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)X]]\�0HQJH�YV�NODVVLVFKH�0HQJH ]XP�$QIDQJ .DSLWHO�ZHLWHU
9RQ�$OEHUW�(LQVWHLQ�VWDPPW�DQJHEOLFK�IROJHQGHV�=LWDW���
�6R�ZHLW�VLFK�GLH�*HVHW]H�GHU�0DWKHPDWLN�DXI�GLH�5HDOLWlW�EH]LHKHQ��VLQG�VLH�QLFKW�VLFKHU��8QG�VR�ZHLW�VLH�VLFKHU�VLQG��
EH]LHKHQ�VLH�VLFK�QLFKW�DXI�GLH�5HDOLWlW��
,Q�GHU�NODVVLVFKHQ�0HQJHQOHKUH�VWHKW�YRQ�MHGHP�2EMHNW�HLQGHXWLJ�IHVW��RE�HV�]X�HLQHU�EHVWLPPWHQ�0HQJH�JHK|UW�RGHU�
QLFKW��'HU��=XJHK|ULJNHLWVJUDG���GLHVHU�%HJULII�ZLUG�KLHUPLW�LQWXLWLY�HLQJHI�KUW��MHGHV�2EMHNWHV�]X�HLQHU�NODVVLVFKHQ�
0HQJH�LVW�DOVR�HQWZHGHU�H[DNW���RGHU�H[DNW���
$QGUHUVHLWV�LVW�XQVHU�$OOWDJVOHEHQ�JHSUlJW�YRQ�XQSUl]LVHQ�)RUPXOLHUXQJHQ��PLW�GHQHQ�ZLU�XQV�WURW]GHP�HUVWDXQOLFK�JXW�
LQ�GHU�:HOW�]XUHFKWILQGHQ��0DQ�GHQNH�DQ�HLQH�6LWXDWLRQ��LQ�GHU�ZLU�MHPDQGHP�EHL��(LQSDUNHQ�KHOIHQ��$QZHLVXQJHQ�ZLH�
�/HQNUDG����� °���QDFK�OLQNV�HLQVFKODJHQ��RGHU�����FP�]XU�FNIDKUHQ��VLQG�]ZDU�UHFKW�JHQDX��DEHU�WURW]GHP�ZHQLJ�
KLOIUHLFK��0LW�)RUPXOLHUXQJHQ�ZLH��HLQ�ELVVFKHQ�QDFK�OLQNV����QRFK�HWZDV�]XU�FN�������NDQQ�GHP�)DKUHU�
HUIDKUXQJVJHPl��HKHU�PHKU�JHKROIHQ�ZHUGHQ��
,Q�PDQFKHQ�6LWXDWLRQHQ�LVW�RIIHQEDU�*HQDXLJNHLW��GLH��EHU�HLQ�JHZLVVHV�0D��KLQDXVJHKW��QLFKW�VLQQYROO��'LHVH�
(UNHQQWQLV�KDW�ZRKO�P|JOLFKHUZHLVH�GHQ�%HJU�QGHU�GHU�)X]]\�/RJLN��GHQ�0DWKHPDWLNHU�/RIWL�$��=DGHK�YRQ�GHU�
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GHQNHQ�GDEHL�VFKRQ�HWZDV�YRUDXV��GLHVH�7HPSHUDWXU�VROO�VSlWHU�JHUHJHOW�ZHUGHQ���
$XI�GLH�)UDJH��LQ�ZHOFKHP�%HUHLFK�GLH�5DXPWHPSHUDWXU�DOV��DQJHQHKP��HPSIXQGHQ�ZLUG��ZHUGHQ�YHUVFKLHGHQH�
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)X]]\�0HQJHQ
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6R�EHWUDFKWHW�LVW�GHU�=XJHK|ULJNHLWVJUDG�GHU�5DXPWHPSHUDWXU��� °���]XP�%HUHLFK��DQJHQHKP���HLQHU�GHU�
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'XUFK�GHQ�0HQJHQ�'XUFKVFKQLWW�ZLUG�GLH�=XJHK|ULJNHLW�HLQJHVFKUlQNW��GHVKDOE�LVW�GLH�0LQLPXPIXQNWLRQ�HLQH�
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GHILQLHUW��$QDORJ�NDQQ�PDQ�DXFK�EHL�)X]]\�0HQJHQ�YRUJHKHQ��'DPLW�HUJHEHQ�VLFK�GLH�GUHL�HQWVSUHFKHQGHQ�
)X]]\�/RJLN�2SHUDWRUHQ�GXUFK�GLH�REHQ�GDUJHVWHOOWHQ�'HILQLWLRQHQ�GHU�=XJHK|ULJNHLWVIXQNWLRQHQ�GHU�0HQJHQ�
)�U�UHJHOXQJVWHFKQLVFKH�$QZHQGXQJHQ�IHKOW�XQV�DOOHUGLQJV�QRFK�GLH�/RJLN�2SHUDWLRQ�GHU�,PSOLNDWLRQ���ZHQQ������
GDQQ��������6LH�ZLUG�HWZDV�VSlWHU�DQ�GHU�6WHOOH�HLQJHI�KUW��DQ�GHU�VLH�JHEUDXFKW�ZLUG�

)X]]\�5HJHOXQJ ]XP�$QIDQJ .DSLWHO�]XU�FN .DSLWHO�ZHLWHU
'LHVHU�$EVFKQLWW�VROO�HLQH�$QZHQGXQJ�GHV�)X]]\�.RQ]HSWHV�LQ�GHU�5HJHOXQJVWHFKQLN�GHPRQVWULHUHQ��(V�ZHUGHQ�QXU�
GLH�JUXQGOHJHQGHQ�3ULQ]LSLHQ�EHKDQGHOW��0DQ�GDUI�VLFK�GHVKDOE�NHLQH�:XQGHU�EH]�JOLFK�GHU�4XDOLWlW�GHU�5HJOXQJ�
HUZDUWHQ�
'HU�5HJHONUHLV
:LU�VHW]HQ�GHQ�6WDQGDUG�5HJHONUHLV�YRUDXV��GHVVHQ�$XIEDX�LP�QlFKVWHQ�%LOG�GDUJHVWHOOW�LVW��$OV�5HJHOVWUHFNH�GHQNHQ�
ZLU�XQV�HLQHQ�5DXP��GHVVHQ�7HPSHUDWXU��5HJHOJU|�H�θ��DXI�HLQHQ�JHZ�QVFKWHQ�6ROOZHUW��)�KUXQJVJU|�H�θ ����� � ��
JHUHJHOW�ZHUGHQ�PXVV��'HU�5HJOHU�UHDJLHUW�DXI�GLH�5HJHOGLIIHUHQ]�θ � ���θ � � �θ ����� � ���θ���XQG�JLEW�GLH�6WHOOJU|�H�\�DXV��LQ�
XQVHUHP�)DOO�GLH�+HL]OHLVWXQJ��

5HJOHU 6WUHFNH6ROO \G 5HJOHU 6WUHFNH6ROO \G

'LH�5HJHOXQJ�VROO�QDFK�)X]]\�,GHHQ�HQWZLFNHOW�ZHUGHQ��GDKHU�P�VVHQ�(LQ��XQG�$XVJDQJVVLJQDO�GHV�5HJOHUV�]XHUVW�
HLQPDO��IX]]\IL]LHUW��ZHUGHQ�
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:DUXP�GLH�+HL]OHLVWXQJ��EHU�GHQ�GDUJHVWHOOWHQ�%HUHLFK�KLQDXV�GHILQLHUW�ZXUGH��ZLUG�VSlWHU�HUNOlUW�
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'D]X�JHKHQ�ZLU�GHQNEDU�HLQIDFK�YRU�XQG�GHILQLHUHQ�GLH�5HJHOGLIIHUHQ]�JDQ]�JURE�GXUFK�GLH�GUHL�OLQJXLVWLVFKHQ�7HUPH�
�1HJDWLY����1XOO��XQG��3RVLWLY��XQG�OHJHQ�GDI�U�=XJHK|ULJNHLWVIXQNWLRQHQ�IHVW��
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'HU�QlFKVWH�6FKULWW�LVW�GDV�$XIVWHOOHQ�GHU
5HJHOEDVLV�
,Q�LKU�VWHFNW�GLH��,QWHOOLJHQ]��GHV�5HJOHUV��+LHU�ZLUG�IHVWJHOHJW��ZDV�GHU�5HJOHU�LQ�ZHOFKHU�6LWXDWLRQ�]X�WXQ�KDW��$XFK�
GLH�5HJHOEDVLV�ZLUG�IX]]\Pl�LJ�IRUPXOLHUW��'DEHL�KDEHQ�ZLU�XQV�DQ�GLH�YRUKHU�LQ�GHU�)X]]\IL]LHUXQJVSKDVH�GHILQLHUWHQ�
OLQJXLVWLVFKHQ�7HUPH�]X�KDOWHQ�
'��K��GLH�5HJHOGLIIHUHQ]�NDQQ�QXU��1HJDWLY����1XOO��RGHU��3RVLWLY��VHLQ��HEHQVR�JLEW�HV�I�U�GLH�+HL]OHLVWXQJ�QXU�GLH�
GUHL�0|JOLFKNHLWHQ��.OHLQ����0LWWHO��XQG��*UR����
1XQ��PDFKHQ�ZLU�HWZDV�GDUDXV�
:DV�EHGHXWHW�5HJHOGLIIHUHQ]� ��1HJDWLY�"�$XIJUXQG�GHU�'HILQLWLRQ�GHU�5HJHOGLIIHUHQ]�OLHJW�LQ�GLHVHP�)DOO�GLH�
5HJHOJU|�H��EHU�GHU�)�KUXQJVJU|�H��DOVR��5DXPWHPSHUDWXU��EHU�6ROOWHPSHUDWXU���9RQ�GHQ�GUHL�P|JOLFKHQ�
+HL]OHLVWXQJHQ�NRPPW�GDPLW�ZRKO�QXU��.OHLQ��LQ�)UDJH�
%HL�HLQHU�5HJHOGLIIHUHQ]�YRQ��1XOO��N|QQHQ�ZLU�PLW�GHU��0LWWOHUHQ��+HL]OHLVWXQJ�GLHVHQ�=XVWDQG�DXIUHFKWHUKDOWHQ��VR�
PXVV�GDV�*DQ]H�GLPHQVLRQLHUW�VHLQ����XQG�EHL��3RVLWLYHU��5HJHOGLIIHUHQ]�LVW�GLH�7HPSHUDWXU�]X�QLHGULJ���!��*UR�H��
+HL]OHLVWXQJ��PLW�GHU�ZLU�LP�'DXHUEHWULHE�DXI�YLHO�]X�KRKH�7HPSHUDWXUZHUWH�NRPPHQ�Z�UGHQ��
(LQH�HLQIDFKH�5HJHOEDVLV��EHVWHKHQG�DXV�OHGLJOLFK�GUHL�5HJHOQ��GHUHQ�2'(5�9HUNQ�SIXQJ�DOOH�0|JOLFKNHLWHQ�
DEGHFNHQ�VROOWH��ODXWHW�VRPLW��GLH�/LQLHQIDUEHQ�LQ�GHU�*UDILN�ZHLWHU�XQWHQ�ZXUGHQ�VR�JHZlKOW��GDVV�VLH�HQWVSUHFKHQG�
GHU�5HJHOEDVLV�]XVDPPHQSDVVHQ���
5HJHO����:HQQ�T � �� ��1HJDWLY��� GDQQ�\� ���.OHLQ�
5HJHO����:HQQ�T � �� ��1XOO��������� GDQQ�\� ���0LWWHO�
5HJHO����:HQQ�T � �� ��3RVLWLY����� GDQQ�\� ���*UR��

5HJHO����∨���5HJHO����∨���5HJHO��

:LU�NRPPHQ�DQ�GLHVHU�6WHOOH�DXI�GLH�EHUHLWV�REHQ�DQJHVSURFKHQH�,PSOLNDWLRQ�]XU�FN��'HQNHQ�ZLU�XQV�GD]X�HLQH�
5HJHOGLIIHUHQ]�YRQ��θ � � ���� °���
'HP�%LOG�PLW�GHQ�=XJHK|ULJNHLWVIXQNWLRQHQ�GHU�5HJHOJU|�H�LVW�]X�HQWQHKPHQ��GDVV�GLHVH�5HJHOGLIIHUHQ]��HLQ�ELVVFKHQ��
DOV��3RVLWLY���DEHU�QRFK�YLHO�PHKU�DOV��1XOO���GDUI�PDQ�QLFKW�]X�NODVVLVFK�HQJ�VHKHQ���EHWUDFKWHW�ZLUG��GLH�MHZHLOLJHQ�
=XJHK|ULJNHLWVJUDGH�NDQQ�PDQ�OHLFKW�DXV�GHP�'LDJUDPP�KHUDXVOHVHQ�
8QVHUH�5HJHOEDVLV�EHWUHIIHQG��EHGHXWHW�GLHV�IROJHQGHV�
5HJHO���N|QQHQ�ZLU�JHWURVW�YHUJHVVHQ��GD�GLH�9RUDXVVHW]XQJ��θ � � ��1HJDWLY��]X����HUI�OOW�LVW�
'LH�9RUDXVVHW]XQJHQ�I�U�GLH�5HJHOQ���XQG���VLQG�DEHU�DXFK�QXU��PHKU�RGHU�ZHQLJHU��HUI�OOW��%HL�5HJHO���KDEHQ�ZLU�HV�
PLW�����(UI�OOXQJVJUDG�]X�WXQ��EHL�5HJHO���PLW�������
0DQ�DUJXPHQWLHUW�QXQ�VR��
,VW�GLH�9RUDXVVHW]XQJ�HLQHU�,PSOLNDWLRQ�QXU�]X�HLQHP�JHZLVVHQ�3UR]HQWVDW]�HUI�OOW��GDQQ�NDQQ�GLH�)ROJHUXQJ�
GDUDXV�K|FKVWHQV�]XP�JOHLFKHQ�3UR]HQWVDW]�HUI�OOW�VHLQ�
'DV�EHGHXWHW��$XV�GHU�QXU�]X�����HUI�OOWHQ�%HGLQJXQJ��ZHQQ�θ � � ��1XOO���IROJW�HLQ��GDQQ�\� ��0LWWHO����GDV�DXFK�QXU�
]X�����DQ]XZHQGHQ�LVW��(QWVSUHFKHQGHV�JLOW�I�U�GLH�5HJHO���
'LHV�NDQQ�QXQ�GDGXUFK�EHU�FNVLFKWLJW�ZHUGHQ��GDVV�PDQ�GLH�)ROJHUXQJV�=XJHK|ULJNHLWVIXQNWLRQHQ��+HL]OHLVWXQJ��LQ�GHU�
EHWUHIIHQGHQ�+|KH�DEVFKQHLGHW��ZLHGHU�QXU�HLQH�YRQ�PHKUHUHQ�0|JOLFKNHLWHQ���
(LQ�6FKQLWW�ZHLWHU�REHQ�HQWVSULFKW�GDPLW�HLQHU�5HJHO�PLW�K|KHUHP�(UI�OOXQJVJUDG�GHU�9RUDXVVHW]XQJ��DOVR�HLQHU�
�ZLFKWLJHUHQ��5HJHO�

(LQ�NRQNUHWHU�)DOO�VROO�]XU�9HUDQVFKDXOLFKXQJ�GLHQHQ�
�6FKDUIHU��:HUW�GHU�5HJHOGLIIHUHQ]�� 5HJHOGLIIHUHQ] ���:= θG� 5HJHOGLIIHUHQ]:=

'DPLW�ZHUGHQ�MHW]W�GLH�=XJHK|ULJNHLWVJUDGH�]X�GHQ�7HUPHQ��1HJDWLY����1XOO��XQG��3RVLWLY��EHUHFKQHW�
\� 1HJDWLY θG�( ):= \� 1XOO θG�( ):= \� 3RVLWLY θG�( ):=
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�� � � � � � � � � � ��

���

�

1HJDWLY
1XOO
3RVLWLY(UI�OOXQJVJUDG�YRQ�[G �1HJDWLY�
(UI�OOXQJVJUDG�YRQ�[G �1XOO�
(UI�OOXQJVJUDG�YRQ�[G �3RVLWLY�

5HJHOGLIIHUHQ]

5HJHOGLIIHUHQ]�LQ�*UDG

=X
JHK

|UL
JNH

LWVJ
UDG

��(
UI�
OOX
QJV

JUD
G 5HJHOGLIIHUHQ]

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

���

���

���

���

�

.OHLQ�
0LWWHO
*UR�=XJHK|ULJNHLWVJUDG�]X��1HJDWLY�
=XJHK|ULJNHLWVJUDG�]X��1XOO�
=XJHK|ULJNHLWVJUDG�]X��3RVLWLY�
*HNDSSWH�=XJHK|ULJNHLWVIXQNWLRQ��1HJDWLY�
*HNDSSWH�=XJHK|ULJNHLWVIXQNWLRQ��1XOO�
*HNDSSWH�=XJHK|ULJNHLWVIXQNWLRQ��3RVLWLY�

6WHOOJU|�H

6WHOOJU|�H�LQ�:DWW

=X
JHK

|UL
JNH

LWVJ
UDG

��(
UI�
OOX
QJV

JUD
G
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5HNDSLWXOLHUHQ�ZLU��
=ZHL�GHU�GUHL�5HJHO�9RUDXVVHW]XQJHQ�VLQG�]XP�7HLO�HUI�OOW��%HL�5HJHO���WULIIW�GDV�PHKU�]X��EHL�5HJHO���ZHQLJHU��=X�
EHLGHQ�5HJHOQ�JHK|UHQ�QXQ�LQ�GHU�ULFKWLJHQ�+|KH�JHNDSSWH�=XJHK|ULJNHLWVIXQNWLRQHQ�GHU�+HL]OHLVWXQJ��DOVR�HLQ�
HQWVSUHFKHQGHV�7UDSH]�I�U��*UR���XQG�HLQHV�I�U��0LWWHO��
:HJHQ�GHU�ORJLVFKHQ�2'(5�9HUNQ�SIXQJ�GHU�5HJHOQ�KDEHQ�ZLU�HV�EHL�GHQ�]XJHK|ULJHQ�0HQJHQ�PLW�GHU�9HUHLQLJXQJ�
]X�WXQ��DOVR�PLW�GHP�ZHLWHU�REHQ�EHUHLWV�YHUZHQGHWHQ�0D[LPXP�2SHUDWRU�EHL�GHQ�=XJHK|ULJNHLWVIXQNWLRQHQ�
6R�HUJLEW�VLFK�LQVJHVDPW�HLQ�HWZDV�HLJHQDUWLJHU�9HUODXI�GHU�UHVXOWLHUHQGHQ�=XJHK|ULJNHLWVIXQNWLRQ��'LH�%HVWLPPXQJ�
GLHVHU��)LJXU��ZLUG�DOV�,QIHUHQ]�EH]HLFKQHW�
,QIHUHQ]�QDFK�GHU�PD[�PLQ�0HWKRGH
$XV�GHP�REHQ�'DUJHOHJWHQ�HUJLEW�VLFK�QXQ�GLH�PD[�PLQ�0HWKRGH�]XU�,QIHUHQ]EHUHFKQXQJ�YRQ�VHOEVW�
=XHUVW�ZHUGHQ�PLW�GHP�0LQLPXP�2SHUDWRU�GLH�HLQ]HOQHQ�6WHOOJU|�HQ�=XJHK|ULJNHLWVIXQNWLRQHQ�LQ�GHU�MHZHLOLJHQ�+|KH�
JHNDSSW��$QVFKOLH�HQG�ZLUG���ZHJHQ�GHU�2'(5�9HUNQ�SIXQJ�GHU�GUHL�5HJHOQ���GXUFK�$QZHQGXQJ�GHV�
0D[LPXP�2SHUDWRUV�GLH�0HQJHQYHUHLQLJXQJ�JHELOGHW�

LQIHUHQ] [ θG,( ) P� PLQ 1HJDWLY θG( ) .OHLQ [� �,( )←

P� PLQ 1XOO θG( ) 0LWWHO [� �,( )←

P� PLQ 3RVLWLY θG( ) *UR� [� �,( )←

PD[ P� P�, P�,� �

:=

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

���

���

���

���

�

.OHLQ�
0LWWHO
*UR�=XJHK|ULJNHLWVJUDG�]X��1HJDWLY�
=XJHK|ULJNHLWVJUDG�]X��1XOO�
=XJHK|ULJNHLWVJUDG�]X��3RVLWLY�
,QIHUHQ]IOlFKH
,QIHUHQ]IOlFKH

,QIHUHUHQ]
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,Q�XQVHUHP�%HLVSLHO�VROOWH�QXQ�GLH�WDWVlFKOLFKH�+HL]OHLVWXQJ�]ZLVFKHQ��0LWWHO��XQG��*UR���OLHJHQ��DEHU�ZHJHQ�GHU�
YLHO�EHGHXWVDPHUHQ�5HJHO���HKHU�EHL��*UR���
'LH�K|KHUH�:LFKWLJNHLW�GHU�5HJHO���NDQQ�QXQ�EHL�GHU�%HUHFKQXQJ�GHU�VFKDUIHQ�6WHOOJU|�H�GDGXUFK�]XP�$XVGUXFN�
JHEUDFKW�ZHUGHQ��GDVV�PDQ�GHQ�6FKZHUSXQNW�GHU�,QIHUHQ]IOlFKH�EHUHFKQHW��*HQDXJHQRPPHQ�EUDXFKW�PDQ�QXU�GLH�
ZDDJUHFKWH�.RRUGLQDWH�GHV�6FKZHUSXQNWHV��DOVR�GLH�VHQNUHFKWH�6FKZHUOLQLH��,KUH�3RVLWLRQ�HQWVSULFKW�GHU�
UHVXOWLHUHQGHQ��VFKDUIHQ��6WHOOJU|�H��0DQ�VSULFKW�EHL�GLHVHP�9RUJDQJ�YRQ�GHU�'HIX]]\IL]LHUXQJ��
%HPHUNXQJ��
'LH�6FKZHUSXQNWPHWKRGH�KDW�GHQ�1DFKWHLO��GDVV�GHU�6WHOOJU|�HQEHUHLFK�QLFKW�YROO�DXVJHQXW]W�ZHUGHQ�NDQQ��'D�GHU�
6FKZHUSXQNW�LPPHU�GHXWOLFK�LQQHUKDOE�GHU�)OlFKH�OLHJW��NDQQ�GLH�+HL]OHLVWXQJ�QLH�LQ�GHU�1lKH�YRQ���RGHU�LQ�GLH�1lKH�
GHU�0D[LPDOOHLVWXQJ�YRQ������:�OLHJHQ��REZRKO�GLH�7HPSHUDWXU�YLHO�]X�JUR��RGHU�]X�NOHLQ�LVW���
'HVZHJHQ�VHW]W�PDQ�GLH�lX�HUHQ�=XJHK|ULJNHLWVIXQNWLRQHQ�V\PPHWULVFK��EHU�LKUHQ�SK\VLNDOLVFKHQ�%HUHLFK�KLQDXV�
IRUW��VLHKH�%HPHUNXQJ�ZHLWHU�REHQ�XQG�*UDILN�XQWHQ�����0LW�GLHVHU�VRJHQDQQWHQ�UDQGHUZHLWHUWHQ�
6FKZHUSXQNWPHWKRGH�NDQQ�GHU�YROOH�SK\VLNDOLVFKH�6WHOOEHUHLFK�DXFK�WDWVlFKOLFK�DXVJHQXW]W�ZHUGHQ�

'HIX]]\IL]LHUXQJ�QDFK�GHU�UDQGHUZHLWHUWHQ�6FKZHUSXQNWPHWKRGH
%HUHFKQXQJ�GHU�ZDDJUHFKWHQ�6FKZHUSXQNWNRRUGLQDWH�GHU�UHVXOWLHUHQGHQ�,QIHUHQ]�)LJXU��

\BGHIX]]\ θG( ) ����−

����
\\ LQIHUHQ] \ θG,( )⋅

⌠

⌡

G

����−

����
\LQIHUHQ] \ θG,( )⌠


⌡

G
:=

'DEHL�ZLUG�GHU�V\PPHWULVFKHQ�)RUWVHW]XQJ�GHU�EHLGHQ�=XJHK|ULJNHLWVIXQNWLRQHQ��.OHLQ���ELV�������:��XQG��*UR���
�ELV������:��5HFKQXQJ�JHWUDJHQ�
\V� \BGHIX]]\ θG�( ):= \V� ����= 6WHOOJU|�H \V�:= 6FKZHUOLQLH \V�:=

,Q�GHU�IROJHQGHQ�*UDILN�ZLUG�GLH�GLVNXWLHUWH�9RUJDQJVZHLVH�YHUDQVFKDXOLFKW��
'LH�VFKZDU]�VFKUDIILHUWH�)OlFKH�LVW�ZLHGHU�GLH�,QIHUHQ]IOlFKH��GLH�V\PPHWULVFKH�)RUWVHW]XQJ�GHU�=XJHK|ULJNHLWVIXQNWLRQ�
�*UR���LVW�G�QQHU�VFKUDIILHUW�HLQJH]HLFKQHW��'LH�/DJH�GHU�6FKZHUOLQLH�HQWVSULFKW�GHP��VFKDUIHQ��:HUW�GHU�6WHOOJU|�H�
=XP��VFKDUIHQ��:HUW�GHU�5HJHOGLIIHUHQ]�� θG� ���= � °�������JHK|UW�GLH��VFKDUIH��6WHOOJU|�H��� \V� ����= :DWW�����
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\\ ���� ����..:= << ���� ����, ����..:= [[ ����− �����−, ����..:= \\� ����− ����..:=

� ��� ���� ���� ���� ���� ����

���

���

���

���

�

.OHLQ�
0LWWHO
*UR�=XJHK|ULJNHLWVJUDG�]X��1HJDWLY�
=XJHK|ULJNHLWVJUDG�]X��1XOO�
=XJHK|ULJNHLWVJUDG�]X��3RVLWLY�
*HNDSSWH�=XJHK|ULJNHLWVIXQNWLRQ��1HJDWLY�
*HNDSSWH�=XJHK|ULJNHLWVIXQNWLRQ��1XOO�
*HNDSSWH�=XJHK|ULJNHLWVIXQNWLRQ��3RVLWLY�6\PPHWULVFKH�(UZHLWHUXQJ�GHU�=XJHK|ULJNHLWVIXQNWLRQ
5HVXOWLHUHQGH�,QIHUHQ]IOlFKH5HVXOWLHUHQGH�,QIHUHQ]IOlFKH��5DQG�3K\VLNDOLVFKHV�/HLVWXQJVPD[LPXP

6WHOOJU|�H�LQ�:DWW
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JHK

|UL
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%HUHFKQHW�PDQ�GLH�6WHOOJU|�H�DOV�)XQNWLRQ�GHU�5HJHOGLIIHUHQ]��VR�HUKlOW�PDQ�GLH�hEHUWUDJXQJVNHQQOLQLH�GHV�5HJOHUV��
'DUDXV�OlVVW�VLFK�]X�MHGHU�5HJHOGLIIHUHQ]�GLH�HQWVSUHFKHQGH�6WHOOJU|�H�HLQGHXWLJ�DEOHVHQ�
,Q�XQVHUHP��EHVRQGHUV�HLQIDFKHQ��)DOO�KDQGHOW�HV�VLFK�XP�HLQHQ�VRJ��.HQQOLQLHQUHJOHU��DOVR�HLQHQ�UHLQ�VWDWLVFKHQ�
5HJOHU�RKQH�*HGlFKWQLV��HU�EHLQKDOWHW�]��%��NHLQ�LQWHJULHUHQGHV�9HUKDOWHQ��

hEHUWUDJXQJVNHQQOLQLH
θG ��− ����−, ��..:=

�� � � � � � � � � � ��

����

����

hEHUWUDJXQJVNHQQOLQLH

5HJHOGLIIHUHQ]�LQ�*UDG

6WH
OOJ
U|�

H�LQ
�:
DWW

6WHOOJU|�H5HJHOGLIIHUHQ]

6LPXODWLRQ�GHV�5HJHONUHLVHV ]XP�$QIDQJ .DSLWHO�]XU�FN
1XQ�VROO�VLFK�LQ�HLQHU�6LPXODWLRQ�]HLJHQ��ZLH�XQVHU�)X]]\�5HJHONRQ]HSW�IXQNWLRQLHUW�
'LH�)XQNWLRQ�)X]]\BVLP�EHUHFKQHW�UHNXUVLY���YRQ�W� ���ELV�W� �=HLW���GLH�]HLWOLFKH�(QWZLFNOXQJ�GHU�5DXPWHPSHUDWXU��θ����
'HU�$QIDQJVZHUW�GHU�7HPSHUDWXU�ZLUG�GXUFK�GHQ�3DUDPHWHU�� θ6WDUW��YRUJHJHEHQ��GHU�6ROOZHUW�PLW�θ6ROO���
$OV�5HJHOVWUHFNH�ZLUG�HLQ�37 � �6\VWHP�PLW�GHU�/DSODFH�hEHUWUDJXQJVIXQNWLRQ��+ V� � F

� V 7⋅+� ��
= ���DQJHQRPPHQ���'LH�

GDUDXV�UHVXOWLHUHQGH�'LIIHUHQ]LDOJOHLFKXQJ����2UGQXQJ�ZLUG�VFKULWWZHLVH�QDFK�GHP�(XOHUYHUIDKUHQ�QXPHULVFK�JHO|VW��
'HU�)DNWRU��F��ZLUG�JHEUDXFKW��XP�GHQ�/HLVWXQJXPIDQJ�XQVHUHU�+HL]XQJ�DQ�GHQ�JHZ�QVFKWHQ�7HPSHUDWXUEHUHLFK�
DQ]XSDVVHQ��,P�.ODUWH[W��EHL�HLQHU�NRQVWDQWHQ��PLWWOHUHQ��+HL]OHLVWXQJ�YRQ������:�VROO�GLH�5DXPWHPSHUDWXU�ODQJIULVWLJ�
GHQ�:HUW���� °���DQVWUHEHQ��
1�LVW�GLH�=DKO�GHU�5HFKHQVFKULWWH��7�GLH�=HLWNRQVWDQWH�LQ�GHU�hEHUWUDJXQJVIXQNWLRQ�
=XP�9HUJOHLFK�ZLUG�EHUHFKQHW��ZLH�HLQ�UHLQHU�6FKDOWUHJOHU��GHU������:DWW�/HLVWXQJ�HLQ��RGHU�DXVVFKDOWHQ�NDQQ��UHJHOW��
�'HU�,QGH[�)�GHXWHW�DXI�)X]]\�KLQ��GHU�,QGH[�6�DXI�6FKDOWUHJOHU���
$P�6FKOXVV�ZHUGHQ�GLH�7HLOHUJHEQLVVH��MHZHLOV�9HNWRUHQ�GHU�/lQJH�1������PLWWHOV�HUZHLWHUQ�]X�HLQHU�*HVDPWPDWUL[�
]XVDPPHQJHIDVVW��GLH�]XU�JUDILVFKHQ�'DUVWHOOXQJ�ZLHGHU�]HUSIO�FNW�ZHUGHQ�PXVV�
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\6 (UJHEQLV �〈 〉
:=\) (UJHEQLV �〈 〉

:=+HL]OHLVWXQJ��
θ6 (UJHEQLV �〈 〉

:=θ) (UJHEQLV �〈 〉
:=5DXPWHPSHUDWXU��

([WUDKLHUHQ�GHU�7HLOHUJHEQLVVH�

(UJHEQLV )X]]\BVLP θ6WDUW θ6ROO, =HLW, 1, 7,( ):=

∆W ����=∆W =HLW
1:=

7 �:=1 ���:==HLW ��:=θ6ROO ��:=θ6WDUW ��:=

(LQJDEH�GHU�6LPXODWLRQVSDUDPHWHU

)X]]\BVLP θ6WDUW θ6ROO, =HLW, 1, 7,( ) ∆W =HLW
1←

θ) � θ6WDUW←

θ) � θ6WDUW←

θ6 � θ6WDUW←

θ6 � θ6WDUW←

F �����←

N 7
∆W←

N� N�←

N� � N⋅ � N+� �⋅←

N� � N+� ��←

θG)  θ6ROO θ)  �−
−←

θG6  θ6ROO θ6  �−
−←

\)  \BGHIX]]\ θG)  ( ) F⋅←

\6  ZHQQ θG6  �< �, ���� F⋅,( )←

θ)  
\)  N� θ)  �

−
⋅− N� θ)  �−

⋅+

N�
←

θ6  
\6  N� θ6  �

−
⋅− N� θ6  �−

⋅+

N�
←

Q � 1..∈IRU

HUZHLWHUQ θ) θ6, \) �
F⋅, \6 �

F⋅,


:=
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Q � 1..:=

� � �� �� �� �� ����

��

��

��

=ZHLSXQNW�5HJHOXQJ
)X]]\�5HJHOXQJ

7HPSHUDWXUYHUODXI

=HLW�LQ�0LQXWHQ

7HP
SHU
DWX
U�LQ

�*U
DG

θ ����� �

θ ��! "�#$!

� � �� �� �� �� ��

����

����

=ZHLSXQNW�5HJHOXQJ
)X]]\�5HJHOXQJ

9HUODXI�GHU�+HL]OHLVWXQJ

=HLW�LQ�0LQXWHQ

+H
L]OH

LVWX
QJ�
LQ�:

'LH�EHLGHQ�5HJHOXQJVYDULDQWHQ�VROOHQ�KLHU�QLFKW�DXVI�KUOLFK�GLVNXWLHUW�ZHUGHQ��GD�LQVEHVRQGHUH�LP�)DOO�GHV�
)X]]\�5HJOHUV�YLHOH�3DUDPHWHU�DQGHUV�HLQJHVWHOOW�ZHUGHQ�N|QQHQ�DOV�KLHU�JH]HLJW��$Q]DKO�GHU�OLQJXLVWLVFKHQ�7HUPH��
)RUP�XQG�hEHUODSSXQJVJUDG�GHU�=XJHK|ULJNHLWVIXQNWLRQHQ��,QIHUHQ]��XQG�'HIX]]LIL]LHUXQJVPHWKRGH���
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