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Experimentelle Untersuchung von Adsorptionswarmetauschern ftr
Adsorptionskaltemaschinen

Hintergrund der Arbeit: In vielen technischen Prozessen fallt ungenutzte Aldwme an, die prinzipiell zum
Antrieb von Adsorptionskaltemaschinen genutzt werderkann. Im Stand der Technik finden sich derzeit nur
wenige Ldsungen im kleinen Leistungsbereich (<10 kWie mit Abwarme im Temperaturbereich 100 bis 200 °C
betrieben werden kénnen Hierzu wurden am Fraunhofer ICT bereits Prifstandeufgebaut, mit denen sich
Adsorptionsprozesse im kleinen Labormafstab untersuchemassen. Fir die Abwarmenutzung aus
Hochtemperatur-Polymerelektrolytmembranbrennstoffzédn  (HT-PEMFC) wurde ein  binderfreies Y-
Zeolithgranulat als geeignetes Adsorbens identifizieund hinsichtlich seiner dynamischen Leistungsfahigkeém
Labormafstab untersucht. Fir dieses Material liegeroch keine Leistungsdatendaten aus dem Scale-Up hin in
den Prototypenmafstab vor. Erfahrungsgemaf nimmt diddsorptionsleistung beim Ubergang vom Labor- zum
Prototypenmaf3stab af®.

Hauptfragestellung der Abschlussarbeit:  Welche Adsorptions- und somit Kélteleistungen erzieleAdsorber
fur Adsorptionskaltemaschinen, die mit binderfreieny -Zeolith als Adsorbens ausgestattet sind und mit Abwérme
aus HT-PEMFC betrieben werden?

Inhalte der Arbeit:

- Einarbeitung in die Adsorptions- und Vakuumtechnik

- Umbau des Adsorptionskinetikprifstands zur Untersuchungon Adsorbern im Technikumsmalstab:
Auslegung und Aufbau einer leistungsféahigeren Verdampfanlage

Erweiterung des Dampfdosierungssystems flr grofRere Danmpéngen

Anpassung der Mess- und Regeltechnik (Hardware + Safire in LabVIEW)

Erweiterung des Versuchsstandes um eine Messkammer Rlsorptionswarmetauscher

O O O o o

Entwicklung eines Konzepts zum Anschluss der Adsorptiondwnmetauscher an den
Temperierkreislauf in der Vakuumkammer

- Auswahl und Beschaffung eines geeigneten Adsorptionswiretauschers

- Experimentelle Charakterisierung von mindestens eineAdsorptionswarmetauscher

1 Teicht, Christian, 2021: Development of a method for isadarge temperature jump adsorption experiments,
Applied Thermal Engineering 195, S. 117251. doi:10.1@pplthermaleng.2021.117251

2 Dawoud, Belal, 2013: Water vapor adsorption kinetics onlsand full scale zeolite coated adsorbers; A
comparison, Applied Thermal Engineering 50, S. 183%l. doi:10.1016/j.applthermaleng.2011.07.013

3 Santamaria, Salvatore; Sapienza, Alessio; FrazzicaaARdeni, Angelo; Girnik, llya S; Aristov, Yuri |, 2014: Water
adsorption dynamics on representative pieces of real adswsrior adsorptive chillers, Applied Energy 134, S. 11
19. doi:10.1016/j.apenergy.2014.07.053

Fraunhofer ICT
Energetische Systeme
www.ict.fraunhofer.de
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Vie PuvP

=XQIFKVW P|FKWH LFK PLFK EHLLFHKWJIGD U U, @ Bl GOQUNH/QV LBV
ODVWHUDUEHLW DP )UDXQKRIHU , &% HHW P H)OLFK W QICD W L M X YIE]
VWUXNWLYHQ 'LVNXVVLRQHQ NRRPOMH XFE MHLGHH$SQBRHIP <
XPEDXHQ

(LQ EHVRQGHUHU 'DQN JLOW DX.FK 6QYGLLHID BISSRIQWW 6 XN W C
XQWHUVWsW]W XQG PLU GDV 9HHWUBNH\Y HQ WK H BHIQEUHEHILDVF
]XI+KUHQ 'DV $UEHLWVXPIHOGEZW HOR %DHMKHL WHI® RHIHIH
DXVVWDWWXQJ XQG MHGHU]JHLW JUR%H :HUWVFKIW]XQJ

6HKU GDQNEDU ELQ LFK DXFK |-QJG.LIPH/PEROIDONA JHK @ G WKHPU |
ZLFNOXQJVSUR]JHVV GLH GHQ TPED®XJB HHUY®VRUSWE R QNI
PIFKWH PLFK EHL 'U ,QJ &KULWW I'RQ [THLHF X W Q@D RKKIHIL 2 O L K
leU LKUH 8QWHUVW+W]XQJ EHGDQNHQ

(EHQVR GDQNH LFK $QGUHDV ORWIFW}U BRQHGYEKQHOO B Gb HHUL
HLQHV 5LSSHQURKUHYV DXV .XSIHW$GHMRBE WV RQV BILUP B ODHIKA
GHU 9DNXXPNDPPHU EHQ|WLJW ZXUGH

‘HLWHUKLQ GDQNH LFK +HUUQ 3UR+U'GLHQO0|JOLLFAKON-HDL WU @ HE
WHUDUEHLW H[WHUQ DP )UDXQKRIHU ,&7 GXUFK]XI+KUHQ

$SEVFKOLH%HQG P|FKWH LFK PLEKHEH LGR HLRHK )DPILPHHQEHPG:
XQWHUVWsW]W KDW 6LH KDEHQQPEMQ GTHID Q DVWHUDHIEM L G
ZLFKWLJH 'LQJH LP /HEHQ JLEW
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‘'LHVH $UEHLW EHVFKIIWLIJW VLFKPPLWS IGH B LMXKM X KHI HLIRYH B E:
NIOWHPDVFKLQH LQ QXW]EDUH .$6 WK PXHP VHZDRFRM EW LA/LSLE O
HLQHU +LJK 7THPSHUDWXUH 3RO\P HU&KDBGIEG WHRD\OY& XKHRE BB C
QHQ 7THPSHUDWXUEHUHLFK YRQWHY $UEKRLDXMSHOV JHHGILOIN |
':DVVHU XQG ELQGHUPLWWHOIUHLHY < =HROLWK YHUZHQGHW

'LHVH $UEHLW LVW GLH :HLWH U I KIPHHW UHIQH R U P B KHRHIQ GHUU
WLRQ (QWZLFNOXQJ HLQHV QHXH® XMV GHHWUSGNBHOW L] R Q \8N
'HLWHUHQWZLFNOXQJ GHU 3RWH Q W& DR WK IRRIQ YAJ PHL B E
'U ,QJ &KULVWLDQ 7HLFKW L@ HEHHUQMQHI@MHWAWIR PH @/ BIXIQH
ELVt]%JHPHVVHQ ZXUGHQ ,P S5DKPHQ G ISHWHRWD ¥ N E & HW 2N YHBL
VWDQG VR PRIBLVLGIDHPUW 7HPSHUDWXUVSUXQJYHUYRRQFEHQDQ
GHPLWWHOIUHLHP < =HROLWK G X0 FLKIW | HAU VG IZHHVUFG HXQ ANK D QI
VRGDVV LQ VSIWHUHQ $QZHQGRQIH G LHUBHF KYWHOBLVWXQJ

'DV =LHO GLHVHU $UEHLW LVWXGQH GiHSIHIG P RIQSWWHLORGH B Q Q/HHM
WLRQVZIUPH*EHUWUDJHUQ $G:h VRYHHIBKH HM\S DXV XHV G/t
GHU %HODGXQJVNXUYH XQWHU 9H U ZHMYGXQQ H @ ROL A PSH @ DU
IDNXXPNDPPHU HQWZLFNHOW LQ GHWS$Q G PIRG ¥ODE DIPGWAR
'RVLHUHLQKHLW ZLUG I+U JU|%HUH :BBXWU GEIPGH RV K@V \
$G:h GLH PMK¥DDN®NL.YH 6RUEHQVPDVVH HQW KIRPWMQY XH) G XH L
ZHLVHQ DXI| GHU GLH 3UREHQ D XIJHMULDIH Q Z H3.DG/H OH B O VW
EHULSSWHVY 5RKU YHUZHQGHW XPU®HH OR® K Q G HALWF K B K©IXIQ]
PLQLPLHUHQ 'LH $GVRUSWLRQWLKQEGVROWHDEVSW N QYZ MREZU
JHEDXWHQ $G:h ZHUGHQ DQDO\V LBIQ®H UFKOQ WYHNWG URK/H €& UV

(V KDW VLFK JH]JHLJW GDVV GL5L $ 6 HM LRRXKIU QU B MQIR Q HPH.IW (
]XU $QSDVVXQJ XQG 9DULDELOLWI®HGBHUHLHFKVXQGHQ 0O D GWW
WHQU GLH ,QEHWULHEQDKPH XQG 9DDXGGH QX®LIHGN® HLHOMHY H
UIXPH ]ZLVFKHQ GW®R z947$S6) PHMWOOW XQG GXUFK HLQ 'UDKW
XP GDV +HUDXVIDOOHQ GHV =HRO(ILWKNDWJ YR QK DGIEGEN W | IRIKX
GLH OHVVXQJ QLFKW GXUFK )UHBGMYERH LHVEHHR Q X® X WU V ALK
SHUDWXUVSUXQJ OHVVPHWKRGH 9 $5: hZXUXGH \WHHUNZHRKGAHOW 0 ]
$G:h .RQILIXUDWLRQ ZXUGH HLQ =H R FBAMMSHLUDL @ WO W &
(UJHEQLVVH JHLJHQ EHL HLQHP JURWMNOQ 7HRSHROWMRQVSUX
rgw{ % 6SHFLILF &RROLQJ 3RZHU EHL HQ@\D[LP MOHID GKDN E
5%2,L sduy % 'HU $G:h HUUHLFKW VRPLW HLQHK@SIORVHOHLV\
9HUJOHLFK ]X GHQ 5HIHUHQ]HQ D %G :M QHLHUHH @ HMVE B L AKH @ FIKI
VRUSWLRQVNLQHWLN 'DV 5LSSHQU®RIKAK LPH$/G/:H UAH LIV\WHH EQI M
GDV =HROLWK DX| DOV GHU 30DW\WH Q ZHJ®W RE HAWDUD\I$HRIUENHZL
GXUFK GLH GLFNHQ =HROLW KVHULRXMWHGO K DEGI® XG\DE BD M I
‘IJUPH*EHUWUDJXQJ (UVW EHL HLQHG L% HEDRS KU DYRWS R U Wzt
HLQHQ HUKHEOLFKHQ (LQIOXVVFIXH¥I .IOWHW® HEXWEHQG LHP VS H I
YHUEHVVHUW EHL HLQHU %HODGK{KHEWE HON H UAREHIK WLHL
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7KLV WKHVLV H[SORUHV WK HKKRK @ VVPRMLRHU R/IH 5D VOWHRK X \DH
DGVRUSWLRQ FRROLQJ PDFKLQH HYBPSDH WHRRHD W LB R PHW
3RO\PHU (OHFWURO\WH OHPEUDQH )XH @ HMDHOU D X3 61) & DIQ €

f& 7R DFKLHYH WKLV ZDWHUUBIQXQGYEHGQIH WD IWUXHND FHORIOZ
7KLV ZRUN H[DPLQHV DGVRUEHW]HRRLSSHDBVZDW K EVREEYH Q
WKH LQYHVWLJDWLRQ DGVRWSWLXEQ KBD B[FKD QDR WW DU
WLRQ DQG FRROLQJ SHUIRUPDQFH

7KLV ZRUN LV D FRQWLQXDWLR«HBW DNVYDHWL R X P DAWLFRQ W KW
'HYHORSPHQW RI D QHZ PHDVXUHPBI®WR BSWKRG NLR HYY AV
PHQW RI SRWHQWLDO WKHRU\ LRUERDLOF X0 DW L,@J D&R/RINSMLL
SUHYLRXV VWXG\ LQYROYHG PHDYX XISQW R P DIORQV D PI®ODKNW SA
ZRUN DQ DGVRUSWLRQ NLQHWDED MW WK SIHLUDMVX B R GM XIPHSG F
ODUJH VDPSOHV RI ELQGHU IURKDYDAWOG UWWH VKKHD HP VIDWP S\C
FRROLQJ FDSDFLW\ Rl  N: LQ IXWXUH DSSOLFDWLRQV

7KH DLP RI WKLV VWXG\ LV WRHHIKHUDR 8 M R WODWDIOR Q QY. 19 VWYL JFL
H[FKDQJHUV $G+( DQG WR DGDSW VBKIMVRHPNVFUGP MEWM PR\
XVLQJ WHPSHUDWXUH MXPS PHIDVXDHRMND WK D PE HUF KIDHY B H
ZKLFK DOORZV IRU WKH PRGXDIDH HQINSRUDWLRQ RQ G GHRV
PRBLILHG WR DFFRPPRGDWH OD UJHUYUWYDGHLQ D DS RV PDG/A W OX
WDLQ RYHU J RI DFWLYH VRUEH G\R PPIOMH WIHIR® DWW G\ KR Y HV L
FDWLRQ ,W HYDOXDWHY WKH DG¥RUSW LZRHD O @G/ WRKEYWDIQF
VLVWDQFHV Rl WKH FRQVWUXFWHG $G+(V

W KDV EHHQ GHPRQYWRPWHEX WKWUWR®YKHWE& ILQQRG WXEH)
IRU DGDSWLQJ DQG YDU\LQJ P HDWRQFHIFSMOMW 7 FF RR8 B UNGL V@
GDWH WKH PHDVXWaP¥QIWIBIBHNKREDV XVHG WR ILOO WKH VF
WKH ILQV ZKLFK ZHUH WKHQ |LJWGWAKIWKHROUM RHYURPVIFD SO L
WKH XVH Rl DKAK G LY DV LQYHVWLIJDWHG D PRGRKDH® F\R IO X |
PHWULF ODUJH WHPSHUDWXUH MXR® L9 XU D WHR® DG KLKN HG
PDVV IUDFWLRQ RI 7KH HEWBYURHRIWNQ %HVIORMLLEQG
FRROLQJ SRZHU DW ORDGLQI%D,QG &y DGZRKD SMHTNUR 1LV
ODUJH WHPSHUDWXUH MXPS /7-VIURF F RO L Qf BxSHRIZ HW (SHH\DX
IRU WKH7%3H $G+( GHPRQVWUDWHG VLJQLIQRAWQR\D \FRIP\SW I Ui
UHIHUHQFHV IURP RWKHU VWXG LHW K F4<GHBU[HKILRELL AV VWAKLH Q L QLGF
EHWWHU KHDW WUDQVIHU LQWRNW KH DR 8 [FKHD @ RHPS I QHG KM
UHVLVWDQFH WR PDWHULDO W WBIQ® B RUWW W RV RXH K VWK QK
LPSURYHG KHDW WUDQVIHU ODWKDYID O WUDILVYSRLUWVUHPI VK
RI 7KH H[SHULPHQWDO L QMHWSWLFILD WA K @ RUKLRZN AW § D WL W
WR DW D ORDGLQJ RI X WeBhUS HDALWRKRHY H G
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$E.O $EVRUSWLRQVNIOWHPDVFKLQH

$G.0 $GVRUSWLRQVNIOWHPDVFKLQH

$G:h $GVRUSWLRQVZIUPH*EHUWUDJHU

% + . %ORFNKHL]NUDIWZHUN

&) &RQ)ODW

)6 )XOO 6FDOH (QGZHUW $EZHLFKXQJ

* *DV 'LIIXVLRQ /D\HU

+7 +RFKWHPSHUDWXU

) .OHLQIODQVFK 6FKQHOOYHUELQGXQJ

.0 .RPSUHVVLRQVNIOWHPDVFKLQH

: _.UDIW :IUPH .RSSOXQJ

L _.UDIW :IUPH .IOWH .RSSOXQJ

/3- /IDUJH 3UHDVXUH -XPS

/7 - /DUJH 7THPSHUDWXUH -XPS

0)& ODVV )ORZ &RQWUROOHU 'XUFKIOXVVUHJ

02) OHWDO 2UJDQLF )UDPHZRUN

103& QLFKWOLQHDUHU PRGHOOSUIGLNWLYHU 5§

17 1IHLGHUWHPSHUDWXU

1: 1THQQZHLWH

3(0)& 3RO\PHU (OHFWURO\WH OHPEUDQH )XHO &

5%$ 5RWDWLRQVEHWWDGVRUEHU

6%8 BHFRQGDU\ %XLOGLQJ 8QLW G6HNXQGIUEI
9ROXPHWULVFKHU /DUJH 7THPSHUDWXUH -

9 /7-

YL

' lUPH*EHUWUDJHU



,QGL]HV
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=XVWDQG 1XPPHU
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DGV $GVRUEHQV
DGVR $GVRUSWLRDQ
$GVRUEH %H]RJHQ DXI GDV $GVRUEHQV
$XI1ZDQG | $XI1ZDQG
$XV =XVWDQG DP $XVWULWW
FKDU &KDUDNWHULVWLVFKH
'DPSI %H]RJHQ DXI GHQ :DVVHUGDPSI
GHV "HVRUSWLRQ
(LQ =XVWDQG DP (LQWULWW
H.JO (UJZXQJHQH .RQYHNWLRQ LQ HLQHP JHU-
|0«VVLJ | %H]RJHQ DXI GLH IO+«VVLJH 3KDVH
KHL] KHL]HQ
L L QQHQVHLWH
NULW _ULWLVFKHU =XVWDQG
/ /IDPLQDU
P PLWWOHUH
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1XW] IXW]HQ
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YHUGDPS YHUGDPSIHQ
YHUWL 9HUWLNDO
‘DQG %H]RJHQ DXI| GLH :DQG
‘DVVHU | %H]JRJHQ DXI| GDV :DVVHU
“h ‘I[UPH*EHUWUDJHU
=\0 %H]RJHQ DXI GHQ =\OLQGHU
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6WDQG GHU 7HFKQLN (LQVDWHVYRKXJOWHPE.RY.E KLRHH Q

$GVRUSWLRQVSK\VLN (LQOHKWXKR.J.LQ.GLH.$GV.RUSWLR
%HJULIIVHUNOIUXQJ XQG )XQNWLRQV.ZHLVH.GHU.$GVYRUSWLR
3K\WLNDOLVFKHV 3ULQJLS.GHU.:LUPHLUHLV.HW]XQJ......
%LQGXQJVSULQ]LS GHU $QQO.DJHUXQJ.Y.RQ.$GVRUSWLYHQ
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3URJHVVH XQG $QZH.QGXQIHQuuooeooeeereeeeeeeeeeeeeeeeeereseeenns
%LVKHU JHPHVVHQH.3UREHQJU}J%0.HQ.....o oo
'HU $GVRUSWLRQVZIURPHsEHUW.UDJIHU......ocoooiiiieeeeeee
'HU $GVRUSWLRQV]\NOXV HLQHU.$GVM.RUSW.LRQV.NILOWHPDVFKL

)XQNWLRQVSULQI]LS HLQHU $GVRUSWLR QVNXWDWMHARI/ PKWQH D
]ZHL SDUDOOHOHQ.$GVRUEHUQ .o oieoeeeeeeeeeeeeeeeeeeeeeeeeeeeeees e,

.OLPDWLVLHUXQJ PLW $GV.RUSW.LRQV.NIOWHPRDVEKLQHQ

%HVWLPPXQJ GHU .IOWHOHLVWXKLQHRQ.$.GVRUSWLRQVI
%WHUHFKQXQJVPRGHOO.lL+£U.GLH...IOWHQHLVWXQJ..........
YWHUHFKQXQ JNOR BX@IBHO.. Lottt
(LQIOXVY GHU =\NOXV]HLW DXIl.GLH.RLWWOHUH..IOWHOHLVW?)>

$QJHZDQGWH .RQ]JHSWH.XQ.G.QRGHOOH ...
$XIEDX GHU OHVVNDPPHU..l«U.GLH.QHV.VMXQJHQ..................
OHVVXQJ GHU $GVRUSWLRQVEHQDGXQJ.RLW..GHU../7- OHWKRG|
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JUHLH .RQYHNWLRQ DQ GHU $X%HQVHLWH.HLQHV..2\OLQGHUYV
JUHLH .RQYHNWLRQ DQ GHU .,QQHQVHLWH.HLQHV..Z\OLQGHUYV
(UJZXQJHQH .RQYHNWLRQ LQ HLQHP.NRQIHQWULV.EKHQ 5LQJV
(U]ZXQJHQH .RQYHNWLRQ LQ HLQHP.JHU+KUWHQ.%HKIOWHU

$XIEDX GHU 9HUGDPSIXQJVHLQKHLW..LR.ZHRPRSHULHUVFK

.RQ]JHSWH XQG OHWKRGHQ I+U GLH.$GV.RUSWLRQVZIUPH
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OLW ]XQHKPHQGHU %HGHXWXQJ GHWWLRAD YRKQX W] HVEXQGE \G
PRGHUQH XQG HQHUJLHHIIL]LH QW HH H L6 QW HPHHV QGBFOWZ M B G L.I
PHQV ]X HUUHLFKHQ 8P DXFK GIOHD ¥ LHHLOQK BEIW HR YWR NI QR W R
ZLFNOXQJ XQG GHU $XVEDX H U Q@& XGDUFELDAU 16 W H ZHHU J\HHWK VSNHHGR
(QHUJLHHU]JHXJXQJ DXV IRVVLOHBK(Q QUG HHUWQ HMRHIR 6X\QO0GPLH
VFKXQJVUDW .IOWHWHFKQLN ]XPLNHQJHXEWGEODIQG DWW
GHU (QHUJLHEHGDUI DOOHLQ I-KGDBGIOWGE U]HXK XQURLD KH
GDV VLQG HWZD GHU JHVDPWHQWI\DORPIYU]HXDXQ YWD RR|
$QZHQGXQJHQ 'DV EHGHXWHW GBY\HQKLUXJWHK RI®GMWH PLW
VFKHU (QHUJLH HU]JHXJW ZHUGH®EZIUPH@]X'WH | DXWH] XRG HMR 6
JHXJIXQJ LVW QLFKW QXU |NRQRPILWFKHIW DeYGHWHQIBNEKHX
%UHQQVWRIIH GD VLH GHQ 6WURPHE HGEDRUH Q HGX SIEFUWP H6IHD\O
.UDIWZHUNHQ XQG LQ GHU ,QGXVWUPR VWK 3¥YIK]HY\OD YV FRQW
RGHU HLQH .RPELQDWLRQ LVW WXZIQHADV FA&KIDH WD@L E& H ¢V LHHEW
JHVFKDOWHW ZHUGHQ N|QQHQ X¥FE KXW HH PXH N WKI|IKVHX H' TEH L
(QHUJLH LQ )RUP YRQ HOHNWULWFKRRGH GRF\RBHUW[OWHKH |
JLH HLQJHVHW]W ZHUGHQ PXVV 'LH .XDIGV GIIUP HU RSS OX@}
JOWH .RSSOXQJ .:.. HUP|JOLFKE&BUJVRRHWQNISOQW QL PIHIH
JHWUHQQWHQ (UJHXJXQJ YRQ HOHRWULWF&HHV(H HUEHH W QS
GHUH GDV )XQNWLRQVSULQ]LS GHRIQ\VNI|OMWGHPDNEG WL GEDQ$BX R
PHVWURP HLQH .IOWHOHLVWXQJ JHWM XM L AFKUIWS$G M RIUVS WHLLR
VSDUXQJ EHL GHU .IOWHHUJHXJXQJ YRQ@LH\EHY $SUEHLW ZI
$EZIUPHQXWI]XQJ YRQ %UHQQVWRIGHOQ ®R Q WEHHLVOU DEKWWH @/L H |
]JHOOH DOV 6WURPTXHOOH JHQ3WZW ZH INDH® NHL@QP XIDV B ® k
JHXJW ZHUGHQ RKQH GDVV HLQ 0GIXQD XIZOQ GHO HNWWLLKY PAKHHP
HOHNWULVFK DQJHWULHEHQH 9HMUGE LIF K V$I& Y RHUSNWLVR IDR/\D Q CHIL.
VHKU JHULQJ GD GHU WKHUPLVFKNVWHRBGS LG KK KB QLB DXF 9
GHU .IOWHPDVFKLQH EH]JLHKW

iXTWE ou 3 quvPpv ¢]o JpuvP

'XUFK GHQ (LQVDW] YRQ +LJK 7HPSWHDOHWPEK 3G B \)PHILD (O
3(0)& DOV (QHUJLHVSHLFKHU HQWWEHKWLSEZYRRH & PETNVP S
'LHVH $EZIUPH YHUI*JW *EHU JHQJ1lHMQ@G GH\W JHN DR G\ H PL
... GXUFK GHQ (LQVDW] YRQ $G V RIHSIWMLARLGKN]O WM ) R PVHF @& L Q\
PI[JOLFK .IOWH PLW G HPWERIWROHOHNURPQ | SHYOREX]LHUHQ R
HOHNWULVFKHQ 6WURP HUJHXJS$IQE KL WWS/DHIU (L@ G HHVY B QHAY
VHU XQG ELQGHUPLWWHOIUHLHV K\VAMRIOWW.K GLHU + RQD X § WRLLF
GHU 8PVHW]XQJ HLQHV JHHLJQHWH/$GSGRUSWLRQNYHIP®IZE K
GHU HLQHQ RSWLPDOHQ :IUPH XWQIG HWRUNIGERKWD QUHLEYSHHK
&KDUDNWHULVLHUXQJ VROFKHU $G :bhQP G\W UD NW %yHQR B B QKXIDQ
VWHOOW HEHQIDOOV HLQH +HUD X\Q RGLGH/UBNQ S UEBIUW | HIQ W V



O|]JOLFKNHLWHQ JHVFKDIIHQ ZHXGH® WIROHOM O LQUBD¥KHQ/ BOR
HUODXEHQ XQG OHLFKW DXVWDXVFKEDU VHLQ

$GVRUSWLRQVSUR]JHVVH $GVRUSW]L RDOOIIDMHRD GRKL QEY RR
PHWUDQVIRUPDWLRQ VLQG EHUHHWNQXW HWIRWVYAOWMWKQGYR
WLRQVPDWHULDOLHQ ZLH =HROLQ&XQXIH®H XIQ W B B U X IF KW HXGE
LQ $QZHQGXQJHQ ZLH :IUPHSXPIHEE AILUPIHWHRNIWUEWK UHQ Y

f& VLQG DXIJUXQG GHU EHJUHHQYHM $RIUNVEE&XQJIVE D WH q
'LHV KIQJW GDPLW ]XVDPPHQ GILVS LHNVPLQ H HMSHHIDIVDXOU HQ
VFKUIQNWH /DQJ]HLW\VIWB E LOIQN B B /DMK J RGHU X KR
NRPPW HV ]X 3RURVLWIWVYHUOND %D ]ZRGW UFKDE MWH. % 5K FDESH
GLH ODWHULDOLHQ YROOVWIQQLGOHUYHUMNMUQIW EL Q6 HPLIW Q
ROLWK GLH KRKHQ 7HPSHUDWXUMQGEH\VKHUHIAG - EVW EMQLF
KHQ WKHUPLVFKHEQWHO DYXWKXRXIHIR 7THPSHUDWXUHLQIOXVYV Z
WHLOZHLVH JHVFKIGLJW ZREHZHGMH 19 R WG LHDUK-ELD WE QREK O H)
]X HLQHU YHUIQGHUWHQ 3RUHQJUG%H QRHHQYWWOXQW KK J B D!
KDQGHQ DEHU QLFKW PHKU VWUBHQJ@ULVWDOOLQ JHRUGQF

=LHO GLHVHU $UEHLW LVW GLH X$BKh-RUWQHLORIQY 6BVRIEGH
YRQ PHKU DOV J [XU 8QWHUVXIFNX@J NGRAP B G VIRHIBOHR @ Y B
VROO HLQH PD[LPDOH .J®WHNOHUWWXBOKW RO EGNQ $OV 9HUV.
GLH YRQ 7HLFKW > @ DXIJHEDX@HUS ODR H SW U RBGDWINHL VA X\FLKNX
EHQ ELV J $GVRUEHQV 'DPLW DXUBHQ]EEGQHQWHRBYWXQ U
DQ ELV ODJLJHQ =HROLWKYHIkKEKW I$Q VE QVFKKY WH G X6UFK U L
JHQ DQ $GVRUSWLRQVZIUPHe«EHUW.UWPD®bHWE LPAKNYHRIQQ +AHBUR H |
'D]X ZLUG GLH 9HUVXFKVDQODJMROUGMWHREQ XM UPHZE H GWHLIDJ $
PLW GHP 7THVWPHVVXQJHQ GXUFKJHUIOKWHIH DQ@H®L HX B UGB YA L
PDVVH DQ]XSDVVHQ )sU GLHVHQ ZHUG RQY W UX REHN 9DIQX & P
GXODU RKQH :DQGEHU+KUXQJ HLOHHEDR®I XQUGH LQKHZ MU B UG
GHQ 'DPSIPDVVHQVWURP YRQ J PLOQW®X3HPIXRIHED XW K [X 9K
VWDQG ZLUG GLH /DUJH 7HPSHUDWNKVMP-KK\W & RGN V PHIV 8oRI & W
GHU %HODGXQJVIQGHUXQJ HLQJHVHHW BVE V RIUSIWL RNQ ® ) HQH O/}
&RHIILFLHQW 21 %R2UXRGRE GBPSHIFLILF & BROGE U IRBAIHRWSWLRQ\
PH EHUWUDJHU EHVWLPPW ZHUGHQ
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'LH .:. HUP|JOLFKW HLQH 3ULPIUHQ@HUJEIHLQV SHWX B 1 QWURIY |
BULPIUHQHUJLH LP 9HUJOHLFK ]XWOHWWM QWDRKHQ (QJHXJIXHD
ZIUPH (V LVW MHGRFK X EHDFKWHQYBDWY VDR QW NRY \EHQ ke
PHQHW] GLH .:. QXU EHL DXVUHLFKBOOGHLUWNEYR U XQ FYKGLLRX
GHU +HL]DXIJDEH GDUMWABPOG®MH EIILPLHQ] GHU EHVWHKHQGH
.UDIWZHUNH ]X VWHLJHUQ ZHUGGLH ]XV IM]QLHFKHWIW WG PHI G
VFKsVVLJH $EZIUPH QXW]HQ 'L HVHO$EY I9HRIE H I VY XAQHIKAS UERH H
HLQHQ UHODWLY JHULQJHQ (HIQUBHHBWW®E )OO VIR M\QV GALH 8R
JHEHQ ZLUG GD GLHV HLQIDFKR])HVVW DIFEYXNIE®BDQ VZH QW HU |
GLHVH $EZIUPH LQ HLQHU .:. $QODIHUUXHLGWH RO AW PIKQX QW
ZHUGHQ (LQ %HLVSLHO I+U GLH $Q® RPPSNMXDXWQ2HUNV HILKL
GLH $EZIUPH DXV GHU *DVWXUEL@KWDWH L' D H3L HIVMNS $\& X IWEPLH
VFKLHGOLFKH 7HPSHUDWXUQLY H DKXUH Q X])Z bl LVEEZ | UPPW @ KW ] 6Q
7HPSHUDWXUQLYHDX DQJHSDVVW ZHVWH (P H+ R#TKSELZP S P K DWW/ C
PLW HLQHU 7THPSHBDNWEQHEHUIL]JLHQW LQ HLQHU .]. %QODJH
le+U HLQH 'DPSIWXUELQH 1LHGHUWHSPEHUB WWXW WPH UPHWWH
7HPSHUDWXY & BWHRWGHUQ KLQJHIJHQ DQGHUHHIQAHBGW QXH (¢
JHZLQQHQ ZHQQ GLH :IUPH QLFKWSHQ V W HAHLZG BIHERIOVQ H L E
ZIUPHVWU|PH KDEHQ 7HPSHUDWXUM®IXRQG XQWHORFNKE [ RQGI
%+.: LQGXVWULHOOHQ 3UR]JHWDVHQ RGHU %UHQQVWRIIJHOC

(LQ $QZHQGXQJIJVIHELHW GHU 1L HGSHEU W B F SHIMRUSWLRY NMJ O
VHQ ZLUG GLH AIUHLH® $EZIUPH DLOW CSQBHLMAHEQJ B QN WH WG N
HIILJLHQWHU ZLH NRQYHQWLRQHGS QK L MFW HB GODRFO E 16 WH [PH
e KUW ]X HLQHU (IIL]JLHQ]VWHLJHUREJID GV FLWM UXGIEHG XM W H
H[HUJHWLVFK ZHUWYROOHUH HOHMNWULX¥FKR 6WQRP $EVRBUG
JHVV XU .JOWHHUJHXJIXQJ JHQXW]MWG DJHGIX UL IBUW M ORMKH B bl \H
NHLQH HOHNWULVFKHQ 9HUGLFKWRHY VHQV 8 WHRIRAPLEHRNWHI OHB
KDEHQ NHLQHQ RGHU QXU HLQHQ JHQ L®D KBU 6 WINR PENFGDN
$EZIUPH EHWULHEHQ ZHUGHQ 'HU WP S HAED BVOHINE W HILHQKe JYHRC
EDUH ([HUJLH XP HLQH $GVRUBQWRDYN\G WHIPDH/F K L@ HRISIS IO
EUHQQXQJVPRWRUHQ RGHU +RFKW HPISHHWHD WXVEHVRQ G MW I
/IHLVWXQJVEHUHLFK ELV N: HOWHIOHIVW&KQJ JXWAPRELOLV
A @& s @&ii £
$UEHLWHQ ZLH GLH YRQ 6DQ XTFE® PLIL $G V@ ESW E R Q WN IOMDH\
JUPH PLW HLQHU 7HP S HARDX\PXIQWRIL KD \@HW]HQ $EHU DXFK I
WHQ ZLH > "HV R& SOL. HR @ QWGHAS HUDW X UH Q
XQWHU f& 'LHVH XQG DQGH W LRIQVN] O W B ¥ D WAKALQ H Q VIR
XQWHU f& EHL $QZHQGXQJHQ DXWS@B UHJEYM Y A H @ M WAMXDI ¢
PRWRUHQ > @ DXV GHU 6RODUWAHBRLBHYU]HXIX®@I RG KU C
HQHUJLHHIIL]LHQW DHEUXZWHK @ JKHEEHHQ VLFK QH X% 03 HWL %KN H L
WULHE GHU .OLPDDQODJH LP 3.: RGHEHIJDYARRGHG HGUL B EZFOWHHL
PLW GHU $EZIUPH HLQHU %UHOQ Q V@R N DHO HO \{ EQIN RAREHFWKH |



JOWHEHGDUI GHQ .UDIWVWRIIYHUEQUWXFKHYBERB®O Q'OR V VWKH
:lUPH DXFK EHL OIQJHUHQ 6W D QS3H HRERKWHQW GAHW BHKQU NHXQ @ XK
RGHU EHLP $QODXIHQ I+U .«KOXQJ VRUJW > @
A& 1A}y Zviti £ wv Tii £

YU GLH $GVRUSWLRQVWHFKQLNRIQ/W Gfl8H LSFEW HIPHV XQOW U & |
YLHOHQ 3UR]JHVVHQ DOV $EIDO S WRKEXNQYHRQRI®WW 6XDLGJ O LY
l+U NHLQ QHQQHQVZHUWHYV 'UHK P RRHDWH HQ W A IQAN HD@QX \¥ B H
LVW GLH .:.. PLW $GVRUSWLR QV D@ICAXNHL WL GH H SIEZILHPKY R K
OLFKHQ $XIZDQG LQ 1XW]HQHUJLMW X\ WHBDIENHO Q OWH QO H LEVHAL
WHUHQ 3UR]JHVVHQ ]XU . KOXQJ IHUIBNHWQWHDHW B KU | %xXHIY
WLRQVDQODJHQ N|QQHQ GLHVH &NXQ BV RRWRLUNM Q GREGLHIH RhHI® (
JHNRSSHOW ZHUGHQ 'LH I1XW]XQSWLR@$AHBRALINQLEHWHBSNE
YRQ * f& WUIJW VRPLW ]XU (QHUUILNHLW]EHQ] X@G JHD b &K
PDWHULDOLHQ VLQG ELV ]X 7THPWHUNWKKWQ YBQ (V VI&QEXW
SQWHUVXFKXQJHQ SXEOL]LHUW RIQY/ GIW@HQENR WIJDHWW H § GV
ELV f& DXI =\NOHQVWDELOEMWMWVNZRGEHJ!I']KH Q] 26QUWEHQVIXC
$G:h I*U GHQ 7THPSHUDWXUEHUHLFRXR QX QG KIQMW H U /& PKKWJ H E
JHQ ZHUGHQ PLW GHP HGQO@IHEURKEDLX B FKIHI«KUW

sS}Elo EE®VF+Iovr J@}vel ¢ Su v }VCE I vd VAV wPv

$XFK I+U GLH GH]JHQWUDOH (QHUXLHYHUBRQJ%QH @GWW R M BHHC
EHOLHEWHU ,Q JHOGODJHUQ R GJHD Q6 HL®0 &\W URE® QRHVQH Z HWR
'LHVHOJHQHUDWRUHQ HLQJHVHWHWY L HVA \PH. W HWWURRJR HQHE X Q
$EJDVH XQG HLQHQ KRKHQ /1UPH RBMO PDFHOVK DU E GGIL 8 B H \NMH. C
5HIJLRQHQ PXVV GHU "'LHVHOJHQHKOMNRW UHLLVGE K HZ HN IHNQWOLF ©
_,OLPDWLVLHUXQJ GHU :RKQUIXPH ]&H{Q B {J ORF E HQD IR © V\
WLRQVNIOWHPDVFKLOHQ KDEHQVWHHY GHY \HGWN VK HILHAH B \GH
ZHQLJHU ]XVIW]OLFKHQ 6WURP |+UHGHJ HXE WQ A3EOVEHU .OLP
KDEHQ HLQHQ :LUNXQJVJUB® NMRQVELOX HLQHP $SEZIUPHDQWHL
,P THPSHUDWXUEFBUWHEFMDHQUGLHVH $EZIUPH LQ HLQHP .:. 3!
$GVRUSWLRQVNIOWHPDVFKLQHOHYH®XWZ LW NXHQ BH Q DX® @ VAR K

Q@

W Huv &viY}v EdwD&

'LH OHPEUDQ (OHNWURGHQ (LQKHLWW URGHQYIDV D PEPE UDQM ¢
VWeFN YRQ MHGHU 3RO\PHU (OHNWUROQ®HO M BREUDWW 3D P %W
DOQOWZRUWOLFK IeU GLH 8PZDQGOXBK MR QQHKIHEHYV BIQNMUH XV HK
GHQ ]ZHL $UWHQ YRQ %UHQQVWRIIJHODXR XGWHUWVIEKKH L
I1LHGHUWHPSHUDWXU 3RO\PHU (OHNWURQQOW: OHRFZE UHDRXS PAWUDB Q
WXUH 3RO\PHU (OHFWURO\WH OHPRE BHDRQHU XVX® BRHO.MH UDWHE H D
EUDQ EHL 7THPSHUDWXUHQ XQWHU HU fGQHNWBROHWY DHE B WIX(
VWRIITHOOH +7 3(0)& +LJK 7HPSHUDOWREN BRIV \)PXHD (OHIE &/ UR
HLQH 3(0 GLH QDFK GHP 3ULQ]LBPEHD GROXE HMRPUBGQR]REHD
UDWXUHQ ELV f& DUEHLWHWLWH 8ROQLNMQ B X I $&HRWE H DQAHID L
6HLWH YRQ HLQHU .DWKRGH XP HKEHHQD X¥o\H 1 8 W GO BIFNKADU R \GLHI®
WHULDOLHQ GHQ *'/ HQJO *DVH' IZILKGLBQVDDHND O$ XD W RHW
JHWUDJHQ 'LHVH N|QQHQ ZLH EMIOBHX$¥EDRWDQYG3HDOOQ GV}
JULGLXP .REDOW XQG 1LFNHO L® URIHR FR@GXDW B Q CEIHVONHHK



*'/ ZLUG GLH OHPEUDQ PHFKDQLMVFK JGHIV/VW BV 66 6 NWRLLRIGW !
ULFKWLJHQ =RQHQ YHUWHLOW ZHUGH® GIRUW HOHHN WK D M RKLFY |
BWURPDEQHKPHUSODWWHQ JHOHLWHW )RBe®BILH GRHLW +FKIR0 B&K F
LPSUIJQLHUW XP GLH 3URWRQH QIHHLWE K K HBNHHQLHV 0JEKF K D B [LI\OR
GLH 3URWRQHQOHLWXQJ YHUDQWZAPRWW G URKVR @& UrR B B WWK G
JHIJHQ*EHU GHP 9HKLNHO OHFKDQLVPXV 6'LIIXVLR@ > 6

3(0 %UHQQVWRIIJHOOHQ DUEH L WHIGH QIHFUN ERHPRO LG K H FoK Ul I GBI\
,Q LKQHQ ILQGHW GLH 2[LGDWLR@ KQ G DSHGHMNMWLRR QV GCH.W ] &D
GHU 8PJHEXQJVB XSIMDYWWDRR® YHUOIXIW H[RWKHUPR QWREBX D X
LHUOLFK :DVVHUVWRIIPROHN+OH UQ3JRM.R@®NY H X QW R]IZHR Q1@
DXIJHVSDOWHQ ZHUGHQ 'DV (OHNYVQRP@ QU EREXGHAK $ QR
VFKH /DVW ]XU .DWKRGH JHOHKHWHB®H @H LDHVQ/G1 B\DW RS R\RLQN G
]XU .DWKRGHQVHLWH ZDQGHUW $XH G KOH.DWKRG HQ \XHLGV ¥ LE
ODGHQH :DVVHUVWRIILRQHQ PL\M AR Q@HIN®QZH O DBWOHLP RDX!
3URGXNWZDVVHU YHUOIVVW GLHWDWKRG H XXVDPPE G P U VK K
WHPSHUDWXUHQ YROOVWIQGLJ JDVI|UPLJ > 6 @

s}j&jo &GdwD&
'LH +7 3(0)& KDW DXIJUXQG GHU 0HPLEUD QHH § @/ \E+HKH DHGI® H
VWRIITTHOOHQ 9RUWHLOKDIW LVMP G4HHU HX WKEDRI@IEH V\R:ZG HU $ |
GLH 8QHPSILQGOLFKNHLW JHJHQWYE NQ G EHHWRI @ H HQ LYIHOQRIKHVD L
VWRIIV "HU %YUHQQVWRII PXVV QLFKW ZLHODEWILUBHQHP 3DV)\&t
VWRII EHVWHKHQ ZDV ]X GHXWWORWVW HM WGLHVI HVHVH U N W\NRW N C
@ 'HU :DVVHUVWRII NDQQ DXFK DXHLQU®EIBMIRIGPIKHUO HNZAKRX
ZHUGHQ 'LH +7 3(0)& EHQ|WLJW NHR GHOQRUPWHIH LED BHH B PK
JHQ*EHU 9HUXQUHLQLJIJXQJHQ GXUFK &2Q G F&KFZKH HADR/IV B U \¢
KRFK LVW > 6 @DGXWFK LVW GHU *HVDPWDXIEDX GHU +
GD DXFK NHLQ %HIHXFKWHU VRWQGHYIPUQ: XWP H MDD XXNFIKAH O LEFHK
%HL NRPPHU]JLHOO HUKIOWOLFKHQ JNGRFK®HOLIRJWo HE®IHH F/
Srre ..>EHL HLQHU 7HPSHUDWXU YRQ JHW&L QLI V/H YHAWX Q B ¢
LVW DXI GLH $NWLYLHUXQJVY H WDXMVOH] CHF NVIXIV KB BDQLH U Wt

iX "sv VIWlve §Av<du e Zvviké GEpRwP pe t &

<d& UYE}uYNEe]}veuH oo

" JUPHSXPSHQ ZHUGHQ DXIJUXQG GHU IEMH 9N H UGHKL FGH]XJ L.B\DKKE
JHQ LPPHU LQWHUHVVDQWHU XQ&IDXHH HQQUBIX D Q/W HIQU LE
N|QQHQ :IUPHSXPSHQ GLH 5DXPWHPSRQDWNXQ Q KFEKWIDAEN H
DUEHLWHQ GLH PHLVWHQ :IUPHSXBYSH VAIRQ \GHR | BOW GALRHS
GXQJINHUHLQIDFKW GDUJHVWHOOW ULQ@G | XJQW ¥ RDF KHQE H Q R
RQVNIOWHPDVFKLQH ..0 'HU +D XISMOHUN HU Y FISXHPG H ZX ¥ 6K
..0 OLHJW GDULQ GDVV EHL HLQHOWIH@ H HR>XQP SHHQGW WHKQ 8B M B
XQ@HU 9HUIO+VVLIHU YHUWDGXBRW XBQQGHDLNFXMDQ+HL] XQ
JHZHFKVHOW ZHUGHQ ZDV EHL HU\QHUYJOHEKK QOWFKHB D.P K
HLQJHVHW]WH 9DULDQWH GHU ..0 EHWA IPHBH B O HHNUV LR.R/F WK HH
YRQ HLQHP (OHNWURPRWRU D QJHOMUHMEM®HOQ & R G X GHKE KON |



ZIUPHU ZLUG 'DV KHL%H *DV VWU |RW H3X DF K LGLHP 9 SHIG! O« )/
GDV .IOWHPLWWHO VHLQH :IUPH D@ GIHQ H HIUL\PWMN & Q NHOBIBJKE
EHL GHU :IUPHVHQNH XP GLH 8PJHEOXQQYZXWE GOUF KDL H BE.
PLWWHO 10«VVLJ XQG VWU|PW ZOHWHUHXRA V.| %M@ Y WRADHRWW
9HQWLO RGHU HLQH 'URVVHO VHUZFKGEHHG'HWQIFNNXNFAKEXJHB X XLQ
7HPSHUDWXU GHXWOLFK XQWHU GAKUIBYPBEKBRYHMHP SHUB W
GHP .IOWHPLWWHO :IUPH DXV HLORI®XUFRHTX G OB DR SHW KU\
TXHOOH LVW KIXILJ GLH /XIW LY MLKIOHPQ G K O U DIXFPH VG HIH H L G
TXHOOH ZLUG DX| GHU NDOWHQ 6BLWWH: INIFOHVH Q W]LIRUG! Q' DX/R?
IJTUPLJH .IOWHPLWWHO ZLUG YRP .RBBRHYVW\RE HIQDHOWD X RD XQ
GLHVHQ 3URJHVV ]XP +HL]HQ RGHW]HROMQ QY@ @ I5QXP VR OJXK &
9HQWLOHQ ]XP 8PVFKDOWHQ GHUWPLWWKHOXVYHUEKYEBW @H\
‘I[UPHSXPSH ]X UHDOLVLHUHQ 'DEHLUZIXFG. &KL MHHBD & R O R KWG H
GDPSIHU RGHU ]XP +HL]HQ GXUFKQGXPJHNHKHQWHDUWV RILF K WX @
‘IUPH E]Z .IOWH QDFK DX%HQ DQGER SIDIHE PQW DHELIHW EHUF
LP 6RPPHU GDV +DXV DX| HLQH QLPDBWLYHHH V6 IRGHNUH PR HIUDW
ZHUGHQ 'LH :IUPHSXPSH KDW G PEML HLHM P R/ b \WXHHRME Q G\DI\D\N W
DUEHLWHW ZDV EHVRQGHUV EWMLPN+tHLOHN WQH VB KH U/ $ 1MW
VRPLW + N: +HL]JOHLVWXQJ HUFAK XUIW JZHQGWHQY ZDOW BaXW
HOHNWULVFKHQ :LGHUVWIQGHQ DHHPDXHQHQEGHUIIIWNXQJIVJ

$EELOGXQJ (LQIDFKH .RPSUHVVLRKQWNQG W HPDLDIKIDPH PLWRFBUHSVRU 9 9HUI(
JOWHPLWWHOVWURPUHJOHU ( 9HUGDPSIHU > 6 @

ruv = < }@jvel du « v v
7TKHUPLVFK DQJHWULHEHQH $EOWGER D VEFGAMRUHSIW LRIV PDWH U L
IXQNWLRQLHUHQ QDFK GHP JOBIQFKHMQUERHEGQIS Z0M H P B WKL
WHUVFKLHG EHVWHKW LP $QWUDMAE ZEK & QOQYENMGHERMW O O
NRPPW GLH (QHUJLH I«U GHQ $QWULHEQBXDYWRQH P HU DG W IZHQ
ZHQGXQJHQ NDQQ GLHV DXFK HEIH: %HHQ Q¥WR I.1.JH DIOHG RGHHLL
SUHVVRU YRQ HLQHP (OHNWURPRWRHY WD € OHHW WILH BE/HF & K Q@H BEJK
VFKHQ .IOWHPDVFKLQHQ LVW GHWGEGWWHME GHQ RLKWH B R USSP
DUEHILWHIN.UG GXUFK HLQHQ $EZIUPHVWUR®L B QQIHHQWURLHEH & (
GLH 6WHXHUKX@WBRA |@LKVH :HLVH N|QQHQ EHLGHWBWWPDYV
JHXJHQ PeVVHQ DEHU GLH GDE H5LL H G W VWEKIQHQIESEI HEAIQ PH D



Kraftwerk
Generator

Brennstoffzelle Strom Kompressionskdltemaschine
BHKW Thermische Kaltemaschinen

awiemaqy

$EELOGXQJ (QHUJLHIO*VVH EHLQ.RPSUWKHURQV RKOMWHRDVEFKHBHQHQ .IOWHPDV

SM]ZAv ruww  J@}vel Gu » Av v

7\SLVFKH $QZHQGXQJHQ I+U GLH .IOMBBUJE X JOOB TEXR §E I U
PDVFKLQHQ $EVRUSWLRQVNIQ®@WHBDOFYYQHCHDWEMQW B G VR
*DV DOV $GVRUSWLY ,P $EVRUBHUL ZINHIGNGIDEVVOUVEY RQW;5 M Q Q (
ZLUG GDV *DV DXV GHU )O«VVINRPWWOQEHMROEEKH® 3)UB]HNV@F
FKH /|[VXQJ LQ GHQ $EVRUEHU XQWGX G I H & FEAHHQ NFHI H@MAUDLM R
,P BHIJHQHUDWRU ZLUG GDV $GVRUEHQE HAX UFK GLHQ 1$ EW | (&M
'DV .IOWHPLWWHOJDV ZLUG ZQH. ERMS UHMYH B QWRNI © MGID QRODH |
PHDEJDEH YHUIOVVLIJW ,Q HLQHBXFSDIHWLHRQNWWUYRG V.V GH
9HUGDPSIHU EHL QLHGULJHU 7HPSHUDNDWKWHY HOW B P 5EWW HD VZ
$EVRUEHU YRQ GHU )O+VVLJNHLWXD EIH HQRPW QR & QG GHIR) . U

$GVRUSWLRQVNIOWHDQODJHQ QRW] & Q HHAV SRR [H Y V YGHHLU GoH
ODJHUW VLFK HLQ *DV DQ GHU YWHRUIOVFE® HIHIHEHIRWHVROQS
GDV *DV ZLHGHU YRP J)HVWVWRIHQDHBGLEKVEHE N VEW® K HEW L.
PXVV GHU $GVRUEHU PLW GHP 5H JMFHKWD MRWG PIQF KD LN ¥ W \
VR WUDQVSRUWIIKLI VLQG ZLH P & X UFXHE8RHK DG QN B ®i ¢
$EVWURPYHQWLOH JHVFKHKHQ

P *HJHQVDW] ]XU $EVRUSWLR QUK\DHN. G5 LG DSVGW R H B @/HL. FEQ! THHI®
GHQ .IOWHPLWWHONUHLVOD X I XeWW IVE 1 WHZH $ G WHRU ZHDWQE HKL H
EHQVGDXHU I+KUW XQG NHLQH % H® LY HHUB\UIVHIUA K WF K Bl GRGIHFK ¢
$QODJHQ DX%HUGHP ZDUWXQJVDUP VLRIGHX® ZHIOOMI LBAMXRY G5MDL
NHLQH JHIIKUOLFKHQ 6WRIIH HQWHDOWHRXEOK X@E L8P NHQL\Y
(LQH QLHGULJH %HWULHEVWHPSH®P@ SUR|RYYV EML UHHAK®Q
SDDUXQJ DQ]JXWUHLEHQ 1LHGULJHZDM PQIDWIEHKE WMHP S B UB W
%HODGXQJVGLIIHUHQ] XQG GDPKMWQGEHQ I®WR] 8 MY VVQXHOIL LOIG
QHQ DXFK DOV :IlUPHVSHLFKHU JH®DXMIJMQ ZKHEEHHID M $IE\RAE B SN
'LHVH VLQG ]XP HLQHQ GLH JHHUW QUNHONLHLRKWM X% B W D KHDE X@HEU G
'HVRUSWLRQ ZHVKDOE HLQ N RX®RWD@OMN QILFKMU PYHHON B KHLEY
WLPDOHQ %HWULHE VLQG KRFK\RBFNNQURORVILRGKE JOQG $X$HIH
GHV KRKHQ 9DNXXPV HUIRUGHUOVRWKG DV $HUIDHBGKRE®XPHQ

EHL JOHLFKHU .IOWHOHLVWXQJ GHXWOLFK JU|[%HU > @



S8I]VIAB] ZAv rpuv  }@¥}vel Gu « Zvvijus ®] Ziju<d u%elur

%o]}Vow oo

$E XQG $GVRUSWLRQVNIOWHPDVFRLBIHVY HEB.I9P $WEKH UPUL K H KW
WHU 'LHVHU LVW GDKHU HQWVHKIHLGHIG $IX W GXE GG HAM UINHX
ULQJHUHQ ([HUJLHIJHKDOWHYV YR $|XZ HIOPHHNWWWUL Y HIQH PP 6 YW HUWR
WKHUPLVFKH 9HUGLFKWHU GHXWGHRKEX . LQW H P PL\HRXW @ H Q %PH ZNF
WXQJV]DKO ®LHA&ERHIKLBONQW RI 3BHUIRUPDQFH HEMWHRKQHW
$X1ZDQG 9HUKIOWQXV GHILQLHUW LVW

3
% 12 1_793” A

3Bsdu 1b

%HL HOHNWULVFK DQJHWULH®HIEDY .16 WHPD $KKZIDROG 2N UK C
JOWHOHLVWXQJ ]X HOHNWULV F IGHEH/H WKHX@LVBKIQQ KRW UZ I
PDVFKLQ@HIPDEAHWU.IOWHOHLVWXQJ |X :IUPHVWUR RMHQK 9HG Bl OLH
GHU /HLVWXQJV]DKOHQ VLQG .YRREW GIH QW O L/FHK. \HWIX DLIN/Q BVKHD
PLW HLQHU /HLVWXQJV]DKO YR® HLQHU /KQG@GWSEQJV]DKO YR
EHGHXWHW GDVV GHU :IUPHEH&BIUR PXE¥VYVZLH BHQ VIO WHER

@'LHV OLHJW DP ([HUJLHJHKD@WRB HUW E D HOHN O UH Y\W K
$EZIUPH QXU HLQHQ JHULQJHQ $ QKWW L® FIRWY IQQNHH O H N W X Y/
PDVFKLQHQ ]ZDU EHVVHU GHU 6WOR® BDHU BNXYNQHEHW DW%
HUJHXJW ZHUGHQ $EZIUPH I+U $CHX A REWRQO R VR QZHOW &L
3UR]JHVVHQ DOV $EIDOOSURG XN WQMWI DI \B QIHE/ WIRHPQ W HDUDG/H
NHLQ ]JXVIW]OLFKHU 3URGXNWLRGVUDGLAHNVGG B Q QROKGHHU DLW KC
JHXJIXQJ DXIJUXQG GHU YHUQDFKDOWXQI EOWU GOV R K N N XIQWTF &
KH]X NRVWHQORY $EHU DXFK :IUPW $XW UARHEN W\ K WU PH H H@
‘HLWHUH %HZHUWXQJVPHWKRGHQ VEZG GHH %HLYHOQ R KIWH $
OLWKPDVVH leU HLQH EHVWLPPWB 2ZWHGH/QHRALFESHDIOMLBH W
&RROLQJ 3REHUBEHFLILF +HDWLQJ 3RZHU EHJMLWKQHW XQG

3tcpb_knd .0 ™E 3fch

5%2 +—"F—— 5*2 ————————
Inwijs® log Irwijs® | bq
7\SLVFKH :HUBARDL{HILBM QP %YHUHLFK YRQ ELVROLWYWWGGGER
GHU :HOBW2 JZUVFKHQXQG ' NJ =HROLWK > 6 @ > @

SkvP @ Z ®&d&u * Zv v

.0 N|JQQHQ I+U NOHLQH XQG JURGHHW CWHOHQVWXQRB B [L PXV B
WXQJ LVW DEKIQJLJ YRP HLQJHY HW]JWHQUYRKGHEKWHQ XX
VFKHQ 0: EHL .ROEHQYHUGLFRWHUGLF®® HWQ EHIHINQE>

$EVRUSWLRQVNIOWHPDVFKLQHQ \KDHEWHL FHK. QFHR@ BIU ERAMQ /H L
BRQGHUDXVI*KUXQJHQ VLQG DXFKU LOQ BHWOUFKH 6LRIQV LQGEX Q
.UDIWZHUNHQ VLQQYROO EHL GHQIE@ %$E8ZIDPM $DIBQASHBG
'LHVH N|QQHQ LGHDO PLW $EZIUFBH@RQIUGHQ X P& K W\N O DHH
WKHUPRG\QDPLVFK XQG [NRQRPLVFK J+@VQ IGIHHMN R QU [GHHQ:
QXQJHQ ZHUGHQ KDXSWVIFKOLFK $PPWRRLYMNEDR/RIHG KIQXGE HIVV
9DULDQWHQ VLQG SULQ]JLSLHOXUEH X B WKWV FHH HBDH\WK Bo H H
XPEURPLG LVW :DVVHU GDV .IOW BRHWW KB DN KHAX Q H WE W UF |



'D]X ]JIKOHQ EHLVSLHOVZHLVH G IGL H H.BIXREOHM IOV IPHDWKLQ/L B B)QG
3URJHVVHQ RGHU BHUYHUQ VRZWH GXEG GG R MWWWINAROXKQD *&
QLDN :DVVHU LVW :DVVHU GDV /| VXMV VFOWMPHLOV WE G $'RKRIQL
GLHVHV $UEHLWVSDDU VHKU JXW. P UHE HH) V P H MNWHKIGDXEGHIU K Q MK-
XQG &DPSLQJIN+*KOVFKUIQNH I+U GL ,.QKAXQULD BEHUF KHPE
WURFNQXQJ LQ GHU 3KDUPDWHFKQLN > @

$GVRUSWLRQVNIOWHPDVFKLQHROHL@HHWDHWL A R WHIOGIH § W X\ I
> @ GD GHU 6WRIIWUDQVSRUW DXIQUYR®® GHIUWBWWWURA NHAQX H UX
XQG GDKHU PHKUHUH $GVRUEHUHSBHROR>NG HE $XKEE& EHYV B
S$UEHLWVSDDU QXU leU HLQHQ EHWWR P © WHRE HH.PIS XKD WIXHUE 18
GLH 9HUGDPSIXQJVWHPSHUDWXU X®OIE \G H HGIHRUIGEMHRSM XFQLIV G
$GVRUEDW ZHUGHQ ]XU 1RUPDON®KDXRKK GILIOH H VLFBWIDWO P %
YRQ .DOWZDVVHU PLW HLQHU 7HRSHIUDRYHUVINRROXQJ RGHGLE
UXQJ YHUZHQGHW ZLUG OLW :DR/S/HWDMOM H Q VX I RLEAUW HfC8 WA g
P|JOLFK )*U GLH 7LHIN*KOXQJ PWKEQRODOWEGRUWWKDQR® 1l
GHQ $GVRUEDWH N|QQHQ KLHWKOHRMHIVODKH RGHUBDXFK $N@ L

IX )R} ve G IWNORWP | <)@} veS 2]
IXXi PR®@EPUw &VIYiveA ] E @}V

$GVRUSWLRQ LVW GLH $QODJH YRR I GISQDHWH 7B Q OFLKHH Q/HIUX @ | |
NJUSHUV 'LHV LVW DXFK GHU SEHUHWWE KILHFE KLY $ ERVLIROFKMIC
LGSKDVH LP ,QQHUHQ HLQHV YO G\HRIBOW \} §VMWRK HBIBUZL D G
UXQJ GHV 9RUJDQJV GDV +HUDXYK |MHQ HE B @ XTHLSKAKWHR © A\
EHJHLFKQHW 'LH $GVRUSWLR@FAKLGHWY BALO KKHG N UZ LHURK WHHC
GHU 2EHUIOIFKH DOV SK\VLNDOIL\RRX HR G B8 VR B{VE HRY D &K IRRL
'DV $GVRUEHQV LVW GHU YHVWGEWRHL GHUHQDEL Q)G BWV RO ¥ L$H
GDV *DVWHLOFKHQ EH]JHLFKQH® \GIFK DEWRUERHAK W @ BHEH)T
ILQGHW XQG QRFK QLFKW DGVRUEREHWs:2XWE\H $ GLIMR DSW RY\
$GVRUEHQV JHEXQGHQVEWWH LFKUGI WOV HOWRIEEQGXQJ DXV $
VRUSW ZLUG DOV $GVRUE®D VW BB MRUFKGW ZHUGHQ GUHL 3RU
VFKLHGHQ GLH JU|%WH LVW GILHVRBRUR SRYG DN ONHQ K HQV MVH
URSRUH ODNURSRUHQ G ! QP OV RERWRGRUBPD & Ql
6 @ (LQ ZHVHQWOLFKHU 8QWHEBQOKRHQGIHWW IO /D R¥ HLH O |3
PLW GHU 30DW] I+U GLH $GVRUE BW H V0 @ GH UFHEE L6OVRN QM U D]
PDWLVFK GHQ 6RUSWLRQVYRUJDHLQB Y SEHWRIEH|YWQ>2EH W@C



. /
Sorptiv Gas- oder Fliissigphase

Adsorbat

Absorption/ \\

Makropore

Kondensierte Phase

$EELOGXQJ 6FKHPDWLVFKH 'DUWWHD® $QU |&HWY 2REHIWL FEWHRUR]IHE/V @

IXXTWQ] ¢ Z-WRIiPo & & (Ee §WwP

'LH $G XQG 'HVRUSWLRQVSUR]KMVUR DB X$HE G LFOEBXR) JX Q@ LH\R
WEKHQ 9HUKIOWQLVVH EHL $CNQORA WHERVSMMILREGEKEHQRYH G VR
GHQ NP LQH $NWLYLHYHPNIHEBUDIFKW ZHUGHQ ,VW GLH!
VWHKW GDV DGVRUELHUWH 7HLHOFWHQ $Q H ZBIOHF®HWH B XQD XH
(QHUJLHGLIIHUHQ] ZLUG DOV G LM EWRNWHIEGH W8 I/ R QS)R URQWR
' lUPH DEJHJHEHQ 8P GDV 7HLOFKHWQ $G UK £\HW IRYUBH WHUGHIY HI
'HVRUSWLBEXIJHEUDFKW ZHUGHQ 'DPLW LKMUBRU GLHUIHWR D
ZDQG QRWZHQGLJ DOV EHL GHVRBGSY\WURB®/ LBQLJHN HHIWE H UU
GHU 6WIUNH GHU :HFKVHOZLUNXKQIPDEK\MH Q&KFHKELH/MR URSEWH R Q
GHQVDWLRQ KDQG@& oW > 6

4

Energie

Adsorption = A*

A\ 4

Reaktionskoordinate

$EELOGK@HUILHGLIIHUHQ]HQ XQG $G HKWIG HB X RASQ\A RQ 6 L H6 @



IXXT v pvP%gEl o EVOP EVPAV @AV

WG} GB¥} v

%HL GHU 3K\WLVRUSWLRQ ZLUNH@RUZSWFRBKQ BBD B UEMHQH .X(
WUHWHQ 'LVSHUVLRQV $EVWR % XQUVI WWH | V¥l EGZ HIBIQ QGHH BU:X
VFKDIW DOOHU ODWHULH VLQG HHNUAURIWW B WU F K KYHH UIV HF K WHHC
JHOG 'LSRO XQG )HOGJUDGLHQWHDQ4 X0 GHI SR OS RHFHK YV H Q 2.3
DXFK GRPLQDQW VHLQ N|QQHQ GHILF BKG Y HVRUS W NRAGH HLVQO\H ED
VRUSWLRQ P|JOLFK 'DUDXV IR@J]WHG DNVWAN U $H Q KGR P DAOUARI
JLWIW 1U GLH SK\VLNDOLYV F K HQ$ GIMRIWRSSARLRHY & R © X\WPSHHJ LH IQWF Y
GHU 5HJHO GHXWOLFK JU|%HU X@W DLOAW ®IDH K R/QRIF B K FKIWR
VWIQGLJ UHYHUVLEHO GD ZHG QR K & 16KV G KN V$GW REBSMAG V R
'LH %LQGXQJ HUIROJW EHL QLHGWLIYHICH BKPRSNHRWNXUIHD UBOL
'LH .LQHWLN LVW VFKQHOO XXEG GIDVFKGVRHWEDID LFKV B XI16GH
6 6 @ 6

Z up}@®}v

%HL GHU &KHPLVRUSWLRQ ELOGHIWS$GLIVARKU BAN VHHKQHHD FRKGHVARLW/EE
DXV GLH ZHVHQWOLFK VWI|UWNMUUILMW DEZHW GIKH VS KR/ SIW DR @
VWDUNHU (OHNWURQHQWUDQVIHUKEQ@L K& HNW URHLH 8 DY M W CF
%LQGXQJ 'DKHU LVW GLH &KHPLNRULYWDR QJ 8 DMWHMIFIKHAF BedV X X
IOIFKH EHVFKUIQNW $XIJUXQG GHV PKHPQWIUKARHR L QBKHQ
UXQJ LP $CQBBWRWEHQV NRPPHQ VRGDVV ®IOD &QHRPQ DR IQSWH.
VLEHO LVW $X%HUGHP PXVV HIHQHX2HVHQWWILAK K4 KIHHEH B R K
ELV ]X JHKQPDO K|KHU VHLQ MRB®Q DEXW EH.IH GHR BKX QIGV R\ |
SHUDWXU HUIRUGHUOLFK XP HLQH KRIBPGVAKHG YR QEW DR D X
UHQ G K GDV JHEXQGHQH 7HLWFIKKG XV GH\DRIU BK HMLIV®@ U S W
JUR%HQ $EVWDQG ]XU $GVR UE HQY®R PKWNO KUY HEVIWD\Y G DYHA
GHQ XP HLQH &KHPLVRUSWLRQ DXV¥]®ELOGHQ > 6

Jv ve Y}v

'LH . RQGHQVDWLRQ ILQGHW Y RGDDKILGHP. UQ VOH R S\RIUKHHHX VGNHD
WHLOFKHQ DXIWUHWHQ LP *HJHY VIDRKVHOEGVRXE HIOY 3 GW R
SRUHQ %HL VWHLJHQGHQ 5H O DOWAHKYG/UFK-INHKQV R B R RW SHWL RQ H
ZIQGHQ hEHUVFKUHLWHW GLHVHUNRIP®RV H\Q H XN U LDASLL\VCFIX
SRUHONRQGHQVDWLRQ EHL GHUQGLE DOVX ODWL Y DKH E & WONIFOG DY
FKHQ =XVWDQG NRQGHQVLHUW HIGHNLI GKHWSXK X @ & HIUHR/ W
YHU]|JHUWH .RQGHQVDWLRQ L@ PHNMEDVAWD]ZIHWHNG 10 M ® W HQF K|
YHUVWRSIXQJHQ EHL GHU '"HVRUSWLRQ > 6 6 @

IXX8 rpuv <} @}veA@VP ul <pPds vY av] v

)»U GLH 'DUVWHOOXQJ XQG GHQOHUFIJHHIZAK WY B EMR G §@ LeH
GUHL YHUVFKLHGHQH 'DUVWHOGRXQ JIOOQ LIFKZIKDW K'WH]VZH V|]HK 8
WLDOGUXFN GHV *DVHV GHU 7HIFOSHIIOQN XUQXGON| GRS G X R B E
VRVWHUHQ XQG ,VREDUHQ LQ 'L DJULHXH SIBHEGO G XIQVWHOOW Z
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a) Isotherme b) Isostere c) Isobare
$EELOGXQJ IHUVFKLHGHQH $TXLWRWUHRRA\DH X BK'BQ VW H DFOKXIGIZ IGRHMW YV EHL

LVW GLH % QB GKE@HB HUDMHXU DUV LDOGUXFEFN > 6 @

1DFK HLQHU JHZLVVHQ =HLW WY\R B O/®I\W S\HLUFIKWDQU $ EKX@ BILI R IB L
G\QDPLVFKHV $GVRUSWLRQV.JQWILFRMWKEHBRWQHVQQ & GA/RU $\Q
OXQJVIRUP I+U $GVRUSWLRQVJO HHL® KH B FIKPRHQ W HID O H H VX ®
WKHUPHQ ZHUGHQ QDFK ,83%& LQ YHFWHWLYCHV ZEKLIHE B DELD S
VWHOOW® 6
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$EELOGKQIWHLOXQJ GHU $GVRUSWLRQVLV B W® HDFKQ, 83B &B*FK YHUVFKLHGHQH

1DFK 8,3%& LVW GLH .ODVV@IL]LHUXQJ > 6

7\S, /DQJPXLU $GVRUSWLRQVLVRWKRKRUFPHN URRSRRMFKLBKWN B\
VSH]LILVFK I«U PLNURSRU|VH 6 WRHIUH2EHW [QHFKCHN [ Y 9N Oll

WLYNRKOHQ =HROLWKH XQG SRU|VH 2[LGH

7\S ,,OHKUVFKLFKWVRUSWLRQ LP %HPEKWFKR® QVWIQGGHJIH VYV W
GXQJ UHYHUVLEHO KIXILIJVWH )RUP GHUW,NBRMWDKHB BH Ul

FKHVY PLW ODNURSRUHQ

7\S ,, 6FKZDFKH :HFKVHOZLUNXQJHQ J]ZRVBKHQY $GXYRW EVRK/L K K
EHL KRKHPG&XHFODWIHYHUVLEHO NHLQH LGHQWLILJLHUETEL



7\S DHKUVFKLFKWVRUSWLRQ XQG .DBL\OWMIDUAKRHQ HG\R/UDSW IR
UHVH KHUYRUJHUXIHQ GXUFK .DS580 B QNRO\G BRQEDWLU R
VSULFKW OMHIZICSZHLWHRWKHUPHQ

7\S 90HKUVFKLFKWVRUSWLRQ XQG .DISAKHID tHFRKY GG VD WAL R.
VFKHQ $GVRUEHQV XQG $GVRUBWKW WHHK® ZHHLOAM HRH RQQ
WKHUPH IeU SRU|[VH ODWHULDOLHQ

7\S 96WXIHQZHLVH OHKUVFKLFKWDGVRUBQYHRB Q@ BHU HIJQ AKBH W
)DOO HLQHU VWXIHQZHLVH 0HKUWRWHK HRK MVEHIM R UFSKWL R Q

'DUDXV LVW HUVLFKWOLFK GOQ/VEQW K P HIQEEHS GH/RIISWOLWY & U
VRUSWLRQVJOHLFKJHZLFKW X RQLHEBHQ JBXHQ XQHD0 G 8 X G DHHQ |
EHGLQJXQJ EHL *EOLFKHQ .RQ @HMQDIEW QR QR/HELU 7HNPHS G LLIVW/X G

f&MH QDFK 6WRIISDDUXQJ QRFKGLHYBWLY HRFKK DDIKHQ B K
GHU 6WRIISDDUXQJHQ EHU+FNVLFRWILBWQZAHFU GHIWL ZIH@Q7E R B
YHDX ]XU 9HUI+JXQJ VWHKW

QVule Ze WW}veP0] P A] B

'DV $GVRUSWLRQVJOHLFKJHZLBKW L&WVED\GDEKFEHIHMH G 8 H L
'UXFN XQG 7HPSHUDWXU HLQH *GIEIOPW J HZ IHAK W IVIEKH & B GHIXL@J G-
*OHLFKJHZLFKW KDQGHOW | QBGHHMD & XFK GZHHQ*® HUW¥ KN HZGE H K
YHUIQGHUW ZHUGHQ XQEEEHL GERIJOGIOLFK NDQQ VLFK ] %
QDKPH HLQHV LVREDUHQ =XVWDQG@ H\Q GGEH L7 N RNWIDV/QX\H F H
YDULLHUW GLH %HODGXQJ HQWWSW NVFKMWD@E& UV HLH K WOLHL\WF
NDQQ ]XU OHVVXQJ YRQ MM QDB AOXKMOUBGCHWIQHLFKIHZLFKWH

iX DSEjvyw @& JPveZL VvV
IXBi E @& D SEQJv

1DQRSRU|VH ODWHULDOLHQ VLQ® DQ VGRHIE LB UK QD @ G H WNH Q6Q\H
BWUXNWXUHQ PLW GHILQLHUWHQ BRUBIHEW U }oM MX UBIBHRIL IVX K ¢
FKHQ 3RUHQJU|%HQ DXIZHLVHQ 'HHWRQ3RD HQQR|Q R H® IHVIQ
GDPLW NDXP JU|%HU DOV *DVP ROHNQ®CH HWL B AK|IQ\D 1§ Q H/EHHIU* |
VHQ MH QDFK 6XEVWDQ] RGHU $EVR WSH\DOXK@VIFISW RHYVY JHX
GLH LQ YHUVFKLHGHQHQ 6WUXN® XD\ B KB-DUIMN @/ B O @WP Z WUG
GDWHQ VRZLH (LJHQVFKDIWH QSR UQWHHQU OBWW W.IDDG. H'Q HVRP B
WXU YRU ] % DOV =HROLWKHQGQ\BWMGILIPEIQ WH Q X W HUHJ Q%
VIQWKHWLVFK KHUJHVWH O GiW ODX®\R W IUQ VNVCD/OHD PQ W & MGLUDLVHAL
GLH DXVWDXVFKEDUH $ONDOL OR\GHY (UK\DHO RDWHNLRWORB @ K
JUR%H 2EHUIOIFKH DQ GHU $GVRUWESI\WDY W K EKXONG HIQ @ZH 2 E H G
ELV P& J

=HROLWKH SRU|VH $OXPRVLOLN® W HHXBIENOINPWR IS K R ¥ QK DDA
QRSRU|VH NULVWDOOLQH )HVWN RS KR F KINJU QWX Bl O 8 V Q1D WRI L
RQVSRO\PHUH DXV OHWDOOLRQHRQGHR RN XD 02 F K BIOWD O+ E |



JUDPHZRUN 'LHVH KDEHQ HLQHR&E B KXIQGFK HQQRIQ «EMHRLW GH:
$GVRUSWLY ELQGHQ DOV =HROLWK

ILFKWNULVWDOOLQH ODWHULDWYH HRUJDLQIGV § KW I3RNRRBHH X
LQQHUHQ 2EHUIOIFKKKQ GZLPBKIH@ HL GLHVHQ VLQG GLH LQQ
RIW FKHPLVFK X% WHGEREHMOULLHUHQ GLH 3RUHQJU|@&HQ HUK

IXBTe B O &HUE

'LH *LWWHUVWUXNWXU YR@=K@QG L@ DEEHYMMHXH Q XDO Y68 D L P
VWHLQ VLHKH $EELOGXQJ 'LAMM @ HQGE HEHIUF K E Q UV$VQRPH
EXQGHQ )*U GLH 'DUVWHOOXQJ Z8 6GING GXIRGHRIMHQHQ
DOV 7 $WRPH DOV VFKZDU]H .UR HVAH UG H Q FIX QW @ UNEALKE-ERVOR
GHQ 3XQNWHQ JH]JHLFKQHW ®RSKNQJHEGMUVYHNKIBOB W A G 6 BolS
]IXVDPPHQJHVHW]IWH *HU«VWVWUX® W %8 K QELHVGLIHY HHPURG HWV
=HROLWKH LQ )RUP YRQ 3RO\PH WHQNRGHHQ. IY HIHF ELIDGHQH ')
ZHLVHQ ZLH LQ $EELOGXQJ $ GIUWINMMMD DWWV G P 8\H RNELEN IO
GHQ $XIEDX ZHLWHUHU =HR O LW RWUKNANNXHCH B QRAL \B XNFRKP . DAH.

'LH YHUVFKLHGHQHQ 6WUXNW X UHQ@® ¥ FHK D HDH®QMKH U ¥ EK LJH G0
ZHLWSRULJ :HLWHUH SK\VLND GWFKK EHHLQVE X BWWH QH GG H
'LFKWH 6FK*WWGLFKWH .RUQSRURWXQGEWX QAMHHODGEXQ H\GROH G
2EHUIOIFKHQJU|%HQ 3RUHQYROXPHQS HWIRM KK QNIPRIND BIL
XQG GLH :IUPHOHLWIIKLINHLWHQ > 6 @

o0
G 6
9 C

$EELOGXQJ THWUDHGHU HOHPHM)' SEELOGXQJ 6HNXQGIUEDXVWFE
KHQ GDV =HQWUDODWRP 7 NDG®GQ@QQ OLWKVWUXNWXUHQ > 6 @
> 6 @




$EELOGXQJ $XIEDX GHV =HROLWK S$EELOGX®XIEDX GHV )DXMDVLW
OLWK < OLQNV REHQ 9HUNQ-+SI:
]X . HWWHQ LP =60 D *HUsVW
REHQ UHFKWV .DQDOVWUXNWX
LP =60 E XQWHQ > 6 @

$EELOGX®LIW HLQHQ 4XHUVFKQLWW MW Y OHNROWR/GH Q B DY
5(0 'DV =HROLWKJUDQXODW E HNW/HWK \R LINX X QA B H U FKR H B/BHL
UHQ (V JLEW JUR%H GXQNOH %HUHERRMHWGZH UGN 0B NH R/S R
VLFKWEDU 'DQHEHQ JLEW HV JRORUH®@HJXHHBKH QIO G WQAa G
N|QQHQ DXIJUXQG LKUHU JHULQ JQOX'QG %/H QUG FKD/K DX 1Q HOK W
EDU 'LH 5DQGIOIFKHQ GHV *UDQXQBVWWW U KQ & X HE HQ QHIKK
JUR%HU ODNURSRUHQ UHODWLY KRRFRIHROLWK JULLH X)0%B W | (
$GVRUSWLRQVNLQHWLN YRQ EHRVRQGHQYWIRYMGEHEWXQW | GOH
*UDQXODWV LPPHU JU|%HU ZHUGHQ GMH QN HKI X \F\V. Q LD \$ W E|
YHUGHXWOLFKW GDKHU ZDUXP @& IHL @ K% H BDKOMEXH! G RBOHOH*B B |
WLRQ VSLHOHQ

PR R T -y

- g3
>
o

100 um Signal A=BSD  EHT=2000KY  File Name = ZEnI\th-AI_Z?DEUB_Mvnf % Fraunhofer
l—i Mag= 40X WD =10.3 mm Date :3 Aug 2022 Aperture Size = 30.00 ym 1T

SEELOGXBWM® $XIQDKPH HLQHV 1D<%). =HR O LW KILUFIXQXXMDI W\P P IXW WBNORKKPQL IQW YW/P B 4DVH
KRIHU ,&7@



iX WH ee v VAV WwPv

'LH $GVRUSWLRQVHLJHQVFKDIW HQGY R QYL GACGRUEIH QN UN B R LHA
NeOHXILIJH 6WRIISDDUXQJHQ VLQG DR/ I? U WO HMRDLQANRKO RREHHUU ¢
'LHVH $UEHLWVSDDUH VLQG H EHRX IDXO V. KPUDHN SHIWL WY O ZILOAVAHKQN\E
VFKDIWHQ XQWHUVXFKW XQG L& 'DWHQEDQSBHQ KLQ@HUOHJ
,Q LKUHU WKHUPRG\QDPLV HN\HQ W D®LHRSIELHP® PUHVQILU E HL W
GDV OLWVXELVKL $GVRUSWLRQV PUWW®320= B RERISW K) $0QG GG H
EXQGDGVRUSWLRQVPLWWHO /L%OLBLORGELRAGE RIPIUG. ® DFED RRE
IJUPHSXPSHQ LGHQWLIL]JLHUW 'IQH3L 3YJREQH BV SIXDUH OLHAE
HLQH +HL] .KOHQWKDOSLH YREHELAHPS HUD WXNHILIXN \G B Y

S$UEHLWVSDDU /L&O 6LOL]LXPGLR[WE @HWKD.QR O DHNLIQH KRXE .
LQVEHVRQGHUH LP %HUHLFK GHWIRQKOMQHUILR PRI HDGHR :
$GVRUSWLRQVNIOWHDQODJHQ E®W BIGWIRHEH® VGX 8 GP LW ¥ H R C
DUEHLWHQ

TIXRi Z@uU v WE VPE vV

,Q YRUDQJHIJDQJHQHQ 8SQWHUVXFEXBENHQW XUG 8 LHL QW & /S
$GVRUEHQV LQ GUHL YHUVFK LHGH HQLQG % HQ VN BVe QD WHHYUH
ZLUG LQ GLHVHU SUEHLW X Q@G UQXFEKEN. G'® ¥ B VEWHHOLOM YXKHA

HUOIXWHUW ,Q /HYHO ZHUGHQ RUEGH®DWQ HQ3 UREM @ R [JU QUHQ}

]IX PJ XQWHUVXFKW 'D]X ZXUGH HLQ BH®P]E 0 R E N QRUIREWM QB
GLH (LJHQVFKDIWHQ GHV 0DWH U L®HW *RID@K G D W HH¥ & WO B

WLIL]JLHUHQ %HL /HYHO ZLUG GWHRI EH R EHEH\DFOKW AKWHWY RiC
ORQRODJH GHV *UDQXODWYV YRQFELN QW VW HEKHH\QW:HRKW H' QLY
VFKHQ GHQ *UDQXODWHQ GLHGQDKX$GN@ USW IHROQ VELQE W LMW
NDWLRQ XQWHUVXFKW LQGHP MKBOWHX HL&IEU MRGROEB JAH &
JHQ ELV ]X $X1 GLHVH :HLVH6WGWWWE RN S RXW Z\W GCHLLRKWM|
$GVRUSWLRQVNLQHWLN QHJDRQAY X6 WIHYNXFKMA @ H UG HHY HAL |
'HFKVHOZLUNXQJHQ XQG BWRIIWUDXQGS &WU W Z3LGVHRUIWSW QS GV X
NRPSOH[HUHQ *HRPHWULHQ ZLH $GWRNISOH R §8 ¥ RIPEH B M B /W
UHLFK YRQ J EHHLQIOXVVHQ

Erfassung der
Materialparameter,

z.B. einzelne
Granulatkérner (<10 mg)

Reprasentative Elemente aus
Adsorptionswarmetauschern
(~50-600 g Adsorbens)

Elemente der
Adsorberkonfiguration,
z.B. ein Stiick Beschichtung
oder eine Monolage
Granulat (*100mg-2g)

Kompletter Adsorptions-
warmetauscher

$EELOGXQHUVFKLHGHQH 3UREHQJU|% HQ\BWXQG H UJ $GH/IRWEK HREGINONHL Q H WVVDNPIHH Q >



IXRAT E J@}veA @ ° &P E

$GVRUSWLRQVZIUPH*EHUWUDJHUUW]® BAKRIH. FIK B 4 E HEDXWD
KHL%W GLH :IUPH ZLUG YRQ H LUDMWDEHIQN HDE X IL GELFH LOQQEGHH M-
GHV $G:h LQ GHU 5HJHO HLQ 7HPSHUEZKHBHARLOXPGDL\H G M V: HUWF
QLPPW RGHU DEJLEW 'LH $X % HQH/HQLM A KGHWHRE HhWNDLGIQZ HiH G
30DWWH KDEHQ RGHU NRPSOH[HI HEWXM RHQQH Q HR\GH V 15Q.6 !
EHVW<FNW XQG LP *HJHQVDW] ]XGNR QMHQHWQ ROKWD YIRE® 7HE B
GLXP DQ GLH 8PJHEXQJ DEJHJHEHIQ QGRMG HUW § FKHHWY : TH P IS HOUXL
XQG =HROLWK VWDWW %HL GHLY $CRR §6 WR B DHDLW G GO/IRW B C
GDEHL IUHL ZHUGHQGH :IUPH GXUFK GHH WU PH+E HOXU G DEHW
%HL GHU '"HVRUSWLRQ ZLUG GLH :IUBH Q RIRJ Pl FEHVW UBU HUX L
$GVRUEHQV *EHUWUDJHQ GDV G IMRUBWHGHNIRUPIPMU WQ G LEVD
OHFKDQLVPHQ NDQQ LQ HLQHU JHHKH RINWBIQVS$B % BK WX UK DRy

FZQ hS @ ZVP VAV JOR}veA & °© GEEP &

)*U GLH .RQILIJXUDWLRQ HLQHV $&:bX\QL® WHUAWHF K. K IBKI\V® H Y%K
OHYDQW LVW KLHUEHL HLQH JXWUHP H &JPHHY PHUDWH DR E € I DR K ¢
ROLWKVWUXNWXU XQG HLQH JXPVIH U XGIFHK @ GAMR.U SIW LW Q X 2H*DJ
GHQ YRQ 6DHWDE® UHIDQIDFKH $XIEDXWHQ ZLHRHOLQWHK 36010 WH-
RGHU NRPSOH[HUH *HRPHWULHQ ZLHUWWUDRSBS W HE5R K& HE QRI®HG
]ZLVFKHQ GHQ 5LSSHQ YHUWHL@O\WHLGW U ($Q@:H & LOWD PIRWAKPH =%
JHIHLJW GDVV GLH '"\QDPLN GHUW $GL R L WHRHPQ OWRIGHE @ NGHD
ZHUGHQ NDQQ GLH FKDUDNW HKUQNVMKW FFKRHQ 6(RHUS IVH R § I UHDIVWAK |
ZXUGH YRQ $ULVWRY > @ l+U GLH IWDIHAMHK & G IH QROQIGI X UO W L
NRPSOH[HUHQ .RQILJXUDWLRQH®D W\ HU FH$ GR/IRWPIMDH R Q) HH\M £
JHU GDXHUW DOV GLH '"HVRUSWQRI® ] HLLH V8 Q@&/DN\UW XGH KX RIHII W
VRUSWLRQVPLWWHOV NHLQHQ YHQKO®W\Q D IGEDV: 19 B H b BNV
ZHLWHUHQ 8QWHUVXFKXQJHQ > @ AXPGW @ HBRPOH W/®H @ Z VUFKHH
PHOOHQ XQG DXFK JHULSSWH )ODFWURKW ZGWRPH ¢ B HHBA\QUD/J HG:
BRUSWLRQ GXUFK JU|%HUH .RUQGX® FEKMHVSH]ILNNBRBD QIOWF
EHL G°*QQHUHQ :IUPH*EHUWUDJHUQ DP JU|%WHQ LVW

OHVVXQJHQ JHLJHQ GDVV HLQ JDK]HOVSIEOMH MY KQUSHRIQ L VF
UHLFKW 8P GLHVH /HLVWXQJ ]XLOUIJRBEABQ PYARYY G HWVEB UM
JUDPP $GVRUSWLRQVPDWHULDOVMNXKQHIWRHER ZDV ML GW VY
6 @ )*U GHQ 7THPSHUDWXUEHUHQEKJHQWHMHIH )RHVFKK&JI
GHPHQWVSUHFKHQG DXFK QRFK NHLQH $QZHQGXQJHQ YRU

W @EPvV ¢ }@ NV V E%] ov 2 HwP
'LH %HVFKDIIHQKHLW VRZLH GLHW LKFNGH 8 LIQUHRW6$EV RIUE BNV V|
VRUSWLRQVNLQHWLN XQG GD®LW DR H 6EHIUMNGIIRIHIMW IGR.GI VO LH
OLWK EHVFKLFKWHW VLQG [HLUJH®HILQH@DEHVVRIQIHDK: NE YA «
ORVHP =HROLWKJUDQXODW E HMFKH FEKHNHNW IV LIQG L D NOHX QG
PJ XQG JUR%HQ ODVVHQ ELYWQ |ANVPKWQBFKLFXWGLFR G
=HROLWK EHVFKLFKWHW ,Q VHUQMMB ZRXEL B H @WK OCHRQ (8Q!
QLV GDVV GLH .LQHWLN GHU :DV@HLX®DLB SEBE ¥R UBSKWLIRW HO
XPVXEVWUDWHQ XQWHU TXDVL LR EMIHIN $CR/@ WGEHNUL B BR/IEFH
KIQJW 'LH $GVRUSWLRQVJHVRAKZL QB LERKILLFVK \E H WRJ I9F\U EGH. L G



P 6FKLFKW QXU "HLWHUKM) DWW LFKPKBUBXPDHPWE O
BFKLFKWGLFNH LVW GD QXU HL\QH \6 MK-ZLIHELXIQH GW Uy R@V R ULS
]X JOHLFKDUWLJHP =HROLWKJUDQXOP®W HPUWHLFE@JIZ%BQ :¥
NRQQWH JH]HLJW ZHUGHQ GDVQGSIOH QHDWWYXRQVGBKO=BRQL
DEKIQJW 6RPLW LVW GLH *HRPH UZLIHH GRIW : BUHPWH 9EHHURK W B B MY
$GVRUEHQV YRQ JUR%HU %HGHXWXRISWLP BQHQ 1ILPHQEHXPI
BWRIIWUDQVSRUW ]X HUUHLFKHQ

%HL J)ODFKEHWWNRQILIXUDWLRWHQ PYW BHB LS =K R DK M/ KA
KHUQG NRQVWDQW OLW ]XQHKPHI @S H L IAFKLKAHK SG\L R N 8§ WQLLRPQPP
JUXQG GHU 6WRIIWUDQVSRUWZLGH B¥WLEEW DPE \6RK QLHO0 B\
XQG GLH 6FKLFKW PLW GHP JU|%&MIQOWSLEIWW O DIE PXQJ I RIH EX
YHUKIOW HV VLFK XPJHNHKUW EHLVEHVL MY BUSWARQD $XQG\
YHUVFKLHGHQHQ 6FKLFKWHQ X&FKH B K WGLLHFMNGIL NIO HZ BV KIDIOE
VROOWH XP GLH PLWWOHUH %H ODBG X Q@V ]HLLA X MRIPEPIN] XGHV
VRUEDWH HLQH JHULQJH :IUPHAGRLWIIKHUNHUWHEHNVULIDE O X
.RQWDNWIOIFKH ]XP :IlUPH*EHUW WBGLHHR S WX © 5OV R\DW WHKF IG |
QLFKW XQQ|WLJ GLFN VHLQ

AW} VeA E °© EEP (S }@ZPE/N0S
$EELOGXNELIJW GHQ $XIEDX HLQHV $G:h 'LIQGIHMKZGDE ENRO
*EHUWUDJHQ 'DEHL NRPPW HV ]KHW G B ROXHRIV LYW K DXD/QXHID
$X%HQVHLWH ]XU *HKIXVHZDQG &/RAFWW BV FALH K\R LIHIWM\G J G
KDOWHQ (LQ ZHLWHUHU 1DFKWHK® GGFHNHPD W WXIQ MK\P H\OLGHI
SRUWZLGHUVWIQGH GD GLHVH\VRGGHIMR BB W VRIG U NN Q H MQLHNC
GHV $GVRUSWLYHV GHXWOLFK KHUDEVHW]HQ

f&'a“t!- ¥ 0
‘Q'Q"! u‘nﬂ

$EELOGXQJIEDX HLQHV $GVRUSWLRQVZIUPHQEHD WV DDUNUL @XIEBRR XIQ@KPH X

EP EZCE vV < J®)vA E° EBPE

'HU $SUEHLWVEHUHLFK GHU $G:h ZILWG6WR | HVWH® W O FE K R HQH®X G
EHJUHQ]W GD GLHVH EHL ]X KREWQRTHWP SKILLIDN\N K W HYQH UIOW H $ K
GLH WLHIHQ 7HPSHUDWXUHQ LV W HGYLS$G.\RRUGMHIOMDWH R Q/V\F K IR |
DOV 10«VVLJH 3KDVH DXI GHP FHKRODW K WRUIOLK JWI) GDRK $&



PLW )O«VVLIJNHLW YROOVWIQGRDQH WWHEW LMV X BIHE XQ D He B S
HLQ 9DNXXP RGHU HLQ UHLQHV $®WRGBK BGVRW SG\L B QHP\E RU
HLQH JHULQJH OHQJH ,QHUWJDV FXWHQXQJGWDWY WG VRISV 19
l+KUHQ

SAVUWP Ve J®WVvAGE° EPEvV VUZ EP Zvs E B E

'HU WKHUPLVFKH 9HUGLFKWHU EWWAKIOKVW B RVIHL GHQ $IEP/ARHIE
XQG HLQHP $G:h LP ,QQHUHQ GHXIDDQHHY R K CRI\PGIEQ WHNVUR U |
PLW NHLQ 6WRIIDXVWDXVFK ]ZLVFKUHRHEEXRUWNSWOALWW QG :IUPI

bKQOLFK ZLH HLQ HOHNWULYVFK HUH 99-HIUGELLFKKWHIU NIDQBLGHB |
NUHLVODX!| HLQJHVHW]W ZHUGHQ GDW '8¢ G HVWEKNH GQEH)V BWY
EHQIWLJW VRQGHUQ HLQHQ $QVF KO XV VD VYU. FWVOHPH RSMIQ HZL
GHU $GVRUSWLRQ YRP $GVRUEH UJWHXQGEL BIKWHGE GUHNFNHD Q!
KRKHP '"UXFN DEJHJHEHQ

IXRT E J@}velCqe v E J@E}vel Gu * v
'HU SUEHLWV]\NOXV HLQHU $GVRBEBMNIIGRRAIAZTHPIB S X PIWHX UV WX
S3KDVHQ 'LDJUDPP DXFK ORJ S 7D'V. D QW R P LG\DAJH € MW WO DI WU
VRUSWLRQ XQG 'HVRUSWLRQ *HIFK GHQ WH\HPW W BKHHUE SiH W/
PLJ XQG NRQGHQVLHUW GDKHU QIVAK\E DL\ $SGWRWEW U Q G5 IGWU
BKDVH XQG VRPLW QLFKW JDVI|UWPLIHRIGHDWY SOHMVVAQG/HB L ROL
OLHJW GDV .IOWHPLWWHO | @K/ 19%DXPW W LIHY #H INJ 8 P HRQ| MG H®
VHQHQ 6\WWHP DQJHRUGQHW VHNV@HP HIUHBEHUVENORVEBO
.RQGHQVDWRU YHUIO*VVLJW XQG |REBEXRYEK HRKI HHVKKORNMH
ODXI RKQH :DVVHUYHUOXVW H@QWPWHKSE G DVH:IDQMNM B IEHQ HXH
DQ GLH 8PJHEXQJ DEJHIJHEHQ VRIGD VX GHWoQ D GRS IO W RA
'LH =XVWDQGAHSEPHNVWKUHLEHQ GLH 9HUGLFKW®R@E GHWH .IOWHI
$QVDXIXQJ GHV .IOWHPLWWHOMN UMH IQMDIXYd HWEHKR O WHHOWHU 1.O
SDQVLRQ XQG 9HUGDPSIXQJ GLH A& X GEKU GH WWAHKYOWD @ E Y &XQ
ZLUG GHU .IOWHPLWWHONUHLYV ®GINWH MBKOHROMHMH/Q X QG NG @ C
IHU DEJHI+KUW ZHUGHQ =ZLVFKHQ IGB G HW VLB QIEH\USHF K W K G
PDOHU %HODGXQJ VWDWW '"WHRWWHGHRWEXKWWGDRGW EHIHH XQk
VWHLIJW XQG GHU 'UXFN HEHQIBOBOY YRAHIDIW RGUHG X® JGIHN R
DOV GDV 9RUKHL]HQ EH]JHLFKQHW.LGEHWF&H HWRUBQE R X @ §
GXUFK 7THPSHUDWXUHUK|KXQJ DXI| GHE|VWWWRUS @& L RDGEVH HIP| &/ N\
$GVRUSW YRP $GVRUEHQV ELV BIHVU PD@ILLFE OHZIL HHWD]X X QD
SXQNW HUUHLFKW LVW 'DV D& VXIGIWHU HKEKKBUBH.PO'WKXPMN VWX\WPH (
JHOHLWHW ZR HV XQWHU :1UPHDBRIDNEHK OXKHQUIHVMOIWVZYRC
QDFK GXUFK 7HPSHUDWXU XQG®QWKNENPHEYBQXJD JSHWIE KRG
$GVRUEHQV LQ =XVWDQG WURGNKPHQ BQNDAEQ $GRERDSMWQ Y
HUIROJW GLH $GVRUSWLRQ YRQWHXVWIHZGFKQYNVFXVWEQE GH
%HODGXQJ HUUHLFKW LVW %HL$GWRUEFHVRWU SW VR.QO WE PR WE
9HUGDPSIHU ZRGXUFK GHU 3DUWUDVWL®UWXANF N' LLHPV HHIU QWX BIIBE
]X HLQHU bQGHUXQJ GHV 6LHGBSX@DMINW |&HVH N T WO 5 EW WKH-D
ZHLWHUHY .IOWHPLWWHO YHUGDPS8IHQ PND XQJ HPOXWUW GZHHRU GHHU
GHVH HLVH ZLUG GHU 9HUGDPSIHURPBOLV GILOAW HKXOMCHPH HBIQ



9HUGDPSIXQJVWHPSHUDWXU GHV Q®WHRLWMWROSYWHRWQV]ZUVF
PXVV VWIQGLJ :IUPH ]XJHI-KUW ZNBGEBOLRIXYRQG DI G H |
ZHUGHQGH :IUPH DEJHI*KUW ZHUGHQ PXVV

OLW GHP =\NOXVELOQNDQ @EHIHD GXNXQJ GHU /7- OHVVPHWKR (
GHQ XQG GDPLW DXFK GHU %HUHUFK $G) GGHUOHMVRQIMWQRQ
UXIHQH VSUXQJKDIWH 7THPSHUDWXGHIGHKNRGJ [ZVRYEKH X GEC
DXFK XPJHNHKUW GXUFK HLQH Y RQDIO%HQGKHUXYCQRIUK H 112X & DH
,Q GLHVHP )DOO ZLUG GLH 3UREHLPXY®RHLERJIHXYV AW G HKRP®
*OHLFKJHZLFERDGKQ XQEW HUUHLFKW ZHQQ SHHUBWREHHE BIL
EHKIOW XQG VRPLW NHLQH ZH DWW HQIGH VR GIHIUF KH & R\GMAL B Q
.LQHWLN GHU $GVRUSWLRQ XQBSD &QRWSPLMR QHQDW H U, DXR K WL
GHQ 3URJHVV OLHIHUQ LQ GHP\AIQHS . RRPGHRWD HQWHH.Q HH IDQDIGLE-DF
WHULVLHUXQJ YHUZHQGHW ZHUGHQ

100

Desorption ,

50

10 |- Adsorption /o D i

Pressure [mbar]

Indices
/HN:  Heating Net

/

J/ /AHS: Ambient Heat Source

/ /

X p > , I Y 1 v X T X Y ¥ J I X ) 5 y I R R
o ° % %0 4 g 100 150 200 300
Temperature [°C]

$EELOGXQHWU LGHDOH $GVRUSWLRQVNIOWHRUHLYBPXIRJFEHPDWLDBFWDEPUIHV B/ H (

TXRO&VI Y} ve%qmiProlv E }@}vel du »Zv u %o v &v. UE}VUE
1A |%@EDov <}E G

'DV )XQNWLRQVSULQ]LS HLQHU & ®&VRHIKSWHIRHY SIEDWDHIPMDH/F K Q
VLHUW DXI GHP SULQ]LSLHOOH @ i$R DEVIFX HQ I HPU V8 GFVLRQUHPWE &
+DXSWXQWHUVFKLHG EHVWHKWLE RWHQ JCCHLVF IG]HHW WYLKIHLUFP § @ |
WLRQVEHWULHE EHWULHEHQ ZHQGHKK@ Y D QORQ G\O HIG B GWW DR
.RQGHQVDWRU XQG ([SDQGHU

$GVRUSWLRQVNIOWHDQODJHQ GUPRLKEKUYOUIH B G LHF K Q/ HHU @HKR
QHQ DOV HLQH $QODJH PLW H L QHPU GOHRWS P € KSWEH b HEG! WVUKIHFUKP
9HUGLFKWHUQ YRQ GHQHQ MHGAHWK NHYNG KLGt 6 HKQ@NV % H WIHEH
GLH RSWLPDOH .IOWHDXVEHXWH QX AKU ] DIOOHQ$ G E HE H.Y W PH



RGHU '"HVRUSWLRQVEHWULHE ]XIEWWOHLEWQ QX F|>GHKW PHL ERE
VWHKW MHGRFK HLQ =\NOXV LOWGHPUGIHD $FWRBBHXQGHYRO |
OHLVWXQJ JOHLFK QX00 LVW$GLQX GG UD\DROHSOMIVR B HHAUWPH L E HR
NRQWLQXLHUOLFKH .IOWHOHLVWX® B I&XHF K UDDNLIRGOD HSMRHP LOWH
LPPHU HLQ $GVRUEHU LP $G VR USWILLR QHAERHWSWLIHREQ X @ B WHLLIQH E
GDIsU GDVV LQ NHLQHP =\NOXOOGLEII.OOWH & B DHW EQ @ VX L \QV
UHLFKEDUH .IOWHOHLVWXQJ GHXWOLFK JHULQJHU

'LHVHV 3ULQ]LS LVWPL® §EZBLOSDXUNOOHOHQ $G:h GDUJHVWH
GDUJHVWHOOW ,Q 3KDVH ZLUGH G D5 AN BEREIGHHNG K O%H WQ\G  PeIE
JOWHPLWWHODPSI DXV GHP 9HUGDASI HEWH EBOBGHQ =XIKWHQ
NHLQHQ ZHLWHUHQ .IOWHPLWWHOGWRSLWWHMHEPHG XQ QY6 U
IXK365DXV GHP $GVRUEHQV GHVRUE L HWW LX-QGBNLPLHR GG HB V DW
IUPKBLZLUG *EHU HLQHQ 5:FNN+KOHU DRPGGHHS PH HEX-WY DEX
WHPSHUDWXU NRQVWDQW ]X KDHLQH@S DIW LRQGE RQ YD | XIPU G
]XUsFNJHI*KUW ZRGXUFK VLFK GHUV.HKHQVDB W GHYQ . I®MH P
ZLFKWV]XVWDQG LQ %HWW  XHLGD % IHOWWM P LIAUW iH @ FRKBAK U VDAK | WH
DEJHJHEHQ ZHUGHQ 'HU 3URJHV\G NP GQHRWQW FKOMW MW GHU &
WHQ sEHU GLH 9HQWLOH 9 EL VDY HY H MUK VoFHKWWZ HRIIGM @ H,/D
YHUEXQGHQ XQG GXUBHEXUUPNKUSMLRQ JHEUDEKW %HWW
GDPSIHU YHUEXQGHQ XQ GEGIUWFEGVRRIBMEIRQWHEUDFKW 1D
QHV ZHLWHUHQ *OHLFKJHZLFK\8WXRV) CHV HZILQIEQ3IK R QMW L @
JHVV ]X HUKDOWHQ 'LHVHU ]\BIKODLWH K H QHF K WHROQ JWL 8 PKHIQ G
$GVRUEHU LP $GVRUSWLRQVEHW®WUH HED MW & DMSVDION GLHW G ZH
'LH PD[LPDOH .IOWHOHLVWXQJ L/ 4B G R 6K HOXHQGY H W UQ HEHE
PI/JJOLFKHQ .IOWHOHLVWXQJ GL® ERIUGHH FRKNWIHHIG HB SNDWRQ
VLQG hEHU HLQHQ JHVDPWH ® LENVNVADXHU B H. WOWDHF & MWW XLY/IV | G
ZHLVHQ JOHLFK

e T
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$EELOGX@BKHPDWLVFKH 'DUVWHOOXQJ HLQRW$GBRUBWLRQVDQODJH PLW 3KD'
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'LH JHEUIXFKOLFKVWH OHWKR G KL RXWD WL R DY LNHRIQOOH QLW/IVR ¢
DQODJH EHL GHU HLQ .IOWHPLWWHG G HW GRS W AHWG D'PE
JHN+KOW RKQH GDVV VLFK GLHQGH/DW P HXQW HO] X QW IGVH.UH UXKI @
WLRQVNIOWHPDVFKLQHQ ZLUG QH G LBOGW K XHUHNW ULYE K: HUWP
$QWULHE EHQ|WLJW

(LQH ZHLWHUH O|JOLFKNHLW G HWLFOQ VPN MWWHRHNKFKIL @ HY $ @ \
WXQJVNeKOXQJ EHVVHU EHNDQQWHP® V' BEHLY ZEBPGQGWL F R R DA
6\WWHPHQ PLW $GVRUEHUQ JHW UREQND MRQX @ \GXW BK H& LI \Wh
JHVHQNW 'LH DQJHVDXJWH /XIWEDDWG @ XDRX YGHID B\GOMR GE H |
WURFNHQ $QVFKOLH%HQG ZLUG IGHUH YXIQW LBHOL QBEPH N KON
HLQHQ %HIHXFKWHU DXI| GLH JHZ+QVFKPDIVEZMPISHX QW X HEIYD
S5DXPDEOXIW ZLUG GXUFK HLQHQ ]AHKWWQ X&H GLHF K\K B 0 HAH/
‘IJUPH*EHUWUDJHU DXI GLH =XOXIW KV VYEGXWAKDIHOH]NXLXKEG V
QHULHUW ZHUGHQ XP HLQHQ NR@®@WERMNQH ULCH. FK R 6 N@X\G U LGH
EHUV NDQQ LQ VSH]LHOOHQ MNGHYUEONZW/VNVRRIOHQ@ 1 QVQX\W B B W
'DPLW N|QQHQ GLHVH $QODJHQ DXFKIMEKIQ BAHX TW RPNQ B O U |
WLINHLW 7ULQNZDVVHU HUJHXJHQHOVLHKH WXFK B6RXUFH +\f

i sYupwP @EGo]l3SywPAvV J®W}velGu *Zvv
IX®i E2ApbPu} o©CE] <& olduvP

'LH .IOWHOHLVWXQJ HLQHU $GLVRW §WHIR G XN IFKWGILPHD 9IF K GO S-
ARpp knd3HV .IOWHPLWWHOV XQG G IR R LGAHVOHUIHID PBVNGIQN ¢
WHPLWWHOV :LUGDMQHH@HR BBMQUSWLRQVNIOW HRMDHVEF KRLQH : |
HLQHU 9HUGDPSIXRAVRHQ WKDOSABHY «, 3L t viwix %> 6
@YHUZHQGHW XQG GHU $GVRUEHU 8V@H® A& ERWDQWH G
S % *BXIQLPPW EHUHFKQHW VLFK GLH .IOWHOHLVWXQJ PLW

3Bpb_knk 164 knd® ADb knd

] Xvrés

(LQH ZHLWHUH OHWKRGH XU %HVWIWPPRPEQU GHYHU %HGI\WDB G KDV
T6 64 kndl Ebgmpc@LH OHQJH GHV DXIJHQRPPHQHQ 'D/PSDHV SUR
PLW IQGHUW VLFK *O 1X

3pcpb_knlal- I qump‘c@ T6t®p§‘_@n%l

,Q HLQHP UHDOHQ 3UR]JHVV VFK ZDIGWD & X ® GOHPUXQD X B B V&H
PDVVHQVWURP VRGDVV EHLGH :XQWGHYREG GRIWEB BWRDKK B @
'LUG GLHV LXO®GO EHUsFNVLFKWLJW YRQL G\ UG %HH OIDEW
T:PDEIQJLJ 'DV EHGHXWHW GDVV [X %HIOIGXGHVI QGWR YW L
GHU 'DPSIPDVVHQVWURP DP JU | % WO\ HOMAL V IVRWDD XV H XD W U
VFKUHLWHQGHU =HLW QLPPW GLH® GO®RUWQGWUDW P SGRHRV %H
DE ZDV ]X HLQHU $EQDKPH GHU .IOWHOHLVWXQJ l«KUW



'LH EHL GHU $GVRUSWLRQ IUHLZB\VGHP|WH IIDFRH Qi GW Y S UQ WK
'LHV OLHJW GDUDQ GDVV @D}, $EV RODW LRIV QNHD QSH HU X

IDFKHQ :HUW GHU 9HUGD.RS | X8 OWMBWKBRWLISXV GLHVHP
EHL GHU 'HVRUSWLRQ PHKU :IUPH HXJBH{KWUMP KOG HIX | DHDWF
ZHUGHQ NDQQ VLHKH .DSLWHO

TIX8T & ZvypwwPu} oPE&o| pv of]
8P GLH YHUVFKLHGHQHQ $G:h PLWHLOMH® GR+Ns\MBRIEGHOHK H Q

% 1 2> 6 @GHLQKHLWOLFK I-U DOOH GHILQUWUHG® S@tPH WS HQ
HLQHU $EIQGHUXQJ ]X *O IDVOV *O GHILQLHUW P
3
509 2L — tcpb_knd
Inwijs® Lbg

XQG JLEW GLH .IOWHOHLVWXQXRSURODGWR Q BH QN® C5\GWHR W-SMWH.
P ,®IGPXVV LPPHU GHU %HODGXQJV B HE B GHOQN H WULRIAHLQV ;
GHU PLWWDPDHULMW Q.U HLQH %HODGXQJ YRQ KWW HGEIROUBOM
YR8Y62%- PLW HLQHU (QGEHODGX®424RBUW PXWLQHPQGEHODC
QLFKW VLQQYROO DXIJUXQG GWUY Q/L PK W HWE GHUDGHRQ % HO
'LH 9HUGDPSIXRLY ZWRMW GLH YRP 9HUGDPSIHU ZIKUHQG HLG
VHV DXIJHQRPPHQH :IUPH,;/dHVMWNEXBLHWHAU $SUEHLW GHILQL
WLRQV]HLW GLH EHQ|WLJW ZLQHEVDXPWGHQ BH HQUHILAKHQ %H
=HLW GLH I+U HLQHQ YROOVW QR]HWD BIEQ |RAS 2 FIMWUIRGRSPH MR
HLQHQ $QKDOWVZHUW |+U GLH ¥6WRW EWRR/HI « U0 GNHD $IEG V VX W
IOXVV YRQ 'HVRUSWLRQ RGHU 7HPSHULHU]JHLWHQ

)»U HLQH 1XW]HQ $XIZDQG % BIM\F K VOX\QHO ALY GV XCHIWV DK O Y
1XW]JHQ ZLUG KLHU GLH .IOWHOHLN3NXQihEDDG DHOWGEWPI Z DXRGE M
'"HVRUSWLRRNBIWIRIPLHUW GLH ]XU 5HIHQH UDWIGHR KW $G : |
'DPLW HUJLEW VLFK QDFK $Q%DXVXQIOGHU *®LW GHU

3
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3bco

%HL GHU '"HVRUSWLRQVZIUPH ZLUG JYZHUPHY RQULEKW GHY JHE
JHLW XQG GDV 9RUZIUPHQ VRQGHUW J[XYUYROHD VWWMRGEWHR @
EHUFNVLFKWLIJW 9Y%DIRHWOQRMDEKWHEWWBH $XVVDJH GDU<EHU ZL
RKQH GLH 9HUOXVWH GXUFK GDW 9RUKHL]HQ RGHU 9RUN<+*KO'

U GLH %HUHFKQXQJ GHU 9HU G D RIH XQH VB FK Y WXDIPRW H R B
ZDKO 'D GHU 'DPSIBP MYEQWRKURPYVVXQJIJHQ HUPLWWHOW ZLU
l*U GLH %HUHFKQXQJ YHUZHQGHW ZKD®IEQH0 k,WE KLH N FO®I U G
VWDQWHU 7HPSHUDWXU XQG NRQV\WDDOHLR WXXFN RRIG *®L H
*0 EHUHFKQHW



'LH '"HVRUSWLBQMDIQU® HQLFKW VR HLQIDFK JHPHVYXB QVHQUAGH (
JLH QLFKW ZLH EHL GHU $GVRUSWLRR JHEMUVEHQ ZIHRUS3 ARQVNI
ZLUG3RLEIKHUXQJVZHLVH PLW

3bch U #Eb[o ® :Eaa[o F le; ®'\i/vijsq

*EHU GLH :IUPHDXIQDKPH GHV $G6gh £ B\LW LFAFAS H'IDEW X U \B\WM V
X QB3 GLH JOXLGWHPSHUDWXU DP (LQODNWDG M Q#EG/M FGOHU FIK P
GLH +HUVWHOOHUDQJDEHQ JHJHEHQWR.GRW NBQG HQK HRIKKA \
GLH %HVWLPPXQJ GHV :IUPH-+8H®UDDH VNRHMYL LICH @ WP 6L P
JUDPP DXV GHQ OHVVZHUWHQ HURIRQWH@\E HH QG HIP H,<E I&HI.LD
GHOO YHUZHQGHWNVXQRE GHIJH DQJHSDVVW ELIVHG WH QETHHL ¥
ZHUWH ]X GHQ UHDOHQ OHVVZHWWFIKQ RSLHPL B DWW N &/Z HIUNW HE®
=\NOXV]HLW 'LH 'HVRUSWLRQVZIPPH HIPKWRUGHKWOINQGBIRK
ZIUPH GD GLH 3K\WLVRUSWLRE WSHEVRYSBEHB QV I UKRHG HVORWPL

o{| W *0|Av J®&}vel du - ZvvVVAEZ vvD} mv

8P GLH (IILJLHQ] XQG GLH /HLVWRQY N G WHPDN FEL® B G V]K UK
GLH 3KDVHQ]JHLWHQ I1+U $G XQGQHVRIVHWKIRG HREWRPLEHY &
JHQVFKDIWHQ GHQ (LQODVVEHGHQJIXE JH® RB& 6 VIHQY HHLWHQ | |
ODXIHQGHQ %Y HWULHE PLWWHOV QHBFK B OQ O HIMI K U BPHRVGNHLAPE SN
)eU GLH 8PVHW]XQHWHR@HBLRBEX PSOHPHQWLHUXQJ GHU YHU
WHJLH PLW GHU GLH VSH]LILVFKWHW HKOBUHWVINHDUGIHROPNRQQW

8P YHUVFKLHGHQH $GVRUEHUNR QVOM X DN@Q B QHD KLIRD/ §EK\R O
JLHQ] ]X EHZHUWHQ ZHUGHQ %12X QG L5EEH V G P R VW RIUM IQ

> @ ]JHLJHQ GD]X ]ZHL 0|JOLFKNHNWEBWDMF KK HH VWV XIQIGH(
PLW GHU /7- OHWKRGH l+U HLQHQVWHPWPIWH QPV]ZW L WHHD® $BEKR U
G\QDPLVFKHV ORGHOO I+U GHQ $GLRUBRH W V) \G BIQF N[IS O WLR®IC
JH]JHLJW GDVV GLH 9RUKHUYVDJH DRAME WHLLHQUHXIQ ¥ REIHRLQH HQBIQ J
7HPSHUDWXU HUIROJUHLFK LVW XBGWLQ QHJIM DOREPGWUL UMV M
PHVVXQJ DXVUHLFKHQG XP GDVXGYRUEEUBPRWE QG \HHLR) % B W
GHOO NDQQ VRPLW HLQH $XVVDJIH D PKEBHUGHGHARIUHQ ZH U (
GHUW ZHWQGQ@DUDPHWHU ZLH /DPHOOHQJHRIRPSHILBW XVUNQX \
.RPSRQHQWHQ YHUIQGHUW ZHUGHQ

'"HU5%2NDQQ DXFK PLW DQGHUHQ ORGH GOXNHN EBROEQEPW Z|
ORKDPPH®W D0@ JHLJHQ GDVV EHL HLQHU KNHVOWRLRAD I.ILHMIHIO,
]ZLVFKHQ GHQ 30DWWHQ XQG RB W 2GDNNHKU NG G 16 \bROWGEHHIQMQ
YHUEHVVHUW ZHUGHQ NDQQ (LQ \N OLHH\GHHOUHHID VXX 8 G GILQAK BH
GHU 'LFNH GHV $GVRUSWLRQVRXVHWE O E W W RAKRIGI@H QEOF K
YHUEHVVHUQ JOHLFK]JHLWLJ G HY : I'L PIHGQLHH.GAU LK HI N H P W OGHH. W ¢
$GVRUEHQV GRPLQLHUW GHQ JHVDWWHYQ :ZRFSKZLFXH G VMW DIQIC
%BHWWHY XQHPSILQGOLFK JHJHQ¥EHHU : bR+ B X Q WHID EXHYIMNRR
WHQ LVW



'LH .IOWHOHLVWXQJ YRQ $G VR GHDL RVGWW\R/RVIKR M DN DIQLWE K IR
WHQ GHU $GVRUEHQV XQG $GVRUHPBHUWRIXIMDLY KO X KRLL I6 |
VHQVWURP GHU H[WHUQHQ :IUPHI®H GO BHQ LXHIUX QUHQRIG Q ND:ED
JOWHOHLVWXQJ JHLIH® $DOXHGBWV)BILIONH OLQHDUH 9HUJU |%
'"HVRUEHUV EHL DQVRQVWHQ JQX ZFKUHEPH$E HEUD X UPXM B H URAKWAD
XQG LQ 5HLKH YHUJU|%HUW PP/ GHIPV (WX B E QLW B\ WY JGIOHS |
VDW] GHXWOLFK DQVWHLJW EHLWGDOWH LIWW KQ IH UL HWHKI| WK X Q H N6
SHLKHQVFKDOWXQJ YRQ $GVRUEH EG® LWIRIAF K HPH 9RIQX A B QYW
OLFK VWIUNHU B6RPLW LVW G LHD MWFKHDLOWWHUIXIQ G HPX W OHLIEGHHUI 13.1)
NRQ® JH]HLIJW ZHUGHQ GDVV EHQ HP®H®L D PO Q/VHHOPD E VWX KC
KIKHU LVW DOV EHL HLQHFPPDPHOOHQDEVWDQG YRQ

.DVNDGLHUWH $GVRUSWLRQVD Q OHLIWHOND @ QHE DXW WHHL\DF K D
.DVNDGHQV\VWHP JH]JHLJW PLWRQAHW SCYROEHO E HAALBILVE U IC
OLW YLHU SDUDOOHOHQ $GVRUESIW DR QIR «KIOH QU B HIH\QH
9RUKHL]HQ JOHLFK]JHLWLJ DEORMIH®OXP JHLXQ Hi UFAR QLRI |
7VDL > @ XQWHUVXFKH® 1200 5% UHHL SHIEGH. RV \GR-OFKHQ $X I E D
5LSSHQURKUZIUPH*EHUWUDJHUQ P LW SRQLIKE HILDNFKS® DHNKHR
NIQQHQ URWLHUHQGH $GVRUEH UODXI YHEX W NZGHE H QH EFK] B
HLQJLJHQ 5RWDWLRQVEHWWDGVRUBNW HPWBLVW SOSXIMEY LQQ
JHVWHOOW ,Q GLHVHP 6\VWHP IQMHGWUY L50AS =T HLL KU NW R W
$GVRUSWLRQ GHP *DVVWURP DX&KHNWHRW ] WL U3H H YOINXD K U R/OX
GDV $GVRUEHQV XQWHU :IUPH]XIXKUKOMU FHNBW HG 5HWMMR J L7
*DVVWURP JHGUHKW ZLUG 1DFKZHUGHGELE HI %G DHR WHQHE NG
WHUJHGUHKW XP VRPLW HLQHG&UPROWLIFEHIHUOLFKHQ =\NOX

IX®7 VGp @EQaqel B p( ] uloo E< & oFvP

‘D $GVRUSWLRQVNIOWHDQODJHY VD LDPKAK \GW B WDLERIGHIIH PRIE H L
QLFKW NRQVWDQW VRQGHUQ DZEHINKP HEHIH H LW B O=H NDWX X QHIL
GLH 8PVFKDOW]HLW ]JZLVFKHQ $G GO $XVBHINQLRRYEKOMA
WXQJVEHGDUI YRDEGWOGXEHNVXWYIGHQ (LQIOXVV GHU =\NOXV]F
JOWHOHLVWXQJ =X %HJLQQ HILL\QMXQI\ D@ XK/| EXWWE IOH Gl D VBHDA
VRUEHQV GLH K|FKVWH $GVRUBWRRQ®HDWHHDRIZHQY W L Q NW
RQVUDWH XQG GDPLW SURSRUWYRQLDD $EEN REBRNIO HU VOGN X QR
[LPDOH DOV DXFK I+U GLH UHG XL BKKUMEH VRRNIOX VX 8 DEK]Q JHU
DEVROXWHQ %HODGXQJVPHQJH RGBY G HUO% WL G/XBH Y1 §IQW

ODGXQJ YRQ XQG HQGHW EHL HDQOBMX \VHOILEXNQ ¥ LYFRQH L C
JOWHOHLVWXQJ GLH PLW HWDDL P D OGHX WHQ VRKX R @ VO H JGWH U
VRUSWLRQ EHL FD GHU =\NOWD/Q H L WO BHVOWILWWX IQH BRRIH

ZDV EHL $XVQXW]XQJ GHU JH VD RWH@® PHIOD B & Q& HUPHDQ/ WohH YWKU |
PLW OIVVW VLFK PIHMVA BHEELOOXQJIGLH PLWWOH UKW | ©MWUH®HQ V\
NDQQ ZHQQ QLFKW GHU JHVDPIMH & H'Q B & XNPIYE YGEX D R K HL.OH
GHU =\NOXV]HLW HUUHLFKW ZH UGN-<QE]NI UG QG K5 IHH GBI ® OGN
QLFKW PHKU EHL VRQGHUQ BHIQ HAIDGILGHQIL G HOD X RR) KDY
ODGXQJV]\NOXV QLFKW EHL HLGHW QZODERYWD YR |UsKHUR ¢
RQVNLQHWLN LVW LQ GHQ HUMWHXY &BLKHK GIL\N \WBEH DPH\DRG



JU[%WHQ VLQG VRGDVV HLQH VWD WNNHIHUHND Z FK\OH QGAHAL B R M
GLH PD[LPDOH /HLVWXQJ KDW $'®VRHGSWER @WS URGHV N HY HW/L I
OHLVWXQJ JHJHQ 1X0O0 JHKW GEXHL] GHWPR YHRO\O VWAL IKDKGH. MHFE ZBH
SEELOGXQNDQQ GXUFK HLQH 9HUN-U]XQJ JGIHIH ¥ RAURKEIX®I\T WAHL V
LQ $SEELOGEQH PLWWOHUH .IOWHOHLVWXR®OMWKQGCW JZEK G BI®
HQWODGHQ ZLUG $OOHUGLQJW INDKOQ EGHLOL HEN.O XWH H NWU MW G
PD[LPDOH .IOWHOHLVWXQJ ]X HWWHRHFKD® LS D HX GHX GG :6 H
NeKOXQJ XQG 9RUKHL]XQJ HUIRUG NROLGKQ WU W LGRIDN $E RR
ULFKWLJH 7HP S HUDQWXHIU] % BEULFNVIFKWLIXQJ GLHWPBWHHLW
PLWWOHUH .IOWHOHLVWXQJ ®IQHEMH PDFK $GEDJIJMmMNRDOHE
OLHJHQ NDQQ > 6 @

100%

~
3

50%

Relative Kalteleistung QQ,,,

¢ 100% 200% 3003
Relative Zyklenzeit t/4_,,

$EELOGX@QIRRIOXVV GHU =\NOHQ VRZLH 8PV HOMHQWWMXQUIHEY DBI G&A H UHODWLYH .IC(

iX VPAvEJvidw w D} o
IX8i W) p D el uu EE] D eepvP v

,Q GHU OHVVNDPPHU VROOHQ LV REDHUHXRQB Q VRIWKLHUHH JHRA
YRUREHQPDVVHQ JHPHVVHWMQOZURGRIQO ®HX PUXFN DOV DXFK
LQ GHU OHVVNDPPHU NRQWLQXLHU@HUIG HBP'RWXVNY HZGNIFEHHQ
OHVVJHQDXLIJNHLW YRQ P E DM UHDQU HK\RHFW JW Q DIXGH G\ B R B HK/
7HPSHUDWXUPHVVXQJ GHU 3UREH XQ® RL7Q X QGJ $XIVV DIGIP SHH
OHVVNDPPHU

(LQH 3UREH YRQ PD[LPDO J N D Q&H D X0HX/NPH3WMRHE 1S Q B VG MHHIUA
$SEELOGX®Q GHU OHVV]HOOH VLQG PHKWRWULH $RYF K@ V¥ B VD
JXQJ 'XUFK GLH 0ODVV )ORZ &R QW WHRIOXO®IE 3>0)&\J W TIRYN. ¥ ZN D
]XIOXVV JHUHJHOW VRGDVV GHUVWRRNWREHLL BHE 70HR\E bW
HLQH 'RVLHUJHQDXLJNHLW YROQLAUQLEPBOGHQ JGMLQROADOGL |
0)&V GDV OHVVHUJHEQLV YHUIIOVFH HE® UEHQN G HH QBXUIHH UXNDNC
VEFKDOWHW 'LHVH ZHUGHQ PLW NWZDV @K VONFOSPPHHQNE K & FND
VFKODJW hEHU HLQ 5HJHOYHQWYQNDLRFG G H Y U-KKMUMOWR PV IRG
l0eVVH YRQ ZHQLJHU DOV J PHLOK HPE DQ ERKK DHY® | HRKKQ)



'RVLHUNDPPHU %RRVW 7DQN GLHQWUKIFQNEXADWMXAUHQPS
OHVVNDPPHU ZHQQ EHLGH PLWHXB DDQQEHI N & UNEQM@GIHDQ GVDLR)
'"UXFNVSU*QJH JHPHVVHQ ZHUGH®H EKLQIGH\QHR ¥H B AN @ \WH IGT
VRQGHUQ NDQQ VFKODJDUWLJ JH|IIQHW ZHUGHQ

8P GLH %HODGXQJ GHU 3UREH ]XQMHMYW BQ ZR V GHIWY 8 DAVREH
GHV EHQ|WLJWHQ *DVGXUFKIOXVYMMVFKPODAMKHWQDQGHU ]X RG

U GLH '"HVRUSWLRQVPHVVXQJ QI®GHB RV KU N DPH HHUU WHDLOA
GHQ GD GLH 0)& GHQ 'DPSI QXU LRHWYBPA BWULQPRQIVKH BKRY Y
'"UXFNEHKIOWHU HLQHQ JHULQJH UKQZHILVAND DXIVG GALRIQOMLVQNLE
HLQHU 9DNXXPSXPSH HYDNXLHUW ZHUGHQ

)»U GDV OHVVV\VWHP EHGHXWHW GREI'$GERV S VELAQOR @ M U L'FHK
HUKHEOLFK LVW GD QXU bQGHUXQJHQ JHPHVVHQ ZHUGHQ

Zuden
Pufferbehaltern

Dosier-
kammer

MFCs

Thermostate

$EELOGXQHVVNDPPHU GHV 9HUVXFKVVWDQGHYV > 6 @

PZPPAEBYV § tmpw @& P p

'"HU $GVRUSWLRQVZIUPH<EHUWUD JHVUX GHD BHIL GUHRE B DV E HW
ZHQGHW ZXUGH EHVWHKW DXV MLVOH Z LLHX DG 1$ @ EH BHBQMQ@ V. R &
GDUJHVWHOOW $XI GHU 2EHUIHRROH WKW B G XhO DWW L@DNWLQR \
6FKLFKWHQ DXIJHEUDFKW 'LHK3IQ DMV H KUWKYRIQH. BQ N H Q PG
IOLH% W XP GLH 30DWWH XQULBDRQW' GHD D X HRQRWRHR MR 6 E
‘JUPH ZLUG PLW GHP VWU|PHQGH QL X NE @QBEMDIIDWY N R BIW LGIIE
UDWXU DXl GHU 3ODWWH X JHAURYEHWVWHIDUI X'QH HLYVFKH®Q L
XQG 30DWWH HUIROJW QDFK GH® 3MQDPKOZED :$XNPHXDIGN & |
LVW GHU :IUPH*EHUJDQJ GXUFK RQ=YHNWKRQ G HP@RKRIIS WL
SODWWH ILQGHW SUDNWLVFK DWW @ XIFJKP IG4BHHAHIWD @ H VY QIDRAKWD |\

=XU OHVVXQJ GHU $GVRUSWLR Q\GNH\Q $IGANRUEIHLQE/ EHU YKPS6 L
QHP 3\URPHWHU JHPHVVHQ 'LHVHUY UHIHE HNQ QZL ¥ XY VIF ® Q XU/PH
$G XQG 'HVRUSWLRQ IUHLJHVHW]W EJZOHDXIGBQQRPPIHG Z



JOXLGWHPSHUDWXU DP (LQ XQG $OKWW UK WHWU G-H. D 184G NrD DHOP B M
ODVVHQVWURP EHVWLPPW ZHUGHGQLGLBIXYLUH®® DXNPAK WL AL GG
VLQG GLHVH OHVVZHUWH MHGRF K KIW LLAK \B KW WFDRXGH VG 16!
*OHLFKJHZLFKW GLH JOHLFKH 7HPSHUDWXU DXIZHLVHQ PeVV

heat carrier

$EELOGXFXKHPDWLVFKHU $XIEDX HLQHV $G:h > 6 @

'LHVHV 3ULQ]LS GHU $GVRUSWLRQ $DIH[MHH-HE H H RVRJIDW WU HND Q OF
URKUH /DPHOOHQZIUPH< EHUWUDJHWW¥FKIWFRPHWUWKH DHIHIA ZH Q
XQWHUVFKLHGOLFKH 6FKLFKW GIURMFKQ H33HAL § & M RNULEQHHUA LFWKALKEH

IX¥TD eepvP E <}@}ve 0 wPuls @&drD &

=XU OHVVXQJ GHU $G XQG 'HVRUBWHRQUDBLHQXBIGD:IWREA +E
HLIJQHQ VLFK GLH /DUJH 7THPSHUDWXBHHXPSUWK -XROQ G/&-LH I
'LH /7- OHWKRGH ZXUGH HUVWPD®DWRQEULVIWR YD HWaV Y RK J
GDVV 7THPSHUDWXU XQG 'UXFN ]ZLOAFW B QWG H B K/MMDYWH @ FAH/HG
*OHLFKJHZLFKWV]XVWDQG HUUHRVER® JXVXQ 8P $\EX AKGIKU ZH V|
UDWXU LP *OHLFKJHZLFKWV]XVWDQGGHWEUXDNKQ | WH P B H ULDH
NRQVWDQW JHKDOWHQ ELV GG W QUIKIHF KOW L ¥ WJ H Z HFIGW DJXE/F
JOHLFKHQ 3ULQ]JLS MHGRFK PLVHUBFHNVBHEYHUH 9DHILL BE W H
GHQ %HL GHU YROXPHWULVFKHQ79HBNUB QG GH W HO DEWEKR G
EHQV DXV GHP 'UXFNDEIDOO LQ @HIP ®RDWXIP B PPXQGE ¥D INFDEN
UDWXU EHUHFKQHW ZHVKDOE GHUHBEHEUWRPWNYMQGXEIWH C
P+VVHQ XQG QLFKW EHOLHELJ RIGRH6LYMLQ X UIHQN OHHQH GM
QLJHQ JHKQWHO *UDPP JHHLJQHWJIBO MR QWRWGZ HHUNG B ON$ Q C
> @ (LQH ZHLWHUH OHVVPHWKRGH I7VW GILHVHUQ X WR WWALLW B
6FKZHUNUDIW %HL GLHVHU ZLUG LGADW H®I\Z LRF& MU GSHEV h$ GH/ IRHU\
GLH DGVRUELHUWH ODVVH ]X EHY QKO PHRZRKD G DHI\LIY HHD @ M
3UREHQ ELV ]X J PLW HLQHU 0HN W H QIDFEK NH QW XLR § HLDV
JHPHVVHQ ZHUGH\W>BD®LHQ]D

D} 1] & srdiD &

(LOH QHXHUH OHWKRGH [XU 8QW HHW XN KXV IBHUHS$BR & LIS WU
OHWKRGH $QVWHOOH HLQHV VRKXUURBHQ PLQLIPOWEQNXF I
GXUFK GLH 3UREH KHUYRUJHUXIHKQI @XV&U NDMHU P LAMKYL & IgHH ©
SXITHUWDQN VLPXOLHUW ZHUGHX @LRVW HXE KK HXW \QUDH KO HHUI
'"UXFNDXVJOHLFKVEHKIOWHUQ VREDHALYW \GRAR KORX QW HU GH/WR



DXFK LVREDUHQ %HGLQJXQJHQ JHPOIXWWEB ZHUGHQ §RQBK L
*DV]XIXKU DXV GHQ 0)&V YHUPLHGERG XQ E\DEMN DH.IPW K Q K L@D ¢
JLOW PLW GHP =XVDW] GDVVRIR QGHKWI®&YOERKGKHQODMY EHE MY
UeFNVLFKWLJW ZHUGHQ PXVV 'D GHEQO)QGHRHUBPMQHQVW UG
%HODGXQJVPDVVH EHNDQQW

UEZPZEVWP @D & |V v @ @z
OLW GHU /7- OHWKRGH ZLUG GLHKE&WRIEG WA NLQHW LN K%
WXUVSUXQJV 'DEHL ZLUG GDV 9FKHK® G WWEY DEXEG $SGUR UHSAR IUFE
WLRQ JZLVFKHE =XYWHBDQGXFKW VLHKWBHELZ®GQSULPIU GLI
GXQJVIQGHUXQJ XQWHU LVREDUH®@Q % HIG I3QREM] P QW HRHHV W7H (
XQWHUVXFKW ZHUGHQ NDQQ P XWDWQGD VRGHHL F KHILHZILHA\KWVH IOFO §
l+U ZLUG GLH 3UREH DXI| HLQH GHJL@LH U | 7H FGLHHU DOWXRIU Sh
f& leU GLH '"HVRUSWLRQ EHL H LIGHX BN MRQ H U WRHED 1D V D N U*
JHZLFKW ZLUG HLQJHVWHOOW LQXERR GHQ $6GFHWUUJRWPXG
HLQH KRPRJHQH 7HPSHUDWX U Y HQUIWGI i O X0QKH OWDRAXIGW ZXWG( 162
ODQJH PLW :DVVHUGDPSI| EHDX | \HAK®DHWL AW B DV HAF RN GX/C
JHZLFKWV]XVWDQG LVW H U U HQFHKWN HZOGIQ\ HG DH/P SHR O MAXK &L ¢
VHUGDPSI DGVRUELHUW RGHU GHVRUELHUW ZLUG

$XVIJHKHQG YRQ GLHVHP *OHLFKIHZKBKW XR GG HC HE /RGEXUF
DXV]XO|VHQ ZREHL GLH LVRED JHQOMNHBLIQHFXM QUKD GWH @ |
7HPSHUDWXUVSU*QJH ZHUGHQ JZHLV7WHEBRVUWHWMH YXIUZHB
ZLFKWVWHPSHUDWXU GDV DQGHUHSDIV G LHLVSHUXRQW H P HGU
UDWXUVSUXQJ DXI GDV DQGHUH 7KHPUB RV \§' B BVN XWPLIRHQAF KD @AM
P|JOLFK ]X KDOWHQ 'DGXUFK HQWGEMWUHICW ¢ 3G : hHE@BFK W R U
NXQGHQ DXI| GLH 6SUXQJWHPSHUDAMWXR KELH @ BWW XA WJ LHH BN D
VHQ

%HL GHU $GVRUSWLRQ ZLUG GHU XKVJH®{VWROXUFf& ®DHV H K
SHUDWXUDEVHQNXQJ ZLUG GLH $GHMR USWY R QGID¥\SJHLOY VAH UZ
YRP =HROLWKYV DGVRUELHUW ZLIJEI D'QE L QHWOWH DBE HQHEP ' H)
LVREDUH OHVVXQJ GXUFKI*KUHQ ]X INGGQRRK GZAIHJG)&\H UQ DG/
JHOOH JHOHLWHW VRGDVV ZHHWHVURKAQLVRKED K HG % & GIHPHNG
VHQVWURP LVW GLH %HODG XQJ&HUG BIHWOXQ X BHND-RQ WHX ' S
]XU %HUHFKQXQJ GHU %HODGXQJVBDM \AHHOHEHQIE HWG BH N G |
XQG JOHLFKW GDV =HROLWK VHABPS HHUDSMYUWD W ) U LD/QV GLHHU 6 ¢
ZLFKWV]XVWDQG HUUHLFKW XQG GLH OHVVXQJ EHHQGHW

'LH '"HVRUSWLRQ YHUOIXIW VHRU "XQFK BK ¥ L8P G K DIBVRQY YR
WDW PLW QLHGULJHU 7THPSHUDWXHPBXIUG BN\K U KH WRSR @ WD W7 P
'DV EHGHXWHW GDVV VLFK G HH ZDAKMD BKEL YERHL WS IQHPV ZOHHL VFF
6SUXQJWHPSHUDWXU YRQ f& XQWHU AERE DQEHERRIGE HQ J X
'HVRUSWLRQ VWHLJW GHU :DVVHUDBPPWIGQ XGMUL QH® M LH O\
LVREDUH %HGLQJXQJHQ KHUUVFKIB® PBLU® GMNU HUHVRYNEV HL
$XV GHU '"UXFNIQGHUXQJ LQ GLH® B G X3XXJVHQ &/H QNI MO GDLF
VDPWYHUOXVW GHU %HODGXQJVPDY V' D P OHILRFF&LUW K L E K WW LX
DXFK KLHU GDQQ HUUHLFKW ZHQQ O3 H HKMO R G & QG VHQ THPLBA
=HROLWKYV GHU 6SUXQJWHPSHUDWXU HQWVSULFKW



qu @VP oD 0o (P V]ooo

$EELOGX®LIW GLH OHVVZHUWH HLQHUPLGWRASS B RQY/GI L Q H W
:DVVHU DOV $GVRUSWLY DXVJHDXYW ¢ &'WHK@HODKHQ . KU YR [H |
GLH JHLWOLFKH bQGHUXQJ GHU %W BGHQQ IHPGE LG WM XRIY Q-
SHULHUIOXLGV LP =XODXI =X %HJLOQR W H RFNGHMW Q L6BAKD® DI @
XQG NDQQ GHPHQWVSUHFKHQG PH IGW QD ATV FZW DG BR H B GMURHLOS
JHOXWWGEDV 7$36A2GVRUELHUW GHQ :DVVHUGDPSI HARRKXURK VL
GLINHLW HLQ QHXHU *OHLFKDHAL GKIW \WXYVYWIMAQ BHQYVAKHDIO)
VWDQWH 7HPSHUDWXU YER %HPD EXQEVKMDWRAE LVW ]X %HJ
ZDV DQKDQG GHU JU|%WHQ 6W H LGX®XIWHIN I 8 QEDUWLSWH ¥+
HWZD PJ :DVVHU GHU PD[LP DIDHX %MIDG X Q L QQQVEHIQUX/
%HODGXQJ YRQ PJ :DVWMHIHLDFEWR 'DUDXV OIVVW VLFK VFEF
VRUSWLRQVNLQHWLN YRQ GHUQIEG RH % &WRU% W@ B Q XXPN R EXD
MH PHKU :DVVHU JHEXQGHQ ZLUGH "% HWW VRPOQQ JHE&H UJ Q RIUKW
ODGXQJVPDVVH ZHOFKH DOV 5HIVIRPIQY IBDXIGMHHU YEF KR EH GH.MH)
VHQVNDOHQ DQJHZDQGW ZHUGHQ FWD Q/QF K+ & HGLDM LTBBB2/7- M|

f& HLQH %HOD G XQ RE(QChkPI X Q J

350 90

300 50

70
250
60

200 r 4 50

Tin°C

i Y 4 20

AX in mg

30
100

20
50
10
0 0
0 5 10 15 20 25 30 35 40 45 50
tin min

#— Beladung Probe 1700 mg Referenzmessung Zulauftemperatur

$EELOGXQHVVZHUWH I+U GLH %HODGX@EHNIXRHDK BB WHRUE WHL3FBQ PLW HLQHP /7- YR
OHVVZHUWH DXV HLQHU 9HU|ITHQWOLFKXQJ

8QWHU %HUFNVLFKWLJXQJ GHU XEDUHQ GICHVHQH®b YW X Q I X®K
HUJLEW VLFK HLQH P LW RHUMUMBWMOH LV YW QI YRIQL HL
QHU %HODGXQJ%HRQHLQHUYRIPODENQ@YUIJW GLH PLWWOHUH
3B.0b ki§XW% XAV *xk SAUU (V JHLIJW VLFK GDVV HLQH %HODG X
]XU (UJHXJXQJ HLQHU NRQVWDQM KRISHDK Q8 @ HO ML VIHKLO Bl L
YRQ ELV EHWUIJW GLH P IHV W\ Kyl $yV S HXIQIEM EEHV. | O W H (

QXU GREK * % LH ODQJVDPH $GVRUSWLRQ |+KNMQHQ GH L
1+QIPDO ODQJVDPHWHKHPEMRY SWHRRDKO GHU =\NGXWLPD®HH V\
JOWHDXYEHXWHDSLWHO 8P HHOFKYHHEGIKLFKEDUH XQG HL(
*EHU GLH .IOWHOHLVWXQJ |X HUKDLHW MWQZ PX& N QG DLKH ZJHIOPFRKHH
%HODGXQJ JHPHVVHQ ZXUGH
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'HU 6WDWXV TXR EHL GHU hEHURDKBHWXEKV \$\8 VR G 8 W LLR/QW NQ
GDUJHVWHOOW =X HUNHQQHQQG& \W LGWH D C0OH QHE@X DVIHH QMR P)S
JHEDXW LQ GHQ WKHUPLVFK LVEBQIBUGHAQ %B\W D 1H 8V FAWIEQ (
$QODJHQVFKUDQNHYV DXI  f& E3KHLYW D@NG L HXHIP NULRYG HGK |
]ZHL NOHLQHUH YRUQH PLW HQQHPVARBUMWQHIR NOV XXV
leU XQWHUVFKLHGOLFKH 9ROXPLQ®PHREG NHYYISQLIQ UL SILHHQY ¥
ZHUGHQ 9RUQH PLW GHU 1XPPHUHVYHMOIQ]HOQF&EHW WRBHG
PHVVHQ ZHUGHQ VLHKH KLHU]X SEMFKQWWRLW G H UHUXPHPUHGL
JHLFKQHW XQG ZLUG GXUFK HL@HHJOMNWPUGDFK:B WHH UXI0Q WH
]X YHUGDPSIHQ 'LHVHU :DVVHUGDPSOHUW UG kBDH®L 8 L% H K LOFK
GLH OHVV]HOOH JHOHLWHW hERNDEPH YHUWEIC) G XK $ QXU IB NHX
$XI GHU OLQNHQ 6HLWH GHV $Q G B UHERKIXQM QRNKHWDBHNI L QE 16\
(OHNWURQLN XQWHUJHEUDFKW W ®LI2 139G YRD\PUKLEG K HAL Q)XC
GHU 3QHXPDWLNYHQWLOH XQ & \G GHH 9HIQXW U® RYW-DON K P @ QGOVLFAH
(LJHQNUHLVODXI| )sU GLH 7HPSHULWKMNQBRMWIKMK [ZH THPSH

f& XQG ]ZHL :DVVHUWKHUPRVW D& H X UUIAHKR SIKQD W KR Q. &
GDUJHVWHOOW

SEELOGX®XNIEDX GHV $GVRUSWLRQVNLQHBEMIUNYDHKWPWHX FK@VWDQGHV YR

'XUFK GHQ 8PEDX GHV $GVRUSWLRQNN GQ H W5 IDNOPHHDWXNF WX N W )
XP EHL GHU ORQWDJH GHU JUR % HQ JHD 6 X)OFEN.DR.MH W GX. H HIR|
=XVIW]OLFK ]XU OHVV]HOOH ZLUG XL @B WH B %XF RX ) 3 XYFRND B8
ZHQGHW GD GLH OHVV]HOOH GBIHWU X UPYHLIQF KWWH L' B H @ HPWDG
OXPHQVWURP YRQ JPLQ ZDV MHBRFEGI:HU QA LEHK \§ QDAKH/UNEDLFFH



'DKHU LVW HV HUIRUGHUOLFK GH®LSHWRYDASHLD KH YW UJIRJ kb
IOXVVUHJOHU ]X HUZHLWHUQ XP K{QHQH QXH)EH I94WVE B P|XI X Q.
KHLW ZLUG HQWZLFNHOW XQG IKQ BlQ & HPX %HHSIKUDBDVE HEDH VHIPCSOIL
DXIJHEDXW VRGDVV VLH DXI f& EHKHL]W ZHUGHQ NDQQ

IiXXT W pulBZ /r&4 " lo

$P $GVRUSWLRQVYHUVXFKVVWDQ G ZXWGHMH QZMR UTH\DHRPW B (
ORGLILNDWLRQHQ VLQL® 150, §PEH®HELQ@L GXUFK %R[HQ JHNH
EODXHQ %R[ LVW GLH JUR%H 9D NXXPHORPEPHHQ [L{UH\GH. KK B & : M L
XQG $EOHLWXQJ ]XP 5HVW GHU S$HQCPIDIW LX 6 K& HNDIHD WE KU PHL M
OHVVNDPPHU YHUEXQGHQ ZHUG HXP WX BN VG VERHQE $IW L AK & X
LVW *EHU $QVFKO+VVH GXUFK G LH PF\WWXERNDP P HUEXIQEG B Q,
%R[ LVW GLH QHUGIOWISW KHUYRUJHKREHQ 'LHVH G@XRJIGH XF
'XUFKIOXVV YRQ J PLQ XQG HLQHQWAHDG W IX\@ JVLEQ S B VY HEX Bi;
JHXJHU DXVIJHVWDWWHW ,P =XJHP \GH \OBPEDKS| X® UGHL GK H L.
LVROLHUWHQ XQG EHKHL]WHQ W HW/XFKWW A 0 OIVHN L7 PIS QB I
ODJHUW 'LH *EULJHQ .RPSRQHOWHIQ BHIGUHREDEKQEVIHY V)
KIOWMOHLQH JUR%H ]ZHL gOWKHUPWWW DIMIQ WR G HQ V DI/
VFKQHOOHQ 8PVFKDOWHQ ]ZLV FEIQHHQ] ZHHLQ/ WEK HILLIR-R MUV B W QL M ¢
SXPSH EOHLEHQ XQYHUIQGHUW

U GLH ORGLILNDWLRQHQ ZXUGHXMNSRPISRQHDYWHXK QG &) D
IODQVFK &) &RQ)ODW HLQJHWUD JHOQH. YD QD UPH. @/] HHLLFKHHIQ VGHHk
IHENUDWSIP X GWSHDBI® DXVIHZIKOW
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$EELOGXRJ )OLH%ELOG GHU $QODJH PLW |KXUEGHRKHU BOWHUFWHLOXQJ GHU YHL
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OLW GHP /DE9,(: 3URJUDPP ZLUG GHUWXRKWDW VGG GNRW B WH B Q
JHOW 'LH LQ $EEUPGXFRXIKHUYRUJHKREHQHQ RHIMQVOH 8 Q/ LI
GLH QHX KLQ]XJHI*JWHQ $SSDUDW X UH3L HPPHLEOYH G DRIGHDUPH
QHQWHQ PXVVWHQ NHLQH $QSDVVERJIWICH YRUDEKIRBPH QY RZM |
VLQG 5RW GDUJHVWHOOW VLQWHGIXH /HLRSHUILHHQ GO GTHW $ |
JUR%HQ 9DNXXPNDPPHU YLROHW®R®MNOQWNQ &0 EHQSZBL K
SHUDWXUVHQVRUHQ PRQWLHUW XQGLHQQGEW G WR DUDLFOPH LPG |
UXQJHQ VLQG LQ JU*Q GDUJHWWING®VD QY W X H UFE-DLUGHHI® 9N
HLQH 6FKDOWIOIFKH ]XU $QVWH X HWDXQ 9 HIUFES @HRXHOIWY. H Q W L (
OHVVNDPPHU XQG JUR%HU 9DNXXP NDWPPHUWROVI QX K @G DM U%
EHQIWLJHQ QXU ]ZHL 6FKDOWQWHIE X & DY W R G DY WHYE KD A
0)& ZXUGH GLH 6WHXHUXQJ I+U GHIRPHRYB QXIQF KM W XXV XQ G
VHQG |]X GHQ 0)& XQG 0)&)eUPSICH BHDAODHUWE HGHXWHW G LF
ULJH PD[LPDOH 'XUFKIOXVV YRQ DQMHBWVYWHEKHGBQ B XL
$QSDVVXQJ ZXUGH GHU QHXH 'XUBKIQLRQLW WMWK QG EHHL ® LMX
leU GLH 'XUFKIOXVVEHUHFKQXQJ UMIHMWFXWMHGXQUWRQ 'XHV
ZHUWHQ XQG OHVVZHUWHQ NRQQWEHGXDRNKWEUH .RIPHS 158 YD O
JHSDVVW ZHUGHQ GDVV DOOH :H«BMWH \BXD SDDUGVLUIQB O) YR G
PXVV H[SHULPHQWHOO HLQH QHXMHU QM XHGIHNQQZIH UG 8O QGD
IDOOV YRQ GHU 9HUIQGHUXQJ EHWURPIRIHUX®J QR WD KLQ Xi§
ELWMLQJHOHVHQ ZHUGHQ NDQQ XQG VRREWWS PHJI OULFHKL MWVHA X

'HU EODXH .DVWHQ VWHOOW GHQNYQ ®H®QUDX®H®H \R PIS R QDLW
DXI GLH HLQJHVWHOOWH 7HPSHUZDWX IV MFHKMIH H VAWUHD WU G 1D
LQ GHQ /HLWXQJHQ XQG .RPSRQHOWHYWHR Q&6 pWLHR 6\ \X\G 6 F
LP 9HUGDPSUHWHRSHUDWXU GHV %LQGHU 7HP SKDULW ILMFKH D
6 gibcpawleQ IHVWHOOW X Q G (& HoU FNRWNZOHWH © L W

)»U GLH 7HPSHULHUXQJ GHV 9HUGDPHUDNQZLH\E HLIDVH B WDk
*EHU /DE9,(: DQJHVWHXHUW ZHUGH®H & BHKWHW G HYG7 DS @ UIDWW
6 cpb kndcpswBPGVIHOHVHQ 'LH $QVWHXH UXQQ XGHNO74EHLP B D]
*HUIW JHK|UHQGHQ +XEHU 3LORWL H LBR GGOHW HPXSEHUD B/XAR WL Z
LQWHUQ DP $XVJDQJ JHPHVVHQ DWRGWD VR PGILLH G V W U W MAAWWH
WXU HQWVSULFKW

‘'LH JHVDPWHXOHBXY®XMHIIW ZXUGH QHX NRQVWUXHUBX@QI AQL DX
0)& 0)& IQGHUW VLFK GDGXUFK MHGRFK QLFKW
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)*U GLH %HODGXQJVPHVVXQJ YRQ HM EHY PXE B PGH RJD KWH &
JHQDX JHPHVVHQ ZHUGHQ $XIJUXQ G NR QRFPBRXHIWEDRXY.DN
OHVVIHKOHU -H QDFK OHVVSXQ W XWONRWKW\WKUGHU DKWV I'H K

PDUNLHUWHQ %HUHLFKH ZHLVHOQNHLQHDXIQ MH®RF&HMX QG
GHV OHVVIHKOHUV DXIJUXQG G HVNKNK HQLHX WK ¥ RKJ O R %V HIVH EH
8P GHQ (LQIOXVV GHV OHVVIHKOHHVY P KHIEXHL B }BH BL VE HXUQGH!
OLFKHQ 'XUFKIOXVVEHUHLFKHQ WRZHWI HLQH © RIDIXPHW BI VW] K
(LQVDW] YHUVFKLHGHQHU OHVVJBUHWH ZAWRKHD GLIH ¥ PQF B B [
GHQ XP ZHLWHUH )HKOHU ]X GHMWPXE U NQ DUXNVIHMOGD B MHHIGH
ORGXMGHP GHU 'XUFKIOXVV PLW GHQ O)@N VWLLRQWSWH] DSV &H.
OXQJ NDQQ DQKDQG ILNWLY HUHIHM X ZWHIWH ZIHY G EEL O GEK QH F |
GLH 6FKDOWSXQNWH GHU 0)&V 0)ZLVEFHKHNGW G HQ @HWN&E H U H L
GHQ OHVVEHUHLFEK JZIPMEKHQ& GHQ OHVVEHWHLPKJZLYEKHC
GHU YROXPHWULVFKH ORGXV GHQS8®BHLHL FK QX QWWHU + H U \J FKKID
OHVVJHUIWH EHL NOHLQHQ 6FK ZIHZNXI®IOHY WX & BV R HLHGELH IDE HL
‘HUWHV YRQ J PLQ YRQ 0)& DXI WIEQ XYQR® EHLPLEHUR OKWU B
0)& XPJHVFKDOWHW ZLUG )I0OW QGWHIUMRKW HY R/ XQ U & RIQ VW
0)& DXI 0)& EHL JPLQ YRQ 0)& DXIJOP&Q XYR® BH& DXI
GHQ YRO ORGXV JHVFKDOWHWO LEKWK (HQWYAY KA RN @HMY HUP
GDV 8PVFKDOWVSLHO YRQ Y B U K IQGBG HHIWW FIK Q OWF K Q HEHQHO

,P OLQNHQ 'LDJUDPP VWHOOW GHHODXQ B HX U &HQUMWEH B O
GHU OHVVXQJ ZLUG LPPHU PLW GHRQ 8L (BHP) R Q/GiH Q H QHS$ R T W
OD[LPXP XQG HLQHP DQVFKOLH %\HDXH(Q B R DRKHRQE B VS EODIQ B
EHL GHP NHLQ 'XUFKIOXVV PHKRRKNB ML UH 6RIQG HV | PO @ W HE)}
ZHUGHQ GD GHU LGHDOH 9HUODXI QLFKW LPPHU JHJHEHQ L

'LH EODXH .XUYH VWHOOW HLQHQ|AEHWHFEQVUQUHEBEKIBHW BH
6R ZLUG GLH JPLQ /LQLH «EHHY FERWMNVIALHHG B Q G @W H K \NPK
VFKULWWHQ ELV VLFK GHU 6R QQZE UNW H B GBIV WWHIBGIQW VKDWYV ¢
VFKHQ 0)& XQG YRO ORGXV JHRHFKNWBKNHDE UG WHNIN HH QWA
HLQHU GHILQRgi HWE Q8RWEMDOWHQ DXI HLQHQ NOINN@HUHQ
'DGXUFK ZLUG HLQ YRUJHLWLJHV SAQFRGBW A Q| HXHLAK YiE YK
$EIDOO ZLUG GXUFK GHQ 7HPSHUDWRUW\S H GV RQ 6 WILLRH GO
YHUEXQGHQHQ 'UXFNDEIDOO YH WGXWV BIFKMO X QB LENH KELLGINOHKY \
AIORZ ZDWFKHU® HUVW QDFR HD§ WW YYLRHLOWM J HEWH @ HIR Z HADAW F |
GHQ 'XUFKIOXVV XQG OIVVW HUVNUBHIQ HEHIWO] AU H L QH® G|
OHVVSULR]LSV

'LH JHOEH .XUYH JHLJW GHQ )DO® R®RQUVIHI bW F KZHDQ/NOXM
3UREH VHKU NOHLQ VR LVW DXGE K UL K O$HR QX Y HXIP FK I \
HUVWHQ hEHUVFKUHLWHQ GHU KHU:PDRWLYLH.GE WK ABORHA L2
%HQGHQ SQWHURPREREBKWHN\GHOLNUW LVW HLQHhEHIUWHUH
VFKUHLWXQJ YRQ JPLQ ZLU® BBOGC AIQRW EBW AKHUSEKDN ¥
VFKUHLWXQJ YRQ JPLQ GHQGX¥WKHXHOLULG GHQ MRDQ]AR

J PLQ QLH HUUHLFKW EOHLEW GHVWH B)ED Q3D RN V K DG WHDO\H



ZLHGHUKROW ZHUGHQ 'LH OHV VK@ JYy ROU ®@ PG X¥XW HILHQ/MW\PD U SVHH W
GLHVHP )DOO JHQDXHUH (UJHEQLVVH OLHIHUW
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$SEELOGXBPNFKDOWSXQNWH EHL YHUVFKLHGO®HX QNHW M N XW BRI L O LA |

iX peoRWwP EZvivP @& pvs E udgvP vZ ]
iXXiD Zvleu v & E u%uvPAvESse]A Sv

U GLH 9HUGDPSIXQJ HLQHU )O+W/ HINR UG HWOWL AK Q& L:HU-FEHH]
WUIJHUPHGLXP GXUFK HLQH :DQG DXDEFDLVP)OXL G Ls I H6DW/WDGII
SHUDWXU EHL JHIJHEHQHP 'UXFN «@HQ VHRSIHUD WQ G GHHUICH
KDXSWVIFKOLFK GDV %HKIOWHUVXB8 G HXD WQ &W UFOXLE K\HV LRIGYH!
JHQH .RQYHNWLRQ DXI %HL JU|% HUM Q@ HIHRISHY BWHGEBYRHU
GLH YRQ 1XNL\DPD > @ EHVFKUQ HEHHQG6Z XIGE NG UYLHH \DHD VK. A&
JHVWHOOW VLHKH $EELOGXQJ

G (W/m?) o (W/m?2K)
10%

10° 108
104

104

103 103
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AT=T,- T,

$EELOGXDQINL\DPD .XUYH l+U %HKIOWHUVHB & B8 UM VWHO EHMEKEIDM B8Q YL HG HQ
&Z£LQVWDELOHZ YhBBMLAKHQ> 6 @



.RQYHNWLRQVVLHGHQ DXFK W QODHM DK BIE® QEHLQ® IR WM L Q
GXUFK JHULQJH (UZIUPXQJ YHUGDPSIWLFER® ®XU BYW KK B0
GXQJ VRQGHUQ KDXSWVIFKOLFK IGXWFKURRQ Y HRNRWRQQDVEHIBIV 4
GLH )OeVVLINHLW LQ %HZHJX®K YHWUBHQOV]®/LKQGH B V: IEIPGG H 9!
VWIUNHQ N|QQHQ 'LH 9HUGDPSIXQUJHBHOGR® BNV GDQQ DQ6GHU

@

=ZLVFKHQ GHQ %HUHLFKHQ X B BW/HGIHU $BELNOE X@HU GHQ hE
YHNWLRQVVLHGHQ ]XP %ODVHQNQRHIGHD HEIHY FIKUPHHLEW U 96 0D Y,
PHQ GDV DXIWULWW ZHQQ HLQHR ND WL NN & MHUWFSKD PLSK W
VLFK LQ GHU )O+*VVLIJNHLW NOGHYH D®CIGRKKH® V GLGIG DX HIW XL
VFKLHGH DQ GLH 2EHUIOIFKH VHVHIUIBRUX D G JGIRKWWS]XDML @ E
'IJUPH*EHUJDQJ GD EHLP =HUS O DW]RHWP GHRW %IQPWHIQ KQ H\V HI
XQG VRPLW GLH 'XUFKPLWFKX®J YHUWWI@NW ZLUG

%HUHLFK & EHVFKUHLEW GDV WU QMW B EMOUR PL OP WEH®H Q Q JINOEY
VFKHQ % XQG & DE VR KDW GLHURKHEDHERWE U GQ | 0XUVOD HILG
JDQJ %HL NRQVWDQWHP :IUPHVWURR NP GIQ KNE OR. PAHHOH Z A R
VSUXQJ NRPPHQ ZHQQ GHU :IUPHWWQRP])XQ BEURWE MHERH.@ P VK U'H
7HPSHUDWXUGLIIHUHQ] VFKODJDUWDXRRP ®B FGULHU:HU P H. @LGPK\
FKHQG LQ GDV )OXLG HLQJHE UIDVKKW Z LBUWLE K $X VVINQ G DE M B W 191
YHUPHLGHQ > 6 @P-hEBUJDQJVEHUHLFK ]XP VWQELOHQ
& XQG ' WULWW GHU EHNDQGWH /HEGH@ URVW (IITHNW DX

'HU OHW]WH 6LHGHYRUJDQJ LOAW IGDO/H QL O MWIVHNGHHQN SO HAUH G
JXQIJVPHFKDQLVPXV EHL GHP VLFK MDHCIEEHW REHA OVEZIOK G H
DXV 'DPSIEODVHQ ELOGHW 'LHMHWPBKEBR BIHPN VD \DVHW , ¥ R G DY
*EHUWUDJHQGHQ :DQG ZDV ]X HLQHQJIYIHKWWQJHUWHD :IUPH

IXXT W) U s Eud &

=XU (UJHXJXQJ GHV 'DPSIHV ZLUG HILQHH AHHNGHYE B VDH K W L)X\
VFKLHGHQHQ 7HLONRPSRQHQWEH8PZRHUGGHWP SRN UM B K UQ KIH\L WH
URKU LVW GLH +DXSWNRPSRQHQWHQGEUHMWHIUGGREIKQIRUGH k
PDVVHQVWURP HUJHXJW ZLUG 'XUF3U HRIQ IEHNGQIGR U,(@XH G HZ,
HUKLW]W GDVV HV YHUGDPSIWKIHG*ENXWFXLEGGH 'RVLHUHLQK

$EELOGXILIW GHQ $XIEDX GHV 9HUGDP SIHOW RPRUGLV L J'IHHUU B
GRSSHOZDQGLJHV 5RKU DXVJHI+KUAW EM | D@QGIHW Q/ IGRHKV A_I\Q HX
IHQGH .IOWHPLWWHO 'LHVHV .HO/WHHRIGADWS CHOURE LRV, QE DD}
VRPLW ZLH HLQ 7DQN RKQH =L U NCODNMHLROHY V WW |PLQQY § Q V)
%HQ XQG ,QQHQURKU ZLUG YRP 7HRBHHIL B U@ HGIXOWGRY VK \
QXJ VHLQ XP HLQH DXVUHLFK HMHGHI W% BIE X G A ) WHUBNXWY MP K Q4
=XU (UJHXJXQJ GHV HUIRUGH U O L F KHLQ/ WDX\D\W) HAQL WUVB UHRLRQ/ 9K ) & HC
YHUZHQGHW 'LH :IUPH+EHUWUDJXQ.JJ KUFKO:JWPWRMILLW PQ Y RX>x
5RKUZDQG (LQ OHLVWXQJVVWDUNHUV I BRDGMKHLFKRMNN ODW VHRQ
GDVV GLH (LQ XQG $XVWULWW V WHHPPSHHWIDWXXWGILQ | © M H QH LEH
VRPLW HLQH KRPRJHQH 7HPSHU®Q KU H B VGHHLLD K B 1 GIHQ H PP Q
GLH 'RVLHUHLQKHLW DQJHVFKOIRWH HQ+V&X URKLGL HQG GH HY BU



VWU|PW 'DV DQGHUH )ODQVFKHM@EGN ZHOBVNIHV) HEQ ERF DGB Q \
)*OOVWDQGVDQ]JHLJH DQJHVFKORVVHQ

(K
e

(an!

] Ly n ]

S %

$EELOGXQHFKQLVFKH =HLFKQXQJ GHV GRS SHIOZ DRSS XIHIY B REKHMM «lBQGG HU 6 FKQ
YRWHN 9DNXXPWHFKQLN > 6 @

iXXT V0E @PVv v vs Eu% E

P LQOQHUHQ 5RKU GHV 9HUGDPSIHUVHDLYIN ZRREDEVOUXDHH
GDPSIW (V KHUUVFKW HLQH UHLQHLO@N VN UG DXFSI DINQPGRHASHK |
YRUKDQGHQ VLQG 'DEHL ]LUN X-OLG WW KD R GBIV HIUU G LE X WF K
JHPLVFKW 'LH :IUPHsEHUWUDJXQJHHLQIHRW JW P &8 GHI\W X D WRIQ
' IJUPHWUIJHU GXUFK GDV GRSSHOZD QMU|FHN5 RKH T1HPP S HLUVIFW K
UHQ] ]ZLVFKHQ GHU $X% HQVHLWHQ® H VW6 QGHM RKYUHHY UREKE K\
PD[LPDO . 'DUDXV IROJW G IPKW DHKU Y H XJH3J IGHIVH @ H LI ROHHL Y
6LHGH]XVWDQG DOV .RQYHNWLRQ@WV >RGHU 6% OD®@HOQNVLHGE PV
HUIRUGHUW HLQH ZHVHQWOLFK JUI|%PHHUOH T M A/SKHQU DXXA @ R A H\
GHU GDV LQVWDELOH QRFK GD\$BALDBEH WO BWDM/GME BDE
WULHEVSXQNW LP 9HUGDPSIHU GHMGHEMH UXP QdODR/M QR/QM B N Y
ZLUG B6RPLW ZLUG ]X MHGHP =HLWRBX QN WLE KR %H YD EWHW UD
GDVV GHU /HLGHQIURVW (IITHNW DXIWULWW

OLW GHP ELVKHULJHQ $XIEDX GZHMUEG\DRNGS WILERID \BN IREMHD BIOV
JHPHVVHQ )+U GLHVH ZDU HLQ :D6Y K IGD BS # BDMAMHLFW H R B
OLW GHP 8PEDX DX| HLQH VHSDUDWH YXXMNBNDP BdHHU K Q G L
$G:h LQ GLHVHU .DPPHU LVW GHU :DWVRNIGW MX P DN VHQH/WU
VWHLJHQ GLH $QIRUGHUXQJHQ DHUGNRY YWILDED/P FH HWH ¥ RIS\DWH
VHQVWUIRP (YRS % *<NRQVWDQW OLHIHUQ NDQQ 2EZRKO GH
GXUFK GHQ QHX HLQ %H VHEW VWIUHDWO)EROOWH GHU 9HUGDPSIH
JHLVWXQJVUHVHUYHQ YHUI*JHQ XQGslr% PINXF DIOGH DWP SAN MQ
LVW ZLFKWLJ HLQHQ VWDUNHQ $§KINE O PGH G HDP IR Q @ VE W \
ODVVHQVWURP VFKODJDUWLJ DEJHIsKUW ZLUG

‘D GHU DOWH 9HUGDPSIHU DXV JHRPHWWDLMFKNY *GHIRGHQIR
'‘DPSIPDVVHQVWURP ]X HUJHXJHY QMWH®L &$HUBMDPLHNO X GFUUHR

P =XJH GHU $XIUsVWXQJ DXI| HLQHQ KUIGHGHB JBIR®IPW M VHQ
IXQBYQKHLW +sEHUKROW 'DV 9HUGDPSIGVPRBWPHY ZRVIGH UG
VHSDUDWHQ 7HPSHULHUVFKUDQN DXQ@QG\HUH® PUHDGE KO X@IH @ R



'LH 8PJHEXQJVWHPSHUDWXU LP 7HP&S MEPHH WHK U B © 8 HWLDHA WL
PHWUIJHUPHGLXPV GDV PLW KB BOJHVWIWHPEW HL VDA \DIDWY G L
WHPSHUDWXU LP 9HUGDPSIHU 'DPDWSUWW BRPHQZHBSH UDWKC
'DPSI NDQQ QXU GRUW NRQGHQVLHIDHDH LIRS B HFK 06 VN HPGS X
UHJOHU XQG 9HQWLOH JHVFKsW]W HPGHQ DWMN U KIR@H U PBI LK
HLQHQ 6DWWGDPISYGEXF N, FRQ6 @ ZDV I*U HLQH 9LHO]DK:
JHQ EHL XQWHUVFKLHGOLFKHQ PD{ER B Q HD XDAMMHUFE B DS G X\F

PEDU EHJUHQ]W VRGDVV GDV :DUVKQWHWW E& LNRQGHQ V71
$GVRUSWLRQVYHUVXFKVVWDQG&RLVGDYXHU B BEWKWHPWQ LG K
VLHUHQ NDQQ hEOLFKHUZHLVH ZLUG REQUUXFGEEHUREDK ]It
VHQ XP VLFKHU]XVWHOOHQ GDK@HDXFAK]EE®L EBKOWDBWSHW L
ODJH NRQGHQVLHUHQ NDQQ )+U GLH PY&EHDWGE JML QD X URN
EHQIWLIJWHQ '"UXFNGLIIHUHQ] LQ GXRNOFE&W UHW 6 R OREHDLQ J DX
MHGHU OHVVXQJ LVW GLHVHU |+U DXREHL FKMKIE DODVHIGNIWIR| B
JHLW JHIJHEHQ

IXX8 poRWP s Eu% E

YUUPVP ot @& XFu*(CE] t oo & E u%uvP
8QWHU GHU $QQDKPH HLQHU KR P R JHIHHU : LUKMNHOYH-DUMLHRLGDAISX.
YRQ HLQHU JOHLFKPI%LJHQ 9HUGDBEHKD O OXHWVRHUOQ BQH*® H\LK
%WHUHFKQXQJ GHU 9HUGDPSIXQJVOHQVWXQJ YHUZHQGHW ZHI

, P O9HUGDPSIHU VROO HLQ "D SHRDsY Vidd QUWQRBLHYHR®/ ZHUGHC
GDIlI-U EHQ|WLJWH :IUPHVWURP EHUHFKQHW VLFK PLW

36'— 16 m_kndF l%jéq@ée

OLW *O XQG GHQ 6WRIIGDGNHIQLLP BEWNARLY XV VHUV VOB QG I
ZIUPHE) kngl tWy8w *%XQG VSHILILVF Bk q(QaM DO S %ot 6
@HUJLEW VLFK I*U GLH 9HUGDPSIXQJWRI® WHRUGHUOLFKH

W Zu VW S}@ZveA ] °E] peoPRuvP

)eU GLH $XVOHJXQJ GHV 9HUGDP SIHRRG HOWEHQH\ZAH.Q% HWH F
YWHUHFKQXQJVPRGHOO EHUFNVDF&WUJWUBH €E KX Q Wl OD/IWXIQNV W
' ROYHNWLRQ VRZRKO DQ GHU ,QBHWQH [BMW DXE & HIDQ FGKHIH ¥ X
%HUHFKQXQJVPRGHOO EHU«FNVLARWL XYW GG GID FHUY ZXIDQ HLGEH D
PH*EHUJDQJ VRZRKO DQ GHU ,Q®IH QY HDEOHNDRBEIS HD@MZ B 8 G K K

=LHO EHLGHU ORGHOOH LVW G L H 0% i VWHICA P XFKIHGGIHIV H, QI RIIGUY
GLH GLH :IlUPH *EHUWUDJHQ ZLUGD ®Y\HGHRP RHKHHEQQY GeLLHGBLR
YHUVFKLHGHQH 6WDQGDUGURKUG XU FKBDRWRNH 8 HHU P HW VWM 4
VLHKH 7DEHOOH 'LHVH 0D %HJX0QQ G5 HVW WHLHE DPSHIGIWIVR DD %o
GHQ $EPHVVXQJHQ I+U GLH *U|% H IGLH\G BIIQU GHDWPG HQU \R K D Q Lk
WLRQ DXVUHLFKWH BGHMWUREXIQLUMI GHKIRQYHNWLRQ HUIRUGHUC
OLFKH :IUPH |X *EHUWUDJHQ

)*U GLH %HUHFKQXQJ ZLUG GHU IUFRGHQN DRERRWWNK® BHW MRQHK |
KHLWVIDNWRU YRQ YHUZHQGHWG EHVHWNSLFKWUKWLEYI D



=HLWSXQNW VLFKHUJHVWHOOW IHWUGRIQON Q@G LGID Y/ «@®HDWV 9l
DOVR HLQHQ :IUPHVWURP YRQ GHVYEQ®Y BQH ®D@EHIO/ QXF KEH

)U GLH %HUHFKQXQJ PLW IUHLHU XRGY$M\MAH R QHZ MWUHG G B VGG |
GLJHQ 9HUGDPSIHUURKUHYV JHW U H QW] EMIN LEIDRKW E WU X QW
PHVWURP YRQ . sEHUWUDJHQ ZHUGHQ NDQQ

,Q 7DEHOOH VLQG GLH DXVJHZIKOWX\ODBRKQHH WU B HDQ 9 HX(
ZHUGHQ LRAFHHEBDBHW (LQ 5RKU ZLUG DOV ,RKHMHWRKHEZ KHOM
XQG GDV QIFKVWJU|%HUH 5RKU REY $XBHOWRXIH G006 D OH |
JDEHQ GHU EHLGHQ +HUVWHOOHU QRYRWHN XQG 9$&20

7TDEHOOH *U|%HQ GHU DXVJHZIESIHWHQ 5RKUH I-U GHQ 9HUGDP

ITHQQZHL|] $X%HQGXUFKPH :DQGGLFNH

IXXA&H <JVAIVYIvv EUL veE VeeQyv &

'HU :IUPH*EHUJDQJ DQ GHU $X% HQ WL WHWGGE N PLYQHWR | BR |
YHNWLRQ DOV $X%HQVWU|PXQJHP HHLQHEKQH@NUHFKWHQ =\

'"HU =\OLQGHU KDW GDEHL GLH $XS%HHQUPFDAI G H)Y UL G Q H B4-HQ BI
GHQ GLH %RGHQ XQG 'HFNHQS ®BW®MDP ¥ HUD GEKO:INJ\WPLH \Q X G
ODQWHOIOIFKH *EHUWUDJHQ ZLUG G&RWP L: W FLWVAE H W GD HX @IV
Hooa®LH +IEKHOXVVFKODIIJHEHQG [+U GLH 'LPHQVRROLHWXQJ
@xsMRUJHIHEHQ VLQG DXV GHU $XVZDKO DQ 5RKPDWHULDO

'LH YHUZHQGHWHQ 6WRIIZHUWH Y RQ LD VE H VKDIOEG PWNPE H U1
QRPPHQ GLH 7THPSHUDWXUDEKIQJLENH RN G HAK 8\ R\WM HIHHEN @
GHU NOHLQHQ 7HP S HABD W-UGD QI & WGH Q] MRPGSHUDWXUDEKIQJLJ
VLIW ZHUGHQ > 6 @ =XVIWJOH E® HAL B BDWE I MH Y- UGHHF B @
9HUGDPSIHUJU|%H XQG VWHOOWDNHEGH PIB%IHII DX KXY @HU
)DOO GHU WHPSHUDWXUXQDEKIQRPPHD 6 WREIHIL BHGVFKDIWH

E
ool F-2 = 2995 |y yaws

DOV SHIHUHQ]WHPSHUDWXU I«U GLH 6VWRL AHWWHK QYGE UZHQ

& qqepl VIt EHWUIIW



(Q7TDEHOOH VLQG GLH 6WRIIZHUWH B JJWRE UDW VGILH BHW G Lf-
WLJW ZHUGHQ 6RIHUQ QLFKW BR GH bIV6 @I HZHEWM K DEH |G HHK F
SHUDWXU GHU )OsVVLINHLW

7TDEHOOH $XVIHZIKOWH 6WRIIZH&OWH@-U :DVVHU EHL f& >

] 28 é {(zZAve%® ¢
IJvu Yo Z s]el}e]d & & WES Y& 171 6 @725
Cv u]e Z s]el}*]3 & R wxit &r’° f® e
du% E SuEo ]z Z]JPI 18 ~3Z & a SWVWBI’ 6 @%
]*} & E pe ZvpvPel} 81] v§ U varvar’® 75 > @
t Euo ]z Z]PI 18§ a r&Uzuw® «°@® ?°
WE v Sore Zo 2N uwrt

E =+ Zo pv]PuvP C {&rye+ ®%F

)eU GLH $XVOHJIXQJ GHV 9HUGDPSIHUYHZBH G G N V L:F K WH. WXUDPR
PHVWUDKOXQJ EHUHFKQHW DXIJUX®@QHQ B N Q G HLHR BHD@ LM PIS
(LQIOXVV 6RPLW JLOW I+U GLH :IBPH+ESHWHDI®OGLGZXYEKE
ZDQG GDV %HUHFKQXQJVPRGHOO GHRLWEHPEHUPB®BN UID O
HIILJLHQWHQ 4XHUVFK@RWWAH O IFKPSHUDW X WG LI@UHQ]

3 U® ®

=XU %HUHFKQXQJ GHV :IUPHWUD Q® 3 WWDPFIHOPKB®J GHQ X
Uéadaaalshec

XQWHU GHU $QQDKPH HLQHU VWDWQ R U HER BWVYI R XY T X OQH
O|[VHQ > 6 @

'LH GLPHQVLRQVORVHQ .HQQ]BKIDKHIO LIFKAKH EW M B B Q §/] DIOVHG
HLQH NODUH %HVFKUHLEXQJ YRBX®KWXNVOQGHKQ | KQ Oh R JOH
JUPH*EHUWUDJXQJ GXUFK IUHLH .RRK BN W I5RI® D\D DRQ* O

0Q4=2N
GDUJHVWHOOW ZHUGHQ > 6 @

'LH 5D\OHLJK =DKO > 6 @ HHE FAKUHWULE We BHHOWJIKOD X DN W 1§
QHV )OXLGV XQG LVW GHILQLHUW PLW
U®e A&p’
4=L é®;f—%
XQG GLH 3UDQGWO =DKO > 6 WQ L@ FHWAKKUHQ BW QGHIP\D WHLV K |
XQG 7THPSHUDWXUOHLWIIKLINHLW XQG LVW GHILQLHUW GXU|I

a
2NL-4a
a



'LH 1 X% HOW =DKO > 6 @ GLNAQ® YEMNW yHMF KIWHPIHE K| U ST
VFKHQ HLQHU IHVWHQ 2EHUIOIFKH$0®E HPLHLHP LWWVU PLHHY GIHE
GXUFK

U@:lf_%.l

0QL

'DPLW VLQG GLH GLPHQVLRQV GRS N QP HQZ HXOHR GIDIQ Q LIHE
GLJOLFK GLH 3UDQGWO =DKO NDRW X0UO E HOWWARLI PPRWU WHI)G\H G H |

)*U GLH :I[UPH*EHUWUDJXQJ PLW |IUH|PXW®JRQ Y)HN WH BYY LENHDLO $1>
GHU LVW GLH FKDUDNWHMHW IGUW L XQEPOWPLIHK =DKO GHILQLHUW
+|KH GHV =Y¥oQGH&AUV @

caf_pk *awf
'LH %HUHFKQXQJ IU YHUWLNZOQUGY R@GHWMWXQ )XMLL XQG +IL
> 6 @KHUJHOHLWHW 6RPLWGILHP YOIOVWKWPHOQJ GHU 1X %ot

=\OLQGHUV DOV )XQNWLRQ GHKB KLEKGo B Q/NXHKEE WHHL@ B O DIVD'W H
QLV ]ZLVFKHRQXQKHS DNGIGHNV =\OLQGHUV

* .
0Qeprg b0 Qeprg Tj_Frd BUW = 5574 sry?
Wi

)*U GLH :I[UPHEHUWUDJXQJ PLW IUNMIPXQJR@Y XM RNWLRYH EYHHU
3ODWWH JLOW |+U GLH 1X%HOW =DKO

0Qeprg 1) brkr ZtWE 18z y®4 =02 N% ‘0 xva WX (@ &

'LH )XQNBVZNR @ HU*FNVLFKWLJW GHQ (LQIOXVWVH@ HUHBUDLRISW
rarsO2NO » XQG ZLUG EHUHFKQHW PLW

ra{t=5 "7
B:2NL Fs Edﬁh G Xva BX P a

'XUFK 8PIRUPHQ YRQ *O

I
=L
OQcprg "@ja-fﬁp

NDQQ GLH :IUPHOHLWIIKLINHLW GHN WURRWGHUDAH®HXP IGRH
PHe EHUWUDJXQJ ]X HUPLWWHOQ )<HUG DI I¥VHILHOAVK GX. O J: IGWHPWH
JXQJ GXUFK .RQYHNWLRQ PLW *O

‘'LH ODQWHOLOWIGHILQLHUW DOV

L N ®@® 2,4



'DUDXV HUJLEW *\,;fH G EHOH|@BHUV GXUFK (LREHW]KQ YRQ *

36 .
U® ®Ngp @

* awil

'LH =\OLQGRYRMWY LWHUDWLY EHVWLPPW ZHWGHQVWDVEKH
IT1QJH GLH 1X%HOW XQG 5D\OHLJK =DKO EHHLQIOXVVW

'DPLW HUJHEHQ VLFK I+U GLH YHUNV¥Y®MQ WO MY FKUR B Q U RKH

* .
AW

,Q 7DEHOOH VLQG GLH P|JOLF K HQGIXIHHIQ LRWHF 16 R K UWHX Y.H
GLH GD]X HUUHFKQHWH +|KH PLWNIBQHQ : *EHUWUDJHQ ZHU

7DEHOOH (UIRUGHUOg;flkH 5 RKLLEOHIFK|KHIVVHU G XP : IXUJPX QW BDWH QU B HHL U
.RQYHNWLRQ

1HQQZHL] *,,LQ PP

938

695

551

455

365

328

250

184

IXX0&E JVAIVIvV Ewve ]S VeeQv &E

'HU :IlUPH+*EHUJDQJ DQ GHU ,QQHQVHBQWDIN|UBL B/H IWHHAKIQH VR (
DOV ,QQHQVWU|PXQJ LQ HLQHP WMNB NJHFKWHQWXQL GG H
BWRIIZHUWH YHUZHQGHW ZLH [XXRWWMHP SBEPOON YRIOL HEQ

'Q VHQNUHFKWHQ EHKHL]WHQ .DI®G OHRXQ VA UWRM. HEDAN POIXNHEQL
HLQWULWW GXUFK GHQ .DQDO ELMVWPRPQOBDX¥XDRK GHV
JOXLG PLW GHU *HVFK ZISQIGL HNHLWPV YIHQUIMCH P WQN R Q VWD Q W
6 b EHKHL]WH U A5 RKQUK [40HH U V F KBQYLRVAW M Q DFOKHHL QWU LW W ELV

DXVJDQJ *EHUWUDJHQ ZLUG NDQ@J®OXVEIK GUHF NRD ZHQGH QO
U
BLO@® N+ ™® ;6,FBOL U® ®{6F Gq);4
4 0

+LHUEH% IVWIBKW ODQWHOIOIFKH <EHU ZHORKH \GWH LUIBPBQEE
(LQOWULWWVWHPSHUWBDGALXU7E8 A8 HOXWE Y YXHQBNHLOXQJ DP .DQD
‘I[UPH*EHUJDQJVNRHIIGHO QWVDPWHQ .DQDO LVW GXUFK 8PI
JHIJHEHQ XQG ZLUG *EHU GLH 1X % BHBWW.IRRIFUMH ODWLBRQ DXV *(



$QDORJ XU YRUKHULJHQ %HUHFKQUXHFXKRDIHW RFAIWH *5D\OH L XQ
JRUPIDNWRU [U GDV VHQNUHFKWH /35Q KHIQ YHHMHOWRUYP IDXW I
UDNWHULVWLVFKHQ /IQJH XQG GRUHSRKWPQM)JIJH 'DPLW LVW E

>® % ® ! .
(o] af_®®af_.p>xvé yazWa

fL
K®H  *ay

'LH FKDUDNWHULYWNEKKHX@EKP EHKHL]WHQ 5RKIUNLVW GHU
@ t> 6 @

'LH 3UDQ G@WMIOURDKKQ UG DXV GHQ 6WRIIGDWHQ HQWQRPPHQ

U GLH %HUHFKQXQJ GHU 1X%HOW =DKO JLOW GHU =XVDPP
OQL B4=4

)»U GHQ JHVDPWH®=%HUMQ KHDRQHWZHLVH EHVEFKULHEHQ PL

s ?6 7
0QL d:%®4:7 sE;%®f5 5.7 nooa

=XU 9HUHLQIDFKXQJLQDJZA *OoHUHLFKH |4+ DX RYHM M QGWN DHHW
OLW GHP =XVDPPHADNKD@QJ GHU %HUHFKQX®IW\DLFPWVIWZHUGHQ
GHQ % HGE® RFIOIBLOW

OQL %@t =
XQG If®@2” P3LOW
—L %®f° 8

%L raxtwXQBL r&tVLQG %HUHFKQXQJVNRQVWDQWHQHG@LH 1-U
JHOWHQ > 6 @

'XUFK 8PIRUPHQ XQG (LQVHW]HQX3H3J *® HUJLEW VLFK GLH
*rwjGHU ODQWHOIOIFKH

,Q 7DEHOOH VLQG GLH P|JOLFKHGHQBU QEXPPRKHWWYKQGY B
UHFKQHWH +|KH DXIJHI-KUW

7DEHO@HRUGHUOLFKH*5OLQGHRKUBHUFKPHVVHU G XP VIXU{PX QW PR W QU H HH
.RQYHNWLRQ

IHQQZHL[ *,,;LQ PP




iXX6 GANPvV GVAIY}VIV IV u 1}Vl vEE Z v ZIVP %G

=ZLVFKHQ GHP LQQHUHQ XQG GHR QW% HUFHKQH BRKLD LVS\D 8 I\WQ
7HPSHULHUIOXLG GXUFKVWU|PW ZLW®HYWURFHYB GDVH QQt
*EHUWUDJHQ 'DEHL ZLUG GLH :DQIZOWH R KDV IWD QW GMH HQ® R
DX%HQ ZLUG GHU 9HUGDPSIHU DOV DGLDEDW DQJHQRPPHQ

$XV GHU 5RKUJHRPHWULH GHY GRS$SHFRRD QB WHUL B WK W FKHI
JHQ 1+U GLH %HUHFKQXQJ GHU GLPWONR\R QI RY HIQU WM @Q VI
K\GUDXOLVFKH @X¥BKBWDBXMUGHU 'LITHUHQ] ]ZLVFKHQ GHP $.
' QQHQURKUGXUFKPHVVHU

@L @F @

'LH 6WU|PXQJVJH\EFKZWQGHIHEHWGXUFK GLH 3XPSHQERYV %DC
PD[LPDOHQ 9ROXPAQVWURP YRXQG GHP 5L@JTXHUVFKQLWW

<L st v
———— &
e ® @ Q@;
$XIJUXQG HLQHYV EHZHIWHQ )OXQGELHQ6WEHPPXIQBIDHEDBIQ/V VR
JUR%H 5ROOH GD GHU :IUPH+EHUJQQIVBEBGEUIVWY BRR PG WP YEHA
GHU :I[UPH*EHUJDQJ MH QDFKGHP GRIE &/ XH EWO HFX\WQ L OW P £ R D
GHV 6WU|PXQJVYHUKDOWH QX 8@ DELIHH BB QRO GAH 6B K& G H (
PHQKDQJ JZLVFKHQ 7UIJKHLWYV ZX JWKIQ N6 X W&/ | EW M DK U LE
LVW GLH 5H\QROGV]DKO PLW

S ®@

4 AL a

/JLHJW GLH 5H\QROGY =DKO X QW 8 H KDIOFEL YRQH 6WVRP RQBI LW °
VAP s VR OLHJW HLQH WXUEXOHQWH KWW O X\DB#MIFAW F KPH WD (
4AP s ZLUG GLH 6WU|PXQJ ]XVIW]OLFX EHRHYL G IHOX ¥ X WX QLGH § BC
GDVV VRZRKO GLH 3RVLWLRQ MRWIXH) BH O 8 QYW MPKKMHL GO @GAH gL
PXQJ ODPLQDU RGHU WXUEXOH®W LVW > 6 6

)*U GLH YHUVFKLHGHQHQ 5RKUSDRBOGIM ©DKHUDXEHINXND @ LGHK
UXQJ GHV K\GUDXOLV@KH® 7TREBEHKRHVVNUYG GLH EHUHFKQH\
l*U GLH YHUVFKLHGHQHQ 5RKUSDDUXQJHQ HLQJHWUDJHQ

7TDEHOOH 5H\QROGV]DKOHQ U GH® YHUVFKLHGHQHQ 5RKUSDDUXQJ

5RKUNRPE 4 A

1: 1: tytt &rd
1: 1: ta{var®
1 1 SAXYR 8
1 1 sau{&nr
1 1 sas{&nr
1 1 {(Bywssr’
1 1 xtr & r’
1 1 VArvesr’




OLWDEHOOH NIQOQHQ ZHLWHUHQ $Q @QDKFIPHQUKIVHODHZ WHEH Q ¢

.RPELQDWLRQHQ YRQ 1: 1: ELVMAP:s® GDPLWWLOW GDV %
QXQJVPRGHOO I+U WXUEXOHQWHQ6YWRQPIXQJ $OOEHLWPELQDW
1: KDEHQ HLQH 5H\QROGV =DKt@rtP 42PKHBJDIHQUCEBUMKLEK P

GRSSHOZDQGLJHQ 5RKU [XVIW]OKRKH L H R X\DAQUY PHLQUHH @ XE/H\
7HQGHQ] GHU 6WU|PXQJ JHWURIIHBDODHKU GHRP PHQ BRIKQU HXP LXA
'XUFKPHVVHU YRQ PP XQG HLQHP (DQBGIVW] UNH LYVR @i U PLFE W
*0 XQG *O HLQH 5H\QROGAL =sBIK &Y RQHVH OLHJW GHXWOL
KDOE GHU NULWLVFKHRQ,EHIQROGB]DK® Y)YRIG GDPLW LVW GLI
EHUHLWY YROO WXUEXOHQW WLWGELPX® DV % HGKDOWHIH Q \Z L
WLRQHQ DOV WXUEXOHQWH 6WU|PXQJ EHUsFNVLFKWLJW

'DPLW JLOW GLH %HUHFKQXQJ GHHQ WXHHeoGVOW PPOKIHQE U YROO

'XUFK GLH :HLWHUHQWZLFNOXQJ WR@ UHOKKWHQ *>0 KL BKXIQLF
GLH :IlUPH*EHUJDQJVNRHIIL]LHQWHRL & H1O WEXHIBEKFRKHXH)HQ DAV !

&”®4AFsrrr;@N 2

z _@7 L )
0Qax L — ® NsE=pO ®{,xva As\wes® a
s Estéyﬁgez—q"@)ZN F s '

)*U GHQ .RHI(LJLPPOQWHRHU )DOO GHV GRSSHOZDW&HIHIHBRK |
%HL GHP DQJHZDQGWHQ )DOO I+U GlIGQ QHUKGID ASIBIRH3I E6 W WAL
DQ GHU $X%HQVHLWH GHV ,QQHQURKUMGIPBWGE DV $X%% HQUR
'DPLW JLOW leU GLH%HUHFKQXQJ YRQ

(vgnL rgwe 8y

BRPLW KIQJHQ GLH :IUPH+EHUJBQNVAHRH I | DILHH@WNHHUK 0BAQ L V

GHP 'XUFKPHVVHUY@@KWIBWQLY @ 'LHVH $EKIQILINHLWHQ K
JROJH GDVV GLH %HUHFKQXQJ GW HULIW LW XIHO! WG Z H USRI B
2cpb7THLO GHV /|VXQJVDQVDW]HV HVWH B R P KQ XRXY YRIOD UGUZH
HLQJHWUDJHQ ZHUGHQ ZHOFKHWH VLFIKF KWGHUID WY X Q Q@ ®HOWK |

'XUFK GLH $XVZHUWXQJ HLQHU JUR%IQQ HDIKODVNR Q@ 0@VN DHWI
YHUOXVWEHLZHUW EHL HLQHU6WRIQPXDXVAEH G L-OG/HDW A H QXDWE

Rozl:saz @KL FsgW
JHIXQGHQ PLW GHU $EKIQJLJIXNWLAE G HUH \BH QRO BKIQ JLJ
YRQ GHP 'XUFKPHVVHUYHUKIOWQV¥KIHWHBHQJIRISWOWYV XQG Z
'SE& @I ®s F £

4N LAA 4
's F 35 @& 3=

'LH (LQWULWWBYWWRSHQDWHQ 9HUGDPSIHU VRZLH GLH 9HUG
6§ b LVIt VLQG EHNDQQW 'DKLQJHJIHQ 6:y,W XG/L B X 9WUE /RS
XQEHNDQQW 'DV YHUZHQGHWH M#WDOWKWWRRYWBRW LV \ELRLW
JHEHQ > @ XQG HQWVSULFKW ¥RIPJIOMIGHNUXGQUHG LEH ¥ RFQ HAH P



JHIRUGHUW LVW $XV GLHVHQ $Q XD&EHR KGHMND X K HUP®R \GVM P WSE
$XVWULWWVWEHRBLS W tJ DD/MXI B @R WP HQ

$XV GHQ EHNDQQWHQ 7HPSHUDWXGH  HNFDSHQ [BW M USHWIM O H Q
VWLPPW ZHUGHQ PLW

: F G, F: F6..
a0 PR P i Flsq) toiaii wwa mrwa

K . .
16 1p F Qg
H"36f Ib F@qsq'

'HU :I[UPH*EHUJDQJVNRHIILILHQW . ZLUZ® EHH.U 8 E K QA-KW WDXN/W*H
INQJHt ,LQ GLHVHP )DOO GHU K\G@DRXWLVFKH 'XUFKPHVVHU

OLW *O ZLUG GLH QRWZHQGLIEHBHVYGDPBVWH WREHL U GLH 7
GLIIHUHGIH PLWWOHUH WUHLEHQGHLTHMYHWI W XAHEULGIHQ HP]
HUM®LFK |I-U DOOH JHZIKOWHQ 5RKUSBEBDORGQIHRLQUHWROJIH
JHEQLVVH

7DEHOOHRUGHUOLF K H & kO LUQ BRIKIKGKW FKPHVVHU G XP : ]X @B HRLWW B U HAX @Bl 5L
QHU .RQYHNWLRQ

SRKUNRPE]| *»y,;LQ PP

1: 1:

e e e L
T N e e e

iXX6 GANPv JVvAIV})vlv VUP®EEvV Z& E

8P HLQHQ P|JOLFKVW KRKHQ :lUP MeHE HGUH\D QH UDGD BSIH UQ QK Q }
FKHQ ZLUG GDV :DVVHU VWHW L .D BNUKUM U+l HQ J X \ZH WEWHER Q
PDJQHW GHUKLQH +XKQH6 HLQHU.{LQ MY REHVLW]W )+U GLH 5
PLW 1: ELV 1: NDQQ GHU 5¢KUPDJQGH) X \FKMP HQ@UR QMM
VRPLW LVW I+U GLHVH HLQ NQHEQHUBIQJ5HERPBHQH VD \P 5\ K U
1: NDQQ EHL GLHVHU %HWUD F KWXGHQ Q GIK WHE I Uk N VIE K W E
UHU YRUOLHJW 'DUDXV IROJW GOQMY G&@ réwDXHDHKEVQ 9HUXK
GDPLW NDQQ GLH 5¢KUHLJHQVFKHRW EGIN 6 ©UIls H E%ROZHHEAGH R
sz{{?DPLW OLHJW GHU ODJQHWU+*KUHU GRH @MUK RKQW E GHH
=DKO RKQH BWURPEUHFKHU JLOW

R 488
0Qpoer L réax&® AR "@N 7®—é—p v asz{{?



'LH G\QDPLVFKH,9ILWWRADOBHWDX! GLH PLWWOHUMHIDRGWH® S |
%HKIOWHUQ LVW GLH 6WU|PXQJWJPDKDK &l QEDP XNOHEL W HAX DK G
UHUGXUF@&RHYVERWY 5¢KUHUV JHIJHEHQ 'DPLW LDAW RAIMH 5H\QF

J ®S@ é

4 AL
3

Xwa asz{yza

'LH QRWZHQGLJH :DQGK|KH l«U GHQ QH{WW KWW K QP OWU @R/ W
*0 LQ *O XQG *O $0OOH (UJHEQLVVH VLQG LQ 7DEHOOH

7DEHO(OHRUGHUOLFKH G OLtQGRKKBEHIFKPHVVHU G XP : ] XQ +ELH URNQUYDHINHVD L RIQWL
JHU*KUWHP %HKIOWHU

9HUGDPSIHULY{ *x,; LQ PH

=

N I I I

iX p p G Eud%vP vZ 15]ud u % EEZERYI

'LH 9HUGDPSIXQJVHLQKHLW ZLUG W Q LRIPP®HB LTHEPH b1 WHLLHQLI VA FEKOL
VWHKHQ ORGHOOH ]XU $XVZDK®H QD MW QR®DE® D % H Q PY.RQ

PPA %[+[7 XQG GDV ORGHOO )' %HLWREHQ ,QQHRDEPP i
%[i+[7 > @

(LQH ZHLWHUH $QIRUGHUXQJ LVWBHH GHLES QGRQIWKR @DDNG
9HUELQGXQJ ZLUG PLW HLQHP &) 'HPHIONFXKOHDKKEHKQ GH POV L
GDPSIHUURKU HEHQIDOOV HLQHQ %XV @DV YHRLIMM ¢ LQRIEG D)V ¢
UHLQKHLW GDUDQ DQJHVFKORWH®EZHQ PXYWEBAD GHWSE VI
HLIQHWHQ 9HUGDPSIHUURKUHYV GEHU BHGKIGEHU BN E WO U/ EH
ZHUGHQ

%HL GHU ORQWDJH GHV 9HUGDP SIHULWRK BWYFAL DG JHE EB E IG\W
ZHUGHQ GDV )*OOVWDQGVURKU VRBDIS\EHH BQURIWE KO R VFKH
GLHVH EHL GHU 'LPHQVLRQLHUXQ JF& W\ JOM UGBS IGINW RKLUHAN (
SRKUGXUFKPHVVHUV HLQ GD VLHHERD IQIKAKQ' XIUF KOPHAW B X | HALI
OIQJH KDEHQ

'LH $XVZDKO JHHLIJQHWHU 5RKUGLRHE@WIVRKHID NW VUWHKHG.ORk
5RKUGXUFKPHVVHU IU GDV ,QQHQURWHQ 'VHQIE LRXVYZDPKOBH
PHQJHVWHOOW



7TDEHOOH $XVIHZIKOWH 5RKUGXUWHRKBHYV G B B SHEW EHHLIKHHUURUGRQOHNKVLR Q

1HQQZ| *2yjLQ F *2y;LQ F
1: 365
1: 328
1: 250

)»U GLH EHUHFKQHWHQ :HUWH EHW HHQ |G X JHDPIH B K IR Q YHHNGLLQ
OHUGLQJV LVW GLH *U|%H GHV DY QWHRGED XV WU ¥ K G E H $<FIND\K
QHWHQ 5RKUSDDUXQJHQ LQ 7DEHOOH DXI UHGX]JLHUW

TDEHOBXWJIJHZIKOWH 5RKUGXUFKPHVVHU P\LRN KHhkITR U GIHUY DX @ & HQ H HRIGDHPNS WL RIQ

SRKUNRPE *a,jLQ P| *s,;LQ P
WLRQ

1:

I L
RlRR R R

,Q $EVSUDFKH PLW GHQ +HUVWXIO®IHU @HKDMW NOPK QP 6 HYE®R
5RKUHV QXU GLH 9DULDQWH 1: H U DIX® Y HIVGAHDOOHW / | WoHQ.J E
&) $QVFKO*VVHQ LVW VRPLW HLQE&H®W®RWYIQU B D PISIMBIOOG
VFKH YRQ PP EHL IUHLHU .RQMHNAXIORI® XHWE . RQF PINEWLR Q
OLFK XP GLH JHIRUGHUWH :IUPH ]X UEHUWWUPKHQ 9$MIGDRGC
GLH EHL HU]ZXQJHQHU .RQYHNWIR JODW GMWZBEDKDOEXVE DV
VAVWHP PLW HU]ZXQJHQHU .RQYHGE WUWURK NEXQ® KG H UQHHQ G DKPLSH
GLPHQVLRQLMEWVXHMBEBU]HLW JHQ+JHQG :1UP KL EHIXF KD JH
GHV 'DPSIPDVVHQVWURPV |X YHUKDRRBH ZQ U GOE DL FER-BUSKIHOL
5RKU PLW HLQHU $X%HQURKUK|KHVY@BU 9HAPG DR'S JHID HIDWF KV
ULQJHQ $Q]JDKO YRQ OHVVXQJHQ $XLU F&KIW EH [-HOLOWM KHQYGHQ PH
GXUFKJHI*KUW ZHUGHQ ELV GHU (HQU BIDIPVE HHUWH UX GR UMD HW B OV
GLH VHOWHQHUHQ %HI+OOYRUJIQGBVZH Y WHR BPOBEXWJIXQE
$QODJH VHOWHQHU HYDNXLHUW ZHUGHQ PXVYV

'LH 9HUGDPSIXQJVHLQKHLW EH VSHX W DD/ G DI IR @ DLDVIW & D B
EDXJUXSSH EHVWHKHQG DXV G HPGOMLGBIR $HH XY QG K3H U BIRU)E
'RVLHUHLQKHLW ZLHGHY &BEDRGKQOV GDUJHVWHOIQW hEHU
NDQQ GLH )*OOPHQJH LP 9HU G D APS %HM RIKHE L P EG\M DGO WA\ DZQHGE)
VWHOOHQ VLFKHU GDVV NHL®IR 8P DDEXIQ VDKOW IGQ HE P\D G W
QLFKW YHUZHQGHW ZLUG 'LH %H ]|+« 0EHR H IGHV $EHE B DPSQ B WD
)*OOVWDQGVDQ]HLJH LQGHP GDHUMDYNVHW GRUH K XGLHL'Q XGAHNGE
IHU JHVDXJW ZLUG 'DGXUFK ZLUGLBS LIH 0GIDV H \VQV HPHPHEIDY.
JLHUW 'HU =XIOXVV ZLUG *EHU Wi Q OPD QOB @ QOH DML G5 IHH
JHLJH NRQWUROOLHUW ZHUGHQ



'LH J]ZHLWH +DXSWEDXJUXSSH W WVGWL H P R\SL HOURFGLHOOK®! LL\VY $ E E
DXVJHJUDXW GDUJHVWHOOWV¥®0 CEMNWHG WXDKWKIOIBVDBIH
'XUFKIOXVVUHJOHU LVW I+U HLQH *URIEWR G N VW HQ G IGIR \BIDHIUDXO
GD]X EHILQGHW VLFK HLQ $EVS HSJH YUHEHNDL OW MEAH B GEHDUY HEYHDULN §

9HUGDPSIHU
)sOOVWDQG

(O

)

|

N }

4 E 'RVLHUHLQK
S ; GHQ GUHL 0)
y i q ; GHP %\SDVYV

$EELOGXQIORGHOO GHV JDQ]JHQ 9HUGDPSIHUDXIEDXV PLW 'RVLHUHLC

'LH 9HUGDPSIHUHLQKHLW LQ GLHRIQW 5B B WG $KOMH QYR E B

[ [ PPiAi % [ + [ 7 XQG SIBVAVW7THRBIHW LMW EIQUDQN 7\
U GLH 9HUELQGXQJ QDFK DX%HQLWW $GNBR WS$\W ER Q VB QDMK
OLQNHQ B6HLWH 'XUFKI+KUXQJH® 'GGK WAHKHIIPU G FXL HVIREZIL H P M
XQG GHU :DVVHUGDPSI NRQGHQVLHUW QLFKW LQ GHU 5RKUC

iX Jvivuw D& VvCE] J®vAE ° GFP E
iX8i VQEG@WPV v v <@vA @ ° &P E

U GLH $XVOHJXQJ GHV $GVRUSWLRKWE LPPPHV B HD\Q G E HBL\D J
$QIRUGHUXQJHQ 'LHVH VLQG HLQMW RRW LPDRSH U UHP BI@KILS | | KX
ZREHL HLQH WXUEXOHQWH 6WBHRXQIFKRQD QR G Wb L$SX % VWY V HLLH
OLFKVW JUR% VHLQ GDPLW GLHUHUWP K HEHU VWRDDA X \WV] XOR FKHHF
ODW KDEHQ (V VROOWHGQ N HLRH LIKWX\W®POG FK/H=EH R EW K QUIXQ
VHLQ *EHU GLH NHLQH :IUPH *EVYRO/@\W BHHQLEKWG] X IK\R EK R @ M\
GDPLW GHU 6WRIIWUDQVSRUWZIQGHG VMW BGGRRIIS W L RIQWANM LIGH
OIXIW 'DV =HROLWK VRO OW B H@H/LRF B WHDXKN W DI X)WV FHRAEDX )V ¥ K HQ
IDFKH ORQWDJH XQG 'HPRQWDJH XXMV PLQOGIEH QN X-XWP B O PP |
VHQ RKQH GLH :IQGH ]X EHU*KUHQPMXPGHQPHYHUOXVWH [X Y

%DVLHUHQG DXI GLHVHQ $QIRUGHUXQWHZL ZXHGWOQX BB KG&IHU N
HUJHEHQGHQ 9RU XQG 1DFKWHK©@ HE EV REUNLIPWO MNP GROI]HSW
WHUQ



iXBTQvi % E tm

VWO vrtm

)*U GHQ 3ODWWHQ :h ZLUG GLH BROMMWH NDKRS B O VHEM) XKD G F
2EHUVHLWH DXIJHWUDJHQ ZHUGHQUDRW CDWY W] | B GAHHU NFD®H
6FKLFKWHQ YHUZHQGHW ZHUGBIQJHM\WHMOYE EAIONG REKUHUHQ
QHQ DXFK $G:h 6WDSHO UHDOLWW WA QZH HEHQH'LH BB O WIWWH
DOV KRPRJHQ DQJHQRPPHQ ZHU&HO NND@Q®@ O'®IVFKMRDX WKHW D

1IDFKWHLOLJ LVW GHU 5DQG [XWD&XDBM VDB UXKR IGHIX/P =H &R
JHQ ZLUG 'LH HLQGLPHQVLRQDOQMREINRNOHQWKIQY GEHBR GG
VHKU JHULQJH :IUPHOHLWIIKLJNHLKO X® LYW WO XWHAVHIQ KIJQV G K
IOIFKHQ

83335531

=] [ 1>

$EELOGXQBKHPDWLVFKH 'DUVWHOI®DXQJ IeU HLQHQ 3O0ODWWHQ

}Am

)oU GHQ %R[ :h ZHUGHQ ZLB DL\ HERMHIOEXNDI30ODWWHQ PLW .|
GDV =HROLWK LQ GLH =ZLVFKHRWIXPHEHHN|GQBW VDXGKHGQBN
VFKLFKWHQ UHDOLVLHUW ZHUGHHBDKWHP BIGL WRV I8 Q@ UZAKWGEWHLC
HLQ PHKUGLPHQVLRQDOHU :IUPHEWHRK IXPUGCGHQOAWUB KW XQL]
XQG IUHLH 2EHUIOIFKHQ PLQLPLHUQ@Q XPURZWH =8FR/I-LKVOK. HP R X QK
ULQJH :IUPHYHUOXVWH XQG GDPLWQU UQH GOWQ=KRRHQKIUPH-

.DOWUD LVW HLQ +HUVWHOOH WD @ RPUEH EELHQ MQ Bl H Q&R ® HRPD-
ZHUGHQ N|QQHQ GLH GHQ $QIREE& WWX®HOQDKYWHIISIHEWIL Q E
DQQHOV PLW YDULDEOHP %LHJHUDGHX \0 LXILG KD Q @& H GG & H FIKQ
'LH IHVW YHUVFKZHL%WHQ 9H ULEIL DHESKUQ J W QX @ IGQ K DIOFLHVQV HUG B}
DOV EDU VWDQG OLQLFKD QG HEHMWHQ XHQ D B X/IH IOW G X WO+
.DQIOH N|QQHQ ]X HLQHP HUK|KWH® GWU|PXQJVZLGHUVWDQ!

(V JLEW NHLQH RGHU QXU JHUE@WWH Q@GN L B E LIQJNQIG/ NSGHHL @ 6 D
GHU =HROLWKVHLWH LVW GHU 6\8R UM DG Y8R UWZRLGHQ \6W R
P|JOLFK VLQG 8P HLQ +HUDXVIDQGHQQG H\D @ B RHOLLQV BN W B O/®
8QWHUVHLWH YHUZHQGHW ZHUGHQ UGBNQJ OB VW HRRV LY V& X U



Seecenee
seecene
seecenee

— >

T ;

$EELOGXFXKHPDWLVFKH 'DUVWHIOOXQJ IU HLQHQ %R][

>u ovritm

I DPHOOHQ :h VLQG GHQ %R[ :h VHKG IKQWARKW HQ &HW HO W IF E
XQG GHU )*KUXQJ GHV 7THPSHULH GIDXIH:W ZDBMMQOFHEE VB G XY
JHVWDOWHW VHLQ GDVV GDV¥KAHKOGWMHK JUDWFXEIDWL K Q HE&> G@
NDQQ 'DGXUFK ZLUG GHU :IUPH-HHJUWWIBQHMN®VY Y=H3RID NW KOQEH M
GDV =HROLWK LQ GLH QIFKVWHMHEFEXHKAWW HORWIHIX BAVOH UL5
GHQ /DPHOOHQ HUP|JOLFKW HLQHQIOHYL SKUH %o LLUIMHH. QW R R Q H QW
,QKRPRJHQLWIWHQ (V SDVVHQ XVFEAKHIL CH HUD@KXODW®Q X ZH
JUR%HU :ITUPHWDXVFKHU HUIRUG HWDOAVAK HIVOW EXW ] H QQI X NUY @ %
GLH ODQJHQ XQG VFKPDOHQ .DQIOGHDNVWD GE WG 6IWRIQ4LEHKUR D |

+LHUIsU JLEW HV HLQLJH +HUV\WNBIO HDPHLOHO H QZ | U P B YELHRWDW |
HLIJHQHQ $QIRUGHUXQJHQ NRQVWHWOL HANQ/ VLHHV B HUDHELWQY Grt
DXI 'LFKWKHLW JHSU«IW XQG leU XWJFHNIHHGW XMUQIGFK «EHU E

i
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$EELOGXFXKHPDWLVFKH 'DUVWHOQKQJ IU HLQHQ /DPHOOHQ

"© E.Atm

(LQIDFK ]X EDXHQ GD QXU HLQ MWYWHQNIHQ BHEBX5R KBI\WKH
OHJW ZLUG 'DGXUFK NDQQ GD¥WYI=BRWLXYWKG WCHUWIHLVD W HZLHAKGA
NDQQ GLH 6FKLFKWGLFNH VR DWR H3DAD\QV ZRIWE HIQG HIDAWD @



ZLUG $OOH 6HLWHQ VLQG |I+U QHOQKRXWHSCGMRPUBWHR QVRGONW
VLHKH $EELOGXQJ

OLW 5RKUVFKODQJHQ LVW NHLQ RSWL BDOG IUH: | UPRHH EEHU WY Q D
FKHQ LP 9HUKIOWQLV ]XU =HR OQW K PIDG/X/WIF ¥ HO/DW N ¥ L] HN ORI
PHYHUWHLOXQJ P|JOLFK XQG LQWREGVRQ@GMRH DL BE QNLIQIG\N
WHQ LVW LVW GHU $EVWDQG ]XP 7THPSHULHUPHGLXP DP JU|'

$EELOGXPFXKHPDWLVFKH 'DUVWHOOXIQJ I«U HLQHQ *LWWHUNIILJ

Qv B ZEJo E.Atm

9RP $XIEDX XQG GHU )XQNWLRQ VHHKU MEHBGRIFKK FIX\W FLO\QIGW
*LWWHUNIIL) VLHKHD SEBIFKGXMHLEKP 1% LJHUH (IlUPHYHUWHL
JHQGH 5RKUZHQGHO P|JOLFK 'H WX QWY M QY LHROLWWKYE & LE K
DP ZHLWHVWHQ YRP 5RKU HQWIH UXRN GIEXHQU G KUEKGE HH: IHRQ

OXQJ ]X GHQ 5DQGEHUHLFKHQ KRARINHVOH OO XL %N WO R R Q L FX
EHL *LWWHUNIILJ :h

S

$EELOGXFXKHPDWLVFKH 'DUVWHOOXQJ I« HLQHQ =\OLQGHU *LWWHUNIILJ

ZPa%bov(EZ@E M

'LH 5LSSHQURKUH ZHUGHQ LQQHQ YRW XHFS HUHMWUWHRHGR XOPX 6
5LSSHQ HLQHQ JXWHQ :IUPH+EHUJDAFXK HX IGEH U5 $ S %o H Q \L K MV
JUDQXODW YHUWHLOW VRGDVVLMWXH ROKEIBVY BHQ DILRMKXDIOH I
ZLUG GLH :IUPH QLFKW QXU *EHU GEHHQ SRKIU BIIHSISH QV R & GHHIHE
DXIJHQRPPHQ 'LH RIIHQHQ 6HLWHW®YHRLNERHQ )XW BESSHMF
6WRII*EHUJDQJ 'XUFK GLH +|KH GWG L5 Y@ QN BBHQ 6 RIK B KV
LHUW ZHUGHQ 'LH *U|%H GHU 5L S SYH.QEDEV WH IDRS®IL WEKIMINDL



QHEHQHLQDQGHU 30DW] ILQGHQS5I(8S\HQWMIH G UXHLWHHUWNFKHKIH
$EELOGX®LIW ]ZHL GLHVHU 9DULD QW QX @S L/UQDWLISSTHHR 3C

5LSSHQURKUH VLQG NRQVWUXNWRRBO@WEH IGLQ BW O/H & DWW KMN
LVW RGHU GHU :h DOV JHUDGHV 5RKUYLDXNVUKQXK GWVZHHRE 6 QW
OHWDOOJLWWHU HUIRUGHUOLFKUOXHLEWB GDVDXVWDXVFK ]X

+HUVWHOOHU ZLH :LHODQG RGHU .UBHRPWHNY YHD X ¥ KELIHHAWHHH 6 |
WHQ YHUVFKLHGHQHQ OHWDOOHW®QVFKLHRBKHD X Q G 153 S50 K| K/ IR
SHQDEVWIQGHQ DQ

$EELOGXFXKHPDWLVFKH 'DUVWHOOXRJ a8l HXQUWIQS SHRSHREWREUQNYV /IQIVULSSHC

iXB7 v® Z] wPIl@ EVCE] peA 20

%HL GHU (QWVFKHLGXQJ ZHOFKAHWGCHEDNMRW OHL X R WEHHIY X
.ULWHULHQ EHU*FNVLFKWLJW O0ZREIHAKESHHW I QHIUHMHPRQGV BIH
WDXVFK GHVY =HROLWKV LP 9R U GWHIUFKW RIX @ WV B QIBHIQU $Q WRHIL
ZLHVHQ VLFK /DPHOOHQ XQG %®RJ :bXFXVZGEIQH LGOHD OBIVNYX
YRQ =HROLWK ]X :h VHKU JHULQJ LVW

X IDPHOOHQZIUPHWDXVFKHU YRQ JL@JHWOWLR ZMWNUGBRQ G
QLFKW LQ GHU HUIRUGHUOLFKHQ X®@G& MRHPQ Wo QX FK Mbo HQJ
NXXPNDPPHU HLQJHEDXW ZHUGHQ N|QQHQ

X %R[ :h NJQQHQ LQ GLHVHU *U|%H YBNQX FZG LUFXHNQ HLEH U &
IDPHOOHQZIUPHWDXVFKHU QLFKW VQ HBGIWWNOHLQHQ %D}

'LUG GLH +HUVWHOOEDUNHLW LROPSR QHB WN\ONDGMVZBIX W & U HD)
WHULXP KHUDQJH]RJHQ JHLJHQ EZENX F&HQWOH G KHH B G O UR/HF
WHQ

X 30DWWHQ :h ELHWHQ QXU HLQHQHLQ®GGPHQGLROQRBY XU
GHU 3UREHQPHVVXQJ GHU OHVV]HO® 9HUDX \GWD IR LA ZK\VH|
'LH 30DWWH PLW .DQIOHQ P XVWGDHHQ 2HIGS L ¥ W HILDIKIVW K Q ¢

X %HLGH *LWWHUER[HQ :h VLQG H XSIDWKHKH W]XNW X QIHIX
JHULQJHQ :IUPH*EHUJDQJV XQG GBHU @K R PR MKYH G LFHUA
NHLQ KRPRJHQHU :h JHEDXW ZHDGHRQWHVEKDOY E) VEKW GG

X 5LSSHQURKUH VLQG LQ YHUVFKLHGO® HQ HW VIR KX@H HQ
PHQVLRQDOH :IUPHOHLWXQJ EHIOHWXRP K\RK HY QW B HQ
]ZHL $QVFKO+*VVH DQ GHQ (QGW® BHQ/W LW K ®IG Q@ DV K=B



6RPLW ILHO GLH (QWVFKHLGXQJ.B%IHUW XIHD URHKQWW BROGHH |
XQG GLH $QIRUGHUXQJHQ JXW HUVHFXDHQV 88 JIBY HXHD RIRKQC
GLH PLW $GDSWHUQ JHVFKZH L % W IRGG N H H@H WZHHW VW i W ® Q HR_
WHQ HUIRUGHUOLFK OLW HQWYVSUHBKHZ®GH Q RN) B RKQ MWH/UGF |
JHQ N|QQHQ GLHVH OHFNDJHIUBLXP QDKVIF®&GR V VIHQV DOOGE HWY
GDV +HUDXVIDOOHQ GHV =HR OLW®HKQUIDYNWIIRP X'QE LM MKQ G
GHUXQJHQ GHV $G:h HUI-OOW

6SLUDO RGHU 30DWWHQULSSHGURRBH MV@/G @ UHHQ Q HQ/\V 05
OLFK NOHLQHUH 5LSSHQDEVWI|QGHK IBHEZ H UV % 6 UKHFG$E VMV B QS
URKU QLFKW ZHLWHU DXVHLQDQGHHQD XDB® UFKH ZHWIG / HLIQMH
JUPHYHUWHLOXQJ JHZIKUOHLVWHNIXBG GLHK¥HROIGWRN F KQ
VLQG ]ZHL VSLUDOEHULSSWH 5DDSHI IR KHNKHGBHR\K ¥ H LAXWIGE
GXUFK HLQ ([WUXVLRQVYHUIDKHHE KW DHYEHQO®XQI QBLYH K)
XQG 5LSSHQ DX| ZDV HLQH LGHBEB HUP HMHIFW WQ JLIK BELUES IS
+HUVWHOOHUV 6FKPRHP.X FHVEBRBQ @XW XL GILQ .XSIHUURF
GXUFK HLQ /DVHUVFKZHL% YHUI|BKWHHE QMBW ] YGILI]EX IQISEHHQ ZH |
SHQURKUH DQGHUHU +HUVWHO O HQ NHILGD B LISHSHADH XIH® ELHFG X
'DGXUFK VLQG VLH I+U GLH $QZHIDGMNQHAQIHH LK QXU VS & QO
VFKOHFKWHQ :ITUPHOHLWXQJ ]X GHQ 5LSSHQ I+KUHQ

$EELOGXORFKEHULSSWH 5RKUH GHV +HUVW KO CBHHW D NLX-E0 B Q@ GU HORLKQMNY 5Ll SSHIQ@UIRK
PLW HLQHP .XSIHULQQHQURKU > @

IiX8BO W) L ¢ tm

$SEELOGX|®LIW GHQ $XIEDX GHV $G:h 'D3W IO/IHEINHD WILR G V] B
GHP GDV 5LSSHQURKU PLW =HRIULIKX @ BW OZLW G \GW U AKXV GDH\V
JHVEK*W]W XP HLQ +HUDXVIDBOHG ] % SHHUKRIQWG HQW V' OVLE® §
5LSSHQURKU LP 9RUGHUJUXQG KDMBMWMHGRFK NOHLQHUH 5LS

'DV UHFKWH %LOG JHLJW GHQ $GGhY 8 HDHG IB6WHZ XH\GW P HI/W %
LVW PLW 793H8200W ZHOFKHV HLQH *UD Q KZOHDLW WU | %eH HYLRQ+ H |
DXVIDOOHQ GHV =HROLWKYV ]X YRK® HLEHD D DVW B LW VHIVQ 5Ll
XPZLFNHOW GHVVHQ ODVFKHQZKHIQMGH UWPWPREHW W I VK XVQ G HEY
(VZLUG PLW HLQHP G+*QQHQ .XSIHUB BRRW | VMD F RR GLSEHDA
YHUKLQGHUQ 'DGXUFK ZLUG ®HH BW\UEERHQ |@/HNUKH W\ OX@JIG. \
$Q EHLGHQ (QGHQ GHV .XSIHUURKUHWY VQ QKO | W P WX XIP (GUHRK &



$QVFKOXVV ]X HUP|JOLFKHQ 'LH D&HB 3G DSOVHIHHELQB® QUL
GHQ $QVFKO*VVHQ LQ GHU JUR%HQ@ 9DRKWFR RBRPEN VIDQAGUS
VFKHQ GHP 7THPSHULHUPHGLXP DXKGP D XQ G H Q \&XL%\HQ X ® GWCH
HLQHU VHKU JHULQJHQ /HFNUD W H{ Q%G-RLQGMDU HHR R Q@ G L H \XH) G
JH[IIQHW ZHUGHQ RKQH GDVV GWEBW GLHGHFNUDWH EHHLQ

$SEELOGXQGHOVWDKO XQG .XSIHUULSSHQUREKUHHNQ QX VIQKHIILQQ HH BKWAHGWOQ WERQ
YRUEHUHLWHWHU $G:h GHU PLW =HRQIHPKIJHWW DR ® O DMWVIWHH JOXOR\P D QW KKQWE X RUG O
$G:h5LSSHQURKU EHI-OGWG PWW/ $BI6RQHP OHWDOOJLWWHU XPPDQWHKOYWH®QPLW C
UHFKWYV

iR A vVS@EN) N

IXRi W H o }A}vellv IAG Zee5v

'DV JHVDPWH *HKIXVH LVW XQ YRIQIL 8 GW U W RIS/ WHE WIL I VKK
HLQH KRPRJHQH 7HPSHUDWXUY KQWHHQ X\§ JGDH/J HEQIQUIHV @/H B E
VWDQGHV ,P +LQWHUJUXQG VL Q@G GELIMHY RWR G HHQN3IXH LHOUHVDDIXN
'UXFNWDQN DXI GHU UHFKWHQ 6HDWMHK D QW Vil YGRRIV R V7IDHQUNN D
9RU GHQ 7DQNV LVW GLH OHVVHQOBWY J 18PGHVY W@ ZHQIEIBQ!
OLQNV GDQHEHQ LVW GLH JUR%$ 6 :9DGI XX PQ D'RMHWR W HPQ \§ F& D
GLH =X XQG $EOHLWXQJHQ I+U ®LBXIKGHE FOLDDWE 6 HHWH I
VXFKVVWDQG KHUDXV XU 9HQ WSOV H O E$X BdH®H D XY LGFHKUGQ |
XQG GHU 6FKOOMWDYKSEDNBGXDBRKWOLFK LVW GHU 6FKDOW\
GHP $GVRUSWLRQVYHUVXFKVWB QG WBIRWENQGHQ WQREQH ) WE H
SODQ VRZLH GLH BWHXHU XQ GQIHG H 0 FLQUHX-PLDMHLY FHHD 60N D)



3QHXPDWLNLQVHO YHUZHQGMHMW HGGH H EBIXIFIMNOKNW DIQV 6K H
WLOH YHUWHLOW 'LH (LQKHLVREH@ ILWW5 H QQUHR KVDH@G EFHKDI MY E }
GLH gOWKHUPRVWDWH 'DUXQMMVH @ HIFLLQ G HMW IVQ 6 K UH.(
QLFKW LP %LOG YRUKDQGHQ PLQWHOMO WELN KL \D Q B WKW L
P +LQWHUJUXQG VLQG GLH EHLGHXQ 15 FOK\WOGIH® XD UN & F K V]\KW
e KUHQ (LQH /HLWXQJ I*KUW [XU 9DNKXPISKPIKXH JE HH DKHI AW |
ULHUVFKUDQN

$SEELOGX®HLWHQDQVLFKW GHV $ $EELOGXQRHQDQVLFKW GHV $GVR
3U«IVWDQGHV PLW GHQ 9HQWLOL GHV QDFK GHP 8PEDX
6FKDOWVFKUDQN XQG GHQ 7KHU

iXRAT pP pS s EudguvP vZ 8

'DV OLQNH %LOG L]}{I$EE LCGHX QIVDPPHQJIJHEDXWHQ ®MUGDPS
DQJHLDW JUR%H PLWWOHUH 5RKU ] HODOW GHWY SR ©FHH @ DD Q.
SLWHOQ GHQ EHLGHQ 7 6W+FNHQ LWWH BWH JWO OLVHN B IICEHD® | ¥

GLHQHQ ]XU GLFKWHQ $EVSHUQXQIX|WRGRVFKNG L H BPJ
VFKO*VVH XQG 3)$ 6FKOIXFKH HHQGDPSIMIQ MDD QD \B\WPHG HE 9e
LP 9HUGDPSIHU HLQ 9DNXXP KHUU Y BKHIQQ H I UYEHFKIOBVHAK P L W2
JHKDOWHQ 'DQDFK N|QQHQ G IHWEFHLGGHHQ(FXF QW ) OC0HOMW D Q
]XWDULHUHQ OLW GHP PDQXHO@BEVIHDGBRY HEHPL® H K | @ WHE
WHP JHVDXJW :HQQ GDV 9HUGDP YW URKRKH Q XO/QBH. PKIDOG O F
ZHUGHQ GDPLW GHU 9HUGDPSIHO@QUWGRG & HEKEWLD\® V SR
GHV %HWULHEHY NRQWUROOLHUW QWUGHQHN|QBMWQZGE UK IEE
GDV :DVVHU LP 3)$ 6FKODXFK PLW OMPWDWVYHUWP'DHEWIG DPPSU
GHOYHQWLO JDQ] JHVFKORWPIHEXRINIOEH®Y BEDIFHLWD XIHL @H
)DOWHQEDOJVFKODXFK LV W WPH MQ & H PV @WK 6 X VD WWH WV

'DV UHFKWH %LOG JHLJW GLH FRRIQHNVOIH U W HL QRNH GEWNS @N H L W\
VFKOXVV DQ GHQ 9HUGDPSIHU 'DVGLOHIWP DXL Y6 WH { AFMNY QLD ¥
UXQJ GHV 9HUGDPSIHUV XQG VWH®R® W RARPH W GIHR % HS BYW LD



VLQG GHU *U|%H QDFK VRUWLHUWLWRQ UHEIQWY)@DPKW LQ@N
0)& PLW JPLQ $Q GHP ODQJHQLMO\GHI BB O EVRIGXKDY WK W |
GHU $QODJH VLHKGDYREHUXOQJ

'LH $EELOGMQIW GLH NRPSOHWW PRQWLH QWH WHHYE B A B DHQY
VFKUDQN 9HUGDPSIHU XQG 'TR\SIDHUHOL® PIPUWR U G HQG SB@
GDPSIHU EHILQGHW VLFK GHU 0D IHPWWDKQWIK E R GHIG AHWD 8
'HU $QVFKOXVV DQ GHQ 3U«IVWDQBKZDY % KX UFAKs IGWW >0QGS G |
UXQJ LVW PLW ,VROLHUXQJ XPPOLHWKQW KIIG EGHK V]MF K, G LG
WXQJ GHV %DGWKHUPRVWDWHY MHHQGDV\SHRKULPEHRKU]NQ Q!
NDQQ 'DV %HGLHQIHOG DQ GHU 9RW &WH NDIPIONIH UG G M Q7 P DI
WULHE YHUZHQGHW ZHUGHQ 'LHVGIDVWHWHGHRFXH QLA KWFHK U LR
KHUVWHOOHUHLJHQH 6FKQLWWVWH® Q/H PH WWG B IR USBIHRQ INIDRQRQ

$SEELOGXQHUGDPSIXQJVHLQKHLW LQ GHP 7¢ DIHWHIVH K ORKAVIH@®N DX I1JH|



iXATD} poEBEW p E tmlv G lpywl uu E

'LH 9DNXXPNDPPHU EHVWHKW DXV ]ZHHQ PLWPHBR HO X RREK% R C
$Q GHQ 6HLWHQ VRZLH DQ GHU EB4RGEGSQDWM WK .¥Q G XIRG ' HF
VFKO*VVH I+U 'XUFKI+KUXQJHQ XQ%Q VK OWHAK QION G HIH 8THL B
ELQGHQ GLH ,QQHQVHLWH PLW \GLHIWN & X % V@& X/ WK\ HK LEHQI HPLLOW
JHORN 5RKUYHUVFKUDXEXQJ $XI GHU H®DMWKXQVHLWH 3ZLU
7HPSHUDWXUI*KOHUQ VRZRKO DR @GO\ DMV SIHON. HDUXFEHKGIL X F5WX \
 @HUKDOE GHU 9DNXXPNDPPHU LVWWs D&/D5L\S B M QNUHR QW @ R RSQR)
‘IQGHQ KDW XQG YRQ DOOHQ \§ HHLWHWQ HWYZ DXPOGMW B KZGIX /I ME
JLHUPY 5LSSHQURKU LVW D@FEHBREHE Q QGIHIY HPKMQ GDPLW H
JHORN 5RKUYHUVFKUDXEXQJ DQJNRPKWRNXFKQ ZHHELFHLQ ON D B
9HUELQGXQJ ]XP )DOWHQEDOJV NKO®IVX\~K M UPR®Y JGHFEB D \H E QS
ZHJOLFK LQ GHU 9DNXXPNDPPHU 8B \} D\W MWRHQLEHIO \Z FHKIGDDCGF K L
6% 9&5 ,QQHQJHZLQGH DXVJHVWBWWHRWK £HIL@/NIHHMH 5 HI S/ H QD
GHUH :IUPH*EHUWUDJHU PLW 62 9&5 $X%HQJHZLQGH DQVFKQ

'LHVHU PRGXODUH $XIEDX HUP|JORPKWUBHQ I XY F K GQ$ X QB
FKHU %DXDUW RKQH JUR%HQ ORQWIMIMHKNQ@BQ B P RGIWIERFH BDHU I
HUP|JOLFKW DXFK QDFK PHKUPDCHLU®GIR igGQBQHXRES BFKW XD
YHUZHQGHWH 'LFKWVFKHLEH GRKVEBRKZMHWGHR PXYNQ ;B KW.
GLHVH .RQVWUXNWLRQ GHQ 9RUWHQOHE E VY GXQU D\DWEHID® G
WUHWHQ NDQQ VREDOG GLH 9HIFKLRQIGK® G BIM| I(IIQHW XA\ G R Q
JXQJHQ LQ GHU 9DNXXPNDPPHU]HHBW]GHQW G$EE GOIGXIQY .DS
EHVFKULHEHQ ZXUGH XQG LQ GLH 1WRW H 9DNXXPNDPPHU PR

:DVVHUGDPS

$G:h

THPSHULHUIO
VLINHLWVGXU

y

S U

$EELOGXQ@IQHQDQVLFKW GHU 9DNXXPNDPPHUP PWW=B R © LIVGK hEHF WQ © N’
JLWWHU XPPDQWHOW LVW )O«VVLJNBLRWG XE WIHKEDQIN G KX X FK HR



IXKO 3V EeepvP P u D oA EZEY

'D]X ZLUG GLH 3UREH EHL HLQH U L®HHIR @GLH U §/IHQU WHRE HUXOAM X
RQLHUW ZRGXUFK VLH EHUHLWW\HHQ HD EIHVORPPWE KB QJ KNG
*OHLFKJHZLFKW YRQ 7HPSHUDWXGHW X'KN KQ G HEH DIDREXH)UDE
IQGHUW VLFK GLH 7HPSHUDWXU QW MKUM BBDX HG D% M GHLJIK
GXQJ HUIRUGHUOLFK LVW XP GBI HOHKHUKIMMHFEOH G H UH BUR
PLVVW JHQDX GLHVH bQGHUXQJ \GHRQ¥NOQBWQN XIPVGLG: I$ GX
7DWVIFKOLFK ZHUGHQ GLH ODVVHQWNG HH D) XV GHIFPHIHHGED P
ORGXV ZLUG GLH 'UXFNIQGHUXQJ V§ HXH X B XG HQ B B K MOV WQ
UHFKQHMQWDWVIFKOLFKH %HODGXQJVPDMVW QLAKH Q X0Q G H U X
ODVVHQVWURPV EHUHFKQHW ,Q GHM OHPWMN\NOHIH &HWGGGIRU
JUR%HQ 9DNXXPNDPPHU HQWVSULFEMU K H X3UIR/EHRYWPHMS H U Q
PHWHU HUIDVVW 'LH 9RU XQG 5+BQ®B X DNW¥PISE@ UDHWX UK BEIUPGR
PHVVHQ $0O0OH 3XIIHUEHKIOWHUHYDRBIE PH ASH UDMPX UWHRNY RXUQ
'HU 9HUGDPSIHU YHUI«JW <EHU NHLQHM®P SHIPISW X D WPXLWWKH.V |
%DGWKHUPRVWDWY LQ GHU 9RUOWQZL B & NAHIOHA OHY WEKBU HL
UDWXUVHQVRUHQ YHUI+JW 'HU 9HUG DA B XMPYIXQXFW P RQU
UHFKQHW ZHUGHQ )*U GLH OHVW XWQHGIKYD\QW GG BVOM G RE KF |
GUXFN DXIUHFKWHUKDOWHQ ZHUGWHOHR)G\D\P SG D PLEGL 8 L$H) 0 &M
NIQQHQ %HL HLQHU 9HUGDPSIXQBVWHPSHUGMX YDYORQ  f& |



0 @ V-

oX N S v Zu

9RU GHP =XVDPPHQEDX GHV $GVRWGEGMWQ FDO\OH UR/KXKFRYM YW E Q
WLRQ XQG 'LFKWKHLW JHSUsIW XPZHKUQHL WWHIQHUHQ % HWU L

| ZZ BHEUVP o o} @}vellv VIAGH Zee8v o
'"HU $GVRUSWLRQVNLQHWLN Y H U VL WPKS/YMWO@IG XXV HEUH] RILH®! UZ'
GHUHV $XJHQPHUN DXI| GLH QHXH JQOR%H DDNEXP S HPHLD KB
ZXUGH $OOH 9HUELQGXQJHQ GHRGHOMDHEY FALNAFHK®I Ol KELHIH . B F
FNDJHQ DXI XQG HLQ 'UXFNDQVWIHY DAQ GLFREDNQIHIR HIOH Q
JUR%H 9DNXXPNDPPHU ZHLVW HLQMR/AFNDBXWKQ®RAIDQQ REH
GLFKW DQJHVHKHQ ZHUGHQ /HGHIWLEKH®LHLGQHI 8 DPSIL KNI/
DXI 'D NHLQ 'UXFNVHQVRU GLUHNWPRQ \& HUWUYH U @Y P B DX\Q\J GH
HLQHQ DQGHUHQ 'UXFNVHQVRU JHPHYVYNQ&H GEH@HEG BR8N
KHLW PLW GHP %RRVW 7DQN YHUGX GG NQ@R'GXFKQG/LMR® WFIU |
O NRQQWH HLQH /HFNUDWH YRQ,Q GREDIUEPRS VI ZH U
VSULFKW GLHV FD PEDU QGRFKON X QISVRIXMXW E/HRPS We IXN

> | P§e3v @G E u¥gvP VZ B

8P GLH 3RVLWLRQ GHU /HFNVWIGQBHHX GOPIRIWQILHHQKB L& X
EHLGHQ %HVWDQGWHLOH 'RVLHUBIHQKHKHDW XOLCH ©HUSEER DIG |
GLHVH :HLVH ZXUGH GLH 9H U G D FXIR\WW WHNAL KD R4-H WH L DK G UDDLI DF
]JHOQ DXI /HFNUDWHQ JHPHVVHQ W XR\GLHHQ H% B W H L WK K LIQWWH Y F
]XP 3UsIVWDQG %HUHLFK LVW ]ZHWGRRSIBHQRK)NE X &G V%]XE
GDV 9HUGDPSIHUURKU 'LH JHPHVW HQ H Q0 HA/FN WHIWWHHQ DWPL QUK R
GHV %RRVW 7DQNV XQG EH]LHKWH MRLFKXPWRPXYGDE L FXDW QXU
.RPSRQHQWHQ

$EELOGX®LIW GLH /HFNUDWHQ GHU @HU HIHAKH HHXP BRUJG
PRQWDJH VLHKH RUDQJHQH OHWVVMWX]XYHURHW Q@D JED WH GQ
XQG VLHKH EODXH XQG JUDXH QiaV¥@R7Xel ¥'He < HILQH H HFMQ D V
XQG VRPLW NHLQH UHOHYDQWIHY W KNDQJIH YRU G HHJ 98 H $XILL FaKC
OHVVNXUYH GLHVHU ZHLVW HLQ®LE FNUDWRPYRQOLHJWE®LH
GHQ &) $QVFKO+*VVHQ YRU GHQ 0)&8 RQBUFGWH 9H&N OLHFEEND
OHVVZHUW YRU GHU '"HPRQWDJH IGWQ GZBIV/ KN DHILH JEH %FHKU G|
WHLO RGHU HLQH VFKOHFKWHHREGBLQGHK QB LKIMD GGDXWWH @/H UL ¢
UDGHQ HQWVSULFKW 6RPLW NDX®R QW GXV JDNHD FRIG Q6 I R
UsFNVWIQGHQ LQ GHQ .RPSRQHQWIBQ DBXWYHHVERGRVVBXUE|
HI[SRQHQWLHOOHQ $EIDOO HUN HQY EZXW & HQGG LOH V8 HALEH \DHBUX (
0)&V LP '"HWDLO XQWHUVXFKW '&B ELH\GWEINUKE B WHGHO WL Q B Ul
HUVLFKWOLFK GDVV 0)& XQG 0)RXHAHLY BG XO @ L Z K H \V WFHLDJY
JHULQJHUH /HFNDJH DX| GLH DXILWMNQGJIBE X]LHRKWX U GH.G |
GLHVHU *U|%HQRUGQXQJ QRFK &) OHQ & E R OW VIV KWW K HQHLLY WH
FNDJH DXI
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$EELOGXQUFNUDWHQ DQ GHQ GHPRQWLHUWHQ H)OW X QXCUG/HF N JH VEH QW Y MY HH L

1DFK GHP 5HLQLJHQ XQG 3U+IHQ DOQ GHIY IH & ¥ LAXGHAH GHEMA
ZLHGHUKROW PLW GHP (UJHE QURKVE MV Q G XK GHBLEH QXC\KBRIAHHX
GDPSIXQJVHLQKHLW HLQH /HF N GIHWMHX YZEV/V VX | PELDHU *S B R LEGALY
WXQJHQ GHU 0)&V ]XUe«FN]XIe+KUHRKWVM[SGILHL @& DDXOW +YHDIIN/XKHPQ
'LHVHU :HUW LVW ]ZDU LPPHU QRWKGG H X}\)@IDRIKH K Pa-+HIU DEOXW E |
LQ GHU $QODJH N|QQHQ GLH HLGHHUODREIH YSHIUHW W KZHH UHEIHHGE® H\
FNDJH QXU LQ GHU 'RVLHUHLQKHVUWLIKI HEQUW J)HU LELIHH Q H U)
GLHV QLFKW YRQ 1DFKWHLO &DHZIHPKHN(UXQIOX@IMQAIBXH IE
YRU MHGHU OHVVXQJ HYDNXLHUWXYLEIBP % PVELHP 8/KJH 8 WQH V C

Glrpv o JWPHIEHUP ¢ tm

'HU $G:h ZXUGH PLW 6ZDJHORN XQ G 9W5XKXV PO EHLIEH @ R Q
SQHXPDWLVFKHQ .XJHOKIKQHQ WHIWGHXQBUH GG, P HQQWE P IWV
EHL EDU DXI /HFNDJHQ JHSU-*|IWL QoHH LHE INHDM H Pl H M W\ HN RVH@OW
KHU ZXUGH LP ]ZHLWHQ 7HVW HLQIHK/WD\WJ]BEWE HADBGW X®&H UGY
':DVVHU JHI«-OOW XQG DQVFKOLHBLHINNHIWY  1UDX-KN DIXQ W UD XR F K



HLQ 'UXFNYHUOXVW YRQ ZHQLJHIHROGHU KB Lh IHNOMW W\RW HW Q
NDQQ HLQJHVHW]W ZHUGHQ ,P G LUWWHIQQ H BN WHVAK \ZXR\G\H
VDPPHQJHEDXW LQ GLH JUR% H 9D NOHXUPUNDAFKPM W FP RO BHHIQV C
$WPRVSKIUHQGUXFN XQG XP GLHVH@EHUX@LML G LHD\NKX F HARA

HLQH /HFNUDWH YRQ PEDU SGWRFP/ DB HHIWHIMWWHRW /HHFNG B
NXXPNDPPHU YRQ PEDU SUR 70DUFIKV @&/H®HSG " XYFHNUD@D/FAKLOH
VRGDVYVY GLHVHU DOV YROOVWIQGLJ GLFKW DQJHVHKHQ ZLUC(
G5 0d o

8P GHQ JHVDPWHQ $GVRUSWLRBVWHQHW®XN&HUNVXFKHVWDO &
EHL GHP DOOH )XQNWLRQHQ JHWHXWKWGH G HE HH S GO WSZHN U
ZDVVHU EHI<-OOW GDV HLQH JHW. @R HO HNWSURR FOH Z/#H 1L VWWI |
NHLQH 5¢«FNVWIQGH EHL GHU 9H H G DIRSWH & KK QDG G HAY B/G V/Hi
ZLUG DXI f& EHKHL]W GHU :lU PR HNFRKGIDREN H U € LEHK P M FEKH €
DXI f& WHPSHULHUW 'DV %DGWKHHPRRWD VWP VP VS VYO W UG DF
VRGDVV GDV :DVVHU LP ,QQHUHQ SN PLLI\GH V¥ WRSH/U D W X U¥
JHZIKOW GDVV LP 9HUGDPSIHU GIFKK\WLBE® B LW & B V7 HDPSWHHD W
VLHUHLQKHLW QXU GRUW NRQGHOQWMLIQKHQWES QY ULDWKGEH P §
VHUGDPSIGUXFN PEDU VRGDV¥ GBQGHOWHUY DKQY XD U, P
VXFK ZXUGH GLH 5RKUOHLWXQJ ]BMRAKINOL RROWLCHUMHD. IHK HOLLWF
VRGDVV GDV :DVVHU LQ GHU 5R KDGMLAV QU NRFOJE H G D IV UBNHH.
GHU 0)&V QRFK HLQ 'UXFNDQVWLHGHQ THUN VHRNW\DEPPW I DXWQ
LQVEHVRQGHUH I+U DXVVDJHNU I WHVIKD OHEVX X QG H @G Y IR G « FINFX
GHV %DGWKHUPRVWDWHV XP GDR®EVE LEIGHXHW URRHUI B XL F
DXIJHKHL]W ZLUG 1DFK GHP 7UR RNRQ@QHQV B 8 UG LHVDHPLMHHU B QC
JHWHVWHW ZHUGHQ 'LH 0)& OPDVNE @GHWMURPQG KV RKH R Q & H®!
FKHQG VFKQHOO 'LH XQWHUVFEKHA APLFKWDP WHPS HUDWIKR) MG
GHU 6ROOWHPSHUDWXU 'DV /DEQ,( ORI XD BP] HH EXWW HWH LOYO
ZHUWH O+FNHQORV DXI| XQG GLH J6 WHX\HWDRIIL H UWG B RE-O0HP\

$XV 6LFKHUKHLWVJU*QGHQ ZXUGHPGW UDB\GV A W FE H U V WHRQJ AWM
VLFKHU]JXVWHOOHQ GDVV DXFK @EH LHE B UH®D EH P 1B [DPDOHH
WXQJ GHU %DGWKHUPRVWDWH DXWUMWHQ GIHH5$4Q QD J K Q/ILF
YRQ 7KHUPR|O XQG EHL QLHGULJIQWHQHUKPSIHU B WU VE]K
GXUFK 9HUEUHQQXQJHQ DOV EHLK HE® KHR SHHPD IWOHIMNRYBQ $
DXl f& KDW ]X NHLQHP %DXWH ILOWKH UR' BEHIQ X & & KIQWG HIJVO
LVW WHPSHULHUEDU XQG UHDJLHUSM @UXFINU/GXQGE QIIHIQ THP\L
'IKUHQG GHU 9HUVXFKVGDXHU W U DGWHRQ SIW L R & V/MIENDWH § YD
LVW VRPLW EHUHLW I+U 9DOLGLHOO®IXBOBVI/E\QIBIDL R HY B HW

WEou Z WPv Zv@ @ «AGE

, P HUVWHQ 7HVWODXI| ZXUGH GHU $3+:+0@PWWXQG BEHLSB 6D H P Ef
YROQ PEDU JHWHVWHW ‘'LH 0#HMVEHLL K QHH GIEHS E BHIQD XWH
GXQJVLQOG GLH OHVVUHLKHQ GHU H I$3WH®DUHNHAW RHNOOMD J B I C
9HUODXI GHU %HODGXQJV]XQDKPHLEHQ GO HH HW DHILVIMUH L:
ROLWK LVW GHU FKDUDNWHULVWHWNKIHH LHIHI@ D2HIL YV QH UDNKH QL
BWRIIWUDQVSRUWZLGHUVWIQGHQ X@G QB KRKLHRU H® P8 HUHDQV X
XQWHUVFKLHGOLFKH $GVRUSWURQVN QOWHVOLGN FILQI L P DHOV M QUG U



MHGRFK QLFKW GHQ JUXQGOHJIJHRDKRK XECAOORREQYUGCHB KB D &
VLIW ZHUGHAQ

'LH OHVVUHLKH JHLJW HLQH GW XRDULNKQGIMRNR®@ B UHX § & VRL
OLHJW XQWHU GHP HUZDUWHWHQJ:HUW G DK DIXIUJLXQRHF B HX ( G
GDV %DGWKHUPRVWDW GLH HLQJHNW® DFRKMWMH HLSQUKXCD W IH @ SNR
GHQ $XVIDOO GHU .+KOXQJ NDP HM JXXHLQJ® KDRSWH WX YR
GDVV GLH (QGEHODGXQJ EHL HL@R® *O H& FHKJI IR DLIFKHW V KXW DC
]X HLQHP %DGWKHUPRVWDW P LW KHVHWHIUREOB P LNHWXWOW X F

,Q OHVVUHLKH WUDW QDFK  OHUXMWIRG HEQXFKI B 6 LH EIDWWX K
S8UVDFKH leU GHQ )HKOHU ZDU HLQH:DEKHIOM R'XW B K \WXVQ BX\
WHQNDEHOV NRQQWH GHU JHKOHWHEGRREHOLIHQ @HYV X R U HE
$G:h HLQHQ GHXWOLFK VFKQHO ®HIHUQ G9LVRKL HIUGHL YlHHOLIKG
B8QWHUVFKLHG LVW DXI| GLH 6S U X QXJ¥KHRMSH UDDN & UHYWRIQG X U RK
%DGWKHUPRVWDW NRQVWDQW JHKD]GIWHQ ZHQIE® Q GHROIQAHAUHH
HLQHU (QGEHODGXQJ YRQ FDHGRFROVWHHQ' LEGH EH DMWY I D kK
$QVWLHJ DXI GHU DXI| HLQHQ )HHKKHIH GEFAWIG XBIIH XQ@H Q X L
'"UXFNYHUODXI LQ GHU OHVVNDPPH 8 XQRX BOMW SXDRKWE Y \GHH B
GLH OHVVUHLKH 'DUDXV LVW [RKIDOMHHIDRMRQ D&V BHL®) 8
'UXFNDEIDOO DXI PEDU YHUXUNGFUW QUWGE LEWY GHY BiX
8PVFKDOWSXQNW DXI 0)& ]X IU*K HQIRBQW H DVYG W/RIPRSM @I
NRQQWH 'XUFK $QSDVVXQJ GHU 3N WBPNRGIQUWHUGGE HIV 18P \GRKR
EHQ ZHUGHQ

'LH 5HJHOXQJ DUEHLWHWH ]X %HHMRXYU ZHEH® X RSLAHFXVH O\
0)& ]X 0)& PLW HLQHP DQIIQJOLFKHQ "X PRI OXKVHRD EH YV .
VDPWHQ $NWLYLWIWV]HLW GHVLE®EW WOQOXQWH® \M] Q@ GHISD L
YRQ PEDU ELV PEDU D XPINXG FHLIHOX QLKW REWL
GXQJ]X HUNHQQUHRAQLVBWHVHU RV]LOOLHUHQGHQHPHIWHDIDE H
'XUFKIOXVVYHUODXI LP %HUHLF R HOVHWWE-RFX@Z VB WH Y ) M R Q3HIWV
S8PVFKDOWSXQNW JZLVFKHQ 0)& XQUG G}HX VWDIPF K \O D K INUIDXRHJ
RQV]JHLW YRQ 0)& ]X HLQHP SHUHRGANGKMH® V:HAKMH O K B MMF |
GHXWOLFK VWIUNHUHQ B6FKZLQJX®HFKZH\D OZXFNY LdQ P& @LI
*EHUVFKULWWHQ ZXUGH XQG 0)&' XNFE®VHLIDQ3Y' X QU BIHAXQ G F
QDFKIROJHQGHQ OHVVUHLKHQ GDEXEFKHLIWH G LH G )R SA DV \BH
VWU|PH XQG GHQ OHVVNDPPHUGUXBN QDK BKIAL G BI¥ B 0 NRIVQ@
HLQH 6FKZDQNXQJ JZLVFKHQ GRESIWXZHI GHQPERIUUKQG C
UHQ 6WHOO]JHLW YRQ 0)& LP 9HUJOGLHAKH PK&ZLQ 0X&R JNPLFXK
JHGIPSIW ZHUGHQ RKQH GDVV EHL OP& W 0MHW HE@ K ZH.Q hERIH
0)& HUIROJWH QDFK FD OLQXWWHHQQBLIM BHQH P 18 KIDJHHW MXQ &
0)& DQJHSDVVWHQ WUIJHUHQ 5HJH®IXQR O JNWH h@ B FK OF@®J ] X
PLW HLQHP NOHLQHQ 5HJHOIHKOMU OG AKHORDXV)GH VK QH\D\C
LVW HLQ IOLH% HQGHU HEWWJRQJ X&HUZNHGQGHU OHVVNDPP
GXUFK GLH 5HJHOXQJ VFKZLQJXQJVIUHL JHKDOWHQ

'LH %HODGXQJVNXUYH YRQ OHVV WHIIQK H L QZHHL \OVD KHJ K KO L QUH.ID
DXI GHU QLFKW YRUOLHJHQ VROQO®WN XL GBD GPNAHF IGHIOW B
HUNHQQHQ GDVV QDFK GHP 8PVFKDORMIDE IDXOIO0)L& GHQ OHR



DXIWUDW VLHKH $BEMQBXIWN GDVV QLFKW JHQUJPFIQG :DVV
NRQQWH REZRKO PLW 0)& HLQ OPMVHEKWYVRP YREK $QDPLYI
VFKDOWSXQNWH LVW HUVLFKW®LEXUGBVYVQG)& LOILEKNH OX Q.
0)& LQ GHQ YRO ORG XMW EEHIUQHQJI5HIJHOXQJVIHKOHKMWDOV G
ZXUGH 'LHVHU )HKOHU HQW VW DWQ GZ L&/IF KIWVQHE 8 B B R\KFUK B Q VO 8
LQ GHP GHU ODVVHQVWURP QDKH) ZXBG® QRJIJGHKNISHIDGX®H\
JXQJ 1*U NOHLQH 'XUFKIOsVVH HUI-®O® YRRG XBBK\G HU | RHFX
e KUWH GD]X GDVV GXUFK GDV SD-\HOQYHQWR D HHW QH]LXF K MU Z ¥
HLQHP 'UXFNDEIDOO I*KUWH 1DFKUXFONLYR@HQ ZPEADAH HAJHIH I
OHUGLQJV LVW GLH OHVVXQJ JHOQH'® XBEXQIWH IVX K GHGNVXQD
PLW XQEUDXFKEDU 'DV 3UREOHPBHR@X\QH XQGS B X URKUESIW Vi
AIORZ ZDWFKHUV?: EHRKKREWY GHU OHYVNDPPHUGUXFN QDFK

QDFK FD PLQ NRQVWDQW EOHLEW VLHKH $EELOGXQJ
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$EELOGX®HODGXQJV]XQDKPH *EHU GLH =HLWRXPWNGRPHG: 6 HQ BIHVY
EHI-OOW LVW 7HPSHUDWXUVSUEREQIWWRYRD>XEHU 8 WHWYW\HRUUWHQ 5H
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$SEELOGX@®IODX!I GHU 0ODVVHQVWU|PH GXUFK IGL I& 19 P& 0XQY & NEDHUP HWX ¥ B
OHVVHUJHEQLVVH YRU GHU YHUEHVVHUWHQ 5HJHOXQJ
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$EELOGX®UODX| GHU ODVVHQVWU|PH GXUFK IGL & 18 Y& OXHYE NEDHRLP HUX B
PHQHQ 2SWLPLHUXQJ LQ GHU 5HJHOXQJ

3% sG] @P « DesAEZEve

=XU 9DOLGLHUXQJ GHV OHVVYHUIDK U@ @G\ LOHS/ WIHIHD B HINHD €C
GHPVHOEHQ 7HPSHUDWXUVSUXQJQZ2HUMX FK Q'HRRJ \CRHPD QRIED B
VHQ +LHUIsU ZLUG HLQH J 1D<%QHBURRUQHUZHD GRQY

PP EHL HLQHP /7- YRQ DX fOVHEEHQZEDG GEHGH Q.
ZLH LQ GHU $UEHLW Y@GROW> GH® GRUWLJHQ 'DWHQ YHUJOLFK
JHKOHU LQ GHU 5HJHOXQJ XQG OHVVXQJ |X WUHIIHQ

$EELOGX®LIW GDV OHVVHUJHEQLV GHH WDMHIGAKH PXXAQ 5 PHWV N
LVW HLQH $EZHLFKXQJ YRQ HQ XL X0 O SHQ@NHWY I HKIOH D X3 H3J C
UeFN]XI*KUHQ LVW %HL GHU %HUHRAKQXQ JHG WW % HO PFAWXQF |
ZRGXUFK HLQ )HKOHU GXUFK GLW HU FPK\W\J & WU M H @& KQ &W H-QU
EHWHYBEWS ® % *<*GHU I*UFOR&UX ®r’’ % *%XQG 0)& ZHLVW HLQH
ZHLFKX QRt & R@r’’ %o «<DXl 'LH $EZHLFKXQJ ZLUG EHVRQGHUYV
$QWHLO YRQ EHHLQIOXVVW «EHM BXWY 6 HUW HKIQUHRWX PR

OLQXWHQ ZLUG LQ GHQ YRO 0RGXNUXRIKHWHF I DNCRVQH/\W D DR\G
0)& :HUWH Il+U GLH %HODGXQJVEHUHFX®D XA U @HBOK\WH @ B K&HEH
ZHUW PLW GHU )HKOHUVXPPH NRGHQMWHWRMK A UUIE UKDUDIMIE R\L W L

OLW ]ZHL ZHLWHUHQ .R QW (GR.O® PERANXIQVIHIQVZ XEKQH GLHVH OF
GHU LQ $EELCIBIXIGNWHOOWH 9HUODXI 'LH CHANKDHIHKH & [D Nk
*EHUHLQDQGHU ZDV I+U HLQH J3WHQINYBRGH L AKED UNH B QYW
5HIHUHQ] LVW PLQLPDO DXIJUXQ G D¥KRA . 8TIREHH.G KKKMHE VB A K Z IDC
JHQ EHL GHU OHVVXQJ 'DPLW VR WS B/H RWY MNLLIW W DWW GVHXLF
ORGLILJLHUXQJHQ JOHLFKZHUWLJH (UJHEQLVVH OLHIHUW
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$SEELOGXQHVVZHUWXQWHUVFKLHG GXUFK OD)EGLKO® QI QRAMMWUKQH B LEW
/7- YRQ £ f& )HKOHUVXPPH XQG NRUULJLHUWHU %HODGXQJVPHV\
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$EELOGX@DOLGLHUXQJVPHVVXQJ PLW 1D<%HU)JBRK OHQY I EHIH B X QB &5 H&
QRUPLHUW DXI GLH MHZHLOLJH 3UREHQPDVVH I+U HLQHQ GLUHNWHGC

e VUEZAEB GV @& E u%uvbP VZ BV

'LH 6FKDOWSXQNWH XQG GLH 5HIHOMQQIHG DX 10) &\H ZIOH\DHQY R
,QWHJUDWLRQ YRQ 0)& LQ GLH 5HUMOXQY KQWSVREFE KW HIXKX
0)&V LVW VDQIW VRGDVV QLFKWUFKIRXW VG @ X UKE|K KOy &V PH UQILHF
'LHVY ZXUGH GXUFK GLH $QSDVVXQJ BHVKLFEWIOHU\3 |'» 8 HIJIOH
HLQJHVWHOOW GDVV HU ZHQLUFKEWEKGHKDIOQDBQGHQ]HK O\W 2H
5HJHONUHLY UHDJLHUW VFKQHGODIHISD VXM G XDGLAEOQ 6 R/
6FKZLQJXQJHQ ]X KDOWHQ 'HU 9WH GBIPS IHHWD MDW HGE IQHH GNHRRQ ¥
%DGWKHUPRVWDW l+U GLH 7HPSHEFKMUKQQ HH® W R 8 V MWAKQW 'K R
PDVVHQVWURP RKQH 'UXFNDEIDOO EPSIPDV VMDY WERRU S XH
0)&



X va@ pw peAG VP

$XV GHU HUVWHQ 7HVWUHLKH BHKBHEHOX QU DXP X VI «®@LHUEH M
PDVVHQ LP $G:h IXQNWLRQLHUW VRIPLPRGXIEKLHUWHR [S6HU H\S
VHW]EDU XQG OLHIHUW DXVVDJIJHMNQIVWEHYU GUHHERLRVSW KR

GLH (LJHQVFKDIWHQ GHU $G:h |X WQGEHUIBQ 'Y HUYBHON FXMIPQXE
ZHUGHQ

'LH OHVVUHLKHQ XQGf& /ZHLVHQ LGHQWLVFKH (UIHEQLVVF
$SEELOGXN®XP YRQHLQDQGHU ]XLKQ WHLLIWF KB GW @ HIV WO H L FK |
JXQJHQ GLH (UJHEQLVVH LGHQWIS\GEK DHISVWR GHRIP HW EHDLLD M LI
XQG UHSURGX]LHUEDUH $GVRUSWLRQVNLQHWLN DXI

)»U GLH OHVVUHLKHQAE XQ& ZXKUGH GLH 5HJHOXQJ ZHLWHU
DQIIQJOLFKHQ VFKZLQJHQGHQ 5HXBHUEBP Z XX GIIRE@ SH.GIVEFK
GHV 0)& XQG GHV AIORZ ZDWFK UV I W|B BQHRSXFEWV BKADQ |
GHU OHVVNDPPHDVWDXUWUBHMNQLVW HLQH $QQIKH UL VOLF KH L (
*EHU HLQHQ OIQJHUHQ =HLWUD»® ®@HEBEXYJIQEHUWU (GQH THIV
XQG YRUJHQRPPHQ ZXUGH LVW HRXI 7HP & H UIPU WUV ISQUE QL |
GXQJVNXUYHQ GHV $G:h GLUHNW P& WPG3D® Bl © D @XQH V NOXRILY]
PLW ZLUG GHU (LQIOXVV GHU 6SUXQQWHB XD UWIBMXW O KF KG L'H

VFKLHG YRQ . I*KUW ]X HLQHU HUMNHNQRQYSMLRQ \OMIUQH W I N
(QGEHODGXQJ

S Jv ul]v

D ¢+@E |Z=BD ¢+E |Z=RD ¢+E |Z=&D ++E |Z

$SEELOGX®HODGXQJV]XQDKPH *EHU GLH =HLWRXWNORPHG: B HQ BIHW
EHI-OOW LVW 7HPSHUDWXUVSUXQIQ®RQ X@XIYRG& DMVYVUHLKHHV VL
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$EELOGXDRUPLHUWH %HODGXQJVNXUYH GHU YRQVIHBIBRHQ PXW GHHP ¢

$SEELOGX]®LIJW GLH QRUPLHUWHQ %HODGXDRQWNNOHHQL GG
B3UREHQPDWHULDO EH]RJHQ 'LHWRQUPHYYZHW B Q K9H VB R HH
EHQJU|%HQ GD EHL JOHLFKHQ 7THBBEUDYIXD ®DG JODMS FAUHX |
JLHOW ZHUGHQ@SBRROSWLRQVNLQHWLN XQ G GEHHBYIRIXWUBQ \
$QIDQJVYHUODXI GHU .XUYH ZREGHLEWH DEG EHODWE N QY FXAH
HUUHLFKMA BHUBUHQ] DXV GHU 9HU|I1HQW @LHFE NDH £ Q @QZ XWK
LP %YHUHLFK YRPRJ HUVWHOOW 'LHVH ZXUGH QN B XJH-PLHJ/M/UH QV }
ZDV HLQH HLQVHLWLJH :IUPHOHWLMW QJPLKG ChDXLUUD Q X0 BN ED
URKU HLQH GUHLVHLWLJH :IUPH®HLRGXUER GBY *WPHXDDW
VFKHQ *UDQXODW XQG 7HPSHUL HEWIOBHE GB8RWWLIHQXZKJRH UE L
GHP 3DSHU

P 9HUJOHLFK ]X GHQ 'DWHQ DX¥ GHUVWHUFKHQWBLKKX®J [ML
UHLKHQ LQ $EEHIOGEBUFKHU QRUPLHUWHU (QRSES\WD DREQX\DN LIQIE
WLNH OHVVUHLKHQ XQG ZHLVHQ DXXQUWG®® SHHWW\QYXHGUL S
f& HLQH K|KHUH $GVRUSWLRQV)NUQGHWLNHN UV HLLKH BH | KKIQH
GLH JOHLFKHQ 5DQGEHGLQJXQ DHQ \ZR & DL\QV GH.UH 9 H U(|U UHHE\Y OV
HLQDQGHU YHUJOLFKHQ ZHUGHMBKN|QQO DU K XXV R UKW L R O VHLL
5HIHUHQ] HUNHQQEDU 6RPLW JHLUWLGH UI§6 HO HADWRQG LLHP @
]XU HLQVHLWLJHQ :IUPHOHLWXQJe EHUUBIDQ ¥ Q Q/ ICHAIDH ORI LMDk
GDUDXV HLQH VFKQHOOHUH $®WRWSOWERQVELQKWHE UFHHLX OU
GHU PD[LPDOHQ %HODGXQJ PDWKRWGHILAKNGG GXRIFW LI
BFKLFKWHQ GHV 7$362  *UDQXO DRV JEHR DU N 6 DAH PISH 1D XWX
]ZLVFKHQ =HROLWK XQG 7HPSHULKBUIONGE]ZHUG GHRIGXUFK €
GHV $G:h YHUULQJHUW ZLUG 'LH G®I®BH O/IRGOY.N EGLHIL E WUX/G
UDPHWHU QXU $XVZLUNXQJHQ DXQ GLH $GVRUSWLRQVNLQHW



$XV GHU OHVVUHLKH HUJLEW VLFKIHHQHHGIEEHDIDGKWG U 1Y RG
DX| GLH 7$362 ODWJH$EELOGX®LIJW GLH ,VRWKHUPHQ PLW
%HODGXQJVPDVVHQ $XV GHQ DEYRDQIM HHOL 0% 0D BK GlLHG! G
IHUHQ] EHL WR®G P& J EHL PEDU PJ J BB [f& A

EHLf& 'LH %HODGXQJVGLIIHUHQ] ]ZLEFMHKHQ PXQG f& EB
> @ 'LHY HQWVSULFKW VHKU JHQDLXU G HPD KHHRH B © M G5HUQ] LV BV

lsotherms

x [mafgl

$SEELOGXQURWKHUPHQ YRQ 7$362 DXV GHU )UDXQKRIHU 'DWHQEDQN

] co|]CE V tm

=X %YHJIJLQQ GHU $GVRUSWLRQ PWH¥ K HOSBWRHIG WARGX/WHIQ 1BW
OHLVWXQJ DP K|FKVWHQ LVW HUJGEW ¥HWFK UHILGHPD [L KDGH
szt %XQGU GLH OHVVUHLEKKRD L S6EQGC %L YBELOG XLUIIW GHQ
9HUODX| GHY$W2ZWWWHVHGXUFKJH]RIJHQH . XUYHQQ-ERU GLH
PHQWBHWEHUW JHVWULFKHOWH .XUYHQ IPUSHUQOMQRAKQHW
PRPHQWDWRQMMUW HUUHLFKW QDFK GHU HUVWRBG UIHGXYIHHVML §
QDFK OLQXWHQ IDM BHB HXWMM GDVV GLH $®WDXKSMWULROYN
WLHUHQGH .IOWHOHLVWXQJ [XEHHJIQQBRKEMXRIME&HUVL WRE K XL\
,Q GLHVHP =HLWEHUHLFK ZLUG GBHWVHU D% W R UBHLHB %W 2 UH % HDCEI
'HUW GHVVHQ =\NOXV]HLW DXI| GHRI BHILVWQ QHRPIG PR WSWK
$GVRUSWLRQV]JHLW ODQJVDP DE

)»U GLHVH $G:h .RQILIXEDWALRKR QHUILEW VLFK HLQH PLWWOHL
36,-LvtZasz EHL HLQHU %HODGXQJ YRQ IEQNU VS HIHN \HRKM DS
WHOHLVW%QJLYR®WY % )*U GHQ JHVDPWHQ %HODGXQJVKXE
UHGX]LHUW VLFK GLH PL3§MWQHUdwt | OVOHOG LN WSBIJLDDMFKH . |
WXQJ VLEOMA DRI &xs % (V JHLIJW VLFK GDVV GLH PLWWOH
DEIIOOW ZHQQ GLH %HODGWXQUWYBXG RS SHQWHDMFED I\
VRUSWLRQVNLQHWLN JXUeFN]XI+RQXMP QG]X T $-8I1621 W HQDHF & D GOHL(
YROOH %HODGXQJ ]X HUUHLFKHTHLM \WUHRQ G WG IUA R F KIHH B HIE
LQHIILILHQWHQ 1XW]XQJ GHV JHVDPWHQ %HODGXQJVKXEV



'HQQ GHU 9HIWEHUWSHH UQ $EKIQJLINHLW YRP oHDLDJGEX GIW.ILE\
VLFK GHU LQ $6PUOBXWHOOWH 9HUODXI| $XAE%HHWW MLIXG G|
%HJLQQ DP K|FKVWHQ XQG IDOORQWG BQYE LJ B RIG]KPI @ H DKEPA %
'DPLW LVW GHU 9HUOBXHGWH\D BEVR®)OW A NRQVWDQWHU ZR
%HODGXQJ DXFK KLHU HLQHQ $EHD @® LD X LOHLLY W H QUD/GAX QH J¥HF
LVW HLQ UDSLGHU $EIDOO ]X NWNGILGH HW| %W H \PW WHAW G H Q1 EIBD
EHL YROOHP %HODGXQJVKXE HUUWKEKEW QU GL \OW\H G HIW QPHL WV %
5%2HUWVWPWafus %DP K|IFKVWHQ XQG EHE%2 Huskzs VWeGHU

EHUHLWY GHXWOLFK JHULQJHUHIRUMM DYKH JBRAENQIIBEE H5 D X Q C
DOOHUGLQJV QRFKLH '"HVRUSWLRQ LVW G D \S\RHPQ BVH] HULJME QLLF
GDVV I+U HLQH RSWLPDOH .IOWHBMX® EFHKWWWH LOQHP 5 MJ IO X Q=
YROOVWIQGLJ EH XQG HQWOD@EHYRKUGHEZHE LQ .DSLWHO
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$EELOGXQHUODX!| GHW20® 8 DPHW PRPHEHNWDGQLH =HLW ZIKUHQG HLQHV .
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$EELOGX®UODX| GH% XQ\EDBWY PRAEDVRDEQ DXI GHQ %HODGXQJVDQ



'LH DXV GHQ 'LDJUDPPHQ HUVLEFHKW &HFKD G\ J VB @ WHRLLD DXQDCE
VRUSWLRQVNLQHWLE%DHIN ESNAKK GLWH GHRPHWULH GHV :IUP
GDV =HROLWKPDWHULDO VLQ GG PI2HIED ILFVKV G DUQUH R LKHKRF
PDVVH LP 5LSSHQURKU [+K@%ZHXYW LO HM KJROHUAK [X HLQHU N
DX HLQHP 30DWWHQZIUPHsEHUWUDOHUI+ Ub% AULW W RIH &% HI U
GHXWXQJ 'LH 7THPSHUDWXUGLIIHHE QL @ HLPV FRAKDHEE D J U
GLHVH GHU $XVO|VHU I+U GLH %HODGXQJVGLIIHUHQ] LVW

ZASE @P « tme WfAEZ v WE 3E

'LH & KDUDNWHULVWLNHQ N|QQH® DPKD @R GHUHOQ \$ 8 Ch DX)HW J
ZHUGHQ 'DV +DXSW]JLHO GLHVHGLHWH Q HLH®& \3 E Ul Y WHHW M/U G X
GHQ JU|%WHQ (LQIOXVV DXI GHH. 5GBWR OB UM\R QY N KOHEW DN »0%
XQWHUVXFKW ZHUGHQ ZHOFKH XD UDPHWHQ NHQ KXY \RGNU G
)DNWRUHQ KDEHQ 'LH JHZRQ QHWQ HUDX QUANHIUGIW QU \G\LHH GR & QW
$G:h GLH GDV RSWLPDOH *OHLFERXWHEQOFKNW |ZHRODHLMEXGHR & G
WUDJHUV VRZLH GHU /HLVWXQ JWGW HKWHGDXIZM LYE:Q 170 H W
PD[LPDOH (IILJLHQ] XQG /HLVWXQJ ELHWHQ

7TDEHORKDUDNWHULVLHUXQJ GHV $G:h DXI YHUVFKLHGHQH 9HUKIOWQLVVH

HROLWKPDVVH ]X *HVDP WXUZ% %o
) . rass-
| eriyt%% %o
%HODGXQJVPDVVH ]X *HV srAtu % {{.%0
I sayv
0 N Wt %o %o
W Z %o ; %o
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%HL GHQ HUVWHQ 8QWHUVXFKXQJWG GVHWEG QVPK /W /16X G
JLHUWH 9 /7- OHVVPHWKRGH DOV 'HHIBOVVHHBENW KHHDXWVQHGE
OHVVYHUIDKUHQ DXFK U JU]| %0 HU H 3NUHRLEHH) PHDI Y/ MIWAQH JIUKILZHLR
LVW EHVWIWLIJW GDVV GLHVHKXHQMIVPRE B ChHHILle Q JEILVHH S/QWW H &
XQG GLH (UJHEQLVVH GLH JOHLGKH GIEKDOXOWJI MQDIXOZNOWH Q HZU
VHQ



JE}veA @ ° EEP E
,P 5GDKPHQ GHU OHVVUHLKHQ ZXUGHRKL Q & ChWRHLUA XFEIQW U' LI,
EHVWHKW DXV HLQHP 5LSSHQURK bl @WXYG. ¥X3.I\W UH GGN U+ BH VIS
YRQ PP 'DV 5LSSHQURKU KDW HLQHBPP. HILQGX B EKPHIY K HWH
PP XQG HLQHQ 5LSSHQDEVWD@RE MR | F KIPPEFWR $X@o H
GLHVHU .RQILJXUDWLRQ ZXUGH JZUIWRRBQVGHYRYPLSSHQ RLY
.RUQJU|%H YRQ PP HLQJHI<OOW

$XV GHQ OHVVHUJHEQLVVHQ@HYMWHKHWEEWLOGXYM PLW GHP 5L
VHUHU :IUPHSsEHUJDQJ |XP =HR O LMK HEHQH G K\U XYW WGE D'Q M P [
KLQ GDVV GLH GUHLVHLWLJH :IWRKHWO EHWXE8U GXWFKOXDE LFL.
PHOHLWXQJ GXUFK GLH 30DW WA 6MHR Q W.IUIDVOLMSHR & YZZLGUHNXY
WHUVWHQ 6FKLFKW GHV $G:h LHW ZHWNXQQ H G OWRK GA_IHH SHRIUILEN
' IJUPHsEHUJDQJV

'DV OHWDOOJLWWHU PLW HLQHUQ @GR QHKH QUDHKIWAVYRIQH Y RPQP
6FKXW] GHV =HROLWKJUDQXO D WYX KB W XIHG QHp@ RHUKZHID@EDD L
DXFK HLQ JU|EHUHV *LWWHU RKQH G REEHIH BW RH L\§ UDQNW\S RW
GDV OHWDOOJLWWHU EHHLQIOXVVW ZLUG

'LH 6ZDJHORN XQG 9&5 9HUE L Q GRRKMIH QH]MSH H R VDXXFHQE ¥R QX
JHFNDJHQ 6RPLW VLQG GHU $G:hOXQGHGItH BRGX®BDWH QHEQNE
EHL K|[KHUHQ 'UsFNHQ XQG 7THPSHUDWXUHQ JHHLJQHW

X &Z0®& @ pw WEou Z pvP

Z PvPuv D eepvP
‘'LH OHVVJHQDXLJNHLW GHU 6HQVRVAHQUBEHWU IGWH 'UXFNR/M Q

l+U GLH 0)&V )XOO 6FDOH GHV JDQ]H® @ HWWPEHWBDMWXHWH Q
VLQG JZHL YHUVFKLHGHQH 7\SH@WHUBBSXW H'LWHTK HU® R 8 OH
YRQ DX| ZIKUHQG GLH 37 B® GUHU HQ O HUH/G] NIODW W H

DNJHSWDEOHQ %HUHLFK XQG N|QQWQQGKNQ FIXXF H K UBIURAK B QHZ
JHPHLQ ZHUGHQ (UJHEQLVVH LQQHRIEKDOE BOV DHY U X DVLFAKWF

'LH 1XOOSXQNWYHUVFKLHEXQI¥RQl «0EWPLOWEHVRQGHUH E
3UREHQPDVVHQ ]X HLQHP HUKHE QL FHKK@HUH MV NRKWHU L 18 B HE;
JHKOHUVXPPH GXUFK %HU+FNVLF KW XW1YWQN RPH\H QH/K 6 H WV ZEHJLC

(LQH $QSDVVXQJ GHU 8PVFKDOWSRQRWH [ZDV FKHI LOH &8 Q)R
‘HFKVHO ]X HLQHP HLQ]JLJHQ hEHUVYOKZE® PH% LYH U E K VAVEHIY [
GXUFK GDV SDUDOOHOH %HWUHLE HLQ ECOHIU D&V GHLBIUMNQ FIK @ HZ
DNWLY ZHQQ DXI| HLQHQ JU|%HUHQ XPJHVFKDOWHW ZLUG

'LH 3,' 3DUDPHWHU (LQVWHOOXQJHQ XU L0Q & U XLGDG/ W PSE LIG K IQV
ZHLVH YRQ 0)& (V WUDWHQ VWDHQ® H (S HWHLR 6HYH R KX BF PXI Q
5HJHOIHKOHU ER\GLKHVH 6FKZLQJXQJHQ ]X GIPSINMBU Z2XW GHQ
3," 5HJOHU HUPLWWHOW 'LHVH ZXUBIHFN PHW |6 K B HQX [EHHY W UF
HLQHQ 5HJHOYHUODXI PLW hEHV VY FKIZX Q JWQHIWY K HQ W HRE YK
(LQ DQVFKOLH%HQGHU 7HVW KR@J]XRHLOMHU YHUEKHW I$OWH Q



EHLP 8PVFKDOWHQ ]X 0)& XQG 0)& 5WWDQNH % 16 FIOZIL GXH DU B
GHXWOLFK JU|[%HUHQ 1DFKVWH®OLNMWIXQ B LIRUK BIQ QH] 6 QW (
NHLQH SHUIHNWH VFKZLQJXQJVIWKIUHG BI9J 8 DK GH PH DSICAKD FoH
ZIKOW GDVV EHLP 8PVFKDOWHQ D2UQW)K.Q YOXEWOY BW MH L1X b FOR
OHLFKWHY 6FKZLQJHQ PLW HLQHP+*BHGHI® IHHKWOWHNQYRYW GLB
MHGRFK QLFKW DXVVFKODJJHEHQG

'LH QHXHQ (LQVWHOOXQJHQ VL QG%HUH R UDG/IVHH B B DHPS XD VY/A
EHL GHU 8QWHUVXFKXQJ YRQ $G:hKMHLYROW Q HL GHE 3 QRVE
VLQG GLH 5HJOHUHLQVWHO O XQIUHRY%6ML B K WH DS HD LUIDAHHNV H3UD D\
leKUW GD]X GDVV EHL GHU VFKQHO/QHQOH P K D B § WK ¥ H HLONG
YLHO :DVVHUGDPSI LQ GLH OHVWHQ OHX¥WD QPAMW L'DE XROK N DH
ZRGXUFK GLH OHVVXQJ XQEUDXFK KD K LDUX H'®IVVIWRE @ H R L\Y
JHQ RGHU 'HDNWLYLHUXQJ YRQ 0)& EHKREHQ ZHUGHQ

%HL 9HUVXFKHQ XU 8QWHUVXFKYWQG LGHHUHPGWHRIIDIWXIUR Q @ NG I
VFKHLGHQG 'LH 7THPSHUDWXU ZLW® REMDGEHQ PXWD:OIVYRQ ®B
PRVWDWHQ JHUHJHOW 'DGXUFK ZLDQ GUWHBREHEXQILHDEBKA
ZRGXUFK GLH 7THPSHUDWXU DQ GHW FKRBH RWW DQJ H U QLVAW VI
HLQHP 2IITVHW DP 7KHUPRVWDW NDQYR CRUHBDRASHU ZWNXG KQ\
B3UREH GLH ULFKWLJH 6ROOWHPSHUDWXU EHLKIOW

ftm
'LH *U|[%H GHV $G:h ZXUGH GXUFK @PPHLY RMRKDGIGHBRHQIDAPX .
$G:h LQ HLQHQ =\OLQGHU PLW HLQHPP, X@QHQ I XQH K PH K M HNR ¢
PP ] X LQWHJULHUHQ PXVVWH HWY GR HN\RHQW W UXLHRMQYHRGHQ
VFKUHLWHW

'LH 2ULHQWLHUXQJ GHV $G:h ZXUGHYBUUHFXHEHD 96N X)ORNDE
GXUFKI*KUXQJHQ DQ GHU %RGHQSODWWWH ®XQJIHXBKO RBWUH @
VFKXW]XPPDQWHOXQJ KDEHQ &HW 6HZLKRQYVEEG IKE®HQH 1Q RK
GLXXV GLHVHP *UXQG PXVVWH GLH WOH VK DDNH G\N VU GODWNRKX P I
DQJHEUDFKW ZHUGHQ XP DX VIKHICAHKIWVQGHO6WDELOLWIW X J

'LH 3RVLWLRQ GHV $G:h LVW HQUWREKEZERRKGHGDUQUGRE BRI
GXUFKJHI*KUW ZHUGHQ NDQQ RGH W HED %&WUZ$I®&:BHOR PXOWW | §
5LSSHQURKU LVW HLQ 3UREHQZHF K\FKO RIQQG HEIL $iD A-XKEPLNDGP
]IXWUHQQHQ 'D]X ZXUGH GHU $G:h X &P | BX$DHKEDKIWS X GE EPLLON
OHWDOOJLWWHUVWFNHQ YHUVKRIBGQP LGAL K& MR Q B H/le WNHHD DI Z W
GHQ (QGHQ GHV 5LSSHQURKUHV PXMWIGH +GHID K S DIDOND N € UGNHOUH
JHOQ ]X YHUKLQGHUQ

$Q GHU 8QWHUVHLWH GHU 9DNXXP NI®D® DHU NEQDBFHW 9HHWLO)R A
VFKODXFK PXVV LQ GHU +HUVWIHOQXBQ MRGHNILOE H\DW E LD &
JHIHUWLJW ZHUGHQ (V ZDU Q LKV IVX DK Y R OGH UG BIEN XOXP\W B €
ZLFNHOQ GD GHU PLQLPDO ]XQIHKLDIGIWALQH ZH UG QX N RILE W W
GLH 9HUOIQJHUXQJ DOV RSWLPDOH /|VXQJ HUZLHVHQ



J@}vellv YIA @1 ZeeS v
*HOHJHQWOLFK NRPPW HV DP $&DRGSMLRHXONHLOMH VELHNLY 8 H QX
OQDOH YRQ GHQ 6HQVRUHQ <EHUWUWDH HIQ ZKW GHIK R GEKUGH B
'LHV NDQQ DXFK GLH $QVWHXHUXQH & bI\WUDFE H X DHAUL NU ELHVWU |
GXQJVDEEUXFK ]ZLVFKHQ GHP 3& XQIEQG:DE NKHODREWGNW GR
EHO YHUXUVDFKW ZLUG 'HU )HKOHVHAXEBEKREHOIFK HLQHQ .L

(OHNWULVFKH +HL]JHOHPHQWH DHX%HIK{RBE GBYV $QDMIIGIOLWHk
URKUXQJHQ 'LH 6WHXHUXQJ GLHMWHIQ GOIHRPHOWI® KMV §XV ]@
GHU 5HJHOXQJ NDQQ GDKHU EHLWHLXQ HLGHKD G WAHWIRP | «+KHULHi i
+HL]HOHPHQW HLQJHVFKDOWHW BQOWHOW X Q&P HAEIQHV $V BQ BGLII
UHQ ZHUGHQ GLH EHWURIIHQHQ SIRIQU B HQ MAX @ DHIQW KEHHUP FOWW
'DGXUFK NDQQ GLH 7THPSHUDWXUFQ LEKW V@R GIHHQU X Q 1 W MVHFIKIH



A Plue}vW A GIWP EE® Voo

'LH H[SHULPHQWHOOH 8QWHUVXFERXQVY GHN BE& L KD MH UM]H L
PHWKRGH ]XU 8QWHUVXFKXQJ YRQ :5hUD% BIKZHQ GUHRAE i € P B YA\DF
'LH 9DOLGLHUXQJ HUJDE GDVV LWPXQHUQOKHFX RXW GHi IGHHNAQ T
WUHWHQ XQG VRPLW H[DNWH (UIGI\E @HAVGHRL WLE HBHEPE®XQEK
VSULFKW H[DNW GHP HUZDUW H VWHKQD \M BW HD XHWR® W ULLVIAHG WV $
(LQIOXVV DX| GLH PD[LPDOH %HODGXFXINGLIKBWHGHU, @ GHUW
JOHLFK ]XU 5HIHUHQ] HLQH EH\VWHUH VX RERPUNR R E H Q HAALL:
SRUWZLGHUVWIQGH NOHLQHUH QMHONQNVE AW EL I L HJ B G ORIU B/\X
IOXVV HLQHU YHUEHVVHUWHQ :lU RH QHILIMX G GBHK LERKV PO & H
'LUNXQJ DXI GLH JHVDPWH $GVRK $XWL BB MNLGIWLN LP 9HUJC

)»U GLH OHVVUHLKHQ LVW HV KPGHIUJREBQ DXD\OLB JOH I$FXK H
UHLWHW ZHUGHQ $XIJUXQG XQWWHQF KIGHVEMNVRKGHWHLRU B 1B B K
EHQZHFKVHO N|QQHQ 8QWHUYVF KEH®H DXXWIUWWHY RBEQ G|
]X JHULQJ LVW N|QQHQ QLFKW:=BROHWH GRHR/GHNELGH W XAH G 8 |
GHU 5HJHO ]X HLQHU GHXWOLFK WDN J\HIRHGHB $GRRM FWUR
UHUH OHVVXQJHQ YHUZHQGHW ZMIGHYNDRQU BN YR GEBU 6D
JDVH PHKU DGVRUELHUW VLQGL HQ i XDG X FJKKHNXRIJ B HRUGHLW KX
GXQJV]HLW RGHU GXUFK HLQH IID@WFHKHIQ7 BIR 8 YK DIWDEWD LNM G Q
LQ $EELOGOQE $EELOGXQIHVWHOOW NDQQ GLH (QOGBMODG X
HUZDUWHW ZHQQ GLH 3UREH QREKXQIGF EW ULHPL WO/H .DAKIHHZ LIFH
*HQDXVR NDQQ GLH (QGEHODG X85 DU|FKMU NHOLQH 28 Q Q V&/IHU
KDW

'LH .RPELQDWLRQ DXV HLQHP 5LFKHDOWR K G KD |=H RIOH.QVEGCK B
'DV 6\WWHP LVW PRGXODU D X IJHEDXNU WQRSG N D QIDX ¥ HIOW B K VF
%HI«OOHQ PLW =HROLWK YHUO IND QB REG K FRXKRM XX & EDIXV DOH
XPNDPPHU SUREOHPORY HQWQRPPH® IDKQGH® OXWHKOBU QW V
GDV =HROLWK KRPRJHQ YHUWHWGWFEMHGHQ VFRIGQ VD/OGHK
JOHLFK LVW

'XUFK GLH 9HUZHQGXQJ HLQHV 5LI9MQURKUNKE\OWGEH QU518 ®
GHP =HROLWK GHXWOLFK JU | % HEHD®\ B BHH UH L' QHIPH3 OHDUNEW M @ |
EHL GHU $QDO\VH GHU $GVR US)VEDRIQX® G QKW N/ REFHLAW DX FHKL @
BWHLIJHUXQJ GHU .I0OBHDHLWWY QH XRGWGHBLSSHQURKUH HLJ
+HUVWHOOXQJ YRQ $G:h XQG DXFEXNQUHNRQYH GWSRBAAORKUY
MH QDFK $QZHQGXQJ DQJHSDV VW ZHHBHQ KREG & RIWIIFHHD B HW.
HLQHP KRKHQ 9HUKIOWQLY YRQ *BROS WU K KNG ND QIVE H O LIH E
ZHUGHQ XP GHQ $G:h ]X YHUJU|%IFHQ LGD $\EKAK BH N HXWE DR
YHUIQGHUW 6RPLW N|QQHQ GLHV FXD bl DINW HUHLWANFLKVFHKEHHXD HH
*EHUWUDJHQ ZHUGHQ

OLW GHP EHVWHKHQGHQ $G:h N|80QWXQFKML WHWG HH RXPL & KH XX
(UNHQQWQLVVH EHL 7$362 ]>GEH \DWIGWHUHQ 0)DWOVLDROEK Q
$GVRUSWLRQVNLQHWLN DXIZHEDMQ G\DDVQFL & SN Q/UR KW «AHH G
IJUPH*EHUWUDJXQJ VRUJW 'LHVHLW IHERHVMB LSO HQ URKQY
ZHUGHQ ,Q GHU 8QWHUVXFKXQJ Z)XGUIB K @W M U\HXRKIMY « QOEKHHQ (



GLH (LQIO*VVH GHU 5LSSHQK|KH WQBHGH UWH %/SHQUEN @/ | QG-
B8QWHUVXFKXQJHQ VROOWHQ 5LSSHQDEKWHQBIHG HRIGHIH 5WS
YHUZHQGHW ZHUGHQ XP ZHLWH WP (% 8 L&/ SLHD | X RODOMHLUY JGH.|
JHQ GHU 6FKLFKWGLFNH XQG GBYNI6GKH FIOVR|KSIWE RD =N IRDH.
ZHUGHQ hEHU GLH &KDUDNWHULYV L HWX®JGDHW % G IH N DHH Q|
ZHOFKH 3DUDPHWHU GHQ JU|% WHMRLQWLXVKDEXHQGX & G &RR |
GLH .IOWHOHLVWXQJ ZLUNHQ

'LH '"HVRUSWLRQVUDWH NRQQWH IKW EHY W HRM QGHHWBHQ $G
JOHLFKVZHUWH DXV GHU /LWHUDRDHU EKD GHAK B GY R 01 MEHRQC
(V JLOW MHGRFK ]X EHDFKWHGSUR SRV VWLRIQ MY RXS \WGCRA VS DA
'XUFKIOXVV ZLUG GXUFK GDV 5HUNG DK VKIRK I LR U FH IKDU WV X QX
OHJW 'LHV I+KUW GD]X GDVV GHAUKUNBOE G G MKV RHNSVARNIRAF

PEDU DQVWHLJW XQG VRPLW G LMHIKWR EDIHEM & WE RGJI X=XIH G
GLH .RQGHQVDWLRQVWHPSHUDWXDVX®WGE DR S K UQWHHR 0 RV
NRQGHQVLHUW B6HOEVW EHL 9HWQZHQ @R § X HRLEAS B LNJDHNQV GrH
WLRQVGUXFN OHGLJOLFK DXI| HLBUOD AZHPXEHR ZDWHEWZ D GG
BROOGUXFN YRQ PEDU HQW VISW LIFYR/U $MQAIR G QW WUWRKFELKWX G
U HLQH %HZHUWXQJ GHVLYGV IGPKWWHPQ ZHLWHUHU 8PEDX



O epeuu V(eepRuv pe bl

OX epp uu v(e*quP

'DV +DXSW]LHO GLHVHU $UEHLW W\DXF KX € JHY RIQUEE HQX\QH3 G H
UDNWHULVLHUXQJ 1+U $QZHQGXQJBIKQ L @ LHG \GRHIB W X RIQXQJOY
ZIUPH ELV f& DXV HLQHU +7 3(OW&QJVENHHLFHK HI GIMNH O H.L V
(QHUJLHHIIL]JLHQ] LQ PRELOHQ 6\\PWIPKHRH @ HALEHHAHH $WE B H W
$GVRUSWLRQVNLQHWLNYHUVXFKWNMU\L QG DWR/ X%/ H EFDLYW HL@G
PDVVH YRQ PHKU DOV J XQWWUZXXBKHWHZ IQUWGHQY G DPEPCS HQ JV
ZLFNHOW GLH DXV HLQHP 9HUG D HS.\W LELHR/KAUH K G 'H HE H U9 HRJ\
HLQKHLW NDQQ HLQHQ :DVVHUGDPSIPDVYPHQVWHRP HY@B
9HUGDPSIXQJVWHPSHUDWDXY GRXOH 9H& COLRSHUWURKU EHVWH I
SHOZDQGLJHQ 5RKU ZHOFKHV L PHPLSHWISHUDPA VP O: DO/X/UHAK \
'DGXUFK ZLUG GLH :IUPH LQV ,Q ®NWWH UHOHIGWHWHVR B Q YN QC
YHUGDPSIHQ NDQQ 8P HLQH KR P R.PH@HU GHDFPSSH H D WRKKILY HXJ \I/HH2
WHQ EHILQGHW VLFK LP ,QQHUHQ 6RODQHW Ut KVUFHK 18 Z XX
YHNWLRQ KHUYRUUXIW $XI GLHVEHIHHY 8 HR G CWW DIM\GV K Q VI
JHQ*JHQG :IUPH ]XJHI<KUW XP GHQ 'P@HURD®WHI WP RP ®XI
$XVIDOOV GHV 0DJQHWU«KUHUV N DQDX IBU¥R OO H PHHRIGDHPIS!
JHQ*JHQG :IUPH *EHUWUDJHQ ZHUGHQH EX YRIW LGLH Z:DW& H UG
VLHUHLQKHLW ZXUGH XP HLQHQ ZBDWB UM/ MWROPEMW RPLQH P
HUZHIORHUMU 30DQXQJ GHV $G:h ZXUGH BAHXFDSKXMPNPROM
RQHQ GHV $G:h IHVW]XOHJHQ GPOHGILHRAH PIRNGXOCPIND P B HEL H
ZLUG 6R GLHQHQ ]ZHL ,62 . 5RKUVWERNH PLQUHSMBQL:  BXR)
IDNXXPNDPPHU PLW )O«VVLINHLW YV ®XWHVKHe KUWX G DN Q7 H BSGHIU
]X GHP $G:h $XI GLHVHU %DVLV ZXU G® ®QPHK:WHHGIW. RICH M IS @/\
GLH .RQ]JHSWLRQLHUXQJ ZXUG HQ RGMX/IFKHH GHKQED XU LMLKU D A E
ZHFKVHO RKQH $XVEDX DXV GHU BRKXX:PMUPHRPOHUW MR Z 1N HHMC
PHYHUWHLOXQJ YRP 7HPSHULHUIOXH G HUR/ FEKILRHOG MKH QR.RIH &
GHQ KLQVLFKWOLFK GHU YHUVFXEHIGNQH® QMH O VWK GBI Hl
LGHDOH /|VXQJ KHUDXV 'DV 5LSSNYKX&KWON BQKSIHD VR KQ B QQS
KIKH 5LSSHQDEVWIQGH XQG 0DWHDUA\D @ HDQR K ISHD& N @/H ZH QG E
VXFKW ZHUGHQ N|QQHQ

9RU GHU &KDUDNWHULVLHUXQJ GHDX$GEVR G OW LERHVHN DG N WY N
leU GLH GULWWH (QWZLFNOXQKXMSWRIEH Y]BIQ L& HHNML Q HHZ BIVW
WHUVFKLHGH [XU 5HIHUHQ] VRPLMEDXVEGH BILW GIORVDHNXHLQV:
VWIWLIW 'LH PRGLILILHUWH 9 K -EGHVIPRI%HK® G- H FOQ IHWHK B \N VD
]IXYHUOIVVLIH (UJHEQLVVH ).U GHH &&hUMINW AIBLE2L H U X QV FX
GHQ 5LSSHQ EHI*OOW 'HU =HROLWIKWDVVHQDSBWH LO '"EHW BJ
ULPHQWHOO HUPLWWHOWHQ % HDDHLEEINGD W iH G @ WW SHUMZEBR H-
GHQ H[SHULPHQWHOOHQ (UJHE QL-VY¥RIQ HWINIESE FREHL HL
YyWa&WY %XQG HLQ PD[LPD5O&RYL3HDN BHIHU $G:h JHLIW GDPL
HLQH VFKQHOOHUH $GVRUSWLRRW N HQ HW IG\D B GV SBLHHQ BHRIKIW M
EHVVHUH :IlUPH*EHUWUDJXQJ LQIGPW.EHR WK HWD E HEH&H3IO B
BWRIIWUDQVSRUWZLGHUVWIQGH WKQFKDGEHK) GLANHQ H RI@L



(LQIOXVV DOV GLH YHUEHVVHUWK HUP+HEBGBWQD YR®WI (UW IV
GLH 6WRIIWUDQVSRUWZLGHUVWIQGH EGWHUNRKBKX QLH]HLSMU
VHUXQJ GHU VSH]LILVFKHQ .IOW HE® H LN/IMVDX-HWY B 1§ OBDLE/ KXV

PLW HLQHP 5% PKHIN Q

'LH 5HJHOXQJ ZXUGH DQJHSDVVW P JIU ¥#%HHUHH ' SWR K HOD /'Y
HUP|JOLFKHQ 'LH 8PVFKDOWS XQHN@W MRX B GQGHM VBH OOX QGIDX/X
SHDNWLRQ DXI| 'UXFNIQGHUXQJHQ LQ 5GIHHOIHKONDP P HWO LFFK
(EHQVR N|QQHQ NOHLQHUH 3UREE @HQGHHU BRKQW] IEOVN GHHR:
DNWLYLHUW ZLUG XQG HLQHQ ]¥XVWKRKHQ ODVVHQVWURP GXUI

OX pe 4l

SEZ Vv J@®VvAE° ERPE
,Q GHQ QIFKVWHQ 6FKULWWHQ N|\Q ZHQ ZHMQWGED HS$ 6 : 6 QR H
GHP 8PEDX ]XYHUOIVVLJH (UJHEQLQVGLHIWHUW % B UH NB|WQREHD
GLH ZHLWHUHQ 5LSSHQURKUH DXV5LSSIHQDENW IQGHIQ YHPYF
XQG PP EHL JOHLFKHU 5LSSHQHK|IKGH KILQ %IHEBWHXFWKRWK @ H UDGXHV
KDEHQ GHQ JOHLFKHQ 5LSSHQDEWBWDIH R LKH G QW HPWPYV F K IPHPG
PP VLHKH $ $QKDQJ 5LSSHQDRKW NTEQQ G (LQIOXVV Y
VWDQG 5LSSHQK|KH XQG :1UPHOGWW X Q3 FASHEWRE®DM DD QHH W H
VWHOOHU KDEHQ XQWHUVFKLHGQHFEHS $SHQUWRKOID X (J YWUHMLI
VFKZHL%HQ XQG 3XQNWVFKZHL®IH® GG UHMU PN QDX K L QLWL
ZHLWHU XQWHUVXFKW ZHUGHQ HGHIMRQ NG DRSHQ @/L SIHRU H/IS |
OIQJVEHULSSW XQG SODWWH QEKH §S SHD KD J BLLFKHHDURHKWGH
I1HEHQ GHU :IUPHOHLWXQJ GXUFKH®DWVX%IKS 6 H® Y RKHJIP\DR/KID!
'"UDKWJILWWHUV XQWHUVXFKW ZHAKGPIQN 8HQHUW DX 6 KX\WOHE @G N
ZHLWH XQG GHU '"UDKWGLFNH VRZDWVGHR B EGX/FKKI W HIHQ G K
DXFK ZHLWHUH $OWHUQDWLY HQUXXW HWOH® VG W UGB QX GD ¥
XQG HV NDQQ XQWHUVXFKW ZHUWG IDQ | BGH 6 FKGV RXNEZN IURQXDN HC

v E tmgvi % ws@&1 Zv

‘HLWHUH 8QWHUVXFKXQJHQ N|QOQHEZIBXEK @ QGEE : KM LEXH BKIG
PHWULH RGHU %DXZHLVH EHVLWHKQL HHHKQL QD.BILWHDQHQ LE
GLH :IUPH*EHUWUDJXQJ XQG GLH o6DVRIIWHD WHRR BIW LG F bW
RGHU GHU =HROLWPDVVH EHVWLRA P \ZHWEIKQ J BEQY® G\H Q G
W1I2XQWHUVXFKW ZHUGHQ

D eepvPVUE u <} @&} vellv IAG 23V

(LQH JU|%HUH $Q]DKO DQ OHVVXQNEQW BQA [HIBEQLYVYH MR
$G:h MHGHV 0DO JOHLFK UHDJLHWHGAFRXAR QDK W LEAHP 53
$G:h 8QWHUVFKLHGH DXIZHLVW XARKONDWHQGEIQH B0 MWERLIUHVH A
%HL GHU 8QWHUVXFKXQJ GHV D NOWXQHDHUN E® 1 HGH\W HVHHR OE \
VFKLHGOLFKHQ 7HPSHUDWXUHQ X®@GHWYW|XNQ HEOHY WRIEV VA
S8QWHUVFKLHGH ]X GHQ 5HIHUH Q]PHY® X6 LH Q HIDXMWOGE A K X'Q JHH
VHQ =XVIW]OLFK NDQQ GLH 7HPBHW DBW QW RGP HD Q@ XGHIQ L P B\
6WHOOHQ XQWHUVXFKW ZHUGHQ VX#HE DOH WIKI X FEESHW MWALHIXHLG



V¥ WP vy & P P

8P HLQH VFKQHOOHUH $QVSUHFKHHEHWV]KKHEUQ BH OK]KQY MQ B8 H\
QHQ ZHLWHUH $QSDVVXQJHQ DQ GHIHBHIMOKK JXYWRW JE QRKPHP
QLQJ NDQQ GDV 6FKZLQJHQ LP 5HUK®INU H.IQWG B LMWHHE&HWHGG) %] H
QHQ 3," 5HJOHU EHNRPPW 8P HLQHQQJIOILWVKEKIH J KU
8PVFKDOWSXQNWHQ GHU 0)&V ]X WSURUBPOIRGLNDRQJIAIH/DHEZ
DQJHSDVVW ZHUGHQ GDVV GLHKHOO&LOVLYDI DRDROHDO OXLE HLW HQ
SDUDOOHOLVLHUXQJ NDQQ GD]¥X BRAVWHKIDOWSG X GNM H E N UIOQW
PD[LPDOHQ 'XUFKIOXVV YRQ J H@ DXI J PLQ ]X HUK]|K

K®u] @vPv v @& E u%uvP vz 5

7JHPSHUDWXU XQG 'UXFNVHQVRUHQHL PR SOMURSLIHASN € U 6l HY QIR
'DPSIHV VRUJHQ LQGHP GHU 'DPSI QXSUEGK]|WHIGW WILI)G OHN
EHVVHUW ]XVIW]J]OLFK GLH (QHUJLHHIIL]JLHQ] LP %9 HWULHE

J@E}vel v V1

OLWKLOIH GHU 'HVRUSWLRQVNLQH@\RNKD | YO QI GL 8 LH HLFKL
VXFKW ZHUGHQ GLH ELVKHU I*KXGGHGGVYRUSWHRQLXYW H3LH
RQVPHVVXQJHQ HUP|JOLFKHQ GLH % HWWGLEPH XQ R BNHYX QU FGHE
OLKYVY $QKDQG GLHVHU 'DWHQ NDQWQVBOMW #HWGIHHE V'GIRL 9MLU
JOWHOHLVWXQJ |X :l1UPHERHGDYH WNFEQHBGWQH =HROLWKH XQ
XQG YHUJOLFKHQ ZHUGHQ 'D UDXI/NAMWHIW EMG Ml R0 GG B E dDH
WHPDVFKLQH XQG ZHOFKH 7HPSBUWRW®HQ XQE HIDWH E HY /N R
GXQJ DP EHVWHQ JHHLJQHW VLQG

8P GLHVH 8QWHUVXFKXQJ GXUFK]XNKQHWLRXMU\GHKSEGWR QS
% HUHV '"XUFKIOXVVUHJHOYHQWL® GUXHANWQUGHBDHIDWNKXEPED F
VWDQW JHKDOWHQ ZHUGHQ N DIYV® W$ X MHHUWHSE 19 B NDVXWP $HRISH OHH
XP GHQ GHVRUELHUWHQ :DVVHUGD®ERDXV GHP 6\WWHP ]X H

t BEhV &1 4PV

'HU :DVVHUGDPSI VWU |PW DXI1JUXQGHWRE@ PBAHN X Q W BRKKILOH
XQG GHQ % HKIOWHUQ GXUFK GHYB3QWR WSIWQ RQANHN GO -WSLVINLY |
VRZLH GHU )UHLVWUDKOEHGLQJX@Q@JHUOR BEH G D NXX/F/NDAPAPHHW
DQEQDO\WLHUW XQG VLPXOLHUW ZHUWHGERU LQBHIFVWQ VKQ@ \DXH KA
WULIIW 'LHVH 8QWHUVXFKXQJ NDDHOFXIWGKORMVYXE8 D UZEH B R
$G:h XQG GLH 6WU|PXQJVIJHVFKZLRGVNNB HW IDNK K G E H @ G X R UHS
'DVVHUGDPSIYHUWHLOXQJ JZLVFKHHYZ KHN@ HHRWHYKIJUDQ XOD
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@ $EW (YDOXLHUXQJ HOHNWURFKBBLR/FKHULYHKHIKUHQ

.RQWDPLQDQWHQ DXV VDOLQDURGQ 3UR KHD\QUDHEZ MXWWHHUGDE HL 1

8QLYHUVLWIW O0ODLQ] >2QO0LQRAAZ IRRIQHE IBH XXQMD MWD

XUO KWWSV $ ) JRSHQVFLHQFH XE XQL

PDLQ] GH )ELWVWUHDP ) JOXLHUXB®YBHOHNWUR

FKHU SGI SVLJ $2Y9DZ \ $4R62]N®* X&'W
VRXUFH LPDJHV FG YIH RBEG Y

&% ,4 <N%BDKF.(ZM B &7 T:&$[8$$3$$+43$33334HS

@ $ULVWRY % 'DZRXG , 6 *OOQOHQ@HPHMWEKR GRORDVRI /W X

G\QDPLFV RI ZDWHU VRUSWLRQ QHNRYG WY RRQX QRS HG Y R D
SXPSV ([SHUQWHIQWDWLRQDO -RXUQDO RN+HDW DQG& 0DV

+ GRL M LMKHDWPDVWYQOQWYHKEU 9HU I+ JEL
XQWHU KWWSV ZZZ VFLHQFHGLEHFW FRP VELHQFH DUW
YLD 'LKXE

@ , $ULVWRY 2SWLPDO DGVRDEHNQRMIFRHUDGVYRDBWALYH K

FRQVLGHUPWHBQBPWLRQDO -RXUQDO RUUSHIWLIHWDWLRQ
GRL M LMUHIULJ V2RO LROW@SYHUI-JEDU XQ
ZZZ VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH SLL 6

@ ' %DHKU XQG7/&KHDERGUOFDPLN *UXQGODJHQ XQG 7HFK

$QZHQGX@PHUDLQ +HLGHOEHUJ 6SULQJHU %HUOLQ +HLGI
GRL =X 1B IYIH DEPH U

@ %DWKHQ XQG 09'%YHKKIFWEDFK QJ 'LHWHU %DWKHQ 'LSO

%UHLWEDFK DXWK $GVRUSW LLRHQWOW | FKHILLGNH@®BEHLIUQ J H U
=XJULII DBEHU 1RYHP

@ %DX 1 %DXPJIUWQHU - 6HLOWWXQG /O Q}BPUBWREK & SW Ul

RSHUDWLRQ RI DGVRUSWLRQ PBHLE® B8 HIHU LR H QW DO $HOHDRHK(
QRQOLQHDU PRGHO SUH G$FS\OLYHGFRCHVUPR @ N Q/JLODSA M INL Q
+ GRL M DSSOWKHUPDOHQJ

@,1'(5 *PE+ T7URFNHQ XQG :IUPHVFK@NWREHYXJIULII DP

>2Q0LQH @ 9HUI<JEDU KWWSV AFRZGENIGHYIR BRGHERP
WHPSHULHUHQ WURFNHQ XQXQBBEHPRMNRUDEANGNHVURFN
SURGXNWOLVWH" ILOWHU>FRQYHFWWR R B8 W®@Ss HLa 18 FBIXIW N
GZX BXS 04 JFOLG ($,D,4RE&KO,Y QWLX3 B488BS[( KK 123]
LK3'B%Z(

@ %RGH $EVRUSWLRQVNIOWHRPHVERQGQHQ VPDVOIEWURQFKRR

"HXWVFKH 7KHUNPWREHU =XJULII DP 2NWREHU

@ &KDQHoW®DJK WHPSHUDWXUH +7 SRO\PHUWHBONFWURO\

3(0)& = $ UHRDHZQDO RI 3RZHU 6RXUFHY GRL

M MSRZVRXU
® &RQQRU :DV LVW )LOPVLH®HQ * 'BENVOREHERQ =XJQOL
9HUI-JEDU KWWSV ZZZ WKHUPD/® IHQPNVNQHBHIQQG HRIU O IGML
@RQVWDQ]H +RIPDQQ 8QWHUVXFRRQIRIFX YKHIP SHHUNDWUXRIN D
3RO\PHUHOHNWURO\WPHPEUDQ % U HQ Q¥R L@ HEH U7 I3
XQWHU KWWSV G QE LQIR
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@ DIJXHQHW JULFN < ORXOOHGRW XDGWHDEWMWH U3 S$BUR
KHDW SXPS XSVFDOLQJ IURP N:UWR[S HU LPIHERRIDQ ED %R @
PRGHOOLQJ ,QWHUQDWLRQDO 6RRISVRLRQ +HD\WY GXPIS@F
9HUI<JEDU XQWHU KWWSV ZZZBRRW FKXQOBI®IGPQ QWEOIHW k
LQVWLWXWH VS| IRUVFKXQJ SXEGBEREWWR QR®Q BR\KSEV S IBIE
XSB GHI SGI
@ 'DZRXG :DWHU YDSRU DGVRUGWLRQ WHDDGINV LHFR CRQV M FF
DGVRUEHUV $ BRBODMWGVRKMUPDOGJQJLQHHULQJ +
GRL M DSSOWKHUPDOBB® 9HUI-JEDRQMMQWHU K
ZZZ VFLHQFHGLUHFW FRP VFLHQFH; DUWLFOH SLL 6
@ 'HPLU 0O OREHGL XQG 6 hONWLRBQ KMDMZ SRXP D GMRRED H
VROXWSIHRQAWVZDEOH DQG 6XVWDLQDEOHL@WHUHB S5HYLHZV
GRL M UVHU D2 XQWDHHUG® KW B E JFUL\
ELWVWUHDP SGI
WKUHQKHLW *PE+ &RROLQJ ,QXRYDWDRULISGPRUSWHLRC
>2Q0LQH @ 9HUI+JEDU KWWSV IDKUHQKHLW FRRO
® JUHOL. DO &KDUDFWHUL]DWLR® WRI$EN RO BWH RED ¥YHIIBWE B
&KDP 6SULQJHU ,QWHUQDWLRQDO 3XEOGRKLQJ ,6%1
=XJULIlI DP -DQXDWUI+JED2UQOQQ@H@ KWWS
OLQN VSULQJHU FRP FKDSWHUB
® )UHQL * ODJJLR $ 6DSLHQXFF$D)MQD3LEDIDVVEEVWRP S
DQDO\VLV Rl SURPLVLQJ DGVRUEHQW D EBYRWEBXNMSBEQLUD
FRQGLWLRQLQJ D@6 SWH MG JAHKUHDMP DRXQ(Q J L QeH H UL Q J

GRL M DSSOWKHUPDOHQJ
® )XMLL XQG + 8HKDUD /DPL@DIW VWM BO FRRPY WKW LR
RI D YHUWLFBRBROUPDLIRGBUBVYV = GRL

@HPHLQVDPH J)RUVFKXQJVVWHOOH ,VSUD( $8)58D =h*( '(5 3
*(%,(7 '(5 %/$6(1 81' ),/09(5'$03)81* SRQOUEDP @
XQWHU KWWS DHL SE@W HGX

® *QLHOLQVNL %HUHFKQXQJ ®HNVR QXFQW H UNDRKMCH ¥ LIQQJ L
DXVJHELOGHWHU ODPLQDUHU XQG WRKHEXHD HRMIQU HX R W K

7HFK QUN 6 + GRL FLWH
® *QLHOLQVNL 7XUEXOHQW + HDAWS71HDZQ & RHPLS W B K- QY B
&RUUHOMDHDMR QUDQVIHU {(RJLQHBUL®BJ  + GRL

@ *RUGHHYD $ )UDJJLED $ 6D3SD)HAML <$HVIRWWBRM XKQ GRF
XWLOL]JLQJ WKH 3/L%U VLOLFDRPHW RB@R 6 L]DRUINR@® R IS KL
DGVRUEHU KHDW (HIRKDBDDJIJHUBXQLW GRL

M HQHUJ\
® *UDI ) /DQJHUDWK $ 6DSLBQIPQSG $)UBPUBRZS JUHGLF
6&3 DQG &23 IRU DGVRUSWLRQ KRBUWQSXP SWKBIQWDIHKHOOH |
WHPSHUDWXUH MXPS PHWKR 6SBOQGHDB TRPUPBREVOLQHHU
6 + GRL M DSSOWKHUPDOHQJ
® *XSWD XQG 5 *KRVK 5RWDWUQRDIHER @ G\LR PEGH RFDYBW
IOXH JOWHUQDWLRQDO -RXUQDO R{JJUHHEQKRXVH *DV &RQ
GRL M LMJJF >2 QOHLQ HKGNV WISV I+ JEDU XQ
ZZZ VFLHQFHGLUHFW FRP VFLHQFH;DUWLFOH SLL 6



\%

® +DXHU %HXUWHLOXQJ IHVWHISWGERRVYVEHNQWHLRHHQLIQUR I}

HQHUJHWLVFKH $QZHQGXQJHQ UTHFXQUMBPIOHNQ SQLYHMPYOV

9HUI<JEDU XQWHU KWWSV G QE LQIR

@ +DXI$BVRUSWLRQ (LQH (LQI*KUXQUB@ IGRGUXVREOHPH C

BWXGLHQEXFK %HUOLQ :DOWHU 'MGRUX\WHU ,6%1

=XJULII DP 1RYHPEHU

@WHUQDWLRQDO =HROLWK $\H RWIUDXWWRKQ H VD' WV E\EHD @ N

=HROLWKVWUXNWXUHQ =XJULIHD@ 9HUDNRRE HUWW S >ZQ

VWUXFWXUH RUJ GDWDEDVHV

@ -RVHSK 6SHNWURVNRSLVFKH B8 QHUNVKXIFK X ®DHBLIXNUL

(LVHQR[LGILOPHQ .DSLWHO S3&WRWDWLREKH *UXQQOD QOH

9HUI+JEDU XQWHU KWWSV ZHEGRFXEMBQIZGJ GH HERRN

® .DPSNHU XQG + (GH M WLURPWEUDLW WHLGHOEHUJ 6SULQ

+HLGHOEHUJ ,6%1 GRL

@ * .DUJH XQG - $GMRUNSDWPISRQ DQG%HIUOLQRGHLGHOEHUJ

%HUOLQ +HLGHOEHUJ ,6%1GRL

=XJULII DP 1RYHPEHU

@.$ _ .IOWH .OLPD $NWXHOO + )DFIKIHLWXFKUIL WP 3URINW
>2QO0LQH @ 9HUI<JEDU KWWSWYNHQ ANNB B [HRHIQON @ BIOHB

.DHOWHHU]HXJXQJBGLUHNWBYRUB2UW KWPO

® .RKOHU (LQIOXVV XQWHUVRKLHIGOHPR KWY 6 WRBHSEBBRKYG

WKHUPRFKHPLVFKHU 6RUSWLR G\OHJBQGIHHN 8ELFKHYV LW UL

(UODQJHQ 1-UQEHUJ >2QO0LQR@®XYH N R E K DAH XFROIXNU | [

IURQWGRRU LQGH[ LQGH[ \HDU GRF,G

@ .XOWHUHU 2 0DLU XQG gVWHUUHLBKWUVFSH (QHUJLHDJI

(1(5*,($8',76 ,1 .b/7(6<67(0(1 >2QO0 LD K@WSHIU IKWEWS V

ZZZ NOLPDDNWLY DW GDP MFU H F DI HDE DD DD

. & $ OWHOHLWIDGHQ SGI

@ /IDQJHKHLQHFNH $ .DXIPDQQ * . 7KLOIHINBLRR-GA QD XIONG

leU ,QJHQLHNEWD GHQ 6SULQJHU )DFKPHGLHQ :LHVEDGHQ

GRL =XJULII DP 2NWREHU

@RZ *:3 .IOWHYHUVRUJXQJ LP.¥tHINDOWEBEBURDFENWXHOO

'HJHPEHU =XJULII DP 2NWRHHIEDU KYFOMSM HZ@ Z9N |

RQOLQH LQIR DUWLNHO NNDB/RZ H:IN XHKOWHYHUFRUJXQJI

KWPO

@, ODNURPROHNXODUH &KHPLH BBXRQU IERQGHEHY (DIF

OHWKRGH 8QLYHUVLWIW %D\UHXWK %D\UHXWK

® OHOJEPDUPHQXW]XQJ EHL GHU 'HSRQLRWRQHQYHUZHUW

ODFKEDUNHLWVVWXGLH DP %HENBUHIDBEKQHERQDAEBBPK |

'LSORP GH ,6%1 >21) ®QQHH@ KWWSI EHS XE

KDPEXUJ GH HSXE YROOWH[WH FDPSXV

@ OHVDOK\ 5 + ORKDPPHG 0 RKMPZDWRYKXQGRP&DFW EF

GHVLJQ IRU DGVRUSWLRQ FRROEQD WVWRWEPYQ B VU BB\ U L

-RXUQDO RI 5HFJLIJHWBDWLRQ GRL M LMUHIULJ
® OHXQLHU $GVRUSWLYH FRR&QAKWD QB ERGEROWHFEG BOR.
1U 6 = GRL V>2QOLQH@ 9HUI-JEDU XQW

OLQN VSULQJHU FRP DUWLFOH \%
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@GLUNR +HUUPDQQ 'LV (QWZLFNOX® JLDR@ W)W DROGWDWRUH
3(0)& *RWWIULHG :LOKHOP /HLEQEPD QQRWHHWY LW IW>2DR Q0@
9HUI«JEDU XQWHU KWWSV FRUH BBEIXN GRZQORDG SGI
® + ORKDPPHG 2 OHVDOK\ 0 / ROV IBHIGI KWREDQRH BXDO.
RI D QHZ PRGXODU SDFNHG EHGHPRM SCE®OLRIGSTKIHRP BRROL
(QJLQHHULQJ 6 + GRL UPD®HDISOWKH
>2Q0LQH@ 9HUISJEDU XQWHU K\WMHQ/FHZZZWILFAGIH) SHG L U |
6
® ( ORUULV XQG 3 6 :KHDWOHRSRVYVISE LAKWMKHXYQDOLMH QL
$QJHZDQGWH RKHP 1K 6 + GRL

DQJH >2Q0LQH@ 9H R QEDUHOQBHIIU \KIN\D SV
IX0O0 DQJH
® ILWMEKW/FKH 30DQXQJV $WODV 30 DUHQIWHTF® Q4 FK FK
$QODJHRAUOLQ +HLGHOEHUJ 6SULQJHU 9LHZHJI=X6%0LII
DP 2NWREHU
® 1LWVFKH 1LWVFKH 30DQXQUNKSM. @DW D XXV EWYEWM 3C
$WODV 30DQXQJ XQG %HUHFKQXPRYHUIDKUHQVWHFKQL\
@®RYRWHN 9DNXXPWHFKQLN XQGF&QXMRIIBU  BH F KOG WNGTKRHS £

@ 1XNL\DPD 7KH PD[LPXP DQG RH®MP XPWXUDMH\L\RWWE&H |
WR ERLOLQJ ZDWHU XQGHQ\WWPGRD %K R QDO SBRXVUDDWHR | +|
7UDQV(BIWO\ $FFHVV GRL JULII DP =XNWREHU

® 3DQ 5 :DQJ 1 9RUD\RV XQGHD DLOWRMLIM URQ VK H 3WQ B X
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