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J%&.T*1-.,160. (%1#%.J20%#.P6%&. %1#%. 23(.\#0%##%.R1&8%#$%. !-+3%. 2#. (%1#%.
Z5,%6+#,.26c.1#.$%&.(1%.P6%&.%#0(-&%)*%#$%.:%(%,%&O0%.%5-'2#,%#.R%&$%#.
8N##%#=. \3(. 6%("#$%&%&. ;"&0%13. ,130c. $2((. $1%. /#'"&5201"#%#. 6%&P*&+#,(3"(.
+#$. "*#%. !1)*08"#0280. ,%3%(%#. +#$. ,%()*&1%6%#. R%&$%#. 8N##%#=. J1%. :%9
(%&%1)*R%10%.6%0&O,0. ?%.#2)*.%1#,%(%0G0%&. C%)*#18. GR1()*%#.R%#1,%#.Q%#019
5%0%&#.+#$.<YY.a%0%&#=.

71#.HI/J9!4(0%5.6%(0%*0.2+(.@1%&.V"5-"#%#0%#`..

! C&2#(-"#$%&.SI+#8%018%00c.C\_U`.J%&.C&2#(-"#$%&.$1%#0.$%&.!-%1)*%9
&+#,. @"#. /#'"&5201"#%#=. 7&. R1&$. 2801@1%&0c. R%##. %&. 1#. $2(. %3%80&"9
52,#%01()*%. I%3$. %1#%&. :%(%%1#*%10. ,%6&2)*0. R1&$c. R"&2+(. -2((1@%.
C&2#(-"#$%&.2+)*.1*&%.7#%&,1%.6%G1%*%#=.\801@%.C&2#(-"#$%&.*1#,%9
,%#. (1#$. 510. %1#%&. %1,%#%#. !0&"5@%&("&,+#,. 2+(,%(0200%0=. Z#0%&9
()*%1$%#.32((%#.(1)*.C&2#(-"#$%&.G+$%5.1#.<96109C&2#(-"#$%&#."$%&.
#96109C&2#(-"#$%&#=. 7&(0%&%. 8N##%#. 3%$1,31)*. /#'"&5201"#%#. P6%&.
GR%1. Q+(0O#$%. 31%'%&#`. gC&2#(-"#$%&. 6%'1#$%0. 15. I%3$h. "$%&. g8%1#.
C&2#(-"#$%&. 15.I%3$h.$%&.\#0%##%=._%#+0G0.R1&$.$1%(.*%+0%.@"&.239
3%5. 15.E%&%1)*.$%&.J1%6(02*3(1)*%&+#,=.[96109C&2#(-"#$%&.*1#,%,%#.
8N##%#. ,&Nb%&%.a%#,%#. 2#. /#'"&5201"#%#. (-%1)*%&#c. G=E. %1#%#. %9
3%80&"#1()*%#.>&"$+80)"$%."$%&.2+)*.8"5-3%^%.J20%#c.$1%.RO*&%#$.
$%(.i2&%#'3+((%(.2+',%G%1)*#%0.R%&$%#.SG=E=.C%5-%&20+&(%#("&U=.

! \#0%##%`.J1%.\#0%##%.$1%#0.$%&.7&G%+,+#,.$%(.%3%80&"52,#%01()*%#.
I%3$%(c.2+(.$%5.C&2#(-"#$%&.(%1#%.7#%&,1%.6%G1%*0=.J+&)*.$1%.I"&5.
$%&.\#0%##%.R1&$.G+$%5.$%&.E%&%1)*.$%(.I%3$%(.$%'1#1%&0=.

! :%(%l!)*&%16,%&O0`.J1%(%(._%&O0. $1%#0. G+5.%1#%#.$%&. !0%+%&+#,.$%&.
\#0%##%=.Q+5.2#$%&%#. 1(0.%(.$1%.!)*#100(0%33%.G+5.2#,%()*3"((%#%#.
J20%#@%&2&6%10+#,((4(0%5=.



! " # $ % & ' " & ( ) * + # , . / # ( 0 1 0 + 0 1 " # % # 2 # 2 3 ( 4 % .

! 5 2 & 0 9 : 2 6 % 3 ( . 1 5 . 7 3 % 8 0 & " # 1 8 ( ) * & " 0 0 . 9 . 7 : ; / 7 ! .

V.

! J20%#@%&2&6%10+#,((4(0%5`.J1%. 2+'. $%5. C&2#(-"#$%&. ,%(-%1)*%&0%#.
J20%#.R%&$%#.1#.%1#.J20%#@%&2&6%10+#,((4(0%5.P6%&0&2,%#.+#$.#2)*.
$%#.E%$P&'#1((%#.$%(.\#R%#$%&(.R%10%&@%&2&6%10%0=..

/5. m2*&. BYYL. R+&$%#. R%30R%10. )2=. <. a13312&$%. HI/J9T*1-(. -&"$+G1%&0c. $2(.
I"&()*+#,(1#(010+0. I"&%(0%&. H%(%2&)*. ,%*0. $2@"#. 2+(c. $2((. (1)*. BYYW. $2(.
>&"$+801"#(@"3+5%#.2+'.MA.a13312&$%#.!0P)8.%&*N*0.S@,3=.!1%5%#(.BYYAU=.J1%.
!0P)88"(0%#.%1#'2)*%&.HI/J9C2,(.31%,%#.$%&G%10.GR1()*%#.LY.+#$.AY.T%#0=..

E%1.$%&.[%+%1#'P*&+#,.$%&.HI/J9C%)*#"3",1%.1#.6%(0%*%#$%.!4(0%5%.%#0(0%*0.
%1#. %&*N*0%&. \+'R2#$c. R%##. $1%(%. G=E=. #1)*0. $2(. %&*N*0%. J20%#@"3+5%#.
@%&2&6%10%#.8N##%#=.IP&.@1%3%.\#R%#$+#,(6%&%1)*%.8N##0%.%1#%.[%+"&,2#19
(201"#.$%&.\+0"9/J9/#'&2(0&+80+&.%&'"&$%&31)*. (%1#c.510.$%#%#. (1)*.$1%.+#0%&9
()*1%$31)*%#. C%)*#"3",1%#. SE2&)"$%c. a2,#%0(0&%1'%#c. HI/Jc. !-&2)*%&8%#9
#+#,c. 61"5%0&1()*%. 7&8%##+#,. %0)=U. @%&2&6%10%#. 32((%#=. J1%. %#0(0%*%#$%#.
V"(0%#. (1#$. ?%. #2)*. \#'"&$%&+#,%#. %1#%&. E&2#)*%. +#$. Z#0%&#%*5%#. (%*&.
+#0%&()*1%$31)*c.$1%.!4(0%58"(0%#.R%&$%#.26%&.R%(%#031)*.P6%&.$%#%#.E2&9
)"$%(4(0%5(. 31%,%#=. 71#%. 71#'P*&+#,. 3"*#0. 23(". #+&. $2##c.R%##. $+&)*. G+9
(O0G31)*%. I+#801"#%#. "$%&. ()*#%33%&%. ;%&2&6%10+#,. $%&. /#'"&5201"#%#. 2+'.
J2+%&.$1%.E%0&1%6(8"(0%#.&%$+G1%&0.R%&$%#.8N##%#=..

/5.E%&%1)*.HI/J.%^1(01%&%#.G2*3&%1)*%.!02#$2&$(c.$1%.1#.@%&()*1%$%#%.V20%,"9
&1%#.%1#,%0%130.R%&$%#.8N##%#`.

! C%)*#"3",1%(02#$2&$(`. /#.$%#. @"#. /!Xl/7T9_&%51%#.%&2&6%10%#.!02#9
$2&$(. R%&$%#. I%(03%,+#,%#. P6%&. I&%f+%#G%#c. e6%&0&2,+#,(,%9
()*R1#$1,8%10%#c.C151#,c.V"$1%&+#,%#c.>&"0"8"33%.+#$.\#018"331(1"#(9
@%&'2*&%#.,%0&"''%#=.J%&.!02#$2&$. /!X.<ADWL.613$%0.G=E=.$1%._&+#$9
32,%.@1%3%&.!52&09:26%39>&"$+80%=.

! J20%#(02#$2&$(`.a100%3(.$1%(%(.!02#$2&$(.R%&$%#.@%&()*1%$%#%.E%&%19
)*%.$%&.J20%#"&,2#1(201"#.6%()*&1%6%#=. /#(6%("#$%&%. 1(0. $1%. I%(03%9
,+#,. G+. 0&%''%#c. #2)*. R%3)*%5. !)*%52. $1%. [+55%&#@%&,26%. %&9
'"3,0=.J%##.#+&.$+&)*.$1%.;%&R%#$+#,.%1#%(.%1#*%1031)*%#.!)*%52(.
1(0. $1%. 71#$%+01,8%10. %1#%&. /$%#01'18201"#(#+55%&. *%&G+(0%33%#=. 71#.
E%1(-1%3. 1(0. $1%. 1#. $&%1. C%13%. ,%,31%$%&0%. -%&52#%#0%. /$%#0#+55%&.
#2)*./!Xl/7T9!02#$2&$.<AWDL=.

.

JYJ)
8'&(1,A=#0#'$%#)5#0)M>HNO"#$%&-9-:'#)

J1%. HI/J9C%)*#"3",1%. R1&$. 6%&%10(. 1#. @1%3%#. E%&%1)*%#. %1#,%(%0G0=. m%. #2)*.
2#R%#$%#$%&. E&2#)*%.R%&$%#.+#0%&()*1%$31)*%. !)*R%&-+#80%. $%&.\#R%#9
$+#,%#.,%#2##0`.

! /$%#01'18201"#. @"#. I2*&G%+,%#. 'P&. Q+,2#,(8"#0&"33%#c. G=. E=. \+0"9
62*#9a2+097&'2((+#,((4(0%5%. "$%&. /##%#(02$09a2+097&'2((+#,(9
(4(0%5%.S:"#$"#U..
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X
.

! /$%#01'18201"#.@"#.>%&("#%#`.\33%.(%10.$%5.Y<=<<=BYYA.2+(,%,%6%#%#.
$%+0()*%#.H%1(%-O((%.%#0*230%#.HI/J9T*1-(.510.61"5%0&1()*%#.J20%#.
S>2(('"0"c.I1#,%&26$&P)8%U..

! /$%#01'18201"#. @"#. C1%&%#`.\+b%&. $%&.V%##G%1)*#+#,. @"#.[+0G01%&%#.
510. HI/J9]23(6O#$%&#. "$%&.X*&%#52&8%#.R%&$%#. G+#%*5%#$. /5-9
32#020%.6%1.]2+(01%&%#.@%&R%#$%0=..

! V%##G%1)*#+#,. @"#.E2#8#"0%#`.J1%. 7+&"-O1()*%. Q%#0&2362#8. -32#0c.
HI/J9T*1-(.1#.7+&"9E2#8#"0%#.G+.1#0%,&1%&%#c.+5.6%((%&.,%,%#._%3$9
'O3()*+#,%#.,%()*P0G0.G+.(%1#=..

! V"#02803"(%.T*1-82&0%#. 'P&.E%G2*3(4(0%5%.+#$. 'P&.$2(.i2&%#9.+#$.
E%(02#$(52#2,%5%#0. G+5.E%1(-1%3. 1#. E1631"0*%8%#. +#$.]2#$%3(+#9
0%&#%*5%#=.S@,3=.Eai1.BYYFU.

J%&.E%&%1)*.:",1(018.8"550.$%5.1#.$1%(%5.I"&()*+#,(-&"?%80.+#0%&(+)*0%#.
E%&%1)*. $%&. 73%80&"S#18U9\30,%&O0%%#0("&,+#,. @1%33%1)*0. 25. #O)*(0%#=. J2*%&.
R%&$%#.$1%.71#(20G5N,31)*8%10%#.1#.$1%(%5.E%&%1)*.%0R2(.#O*%&.6%3%+)*0%0=.
/#.$%#.D.!0+'%#.$%&.:",1(018.

<= I2*&G%+,.
B= I&2)*0)"#021#%&.
L= i1%$%&.@%&R%&062&%.C&2#(-"&0%1#*%10%#.
M= C&2#(-"&0%1#*%10%#.
A= >&"$+80@%&-2)8+#,%#.
D= >&"$+80.

1(0.$1%.71#'P*&+#,.$%&.HI/J9C%)*#18.+#0%&()*1%$31)*.'"&0,%()*&100%#`.

i%10,%*%#$. %1#,%'P*&0. 1(0. $1%. HI/J9C%)*#18. 15. E%&%1)*. $%&. I2*&G%+,%`. /5.
E%&%1)*.$%&.a2+0%&'2((+#,.6%&+*0.$1%."#.6"2&$.+#10.2+'.$1%(%&.C%)*#18c.(1%.
R1&$.233%&$1#,(.+#0%&(0P0G0.@"#."-01()*%#.7&'2((+#,((4(0%5%#.'P&.I2*&G%+,9
2&0c.[+55%&#()*13$.+(R=.76%#(".82##.$1%(%.C%)*#18.15.E%&%1)*.$%&.T"#0219
#%&9:",1(018.23(.!02#$2&$.,%30%#j.23(.-&"51#%#0%(.E%1(-1%3.1(0.$2(.@"332+0"529
01()*%.a2#2,%5%#0.$%&.T"#021#%&.25.]256+&,%&.T"#021#%&9]2'%#.6%82##0=.
76%#(".R%10. @%&6&%10%0. 1(0. 6%&%10(. $1%. 7018%001%&+#,. @"#. _&"b,%61#$%#. +#$.
>23%00%#=.

/#. $%&. 71#'P*&+#,. 6%'1#$31)*. (1#$. $1%. 7018%001%&+#,%#. @"#. V2&0"#2,%#. +#$.
Z5@%&-2)8+#,%#=. /#.$%#.Z!\.R%&$%#.:1%'%&2#0%#.6%&%10(.@"#.,&"b%#.]2#9
$%3(*O+(%&#. ,%GR+#,%#c. HI/J. 1#. $1%(%5. Z5'2#,. %1#G+(%0G%#=. \5%&182#19
()*%.V"#G%&#%.,%*%#.2+)*.1#.7+&"-2.6%&%10(.$2G+.P6%&c.$1%(.@"#.$%#.*1%(19
,%#.:1%'%&2#0%#.G+.@%&32#,%#=.iO*&%#$.?%0G0.#+&.%1#G%3#%.>23%00%#.G+.%018%09
01%&%#. (1#$c.R%&$%#. -&". >23%00%. GR1()*%#. BY. +#$. FY. %1#G%3#%. V2&0"#%.510.
C&2#(-"#$%&#.G+.@%&(%*%#.(%1#=.J2510.R1&$.(1)*.$%&.\+'R2#$.15.:2,%&."$%&.
15.;%&(2#$.5+301-31G1%&%#=.71#%.R%10%(0,%*%#$%.\+0"5201(1%&+#,.$%&.!+--34.
T*21#.1#.$1%(%5.E%&%1)*.1(0.$2*%&.$&1#,%#$.%&'"&$%&31)*=<..

.
<.H.-Ch. Dönges in Siemens-Information Nr. DEM 0602.04 D, 2005.
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! 5 2 & 0 9 : 2 6 % 3 ( . 1 5 . 7 3 % 8 0 & " # 1 8 ( ) * & " 0 0 . 9 . 7 : ; / 7 ! .

!S.

J%&G%10.1(0.$1%.R%(%#031)*%.a"01@201"#.'P&.$1%.71#'P*&+#,c.6%1.2#*230%#$.*"9
*%5.V"(0%#$&+)8.5N,31)*(0. 233%.H201"#231(1%&+#,(-"0%#0123%.2+(G+()*N-'%#=.
J1%(.1(0.1#.$%#.E%&%1)*%#c.1#.$%#%#.R1%$%&.@%&R%#$62&%.C&2#(-"#$%&.%1#,%9
(%0G0.R%&$%#.8N##%#c.&%231(1%&62&=.J1%(%.6%(0%*%#.1#.

! \+0"5201(1%&+#,.@"#.7&'2((+#,.+#$.a2#2,%5%#0.@"#.i2&%#.15.E%9
&%1)*.:",1(018.+#$.]2#$%3.

! 7&'P33+#,.@"#.\+'32,%#.1#.$%&.i2&%#@%&'"3,+#,.
! E%(02#$(8"#0&"33%.+#$.:2,%&*230+#,.15._&"b9.+#$.71#G%3*2#$%3.
! [2)*R%1(.@"#.VP*38%00%#.+(R=.

/5.E%&%1)*.$%(.71#G%3*2#$%3(. 1(0.%1#%.R1&0()*2'031)*%.H%231(1%&62&8%10.#+&.6%1.
*")*-&%1(1,%#.i2&%#.,%,%6%#=.7(.5P((0%#.$2*%&.R%10%&%.;"&0%13%.$%&.C%)*9
#"3",1%.2801@1%&0.R%&$%#c.+5.%1#%#.a%*&R%&0.G+.%&G%+,%#=.J%&G%10.R%&$%#.
15.E%&%1)*.]2#$%3.%&-&"60`.

! 71#(-2&+#,%#.6%15.V2((1%&%#c..
! \+'R2#$(51#151%&+#,.6%1._2&2#01%3%1(0+#,%#.+#$.Z502+()*c..
! J1%6(02*3(1)*%&+#,c.26%&.2+)*..
! 7&(0%33+#,.@"#.V+#$%#-&"'13%#.+#$..
! V+#$%6%G",%#%.!%&@1)%3%1(0+#,%#=.

 

 
 
\6613$+#,.<`.I+#8%018%00.510.T*1-.+#$.\#0%##% 



! " # $ % & ' " & ( ) * + # , ( , & + - - % . / # ( 0 1 0 + 0 1 " # % # 2 # 2 3 4 ( % .
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!!
.

JYK)
"#$%&'($%#)C10'1&,#&)5#0)M>HNO"#$%&-9-:'#)

HI/J9C%)*#"3",1%. 1(0. %1#. !255%36%,&1''. 'P&. %1#%. >23%00%. @"#. !4(0%5%#c. $1%.
$1%.1#.V2-10%3.B=<.$2&,%(0%330%#._&+#$32,%#.,%5%1#(25.*26%#=.J1%.\#'"&$%9
&+#,%#.$%&.@%&()*1%$%#%#.\#R%#$+#,(6%&%1)*%.%&'"&$%&#.%1#%.?%R%13(.(-%G19
'1()*%.0%)*#1()*%.\+(,%(0230+#,=.J1%(.6%G1%*0.(1)*.G+#O)*(0.2+'.$1%.e6%&0&29
,+#,('&%f+%#G. $%&. /#'"&5201"#%#c. $1%. %1#%&(%10(. $1%. aN,31)*8%10%#. $%&.
C&2#(-"#$%&,%(0230c.2#$%&%&(%10(.2+)*.$1%.e6%&0&2,+#,(,%()*R1#$1,8%10.+#$.
$1%. H%1)*R%10%. 6%(0155%#=. J2510. @%&6+#$%#. (1#$. 2+)*. $2(. _%R1)*0c. $%&.
7#%&,1%6%$2&'.+#$.$1%.V"(0%#.$%&.C&2#(-"#$%&=.

7(.,160.2801@%.+#$.-2((1@%.C&2#(-"#$%&j.-2((1@%.R%&$%#.$+&)*.$1%.26,%(0&2*39
0%.7#%&,1%.$%(.:%(%,%&O0%(.2#,%&%,0c.$1%. /#'"&5201"#%#.$%(.T*1-(.G+.P6%&9
5100%3#c.2801@%.'+#,1%&%#.23(.J20%#0&O,%&.+#$.!%#$%&.,3%1)*G%101,`.

! >2((1@%.C&2#(-"#$%&.#+0G%#.2+(()*31%b31)*.$1%.7#%&,1%.$%(.@"5.:%(%9
,%&O0.%&G%+,0%#.52,#%01()*%#."$%&.%3%80&"52,#%01()*%#.I%3$%(=.

! !%512801@%.C&2#(-"#$%&.@%&'P,%#.P6%&.%1#%.1#0%&#%.!0P0G6200%&1%c.$1%.
$%&.!0&"5@%&("&,+#,.$%(.a18&")*1-(.$1%#0=.Q+5.!%#$%#.$%&.,%(-%19
)*%&0%#.J20%#.#+0G%#.(1%. ?%$")*.$1%.7#%&,1%.$%(.@"5.:%(%,%&O0.,%9
#%&1%&0%#.I%3$%(=..

! \801@%. HI/J9C&2#(-"#$%&.R%&$%#. 15. I%&#'%3$. %1#%(. :%(%,%&O0%(. 6%9
0&1%6%#=.!1%.*26%#.%1#%.1#0%&#%.E200%&1%c.$1%.$%#.a18&")*1-.+#$.$%#.
J20%#(%#$%&.510.7#%&,1%.@%&("&,0=.J1%.C&2#(-"#$%&.6%'1#$%#.(1)*.15.
H+*%G+(02#$c. ("'%&#. (1%. 8%1#. \801@1%&+#,((1,#23. %1#%(. :%(%,%&O0%(.
%5-'2#,%#=.S@,3=.Eai1.BYYFU.

71#.R%10%&%(. Z#0%&()*%1$+#,(5%&8523. 1(0. $%&. E%&%1)*. $%&. e6%&0&2,+#,('&%9
f+%#G%#=. /#. 7+&"-2. P631)*. (1#$. <BA. 8]. 'P&. $%#. [1%$%&'&%f+%#G6%&%1)*c.
<LcAD.a]Q.'P&.$%#.51003%&%#.I&%f+%#G6%&%1)*. Sn.]")*'&%f+%#GUc.%0R2.KDK.
a]Q.'P&.$%#.Z]I9E%&%1)*.+#$.BcM._]Q.'P&.$%#.a18&"R%33%#6%&%1)*B=.J2&2+(.
%&,%6%#.(1)*.%#0(-&%)*%#$.26,%(0+'0%.e6%&0&2,+#,(,%()*R1#$1,8%10%#.+#$.
H%1)*R%10%#.@"#.+#0%&.<.a%0%&.S:IUc.+#0%&.B.a%0%&#.S]IU.+#$.+#0%&.K.a%0%&#.
SZ]I.+#$.aiU.'P&.-2((1@%.C&2#(-"#$%&=.

7#0(-&%)*%#$.$%#.I&%f+%#G6%&%1)*%#.+#0%&()*%1$%0.(1)*.2+)*.$1%.E2+2&0.$%&.
C&2#(-"#$%&`./5.[1%$%&'&%f+%#G6%&%1)*.(1#$.2+',&+#$.$%&.!-+3%#'"&5.&+#$%.
E2+'"&5%#.@"&*%&&()*%#$c. 15.]I.+#$.Z]I9E%&%1)*.8N##%#.$1%.C&2#(-"#$%&.
'32)*c.$=*.23(.7018%00%#.Sg(52&0.326%3(hU.2+(,%'P*&0.R%&$%#=.

C26%33%.<.,160. %1#%#.e6%&631)8.P6%&. $1%.E2#$6&%10%.$%&.\#R%#$+#,%#.+#$.
1*&%.0%)*#1()*%#.\+(-&O,+#,%#=.

.
B./#.$%#.Z!\.+#$.m2-2#.G=E=.(1#$.%1#1,%.I&%f+%#G6%&%1)*%.2#$%&(.@%&,%6%#j.1#(6%("#$%&%.15.Z]I9E%&%1)*.

(1#$.$1%. 1#.7+&"-2.P631)*%#.I&%f+%#G%#.$%5.a"613'+#8.&%(%&@1%&0.+#$.+5,%8%*&0=.71#%.\#,3%1)*+#,. 1(0.

#1)*0.1#.!1)*0=.
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!J.

C26%33%.< e6%&(1)*0.P6%&.$1%.HI/J9!4(0%5%
.

Quelle: FTK 2006 
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!K
.

JYR)
>-0($%2&:#&)A20)M>HNO"#$%&'6)

J%&.!02#$.$%&.a2&80%1#'P*&+#,.@"#.HI/J9T1-(.G+&.V%##G%1)*#+#,.@"#.a2(9
(%#2&018%3#. (02,#1%&0. (%10. %1#1,%#. m2*&%#. 1#. %1#%&. g7&-&"6+#,(-*2(%h=. \3(.
_&+#$.R1&$.,%(%*%#`.g!"32#,%.$1%.HI/J9C2,(.510.832((1()*%&.!131G1+59C%)*#18.
*%&,%(0%330.R%&$%#c.(1#$.(1%.23(.a2((%#-&"$+80.@1%3.G+.0%+%&=.J1%.>&%1(%.31%,%#.
$%&G%10.#")*.6%1.LY.61(.AY.T%#0.9.51#$%(0%#(.+5.$%#.I280"&.<YY.G+.*")*=.
J1%.&1)*01,%.I%&01,+#,(0%)*#18.1(0.$2*%&.$%&.!)*3P((%3.G+.%1#%&.73%80&"#18c.$1%.
1#.5%*&%&%#. <YY.a13312&$%#. !0P)8. -&". m2*&. -&"$+G1%&0. +#$.510. $%&. ;%&-29
)8+#,.%#0("&,0.R%&$%#.RP&$%hL..

J1%.J%,+((2.I"&()*+#,.15.J%,+((2.!)1%#)%.0".E+(1#%((.T%#0%&.[2#"0&"#1)(.
1#.a2&3. (%0G0. 2+'. #%+%.J&+)80%)*#18%#.510. (131G1+562(1%&0%#.[2#"-2&018%3#=.
[%6%#.$%#.%3%80&1()*%#.71,%#()*2'0%#.R%&$%#. 2+)*.$1%.J&+)80%)*#"3",1%#.
R%10%&%#0R1)8%30=.J2(. &1)*01,%.\+(,2#,(520%&123. 1(0.6%&%10(.@"&*2#$%#c.26%&.
7018%00%#.510.2+',%$&+)80%#.C\_(.(1#$.#")*.Q+8+#'0(5+(18=.E1(.(1%.23(.a2(9
(%#-&"$+80.G+&.;%&'P,+#,.(0%*%#c.R%&$%#.(1)*%&.%1#1,%.m2*&%.7#0R1)83+#,(9
2&6%10.%&'"&$%&31)*.(%1#=.SJ%,+((2.BYYAU..

/#. J2&5(02$0. R1&$. 23(. V""-%&201"#. @"#.a%&)8. +#$. $%&. CZ. J2&5(02$0. $2(.
a%&)89:26.2#.$%&.CZJ 6%0&1%6%#j.$"&0 (%0G0.52#.#")*.%1#%#.!)*&100. '&P*%&.
2#.+#$.1(0.2+'.$%&.!+)*%.#2)*.%1#%5.#%+2&01,%#.a20%&123=.Q1%3.1(0.%(c.%1#."-9
01523%(. a20%&123. 'P&. $&+)862&%. %3%80&1()*%. !)*230+#,%#. 2+'. 2#"&,2#1()*%&.
E2(1(.1#.I"&5.%1#%&.>2(0%.G+.%#0R1)8%3#.S(=2=.V+&(2R%.BYYFU=.\+)*.R%##.*1%&.
15.]1#0%&,&+#$.$2(.Q1%3.(0%*0c.7018%00%#.'P&.R%#1,%&.23(.<.)0l!0P)8.*%&(0%33%#.
G+. 8N##%#c. 1(0. $%&. !)*R%&-+#80. *1%&. $1%. a20%&123'"&()*+#,c. RO*&%#$. $1%.
J&+)80%)*#"3",1%.#+&.G+5.C%(0.$%&.a20%&123%1,%#()*2'0%#.$1%#0=M..

!52&0>2)8` J2(. EaEI. 'N&$%&0. %1#. _%5%1#()*2'0(-&"?%80. @"#. >*131-(c. !a/.
_56].+#$.\:T\[.G+&. 7#0R1)83+#,.@"#.%3%80&"#1()*%#.7018%00%#.2+'.HI/J9.
6GR=.!%#("&62(1(=.!52&0>2)8.("33.#1)*0.%1#'2)*.%1#.HI/J9\+'83%6%&.(%1#c.("#9
$%&#. ()*"#. 6%1. $%&. ;%&-2)8+#,(*%&(0%33+#,. 6%&P)8(1)*01,0. R%&$%#=. E%19
(-1%3(R%1(%.8N##0%.52#.1#.@1%3%#.;%&-2)8+#,%#.("R1%(".@"&*2#$%#%.a%0239
31(1%&+#,()*1)*0%#.23(.\#0%##%.#+0G%#=.7(.,%*0.26%&.#1)*0.#+&.+5.I+#80%)*9
#18c.("#$%&#.2+)*.+5.!%#("&%#.G=E=.'P&.C%5-%&20+&."$%&.2#$%&%./#$1820"&%#=.
S,"3%5./C9[%R(.BYYAU..

J1%. >"34/T._56]. 1(0. %1#. m"1#0. ;%#0+&%. GR1()*%#. $%&. !1%5%#(. \_. +#$. $%&.
:%"#*2&$.V+&G._56]=.>&"?%80G1%3. 1(0.$1%.7#0R1)83+#,.@"#.$&+)862&%&.73%809
&"#18.23(.E2&)"$%97&(20G`.J1%.I1&52.*20.S30=.%1,%#%#.\#,26%#.25.<L=<=BYYAU.
510.DYY.8]G.$1%.()*#%33(0%."&,2#1()*%.1#0%,&1%&0%.!)*230+#,.("R1%.32+''O*1,%.
HI/J9C2,(. @"&,%(0%330c. $1%. 2+'. -"345%&%#. "&,2#1()*%#. ]2363%10%&#. 62(1%&%#=.
Q1%3.1(0.%(c.%1#%#.<LcAD.a]G.!02#$2&$.G+.%&&%1)*%#=.7&(0%.\--318201"#%#.(1#$.

.
L.Degussa Presse-Information Nr. 10, 7.9.2005, S.2.
4 Das Labor lief im Frühjahr 2006 an. Leiter ist Prof Dr. Jörg Schneider, Anorganische und physikali-

sche Chemie an der TUD 
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!R.

$1%.S6%&%10(.2+'.$%5.a2&80.G+.6%"62)*0%#$%#U.%1#'2)*(0%#.HI/J9I+#801"#%#.
'P&.a2&8%#9.+#$.IO3()*+#,(()*+0G=.\3(.Q1%3.R%&$%#.-&%1(R%&0%.I+#8%018%00%#.
23(.!0&1)*)"$%97&(20G.2#@1(1%&0=.SE;J>.BYYDU..

J1%. 'P&. $1%. Z5(%0G+#,. $%(. 73%80&"_. +#$. $2510. 'P&. $2(. I"&()*+#,(-&"?%80.
7:;/7!.15.%#,%&%#.!1##.&%3%@2#0%#.7#0R1)83+#,%#.6%G1%*%#.(1)*.2+'.%1#G%3#%.
_%,%#(0O#$%.6GR=._%&O0%c.("510.%*%&.2+'.$1%.:",1(018976%#%.$%(.71#G%3*2#9
$%3(=.E%82##0.1(0.$1%.7&-&"6+#,.@%&()*1%$%#%&.1##"@201@%&.C%)*#18%#c.$1%.2+'.
HI/J.6%&+*%#c.15.g7^0&2.I+0+&%.!0"&%h.$%(.]2#$%3(8"#G%&#(.a%0&".1#.H*%1#9
6%&,=.]1%&.@%&(+)*0.52#.(%10.BYYMc.$1%.C%)*#"3",1%. 'P&.@%&()*1%$%#%.E%&%19
)*%. $%(. 71#G%3*2#$%3(. #+0G62&. G+. 52)*%#c. G=E=. 23(. g1#0%331,%#0%. i22,%hc.
g1#0%331,%#0%&. 71#82+'(R2,%#h. "$%&. 23(. g!%36(0G2*3%&82((%h. S(=2=. a%0&".
BYYKU=.

JYL)
F,Z01&.;99':6#',)=#')5#0)N1,#&/=#0,01:2&:)

J1%.V"--%3+#,.GR1()*%#.C&2#(-"#$%&.+#$.:%(%%1#*%10.%&'"3,0.1#$+801@.$+&)*.
%1#.a2,#%0'%3$. S:I. +#$.]IU. "$%&. P6%&. %3%80&"52,#%01()*%.i%33%#c. $=*=. 23(.
!0&2*3+#,. SZ]Ic. aiU=. J2&2+(. %&,%6%#. (1)*. 0%13R%1(%. $%+031)*%c. $+&)*2+(.
+#0%&()*1%$31)*%.!0N&2#'O331,8%10%#.$+&)*.>&"$+80520%&1231%#`.

o.I&%f+%#G%#.15.B> E%&%1)*.SB"R.>&%f+%#)4c.P631)*%&R%1(%.<BA.8]GU.$+&)*9
$&1#,%#.$1%.5%1(0%#.a20%&123%#.+#$.31%'%&#.8"#(02#0%.7&,%6#1((%.15.,%(259
0%#. :%(%6%&%1)*=. [+&. ,%,%#P6%&.a%0233%#. ,160. %(. %1#%. ,%&1#,%. !%#(161310O0=.
J1%(%&. I&%f+%#G6%&%1)*. $2&'. R%30R%10. "*#%. 71#()*&O#8+#,%#. %1#,%(%0G0.
R%&$%#=.:I9C&2#(-"#$%&.8N##%#.2+',&+#$./*&%&.E2+2&0.#1)*0.23(.7018%00.2+(9
,%'P*&0.R%&$%#=..

o. I&%f+%#G%#. 15 [>9E%&%1)*. S[1,*. >&%f+%#)4c. P631)*%&R%1(%. <LcAD. a]GU.
$+&)*$&1#,%#. $1%. 5%1(0%#. a20%&123%#=. !0N&+#,%#. 0&%0%#. 2#. 5%#()*31)*%#.
+#$.01%&1()*%#.VN&-%&#.0%13R%1(%c.2#.a%0233%#.+#$.I3P((1,8%10%#.$%+031)*.2+'=.

o. J1%. I&%f+%#G%#. 15 \[>9E%&%1)*. S\30&2. [1,*. >&%f+%#)4c. 1#. 7+&"-2. KDK.
a]QU.R%&$%#. 23(. %3%80&"52,#%01()*%. !0&2*3+#,. 26,%,%6%#c. $1%. @"#. @1%3%#.
a20%&1231%#c. 1#(6%("#$%&%. i2((%&. 6%%1#'3+((0. R%&$%#. 82##=. J1%. !0&2*3%#.
$+&)*$&1#,%#.#1)*0.233%.a20%&1231%#c. 1#(6%("#$%&%.I3P((1,8%10%#c.VN&-%&.+#$.
71(c. 26%&. 2+)*. a%0233%. +#$. 52#)*%. V+#(0(0"''%. (1#$. -&"63%5201()*=. J1%.
C&2#(-"#$%&. R%1(%#. ,+0%#. \#018"331(1"#(971,%#()*2'0%#. +#$. $1%. ()*#%33%.
J20%#P6%&0&2,+#,(&20%#. 2+'c. 5P((%#. 26%&. 2+'. 1*&%. +#0%&()*1%$31)*%#. C&O9
,%&520%&1231%#.-&OG1(%.26,%(01550.R%&$%#=.Q+.a%0233"6%&'3O)*%#.6%#N01,%#.
$1%. C&2#(-"#$%&. G=E=. %1#%#. a1#$%(026(02#$c. +5. 2&6%10%#. G+. 8N##%#. S@,3=.
!)*&%1#%&.BYYAU.

J1%.H%'3%^1"#.@"#.Z]I9i%33%#c.@"&.233%5.2#.a%0233c. 'P*&0.G+.GR%1.7''%80%#c.
$1%.1#.$%&.>&2^1(.%&*%631)*%.>&"63%5%.6%&%10%0%#=.J%&.%&(0%.7''%80.("&,0.$2'P&c.
$2((.HI/J9C2,(.$+&)*.a%0233. (". 26,%()*1&50.R%&$%#.8N##%#c.$2((. (1%. @"5.
:%(%(4(0%5. #1)*0.5%*&. p,%(%*%#q.R%&$%#=.a%0233,%*O+(%c. E31(0%&9. "$%&. ;29
8++5@%&-2)8+#,%#. 2+(. a%0233. 8N##%#. 2#$%&%. \&018%3. (". @%&$%)8%#c. $2((.
$%&%#.C&2#(-"#$%&.#1)*0.5%*&.%&82##0.R%&$%#=.
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!L
.

J%&.GR%10%.7''%80.%#0(0%*0.6%15.$1&%80%#.\#6&1#,%#.@"#.HI/J9C2,(.2+'.5%9
02331()*%#.X6?%80%#=.]1%&.8"550.%(.2+',&+#$.$%&.J1-"3971,%#()*2'0.$%&.C2,9
\#0%##%.G+.%1#%&.\&0.V+&G()*3+((c.("$2((.$%&.HI/J9T*1-.#1)*0.5%*&.510.2+(9
&%1)*%#$.7#%&,1%.@%&("&,0.R1&$=.IP&.$2(.:%(%,%&O0.63%160.$1%(%&.C&2#(-"#$%&.
$2##.%6%#'233(.+#(1)*062&=..

71#.O*#31)*%(.>&"63%5.r.R%##,3%1)*.510.2#$%&%#.-*4(18231()*%#.Z&(2)*%#.r.
%#0(0%*0.$+&)*.I3P((1,8%10%#=.S@,3=.i%1#3O#$%&.BYYDU.

J1%(%. >&"63%5%. (1#$. $+&)*. -&OG1(%. \6(0155+#,. $%(. HI/J9!4(0%5(. 2+'. $%#.
?%R%131,%#. Z#0%&,&+#$c. %1#%. ,%&%,%30%. >"(101"#1%&+#,. $%&. C&2#(-"#$%&. +#$.
%1#%.%^280%.m+(01%&+#,.$%&.>"(101"#.@"#.C&2#(-"#$%&.+#$.:%(%,%&O0.G+%1#2#9
$%&. 3N(62&. S@,3=.!)*&%1#%&.BYYAU=.J1%(%.:N(+#,%#.(1#$.#20P&31)*.510.G+(O0G319
)*%#.V"(0%#.@%&6+#$%#=.

/#.$%&. C26%33%.B. (1#$.$1%. !0N&2#'O331,8%10%#.$%&. %1#G%3#%#. C&O,%&'&%f+%#G%#.
$2&,%(0%330=. J1%.a18&"R%33%#9C%)*#18.R1&$. *1%&. #1)*0.R%10%&. @%&'"3,0c. $2. (1%.
2+'.2#$%&%.\#R%#$+#,(6%&%1)*%.23(.$1%.>&"$+808%##G%1)*#+#,.2+(,%&1)*0%0.
+#$.'P&.%1#%.a2((%#2#R%#$+#,.G+.8"(0%#1#0%#(1@.1(0=.
.
C26%33%.B`.!0N&2#'O331,8%10.$%&.!%#$%'&%f+%#G%#.
.

Material Mensch Metall Flüssigkeiten Kunststoffe
Frequenz

LF 125 KHz nein wenig nein nein

HF 13,56 MHz teilweise ja ja nein

UHF 868 MHz passiv deutlich ja deutlich teilweise

UHF 868 MHz aktiv nein wenig nein nein
.

d+%33%`.CE[._56].
.

JYU)
WD'($%#&O>1A',)A20)M>HNO"#$%&-9-:'#)

J1%.HI/J9C%)*#18.1(0.G=E=.1#.$%#.E%&%1)*%#.:",1(018c.C1)8%01#,c.C1%&*230+#,.+#$.
]2#$%3. SJ1%6(02*3(1)*%&+#,c. C%^0131%#U. 6%&%10. 0%13R%1(%. %1#,%'P*&0=. /*&%. !0O&9
8%#.R%&$%#.510.'"3,%#$%#.71,%#()*2'0%#.6%()*&1%6%#`.

! H"6+(0%.C%)*#18c.
! ()*#%33%.e6%&0&2,+#,(&20%#.$%&./#'"&5201"#c.
! 6%&P*&+#,('&%1%(.\+(3%(%#c.
! \+(3%(%#."*#%.!1)*08"#0280c.
! \+(3%(%#.2+'.,&"b%.7#0'%&#+#,%#c.
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!U.

! 61331,%.7018%00%#c.
! R1%$%&@%&R%#$62&%.7018%00%#c.
! G+&.5%*&'2)*%#.e6%&()*&%16+#,.,%%1,#%0c.
! G+&.7&'2((+#,.,&"b%&.J20%#5%#,%#.,%%1,#%0c.
! >+38'O*1,.

.

:%0G0%&%. 71,%#()*2'0. 6%$%+0%0c. $2((. 5%*&%&%. C&2#(-"#$%&. S61(. G+. DYYU.
,3%1)*G%101,.%&82##0.+#$.1#.(%*&.8+&G%&.Q%10.2+(,%3%(%#.R%&$%#.8N##%#=.;"&9
2+((%0G+#,%#. $2'P&. 1(0. %1#%. %#0(-&%)*%#$%. \+((0200+#,. $%&. C&2#(-"#$%&.
+#$.%1#.>&"0"8"339;%&'2*&%#.S\#018"331(1"#@%&'2*&%#U.$2(.(1)*%&(0%330c.$2((.(1)*.
#1)*0.233%.C2,(.,3%1)*G%101,.6%15.H%2$%&.5%3$%#c.$2((.?%$%(.C\_.,%#2+.%1#9
523. ,%3%(%#.R1&$. +#$. $2##. ()*R%1,0=. J2&P6%&. *1#2+(. (1#$. $%&. _&Nb%. $%(.
>+38(.%#0(-&%)*%#$.*"*%.e6%&0&2,+#,(&20%#.%&'"&$%&31)*j.$1%.C&2#(-"#$%&.1#.
%1#%5.>+38.$P&'%#.(1)*.#1)*0.6%&P*&%#=.

J1%.HI/J9C%)*#"3",1%. 1(0.%1#.!255%36%,&1''c.$%&.@1%3%.2+'.%1#.\#R%#$+#,(9
,%61%0.26,%(01550%.0%)*#1()*%.:N(+#,%#.%#0*O30=.C26%33%.L.,160.%1#%.,&"6%.
e6%&(1)*0.P6%&.%1#1,%.71,%#()*2'0%#=.

/#.$%#.E%&%1)*%#.:",1(018."$%&.\+0"5201"#.R%&$%#.$1%.71,%#()*2'0%#.(",2&.
2+'. ?%$%(. Z#0%&#%*5%#. (-%G1'1()*. G+,%()*#100%#=. 7(. ,160. 23(". 8%1#. HI/J9
!4(0%5c.$2(.233%."=,=.71,%#()*2'0%#.2+'.(1)*.@%&%1#1,%#.8N##0%=.7(.%&()*%1#0.
$2*%&. (1##@"33c. 2+)*. 2#$%&%. C%)*#"3",1%#. $%&. /#'"&5201"#(P6%&51003+#,. 1#.
$1%.e6%&3%,+#,%#.%1#G+6%G1%*%#=.
.
C26%33%.L`.\#R%#$+#,(@%&,3%1)*.$%&.HI/J9I&%f+%#G6%&%1)*%.
 

Technologie Standard Reichweite Preis Störanfällig
[m]

LF 125 KHz weltweit 0,5 gering gering

HF 13,56 MHz weltweit 3 mittel hoch

UHF 868 MHz europaweit 9 mittel hoch

UHF spezial europaweit 9 hoch gering

UHF aktiv europaweit 60-80 sehr hoch gering

 
.
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!P
.

K)
Q9,#0&1,'E#&)./0)#'&)40-526,OH&.-031,'-&((<(,#3)

[%6%#.$%&.HI/J9C%)*#"3",1%.,160.%(.#")*.R%10%&%.aN,31)*8%10%#c. /#'"&52019
"#%#.P6%&.%1#.>&"$+80.2#.$1%(%5.26G+3%,%#."$%&.(1%.2+'.2#$%&%5.i%,.P6%&.
$%#.,%(250%#.>&"$+809:%6%#(R%,.G+,O#,31)*.G+.52)*%#=.

KY!)
8'&5'3#&('-&19#)710$-5#()

71#$15%#(1"#23%. E2&)"$%(. %#0*230%#. /#'"&5201"#%#c. $1%. #2)*. 6%(01550%&.
;"&()*&1'0. @%&()*3P((%30. R+&$%#j. (1%. (0%33%#. $1%(%(. J20%#520%&123. 1##%&*236.
$%(.E2&)"$%'%3$%(.1#.I"&5.@"#.,%'O&60%#.!0&1)*%#.+#$.'2&63"(%#.:P)8%#.,&29
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5 z.B. zur Identifizierung von Bauteilen, die von Automaten erkannt werden sollen; häufig sind hier die 

Symbole in die Werkstücke geätzt, ohne zusätzliche Materialien verwenden zu müssen 
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6 AIM = Verband für Automatische Datenerfassung, Identifikation und Mobilität 
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C26%33%.M`.V"(0%#P6%&(1)*0.
.

Technik örE Erstbehandler

Position

Scanner incl. PC 
und Funkverbindung [€] 2.500 2.500
Anzahl [-] 1.500 500

Fließbandsystem [€] 75.000

Anzahl [-] 10

Software [€] 200.000 200.000

Umbaukosten [€] ?? 0

Implementation [€] ?? ??

Gesamtkosten [Mio. €] 4,0 2,2

Kosten für die Ausrüstung mit Code-Lesern

.
.
.
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