWDQG HUPLWWHOW GLH 6SDQQXQJV��'UHK]DKOVWHXHUXQJ $PSOLWXGH X �X � )UH�G T
e eTXHQ] � XQG 3KDVHQODJH � GHV YRP 3XOVZHFKVHOULFKWHU ]X HU]HXJHQGHQ 6SDQQXQJVV\�

VWHPV�

� � ��
e �� cL �cL c�SGG Ge � e � � e �X  5 �L � L �b / �L � L � c � b � X � �����E SGG G G T TI cW cW� � ��
e �cL �cL� c�STT Te � e � � e �X  5 �L � L �b / �L � L � c � b � X � �����E STT T T G GI cW cW

e�  � �����E

e�  S c � ������E

,Q GHU 6LPXODWLRQ GHU 0DVFKLQH ZXUGHQ 3DUDPHWHUYHUDQGHUXQJHQ GXUFK (UZDUPXQJ RGHU� �
6DWWLJXQJ QLFKW EHUXFNVLFKWLJW� 'HU LP UHDOHQ %HWULHE GHU 0DVFKLQH GDGXUFK HQWVWHKHQGH� �
)HKOHU PX{ GXUFK GHQ 6WURPUHJOHU DXVJHJOLFKHQ ZHUGHQ�

3XOVZHLWHQPRGXODWRU 'D GHU 3XOVZHFKVHOULFKWHU GLHVHV 6SDQQXQJVV\VWHP QXU GXUFK
(LQ� XQG $XVVFKDOWHQ GHU %DWWHULHVSDQQXQJ EHUHLWVWHOOHQ NDQQ� ZLUG HLQH (LQKHLW EHQRWLJW��
GLH DXV GHQ 3DUDPHWHUQ GHV JHZXQVFKWHQ 6SDQQXQJVV\VWHPV �$PSOLWXGH XQG )UHTXHQ]��
GLH HLQ]HOQHQ 6FKDOWLPSXOVH JHQHULHUW� 'D GLHVH 5RXWLQH VHKU KDXnJ GXUFKODXIHQ ZLUG XQG�
GDKHU YLHO 5HFKHQ]HLW LQ $QVSUXFK QLPPW� NDQQ VLH QXU GDQQ LP0LNURSUR]HVVRU DXVJHIXKUW�
ZHUGHQ� ZHQQ KLHUIXU HLQ VHKU OHLVWXQJVIDKLJHU 7\S ^ ]�%� VRJ� 'LJLWDOH 6LJQDOSUR]HVVRUHQ� �

��



^ YHUZHQGHW ZLUG� 'D GLHV KLHU QLFKW GHU )DOO LVW� ZLUG GLH $XIJDEH LQ +DUGZDUH UHDOLVLHUW
XQG YRQ HLQHP H[WHUQHQ 6FKDOWNUHLV DXVJHIXKUW� 'LHV ZLUG DXFK LQ %LOG ��� GHXWOLFK� GD�
GLHVHU %DXVWHLQ QLFKW LQQHUKDOE GHU VWULFKOLHUWHQ /LQLH OLHJW� GLH DOOH 3URJUDPPWHLOH XPID{W�
GLH GXUFK GDV 0LNURSUR]HVVRUSURJUDPP DEJHGHFNW ZHUGHQ PXVVHQ��

(V VLQG YHUVFKLHGHQH 0HWKRGHQ EHNDQQW� PLW GHQHQ YRUJHJHEHQH =HLWYHUODXIH YRQ 6WURPHQ� �
RGHU 6SDQQXQJHQ GXUFK HLQ SXOVZHLWHQPRGXOLHUWHV 6LJQDO HU]HXJW ZHUGHQ NRQQHQ >��@��
(LQ %HLVSLHO KLHUIXU LVW GDV 8QWHUVFKZLQJXQJVYHUIDKUHQ� +LHU ZLUG HLQH 'UHLHFNVSDQQXQJ�
�7UDJHUVSDQQXQJ� PLW HLQHU VLQXVIRUPLJHQ 6SDQQXQJ �6LJQDOVSDQQXQJ� YHUJOLFKHQ� /LHJW� �
GLH 6LJQDOVSDQQXQJ REHUKDOE GHU 7UDJHUVSDQQXQJ� ZLUG GHU $XVJDQJ GHV 3XOVZHFKVHOULFK��
WHUV DXI GLH SRVLWLYH =ZLVFKHQNUHLVVSDQQXQJ JHOHJW� ,P DQGHUHQ )DOO OLHJW GDV QHJDWLYH
3RWHQWLDO GHU =ZLVFKHQNUHLVVSDQQXQJ DP $XVJDQJ� 8P HLQH DXVUHLFKHQGH 4XDOLWDW GHU�
6SDQQXQJ DP $XVJDQJ GHV 3XOVZHFKVHOULFKWHUV ]X EHNRPPHQ� VROOWH GLH 7UDJHUIUHTXHQ]�
PLQGHVWHQV ]HKQ�� EHVVHU ]ZDQ]LJPDO KRKHU DOV GLH )UHTXHQ] GHU 6LJQDOVSDQQXQJ VHLQ��

����� $EODXISODQ GHV 6LPXODWLRQVSURJUDPPV

1DFKGHP GLH SK\VLNDOLVFKHQ =XVDPPHQKDQJH LQ )RUPHOQ DEJHELOGHW ZXUGHQ� VLQG VLH LQ JH��
HLJQHWHU :HLVH LQ HLQ 3URJUDPP XP]XVHW]HQ� 'HU YHUHLQIDFKWH $EODXISODQ GHV 3URJUDPPV
LVW LQ %LOG ��� GDUJHVWHOOW >��@�

%LOG ���� 9HUHLQIDFKWHU 3URJUDPPDEODXISODQ

,P 8QWHUSURJUDPP VWDUW ZHUGHQ GHU IXU GLH 3URJUDPPDEODXIVWHXHUXQJ EHQRWLJWH 'DWHQ�� �
VDW] HLQJHOHVHQ XQG GLH $XVJDEHGDWHLHQ JHRmQHW� $QVFKOLH{HQG ZLUG GDV 8QWHUSURJUDPP�
LQLW DXIJHUXIHQ� ZHOFKHV GLH ,QGXNWLYLWDWV� XQG :LGHUVWDQGVPDWUL]HQ YRUEHOHJW XQG LQ��
YHUWLHUW� )DOOV YRUKDQGHQ� ZHUGHQ GLH 'DWHQ HLQHU YRUDQJHJDQJHQHQ 6LPXODWLRQ HLQJHOHVHQ
�DOWGDW� XQG 6WUDQJJUR{HQ LQ 5DXP]HLJHUJUR{HQ WUDQVIRUPLHUW �U]G��� )XU GLH +LQ� XQG� � �
5XFNWUDQVIRUPDWLRQ YRQ 6WUDQJ� LQ 5DXP]HLJHUJUR{HQ VWHKHQ PHKUHUH 8QWHUSURJUDPPH� �
�U]G� U]G�� U]G�� U]G�� ]XU 9HUIXJXQJ� GLH DXFK +LOIVIXQNWLRQHQ ZLH GLH *ODWWXQJ VWDUN� �
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REHUVFKZLQJXQJVEHKDIWHWHU *UR{HQ �6WUDQJVSDQQXQJ� OHLVWHQ� 8P JH]LHOWH ?9HUVXFKH? DQ��
VWHOOHQ ]X NRQQHQ� EHVWHKW LP 8QWHUSURJUDPPPZ GLH 0RJOLFKNHLW� IUHL ZDKOEDUH 9HUODXIH� � � �
YRQ 6ROO� XQG :LGHUVWDQGVPRPHQW YRU]XJHEHQ� (V ZXUGH EHUHLWV DXI GLH 1RWZHQGLJNHLW
YRQ YHUVFKLHGHQHQ $QVWHXHUYHUIDKUHQ KLQJHZLHVHQ� 'HPHQWVSUHFKHQG YHU]ZHLJW VLFK GDV
3URJUDPP LQ GHP %HUHLFK� GHU ]XU %HUHFKQXQJ GHU 0DVFKLQHQVSDQQXQJHQ EHQRWLJW ZLUG�
�IRVW� V]V� XIH� VL�� ,Q IRVW ZLUG GLH )XQNWLRQ GHV 0LNURFRQWUROOHUSURJUDPPV H[DNW QDFK�
JHELOGHW� 8P GLH 9HUKDOWQLVVH� GLH EHL GHU 5HDOLVLHUXQJ DXIWUHWHQ� ]X HUIDVVHQ� ZHUGHQ GLH�
HLQ]HOQHQ 3URJUDPPWHLOH �0DVFKLQHQPRGHOO� 6WURPUHJHOXQJ� 6SDQQXQJV� �'UHK]DKOVWHXH�
UXQJ XQG 6ROOVWURPEHVWLPPXQJ� QXU LQ IHVW HLQVWHOOEDUHQ =HLWLQWHUYDOOHQ DXIJHUXIHQ� $XV
GLHVHP *UXQG ZHUGHQ DXFK WULJRQRPHWULVFKH )XQNWLRQHQ GXUFK 7DEHOOHQ HUVHW]W� GD GHUHQ
%HUHFKQXQJ LP 0LNURFRQWUROOHU ]XYLHO =HLW LQ $QVSUXFK QHKPHQ ZXUGH� ,Q $EKDQJLJNHLW� �
YRP JHZDKOWHQ $QVWHXHUYHUIDKUHQ ZHUGHQ GLH 0DVFKLQHQVSDQQXQJHQ HLQHP 3XOVZHLWHQ��
PRGXODWRU ]XJHIXKUW RGHU DOV VLQXVIRUPLJH *UR{HQ GHP 0RGHOO GHU 0DVFKLQHPGP �QLFKW� � �
]X YHUZHFKVHOQ PLW GHP 0DVFKLQHQPRGHOO LQ IRVW� XEHUJHEHQ� 'RUW ZLUG ]XQDFKVW GLH 3RO�� �
UDGVSDQQXQJ HUPLWWHOW� +LHU NDQQ DXVJHZDKOW ZHUGHQ� RE HLQH 0DVFKLQH PLW PHFKDQLVFKHU�
)HOGVFKZDFKXQJ RGHU PLW NRQYHQWLRQHOO DXIJHEDXWHP 5RWRU EHUHFKQHW ZHUGHQ VROO� 0LW GHQ�
LP YRUDQJHJDQJHQHQ ,QWHJUDWLRQVVFKULWW EHVWLPPWHQ 6WURPHQ� GHU 3ROUDG� XQG GHU .OHP��
PHQVSDQQXQJ ZHUGHQ GDUDXV GLH 6WURPDEOHLWXQJHQ HUUHFKQHW� $XV 6ROO�� ,VW�� XQG %HOD�
VWXQJVPRPHQW NDQQ GLH :LQNHOEHVFKOHXQLJXQJ EHVWLPPW ZHUGHQ� ,Q GHU 5RXWLQH LQWHJ
ZHUGHQ DOV ,QWHJUDWLRQVYHUIDKUHQ (XOHU XQG 5XQJH�.XWWD ]ZHLWHU E]Z� YLHUWHU 2UGQXQJ
]XU $XVZDKO JHVWHOOW� 1DFK GHU ,QWHJUDWLRQ GHU 6WURPDEOHLWXQJHQ XQG GHU :LQNHOEHVFKOHX�
QLJXQJ LVW HLQH 6FKOHLIH YROOVWDQGLJ GXUFKODXIHQ� -H QDFKGHP� RE GLH 0DVFKLQHQJOHLFKXQJHQ�
LQ 5DXP]HLJHU� RGHU 6WUDQJGDUVWHOOXQJ LQWHJULHUW ZXUGHQ� ZHUGHQ GLH MHZHLOV IHKOHQGHQ
*UR{HQ LQ U]G� GXUFK 7UDQVIRUPDWLRQ EHVWLPPW� ,Q HLQHU IHVWHQ $Q]DKO YRQ ,QWHJUDWLRQV��
VFKULWWHQ ^ ZDV HLQHP =HLWLQWHUYDOO JOHLFKNRPPW ^ NRQQHQ GLH =ZLVFKHQHUJHEQLVVH LQ GLH�
DQIDQJV JHRmQHWHQ 'DWHLHQ JHVFKULHEHQ ZHUGHQ �DXVJ�� 6RODQJH GHU (QG]HLWSXQNW GHU 6L��
PXODWLRQ QRFK QLFKW HUUHLFKW LVW� ZLUG GLH 6FKOHLIH HUQHXW GXUFKODXIHQ� $QGHUQIDOOV ZHUGHQ
DOOH ]XOHW]W HUPLWWHOWHQ *UR{HQ LQ HLQH 'DWHL JHVFKULHEHQ� GLH HLQH GLUHNWH )RUWVHW]XQJ�
GHV VR EHHQGHWHQ 6LPXODWLRQVODXIV JHVWDWWHW� 'D GHU YROOVWDQGLJH =XVWDQG GHV $QWULHEV�
JHVSHLFKHUW ZLUG� HUIROJW ]X %HJLQQ GHU )RUWVHW]XQJVVLPXODWLRQ NHLQ (LQVFKZLQJYRUJDQJ�
VR GD{ GLH (UJHEQLVVH GHU 6LPXODWLRQVODXIH QDKWORV DQHLQDQGHUJHKDQJW ZHUGHQ NRQQHQ�� � �

��� 8PVHW]XQJ DXI GHP 0LNURFRQWUROOHU

'DV ELV KLHUKHU HQWZLFNHOWH 6LPXODWLRQVSURJUDPP IXU HLQHQ 3HUVRQDO &RPSXWHU LQ GHU 3UR��
JUDPPLHUVSUDFKH )2575$1 LVW HLQ ZLFKWLJHV +LOIPLWWHO� XP GDV 3URJUDPP IXU GHQ 0L��
NURFRQWUROOHU ]X HQWZLFNHOQ� GDV LQ (FKW]HLW GLH 0DVFKLQHQVWHXHUXQJ XEHUQLPPW� =XQDFKVW� �
ZHUGHQ GLH 3URJUDPPWHLOH� GLH YRP 0LNURSUR]HVVRU EHDUEHLWHW ZHUGHQ� IXU HLQH 6RIWZDUH�
DXIEHUHLWHW� ZHOFKH GLH .RPPXQLNDWLRQ PLW GHP 0LNURFRQWUROOHU YHUHLQIDFKW� 0LW GLHVHU
6RIWZDUH NDQQ PDQ GHQ 5HFKHQ]HLWEHGDUI GHV 0LNURSUR]HVVRUV IXU GLH DE]XDUEHLWHQGHQ�
5RXWLQHQ HUPLWWHOQ� $QVFKOLH{HQG ZLUG JHSUXIW� RE GLH VR HUUHLFKEDUH $XIUXIKDXnJNHLW IXU� � �
HLQHQ VWDELOHQ %HWULHE GHU 0DVFKLQH DXVUHLFKW� ,Q GHQ HUVWHQ 9HUVXFKHQ ZDU GLHV QLFKW GHU
)DOO� 0DQ HUUHLFKWH GXUFK HLQH JXQVWLJHUH 3URJUDPPLHUXQJ GHV 3UR]HVVRUV XQG 0HWKRGHQ��
GLH HLQHQ VFKQHOOHUHQ 6SHLFKHU]XJULm HUODXEHQ� HLQH KRKHUH $XIUXIKDXnJNHLW� 6R NRQQWH HLQ� �
VWDELOHU %HWULHE GHU 0DVFKLQH HUUHLFKW ZHUGHQ�

��



��� 8QWHUVXFKXQJ GHV 0DVFKLQHQYHUKDOWHQV DP VWDU�

UHQ 1HW]

8P HUVWH $XVVDJHQ ]XP 0DVFKLQHQYHUKDOWHQ WUHmHQ ]X NRQQHQ� HPSnHKOW HV VLFK� GDV 9HU��
KDOWHQ DQ HLQHP VWDUUHQ 1HW] ]X VLPXOLHUHQ� DXFK ZHQQ GDV JHZXQVFKWH %HWULHEVYHUKDOWHQ�
QXU PLW HLQHP JHUHJHOWHQ 3XOVZHFKVHOULFKWHU HUUHLFKW ZHUGHQ NDQQ� 0DQ KDW VR EHLVSLHOV�
ZHLVH GLH 0RJOLFKNHLW� HLQLJH FKDUDNWHULVWLVFKH 9HUKDOWHQVZHLVHQ GHU 6\QFKURQPDVFKLQH�
GXUFK JH]LHOWH 9RUJDEHQ LQ GHU 6LPXODWLRQ ]X XEHUSUXIHQ�� �

����� 6LPXODWLRQVHUJHEQLVVH DP VWDUUHQ 1HW]

,Q GHP HUDUEHLWHWHQ 6LPXODWLRQVSURJUDPP EHVWHKW GLH 0RJOLFKNHLW� GLH 0DVFKLQH RKQH GLH�
PHFKDQLVFKH )HOGVFKZDFKXQJ ]X VLPXOLHUHQ� 'LHV HQWVSULFKW GHP )DOO� GD{ PDQ LP 5RWRU�
GHQ EHZHJOLFKHQ 7HLO LQ HLQH VHLQHU (QGODJHQ EULQJW ^ G�K� XP HLQH 3ROWHLOXQJ DXVOHQNW ^
XQG GRUW n[LHUW� (V ]HLJWH VLFK EHUHLWV EHL IUXKHUHQ 8QWHUVXFKXQJHQ >��@� GD{ GLH 0DVFKLQH�
XQWHU GLHVHQ %HGLQJXQJHQ REHUKDOE YRQ HWZD ��� 8S0 QLFKW VWDELO DQ HLQHP VWDUUHQ 1HW]
EHWULHEHQ ZHUGHQ NDQQ� 'LHVH (UIDKUXQJ PDFKW PDQ� ZHQQ YHUVXFKW ZLUG� GLH XQEHODVWHWH
0DVFKLQH DQ HLQHP 1HW] PLW XEHU GHU =HLW DQVWHLJHQGHU )UHTXHQ] XQG 6SDQQXQJ ]X EHWUHL��
EHQ� 'HU 4XRWLHQW DXV 6SDQQXQJ XQG )UHTXHQ] ZLUG GDEHL NRQVWDQW JHKDOWHQ� 1DFK ��� V
ZLUG GLH %HVFKOHXQLJXQJ DXI HLQH YRUKHU IHVWJHOHJWH (QGGUHK]DKO EHHQGHW XQG GLH 0DVFKL�
QH VROO PLW GLHVHU 'UHK]DKO ZHLWHUODXIHQ� 8P GHQ (LQoX{ GHU 'UHK]DKO ]X YHUDQVFKDXOLFKHQ
XQG GLH PD[LPDO HUUHLFKEDUH 'UHK]DKO ]X HUPLWWHOQ� IXKUW PDQ HLQH VROFKH 6LPXODWLRQ GHU�
%HVFKOHXQLJXQJ IXU XQWHUVFKLHGOLFKH (QGGUHK]DKOHQ GXUFK� ,Q %LOG ��� VLQG %HVFKOHXQL��
JXQJVYHUODXIH IXU LQ 6WXIHQ YRQ �� 8S0 VWHLJHQGH (QGGUHK]DKOHQ GDUJHVWHOOW� 'HU .QLFN� �
LQ GHU )UHTXHQ]UDPSH IXKUW ]X 6FKZLQJXQJHQ� GHUHQ 'DPSIXQJ PLW VWHLJHQGHU 'UHK]DKO� �
DEQLPPW� %HL HLQHU (QGGUHK]DKO YRQ ��� 8S0 LVW GLH 6FKZLQJXQJ SUDNWLVFK QLFKW PHKU
JHGDPSIW� /LHVW PDQ GLH )UHTXHQ] GLHVHU 6FKZLQJXQJ DXV GHQ .XUYHQ DE� HUKDOW PDQ� �
FD� �� +]� 9HUVXFKW PDQ GLH 0DVFKLQH QRFK ZHLWHU ]X EHVFKOHXQLJHQ� QLPPW GLH $PSOLWX�
GH GHU 6FKZLQJXQJ PLW GHU =HLW ]X� ELV GLH 0DVFKLQH VFKOLH{OLFK ^ EHL ODQJHUHU 6LPXODWLRQ�
^ DX{HU 7ULWW IDOOW� $XFK ZHQQ GLH 0DVFKLQH VHKU ODQJVDP ^ G�K� PLW VHKU oDFKHU 5DPSH ^�
EHVFKOHXQLJW ZLUG� NOLQJHQ GLH ^ DXIJUXQG GHU oDFKHUHQ 5DPSH JHULQJHUHQ ^ 6FKZLQJXQJHQ

�DXI� GLH EHLP 8EHUJDQJ LQ GHQ %HUHLFK NRQVWDQWHU 'UHK]DKO HQWVWHKHQ� ZHQQ GLH 'UHK]DKO
REHUKDOE HWZD ��� 8S0 OLHJW� 'DJHJHQ NOLQJHQ GLH 6FKZLQJXQJHQ ZLHGHU DE� ZHQQ GLH )UH�
TXHQ] QDFK (UUHLFKHQ HLQHU 'UHK]DKO NOHLQHU DOV FD� ��� 8S0 NRQVWDQW JHKDOWHQ ZLUG� ,Q
DQGHUHQ 6LPXODWLRQHQ ZXUGH JH]HLJW� GD{ VROFKH 6FKZLQJXQJHQ DXFK GDQQ DXIWUHWHQ� ZHQQ
GLH 6SDQQXQJV��)UHTXHQ]UDPSH� GLH ]XU %HVFKOHXQLJXQJ GLHQW� IRUWJHVHW]W ZLUG� 2mHQEDU
YHUELHWHW GLHVHU (mHNW HLQHQ %HWULHE REHUKDOE HLQHU 'UHK]DKO YRQ FD� ��� 8S0�

,P 9RUJULm DXI GLH 0HVVXQJHQ VHL DQJHPHUNW� GD{ GHU DXVJHIXKUWH 3URWRW\S H[DNW GLH��
VHV 9HUKDOWHQ ]HLJW� (UKDOW GHU VSHLVHQGH 6WURPULFKWHU HLQH 6SDQQXQJV��)UHTXHQ]YRUJDEH��
NDQQ GLH 0DVFKLQH ^ DXFK ZHQQ GLH 6ROOZHUWH VHKU YRUVLFKWLJ YHUDQGHUW ZHUGHQ ^ QLFKW�
DXI 'UHK]DKOHQ REHUKDOE YRQ FD� ��� 8S0 EHVFKOHXQLJW ZHUGHQ� 'HU JHIXQGHQH (mHNW LVW
GDPLW QLFKW (UJHEQLV HLQHV )HKOHUV LP 6LPXODWLRQVSURJUDPP� VRQGHUQ LQ GHU 3K\VLN GHU
0DVFKLQH EHJUXQGHW� 'LHVH (UJHEQLVVH VLQG IXU SHUPDQHQWPDJQHWLVFK HUUHJWH 6\QFKURQ�� �
PDVFKLQHQ QLFKW XQJHZRKQOLFK� 6R ]HLJWH HLQH 0DVFKLQH PLW NRQYHQWLRQHOOHU GUHLVWUDQJLJHU� �
6WDWRUZLFNOXQJ XQG HLQHP ,QQHQODXIHU LQ )ODFKPDJQHWDQRUGQXQJ HLQ JDQ] DKQOLFKHV 9HU�� �
KDOWHQ >��@� (V LVW DQ]XQHKPHQ� GD{ GLH VSH]LHOOH .RPELQDWLRQ YRQ 3DUDPHWHUQ� YRU DOOHP

��



GLH NOHLQH /XIWVSDOWLQGXNWLYLWDW� ]X LQVWDELOHQ /RVXQJHQ GHV 'LmHUHQWLDOJOHLFKXQJVV\VWHPV� �
IXKUW� 'LHV VROO LQ $EVFKQLWW ����� JHQDXHU XQWHUVXFKW ZHUGHQ��

%LOG ���� 0LW GHU 'UHK]DKO DEQHKPHQGH 'DPSIXQJ GHU 0DVFKLQH RKQH )HOGVFKZDFKXQJ� �

����� $QDO\WLVFKH %HVWLPPXQJ GHU (LJHQZHUWH

'LH YHUPXWHWH 8UVDFKH IXU GLH 6FKZLQJXQJHQ LVW HLQH XQ]XUHLFKHQGH 'DPSIXQJ GHV 'LmH�� �
UHQWLDOJOHLFKXQJVV\VWHPV EHL KRKHUHQ 'UHK]DKOHQ� 0LW +LOIH YRQ >��@ XQG >��@ NRQQHQ GLH� �
(LJHQZHUWH HLQHU $V\QFKURQPDVFKLQH EHL NOHLQHQ $EZHLFKXQJHQ HUPLWWHOW ZHUGHQ� :HQGHW
PDQ GLH GRUW JHQXW]WH 9RUJHKHQVZHLVH DXI GLH 'LmHUHQWLDOJOHLFKXQJHQ GHU 6\QFKURQPD�
VFKLQH DQ� NDQQ HLQ 6\VWHP YRQ YLHU 'LmHUHQWLDOJOHLFKXQJHQ HUVWHU 2UGQXQJ JHIXQGHQ
ZHUGHQ� GDV GLH G\QDPLVFKHQ (LJHQVFKDIWHQ EHL NOHLQHQ $EZHLFKXQJHQ YRP 6\QFKURQLV�
PXV EHVFKUHLEW� 'D]X IRUPXOLHUW PDQ GLH 6\VWHPJOHLFKXQJHQ GHU 6\QFKURQPDVFKLQH LQ
HLQHP PLW V\QFKURQHU 'UHK]DKO XPODXIHQGHQ .RRUGLQDWHQV\VWHP� $QVFKOLH{HQG ZHUGHQ
GLH HOHNWULVFKHQ XQG PHFKDQLVFKHQ *UR{HQ� GLH LP TXDVLVWDWLRQDUHQ %HWULHE EHL NRQVWDQWHU� �
'UHK]DKO NRQVWDQW VLQG� GXUFK HLQH 6XPPH DXV HEHQ GLHVHP NRQVWDQWHQ :HUW XQG HLQHP
$QWHLO� GHU GLH NOHLQHQ $EZHLFKXQJHQ EHVFKUHLEW� DXVJHGUXFNW� 6RUWLHUW PDQ GLH 6\VWHP��
JOHLFKXQJHQ QXQ QDFK GHQ NOHLQHQ $EZHLFKXQJHQ XQG GHUHQ $EOHLWXQJHQ� NRPPW PDQ DXI
HLQ 'LmHUHQWLDOJOHLFKXQJVV\VWHP IROJHQGHU *HVWDOW�

� �� � � �
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'DUDXV NDQQ PDQ PLW +LOIH GHU 'HWHUPLQDQWH GLH (LJHQZHUWH GHV 6\VWHPV HUPLWWHOQ�
1DFKGHP GLH 7HUPH VRUWLHUW ZRUGHQ VLQG� HUKDOW PDQ GLH LQ ������ DQJHJHEHQHQ .RHI��

��

0

50

100

150

200

250

0 0.2 0.4 0.6 0.8 1

n
 
/
 
(
U
p
M
)

t / (s)



n]LHQWHQ HLQHU *OHLFKXQJ YLHUWHU 2UGQXQJ� 'HU $OJRULWKPXV ]XU /RVXQJ GHU *OHLFKXQJ�
YLHUWHQ *UDGHV ZXUGH SURJUDPPLHUW� VR GD{ QXU QRFK GLH .RHp]LHQWHQ EHUHFKQHW ]X ZHU�
GHQ EUDXFKWHQ�

� ��w�� c�b/ - ��P�

��w�� c�b�5 / - ��� � P

� ��w�� c��b5 - � b �/ 0 ���S0 ��L L �S��P � (6 (6 (�,P (�,P� ������
��w�� c��5 0 ���S0 ��L L �S��� (6 (6 (�,P (�,P

� c��� / ��� 0 ���S0 ��L L �S�� � � (6 (6 (�5H (�5H

�� / ��� / ���S0 ��L L � L L �S�  �� � � � (6 ��,P (�,P ��5H (�5H

8P GLHVHV (UJHEQLV DXI GLH 0'0 DQZHQGHQ ]X NRQQHQ� PXVVHQ 3DUDOOHOHQ ]ZLVFKHQ GHQ� �
EHLGHQ 0DVFKLQHQW\SHQ KHUJHVWHOOW ZHUGHQ� ,Q HUVWHU /LQLH LVW GDIXU ]X VRUJHQ� GD{ GDV YRQ�
GHU HOHNWULVFKHQ (UUHJXQJ HU]HXJWH )HOG PLW GHP GHU 3HUPDQHQWPDJQHWHQ XEHUHLQVWLPPW��
'DUDXV OD{W VLFK GLH .RSSOXQJVLQGXNWLYLWDW 0 XQWHU GHU $QQDKPH� GD{ GHU (UUHJHU�� � (6

VWURP � $ EHWUDJW� EHVWLPPHQ� 'HU :LGHUVWDQG 5 VRZLH GLH ,QGXNWLYLWDW / ODVVHQ VLFK� �� �

DXV GHQ WUDQVIRUPLHUWHQ 0DWUL]HQ GHU 0'0 EHVWLPPHQ� $XV GHQ $EVFKQLWWHQ ����� XQG
������ LQ GHQHQ GLH 7KHRULH HUDUEHLWHW ZXUGH� LVW EHNDQQW� GD{ 0RGXODUH 'DXHUPDJQHW�
PDVFKLQHQ PLW HLQHU 6WUDQJ]DKO JUR{HU GUHL GXUFK HLQHQ 5DXP]HLJHU QLFKW DXVUHLFKHQG�
EHVFKULHEHQ ZHUGHQ NRQQHQ� 0LW +LOIH GHV 6LPXODWLRQVSURJUDPPV NDQQ GHU (LQoX{ GHU�
5DXP]HLJHU KRKHUHU 2UGQXQJ DXVJHEOHQGHW ZHUGHQ� %HL YHUVFKLHGHQHQ 6LPXODWLRQVODXIHQ�� �
LQ GHQHQ GLH %HUHFKQXQJHQ HLQPDO PLW� GDV DQGHUH 0DO RKQH 5DXP]HLJHU KRKHUHU 2UGQXQJ�
GXUFKJHIXKUW ZXUGHQ� NRQQWHQ NHLQH QHQQHQVZHUWHQ 8QWHUVFKLHGH IHVWJHVWHOOW ZHUGHQ� ,QV��
EHVRQGHUH DXI GLH EHL KRKHUHQ 'UHK]DKOHQ DXIWUHWHQGHQ 6FKZLQJXQJHQ NRQQWH NHLQ (LQoX{�
IHVWJHVWHOOW ZHUGHQ� 0DQ EHVFKUDQNW VLFK GDKHU DXI GHQ 5DXP]HLJHU HUVWHU 2UGQXQJ� GD�
GLHVHU PD{JHEOLFK IXU GDV 0DVFKLQHQYHUKDOWHQ LVW� $XV GHP WUDQVIRUPLHUWHQ 'LmHUHQWLDO��
JOHLFKXQJVV\VWHP HQWQLPPW PDQ GDKHU GLH 3DUDPHWHU 5 XQG / GHU *OHLFKXQJ IXU GHQ�� �

HUVWHQ 5DXP]HLJHU� 'LH :HUWH IXU GHQ 5HDO� XQG ,PDJLQDUWHLO GHV 6WDWRUVWURPV L XQG� � ��5H

L VRZLH GHV (UUHJHUVWURPV L XQG L � ZREHL OHW]WHUH SUDNWLVFK GHU :LQNHOODJH GHV��,P (�5H (�,P

3ROUDGV HQWVSUHFKHQ� PXVVHQ DXV HLQHU G\QDPLVFKHQ 6LPXODWLRQ EHVWLPPW ZHUGHQ� GD VLH�
VLFK DEKDQJLJ YRP MHZHLOLJHQ %HWULHEV]XVWDQG XQG GDPLW GHU 'UHK]DKO DQGHUQ� 6FKOLH{OLFK� �
VWHOOW PDQ EHL HLQHP 9HUJOHLFK GHU 'UHKPRPHQWIRUPHOQ IHVW� GD{ PLW HLQHP DXI HLQ 'ULWWHO
UHGX]LHUWHQ 7UDJKHLWVPRPHQW JHUHFKQHW ZHUGHQ PX{��

,Q HLQHP QDFKVWHQ 6FKULWW ZLUG JHSUXIW� RE GLH G\QDPLVFKH 6LPXODWLRQ XQG GDV *OHLFKXQJV�� �
V\VWHP ]XU %HKDQGOXQJ NOHLQHU $EZHLFKXQJHQ XP GHQ 6\QFKURQLVPXV JOHLFKH (UJHEQLV�
VH OLHIHUQ� 'D]X ZLUG GLH 0DVFKLQH LQ HLQHU G\QDPLVFKHQ 6LPXODWLRQ DXI HLQH 'UHK]DKO
JHEUDFKW� GLH GHXWOLFKHQ $EVWDQG ]X GHP LQVWDELOHQ %HUHLFK KDW� GHU EHL FD� ��� 8S0
EHJLQQW� 1DFKGHP DOOH 6FKZLQJXQJVYRUJDQJH QDFK GHP %HVFKOHXQLJHQ DEJHNOXQJHQ VLQG��
YHUDQGHUW PDQ GLH 6SDQQXQJVDPSOLWXGH GHV VSHLVHQGHQ 6\VWHPV XP HLQLJH 3UR]HQW XQG�
EHREDFKWHW GHQ VLFK DQVFKOLH{HQGHQ 6FKZLQJXQJVYRUJDQJ� 'LHVH 9HUVXFKH? ZHUGHQ PLW

�
JH]LHOW YHUDQGHUWHQ 0DVFKLQHQSDUDPHWHUQ GXUFKJHIXKUW� $XV GHQ 5HVXOWDQWHQ GHU G\QDPL�� �
VFKHQ 6LPXODWLRQ IXU GHQ HLQJHVFKZXQJHQHQ =XVWDQG ZHUGHQ GLH =DKOHQZHUWH IXU GHQ 6WD�� �
WRUVWURP XQG GLH 3ROUDGODJH HQWQRPPHQ XQG ]XVDPPHQ PLW GHQ 0DVFKLQHQSDUDPHWHUQ

�LQ GLH %HUHFKQXQJ GHU (LJHQZHUWH HLQJHVHW]W� $QVFKOLH{HQG NRQQWH GLH 8EHUHLQVWLPPXQJ
EHLGHU 0RGHOOH DQKDQG HLQHV 9HUJOHLFKV GHU )UHTXHQ]HQ� GLH VLFK DXV GHU G\QDPLVFKHQ
6LPXODWLRQ HLQHUVHLWV XQG GHU (LJHQZHUWEHWUDFKWXQJ DQGHUHUVHLWV HUJDEHQ� QDFKJHZLHVHQ
ZHUGHQ�

��



3DUDPHWHU (LQoX{IDNWRU G\QDPLVFKH 6LPXODWLRQ DQDO\WLVFKH 5HFKQXQJ
,QGXNWLYLWDW � ��� ��� +] ��� +]� S
7UDJKHLWVPRPHQW � ����� +] ����� +]�
.RSSHOLQGXNWLYLWDW �� ��� +] ��� +]�

1XQ NDQQ GHU )UDJH QDFKJHJDQJHQ ZHUGHQ� ZHOFKH (LJHQZHUWH VLFK IXU GLH LQ %LOG ��� GDU��
JHVWHOOWHQ %HWULHEVIDOOH HUJHEHQ� 'D]X ZLUG ]X MHGHU GHU 6LPXODWLRQHQ GLH /DJH GHV 3ROUDGV�
VRZLH GHU 6WDWRUVWURP EHVWLPPW� QDFKGHP VLFK HLQ TXDVLVWDWLRQDUHU =XVWDQG HLQJHVWHOOW�
KDW� %HL GHQ 6LPXODWLRQHQ PLW KRKHUHQ (QGGUHK]DKOHQ ZLUG GLH 6LPXODWLRQV]HLW VRZHLW�
YHUODQJHUW� ELV GLH 6FKZLQJXQJHQ DEJHNOXQJHQ VLQG� $QVFKOLH{HQG ZHUGHQ GLHVH :HUWH DOV�
$UJXPHQWH IXU GLH (LJHQZHUWEHVWLPPXQJ JHQXW]W� 'LH 5HDOWHLOH XQG ,PDJLQDUWHLOH GHU VLFK� �
DEKDQJLJ YRP %HWULHEV]XVWDQG HUUHFKQHQGHQ (LJHQZHUWH VLQG LQ %LOG ��� XQG %LOG ��� GDU��
JHVWHOOW� $XV %LOG ��� LVW HUNHQQEDU� GD{ VWHWV HLQH /RVXQJ PLW SRVLWLYHP 5HDOWHLO H[LVWLHUW��
,KU :HUW QLPPW PLW VWHLJHQGHU 'UHK]DKO GHXWOLFK ]X� (LQ DQGHUHU (LJHQZHUW� GHU LP 6WLOO�
VWDQG HWZD HLQHQ 5HDOWHLO YRQ QXOO KDW� HUKDOW PLW ]XQHKPHQGHU 'UHK]DKO HLQH VWDUNHUH� �
'DPSIXQJ� =ZHL ZHLWHUH (LJHQZHUWH ELOGHQ HLQ NRQMXJLHUW NRPSOH[HV /RVXQJVSDDU� 'LH� �
'DPSIXQJ GLHVHU (LJHQZHUWH QLPPW DE HLQHU 'UHK]DKO YRQ FD� ��� 8S0 DE� 0DQ NDQQ�
GDUDXV HUNHQQHQ� GD{ VLFK GDV 'DPSIXQJVYHUKDOWHQ PLW GHU 'UHK]DKO GHXWOLFK DQGHUW� HLQ� �
]ZLQJHQGHU %HZHLV IXU GLH DE ��� 8S0 DXINOLQJHQGHQ 6FKZLQJXQJHQ ^ HWZD LQ )RUP HL��
QHV 9RU]HLFKHQZHFKVHOV HLQHV 5HDOWHLOV YRQ QHJDWLY QDFK SRVLWLY ^ OD{W VLFK GDJHJHQ QLFKW�
DEOHLWHQ�

%LOG ���� $EKDQJLJNHLW GHU 'DPSIXQJ YRQ GHU PHFKDQLVFKHQ :LQNHOJHVFKZLQGLJNHLW� �

'LH HPSLULVFKH )HVWVWHOOXQJ EHL GHU 6LPXODWLRQ XQG GLH DQVFKOLH{HQGH DQDO\WLVFKH 8Q�
WHUVXFKXQJ GHV 6WDELOLWDWVYHUKDOWHQV ]HLJHQ� GD{ HLQ %HWULHE DQ HLQHP 6WURPULFKWHU PLW�
URWRUODJHDEKDQJLJHU 6WURPHLQSUDJXQJ DXFK GDQQ XQDEGLQJEDU ZDUH� ZHQQ GLH 0DVFKLQH� � �
RKQH PHFKDQLVFKH )HOGVFKZDFKXQJ DXVJHIXKUW ZXUGH�� � �
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%LOG ���� $EKDQJLJNHLW 6FKZLQJXQJVIUHTXHQ] YRQ GHU PHFKDQLVFKHQ:LQNHOJHVFKZLQGLJNHLW�

��� 8QWHUVXFKXQJ GHV 0DVFKLQHQYHUKDOWHQV DP 8P�

ULFKWHU

8P GLH YRUJHVHKHQH 5HJHOXQJ GHV /DQJV� XQG 4XHUVWURPV� GLH LQ $EVFKQLWW ��� EHVFKULH��
EHQ ZXUGH� ]X HUUHLFKHQ� PXVVHQ GLH 6SDQQXQJHQ ODJHDEKDQJLJ HLQJHSUDJW ZHUGHQ� (V VROO� � �
QXQ JH]HLJW ZHUGHQ� ZLH VLFK GLH 0DVFKLQH EHL HLQHP JHUHJHOWHQ %HWULHE YHUKDOW� 'D]X�
ZLUG HLQ %HVFKOHXQLJXQJVYRUJDQJ GHU VWLOOVWHKHQGHQ 0DVFKLQH XQWHUVXFKW�

=X 6LPXODWLRQVEHJLQQ ZLUG GHU 5HJHOXQJ HLQ 6ROOGUHKPRPHQW LQ +RKH GHV 1HQQPRPHQWV�
YRUJHJHEHQ �%LOG ����� 'LH 5HJHOXQJ SUDJW GDUDXIKLQ HLQHQ 4XHUVWURP YRP %HWUDJ GHV�
1HQQVWURPV HLQ� GHU HUZDUWXQJVJHPD{ ]X HLQHP SRVLWLYHQ 'UHKPRPHQW DXI GHQ EHZHJ��
OLFKHQ 5RWRUWHLO XQG HLQHP QHJDWLYHQ 0RPHQW DXI GHQ IHVWHQ 7HLO IXKUW� 0LW GHU UDVFK�
]XQHKPHQGHQ $XVOHQNXQJ QLPPW GDV QHJDWLYH 0RPHQW DXI GHQ IHVWHQ 7HLO DE XQG GLH 0D�
VFKLQH EHVFKOHXQLJW� )XU GLH 6LPXODWLRQ ZXUGH HLQ OLQHDU PLW GHU 'UHK]DKO ]XQHKPHQGHV�
:LGHUVWDQGVPRPHQW ]XJUXQGH JHOHJW� GDV EHL ���� 8S0 �� 1P EHWUDJW� 'D GLH 0DVFKLQH�
HLQ KRKHUHV 0RPHQW HU]HXJW� ZLUG GLH 1HQQGUHK]DKO XEHUVFKULWWHQ XQG PDQ WULWW LQ GHQ� �
)HOGVFKZDFKEHUHLFK HLQ� +LHU ZLUG GHU 5HJHOXQJ VWDWW GHV 1HQQPRPHQWV GLH 1HQQOHLVWXQJ�
DOV 6ROOZHUW YRUJHJHEHQ� 'D HQWVSUHFKHQG GHU 7KHRULH GHU PHFKDQLVFK IHOGJHVFKZDFKWHQ�
0DVFKLQH LP )HOGVFKZDFKEHUHLFK GLH $XVOHQNXQJ ]XUXFNJHQRPPHQ ZHUGHQ PX{� ZLUG GHU� �
6ROOZHUW GHV 4XHUVWURPV� GHU GLH $XVOHQNXQJ VWHXHUW� ]XUXFNJHQRPPHQ� 8P GLH JHIRUGHU��
WH /HLVWXQJ ]X HUUHLFKHQ� ZLUG HLQ ]XVDW]OLFKHU /DQJVVWURP YRUJHJHEHQ �%LOG ����� 'LHVHU� �
LVW IXU HLQHQ LQWHUHVVDQWHQ (mHNW EHLP (LQWULWW LQ GHQ )HOGVFKZDFKEHUHLFK YHUDQWZRUW�� �
OLFK� 'HXWOLFK HUNHQQEDU LVW KLHU GLH %HVFKOHXQLJXQJ DQIDQJV VWDUNHU DOV DP (QGH GHV�
$QNHUVWHOOEHUHLFKV� $XVVFKODJJHEHQG KLHUIXU LVW GLH QRFK QLFKW YROO DXVJHOHQNWH 0DVFKL��
QH� GLH GXUFK GHQ G�6WURP� GHU VFKQHOO HLQJHSUDJW ZHUGHQ NDQQ� HLQ ]XVDW]OLFKHV 0RPHQW� �
HUIDKUW� 'D GLHVHV 0RPHQW DXI GHQ IHVW PLW GHU :HOOH YHUEXQGHQHQ 5RWRUWHLO ZLUNW� NDQQ�
HV XQPLWWHOEDU ]XU %HVFKOHXQLJXQJ GLHQHQ� 6FKOLH{OLFK VWHOOW VLFK HLQH 'UHK]DKO YRQ HWZD
���� 8S0 HLQ �%LOG ����� 0LW GHP ]XJHKRULJHQ :LGHUVWDQGVPRPHQW YRQ ���� 1P HUJLEW�
VLFK HLQH PHFKDQLVFKH /HLVWXQJ YRQ FD� � N:� ,Q GHU 6LPXODWLRQ ]HLJW GLH 0DVFKLQH VRPLW
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GDV JHZXQVFKWH 9HUKDOWHQ� 'LH 5HJHOXQJ ZXUGH RmHQEDU NRUUHNW SURJUDPPLHUW XQG NDQQ�
VR IXU GHQ 0LNURFRQWUROOHU YHUZHQGHW ZHUGHQ��

%LOG ���� 6ROO� XQG ,VWPRPHQW EHL LGHDOLVLHUWHQ $QQDKPHQ

%LOG ���� 6ROO� XQG ,VWZHUWH YRQ G� XQG T�6WURP EHL LGHDOLVLHUWHQ $QQDKPHQ

%HL GHU VRHEHQ EHVFKULHEHQHQ 6LPXODWLRQ JLQJ PDQ YRQ HLQHP VHKU OHLVWXQJVIDKLJHQ 0LNUR��
SUR]HVVRU DXV� GHU HV JHVWDWWHW GLH 5RXWLQHQ ]XU 0DVFKLQHQUHJHOXQJ VHKU KDXnJ DXI]XUXIHQ��
'HU ]XU 9HUIXJXQJ VWHKHQGH 0LNURSUR]HVVRU HUODXEW PD[LPDO GLH REHQ �$EVFKQLWW ���� HU��
PLWWHOWHQ $XIUXI]HLWHQ� 8P GLH $XVZLUNXQJ GHU EHJUHQ]WHQ 5HFKHQOHLVWXQJ ]X ]HLJHQ�
ZXUGH GLH REHQ EHVFKULHEHQH 6LPXODWLRQ XQWHU GHQ QHXHQ 9RUDXVVHW]XQJHQ ZLHGHUKROW
�%LOGHU ���������������� $XV GHQ GHXWOLFK VWDUNHU YHUUDXVFKWHQ 9HUODXIHQ HUNHQQW PDQ�� �
GD{ GLH 5HFKHQOHLVWXQJ RmHQEDU JHUDGH QRFK DXVUHLFKW� GLH 5HJHODXIJDEH ]X HUIXOOHQ� )HU��
QHU NDQQ IHVWJHVWHOOW ZHUGHQ� GD{ ELV ]XP (UUHLFKHQ GHU 1HQQGUHK]DKO GLH +DOIWH PHKU DQ�
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%LOG ���� $XVOHQNXQJV� XQG 'UHK]DKOYHUODXI EHL LGHDOLVLHUWHQ $QQDKPHQ

=HLW YHUJHKW� $XV GLHVHP *UXQG LVW HLQ QLFKW VHKU EHIULHGLJHQGHV G\QDPLVFKHV 9HUKDOWHQ
IXU GLH HUVWHQ 0HVVXQJHQ ]X HUZDUWHQ��

%LOG ����� 6ROO� XQG ,VWPRPHQW EHL UHDOLWDWVQDKHQ $QQDKPHQ�
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%LOG ����� 6ROO� XQG ,VWZHUWH YRQ G� XQG T�6WURP EHL UHDOLWDWVQDKHQ $QQDKPHQ�

%LOG ����� $XVOHQNXQJV� XQG 'UHK]DKOYHUODXI EHL UHDOLWDWVQDKHQ $QQDKPHQ�
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1DFKGHP GHU $QWULHE HQWVSUHFKHQG GHQ $XVOHJXQJVUHFKQXQJHQ GDUJHVWHOOW ZXUGH� PX{
XQWHUVXFKW ZHUGHQ� RE GLH LQ GHQ $EVFKQLWWHQ ��� XQG ��� JHIRUGHUWHQ :HUWH HLQJHKDOWHQ
ZHUGHQ� 8P GLH =XYHUODVVLJNHLW GHU YHUZHQGHWHQ %HUHFKQXQJVPHWKRGHQ ]X XEHUSUXIHQ�� � �
ZHUGHQ VRZHLW ]XJDQJOLFK GLH HUUHFKQHWHQ .HQQJUR{HQ GHU 0DVFKLQH YHUPHVVHQ�� �

9RQ EHVRQGHUHP ,QWHUHVVH LVW GLH )UDJH� RE GLH )HOGVFKZDFKXQJ GDV YRUKHUJHVDJWH 9HUKDO��
WHQ DXIZHLVW� 'D GLHV ]XQDFKVW RmHQ ZDU� ZXUGH IXU GLH HQWVSUHFKHQG GHP 5HJHONRQ]HSW� �
QRWZHQGLJH /DJHHUIDVVXQJ GHV EHZHJOLFKHQ 5RWRUWHLOV HLQ SURYLVRULVFKHU ,QNUHPHQWDOJHEHU
YHUZHQGHW� GHU NHLQH RSWLPDOH $XoRVXQJ ELHWHW� 'D GHU 0LNURSUR]HVVRU� GHU GLH GLJLWD��
OHQ /DJHVLJQDOH LQ GLH 'UHK]DKOHQ GHV EHZHJOLFKHQ XQG GHV IHVWHQ 7HLOV XPUHFKQHW� HLQH
$XVJDEH GLHVHU 6LJQDOH QLFKW ]XOD{W� NRQQWHQ NHLQH 0HVVXQJHQ ]X GHQ %HVFKOHXQLJXQJV��
XQG /DVWZHFKVHOYRUJDQJHQ GXUFKJHIXKUW ZHUGHQ� 'LH 0HVVXQJHQ VLQG GDKHU QLFKW DOV� �
HUVFKRSIHQGHU PH{WHFKQLVFKHU 9HUJOHLFK PLW GHQ DQJHVWHOOWHQ 5HFKQXQJHQ ]X VHKHQ� (V�
VROO YLHOPHKU DQKDQG HLQ]HOQHU (UJHEQLVVH GLH SULQ]LSLHOO NRUUHNWH )XQNWLRQ JH]HLJW ZHU�
GHQ�

'LH 9HUVXFKH ZXUGHQ DQ GHP LP 5DKPHQ GHV 6RQGHUIRUVFKXQJVEHUHLFKV DXIJHEDXWHQ
+RFKGUHK]DKOYHUVXFKVVWDQG GXUFKJHIXKUW >��@� 'HU 3UXoLQJ NDQQ PLW HLQHU SXOVZHFK�� �
VHOULFKWHUJHVSHLVWHQ $V\QFKURQPDVFKLQH EHODVWHW E]Z� DQJHWULHEHQ ZHUGHQ� 'D DXFK GLH
'UHKULFKWXQJ JHZHFKVHOW ZHUGHQ NDQQ� LVW ��4XDGUDQWHQ�%HWULHE PRJOLFK� 'LH %HODVWXQJV��
PDVFKLQH ZLUG XEHU GHQ 6WURPULFKWHU HQWZHGHU GUHKPRPHQW� RGHU GUHK]DKOJHUHJHOW EH��
WULHEHQ� %HL %HODVWXQJVPHVVXQJHQ DQ DQGHUHQ 3UXoLQJHQ ]HLJWH VLFK EDOG� GD{ GHU 6WURP��
UHJOHU GHU %HODVWXQJVPDVFKLQH VWDUN HLQJUHLIW� XP 'UHK]DKO E]Z� 'UHKPRPHQW NRQVWDQW
]X KDOWHQ� 'LHVH (LQJULmH GHV 5HJOHUV UHJHQ 6FKZLQJXQJHQ LP $QWULHEVVWUDQJ DQ� GLH IXU�
HLQH NRUUHNWH 0HVVXQJ GHV 'UHKPRPHQWV HLQH VWDUNH *ODWWXQJ GHV 0H{VLJQDOV QRWZHQGLJ�
PDFKHQ� ,P )DOOH GHU KLHU EHKDQGHOWHQ 0'0 ZHUGHQ DXFK 6FKZLQJXQJHQ GHV EHZHJOLFKHQ
7HLOV GHV 5RWRUV DQJHUHJW� 8P GLHVHQ 3UREOHPHQ DXV GHP :HJ ]X JHKHQ� ZXUGH GLH %H�
ODVWXQJVPDVFKLQH DXV HLQHP 8PIRUPHUVDW] PLW HLQHP 6\VWHP VLQXVIRUPLJHU 6SDQQXQJHQ�
YDULDEOHU )UHTXHQ] XQG $PSOLWXGH JHVSHLVW� 1DFKWHLOLJ LVW MHGRFK� GD{ PLW GHU PD[LPDO
HLQVWHOOEDUHQ )UHTXHQ] QXU HLQH 'UHK]DKO YRQ FD ���� 8S0 HUUHLFKW ZHUGHQ NDQQ� 'D
IXU GHQ 9HUEUHQQXQJVPRWRU GHV $XWDUNHQ +\EULG HLQ 'LHVHOPRWRU JHZDKOW ZXUGH� GHVVHQ� �
0D[LPDOGUHK]DKO EHL FD� ���� 8S0 OLHJW� VLQNW GLH 0D[LPDOGUHK]DKO GHU GLUHNWJHNXSSHO�
WHQ $QWULHEH �.DSLWHO �� YRQ ���� DXI ���� 8S0� )HUQHU WUHWHQ 'UHK]DKOHQ LP %HUHLFK
]ZLVFKHQ ���� XQG ���� 8S0 VWDWLVWLVFK VHOWHQ DXI� VR GD{ GHU LP SUDNWLVFKHQ %HWULHE
GHV )DKU]HXJV ZLFKWLJH %HUHLFK DXFK PLW HLQHP 9HUVXFKVVWDQG XQWHUVXFKW ZHUGHQ NDQQ�

��



GHU QXU 0HVVXQJHQ ELV ���� 8S0 HUODXEW�

��� 0HVVXQJ GHU 0DVFKLQHQSDUDPHWHU

%HL GHU $XVOHJXQJ GHU 0DVFKLQH ZXUGH EHVRQGHUV DXI JHULQJH 9HUOXVWH JHDFKWHW� 'HVKDOE
LQWHUHVVLHUW� ZHOFKH 0RGXO� E]Z� 6SXOHQZLGHUVWDQGH HUUHLFKW ZHUGHQ� )XKUW PDQ IXU MHGHQ� � �
=DKQ ^ GLUHNW DQ GHVVHQ .RQWDNWVWHOOHQ� G�K� RKQH =XOHLWXQJ ^ HLQH :LGHUVWDQGVPHVVXQJ
PLW *OHLFKVWURP GXUFK� HUKDOW PDQ GLH :HUWH GHU XQWHQVWHKHQGHQ 7DEHOOH� 'LH JHULQJHQ�
8QWHUVFKLHGH ODVVHQ DXI HLQH KRKH *OHLFKIRUPLJNHLW GHU HLQ]HOQHQ 0RGXOH XQG HLQH KRKH�
*XWH GHU +HUVWHOOXQJ GHU :LFNOXQJ VFKOLH{HQ� (LQH $XVQDKPH ELOGHW GDV 0RGXO �� GDV�
HLQHQ GHXWOLFK ]X KRKHQ :LGHUVWDQG DXIZHLVW� $OV GLH :LFNOXQJ GHV 0RGXOV GDUDXIKLQ
HQWIHUQW ZXUGH� ]HLJWH VLFK� GD{ HLQHU GHU IXQI SDUDOOHO JHVFKDOWHWHQ 'UDKWH JHEURFKHQ ZDU�� �
1DFKGHP GHU =DKQ QHX EHZLFNHOW ZDU� ZLFK GHU :LGHUVWDQGVZHUW QLFKW PHKU DE�

)XU GLH 5HJHOXQJ GHV 6WURPULFKWHUV �.DSLWHO �� VLQG GLH :HUWH GHV 6WUDQJZLGHUVWDQGV�
VRZLH GHU 6WUDQJLQGXNWLYLWDWHQ DQ GHQ .OHPPHQ YRQ ]HQWUDOHU %HGHXWXQJ� 6LH PXVVHQ EH�� �
NDQQW VHLQ� XP GLH LQ GHU 0DVFKLQHQUHJHOXQJ DXIWUHWHQGHQ )RUPHOQ EHUHFKQHQ ]X NRQQHQ��
8QJHQDXLJNHLWHQ IXKUHQ GD]X� GD{ GLH YRP 3XOVZHFKVHOULFKWHU HLQ]XSUDJHQGHQ 0DVFKL�� �
QHQVSDQQXQJHQ LP 0LNURFRQWUROOHU IDOVFK YRUDXVEHUHFKQHW ZHUGHQ� ZDV ]X IDOVFKHQ 0D�
VFKLQHQVWURPHQ IXKUW� -HGHU =DKQ LVW GXUFK HLQH 9HUELQGXQJVOHLWXQJ YRQ FD� �� FP /DQJH� � �

�XQG � PP PLW GHP 3XQNW YHUEXQGHQ� DQ GHP GLH MH YLHU ]X HLQHP 6WUDQJ JHKRULJHQ�
0RGXOH SDUDOOHO JHVFKDOWHW ZHUGHQ� (V ZXUGHQ GHVKDOE IXU MHGHQ =DKQ GHU :LGHUVWDQG�
VRZLH GLH ,QGXNWLYLWDW HLQVFKOLH{OLFK GHU =XOHLWXQJHQ EHVWLPPW��

7HLOPDVFKLQH � 7HLOPDVFKLQH �
0RGXO� :LGHUVW� :LGHUVW� ,QGXNW� 0RGXO� :LGHUVW :LGHUVW� ,QGXNW�
1U� R� =XO� P� =XO� 1U� R� =XO� P� =XO�

�Pl� �Pl� �x+� �Pl� �Pl� �x+�
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%HL 9HUJOHLFK GHU ,QGXNWLYLWDWHQ IDOOW ZLHGHU GLH JHULQJH 6WUHXXQJ GHU :HUWH DXI� $EJH�� �
VHKHQ YRQ 0RGXO �
 VLQG GLH $EZHLFKXQJHQ XQWHU HLQHP 3UR]HQW� ZDV HLQH VHKU ZLFKWLJH
9RUDXVVHW]XQJ IXU JHULQJH $XVJOHLFKVVWURPH EHL GHU 3DUDOOHOVFKDOWXQJ GHU 0RGXOH LVW� ,P� �
*HJHQVDW] ]XU :LGHUVWDQGVDEZHLFKXQJ EHL 0RGXO � NRQQWH NHLQ DX{HUOLFKHU *UXQG IXU� �
GLH HWZDV ]X JHULQJH ,QGXNWLYLWDW EHL 0RGXO �
 JHIXQGHQ ZHUGHQ��

'DPLW ODVVHQ VLFK GLH 6WUDQJZLGHUVWDQGH XQG �LQGXNWLYLWDWHQ EHVWLPPHQ�� �

��



6\VWHP � 6\VWHP �
6WUDQJ� :LGHUVWDQG ,QGXNWLYLWDW 6WUDQJ� :LGHUVWDQG ,QGXNWLYLWDW� �
1U� �Pl� �x+� 1U� �Pl� �x+�

� 5  ����� /  ������ � 5  ������ /  ������� � � �

� 5  ����� /  ������ � 5  ������ /  ������� � � �

� 5  ����� /  ������ � 5  ������ /  ������� � � �

��� (UUHLFKEDUHU 'UHKPRPHQW��'UHK]DKOEHUHLFK

����� 'DXHUEHWULHE

(QWVSUHFKHQG GHQ DQIDQJV JHVWHOOWHQ )RUGHUXQJHQ VROO GHU HOHNWURPHFKDQLVFKH :DQGOHU
YRP 6WLOOVWDQG ELV ]X HLQHU 'UHK]DKO YRQ ���� 8S0 HLQ 0RPHQW YRQ ���� 1P DEJHEHQ
NRQQHQ� %HL ���� 8S0 HQWVSULFKW GLHV HLQHU /HLVWXQJ YRQ � N:� 'D GHU :DQGOHU DOV�
0RWRU XQG *HQHUDWRU DUEHLWHQ PX{� VLQG EHLGH 'UHKPRPHQWULFKWXQJHQ GDU]XVWHOOHQ� 8P
]X XEHUSUXIHQ� RE GLH 0DVFKLQH GLHVH 'UHKPRPHQWH VWDWLRQDU DEJHEHQ E]Z� DXIQHKPHQ� � �
NDQQ� ZXUGH VLH MH HLQH 6WXQGH PLW 1HQQPRPHQW DOV *HQHUDWRU XQG DQVFKOLH{HQG DOV 0RWRU
EHWULHEHQ� 'DEHL IDQG NHLQH )UHPGNXKOXQJ GHU 0DVFKLQH VWDWW� :DKUHQG GHV 'DXHUEH�� �
WULHEV ZXUGHQ 0HVVXQJHQ GXUFKJHIXKUW� XP GHQ NRUUHNWHQ %HWULHE ]X GRNXPHQWLHUHQ� 'LH�
DQJHJHEHQHQ 'DWHQ VLQG DP (QGH GHU (UZDUPXQJVSUREH DXIJHQRPPHQ XQG ]HLJHQ X�D��

�GHQ KRKHQ :LUNXQJVJUDG GHU EHWULHEVZDUPHQ 0DVFKLQH� 'D GLH 0DVFKLQH EHLP 8EHUJDQJ
]ZLVFKHQ $QNHUVWHOO� XQG )HOGVFKZDFKEHUHLFK JHOHJHQWOLFK XQUXKLJ ODXIW� ZDKOWH PDQ HLQH� � �
'UHK]DKO� GLH JHULQJIXJLJ XQWHUKDOE GHU 1HQQGUHK]DKO OLHJW��

0RPHQW 'UHK]DKO PHFK� /HLVWXQJ :LUNXQJVJUDG 6WURP
�1P� �8S0� �N:� ��� �$�

0RWRUEHWULHE � ����� ���� ����� ����� �����
*HQHUDWRUEHWULHE b ����� ���� ����� ����� �����

:DKUHQG GHU 0HVVXQJ ZXUGHQ GLH 7HPSHUDWXUHQ DQ HLQLJHQ 0H{SXQNWHQ EHVWLPPW� 1DFK�
HLQHU 6WXQGH *HQHUDWRUEHWULHE VWHOOWHQ VLFK DQ GHQ 0H{VWHOOHQ GLH XQWHQ DQJHJHEHQHQ
7HPSHUDWXUHQ HLQ� 'LH 7HPSHUDWXUHQ DXI GHP 5RWRU ZXUGHQ XQPLWWHOEDU QDFK GHP 6WLOO�
VHW]HQ GHU 0DVFKLQH JHPHVVHQ� ,QQHUKDOE GHV 0H{]HLWUDXPV HUHLJQHWHQ VLFK LP $EVWDQG
YRQ ZHQLJHQ 0LQXWHQ $XVVHW]HU GHV 6WURPULFKWHUV� VR GD{ GLH %HODVWXQJ GHU 0DVFKLQH IXU�
MH �� ELV �� V XQWHUEURFKHQ ZDU�

0H{VWHOOH 1U� (QGWHPSHUDWXU
�=DKQIX{ QHEHQ 6WDWRUMRFK � �� &
�:LFNOXQJ QDKH =DKQNRSI � �� &
�%HIHVWLJXQJ /DJHJHEHU � �� &
�5RWRUREHUoDFKH � �� &�
�5RWRU DXI %HIHVWLJXQJVVFKUDXEH � �� &

'HU DQVFKOLH{HQGH 0RWRUEHWULHE YRQ HEHQIDOOV HLQHU 6WXQGH 'DXHU ]HLJWH GLHVHV 3UREOHP
QLFKW� 7URW] GHV HWZDV EHVVHUHQ :LUNXQJVJUDGHV ZLUG GLH 0DVFKLQH KLHU KHL{HU DOV LP *H�
QHUDWRUEHWULHE� 'LH %HODVWXQJVXQWHUEUHFKXQJHQ LP HUVWHQ )DOO NRQQHQ KLHU DOV (UNODUXQJ� �
GLHQHQ� $P (QGH GHV 7HVWV VWHOOWHQ VLFK IROJHQGH :HUWH HLQ�

��



0H{VWHOOH 1U� (QGWHPSHUDWXU
�=DKQIX{ QHEHQ 6WDWRUMRFK � �� &
�:LFNOXQJ QDKH =DKQNRSI � �� &
�%HIHVWLJXQJ /DJHJHEHU � �� &
�5RWRUREHUIDFKH � �� &�
�5RWRU DXI %HIHVWLJXQJVVFKUDXEH � �� &

8QPLWWHOEDU QDFKGHP GHU 0RWRUGDXHUEHWULHE EHHQGHW ZDU� ZXUGHQ GLH :LFNOXQJVZL�
GHUVWDQGH LP ZDUPHQ =XVWDQG JHPHVVHQ� (V HUJDEHQ VLFK GLH LQ GHU 7DEHOOH DQJHJHEHQHQ�
:HUWH� DXV GHQHQ VLFK GLH 7HPSHUDWXUHUKRKXQJ HUUHFKQHQ OD{W�� �

6\VWHP � 6\VWHP �
6WUDQJ� :DUP� 7HPSHUDWXU� 6WUDQJ� :DUP� 7HPSHUDWXU�
1U� ZLGHUVWDQG HUKRKXQJ 1U� ZLGHUVWDQG HUKRKXQJ� �

�Pl� �.� �Pl� �.�

� 5  ����� c�  ������ � 5  ����� c�  ������� 5� � 5�

� 5  ����� c�  ������ � 5  ����� c�  ������� 5� � 5�

� 5  ����� c�  ������ � 5  ����� c�  ������� 5� � 5�

0LWWHO� ������ 0LWWHO� ������

$XmDOOLJ VLQG GLH GHXWOLFK KRKHUHQ 7HPSHUDWXUHQ LQ 6\VWHP �� 'LHV HUNODUW VLFK GDUDXV�� � �
GD{ GLH :LGHUVWDQGH GHV 6\VWHPV � ]XHUVW JHPHVVHQ ZXUGHQ� 'D WURW] GHU 9HU]RJHUXQJ EHL� �
GHU 0HVVXQJ YRQ 6\VWHP �� GLH QXU HWZD � 0LQXWHQ EHWUXJ� GLH 7HPSHUDWXUHQ XP FD� �� .
QLHGULJHU VLQG DOV LP 6\VWHP �� NDQQ DXI HLQH UDVFKH $ENXKOXQJ GHU DXI HLQHU 6HLWH RmHQHQ�
0DVFKLQH JHVFKORVVHQ ZHUGHQ�:HQQ PDQ EHUXFNVLFKWLJW� GD{ GDV 6\VWHP � LP %HWULHE HWZD�
��� PHKU 6WURP IXKUW DOV GDV 6\VWHP �� ZLUG GLHVH $XVVDJH QRFK JHVWXW]W� :HLWHUKLQ IDOOW� � �

�GDV QLHGULJH 1LYHDX GHU 8EHUWHPSHUDWXUHQ DXI� $XFK GLH KHL{HVWH :LFNOXQJ LVW GHXWOLFK
YRQ NULWLVFKHQ :HUWHQ HQWIHUQW� ,Q GHQ OHW]WHQ �� PLQ� GHU EHLGHQ 0HVVXQJHQ DQGHUWHQ�
VLFK GLH 7HPSHUDWXUHQ QRFK XP ]ZHL .HOYLQ� 'HQQRFK ZXUGH DXI HLQH 9HUODQJHUXQJ GHU�

�0H{]HLW PLW 5XFNVLFKW DXI GLH KRKHQ 7HPSHUDWXUHQ GHV /DJHJHEHUV �]XJHODVVHQ ELV �� &�
�EHWULHEHQ EHL XEHU �� &� XQG GHV 6WURPULFKWHUV �]XODVVLJH 7HPSHUDWXU GHV .XKONRUSHUV� � � �

� ��� &� EHWULHEHQ ELV �� &� YHU]LFKWHW� 'D VDPWOLFKH 7HPSHUDWXUHQ GHU 0DVFKLQH XQNULWLVFK�
VLQG� NRQQHQ GLH 0HVVXQJHQ WURW]GHP DOV 1DFKZHLV GDIXU GLHQHQ� GD{ GLH 0DVFKLQH LQ GHU� �
/DJH LVW� LP 'DXHUEHWULHE GLH 1HQQOHLVWXQJ DE]XJHEHQ�

������ 8EHUODVWEHWULHE

1HEHQ GLHVHQ LP 'DXHUEHWULHE ]X HUUHLFKHQGHQ :HUWHQ ZDU HLQH 'UHKPRPHQWXEHUODVW��
EDUNHLW YRQ PLQGHVWHQV ���� EHVVHU DEHU ���� IXU HLQH 'DXHU YRQ HLQLJHQ 6HNXQGHQ�

�DQ]XVWUHEHQ� 'LH KRKH 8EHUODVWEDUNHLW LVW EHVRQGHUV EHL 0RWRUEHWULHE ZXQVFKHQVZHUW� GD�
VLH GDV %HVFKOHXQLJXQJVYHUKDOWHQ YHUEHVVHUW�

$OV 0RWRU NRQQWH GHU :DQGOHU HLQ 'UHKPRPHQW YRQ NQDSS �� 1P IXU HLQH 'DXHU YRQ�
FD� �� V DEJHEHQ� 3UREOHPDWLVFK ZDUHQ EHL GLHVHP 9HUVXFK YRU DOOHP GDV .LSSPRPHQW
GHU %HODVWXQJVPDVFKLQH XQG GLH (UZDUPXQJ GHV 6WURPULFKWHUV� GHU EHL GHQ JHPHVVHQHQ�
6WURPHQ QDKH DQ GHU $EVFKDOWJUHQ]H DUEHLWHW��

'UHKPRPHQW 'UHK]DKO :LUNXQJVJUDG 6WURP
�1P� �8S0� ��� �$�

0RWRUEHWULHE� �� ���� ���� ���

��



*UXQGVDW]OLFK PX{WHQ GLHVH :HUWH DXFK LP *HQHUDWRUEHWULHE HUUHLFKEDU VHLQ� 7URW] VWDUNHU� �
�8EHUHUUHJXQJ NRQQWH GLH %HODVWXQJVPDVFKLQH QXU HWZD �� 1P DEJHEHQ� 'HU 8QWHUVFKLHG
]ZLVFKHQ JHQHUDWRULVFKHP XQG PRWRULVFKHP .LSSPRPHQW VRZLH ODQJH /HLWXQJVYHUELQGXQ�
JHQ NRQQWHQ KLHUIXU YHUDQWZRUWOLFK VHLQ� 'HVKDOE ZXUGH GLH KRKH %HODVWXQJ QXU IXU ZHQLJH� � �
6HNXQGHQ HLQJHVWHOOW� 6REDOG GLH 0H{ZHUWH DXIJHQRPPHQ ZDUHQ� ZXUGH GLH 0DVFKLQH XQ�
YHU]XJOLFK HQWODVWHW� (LQH GLHVHU 0HVVXQJHQ� GLH PHKUHUH 0DOH ZLHGHUKROW ZXUGHQ� OLHIHUWH�
GLH IROJHQGHQ :HUWH�

'UHKPRPHQW 'UHK]DKO :LUNXQJVJUDG 6WURP
�1P� �8S0� ��� �$�

*HQHUDWRUEHWULHE� �� ���� ���� ���

�'LH EHL 8EHUODVWXQJ HUUHLFKWHQ 'UHKPRPHQWH NRQQWHQ EHL HQWVSUHFKHQGHU 6SHLVXQJ YRU��
DXVVLFKWOLFK XEHUWURmHQ ZHUGHQ� 0DQ NDQQ GLHV DXV GHU QDKH]X OLQHDUHQ =XQDKPH GHV�
'UHKPRPHQWV PLW GHP 6WURP IROJHUQ� 6R IXKUW HLQH 9HUGRSSOXQJ GHV 1HQQVWURPV ]X�
HLQHU DQQDKHUQGHQ 9HUGRSSOXQJ GHV DEJHJHEHQHQ 'UHKPRPHQWV��

%LOG ���� $EKDQJLJNHLW GHV 'UHKPRPHQWV YRP 6WUDQJVWURP�

$XFK GLH 5HFKQXQJ ]HLJW� GD{ 'UHKPRPHQWH YRQ ��� 1P XQG PHKU HUUHLFKEDU VHLQ
�PX{WHQ� 'LH 0DVFKLQH LVW GDPLW LQ GHU /DJH� GLH JHIRUGHUWH 8EHUODVW ]X HUEULQJHQ� %H��

JUHQ]HQG ZLUNW VLFK LQ HUVWHU /LQLH GHU VSHLVHQGH 6WURPULFKWHU DXV�

��� 9HUOXVWYHUKDOWHQ

'LH 0DVFKLQH ZXUGH RKQH VSH]LHOOH .XKOXQJ DXVJHOHJW� GD GDYRQ DXVJHJDQJHQ ZXUGH� GD{�
GHU $X{HQODXIHU JOHLFKVDP DOV 9HQWLODWRU ZLUNW� 6R VRUJW GLHVH %DXZHLVH QLFKW QXU IXU HLQH� �
KHUYRUUDJHQGH .XKOXQJ GHU 0DJQHWHQ� GLH GDGXUFK ZHLW XQWHUKDOE YRQ NULWLVFKHQ 7HPSH��
UDWXUJUHQ]HQ EOHLEHQ �V�R��� VRQGHUQ DXFK IXU HLQH JHZLVVH 6WDWRUNXKOXQJ� 9RUDXVVHW]XQJ� �
GDIXU� GD{ GLHVH .XKOXQJ DXVUHLFKHQG LVW� VLQG JHULQJH 6WDWRUYHUOXVWH�� �

��
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����� .XSIHUYHUOXVWH

8P GLH RKPVFKHQ 9HUOXVWH ]X EHVWLPPHQ� ZHUGHQ GLH EHUHLWV JHPHVVHQHQ 6WDWRUZL�
GHUVWDQGH XQG GLH 6WUDQJVWURPH EHQRWLJW� =XQDFKVW VROOHQ GLH .XSIHUYHUOXVWH EHVWLPPW� � � �
ZHUGHQ� GLH EHL 1HQQPRPHQW LQ GHU NDOWHQ 0DVFKLQH RKQH %HUXFNVLFKWLJXQJ GHU =X��
OHLWXQJHQ HQWVWHKHQ� 0LW GHP REHQ EHVWLPPWHQ 0LWWHOZHUW GHU 6WUDQJZLGHUVWDQGH YRQ�
������ Pl XQG GHP DXV %LOG ��� HQWQRPPHQHQ 6WUDQJVWURP YRQ FD� �� $ EHL 1HQQPR�
PHQW HUKDOW PDQ .XSIHUYHUOXVWH YRQ FD� ��� :��

'DQHEHQ LQWHUHVVLHUW GDV 9HUKDOWHQ GHU .XSIHUYHUOXVWH LP 'UHKPRPHQW�� 'UHK]DKONHQQ�
IHOG� 'D]X EHVWLPPW PDQ LQ GHQ 0H{SXQNWHQ GHV .HQQIHOGV DXV GHQ 6WUDQJVWURPHQ GLH�
.XSIHUYHUOXVWH� 8P 7HPSHUDWXUHLQoXVVH DXV]XVFKOLH{HQ� ZLUG GD]X GHU REHQ HUPLWWHOWH�
6WUDQJZLGHUVWDQG PLW =XOHLWXQJ KHUDQJH]RJHQ�

%LOG ���� .XSIHUYHUOXVWH LP 0RWRUEHWULHE

6RZRKO LP 0RWRU� DOV DXFK LP *HQHUDWRUEHWULHE LVW JXW ]X HUNHQQHQ� ZLH GLH .XSIHU�
YHUOXVWH PLW ]XQHKPHQGHU 'UHK]DKO DEQHKPHQ� 'LH .XSIHUYHUOXVWH EOHLEHQ EHL JOHLFKHQ
/HLVWXQJHQ LP )HOGVFKZDFKEHUHLFK GDPLW HWZD NRQVWDQW ^ LP +LQEOLFN DXI GLH .XKOXQJ� �
YRQ SHUPDQHQWHUUHJWHQ 6\QFKURQPDVFKLQHQ LVW GLHV HLQ JXQVWLJHV 9HUKDOWHQ��

����� (LVHQYHUOXVWH

(UIDKUXQJVJHPD{ ODVVHQ VLFK GLH (LVHQYHUOXVWH HLQHU URWLHUHQGHQ HOHNWULVFKHQ 0DVFKLQH�
QXU VFKZHU YRUDXVEHUHFKQHQ� 6ROO � ZLH LP YRUOLHJHQGHQ )DOO � GLH 0DVFKLQH DXI RSWLPDOHQ
:LUNXQJVJUDG DXVJHOHJW ZHUGHQ� PX{ PDQ VLFK DXI GLH (UJHEQLVVH GHU %HUHFKQXQJ YHUODV�
VHQ NRQQHQ� 'HVKDOE ZXUGHQ EHL GHU 5HFKQXQJ �.DSLWHO �� GLH EHVRQGHUHQ 9HUKDOWQLVVH� �

���
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%LOG ���� .XSIHUYHUOXVWH LP *HQHUDWRUEHWULHE

GHU 8PPDJQHWLVLHUXQJ LQ URWLHUHQGHQ 0DVFKLQHQ EHDFKWHW� 'LH 0HVVXQJ GHU /HHUODXI�
YHUOXVWH GHV 3URWRW\SHQ VROO $XIVFKOX{ XEHU GLH =XYHUODVVLJNHLW GHU %HUHFKQXQJVPHWKRGH� �
JHEHQ� 'LH /HHUODXIYHUOXVWH HQWKDOWHQ QHEHQ GHQ (LVHQYHUOXVWHQ DXFK GLH /XIW� XQG /DJHU�
UHLEXQJVYHUOXVWH� GLH LQ GHU 0HVVXQJ QLFKW YRQ GHQ (LVHQYHUOXVWHQ XQWHUVFKLHGHQ ZHUGHQ
NRQQHQ� 'LH YHUDQGHUOLFKH UHODWLYH 3RVLWLRQ GHU 5RWRUPDJQHWHQ IXKUW ]X HLQHU DXVOHQ�� � �
NXQJVDEKDQJLJHQ 0DJQHWLVLHUXQJ� GHUHQ (LQoX{ DXI GLH 9HUOXVWH HEHQIDOOV ]X XQWHUVXFKHQ�
LVW� 'LH %LOGHU ��� XQG ��� ]HLJHQ GLH =XQDKPH GHU /HHUODXIYHUOXVWH PLW GHU 'UHK]DKO EHL
YROOHU $XVOHQNXQJ XQG RKQH $XVOHQNXQJ�

2mHQEDU XQWHUVFKHLGHQ VLFK GLH /HHUODXIYHUOXVWH LQ GHQ EHLGHQ )DOOHQ QXU ZHQLJ� 'LHV�
OD{W GDUDXI VFKOLH{HQ� GD{ VLFK GDV PDJQHWLVFKH )HOG DXFK LQ GHP )DOO RKQH $XVOHQNXQJ�
EHYRU]XJW XEHU /XIWVSDOW XQG 6WDWRUHLVHQ VFKOLH{W� DQVWDWW LQ D[LDOHU 5LFKWXQJ YRQ 0DJQHW�
]X 0DJQHW XEHU]XWUHWHQ� ZDV ]X GHXWOLFK JHULQJHUHQ (LVHQYHUOXVWHQ IXKUHQ PX{WH�� � �

����� *HVDPWYHUOXVWH XQG :LUNXQJVJUDG

$EVFKOLH{HQG VROOHQ GLH YRQ GHU 0DVFKLQH DOV 0RWRU XQG *HQHUDWRU HUUHLFKWHQ :LUNXQJV�
JUDGH DQJHJHEHQ ZHUGHQ �%LOGHU ��������� 'LH HWZDV XQUHJHOPD{LJHQ 9HUODXIH YRU DOOHP� �
LP *HQHUDWRUEHWULHE NRQQHQ DXI 3UREOHPH EHLP $QIDKUHQ GHU 0H{SXQNWH �EHGLQJW GXUFK�
GLH 5HLEXQJ� XQG 7HPSHUDWXUXQWHUVFKLHGH ]XUXFNJHIXKUW ZHUGHQ�� �
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%LOG ���� (LVHQ� XQG 5HLEXQJVYHUOXVWH EHL YROOHU $XVOHQNXQJ

%LOG ���� (LVHQ� XQG 5HLEXQJVYHUOXVWH RKQH $XVOHQNXQJ

��� )XQNWLRQ GHU )HOGVFKZDFKXQJ�

'LH REHQ DQJHIXKUWHQ 0HVVXQJHQ EHOHJHQ ]ZDU GLH LQ GHU $XVOHJXQJVUHFKQXQJ HUPLWWHOWHQ�
0DVFKLQHQSDUDPHWHU� HLQH $XVVDJH ]X GHU ZHVHQWOLFKHQ WHFKQLVFKHQ 1HXHUXQJ GHU 0DVFKL�
QH� GHU )HOGVFKZDFKXQJVUHJHOXQJ XEHU GLH 6WDWRUVWURPH� VDJHQ VLH MHGRFK QLFKWV DXV� 'HUHQ� � �
NRUUHNWH )XQNWLRQ VROO QXQ EHOHJW ZHUGHQ� %HL GHU +HUOHLWXQJ GHV 3ULQ]LSV LQ $EVFKQLWW ���
EHVFKUDQNWH PDQ VLFK DXI GLH *UXQGZHOOH GHU 3ROUDGVSDQQXQJ� 'LHV ZDU YRU DOOHP 9RU��
DXVVHW]XQJ IXU GLH GRUW KHUJHOHLWHWH *OHLFKXQJ ������� ,Q %LOG ��� LVW GHU (mHNWLYZHUW GHU�
3ROUDGVSDQQXQJ DEKDQJLJ YRQ GHU $XVOHQNXQJ DXIJHWUDJHQ� 'HU 9HUODXI HQWVSULFKW DX��
JHQVFKHLQOLFK VHKU JXW GHP YRUKHUJHVDJWHQ 9HUKDOWHQ� 8P GLHV JHQDXHU ]X TXDQWLn]LHUHQ�
YHUJOHLFKW PDQ GLH 0H{ZHUWH PLW GHQ DXV GHU 7KHRULH HUPLWWHOWHQ :HUWHQ� 'LH JUR{WH�
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%LOG ���� 0DVFKLQHQZLUNXQJVJUDG LP 0RWRUEHWULHE

%LOG ���� 0DVFKLQHQZLUNXQJVJUDG LP *HQHUDWRUEHWULHE

$EZHLFKXQJ EHWUDJW HWZD ����� %HUXFNVLFKWLJW PDQ GLH EHJUHQ]WH (LQVWHOOJHQDXLJNHLW GHV� �
$XVOHQNXQJVZLQNHOV� NDQQ GLHVHV (UJHEQLV DOV JXWH %HVWDWLJXQJ GHU 9RUDXVVHW]XQJ JHOWHQ��
GD{ QXU GLH *UXQGVFKZLQJXQJ LQ %HWUDFKW JH]RJHQ ZHUGHQ PX{�
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%LOG ���� (mHNWLYZHUW GHU 3ROUDGVSDQQXQJ DEKDQJLJ YRQ GHU $XVOHQNXQJ�

(QWVSUHFKHQG GHU 7KHRULH LQ .DSLWHO � ZXUGH VWHWV YRUDXVJHVHW]W� GD{ GLH )HGHU� GLH GHQ
EHZHJOLFKHQ 7HLO PLW GHP IHVWHQ 7HLO YHUELQGHW� GLH YROOH $XVOHQNXQJ HUUHLFKHQ VROO� ZHQQ
GDV KDOEH 1HQQPRPHQW DXI VLH ZLUNW� 'LH IXU GHQ 3URWRW\SHQ YRUJHVHKHQH .RQVWUXNWLRQ�
DXV PHKUHUHQ %ODWWIHGHUQ ZLUG EHUHLWV YRQ GHXWOLFK JHULQJHUHQ 'UHKPRPHQWHQ YROO DXVJH�
OHQNW� 'DV %HWULHEVYHUKDOWHQ NDQQ GHVKDOE QLFKW YROOLJ PLW GHQ WKHRUHWLVFK YRUDXVJHVDJWHQ�
(LJHQVFKDIWHQ XEHUHLQVWLPPHQ� $EELOGXQJ ��� ]HLJW� GD{ GDV PD[LPDOH 5XFNVWHOOPRPHQW� �
OHGLJOLFK � ELV �� 1P HUUHLFKW� ZDV HWZD GHU +DOIWH GHV JHZXQVFKWHQ :HUWV HQWVSULFKW� 8P� �
GLH 0H{ZHUWH DXI]XQHKPHQ� ZXUGH GHU EHZHJOLFKH 7HLO YRQ GHU XQDXVJHOHQNWHQ 3RVLWLRQ
LQ HLQH (QGODJH JHEUDFKW� XEHU GLH 1HXWUDOODJH LQ GLH DQGHUH (QGODJH YHUVFKREHQ XQG�
VFKOLH{OLFK LQ GLH 1HXWUDOODJH ]XUXFNJHIXKUW� $Q GHP XQUHJHOPD{LJHQ 9HUODXI OD{W VLFK� � � �
JXW HUNHQQHQ� ZLH GLH 5HLEXQJ ]ZLVFKHQ GHQ EHLGHQ 5RWRUWHLOHQ GLH %HZHJXQJ EHKLQGHUW�
7URW] GLHVHU 8QYROONRPPHQKHLW ZXUGH GHU 5RWRU IXU GLH 8QWHUVXFKXQJHQ KHUDQJH]RJHQ� GD�
HV XQYHUKDOWQLVPD{LJ DXIZHQGLJ JHZHVHQ ZDUH� IXU GLH HUVWHQ )XQNWLRQVWHVWV HLQHQ QHXHQ� � � �
5RWRU ]X NRQVWUXLHUHQ XQG ]X EDXHQ�

)XU GLH 9HULnNDWLRQ GHV YRUJHVFKODJHQHQ 3ULQ]LSV PX{ YRU DOOHP XEHUSUXIW ZHUGHQ� RE� � �
GLH $XVOHQNXQJ LP 'UHKPRPHQW� � 'UHK]DKONHQQIHOG GDV YRUKHUJHVDJWH 9HUKDOWHQ ]HLJW�
'LH HUIRUGHUOLFKHQ 'DWHQ ZXUGHQ JHZRQQHQ� LQGHP PDQ EHL GHQ :LUNXQJVJUDGPHVVXQ�
JHQ GLH LQ GHQ HLQ]HOQHQ 0H{SXQNWHQ HUUHLFKWHQ $XVOHQNXQJHQ IHVWKLHOW� 'LHV ZXUGH ZLH
REHQ IXU 0RWRU� XQG *HQHUDWRUEHWULHE YRUJHQRPPHQ� 'LH $EELOGXQJHQ ���� XQG �����
]HLJHQ GLH $XVOHQNXQJ LP .HQQIHOG� ,P $QNHUVWHOOEHUHLFK EOHLEW GLH $XVOHQNXQJ XEHU GHU�
'UHK]DKO SUDNWLVFK NRQVWDQW XQG QLPPW PLW GHP 'UHKPRPHQW ELV ]XU 0D[LPDODXVOHQ�
NXQJ ]X� ,P *HJHQVDW] ]XU 7KHRULH ZLUG GLH YROOH $XVOHQNXQJ DXIJUXQG GHU ]X VFKZDFKHQ
5XFNVWHOONUDIW GHU )HGHU GHXWOLFK ]X IUXK HUUHLFKW� 2EHUKDOE GHU 1HQQGUHK]DKO QLPPW� �
GLH $XVOHQNXQJ PLW GHP 'UHKPRPHQW ELV ]X HLQHP EHVWLPPWHQ :HUW ]X� GHU GXUFK GLH
PD[LPDO ]XODVVLJH 3ROUDGVSDQQXQJ EHGLQJW LVW� 8P KRKHUH 'UHKPRPHQWH ]X HUUHLFKHQ�� �
ZLUG HLQ ]XVDW]OLFKHU G�6WURP HLQJHSUDJW� GHU GLH $XVOHQNXQJ QLFKW YHUDQGHUW� -H KRKHU� � � �
GLH 'UHK]DKO LVW� GHVWR IUXKHU ZLUG GLH $XVOHQNXQJ NRQVWDQW JHKDOWHQ��

'LHVHV 9HUKDOWHQ HQWVSULFKW VHKU JHQDX GHP HUZDUWHWHQ (UJHEQLV� $OV 9HUJOHLFK NDQQ GLH
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%LOG ���� 5XFNVWHOOPRPHQW GHU )HGHU DOV )XQNWLRQ GHU $XVOHQNXQJ�

%LOG ����� $XVOHQNXQJ LP 0RWRUEHWULHE

*UDSKLN ���� LQ .DSLWHO � KHUDQJH]RJHQ ZHUGHQ� 'RUW LVW GHU T�6WURP LP 'UHKPRPHQW��
'UHK]DKOEHUHLFK GDUJHVWHOOW� :LH KHUJHOHLWHW� LVW GHU T�6WURP GHU $XVOHQNXQJ SURSRUWLRQDO�
$XV GHP JXW YHUJOHLFKEDUHQ 9HUODXI GHU 1LYHDXOLQLHQ NDQQ DXI GLH NRUUHNWH )XQNWLRQ
JHVFKORVVHQ ZHUGHQ�

���

-10

-8

-6

-4

-2

0

2

4

6

8

10

-18 -9 0 9 18

M
_
F
 
/
 
(
N
m
)

alpha / (Grad)

alpha / (Grad)
     170
     150
     130
     110
      90
      70
      50
      30
      10

0 500 1000 1500 2000 2500 3000 3500 4000     n/(UpM)
0

5

10

15

20

25

30

35

M/(Nm)



%LOG ����� $XVOHQNXQJ LP *HQHUDWRUEHWULHE

���
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=XP $EVFKOX{ GHU $UEHLW VROO JHSUXIW ZHUGHQ� ZLH JXW GLH HLQ]HOQHQ 7HLODXIJDEHQ JHORVW� �
ZXUGHQ� (LQH NULWLVFKH %HWUDFKWXQJ YHUGLHQHQ KLHU LQVEHVRQGHUH GDV QHX HQWZLFNHOWH 9HU�
IDKUHQ ]XU PHFKDQLVFKHQ )HOGVFKZDFKXQJ VRZLH GLH RSWLPLHUWH $XVOHJXQJ GHV 3URWRW\SHQ��

��� %HZHUWXQJ GHU )HOGVFKZDFKXQJ�

:LH LQ .DSLWHO � JH]HLJW ZXUGH� KDW GLH )HOGVFKZDFKXQJ LKUH )XQNWLRQ DXFK LQ GHU 3UD[LV�
XQWHU %HZHLV JHVWHOOW� 'HU DXIZHQGLJ HUVFKHLQHQGH $OJRULWKPXV ]XU %HVWLPPXQJ GHU HLQ]X�
SUDJHQGHQ 6WURPH PX{ QXU HLQPDO LQ HLQHP 0LNURFRQWUROOHU DEJHOHJW ZHUGHQ� 'LHV LVW NHLQ� �
JUDYLHUHQGHU 1DFKWHLO� GD IXU DQGHUH 5HJHOYHUIDKUHQ DKQOLFK NRPSOL]LHUWH %HUHFKQXQJHQ� �
GXUFKJHIXKUW ZHUGHQ PXVVHQ� $OV SUREOHPDWLVFK HUZLHV VLFK GLH PHFKDQLVFKH 8PVHW]XQJ� �
GHU )HOGVFKZDFKXQJ� +LHU VHL HULQQHUW DQ GHQ KRKHQ NRQVWUXNWLYHQ $XIZDQG IXU GLH /D�� �
JHUXQJ GHV EHZHJOLFKHQ 7HLOURWRUV JHJHQXEHU GHP IHVWVWHKHQGHQ 5RWRUWHLO� GLH 5HLEXQJ�
]ZLVFKHQ GHQ EHLGHQ 5RWRUWHLOHQ XQG GLH 6FKZLHULJNHLWHQ� HLQH JHHLJQHWH )HGHU GDU]XVWHO�
OHQ� +LHU PX{ LP +LQEOLFN DXI (LQVDW]]ZHFN XQG 8PJHEXQJVEHGLQJXQJHQ DXI DOOH )DOOH�
QDFK UREXVWHUHQ .RQVWUXNWLRQHQ JHVXFKW ZHUGHQ� ,Q MHGHP )DOO PX{ HLQ KRKHU PHFKDQL�
VFKHU $XIZDQG JHWULHEHQ ZHUGHQ� XP HLQHQ VWRUXQJVIUHLHQ %HWULHE ]X HUUHLFKHQ� 'LHV LVW�
HLQ SULQ]LSLHOOHV 3UREOHP GHV YRUJHVFKODJHQHQ 9HUIDKUHQV� GDV VLFK EHL $X{HQODXIHUPDVFKL��
QHQ EHVRQGHUV VWDUN EHPHUNEDU PDFKW� (V JLEW MHGRFK ZHLWHUH 3UREOHPH GHV 9HUIDKUHQV�
GLH VHLQH $QZHQGEDUNHLW LQ GHU 3UD[LV HUVFKZHUHQ� 6R LVW GLH HUUHLFKEDUH '\QDPLN HLQHU
VROFKHQ 0DVFKLQH GHXWOLFK JHULQJHU DOV EHL NRQYHQWLRQHOOHQ $QWULHEHQ� 'LHV OLHJW DQ GHU
IXU HLQHQ 'UHKPRPHQWDXIEDX HUIRUGHUOLFKHQ $XVOHQNXQJ� GLH GXUFK HLQH PHFKDQLVFKH =HLW��
NRQVWDQWH EHVWLPPW ZLUG� 'D EHUHLWV HLQ 6WURP YRUKDQGHQ VHLQ PX{� XP HLQH $XVOHQNXQJ
]X HUUHLFKHQ� LVW GLH '\QDPLN LPPHU XP GLHVH PHFKDQLVFKH =HLWNRQVWDQWH ODQJVDPHU DOV
EHL HLQHU NRQYHQWLRQHOOHQ 0DVFKLQH� 1LFKW DXVUHLFKHQG XQWHUVXFKW LVW IHUQHU GDV 9HUKDOWHQ
GHU 0DVFKLQH� ZHQQ 3HQGHOPRPHQWH YRQ GHU :HOOH DXI GLH 0DVFKLQH XEHUWUDJHQ ZHUGHQ��
:LUG GLH 0DVFKLQH DQ HLQHQ 9HUEUHQQXQJVPRWRU JHNRSSHOW� OLHJW JHQDX GLHVHU )DOO YRU�

1HEHQ GLHVHQ PHFKDQLVFKHQ 8Q]XODQJOLFKNHLWHQ LVW DXFK GLH )HOGIXKUXQJ YHUEHVVH�� �
UXQJVZXUGLJ� 6R ]HLJHQ GLH (LVHQYHUOXVWH� GLH SUDNWLVFK XQDEKDQJLJ YRQ GHU $XVOHQNXQJ� �
VLQG� GD{ QXU VHKU ZHQLJ )OX{ LQ D[LDOHU 5LFKWXQJ YRQ 0DJQHW ]X 0DJQHW XEHUWULWW� ZHQQ�
GLH 0DVFKLQH QLFKW YROO DXVJHOHQNW LVW� $OV 9HUEHVVHUXQJ ELHWHQ VLFK 3ROVFKXKH DXI GHQ
0DJQHWHQ DQ� GLH D[LDO HLQHQ JHULQJHQ $EVWDQG ]XHLQDQGHU DXIZHLVHQ� 'LH PHLVWHQ )HOGOL�

���



QLHQ WUHWHQ GDQQ QLFKW LQ GHQ 6WDWRU HLQ VRQGHUQ VFKOLH{HQ VLFK ]ZLVFKHQ GHQ 3ROVFKXKHQ�
(LQ GHXWOLFK YHUEHVVHUWHV 9HUOXVWYHUKDOWHQ LP 7HLOODVWEHWULHE XQG EHVRQGHUV EHL KRKHQ
'UHK]DKOHQ ZDUH GLH )ROJH��

'LH PHFKDQLVFKH )HOGVFKZDFKXQJ LVW GDPLW LQ LKUHQ *UXQG]XJHQ XQWHUVXFKW XQG XQWHU� �
/DERUEHGLQJXQJHQ IXQNWLRQVWXFKWLJ� )XU HLQH EUHLWHUH $QZHQGXQJ PXVVHQ GLH REHQ JH�� � �
QDQQWHQ 3UREOHPH JHORVW ZHUGHQ��

��� %HZHUWXQJ GHU RSWLPLHUWHQ $XVOHJXQJ

%HL GHU $XVOHJXQJ GHU 0DVFKLQH ZXUGH LQ HUVWHU /LQLH DXI HLQHQ KRKHQ :LUNXQJVJUDG
JHDFKWHW� ,Q GHU 0HVVXQJ NRQQWHQ LP 0RWRU� XQG *HQHUDWRUEHWULHE :HUWH YRQ FD� ���
LP 1HQQSXQNW HUPLWWHOW ZHUGHQ� (LQH $V\QFKURQPDVFKLQH XQG HLQH SHUPDQHQWHUUHJWH
6\QFKURQPDVFKLQH PLW NRQYHQWLRQHOOHU GUHLSKDVLJHU :LFNOXQJ LQ ,QQHQODXIHUEDXZHLVH HU��
UHLFKHQ OHGLJOLFK ��� E]Z� ��� LQ LKUHP 1HQQSXQNW >�@�>��@� 'HU 8QWHUVFKLHG ]ZLVFKHQ GLH�
VHQ EHLGHQ 0DVFKLQHQ XQG GHP 3URWRW\S ZLUG QRFK GHXWOLFKHU� ZHQQ PDQ VLFK YRU $XJHQ
KDOW� GD{ GLHVHU :LUNXQJVJUDGYHUEHVVHUXQJ HWZD HLQH +DOELHUXQJ GHU 9HUOXVWH HQWVSULFKW��
:HLWHUKLQ EHQRWLJHQ GLH NRQYHQWLRQHOOHQ $QWULHEH HLQH *HWULHEHVWXIH� XP LKU 'UHK]DKO��
QLYHDX DXI GDV GHV 9HUEUHQQXQJVPRWRUV DQ]XSDVVHQ� 'LH 9HUOXVWH� GLH KLHU DXIWUHWHQ�
YHUVFKOHFKWHUQ GLH %LODQ] GLHVHU $QWULHEH ]XVDW]OLFK� ,P 9HUOXVWYHUKDOWHQ VLQG GLH 9RU��
WHLOH GHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH GHVKDOE GHXWOLFK� :HVHQWOLFKH 9RUDXVVHW]XQJ
IXU GLHVH (UJHEQLVVH ZDU HLQH SUD]LVH %HUHFKQXQJ GHU (LVHQYHUOXVWH XQG HLQH DXVIXKUOLFKH� � �
'LVNXVVLRQ DOOHU DXVOHJXQJVUHOHYDQWHQ 0DVFKLQHQSDUDPHWHU� 'LH KLHU HU]LHOWHQ (UJHEQLVVH
ODVVHQ VLFK EHL GHU $XVOHJXQJ EHOLHELJHU 0DVFKLQHQ DQZHQGHQ XQG NRQQHQ VR GHQ (QW��
ZXUIVYRUJDQJ EHVFKOHXQLJHQ�

%HLP *HZLFKW JHODQJ HV� GLH DNWLYH 0DVVH NRQYHQWLRQHOOHU $QWULHEH QLFKW ]X XEHUVFKUHL��
WHQ� 'LHV LVW XP VR XEHUUDVFKHQGHU� ZHQQ PDQ EHGHQNW� GD{ GHU 3URWRW\S RKQH *HWULHEH�
DUEHLWHW XQG GHVKDOE GDV GUHLIDFKH 'UHKPRPHQW DXIEULQJHQ PX{� 'DUXEHU KLQDXV EHVLW]W�

�HU HLQH JUR{HUH 8EHUODVWIDKLJNHLW DOV GLH DQGHUHQ $QWULHEH� 'D IXU GHQ %DX GHU 0DVFKLQH� � �
NHLQH GHXWOLFK WHXUHUHQ 0DWHULDOLHQ DOV EHL GHU HEHQIDOOV EHKDQGHOWHQ 6\QFKURQPDVFKLQH
HUIRUGHUOLFK ZDUHQ� NDQQ GLH 7KHVH� GD{ 6SH]LDOPDVFKLQHQ� ]X GHQHQ DXFK GLH 0RGX�
ODUH 'DXHUPDJQHWPDVFKLQH ]DKOW� DX{HURUGHQWOLFK KRKH 0DWHULDONRVWHQ EHGLQJHQ� QLFKW�
JHVWXW]W ZHUGHQ� 'HU (QWIDOO GHU *HWULHEHVWXIH ZLUNW VLFK KLHU JHZLFKWV� XQG NRVWHQVSD��
UHQG DXV�

�$XIJUXQG GHU KRKHQ 8EHUODVWIDKLJNHLW GHV HOHNWURPHFKDQLVFKHQ (QHUJLHZDQGOHUV VROOWH�
JHSUXIW ZHUGHQ� RE GHU XUVSUXQJOLFKH $QVDW]� PLW GHP HOHNWULVFKHQ $QWULHE GHQ 9HUEUHQ�� �
QXQJVPRWRU ]X VWDUWHQ� ZLHGHU DXIJHJULmHQ ZHUGHQ NDQQ� :HQQ GLH 0DVFKLQH LQ GHU /DJH
LVW GLH $QIRUGHUXQJHQ ]X HUIXOOHQ� VROOWH GHU IXU GHQ )DKU]HXJHLQVDW] RKQHKLQ QHX DXI]X�� �
EDXHQGH :HFKVHOULFKWHU HEHQIDOOV LQ GHU /DJH VHLQ� GLH $QIRUGHUXQJHQ� GLH HLQ 'LUHNWVWDUW
PLW VLFK EULQJW� ]X HUIXOOHQ� :HQQ DXI GLHVH :HLVH :DUP� XQG .DOWVWDUW GXUFKIXKUEDU� �
VLQG� NDQQ GHU NRQYHQWLRQHOOH 6WDUWHU HQWIDOOHQ� ZDV HLQH *HZLFKWVHLQVSDUXQJ YRQ HLQLJHQ
.LORJUDPP EHGHXWHW�

(V NDQQ GDPLW DXVJHVDJW ZHUGHQ� GD{ VLFK GXUFK GLH :DKO HLQHV XQNRQYHQWLRQHOOHQ 0D�
VFKLQHQW\SV� GHU VLFK IXU GLH $XIJDEH JXW HLJQHW� XQG GHVVHQ JHZLVVHQKDIWH $XVOHJXQJ HLQH�
GHXWOLFKH 9HUEHVVHUXQJ JHJHQXEHU NRQYHQWLRQHOOHQ 0DVFKLQHQ HU]LHOHQ OD{W� RKQH EHL GHQ� �
.RVWHQ 1DFKWHLOH LQ .DXI QHKPHQ ]X PXVVHQ� 'HU $XIZDQG IXU GLH $XVOHJXQJVUHFKQXQ�� �

���



JHQ KDW VLFK GDPLW JHORKQW XQG GLH (UJHEQLVVH NRQQHQ IXU DKQOLFK JHODJHUWH )DOOH JHQXW]W� � � �
ZHUGHQ�
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>�@ '� %DXFK � 3DQHW]N\� $� 5XWKOHLQ� 5� 6RQQHQEXUJ� 3HUPDQHQW HUUHJWH 6\QFKURQPD��
�

VFKLQH PLW 1G�)H�% 'DXHUPDJQHWHQ IXU GHQ (LQVDW] LQ 3HUVRQHQNUDIWIDKU]HXJHQ?��
9',�%HULFKWH ����� +\EULGDQWULHEH� ���� *DUFKLQJ� 6� �������

>�@ $XGL $*� $XGL GXR� ,QIRUPDWLRQHQ ]X HLQHU .RQ]HSWVWXGLH?� ,QIRUPDWLRQVEURVFKXUH�
�

GHU )LUPD

>�@ 3� &KXGL� $� 0DOPTXLVW� +\EULGDQWULHE IXU $XWRPRELOH� 8PZHOWYHUWUDJOLFKHV )RU�� �
�

VFKXQJVIDKU]HXJ PLW (OHNWURDQWULHE XQG *DVWXUELQH?� $%% 7HFKQLN� ������

>�@ 3� &KXGL� $� 0DOPTXLVW� 'HYHORSPHQW RI D VPDOO JDV WXUELQH�GULYHQ KLJK VSHHG
�

SHUPDQHQW PDJQHW JHQHUDWRU?� 'HSDUWPHQW RI (OHFWULFDO 0DFKLQHV DQG 3RZHU (OHF�
WURQLFV� 7KH 5R\DO ,QVWLWXWH RI 7HFKQRORJ\� ,6%1��������������

>�@ 7� 9ROOPHU� %��5� +RKQ� 6� .HUVFKO� %� 3LQQHNDPS� 'HU $XWDUNH +\EULG� $XVOHJXQJ�
�

GHV *HVDPWV\VWHPV?� 9', %HULFKWH ����� 5DWLRQHOOH (QHUJLHQXW]XQJ EHL +\EULGIDKU�
]HXJHQ� ���� 0XQFKHQ�

>�@ 3� 'LHWULFK� +\EULG ,,,� HLQ DQVSUXFKVYROOHU )RUVFKXQJVDQWULHE� (UZDUWXQJHQ� (UJHE�
�

QLVVH� $XVEOLFN?� (UZHLWHUWH .RQIHUHQ] XEHU K\EULGH $XWRPRELODQWULHEH� ���� =XULFK� �

>�@ 7HFKQLVFKH 8QLYHUVLWDW 0XQFKHQ �+UVJ��� $QWUDJ DQ GLH 'HXWVFKH )RUVFKXQJVJHPHLQ�� �
VFKDIW DXI (LQULFKWXQJ HLQHV 6RQGHUIRUVFKXQJVEHUHLFKV� 8PZHOWIUHXQGOLFKH $QWULHEV�

�
WHFKQLN IXU )DKU]HXJH?� )LQDQ]LHUXQJVDQWUDJ -XOL ���� � -XQL �����

>�@ 7HFKQLVFKH 8QLYHUVLWDW 0XQFKHQ �+UVJ��� 6RQGHUIRUVFKXQJVEHUHLFK ���� 8PZHOW�� �
�

IUHXQGOLFKH $QWULHEVWHFKQLN IXU )DKU]HXJH?� )LQDQ]LHUXQJVDQWUDJ -XOL ���� � -XQL�
����

>�@ 7HFKQLVFKH 8QLYHUVLWDW 0XQFKHQ �+UVJ��� 6RQGHUIRUVFKXQJVEHUHLFK ���� 8PZHOW�� �
�

IUHXQGOLFKH $QWULHEVWHFKQLN IXU )DKU]HXJH?� $UEHLWV� XQG (UJHEQLVEHULFKW -XOL �����
� -XQL ����

>��@ +��:� /RUHQ]HQ� %� .UD{HU� 0� 6FKPLG� (OHFWULF 'ULYH 6\VWHPV IRU DQ $XWRQRPRXV
�

3DUDOOHO +\EULG 9HKLFOH?� ,6$7$ ��� ��WK ,QWHUQDWLRQDO 6\PSRVLXP RQ $XWRPRWLYH
7HFKQRORJ\ DQG $XWRPDWLRQ� ���� )ORUHQ]� 6� ��� � ���� SDSHU ��(/���

>��@ +� :HK� 'LH 7UDQVYHUVDOoX{PDVFKLQH � $OWHUQDWLYH PLW JXWHP :LUNXQJVJUDG?� 5D�
�

WLRQHOOH (QHUJLHQXW]XQJ EHL +\EULGIDKU]HXJHQ ���� 0XQFKHQ� 9', %HULFKWH �����

>��@ +� :HK� � ���� N: � 7)0 )DKU]HXJDQWULHE?� 7HFKQLVFKHU %HULFKW� ')* JHIRUGHUW�
�

�.HQQ]HLFKHQ ������������������� 3URI� :HK�� ,QVWLWXW IXU (OHNWULVFKH 0DVFKLQHQ��
$QWULHEH XQG %DKQHQ� 7HFKQLVFKH 8QLYHUVLWDW %UDXQVFKZHLJ� �����

���



>��@ +��'� .ROOHWVFKNH� 'LH 0RGXODUH 'DXHUPDJQHWPDVFKLQH ^ $XIEDX XQG (LJHQVFKDI�
�

WHQ?� 'LVVHUWDWLRQ� /HKUVWXKO IXU (OHNWULVFKH $QWULHEH� 8QLYHUVLWDW GHU %XQGHVZHKU� �
1HXELEHUJ� ����

>��@ -� .��+� )ULHGULFK� %DXIRUPHQ XQG %HWULHEVYHUKDOWHQ 0RGXODUHU 'DXHUPDJQHWPD�
�

VFKLQHQ?� 'LVVHUWDWLRQ� /HKUVWXKO IXU (OHNWULVFKH $QWULHEH� 8QLYHUVLWDW GHU %XQGHV�� �
ZHKU 1HXELEHUJ� ����

>��@ 8� 6FKDIHU� &RPSDUDWLYH 6WXG\ RI ,QYHUWHU�)HG 'ULYHV ZLWK 'LmHUHQW 0RWRU 7\SHV?��
�

(3( 
��� �WK (XURSHDQ &RQIHUHQFH RQ 3RZHU (OHFWURQLFV DQG $SSOLFDWLRQV� ����
6HYLOOD

>��@ &� *HUWKVHQ� +�2� .QHVHU� +� 9RJHO� 3K\VLN?� ��� $XoDJH� QHXEHDUEHLWHW XQG HU�
�

ZHLWHUW YRQ +� 9RJHO� 6SULQJHU�9HUODJ� ����� ,6%1 �������������

>��@ 7� %RGHIHOG� +� 6HTXHQ]� (OHNWULVFKH 0DVFKLQHQ?� ��� YROOVWDQGLJ QHXEHDUEHLWHWH� �
�

$XoDJH YRQ +� 6HTXHQ]� 6SULQJHU�9HUODJ� ����� ,6%1 �������������

>��@ .� .XSIPXOOHU� (LQIXKUXQJ LQ GLH WKHRUHWLVFKH (OHNWURWHFKQLN?� ���� YHUEHVVHUWH $XI�� � �
�

ODJH� EHDUEHLWHW YRQ *� .RKQ� 6SULQJHU�9HUODJ� ����� ,6%1 �������������

>��@ -� )HW]� )HKOHUWROHUDQWH 5HJHOXQJ HLQHV $V\QFKURQ�'RSSHODQWULHEV IXU HLQ (OHNWUR��
�

IDKU]HXJ?� 'LVVHUWDWLRQ� ,QVWLWXW IXU 6WURPULFKWHUWHFKQLN XQG (OHNWULVFKH $QWULHEH�
�,6($�� 5:7+ $DFKHQ� ����

>��@ $� :HVFKWD� 6FKZDFKXQJ GHV (UUHJHUIHOGV �VLF�� EHL HLQHU GDXHUPDJQHWHUUHJWHQ 6\Q��
�

FKURQPDVFKLQH?� HW]$UFKLY %G� �� ����� +HIW �� 6� �� � ��

>��@ :� /HLWJHE� 'LH *UHQ]HQ SHUPDQHQWPDJQHWHUUHJWHU 0HKUSKDVHQPDVFKLQHQ PLW
�

)HOGVFKZDFKXQJ XEHU GLH $QNHUZLFNOXQJ?� $UFKLY IXU (OHNWURWHFKQLN ��� ����� 6�� � �
�� � ��

>��@ :� /HLWJHE� (LQH 0RJOLFKNHLW GHU )HOGVFKZDFKXQJ GDXHUPDJQHWHUUHJWHU 0DVFKLQHQ� �
�

XQG LKUH $XVZLUNXQJ DXI GLH %HPHVVXQJVOHLVWXQJ GHV 6WURPULFKWHUV?� $UFKLY IXU (OHN��
WURWHFKQLN ��� ����� 6� ��� � ���

>��@ %� .UD{HU� 3DWHQWDQPHOGXQJ YRQ 9RUULFKWXQJHQ ]XU 9HUDQGHUXQJ GHU /XIWVSDOWLQ��
�

GXNWLRQ LQ HOHNWURPHFKDQLVFKHQ (QHUJLHZDQGOHUQ?� 6WXGLH ���� /HKUVWXKO IXU (OHN��
WULVFKH 0DVFKLQHQ XQG *HUDWH� 7HFKQLVFKH 8QLYHUVLWDW 0XQFKHQ� ����� � �

>��@ %� .UD{HU� )HOGVFKZDFKXQJ DQ SHUPDQHQWHUUHJWHQ 6\QFKURQPDVFKLQHQ?� 6WXGLH �����
�

/HKUVWXKO IXU (OHNWULVFKH 0DVFKLQHQ XQG *HUDWH� 7HFKQLVFKH 8QLYHUVLWDW 0XQFKHQ�� � � �
����

>��@ )� 5DWWHL� %� .UD{HU� (LQ PHFKDQLVFKHV )HOGVFKZDFKYHUIDKUHQ IXU SHUPDQHQWHUUHJWH� �
�

0DVFKLQHQ PLW 9HUVWHOOXQJ GHU (UUHJXQJ XEHU GLH 6WDWRUVWURPH?� 9',�%HULFKWH ������ �
+\EULGDQWULHEH� ���� *DUFKLQJ� 6� �������

>��@ %� .UD{HU� )� 5DWWHL� 0HFKDQLFDO )LHOG :HDNHQLQJ ZLWK $FWXDWLRQ E\ WKH 6WDWRU
�

&XUUHQWV?� (3( 
��� �WK (XURSHDQ &RQIHUHQFH RQ 3RZHU (OHFWURQLFV DQG $SSOLFDWL�
RQV� ���� /DXVDQQH

>��@ +DQVMXUJ 5RKUHU� 9HUIDKUHQ ]XU 2SWLPLHUXQJ HOHNWULVFKHU 0DVFKLQHQ GDUJHVWHOOW�
�

DP %HLVSLHO GHU ODPHOOLHUWHQ 9ROOSRO�6\QFKURQPDVFKLQH?� 'LVVHUWDWLRQ� /HKUVWXKO IXU�
(OHNWULVFKH 0DVFKLQHQ XQG *HUDWH� 7HFKQLVFKH 8QLYHUVLWDW 0XQFKHQ� ����� � �

���



>��@ (%* *HVHOOVFKDIW IXU (OHNWURPDJQHWLVFKH :HUNVWRmH PE+� 'DV XPIDVVHQGH 3UR��
�

JUDPP DQ QLFKWNRUQRULHQWLHUWHQ XQG NRUQRULHQWLHUWHQ (OHNWUREOHFKVRUWHQ?� .DWDORJ
]XP 3URGXNWVRUWLPHQW GHU )LUPD� ����

>��@ 9$& 9DFXXPVFKPHO]H� 6HOWHQ�(UG�'DXHUPDJQHWZHUNVWRmH 9$&2'<0 9$&2�
�

0$;?� .DWDORJ ]XP 3URGXNWVRUWLPHQW GHU )LUPD

>��@ 3RO\nO $*� 2XU 3URJUDPPH?� 3URGXNWXEHUVLFKW GHU )LUPD�
�

>��@ ',1�,(& ��� 7HLO ���� 7HFKQLVFKH /LHIHUEHGLQJXQJHQ IXU EHVWLPPWH 7\SHQ YRQ�
�

:LFNHOGUDKWHQ� /DFNLVROLHUWH 5XQGGUDKWH DXV .XSIHU?� 'HXWVFKH 1RUP� )HEUXDU ����� �

>��@ &� +XGHOPDLHU� %HUHFKQXQJHQ ]X HLQHU SHUPDQHQWHUUHJWHQ $X{HQODXIHUPDVFKLQH?��
�

'LSORPDUEHLW� /HKUVWXKO IXU (OHNWULVFKH 0DVFKLQHQ XQG *HUDWH� 7HFKQLVFKH 8QLYHU�� �
VLWDW 0XQFKHQ� ����� �

>��@ %� .UD{HU� &RPSDULVRQ RI (OHFWURPHFKDQLFDO 7UDQVGXFHUV IRU DQ $XWRQRPRXV +\�
�

EULG 9HKLFOH?� (3( 
��� �WK (XURSHDQ &RQIHUHQFH RQ 3RZHU (OHFWURQLFV DQG $SSOL�
FDWLRQV� ���� 7URQGKHLP

>��@ %� .UD{HU� 'HVLJQ DQG &DOFXODWLRQ RI D 3HUPDQHQW 0DJQHW 2XWVLGH 5RWRU 0RWRU
�

IRU D +\EULG 9HKLFOH?� ,6$7$ ��� ��WK ,QWHUQDWLRQDO 6\PSRVLXP RQ $XWRPRWLYH
7HFKQRORJ\ DQG $XWRPDWLRQ� ���� )ORUHQ]� SDSHU ��(/���

>��@ 0� (EHUO� %HVWLPPXQJ GHU ,QGXNWLYLWDWHQ HLQHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH�
�

GXUFK QXPHULVFKH )HOGEHUHFKXQJ?� 'LSORPDUEHLW� /HKUVWXKO IXU (OHNWULVFKH 0DVFKL��
QHQ XQG *HUDWH GHU 78 0XQFKHQ� ����� �

>��@ -� 0HLQNH� 'HWDLO]HLFKQXQJHQ GHV 3URWRW\SHQ HLQHU 0RGXODUHQ 'DXHUPDJQHWPD�
�

VFKLQH IXU GHQ 6RQGHUIRUVFKXQJVEHUHLFK ���?� =HLFKQXQJVDUFKLY GHV /HKUVWXKOV IXU� �
(OHNWULVFKH 0DVFKLQHQ XQG *HUDWH GHU 780 �QLFKW YHURmHQWOLFKW�� �

>��@ .� .DQHOLV� 'LH IHOGRULHQWLHUWH .HQQOLQLHQVWHXHUXQJ GHU VWURPHUUHJWHQ 6\QFKURQ�
�

PDVFKLQH � HLQ $QWULHEVV\VWHP IXU (OHNWURIDKU]HXJH?� 'LVVHUWDWLRQ� /HKUVWXKO IXU� �
(OHNWULVFKH $QWULHEH� 8QLYHUVLWDW GHU %XQGHVZHKU 1HXELEHUJ� �����

>��@ )� 5DWWHL� 3URJUDPPLHUHQ HLQHU 5HJHOXQJ IXU HLQH SXOVZHFKVHOULFKWHUJHVSHLVWH 0R��
�

GXODUH 'DXHUPDJQHWPDVFKLQH DXI HLQHP 0LNURFRQWUROOHU?� 'LSORPDUEHLW� /HKUVWXKO
IXU (OHNWULVFKH 0DVFKLQHQ XQG *HUDWH GHU 78 0XQFKHQ� ����� � �

>��@ *� (QVHU� '\QDPLVFKH 6LPXODWLRQ HLQHU 0RGXODUHQ 'DXHUPDJQHWPDVFKLQH?� 6WXGL�
�

HQDUEHLW� /HKUVWXKO IXU (OHNWULVFKH 0DVFKLQHQ XQG *HUDWH GHU 78 0XQFKHQ� ����� � �

>��@ 5� 6FKUDXG� $QDO\WLVFKH %HWUDFKWXQJHQ XQG PH{WHFKQLVFKH 8QWHUVXFKXQJHQ ]X SHU�
�

PDQHQWPDJQHWLVFK HUUHJWHQ 6\QFKURQPDVFKLQHQ?� 'LSORPDUEHLW� /HKUVWXKO IXU (OHN��
WULVFKH 0DVFKLQHQ XQG *HUDWH GHU 78 0XQFKHQ� ����� �

>��@ +�:� /RUHQ]HQ� '\QDPLN HOHNWULVFKHU 0DVFKLQHQ?� 9RUOHVXQJVVNULSW� /HKUVWXKO IXU�
�

(OHNWULVFKH 0DVFKLQHQ XQG *HUDWH� 7HFKQLVFKH 8QLYHUVLWDW 0XQFKHQ� � �

>��@ +�:� /RUHQ]HQ� 'DV G\QDPLVFKH %HWULHEVYHUKDOWHQ YRQ $V\QFKURQPDVFKLQHQ EHL
�

NOHLQHQ $EZHLFKXQJHQ YRP VWDWLRQDUHQ =XVWDQG?� %%&�0LWWHLOXQJHQ� %DQG �� ������
6� ��� � ���

���



>��@ 6RQGHUIRUVFKXQJVEHUHLFK ��� �+UVJ��� $OWHUQDWLYHQ XQG $XVZDKO HLQHV (OHNWURPR�
�

WRUV IXU GHQ $XWDUNHQ +\EULG?� 8PZHOWIUHXQGOLFKH $QWULHEVWHFKQLN IXU )DKU]HXJH�� �
.ROORTXLXP DQ GHU 78 0XQFKHQ� ���� 6� �� � ����

���


