
�

$QDO\VLV�PLW�GHP�7,����¥
HLQH�8QWHUULFKWVHLQKHLW

$XWRUHQ
%HDW�(LFNH��6W�W]OL����&+�¥������*ODUXV�
(�0DLO��HLFNH#EOXHZLQ�FK
(GPXQG�+RO]KHUU��&KLOHKDOGH�����&+�¥������5DLQ�
(�0DLO��KRO]KHUU#VZLVVRQOLQH�FK

=XVDPPHQIDVVXQJ
:LU�VNL]]LHUHQ�HLQH�8QWHUULFKWVHLQKHLW�I�U�GLH�$QDO\VLV��'DEHL�VROOHQ�GLH�0|JOLFKNHLWHQ
GHV�&$6�GHV�7,����P|JOLFKVW�RSWLPDO�JHQXW]W�ZHUGHQ��$QKDQG�HLQLJHU�DXVJHZlKOWHU
%HLVSLHOH�]HLJHQ�ZLU��ZHOFKH�0|JOLFKNHLWHQ�VLFK�ELHWHQ��DEHU�DXFK�ZHOFKH�3UREOHPH
GDEHL�DXIWUHWHQ�N|QQHQ�

,QKDOW�
�� 0RGHOOH

��� :R]X�$QDO\VLV"
��� 8QWHUVXFKXQJHQ�DP�$TXDULXP

�� 'LIIHUHQWLDOUHFKQXQJ
��� 3URGXNWUHJHO��4XRWLHQWHQUHJHO�

.HWWHQUHJHO
��� .XUYHQGLVNXVVLRQ
��� ([WUHPDODXIJDEH

�� ,QWHJUDOUHFKQXQJ
��� 7,����¥�)XQNWLRQ�¶,QWHJUDO§
��� )OlFKHQSUREOHPH
��� ,QWHJUDWLRQ�PLW�GHP�7,���

�� 'LIIHUHQWLDOJOHLFKXQJHQ
��� 5LFKWXQJVIHOG�PLW�/|VXQJVNXUYH

�� +LQZHLV�DXI�XQVHU�6NULSW

�� 0RGHOOH

��� :R]X�$QDO\VLV"
'HU�NODVVLVFKH�$QDO\VLVXQWHUULFKW�HUVFKHLQW�XQV�¥�SURYRNDWLY�IRUPXOLHUW�¥��LPPHU�PHKU
DOV�HLQ�7UDLQLQJVODJHU�I�U�HLQH�+RFKJHELUJVWRXU�LQ�HLQHU�VXSHUPRGHUQHQ��6SRUWKDOOH�
:LU� �EHQ� XQG� SHUIHNWLRQLHUHQ� VFKZLHULJVWH� .OHWWHUWHFKQLNHQ� ZLH� $EOHLWXQJVUHJHOQ�
.XUYHQGLVNXVVLRQHQ��([WUHPDODXIJDEHQ�XQG�,QWHJUDWLRQVPHWKRGHQ��'DV�7UDLQLQJ�YHU�
VXFKHQ�ZLU�GDEHL�VR�JHVFKLFNW�]X�PRWLYLHUHQ�XQG�]X�RUJDQLVLHUHQ��GDVV�GLH�6FK�OHULQ�
QHQ�XQG�6FK�OHU�GLH�7HFKQLNHQ�VHOEVW�DOV�HUVWUHEHQVZHUWHV�=LHO�DN]HSWLHUHQ�
:HLO�XQV�GDQQ�DP�6FKOXVV�GHU�HLJHQWOLFKHQ�hEXQJVSKDVH�JDQ]�HLQIDFK�GLH�=HLW�XQG
RIW�DXFK�GLH�QRWZHQGLJHQ�+LOIVPLWWHO�IHKOWHQ��XP�GLH�7RXU�GXUFK]XI�KUHQ��NRQQWHQ�ZLU
ELVKHU�XQVHU�XQJXWHV�*HI�KO�OHLFKW�EHVlQIWLJHQ�
'HU�QHXH��JHVDPWVFKZHL]HULVFKH��5DKPHQOHKUSODQ�I�U�GLH�0DWKHPDWLN�YHUODQJW�DEHU
XQPLVVYHUVWlQGOLFK�GLH�%HDUEHLWXQJ�YRQ�PDWKHPDWLVFKHQ�0RGHOOHQ�DXV�GHU�:LUNOLFK�
NHLW��GLH�LQ�GHU�$QDO\VLV�ZLH�NDXP�LQ�HLQHP�DQGHUQ�7HLOJHELHW�GHU�0DWKHPDWLN�DXVVHU
YLHOOHLFKW�QRFK�LQ�GHU�6WRFKDVWLN�VR�EHGHXWXQJVYROO�VLQG�
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0LW� HLQHP� NODVVLVFKHQ� /HKUJDQJ� GHU�$QDO\VLV� NDQQ�PDQ�GHU� )RUGHUXQJ� GHV� QHXHQ
/HKUSODQV�QLFKW�PHKU�JHQ�JHQ��6HOEVW�GDQQ�QLFKW��ZHQQ�HV�JHOLQJHQ�Z�UGH��QRFK�HL�
QLJH�HLQIDFKH�/|VXQJVPHWKRGHQ�I�U�'LIIHUHQWLDOJOHLFKXQJHQ�XQWHU]XEULQJHQ�
:LU� JODXEHQ�� GDVV� XQV� HLQ� :HUN]HXJ� ZLH� GHU� 7,���� KHOIHQ� Z�UGH�� GLH� VFKZLHULJH
6LWXDWLRQ� LQ�GHU�$QDO\VLV�]X�PHLVWHUQ�RGHU�JDU�]X��EHUZLQGHQ��6FKRQ� LQ�GHU�(LQI�K�
UXQJ�N|QQWH� I�U�GLH�6FK�OHULQQHQ�XQG�6FK�OHU�GDV�+DXSW]LHO�GHU�$QDO\VLV�HUIDVVEDU
ZHUGHQ��6LH�HUIDKUHQ�GLH�%HGHXWXQJ�GHU�$QDO\VLV� EHL� GHQ�0RGHOOELOGXQJHQ� DQKDQG
QLFKW�WULYLDOHU�$QZHQGXQJHQ�
:LU� ZROOHQ� ,KQHQ� QXQ� HLQHQ� (LQVWLHJ� LQ� GLH� $QDO\VLV�PLW� HLQHP� HLQIDFKHQ� %HLVSLHO�
GHP�0HHUZDVVHUDTXDULXP�� VNL]]LHUHQ�� 'LHVHV� 0RGHOO� HUVFKHLQW� XQV� GDUXP� EHVRQ�
GHUV� JHHLJQHW��ZHLO� HV� VLFK�DXFK� I�U�6FK�OHUSURMHNWH� OHLFKW� YDULLHUHQ� XQG� DXVEDXHQ
OlVVW��=LHO�LVW�XQWHU�DQGHUHP�GLH�0RWLYDWLRQ�GHV�%HJULIIHV�GHU�$EOHLWXQJ��GHU�PRPHQ�
WDQHQ�bQGHUXQJVUDWH�

���� 8QWHUVXFKXQJHQ�DP�$TXDULXP

$XIJDEHQVWHOOXQJHQ
,Q�HLQ�0HHUZDVVHUDTXDULXP��HUZ�QVFKWHU�6DO]JHKDOW�FD��������ZXUGH�YHUVHKHQWOLFK
:DVVHU� PLW� HLQHP� 6DO]JHKDOW� YRQ� T�� HLQJHI�OOW�� 'DV� 0LVVJHVFKLFN� NDQQ� DXI� YHU�
VFKLHGHQH�$UWHQ��GLH�]XGHP�YRQ�GHU�$XVJDQJVVLWXDWLRQ�DEKlQJHQ��NRUULJLHUW�ZHUGHQ�

���1DFKVDO]HQ
(V�ZXUGH�YHUVHKHQWOLFK�6�VVZDVVHU��T ���HLQJHI�OOW��'HU�)HKOHU�ZLUG�NRUULJLHUW��LQGHP
PDQ�QXQ�ZlKUHQG�HLQHU�JHZLVVHQ�=HLW�0HHUZDVVHU�HLQOHLWHW�XQG�JOHLFK]HLWLJ�GLH�JOHL�
FKH�0HQJH�$TXDULXPZDVVHU�GXUFK�GHQ�hEHUODXI��DEOHLWHW��:LH�ZlFKVW�GLH�6DO]PHQJH
LP�$TXDULXP�"

���(QWOHHUHQ
1DFKGHP�PDQ�GHQ�)HKOHU�EHPHUNW�KDW��ZLUG�GDV�$TXDULXP�GXUFK�HLQHQ�$EIOXVV� LP
%RGHQ� GHV� $TXDULXPV� HQWOHHUW�� XP� GDQDFK� GDV� $TXDULXP� PLW� 0HHUZDVVHU� ZLHGHU
DXI]XI�OOHQ��:LH�ODQJH�GDXHUW�HV�ELV�GDV�$TXDULXP�]XU�+lOIWH�E]Z��Y|OOLJ�HQWOHHUW�LVW"

���6DO]HQ���(QWOHHUHQ
0DQ� EHPHUNW� GHQ� )HKOHU�� QDFKGHP� GDV� $TXDULXP� ]X� HLQHP� 'ULWWHO� JHI�OOW� LVW�� 8P
QXQ�GDV�0LVVJHVFKLFN�]X�NRUULJLHUHQ��|IIQHW�PDQ�GHQ�$EODXI�XQG�OHLWHW�JOHLFK]HLWLJ�]�"
6DO]ZDVVHU�SUR�6HNXQGH�PLW�HLQHP�6DO]JHKDOW� YRQ�S�� � LQ�GDV�$TXDULXP��:LH�YHU�
lQGHUQ�VLFK�GDV�:DVVHUYROXPHQ�XQG�GLH�6DO]PHQJH�LP�$TXDULXP�"
6SH]LDOOIlOOH
¥ ]� ����G��K��NHLQ�=XIOXVV (QWOHHUHQ�
¥ ]� �$EIOXVV�XQG�T� ��� HLQIDFKHV�1DFKVDO]HQ��:DFKVWXPVSUR]HVV
¥� ]� �$EIOXVV�XQG�S� ��� HLQIDFKHV�(QWVDO]HQ��=HUIDOOVSUR]HVV
¥� 'XUFK�GHQ�$EODXI�ZHUGHQ�NRQVWDQW�D�"�$TXDULXPZDVVHU�SUR�6HNXQGH�DEJHSXPSW

�DEJHODVVHQ��
D��D����] �XQG� �S���T (QWVDO]HQ�XQG�)�OOHQ�GHV�$TXDULXPV
E��D����] XQG S�!�T 1DFKVDO]HQ�XQG�)�OOHQ�GHV�$TXDULXPV
F��D� �] XQG T� �� HLQIDFKHV�1DFKVDO]HQ��:DFKVWXPVSUR]HVV
G��D� �]� XQG�� S� ���� HLQIDFKHV�(QWVDO]HQ��=HUIDOOVSUR]HVV
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���0RGHOO��1DFKVDO]HQ

0RGHOOLHUXQJ��:LU�WUHIIHQ�I�U�GDV�0RGHOO�GLH�IROJHQGHQ�$QQDKPHQ�
– ,QKDOW� 9R  ������/LWHU� T�� ����
– =XIOXVV� ]��� ����NJ��PLQ� S�� ������
– hEHUODXI� D��� ����NJ��PLQ
– +RPRJHQH�6DO]NRQ]HQWUDWLRQ�LP�$TXDULXP
– ,Q� �HLQHP�NOHLQHQ�=HLWLQWHUYDOO� >W�� W��∆W@�ZLUG� ]XHUVW�GDV�:DVVHU� DEJHVFK|SIW� XQG

GDQDFK�GDV�6DO]ZDVVHU�HLQJHI�OOW�
– ��NJ��6DO]ZDVVHU�� ���"�6DO]ZDVVHU
$XIWUDJ��8QWHUVXFKH�GLH�6DO]PHQJH�6���W���

(LJHQVFKDIWHQ�YRQ�6��$XV�GHQ�0RGHOOEHVFKUHLEXQJHQ� N|QQHQ� XQPLWWHOEDU� GLH� IRO�
JHQGHQ�(LJHQVFKDIWHQ�GHU�)XQNWLRQ�6�DEJHOHLWHW�ZHUGHQ�
– 6��� � XQG�6�W�≥���
– 6�LVW�HLQH�VWUHQJ�PRQRWRQ�ZDFKVHQGH�)XQNWLRQ

– 6�W��
t→ ∞ → 

S

���
���9R � �����

– ,'���W�≥����?:�����≤�6���W�����������
– 9HUPXWXQJ���6�ZLUG��LPPHU�ODQJVDPHU�]XQHKPHQ
$OOHLQ�DXIJUXQG�GLHVHU�(LJHQVFKDIWHQ�NDQQ�PDQ�GHQ�*UDSKHQ�GHU�)XQNWLRQ�6�VNL]]LH�
UHQ��GHU�GDV�0RGHOO�TXDOLWDWLY�VFKRQ�]LHPOLFK�JHQDX�EHVFKUHLEW�

0DQXHOOH�1lKHUXQJHQ��'LH�6FK�OHULQQHQ�XQG�6FK�OHU�VROOWHQ�MHW]W�XQEHGLQJW�HLQLJH
%HUHFKQXQJVVFKULWWH� PDQXHOO� GXUFKI�KUHQ�� 6LH� ZHUGHQ� GDQQ� VFKRQ� QDFK� ZHQLJHQ
6FKULWWHQ�GDV�%HG�UIQLV�KDEHQ��GHQ�OHLFKW�HUNHQQEDUHQ�$OJRULWKPXV�EHL�GHQ�%HUHFK�
QXQJHQ� DXV]XQ�W]HQ�� 'DQQ� LVW� DXFK� GLH� =HLW� UHLI� I�U� GLH� DOOJHPHLQH�$SSUR[LPDWLRQ
XQG�GHUHQ�8PVHW]XQJ�DXI�GHP�7,����PLW�GHP�6HTXHQFH���*UDSKLQJ��'LHVH�0HWKRGH
ZHUGHQ�ZLU�XQV�EHLP�DOOJHPHLQHQ�0RGHOO��6DO]HQ���(QWOHHUHQ�DQVHKHQ�
'D�GDV�1DFKVDO]XQJVPRGHOO�HLQ�VHKU�HLQIDFKHU�:DFKVWXPVSUR]HVV�LVW��I�U�GHQ�PDQ
GLH� H[DNWH� /|VXQJ� GLUHNW� EHVWLPPHQ� NDQQ�� ZROOHQ� ZLU� MHW]W� ]XHUVW� GHQ�(LQVDW]� GHV
&$6�I�U�GLH�+HUOHLWXQJ�GHU�H[DNWHQ�/|VXQJ�XQWHUVXFKHQ�

([DNWH�/|VXQJ��,Q�HLQHP�NOHLQHQ�=HLWLQWHUYDOO�>�W���W��∆W�@�JLOW��
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'LH� (UVHW]XQJHQ� ]� XQG� $� VLQG� DXFK� EHL� GHU� PDQXHOOHQ� +HUOHLWXQJ� IDVW� ]ZLQJHQG�
%HLP�&$6�VLQG� VLH�DEVROXW� QRWZHQGLJ��$QVRQVW� UHFKQHW� VLFK�GHU� 7,���� LQV�$EVHLWV�
ZHLO�HU�]XHUVW�DOOHV�DXVPXOWLSOL]LHUW�XQG�GDQDFK�GDV�)DNWRULVLHUHQ�QLFKW�PHKU�VFKDIIW�



�

&$6�+HUOHLWXQJ��'LH�UHNXUVLYH�'HILQLWLRQ�GHU�)ROJH�DXI�GHP�7,����LVW�
'HILQH��V��L�� �ZKHQ��L� �������V��L����
�]���D� ⇒�'RQH

(LQH�7HLOIROJH�HUKlOW�PDQ�GDQQ�PLW�
VHT��V���L����L����������� ⇒�^���D��D�]���D��D��]��]��������D��]���]����]����]������`

+LQZHLVH�
¥�'LH�7HLOVXPPH�GHU�JHRP��5HLKH�ZLUG�YRP�&$6�I�U�NRQNUHWH�Q�QLFKW�HUNDQQW�
¥�'HU�PD[��:HUW�I�U�L�LQ�VHT����GHU�NHLQHQ�0HPRU\�(UURU�OLHIHUW��LVW���
'LH�DOOJHPHLQH�5HLKH�EHNRPPW�PDQ�PLW�
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+LQZHLVH�
¥� 'DV�H[DNWH�6FKOXVVUHVXOWDW�ZLUG�YRP�&$6�VHKU�XQ�EHUVLFKWOLFK�GDUJHVWHOOW� �PLW�H

XQG��OQ����'DKHU�ZLUG�HLQ�1lKHUXQJVZHUW�EHUHFKQHW�
¥ 'LH�.RQYHUJHQ]�GHU�)RUPHO�NDQQ�PDQ�PLW�GHP�7,����JUDSKLVFK�RGHU�PLW�HLQHU�7D�

EHOOH�XQWHUVXFKHQ�

*UHQ]ZHUW��0LW�GHP�/LPLW�%HIHKO�GHV�&$6�NDQQ�GHU�*UHQ]ZHUW�GHU�)ROJH�EHVWLPPW
ZHUGHQ��$QVWHOOH�GHV�IHVWHQ�:HUWHV�����YHUZHQGHQ�ZLU�]XHUVW�GLH�9DULDEOH�Y��GLH�ZLU
GDQQ�ZLHGHU�HUVHW]HQ�

OLPLW������
�������W��Y��Q�AQ��Q�∞� ⇒ ������H
W
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W
Y

DQV������_�Y� ���� ⇒ �����H
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��� ���H
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��� ���

)�U�GHQ�*UHQ]ZHUW�JLOW�DOVR�
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3UREOHP� �.DEDUHWWLVWLVFKHV�*ODQ]VW�FN�GHV�7,������'LH� GLUHNWH�%HVWLPPXQJ� GHV
*UHQ]ZHUWHV�PLW�/LPLW�JHOLQJW�QLFKW�

OLPLW���������W�����������Q��AQ��Q��∞� ⇒�XQGHI
XQGHI�KDW�]ZHL�%HGHXWXQJHQ�
¥ 'HU�*UHQ]ZHUW�H[LVWLHUW�QLFKW�
¥ 'HU�7,����NDQQ�GHQ�*UHQ]ZHUW�QLFKW�EHVWLPPHQ�
:LU�XQWHUVXFKHQ�DQKDQG�HLQLJHU�lKQOLFKHU�$XIJDEHQ��ZDQQ�GDV�&$6�ULFKWLJ�UHFKQHW�
'DV�5HVXOWDW�LVW�DEKlQJLJ�YRQ�GHU�9HUVLRQ�GHV�HLQJHVHW]WHQ�5HFKQHUV�
9HUVLRQ������XQG������

OLPLW������W��Y���Q�AQ�Q�∞��_�Y� ^�������������������������`

⇒����^�H
W−
�� �������H

W−
�� ���XQGHI���XQGHI���∞�`
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9HUVLRQ�����
OLPLW������W��Y���Q�AQ�Q�∞��_�Y� ^�������������������������`

⇒�^�H
W−
�� ���H

W−
�����H

W−
�� ���H

W−
�����H

W−
�����∞�`

OLPLW������W��Y���Q�AQ�Q�∞��_�Y� ^��������������������`

⇒�^�H
W−

��� ��XQGHI��������∞�`

�� 0RGHOO��(QWOHHUHQ
'LHVHV�0RGHOO�ZLUG�LQ�XQVHUHP�6NULSW��VLHKH�.DSLWHO����DXVI�KUOLFK�XQWHUVXFKW�

���0RGHOO��6DO]HQ���(QWOHHUHQ
$QKDQG�GLHVHV�0RGHOOV�ZROOHQ�ZLU�GLH�$SSUR[LPDWLRQ�PLW�GHP�6HTXHQFH��*UDSKLQJ
GHV�7,����DQVFKDXHQ�

0RGHOOLHUXQJ��:LU�WUHIIHQ�I�U�GDV�0RGHOO�GLH�IROJHQGHQ�$QQDKPHQ�
¥ ,QKDOW� P� �����NJ��T�� ����
¥ 0DVVH�� O� �����FP��E� �����FP��XQG��K� �����FP�
¥ $EODXI��� 4� ����FP��
¥ =XIOXVV� ]� ����NJ�V� ����"��V� ��������FP���V��S�� ���
¥ +RPRJHQH�6DO]NRQ]HQWUDWLRQ�LP�$TXDULXP
¥ ,Q�HLQHP�NOHLQHQ�=HLWLQWHUYDOO� >� W� �� W��∆W� @�ZLUG�]XHUVW�GDV�:DVVHU�DEJHODVVHQ�XQG

GDQDFK�GDV�6DO]ZDVVHU�HLQJHI�OOW�
¥ ��NJ��6DO]ZDVVHU�� ���"�6DO]ZDVVHU
¥ $QIDQJVYROXPHQ��9�� � ����"� ���������FP

�

¥ J� ������FP���V��������P���V����
$XIWUDJ��8QWHUVXFKH�GLH�(QWZLFNOXQJ�GHV�9ROXPHQV�9���W���XQG�GHU�6DO]PHQJH�6���W���

$SSUR[LPDWLRQ�PLW�GHP�&RPSXWHU��)�U�GLH�%HUHFKQXQJ� GHV�$EIOXVVHV� EUDXFKHQ
ZLU�GDV�*HVHW]�YRQ�7RUULFHOOL�
'LH�$EIOXVVJHVFKZLQGLJNHLW�LVW�� � Y�W�� ��� � ⋅ \ W� � ��FP���V
'DEHL�LVW�\���W���GHU�:DVVHUVWDQG�LP�$TXDULXP]XP�=HLWSXQNW�W�

7 �����V�
QPD[� �����
∆W� ���
WQ� �∆W����Q  �����Q

:DVVHUPHQJH�9�>FP�@�

$EIOXVV�≈�4�� Y�W�Q����∆W� ������ � �⋅ −\ WQ� �∆W� ��� �
�Q

W�9 − ∆W

9�W�Q��≈�9�W�Q ����¥���  V( tn 1)− ∆W�������������∆W

6DO]PHQJH�6�>NJ@�

6DO]YHUOXVW�≈�Q v(tn - 1)  
S(tn - 1)

V(tn - 1)
  t⋅ ⋅ ⋅∆ � � t)

1-n
S(t

)1-nV(t

12 ∆⋅

0 t1 t2 t3 tnmax=T

∆t
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6�WQ ��≈�6�W�Q ����¥�
12

 V( tn 1)
 S( tn 1) t

−
⋅ − ∆ ��������

100
3

�∆W

'LHVH�5HNXUVLRQHQ�P�VVHQ�LQ�GLH�1RWDWLRQHQ�GHV�6HTXHQFH�*UDSKLQJ��EHUVHW]W�ZHU�
GHQ�� 'LH� (UIDKUXQJHQ� KDEHQ� XQV� JH]HLJW�� GDVV� GLHVHU� 6FKULWW� I�U� GLH� 6FK�OHULQQHQ
XQG�6FK�OHU�QLFKW�WULYLDO�LVW��0DQ�PXVV�LKQHQ�JHQ�JHQG�=HLW�XQG�hEXQJVPDWHULDO�]XU
9HUI�JXQJ�VWHOOHQ��XP�GDULQ�HLQH�JHZLVVH�)HUWLJNHLW�]X�HUUHLFKHQ��

'HPRQVWUDWLRQ�GHV�7,����
(LQVWHOOXQJ��
>02'(@��*UDSK��������)81&7,21�→�����6(48(1&(
>)�@����([DFW���$SSUR[�����$872�→�$3352;,0$7(

><� @
X����Q��� ���
Q ��=HLW���WQ���
XL�� �� ��=HLW���W����
✔X��Q� �X��Q���������
√���X��Q����������� ��9ROXPHQ�9�WQ���
XL�� ������� ��9ROXPHQ�9�W����
X��Q�� �X��Q���
����������√��X��Q����������� ��6DO]��6���WQ����
XL�� ����� ��6DO]��6���W�����
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'LIIHUHQWLDOJOHLFKXQJHQ��1DFK�GHU�$SSUR[LPDWLRQ�PXVV�XQVHUHU�0HLQXQJ�QDFK�]X�
PLQGHVW� GHU� hEHUJDQJ� YRQ� GHU� 'LIIHUHQ]HQJOHLFKXQJ� ]X� GHU� 'LIIHUHQWLDOJOHLFKXQJ
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GXUFKJHI�KUW�ZHUGHQ��XP�GHQ�=XVDPPHQKDQJ�PLW�GHU�'LIIHUHQWLDOUHFKQXQJ�KHUVWHOOHQ
]X� N|QQHQ��$QVRQVW� KDQJHQ�GLH�8QWHUVXFKXQJHQ� I�U� GLH�6FK�OHULQQHQ� XQG�6FK�OHU
]LHPOLFK�EH]LHKXQJVORV�LQ�GHU�/XIW�
6RODQJH�HLQ�0RGHOO� QXU�GXUFK�HLQH�'LIIHUHQ]HQJOHLFKXQJ�GDUJHVWHOOW�ZLUG�� KlQJW� GLH
%HVFKUHLEXQJ�GHU�/|VXQJ�YRQ�HLQHU�ZLOON�UOLFKHQ�8QWHUWHLOXQJ�GHV�=HLWLQWHUYDOOV�>����W@
DE�� 'LHVH� :LOON�U� LQ� GHU� 0RGHOOJOHLFKXQJ� YHUPHLGHW� PDQ� PLW� HLQHU� 'LIIHUHQWLDOJOHL�
FKXQJ��ZRPLW�PDQ�VLFK�GHQ�XQIUXFKWEDUHQ�6WUHLW�XP��.OHLQKHLW��YRP�+DOVH�VFKDIIW����
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:LH�ZHLW�GLH�'LIIHUHQWLDOJOHLFKXQJ�DQ�GLHVHU�6WHOOH�VFKRQ�UHIOHNWLHUW�ZHUGHQ�NDQQ�RGHU
VROO�� G�UIWH�ZRKO� VHKU� NRQWURYHUV� VHLQ��8QV� VFKHLQW�HV� MHGHQIDOOV� QLFKW� DEZHJLJ�� DQ�
KDQG�GHU�'LIIHUHQWLDOJOHLFKXQJ��ZHQLJVWHQV�GLH�+DXSWDXIJDEHQ�GHU�$QDO\VLV�DXI]X]HL�
JHQ��'DVV�VLFK�GLH�$QDO\VLV�YRU�DOOHP�PLW
¥�GHU�%HJU�QGXQJ��H[DNWHU�/|VXQJVPHWKRGHQ�
¥�GHU�([LVWHQ]�YRQ�/|VXQJHQ�
¥�GHU�(LQGHXWLJNHLW�XQG�GHQ�(LJHQVFKDIWHQ�YRQ�/|VXQJHQ�
¥�GHU�(QWZLFNOXQJ�YRQ�1lKHUXQJVYHUIDKUHQ
I�U�'LIIHUHQWLDOJOHLFKXQJHQ�EHVFKlIWLJW��NDQQ�VLFKHU�HLQVLFKWLJ�JHPDFKW�ZHUGHQ�

$XI�HLQLJH�GLHVHU�$XIJDEHQ�NDQQ�PDQ�VSlWHU�¥�]XP�$EVFKOXVV�GHU�$QDO\VLV�¥�]XU�FN�
NRPPHQ�

�������������������������������������������
��*HZ|KQOLFKH�'LIIHUHQWLDOJOHLFKXQJHQ��+�+HXVHU
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���'LIIHUHQWLDOUHFKQXQJ

����3URGXNWUHJHO��4XRWLHQWHQUHJHO��.HWWHQUHJHO
:HQQ�PDQ�GHQ�7,����DOV�%ODFNER[�HLQVHW]W��NDQQ�PDQ�GHQ�6FK�OHULQQHQ�XQG�6FK��
OHUQ� GLH� 3URGXNWUHJHO� UHFKW� OHLFKW� DQKDQG� HLQLJHU� %HLVSLHOH� SODXVLEHO�PDFKHQ�� (LQH
8QWHUULFKWVHLQKHLW�N|QQWH�HWZD�VR�DEODXIHQ�

hEXQJ��HYWO��(LQ]HO��.OHLQJUXSSHQDUEHLW��
/HLWHQ�6LH�PLW�GHP�7,����DE�
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)ROJHUXQJ��:HOFKH�QDKHOLHJHQGH�5HJHO�JLOW�VLFKHU�QLFKW"
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

/HLWHQ�6LH�PLW�GHP�7,����GLH� IROJHQGHQ�)XQNWLRQHQ�DE��9HUVX�
FKHQ�6LH��HLQH�*HVHW]PlVVLJNHLW�]X�HUNHQQHQ�
[�⋅H[ ⇒�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
[�⋅H[ ⇒�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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)RUPXOLHUHQ�6LH�GLH�5HJHO�
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7HVWHQ�6LH�,KUH�5HJHO�DQ�GLHVHQ�%HLVSLHOHQ�

I�[� 9HUPXWHWHV�5HVXOWDW 5HVXOWDW�JHPlVV�7,���
[�⋅OQ�[
[Q⋅FRV�[
[ ⋅�VLQ�[

VLQ�[�⋅�FRV�[

0LW�GHU�JDQ]HQ�.ODVVH���¶WUDGLWLRQHOOHU§�%HZHLV

%HPHUNXQJHQ�
¥ G��X�[�
Y�[���[��OLHIHUW�GLUHNW�GLH�3URGXNWUHJHO��*HZLHIWH�6FK��

OHULQQHQ�XQG�6FK�OHU�SURELHUHQ�HYWO��GLUHNW�GLHVH�0|JOLFKNHLW
DXV�

¥ 'LH� 4XRWLHQWHQ�� XQG� GLH� .HWWHQUHJHO� N|QQHQ� DQDORJ� HLQJH�
I�KUW�ZHUGHQ��G��X�[����Y�[���[��OLHIHUW�GLH�4XRWLHQWHQUHJHO��GHU
%HIHKO�FRPGHQRP������VWHOOW�GDV�5HVXOWDW�LQ�GHU�WUDGLWLRQHOOHQ
)RUP�GDU��G��X�Y�[���� [��ZLUG� LQ� GLHVHU�)RUP�YRP�&$6�QLFKW
DXVJHZHUWHW�

'LHVH�9RUJHKHQVZHLVH�NODSSW�QDW�UOLFK�QXU�GDQQ��ZHQQ�GLH�6FK�OHULQQHQ�XQG�6FK�OHU
GLH�$EOHLWXQJHQ�GHU�HOHPHQWDUHQ�)XQNWLRQHQ�NHQQHQ��8QG�GLHV�KDOWHQ�ZLU�QDFK�ZLH
YRU�I�U�XQHUOlVVOLFK�
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UXQJVZHLVH�DP�*UDSKHQ� ]X�EHVWLPPHQ��1RFK�NRPIRUWDEOHU�ZLUG�HV��ZHQQ�PDQ�GLH
.XUYHQGLVNXVVLRQ� PLW� HLQHP� HLQIDFKHQ� 3URJUDPP� DXWRPDWLVLHUW�� 'DV� JDQ]H� 3UR�
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XQG�1DPH�GHU�XQDEKlQJLJHQ�9DULDEOHQ
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6SHLFKHUW�GLH�1XOOVWHOOHQ�GHU����$EOHLWXQJ
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'DPLW�LVW�GLH�)UDJH�QDFK�GHP�N�QIWLJHQ�6WHOOHQZHUW�GHU�.XUYHQGLVNXVVLRQ�DXIJHZRU�
IHQ��8P�QLFKW� IDOVFK�YHUVWDQGHQ�]X�ZHUGHQ��:LU�KDOWHQ�HV�QDFK�ZLH�YRU� I�U�VLQQYROO�
GDVV� GLH� 6FK�OHU� XQG�6FK�OHULQQHQ� ]�%�� ZLVVHQ�� GDVV� LQ� GHQ�([WUHPDOVWHOOHQ� HLQHU
)XQNWLRQ�GLH�HUVWH�$EOHLWXQJ�1XOO�LVW��'LHV�KLOIW�HWZD�EHL�GHU�/|VXQJ�YRQ�([WUHPDODXI�
JDEHQ��$EHU�ZLU� JODXEHQ��GDVV� LQ�=XNXQIW�EHL� GHU�.XUYHQGLVNXVVLRQ� HWZDV�=HLW� JH�
VSDUW�ZHUGHQ�NDQQ�
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'DPLW�N|QQHQ�VFKRQ�RKQH�.HQQWQLV�GHV�+DXSWVDW]HV�ZHVHQWOLFK�PHKU�EHVWLPPWH�,Q�
WHJUDOH�EHUHFKQHW�ZHUGHQ�DOV�GLHV�RKQH�&$6��EOLFK�ZDU��$XFK�)XQNWLRQHQ�PLW�3DUD�
PHWHUQ�N|QQHQ�EHDUEHLWHW�ZHUGHQ��=XGHP�NDQQ�GLHVH�VHOEHUJHVWULFNWH�)XQNWLRQ�]XU
0RWLYDWLRQ�XQG�9RUEHUHLWXQJ�GHV�+DXSWVDW]HV�YHUZHQGHW�ZHUGHQ�

����)OlFKHQEHUHFKQXQJHQ
9HUPXWOLFK�NHQQHQ�6LH�GLH�IROJHQGH�$XIJDEH�XQG�ZLVVHQ��ZLH�DQVSUXFKVYROO�LKUH�PD�
QXHOOH�/|VXQJ�LVW�
:LH� JURVV� LVW� GHU� *HVDPWLQKDOW� DOOHU� )OlFKHQ�
VW�FNH�]ZLVFKHQ�GHU�[�$FKVH�XQG�GHU�.XUYH�N�
\ H¥[⋅FRV�[��[≥�"
'LHVH�$XIJDEH�ZLUG� LQ� �å�0LQXWHQ�QXPHULVFK
JHO|VW�� LQGHP�GLH�%HWUDJVIXQNWLRQ� YRQ���ELV�∞
LQWHJULHUW�ZLUG�
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JHOHJW� ZLUG�� GLH� GHU� 7,���

QLFKW�¶HLQIDFK�VR§�ILQGHW��P�VVHQ�QDFK�ZLH�YRU�DOOH�hEHUOHJXQJHQ�DQJHVWHOOW�ZHUGHQ�
'DV�&$6�QLPPW�GHP�6FK�OHU�QXU�QRFK�GLH�%HUHFKQXQJHQ�DE��$OVR��-H�QDFKGHP��ZLH
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JHV� ]X� LKUHU� /|VXQJ��'LHVHV� %HLVSLHO� ]HLJW� VHKU� VFK|Q�� GDVV� HV� I�U� GHQ� RSWLPDOHQ
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:LU� VLQG� OHGLJOLFK� DXI� HLQH� HLQ]LJH� HOHPHQWDU� LQWHJULHUEDUH� )XQNWLRQ� JHVWRVVHQ�� ]X
ZHOFKHU�NHLQH�6WDPPIXQNWLRQ�JHIXQGHQ�ZLUG���VLQ�OQ�[��
8PVR� �EHUUDVFKHQGHU� LVW� HV�� GDVV� EHL� GHU� %HUHFKQXQJ� YRQ� EHVWLPPWHQ� ,QWHJUDOHQ
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(LQH�NOHLQH�bQGHUXQJ�GHV� ,QWHJUDQGHQ� �]�%��bQGHUXQJ�DOOHU�9RU]HLFKHQ�DXI����RGHU
GHU�,QWHJUDWLRQVJUHQ]HQ��GLH���VFKHLQW�GLH�6FKZLHULJNHLWHQ�PLW�]X�YHUXUVDFKHQ��I�KUW
GD]X��GDVV�GLH�HQWVSUHFKHQGH�$XIJDEH�ZLHGHU�DQVWDQGVORV�JHO|VW�ZLUG�
'LHVHV�%HLVSLHO�]HLJW�]XP�HLQHQ��ZLH�3UREOHPH�GHV�&$6�RIW��EHUUDVFKHQG�DXIWUHWHQ�
=XP�DQGHUQ�ZLUG�GHXWOLFK��GDVV�VROFKH�3UREOHPH�PDQFKPDO�XPJDQJHQ�ZHUGHQ�N|Q�
QHQ�¥�KLHU�]XP�%HLVSLHO�PLW�+LOIH�GHV�+DXSWVDW]HV��ZHLO�GHU�5HFKQHU�SUREOHPORV�HLQH
6WDPPIXQNWLRQ� ILQGHW��:HU�VROFKH�6FKZLHULJNHLWQ�GLGDNWLVFK�DXVQ�W]HQ�ZLOO�� EUDXFKW
VHKU�JHQDXH�.HQQWQLVVH�GHV�LPSOHPHQWLHUWHQ�&$6�



��

���'LIIHUHQWLDOJOHLFKXQJHQ

����5LFKWXQJVIHOG�PLW�/|VXQJVNXUYH
(LQH� HLQGU�FNOLFKH� PDWKHPDWLVFKH� 'HXWXQJ� HLQHU� 'LIIHUHQWLDOJOHLFKXQJ� HUJLEW� GDV
5LFKWXQJVIHOG��GDV�ZLU�QRFK�I�U�XQVHU����0RGHOO�6DO]HQ���(QWOHHUHQ�EHWUDFKWHQ�ZROOHQ�

9ROXPHQ� 9ª���W��� �¥���� �W�9 ������������� PLW��9������� � �������FP�

6DO]PHQJH� 6ª���W��� ��¥� �W�6
�W�9

��
������� PLW��6������� ���NJ

0LW� GHP� 7,���� NDQQ� PDQ� UHODWLY� HLQIDFK� HLQ� NOHLQHV� 3URJUDPP� �→� 6NULSW�� I�U� GDV
5LFKWXQJVIHOG�HLQHU�'LIIHUHQWLDOJOHLFKXQJ��RGHU�DXFK�HLQHV�6\VWHPV��HUVWHOOHQ�

$XIUXI�� �>�+20(�@���>�02'(@ *UDSK����������6(48(1&(��→����)81&7,21
�������������������������������������>�)��@��������([DFW���$SSUR[����$872�→�$3352;,0$7(

'HPRQVWUDWLRQ�

'LII6\VW����
√�[������������
\�√�[��������W��[��\����������������������������

'LH� JUXQGVlW]OLFKH� $XIJDEH� EHL� HLQHU� 'LIIHUHQWLDOJOHLFKXQJ� LVW� RIIHQVLFKWOLFK�� ZHQQ
PDQ�LKU�5LFKWXQJVIHOG�EHWUDFKWHW�� ��)LQGH�.XUYHQ��GLH�VLFK� LQ�GDV�5LFKWXQJVIHOG�HLQ�
VFKPLHJHQ� ��RGHU� JHQDXHU��)LQGH�.XUYHQ�� GLH� LQ� MHGHP� LKUHU�3XQNWH� � WDQJHQWLDO� DQ
GDV�5LFKWXQJVIHOG�VLQG��(LQH�VROFKH�.XUYH�KHLVVW�/|VXQJVNXUYH��GLH�)XQNWLRQ��GHUHQ
%LOG�GLH�.XUYH�LVW��QHQQW�PDQ�/|VXQJ�GHU�'LIIHUHQWLDOJOHLFKXQJ�

)ROJHUXQJHQ�
�� (V�JLEW�YLHOH�/|VXQJVNXUYHQ��G�K��HV�JLEW�YLHOH�YHUVFKLHGHQH�/|VXQJHQ�GHU�'LIIH�

UHQWLDOJOHLFKXQJ�
�� 'XUFK� HLQHQ� 3XQNW� 3�� W��� \� �� JLEW� HV� JHQDX� HLQH� /|VXQJVNXUYH�� 'DV� EHGHXWHW�

.HQQW�PDQ� ]X� HLQHP� =HLWSXQNW� GHQ� =XVWDQG�� VR� LVW� GHU� JDQ]H� 9HUODXI� GHV� 3UR�
]HVVHV�YRU��XQG�U�FNZlUWV��EHVWLPPW�

�� 'LH�,GHH�GHV�5LFKWXQJVIHOGHV�OHJW�DXFK�GDV�9HUIDKUHQ�YRQ�(XOHU�&DXFK\�QDKH��XP
YRQ�HLQHP�JHJHEHQHQ�3XQNW�DXV�HLQHQ�QHXHQ�3XQNW�GHU�/|VXQJVNXUYH�]X�DSSUR�
[LPLHUHQ�



��

�� +LQZHLV�DXI�XQVHU�6NULSW

'LHVHV�5HIHUDW� EHKDQGHOWH�HLQHQ�7HLO� XQVHUHU�$UEHLW� ]XU�$QDO\VLV�� GLH�ZLU� LQ� HLQHP
6NULSW�]XVDPPHQJHVWHOOW�KDEHQ��+LHU�GHVVHQ�,QKDOWVYHU]HLFKQLV�

���0RGHOO�¥�5HDOLWlW
¥�0RGHOOH�DP�$TXDULXP
¥�3URMHNWH�PLW�/|VXQJVVNL]]HQ

�� $EOHLWXQJ
¥�$EOHLWXQJVUHJHOQ
¥�.XUYHQ
¥�([WUHPZHUWSUREOHPH
¥�7D\ORUUHLKHQ

�� ,QWHJUDOUHFKQXQJ
¥�%HVWLPPWHV�,QWHJUDO
¥�6WDPPIXQNWLRQHQ
¥�+DXSWVDW]
¥�$QZHQGXQJHQ�GHV�EHVW��,QWHJUDOV

�� 'LIIHUHQWLDOJOHLFKXQJHQ
¥�%HLVSLHOH��5LFKWXQJVIHOG
¥�3URMHNWH�PLW�/|VXQJVVNL]]HQ

�� $QKDQJ
¥�3UREOHPH�PLW�GHP�7,���
¥�:LHYLHO�$OJHEUD�EUDXFKW�HV�QRFK"
¥�6FKXOYHUVXFK

(LQLJH�%HPHUNXQJHQ�]XP�$QKDQJ�GHV�6NULSWV�
¥ :LU�KDEHQ�EHL�XQVHUHU�$UEHLW�PLW�GHP�7,����YLHOH�VFK|QH�hEHUUDVFKXQJHQ�HUOHEW

XQG� HLQ� SDDU� ZHQLJHU� VFK|QH�� /HW]WHUH� KDEHQ� ZLU� ]X� HLQHU� 3UREOHPOLVWH� ]XVDP�
PHQJHVWHOOW��:HU�GHPQlFKVW� HLQ� EHVWLPPWHV�.DSLWHO� EHKDQGHOW�� NDQQ� QDFKVFKOD�
JHQ�� ZHOFKH� hEHUUDVFKXQJHQ� GDEHL� DXIWUHWHQ� N|QQHQ�� 0DQFKH� 3UREOHPH� WUHWHQ
DXFK�EHL�JU|VVHUHQ�&$6�DXI�

– 6LH�ILQGHQ�DXFK�HLQH�$XIVWHOOXQJ��GLH�]HLJW��ZDV�YRQ�0LWWHOVFKXOVWRII�XQVHUHU�0HL�
QXQJ�QDFK�ZLFKWLJ�EOHLEW�XQG�ZDV�GXUFK�GHQ�(LQVDW]�HLQHV�SHUPDQHQW�YHUI�JEDUHQ
&$6�DQ�%HGHXWXQJ�YHUOLHUHQ�ZLUG�

– 6FKOLHVVOLFK�VWRVVHQ�6LH�DXI�HLQH�NXU]H�$XVZHUWXQJ�XQVHUHV�]ZHLZ|FKLJHQ�6FKXO�
YHUVXFKV��9LHOOHLFKW�ILQGHQ�6LH�DXFK�GRUW�HLQLJH�Q�W]OLFKH�,QIRUPDWLRQHQ�

'DV�JDQ]H�6NULSW�HQWKlOW����6HLWHQ��(V�NDQQ�]XP�6HOEVWNRVWHQSUHLV�YRQ�'(0����¦
�LQNO��3RUWR��ELWWH�HLQHQ����0DUNVFKHLQ�HLQVHQGHQ��EH]RJHQ�ZHUGHQ�EHL

(7+�=�ULFK
'HSDUWHPHQW�0DWKHPDWLN
]�+�Y��)UDX�*��*DVVPDQQ
7,����¥�6NULSW
5lPLVWUDVVH����
&+�¥������=�ULFK

.RUUHNWXUHQ�]XP�6NULSW

6���������6SDOWH�����=HLOH 5LFKWLJ�LVW�� ]HURV��G�IXQN��[Y������[Y��→�[[
6������3UREOHP�(�� 'HU�7,����JLEW�]XVlW]OLFK�GLH�:DUQXQJ�¶4XHVWLRQDEOH�VROX�

WLRQ§�DXV�

6������3UREOHP�,�� %HLP����%HLVSLHO�ZLUG�DXVJHJHEHQ��
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