
6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 6<
.$3,7(/#7 (UJHEQLVVH

'LH#(UJHEQLVVH#GHU#8QWHUVXFKXQJHQ#]X#GHQ#GUHL#7KHPHQNRPSOH[HQ#
� 9RUKHUVDJH#GHU#6FKQLWWVWHOOHQUHJLRQ#KXPDQHU#6LJQDOSHSWLGH
� ORNDOH#6WXUNWXUYRUKHUVDJH#YRQ#3HSWLG\OSURO\OELQGXQJHQ#XQG
� GHU#(QWZXUI#]HOOSURWHNWLYHU#3HSWLGH
ZHUGHQ#LP#IROJHQGHQ#YRUJHVWHOOW1

71D 6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH

'LH#JHQDXH#.HQQWQLV#GHU#6FKQLWWVWHOOHQUHJLRQ#YRQ#6LJQDOSHSWLGHQ#XQG#GHUHQ#(LJHQVFKDIWHQ#LVW
ZLFKWLJ# I�U# GDV# GH QRYR# 'HVLJQ# IXQNWLRQDOHU#0ROHN�OH1#0LW# GLHVHP#:LVVHQ# N|QQHQ# QHXH
6FKQLWWVWHOOHQ#RGHU#DXFK#SRWHQWLHOOH#,QKLELWRUHQ#I�U#GLH#6LJQDOSHSWLGDVH#HQWZRUIHQ#ZHUGHQ1#45
$PLQRVlXUHQ# XPIDVVHQGH# 6FKQLWWVWHOOHQVHTXHQ]DXVVFKQLWWH# KXPDQHU# VHNUHWRULVFKHU# 3URWHLQH
ZXUGHQ#PLW# GHQ# EHVFKULHEHQHQ#9HUIDKUHQ# XQWHUVXFKW1#'HU#9HUJOHLFK# GHU# XQWHUVFKLHGOLFKHQ
0HWKRGHQ#]HLJW/#GD�#.�QVWOLFKH#1HXURQDOH#1HW]H#PLW#DGDSWLYHU#.RGLHUXQJ# +DGDSWLYH#FRGLQJ
QHWZRUNV/#$&1,#ZHVHQWOLFKH#9RUWHLOH#JHJHQ�EHU# GHQ# ELVKHU#YHUZHQGHWHQ#.11#KDEHQ1#'LH
$QDO\VH#GHV# WUDLQLHUWHQ#$&1#HUP|JOLFKW#GLH#%HVFKUHLEXQJ#HLQHU#.RQVHQVXVVHTXHQ]#XQG#GLH
GHWDLOOLHUWH#%HVFKUHLEXQJ#GHU#6FKQLWWVWHOOHQHLJHQVFKDIWHQ1#

=XHUVW#ZXUGHQ# GLH#6HTXHQ]GDWHQ#PLW# GHU# ,QIRUPDWLRQVDQDO\VH/#+lXILJNHLWVDQDO\VH/#6FKZHU0
SXQNWDQDO\VH/#GHP#%D\HV03UHGLNWRU#XQG#GHU#+DXSWNRPSRQHQWHQDQDO\VH#XQWHUVXFKW1#0LW#GLHVHQ
0HWKRGHQ# LVW#HLQH#%HXUWHLOXQJ#GHU#'DWHQ#KLQVLFKWOLFK# LKUHU#9HUZHQGEDUNHLW#EH]�JOLFK# HLQHU
.ODVVLILNDWLRQ#P|JOLFK1#$QVFKOLH�HQG#ZXUGH#PLWWHOV#ELRLQIRUPDWLVFKHU#0HWKRGHQ#HLQ#.ODVVLIL0
NDWRU#HQWZLFNHOW1#'LH#0|JOLFKNHLWHQ#GHU#,QWHUSUHWDWLRQ#YRQ#DGDSWLY#NRGLHUWHQ#.11#ZXUGH#YRU0
JHVWHOOW/#XP#VR#GLH#(LJHQVFKDIWHQ#GHU#6FKQLWWVWHOOHQUHJLRQ#]X#XQWHUVXFKHQ1



73 (UJHEQLVVH
71D1L ,QIRUPDWLRQVDQDO\VH

%HL#GHU#,QIRUPDWLRQVDQDO\VH#ZLUG#HLQ#$XVGUXFN#I�U#GLH#(QWURSLH#DQ#GHQ#HLQ]HOQHQ#3RVLWLRQHQ
EHUHFKQHW1#'HU#:HUWHEHUHLFK# OLHJW# ]ZLVFKHQ#1XOO#XQG#(LQV1#(LQV#EHGHXWHW/#GD�#GLH#3RVLWLRQ
YROOVWlQGLJ#XQEHVWLPPW#LVW#XQG#1XOO/#GD�#VLH#HLQGHXWLJ#IHVW#VWHKW1#'LH#,QIRUPDWLRQ#GHU#6FKQLWW0
VWHOOHQ021LFKW06FKQLWWVWHOOHQGDWHQ# VLQG# LQ#$EELOGXQJ# 49# DOV#+LVWRJUDPP# �EHU# GLH# HLQ]HOQHQ
3RVLWLRQHQ#GDUJHVWHOOW1

%HL#GHQ#KXPDQHQ#6FKQLWWVWHOOHQ#LVW#KLHUQDFK#GLH#HUVWH#3RVLWLRQ#10WHUPLQDO#]XU#6FKQLWWVWHOOH#+04,
DP#ZLFKWLJVWHQ#I�U#GLH#6SDOWXQJ#GHU#6LJQDOVHTXHQ]1#'LH#,QIRUPDWLRQ#YRQ#3/8#]HLJW/#GD�#QXU#DQ
GLHVHU#3RVLWLRQ#EHVWLPPWH#$PLQRVlXUHQ#YRUNRPPHQ1#bKQOLFKHV#JLOW# I�U#GLH#3RVLWLRQ# 061#'LH
3RVLWLRQHQ#0:#XQG#0<#VFKHLQHQ#HEHQIDOOV#YRQ#%HGHXWXQJ#]X#VHLQ1#'LH# #1LFKW06FKQLWWVWHOOHQVH0
TXHQ]HQ#EHLQKDOWHQ#NHLQH#ZHVHQWOLFKH#,QIRUPDWLRQ1#)�U#DOOH#3RVLWLRQHQ#GHU#1LFKW06FKQLWWVWHO0
OHQVHTXHQ]HQ# EHUHFKQHW# VLFK# HLQ# ,QIRUPDWLRQVZHUW# XP# 3/<:1# /HJW# PDQ# GLH# UHODWLYHQ
+lXILJNHLWHQ#QDFK#0F&DOGRQ#HW#DO1#>44@#]XJUXQGH/#HUUHFKQHW#VLFK#HLQH#,QIRUPDWLRQ#YRQ#3/<:/
ZDV#GHU#9HUWHLOXQJ#GHU#$PLQRVlXUHQ#LQ#GHQ##1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ#HQWVSULFKW1

$%%,/'81*#49= ,QIRUPDWLRQVSORW#GHU#6FKQLWWVWHOOHQ0#+GXQNHO,#XQG#1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ#+KHOO,1#'LH#
6FKQLWWVWHOOH#EHILQGHW#VLFK#]ZLVFKHQ#3RVLWLRQ#04#XQG#41

3

3/4

3/5

3/6

3/7

3/8

3/9

3/:

3/;
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6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 74
71D1LL 3RVLWLRQVDEKlQJLJH#+lXILJNHLWVYHUWHLOXQJ#YRQ#$PLQRVlXUHQ#LQ#
6FKQLWWVWHOOHQSHSWLGHQ

$XV#GHU# ,QIRUPDWLRQVDQDO\VH# HUJLEW# VLFK/#GD�#EHVWLPPWH#3RVLWLRQHQ/# 04#XQG# 06# HLQHQ#KRKHQ
,QIRUPDWLRQVJHKDOW#KDEHQ1#2KQH#DXI#GLH#1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ#HLQ]XJHKHQ/#ZHUGHQ#LP
IROJHQGHQ# GLH# 9HUWHLOXQJHQ# GHU# $PLQRVlXUHQ# GHU# 6FKQLWWVWHOOHQVHTXHQ]HQ# YRUJHVWHOOW=# ,Q
$EELOGXQJ#4:#VLQG#GLH#UHODWLYHQ#+lXILJNHLWHQ#GHU#$PLQRVlXUHQ#DQ#GHQ#HLQ]HOQHQ#3RVLWLRQHQ#DOV
+LVWRJUDPP# GDUJHVWHOOW1# 'LH# 7DEHOOHQ# 4# XQG# 5# ]HLJHQ# GLH# UHODWLYHQ# +lXILJNHLWHQ# I�U# GLH
6FKQLWWVWHOOHQ#UHVSHNWLYH#1LFKW06FKQLWWVWHOOHQ1#$Q#GHU#3RVLWLRQ#04#WUHWHQ#QXU#ZHQLJH#$PLQRVlX0
UHQ#DXI1#,Q#�EHU#:3(#GHU#6FKQLWWVWHOOHQVHTXHQ]HQ#ILQGHW#VLFK#HQWZHGHU#$ODQLQ#RGHU#*O\FLQ1

$Q#3RVLWLRQ#05#ZXUGHQ#ZHGHU#VFKZHIHOKDOWLJH#+0HWKLRQLQ#XQG#&\VWHLQ,#QRFK#KHOL[EUHFKHQGH
$PLQRVlXUHQ#+3UROLQ#XQG#*O\FLQ,#JHIXQGHQ1

$Q#GHU#3RVLWLRQ#06#VLQG#HEHQIDOOV#QXU#ZHQLJ#XQWHUVFKLHGOLFKH#$PLQRVlXUHQ#YRUKDQGHQ1#-HGRFK
LVW#GLH#9DULDELOLWlW#DQ#$PLQRVlXUHQ#HWZDV#K|KHU#DOV#DQ#3RVLWLRQ#041#6R#KDEHQ#NQDSS#:3(#GHU
6HTXHQ]HQ#HQWZHGHU#$ODQLQ#+5;(,/#6HULQ#+57(,#RGHU#9DOLQ#+4:(,#DQ#3RVLWLRQ#061#

'LH#3RVLWLRQHQ#09#ELV#043#ZHLVHQ#HLQHQ#KRKHQ#$QWHLO#DQ#/HXFLQ#DXI/#ZHOFKHV#PHLVWHQV#%HVWDQG0
WHLO#GHU#K\GURSKREHQ#5HJLRQ#++05HJLRQ,#GHV#6LJQDOSHSWLGV#LVW1

6RPLW# OHLVWHQ#QDFK#GLHVHU# VWDWLVWLVFKHQ#8QWHUVXFKXQJ#GLH#3RVLWLRQHQ#10WHUPLQDO#GHU#6FKQLWW0
VWHOOH#HLQHQ#ZHVHQWOLFKHQ#%HLWUDJ#I�U#GLH#(UNHQQXQJ#GXUFK#GLH#6LJQDOSHSWLGDVH1



75 (UJHEQLVVH
$&'( )*+,./013 45679: <

315
317
319
31;

4
3RVLWLRQ 4

$&'() *+,./ 01345679: <

315
317
319
31;

4
3RVLWLRQ 5

$&'( )*+,./013 45679: <

315
317
319
31;

4
3RVLWLRQ 0 5

$&'() *+,./ 01345679: <

315
317
319
31;

4
3RVLWLRQ 0 4

$&'( )*+,./013 45679: <

315
317
319
31;

4
3RVLWLRQ 0 7

$&'() *+,./ 01345679: <

315
317
319
31;

4
3RVLWLRQ 0 6

$&'( )*+,./013 45679:<

315
317
319
31;

4
3RVLWLRQ 0 9

$&'( )*+,./ 01345679: <

315
317
319
31;

4
3RVLWLRQ 0 8

$&'( )*+,./013 45679: <

315
317
319
31;

4
3RVLWLRQ 0 ;

$&'() *+,./ 01345679: <

315
317
319
31;

4
3RVLWLRQ 0 :

$&'( )*+,./013 45679: <

315
317
319
31;

4
3RVLWLRQ 0 43

$&'() *+,./ 01345679: <

315
317
319
31;

4
3RVLWLRQ 0 <

$%%,/'81*#4:= 5HODWLYH#+lXILJNHLWHQ#GHU#$PLQRVlXUHQ#YRQ#6FKQLWWVWHOOHQVHTXHQ]HQ#LQ#GHQ#DQJHJHEHQHQ#
6HTXHQ]SRVLWLRQHQ#UHODWLY#]XU#6FKQLWWVWHOOH1



6FKQLWWVWHOOHQ#KXP
DQHU#6LJQDOSHSWLGH

76

#7$%(//(#41#5HODWLYH#+lXILJNHLW#GHU#$PLQRVlXUHQ#DQ#GHQ#3RVLWLRQHQ#UHODWLY#]XU#6FKQLWWVWHOOH#I�U#6FKQLWWVWHOOHQGDWHQ

3 4 5 6 7 9 : <
3/38 3/36 3 3/38 3 3/46 3 3/34

3/34 3/34 3/34 3/3: 3/36 3/38 3/34 3

3/34 3 3/34 3/45 3/3: 3/3; 3/37 3

3/34 3/35 3 3/36 3 3/3: 3/34 3

3/37 3 3 3/3; 3/36 3/4; 3/34 3

3/3< 3/3: 3 3/49 3/3: 3/37 3/37 3

3/46 3/37 3/39 3/37 3/44 3/3: 3/36 3

3 3/34 3 3/57 3/38 3/4: 3 3

3 3/45 3/36 3/44 3/37 3/3: 3/3: 3/36

3/36 3 3/34 3/3; 3/38 3 3 3

3 3/38 3/34 3/37 3/37 3/34 3 3/36

3/4: 3/38 3/36 3/44 3/38 3/44 3/34 3/34

3 4 5 6 7 9 : <
3/36 3/36 3/34 3/43 3/38 3/3: 3/35 3/34

3/38 3/37 3/35 3/43 3/38 3/3; 3/35 3/34

3/39 3/37 3/35 3/3< 3/38 3/3; 3/35 3/34

3/39 3/38 3/35 3/43 3/38 3/3; 3/35 3/34

3/39 3/38 3/36 3/3< 3/39 3/39 3/35 3/34

3/3: 3/38 3/36 3/3; 3/38 3/3: 3/35 3/35

3/39 3/38 3/36 3/3; 3/37 3/3: 3/34 3/36

3/3: 3/39 3/37 3/39 3/37 3/39 3/34 3/36

3/3; 3/38 3/37 3/39 3/38 3/38 3/34 3/36

3/3; 3/38 3/38 3/39 3/38 3/39 3/34 3/36

3/3< 3/38 3/38 3/39 3/38 3/3: 3/34 3/36

3/3; 3/38 3/38 3/39 3/38 3/3: 3/34 3/36
3RV1 $ & ' ( ) * + , . / 0 1
043 3/43 3/37 3 3 3/3: 3/34 3 3/38 3 3/76 3/34 3/34

0< 3/46 3/3; 3 3 3/38 3/37 3/34 3/38 3 3/75 3 3/34

0; 3/3; 3/3: 3 3/36 3/3; 3/3; 3/36 3/36 3 3/55 3/38 3/34

0: 3/3: 3/3: 3 3/36 3/3< 3/46 3/34 3/37 3/34 3/73 3/34 3

09 3/46 3/38 3 3 3/37 3/36 3/38 3/3; 3/34 3/59 3 3

08 3/4: 3/34 3/37 3/34 3/36 3/3< 3/36 3 3/36 3/44 3 3/36

07 3/3: 3/3: 3/36 3/3: 3/34 3/44 3 3/34 3/38 3/44 3/34 3

06 3/5; 3/3< 3 3 3 3/37 3 3/3: 3 3/38 3 3

05 3/3; 3 3/36 3/3; 3/34 3 3/3< 3/34 3/36 3/4; 3 3/37

04 3/8 3/38 3/34 3 3 3/57 3 3 3 3/36 3 3

4 3/45 3/3: 3/3; 3/43 3/37 3/3; 3/37 3/3< 3/3: 3/3< 3/37 3/34

5 3/37 3/37 3/3: 3/3; 3/38 3/36 3/34 3 3/37 3/34 3/37 3/38

7$%(//(#51#5HODWLYH#+lXILJNHLW#GHU#$PLQRVlXUHQ#I�U#1LFKW06FKQLWWVWHOOHQGDWHQ

3RV1 $ & ' ( ) * + , . / 0 1
043 3/49 3/39 3/35 3/36 3/37 3/3; 3/36 3/37 3/35 3/4< 3/34 3/34

0< 3/48 3/38 3/36 3/37 3/37 3/3; 3/36 3/36 3/35 3/48 3/35 3/34

0; 3/48 3/38 3/36 3/37 3/37 3/3; 3/36 3/36 3/36 3/46 3/34 3/35

0: 3/47 3/38 3/37 3/38 3/36 3/3; 3/36 3/36 3/36 3/4 3/35 3/35

09 3/47 3/38 3/37 3/39 3/36 3/3; 3/36 3/36 3/37 3/3; 3/35 3/35

08 3/45 3/38 3/38 3/3: 3/36 3/3; 3/36 3/36 3/38 3/3: 3/35 3/35

07 3/46 3/38 3/38 3/3: 3/36 3/3; 3/36 3/37 3/38 3/3: 3/35 3/36

06 3/43 3/37 3/39 3/3; 3/36 3/3; 3/36 3/37 3/38 3/3: 3/35 3/36

05 3/43 3/38 3/39 3/3; 3/36 3/3; 3/36 3/37 3/39 3/39 3/35 3/36

04 3/39 3/38 3/39 3/3< 3/36 3/3: 3/36 3/37 3/39 3/3: 3/35 3/36

4 3/38 3/37 3/38 3/3< 3/36 3/3: 3/36 3/37 3/3: 3/39 3/35 3/36

5 3/38 3/37 3/38 3/3; 3/36 3/3; 3/36 3/37 3/3; 3/3: 3/35 3/36



77 (UJHEQLVVH
71D1LLL 6FKZHUSXQNWDQDO\VH

'LH# 6FKZHUSXQNWDQDO\VH# HUODXEW# GLH# .ODVVLILNDWLRQ# YRQ# 'DWHQ# DXIJUXQG# QLFKW# NRUUHOLHUWHU
=XVDPPHQKlQJH/#G1K1#VLH# LVW#HLQ# OLQHDUHV#7UHQQYHUIDKUHQ1#'LH#+lXILJNHLWVYHUWHLOXQJ#GHU#DXI
GLH#6FKZHUSXQNWVJHUDGH#SURML]LHUWHQ#6FKQLWWVWHOOHQGDWHQ# LVW# LQ#$EELOGXQJ#4;#ZLHGHUJHJHEHQ1
7DEHOOH# 6# EHLQKDOWHW# GLH# GD]XJHK|ULJHQ#.RUUHODWLRQVNRHIIL]LHQWHQ# +FF0:HUWH,1#'LH# 6FKZHU0
SXQNWDQDO\VH#DOV#.ODVVLILNDWLRQVPHWKRGH#HUJLEW/#JHPLWWHOW#�EHU#GLH#GUHL#'DWHQVlW]H#GHU#.UHX]0
YDOLGLHUXQJ#XQG#HLQHU#ELQlUHQ#.RGLHUXQJ/#HLQHQ#.RUUHODWLRQVNRHIIL]LHQWHQ#YRQ#FF# #3/88#I�U#GLH
7HVWGDWHQ1#

6RPLW#ODVVHQ#VLFK#GLH#PHLVWHQ#6FKQLWWVWHOOHQVHTXHQ]HQ#GXUFK#HLQ#OLQHDUHV#7UHQQYHUIDKUHQ#YRQ
GHQ#1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ#XQWHUVFKHLGHQ1#'LH#6HSDUDWLRQVJHUDGH#EHILQGHW#VLFK#LQ#GHP
5730GLPHQVLRQDOHQ#5DXP/#GHU#YRQ#GHQ#YHUWHLOW#NRGLHUWHQ#$PLQRVlXUHQ#GHU#450$PLQRVlXUHQ
ODQJHQ#6HTXHQ]IHQVWHU#DXIJHVSDQQW#ZLUG1#'LH#$Q]DKO#GHU#]X#EHVWLPPHQGHQ#3DUDPHWHU# LVW# LP
9HUJOHLFK#]XU#$Q]DKO#GHU#YRUKDQGHQHQ#'DWHQ#JU|�HU#DOV#HV#I�U#HLQH#YHUOl�OLFKH#6WDWLVWLN#QRW0
ZHQGLJ# LVW1#(LQ#NOHLQHUHU#'DWHQUDXP#NDQQ#GXUFK# HLQH#.RGLHUXQJ#PLW#ZHQLJHU#'LPHQVLRQHQ
HUUHLFKW#ZHUGHQ/#MHGRFK#NDQQ#GDGXUFK#DXFK#NHLQH#EHVVHUH#.ODVVLILNDWLRQ#HUUHLFKW#ZHUGHQ1#'LH
$XVVDJHQ/#GLH#LQ#HLQHP#NOHLQHUHQ#'DWHQUDXP#HU]LHOW#ZHUGHQ/#VLQG#VWDWLVWLVFK#UHOHYDQWHU1

$%%,/'81*#4;= +LVWRJUDPP#GHU#3URMHNWLRQHQ#GHU#'DWHQSXQNWH#DXI#GLH#6FKZHUSXQNWJHUDGH>#GXQNHOJUDX#VLQG#
GLH#6LJQDOVHTXHQ]HQ/#KHOOJUDX#GLH##1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ1#,Q#GHU#REHUHQ#=HLOH#VLQG#GLH#GUHL#7UDLQLQJV0
VlW]H#LQ#GHU#XQWHUHQ#GLH#HQWVSUHFKHQGHQ#7HVWVlW]H#JH]HLJW1#'LH#6HSDUDWLRQVJHUDGH#NODVVLIL]LHUW#GLH#'DWHQSXQNWH#
OLQNV#YRQ#LKU#DOV#6FKQLWWVWHOOHQSXQNWH/#GLH#DQGHUHQ#DOV#1LFKW06FKQLWWVWHOOHQGDWHQSXQNWH1

4 5 6 7 8 9 : ; < 43

43
53

63

73

83
93

4 5 6 7 8 9 : ; < 43

53

73

93

;3

4 5 6 7 8 9 : ; < 43

53

73

93

4 5 6 7 8 9 : ; < 43
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4 5 6 7 8 9 : ; < 43
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58
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6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 78
71D1LY %D\HV03UHGLNWRU

(LQH#$XVZHUWXQJ#GHU#'DWHQ#QDFK#GHP#%D\HV03ULQ]LS#HUJDE#LQ#HLQHP#XQDEKlQJLJHQ#7HVWGDWHQ0
VDW]#HLQH#PLWWOHUH#9RUKHUVDJHJHQDXLJNHLW#YRQ#FF# #3/85#+7DEHOOH#7,1

71D1Y +DXSWNRPSRQHQWHQDQDO\VH#+3&$,

'LH#+DXSWNRPSRQHQWHQDQDO\VH# DOV# 6WDQGDUGYHUIDKUHQ# ]XU#8QWHUVXFKXQJ# YRQ#.RUUHODWLRQHQ
VROO#=XVDPPHQKlQJH#]ZLVFKHQ#HLQ]HOQHQ#$PLQRVlXUHQ#DQ#EHVWLPPWHQ#3RVLWLRQHQ#DXI]HLJHQ1
$EELOGXQJ#4<#]HLJW#GLH#3URMHNWLRQ#DOOHU#'DWHQSXQNWH#DXI#GLH#HUVWHQ#]ZHL#+DXSWNRPSRQHQWHQ
GHU#EHLGHQ#.ODVVHQ#+6FKQLWWVWHOOHQ0#XQG#1LFKW06FKQLWWVWHOOHQGDWHQ,1#

'HU#EHWUDFKWHWH#'DWHQUDXP#EHVWHKW#DXV#573#'LPHQVLRQHQ1#)�U# MHGH#GHU#45#3RVLWLRQHQ# LQ#GHU
6HTXHQ]#ZLUG#I�U#DOOH#53#$PLQRVlXUHQ#MHZHLOV#HLQH#'LPHQVLRQ#DXIJHVSDQQW1#'LH#HUVWHQ#EHLGHQ
+DXSWNRPSRQHQWHQ#FKDUDNWHULVLHUHQ#GLH#(EHQH#PLW#GHU#PD[LPDOHQ#6WUHXXQJ1#'LHVH#(EHQH#ZLUG
LQ#GHU#5HJHO#QLFKW#SDUDOOHO#]X#HLQHU#XUVSU�QJOLFKHQ#(EHQH#VHLQ1#'LH#EHLGHQ#HUVWHQ#+DXSWNRPSR0
QHQWHQ# N|QQHQ# VRPLW# QLFKW#PHKU# GLUHNW# EHVWLPPWHQ# $PLQRVlXUHQ# ]XJHRUGQHW# ZHUGHQ># VLH
UHSUlVHQWLHUHQ# YLHOPHKU# GLH# .RPELQDWLRQ# GHU# KlXILJVWHQ# $PLQRVlXUHQ1# 'LH# 6WUHXXQJ# GHU
6FKQLWWVWHOOHQGDWHQ# LVW#ZHVHQWOLFK#JU|�HU# DOV#GLH#GHU#1LFKW06FKQLWWVWHOOHQ1#(LQ#9HUJOHLFK#GHU
(LJHQZHUWH# +$EELOGXQJ# 53,#PLW# HLQHU# HQWVSUHFKHQGHQ# (LJHQZHUWDQDO\VH# YRQ# =XIDOOV]DKOHQ
HUJLEW/#GD�#GLH#HUVWHQ#EHLGHQ#(LJHQZHUWH#GHU#6LJQDOGDWHQ#XP#PHKU#DOV#43(#DEZHLFKHQ/#ZlK0
UHQG#DOOH#DQGHUHQ#:HUWH#XP#ZHQLJHU#DOV#<(#DEZHLFKHQ1#:HQQ/#ZLH# LQ#GLHVHP#%HLVSLHO/#GLH
$XVGHKQXQJ#GHU#'DWHQZRONHQ#VR#XQWHUVFKLHGOLFK#LVW/#KHL�W#GDV/#GD�#XQWHUVFKLHGOLFKH#$PLQR0
VlXUHQ#RGHU#DXFK#(LJHQVFKDIWHQ#I�U#GLH#'DWHQ#ZLFKWLJ#]XU#&KDUDNWHULVLHUXQJ#VLQG1#'LH#UHODWLY

7$%(//(#61##.RUUHODWLRQVNRHIIL]LHQWHQ#+FF,#GHU#6FKZHUSXQNWDQDO\VH#I�U#GLH#GUHL#'DWHQVlW]H#GHU#
.UHX]YDOLGLHUXQJ#XQG#GHUHQ#0LWWHOZHUWH1#(V#VLQG#GLH#:HUWH#I�U#7UDLQLQJ#XQG#7HVW#DQJHJHEHQ1

7HLO#4 7HLO#5 7HLO#6 0LWWHO
7UDLQLQJ 3/94 3/9: 3/8< 3/95

7HVW 3/93 3/8< 3/78 3/88

7$%(//(#71#.RUUHODWLRQVNRHIIL]LHQWHQ#+FF,#GHU#%D\HV#$QDO\VH#I�U#GLH#GUHL#'DWHQVlW]H#GHU#.UHX]YDOLGLHUXQJ#
+7HVW#4#ELV#6,#XQG#GHUHQ#0LWWHOZHUWH1#(V#VLQG#GLH#:HUWH#I�U#7UDLQLQJ#XQG#7HVW#DQJHJHEHQ1

7HLO#4 7HLO#5 7HLO#6 0LWWHO
7UDLQLQJ 3/<8 3/<7 3/<8 3/<8

7HVW 3/6< 3/86 3/96 3/85



79 (UJHEQLVVH
NOHLQHQ#8QWHUVFKLHGH#]ZLVFKHQ#GHQ#HUVWHQ#(LJHQZHUWHQ#GHU#1LFKW06FKQLWWVWHOOHQGDWHQ#Ol�W#DXI
HLQH#JOHLFKPl�LJHUH#9HUWHLOXQJ#VFKOLH�HQ1

'HU#%HWUDJ#GHU#(LJHQYHNWRUNRPSRQHQWHQ#+$EELOGXQJ#54,#HQWVSULFKW#GHP#%HLWUDJ#GHU#HQWVSUH0
FKHQGHQ#$PLQRVlXUH#DQ#HLQHU#EHVWLPPWHQ#3RVLWLRQ#GHU#6HTXHQ]#]X#GHU#MHZHLOLJHQ#(LJHQVFKDIW
+]1%1#6FKQLWWVWHOOH,1#-H#JU|�HU#GHU#%HWUDJ/#GHVWR#ZHLWHU#LVW#HLQ#'DWHQSXQNW#YRP#.RRUGLQDWHQXU0
VSUXQJ#EHL#GHU#3URMHNWLRQ#DXI#GLH#+DXSWNRPSRQHQWH#HQWIHUQW/#XQG#GHVWR#HLQIDFKHU# LVW#HU#YRQ
]1%1#1LFKW06FKQLWWVWHOOHQGDWHQ#]X#XQWHUVFKHLGHQ1#%HL#GHQ#6LJQDOVHTXHQ]HQ#VLQG#GLH#$PLQRVlX0
UHQ#PLW#GHP#JU|�WHQ#$QWHLO#HQWODQJ#GHU#HUVWHQ#+DXSWNRPSRQHQWH#GLH#K\GURSKREHQ#$PLQRVlX0
UHQ#/HXFLQ#DQ#3RVLWLRQ#0<#XQG#$ODQLQ#DQ#06#XQG#041#(QWODQJ#GHU#]ZHLWHQ#+DXSWNRPSRQHQWH#VLQG
HV#GLH#HEHQIDOOV#K\GURSKREHQ#$PLQRVlXUHQ#/HXFLQ#DQ#043#XQG#0:#VRZLH#$ODQLQ#DQ#041#*O\FLQ

$%%,/'81*#4<= #3URMHNWLRQ#GHU#'DWHQSXQNWH#+ELQlUH#.RGLHUXQJ,#DXI#GLH#EHLGHQ#HUVWHQ#+DXSWNRPSRQHQWHQ#GHU#
6LJQDOVHTXHQ]HQ#+OLQNV,#XQG#GHU#1LFKW06LJQDOVHTXHQ]HQ#+UHFKWV,1#'LH#6LJQDOVHTXHQ]HQ#VLQG#GXUFK#NOHLQH#.UHLVH#
GDUJHVWHOOW/#GLH#1LFKW06LJQDOVHTXHQ]HQ#GXUFK#NOHLQH#'UHLHFNH1

05 0418 04 0318 318 4 418 5

05

0418

04

0318

318

4

418

5

05 0418 04 0318 318 4 418 5
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$%%,/'81*#53= (LJHQZHUWH#GHU#6FKQLWWVWHOOHQGDWHQ#+OLQNV,#XQG#1LFKW06FKQLWWVWHOOHQGDWHQ#+UHFKWV,#LP#9HUJOHLFK
]X#MHZHLOV#GHU#JOHLFKHQ#$Q]DKO#YRQ#=XIDOOV0'DWHQ#+JHVWULFKHOWH#/LQLHQ,1

83 433 483 533
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83 433 483 533
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315
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6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 7:
DQ#04#KDW#HEHQIDOOV#HLQHQ#JUR�HQ#$QWHLO/#MHGRFK#QLFKW#LQ#.RPELQDWLRQ#PLW#/HXFLQ#DQ#043#XQG#0:1
'D#GDV#3XQNWSURGXNW#]ZLVFKHQ#'DWHQYHNWRU###XQG#(LJHQYHNWRU#GHQ#.RRUGLQDWHQDEVFKQLWW#GHU
[0$FKVH#HUJLEW/#ZLUG#EHL#HLQHU#6HTXHQ]#/;;/;;;;;*;;#GHU#:HUW#QLHGULJHU#DXVIDOOHQ1#(V
N|QQHQ#VR#IROJHQGH#6HTXHQ]HQ#DOV#W\SLVFKH#6FKQLWWVWHOOHQVHTXHQ]HQ#EHVWLPPW#ZHUGHQ=

%HL#GHQ#1LFKW06LJQDOVHTXHQ]HQ# IDOOHQ#YRU# DOOHP#GLH#$PLQRVlXUHQ#*OXWDPLQ#XQG#*OXWDPLQ0
VlXUH# VRZLH# $ODQLQ/# 9DOLQ# XQG# /HXFLQ# DXI1# 'LH#:HUWH# GHU# (LJHQYHNWRUNRPSRQHQWHQ# VLQG
MHGRFK#QLFKW# VR#JUR�#ZLH#EHL#GHQ#6LJQDOVHTXHQ]HQ/#KDEHQ# DOVR# HLQHQ# NOHLQHUHQ#%HLWUDJ# ]XU
*HVDPWODJH1#$XV#$EELOGXQJ#4<#HUJLEW#VLFK#MHGRFK/#GD�#GLHVH#(LJHQVFKDIWHQ#QLFKW#UHOHYDQW#I�U
GLH#%HVFKUHLEXQJ#GHU#6LJQDOVHTXHQ]HQ#VLQG/#GD#KLHU#GLH#$XVGHKQXQJ#HQWODQJ#GHU#$FKVHQ#QXU
PLQLPDO#LVW1#(V#N|QQHQ#WURW]GHP#QRFK#GLH#.RQVHQVXVVHTXHQ]HQ/#GLH#VLFK#DXV#GHQ#(LJHQYHNWR0
UHQ#HUJHEHQ/#DEJHOHLWHW#ZHUGHQ=

0317
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315

317
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315

317

319

0317

0315

315

317
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0317
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315
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$%%,/'81*#54= (LJHQYHNWRUHQ#GHU#HUVWHQ#+D/#F,#XQG#]ZHLWHQ#+E/#G,#+DXSWNRPSRQHQWHQ#GHU#6LJQDOVHTXHQ]HQ#+D/#
E,#XQG#GHU#1LFKW06LJQDOVHTXHQ]HQ#+F/#G,#EHL#HLQHU#YHUWHLOWHQ#.RGLHUXQJ#GHV#45HU0)HQVWHUV1

043#0<###0;###0:#09###08###07###06###05###04###4####5 043#0<###0;###0:#09###08###07###06###05###04###4####5

043#0<###0;###0:#09###08###07###06###05###04###4####5043#0<###0;###0:#09###08###07###06###05###04###4####5
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$%%,/'81*#55= 7\SLVFKH#6FKQLWWVWHOOHQVHTXHQ]HQ/#GLH#VLFK#DXV#GHU#
+DXSWNRPSRQHQWHQDQDO\VH#HUJHEHQ1#%↓%#JLEW#KLHUEHL#GLH#3RVLWLRQ#GHU#
6FKQLWWVWHOOH#DQ1



7; (UJHEQLVVH
'LHVH#6HTXHQ]HQ#VROOWHQ#QLFKW#YRQ#GHU#6LJQDOSHSWLGDVH#JHVSDOWHQ#ZHUGHQ1

(LQH#7UHQQXQJ#GHU#EHLGHQ#.ODVVHQ#LVW#PLW#GLHVHU#0HWKRGH#MHGRFK#QLFKW#P|JOLFK1#'LH#3URMHNWLRQ
DXI#GLH#HUVWHQ#EHLGHQ#+DXSWNRPSRQHQWHQ#HUP|JOLFKW#QXU#GLH#9LVXDOLVLHUXQJ#YRQ#SDDUZHLVHQ
.RUUHODWLRQHQ1

71D1YL 0DKDODQRELV0'LVWDQ]DQDO\VH

0LW#GHU#0DKDODQRELV0'LVWDQ]DQDO\VH#ODVVHQ#VLFK#]ZHL#'DWHQPHQJHQ#GXUFK#HOOLSVRLGH#)XQNWLR0
QHQ#XP#GLH#6FKZHUSXQNWH#GHU#MHZHLOLJHQ#'DWHQZRONHQ#FKDUDNWHULVLHUHQ#XQG#GDPLW#YRQHLQDQGHU
XQWHUVFKHLGHQ1#6LH#LVW#DOV#HLQH#(UZHLWHUXQJ#GHU#+DXSWNRPSRQHQWHQDQDO\VH#XP#GLH#.ODVVLILNDWL0
RQVP|JOLFKNHLW#]X#YHUVWHKHQ1#'LH#'DWHQ#ZHUGHQ#PLW#GHQ#ELQlUHQ#(LJHQVFKDIWHQ#NOHLQ#XQG#SRVL0
WLY#NRGLHUW/#XP#GHQ#'DWHQUDXP#NOHLQ#]X#KDOWHQ/#GDPLW#HLQH# ,QYHUVLRQ#GHU#.RUUHODWLRQVPDWUL[
P|JOLFK# LVW1#+LHU# ODVVHQ#VLFK#GLH#'DWHQ#JXW#XQWHUVFKHLGHQ/#GLH#]XU#%HVWLPPXQJ#GHV#6\VWHPV
YHUZHQGHW#ZXUGHQ1#(LQH#9HUDOOJHPHLQHUXQJ# LVW# MHGRFK#QXU#VFKOHFKW#P|JOLFK# +7DEHOOH#8,1#(V
ZXUGH#HLQH#.UHX]YDOLGLHUXQJ#PLW#GUHL#'DWHQWHLOHQ#GXUFKJHI�KUW#XQG#DQVFKOLH�HQG#�EHU#GLH#GUHL
(UJHEQLVVH#JHPLWWHOW1

71D1YLL .�QVWOLFKH#1HXURQDOH#1HW]H

%LVKHU#NRQQWH#NHLQH#]XIULHGHQVWHOOHQGH#.ODVVLILNDWLRQ#GHU#6FKQLWWVWHOOHQGDWHQ#YRQ#GHQ#1LFKW0
6FKQLWWVWHOOHQGDWHQ#HUUHLFKW#ZHUGHQ1#$OOH#ELVKHU#YHUZHQGHWHQ#0HWKRGHQ#]HLJWHQ/#GD�#HLQH#VRO0
FKH#.ODVVLILNDWLRQ#QXU#ELV#]X#HLQHP#EHVWLPPWHQ#*UDG#P|JOLFK#LVW1#(V#ZLUG#MHW]W#HLQH#0HWKRGH
DQJHZHQGHW#ZHUGHQ/#GLH#HLQH#JHHLJQHWH#.RGLHUXQJ#GHU#'DWHQ#EHU�FNVLFKWLJW/#XP#HLQH#I�U#GHQ
NOHLQHQ#'DWHQVDW]#DXVUHLFKHQGH#VWDWLVWLVFKH#5HOHYDQ]#]X#HUODQJHQ1#

7$%(//(#81#.RUUHODWLRQVNRHIIL]LHQWHQ#+FF,#GHU#0DKDODQRELV0'LVWDQ]DQDO\VH#I�U#GLH#GUHL#'DWHQVlW]H#GHU#
.UHX]YDOLGLHUXQJ#XQG#GHUHQ#0LWWHOZHUWH1#(V#VLQG#GLH#:HUWH#I�U#7UDLQLQJ#XQG#7HVW#DQJHJHEHQ1

7HLO#4 7HLO#5 7HLO#6 0LWWHO
7UDLQLQJ 3/;4 3/;4 3/;3 3/;4

7HVW 3/4< 3/64 3/57 3/58

////$*$$$43&
$.9'(.3.,***
9$/$('*'&*(4
$/$/$($(*9*&

$%%,/'81*#56= 7\SLVFKH#1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ/#GLH#VLFK#DXV#
GHU#+DXSWNRPSRQHQWHQDQDO\VH#HUJHEHQ1#%↓%#JLEW#KLHUEHL#GLH#3RVLWLRQ#GHU#
6FKQLWWVWHOOH#DQ1



6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 7<
)�U# HLQH#ZHLWHUJHKHQGH#$QDO\VH# ]XU#0HUNPDOVDQDO\VH# GHU# 6FKQLWWVWHOOHQVHTXHQ]HQ#ZXUGHQ
.�QVWOLFKH# 1HXURQDOH# 1HW]H# +.11,# YHUZHQGHW1# 'DEHL# ZXUGHQ# VRZRKO# GLH# /HUQVWUDWHJLHQ
+.DSLWHO#61J1LY,#DOV#DXFK#YHUVFKLHGHQH#1HW]W\SHQ#DQJHZHQGHW1#(V#ZHUGHQ#YHUJOHLFKHQGH#8QWHU0
VXFKXQJHQ# ]XU#/HUQVWUDWHJLH/# ]XU#.RGLHUXQJ# +.11# YV1#$&1,# XQG# ]XU#1HW]ZHUNDUFKLWHNWXU
GXUFKJHI�KUW1#'LH#(UJHEQLVVH#GHU#1HW]H#PLW#DGDSWLYHU#.RGLHUXQJ#HUODXEHQ#DXFK#ZHLWHUJHKHQGH
8QWHUVXFKXQJHQ#EH]�JOLFK#GHU# UHOHYDQWHQ#(LJHQVFKDIWHQ#XQG#3RVLWLRQHQ# LQ#GHU#EHWUDFKWHWHQ
6HTXHQ]1#'LH#.RKRQHQQHW]H#OLHIHUQ#Q�W]OLFKH#5HVXOWH/#GLH#EHL#GHU#%HXUWHLOXQJ#GHV#'DWHQVDW]HV
YRQ#%HGHXWXQJ# VLQG1#'LH#JHZRQQHQHQ#(UNHQQWQLVVH#ZXUGHQ#]XU#9RUKHUVDJH#YRQ#P|JOLFKHQ
6FKQLWWVWHOOHQVHTXHQ]HQ#DXI#GHP#:RUOG#:LGH#:HE#+:::,#]XU#9HUI�JXQJ#JHVWHOOW1

71D1YLL1, /HUQVWUDWHJLHQ

(V#ZXUGH#GLH#/HLVWXQJ#]ZHLHU#/HUQDOJRULWKPHQ# I�U#.�QVWOLFKH#1HXURQDOH#1HW]H#YHUJOLFKHQ1
'DEHL# ZXUGHQ# YHUVFKLHGHQH# ELQlUH# .RGLHUXQJHQ# YHUZHQGHW/# ZDV# DXI# GHU# HLQHQ# 6HLWH# HLQH
JHULQJH#$Q]DKO#YRQ#3DUDPHWHUQ#JDUDQWLHUW/#]XP#DQGHUHQ#GHQ#5HFKHQDXIZDQG#JHULQJ#KlOW1#'LH
DFKW#SK\VLNRFKHPLVFKHQ#(LJHQVFKDIWHQ#QDFK#7D\ORU#+NOHLQ/#VHKU#NOHLQ/#DOLSKDWLVFK/#DURPDWLVFK/
K\GURSKRE/#QHJDWLY/#SRODU#XQG#SRVLWLY,#>44;@#XQG#DOOH#SDDUZHLVHQ#9HUNQ�SIXQJHQ#ZHUGHQ#YHU0
ZHQGHW1

(LQH# +4/ 53,# (YROXWLRQVVWUDWHJLH# XQG# GHU# %DFNSURSDJDWLRQ0$OJRULWKPXV# ZXUGHQ# �EHU# 533
EH]LHKXQJVZHLVH#�EHU#833#*HQHUDWLRQHQ# MHZHLOV#PLW#HLQHU#$QIDQJVOHUQUDWH#YRQ#σ# #318# WUDL0
QLHUW1#'LH#ZHLWDXV#PHLVWHQ#1HW]H#NRQYHUJLHUHQ#QDFK#GLHVHU#=HLW1#1DFK#GHP#7UDLQLQJ#HLQHV#1HW0
]HV#ZXUGH#GDV#1HW]#PLW#GHP#EHVWHQ#7HVWHUJHEQLV#YHUZHQGHW/#XP#GLH#.RUUHODWLRQVNRHIIL]LHQWHQ
+FF0:HUWH,# I�U#7UDLQLQJ# XQG#7HVW# ]X# EHUHFKQHQ1#(V#ZXUGH# HLQH# GUHLIDFKH#.UHX]YDOLGLHUXQJ
GXUFKJHI�KUW1#$OOH#5HFKQXQJHQ#ZHUGHQ#GUHLPDO#ZLHGHUKROW#XQG#�EHU#GLH#QHXQ#:HUWH#JHPLWWHOW1
'LH#JHPLWWHOWHQ#FF# +7HVW,#:HUWH#VLQG# I�U#GLH#YHUVFKLHGHQHQ#.RGLHUXQJHQ# LQ#7DEHOOH#9#XQG#:
]XVDPPHQJHID�W1#



83 (UJHEQLVVH
'LH#9DULDQ]HQ#+V5,#GHU#.RUUHODWLRQVNRHIIL]LHQWHQ#OLHJHQ#]ZLVFKHQ#V5# #3/336#XQG#V5 = 3/3591
'LH#7UDLQLQJVZHUWH#VLQG#]XP#7HLO#HUKHEOLFK#EHVVHU#DOV#GLH#7HVWZHUWH/#GLH#KLHU#DXIJHI�KUW#VLQG/
MHGRFK#LVW#GDV#7HVWHUJHEQLV#HQWVFKHLGHQG#I�U#GLH#%HZHUWXQJ#GHU#*HQHUDOLVLHUXQJVIlKLJNHLW1#

4XDOLWDWLY#JLEW#HV#NHLQH#8QWHUVFKLHGH#]ZLVFKHQ#GHQ#(UJHEQLVVHQ#GHU#EHLGHQ#/HUQDOJRULWKPHQ1
6R#HUJDEHQ#VLFK#LQ#EHLGHQ#)lOOHQ#PLW#GHU#.RPELQDWLRQ#DXV#ÄSRODU³#XQG#ÄNOHLQ³#GLH#EHVWHQ#7HVW0
ZHUWH1#$XFK#GLH#(LJHQVFKDIWHQ#ÄVHKU#NOHLQ³#XQG#ÄDOLSKDWLVFK³#DOV#(LQ]HONRGLHUXQJHQ#ZLHVHQ
JXWH#:HUWH#DXI1#1XU#ZHQQ#GLH#9RUKHUVDJHJHQDXLJNHLW#VHKU#NOHLQ#ZLUG/#OLHIHUW#GHU#%DFNSURSDJD0
WLRQ0$OJRULWKPXV#EHVVHUH#:HUWH1#'LH#$XVVDJH/#GD�#HLQH#NRUUHNWH# ,GHQWLIL]LHUXQJ#GHU#7HVWVH0
TXHQ]HQ#QLFKW#P|JOLFK#LVW/#ZLUG#GDGXUFK#MHGRFK#QLFKW#EHHLQIOX�W1

'LH#(YROXWLRQVVWUDWHJLH# OLHIHUW#HWZDV#EHVVHUH#5HVXOWDWH# LP#9HUJOHLFK#]XP#%DFNSURSDJDWLRQ0
$OJRULWKPXV1#)�U#HLQH#YROOVWlQGLJH#.ODVVLILNDWLRQ#VLQG#MHGRFK#FF0:HUWH#QDKH#(LQV#HUIRUGHUOLFK1

7$%(//(#91#/HUQVWUDWHJLH=#+4/53,0(YROXWLRQVVWUDWHJLH1#.RUUHODWLRQVNRHIIL]LHQWHQ#GHU#7HVWOlXIH1#V# #NOHLQ#+VPDOO,>#
W# #VHKU#NOHLQ#+WLQ\,>#DOS# #DOLSKDWLVFK>#DUR# #DURPDWLVFK>#K# #K\GURSKRE>#QHJ# #QHJDWLY>#SRO# #SRODU>#SRV# #SRVLWLY1

V W DOS DUR K QHJ SRO SRV
3/65 3/79 3/76 3/38 3/4; 3/37 3/5; 3/37

V 3/65 0 3/7< 3/73 3/63 3/79 3/78 3/8: 3/65

W 3/79 0 3/76 3/63 3/56 3/6< 3/43 3/58

DOS 3/76 0 3/76 3/6: 3/38 3/4: 3/56

DUR 3/38 0 3/56 3/3< 3/64 3/6<

K 3/4; 0 3/65 3/5; 3/66

QHJ 3/37 0 3/38 3/48

SRO 3/5; 0 3/73

SRV 3/37 0

7$%(//(#:1#/HUQVWUDWHJLH=#%DFNSURSDJDWLRQ0$OJRULWKPXV1#V# #NOHLQ#+VPDOO,>#W# #VHKU#NOHLQ#+WLQ\,>#DOS# #
DOLSKDWLVFK>#DUR# #DURPDWLVFK>#K# #K\GURSKRE>#QHJ# #QHJDWLY>#SRO# #SRODU>#SRV# #SRVLWLY1

V W DOS DUR K QHJ SRO SRV
3/57 3/73 3/69 3/43 3/36 3/3: 3/53 3/45

V 3/57 0 3/75 3/68 3/54 3/77 3/68 3/78 3/56

W 3/73 0 3/66 3/58 3/47 3/5; 3/4; 3/43

DOS 3/69 0 3/66 3/5: 3/38 3/47 3/3<

DUR 3/43 0 3/43 3/47 3/5; 3/55

K 3/36 0 3/54 3/5: 3/5:

QHJ 3/3: 0 3/3< 3/3;

SRO 3/53 0 3/65

SRV 3/45 0



6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 84
71D1YLL1,, 9HUJOHLFK#YRQ#.RGLHUXQJVPHWKRGHQ

(LQH#9LHO]DKO#YRQ#([SHULPHQWHQ#ZXUGH#GXUFKJHI�KUW/#XP#GHQ#(LQIOX�#YRQ#XQWHUVFKLHGOLFKHQ
.RGLHUXQJVPHWKRGHQ#DXI#GLH#1HW]J�WH#]X#XQWHUVXFKHQ1#'LH#5HVXOWDWH#GLHVHU#([SHULPHQWH#VLQG
LQ#7DEHOOH#;#ZLHGHUJHJHEHQ1#-HGHV#([SHULPHQW#EHVWHKW#DXV#]ZHL#6FKULWWHQ=#41#GHP#7UDLQLQJ#GHV
1HXURQDOHQ#1HW]HV# I�U# MHGHQ#GHU#GUHL#.UHX]YDOLGLHUXQJV#7UDLQLQJVVlW]H#XQG# 51#GHU#%HVWLP0
PXQJ#GHV#.RUUHODWLRQVNRHIIL]LHQWHQ# I�U#GLH#7UDLQLQJV#XQG#7HVWGDWHQ1#(V#ZXUGHQ# MHZHLOV# 63
([SHULPHQWH#+<3#1HW]ZHUNH,#EHUHFKQHW1

'LH#HUVWHQ#I�QI#=HLOHQ#]HLJHQ#GLH#(UJHEQLVVH/#GLH#PLW#GUHL#XQWHUVFKLHGOLFKHQ#.RGLHUXQJVDQVlW0
]HQ#XQG#HLQHU#3HU]HSWURQ#1HW]DUFKLWHNWXU#HU]HXJW#ZXUGHQ1#'LH#=HLOHQ#VHFKV#ELV#48#YHUZHQGHQ
GHQ#JOHLFKHQ#.RGLHUXQJVDQVDW]#ZLH#GLH#=HLOHQ#HLQV#ELV# I�QI/# MHGRFK#PLW#HLQHP#]ZHL0ODJLJHQ
1HW]#PLW#GUHL#+=HLOHQ#8#ELV#43,#XQG#I�QI#+=HLOHQ#44#ELV#48,#+LGGHQVFKLFKWHQ1#'HU#.RUUHODWLRQV0
NRHIIL]LHQW#+FF,#XQG#GLH#6WDQGDUGDEZHLFKXQJ/#JHPLWWHOW#�EHU#<3#1HW]H#+63#([SHULPHQWH,/#VLQG
I�U# 7UDLQLQJ# XQG# 7HVW# GDUJHVWHOOW1#'HVZHLWHUHQ#ZLUG# GHU#5HFKHQDXIZDQG/# GHU# VLFK# DXV# GHU
$Q]DKO#GHU#EHUHFKQHWHQ#0XOWLSOLNDWLRQHQ#LQ#7DXVHQG#HUJLEW/#XQG#GLH#$Q]DKO#GHU#IUHLHQ#3DUDPH0
WHU/#GLH#RSWLPLHUW#ZHUGHQ#PX�WHQ/#DQJHJHEHQ1#(LQV/#]ZHL#XQG#GUHL#.RGLHUXQJVYHNWRUHQ#ZXUGHQ
I�U#GLH#DGDSWLYH#.RGLHUXQJ#+$&1,#YHUZHQGHW1



85 (UJHEQLVVH
'LH#EHVWHQ#9RUKHUVDJHHUJHEQLVVH#ODVVHQ#VLFK#PLW#GHU#$GDSWLYHQ#.RGLHUXQJ/#3HU]HSWURQ#$UFKL0
WHNWXU#XQG#GUHL#.RGLHUXQJVYHNWRUHQ#HU]LHOHQ#+=HLOH#I�QI,1#8QDEKlQJLJ#YRQ#GHU#1HW]ZHUNDUFKL0
WHNWXU# ZHUGHQ# PLW# GHU# $&1# 0HWKRGH# EHVVHUH# 9RUKHUVDJHQ# HU]LHOW# DOV# PLW# DQGHUHQ
.RGLHUXQJVPHWKRGHQ1#'HU#7UDLQLQJVGDWHQVDW]#ZLUG# DP# EHVWHQ#PLW#GHU#YHUWHLOWHQ#.RGLHUXQJ
ZLHGHUJHJHEHQ/# MHGRFK#VLQG#GLH#7HVWHUJHEQLVVH#QLFKW#EHVVHU#DOV#PLW#GHU#$&1#0HWKRGH1#+LQ0
VLFKWOLFK#GHV#5HFKHQDXIZDQGHV#LVW#GLH#YHUWHLOWH#.RGLHUXQJ#+=HLOHQ#4/#9/#44,#;#ELV#45#PDO#DXI0
ZHQGLJHU#DOV#YHUJOHLFKEDUH#$QVlW]H#PLW#ZHQLJHU#3DUDPHWHUQ#+=HLOHQ#6/#;/#46,1

7$%(//(#;1##(UJHEQLVVH#GHU#1HXURQDOHQ#1HW]H#I�U#YHUVFKLHGHQH#.RGLHUXQJVDQVlW]H#XQG#1HW]DUFKLWHNWXUHQ1#(V#
VLQG#GLH#PLWWOHUHQ#.RUUHODWLRQVNRHIIL]LHQWHQ#+FF,#I�U#7UDLQLQJ#+7UDLQ,#XQG#7HVWOlXIH#+7HVW,#VRZLH#GHUHQ#
6WDQGDUGDEZHLFKXQJ#+V,#DQJHJHEHQ1#'HU#5HFKHQDXIZDQG#ZXUGH#DOV#$Q]DKO#GHU#]X#EHUHFKQHQGHQ#0XOWLSOLNDWLRQHQ#
LQ#4333#EHUHFKQHW1#'LH#$Q]DKO#GHU#IUHLHQ#3DUDPHWHU#JLEW#GLH#.RPSOH[LWlW#GHV#1HW]HV#ZLHGHU1

=HLOH#
1HW]0#

DUFKLWHNWXU .RGLHUXQJ
FF#

+7UDLQ,
V

+7UDLQ,
#FF#
+7HVW,

V
+7HVW,

5HFKHQDXI
ZDQG#
>-4333@

$Q]DKO#GHU#
IUHLHQ#

3DUDPHWHU
3HU]HSWURQ

4 YHUWHLOW 3/<9 3/37 3/85 3/3< ::/: 574

5 9RO2+\G2
3RO

3/:; 3/39 3/7; 3/3; 44/: 6:

6 40.RGH 3/:; 3/3: 3/85 3/3; 43/7 66

7 50.RGHV 3/<4 3/39 3/88 3/43 53/;4 98

8 60.RGHV 3/<6 3/39 3/89 3/43 65/4 <:

50ODJLJ

9 60KLGGHQ#
VFKLFKWHQ

YHUWHLOW 3/<4 3/3< 3/78 3/43 4:3/4 :5;

: 9RO2+\G2
3RO

3/;; 3/3; 3/6; 3/43 59/7 449

; 40.RGH 3/:7 3/44 3/83 3/47 46/< 96

< 50.RGHV 3/;; 3/46 3/88 3/48 5:/3 44<

43 60.RGHV 3/<6 3/39 3/87 3/3< 6:/: 4:8

44 80KLGGHQ#
VFKLFKWHQ

YHUWHLOW 3/<5 3/45 3/74 3/44 5:3/5 4545

45 9RO2+\G2
3RO

3/<3 3/3: 3/6< 3/44 78/7 4<5

46 40.RGH 3/:: 3/3; 3/86 3/44 4</9 <4

47 50.RGHV 3/;< 3/3< 3/87 3/44 6:/6 4:4

48 60.RGHV 3/<4 3/3; 3/7; 3/46 8:/4 584



6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 86
'LH#(LQI�KUXQJ#YRQ#+LGGHQVFKLFKWHQ#YHUEHVVHUW#GLH#(UJHEQLVVH#GHU#HLQGLPHQVLRQDOHQ#.RGLH0
UXQJ# LP#9HUJOHLFK#]XU#3HU]HSWURQ#$UFKLWHNWXU#QLFKW1#%HL#GHU#SK\VLNRFKHPLVFKHQ#.RGLHUXQJ
YHUEHVVHUQ#VLFK#GLH#(UJHEQLVVH#GHU#7UDLQLQJVOlXIH# LP#0LWWHO#XQWHU#9HUZHQGXQJ#NRPSOH[HUHU
1HW]ZHUNH/#MHGRFK#YHUVFKOHFKWHUQ#VLFK#JOHLFK]HLWLJ#GLH#7HVWHUJHEQLVVH1#+=HLOHQ#5/#:/#45,1

,P# DOOJHPHLQHQ# HUK|KWH# VLFK# GLH# =XYHUOl�OLFKNHLW# YRQ# 9RUKHUVDJHV\VWHPHQ#PLW# VLQNHQGHU
$Q]DKO#YRQ#IUHLHQ#3DUDPHWHUQ1#'LHV#ZXUGH#GHXWOLFK#DP#NOHLQHU#ZHUGHQGHQ#8QWHUVFKLHG#]ZL0
VFKHQ#FF#+7UDLQ,#XQG#FF#+7HVW,1#9LHU#1HW]H#EHVD�HQ#HLQHQ#NOHLQHUHQ#8QWHUVFKLHG#DOV#DOOH#DQGH0
UHQ#1HW]H># GDV# LVW# GDV#1HW]#PLW# 3HU]HSWURQ#$UFKLWHNWXU# XQG# SK\VLNRFKHPLVFKHU#.RGLHUXQJ
+=HLOH#5,#XQG#GLH#GUHL#$&1#$UFKLWHNWXUHQ#PLW#HLQHP#.RGLHUXQJVYHNWRU#+=HLOHQ#6/#;/#46,1

'D#GLH#ELV#KLHUKHU#YHUZHQGHWHQ#:9#6HTXHQ]GDWHQ#QLFKW#DXVUHLFKWHQ/#XP#HLQH#]XIULHGHQVWHOOHQGH
bKQOLFKNHLW# ]ZLVFKHQ# FF# +7UDLQ,# XQG# FF# +7HVW,# ]X# HU]LHOHQ/#ZXUGH# HLQ#ZHVHQWOLFK# JU|�HUHU
'DWHQVDW]#YRQ#1LHOVHQ#HW#DO1# >;3@#YHUZHQGHW1#'LHVHU#'DWHQVDW]#XPID�W#749#6FKQLWWVWHOOHQVH0
TXHQ]HQ/#GLH#DXV#GHU#6:,663527#'DWHQEDQN#VWDPPHQ#XQG#QLFKW0KRPRORJ#VLQG1#-HGRFK#VLQG
GLHVH#'DWHQ# QLFKW# H[SOL]LW# DXI# H[SHULPHQWHOOH#+LQZHLVH# XQWHUVXFKW#ZRUGHQ/# ZDV# DXV# REHQ
JHQDQQWHQ#*U�QGHQ#ZLFKWLJ# I�U#HLQH#$XVVDJH# LVW1#'HU#=XVDPPHQKDQJ#]ZLVFKHQ#$Q]DKO#GHU
3DUDPHWHU# XQG#$Q]DKO# GHU#7UDLQLQJVVHTXHQ]HQ#ZLUG# LQ#$EELOGXQJ# 57#ZLHGHUJHJHEHQ1#+LHU
VLQG#GLH#�EHU#<#%HUHFKQXQJHQ#JHPLWWHOWHQ#FF0:HUWH#I�U#7UDLQLQJ#XQG#7HVW#�EHU#GLH#$Q]DKO#GHU
7UDLQLQJVVHTXHQ]HQ# I�U#HLQHQ#XQG#]ZHL#.RGLHUXQJVYHNWRUHQ#HLQHV#$&1#DEJHELOGHW1#)�U#GHQ
HLQGLPHQVLRQDOHQ#)DOO#+HLQ#.RGLHUXQJVYHNWRU,#PLW#66#*HZLFKWHQ#UHLFKHQ#HWZD#533#6HTXHQ]HQ
+9243,#DOV#7UDLQLQJVGDWHQ/#XP#NRQVLVWHQWH#7UDLQLQJV0#XQG#7HVWHUJHEQLVVH#]X#SURGX]LHUHQ1#0HKU
IUHLH#3DUDPHWHU#+]ZHL#.RGLHUXQJHQ,#EHG�UIHQ#PHKU#6HTXHQ]EHLVSLHOH1#.RQVLVWHQWH#(UJHEQLVVH
ZHUGHQ#LP#)DOOH#GHU#]ZHL#.RGLHUXQJYHNWRUHQ#HUVW#PLW#GHP#IDVW#YROOVWlQGLJHQ#'DWHQVDW]#HUKDO0
WHQ1



87 (UJHEQLVVH
1DFK#YRQ#+HLMQH#>67@#VLQG#DQ#GHU#3RVLWLRQ#04#UHODWLY#]XU#6FKQLWWVWHOOH#QXU#NOHLQH#K\GURSKREH
$PLQRVlXUHQ# HUODXEW1# 'HVKDOE# VLQG# GLH# $PLQRVlXUHQ# $VSDUDJLQ/# *OXWDPLQ/# 3KHQ\ODODQLQ/
/\VLQ/# $VSDUDJLQVlXUH/# *OXWDPLQVlXUH/# $UJLQLQ# XQG# 7U\SWRSKDQ# DQ# GLHVHU# 3RVLWLRQ# VHKU
XQZDKUVFKHLQOLFK1#,Q#7DEHOOH#<#VLQG#GLH#+lXILJNHLWHQ#GHU#$PLQRVlXUHQ#DQ#JHQDX#GLHVHU#3RVL0
WLRQ#DXIJHOLVWHW1#1LPPW#PDQ#GLH#+lXILJNHLW#GHU#XQZDKUVFKHLQOLFKHQ#$PLQRVlXUHQ#DQ#GHU#3RVL0
WLRQ# 04#DOV#4XDOLWlWVNULWHULXP/#VR#VLQG#519(#GHU#H[SHULPHQWHOO#YHULIL]LHUWHQ#'DWHQ# IHKOHUKDIW/
JHJHQ�EHU#61;(#LP#QLFKW#KRPRORJHQ#'DWHQVDW]#YRQ#1LHOVHQ#HW#DO1#XQG#614(#LQ#GHU#JHVDPWHQ
6:,6635271#$VSDUDJLQVlXUH# XQG# 7\URVLQ# VLQG# GLH# HLQ]LJHQ#$PLQRVlXUHQ/# GLH# LQ# NHLQHP
'DWHQVDW]#DQ#GHU#3RVLWLRQ#04#YRUNRPPHQ1#

$%%,/'81*#57= .RUUHODWLRQVNRHIIL]LHQW#YRQ#7UDLQLQJ#XQG#7HVW#LQ#$EKlQJLJNHLW#YRQ#GHU#$Q]DKO#GHU#'DWHQ0
SXQNWH#I�U#HLQ#$&1#PLW#HLQHU#XQG#]ZHL#DGDSWLYHQ#.RGLHUXQJHQ1#(LQ#'DWHQVDW]#YRQ#1LHOVHQ#HW#DO1#>;3@/#EHVWHKHQG#
DXV#749#6FKQLWWVWHOOHQVHTXHQ]HQ/#ZXUGH#YHUZHQGHW1#7493#1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ#ZXUGHQ#DXV#GHQ#HUVWHQ#
43#6OLGLQJ0ZLQGRZ03RVLWLRQHQ#GHU#PDWXUHQ#3URWHLQH#HU]HXJW/#ZLH#HV#EHUHLWV#LQ#.DSLWHO#51D#I�U#GLH#:9#H[SHULPHQWHOO#
YHULIL]LHUWHQ#6FKQLWWVWHOOHQ#JH]HLJW#ZXUGH1#'LH#EHLGHQ#'DWHQVlW]H#ZHUGHQ#LQ#GUHL#7HLOH#DXIJHWHLOW/#YRQ#GHQHQ#]ZHL#
]XP#7UDLQLQJ#YHUZHQGHW#ZXUGHQ#XQG#HLQHU#DOV#7HVWGDWHQVDW]#GLHQW1#'HU#7UDLQLQJVGDWHQVDW]#ZLUG#ZLHGHUXP#LQ#43#
HWZD#JOHLFK#JUR�H#7HLOH#DXIJHWHLOW#XQG#GXUFK#VXN]HVVLYHV#+LQ]XI�JHQ#ZHUGHQ#43#'DWHQVlW]H#HUKDOWHQ#PLW#DQVWHL0
JHQGHU#*U|�H1#)�U#MHGHQ#GLHVHU#7UDLQLQJVGDWHQVlW]H#ZXUGHQ#<#1HW]H#WUDLQLHUW#PLW#HLQHP#XQG#]ZHL#.RGLHUXQJVYHN0
WRUHQ1#'HU#7HVWGDWHQVDW]#EOLHE#LPPHU#GHU#JOHLFKH1#(V#ZXUGH#DXIJUXQG#GHV#JUR�HQ#5HFKHQDXIZDQGV#QXU#HLQ#
.UHX]YDOLGLHUXQJVGXUFKJDQJ#GXUFKJHI�KUW1#

3

3 /4

3 /5

3 /6

3 /7

3 /8

3 /9

3 /:

3 /;

3 /<
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6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 88
(LQH# +DXSWNRPSRQHQWHQDQDO\VH# GHU# 6-<3 5:3# .RGLHUXQJVYHNWRUHQ# GHU# GUHLGLPHQVLRQDOHQ
DGDSWLYHQ#.RGLHUXQJ#OLHIHUW#+LQZHLVH#DXI#HLQH#P|JOLFKH#.RQVHQVXVVHTXHQ]1#'LH#HUVWHQ#EHLGHQ
(LJHQYHNWRUHQ#GHU#+DXSWNRPSRQHQWHQDQDO\VH#VLQG#ZHVHQWOLFK#JU|�HU#DOV#GHU#5HVW#+$EELOGXQJ
58D,1#:LH#DXV#GHP#9HUJOHLFK#PLW#HLQHU#HLQIDFKHQ#+lXILJNHLWVDQDO\VH#GHU#6FKQLWWVWHOOHQVHTXHQ0
]HQ#KHUYRUJHKW/#VLQG#GLH#8QWHUVFKLHGH#EHL#GHU#$QDO\VH#GHU#.RGLHUXQJVYHNWRUHQ#ZHVHQWOLFK#DXV0
JHSUlJWHU1#

'LH#3URMHNWLRQ#GHU#53#$PLQRVlXUHQ#DXI#GLH#HQWVSUHFKHQGHQ#(LJHQYHNWRUHQ#LVW#LQ#$EELOGXQJ#59
GDUJHVWHOOW1#+LHU#]HLJW#VLFK#I�U#GHQ#)DOO#GHU#.RGLHUXQJVYHNWRUHQ#+D,#HLQH#GHXWOLFK#DXVJHSUlJWHUH
9HUWHLOXQJ#GHU#$PLQRVlXUHQ#DOV# I�U#GLH# UHLQH#+lXILJNHLWVXQWHUVXFKXQJ# +E,1#+LHUEHL#ZLUG#GLH
+DXSWNRPSRQHQWHQDQDO\VH#I�U#GLH#UHODWLYHQ#+lXILJNHLWHQ#GHU#$PLQRVlXUHQ#DQ#GHQ#HLQ]HOQHQ
3RVLWLRQHQ#GXUFKJHI�KUW/#ZREHL#QXU#GLH#$PLQRVlXUHQ#$ODQLQ/#6HULQ#XQG#/HXFLQ#DXIIDOOHQ1

7$%(//(#<1#$Q]DKO#GHU#$PLQRVlXUHQ#DQ#3RVLWLRQ#04#GHU#6FKQLWWVWHOOHQVHTXHQ]HQ#GHU#YHUVFKLHGHQHQ#'DWHQVlW]H1#
UHG1#+RPRORJLH#EHUHLQLJWHU#'DWHQVDW]#QDFK#>;3@1#WRW1=#JHVDPWHU#'DWHQVDW]#DQ#6FKQLWWVWHOOHQVHTXHQ]HQ#QDFK#>;3@1#
:9#6HTXHQ]HQ/#GLH#H[SHULPHQWHOO#YHULIL]LHUW#ZRUGHQ#VLQG1#

$ & ' ( ) * + , . / 0 1 3 4 5 6 7 9 : < ΣΣΣΣ

UHG 4;9 58 5 5 4 << 3 4 4 8 5 3 48 9 6 7< 47 7 4 3 749

WRW 659 5< 6 5 4 474 3 4 5 8 5 3 48 9 7 87 49 9 4 3 947

:9 6; 7 4 3 3 4; 3 3 3 5 3 3 5 3 4 9 7 3 3 3 :9

4 5 6 7 8 9 : ; < 43 44 45 46 47 48 49 4: 4; 4< 53

318

4

418

5

4 5 6 7 8 9 : ; < 43 44 45 46 47 48 49 4: 4; 4< 53

3138

314

3148

315D, E,

$%%,/'81*#58= (LJHQZHUWH/#EHUHFKQHW#DXV#GHQ#<3#.RGLHUXQJVYHNWRUHQ#D,#XQG#GLH#(LJHQZHUWH#GHU#6FKQLWWVWHO0
OHQGDWHQ#LQ#ELQlUHU#.RGLHUXQJ#E,1



89 (UJHEQLVVH
'DV#3HU]HSWURQ#PLW#DGDSWLYHU#.RGLHUXQJ/#6#.RGLHUXQJVYHNWRUHQ#XQG#GHU#EHVWHQ#9RUKHUVDJHJH0
QDXLJNHLW#KDW#GLH#.RUUHODWLRQVZHUWH#FF#+7UDLQLQJ,# #3/<:#XQG#FF#+7HVW,# #3/;31#

473#EHNDQQWH#SK\VLNRFKHPLVFKH#(LJHQVFKDIWVYHNWRUHQ#ZHUGHQ#PLW#GLHVHP#%DVLVV\VWHP#YHUJOL0
FKHQ#+YHUJOHLFKH#.DSLWHO#61F,1#'LH#(LJHQVFKDIW#PLW#GHU#EHVWHQ#hEHUHLQVWLPPXQJ#LVW#ÄSRODU#RGHU
3UROLQ³#+7DEHOOH#43,1#'LHVHU#(LJHQVFKDIWVYHNWRU#KDW#GLH#/lQJH#3/;:/#GDV#KHL�W#HU#LVW#]X#;:(#LP
%DVLVV\VWHP# GHU# DGDSWLYHQ#.RGLHUXQJ# UHSUlVHQWLHUW1#$XIIlOOLJ# LVW/# GD�# GLH# HUVWHQ# 43#(LJHQ0
VFKDIWVYHNWRUHQ#DOOH#ELQlU#NRGLHUW#VLQG1#

,Q#.RPELQDWLRQ#PLW#DQGHUHQ#SK\VLNRFKHPLVFKHQ#(LJHQVFKDIWHQ#ZHUGHQ#MHGRFK#UHHOO#NRGLHUWH
(LJHQVFKDIWHQ#EHYRU]XJW#+7DEHOOH#44,1#+LHU#ZHUGHQ#DOOH#GUHLGLPHQVLRQDOHQ#%DVLVV\VWHPH/#GLH

7$%(//(#431#3K\VLNRFKHPLVFKH#(LJHQVFKDIWHQ#LP#%DVLVV\VWHP#GHU#DGDSWLYHQ#.RGLHUXQJ#DQJHJHEHQ1#,Q#
.ODPPHUQ#VLQG#GLH#9HUZHLVH#DXI#GLH#(LJHQVFKDIWHQ#LP#$QKDQJ#+.DSLWHO#<,

9HNWRUEHWUDJ 3K\VLNRFKHPLVFKH#(LJHQVFKDIW
31;: 3RODU#RGHU#3UROLQ#+9:,

31;9 6HKU#NOHLQ#RGHU#+SRODU#PLQXV#DURPDWLVFK,#RGHU#3UROLQ#+;3,

31;7 6HKU#NOHLQ#RGHU#+QHJDWLY#XQG#K\GURSKLO,#RGHU#7KUHRQLQ#RGHU#3UROLQ#+:;,

31;7 *HODGHQ#RGHU#K\GURSKLO#RGHU#3UROLQ#+99,

31;3 6HKU#NOHLQ#RGHU#+SRODU#PLQXV#DURPDWLVFK,#+:<,

31;3 +3RODU#PLQXV#DURPDWLVFK,#RGHU#JHODGHQ#RGHU#3UROLQ#+9;,

31;3 3RODU#+88,

31;3 ++3RODU#PLQXV#DURPDWLVFK,#PLQXV#SRVLWLY,#RGHU#3UROLQ#+:3,

31;3 6HKU#NOHLQ#RGHU#+QHJDWLY#XQG#K\GURSKLO,#RGHU#7KUHRQLQ#+::,

31;3 +3RODU#PLQXV#DURPDWLVFK,#RGHU#JHODGHQ#+9<,

$%%,/'81*#59= 3URMHNWLRQ#GHU#$PLQRVlXUHQ#DXI#GLH#HUVWHQ#EHLGHQ#+DXSWNRPSRQHQWHQ#GHU#<3#.RGLHUXQJV0
YHNWRUHQ#D,#XQG#DXI#GLH#YHUWHLOW#NRGLHUWHQ#6FKQLWWVWHOOHQGDWHQ#E,1
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6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 8:
VLFK# DXV#.RPELQDWLRQ#GHU# 473#(LJHQVFKDIWHQ# HUJHEHQ/#PLW#GHP#%DVLVV\VWHP#GHU#$GDSWLYHQ
.RGLHUXQJ# YHUJOLFKHQ1#'DEHL# ]HLJW# VLFK/# GD�# GLH# (LJHQVFKDIWVNRPELQDWLRQ# ++\GURSKLOL]LWlW
+45,/#+\GURSKREL]LWlW#+7:,#VRZLH#SRODU#RGHU#3UROLQ#+9:,,#GLH#JU|�WH#hEHUHLQVWLPPXQJ#HUJLEW1
'HVZHLWHUHQ#NRPPHQ#GLH#(LJHQVFKDIWHQ#)OH[LELOLWlW#+8,#XQG#)UDJD#5HFRJQLWLRQ#)DFWRUV#+6<,
JHKlXIW#YRU1#'LH#JU|�WHQ#hEHUHLQVWLPPXQJHQ#ZHUGHQ#HU]LHOW/#ZHQQ#GLH#(LJHQVFKDIWHQ#P|J0
OLFKVW#RUWKRJRQDO# ]XHLQDQGHU# VLQG#XQG# ]XGHP#P|JOLFKVW#JXW# LP#%DVLVV\VWHP# GHU#$GDSWLYHQ
.RGLHUXQJ#DEJHELOGHW#ZHUGHQ1#'HVKDOE# WULWW#KLHU#QXU#QRFK#GLH#ELQlUH#(LJHQVFKDIW#SRODU#RGHU
3UROLQ#+9:,#DXI1#

'HVZHLWHUHQ# LVW#GLH#*HZLFKWXQJ#GHU#XQWHUVFKLHGOLFKHQ#45#3RVLWLRQHQ# LQ#GHU#6HTXHQ]# LQWHUHV0
VDQW1#'D]X#ZLUG#ZLHGHUXP#HLQH#+DXSWNRPSRQHQWHQDQDO\VH#GHU#<3#*HZLFKWVYHNWRUHQ#GHV#$&1
PLW#3HU]HSWURQ#$UFKLWHNWXU#XQG#6#.RGLHUXQJVYHNWRUHQ#GXUFKJHI�KUW1#+LHUEHL#HUJLEW# VLFK#QXU
HLQ#VHKU#JUR�HU#(LJHQZHUW#+$EELOGXQJ#5:D,/#ZDV#GDUDXI#KLQGHXWHW/#GD�#GLH#JHOHUQWHQ#*HZLFKWV0
YHNWRUHQ#VLFK#QXU#XQZHVHQWOLFK#YRQHLQDQGHU#XQWHUVFKHLGHQ1#'LH#.RPSRQHQWHQ#GHV#(LJHQYHN0
WRUV#+$EELOGXQJ#5:E,#I�KUHQ#]X#GHU#6FKOX�IROJHUXQJ/#GD�#GLH#3RVLWLRQHQ#04/#06/#09#XQG#0:#YRQ
EHVRQGHUHU#%HGHXWXQJ#VLQG1#'LHVH#5HVXOWDWH#EHVWlWLJHQ#GLH#+04/#06,05HJHO#YRQ#YRQ+HLMQH#>67@
XQG#HUZHLWHUQ#VLH1

7$%(//(#441#(LJHQVFKDIWVNRPELQDWLRQHQ#PLW#GHQ#EHVWHQ#hEHUHLQVWLPPXQJHQ#]XU#JHIXQGHQHQ#.RGLHUXQJ1#,Q#
.ODPPHUQ#VLQG#GLH#9HUZHLVH#DXI#GLH#(LJHQVFKDIWHQ#LP#$QKDQJ#+.DSLWHO#<,1

.RGLHUXQJ#4 .RGLHUXQJ#5 .RGLHUXQJ#6
+\GURSKLOL]LWlW#+45, ####+\GURSKREL]LWlW#+7:, #3RODU#RGHU#3UROLQ#+9:,

)OH[LELOLWlW#+8, #0DVVH#+5:, #)UDJD#5HFRJQLWLRQ#)DFWRUV#+6<,

)OH[LELOLWlW#+8, #0DVVH#+5;, #)UDJD#5HFRJQLWLRQ#)DFWRUV#+6<,

)OH[LELOLWlW#+8, #8PIDQJ+:, ####+.OHLQ#XQG#K\GURSKLO,#RGHU#VHKU#NOHLQ#+;;,

)OH[LELOLWlW#+8, ####+\GURSKREL]LWlW#+83, #5HIUDNWLYLWlW#+84,

)OH[LELOLWlW#+8, #9ROXPHQ#+79, #)UDJD#5HFRJQLWLRQ#)DFWRUV#+6<,

)OH[LELOLWlW#+8, 9HUVWHFNWH#)OlFKH#+6, #)UDJD#5HFRJQLWLRQ#)DFWRUV#+6<,

+\GURSKLOL]LWlW#+45, ####+\GURSKREL]LWlW#+7:, ####++3RODU#PLQXV#DURPDWLVFK,#PLQXV#SRVLWLY,#RGHU#3UROLQ#+;;,

8PIDQJ+:, #S.D#GHV#107HUPLQXV+6;, #+.OHLQ#XQG#K\GURSKLO,#RGHU#VHKU#NOHLQ#+;;,

#9ROXPHQ#+79, 3RODULWlW#+65, )UDJD#5HFRJQLWLRQ#)DFWRUV#+6<,

8PIDQJ#+:, 3RODULWlW#+65, ####+.OHLQ#XQG#K\GURSKLO,#RGHU#VHKU#NOHLQ#+;;,



8; (UJHEQLVVH
,P#)DOOH#GHV#3HU]HSWURQ#N|QQHQ#GLH#*HZLFKWH#GHV#1HXURQDOHQ#1HW]HV#PLW#GHU#DGDSWLY#HQWZLN0
NHOWHQ#.RGLHUXQJ#PXOWLSOL]LHUW#ZHUGHQ/#XP#HLQHQ#GHWDLOOLHUWHQ#(LQEOLFN#LQ#*HZLFKWXQJ#GHU#HLQ0
]HOQHQ#$PLQRVlXUHQ#DQ#GHQ#HLQ]HOQHQ#3RVLWLRQHQ#]X#HUKDOWHQ1#'LHV#LVW#JUDSKLVFK#LQ#$EELOGXQJ
5;#GDUJHVWHOOW#XQG# LQ#7DEHOOH#45#VLQG#GLH#:HUWH#H[SOL]LW#DXIJHI�KUW1#'LH#JUDSKLVFKH#$QDO\VH
]HLJW/#GD�#GLH#$PLQRVlXUHQ#$ODQLQ/#3KHQ\ODODQLQ#XQG#$UJLQLQ#DQ#3RVLWLRQ#04#YRQ#EHVRQGHUHU
*HZLFKWXQJ#VLQG1#'DQHEHQ#IDOOHQ#DEHU#DXFK#/HXFLQ#DQ#3RVLWLRQ#09/#6HULQ#DQ#GHQ#3RVLWLRQHQ#04
XQG#06/#VRZLH#*O\FLQ#DQ#04#XQG#$ODQLQ#DQ#3RVLWLRQ#06#DXI1

$%%,/'81*#5:= +DXSWNRPSRQHQWHQDQD\OVH#GHU#*HZLFKWVYHNWRUHQ=#D,#(LJHQZHUWH#E,#GHU#HUVWH#(LJHQYHFWRU1

043 0< 0; 0: 09 08 07 06 05 04 4 5

314

315

316

317

318

4 5 6 7 8 9 : ; < 43 44 45

315

317

319

31;



6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 8<
$XV#GHU#7DEHOOH# 45#N|QQHQ#GLH#RSWLPDOHQ#6HTXHQ]HQ# I�U#HLQH#6FKQLWWVWHOOH#XQG#HLQH#1LFKW0
6FKQLWWVWHOOH#DEJHOHLWHW#ZHUGHQ1#'D]X#ZHUGHQ#GLH#$PLQRVlXUHQ#DXVJHZlKOW/#GLH#DQ#GHU#EHWUHI0
IHQGHQ#3RVLWLRQ#HQWZHGHU#GHQ#PLQLPDOHQ#+6FKQLWWVWHOOH,#RGHU#PD[LPDOHQ#+1LFKW06FKQLWWVWHOOH,
:HUW#EHVLW]HQ1#'LH#6HTXHQ]HQ/#GLH#VLFK#GDEHL#HUJHEHQ#VLQG=
//////*$:$↓/*#+6FKQLWWVWHOOHQVHTXHQ],
(456(6/(*)#55#+1LFKW#6FKQLWWVWHOOHQVHTXHQ],1

$%%,/'81*#5;= +LVWRJUDPP#GHU#*HZLFKWH#PLW#VXPPLHUWHQ#.RGLHUXQJHQ1#'LH#+HOOLJNHLW#JLEW#GLH#7HQGHQ]#
I�U#6FKQLWWVWHOOHQ#DQ1

$ & ' ( ) * + , . / 0 1 3 4 5 6 7 9 : <

0 4 3

0 <

0 ;

0 :

0 9

0 8

0 7

0 6

0 5

0 4

4

5



93 (UJHEQLVVH
'HV#ZHLWHUHQ#]HLJHQ#GLH#:HUWH#GHU#7DEHOOH/#GD�#GLH#3RVLWLRQHQ#0;/#08/#07#XQG#5#GHQ#JHULQJVWHQ
(LQIOX�#DXI#GLH#6FKQLWWVWHOOHQHLJHQVFKDIW#EHVLW]HQ1

'LH# (LJHQVFKDIWVYHNWRUHQ# GHU# 7DEHOOH# 45# N|QQHQ# ZLHGHU#PLW# GHQ# 473# SK\VLNRFKHPLVFKHQ
(LJHQVFKDIWHQ# QDFK# EHNDQQWHU#0HWKRGH# YHUJOLFKHQ#ZHUGHQ1#'DEHL# HUJHEHQ# VLFK# GLH#(LJHQ0
VFKDIWHQ/#GLH#LQ#7DEHOOH#46#DXIJHOLVWHW#VLQG1

7$%(//(#451#3UR]HQWXDOH#:DKUVFKHLQOLFKNHLW#HLQH#$PLQRVlXUH#DQ#HLQHU#3RVLWLRQ#]X#ILQGHQ/#EHUHFKQHW#DXV#GHQ#
*HZLFKWV#XQG#.RGLHUXQJVYHNWRUHQ1

043 0< 0; 0: 09 08 07 06 05 04 4 5
$ 9/4 :/< ;/6 6/4 5/9 3/: ;/4 43/3 7/: 43/9 </5 </:

& ;/6 ;/; </7 :/9 43/; ;/3 5/6 :/8 8/: :/3 ;/; 8/9

' 3/9 5/3 3/: 8/4 3/7 6/7 :/5 3/8 5/: 5/6 3/< 8/6

( 3/3 5/6 3/9 8/: 3/3 6/5 :/: 3/3 5/3 5/7 3/; 9/3

) 7/; 6/3 5/; 9/< ;/4 </6 4/: 4/5 8/9 3/7 5/3 3/:

* 3/< :/9 8/< :/7 3/3 3/8 43/4 7/6 3/3 ;/; 9/6 45/9

+ 8/5 7/; 7/< 8/7 8/< 8/< 7/6 7/9 8/5 7/6 7/: 7/5

, 9/: 9/< :/5 9/8 ;/5 9/; 6/7 9/4 8/7 8/; 9/; 8/4

. 6/; 8/4 7/8 :/4 8/9 9/4 7/9 5/< 6/: 6/< 7/4 8/5

/ </; </< 43/; </7 47/8 43/; 3/3 :/8 9/5 9/8 </9 7/7

0 7/9 9/9 9/4 :/7 9/6 8/< 7/; 7/7 6/9 8/8 8/; 9/8

1 7/6 7/6 7/4 8/4 7/9 8/5 8/3 7/3 7/; 7/4 7/3 7/9

3 7/: 5/7 5/; 5/3 5/8 6/9 8/: 8/3 9/6 6/< 6/6 6/5

4 6/< 4/; 5/3 4/7 4/3 5/9 9/9 7/9 9/3 6/: 5/9 6/7

5 6/9 3/3 3/3 5/: 6/4 8/; 7/4 4/8 9/7 3/3 3/3 3/3

6 9/4 7/< 8/< 3/3 3/< 3/3 ;/4 </; 9/9 ;/: :/3 9/;

7 :/4 7/; 8/< 4/6 6/; 5/; 8/; ;/; :/5 :/3 9/9 7/:

9 :/; 9/; :/9 7/: :/; 8/< 6/9 ;/3 9/9 9/: :/9 7/;

: ;/: 9/7 :/8 8/8 43/6 ;/7 4/8 :/4 :/7 8/3 :/3 5/8

< 5/< 6/9 5/< 8/: 6/9 8/4 8/8 5/6 6/; 6/5 5/; 7/:



6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 94
'DV#1HW]#ZXUGH#]XU#9RUKHUVDJH#YRQ#6FKQLWWVWHOOHQ# LQ#6HTXHQ]HQ#DQJHZHQGHW1#'LHVH#(UJHE0
QLVVH# VLQG# LQ#7DEHOOH# 47#ZLHGHUJHJHEHQ1# :;(#GHU#6FKQLWWVWHOOHQ#YRQ# 4<#3URWHLQHQ/#GLH#HLQH

6FKQLWWHOOH#EHVLW]HQ/#NRQQWHQ#NRUUHNW#LGHQWLIL]LHUW#ZHUGHQ1#,Q#44(#GHU#6HTXHQ]HQ#ZXUGHQ#GLH
6FKQLWWVWHOOHQ#QRFK#QLFKW#HLQPDO#DOV#SXWDWLYH#6FKQLWWVWHOOHQ#YRUKHUJHVDJW#XQG#LQ#ZHLWHUHQ#44(
ZDUHQ#GLH#ZLUNOLFKHQ#6FKQLWWVWHOOHQ#]ZDU#XQWHU#GHQ#SXWDWLYHQ/#MHGRFK#ZXUGH#HLQH#IDOVFKH#DXVJH0
ZlKOW1#

71D1YLLL .RKRQHQ#1HW]H

.RKRQHQ#1HW]H#VLQG#VHOEVW#RUJDQLVLHUHQGH#.DUWHQ/#GLH#XQ�EHUZDFKW# OHUQHQ1#,P#*HJHQVDW]#]X
GHQ#ELVKHU#EHKDQGHOWHQ#1HW]ZHUNHQ#LVW#KLHU#NHLQ#:LVVHQ#�EHU#GLH#.ODVVLILNDWLRQ#GHU#6HTXHQ]HQ
QRWZHQGLJ#]XP#/HUQHQ1#'LHVHV#ZLUG#QXU#QDFK#GHU#7UDLQLQJVSKDVH#]XP#%HZHUWHQ#GHU#1HW]H

7$%(//(#461#3K\VLNRFKHPLVFKH#(LJHQVFKDIWHQ/#GLH#DP#EHVWHQ#PLW#GHU#JHIXQGHQHQ#.RGLHUXQJ#DQ#GHQ#MHZHLOLJHQ#
3RVLWLRQHQ#�EHUHLQVWLPPHQ1#

3RVLWLRQ (LJHQVFKDIW
043 +\GURSKREL]LWlW#+49,

0< $OLSKDWLVFK#RGHU#+NOHLQ#XQG#K\GURSKRELVFK,#+<8,

0; +\GURSDWKL]LWlW#+43,

0: $URPDWLVFK#RGHU#VHKU#K\GURSKRELVFK#+43:,

09 +\GURSKREL]LWlW#+64,

08 #9HUVWHFNWH#)OlFKH+6,

07 6HKU#NOHLQ#RGHU#+QHJDWLY#XQG#K\GURSKLO,#RGHU#7KUHRQLQ#RGHU#3UROLQ#+:;,

06 +.OHLQ#XQG#K\GURSKRELVFK,#RGHU#VHKU#NOHLQ#+;;,

05 )UDJD#5HFRJQLWLRQ#)DFWRUV#+6;,

04 +.OHLQ#XQG#K\GURSKRELVFK,#RGHU#VHKU#NOHLQ#+;;,

4 +\GURSKREL]LWlW#+7:,

5 6HKU#NOHLQ#+89,

7$%(//(#471#$QZHQGXQJ#GHV#WUDLQLHUWHQ#.11#DXI#GLH#:9#H[SHULPHQWHOO#YHULIL]LHUWHQ#3URWHLQH1

7HVW ( 7UDLQ (
,GHQWLIL]LHUWH#6FKQLWWVWHOOHQ 48 :; 7< ;9

1LFKW#LGHQWLIL]LHUWH#6FKQLWWVWHOOHQ 5 44 9 44

1LFKW#LGHQWLIL]LHUWH#3UlSHSWLGH 5 44 5 7

6XPPH 4< 433 8: 434



95 (UJHEQLVVH
YHUZHQGHW1#'D#HV#QLFKW#VLFKHU#LVW/#ZLHYLHOH#6LJQDOSHSWLGDVHQ#HV#JLEW/#VROO#PLW#+LOIH#GHU#.RKRQHQ
1HW]H#HLQH#P|JOLFKH#$XIWHLOXQJ#GHU#6FKQLWWVWHOOHQVHTXHQ]HQ#LQ#]ZHL#RGHU#PHKU#.ODVVHQ#XQWHU0
VXFKW#ZHUGHQ1#'D#QXU#VHKU#ZHQLJH#'DWHQ#]XU#9HUI�JXQJ#VWHKHQ/#ZXUGH#HLQ#HLQ0GLPHQVLRQDOHV
.RKRQHQ#1HW]#PLW#43#1HXURQHQ#YHUZHQGHW1#+LHUPLW#VROOWH#HV#P|JOLFK#VHLQ/#]ZHL#*UXSSHQ#]X
XQWHUVFKHLGHQ1#

(LQ#+LVWRJUDPP#GHU#$Q]DKO#GHU#6HTXHQ]HQ#SUR#1HXURQ#LVW#LQ#$EELOGXQJ#5<#GDUJHVWHOOW1#+LHU
]HLJW#VLFK/#GD�#DXI#GDV#HUVWH#XQG#GDV#OHW]WH#1HXURQ#GLH#PHLVWHQ#6HTXHQ]HQ#SURMH]LHUW#ZHUGHQ1
,QVJHVDPW#�EHU#77(#GHU#6HTXHQ]HQ#N|QQHQ#DXI#GLHVH#EHLGHQ#1HXURQHQ#DEJHELOGHW#ZHUGHQ1#(V
LVW#MHGRFK#NHLQH#NODUH#7UHQQXQJ#GHU#6HTXHQ]PXVWHU#P|JOLFK1

'LH#*HZLFKWVYHNWRUHQ#GHU#1HXURQHQ#1U1#3#XQG#1U1#<#+$EELOGXQJ#5<,#JHEHQ#$XIVFKOX�#�EHU#GLH
6HTXHQ]PHUNPDOH/#GLH#I�U#HLQH#8QWHUVFKHLGXQJ#GHU#EHLGHQ#1HXURQHQ#YHUDQWZRUWOLFK#VLQG1#'LH
*HZLFKWH#DQ#GHQ#3RVLWLRQHQ#0</#06/#05#XQG#04#VLQG#LQ#$EELOGXQJ#63#DOV#+LVWRJUDPP#GDUJHVWHOOW/
ZREHL#VLH#HQWVSUHFKHQG#GHP#(LQEXFKVWDEHQ0.RGH#DOSKDEHWLVFK#VRUWLHUW#VLQG1#+LHU#]HLJW#VLFK/
GD�#YRU#DOOHP#GLH#3RVLWLRQ#04#HQWVFKHLGHQG#I�U#GLH#8QWHUVFKHLGXQJ#LVW1#+LHU#ZLUG#]ZLVFKHQ#$OD0
QLQ# XQG#*O\FLQ# XQWHUVFKLHGHQ1# 6R#ZHUGHQ# DOOH# 6HTXHQ]HQ#PLW# HLQHP#*O\FLQ# LP#1HXURQ# 3
JHIXQGHQ1#-HGRFK#LVW#GDV#.ULWHULXP#I�U#1HXURQ#<#NRPSOH[HU1#6R#JLEW#HV#6HTXHQ]HQ/#GLH#DQ#3RVL0
WLRQ#04#HLQ#$ODQLQ#XQG#DQ#3RVLWLRQ#0<#HLQ#/HXFLQ#KDEHQ/#GLH#QLFKW#LQ#1HXURQ#<#DEJHELOGHW#ZHU0
GHQ1

$%%,/'81*#5<= $Q]DKO#GHU#6HTXHQ]HQ#DQ#GHQ#HLQ]HOQHQ#1HXURQHQ#GHV#.RKRQHQQHW]HV#GHU#6FKQLWWVWHOOHQ#QDFK#
3URMHNWLRQ#GHU#6HTXHQ]GDWHQ1

3
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9

;
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6FKQLWWVWHOOHQ#KXPDQHU#6LJQDOSHSWLGH 96
(LQH#.RKRQHQDQDO\VH#GHU#1LFKW06FKQLWWVWHOOHQVHTXHQ]HQ# HUJLEW#GDV# LQ#$EELOGXQJ# 64# GDUJH0
VWHOOWH#+LVWRJUDPP#I�U#GLH#9HUWHLOXQJ#GHU#6HTXHQ]HQ#DXI#GLH#1HXURQHQ1#+LHU#VLQG#GLH#$PLQR0
VlXUHQ#GHU#3RVLWLRQ#043#YRQ#EHVRQGHUHU#%HGHXWXQJ1#'LH#1HXURQHQ#3#XQG#<#XQWHUVFKHLGHQ#VLFK
GXUFK#/HXFLQ#+31#1HXURQ,#XQG#$ODQLQ#+<1#1HXURQ,#DQ#GHU#3RVLWLRQ#0431#-HGRFK#ZHUGHQ#DXI#GLHVH
1HXURQHQ#QXU#HWZD#426#GHU#6HTXHQ]HQ#DEJHELOGHW1

$%%,/'81*#63= *HZLFKWVYHNWRUHQ#GHV#31#XQG#<1#1HXURQV#DQ#DXVJHZlKOWHQ#3RVLWLRQHQ#+0</#06/#05#XQG#04,1

3

3/4

3/5

3/6

3/7

3/8

3/9

3/:

3/;

3/<

4

$ ' ) + . 0 3 5 7 : $ ' ) + . 0 3 5 7 : $ ' ) + . 0 3 5 7 : $ ' ) + . 0 3 5 7 :
$PLQRVlXUHQ#DQ#GHQ#3RVLWLRQHQ
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97 (UJHEQLVVH
(LQH#.ODVVLILNDWLRQ#PLW# GHQ#.RKRQHQQHW]HQ# YRQ# 6FKQLWWVWHOOHQ# XQG#1LFKW06FKQLWWVWHOOHQVH0
TXHQ]HQ#LVW#QLFKW#P|JOLFK#+(UJHEQLVVH#QLFKW#JH]HLJW,1#

71E 9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#
3HSWLG\OSURO\OELQGXQJHQ

'HU#KLHU#YHUZHQGHWH#6(/(&7#'DWHQVDW]#>6;@#ZXUGH#PLW#GHP#'DWHQVDW]#GHU#3'%#>9@#XQG#GHQ
QDFK#0F&DOGRQ#HW#DO1#>44@#]X#HUZDUWHQGHQ#+lXILJNHLWHQ#YRQ#$PLQRVlXUHQ#LQ#3URWHLQHQ#YHUJOL0
FKHQ/# XP# HLQHQ#(LQGUXFN# �EHU# GLH#9HUDOOJHPHLQHUEDUNHLW# GHU#QDFKIROJHQGHQ#(UJHEQLVVH# ]X
YHUPLWWHOQ1#6WDWLVWLVFKH#8QWHUVXFKXQJHQ#ZXUGHQ#GXUFKJHI�KUW#EH]�JOLFK#GHV#ω0:LQNHOV#YRQ
;DD03UR#3HSWLGELQGXQJHQ#XQG#EH]�JOLFK#GHU# UHODWLYHQ#3RVLWLRQ# LQ#GHQ#YHUVFKLHGHQHQ#3URWHL0
QHQ1#'LH#ORNDOHQ#6HTXHQ]EHUHLFKH#XP#GLH#3HSWLG\OSURO\OELQGXQJHQ#ZXUGHQ#PLW#ELRLQIRUPDWL0
VFKHQ# 0HWKRGHQ# DXI# HLQH# .ODVVLIL]LHUEDUNHLW# KLQ# XQWHUVXFKW1# 'LH# XQWHUVFKLHGOLFKHQ
6HNXQGlUVWUXNWXUXPJHEXQJHQ#GHU#3URO\OJUXSSHQ#ZXUGHQ#HLQJHI�KUW/#XP#HLQH#.ODVVLILNDWLRQ#]X
HUOHLFKWHUQ1#=XP#6FKOX�#ZXUGH#DXFK#GLH#6'0,QIRUPDWLRQ#GHU#EHQDFKEDUWHQ#8PJHEXQJ#PLW#LQ
GLH#8QWHUVXFKXQJ#DXIJHQRPPHQ1#

$%%,/'81*#64= $Q]DKO#GHU#6HTXHQ]HQ#DQ#GHQ#HLQ]HOQHQ#1HXURQHQ#GHV#.RKRQHQQHW]HV#GHU#1LFKW06FKQLWWVWHO0
OHQ#QDFK#3URMHNWLRQ#GHU#6HTXHQ]GDWHQ1

3
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#HW#
'LH#LQ#7DEHOOH#48#GDUJHVWHOOWHQ#+lXILJNHLWHQ#YRQ#$PLQRVlXUHQ#]HLJHQ/#GD�#NDXP#8QWHUVFKLHGH
]ZLVFKHQ#GHU#$PLQRVlXUH]XVDPPHQVHW]XQJ#GHV#JHVDPWHQ#3'%0'DWHQVDW]HV#XQG#GHV#6(/(&7
'DWHQVDW]HV#]X#ILQGHQ#VLQG1#'LH#8QWHUVFKLHGH#OLHJHQ#PLW#PD[LPDO#3/6(#LP#%HUHLFK#GHU#)HKOHU0
WROHUDQ]1#,P#9HUJOHLFK#PLW#GHU#YRQ#0F&DOGRQ#HW#DO1#>44@#HUPLWWHOWHQ#+lXILJNHLW#WUHWHQ#GLH#$PL0
QRVlXUHQ# *OXWDPLQ/# $UJLQLQ/# 6HULQ# XQG# /HXFLQ# LQ# 6WUXNWXUGDWHQEDQNHQ# VHOWHQHU# DXI/
$VSDUDJLQVlXUH#XQG#*O\FLQ#WUHWHQ#GHXWOLFK#KlXILJHU#DXI1#

'LH#%HVWLPPXQJ# GHV#:LQNHOEHUHLFKHV/# GHU# HLQH# 3HSWLGELQGXQJ# DOV# FLV# FKDUDNWHULVLHUW/#ZLUG
XQWHUVFKLHGOLFK#GXUFKJHI�KUW1#6R#KDEHQ#6WHZDUW#HW#DO1#>44:@#HLQH#$EZHLFKXQJ#GHV#ω0:LQNHOV
YRQ#<3�#WROHULHUW1#-DEV#HW#DO1#KDEHQ#HLQHQ#%HUHLFK#YRQ#.20#78�#YHUZHQGHW#>74@1#,Q#GHU#YRUOLHJHQ0
GHQ#$UEHLW#ZLUG#HLQH#$EZHLFKXQJ#YRQ#PHKU#DOV#53�#YRP#WUDQV0=XVWDQG#+4;3�,#DOV#FLV0%LQGXQJ
EH]HLFKQHW#+YHUJOHLFKH#KLHU]X#'LVNXVVLRQ,1#'LH#$XVZLUNXQJ#GHU#'HILQLWLRQ#GHV#ω0:LQNHOV#DXI
GLH#$Q]DKO#GHU#6HTXHQ]EHLVSLHOH#LVW#LQ#7DEHOOH#49#]XVDPPHQJHID�W1#

7$%(//(#481##+lXILJNHLW#GHU#53#$PLQRVlXUHQ#LP#6(/(&70#XQG#3'%0#'DWHQVDW]#VRZLH#QDFK#0F&DOGRQ#HW#DO1#
+4<;;,1

$PLQRVlXUH
$Q]DKO#
+6(/(&7,

UHO1#+lXILJNHLW
6(/(&7#>(@

UHO1#+lXILJNHLW#
3'%#>(@

UHO1#+lXI1#QDFK#
0F&DOGRQ#HW#DO1,>(@

∆∆∆∆+6(/(&7#0#0F&DOGRQ
DO1>44@,##>(@

$ 4489; ;/6 ;/5 ;16 313

& 53:5 4/8 4/9 41: 0315

' ;653 9/3 8/; 816 31:

( ;7:4 9/4 8/< 915 0314

) 8976 7/3 7/3 61< 314

* 44378 :/< ;/4 :15 31:

+ 6436 5/5 5/6 515 313

, :9;7 8/8 8/7 815 316

. ;345 8/: 9/4 81: 313

/ 449:6 ;/7 ;/7 <13 0319

0 6346 5/5 5/3 517 0315

1 9957 7/: 7/: 717 316

3 9:3: 7/; 7/9 814 0316

4 85;< 6/; 6/9 71< 0414

5 98:8 7/: 7/9 81: 0413

6 ;7<8 9/4 9/7 91< 031;

7 ;5:< 8/< 9/5 81; 314

9 <:59 :/3 :/3 919 317

: 54<5 4/9 4/8 416 316

< 8576 6/; 6/9 615 319

6XPPH 46<:67



99 (UJHEQLVVH
+LHUDXV#JHKW#KHUYRU/#GD�#GLH#3HSWLG\OSURO\OELQGXQJ#LP#9HUJOHLFK#]X#GHQ#DQGHUHQ#3HSWLG\OSHS0
WLG\OELQGXQJHQ#DP#ZHLWDXV#KlXILJVWHQ#HLQH#FLV0.RQIRUPDWLRQ#DXIZHLVW1#'LHV#JLOW# VRZRKO# I�U
GHQ#JHVDPWHQ#3'%0#DOV#DXFK#I�U#GHQ#6(/(&70'DWHQVDW]1#'HU#3'%0'DWHQVDW]#EHLQKDOWHW#FD1#48
PDO#PHKU#FLV0;DD03UR0%LQGXQJXQJHQ#DOV#GHU#6(/(&70'DWHQVDW]1#'HU# UHODWLYH#$QWHLO# LVW# LP
6(/(&70'DWHQVDW]#MHGRFK#K|KHU1#'LH#UHODWLYHQ#+lXILJNHLWHQ#GHU#DQGHUHQ#$PLQRVlXUHQ#ZHL0
VHQ#DXFK#EHL#GHP#VHKU#JUR�HQ#'HILQLWLRQVUDXP#]XP#7HLO#QRFK#VHKU#JUR�H#8QWHUVFKLHGH#]XP
JHVDPWHQ#'DWHQVDW]#DXI#+DXFK#ZHQQ#I�U#GLH#%HUHFKQXQJ#3UROLQ#QLFKW#EHU�FNVLFKWLJW#ZLUG,1#)�U
ω# #�53�#VLQG#3136(#GHU#3HSWLG\OELQGXQJHQ#LQ#HLQHU#FLV0.RQIRUPDWLRQ#+;DD0QRQ03UR,/#3/55(
VLQG#FLV0;DD03UR0%LQGXQJHQ#XQG#7/9(#DOOHU#;DD03UR0%LQGXQJHQ# OLHJHQ# LQ#FLV0.RQIRUPDWLRQ
YRU1#)�U#ω  #�493�#HUJHEHQ#VLFK#3/47(#I�U#;DD0+QRQ03UR,/#3/59(#I�U#;DD03UR#XQG#8/8(#GHU
;DD03UR0%LQGXQJHQ#VLQG#LQ#FLV0.RQIRUPDWLRQ1#

7$%(//(#491#+lXILJNHLWHQ#YRQ#3HSWLGELQGXQJHQ#EHL#YRUJHJHEHQHQ#ω0:LQNHO#XQG#10VWlQGLJHU#$PLQRVlXUH#
+6SDOWH#$6,1#'LH#'DWHQ#LQ#%JHV1%#JHNHQQ]HLFKQHWHQ#6SDOWHQ#EH]LHKHQ#VLFK#DXI#GLH#*HVDPWH#3'%/#DOOH#DQGHUHQ#DXI#
GHQ#6(/(&7#'DWHQVDW]1#UHO1# #UHODWLYH#+lXILJNHLW1#Σ# #6XPPH1

$6# 3�#�493�#+JHV1, UHO1#+JHV1, 3�#�493�# UHO1 3��53�#+JHV1, UHO1#+JHV1,# 3��53� UHO1#

;$ 549 3/36 43 3/35 55 3/34 7 3/34

;& :4 3/34 5 3/33 4 3/33 3 3/33

;' 733 3/38 4: 3/36 << 3/35 6 3/34

;( 533 3/35 43 3/35 ; 3/33 4 3/33

;) 4;5 3/35 : 3/34 43 3/33 7 3/33

;* 693 3/37 45 3/35 ;< 3/35 5 3/34

;+ <5 3/34 : 3/34 9 3/33 5 3/34

;, 46; 3/35 9 3/34 53 3/34 3 3/33

;. 4:9 3/35 45 3/35 ; 3/33 3 3/33

;/ 548 3/36 43 3/35 9 3/33 3 3/33

;0 87 3/34 : 3/34 3 3 3 3/33

;1 57; 3/36 44 3/35 57 3/34 7 3/34

;3 7;:3 3/89 65: 3/98 6::4 3/;; 5:6 3/;<

;4 48< 3/35 8 3/34 5 3/33 3 3/33

;5 47; 3/35 9 3/34 6 3/33 3 3/33

;6 75: 3/38 4< 3/37 453 3/36 9 3/35

;7 5:7 3/36 4: 3/36 63 3/34 7 3/34

;9 5:9 3/36 43 3/35 5 3/33 3 3/33

;: ;7 3/34 5 3/33 5 3/33 3 3/33

;< 49< 3/35 : 3/34 77 3/34 7 3/34

ΣΣΣΣ ;:8< 4/36 837 3/<9 759: 4/33 63: 3/<;



9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ 9:
'LH#ω0:LQNHO#YHUWHLOHQ#VLFK#XP#GLH#:HUWH#3�#XQG#4;3�#+$EELOGXQJ#65,1#'LH#9HUWHLOXQJHQ#VLQG
DQ#EHLGHQ#3XQNWHQ#IDVW#JDXVVI|UPLJ/# MHZHLOV#PLW#HLQHU#7HQGHQ]#]X#SRVLWLYHQ#:LQNHOQ1#'DI�U
ILQGHQ# VLFK# EHL# QHJDWLYHQ#:LQNHOZHUWHQ# PHKU# 6HTXHQ]HQ# PLW# HLQHU# ZHVHQWOLFK# JU|�HUHQ
$EZHLFKXQJ1

'LH#QLFKW0KRPRORJHQ#6HTXHQ]HQ#GHV#+RERKP#'DWHQVDW]HV#>6;@#EHLQKDOWHQ#LQ#HLQHP#7HU#)HQ0
VWHU#+05/#04/#3UR/#4/#5,#NHLQH#6HTXHQ]HQ/#GLH#VRZRKO#LP#FLV#DOV#DXFK#LP#WUDQV#'DWHQVDW]#YRUNRP0
PHQ1# ,P# JOHLFKHQ# )HQVWHU# JLEW# HV# QXU# HLQH# WUDQV# 6HTXHQ]/# GLH# ]ZHLPDO# YRUNRPPW1# 'HU
'DWHQVDW]#EHVWHKW#DXV# 656#FLV0#XQG# 89;5# WUDQV06HTXHQ]HQ#GHU#/lQJH# 54# +�43#$PLQRVlXUHQ
UHODWLY#]XP#]HQWUDOHQ#3UROLQ,1#'HU#(LQIDFKKHLW#KDOEHU#ZXUGHQ/#ZHQQ#QLFKW#DQGHUV#DQJH]HLJW/#QXU
GLH#53#EHQDFKEDUWHQ#$PLQRVlXUHQ#EHWUDFKWHW/#GD#GDV#]HQWUDOH#3UROLQ#UHGXQGDQW#LVW1#

71E1L ,QIRUPDWLRQVDQDO\VH

'HU#6(/(&70'DWHQVWDW]#DOV#HLQ#QLFKW0KRPRORJHU#'DWHQVDW]#ZHLFKW# LQ#VHLQHU#$PLQRVlXUH]X0
VDPPHQVHW]XQJ# QLFKW# YRP# 3'%0'DWHQVDW]# DE/# XQG# HV# JLEW# QXU#ZHQLJH#$EZHLFKXQJHQ# ]XU
HUZDUWHWHQ#9HUWHLOXQJ#QDFK#0F&DOGRQ#HW#DO1# >44@1#'LHVHU#'DWHQVDW]#VROO#GLH#*UXQGODJH#]XP
6WXGLXP#GHU#.RQIRUPDWLRQVYRUKHUVDJH#GLHQHQ1#'LH#$EZHLFKXQJ#YRQ#GHU#HUZDUWHWHQ#9HUWHL0
OXQJ#GHU#$PLQRVlXUHQ#NDQQ#XUVlFKOLFK#LQ#GHU#%HVFKUlQNXQJ#DXI#NULVWDOOLVLHUEDUH#3URWHLQH#OLH0

$%%,/'81*#65= 9HUWHLOXQJ#GHU#ω0:LQNHO#I�U#;DD03UR0%LQGXQJHQ#GHV#3'%06(/(&7#'DWHQVDW]HV1
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9; (UJHEQLVVH
JHQ1#'LH#3ULQ]LSLHQ/#GLH#GHU#)DOWXQJ#GLHVHU#*UXSSH#YRQ#3URWHLQHQ#XQWHUOLHJHQ/#ZHUGHQ# VLFK
QLFKW#YRQ#GHQ#DQGHUHU#3URWHLQH#XQWHUVFKHLGHQ1#'DKHU#P�VVHQ#GLH#0HUNPDOH#I�U#GLH#.RQIRUPD0
WLRQVYRUKHUVDJH#YRQ#3HSWLG\OSURO\OELQGXQJHQ#DXFK#PLW#GLHVHP#'DWHQVDW]#EHVFKUHLEEDU#VHLQ1

'LH#,QIRUPDWLRQVDQDO\VH#ZXUGH#EHUHLWV#EHL#GHU#$QDO\VH#GHU#6FKQLWWVWHOOHQ#DOV#DXVJH]HLFKQHWH
0HWKRGH#]XU#(LQVFKlW]XQJ# OLQHDUHU#=XVDPPHQKlQJH#DQJHZHQGHW1# ,Q#$EELOGXQJ# 66# VLQG#GLH
:HUWH#JUDSKLVFK#DXIJHWUDJHQ1#'LH#)HKOHUEDONHQ#]HLJHQ/#GD�#VlPWOLFKH#%HVRQGHUKHLWHQ#LP#FLV
'DWHQVDW]#QRFK#LQQHUKDOE#GHU#)HKOHUWROHUDQ]#OLHJHQ1#1DFK#GLHVHU#$QDO\VH#VLQG#NHLQH#QLFKW#NRU0
UHOLHUWHQ#(LJHQDUWHQ#GHU#EHLGHQ#,VRPHUH#IHVW]XVWHOOHQ1

=XU#8QWHUVXFKXQJ#GHU#8QWHUVFKLHGH#LQ#GHU#,QIRUPDWLRQVDQDO\VH#P�VVHQ#GLH#HLQ]HOQHQ#UHODWLYHQ
+lXILJNHLWHQ#GHU#$PLQRVlXUHQ#DQ#GHQ#MHZHLOLJHQ#3RVLWLRQHQ#EHWUDFKWHW#ZHUGHQ1

$%%,/'81*#66= ,QIRUPDWLRQVSORW#GHU#FLV#+KHOOJUDX,#XQG#GHU#WUDQV#+GXQNHOJUDX,#'DWHQ1#'LH#)HKOHUEDONHQ#VLQG#
HEHQIDOOV#DQJHJHEHQ1#(V#LVW#]X#VHKHQ/#GD�#HV#NHLQH#ZHVHQWOLFKHQ#8QWHUVFKLHGH#]ZLVFKHQ#GHQ#EHLGHQ#,VRPHUHQ0
VHTXHQ]HQ#JLEW1
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9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ 9<
$EELOGXQJHQ#67#XQG#68#]HLJHQ#GLH#UHODWLYHQ#+lXILJNHLWHQ#GHU#$PLQRVlXUHQ#*O\FLQ/#9DOLQ#XQG
$ODQLQ/#VRZLH#GLH#9HUWHLOXQJ#GHU#$PLQRVlXUHQ#DQ#GHQ#3RVLWLRQHQ# 04/#4#XQG# 0631#'HU#)HKOHU
ZXUGH#DOV#4XDGUDWZXU]HO#GHU#$Q]DKO#EHVWLPPW1#$XV#GHQ#$EELOGXQJHQ#JHKW#KHUYRU/#GD�#HV#]XP
7HLO#HUKHEOLFKH#8QWHUVFKLHGH#]ZLVFKHQ#GHQ#EHLGHQ#'DWHQPHQJHQ#JLEW1#)�U#HLQH#EHVVHUH#$XV0
ZHUWXQJ#ZXUGHQ#GLH#DXIIlOOLJVWHQ#'DWHQ# LQ#7DEHOOH# 4:#]XVDPPHQJHID�W1#+LHU#ZXUGHQ/#XQWHU
%HU�FNVLFKWLJXQJ#GHU#)HKOHU/#8QWHUVFKLHGH#DXIJHOLVWHW/#GLH#PHKU#DOV#63(#+EH]RJHQ#DXI#GLH#FLV0
6HTXHQ]HQ,#EHWUDJHQ1#'DEHL#]HLJW#VLFK/#GD�#GLH#EHWUDJVPl�LJ#JU|�WHQ#8QWHUVFKLHGH#QLFKW#ZLH
DQ]XQHKPHQ/# LQ#GHU#XQPLWWHOEDUHQ#8PJHEXQJ#YRP#3UROLQ#YRUNRPPHQ/#VRQGHUQ#DQ#ZHLW#HQW0
IHUQWHQ#3RVLWLRQHQ1#$Q#3RVLWLRQ#063#NRPPW#*O\FLQ#ZHVHQWOLFK#VHOWHQHU#YRU/#ZHQQ#HLQH#FLV#3HS0
WLG\OSURO\OELQGXQJ# DQ#3RVLWLRQ# 3# YRUOLHJW/# DOV# EHL# HLQHU# HQWVSUHFKHQGHQ# WUDQV0%LQGXQJ1#'LH
PHLVWHQ#$PLQRVlXUHQ#ZHLVHQ#DEHU#DQ#3RVLWLRQ#04#HLQHQ#HUKHEOLFKHQ#8QWHUVFKLHG#DXI1#

7$%(//(#4:1#3RVLWLRQHQ/#DQ#GHQHQ#GLH#$EZHLFKXQJ#GHU#UHODWLYHQ#+lXILJNHLW#]ZLVFKHQ#GHQ#FLV0#XQG#WUDQV0
6HTXHQ]HQ#I�U#GLH#HLQ]HOQHQ#$PLQRVlXUHQ#JU|�HU#DOV#63(#EH]RJHQ#DXI#GLH#FLV06HTXHQ]HQ#LVW1#(V#VLQG#GLH#
3RVLWLRQHQ#GHU#5HLKH#QDFK#+41#0#81,#DXIJHOLVWHW#PLW#GHQ#'LIIHUHQ]HQ#+EH]RJHQ#DXI#GLH#FLV06HTXHQ]HQ,#LQ#.ODPPHUQ1#
1HJDWLYH#3UR]HQWDQJDEHQ#EHGHXWHQ/#GD�#GLH#FLV06HTXHQ]HQ#VHOWHQHU#YRUNRPPHQ1

$PLQRVlXUH 41 51 61 71 81
$ 057#+06:(,

& 63#+96(, 56#+088(, 0:#+69(, :#+65(,

' 04#+09;(,

( 4#+;3(,

) 43#+07;(, 049#+079(,# 08#+066(,

* 063#+0447(, 05:#+0<4(, 59#+086(, 55#+078(,

+ 63#+0434(, 058#+75(,

, 04#+0476(, 4#+068(, 059#+065(, 043#+064(,

. ;#+67(,

/ <#+09<(, 045#+078(, 05#+06<(, 44#+069(, 5#+066(,

0 43#+053:(, 043#+0499(, 054#+0483(, 048#+46<(, 0<#+095(,

1

3 47#+064(,

4

5 53#+0:6(, 058#+06;(,

6

7 05<#+0:5(,

9 63#+074(,

: 55#+0658(, :#+76(, 47#+064(,

< 54#+0486(, <#+079(,



:3 (UJHEQLVVH
#

$%%,/'81*#67= 5HODWLYH#+lXILJNHLW#GHU#$PLQRVlXUHQ#*O\FLQ/#9DOLQ#XQG#/HXFLQ#�EHU#GLH#3RVLWLRQHQ#UHODWLY#
]XP#]HQWUDOHQ#3UROLQ#I�U#GLH#FLV0#+KHOOJUDX,#XQG#WUDQV0#+GXQNHO,#6HTXHQ]HQ1#'LH#)HKOHU#EHUHFKQHQ#VLFK#MHZHLOV#DXV#
GHU#4XDGUDWZXU]HO#GHU#+lXILJNHLW1
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9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ :4
$%%,/'81*#68= 5HODWLYH#+lXILJNHLW#GHU#$PLQRVlXUHQ#DQ#3RVLWLRQ#04/#4#XQG#063#EH]RJHQ#DXI#GDV#]HQWUDOH#3UR0
OLQ#I�U#GLH#FLV0#+KHOOJUDX,#XQG#WUDQV0#+GXQNHO,#6HTXHQ]HQ1#'LH#)HKOHU#EHUHFKQHQ#VLFK#MHZHLOV#DXV#GHU#4XDGUDWZXU0
]HO#GHU#+lXILJNHLW1

3 R V LW LR Q # 0 4

3

3 /3 5

3 /3 7

3 /3 9

3 /3 ;
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3 /4 5

3 /4 7
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:5 (UJHEQLVVH
,Q#$EELOGXQJ# 69#ZLUG# GLH#3RVLWLRQ# +04,# JHQDXHU# XQWHUVXFKW1#+LHU#ZLUG# JH]HLJW/# GD�# 3UROLQ/
7\URVLQ/#3KHQ\ODODQLQ#XQG#*O\FLQ#HWZDV#KlXILJHU# LQ#FLV#6HTXHQ]HQ#YRUNRPPHQ1#$VSDUDJLQ/
,VROHXFLQ#XQG#7KUHRQLQ#ZHUGHQ#KLQJHJHQ#KlXILJHU#LQ#WUDQV#6HTXHQ]HQ#DQ#3RVLWLRQ#04#JHIXQGHQ1

71E1LL #6FKZHUSXQNWDQDO\VH

'LH# +lXILJNHLWVYHUWHLOXQJ# GHU# $PLQRVlXUHQ# DXI# GHU# 6FKZHUSXQNWJHUDGHQ# +$EELOGXQJ# 6:,
]HLJW/#GD�#NHLQH#8QWHUVFKHLGXQJ#GHU#.ODVVHQ#P|JOLFK#LVW1#(V#ZXUGH#�EHU#GHQ#JHVDPWHQ#'DWHQ0
VDW]#HLQ#.RUUHODWLRQVNRHIIL]LHQW#YRQ#3/3;#HUUHFKQHW1#'LHV#HQWVSULFKW#GHQ#(UZDUWXQJHQ/#GLH#DXV
GHU# ,QIRUPDWLRQVDQDO\VH# VWDPPHQ1#(LQH# OHLFKWH#9HUVFKLHEXQJ#GHU# EHLGHQ#0D[LPD# Ol�W# HLQH
7HQGHQ]#HUNHQQHQ/#GLH#MHGRFK#QLFKW#]XU#.ODVVLILNDWLRQ#DXVUHLFKW1#(EHQVR#ZLH#GLH#+lXILJNHLWHQ
NHLQH#NODUHQ#=XVDPPHQKlQJH#]ZLVFKHQ#GHU#3HSWLGNRQIRUPDWLRQ#XQG#GHU#6HTXHQ]#]XODVVHQ/#LVW
GLHV#DXFK#QLFKW#PLW#GHU#6FKZHUSXQNWDQDO\VH#P|JOLFK1

$%%,/'81*#69= 5HODWLYH#+lXILJNHLW#GHU#$PLQRVlXUHQ#DQ#3RVLWLRQ#04#UHODWLY#]XP#3UROLQ#I�U#GLH#FLV#+GXQNHO,#
XQG#WUDQV#+KHOO,#6HTXHQ]HQ1#3IHLOH#]HLJHQ#8QWHUVFKLHGH#]ZLVFKHQ#GHQ#EHLGHQ#.RQIRUPHUHQ/#GHUHQ#/lQJH#SURSRU0
WLRQDO#]XP#8QWHUVFKLHG#LVW1
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9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ :6
71E1LLL +DXSWNRPSRQHQWHQDQDO\VH

'LH# 3URMHNWLRQ# GHU#'DWHQSXQNWH# DXI# GLH# HUVWHQ# EHLGHQ#+DXSWNRPSRQHQWHQ# +$EELOGXQJ# 6;,
]HLJW/#GD�#I�U#GLH#PHLVWHQ#'DWHQSXQNWH#NHLQH#8QWHUVFKHLGXQJ#GHU#.RQIRUPDWLRQ#P|JOLFK#LVW1
1XU# HWZD# 43(# GHU# FLV0'DWHQSXQNWH# ODVVHQ# VLFK# YRQ# GHQ# WUDQV0'DWHQ# XQWHUVFKHLGHQ1#'LHVH
'DWHQ#VLQG#LQ#7DEHOOH#4;#DXIJHOLVWHW1#6LH#ZXUGHQ#LQ#GUHL#.ODVVHQ#DXIJHWHLOW1#'LH#.ODVVHQ#ZHUGHQ
�EHU#GDV#3URGXNW#DXV#HLQHP#(LJHQYHNWRU#XQG#GHU#6HTXHQ]#GHILQLHUW1#$OOH#FLV#6HTXHQ]HQ/#GLH
HLQHQ#JU|�HUHQ#%HWUDJ#DOV#GLH#JU|�WH# WUDQV#6HTXHQ]#DXIZHLVHQ/#ZXUGHQ# LQ#7DEHOOH#4;#DXIJH0
QRPPHQ1#'LH#$PLQRVlXUHQ/#GLH#PLW#GHQ#JU|�WHQ#(LJHQYHNWRUHOHPHQWHQ#+$EELOGXQJ#6<,#�EHU0
HLQVWLPPHQ/# VLQG# KHUYRUJHKREHQ1# 'LH# 6HTXHQ]HQ# GHU# .ODVVH# 4# +QHJDWLYH#:HUWH# DXV# GHP
3URGXNW#PLW#GHU#41#+DXSWNRPSRQHQWH,#ZHUGHQ#KDXSWVlFKOLFK#DXV# ,PPXQJOREXOLQHQ#JHELOGHW1
.ODVVH#5#+SRVLWLYH#:HUWH#DXV#GHP#3URGXNW#PLW#51#+DXSWNRPSRQHQWH,#EHVWHKW#KDXSWVlFKOLFK#DXV
+\GURODVHQ1#'LH# 6HTXHQ]HQ# GHU#.ODVVH# 6# IDOOHQ# QLFKW# LQ# HLQH# ]XVDPPHQKlQJHQGH# 3URWHLQ0
NODVVH1#'DV#3UROLQ#LQ#.ODVVH#4#OLHJW#LQ#HLQHU#β09,D4#6WUXNWXU#YRU>#DOOH#DQGHUHQ#.ODVVHQ#EHVLW]HQ
NHLQH#VWUXNWXUHOOHQ#*HPHLQVDPNHLWHQ1#'LH#DXV#GHQ#(LJHQYHNWRUHQ#DEJHOHLWHWHQ#.RQVHQVXVVH0
TXHQ]HQ#VLQG#LQ#$EELOGXQJ#6<#ZLHGHUJHJHEHQ1

4 5 6 7 8 9 : ; < 43 44 45 46 47 48 49 4: 4; 4< 53 54 55 56 57 58 59 5: 5; 5< 63

3135
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3139

313;

$%%,/'81*#6:= 6FKZHUSXQNWDQDO\VH1#5HODWLYH#+lXILJNHLW#GHU#FLV0+GXQNHO,#XQG#WUDQV0+KHOO,#'DWHQ#QDFK#3UR0
MHNWLRQ#DXI#GLH#6FKZHUSXQNWJHUDGH1
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:7 (UJHEQLVVH
#

$%%,/'81*#6;= 3URMHNWLRQ#GHU#YHUWHLOW#NRGLHUWHQ#'DWHQ#DXI#GLH#HUVWHQ#EHLGHQ#+DXSWNRPSRQHQWHQ#GHU#WUDQV0
'DWHQ#+OLQNV/#RUDQJHQH#.UHLVH,#XQG#GHU#FLV0'DWHQ+UHFKWV/#JU�QH#'UHLHFNH,
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$%%,/'81*#6<= .RPSRQHQWHQ#GHV#41#XQG#51#(LJHQYHNWRUV#GHU#WUDQV0'DWHQ#+REHQ,#XQG#FLV0'DWHQ#+XQWHQ,1#'LH#
$PLQRVlXUHQ/#GLH#]X#GHQ#JU|�HUHQ#.RPSRQHQWHQ#GHU#FLV0'DWHQ#JHK|UHQ/#ZXUGHQ#DQ#GLH#HQWVSUHFKHQGHQ#3RVLWLR0
QHQ#JHVFKULHEHQ1



9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ :8
7$%(//(#4;1#FLV06HTXHQ]HQ/#GLH#VLFK#QDFK#3URMHNWLRQ#DXI#HLQH#GHU#EHLGHQ#+DXSWNRPSRQHQWHQ#YRQ#DOOHQ#DQGHUHQ#
6HTXHQ]HQ#XQWHUVFKHLGHQ1#'LH#6HTXHQ]HQ#GHU#.ODVVH#4#ZXUGHQ#GXUFK#3URMHNWLRQ#DXI#GLH#41#+DXSWNRPSRQHQWH#GHU#
FLV0'DWHQ#HUKDOWHQ1#'LH#*UXSSHQ#5#XQG#6#HUJHEHQ#VLFK#GXUFK#3URMHNWLRQ#DXI#GLH#51#+DXSNRPSRQHQWH1#'LH#
6HTXHQ]HQ/#3'%0.RGHV/#GHU#HQWVSUHFKHQGH#ω0:LQNHO#GHU#]HQWUDOHQ#;DD03UR#(LQKHLW/#GHU#:HUW#GHU#3URMHNWLRQ#
+(9-6HTXHQ],/#GLH#3URWHLQNODVVH#XQG#GHU#&$7+#>;7@#01DPH#+5HIHUHQ]SURWHLQ#GHU#3URWHLQNODVVH,#VLQG#DXIJHI�KUW1

.ODVVH 6HTXHQ]
3'%0
.RGH 2PHJD

(9#-#
6HTXHQ] 3URWHLQNODVVH &$7+

4 //9&696*)<3*6,(95:)51 4GOKE 041774 05/8 +LVWRNRPSDWLELOLWlWV#
3URWHLQ

4KQI#4

4 6/7&/9.*)<36',$9(:(61 4IF5G 0813;4 05/7 ,PPXQJOREXOLQ 4KQI#4

4 7/5&:$/*)<3$',7/7:4.' 4PKFD 3166: 05/6 0+&#$QWLJHQ 4KQI#4

4 7/9&/$5*))3'+9(/6::91 4EHFB 0714:9 05/4 $QWLJHQUH]HSWRU 4KQI#4

4 9/,&),'.)73399197:/51 4GOKD 315;: 05/3 +LVWRNRPSDWLELOLWlWV#
3URWHLQ

4KQI#4

4 699&)/11)<3.',19.:.,' 9IDEO 051<39 04/; ,PPXQJOREXOLQ 4KQI#4

4 9/7&$$)6)<33(/.)5)/51 4IUXD 316;< 04/: ,PPXQJOREXOLQ#
ELQGHQGHV#3URWHLQ

4KQI#4

4 $/*&/9.'<)3(39796:16* ;IDEE 0<176: 04/8 ,PPXQJOREXOLQ 4KQI#4

4 4(4+<$**1'3$15($7:/6* 9WDDB 31393 04/5 +\GURODVH 4QDU

</6'(74<)&3$*/($64($1 5GOQ 05/678 03/< /LJDVH 4LRZ#5

//5&.5)*53377/$()6/14 4WKY 6/;7; 03/9 V��#VFKPHFNHQGHV#
3URWHLQ#+7KDXPDWLQ,

4WKY

43$)6$)9743$'*)7$:.<' 4HGH 03/7;4 03/8 'HKDORJHQDVH 4WDW#$

$*9)/$$17)3.65(75$3/9 4\XD 03/666 03/9 '1$0ELQGHQGHV#
3URWHLQ

4\XD

((.5<$0*'$3'<'564:/1( 5JVWD 5/57< 03/: *OXWDWKLRQ#
7UDQVIHUDVH

4DED

5 $<,7394,*73$47/1/')'7 5HU:H 071<4< 4/< +\GURODVH 4ILY#$

5 (<$,396,*73*4')<//)'7 4PSSB 0313<7 4/8 +\GURODVH 4ILY#$

5 $)93)97/*'3*,(46/.,,' 4XEVD 31<5; 4/7 /\DVH#3HSWLG 4SLL#5

5 .'9.9/99*13$171$/,$<. 4EGPE 0616<5 4/6 2[LGRUHGXNWDVH 4HIX#$4

$<3*',74*63)'7*,/1$/7 4FUO ;/7;4 4/4 +\GURODVH 4OSS

$'**799,$33$$3)5&33*3 4IFG 48:/84< 4/5 'HK\GURJHQDVH 4QKS#4

6 </56,..4/+36.,,/,6'9$ 4YSWB 31495 04/6 0HWK\OWUDQVIHUDVH 4YSW

/5/)(<**)33(61</)/*'< 4IMP 3/665 04/3 3KRVSKDWDVH 4IMP#$

7/9&/$5*))3'+9(/6::91 4EHF 07/4:9 04/7 $QWLJHQ#5H]HSWRU 4KQI#4

//5&.5)*53377/$()6/14 4WKY 6/;7; 04/4 V��#VFKPHFNHQGHV#
3URWHLQ

4WKY

/73/$<.4),319$(.7/*$6 4YKK 3/358 04/3 6LJQDO#3URWHLQ 4YKK



:9 (UJHEQLVVH
'LH#(LJHQZHUWH/#GLH#DXV#GHQ#.RQIRUPDWLRQVGDWHQ#EHUHFKQHW#ZXUGHQ/#XQWHUVFKHLGHQ#VLFK#QLFKW
YRQ#(LJHQZHUWHQ/#GLH#PLW#HLQHU#MHZHLOV#JOHLFKHQ#$Q]DKO#YRQ#=XIDOOVVHTXHQ]HQ#EHUHFKQHW#ZXU0
GHQ1

71E1LY 0DKDODQRELV0'LVWDQ]DQDO\VH

'LH#(UJHEQLVVH#GHU#+DXSWNRPSRQHQWHQDQDO\VH# ODVVHQ#VLFK#PLW#GHU#0DKDODQRELV0'LVWDQ]DQD0
O\VH#DXI#HLQH#.ODVVLIL]LHUEDUNHLW#KLQ#XQWHUVXFKHQ1#'DEHL#HUJDE#VLFK#HLQ#.RUUHODWLRQVNRHIIL]HQW
YRQ#4FRUU# #3/54#I�U#DOOH#6HTXHQ]GDWHQ1#(QWVSUHFKHQG#GHU#+DXSWNRPSRQHQWHQDQDO\VH#ZXUGHQ
HLQLJH#GHU#'DWHQ#NRUUHNW#NODVVLIL]LHUW1#=ZDU#ZXUGHQ#DOOH#FLV#'DWHQ#HUNDQQW/#MHGRFK#ZXUGH#DXFK
IDVW#GLH#+lOIWH#GHU#WUDQV#6HTXHQ]HQ#DOV#FLV#NODVVLIL]LHUW1#$XV#GHQ#(UJHEQLVVHQ#JHKW#KHUYRU/#GD�
NHLQH#7UHQQXQJ#PLW#+LOIH#GLHVHU#0HWKRGH#P|JOLFK#LVW1

71E1Y $GDSWLYH#.RGLHUXQJ

(LQH#5HLKH#YRQ#1HXURQDOHQ#1HW]HQ#PLW#DGDSWLYHU#.RGLHUXQJ#ZXUGHQ#WUDLQLHUW1#(V#ZXUGH#HLQH
.UHX]YDOLGLHUXQJ#�EHU#GUHL#7HLOH#GXUFKJHI�KUW#XQG#GLH#5HFKQXQJHQ# MHZHLOV#GUHLPDO#ZLHGHU0
KROW1#)�U#GLH#3HU]HSWURQDUFKLWHNWXU#XQG#1HW]H#PLW#GUHL/#I�QI#XQG#VLHEHQ#+LGGHQVFKLFKWHQ#ZXUGH
MHZHLOV#GLH#$Q]DKO#GHU#.RGLHUXQJVYHNWRUHQ#]ZLVFKHQ#4#XQG#VHFKV#YDULLHUW1#'LH#(UJHEQLVVH#VLQG
LQ#$EELOGXQJ#74#JUDSKLVFK#GDUJHVWHOOW1#0LW#JU|�HU#ZHUGHQGHU#.RPSOH[LWlW#GHU#1HW]H#ZHUGHQ
GLH#5HVXOWDWH#GHU#7UDLQLQJVOlXIH#EHVVHU1#'LH#$EZHLFKXQJHQ#KLHUYRQ#N|QQHQ#DXIJUXQG#VWDWLVWL0
VFKHU#6FKZDQNXQJHQ#HQWVWHKHQ1#'LH#.RUUHODWLRQVNRHIIL]LHQWHQ#I�U#GLH#7HVWZHUWH#HUUHLFKHQ#LQ
NHLQHP#)DOO#HLQHQ#:HUW#JU|�HU#DOV#3/51#=ZDU#VWHLJHQ#GLH#0LWWHOZHUWH#I�U#GDV#3HU]HSWURQ#XQG

433 533 633 733

314

315

316

317

318

433 533 633 733

314

315

316

317

318

$%%,/'81*#73= (LJHQZHUWH#+VRUWLHUW#QDFK#GHU#*U|�H,#GHU#+DXSWNRPSRQHQWHQDQDO\VH#GHU#WUDQV0'DWHQ#+$,#XQG#
GHU#FLV0'DWHQ#+%,#VRZLH#GLH#(LJHQZHUWH#I�U#HLQH#HQWVSUHFKHQGH#$Q]DKO#YRQ#=XIDOOVVHTXHQ]HQ#+JHVWULFKHOWH#
/LQLHQ,1#9HUJOHLFKH#DXFK#$EELOGXQJ 53#DXI#6HLWH 791

$ %

(LJHQZHUWH#4#ELV#753 (LJHQZHUWH#4#ELV#753
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9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ ::
GUHL#+LGGHQ#1HXURQHQ#DQ1#%HL#I�QI#+LGGHQQHXURQHQ#XQG#YLHU#.RGLHUXQJVYHNWRUHQ#ZLUG#MHGRFK
HLQ#0D[LPXP#GXUFKODXIHQ1#$OOH#ZHLWHUHQ#(UZHLWHUXQJHQ#GHV#3DUDPHWHUUDXPV#I�KUHQ#]X#HLQHU
9HUVFKOHFKWHUXQJ#GHU#7HVWHUJHEQLVVH#+hEHUWUDLQLHUHQ,1

71E1YL .RKRQHQQHW]H

(V#ZXUGHQ#IROJHQGH#8QWHUVXFKXQJHQ#PLW#.RKRQHQQHW]HQ#JHPDFKW=#=XP#HLQHQ#ZXUGHQ#I�U#YHU0
VFKLHGHQH#.RGLHUXQJHQ#+Ä+\GURSKREL]LWlW#)#9ROXPHQ#)#3RODULWlW³/#YHUWHLOWH#.RGLHUXQJ#XQG#;
(LJHQVFKDIWVVNDOHQ#QDFK#7D\ORU#>44;@,#1HW]H#I�U#GHQ#JHVDPWHQ#'DWHQVDW]#XQG#I�U#GLH#FLV#XQG
WUDQV#'DWHQ#VHSDUDW#EHUHFKQHW1#$X�HUGHP#ZXUGHQ#GLH#6HTXHQ]HQ#HQWVSUHFKHQG#GHU#6HNXQGlU0
VWUXNWXU# GHV# ]HQWUDOHQ# 3UROLQV# VHSDUDW# XQWHUVXFKW1#(V# NRQQWH# LQ# NHLQHP# )DOO# HLQH#7UHQQXQJ
GXUFKJHI�KUW#ZHUGHQ1#'LH#(UJHEQLVVH#VLQG#LQ#7DEHOOH#4<#]XVDPPHQJHID�W1
7$%(//(#4<1#(UJHEQLVVH#GHU#$QDO\VH#PLW#.RKRQHQQHW]ZHUNHQ

.RGLHUXQJ .RUUHODWLRQVNRHHIL]LHQW
YHUWHLOW 3/39

+\GURSKREL]LWlW#2#9ROXPHQ#2#3RODULWlW 03/35

HQWVSUHFKHQG#GHU#6HNXQGlUVWUXNWXU#GHV#3UROLQV 3/35

;#(LJHQVFKDIWHQ#QDFK#7D\ORU#>44;@ 3/36

$%%,/'81*#74= (UJHEQLVVH#GHU#$&11#(V#ZXUGHQ#YHUVFKLHGHQH#1HW]DUFKLWHNWXUHQ#+3HU]HSWURQ/#GUHL/#I�QI#XQG#
VLHEHQ#+LGGHQVFKLFKWHQ,#PLW#HLQ#ELV#VHFKV#.RGLHUXQJVYHNWRUHQ#EHUHFKQHW1#(V#VLQG#GLH#�EHU#QHXQ#9HUVXFKH#
JHPLWWHOWHQ#VRZLH#0D[LPDOZHUWH#GHU#.RUUHODWLRQVNRHIIL]LHQWHQ#I�U#7UDLQLQJ#XQG#7HVW#DXIJHI�KUW1

3/33

3/43

3/53

3/63

3/73

3/83

3/93

3/:3

3/;3
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:; (UJHEQLVVH
'LH#.RKRQHQH[SHULPHQWH#ZXUGHQ#VR#GXUFKJHI�KUW/#GD�#MHGH#.ODVVH#PLW#GHU#JOHLFKHQ#+lXILJ0
NHLW# EHUHFKQHW#ZXUGH/#ZDV# ]XU# )ROJH# KDW/# GD�# GLH# FLV0'DWHQ#ZHVHQWOLFK# KlXILJHU# GHP#1HW]
JH]HLJW#ZXUGHQ#DOV#GLH#WUDQV#'DWHQ1#-HGRFK#NRQQWH#VR#HLQH#hEHUEHZHUWXQJ#GHU#WUDQV#'DWHQ#HQW0
VSUHFKHQG#GHU#JU|�HUHQ#$Q]DKO#DXVJHVFKORVVHQ#ZHUGHQ1#(V#ZXUGHQ#MHZHLOV#43[43#1HW]H#WUDL0
QLHUW1

71E1YLL .ODVVLILNDWLRQ#XQG#,QIRUPDWLRQ#GHU#2EHUIOlFKHQHLJHQVFKDIWHQ

'D#GLH#,VRPHULVLHUXQJ#LP#DOOJHPHLQHQ#HLQ#JHVFKZLQGLJNHLWVEHVWLPPHQGHU#6FKULWW#LQ#GHU#3UR0
WHLQIDOWXQJ#LVW#>58@/#PX�#HLQ#ORNDOHV#(QHUJLHPLQLPXP#HUUHLFKW#ZHUGHQ/#EHL#GHP#VLFK#2EHUIOl0
FKHQVWUXNWXUHQ#DXVELOGHQ/#EHYRU#HLQH#,VRPHULVLHUXQJ#VWDWWILQGHW1#*HKW#PDQ#GDYRQ#DXV/#GD�#GLH
PHLVWHQ#ORNDOHQ#6WUXNWXUHQ#GHV#QDWLYHQ#3URWHLQV#LP#ORNDOHQ#0LQLPXP#VFKRQ#YRUKDQGHQ#VLQG/
NDQQ#DQKDQG#GLHVHU#6WXUNWXUHQ#GHUMHQLJH#%HUHLFK#LGHQWLIL]LHUW#ZHUGHQ/#GHU#VLFK#DXFK#LP#ORNDOHQ
0LQLPXP#DQ#GHU#2EHUIOlFKH#EHILQGHW1#1XU#VROFKH#$PLQRVlXUHQ/#GLH#]XJlQJOLFK#VLQG#I�U#,VR0
PHUDVHQ/# KDEHQ# DXFK# HLQH#&KDQFH# LVRPHULVLHUW# ]X#ZHUGHQ1#'HVKDOE#ZXUGHQ# GLH# 6HTXHQ]HQ
LGHQWLIL]LHUW/#GLH#HLQHQ#JHZLVVHQ#$QWHLO#GHU#2EHUIOlFKH#GHV#QDWLYHQ#3URWHLQV#DXVPDFKHQ#XQG
DQVFKOLH�HQG#GLH# ,QIRUPDWLRQ#GLHVHU#6HTXHQ]HQ#EHVWLPPW1#'LH# ,QIRUPDWLRQVSORWV#VLQG# LQ#GHQ
IROJHQGHQ#$EELOGXQJHQ#GDUJHVWHOOW=



9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ :<
###########

(V#ZXUGH# I�U#:8/#73#XQG#43#c5#GLH# ,QIRUPDWLRQ#GHU#6HTXHQ]HQ#EHUHFKQHW1#'LH#8QWHUVFKLHGH
]ZLVFKHQ#GHQ#FLV#XQG# WUDQV#6HTXHQ]HQ# OLHJHQ#DOOH# LP#%HUHLFK#GHU#)HKOHUWROHUDQ]1#'DV#KHL�W/
GD�#DXFK#KLHU#NHLQH#.ODVVLILNDWLRQ#P|JOLFK#LVW1

71E1YLLL 6'08PJHEXQJ

1LFKW# QXU# GLH# 6HTXHQ]QDFKEDUQ# N|QQHQ# HLQHQ# EHVWLPPWHQ# (LQIOX�# DXI# GLH# .RQIRUPDWLRQ
KDEHQ/#DXFK#HLQH#$PLQRVlXUH#GHUHQ#GUHLGLPHQVLRQDOHU#$EVWDQG#NOHLQ#LVW/#NDQQ#HLQHQ#(LQIOX�
DXV�EHQ1#$EELOGXQJ#76#]HLJW#GLH#UHODWLYHQ#+lXILJNHLWHQ#GHU#$PLQRVlXUHQ#LQ#GHU#GUHLGLPHQVLR0
QDOHQ#8PJHEXQJ#YRQ#506c#XP#GDV#3UROLQ#I�U#GLH#FLV#XQG#WUDQV#6HTXHQ]HQ1#8QWHU#%HU�FNVLFKWL0
JXQJ#GHU#)HKOHU#IDOOHQ#GLH#$PLQRVlXUHQ#$ODQLQ/#0HWKLRQLQ#XQG#7U\SWRSKDQ#DXI/#GLH#LQ#WUDQV
6HTXHQ]HQ# KlXILJHU# YRUNRPPHQ1# +LQJHJHQ# NRPPW# $VSDUDJLQVlXUH# HWZDV# KlXILJHU# LQ# FLV
6HTXHQ]HQ#YRU1
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$%%,/'81*#75= ,QIRUPDWLRQVDQDO\VH#GHU#$PLQRVlXUHQ#DQ#GHQ#3RVLWLRQHQ#UHODWLY#]XP#3UROLQ/#I�U#6HTXHQ]HQ#
EHL#GHQHQ#GDV#]HQWUDOH#3UROLQ#:8c5#+$,/#73#c5#+%,#XQG#43#c5#+&,#DQ#GHU#2EHUIOlFKH#GHV#3URWHLQV#EHVLW]W#+KHOO#
WUDQV/#GXQNHO#FLV,1

$

&

%



;3 (UJHEQLVVH
71E1L[ 6HNXQGlUVWUXNWXU#DP#3UROLQ

'LH# 6HNXQGlUVWUXNWXU# GHU# 3URWHLQH# ZXUGH# PLW# GHP# 3URJUDPP# '663# >79@# I�U# GDV# 3UROLQ
EHVWLPPW1#'LH#UHODWLYH#+lXILJNHLW#GHU#HLQ]HOQHQ#6WUXNWXUHOHPHQWH#LVW#LQ#7DEHOOH#53#DXIJHI�KUW1
'DQDFK#NRPPHQ#FLV#6HTXHQ]HQ#KDXSWVlFKOLFK#LQ#ÄEHQGV³#+%LHJXQJHQ/#6,#XQG#7XUQ06WUXNWXUHQ
PLW#HLQHU#+0%U�FNH#+7,#YRU/#VRZLH#LQ#UDQGRP#FRLO#6WUXNWXUHQ#+B,1#7UDQV#6HTXHQ]HQ#ILQGHQ#VLFK
KDXSWVlFKOLFK# LQ#UDQGRP#FRLO#6WUXNWXUHQ# +B,/#ZRKO#DEHU#DXFK# LQ#ÄEHQGV³# +%LHJXQJHQ/#6,#XQG
7XUQ06WUXNWXUHQ#PLW#HLQHU#+0%U�FNH# +7,1#(LQ#QLFKW#]X#YHUQDFKOlVVLJHQGHU#7HLO#NRPPW# LQ# 70
+HOL[EHUHLFKHQ# +α0+HOL[,#YRU1#(LQH# ,QIRUPDWLRQVDQDO\VH#GHU#$PLQRVlXUHQ# I�U#GLH#6HNXQGlU0
VWUXNWXUHOHPHQWH#7#+$EELOGXQJ#77,/#6#+$EELOGXQJ#78,#XQG#B#+$EELOGXQJ#79,#LVW#GXUFKJHI�KUW
ZRUGHQ1

$%%,/'81*#76= 5HODWLYH#+lXILJNHLW#GHU#$PLQRVlXUHQ#LP#$EVWDQG#YRQ#506#c#YRP#3UROLQ#+GXQNHO#WUDQV/#KHOO#
FLV,

3
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9RUKHUVDJH#GHU#FLV2WUDQV0#.RQIRUPDWLRQ#YRQ#3HSWLG\OSURO\OELQGXQJHQ ;4
7$%(//(#531#5HODWLYH#+lXILJNHLW#GHU#.RQIRUPHUH#EHL#YRUJHJHEHQHU#6HNXQGlUVWUXNWXU#+QDFK#'663,#GHV#3UROLQV

5�#6WUXNWXUHOHPHQW 5�#QDFK#.DEVFK#HW#DO1#>79@ FLV WUDQV
HUZHLWHUWHV#)DOWEODW/#GDV#VLFK#LQ#

HLQHU#β0/HLWHU#EHILQGHW (
6/;3 3/<8

$PLQRVlXUH#LQ#HLQHU#HLQ]HOQHQ#
β0%U�FNH %

3/33 3/33

70+HOL[#+α0+HOL[,
+

4/9< 47/56

60+HOL[#+643#+HOL[, *
3/;7 9/;3

80+HOL[#+π0+HOL[,
,

3/75 3/36

QLFKW#GHILQLHUWHV#5�0(OHPHQW#
+UDQGRP#FRLO, B

49/79 76/93

EHQG
6

78/<< 43/96

7XUQ#PLW#+0%U�FNH
7

63/;3 56/::

$%%,/'81*#77= ,QIRUPDWLRQVDQDO\VH#GHU#$PLQRVlXUHQ#DQ#GHQ#3RVLWLRQHQ#UHODWLY#]XP#3UROLQ/#ZHQQ#GDV#5�#
6WUXNWXUHOHPHQW#QDFK#'663#GHV#3UROLQV#HLQ#7XUQ#LVW#+KHOO#WUDQV/#GXQNHO#FLV,1
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3
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WUDQV
FLV



;5 (UJHEQLVVH
#

$%%,/'81*#78= ,QIRUPDWLRQVDQDO\VH#GHU#$PLQRVlXUHQ#DQ#GHQ#3RVLWLRQHQ#UHODWLY#]XP#3UROLQ/#ZHQQ#GDV#5�#
6WUXNWXUHOHPHQW#QDFK#'663#GHV#3UROLQV#HLQH#%LHJXQJ#LVW#+KHOO#WUDQV/#GXQNHO#FLV,1

6
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WUDQV
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$%%,/'81*#79= ,QIRUPDWLRQVDQDO\VH#GHU#$PLQRVlXUHQ#DQ#GHQ#3RVLWLRQHQ#UHODWLY#]XP#3UROLQ/#ZHQQ#NHLQ#5�#
6WUXNWXUHOHPHQW#QDFK#'663#]X]XRUGQHQ#LVW#+KHOO#WUDQV/#GXQNHO#FLV,1
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'HVLJQ#YRQ#3URWHLQOLJDQGHQ ;6
71F 'HVLJQ#YRQ#3URWHLQOLJDQGHQ

'HU#HUVWH#6FKULWW#GHU#9LUXVLQIHNWLRQ#GHU#:LUWV]HOOH#GXUFK#GHQ#6FKQXSIHQYLUXV#+59 47#LVW#GLH
%LQGXQJ#DQ#HLQHQ#=HOOREHUIOlFKHQ05H]HSWRU/#GHQ#,&$00,#5H]HSWRU1#=LHO#ZDU#HV/#GLHVH#3URWHLQ0
3URWHLQ#:HFKVHOZLUNXQJ#]X# LQKLELHUHQ1#'LH#GUHLGLPHQVLRQDOH#6WUXNWXU#GHV#9LUXVK�OOSURWHLQV
ODJ#PLW#HLQHU#$XIO|VXQJ#YRQ#6c##YRU#>433@1#)�U#GDV#UDWLRQDOH#'HVLJQ#YRQ#3URWHLQOLJDQGHQ/#GLH
LQ#GHU#&DQ\RQUHJLRQ#GHV#5KLQRYLUXV#+59 47#ELQGHQ/#ZXUGHQ#]ZHL#9HUIDKUHQ#YHUZHQGHW1#'LH
6LPXOLHUWH#0ROHNXODUH#(YROXWLRQ# +60(/# >437@,#XQG#HLQ#QHXHU#'RFNLQJ#$OJRULWKPXV#ZXUGHQ
DQJHZHQGHW/#XP#LQVJHVDPW#:#1RQD03HSWLGH#]X#HQWZLFNHOQ/#ZHOFKH#DQVFKOLH�HQG#H[SHULPHQWHOO
XQWHUVXFKW#ZXUGHQ1

71F1L 6LPXOLHUWH#0ROHNXODUH#(YROXWLRQ

9;#1RQD03HSWLGH#PLW#EHNDQQWHU#]HOOSURWHNWLYHU#(LJHQVFKDIW#ODJHQ#]XU#$QDO\VH#YRU#+7DEHOOH#54,1
'HU#*UDG#GHV#=HOOVFKXW]HV#GXUFK#HLQ#DQWLYLUDOHV#1RQD03HSWLG#ZXUGH#DXI#GHQ#:HUW#I�U#GLH#,QKL0
ELWLRQ# GHU#+59# 4709HUPHKUXQJ# GXUFK# HLQHQ# ,QKLELWRU# LP#9HUJOHLFK# ]XU#9LUXVNRQWUROOH# LQ
$EZHVHQKHLW#GHV# ,QKLELWRUV#EH]RJHQ1#'DEHL#JHEHQ#QHJDWLYH#:HUWH# HLQH#$EQDKPH#GHU#0H�0
VLJQDOH#LP#9HUJOHLFK#]XU#9LUXVNRQWUROOH#RKQH#,QKLELWRU#DQ1#,QKLELWLRQVZHUWH#DE#063(#UHSUlVHQ0
WLHUHQ# HLQHQ# SDUWLHOOHQ# =HOOVFKXW]# XQG# ZHUGHQ# DOV# VLJQLILNDQW# DQJHVHKHQ1# ,QKLELWLRQVZHUWH
]ZLVFKHQ# 053(#XQG# 05<(#ZHUGHQ#DOV#PDUJLQDO#DQJHVHKHQ1# ,QKLELWLRQVZHUWH#]ZLVFKHQ#3#XQG
04<(#ZHUGHQ#QLFKW# DOV#=HOOVFKXW]#JHZHUWHW1#3RVLWLYH#:HUWH#JHEHQ# HLQH#=XQDKPH#GHU#0H�0
VLJQDOH#LP#9HUJOHLFK#]XU#9LUXVNRQWUROOH#RKQH#3HSWLG#DQ1#

'LH#9;#1RQD03HSWLGH#ZXUGHQ#LQ#GUHL#HWZD#JOHLFK#JUR�H#*UXSSHQ#I�U#HLQH#.UHX]YDOLGLHUXQJ#DXI0
JHWHLOW1#'LH#'DWHQ#ZXUGHQ#PLW#GHQ#SK\VLNRFKHPLVFKHQ#(LJHQVFKDIWHQ#9ROXPHQ# +=DP\DWQLQ
>459@,/#+\GURSKREL]LWlW#+(QJHOPDQ#>53@,/#3RODULWlW#+-RQHV#>78@,#XQG#5HIUDNWLYLWlW#+-RQHV#>78@,
NRGLHUW1#



;7 (UJHEQLVVH
(LQ#]ZHLODJLJHV#.�QVWOLFKHV#1HXURQDOHV#1HW]#PLW#69#(LQJDEH0#XQG#43#=ZLVFKHQ0#VRZLH#HLQHU
$XVJDEHVFKLFKW#ZXUGH#PLW#HLQHP#/HUQIDNWRU#YRQ#σ# #3/5#XQG#HLQHU#+4/#93,06WUDWHJLH#�EHU#833
=\NOHQ# WUDLQLHUW1# 'LH# .RGLHUXQJ# XQG# 6ROODXVJDEHZHUWH# ZXUGHQ# HQWVSUHFKHQG# GHU# LP# 1HW]
EHQXW]WHQ#6LJPRLGDOIXQNWLRQ#DXI#HLQHQ#:HUWHEHUHLFK#YRQ#04#ELV#.4#DEJHELOGHW1#'HU#TXDGUDWL0
VFKH#)HKOHU#ZXUGH#PLQLPLHUW1

'DV#1HW]#PLW#GHU#EHVWHQ#9RUKHUVDJHJHQDXLJNHLW# +EHVWH#7HVWHUJHEQLVVH,#ZXUGH# I�U#GLH#6LPX0
OLHUWH#0ROHNXODUH#(YROXWLRQ#+60(,#YHUZHQGHW1#(LQH#bKQOLFKNHLWVWDEHOOH/#GLH#VLFK#DXV#GHQ#YLHU
SK\VLNR0FKHPLVFKHQ# (LJHQVFKDIWHQ# EHUHFKQHWH/# ZXUGH# I�U# GLH# 60(# YHUZHQGHW1# 'LH# 60(
ZXUGH#PLW#53#1DFKNRPPHQ#SUR#*HQHUDWLRQ#�EHU#533#*HQHUDWLRQHQ#GXUFKJHI�KUW1#,QLWLDOLVLHUW
ZXUGH#PLW#GHU#6HTXHQ]#*;*;*;*;*# +;# VWHKW# I�U# HLQH#EHOLHELJH#$PLQRVlXUH,1#9RQ#GHQ
FLUFD#433#6HTXHQ]HQ#PLW#HLQHP#RSWLPDOHQ#$XVJDEHZHUW#ZXUGHQ#I�QI#6HTXHQ]HQ#I�U#GLH#6\Q0
WKHVH#EHVWLPPW1#,Q#7DEHOOH#55#VLQG#GLH#6HTXHQ]HQ#PLW#GHQ#HU]LHOWHQ#]HOOSURWHNWLYHQ#(LJHQVFKDI0
WHQ#DXIJHOLVWHW1#$OOH#QHXHQ#6HTXHQ]HQ#I�KUHQ#LP#YLURORJLVFKHQ#7HVW#]X#HLQHU#,QKLELWLRQ/#ZREHL
GUHL#GHU#I�QI#3HSWLGH#HLQH#VLJQLILNDQWH#XQG#]ZHL#HLQH#PDUJLQDOH#=HOOSURWHNWLRQ#EHZLUNWHQ1

7$%(//(#541#1RQDSHSWLGH/#GLH#DOV#*UXQGODJH#I�U#GLH#(QWZLFNOXQJ#GHU#1HXURQDOHQ#1HW]H#YHUZHQGHW#ZXUGHQ1#'LH#
]HOOSURWHNWLYHQ#(LJHQVFKDIWHQ#+,QKLELWLRQ,#VLQG#QHEHQ#GHQ#6HTXHQ]HQ#ZLHGHUJHJHEHQ1#'DEHL#EHGHXWHQ#JUR�H#
QHJDWLYH#:HUWH#HLQH#KRKH#,QKLELWLRQ1

6HTXHQ] ,QKLELWLRQ# 6HTXHQ] ,QKLELWLRQ 6HTXHQ] ,QKLELWLRQ 6HTXHQ] ,QKLELWLRQ

*'*9*9*'* 054( *3*(*,*(* 09( *0*(*,*,* 057( *'*'*,*'* 04;(

*'*'*9*'* 46( *(***,*(* 058( *<*(*,*,* 057( *(*(*,*(* 04;(

*(*(*,*(* 065( *(*$*,*(* 058( *)*(*,*,* 057( *'*,*,*'* 05:(

5*7*7*(*( 049( *(*7*,*(* 058( *:*(*,*,* 057( *(*,*,*(* 05:(

*.(*,*((* 048( *(*6*,*(* 058( *(*9*,*(* 046( .67+<(63* 064(

*(*(*)*)* 047( *(*3*,*(* 058( *(*,*,*(* 046( *64*3.3:* 053(

*(*(*(*(* 0;( *(*(*,*** 05<( *(*0*,*(* 046( */.$*9,$9 084(

.<.+($6$+ 048( *(*(*,*$* 05<( *(*<*,*(* 046( *,/*))97/ 0<(

*(*(*,*,* 04<( *(*(*,*7* 05<( *(*)*,*(* 046( *(*(*,*5* 055(

*,*,*(*(* 046( *(*(*,*6* 05<( *(*:*,*(* 046( *(*(*,*+* 055(

*'*'*9*9* 04;( *(*(*,*3* 05<( *(*(*,*9* 04:( *7*(*,*(* 09(

*(*,9*,9* 069( *.*(*,*(* 057( *(*(*,*,* 04:( *6*(*,*(* 09(

*,*,*<*(* 057( *5*(*,*(* 06;( *(*(*,*0* 04:( *$*(*,*(* 09(

*9*96<(*( 054( *+*(*,*(* 06<( *(*(*,*<* 04:( *(*(*,*.* 055(

*5*5*9*9* 066( *(*.*,*(* 055( *(*(*,*)* 04:( *,*(*,*,* 057(

*5*5*<*<* 066( *(*5*,*(* 055( *(*(*,*:* 04:(

*9*(*,*,* 057( *(*+*,*(* 055( ***(*,*(* 09(



'HVLJQ#YRQ#3URWHLQOLJDQGHQ ;8
71F1LL 3HSWLG0'RFNLQJ

'HU#$QVDW]#GLHVHV#'RFNLQJDOJRULWKPXV#EDVLHUW# DXI#GHU#$QQDKPH/#GD�#3URWHLQ03URWHLQ0.RQ0
WDNWH# LQ#3URWHLQ0.RPSOH[HQ#HLQ# W\SLVFKHV#$PLQRVlXUHELQGXQJVPXVWHU#DXIZHLVHQ1# ,Q#=XVDP0
PHQDUEHLW# PLW# +HUUQ# 'U1# *UXQHUW# +,QVWLWXW# I�U# ,QIHNWLRQVPHGL]LQ/# 8QLYHUVLWlWVNOLQLNXP
%HQMDPLQ#)UDQNOLQ/#)UHLH#8QLYHUVLWlW#%HUOLQ,#ZXUGHQ# DXV#GHU#3'%#'DWHQEDQN#YHUVFKLHGHQH
'DWHQVlW]H#PLW#3URWHLQ0.RPSOH[HQ#HUVWHOOW1#'XUFK#GLH#$QDO\VH#GHU#+lXILJNHLWHQ#YRQ#$PLQR0
VlXUH0$PLQRVlXUH0.RQWDNWHQ#I�U#DOOH#53#$PLQRVlXUHQ# LQ#GLHVHP#'DWHQVDW]#NRQQWHQ#$PLQR0
VlXUHELQGXQJVPXVWHU# KHUDXVJHILOWHUW# ZHUGHQ1# 0LW# +LOIH# GLHVHU# $PLQRVlXUHELQGXQJVPXVWHU
ZXUGHQ#5#3HSWLGH#I�U#GLH#WLHIVWH#5HJLRQ#LP#9LUXV0&DQ\RQ#NRQVWUXLHUW/#V\QWKHWLVLHUW#XQG#DXI#LKUH
]HOOSURWHNWLYHQ#(LJHQVFKDIWHQ#JHWHVWHW1#

,Q#GHU#3URWHLQGDWHQEDQN#ZXUGHQ#+RPRSURWHLQ0.RPSOH[H/#+HWHURSURWHLQ0.RPSOH[H/#(Q]\P0
,QKLELWRU0.RPSOH[H/#$QWLJHQELQGHQGH#.RPSOH[H#VRZLH#9LUXV0,QKLELWRU#.RPSOH[H#EHVWLPPW1
(LQH#GHWDLOOLHUWH#$XIOLVWXQJ#GHU#3'%0%H]HLFKQHU#I�U#GLH#HLQ]HOQHQ#*UXSSHQ#LVW#LQ#.DSLWHO#43
DXI#6HLWH#484#DXIJHI�KUW1#7DEHOOH#56#I�KUW#GLH#*U|�H#GHU#MHZHLOLJHQ#*UXSSHQ#DXI1#

'LH#*UXSSHQ#GHU#+RPR0#XQG#+HWHURPXOWLPHUH#VRZLH#GLH#(Q]\P0,QKLELWRU0.RPSOH[H#ZXUGHQ
JHQDXHU#XQWHUVXFKW1#'DV#MHZHLOV#NOHLQVWH#0ROHN�O#LP#.RPSOH[#ZXUGH#DOV#/LJDQG#EH]HLFKQHW1
=X# MHGHU#$PLQRVlXUH# HLQHV# /LJDQGHQ#ZXUGHQ# DOOH# UlXPOLFK# EHQDFKEDUWHQ#$PLQRVlXUHQ# LQ

7$%(//(#551#8#6HTXHQ]YRUVFKOlJH/#GLH#PLWWHOV#GHU#60(#HUKDOWHQ#ZXUGHQ/#I�U#GLH#6\QWKHVH#XQG#
]HOOLQKLELWRULVFKH#:LUNXQJ1

6HTXHQ] ,QKLELWLRQ

*+(5*.6+* 078(

*1*.*.*1* 06<(

3.'5*+,+* 068(

65(5$+).( 055(

*5*5*5*+* 053(

7$%(//(#561#.RPSOH[0.ODVVHQ#XQG#$Q]DKO#GHU#LQ#GHU#3'%#JHIXQGHQHQ#3URWHLQH

.RPSOH[0.ODVVH $Q]DKO#GHU#.RPSOH[H
+RPRPXOWLPHUH ;7<

+HWHURPXOWLPHUH 7;9

(Q]\P0,QKLELWRU0.RPSOH[H 484

$QWLJHQELQGHQGH0.RPSOH[H 86

9LUXV0/LJDQG0.RPSOH[H 5



;9 (UJHEQLVVH
HLQHP#$EVWDQG#YRQ#5#0#6>#5/8#0#6/8>#6#0#7>#111#>#9/8#0#:/8c##EHVWLPPW1#'HU#$EVWDQG#]ZLVFKHQ#]ZHL
XQWHUVXFKWHQ#$PLQRVlXUHQ#ZLUG#�EHU#GLH#$WRPH#EHVWLPPW/#GLH#DP#QlFKVWHQ#EHLHLQDQGHU#OLHJHQ1
:DVVHUVWRIIDWRPH#ZXUGHQ#QLFKW#EHU�FNVLFKWLJW1#)�U#GLH#43#$EVWDQGVIHQVWHU#HQWVWHKHQ#VR#+lX0
ILJNHLWVWDEHOOHQ#YRQ#EHQDFKEDUWHQ#$PLQRVlXUHQ1#,Q#$EELOGXQJ#7:#ELV#7<#VLQG#GLH#VWDWLVWLVFKHQ
$XVZHUWXQJHQ#GHU#$PLQRVlXUHZHFKVHOZLUNXQJHQ#GHU#YHUVFKLHGHQHQ#*UXSSHQ#JUDSKLVFK#GDU0
JHVWHOOW1#+RUL]RQWDO# VLQG#GLH#$PLQRVlXUHQ#GHV#/LJDQGHQ#DXIJHWUDJHQ#XQG#GLH#GHV#5H]HSWRUV
YHUWLNDO1#'LH#+HOOLJNHLW#JLEW#GLH#UHODWLYH#+lXILJNHLW#EH]RJHQ#DXI#GLH#]X#HUZDUWHQGH#+lXILJNHLW
I�U#HLQH#:HFKVHOZLUNXQJ#DQ1#

+*/(,&+81*#77,

'LH#:HUWH#ZXUGHQ#DXI#HLQHQ#%HUHLFK#YRQ#3#+VFKZDU],#ELV#4#+ZHL�,#DEJHELOGHW1#(LQH#+lXILJNHLW/
GLH# HLQHU# ]XIlOOLJHQ# 9HUWHLOXQJ# HQWVSULFKW/# ZLUG# JUDX# GDUJHVWHOOW1# +HOOH# %HUHLFKH# VSLHJHOQ
HUK|KWH#:HFKVHOZLUNXQJHQ#ZLGHU1#'LH#/LQLHQ#LQQHUKDOE#GHU#HLQ]HOQHQ#)HOGHU#VWHOOHQ#GLH#9HU0
WHLOXQJ#GHU#$PLQRVlXUHQ#DXI#GLH#43#$EVWlQGH#GDU1#$XIJUXQG#GHU#�EHUODSSHQGHQ#$EVWDQGVEH0
UHLFKH#HUJHEHQ#VLFK#JHJOlWWHWH#.XUYHQ1#(LQ#JUR�HU#$QVWLHJ#]ZLVFKHQ#]ZHL#3RVLWLRQHQ#EHGHXWHW/
GD�#GHU#QLFKW#�EHUODSSHQGH#%HUHLFK#GLH#$PLQRVlXUHQ#HQWKlOW1

&\VWHLQ0#&\VWHLQ#9HUELQGXQJHQ# NRPPHQ# LQ# DOOHQ#.ODVVHQ# UHODWLY# KlXILJ# YRU1# ,P# )DOOH# GHU
+RPRPXOWLPHUH#LVW#KLHU#GDV#HLQ]LJH#PDO#LQ#HLQHP#$EVWDQG#YRQ#5#0#5/8c#GLH#JU|�WH#$Q]DKO#YRQ
:HFKVHOZLUNXQJHQ# ]X#EHREDFKWHQ1#$QVRQVWHQ# WUHWHQ#GLH#PHLVWHQ#:HFKVHOZLUNXQJHQ# HUVW# LQ
HLQHP#$EVWDQG#YRQ#PHKU#DOV#5/8c#DXI1

(EHQIDOOV#UHODWLY#KlXILJ#NRPPHQ#LQ#GHP#$EVWDQG#506c#:HFKVHOZLUNXQJHQ#]ZLVFKHQ#$UJLQLQ
XQG#$VSDUDJLQ0#XQG#*OXWDPLQVlXUH#YRU#VRZLH#]ZLVFKHQ#7U\SWRSKDQ#XQG#0HWKLRQLQ#++RPRGL0
PHUH/#(Q]\P0,QKLELWRU0.RPSOH[H,1

+LVWLGLQ/#7U\SWRSKDQ#XQG#7\URVLQ#NRPPHQ# LQ#GHQ#5HFHSWRUSURWHLQHQ#ZHVHQWOLFK#KlXILJHU# LQ
GHU#1lKH#YRQ#%LQGXQJVVWHOOHQ#YRU#DOV#DXIJUXQG#GHU#QDW�UOLFKHQ#+lXILJNHLWHQ#]X#HUZDUWHQ#LVW1#

,P#)DOOH#GHU#+HWHURPXOWLPHUH#VLQG#:HFKVHOZLUNXQJHQ#]ZLVFKHQ#JOHLFKHQ#$PLQRVlXUHQ#EHYRU0
]XJW#+GLH#'LDJRQDOHOHPHQWH#GHU#0DWUL]HQ#VLQG#LQ#GHU#5HJHO#KHOO,1

'LH#+lXILJNHLWVYHUWHLOXQJHQ#HQWODQJ#GHU#$EVWlQGH#]HLJHQ#PHLVWHQV#]ZHL#0D[LPD/#EHL#61807c
XQG#EHL#9180:c1

UHODWLYH#+lXILJNHLW
QL M,

HUZL HUZM QL M,
L M,

∑⋅ ⋅
00000000000000000000000000000000000000000000000000=



Design von Proteinliganden 87

 

A
 

C
 

D
 

E
 

F
 

G
 

H
 

I
 

K
 

L
 

M
 

N
 

P
 

Q
 

R
 

S
 

T
 

V
 

W
 

Y
 

A
C

D
E

F
G

H
I

K
L

M
N

P
Q

R
S

T
V

W
Y

A
B

B
IL

D
U

N
G

 4
7:

H
et

er
om

ul
ti

m
er

: A
m

in
os

äu
re

pa
rt

ne
r 

de
r 

E
nz

ym
-I

nh
ib

ito
r-

K
om

pl
ex

e.
 H

or
iz

on
ta

l s
in

d 
di

e 
A

m
in

os
äu

re
n 

de
s 

R
ez

ep
to

rs
 a

uf
ge

tr
ag

en
 

un
d 

di
e 

de
s 

L
ig

an
de

n 
ve

rt
ik

al
. D

ie
 H

el
lig

ke
it

 g
ib

t d
ie

 r
el

at
iv

e 
H

äu
fi

gk
ei

t b
ez

og
en

 a
uf

 d
ie

 z
u 

er
w

ar
te

nd
e 

H
äu

fi
gk

ei
t f

ür
 e

in
e 

W
ec

hs
el

w
ir

ku
ng

 a
n.

 D
ie

 
W

er
te

 w
ur

de
n 

au
f 

ei
ne

n 
B

er
ei

ch
 v

on
 0

 (
sc

hw
ar

z)
 b

is
 1

 (
w

ei
ß)

 a
bg

eb
ild

et
. E

in
e 

H
äu

fi
gk

ei
t, 

di
e 

ei
ne

r 
zu

fä
ll

ig
en

 V
er

te
ilu

ng
 e

nt
sp

ri
ch

t, 
w

ir
d 

gr
au

 d
ar

ge
-

st
el

lt
. H

el
le

 B
er

ei
ch

e 
sp

ie
ge

ln
 e

rh
öh

te
 W

ec
hs

el
w

ir
ku

ng
en

 w
id

er
. D

ie
 L

in
ie

n 
in

ne
rh

al
b 

de
r 

ei
nz

el
ne

n 
F

el
de

r 
st

el
le

n 
di

e 
V

er
te

ilu
ng

 d
er

 A
m

in
os

äu
re

n 
au

f 
di

e 
10

 A
bs

tä
nd

e 
da

r.
 A

uf
gr

un
d 

de
r 

üb
er

la
pp

en
de

n 
A

bs
ta

nd
sb

er
ei

ch
e 

er
ge

be
n 

si
ch

 g
eg

lä
tte

te
 K

ur
ve

n.
 E

in
 g

ro
ße

r 
A

ns
tie

g 
zw

is
ch

en
 z

w
ei

 P
os

iti
on

en
 

be
de

ut
et

, d
aß

 d
er

 n
ic

ht
 ü

be
rl

ap
pe

nd
e 

B
er

ei
ch

 d
ie

 A
m

in
os

äu
re

n 
en

th
äl

t.



88 Ergebnisse

A
B

B
IL

D
U

N
G

 4
8:

H
om

om
ul

tim
er

: A
m

in
os

äu
re

pa
rt

ne
r 

de
r 

E
nz

ym
-I

nh
ib

it
or

-K
om

pl
ex

e.
 H

or
iz

on
ta

l s
in

d 
di

e 
A

m
in

os
äu

re
n 

de
s 

R
ez

ep
to

rs
 a

uf
ge

tr
a-

ge
n 

un
d 

di
e 

de
s 

L
ig

an
de

n 
ve

rt
ik

al
. D

ie
 H

el
lig

ke
it 

gi
bt

 d
ie

 r
el

at
iv

e 
H

äu
fi

gk
ei

t b
ez

og
en

 a
uf

 d
ie

 z
u 

er
w

ar
te

nd
e 

H
äu

fi
gk

ei
t f

ür
 e

in
e 

W
ec

hs
el

w
ir

ku
ng

 a
n.

 
D

ie
 W

er
te

 w
ur

de
n 

au
f 

ei
ne

n 
B

er
ei

ch
 v

on
 0

 (
sc

hw
ar

z)
 b

is
 1

 (
w

ei
ß)

 a
bg

eb
il

de
t. 

E
in

e 
H

äu
fi

gk
ei

t, 
di

e 
ei

ne
r 

zu
fä

lli
ge

n 
V

er
te

ilu
ng

 e
nt

sp
ri

ch
t, 

w
ir

d 
gr

au
 

da
rg

es
te

llt
. H

el
le

 B
er

ei
ch

e 
sp

ie
ge

ln
 e

rh
öh

te
 W

ec
hs

el
w

ir
ku

ng
en

 w
id

er
. D

ie
 L

in
ie

n 
in

ne
rh

al
b 

de
r 

ei
nz

el
ne

n 
Fe

ld
er

 s
te

lle
n 

di
e 

V
er

te
il

un
g 

de
r 

A
m

in
o-

sä
ur

en
 a

uf
 d

ie
 1

0 
A

bs
tä

nd
e 

da
r.

 A
uf

gr
un

d 
de

r 
üb

er
la

pp
en

de
n 

A
bs

ta
nd

sb
er

ei
ch

e 
er

ge
be

n 
si

ch
 g

eg
lä

tt
et

e 
K

ur
ve

n.
 E

in
 g

ro
ße

r 
A

ns
tie

g 
zw

is
ch

en
 z

w
ei

 
Po

si
ti

on
en

 b
ed

eu
te

t, 
da

ß 
de

r 
ni

ch
t ü

be
rl

ap
pe

nd
e 

B
er

ei
ch

 d
ie

 A
m

in
os

äu
re

n 
en

th
äl

t.

A
C

D
E

F
G

H
I

K
L

M
N

P
Q

R
S

T
V

W
Y

A
 

C
 

D
 

E
 

F
 

G
 

H
 

I
 

K
 

L
 

M
 

N
 

P
 

Q
 

R
 

S
 

T
 

V
 

W
 

Y
 



Design von Proteinliganden 89

A
B

B
IL

D
U

N
G

 4
9:

E
nz

ym
-I

nh
ib

ito
r 

K
om

pl
ex

e:
 A

m
in

os
äu

re
pa

rt
ne

r 
de

r 
E

nz
ym

-I
nh

ib
ito

r-
K

om
pl

ex
e.

 H
or

iz
on

ta
l s

in
d 

di
e 

A
m

in
os

äu
re

n 
de

s 
R

ez
ep

to
rs

 a
uf

-
ge

tr
ag

en
 u

nd
 d

ie
 d

es
 L

ig
an

de
n 

ve
rt

ik
al

. D
ie

 H
el

lig
ke

it 
gi

bt
 d

ie
 r

el
at

iv
e 

H
äu

fi
gk

ei
t b

ez
og

en
 a

uf
 d

ie
 z

u 
er

w
ar

te
nd

e 
H

äu
fi

gk
ei

t f
ür

 e
in

e 
W

ec
hs

el
w

ir
ku

ng
 a

n.
 

D
ie

 W
er

te
 w

ur
de

n 
au

f 
ei

ne
n 

B
er

ei
ch

 v
on

 0
 (

sc
hw

ar
z)

 b
is

 1
 (

w
ei

ß)
 a

bg
eb

il
de

t. 
E

in
e 

H
äu

fi
gk

ei
t, 

di
e 

ei
ne

r 
zu

fä
lli

ge
n 

V
er

te
ilu

ng
 e

nt
sp

ri
ch

t, 
w

ir
d 

gr
au

 d
ar

ge
-

st
el

lt.
 H

el
le

 B
er

ei
ch

e 
sp

ie
ge

ln
 e

rh
öh

te
 W

ec
hs

el
w

ir
ku

ng
en

 w
id

er
. D

ie
 L

in
ie

n 
in

ne
rh

al
b 

de
r e

in
ze

ln
en

 F
el

de
r s

te
lle

n 
di

e 
V

er
te

il
un

g 
de

r 
A

m
in

os
äu

re
n 

au
f 

di
e 

10
 A

bs
tä

nd
e 

da
r.

 A
uf

gr
un

d 
de

r 
üb

er
la

pp
en

de
n 

A
bs

ta
nd

sb
er

ei
ch

e 
er

ge
be

n 
si

ch
 g

eg
lä

tte
te

 K
ur

ve
n.

 E
in

 g
ro

ße
r 

A
ns

tie
g 

zw
is

ch
en

 z
w

ei
 P

os
iti

on
en

 b
ed

eu
te

t, 
da

ß 
de

r 
ni

ch
t ü

be
rl

ap
pe

nd
e 

B
er

ei
ch

 d
ie

 A
m

in
os

äu
re

n 
en

th
äl

t.

A
 

C
 

D
 

E
 

F
 

G
 

H
 

I
 

K
 

L
 

M
 

N
 

P
 

Q
 

R
 

S
 

T
 

V
 

W
 

Y
 

A
C

D
E

F
G

H
I

K
L

M
N

P
Q

R
S

T
V

W
Y



<3 (UJHEQLVVH
)�U#GDV#'HVLJQ#GHU#EHLGHQ#1RQD03HSWLGH#ZXUGHQ#GLH#(Q]\P0,QKLELWRU#.RPSOH[H#ZHLWHU#DXVJH0
ZHUWHW1#,Q#7DEHOOH#57#VLQG#I�U#GLH#$PLQRVlXUHQ#GHV#5H]HSWRUV#GLH#ZDKUVFKHLQOLFKVWHQ#/LJDQ0
GHQDPLQRVlXUHQ# DXIJHOLVWHW1#'LH# UHODWLYHQ#:DKUVFKHLQOLFKNHLWHQ# VLQG# EH]RJHQ# DXI# GLH# QDFK
0F&DOGRQ#XQG#$UJRV#>44@#]X#HUZDUWHQGHQ#+lXILJNHLWHQ#DQJHJHEHQ#+*OHLFKXQJ#77,1#(LQ#:HUW
JU|�HU#DOV#(LQV#EHGHXWHW/#GD�#VLFK#GLHVH#$PLQRVlXUH#DOV#/LJDQG#HQWVSUHFKHQG#KlXILJHU#LQ#GHU
1lKH# GHU# 5H]HSWRUDPLQRVlXUH# EHILQGHW1# (LQ#:HUW# NOHLQHU# DOV# (LQV# HQWVSULFKW# HLQHU# UHODWLY
XQZDKUVFKHLQOLFKHQ#:HFKVHOZLUNXQJ1

'LH#EHLGHQ#]XU#6\QWKHVH#YRUJHVFKODJHQHQ#3HSWLGH#ZXUGHQ#PLW#+LOIH#GHV#&RPSXWHUSURJUDPPV
,QVLJKW,,# +%,26<0,# LQ#GLH#&DQ\RQUHJLRQ#GHV#5KLQRYLUXV#HLQJHSD�W1#'D]X#ZXUGHQ#DQ#HLQHU
6WHOOH#LQ#GHU#1lKH#GHV#5DQGHV#GHU#WLHIHQ#&DQ\RQUHJLRQ#+$EELOGXQJ#83,#GLH#$PLQRVlXUHQ#GHU
2EHUIOlFKH#EHVWLPPW1#'D#VLFK#DQ#HLQHU#%LQGXQJVVWHOOH#PHKUHUH#$PLQRVlXUHQ#GHV#5H]HSWRUV#LQ
QlKHUHU#8PJHEXQJ#GHU#$PLQRVlXUH#GHV#/LJDQGHQ#EHILQGHQ/#ZXUGH#GLH#2EHUIOlFKH#DOOHU#$PL0
QRVlXUHQ# LQ# GLHVHU# 5HJLRQ# DEJHVFKlW]W1# (QWVSUHFKHQG# GHU# 2EHUIOlFKHQDQWHLOH# ZXUGH# DXV
7DEHOOH#57#GLH#ZDKUVFKHLQOLFKVWH#$PLQRVlXUH#EHVWLPPW/#LQGHP#GLH#3URGXNWH#DXV#UHODWLYHU#+lX0
ILJNHLW#XQG#2EHUIOlFKHQDQWHLO#I�U#GLH#HLQ]HOQHQ#$PLQRVlXUHQ#GHV#/LJDQGHQ#EHUHFKQHW#ZXUGHQ1
'LHVH#$PLQRVlXUH#ZXUGH# VR# JHGUHKW/# GD�# HLQH#P|JOLFKVW# JUR�H#:HFKVHOZLUNXQJ#PLW# GHP
5H]HSWRU#HQWVWHKW1#'LH#QlFKVWH#$PLQRVlXUH#ZXUGH#QDFK#JOHLFKHP#6FKHPD#DQ#GHQ#107HUPLQXV
DQJHKlQJW1#6ROOWH#GHU#5HVW#GHU#$PLQRVlXUH#YRP#&DQ\RQ#ZHJUDJHQ/#VR#LVW#HLQ#6HULQ#DOV#K\GUR0
SKLOH#$PLQRVlXUH#HLQJHI�KUW#ZRUGHQ1#'LH#UHVXOWLHUHQGH#6HTXHHQ]#+1U14/#7DEHOOH#58,#ODXWHW=#
Ä*64*3.3:*³1



'HVLJQ#YRQ#3URWHLQOLJDQGHQ <4
'DV#]ZHLWH#3HSWLG#ZXUGH#QDFK#GHU#JOHLFKHQ#0HWKRGH#ZLH#3HSWLG#4#NRQVWUXLHUW/#QXU#GD�# MHW]W
XQZDKUVFKHLQOLFKH#$PLQRVlXUHQ#DQ#GHQ#HQWVSUHFKHQGHQ#3RVLWLRQHQ#DXV#7DEHOOH#57#DXVJHZlKOW
ZXUGHQ1#6R#HUJDE#VLFK#GLH#6HTXHQ]#1U15#Ä.67+<(63*³1#

7$%(//(#571#:DKUVFKHLQOLFKVWH#/LJDQGHQ0$PLQRVlXUHQ#EHL#YRUJHJHEHQHU#5H]HSWRU#$PLQRVlXUH1#(V#VLQG#GLH#
UHODWLYHQ#+lXILJNHLWHQ#EH]RJHQ#DXI#GLH#HUZDUWHWHWH#+lXILJNHLWHQ#GHU#HUVWHQ#43#$PLQRVlXUHQ#XQG#GLH#
HQWVSUHFKHQGHQ#$PLQRVlXUHQ#DQJHJHEHQ1#'1#K1#0HWKLRLQ#NRPPW#DOV#/LJDQG#LQ#GHU#1lKH#HLQHV#$ODQLQV#9/5#PDO#
KlXILJHU#YRU#DOV#HV#QDFK#0F&DOGRQ#HW#DO1#>44@#]X#HUZDUWHQ#LVW1

5H]HSWRU
$PLQRVlXUH 41 51 61 71 81 91 :1 ;1 <1 431

$ 9/5 0 8/5 + 7/9 & 7/6 1 6/; 9 5/9 : 5/7 < 5/5 $ 4/; 6 4/9 )

& 4/; + 4/9 : 4/4 & 3/: < 3/: 4 3/9 0 3/9 6 3/8 1 3/7 3 3/7 *

' 4/: 4 4/4 + 4/4 & 4/3 0 3/< 1 3/< 5 3/: : 3/: . 3/9 3 3/9 )

( 6/; & 6/9 0 6/5 5 5/: + 5/7 : 4/< 4 4/< < 4/7 7 4/6 . 4/6 ,

) ;/8 : 6/9 0 6/5 < 5/7 ) 5/6 ' 5/5 , 4/9 7 4/9 ( 4/8 4 4/8 5

* 9/3 : 7/5 & 5/7 + 4/: 4 4/7 0 4/5 < 4/5 3 3/< ( 3/; ) 3/: 6

+ 4/3 : 4/3 ' 4/3 ) 3/< , 3/: & 3/9 7 3/9 4 3/9 < 3/7 + 3/7 1

, 6/3 & 5/3 + 4/: < 4/: : 4/: ) 4/: , 4/8 4 4/7 . 4/4 5 3/< 0

. 5/9 : 5/3 & 3/< < 3/< + 3/: 3 3/9 ( 3/9 1 3/9 0 3/8 4 3/8 )

/ 8/: : 7/5 0 6/< & 6/3 + 4/< , 4/< ) 4/: < 4/8 1 4/7 ' 4/6 7

0 4/6 + 3/: : 3/: < 3/: & 3/9 0 3/6 3 3/6 1 3/6 / 3/6 ) 3/6 .

1 4/8 3 4/8 & 4/6 + 4/4 ( 3/< : 3/; 0 3/9 7 3/9 ) 3/9 1 3/8 '

3 49/ : 8/: < 8/9 + 8/9 & 7/7 0 7/3 ) 5/: 9 5/: 1 5/6 5 5/4 3

4 5/7 : 3/< . 3/; 0 3/: & 3/9 3 3/9 + 3/8 , 3/7 7 3/7 4 3/7 1

5 ;/7 & 9/7 : 7/< + 5/< 1 5/8 ) 5/5 < 5/3 ' 4/< ( 4/; 3 4/; 0

6 6/9 : 4/6 + 4/4 & 3/; ) 3/; < 3/: . 3/9 0 3/9 4 3/8 5 3/8 1

7 5/8 & 4/: + 4/8 : 3/< 3 3/< ' 3/; 0 3/; ) 3/; < 3/; 1 3/9 6

9 :/6 : 7/4 0 6/< & 6/5 + 5/: , 5/8 < 5/3 ' 4/< 7 4/: 4 4/7 .

: 4/4 & 3/9 : 3/8 + 3/5 0 3/5 < 3/4 7 3/4 ( 3/4 / 3/4 3 3/4 '

< 9/< & 7/5 0 6/8 : 6/8 + 6/5 . 5/5 < 5/3 ) 4/< 3 4/: ( 4/9 1



<5 (UJHEQLVVH
'LH#H[SHULPHQWHOO#EHVWLPPWHQ#LQKLELWRULVFKHQ#%HIXQGH#VLQG#LQ#UHODWLY#JXWHU#hEHUHLQVWLPPXQJ
PLW#GHQ#YRUKHUJHVDJWHQ#(LJHQVFKDIWHQ1#'DV#3HSWLG#PLW#GHU#JHULQJ#YRUKHUJHVDJWHQ#%LQGXQJVDI0
ILQLWlW# EHVLW]W#NHLQH# LQKLELWRULVFKHQ#(LJHQVFKDIWHQ1#3HSWLG#1U1# 4/# I�U# GDV# HLQH# ]HOOSURWHNWLYH
(LJHQVFKDIW#YRUDXVJHVDJW#ZXUGH/#EHVLW]W#DXFK#HLQH#PDUJLQDOH#LQKLELWRULVFKH#:LUNXQJ#+7DEHOOH
58,1
7$%(//(#581#8#6HTXHQ]YRUVFKOlJH#I�U#GLH#6\QWKHVH#XQG#]HOOLQKLELWRULVFKH#:LUNXQJ1

1U1 6HTXHQ] ,QKLELWLRQ
4 *64*3.3:* 058(

5 .67+<(63* 049(

$%%,/'81*#83= #.DUWH#HLQHV#7HLOV#GHU#2EHUIOlFKH#GHV#5KLQRYLUXV#47#+IUHL#QDFK#><;@,1#'HU#&DQ\RQEHUHLFK#
LVW#URW#XPUDKPW1#'LH#$PLQRVlXUHQ#ZHUGHQ#PLW#]XQHKPHQGHU#7LHIH#]XP#lX�HUHQ#*UDW#]XQHKPHQG#GXQNOHU#
JH]HLFKQHW1


	KAPITEL 4 Ergebnisse
	4.a Schnittstellen humaner Signalpeptide
	4.a.i Informationsanalyse
	ABBILDUNG 16:� Informationsplot der Schnittstellen- (dunkel) und Nicht-Schnittstellensequenzen (h...

	4.a.ii Positionsabhängige Häufigkeitsverteilung von Aminosäuren in Schnittstellenpeptiden
	ABBILDUNG 17:� Relative Häufigkeiten der Aminosäuren von Schnittstellensequenzen in den angegeben...
	TABELLE 1. Relative Häufigkeit der Aminosäuren an den Positionen relativ zur Schnittstelle für Sc...
	TABELLE 2. Relative Häufigkeit der Aminosäuren für Nicht-Schnittstellendaten

	4.a.iii Schwerpunktanalyse
	ABBILDUNG 18:� Histogramm der Projektionen der Datenpunkte auf die Schwerpunktgerade; dunkelgrau ...
	TABELLE 3. Korrelationskoeffizienten (cc) der Schwerpunktanalyse für die drei Datensätze der Kreu...

	4.a.iv Bayes-Prediktor
	TABELLE 4. Korrelationskoeffizienten (cc) der Bayes Analyse für die drei Datensätze der Kreuzvali...

	4.a.v Hauptkomponentenanalyse (PCA)
	ABBILDUNG 19:� Projektion der Datenpunkte (binäre Kodierung) auf die beiden ersten Hauptkomponent...
	ABBILDUNG 20:� Eigenwerte der Schnittstellendaten (links) und Nicht-Schnittstellendaten (rechts) ...
	ABBILDUNG 21:� Eigenvektoren der ersten (a, c) und zweiten (b, d) Hauptkomponenten der Signalsequ...
	ABBILDUNG 22:� Typische Schnittstellensequenzen, die sich aus der Hauptkomponentenanalyse ergeben...
	ABBILDUNG 23:� Typische Nicht-Schnittstellensequenzen, die sich aus der Hauptkomponentenanalyse e...

	4.a.vi Mahalanobis-Distanzanalyse
	TABELLE 5. Korrelationskoeffizienten (cc) der Mahalanobis-Distanzanalyse für die drei Datensätze ...

	4.a.vii Künstliche Neuronale Netze
	4.a.vii.I Lernstrategien
	TABELLE 6. Lernstrategie: (1,20)-Evolutionsstrategie. Korrelationskoeffizienten der Testläufe. s ...
	TABELLE 7. Lernstrategie: Backpropagation-Algorithmus. s = klein (small); t = sehr klein (tiny); ...

	4.a.vii.II Vergleich von Kodierungsmethoden
	TABELLE 8. Ergebnisse der Neuronalen Netze für verschiedene Kodierungsansätze und Netzarchitektur...
	ABBILDUNG 24:� Korrelationskoeffizient von Training und Test in Abhängigkeit von der Anzahl der D...
	TABELLE 9. Anzahl der Aminosäuren an Position -1 der Schnittstellensequenzen der verschiedenen Da...
	ABBILDUNG 25:� Eigenwerte, berechnet aus den 90 Kodierungsvektoren a) und die Eigenwerte der Schn...
	ABBILDUNG 26:� Projektion der Aminosäuren auf die ersten beiden Hauptkomponenten der 90 Kodierung...
	TABELLE 10. Physikochemische Eigenschaften im Basissystem der adaptiven Kodierung angegeben. In K...
	TABELLE 11. Eigenschaftskombinationen mit den besten Übereinstimmungen zur gefundenen Kodierung. ...
	ABBILDUNG 27:� Hauptkomponentenanaylse der Gewichtsvektoren: a) Eigenwerte b) der erste Eigenvector.
	ABBILDUNG 28:� Histogramm der Gewichte mit summierten Kodierungen. Die Helligkeit gibt die Tenden...
	TABELLE 12. Prozentuale Wahrscheinlichkeit eine Aminosäure an einer Position zu finden, berechnet...
	TABELLE 13. Physikochemische Eigenschaften, die am besten mit der gefundenen Kodierung an den jew...
	TABELLE 14. Anwendung des trainierten KNN auf die 76 experimentell verifizierten Proteine.


	4.a.viii Kohonen Netze
	ABBILDUNG 29:� Anzahl der Sequenzen an den einzelnen Neuronen des Kohonennetzes der Schnittstelle...
	ABBILDUNG 30:� Gewichtsvektoren des 0. und 9. Neurons an ausgewählten Positionen (-9, -3, -2 und ...
	ABBILDUNG 31:� Anzahl der Sequenzen an den einzelnen Neuronen des Kohonennetzes der Nicht-Schnitt...


	4.b Vorhersage der cis/trans- Konformation von Peptidylprolylbindungen
	TABELLE 15. Häufigkeit der 20 Aminosäuren im SELECT- und PDB- Datensatz sowie nach McCaldon et al...
	TABELLE 16. Häufigkeiten von Peptidbindungen bei vorgegebenen w-Winkel und N-ständiger Aminosäure...
	ABBILDUNG 32:� Verteilung der w-Winkel für Xaa-Pro-Bindungen des PDB-SELECT Datensatzes.
	4.b.i Informationsanalyse
	ABBILDUNG 33:� Informationsplot der cis (hellgrau) und der trans (dunkelgrau) Daten. Die Fehlerba...
	TABELLE 17. Positionen, an denen die Abweichung der relativen Häufigkeit zwischen den cis- und tr...
	ABBILDUNG 34:� Relative Häufigkeit der Aminosäuren Glycin, Valin und Leucin über die Positionen r...
	ABBILDUNG 35:� Relative Häufigkeit der Aminosäuren an Position -1, 1 und -30 bezogen auf das zent...
	ABBILDUNG 36:� Relative Häufigkeit der Aminosäuren an Position -1 relativ zum Prolin für die cis ...

	4.b.ii Schwerpunktanalyse
	ABBILDUNG 37:� Schwerpunktanalyse. Relative Häufigkeit der cis-(dunkel) und trans-(hell) Daten na...

	4.b.iii Hauptkomponentenanalyse
	ABBILDUNG 38:� Projektion der verteilt kodierten Daten auf die ersten beiden Hauptkomponenten der...
	TABELLE 18. cis-Sequenzen, die sich nach Projektion auf eine der beiden Hauptkomponenten von alle...
	ABBILDUNG 39:� Komponenten des 1. und 2. Eigenvektors der trans-Daten (oben) und cis-Daten (unten...
	ABBILDUNG 40:� Eigenwerte (sortiert nach der Größe) der Hauptkomponentenanalyse der trans-Daten (...

	4.b.iv Mahalanobis-Distanzanalyse
	4.b.v Adaptive Kodierung
	ABBILDUNG 41:� Ergebnisse der ACN. Es wurden verschiedene Netzarchitekturen (Perzeptron, drei, fü...

	4.b.vi Kohonennetze
	TABELLE 19. Ergebnisse der Analyse mit Kohonennetzwerken

	4.b.vii Klassifikation und Information der Oberflächeneigenschaften
	ABBILDUNG 42:� Informationsanalyse der Aminosäuren an den Positionen relativ zum Prolin, für Sequ...

	4.b.viii 3D-Umgebung
	ABBILDUNG 43:� Relative Häufigkeit der Aminosäuren im Abstand von 2-3 Å vom Prolin (dunkel trans,...

	4.b.ix Sekundärstruktur am Prolin
	TABELLE 20. Relative Häufigkeit der Konformere bei vorgegebener Sekundärstruktur (nach DSSP) des ...
	ABBILDUNG 44:� Informationsanalyse der Aminosäuren an den Positionen relativ zum Prolin, wenn das...
	ABBILDUNG 45:� Informationsanalyse der Aminosäuren an den Positionen relativ zum Prolin, wenn das...
	ABBILDUNG 46:� Informationsanalyse der Aminosäuren an den Positionen relativ zum Prolin, wenn kei...


	4.c Design von Proteinliganden
	4.c.i Simulierte Molekulare Evolution
	TABELLE 21. Nonapeptide, die als Grundlage für die Entwicklung der Neuronalen Netze verwendet wur...
	TABELLE 22. 5 Sequenzvorschläge, die mittels der SME erhalten wurden, für die Synthese und zellin...

	4.c.ii Peptid-Docking
	TABELLE 23. Komplex-Klassen und Anzahl der in der PDB gefundenen Proteine
	(GLEICHUNG 44)
	ABBILDUNG 47:� Heteromultimer: Aminosäurepartner der Enzym-Inhibitor-Komplexe. Horizontal sind di...
	ABBILDUNG 48:� Homomultimer: Aminosäurepartner der Enzym-Inhibitor-Komplexe. Horizontal sind die ...
	ABBILDUNG 49:� Enzym-Inhibitor Komplexe: Aminosäurepartner der Enzym-Inhibitor-Komplexe. Horizont...
	TABELLE 24. Wahrscheinlichste Liganden-Aminosäuren bei vorgegebener Rezeptor Aminosäure. Es sind ...
	ABBILDUNG 50:� Karte eines Teils der Oberfläche des Rhinovirus 14 (frei nach [98]). Der Canyon�be...
	TABELLE 25. 5 Sequenzvorschläge für die Synthese und zellinhibitorische Wirkung.




