
���

��

���

�������������������������������������

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

	����
��
������
��

�( , / �

� ������� 0LFKDHO 5RVQLWVFKHN

ZZZ�HLNRQ�WXP�GH�aPLUR�

'LHVH )RUPHOVDPPOXQJ EDVLHUW DXI GHP 6NULSW 6FKDOWXQJVWHFKQLN XQG GHP 5HSHWLWRULXP GHV
Ä$. hEHUOHE
 GLH 67 '93 ������³ GHU )DFKVFKDIW (,� $OOH $QJDEHQ RKQH *HZlKU�
'LH $QIHUWLJXQJ YRQ .RSLHQ LVW QXU I�U GHQ (LJHQEHGDUI JHVWDWWHW� 'HU 9HUNDXI LVW XQWHUVDJW�
-HGHU 6WXGHQW RGHU 7XWRU GHU GLHVH )RUPHOVDPPOXQJ YHUZHQGHW� LVW PRUDOLVFK GD]X YHUSIOLFKWHW�
GHP $XWRU HLQH HPDLO PLW )HKOHUNRUUHNWXUHQ XQG (UJlQ]XQJVP|JOLFKNHLWHQ ]X VHQGHQ�



����������	�
���
��

� .RQ]HQWULHUWKHLWVK\SRWKHVH� GEÈ G , *U|�H GHU 6FKDOWXQJ� :HOOHQOlQJH È,F7

� .QRWHQUHJHO� .&/� �
.QRWHQ

L M � W�,� �KHUDX�IOLH�HQGH 6WU|PH SRVLWLY�

� 0DVFKHQUHJHO� .9/� �
8PODXI

X M � W�,� �6SDQQXQJHQ LQ 8PODXIULFKWXQJ SRVLWLY�

� .QRWHQLQ]LGHQ]PDWUL[� $

,�

¾
��

f ¾�E

g
¾Q� f ¾QE

� Q .QRWHQ

E =ZHLJH

0,$

 7 PLW X,0



X N


 # .9/ LQ 0DWUL[IRUP� X1$
7
XN,�

�����
�������
���

�����
��������
���������

� %HVFKUHLEXQJVIRUPHQ�

� ,PSOL]LW� I �X � L�,�

� 3DUDPHWHULVLHUW� � ([SOL]LW�

� $XIVWHOOHQ GHU 0DWUL[ ]�%� *� J
��
,

L
�

X
�

b
X
�
,�

J
��
,

L
�

X
�

b
X
�
,�

J
��
,

L
�

X
�

b
X
�
,�

J
��
,

L
�

X
�

b
X
�
,�

RGHU� 5� U
��
,

X
�

L
�

b
L
�
,�

U
��
,

X
�

L
�

b
L
�
,�

U
��
,

X
�

L
�

b
L
�
,�

U
��
,

X
�

L
�

b
L
�
,�

� /LQHDULVLHUXQJ �LPSOL]LW�� ´ I �´X �´ L� , 0´ X01 ´ L , �

� VWUHQJ OLQHDU � OLQHDU XQG TXHOOHQIUHL�� HLQH EHOLHELJH
/LQHDUNRPE� ]ZHLHU %HWULHEVSXQNWH LVW ZLHGHU HLQ %3

� /LQHDULVLHUXQJ �H[SOL]LW�� L,* �X �, ,0
M J �X�

MX
´ X, ,0* X PLW

7D\ORU� * LVW -DFRELPDWUL[

�

� ,PSOL]LWH 'DUVWHOOXQJ� I
)
�X�L�,�

� 3DUDPHWHUGDUVWHOOXQJ� X,X
)
�È� � L,L

)
�È�

� ([SOL]LWH 'DUVWHOOXQJ� L,J
)
�X� � X,U

)
�L�

/HLWZHUWVGDUVW� � :LGHUVWDQGVGDUVW�

� 3DUDOOHOVFKDOWXQJ YRQ :LGHUVWDQGVJHUDGHQ� *,*
�
0*

�
# �

5
,

�

5
�

0
�

5
�

# 5,5
�
c5

�
,

5
�
5

�

5
�
05

�

� 6HULHQVFKDOWXQJ YRQ :LGHUVWDQGVJHUDGHQ� JHQDXVR ZLH 3DUDOOHOVFKDOWXQJ QXU 5 VWDWW *

� $UEHLWVSXQNW HUPLWWHOQ� �� 6FKDOWXQJ DXIWHLOHQ LQ 4XHOOH 4 XQG /DVW /
�� 3DUDPHWHUGDUVWHOOXQJ # .HQQOLQLHQ ]HLFKQHQ
�� /|VXQJ� 6FKQLWWSXQNWH GHU .HQQOLQLHQ� # LVW GLH )XQNWLRQ LP $3 VWHWLJ XQG

GLIIEDU� NDQQ PDQ VLH GRUW OLQHDULVLHUHQ

0 �,�
M I

�

MX
�

M I
�

MX
�

M I
�

MX
�

M I
�

MX
�

� 1 �,�
M I

�

M L
�

M I
�

M L
�

M I
�

M L
�

M I
�

M L
�

�

6SDOWHQVXPPHQ YRQ $
 VLQG LPPHU  �
# =HLOH GHV %H]XJVNQRWHQV VWUHLFKHQ #

$4L,� �UHG� .QRWHQLQ]LGHQ]PDWUL[�

� 'XDOLWlW� �X�L� V ) % �5G
L �

X

5
G
�V )

G
� 8PSROXQJ� ) HQWVWHKW GXUFK 3XQNWVSLHJHOXQJ

YRQ ) DP 8QVSUXQJ� �X � L� , �1X �1L� V )

* � /HLWZHUWVPDWUL[
5 � :LGHUVWDQGVPDWUL[
+ � +\EULGPDWUL[
+
 � ÄLQYHUVH³ +\EULGPDWUL[
$ � .HWWHQPDWUL[
$
 � ÄLQYHUVH³ .HWWHQPDWUL[

L
$3

X
$3

L

X
/

4[

4

� X
�� �

L
��� � V) � � X

���

L
�� � � V) # ¾4� X

�� �

L
�� � � 0¿4� X

�� �

L
�� � � V) � ¾ �¿Vë

I �X � L�,0 X01 L,�

*,�
MJ

�

MX
�

MJ
�

MX
�

MJ
�

MX
�

MJ
�

MX
�

� $3 � L�L
�
� ,� , �,

�
� 0*� ´ X

�

´ X
�
�

� X �F �L �F�� V )

� ) XQJHSROW # .HQQOLQLH SXQNWV\PP� ]XP 8UVSU�
� ) DNWLY # PLQG� � 3NW� LP ,,� RG� ,9� 4XDGU�
� ) YHUOXVWIUHL # QXU DXI .RRUGLQDWHQDFKVHQ
� ) TXHOOHQIUHL # HQWKlOW GHQ 8UVSUXQJ

� ) VWUHQJ OLQHDU # �NX � NL�V) � �X
�
0X

�
� L

�
0L

�
�V)

I
OLQ
�[�, I �[

�
�0

M I �[
�
�

M [
b
b[

�

4�[1[
�
�



�,
�

X
�

�X
�

1XOODWRU X,� L,� � VWUHQJ OLQHDU� YHUOXVWORV
� GXDO ]X VLFK VHOEVW

1RUDWRU X, EHOLHELJ L, EHOLHELJ � VWUHQJ OLQHDU� DNWLY
� GXDO ]X VLFK VHOEVW

/HHUODXI X, EHOLHELJ L,� � VWUHQJ OLQHDU
� GXDO ]XP .XU]VFKOXVV

.XU]VFKX� X,� L, EHOLHELJ � VWUHQJ OLQHDU
� GXDO ]XP /HHUODXI

RKPVFKHU :LGHUVWDQG X,54L L,*4X � VWUHQJ OLQHDU
� SDVVLY

LGHDOH 6WURPTXHOOH X, EHOLHELJ L,L
�

� VSDQQXQJVJHVWHXHUW� DNWLY� JHSROW
� OLQHDU� GXDO ]XU 6SDQQXQJVTXHOOH

LGHDOH 6SDQQXQJVTXHOOH X,X
� L, EHOLHELJ � VWURPJHVWHXHUW� DNWLY� JHSROW

� OLQHDU� GXDO ]XU 6WURPTXHOOH

UHDOH 'LRGH X
'
,8

7
OQ �L

'
! ,

6
0��

L
'
,,

6
�H[S�X

'
!8

7
�1��

� JHSROW� SDVVLY 8
7
,��P9

� TXHOOHQIUHL ,
6
I S$

3KRWRGLRGH L��� , ,
6
4�H[S�X �W�!8

7
�1��1 L

/
�W� � JHSROW� DNWLY

=HQHUGLRGH X?8
=
# L VHKU JUR�

=HKQHUGXUFKEUXFK

� JHSROW� SDVVLY
� TXHOOHQIUHL

7XQQHOGLRGH � JHSROW� SDVVLY� TXHOOHQIUHL
� LQNUHPHQWDO DNWLY �

LGHDOH 'LRGH X,� I�U L@�

L,� I�U X?�

� YHUOXVWORV� VW�FNZHLVH OLQHDU
� GXDO� XPJHSROWH LGHDOH 'LRGH

.RQNDYHU �*�8� :LGHUVWDQG L,� I�U XA8
�

L,* �X18
�
� I�U XB8

�

� VW�FNZHLH OLQHDU

� I�U 8 �
@� � *@� � SDVVLY� VSDQQXQJVJHVWHXHUW

� GXDO� NRQYH[HU :LGHUVWDQG

.RQYH[HU �5�,� :LGHUVWDQG X,� I�U LA,
�

X,5 �L1,
�
� I�U LB,

�

� VW�FNZHLVH OLQHDU� I�U , �@� �5@� VWURPJHVW�

� GXDO� NRQNDYHU :LGHUVWDQG

/LQHDUH 4XHOOHQ � OLQHDU� DNWLY

� 8
�
,,

�
5 � ,

�
,8

�
*

6SDQQXQJV JHVW� 6WURPTXHOOH

86, 9&&6
$ , � � 1�!J

� � � * , � � �

J �� 0 ,� � �

1J �� 1 ,�� �

� ��
6WURP JHVW� 6WURPTXHOOH

,6, &&&6
$ , � � �

� 1�!¿� + , � � �

¿ ��
6SDQQXQJV JHVW� 6SDQQXQJVT�

868 9&96 $ , � �!É �

� �� + 
 , � � �

É ��
6WURP JHVW� 6SDQQXQJVTXHOOH

,68 &&96
$ , � � �

�! U �� 5 , � � �

U �� 0 ,�� �

� �� 1 ,� � �

1U ��

1XOORU
TXHOOHQIUHL� VWUHQJ OLQHDU

$ , � � �

� �� ,� 0 ,�� �

� �� 1 , � � �

� ��
*\UDWRU� 'XDOZDQGOHU
LGHDOHU *�� 5

�
,5

�
,5

G

YHUOXVWORV� *,1*7
� 5,15

7

3RVLWLY ,PPLWWDQ] ,QYHUWHU

$ , � � 5
�

�!5
�

� � 0 ,�� �

� �� 1 , � � 5
�

15
�

� �
* , � � �!5

�

1�!5
�

� � 5 , � � 15
�

5
�

� � $ 
,� � 15
�

1�!5
�

� �
,GHDOHU hEHUWUDJHU
YHUOXVWORV� UH]LSURN�

XPNHKUEDU I�U �,6�

3RVLWLY ,PPLWWDQ] .RQYHUWHU

$ , � � �

� �!�� 0 , � � 1�

� � � 1 ,�� �

� ��
+ ,� � �

1� �� + 
,� � 1�!�

�!� � � $ 
,� �!� �

� ��
1,.
1HJDWLY ,PPLWWDQ] .RQYHUWHU
DNWLY� DQWLUH]LSURN�
I�U bNb,� V\PPHWULVFK

N  � � ) LVW DQ GHU L
� �$FKVH

JHVSLHJHOWHU =ZHLSRO

N  �� � ) LVW DQ GHU X
� � $FKVH

JHVSLHJHOWHU =ZHLSRO

$ , � 1N �

� �! N� 0 , � � N

� �� 1 , � � �

� �!N� N V ë

+ , � � 1N

1N � � + 
,� � 1�!N

1�!N � � $ 
,� 1�!N �

� N�

�

L

X

L

X

L

X

L

X

L
�

L

X
X
�

L

X
*

5

L

X

L

X
8

=

L

X

L

X

L

X

L

X

*

8
�

L

X
5,

�

L

X

,
�5

8
�

,
�

*

L
�

X
�
 � X

�

L
�

X
�

X
�

L
�
 �

X
�

X
�

L
�
 JX

�

L
�

X
�
 � X

�

L
�

X
�

X
�

L
�

GHW $,GHW $ 
,1�

5
G
,

5
G

�

5

L

X

*
G
,

�

5
G

�
*

L
�
,¿4L

�

L
�
,É4L

�

L
�
,U4L

�

L
�

X
� X

�

L
�

5
�
� 5

�
) *\U

,)
G

GHW $,GHW $ 
,0�

� � �



.ODVVLIL]LHUXQJ GHU =ZHLWRUH DQKDQG GHU .HWWHQPDWUL[ $

� DOOH YLHU (LQWUlJH JOHLFK 1XOO # 1XOORU

� GUHL (LQWUlJH JOHLFK 1XOO # JHVWHXHUWH 4XHOOH

� ]ZHL (LQWUlJH JOHLFK 1XOO # ,19(57(5 �
.219(57(5

%HVFKUHLEXQJVIRUPHQ�

LPSOL]LWH 'DUVWHOOXQJ 3DUDPHWHUGDUVWHOOXQJ H[SOL]LWH 'DUVW�

VWUHQJ OLQHDU
),.HUQ �0 1 �,��XL� � �0 1 ��XL�,��
5DQJ �0 1 �, S

),%LOG�8, �,��XL� � �XL�,�8, �4F � FVë��
5DQJ� 8, � , S %HWULHEVPDWUL[� � 8, � ,� X

�� �
X

�� �

L
���

L
�� � �

L,* X

X,5 L

QLFKW
TXHOOHQIUHL

),.HUQ�0 1 �0�X�

L
�
� ),%LOG�8, �0�X�

L
�
� L,* X0L

J

X,5 L0X
U XVZ�

=XVDPPHQVFKDOWXQJ YRQ =ZHLWRUHQ�

3DUDOOHO�
VFKDOWXQJ

J
JHV
,J

�
0J

�
*

JHV
,*

�
0*

�
5,5

�
�5

�
05

�
�

6HULHQ�
VFKDOWXQJ

U
JHV
,U

�
0U

�
5

JHV
,5

�
05

�
*,*

�
�*

�
0*

�
�

+\EULGH
9HUVFKDOWXQJ

K
JHV
,K

�
0K

�
K


JHV
,K


�
0K


�

+
JHV
,+

�
0+

�
+


JHV
,+


�
0+


�

.HWWHQVFKDWXQJ D
JHV
,D

�
4D

�
$

JHV
,$

�
4$

�

�

,19(57(5 �]�%� *\UDWRU� .219(57(5 �]�%� 1,.� 3,.�

SRVLWLY � � 5

� !5 �� ��!� �

� ��
QHJDWLY � � 5

1�!5 �� �1N �

� �!N�
6WURP % 6SDQQXQJ 6WURP % 6WURP�

6SDQQXQJ % 6SDQQXQJ

'LH 8PUHFKQXQJVWDEHOOH GHU =ZHLWRU�0DWUL]HQ�

� /HLVWXQJ� S,X
7
L

� 9HUOXVWORVLJNHLW� }�XL�V) � X
7
L,�

E]Z� 8
7
,0,

7
8,�

� 3DVVLYLWlW� }�XL�V) � X
7
LB�

� $NWLYLWlW� Y�XL�V) � X
7
L?�

� 5H]LSUR]LWlW� 8
7
,1,

7
8,� � *,*

7
� 5,5

7
� GHW $,�� GHW $
,�

1HW]ZHUN EHVWHKW QXU DXV 5� &� / # UH]LSURN

� 'XDOLWlW� I
G � XL � , I �

� 5
G
(

�

5
G

4( � �� XL � *
G
,

�

5
G

�
45 5

G
,5

G

�
4*

� 6\PPHWULH� I
X �XL�, I �34X �34L� PLW 3,�� �

� ��,3
1�

*,3*3

5,353

$,$


]�%�� J
��
,J

�� XQG J
��
,J

��

5 �

5 �

+ �

+ �

+ �


+ �


$ � $ � �X�

L
�
�,DJHV� X

�

1L
�
�,D��D�� X

�

1L
�
��

* �

* �

$
 JHV,$

�
4$


�



����������	�

(UVDW]VFKDOWXQJHQ�

.HQQJU|�HQ GHV 7UDQVLVWRUV�

� 6WURPYHUVWlUNXQJ� � 9HUOXVWOHLVWXQJ� 39,8 EH , E08 FH , FI , F8 FH

� (LQJDQJVZLGHUVWDQG UH,
�

JP

�
´ LE

´XEH

,
JP

¿
# U H,

´XEH

´ LE
,
8 7

1LH

� .OHLQVLJQDOYHUVWlUNXQJ� YX,
´ XRXW

´ X L Q

� /HLVWXQJVYHUVWlUNXQJ� Y S,YX4YL,¿),
´ XRXW4́ LRXW

´X L Q4́ L L Q

� .OHLQVLJQDOOHLWZHUW � 6WHLOKHLW� JP,
´ L F

´XEH

$UEHLWVSXQNWEHVWLPPXQJ�

8QLSRODUWUDQVLVWRUHQ� )(7

6WURPVSLHJHO� 'DUOLQJWRQ 7UDQVLVWRU�

LGHDO� X�
,�

L
�
,L

�

�

XFE@� QSQ 7UDQVLVWRU LQ (PLWWHUVFKDOWXQJ� 9RUZlUWVEHWULHE�

�SQS� 'LRGH XPGUHKHQ� .OHLQVLJQDO (6% VLQG I�U SQS XQG QSQ LGHQWLVFK��

*URVVLJQDO (6% ,�

OLQ� .OHLQVLJQDO (6%�

L
E

X
FH

� L
E

L
F

X
EH

∆L
E

∆L
F
=β ∆L

E � L
F

� X
FH

L
E

X
FH

β L
E

L
F

X
EH

X
EH�

β U
H

∆X
EH

5 β U
H

'UHLSROQXOORU�
X
EH

! �

(6% ,, � 6W�FNZHLVH OLQHDU PLW

NRQNDYHP :LGHUVWDQG

∆X
FH

SQS LQ (PLWWHUVFKDOWXQJQSQ LQ (PLWWHUVFKDOWXQJ

E

F

H
X
EH

X
FH

E

F

H
X
EH

X
FH

L
E

L
F

L
F

L
E

� 'HU 6WURP ]XU MHZHLOLJHQ %H]XJVNOHPPH

NRPPW QLFKW YRU� �]�%� L
H
�

� 'LRGHQULFKWXQJ�

� 7UDQVLVWRUHQ VLQG LPPHU SDVVLY�

S Q

¿l�

U
H � (LQJDQJVZLGHUVWDQG

¿ � 6WURPYHUVWlUNXQJ

É � 6SDQQXQJVU�FNZLUNXQJ

J � $XVJDQJVOHLWZHUW

�´ X
EH

´ L
F
�I�UH,

´ X
EH

´ L
E

É,
´ X

EH

´ X
FH

¿,
´ L

F

´ L
E

J,
´ L

F

´ X
FH

�4� ´ L
E

´ X
FH
�

� .LUFKKRIIJOHLFKXQJHQ DXIVWHOOHQ �PHLVW X,X
 � L,1L
 � �X
�L
 � VLQG 4XHOOHQNHQQJU|�HQ
� �X
�L
 � HOHPLQLHUHQ� GXUFK �X�L� HUVHW]HQ
� LQ .RRGLQDWHQV\VWHP HLQWUDJHQ� 6FKQLWWSXQNW GHU .HQQOLQLHQ LVW $3�
8

EH
,8

�
05

L
L
H � 4XHOOHQNHQQOLQLH 4

8
EH
,8

�
15

L
L
H � H[WHUQH 4XHOOHQNHQQOLQLH 4

[

# 3XQNWH �8
�
��� XQG �� �L

�
� HLQ]HLFKQHQ XQG DOV *HUDGH YHUELQGHQ� 4

[ �

� 6FKQLWWSXQNW 4[ PLW 7UDQVLVWRUNHQQOLQLH LVW $3
� LP (LQJDQJVNHQQOLQLHQIHOG KDEHQ NOHLQH bQGHUXQJHQ GHU 6WHLJXQJ YRQ 4

[ HLQH JUR�H 9HUVFKLHEXQJ GHV $3 ]XU )ROJH�

# 8
%(
,� # 8

�
,5

L
L
�
�EHL4

[
� # L

�
,
5

L

X
�

L
E
, ,

6�H[S� XEH

8
7
�1��

L
F
,¿ L

E

X
EH
,8

7
OQ��0L

E

,
V
�

¿,Y
L
,

L
F

L
E

,QQHQOHLWZHUW� 6WHLOKHLW�

J
�
,

M LG
MXGV

JP,
M LG
MXJV

L
G

J
�

´ XJV

JP´ XJV

´ XGV

L
J

L
G

X
JV

X
GV

Q � .DQDO (QKDQFHPHQW

�

S � .DQDO
(QKDQFHPHQW

Q � .DQDO
'HSOHWLRQ

�/ /� �. 6 �

.OHLQVLJQDO (6%�

L
E

X
EH

$3
J
P

U
H

(LQJDQJVNHQQOLQLH�

,Q (PLWWHUVFKDOWXQJ JLOW�

+\EULGPDWUL[ + GHU (PLWWHUVFKDOWXQJ�

7
�

L
�

7
�

L
�

(EHUV 0ROO (6%

�7UDQVIHUZLGHUVWDQG�

�6SDQQXQJVYHUVWlUNXQJ�

$3 $3

$3

L
J
,�

L
�

7
�

7
�




�	��������	���
��	�

1LFKWLQYHUWLHUHQGHU 9HUVWlUNHU� ,QYHUWLHUHQGHU 9HUVWlUNHU�

$GGLHUHU�

0HKUIDFKHLQNRSSOXQJ�

6SDQQXQJVIROJHU�  1LFKW LQYHUWLHUHQGHU 9HUVWlUNHU

 ,PSHGDQ]ZDQGOHU PLW Y
X
,�

'LIIHUHQ]LHUHU� ,QWHJULHUHU� 3RWHQWLDOGLIIHUHQ]YHUVWlUNHU�

%HG�
5

�

5
�

,

5
�

5
�

1HJDWLYLPPLWWDQ]NRQYHUWHU �1,.�� 1XOORUPRGHOO� 8PSROXQJ GHV 2S$PS�

/RJDULWKPLHUHU� ([SRQHQWLHUHU�

,GHDOH 'LRGH�

8PJHSROWH LGHDOH 'LRGH� SQ � 'LRGH XPSROHQ

.RQNDYHU :LGHUVWDQG�

8
�
?8

6DW

.RQYH[HU :LGHUVWDQG�

,
�
?*48

6DW

*\UDWRU�
3DUDOOHOVFKDOWXQJ ]ZHLHU 86, RGHU
6HULHQVFKDOWXQJ ]ZHLHU ,68
RGHU�
.HWWHQVFKDOWXQJ HLQHV 1,. �N,1��
PLW HLQHP 1,,

868 PLW É@�  1LFKWLQYHUWLHUHQGHU 9HUVWlUNHU

É?� ,QYHUWLHUHQGHP 9HUVWlUNHU XQG 6SDQQXQJVIROJHU LQ .HWWH

,68 PLW U?�  ,QYHUWLHUQGHU 9HUVWlUNHU RKQH 5�

U@� ]XVlW]OLFK LQYHUWLHUHQGHQ 9HUVWlUNHU PLW Y
X
,1� QDFKVFKDOWHQ

�

5
�

5
�

X
LQ X

RXW
�

�

5
�

X
LQ X

RXW

�

�

5
�

5
�

5
�

�

B

L �

X
G

L  EHOLHELJ

X
RXW

,

,,,

,,

�8
6$7

�8
6$7

X
G

X
RXW

� ,Q GHQ 6lWWLJXQJVEHUHLFKHQ NHQQW
PDQ X

RXW LPPHU� X
RXW
,68

6DW

� :LUG GHU 2S$PS LP
VWUHQJ OLQHDUHQ %HUHLFK EHWULHEHQ�
VRIRUW (6% ,, YHUZHQGHQ��

.HQQOLQLH GHV LGHDOHQ 2S$PSV�

�

�

5
�

5
�

X
LQ

X
RXW

�

�

L
LQ
 �

X
LQ

X
RXW

5

X
LQ X

RXW

�

�

&
5

X
LQ X

RXW

�

�

&

5
/X

5

��

5L L
/

X

*

��
�
8

6$7

L

���
�
8

6$7 �* X

*
��
�
8
6$7

L

���
�
8
6$7

�*

�

�

L

X

L
'

X

L

5

�

�

L

X

8
�

5

X

L

8
�

*
�

�

L

X
,
� *

X

L

,
�

X
RXW
,��05

�

5
�
�X L Q

X
RXW
,
15

�

5
�

X
L Q

X
RXW
,X

L Q
(LQJDQJ� QLFKW EHODVWHW L

L Q
,�

$XVJDQJ� KRKH 6WU|PH

X
RXW
,15&4�X

L Q X
RXW
,1X

F
� W

�
�1

�

5&
�
W
�

W
�

X
L Q
GW

X
RXW
,

15
�

5
�

X
L Q
,
15

�

5
�

X
L Q

5 5

5
/

Y
X
,�0

5
�

5
�

Y
X
,
5

�

5
�

Y
X
,�

X
LQ

X
RXW

X
LQ

X
RXW

6SDQQXQJVYHUVWlUNXQJ�

6SDQQXQJVYHUVWlUNXQJ�

X
RXW
,15

��
L

X
L

5
L

(6% ,� X
G
? �� X

RXW
,18

6DW

X
G
� �

X
RXW

X
6$7

L
�
 EHOLHELJL

�
 �

(6% ,,� X
G
, �� bX

RXW
bAb8

6DW
b

X
RXW

L
�
 EHOLHELJL

�
 �

X
G
 �

(6% ,,,� X
G
@ �� X

RXW
,8

6DW

X
RXW

X
6$7

L
�
 EHOLHELJL

�
 �

X
G
! �

L
'
,,

6
4� H[S� X L Q

8
7
�1��

X
RXW
,154,

6
4H[S�X L Q

8
7
�X

RXW
,18

7
OQ

X
L Q

54,
6

X,15
/
L

�

�

X
LQ

5

X
RXW

�

�

X
LQ

5

X
RXW



���������	
��	��

9HUELQGXQJVPHKUWRU�

-HGH .QRWHQSXQNWVJOHLFKXQJ VWHKW DXI MHGHU

6FKOHLIHQJOHLFKXQJ VHQNUHFKW� $
 %

7
,�

%DXPNRQ]HSW �  6FKOHLIHQDQDO\VH� RGHU 6FKQLWWPHQJHQDQDO\VH�

.QRWHQVSDQQXQJVDQDO\VH�

0DVFKHQVWURPDQDO\VH�

7DEOHDXJOHLFKXQJHQ�

5HGX]LHUWH .QRWHQVSDQQXQJVDQDO\VH � 0DVFKHQVWURPDQDO\VH�

�

$ .QRWHQLQ]LGHQ]PDWL[

% 6FKOHLIHQLQ]LGHQ]PDWUL[

(LJHQVFKDIWHQ GHV 9HUELQGXQJVPHKUWRUV�

Q .QRWHQ �1RGHV�

E $Q]DKO GHU .DQWHQ �=ZHLJH� %UDQFKHV�  $Q]� GHU 7RUH S

=HLWLQYDULDQW� VWUHQJ OLQHDU� YHUOXVWORV� UH]LSURN

% 8
7
,,� 7HOOHJHQVFKHU 6DW]

5DQJ�%
 �

� $
�,5DQJ�0 1 �,E

� 1HW]ZHUNJUDSK ]HLFKQHQ� %DXP PX� IROJHQGH GUHL (LJHQVFKDIWHQ HUI�OOHQ�

%DXP LVW HLQ ]XVDPPHQKlQJHQGHU *UDSK � (U HQWKlOW DOOH .QRWHQ � XQG KDW NHLQH 6FKOHLIHQ

(UVW %DXP]ZHLJH� GDQQ 9HUELQGXQJVNDQWHQ IRUWODXIHQG QXPPHULHUHQ�

(V JLEW GHW �$ $
7 � YHUVFKLHGHQHQ %lXPH LP 1HW]ZHUNJUDSKHQ�

-HGHU 7RUVSDQQXQJVYHNWRU GHV 907 VWHKW DXI
MHGHP 7RUVWRPYHNWRU GHV 907 VHQNUHFKW

$Q]DKO GHU %DXP]ZHLJH� �Q1��

$Q]DKO GHU 9HUELQGXQJVNDQWHQ� V, E1�Q1��  $Q]DKO GHU OLQHDU XQDEK� 6FKOHLIHQJOHLFKXQJHQ

E *OHLFKXQJHQ

� $XIVWHOOHQ GHU OLQHDU XQDEK� 0DVFKHQJOHLFKXQJHQ� YROOVWlQGLJH %HVFKU� GHV 9HUELQGXQJVPHKUWRUV�

(LQH 6FKOHLIH HQWKlOW QXU HLQH 9HUELQGXQJVNDQWH� VRQVW QXU %DXP]ZHLJH

# %4X , �%E
(

6 ��XE

X
Y
�, � ��%E

(
6

� �

� � (
Q1�

1%
E

7�4�
X
E

X
Y

L
E

L
Y

�,����� $XIVWHOOHQ GHU OLQHDU XQDEK� .QRWHQJOHLFKXQJHQ�

6XSHUNQRWHQ HQWKlOW QXU HLQH %DXPNDQWH� VRQVW QXU 9HUELQGXQJVNDQWHQ

# �(Q1�
1%

E

7��LEL
Y
�, �

�1$
7

(
E

�

� � $��
X

N

X

L �,����
E0�Q1�� *OHLFKXQJHQ

� �Q1�� ]XVlW]OLFKH .DQWHQ ]ZLVFKHQ %H]XJVQRWHQ XQG �EULJHQ �Q1�� .QRWHQ
� GLHVH VLQG XQEHVFKDOWHW XQG GLHQHQ DXVVFKOLH�OLFK DOV 0H�WRUH�
� 'DV $XIVWHOOHQ GHV %DXPHV HQWIlOOW
� $ NDQQ GXUFK $XJHQVFKHLQ DXIJHVWHOOW ZHUGHQ �$  .QRWHQLQ]LGHQ]PDWUL[�
� JXW EHL VWDUN YHUPDVFKWHQ 1HW]ZHUWNHQ �EFQ�

� QXU EHL SODQDUHQ 1HW]ZHUNHQ�
� GXUFK LGHDOH hEHUWUDJHU ��,�� NDQQ HLQ QLFKWSODQDUHU *UDSK LQ HLQHQ SODQDUHQ
*UDSK �EHUI�KW ZHUGHQ� GDEHL VWHLJW GLH $Q]DKO GHU
.DQWHQ XP ]ZHL SUR LGHDOHP hEHUWUDJHU
� JXW EHL VFKZDFK YHUPDVFKWHQ 1HW]ZHUNHQ �EIQ�

5

5

5

5
�E0V� *OHLFKXQJHQ

�% � �

� (
E
1%

7��
X

L

L
P
�,����

.9/

.&/

1ZHO� �
% �

� $

0 1
�4�XL�,�

�

�

H
� V

�Q1��
E

*OHLFKXQJHQ� �E

OLQ� 1HW]ZHUNHOHPHQWH # 0 X01 L,H

H � (UUHJXQJVYHNWRU DOOHU XQDEKlQJLJHU 4XHOOHQ

HLQGHXWLJH /|VXQJ GHV

7DEOHDXJOHLFKXQJVV\VWHPV ZHQQ GHW 7 � W
�
�/�

� .QRWHQWDEOHDXV\VWHP�

.9/

.&/

1ZHO� �
1$

7
(E �

� � $

� 0 1
��XN

X

L �,�
�

�

H�
E

�Q1��
E

*OHLFKXQJHQ� �E0�Q1��

� 0DVFKHQWDEOHDXV\VWHP�

.9/

.&/

1ZHO� �
% � �

� (E 1%
7

0 1 � ��
X

L

LP
�,�

�

�

H�
V

E

E

*OHLFKXQJHQ� �E0V

� 1LFKWOLQHDUHV 7DEOHDXJOHLFKXQJVV\VWHP� �% �

� $��XL�,� K �X�L� W�,� MH S *OHLFKXQJHQ LQ �S 9DULDEHOHQ

8PIRUPHQ GHV .QRWHQWDEOHDXV\VWHPV�

� UHG� .QRWHQOHLWZHUWVPDWUL[ <
N � .QRWHQ�6WURPTXHOOHQYHNWRU LT � < , .DQWHQOHLWZHUWVPDWL[

< N,$< $
7

,$ �11
1�
0 � $

7
L
T
,1$L

�
< N XN,LT <

N
, �Q1�� *OHLFKXQJHQ

8PIRUPHQ GHV 0DVFKHQWDEOHDXV\VWHPV�

� 0DVFKHQZLGHUVWDQGVPDWUL[ =
P � 0DVFKHQ�6WURPTXHOOHQYHNWRU XT

=P,% �10
1�
1 �%

7
XT,1% X�

,1% 0
1�
H =P LP,XT

=
P
, V *OHLFKXQJHQ



�
	��������
����������	�	����
�	������������
���	�����	
� �NRPSOH[H .6$�

�� 1LFKWVSDQQXQJVJHVWHXHUWH (OHPHQWH HUVW]HQ�

�� 6FKULWWZHLVH .QRWHQOHLWZHUWVPDWUL[ < DXIVWUHOOHQ�

� %H]XJVNQRWHQ ZHJODVVHQ�

� NRPSOH[ MÕ& XQG �! MÕ/ ,P 3ULQ]LS ZLH * XQG 5

�� *HVWHXHUWH 4XHOOHQ� 6WHXHUOHLWZHUWH HLQWUDJHQ�

�� *\UDWRU HLQEDXHQ �HQWVSUHFKHQGH =HLOH � 6SDOWH VWUHLFKHQ��

�� .QRWHQVWURPTXHOOHQYHNWRU L
T DXIVWHOOHQ

*,
�

5
L
�
,8

�

�

5
*,

�

5
,J

P
L
�
,1J

P
É X

� .DQWHQVWURPTXHOOH �! .QRWHQVWURPTXHOOH

868

# 86,�

,6,�

# 86,�

,68

# 86,

86,�

6WURPULFKWXQJ EHDFKWHQ ���

*\UDWRU� 1XOORU �I�U 2S$PS��

� 1XOODWRU� 6SDOWHQ DGGLHUHQ

� 1RUDWRU� =HLOHQ DGGLHUHQ

� IDOOV PLW 0DVVH YHUEXQGHQ�

6SDOWH E]Z� =HLOH VWUHLFKHQ� 1XOODWRU 1RUDWRU

,GHDOHU hEHUWUDJHU :LGHUVWDQG

QXU /HLWZHUWH LQ
.QRWHQOHLWZHUWVPDWUL[�

6WURPTXHOOH

LP 4XHOOHQYHNWRU�
ZDV LQ .QRWHQ UHLQIOLH�W SRVLWLY

ZDV UDXVIOLH�W QHJDWLY

*
�
,

�

5
�

*
�
,

�

5
�

L
�
,

8
�

5
�

L
�
,

8
�

5
�

7UDQVLVWRU�

¿,
L
F

L
E

�

β

α

β

α

5

*

8
�

L
�

γ

δ

γ

δ β

α

β

α

5

*

µX
�

L
�

L
�

X
�

X
�

X
�

X
�

X
�
,É X

�
L
�
,1J

P
É X

�
J
P
5
'
,�

γ

δ

γ

δ β

α

β

α

L
�

X
� X

ε
5
'

L
�

L
�

5
'

λ

X
�

γ

δ β

α
J
P
X

X
α

β

δγ

J
P

�J
P

�J
P

J
P

<
Y
 

X
�
,¿ L

�
X,5

'
L
�

J
P
5
'
,� L

�
,J

P
X X

�
,1J

P
5
'

�
L
�

γ

δ

γ

δ β

α

β

α

L
�

X
� X

ε
5
'L

�
L
�

L
�

βαβ

α

Lµ
Lµ Lµ

Q Q

L
�
,¿ L

�
X,5

'
L
�

J
P
5
'
,� L

�
,¿J

P
X

γ

δ

γ

δ β

α

β

α
L
�

X
�

X
�

X
�

X
�

ε 5
'

< N XN,LT

γ

α
δ

β

α βδγ

�* *

δ

α

β

X
�

γ
5
'

L
� α

β δ

γ
L
�

X
�

L
�

* �*

* �*

�* *

X
�

L
�
,*

'
X
�

L
�
,1*

'
X
�

*
'
,

�

5
'

α

β δ

γ

α

β

α

β γ

δ

γ

δ� � � ε�5
'

5
'

β

α

α

β

βα

* �*

�* *
<
Y
 *

β

α
,
�

α

β

�L
�

L
�

5
'

�5

8
�

8
�

�5

5

RGHU

,
� 5

�

8
� L

�

5
�

5
� 5

�

8
� 8

�

*
�

*
�

L
�

X
EH

J
P

� β

J
P
X
EH

E F

H

E

H

F

5

L
E

L
F

E

H

F

�J
P

� β)

� �J
P

� β) � J
P

� �J
P

� β)

J
P

� J
P

�J
P

� β) � J
P

�

�

�

E F H

E

H

F

L
F
,¿4L

E
,
¿4X

EH

5

J
P
,

M L
F

MX
EH



�����

.RQMXQNWLRQ 'LVMXQNWLRQ 1HJDWLRQ

&026 � 1$1' &026 � 125 &026 � ,QYHUWHU

&026 $1' � 25 � S� XQG Q� .DQDO 7UDQVLVWRUHQ YHUWDXVFKHQ�

'7/ � 1$1' 77/ �1$1'

&026 � hEHUWUDJXQJVFKDUDNWHULVWLN

�

'H 0RUJDQVFKH *HVHW]H�

[
�
�[

�
,[

�
�[

�

[
�
�[

�
,[

�
�[

�

81'[
�

[
�

$1'

2'(5[
�

[
�

25

1,&+7

[
�

127 1$1'

[
�

[
�

125

[
�

[
�

\,[
�
�[

�
\,[

�
�[

� \,[ \,�[
�
�[

�
� \,�[

�
�[

�
�

$1' PLW 125 25 PLW 1$1'




