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Thema: Untersuchung der Messunsicherheiten bei Multi-Lidar-Windmessungen fir die

Bestimmung der Windressource.

(Evaluation of measurement uncertainty of multi-lidar wind measurements for wind
resource estimation)

Zielsetzung:

Flr die genaue Abschatzung der zu erwartenden Ertrdge von Windparks ist eine zuverlassige
Winddatenbasis notwendig. Fir die Windmessung stehen neben den konventionellen,
mastbasierten Sensoren (z.B. Schalensternanemometer) seit einigen Jahren auch Lidar-
Fernmessverfahren zur Verfligung. Mittels sogenannter ,Multi-Lidar-Verfahren” ist eine prazise
und flexible Erfassung der Windbedingungen auch an topographisch komplexen Standorten und
Uber groBBe Distanzen méglich.

Der Schwerpunkt der Diplomarbeit liegt auf einer systematischen Untersuchung der dabei
auftretenden Messunsicherheiten. Dies sind beispielsweise Unsicherheiten aufgrund der
Positionierung der Messgerate oder der Ausrichtung des Lasers.

Im Rahmen einer Literaturstudie soll ein Uberblick Uber die Lidar-Windmesstechnik und ihre
verschiedenen Anwendungsgebiete erarbeitet werden. Insbesondere sollen relevante
Messunsicherheiten zusammengetragen und beschrieben werden. Des Weiteren sollen die
auftretenden Unsicherheiten quantifiziert werden, so dass durch Kombination der
Teilunsicherheiten die Berechnung einer Gesamtunsicherheit moglich wird. Ausgewahlte
Teilunsicherheiten sollen auf Basis vorhandener Messdaten untersucht werden.

FUr die Untersuchung der Teilunsicherheiten und die Berechnung der Gesamtunsicherheit sollen
in Python geeignete Funktionen und Algorithmen implementiert werden, so dass im Anschluss die
Einbindung der Unsicherheitsberechnung in vorhandene Tools am Fraunhofer IEE méglich wird.




Arbeitsumfang:
Im Rahmen der Ausarbeitung sollen die folgenden Punkte bearbeitet werden:

1.

Literaturstudie zu Unsicherheiten bei der Windmessung mit Lidar-Verfahren, u.a. Messung
im flachen und komplexen Geldnde oder in urbaner Umgebung.

2. Quantifizierung der relevanten Teilunsicherheiten und der resultierenden
Gesamtunsicherheit.
3. Implementierung von Funktionen und Algorithmen fir die Unsicherheitsberechnung in
Python.
4. Statistische Untersuchung und Evaluierung einer ausgewéhlten Teilunsicherheit auf Basis
vorhandener Multi-Lidar-Messdaten.
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~FK ELQ GDQNEDU 1%U GLH WROOHIQPHH QWPK HHF GUFHKQGIDAK EXX G L X P F
ELQ 'DQNEDU ELQ LFK I1%U GLH VSIFEQEMGHHIH Q! FKHUWELKQWHU DQG
P .JOLFK ZDU RKQH 9HUWLHIXQJ ]X VWMQ®XHOGHQ %® G HIFKKMR DG UQHQ
PLFK EHJHLVWHUQ 8QG LFK ELQ GDB®EDBUH %BKGGHN UBKDKRIX® 6 WX G L X
DXI ZLVVHQVFKDIWOLFKH +HUDXVIRUGHUXQJHQ VDPPHOQ GXUIWH

~FK IUHXH PLFK GDVV LFK GLHVH 'LSGERRIWEHWWGH® XD RERRQDW —((
XQG GHP %DXLQIRUPDWLN -QVWLWXW GHU 78DWHXGBE PEKUGDEKQ
HUP,JOLFKW GDVV LFK PLW S3URIHVVRU OH®]HIOLQHDG EHCAWDXQH G
+RFKVFKXOOHKUHU XQG HLQHQ ZLVVHRYBKI WO EFKHRQNHWG B XM U LIH
=HLW JHQRPPHQ KDEHQ PHLQH $UEHLWHXPEHW.EFKWHRDXG® BLLH VIRV WF
LQ HLQHU VSDQQHQGHQ QHXHQ 8PJHEXD D QX $\GRKDHL BARXEBQW [%U

$QPHUNXQJHQ DXI GHUHQ %DVLV LFRXOX\HUMHIG X G DIV HGKIROW X QG

NRQQWH

~FK GDQNH PHLQHP %HWUHXHU 7RELDV(.0ODDV$YRRLWHX PHRVHK P- (X Q
OHVVXQVLFKHUKHLWHQ LVW VHKU O H K UDFHKIFKD J6HOL @ DAQHQX W LXOQ G H\LHF KQ)
PHLQHU $UEHLW HLQH JXWH 5LFKW X ®JDJH BHEH Q Q GIHY HIQ RHDRP LW JO |
JUDXQKRIHU —(( 1%U $QWZRUWHQ DXI PHLQH YLHOHQ )UDJHQ

JHOLSH 7UROOGHQLHU P _FKWH LFK GDI%WH LGIH NHPG O HEFDHQW IHHU XRY
JHKOHUIRUWSIODQ]XQJ ]XU 9HUI%JIX @1 Q HF\DMKHEWW VKIDWF KKHULG 9DHDWDRV H U

(LQ JURjHU 'DQN JHKW DQ PHLQH .RUHEHNDA OTHQIDU. VMOKHEB QHQ 0X®@ G &
=LQN 'DQN HXFK VWHKHQ .RPPDWD D QQGH®L H LEF KWYH NHLA 6 WDHKO DRIQL K U \

~FK VFK!W]H PLFK JO%FNOLFK G DN \8QWHK UARWPELVQB QUL N & [ OWHLLIV FK L H
HUKDOWHQ KDEH $00OHQ YRUDQ YR® W I8 WXEQ XP WK B QJOGIEK W LKIDEHQ »
5DXP JHJHEHQ KDEHQ HLJHQVW!QGLJH (@ VERBHGXOQFHKQ]XXZWEKN H
JOHLFK]HLWLJ GD VLQG ZHQQ LFK HMFK EEHDGHK® DXPK VGILHQMWH P +H L
P FKWH LFK &KULVWRSK =LQN GDQNHQL GWDWLWWNEGHQ *HBGNOWG/ ERQ
%HIJHLVWHUXQJ LP $OOJHPHLQHQ PHLQHFKWHMEHQ PRN\DHHQ XIQSX BPNU
JHLFKWLIJNHLW JHI%OOW KDW
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OHWHRURORJLVFKH 'DWHQ ZHUGHQ H UV VE &IHLNV DHKW 2D Q H- DVKHFHK@ LL\PF Kk
GHV :LQGHV 1%U GLH :LQGHQHUJLH JHVIFKPB.EWU 'B U X-\D KKUDHE H@® UALF |
'LQGPHVVPHWKRGHQ HQWZLFNHOW 'DV VFKQHG®HLHD%KDWRRH G HX!
LQVEHVRQGHUH GXUFK GLH OHVVXQJ GHHQV QG UQD\ORIPIRPH WIHW G AKX
'DEHL KDQGHOW HV VLFK XP OHVVJHU!WH GRFKINQVQBWBGYPBYWHQEDX
OHVVPDVWHQ LVW MHGRFK PLW JUR{HP $XIZPW GGDHAVE XK QW H3Q. HVIHQ >0 HW
GLH KRULJRQWDOH :LQGJHVFKZLQGLJINHNW KXRLWY HQWHPHOBWDS KO C
'LQGJHVFKZLQGLIJNHLW XQG ULFKWXQPH/WHKQ LIX NJRGHX + KDM@ VLFK
IU%KHQ HUQ HLQH )HUQHUIDVVXQJWOWHEKGRQBDIH  HQWRZHFNKQJ /L
1%U /LJKW 'HWHFWLRQ DQG 5DQJLQJ ALV@DHL @WW IGRHP BDBEBIUWNY U R
OHWKRGH XQG N,QQHQ %EHU GLH 5HIOHNWURL NHRO® /DY HGBUF KX
'LQGJHVFKZLQGLIJNHLW XQG ULFKWXQJE DH®HILWBIQUHY JDEWGZMILQ G
HLQJHJDQJHQ ZLUG 6LH ZHUGHQ!UQY .DIH. WHOEUHLWHWNHAH /LGDU 7HF
3URILOLQJ /LGDU 'LHVHV 9HUIDKUH QQIODIWL REGIL® LW © WIHD & Bl L@ WG HX U
GHU :LQGUHVVRXUFH HUKDOWHQ 'DV MIHLWW DXGMHLQHPIPRDGQLBED /
OHWKRGH PHKUHUH 6FDQQLQJ /LGDU OQNHW K P NR S SIIQOIX OLW MW /XGD U ¢
EHNDQQW OLW GLHVHU 6FDQ OHWKRGH N, QH®G PRKWH UHDEVDDQ 8 R UVY
'LQGSDUN PLW HLQHP HLQJLJHQ OHVVDXIEWDM YHUPH WLHQ XHOGH @H V'
DXIJHVWHOOW ZHUGHQ LQGHP GLH /DNOWNYWHDK®H QD GIHH LQHQVBK VI
JHULFKWHW ZHUGHQ -P *HJHQVDW] ]XD&HR G WR W LGN H G BBPKDQRDRJIL
LQ GHQ QDWLRQDOHQ 5LFKWOLQLHQ ]RX WFHV WQ WARD@IWGE QU "LLH) GUIRWW
EHL GLHVHP 9HUIDKUHQ DXIWUHWHQGH ® PHYWBQV DFK KU KH T MAHKQQ R O
JIQJLJHV OHVVYHUIDKUHQ ]X HWDEOLHUHQ

'LH 9RUJHKHQVZHLVH EHL O0OXOWL /LGDU :L QIGPG VO/XHQUHIY AL EEL WX HW
=XVDPPHQ PLW GHQ *UXQGODJHQ YRQ 0HMAX-QN ZKKIPDKG HY H@Q XAHEIWWW
GLH IROJHQGHQ .DSLWHO 'LHVH 'LSORRDBIEH LOX OWDIW/LEGDW =L®IGP HG/
DXIWUHWHQGHQ OHVVXQVLFKHUKHLWH® DKQ X®GJIHIQQ HX* FXDPWX QL LF
EHUHFKQHQ 'DI%U ZLUG HLQ 3\WKRQ 7RRD 7HIQ @ X QNN RRMU K B H O FHIQH
$OJRULWKPHQ EHUHFKQHW (V ZLUG HEHWNP® K WHIWH \E B D OGHTFH PV B/ HAT-
*HU!WHQ DQ JHKQ SRWHQ]LHOOHQ /LGDU 6%WBQGRRWIGQ JHOHW VH



.XU]IDVVXQJ

8QVLFKHUKHLWVHLQVFK!W]XQJ N,QQHQ GLMLW HLHID QG R PYEHLUJDWERBE @ H L
'LH JHULQJVWH OHVVXQVLFKHUKHLW HWREMQDWHKR @ HPLL W L@ I KL * HG B/ NH |
(EHQVR VLQG GHU OLWWHOZHUW XQG G&LGIHEW.IRPED QDB WERMHRK RQW EBHJHL *|
JHULQJHU

-Q HLQHP ]ZHLWHQ 7HLO ZLUG HLQH HELHW \U QKPDWIE YHRIQD X @ V VBKOHAUKQ VW D
XQWHUVXFKW 'DEHL KDQGHOW HV VLFELBDXQJPWDZIDUWNRLAWWGH® JXP|W
(LQIOXVV DXI GLH OHVVXQVLFKHUKHLW KB BG QWVHW (LEKDQRI\GIH iMRIHQ
SHWXUQ 7LPH (V ZLUG GHU )UDJHVWHG@AXQJRQPRARIMYIDQBHQHREQXQJ (
7HLOXQVLFKHUKHLW QDFK .ULVWHQVHQWWD JD D X \GHQL BIQNQ 5 K HUBIX. VEHEHH
NDQQ -Q GHU $QDO\VH ZHUGHQ OHVVGDWG@IK MXW &HQHW DHEYINDPBEQ D XV
%HUHFKQXQJVIRUPHO YHUJOLFKHQ 2EVRKEKHMH GEQHUFMMQUIHYHQ GHU
$QV!W]H ]XP 7HLO UHODWLY JURj VUHQ® ZZENG X®HUGHWH GV GHKHUKHLWYVJ
]JXQHKPHQGHQ *HVFKZLQGLJNHLWHQ GXUFR GUR VHQ 8DMLIDU EXKAK @/L JW
JRUPHO ZLUG ]XU 4XDQWLIL]JLHUXQJ GHU 78@¥WL E R HG KR LB \DDEK K5 bi KLUV V P R
YHUZHQGHW 'LHVH 'LSORPDUEHLW JHKW GHW *GIND PAOOIDWLE KH IUHKWHX @J
OXOWL /LGDU :LQGPHVVXQJ HLQHQ H U VW bl iDEAKALIIIW QLIQ HLGFHKW X W IGFH. H U
OHVVNDPSDJQHQ ]XU %HVWLPPXQJ GHU :LQGUHVVRXUFH
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7KH DVVHVVPHQW Rl WKH ZLQG UH VR X ®FEDNRHV DR § RWHKIH) WY D O XI1L\Q GR (@
$HURVROV DUH SDUWLFOHV LQ WKH DW P RRNSH HU MW KV WKW DUGIGDYMN®RF
KRUL]JRQWDO ZLQG YHORFLW\ LV FUXAL@® IRWP WKW H Y DOLXID\YDR® \R |PH
ZHUH WDNHQ ZLWK DQ DQHPRPHWHU ZKLRKiEZEQWWWDOWKHG W RHD HTHU
WKH GHYHORSPHQW RI UHPRWH VHQVLQJK&HRCLEHH YROPHOE WKH OEGD
VWDQGV IRU OLJKW GHWHFWLRQ DQG FIRRIPG DLUIIE O AKHL W K FIX QPG L
LQVWHDG RI HPLWWLQJ UDGLR ZDYHV UNGIHI KRS DQHKEUD@LDED PH M PW WH DI
VLIJQDO 7KH EDFNVFDWWHU WHOOV WKHLIWXDQ G JGI HIBIFRQ RWK HS ZFDQABVY
XVHV WZR RU PRUH GHYLFHV WR PHDVXUHQNKWKZL B BDWP/HBIW B\ LSHFH U

7KLV 'LSORPD WKHVLV H[SORUHV WKH X.@FH B WDV RQWH PRIQMXO WAD B LB D
UHJDUGLQJ WKH LQIOXHQFLQJ XQFHUMDH G VD\QED G B ¥ AWLHLHG LM FRIQ\VE X
DQG H[LVWLQJ PRGHOV DV ZHOO DV WK MW IGRHWY AR RS WH QWWR H REZOY @IOW
RFFXUULQJ XQFHUWDLQWLHYV 7KH GHYHORSNGDWRHNH BDXGW\ RAR B

FRPELQDWLRQV RI WHQ SRVVLEOH OLGDWZBRRDWNRQMHPBBYXBHE
FDOFXODWLRQV LPSO\ WKDW WKH PRVW | BQRUP®®HRP ROKWUHIH B H @ WF W1
WKH VWDQGDUG GHYLDWLRQ DQG PHDQ YDQXKWR\ WK XFHGI Z\W B Q QM
WKUHH GHYLFH FRPELQDWLRQV ZLWK D VWRF G HSYRIFGIWY RW WKSH  $WKRIW
VWDWLVWLFDO DQDO\VLV RI RQH VSHFHLWOFUXQW H B M/ DILIQHNV W L@ BIP IH@W KUK
ODVHU FRPHVY EDFN WR RQH PHDVXUHPHQMWGSRW®&WU SIRVHW KD FKQU D F)
UHWXUQ WLPH 7KH LQYHVWLJDWLRQV LPSQV MWXDMW D® HOXBWRR® OU
XQFHUWDLQW\ YDOXHV IRU KLJKHU UHMIRW® WARHVHTXDWHRDHOW®D X¥I
XQFHUWDLQW\ FDOFXODWLRQV WR TXDQQWLI\ WKH UHWXUQ WLPH XQFF

7KH LQWHQWLRQ RI WKLV GLSORPD WKB¥HVWD LKA RXPXW ML FDLVGIDRK
ZLQG PHDVXUHPHQWY :LWK WKH LPSOHRBQW DW VR VRIHQWH WWIQHF H.O
WRZDUGV D WRRO DOVR PDGH IRU RSWLRLABQYWREDR B B XDQWL LVL GRS PH
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.XU]IDVVXQJ _
$EVWUDFW o
~QKDOWVYHU]JHLFKQLV
$EELOGXQJVYHU]JHLFKQLV
7DEHOOHQYHU]JHLFKQLYV
$EN%U]XQJIJVYHUJHLFKQLV
JEHUVHW]XQJVYHU]JHLFKQLYV
6\PEROYHU]JHLFKQLV
(LQOHLWXQJ
11 :LQGHQHUJLH
JEHUEOLFN
OHVVWHFKQLN
1.2 ORWLYDWLRQ XQG =LHO
1.3 OHWKRGLN
14 BWUXNWXU GHU $SUEHLW
7KHRUHWLVFKH *UXQGODJHQ
21 OXOWL /LGDU :LQGPHVVXQJ
/LGDU OHVVYHUIDKUHQ XQG GDV /LGDU *HU!W
/LGDU 9HUIDKUHQ
/RQJ UDQJH :LQGB6FDQQHU
)XQNWLRQVSULQ]LS GHU /LGDU :LQGPHVVXQJ
(PLVVLRQ GHV /DVHUSXOVHYV
$QVWHXHUXQJ GHU ORWRUHQ ]XU $XR/IIHRKWXQJ GHV 6FDQQHU
(UIDVVXQJ GHV U%FNJHVWUHXWHQ /LFKWYV

$QDO\WH GHU OHVVGDWHQ



- QKDOWVYHU]JHLFK

%HLVSLHOZHUWH YRQ ]ZHL /DVHUSXOV $UWHQ
"HLWHUYHUDUEHLWXQJ
':DKO GHU )LOWHUJUHQI]HQ
=HLWOLFKH OLWWHOXQJ GHU OHVVZHUWH
5HNRQVWUXNWLRQ GHV :LQGYHNWRUYV
22 6BWDQGRUWEHZHUWXQJ PLW 0XOWL /LGDU 6\WWHPHQ
+HPPQLVVH EHL GHU $QZHQGXQJ LB UIOIHPK HPOXQGHV FK Z
BUEDQ :LQG
23 *UXQGODJHQ XQG 7HUPLQRORJLH GHU 8QVLFKHUKHLWVHLQVFK!W]
8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ
31 THLOXQVLFKHUKHLWHQ EHL UDGLDOHU *HVFKZLQGLIJNHLWVPHVVX
OHVVJHU!W
(UPLWWOXQJ GHU UDGLDOHQ NN-IWNRAZW XGW HNPH/LLW KD VU % F
BWHXHUXQJ GHU /DVHUVWUDKO $XVULFKWXQJ
'LVWDQ]PHVVXQJ
6LQJOH /LGDU OHVVXQJ
5HWXUQ 7LPH
$NNXPXODWLRQV]HLW
9ROXPHQPLWWHOXQJ
'LQNHO ]ZLVFKHQ :LQGULFKWXQJ XQG /DVHUVWUDKO
8PJHEXQJVEHGLQJXQJHQ
9HUVDJHQ GHV (TXLSPHQWYV
32 *HVDPWXQVLFKHUKHLW EHL 5HNRQVWUXNWLRQ GHV ' :LQGYHNWR
OXOWL /LGDU OHVVXQJ
.UHX]XQJVZLQNHO GHU /DVHUVWUDKOHQ

5| XPOLFKH 6\QFKURQLVDWLRQ GHU *HU|WH



- QKDOWVYHU]JHLFKQLYV

=HLWOLFKH 6\QFKURQLVDWLRQ GHU *HU!WH
JHKOHUIRUWSIODQ]XQJ
33 8QVLFKHUKHLWVHUPLWWOXQJ
8QVLFKHUKHLWVEHUHFKQXQJ LQ 3\WKRQ
41 9HUZHQGXQJ YRQ 3\WKRQ
42 ~PSOHPHQWLHUXQJ
9RUJHKHQ
9RUEHUHLWXQJ GHU %HUHFKQXQJ
'DKO GHU *HU!'WHVWDQGRUWH XQG OHVVSXQNWH
.RPELQDWRULN *HU!WHDXIVWHOOXQJ
%HUHFKQXQJ $]LPXW (OHYDWLRQ XQG 'LVWDQ]
)XQNWLRQHQ [XU %HUHFKQXQJ OHIG 7GiH O X & V DPRHXUKHIPKHQ KH LW
43 (UJHEQLVVH
44 *UHQ]HQ GHV ORGHOOV ]XU 8QVLFKHUKHLWVEHVWLPPXQJ
BWDWLVWLVFKH 8QWHUVXFKXQJ GHU 80/ EFKHXUKHEZWPEML YHUVFKLHGHQ
51 7ZKHRULH XQG OHWKRGLN
52 (UJHEQLVVH
*U iH GHU 8QVLFKHUKHLW
_RUUHODWLRQVXQWHUVXFKXQJ
=XVDPPHQIDVVXQJ GHU VWDWLVWLVFKHQ 8QWHUVXFKXQJ
=XVDPPHQIDVVXQJ
6.1 (UJHEQLVVH
ORGHOO ]XU %HUHFKQXQJ HLQHU *HVDPWXQVLFKHUKHLW
BWDWLVWLVFKH 8QWHUVXFKXQJ GHU 5HWXUQ 7LPH
6.2 )D]LW

6.3 $XVEOLFN



- QKDOWVYHU]JHLFK

/ILWHUDWXUYHUJHLFKQLV
$QODJHQYHUJHLFKQLYV
$QODJH
$QODJH
$QODJH
$QODJH
$QODJH
$QODJH
$QODJH
$QODJH

$QODJIH

LL
LLL

LY

YL
[L
[YL

[[L

[[LY
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TKHRUHWLVFKH *UXQGODJHQ

%LOG '"HILQLWLRQHQ GHURNC\GEHFRHHVXGID ZHQWG D $]LPXWZLQNHO .. E
(OHYDWLRQVZLQNHO

%LOG 6NL]]JH YRQ OXOWL /LGDU 0/QX¥DRGJ' R%HFSOKBHWYKQBHZLS$XIEDX
QHEHQ HLQHP OHVVPDVW PLW SOWUDVFKB@WM®QHPRBHWHU 3DXVFKHU

%LOG /RQJH UDQJH :LQG6FDQQHU 'DHIVBNVHOBRKIPU WHRQ] WH RY 6 KG-DU H
HLQJIHI%JIW

%LOG 6FKHPDWLVFKH 'DUVWHOOXQH GBQJHK QUNJGLEEQ GIQ B U V/5R&® JD X V
9DVLOMHYLE 6

%LOG (UNO!UXQJ ]XU (PLVVLRQ D HAP\SHKDSHEDKHAIEW GHU 6HQG
~PSXOVIROJHES HEBILRGHU GLH 3XOVH GXUFK GDV F HUGHQU BV DO KD H\EJ
6

%LOG )XQNWLRQ HLQHV 6FDQQLQJ VMGDOOXQU' ' WEVNK HHRWGKHD Y

%LOG (UPLWWOXQJ GHU UDGLD @QHED PIS\OFFK ZRQGWINROQW L DD FH 5% FNV W U
E HLQ 6DPSOH 3RLQW EHL JDX|VFKEDPSDANIRLQMXXBHLFRIDX|VFKHU
5%FNVWUHXXQJ 9DVLOMHYLE 6

%LOG $NNXPXODWLRQVPHWKRGH 9DVLOMHYLE 6

%LOG $XVIHULFKWHW DQ GHU /DJH G HANVNDHPRWHE L G HKHQ QSR B Gl MCROUW H
E GHU $]LPXWZLQNHO F GHU (OHYDWLRQVZLQNHO

%LOG OHVVXQVLFKHUKHLWVHUPLWWOXQEDQKDQG GHU *80 OHWKRGH

8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

%LOG _.DWHJRULVLHUXQJ GHU 8QV LLF KQGKE L MAHHULSU EHUWLWHUDW X
%LOG .DWHJRULHQ (LQWHLOXQJ GUD GO VH ¥ R K DIK@IE MIHNG! IEWY. P H V \
%LOG '"HU HUZDUWHWH OHVVSXQNW 3 X6 QG XYRX ) HKOHWDQL B QG bi U
(UIDVVXQJVGLVWDQ] b' OLHJW DQ 3XQNW 3 9DVLOMHYLE 6

%LOG 9LVXDOLVLHUXQJ GHU $E ZH LOFHKIW LIROMZEQRMHOQbGHV (
HLJHQWOLFKHP OHVVSXQNW 3 PLW GHRHOGN PR RY VEZQ QMKHD ' DUYWW H O O X



$EELOGXQJVYHU]HLFK

%LOG 8QVLFKHUKHLW DXV .UHX]XQDKQ@HQNMHONVbI'ZEBHUYHDWAH@ WOL Q|

6WDZLDUVNL HW DO 6 XYW GUHLUDMYUHWHIO UH

%LOG —-VKLNDZD 'LDJUDPP DOOJHPHLQ

%LOG —-VKLNDZD 'LDJUDPP - 8QVUFEHUKHLGN. EGHQUROQWWMOMFEEK ZLQ
%LOG -VKLNDZD 'LDJUDPP —— 8QVLFKANWUIKRHLWGHHLLGBY HBNMWR QV B

JHKOHUIRUWSIODQ]XQJ
8QVLFKHUKHLWVEHUHFKQXQJ LQ 3\WKRQ

%LOG .RPELQLHUWHY —-VKLNDZD 'LDJWDGHUHHMWD BWNKQQVHLFWHBRMNQ
GHU 5HNRQVWUXNWLRQ GHV ]JZHLGLPHQVLRQDOHQ :LQGYHNWRUV

%LOG 0,JOLFKH *HU!WHVWD QG R U VO WOHIEQ BXOIIDX/ W DIQSHRLGWHH J U D »
.RRUGLQDWHQ

%LOG (LQIOXVV GHU 6LQJOH /LG DEMHUHLIDXIHQE K B U KHRIQVHZ®! E X R G
/LGDU *HU!WHQ

6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8HXVBHKMHUKHIZWPEHNL YHUVFKLHC

%LOG (UNOJUXQJ 5HWXUQ 7LPH GLENHOQNHOOIHVYHIKWELIQGGLINHLW EH
-1JHU HW DO

%LOG 6]HQDULR (UJHEQLVVH GHUWGbBH JKRHYM RRQWDGHD O\VH [%U
'LQGIJHVFKZLQGLIJNHLW EHL GHQ 5HWXWQ 7LVYHV W DXNGHW\ $FKVH
%H]XJ DXl V5HWXUQ 7LPH [ $FKVH

%LOG (ISHULPHQWHOOHU $QVDW] ]BEKWMILHFKRXGHGBHV 506 (
'LQGJHVFKZLQGLJIJNHLW PLW GHQ OHVVGDGAH @ D\RLY Z WU WGALHQ 7LPH
'LQGJHVFKZLQGLINHLW ®&Q BMLMHIGVHQ: LQG®IHVFKZLQGLINHLWVNODVVHQC

%LOG 7KHRUHWLVFK EHUHFKQHWHUD®OBKH Q Q SEKYYHINELW YRQ
‘LQGJHVFKZLQGLIJNHLWHQ GLH 9DULDRW ZZHIG THMV G B W HBVNDIR VB K M/ X |
EHUHFKQHW

%LOG 7TKHRUHWLVFK EHUHFKQHWHU 50 EQ BIOWMH@QILINHLW YRQ
'LQGIJHVFKZLQGLIJNHLWVNODVVHQ GLH PDWLGRY LOWVWWV \DXIVWGHU E-HWIDIF

%LOG .RUUHODWLRQ DXIHLQDQGHWHRWIHQGHBHWHYVVXQJHQ EHL



7TDEHOOHQYHU]JHLFKQLYV
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7KHRUHWLVFKH *UXQGODJHQ

7DEHOOH /IDVHUSXOV 7\SHQ O9DVLOMHYLE 6
8QVLFKHUKHLWVEHUHFKQXQJ LQ 3\WKRQ

7DEHOOH 'LH + KHQ % 11 1%U GLBHMXIN\GBOCGRUWHH ELYG JH]HLJIW

7DEHOOH + KHQ % 11 VLQG 1%U GHO 1XPBWXQELEHQ PG GLH
OHVVSXQNW :#)KEHQr |;]HQWKDOWHQ

6WDWLVWLVFKH 8QWHUVXFKXQJ GHU &YV BbHKMHUKHIZWPENL YHUVFKLHGHQ
7TDEHOOH ZEHUVLFKW GHU 6]HQDUNUDW®@DJIQKX QWD QGHKWP ALHVVQHPDUN

7DEHOOH 6]JHQDULR -QIRUPDWLRQHRQ® GHQBRBQQ@HM/DVHUV
EOHLEHQ EHL GHU OHVVXQJ NRQVWDQW

7TDEHOOH 9HUJOHLFK VWDWLVWLVWXHU >XQVH BXWB/HQYR|GI QWU LXQG
V BHWXUQ 7LPH@
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$NXVWR RSWLVFKHU ORGXODWRU

&RQWLQXRXV :DYH

'RSSOHU %HDP 6ZLQJLQJ

'LIJLWDO 6XUIDFH ORGHO

'LIJLWDO 7THUUDLQ ORGHO

(QJOLVFK

(XURS!LVFKH 8QLRQ

)XOO :LGWK +DOI OD[LPXP

*XLGH WR WKH ([SUHVVLRQ RI 8QFHUWDLQW\ LQ OHDVXI

~QWHUQDWLRQDO (QHUJ\ $JHQF\

~QWHUQDWLRQDO (OHFWURWHFKQLFDO &RPPLVVLRQ

- QVWLWXW I1%U (QHUJLHZLUWVFKDIW XQG (QHUJLHV\V!

.LORZDWWVWXQGH

/LIJKW '"HWHFWLRQ DQG 5DQJLQJ

/ILQH RI 6LJKW

/RQJ UDQJH :LQGB6FDQQHU

OXOWL /LGDU

OHVVSXQNW

IRUPDOQXOO

3DUWV SHU OLOOLRQ



$EN%U]XQJVYHU]JHLFKQLV

35) 3XOVH 5HSHWLWLRQ JUHTXHQF\

506 ( 5RRW OHDQ 6TXDUH (UURU

526 5HPRWH 2SHUDWLRQ 6WDWLRQ

56" 5HPRWH 6HQVLQJ 'HYLFH

615 6LJQDO ]X 5DXVFKYHUK!OWQLV LQ G%
65:6 6KRUW UDQJH :LQG6FDQQHU

9&6 9HUVLRQ &RQWURO B6\VWHP

(% 'LQGHQHUJLHDQODJHQ



ZEHUVHW]XQJVYHU]JHLFI
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$FFXUDF\ S5LFKWLJNHLW 3U!JLVLRQ
$FTXLVLWLRQ %RDUG (UIDVVXQJVHLQULFKWXQJV
$ILPXWK $QJOH $JLPXWZLQNHO

%HDP /IDVHUVWUDKO

%LDV 6\WWHPDWLVFKHU JHKOHU

&RPSOH[ 7HUUDLQ 6FKZLHULJHV *HO!QGH +DX
&RQWLQXRXV :DYH /DVHU 'DXHUVWULFKODVHU
'"LILWDO 6XUIDFH ORGHO 'LILWDOHV 2EHUIO!FKHQPR
'LJLWDO 7HUUDLQ ORGHO 'LILWDOHV *HO!QGHPRGHC
'LVSOD\ 5DQJH 5HVROXWLRQ 'DUVWHOOXQJV %HUHLFK
(OHYDWLRQ $QJOH (OHYDWLRQVZLQNHO
JHHGEDFN /RRS 5%FNNRSSOXQJVVFKOHLIH

)XOO :LGWK +DOI OD[LPXP 6SHNWUDOH +DCGBEZHUWVEUF

*XLGH WR WKH ([SUHVVLRQ RI SOIEMUMPHQ WXUL GQJIJDEH GHU 8QVLFKHL

OHDVXUHPHQW OHVVHQ
+DUG 7DUJHW 0DSSLQJ .DUWLHUXQJ XQEXUFKO!VVL.
+RPH 3RVLWLRQ 6FDQQHU .RSI $XVIJDQJVSRVLW

~QWHUQDWLRQDO (OHFWURWHFKQLFDO &R PWPURWIHE® Q LV FQH HRPPL WV

/LIKW '"HWHFWLRQ DQG 5DQJLQOHWKRGH ]XU (QWIHUQXQJV XQG
*HVFKZLQGLIJNHLWVPHVVXQJ

/126 /LQH RI 6LJKW SDGLDO :LQG 6SHHGVFKZLQEDANBOW :LQGJH



ZEHUVHW]XQJVYHU]JHLFKQLYV

/126 6SHHG 5HWULHYDO 8QFHUW®QQMAKHUKHLW EHL 6FK|W]XQJ GHU UDGLI
*HVFKZLQGLIJNHLW DXV U¥%FNJHVWUHXWHF

OD[LPXP /LNHOLKRRG (VWLPDWRU OD[LPXP /LNHOLKRRG B6FK!W]
ORWRU 6KDIW ORWRUZHOOH $QWULHEVZHOOH
3RLQWLQJ 8QFHUWDLQW\ S5LFKWXQJVIHKOHU

3RZHU /DZ +HOOPDQVVFKH 3RWHQ]JHVHW]

3XOVH 5HSHWLWLRQ JUHTXHQF\ JUHTXH®] GHU 3XOVZLHGHU
5DQGRP (UURU =XI1!0OOLJHU )HKOHU

5DQJLQJ 8QFHUWDLQW\ 'LVWDQ]XQVLFKHUKHLW
5HPRWH 6HQVLQJ 'HYLFH JHUQHUIDVVXQJVJIHU!W
5HWXUQ 7LPHV $EWDVWUDWH

5RRW OHDQ 6TXDUH (UURU BWDQGDUGDEZHLFKXQJ
5RWDU\ (QFRGHU '"UHKJHEHU

6LJQDO WR 1RLVH 5DWLR 6LJQDO ]X 5DXVFKYHUK!OWQL
6\WWHPDWLF (UURU 6\WWHPDWLVFKHU JHKOHU
7HPSRUDO 8QGHUVDPSOLQJ 'HQLJH OHVVGDWEQ LP OHVVX(

'LQG 6KHDU ([SRQHQW 'LQGVFKHUXQJV ([SRQHQW



6\PEROYHU]JHLFKQL

6<0%2/9(5=(-&+1-6

=HLFKHQ

=

E,

be g

El/4 b

beav

LE

35)

kl

+]

+]

+]

+]

+]

+]

+]

+]

(LQKHLW Y%HGHXWXQJ

'LQGVFKHUXQJV ([SRQHQW

$ILPXWZLQNHO

(OHYDWLRQVZLQNHO

ILFKWJHVFKZLQGLJNHLW

OHVVGLVWDQ]

JUHTXHQ] GHV /LFKWV GDV YRP $20 ]XP (')$ JHK)\

YRP /LGDU *HU|W DXVJHVDQGWH )UHTXHQ] GHYV /

JUHTXHQ] GHV U%»FNJHVWUHXWHQ /LFKWYV

YRP &: /IDVHU DXVJHVDQGWH J)UHTXHQ]

OD[LPXP /LNHOLKRRG (VWLPDWRU JUHTXHQ]

'RSSOHUYHUVFKLHEXQJ )J)UHTXHQ]JYHUVFKLHEXQ.

"HOOHQO'!QJH

6DPSOH 3RLQWYV

OHVVUDWH

$Q]DKO GHU DXVJHVDQGWHQ 6LJQDOH LQ $NNXP

6W, UOHLVWXQJ

3XOVH 5HSHWLWLRQ )UHTXHQF\

6LIQDOOHLVWXQJ

S5HWXUQ 7LPH
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/'QJH GHU JHVDPWHQ OHVVXQJ

SNNXPXODWLRQV]HLW

SHULRGHQGDXHU GHU 6LIJIQDODEWDVWXQJ

2EVHUYDWLRQV]HLW

6HQGHLPSXOVGDXHU

-PSXOVIROJHSHULRGH

.RUUHODWLRQV]HLW

'LQGNRPSRQHQWH LQ 5LFKWXQJ 2VWHQ

+RULIRQWDOH :LQGJHVFKZLQGLJINHLW

'LQGNRPSRQHQWH LQ 5LFKWXQJ 1RUGHQ

5DGLDOH :LQGIJHVFKZLQGLJIJNHLW

'"UHLGLPHQVLRQDOHU :LQGYHNWRU

9HUWLNDOH :LQGNRPSRQHQWH



(-1/(-781*

'LQGHQHUJLH LVW LP -DKU HUQHXW GICHOHVWIHNVWHHQWBU
IHWWRVWURPHUJGXdAXQYFKODQG 'DPLW OLHJW GH W HQWHL.® HWQV WEQk
EHL %EHU GHU ,ITHQWOLFKHQ 1HW W RV W X W PIH:WHXE N G 1 Q IX\Q LN @ G
KRKH =DKO DQ 6RQQHQVWXQGHQ [XU%BN]XI|¥%KIMOWDIIDXRKERHIBLW J¥%
'LQGEHGLQJXQJHQ DXVZ!KOHQ ]X N, QQHGH U V:WQGIUH YOHRMVIFRHP KQ H P H C
%HJLQQ HLQHV MHGHQ 3URMHNWHV [1¥U V:WEOE&WQ ¥ RPLLID QGLIMI HIQH V
]XYHUO!VVLJIHU :LQGGDWHQ

'LHVH 'LSORPDUEHLW EHVFK!IWLJW VLF&HRLW GHGHHPY X®L O HHQ B KFHK
%HVWLPPXQJ GHU 8QVLFKHUKHLWHQ EHL IDIKWHR EHY WLHPRP WHSQ. WH OV Y
NXU] LQ GDV 7KHPD :LQGHQHUJLH HQGOWINKUWHGDLRIGHHOHKYJILH HQ.
%HVWLPPXQJ GHU :LQGUHVVRXUFH YHUIOREKWGHQ VERQK 0R/ L\DBWWR
JRUVFKXQJ LQ GLHVHP 7KHPHQEHUHLFKRMXPGO HHLQWNQDBHWHOLHO HU
+HUDQJHKHQVZHLVH GHU %HDUEHLWXQJ DR KDAGWEBU 0 HWHKR GLLNH Y6Q\G
$UEHLW YRUJHVWHOOW

1.1 =1"(2(5*—(

'LQG EH]HLFKQHW EHZHJWH /XIWPDVVHQ (QW \G\MHKKXQB RMSK !DKI YLHU V|
BUVDFKHQ ]XU%FN]XI%KUHQ 'LH XQJOG®LFKHUPLUMDWERYBKIUH L\
EHGHXWHQGVWH GDYRQ 'LH :!UPHDEVRUSWHRQ%Q :DRYHAE HDI@GFKE G
VLQG XQJOHLFKI,UPLJ $XFK DEVRUE LRRQUH® FHKUWRRSIHVEKE B UHH. DO
'DV YHUXUVDFKW 8QWHUVFKLHGH LQ GHU WPRRAVBK ! UGIHRQ' WX JX QK
7HPSHUDWXU 'LH GDGXUFK HQWVWHK HRIGHD VWHWYH +DHZHIH@ GLH

ZEHUEOLFN

'"HU ''QH 3RXO /D &RXU ZDU GHU (UWWBHW WERPH U@ & JX@IVQ XXW]EDU PIL
EDXWH HLQH ([SHULPHQWDO :LQGNUDDWR Q@WK LHHELH BV QHYLI® ZDL
'LQGP%KOH QDFKHPSIXQGHQ PLW HLQWRPU YLHWIQ¥WKVOHBQ:LZRGNUD I\
GLHVHV 7\SV NRQQWHQ LQ YHUVFKLHGHQHQ *ELMQ RLWXQBLWWEBB!
5RWRUGXUFKPHVVHU ELV ]X P JHEDXW ZHUGHK :B@XHQHUBLH JHZD

'LH 1HWWRVWURPHU]JHXJXQJ LVW GLH 'LITHUHGXJXIQIFKEQ GHB ¢aU K QY WHRYEAWD
HLQHV .UDIWZHUNV )UDXQKRIHU —6(



(LQOHLWXQJ

GXUFK GLH (QHUJLHNULVH DQ % HSRIGMAXQU L Hs® ZGHIVW QKEKHSEK!QJLJIN
GHP 5RKVWRII "0 YHUULQJHUQ ZROOW® @ HVX DHOEWSAFKHDLDADHEQ ZPKWG(Q W Z L F N
'LQGHQHUJLH DE JHI _ UGHUW +5DX %HJLQQ GLHVHU LQGXVWULDOLVLHU
EHWUXJ GLH 1HQQOHLVWXQJ GHU LQ 'HXQWSKOD QG HWEZDXWHELY($ N: EH
HLQHP 5RWRUPHVVHU XP GLH P +DX JBEEDXWHQLH($ KDEHQ HLQH
GXUFKVFKQLWWOLFKH 1HQQOHLVWXQY @RQFKIMFKILW®W:0XLG&HL GRWRUG X U
YRQ P JUDXQKRIHU —((

3ROLWLVFK JHVHKHQ LVW LP 'HJHPEHU WHGHB WHLOFHNYOX@]J GGHHIU : HU Q H X H L
(QHUJLHQ HUQHXW GXUFK GHQ *U%QHQS8GQHLMR® QHU LXURBOLYRKKQ JHU%F
ZRUGHQ 'HU *U%QH 'HDO LVW HLQH 6% GHW HHILGH PHW \GRKW EBQH U KRG Q W H
ZHWWEHZHUEVI!KLJH LUWVFKDIW HQWVWHKHQ VRGOQHLQHWMWW®R LP
7UHLEKDXVJDVHPLVVLRQHQ PHKU IUHLRHVYX®JW LMW WEOKEGH UHIU SHUVFKZL Q.
XQG VLFKHUHU (QHUJLH LVW HLQ (®HRBRQRW F&IHH VRPLBWIRIW HJLH-R -DKU
OHLVWHWH GLH :LQGHQHUJLH PLW U 6W Q RIFH PWHHQ XAGHIL WX HIDQHXHUE
(QHUJLHQ 'DV HQWVSULFKW HLQHU 6WUR®PH @LMW YRQGHQHIGILN:RXI /DQG
6HH HUUHLFKW ZXUGH 8PZHOWEXQGHVDPW 6

(V JLEW EHVWLPPWH :LQGJHVFKZLQGHLLIQ H LSVQ\DDH bl H/IHLKMW X.@QJ GHIEULQJIHQ
GHU :LQG ]X VFKZDFK RGHU ]X VWD UNJLHUNME NHL Q($WBRF/USHQQHUFRQ (
GLH LP -DKU DP K!XILJVWHQ LQVWDODWKUWHHVYBYV' DRGBOWEQEHVDJIW
'LQGJHVFKZLQGLJNH®WHQ HDIBWV PHLQH JHULQJH /HLVWXQJ YRQ N: HQWQ
NDQQ 'LH 1HQQOHLVWXQJ YRQ N HHLU UIHQ.G KW BHLZHIMHG LN BELWHQ ]ZLV
XQG @& 'LH $EUHJHOJHVFKZLQGLJNHLW EHWEH® QDFK@& HRJVWHOOH
(1(5&21 6 %HL GHU (QHUPRIQVRJHQVQQKMMH 6WXUPUHJHOXQJ LQ
XP GLH $EUHJHOXQJ |X VWHXHUQ 6W OMWW EBIZ HHU GR-YR]ZO LEPXWHHIQD H P
6HNXQGHQ OLWWHO BH GWHYRQODPH ]X VWRSSHQ HUP ,JOLFKW GLH 6WXU
%HWULHE GHU LQ HLQHP DQODJHQVSHJHILWFEHQHLBIG BHWF KA QRQGIUHK]DK
UHGX]LHUW %HWU!JW GHU  0LQXW H QZ0Q Q8 WHHABU WWERSIS WL G G Bl HAWGE®D J H
6R N,QQHQ ]DKOUHLFKH 6WRSSYRUJ!QUH IHUPWHGBQYBAWOENY HR [%KUHQ
(1(5&21 6 'LH $EVFKDOWJH YV FRIZWPIG IGINH LMW WILUBHLWVP ! {LJH $XV
GHU 6WUXNWXU GHU :($ EHVWLPPW +PK EHL 6LHVH@ :HUWHQ XP $QJDEHC
+HUVWHOOHUV KDQGHOW VROOWHQ VLW PHWG%EGBPKMWLZHHVAK® HIWAH
*U {HQRUGQXQJHQ YRQ :LQGJHVFKZLQGLJNHGWH QHXWEH NIRIBGRHF@ K/L@I U H L F
ZLUG HLQH %DVLV 1%U GLH —~-QWHUSUHWBW BRY LYFK® U K HIHWQIRQ G 8 X DK B Q HX



'LQGHQHUJLH

)%U GLH :LQGHQHUJLH LVW LQVEHVRQGHUM F&KIZH GEXIQINKHRLHV GPHW :G @& U
%HGHXWXQJ 'LH :LQGJHVFKZLQGLJNHLW KB XIQPE WX G E DBIH 5% R B X
EHZHJWHQ /XIWPDVVHQ DQ GHU (UGREBIWPYVFKHQDXURYXOO+DEHI HE/ W C
XQJHVW,UW YRQ HLQHU GHUDUWLJHQ (LQZGDNXNQUFKH® \GMIPLJIWH
'LQGJHVFKZLQGLJNHLW IROJOLFK PL® GHU %HKHGHQ@ +MGHQHUJLH JLO
HQWQHKPEDUH /HLVWXQJ PLW GHU GULW ®IHIN B RW H®]VEWHL J WQ G DHKV F K
6RPLW KDW GLH 1DEKROIKQ KHGHXWHQGHQ (LQIOXVV DX+FGEBKUIL]ILHQ]
OLHJW GLH GXUFKVFKQLWWOLFKH 1DEHQXKQKHGHHL (IILFLHQH FBMWHGHU +
GLH (QWZLFNOXQJ ]X JU,iHUHQ $QODJHQRWZG QBHJIN QW HW:UG LYHD (
JHUQPHVVYHUIDKUHQ

OHVVWHFKQLN

OHWHRURORJLVFKH 'DWHQ VLQG LQ GHU P9 H UQWMHIHQKKDLON HQ QFHKUW WAH_FN
1XW]XQJ GHV :LQGHV GXUFK :($ JHVDPPHOWLZR UGHNY G®XWD B+ &0 L
'LQGHLJHQVFKDIWHQ ELV P+ KH PLW -QGRURDW IGRHUHQ QXU FHF K Z L Q
%EHU GLH + . KH RGHU %EHU JHO!QGHDEKZ® UIGIHQ: IHUG/Y\H W K LOMW & MVALH
HUIDVVW +DX 6 ~Q GHQ $OHMIX@IMMHU%UWQGRGHQHUJILH X
KHXW]XWDJH ZLUG KDXSWV!FKOLFK PLW DQ 6FKD\ORIDMMHY @MJIHER P
JHPHVVHQ (LQ 6FKDOHQVWHUQDQHPRPHWHHQBEHQWHK®BH D X\G HHW GPH.RV
+DOENXJHOVFKDOHQ YHUEXQGHQ LVW 'BHUBEWLBKH *HWEWRH\BHHA
HWZD FP $XIJUXQG GHU *U,iH GHU OHY&G B WNH D/AQBUGILIY IV QXU I:
NOHLQHV /XIWYROXPHQ UHSU!VHQWDWLY +L@KWXRP PG GDNVWGH
'LQGJHVFKZLQGLIJNHLW EHL GLHVHP 9HUHD®BU®QNOQ QRK W PHLPAHWWH Q OZ

'D .HQQWQLVVH %EHU GLH *HQDXLJNHNWX®RQQ $FHP RGHW HID V
(QWZLFNOXQJ GHU :LQGLQGXVWULH QRMIZHQ®GVH ZDOHUQPD KALIDG XN E
8QVLFKHUKHLWHQ JXW HUIRUVFKWH 9DHA. 6 MKXYQH QMWBO QDQHRROHWH L
OHWKRGH ]XU OHVVXQJ GHV :LQGHV LVW GDVOIBWWHODVFKDQV $DQM*PRY
OHVVSULQ]LSY N,QQHQ GLH VLFK VFKQHIO® ZHU Q.GHU QB Q6 SLA\G BIQ,Z H
KRKHU 3U!]LVLRQ RKQH 8QVLFKHUKHLW THXWEHKQ7 WhHIH GWU JHHUHZHVGHIX C
BWHUQVFKDOHQDQHPRPHWHUYV EHHLQIOXVVWU'GKHLW USGKQJ 6E5KDO H
'LQGPHVVXQJ

'LH 1DEHQK,KH LVW GLH +, KH GHU 5RWRUPLWWHM5¥%»EHU GHU *HOJ]QGHREHUIO|



(LQOHLWXQJ

(V JLEW ZHLWHUH OHVVPHWKRGHQ GLH NRQWDXNAM GRVW RPBEKNVHQH®RYG LV NF
KDEHQ 6HLW GHQ IU%KHQ HUQ VL QGG QiPUILHU KBLLAHK HAHAW HIQQ NRPPHU]L
/LGDU 6\WVWHPH ]XU :LQGPHVVXQJ YHUI%JE®U (PHLSDWWVIOGIKW [%U /LJ
'"HWHFWLRQ DQG 5DQJLQJ XQG LVW HLQHWERBH D'EDBKY & DY DSXEWHQGH Q
IDVHUSXOVHQ XQG GHU %HWUDFKWXQJ GHUNDRSI I5QH QHE SHAFRKAL QIGX X9
XQG :LQGULFKWXQJ HUPLWWHOW ZHUGHQLGDX *HU!@%HNODVVH GLH VRJH
3URILOLQJ /LGDU *HU!WH ZHUGHQ |AUVGLHUZIQGEHWY XRU BHHHIHVVXQJ PL
3URILOLQJ /LGDU ZLUG MHGRFK HLQH +RPWRJHQLONHOGD Q8 KRHIH U GG
LQVEHVRQGHUH LQ EHZDOGHWHQ RGHU K 3HIHIONLUIHPH FWOLQGBLHLQHV 8 R(
HLQEULQJW OLW GHP =LHO 8QVLFKHUKWLXMHGIQEHK SHUDU@IHHQ DHUC
OHVVXQJHQ PLW HLQHU DQGHUHQ /LGDULH EFRBBIRQ QY VHGDUWHIWY W FIKAMU | R U
NHLQH GHUDUWLJH $QQDKPH YRQ +RPRJHQLW!W LP :LQGIHOG

'LH *HQDXLJIJNHLW GHU %HVWLPPXQJ GHU HIQQ/GGHDWVRXI MHH © LW \R HKEKH Q J L J
GHQ DXIWUHWHQGHQ OHVVXQVLFKHUKHLWHQ@LUG GHHVHIDJIJH\BWREDXB
QDFKJHJDQJHQ ZHOFKH 8QVLFKHUKHLWRQ ®KUW LHWOIQV \K QGH ZLMHIHLO
7HLOXQVLFKHUKHLW LVW (LQH 7HLOW QMLE HWUIKM L WWZMF® B RQWIHHZ VG K W

1.2 027-9%$7-21 81" =—(/

-Q GHQ OHW]WHQ -DKUJHKQWHQ LVW Q@&+ WQWHLERNYKIQJY BHDQIHMFIK U LW
*U {H /HLVWXQJ XQG $Q]DKO GHU :LQGQ XUEUDRXY &H Q Gb BIEDIA KYDHF K DG ! T X
OHVVYHUIDKUHQ ]XU %HVWLPPXQJ GHU :LQGH HD¥RRWFEKHQQXQ/GV BIK WH U HK |
5RWRUGXUFKPHVVHU GHU 7XUELQHQ EHGHXWHG DR LK\H UHHL QOHHQY VIR B K/ M/GH Q
ILQDQ]JLHOOHQ XQG ]JHLWOLFKHQ $XIX¥BMDP® OB\WLREUXYE 0-OX\DWD G®KDOV
"HLWHUHQWZLFNOXQJ YRQ )HUQPHVVYHUUDGHHRQX OHEQ B B VI N.WIMM  IEGH Z L F
%HLWU!JH ]XU 9DOLGLHUXQJ GLHVHU 0H8/AKUNWIW HIR HH X@K D GHEH/WNKHL
1RUP KHUEHL]XI%KUHQ

/IDXW +DVDJHU HW DO N.QQHQ EHL DURYHRQ2HV®RUH=HILQW/SDQQH
-DKUHQ (LQVSDUXQJHQ YRQ HWZD H IORRW (B3 UBGHRQ- DAHQQUGLH 8QVLFKHU
YRUKHUJHVDJWHQ PLWWOHUHQ :LQGJHVFKZL QG I NIHHLGX XU WD EH Q & HQH
NDQQ (LQVSDUXQJHQ LQ GLHVHU *U, |HB RHOMYOR E HE: ®XCHHL GD QG HU V'
PLW GHU 7KHPDWLN 8QVLFKHUKHLWHGQXBHBHQ X'QW L9 HUEOW JHYEPH VWR Q . R\
]XU 1XW]XQJ GHU :LQGHQHUJLH DOV HUMHXHUBWUHZLEFRMWULILHIFEXU ¢
"HWWEHZHUEVI!KLINHLW PLW DQGHUHQ 6WURMRIHRGQIWWUMWRW 'DWNU



OHWKRGLN

(QHUJLHZLUWVFKDIW XQG (QHUJLHV\VWHPMH E R QLN —$- GU RIMBENNVK W+ GOHV
3VHXGRQ\P YHUELUJW VLFK GHU %HJULII FNOMEDLYRRQH 0 X-OLWWLH Lt
OHVVNDPSDJQHQ I%U (UWUDJVSURJQRV H WIQRSQ 3 H-UR REDAKIPGIFOH GOLHHMH VF DL
VROO GHU ELVODQJ IHKOHQGH 1DFKZHLVXAWU /IGEBIU @\VOK-QRIH Q¥ RIG
(UWUDJVSURJQRVH XQG 1%U GLH 6W D @GIRIGW QD & REBWDLMAW BQ Y 19U B UDKEK
LQ GLH GHU]JHLW JHOWHQGHQ -(& 1RUPKWOKXKQGHQ@HRK®| YWKHQV5I=L
'LSORPDUEHLW LVW HV HLQHQ 7HLO GHW XGD L% W H QRMLANNDENIFK
GXUFK]X1%KUHQ 'DU%EHU KLQDXV VRO®G\QL ERHWLKHSE \HRMHNWGEIIUH % F
GHV :LQGSRWHQ]LDOV XQG GHU :LQGVWU'PKIQ¥ VRGO RH® UL HZ MUHGRKQ
9RUDXVVHW]XQJHQ XQG 9HUIDKUHQ JHVF®QDHHQD@NUGHON XHQGHF OH
HLQ]XVHW]HQ )UDXQKRIHU —((

'LH 1RUP —(& 1%U :LQGHQHALILGIDYR® IHBWB UQDWLRQDO
(OHNWURWHFKQLVFKHQ .RPPLVVLRQ -QWHURQLNWLRQ DO (&0 HFW UIRMIF
1DFK -(& 1RUP P%VVHQ EHVWLPPWH OHVVDQRUGRKQIHQ GHUU
'LQGJHVFKZLQGLIJNHLW HLQJHKDOWHQ ZRUGHIQULIWH HERUJBLWKWH H
DXVVFKOLH{OLFK PLW HLQHU )HUQHU VDN VeX-QQWIHQ D UH ¥ KMHX Q56" 5 R RP |
BWDWWGHVVHQ PXVV LQ MHGHP )DOO HL G WY \BWRIIKDW WHOQ YEGHZ BEK R ®
ZHUGHQ 1RUP —(& ~Q GHRY\TXWILRWBQHQHQ 7HFKQLVFKHC
1%U :LQGHQHUJLHDQODJHQ 7HLO % HMWIOPRRQJI(FRQILHNGSRWE Q75
9HUZHQGXQJ YRQ 3URILOLQJ /LGDU *HU}WRIQUIKWVER XV WH FDRQCQUING WD W
JLEW HV DXFK NHLQH 5HJHOXQJHQ |¥AD QGQHQIHITHDYUGHIL WIRQ 6DPLW
OHVVYHUIDKUHQ HWDEOLHUW LVW HLQH XPIBQJUBXPMKbIHWIHI/GHH
OHVVXQVLFKHUKHLWHQ QRWZHQGLJ 'LH %HWMMPPX®L KBXQMU /I8G
'LQGPHVVXQJHQ LVW GDI%U HLQ HOHPHQWDUHU 6FKULWW

1.3 0(7+2"'—.

8P GLH *HVDPWXQVLFKHUKHLW EHL 0XOVQJXVERW]HQG ZHVYGX GDNQIHU
QDFK GHP /HLWIDGHQ ]XU $QJDEH GHWBKYLFRHUKHLW EBIQRHHHQGH
'LH 8QVLFKHUKHLW JLEW GLH 6WUHXXHQUVGH U HHOXW HG PQ *GKB GG H J|
~QIRUPDWLRQHQ EHLJHRUGQHW LVW 'H\HK\DKOREG HV WX FH & LHL. @ B HIUHHLQ\D\M
]JZLVFKHQ HLQHP JHPHVVHQHQ XQG HLQHP WHDKAH® KREW ]X EHX'D)\
9RUJHKHQ LVW ZLH IROJW =XHUVW ZHUB H® FVUXQQEHHDEFIOW YV GHE B
VROOWHQ )HKOHU DXV DOOHQ 4XHO O®IQ HQ VIXKHPQY VFRKMIX @O G HXI 81
EHU%FNVLFKWLJW ZHUGHQ -&*0 L i HICH VELHVMB UGB EH W H WODQQ VWL FK H U |



(LQOHLWXQJ

LQ .DSLWHO DXIJHI%KUW VLQG 6LH WXW GHMG DXNQ GHHU VMWHIDW H U D Q
]XVDPPHQJHVWHOOW XQG HUNO!UW 'DQ® @ HL® HHO G LPIL (WIQLUDIGIIYRY )RUF
$QQDKPHQ XQG EDVLHUHQG DXI| GHU /LMAHUDWXWHT ZBQ@WHQ | DIQW\WKOLH j
PLWHLQDQGHU NRPELQLHUW XP HLQH UKNOWWRQVLAKWHKHEWQRQH Q G
ZHUGHQ LQ GHU 3URJUDPPLHUVSUDFKH 3\WHKRQQKWEO)LXQNWWR QHIG HK
$OJRULWKPHQ LPSOHPHQWLHUW ZHUGHQ

(LQH LP $XJXVW YHU IITHQWOLFKWH $UB\H LGH LE HAXEIXQIMVLLILW. HUE®I Y
8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LBG BNWKRQJBIQR JILMPRLIFRIGHYL RDQ Q
BQVLFKHUKHLW HLQHV 'XDO 'RSSOHU 6\(\WWKLPQY/GEHHWH FK DK \@ ZEHIGK® GDV 3\
7RRO <$''80 YRQ 1LNROD 9DVLOMHYLE DK/ IUQANHBEKDQGOKBJIGD®XVLOMHYL

LVW LQ =XVDPPHQDUEHLW PLW &RXUWRAE\ XQ G BP GHRWYHQ W @WVUGE B Qg
VIQFKURQLVLHUWH *HU!WH ]XU 8QVLFKHWHN W VHUL Q8/FW HW\KFKIL HEG W X D 6
~PSOHPHQWLHUXQJHQ GLH LP 5DKPHQ@IBWEMBU BH\EW HWW KSFDDUALKQN GDVV D
0, JOLFKNHLW 1%U GLH 1XW]XQJ YRQ GUHU!WRB®KLUR GHWLBWHWHBKQBQU JHJ
LVW 'HVZHJHQ LVW HV QLFKW P ,JOLFK GIXH®NKQNQHRRH® DXV <$''80

'DV JUDXQKRIHU —(( YHUI%JW EHUHLWWQX@H Y RIQ R $RR O LIKUWHQUHRBE DU 6 WL
XQG OHVVGDXHUQ 1%U 3URILOLQJ /LGDYHHVPKHH GHNQHX ®BE DEH6WUDWHJ|
3URILOLQJ XQG 6FDQQLQJ /LGDU 6\VWH RH® HREHFKIQX GEIL 16 FUN BIQSM AKJEKU K H |
HLQ 6FDQQLQJ /LGDU *HU!W QHX HQWZWENRBOWO ¥ HWIGH (UZHVYMW HHXQJ L
EHVWHKHQGH 7RRO HLQJHSIOHJW $XI *HKQB O DJHV RHUX QW R E W MADKKHLIW
6FDQQLQJ /LGDU *HU!WHQ NDQQ GDV H[LWWALGIE HYUEH LARROW RHYUHEH QG B D\
2SWLPLHUXQJ YRQ 6WDQGRUWHQ XQG 'DIXGIQL G B ULGDWY XIQU HOHBL @/XEFF K JH |
ZHUGHQ NDQQ 'LHVHU Q!FKVWH 6FKULNMMWDQWWHING GLAMBUFKUEHLY %L
+DQGZHUNV]HXJ N, QQHQ OHVVNDPSDJQHQ VR GHEODHWY GZIMWIG® QP , BIDL FK )\
JHULQJH 8QVLFKHUKHLWHQ EHLQKD O WWHEH L'WHOMIIHHE Q IQWARH HGJILQH GHH %DV L
HUIROJUHLFKH 2SWLPLHUXQJ GHU (UWURXVUSWHREGRWHWYQG MSIMOHIW G D
SRVLWLYH $XVZLUNXQJHQ DXI GLH .RVWHQ HLQHV 3URMHNWHY KDEHQ ND

14 6758.785 '(5 $5% (-7

'LH $UEHLW LVW QHEHQ GHU (LQOHQWXQJ ZBL®/IHMHPHDSHWHOOLHGHUW
.DSLWHO OHLWHW LQ GLH 7KHPDWLN GLHU5OPWMQ /HGQH U: QW A H D WXQN W X
=XHUVW ZLUG HUNO!UW ZLH GLH 0XOWILR/QGHDWW LQGPHYBKQJISIXDHNQ G XQJV.
YRQ OXOWL /LGDU 6\VWHPHQ LQ IODFKBOPQGBGVREKIZLXUEDHMFH*HIHQGH!



6WUXNWXU GHU $UE

YRUJHVWHOOW $X{HUGHP ZLUG HLQPEIBRORILFANXRBEHGLELHUXEGOD
8QVLFKHUKHLWVHLQVFK!W]XQJ JHJHEHQ \VFKDSKWHOHQ XHRQG H®O 8
'LQGPHVVXQJHQ HUNO!UW XQG ]XP 7@DODTNDRONHIQEHUWNSL\WMO EHVI
~PSOHPHQWLHUXQJ GLHVHU 7HLOXQVLFKHUKMUMSWW) N®GDHIQHRL
*HVDPWXQVLFKHUKHLW HUPLWWHOW ZG D&RHKO® QG YR Q—QH \D\SEIWHIDQ ZW L
(LQIOXVV HLQHU 7HLOXQVLFKHUKHLWUBXIL\G LXQWH iUV GHKUN 8 QU & E WHH O
6FKOXVV GLHVHU $UEHLW (V IDVVW G L BLEWHE®L YIVIH WXVR PIPH & DQEHR
GDV 7KHPD 8QVLFKHUKHLWHQ LQ GHU 0XOWL /LGDU :LQGPHVVXQJ



TKHRUHWLVFKH *UXQGODJHQ

7+(25(7-6&+( *581'/$*(1

'LHVHV .DSLWHO GLHQW LP $00JHP HLWQHDG DO VHQ QHLL WWEDIU L:Q @A RH VV X Q
GHU 8QVLFKHUKHLWVHLQVFK!W]XQJ -A@GBPEVWKQJ P LA UBHIGLHUHQ *HU!
OXOWL /LGDU 0/ HUNO!UW XQG HV IZQKW @ /EHQBPHMAEHY IXKGNWLRQLHUW
_.DSLWHO JLEW HLQHQ ZEHUE O L FRIQ¥H HA) VG HPIHU F3H) GX 8 IEWDQGRUWEH.
LQ IODFKHP XQG VFKZLHULJHP *HO!Q ®K P/ REZXFKLELKUEDRMDLBVH 1%U HLC
IO!/FKHQGHFNHQGHQ (LQVDW] GHV 0/ SHULDNQIM®@V ZDBLGWHD NXWHHKDQG
*UXQGODJHQ XQG 7HUPLQRORJLH 1%U KQXQJ8QBHX® U IGHLW VEKHRLF
OHVVXQVLFKHUKHLW QLPPW HLQH JHQWWDIQH GROO$XIBBE HHW BhGIOXE H LG
'LSORPDUEHLW HLQ

21 08/7- /-'$5 :-1'0(6681*

(LQ P,JOLFKHV 9HUIDKUHQ XP :LQG GHDUWHD J%MUBLWWQKQJILHRQ :LQGSE
HUKDOWHQ LVW GLH /LGDU :LQGPHVVXQRJIK W DEWHFAWLHRQVN D/Q G DAD Q3 UQ J
'LQGJHVFKZLQGLIJNHLWVPHVVXQJHQ EDVLHWHR®@ DXV HWUNWW BXKYHQ GXQG C
$QDO\WH GHV U%FNJHVWUHXWHQ 6LJQDONQ OXOMEL /QIE\DWX QIHEP HE M X G
'LQGJHVFKZLQGLJIJNHLW PLW ]ZHL RGHU '®NKURUHE AIQG PHL* BHUNGKVV X QJ Z
GHWDLOOLHUW HUO!XWHUW -Q .ZIEHWEHQ FN %FHWG]IXH UV WDHLQHVVYHUID
GDV /LGDU *HU!W JHJHEHQ -Q .DSLVQHOLRQWHIUGHRSG®WU)XLGDU :LQGPH
LQ GLH :HLWHUYHUDUEHLWXQJ GHU OH®VK DBHNR QUG XNQVLRQ G
]JZHLGLPHQVLRQDOHQ :LQGYHNWRUV HUNO!UW

/ILGDU OHVVYHUIDKUHQ XQG GDV /LGDU *HU|W

'LH IROJHQGHQ (UNO!UXQJHQ ]XP /LG D/UH WHIKWHQ G/ W PHOHEVH .HQQWQLV
'"HILQLWLRQHQ GHU :LQNHO ]XU /DVHUVWUILEW $PZHU L FLKQWHDI PRWDGMQH Q
/IDVHUVWUDKO DXI GLH OHVVSXQNWH JWHUQLEG KGLHHW' HILQE W+ R QWIQOGLHVHU
JHIHLJIW



OXOWL /LGDU :LQGPHVVX

flacher Boden

Nadir
%LOG'HILQLWLRQHQ GHU $X\RHLEFMXHOMVHHQODLUG D $]LPXWZLQNHON.. E (OHY

'"HU $]JLPXWZLQNHO .. LVW GHU :LQNHRUEZIRFEWKBQHS BB RIMU] GHBWHQ /D
GHP JHRJUDSKLVFKHQ 1RUGHQ (U XPIPVWW 6LHRAMKINHOGHRQARUGHQ X
GHU 2VWHQ VLQG 'HU (@ HYBWWRQZVYERNB@GHP /DVHUVWUDKO XQG GHL
'LHVHU :LQNHO NDQQ :HUWH YRQ r ELWLQ G G@EHRH®H ULHH QrL W o
XQG GLH r OLHJHQ VRPLW DX| GHU +RUL]JRQWDOHQ

/ILGDU 9HUIDKUHQ

'DV LQ GLHVHU $UEHLW EHKDQGHOWH 0HFDQHILIQX UIHID B LAM UP!MKHUH @ HI
/LGDU OHVVXQJ JHQDQQW XQG LQ %LOGURIYARQG H P G\DWD YN U VIFKHIQ D
'LQG 3URILOLQJ /LGDU *HU!WH QXW]HE BXQH LEFDR NMIHIDW HRLH H® 6 FI
XQG DXFK 'RSSOHU %HDP 6ZLQJLQJ '9%6G JHQBHERRWVZLUG LQ %L

ML

SR

%LOGB6NL]]JH YRQ OXOWL /LGDU 0/ XQG 'RSSOHU %XQPHRZLIXIEQX QHEHQ HLQF
OHVVPDVW PLW 80OWUDVFKDOO $QHPRPHWHU 3DXVFKHU HW DO 6

%HL GHP '%6 6FDQ ZLUG GHU /DVHUVW PRWOJDKLFKHP QOGN YISKD® QNHZ L (
r DXVHLQDQGHUOLHJHQGHQ $]LPXWZLQN$BQO KPHIV WGDMW VG L H L KR GLH !
‘LQGVWU _ PXQJ LQ GHP %HUHLFK KRPRJHQHMWS X 2 NWH Q XA/L B H 8 WAKEZW G



TKHRUHWLVFKH *UXQGODJHQ

GLUHNW %EHU GHP /LGDU *HU|W DEJHOHIQGHWNHLMW YHUW®W LEDWHAK *HVEHQ |
OHVVSXQNW PLW HLQHP JHIJHQ GHQ =HQMMUPNHY VKW H QY FEWHRHUNW WK O

—-P OLQNHQ %HUHLFK YRQ %LOG LYWHGLH DXOWELQGPW 6§M QZBWURPSRQ
GHV :LQGYHNWRUV ]X PHVVHQ ZHUGHQ UZHLUYWQHF EHRQW V1 WU WH LL'GDU ! W H
QRWZHQGLJ XP HLQHQ GUHLGLPHQVLRQD®GM®ZLQGYNNWRW DICE]XOHLBWH Q
'LH /DVHUVWUDKOHQ GHU YHUVFKLHGHQOHQEBHQ WMV ZEXGNW DO HGIQW X
'LQGJHVFKZLQGLJNHLW ]X PHVVHQ 7D¥HW FAKOLHF® QLBKBWE QX G DR HLQHP

VRQGHUQ LQQHUKDOE HLQHU VRJHQDQQWH @ BQDH H D'WW H. \J\W PHILMY HH@ W O D
IDVHUVWUDKOV RULHQWLHUWHY OHVVY RO X FRHIX P'IXQEF KG HWH X BXUQVF IGLHHUG Bl )
'LQGB6FDQQHU N, QQHQ YLUWXHOO OH VYV PZDAMVHIQQ Bl X$ ORWHAHXDOWL YZH )G S R\ V L
OHVVPDVWHQ GDUVWHOOW 'LH 5HLFKDHARDH @B G )RS ISKIVWILW KW XQJIGHUP |
GLH 9HUPHVVXQJ PHKUHUHU 6WDQGRUWHHIURY HQS A MEEBQ NR BHW HHQOR HL
OHVVDXIEDX )UDXQKRIHU —((

'LH 9HUZHQGXQJ PHKUHUHU 6FDQQHUXDRUMPHSE O O GHR/H/L QUHRD; BIX PLIH 7 XU
YRP OXOWL /LGDU 9HUIDKUHQ DNNXUDQDX |3 B XWIFFKKHQUH WWZ BOGHQ N6 '
ZLUG P_,JOLFK GXUFK GLH OHKU]DKO YRR*NUQWKIQR QAIVH HIMWHQHAU\GAEK L H G
S5LEFEKWXQJHQ PHVVHQ $XIJUXQG GHU 6FDQ BRWKRBG®HWXKRP RBLHQ $Q QD
'LQGIHOGHV QLFKW JHWURIIHQ ZHUGH® 3DXQNEHVRQWGHUH LQ VFKZLHU
*HO!QGH LVW GDV YRQ %HGHXWXQJ GD KISAMW PHQBHRUWLX LVOWKRW R OH Q-+
VFKZLHULJHP *HO!QGH NRPPW HV EHL OH\DUX®HHQVAQWDXURIXKQGQGHUG6FL
OHWKRGH ]X HLQHP SULQJLSEHGLQJWHQUOMYVWIHX.OHWDXVYUXRKU GIH Y2V S X Q
DEJHOHLWHWH KRUL]JRQWDOH :LQGJHVFKZGEGLJIJNHWK, KBEEKXQGBLIGHRQ
(OHYDWLRQVZLQNHO N,QQHQ GLHVH 3XQNKJIH Q HORRPALMY LAHL VM \D XDKUYBR S|
GDVV LQ VFKZLHULJHP *HO!QGH GLH +RPRWHQENVWII $QEVKPXQGQLEL
*HVFKZLQGLIJNHLWHQ GHXWOLFK YRQHLOQDQHAK DEYKLFKHGHOP EHH G
9HUZHQGXQJ HLQHV O0XOWL /LGDU OHVVYHUIDKUH @V U HMBMXRMAHIEG GH
OHVVHUJHEQLVVH PLW GHQ :HUWHQ YRQ 8OMFIKDW FIIDXO/F ISIQUW MRP BWHUQ H L

/RQJ UDQJH :LQGBFDQQHU

(V JLEW ]ZHL $UWHQ YRQ 6FDQQLQJ /LGO0 O L*FHH QY HM LFAKEZ HCQWHKU VIRIQLIHU L
'LQGB6FDQQHU /5:6 VHQGHQ JHSXOVWH DEWQUYWRYBIKEH.F KMV WE G KR Q
6KRUW UDQJH :LQG6FDQQHU 65:6 VHQIGWRDHORAWLDXV HUDE PKHGLEQ N¥%



OXOWL /LGDU :LQGPHVVX

'LVWDQ]HQ LQVEHVRQGHUH 1%U OHVVXQJHQ QYR G WXNEXOHQ]-DHE LB HV
ZHUGHQ DXVVFKOLH{OLFK GLH /5:6 EHWUDBKAN HW'&8@ (% L WGG H ULMW PG
JHRVSKHUH DEJHELOGHW

YHQVWHU

'LVFKEODWW

$QONHUSX

JULIIH
9HUULHJIH
(QWO¥%IWXQJIV, $QVFKOXVVIHOGHU

7%U

$EQHKPEDU

5ROOHQ

HLQVWHOQREH UH

%LOG/RQJH UDQJH :LQG6FDQQHU 'DUVWHOOXQJ YRQXQHRUBKHUBHQBH I %INEHUV

'DV *HU!W KDW $X{HQPD{H YRQ HWZD PHLQ *HVDPWJIKQGFKW YRQ
IHRVSKHUH 6 '"HU 6FDQQHU .RSUH® G%GH H HQG V.R AOREBQWH Q
ZHLWHUHQ 9HUODX|I GLHVHU SUEHLW Y REK M@ @HWEXQL | WIXIDGE H QL HS LUH
DOOJHPHLQHQ 2ULHQWLHUXQJ

)XQNWLRQVSULQJLS GHU /LGDU :LQGPHVVXQJ

1DFK 9DVLOMHYLE 6 EHVWHKW 3QJWRH HVMHNAAMX QL DX\WH YPHUVLR
/IDVHUSXOVHYV LL GLH 6WHXHUXQJ GHUUB VEXIESKO 3R WDWGE R BMR/R &
.RSIHV LLL GLH (UIDVVXQJ GHV U%KNIGLVHNVUHDOWM B GLH\K W ¥ NG VIW U
9DVLOMHYLE 6 '"HU $ X1 EMXYIHOG *H U BN HWWHIO OW $QKDQC
ZLUG LP )ROJHQGHQ GLH )XQNWLRQVZHLVH EHVFKULHEHQ

'LH HUVWHQ GUHL 3URJHVVH (PLVVLRQ 6WHRHUR® § X@HEU(H LIV VXY X E
JHQWUDOLVLHUWHQ +DUGZDUH .RPSRQHQWHR OBWWHKXE UMW OGH P ORIMLHRC



TKHRUHWLVFKH *UXQGODJHQ

'"HU ORWLRQ &RQWUROOHU VHQGHW VRJHQPQGQIMH ZRAUWHBKQ 6 RFSRMH QW
ZLH $JLPXW XQG (OHYDWLRQVZLQNHOPRWBWRQ XQ &/ WHXHBQXOGREDBG
3XOV *HQHUDWRU GDV 7ULJJHU 6LJQRQ KQK! QW DNV XQJJIMLGHN (BMHWULS X OV
HLQH NRUUHNWH OHVVXQJ GXUFK]XI%KUHQ=HFLWNRIQW HRQ B H EQIG HXL B W
JHEHQ 9DVLOMHYLE

Scanner head

J . « \ N Lidar Scanner ‘

GPS Antenna

I

Optical Te]escope —2
circulator ] energy pu]se

Ex 2 =

Backsca ered hght
| "]H]gh enerpy laser pulse |

Backscatter

Power and encoder cables

D) Tripger output

USB connector

Motion controller]

B

%LOG6FKHPDWLVFKH 'DUVWHOOXQJ GHU )XQNWLR@HML Q56 /RRYHIDDPQOMHYQEBE6FDQ
6

(PLVVLRQ GHV /DVHUSXOVHYV

8P GLH (PLVVLRQ GHV /DVHUSXOVHV DXV]XO RO HH & GO W UG.H UHUR B\LLIRD ¢
GHQ 3XOV *HQHUDWRU -HGHU /DVHUSXOVDXOWFKHQRERDGDNWRQUBLY WGV F
JHJHLJW ZLUG 'LH 3XOVH KDEHQ HI6QH. 6FH@GHL R XU\ CRSUIGQ W
'"HOOHQO!QJH ~ 'LH SUR 6HNXQGH DXVJHVRQWHWHQ 3XOVH ZHSKW QW L
JUHTXHQF\ 35) LQ GHU (L ®@HDWJIHHHBHQ> 'HU .HKUZHUW GHU 35) HU
~PSXOVIROJHEEHULRGH



OXOWL /LGDU :LQGPHVVX

Shape
Energy
Content
" Toulse "
el b |
b 41 [W /mzl
| T=1/PRE !
: i
I 1
; :
i i t [
'y I 1
& U [Volt] | :
I l
t [s]

%LOG(UNO!UXQJ ]XU (PLVVLRQ D /DVHUSXOMBILW EHUPSKQY HR O SXEHGIOR G H
GHU GLH 3XOVH GXUFK GDV F 7ULJJHODMUQMBYRXVIHOBVW ZHUGHQ

'"HU 3XOV *HQHUDWRU VHQGHW HLQ DQDORKHM ®HJQRSBQ HG B Y \8 X 0V JJRIWP
DQ GHQ $NXVWR RSWLVFKHQ ORGXODWR W WHRQ VLW QNS 2W NDXHQ T XD G !
YRQ /DVHUSXOVHQ PRGXOLHUHQ 7HFKQMVFKH 8BUY$ROVIRVRAW EDRV W
DXl GHQ YRP 3XOV *HQHUDWRU |]XJHVDQGWHIHUYQLRDPPWQR QN B UVOLE K
&: IDVHUNLQHQ HQHUJLHDUPHQ /DVHUSXOV DHUHBELROGNW ZIQU®BLDGV Jt
GXUFK GDV 7ULJJHU 6LJQDO GDWLQ/%LOG /DVHUBIHEL QGHTBHQ] GHV
ZLUG QDFK *OHLFKXQJ YHU!QGHUW

Gleichung 2.1 ELEeE beg

6REDOG GHU HQHUJLHDUPH /DVHUS8XIMRRLRW GH/W )PHTXCGHQGLHVHU X
JHIJHEHQ GHU GHQ (QHUJLHJHKDOW GHRUW VZHUSXGNY W R HKNOH U BNMH |

&RQWLQXRXYV :DYH &: /DVHU VLQG 'DXHBWUWQLRRQWVRX L HWHYIH KFDWMWWOLFK
(')$ VWHKW 1%U (UELXP GRSHG )LEHU $#$WVHAKHUEKQXGPKGIR WL HDXWH )DVHUYHU



TKHRUHWLVFKH *UXQGODJHQ

JHIRUPW $QVFKOLH{HQG JHKW GHU +RFKHQB Q QWAHH D VHINGXFD/O] % B UWFRKI D W
%LOG ZLUG HUVLFKWOLFK GDVV GUHVYIDQGILHU5LIFKAMUQNHRK D XXQG
JHVWUHXWHU /DVHUVWUDKO XQWHUVFKH LRK-OW G HDV 6HQBHO0LBERW DXBKV
(PSI'QJHU GHV /DVHUOLFKWHY GHQ JOHHRKNQQRSEWLVBXHH G HVAN RX WP W
$XIJDEH GHQ EHWUDFKWHWHQ %HUHX¥KLKUYH G HQ, BHAUODXQCDIRNHLQHQ EH
'LVWDQ]EHUHLFK 'LHV UHGX]LHUWGQG GH 6 WHDEBD GO W UIHBNVWHY WULIIW G
DXI 6SLHJHO GLH GDV /DVHUOLFKW D%H GHIQF KX ULEWWH QX PIOWQOME Y LE

$QVWHXHUXQJ GHU ORWRUHQ XU $XVULFKWXQJ GHV 6FDQQHU .RSIH

%HL /5:6 ZLUG GLH $XVULFKWXQJ GHV /DVYRQSWXIORKH & HZEQ HRIGHUY HIS\LH J H
JHVWHXHUW (V JLEW GUHL 6SLHIJHOGHPGHPWNWMNMKHQGHQ EMW!W XQG JZHL
VLQG LQ GHP EHZHJOLFKHQ 6FDQQHUQRSI.RRQWRWUWHLHWIKBERKYLWVIUDG
SRWDWLRQ XQG NDQQ VRPLW XP GLH $]KRMW RXWIGIGHA (AHMYBWERQBPHRVH (
]XHLQDQGHU UHFKWZLQNOLJ 'LH 5RWBRMWILR @G XGHWK 6HFIDMH B FRERBS O XQJV
9RUVFKXENRQWUROOH GHV ORWLRQ &RQW U RGIN V ¥ KIQEH U [EFDRM H UW B X% F |
-QIRUPDWLRQHQ HLQHVGHWKIG EHIW ORWRUZHOOH DQJHEUDFKW LVW 'LH
6HQVRUHQ EHWU!JW r XQG HQWVSULFEWVMRAUWDGHQ BhBGIHHQXQYHQ'L
PD[LPDOH :LQNHOJHVFKZLQGLJIJNHLW BUHHIZFKWG IZH BGHXHUIDX@I EHWU!J
9DVLOMHYLE 6

(UIDVVXQJ GHVY U%FNJHVWUHXWHQ /LFKWYV

'"HU /DVHUSXOV ZLUG LQ GLH $WPRVSK ! UXQHQWHO YQWGRQVVZRQ SHEP XRUJIHJIF
5LFKWXQJ DXFK /LQH RI 6LJKW /26 JHQDQONWQRBRWMOHVHQGHWDVIY GL|
$HURVROJHVFKZLQGLIJNHLW GHU :LQGJHVEWZG RIG I-INHH WDM@W R QUG AN WD V|
PLW GHQ $HURVROSDUWLNHOQ $XIVFKOXVNLWE BD\AICHMHQIEIHVFIBZLQGIDV
JHLJW VFKHPDWLVFK ZLH GLH OHVVX®UHVEFKUZLQ®GINHIMQ DOVR
*HVFKZLQGLIJNHLWVNRPSRQHQWH LQ 6WUDKOULFKWXQJ HUIROJW

BWUDKOGLYHUJHQ] LVW GLH =XQDKPH GHMW 6(@WDKOGXQFKPHVVHUV PLW
(LQ '"UHKJHEHU LVW HLQ 6HQVRU XP 'UHKZRWBHO (JXFRGMHWQQHQ HQJO



OXOWL /LGDU :LQGPHVVX

%LOG)XQNWLRQ HLQHV 6FDQQLQJ /LGDU *HU!WHVSKHUHQH 'DUVWHOOXQJ QDF

'"HU /DVHUVWUDKO ZLUG YRQ $HURVRO S B QWHNHDMNGV IURQ O] N W KHIQV 3 B
GHP /DVHUSXOV ZLUG HLQ NOHLQHU $Q\@HEIDZB HW HQ VAHDUSKIONWHI/Q YIKQ
/LGDU *HU!W JHVHQGHW XQG HV HUIRO D JHDXH YXE E X &G W HRISAF K\
'RSSOHU (IIHNWHV 'DV U%FNJHVWUHXWH ULF&MU WBIW) UR D4 B.QfK GHIHQ R

EH]JHLFKQHW ZLUG -Q *OHLFKXQJ LV WU HX X B/@K 50R Q Z IGH UG L H
'LQGJHVFKZLQGLJNHLW DEK!QJW 9DVLOMHYLE 6

Faemxi)a
Gleichung 2.2 Eoo LEISEt—"CBLELE E

'LH $XVJDQJV )BBHZIXKHW®]YRQ GHU ]ZHLIDFKHQ UDGLDORQ.y8QEHHLOMKZ
GXUFK GLH /LFKWJH Y FKUMFERENHQ W IBLE BQ@HWOGLHVH JUHTXHQ]YHUVF
GLH DXFK 'RSSOHUYHUVFKLHEXQJ JHQDQQW ZLUG

$X1JUXQG GHU $XVEUHLWXQJ GHV /DVHUSX®VHWKEXWFKEHELHP$WE R
NRQWLQXLHUOLFK U%FNJHVWUHXWH 6LHUQOH QY ¥HW VEKUH G R QOHQ
5DQJH *DWH 7HFKQLN HUIROJW HLQHLEXRHUGGHQHGHQHG6 (QWDIDWQ X Q.
'LHVH 7HFKQLN EDVLHUW GDUDXI| GLHGHW WX@ZVN¥KHDG $ X HGHUGH Q W |
(UPLWWOXQJ GHU 'LVWDQ] ]X QXW]HQ



TKHRUHWLVFKH *UXQGODJHQ

'HQQ GDV 5%FNVWUHX 6LJQDO GHQ 6\F BBH®PH 8 HE WGH\F KOW VIRGDW GIVHQ 6 W
]XU%FN ]XP 2SWLFDO &LUFXODWRU ULIH WQ J4LKOANG G D \H U BeiF § QHEVDW UH XWH /1
VRIJHQDQQWHQ OL[HU XQG ZLUG PLW GHPKMQBIX\ LGHRJBHODMHMHYHUPLVFK!
HQHUJLHDUPH /DVHUOLFKW HQWVSULFXMO EKHKV) R QPGHIQV$IDVHUNCHE & WW Z X
XQG LVW VRPLW DOV HLQH $UWH .RSLH OHW BILV BRI ]% HUH UR/S\LHHK PIQW ' G}
U%FNJHVWUHXWHQ /LFKW 1%KUW ]X GH W OQW VVAHKXIOIL WIXBHV GBR SDRISIQ6 L
HQWVSULFKW GHU 'LIITHUHQ] GHU ]ZHNVOALU®G X CBIUMIXH KGR &¥%LIQDO
_.ORSI 6LJQDO ZLUG DX| HLQHRNXRMRGWWBNWRADV /LFKW 6LJQDO LQ HLQ
XPZDQGHOW 'LHVHV 6LJQDO ZLUG YRPW $IXQM UVSERYR §\R D D& HLQ HLQ

GLJLWDOHV 6LJQDO XPJHZDQGHOW 'DV 4TXL&DWL/RGDWRBUGJHEEVXWLIR P W
$EWDVWUDWH 'D GLH 3HULRGHQGDXHU GHPHQMRKASAHEWW G HEHW U HITK HE
3HULRGHQGDXHU GHU 6a5l@D.@YEWBGWXQIDO ZHQQ HLQ 7ULJJHU 6LJQD
ORWLRQ &RQWUROOHU DXVJHVDQGW ZLUG GZ B Q8GN0 BVE G DO/HY/T XK R IR IGRIQV % R
LQ HLQ GLJLWDOHV 6LJQDO XP 3RLOQQYMKQ BEPGBRSOMDOLVLHUWHQ 6LJQI
PD[LPDOH 'LVWDQ] LQ GHU GLH UDGL\D\OM ZHVYBKZL Q06 QIN HLDWP $IQH 3RLQWYV
$Q]DKO DQ :HUWHQ GolsHs LIE GHHW DAHUMW ZHUGHQ 9DVLOMHYLE 6

$QDO\WH GHU OHVVGDWHQ

'LH UDGLDOH *HVFKZLQGLJNHLW®ND HQ QHRD (G MUHESQRNMW UHXXQJ HLQHV
IDVHUSXOVHV PLWWHOV GHU 6FK!W]XQ XGHEXBLMWRQGDPIS Q HRIRILMHMN B HVUF
GD]XJHK,ULJHQ GLJLWDOHQ $XVJDEH GHV 3KR®@RGHWHENNRUY FHRIRLWAW |
EHVWLPPHQ QDFK *OHLFKXQJ ]XVDPPHQ FALMWU GoH U QTHILE4RWEE QW& B @ B
2EVHUYDWLERQV]IHLW

Gleichung 2.3 € il / /A&’Océaeg

'LH 6DPSOH 3RLQWY YRQ GHQHQ GDV /LFIOUHJIXQ¥ EKDIHVWKIDHDXENW HZ QU
(QWIHUQXQJVEHUHLBIRHNV TGHUDFELXIQ® GHP OLWWHOSXQNW @DPGCGWHU (QWIHL
= HQWUXP GHILQLHUW ZHUGHQ NDQQ 'PMIDMFRLROGHK) 6 HQYREESXOVGDXH
XQG GLH 2EVHUYDWIRQW]BHW (QWIHUQXQJVEHUHLFK YRQ GHP GLH
DXVJHZHUWHW ZLUG ]XVDPPHQK!QJHQ O9DNVIBOWHBANWE LQ ¥LOG D ]XHUV
5FNVWUHXXQJ HLQHV 'LUDF /DVHUSXO¥HW]GOODMARWHOOW GHH) UHWDDW

$EVRUELHUW HLQ 3KRWRGHWHNWRU /LFKW HDR@W WKRKWRNG B RW X QV F B B U F&VRWR\PDI
(LQ $QDORJ 'LJLWDO :DQGOHU ZDQGH®WOH®IOIRIHOGILIQ@D GHHLYPREL HLQHP 3UR]JHV
LOQWHUSUHWLHUW ZHUGHQ N,QQHQ OHDVXUHPHQW &RPSXWLQJ

-Q GHU 6WDWLVWLN PHLQW 6DPSOH HLQH UHSU!VHQWDWLYH 6WLFKSUREH



OXOWL /LGDU :LQGPHVVX

9HUDOOJHPHLQHUXQJ 1%U HLQHQ KD UPHRIQIM AKHXH 2P DODORNWRULVWLV
HLQHP SK\VLNDOLVFKHQ B6\WWHP ZLH ] % HICOFMKHRRUBLQHBWHL QX \Q!
=HLWDEK!QJLJNHLW VR KDQGHOW HV VLFRVMNPODVQRIY KBVRRQYWMF
6]F]JHSDQLDN / (7+ =%ULFK JLEHBYHWWHHXNQGXQJ HLQHV 'L
NRPPW DXV HLQHU @I @WGHQDRKKQY DXV HLQHP (QWEBHUQXQJVEHUHLFK

a 1D [m]
: t [s]
Dirac laser pulse t, -
b 1D [m]
Ifi deT B 7N 7 ddbio.fs
I Tpujs&
—»
Gaussian laser pulse
c
o S, St Tyt Toer) 2/
= Ad=
pnee | SO " i Gl i =C(tr (Tpune Trer)/2)/2
R
N N N B
i T b-Tepr/2 | Teer |41+ Trer/2
—> —
Gaussian laser pulse Obss_rvatlon
ime

%LOG(UPLWWOXQJ GHU UDGLDOHQ *HVFKZLQ®@LYRKLWUDF BEAF 6 DWSE N R E
3RLQW EHL JDX{VFKHU 5/ BRPHOH BRQOWY EHL JDX{VEFKHU 5%FNEWUHXXQJ 9Tl

(LQ 2V]JLOODWRU LVW HLQ *HU!W JXUH@]HXJXQJ YRQ 6FKZLQJXQJ



TKHRUHWLVFKH *UXQGODJHQ

)%U $EELOGXQJHQ E XQG F ZLUG GLHQ 5BFW WA QHPX QQWKHQ Q@ VEHUHLF
HUIDVVW 9DVLOMHYLE 6 5 % ALNHV (WU BIXXROQ IDEMUWG LHVHP (QWIHUQXQ.
HUIROJW LQQHUKDOE GHI,,2 E\DH/U YIDGDUR QN JHDWUHQ EDVLHUW DXI GHU L
GDUJHVWHOOWHQ 9DULDQWH 'LH *HVFKZLQOG QLW KMWWVY® HM\DHPI 3KDIRW J W R/
GXUFK OLWWHOXQJ GHU OHVVZHUWH LQQHUKDOE HLQHV 3UREHYROXPHQ

'DV U%FNJHVWUHXWH GLNNDRPWEHBRQDWVWRQ %LOG F ZLUG LQ GLH )
PLWWHOV HLQHU )DVW )RXULHU 7UDQVHRQPPWERIRUY)WKRAEMUWUDHHQ]LH
%HUHFKQXQJ GHU GLVNUHWHQ )RXULHU DWQD GI\LIR UFDWGRYNWHWHYVKBLN
DQDO\WLHUW ZHUGHQ LQGHP HV LQUOHLIYH UG XMV DQWHY.DE ]H 6

M sampling points centered
at the distance d

' FFT/DSP | Averaged Doppler
. spectra shift
= Spectrum 1 MLE | v
z i _ radial
U [Volt] / J | Y
: - |

 bs]

FFT/DSP

Spectrum N

%LOGSNNXPXODWLRQVPHWKRGH 9DVLOMHYLE 6

'DV 6SDQQXQJV =HLW 'LDJUDPP LQ %LOGVVWH LMW QGO WHGBDFKHHGHQHQ
'"LVWD Q@HQWULHBWMKOH 3RLQWYV ]XJHRUGQHW ZHUG HQONWHOQ QYHQWLND
)%U MHGHQ 'LVWP@FEHUELEK ZLUG HLQ 6SHNWUXP GHV WUDQVIRUPLHLU
EHUHFKQHW 'LHVHU 9RUJDQJ ZLHGH DKROGH ¥ LE K KX W BQ H-BE XQNORIO JH S H L
'DV OHW]WH 6LJQDO LQ GHU $NNXPXODWSR®WBRIZUUGHIQQ 'IG\DVDQ MEH U
WUDQVIRUPLHUW $XV GHQ EHUHFKQHW HF® H6\& N WG HIQ GG BINP' LWWBIQME HV 1S
JHELOGHW $QVFKOLH{HQG ZLUG HLQ WPHUP X [ILAXHO LKRIRGL&ERKRIG (VWLPE

(LQ JHLWGLVNUHWHYV 6LJQDO LVW HLHL G LBYRRIOPKHYXIHHVELEEHO BLERPQLIHQ $EV
DEJHWDVWHWHYVY 6LJQDO



OXOWL /LGDU :LQGPHVVX

0/( DXI GDV JHPLWWHOWH 6SHNWUXP DQJBENQGKMWSXQGE VEH Y GUHNT&KSHY
JHVFK!W]W 8P GLH PLWWOHUH ABSHVH LWAMDEEIHHENFKHY X HUKDO\
$20 JUHTXHQ] YRQ GHU 0B aDHETKHRIH Q

Gleichung 2.4 A Liganbeg

'LH PLW *OHLFKXQJ EHUHFKQHWHARBSISIQHKWHVVFKLBEXQYREKOLH{OL
5%FNVWUHXXQJ DXV HL@HAPT%& GHEPKW GHU '@DWVQHHQWUXP 1HEHQ
'RSSOHUYHUVFKLHEXQJ EHUHFKQHW GBDXVEKY BDUIGDWQLYQDXV]SHP 6

8P GDV 6LJQDQ® 6DPGOH 3RLQWV LQ HLQHP B6SHNWUXP GDMV]XGU
2EVHUYDWLER,Q®]RAUWU VHLQ DOV GLH .RUUHODWLRQ\GHH P L' VG B B %NV
GHU 6HQGHLPSEQMORIHQRPPHQ ZHUGHQ NDQQ -H HQJHU GBKUSSHNW
6DPSOH 3RLQWV ZHUGHQ JHQXW]W XP GDV GSHNWRUXR  HA] X OWWW
(QWIHUQXQJVER BHILEX @ E tDt?MHGH )UHTXHQINODVVH LP 6SHNWUXP
GXUFK HLQHQ NOHLQHUHQ )UHTXHQE® UHLFFHK GHU EGI VN BIW WLH/ WH \ZAK Z
$X10,VXQJ HUUHLFKW 'LH .RQVHTXHQ] LWX\Q ¥ LGHLJ YSHDUQIDH B BV WHL @ B PO
JU,iHUHQ (QWIHUQXQJVEHUHLFK 6DPSOH @R(QWXVMPHWY HQP3HRBRBE
]ZLVFKHQ GHU *HVFKZLQGLJIJNHLWYV XQGJIW 5BQ JAHH$)GIDQV ¥0X | HL @ L L
2EVHUYDWLER,QGHUW HQ G HLP S&KQ,Y EOKHRKIHVHW]W XP VLFKHU]XVWHC
XQDEK!QJLJH (UPLWWOXQJ GHU UDG IVDWH®@ GHW K \QIGIMNMLE VW D6

%HLVSLHOZHUWH YRQ ]ZHL /DVHUSXOV $UWHQ

(V JLEW EHL /5:6 ]ZHL $UWHQ YRQ /DVHU SXDG/ HQQ HRQHW /WDHHB®B IV
HV VLFK EHL EHLGHQ $UWHQ XP /DVHUS ¥DQH R X DRGH O IVQ X W IDG\EF
VLFK LQ GHU 5HLFKZHLWH 'HU /DQJR@XQV KO WNPH LF K DHIQGH@HY 0L W\
EHL HLQHU GRSSHOW VR KRKHQ $X10,VXQQJPIHY EHY NOQRP dDWIEMEXL

-Q 7DEHOOH VLQG GLHVHZHIHALSHY B PLMW 56HSHWHWLRQ )UHT X H (

7DEHOOMVHUSXOV 7\SHQ 9DVLOMHYLE 6

7\S "HOOHQO | BHRGHLPSXOVGBYHW (QHUJLHIHK DN ] @
>QP@ € >QVvV@ ( %o @

/IDQJHU 3X0OV /HRVSKHUH

OLWWOHUHU 3XOV /HRVSKHUH

'LH 5DQJH HQWVSULFKW GHP (QWIHUQXQ $XEM WHKIQRKJ UL {HU GEH GIDXQWHW GDV
JU,iHUHV bG



TKHRUHWLVFKH *UXQGODJHQ

%HL GHU 9HUZHQGXQJ HLQHV /DQJHQ 3L\ IBWH WGVH V L(@® GLLH 3EKXDOW GR
KRFK XQG GLH 6HQGHLPSXOVGDXHU GR M HOUV) R R JBID GD V¥ VB WAHSHHWRK R O S
GHP /DVHUOLFKW LQ MHGHU (QWIHUQXDRV 6LQQBO DX 6 DIXWH W YW UKQG QL YV
WR 1RLVH 5DWLR 615 VHW]W GLH 6LJQDDGHWWW®D QG HUQ GQ&W] H O K LOMMKXL
JLEW VR GLH *%WH GHV 6LJQDOV DQ *WHQLORFKXQEKHRRBUYQDOSHIJHOQ VL
615 =+$: 6 $HURVROSDUWLNH®G UGDLXVEGHPHWEWW DOG HUJHXJHQ HL
615 'DV EHGHXWHW GDVV GLH PD[LPDO HHW ZHUFEK EDH B DQUWDQWHINDQQ
GHP :-1'&8%( V DXI P P P RGHU GHP XQIG&BR( V DXI P

P P RGHU P HLQJHVWHOOW ZHUHEHD GHIYHQWIHU@XQJIJVEHUHLFK
GHP JHPHVVHQ ZLUG 'LH PLQL@POQW\V®WIFHKM>GHP =ZHLIDFKHQ GHU NOHL
*DWH /HRVSKHUH 6 '"HU 1DFKWHLOYFEQ L/ DEHY Q0 BXDH/GI®X QYW GDVV
$X10,VXQJ GHU 5DQJH ]ZHLPDO JU,jHIXOVWQD OV VE HH GOH YWWHOW UBIRVYV 7 X UE X
GLH NOHLQHU DOV GLH 5DQJH $XIOWXEBUGFHQG9BWUDMNYHELOWHU

'"HU ))7 $OJRULWKPXV GHU LQ GHP /HRVSKHUH GLHWIBRF BIN QXIWMNV6 ZLQTO H
JUHTXHQ]EHUHLFKH ]X EHUVHW]HQ P DWEHLOHINVSDXYKEBDRGIOH GREIQWY G L
VLFK DXV HLQHU =ZHLHUSRWHQ] HUJLE WD OLHQ HEW ¥ 8 Y B P6 HROB BHL W H@L
OLWWOHUH XQG /DQJH /DVHUSXOVH VL@ IRHOGBX WKW HL@G PLQVPDOH ))7
YRQ 3XQNWHQ EHL OLWWOHUHQ XQG VHBXSNWWH® EHL /DOUWQQMHUYD
$NNXPXODWLRQV]HLW NDQQ LP $OOJHPRVQWIL QLEOWGNBHLQBBFDQWYHU &¢
6RIWZDUH 1%U HLQH 9HUDUEHLWXQJ GHUQH UARWYRHQ @MW K VFNHIKD X X U G |
HUJLEW VLFK HLQH PLQLPDOH $Q]DKO DQ 3QBXPX0ODW ORYMDHWHRIQG /D Q
IDVHUSXOVH )%U EHLGH /DVHUSXOV H DHY \EHIMWWHJIW gL 14 CP\DJQ MBI L E 6

'LH =XVDPPHQK!QJH VLQG PLW )RUPHO®@U KOKQ QLD HIH W6 ISIQCSILIH ]
HQWQHKPHQ

"HLWHUYHUDUEHLWXQJ

'HU 6FKULWW GHU :HLWHUYHUDUEHLWXQYQHUGRHQJIWDIZLYEeKIQQ* BWHRKDHYGL
XQG GHU 5HNRQVWUXNWLRQ GHV LQGYHNWRDWH®HBHLL ?MUHBMQ XELA1 W Z
OLWWHOZHUWH YRQ IHVWJHOHJIJWHQ -HOMXKUY PHLONHUD X ELL\OVE HPWM L VRV JOL, YWHAL
OHVVUDWH 'LHVHV 9RUJHKHQ LVW HUIDK UX®XVIYHP |G LIAX WoUHH/LWF IKFHRQXGQ I HG +
'LQGUHVVRXUFH
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:DKO GHU )LOWHUJUHQIHQ

/LGDU OHVVXQJHQ KDEHQ JUXQGV!W]OLF K6 H1L@M®DU B R ¥ AIQH ®Q WHIQ OF KR ¢
'DV 6LJQDO ]X 5DXVFKYHUK!OWQQV6VIQDNWSHBHOWFKZDFEKH 6

*%WH GHV 6LJQDOV O!VVW VLFK VRPLWQRRV BEE6 pQRRIEO HVHQ)HKQH
'HUWH VRJHQDQQWH $XVUHL{HU HQWVWHN HKHIEHQ @&H U ZHI® G-VVQD Q G
*HVFKZLQGLJMHINMWFIPQQW ZLUG RGHU I!OVFKOLFKHUZHLMH KRRKNMVWU|
*HVFKZLQGLIJNHLWHQ DXIJHIDVVW ZHUIGW QX 8FHGRO(POKHE @HUGHR GL|
DXV GHP 'DWHQVDW] KHUDXVJHILOWHUWHUDBPIQW /RO GALH KHIW HODMHH
VLQG (V NDQQ DOOHUGLQJV JOHDRFKWHWYH UXFAIEDHWN HHWLIGIKHUHQ GD
HUKHEOLFKH $Q]DKO DQ OHVVZHUWHQ KHOWNKHOQLONWDIDQW K B UD V I+
ZHUGHQ LQGHP HLQ PLQLPDOHU *UH®JEHHWWHVWUHGHEIMU ZHIUGHP [HYV
PD[LPDOHQ *UHQ]ZHUW OLHJHQ ZHUGE QV KH UDKMJISIL HOW BHKWMY H Z HLV'
*HJHQVW!QGH UHSU!VHQWLHUHQ GLH GRZDQG IZINH LW @HRZQLUNSIM V F K
6WDZLDUVNL HW DO 6 YORXN\L\ MHHW LIEO 'D6 =XU (LQRU
'DYRXVW HW DO 6 HLQH *U,jH®RNG® P®JLIFOO ALQUHP@®EHUWH
OHVVNDPSDJQH LQ &RORUDGR 86%$ ZXUGHIHUHYNEHURMKHYD X | HG %DBIEV
KHUDXVJHILOWHUW 'LH :HUWH 1%U GHQ G&KHIO)X OMNWJNOHIMQ ZIHYGE
EHHLQIOXVVHQ VRPLW GLH 'DWHQYHUI%JEDHMNWGEWWHXEG 6LH VR DO WHQ
ZHUGHQ GDVV DXVVFKOLH{OLFK VLQQY ROG H @ K\Q\GS DOHLG K/JHHW IH.Q CAHK
JHPHVVHQH UDGLDOH *HVFKZLQGLJNH LMHXH Q HUX %V BDKN VY LIQWG J XK@ 0L
ELOGHQ ]X N,QQHQ

=HLWOLFKH OLWWHOXQJ GHU OHVVZHUWH

%HL KRFKIUHTXHQWHQ OHVVXQJHQ ZLUGHMWGHQ6MN & & B +5 BIQ OHOHDWH H
OLW HLQHU VROFKHQ OHQJH DQ 'DWHQ X RIXG HK-HEH XLW MWD & DAQHIQIGE H F K
'XUFK GLH ]JHLWOLFKH OLWWHOXQJ GH®LJMNMGEWHIH ZLIL® GGHVF KEIKC
S5HNRQVWUXNWLRQ GHV :LQGYHNWRUV HUK HE®G IF R HEHV FK OLK)GHW WK | X
6WDQGDUG =HLWLQWHUYDOO YRQ  OL®XWHDO$QZH®@GXQJ 3DXVFKH

SHNRQVWUXNWLRQ GHV :LQGYHNWRUYV

$XV GHU UDGLDOHQ :LQGJHVFKZLQGLJNBEWHRBQWHMHUZHUGE QH NV R U
5LEFKWXQJ GHV /DVHUVWUDKOV LQ $EK!QHBIDINHXQYGY 8 8 PG (HPH $IRMRX R/Q \/ D
HLQHP NDUWHVLVFKHQ .RRUGLQDWHQV\VWHPNBHRWF KU VMEHIO V6 RZ MD®H



TKHRUHWLVFKH *UXQGODJHQ

UDGLDOH :LQGJHVFKZLQGLIJNHLWPARQGE H Q V. FORSRKQBIWWEQ VHWIW 'LH :LQN
GDI%U ZLH LQ GHU IROJHQGHQ $EBLOGXQJ JH]JHLJW GHILQLHU

Q)

7 rati®t

%LOG$XVIHULFKWHW DQ GHU /DJH GHV NDUWHVLVEKOGY.RRWBUQEWEBV\VWHPV D
$JLPXWZLQNHO F GHU (OHYDWLRQVZLQNHO

'DV %LOG D JLEW $XVNXQIW %EHU GRHNIDUWHVHVFKBGYRRWEUYDWHQ V!
BQWHU %HU%FNVLFKWLJXQJ GHU $FKVHQEHIEK BAL®X QJ E X®QG [HUVLFKV
ZHOFKH 5LFKWXQJ MHZHLOV GLH r BWVRQVEXQYNMNQG JGHYHQKQG XP ZHOF]
GLH 9HUGUHKXQJHQ GHU :LQNHO GHJVL®LHPXW 2LIQNG OV H/LQGHQDFK 1R
DXVJHULFKWHW RVRBORYGH®WH JHQ 1RUQHRPIERQH®WH JHQ 2VWHQ JHLJH
SLVW GLH YHUWLNDOH :LQGNRPSRQHQWH

(V HUJLEW VLFK 1%U GLH UDGLDOHHQQB I EKEIQILQSHIMWHGWU RREPSRQHQW

'LQGYHNWRUY YRQ GHP $]LPXW XQG GHMYOHWMWLRYVIZQQNHOG6 9DVLOM
eIk (

Gleichung 2.5 Faoxuos &uax L... 'E;....n;M FFEG

ec N, <

=XU DNNXUDWHQ %HVWLPPXQJ GHV GUH L GJyRHOQAN RELHO B 19U AHBO NI R B §
PLQGHVWHQV GUHL *HU!WHQ HUIRUG H UWEMHMKK U HUE (L QEKLHHL WX/ EHUNFALRVUX Q J V U
GHV /IDVHUVWUDKOV LQ $EK!QJLINHEWQ® G &M PO ¥ DXWLRIQVNIBRQR HO

]XU %HUHFKQXQJ GHV GUHLGLPHQVLRQDIDKDR ILGQBY HNHURIUM QMVGW AKX @ J
9DVLOMHYLE XQG HW DO JHIBEPIDQ :HNGWHRI IGIQH $QVY (OHYDWLRQVZ
n r XQG YHUWLNDOH :LQGJHVFKZLQSLIRMLWNRQIHGLAJI *OHQREKXQJ
YHUHLQIDFKW ZHUGHQ VRGDVV QXU GLH ®RQB]RBWHDRKHIHWRESRGHQW !
9DVLOMHYLE XQG HW DO WUDJVEBURAKQKRJWDFK GHUJHLWLJHP 6W
GLH KRULJRQWDOH :LQGJHVFKZLQGLJNHIHV H 9 FRUHAIQUDE K X QLIV WL QNDYQR® O
5DKPHQ GLHVHU $UEHLW ZHUGHQ GLHIBEKXQQD & QHHE K QWHD YHUHULIH QG HW
GLH *OHLFKXQJ DXI GDV )ROJHQGHQU H B X[ IOHMHA [ZEH H @HIQON D 6



6WDQGRUWEHZHUWXQJ PLW 0OXOWL /L

<

Gleichung 2.6 FéOch‘Jd_” ':é’.

"HUGHQ ]ZHL *HU!WH ]XU OHVVXQJ JHQXW]W GMINQIZHKXG L PHHQUMLRD
'LQGYHNWRUV GLH *OHLFKXQJ YHUEHQBHWW BOGHQ SDVLOMHYL

ecibe;.oing; L tEesoing ééox&-g
Gleichung 2.7 @A F-<:E€;...:nE; ...:Ee;...:nE;G aoxuz‘s

'D EHL GHU (UWUDJVSURJQRVH GLH KRUWHR®YWIRGMH % HG 6 XNWEKZ LY B/L JZ
UHNRQVWUXLHUWHQ Q. RPBR@QHEBEWHQKRUL]JRQWDOH L @S JMHMWFKBHYG L J
*OHLFKXQJ XPJHUHFKQHW

Gleichung 2.8 & ¥(CE F¢

'LH HUPLWWHOWH KRUL]JRQWDOH :LQGI¥HNEBKHALRIGY WNIPWND@PUGLQGU
YHUZHQGHW ZHUGHQ

22 67$1'257%(:(5781* 0-7 08/7—- /-'$5 6<67(0(1

=XU %HXUWHLOXQJ GHU :LQGUHVVRXUF H KHUB HQH URH IGHQ /@ B WY PWe
YHUZHQGHW $XFK LP %HUHLFK GHU PHW HRQ\RR RGNV F 86 Q@ H)RUXFAKKOG
*UHQ]VFKLFKWHQ RGHU 9DULDWLRQHBHKE®XQQ F R® & XFLOWH G W G XNRX . L
ILQGHW GLH /LGDU 7HFKQRORJLH $QZHQGXQLH/OKHAHQGXQJ GLHVHU
HLQVHW]EDUHQ 7HFKQRORJLH LQ GHU 6VOBQG RWMNEMNZHUW KQ W | ¥IUF KL ¢
DOOHUGLQJV QRFK QLFKW YROOVW!Q GG L HWIDEDQ HO W K H.GIGHINPHL &/ N @
OXOWL /LGDU :LQGPHVVXQJ ]XU (UWUDJX¥HUGHYWO X.Q5 MWHH® L Q G HSAQ V
~Q GHP $EVFKQLWW JHKW HV YRUZLHJHQ®G PKM I IXH) 6 QZAKZEKQL JHP *H
'DV GDUDXIIROJHQGH .DSLWHO WIEFON AN @:HE® U WGFDBVH QK HEPHD 8UE D Q
ELVKHULJHQ $QZHQGXQJHQ GHU 7HFKQRORJLH LP VW!GWLVFKHQ 5DXF

+HPPQLVVH EHL GHU $QZHQGXQJ LQ HPDFKBR&AG VFK

8P HLQH HIILJLHQWH (UJHXJXQJ YRQ :ILRXHYDHWIQE PUHILWPHIA QGGD W
(QHUJLHHUWUDJVHUPLWWOXQJHQ QR WLZMH\G LLUIQ @ B D UA\H/U Z(LWUA FHK G K QHIL
$QDO\WH GHV 6WDQGRUWHVY PLW .XU]JHLWZMQGGIMW B R UKREH DU YW L
JHK,UHQ X D :LQGPHVVXQJHQ XQG /DQJ]H(& GDWHQTXHOOEBQODRKHAP
*HO!QGH LVW GLHV GXUFK WHQGHQ]LHOQPXRUKDQ GHQHIL &FDFFKIH Q HC
7HFKQLVFKHQ 5LFKWOLQLHQ [%U :LQGEN HVJ2RIDIDEMHIG QZZHLOLH % HVV
'LQGSRWHQ]LDO XQG (QHUJLHHUWU!JHQ GXUFK]XI%KUHQ LVW 75



TKHRUHWLVFKH *UXQGODJHQ

-Q GHU 1RUP -(& LVW QHEH® HXQ M YMXYQDKGHY /HLVWXQJIVYHU
YRQ :($ XQWHU DQGHUHP DXFK HLQH % H®&N U WHK@G H3H ¥ B® GLLAHK $IX)\KFHLU N X Q J
GHUHQ .RPELQDWLRQ HQWKDOWHQ 1RHP $@KDQJ / GHU 1RUP WKHPDWLYV
GLH $QZHQGXQJ YRQ )HUQHUIDVVXQJVWHWKQIGND U%HIU '0MNY XQUHWW LQ G
HLQH 6WUHXXQJ GHU (UJHEQLVVH DXI 'LKVKLHQWEWHHKMBKLRIGO LG KX
$QVSUHFKHPSILQGOLFKNHLW GHU )HUQH8RDMEXQJVHEDQ D PHKWHIQ Z LBIX GH
'LQGJUDGLHQWHQ =XU TXDQWLWDWLYHQ (UFHWKWMOWRDH GINW H b L QH-
_.ODVVLILNDWLRQVSU%IXQJ YRUJHVHKHQWHQVGWID )i K PKWND \G\DXQIMHKQ OL |
PLWWHOV HLQHU 1DFKZHLVSU%IXQJ W IZHIXIOQ F KW KDWY KIQOWA WY XRK GDEHL
.DOLEULHUXQJVSU%IXQJ GLH HLQH *HOWPWMRQUVPLFK&HUKHLW HUPLWWH
GLHVHQ S5LFKWOLQLHQ OLHJW GDV +DXSW DOHIHAPHINQ M Y GRRF K3 URXL OG €
/LGDU *HU!WHQ

'LH 1XW]XQJ YRQ /LGDU 6\WWHPHQ I%U GLH GI/DD)GRDWEHZEGWXQBL |L
"HWWHUEHGLQJXQJHQ ]X TXDQWLIL]LHUNEK ZILK) G D UNDHPIHW HAX UIEEX® H Q] L Q W H
% . HQ :LQGULFKWXQJHQ LQ XQWHUVFKLWBO L FUHN X &BQLLHEAHSHMFKODJ Z|
GDI%U DQ HLQHP SRWHQWLHOOHQ :LQGSMUMN §WDIHIR SW VIVHHRIHBH H@ U ED G
DXVJHZ!KOW GLH $QRUGQXQJ GLHVHUQMQ X®HP GDQG@SBUQHIBEBODK ! W]XQJ
BWURPHU]JHXJXQJ JHPDFKW ZHUGHQ &OLIWRQ HW DO

JRUVFKXQJHQ KDEHQ HUJHEHQ GDVV GI3HRH\OWQRJIHG PW Ve FDLQQHPU LQ 10
*HO!QGH DXVUHLFKHQG [%U HLQH 6W D QIGRGNWVEMH PHKQWHQ JVV QGGG RILIW QDK
KRPRJHQ -Q VFKZLHULJHP *HO!QGH KLQJHKIHQ 7REBRBWD SIKL K XUFE GDPL
HQWVWHKHQGH LQKRPRJHQH 6WU,PXQJHQQ]X) HK®HKHHQ YREZ HHFMVX@UH Q PL
3URILOLQJ /LGDU *HU!WHQ LQ VFKZLHUKJHP EHOMQBIHY K QALY BLWW DO
'LH 9HUZHQGXQJ HLQHV OXOWL /LGDU EHVRMKH B X UDBIXWKID X P FKHUWIGIW D O
EHVVHUH .RUUHODWLRQHQ PLW HLQHP 80OWUDVFKDOO $QHPRPHWHU

'LH —-QWHUQDWLRQDO (QHUJ\ $JHQF\ DB ($PLEH\GHKUIWLBWHUKXPBK KLQHU V\
(QHUJLHYHUVRUJXQJ -P %HUHLFK :LQIGHPHEWHO\GMHUGEKLYRBHID QD QWH Q
'"HU —($ :LQG 7DVN EHVFK!IWLJW VLFK GH® (LGDDWS]\ VW HPHO : 3QWBHQHUJL
3URMHNWEHULFKW &OLIWRQ HW DO SIX VIRV LY WL GG H7 DWNHEQLV V|
~GHQWLILNDWLRQ XQG $EPLOGHUXQJ GHQJ+WR@QI\\CH/[BDWHAHEKQRBGRJL

'LH 7XUEXOHQ]JLQWHQVLW!W HQWVSULFK W LGWHWOWHRG L QOGDEYAKEKRGL IBHL W J+
GXUFK GLH PLWWOHUH :LQGJHVFKZLQGLJIJNHLW



6WDQGRUWEHZHUWXQJ PLW 0OXOWL /L

'"HP %HULFKW QDFK JHOWHQ YLHOH GHUQ+HBPRI *H\OH QX K& IG4U WGRDQ/ HHW
6

6WU PXQJVPRGHOOH VROOWHQ YHUZHQGHW IZBQGEHRDOE HLIQH
PRGHOOLHUWHQ :LQGIHOGHV DQ]XSDVVEBNRRVMWIXQGWLRQ : YOG E
ZHUGHQ

'"HUJHLWLJH $QV!W]H ]XU 4XDQWLIL]LH WK @H GHIRK QH\QV & B § L FHRRWK
6TXDUH (UURU 506( EDVLHUHQG DXI| $@HPRDKWHQ O:HIWWG DWW G (
JLEW DQ ZLH ZHLW HLQ :HUW YRQ HLPH®HDOVHWWFRWHU CHLL
ORGHOOYRUKHUVDJH HQWIHUQW LVW 'HU SQAVDRI QIHH MR P R WHXOV
ZDKUH :LQGJHVFKZLQGLJNHLW PHVVHEBGM>XQH® GDW\Z¥UBHDEKI
$QGHUHV DOV DX| GLH :LQGJHVFKZLQGGDNNLWOOHD DXH UGHIQH ROGH
HLQZLUNHQGHQ )DNWRUHQ EHNDQQW XQG TXDQWLILJLHUEDU VLG

(V IHKOHQ 5LFKWOLQLHQ 1%U $SSOURKWEKRQHQLQGEUH : 1 RG P'KWYY
SULQJLSLHOO P,JOLFK Z!UHQ 'LH 6WWQBDOGW\NJIGLG ¥RP LMU QH FHK
QLFKW HLQGHXWLJ JHNO!UW LVW ZLHJ LEHLQ 0*H\NO R G HH § RILPI HIFK
ZHUGHQ VROO

'LH 1XW]XQJ GHU 0/ 7THFKQRORJLH HUIRWXQUW) R KD HQICH (XRHU Wl
GHU $XIVWHOOXQJ XQG %HGLHQXQJ G\HH LQ® G HLGDHU HH-UH W Bl XM W
]X EHWUDFKWHQ 'LHVHU $VSHNW ZLGIUYISUEL AR\ XHLIQKQ GK I XIKU
HUK,KWHQ .RVWHQ

'LH DXIJHI%KUWHQ 3XQNWH VLQG QDFK &O%Q/GRIQGHW:DO GDVV G6LH 6
/LGDU 7THFKQRORJLH ]XU 6WDQGRUWEHZHOWXI@PKQREOKLNWLOLHDELGED
EHVFK!IWLJW VLFK PLW GHU )UDJHVW3)O@DNW H WGIILE W L FIKH DWW B XI®V L F K
XQDEK!QJLJ YRQ DQGHUHQ OHVVV\VWH P HQK HILWHH & EEHL Q R DO WBHY L F K |
ZHUGHQ 'DPLW VROO GHU *UXQGVWH LW IRWPHIHOHIWUZEBGBHRQ IL®H G
%HWUDFKWXQJ GHU %H]JLHKXQJ ]ZLV F IO WXNDIHIU PIIUW0 GW ™ 1$ Q K® R W
HLQHU YHNWRULHOOHQ OLWWHOXQJ EHHL /26 06HVV X8 I W® Z IGLG/ N QWL

'LH LQ GLHVHP 8QWHUNDSLWHO EHWUDFKWHWRQG HWIQDXK@JIJEEL X
BWDQGRUWEHZHUWXQJ PLW 0XOWL /LGDW (6\WWAHKP WDX QU QR Q X E R EWiH VG
LQ GHU 6WDGW UHOHYDQW



TKHRUHWLVFKH *UXQGODJHQ

BUEDQ :LQG

'"HU %HJULII BUEDQ :LQG EH]JHLFKQHW GULH. H XVH]KQILKRIQY : GRIGHEHED XWHQ 8
BWDWKRSRXORV HW DO (V 1D O OXHU B H HQH (QH.FXHH @ HID BIXX@QWHU  C
LQQHUVW!GWLVFKH .OHLQDSSOLNDWLRGHQVI%WHOQ® WX¥XHGLHKWBW VR
%HUHLFK HLQ ZHLWHUHVY $QZHQGXQJVJBEHNWXQ3HQO0)XGCMW N WIHDOMW: L Q6 H L
(UULFKWXQJ YRQ $QODJHQ LP XUEDQKB %HLIMFIR UGHEW XHM HIQQDLLHF EHL JU
($ (V JHKW YRUUDQJLJ GDUXP HLQHQILBBH®D HRNYW BWYDRCGRW W ]PK PHVVF
VR GLH :LQGYHUK!OWQLVVH ]X DQDO\VDHUH@WHUHBBRQFKLVFKH 6WXGL
_.OHLQZLQGNUDIWDQODJHQ HUJLEW JGINVX SHR %EH]LVMWFIKAK Q\BHD 5RWR
XQG -DKU YRQ :LQGNUDIWDQODJHQ LWPZRUHED®HG KKDWROQEHUHJUR{HQ $G
HUUHLFKW 'LH NOHLQHUH 5RWRUIOXFIGH H L UNW WFIKAK WOLIRKIOHEW DXV .U
'LH R D +HUDXVIRUGHUXQJHQ YHUVFK!UHKWQQVHMK @ X LM QK I5IMMD L FK N
_.OHLQZLQGNUDIWDQODJHQ LP 9HUJOHLFK PLW JURjHQ :($

(V JLEW GLYHUVH OHVVNDPSDJQHQ GLH DP IE WGIHQ GHOMK PHIWM: KUB ZRU
VLQG 6FDQQLQJ /LGDU *HU!WH HUODXBH|X R¥VQHBKW RIXWH 8 RQRIVWK DX | J }
OHVVXQJHQ YRQ JU,iHUHQ *HELHWHQ GXUFK]X!B:KDWW L JR RGI WK QIHQ VLQ
VRPLW DXFK LP XUEDQHQ %HUHLFK Y RKL HQ BHLU H\VWH U B-WO UJ HU OHWAW Y H U | D
ILQGHQ GLH QLFKW DXI GHP 0/ 6FDQX EDVYRQH® Q@ H\W LD3H Q 1XU %HZH
HLQHU 3URILOLQJ /LGDU OHWKRGH O0HVWGHMXHP $R® RHRMHHW H U GYTHU PQ L FK H
$XWRUHQ VFKUHLEHQ GDVV HV |X GHU SHIQ\H Q H.° DXWLEYD DHH@L 5 DX/ VN D PZ RE
GLHVH XU %HVWLPPXQJ YRQ :LQGODVWHQ ®KU IRRKH N BIMG I HLR LRI D (
IXIWTXDOLW!W VLQQYROO VHLQ Z%UGHQLGDW (HIHEQLY BBHU *WDMWQEBDGQ]
YRQ HWZD ® ORLFKW K,KHUH *HVFKZLQGLJNHLWHQ D ONQ GKDWS$QHPRPHW
$O0JHPHLQHQ LVW GLHV HLQH JXWH ?EBHURHLQV®/L PPXDQU *BHIUMWHKRERQ 'Ut
DO HLQH OHVVNDPSDJQH %EHU DRPWYRRQIRMIG RO SXRMKIHILKUW X
HEHQIDOOV JXWH EHUHLQVWLPPXQJHQ FOLWUGD W RKDH\OV % Q BIP® AHH V@ H Y V8 H U
$EZHLFKXQJ YR® P

-P %HUHLFK GHU 0XOWL /LGDU OHVVNDPS@QWOQHBKXEWYRY GLWLBNUHW DO
'DV =LHO GHV ([SHULPHQWV ZDU HV AXUEMNDH QEMHN FWQUHMHBLD X! JHKOF
DQDO\WLHUHQ 'LH $XWRUHQ IDVVHQ ]X&’D@PMRQQGDPNY BIQFRHEQHQLHUWH Q
*HU!WHQ VHKU JXWH (UJHEQLVVH I1%U GLE&GRWHRY WP XH EID@EHIHBDKP HU L
XQG GDV 9HUIDKUHQ XQWHU EHVWLPPWHRPX B HGL\QN KPR X QJ HER® DWW L N
'LQGSURILOHQ JHHLJQHW LVW 'DYLHV HW DO



*UXQGODJHQ XQG 7HUPLQRORJLH GHU 8QVLFKH

=XVDPPHQIDVVHQG O!VVW VLFK VDJHQ GDHAY!VOH®VXQGHIQP PALSM ]1LHEDQ
PHKUHUHQ *HU!WHQ LP XUEDQHQ 5DXPGPDWHF ENL GG Q' IRH DHYMU ,ITHQYV
VWLPPHQ JXW PLW 5HIHUHQ]ZHUWHQ %EHWWIQY [XQBRBREKQHW ED
0/ :LQGPHVVXQJHQ EHUHLWYV EHL JUR{HQ :@GNRIVAKHQRBK BQFKW \DIOQD/G
OHWKRGH HWDEOLHUW KDEHQ (V O!VVWJNQRFEWRPXW W &KO & W\DI RICHIbI
0/ OHVVNDPSDJQHQ LP VW!GWLVFKHQ 5DXP GIHAU :LQHLHIDHSISIIHN DML
ZLUWVFKDIWOLFK VLQG 8P GLHVEH]%HULFKLAKE B 9MMYVYBHWOXGQUH 7HFK
GLH 9HUZHQGXQJ GLHVHU EHGHXWHQG J%QVWLJHU ZHUGHQ

23 *581'/$*(1 81' 7(50-12/2*—( '(5 816-&+(5+(-76(-1N6&+17=8

'D HV LQ GLHVHU $UEHLW XP GLH 8QWHUMWXAKKQJINRW OHAMV XN IZAK|
%HJULIIH GHU 8QVLFKHUKHLWVHLQVFK!'W]XQWHQHLGRHLWIOURKFK]X G
8QVLFKHUKHLWVHLQVFK!W]XQJ LVW GLH ®»PVINHGWI YU FKVML IR H B W XX G
YRQ OHVVYHUIDKUHQ XQG OHVVHUJHEQLVVHQ -62 $XFRHGBU H6LWIDG
]XU $QJDEH GHU 8QVLFKHUKHLW EHLP OHDEVH®%UW0*80 GLHQW DOV *
]XU (UPLWWOXQJ GHU *HVDPWXQVLFKHQKBLW L-QP QRIOVHIQ GHE HAMU G H
%HJULIIH HUNO!UW XQG YRQHLQDQGHU DEJHJUHQ]W

'LHOHVVJU LIWW GLHMHQLJH SK\VLNDOLVFKH *U,¥KQW Hi \GXXFKAK ZH QG HP
~Q GLHVHU $UEHLW LVW GLH :LQGJHVWKGHQ GLHDIRIV RO 6 AIQQ &8 B O LEWP R \
PHVVHQGH *U,0HVWIHUWV HLQ *U,iHQZHUW GHU GDV OHVVHUJHEQLV
6 'D NHLQH OHVVXQJ DEVROXW HIHIKOUKH LAVDWARNKDD QP L W
KXQGHUWSUR]JHQWLJHU 6LFKHUKHLW E[HVWLPPVE W HHIHK® O-EQ GGIHIU O 8 W
OHVVZHUWGFBMIZHYUW GHQ ZDKUHQ :HUW -&*0 L& G P H¥Y N X QUG QU
ZHUGHQ GLH OHVVZHUWH YRQ $QHPRPHWHHW@RPOMGHIHUHQ]PHVVXQJ .

(LQMHVVDEZHLFEKM@FKUHLEW GHQ 8QWHUVFKLHG ]ZLVFKHU WH\M B6 UH C
OHVVJU,iH $XFK GBNORUWG V\QRQ\P 1%U OHVVDEZHLFKXQJ YHUZHQGFH
VHW]W VLFK GLH OHVVDEZHLFKXQJ DXV HR®RP] X¥N\DVOH P B @ I$\DRKHHLQD X & & |
'"LHWV\VWHPDWLVFKH OHVV EHAHFIKRKKIEW GLH 7DWVDFKH GDVV %EHU HL
OHVVXQJHQ GHU 'XUFKVFKQLWWVZHUW NRQWW PRQWG YYHU®D VRPUW RGPH.
Q'KHUXQJVZHLVH EHUHFKHEPWOLUWW OHYMDE ZHELEKXHQN GHQ 7HLO

*HVDPWIHKOHUV GHU VLFK %EHU HLQWVXQJHQH @ QJQ KR UKRIQ \OHK E D U
YHU!QGHUW 'HVZHJHQ LVW HV QLFKW ®B H B UQXHN W B X PK P HIUO BAAK G M U F |
'LH 9HUWHLOXQJ GHU ]XI!OOLJHQ 0HK \GDLEZ I8 WIKQX®D UGLDEY BLXFKFX QJ EH



TKHRUHWLVFKH *UXQGODJHQ

XQG DOV 0Dj 1%U GLH 3U!|LVLRQJYVWURG@QEHHDQ 'ZHH JUR] GLH 2EHUHLQVW|
]JZLVFKHQ XQDEK!QJLJHQ OHVVXQJHQ HLQHUEW HWRBILW; Hs X\WNK Q4G YE H U
'LHGHUKROEDUNHLW XQG 5HSURGX]LHOEDUNHLBV GHU OHVVXQJ -&

"LH8SQVLFKHUKHELVBEHU QLFKWQHJIJDWLYH 3DUDPHWHU U®MUNG IQH BHLE K XU C
8QVLFKHUKHLWVHLQVFK!W]XQJHQ VRO OWHR 4)HKDMHQ D XVVIVGI® B @/ LRV, B IOH B
]XI'!OOLJHQ EHU%FNVLFKWLJHQ 'DV LVW X®L 6t HODIQMNDONR GHW KR G H
JEHUHLQVWLPPXQJ ]ZLVFKHQ HLQHP JHPHWYH® HRAUXQ GHHQRDHAF KZIW]HQ 'L
%HJULITOLFKNHLWHQ OHVVDEZHLFKXQ3H XRGJISQ V RBKH QOMIGH V LJEGX QW H U VF
GLH OHVVDEZHLFKXQJ LVW GLH 'LITHUHQJJHEYEK H®D G LQHP DBIKWHQ :H U\
Z!KUHQG GLH 8QVLFKHUKHLW GLH 6S DUONIHHWH LYHRWDW: HUGV BE UFIGBHU ZDK U |
HLQHU EHVWLPPWHQ :DKUVFKHLQOLFKNHLW OLHJW

~VW GLH ]X XQWHUVXFKHQGH *U,iH QHEKQW BLKGHW RPUHW § EIDDQ ] XIQUGY RUJH Q
—'3 0%QVWHU (V JLEW YHUVFKLHGHQM QWHIQHGHQ BHHKHWIRUBSL QDY HU Z
9DULDQWH LVW GLH JDX{VFKH )HKO HUQRWIWS | XIPQY YWDIW 6V W LALAKG! JHUP LW W
]X YHUDUEHLWHQ (V JLOW GLH $QQ/MKPH KGHDWRLWVFEKGALHQ/ BADWH X XQJIHQ G
NRPSHQVLHUHQ N, QQHQ 'LHVH 9DULDQQNHV®HEKWHIKR HidJRQWBWIDIXJX OLQ
JHKOHUIRUWSIODQ]XQJ 'LHVH ZLUG ,RH\W QNUZHIQWGRADD IHRHVYBQ ZHUGHQ
GLH PD[LPDOH $EZHLFKXQJ GHV OHVVZHUW-HYWHHRFH YD KUHRQV:HYW BRQ

)%U GHQ JDX{VFKHQ $QVDW] JLOW IRO JHQIGHW ¥ HY W K WO BDIFQV LifK
PHKUHUHQ $AWEILAHQP%VVHQ GLHVH QDFK *OHLFKXQJ PHMIBH@D QGHU N
—'3 0%QVWHU 'DEHL ZLUG YRUDXVJHNH,WRQHGQDQ GHY %HDEWJQH J VLQG

Gleichung 2.9 AcL8Ass EGEAS

'LH 8QVLFKHUKHLW GHU (UJHEQLVJU, jHOW QB W QD kWG IKHHi®! QKRIHMWR UW S | C
QDFK *OHLFKXQJ EHVWLPPW ZHUGHQ -'3 0%2QVWHU

T o . .
Gleichung 2.10 Asl = As E:f__EAG; E@E ——As

‘DV%AVWHKW GDEHL 1%U GLH SDUWLHQUOQD $§EOGH W 2 Qy) [EHEWHDEMNWR R Q
Lge)

EHVFKUHLEW ZLH VLFK GLH $XVJDQJVJU_jHQ DXW DPRE QYIHNPD JVIH

BQVLFKHURBLEMAD GHU HLQJHOQHQ (LQJDQJVJU,jHQ N,QQHQ PLW GHU
IRUWJHSIODQ]W ZHUGHQ 6R NDQQ GHULW QEGXYV'GHGH Y H8/QWLLAFROHQXK HG |
'LQGJHVFKZLQGLIJNHLW EHU%FNVLFKWLGWUHNIG QP E\DV 8 DHXHJ QL FK



*UXQGODJHQ XQG 7HUPLQRORJLH GHU 8QVLFKH

'LH 8QVLFKHUKHLWVEHWUDFKWXQJ QDFK *&H X QWOHDWWEK F KG BWJ VX P\
9HUIDKUHQ OHGLJOLFK LQ GHU L QLQOIDIONQU)HVQVOHHX YR QG KWHQ 1D\
OHWURORJLVFKHQ 6WDDWVLQVWLWXWHQ HQWZLFNHQWHQXFHIVDPO HQ D
HLQKHLWOLFKHV 9HUIDKUHQ ]XU %HVWLPPXQ¥ MR® EOHWUX®V L BarH.U
JDX{VFKHQ .RQJHSW ZHUGHQ DXVVFKOLH @IV K8Q V IGAKH UM W @ O
OHVVDEZHLFKXQJHQ UHVXOWLHUHQ OLW GHWVHOBQNFKRRHUKHZNWHIH NF
~P *HJHQVDW] GD]X ZHUGHQ EHL GHU *8VWHWKWKGWHFRNBOKOBYMDBZHLF
EHWUDFKWHW 'LH 8QVLFKHUKHLWHQ GH B H(L GXUFK B HHEQ WHIWG K 6 KC
'DKUVFKHLQOLFKNHLWVGLFKWHIXQNWLRQWEKEQVWQRPW] BHWG GKIPQ.
DQJHQRPPHQ GDVV GLH (LQJDQJVJIU,|HQHLAGWE HKIY MU V8 QWLLE & H UHQ
%HUHFKQXQJVSKDVH JOHLFKHQ VLFK GDV &DLXjVF&HO H\WM K RIBKHU H QL H]
JHKOHUIRUWSIODQ]XQJ HUIROJW E HLUBH. H®HMH Q@ HIEIOK UW RQRIHW S QG G
4XDGUDWH -'3 0%QVWHU

'HU 3URJHVV GHU OHVVXQVLFKHUKHLWVHUPLW)RUPEDLADRRJIVEOXQ
%HUHFKQXQJVSKDVH XQWHUWHLOW — QHGH#XY HIQ/W @ QG 8- DOHV ¥ BW G H Q
GHILQLHUW XQG GLH (LQJDPRQVEBHQMEQ GLH OHVVJIU,jH DEK!QJW IF
'LQGPHVVXQJHQ LVW GLH $XVJDQJV XQG OHYPGLUNHML®ELHLH QB W\DAKIZ
(LQIJDQJVJIU,iHQ LVW LQ .DSLWHO L\WHQLQKHWYH -ROGRUGHH %HUHFK
ZHUGHQ GLH 7HLOXQVLFKHUKHLWHQLQMND QWD P W XQW. PKGI® KIHAW HP L
YHUUHFKQHW -Q .DSLWHO ZLUG HLQGHEGHOWO/ }RYV L BKHHKEKIQXDQ L
HQWZLFNHOW 'LH OHWKRGH GHV *80 ]XU UWPHVWRQOX QU HL & BW B B K XF]KH
$XVIDQJIVIU,iH XQG GHU ]XP 6FK!W]ZHUWQVHRKHUKHLW WIVQG D QG %
VFKHPDWLVFK DEJHELOGHW



TKHRUHWLVFKH *UXQGODJHQ

Eingaben Messfunktion Schatzwerte x, ... X Standardmessunsicherheiten
Y :f(Xr ----- Xy) von X, ,..., Xy u(x,) ..., u(xy)
partielle Ableitungen
des Modells
I
r
Empfindlichkeits-
koeffizienten c, ,..., Cu
¥ A\ v A
Ausgaben Schatzwert y = f (x; ,.... xy) von Y Standardmessunsicherheiten u(y)

%LOG OHVVXQVLFKHUKHLWVHUPLWWOXQJ DQKDQG GH®B *80 OHWKRGH -&*0

'"HPQDFK VROO PLW GHQ EHVWHRHWGFKQJZE UWWHBGTE EHLIHRUGQHWHQ
6WDQGDUGXQVLEKHUKIQIGNHO®SILQGOLFKNHLWY NRIHI | L pIEHKQW]ZGRIW
$XVJIDQJVJIU,iH VRZLH HLQH EHLJHRUGQM@H HWDLQ\GDHGWK QX/H B K H QK H-& * (
6 'LH 6FK!W]ZHUWH GHHQ(LQWDBPWIU XQWHU DQGHUHP T
+HUVWHOOHUDQJDEHQ %HULFKWHQ XQG $&XVZHUWQJ YRQ OHVVGDWHQ -

1DFK %LOG NDQQ ZHQQ HLQ NRQNUHWHVUG]H®DWLFDENRW X WFHIQY
6FK!W]ZHU&AIQ GLUHNW HLQ ®FEMUBERK@HW ZHUGHQ RKQH (PSILQGOL
NRHIILILHQWHQ ]X EHVWLPPHQ -Q GLHY HURQNSUORPIBY EH HW DUILUIRG EMIW U D
ZHOFKHV GHWDLOOLHUW LQ .DSLWHO HUO!XWHUW ZLUG



*UXQGODJHQ XQG 7HUPLQRORJLH GHU 8QVLFKH
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=XU 4XDQWLIL]JLHUXQJ HLQHU *HVDPWXQXQ FKE& UKH\ VP HKHLH L)@ P HG D U
P%VVHQ GLH HLQ]JHOQHQ 7HLOXQVLFKBEKWHMWHRHEIBW @ HV\HYQ I VEH W UC
6FKULWW XP GLH OHVVGDWHQ NRUUHNWVHP® LDQSIHVUSOHIMM HEHQ
7HLOXQVLFKHUKHLWHQ LQ .DWHJRULG QT XTL@WH W HLLFOWW H UMN O%HN H¥
OHVVXQVLFKHUKHLWHQ HDMOABWLEY YIRSLWHQHP OHVVV]HQDULR 'HVKE
DOOJHPHLQJ%OWLJHQ )RUPHOQ KHUJHD BHUHWK YRQE MBQ $ & VOXIPV LX
LQ® JHJHEHQ 'LH %HVWLPPXQJ GHU :LQGJHVAKZWEGLONHW WPILFK /LG
6FKULWWH DXIWHLOHQ

'XUFK GLH )UHTXHQ]YHUVFKLHEXQJ GHYV DKONN NDQQU IR KWWE O/\D \
6LIQDOYHUDUEHLWXQJV $OJRULWKP XVLGNHLWD GHBPHHY HQ@ G HRINGRKC

'HU ]ZHLGLPHQVLRQDOH :LQGYHNWRU ZLUG XXHUBHQ OHVVGDWHOC

'LH 7THLOXQVLFKHUKHLWHQ GLHVHU ]ZBILEFKRQWMQD QB UG H.QQ XCHEKD !
XQG EHWUDFKWHW .DSLWHO JLEW HL GH H DXDWRHQIDY 8 MQ ISR K HEK

.DWHJRULVLHUXQJ YRQ
8QVLFKHUKHILWHQ

6WDZLDUVNL Hw DO 9DVLOMHYLF HjWw 0
8QVLFKHUKHLW MH QDFK |=XVDPPHQVHW|XQ 'D(\;NLHHJVRHUUL\gb" %TSVJ LQ
(QWVWHKXPJ GUHL ORGH}OH i

UDGLDOH UDGLDOH

\ b—
6LQJOH /LGDU|OHEEEER/LGDU pH VYV LQGIJHVFKZLAELPNHQ®IHVFKZLJGLINHLW

—

| | IRUWJIHSIODQIMW/H] 'XDO 'RSSO HU_ 5HTSS¥HWI\LIJWXSJN\5RQ GHV

/LGDU OHVVXQYIF| :LQGIHVFKZLYGT) |\ Sy IrRUWS 0D O]X0J
| | uixPOLFKH THLV 'XDO 'RSSOfiuU
6\QFKURQLVpPW 'LQGULFKWEKQJ

%LOG.DWHJRULVLHUXQJ GHU 8QVLFKHUKHLWHQ HDWGHU /LWHUDWXU XQG GLH"®



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

%LVKHULJH S$UEHLWHQ ]X GLHVHP 7KHPD JELEKQHYWHQFKEE® GHRKHUKH L
HLQ]XRUGQHQ -Q %LOG LVW HLQHXEHQ/ DKW & DU L. DWWHNIIR bl MY DHDU

9DVLOMHYLE HW DO LP 9HU HUKIFKLIX GIHHUVHUNSHURMILWL]IX ILQGHQ 6V
DO RUGQHQ GLH 8QVLFKHUKHLWHQ MM B D FOKK QQWL V/WE B M @H§VIDOVH FKHUK |
%HL GHU 9HUZHQGXQJ PHKUHUHU *HU!WH VKWW BXFKGGILH) Bl OHUIQR U RKS | C
GHU 6LQJOH /LGDU )HKOHU VRZLH GRQLBKHKQHXQDBXM IM.QHEKKHOX 6\QFKUR
]JZLVFKHQ GHQ HLQ]HOQHQ *HU!WHQ JW DIPG® HTL U-GQ FIDQ/H. O MUY RW X QVLFKH U
GUHL ORGHOOHQ EHUHFKQHW 'LH ORGHXGIWKEHWUYBRKWHRJ GGHHU SQNVGE
'LQGJHVFKZLQGLIJNHLWVPHVVXQJ 'XDO 'RSHLOM UXQIGQ GXBUFRBISQGII :LQG
ULFKWXQJ 'HU %HJULIl 'XDO 'RSSOHIDEW]]|HKW*NMUFWHGBUWXILGDU 7HFKQ
YHUZHQGHW ZHUGHQ GLH DX| GHP 'RSSOHY GILHNWUEHS®ORIPQUEHLW JHZ
.DWHJRULVLHUXQJ LVW DQ GLH 8QW H UWRHKDOXIPQ DXVJ B B HE QY 9 HLLH, 19%-HWWNIMD
YRQ 8QVLFKHUKHLWHQ EHL GHU UDGLPEMWQXQQ GIMNFKZLBIGAJINELWW ZD
~QKDOWHQ GHU MHZHLOV HUVWHQ .DXVQKsJ RDY HODMAY 6 W BIZL DWWV ND GHWR 0501 U
OHVVXQVLFKHUKHLW 'LH 8QVLFKHUKHLW FAHL GHRHRNNRQB WG N WQ 8 © HGIA
HQWVWHKW DXV GHU 1XW]XQJ PHKUHUHUN/IVGBK DHU GAHHU Y6Q\VGJ RNW M Q WGLHHWL
/LGDU OHVVXQVLFKHUKHLWHQ DXV 6WDZHQ UMNLRHWQDODVLOMHY%HE HW Dt
ZHUGHQ GLH 8QVLFKHUKHLWHQ GLH EHLQGHW NoW R R'Q VIAQUAKWWH RIDQ G PV W
ORGHOOHQ 'XDO 'RSSOHU :LQGJHVFKZLQGLJINEGWLRRW X'XD @& HRSBIAK W H W
U!XPOLFKH 6\QFKURQLVDWLRQ ZlO0OHU GQ@DN DQ MKW LW KHW VDL VDL UW  GD Gl
HLQHU 3XQNWPHVVXQJ DXVIJHKHQ XQG HV VRPWW (N B HQWHH SIDRIBHWHR @XKIUDH
GHU B8QVLFKHUKHLWHQ DXV GHU UDGLDOHQXQHEVRXZWQGLIEMHWWRKV \
SHNRQVWUXNWLRQ HUP,JOLFKW HLQH V\VIWKHPRHIDNYROKIHZSWDPEBURBAQ LP ¢
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'LH 7THLOXQVLFKHUKHLWHQ GHU UDGLDOWQQGEVEKHALIQG WINHLWVBBDVUVKYW
YLHU DWHJRULHQ XQWHUWHLOW

iX D eeP E él I IX ~"]JvPo r>] CEri) I 00X huP pvPe ]vt’pl AX s Es Pv <|4]%ou vSe
{1viove>] Er" @ { UWE Z vEe Z ] uvP ' { 8u}*%Z E]* Z {& Zo E ' E § -
SE ((v veS 4 GuvPkP JVPuvP v {"S§E}u pe( 00

%LOG.DWHJRULHQ (LQWHLOXQJ GHU 7HLOXQ V L RKGILLIKHHLLWH/@ HEMNLXQD GLDOHU *HVFK

'LH .DWHJRULHQ OHVVJHU!W XQG OHVVVWUDWHLIQH GHQU .DISYWEHDWHQ Z|
XQG ZHLWHU LQ GLH HLQ]HO QBRI JHMRKXCPMLFKEWKHDWHEHUHLWHW G
~PSOHPHQWLHUXQJ GHU %HUHFKQXQJ HRQ@H UL HHEB P®HKQ® \OLHFW HUK @ L\ WH J



7THLOXQVLFKHUKHLWHQ EHL UDGLDOHU *HVFI

8PJHEXQJVEHGLQJXQJHQ LQ .DSLWHOV (T X XSRHQMUN DQHQ SAAVHO Vv
3UD[LV ]X EHDFKWHQGH %HLWU!JH GOQHVLQXGLAXEOLWEWLW DHXOUHWIBL (
JUDXQKRIHU —(( ZLUG PLW GHP /LGDU /H R VIBWKEHILHN HW' & '8PV (K D O/E JEH ] L H |
GLH JHJHEHQHQ :HUWH DXI| GLH 7R OHNDIQYH®L X QB VGHLHU *WE DN S V

OHVVJHU|W

'LH (LQJDQJVJU, iHQ LQ GLHVHU .DWHJRGH® HVOYMWY KU ]* HEQ DXX VYN F
OHFKDQLN RGHU GHQ 6LJQDOYHUDUE H LG ZHW\EMWH FBHY LR JRQIWVDU .
'"HWDLO HUO!XWHUW

(UPLWWOXQJ GHU UDGLDOHQ *HVFKZLQGURKWWLW DXV U¥%FNJHVWL

(LQH 8QVLFKHUKHLW HQWVWHKW GDUDXVNB8DWVD&L H6tDDIGW OGHH *)HMNHFTK:
U%FNIJHVWUHXWHQ /LFKWV UHNRQVWUXLHWRD ZWUBH@D K INHW Q B DO/H. D\
-&*0 'LH J)UHTXHQ]YHUVFKRE EXHR A6 *HU|W LQGLUHNW
(LQ 5HIHUHQIVWUDKO GHV XUVSU%QJOHPISHDIQ IHRHWY RSO0 A IUW HWH W |
:HOOH DOVR GHP YRP $HURVRO U¥%FNJHVW U8 XWNHQEHW DO ¥%EHWBOD
6 SDVFKRWWD 'LH 8QVLFKHUKKAMY GHINHDWLKQHA®W *ALH DXV G
1%U GLH )UHTXHQ] GHV U%FNJHVWUHAWEQ YRRKWWUHUNQ BKWINH
%HVWLPPXQJ GHU )UHTXHQBYCHRUVEKILHBWRRY BK|UH /LGDU 6SH]JLILNDW
6LIQDOYHUDUEHLWXQJ KDEHQ (LQIOXKNNUKXILB/LHDYVLKHMEBNUFQVLF1IDF

XQG &ROOLHU NDQQ GLH OHVVDBEZHLEKX®KPILME HOHZAFKE® Q
) X
; ré&oe € | < €iepd
i £F& N LF Gl—pM |sEsvi————
Gleichung 3.1 & 0.5 50  Gonnp p 3 p

'DEHL §34VWLH PD[LPDO ]X HUUHLFKHQGH 'R S S® HYXUHY W B KIFHKEXX@®U LZ3 B
ZHLWHUKLQ GLI3XEWI GEVWDQG ]ZLVFKHQ GHQ DRV BHWDREBWE @G BX
NXPXOLHUWHQ O®V\G®OQJIHBQRJIQDO X 5D X BB K KIQBK ®WHQ B'Q DKW 0HVV

SXQNWH LQ GHU 5DQJH *DWH EHQ,WLJBWNEH2ZKGB VD : 5QGRHUQG: IND/GIQ VR
WKHRUHWLVFKH OHVVDEZHLFKXQJ EHUHFKROHOL EBWUGHG@ 3 HD U VIRRQ W CH
8QVLFKHUKHLWVEHUHFKQXQJ DXFK RKQH %RUKRAKQXH J)HVHUO BIDKQ P HW
*OHLFKXQJ IXQNWLRQLHUW ZLUG HARQIH | I$SHUDXOXKIP He LIKWH U X DL O X C
JHWURIIHQ -Q 9DVLOMHYLE HWQRQGHU GEZHUSR GHAKHUKMLW EHL GHU
UDGLDOHQ :LQGJHVFKZLQGLJIJNHLW DXV !V#BMIHVIWE-PRWHIRQRPRWQH S
'LHVHU :HUW JHKW DXV ([SHULPHQWHQ K HIUDNRHU HUQ 9HLPID® UHO@QX @1 U
HUPLWWHOWH UDGLDOH *HVFKZLQGLJNHLW PKDNOHGOVWQIHDDHPRE@ !



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

YHUJOLFKHQ $XV GHP *UXQG LVW GLH WGDHPULW DHDUPGWMW HOIW B X8 QNVH EWH
$QHPRPHWHUYVY EHJUHQIW 'HU %HLWUDJ GHWPLWNOXQYLBKHUKHLGL DD:
*HVFKZLQGLINHLW DXV U%FQJ&A VWY EOWHRP UK QKW X | 9DVLOMHYLE HW DO
8QVLFKHUKHLWVHLQVF K§WIEKQW JBHO H J WP

6WHXHUXQJ GHU /DVHUVWUDKO $XVULFKWXQJ

'LH 8UVDFKHQ [%U GDV $XIWUHWHQ GLHVEW VIQWLFRIOHUIDIQIHQ EHQ GG
$QVWHXHUXQJ GHU (OHYDWLRQV XQG $]HRRWHLERVUHG N\RXUHHHQEBN XBKU
*HU!WHDXIEDXV =XHUVW JHQDQQWH 7 RDH-QUNQ/HBK DH U BKIHQDHU: GHAMAL E H |
B3URGXNWLRQ GHU *HU!WH ]XJHODVVHQ 9DVLOMHYLE

%HLP $XIVWHOOHQ GHV *HU!WHV ZLUG PLW HILOKWX.Q®P YD ¥KHBLIH VIRHG O W
JUDXQKRIHU —(( ZHUGHQ PLW HLQHU GHILLWDQH® HDPWWHQEMDIBNOILQRPH W
)%iH XQWHU GHP *HU!W VR HLQJHVWHOO\EHGQDAMVHBEBN 6MUHKWPGIOL EKY W H
P%VVHQ ]XV!W]JOLFK 3LWFK 9HUGUHKXEJ X®GGEROIRUIHBEGHMKQJ XP GL}
"HVW $FKVH HLQJHVWHOOW ZHUGHQ :!KXURIG HLHWH @ HMMXIF D MRIV BH U (
SLEFKWLIJNHLW GHU $XVULFKWXQJ %EHUSIQ%IWR EQ/O GL BWW KU @ BH®G XRO O

DOV s r ZHUGHQ (LQH DXWRPDWLVF IGH VREAV MNHWF XQUL RIOW QH GDROFIKHQ /HR V'S

(VJLEW HLQ 9HUIDKUHQ XP GLH $¥WHGCRWXD Y R®BKVEHU XQG 5RO00 ]X NR
(VKDQGHOW VLFK GDEHL XP GDV .DUWLHUHQWW D BEGXYBKG! VI UIHW 0DS
'DV /LGDU *HU!'W HUNHQQW GLH 6W!UNK!GWQ LBV QW 06 D5 5 DOXOWHRIOWHHUY L E
HLQ 0D I%U GLH *¥%WH GHV HPSIDQJHQDBGAQ W Q@DOV GDUNWIHOON, QQHQ
6WDQGRUWH GHU XQGXUFKO!VVLIJHQ *HJHQVUW ! Q®K \DE KIOQH KW HVR VANULGRH
*HIJHQVW!QGH ZLUG DOV 5HIHUHQ]SRVLWLFRRY IYW UR® N § HIDX X QBH P UWGE®MQ* H
DEJHJOLFKHQ OLWWHOV GHU HUKDOWWQXI®Q NHRUMWHINEQ® GHHGNYULFV 9H
LVW LQ 9DVLOMHYLE HW DO OBUW 'XDEXIGRY @DIDFKSHQN 9HUIDKUHQ NC
HLQH .RUUHNWXU GHU +RPH 3RVLWLRQ YRUJMQ RIMBGHRF KZEZHGWE U KIVQ EHHLV
8QVLFKHUKHLW GHU $XVULFKWXQJ DXIRWHUZ® YW B VHQV H QGHQ@HPXW DOMV | F K
:LQNHO 9DVLOMHYLE 6

-Q GLHVHP 8QWHUNDSLWHO ZLUG H L QHHl 3%4HILW S IXHPO G HIF KX HQ B N G PR J (
8QVLFKHUKHLW DE]XVFK!W]HQ XQG GH®DX®Q V]BXWH UBH XIWAKD® WILR DHLBID Q] H Q
$QVWHXHUXQJ GHU :LQNHO ZHUGHQ GMH®]L®XWDRMIVR QN ® LOQ %LOG
VLQG GLH $XVZLUNXQJHQ GLHVHU XQJH QDN $XQWEV B X H BQY/IH® HBUHKUH LW T
OHVVGLVWDQ] b' ]X VHKHQ



7THLOXQVLFKHUKHLWHQ EHL UDGLDOHU *HVFI

%LOG'HU HUZDUWHWH OHVVSXQNW 3 DXIhUX@® . RXFIBOQHKDE]IHR LD GHU
(UIDVVXQJVGLVWDQ] b’ OLHJW DQ 3XQNW 3 O9DVLOMHYLE 6

=XV!W]OLFK ]X GHQ MROM® DQJHBHb GHU $QVWHXHUXQJ GHUH:LQNHO
OHVVDEZHLFKXQJ b' LQ GHU (UIDVVXQJVALV/MD QL HEWHK ZENGLERWD $WWZA
WKHPDWLVLHUW -P (QGHIIHNW ZLUG DRQGGR W IRDUWLROHS 33 QWW D3N \
9DVLOMHYLE —~P NDUWHVLVFKHQ IRR U6 X@IBWHHQ & DWWHPQBLDIGH QX
XQGnIXQG VLQG ]XU 9HUDQVFKDXOLFKXQJ DEJHELOGHW

IDXW GHQ +HUVWHOOHUDQJDEHQ YRQ /HRQSKBWH RQY @ HQN$H OPEML PX:Q (
]X HLQHU *HQDXLJIJNHLW YRQ r HLQJHIV WH/OOINV ZHIUGHD J HEZR VS KU(L |
HLQ OHVVJHU!W VWDUU DQ HLQHP OHVVSX@NW FHLWWX\Q JR G HU VEKLH
OHVVSXQNWH DQVWHXHUW XQG GDV *HU!W VR REZWJXQ/IF K & MWKWHA X6 B B!
HW DO 6 VFKUHLEHQ GDWLJWHRERKY GAHL SOHB QDXW]XQJ Y
ZLHGHUKROHQGHQ 6FDQQHU %HZHJXQJHQ GQHNKW BNENPWOIZHUW G
DQJHQRPPHQ GDVV GHU )HKOHU DXV GHRSIQDPLHNUGQGEVFKEFDQRMHED U L
ZHLO GDV 6]HQDULR GDV XQWHUVXFKOHYZVYBBQMWH PBUNKUKLH G R HW
GDQQ PLVVW



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

'LH 8QVLFKHUKHLW EHLP HUZDUWHWHQ :LQNH®M HHL@W &WW KAB6 D X0 REDO H
3RVLWLRQVEHVWLPRXQPYWVWHP 1%U MHGH .RRUGLQDWH 'LH WDWV!FKOL
DXV GHU $XI0O ,VXQJ GHV &15 .DUWLHUXODMLOMBINDIKEIHQV PLWGHL@HU $XIC
YRQ s r DQJHJHEHQ 'LH :XUJHO DXVAXDHEWDBWRPMRQHGBHU HUZDUWH
'LQNHOXQVLEXHUKKHQ®E GHU WDWE ,RKPUBKEN GLH NRPELQLHUWH 8QVLFKF
b.. XQiG ®DVLOMHYLE 6 ‘LH LQW IXSIWBHOLOWHGNB *OHLFKXQJ QL
6 ZHQQ GLH (LQJDQJVJIU,HRYRMHXQDE&HW JHOWHQ 'LH 9RUDX
GHU 8QDEK!QJLIJNHLW GHU 8QVLFKHUWKMQW VER GWVYJIHOHME KLU HUWILOW

b.. In ¥(cvncar(ng (_ars_(j

Gleichung 3.2 B esn © B & ik
= o 70 SAA <6 €
| N.¥WpErrr‘/DUF—<9—l;—@
%HL 'LVWRYR® PHKU DOV P ]ZLVFKHQ GHP OHVV SD@NWM WK QEHIMP GLIR G

BQVLFKHUKHLW 1%U GLH $XVULFKWXQJ YRQNSIQPRWFKXOGH(OKXQWLRQ
XQWHU s r 9DVLOMHYLE / D X WHG® H PE-HNAUWY W W CBAHUPDHRFBRH $X10 VX
'LQNHO r 'DV VWLPPW PLW GHP YRQ 9DWUWMWHEHEHEQUHEKQHWGIRQW I
$XVULFKWXQJVIHQDXLINHLW EHWU!JW QDFRVSHKBIWWH6 O H U DU DBRHMQH U \fF K
]JZLVFKHQ GHQ EHLGHQ :HUWHQ LVW GDUHQ EHDY ¥ QG HOW UGIUMV LWL FHKJ UH L F
*HQDXLIJNHLWHQ RKQH 615 0DSSLQJ EID]IMKGQUQGHILH :LQNHX JHLIJW GLH YR
*HU!W YRUJHJHEHQH *HQDXLJNHLW

'"LH $XVZLUNXQJHQ DX| GLH PLWWOHUH $SEQBURAKX®ZHQ AP N®IH WDEH. RQV Z L C
K.KHU DOV EHLP $]LPXWZLQNHO 'DV HQW GIDWWD BHYXXRBENXIBRKYHUVFKLH
+ KHQ GHXWOLFKHU YRQHLQDQGHU DEGHHFEKXIQG BOWHOHEWMOX @ JK JHQRPP
ZXUGHQ 9DVLOMHYLE HW DO 'DV VH®) AW WLRK H LOR WRHIQYWH O .
'LQGJHVFKZLQGLIJNHLWHQ DXI| ]ZHL YHUN®KIHUGH@WH Q HU K HIQVBILLW HXQV HW ] H
]ZHL :LQGJHVFKZLQGLIJNHLWHQ EHNDQ@WV NBR® W PLAG GFHPHIRWHQ]JH
EHVWLPPW ZHUGHQ ZEOLFKHUZHLVH ZL UXGH @ WQE:H Q\GAKIHMIDHLIAH ([BRV FK H
+ KHQ  XQG P EHVWLPPW XP GDQQGGLMH:ILWGIHVFKRZPQH[WUDSROLHU
GLHVHP )DOO ZLUG DXVJHKHQG YRQ HW QB8 UH: J RIGLUW W FK DIGUGIVINKEZIL QGLINH
*OHLFKXQJ H[WUDSROLHUW (PHLV XQG 7XUN

Gleichung 3.3 Fe Fe l—p

R XQR VLQG GLH :LQGJHVFKZLQGLJINHLWHs B G G3HHW 5 HHUWAHHQQLKH KidHH
EHLGHQ +.KHQ VLQG LQ %LOG GDUJBGHHRIQW U\DEKYRIWUNDOH :L
‘LQGVFKHUXQJV ([SEEMBRRWUHLEW GHQ (LQIOXVV GHU SK\VLNDOLVFKHQ



7THLOXQVLFKHUKHLWHQ EHL UDGLDOHU *HVFI

'LQGSURILO (PSLULVFK NDQQ HU YRQVUHAKVX@HBE®X|KHABLDEIHOHLW
%DVVH HW DO & ]X VFIBIWWIHQ PXVV VHLQH $EK!QJLIJNHLW YRQ Gt
BWDELOLW!W XQG %HVFKDIIHQKHLW GHU H®EH WDVYHK HE HEBHHDXFRKAGH W
BWDQGRUWDEK!QJLINHLW XQG M!KUOLBKHQEGWHW 'HUWKW IMULYEHVY
$0O0JHPHLQHQ DQHUNDQQW GDVV HV HE K EWH @H R V+HHDOP® GIQ QWHF K ! |
PLW GLYHUVHQ 'HIL]JLWHQ KDQGHOW %DVGHHNW (JWUDSRBDWLRQ WU
YHUO!VVOLFKVWH $UW GHU %HUHFKQXQLO I %IUOWDXQGH K VXLl ND @i J:H DI
%DVVH HW DO LVW GLH 9HUZHQ GGV BH $ YR HPWOOB JEW LLP

'HV :HLWHUHQ LVW I1%U GLH %HLVSLHOKHBKQXQUHGHND.QWLBZHQEH®
WDQ /n XQG WL@ LQ UDG JLOW 0%OOHU XQG 0%O®MUYRQ-] U@ HLQHP :

EHWUDJHQ GLH PD[LPDOHQ $EZHLFKXQ®IHQ GHEHLRMHQXVQX@ERQ Et
7DQJHQV %HL HLQHP :LQNHO YRQ QHWID&S GLHUBKREHUNDWHW NOHLQ
VRGDVW WDMDhQJLOW 6RPLW N,QQHQ GLH 'LIIHUHQ]H@ (@VF@HQ@ GHQ
%LOG YHUQDFKO!VVLIW ZHUGHQ (VHPKQ E@IH G HQQ HRUKHHEOEHF @  %<HPL
'LVWDQ] HV VLF® rRDYGHRIM IRQWDOHU $EVWDQG ]ZLV@KhQV6$D\D\WBQ GO
]ZLVFKHQ 6FDQQHU XQG 0H® \DSXQ SIEW & RGE JZLVFKHQ 6FDQQHU XQG 0}

%LOGIO9LVXDOLVLHUXQJ GHU $EZHLFKXQJ DXVQNRH®WHYIDR) HGHYVQWO YPKMHIPR QV Z L
OHVVSXQNW 3 PLW GHP (OHYDWLRQVZLQNHDWUVWWOONXNGILQH PDijVW|EOLFKH

'HU HLJHQWOLFK OHVVSXQNW 3 ZLUG P LWDGHPYWOKHDWLR QA ZIRDN k
EHLVSLHOKDIWH %HUHFKQXQJ GHU $XOHMDNXIQRIQW H thQ7NRHD@H BYHRIQ HiL B H U
OHVVXQJ LQ NP (QWIHUQXQJ DXI HLQHW]R® U Z CPUMHAMW H RQA-HN YKV KK 2L Q G
YRQ @ 'LH SRWHQJLHOOH + KHQDEZHLFKXQJ NVDHOXR!Q@BBKQGHPLW
VLQ &® P/ P HUUHFKQHW ZHUGHQ -Q NPW ( QA H UDRK®@H U DR K
(OHYDWLRQVZLQNHO ]X s P $EZHLFKXQIXQRIRVHLG HEHW O FKKH QLAHR E H L
OLHJW IROJOLFK DXI P 'HU :LQGVEKRUWQJIV D[SRIRPWHALUGD GLI
QRUPDOHQ :LQGEHGLQJXQJHQ QDFK +DYHSU!VHQWDWHYU :HUW LV
*OHLFKXQJ HUJLEW GDV HLQH :LQG JP® FXQZ GQAHLIRKM W IR X P



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

Aald
YRQ GHU $XVJDQJVJIJHVFKZLQGLJINHLW DDELWL@H@E)Z@@AWRXJQJ NGBQ

PLWWOHUHQ :LQGJHVFKZLQGLIJNHLW EHUHFKQHW ZHUGHQ

8P GLHVH 7HLOXQVLFKHUKHLW LP 5D KPRXQD®@AL IR SIDBHPG QX NHQ®RBQ ZLUG
GLH *OHLFKXQJ YHUZHQGHW XP |%W BQHHQHZV N KKHM@H®HQ OHVVJIHU!WH
GHQ OHVVSXQNWHQ GLH *HQDXLJNHLW BRHQ $XVUZE W& XHLIQ HX KERHMWR.Q W [
+RPRJHQLW!W GHV :LQGIHOGHV LP %HUHLEGKS QMWW HYH UHX@QRYB/EOGIU VR H Q
HWZD P DQJHQRPPHQ )ROJOLFK [%KUWXMZLDNHRO® HUFKQHR LYFK ]X N
$EZHLFKXQJ LQ GHU :LQGJHVFKZLQGLJINHQIFK@EV NI QZHWRPHY YWUZL!
DXVVFKOLH{OLFK GLH 8QVLFKHUKHLW DHQW VBHIXH B R QB UDHM EGMYBWLRQV.
EHUHFKQHW 'DI%U ZLUG YRQ HLQHU 3XQX®® H¥LVK QIR OXKH B PL QIO X (
YHUQDFKO!VVLIJW 'LH DEVROXWH $EZHHNEXQLQGRINKHHIHDQ Y QBGLUIHUWHQ
+ KHs XQG GHU :LQGJHVFRZDRIGGHUH & VEHUG 1%U MHGH OHVVJHU!W :LQGWX
.RPELQDWLRQ QDFK *OHLFKXQJ EHUHFK&BWH Q GHDW JHIUKMINW CGLEG
SHIHUHQ]JHVFKZRQGLBMHISW 2 :LQG XQG GHU :LQGVFKHUXQJVLUHSRQHQW
OHVVDEZHLFKXQJHQ ZHUGHQ I1%U GLH *HUNOHNRREQQODWLRQWELQDBKHL
YHUUHFKQHW

'LVWDQ]PHVVXQJ

=XU %HVWLPPXQJ GHU 'LVWDQ] ]ZLVFKHQ! WHXMSX GNW XIQION/ EGVBH EFKQHW
ILEKWLPSXOV EHQ WLJW XP ]XU DQYLVLHUWBMQ ¥V VSR VIHWVVRIG UX WG] XL |
JHODQJHQ -Q %LOG ZLWGDRAEHRLH.$BAHE MKXQJ LQ GHU 'LVWDQ] b' G
9DVLOMHYLE 6 HUNO!WAMQ XRH) GG XDBWQH/ VLIHQ *HIJHQVW!Q
_RUUHNWXU GLHVHU $EZHLFKXQJ JHQXW]W BB WeHHQU NHO DU 18 DIW @B GR U W
HLQ )HKOHU LQ GHU 'LVWDQJ]EHVWLPPXQJUHMWXIHVUWBRGYW XZHIUGKQ .F
8QVLFKHUKHLW HUJLEW VLFK VRPLWQRXPLWHQD XA MRZIW GHWV 43610, VXQJ G
615 0DSSLQJ 9HUI@HLbHQYP LW P ODVLOMHYLE 6 'LH NRPE
BQVLFKHUKHLW ZLUG QDFK *OHLFKXQBHU @XDEK DMLH BXPIPGHGHW VRGD)
*OHLFKXQJ HUJLEW

A ¥(AEié®€aeE (WRVk_nnppé

Gleichung 3.4

6 2. 26
S@rrtl CE:rrtl ;fAE@j—'i\/%a ral

%HL GHU 'LVWDQ]PH®Y¥% QL WWEHKMW 8QVLFKHUKHLW GLH DXV GHU *HQDXI

UHVXOWLHUWY: r&ld PHUBTIt 1° 1%Qeisa04WHOOW GLH HQWVSUHFKHQGH OHVVE
LQ GHU 'LVWDQ] GDU 'LH :XU]JHO ZL UBQDXV JNHU WX BEHLH XQEQ SLFKWXQJ



7THLOXQVLFKHUKHLWHQ EHL UDGLDOHU *HVFI

JHIRJHQ GD GLH 'LDJRQDOH PDijJHEHQMLRQWG H & B8 GVIHF KRHRIEKIHILWHQ D
615 0DSSLQJ ZHUGHQ EHLGH 7HUPH TXB®WDXHUMNWH L%H I L&KUGBE :HUW
NOHLQ GDVV HU NRPSOHWW YHUQDFKO|WVEKWQZHUGHDOND @PXI 'C
*HQDXLJIJNHLW GHV 615 0ODSSHUV UHGXHE. HUW XYXRUBEDRQ GWHU ZDOI 'LJ
SHVROXWLRQ YHUZHQGHW 'LH UHVXOW L6184 QEESSHAQLY LF K HRHAWUL W VD X V
GHVKDOE GLH +]OIWH GHU $XIO,VXQJ GHV —QVANODBXFHRPYV +RIDQHUV
GDVV VLFK GDG X Qs VWRZ XDV DARAK P HUJLEW 9DVLOMHYLE )E
$XIO0O,VXQJ ZLUG PLW GHU VRIJHQDQQWXWLR®XO OH'UBIFW QGHF\ O HP5 HNVJRHX \
615 ODSSHU ZLUG GDYRQ DXVJHIJDQJHQ WD \DWGHD XN GAXHDOWNXN XQVI
EHVWLPPW %HL GLIJLWDOHQ OHVVYHUJIDW WBHFQ OQHCBW VBOXWIARM XK E U
ZHQQ GLH OHW]JWH =LIIHU GHU $XHFKWEJIIBLKGWIHW3ID SHHUP 5XQGH
=LITHU LVW GHU $XIO ,VXQJVZHUW G XK FD 02 H L JJIXWWEHFIDAHHQ 5 HDVOR/ARX W/ IL R
+RJDQ

=XU %HUHFKQXQJ GHU 8QVLFKHUKHLW ZLUNGN BQHE HV\@ DXR IR B LWR G +
YHUZHQGHW 'LH 4XDQWLIL]JLHUXQJ 8B UW7ZLEXDXEK KHU KBS WV H O

DEVROXWHQ $EZHLFKXQJ GHU :LQ @ HERKEKQEHQNHW QKWLFK YRQ ]JZHL
GHP +HOOPDQQ VFKHQ 3RWHQ]JHVHW] QUQH LBM UGPR/ D YHIDHERKAD XE H
(OHYDWLRQWZUQANHOPD[LPDOH $EZHLFKXQJ LQ GIHW + HWY )HK OM B H®KU
GLHVHU JHULQJHQ +,KHQGLIIHUHQ] Q DERWGHP] HHVOHMP| DI@WWRKHIQW N D

6B
)DNW@»E& 1X EHVWLPPW ZHUGHQ 'D EHUHLMY XM 6DAEH/RHOUDOWH X

IDVHUVWUDKO $XVULFKWXQJ LQ .DSLDAWMDRQ GH & HIQ GIHAK HRIKELW GH L
OHVVXQJ DQ DOOHQ OHVVSXQNWHQ NH LK H IGHXUNQURK HND @ QWGHUHV FIK L@ }
DXV 'LVWDQ]PHVVXQJ 1%U DOOH OHVVJHU!WQLRIGWHX Y EQ QOHX VR/P B IHQD W
EHUHFKQHW ZHUGHQ 'LH $Q]JDKO GHU WHULWMH WXQW EHIH\GHW 74-KLD0X C
HQWVFKHLGHQG 8P GLH NRPELQLHUWHVBNVRPEHQBRWILWQBQ XL B LG H
LQ *OHLFKXQJ JH]JHLJW GLH 6XPARHEEWU XD G UIDWMWHNRPELQDWLRQ
HLQH 8QVLFKHUKHBWXQRR1%U P*HU!WHNRPELQDWLRQHQ HLP® 8QVLFK

6LQJOH /LGDU OHVVXQJ

8QVLFKHUKHLWHQ GLH DXV GHU 'XUFKH%®H R QL GHWHOH\G\DXQH W WW H k
ZLH DXFK GLH $EZHLFKXQJHQ GLHHWWDBHWHOULHEHWE@WLIQG SULQ]LS
OHVVXQJ DXI $OOHUGLQJV YDULLHUW BRR &WL BRDQKDLIWG HLE K HVNN
VW!UNHU -H QDFK HLQJHVWHOOW HUVIHRW X UKL WL PGIH R QIGI 2 NKNDXWPEKR D6 H U



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

I9ROXPHQPLWWHOXQJ XQG :LQNHO JZLVFKHQVWWQIKA FKMWMX QL WG VDNIK
*HVDPWXQVLFKHUKHLW

S5HWXUQ 7LPH

'LH VRJHQDQQWH 5HWXUQ 7LPH EHVFKWPLEWUGOND OIQIHWIIBYVUWKO ]XQHG
OHVVSXQNW ]XU%FNNHKUW :LUG DQ YLHON® WHVVISHONWHF® GH PIHWHAMRU Q
APZLUG DOV )RUPHO]JHLFKHQ [%U G IKH 65HDWQX-UQQW HLLPYHD OGL H HIDOFQ QW ZLUG
(LQHQ JUR{HQ (LQIOXVV DXI| GLH 8QVL¥KH WHKWHIDWD KDW ODXW 6WBELIIRD JH (
$VSHNW %HL GHP $QIDKUHQ YRQ PHKUHUHGEHWHVIHSYX\QIM®HQW B X UsHRDGE
~QWHUWAFPIOONEHQ VLFK ]X NXUJH OHVV]HLWH ®l Q%6.F BQQHQ W H'DW! \EHHG\M B W H Y
GDVV HLQH ]X JHULQJH $Q]DKO DQ *HVFKHEQPGHEH N HILMHY PHVRAPHH'@ XHU Y F
UHSU!VHQWDWLYHQ :HUW HUJHEHQ V RROSID LK)QJO' L N PSROM ODFE G HUWIR U G H
2SWLPLHUXQJ KLQVLFKWOLAR 63WHRIZ 5 B UWAKNILQ HW PHO 6 Q-Q .DSLWH
GLH $XVZLUNXQJHQ DXI| GLH 8QVLFKHUKHLWRGLBINWYG BWSHN WD GD GIKQ®
VWDWLVWLVFKHQ $QDO\VH HLQJHKHQG E HYWW DK WHHUWR U IGHH WQDLFFKK 62/6 DVZLFDLL
ZLUG LQ GLHVHU $UEHLW QLFKW GLHNAWDRAWWILEIHGKQJ)RRROVOBXVEQVLFK
QLFKW DEHU DX| GHU 2SWLPLHUXQJ GIHW =0H\OV B BIRISOWOQMW IOMWMIWFKHQ $QD
KHUDXV]XILQGHQ ZLH YLHO =HLW ]ZLVHFKHQ@ GBIQ ORKYKQEIBQVYGIUH 8QVLFk
GHU OHVVZHUWH DQ GHQ HLQJHOQHQ 3 X QUWAMDHADL I XYV LWHFKKW \B\Y W/LHIWW X ALKHX G
OHVVGDWHQ VROO HLQH VLQQYROOH -QWHXWDWALRQHFBQXQJLQ@HDW®JV
*HVDPWXQVLFKHUKHLW HUP_,JOLFKHQ %H LU GOHWY VI3-DM HQ GLXRQ 2% M B BL FIKG B
'LQGHQHUJLH ZHUGHQ EHL GHU :HLW R U® BWLU B HOLLWXNDH OFZHHIUMH JHELOGH W
HW DO 6 (V LVW GHVKDOEOPXV® LYFKQ ®DYYHEHQ R@HU N%UJHUHQ 0
DQ HLQHP OHVVSXQNW XQG K KHUHQ 5HW®VQVRKRHVHIUHDHENGHQIND Q
4XDQWLILIJLHUW ZLUG GLH *U,iH GHUW 75H\@X Q@ LFIKRHU RH MWW B®V GHP LQ .I
YRUJHVWHOOWHQ WKHRUHWLVFKHQ $QVDW] YRQ .ULVWHQVHQ HW DO

SNNXPXODWLRQV]HLW

-Q GHP IROJHQGHQ $EVDW] LVW G H U QHP MFHK/R/HBIX NI CCHHHU 5HRE®! HRE Z RK O
5HDOLW!W PHKUHUH KLQWHUHLQDQGEWODHQIUHGBY 026VYHEHBPHUNK® HHUGH
*UXQGODJHQ 1%U GLHVH 7KHPDWLN ZXUGHQ GHMIHIONMUL HUQ .BSN® HW
$NNXPXODWLRQHM]HQWHUW GLH OHVVGDXHU DQ HLQHP 3XBWMWVHDXOWUGH P
NDQQ GLH $NNXPXODWLRQV]HLW LP %HQHHLVFWHMRDV ZAHMEHY (PSHRKOHQ
DXIJUXQG GHU (UIDVVXQJVWHFKQLN WLER\WVHQMW FRB $NRXPXBRVSKHUH ¢



7THLOXQVLFKHUKHLWHQ EHL UDGLDOHU *HVFI

$Q GLHVHU 6WHOOH ZLUG DX| GLH $QQ@RIH GLHHEXVBVPRE QKDQLKY ]ZL
OHVVUDWH $NNXPXODWLRQV]JHLW 35) XQGISIWDRAD SHR DKWISXQ KRG
VLFKWOLFK GDUJHVWHOOW

(LQ UHOHYDQWHU :HUW EHL GHU :DK OOG]KUS5 DKV VK B WHKLEW GDN BEDYQGL
6LJIQDOV EHVFKUHLEW *U\QLQJ XQG )ORWRWUYFKZDFRMG B MLINS\HJIH O

6 %HL GHU  +] OHVVUDWH VWML NR BHHOIHUMW MR G DX¥FFKHQ EH
YRQ G% VWDUN DQ %HL GHU +] OHVVKQVYW LEML GIL\D B XINHRKHQ H L
YRQ G% JU,iHU 6WDZLDUVNL HWY¥DFNVWUHXVLIQDDVGHU +] OHVVXQ
EHVVHU GD QLFKW NRUUHOLHUWHYV 5DXNGKGIG BDXVWUE WIW H LIGHVH W CBt
VWHKW 1%U HLQH JHULQJHUH 8QVLFKHENKKEPWOZWY RQM]8LW OXQ IHWHX I

'LH *U,jH GHU 8QVLFKHUKHLW XQG GLH $NNXBPRQOWILWIIRRS/AH WL RQDE |V
%HL HLQHU ODQJHQ $NNXPXODWLRQV]HLMQJHUWW X@IGH ESHQV LHKHHIK HNL
$NNXPXODWLRQV]HLW LVW GLH 8QVLFKHHUKXQW GILH VHHW ZKIUO X )V Q RK K
EDVLHUHQG DXI GHQ 8QWHUVXFKXQJHQ BYRQ 6 WMDZQ DHKE H WWRED P
HLQH  +] OHVVXQJ XQG DXI +] OHVWXQIVIWXYHOHJW 'D]ZLVFKHQ NDC
LQWHUSROLHUW ZHUGHQ VRGDVV GLH UIOHLWKKQJ $EK ! G LIHI NSHOLWL F K
$NNXPXODWLRQV]HLW Q!KHUXQJVZHLVH EHVFKUHLEW

Gleichung 3.5 (ppd;Lrrs 6 Erry

I9ROXPHQPLWWHOXQJ

~Q GHU )HUQHUIDVVXQJVWHFKQLN JESW HDW EHLHMHIGHU 8FWDIQFKIHQ K |
9ROXPHQPLWWHOXQJ (V JLEW YHUVFKLGBIBHQHR OHXE B QWLR GHQ %W HO
QLFKW IRNXVVLHUWH XQG GDPLW PHLVWHQM ®WF G DXV GH. $IXORK/QH V8 W
BHQGH XQG (PSIDQJVYROXPHQ HQWVSUHFKHQE JHDIVFKWHM DNOD 9%
=\OLQGHUGHILQLWLRQ LVW QLFKW XREHGIHEND EF |5HLE KW X® GEWR U
/'QJH EHVWHKW GLH 0,JOLFKNHLW GDVWZIG\L\HHOHEPLAWRDBDH\Y HQ@HID
3DUWLNHO QLFKW YROOVW!QGLJ HUIDN WWHHHGBE UBHMNMRLWLRQLLV'
LQVRIHUQ ZLH IROJW 'DV OHVVYROXPHQ RIDMQ@GHQ D OOWHS5GHUW R QP
~QWHQVLW!W XP GHQ %UHQQSXQNW EHN FHOWLEAEHNYEUGH®Y HQS HNW UK
%EOLFKHV 0Dj ]XU %HVWLPPXQJ HLQHU VROFKHQ *U,jH %HXWK

'LH 8QVLFKHUKHLW DXV 9ROXPHQPLWWHWOWXQGLEHUMRWY VEHDQUHD XU D C
*HVFKZLQGLIJNHLW LPPHU HLQ JHZLFKWRWROJEWAFKAFXGLLIMNN LEVHHIQ $LHQ



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

OHVVYROXPHQV LVW 6FDQQLQJ /LGDU *HLUY®H ?FNXIHDG GLMHUWGQ DKW Q'
GHP HUZDUWHWHQ OHVVSXQNW LQ GHU (Q@QHURRQE GNBGORURM TDXMFHK GLFI
EHVWLPPWHQ %HUHLFK HQWODQJ GHV IBHLQWHW UBIKQ F KGHX RQ ¥ HUQW WIL RVX IZ
GLH U%FNJHVWUHXWHQ 6LJQDOH DXV GHPUJIHY B PWGIHQ 0 H\QD\GIRIY X RH QQIG L J
YHUUHFKQHW 6WDZLDUVNL HW DEXOHQ§ LQ HLQHP7ED{VWDE GLH NOHLQ
B3UREHYROXPHQ LVW NDQQ QLFKW DNNX DD MPHWHWNHQ ZHUGH® 1HZP=XU
OHVVXQJ DWPRVSKIULVFKHU 7XUEXOHQ] ZLHMGHEHYHRUAMNIW HER SQHPRY QD
DQ QXU HLQHP 3XQNW PLVVW 0DQQ WWLBR EHL GHU /UBDU OHVVXQJ XP
YHNWRULHOOH OLWWHOXQJ LQQHUKDOE HBQEHRPHNWHLY®R OXP HHQ @ HX & G DEDHD
OLWWHOXQJ GHU PLWWOHUHQ :LQGJHVFHIN HGNHKW KR QIHID\Q JHPQ VAH B
ZHQQ GLH EHLGHQ OHWKRGHQ DOV !TXIQUDGHQW LIFGU BY YR%H B FEKHMXU D F
ZHUGHQ &OLYH 6 'LHVH +HUDMVHRWOHUQ QD ZXWIE® E PLW GHP 3
GHU —($ :LQG 7DVN DQJHI%KUWZEQG&GLMHU jHQRUGQXQJ GLHVHU 8QVL
PLW GHP 9HUK!OWQLV DXV GHQ (UJHEQLVX®® BXHUN NRPONPHK@A L MUNPH QVXAQHIO \

Z\Erv(Ez¥\fF:rv(;fF<G|z\ 7t
VFrc ) sBleyPp

C(F
Gleichung 3.6 ‘gaw ¢
I

~T-

'DV 9HUK!OWQIQP ORY GHU PLW 9ROXPHQPLWWHOXQJ EHUPHRBKHPHWHQ *HV
S5HIHUHQ]ZHUW HLQHU @XRDXMWEHVVeB®EW GLH *U jHQRUGQXQJ GHV )HKOF
9ROXPHQPLWWHOXQJ DQ 'LH *OHLFKXQU +,KHV VG IDE D'QVLIHYR QXMW DQY
ZLUG GHU 5DXKLYNBILWWAMPJH P DQJHQRPPHQ ZEUDIHQGNHIR BD XIHS*D W H
/'QJH HQWVSULFKW &OLYH 6 LWL B Vbl G7 HR. @ X@LVAKE PXUKRED VLY HLQHU
1%U GLH HLQ]XVWHOOHQGH 5DQJH *DWH DOBVROXWBHIQWERHLAKMWQJ 'LGH
'LQGJHVFKZLQGLJNHLW DXV 9ROXPHQPIWINKOW®EJPNIVQVD HUH HHQFHKZLQG
EHUHFKQHW ZHUGHQ 'DI%U ZLUG GLH UWZREOWR KOWMVFRZLGIBMNKQG YRQ
$XVJIDQJIV *HVFKZLQGLINHLW DEJH]RIJHEKWPLW HXIULBWDQWIK LJOHUXQJ C
8QVLFKHUKHLW DXV GHU S®OXPHQPLWWHOXQJ

Gleichung 3.7 Ceol GFC G FL G F G 2gap

'LQNHO JZLVFKHQ :LQGULFKWXQJ XQG /DVHUVWUDKO

/LGDU 6\WWHPH VLQG GDGXUFK OLPLW LG WLV DKW \HLLH I P L* KU W GHHQW ® D G
IDVHUVWUDKOV NHLQH GUHLGLPHQVLRGX®IK $EGCYEXEIOFDUVWD WM BKO
*HQDXVR ZLH HLQ =\NORS QLFKW GUHLGLIPHQVGREDOHWVWKGD HLIHY
GUHLGLPHQVLRQDOHQ :LQGYHNWRUV BDLWK@/XP HQQFHP /LEDHVIBUREOHP LV
XQWHU GHP 1DPHQ =\NORSHQGLOHPWDD@EHNDQ®W 6FKOLSI H



7THLOXQVLFKHUKHLWHQ EHL UDGLDOHU *HVFI

~Q 9DVLOMHYLE HW DO 6 ZGUB SEKVEULINEGWUKSRHU U]
'LQGJHVFKZLQGLJNHLW YRQ :LQGULFKWXQQJEJKW U/MRKMINW U DIX]G 5\ K
SDUWLHOOHQ $EOHLWXQJHQ GHU UDGQDGK QO HE B WH\RFKZALWANH® HE] L P
'LVWDQ] EHWUDFKWHW ZHUGHQ 'LH IRUIBGGHQ G@DNI OB H U EEXIQWHDO
HQWQRPPHQ 6LH JHLJHQ GLH SD UWRLH QB PKS$EHYDVKIRIGNZ YBRHO  $]L
XQG 'LVWDQ] LQ GHQ *OHLFKXQJHQHQ GUKQQRUPHIQDYW HLQ URW P
‘e E@RGHU E2HQWKDOWHQ ZREHL GHGLHLPKWZURKX®I 1X 1RUG XQ
'LQGULFKWXQJ GDUVWHOOW

Eeaehd>ki.?A¢0

"¢Y1i0])x R SRPRRISAY:
VIOl A9 kiEi— i g% E
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Gleichung 3.8 E 2 ta> kA? Ao
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Gleichung 3.10 o o bl e anitagl—— ——P

'LH SDUWLHOOHQ $EOHLWXQJHQ GHU 8QUOQBKHYKKEZWQGEHNHLWD G
(OHYDWLRQVZLQNHO $]LPXWZLQNHO XQEX LMUD@HIH ITHQ YXIGNWQRBQ
HLQHU 6MHOQHQQ GLH 5LFKWXQJ GHV /DVHUV PLWLGNW LP® WU IHAKINL
GHU :HUW LQ *OHLFKXQJ HLQHQ ADHRPNQH@ KBUXNMQ G LQGBGULFKWXQ.
]XHLQDQGHU ZLUG GHU 7HUP JOHLFK 1X®O QDK *@OHWUFKX@DQ] DEJO
HUUHLFKW HEHQIDOOV HLQHQ PD[LPWREDH GHYWDYHQQ BAHLEKF&HU :L
LVW -Q GHU QDFK GHP $]LPXW ZL Q NX®NS\LIRY L IHD OOBEFHKXQUW H WKQ B L |
PLW 6LQXV VHLQ OD[LPXP ZHQQ GHU :WQIKO NQE8FKIQGUDFKWXQJ r
*OHLFKXQJHQ XQG HUUHLFKHQHQKMHZGDRQWDH @WUIHGHQJIHVHW]W
]ZLVFKHQ :LQGULFKWXQJ XQG /DVHUVWVDXKIH SIUHRME NKMIVR G IHYQ: LQD |
UDGLDOHQ :LQGJHVFKZLQGLJINHLW GLOIQHKDWH Z$@\QL FKIQUBKUH.IEW WIX C
/IDVHUVWUDKO RUWKRJRQDO ]XHLQDQGH UNW\B KK HIH P L+ NORSHFE HO H @ b
SDUWLHOOH $EOHLWXQJ GHU 'LVWDQ] HDWHICFKMO N HY OIDX LR 6 H Q¥
'LQGULFKWXQJ 9DVLOMHYLE HW DO 6

'LH HUO!XWHUWH $EK!QJLIJNHLW GHU 8DRWREKKE UBNHWWRPDKQ NXQBE |4 Q
ZLUG LP 5DKPHQ GHV 0-/-$ 3URMHNWHVWLQHELQRBHDOOIRPHDRB#Q
JHKOHUIRUWSIODQ]XQJ ZLH LQ 9D QWOHIHWYAEKW W'V 0-/-$ ORGHOO
DOOHUGLQJV GLH 9HUZHQGXQJ YRQ GXFK LGB UHG6]XWHPHIL FABNO Q@G H



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

LQWHJULHUW ZHUGHQ PXVV OLW GHQ IHYQHH CBHINCHID B\ QQGRUIWKMHIQ \KFXKG
'LQGULFKWXQJVYHUWHLOXQJ NDQQ GQWIVAK AM K® X /W PARGHIXG! V) WP BV X F K\
BWHKHQ GLH :LQGULFKWXQJ XQG GHU /PNVODYBHWDKRYNORQHEHKW DRG
*HVFKZLQGLIJNHLW QLFKW JHPHVVHQ ZHUGHQLXQ®W GHH 8QVLFKHIODFKHL
,UHX]XQJVZLQNHO ZLUG GHVWR NOHLQHUWLYGHE® GHWFKIVYRQBKHNKHWWRBV)
'"LHVH $EK!QJLIJNHLW GHU 8QVLFKHUKHLWLQRQ LGHRVX.@NX QG| Z DV FHHNQV U DK (
LP 5DKPHQ GHU )HKOHUIRUWSIODQ]X®JFKMVHWD S LIW /&I OWH @E HWKW JHQDX
'LQGULFKWXQJ YRUKHUUVFKW ZLUG ]XU %EVHFKHXIQHLWGLHVEH
'LQGJHVFKZLQGLIJNHLWVYHUWHLOXQJ EHWUBGRWHWHQ 'LHNHLJINHELW HG L+
'LQGULFKWXQJHQ DQ 'LH 5LFKWXQJHQ IY:RQLOELV:LQG WLRXW XEDVNODV
HLQJHRUGQHW

8PJHEXQJVEHGLQJXQJHQ

'DV :HWWHU DOVR GHU NXUJJHLWLJH =X\0WRQMIXG HUQHOP EHW S W IURP WHR 2
EHHLQIOXVVW GLH OHVVXQJHQ E]Z GL® K9HKHEIEIFKN HILAV 5G4HUWN VIWUH X X Q J
$HURVROH EHHLQIOXVVW GLH *%WH GH X LEINHIDAD & KX\ GL G D B LAM (G MHH vH QDY R
DO —~Q ZHOFKHP 8PIDQJ HLQH 53RN 8WWHKK %6 U B\HR/OM. FMV DWW ILQGHW
WLHIK!QJHQGH :RONHQ 1HEHO XQG GLHHSBURX\ROW R'@NHRWWD WWRDQOE H
XQWHUVXFKHQ PLWWHOV 6LPXODWLRQ X5 SHHLUGHH.\Q I0HVN Q DSRSDI QY H Q Q @G %
&RORUDGR GLH 'DWHQYHUI%JEDUNHLWHHR.Q I/Q%DWW HE HQHER VBHUN R FKK X Q J
JROJH QDFK QLFKW GLH 'DWHQYHUI®KHBDVYWBUWHUYLDHEKIBQ 6IFKQHH VRZI
JHULQJH $HURVRONRQJHQWUDWLRQ L X HLRXHWH RIOWD K bl QQ$ VIDRVRVEBKH U HY4 J E D L
'DYRXVW HW DO 6 $LWNHQ HW DO 6

1DFK +HUVWHOOHUDQJDEHQ NDQQ GHU :—1'&8IPSHRMW XRMS KHRIH E K&

ELV r& XQG HLQHU /XIWIHXFKWH ]ZLREKHQHUHQXQ/BIRVSKHUH —P 5DKPH(
BQWHUVXFKXQJHQ 1%U .ODVVLILNDWLRQWHB ULE® W H Z\HRKAHIGE 16 € B § LIDLUYD R
XQWHUVXFKW )%U GHQ :-1'&8%( 9 ZXUGH (L@ OX\VHWV P D=XYR QG HMUEXOH
'LQGULFKWXQJ :LQGVFKHUXQJ 7HPSHUDWWNXUJI®DGLBOWHGHXSHWHU V X
'LQG*XDUG 6 'LH (UJHEQLVVW OHLIMQLP GDWW HSLH :LQGVFKH
7XUEXOHQIJLQWHQVLW!W XQG :LQGULFKWXQIGDROYDEKOQULH HE B b X HVQKEU
EHKDOWHQ 'HU (LQIOXVV GHU 7HPSH UDMOUW FXX I 18 U B DDH/Y/! XY L 1LV |

'LH 'XUFKI%KUXQJ HLQHU OHVVXQJ EHIQ WLHHEK!'® MG HRFRIHNEHO NDQQ H
QHJDWLYHQ (LQIOXVV DXI GLH 9HUI%JED WIQHLWQ WERHY RIHIMAGHD WMHYQ GH-D



*HVDPWXQVLFKHUKHLW EHL SHNRQVWUXNWLRC

'LQWHUPRQDWHQ WUHWHQ GLHVH :HWW & G YWHKI GBDE UV N UL W LVIFHKU | B X
HUIRUGHUOLFKH ]Z,0l PRQDWLJH OHVWRHUUHR/GKUGHBH® \GLH®E 75, VQHU
6 'LH (LQJDQJVJU,{HQ GHU .DWH 1RUKX) BPQHEDQGILEWEHVRQGHUH |
GLH 'DWHQYHUI%JEDUNHLW HLQHU OHVWXSQZPAMMJKGEDW YHROGWHEHO XC
RGHU $EZHVHQKHLW YRQ $HURVROHQ KROHEHDL B R X LI UHNIXEH VDX KGLH/ P LV
$XI GHQ EHWUDJVP!{LJHQ :HUW GHU 8QY LKKEHHEHLW ®W HHYVAIY |
YHUQDFKO!VVLIJHQGHQ (LQIOXVV 'D GHUGHWN ¥HGWHFPAXYQFUEHUWK RU L
'LQGJHVFKZLQGLIJNHLW XQG GHUHQ GRV L(EIQHOXWV V& DU PWHEXKQGVEHG
LQ GLHVHP 8QWHUNDSLWHO HUZ!@QW QQEK\VP ZHWW BB KW HWM U

9HUVDJHQ GHV (TXLSPHQWYV

%HL GHU $QZHQGXQJ GHU /LGDU *HU!W H DN ®ZIH/H 6 RGRBDERIWADUH
DXIWUHWHQ 'LH XQYROOVW!QGLJHQ OHYVVGRWHIO \ELOIHIH OXYQ Hlt
'DWHQEDVLVY VRGDVV GLH NRPSOHWWH 0HYW\KQIHDIH G WO KRIOW -THU B
XQG DNWXHOOH 9HUVLRQHQ GHU *HU!WH PKWGL 1LH ORW DRV WH I PHQ YH Q ¢
UHLEXQJVORVH 'XUFKI%KUXQJ GHU OHVO/OWH $QZGK®WHAH 6\EHQ O B DARV
OHVVXQJ YHUDQWZRUWOLFKH 3HUVRQ VLFK*RUWVHNUIXWK Q& VANRH YZB Q!
VRGDVV GHU )DNWRU OHQVFK GLH )XQNWLRQ KGHYN W X LSP IEGW V3 QD
EHHLQIOXVVHQ GLHVH $VSHNWH DOV ZL'MKWHQWH IGLUEQ@IMIRL YWH @ HEUL H
BUVDFKHQ VLQG X D 6WURPDXVIDOODXQ G J) KWVHAH GXWHK +MQGIKH V H U
GHU )RNXV MHGRFK DXI| GHU (UPLWWO®QUF&HU KEHWUBHY PGHUHQQS JH"
NHLWVPHVVXQJ XQG QLFKW DX| GHU 'ZWH® YG-DM %9 HEUDADN HIQWG HMIVKEH X L S
GLHVHU $UEHLW QLFKW ZHLWHU EH UBQR\PWLHFE WGE.D WV )GHRAQ 81 UALRIGED D QLI
JHVFKXOW LVW XQG GLH ,UWOLFKHQ *HKBE@BERNHWVE@ QHLDIHU GIHPF N
BWURPYHUVRUJXQJ HLQH YROOVW!QGLJH OHVVXQJ HUP,JOLFKHQ

32 *(6$07816-&+(5+(-7 % (- 5(.216758.7-21 '(6 2561'9(.7

'LH %HUHFKQXQJ GHU *HVDPWXQVLFKHUKHLWHEHIZHGIBUPHEANRRY IVQ
'LQGYHNWRUV DXIJUXQG GHU 9HUZHQ GX\QHPN LRHNG O OOV X WLHBLDW 6 M U
ZLUG DXV GHQ JHPHVVHQHQ UDGLDOHQH UHHWF K BIUQ\S HJ NHHIIPW WOV HPOW |
.DSLWHO JHKW HV XP GLH 9RUYV WHIOMK@ J GALHHUDTHL B X Q V IGALKIHINW H
OXOWL /LGDU 9HUIDKUHQ ]X EHWUDFKWHRQVEBG 0% MV GIHUH.@ MELQ PH U
*HU!WHQ KDEHQ GLH LQ .DSLWHO KHMKE XWHHQU WRIRL WHHDOIB@LEQGLUF
DXl GLH *HVDPWXQVLFKHUKHLW GHV :LQGYWNWRUQH %HRPELGILOM



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

$XVULFKWXQJVXQVLFKHUKHLW EHUHFK QW) JAHKQG/MH B K HBDK KBILW - BIXNGUHLVF KH L ¢
*HU!WHV ]XU *HVDPWXQVLFKHUKHLW EHLWUGDW 7RNP.DSHWEBUIRUW %IIDD®
XQG GHQ LQGLUHNWHQ (LQIOXVV DXI| YRILH GHWD FDXX Q BIHRK HBLIQHOW /L C
8QVLFKHUKHLWHQ HQWVWHKW

OXOWL /LGDU OHVVXQJ

'"HU .DWHJRULH OXOWL /LGDU OHVVXQJ KHLOWHD GXHLR UIBIQONQ VAHKGWQ |
8QVLFKHUKHLWVEHLWU!JH HQWVWHKHQ DXV *&8H W EH WXDWNAXQS PWH K UH Q
(LQIOXVV DXI GLH *HVDPWXQVLFKH UK HQLW KIDENHHO GE®HE W L DOAHHI MWMHXDX OH Q V
U!XPOLFKH XQG JHLWOLFKH 6\QFKURGQVUDWHRQRGHLEYROMWHQLHUWHQ I3
8QVLFKHUKHLW LVW LQ GLHVHP .D SIDKIO® @ZHF KW H YFROQ Bk QGG OWIDLGIGRUWH Q
XQG /DJH GHU OHVVSXQNWH DEK!QJLJ VL@IGHVHH ZXDQWQWLEKKHXKQHLWHQ
YRQ EHLVSLHOKDIWHQ *HU!WHVWDQGRUW HQ XRS5 30 MAK\RSX 6 N WLHQWV HXUQ B QZIIW
.DSLWHO Q!KHU HUO!XWHUW

LUHXIXQJIJVZLQNHO GHU /IDVHUVWUDKOHQ

'"HU :LQNHO LQ GHP VLFK GLH /DVHUV@DDKBHQNMRQN P H KX UHY HBHHL Q10 X V
8QVLFKHUKHLW GHV (UJHEQLVVHV PD{JHEB®LFWQLNB!{IHK@BY LRQVWZHQ Q
IDVHUVWUDKOHQ LQ HWZD HLQHQ rQLQAMH® |XHHLODW) GHUNKDEEHL XQJHI! I
HQWVWHKHQ JURjH )HKOHU -!JHU HW D®HQ $EELIOH X@DHKQV WHIKH® Gl
8QVLFKHUKHLWVYHUWHLOXQJ GHU .UHXYRQJYZHQNH®@ |&UH G HIX I Y@ H O
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/ILGDU *HU|WHQ

%LOG8QVLFKHUKHLW DXV .UHX]XQJVZLQNHO DH LGHLU | I/\HHU \OL QDK O HEQVPIZWDJUVNL H
6 XQG GUHL *HU!WHQ UHFKWV -!'JHU HW DO



*HVDPWXQVLFKHUKHLW EHL SHNRQVWUXNWLRC

~Q GHU OLQNHQ $EELOGXQJ YRQ %H®GIHKQNWY B X I (G, HHUEGBEHYPD 8 W R U
DEK!QJLJ YRP .UHX]XQJVZLQNHO GHU /D@8 HWW 6IWOXIH Q UB/ND EH WE D O
/LGDU *HU!WH VLQG DQ GHQ 3RVLWLRWHQOW -¥XQIGHOOHW KL W HUHLF
GHVWR NOHLQHU LVW GHU )HKOHU XQG GHVR@ I3Q\GMLQ HWH Z N A0 L
$QZHQGXQJVIDOO 'XQNOHUH %HUHL PRHQLWRIK HID JIRJ; HH IBQN LYAHKUHU K H L \
GHU OHVVZHUWH -VW HLQ %HUHLFK VARPXNIWR U \VGR G WY HWID BHUN GMIU H!
~Q GHU UHFKWHQ *UDSKLN VL@QGVGH H IO/ HIR WIEQ B X6QNVQEQ JHNH Q
$EELOGXQJ JHLJW GHQ IHKOHUYHUJHU HHYBK K HDWRR U DPX | HL @®LOG
UHFKWHQ 6HLWH VWHKHQ KHOOHUH %HDXVF&HPI¥%UHXUXQHWHE L RHKHID
IDVHUVWUDKOHQ -!JHU HW DO LLGIHOH YN B B H @G XIQDEHR)QEMH K U H U H
HLQH YHUJOHLFKVZHLVH KRKH 6LFKHU¥RANYXI¥RYVHQVWG /DU DGH U]XJ
_.UHX]XQJVZLQNHO YRQ r EHL GUHL ©UJ\WH QFHKHIUWH U UHHIQF KW XU H X]X
YHUPLHGHQ ZLUG (V ZLUG GHXWOLBK HGDVNL GALHHK UHX] R QFHMZIWHQ X
8QVLFKHUKHLWHQ 1%KUHQ -QQHUKDOE GHW 3BQWKLER HMIKHISW HDX\Z
_UHX]XQJVZLQNHO GHU /DVHUVWUDK GHQ GHKEK UHRQ M IDHDWA X.GW EHU
'LHVH )RUPHOQ ZXUGHQ LP 5DKPHQ H L QMW D\WY GHWHAQ BENOKO XV IS LH 7
JHKOHUIRUWSIODQ]XQJ ZLUG ZHLWHWLREKWHQBI HQ .DSLWHO

5] XPOLFKH 6\QFKURQLVDWLRQ GHU *HU|WH

'LH LQ .DSLWHO EHVFKULHEHQH 9RO BB QPKMWWWHIQ X & J EW U LOMW VG
HLQHP /LGDU *HU!W DXI :HUGHQ GLH QO®IGINHLMMQLOBRHWEKDL *HU!WH
NRPELQLHUW HQWVWHKW GDUDXV HLQH FEWIOFKH QKHKUWQDXNVW GRIQ
OHVVJHU!WH 'HU HUZDUWHWH OHVVSXQN WKL W H & VDOHUH W HPUNWHY GCHA
QLFKW QXU DQ GLHVHP 3XQNW VRQGH U8 VK WH®W NGILLHV WDEH.D GH. H
5DQJH *DWH /!QJH 'D VLFK GLHVHU %HUWWRK KKOQ/W ORQE UG HWHAMD V|
3UREHYROXPLQD DXIJUXQG XQWHUVFKLHGOVHUVIN $HKOHBOK\@XBDKWQ L
~QVEHVRQGHUH EHL VWDUNHQ *HO!QGHQWHIXQ:JIHXG VRE&HUX®XVNHSG
8QVLFKHUKHLWHQ LQ GLH OHVVXQJ NRPRKHQQGDJINHEK GO A @ EBBWHO C
XQG GLH OHVVYROXPLQD PHKUHUHU 6FDRQHQ] 3K QWRPKHGIE HEHL Q7KDL
N,QQWHQ 6WDZLDUVNL HW DO 6

1DFK 6WDZLDUVNL HW DO 6 HVH VW8 @H.F K Q KBIX W EGHIL KRKHC
$X10,VXQJHQ VHKU JURj :HQQ GDV =H LDMLGHWHGLYQDG OB AU DHYXX QYW
GLH 8QVLFKHUKHLWHQ DXI $XFK ZHQQ GLHAKW X ROLIEGHPOY WWHIGD W L V|



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

LQ GHU *HVFKZLQGLIJNHLWVPHVVXQJ I%KUMK GRHZHPSIKQ JGHURQ RTKK BXXO H G
NOHLQHU $XVGHKQXQJ UHDOH :HUWH XQWHUVE&K!W]W DEMDEWDD®NL HW D

'LH %HUHFKQXQJ GHU *U_,{H GHU 8QVLBKRHKHLGHB LMD GLHDWIQQ ' QJH QD
6WDZLDUVNL HW DO 6 1B LDVE V] R OKMAOHDQV O M VAMUIRE ZHLFKXQJHQ  $E
YRQ GHU JHZ!KOWHQ 5DQJH *DWH /!QJHRGRHY PP OPHJWPGLH )HKOHUJU
]JZLVFKHQ & »QG &P 6WDZLDUVNL HW DO 6 "HBKHHKOHU DX
6\QFKURQLVDWLRQ LVW EHL GHU 9HUZHQGXRHOM®QUGUHL DBV VEHQ &H
9HUZHQGXQJ YRQ ]ZHL *HU!WHQ GD GLHNHBY\XQVRIODXVPE QL GHRK VW 3JWKRQ
ZLUG GLHVH 7HLOXQVLFKHUKHLW L Q/QRIZIRKNW GE HU &HWWD E K WILFIKX QG DD X V
9ROXPHQPLWWHOXQJ VRZLH GLH .UHX]XQQVZIQQNGH® HHHKIO HIDVRIWW B/ IDDKX]
HLQJHKHQ

=HLWOLFKH 6\QFKURQLVDWLRQ GHU *HU|WH

/IDXW 6WDZLDUVNL HW DO 6 U JHLQ/® L) HKIO® W LDAKW HOK QJ PHKUHUF
GDGXUFK GHILQLHUW GDVV OHVVGDWH® IQQWKWY /0 GROO/H UOHEFKHGHD J
=HLWUDXP HLQHU 'DWHQDEIUDJH YRUKDQGHKQAQVHQG ZHUIBWI) EHLV IVEEHKL
NUHX]HQGHQ /DVHUVWUDKOHQ ZH QDWW & HILHADHMWD WY DMDHD QB BUHOHV VX QJ LV

-Q 9DVLOMHYLE 6 ZHUGHRHEQ G WFK UR Q LMOLWICRE PHKUHUHU 6
EHVFKULHEHQ 4XDU]JRV]LOODWRUHQ WV \QXGQIF:YHHIID@RHNE B MAVOH EK L VWHR) H U V\
HPSILHKOW GHQ YHUZHQGHWHQ 4XDU]RV]IMDODMGHNVBRYV]XWQ RV FKIHQ
WHPSHUDWXUJHUHJHOWH 9DULDQWH JHQUHMB]WE HAH WGGHHQ 9HHEZH QGW B U V¥R
EHKHL]WHQ XQG XQEHKHL]WHQ 4XDU]JRVIQ@BDMERUHQ ZXQ\VBH UV RXQFOW VL |
4XDUJRV]LOODWRU KDW HLQH )UHTXHORPRRINHILAY XRQ@ BLQBDUWYV SHU F
330 'LH $EZHLFKXQJ QDFK ]ZHL 6WX®P GHFOQ QNRHIOWEG K LHUWAHFREXQJ GLH
=HLWEHUHFKQHUV EHWU!JW ELV ]X s Q EPHKHIL]JWGH K LAXHUIIRY HDODWRU P
*HQDXLIJNHLW EHVVHU DOV 330 YHUZHOQGKWQ Y R EMKVH LW G L HVIEY: QG L
OHVVXQJ QXU PV 'HU ]JZHLWH $QVDW] EBHMMKUBLEWGBLOV 0YJBHE KH L G
ODVWHUFRPSXWHU ]X VV\QFKURQLVLHUKQ6WIDAMIDOMWHY.LEHW DO $XF 6
HPSIHKOHQ HLQH 6\QFKURQLVDWLRQ GH RGOS WRI PLRPWH QW GRIQHW DR Q Wi
5HPRWH 2SHUDWLRQ 6WDWLRQ 526 O!XIWXQITHQW XN, piQBE QIHUHQHZHU
EHVFKU!QNW ZHUGHQ :LUG GHU IHVWIGIGXIUWHK (RKW]HUW HIWKXH UNOQJ GHU
DXl QX0OO ]XU%FNJHEUDFKW ZHUGHQ O9DVLOMHYLE 6



*HVDPWXQVLFKHUKHLW EHL SHNRQVWUXNWLRC

'LH REHQ EHUHLWV DQJHI%KUW LVWG6GRRK YHRIQQN D WLR/Q ] BDW R LAW B DL

6 JHULQJ ZHQQ GDV =HLWDRQWHKYYBHQBOKEGIEG DY LVW 'LH
DXV JHLWOLFKHU 6\QFKURQLVDWLRQ VV]\W QMU DEOHHY 9. RIQPZWHLOREXADS UHRLIQ 1D
526 YHUQDFKO!VVLJEDU 6WDZLDUVNL HW DO 6

JHKOHUIRUWSIODQ]XQJ

%HL GHU JHKOHUIRUWSIODQ]XQJ KDQGHILW HO VLFHKUNIOLW\EHQHEWW KO
7HLOXQVLFKHUKHLW :HQQ HLQH OHVVJU VR @AWKY XV DWW HH R 8 VOHP]
*U iHQ DEJHOHLWHW ZLUG P%VVHQ GLH DKPWRQWLRXHW KHLXYM BK |
JHKOHUIRUWSIODQ]XQJ EHWUDFKWHW ZXIUB HAK UWH Q G QB BEWHDK HL W b
OHVVXQJ PLW HLQHP *HU!W P%VVHQ EHLUGHU 9 H UZH GIQXN\QISPHEKHQG N
ZHUGHQ 6WDZLDUVNL HW DO 6

%LVKHU EH]JLHKHQ VLFK XPIDQJUHLFKH HRGHID OVIXRWK BV HFK X KH LW
/LGDU :LQGPHVVXQJHQ QXU DXI ]ZHL *HU!W H D&W O KIHDYU ¥ NH WH W OD O
XQG %URRPYV KDEHQ ]ZDU )RUPHWS IO [XIQH HKOBUHU*HU!WHQ
'LHVH EHUHFKQHQ DOOHUGLQJV HEH QYHB O @V NILLGIHER MLF& HMAHLAN GBGHL |
0-/-$ BURMHNW GHQ )RNXV DX| GLH KR UNHRQWDDHN : LIQGN HIAF KIZLLRKGAL )
$QVDW] YRQ +ROWRP XQG %URRPV ]X YHUYXMQGH® 9 DY LEMWIHALLIEU W ML O+
PRGHOOEHJUHQ]JHQGH $QQDKPH YRQ JHUGQJNRLWHQUWXRBOJINDH
(OHYDWLRQVZLQNHOQ JHWURIIHQ $XFK IGL BV 9H UHSLBU B MEXNQVY H QE WP
GHV 0-/-$ 3URMHNWHY VWHOOW VLFK DRB EHG LGHY KV IHQGRKKQ GHHQE
/LGDU *HU!WHV GLH *HVDPWXQVLFKHUKHKWULHR @GHDOKHBV:WQBRKY F KZH
YHUULQJHUW ZHUGHQ NDQQ +LHUI%UZBURMANWKIHIL GHDWOIJHPHLQJ
QDFK JDX{VFKHU JHKOHUIRUWSIODQ]XQJ HQWZLFNHOW

=XU ~-PSOHPHQWLHUXQJ GHU )HKOHUGRHWISUO'DS PRPDIEHGWQ RIQPHO Q
GLH LP 5DKPHQ HLQHU DQGHUHQ $EVFRO&N @ DWEHL W- @& GG B IVAHN HROUWP H.C
8QVLFKHUKHLW DXV GHU UDGLDOHQ :LQ@®LNW FKLZQ QRS LXIHUH MW VR IQV V(E
EHHLQIOXVVHQ GLH 8QVLFKHUKHLW DXV GHPWX QN K@ GZADAFHKB\OW: U QGO
_.UHX]XQJVZLQNHO GHU /DVHUVWUDKOHGQ GBDW] WU HIQD@IQW HIQH $K/IS HBIG
EHUHLWV LQ GHQ 8QWHUNDSLWHOQWLHUWXQIGH =XRUGDWXIQJ ]X GHQ

6LQJOH /LGDU OHVVXQJ XQG OXOWL /LGNS OKQV)XCQHYMW DKL GH® $8Q VL
IXU%FN]XI%KUHQ (EHQVR ZLH EHLVS LD \DDHL \GHH G 19 G RR/H B R H WKHH O X
8QVLFKHUKHLW :LQNHO JZLVFKHQ :L@&O0LRAKMGHP] KIQE HD QHQVAVAW ! W ]



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

ZHUGHQ 'HU .UHX]IXQJVZLQNHO ]1ZLVFKH®DWWHYHKW HUYVWEKD KOHQIHUZHQ
PHKUHUHU /LGDU *HU|WH -Q GHP 8QVLBKHUKHOQWYRPRGHGDHVHWG]ZH
THLOXQVLFKHUKHLWHQ LP 5DKPHQ G AW PHFKOHHIWRUWSIODQ]IXQJ EH

33 816-&+(5+(-76(50-77/81*

=XU (UPLWWOXQJ HLQHU *HVDPWXQVLFEBIWKHQ &P HMX QGIH P %0MNOMDL G.L
7HLOXQVLFKHUKHLWHQ DXV GHQ .DSIGNHEA LW \5DHRWDAH HHYEKZLSHNRQV W
GHV ]ZHLGLPHQVLRQDOHQ :LQGYHNWRUV EHWUDFKWHW ZHUGHQ

-VKLNDZD 'LDJUDPPH DXFK 8UVDFKH LUDQQW 'VDQWBD HAAKQ HHHIQJOLFKNF
OHVVXQVLFKHUKHLWHQ % EHUVLFKWOLFK%GDW] XV W]HQ OW QG LH FsNWHJ X & W X U
'LDJUDPPH VRZLH GHUHQ *UXQGEHVWDQGWHLOH

EingangsgroRe X,

%
%
EingangsgroRe X, %
%

Ausgangsgrofe / N4

Messgrifse '\ V\ Schétzwert
Y > Y

. _@N“ EingangsgroRe X4 A
7 g
{3’@% EingangsgroRe X, @Qoo

%LOG-VKLNDZD 'LDJUDPP DOOJHPHLQ

9RQ GHU $XVJID@INDUQH XUFK GHQ (LQIOXVV G HELNLIQUQ GFKI W [iZHU W
HUPLWWHOW ZHUGHQ 'XUFK GHQ 9HUJGHLFKVIDPRQVIEKHVIRBQW BQH
OHVVDEZHLFKXQJ EHVWLPPW ZHUGHQ 'LH $XWID®LQHU |0 HNQWYS UGH KW
OHVVJU,iH DOVR GLHMHQLJH SK\VLNBBQHVEKHVHNQ JHH GALHN@MHORK ZHUGHQ
GHQ KRULJRQWDOHQ 3IHLOHQ VLQG GUH QL QUH\OH VZHU GHED XX B K WAHL W U ! J |
8QVLFKHUKHLW JHQDQQW -HGH (LQJDQH JX JHiR W8 QH WL QHHO FBW HDRU LG |
GLDJRQDOHQ 3IHLOHQ VWHKW X Q GHZIMUIHEQ GTXXDFKWAH L LMWL FQH UKW SULQ]L
PHKUHUH $XVJDQJVJU,{HQ ]XVDPPHQ LQ XISQKHLPH Q@ DIXD PO DEHXWOLFKXQJ
VLFK GLH *HVDPWXQVLFKHUKHLW EHL 0X®3WLGHQ DUH LLAYGPH\PK¥QKHL W H ¢
L OHVVXQJ GHU UDGLDOHQ *HVFKZL®XEWINRHL &HVQ:E QIGLY HNW R QV WXV D P P H ¢
ZXUGHQ ]ZHL 'LDJUDPPH YHUZHQGHW

‘DV HUVWH -VKLNDZD 'LDJUDPP LQ %LBGKHLMWHOWD & VHGHHL OKQWXR®K GHU U
*HVFKZLQGLJIJNHLW 'LH $&XMVMVIWQUYJIGLHYHP )DOO GLH UDGLDOH :LQGJHVF



8QVLFKHUKHLWVHUPLW

(LQIJDQJVJIU,FH® VLQG GLH %HLWU!JH ]XU 8QVLFKHUKHLWWBIOH W H
3IHLOHQ XQG VLQG GHQ .DWHJRULHQ OHOWIHGDW O08PINHEX QD WEH G H QI
9HUVDJHQ GHV (TXLSPHQWV DX| GHQ ®IUIBNQRMW O HXQ BKHG OH @b HW H D F K
(LQIOXVVHV GHU 7HLOXQVLFKHUKHDLNWHR® NMHYUQ $ M VQ DEFIE/HAU] ZUHIGA. D O H ¢
'LQGJHVFKZLQGLIJNHLW EHVWLPPW ZHUGHQ

. . &
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%LOG-VKLNDZD 'LDJUDPP - 8QVLFKHUKHLWOEKL: (QBELNWOKALD G HUNHDWL D

'LH (LQJDQJVJU,iHQ GIaHVDYWHHRWMWHKHQ DXV WHFKQLVFKHQ *UHQI]H
GHU .DWHIRUIOH /LGDU HMVXHQ 7HLOXQVLFKHUKHLWHQ EHWUDFKWHYV
GHV /LGDU *HU!WHV XQG GHU .DPSDJQHQGBQ GRAH HMHIVE DG NVY K QHH Q
IDVVHQ RUWV XQG JHLWVSHJLILVFKH $VSHNWHK VXY@ PGHYV (ITK L HRHY
K!QJW KDXSWV!FKOLFK YRQ GHU 4XDGLGHW &NWHBRHUDEWUXNWXU XQ

'‘DV ]ZHLWH —-VKLNDZD 'LDJUDPP LQ %IFEKGUKHHWHY) GXN GHWERYRNRQVW
]JZHLGLPHQVLRQDOHQ :LQGYHNWRUYLVMH LEX\GIDHYHRUY[QEBO GHU ]J]ZHLG
'LQGYHNWRU

Kreuzungswinkel der Laser @%
A

Raumliche Synchronisation
der Gerate %

Zeitliche Synchronisation

der Gerate
Y y
AusgangsgréfSe FeRlcHiaripilanzuns Schdétzwert 2D
2D Windvektor Windvektor
%LOG-VKLNDZD 'LDJUDPP ——- 8QVLFKHUKHLW EHD GHHNINHNROQ B WWHKKNWLRQ GH\

JHKOHUIRUWSIODQ]XQJ



8QVLFKHUKHLWHQ EHL OXOWL /LGDU :LQGPHVVXQJHQ

8P GHQ 6FK!W]JEGHUWLQGYHNWRUV ]X HUKDOWHQ PXVVVWHE HDX\GKEE WHLO »
.DWHJRIXNGWL /LGDU OMVYWX®QVLFKHUKHLW DXV GHP -VKLNDZD 'LDJUDPP
ZHUGHQ 'DV LVW GDUDXI [XU%FN]XI%HKUHRG GV & Qs JHPHRVALHG LINHLW
_.DSLWHO HUO!XWHUW GLH %DVLV GHRHRNWNRQUD®WH®NWQ R @ HONWR UAH EC
'"HU (LQIOXVV GLHVHU .RPSRQHQWHQ LVQW ONQ GHIPL O HFFIKW HEQH WG L9BDH RH L F K
BQVLFKHUKHLW DXV %HVWLPPXQJ GHU UDGHIN®WHQQGEQJIHPFKIZHREQ HLQH L
JHKOHUIRUWSIODQ]XQJ ZHUGHQ GLHVH $6/KH W\ZH B WWAHMW KZHH\G DPRI® \GLHRR
'LQGYHNWRUV NDQQ HUPLWWHOW ZHUGRQP L'WHGHPV 6 B AW]ZAFKXND 1 N DE U JO
]XU $XVJIDQJVJIU,iH DEJHOHLWHW ZHUG H(H V$ XAH GG PP HRKY WR RIDOW Q :LQG Y H |
ZLUG GLH KRUL]JRQWDOH :LQGJHVFKZLI GILLIHN H UWQISEIBIHH LIWH \G L H HOHKW L |
YRQ :LQGSRWHQJLDO XQG (QHUJLHHUWUDJVEHUBEKQEAU BRWEHAKH UKLV
HLQVFK!W]XQJ VWHKHQ VRPLW :HUWH GHU HEVRDYWHL OHWWDXEZIH IGHIX
KRULIRQWDOHQ :LQGJHVFKZLQGLJINHLWV]X®JI8QWW FKRIRJIKM LML\DH Z QKW L J H L
]XU 9DOLGLHUXQJ GHU OHVVHUJHEQLVVH

OLW GHQ ]ZHL —-VKLNDZD 'LDJUDPPHQ Nil0® N® GXMWXQUBQW GWUJHVWHOC
'"LH *U,jH GHV (LQIOXVVHV HLQ]HOQHU (IGQI® QUINIWDAFH QZLLDGOBXGLQIV Q
HUVLFKWOLFK 'LH *HVDPWXQVLFKHUKHVSBLHBUNBIQ® NPR@N HHQHR $ O OROWELH,
EHVWLPPW ZHUGHQ 'LHVHU EH]LHKW GLH LRGDXWP *HHIL WSHVHDIZ G R UM 1D ¥\ \&
.UHX]XQJVZLQNHOQ GHU /DVHUVWUDKOHHFKQBE 8QMLFKKILUNTCHDN ' [ B JEHW P
JHEHQ VRPLW HLQHQ YEHUEOLFN % BHWU 8@V FKGIUKGIWWVE HUHFKQXQJ 'LH
]XU 4XDQWLIL]JLHUXQJ VLQG EHUHLWV'LID -CALSIO/HPH.@\8 L WH1OQH WLIR BIWKRQ Z
.DSLWHO YRUJHVWHOOW XQG GLVNXWLHUW



9HUZHQGXQJ YRQ 3\WKF

816—&+(5+(-76%(5(&+181* -1 3<7+21

~Q GLHVHP .DSLWHO JHKW HV XP GLHO#»PBHQWILIHUXUIX@H X QG ~PSLWHO
8QVLFKHUKHLWHQ $XFK ZHQQ GLH 7 H LDMXEM\GLLFKIHKKIHIQVBIQV8E BIR E. DG L V
XQG 9HUVDJHQ GHV (TXLSPHQWYV DXV .B®IRPHOEHLWLQLGKMNVHRPUWLE!
ZHUGHQ VROO PLW GHQ UHVWOLFKHQ |DVNYHREH J G HMQY DHAKQKXQX
*HVDPWXQVLFKHUKHLW P,JOLFK VHLQ HEKRQQX QKB & U NHY B WW XQ Vo AKH |
GHP 0XOWL /LGDU 9HUIDKUHQ ZLUG QGQHHS$QFK EW b MNMXW EHHDWMMKHRR OV
YRQ OHVVNDPSDJQHQ LQWHJULHUW 'HUO)LRIN XV QLG FGW HDAH PG.HDS L(W & X
3URJUDPPFRGHV RGHU GHP $XIEDX GHV NRP QW WHR®D TR® O&/D VK DX
8QVLFKHUKHLWVHLQVFK!W]XQJ HUIRUGHUWG ERKN V6] HDPWIHRY W8 G OG\W H |
.DSLWHO XQG JHEHQ HLQ 7E HWQEBXFN BREHB\WKR@HEWBZ GHU —PSOF
GHV B8QVLFKHUKHLWVPRGHOOV XQG EHVFKUHIGEHHRQ 96RAKIBHKW\DH O/ M
~PSOHPHQWLHUXQJ -Q .DSLWHO &HW BEQLEKH YK Bt B\ FK!W]XQ
8P HLQ VLQQYROOHYV ORGHOO ]XU 8QVHEKMHHLMY EHNBGE K Q XORIG KO O
JHWURIIHQ 'LH *UHQ]HQ GHV ORGHOGM) &IHUJ G HRX L&D DBAWHOJHEGLVN
6NULSW GDV GLH %HUHFKQXQJ GHU *HYDWPEG XGQWIVAKH $K i HWYWH @ R/ QO
GLJLWDOH $QODJH EHLJHI%JIW

41 9(5:(1'81* 921 3<7+21

'LH 8QVLFKHUKHLWVHLQVFK!W]XQJ ZLWGKRQ G P SOG-NUHGWIMEWMD F KLHH 31 Q
EHUHLWYV HUZ!KQW ZLUG GLH 8QVLFK HHIKWH WX ® L GN.FKL W [EXHU HD @\ (B
7RROV YRP )UDXQKRIHU —(( HQWZLFNHOW LEXK]PHWUWLH UBQ3BUNRAM Q3!
DUEHLWHQ ZLUG *LWODE DOV 9HUVLRQVVYRUXBQWGEBP 88 WHUDGHKW
“HW%UDLQV LVW GLH YHUZHQGHWH (Q WZLFN @ R Q J3E&KIHEPX DV W( L@DIR/U
&RQWURO 6\WWHP 9&6 LQ GLHVHU (QW ZLGFW B XQLUNXWIHEX QJ EHUHLW)\

(V IROJW HLQ NXU]JHU YEHUEOLFN BEHHQGHWHQ G RBMEIRHEXDWVHYQ WK !0 W
7RROV GLH LQ 9HUELQGXQJ PLW GHP —QVEHH &/WRWDBIU; N WGEHM © X IV 10 RX
8PJHEXQJVNRPSRQHQWHQ ZLH ] % GLH .RPPD&FGRIHQOM T7RERPV G
BWDQGDUGELEOLRWKHN YRQ & 1%U GL H [SRUAHIQGHXY BOEBKRIER @ 0 X

1HEHQ GHU =DKO 3L GLH GDGXUFKHMGIHQEBEDNWIZRQEBQZHRNG VLQ DV
UDGLDQV XQG GHJUHHV LPRUWLHUW Q/GI®&{ QW H YR  LIQGNIHAQG ZH \BPKZHDQ ¥
XQG *UDG YRUJHVHKHQ /XW]P3\LV8 HLQ $NURQ\P 1%U 1XPHULVFKHYV :
%LEOLRWKHN XPIDVVW YHUVFKLHGHQH 'DWHRGHU\SHK B Q4aGH PXHE KW K R Qi



8QVLFKHUKHLWVEHUHFKQXQJ LQ 3\WKRQ

GHP3DQGDRGXO N, QQHQ 7DEHOOHQGDWHQ HLQIBREK Y HIUUHD WEHWIZ\MBWXDHU G
GLHVHV ORGXOV LVW 1%U GLH YLH OV RKIFARKKHWIKHL % HALIFKYROD) GHUESQ P $U
7DEHOOHQGDWHQ =ZLVFKHQHUJHEQLVVEH®%EHQV L'BKWOIRGKMRIRMH VW H O O
~WHUDWRUHQ HUJHXJHQ XQG EHDUEHLWR Q*UX@KLQXUX 0V WHD OXXQVY &R
_RPELQDWLRQHQ YHUVFKLHGHQHU 6WBQRRDWHH JMBIQQQ HW UWRHUDSKLYV
7UDQVIRUPDWLRQHQ GXUFKI%KUHQ 6R NJQUREB MY HILWQH®RXYGGE QD WHQ V\\
PLW GHU (LQKHLW OHWHU %EHUVHW]|WKAHWGHBU HFEKQXIQH FZOWIGHKY ]ZHL Z
EHUHLWV EHVWHKHQGH (OHPHQWH YHUZRQB U W ((GH.GIWEAH LFONHH & W PZ }XUUDGHR
KDQGHOW HV VLFK XPHROLCHXQGDGVH )XGBOWERQDWHBOKRBD GLOINW U
~PSOHPHQWLHUX®HRDIDBED&VH ]XP $EOHVHQ YRQ + ,KHQLQIRUPDWLRQHQ T
YHUZHQGHW GDWFEEDWHBQOXRBWORQHM QQHQ GXUFK (LQJDEH YRQ OH
VWDQGRUWHQ XQG OHVVSXQNWHQ GLH $]LBXM ' VOV QQ H @ D WIL\WRFIVZQ ENMHL.G
3XQNWHQ EHUHFKQHW ZHUGHQ 'LHVH -QI|RUPPIOMIPRHEODML HUXIDG WA LGH
7HLOXQVLFKHUKHLWHQ HUIRUGHUOLFK

42 -03/(0(17-(581*

'LH *HQDXLJNHLW GHU (UPLWWOXQJ KU XRIINRDW ZOHG LIQQIBUBINF 6NULS)
GHU 7THLOXQVLFKHUKHLWHQ LQ DEVRO®WEHHQY HFKWHY LEQE HIUKHQHKHILW H Q
GHQ OHVVXQJHQ PLW ]ZHL *HU!WHQ KH& ¥ Q HIHKHRQ 3 \K\DKAR Q@ DARIFOOM AIYW GHP 1
<$''80 9DVLOMHYLE TXDQWLILILHUW X®I® LPSOHPHQWLHUWQ¥%HP 5DK
GLHVHU 'LSORPDUEHLW ZLUG 1%U GDV WUDB$ KWRWH NWH]XM|QV |©UEW VEHY *
*HVDPWXQVLFKHUKHLW YHU!QGHUW 'LHVHU %H.UQH ANKRQQMNOU H WY H ¥ H YBBGH@E H ¥
GXUFKJHI%KUW 'DV HQWZLFNHOWH 6NUKSWWE HWW FHQNWKE HG 18 QHMLARPEL Q|
YRQ /LGDU *HU!WSRVLWLRQHQ PLW ]ZHL XQ@IBNG R € LGHHW MM H W HIVAV DROFGER.U W
GHQ NOHLQVWHQ :HUW EHL GHU 8QVLFKHWKN LW\DHL® M B WG KD I3 0BQMK Q
OHVVNDPSDJQH E]Z DOV $XVJDQJVSXQNW ZHW RSY L PRE UKQG HI 1$QX\W KP H C
ZHUGHQ 1%U GLH —-PSOHPHQWLHUXQJ WHUQS8 QHWVFEKRUKBLWY HLEWFRXVV FK(
NOHLQH (OHYDWLRQVZLQNHO r XQGLOHULUQHL WAHQ WAUPEON “HMFWK ZN D O H
'LQGSURILO JLOW GDV +HOOPDQQ VFKH 3BWHQJBYHWY HBKAKOXQR BLH.
BQVLFKHUKHLW DXV 6WHXHUXQJ GHU /DSAHWHOV U D K O ¥X® WELHK W XYQUDIQQ P BV \
LQ .DSLWHO HLQ LQ GHU +RUL]JRQWED O/HRZLKRARQHQAXQNVQBHNT X Q
DQJHQRPPHQ



~PSOHPHQWLHUXQ.

9RUJHKHQ

-Q %LOG VLQG GLH ]X EHWUDFKWHQGBAQ HVEXRPDEZBK'H D EHD AMHHQ D
DEJHELOGHW 'LH DXIJHI%KUWHQ (LQIHMIVPSQHPHAHVIGHX GBI LEHU%F N

Ermittlung der radialen Return Time

Geschwindigkeit aus 2
rickgestreutem Licht %0 Akkumulationszeit
Steuerung der %_
Laserstrahl-Ausrichtung < Volumenmittelung
Distanzmessung
¥ y
. . Fehlerfortpflanzung )
Ausgangsgrofe horizontale Schatzwert horizontale
Windgeschwindigkeit Windgeschwindigkeit

%LOG.RPELQLHUWHY —-VKLNDZD 'LDJUDPP JHLIJW GLAHV WLHYVNIKPHPLA) EIGBIHGHHVDP
5HNRQVWUXNWLRQ GHV ]JZHLGLPHQVLRQDOHQ :LQGYHNWRUV

%HL GHQ 8QVLFKHUKHLWHQ DXV GHU % BV WV PRXIQYGAEKHNHLMG VDQE G LIHQ
8PJHEXQJVEHGLQJXQJHQ XQG 9HUVDJHQWGPRINW(TDXUS AHQRMW QLEX LVV
IXU%FEN]XI%KUHQ GDVV GLHVH )HKO BUHRX DN KD NKEM D FNIDILWKH L Q V F
VRPLW 8QVLFKHUKHLWHQ EHL GHU %LOGXQULQVYRQ -®KUH VLG
8QVLFKHUKHLWVHLQVFK!W]XQJ ]XU (UPLWRKMPKZLQGH.U NRILWWDIHQUG Q/ L
YHUQDFKO!VVLJEDU =ZHL 8QVLFKHUKHUWGRU GHY V XIQW H Z R U IGHH Q0 XEDH/
~PSOHPHQWLHUXQJ QLFKW EHU%FNVEFK\WKJW L'DV VDEKWH® GHU 8QVL
GHU U!XPOLFKHQ 6\QFKURQLVDWLRQ 'HRBPHWWHG GCXURR GLHHIR®RBVZ
IDVHUVWUDKOHQ LQGLUHNW EHU%FNVURQWIDWLRQHGHULWOUEWH 6\Q
9HUZHQGXQJ DG!TXDWHU 7HFKQRORJLEHZHHW\) HDOLXMIBOUW YHUQDFk
%HVWLPPXQJ GHU 8QVLFKHUKHLW EHL GHUHGQNNRQD WK E NMWQRDHGIMAR LA
GLH 7HLOXQVLFKHUKHLWHQ GLH EHDOGHU : QLW WOKALD GLHBI HUL VG I
IRUWJHSIODQ]W 'LHVH JDX{VFKH )HK@QH.WDIRUMWSOQDQ]XQE LVW HQAGHW

SRUEHUHLWXQJ GHU %YHUHFKQXQJ

(VJLEW GUHL $VSHNWH GLH YRU GHUNMWPLSROHPR! QUL %I X @/L BRXIQ) G H U
7HLOXQVLFKHUKHLW ]X EHWUDFKWHQ VLQGGLH *6iU0NH KH 6 WBIGHG BHW
P%VVHQ JHZ!KOW ZHUGHQ LL 'LH *HU!'WHQDRMALMLL RRPE LR VVUMQ ZM
VRGDVV DOOH P,JOLFKHQ .RPELQDWLR@®RHQ]EHL S®E GHHIHQIGXWYH Y E
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VLQG LLL $QVFKOLH{HQG ZHUGHQ &IW XQIXVMHXPWQERYZERWHO VRZ
'LVWDQJ]HQ ]ZLVFKHQ OHVVJHU!WHQ XQG OHVVSXQNWHQ EHUHFKQHW

:DKO GHU *HU/WHVWDQGRUWH XQG OHVVSXQNWH

—-P 5DKPHQ GLHVHU 'LSORPDUEHLW ZLWDKDWOYE lNOGHILRYLHE ZELGW '+
*DKUHQEHUJ OLHJW LQ 1RUGKHVVHQ XQG®%W¥WLQG HWADN ZXUKGRIKRKEHUH L
OHVVXQJHQ 1%U HLQHQ JHSODQWHQ :L Q88 DON RGPDFMKLIRIQHIQUM *HROGQ G H K
XQG 'LQGULFKWXQJHQ YRUOLHJHQ 'LH JBIK® GHHWD *H H WAH KW B Q BHRQY WR U D X
LQ GHU 3UD[LV DXIJUXQG GHU HUIR UGHIUROPLIF® VK © & MU/D VANUEX 1§ WRKUN E D U N
9HUGHFNHQ GXUFK %!XPH RGHU 7RSRJUDSKHHQH%BEUEKQHHZISOJBEK @ XD (
$XIVWHOORUWHQ LQ )UDJH NRPPW -RKHHKHOWNVHK QX FKLYHUQ8QRKEFH YRU
JHVWOHJIXQJ GHU *HU!WHVWDQGRUWH ND QQF K HUH BBIHFKHQUDK | ZBQ G HGH X
OHVVSXQNWH ZHUGHQ DXI P %EHU *UX®\SXGHU JHGOW QR WERUWH IHVWJIH
P HQWVSUHFKHQ GHU JHSODQWHQ 1DE%®@ENK VWKIHP PYWX DBGHE LKRW LGRB W D ¢
'LQGJHVFKZLQGLJNHLW LQVEHVRQGHUH DWQH®HYRIH ZQVOMUHY VHV VS X QN

%LOG EHJLHKW VLFK DXI 870 .RRUGLIQWDW I6Q H SYONFEE| XA XIZ:U GLH 8QL
7UDQVYHUVDOH OHUFDWRU $EELOGXQJO!AKH P LBA OG BWH G WH{ QUGHRELHALID Q V
DXl HLQHQ =\OLQGHU DE 'LH VLFKIHEHQGHW rOWGIHGHUQVWUHLIHQ Zt
GXUFKQXPPHULHUW XQG MHZHLOV GXU¥W DRUEH LW HQUWRIIHMB EP QW H U $IEH W H
%UHLWHQE!QGHUQ ZLUG MHZHLOV HLQ @®MNBKNBWEHQ]SEHEROGEAW JHBHIQL
.RRUGLQDWHQ GHQ 5HFKWVZHUW ( (DVW XQG& “RFKINDWKYH 1RUNIGHQ (
SHFKWVZHUW LVW GHU MHZHLOLJH OLW\WIBERPHULVBWHBIQ P HOUAGLDKQ GBE@V5H |
( P HUK!OW ZHUGHQ QHJDWLYH 5HFEHFKIHZMH WH KRG B Q F
EHILQGHQ VLFK ZHVWOLFK YRP OLWWHWWPHULGLDP KDQGEHOW :HVW LBEE X
_VWOLFK GHV OLWWHOPHULGLDQV OLHJHQEMHRWIDH WKIRULVFKH 9HUPHVV X

8P GLH LPSOHPHQWLHUWH 8QVLFKHUKHLW%HLQNEKRW ] Q B HUDHKAKIAH 8L §HQ
*HU!'WHVWDQGRUWH 1%U GLHVH S$UEHLW %|HORES ODULNIEXW JBEZ H QW Z ! KIDW |
*HU!WHVWDQGRUWH XQG OHVVSXQNWH LQ GHQ *DHWHREKWBWHB &H OLORED &
3XQNWH UHSU!VHQWLHUHQ P, JOLFKH $&DWNHIOWEJIXRGBWHWL QGU YRIQH /IEL
GXUFKQXPPHULHUW 'LH JUDXHQ 3XQNOWHHRD UM\ HSXMN@/IHH XL WRPLW 6W
GHU JHSODQWHQ :LQGWXUELQHQ XQRBQWUBIMQ GUH IXXRMHUQS$EFKVH VWHC
GLH 5HFKWV XQG +RFKZHUWH LQ 870 .RIRHGHIQUINFHY LGOI E HIH Q*®HW VLF
=RQHQIHOG 8
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Mogliche Geratestandorte

5702000
Typ
é 2 ® Lidar-Messgerat
® Windturbinen
5701000 A
o0 &
5700000 J1
o2 g3
£ 5699000 - a 6
g 3 M gs
=
[
2 ol6
5698000 - = o’
8 o8
ol9
5697000 -
®
5696000 A & ;-

539000 540000 541000 542000 543000 544000
Rechtswert

%LOGO JOLFKH *HU!WHVWDQGRUWH KHOOEODXRUWBEODQMWH LIQQ &MDX.RERIUGH @\

(LQH .DUWH PLW GHQ + KHQ %EHU 1RBREDGPX®WQ *DKGHQEHKWIL XQG
HLQJH]JHLFKQHWHQ 6WDQGRUWHQ EIQWQHKMHQHUWKFDEHDOHX H HQ
+ KHQ %EHU 1RUPDOQXOO GHU /LGDU *H UH®HOMM GRIUM/IS L HOU LG
*DKUHQEHUJ 5HJLRQ

7TDEHOOHMH + KHQ % 11 1%U GLH $XIVWHOORUWH JHJWLJIJGHU /LGDU *HU|WH VL

/ILGDU *HU|W

¥» 11 >P@

'LH *HO!QGHK KEHU 1RUPDOQXO0OO DQ GHQ JHSODQWRBQVRALGWKLLE & QKIH
GHU OHVVS%QNMWEBG LQ GHU 7DEHOOH JHIHEHQ —'QB H$EWWM M KN\Q J ¥0
OHVVSXQNW (LQH 1DEHQK,KH YRQ P LXQGINSQRQGAL H$ XN VIWISX QN WK
GHU *OHLFKXQJ EHUHFKQHW ZHUGHQ

Gleichung 4.1 *ge Y1 Esx|



8QVLFKHUKHLWVEHUHFKQXQJ LQ 3\WKRQ

7TDEHOOH KHQ % 11 VLQG 1%U GLH :LQGWXUELQHQVPLW@WEH GQGUKPANVOYXQNW + KHQ
*AEsxr KTHQWKDOWHQ

'LQGWXUELQH

te % 11 >P@
tyy % 11 >P@

.RPELQDWRULN *HU/WHDXIVWHOOXQJ

)%U GLH 8QVLFKHUKHLWVEHUHFKQXQ JWDHIWGRUW HRQ P ~JDFKHDOWHQ JHJH
N,QQHQ GLH $XIVWHOOXQJV .RPELQDWLKQGPGIOH.LF KN bl WWHHED HPURL WAHH O W
'"HU *UXQG 1%U GLHVH %HWUDFKWXQJ LWGH GBVELRQWLKRD\P HOGE FIKNH M\
*HVDPWXQVLFKHUKHLW EHUHFKQHW ZLU® LWPGGLGH JHHWL @ HDMXH\DWEHIO/Q. X @ Bi U
1%U GLH OHVVNDPSDJQH DXV]XZ!KOHQ

-Q GHU .RPELQDWRULN LVW GLHVH % HWRMPEFLKWDYDLIRIQH G HHQ @4 M B H GRKXH G H WD
DXI GUHL $VSHNWH ]XU%FN]XI%KUHQGRUWHHL ¥ @] XQOFHHWF K VBB U *HU!WHDQ
$XIVWHOOXQJV 5HLKHQIROJH GHU ]ZHL BGHWVHGUXHWUHDEWW XIQUW X BHU K H
LLL (EHQVR JLEW HV NHLQH :LHGHUKWEXQLARW GYR QG LAHH KWHDWHIR U H U !
JOHLFK]HLWLJ EHOHJW VHL@M,?@LQEBG;H'%HWLHBKQWQJ GHU $Q]DKO DQ .RP|

P JOLFKNHLWHQ 'HXWVFKH ODWKHPDWHNBBV9BQHLQL JE UL Y ANHHQ W H
GLHVHP )DOO GLH $Q]DKO GHU P JOLFRIGQH3BQIDWK® GHY ZHKUWMKB GDUVWH

@trALVV\XQ@UrALstrHUJLEW EHO!XIW VLFK GLH $Q]D K@ KH B RONHML E K 0D IHQH (
3RVLWLRQHQ PLW ]ZHL XQG GUHL *HU!WHQQWLRQVPHJ OV N HLQV HRP E LU

3\WKRQ PLW GHWFRRENQDLWDRDRQGHP ORBHOWREBNKQHW -Q $QODJH VLQC
.RPELQDWLRQHQ WDEHOODULVFK DXIJHOLVWHW

%HUHFKQXQJ $]JLPXW (OHYDWLRQ XQG 'LVWDQ]

OLW GHU )XRDNOFIXR@® W HB QMR BOHR EHVYHLW YV EHRBHVKBIQEHEW N, QQHQ GLH
HUIRUGHUOLFKHQ $]LPXW XQG (OHYDW ] ROLWZAKHH G HWFR ZLLGHDG LHH WLNWWOQ G ¢
DQYLVLHUWHQ OHVVSXQNW EHUHFKQHW ZHUR ABLOLHYMH GUH; B RQQANULARHM Q
%HUHFKQXQJ GHU 7THLOXQVLFKHUKHLWHQ EHQ ,WLJW

JXQNWLRQHQ ]XU %HUHFKQXQJ GHU 7HLO X Q\QUFLKAHKUHKUHKIHL MQ X Q

'LH 7THLOXQVLFKHUKHLWHQ DXV GHP NRPERQUHUMBG -VKINDEB Q' LMW WY H
JXQNWLRQHQ LP 3\WKRQ 6NULSW LPSOHPMGWYHWM ][OV 4R B QWH OL]LHAULX Q.
7HLOXQVLFKHUKHLWHQ DXl GLH LQ GHP HBWKRIQUENHL SWRAPISQH P'H ¢



~PSOHPHQWLHUXQ.

7HLOXQVLFKHUKHLWHQ GHQHQ DXIJUXQQG LUKQHBQNRPEHQ R WIL\R QL B E
DEVROXWHQ :HUWH ]XJHZLHVHQ ZHUGHQ NRYOQRWHPG OV)L QB N WL S6\M LLKDF
GLH YHUVFKLHGHQH $XIVWHOORUW HUEH®FEBWH QJ L' EM HHDLEQHHO DE-H U@ LGHK V
3\WKRQ 6NULSW LPSOHPHQWLHUWHQ )XQNQMRKQ)WOXPIU -8 VEHRRH GK B
$QODJHQ EHILQGHW VLFK DX{HUGHP HLW GNHW I$¥ELONX\WY G.IQD BHFP B N G
8QVLFKHUKHLWVEHUHFKQXQJ %EHUVLFKWPLPAK \G_IGY WHH.AO G/H $ W G H IOV
VSUDFKH 890G LQVEHVRQGHUH JHHLJQHW ]XU 'DUVWHOOXQJ YRQ $EO

'LH )RUPHO 1%U GLH )HKOHUIRUWSIODHQX 81 QZNU ®G HPH G DKPVFK O
HQWZLFNHOW 'HU =ZHFN GLHVHU )RUP HPOKH UK WLWVG HW GBH N R @ D VW X (
]JZHLGLPHQVLRQDOHQ :LQGYHNWRUV |X EHVWEPRHRX X@J#Q PGV HE L
OHVVXQJ GHU UDGLDOHQ :LQGJHVFKZLQGSUNHQMW [HWEHWHGD IF
]JZHLGLPHQVLRQDOH :LQGYHNWRU QLFKWVG MUHHNW DIKHPHQY LN @/ DLQZTH Q G
DQJHQRPPHQ ZLUG GDVV HV VLFK XP YRQHQUD@G M UU Xi®RE K DQIE B O\
JHKOHUIRUWSIODQ]XQJ HUP JOLFKW H\XNELWH®PEQ QBM|XR QVRI, JOLH |
*U_iH GHU *HVDPWXQVLFKHPLMWMHVIQQ Q@HR ]X YHUJOHLFKHQ 'DPLW N
_RPELQDWLRQVP,JOLFKNHLW PLW ]ZHL XQG ZGIWKSIH Q H ULW H X G-NUPLLR\C
'XUFKI%KUXQJ GHU )HKOHUIRUWSIODQ]XQJI HBHWWKRRWQJIDHXQV XYQLGI O )
XQWHUVFKHLGXQJHQ $XV GLHVHP *UXQ G KIHVUK HLIVHWEHW DIDIEG WoXHQI 84
HLQHP $NWLYLW!WVGLDJUDPP LQ GHQ GANJLWBOH®UBKO@®JIHRU JK
JHKOHUIRUWSIODQ]XQJ GLH DXV HLQHUWD®EHUERP BHQFKXX\GHIU EV
4XHOOFRGH DOV VROFKH JHNHQQ]HLFKDMRVV £Q GG & PHINHWI M UW P QX 100 §
$NWLYLW!WVNQRWHQ PLW GHP 1DPHQ HUWRNGG WRFHKIWD WH R H U DU OH

=XU %HUHFKQXQJ ZHUGHQ HLQLJH $Q QBIRRKQ JEBHWIDRIFKQGHUH PL
‘LQGJHVFKZLQGLIJNHLWYEBXU!JW + KH 'LH 5DQJH *DWH /!QJHHZLUG D
SHWXUQ 7LPH DXI V XQG GLH $NNXPXODWHEQW]HLDV DKW WW OX@IV L
'HLWHUYHUDUEHLWXQJ ZLUG DXI P LLQD H H AL\ SBHUQ IF KW X Q\J VO HHUMH LHO X
*DKUHQEHUJ 5HJLRQ YRU GLH 1%U GLH VBRWXGEKOQKQIU KHLWH Ul %4
_RPELQDWLRQVP,JOLFKNHLW YHUZHQGHW HBUUEEHQW LEFKH\GH® I1ROW
(UJHEQLVVH

'LH 8QLILHG ORGHOLQJ /DQJXDJH 80/ VWDHGERWOIMWLIRHU WG IHH QKB SWIOMLFK H C
%HVFKUHLEXQJ YRQ 6RIWZDUHVA\VWHPHQ )RZOHU
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43 (5*(%1-66(

'LH %HUHFKQXQJ GHU 8QVLFKHUKHLW HIHROU@ GH W *DIKQUHR FBIO O BHILY 8 Q
JHKQ P ,JOLFKHQ /LGDU *HU!WHVWD QG RGMHHD2HWEHW HQ @HIXOHUXKQVLFKH
EHL GHU 9HUPHVVXQJ YRQ JHKQ :($ 6WD Q GRER\GHQV B HS/QWD F KW bl KVH L' WH VEVHHX
OLWWHOZHUW %EHU DOOH JHKQ OHV\DSX®INQW R PGIU GV VALV B ZRIKI@ YZHL DOV
GUHL *HU!WH 1%U GLH OHVVXQJ YHUZHQIHW HWUBHBQNYQBKQ '® JOLFK
BWDQGRUWNRPELQDWLRQHQ 'LH 8QVLFKHUKHLWDEHZWWGCHY YERHU HGRHKRD H6\
DQVFKOLH{HQG ZLUG HLQH *HVDPWXQVLFKHNRABNL QDO WUR QM H BLHW WHH
JHKOHUIRUWSIODQ]XQJ EHVWLPPW

'LH 4XDQWLIL]JLHUXQJ NDQQ LQ YLHUGHWHY XIGBWHHVBOKIQHSBIRQVEKDOHQ :H
1%U DOOH .RPELQDWLRQHQ JOHLFKXPWLHDEMVLLKBEGKBMVHIYXWLEKU (UPLW
UDGLDOHQ *HVFKZLQGLJIJNHLW DXV U%FW HHY WY FKXXWHPX OLGWWILILHUX B0 JH
LQ S$EK!QJLIJNHLW YRQ JHZ!KOWHQ (LQNXHIDVOURI@VIELMW GHH $SNLWW
XQWHUVFKHLGHW RE HV VLFK XP HLQH *RGHWHSRPELQIUWWRQ RDWQJHBEBW
%HLVSLHO GDI%U LVW GLH B8QVLFKHUKHLW H XWR BHWH [HWMWHD Q GRHV V|
A4XDQWLILILHUXQJVDUWHQ LVW GLH YLHWWMW DE&RUMHQYRGLIGH@ HLWQH

*HU!WHNRPELQDWLRQHQ JHK UHQ YHUWERGHW\S LV BR \J HARPHVKHILIEH U | | }
GLHVH $UW XQG :HLVH LVW GLH 8QVLFKHIMKH LAYV EKV WK 06 BXMUH X
LPSOHPHQWLHUW 'LH $EZHLFKXQJHQ GHHL:LGHW HWRKZH QBLQNHEWU [HK
'($ 6BWDQGRUWH PLW XQWHUVFKLHGOLFKHBUQELYYWLRIQW ZLHNHXOIQ %HQ G
.RPELQDWLRQ GHU 6LQJOH /LGDU 8QVLEXWWUKHKIQM-H Q LFKJBEWE UMAKKLH G H
GHU $Q]DKO GHU YHUZHQGHWHQ *H W WD HDE K RQJ LG HWL QRP EQ QKW L R Q

'LH DEVROXWH 8QVLFKHUKHLW GHU 6LRQQOH RIQGGGUHEHIHG HWHIHUYWQX ,jH L
JHKW EHLVSLHOVZHLVH GLH 8QVLFKHUKHWWY DIV $&WH XHKWXRQ JGEWH LD HH
Z\KUHQG VLH EHL ]ZHL *HU/WHQ GHPHHQUMWVOVEUMFKHQG ]ZHLIDFK
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Eingangsgrof3en

'DV %LOG JHLIJW GHQ (LQIOXVV GHWHBKGLWH QLEBU G HV VIHUWAHFEG X Q
XQG GUHL /LGDU *HU!WHQ 'LH ]ZHLWHDOBHIQWERI |6EHUHQHGEKH DXIV>
6LQJOH /LGDU OHVVXQVLFKHUKHLWHQ7HHQXQ@V L\W KUK B LOX\QV KDHWU G L H
'LH 5HLKHQIROJH GHU *U_,{HQRUGQXQ{ GEHILL THH D XQ\GL BHHHWLKHLUINW H Q
-HGRFK ZHUGHQ GLH $EZHLFKXQJHQ LQIHGAMU EMQGEHYFKRIQQ GLHQ *|
DEK!QJLJHQ 7HLOXQ XBRKHUME@RBSRL QFHIQGHU 9HUZHQGXQJ YRQ GUH
PLQLPDO JU,{HU 'DV EDVLHUW DXI| GHU S{IMLFK PR KEDWW @ IPAK GHUH U
GHU $XVULFKWXQJ GHV /DVHUVWUDKOV XQG GRU HUW@D Q WHE D XQ 1 \DIG
8QVLFKHUKHLWHQ ZLH 9ROXPHQPLW W HOKHEORE K U ZEHWYKLLHID A LF-HU XVQHH |
GLHVHU )HKOHU 1%U XQG *HU!WHNXRPELQORFRQHQLNGVXIDHVLFK Q.
DXVZLUNW 'LH 8QVLFKHUKHLW DXV GHU HME®HKR QLDUPKMVW W HPR ®/J WEYX
8QVLFKHUKHLWHQ DXV GHU (UPLWWOXQJQGHINKDW LDXOWHGHPQGARANEK
JLEFKW $NNXPXODWLRQV]HLW 'LVWDQ]PHVRHIQN X¥X& UL E WK K X\Y W
'LHVH OHVVDEZHLFKXQJHQ N,QQHQ DOORUGBP VB LDHOGHQ GOUG | RIAHV V H C
.DSLWHOQ XQG HUNO!UW L PHEDX-PKHIH G HRW WISX QWDRX X QJ EHWUDF
~Q GHQ *HU!WHVSH]LILNDWLRQHQ YRP :—1'&8%(V\BHDQ JHJIRE H® R GHRA
JHPHVVHQH UDGLDOH :LQGJHVFKZLQGLJNMLW RFP VEZBWNJIFAKO DRKH Q

DEZHLFKW /HRVSKHUH 'LHVHU :HUWW®HHRIWH K KHFHEHDROM GHOOLEHVW



8QVLFKHUKHLWVEHUHFKQXQJ LQ 3\WKRQ

'DV OLHJW GDUDQ GDVV HV VLFK EHPL SO BQDO B H HOHWH) LUBDDRO OH (QW IH
XQG OHVVHLQVWHOOXQJHQ KDQGHOW -KQXQHMB Q088 YWF&HH KIHLWRBHWHH |
/LGDU 8QVLFKHUKHLW 1%U ]ZHL XQGP ®UXQGHU! WP PEZRKO GLH :HUWH
VHKU QDK EHLHLQDQGHUOLHJHQ LVW HXL H LIQHU@GIH/Q G Bil GBHULY LIFK HIJ K H L W
9HUZHQGXQJ PHKUHUHU *HU!WH HUNHQQEDU

'LH YHUVFKLHGHQHQ .RPELQDWLRQHQ EHWREBDMG/\GHL® GHK/O HIIIREGLSAO D
GXUFKJHI%KUW ZLUG XQG VRPLW DXFQ GUHF KVQXNGD X@ GV FXHHQUVIWUDKO X
(LQIOXVV GHU .UHX]XQJVZLQNHO EHWUDFKWHWW ZHWWHQEHHBKQHEF
8BQVLFKHUKHLWVZHUWHQ 1%U GLH RPELQEWLRQMQWLVWHLQ%QYWDRIV
_RPELQDWLRQ LVW 1U PLW GHQ GWHL /LBBQVYHEKWHRHLW XM UHFKQHW
GLHVHQ )DOO &X 'LH PDKUVFKHLQOLFKNHLW GDVV GUBVHQGWUPKWKQJ X
RUWKRJRQDO ]XHLQDQGHUVWHKHQ VRZLBDEVH GIDK UVHKHXQ DLFIKNNH @/ C
IDVHUVWUDKOHQ LQ HWZD r EHWUDJH®RQVGWBHL* W W 9B UZH@GIX8UW )
HUJHEHQ VLFK JHULQJHUH 8QVLFKHUKHWWNRPE®%EBDWERQHIZHLFKBUBLGHYV
.RPELQDWLRQ 1U DP EHVWHQ DE 'HU ES\) WILFFKKH B K H LGVHAZ BBIW ZHQIAX Q J
*HU!WH XQG ]® 'LW .RPELQDWLRQ 1U PLW GHQ *HUHRQHQHKXQG HU
KRKHQ 8QVLFKHUKHLW®ZHUNY YR HPQ WKHRUHWLVFKHU :HUW XQG GDUD.
GDVV VLFK EHL HLQHU XQJ%QVWLJHQ $RWQLMKWXDIQGHGH UDVYHKTWWIR
SIODQ]XQJVIRUPHO PDWKHPDWLVFK HKEHKHQNMQBOLFEHGRKND GQ VILHVHU :|
]XU ZHLWHUHQ %HWUDFKWXQJHQ KH U D XYQ ¥RLO0OWV A UW/H LXPD QUETHHE Q/LHVOVIHD W IL
N.QQHQ 'HU OLWWHOZHUW GHU 8QVLFKHWRKH]LAM E HH UJ W Q@ HUGHIQVG KX IQW
LQ HWZD %EHU GHP OLWWHOZHUW G HW BOHVQEKBUKHRQ GEWHL GHH U WH Q
P& 'LH 6WDQGDUGDEZHLFKXQJ GHU 8Q VH B XHHE HEWH Q MDD W LI JZ HLU * X
EHWU!JW & )P2U GLH 6WDQGDUGDEZHLFKXQJ HQGXON Y REX GHLL GHW | N\HUY
P& 'LH )HKOHUIRUWSIODQ]XQJ PLW GHU Z&MBRK®Q X QQ GLH.\F K IMXNH OX/QC
IDVHUVWUDKO VRZLH GHU .UHX]XQJVZLQNHQ@ B@W VAKH.E HKDMH Q/ RIP QWO X
'DGXUFK ZHUGHQ JHULQJHUH 8QVLFKHULKQHLWLVRZGHQ/ R LM WG BHE *RB!WHQ HL

44 *5(1=(1 '(6 02'(//6 =85 816-&+(5+(-76%(67-0081*

'LH $XIJDEH HLQHV ORGHOOV LVW HV FIGWHD f]XE Q0 BKINH L'WU¥FKUG LI IDH W U R
$QQDKPHQ ZHUGHQ )HKOHU LQ GDV 0R GIHIOTH V)OWP WX WLLFFKPHXUKIHH WQH L Q JHE
(LQ %HLVSLHO KLHUI%U LVW GLH KRUL]REBWGBW (R@RJBQUVDGH GXYJ : G
'LQGJHVFKZLQGLIJNHLW GXUFK 7ROHUDQFH@HWZI$JHRX WALYSHWOYZHLVH
EHWUDFKWHW 'LH $QQDKPH GDVV NOHLQHW(QHYUBMIORQVZIQQNHEBL YHIUZ



*UHQ]HQ GHV ORGHOOV ]XU 8QVLFKHUKHL

HQWVSUHFKHQGHQ :DKO GHU 6WDQGR UWHUPGHUKPHWDVE B U X UBKRIFHIKQU
HLQJHKDOWHQ ZHUGHQ 'LH YHUWLN D OWIQQ GL G®EMNUFKKZ L\QHHKLL NNH@ MHLG
$QQDKPH GHU *U,{HQRUG Q& Q@ XYEEDXW UHDOLVWLVFK 'HQQRFK N,QOQ
$QQDKPHQ HLQH 8QVLFKHUKHLW PLW VWRQEHU®JIHAQU OBW V XQWHIQQVE IV F k
*HO!QGH ZR VYHUPHKUW LQKRPRJHQH 6WUXBXQ@DOQ GDXUWQH W B QF
8QVLFKHUKHLWVHLQVFK!W]XQJ LVW GHU HUH WIOHR. B K WIR/F K H QH % & UH\FH
H[SHULPHQWHOO HUPLWWHOWHQ 8QV L BKMUEKHLIWSHZIH. BR\Y HHU DRAY/G B H O L
BFKULWW VROOWH %HVWDQGWHLO ]XN%QIWLJHU )RUVFKXQJ VHLQ

(LQH IUHLH /26 LVW HOHPHQWDU |% UHNIMDLP P WW\OX QH VD/G XIQ QWPXBD G ZL U
%HJULIl 6BLFKWEDUNHLW YHUEXQGHQ G'LHV®ILF 8W ¥ DEKNHHUKH ZWW & LERF k
GHUJHLWLJHQ 6WDQG QLFKW EHWUD FKKWHW D(VVZD 0 G H PHYHR® XY Q 16 RO
DXVJHZ!KOW ZHUGHQ HLQH IUHLH /26 XX NMIDQI KB WD QDVHTR RIOVN Q Q W H
DXI GLH B6LFKWEDUNHLW HUZHLWHUW RBHGBE 'TIOJL\RDOM DHKFIQ GG
2EHUIO!FKHQPRGHOOH '60 N,QQHQ GDV HRRW AEHAHLWHNXQJ IGHIHBLF
YRP *HU!W ]X GHQ OHVVSXQNWHQ LPSOHPH@RQBUWHIZQ UG D [¥%UNDRDR
*HO!QGHREHUIO!FKH GLH WHQGHQYIW OID0 @ LIFXMK Y-HURUGBWERWQ HQ ]X U
%H]XJ DXI %HSIODQ]XQJ RGHU %HEDXXG®W]RANHQQHQLWDGHQKLQIRUP|
]XP *HO!QGH NDQQ HLQH $EIUDJH JHPIDE KWN6 ZRHSIANHQ) REKHQ OLHJHQ

'LH LQ .DSLWHO HLQJHI%KUWHQ ORIEM GQ H OH@EOR IHIN i HW VGLHY 0RG |
GLHVHU $QQDKPHQ N,QQHQ GLH HUPLWWHGWHQY HWWFRWK@N Q FIQH UK
NRPELQDWLRQHQ DOV ULFKWXQJVZHLVHQUZ QG HWQAMILGHQS X IVWHOOF



6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8QVMWPKWHQY RHRPWVEHL YHUVFKLHGHQHQ 5H

67$7-67-6&+( 817(568&+81* '(5 816-&+(5+(-7 % (-
9(56&+—('(1(1 5(7851 7-0(6

'LH 5SHWXUQ 7LPH LVW GLH =HLW GLHOYBAUHB8HKW DEL W LGHP /ONVWHWS/XNINDK H L
6LH ZXUGH EHUHLWY LQ .DSLWHO .DSLWHOO|IMUG-QLHLAMHEGXQVLFKHUK'F
BHWXUQ 7LPH VWDWLVWLVFK DXl %DVLV YRQ X@WWH®INWHKWH L QH W UWJHINEVON_D/F
ZHUGHQ GLVNXWLHUW 'LHVH 'LVNXVVLRQGHUOBHIHGBWRQJIGEHWV$RQYOG WDH
4AXDQWLIL]JLHUXQJ GHU 7THLOXQVLFKHUKHLW DXV GHU 5HWXUQ 7LP

'"LH $XVJDQJVVLWXDWLRQ 1%U GLH 3URJUDBPIHUBDH DPVYIK KHBOKGZHYHR
EHVFKUHLEHQ $XV GHQ OHVVGDWHQ YRP 6WDQ GRQWW ODBRVE R VWIGIGN BB
%DVLV YHUVFKLHGHQHU 5HWXUQ 7LPHV HU]JHXREK ERUIGHQV \DL\F K RJXV QN3
7DWVDFKH GDVV OHVVGDWHQ GLHRQEEKVOHQ GHW SXGNWBINHOLHIHQ HO!
ZRUGHQ VLQG 'LH ZHLWHU]JXYHUDUEHLWHQG®XQW HE \OV&/DWHHZ H VIVRIG  C
SHNRQVWUXNWLRQ GHV :LQGYHNWRUV LVWOHIIRQGWHX G &ZBRIBK\IGIIHH ViK R U |
EHUHLWV LQ GHQ 'DWHQV!W]JHQ HQWKDOWHIQW -ZHH USHK® HQW BBWHVWU YV F
BQWHUVXFKXQJHQ GXUFKJHI%KUW 'LH OHVSBDWWHQ ¥IRRHY HUHUFKH G CHQH G
OHVVGDWHQ YRQ V 5HWXUQ 7LPH LQ HLQ®LFEHQUHV\ZHRUGBH® D\ Yk OHHR) I
OHVVDEZHLFKXQJHQ GHU YHUVFKLHGHQHQ WHW XEHU A ERBW W XX\Q G HRME DG
(UJHEQLVVHQ DXV HLQHP WKHRUHWLYVF KH®D $@LVD WA UPHIDI X B KWW RH BERHM L
%HUHFKQXQJ GHU 8QVLFKHUKHLW EHL PHRHQGHU>GELH GLKW |XQW XIU® HL Q!
8QVLFKHUKHLWVPRGHOO YDOLGLHUW ZHQGHQR USENAKWDILRQNGG W B F |
GXUFKJHI%KUW

'LH OHVVGDWHQ YRP 6WDQGRUW 'UDQW XPLIHO$'ODIORDK ¥ H U DIEGI@HI U' IGH G R
OHVVNDPSDJQH LVW LQ VHFKV 6]HQD UHIQQXDQXMBIKWFHKBMG HQHVEJFHQDQ IOH V V]t
XQG (LQVWHOOXQJHQ X D YRQ 6HQGHIDRSHK OG ZXHG XD @ BHWIQ JHGDU *H |
YHUZHQGHW GLH GHQ 1XPPHUQ XQ@G-Q |ZUHRHG GHWE LMD ZHUGHQ G
VHFKV 6]HQDULHQ EHWUDFKWHW 'LHGMWEHKL UL QEQL QWDHIW 7 XBMO@HE DX
HEHQVR ZLH GLH ))7 *U,iH GLH EHQGHLESEDV GDXHW *DWH OLQLPXP XG
OD[LPXP



7TKHRULH XQG OHWKRG

7DEHOOHEHUVLFKW GHU 6]HQDULHQ XQG GHWQ@H\QHHAIPBNDJIQH 'UDQWXP
6]JHQDULR 6WDU®G ))7 *U.iH 6HQGHLPSXO¥m®MXHUDWH QJH *DWH
'DWXP 'DWXP € >SQV@ 0OLQ >P@ OD[ >P@

'D GLH GUHL /LGDU *HU!WH LQ GHQ D®PUHQ HE]HGDY 16 MD MGIR BIWOLNQ VW D O
DXiHUGHP QDKH]X LGHQWLVFKH $]LPXW DEH®R (@DYIDPDLRD \EEAHHFE®

YRQ r JHLJW GLH QDFKIROJHQ GRD WDLRH)GI@H] X GGICH GOHRWBFDQQHUQ
6]HQDULR
7DEHOO&HQDULR -QIRUPDWLRQHQ ]X GHQ 6ERAEAUGHY /DVHUY EOHLEHQ E

OHVVXQJ NRQVWDQW

6FDQQHU 6WDUWGHHWWS]LPXW (OHYDWLRRWLWXGRQILWXGHKH ]
>87&@ >87&@ NRQVW NRQVW \ [ >P@

.RPPW HV EHL GHQ 6WDUW XQG (QG =HEWHLFICXQIBQHZHHYHG HQHG]IXH O0H
VR JHILOWHUW GDVV QXU GLH OHVVXGHW ZHUG KQHI“WLG/HD (YVAHEQ RV
*HUIWHQ YRUOLHJHQ

51 7+(25—-( 81" 0(7+2'—.

-P $O0O0OJHPHLQHQ EULQJW GLH VWDWLVWLVBEKHE $PHINOHRHRGR QL VEFH
([SHULPHQWHQ +HUDXVIRUGHUXQJHQ PLOHQG DX W LB ERIHI[FS®IH E A H QG\HH
XQWHUVFKHLGHQ 'DI%U JLEW HV ]ZHHQ-DXEWJH¥QWGH QHXPDHDQWLH
DXIHLQDQGHUIROJHQGH ([SHULPHQWHYW®Q WM BKQGLIHK KIQDEK$FJHUGHP
GHU 5HDOLW!W QXU HLQH JHZLVVH IHHEWHE®H QXK IB@ UM HBUGHQ
HW DO 6 $XFK GLH VWDWLVWLIXF®H 7 $RHD OX QMW HEIOW H 3 W
+HUDXVIRUGHUXQUJHQ

~Q GHP %LOG LVW GLH 5HWXUQ I7EWHGIDWYN-O{ UWL GWH EHYGRUHR Q % H J
DQ HLQHP 3XQANWQNOXVLYH GHU =HLW GLH GDV *HQ!WQ &K UGILH 3K QNI
XQG 1%U GLH OHVVXQJHQ GRUW EHQ,WLJWVLHHE JEPHQWGHUGKOD EHWQU
ZLHGHU DQL3XHQWWVW DOVR [XU%FNJHNRPPHQ HOVYXRPWXQYQ 'LH



6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8QVMWPKWHQY RHRPWVEHL YHUVFKLHGHQHQ 5H

HUIROJW VRPLW HUQHXW QDFK $POBXKDBOE SHWVEUESIOVW HHQDFKEDUWH
2EVHUYDWLRQVRHLWWY R Q

. A(P AB tmeas tmuve ttotal
\ p. |15 15 1 05 |15
P2
\ p, |15 30 1 1 2
Pa ps |30 45 1 15 2.5
Return time: | 6

%LOG(UNO!UXQJ 5HWXUQ 7LPH :LQNHO OQHVEKIZMQGQJIWHGEMHEHQNKHIW r V -!JHU

-~Q GHP JHJHLJWHQ %HLVSLHO JLEW HW WG Q) EWVY 6 XQNMSHD OVOHGQH®RHU 7D
GHU UHFKWHQ 6HLWH LQ %LOG VHQ R GHBX ®IHRUGHUO (FKHRWaRQV
$JLPXWZLQNHO ]XP (UUHLFKHQ GHV Q!F KV WM Q HWVVS R & MWW THXHIH EH W L

+] HV ZLUG DOVR HLQPDO SUR 6HNXQ®MNHRYHLD\Q/ HQH G'HP OHVVEXQNW
EHWU!JW HLQH 6HNXQ®kky HHUHALMHW VLFK mMXWQGHP.. bPLW GHU
'LQNHOJHVFKZLQGLIJNHLW YRQ r V 6RPWW3NDQAVWIEEHN P WK\ XUDHK X Q J
RacodXJHRUGQHW ZHUGHQ 'RH 6EXPPHUGHW VSXQNWH HUJLERV-'GHKW 5HWXUQ
HW DO $EK!RIJdX QB BGHU /!QJH GHV JHVDPWHQ DO Y VHIQQWHRY[RE O Y H
$Q]DKO DQ OHVVSXQNWHQ EHVWLPPW ZHUGHQ

-Q 6WDZLDUVNL HW DO 6 DXVIRDIGHW)XGQH 6HB VLFK DXV GHU $EZ
YRRp6XQG GHU 5HWXRHQ JLFPWM 7HPSRUDO 8QGHUVDPSOLQJ UXMDQQW 'DE
GDVWWGLH =HLW [%U DOOH OHVVSXQNWH HLWHNUMHVELEWHUYYRQD K LLGHSIU H/
HLQHP 3XQNW QXUREkQ.JGHMHRERPHY XQG WURW]GHP (£PH¥®JBHRVBRMMQZLUG
'DGXUFK N,QQHQ NOHLQPD{VW!EOLFKH 3UWR{HNVRX¥QUP]ZLQBKHQGI HX I$¥V HQH
UDGLDOHU :LQGJHVFKZLQGLIJNHLW XQG'88 U XWDRWHBKODF K HY Ws&IUH G XUF
8PVWDQG HLQJHEUDFKWH $EZHLFKXQJWOHW W UDWHESHIVEFRBVKHL GHU (Et
([SHULPHQWHQ ZXUGHQ DEVROXWH G XU FIKQV BKHQL WO LI FR/HF KEZE ZHG IFKNHLIW
P& EHL GHU :LQGJHVFKZLQGLJIJNHLW IHVWJHWWHOOW 6WDZLDUVNL HW

/LQHDUH 5HJUHVVLRQHQ N,QQHQ GXUFKOWLMKKW *AHPB® QX XRJ RMWADMH.O Q

JHK,UHQ :HUWH 1%U 60RSH -QWHUFHS\® X6ORSH 'GHI U HHIMMHVVH. RQVJIHUD
GHU 6FKQLWWSXQNW PLW GHU \ $FKW® LR QK PHIWE HBHGMQ HDHIHR 5HJUY
HUPLWWHOW 5t LVW GDV %HVWLPPWKHL\WNPDHVVQAR QM P RE HDIOH DXIWG GH
SDVVW 'LHVHU :HUW YHUGHXWOLFKW Q@& OGHKUY UO iQWWHHLLON K5 HEBIX 6RKU HEX



7TKHRULH XQG OHWKRG

5HJUHVVLRQVPRGHOO DEJHELOGHW ZLUG -(RQHI 2ZAHLWEHHWHOOHWKK G H
8QVLFKHUKHLWHQ ]X EHVWLPPHQ LVW WHH % B D HEKKQX®RUH QR QL B EVIROH
HUIROJW HQWZHGHU DXI HLQHU OHVVGDWEQEDWHQ DRWRUPDWI \WDW I\
ORGHOOV GDV GLH 8QVLFKHUKHLW DE¥EZMIGHY QR QM DQ @A XFOLWHW@QHIR
NDQQ EHUHFKQHW ZHUGHQ LQGHP GDV JZXDEKBP® GHAWZHUWUMNQPR
ORGHOOYRUKHUVDJH EHVWLPPW ZLUG :I6G H3JRHH:X U VHRO HXV EG\H /5 [
506( :HUW 5RRW OHDQ 6TXDUH®&DQRHIJHGEHQ ZQURS XQG GLUHNW LQ G
8QVLFKHUKHLW %EHUVHW]W ZHUGHQ NDQQ

(LQ UHOHYDQWHU :HUW GHU 6WDWIHOWWKNH L&/MWH GMWHURRXYQDQ@HU 'DWH
OLWWHOZHUW DQJLEW 'LH 9DULDQ]JUHRKQHAMW *OHLFKXQJ EH

Bg 62

Gleichung 5.1 €4 L

Ty LVW GDEBWHGHHVVZHUVWBHKWQGUZDUWXQJIJVZHUW -Q .ULVWHQVHQ HW
WKHRUHWLVFKHU $QVDW] [XU %HVWLPPXQJ GHU HHPHUDH@GHY FBLWIM
'LQGJHVFKZLQGLIJNHLW XP HLQHQ ZDRQHGH UHBENW XQEKPRLBREGYHO G

XQWHUVXFKW 'LHVHU $QVDW] EDVLHUW GNU .ODVNWUBDIOHD 73-HRWH E
7XUEXOHQ]JHOHPHQWH LQ GHU DWPRVSKK LVEXW® QUHQ]|NWKDOKW 1D
NDQQ GDV 0Dj GHU SBWAHRZXYQGHQ JHPHVVHQHDQLOLWEKHQZHINMLW YRQ
S5HWXUQ 7LPH PLW *OHLFKXQJ WKHRUHWLW FHIQ EMY WVIMP PW ZHUGHQ

Gleichung 5.2 eely é_E"' Iﬁp

'DEHL @VEGLH 9DULDQ] GHU KRUL]JRQWDOHQ :LGGHE®EK HL RIEW XNHKL WL P
6 GLH /]QJH GHV OHVVLQWHUYDOOV %ER G LGDVQWWHHPIWNOHOMH ZWWVE D RO
JHQDQQWH :HUW JLEW GLH =HLWVSDQQH D\ DLQQ GHQ WREKHKL QH OHR\P
OHVVZHUW HULQQHUW -H O}QJHUHMWK HE\H X WION EQWH WY WOGLHV VR UG F
GHQ OHVVZHUWHQ :HQQ GLH OHVVXQJHQUEHWE R Q B:RKEQIB&/E QP2 E V H
KLQJHJHQ NHLQH $EK!QJLINHLW ]HLDHY VKB W MQGDL/F KD WWR GUHO L HU H (

)%U GLH $Q]DKO GHU,0@DNK FDHQRFKXQJ JLOW GDVV GDWBKMWUD X
$XVZHUWXQJ JXW LVW ZHQQ GLH OHVMVXQYRQHAIQNGER XIDDE K ¥QU
DXIHLQDQGHUIROJHQGR 'ORIMVOMDINRUUHOLHUW GLHVH OHVVXQJHQ 'Lt
ZLUG DOVR HULQQHUW

Gleichung 5.3 Oa L Y



6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8QVMWPKWHQY RHRPWVEHL YHUVFKLHGHQHQ 5H

'HQQ GLH .RUUHODWLRQ QLFKW PLW HHYEKWHRKQEWUFZDQE GLIHWWE B Ut FIK ¢
OLWWHOV LP $O0JHPHLQHQ ]X NOHLQ .UL\DWHEHGIHXWWW OGDVV 6LH *OHL

VWUHQJ JHQRPPHQ QRU ZJRIOMV ZHQQWHQVHQ HW DO (LQH 9HUEH
(UJHEQLVVH LVW QDFK .ULVWHQVHQ HWWROFKHU &LFKW DQXU\FRAWWDRWLEHGH
8PIDQJ P,JOLFK VREDOG GXR/GAKZBIIOICFHK WRQYW 'LH EHVWH 1!KHUXQJ 1%U
LQWHJUDOHQ =HLWVNDOD LVW ODXW QUL VW H Vi QWHHWS Q ¥ D ¢ IUHLEH £ OLHM\F

+ KH %EHU GHP *U% G&EHK®BUL]JRQWDOH :LQGJHVFKZLQGLJIJNHLW

\

Gleichung 5.4 FL &

'LH OHWKRGLN NDQQ LQ HLQHQ H[SH U LPH® WO DWW R DXQ BH WKLHRAHHWNL \ZFH U G
5DKPHQ GHV H[SHULPHQWHOOHQ $QVDW]HO\ZH X® & LHILH) B HEJABH \WWH B B K D@
GXUFKJHI%KUW 'LH 5HWXUQ 7LPHV YRQ V XQG V V ZWHUGHQ EHL GHU
5HJUHVVLRQVDQDO\VH PLW GHQ OHVVGDWHGEKHRR ‘LW 553DW K %@ UH PKQX QU .
EHUXKW DX| GHU (LQWHLOXQJ GHU ODY&HQ/PKWLGBUJN WHWMM MRIGH P
'LQGJHVFKZLQGLIJNHLWVNODVVH ZLUG HMFK Z06Q GIZIVHKWB QGHRQHU EHVWI
SHWXUQ 7LPH XQG GHU V 5HWXUQ 7LPHUBMH ZFAKGH\W LOHSEXKEQILINHLW Y
'LQGJHVFKZLQGLJNHLW 1%U DOOH 5HWXR @ JURPHVWKOWM)HP 'LDJU

—-P 5DKPHQ GHV WKHRUHWLVFKHQ $QVDW]HY %ZHUBHQQXRBUMBKE K G HIQIH 50K L
'"LH %HUHFKQXQJ NDQQ HQWZHGHU PL®JBOOKIL QR UEKDDIGMHIQB G XIUFE K I H I %K
HLQH (LQWHLOXQJ LQ :LQGJHVFKZLQGLJNHIMEHNO DIVIYV 8 Q UWMLRWHALRIRP 8 Q E H
%DVLV DOOHU :LQGJHVFKZLQGLJINHLW HQ AHDQPID O L D HUPW VWD\@ OB WIKHH RO F
%HUHFKQXQJHQ LQ GLHVHP .DSLWHO ]XJUXIG K HUQ G WEHN\XQRP WD GB®IH (
OHVVJHU!WH DP 6WDQGRUW 'UDQWXP ck GrHWZQJHBUBGRAKW+ \KIHQG ZLUG G
.RUUHODWLRQV]HLW QDF-?(%ED—E..H—K\»@(J{W]VPLWH 'LQGJIBVFKRRWCADEHLW

HQWZHGHU GLH WDWV!FKOLFK JHPHVVHQHMREH:WUQ G HQVFKA @& DINHULW H®
YHUVFKLHGHQHQ :LQGJHVFKZLQGLJNHLWVNODVVHQ DQ

OLWse ¢ PIPXV GHU *OHLFKXQJ NDQQ GHU 06( IEHIUHEK QHGD ¥ HUDG HGH U D
BWUHXXQJ GHU ORGHOOYRUKHUVDJH ®OWYRIEHHQ]V VRIQVEW® DDRHGBU 6 WU L
HLQHU EHVWLPPWHQ 5HWXUQ 7LPH ZIW LREYGHRFKRQJ JH]H

Gleichung 5.5 L >¢q¢ly F >q 80

(V LVW VLQQYROO GLH V 5HWXUQ 7LPH]XHYYVKRHQD G\D SR W WHI@]\Z HGJLWA °
%HUHFKQXQJ GLH *U_,iH GHU 8QVLFKHUKO®L®LBHYAWLBPW ZWKW EXQIVE&BU 5H
7LPH HQWVWHKW 8P GHQ 506( :HUW XU HUXD&W M PZLE(G: KBULW IX]RJIHQ



(UJHEQLVVH

Gleichung 5.6 L3/5"

$EVFKOLH{HQG N, QQHQ GLH EHUHFKQHWEWQVHIQU DXV PG WP GHH[G HWLIMHEQ
$QVDW] YHUJOLFKHQ ZHUGHQ $XI GLHWHWIHQY HG MWD @ & WHH Qa-H W WMZK H R
ORGHOOV YRQ .ULVWHQVHQ HW DO HUIROJHQ

=XU ZEHUVLFKW ZHUGHQ GLH GXUFKJH | ¥&3S)XOQHNQV BQ W H I \DXXF KX IQIKHHQNVY W

([SHULPHQWHOO (LQH OLQHDUH S5HJUHVYNHRQY H®HMHLRMCWNYBK Z|
9HUJOHLFK ]X V 5HWXUQ 7LPH XP %HWAMMPAPWKHLWVPD{H ]X HUF

(ISHULPHQWHOO 506( DXV OHVVGDWHQ YRP GMW BOGRKUWG 7ALPOIW X
(LQWHLOXQJ LQ :LQGJHVFKZLQGLIXHLWVNODVVHQ YRQ P

7KHRUHWLVFK %HUHFKQXQJ GHV 506( NAHWL\WBQ H' L IHEIHMFEFZ UQ G |
GLH JHVDPWHQ OHVVGDWHQ MH 5HWXUQ 7LPH EHUHFKQHW

7TKHRUHWLVFK %HUHFKQXQJ GHV 506( PIPK Z(LQGUH NOX QN N Q DALY
P& GLH 9D& LD Q|G 1%U GLH JHVDPWHQ OHVVGDWHQ MH 5HWXUC

'LH $QDO\VHQ ZHUGHQ PLW DOOHQ GKWW 6}9QBGHPHEQWKURDIHIH O
H[HPSODULVFK GLH (UJHEQLVVH I%UVWDVH|(HQBEEDRRVVGLENKWIHQDUL
VLQG LQ GHQ $QODJHQ XQG EHLJHS@DW\VHHEQ WFRMIRIOWHRGHQ ZHOF
$EVW!QGHQ GLH OHVVXQJHQ DQ HLQHP 3XQM W DM RGLMH B QW QEXHU KR
OHVVHUJHEQLVVH VLJQLILNDQW VWHLJIJW GXHUGHP ILK G% N Q MAHKQ/XQ
506( :HUWH PLW GHU *OHLFKXQJ PLWD W S UKL B WO HOEH B H PQ WWLHP P |

52 (5*(%1-66(
'LH VWDWLVWLVFKH $QDO\WH ZLUG PLW HLQHPRQ- X'HAW H ¥ HROWAHRERR NV

GLJLWDOHQ $QKDQJ GHU 'LSORPDUEHLW ]X HQWQHKPHQ

*U,iH GHU 8QVLFKHUKHLW

'LH 5HJUHVVLRQVDQDO\WH YHUPLWWHO V8 QVLFKE UKUHLWHQ EHLG YKEBN F
SHWXUQ 7LPHV 'LH $EELOGXQJHQ LOWHILOBQ G HL 618WOOFK TLPIH VRUWL



6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8QVMWPKWHQY RHRPWVEHL YHUVFKLHGHQHQ 5H
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%LOG6]HQDULR (UJHEQLVVH GHU 5HJUHV\RQRWINOBY DOYGH H%EKELA KIRWHLW EHL G
S5HWXUQ 7LPHV V v v VHU W$FKWH DXl BH]XJ DXl V 5HWXUQ 7LPH [ $FK\

%LOG JHLJW GLH (UJHEQLVVH GHUYRQQ BIHQDQ LRH J U HVHY LBRMIHOX X QJ ¢
OHVVGDWHQ EHL GHQ 5HWXUQ 7LPHV X®@G VV WHZHYOV BXI GHU \ $FKV
%H]XJ DXI V OHVVGDWHQ DXI| GHU [ $FH\IN  iHW G XQ BHHMXUGKIMW. PH LV W

JU,{HU ZLUG GLH 6WUHXXQJ 'DV (UJHEQHV BtHWVS%H YO\ PGALKINIHWAPVDY D F K H
'DV 5HJUHVVLRQVPRGHOO SDVVW XPVR EHVVHIW M$XIQEKHW 5L VVQ GD)



(UJHEQLVVH

'LQGJHVFKZLQGLINHLWHMHEHQWOLFK K!XILJHU JHPHVVHQ ZXUGHQ DO
NHLWHQ %EH® %HR KRKHQ *HVFKZLQGLJNHLWHQ OLHJHQ GLH OH
DXVHLQDQGHU 'LHVH 7DWVDFKH ND QKZ EQIE LINHN MHEQEQH GWB *BBF VHC
]1X /%FNHQ LQ GHQ *UDSKHQ 1%KUHQ % HUHFEIRUWLWERAXV5P%6(Y YHUJOH
'LQGJHVFKZLQGLIJNHLWHQ DXV GHP 'DWH QVEHW X®HU7]P B HAVL WD G K I HIWE
DXV V 5HWXUQ 7LPH :HQQ HV LQQHUBRGDENHLYNN ODYFHHYRRZHLQHP
'DWHQV!W]H NHLQHQ (LQWUDJ JLEWH UHFEW XRLIHKHHIDOH EWHIGHUQMK U >
9HUWHLOXQJ YRQ 1DHKWUGBMHQNRPSOHWWH *HVFKZLQGLJNNHVRING DV V
HLQ 'DUDXV UHVXOWLHUHQ /%FNHQ LQLEHEY *(LOS %HQVEHY G HEWXHWQ LV
EHL GHU V BHWXUQ 7LPH LQ GHU *HVFEINQGLERKLWMKBQVVHH

VRIHQDQQWHQ $XVUHL{HU :HUWH LQ L%IHIGI Q]HQL G& WD X H UWHAFE KR HW H Q
LQ GHU *HVFKZLQGLIJNHLWVNODVVH ]ZLVE KWQ DFHKQV HIWHHQ X QAE] HGH G H

7TLPH IXU%FEN]XI%KUHQ
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%LOG([SHULPHQWHOOHU $QVDW] ]XU %HUHFKQX®.U GHY GBIV FIKEZH. /@G L J NVHRLQV P |
OHVVGDWHQ YRQ V 5HWXUQ 7LPH DOV %®GVINHHWMWQ & L& GLQELIWMFEKZLQ
'LQGJHVFKZLQGLIJNHLWVNODVVHQ HLQJHWHLOW

1D1 HQJO 1RW D 1XPEHU ]JHLJW DQQ GRKW GNUMWFKOPEB UMK HUW KDQGH



6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8QVMWPKWHQY RHRPWVEHL YHUVFKLHGHQHQ 5H

'DV QDFKIROJHQGH %LOG JHLIJW GVUKHRDRW I*OFHK FEKXUHFKQHWHQ 506 ( :H
ZLUG GHXWOLFK GDVV HLQH JHULQJHQ$QIRKO PVFXZ(L PWWNELWYNODVVE
XQJ%QVWLIJHQ 9HUWHLOXQJ GHU 1D1 GHUNHODXYV H3 LHK #HI@HD (DQPLQDWIL
JHVDPWHQ .ODVVH I%KUHQ NDQQ -Q B3 GHU BHWX EQI L7 ICPHP YRIQ V JU
$EVW!QGH ]ZLVFKHQ GHQ OHVVSXQNWHQ @HU *HMFKALIXGLHEKHQW\ONO DV V
%LOG JHLIJW GLHV DOV /%FNH LP IR SKHGHRQHY BHW XWH® ZJHQ 506( :HU
GHXWHQ DXI HLQHQ P, JOLFKHQ 9HUOXWWMHM\QHK LI VFKZLQGLINHLW
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%LOG7KHRUHWLVFK EHUHFKQHWHU 506( LQ $EKHQHQ NHQ®IMRPKZOQGQINHP WY G
9DULDQ] ZLUG DXV GHU *HVDPWKHLW G HIUEHMAFEKIMWMMQ MH 5HWXUQ 7LP

-Q GHQ 'LDJUDPPHQ LQ %LOG XQG HbIBOVE H X X QV WL PH LIQHHU KRAKK QL H G
'LQGJHVFKZLQGLIJNHLWHQ WRQHUNHQQEDW 'DI%U LVW GHU LQ *OHLF
YRUNRPPHQGH .RWDQJHQV +\SHUEROLFXV Y HLD®Q WHR UWGFIKF KX P ' DHELHIH |
+\SHUEHOIXQNWLRQ GLH EHL NOHLGB®QFK: NWWHEGW HIHODSYHQUJILEW VLFK
BWUHXXQJ EHL JHULQJHQ :LQGJHVFKZLQGLINHLWHQ



(UJHEQLVVH

3.0 scenario 4
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%LOG7KHRUHWLVFK EHUHFKQHWHU 506( L@ $EKHQWMHQHLYGYRYFKZPQGLINHLW
GLH 9DULDQ] LVW DXV GHU *HVDPWKHLW GHU OHVVGDWHQ EHUHFKQHW

'HP 'LDJUDPP LQ %LOG OLHJW GLH WKXRU RWWVHAKH K26 Q & HINHLIDV
GHU %UHLWH]X *PXQGH 'LH 9DULDQ] ZLUG SUR BPHDIDAH. R L @) H ®1 € GH. \§ H
'LQGJHVFKZLQGLIJNHLWHQ HUPLWW#O WV 'GHIU(YE B URNKXIIN ZHQWPPW Mt
OHVVZHUW GHU V 5HWXUQ 7LPH DQ 'LHLBREBQ*BHWHIY GHBHYO HQ
YHUVFKLHGHQHQ 6]HQDULHQ YHUOWXXRG QHIF\KKY LIV JOHLEWH G VYV EHL
GHU *UDSK YRQ V 5HWXUQ 7LPH LQ HQH@QDWARX | HKIDWH QDDPAIHU V 5
*UDSK LQ 6]HQDULR  'DV LVW QLFRWULRI ICGHR WALY ROHGD 0B K ® Q J
IXU%FEN]XI%KUHQ 'HU (LQIOXVV GHU E8WHQQZD QG HUHY RIPSWOHFK 'L
ZLUG EHL GHP WKHRUHWLVFKHQ $QVDW] DXIQ@&DIALNVK ZLHIG LIHNPH WWHHC
MHZHLOLJHQ 6]HQDULRY EHUHFKQHW QBQ (HIVKEWM/UW GHM Y DV DI
YRQ GHP 6]HQDULR XQG GHU 5HWXUQ 7T B WSHAERGGH W * @ WIDRKIPHIY
EHHLQIOXVVW GHQ 9HUODXI GHU *U D'DRRLP MH@@HWUW R W8 HJ EKLUQRK J YRC
JHPHVVHQHQ :LQGJHVFKZLQGLIJNHLWHQ GHV 6]HQDULRYV

=XVDPPHQIDVVHQG JLEW GLH 7DEHOOH GLHHIGQQUH) SHHQEOLAR REWUPI
"HUWHQ XU 8QVLFKHUKHLW ([HPSODUNVEBKWLDRGGEHMBKZH QW HJ DLV
YRQ ELVW DXIJHI¥%KUW 'LH REHUH *UHQ]H GHV %HUHLFIOHW YRQ G



6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8QVMWPKWHQY RHRPWVEHL YHUVFKLHGHQHQ 5H

ZLUG LQ DOOHQ GUHL 6]HQDULH@ XX FKPH ERQ HVNQGIMIBGLHUW (UZDUW)
HUJLEW VLFK 1%U HLQH 5HWXUQ 7LPH %RQWLPF WK\ WOMRHIGULIRQ HGHQ C
6]HQDULHQ VFKQHLGHW 6]HQDULR PLEHHLQHMHUHIMWXRQ 7LPH YRQ \
EHVWHQ DE )%U GLH 506( :HUWH JLOWHHREH G KO OMQEHDY Y RQWBHUH V 5HWX
XQG REHUH YRQ GHU V 5HWXUQ 7LPH GHILQLHUW ZHUGHQ

6]JHQDULR 5 ([SHULP 506( EHL P7TKHRU 506( EHLV P
> @ > vV @ P > @ P
> @ > V @ P > @ P
> @ > V @ P > @/ P

7TDEHOOHHUJOHLFK VWDWLVWLVFKHU :HUWH DXVW3H @ RQH Q\WD ULBI® VXEHON X BPQH U
7TLPH@

'LH H[SHULPHQWHOO EHUHFKQHWHQ 506/(V:H3LWH ) HHIOHHWD EHU 6GHQDULR

JHULQJVWHQ VLQG JHIROJW YRQ GING S HEBIWURQ JHXGWVSWULFKW GHQ (U
]XP %HVWLPPWKHLWVPD; DXV GHU OLQHD UH\Q H HBQH N @ DR/QG DR USY H\QAKWQLHRL
EHVWHQ DE %HL GHU WKHRUHWLVFKHQ %RU HWV K@IXWXU G HAL B8 6K U BIUBVH A F
K,FKVWH *HQDXLJNHLW XQG JOHLFK]HLWPLLIWE &M W Hi [ZSE-HILHPIHIDMH.®® M Q J5 0 6 (
6]JHQDULR 'LH WKHRUHWLVFK EHUHFKQHQ H®! VB B &(Q: W WHIV GEHHL JAJRQ D UL
OLHJHQ GHXWOLFK XQWHU GHQHQ GHW VD Q\GHUGHQ BPJHQD UGB QD XDV X U¥%FN]
GDVV GLH PD[LPDOHQ :LQGJHVFKZLQGGHLNHWWRQARH 6 HHQ ZUKBRHQG LQ GHQ
6]JHQDULHQ XQG :LQGJHVFKZLQGLJNHLWHO FRW EHVUGXQ PLHVH 7DWVDF
LQ GHQ 'LDJUDPPHQ LQ $QODJH GHXWOWFKQ -GL\HJ HD\EDVARVD XME-HYU \BP 6 ( : H U
LQ® DXV GHU WKHRUHWLVFKHQ %HUHFKQXQEHUHFRRW\GHQ (HIMNUH @ H DINEHH

JHLJW GDV LQ 6]HQDULR GHU WKHRWHKWQVFKRMH56BY QMQIIDFKH YRQ

H[SHULPHQWHOO (UPLWWHOWHQ EHWLPHBW LHBW GHW WKHBHMWWUQFKH :HU
9LHUIDFKHQ GHV H[SHULPHQWHOOHQ :FHHFKBX QXL H UNKER QH\R DV BK A KWGEHRIL
SHWXUQ 7LPHV JHQDXHUH :HUWH

.RUUHODWLRQVXQWHUVXFKXQJ

'LH LQ .DSLWHO HLQJHI%KUWH )HO®DWV WG GBONQ 0 HYIVRXD WRHUQ) ZLUG DQ GL
GLVNXWLHUW 6REDO®RG LLHN %HELQWXIQIW KDQGHOW HV VLFK XP OHVVGDVW
DXIHLQDQGHUIROJHQGHQ OHVVXQJHQ YRQAGQNEWHKOXEPHEXGQLVW VRPL
XQWHUVXFKHQ RE GHU REHQ JHQDQQWHU®WHQ]ZHUW HLQJHKDOWHDQ

'LH 8QWHUVXFKXQJHQ HUJHEHQ GDVV NUWRWQEHN GH® BEBWXUQ/ 7GPH REH
DXIJHI%KUWH %HGLQJXQJ ]XP 7HLO QHIQ 5HMDQVQHDLRNW RQHL HWLLQ %LC



(UJHEQLVVH

NRUUHOLHUHQ GLH OHVVGDWHQ LQ D GI@HQ FKHBG JHDAF KZH G 18 X WNHA W ¢
*OHLFKXQJ VWDQGDUGP!{iLJ QXU 1% GHW @HVGEHDWHRO ®MHZHGLH |
5HWXUQ 7LPHV HUPLWWHOW ZRUGHQ VLQGX QUK @ DFKIR Q J @V N QG$ HEO
ELV ]X HLQHU EHVWLPPWHQ :LQGJHVFKZLH GRINFHHO X B UWH®G RFHIUHWC
%HUHFKQXQJ GHV 506( G%UIWH HLJHQWS®HEEKOBXQWH (¥ ¥ HOICHE @ QX GO
OHVVSXQNWH DQJHZHQGHW ZHUGHQ

556 scenario 4 with Return Time 30s 556 scenario 4 with Return Time 60s
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%LOG.RUUHODWLRQ DXIHLQDQGHUIROJHQGHU OHWVXQIHQWVEHL S HWXUQ 7LPHV

~Q (UPDQJHOXQJ DQGHUHU $QV!W]H ZlGHQ QRF IG LBIXIH RS LHD SLOWMH.G K X ¢
]XU%FNJHJULIIHQ GD VLH WURW] GHU WGV F KD IOANONHILHD M UQHX D QW L |
8QVLFKHUKHLW DXV GHU 5HWXUQ 7LPHHWDRUWWHOOW L RGV XUQIWHQ Y X ¥ K
6]JHQDULHQ XQG VLQG LQ GHQ $®0®JHRQUWXWQIGQG]BLIHGBHWXUQ 7LP
XQG V DEJHELOGHW 'LH 5HWXUQ 7LBW GV ZILWGEGLF&KWQBJHR PL
5HWXUQ 7LPH DOOH DXIHLQDQGHUIR O JHQG K@ ® HAWX @ EH Q ONGRIQU HDR P
ZHLWHUH (UNHQQWQLV EULQJW



6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 8QVMWPKWHQY RHRPWVEHL YHUVFKLHGHQHQ 5H

=XVDPPHQIDVVXQJ GHU VWDWLVWLVFKHQ 8QWHUVXFKXQJ

'DV 6]HQDULR VFKQHLGHW EHL GHQ 5HUR HYYH RIQPHPEE HO O HEQ XIDBK G HW H ¢
DP EHVWHQ DE 'DV LVW DXI GLH KDOE VB &RKH6BHRIBHLIHE X OXG® X
IXU%FN]XI%KUHQ $XFK GLH YHUVFKVMWGH®EBEHQ QELYGHUX ! QMDQO XVYV DX |
HUUHLFKEDUH *HQDXLJNHLW KDEHQ 1D BHAWPOLIFK HOHEHEK Y NE K BKILLHEGH Q H U
7LPHV GLH NOHLQHUHQ 5HWXUQ 7LPHW EEFHMVNO HLE) HD B @ UBAHKW XADQ 7LPHV
EHVWLPPWHQ =HLWVSDQQH K!XILJHU DQ HL@HPI 3R QAIVA DIV ZHHIQV H LQIE H |
GHQHQ GHU 5HIHUHQ]PHVVXQJ

%HL GHQ GUHL 6]HQDULHQ OLHJHQRXL B BRE(GKE PHMO GGHPXW[GHULPHQWHO (
EHVWLPPWHQ :HUWHQ 'HU WKHRUHWLYVFKH H$ GWDW) EYRDXWHKOWS BZ 18 L FIK XU
DXV 5HWXUQ 7LPH LP 9HUJOHLFK PLW) GHIW]|H[SUEHFRQWHOWHQ SHQ 6]HQ
XQG (LQ]JLJ GHU WKHRUHWLVFKH 506G WQIAIHQDVLRHL ®LHGMUB Q 6]HQDUL
WHQGHQ]LHOO DXI GLH JHPHVVHQHQ JEULMQHHWHQ LIQQGEHNFIKZHQDUI
IXU%FEN]XI%KUHQ 'HQQRFK ZLUG LQUBQGHM®L %/]HNOHLIMQ GHW :TQGJHVFKZL
XQG GLH 8QWHUVFKLHGH ]ZLVFKHQ GHIHEHOWEHW 7'LAHW KHREMWILDFK EHU
"HUWH GHV 506( OLHJHQ EHL JU,{HUHQ GH@ X USH ULLPHIND @ FKMQ QP LWWHO W
/IDXW GHU .RUUHODWLRQVXQWHUVXFKXQJ NRPPHOXHBHTLBIDW Y FORX PWKKIOD §

V 1%U GLH 1XW]XQJ GHU *OHLFKXQB 4XDQWUDJHHPXQHGHU 8QVLFKHUKFE
SHWXUQ 7LPH LVW GLH *OHLFKXQJ DX® H VKD WEHQQNE HWWR @QAHUH [%U 51
7LPHV GLH JU_,{HU DOV V VLQG JHHLJQHW

'DV ORGHOO GDV GHP %LOG IXJUXQGW LOLHHV X RUUGHIX B QVLFKHUKHLV
SHWXUQ 7LPH LQ .DSLWHO YHUZH@GN WK H & Us GWLBIW H QX W KAHRWH F K Q X C
7HLOXQVLFKHUKHLW DXV GHU 5HWXU @@L BH PRF&KOWZH G GHi QL GVDRKW {QNH E C
HUVW DE HLQHU :LQGJHVFKZL® GEIOWLW WIRQ®G )%P GLH %HUHFKQXQJ GHU
ZHUGHQ YRUO!XILJ GLH :9®UYEFD}QGPGWH 5HWXUQ 7LPH PLW V DQJHQRP
ZHLWHUHQ 9HUODXI GHV 3URMHNWHYV XR@O7GRH K} SHERKKQXQIN HIHU BRI/
JHZ!KOWHQ *HU!'WHVWDQGRUWHQ HUIROJHQ



(UJHEQLVVH

=86%$00(1)$6681*

~Q GLHVHP .DSLWHO ZHUGHQ GLH (UJHEXHQY VX OGN &G\DL FeKIHUHEHKIQMXH G
VWDWLVWLVFKH 8QWHUVXFKXQJ GHU 7 H LL®XQIWKLVFKPHPUHQHILHN DIVX/\W G U Z5LH
DEVFKOLH{HQGHYV )DILW |X GHP 7KHPD GH\V BRQWHEK/H GIORL VW G FEHHMV X G
HLQ $XVEOLFN 1%U GDV 0-/-$ 3URMHNWJL8 HUH WIQIGAKHE M B X0HF AW\Y LPHPDH E

6.1 (5*(%1-66(
ORGHOO 1XU %YHUHFKQXQJ HLQHU *HVDPWXQVLFKHUKHLW

'LH %HUHFKQXQJ HLQHU *HVDPWXQVLFKHWKBLMHQIKOQRE RLYHNH KR @N
/LGDU *HU!WHVWDQGRUWHQ ZXUGH LPSOHPHQUHLGIOMQ $MV ! VG HDW PHX
HUJHEHQ VLFK P JOLFKH $XIVWHOONRPELQDIWL RRIMQ ]ZHLQ ® GH U
/LGDU *HU!WHQ EHWUDFKWHW ZHUGHQ  0LRUWALMKWP HQP S0 HRHDN L B
7HLOXQVLFKHUKHLWHQ 1%U GLH OHVVXQW ®HU | HKIG JHY 6 WZLEG IQIHNQ V \
EHUHFKQHW XQG NRPELQLHUW ZHUGHQ

(LQLJH 7HLOXQVLFKHUKHLWHQ HUJHE HHQ WH YV BQ KW # LB QNHLG-H H R R B L @D\
VLQG 'DV LVW LQVEHVRQGHUH GHU )DOOH BRQ®O KHW Q/ LKIKQ & Pl CS/D X ¥ €
7HLOXQVLFKHUKHLWHQ XQWHUVFKHLGHQYHQFREK QHQ GEYRQXWH i V
HLQH .RPELQDWLRQVP JOLFKNHLW PLWDIZGHCRG HRG KW KELL M H(W QWHAQH O O .
OHVVXQJHQ JHZ!KOW ZHUGHQ 'XUFK GHW JHEKDG WIRAKVSQUDRKKQKHL W\
DXIJUXQG YRQ JHRPHWULVFKHQ %HGLQJXBUHWH | 8-V WISHGIHN W L @ PEQ Q!
YHUVFKLHGHQ VLQG 'DQQ ZLUG GLHHYHLHOUX @V DF KOHOUKHHQ. WH K/QU OM M @ S X
OLWWHO EHVWLPPW XQG PLW GHQ 7HSXINOWH.GE K Q KWHN R/MHEL GHWL RQ J
*HU!WH NRPELQLHUW 'LH J%QVWLJVWH *GUHWH R FRNELLGSBWH. &L NIWHD R
OHVVNDPSDJQHQSODQXQJ ]XU ZHLWHUHQ @IS® L PLLHH U K QO XIGNODAW HAU KZHLL
YRQ GHU $XIVWHOOXQJVJHRPHWULH D BWHUMPKY HGE QZGHIE 18 Q VI XF&® U |
]ZLVFKHQ GHQ *HU!WHNRPELQDWLRQHBSGHPUHIW L' HH WBHH | XKDLNW L R Q
$EK!QJLINHLW YRQ GHU $XIVWHOOXQJVIFHRPEDUHG HDWOXNVNLQIHQ
8QVLFKHUKHLWVEHUHFKQXQJ GD GLH $%MPDHULRXQKRHKHYWLDRBKNRGHR D\
HUNHQQEDU LVW 'LHV EH]LHKW VLFKHDXIOBULWHL @QWISAKHUXHLW EHL 6
IDVHUVWUDKO $XVULFKWXQJ 'XUFK GLHEJMHXOHFIKR UNMESA B R | XYGIU VU
(UJHEQLVVH 1%U GLH *HU!WHNRPE L Q BHUL RVGIFI@ P ELIHQ DIWQ RW LY M WZHH Q
*HU!WH ]XU OHVVXQJ XQG HUJLEW HLQH DE VR X\WHP SEZKHHFBEW QY FKR B L



=XVDPPHQIDVVXQJ

XQHQGOLFK KRKH 8QVLFKHUKHLW P JSOQU\FIKF K MWK HHUAV E MU WIL R GHUL Q P
"HUW ZLUG KHUDXVJHILOWHUW 6RPLWLEKME® RKQHBRQV VKK IHLD B LHP UH VY B}
8QVLFKHUKHLW 1%U GLH *HU!WHNRPE L QBPRLL FZGH Q FPWU YW HZGH 10 EHUWNGIQHV H LF
GHU .RPELQDWLRQH&) BEU GURL *HU!WH PLW _RPELQDWLRQHQ OLHJV
EHL @P $XFK GLH 6WDQGDUGDEZHLF&XEHLL\ZWLPLNU!WH® K,KHU DOV EHL
*HU!WHQ PLWY =X¥DPPHQIDVVHQG O!VVW VLFK VDJHK) 9BDYNQGXGLHVHP
PHKUHUHU *HU!WH GLH 8QVLFKHUKHLW QD Xl QUX®G ] S U: L PN WK WHKDH X
]ZLVFKHQ GHQ /DVHUVWUDKOHQ UHGX]LHUHQ NDQQ

6WDWLVWLVFKH 8QWHUVXFKXQJ GHU 5HWXUQ 7LPH

'LH VWDWLVWLVFKH 8QWHUVXFKXQJ GHU 8N WHKKIHU KIHR MW EHHULJ ¥ B W V) RKOLIHHGE)
'LH WKHRUHWLVFKH )RUPHO ]XU %HUHFKE@XQJY® MV FKL\NGHEZHHQ FIHQX U Q 7
YRQ .ULVWHQVHQ HW DO EL O G BW SHHIMDHIR 7UHPRIGXIQ® %IHYQBIHVFKZLQG
DE GHU YRQ GHQ OHVVHUJHEQLVVHQ DXVEHMMWXPWLQLUGH PIDUN UG L
XQWHUVFKHLGHW VLFK GLH *U,{HQRUGBXQ GENWQUBFKE NV HOMULR OL
*HVFKZLQGLIJNHLWVNODVV W GRIQY WKHRUHWLVFKH 506( :HUW EHLP )%QIIC
H[SHULPHQWHOOHQ ZHQQ GLH 5HWXWW® 7LRHHWXEHWULPW VLN GLHVHL
DXI GDV 9LHUIDFKH OLW $XVQDKPH YRQ GOMQWHKHR UHWHENGXFK O/RJGH O O
506( :HUWH GHXWOLFK -HGRFK ZLUG EGILHJUKHOX §H VEXWE K7 IGFIHV W K HR U H \
ORGHOO JHQDXHU 'LHVH (UJHEQLVVH HE®BUHKO®® JGR MW/ SHWXEBQRQ PHYV
WKHRUHWLVFKH $QVDW] QDFK .ULVWHQVHQ HWGHmMO NDQQ YHUZHQ!
_RUUHODWLRQVXQWHUVXFKXQJ HUJLEW GDVV*GHHFXRHURBG BRSVIFKIOQLW O |
%HUHFKQXQJ GHU BWUHXXQJ EHL 5HWHWQLVIMWP H\WR ®EOLFK NDHLJQ@LH )RUP
.ULVWHQVHQ HW DO IXU %HUHFKQXGQH G BHVBRWQ FKHPUHK HIQW BHVR Q G F
JU,iHUH 5HWXUQ 7LPHV YHUZHQGHW ZHGGHIQW 'GHM HL X W W\QIF KBHY. BRX Q J
GDV 8QVLFKHUKHLWVPRGHOO



)DILW

6.2 )$=-7

'LH LP 5DKPHQ GLHVHU 'LSORPDUEHLW G XW FKH HOXIQWWHK HLOKHOL\W H
OXOWL /LGDU :LQGPHVVXQJHQ [XU %HVWLPPXBUJVEHGLHL@XUWUWRML
OHVVXQVLFKHUKHLWHQ XQG JLEW $QV!WRH*HXHQYRIQ WX LG HWXBUV
YHU IITHQWOLFKWHQ /LWHUDWXU ZLUG GQHQ8 Q\QLG KHHUKKHZLLVQ GELH M HLRALI
PLW GUHL *HU!WHQ EHWUDFKWHW 'LHVRERWRQVLEKHUKIQUWHEGHE 0N
9HUIDKUHQ LQ GHU 5HJLRQ *DKUHQEZHWQIGPHLI W R Q DBAVHG L/H @MU *HU ! W H
OHVVHUJHEQLVVH OLHIHUW 'LH YRUJHVW H@®XOMWH. F/RAHDMK W L5/HF\K M $Q D |
GDVV GHU WKHRUHWLVFKH $QVDW] ]X % HVWL FOPXQ B HANUU @ HTIOPAHD V%l
8QVLFKHUKHLWVPRGHOO YHUZHQGHW ZHKIBHIQQNDRDIQLXY A &L B ] }VEXHW | +

6.3 $86%/-&.

OLW GHP HQWZLFNHOWHQ 6NULSW ]XU 8@\ FIKH UKHNDWM WL GBIV BK MR K
2SWLPLHUXQJ HLQHU OHVVNDPSDJQHQSOD®RXQD HQWYHPNHBWO ZAM
YHUVFKLHGHQH OHVVYHUIDKUHQ ZLH 3URHIQ XQIG /I0GDW L 0D /P 19 VW
PLWHLQDQGHU YHUJOLFKHQ XQG HLQH RGW LB LHE@H GH/PLNDW B D WQ H L
$UEHLW HQWZLFNHOWH 6NULSW EHUH EKR®WD®LH 8:Q QIGRIKINFIKIH L W GALH N |
9HUZHQGXQJ YRQ GUHL /LGDU *HU!WHQH 'DHF ¥YWQG UGH. V* 16 W MLKEQ PGLQ V |
'LQGYHNWRUV SULQJLSLHOO P,JOLFK LKNMWQJNPRQHXFKW®QVLIHH)RAL
OHVVXQVLFKHUKHLW EHL %HWUDFKWXQJ GWHHU YYHHUWKYQ WD G I QH L@ RP K
HLQHU DQJHQRPPHQ 5HWXUQ 7LPH GLHVSQNK G KFHKHK® L5 VP X WQGHLLP KV E
ZHUGHQ 'DI%U NDQQ GDV 6NULSW XP HIPQXNQ]XAH RhHiF/KAQLPEXWDIO GRI WL B
7LPH EHL YRUJHJHEHQHQ /LGDU *HU!WHVWRQ G RK WAK® QMULZ H LV K XY J
8QVLFKHUKHLWHQ GLH EHLP OXOWL /L G/MRZ 9 UGD KU H-Q@ WX INMDUHLVR I
.DPSDJQHQSODQXQJV 7RRO VLQG HUVWE H\F KU BWMWWHH PX/UXIDE0 LG H WP @ .
GLHVHV OHVVYHUIDKUHQV

$EVROXWH :HUWH ]XU 4XDQWLIL]JLHUXQ EHURKKWQ7 AHOXWVRRKKBHRHIH U J
OHVVXQJ PLW $QHPRPHWHUQ 'LH .ULWL®D@® G\ R\DHPWORIQ IIDW LDHQ LVW G
GLH YRP $QHPRPHWHU JHPHVVHQH *HVFKZLQWBLINGLIMWQ RPRH Q@ I WU
XQNODU LVW RE GLHVH 9DULDQWH &L+ UWHUHGHMWALE N OXIDU VYARHD O MU
'LQGPHVVXQJ NDQQ GLHVHU )UDJHVWHOBNXQ R WY FKDXHRIHQ D]FKH\TH G ML



ILWHUDWXUYHU]JHLFKQLYV

/-7(5$7859(5=(-&+1-6

$%2 :LQG +J :LQGSDUN *DKUHQEHUXQWOLIQWMWSN | ¥ZZED D ER
ZLQG FRP GH OHLVWXQJHQ ZLQGNUD | \&LI)GSIHZND H B & WHQEBRM HMWBH [ SKS
]XOHW]W JHSU%IW DP

-62 $FFXUDF\ WUXHQHVV D@8 XSUHPHYWRRHWRKPGEY DQG UHVXOWYV

$LWNHQ ODWWKHZ / 5KRGHV OLFKDHO ( 3IMQIRIVANOFHROLH:LQG 3URILC
/LGDU LQ WKH 5HJLRQ RI :LQG 7 X{REUQD BRAMRUN'ERNSTKHQLF DQG 2FHDQLF
6 "2 ST (&

-&*0 $XVZHUWXQJ YRQ OHVVSGBRWXQJ |MRHHLWIDGHQ ]XU $QJDE
GHU 8QVLFKHUKHLW EHLP OHVVHQ XQG XPEBBW H®]2OHK QH JHQUIRNEDU X
KWWSV ZZZ JRRJOH FRP XUO"VD W UFW MFG H\HGF D KER KALFHE. ZBIED 3 Y
$KO*Z.4.+9ZY'WB84)MS$(HJI4-%[$' XUO KWWSV $ H )EEYZ SWBIBDGPLQ
JLQWHUQHW )IDFKDEWHLOXQJHQ )DEWHLOKQIBPRGHBPLWKMNKO DW) )- &
*0B B B'(B SGI XVJ $2Y9DZ 4/ R[JKBWBOIM |XOHW]W JHSU%IW DP

%DVVH $OH[DQGHU 3DXVFKHU /XNDVSBR®OIOQHWYHWRWIRRKDO :LQGP6SHHG
(IWUDSRODWLRQ 8VLQJ 6KRUW 7HUPSYHEBRW H HBIQXWLBBEHQWYV2—Q
uv

%D\ULVFKH 9HUPHVVXQJVYHUZDOWXQJ 870 .R&VOGHEFD\®B @ Q2 QX@MLA H

YHUI%JEDU XQWHU

KWWSV ZZZ JRRJOH FRP XUO"VD W UFW MFG HM\HGF D KR KAMMHS ZME Y

Y$K8+MK4.+6G7%R44)MS$S%HI4-$[$' XUO KWWSY ED\HUQZZHO GIEOH )SGI
) )870 $SEELOGXQJ XQG .RRUGLQDWHQ 82GL XAED$EMABIN . H+1"

]XOHW]W JHSU%IW DP

%HXWK 7KRUVWHDQ $QDO\WVH XQG 2 SWHIQP LIH X ® UVYWRHP HRON DAY L H U
'LQGNUDIWDQODJHQ 'LVVHUWDWLRQ .DRUQWU XB N X O-VQ\NWV IBAUX (\O AW U IR FXQ
~QIRUPDWLRQVWHFKQLN

%LQJ, O )HUKDW 0DQQ -DNRE )RXVVHOGQVVAPQQUQJ OLGDARBUMBMRU LQ FR
WHUUDPBW]Q 6 2



I[ILWHUDWXUYHU]HLF

&OLIWRQ $QGUHZ &OLYH 3HWHU 'BPRWGE/ VFLKDOIOH) (XOFE D6 I6FEKRQ S| /XN
—($ :LQG 7DVN 'LQG /LGDWL\GHIDMWLUQIQB DWE.HUV WR WKH $GR
/LGDUSHBRWH 6HQVL@J 2 uv

&OLYH 3 - 0 &RPSHQVDWLRQ RHYBFMWRUEDRG YROXBI®WYLQG \
PHDVXUHPHQWY &R®| 6HU (DUWK (Q&FLURQ 'BFL

'‘DYLHV ) &ROOLHU & * %YRUWHWWDVVRFLDWHGUAURNK GXDO 'RSSOHU O
PHDVXUHPHQW2SWQ$ 3XUH $SSG 2%W '2-

'DYRXVW 6 -HKX $ %RXLOOHW 0 %%BEGRQE U R FN UF KHHW LDO
$VVHVVPHQW DQG 2SWLPL]DWLRQ RI /LGDIR0HDY & UKRHEQ @ H$ % B QOVILER @
3UHSULQW 2QOLQH YHUI%JEDU XQWHU

KWWSV ZZZ JRRJOH FRP XUO"VD W UFW MFG H\HGF D KR KAM+HRZHE
<EX$K8S&:0%+G65&V(4)M$'HI4-%%$& XUO KWWSVIRY )OREY QUH®
VWL ) SGI XVJ $2Y9DZ EJOBJG10(P.R$SKXK* JHS JXOWW|P

'"HXWVFKH ODWKHPDWLNHU 9HUHLQLIJXQXWMHKKBELQDWRKHRPNW+LNHWU 9K UH
H9 2Q0LQH YHUI%JEDU XQWHU KWWSNEUZY Z HWDWWHHIPDWLN GH DOJ
KLOIH VWRFKDVWLN NRPELQDWRULN HSWRPEIDPDWRULN ]XOHW]W J

'UHZ 'DQLHO 5 %DUORZ -DQHW )2E XM DAMLRQV Rl ZLQG VSHHG SUR
*UHDWHU /RQGRQ 8. XVLQJ DRRESOBURODLGOE® (QQLQHHULQJ DQG -QG
$HURG\QDPLEV 2 M MZHLD

(PHLV 6WHIDQ +DUULV OLFKDHO %DXQ@WDUSFOLHHW DQHPRPMARU\ E\ R
UHPRWH VHQVLQJ IRU ZLQG HQRAHW]DSS®LFDWLRQY -0Q

(PHLV 6WHIDQ 7XUN ODWWKLDYV PALAEP:SMGLY BRI RO HRIDQGWIR ZH U
'LQG 3URILOHV DQG WKHLU $SSOLFDELIOONM [RQY 2RURRUM 3IHQGNHJ 3HV
6FKDXPDQQ XQG 6WHSKDQ %DUWK +J QJV@RG \WKHUIX URPRIFKHEROORT X
%HUOLQ +HLGHOEHUJ % H U GIUQ9 HBIQ B Bl @EHLDIL B SHWILGHOEHUJ 6

(1(5&21 +1J (1(5&21 3URG XN W % EYHHIM EAJED U 2QQD B U

KWWSV ZZZ JRRJOH FRP XUO"VD W UFW MFG H\HGF D KER KALBIR ZH E- Y X
$K:5 2$.+6(6$7R4)M$S$SHI4-%538& XUO KWWSV BFRQ)BAZ MQBHDGPLQ )5|
GDNWHXU )OHGLHQ



ILWHUDWXUYHU]JHLFKQLYV

SRUWDO )EURVFKXHUHQ )SGI )(1(5&21B3URGXNWRBGHBZBS E FGI.
7 &%-QB7(R \ ]XOHW]W JHSU%IW DP

(7+ =%ULFK +J .DSLWHO '"HU TKDQMROQRHFRKDIMLPIOD WRU % XFK 3K\\
2QO0LQH YHUI%JEDU XQWHU

KWWSV TXGHY SK\V HWK] FK VWDWLF F RIXWWHLQW O\FKL H R WHP @b X]KIOZHWY WN — 9
JHSU%IW DP

(XURSI!LVFKH .RPLVVLRQ +J '"HU'HXORSLMWAMKHONQQGEHU .RPPLVLRQ
GDV (XURS!LVFKH 3DUODPHQW GHQ (XURSL(XERISOLYBWH @ HIQU BDAF R D3 W V
6RILDODXVVFKXVV XQ GHQ $XVVFKXVV GHDWBWHOVRIDHQ 2QOLQH YHUI%J
KWWSV HF HXURSD HX LQIR VWUDWHRSSDQRULMHBI\GHDOBGH XIXOHW]W J
DP

-&*0 (YDOXDWLRQ RI PHD VXIWUGH MERWVWKHWM S UNVVLRQ RI XQFHU
LQ OHDVXUHPHQW 2QOLQH YHUI%JEDU XQWHU

KWWSV ZZZ JRRJOH FRP XUO"VD W UFW MFG H\DGF UMDRXWFW ZMEG D
K8.(ZM=R

'FX<;X$K:M4N($+H4+& R4)M$$SHI4-&5%& XUO KQRWRHVIG LYV QRDD JRY )GRF
XPHQWY )GRFXPHQWDWLRQ )-&*0B B B( SGKMX\WI $20DDZ3YY |H*=
]XOHW]W JHSU%IW DP

JRZOHU ODUWLQ 80/ 'LVWLOOHGNBQeWUIHI 2XIMGH W R RMGKHOBEQJI /DQJIXE
$XIODJH %RVWRQ $GGLVRQ :HVOH\

JUDXQKRIHU —(( +J JRUVFKXQJV 3WIRRNBINOYHWOLWXS )JUDXQKUJILHZLUWVF
(QHUJLHVA\WWWHPWHFKQLN ]XOHW]W JHSU%IW DP

JUDXQKRIHU —(( +J 'LQGPRH V2RI L G M UWYEHDIRL BEDU XQWHU
KWWS ZLQGPRQLWRU LHH IUDXQKRIHU GH ZB\QGPR@LNV RBDBHID JBHAQINUKRRHY \
]XOHW]W JHSU%IW DP

JUDXQKRIHU —6( +J 1HWWRVWURPBQIG X J X QHUIQH XHMVEDRH (QHUJLH
HUVWPDOV %EHU 3UR]JHQW 2QOLQHZZHIMH JIEDX XQRVHU BWVESHVSUHVVH >
PHGLHQ QHZV QHWWRVWURPHUJHXJXQU QBXGINEW Y AKO@EILHQHHUV WP
XHEHU SUR]JHQW KWPO ]XOHW]W JHSU%IW DP

*U\QLQJ 6YHQ (ULN )ORRUV 5RJLHVH 7KURWDWKRAGYLWR/HABLQI RQ 211 6KR
/ILGDU OHDVXUHBHQWRUMYQ%DVHO 6ZLW]JHUODRRG \%



I[ILWHUDWXUYHU]HLF

+DVDJHU &KDUORWWH B6WHLQ 'HWOHIO IGJRIARN QHNNHEKIBDE 07 BHEBD Q
ODWWKHZ 20GUR\G $QGUHZ + XEV+RY. BKWVKAH DRUW®R 6HD 2EVHU Y
1256(:-Q' /LGDU $UUD\ OHDVXULQJ 7HF KRQ DXCH3/ ' B\ D MID/P\D& R @ WQW ¢
5HPRWH 6HQVL®J 2 uv

+DX (ULFK 'LQGNUDIWDQOD JKH@L N UX@EOWIH QL UMAEFKDIWOLFKNH
EHDUE $XI0 %HUOLQ +HLGHOEHLWLIQH YWIUQ FHE DOU KIHNH R Q
KWWS JEY HEOLE FRP SDWURQ )XOO5HMRWGIBSYS}ISV DP  ]XO

+RJDQ 5LFKDUG +RZ WR GHWHUPR@H WH\HRORRELARMWYQVFW H & [EL V
JXLGH +J Y LVR EXGJHWV 2QOLQHZYRAUWWREDGEIKHYW HRRWDHCSKFXODWF
UHVROXWLRQ XQFHUWDLQW\ ]XOHW]W QMWXDOHSURKUW DP

+ROWRP 7KHRGRUH & %URRPV $QWKRIDWLRQ DQDPWIRUVSIRRISD VWDV
FRQYHUJHQW EHDP WYSSOMHG X PHYULFDO OBWKHPDMWLFV
M DSQXP

-'3 0%QVWHU +1J OHVVXQVLFKHUKHLWQHLW HK L HK QHHWNIR UBMH Y IV® DRA YW/(
8QWHU OLWDUEHLW YRQ 3URI 'U 6WHID®&HMXW GG UY HRIWWW DN \ORKH W H
%U 'LGDNWLN LQ GHU 3K\VLN 2QOLQH YHUI%JEDU XQWHU

KWWSV SK\WWLNNRPPXQL]JLHUHQ GH PHV MXEXY]XFEKIH UKHILHW ] MK OHHSIU R UMW

-1JHU HW DO 2SWLPL]LQJ OXOMAM I/RGDUQEHBDMUN HBRHD®QLQJ :LQG
6FLHQFH &RQIHUHQFH &RUN

-1JHU HW DO &KDOOHQJHV IRHQPAXV WQ DIGDE HEPYX\UBPSOLFDWL!
'LQG(XURSH 7THFKQRORJ\ :RUNVKRS ) UY@K R HZW U@ V LIV YWWX (/U
(QHUJLHV\VWHPWHFKQLN

“RVHI %U%GHUO OXOWLYDULDWHX¥Q@BOWHXRQ J PSMNVGTS 7$ ' D RIBIQIDV )
OXOWLYDULDWH $QDO\VH 8QLYHUVLW!W2QIDQQKHY.IRUBRIERORJIQW HU
KWWSV ZZZ JRRJOH FRP XUO"VD W UFW MFG H\WDGF UMDRXWAM ZMBEG C
K8.(ZLT

2VVV3W$K8\[ 8.+9 G$2 4)M$&HJI4-%5$& XUO KWWSVR$LRORIZH X QL
PXHQFKHQ GH )VWXGLXP OHKUH )DUFKLY )WHDFKLQJ

PDUWHULDOV )PXOWLYDULDWH SGI XVJ $2Y0/MZ <}SOEGWNWAJHSUBIW D



ILWHUDWXUYHU]JHLFKQLYV

=7 +J JHKOHUUHFKQXQJ LP SK\VLNDQ LAHHFKIHEO BB D NRQOIX®H YHUI¥%JEDU
KWWS ZzZZ SK\WVLN NLW HGX 6WXGLXP /HKUSPYVBIHRAWULNDBFX®IXQIBEHW]W
DP

LOHLQ % 3\WKRQ .XUV 1XPHULVFKHV 3URJUIHP LHUGID PLYWHBIWBERDU X Q
KWWSV ZZZ S\WKRQ NXUV HX QXPHULVFKHVBXS$R XIDW 8YH UAZFBS \MBBRW K R
NXUV HX JHQHUDWRUHQ SKS ]XOHW]W JHSU%IW DP

.UHQQ $ SUEDQH (QHUJLHLQQRY DQWHLIRIQHQH QGHIL W-UP J ]X
9HUQHWI]XQJIJVWUHIIHQ —($ :LQG (QHWHQHZHUNVWDR®WLDHUHKHQI%IEDU XQV
KWWSV \RXWX EH S&N)[*JG R ]XOHW]W JHSU%IW DP

.ULVWHQVHQ / .LUNHJDDUG 3 QUDEMDWLVWLF®ORASONPMRVSKHULF 2EVHU
‘LQG (QHUJ 6 2 ZH

IDQH 6 ( %DUORZ - ) :RRG &/ PHQW RI $0QVDR/WHIN EHDP 'RSSOHU OLGD!|
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([SHULPHQWHOOH XQG WKHRUHWLVFK H 6 WDWVWYNW/WWFKMHE ¢ QDOWV H

6]JHQDULR H[SHULPHQWHOOHU $QVDW] @GGIH RHWWWNOBEMH LIVONWGIBVEKBALOLQNHQ
JHIJHEHQ UPVHBS VWHKW I%U 506( :HUW HEMISUNVNMWHWYXKEFYLAHSFHW. BHQWHOOHQ
AEUe ZI%EUs ZA(E U zObEUs DBE U Z%BE U Z %o
SVve HVe S Ve Ve Ve Ve Ve
iU TUTITToTUIITOiId 1UTId0io 1UIIGII iuiindéoi 1TUITOATO
iU iuiintisliiiéoéi iuUiifio TUT107166 1UI0TIT6 1UIdionT
iU iUiidiogidiiTati iUioTdoonA 1UI0OOB666 1UITiIioio 1UIT6TTO
iU TUiTiTiésuiiitio i1Uiniéio 1UiI6dI6T 1UTIdoToA iUiIGodIN
TuU TUTiTitauiiioti 1Ui66i1617T 1UiTo0io i1UTTiIiAGe TUTTIIIT
TuU iUiiodaBdiiinod i1UIo6O606T 1UI0T6606 iUTiIiAnAAn TUTOTOII
iU TUiidoenidaiiitol i1UiIoo0i66 iUiioAand 1UTITAG6 1UITOIIO
TU TUiiedir 1UITATS iUinoiio 1UiiTA60 1UiI6donRoi 1UTIdioo
ou TUiTionaidJiTioon 1UiI6GI606 iUiioiod i1UiI6R60606 1TUTIADIT
ou iUiiodfnd@iinatio i1Uiiiéoi 1TUITAATI 1UiI6Gd606T 1UTTTIA
i U TUIT60TIUITITTT 1TUI6AT60 1UiIiodRAndode 1UTIToO66 1UTIGNRTO
AU TUitoidiuiiiiroi 1Ui616006 1UIRAITIié 1UTiITo6A 1UTGOI16
ou iUiioididiiiioo iuUieonno iUiAoniT 1UTiIioOI iuionoi
ou iuiineodiiodin i1UId6OTOT 1UiIoTTIiA 1UIG6O66TI 1UT00IBT
6u TUiioiiiuiiiéno i1UiIdiodi i1UiIioonTd iUiIdiion 1UToo0T0N
6u TUiTioniiuiT6o66 i1UiiodAo 1UIGO6TIT 1UTIATIO TUTAOCOOI
6u iUiioonaiioiii iUiiiod TUidiodi 1UTTITAGT TUITARTO6006
6u iUiiooabiiondi i1UIiT6io 1UTIido66 1UITGONATO 1UITRAODON
6uU TUiididivioionT 1UITToTT 1TUTTAAGT TUITTIAI TUidnT
6uU TUITT66IAJio66686 1UIT6661 1UTIT006 TUiiitTei 1UTo6TAO
iiu TUiToi6iiuUiodiéod i1UiToo6lT 1UThoTiA 1UT6RA606 1UOBTiIdoD
iiu iUiTnoobiodioo i1UiIT6I6T 1UTROBO6T 1UIT60M00 1UTO6RAOONM
ifu TUitTadnmuiointd 1UiIdoToi 1UTOGRAIOO0 1UT600061 1UATOT
iiu TUTITTT TUioiioo iUidioi iUTodiod 1Uo0ITOo01I 1TURAIGOIT
iTu iUiTolivuinodiii 1UiI6od6i6 1UTdIioio iUoBdIGOONA 1UOBAIOI
iTu TUiTéiiiuioiiol iUiéonAit 1UIA6GATO 1UOGGGIT0 TUAITATO
iTu iUitonaliodoido 1UTITo6T 1UOOROGT iURABGOI66 1UOOTITO
iTu TUITATIiAUI616T0 1UTIiAGA6 1UBT60TO0 TUAGITIO 1UO6AOIO
iou iUiodialioodoi iUTTondAn 1UB600TE 1UNMBTO iU6OONb6H
iou iUionoiBidooiio 1UTOI6IT 1UOO6DIO6 iUODBTI60 1UG6O6RATIT
iau ivioeoii iuUitiio TUT6T16T 1UATARGO TUGIAITO TUOGAAITA
iau iUioiiogidJioiond 1UTORN60T 1UTODIO iuooiodn i1UG6ANOGOI
iou TUiATiAiMionoeoéi 1UTio6A0 1UORAODBOT TUAAT6O0T 1UMNBGOOGITO
iou iUinonpliodiAni 1UTIAGIT 1UOOIOO6 iUdoonoodi i1U6OITRDO
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