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CPK,QR"73GS3CTKPC"! C!
,FFCQB@P="73GS3CTKPC"! 7!
R,F3QQ3P73GS3CTKPC"! 7CCC!
8U?3QS3CTK3P! CV!

W! 3CPQ3CR@P=! W!

WIW! B.2.*(1'&.!7.15)1-%*-55(1%<(%1.*! L!
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LIW! F.59:1.#;%*-55N1'9:.!=BQ! WM!

LIL! U*&#*.>B'(.*;'*<! WY!
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cBXBXBXBX! K;/.0*+/0*0(_/$!;*.$'!<;.=;*)!$#*$/!Q0..$'#$4&+$((/! \\X!
cBXBXBXBZ! @&+$((60(#-'#$';*)! \\[!
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cBXBZB\! D'&)'044.$73*#/73$!A4/$.=;*)! \XZ!
cBXBZBX! F$**(#*#$*0*0(_/$! \X]!
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cIL! J)*2.*(1#.1(.5!D'55.15()//;'5#.1(.5!E7>K)$.>"65(.$! WYL!

cIM! b'55.15()//;'5#.1(.!"#.+&%*-! WYc!
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,;;#&+%*-!LILH! ?.55D.1(/.*5(.1!^?b8_! Wc!
,;;#&+%*-!MIWH! d;.15#9:(!0;.1!+#.!"#$%&'(#)*5%$-.;%*-!B@1.55! W]!
,;;#&+%*-!MILH! F.59:1.#;%*-!+.5!FKJb>8.&+.5!^R)N)&)-#.!.&.<(1#59:_! LO!
,;;#&+%*-!MIYH! 7)&&5(A*+#-.!F.59:1.#;%*-!+.1!F.#5N#.&'*&'-.!^R)N)&)-#._! LW!
,;;#&+%*-!MIMH! F.59:1.#;%*-!+.5!FKJb5!^J)$N)*.*(._! LL!
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"#$%&'(#)*! LM!
,;;#&+%*-!MIZH! U;.1/&A9:.!2%1!"#$%&'(#)*55(.%.1%*-! LY!
,;;#&+%*-!YIWH! d;.15#9:(!0;.1!+#.!3#*-'*-5>!%*+!,%5-'*-5-1`a.*!!

+.1!?)+.&&.! L[!
,;;#&+%*-!YILH! E1#*2#N;#&+!.#*.1!F&.#;'((.1#.! L]!
,;;#&+%*-!YIMH! 315'(259:'&(;#&+!+.1!F&.#;'((.1#.!e?dQ>]cf! MO!
,;;#&+%*-!YIYH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!F&.#;'((.1#.$)+.&&5!!

*'9:!?0&&.1! MW!
,;;#&+%*-!YI\H! Q'+.2%5('*+5';:A*-#-.1!"N'**%*-5>"(1)$4.1&'%/!.#*.5!

F&.#'<<%$%&'()15!*'9:!?0&&.1! MW!
,;;#&+%*-!YIZH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!F&.#;'((.1#.$)+.&&5!!

*'9:!":.N:.1+! MM!
,;;#&+%*-!YIcH! Q'+.2%5('*+5';:A*-#-.1!"N'**%*-5>"(1)$4.1&'%/!.#*.5!

F&.#'<<%$%&'()15!*'9:!":.N:.1+! MM!
,;;#&+%*-!YI[H! ,%/;'%!4)*!F1.**5()//2.&&.*>=.5'$(565(.$.*! M\!
,;;#&+%*-!YI]H! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!,8T>?)+.&&5!e?dQ>]cf! Mc!
,;;#&+%*-!YIWOH! S.&&.*.15'(259:'&(;#&+!+.1!E38T! Mc!
,;;#&+%*-!YIWWH! "(1)$+#9:(.';:A*-#-<.#(!+.1!d;.15N'**%*-.*! M[!
,;;#&+%*-!YIWLH! R.$N.1'(%1';:A*-#-<.#(!+.1!"('9<>J.**&#*#.*!^ML!S.&&.*_! YW!
,;;#&+%*-!YIWMH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!E38T>?)+.&&5!#$!

b'55.15()//;.(1#.;! YL!
,;;#&+%*-!YIWYH! "N1%*-'*(D)1(.*!.#*.5!31+-'5>G./)1$.15!e?,R>OWf! YM!
,;;#&+%*-!YIW\H! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!G./)1$.1>?)+.&&5! YY!
,;;#&+%*-!YIWZH! S.&&.*.15'(259:'&(;#&+!+.1!"U8T! YY!
,;;#&+%*-!YIWcH! R.$N.1'(%1';:A*-#-.!S.&&.*<.**&#*#.*!+.1!"U8T! Y\!
,;;#&+%*-!YIW[H! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!"U8T>?)+.&&5! Y\!
,;;#&+%*-!YIW]H! R.$N.1'(%1';:A*-#-.!"('9<>J.**&#*#.*!.#*.5!'&<'&#59:.*!

3&.<(1)&65.%15! YZ!
,;;#&+%*-!YILOH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!3&.<(1)&65.%1>?)+.&&5!

e?dQ>]cf! YZ!
,;;#&+%*-!YILWH! E:)()4)&('#<$)+%&<.**&#*#.*!;.#!WOOO!bX$L!3#*5(1':&%*-! Yc!
,;;#&+%*-!YILLH! E:)()4)&('#<$)+%&<.**&#*#.*!;.#!Y\O!bX$L!3#*5(1':&%*-! Yc!
,;;#&+%*-!YILMH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!E7>?)+.&&5!e?dQ>]cf! Y[!
,;;#&+%*-!YILYH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!Q'5($)+.&&5! Y]!
,;;#&+%*-!YIL\H! R'-.5&'5(4.1&'%/!+.1!.&.<(1#59:.*!Q'5(!^?#*%(.*D.1(._! Y]!
,;;#&+%*-!YILZH! 3#*>!%*+!,%5-'*-5-1`a.*!+.5!b#*+<1'/(<)*4.1(.1$)+.&&5!

e?dQ>]cf! \O!
,;;#&+%*-!YILcH! b#1<%*-5-1'+!4)*!F&)9<:.#2<1'/(D.1<.*!;.#!R.#&&'5(!!

^*'9:!eg3P>[Mf_! \W!
,;;#&+%*-!YIL[H! F.(1#.;!.#*.5!&.#5(%*-5$)+%&#.1.*+.*!FKJb5! \M!
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,;;#&+%*-!YIL]H! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!FKJb>?)+.&&5! \Y!
,;;#&+%*-!YIMOH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!"(.&&.1>?)+.&&5!!

e?dQ>]cf! \\!
,;;#&+%*-!YIMWH! ,*59:&%55)N(#)*.*! \c!
,;;#&+%*-!YIMLH! G.+%2#.1(.!=&.#9:5(1)$5'$$.&59:#.*.!+.1!F.#5N#.&'*&'-.! \[!
,;;#&+%*-!YIMMH! "%$$.*;#&+%*-!+.1!J)$N)*.*(.*<.**&#*#.*! \]!
,;;#&+%*-!YIMYH! J)$N)*.*(.*>!%*+!J*)(.*<.**&#*#.*!'*!+.1!BT>

"'$$.&59:#.*.! ZO!
,;;#&+%*-!YIM\H! ,;&'%/!+.1!F.1.9:*%*-!/01!.#*2.&*.!J*)(.*! ZO!
,;;#&+%*-!YIMZH! ,1;.#(5N%*<(;.);'9:(%*-!^b#1<&.#5(%*-_! ZW!
,;;#&+%*-!YIMcH! B#.!+1.#!3;.*.*!+.1!P.(2;.1.9:*%*-! ZM!
,;;#&+%*-!YIM[H! ,;&'%/!+.1!F.1.9:%*-!/01!4.1*.(2(.!J*)(.*! Z\!
,;;#&+%*-!YIM]H! .&.<(1#59:.1!"65(.$(.#&!+.1!F.#5N#.&>,*&'-.! ZZ!
,;;#&+%*-!YIYOH! "%;*.(2<.**&#*#.*!;.#!'%()$'(#59:.$!@$1#9:(.1;.(1#.;! Zc!
,;;#&+%*-!YIYWH! "N'**%*-54.1&'%/!'*!+.*!"'$$.&59:#.*.*! Zc!
,;;#&+%*-!\IWH! B./#*#(#)*!+.1!R.$N.1'(%1.*!'$!=.-.*5(1)$DA1$.('%59:.1! cO!
,;;#&+%*-!\ILH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!!

bA1$.('%59:.1>?)+.&&5! cL!
,;;#&+%*-!\IMH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!G):1>?)+.&&5! cM!
,;;#&+%*-!\IYH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!E%$N.*>?)+.&&5! cY!
,;;#&+%*-!\I\H! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.1!bA1$.'%5<)NN&%*-! c\!
,;;#&+%*-!\IZH! 3*.1-#./&%55;#&+!.#*.1!bA1$.N%$N.! cZ!
,;;#&+%*-!\IcH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!!

bA1$.N%$N.*>?)+.&&5! c]!
,;;#&+%*-!\I[H! Q.#5(%*-52':&!.#*.1!Q%/(>b'55.1>bA1$.N%$N.! [O!
,;;#&+%*-!\I]H! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!")&'1<)&&.<()1>?)+.&&5! [L!
,;;#&+%*-!\IWOH! R'-.5&'5(-'*-!+.5!R1#*<>b'1$D'55.1;.+'1/5!^WWIWWILOOW_! [M!
,;;#&+%*-!\IWWH! d;.1;&#9<!0;.1!L!b)9:.*!+.5!R1#*<>b'1$D'55.1;.+'1/5! [Y!
,;;#&+%*-!\IWLH! R'-.5&'5(-'*-!+.5!K.#2DA1$.;.+'1/5! [Y!
,;;#&+%*-!\IWMH! 3*.1-#.';:A*-#-.!R.$N.1'(%14.1(.#&%*-!#$!

b'1$D'55.15N.#9:.1! [Z!
,;;#&+%*-!\IWYH! "N.#9:.1;.59:1.#;%*-! [Z!
,;;#&+%*-!\IW\H! R'-.54.1&'%/!+.5!3*.1-#.#*:'&(.5!%*+!R.$N.1'(%14.1(.#&%*-!!

#$!b'1$D'55.15N.#9:.1! [c!
,;;#&+%*-!\IWZH! 3#*-'*-5>!%*+!,%5-'*-5-1`a.*!+.5!!

bA1$.5N.#9:.1>?)+.&&5! [[!
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,;;#&+%*-!\ILOH! R'-.54.1&'%/!+.5!(:.1$#59:.*!F.(1#.;5(.#&5!!
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,;;#&+%*-!\ILWH! R'-.54.1&'%/!+.5!(:.1$#59:.*!F.(1#.;5(.#&5!!
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,;;#&+%*-!ZILH! 7.1<*0N/%*-.*!+.1!4.159:#.+.*.*!E1)-1'$$.! ]]!
,;;#&+%*-!ZIMH! ,%559:*#((!'%5!.#*.$!3$'#&>b.((.1;.1#9:(!4)*!!

+)**.1D.((.1I+.! WOL!
,;;#&+%*-!ZIYH! d;.15#9:(!0;.1!+#.!,*'&65.!+.1!b.((.1;.1#9:(.! WOY!
,;;#&+%*-!ZI\H! ,%5D':&!+.1!E1)-*)5.!#$!F.(1#.;! WOc!
,;;#&+%*-!ZIZH! S%5('*+5.1$#((&%*-!$#(!K#&/.!+.5!F'((.1#.$)+.&&5! WWM!



,;;#&+%*-54.12.#9:*#5! 7CC!
,;;#&+%*-!ZIcH! 3#*;.((%*-!+.1!J'&#;1#.1%*-!#*!+.*!26<&#59:.*!,;&'%/!+.5!

F'((.1#.;.);'9:(.15! WW\!
,;;#&+%*-!ZI[H! "('1(<'&#;1#.1%*-!%*+!J)11.<(%1!+.5!F'((.1#.;.);'9:(.15! WWc!
,;;#&+%*-!ZI]H! J'&#;1#.1%*-!%*+!J)11.<(%1!+.5!F'((.1#.;.);'9:(.15!0;.1!!

.#*.*!S.#(1'%$!4)*!LW!R'-.*!'$!F.#5N#.&!.#*.1!!
WM[O,:>F'((.1#.! WW[!

,;;#&+%*-!ZIWOH! S6<&%5>!%*+!R.#&26<&%5.1<.**%*-! WLO!
,;;#&+%*-!ZIWWH! C*(.1'<(#)*!2D#59:.*!N1)5#$!%*+!+.$!!

"#$%&'(#)*5N1)-1'$$! WLY!
,;;#&+%*-!ZIWLH! F.#5N#.&:'/(.!G.-.&5(1%<(%1.*! WML!
,;;#&+%*-!ZIWMH! 31-.;*#55.!+.5!,*&'-.*$'*'-.$.*(5! WM]!
,;;#&+%*-!cIWH! ,19:#(.<(%1!+.5!'%('1<.*!E7>K)$.>"65(.$5! WYL!
,;;#&+%*-!cILH! J)$N)*.*(.*<.**&#*#.*!+.5!'%('1<.*!E7>K)$.>"65(.$5! WYM!
,;;#&+%*-!cIMH! 7.159:'&(%*-55#(%'(#)*! WYY!
,;;#&+%*-!cIYH! '<(%.&&.!"N'**%*-5;.1.#9:.!+.1!.#*2.&*.*!J)$N)*.*(.*! WY\!
,;;#&+%*-!cI\H! ?'*'-.$.*(!%*+!"#$%&'(#)*5.1-.;*#55.!+.5!!

E7>K)$.>"65(.$5! WYZ!
,;;#&+%*-!cIZH! R)N)&)-#59:.!d;.15#9:(!+.1!b'55.15()//5#.+&%*-! WY[!
,;;#&+%*-!cIcH! 8#<(#4.5!P#.+.15N'**%*-5*.(2!'&5!"(%+#.*;'5#5! WY]!
,;;#&+%*-!cI[H! C**)4'(#4.!@"7>3#*1#9:(%*-! W\O!
,;;#&+%*-!cI]H! G.'<(#)*!+.1!@"7!'%/!+.*!P.(2'%5/'&&! W\W!
,;;#&+%*-!cIWOH! R)N)&)-#.!+.5!F1.**5()//2.&&.*:'%5.5! W\L!
,;;#&+%*-!cIWWH! B6*'$#59:.5!7.1:'&(.*!+.5!F1.**5()//2.&&.*'--1.-'(.5! W\M!
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R';.&&.!YIMH!! @*(.1.1!K.#2D.1(!4.159:#.+.*.1!F1.**5()//.! \L!
R';.&&.!\IWH!! d;.15#9:(!+.1!#$N&.$.*(#.1(.*!?)+.&&.!(:.1$#59:.1!

,*&'-.*<)$N)*.*(.*! Z]!
R';.&&.!ZIWH!! d;.15#9:(!0;.1!,*/)1+.1%*-.*!'*!+#.!

,<<%$%&'()1;.(1#.;5/0:1%*-! WWO!
R';.&&.!ZILH!! ,*/)1+.1%*-.*!'*!+#.!F.(1#.;5/0:1%*-!!

+.5!.&.<(1#59:.*!R.#&5! WMO!
R';.&&.!ZIMH!! ,*/)1+.1%*-.*!'*!+#.!F.(1#.;5/0:1%*-!!

+.5!(:.1$#59:.*!R.#&5! WMW!
R';.&&.!ZIYH!! =1.*2D.1(0;.1D'9:%*-!/01!+.*!,<<%$%&'()1! WMM!
R';.&&.!ZI\H!! =1.*2D.1(0;.1D'9:%*-!+.5!b'1$D'55.15N.#9:.15! WMY!
R';.&&.!ZIZH!! J)$;#*#.1(.!=1.*2D.1(1.-.&*! WMY!
!
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.$ @0//$!
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2($ F;)$('0+#;/!!
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-$ :($6.'&*$*0*=03(!
!

P0.$#*#/73$!>'&I-;73/.0-$*!
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;$ $($6.'#/73$'!V.'&4!
;
"
- V.'&4%$6.&'!

<$ E*+;6.#%#.2.!
=$ Q0..$'#$._L6&$88#=#$*.!
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>/$ <$**($#/.;*)!
>4'$ .3$'4#/73$!P$#/.;*)!
@$ M2'4$H!:*$')#$!
@5$ ,;83$#=%$'(;/.$!
@A$ K#'6;(0.#&*/%$'(;/.$!
>?,$ $($6.'#/73$!P$#/.;*)!
>4'$ .3$'4#/73$!P$#/.;*)!



V!! 8)1$.&2.#9:.*!
@$$ P0+;*)H!P0+$)'0+!
@3$ (0+$=;/.0*+/0-32*)#)$!V$(-/.$*.(0+;*)!
@! $ M2'4$8(;//H!M2'4$($#/.;*)!

B@! $ .3$'4#/73$!h$'(;/.($#/.;*)!
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:$ M#+$'/.0*+!
:4'$ .3$'4#/73$'!M#+$'/.0*+!
!D*$ V.0*+0'+?g$06.#&*/$*.'&L#$!
EF)$ 5$4L$'0.;'+#88$'$*=!+$'!:#*)0*)/)'OI$*!
EF))$ 5$4L$'0.;'+#88$'$*=!+$'!,;/)0*)/)'OI$*!
EF.$ (&)0'#.34#/73$'!5$4L$'0.;'4#..$(1$'.!
EF+#$EFG$ 5$4L$'0.;'+#88$'$*=$*!
!F$ 5$4L$'0.;'+#88$'$*=!
F+#7#$FG#7$ $#*)0*)//$#.#)$!5$4L$'0.;'$*!
F+#5#$FG#5$ 0;/)0*)//$#.#)$!5$4L$'0.;'$*!
F5#$F7$ ,;/)0*)/.$4L$'0.;'H!:#*)0*)/.$4L$'0.;'!
FD$ V&((.$4L$'0.;'H!V.076.$4L$'0.;'!
F*$ 5$4L$'0.;'!=;4!K$#.L;*6.!4H*%!&'()#"*+'(,'"*'(#,-(!
FI$ Q$.'#$-/.$4L$'0.;'!
FF$ 5$4L$'0.;'!+$/!50;734$+#;4/!
FJ$ 5$4L$'0.;'!+$/!M2'4$.'2)$'4$+#;4/!
F9$ A4)$-;*)/.$4L$'0.;'!
F6$ F&*+$*/0.&'.$4L$'0.;'!
9$ VL0**;*)H!$($6.'#/73$!D&.$*.#0(+#88$'$*=!
9
"
- VL0**;*)/%$6.&'!

9*#$9*$ P$$'(0;8/L0**;*)!
B$ 5'$#-/.&88%$'-'0;73!
K
#
- F*&.$*0+4#..0*=40.'#f!

A#$A$ a6&4L($f$b!E4L$+0*=!
!

>'#$73#/73$!Q;73/.0-$*!

"$ 5$4L$'0.;'0-32*)#)6$#.!
"$ :($6.'&+$*?V_44$.'#$806.&'!
"$ M2'4$G-$')0*)/6&$88#=#$*.!
#LM$ U0'*&.j/73$!P$#/.;*)/=03(!
#J$ P$#/.;*)/=03(!
#J#N,$ F($44$*?P$#/.;*)/=03(!
$$ M2'4$($#.823#)6$#.!
%$ -$=&)$*$'!P$#.1$'.!
!
!
!
!
!
!



8)1$.&2.#9:.*! VC!
&$ $($6.'&73$4#/73$!R-$'/L0**;*)!
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&.$ 4$730*#/73$'!M#'6;*)/)'0+!!
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)$ D0'04$.$'!+$/!E**$*1#+$'/.0*+/!
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!
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W! 3#*&.#(%*-!
"$=$*.'0($!:*$')#$%$'/&');*)/.$73*&(&)#$*!)0(.$*! #*!+$*!%$')0*)$*$*!W03'$*!
3O73/.$*/! 8G'! VL$=#0(0*1$*+;*)$*! 0(/! #*.$'$//0*.! ;*+! 10'$*! +0-$#! /$(.$*!
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=;6G*8.#)! =;! $'3$-(#73$*! A4/.';6.;'#$';*)$*! #*! +$*! 9#'4$*! /$(-/.! ;*+! #4!
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*$!F&/.$*+';76! 0;8! 0(($! ,-.$#(;*)$*! ;*+! +#$!<&.1$*+#)6$#.! +$'! F;*+$*)$1#*?
*;*)!;*+!?-#*+;*)B!Q$+#*).!+;'73!+$*!F&/.$*+';76!1;'+$!=10'!#*!+$*!:*$')#$?
%$'/&');*)/;*.$'*$34$*! $#*$! $'3$-(#73$! g$+;=#$';*)! +$'! E*%$/.#.#&*/-$'$#.?
/7308.!0;/)$(O/.H!N$+&73!$*./.$3.!)($#73=$#.#)!0;8!+$4!9;*+04$*.!+$'!*&.1$*+#?
)$*! F;*+$*-#*+;*)! $#*$! *$;$! ,;8-';73/.#44;*)B! "#$/$! 4G*+$.! #*! +$'!
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6O**$*B!!
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-$8#*+$.!/#73!4#.!+$'!Q'$**/.&88=$(($*.$73*&(&)#$!$#*!+$=$*.'0($'!:*$')#$10*+($'!
0;8! +$4!M$)! =;'! .$73*&(&)#/73$*! g$#8$H! +$'! +;'73! /$#*$! %#$(82(.#)$*! :#*/0.=?
4O)(#736$#.$*!;*+!/$#*$!L&/#.#%$*!O6&(&)#/73$*!;*+!O6&*&4#/73$*!Q#(0*=$*!0(/!
*$;$'!C&88*;*)/.'2)$'! #*! +#$!k88$*.(#736$#.! )$.'$.$*! #/.B!"0-$#! 60**! +#$!Q'$**?
/.&88=$(($!#4!:*$')#$%$'-;*+!0;73!=;'!lh$'$+$(;*)m!'$)$*$'0.#%$'!:*$')#$i;$(($*!
)$*;.=.!1$'+$*H! #*+$4!+#$/$! '$)$(-0'$*!+$=$*.'0($*!:'=$;);*)/$#*3$#.$*! +$*!
6;'=8'#/.#)$*!,;/)($#73! 8G'! +#$! /7310*6$*+$*! P$#/.;*)/0-)0-$*! %&*!D3&.&%&(?
.0#6?!;*+!M#*+)$*$'0.&'$*!$''$#73$*B!!

:*./L'$73$*+! +#$/$'! :*.1#76(;*)! 30.! /#73! +#$! K#$(/$.=;*)! +#$/$'! ,'-$#.H! +#$!
,*80*)/! $#*$! 9&6;//#$';*)! 0;8! *$.=8$'*$! V.'&4%$'/&');*)! #*! E*/$(/_/.$4$*!
30..$H! #4! P0;8$! +$/! D'&N$6.$/! 0;8! %$'/73#$+$*/.$! 9&'4$*! +$=$*.'0($'! h$'/&'?
);*)//.';6.;'$*!$'1$#.$'.B!"#$/$!,'-$#.!/.$((.!V&8.10'$?M$'6=$;)$!=;'!D(0*;*)H!
,*0(_/$H! @0*0)$4$*.! ;*+! Q$.'#$-! +$=$*.'0($'! $($6.'#/73$'! ;*+! .3$'4#/73$'!
h$'/&');*)/$#*3$#.$*! %&'! ;*+! /&((! 0;/! +$'! :'803';*)! +$'! :*.1#76(;*)! +$'!
V#4;(0.#&*/0()&'#.34$*! ;*+!g$)$(/.';6.;'$*! 3$'0;/! ,*(0)$*L(0*$'*! V.'0.$)#$*!
8G'!,;8-0;!;*+!Q$.'#$-!+$=$*.'0($'!V.';6.;'$*!0*!+#$!C0*+!)$-$*B!!
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(#/.#/73$'! F&4L&*$*.$*?! ;*+! ,*(0)$*/#4;(0.#&*H! $#*$'! L'&=$//823#)$*! "0.$*?
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Q$#/L#$($! 8G'! +#$/$! "0'/.$((;*)! 1$'+$*! -$#! +$'! h&'/.$((;*)! +$'! $#*=$(*$*!
%$'1$*+$.$*!@&+$(($!/&1#$!+$/!Q$'$73*;*)/0()&'#.34;/!#4!F0L#.$(![!)$=$#).B!!

!



!

!

M! B'5!"#$%&'(#)*5N'<.(!B@1.55!
E4! %&'#)$*! F0L#.$(! 1;'+$! +#$! %$'1$*+$.$! D'&=$//+0.$*-0*6! -$/73'#$-$*H! 0*!
1$(73$! +0/! #4! g034$*! +#$/$'! ,'-$#.! $*.1#76$(.$! V#4;(0.#&*/L06$.! "A'$//!
al";#/-;')! '$*$10-($!$*$')_! /#4;(0.#&*! /_/.$4rb!0*)$/73(&//$*! #/.B!,--#(+;*)!
ZB\!=$#).!+#$!h$'-#*+;*)$*!+$'!&-$*!-$/73'#$-$*$*!0(()$4$#*$*!V&8.10'$6&4?
L&*$*.$*!4#.!+$*!/L$=#8#/73$*!,()&'#.34$*!+$/!"A'$//?V_/.$4/B!

!

,--#(+;*)!ZB\n!R-$'/#73.!G-$'!+#$!V#4;(0.#&*/;4)$-;*)!"A'$//!

"#$!M03(! +#$/$'! V.';6.;'!1;'+$! +;'73! +#$! 3$'%&''0)$*+$!D'&=$//823#)6$#.! +$/!
)$*;.=.$*! Q$.'#$-/_/.$4/\b! -$)G*/.#).H! 1$(73$! $#*$! $#*8073$! F&44;*#60.#&*!
=1#/73$*! D'&)'044$*! 0;73! 0;8! %$'/73#$+$*$*! %$'*$.=.$*! g$73*$'*! +;'73!
V&76$./H!@0#(-&f$*!;*+!V30'$+?@$4&'_?@0LL#*)!$'4O)(#73.B!"0+;'73!60**!+$'!
Q$'$73*;*)/0()&'#.34;/! ;*+! +$'! "0.$*-0*60*/73(;//! 0;8! N$1$#(/! $#*$4!
0*+$'$*!g$73*$'!0;/)$(0)$'.!-$.'#$-$*!1$'+$*H!+#$!%$'/73#$+$*$*!V.$;$';*)/?!
;*+!Q$&-073.;*)/&-$'8(273$*!0;8!$#*$4!"'#..$*B!"#$/!30.!/#73!#*/-$/&*+$'$!-$#!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
\b!! "$'! 3#$'! %&')$/.$((.$! :*.1#76(;*)//.0*+! #/.! 0;8! CD?,L&((&! M&'6/.0.#&*! 4#.! +$4! Q$.'#$-/_/.$4!
"&40#*!JV!'$0(#/#$'.!1&'+$*B!"#$!%&((/.2*+#)$!D&'.#$';*)!+$'!$#*=$(*$*!V&8.10'$6&4L&*$*.$*!0;8!P#*;f!
1#'+!+$'=$#.!+;'73)$8G3'.B!!
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!

)'&I$*! ,*(0)$*! 4#.! $*./L'$73$*+$*! "0.$*4$*)$*! ;*+! 3&3$'! g$73$*=$#.! 0(/!
%&'.$#(308.! $'1#$/$*B! E*! +#$/$4! F0L#.$(! /&((! *;*! 0;/8G3'(#73! 0;8! +#$! $#*=$(*$*!
D'&)'044$!+$/!D06$.$/!$#*)$)0*)$*!1$'+$*B!K;*273/.!1#'+!+0-$#!+#$! 8G'!+#$!
%&'(#$)$*+$! ,'-$#.! $*.1#76$(.$H! /L$=#$(($! Q$/73'$#-;*)//.';6.;'! #*! +$'! "0.$*?
/L'073$!>"P!$'(2;.$'.B!,*/73(#$I$*+!1#'+!0;8!+#$!J*(#*$?"0.$*%$'/&');*)!;*+!
+#$!V.';6.;'!+$/!$#)$*.(#73$*!Q$'$73*;*)/L'&)'044/!$#*)$)0*)$*B!!

MIW! 3*.1-#.565(.$;.59:1.#;%*-!

,*30*+! +$'! #*! F0L#.$(!\B]! +$8#*#$'.$*! Q$#/L#$(0*(0)$! /&((! +$'! ,;8-0;! $#*$'!
,*(0)$*-$/73'$#-;*)! 8G'! $($6.'#/73$!;*+! .3$'4#/73$!,*(0)$*.$#($! $'(2;.$'.! ;*+!
+04#.! +#$! 9($f#-#(#.2.! +$/! >"P?D'&=$//?V_/.$4/! %$'0*/730;(#73.! 1$'+$*B! "$'!
,;8-0;! $#*$'! ,*(0)$*-$/73'$#-;*)! ;*.$'/73$#+$.! /#73! +0-$#! #*! 1$/$*.(#73$*!
D;*6.$*! %&*! +$'! Q$/73'$#-;*)! %&*! C&73/L0**;*)/*$.=$*! ;*+! 1;'+$! #4!
h$')($#73! =;! +$'! #*! o@RP?`ep! %$'1$*+$.$*! V.';6.;'! 8G'! +#$! g$0(#/#$';*)! +$'!
%&'(#$)$*+$*!,'-$#.!$'3$-(#73!1$#.$'$*.1#76$(.!;*+!8($f#-#(#/#$'.B!

"#$!Q$/73'$#-;*)!$#*$'!,*(0)$!;*.$'.$#(.!/#73! #*!=1$#!Q$'$#73$n!0b!+$'! .&L&(&)#?
/73$*! Q$/73'$#-;*)H! #*! 1$(73$'! +#$! J'.$! 0(($'! -$.$#(#).$*! F&4L&*$*.$*! /&1#$!
#3'$!L3_/#60(#/73$!h$'-#*+;*)!+$8#*#$'.!1$'+$*H!;*+!-b!+#$!+$.0#((#$'.$!Q$/73'$#?
-;*)! +$'! $#*=$(*$*! F&4L&*$*.$*B! K;! +$*! C0;L.6&4L&*$*.$*! )$3O'$*! #4!
$($6.'#/73$*! V_/.$4.$#(! +$'! Q$#/L#$(0*(0)$! V044$(/73#$*$*H! >$*$'0.&'H! P0/.H!
D3&.&%&(.0#68$(+H! Q0..$'#$! ;*+!M$73/$('#73.$'B! "#$/$!1$'+$*! +0-$#!4#.! -$(#$-#)!
%#$($*! <$-$*6&4L&*$*.$*H! 1#$! =;4! Q$#/L#$(! V730(.$'*H! P$#.;*)/%$'-#*+;*)$*!
;*+!@$//)$'2.$*H!=;!$#*$4!9$(+!=;/044$*)$80//.B!

‘BHKW   [CON/J1, LS=(AUS), LMES/M(‘$-I1.‘$-P1.), 
         KOMPO/E(‘‘‘GEN‘‘DG53)*GEN=(DIE)*PSOLL=(5.3kW) 
                              *WT/S(‘‘‘$‘‘WARM‘BHKW) 
         I1.,P1.]  

,--#(+;*)!ZBXn!Q$/73'$#-;*)!+$/!QCFM?9$(+$/!a5&L&(&)#$!$($6.'#/73b!!

"0/!9$(+!+$/! 8G'!+#$!Q$#/L#$(0*(0)$!=;!-$/73'$#-$*+$*!>$*$'0.&'/!+$/!QCFM!
a,--#(+;*)!ZBXb! $*.32(.! +0-$#! +$*!,*/73(;//!0*!+#$!,U?V044$(/73#$*$! aCONbH!
$#*$*! 06.;$((! 0;/)$/730(.$.$*! V730(.$'! aLSb! /&1#$! $#*$*!@$//L;*6.! 8G'! V.'&4!
;*+!P$#/.;*)! aLMESbB!"#$!Q$/73'$#-;*)!+$'! $#)$*.(#73$*!F&4L&*$*.$! .$#(.! /#73!
+0-$#! #*! +#$! C0;L./L$=#$/! lKOMPOmH! +#$! )($#73=$#.#)! 0;8! $#*$! 0;/8G3'(#73$!
Q$/73'$#-;*)! +$'! :#)$*/7308.$*! +$/! >$*$'0.&'/! 0*! 0*+$'$'! V.$(($!
a‘‘‘GEN‘‘DG53b!%$'1$#/.H!+#$!"$8#*#.#&*!+$/!F&4L&*$*.$*._L/! a*GEN=(DIE)H!
0(/&! $#*! +#$/$(-$.'#$-$*$'! >$*$'0.&'b! ;*+! =;/2.=(#73! +#$! '$(0.#%$! VL$=#$/!
*PSOLLH! 1$(73$! +#$! h&')0-$! $#*$/! 06.;$(($*! P$#/.;*)//&((1$'.$/! $'(0;-.B! ,(/!
+'#..$'!,*30*)! #/.!4#.!+$4!M2'4$.0;/73$'!WT/S $#*!s;$'%$'1$#/!=;4! .3$'4#?
/73$*! Q$/73'$#-;*)/.$#(! $#*)$8G).B! C#$'4#.! 1#'+! $#*$! $#*+$;.#)$! Q$=#$3;*)!
=1#/73$*!+$'!$($6.'#/73$*!;*+! .3$'4#/73$*!,*6*GL8;*)!+$8#*#$'.B!"#$!0-/73(#$?
I$*+$! ,;8(#/.;*)! +$'! @$//1$'.$! I1.! ;*+! P1.! +$8#*#$'.! +$*! VL$#73$'&'.! +$'!
@$//;*)!#*!+$'!"0.$*-0*6B!V&1&3(!+$'!K;/.0*+!+$/!P$#/.;*)//730(.$'/!0(/!0;73!
+$'! V&((1$'.! 6O**$*! +;'73! :'$#)*#//$! N$+$'=$#.! #*! +$'! "0.$*-0*6! -$$#*8(;//.!
1$'+$*B!
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 ‘‘‘‘1/0 
‘‘‘ALLG 
 ‘‘ALLG 
  ‘ALLG       [TIME=(0STD 0MIN 0SEK),DATE=(1999JA 09MON 02TAG), 
               POSITION=(47.4BGD 11.3LGD 1450.0HNN)] 
‘‘‘‘‘ 
 
‘‘‘‘1/0 
‘‘‘ALPEN 
 
 ‘‘DC 
  ‘DCSS     [JUN1/V(‘BATT-CON‘PVF-CON‘ACNET-CON)*SSTYP=(DC),U.] 
 
  ‘BATT     [CON/J1,LS=(EIN)*F,LMES/M(‘$-P.‘$-I.),QMES/M(‘$-U.), 
             KOMPO/E(‘‘‘AKKU‘‘1380)*AKKU=(PB)*LZS=(50.0PZ)*ANZ_SER=(32FAK), 
             I.,P.,U.] 
 
  ‘PVF      [CON/J1,LS=(EIN)*F,ANSCHLUS*LZW=(0.1ROH 0.0LmH) 
             LMES/M(‘$-I.‘$-P.‘$-T.),QMES/M(‘$-U.), 
             KOMPO/E(‘‘‘PV‘‘OPTI)*PV=(PV)*AUSRTG=(5.0AZI 50.0NGG)*ANZ_PAR=(25FAK), 
             I.,P.,T.,U.] 
 
  ‘ACNET    [CON/J1,LS=(EIN)*F,LMES/M(‘$-I.‘$-P),  
             STELL/E(‘‘‘STELL‘‘BIDI)*EB/S(‘‘‘$‘‘AC‘EIGENB), 
             DCAC*USOLL=(230V),LMES/M(‘$-P1.‘$-I1.),QMES/M(‘$-U.),  
             PEC/Q(‘‘‘LEILI‘‘AC‘VERB-PEC1),P.,I.,U.,I1.,P1.] 
 
 ‘‘AC  
  ‘ACSS     [JUN1/V(‘DCNET-CON‘BHKW-CON‘LAST-CON‘EIGENB-CON)*SSTYP=(AC),U.] 
 
  ‘DCNET    [CON/J1,LS=(EIN)*F,LMES/M(‘$-I.’$-P.),QMES/M(‘$-U.), 
             PEC/Q(‘‘‘LEILI‘‘$‘VERB-PEC2),P.,I.,U.] 
 
  ‘BHKW     [CON/J1,LS=(AUS)*F,LMES/M(‘$-I.‘$-P.), QMES/M(‘$-U.), 
             KOMPO/E(‘‘‘GEN‘‘DG53)*GEN=(DIE)*PSOLL=(5.3kW)*WT/S(‘‘‘$‘‘WARM‘BHKW) 
             I.,P.,U.]  
 
  ‘EIGENB   [CON/J1,LS=(EIN)*F,LMES/M(‘$-I.’$-P.),QMES/M(‘$-U.),  
             SLAST*TYP1=(0.0kW),I.,P.,U.]   
 
  ‘LAST     [CON/J1,LS=(EIN)*F,ANSCHLUS*LZW=(0.1ROH 0.01LmH), 
             LMES/M(‘$-I.’$-P.),QMES/M(‘$-U.),LAST,I.,P.,U.]      
 
 ‘‘WARM 
  ‘SPEICHER [KOMPO/E(‘‘‘SPEI‘‘SPE1)*SPEICH=(50.0GRD)*WM_SPE=(30.0kWh) 
             JUN1/V(‘BRAUCHW-CON’BHKW-CON’KLKT-CON)*SSTYP=(WKL)] 
 
  ‘BRAUCHW  [CON/J1*SCHICHT=(5NR),VENTIL=(EIN), 
             LMES/M(‘$-P.’$-DFL.),QMES/M(‘$-T1.‘$-T2.), 
             KOMPO/E(‘‘‘WAERM‘‘VERB)*VERBRAU=(BRA),P.,T1.,T2.,DFL.] 
 
  ‘BHKW     [CON/J1*SCHICHT=(3NR), 
             TKOPP*WT/S(‘‘‘WAERM‘‘WTS4), 
             LMES/M(‘$-P.‘$-DFL.),QMES/M(‘$-T1.’$-T2.’$-T.), 
             KOMPO/E(‘‘‘GEN‘‘DG53)*ERZEUG=(WAK)*EB/S(‘‘‘$‘‘AC‘EIGENB) 
                                  *LAENGE=(5M)*DURCHMS=(0.02M), 
             P.,T1.,T2.,T.,DFL.] 
 
  ‘KLKT     [CON/J1*SCHICHT=(1NR), 
             TKOPP*WT/S(‘‘‘WAERM‘‘WTS1),VENTIL=(EIN), 
             LMES/M(‘$-P.‘$-DFL.),QMES/M(‘$-T1.‘$-T2.‘$-T.), 
             KOMPO/E(‘‘‘KLKT‘‘PHOA)*KOLLEKT*AUSRTG=(43.0AZI 38.0NGG) 
                    *LAENGE=(30M)*DURCHMS=(0.032M) *EB/S(‘‘‘$‘‘AC‘EIGENB), 
             P.,T1.,T2.,T.,DFL.] 
‘‘‘‘‘ 
 
‘‘‘‘1/0 
‘‘‘LEILI 
 ‘‘AC 
  ‘VERB     [PEC1/Q(‘‘‘ALPEN‘‘DC‘ACNET-PEC), 
                KDA*LZW=(0.025ROH 0.025LmH)*QZW=(0.0GSI 0.0CnF), 
             PEC2/Q(‘‘‘ALPEN‘‘$‘DCNET-PEC)]     
‘‘‘‘‘  

,--#(+;*)!ZBZn!h&((/.2*+#)$!Q$/73'$#-;*)!+$'!Q$#/L#$(0*(0)$!a5&L&(&)#$b!
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E*! $#*$'! =1$#.$*! "0.$#! 1$'+$*! $-$*80((/! #*! >"P?V_*.0f! =;/2.=(#73$! "$.0#(-$?
/73'$#-;*)$*!8G'!+#$!$#*=$(*$*!F&4L&*$*.$*!3#*.$'($).B!E*!+$'!9$(+-$/73'$#-;*)!
+$/! "#$/$()$*$'0.&'/! 1;'+$! +;'73! $#*$*! h$'1$#/! 0;8! +#$! ,+'$//$!
‘‘‘GEN‘‘DG53!0;8!+#$!8&()$*+$!Q$/73'$#-;*)!'$8$'$*=#$'.n!
‘‘‘‘1/0 
‘‘‘GEN 
 ‘‘DG53  
  ‘DATEN   [P_MAX=(5.3kW),P_MIN=(3.3kW),ENERINH=(11.9FAK) 
            ETA=(27PZ),ETATH=(61.0PZ),ETATHO=(70.0PZ)]    
‘‘‘‘‘ 

,--#(+;*)!ZB[n!Q$/73'$#-;*)!+$/!QCFM/!aF&4L&*$*.$b!

"0-$#!1$'+$*!G-$'!+#$!VL$=#$/!P_MAX!;*+!MIN_P_ON!+#$!M#'6($#/.;*)/)'$*=$*!
+$/!,))'$)0.$/! #*!kW! ;*+! +;'73!ENERINH! +$'!:*$')#$#*30(.! +$/! %$'1$*+$.$*!
F'08./.&88/! #*! M3d(! +$8#*#$'.B! "#$! ,-6G'=;*)! FAK! 8G'! 906.&'! +#$*.! +0-$#! 0(/!
D(0.=30(.$'! 8G'! +#$! %$'1$*+$.$*! EVJ?:#*3$#.$*B! "#$! +'$#! 8&()$*+$*! VL$=#$/!
-$/73'$#-$*! +#$! M#'6;*)/)'0+$! $*./L'$73$*+! +$'! )$123(.$*! @&+$((#$';*)!
a!!F0L#.$(![bB!"#$!,..'#-;.$! #*!+$'!F&4L&*$*.$*-$/73'$#-;*)!/#*+H! #4!>$)$*/0.=!
=;!+$*$*! #*!+$'!,*(0)$*-$/73'$#-;*)H! 8$/.H!0(/&!*#73.! #4!P0;8$!+$/!D'&=$//$/!
%$'2*+$'-0'B!

"#$! Q$/73'$#-;*)! +$'! 6&4L($..$*! ,*(0)$! $')#-.! /#73! +0**! +;'73! F&4-#*0.#&*!
$#*=$(*$'!9$(+$'!;*+!V044$(/73#$*$*B!E4!$'/.$*!5$#(!a‘‘‘ALLG‘‘ALLG‘ALLGb!
1$'+$*! 0(()$4$#*$! E*8&'40.#&*$*! G-$'! +$*! 06.;$(($*! K$#.L;*6.! /&1#$! +$*!
)$&)'0L3#/73$*! J'.! +$'! ,*(0)$! +$8#*#$'.H! 1&+;'73! =BQB! V&**$*/.0*+/-$'$73?
*;*)$*! 8G'! +#$! D3&.&%&(.0#64&+;($! ;*+! V&(0'6&(($6.&'$*! $'4O)(#73.! 1$'+$*B!
,*/73(#$I$*+! 8&()$*! +#$! Q$/73'$#-;*)$*! +$'! >($#73/.'&46&4L&*$*.$*! 0*! +$'!
V044$(/73#$*$! ‘‘‘ALPEN‘‘AC‘DCSSH! 0*! +$'! +#$! Q0..$'#$! ;*+! +0/! Dh?9$(+!
/&1#$! +$'! -#+#'$6.#&*0($! A4'#73.$'! 0*)$/73(&//$*! /#*+B! ,;8! +$'! V$6;*+2'/$#.$!
+$/! A4'#73.$'/! 1#'+! G-$'! $#*$*! h$'1$#/! 0;8! +#$! P$#.;*)/(#/.$! aLEILIb! +#$!
h$'-#*+;*)!aVERBb!=;'!,U?V$#.$!+$'!,*(0)$!+$8#*#$'.B!,*!+$'!,U?V044$(/73#$*$!
1#'+! +#$! gG76%$'-#*+;*)! =;4! A4'#73.$'! G-$'! +#$! ,*/73(;//($#.;*)! /&1#$! +$'!
$($6.'#/73$! ,*/73(;//! +$/! QCFM/H! +#$! h$'-'0;73$'(0/.! ;*+! =;/2.=(#73! +$'!
:#)$*-$+0'8/0*/73(;//! +$'!,*(0)$!-$/73'#$-$*H! 0*!+$4!+#$! %&*!+$*!V#4;(0.#?
&*/4&+$(($*!$#*=$(*$'!F&4L&*$*.$*!$''$73*$.$!C#(8/$*$')#$!0;8/;44#$'.!1#'+B!

M#$! -$'$#./! $#*($#.$*+! $'(2;.$'.H! #/.! *$-$*! $($6.'#/73$*! ,*(0)$*.$#($*! $-$*80((/!
$#*$! Q$/73'$#-;*)! %&*!M2'4$%$'/&');*)//_/.$4$*! #4! g034$*! +#$/$'! ,'-$#.!
$'4O)(#73.! 1&'+$*B! "0-$#! 6&**.$! +#$! 8G'! $($6.'#/73$! V_/.$4$! 6&*=#L#$'.$!
"0.$*/L'073$! +;'73! ,*L0//;*)! +$'! $*./L'$73$*+$*! R-$'/$.=;*)/%&')0-$*!
$-$*80((/! )$*;.=.!1$'+$*B!,*0(&)! =;!+$*!-$/73'#$-$*$*!C#(8/$*$')#$%$'1$#/$*!
6O**$*!$*./L'$73$*+$!s;$'%$'1$#/$! =;'!M2'4$0;/6&LL(;*)!+$8#*#$'.!1$'+$*B!
"#$! Q$/73'$#-;*)! +$/! $#)$*.(#73$*! .3$'4#/73$*! V_/.$4/! $'8&().! 0*0(&)! +;'73!
F&4-#*0.#&*!%&*!g&3'$*!/.0..!P$#.;*)$*!;*+!h$*.#($*!/.0..!V730(.$'*H!.3$'4#/73$!
VL$#73$'!*$34$*!+#$!V.$(($!%&*!V044$(/73#$*$*!$#*!a!!,--#(+;*)!ZBZbB!!
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MIL! B'(.*;'*<'*59:&%55!+.1!"#$%&'(#)*!

M#$!-$'$#./!+0')$/.$((.H!/#*+!#*!+$'!D'&=$//?"0.$*-0*6!0(($!E*8&'40.#&*$*!/&1&3(!
G-$'!+$*!,*(0)$*?Q$/.0*+!aL&.$*=#$(($!5&L&(&)#$b!0(/!0;73!+#$!06.;$(($!,*(0)$*?
V#.;0.#&*! a@$//1$'.$! ;*+! K;/.2*+$b! 0-)$($).B! "#$! V73*#../.$(($! =1#/73$*! +$4!
>"P?"0.$*-0*68&'40.!;*+!+$4!*;4$'#/73$*!Q$'$73*;*)/0()&'#.34;/!#/.!+;'73!
$#*! $#)$*/.2*+#)$/H! -#+#'$6.#&*0(! 0)#$'$*+$/! h$'/&');*)/L'&)'044! '$0(#/#$'.!
a!!,--#(+;*)!ZB]bB!h&'.$#(!+#$/$'!,'73#.$6.;'! #/.!$#*$!%&((/.2*+#)$!:*.6&LL(;*)!+$/!
V#4;(0.#&*/L'&=$//$/! %&*! +$'! "0.$*-0*6! ;*+! +04#.! 0;73! %&*! 0(($*! h$'10(?
.;*)/0;8)0-$*B! ";'73! +#$! )$123(.$! g$73*$'L(0..8&'4! #/.! $/! =;+$4! ($#73.$'!
4O)(#73H! $#*$! h$'.$#(;*)! +$'! $#*=$(*$*! D'&=$//$! 0;8! %$'/73#$+$*$! %$'*$.=.$!
g$73*$'! %&'=;*$34$*B! "#$! "0.$*G-$')0-$! $'8&().! +;'73! /.';6.;'#$'.$! Q#*2'+0?
.$#$*H!+;'73!@0#(-&f?F&44;*#60.#&*!1#'+!+$'!,-(0;8!+$'!D'&)'044$!6&&'+#*#$'.B!

!
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,-/73(#$I$*+!1#'+!#*!F0L#.$(![BZ!+$'!%&((/.2*+#)!*$;!$*.1#76$(.$!Q$'$73*;*)/0(?
)&'#.34;/! 8G'! -$(#$-#)$! >($#73?! ;*+! M$73/$(/.'&4%$'/730(.;*)$*! ;*+! +#$!
:#*-#*+;*)!+$'!@&+$(($!%&')$/.$((.B!

YIW! ?)+.&&.!/01!=&.#9:5(1)$>J)$N)*.*(.*!

Q$#! 0(($*! %$'1$*+$.$*!@&+$(($*! =;'! Q$'$73*;*)! %&*!F&4L&*$*.$*H! +#$! +#'$6.!
>($#73/.'&4!$'=$;)$*!&+$'!%$'-'0;73$*H!1;'+$!$#*!-$/&*+$'$/!,;)$*4$'6!0;8!
+#$!>$*0;#)6$#.! +$'! ,()&'#.34$*! )$($).B! "#$/! #/.! %&'! 0(($4!4#.! +$'! /.0'6! *#73.?
(#*$0'$*!,-32*)#)6$#.!%&*!V.'&4!;*+!VL0**;*)!#*!%$'/73#$+$*$*!Q$.'#$-/L;*6?
.$*!-$#!)($#73/.'&4-0/#$'.$*!F&4L&*$*.$*!-$)'G*+$.B!:')$-*#//$!+$'!@&+$((#$?
';*)!+$'!F&4L&*$*.$*!/#*+!0;8!+$'!$($6.'#/73$*!V$#.$!V.'&4?VL0**;*)/?D00'$!
#4! Q$.'#$-/-$'$#73! +$'! N$1$#(#)$*! F&4L&*$*.$! ;*.$'! Q$'G76/#73.#);*)! %&*!
>'$*=1$'.$*!;*+!5$4L$'0.;')'0+#$*.$*B!

YIWIW! F&.#'<<%$%&'()1.*!
Q($#066;4;(0.&'$*!30-$*!/#73!0;8)';*+! (0*)N23'#)$'!Q$.'#$-/$'803';*)! #*!%#$($*!
:#*/0.=-$'$#73$*! 0(/! $($6.'&73$4#/73$! :*$')#$/L$#73$'! +;'73)$/$.=.B! "0=;!



YIW!?)+.&&.!/01!=&.#9:5(1)$>J)$N)*.*(.*! ".#(.!L]!

!

)$3O'$*!,*1$*+;*)$*!0(/!V.0'.$'-0..$'#$*!#*!+$'!,;.&4&-#(.$73*#6H!0(/!Q0..$'#$*!
=;'!6;'==$#.#)$*!:*$')#$0-)0-$! #*!,*(0)$*!=;'!;*.$'-'$73;*)/8'$#$*!V.'&4%$'?
/&');*)! aAVhbH! 0-$'! 0;73! 0(/! :*$')#$L;88$'! #*! C_-'#+/_/.$4$*! =;'! 0;.0'6$*!
V.'&4%$'/&');*)B!!

,--#(+;*)![BX!=$#).!+0/!>';*+L'#*=#L!$#*$/!Q($#066;4;(0.&'/B!E*!$#*$*!:($6.'&(_?
.$*!0;/!%$'+G**.$'!V731$8$(/2;'$!aCXVJ[b!1$'+$*!=1$#!:($6.'&+$*!$#*)$.0;73.H!
+#$! L&/#.#%$! :($6.'&+$! a,*&+$b! -$/.$3.! 0;/! Q($#+#&f#+! aD-JXbH! +#$! *$)0.#%$!
:($6.'&+$! aF0.3&+$b! 0;/! 4$.0((#?
/73$4! Q($#! aD-bB! E**$'30(-! +$'!
:($6.'&+$*! 1#'+! +$'! P0+;*)/.'0*/?
L&'.! +;'73! :($6.'&*$*($#.;*)!
%&((=&)$*H! 1&3#*)$)$*! #4! :($6.'&(_?
.$*! E&*$*($#.;*)! %&'3$''/73$*+! #/.B!
h$'6*GL8.! 1$'+$*! +#$! -$#+$*!
P$#.;*)/0'.$*! +;'73! +#$! :($6.'&+$*?
'$06.#&*$*! 0*! +$'! D30/$*)'$*=$!
:($6.'&+$d:($6.'&(_.B! E*! $#*$4!
,66;4;(0.&'! 1$'+$*! #*! +$'! g$)$(!
4$3'$'$! :($6.'&+$*L00'$! $#*)$?
-'073.H! +#$! K;/044$*/.$((;*)!
4$3'$'$'! ,66;4;(0.&'$*! 1#'+! 0;73!
0(/!Q0..$'#$/0.=!-$=$#73*$.B!

K10'! (#$).! 3#$'! $#*$! $'L'&-.$! ;*+!
/#73$'$! 5$73*&(&)#$! %&'H! N$+&73!
$'1$#/.! $/! /#73H! +0//! /&1&3(! +#$!
Q$'$73*;*)! 0(/! 0;73! +#$! K;/.0*+/?
0*0(_/$! %&*! Q($#-0..$'#$*! 0;/)$?
/L'&73$*! /731#$'#)! /#*+B! K;'!
Q$'$73;*)!6O**$*!=1$#!%$'/73#$+$?
*$!,()&'#.34$*! #4!%&'(#$)$*+$*!V#4;(0.#&*/L06$.!0(.$'*0.#%! %$'1$*+$.!1$'+$*B!
"$'!$'/.$!,()&'#.34;/!#/.!$#*!+$.0#((#$'.$/H!6&4L($f$/H!L3_/#60(#/73$/!@&+$((!*073!
@G(($'! o@RP?`epH! +0/! /#73! +;'73! $#*$! -$/&*+$'/! 3&3$! Q$'$73;*)/)$*0;#)6$#.!
0;/=$#73*$.H! +$'! =1$#.$! $#*! %$'$#*8073.$'! L32*&4$*&(&)#/73$'! ,*/0.=! *073!
V3$L3$'+! oVC:?c]pH! +$'! -$/&*+$'/! 3&3$! g$73$*)$/731#*+#)6$#.$*! 0;81$#/.B!
";'73! /$#*$! 3&3$! ,;8(O/;*)! 1#'+! +0/! @&+$((! *073! @G(($'! 0;73! =;! ,*0(_/$?
K1$76$*!#4!,*(0)$*40*0)$4$*.!$#*)$/$.=.!a!!,-/73*#..!cBXBXbB!

YIWIWIW!E:65#<'&#59:.5!?)+.&&!*'9:!?0&&.1!
"0/! @&+$((! *073! @G(($'! o@RP?`ep! 1;'+$! 0;8! +$4! #*! ,--#(+;*)! [BZ! )$=$#).$*!
:'/0.=/730(.-#(+! 0;8)$-0;.B! "#$! :#*)0*)/)'OI$! >$/04./.'&4! ;O"44! .$#(.! /#73! 0*!
L&/#.#%$'!;*+!*$)0.#%$'!:($6.'&+$!N$1$#(/!#*!+$*!C0;L.'$06.#&*//.'&4!;82!;*+!+$*!
<$-$*/.'&4! ;P!0;8H!+$'!+#$!A4(0+;*)!+$'!"&LL$(/73#73.!%$';'/073.B!,;I$'+$4!
1$'+$*! +$'! E**$*1#+$'/.0*+! +$/! ,66;4;(0.&'/! :%! ;*+! +$'! >0/;*)//.'&4! ;C!
-$'G76/#73.#).B!!

!

,--#(+;*)![BXn!D'#*=#L-#(+!$#*$'!Q($#-0..$'#$!

!



".#(.!MO!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

"#$!Q$'$73*;*)!+$'!$#*=$(*$*!:($4$*.$!+$/!:'/0.=/730(.-#(+$/!$'8&().!+0-$#!0;8!
Q0/#/! )$&4$.'#/73$'! "0.$*! +$/! -$30*+$(.$*! ,66;4;(0.&'/H! 1#$! =;4! Q$#/L#$(!
D(0..$*)$&4$.'#$! ;*+! ?0;8-0;H! >$32;/$)'OI$*! ;*+! @0.$'#0(#$*B! "0-$#! /#*+!
#*/-$/&*+$'$! +#$! @0.$'#0(%&(;4#*0! +_*04#/73! 4#.! +$'! K$#.! %$'2*+$'(#73H! +#$!
J-$'8(273$*!;*+!@0.$'#0(+#73.$*!+$'!D(0..$*!%$'2*+$'*!/#73!+;'73!P0+;*)!&+$'!
:*.(0+;*)!+$/!,66;4;(0.&'/B!"#$/$!D32*&4$*$!/#*+!#*!+$'!@&+$((#$';*)!+;'73!
$#*$!6&*/$i;$*.$!L3_/#60(#/73$!;*+!$($6.'&73$4#/73$!,--#(+;*)!+$'!0;8.'$.$*?
+$*!D'&=$//$!-$'G76/#73.#).B!

!

,--#(+;*)![BZn!:'/0.=/730(.-#(+!+$'!Q($#-0..$'#$!o@RP?`ep!

"0/! @&+$((! -$'$73*$.! +#$! $($6.'&73$4#/73$*! A4/2.=$! #*! +$'! Q0..$'#$H! +#$!
V2;'$6&*=$*.'0.#&*!#*!+$*!:($6.'&+$*!;*+!#4!,;I$*'0;4!/&1#$!+$*!"#88;/#&*/?
0;/)($#73!=1#/73$*!+#$/$*!Q$'$#73$*B!"$/!M$#.$'$*!1$'+$*!:($6.'&+$*L&.$*=#?
0(H! g;3$L&.$*=#0(H! E**$*1#+$'/.0*+! ;*+! >0/;*)//.'&4H! /&1#$! +#$! V;(80.%$'.$#?
(;*)!#*!+$*!D&'$*!$'4#..$(.B!@#.!+#$/$*!M$'.$*!6O**$*!+$'!C0;L.'$06.#&*//.'&4H!
+$'!$#*$!*&'4)$'$73.$!P0+$=;/.0*+/-$/.#44;*)!$'4O)(#73.H!;*+!+#$!F($44$*?
/L0**;*)! +$'! Q0..$'#$! $''$73*$.! 1$'+$*B!"#$! $#*=$(*$*! K;/044$*32*)$! /#*+!
0;/8G3'(#73!#*!o@RP?`ep!1#$+$')$)$-$*H!+#$!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!/#*+!
#*!,--#(+;*)![B[!=;/044$*)$80//.B!!



YIW!?)+.&&.!/01!=&.#9:5(1)$>J)$N)*.*(.*! ".#(.!MW!

!

Umgebungstemperatur, Vorzustand 
 

Strom Q0..$'#$4&+$((!
Spannung 
Leistung 
Ladezustand 

 
geometrische Daten, Nenngrößen 

,--#(+;*)![B[n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!Q($#-0..$'#$4&+$((/!*073!@G(($'!

"0/!Q0..$'#$4&+$((!%&*!@G(($'!30.!/#73!+;'73!/$#*$!3&3$!D'2=#/#&*!/&1&3(!#*!+$'!
Q$/.#44;*)!+$'!F($44$*/L0**;*)!0(/!0;73!#*!+$'!:'4#..(;*)!+$/!Q0..$'#$(0+$?
=;/.0*+/!#*!%#$($*!92(($*!0(/!-$/&*+$'/!)$$#)*$.!3$'0;/)$/.$((.B!>$'0+$!-$#!+$'!
"#'$6.6&LL(;*)! 4$3'$'$'! >($#73/.'&46&4L&*$*.$*! a/#$3$! Q$'$73;*)/-$#/L#$(!
#4!,-/73*#..![BZBX!;*+!,*1$*+;*)/-$#/L#$($!#*!F0L#.$(!eb!#/.!$#*$!3&3$!>$*0;#)?
6$#.! #*! +$'! VL0**;*)/-$'$73*;*)! +$/! ,66;4;(0.&'/! *&.1$*+#)H! +0! +#$/$'! +#$!
V_/.$4/L0**;*)!;*+!+04#.!+0/!h$'30(.$*!+$'!0*)$/73(&//$*$*!F&4L&*$*.$*!
-$/.#44.B! E*! ,--#(+;*)! [B]! /#*+! +#$! @&+$(($')$-*#//$! #*! 9&'4! %&*! V.'&4?
VL0**;*)/?V730'$*! 8G'! %$'/73#$+$*$! P0+$=;/.2*+$H! 0;/)$3$*+! N$1$#(/! %&*!
$#*$4!g;3$=;/.0*+!+$'!Q0..$'#$H!+0')$/.$((.B!K;'!P0+$=;/.0*+/0*0(_/$!30.!/#73!
+0/! -$/73'#$-$*$! @&+$((! $-$*80((/! -$123'.H! 1&'0;8! #*! ,-/73*#..! cBXBX! *23$'!
$#*)$)0*)$*!1#'+B!

!

,--#(+;*)![B]n!P0+$=;/.0*+/0-32*)#)$'!VL0**;*)/?V.'&4%$'(0;8!$#*$/!Q($#066;4;(0.&'/!
*073!@G(($'!

:/!30.!/#73!0-$'!)$=$#).H!+0//!+0/!@&+$((!=10'! #4!h$')($#73!=;!%#$($*!0*+$'$*!
,*/2.=$*!3$'0;/'0)$*+$!:')$-*#//$! (#$8$'.H! N$+&73! #*!D'0f#!/731#$'#)!$#*=;/$.?
=$*! #/.B!"#$!D0'04$.'#$';*)!+$/!@&+$((/! #/.! $#)$*.(#73! /$3'! $#*8073H! +0!$/! /#73!
0;/*034/(&/! 0;8! )$&4$.'#/73$!"0.$*! +$'!Q0..$'#$! /.G.=.H! N$+&73! /#*+! .$#(1$#/$!
0;/!>$3$#430(.;*)/)'G*+$*!C$'/.$(($'0*)0-$*!#*!+$'!-$*O.#).$*!"$.0#()$*0;#)?



".#(.!ML!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

6$#.! /731$'! =;! -$6&44$*B! "$/! M$#.$'$*! $'/731$'.! +#$! 3&3$! ,+0L.#&*! +$/!
@&+$((/! 0*! +#$! /L$=#8#/73$! Q0;8&'4! +$/! Q($#?,66;4;(0.&'/! +#$! 5'0*/8&'40.#&*!
+$'!:')$-*#//$!0;8!0*+$'$!,66;4;(0.&'._L$*B!,;I$'+$4!30.!/#73!#4!/#4;(0.#%$*!
:#*/0.=! +$/! @&+$((/! +#$! 3&3$! g$73$*=$#.! +$/! ,()&'#.34;/! 32;8#)! 0(/! /.O'$*+!
3$'0;/)$/.$((.B!!

YIWIWIL!E:A*)$.*)&)-#59:.5!?)+.&&!*'9:!":.N:.1+!
,(/! =1$#.$/! $-$*80((/! #*! +0/! V#4;(0.#&*/L'&)'044! #*.$)'#$'.$/! ;*+! 0(.$'*0.#%!
%$'1$*+-0'$/! Q0..$'#$4&+$((! 1;'+$! $#*$! $#*8073$H! L32*&4$*&(&)#/73$!
@&+$((#$';*)!%$'1$*+$.H!+#$!$'/.40(/!\`c]!%&*!V3$L3$'+! #*! oVC:?c]p! %$'O88$*.?
(#73.! 1;'+$B! "#$! Q$'$73*;*)! +$'! F($44$*/L0**;*)! $'8&().! +;'73! >($#73;*)!!
a[?\b!oE<V?`Xpn!!

,
-
.

/
0
1

2
3324

86
8=

6
;&899 .
./

/ ) ! a[?\b

;! F($44/.'&4!+$/!,66;4;(0.&'/!!
9! F($44$*/L0**;*)!+$/!,66;4;(0.&'/!
6+*! <$**60L0=#.2.!+$/!,66;4;(0.&'/!
8! 06.;$(($!*&'4#$'.$!:*.(0+;*)/.#$8$!

"#$!G-'#)$*!D0'04$.$'!+$'!>($#73;*)!/#*+!N$!*073!,*1$*+;*)/80((!8G'!P0+;*)/?!
;*+!:*.(0+;*)/-$'$73*;*)$*!)$.'$**.!=;!-$/.#44$*H!+#$/$!/#*+n!!
!

9*! P$$'(0;8/L0**;*)!
&! :($6.'&(_.6&$88#=#$*.!!
Q! D0'04$.$'!+$/!E**$*1#+$'/.0*+/!
=! Q0..$'#$._L6&$88#=#$*.!!
6! F0L0=#.2./6&$88#=#$*.!

K;'!VL0**;*)/-$/.#44;*)!+$'!Q0..$'#$!1#'+!0(/&!$#*!V0.=! %&*!\X!D0'04$.$'*!
-$*O.#).H! +#$! +;'73! 9#..#*)L'&=$//$! 0;/! @$//'$#3$*! -$/.#44.! 1$'+$*! 6O**$*B!
"#$!P$$'(0;8/L0**;*)!1#'+!0(/!@#..$(1$'.!+$'!P0+$?!;*+!:*.(0+$($$'(0;8/L0**;*)!
0;/! >($#73;*)! a[?\b! $'4#..$(.B! "#$! P0+$-#(0*=#$';*)! $'8&().! G-$'! $#*! $-$*80((/!
6&$88#=#$*.$*L0'04$.'#$'.$/! V.'&4#*.$)'0(! oE<V?`XpB! "#$! :#*?! ;*+! ,;/)0*)/L0'0?
4$.$'!/#*+!#*!,--#(+;*)![Bc!=;/044$*)$80//.B!!

,--#(+;*)![Be!=$#).!+$*!/.0'6!(#*$0'#/#$'.$*!K;/044$*30*)!=1#/73$*!V.'&4!;*+!
VL0**;*)!-$#!$#*$'!Q$'$73*;*)!4#.!+$4!Q0..$'#$4&+$((!*073!V3$L3$'+B!";'73!
h$')($#73! 4#.! +$4! :')$-*#//$*! +$/! +$.0#((#$'.$'$*! @&+$((/! *073! @G(($'! #*!
,--#(+;*)! [B]! 1#'+! +$;.(#73H! +0//! 1$/$*.(#73$! K;/044$*32*)$! +;'73! +0/!
%$'$#*8073.$!>($#73;*)//_/.$4!*#73.!0-)$+$76.!1$'+$*!6O**$*B!K;+$4!1$'+$*!
#*.$'*$!D'&=$//$H!+#$!-$#4!R-$')0*)!%&*!P0+;*)!=;!:*.(0+;*)!;*+!;4)$6$3'.!
0;8.'$.$*H!%&*!+#$/$4!@&+$((!#)*&'#$'.B!!



YIW!?)+.&&.!/01!=&.#9:5(1)$>J)$N)*.*(.*! ".#(.!MM!

!

Ladezustand (Vorzustand) 
 

Strom Q0..$'#$4&+$((!
Spannung 
Leistung 
Ladezustand 

 
Nenngrößen, empirische Parameter 

,--#(+;*)![Bcn!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!Q($#-0..$'#$4&+$((/!*073!V3$L3$'+!

!

!

,--#(+;*)![Ben!P0+$=;/.0*+/0-32*)#)$'!VL0**;*)/?V.'&4%$'(0;8!$#*$/!Q($#066;4;(0.&'/!
*073!V3$L3$'+!

YIWIL! F1.**5()//2.&&.*!
Q'$**/.&88=$(($*! 1#'+! $#*! )'&I$/! D&.$*=#0(! =;'! h$'2*+$';*)! -$/.$3$*+$'!
:*$')#$%$'/&');*)//.';6.;'$*!=;)$/73'#$-$*B!"0*6!;480*)'$#73$'!9&'/73;*)/?
L'&)'044$! /&1&3(! /$#.$*/! +$'! O88$*.(#73$*! C0*+! 0(/! 0;73! %$'/73#$+$*/.$'!
E*+;/.'#$;*.$'*$34$*! #/.!$#*$! '0/0*.$! .$73*&(&)#/73$!:*.1#76(;*)!=;!-$&-073?
.$*B!!

:/!)#-.!+$'=$#.!8G*8!%$'/73#$+$*$!Q'$**/.&88=$(($*._L$*H!+#$!/#73!#4!%$'1$*+$.$*!
:($6.'&(_.!;*+!#3'$*!Q$.'#$-/.$4L$'0.;'$*!;*.$'/73$#+$*n! !

+! ,(60(#*$!9;$(!U$((!a,9Ub!
+! D'&.&*!:f730*)$!@$4-'0*$!9;$(!U$((!aD:@dD:9Ub!
+! D3&/L3&'#7!,7#+!9;$(!U$((!aD,9Ub!
+! @&(.$*!U0'-&*0.$!9;$(!U$((!a@U9Ub!
+! V&(#+!Jf#+$!9;$(!U$((!aVJ9Ub!
!



".#(.!MY!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

,(/! /$73/.$'! 5_L! 1#'+! 32;8#)! 0;73! +#$! "#'$6.4$.30*&(-'$**/.&88=$(($! a"@9Ub!
-$=$#73*$.H!+#$!$#*$!V&*+$'8&'4!+$'!D:9U!#/.B!50-$(($![BX!=$#).!$#*$!R-$'/#73.!
+$'! /L$=#$(($*! :#)$*/7308.$*! +$'! %$'/73#$+$*$*! Q'$**/.&88=$(($*._L$*! 1#$!
,'-$#./.$4L$'0.;'H!._L#/73$!Q'$**)0/$H!P$#/.;*)/-$'$#73$!;*+!Q$.'#$-/.$4L$'0?
.;'$*B!

Q'$**/.&88=$(($*! /#*+! $($6.'&73$4#/73$! V_/.$4$H! +#$! 73$4#/73! )$-;*+$*$!
:*$')#$!+#'$6.! #*!:($6.'#=#.2.!;410*+$(*H! #*+$4!$#*!Q'$**/.&88!4#.!V0;$'/.&88! #*!
$#*$'! 6&*.'&((#$'.$*! h$'-'$**;*)! '$0)#$'.B! "#$! >$1#**;*)! $($6.'#/73$'! :*$')#$!
0;/! $#*$'! Q'$**/.&88=$(($! $'8&'+$'.! 6$#*$! A410*+(;*)! #*! .3$'4#/73$! :*$')#$B!
"0+;'73!;*.$'(#$).!+$'!D'&=$//!*#73.!+$'!Q$/73'2*6;*)! #4!M#'6;*)/)'0+!+;'73!
+$*!U0'*&.!906.&'H!1#$!$'!8G'!M2'4$6'08.40/73#*$*!)#(.B!

!

50-$(($![BXn!Q'$**/.&88=$(($*._L$*!;*+!#3'$!/L$=#$(($*!:#)$*/7308.$*!!

E*!50-$(($![BX!#/.!0;73!+$'!,;8-0;!%&*!Q'$**/.&88=$(($*!0;/!=1$#!)0/+;'73(2//#?
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%$'4#$+$*! 1$'+$*! /&((.$! ;*+! 0;//0)$6'28.#)$! @$//;*)$*! *#73.! #*! -$(0/.-0'$'!
,*=03(! =;'! h$'8G);*)! /.$3$*H! 1#'+! +#$! F&*=$*.'0.#&*/G-$'/L0**;*)! #4!
9&()$*+$*!%$'*073(2//#).B!!

E*/)$/04.! $'1$#/.! /#73! +#$! Q$'$73*;*)! %&*! V.076/! .'&.=! F$**.*#/! +$'! &-#)$*!
Q$=#$3;*)$*!0(/!/731#$'#)B!A*)$*0;#)6$#.$*!$')$-$*!/#73! #*!+$'!Q$/73'$#-;*)!
+$'!>$&4$.'#$!+$/!V.076/H!-$#!+$'!#*/-$/&*+$'$!E*8&'40.#&*$*!G-$'!+$*!,;8-0;!
+$'! @$4-'0*?:($6.'&+$*?:#*3$#.! *;'! +;'73! $#*! +'$#+#4$*/#&*0($/! @&+$((!
-$'G76/#73.#).! 1$'+$*! 6O**$*B! K;+$4! /#*+! +$.0#((#$'.$! E*8&'40.#&*$*! G-$'! +#$!
%$'1$*+$.$*! @0.$'#0(#$*! %&*! +$*! C$'/.$(($'*! *#73.! =;! $'30(.$*B! "03$'! 4;//!
>($#73;*)! a[?^b! ;4! =1$#! =;/2.=(#73$! 906.&'$*! "! ;*+! O! $'1$#.$'.! 1$'+$*H! 4#.!
+$*$*!$#*!D0'04$.$'8#..#*)!4O)(#73!1#'+!oP,A?Y\pB!!

62324 &&& 34
00

/
R8O"99 ! a[?\cb

,(/! :')$-*#/! +$'! Q$'$73*;*)$*! 8G'! $#*$*! ZX?K$(($*?V.076! $')$-$*! /#73! +#$!
.$4L$'0.;'0-32*)#)$*!F$**(#*#$*!)$42I!,--#(+;*)![B\XB!!

"0!&88$*/#73.(#73!+#$!$88$6.#%$!F$**(#*#$!$#*$/!Q'$**/.&88=$(($*/.076/!/$3'!/.0'6!
%&*!+$'!06.;$(($*!5$4L$'0.;'!+$/!V.076/!;*+!+#$/$!1#$+$';4!%&4!:*$')#$;4?
/0.=!0-32*).H!#/.!$#*$!5$4L$'0.;'4&+$((#$';*)!$-$*80((/!*&.1$*+#)B!<;'!$#*!5$#(!
+$/! =;)$8G3'.$*! D'&=$//)0/$/! 60**! =;'! +#'$6.$*! V.'&4)$1#**;*)! )$*;.=.!
1$'+$*H!+$'!g$/.!8G3'.H!/&(0*)$!+$'!V.076!*#73.!)$6G3(.!1#'+H!=;!$#*$'!9$/./.&88?
.$4L$'0.;'$'3O3;*)B! "#$! 4#..($'$! v*+$';*)! +$'! V.076.$4L$'0.;'! FD! 123'$*+!
$#*$/! K$#.#*.$'%0((/! $')#-.! /#73! +;'73! $#*$! +#/6'$.#/#$'.$! "#88$'$*=#0()($#73;*)!
$'/.$'!J'+*;*)n!
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!

,--#(+;*)![B\Xn!5$4L$'0.;'0-32*)#)6$#.!+$'!V.076?F$**(#*#$*!aZX!K$(($*b!

4@8>:4FFF
4'

C:?,4'

4'

D9
D !

3!2
3!

2
4!

**
34 !!

! a[?\eb

F9! A4)$-;*)/.$4L$'0.;'!
*4'! .3$'4#/73$!K$#.6&*/.0*.$!+$/!V.076/!
:4'! .3$'4#/73$'!M#+$'/.0*+!+$/!V.076/!!

:8!! ! g$06.#&*/$*.30(L#$/.'&4!

C@! ! -#(0*=#$'.$!M2'4$4$*)$!+$'!D'&=$//)0/$!

"#$!.3$'4#/73$!K$#.6&*/.0*.$!-$/.#44.!+0-$#!+#'$6.!+#$!,;83$#=?!;*+!,-6G3(%$'?
(2;8$! +$/! V.076/H! +$'! .3$'4#/73$! M#+$'/.0*+! +$*! :#*8(;//! +$'! .3$'4#/73$*!
:*$')#$B!"#$!#*!+$'!73$4#/73$*!g$06.#&*!8'$#1$'+$*+$!g$06.#&*/$*.30(L#$!(2//.!
/#73! ;*.$'! F$**.*#/! +$'! K;/044$*32*)$! 0;/! a[?`b! ;*+! Q$'G76/#73.#);*)! +$'!
g$06.#&*/8(273$!,!1#$!8&().!-$'$73*$*n!

-T
5%88:
7

!4! /! ! a[?\^b

"#$!%&*!+$*!D'&=$//)0/$*!0;8)$*&44$*$!;*+! .'0*/L&'.#$'.$!M2'4$4$*)$! #/.!
0-32*)#)!%&*!+$'!Q$.'#$-/0'.!+$/!Q'$**/.&88=$(($*/.076/B!"0/!D'&=$//)0/!1#'+!
0;8! $#*$4! -$/.#44.$*! 5$4L$'0.;'*#%$0;! #*! +$*! V.076! $#*)$-'073.B! g$/.)0/$!
;*+! g$06.#&*/L'&+;6.$! %$'(0//$*! +$*! V.076! $*./L'$73$*+! 0;8! $#*$4! 0*+$'$*!
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!

5$4L$'0.;'*#%$0;B! E*! +$'! g$)$(! $'8&().! +0-$#! $#*$! 5$4L$'0.;'$'3O3;*)! +$/!
g$06.#&*/4$+#;4/!;*+!+04#.!$#*$!M2'4$0-)0-$!0*!+0/!D'&=$//)0/B!

334.4 D7
L.
5

FF?L.@ 224
2
!!!
"

! a[?\`b

.! ! ";'738(;//!+$/!@$+#;4/!!
L!! /L$=#8#/73$!M2'4$60L0=#.2.!+$/!@$+#;4/$$
F7! :#*.'#../.$4L$'0.;'!
"! M2'4$G-$')0*)/6&$88#=#$*.!

K;!-$073.$*!#/.!3#$'-$#H!+0//!/&1&3(!0*&+$*?!0(/!0;73!60.3&+$*/$#.#)$!D'&=$//?
)0/$!+#$/$*!M2'4$.'0*/L&'.!G-$'*$34$*B!!

"#$!3#$'! -$/73'#$-$*$*!K;/044$*32*)$!1;'+$*! #4!@&+$((! +$'!D:9U!-$'G76?
/#73.#).H!+#$!F($44$*)'OI$*!;*+!D0'04$.$'!+$/!@&+$((/!/#*+!#*!,--#(+;*)![B\Z!
+0')$/.$((.B!!

Umgebungstemperatur, Stack-Temperatur (Vorzustand) 
 

Strom D:9U?@&+$((!
Spannung 
Leistung 
Stack-Temperatur 
H2-Verbrauch 

 
geometrische Zellen- und Stackdaten, Nenngrößen 

,--#(+;*)![B\Zn!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!D:9U?@&+$((/!#4!M0//$'/.&88-$.'#$-!

Q#/(0*)! /.$3.! '$#*$'! M0//$'/.&88! *;'! #*! 1$*#)$*! VL$=#0(0*1$*+;*)$*! 8G'! +$*!
Q$.'#$-! %&*! Q'$**/.&88=$(($*! =;'! h$'8G);*)B! "03$'! 1$'+$*! 0(/! L'#42'$! Q'$**?
/.&88$! -$%&'=;).!10//$'/.&88'$#73$!>0/$! %$'1$*+$.H!1#$! -$#/L#$(/1$#/$!:'+)0/!
&+$'!@$.30*B!V#$!4G//$*! N$+&73! 8G'!+$*!Q$.'#$-! #*!$#*$'!D:9U?Q'$**/.&88=$(($!
+;'73! $#*$*! g$8&'4$'! 0;8-$'$#.$.! 1$'+$*H! /&! +0//! +$'! K$(($! /730+/.&888'$#$/!
Q'$**)0/! =;'! h$'8G);*)! )$/.$((.! 1$'+$*! 60**B! A*.$'/73#$+$*! 1$'+$*! +0-$#!
=;*273/.!=1$#!h$'803'$*n!!

+! D0'.#$(($! Jf#+0.#&*! +$'! F&3($*10//$'/.&88$! 4#.! V0;$'/.&88B! Q$#! +#$/$4!
h&')0*)!4;//!+$'!g$8&'4$'!)$6G3(.!1$'+$*B!

+! "04L8'$8&'4#$';*)! +$'! F&3($*10//$'/.&88$! 4#.! M0//$'+04L8B! Q$#! +#$/$'!
g$06.#&*!4;//!+$'!g$8&'4$'!-$3$#=.!1$'+$*B!

Q$#! -$#+$*! g$06.#&*$*! $*./.$3.! F&3($*+#&f#+! ;*+! M0//$'/.&88! ;*+! 0;73! #*!
)$'#*)$*!@$*)$*! a70B!\wb!F&3($*4&*&f#+B!"#$/$/! #/.! 8G'!+#$!$($6.'&73$4#/73$!
g$06.#&*!/732+(#73!;*+!4;//!+$/30(-!$-$*80((/!$*.8$'*.!1$'+$*B!Q$#!F($#*0*(0?
)$*!1#'+H!;4!$#*$!0;81$*+#)$!FG3(;*)!-=1B!C$#=;*)!+$/!g$8&'4$'/!$#*=;/L0?
'$*H!4$#/.! $#*$!F&4-#*0.#&*! 0;/! -$#+$*!g$06.#&*/L'&=$//$*H! +#$! /&! )$*0**.$!
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0;.&.3$'4$! g$8&'4#$';*)H! $#*)$/$.=.B! "0-$#! (0;8$*! +#$! 8&()$*+$*! -$#+$*!
g$06.#&*$*!/&!0-H!+0//!$#*!5$4L$'0.;')($#73)$1#73.!3$''/73.n!

00;
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0
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7

86RR68

86RR868

353

353
! a[?XYb

"0/!-$#!+$'!g$06.#&*!$*./.$3$*+$H! 8G'!+#$!F0.0(_/0.&'$*!/732+(#73$!F&3($*4&?
*&f#+! 1#'+! 0*/73(#$I$*+!4#.!M0//$'+04L8! *073! 8&()$*+$'! g$06.#&*/)($#73;*)!
;4)$/$.=.n!

000 86RR86R 353 ! a[?X\b

E4! V#4;(0.#&*/4&+$((! 1#'+! +$'! g$06.#&*/L'&=$//! 0(/! /&(73$'! *#73.! #4! "$.0#(!
4&+$((#$'.H!+0!%&'!0(($4!M$'.!0;8!+#$!$($6.'#/73$*!;*+!.3$'4#/73$*!F($44$*)'O?
I$*! )$($).! 1#'+! ;*+! +$'! 0;.&.3$'4$! D'&=$//! 6$#*$! 0;/6&LL$(-0'$! M2'4$!
-$'$#./.$((.B! V.0..+$//$*! 1#'+! +$'! :88$6.! +$/! g$8&'4$'/! 0;8! +$*! Q'$**/.&88=$(?
($*/.076! 1#$+$')$)$-$*H! +$'! /#73! %&'! 0(($4! #*! $#*$'! K$#.%$'=O)$';*)! +$'!
P$#/.;*)/-$'$#./.$((;*)! =$#).B! C#$'=;! #/.! $#*! h$'=O)$';*)/)(#$+! %&')$/$3$*H!
1$(73$/! -$#! P0/.2*+$';*)! +$*! P$#/.;*)/)'0+#$*.$*! 1#+$'/L#$)$(.B! "#$/$!
D0'04$.$'! 6O**$*! +$4! @&+$((! $*./L'$73$*+! +$4! )$123(.$*! g$8&'4$'._L$*!
G-$')$-$*!1$'+$*B!

!

,--#(+;*)![B\[n!VL';*)0*.1&'.$*!$#*$/!:'+)0/?g$8&'4$'/!o@,5?Y\p!

M#$! ,--#(+;*)! [B\[! =$#).H! 1$#/.! $#*$! /&(73$! <23$';*)! *;'! )$'#*)8G)#)$!
,-1$#73;*)$*! #4! F;'==$#.-$'$#73! 0;8B! @$//;*)$*! 0*! $#*$4! :'+)0/'$8&'4$'?
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D'&.&._L$*! 8G'! $#*$*! \!6M?V.076! o@,5?Y\p! =$#)$*! *;'! )$'#*)$! "#88$'$*=$*! #4!
+_*04#/73$*!h$'30(.$*!0;8B!V#$! /#*+!+;'73!+$*! (0*)$*!g$06.#&*/1$)!;*+!+0/!
+0'#*! )$/L$#73$'.$! g$06.#&*/)0/! =;! $'6(2'$*B! "#$/$! g$/$'%$*! /#*+! N$+&73! #4!
Q$'$#73! %&*! V$6;*+$*! 1#$+$'! 0-)$-0;.H! 1$/1$)$*! 0;8! $#*$! +$.0#((#$'.$!
@&+$((#$';*)! %$'=#73.$.! 1$'+$*! 60**B! "#$! @&+$((L0'04$.$'! /#*+! #*! ,--#(+;*)!
[B\]!/$L0'0.!=;/044$*)$80//.B!

Reformat- 
Volumenstrom 

(Sollwert) 
g$8&'4$'?@&+$(( Volumenstrom 

Primärgasverbrauch 

 
Verzögerungszeit 

,--#(+;*)![B\]n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!g$8&'4$'?@&+$((/!

YIWILIM!Uh6+<.1'$#59:.!F1.**5()//2.&&.!^"U8T_!
"#$!&f#+6$'04#/73$!C&73.$4L$'0.;'-'$**/.&88=$(($!VJ9U!a$*)(#/73n!V&(#+!Jf#+$!
9;$(!U$((b!1#'+!*$-$*!+$'!D:9U!=;'=$#.!04!#*.$*/#%/.$*!1$#.$'$*.1#76$(.B!:'/.!-$#!
#3'$'! 3&3$*! Q$.'#$-/.$4L$'0.;'! %&*! ^YY!tU! -#/! \YYY!tU! 1#'+! +#$! F$'04#6!
L'&.&*$*($#.$*+H! N$+&73!1#$)$*!+$'!h&'.$#(! $#*$/! 3&3$*!$($6.'#/73$*!M#'6;*)/?
)'0+$/!%&*!-#/!=;!c^w!;*+!+#$!@O)(#736$#.!+$'!<;.=;*)!%&*!6&3($*/.&8830(.#)$*!
>0/$*!0(/!Q'$**/.&88!+#$/$*!.$73*&(&)#/73$*!<073.$#(!0;8B!!

!

,--#(+;*)![B\cn!K$(($*$'/0.=/730(.-#(+!+$'!VJ9U!

E*! ,--#(+;*)! [B\c! #/.! +0/! $($6.'&73$4#/73$! :'/0.=/730(.-#(+! $#*$'! VJ9U!
+0')$/.$((.H! +$'! =1$#.$! K1$#)! 4#.! VL0**;*)/i;$(($! '$L'2/$*.#$'.! +0-$#! +#$!
A4/$.=;*)! %&*!F&3($*4&*&f#+! aUJb! =;!UJXH!1&+;'73! $#*! $'3O3.$/!D&.$*=#0(!
$'=$;).! 1#'+! a>($#73;*)! a[?cbbB! "0/! $($6.'&73$4#/73$! @&+$((! +$'! VJ9U!
$*./L'#73.! #4! ,;8-0;! +$4! +$'! D:9UH! N$+&73! .'$.$*! +;'73! +$*! =1$#.$*!g$06.#?
&*/L0'.*$'!;*+!%&'!0(($4!+;'73!+#$!3&3$*!Q$.'#$-/.$4L$'0.;'$*!$#*#)$!=;/2.=(#?
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!

73$! 906.&'$*! 0;8B! K;+$4! 4G//$*H! #*/-$/&*+$'$! -$#! +$'! Q$'$73*;*)! +$'!
V.076.$4L$'0.;'! ;*+! +$'! +0'0;/! )$1#**-0'$*! ,-12'4$H! +#$! #*.$'*$*!
>0/'$8&'4#$';*)/L'&=$//$!-$'G76/#73.#).!1$'+$*B!!

"0/! 3#$'! $*.1#76$(.$! @&+$((! #*! /$#*$'! )0*=$*! 5#$8$! %&'=;/.$(($*! 1G'+$! +$*!
g034$*!+#$/$'!,'-$#.!/L'$*)$*B!E*!,--#(+;*)![B\e!#/.!0(/!:')$-*#/!+$'!Q$'$73?
*;*)$*! +#$! 5$4L$'0.;'0-32*)#)6$#.! +$'! K$(($*6$**(#*#$! #4! G-(#73$*!,'-$#./-$?
'$#73! +0')$/.$((.B! Q$/&*+$'/! +$;.(#73! 1$'+$*! 3#$'! 0;73! +#$! ,-32*)#)6$#.! +$/!
g;3$L&.$*=#0(/!%&*!+$'!K$(($*.$4L$'0.;'!;*+! #*/)$/04.!+#$!5$4L$'0.;'0-32*?
)#)6$#.! +$'! F$**(#*#$H! +#$! +;'73! +#$! P$#.823#)6$#.! +$/! 6$'04#/73$*! :($6.'&(_.$*!
%$';'/073.! 1#'+B! K;/044$*80//$*+! /#*+! #*! ,--#(+;*)! [B\^! +#$! :#*?! ;*+!
,;/)0*)/)'OI$*!+$'!#4!g034$*!+#$/$'!,'-$#.!$*.1#76$(.$*!@&+$((/!)$=$#).B!!

!

,--#(+;*)![B\en!5$4L$'0.;'0-32*)#)$!K$(($*6$**(#*#$*!+$'!VJ9U!

Umgebungstemperatur, Stack-Temperatur 
 

Strom VJ9U?@&+$((!
Spannung 
Leistung 
Stack-Temperatur 
Gasverbrauch 

 
geometrische Zellen- und Stackdaten, Nenngrößen 

,--#(+;*)![B\^n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!VJ9U?@&+$((/!

!
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YIWIM! ,&<'&#59:.1!3&.<(1)&65.%1!
Q$#! +$'! :($6.'&(_/$! 1#'+! 4#.! C#(8$! $($6.'#/73$'! :*$')#$! a>($#73/.'&4b! M0//$'!
aCXJb! #*! M0//$'/.&88?! ;*+! V0;$'/.&88)0/! )$/L0(.$*B! "#$/$'! $($6.'&73$4#/73$!
D'&=$//! #/.! -$'$#./! /$#.! 4$3'! 0(/! $#*3;*+$'.! W03'$*! -$60**.B! ,;8! +$4! @0'6.!
%$'8G)-0'! /#*+! 3$;.$! #*/-$/&*+$'$! :($6.'&(_/$;'$! 4#.! 0(60(#/73$4! a8(G//#)$4b!
:($6.'&(_.$*B! 9G'! +#$/$! -$123'.$! 5$73*&(&)#$! (#$).! +0/! -$'$#./! #*! o@RP?`ep!
$*.1#76$(.$!@&+$((!+$/!0(60(#/73$*!:($6.'&(_/$;'/!%&'H!-$#!1$(73$4!#*/-$/&*+$'$!
+#$!5$4L$'0.;'0-32*)#)6$#.!#4!V.'&4?VL0**;*)/?h$'30(.$*!*073)$-#(+$.!1;'+$!
a!! ,--#(+;*)! [B\`bB! "#$! F($44$*)'OI$*! +$/! @&+$((/! /#*+! #*! ,--#(+;*)! [BXY!
)$=$#).B!

!

,--#(+;*)![B\`n!5$4L$'0.;'0-32*)#)$!V.076?F$**(#*#$*!$#*$/!0(60(#/73$*!:($6.'&(_/$;'/!!

Umgebungstemperatur, Stack-Temperatur 
 

Strom :($6.'&(_/$;'?
@&+$((!

Spannung 
Leistung 
Stack-Temperatur 
H2/O2-Erzeugung 

 
geometrische Daten, Nenngrößen 

,--#(+;*)![BXYn!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!:($6.'&(_/$;'?@&+$((/!o@RP?`ep!

!
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YIWIY! E:)()4)&('#<!
,(/! @&+$((! 8G'! D3&.&%&(.0#64&+;($! 1#'+! +0/! 0(()$4$#*! $#*)$/$.=.$! :#*?! -=1B!
K1$#+#&+$*4&+$((!%$'1$*+$.B!"#$/$/!#/.!0;8)';*+!+$'! #*!+$'!Dh?K$(($!0;8.'$.$*?
+$*! C0(-($#.$'$88$6.$! -#/(0*)! +0/! $#*=#)$! Q$'$73*;*)/%$'803'$*H! 1$(73$/! +#$!
/L$=#$(($! F$**(#*#$*730'06.$'#/.#6! 1#$+$')$-$*! 60**B! "#$! F$**(#*#$! $#*$'! Dh?
K$(($!#/.!/&1&3(!%&*!+$'!$88$6.#%$*!V.'03(;*)H!+#$!0;8!+$'!J-$'8(273$!0;8.'#88.H!0(/!
0;73!%&*!+$'!5$4L$'0.;'!+$'!K$(($!0-32*)#)B!"#$!Q$/.'03(;*)//.2'6$!1#'+!%&4!
V#4;(0.#&*/L'&)'044! $*.1$+$'! 0;/! -$'$#.)$/.$((.$*! @$//'$#3$*! $*.*&44$*!
&+$'! 60**! G-$'! $#*$*! V#4;(0.#&*/0()&'#.34;/! ogE5?`]p! ;*+! *073)$/730(.$.$!
Q$/730..;*)/-$'$73*;*)$*! o@RP?`ep! )$*$'#$'.! 1$'+$*B! "#$! 5$4L$'0.;'! +$'!
@&+;($!1#$+$';4!1#'+! 0-32*)#)! %&*!A4)$-;*)/.$4L$'0.;'H! :#*/.'03(;*)! ;*+!
$($6.'#/73$'!P$#/.;*)!$''$73*$.B!!

!

,--#(+;*)![BX\n!D3&.&%&(.0#64&+;(6$**(#*#$*!-$#!\YYY!Md4X!:#*/.'03(;*)!

!

,--#(+;*)![BXXn!D3&.&%&(.0#64&+;(6$**(#*#$*!-$#![]Y!Md4X!:#*/.'03(;*)!

,;8)';*+! +$/! )$123(.$*! *#73.?L3_/#60(#/73$*! @&+$((/! 1$'+$*! =;'! D0'04$.'#$?
';*)!*$-$*!+$'!K$(($*?!;*+!@&+;(8(273$!0;73!%$'/73#$+$*$!*;'!+;'73!;480*)?
'$#73$! @$//'$#3$*! $'4#..$(-0'$! :'/0.=/730(.-#(+L0'04$.$'! -$*O.#).! o@RP?`epB!
:#*)0*)/)'OI$*! 8G'! +0/! @&+$((! /#*+! +#$! @&+;(/L0**;*)H! Q$/.'03(;*)//.2'6$!
;*+! -#/3$'#)$! @&+;(.$4L$'0.;'T! $'4#..$(.! 1$'+$*! +$'! @&+;(/.'&4! /&1#$! +#$!
06.;$(($! 5$4L$'0.;'B! E*! ,--#(+;*)! [BX\! ;*+! ,--#(+;*)! [BXX! /#*+! %&4! @&+$((!
$''$73*$.$!F$**(#*#$*!$#*$/!Dh?@&+;(/!-$#!%$'/73#$+$*$*!Q$/.'03(;*)//.2'6$*!
;*+!;*.$'/73#$+(#73$*!@&+;(.$4L$'0.;'$*!)$=$#).B!"#$! ._L#/73$*!:#)$*/7308.$*!
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+$'!+#'$6.$*!V.'03(;*)/0-32*)#)6$#.!+$/!@&+;(/.'&4$/!/&1#$!+$'!;4)$6$3'.$*!
5$4L$'0.;'0-32*)#)6$#.!+$'!VL0**;*)!1$'+$*!+$;.(#73B!!

"0/!%$'1$*+$.$!@&+$((!#/.!0;/8G3'(#73!#*!o@RP`ep!$'(2;.$'.!;*+!%$'#8#=#$'.!1&'+$*B!
,-/73(#$I$*+!/#*+!+#$!@&+$(()'OI$*!#*!,--#(+;*)![BXZ!/73$40.#/73!=;/044$*?
)$80//.B!!

Umgebungstemperatur, Modul-Temperatur, Strahlung 
 

Spannung Dh?@&+$((!
Strom 
Leistung 
Modul-Temperatur 

 
geometrische Daten, empirische Parameter 

,--#(+;*)![BXZn!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!Dh?@&+$((/!o@RP?`ep!

!

YIL! ")*5(#-.!.&.<(1#59:.!J)$N)*.*(.*!

<$-$*!+$*!-$'$#./! $'(2;.$'.$*! /$3'! +$.0#((#$'.$*!F&4L&*$*.$*4&+$(($*!1$'+$*!
=;/2.=(#73$!@&+$(($! -$*O.#).H! +#$! *#73.! *&.1$*+#)$'1$#/$!$#*$! /&(73$!>$*0;#)?
6$#.! #*! +$'! V.'&4?VL0**;*)/?,-32*)#)6$#.! 0;81$#/$*! 4G//$*B! "#$/! 60**!
$*.1$+$'! +;'73! /$3'! (#*$0'$! ,-32*)#)6$#.$*! &+$'! 0;73! +0+;'73! -$+#*).! /$#*H!
+0//! $#*$! :*.6&LL(;*)! +$'! $#)$*.(#73$*! F&4L&*$*.$! %&*! +$'! V044$(/73#$*$!
G-$'!$#*$*!V.'&4/.$(($'!*&.1$*+#)!#/.B!,;8!+#$/$!F&4L&*$*.$*!/&((!#4!9&()$*+$*!
$#*)$)0*)$*!1$'+$*B!

YILIW! 3&.<(1#59:.!Q'5(.*!
E4! *$;! $*.1#76$(.$*! V#4;(0.#&*/0()&'#.34;/! 6O**$*! /&1&3(! 8$/.$! P0/.$*! 0(/!
0;73! =$#.0-32*)#)$! $($6.'#/73$! M#'6(0/.$*! -$'G76/#73.#).! 1$'+$*B! P0/.)2*)$!
6O**$*! +;'73! C#*.$'($);*)! $*./L'$73$*+$'! @$//'$#3$*! #*! ,VUEE?"0.$#$*!
+$8#*#$'.!1$'+$*B!"#$/$!"0.$#$*!4G//$*!0;8!+$'!K$#.073/$!$#*$*!6&*.#*;#$'(#73$*!
,-/.0*+!30-$*!;*+! N$1$#(/!"0.$*! 8G'! $#*$*!50)!-$'$#./.$(($*B!"0-$#! #/.! N$+&73!
$#*$!-$(#$-#)$!K$#.0;8(O/;*)!4O)(#73H!+#$!"0.$*'$#3$*!6O**$*!/&1&3(!/L$=#$((!8G'!
$#*!-$/.#44.$/!"0.;4!0(/!0;73!0(/!"$80;(.?g$#3$*!3#*.$'($).!1$'+$*!;*+!)$(.$*!
N$1$#(/! 8G'! $#*$! P0/.B! ,;I$'+$4! $'4O)(#73.! +$'! V#4;(0.#&*/0()&'#.34;/! +#$!
"$8#*#.#&*!8$/.$'!P0/.$*H!-$#!+$*$*!#*!+$'!>"P?Q$/73'$#-;*)!+#$!P$#/.;*)!8#f#$'.!!
#/.B!!

Q$#! -$#+$*! P0/.?5_L$*! #/.! $/! 4O)(#73H! +#$/$! )($#73=$#.#)! 0(/! :#)$*-$+0'8/0*?
/73(G//$!=;!*;.=$*H!1$(73$!$/!$'(0;-$*H!+#$!%&*!0*+$'$*!F&4L&*$*.$*4&+$(($*!
$'4#..$(.$*!$($6.'#/73$*!h$'-'0;73/1$'.$!a=BQB!V.$(($'$#)$*-$+0'8H!D;4L$*$')#$*!
&+$'!M2'4$L;4L$*($#/.;*)b!#*!+$'!06.;$(($*!P$#/.;*)/-#(0*=!$#*$'!,*(0)$!+#'$6.!
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=;!-$'G76/#73.#)$*B!:($6.'#/73$!P0/.$*!6O**$*!+0-$#!)($#73?!&+$'!1$73/$(/L0*?
*;*)/%$'/&').!/$#*B!!

Lastdatenreihe, Eigenbedarf 
 

 P0/.4&+$((! Leistung 

 

,--#(+;*)![BX[n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!P0/.4&+$((/!

"#$! s;0(#.2.! +$'! "0.$*%$'/&');*)! 30.! $#*$*! 1$/$*.(#73$*! :#*8(;//! 0;8! +0/!
V#4;(0.#&*/$')$-*#/B!"0-$#!6O**$*!+#$!=;'!Q$'$73*;*)!$#*$'!,*(0)$!%$'1$*+$?
.$*! @&+$(($! *&73! /&! +$.0#((#$'.! ;*+! L'2=#/$! 0'-$#.$*H! 1$**! +#$! 3#*.$'($).$*!
"0.$*'$#3$*!;*'$0(#/.#/73$!h$'(2;8$!0--#(+$*H!1$'+$*!+#$!V#4;(0.#&*/$')$-*#//$!
*#73.! %$'1$'.-0'$! ,;//0)$*! (#$8$'*B! "0-$#! 30.! /#73! -$#! +$'! ,-1#76(;*)! %&*!
D'&N$6.$*! #44$'! 1#$+$'! )$=$#).H! +0//! h$'-'0;73/?K$#.'$#3$*H! #*/-$/&*+$'$!
/&(73$! 4#.! $#*$'! ,;8(O/;*)! 8$#*$'! 0(/! \]! @#*;.$*H! 0;/)$/L'&73$*! /731$'! =;!
$'30(.$*!10'$*B!,;/! +#$/$4!>';*+! 60**! $/! *O.#)! /$#*H! 0;8!Q0/#/! %&'30*+$*$'!
K$#.'$#3$*H! +#$! 0(/! >';*+(0)$! 8G'! $#*$! .0)$/=$#.0-32*)#)$! P$#/.;*)/%$'.$#(;*)!
+#$*$*! 6O**$*H! 6G*/.(#73$! /L$=#8#/73$! P0/.)2*)$! =;! )$*$'#$'$*H! +#$! +$*!
50)$/$*$')#$-$+0'8! +$/! J-N$6.$/! '$L'2/$*.#$'$*B! ,--#(+;*)! [BX]! =$#).! +0/!
:')$-*#/! $#*$'! /&(73$*! P0/.+0.$*)$*$'#$';*)B! ,(/! Q0/#/! +$'! h$'-'0;73/6;'%$!
1;'+$*! 3#$'! 50)$/(0/.)2*)$! +$/! :#*804#(#$*30;/$/! DO..$'! oDk5?`ep! %$'1$*+$.!
;*+!$*./L'$73$*+!+$4!)$1G*/73.$*!50)$/$*$')#$%$'-'0;73!806.&'#/#$'.B!!

!

,--#(+;*)![BX]n!50)$/(0/.%$'(0;8!+$'!$($6.'#/73$*!P0/.!a@#*;.$*1$'.$b!

!
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YILIL! b#*+<1'/(<)*4.1(.1!
M#*+6'08.0*(0)$*!30-$*!#*!+$'!>$/73#73.$!+$'!:*$')#$%$'/&');*)!$#*$!(0*)N23?
'#)$!5'0+#.#&*B!C$;.=;.0)$!1$'+$*!#*!+$'!$($6.'#/73$*!:*$')#$%$'/&');*)!-$'$#./!
,*(0)$*! #*! +$'! @$)010..6(0//$! #*! )'&I$*! V.G76=03($*! #*/.0((#$'.B! @#.! +$4!
%&'(#$)$*+$*! V#4;(0.#&*/L'&)'044! 1$'+$*! N$+&73! %&'1#$)$*+! +$=$*.'0($!
h$'/&');*)//.';6.;'$*! %$'32(.*#/42I#)! 6($#*$'! P$#/.;*)! #4! Q$'$#73! 6($#*$'! $#*!
@$)010..! -$.'073.$.B!>$'0+$! #*! E*/$(0*(0)$*!1$'+$*!M#*+6'08.6&*%$'.$'! )$'*$!
0(/! L'#42'$! &+$'! =;/2.=(#73$! :*$')#$i;$(($! *$-$*! +$'! D3&.&%&(.0#6! $#*)$/$.=.B!
C#$'-$#!1$'+$*!4$#/.!6($#*$!g&.&'$*!&3*$!06.#%$!g$)$($#*'#73.;*)$*!%$'1$*+$.H!
+#$!G-$'!$#*!>$.'#$-$!4#.!$#*$4!>$*$'0.&'!%$'-;*+$*!/#*+B!:#*$!P$#/.;*)/0-'$?
)$(;*)!8#*+$.!+0-$#!*;'!+;'73!+$*!V.0((?:88$6.!-$#!3&3$*!M#*+)$/731#*+#)6$#.$*!
/.0..H! +;'73! R-$'1073;*)/$($6.'&*#6! 1#'+! +#$! ,*(0)$! -$#! 3&3$*! ;*+! *#$+'#)$*!
M#*+)$/731#*+#)6$#.$*! 0;.&40.#/73! 0-)$/730(.$.B! V&(73$*! $#*8073$*! ,*(0)$*!
1#'+! +0/! -$'$#./! %&*! @G(($'! o@RP?`ep! %$'1$*+$.$! $4L#'#/73$! @&+$((! )$'$73.H!
+$//$*!F($44$*)'OI$*!#*!,--#(+;*)![BXc!)$=$#).!/#*+B!!

Windgeschwindigkeit 
 

 MF,?@&+$((! Leistung 

 
Aufstellungsdaten, Nenngrößen, empirische Parameter 

,--#(+;*)![BXcn!:#*?!;*+!,;/)0*)/)'OI$*!+$/!M#*+6'08.6&*%$'.$'4&+$((/!o@RP?`ep!

YILIM! ?)()1#59:.5!F&)9<:.#2<1'/(D.1<.!%*+!=.*.1'()1.*!!
M#$!-$'$#./!$#*($#.$*+!$'(2;.$'.!1;'+$H! #/.!+#$!F&4-#*0.#&*!%&*!$($6.'#/73$'!;*+!
.3$'4#/73$'! :*$')#$$'=$;);*)! #*/-$/&*+$'$! #*! +$=$*.'0($*! :*$')#$/_/.$4$*!
$#*$! 1#73.#)$! JL.#&*H! ;4! $#*$! 6&/.$*)G*/.#)$! ;*+! $88#=#$*.$! h$'/&');*)! =;!
'$0(#/#$'$*B! ,;/! +#$/$4! >';*+! 1;'+$! 8G'! +0/! V#4;(0.#&*//_/.$4! "A'$//! $#*!
@&+$((! =;'!Q$'$73*;*)! %&*!4&.&'#/73$*!>$*$'0.&'$*! -$*O.#).H! +0/! /&1&3(! 8G'!
+#$!@&+$((#$';*)!%&*!V.0*+0'+?Q076;L?>$*$'0.&'$*!0(/!0;73!8G'!+#$!'$0(#/.#/73$!
V#4;(0.#&*! %&*! F($#*?Q(&763$#=6'08.1$'6$*! aQCFMb! )$$#)*$.! #/.B! "0! @&.&'?
QCFM/!$-$*/&!1#$!@&.&'?>$*$'0.&'$*!/$3'!)$'#*)$!,*(0;8=$#.$*!;*+!VL';*)?
,*.1&'.$*! #4! ;*.$'$*! V$6;*+$*-$'$#73! -$/#.=$*H! #/.! 8G'! +0/! %&'(#$)$*+$!
V#4;(0.#&*/L'&)'044! $#*! /.0.#&*2'$/! @&+$((! 0;/'$#73$*+H! &3*$! +0//! +#$!
,;8(O/;*)!+$'!>$/04.4&+$((#$';*)!-$$#*.'273.#).!1G'+$B!

h#$($! Q(&763$#=6'08.1$'6$H! #*/-$/&*+$'$! +#$N$*#)$*! 6($#*$'! Q0;0'.H! 1$'+$*!
%&'=;)/1$#/$! #4! <$**-$.'#$-/L;*6.! )$803'$*B! :/! )#-.! *;'! 1$*#)$! ,))'$)0.$H!
1#$!-$#/L#$(/1$#/$!+'$3=03(%0'#0*.$!>0/?QCFMH!+#$!#*!$#*$4!-'$#.$*!P$#/.;*)/?
-$'$#73! /$3'! 6&*/.0*.$! M#'6;*)/)'0+$! 0;81$#/$*! o:UJ?Y\pB! F(0//#/73$! QCFM!
6O**$*! 32;8#)! +;'73! @&+#8#60.#&*! +$'! V.$;$';*)! 0;I$'30(-! +$/! <$**L;*6.$/!
-$.'#$-$*!1$'+$*H!N$+&73!%$'/73($73.$'.!/#73!+&'.!+$'!$($6.'#/73$!M#'6;*)/)'0+B!
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"$//$*!,-32*)#)6$#.!%&*!+$'!$($6.'#/73$*!M#'6($#/.;*)!60**!#*!);.$'!<23$';*)!
+;'73!$#*$!:fL&*$*.#0(8;*6.#&*!1#$+$')$)$-$*!1$'+$*n!

/?,
>
>

?,
/

?,

? %

;
3.4 &&

!!2
24 !

a[?XXb

S?,! $($6.'#/73$'!M#'6;*)/)'0+!
$S?,#/! $($6.'#/73$'!M#'6;*)/)'0+!-$#!<$**($#/.;*)!
>?,! 06.;$(($!$($6.'#/73$!M#'6($#/.;*)!
>/! $($6.'#/73$!<$**($#/.;*)!

"$'!.3$'4#/73$!M#'6;*)/)'0+!82((.!3#*)$)$*!4#.!/.$#)$*+$'!1413)"*&>?1"-P$#/.;*)!
0-n!

/4'
>
>

4'/4'4'
/

?,

? %

;

/%% 34 &&&& 324
2 !!

!
a[?XZb

S4'! .3$'4#/73$'!M#'6;*)/)'0+!
S4'#*! .3$'4#/73$'!M#'6;*)/)'0+!-$#!$($6.'#/73$4!P$$'(0;8!
S4'#/! .3$'4#/73$'!M#'6;*)/)'0+!-$#!$($6.'#/73$'!<$**($#/.;*)!
>?,! 06.;$(($!$($6.'#/73$!M#'6($#/.;*)!
>/! $($6.'#/73$!<$**($#/.;*)!

!

,--#(+;*)![BXen!M#'6;*)/)'0+!%&*!Q(&763$#=6'08.1$'6$*!-$#!5$#((0/.!a*073!oW:<?^Zpb!

"#$/$/! $fL&*$*.#$(($! h$'30(.$*!1;'+$! +;'73! ,*0(_/$! +$'! A*.$'/;73;*)$*! %&*!
W$*/73!oW:<?^Zp!$'4#..$(.!;*+!/.$((.!$#*$!<23$';*)!+$'!+&'.!)$)$-$*$*!@$//1$'.$!
+0'B! ,--#(+;*)! [BXe! =$#).! +$*! h$'(0;8! %&*! $($6.'#/73$4! ;*+! .3$'4#/73$4!
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M#'6;*)/)'0+B!,(/!V;44$!%&*!-$#+$*!$')#-.!/#73!+0**!+$'!)$/04.$!Q'$**/.&88?
*;.=;*)/)'0+! $#*$/! /&(73$*!@&.&'?QCFM/B! "#$! $($6.'#/73$*!M#'6;*)/)'0+6;'?
%$*!6O**$*!0(/!._L#/73!8G'!%&*!h$'-'$**;*)/4&.&'$*!0*)$.'#$-$*$!V_*73'&*)$?
*$'0.&'$*!0*)$/$3$*!1$'+$*B!

"0/!@&+$((!G-$'*#44.!0(/!:#*)0*)/)'OI$!+#$!$($6.'#/73$!V&((?P$#/.;*)B!,(/!8$/.$!
D0'04$.$'!8G'!$#*$*!5_L$*!1$'+$*!+#$!$($6.'#/73$!@#*+$/.($#/.;*)!;*+!<$**($#/?
.;*)H! +$'! $($6.'#/73$! M#'6;*)/)'0+! #4! <$**L;*6.! /&1#$! +$'! .3$'4#/73$!
M#'6;*)/)'0+!-$#!P$$'(0;8!;*+!#4!<$**-$.'#$-/L;*6.!-$*O.#).B!M$**!+0/!@&+$((!
8G'!$#*$*!>$*$'0.&'!&3*$!F'08.?M2'4$?F&LL(;*)!aFMFb!$#*)$/$.=.!1$'+$*!/&((H!
4G//$*!+#$!.3$'4#/73$*!M#'6;*)/)'0+$!=;!<;((!)$/$.=.!1$'+$*B!!

E4!FMF?Q$.'#$-!$')#-.!/#73!+#$!0;/=;6&LL$(*+$!.3$'4#/73$!P$#/.;*)!=;n!

?,
?,

4'
4' >>

&
&

4 ! a[?X[b

K;'! Q$/.#44;*)! +$/! F'08./.&88%$'-'0;73/! B$ L'&! g$73$*?K$#./73'#..! !4$ 1#'+!
>($#73;*)!a[?X]b!3$'0*)$=&)$*B!:'!#/.!0-32*)#)!%&4!:*$')#$#*30(.!+$/!%$'1$*?
+$.$*!5'$#-/.&88/H!+$'!4#.!C#(8$!+$/!;*.$'$*!C$#=1$'.$/!CA!0*)$)$-$*!1#'+!a!!
50-$(($![BZbn!

4
89

>B
?,

?, !4
.

&
! a[?X]b

!

5'$#-/.&88! ;*.$'$'!C$#=1$'.! 5'$#-/.&88! ;*.$'$'!C$#=1$'.!

"#$/$(! \\H`!6M3d6)! Q;.0*! \XHe!6M3d6)!

Q$*=#*! \XHY!6M3d6)! V.0+.)0/! eH]e!6M3d6)!

M0//$'/.&88! ZZHZZ!6M3d6)! :'+)0/!a^Xw!UC[b! \YHc!6M3d6)!

D'&L0*! \XH^^!6M3d6)! :'+)0/!a`Zw!UC[b! \ZH\!6M3d6)!

50-$(($![BZn!A*.$'$'!C$#=1$'.!%$'/73#$+$*$'!Q'$**/.&88$!

,(/! -$/&*+$'$! ,))'$)0.$! 1$'+$*! +'$3=03(%0'#0*.$! F($#*?Q(&763$#=6'08.1$'6$!
-$30*+$(.B! V#$! 1$#/$*! G-$'! +$*! )0*=$*! ,'-$#./-$'$#73! *03$=;! 6&*/.0*.$!
$($6.'#/73$!;*+!.3$'4#/73$!M#'6;*)/)'0+$!0;8H!/&!+0//!+#$!9&'4$(*!a[?XXb!;*+!
a[?XZb!*#73.!0*)$10*+.!1$'+$*!4G//$*B!W$!*073!:*$')#$.'2)$'!;*+!,;8/.$((3O3$!
+$/!,))'$)0.$/!1$'+$*!($#73.!;*.$'/73#$+(#73$!P$#/.;*)/-$'$#73$!$''$#73.B!";'73!
+$*!4$'6(#73!%$'4#*+$'.$*!P;8.+';76!-$#!,;8/.$((3O3$*!&-$'30(-!\YYY!4!a._L#/73!
8G'! E*/$(0*(0)$*! =;'! ,(L$*3G..$*%$'/&');*)b! 82((.! +#$! @0f#40(($#/.;*)! +$/!
,))'$)0.$/!$*./L'$73$*+!0-B!"$'!P;8.+';76!1#'+!3O3$*0-32*)#)!4#..$(/!+$'!/&!
)$*0**.$*!-0'&4$.'#/73$*!CO3$*8&'4$(!;4)$'$73*$.n!
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0*! P;8.+';76!0;8!@$$'$/3O3$!a\HYXZ!-0'x\YXHZ6D0b!
)*! "#73.$!+$'!P;8.!04!Q&+$*!
&! >'0%#.0.#&*/6&*/.0*.$!a`H^\4d/Xb!!
'! CO3$!G-$'!@$$'$//L#$)$(!

>$42I!.0-$((0'#/73$'!C$'/.$(($'0*)0-$*! o:UJ?Y\p! (2//.!/#73!$#*!K;/044$*30*)!
=1#/73$*!P;8.+';76!;*+!P$#/.;*)/823#)6$#.!+$/!,))'$)0.$/!0*)$*23$'.!0-/732.?
=$*!=;n!

3
<%0<

34.434 /
% (>"

'00>'> /11
2

24 ! a[?Xeb

>1#/! <$**($#/.;*)!0;8!@$$'$/3O3$!af!x!4#*H!40fb!
>1! 3O3$*0-32*)#)$!<$**($#/.;*)!!

,--#(+;*)! [BX^! =$#).! $#*$*! V#4;(0.#&*/(0;8! 8G'! +0/! -$/73'#$-$*$! F($#*?
Q(&763$#=6'08.1$'6!4#.!D'&L0*)0/-$.'#$-! o:UJ?Y\pB!"0/!,))'$)0.!1#'+! =;*273/.!
4#.! h&(((0/.! -$.'#$-$*B! "$'! <$**1$'.! #/.! [He!6MH! +;'73! +#$! ,;8/.$((3O3$! %&*!
\]YY!4! '$+;=#$'.! /#73! +#$/$'! M$'.! 0;8! 70B! [HY!6MB! <073! XY!4#*! 1#'+! +0/!
,))'$)0.!0;8! /$#*$*!3O3$*0-32*)#)$*!@#*+$/.1$'.! %&*!\He!6M!3$';*.$')$803?
'$*! ;*+! 0*/73(#$I$*+! -$#! XH`!6M! 1$#.$'$! XY!4#*! -$.'#$-$*B! "#$! 0-)$)$-$*$!
M2'4$($#/.;*)! #/.! +;'73! +#$! 6&*/.0*.$! V.'&4=#88$'! #44$'! L'&L&'.#&*0(! =;'!
$($6.'#/73$*! P$#/.;*)B! "#$! ;4! $#*$! @#*;.$! %$'=O)$'.$! M2'4$0-)0-$! $*./.$3.!
+;'73! +$*! ,;8-0;! +$/! V#4;(0.#&*/L'&)'044/H! +0/! #**$'30(-! $#*$/! K$#./73'#../!
=;$'/.! +$*! .3$'4#/73$*H! +0**! +$*! $($6.'#/73$*! ,*(0)$*.$#(! -$'$73*$.! ;*+! +#$!
M2'4$0-)0-$!$'/.!#4!8&()$*+$*!K$#./73'#..!-$'G76/#73.#).B!"#$/!#/.!0-$'H!)$'0+$!
0;73! #4!90((! $#*$/!/&(73$*!Q(&763$#=6'08.1$'6/H!+;'73!+#$!5'2)3$#.! +$'! .3$'4#?
/73$*!F'$#/$!'$0(#.2./*03B!

!

,--#(+;*)![BX^n!Q$.'#$-!$#*$/!($#/.;*)/4&+;(#$'$*+$*!QCFM/!

"0/!-$/73'#$-$*$!@&+$((!$'(0;-.!*$-$*!+$4!Q$.'#$-!0(/!Q(&763$#=6'08.1$'6!0;73!
+#$!V#4;(0.#&*!%&*!$#*8073$*!>$*$'0.&'$*B!,;73!+$'!#*!E*/$(0*(0)$*!)$($)$*.(#73!
%&'6&44$*+$! P0/.-$.'#$-H! -$#! +$4! +$'! >$*$'0.&'! 6;'==$#.#)! #4! *$)0.#%$*!
P$#/.;*)/-$'$#73! )$803'$*!1#'+H! 60**! +;'73! $*./L'$73$*+$!>'$*=1$'.+$8#*#.#&?
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!

*$*!$'4O)(#73.!1$'+$*B!,--#(+;*)![BX`!80//.!+#$!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!
+$/!#*!+#$/$'!,'-$#.!*$;!$*.1#76$(.$*!@&+$((/!=;/044$*B!

Sollwert el. Leistung QCFM?@&+$((!
el. Leistung 
therm. Leistung 
Treibstoff-Verbrauch 

 
Aufstellungsdaten, Nenngrößen, empirische Parameter, Treibstoff 

,--#(+;*)![BX`n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!QCFM?@&+$((/!

YILIY! "(.&&.1!
F&4L&*$*.$*H!+#$!$#*$*!P$#/.;*)/.'0*/L&'.!=1#/73$*!=1$#!$($6.'#/73$*!F&4L&?
*$*.$*! ;*.$'/73#$+(#73$'! VL0**;*)/0'.! $'4O)(#73$*H! 1$'+$*! 0(()$4$#*! 0(/!
V.$(($'!-$=$#73*$.B!V#$!6O**$*!$*.1$+$'!+0=;!+#$*$*H!$#*=$(*$!F&4L&*$*.$*!0*!
$#*$! V044$(/73#$*$! 0*=;/73(#$I$*! &+$'! =1#/73$*! =1$#! ;*.$'/73#$+(#73$*!
V;-*$.=$*! =;! %$'4#..$(*! a!! F0L#.$(! [BZbB! "03$'! $')$-$*! /#73! 8G'! %$'/73#$+$*$!
,*1$*+;*)$*!0;73!;*.$'/73#$+(#73$!,;8)0-$*!8G'!$#*$*!V.$(($'B!!

Q$60**.$/.$/! Q$#/L#$(! 8G'! F&4L&*$*.$*/.$(($'! #/.! $#*! M$73/$('#73.$'! 8G'!
*$.=)$6&LL$(.$! D3&.&%&(.0#6?@&+;($B! :#*! /&(73$'! G-$'*#44.! L'#42'/$#.#)! +#$!
9;*6.#&*! $#*$/! g$)($'/! 8G'! +#$! @&+;(/L0**;*)! /&H! +0//! $#*$! 8G'! 06.;$(($!
Q$+#*);*)$*! &L.#40($! P$#/.;*)/0-)0-$! $''$#73.! 1#'+! a@DD?g$)$(;*)bB!
>($#73=$#.#)!4;//!+$'!V.'&4!0;8!+$'!V$6;*+2'/$#.$!4O)(#73/.!)$*0;!#*!D30/$!=;'!
<$.=/L0**;*)!;*+!&3*$!J-$'/731#*);*)$*!$#*)$/L$#/.!1$'+$*B!

<$-$*! /&(73$*! #*=1#/73$*! /$'#$*42I#)! %$'8G)-0'$*! V.$(($'*! 1$'+$*! 0-$'!
)$'0+$! #*! E*/$(/_/.$4$*! ;*+! 0*+$'$*! VL$=#0(0*1$*+;*)$*! N$1$#(/! V&*+$'(O?
/;*)$*! -$*O.#).B! V&! /#*+! 0;73! 8G'! Q'$**/.&88=$(($*0))'$)0.$! N$1$#(/! 0;8! +$*!
V.076!=;)$/73*#..$*$!V.$(($'!$'8&'+$'(#73H!+#$!+$*!V.'&4!+$'!K$(($*!;*+!+04#.!+#$!
P$#/.;*)!+$/!Q'$**/.&88=$(($*0))'$)0.$/!'$)$(*B!E*!6($#*$'$*!E*/$(/_/.$4$*!/#*+!
32;8#)! +#$! Dh?@&+;($! +#'$6.! 4#.! +$'! Q0..$'#$! )$6&LL$(.H! +#$! P0/.$*! ;*+! $#*!
"#$/$()$*$'0.&'! 0(/! Q076;L?F&4L&*$*.$! /#*+! +0**! G-$'! $#*$*! -#+#'$6.#&*0($*!
A4'#73.$'!%$'-;*+$*H!/#$3$!0;73!Q$#/L#$(/_/.$4!#*!F0L#.$(!\B]B!C#$'-$#!4;//!N$!
*073! V#.;0.#&*! P$#/.;*)! %&*! +$'! >($#73/.'&4/$#.$! =;'! M$73/$(/.'&4/$#.$!
.'0*/L&'.#$'.!1$'+$*! &+$'! -$#! Q$.'#$-! +$/!>$*$'0.&'/! P$#/.;*)! =;'! P0+;*)! +$'!
Q0..$'#$!=;'G76)$/L$#/.!1$'+$*B!!

K;'!@&+$((#$';*)!+$/!h$'30(.$*/!$#*$/!V.$(($'/!/#*+!+$4*073!/&1&3(!F$**.*#//$!
G-$'! /$#*$! g$)$(;*)/0;8)0-$*! 0(/! 0;73! G-$'! /$#*! $($6.'#/73$/! h$'30(.$*!
*&.1$*+#)B!"#$!g$)$(;*)/0;8)0-$*!1$'+$*!-$#!F&4L&*$*.$*/.$(($'*!a!!,-/73*#..!
[BZB\b!0-32*)#)!%&*!+$'!V.$(($'-$/73'$#-;*)!;*+!%&4!F&4L&*$*.$*._L!+#'$6.!#4!
V#4;(0.#&*/0()&'#.34;/!$'4#..$(.B!9G'!Dh?@&+;($!60**!/&!%&4!V.$(($'!$#*$!@DD?
g$)$(;*)H! 8G'! Q'$**/.&88=$(($*! $#*$! V.'&4'$)$(;*)! %&')$*&44$*!1$'+$*B! 9G'!
V.$(($'! =1#/73$*! V;-*$.=$*! 1#'+! +#$! g$)$(;*)/0*8&'+$';*)! )$42I! +$'!
<$.=/#.;0.#&*!$'4#..$(.!a!!,-/73*#..![BZB[b!;*+!;*.$'!Q$'G76/#73.#);*)!%&')$)$-$*$'!
>'$*=1$'.$!$'8G((.B!!
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!

A4!.'&.=!+$'!h#$(/$#.#)6$#.!+$'!.$73*#/73$*!g$0(#/#$';*)$*!$#*!0;/'$#73$*+!);.$/!
,--#(+!+$/!$($6.'#/73$*!h$'30(.$*/!=;!$'30(.$*H!1;'+$!#*!o@RP?`ep!$#*!,()&'#.34;/!
=;'!V.$(($'-$'$73*;*)!$*.1#76$(.H!+$'!/&1&3(!($#/.;*)/0-32*)#)$!M#'6;*)/)'0+?
6$**(#*#$*! 0(/! 0;73! +$*! @0/.$'?V(0%$?Q$.'#$-! %&*! 60/60+#$'.$*! V.$(($'?
0''0*)$4$*./!#*!+#$!Q$'$73*;*)!$#*-$=#$3$*!60**B!Q$*O.#).$'!:#)$*/.'&4-$+0'8!
60**! +;'73! F$**(#*#$*0*L0//;*)! &+$'! Q$/73'$#-;*)/&L.#&*$*! -$'G76/#73.#).!
1$'+$*B! "08G'! 1$'+$*! +#$! #*! ,--#(+;*)! [BZY! )$=$#).$*! :#*)0*)/?! ;*+! ,;/?
)0*)/)'OI$*!-$*O.#).B!

Eingangsleistung V.$(($'?@&+$((! Ausgangsleistung  
Eigenbedarf 

 
Nenngrößen, empirische Parameter 

,--#(+;*)![BZYn!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!V.$(($'?@&+$((/!o@RP?`ep!

YILI\! P.(2'*59:&%55!
<$-$*!'$#*$*!E*/$(/_/.$4$*!60**!+0/!%&'(#$)$*+$!V#4;(0.#&*/L06$.!0;73!0*!$#*!
G-$')$&'+*$.$/! $($6.'#/73$/! <$.=! )$6&LL$(.$! V_/.$4$! 4&+$((#$'$*B! "0/!
$($6.'#/73$!<$.=!1#'+!0(/!;*$*+(#73$'!:*$')#$/L$#73$'!)$*;.=.H!+#$!<$.=8'$i;$*=!
60**!#*!$'/.$'!<23$';*)!0(/!6&*/.0*.!-$.'073.$.!1$'+$*!;*+!%&')$)$-$*!1$'+$*B!
"#$!<$.=/L0**;*)!1#'+! $-$*80((/! #*! +$'! Q$/73'$#-;*)! 0(/! 04! *273/.$*!@#..$(?
/L0**;*)/.'0*/8&'40.&'! 8$/.! +$8#*#$'.B! K;! +#$/$4! 5'0*/8&'40.&'! 60**! $#*$!
#4L$+0*=-$308.$.$! P$#.;*)/%$'-#*+;*)! -$/73'#$-$*! 1$'+$*H! 1&+;'73! $*./L'$?
73$*+! +$4! P$#/.;*)/8(;//! $#*! VL0**;*)/80((! &+$'! $#*$! VL0**;*)/0*3$-;*)!
$*./.$3.B!!

YILIZ! Q.#(%*-.*!
>$'0+$! -$#! +$'! Q$'$73*;*)! /731073$'H! +$=$*.'0($'! <$.=$*H! #*! +$*$*! +#$!
VL0**;*)/30(.;*)!$#*!%$'32(.*#/42I#)!)'&I$/!D'&-($4!+0'/.$((.H! #/.!$/!1#73.#)H!
0;73!$#*$!4O)(#73/.!)$*0;$!,--#(+;*)!%&*!P$#.;*)/%$'(;/.$*!=;!#*.$)'#$'$*B!A4!
'$0(#.2./*03$!A*.$'/;73;*)$*!+$'!,;/1#'6;*)!%&*!F&*8#);'0.#&*/2*+$';*)$*!#*!
+$=$*.'0($*!,*(0)$*!&+$'!<$.=$*!=;!$'4O)(#73$*H!1;'+$*! #*!+0/!-$/73'#$-$*$!
V#4;(0.#&*/L'&)'044!/&1&3(!P$#.;*)/%$'-#*+;*)$*!=1#/73$*!$#*=$(*$*!F*&.$*!
$#*$/! <$.=1$'6$/! 0(/! 0;73! K;($#.;*)$*! =;! F&4L&*$*.$*! *$;! #4L($4$*.#$'.B!
,*)$)$-$*!1$'+$*! 60**! 8G'! $#*$! $($6.'#/73$! h$'-#*+;*)! +$'! &34/73$!M#+$'?
/.0*+!:!/&1#$!+#$!P$#.;*)/#*+;6.#%#.2.!<B!"#$!s;$'#4L$+0*=$*!%&*!<#$+$'/L0*?
*;*)/($#.;*)$*! 6O**$*! #*! +$'! g$)$(! %$'*073(2//#).! 1$'+$*H! +0! $/! /#73! ;4!
$($6.'#/73! 6;'=$! P$#.;*)$*! 30*+$(.B! "08G'! 1#'6.! 3#$'! +$'! &34/73$! P2*)/0*.$#(!
$#*$'!P$#.;*)!1$/$*.(#73!/.2'6$'!0(/!-$#/L#$(/1$#/$!-$#!C&73/L0**;*)/($#.;*)$*B!
"04#.!$')#-.!/#73!+#$!6&4L($f$!P$#.;*)/#4L$+0*=!#*!P2*)/'#73.;*)!=;n!

<[V:A 734 K0!
!

a[?X^b
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!

E*/)$/04.! 1;'+$! #4! %&'(#$)$*+$*! V#4;(0.#&*/0()&'#.34;/! 0;8! +#$! Q$'$73*;*)!
%&*! Q(#*+($#/.;*)/8(G//$*! %$'=#73.$.B! "#$/! #/.! +0+;'73! =;! -$)'G*+$*H! +0//!
h$'-'0;73$'! #4! <#$+$'/L0**;*)/*$.=! #*! +$'! g$)$(! $#*$*! 7&/L! /$3'! *03$! \!
30-$*!a0(/&!'$#*$!M#'6(0/.$*!+0'/.$(($*bH!+#$!)$'#*)$*!Q(#*+($#/.;*)/8(G//$!1#'6$*!
/#73!/&4#.!1$*#)!0;8!+0/!VL0**;*)/L'&8#(!0;/!;*+!30-$*H!-$+#*).!0;73!+;'73!+#$!
/$3'!/$(.$*$!@0/73$*-#(+;*)H!*;'!40')#*0($*!:#*8(;//!0;8!+#$!P$#/.;*)/8(G//$!#4!
<$.=B!!

";'73!+#$/$!h$'$#*8073;*)! 6O**$*!+#$!P$#.;*)/-$'$73*;*)$*! #4!%&'(#$)$*+$*!
V#4;(0.#&*/L'&)'044! 0;73! 8G'! M$73/$(/.'&4/_/.$4$! '$#*! '$$((! +;'73)$8G3'.!
1$'+$*!4#.n!

: ;00 0 <[:A 734 K ! a[?X`b

Q$#!>($#73/.'&46'$#/$*!1#'+!+$'! #*+;6.#%$!,*.$#(! 0;8)';*+!+$'!9'$i;$*=! [H*! =;!
<;((! ;*+! +03$'! +#$! P$#.;*)/#4L$+0*=! )($#73! +$4!&34/73$*!M#+$'/.0*+!:! +$'!
P$#.;*)B!!

!

YIM! F.1.9:*%*-5'&-)1#(:$%5!

<073! +$'! h&'/.$((;*)! +$'! $#*=$(*$*! %$'1$*+$.$*! @&+$(($! =;'! Q$'$73*;*)!
$($6.'#/73$'! F&4L&*$*.$*! 1$'+$*! #4! 9&()$*+$*! +#$! #4! g034$*! +#$/$'! ,'-$#.!
%&((/.2*+#)! *$;! $*.1#76$(.$*H! 8($f#-($*! ,()&'#.34$*! =;'! h$'6*GL8;*)! +$'!
:#*=$(4&+$(($!+0')$/.$((.B!E*!o@RP?`ep!-$/73'2*6.$!/#73!+#$!.&L&(&)#/73$!9($f#-#(#?
.2.! +$'! +&'.! 0;//73(#$I(#73! -$.'073.$.$*!>($#73/.'&46&4L&*$*.$*! 0;8! $#*=$(*$H!
=$*.'0($!F*&.$*!&3*$!#4L$+0*=-$308.$.$!h$'-#*+;*)$*B!!

M#$! -$'$#./! #*! F0L#.$(! X! $'(2;.$'.H! 1#'+! +$4! V#4;(0.#&*/L'&)'044! 8G'! N$+$!
F&4L&*$*.$H! N$+$! V044$(/73#$*$! ;*+! N$+$! P$#.;*)! +$'! =;! -$'$73*$*+$*!
F&*8#);'0.#&*! $#*$! $#*+$;.#)$! .&L&(&)#/73$! K;&'+*;*)! 4#.)$(#$8$'.B! C#$'+;'73!
60**! =;! Q$)#**! +$'! Q$'$73*;*)$*! 8G'! 0(($! F*&.$*! ;*+! F&4L&*$*.$*! $#*$!
:*./73$#+;*)! G-$'! +$*! N$1$#(/! 0*=;1$*+$*+$*! ,()&'#.34;/! )$.'&88$*!1$'+$*B!
A*.$'/73#$+$*!1$'+$*!%$'/73#$+$*$! .&L&(&)#/73$!;*+!L3_/#60(#/73$!,*&'+*;*?
)$*H!+#$!#4!9&()$*+$*!#4!"$.0#(!$'(2;.$'.!1$'+$*B!!

K;*273/.!/&((!+0-$#!+#$!C$'0*)$3$*/1$#/$!0*!+#$!F&4L&*$*.$*-$'$73*;*)!8G'!
+#$! %$'/73#$+$*$*! F&*8#);'0.#&*/4O)(#736$#.$*! $'(2;.$'.! 1$'+$*H! ;4! +0**! 04!
Q$#/L#$(! $#*$/! >($#73/.'&46*&.$*/! +$*! $*.1#76$(.$*! %$'/73073.$(.$! Q$'$73?
*;*)/0()&'#.34;/!8G'!F*&.$*!%&'=;/.$(($*B!,;/!+$*!/L$=#$(($*!,*8&'+$';*)$*!+$'!
>($#73/.'&46&4L&*$*.$*!3$'0;/!1#'+!+0**!+#$!<$.=-$'$73*;*)!8G'!>($#73/.'&4?!
;*+!M$73/$(/.'&4*$.=$!/&1#$!0-/73(#$I$*+!8G'!)$4#/73.$!<$.=$!$*.1#76$(.B!
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!

YIMIW! J)$N)*.*(.*'*59:&%55!
M#$!-$'$#./!#*!F0L#.$(![B\!$'(2;.$'.H!1$#/$*!
#*/-$/&*+$'$! >($#73/.'&46&4L&*$*.$*!
1#$! Q0..$'#$! &+$'! D3&.&%&(.0#64&+;($!
$#*$*!/.0'6!*#73.?(#*$0'$*!K;/044$*30*)!
=1#/73$*! VL0**;*)! ;*+! V.'&4! -=1B!
VL0**;*)! ;*+! P$#/.;*)! 0;8B! A4! $#*$!
$88$6.#%$! ;*+! 0*0(_/#$'-0'$! V_/.$4-$?
'$73*;*)!0;73!6&4L($f$'!h$'/730(.;*)$*!
=;!$'4O)(#73$*H!1#'+!=;*273/.!8G'! N$+$!0*!
$#*$*!F*&.$*!0*)$/73(&//$*$!F&4L&*$*?
.$! +#$! 0*! +#$/$4! F*&.$*! 1#'6/04$!
U30'06.$'#/.#6! -$'$73*$.B! "$'! %&')$/.$((.$!
Q$'$73*;*)/0()&'#.34;/! $'(0;-.! %#$'!
%$'/73#$+$*$! h$'-#*+;*)/4O)(#736$#.$*!
=1#/73$*! F&4L&*$*.$*! ;*+! #3'$*!
F*&.$*0*/73(G//$*H!+#$!#*!,--#(+;*)![BZ\!
04!Q$#/L#$(!%&*!%#$'!D3&.&%&(.0#64&+;($*!)$=$#).!/#*+B!!

\B! Q$#! +#'$6.$4! ,*/73(;//! $#*$'! F&4L&*$*.$! 0*! $#*$! V044$(/73#$*$! /#*+!
F*&.$*/L0**;*)!;*+!F&4L&*$*.$*/L0**;*)! #+$*.#/73B!"$'!Q$'$73*;*)/0(?
)&'#.34;/! -$*;.=.! +0/! F&4L&*$*.$*4&+$((H! ;4! #**$'30(-! %&')$)$-$*$'!
>'$*=1$'.$!+$*!K;/044$*30*)!=1#/73$*!V.'&4!;*+!VL0**;*)!-=1B!P$#/?
.;*)!;*+!VL0**;*)!+$'!F&4L&*$*.$! =;!$''$73*$*B! W$!*073!F&4L&*$*.$*?
4&+$((! 1$'+$*! +08G'! $#*#)$! VL0**;*)/?! a=BQB! Dhb! &+$'! V.'&41$'.$! a=BQB!
Q0..$'#$b! %&')$)$-$*! ;*+! ;*.$'! Q$'G76/#73.#);*)! +$/! 06.;$(($*! F&4L&*$*?
.$*=;/.0*+/!;*+!06.;$(($'!A4)$-;*)/$#*8(G//$!+$'! N$1$#(/!6&''$/L&*+#$'$*?
+$!V.'&4?!-=1B!VL0**;*)/1$'.!+;'73!+0/!@&+$((!$'4#..$(.B!"#$!M$'.$!1$'+$*!
0;8! +#$! V044$(/73#$*$! 0(/! $($6.'#/73$*! F*&.$*! -$=&)$*H! 0;8! +#$/$! =;8(#$?
I$*+$!V.'O4$!1$'+$*!+0-$#!L&/#.#%!)$=23(.B!,;/!$#*=$(*$*!$'4#..$(.$*!M$'.$?
L00'$*!60**!+0**! #4!G-$')$&'+*$.$*!F*&.$*-$'$73*;*)/0()&'#.34;/!+;'73!
E*.$'L&(0.#&*! $#*$! %&((/.2*+#)$! F$**(#*#$! 0(/! E.$'0.#&*/)';*+(0)$! )$*$'#$'.!
1$'+$*B!!

XB! "#$!Q$'G76/#73.#);*)!%&*!K;($#.;*)/#4L$+0*=$*! #4!F&4L&*$*.$*0*/73(;//!
$'8&().! +;'73! h$'/73#$-;*)! +$'! F&4L&*$*.$*6$**(#*#$*! $*./L'$73$*+! +$4!
VL0**;*)/80((!0;8!+$'!K;($#.;*)B!,(/!F&4L&*$*.$*6$**(#*#$!+#$*.!+$4!G-$'?
)$&'+*$.$*!,()&'#.34;/!+0**!+#$!$88$6.#%!04!F*&.$*!1#'6$*+$!U30'06.$'#/.#6B!!

ZB! Q$#!<;.=;*)!$#*$/!V.$(($'/!=1#/73$*!F&4L&*$*.$!;*+!V044$(/73#$*$!-#(+$.!
=;*273/.!+#$!:#*3$#.!0;/!F&4L&*$*.$!;*+!V.$(($'!$#*$*!$#)$*$*!;*0-32*)#?
)$*!Q$'$73*;*)/6'$#/B!Q$#!$#*$4!D3&.&%&(.0#6/.$(($'!4#.!@DD?g$)$(;*)!1#'+!
-$#/L#$(/1$#/$!+$'! 06.;$(($!D;*6.!40f#40($'! P$#/.;*)! a@DDb! +;'73! E.$'0.#&*!
$'4#..$(.!;*+!+$4!V.$(($'4&+$((!0(/!/$6;*+2'/$#.#)$!:#*)0*)/)'OI$!%&')$)$?
-$*B!"$'!G-$')$&'+*$.$!Q$'$73*;*)/0()&'#.34;/!l/#$3.m!0(/!F&4L&*$*.$!*;'!
+$*!V.$(($'!0(/!P$#/.;*)/G-$'.'0)$'B!:88$6.#%!1#'6.!0(/&!$#*$!F$**(#*#$!6&*/.0*?
.$'!P$#/.;*)!0;8!+$'!F*&.$*/$#.$B!

!

,--#(+;*)![BZ\n!,*/73(;//&L.#&*$*!

!



".#(.!\[!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

[B! ,*0(&)!=;!+$*!,;/8G3';*)$*!;*.$'!XB!;*+!ZB!1#'+!+#$!V.$(($'6$**(#*#$!;4!+$*!
:#*8(;//!+$'!K;($#.;*)/#4L$+0*=!%$'/73&-$*B!

YIMIL! 3#*2.&*.1!J*)(.*!
,4!Q$#/L#$(! +$/!>($#73/.'&46*&.$*/!+$'! #*!F0L#.$(! X! -$/73'#$-$*$*!V.'&4%$'?
/&');*)/0*(0)$!/&((!*;*!+#$!h&')$3$*/1$#/$!=;'!:'4#..(;*)!+$/!,'-$#./L;*6.$/!
0(($'! F&4L&*$*.$*! %$'0*/730;(#73.! 1$'+$*B! E*! ,--#(+;*)! [BZX! #/.! +0/! 0;8! +#$!
1$/$*.(#73$*! F&4L&*$*.$*! '$+;=#$'.$! V730(.-#(+! +0')$/.$((.B! Q$.$#(#).$! F&4L&?
*$*.$*!/#*+!+$'!Q($#-0..$'#$/0.=H!$#*!G-$'!$#*$! (2*)$'$!K;($#.;*)!0*)$/73(&//$?
*$/!Dh?@&+;(!/&1#$!$#*$!+;'73!+$*!M$73/$('#73.$'!%$'/&').$!$($6.'#/73$!P0/.H!
+#$! 0;/! >'G*+$*! +$'! R-$'/#73.(#736$#.! +0/! )$/04.$! 6&*=$*.'#$'.$! /$6;*+2'$!
M$73/$(/.'&4/_/.$4!+$'!Q$#/L#$(0*(0)$!+0'/.$((.B!"$'!"#$/$()$*$'0.&'!6&44.!#*!
+#$/$4!Q$#/L#$(!*#73.!=;4!:#*/0.=B!

!

,--#(+;*)![BZXn!g$+;=#$'.$!>($#73/.'&4/044$(/73#$*$!+$'!Q$#/L#$(0*(0)$!

>$42I! &-#)$'! ,;/8G3';*)$*! 1#'+! #4! $'/.$*! Q$'$73*;*)//73'#..! 8G'! N$+$!
F&4L&*$*.$!+#$!$88$6.#%$!6*&.$*-$=&)$*$!F$**(#*#$!$'4#..$(.B!E*!+#$/$4!Q$#/L#$(!
#/.!+#$!Q0..$'#$!%&4!,*/73(;//._L!\H!+0/!Dh?9$(+!%&4!5_L!X!;*+!+#$!M$73/$(?
'#73.$'dP0/.?F&4-#*0.#&*!%&4!5_L!ZB!"#$!K1#/73$*1$'.$!+$'!F$**(#*#$*!1$'+$*!
%&4! Q$'$73*;*)/0()&'#.34;/! =;*273/.! +;'73! (#*$0'$! E*.$'L&(0.#&*! $'4#..$(.B! E*!
,--#(+;*)![BZZ!/#*+!+#$!+'$#! 06.;$(($*H!0;8!+$*!F*&.$*!-$=&)$*$*!F&4L&*$*?
.$*6$**(#*#$*!+0')$/.$((.B!



YIM!F.1.9:*%*-5'&-)1#(:$%5! ".#(.!\]!

!

!

,--#(+;*)![BZZn!V;44$*-#(+;*)!+$'!F&4L&*$*.$*6$**(#*#$*!

A4! *;*! +#$! L3_/#60(#/73$! h$'6*GL8;*)! +$'! $#*=$(*$*! F&4L&*$*.$*! 04!
-$.'073.$.$*! F*&.$*! =;! -$'G76/#73.#)$*H! 4G//$*! +#$! F#'733&88j/73$*! >$/$.=$!
3$'0*)$=&)$*!1$'+$*B!K;*273/.!$#*40(!-($#-.!8$/.=;/.$(($*H!+0//!0(($!,*/73(G/?
/$!0*!$#*$4!F*&.$*!0;8!)($#73$4!D&.$*=#0(!/#*+H!0(/&!)($#73$!VL0**;*)!30-$*B!
"0! +#$! $'4#..$(.$*! F&4L&*$*.$*6$**(#*#$*! 0;8! +#$! V044$(/73#$*$! -$=&)$*$!
M$'.$!-$#*30(.$*H!60**!8G'!+#$/$!$#*$!l%#'.;$(($!F*&.$*6$**(#*#$m!0(/!V;L$'L&/#.#?
&*!+$'!$#*=$(*$*!F&4L&*$*.$*6$**(#*#$*!+#'$6.!$'4#..$(.!1$'+$*B!"0=;!1$'+$*!?!
;*.$'! Q$073.;*)! +$'! >'$*=1$'.$! +$'! F&4L&*$*.$*! ?! +#$! $*./L'$73$*+$*!
V.'&41$'.$! +$'! $#*=$(*$*! F$**(#*#$*! 8G'! $#*#)$! VL0**;*)/1$'.$! 0++#$'.B! 9G'!
$#*$!$#*=$(*!-$.'073.$.$!V044$(/73#$*$!0(/!F*&.$*!$')#-.!/#73!+$'!8G'!0(($!+0'0*!
0*)$/73(&//$*$*! F&4L&*$*.$*! )G(.#)$! VL0**;*)/1$'.! 04! <;((+;'73)0*)! +$'!
V;44$*6$**(#*#$H!0(/&!0*!+$4!D;*6.H!0*!+$4!+0/!$'/.$!F#'733&88j/73$!>$/$.=!
aM$;$H$*b!$'8G((.!#/.!a!!,--#(+;*)![BZ[bB!

"0! +#$! V;44$*6$**(#*#$! /&1#$! +#$! F&4L&*$*.$*6$**(#*#$*! =;*273/.! *;'! 0*!
$#*#)$*! V.G.=/.$(($*! -$'$73*$.! 1;'+$*H! /#*+! +#$! +0'0;/! $'4#..$(.$*! M$'.$! *;'!
<23$';*)$*! ;*+! 4G//$*! +;'73! $#*$*! 1$#.$'$*! @&+$(('$73$*/73'#..! %$'#8#=#$'.!
1$'+$*B! "#$! *$;! $'4#..$(.$*! F&4L&*$*.$*1$'.$! -#(+$*! 1#$+$';4! =;/2.=(#73$!
V.G.=L;*6.$! +$'! $#*=$(*$*! F$**(#*#$*! ;*+! +$'! V;44$*6$**(#*#$B! "#$/$'!
E.$'0.#&*/=_6(;/!1#'+! /&(0*)$! 8&'.)$/$.=.H! -#/! 0;/'$#73$*+$!Q$'$73*;*)/)$*0;?
#)6$#.!$''$#73.!1;'+$B!,(/!:')$-*#/!$')#-.!/#73!)$42I!F#'733&88!$#*$!V;44$!0(($'!
-$.$#(#).$*! F&4L&*$*.$*/.'O4$H! +#$! /$3'! *03$! <;((! #/.H! ;*+! $#*$! 8G'! 0(($!
F&4L&*$*.$*0*/73(G//$! )G(.#)$! F*&.$*/L0**;*)B! "$'! ,-(0;8! +$/! #.$'0.#%$*!
F*&.$*-$'$73*;*)/%$'803'$*/!#/.!#*!,--#(+;*)![BZ]!+0')$/.$((.B!



".#(.!ZO!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

!

,--#(+;*)![BZ[n!F&4L&*$*.$*?!;*+!F*&.$*6$**(#*#$*!0*!+$'!"U?V044$(/73#$*$!

!

!

,--#(+;*)![BZ]n!,-(0;8!+$'!Q$'$73*;*)!8G'!$#*=$(*$!F*&.$*!



YIM!F.1.9:*%*-5'&-)1#(:$%5! ".#(.!ZW!

!

:#*$! V;44$*6$**(#*#$! $#*$/! $#*=$(*$*! F*&.$*/! $*.32(.! /&*/.! *;'! $#*$*!
$#*+$;.#)$*H! L3_/#60(#/73! 6&''$6.$*! ,'-$#./L;*6.! #4! V.'&4?! -=1B! P$#/.;*)/*;((?
+;'73)0*)B! "#$! 0*+$'$*! M$'.$! /#*+! 06.;$((! *#73.! $''$#73-0'! ;*+! -#(+$*! +$*!
L&.$*=#$(($*!5$#(!+$'!F$**(#*#$B!!

"#$! #4! g034$*! +#$/$'! ,'-$#.! $#*)$8G3'.$! Q#(+;*)! ;*+! &L.#&*0($! )'0L3#/73$!
h#/;0(#/#$';*)! +#$/$'! F$**(#*#$! 30.! /#73! -$#! +$'! "#4$*/#&*#$';*)! %&*! >($#73?
/.'&40*(0)$*! ;*+! +$'! ,*0(_/$! %&*!,*(0)$*=;/.2*+$*! 0(/! /$3'! 3#(8'$#73! $'1#$?
/$*B!"0=;!1;'+$! #4!V#4;(0.#&*//_/.$4!"A'$//! +;'73! $#*! =;/2.=(#73$/!F$**(#?
*#$*?@$//1$'.8$*/.$'! $#*$! =_6(#/73$! J*(#*$?"0'/.$((;*)! /&1&3(! +$'! -$#! +$'!
E.$'0.#&*!$'4#..$(.$*!F&4L&*$*.$*6$**(#*#$*!0(/!0;73!+$'!F*&.$*!)$/73088$*B!"#$!
"0'/.$((;*)! 60**! +0-$#!103(1$#/$! #*! VL0**;*)/?V.'&4?! a,--#(+;*)! [BZ[b! &+$'!
VL0**;*)/?M#'6($#/.;*)/?9&'4! a,--#(+;*)! [BZcb! $'8&()$*B! C#$'+;'73! #/.! $/!
4O)(#73H! -$#! +#'$6.! 4#.$#*0*+$'! )$6&LL$(.$*! F&4L&*$*.$*! +$'$*! 06.;$(($*!
Q$.'#$-/L;*6.$!;*+!U30'06.$'#/.#6$*!=;!0*0(_/#$'$*!;*+!;*.$'!A4/.2*+$*!+;'73!
V730(.40I*034$*!=;!'$0)#$'$*B!!

9G'! +#$! Q$#/L#$(?>($#73/.'&40*(0)$! $')$-$*! /#73! 8G'! +#$! -$'$73*$.$! V#.;0.#&*!
a)$42I! ,--#(+;*)! [BZ[b! +#$! VL0**;*)/?P$#/.;*)/?F;'%$*! #*! ,--#(+;*)! [BZcB!
"$;.(#73!#/.!+#$!,-32*)#)6$#.!+$'!Dh?@&+;(?P$#/.;*)!%&*!+$'!F*&.$*/L0**;*)!=;!
$'6$**$*B!A4!+0/!@&+;(! #*! /$#*$4! ($#/.;*)/&L.#40($*!,'-$#./L;*6.! a@DDb! =;!
-$.'$#-$*H! 12'$! $#*$! V044$(/73#$*$*/L0**;*)! %&*! $.10! c\H]!h! $'8&'+$'(#73B!
"$'! +;'73! +#$! E.$'0.#&*! $'4#..$(.$!M$'.! +$'!F*&.$*/L0**;*)! (#$).! #4! )$123(.$*!
Q$#/L#$(!-$#!;*)$823'!cc!hB!:#*$!)$*0;$'$!,*0(_/$!+$'!$'=#$(.$*!P$#/.;*)!$')#-.!
$#*$*! ;4! *;'! e!w! %&4! JL.#4;4! 0-1$#73$*+$*! M$'.B! "0! )$'0+$! +#$! Dh?
@&+;(6$**(#*#$! $'3$-(#73$*! V7310*6;*)$*! +;'73! V.'03(;*)/1$73/$(! ;*+!
5$4L$'0.;'%$'2*+$';*)$*! ;*.$'1&'8$*! #/.H! 12'$*! #*! +#$/$4! 90((! 5&L&(&)#$$#*?
)'#88$!=;'!JL.#4#$';*)!*#73.!/#**%&((B!!

!

,--#(+;*)![BZcn!,'-$#./L;*6.-$&-073.;*)!aM#'6($#/.;*)b!

";'73!,*0(_/$!4$3'$'$'!/#)*#8#60*.$'!,*(0)$*=;/.2*+$!+;'73!+#$/$!"0'/.$((;*)!
60**! -$#! +$'! A*.$'/;73;*)! %&*! ,*(0)$*! -$;'.$#(.! 1$'+$*H! &-! +#$! $#*=$(*$*!



".#(.!ZL!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

F&4L&*$*.$*! +$'! ,*(0)$*6&*8#);'0.#&*! );.! 4#.$#*0*+$'! 0)#$'$*! &+$'! &-!
$#*=$(*$!F&4L&*$*.$*!0;/)$.0;/73.!&+$'!D0'04$.$'!%$'2*+$'.!1$'+$*!4G//$*B!

YIMIM! P.(2;.1.9:*%*-!
"$'! 0;/! $#*$'! F*&.$*6$**(#*#$! 0-=;($/$*+$! ,'-$#./L;*6.! (#$).! -$#! #/&(#$'.$*!
V044$(/73#$*$*!#44$'!#4!V.'&4*;((+;'73)0*)B!V&-0(+!4$3'$'$!V044$(/73#$?
*$*!G-$'!P$#.;*)$*!=;/044$*)$/730(.$.!1$'+$*H!60**!=1#/73$*!+$*!$#*=$(*$*!
F*&.$*!$#*!V.'&48(;//!0;8.'$.$*B!V044$(/73#$*$*!/.$(($*!+0-$#!+#$!F*&.$*!+$/!
<$.=1$'6$/! ;*+! P$#.;*)$*! +$//$*! K1$#)$! +0'B! P$#/.;*)/8(G//$! =1#/73$*! +$*!
$#*=$(*$*! F*&.$*! %$';'/073$*! R-$'.'0);*)/%$'(;/.$! ;*+! VL0**;*)/82(($H!
1&+;'73! /#73! #4! <$.=! $#*! VL0**;*)/L'&8#(! $#*/.$((.B! "#$! Q$'$73*;*)! +$'!
F*&.$*/L0**;*)$*!;*+!K1$#)/.'O4$!60**! 8G'! -$(#$-#)! %$'/730(.$.$! $($6.'#/73$!
<$.=1$'6$!+;'73!P0/.8(;//'$73*;*)$*!$'8&()$*!oC,<?^epB!

"0=;!1#'+!=;*273/.!;*.$'!Q$'G76/#73.#);*)!+$'!06.;$(($*!)$/730(.$.$*!<$.=.&L&?
(&)#$!a!!F0L#.$(!XB[b!+#$!F*&.$*?K1$#)?V.';6.;'!+$/!<$.=$/!$'4#..$(.T!N$+$4!F*&.$*!
1#'+!$#*$!$#*+$;.#)$!(0;8$*+$!<;44$'!=;)$&'+*$.!;*+!$#*$!a*!f!*b!@0.'#f!a4#.!*!
+$'!,*=03(!+$'!F*&.$*b!0;8)$/.$((.B!V#*+!=1$#!F*&.$*! #!;*+! N!G-$'!$#*$!P$#.;*)!
4#.$#*0*+$'! %$'-;*+$*H! 1#'+! +#$! $*./L'$73$*+$! P$#.;*)/0+4#..0*=! #*! +#$! =1$#!
6&''$/L&*+#$'$*+$*! 9$(+$'! #N! -=1B! N#! 4#.! *$)0.#%$4! h&'=$#73$*! $#*)$.'0)$*B!
K;/2.=(#73!1$'+$*!#*!+#$!9$(+$'!#!;*+!N!+$'!C0;L.+#0)&*0($!+$'!@0.'#f!+#$!M$'.$!
+$'! N$1$#(#)$*! VL0(.$! 0;80++#$'.B! "#$! F*&.$*0+4#..0*=40.'#f! K

#
! /L#$)$(.! +$*!

L3_/#60(#/73$*! K;/044$*30*)! =1#/73$*! +$*! F*&.$*/L0**;*)$*! 9%! ;*+! +$*!
F*&.$*/.'O4$*!;%!1#+$'B!!

;9K
""#

47
!

a[?ZYb

9G'! +#$! Q$'$73*;*)! $#*$/! $($6.'#/73$*! <$.=$/! 60**! 0(/&! +#$! L3_/#60(#/73$!
V.';6.;'! 0;8! +#$! :($4$*.$! K1$#)$! ;*+! F*&.$*! '$+;=#$'.! 1$'+$*B! "#$! K1$#)$!
/.$(($*! /.0.#/73$! :($4$*.$! +0'H! 1$(73$! +#$! L3_/#60(#/73$! :#)$*/7308.! $#*$'!
E4L$+0*=!-$/#.=$*B!"#$!F*&.$*!-#(+$*!+0**H! N$!*073!5&L&(&)#$!;*+!K;/.2*+$*!
%&*! P0/.$*! ;*+! :'=$;)$'*H! #*! V;44$! P0/.6*&.$*H! :#*/L$#/$6*&.$*! &+$'!
h$'-#*+;*)/6*&.$*B!"#$!:*./73$#+;*)! +0'G-$'! $')#-.! /#73! 0;/! +$'!V;44$!+$'!
04! F*&.$*! /$(-/.! ;*.$'! ,;//73(;//! 0(($'! h$'-#*+;*)$*! =;! 0*+$'$*! F*&.$*!
0;8.'$.$*+$*!P$#/.;*)$*B!!

A4!$#*$! P0/.8(;//#.$'0.#&*!4#.! 6(0//#/73$*!P0/.8(;//0()&'#.34$*!+;'738G3'$*! =;!
6O**$*H! #/.! =;*273/.!+#$!,;/103(!$#*$/!g$8$'$*=?F*&.$*/! alV(076mb!*&.1$*+#)B!
"#$/$'! V(076! /&((.$! +#$! :#)$*/7308.! 30-$*H! +$*! P$#/.;*)/0;/)($#73! 8G'! +#$!
G-'#)$*!F*&.$*!-$#!6&*/.0*.$'!)$)$-$*$'!VL0**;*)!$'8G(($*!=;!6O**$*B!V&(73$!
F*&.$*!4#.!8($f#-($'!P$#/.;*)/-$'$#./.$((;*)!6O**$*!#*!M$73/$(/L0**;*)/*$.=$*!
+;'73!$#*$*!,*/73(;//!0*!$#*!$f.$'*$/!h$'/&');*)/*$.=! a!! ,-/73*#..! [BXB]b!&+$'!
0(()$4$#*! +;'73! /L0**;*)/)$'$)$(.$! V.$(($'! a!! ,-/73*#..! [BXBcb! ?! /&8$'*! /#$!
#**$'30(-! #3'$'! >'$*=$*! -$.'#$-$*! 1$'+$*! ?! $*./.$3$*B! "#$! G-'#)$*! F*&.$*!
1$'+$*! +0**! 0(/! /&! )$*0**.$! P0/.?F*&.$*! +$8#*#$'.H! +$'$*! )$8&'+$'.$! :#)$*?
/7308.!#4!P0/.8(;//!+#$!8$/.$!P$#/.;*)!-$#!%0'#0-($'!VL0**;*)!#/.!oC,<?^epB!"0!#4!



YIM!F.1.9:*%*-5'&-)1#(:$%5! ".#(.!ZM!

!

V#4;(0.#&*/0()&'#.34;/! 0;8! +#$! Q$'G76/#73.#);*)! +$'! Q(#*+($#/.;*)! %$'=#73.$.!
1;'+$H!1$'+$*!+#$/$!F*&.$*!#4!9&()$*+$*!0(/!P$#/.;*)/6*&.$*!-$=$#73*$.B!!

Q$+#*).!+;'73!+#$!8G'!+$*!Q$'$73*;*)/0()&'#.34;/!)$8&'+$'.$!,(()$4$#*)G(.#)6$#.!
60**!*#73.!/#73$')$/.$((.!1$'+$*H!+0//!#44$'!$#*!F*&.$*!#4!<$.=!%&'30*+$*!#/.H!
+$'! 0(/! V(076! +$*! ,*/L';73! +$'! 6&*/.0*.$*! VL0**;*)! -$#! %0'#0-($'! P$#/.;*)!
$'8G((.B! "#$/!1G'+$! -$#! +$'!"0'/.$((;*)! 0(/! VL0**;*)/?M#'6($#/.;*)/?F$**(#*#$*!
a,--#(+;*)! [BZ[b! $#*$! /$*6'$73.$! (#*$0'$! F*&.$*6$**(#*#$! -$+$;.$*B! ,*0(&)!
1$'+$*! *#73.! *&.1$*+#)$'1$#/$! 0(($! G-'#)$*! F*&.$*! $*./L'$73$*+! +$'! ,;/8G3?
';*)$*! #4! %&'#)$*! ,-/73*#..! $#*$! 8$/.$H! /L0**;*)/;*0-32*)#)$! P$#/.;*)/0;8?
*034$! &+$'! P$#/.;*)/0-)0-$! a3&'#=&*.0($! F*&.$*6$**(#*#$b! $'(0;-$*B! VL0*?
*;*)/?M#'6($#/.;*)/730'06.$'#/.#6$*! 6O**$*! -$#! M$73/$(/.'&4*$.=$*! +;'73!
/L0**;*)/0-32*)#)$! P0/.$*H! /L0**;*)/)$'$)$(.$! P$#/.;*)//.$(($'! &+$'! 0;73!
+;'73! VL0**;*)/82(($! 0;8! F&4L&*$*.$*=;($#.;*)$*! %$';'/073.! /$#*H! -$#!
>($#73/.'&4*$.=$*!+;'73!+#'$6.)$6&LL$(.$!F&4L&*$*.$*B!!

!

,--#(+;*)![BZen!"#$!+'$#!:-$*$*!+$'!<$.=-$'$73*;*)!



".#(.!ZY!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

,;/! +#$/$4! >';*+! 1;'+$! +$'! =;'! Q$'$73*;*)! +$'! P$#/.;*)/8(G//$! ;*+! +$/!
VL0**;*)/L'&8#(/!#*!$#*$4!<$.=1$'6!*&.1$*+#)$!P0/.8(;//0()&'#.34;/!=;/2.=(#73!
#*!$#*$*!G-$')$&'+*$.$*!E.$'0.#&*/0()&'#.34;/!$#*)$-$..$.B!K;!Q$)#**!1$'+$*!8G'!
0(($!-$.$#(#).$*!F*&.$*H!;*.$'!Q$'G76/#73.#);*)!+$'! N$1$#(#)$*!$88$6.#%$*!F&4L&?
*$*.$*6$**(#*#$*H!+#$!F*&.$*6$**(#*#$*!;*+!+04#.!+#$!VL0**;*)/?M#'6($#/.;*)/?
730'06.$'#/.#6!1#$!-$#4!#/&(#$'.$*!>($#73/.'&46*&.$*!$'4#..$(.B!,*/73(#$I$*+!1#'+H!
#4! $'/.$*! V73'#..! =;*273/.! ;*.$'! h$'*073(2//#);*)! 0(($'! P$#.;*)/#4L$+0*=$*H!
+0/!)$/04.$!<$.=!=;!$#*$4!6&*=$*.'#$'.$*!F*&.$*!=;/044$*)$80//.!;*+!$#*$!
%#'.;$(($!<$.=6$**(#*#$!$'4#..$(.B!"0!/#73!0;73!#*!$#*$4!0-)$/73(&//$*$*!<$.=!+#$!
V;44$! 0(($'! V.'O4$! =;! <;((! 0++#$'$*! -=1B! P$#/.;*)/)($#73)$1#73.! 3$''/73$*!
4;//H! 60**! *;*! +#$! VL0**;*)! #4! V.'&4*;((+;'73)0*)! +#$/$'! F$**(#*#$! 0(/!
V.0'.1$'.!+$'!P0/.8(;//-$'$73*;*)!8G'!0(($!F*&.$*!)$*&44$*!;*+!$*./L'$73$*+!
#3'$'!F$**(#*#$*!P$#/.;*)/1$'.$!$''$73*$.!1$'+$*B!!

9G'! +$*! P0/.8(;//0()&'#.34;/! 1#'+! *;*! +$'! 8G'! +#$/$*! VL0**;*)/1$'.! )G(.#)$!
P$#/.;*)/1$'.! +$'! $#*=$(*$*! F*&.$*! 0(/! V.0'.1$'.! )$*&44$*H! +$'! ($#/.;*)/?
/.2'6/.$!F*&.$*!=;+$4!0(/!V(076?F*&.$*!0;/)$123(.!;*+!/$#*$!VL0**;*)!8#f#$'.B!
,;/)$3$*+! %&*! $#*$'! 04! V(076! 8$/.! $#*)$L'2).$*! VL0**;*)! 6O**$*!4#.! C#(8$!
+$/! P0/.8(;//0()&'#.34;/! +#$! P$#/.;*)/8(G//$! #4! <$.=H! +#$! VL0**;*)/82(($! 0;8!
+$*! P$#.;*)$*H! +#$!VL0**;*)! 0*! N$+$4! $#*=$(*$*!F*&.$*! ;*+! +04#.! +0**! +#$!
N$1$#(#)$*! F*&.$*/.'O4$! $'4#..$(.! 1$'+$*B! Q$#! N$+$4! Q$'$73*;*)//73'#..! +$'!
E.$'0.#&*H!+#$!+$4!P0/.8(;//!G-$')$&'+*$.!#/.H!1#'+!+$'!$*./L'$73$*+$!P$#/.;*)/?
1$'.!+$'!P0/.6*&.$*!;*+!+#$!VL0**;*)!+$/!V(076?F*&.$*/!0*30*+!+$'!$'4#..$(?
.$*!<$.=/#.;0.#&*!)$42I!+$'!F*&.$*6$**(#*#$*!6&''#)#$'.H!-#/!F&*%$')$*=!$''$#73.!
#/.!a!!,--#(+;*)![BZ^bB!!

@#.!+$*!*;*!$'4#..$(.$*!F*&.$*?VL0**;*)$*!6O**$*!0-/73(#$I$*+!0(($!-$.$#(#)?
.$*! F&4L&*$*.$*4&+$(($! *&73! $#*40(! =;'! h$'#8#60.#&*! 0;8)$';8$*! 1$'+$*B!
V&((.$*! +0-$#! +;'73! %$'2*+$'.$! VL0**;*)$*! /#)*#8#60*.$! ,-1$#73;*)$*! +$/!
@&+$((/! %&*! +$'! ;'/L'G*)(#73$*H! (#*$0'#/#$'.$*!F&4L&*$*.$*6$**(#*#$! 0;8.'$.$*H!
1#'+!+$'!<$.=-$'$73*;*)/0()&'#.34;/!;*.$'!Q$'G76/#73.#);*)!+$'!,-1$#73;*)$*!
1#$+$'3&(.!0;8)$';8$*B!V&(73$!4$3'8073!#.$'0.#%$*!Q$'$73*;*)$*!/#*+!#*/-$/&*?
+$'$! -$#! >($#73/.'&4*$.=$*! 4#.! %#$($*! +#'$6.%$'/730(.$.$*! >($#73/.'&46&4L&?
*$*.$*!0;8)$.'$.$*B!!

"#$! 3#$'! $'(2;.$'.$*! Q$'$73*;*)/%$'803'$*! 8G'! F*&.$*! ;*+! <$.=$! 1$'+$*! #4!
%&'(#$)$*+$*!V#4;(0.#&*/0()&'#.34;/! 8G'!>($#73/.'&4?!;*+!M$73/$(/.'&46*&.$*!
;*+! ! ?*$.=1$'6$! 0*)$10*+.B! "#$! Q$'$73*;*)/0()&'#.34$*! 8G'! #/&(#$'.$! F*&.$*!
;*+! %$'*$.=$! F*&.$*! /#*+! #4! '$0(#/#$'.$*! D'&)'044! *#73.! /$L0'#$'.B! "$'! ,*?
/730;(#736$#.!30(-$'!1;'+$*!/#$!3#$'!0(/!=1$#!)$.'$**.$!,()&'#.34$*!-$/73'#$-$*B!



YIM!F.1.9:*%*-5'&-)1#(:$%5! ".#(.!Z\!

!

!

,--#(+;*)![BZ^n!,-(0;8!+$'!Q$'$73;*)!8G'!%$'*$.=.$!F*&.$*!

YIMIY! =.$#59:(.!P.(2D.1<.!
"#$! Q$'$73*;*)! %&*! >($#73/.'&4?! ;*+! M$73/$(/.'&4*$.=1$'6$*! $'8&().H! 1#$!
&-$*! $'(2;.$'.H! 4#..$(/! $#*$/! 6(0//#/73$*! P0/.8(;//$/H! +$'! +;'73! /L$=#$(($!
&L.#4#$'$*+$!,()&'#.34$*!4#.!+$*!*&.1$*+#)$*!"0.$*!%$'/&').!1#'+B!";'73!+$*!
:#*/0.=! %&*! -#+#'$6.#&*0($*! A4'#73.$'*! &+$'! >($#73/.'&4/.$(($'*! #/.! 0;73! +#$!
F&4-#*0.#&*!%&*!%$'/73#$+$*$*!<$.=-$'$#73$*!=;!$#*$4!)$4#/73.$*!<$.=1$'6!
4O)(#73B!!

,(/!$#*8073$/!Q$#/L#$(!$#*$/!/&(73$*!)$4#/73.$*!<$.=1$'6$/!/&((!3#$'!1#$+$'!+0/!
#*! F0L#.$(!\B]! %&')$/.$((.$! Q$#/L#$(?C_-'#+/_/.$4! +#$*$*B! "#$/$/! -$/.$3.! 0;/!
$#*$'! >($#73/.'&4?! ;*+! $#*$'! M$73/$(/.'&4?V044$(/73#$*$H! +#$! G-$'! $#*$*!



".#(.!ZZ!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

0;.&40.#/73!)$'$)$(.$*H!-#+#'$6.#&*0($*!A4'#73.$'!%$'-;*+$*!/#*+B! E*!,--#(+;*)!
[BZ`! #/.! +$'! V_/.$4=;/.0*+! +$'! $#*=$(*$*! F&4L&*$*.$*! ;*+! +$/! >$/04./_/?
.$4/!+0')$/.$((.B!,(/!@$//1$'.$! /#*+!+#$!F&4L&*$*.$*?!;*+!V044$(/73#$*$*?
/L0**;*)$*! a#*!hb! /&1#$! +#$! P$#/.;*)$*! a4#.!g#73.;*)/L8$#(H! #*! 6Mb! =;! /$3$*B!
"#$! VL0**;*)! +$'! M$73/$(/.'&4/$#.$! 1#'+! +0-$#! +;'73! +$*! -#+#'$6.#&*0($*!
A4'#73.$'!%&')$)$-$*H!+$//$*!V&((1$'.!40*;$((!$#*)$/.$((.!1$'+$*!60**B!

E*! +$'! +#/6'$.$*!K$#./73'#../#4;(0.#&*!1#'+! 8G'! +$*! =;!-$'$73*$*+$*!,;)$*-(#76!
=;*273/.! 8G'! -$#+$! V;-?<$.=1$'6$! $#*$! 0*0(_.#/73$! h&'-$'$73*;*)! +;'73)$?
8G3'.B!"#$/$!-$#*30(.$.! +#$!>$*$'#$';*)!+$'!<$.=6$**(#*#$*H!1#$!$/! #*!,-/73*#..!
[BZBZ!-$/73'#$-$*!1;'+$B!,;/!+#$/$*!60**!+$'!,()&'#.34;/!+0**!+#$!*&.1$*+#)$!
P$#/.;*)/G-$'.'0);*)! =1#/73$*! +$*! =1$#! <$.=-$'$#73$*! ;*+! +04#.! +$*!
,'-$#./L;*6.! +$/! A4'#73.$'/! $'4#..$(*B! "#$! V;-?<$.=$! 1$'+$*! 0*/73(#$I$*+!
N$1$#(/!0;.&*&4!;*.$'!:#*-$=#$3;*)!+$/!A4'#73.$'/!0*0(&)!=;!+$*!,;/8G3';*?
)$*!#*!,-/73*#..![BZBZ!-$'$73*$.B!!

!

,--#(+;*)![BZ`n!$($6.'#/73$'!V_/.$4.$#(!+$'!Q$#/L#$(?,*(0)$!

E*! ,--#(+;*)! [B[Y! /#*+! +#$! N$1$#(#)$*! 06.;$(($*! F*&.$*6$**(#*#$*! %&*! >($#73?
/.'&4?!;*+!M$73/$(/.'&40*(0)$!8G'!+#$!#*!,--#(+;*)![BZ`!)$=$#).$!V#.;0.#&*!;*+!
+#$! /#73! *073! +$'! K;/730(.;*)! +$/! >$*$'0.&'/! 4#.! +$'! :#*/L$#/$($#/.;*)! %&*!
]HZ!6M!$')$-$*+$!V#.;0.#&*!+0')$/.$((.B!"$;.(#73!1#'+!+0-$#!$#*$'/$#./!+#$!/.0'6!
%&*! +$'! ,66;4;(0.&'730'06.$'#/.#6! +&4#*#$'.$! >($#73/.'&46$**(#*#$H! +#$! G-$'!
$#*$*! 6($#*$*! VL0**;*)/-$'$#73! /.0'6$! P$#/.;*)/%0'#0-#(#.2.! $'(0;-.H! ;*+!
0*+$'$'/$#./! +#$! *;'! +;'73! &34/73$! P$#.;*)/%$'(;/.$! -$$#*8(;//.$! *03$=;!
3&'#=&*.0($!V;44$*(#*#$!+$'!M$73/$(/.'&46&4L&*$*.$*B!:*./L'$73$*+!+#$/$*!
U30'06.$'#/.#6$*!$'4#..$(.!+$'!V#4;(0.#&*/0()&'#.34;/!*;*!=;!N$+$4!K$#.L;*6.!+#$!
*&.1$*+#)$*! R-$'.'0);*)/($#/.;*)$*! +$/! A4'#73.$'/B! "0/! M$73/$(/.'&4?
V;-*$.=!+&4#*#$'.! +;'73!/$#*$!30'.$!U30'06.$'#/.#6! a*03$=;!3&'#=&*.0($!F$**(#?
*#$*b!+$*!P$#/.;*)/8(;//B!E4!V=$*0'#&!&3*$!>$*$'0.&'-$.'#$-!-$=#$3.!$/!XHX!6M!
$($6.'#/73$!M#'6($#/.;*)H!+#'$6.!*073!K;/730(.;*)!+$/!>$*$'0.&'/!%$'/73#$-.!/#73!
+#$! P$#/.;*)/?VL0**;*)/?F$**(#*#$! $*./L'$73$*+! ;4! ]HZ!6M! #*! +$*! L&/#.#%$*!
P$#/.;*)/-$'$#73B! "04#.! 1#'+! *;*! $#*$! gG76/L$#/;*)! %&*! ZH\!6M! #*! +$*!
>($#73/.'&40*(0)$*.$#(!$'8&()$*H!10/!=;!$#*$'!P0+;*)!+$'!Q0..$'#$!8G3'.B!!



YIM!F.1.9:*%*-5'&-)1#(:$%5! ".#(.!Zc!

!

!

,--#(+;*)![B[Yn!V;-*$.=6$**(#*#$*!-$#!0;.&40.#/73$4!A4'#73.$'-$.'#$-!

E*! ,--#(+;*)! [B[\! #/.! +$'! 8G'! &-#)$/! V=$*0'#&! $'4#..$(.$! VL0**;*)/%$'(0;8! 0;8!
-$#+$*! V044$(/73#$*$*! +0')$/.$((.B! "#$! VL0**;*)! 0;8! +$'! >($#73/.'&4/$#.$!
a(#*6$! ,73/$b! #/.! +;'73! +$*!,66;4;(0.&'! -$/.#44.H! +0+;'73! '$0)#$'.! +#$! VL0*?
*;*)!$*./L'$73$*+!/.0'6!0;8!v*+$';*)$*!+$'!:#*/L$#/;*)!;*+!Q$(0/.;*)B!<073!
K;/730(.;*)! +$/! >$*$'0.&'/! $'8&().! $#*$! P0+;*)! +$/! ,66;4;(0.&'/H! )$6$**?
=$#73*$.! +;'73! +$*! VL0**;*)/3;-B! "#$! M$73/$(/L0**;*)! a'$73.$! ,73/$yb! #/.!
+;'73! +$*! -#+#'$6.#&*0($*! A4'#73.$'! +&4#*#$'.H! +$'! 0*! /$#*$4! /$6;*+2'$*!
,;/)0*)!+#$!VL0**;*)!0;8!XZY!h! 8#f#$'.B!"#$!04!F*&.$*!0;8.'$.$*+$*!)$'#*)$*!
V7310*6;*)$*!/#*+!*;'!+;'73!+#$!K;($#.;*)/#4L$+0*=!)$)$-$*B!!

!

,--#(+;*)![B[\n!VL0**;*)/%$'(0;8!0*!+$*!V044$(/73#$*$*!



".#(.!Z[!! Y!3&.<(1#59:.!F.1.9:*%*-.*!

!

<$-$*!0;.&40.#/73$*!P$#/.;*)/G-$'.'0)$'*!#/.!0;73!+#$!<;.=;*)!%&*!/&((1$'.)$?
8G3'.$*!V.$(($'*!&+$'!$*./L'$73$*+$*!F&4-#*0.#&*$*!4O)(#73B!"0-$#!1$'+$*!+#$!
/&((1$'.)$8G3'.$*! V.$(($'! 0(/! 8$/.$! F&4L&*$*.$*! #*! +#$! V;-*$.=?F$**(#*#$*!
$#*-$=&)$*B!!

!

YIY! B#5<%55#)*!+.1!31-.;*#55.!

E*!+#$/$4!F0L#.$(!1;'+$*!+#$!$#*=$(*$*! #4!V#4;(0.#&*/L'&)'044! #4L($4$*.#$'?
.$*! @&+$(($! $($6.'#/73$'! :#*=$(6&4L&*$*.$*! %&')$/.$((.B! "0/! *$;! $*.1#76$(.$!
F$**(#*#$*%$'803'$*!0(/!Q0/#/!+$'!Q$'$73*;*)$*!$'(0;-.!+#$!/.$(($'(&/$!F&4-#*0?
.#&*! %$'/73#$+$*/.$'! F&4L&*$*.$*! ;*+! #3'$'! @&+$(($B! :/! 6O**$*! L'&-($4(&/!
@&+$(($! 4#.! V.'&4?VL0**;*)/?,-32*)#)6$#.H! VL0**;*)/?V.'&4?,-32*)#)6$#.!
&+$'! VL0**;*)/?P$#/.;*)/4&+$(($! 4#.$#*0*+$'! %$'6*GL8.! 1$'+$*B! E*! F0L#.$(! e!
1#'+! 04!Q$#/L#$(! +$'! 6&*=$*.'#$'.$*!V&(0'?M0//$'/.&88?D(0*;*)//.;+#$!F&*M$'(!
+#$! @273.#)6$#.! +#$/$/! Q$'$73*;*)/%$'803'$*/! %$'+$;.(#73.B! "0/! h$'803'$*! #/.!
=;+$4! +;'73! +#$! /73'#..1$#/$!"$.0#((#$';*)! +$'! Q$'$73*;*)$*! /$3'! $88$6.#%H! $/!
1$'+$*! =;*273/.! *;'! 1$*#)$! V.G.=/.$(($*! +$'! U30'06.$'#/.#6$*! $''$73*$.! ;*+!
0*/73(#$I$*+!;4!+$*!,'-$#./L;*6.!3$';4!+$.0#((#$'.B!

<$-$*! +$'! g$73$*&L.#4#$';*)! #/.! 0-$'! )$'0+$! +#$! ,*/730;(#736$#.! +#$/$/!
h$'803'$*/! 8G'!+#$!,;/($);*)!%$'=1$#).$'!,*(0)$*!1#73.#)B!:/! #/.!4O)(#73H!G-$'!
$#*$! V&8.10'$/73*#../.$(($! +#$! /#4;(#$'.$*! F$**(#*#$*1$'.$! 0(($'! F&4L&*$*.$*!
;*+! +$'! F*&.$*! #*! $#*$'! "0'/.$((;*)! L0'0(($(! =;4! /#4;(#$'.$*! D'&=$//! =;!
%#/;0(#/#$'$*B!V&4#.! #/.!$#*$!3&3$!5'0*/L0'$*=!+$'!Q$'$73*;*)$*!)$)$-$*H!+#$!
+$4!,*(0)$*L(0*$'!);.$!:#*-(#76$!#*!+$*!D'&=$//0-(0;8!)#-.!;*+!JL.#4#$';*)/?
&L.#&*$*! 0;8=$#).H! 1#$! 04! Q$#/L#$(! +$/!@DD?D;*6.$/! +$'! >($#73/.'&4/044$(?
/73#$*$!)$=$#).!1;'+$B!!

@#.! +$*! -$/73'#$-$*$*! ,()&'#.34$*! ;*+! @&+$(($*! #/.! $#*$! Q$'$73*;*)! i;0/#?
-$(#$-#)$'! $($6.'#/73$'! ,*(0)$*6&*8#);'0.#&*$*! #4! g034$*! L3_/#60(#/73$'!
>$/$.=42I#)6$#.$*!4O)(#73B!Q$#/L#$($! 8G'!%$'/73#$+$*$!)$'$73*$.$!F&*8#);'0.#?
&*$*!1$'+$*!#4!F0L#.$(!e!%&')$/.$((.B!!

E4! 8&()$*+$*!F0L#.$(!1$'+$*!+#$!@&+$(($! =;'!Q$'$73*;*)! )?1"+*&>?1"-F&4L&?
*$*.$*!%&*!+$=$*.'0($*!:*$')#$0*(0)$*!;*+!+#$!#4L($4$*.#$'.$*!h$'6*GL8;*)/?
4O)(#736$#.$*!-$/73'#$-$*B!!



!

!

\! ,&-)1#(:$%5!2%1!F.1.9:*%*-!(:.1$#59:.1!J1.#5.!
"#$!:*.1#76(;*)!#*!+$'!+$=$*.'0($*!:*$')#$%$'/&');*)/.$73*#6!#/.!#*!+$*!($.=.$*!
W03'$*! %$'/.2'6.! +03#*! 1$#.$')$8G3'.! 1&'+$*H! h$'/&');*)! *#73.! 4$3'! *;'! 0(/!
/#*);(2'$/! D'&-($4! =;! -$.'073.$*H! /&*+$'*! #*.$)'#$'.$! 3_-'#+$! V_/.$4$! =;!
$*.1#76$(*B!"0=;!)$3O'.H!1#$!-$'$#./!$'(2;.$'.H!+#$!F&4-#*0.#&*!%#$($'!+$=$*.'0($'!
:#*3$#.$*!=;4!)$)$*/$#.#)$*!,;/)($#73B!E*/-$/&*+$'$!0;8!+$4!>$-#$.!+$'!F'08.?
M2'4$?F&LL(;*)H! 0(/&! +$'! )($#73=$#.#)$*! :'=$;);*)! %&*! M2'4$! ;*+! V.'&4H!
1;'+$*!$'3$-(#73$!9&'./73'#..$!$'=#$(.H!0;73!#*!Q$=;)!0;8!+#$!=;6G*8.#)!%$'-'$#.$.$!
<;.=;*)! +$'! Q'$**/.&88=$(($B! A4! +#$/$'! :*.1#76(;*)! g$73*;*)! =;! .'0)$*! ;*+!
3_-'#+$!:*$')#$/_/.$4$!#4!h&'3#*$#*!.$/.$*!;*+!-$&-073.$*!=;!6O**$*H!1;'+$!
+0/!V#4;(0.#&*/L'&)'044!=;/2.=(#73! ;4! %$'/73#$+$*$!JL.#&*$*!+$'!M2'4$$'?
=$;);*)H!VL$#73$';*)!;*+!h$'.$#(;*)!$'1$#.$'.B!!

! 5$4L$'0.;'?
%$'30(.$*!

C#(8/$*$')#$! ,*803'?!!
%$'30(.$*!

,'.!+$/!!
@&+$((/!

!

V&(0'6&(($6.&'! f! ! f! L3_!

M2'4$L;4L$!
aP;8.H!V&($H!:'+$b! f! f! f! L32*!

Q'$**/.&88=$(($!
aD:9UH!,9UH!VJ9Ub! f! ! f! L3_dL32*!

!

Q(&763$#=6'08.1$'6! f! ! f! L32*!
!

VL$#73$'! f! ! f! L3_dL32*!
!

!$(B!C$#=/.0-! f! f! ! L32*!
!

P0/.$*!d!C$#=;*)! f! ! ! L32*!
!

P0/.$*!d!M0'410//$'! f! ! ! L32*!
!

M2'4$.0;/73$'! f! ! ! L3_!
!

g&3'$!d!D;4L$*! f! f! f! L3_!

50-$(($!]B\n!R-$'/#73.!+$'!#4L($4$*.#$'.$*!@&+$(($!.3$'4#/73$'!,*(0)$*6&4L&*$*.$*!

E4!9&()$*+$*!1$'+$*!=;*273/.!%$'/73#$+$*$!5$#(6&4L&*$*.$*!$'(2;.$'.H!+#$!8G'!
+$*! Q$.'#$-! %&*! M2'4$%$'/&');*)//_/.$4$*! -$*O.#).! 1$'+$*B! ,*/73(#$I$*+!
1$'+$*! +#$! $#*=$(*$*! C0;L.6&4L&*$*.$*4&+$(($! ;*+! +0/! #4L($4$*.#$'.$!
Q$'$73*;*)/%$'803'$*! %&')$/.$((.B! :#*$! R-$'/#73.! G-$'! +#$! %&((/.2*+#)! *$;!
#4L($4$*.#$'.$*! F&4L&*$*.$*4&+$(($! )#-.! 50-$(($! ]B\H! +#$! V.';6.;'! ;*+!
,-6G'=;*)$*! $*./L'$73$*! +$'! R-$'/#73.! =;! Q$)#**! +$/! F0L#.$(/! [B! Q$#! +$'!
Q$/73'$#-;*)!+$'!@&+$(($!1#'+H!0*0(&)!=;'!h&')$3$*/1$#/$!#*!F0L#.$(![H!N$1$#(/!
$#*$!R-$'/#73.!+$'!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$'!@&+$(($!)$=$#).B!



".#(.!cO!! \!,&-)1#(:$%5!2%1!F.1.9:*%*-!(:.1$#59:.1!J1.#5.!

!

\IW! J)$N)*.*(.*$)+.&&.!

\IWIW! ,&&-.$.#*.!S%5'$$.*:A*-.!
K;!Q$)#**!/&(($*!3#$'!$#*#)$!)';*+/2.=(#73$!K;/044$*32*)$!8G'!V.0*+0'+-0;.$#?
($! #*! +$'! M2'4$%$'/&');*)/.$73*#6! $'O'.$'.! 1$'+$*H! +#$! 8G'! 0(($! /L$=#$(($*!
F&4L&*$*.$*! #4!M$#.$'$*! -$*O.#).! 1$'+$*B! "0=;! )$3O'.! +#$! Q$.'073.;*)! %&*!
M2'4$.0;/73$'*H!g&3'($#.;*)$*!;*+!A412(=L;4L$*B!!

\IWIWIW!bA1$.('%59:.1!!
M2'4$.0;/73$'! +#$*$*! =;'! R-$'.'0);*)! %&*! M2'4$! %&*! $#*$4! @$+#;4! 4#.!
3O3$'$'! 5$4L$'0.;'! aL'#42'b! 0;8! $#*! @$+#;4! 4#.! *#$+'#)$'$'! 5$4L$'0.;'!
a/$6;*+2'bB!";'73!+#$!,-)0-$!%&*!:*$')#$!6G3(.!+0/!L'#42'$!@$+#;4!;4!$#*$!
5$4L$'0.;'! EF+! 0-! ;*+! +0/! /$6;*+2'$! @$+#;4! 1#'+! ;4! EFG! $'12'4.B! K;'!
Q$/.#44;*)! +$/! >$/04.%$'30(.$*/! $#*$/! M2'4$.0;/73$'/! #/.! =;*273/.! +#$!
:'4#..(;*)!+$/!(&)0'#.34#/73$*!5$4L$'0.;'4#..$(1$'./!EF.!*&.1$*+#)!oFC,?`]pn!

!

,--#(+;*)!]B\n!"$8#*#.#&*!+$'!5$4L$'0.;'$*!04!>$)$*/.'&412'4$.0;/73$'!

!

==
=12

===

F
F
FFF.

!
!
!2!

4!
! a]?\b

EF)#EF))$! +$*!5$4L$'0.;'+#88$'$*=$*!+$'!,*/73(G//$!+$/!
! M2'4$.0;/73$'/!!

,-32*)#)!%&*!+$'!Q0;0'.!1$'+$*!+#$/$!"#88$'$*=$*!0;/!+$*!:#*?!;*+!,;/)0*)/?
.$4L$'0.;'$*! +$'! L'#42'$*! ;*+! /$6;*+2'$*! @$+#$*! )$-#(+$.B! 9G'! +$*! >$)$*?
/.'&412'4$.0;/73$'! a!! ,--#(+;*)! ]B\b! )#(.! 8G'! +#$! 3$#I$! V$#.$! +$/! M2'4$.0;?
/73$'/n!



\IW!J)$N)*.*(.*$)+.&&.! ".#(.!cW!

!

57 FFF %0%.= 24!
!

a]?Xb

F+#7! 5$4L$'0.;'!+$/!#*!+$*!M2'4$.0;/73$'!$#*8(#$I$*+$*!!
! L'#42'$*!@$+#;4/!as;$(($b!
FG#5!! ,;/)0*)/.$4L$'0.;'!+$/!/$6;*+2'$*!M2'4$.'2)$'/B!

"#$! #*! $#*$4! 0(/! %$'(;/.(&/! 0*)$*&44$*$*! M2'4$.0;/73$'! ;4)$/$.=.$!
M2'4$($#/.;*)! @! - 32*).! %&*! +$*! L'#42'$*! ;*+! /$6;*+2'$*!M2'4$.'2)$'*! 0-!
oFC,?`]pn!

000... FL.FL.@ !4!4 !!!
!

a]?Zb

.! ! ";'738(;//!+$/!@$+#;4/!!
L!! /L$=#8#/73$!M2'4$60L0=#.2.!+$/!M2'4$.'2)$'/!

,;I$'+$4!)#(.!+$'!40.$'#0(?!;*+!6&*/.';6.#&*/0-32*)#)$!K;/044$*30*)!

.F5(@ !4!
!

a]?[b

5!! $88$6.#%$!C$#=8(273$!+$/!M2'4$.0;/73$'/!
(!! M2'4$+;'73)0*)/6&$88#=#$*.!+$/!M2'4$.0;/73$'/B!

@#.! F$**.*#/! +#$/$'! 0(()$4$#*$*! K;/044$*32*)$! #/.! $/! *;*! 4O)(#73H! ;*.$'!
Q$073.;*)!+$'!V.'O4;*)/'#73.;*)$*!+#$!M2'4$G-$'.'0);*)!#*!M2'4$.0;/73$'*!
%$'/73#$+$*$'!Q0;0'.$*!=;!-$'$73*$*B!!

9G'! $#*$*! 50;73?M2'4$.0;/73$'H! 1#$! $'! -$#/L#$(/1$#/$! #*! M2'4$/L$#73$'*!
)$*;.=.!1#'+H!)#(.!#4!R-'#)$*!*073!oFC,?`]p!+$'!8&()$*+$!K;/044$*30*)n!

L.
5(

7F75 ?FFFF !
!!

34
2

7234
!

a]?]b

F5#$F7!! ,;/)0*)/?!;*+!:#*)0*)/.$4L$'0.;'!
FF!! 5$4L$'0.;'!+$/!50;734$+#;4/!aVL$#73$'10//$'bB!

"#$! #*! $#*$4! 8'$#/.$3$*+$*! M2'4$.0;/73$'! +;'73! ,-/.'03(;*)! *073! 0;I$*!
0;8.'$.$*+$*! h$'(;/.$! 4G//$*! $*./L'$73$*+! +$'! J-$'8(273$! -$'G76/#73.#).!
1$'+$*B!Q$#!50;7312'4$.0;/73$'*!&+$'!/&(73$*!=;'!M2'4$0-8G3';*)!0;/!$#*$'!
F&4L&*$*.$!.'$.$*! N$+&73!*03$=;!6$#*$!h$'(;/.$!0;8T!+$**&73!6O**$*!/#$!%&*!
+$*! F&4L&*$*.$*4&+$(($*! #4! M#'6;*)/)'0+! -$'G76/#73.#).! 1$'+$*B! "#$!
%$'1$*+$.$*!:#*?!;*+!,;/)0*)/)'OI$*!+$'!#4L($4$*.#$'.$*!M2'4$.0;/73$'-$?
'$73*;*)!/#*+!#*!,--#(+;*)!]BX!+0')$/.$((.B!!

!



".#(.!cL!! \!,&-)1#(:$%5!2%1!F.1.9:*%*-!(:.1$#59:.1!J1.#5.!

!

Umgebungstemperatur, Leistung, TEingang, primär 
 

Durchfluss 
TEingang, sekundär M5?@&+$((!

Leistung 
TAusgang, primär 
TAusgang, sekundär 

 
geometrische Daten, Parameter 

,--#(+;*)!]BXn!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!M2'4$.0;/73$'?@&+$((/!

!

\IWIWIL!G):1&.#(%*-.*!
,(/! h$'-#*+;*)$*! =1#/73$*! $#*=$(*$*! .3$'4#/73$*! F&4L&*$*.$*! +#$*$*!
g&3'($#.;*)$*!=;'!:*$')#$G-$'.'0);*)B!";'73!g&3'$!1$'+$*!8(G//#)$!M2'4$.'2?
)$'! +;'73! ,;81$*+;*)! %&*! 2;I$'$'! :*$')#$! a=BQB! D;4L$*$')#$b! .'0*/L&'.#$'.B!
M23'$*+!+$'!R-$'.'0);*)!%&*!$'12'4.$*!@$+#$*!+;'73!g&3'($#.;*)$*!1#'+!+$4!
@$+#;4!:*$')#$!/&1&3(!8G'!+#$!:'12'4;*)!+$/!g&3'$/!0(/!0;73!8G'!0;8.'$.$*+$!
K#'6;(0.#&*/%$'(;/.$!+;'73!M2'4$0-)0-$!0*!+#$!A4)$-;*)!$*.=&)$*!osA,?`^pB!

,;83$#=%$'(;/.$!.'$.$*!#*/-$/&*+$'$!*073!V.#((/.0*+/=$#.$*!0;8n!"0/!g&3'40.$'#0(!
;*+!+0/! /#73! #4!g&3'!-$8#*+(#73$!@$+#;4!/&1#$!0(($! /&*/.#)$*! #4!M2'4$6'$#/!
#*.$)'#$'.$*! Q0;.$#($! aD;4L$*H! @$//$#*'#73.;*)$*H! h$*.#($bH! +#$! /#73! 0;8! +$4!
5$4L$'0.;'*#%$0;! F*! -$8#*+$*H! 1$'+$*! +;'73! +0/! $#*/.'O4$*+$! @$+#;4! +$'!
5$4L$'0.;'!F7!$'12'4.T!+08G'!1#'+!+#$!M2'4$!@5!-$*O.#).n!

8 274 34 /FF.L@ 75 !
a]?cb

.!! @0//$!+$/!J-N$6.$/!d!@$+#;4/!
L!! M2'4$60L0=#.2.!+$/!J-N$6.$/!d!@$+#;4/!

E4! (0;8$*+$*! Q$.'#$-! .'$.$*! +;'73! +$*! 5$4L$'0.;';*.$'/73#$+! =1#/73$*! +$4!
M2'4$.'2)$'4$+#;4!FJ$ #4!g&3'#**$'$*! ;*+! +$'! A4)$-;*)/.$4L$'0.;'!F9! /&!
)$*0**.$!K#'6;(0.#&*/%$'(;/.$!0;8n!

4FF,(@ 9JA !24 34=
!

a]?eb

()!! M2'4$+;'73)0*)/=03(!+$'!g&3'#/&(#$';*)!!
,!! >$/04.(2*)$!+$/!g&3'$/!
H)! -$.'073.$.$/!K$#.#*.$'%0((!

@#.! F$**.*#/! +$'! E/&(#$';*)/40.$'#0(#$*! ;*+! +$/! g&3'0;8-0;/! #/.! $#*$! Q$/.#4?
4;*)!+$'!M2'4$+;'73)0*)/=03(!4O)(#73n!



\IW!J)$N)*.*(.*$)+.&&.! ".#(.!cM!

!

%%

"

(!!
!(

.12
0
.

=
3

4

$

K
! a]?^b

(!! M2'4$+;'73)0*)/6&$88#=#$*.!+$'!E/&(#$';*)!!
\$! M2'4$($#.823#)6$#.!+$'!E/&(#$';*)!!
!"#$!%!! ,;I$*?!;*+!E**$*+;'734$//$'!+$'!E/&(#$';*)B!

"#$/$! h$'(;/.$! 1#'6$*! /#73! 04! ,;/)0*)! +$/! g&3'$/! #*! $#*$'! )$)$*G-$'! +$'!
:#*.'#../.$4L$'0.;'! *#$+'#)$'$*! 5$4L$'0.;'! 0;/B! "#$! g&3'0;/)0*)/.$4L$'0.;'!
$')#-.!/#73!-$#!-$60**.$4!";'738(;//!.! -;*+!0;/'$#73$*+!6($#*$4!K$#.#*.$'%0((!!4$
1#$!8&().n!

: ;
4L.

@@FF 5A
75 !

3
24

.
! !

a]?`b

Q$#!V.#((/.0*+!+$/!M2'4$.'2)$'/! 6G3(.! /#73!+#$/$'! (0*)/04! #*!,-32*)#)6$#.! +$'!
K$#.!0-n!

C D 55JJ FF44F4
L.
,(4F 32!27,

-
.

/
0
1 !7

78
7

2N 34=.34
!

a]?\Yb

E*/)$/04.!30.!/#73!#4!P0;8$!+#$/$'!,'-$#.!)$=$#).H!+0//!$#*$!/&(73$!%$'$#*8073.$!
Q$.'073.;*)! +$/! h$'30(.$*/! %&*! g&3'$*! -$#! '$(0.#%! 6($#*$*! K$#.#*.$'%0(($*! #4!
@#*;.$*-$'$#73! 0;/'$#73.B! Q$#! (2*)$'$*! Q$'$73;*)//73'#..$*! #/.! $*.1$+$'! $#*$!
+#88$'$*.#$(($! Q$.'073.;*)! +$/! 5$4L$'0.;'%$'(0;8$/! *&.1$*+#)! &+$'! $#*$!
$*./L'$73$*+$! ,*=03(! %&*! K1#/73$*-$'$73*;*)//73'#..$*! +;'73=;8G3'$*B!
>($#73=$#.#)!#/.!+0/!@&+$((!0;8)';*+!+$'!%$'$#*8073.$*!/.$.#)$*!5$4L$'0.;'%$'.$#?
(;*)! #4! g&3'! -$#! =;! 6($#*$*! K$#.0;8(O/;*)$*! #4! V$6;*+$*-$'$#73! *;'! *23$?
';*)/1$#/$! $#*/$.=-0'T! +#$! #*! +$'! @&+$((#$';*)! -$'G76/#73.#).$*! >'OI$*! =$#).!
,--#(+;*)!]BZB!!

Umgebungstemperatur, mittlere Rohrtemperatur 
 

Durchfluss 
TEingang g&3'?@&+$((! TAusgang 

Verluste 

 
geometrische Daten 

,--#(+;*)!]BZn!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!g&3'?@&+$((/!

!



".#(.!cY!! \!,&-)1#(:$%5!2%1!F.1.9:*%*-!(:.1$#59:.1!J1.#5.!

!

\IWIWIM!@$DA&2N%$N.*!
E*!)$/73(&//$*$*!F'$#/(2;8$*!4;//!+$'!8(G//#)$!M2'4$.'2)$'!+;'73!D;4L$*0'?
-$#.! =;'! K#'6;(0.#&*! )$-'073.! 1$'+$*B! C#$'8G'! 1$'+$*! #*! +$'! g$)$(! 6($#*$!
A412(=L;4L$*! $#*)$/$.=.B! Q$#! +$'! F'$#/(0;8-$'$73*;*)! 1#'+! +#$! ";'738(;//?
4$*)$! +$/! 9(;#+/! $'4#..$(.! ;*+! +$4!D;4L$*4&+$((! G-$')$-$*B!@#.!>($#73;*)!
a]?\\b! 60**! +#$! -$*O.#).$! $($6.'#/73$! P$#/.;*)! =;4!,*.'#$-! +$'! A412(=L;4L$!
$''$73*$.!1$'+$*B!

&'.>
0

?, !
&
.

4 ! a]?\\b

&!! >'0%#.0.#&*/6&*/.0*.$H!
'!! 9O'+$'3O3$H!
&0! M#'6;*)/)'0+!+$'!D;4L$B!

A*.$'! ,-/732.=;*)! +$'! 9O'+$'3O3$X! ;*+! +$/! $($6.'#/73$*! M#'6;*)/)'0+$/!
6O**$*! 4#.! +#$/$'! >($#73;*)! 0;8! $#*8073$! ,'.! ;*+! M$#/$! +#$! *&.1$*+#)$!
K;/0.=$*$')#$! =;4! Q$.'#$-! %&*! F'$#/(2;8$*! -$'$73*$.! 1$'+$*H! +#$! :#*?! ;*+!
,;/)0*)/)'OI$*!/#*+!#*!,--#(+;*)!]B[!+0')$/.$((.B!!

Durchfluss D;4L$*?@&+$((! Leistungsbedarf 

 
Förderhöhe, Wirkungsgrad 

,--#(+;*)!]B[n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!D;4L$*?@&+$((/!

\IWIL! bA1$.'%5<)NN&%*-!
E*! +$=$*.'0($*! :*$')#$%$'/&');*)//.';6.;'$*! #/.! 40*! -$#! D(0*;*)! ;*+! Q$.'#$-!
+$'! ,*(0)$*! -$4G3.H! $#*$*! 4O)(#73/.! 3&3$*! <;.=;*)/)'0+! +$'! L'#42'$*!
:*$')#$i;$(($!=;!$''$#73$*B!<$-$*!+$'!JL.#4#$';*)!+$/!$($6.'#/73$*!M#'6;*)/?
)'0+$/! +$'! :#*=$(6&4L&*$*.$*! $4L8#$3(.! /#73! 0;I$'+$4! $#*$! <;.=;*)! +$'!
,-12'4$H! +#$! -$#! 0(($*! 9&'4$*! +$'! :*$')#$10*+(;*)! 0*82((.B! E4! Q$'$#73! +$'!
Q(&763$#=6'08.1$'6$!aQCFMb!30.!/#73!+#$/$/!F&*=$L.!/$#.!%#$($*!W03'$*!-$123'.B!
"#$! ,-12'4$! %&*! 4&.&'#/73$*! V.'&4$'=$;);*)/0))'$)0.$*! 1#'+! +;'73! $#*$*!
FG3(6'$#/(0;8!0-)$8G3'.!;*+!$#*$4!M2'4$%$'/&');*)//_/.$4!=;)$8G3'.B!:-$*/&!
/&(($*! #*! K;6;*8.! Q'$**/.&88=$(($*0))'$)0.$! %$'4$3'.! =;'! 6&4-#*#$'.$*! $($6.'#?
/73$*!;*+!.3$'4#/73$*!h$'/&');*)!)$*;.=.!1$'+$*T!3#$'!1$'+$*!#4!Q'$**/.&88?
=$(($*/.076! L0'0(($(! =;'!>0/=;8G3';*)! FG3(;*)/6'$#/(2;8$! $#*)$-'073.! &+$'! +#$!
M2'4$!0;/!+$4!0;//.'O4$*+$*!g$/.)0/!)$1&**$*B!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
X!A*.$'!9O'+$'3O3$!1#'+!#4!90(($!%&*!)$/73(&//$*$*!F'$#/(2;8$*!$#*!:i;#%0($*.1$'.!%$'/.0*+$*H!+$'!+#$!
+;'73!g$#-;*)!;*+!"';76%$'(;/.$!0;8=;-'#*)$*+$!,'-$#.!i;0*.#8#=#$'.B!



\IW!J)$N)*.*(.*$)+.&&.! ".#(.!c\!

!

@&+$((.$73*#/73!1#'+!+#$/$'!M2'4$)$1#**;*)/L'&=$//! '$0(#/#$'.H! #*+$4!+#$!-$#!
+$*! $($6.'#/73$*! F&4L&*$*.$*4&+$(($*! -$'$73*$.$! ,-12'4$$*$')#$! +$/!
06.;$((!=;!-$'$73*$*+$*!K$#./73'#..$/!4#.!$#*$4!FG3(4$+#;4!G-$'!+$*!M2'4$?
.0;/73$'!0-)$8G3'.!1#'+B! E*!+$*! N$1$#(#)$*!5$4L$'0.;'4&+$(($*!+$'!F&4L&*$*?
.$*!1#'+!+#$!,-12'4$($#/.;*)!@! ! ;*+!+#$!Q$.'#$-/.$4L$'0.;'!FI! -$'$73*$.H! 0;8!
+#$! /#73! +#$! F&4L&*$*.$! &3*$! M2'4$0-8;3'! +;'73! +$*! M2'4$.0;/73$'!
0;83$#=$*! 1G'+$B! @#.! +#$/$*! E*8&'40.#&*$*! ;*+! +$*! K;/044$*32*)$*! 0;/!
,-/73*#..! ]B\B\B\! (2//.! /#73! $#*! L3_/#60(#/73$'! K;/044$*30*)! =1#/73$*! +$'!
F&4L&*$*.$*.$4L$'0.;'!$#*$'/$#./!/&1#$!";'738(;//!;*+!5$4L$'0.;'%$'(0;8!+$/!
M2'4$.'2)$'/! #4! M2'4$.0;/73$'! 0*+$'$'/$#./! $'4#..$(*B! "$'! ,()&'#.34;/!
0'-$#.$.!+0-$#!/&H!+0//!+#$!F&4L&*$*.$*.$4L$'0.;'!+#$!%&'=;)$-$*+$!40f#40($!
V&((?5$4L$'0.;'!FD!*#73.!G-$'/73'$#.$.B!!

D5I7 FFFF 44 %.%. !!!>?@A!!
!!

a]?\Xb

"$'! M2'4$.0;/73$'! 1#'+! +0-$#! G-$'! +#$! 730'06.$'#/#$'$*+$*! >'OI$*! M2'4$?
+;'73)0*)/6&$88#=#$*.!(H!$88$6.#%$!J-$'8(273$!5!/&1#$!+$*!40f#40($*!";'738(;//H!
+$'!0(/!>'$*=1$'.! #*!+$*!Q$'$73*;*)$*!-$'G76/#73.#).!1#'+H! #*!+$'!F&4L&*$*?
.$*-$/73'$#-;*)!+$8#*#$'.H!$#*$!R-$'/#73.!G-$'!+#$!@&+$(()'OI$*!#/.!#*!,--#(+;*)!
]B]!)$=$#).B!

";'73! $#*$*! E.$'0.#&*/0()&'#.34;/! 1#'+! -$#! -$60**.$'! h&'(0;8.$4L$'0.;'! +$'!
";'738(;//!+$/!FG3(4$+#;4/!/&!%0'##$'.H!+0//!+#$!.3$'4#/73$!P$#/.;*)!6&4L($..!
0-)$8G3'.! 1$'+$*! 60**B! "#$! +08G'! -$*O.#).$! D;4L($#/.;*)! 1#'+! +0-$#! 0(/!
$($6.'#/73$'! :#)$*-$+0'8! -$'$73*$.! ;*+! 0(/! P0/.! #*! +$'! @&+$((#$';*)! +$/!
$($6.'#/73$*!V_/.$4/!-$'G76/#73.#).B!Q$#!:''$#73$*!+$'!40f#40($*!D;4L$*($#/?
.;*)! 1#'+! +#$! 0-)$8G3'.$! P$#/.;*)! $*./L'$73$*+! '$+;=#$'.B! :#*! Q$#/L#$(! =;4!
h$'30(.$*!+$/!M2'40;/6&LL(;*)/?,()&'#.34;/!0;73!#*!+$*!>'$*=-$'$#73$*!4#.!
$#*$4!F($#*?QCFM!1#'+!04!:*+$!+#$/$/!F0L#.$(/!%&')$/.$((.B!!

Wärmeleistung, primäre Temperaturen 
 

Durchfluss 
TEingang 

M2'4$0;/?!
6&LL(;*)!

Wärmeleistung 
TAusgang 
Eigenbedarf 

 
geometrische Daten, Grenzwerte 

,--#(+;*)!]B]n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$'!M2'4$0;/6&LL(;*)!

\IWIM! bA1$.N%$N.*!
"0/! >';*+L'#*=#L! +$'! M2'4$L;4L$! -$/.$3.! +0'#*H! +$'! A41$(.! aM0//$'H!
:'+'$#73H!A4)$-;*)/(;8.b!M2'4$!=;!$*.=#$3$*!;*+!+#$/$!$#*$4!M2'4$%$'/&'?
);*)//_/.$4! =;=;8G3'$*B! "0-$#! 1#'+! )$42I! +$'! 53$&'#$! $#*$'! F0(.+04L8?
F2(.$40/73#*$!+#$!:*$')#$!+$'!A41$(.H!+#$! #*!9&'4!%&*!,*$')#$!%&'(#$).H!+;'73!
K;8G3';*)! %&*!:*$')#$! #*! :f$')#$! ;4)$10*+$(.B! ,(/! ,'-$#./4#..$(! %&*!M2'4$?



".#(.!cZ!! \!,&-)1#(:$%5!2%1!F.1.9:*%*-!(:.1$#59:.1!J1.#5.!

!

L;4L$*! 1$'+$*! F2(.$4#..$(! %$'1$*+$.H! +$'$*! h$'+04L8;*)/.$4L$'0.;'! -$#!
<&'40(+';76! ;*.$'30(-! +$'! 5$4L$'0.;'! +$/! L'#42'$*! :*$')#$.'2)$'/! aP;8.H!
M0//$'b!(#$).B!!

"0/! #*! $#*$4! )$/73(&//$*$*! F'$#/(0;8! =#'6;(#$'$*+$! ,'-$#./4#..$(! 1#'+! 0;8!
<&'40(+';76!$*./L0**.!;*+!+04#.!%$'8(G//#).!#*!$#*$*!M2'4$.0;/73$'!)$8G3'.H!#*!
+$4!+#$!:*$')#$! +$'! L'#42'$*!M2'4$i;$(($! =;'!:'12'4;*)!;*+!h$'+04L8;*)!
+$/! F2(.$4#..$(/! ;*+! +04#.! =;'! VL$#73$';*)! %&*! P0.$*.12'4$! )$*;.=.! 1#'+B!
";'73!+#$/$*!D30/$*G-$')0*)!60**!0;73!-$#!'$(0.#%!)$'#*)$*!5$4L$'0.;';*.$'?
/73#$+$*! +$'! -$.$#(#).$*! V.&88$! $#*$! )'&I$! :*$')#$4$*)$! #4! /$6;*+2'$*!
,'-$#./4#..$(!)$/L$#73$'.!1$'+$*B!

"$'! $'12'4.$! ,'-$#./4#..$(+04L8! 1#'+!
0*/73(#$I$*+! #*! $#*$4! F&4L'$//&'!
%$'+#73.$.H! 1&+;'73! /&1&3(! "';76! ;*+!
5$4L$'0.;'! +$/! ,'-$#./4#..$(/! 0(/! 0;73!
+$'! F&*+$*/0.#&*/L;*6.! /.$#).B! E*! $#*$4!
+'#..$*! V73'#..! 1#'+! +0**! +$'! "04L8!
1#$+$';4! #*! $#*$*! M2'4$.0;/73$'!
)$8G3'.H!0;8!+$//$*!V$6;*+2'/$#.$!+0/!=;!
%$'/&')$*+$! M2'4$%$'/&');*)//_/.$4!
0*)$/73(&//$*! #/.B! E4! F&*+$*/0.&'! 1#'+!
+#$! 0;8)$*&44$*$! M2'4$! 1#$+$'! 0(/!
/$*/#-($! M2'4$! ;*+! 0(/! P0.$*.12'4$!
0-)$)$-$*B! "0/! F2(.$4#..$(! 6&*+$*/#$'.!
;*+!1#'+!0*/73(#$I$*+! #*!$#*$4!:fL0*/#?
&*/%$*.#(! 1#$+$'! 0;8! <&'40(+';76!
$*./L0**.B! ";'73! +#$/$*! =_6(#/73$*!
D'&=$//H! +$//$*! :*$')#$8(;//-#(+! #*!
,--#(+;*)! ]Bc! 1#$+$')$)$-$*! #/.H! 60**!
+#$! %&*! +$'! L'#42'$*! :*$')#$i;$(($! 0;8!
'$(0.#%! *#$+'#)$4! 5$4L$'0.;'*#%$0;!
-$'$#.)$/.$((.$! :*$')#$4$*)$! +$4! <;.=?
V_/.$4!0;8!$*./L'$73$*+!3&3$4!<#%$0;!G-$')$-$*!1$'+$*B!

9G'! +$*!Q$.'#$-! +$/!M2'4$L;4L$*6'$#/(0;8$/! #/.! *;'! +#$! 8G'! +$*!F&4L'$//&'!
-$*O.#).$!,*.'#$-/$*$')#$!*&.1$*+#)H!+#$!#*!+$'!g$)$(!+;'73!$#*$*!:($6.'&4&.&'!
0;8)$-'073.!1#'+B!K;'!U30'06.$'#/#$';*)!$#*$'!M2'4$L;4L$!1#'+!+#$!P$#/.;*)/?
=03(!]JH!+#$!+0/!h$'32(.*#/!%&*!+$'!04!F&*+$*/0.&'!0*!+$*!h$'-'0;73$'6'$#/(0;8!
0-)$)$-$*$*! M2'4$($#/.;*)! =;! =;)$8G3'.$'! $($6.'#/73$'! P$#/.;*)! +0'/.$((.H!
3$'0*)$=&)$*n!!

?,

4'
J >

>
4#

!
a]?\Zb!

>4'! %&4!F&*+$*/0.&'!0-)$)$-$*$!M2'4$($#/.;*)!
>?,! 04!F&4L'$//&'!0;8)$*&44$*$!$($6.'#/73$!P$#/.;*)!!

!

,--#(+;*)!]Bcn!:*$')#$?
8(;//-#(+!$#*$'!M2'4$L;4L$!

!



\IW!J)$N)*.*(.*$)+.&&.! ".#(.!cc!

!

<073!oQAF?^Zp!60**!+$'!i;0/#!;*$'/73OL8(#73$*!,*$')#$!+$'!A4)$-;*)!-=1B!+$/!
:'+'$#73/! +;'73! ,;81$*+;*)! +$'! :f$')#$!7! +#$!M2'4$!@! $*.*&44$*!1$'+$*!
;*+!+0-$#!%&4!L'#42'$*!5$4L$'0.;'*#%$0;!F^!0;8!$#*!V&((?5$4L$'0.;'*#%$0;!F3!
0*)$3&-$*!1$'+$*B!

@
F
FF7
3

^3 24 ! a]?\[b

"0-$#!/.$((.!+0/!h$'32(.*#/!0;/!M2'4$!=;!:f$')#$!+#$!U0'*&.z/73$!P$#/.;*)/=03(!
I>C! +0'H! +#$! +04#.! *;'! %&4! h$'32(.*#/! +$'! L'#42'$*! 5$4L$'0.;'! F^! =;'! V&((?
5$4L$'0.;'!F3!0-32*).n!

3

^^3

3
LM

F
FFF

F
7
@

2
4

2
44

.

.# ! a]?\]b

V&4#.! 4;//! 8G'! $#*$! 3&3$! P$#/.;*)/=03(! +$/! M2'4$L;4L$*6'$#/(0;8/! $#*$!
4O)(#73/.! )$'#*)$! 5$4L$'0.;'+#88$'$*=! 0*)$/.'$-.! 1$'+$*B! W$! 3O3$'! 0(/&! +#$!
0*)$8&'+$'.$! V&((?5$4L$'0.;'! #/.H! ;4/&! /73($73.$'! #/.! 0;73! +0/! :')$-*#/! +$'!
M2'4$L;4L$B!

"#$!&-$*!)$*0**.$*!5$4L$'0.;'$*!4G//$*!N$1$#(/!*&73!0;8)';*+!%&*!R-$'.'0?
);*)/%$'(;/.$*! #4!M2'4$.0;/73$'! 6&''#)#$'.! -$.'073.$.! 1$'+$*n! A4! /$6;*+2'?
/$#.#)!+$*!V&((1$'.!F3!=;!$''$#73$*H!4;//!$#*$!)$'#*)8G)#)!3O3$'$!5$4L$'0.;'!F6!
04! F&*+$*/0.&'! $''$#73.! 1$'+$*B! :-$*/&! 1#'+! 04! h$'+04L8$'! *#73.! +#$!
A4)$-;*)/.$4L$'0.;'! F9! 1#'6$*H! /&*+$'*! +#$! )$'#*)$'$! h$'+04L8$'?
5$4L$'0.;'!F*B!

"#$! L'06.#/73! #4! Q$.'#$-! $#*$'! M2'4$L;4L$! 0;8.'$.$*+$*! P$#/.;*)/=03($*!
32*)$*! N$+&73! *$-$*! +$'! 5$4L$'0.;'+#88$'$*=! 0;73! $'3$-(#73! %&4! A410*+?
(;*)/L'&=$//! /$(-/.H! %&4! F2(.$4#..$(! ;*+! %$'1$*+$.$'! h$'+#73.$'40/73#*$! 0-B!
:#*$!$#*8073$H!8G'!%$'/73#$+$*$!C$'/.$(($'._L$*!*;.=-0'$!L3_/#60(#/73$!@&+$((#$?
';*)! %&*! M2'4$L;4L$*! #/.! *#73.! 4#.! %$'.'$.-0'$4! ,;810*+! =;! $'/.$(($*B!
E*/-$/&*+$'$! +$'! =1$#8073$! D30/$*/L';*)!123'$*+! +$/! D'&=$//$/! /&1#$! +#$!
;*.$'/73#$+(#73$*! "'G76$! ;*+! 5$4L$'0.;'$*! #4! V_/.$4! (0//$*! $#*$! $#*8073$!
L3_/#60(#/73$!Q$/73'$#-;*)!*#73.!=;B!"03$'!1#'+!#4!%&'(#$)$*+$*!V#4;(0.#&*/0(?
)&'#.34;/!$#*!$4L#'#/73!)$1&**$*$/!@&+$((! 8G'! +$*! #**$'$*!F'$#/(0;8! )$*;.=.H!
+0/! 8G'! +#$! +'$#! %$'/73#$+$*$*! F2(.$4#..$(! g\XH! gXX! ;*+! g]YX! #*! oQAF?^Zp!
0;8)$/.$((.!1;'+$B!"#$!>($#73;*)$*!)$-$*!+$*!K;/044$*30*)!=1#/73$*!+$*!0*!
F&*+$*/0.&'! ;*+! h$'+04L8$'! 0;8.'$.$*+$*! 5$4L$'0.;'$*! ;*+! +$'! F($44$*?
P$#/.;*)/=03($ ]J#N,! 1#$+$'H! +#$! 5$4L$'0.;'$*! /#*+! #*! +#$/$*! $4L#'#/73$*!
>($#73;*)$*!#*!tU!0*=;*$34$*H!0-$'!0(/!+#4$*/#&*/(&/!=;!-$.'073.$*B!



".#(.!c[!! \!,&-)1#(:$%5!2%1!F.1.9:*%*-!(:.1$#59:.1!J1.#5.!

!

9G'!"#8(;&'+#73(&'4$.30*!ag\Xb!)#(.!*073!oQAF?^Zpn!

6/7%/
/

% 34
9;%..0<0:%/
FF6

N,J 2
324# !

C D/;%///.0%/34./34 /
<0

// 32223 2 FFFFF 66 !
/05<%/34///0<9%/34 /

0
/ FFFF 66 2223 !

a]?\cb

9G'!@&*&73(&'+#8(;&'4$.30*!agXXb!)#-.!oQAF?^Zp!0*n!

/7:%/
34
:;%../:::%/ /95;6%/
/

% F
FF6

N,J 3
2

324# !

C D//.0%/34./.7%.343/%0<4 /
<0

// FFFFF 66 227233 2 !
a]?\eb

9G'!g]YXH!$#*!>$4#/73!0;/!gXX!;*+!U3(&'L$*.08(;&'2.30*!)#(.!oQAF?^Zpn!

5/:0%/
/

% 34
;%.</.0::%.

FF6
N,J 2

324#
!

C D/06<%///.7%/34./343/%0<4 /
<0

// 3227233 2 FFFFF 66 !

a]?\^b

K10'! +G'8$*! +#$/$! +'$#! 9UFM?30(.#)$*! F2(.$4#..$(! #*=1#/73$*! *#73.! 4$3'!
%$'1$*+$.! 1$'+$*H! N$+&73! =$#)$*! /#73! -$#! $#*#)$*! #*=1#/73$*! )$-'2;73(#73$*!
:'/0.=/.&88$*!/$3'!23*(#73$!K;/044$*32*)$B!"$'!V.&88!g\Z[0!-$#/L#$(/1$#/$!#/.!
*073!oJUC?YYp!%$')($#73-0'!4#.!gXXB!

E*! +$*!>($#73;*)$*! a]?\cb! -#/! a]?\^b! /#*+! 0;73! 0(($! '$($%0*.$*!M#'6;*)/)'0+$!
+$'! F&4L'$//&'40/73#*$! 4#.! $#*)$'$73*$.B! "$'! @0/73#*$*1#'6;*)/)'0+! S=!
/$.=.!/#73!+0-$#!1#$!8&().!=;/044$*n!!

.?,= &&& 4 ! a]?\`b

S?,! $($6.'#/73$'!@&.&'1#'6;*)/)'0+!a{`Ywb!!
S.! 4$730*#/73$'!@&.&'1#'6;*)/)'0+!a{^cwb!!

E*!+$*!>($#73;*)$*!a]?\cb!-#/!a]?\^b!/#*+!+#$!#*!F(044$'*!0*)$)$-$*!M$'.$!0(/!
5$#(1#'6;*)/)'0+$! $*.30(.$*! oQAF?^ZpB! A4! +0/! h$'30(.$*! 0*+$'$'! F&4L'$//&'?
40/73#*$*! =;! -$'G76/#73.#)$*H! 6O**$*! $*./L'$73$*+$! M#'6;*)/)'0+$! S=!
$#*)$8G3'.!1$'+$*!+;'73n!

/%
/%%%

=

=
N,JN,J &

&## 4
!

a]?XYb

$

#J#N,#*! P$#/.;*)/=03(!-$#!g$8$'$*=?F&4L'$//&'1#'6;*)/)'0+!!
S=#*! g$8$'$*=?F&4L'$//&'1#'6;*)/)'0+!aeeH]wb!



\IW!J)$N)*.*(.*$)+.&&.! ".#(.!c]!

!

W$!*073!,*1$*+;*)/=#$(!;*+!,;8/.$((;*)/&'.!1$'+$*!0(/!L'#42'$!:*$')#$i;$(($!
%$'/73#$+$*$!M2'4$i;$(($*!)$*;.=.B!D'#*=#L#$((!;*.$'/73$#+$*!4;//!40*!+0-$#!
=1#/73$*! P;8.?! ;*+! M0//$'?M2'4$L;4L$*B! "$'! M2'4$$*.=;)! 0;/! ,;I$*(;8.!
;*.$'(#$).! +0-$#! #*/)$/04.! 3O3$'$*! 5$4L$'0.;'/7310*6;*)$*! 0(/! -$#! M0//$'!
0(/! M2'4$.'2)$'B! W$+&73! 60**! 0;73! ,-(;8.! -$#/L#$(/1$#/$! 0;/! K10*)/$*.(G8?
.;*)//_/.$4$*!#*!-$/&*+$'$4!@0I$!=;'!D'#42'$*$')#$-$'$#./.$((;*)!+#$*$*B!Q$#!
M0//$'12'4$L;4L$*! 1#'+! >';*+10//$'! 0;/! +$4! :'+'$#73! 3&73)$L;4L.H!
$*$')$.#/73!%$'1$'.$.!;*+!;4!1$*#)$!>'0+!0-)$6G3(.!#*!V#76$'-';**$*!1#$+$'!#*!
+0/! :'+'$#73! =;'G76)$8G3'.B! ,(.$'*0.#%! 60**! +#$! >$1#**;*)! *0.G'(#73$'!M2'4$!
G-$'!)$/73(&//$*$H!#4!:'+'$#73!)'&I8(273#)!%$'($).$!F'$#/(2;8$!$'8&()$*B!"$'!8G'!
0(($! +#$/$! D'#42'$*$')#$?>$1#**;*)/%$'803'$*! $'8&'+$'(#73$! =;/2.=(#73$!
:*$')#$%$'-'0;73! 8G'! PG8.$'! -=1B! D;4L$*! 1#'+! %&4! #4L($4$*.#$'.$*! @&+$((!
-$'G76/#73.#).B!!

"#$!R-$')0-$! +$'! #*! +$'!M2'4$L;4L$! )$1&**$*$*!:*$')#$! 0*! +$*!h$'-'0;?
73$'6'$#/(0;8!$'8&().!G-$'!+$*!F&*+$*/0.&'H!+$'!%&4!%&'(#$)$*+$*!@&+$((!+;'73!
$#*$! M2'4$.0;/73$'-$/73'$#-;*)! 0*0(&)! =;! +$*! :'(2;.$';*)$*! #*! ]B\BX!
-$'G76/#73.#).!1#'+B!"#$!#4!M2'4$L;4L$*4&+$((!%$'1$*+$.$!V&((.$4L$'0.;'!+$/!
F&*+$*/0.&'/!F3!1#'+!+0-$#!0(/!L'#42'$!:#*)0*)/.$4L$'0.;'!%$'1$*+$.!;*+!+0/!
F2(.$4#..$(!;4!70B!X]!F!0-)$6G3(.B!!

<$-$*!+$'!Q$/73'$#-;*)!+$/!F&*+$*/0.&'/!a0*0(&)!=;'!F&4L&*$*.$*-$/73'$#?
-;*)! $#*$/! *&'40($*! M2'4$.0;/73$'/b! -$*O.#).! +0/! %&')$/.$((.$! M2'4$L;4?
L$*4&+$((! 0(/!D0'04$.$'!+$*!:#)$*-$+0'8!+$/!PG8.$'/!-=1B!+$'!D;4L$! 8G'!+#$!
Q$'$#./.$((;*)! +$'! A4)$-;*)/$*$')#$H! +#$! ,'.! +$'! %$'1$*+$.$*! A4)$-;*)/?
$*$')#$H! +$*! @0/73#*$*1#'6;*)/)'0+! S=! /&1#$! +0/! %$'1$*+$.$! F2(.$4#..$(!
a!,--#(+;*)!]BebB!

Verdampfer-, Kondensatortemperatur, Leistung 
 

Durchfluss 
TEingang 

M2'4$L;4L$*?
@&+$((! TAusgang 

 
Kältemittel, Motorwirkungsgrad 

,--#(+;*)!]Ben!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!M2'4$L;4L$*?@&+$((/!

E*!,--#(+;*)!]B^!#/.!$#*!5$/.(0;8!+$/!@&+$((/!8G'!$#*$!P;8.?M0//$'?M2'4$L;4L$!
+0')$/.$((.B! "$'! L'#42'/$#.#)$! :*$')#$.'2)$'! A4)$-;*)/(;8.! ;*.$'(#$).! )$1#//$*!
5$4L$'0.;'/7310*6;*)$*! ;*+! 82((.! #4! V#4;(0.#&*/=$#.'0;4! ;4! 70B! \!F! 0-B!
"$4$*./L'$73$*+! %$'2*+$'.! /#73! 0;73! +#$! P$#/.;*)/=03(! +$'! M2'4$L;4L$!
/.$.#)B!K;/2.=(#73!1#'+!+#$!M2'4$L;4L$!3#$'!4#.!%$'/73#$+$*$*!/$6;*+2'/$#.#)$*!
5$4L$'0.;'/&((1$'.$*! -$0;8/73(0).B! C0;L./273(#73! 1#'+! /#$! N$+&73! 4#'! []!tU!
-$.'#$-$*H! #*! 6;'=$*! VL'G*)$*H! +#$! +;'73! +#$! V&((1$'..$4L$'0.;'0*)0-$*! #*!
,--#(+;*)! ]B^!40'6#$'.! /#*+H!1$'+$*! 0;I$'+$4!+#$! $*./L'$73$*+$*! P$#/.;*)/?
=03($*!8G'!0*+$'$!F&*+$*/0.&'.$4L$'0.;'$*!)$=$#).B!
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,--#(+;*)!]B^n!P$#/.;*)/=03(!$#*$'!P;8.?M0//$'?M2'4$L;4L$!

"0/! -$/73'#$-$*$! M2'4$L;4L$*4&+$((! #/.! 0(/&! ;*#%$'/$((! $#*/$.=-0'! 8G'!
%$'/73#$+$*$! L'#42'$! M2'4$$*$')#$.'2)$'! ;*+! F&*8#);'0.#&*$*B! ";'73! $#*$!
8($f#-($! D0'04$.'#$';*)! +$/!,))'$)0.$/! 6O**$*! 0;73! %$'/73#$+$*$!5_L$*! %&*!
M2'4$L;4L$*! 0-)$-#(+$.! 1$'+$*B! 9G'! ;*.$'/73#$+(#73$! F2(.$4#..$(! /#*+! ;*.$'!
A4/.2*+$*! /L2.$'! =;/2.=(#73$!F($44$*($#/.;*)/=03(730'06.$'#/.#6$*!0;8=;*$3?
4$*!;*+!#4!@&+$((!=;!#*.$)'#$'$*B!

\IWIY! ")&'1<)&&.<()1!
V&(0'6&(($6.&'$*! 30-$*! #*! +$*! %$')0*)$*$*! W03'=$3*.$*! /&)0'! #4! '$(0.#%!
/.'03(;*)/0'4$*!@#..$($;'&L0!$#*$!%$')($#73-0'!3&3$!h$'-'$#.;*)!)$8;*+$*B!V#$!
1$'+$*!#*/-$/&*+$'$!#*!+$'!:#*=$(30;/%$'/&');*)!%$'1$*+$.H!;4!0;I$'30(-!+$'!
C$#=L$'#&+$! +#$! "$76;*)! +$/! M0'410//$'-$+0'8$/! =;! G-$'*$34$*B! C2;8#)!
1$'+$*! 8G'! +#$! :*$')#$-$'$#./.$((;*)! =;'! h$'/&');*)! $#*$'! 6($#*$*! ,*=03(! %&*!
M&3*$#*3$#.$*! /&!)$*0**.$!9(0736&(($6.&'$*! %$'1$*+$.H! +#$H! #4!>$)$*/0.=! =;!
8&6;//#$'$*+$*!F&(($6.&'$*H!$#*$*!'$(0.#%!$#*8073$*!,;8-0;!-$/#.=$*B!9(0736&(($6?
.&'$*! 6O**$*! +0-$#! +#'$6.$! ;*+! #*+#'$6.$! V&(0'/.'03(;*)! *;.=$*H! ;4! $#*$*!
8(G//#)$*!M2'4$.'2)$'!=;!$'12'4$*!;*+!+#$/$*!$#*$4!h$'-'0;73$'!=;=;8G3'$*!
o"A9?ecpB!"#$!V.'03(;*)!7$.'#88.!+0-$#H!;4!+$*!F&*%$'/#&*/806.&'!&J!+$'!F&(($6.&'?
0-+$76;*)! '$+;=#$'.H!0;8!+$'!06.#%$*!F&(($6.&'8(273$!5N!0;8!;*+!1#'+! #*!M2'4$!
;4)$10*+$(.B!K;/2.=(#73!.'$.$*!F&*%$6.#&*/?!;*+!M2'4$/.'03(;*)/%$'(;/.$!0;8B!
<073!osA,?`^p!)#(.!8G'!+#$!)$1&**$*$!<;.=($#/.;*)!$#*$/!F&(($6.&'/!0(()$4$#*n!

B(NP @57@ !! 2774 /& !
a]?X\b
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"#$! +;'73! F&*%$6.#&*! ;*+!M2'4$/.'03(;*)! %$';'/073.$*! .3$'4#/73$*! h$'(;/.$!
B@! /#*+!%&*!+$'!Q0;8&'4!;*+!+$*!@0.$'#0(#$*!+$/!F&(($6.&'/!/&1#$!+#'$6.!%&*!+$'!
4#..($'$*! 5$4L$'0.;'! +$/! M2'4$.'2)$'4$+#;4/! FJ$ ;*+! +$'! A4)$-;*)! F9$
0-32*)#)!)$42I!osA,?`^pn!

: ; : ;0./ 9J(9J(B FF5(FF5(@ 273274!
!

a]?XXb

(*#$(+! h$'(;/.6&$88#=#$*.$*!%&*!F&(($6.&'$*B!

";'73!A412(=;*)!1#'+!+#$! #4!F&(($6.&'! 0-/&'-#$'.$!:*$')#$!+$4!h$'-'0;73$'?
6'$#/(0;8! =;)$8G3'.B! ,(/! 0(()$4$#*$'! K;/044$*30*)! =1#/73$*! +$'! 06.;$(($*!
.3$'4#/73$*!P$#/.;*)H!+$4!M2'4$.'2)$'+;'738(;//!/&1#$!+$'!5$4L$'0.;'/L'$#?
=;*)!#4!F&(($6.&'!(2//.!/#73!0;8/.$(($*n!

: ;75NP FFL.@ 2774 !!
!

a]?XZb

.! ! ";'738(;//!+$/!@$+#;4/!!
L!! /L$=#8#/73$!M2'4$60L0=#.2.!+$/!M2'4$.'2)$'/!
F5#$F7!! ,;/)0*)/?!-=1B!:#*)0*)/.$4L$'0.;'!+$/!F&(($6.&'/!

@#.!+$'!4#..($'$*!F&(($6.&'.$4L$'0.;'!

0
75

J
FFF 2

4
!
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$')#-.! /#73!$#*!K;/044$*30*)!=1#/73$*!+$*!A41$(.)'OI$*! a:#*/.'03(;*)!;*+!
A4)$-;*)/.$4L$'0.;'bH! +$*! 6&(($6.&'/L$=#8#/73$*!D0'04$.$'*!;*+!+$*!0*!+$*!
F&(($6.&'0*/73(G//$*!0;8.'$.$*+$*!5$4L$'0.;'$*! /&1#$!+$4!@0//$*/.'&4!+$/!
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a]?X]b

@#.! C#(8$! +#$/$'! >($#73;*)$*! (2//.! /#73! $#*$!40.3$40.#/73$! Q$/73'$#-;*)! +$/!
Q$.'#$-/%$'30(.$*/! $#*$/! F&(($6.&'/! $''$#73$*B!"0-$#! #/.! =;! -$073.$*H! +0//! +#$!
F&(($6.&'($#/.;*)!%&*!:#*/.'03(;*)H!A4)$-;*)/.$4L$'0.;'!;*+!:#*)0*)/.$4L$?
'0.;'! /&1#$! +$'! %&*! +$'! ";'738(;//)$/731#*+#)6$#.! +$/! @$+#;4/! +&4#*#$'.$*!
4#..($'$*!F&(($6.&'.$4L$'0.;'!0-32*).B!

Q$#!-$60**.$'!:#*8(;//.$4L$'0.;'! #*!+$*!F&(($6.&'!;*+!+$'!%&4!Q$'$73*;*)/0(?
)&'#.34;/! %&')$)$-$*$'! ";'738(;//)$/731#*+#)6$#.! +$/! M2'4$.'2)$'4$+#;4/!
1#'+!#4!V#4;(0.#&*/4&+$((!+#$!K;/.0*+/-$/.#44;*)!+$/!F&(($6.&'/!+;'73)$8G3'.B!
V.'03(;*)/+0.$*! /&1#$! 5$4L$'0.;'%$'(2;8$! +$'!A4)$-;*)/.$4L$'0.;'!1$'+$*H!
1#$!#*!F0L#.$(!Z!$'(2;.$'.H!$*.1$+$'!+;'73!3#*.$'($).$!@$//'$#3$*!&+$'!/#4;(0.#%$!
Q$'$73;*)$*! +$4! @&+$((! =;'! h$'8G);*)! )$/.$((.B! :*./L'$73$*+! +$'! G-(#73$*!
h&')$3$*/1$#/$!-$#!+$'!g$)$(;*)!%&*!F&(($6.&'6'$#/(2;8$*!1#'+!+$'!F'$#/(0;8!*;'!
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+0**!#*!Q$1$);*)!)$/$.=.H!1$**!$#*$!:*$')#$0-)0-$!0*!+$*!0*)$/73(&//$*$*!
VL$#73$'!$'8&()$*!60**B!"#$!K;/730(.;*)!+$'!A412(=L;4L$!$'8&().!G-(#73$'1$#?
/$!-$#! $#*$'!5$4L$'0.;'+#88$'$*=! %&*!1$*#)/.$*/!]!FH! $#*$!,-/730(.;*)!$'8&().!
-$#!1$*#)$'!0(/!X!FB!:#*!Q$#/L#$(!=;4!h$'30(.$*!+#$/$/!@&+$((/!#*!h$'-#*+;*)!4#.!
+$4! G-$')$&'+*$.$*! Q$'$73*;*)/0()&'#.34;/! ;*+! +$4! 0*)$/73(&//$*$*!
VL$#73$'! 8#*+$.! /#73! 04! :*+$! +#$/$/! ,-/73*#..$/H! +#$! 730'06.$'#/.#/73$*!
:#*)0*)/?! ;*+! ,;/)0*)/)'OI$*! +$'! @&+$((#$';*)! /#*+! #*! ,--#(+;*)! ]B`!
=;/044$*)$80//.B!

Einstrahlung, Umgebungstemperatur, Vorzustand 
 

Durchfluss 
TEingang F&(($6.&'?@&+$((! TAusgang 

Leistung 

 
Geometrie, Parameter, Aufstellung 

,--#(+;*)!]B`n!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$/!V&(0'6&(($6.&'?@&+$((/!

!

\IWI\! R:.1$#59:.!7.1;1'%9:.1!
A*.$'! .3$'4#/73$*! h$'-'0;73$'*! 1$'+$*! #*! +$'! g$)$(! +#$! +'$#! %$'/73#$+$*$*!
h$'-'0;73/._L$*! Q'0;7310//$'H! C$#=12'4$?! ;*+! F(#40.#/#$';*)/-$+0'8!
=;/044$*)$80//.B!!

A*.$'!Q'0;7310//$'!1#'+!+0-$#!+$'!)$/04.$!Q$+0'8!0*!)$=0L8.$4!M0'410//$'!
%$'/.0*+$*B! <073! oVUC?``pH! PJJ?`Xp! ;*+! 0*+$'$'! $#*/73(2)#)$'! P#.$'0.;'! )#-.! $/!
$#*$! 3&3$! h0'#0*=! #*! +$*! h$'-'0;73/L'&8#($*! %&*! D$'/&*$*B! "$'! >$/04.?
%$'-'0;73! /7310*6.! +0-$#! N$! *073!,*/L';73! ;*+! P$-$*//#.;0.#&*! =1#/73$*! \Y!
P#.$'*! ;*+! ^Y!P#.$'*! M0'410//$'! L'&! 50)! ;*+! D$'/&*H! $*$')$.#/73! /#*+! +0/!
;*)$823'!]YY!M3!-#/![!6M3B!!

Q$#!$#*$'!,*(0)$!=;'!Q'0;7310//$'%$'/&');*)! (2//.! /#73!+$'!<;.=12'4$-$+0'8!
@P! 4#.! C#(8$! +$'! $*.*&44$*$*! M2'4$4$*)$! -$/.#44$*B! A*.$'! Q$'G76/#73.#?
);*)! +$'!M2'4$60L0=#.2.! L! %&*!M0//$'H! +$'! $*.*&44$*$*!M0//$'4$*)$!.H!
+$'!F0(.10//$'.$4L$'0.;'!FNJ!;*+!+$'!M0'410//$'.$4L$'0.;'!FJJ!(2//.!/#73!+#$!
-$*O.#).$!M2'4$4$*)$!-$'$73*$*n!

: ;NJJJP FF.L@ 2774
!

a]?Xcb

"#$!F0(.10//$'.$4L$'0.;'!1#'+!+0-$#! #*!+$'!g$)$(!4#.!^!tU!-#/!\Y!tU!0*)$*&4?
4$*B! 9G'! $#*!M0**$*-0+!1#'+! -$#/L#$(/1$#/$! \]Y! P#.$'!M0'410//$'!4#.! $#*$'!
5$4L$'0.;'!%&*![Y!tU!-$*O.#).B!"#$!$'8&'+$'(#73$!<;.=12'4$! (#$).!-$#!;*)$823'!
]XYY!M3!osA,?`^pB!!
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E*!,--#(+;*)!]B\Y! #/.!$#*! ._L#/73$'!K$#.%$'(0;8! 8G'!+$*!M0'410//$'-$+0'8!$#*$/!
@$3'L$'/&*$*30;/30(.$/! +0')$/.$((.B! "#$! Q0/#/! 8G'! +#$! h$'.$#(;*)! -#(+$*! +0-$#!
@$//;*)$*! +$/! 5Rh?g3$#*(0*+! o5Rh?Y\pB! "#$! M$'.$! /.$(($*! +0-$#! +$*! G-$'!
\]!@#*;.$*! )$4#..$(.$*! P$#/.;*)/-$=;)! +0'H! +$'! 3#$'! 0;/! +$*! )$4$//$*$*!
";'738(;//4$*)$*!)$42I!a]?Xcb!$'4#..$(.!1;'+$B!!

!

!

,--#(+;*)!]B\Yn!50)$/(0/.)0*)!+$/!5'#*6?M0'410//$'-$+0'8/!a\\B\\BXYY\b!

:#*$!,;/1$'.;*)!+$'!"0.$*!+$//$(-$*!@$//&-N$6.$/!123'$*+!$#*$/!\[?50)$/?
K$#.'0;4$/! #4!<&%$4-$'! XYY\!$')#-.! $#*$*! /.0'6! %&4!M&73$*.0)!0-32*)#)$*!
h$'-'0;73B! "#$! 50)$//;44$*! /#*+! #*! ,--#(+;*)! ]B\\! +0')$/.$((.B! ,*! +$*!
V&**.0)$*!aZB\\B!;*+!\\B\\Bb!1$'+$*!&88$*/#73.(#73!P$#/.;*)//L#.=$*!alQ0+$.0)mb!
$''$#73.H! 123'$*+! @&*.0)! -#/! V04/.0)! 6$#*$! $#*+$;.#)$*! 730'06.$'#/.#/73$*!
@$'640($!=;!$'6$**$*!/#*+B!,;73!+$'!9$#$'.0)!04!\B\\B!=$#).!6$#*$!/#)*#8#60*.$*!
,-1$#73;*)$*!)$)$*G-$'!/&*/.#)$*!9'$#.0)$*B!!

9G'!+#$/$*!Q$#/L#$(30;/30(.H!G-$'!+$*!0;/!"0.$*/73;.=)'G*+$*!6$#*$!,*)0-$*!
G-$'!+#$!Q$1&3*$'/.';6.;'!)$4073.!1$'+$*!+G'8$*H!$')#-.!/#73!0(/&!8G'!+$*!3#$'!
-$.'073.$.$*!K$#.'0;4!$#*!+;'73/73*#..(#73$'!M0'410//$'-$+0'8!%&*![HZ!6M3!L'&!
50)!123'$*+!+$'!M&73$*.0)$!;*+!\ZHX!6M3!0*!V&**.0)$*B!!

!
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,--#(+;*)!]B\\n!R-$'-(#76!G-$'!X!M&73$*!+$/!5'#*6?M0'410//$'-$+0'8/!

E4!>$)$*/0.=! =;4! /.0'6! /.&730/.#/73! ;*+! +;'73! /.0'6$! P$#/.;*)/;*.$'/73#$+$!
)$L'2).$*! Q'0;7310//$'-$+0'8! #/.! +$'! C$#=12'4$-$+0'8! G-$'! +$*! 50)! *;'!
)$'#*)$*! V7310*6;*)$*! 0;/)$/$.=.B! "$'! #*! ,--#(+;*)! ]B\X! )$=$#).$! h$'(0;8!
60**! 8G'! +#$! h$'.$#(;*)! +$/! C$#=$*$')#$-$+0'8/! G-$'! +$*! 50)! 0(/! ._L#/73!
0*)$/$3$*!1$'+$*B!"#$!CO3$!+$'!F;'%$!#/.!N$+&73!/.0'6!%&*!+$'!,;I$*.$4L$'0?
.;'!;*+!+$'!M2'4$+244;*)!+$/!C0;/$/!0-32*)#)B! E*!+$'!R-$')0*)/=$#.!1#'+!
+#$!C$#=;*)!123'$*+!+$'!<073./.;*+$*!#*!+$'!g$)$(!6$#*$!:*$')#$!-$*O.#)$*B!

!

,--#(+;*)!]B\Xn!50)$/(0/.)0*)!+$/!C$#=12'4$-$+0'8/!
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v3*(#73!+$4!C$#=-$+0'8!/#*+!0;73!+#$!h$'-'0;73/6;'%$*! 8G'!F(#40.#/#$';*)/0*?
(0)$*! /.';6.;'#$'.B! C#$'! 60**! $-$*80((/! %&*! 6&*.#*;#$'(#73$*! P0/.)2*)$*! 0;/)$?
)0*)$*!1$'+$*B!E4!V#4;(0.#&*/L'&)'044!6O**$*!F(#40)$'2.$!0;8!+$'!Q0/#/!%&*!
,-/&'L.#&*!&+$'!,+/&'L.#&*!=;'=$#.!*;'!+;'73!Q$'G76/#73.#);*)!+$/!$*./L'$73$*?
+$*! -$*O.#).$*! C$#=$*$')#$-$+0'8/! =;4! ,*.'#$-! +$'! ,))'$)0.$! -$'G76/#73.#).!
1$'+$*B!

"#$!:#*)0*)/?!;*+!,;/)0*)/)'OI$*!+$'!M2'4$%$'-'0;73$'!$*./L'$73$*!+$*$*!
+$'!$($6.'#/73$*!P0/.$*B!

\IWIZ! b'1$D'55.15N.#9:.1!
M2'4$/L$#73$'! /#*+! *&.1$*+#)$'! Q$/.0*+.$#(! $#*$/! M0'410//$'%$'/&');*)/?
/_/.$4/B! "0! +$'! 5'#*6?M0'410//$'0-)'#88! +;'73! h$'-'0;73$'! #*! +$'! g$)$(!
/.&I1$#/$!$'8&().H!4;//!#44$'!$#*!h&''0.!0*!/73*$((!0-=;';8$*+$4H!0;/'$#73$*+!
10'4$4! M0//$'! %&')$30(.$*! 1$'+$*B! W$! *073! ,*(0)$*6&*8#);'0.#&*! 1$'+$*!
M0'410//$'/L$#73$'!0;73!8G'!+#$!C$#=$*$')#$;*.$'/.G.=;*)!$#*)$/$.=.B!!

"#$! :*$')#$/L$#73$';*)! 1#'+! +;'73! $#*! +$4! Q$+0'8! 0*)$L0//.$/! h&(;4$*!
M0//$'!$''$#73.B!"0-$#!1$'+$*!VL$#73$'!/&!0;8)$-0;.H!+0//!$#*!3&3$/!5$4L$'0?
.;')$82(($! $*./.$3$*! 60**B! M2'4$! 1#'+! #4! ;*.$'$*H! 60(.$*! 5$#(! +$/! VL$#73$'/!
+;'73! +#$! -$'$#./! -$/73'#$-$*$*! M2'4$'=$;)$'! $#*)$-'073.B! "#$! :#*6&LL(;*)!
60**! $*.1$+$'! +;'73! +#'$6.$! :#*/L$#/;*)! %&*! $'12'4.$4! M0//$'! &+$'! G-$'!
";'73($#.;*)!+$/!M2'4$.'2)$'/!+;'73!$#*$*!#4!VL$#73$'!#*.$)'#$'.$*!M2'4$.0;?
/73$'! $'8&()$*B! "0/! $'12'4.$! M0//$'! /.$#).! *073! &-$*! ;*+! %$'4#/73.! /#73!
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M2'4$0;/6&LL(;*)!$''$#73.!1$'+$*!60**B!,*+$'$'/$#./!4;//!*#73.!+$'!)$/04.$!
VL$#73$'! #44$'! 0;8! $#*$4! 5$4L$'0.;'/&((1$'.! .$4L$'#$'.! /$#*H! +$'! %&4!
h$'-'0;73$'!-$*O.#).!1#'+n!<;'! #4!&-$'$*!5$#(!1#'+!+#$/$!5$4L$'0.;'! #*!$#*$4!
0;/'$#73$*+$*!h&(;4$*!%&')$30(.$*B!

@&+$((.$73*#/73!#/.!$#*!/&(73$/!V73#73.$*4&+$((!*;'!+;'73!$'3$-(#73$*!,;810*+!
=;! '$0(#/#$'$*B! :/! /L#$($*! %$'/73#$+$*$! :88$6.$! -$#4! ,;8/.$#)$*! +$/!M0//$'/!
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Umgebungstemperatur, Vorzustand 
 

Einspeisung 
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Ladegrad 
Temperatur 
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oFgJ?`Xp! -$#*30(.$*!+#$! lV.'0.$)#$m!+$'!Q$.'#$-/8G3';*)!+$'!,*(0)$H!+B3B!1$(73$!
:*./73$#+;*)$*!=;4!:#*/0.=!+$'!$#*=$(*$*!F&4L&*$*.$*!+$'!,*(0)$!#*!1$(73$'!
V#.;0.#&*!)$.'&88$*!1$'+$*B!A4!$#*$!4O)(#73/.!3&3$!5'0*/L0'$*=!=;!$''$#73$*H!
1#'+! $#*$! F(0'.$f.?g$)$($'/.$((;*)! %$'1$*+$.! oFgJ?`XpB! "0=;! 1$'+$*! +#$!
Q$+#*);*)$*! #*! ($/-0'$'! 9&'4! #*!V0.=6&*/.';6.$*! 0;/! +'$#! Q0;/.$#*$*! =;/04?
4$*)$/$.=.n! !
! C$;.$!L;M-#/.!LBM!M$'6.0)!LNMy! !
"#$/$'!,;//0)$/0.=!60**!+;'73!A4/.$((;*)!=;!$#*$'!9'0)$!;48&'4;(#$'.!1$'+$*n
! !
! E/.!LBM-3$;.$!L;M-M$'6.0)!LNM|! !
";'73! :')2*=;*)! 60**! +#$/$! F&*/.';6.#&*! 1#$+$';4! =;! $#*$'! g$)$(! $'1$#.$'.!
1$'+$*n!
! !
! M$**!3$;.$!L;M-M$'6.0)!LNM-#/.!LBMH!+0**!BBBy! !
@#.!C#(8$!+#$/$'!F&4-#*0.#&*!0;/!5$f.6&*/.';6.$*!(0//$*!/#73!+0**!%$'/.2*+(#73$H!
($/-0'$! g$)$(*! 0;8/.$(($*B! "0-$#! +#$*.! Q0;/.$#*! Q! *;'! 8G'! +#$! P$/-0'6$#.! +$'!
g$)$(H!+#$!Q0;/.$#*$!,!;*+!U!$*.30(.$*!+$*!$#)$*.(#73$*!E*30(.!+$'!g$)$(!4#.!+$*!
$#*+$;.#)$*!V73(G//$(1&'.$*!lC$;.$m!;*+!lM$'6.0)mB!>$*$'$((!;*.$'/73$#+$.!40*!
=1#/73$*! %&'12'./}! ;*+! 'G7612'./%$'6$..$.$*! g$)$(*! oFgJ?`XpB! ,*30*+! %&*!
Q$#/L#$('$)$(*!/&((!+$'!,;8-0;!#4!9&()$*+$*!*23$'!$'(2;.$'.!1$'+$*B!!

Q$#! %&'12'./%$'6$..$.$*!g$)$(*!1#'+! $#*$!9'0)$!4#.! $#*$'! +$8#*#$'.$*! (&)#/73$*!
:'10'.;*)/30(.;*)! )$/.$((.B! "#$/$! 9'0)$! 1#'+! $*./L'$73$*+! %&*! +$'! E*8$'$*=?
6&4L&*$*.$!0;/)$1$'.$.!;*+!-$0*.1&'.$.B!E/.!+#$!gG764$(+;*)!L&/#.#%H!+B3B!+$'!
:'10'.;*)/1$'.! .'#88.! =;H! +0**!1$'+$*!0(/! *273/.$/!+#$! %&')$/$3$*$*!1$#.$'$*!
g$)$(*!a/&)B!9&()$'$)$(*b!0-)$0'-$#.$.n!! !
- O1%%-?1A)1-O1"3)($-*&),-0(%%-.F?"1-0*1-P1$14-QC1"3)($R"1$14S-(A&T- -
E*!+$'!3#$'!0*)$10*+.$*!V_*.0f!oFgJ?`XH!V,P?Y\p!/#$3.!$#*$!/&(73$!h&'12'./'$)$(!
1#$!8&().!0;/n!

regel(vorwaerts_beispiel,[werktag_regel]):- 
   bedingung(vorwaerts_beispiel,'Heute','ist','Werktag',#,positiv,-). 
 
"0-$#! +#$*.! l%&'10$'./~-$#/L#$(m! =;'! g$)$(#+$*.#8#=#$';*)H! +$'! ,;/+';76! #*!
$76#)$*!F(044$'*!lo1$'6.0)~'$)$(pm!+$8#*#$'.!+#$!-$#!:'8G((;*)!+$'!Q$+#*);*)$*!



".#(.!]Z!! Z!3*.1-#.>!%*+!,*&'-.*$'*'-.$.*(!

!

0;/=;8G3'$*+$!9&()$'$)$(B! E*! +$'! =1$#.$*!K$#($! #/.! +#$!Q$+#*);*)! 8G'!:'8G((;*)!
+$'!g$)$(! 0*)$)$-$*H! #*! +$'! +#$! +'$#! 5$f.-0;/.$#*$! /&1#$!+$'!:'10'.;*)/1$'.!
alL&/#.#%mb! +$'! ,*8'0)$! $*.30(.$*! /#*+B! 9G'! +$*! 90((! +$'! <#73.$'8G((;*)! +$'!
Q$+#*);*)!4G//$*!,(.$'*0.#%$*!0*)$)$-$*!1$'+$*n!

regel(vorwaerts_beispiel,[samstag_regel]):- 
   bedingung(vorwaerts_beispiel, 'Heute','ist','Samstag',#,positiv,-). 
 
regel(vorwaerts_beispiel,[sonnundfeiertag_regel]):- 
   bedingung(vorwaerts_beispiel,'Heute','ist','Samstag',#,negativ,-), 
   bedingung(vorwaerts_beispiel,'Heute','ist','Werktag',#,negativ,-). 
 
E4! %&'/.$3$*+$*! Q$#/L#$(! 1#'+! /&4#.! $#*! g$)$(L06$.! 0;/! #*/)$/04.! +'$#!
,(.$'*0.#%$*! 0;8)$-0;.B! E*! +$'! $'/.$*! g$)$(-$+#*);*)! 1#'+! 0-)$8'0).H! &-! +$'!
06.;$(($!50)!$#*!M$'6.0)! #/.H!;*+!$/!1#'+!$#*$!L&/#.#%$!,*.1&'.!$'10'.$.B!M$**!
+#$/$'! :'10'.;*)/1$'.! =;.'#88.H! 1#'+! +#$! *273/.$! g$)$(! 4#.! +$4! <04$*!
l1$'6.0)~'$)$(m!0;8)$';8$*B!E/.!+#$!,*.1&'.!*$)0.#%H!1#'+!+#$!*273/.$!,(.$'*0.#%$!
+$'!06.;$(($*!g$)$(!;*.$'/;73.B!C#$'!1#'+!0-)$8'0).H!&-!+$'!50)!$#*!V04/.0)!#/.!
;*+! +#$! l/04/.0)~'$)$(m! %$'1$*+$.B! M$**! 1$+$'! V04/.0)! *&73! M$'6.0)! #/.H!
1#'+! +#$! +'#..$! ,(.$'*0.#%$! 0;8)$';8$*B! "#$/$! .'#88.! =;H! 1$**! +#$! $'/.$*! -$#+$*!
g$)$(*!*#73.!=;)$.'&88$*!30-$*H!;*+!$/!1#'+!+#$!g$)$(! l/&**;*+8$#$'.0)~'$)$(m!
0;8)$';8$*B!!

gG7612'./%$'6$..$.$!g$)$(*!+#$*$*!#4!'$0(#/#$'.$*!:fL$'.$*/_/.$4!=;4!Q$#/L#$(!
=;'! K;/.0*+/+#0)*&/$B! K;'!Q$0*.1&'.;*)! +$'! )$/.$((.$*!9'0)$H! &-! +$'! 06.;$(($!
50)!$#*!M$'6.0)!#/.H!60**!$#*$!'G7612'./%$'6$..$.$!g$)$(!0;8)$';8$*!1$'+$*n!!

regel_folge(rueckwaerts_beispiel,'Heute','ist','Werktag'):- 
  bedingung(rueckwaerts_beispiel,'Heute','ist','Feiertag',#,negativ,-), 
  bedingung(rueckwaerts_beispiel,'Heute','ist','Samstag',#,negativ,-). 
  bedingung(rueckwaerts_beispiel,'Heute','ist','Sonntag',#,negativ,-). 
 
,(/!g$)$(?Q$+#*);*)$*!1$'+$*!0-)$8'0).n!&-!6$#*!V&**.0)H!6$#*!V04/.0)!;*+!
0;73!6$#*!9$#$'.0)!#/.B!,(($!+'$#!g$)$(?Q$+#*);*)$*!4G//$*!+0-$#!=;.'$88$*H!;4!
$#*$!L&/#.#%$!,*.1&'.!=;!8&'4;(#$'$*B!g$)$(?,(.$'*0.#%$*!/#*+!3#$'! #4L($4$*.#$'.H!
;4!%$'/73#$+$*$!90((?A*.$'/73$#+;*)$*!0(/!(&)#/73$!Q0;4/.';6.;'!-$'G76/#73.#?
)$*!=;!6O**$*B!,(/!($.=.$/!>(#$+!#*!+#$/$'!(&)#/73$*!Q0;4/.';6.;'!/.$3.!$*.1$+$'!
+$'!,;8';8!$#*$/!$f.$'*$*!D'&)'044/!=;'!Q$0*.1&'.;*)!&+$'!L'#*=#L#$((!0;73!$#*!
"#0(&)!4#.!$#*$4!Q$*;.=$'n!

regel_folge(vorwaerts_beispiel,[samstag_regel]):- 
    bedingung(vorwaerts_beispiel,'Heute','ist','Samstag', 
              kalenderprogramm,positiv,-). 
 
";'73! F&4-#*0.#&*! $#*$'! h#$(=03(! /&(73$'! g$)$(*! #*! +$'! M#//$*/-0/#/! 60**!
/&4#.!$#*$!6&4L($..$!Q$.'#$-/8G3';*)//.'0.$)#$!=;/044$*)$/.$((.!1$'+$*B!E*!+$'!
:'/.$((;*)/L30/$!6O**$*!V73'#..!8G'!V73'#..!*$;$!g$)$(*!#*.$)'#$'.!1$'+$*H!+0!+#$!
,-0'-$#.;*)!+;'73!+#$! E*8$'$*=6&4L&*$*.$!;*+!+#$!,//#/.$*.$*L'&)'044$!%&*!
+$'! M#//$*/-0/#/! $*.6&LL$(.! #/.B! E4! F0L#.$(! cBZ! 1#'+! 8G'! +0/! #*! F0L#.$(! \B]!
%&')$/.$((.$!Q$#/L#$(/_/.$4!$#*$!/&(73$!g$)$(/.';6.;'!0;8)$-0;.B!!



ZIW!"(1%<(%1!+.5!#*(.&&#-.*(.*!,*&'-.*$'*'-.$.*(5! ".#(.!]c!

!

ZIWIL! C*/.1.*2<)$N)*.*(.!
:fL$'.$*/_/.$4$!1$'+$*!G-(#73$'1$#/$! #*!/&!)$*0**.$*!+$6(0'0.#%$*!D'&)'04?
4#$'/L'073$*! $'/.$((.! oFgJ?`XpB! E4! %&'(#$)$*+$*! 90((! 1#'+! +#$! ,;/1$'.;*)! +$'!
&-$*! -$/73'#$-$*$*! g$)$(/_*.0f! %&*! $#*$'! #*! @DgJPJ>! )$/73'#$-$*$*!
E*8$'$*=6&4L&*$*.$!)$.2.#).! oFgJ?`XpB!"#$/$!G-$'*#44.!+#$!$#)$*.(#73$! (&)#/73$!
,*0(_/$!+$'!g$)$(*!;*+!+#$!>$*$'#$';*)!%&*!V73(;//8&()$';*)$*!0;/!E*8&'40.#?
&*$*H!+#$!$*.1$+$'!#*.$'*!0;/!;*.$'(0)$'.$*!g$)$(*H!4#..$(/!$#*$'!@0#(-&f/73*#..?
/.$(($!%&*!$f.$'*$*!D'&)'044$*!&+$'!0;73!+;'73!Q$*;.=$'0*8'0)$*!)$1&**$*!
1$'+$*! 6O**$*! oV,P?Y\pB!"#$!A*.$'/73$#+;*)! $'8&().! +0-$#! +;'73! +$*! 0+'$//#$?
'$*+$*!g$)$(-$/.0*+.$#(B!M$**!+$'!D(0.=30(.$'!l#m!0(/!,*8'0)$0+'$//0.!0*)$)$?
-$*!#/.H!%$'/;73.!+#$!E*8$'$*=6&4L&*$*.$!=;*273/.!*;'!4#..$(/!'G7612'./%$'6$..$?
.$'! g$)$(*! +#$! 9'0)$! =;! -$0*.1&'.$*B! M$**! 6$#*$! $*./L'$73$*+$*! g$)$(*!
)$8;*+$*!1$'+$*H! 1#'+! +#$! 9'0)$! 0*! +$*! Q$*;.=$'! )$/.$((.B! Q$#! ,*)0-$! $#*$/!
D'&)'044*04$*/! 0(/! ,+'$//0.! 1$'+$*! +#$! +'$#! 5$f.-0;/.$#*$! G-$'! $#*$!
@0#(-&f/73*#../.$(($! 0*! +0/! D'&)'044! )$/$*+$.H! %&*! +#$/$4! 0;/)$1$'.$.! ;*+!
-$0*.1&'.$.B!!

ZIWIM! "9:*#((5(.&&.!
"#$! $#)$*.(#73$!:*./73$#+;*)/8#*+;*)! +$'! E*8$'$*=6&4L&*$*.$! 8#*+$.! 0;8! Q0/#/!
+$/!#*!+$'!M#//$*/-0/#/!#*!(&)#/73$*!g$)$(/.';6.;'$*!0-)$($).$*!M#//$*/!/.0..B!
"0!+$'!=;!-$.'073.$*+$!D'&=$//!-=1B!+#$!=;! 8G3'$*+$!,*(0)$! N$+&73!*#73.!0;8!
(&)#/73$! E*8&'40.#&*$*! -$/73'2*6.! #/.H! /&*+$'*! L3_/#60(#/73$! @$//1$'.$! +#$!
06.;$(($!"0.$*-0/#/! 8G'!+#$!V73(;//8&()$';*)$*!-#(+$*!4G//$*! oVD,?`^pH! #/.!$#*$!
*;4$'#/73$!"0.$*0;8-$'$#.;*)!;*+!0*/73(#$I$*+$!5'0*/8&'40.#&*!+$'!"0.$*!0;8!
+#$! (&)#/73$! :-$*$! *&.1$*+#)B! "#$! E*8$'$*=6&4L&*$*.$! 60**! $#*$! g$)$(?
Q$+#*);*)!#4!-$/73'#$-$*$*!F(0'.$f.8&'40.!0*!$#*!0*0(_.#/73$/!,//#/.$*.$*L'&?
)'044!G-$'!+#$!@0#(-&f/73*#../.$(($!1$#.$')$-$*B!"$'!5$f.!-$#*30(.$.!+0-$#!+0/!
J-N$6.H!0;8!+0/!/#73!+#$!,*8'0)$!-$=#$3.H!$*.1$+$'! #*!9&'4!$#*$/!%&((/.2*+#)$*!
>"P?"$/6'#L.&'/! =;'! $#*+$;.#)$*! E+$*.#8#=#$';*)! $#*$'! ,*(0)$*6&4L&*$*.$! a!!
F0L#.$(!Xb!&+$'!4#..$(/!$#*$/!8$/.)$($).$*!Q$)'#88/B!"$'!,;8.'0)!&+$'!+#$!,*8'0)$!0*!
/#73!1#'+!+;'73!V73(G//$(1&'.$H!+#$! 8G'!+0/!$4L80*)$*+$!D'&)'044!$'6$**-0'!
&+$'! #*! L'&)'044/L$=#8#/73$*! "#6.#&*0'$*! 3#*.$'($).! /#*+H! G-$'4#..$(.B! "0/!
,//#/.$*.$*L'&)'044!0*0(_/#$'.!+#$!)$/.$((.$!,*8'0)$H!-$0'-$#.$.!/#$!;*+!)#-.!0(/!
gG760*.1&'.!0*!+0/!:fL$'.$*/_/.$4!$#*$!(&)#/73$!,*.1&'.!G-$'!+#$!V73*#../.$(($!
=;'G76B!"#$/$!1#'+!%&*!+$'!E*8$'$*=6&4L&*$*.$!G-$'*&44$*!;*+!$*./L'$73$*+!
+$4!%&')$)$-$*$*!:'10'.;*)/1$'.!+$'!g$)$(!)$1$'.$.B!

ZIWIY! 7)1:'*+.*.!,55#5(.*(.*N1)-1'$$.!
E4! g034$*! 8'G3$'$'! :fL$'.$*/_/.$4$*.1#76(;*)$*! (#$)$*! -$'$#./! $#*#)$!
,//#/.$*.$*L'&)'044$! %&'H! +#$! %&4! ,*(0)$*40*0)$4$*.! %$'1$*+$.! 1$'+$*!
;*+!#4!9&()$*+$*!6;'=!730'06.$'#/#$'.!1$'+$*!/&(($*B!

+! "0/!D'&)'044!)"*$$1"-o@RP?`ep!6&&'+#*#$'.!+$*!:fL$'.$*/_/.$4=_6(;/!4#.!+$4!
'$0($*!&+$'!+$4!/#4;(#$'.$*!D'&=$//B!"#$/$!=$#.(#73$!F&&'+#*0.#&*!#/.!*&.1$*?
+#)H! ;4! +#$! ,;/1#'6;*)! ;*.$'/73#$+(#73$'! g$73$*=$#.$*! %$'/73#$+$*$'! D'&?



".#(.!][!! Z!3*.1-#.>!%*+!,*&'-.*$'*'-.$.*(!

!

)'044$! =;! -$)'$*=$*B! ";'73! <;.=;*)! $#*$/! 5'#))$'/! 1#'+! )$123'($#/.$.H!
+0//!+0/!:fL$'.$*/_/.$4!=;!+$8#*#$'.$*!K$#.L;*6.$*!$#*$*!*$;$*!";'73(0;8!
/.0'.$.B!

+! "0/! D'&)'044- 0'(! oVD,?`^p! al"0.$*-0*60*8'0)$mb! G-$'*#44.! 0(($! +#$!
,*8'0)$*H! +#$! /#73!0;8! 06.;$(($!:#*.'2)$! #*!+$'!D'&=$//+0.$*-0*6!-$=#$3$*B!
K;! +#$/$*! =23($*! -$#/L#$(/1$#/$! +#$! V.$((;*)$*! +$'! =;! +$*! F&4L&*$*.$*!
$#*$'! ,*(0)$! )$3O'$*+$*! V730(.)$'2.$B! h&4! :fL$'.$*/_/.$4! 60**! +0-$#!
*#73.! *;'! )$L'G8.! 1$'+$*H! &-! $#*$! F&4L&*$*.$! =;)$/730(.$.! #/.! &+$'! *#73.H!
/&*+$'*!0;73H!&-!/#$!G-$'30;L.!%$'8G)-0'! #/.H!+B3B! %&4!:fL$'.$*/_/.$4!=;?!
&+$'!0-)$/730(.$.!1$'+$*!60**B!"$'!,*1$*+$'!30.!/&!+#$!@O)(#736$#.H!40*;?
$((!F&4L&*$*.$*!%&4!K;)'#88! +$/!:fL$'.$*/_/.$4/! a=BQB! 8G'!M0'.;*)/0'-$#?
.$*b!0;/=;)'$*=$*B!

+! "0/!,//#/.$*.$*L'&)'044!1C1- oVD,?`^p! al:/!10'!$#*40(mb!1;'+$!$'/.$((.H!;4!
#*! +$'! D'&=$//+0.$*-0*6! %&'30*+$*$! 06.;$(($! @$//1$'.$! G-$'! $#*$*! -$?
/.#44.$*! K$#.'0;4! =;! -$&-073.$*! ;*+! 0;/=;1$'.$*B! "0! =;4! Q$#/L#$(! +#$!
/&(0'$! :#*/.'03(;*)! $'3$-(#73$*! V7310*6;*)$*! ;*.$'(#$)$*! 60**H! #/.! $/!
*&.1$*+#)H!8G'!-$/.#44.$!:*./73$#+;*)$*!@0f#40(?H!@#*#40(?!;*+!@#..$(1$'.$!
/&1#$!:*.1#76(;*)/.$*+$*=$*!&+$'!>'0+#$*.$*!0-=;8'0)$*B!

+! "0/! D'&)'044! 0'1R(A)#- oVD,?`^p! al0;.&40.#/73$'! "0.$*-0*6$#*.'0)mb! /.$((.!
L'06.#/73!+#$!A46$3';*)!+$'!"0.$*-0*60*8'0)$!0'(-+0'B!"#$/$/!D'&)'044!
+#$*.! =;'! +#'$6.$*! A4/$.=;*)! %&*! V730(.-$8$3($*! &+$'! V&((1$'.%&')0-$*! #*!
+$'! D'&=$//+0.$*-0*6B!"0=;!1$'+$*! /&! )$*0**.$! :'$#)*#//$! )$*$'#$'.H! +#$!
+$*!$#)$*.(#73$*!"0.$*-0*6$#*.'0)! %$'0*(0//$*H! )($#73=$#.#)! 0-$'!0;73! '$($?
%0*.$*! D'&)'044$*! +#$! V.0.;/2*+$';*)! +#'$6.! 4$(+$*B! Q$#! ,*/73(;//! +$/!
@0*0)$4$*./_/.$4/! 0*! $#*$*! '$0($*! D'&=$//! 60**! +#$/$! V73*#../.$(($! =;'!
+#'$6.$*!Q$8$3(/1$#.$')0-$!0*!+#$!$#*=$(*$*!F&4L&*$*.$*!)$*;.=.!1$'+$*B!

+! "0/! D'&)'044! "A)- o@RP?`ep! alg0.! ;*+! 50.mb! 1;'+$! $*.1#76$(.H! ;4! #*+#'$6.!
,6.#&*$*!+;'738G3'$*!=;!6O**$*H!+#$!=;*273/.!$#*$!*;4$'#/73$!,*0(_/$!&+$'!
$#*$! =_6(#/73$! ,-0'-$#.;*)! a=BQB! V&((1$'.'$)$(;*)b! $'8&'+$'*B! :/! #/.! #*! +$'!
P0)$! V&((1$'.%&')0-$*! 8G'! N$+$! #*! $#*$'! ,*(0)$! %&'30*+$*$! F&4L&*$*.$!
=_6(#/73!;*.$'!%$'/73#$+$*$*!g0*+-$+#*);*)$*!;*+!h&')0-$*!+;'73=;8G3'$*!
;*+!/&4#.!+#$!F&4L&*$*.$!=;!'$)$(*B!!

<$-$*!+#$/$*!%&'30*+$*$*!,()&'#.34$*!30.!/#73!-$#!+$'!:'/.$((;*)!*$;$'!g$)$(*!
8G'!*$;$!,*(0)$*!&+$'!F&*8#);'0.#&*$*!3$'0;/)$/.$((.H!+0//!=;/2.=(#73$H!0;8!+#$!
/L$=#$(($*! :#)$*/7308.$*! +$=$*.'0($'! :*$')#$/_/.$4$! 0*)$L0//.$! ,()&'#.34$*!
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Date sent:       Sat, 7 Jul 2001 16:52:43 -0600 (MDT) 
From:            mailservice@donnerwetter.de 
Subject:         Wetter 8.7.2001: Schauer, 22-24 Grad tagsueber 
 
---------------------------------------------------------------------- 
  DONNERWETTER - Vorhersage fuer die Region Aachen 
---------------------------------------------------------------------- 
 
Die Wetterlage: 
---------------------------------------------------------------------- 
Ein Tiefdruckgebiet ueber der Nordsee bestimmt das Wetter in 
Deutschland. Es fliesst mit einer suedwestlichen Stroemung feuchtwarme 
Luft nach Deutschland ein. 
 
                HEUTE, Sonntag, 8.7.2001 
         ------------ ------------------------------------ 
        | Wind       | W-Wind, Staerke 3 (Bft) 
         ------------ ------------------------------------ 
        | Vormittag  |  19 Grad C. | heiter bis wolkig 
        | Nachmittag |  24 Grad C. | Regenschauer 
        | Abend      |  21 Grad C. | Regenschauer 
        | Nacht      |  15 Grad C. | aufgelockert bewoelkt 
         ------------ ------------- ---------------------- 
 
Den ganzen Tag ueber wechseln sonnige Momente und Wolken mit 
kraeftigen Schauern bei Werten zwischen 20 und 22 Grad tagsueber ab. 
Nachts liegen die Werte bei wolkigem Himmel um 12-15 Grad. 
 
               MORGEN, Montag, 9.7.2001 
         ------------ ------------------------------------ 
        | Wind       | W-Wind, Staerke 3 (Bft) 
         ------------ ------------------------------------ 
        | Vormittag  |  17 Grad C. | aufgelockert bewoelkt 
        | Nachmittag |  23 Grad C. | aufgelockert bewoelkt 
        | Abend      |  20 Grad C. | heiter bis wolkig 
        | Nacht      |  19 Grad C. | wechselnd bewoelkt 
         ------------ ------------- ---------------------- 
 
Meist heiter und trocken bei Werten zwischen 23 und 26 Grad tagsueber. 
Nachts liegen die Werte bei klarem Himmel um 12-15 Grad. 
 
Die weiteren Aussichten: 
---------------------------------------------------------------------- 
ueber die Woche ist es leicht wechselhaft, aber Regen faellt kaum. 
Werte um 23-26 Grad tagsueber und 13-16 Grad nachts 
 
(.....) 
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$'60**.! ;*+! -$/$#.#).! 1$'+$*! 6O**$*B! :#*! Q$#/L#$(! 8G'! $#*$! /&(73$! :'/73$#?
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A*.$'-'$73;*)/8'$#$!h$'-'0;73$'%$'/&');*) f! ! f! f! f! !
<&./.'&4?!�!,*(0)$*-$+0'8/%$'/&');*)! f! ! ! f! f! !

0;/'$#73$*+$!:*$')#$'$/$'%$*! f! ! ! ! f! !
0;/'$#73$*+$!P$#/.;*)/'$/$'%$*! ! f! f! f! ! !

"#$/$(%&''0.!0;/'$#73$*+! ! f! ! ! f! f!
,66;4;(0.&')'$*=$*! f! ! ! f! f! f!

(0*)$!P$-$*/+0;$'!+$/!,66;4;(0.&'/! f! ! f! f! f! f!
,;/)($#73/(0+;*)!+$'!Q0..$'#$! ! f! f! ! ! f!
3&3$!>$/04.1#'6;*)/)'0+$! ! f! f! f! f! f!
3&3$!<;.=;*)!+$/!V&(0'/.'&4/! ! f! f! f! ! !
,-12'4$*;.=-0'6$#.!+$/!QCFM! ! f! f! ! f! !

)$'#*)$'!"#$/$(%$'-'0;73! ! f! f! ! f! !

50-$(($!cBXn!,*8&'+$';*)$*!0*!+#$!Q$.'#$-/8G3';*)!+$/!$($6.'#/73$*!5$#(/!

,*0(&)!3#$'=;!6O**$*!$-$*80((/!,*8&'+$';*)$*!8G'!+#$!9G3';*)!+$'!.3$'4#/73$*!
h$'/&');*)/$#*'#73.;*)$*! 0;8)$/.$((.! 1$'+$*H! 50-$(($! cBZB! M#$+$'! #/.! +#$!
6&*/.0*.$! h$'-'0;73$'%$'/&');*)! $#*$! C0;L.-$+#*);*)B! "08G'! 4G//$*!
0;/'$#73$*+$! :*$')#$'$/$'%$*! )$/L$#73$'.! /$#*! ;*+! 0;8! $*./L'$73$*+$4!
5$4L$'0.;'*#%$0;!0-)$';8$*!1$'+$*!6O**$*B!!

A4! $#*$!>$/;*+3$#./)$823'+;*)! +$'! <;.=$'! 0;//73(#$I$*! =;! 6O**$*H! #/.! $#*$!
'$)$(42I#)$! ,;/)($#73/(0+;*)! +$/! .3$'4#/73$*! VL$#73$'/! $#*=;L(0*$*B! "0-$#!
1#'+!+$'!VL$#73$'!G-$'3#.=.H!;4!P$)#&*$(($*!;*+!0*+$'$!Q06.$'#$*!0-=;.O.$*B!!
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<$-$*-$+#*);*)$*! /#*+! 1$#.$'3#*! $#*! 1#'6;*)/)'0+?! ;*+! 6&/.$*&L.#40($'!
Q$.'#$-B! :#*8(;//806.&'$*! 3#$'-$#! /#*+! 1#$+$';4! $#*$! 3&3$! <;.=;*)! +$'! V&?
(0'.3$'4#$H!$#*$!<;.=;*)!+$/!QCFM!*;'! #*!K$#.$*!0;/'$#73$*+$'!V.'&4*;.=-0'?
6$#.!;*+!)$'#*)$!K;(0;8.$4L$'0.;'$*! 8G'!QCFM!;*+!V&(0'.3$'4#$!=;'!:'=#$(;*)!
);.$'!F&4L&*$*.$*1#'6;*)/)'0+$B!
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-$+#*);*)

<$-$*?
-$+#*);*)!!

#4!<&.80((!
#)*&'#$'$*

A*.$'-'$73;*)/8'$#$!h$'-'0;73$'%$'/&');*)! f! ! f!
0;/'$#73$*+$!:*$')#$'$/$'%$*! f! ! !
0;/'$#73$*+$/!5$4L$'0.;'*#%$0;! f! ! f!
,;/)($#73/(0+;*)!+$'!VL$#73$'/! ! f! f!
V.'&4*;.=-0'6$#.!+$/!QCFM! ! f! f!
3&3$!>$/04.1#'6;*)/)'0+$! ! f! f!
3&3$!<;.=;*)!+$'!V&(0'.3$'4#$! ! f! f!

50-$(($!cBZn!,*8&'+$';*)$*!0*!+#$!Q$.'#$-/8G3';*)!+$/!.3$'4#/73$*!5$#(/!

K;/044$*80//$*+! 60**! /.0.;#$'.! 1$'+$*H! +0//! $#*$! /&(73$! Q$.'#$-/8G3';*)!
6$#*$! (#*$0'$*!g$)$(/.';6.;'$*!=;(2//.B!h#$(4$3'!1#'+!$#*$!%$'=1$#).$!V.'0.$)#$!
=;!$*.1#76$(*!/$#*H!1$(73$!+#$!%$'/73#$+$*$*!:-$*$*!4#.$#*0*+$'!%$'6*GL8.!;*+!
$($6.'#/73$!;*+!.3$'4#/73$!,*(0)$*.$#($!#*.$)'0.#%!-$.'$#-.B!
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/$.=.! ;*+! -$#4! =$#.6&&'+#*#$'$*+$*! D'&)'044! )"*$$1"- +0/! V.0'./#)*0(! 8G'! +$*!
*273/.$*!g$)$(?!;*+!R-$'1073;*)/=_6(;/!0-)$';8$*B!E*!,--#(+;*)!cB\X!#/.!$#*$!
;*+$.0#((#$'.$!V.';6.;'!$#*$/!g$)$(-0;4$/!0;/!$#*=$(*$*!g$)$(L06$.$*!;*+!#3'$!
h$'6*GL8;*)/4O)(#736$#.$*!;*.$'$#*0*+$'!+0')$/.$((.B!"0-$#!6O**$*!+#$!D06$.$!
/$(-/.! N$1$#(/! 0;/! $#*$'! g$#3$! %&*! %&'12'./?! ;*+! 'G7612'./%$'6$..$.$*! g$)$(*!
-$/.$3$*H! +#$! #*! /#73! ,*0(_/$*! &+$'! ,6.#&*$*! +;'738G3'$*B! ";'73! +#$! #*.$'*$!
,-0'-$#.;*)!#*!,-32*)#)6$#.!%&*!2;I$'$*!:#*8(G//$*!$')$-$*!/#73!0(/!9&()$%$'?
6*GL8;*)$*!0;73!%$'/73#$+$*$!9&()$L06$.$B!,(/! ($.=.$!9&()$%$'6*GL8;*)!$#*$/!
g$)$(-0;4$/!#/.!#44$'!+0/!/.$;$'*+$!K_6(;/L06$.!0*)$)$-$*B!!

,(/!$'/.$!g$)$(!$#*$/!K_6(;/!$'8&().!+#$!R-$'L'G8;*)!+$'!,*(0)$!0;8!h$'($.=;*)!
%&*! Q$.'#$-/4#..$(?>'$*=1$'.$*T! /&8$'*! *&.1$*+#)! 4G//$*! $*./L'$73$*+$!
<&.80((40I*034$*! L'#&'#.2'! %&')$*&44$*! 1$'+$*B! ,*/73(#$I$*+! 1$'+$*H!
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h0'#0-($*!0-)$';8$*!1$'+$*!/&*+$'*H!)$42I!+$'!4$*/73(#73$*!h&')$3$*/1$#?
/$H! G-$'! 9'0)$?,*.1&'.?9&()$*B! Q$#+$/! $'4O)(#73.! $/H! +$*! 9&6;/! 0;8! +#$!
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"#$! 8G'! +0/! Q$#/L#$(/_/.$4! 0;8)$/.$((.$*! g$)$(*! 6O**$*! .3$40.#/73! #*! %#$'!
Q(O76$!0;8)$.$#(.!1$'+$*n!>'$*=1$'.G-$'1073;*)!=;'!,-/#73$';*)!+$/!06.;$(($*!
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0;8)';*+! +$'! %#$($*H! 0;73! ;*/730'8$*! :#*)0*)/)'OI$*! *#73.! #44$'! $''$#73.!
1$'+$*B!K;'!V#73$';*)!+$'!h$'/&');*)!+$'!h$'-'0;73$'!#/.!/&4#.!$#*$!VL$#73$'?
)'$*=1$'.'$)$(;*)! +$4! $#)$*.(#73$*! :*$')#$40*0)$4$*.! =;! G-$'(0)$'*H! #4!
%&'(#$)$*+$*! Q$#/L#$(! 0;/! $($6.'#/73$'! ;*+! .3$'4#/73$'! h$'/&');*)! /#*+! =1$#!
/$3'! ;*.$'/73#$+(#73$! =$*.'0($! VL$#73$'! =;! 40*0)$*H! +$'! ,66;4;(0.&'! 0(/!
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+#$!Q'0;7310//$'%$'/&');*)B!!
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50-$(($! cB[! =;/044$*)$80//.! /#*+! ;*+! #*! +$'! 0*)$)$-$*$*! g$#3$*8&()$!
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5#$8$*.(0+;*)//73;.=n!!
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>0/;*)//73;.=n!!
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,e! /&*/.! <&'40(=;/.0*+,
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/73;.=$/! 0-)$/730(.$.H! -$#! <;.=;*)! %&*! =;/2.=(#73$*! &L.#4#$'$*+$*! g$)$(*!
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:*./L'$73$*+!+$*!,*8&'+$';*)$*!8G'!+$*!Q($#066;4;(0.&'!(0//$*!/#73!$-$*80((/!
>'$*=-$+#*);*)$*! 8G'! +$*! M0'410//$'/L$#73$'! 0;8/.$(($*T! +#$! E*30(.$! +$'!
g$)$(*!/#*+!#*!50-$(($!cB]!=;/044$*)$80//.B!!

g$)$(! Q$+#*);*)$*! @0I*034$*=#$($!
V\! :VL$#73$'!�!XY!w!

VX! 5MM!�!Z]!tU!
,;/6G3(;*)//73;.=n!!
V&(0'.3$'4#$!u!QCFM!=;)$/730(.$.!,

VZ! :VL$#73$'!�!`]!w!
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R-$'3#.=;*)//73;.=n!!
V&(0'.3$'4#$!u!QCFM!0-)$/730(.$.!!

V]! /&*/.! <&'40(=;/.0*+,

50-$(($!cB]n!>'$*=1$'.G-$'1073;*)!+$/!M0'410//$'/L$#73$'/!

"0! +#$! >'$*=1$'.'$)$(*! 8G'! +$*! $($6.'#/73$*! ;*+! .3$'4#/73$*! 5$#(! 4#.! +$4!
Q(&763$#=6'08.1$'6! .$#(1$#/$! 0(/! @0I*034$*! +#$/$(-$*! ,6.#&*/4O)(#736$#.$*!
30-$*H!4;//!$#*!6&*.'&%$'/$/!,)#$'$*!+$'!g$)$(*!+;'73!)$)$*/$#.#)$!h$''#$)$?
(;*)! %$'3#*+$'.! 1$'+$*B! ,(/! <&'40(=;/.0*+! /$#! =;*273/.! +$8#*#$'.H! +0//! +0/!
D3&.&%&(.0#68$(+H!Q0..$'#$!;*+!P0/.$*!0;8!$($6.'#/73$'!V$#.$!=;)$/730(.$.!/#*+!;*+!
+0/!QCFM!0-)$/730(.$.! #/.B!:*./L'$73$*+!/#*+!#4!.3$'4#/73$*!h$'/&');*)/.$#(!
+$'! V&(0'6&(($6.&'! ;*+! +#$! h$'-'0;73$'! =;)$/730(.$.H! +0/! QCFM! /L$#/.! 6$#*$!
P$#/.;*)!$#*B!E*!50-$(($!cBc!/#*+!+#$!$*./L'$73$*+$*!,-1$#73;*)$*!%&*!+#$/$4!
<&'40(=;/.0*+!0*)$)$-$*B!

<'B! g$)$(*! @0I*034$*=#$($!
\! ,\P,X! P0/.$*!0-)$/730(.$.!
X! ,[P,]! Dh!0-)$/730(.$.!
Z! VZPV[! V&(0'..3$'4#$!0-)$/730(.$.!
[! ,\P,XP,ZPV\PVX! QCFM!=;)$/730(.$.!
]! a,\P,XbQaVZPV[b! QCFM!=;)$/730(.$.H!.3$'4#/73!0-)$/730(.$.
c! ,ZQaVZPV[b! QCFM!0-)$/730(.$.!

e! a,[P,]P,cbQV]!!
P!aVZPV[bQ,e! QCFM!0-)$/730(.$.!

^! /&*/.! 6$#*$!,-1$#73;*)!%&4!<&'40(=;/.0*+!

50-$(($!cBcn!F&4-#*#$'.$!>'$*=1$'.'$)$(*!!

"#$! ,;8/.$((;*)! #*! 50-$(($! cBc! =$#).H! +0//! /#73! +#$! ,*8&'+$';*)$*! +$'! -$#+$*!
,*(0)$*.$#($! =;*273/.! l&+$'?%$'6*GL8.m! +0'/.$(($*! (0//$*B! W$+&73! 82((.! -$#! 0(($*!
+0/!Q(&763$#=6'08.1$'6!-$.'$88$*+$*!g$)$(*!0;8H!+0//!#*!-$/.#44.$*!V#.;0.#&*$*!
F&4L'&4#//$! $#*)$)0*)$*! 1$'+$*! 4G//$*B! E*! K$#($! [! 1#'+! $#*$! K;/730(.;*)!
+$/!QCFM!-$#!:#*.'$88$*!$#*$'!+$'!A*.$'%$'/&');*)/'$)$(*!#*#.##$'.B!V&((.$!N$+&73!
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N$1$#(/! 0*+$'$*! VL$#73$'/! 0;8.'$.$*H! 4G//$*! $*.1$+$'! +#$! $*./L'$73$*+$*!
9&()$*! #*! F0;8! )$*&44$*! &+$'H! 1#$! 04! Q$#/L#$(! +$'! K$#($! ]! )$=$#).H! +;'73!
=;/2.=(#73$!@0I*034$*!+#$/$/!%$'3#*+$'.!1$'+$*B!C#$'-$#!1#'+!+0/!QCFM!0(/!
'$#*$'! >$*$'0.&'! -$.'#$-$*! ;*+! +#$! M2'4$*$')#$! *#73.! 0;/)$6&LL$(.! ;*+!
0*+$'1$#.#)! 0-)$8G3'.B! :#*$!1$#.$'$!@O)(#736$#.! =$#).! K$#($! c! 0;8T! 3#$'!1#'+! +#$!
@O)(#736$#.! +$'! g$)$(%$'*073(2//#);*)! )$=$#).B! K10'! #/.! $#*$! <073(0+;*)! +$/!
,66;4;(0.&'/! +;'73! +$*! >$*$'0.&'! /#**%&((H! N$+&73! *#73.! +'#*)$*+! *&.1$*+#)B!
:#*$!K;/730(.;*)!+$/!QCFM!1G'+$!)($#73=$#.#)!=;'!R-$'(0+;*)!+$/!M0'410/?
/$'/L$#73$'/!8G3'$*B!"03$'!1#'+!#*!+#$/$'!F&4-#*0.#&*!+$'!>$*$'0.&'!0-)$/730(?
.$.B! K$#($! e! +$8#*#$'.! =;/2.=(#73! +0/!,-/730(.$*! +$/!QCFM!-$#!R-$'(0+;*)/=;?
/.2*+$*! $#*$/!VL$#73$'/B!"#$/$!g$)$(*! /#*+! 0(/!,;//73(;//6'#.$'#$*! 8G'! +#$! #4!
9&()$*+$*!+0')$/.$((.$*!&L.#4#$'$*+$*!V.'0.$)#$*!=;!+$8#*#$'$*B!!

"#$! %&*! +$'! >'$*=1$'.G-$'1073;*)! %&')$/$3$*$*! @0I*034$*! 1$'+$*!
+;'73)$8G3'.! ;*+! 0*/73(#$I$*+! +#$! 0*)$)$-$*$*! 9&()$'$)$(-(O76$! 0;8)$';8$*B!
"#$/$!G-$'*$34$*!*;*!+0/!@0*0)$4$*.!8G'!+#$!G-'#)$!,*(0)$!$*./L'$73$*+!+$'!
3$')$/.$((.$*!V#.;0.#&*B! 9G'! +$*! /#73$'$*! ;*+!;*.$'-'$73;*)/8'$#$*!Q$.'#$-! +$'!
h$'/&');*)!/#*+!+#$!-$/73'#$-$*$*!g$)$(*!-$'$#./!0;/'$#73$*+B!V#$!-#(+$*!+04#.!
+0/! 0-/#73$'*+$!>';*+)$'G/.! 8G'! $#*$! &L.#4#$'$*+$!Q$.'#$-/8G3';*)T! +#$/$! 30.!
+0/! K#$(! $#*$'! :'.'0)/40f#4#$';*)! ;*+! F&4L&*$*.$*/73&*;*)! ;*+! /&((.$!
)($#73=$#.#)!%&'0;//730;$*+!N$)(#73$!>'$*=1$'.%$'($.=;*)$*!%$'4$#+$*B!!

ZIMIMIL!,*5A(2.!.#*.1!)N(#$#.1(.*!F.(1#.;5/0:1%*-!!
"$'! #*! 50-$(($! cBc! 0-)$/$.=.$! 073.$! g$)$(-(&76! 6$**=$#73*$.! +$*! l<&'40(=;?
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N$+&73! 60**! $#*! &L.#4#$'$*+$/! :*$')#$?! ;*+! ,*(0)$*40*0)$4$*.! #*! +#$/$4!
Q$'$#73! +;'73! %&'0;//730;$*+$! ,*0(_/$*! ;*+! ,6.#&*$*! $#*! :''$#73$*! +$'!
;*$'1G*/73.$*!>'$*=-$'$#73$! %$'3#*+$'*B! ,(/! $#*=#)$! V.$(()'OI$! +$/! Q$#/L#$(?
/_/.$4/! -($#-.! +$4! :*$')#$40*0)$4$*.! +#$! K;?! &+$'! ,-/730(.;*)! +$/! @#*#?
Q(&763$#=6'08.1$'6/T!D3&.&%&(.0#6!;*+!V&(0'6&(($6.&'!/&1#$!0(($!h$'-'0;73$'!/#*+!
#*!Q$.'#$-B!

"$'!g$)$(-(&76!;*.$'.$#(.!/#73!#*!=1$#!Q$'$#73$n!!

\B! "$'!>$*$'0.&'! #/.! -$'$#./! #*!Q$.'#$-!;*+!$/!1#'+!)$L'G8.H! &-!$'!0-)$/730(.$.!
1$'+$*!4;//B!

XB! "$'! >$*$'0.&'! #/.! *#73.! #*! Q$.'#$-! ;*+! $/! 1#'+! )$L'G8.H! &-! $'! =;)$/730(.$.!
1$'+$*!4;//B!

!
,(/!h&''0;//$.=;*)! 8G'!+#$!K;/730(.;*)!+$/!QCFM/!/#*+!+#$! 8&()$*+$*!Q$+#*?
);*)$*!=;!$'8G(($*n!!

+! 5&L&(&)#$n!"$'!"#$/$()$*$'0.&'!#/.!0;/)$/730(.$.B!!
+! /)"#+@1"&#"$A%$n!

+! g$.'&/L$6.#%$!,*0(_/$n!"#$!Q0..$'#$!1;'+$! #*! +$*! ($.=.$*! XY!@#*;.$*!4#.!
3&3$'!P$#/.;*)!$*.(0+$*B!
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/#73.(#73!1$*#)$'!0(/!$#*$*!50)!=;'!P0/.%$'/&');*)!0;/'$#73$*B!

+! D'&/L$6.#%$! F;'==$#.0*0(_/$n! "#$! /&(0'$! :*$')#$$'=$;);*)! 1#'+! #*! +$*!
*273/.$*! cY! @#*;.$*! %&'0;//#73.(#73! *#73.! )'OI$'! 0(/! +$'! $($6.'#/73$!
h$'-'0;73B!! !

+! Oc"+1@1"&#"$A%$n!
+! g$.'&/L$6.#%$!,*0(_/$n!"$'!M2'4$/L$#73$'!1;'+$!#*!+$*!($.=.$*![Y!@#*;?
.$*!4#.!3&3$'!P$#/.;*)!$*.(0+$*B!

+! D'&/L$6.#%$! P0*)=$#.0*0(_/$n! "$'! :*$')#$#*30(.! +$/! VL$#73$'/! %&'0;/?
/#73.(#73!*#73.!=;'!h$'-'0;73$'%$'/&');*)!+$/!*273/.$*!50)$/B!

+! D'&/L$6.#%$! F;'==$#.0*0(_/$n! "#$! /&(0'$! :*$')#$$'=$;);*)! 1#'+! #*! +$*!
*273/.$*! ZY! @#*;.$*! %&'0;//#73.(#73! *#73.! )'OI$'! 0(/! +$'! .3$'4#/73$!
h$'-'0;73B!!
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%$*! ;*+! L'&)*&/.#/73$*!,//#/.$*.$*L'&)'044$! a!! ,-/73*#..! cB\B[! ;*+! F0L#.$(! cBXb!
0*0(_/#$'.! ;*+! -$0*.1&'.$.!1$'+$*! 6O**$*B!"0/! '$0(#/#$'.$!g$)$(L06$.! -$'G76?
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@0*0)$4$*./! 8&6;//#$'.B! "0'G-$'! 3#*0;/! $'(0;-.! +#$! (&)#/73$! V.';6.;'! +$/!
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+! "0/!D3&.&%&(.0#68$(+!1#'+!*073./!0-)$/730(.$.B!
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!
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