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1B;2Mbi M/B;F2Bib2 F mM;

>B2 KBip2 bB+?2°'2B+?->2MMBM; S m2Hb-/ bAMB2ipR2#HN 22 @M
K2 /2b p2 #2bbBMZV2bilBIMM/2D Zm HBi ibbB*?2@mmM.;J QONV@

H2WRH#bibi M/B; pQM KB  mM/ Q?M2 7 2K/2 >BH72p2 7 bbirQ /2
ZMm2HH2M mM/ >BH7bKBii2H Hb /B2 M;2;2#2M2M #2Mmixi rQ /2
/12> "#2Bi- /B2 M/2 ' 2M q2 F2M m+? 2H2Fi QMBb+?22M J2/B2N
aBMM M +? 2MiMQKK2M rm /2M- m7 D2/2M 6 HH mMi2" M; #2 /2
FZMMiHB+? ;2K +?irQ /2M bBM/X JB Bbi #2F MMi-/ bb 2b bB-
2BM2 h mb+?mM; ? M/2Hi- /B2 ;2K =/2"S'C7TmM;bQ /MmM; b MF

A+?2 2°FH "2 KB+? KBi 2BM2K #;H2B+? /2" “#2Bi KBi M/2 2M h2t
POM B#2 2BMbiBKKmM:2M bQrB2 KBi 2BM2  xm /B2b2K wr2+F pQ"
[2° “#2Bi BM 2BM2 . i2M# MF 2BMp2 bi M/2MX
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k h?2Q 2iBb+?2 : " mM/H ;2M

KXR : b/2iI2FIQ 2ZM X X X X X X X X X X X X X X X X X X X >
kKXRXR :b@: BM X X XXX XXX XXXXXXXXX X
kKXRXk o0oB2H/ ?2iT'QTQ iBQM HF KK2™M X X X X X X X .
L2i12FIQ° 2M 7C " B#2; M;bbi® ?HmM; X X X X X X X X X
kXkXR B#2 ; M;bbi® 2HmMM; X X X X X X X X X X X X X
kXkXk 6mMMFIiBQMbT BMxBT X X X X X X X X X X X X X
kKXkXj .2 *J@h_. X X X X X XXX XXX XXXXXXX
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j 1tT2 BK2Mi2HH2  m7# m

JXR 6mMFIiBQMbT BMxBT /2" : BM@a+ Mb X X X X X X X X
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IXKXR L2iXi2BH2X X X X X X X X X X X X X X X X X X X
iIXKXk BBHi2#Q '/ X X X X X X X X X X X X X X X X X >
i XKXj

L2i12FiQ 7 bp2 ' bQ ;mM; X X X X X X X X X X X X X
JXkX9 *L*@J b+?BM2 X X X X X X X X X X X X X X X X

9 Zm2HH@*? ~ Fi2 BbiBF

O9XR w27 HHbE®Z22X Xp@MK X X X X X X X X X X X X X X X X
9Xk EQHHBK iQ X X X X X X X X X X X X X X X X X X X X
9Xj J2bbmM; /2> AMi2MbBi ibp2'i2BHmMM; /2> Zm2HH2 X X X
9X9 "2b+?°2B#mM; /2° AMi2MbBi ibp2 i2BHmMM;

XX X X X X
9X8 #bQ TiBQM /2 ai” ?HmMmM;

XX XXX XXX XXX X X .



pB AM? Hibp2 x2B+?MBb

8 : BM@a+ Mb kd
8XR *? " Fi2 BbB2 mM; /2  EQKTQM2Mi2M X X X X X X X X X
8XRXR Mm~°bmM; /2  ai QKK2bbmM; X X X X X X X X X X
8XRXk .mMF2Hbi QKp2'? Hi2M X X X X X X X X X X X X >
8Xk a+ M /2 pQHHbI M/B;2ME KK2> X X X X X X X X X X X X
8Xj 1BM~mbb /2b .Bz2 2Mx/ m+Fb X X X X X X X X X X X X X
8XjXR 1BMbi2HH2M 2BM2b 2 °?°?i2M .Bz2 ' 2Mx/ " m+Fb X X
8XjXk a+ M /2 pQHHbi M/B;2M E KK2  mMi2® 2 ?2°?2i2K . "m+
8XjXj . m+F #? M;B;F2Bi/2b: BMb X X X X X X X X X X X
8XjX9 1BM~mbb /2  .27Q K iBQM /2b 62Mbi2 b m7 /2M : BN\
8X9 : BM ME "#QMbT Qbb2M X X X X X X X X X X X X X X X
8X8 : BM M /2 FiBpB2 'i2K MQ/2Mb2;K2Mi X X X X X X X X X
8Xe .2i2FiQ ' F HB# iBQM X X X X X X X X X X X X X X X X X

e wmb KK2M7 bbmM; mM/ mb#HB+F

IMbB+?2 ?2Bib#2i  +?2imM; 8R
XR "2°2+?2MmM; /2 IMbB+?2 ?2Bi2M X X X X X X X X X X X >
Xk . "bi2ZHHmM; /2" IMbB+?2 ?2Bi2M /2 : BM@a+ Mb X X X X

" 2+4?2MmMM;:2M mM/ >2 H2BimM;2M
"XR EQHHBK iQ :2QK2i'B2 mM/ Zm2HHT Q}H X X X X X X X X
"Xk #bQ TiBQMbFQ2{xB2Mi pQM a ;Qt@R3 X X X X X X X X X

* " Mb7Q K iBQMbK i Bt 8d

GBi2  im° 8N



1BMH2BIimM;

. b* QKT 2bb2YQMB+i2U*"JV 1tT2 BK2Mi Bbi 2BM "2b+?H2mMB ;2"
/2bb2M ai i 7C kyk3 ;2TH Mi Bbi& #BHBG v MABH Qi QAD MM/
_2b2 "YUB B V- r2H+?2 Mb :aA >2HK?QHixx2Mi"mK 7C" a+?r2

"Kbi /i Mb+?HB2=iX > mTii2BH /2b 6 B " @"2b+?H2mMB;2 FQ
_BM;#2b+?H2mMB;2 b2BMX .B2b2 rB'/BM /2 G ;2 b2BM-BM °
OW /2 GB+?i;2b+?rBM/B;F2Bi xm #2b+?H2mMB;2MX
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##BH/ mMMaRXR iBb+?2 . "bi2HHmMM; /2b ;2TH Mi2M *"J@ m7# m

[2M 2BMX2HM2M am#bvbi2K2MK .BIDRBERONS ;28 iBIQ N
.2i2FiQ' b bBM/BM:'"CM mM/:" m/ ;2bi2HHiX 1MiMQK

*"JBbi 268BA2/ @ h@12IT2 BK2Mi- #2B /2K /B2 h2BH+?2M pQK aAaRy

m7 2BM 6QHB2M@h ";2i ;2H2MFir2 /2MX . b wB2H /2b 1tT2 B



Kk R 1BMH2BimM;

/2b S? b2M/B ;> KKb /2 Zm Mi2M+? QKQ/vM KBF- KBi #2bQM/2"
S? b2MC#2 ; M; xrBb+?2M # vQMBb+?2 J i2 B2 mM/Zm F@:Hm
h2BH+?2M/B+?i2M (6" BRR)X

.27 L2i2FiQ  /2b *"J@1tT2 BK2Mib Bbi mb K2? 2 2M am#bvbi2K2M
.B2b2 bBM/ BM ##BH/mM; RXR / ";2bi2HHIi mM/ #2M MMiX IMi2" M|
iBb+?2 . "bi2HHmMM; /2bh mVEBMBQRINB QM 2+iQh_.V-r2H+?2 BM
pB2 G ;2M mMi2 i2BHi BbiX .B2b2" .2i2FiQ /B2Mi /2 h2BH+?2M
p2 " 7QH; mM;X .B2JQ/mMH2 /2b h_.b#2 m?2M m7 oB2H/ ?2iT QTQ
r2/2Mm BM AMbiBimi2M BM "mF "2bi- 6" MF7m'i XJX mM/ BM JCMb
1BMrB+?iB;2 h2BH /2 ;2TH Mi2MS ' Q/mFiBQM /2 h_.@JQ/mH2Bb
72 iB;;2bi2HHiI2" E KK2 " MX wm /B2b2" ;2?° i1 /B2 Q' ib m7;2H°bi2 J
xm™ "2bi iB;mM; /2bb2M >QKQ;2MBi i mM/ /2" :2rBMMmM; 2 bi2"
6C /B2b2M wr2+F rm /2 2BM h2bibi M/ 2MirB+F2Hi- BM /2K h_.@E
r2 /2M FOMM2M X

AKwm;2 /B2b2 " "#2BiF K2bxm 1 b2ixmM; pQM "2bi M/i2BH2M /.
02" M/2 mM;2M ? ii2M xm™  6QH;2-/ bb bB+? /B2 Zm HBi i/2 : BM@
.2 p2 #2bb2°i2 h2bibi M/ rm* /2 p2 r2M/2i- mK: BM@h2bib M 2BM2"
/Im +2xm7C? 2MX .B2 /m +?;27C? i2MJ2bbmM;2M bQHH2M xmK 2
;2H°bi2 : BM@J2bbmM;2M KBi /2K p2 " #2bb2°i2M h2bibi M/ K°; HB A
bQHH2M "2Q# +?2imM;2M #2B /2M : BM@J2bbmM;2M 2 FH i mM/ 2



h?2Q 2iBb+?2 : mM/H ;2

kKXR : b/2i2FiQ 2M

g2MM ai® ?HmM; 2BM : bpQHmMK2M /m +?H m7i- F MM 2b xm A
FQKK2MX .B2b ? M;i pQM /2" "i /2b : b2b- bQrB2 pQM /2" i
ai ?HmM; #X >2 "'b+?i 2BM 2H2Fi Bb+?2b 62H/ BMM2 ? H# /2
/IB2 1H2Fi"QM2M mM/ AQM2M ;2i"'2MMi- /B2 /m +? /B2 2BMi  2i
.2i2FiQ ' 2M- /B2 /B2b2 1B;2Mb+? 7i mbMmix2M mM/ /B2 7 2B r
r2°/2M ; b;27CHHiI2 AQMBb iBQMb/2i2FiQ 2M ;2M MMi (EgRe)X
HH;2K2BM ;B#i 2b 2BM2 oB2Hx ?H M "i2M pQM : b/2i2FiQ 2M-/
Q/2° Qib m7;2H®°bi /2bb2M 02"H m7 K2bb2M F°MM2MX 1BMx2HM
#2bi2?2M mb oB2H/" ?2iT°QTQ iBRMHIB@BKQ TID U BKPMKL K2 "

Fm ' x JgS*VX 6QH;2M/2 #b+?MBii2 #27 bb2M bB+? / ?2° pQ " M;
mM/ /2 6mMFIiBQMbr2Bb2 /B2b2" .2i2FiQ" "iX

KXRXR : b@: BM

.B27°2B2G /mM;- /B2 #2B 2BM2K AQMBb iBQMbT Qx2bb 2Mibi25
:20=2 MB+?i /B 2Fi K2bb# "X . KBi /2MMQ+? #2BbTB2Hbr2Bb2 /2
h2BH+?2M BK : bpQHmMK2M ;2K2bb2M r2 /2M F MM- Kmbb 2b xm" o
FQKK2MX >B2 xm rB/ mb;2Mmixi-/ bb 1H2Fi'QM2M- /B2 BK M;:
#2D+?2H2mMB:i r2 /2M- #2B ;2MC:2M/ 2Q?2" :2b+?rBM/B;F2Bi r2B
mbH°b2M FOMM2MX 1b FQKKi/ /m +?2 xm™~ H rBM2M “iB:2M mb#"
BM B+?2imM; /2" MQ/2/2b .2i2FiQ b (EqRe)X

qB / ai’ ?HMM; pQM 2BM2K : b/2i2FiQ" :2K2bb2M- bQ nm2 /2M BK :
AQMBb iBQM2M mb;2H°biX gB/ pQM 2BM2K AQMBB-iBBQMbT |
/B2b2 p2°bi "FiX .2 6 FiQ  /B2b2  : bpB:bBMFMBM; :URM@HBXFiQ"
G:;2M MMimM/ ? i #2B E KK2 M /2b *"J@h _.b AB2(*"3RN R /MmN



9 k h?2Q 2iBb+?2 : " mM/H ;2M

6C /B2 G /mM;b> i2-r2H+?2bQ M /2 MQ/2 MFQKKbLmM/ Hb M
2K2bb2M r2°/2M F MM- ;BHi M +? (a mR9),

hi G e UKXRV
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>B2 #2B BiWaoMB2 _ i2 M T BK "2M 1H2Fi'QM2MX .B2b2 b2ixi
T BK "2M AQMBh -i BXXMKOBii®2 2M 1M2 :B2p2 HinmiM/ @ h2BH+?2
AQMBb iBQWRMD ;B2b xmb KK2MX

2KM +? Bbi /2" MQ/2Mbi'QK T'QTQ iBQM H xm" _ i2 M T BK 2]
xmK : b@:1BMMUN GVX q2MM /B2 T'BK "2 AQVBIMbB QM BH 2B #i -

H bb2M bB+? /m +? /B2 J2bbmM; /2b MQ/2Mbi QKb mbb ;2M C#:
i*2z2MX

kXRXk 0B2H/> 2iT°QTQ iBQM HF KK2'M

/LA L

S
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##BH/MMakXRK iBb+?2° m7# m 2BM2  0B2H/  ?2iT°QTQ iBQM HF
mb K272 2°2M MQ/2M/" ?2i2M mM/ E i?Q/2M@S /b- xrBb+
>Q+?2@aT WWMNMW 2H2:i BbiX .B2 aB;M H mbH2b2 2 7QH
aTB2;2HH /mM; m7 /2ME i?Q/2M@S /bX IMiMQKK2M 1

.B2 BM #b+?MBii KXRXR #2b+? B2#2M2 02 pB2H7 +?mM; /2" 7 2B2
mb;2Mmixi- mK h2BH+?2Mbi™ ?HmM; Q ib m7;2H°bi /2i2FiB2 2M X
x2B;i /2M b+?2K iBb+?2M m7# m 2BM2 JgS*X C2/2 oB2H/  ?iT"
#2bi2?i mb T ~ HH2H M;2Q /M2i2M MQ/2M/" ?i2M-r2H+?2 Hb MQ
T HH2H xm xr2B E i?Q/2M2#2M2M HB2;2MX AK / ";2bi2HHIi2M "2
E i?7Q/2M2#2M2M BM bQ;2M MMi2 S /b b2;K2MiB2 iX .m +?/ b MF



k h?2Q 2iBb+?2 : mM/H ;2M 8

>Q+?bT MMmMM; M /B2 MQ/2M/" ?i2 2Mibi2?i 2BM 2H2Fi Bb+?2
E BK/B 2Fi2M IK72H/ /2" ." ?i2 KB khKK #b?iM/mMBK KLt/ X

gB’/ BK: bpQHmMK2M /2" oB2H/ " ?iF KK2° 2BM2 AQMBb iBQM m
[/ b7°2B;2rQ /2M2 1H2Fi QM BM _B+?imM; /2b M +?bi;2H2;2M2M
2 ?2°?i12 1@62H/ FQKKi 2bxm G rBM2M#BH/mM; mM/ 02 pB2H7
BM /2 L ?2/2b . ?i2bX .B2 2 ?°?2i2 G /mM; BM /2 AQMBb iBQI
/I2M E i?2Q/2M@S /b aTB2;2HH /'mM;2M- r2H+?2 mb;2H2b2M rz
m7b+?Hmbb C#2  /2M P i /2 T'BK "2M AQMBb iBQM ;2#2M (a n

kXk .2i2FiQ 2M 7C B#2 ; M;bbi ?HmMM,;

Hb .2i2FiQ° 7C " B#2 ; M;bbi> ?HmM; rB / /2 h_./2b *"J 1tT2 BK
1{xB2Mx p@W 1H2Fi " QM2M- /B2 pBNM2W ART#H2HDb pQM M/2 2M
;2H /12M2M h2BH+?2M U#bTrX SBQM2MYVY mMi2 b+?2B/2M (*"JR3’
rB'/2'H mi2'i-rB2/B2M K2Mb;2#2M/2 B#h™; \Vg B bB DBVHBQIN U2 M ; |
Fm xh_V/7C p2'r2M/2irB'/ mM/ rB2 /2 h_. m7;2# mi BbiX

kXkXR B#2 ; M;bbi™ ?HmMmM;

"2BK B#2 ; M; 2BM2b ;2H /2M2M "2H iBpBbiBb+?2M h2BH+?2M|
mMi2 b+?B2/HB+?2M /B2H2Fi ' Bb+?2M EQMbi Mi2M F MM 2b xm~
HmM; FQKK2M ( qRk)X

.B2 1KBbbBQM /B2b2° 2H2Fi"QK ;M2iBb+?2M ai° 29¢mWM; Bbi pQ|
/2b ;2H /2M2M h2BH+?2Mb #7? M;B;X JBi #2bQM/2 b ?2Q?2  q ?°
1KBbbBQM #@®B2BMX .B2b 7C?° i/ xm-/ bb BK AK# npHb#2 2B +7
100:2d + 7 bi mbb+?HB2=HB+? 1H2Fi " QM2M mM/ SQbBi"QM2M h_
Ke;HB+?- 1H2Fi" QM2M pQM M/2 ' 2M h2BH+?2M UxX "X SBQM2MV
/IB2b2 /2M ;H2B+?2M AKTmHb ? #2MX q2Bi2 ;BHI - QR2MblKBbb
h @S?QiQM2M C#2'rB2;2M/ BM mb# 2BimM;b"B+?imM; /2" ;2H
r2/2M ( qRk)X

kXkXk 6mMFIiBQMbT BMxBT

wm 1 x2m;mM; pQMB#2 ; M;bbi> 2HMM; r2 ' /2M BM h_.b UBMb#2
_ /B iQ'2M p2'r2M/2iX JBi/B2b2M rB'/ 2 "2B+?i-/ bb ;2H /2M2 h?Z
J2/BmMKbC#2 ; M;2/m +?27C? 2MX P7iK Hbr2 /2M ?B2 7C mM"



e k h?2Q 2iBb+?2 : " mM/H ;2M

P2 r2M/2i- r2H+?2 mb 2BM2K b+? mK@ Q/2 7 b2 “iB;2M J i2 B F
wm® .2i2FiBQM /2  B#2:; M;bbi> 2HmMM; r2°/2M BM /2M K2Bbi2M t
TQ'iBQM HF KK2 M p2'r2M/2iX .B2b2 /2i2FiB2°2M bQrQ?H /B2 ;
m+? /B2 B#2"; M;bbi> ?HmMM;- /B2 2Mibi2?i- r2MM 1H2Fi"QM2M /2 M

/2° 1IKBbbBQMbABMF2@S?QiQM2M FH2BM Bbi- C#2 H ;2 M bB+
AQMBb iBQM2M /2 1H2Fi'QM2M KBi /2M2M /2" 2Mibi2?22M/2M h_
/ xm-/ bb #2B ;H2B+?2K AKTmHb 7C> 1H2Fi'QM 2BM2 ?°?2°2 1M2
rB/ Hb 7C° M/2 2 :2H /2M2 h2BH+?2M- /B2 pQK h_. /2i2FiB2 i r2

kXkXj .2° *"J@h_.

.o T
J L))

d 8]]]] 8 d
k. k.l k| k

8 8 | k. k 8 8
k. k.l k] k

d 8]jjj 38 d

##BH/mMM:kX&,m 2BM2° pQM pB2  ;2TH Mi2M h_.@a+?B+?i2M #2
P2 'b+?B2/2M2M JQ/MHivT2M j- 8-d mM/ /2M h_.k. JQ/m
/ *:2bi2HHi2 JQ/mMH2 rm /2M Ubi M/ kyk9V bBM/ ;2TH Mi:
M MMi2M . v PM2 a2imTb /2b *"J@h_. kyk3X .B2 ;> m /[ *;:
JQ/MH2 bQHH2M BK G m72 /2b *"J "2i"B2#b M +?2:2 Cbhiz

.2 :2TH Mi2 h_./2b *"J 1tT2 BK2Mib #2bi2?i mb 9 a+?B+?2i2M- D2
mb mMbH2b2F KK2 MQAR, K¥2Fm x _P*V KBi D2r2BHb 2BM2" a+:
_ /B iQ / pQ X .B2 #2Mmixi2M _ /B iZKRNB# hB2 RQHRTI?vH2M
a+? mMK7QHB2M (*"JR3)X

1BM2 .2i2FiQ b+?2B+2i /2b *"J@h_.b #2bi2?i mb pB2  p2 ' b+?B2/
hvT 8 mM/ d ? #2M 2BM2 m=2M9#RbBrM2 ROMhvT j mM/ /B2

h .k.JQ/MmMH25RBE7+R FH2BM2 bBM/ (*"JR3)X



k h?2Q 2iBb+?2 : mM/H ;2M d

Carbon || |

Aluminium

_ frame 4= = —

Gas
feed-through

Frame and laftice grid

Distance ledge

Honeycomb AuW-wires Kapton foil

structure

Contact for
Kapton foil

CuBe-wires

u Vv
ion electron
anode f P f
wires 7
g amplification
\ ﬂ \\\ r{ ‘\\ 177 region
primary . . .
clusters N R: drift
entrance "‘ 3 I region
window f ;
Radiator 7
TR photon
/ pion /electron
U#vV

##BH/mMM;mhkX#, m U V mM/ 6mMFiBQMbr2Bb2 U#V 2BM2  E KK2
AMU V/ ";2bi2HHi bBM/ /B2 2BMx2HM2M a+?B+?i2M p
m7 /2 _C+Fb2Bi2 /2 E KK2 UHBMFbV #Bb xmK 1B\
bBp2 _ ?K2M mM/ E "#QM :Bii2° m7 /2 0Q /2 b2Bi2
Bbi 2BM Zm2 b+?MBii 2BM2 JqS*b Ki_ /B iQ b+7?2k

;2bi2HHiI Bbi-/ bb /B2 ." ?i2/ b: bpQHmMK2M /2" E
"2°2B+?2 mMi2 i2BHi- . 'B7i@ mM/ : BM@"2 2B+?X A
M2M UQ/2° M/2°2M ;2H /2M2M h2BH+?2MV 2 ' x2m;2M 1
B#2 ; M;bi° ?HmM;- /B2 BK/ ?BMi2 HB2;2M/2M JgS"
/I2M ;2H /2M2M h2BH+?2M /2i2FiB2ir2 /2M F MMX "
bBM/ mb (*"JR3) 2MIiMQKK2MX



3 k h?2Q 2iBb+?2 : " mM/H ;2M

.B2 STQ/mMFiBQM /2" 2BMx2HM2M E KK2"M p2 i2BHi bB+? m7 AN
6 MF7m'i7C /B2 hvT j-8 mM/dE KK2"M mM/ BM "mF “2bi 7C" /B
##BH/mM; kXk x2B;i- rB2 /B2 2BMx2HM2M E KK2 ivT2M BM 2BM:
;1 2Q° /M2ir2°/2MX 1b Bbixm 2 F2MM2M-/ bb /2" m7# m/2b h_.b B
[2b *"J@1tT2 BK2Mib "2/mxB2 i pQ HB2;iX .B2bT i2°21 r2Bi2 mN\
a2imT Bbi MB+?i mb;2b+?HQbb2MX
.B2 BKwm;2 /B2b2" "#2Bi/m +?;27C? i2M h2biK2bbmM;2M /2b : B
E KK2 @S QiQivT /m +?;27C? i- 2BM2K h®T 35HXK,/mMPHXmB2Zb2b Bbi
? 12BM2 S /@1#2M2-128R imMQ/2M@S /b #2bi2?iX .B2 S /b ? #2M /
2BM2 ""2BG22p@M.B2 >°?2 /2" S /bp 'BB2'iD2M +?S /@_2B?2X .
#2B/2M S /@ _2BZZEMKBM/?-1 ?2 2M/ /2" _2bi 2BM;B #R?2 pQM
(E ?2k9)X
##BH/mM; kXj x2B;i/2M xm; mM/2HB2;2M/2M m7# m /2 h_.@ _P
D2/2° E KK2  Bbi2BM _ ?K2M mb HmMKBMBmMK-r2H+?2" m7 2BM2r
M;2# +?i BbiX m7 /B2b2 ai mFim Bbi 2BM2 E i?Q/2M2#2M2 ;2FH
2BMx2HM2 S /b mMi2 i2BHi- /2bb2M :2QK2i'B2 bB+? 7C" /B2 p2 b
MmMMi2 b+?2B/2iX B#2 /B2b2 S /b ;2b+?B2?i BK bi M/ /K =B;2M .
mbH2b2 /2" ;2K2bb2M2M aB;M H2X .B2 1#2M2 /2" MQ/2M/" ?i2 4%
E i?Q/2M@S /b mM/ ?BMi2° /[2ME i?Q/2M/" ?2i2MX .2 #bi M/ xm E i
@. ?i2M #2i° 33 KRB.B2 . ?i2/2 E i?Q/2M2#2M2 ? #2M-B/2MiBb-
?2i2M /27 MQ/2-2BM2M #bi M/ZE5MKEM MQ22M@MnM/ E i?7Q/2M@
/> ?i12 bBM/ xm2BM M/2" mK 2BM2M ? H#2M .  ?i #bi M/ p2 ' b2ixiX
/12 E KK2 " #2bi2?i RO RBBIR2F2M E TiQM 6QHB2- /2bb2M AMM2N
0005°’K HmKBMBMK #2b+?B+?i2i BbiX m7 /2" m=2Mb2Bi2 /2b 1BMi
bB+? 2BM aiCix;Bii2° mbE #QMX .2 #bi M/ xrBb+?2M /2K 1BMi"
E i?7Q/2M/" 2i2MBHRKKXi M /2" C+Fb2Bi2 /2  E KK2 #2}M/2M bB+
2BMH bb2X .B2b2 bi2HH2M bB+?2 -/ bb/ b oQHMK2M /2" E KK2" x|
1BMi Biib72Mbi2 " / m2 ? 7i K@i:2BBRK?s;2fF@HHi r2 /2M F MM (*"JI
.B2 #2b+? B2#2M2 MQ /MmM; /2" . ?i2-/2 E i?Q/2M@S /b mM/ /2
bi2HHi bB+?2" -/ bb bB+? #2BK MH2;2M pQM >Q+?bT MMmM; / b 2
[2i-rB2 2b BM ##BH/mM; kXj#/ ";2bi2HHi BbiX .2° FiBp2 h2BH /2" |
mb 2BM2K ."B7i@"2°2B+? xrBb+?2M E i?Q/2M/" ?2i2M mM/ 1BMi"
BM@"2 2B+? BM /2 IK;2#mM; /2 MQ/2M2#2M2 (*"JR3)X



1tT2 BK2MI2HH2 m7# m

JXR 6mMFIiBQMbT BMxBT /2" : BM@a+ Mb

Kontrollskript

Tanode iti -

MPOD —ﬁ Position L {
[MPOD-Controller] CNC-Maschine |
| »Fe-Quelle A{ ‘

[TSEG EHS ()] ISEG EHS () | i
Strahlung ‘
-500V ? n n :‘ ‘

8 H Eintrittsfenster |
sooy 2| [Kathodenebene |
2t Anodenebene — b |

= |

Kammer
uvVv U#vV

##BH/ mMa®PRK iBb+?2 . "bi2ZHHmMmM; /2b 6mMFiBQMbT BMxBT
mM/ /2 6 QMi HbB+?i m7 2BM2 h_ .@E KK2  U#VX A|
M2M-/ bb C#2°/ b EQMi QHHbF BTi /B2 "2r2;mM; /2
mM/ /B2 MQ/2Mbi QKK2bbmM; ;2bi2m2 ' irB /X AM U
2BM2b a+ M@"2r2;mM;bKmbi2 b BM "Qi ;2x2B;iX .B2 a
Xr M;bH m}; /m +? /B2 w2Mi'2M /2" 2BMx2HM2M 62Mb

Hb h2BH /2" Zm HBi ibbB+?2 " mM; pQM 72 iB;;2bi2HHi2M h_.@JQ
G Q'ib m7;2H°bi "2H iBp ;2K2bb2MX >B2 xm /B2Mi /2" 7QH;2M/ p(
.2bb2M EQKTQM2Mi2M bBM/ BM ##BH/mM; jXR b+?2K iBb+? / *;
Xk ;2M m2° 2°"H mi2 iX

.B2 A/22 /2b h2bibi M/b Bbi-/ bb®*BBR@Zm2BIGI FBBW22" > Hi2 mM
*L*@J b+?BM2 pQM /B2b2° J b+?BM2 pQ /2" xm i2bi2M/2M .2i2F
rB’/X AMbQ;2M MMi2M : BM@a+ Mb 7 ?'i /B2 *L*@J b+?BM2 /
2BM2b pQ 2BM;2bi2HHi2M Jmbi2 b- pQ  2BM2K 2BM;2bT MMi2]
bQHH D2/2°-/2°BMJCMbi2° mM/ 6> MF7m’i ;2# mi2M- h_.@E K



Ry j 1tT2 BK2Mi2HH2® m7# m

#b+?MBii kXkXjVBM: BM@a+ Mb p2 ' K2bb2Mr2'/2M F°OMM2MX "2B
"#2Bi bBM/ KBi 2BM2K S ' QiQivT2M UhvT 3V /m +?2;27C?2 irQ /2N
"2r2;mM;bKmbi2 b 2BM2b a+ Mb Bbi BM ##BH/mM; jXR# ;2Xx2B;iX
"2r2;mM;bKmbi2 r ?°2M/ a+ Mb-/ bb /B2 E KK2° ' BM bB+? #r2+?b
2Q'BXQMi H2M GBMB2M #:27 2 °2M rB /X . #2422 BR? /B2 #2
2?2 71 T HH2H xmK 1BMi Biib72Mbi2 /2" E KK2 X aQKBirB'/ /B2
BM /2" E KK2  /2i2FiB2 i-rQ#2B 2bxm™~ G /mM;bp2 pB2H7 +?mM;
FOQOKKi Up;HX #b+?MBii kXRXRVX .B2 Zm2HH2 biQTTir ?2°"2M/ /2M
/27 E KK2'- M/2M2M /2" MQ/2Mbi QK ;2K2bb2M rB /X .B2b2" Bb
KXRT QTQ'iBQM H xmXX: .BIM«@ 6 BF2Q@2;K2MiB2 mM; /2° MQ/2M2#
D2 M +? E KK #B& #b+?MBii2- F MM mb /2" J2bbmM; /2b MQ/2l
HH2BM F2BM2 ?BM 2B+?2M/2 P ibxmr2BbmM; ;2i'Qz2M r2 /2MX
biBKKmM; /2b P'i2b mb /2 SQbBIiBQM /2" Zm2HH2 BM /2" *L*@
#2biBKKi2 ai QKr2'i ;2K2bb2M-r ?2°2M/ bB+? /B2 Zm2HH2 /B 2Fi C
/2K .2i2FiQ " #2}M/2i-rB/ /B2b2° SmMFi /2K ;2K2bb2M2M ai QK xm
rB°/ M;2MQKK2M-/ bb /B2 ai> ?HmMM;- /B2 pQM 2BM2K SmMFi Bl
2KBiiB2 i rB' /- mbb+?HB2=HB+? K 2MibT 2+?2M/2M SmMMFi BM
rB° /X .B2 P'ib m~°bmM; Bbi HbQ /m +? / b #bi ?HmM;bp2 ? Hi2NVN
Up;HX #b+?MBii 9XjVX

aQrQ?H /B2 ai2m2 mM; /2" *L*@J b+?BM2 Hb m+? /B2 mbH2b2 /-
C#2  2BM Svi?QM@aF ' BTiX .B2b2b EQMi"QHHbF ' BTi rm /2 BK w
(6°°kj) mM/ J bi2"T°QD2Fi2 ("2+R3) 2'bi2HHi mM/ ?2B2° M M2m2 >



j 1tT2 BK2Mi2HH2® m7# m RR

iXk EQKTQM2Mi2M

uyv U#V

##BH/ mMMoXkKk2 @ U V mM/ _C+Fb2Bi2 U#V /2b : BM@h2bibi M
"2BbTB2H@SQbBIBQM pQ /2K 1BMi Biib72Mbi2 X wm
E KK2° URV- /B2 *L*@J b+?BM2 UkV- /B2 Zm2HH?
JSP.@* i2 U9V- /B2 a ;Qt@R3 : b~ b+?2 U8V-/2" 6
/2" : b mbH bb UdV mM/ /B2 6BHi2 #Q /b U3VX

##BH/mM; jXk x2B;i /B2 EQKTQM2Mi2M BK m7# m/2b: BM@h2
/12> 2BMx2HM2M EQKTQM2Mi2M bBM/ BM 7QH;2M/2M #b+?MBii:

JXKXR L2ixi2BH?2

gB2 BM #b+?MBii kXkXj 2 H mi2'i-r2/2M /B2 2H2Fi Bb+?2M 62F
FmM;b#2 2B+? BK .2i2FiQ°  /m +? MH2;2M pQM >Q+?bT MMmMM;
/IB2b2  >Q+?bT MMmMM; 2 TXd®;d CH2H X r/2BAGRL XK

6C / b 62H/ BK ."B7i@"2 2B+? rB / BMB00D MBImM;20\DH i?Q @

[2M/]" ?i2#2M2 mM/ 1BMi Biib72Mbi2° Mi2H23iXM¥B2S/Q+ BB B QM|



R k j 1tT2 BK2Mi2HH2® m7# m

3e jyMBMb+?2m# p2 r2M/2iX .B2b2° ? i 2BM2 pQK >2 bi2HH2" M;
aT MMmM;bb+?r MBmo MiMYQRIKM +? 2BM2 7C" /B2b2 wr2+F2 mb".
ai #BHBi i X 62 M2 r2 /2M #2B /2M : BM@a+ Mb F2BM2 ai °K2 KBi /
r2H+?2b 7C" /2M ."B7i#2 2B+? xmbi M/B; BbiX .B2M#2/ CM/2i /B
S 2+BHBMb+?m#b KBi p2 ;H2B+?br2Bb2 MB2/°B;2 J2bb;2M mB;F
.27 02 bi "FmM;b#2 2B+? rB / BK h2bibi M/ KBF28Ma MT MMmMmM;
[2M MQ/2M/™ ?i2M 2 ' x2m;iX .B2b2 2°H m#i /2M bi #BH2M "2i B2# /:
STQTQ 'iBQM HBi ib#2°'2B+? KBi mb'2B+?2M/ ?Q?2K : BM 7C" /B.
MQ/2M/" ?2i2MX "2B }M H2 LmixmM; /2" E KK2 " MbQHH2M /B2b2
pQWI=18500 #2i B2#2M r2 /2M (*"JR3)X .B2 >Q+?bT MMmMM;b[m2H
bi "FmM;b#2 2B#®aBhB 2B8M2+BbB@N@MknlX .B2b2b ? i p2 ;HB+?2]
[2M JQ/2HHEZMM2™"/ S 2+BbBXMia2BBI2b S° xBbBQM BM /2" ai QKK?2
pQM600OM 2BM2M xmb ixHB+?2M S°™ xBbBQMb#2 2B+?X AM /B2b2l
KBi 2BM2° S° xBbBRQK°p@BH+? (aT2k9)X .B2 ai QKK2bbmM;2M r ?
a+ Mbr2'/2M KBi /B2b2K JQ/mH /m > +?;27C? iX . bB+?2r ?2°2M/ /2
;2K2bb2M2M ai"QKr2'i2 BK "2°2B+? pQM r2MB;2M x2?M L MQ KT
P2 :H2B+?2# ~?2Q?2 S’ xBbBQM 2'7Q /2 'HB+?X

"2B/2 L2iXxi2BH2BMb+?C#2 #2} NM$PVM@B+i2 BM BHMKR K1 X

AM /B2b2K *" i2 #2}M/2i bB+@ARH2M7JBRAb@BMMIi QHH2 X .B2b2°
FQKKMMBxB2 i C#2  2BM2 *UL@\i+ QURIADAPHDHER I /2M L2ix@
i2BH2M mM/ 2 " H m#i /2bb2M ai2m2 mM; #xXxrliBK2ZM2mRQHR b2 pB al
J M ;2K2MRQiQXQBY L2ixi2BH2 HROKBEM MHHR ai QK@ mM/ aT MMmM
r2°i7T°Q *? MM2H M /2M *QMi"QHH2 - /2" / MM pQK EQMi " QHHbFF
miQK iBbB2 i #;27" ;ir2'/12M F MMX

.B2Zl>alL2ixi2BH2 /2 A@RK2 " 7C;2M C#2 2BM2 BMi2 M H m72M/2 JB
ImM;X . #2B rB / D2/2° g2 i- /2" pQK L2ixi2BH M /2M *QMi ' QHH2" ;
xmpQ  ;2b2M/2i2 g2 i2 ;2KBii2HiX .B2 Mx ?H- M g2 i2M C#2 /B2 /E
r2 i#BH/mM; H m7i-? M;i pQR;BBM;2Hi2HIgR2M/2b L2ixi2BHb #
mM/ HB2;i bi M/ /K =B; #2B e9 q2 i2MX .B2b2 1BMbi2HHmMM; /B2M
I1BM~mbb2b pQM _ mb+?2M- BMb#2bQM/2 2 /2b ai QKM2ix" mb+?2]
[ bb bB+? q2'i2 p2°; M;2M2" J2bb6amdOKiZ 256 bMMB2?i K27 /2K
FImM2HH2M ai"QKr2 i #22BM~mbb2MX 6C" : BM@a+ MbrC /2 /B2b
/| bb /B2 Zm2HH2 M D2/2%6b2WTHMM KCbbi2- #2pQ~ /B2 J2bbmN
ai QKb 7C" /B2 SQbBIiBQM #2;BMM2M F°MMi2X gB'/ #2B 2BM2K
p2 b+?B2/2M2M ai2HH2M p2 K2bb2M-rC /2 / b52BM2 KJ2bbx2Bi j



j 1tT2 BK2Mi2HH2® m7# m Rj

bB+? xB2?2MX 6QH;HB+? rm /2 /B2 BMi2 M2 JBii2Hr2 i#BH/m]I
.B;Bi H}Hi2 qgq®22i ;B7 R ;2b2ixirm /[2XIK/2MMQ+? _mb+?2M xm r
;2b+?B2?i /B2 "BH/mM; 2BM2b JBii2Hr2 ib miQK iBb+? M D2/2
EQMi QHHbF BTiX 1BM2 "2b+? 2B#mM; / pQM Bbi BM #b+?MBii

iXkXk 6BHi2 #Q "/

U#V

##BH/ mMME6XQ U VmM/ a+? HimM; U#V /2b 6BHiI2 #Q '/bX AM U
/12> MQ/2Mb2;K2Mi2 U/ bB@i2V b+?2K iBb+?/ ";2bi2H
i2BHMM; xrBb+?2M 02 bQ ;mM;bHBMB2 U#H mf QiV mN\
xm 2 F2MM2M X

##BH/mM; jXj x2B;i 2BM 6QiQ /2b p2'r2M/2i2M 6BHi2 #Q "/b-
a+? HimM; m7 /2K "Q "/ Bbi BM ##BH/mM; jXj# / ;2bi2HHiIiX .B2
#2BM? Hi2i #2BbTB2H? 7i H2/B;HB+? 2BM2M "HQ+F xm™ 02 b
r 2 2M/ m7 /2K 6QiQ /2b 6BHi2 #Q /b BMb;2b Ki 9 "H°+F2 2 ' F2M
#Q '/ /B2Mi/ xm- /B2 aT MMmMM; pQK L2ixi2BH m7 /B2 2BMx2HN\
/ b 1BMi'Biib72Mbi2  xm p2 i2BH2MX JBi 2BM2K 6BHi2 #Q "/ F°
b2;K2Mi2- bQrB2 /B2 ;2b Ki2 E i?Q/2M2#2M2 mM/ / b 1BMi Biib



R9 j 1tT2 BK2Mi2HH2 m7# m

M;2b+?HQbb2M r2° /2MX wr2B 6BHi2 #Q /b FQMi FiB2 ' 2M 2BM2
BHIi bQrQ?H 7C" JQ/mH2 pQK hvT j- 8 mM/ d KBi D2r2BHb 3 MQ/2
7C /2M ?B2 #2Mmixi2M hvT 3 S ' QiQivTi2M KBie MQ/2Mb2;K2Mi2
m7 D2/2K 6BHi2 #Q "/ #2}M/2M bB+? kk 02 " #BM/mM;bbi2HH2M)
>S0@E #2H-r2H+?2 pQK L2ixi2BH xmK "Q "/ Q/2  pQK "Q '/ xm I
M;2H%i2ir2 /2MX .B2?B2 7C #2Mmixi2M >0@E #2H #2bi2?2M M2#
mM/ m=2MK Mi2H mb 2BM2K H2Bi2M/2M #b+?B KmM;b;2~2+7?i
Mb+?HCbb2 KBi /2 J bb2 /2b "Q /b p2 " #mM/2M Up;HX ##BH/m
M/2°b Hb /B2 ;2K2BMb K2 J bb2 bBM/ /B2 02 bQ ;mM;bHBMB2M U#
a2;K2Mi2 pQM2BM M/2" ;2i 2MMiX .B2b 2°"H m#i /B2 Mbi2Zm2 mM;
a2;K2Mi2 b2T "~ i/m +? e #xrX 3 p2 b+?B2/2M2 E M H2 K L2ixiZ2
62?H2 - rB2 #2BbTB2Hbr2Bb2 Em xb+?HCbb2 BM /2" E KK2  Q/:
b+?M2HH2 HQF HBbB2 ir2 /2MX

.2b g2Bi2°2M #2}M/2M bB+? xrBb+?2M /2M E M H2MBX L2ixi2BH m
qB/2°bi M/2X Y?MHB+? / xm Bbi /B2 J100R /@B/2Qbi/MC2#RBi /2"

J bb2 /2 L2ixi2BH2 p2 " #mM/2MX .B2b2 gB/2 bi M/2 /B2M2M | xm- /
m7 /2K "Q '/ K;HB+?bi ;2 ' BM; xm ? Hi2M- bQrB2 /B2 J bb2 /2b "Q

wm' _2/mxB2 mM; pQM ~B2=2M/2M ai °K2M /B2Mi m+? /2  ?B2°
#bi M/ xrBb+?2M 02 bQ ;mM;bHEMB2 0M)/KIKKLBDPIRQIM rm /2

p2 ;HB+?2M xm pQ ?2 B;2M 6BHi2 #Q '/ JQ/2HH2M p2 ; °=2"i-/

PQK ;2K2bb2M2M .mMF2HDbIi QK xm™  Gm7i72m+?i2 BK _ mK #2Q#
"2b+?°2B#mM; /2b M2m2M mMF2Hbi " QKp2 ' H m7b Bbi BM #b+?ME
gB2 BM ##BH/mM; jXj# ;2x2B;i- FO MM2M QTiBQM H EQM/2Mb iQ 21
HBMB2 mM/J bb2 M;2# +?2ir2 /2MX .B2b2 /IB2M2M / xm- K°;HB+
FmM;2M mbxm;H2B+?2M mM/ #xmb+?2r +?22MX . /B2 #2Q# +?i2i
aT MMmM; m7; mM/B? 2 :'°=2 F2BM2M bB;MB}F Mi2M 1BM~mbb
? #2M- bBM/ F2BM2 EQM/2Mb iQ ' 2M m7 /2K 6BHi2 #Q '/ M;2# +

JXKkXj .2i12FiQ " ; bp2 bQ ;mM;

KBih_.@E KK2°'M Hb oB2H/" ?iF KK2 "M #2Mmixir2 /2M F°MM2M
722B;M2i2K : b ;27CHHi b2BMX AK}M H2M *"J a2ian2PKBUW+H?#2B 2B
p2 ' r2M/2iX "2BK : BM@h2bibi M/ rB/ mb EQbi2M;;CMIRNE / b a+"
p2 r2M/2iX .B2b2b #2IB2¢Q HWV mMWI8dPQ H WV X



j 1tT2 BK2Mi2HH2® m7# m R8

KBi /B2 ;2b Ki2 E KKa2, XtB&ARBCHHi #H2B#i mM/ 02 mM 2BMB;ml
2bTCHir2 /2M-rB /bB2/ m2 ? 7i KBi 2BM2K FQMbi Mi2M : b~mk
KBi 2BM2K 6Hmbb 2;HEX% /126 GBTER@#@B/M;2bi2HHIi mM/ C#2°r +
r2 - /2MX .2 : b~mbb /m +? /2M 6Hmbb 2;H2 2 " 7QH;i pQM mMi2N
/12> .m +?2~mbb /m +? 2BM L /2Hp2MiBH "2;mHB2 ir2 /2MX C2 M
rB/ 2BM a+?r2#2F° T2 mMi2 b+?B2/HB+? r2Bi M +? Q#2M ;2/
a+?r2#2F°°" T2 b Bbi /2 : b~mbb M 2BM2 aF H #xmH2b2MX .B2|
/Im +?~B2=2M/2b : b F HB# B2 i-r2b? H# F2BM2 /B 2Fi2 mbb ;2
a ;Qt@RBQz2Mr2' /2MF MMX .B2 ;2M m2 "2biBKKmM; /2b i ib +?
D2/Q+7?-bQH M:2 /B2 E KK2a/;@2@RBCHKBIi Bbi- MB+?2i MQir2M/E
6C /B2 ?B2 #2b+? B2#2M2M h2biK2bbmM;2M rm /2 2BM : b~ml
Jem7(6;3 02)H2Gm7i 2MibT B+?iX . bb /B2b2 oQHmMK2M™ i2 ;2MC;i-
/I m2'? 7iKBQt@RB2 7CHH2M-rm /2 /m +? / b a>m2?bRPQ@K2bb;
#BbT?2 Z8RYI C7iX .B2b2b Bbi h2BH /2  : b M Hvb2bi iBQM-r
" +?22HQ" "#2Bi (PH#kKj) 2MirQ 72M rm /2X JBi /IB2b2K rm /2 bE
a m2 biQz;2? Hi-/2b mbbi °K2WOZIM K BIBRZ mXIi2"

JIXkX9 *L*@J b+?BM2

B2 "2r2;:mM; /2> Zm2HH2 pQ" /2K 1BMi'Biib72Mbi2" /2" E KK2
2BM2B;?7@wW a@ ROV FIGAIRY8?BM2 /2* 6B KR TB2b2 2 H m#i /B2
SQbBIiBQMBY6m@ZN22HH2 KBi 2BM2 1®'M (EBKKRBI (KBWMr 2 2M/
/2M a+ Mb /2" #bi M/ xrBb+?2M E KK2  mM/ Zm2HH2 K°;HB+?2b
D2/2 E KK2  pQ  "2;BMM /2" : BM@J2bbmM;2M F HB# B2 ir2" /2
#2 m?i m7 (6°°kj) mM/ 2 °7QH;i 2#2M7 HHb C#2  / b EQMi QH
h> Mb7Q K iBQMbK i'Bt #2°2+?M2i- KBi /2> Pi2 BK EQQ /BM
J b+?BM2BM/ b EQQ /BM i2Mbvbi2K /2" E KK2  mK;2 2+?2M2i
/B2b2° E HB# B2 mM: rB / /B2 J b+?BM2 M /B2 1+F2M /2" E |
1BM; #2 /2b #bi M/b xrBb+?22M E KK2  mM/ Zm2HH2 F MM / MN\
/B2 h> Mb7Q K iBQMbK i'Bt #2°2+?M2MX .B2b2 2 H m#i-/ bb bB
Zm2HH2 K°;HB+?bi T° xBb2 BK EQQ /BM i2Mbvbi2K /2" E KK2  #
/2> h> Mb7Q K iBQMbK i'BtrB / BK .2i BHBM (6°'kj) 2 'H mi2 i
h> Mb7Q K iBQMbK i'Bt M:2;2#2M- r2H+?2 bB+? mb /2  E HB;
hvT 3 E KK2  2°; #X






Zm2HH@*?  Fi2 BbiBF

9XR w27 HHbb+%X pQMm

K 7°2B2 G /mM;2M BM /2" E KK2  xm 2 x2m;2M2%B@ BrK2H2H b i
P2 r2MPHBX x2 7 HHi KBi 2BM2" > F# 2242 R AP0WMpB 1H2F @
i"QM2M2BMIMI(BWMMY3)X >B2 #2B r M/2Hi bB+? 2BM S QiQM /2
1BM7 M; 2BM2b Rb 1H2Fi'QMb BM 2BM L2mi QM mK- rQ#2B 2BM
rB /X .2° 2Mibi2?22M/2- MB+?i #2b2ixi2 1H2Fi"QM2Mxmbi M/ rB"/
2M2°;2iBb+? ?°22° HB2;2M/2b 1H2Fi'QM m7;27CHHi- rQ#2B 2B
1M2 ;B2 /2b/ #2B 2KBiiB2 i2M S?QiQMb ? M;i pQK D2r2BHB;2M 1
“C+F2M/2M 1H2Fi"QMb #X . baT2Fi'mK /2  2KBiiB2'i2M ai® ?HmI
E mM/EGBMB2M pQM J M; MX .B2mx2 589 F2ME#£2B 5;888F 20
MMEe =6;490F209CmMy3)X .B2 1M2 ;B2 /2" 2KBiiB2 i2M ai® ?Hm
M2K p2 ;H2B+?# “2M 1M2 ;B2#2 2B+? xm  2°r "i2i2M 1M2 ;B2 /2
#2Mmixi2M SQHV2i?VvH2M S QiQivTi@_ /B iQ'2M (*"JR3)X .B2
Zm2HH2 H ; K k3Xy3 XKD ¥'IK .B2b #2/2mi2i-/ bb #2B /2M /m +?;2
BM@a+ Mb xrBb+?2M CmMB mM/ a2Ti2K#2 k884 B2/ FiBpB
64J"[ H ;X

9Xk EQHHBK iQ"

.B2 xmpQ #2b+? B2#2M2 FiBpBi i/2°Zm2HH2 Bbi p2 ;HB+?2M |
KBA 4=5;1J"[ (6° kj) K2?° Hb Rk J H ?°?22 X .B2 ?°?2°2 AMi2MbE
[2M ai” ?HMM;bF2;2H /2 Zm2HH2 xm p2 FH2BM2 M mM/ ;H2B+?X
#2Bxm#2? Hi2MX .B2b2 02 FH2BM2 mM; /2 #2bi® ?Hi2M 6H +?2
KiQ 2MX .B2b bBM/ ?B2° HmKBMBMKTH ii2M-r2H+?22 pQ /2 1z
#272biB;i r2°/2M FOMM2MX .m +? 2BM2 xvVHBM/2 7°°KB;2 1zMr
/ MM ai® ?HmMmM; BM B+?2imM; .2i2FiQ" ;2H M;2MX .B2 >°?22 mM/ /

Rd
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#22BM~mbb2M /B2 ai° ?HBMi2MbBi i BM _B+?imM; /2b .2i2FiQ b- |
ai- ?H2MX .2 ?B2 #2Mmixi2 EQHHBK iQ=4#KKRmBM2RBMZBxPRDPQM

pQMVF12 KKmM/ Bbi M2#2M /2" Zm2HH? Hi2 mM; mM/ xr2B r2Bi2 2N\
##BH/mM; 9XR / ";2bi2HHiIiX gq2H+?2M 1BM~mbb /B2b 7C" /B2 AMi

BM #b+?MBii 9Xj #2b+? B2#2MX

##BH/mM; 9XR, 6QiQ /2" Zm2HH? Hi2 mM; mM/ /2B p2 ' b+?B2/2M
EQHHBK €4 RKHh=12 KK
EQHHBK €4 KKHh=10 KK
EQHHBK €4 KKh=5 KK

OXj Jd2bbmM; /2" AMi2MbBi ibp2 i2BHmM; /2"

.100

N
o
o

Chip-Zeile
|_\
o
o
-
o
N
Rate (min ~!

10 2

0 200 400 600 800 1000
Chip-Spalte

##BH/mM; OXKIRHHmMM; /2b S¥Q@DM2HH2 KBi EQHHBK iQ  BM 2BM 2]
pPQ900 0,06) KK m7:2MQKK2M KBi 2BM2K # #v@JPaa *?B
2°F2MM2M Bbi /B2 "mM/2 AMi2MbBi ibp2 i2BHmMM ;- rQ;
m=2"? H# /2b /2i2FiB2 i2M "2 2B+?b HB2;iX
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L +? :H2B+?mM; kXR Bbi /2" MQ/2Mbi"QK MB+?2iG/mQMQRTR iBQ
2#2M7 HHb T'QTQ iBQMNKBi ¥t T BX "2 AQMBb iBQM2M BK : |
/I2MX .B2b2 rBi2/2 mK ? M;i/ KBi xmb KK2M-rB2 pB2H2 S?QiQMN
OQHMK2M /2" E KK2 ' #bQ #B2 ir2 /2M-r b pQM /2 E KK2 ;2QK
#bQ TiBQMbr ? ' b+?2BMHB+?2F2Bi mM/ /2K #bi> ?Hp2°? Hi2M /
IK/ b #bi® ?Hp2°? Hi2M /2% 2@@BidBM2 b Ki EQHHBK iQ® +? * F
xm FOMM2M-rm /2 2BM Zm2HHT Q}H KBi?BH72 2BM2b aBHBxXxBmM
/2K #2Mmixi2M .2i2FiQ  ? M/2Hi2 2b bB+? mK 2BMQ ABPHEHIWM2 2
aiBi+?2a2/Mb Q" UJP/RKVDbQ;2M M MvIMI RaldPaa@.2i2FiQ 2M bQHH21
h2BH /2b wmFAWWEB ;2MBaW b i 2RP Ahajkh™ 02 #2bb2 m®1;J/2b
AMOMQHHBYIR22 ' BK2Mi U @RA2EVQ b #2Bi  ;2MX

C2/2  JPaa@.2i2FiQ  #2bi2?i mb x2?M 1BM?2Bi2M-r2H+?2 D2
212FiQ°@J i 'Bx2M #2bi2?2M (>QMkj)X AK :2;2Mb ix/ xm #2bi2?
IQ ' 2M H2/B;HB+? mb 2BM2 1BM?2Bi "~ +?i .2i2FiQ @J i Bx2M (
pQM SBt2H@J i Bx2M-r2H+?2 m7 JPaa mM/ # #v@JPaa p2 # m
2Mir2/2 256b256 SBt2HM KBi 2BM2225°KQpQM 320 320 SBt2HM

KBi 2BM2" "2 OMIMKj)X wmK w2BiTmMFi /2> m7M ?2K2 /2b .
rm /2 BMJCMbi2 2BM2 # #v@JPaa@ 1B2a0? 23Bi@ 27 B0 Mm/ 2R BH
r2Bb2 mb;2H2b2M r2 /2M FQMMi2X .2b? H#Erm /2 / b Zm2HHT Q
M2#2M2BM M/22%6B 25@@MY2RITb /m +?;27C? iX .B2 pB2" *?BTb ?
2BM2M #bi M2 QM /21Tt (>QMkj)X

wm™ m7M ?K2 /2b Zm2HHT Q}Hb rm /2 /B2 Zm2HH? Hi2 mM; KBi
bi2HHiBEF (29,00 0,06) KKC#2 /2K aBHBXxBmMK@.2i2FiQ TH ixB2 i-bQ
;' Q=2 Mi2BH2 /2" 2KBiiB2'i2M ai®™ ?HmM; pQM /2M *?BTb /2i2Fi
/210KBM M;2M J2bbmM; Bbi BM ##BH/mM; 9Xk / ";2bi2HHIiX .|
S'Q}H /2  Zm2HH2- r2H+?2b xr " MB+?i pQHHbi M/B;- #2 xm |
POK .2i2FiQ° m7:2MQKK2M r2°/2M FQMMi2X
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OX9 "2b+? 2B#mM; /2" AMi2MbBi ibp2 i2BHm

0,55t t = Quadratischer Fit

o
&)
la)

o
~
o1

o
~
o

o
[
a

Durchschnitt der Z&hlrate (min

0 1 2 3 4 5 6
Y-Abstand von unterer Chipkante (mm)

##BH/mMM: OKiji2HHMM; /2b #2 2+?2M2i2M .m +?2b+?MBiib /2" :2K2bl
T'Q*?BT@W2BH2X .B2 u@SQbBiBQM /2b JBii2HTMMFi|
KBi 2BM2K [m /> iBb+?22M 6Bi 2 KBii2HiX

IK /2M JBii2HTmMMFi /2b ;2K2bb2M2M Zm2HHT Q}Hb }M/2M xm FOM|
/B2 /m +?b+?MBiiHB+?2 w ?H  i2 #2°2+?M2iX .B2b2 Bbi BM ##BH/n
rm /2M /B2 LmKK2 M /2" *?BT@wW2BH2M KBi?BH72228 K2;2#2M2M ¢
BM u@ #bi M/2 pQM /2° mMi2 2M *?BT@E Mi2 mK;2 2+?2M2iX

BK #:2#BH/2i2M 02 H m7 F2BM HQF H2b J tBKmK pQ'? M/2M Bbi-
JBii2HTMMFi /2° AMi2MbBi ibp2 i2BHmMM; MB+?i pQK *?BT /2i2FiB
2BM2 mbb ;2 C#2 /B2 u@SQbBiBQM /2b JBii2HTMMFib i*2z2M
S #2H /2 6Q K

ay)=A (y W+C U9XRV

M/2M 02 H m7 M;2M ?2 iX >B2 ®@d2iMQLR2/B2b Svi? MBIV F2ib
P RXREZKXR2M/2iX .B2 ;27TmM/2M2M, 81 MIKR ihi2M,

A=( 47 02) 10°*KBMKK?Z v=( 10 02) KK

C=(0;534 0;003)KB M
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.2 JBii2HTMMFi /2> AMi2MbBi ibp2 i2=8(H MM ;0f)BK iQ 2B Q #2B
*?2BT @ w2RBH 8,6 X

16 1
— Fitgemal f(x,y)
14 -+ Daten
:1\12‘ I ‘)‘T‘L: | 'IIY" I‘
' 10 : -\ ‘ ‘
= ol i | : [
E 8; &l AR N
e l PR
r 9] \ !
4 -
2<

0 5 10 15 20 25
X-Abstand von linker Chipkante (mm)

##BH/ mMMZ@R9b+?MBii /2 ;2K2bb2M2M AMi2MbBi ibp2 i2BHm
/12" mMi2 bi2M R8 *?BT@wW2BH2M ;2#BHIRiym /2X .B:
Bbi M/2M 02 H m7 M;2M ?2 iX

wm' r2Bi2°2M M Hvb2 /2° AMi2MbBi ibp2'i2BHmM; Bbi 2BM Z
BM ##BH/mM; 9X9 / ";2bi2HHiIX . KBi 7C" /B2 M +?7QH;2M/2
X ?H M ;2K2bb2M2M 1 2B;MBbb2M xm™ 02 7C;mM; bi2?2M- rn
#2M +?2# "i2M *?BT@w2BHRMBIB/BRZHXIwRABM2 " HF2M BM ##B
O9XkVX IK 7C" : BM@a+ Mb #2b+? 2B#2M xm FOMM2M- r2H+?22"
r2H+?2M h2BH2M /2" E KK2° #bQ #B2 i rB°/- Bbi 2b M°iB;- /B
lo(;h 2) /27 Zm2HH2 xm F2MM2MX > B2 M208B MARHP- BBMI2H+?22K
ai- ?HmMM; mb /2K EQHHBK iQ° mbi BiiX 1b ;BHI,

S

= S
I h 2

U9 XkV

KBi /2K #bi M/ xrBb+?2M .2i2FiQ hmMmhEQHHBKLHEQM/ xrBb+?2M
AMi2MbBi ibKBii2ZHTmMFi mM/ /2K m7i BiibTmaMFM ;r2 ¥ Q2Ka@l BM
K2M-/ bb /B2 ai” ?HmMM; pQ ?2  MB+?i #bQ #B2 i rB /X
IK/B2b2 6mMFEIBQW xm 2 ? Hi2M-rm /2 2BM2 xmb KK2M;2b2ixi2
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f(x;y) M/2M :27mM/2M2M 02 H m7 U ##BPH/ @M 29?0/ ?bEB@ /B 2
S F2ib M;2M ?22'iX .B2 #2Mmixi2 6Bi7mMFiBQM Bbi ;2;2#2M /m +:

8
% R2; S(X;y) <T eqHH
R2 ‘++le£‘X;y)2+ R%W R%
f(x;y)= C " 2d(X; )R m ;
. 2 2 2
§ e \++qux,ggl(xfy?lg < ; S(XY)  TEeqQHH
'Y)Rq
1P

5 dix;y)*+2d(x;y)2(R3+ R) (R% R3%H?
U9XjV
1BM2 >2 H2BimM; /2 6mMFiBQM Bbi BM M? M: "XR :2;2#2MX AM :F

Rn-RomMix;y) >BH7b; °=2M- /B2b2 bBM/ /2}MB2 i /m +?,

F'EQHH

Rm=—
h 2i+ heonn

_TEQHH

Ro=7— U9gXxXovV
h.2|
1 1 _ s(xy)

h 2 hoitheguu TEeqnH

d(x;y) =s(x;y) (Ro Rn:

. #2B bBM/ /2 _ /Bmb /2brEQWHMBK2IQ#bi M/ xrBb+?2M EQHHBK iQ"
2i2FilQs #2F MMiX 62 M2 s62)+2MB#bi M/ xrBb+?2M SQbBiBQM-
/2> ai> ?2HMM; /2i2FiB2'irm /2 mM/ JBii2HTmMFi /2> AMi2MbBi ibp

q
s(x;y)= (X 92+ (y V% UoXxsv

6C /2M /m +?2;27C? i2M 6Birm /2M#ABIE BIEKKB?2BEH2KM +7?
rB/ 7C" /2M 6Bi /IB2Z I’ K p2 ' r2M/2i U2MibT B+?i w2BH2 d-8V X
Bbi /B2 u@SQbBiBQM /2b AMi2MKBLObRBIKXHmib M2 B;2"

"2i0 +?2imM; #2F MMiX

Hb 6BiT ~ K2i2 rmC/e&M/ /ReqnQz2M ;2H bb2MX G2ixi2 2" Bbi/ KI
#2, " CM/2M-/ bb BK _ ?K2M /B2b2" "#2Bi F2BM2 2BM/2miB;2 .QFm
? Hi2°b;27mM/2Mr2 /2M FQMMi2X aQ Bbi #2BbTB2Hbr2Bb2 /B2 : °:
/IB2 /2M Zm2HH+?BT BMM2 ? H# /2" > Hi2 mM; #272biB;iX .B2b:
2KBiiB2i2 ai” ?HmMM; xmb ixHB+? xmK #b+? m## 2M EQHHBK i
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/2> 2z2FiBp2M EQH HBKKIER #2°T2+ FbB +?iB;iX .B2 ;27mM/2M2M S °
6Bi BM ##BH/mM; 9X9 H mi2M,

C=(466;1 42)KBMKK? =(11;81 0,04) KK hegom{18;5 01) KK

1b Bbi xm 2"F2MM2M- [/ bb /B2 ;27mM/2M2 2z2FiBp2 >°?2
65 01)KK;'°=2" Bbi- Hb /B2 >°?2 /2b 2B;2MiHB+?2M EQHHBK
K =HB+? m7 /2M xmpQ "  2'r ?Mi2M 6BtB2 mM; /2b Zm2HH+?BTb

b 6BM/2M /B2b2  6Bi7TmMFIiBQM 2"H m#i 2b- BM BBIMBKW2Z2KHB 2:
#2HB2#B;2M BMARIH2NHOBI.) /2" 2KBiiB2 i2M ai™ ?HMM; xm #2
#2MX

9X8 #bQ TiBQM /2 ai ?HmMM;

I
I
N
S
N
Sem7
SE "#QMm
h o
e
o
04
|_
©
AEATA X X
2i2FiQ 0

##BH/mMMa9X38K iBb+?2 . "bi2HHmMM; 2BM2b _°Mi;2Mbi> ?Hb- 1
pQM /2 Zm2HH2 2KBiiB2'irm /2 mM/ BM p2 b+?B:
E KK2° #bQ #B2 i r2/2M F MMX . ";2bi2kHi bBM/ /
r2H+?2 /2 ai° ?HBM Gm7i U#H mV-E #QM7 b2 M U Q
xm C+FH2;iX

"2IM/2i bB+? /B2 Zm2HH2,BKQ #MRKMU/BMi Biib72Mbi2  /2bh_.@J
'B#i 2b /°2B EQKTQM2Mi2M- M /2M2M /B2 ai’ ?2HmMM; #bQ #B2 i
/B2 Gm7i pQ /2K 1BMi Biib72Mbi2 -/ b : bpQHmMK2M ?BMi2" /2K
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E "#QMbT Qbb2M-/B2/ b 1BMi'Biib72Mbi2" bi #BHBbB2 2MX L
:BHi 7C /B2 _i2/2° T°'BK "2M AQMBb iBQM2M
Z p
n/ lo(';h ;o) e E #QeWe'#emg ocm#em7i ] g aQtSaiQt [t UgXeV
2
>B2 #2Bb/BM/ #bQ TiBQMbFQ2{xB2Mi2M 7C" S?@iQMEROKBi 2BM2"
mMs/ /B2 .Bbi Mx2M- r2H+?2 /B2 ai’ ?HmM; BM /2Mip2mi@ ?B2/2M
"C+FH2;iX #bQ 'TiBQM BK : bpQHmMK2M /2b .2i2FiQ b 2°?°?i /B2
AQMBb nBQM28MM/ #bQ TiBQM pQ /2  E KK2  /B2b2 _i2 b2MFiX .B
imM; Bbi m7 /B2 > mTi +?b2 /2b S Q#H2Kb p2 2BMZ 43X . /m +?
/ b ST Q#H2K MB+?i pQHHbi M/B; Qi iBQMbbVvKK2i'Bb+? mK /B2
FQKKi 2b bQ xm > bvbi2K iBb+?22M B#2 b+? ixmM22DpQIPEiQG@I2M"
#QMbT Qbb2MX wm® 02> Mb+? mHB+?mM; /2" ;2QK2i'Bb+?22M :°°=2
#bQ TiBQMbKC°:HB+?F2Bi2M BM ##BH/mM; 9X8 ;2x2B;iX

E "#QM Bzi /B2 2KBiiB2'i2 ai” 2HMM; m7 2BM2 aT Qbb2 /2b aiC
/B2b2 pQM /2M E “#QM7 b2 M #bQ #B&E i 4Bl 2M%%). B Mai 2 +F 2

| #2B pQK qBMF2H #bi M/ xrBb+?22M Zm2HH2 mM4; InBMIi JRiIib72Mbi2
1Mi72 MgmMBb+?22M Zm2HH2 mM/ E "#QMbT QbbE #&KFEID?H2MbiQz
2BM2M #bQ TiBQMbF QR {xEa8165M H'QMay9) X

Gm7B2 ai 2sth2i/B2 BM Gm7ixm C+F;2H2;irB /- Bbi;2;2#2M /m +°

h 5
+élb SE “#0QM uoaxdyv

SemHA

q2Bi2  ? i Gm7i #2B _ mKi2KT2  im - mMEag BIF2b2BIMEM C°
#bQ TiBQMb7 RiG0®2BMK! (>ay9)X

a ;Qt6C’” HH2 h_.@E KK2 M #2i" ;i /B2 .Bbi Mx xrBb+?2M S /@ 1
i "Biib72Mb4yZ12 KK (*"IJR3)X .B2 as,2¢FBM /2" 2b xm AQMBb iBQM p
b FQKK2M F MM- Bbi ;2;2#2M /m +7?,

_12KK

: - X3V
Sa ;Qf Qb Uo9Xx3

q2Bi2  ? i a ;Qt@R3 2BM2M #bQ TiBQMbF@QIBExK2XIi. B2 pQM
"2 °2+?2MmM; /B2b2b g2 i2b Bbi BM M? M; "Xk / ;2bi2HHiX
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1,0 {  Ergebnis der Integration
mit hpet =27 mm

% o

o
©
|

Photonenrate (a.u.)

o
o)

~15 —10 -5 0 5 10 15
x-Position relativ zu Sprosse (mm)

##BH/ MM D XRe?2M2i2 _ i2 /2 S?QiQM2M- /B2 pQM /2" E KK2" /
/2MX " bB2 2M/ m7 /2  AMi2NGhBi,ibp2KiYB MMM :;
#b+?MBii 9Xj MM/ ;2QK2i"Bb+?2M B#2 H2:mM;2MX
S?QiQM2M’ i2 BM #? M;B;FXBXpRK+ 20N Bh2HH2 mN
aT Qbb2X .2 02 H m7 x2B:i 2BM B KRKXJ tBKmK #?2

JBi?BH72/B2b2 #2i° +?2i2i2M :"°=2M mM/ /2"  BM #b+?MBii 9Xj:2
i2BHIHMY, ,) F MM/ b AMi2;" HBM :H2B+?mM; 9Xe MmKMBb+? 7C
Xo ;2H°bi r2 /2MX . /B2 _i2/2 T BK h2ARBQMRL LB QRBM#? M:i-
Q# bB+? /B2 Zm2HH2 BM /2 L 22 2BM2  E “#QMbT Qbb2 #2}M/2
7C  p2 b+?2B2/2M2 #bi M/2 pQM 2@ MR+ 2QQWPH TX OBR2#2B rm /2
FQMbi Mi2> #bi M/ xrBb+?2M E KK ;a-\27 KK 2HH2HI@ MB 2 b 2°
#bi M/ biBKKi KBi /2K i ib +?HB+?22M #bi M/- #2B /2M | “:2bi?Z
C#2 2BMX .B2 MmMK2 ' Bb+?22 AMi2:b+HBOWKBW@IQH22X bUB2bmHi |
/2° AMi2;" iBQM2M Bbi BM ##BH/mM; 9Xe / “:2bi2HHIX

wm 2 F2MM2M Bbi-/ bb #2B /2° MM 2?22 mM: M /B2 E “#QMbT Q
iQM2M™ i2 xmM +7?bi5 W 7#\BBRKKi mM/ Mb+?HB2=2M902AM2mi m
Mbi2B:iX wm 2 FH “2M Bbi /B2b / KBi-/ bb /2> Mi2BH /2" ai’
E "#QMbT Qbb2 i'2z2M- pQK #bi M/ xrBb+?2M Zm2HH2 mM/ aT
bB+? /B2 Zm2HH2 MM 22 M/ C#2" /2> aT Qbb2- i 2z2M M ?22xr
IB2 E "#QMbT Qbb2-r2MM /B2b2 b2MF 2+?i xthK 0BM2 Biib72\
qBMF2H#2 2B+?- BM /2K ai” 2HMM: pQM /2> aT Qbb2 #bQ #B2"i
BK KBiiH2 2M #bi M/ pQM /2" ajRjGBHKK¥bB2b#IB? i/ xm-/ bb
/B2 S?QiQM2M;=i® ¥R R2BM HQF H2b J tBKmK 2BMMBKKiX






BM@a+ MDb

8XR *? " Fi2 ' BbB2 mM; /2  EQKTQM2Mi2M

8XRXR m~°bmM; /2 ai QKK2bbmM;

16,51 . . Daten
——  GauRfit
16,0 t
---= Mrit
15,5 t -=-=-=Arith. Mittel
<
< 15,0
=
S 145
14,0 1 e
13,5 f=: =—=
13,0
100 200 300 400 500 2000 4000
Zeitins Anzahl Ereignisse

##BH/ MMw@EBR{B+?2 02 H m7/2b MQ/2Mbi QKb UHBMFbV KBi/
M2M g2 i2M T Q K°;HB+?2K ai QKr2 iU 2+?ibV- KBi 2B
M;2M ?22°iX :27mM/22M0r204 / D,009)M X Zm2HHTQbBIBQ
(350 1,00 KKpQ 1BMi Biib72Mbi2 "X 1'F2MM# "~ Bbi 2BMz

J2bbr2 i2 mK/2M JBii2Hr2 i /2 J2bbmM;X

1H2K2Mi "2 h2BH D2/2b: BM@a+ Mb Bbi /B2 J2bbmM; /2b KQK
"2B /2 J2bbmM; /B2b2b ai QKb r2 /2M BK / ";2bi2HHi2M m7# m x

kd



k3 8 : BM@a+ Mb

BK "2 2B+? 2BMB;2 L MQ KT2 2 #2Q# +?i2i-/B2 M +? #b+? HimM
r2 i#BH/mM; BK L2ixi2BH bB+?i# "~ r2 /2M Up;HX #b+?MBii [ XkXRV
+? " Fi2'BbB2 2M xm FCMM2M-rm /2 /2 x2BiHB+?2 ai QKp2 ' H m7
bB+? /B2 Zm2HH2 M 2BM2  72bi2M SQbBIiBQM pQ  /IDKBKK2 #27 N
H M; pQK EQMi'QHHbF 'BTi miQK iBbB2'i BM ;' °={K°:HB+?2" 62
JSP.@*QMi QHHZ ;iX . #2Brm /2 M;2MQKK2M-/ bb /B2 . mMF2HI
/12 : b@: BMBM /2K w2BiBMi2'p HH FQMbi Mi bBM/X .B2 _2bmHi i2
bBM/ BM ##BH/mM; 8XR HBMFb / ";2bi2HHiIX AM 2BM2K >BbiQ;  KI
F2BINM2" 2 i2 BK J2bbx2BI10D KBXMpQM2bi2HHIiX

1b Bbixm 2 F2MM2M-/ bb 2BMx2HM2 ai  QKr20l2vK B 2,22~ #i b
MQKK2M r2°/2M FCMM2MX .B2 Fim HBbB2 mM; FAOMI2QHIHDb ;2 ;2
2°7QH;400KHR AM /2" "2 2+?2MmM; 2BM2b ai"QKr2 ib BM : BM@a+
"C+FbB+?iB;imM/ D2/2 *JMirQHHZEK H2BMK Hp2 r2M/2iX. F2BN
X2BiHB+?2M h ' 2M/b BK ;2x2B;i2M ai QKp2 ' H m7 #2Q# +?i2i rm /2
BKa+ M@1 ;2#MBb D2/2M #i bir2 i xm #2 C+FbB+?iB;2MX

wm' #2bb2 2M "2b+? 2B#mM; /2 ai QKp2 i2BHmMM; U ##BH/mM;
T'C7i- Q# 2BM2 LQ 'K Hp2 i2BHMM; /B2 ai ' QKp2 ' i2BHmMM; #2b+7

m=7mMFiBQM /2" 6Q K

x )?
2 2

f(x)= A 2tT USXRYV
M/B2:27mM/2M2 02 i2BHMM; M:2M 2 ixX2d@R2 22 mm b2/ 22
SVi?QM@IB+BTivX QDB KBOM RXRIXR p2 r2M/2iX JBi?BH72 /B2b2" J.
/B2D2MB;2M 6BAT " ii227mM/2M- r2H+?2 mMi2 "2 ' C+FbB+?iB
IMbB+?2‘?ZBi/2‘ZBMXZH{NI)Z—-I\/PW PHMN M EAMM/ XxrBb+22M J2bbTmMF
MM/ 6mMFiBQM KBMBKB2 2MX :27mM/2M rm /2M / #2B /B2 S * K2

A =(3945 279); =(13;65 0;01) M mM/ =(0;214 0;,009) M:

.B2 xm;2?° B;2 6Bi(VmdMBBQM2M7 HHb BM ##BH/mM; 8XR "2+?ib
.B2 ;2K2bb2M2 02 i2BHmMM; Bbi ?BM xm ; Q=2M ai QKr2 i2M p2 x2
B/2 H/m +? 2BM2 bvKK2i'Bb+?2 6Bi7TmMFIiBQM #2b+? 2B## X .2
i ib +?HB+?2 02 i2BHMM; M ?22 /2K 1'r "imM;20r\® it Bb 62 ?2IHR2 "M m M
r2° /2MF MMX .B2 ;27mM/2M2M &BIFg/ BR2M2M / ?22° Hb JBii2H-/2M
i ib +?HB+?2M 1 r B(hMghtrdQrB2 /B2 i ib +?HB+?2 ai M/ "/ #r2B+



8 : BM@a+ Mb kN

P 5 U wok/2 J2bbmM; xm TT QtBKB2 2MX

mb w2Bi; CM/2M bQHH BM : BM@a+ Mb T QJ2bbTmMFi /2 MQ
5b;2K2bb2M r2°/2MX 1b ;BHi / KBi 2B KM &KIx 218 GtB KBri2p (2N

T QJ2bbTmMFiX . 2BM2 xmpQ #2b+? B2#2M2 T xBb2 #b+? ixm
MB+?i KBi Rjq2 i2M K°;HB+? Bbi-rB'/ BM: BM@a+ Mb /2 i ib +
KBi /2K "Bi?K2iBb+?2M JBii2H #2b+? B2#2MX 6C /B2 xmpQ /Bk
Bbi/ b "Bi?K2iBb+?2 JBii2H

| mo/F (13;71 0;,02) M

xmb ixHB+? BM #2B/2M SHQib BM ##BH/mM; 8XR / ";2bi2HHIiX .B
Hb 4gipQK 1°r "imM;br2 i /2b &BniM/ /B2Mi /2b? H# Hb mb 2B
;2M m2 #b+? ixmM; /2bi ib +?HB+?EMW JokXimM;br2 ib

8XRXk mMMF2Hbi QKp2 ? Hi2M

Segment 1
20 | Segment?2
Segment 3
?7:?15 i | Segment4
E Segment 5
S Segment 6
© 10+
Q
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c
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O L

0 25 50 75 100 125 150
Zeit seit Scan-Start (h)

##BH/mMMwE8EBkHB+?2  02°H m7/2b MQ/2Mbi *BRI® Zn?2 BIM 2 MBB-R 7]
PQ /2 E KK2  #2}M/2iX .2° .mMF2Hbi GBKKBWIC2 / #2B
HH2 E M H2 /2b L2ixi2BHb m7;2MQKK2MX

2" :2K2bb2M2 MQ/2Mbi QK #2bi2?2i xmb ixHB+? xmK :2rQHHI?2
POQHMK2M mb /2K .mMF2HDbi QKX .B2b2  rB /r 2 2M/ /2M a+ N
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5KBM2K2bb2M-r1 ?2°2M/ /B2 Zm2HH2 ?BMi2° 2BM2K HmMmMKBMBmMK#?
.B2b2b "H2+? 7C? i/ xm-/ bb /B2 2KBiiB2 i2 °Mi;2Mbi" ?HmM; ¢
/2 ;2K2bb2M2 MQ/2Mbi QK mbb+?HB2=HB+? /2K .mMF2Hbi QK 2
MQKK2M2M ai QKr2'i2r2 /2M b2T " i pQM /2M 2biHB+?2M J2bbT
.B2 w2BB5K@BWbi bQ ;2r ?Hi-/ bb /2 IMi2 ;" mM/bi QK xrBb+?2M /2M
KO:HB+?bi T  xBb2 #:;2b+? ixir2 /2MF MM mM/ ;H2B+?x2BiB; K°;F
"2M//12M a+ Mb 7C /B2 J2bbmM; /2b IMi2 ;" mM/2b m7;2r M/irB /;
##BH/mM; 8Xk x2B;i #2BbTB2H? 7i/2M x2BiHB+?2M 02 H m7 /B2b.
2BM2K : BM@a+ MX . b1l ;2#MBb /B2b2b : BM@a+ Mb Bbi BM ##B
2 ' F2MM2M Bbi-/ bb /B2 >°?22 /2b mMF2Hbi QKb D2 M +? MQ/2Mb?Z2
[2°b7 HHi/ #2B m7-/ bb /2" mMF2Hbi QK m7 /2K 2 bi2M mM/ b2+
Bbi Hb m7 /2K _2biX .B2b2  IMi2 ' b+?B2/ BK .mMF2Hbi QK xrBb
F MM #2B HH2M : BM@a+ Mb #2Q# +?i2ir2 /2MX

.2b g2Bi2 2MBbiBM ##BH/mM; 8Xk 2BM2 x2BiHB+?2 02" M/2 mM; /.
.B2b2 HB2;i 7C a2;K2Mi R mM/ e BK IRM2B +2 p@WM F2M B 2QK /2"~
"2biHB+?2M a2;K2Mi2 p BB2 i x2BliXB+? mK ?°+?bi2Mb

h"Qix /IB2b2b IMi2 ' b+?B2/b xrBb+?2M /2M a2;K2Mi2M Bbi BM /2K / °
2K2BMb K2b J tBKmK HH2 .mHAibPRP2M bH?°/RK 22 ;BMM /2b: BM@a+ M
Xm2 F2MM2MX .2 w2BiTmMFi /B2b2b J tBKmKb biBKKi KBi /2K w2l
b+? mMm2°'b BMJCMbi2 " BM /2 L +?2i xrBb+?2M /2K ReX mM/ RdX m
r2Bb2M /B2 ai QKp2 H m72 /2" MQ/2Mb2;K2Mi2 R mM0e xr2B r2Bi
MmMMB5? M +? a+ M@"2;BMM m7-r2H+?2 x2BiHB+? KBib+?r +?2K _2;
1b Bbi HbQ i Qix /2 MT bbmM; /2 6BHi2 #Q /b 2BM2 #7? M;B;F2
pQM /2 62m+?i2 /2 Gm7ixm2 F2MM2MX .B2b H bbip2 Kmi2M-/ bb
P#2 ~ +?22Mbi °K2 BMM2 ? H# /2 E KK2 - #2bQM/2°b m7/2M m:
K2Mi2M- xmK .mMF2Hbi QK #2Bi"® ;2MX L +? ( M/kR) ;2H M;i 62n
1BMi Biib72Mbi2 " BM /B2 h_ .@E KK2 MX .B2J2M;2 M 62m+?iB;F2
PQK : b~mbbX wm r2Bi2 2M IMi2 bm+?mM; /2 |'b +?2 /2b .mMF2H
T C7ir2 /2M-rB2/B2b2 KBi /2K 2BM;2bi2HHi2M : b~mbb BM 02 #
.B2J2bbTmMFi2 /2 2B;2MiHB+?2M : BM@ &K BMM B 2p 2HHHR22B i H B
XxrBb+?2M /2M mMMF2Hbi QKK2bbmM;2MX wm™ #b+? ixmM; /2b 02"
J2bbmM;2M rB/ /2 . mMF2Hbi QK Hb HBM2 ° M;2MQKK2MX .B2b E
/127 mMF2HbiIi"QKi 2M/b ;2°2+?i727iB;iX . m +? /2M bQ "2bmHiB2"
bi"QKp2™H m7 F MM r ? 2M/ /2 : BM@a+ Mb M D2/2K SmMFi /2"
;2K2bb2M2M MQ/2Mbi QK #;2xQ;2M r2° /2MX
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8Xk a+ M /2 pQHHDbI M/B;2M E KK2"
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##BH/mM182R#¥MBb /2b : BM@a+ Mb /2  pQHHbi M/B;2M hvT 3 E
r2Bi2kM=72KKmM/y=144KKmM/ 2BM2 J2bB»2Bi pQM
T QJ2bbTmMFiX .2 #Dbi M/ xrBb+?2M Zm2HH2 mM/
h,i=(@27,0 1,00 KKX . ;2bi2HHi Bbi /2 JBii2Hr2 i C#2" +°
.m +?H m72 Q?M2 xmb ixHB+? 2BM;2bi2HHi2M B#2" /"

##BH/mM; 8Xj x2B;i / b 1 ;2#MBb 2BM2b : BM@a+ Mb /2" hvT
. “:2bi2HHiIiBbi /2> MQ/2Mbi'QK-/2";2K2bb2Mrm /2-r 2 °2M/ /B2
J2bbTmMFi pQ /2K .2i2FiQ TQbBIiBQMB2 irm /2X >B2 xmrm /2
#2b+? B2#2M- M D2/2K J2bbTmNMmbilpQV;/ai B KMKR2i2 :2K2bb2MX g
BM #b+?MBii 8XRXk 2 H mi2'i-rm'/2/2 bQ :2K2bb2M2 JBii2Hr2"
#2biBKKi2M .mMMF2Hbi QK #2 2BMB;iX WrBb+?22M Xxr2B #2M +?2#
2BM #bi M/pONKKBN@ B+?imM; 2BM;2bi2HHiX .B2b2  rm /2 bQ
/IB2%2 Zm2HH2 T°Q #;27 ?°'2M2° W2BH2 C#2 D2/2K E i?Q/2MC
M7MBKKX@ 2¢bi M/ xrBb+?2M xr2B J2bb Tyn Wi K M- $2X) 7 nb;b

bB+? KBM/2bi2Mb Ry J2bbTmMFi2 C#2" /B2 >°?22 D2/2b E i?Q
##BH/mM; 8Xj bBM/ /B2 ax+m NBiyr2Bh2a2Bi2MH M;2M pQM ;27
_2+2i2+F2M rB2/2 xm}M/2MX .B2 6 “#2 D2/2b _2+?i2+Fb #2b+
ai’QK K D2r2BHB;2M J2bbTmMFiX IK /B2 S> xBbBQM /2> J2bbm
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J2bb72?H2 xm p2 'BM;2 M-rm /2 /2 ?B2°/ ";2bi2HHi2: BM@a+ M
rB2/2"?2QHIi mM/ 7C D2/2M J2bbTmMFi /2 JBii2Hr2 i ;2#BH/2iX .B2
/[12M +?i J2bbmM;2M bTB2;2Hi bB+? BM /2M IMbB+?2 ?2Bi2M rB
/[2M IMbB+?22 " ?22Bi2M /2" "2biHB+?2M a+ Mb-BM M? M; Xk / “;:2bi
+?2IK HH M;2°2M w2Bi T Q J2bbTmMFi ? i /B2b2 J2i?Q/2/2M oQ
a+?2r MFmM;2M U#bTrX YM/2 " mM; /2b : b~mbb2bV MB+?i 7 Hb+?H|
a+?r MFmM;2M p2 ' r2+?b2Hir2°/2M F°OMM2MX

AM ##BH/mM; 8XjBbixm2 F2MM2M-/ bb /2> MQ/2Mbi"QK M +? #x
D2 M +? Zm2HHTQbBIN QrivMber tb=H??222MMFiX 1b 7 HHi m7-/ bb M /.
_M/2"M /2b a+ Mb BM ##BH/mM; 8Xj /B2 ;2K2bb2M2M MQ/2Mb
bBM/X .B2b ? M;i/ KBi xmb KK2M-/ bb bB+? #2B /2" m7M ?K2 /B2
8%2@ZmM2HH2 BM /2 L ?22 Q/2  /IB 2Fi C#2 /2K _ M/ /2  E KK2" #2
h2BH2 /2" ai” ?HmMmM; MB+?i /2i2FiB2 irm /2MX

.2 1BM~mbb /2b E KK2 " M/b 7 HHi #2bQM/2°'b M /2 mMi2 2M
/2" E KK2° m7X .B2b H bbi/ > m7 b+?HB2=2M-/ bb /B2 Zm2HH2
r2Bi2° BM /2M BM FiBp2M "2 2B+? /2" E KK2" #2r2;i2 Hb Q#2M mM.
FOMMi2M 62?H2 r ? 2M/ /2 P ib@E HB# B2 mM; /2  E KK2 b2B!
EQQ'/BM i2M@Pzb2i- bQ/ bb /2> wmb KK2M? M; xrBb+?2M /2M E
pQM E KK2" mM/ *L*@J b+?BM2 MB+?i B/2 H ;27TmM/2M r2° /2M F
#2b+? " B2#2M2M bvKK2i'B2 /B2 ;2b Ki2 FiBp2 6H +?2 /2" E KK2°
rm /2 F2BM2 EQ "2Fim /2 E HB# B2 mM; /m +?2;27C? iX

wm' 02 Mb+? mHB+?mM; 2BMB;2 7QH;2M/ #2b+? B2#2M2" ai QKp
SQbBiBQM2M BK a+ M@1 ;2#MBb mb ##BH/mM; 8Xj BM ##BH/m
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##BH/mM; SKIiRHHMM; /2bb2H#2M 1 ;2#MBbb2b /2b: BM@a+ |
hvT 3 E KK2 rB2 BM ##BH/mM; 8XjX >2 pQ ;2?Q#2
~mbb /2b E "#QM;Bii2°'b Ur2B=- ;2bi B+?2HiV- /B2 J
xm:> "2 2+?2MmM; /2b 02 ;H2B+?br2 i2b ;2Mmixirm /2
62Mbi2 2T " im U/ mMF2H#H mV mM/ "2 2B+?2-BM /2
JBMBK MMBKKi U+v MVX

02 ;H2B+?biiR2BM2M 02 ;H2B+?br2 i xm 2 ? Hi2M- KBi /2K /2" ;2
MD2/2KJ2bbTmMFiBM 2H iBQM ;2b2ixir2 ' /2MF MM-rm /2 |
mb;2r ?Hi2 ai QKr2'i2 ;2#BH/2iX 1brm /2M/ 7C J2bbTmMFi2 ;:
MB+?2i pQM #2Q# +?i2i2M 1z2Fi2M #22BM~mbbi bBM/X .B2D2ME
"2°2+?MmM; /2b 02 ;H2B+?br2 ib #2 C+FbB+?iB;irm /2M- HBZ
/Im +? /B2 b+?r "x2M GBMB2M BM ##BH/mM; 8X9 2BM;2; 2MX
02 :H2B+?br2 i #2i° ;i
| o2 (10;075 0;006) M :

6QH;2M/ rB / /B2b2 q2'i Hb /2 bi M/ /K =B;2 mM#22BM~mbbi2

E "#QM;BiL2#2M /2" 2°?°?i2M #bQ TiBQM K E KK2'° M/ Bbi B
8Xj m+? xm2 F2MM2M-/ bb ai™ ?HmMmM; M /2M aT Qbb2M /2b ai
#bQ #B2 i rB /X .B2b 7C?°i/ xm-/ bb /2 a+? ii2M /2b E "#QM
/I2b a+ Mb bB+?i# " BbimM// ba+ M@1 ;2#MBb BM 2BM2 :Bii2 b
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:Bii2" Bbi BM ##BH/mM; 8X9 r2B=-;2bi B+?2Hi/ ";2bi2HHiIX 1BM2
/I2b 1BM~mbb2b /2" /2b aiCix;Bii2 b Bbi BM #b+?MBii 8X9 ;2;2#2N

62Mbi2 2T AM ##BH/mM; 8Xj Bbi 2#2M7 HHb /2  1BM~mbb 2BN
1BMi Bii72Mbi2 b 2 F2MM# "X .2  1BM~mbb#2 2B+? /2b #2Mmixi2
ImM; 8X9 /mMF2H#H m / ";2bi2HHIX 1BM2 xmb ixHB+?2 E TiQMb+"
BK 1BMi Biib72Mbi2" /2" E KK2" ;2FH2#i- mK : b/B+?iB;F2BirB2/2
ai- ?HmM; m7 /B2b2 ai2HH2-Bbi /B2 q ? b+?2BMHB+?F2Bi /2 ai
.B2b HB2;i ? mTib +?HB+? M /2K #2Mmixi2M 1TQtB/? "xFH2#bi
xmb ixHB+?2M E TiQMb+?B+?iX g2Bi2 FQKKi2b/m +?/ b 62?H2M
m7 /2° C+Fb2Bi2 /2b m7FH2#2 b xm™  HQF H2M ai° mM; /2b . B
6QH;2-/ bb/ b FiBp2: bpQHmMK2M ?BMi2 /2 62Mbi2 2T =~ im"
_2bi /2" E KK2 X .2 " /m +?b+?MBiiHB+?2 MQ/2Mbi QK #2B Zm2t
M7FH2#2 #2i ;i
I m7rH2%47;3 0;1) M:

1b FQKKi /2KM +?2 /m +? /B2 m7;2FH2#i2M E TiQMb+?B+?i xm 2BM
ai’ QKb @a¢ 1,5 WX

"2 2B+?RemEXI X ki ix AM/2M [ ";2bi2HHI2M 1 ;2#MBbIBXMur2 /2M "2
#XIBg ¢ #2Q# +?i2i- BM /2M2M MB2/ B;2 2 #xrX ?°?22°2 : BM ;2K?2
.B2 "2 2Bxgw®BM/ BM ##BH/mM; 8X9 +v M7 "#2M K "FB2 i mM/ H
rBHHFC HB+? C#2 /B2 FiBp2 6H +?2 /2" E KK2 p2'i2BHi M P i2M
.Q'irB'/2BM/m +?b+?MBIiiHB+?2 ai QK pQM

I en=1(9;50 0;,08) M

;2K2bb2MX .BZH@  0BBW; mMi2 /2K 02 ;H2B+?br2 iX

.B2 "2 2Bt?22bBM/ BK w2Mi mK /2> E KK2'- K Q#2 2M mM/ mMi2
HQF HBbB2 iX .B2b2 "2°'2B+?2 bBM/ BM ##BH/mM; 8X9 MB+?i K °
[2M xmpQ~™ ;2M MMi2M "2 2B+?2M FBRMRAR F2MBMAMBHIIM oB2HK 2
Bbi 2BM :" /B2Mi pQM /2M #2B/2M ai QKK tBK Q#2M mM/ mMi2M B
bi M/ /K =B;2M : BM /2° "2biHB+?2M E KK2  2'F2MM# X .2 K 1
;2b Ki2M FiBp2M "2 2B+? /2 E KK2 7C? i xm 2BM2K ai QK pQM

Ik . =(15;9 04) M; U8XkV
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r b(580 38 W C#2 /2K 02 ;H2B+?br2°i HB2;iX

2 2M m2 " mM/ 7C /b m7i 2i2M/B2b2 "2 2B+?2 Bbi MQ+? MB-
[2M J2bbmM;2M-r2H+?2 BM #b+?MBii 8Xj/ “;2biRdksmMBM/- rB ",
Bkt MB+?i pQK .Bz2 2Mx/ m+F xrBb+?2M E KK2  mM/ IK;2#mM; #
r "2-/ bb2H2Fi'Qbi iBb+?2 #biQ=mM;b2z2Fi2/2° m=2"bi2M MQ
02 M/2 mBg B#M2Bi® ;2MX 1BM ;2M2 2HH2 62?H2 #2B /2M . ?
E i?7Q/2M@S /b Bbi MB+?i mbxmb+?HB2=2MX IK bvbi2K iBb+?2 6
/2> E KK2°M mbxmb+?HB2=2M- bQHHiI2M r2Bi2°2: BM@a+ Mb KI
/Im +?2:;27C?°ir2 /2MX

8Xj 1BM~mbb /2b .Bz2 2Mx/ m+Fb

8XjXR 1BMbi2HH2M 2BM2b 2 ?°?i2M .Bz2 2Mx/ m+F|

IK xm mMi2 bm+?2M- Q# /B2 #2Q# +?i2i2M 1z2Fi2 pQK .Bz2 21
rm /2 KBi?BH72 2BM2b "m##H2 b B#2 /" m+FBM /2 E KK2 2 x2m;
6B/Q " mM/. MB2H "QM p2Mim > 2MirQ 72M2MX .2 "m##H2 rm"
/2 E KK2' M;2b+?HQDbb2M-rQ 2 C#2 /2M ?v/ Qbi iBb+?2M . m+F
1Hb- 2BM2M .Bz2 2Mx/ m+F xrBb+?2M E KK2  mM/ IK;2#mM; m71
#2B /2K bB+? : b#H b2M BK "m##H2" m7# m2M- 2 M;i pQM /2"
#X 6C  /2M ;2;2#2M2M THbi M/ rm /2 /2 " 2MEEIULWRYY:EIE72 2B N
.Bz2 2Mx/"m+Fb2Mb@B/Bi $BMH @K2bb2MX .B2 "BH/mM: pQM : b#
#2; MM #2B 2BM2K .Bz2 @MX/3m ©B7pKM mM/ 2M/2i2 KBi /2K
SH ix2M /2" "HpeaM382®B07) K# X .B2b2° ."m+F HB2:i C#2 /2K 2B;2N
"2i'B2#b#2 2B+? /2  E KK2 "M BK *"J@h _.X

8XjXk a+ M /2  pQHHbi M/B;2M E KK2  mMi2 2 20°2iz:

JBi /2K bQ 2BM;2bi2HHI2M . Bz=21 26 xG;06) KR pQWM /2 2BM r2Bi2 2"
BM@a+ M/m +?2:27C?2 iX HH22BMbi2HH# 2M Sx mk2/i2 - rB2 /B

Q/2 /B2 J2bb/ m2 T Q J2HbbTmMEMYQMEB BK 02 :H2B+? xmK pQ"

a+ M- #2b+? B2#2M BM #b+?MBii 8Xk #2B#2? Hi2MX . b 1 ;2#
##BH/mMM; 8X8 / “;2bi2HHIX

1b FOMM2M ?MHB+?2 "2Q# +2imM;2M :2K +?ir2/2M- rB2 BK a+

BM ##BH/mM; 8XjX
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90t
114
70t 112
110 _
— <
g507 £
S 8
> e
n
30t 6
14
10t P
90 70 50 30 10 o
X (cm)

##BH/MM18R&MBb /2b : BM@a+ Mb /2  pQHHbi M/B:2M hvT 3 E KK
2Bi2M=72KKmM/y=14;4KKmM/ 2BM2  J2b5R2ZBQp QM
J2bbTmMMFiX . “;2bi2HHi Bbi /2  JBii2Hr2 i C#2" +7?i a+
#2B 2BM2K B#2 pai{tB5pQ06) K# "X

8XjXj . m+F #? M;B;F2Bi /2b : BMb

90t 1,4
1,3
70t
1,2 .
g 50+ _g
> 1,0 5
30 [ <0’9 _%
10,8
107 10,7
90 70 50 30 10 o
X (cm)

H##BH/MMZBXEBIZMi, fleok Hirmkd 2K2bb2M2M ai QKr2'i2 #2B /2
#2B/2M : BM@a+ Mb-/ “;2bi2HHi BM /2M ##BH/mM;2M



8 : BM@a+ Mb jd

BK /B 2Fi2M 02 ;H2B+? xrBb+?2M ##BH/mM; 8X]j mM/ 8X8 Mn
mz HH2M- rm /2 7C  D2/2M J2bbTmMFi /2 ZmQiB2Mi mb ai (
K2bbmM; ., nimM/ /2 LQ K H/ m+IRKZhb 2 2+?M2iX .B2b2 Bbi
##BH/mM; 8Xe / ;2bi2HHIiX
AM ##BH/mM; 8Xe Bbixm 2 F2MM2M-/ bb bB+? /m +?/ b 1BMb
p=(1;25 0,05)K# /2  :2K2bb2M2 ai QK83 WMHHRX J2bbTmMFi2 r2Bb
| #2B 2BM/2miB; mMi2® "2 " C+FbB+?iB;mM; B? 2"  IMbB+?2 ?2Bi2
M7X4&2B /2" #2i° +?2i2i2M J2bbTmMFi2 F K2b xm™ 2BM/2miB;2M
;2K2bb2M2M ai QKr2 ibX "2bQM/2 b 7 HHME,m YL dobdul2+ZmMQiB:
7C> J2bbTmMFi2 K _ M/ /2 E KK2  #2bQM/2°b bi "F pQM R #
/12 ai QK BM /2 L ?2/2b HBMF2M E KK2 " M/Ib£4£2B,/2°@2bbmN
=2  Bbi- Bbi bB2 #2BK "2+?i2M _ M/ FH2BMR o-Hp - #2BC 2" J2bb
SQbBIiBQM2M C#2 /2> HBMF2M #xrX "2+?i2M E Mi2 /2" E KK2
#XxrX /B2 ;°°=i2M ZmQiB2Mi2M ;2K2bb2MX Y?MHB+? xmK E KK
1BM~mbb /2b E "#QM;Bii2 ' b- bQrB2 /2" xmb ixHB+? m7;2FH2#i2
BM ##BH/mM; 8Xe bB+?i# X .B2b bT B+?i/ 7C -/ bb bB+? xrBl
2 ?°?i2K .Bz2 2x/ " m+F mM/ LQ K H/'m+F /B2 P#D2Fi2 U_ M/- aT"
EQQ /BM i2Mbvbi2K /2  *L*@J b+?BM2 M +? "2+?ib #2r2;i ? #2N\
AK :2;2Mb ix/ xm bBM/ /IBR:"thNBBtgdMB+?i BM /2 02 i2BHmMM; /2b
iB2Mi2M 2°'F2MM# "X .B2b bT'B+?i/ 7C -/ bb xinBb+?2M/2M J2
MMEso ) mfxQrQ?H /B2 SQbBIiBQM Hb m+? /B2 ai QK?°?2- "2H i
J2bbTmMFi2M- /B2b2" "2 '2B+?2 ;H2B+? #HB2#X
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8XjX9 1BM~mbb /2" .27Q K iBQM /2b 62Mbi2 b m7 /2N

127

1,3
I = Quadratischer Fit
|  Projektion der Daten

117

107

097

luberdruck /INormaldruck

0,87

0,7

0 20 40 60 80
X-Position (cm)

##BH/mM; 8Xi@QHHmMM; /2° v@S QD2FiBQMJ/2h 2 R Hti@Blbb2b
/2> JBii2 /12" E KKR=HCFKX AK "2 °2B+? /2" FiBp2M 6H +7
/2> E KK2  Bbi 2BM T ~ #2H7°KB;2  02°'H m7 xm 2 " F2MM
/IB2 mbreH#mM; /2b 1BMi Bii72Mbi2 b xm " C+Fxm7C? 2N\

AM ##BH/mM; 8Xe Bbi xm 2 F2MM 2M,/,-Hbeh R 02 nRPH2IBMBD Bbi-
D2 M ?2 bB+?/B2Zm2HH2BK w2Mi mK /2 E KK2 #2}M/2iXIK/B2b
X2B;i ##BH/ mMMx @&d QBERIBQM /2b ;2K2bb2M2M ZmQiB2Mi2MX 1
/2702 Hm7 /2 STQD2FiBQM 2BM2" S ™ #2H ?M2HIiX IK /B2b xm (
S #2H /2" 6Q K,

f(x) = Ax?+ Bx + C; UusXijVv

KBii2Hbr2 p2@}d2i?7Q/2 /2b Svi? MBSV XQIDBBKBROYM RXRIOXR M /2M
02'H m7 M;2M ?2iX .B2 6mMFiBQM KBi /2M ;27mM/2M 6BiT =~ K2i

A=(6:6 05) 10°+K?% B=( 66 05) 10°+K! C=1:36 00L

Bbi2#2M7 HHb BM ##BH/mM; 8Xd/ ;2bi2HHiXwm 2 F2MM2M Bbi-
iBQM /m +? /B2 [m /"  iBb+?2 6Bi7TmMFIiBQM ?BM 2B+?2M/ ;mi #2b+"
bi2HH2M / #2B H2/B;HB+? J2bbTmMFi2/ - #2B /2M2M /2 1BM~mb
/2" E #QMDbT Qbb2M C#2 rB2;2MX
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—— Verformung der Fenstersegmente
—— Verformung des gesamten Fensters

o
©
a

o
[=)

0 20 40 60 80 0,4 0,6 0,8 1,0 1,2 14 1,6
X-position (cm) Verformungsunterschied ~ Ad (mm)

uyv U#V

##BH/ mMo3XB.m7 U V /2 o02dX)Q/XmmWMBMi Biib72Mbk2@ab 7C" /
SQbBIiBQM2M /2" BM ##BH/mM; 8Xd/ ";2bi2HHI2 S°'QD
2 :B#i bB+? mb/2M 02 ? HiMBbb2M xrBb+?2M .Bz2 2
KmM;-rB2 bB2 BM (6 #kR) #2b+? B2#2M rm ' /2MX .B2 /
g°H#mM; 2 ;B#i bB+? mb /2 amKK2 mb /2 02 7Q KmN
62Mbi2 b mM/ /2 /2  2BMx2HM2M a2;K2Mi2X mb/2M Db
7Q KmM(x2M bb2M bB+? /B2 J2bbr2°i2 mb ##BH/mM; 8
pPQM /2 D2r2BHB;2M 02 7QdKmMM2HB2M DIM¥ X IMbB +
?2Bi2M /27 2 " 2H®@W2iIARr2 /2M ?B2° MB+?i M;2;2#2M

.B2b2 : BM@o0o2 M/2 mM; Bbi m7 /B2 p2 bi "Fi2 .27Q K iBQM /
B#2 '/ " m+F xm C+Fxm7C? 2MX .B2 mbr°H#mM; /2" 2BMx2HM2M ¢
im ;2M/2ME "#QMbi ' mFim®  rB°/ D2r2BHb Hb T ° #2H7° KB; mM
L +?2 (6 #kR) 2 ;B#i bB+? 7C" /2pE(B2R BOBYK#M ¥IBM2 K tBK H2
MmbroH#mM; /2b ;2b Ki2M 62Mbi2 b #xrX 2BM2b a2;K2Mib,

d.op kF(1;27 0,06) KK mMMAlp,.omi(0;53 0,03) KK

m7 # bB2"'2M/ H bbi bB+? /B2 62Mbi2°/27Q K iBQM-rB2 BM
KQ/2HHB2 2M
"2B /27 J2bbmMMoRQMQ?M2 M;2b+?HQbb2M2M "m##H2" 22" "b-
/2b 6HmbbrB/2 bi M/2b /2" E KK2°  2BM2 MB+?i p2 Mp*0H bbB;#
XrBb+?2M E KK2  mM/IK;2#mM;X L +? (6B/R8)HB2;i/2 bQ 2Mibiz
2ir XrBb+HR2kWE mMOIE2K# 7C° C#HB+?72 : b~Cbb2X .B2b2" .Bz2
p=0;15K# 7C? 1 2#2M7 HHb xm™ mbr°H#mM; /2b 62Mbi2 b- r2HH
p=(1;25 005 K# "~ #2 2+?M2i mM/ pQK JQ/2HH 8X3 #:;2xQ;2M r2 "/
aQKBi F MM /B2 di 2#2b27? ixi r2'/2M- mK /B2 bB+? / b 1BMi B
XrBb+?22M /2M #2B/2M JR bV 8 QM a2 7Q Ki ? iX
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##BH/mMM; 8X3# x2B;i ?B2 7C" /B2 42512 of Pelyy % M/ Qri-B2WH 2 I

#2 2Bib BM ##BH/mM; 8Xd ;2x2B;i bBM/X JBi?BH72 /2" #2b+?
rm /2 MB@SQbBIiBQM D2/2b J2bbr2°i2b BM /B2 pQ HB2;2M/2 #b+?
/2" 62Mbi2 roH¥mKL;2r M/2HiIX >B2 #2B r2 /2M Mm J2bbr2i2 BM ?B]|
#bi M/ xm  E "#QMbT Qbb2 mb;2r2°i2i- mK M°iB;2 EQ "2Fim 2M >
HH;2K2BM Bbixm 2 ' F2MM2M-/ bb /2 : BM #2B /2 1 ?°?mM; /2 62
AK 02°"H m7 BM ##BH/mM; 8X3# Bbi xm 2°"F2MM2M-/ bb F2BM J;
POQMW : BM@o02 Hmbi #2B 62Mbd A’ WR TTHR2 KM 2BM2iX Y?2MHB+? X
aBKmH iBQM /2b: BM@ #7 HHb BM (*"JR3) Bbi /2" ;2K2bb2M2 02"
mbb ;2M C#2  /2M 2t Fi2M 1BM~mbb /2  62Mbi2 r°H#¥mM; m7 /2M
[I12M Im > +?;27C? i2M : BM@a+ Mb MB+?ii iB;2MX >°?22°2 S" xBbB
r 2 2M/ /2M a+ Mb /B2 E KK2" mbr°H#mM; /B 2Fi ;2K2bb2M rQ /2 M
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8X9 : BM ME "#QMbT Qbb2M

1.0 —1,0
20
20t
€ 0,9 €
£ £
) b o 10 —
g 10 e 3 3
o = (=]
a8 08 Z a 0,9 %
5 o % 3 0 g
2 E > 3
k< 07 § = S
©-10f £ o 2
1) -
s 510 T
8 -20 0,6 8 0,8
> >.20
20 10 0 -0 -20 o 20 10 0 -10 20
x-Position relativ zu Sprosse (mm) x-Position relativ zu Sprosse (mm)
uyv U#V
—1,0

20

€
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g 10 3

o ©

o 098

& o

s 0 [

N c

= 2

8 S

@ -10 i

S .

820 0.8

S

20 10 0 -0 20
x-Position relativ zu Sprosse (mm)

Uu+Vv

##BH/ mMMpBXN2B+? /2b ;2K2bb2M2M ai QKp2 ' H m7b U VmM/ /2"
M2M™ i2M U#V mM/ U+V-r2MM bB+? /B2 Zm2HH2 BM /2"
/12" E "#QMbT Qbb2M #2}M/2iX "2BK a+ MU V p2'r2M/:
r " 2Mx=12KK= y #2B 2BM2 J2bHxZAZBQpI2MbTmMFiX
.B2 a+? ' Biir2Bi2M BM /2 /B2 "2 2+?MmM; pQM U#V /r
bBM/ B/2MiBb+? xm /2M #2B /2" J2bbmMM ;KK BPM2M/ bB 2
D2/2 B+?imM; #2i" ;2MX 1BMx2HM2 g2 i2 xrBb+?2M /.
bBM/ MB+?i xm p2 ;H2B+?2M-/ /B2 6 #2MbF H2M mM
bBM/X

wm' ;2M m2 2M IMi2°bm+?mM;-rB2 bB+? /B2 E #QMbT Qbb2M
a+ Mb mbrB 'F2M-rm’ /2 2BBl &+ R@GB'M 2BM2Km +?2:27C? i- BM /.
JBii2 bB+? /I B2 E 2mxmM; xr2B2 E #QMDbT Qbb2M #27 M/X . b
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BM ##BH/mM; 8XN [/ ";2bi2HHIiX .B2b2brm /2 xmK #2bb2 2M 02" ;|
'2K2bb2M2M ai’QK MQ KB2'iX .B2xa=+P2E&iKr2 Byi 2M PQM b Q

mb;2r ?Hi-/ bb 2BMO0ab0M X TmMFi2M /B2 ;2rCMb+?i2 6H +?2 r
wmK 02 ;H2B+? / xm x2B;2M ##BH/mM;2M 8XN# mM/ 8XN+ /2M 02"
/2 KBi p2 b+?B2/2M2M a+? Biir2Bi2M #2 2+?M2irm /2X .B2 "2 2
m7 /2K BM ##BH/mM; 9Xe / ;2bi2HHI2M Zm2 b+?MBiiX

AK /IB'2Fi2M 02 ;H2B+? xrBb+?2M "2 2+?MmM; mM/ J2bbmM; Bb
mz HHB;2M J2 FK H2 /2" #2°2+?M2i2M S?QiQM2M" i2 m+? BK ;2
m7i 2i2MX aQ bBM/ bQrQ?H BM /2 02 i2BHmMM; /2" ;2K2bb2M2M
BM /2" #2 2+?M2i2M _ i2/2° m7i 2z2M/2M S?QiQM2M pB2  HQF F
.B2b2 #2}M/2M bB+? MB+?i x2Mi° HC#2 /2  E’2mxmM; /2" E “#(
H2B+?i mK 2ir 2BM2M ? H#2M w2MiBK2i2 p2'b2ixiX

g2Bi2  Bbixm2 F2MM2M-/ bb 2MiH M; /2  2BMx2HM2ME #QMbT Q
xm2 F2MM2M BbiX wrBb+?2M xr2B HQF H2M JBMBK Bbi bQrQ?H
mM/ 8XN+ Hb m+? BM /2" J2bbmM; 8XN 2BM HQF H2b J tBKmK
#b+?MBii 9X8 #2 °2Bib /IBbFmiB2'i- FQKKi 2b /m ' +? /B2 E "#QMbT"
/2> _°Mi;2Mbi°> ?HmMM;-r b2BM2 a+? ii2M#BH/mM; M +? bB+? xB2?i>
""2Bi2/2b E "#QM;B8IRKBKQIM " ;H2B+? xm~ #bi® ?HmMM;b# 2Bi2 /2"
Up;HX #b+?MBii 9XjV- FQKKi 2b xm 2BM2K FH2BM2 2M a+? ii2M- r.
C#2° /2K :Bii2" 2KBiiB2'irB'/- Hbr2MM /B2b 2BMB;2 JBHHBK2i
.B2b2 1z2Fi Bbi m+? BM /2 JBii2 /2  E'2mxmM; /2  E #QM;Bii2
XrBb+?2M /2M pB2 I mMF2H / ";2bi2HHiI2M "2 2B+?2M 2BM ?2HH2

h #2HH2 2XRxB2 mM; /2b ;2K2bb2M2M ai QKb #xrX /2" #2 2+?2M2i.:
BK 02 ;H2B+? xmK D2r2BHB;2M J tBKmK /2" ;2K2bb2M2M ¢
02 i2BHmMM;X :2x2B;i bBM/ /2> 1BM~mbb 2BM2" 2BMx2HM2
/12 2BM2 E 2mxmM; xr2B2  aT Qbb2MX

P | K tXTKBMZKX ai’ QK2 2+?MX S?2QiQM2M" i2
al Qbb2M@E 2MBMM (521 0.1) W 761 W
1 KBMX (749 03) W 881 W
1BMx2HM2 at—RBKe 651 02y W 952 W

.B2 "'2Bi2 /2" #2Q# +?i2i2M "2 °2B+?2 biBKKi #Bb m7 r2MB;2 JBH
KBi/2 "'2Bi2/2 #2 2+?M2i2M 1BM~mbb#2 2B+?2 C#2 2BMX .B2hb
Xm C+Fxm7C? 2M-/ bb /2" #bi M/ xrBb+?2M .2i2FiQ"  mM/ Zm2H
2BM;2biBHB2ZZNKKX . xm 7C? i #2BbTB2Hbr2Bb2-/ bb/ b E KK2 72
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mb:2r°H#i Bbi-r b BM /2 P ibF HB# iBQM MB+?i #2 C+FbB+7?i
AM h #2HH2 8XR Bbi xmb KK2M:2bi2HHi- rB2 ;"Q= /B2 #r2B+2mNM
:"0=2 pQK J tBK Hr2 i /2 D2r2BHB;2M 02 i2BHmMM; BbiX wm 2 F:
#2i° +?2i2i2M P i2M /B2 S?QiQM2M" i2 C#2 b+? ixirB /X :'mM/7C
Bbi- / bb BM /2" _2+?MmM; H2/B;HB+? /B2 #bQ TiBQM /2 2K
> mTi +?b2 #2 C+FbB+?iB;i rB / Up:HX #b+?MBii 9X8VX

8X8 : BM M /2 FiBpB2 i2K MQ/2Mb2;K2Mi

—120
90t
1100
70t
180
50 %E
g 160 %
> o
n
30} 140
120
10t
‘ ‘ ‘ ‘ ‘ o
90 70 50 30 10

X (cm)

##BH/mM;1IBXRAMMBb /2b: BM@a+ Mb /2 pQHHbiIi M/B;2M hvT 3 E
r2Bi2kM=17 KK mM =17 KKX

"2BK "2i"B2# /2 #2Mmixi2M S QiQivT 3 E KK2  KBi Hi2K 6BHi2 #
i2i-/ bb2b #2BK / Bii2M MQ/2Mb2;K2Mi #2B p2 ;H2B+?br2Bb2 M|
b2H#bibi M/B;2M aT MMmMM;b ## m/m +?2 Fm ' x2 ?2Q?2 ai QKTm]|
[ ;2;2M rm /2 /B2 02 #BM/mM; /2b a2;K2Mib xm™ >Q+?bT MMmN
/ ba2;K2Mi KBi /2 J bb2 /2" E KK2 p2'#mM/2MX q ? 2M/ bB+7*
/IB2b2K wmbi M/ #27 M/-rm /2M /B2 2°bi2M : BM@a+ Mb /m +?
2BM2b bQ /m +?2;27C?i2: BM@a+ Mb Bbi BM ##BH/mM; 8XRy |
/[2M "2biHB+?2M a+ Mb-/2bb2M 1 ;2#MBbb2 ?B2  / ";2bi2HHi b
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/IB2b2b : BM@a+ Mb MQ+? p2° Hi2i2 "2bi M/i2BH2 p2'r2M/2iX aT2x
mM/ 2BM ;' °=2"2"  EQHHBK iQ X .2b g2Bi2'2Mr /B2 BM E TBi2
BMi2 M2 JBii2Hr2 i#BH/mM; /2b L2ixi2BHb MQ+? 2BM;2b+? Hi2i
M;2MQKK2M rm /2-/ bb /B2 q2 i2 /2 ai QKK2bbmM; b2? pB2H FQ
BM #b+?MBii 8XRXR #2b+? B2#2Mrm /2X 1BM2 62?H2" #b+? ixmM
a+ Mb/m +?2:;27C?2irm /2-rm /2 ?B2 /2b? H# MB+?2i/m +?2;27C?"

gt x  Daten
—— Exponentieller Fit

0 200 400 600 800 1000
Spannung an Segment 3 (V)

##BH/mM,;08XRRn7 /2b o2 ? HiMBbb2b xrBb+?2M K tBK H2K: BM m|
HB+?2K : BMr ? 2M/ /B2 M;2H2;i2 aT MMmM; m7 /2K
Q/2Mb2;K2Mi 2 ?°?2irB' /X1 F2MM# "~ Bbi 2BM 2tTQM2Mi

i2M- /2" /m +? 2BM2M 6Bi M;2M ?2irm /2X

AM ##BH/mM; 8XRy 7 HHi 2BM ai 2B72MKmbi2° BK a+ M@ 1 ;2#|
BMi2 M2 JBii2Hr2 i#BH/mM; /2b L2ixi2BHb xm C+Fxm7C? 2M-/m +
:2;2Mb2BiB; #22BM~mbb2M-r2MM /B2b2 x2BiHB+? m72BM M/2"
#:;27 ?°2M2 a+ M@Jmbi2  p2 H m7iBM HH2M a+ MbBM ?Q BxQMi
J2bbTmMFi2 m7 2BM2° GBMB2 x2BiHB+? M ?22° M2BM M/2" Hb |
"BH/mMM; pQK ai 2B72MKmbi2"  7C? i2X

"2bQM/2°b 7 HH2M xr2B "2°'2B+?2 BM ##BH/mM; 8XRy m7X .B2b2
mb;2b+? Hi2i2M a2;K2Mib mM/ 2 x2m;2M 2BM2M #2bQM/2 b ?2Q7?;
8%2@Zm2HH2/ "C#2 #2}M/2iX .2 /Q i ;2K2bb2MIXailQR HB2:i K tBHI
JHC#2 /2K .m +?b+?MBiibr2°i /2" "2biHB+?2ME KK2 -r b m7 HQ
Xm C+Fxm7C? 2M BbiX

wm IMi2 bm+?mM; /2b xm; mM/2HB2;2M/2M 1z2Fibrm /2 / b/ B
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C#2 2BM M2m2b 6BHi2 #Q '/ KBi/2K>Q+?bT MMMM;bM2ixi2BH j
/2" "2biHB+?2M 8 a2;K2Mi2 2 ' 7QH;i2/ #2B r2Bi2 ?BM C#2 2B
2°'K°;HB+?i2-/ bb/ b/ Bii2 a2;K2Mi b2T ~ i pQK _2biBM /2  aT
r2/2M FQMMi2X 1brm /2 /B2 J2bbmM //2bK@Z7 HIMBRE2b? QHi X
. #2B rm' /2 /B2 aT MMmM; /2b /" Bii2M a2;K2Mib xrBb+?2M /2M J2
2 ?°?2i- mK /2bb2M ai #BHBi i bB+?2 xmbi2ZHH2MX wm ™ rB2/2 ?QF
b2brm*/2M : BM@a+ Mb /m +?;27C? iX .B2b2 p2 "HB272M M/2°
pPQHHbI M/B;2 FiBp2 6H +?2 /2" E KK2 - bQM/2YWHEKS;HB+? FI
C#2 2BM2b2MF 2+?2i2 GBMB2 BK w2Mi mK /2  E KK2'X .2 ;2K:
? HiMBbb2b Bbi BM ##BH/mM; 8XRR / ";2bi2HHIX

wm2 F2MM2M Bbi-/ bb /2" "2H iBp2: BM@ MbiB2; K _ M/ /2b mi
KBi bi2zB;2M/2> aT MMmMM; m7 a2;K2Mij #7 HHiX wm B#2 T C
? M;brm'/22BM2 2tTQM2MiB2HH2 6mMFIiBQM /2  6Q K,

f(x)= A 2tfT Bxg+ C UsX9V

M/2M 02 H m7 ;2}ii2iX q2Bi2  rm’ /2 KBi#2 C+FbB+?iB;i-/ bb #2
pQM000 /2  : BM F2BM2 HQF H2 J tBK K _ M/#2 2B+? /2b a2;}
/2M 6Bi rm /2mBR2AMI?Q/2 /2b Svi? Q M@BTRK Xi® HiB IRBOR29 X R

P2 r2M/2iX .B2 bQ ;27mM/2M2 6mMFiBQM ? i 7QH;2M/2 S * K2i2

A=75 02 B=(29 020! C=09 01

mM/ Bbi BM ##BH/mM; 8XRR M2#2M /2M J2bbr2 i2M / “;2bi2HHIi
.B2 2tTQM2MiB2HH2 6Q K /2b 02 H m7b biBKKi C#2 2BM KBi #
[/ bb /2 : BM 2tTQM2MiB2HH KBi /2" aT MMmM; Q/2° /2K 2H2F
Q/2M/" ?i2 xmb KK2M? M;iX 1b Bbi HbQ/ pQM mbxm;2?2M-/
M /2 :"2Mx2 xrBb+?2M /2M a2;K2Mi2M p2 bi "FiBbi- #? M;B;
MHB2;2M/2 aT MMmM; M a2;K2MijBbiX .2 bQ 2Mibi2?2M/2 _
#2B J2bbmM;2M #2Q# +?i2i- #2B /2M2M / b a2;K2Mi j xr ° mb;:
KBiJ bb2 p2°#mM/2Mr * (6°kj)X .B2b Bbi/ KBi xm #2;"CM/2M-
72?H2M/2 1°/mM; G ImM;2M m7 /2M . ?2i2M b KK2Hi2-r b/ b 2
a2;K2Mi®- M/ 2Mi;2;2MrB F2M/ #22BM~mbbi2X



9e 8 : BM@a+ Mb

8Xe .2i2FiQF HB# iBQM

5 L
11,2
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Pad-Spalte

##BH/mMM,; 1I8XRAMBDb /2b: BM@a+ Mb /2 pQHHbi M/B;2M hvT 3 E KK
r2Bi2M=72KKmM/y=144 KKmM/ 2BM2 J2bbk2Bi pQM
T QJ2bbTmMFiX . ";2bi2HHiI /2  JBii2Hr2 i /2 ai QKK2b
SQbBIBQM /2" Zm2HH2 C#2 2BM2K E i?Q/2M@S /X

gB2 BM #b+?MBii Xk 2 H mi2'i-;2b+?B2?i #2BK i ib +?HB+?2M "2i
h_./B2 mbH2b2 /2 aB;M H2 m7 /2ME i?Q/2M@S /bX IK2M2 ;B2
FOMM2M- Bbi 2BM qBbb2M C#2" /2M HQF H2M : BM C#2 D2/2K E i
.B2b2° " F MM mb /2M /m +?2;27C? i2M : BM@a+ Mb #2 2+?2M2ir2°
.m +?b+?MBii #2 2+?M2i C#2 /B2D2MB;2M ai QKr2i2- #2B /2bk
Zm2HH2 C#2 /2Kb2H#2M E i?Q/2M@S / #27 M/X "2BK : BM@a+
##BH/mM; 8Xj/ ;2bi2HHI Bbi%2@7ZM2HBBIR2?4#/BR2 Ry Q/2° RR mMi2 21
HB2;2M/2M J2bbTmMFi2M C#2 D2/2K E i?Q/2M@S /X .2/~ mb #2
rB°/ Mb+?HB2=2M/ m7 /2M 02 ;H2B+?br2 i Up;HX ##BH/mM; 8X
"2bmHiIB2 ' 2M/2 02 i2BHmMM;-/ ;2bi2HHIi BM ##BH/mM; 8XRk- x2E
#r2B+?mM; pQK mM#22BM~mbbi2M : BMX

wm 2 F2MM2M Bbi- / bb rB2 b+?QM #2B /2M "2biHB+?2M : BM@
02" M/2 mM; m+? p2 b+?B2/2M2 #bQ TiBQM2M 2BM2M 1BM~mbk
m+? r2MM / b E "#QM;Bii2 -/2  E KK2'° M/ mM/ /B2 m7;2FH2#i.:



8 : BM@a+ Mb 9d

p2 K2BMiHB+? F2BM2M 1BM~mbb m7 /2M : BM ? #2M- bBM/ bB~
xm2 F2MM2MX wm™ FQ 2Fi2M: BM@E HB# iBQM Kmbb HbQ
#b+?MBii 9X8- M;2T bbir2'/2MX gB2 BM #b+?MBii 8X9 ;2x2E
#2 2Bib xm > [m HBi iBp2M "2b+? 2B#mM; pQM #bQ TiBQMb2E
D2/Q+? MQ+?X JBi 2BM2K p2 #2bb2'i2M JQ/2HH F°MMi2 /2" 1BM-
aiCix;Bii2° mb/2Ka+ M@1 ;2#MBb FQ 'B;B2 ir2 /2M-bQ/ bb D
2BM/2miB;2 : BM@qg2 i xm;2Q /M2ir2 /2M F MMX






wmb KK2M7 bbmM: mM/
mb#HB+F

1BM rB+?iB;2  h2BH /2 Zm HBi ibbB+?2 mM; /2 h_.@JQ/mH2
#2bi2?iBM /2 Q'ib m7;2H°bi2M J2bbmM; /2b : b@: BMb mM/ /2
:H2B+?K =B;F2BiX wm /B2b2K wr2+F rB°'/ BM JCMbi2® 2BM h2
J2bbmM; /2b : BMb BM /B2b2K m7# m #2 m?i/  m7-/ bb 2BM
KBi?BH72 2BM2 027 ?°2BM?2Bi pQ  2BM;2? M;i2M h_.@E KK
/[2M ai QK-/2" M /2M MQ/2M/" ?i2M /2 E KK2 K2bb# " Bbi-H
mbb ;2M xmK : BMi 2z2M- BM /2K "2 2B+? /2  E KK2 -/2 pQM /.
rB /X

AK wm;2 /B2b2° "#2Birm /2 /2 #2bi2?2M/2 m7# m/m +? /B2 AN
EQKTQM2Mi2M p2 #2bb2 iX 62 M2 rm /2M KBi/B2b2K p2 #2bb2"
2BM2b E KK2 @S QiQivTb /m +?;27C? iX .B2b2 /B2Mi2M xmK 2
/IB2 . m +?27C? mM; T xBb2 : BM@a+ Mb K°:HB+? Bbi- xmK M/2
a+?r MFmM;2M BK MQ/2Mbi QK #2b+? B2#2M mM/ 2BM;2Q /M2
1BM2 02 #2bb2 " mM; /2b m7# Afd2l@ZMRRiHB2 KIRIMB M2  mK 2ir 2B
=2MQ /MmM; ?2°?22 2" FiBpBi i/ "X .B2b 2 H m#i-/2ME2;2H /2"
XxXmp2 FH2BM2 M mM/ bQ 2z2FiBp /B2 P'ib m~°bmM; /2  J2bbmWN
1BM2 r2Bi2'2 YM/2 " mM;-r2H+?2 /B2 S’ xBbBQM /2  : BM@a+ M
b2i2 mbH2b2 /2b MQ/2Mbi " QKb /m +? 2BM M2m2b >Q+?bT MMm
/2b MQ/2Mbi*QKb rm /2 / KBi 2BM2 a+20; M4 n0)}Qd) #1 24RiQ @ M
+?2i21X

JBi?BH72 2BM2b M2m 2MirQ 72M2M 6BHi2 #Q /b FQMMi2 /2  .m
bB2ir2'/2MX 1b x2B;i2 bB+?-/ bb i Qix 2 ?°?i2° #bi M/2 m7
#? M;B;F2Bi pQK g2ii2" #2bi M/X q2Bi2 x2B;i2 bB+?-/ bb #2bQN\
#2B/2M MQ/2Mb2;K2Mi2M 2BM #2bQM/2 b ?2Q?2° .mMF2Hbi QK
.B2 BME TBi2H 8/ ";2bi2HHi2M 1 ;2#MBbb2 /2" /m +?;27C? i2M
KBi /2K ;2;2#2M2M p2 #2bb2 i2M h2bibi M/ Q' ib #? M;B;2 : BM(
bBM/XAM/2M /m +?;27C? i2Ma+ Mb /2 S QiQiVT@E KK2 7 HH2

9N



8y e wmb KK2M7 bbmM; mM/ mb#HB+F

BV Q#2M mM/ mMi2M BM /2  JBii2 /2" E KK2°™ m7X AM/2M2M BE
;H2B+? xmK _2bi /2 E KK2 (B8 K3BBW pl2 bi "FiX .2MF# "~ Bbi-/ bb
#biQ=mM;b2z2Fi2 /2 m=2"2M . ?i2/ xm #2Bi ;2MX IK /B2b xm
r2Bi2°'2 "2 2+?MmM;2M rCMb+?2Mbr2 iX .B2b2 FCMMIBM KBi S Q.
Im > +?2;27C? ir2 /2M-rQKBi/ b 2H2Fi ' Bb+?2 62H/ KE KK2 ° M/ k&
F MMX .2b gq2Bi2 2M F°MM2M /B2 ?B2" #2Q# +?i2i2M _ M/2z2Fi2 K
12" #2B/2M #2°2Bib 72°iB;;2bi2HHiIi2M hvT 8 E KK2 "M p2 ;HB+?2N\
bTQMi M2 1MiH /mM;2M /2> aT MMmM; m7 /2M m=2"bi2M MQ/2I
rbp2 KmiHB+? 2#2M7 HHb m7 2H2Fi " Qbi iBb+?2 #biQ=mM; xm
.2b g2Bi2°2Mrm /2M K2? B\ GWH2R#?222i- #2B /2M2M /2" ai QK /m
b+?MBIiiHB6? 6B8KW FH2BM2  Bbi Hb #2BK _2bi /2" E KK2 X 1b rr
:"mM/ 7C" /B2b2 HQF H2 : BM@o2 'BM;2"mM; ;27mM/2MX
1b Bbi/2MF# -/ bb #2B/2 "2°2B+?2 KBi p2 M/2 i2K: BM m7 62°?
Xm C+Fxm7C? 2M bBM/X IK /2MMQ+? ;2 i2mM #? M;B;2 S Q/mFiE
xm FOMM2M- bQHHI2M a+ Mb KBi r2Bi2'2M h_.@E KK2 "M /m +?;27
AK HH;2K2BM2M bBM/ BM /2M 1" ;2#MBbb2M M2#2M : BM@o "B iB!
BM /2 /2i2FiB2 i2M S?QiQM2M” i2 bB+?i# "X .B2b2 bTB2;2HM bB+7
E KK2°° M/-E "#QM;Bii2"  mM/ 2BM2K m7;2FH2#i2M E TiQMbiC+
2BM2 "2b+? 2B#mM; /2b #bi® ?Hp2 ? Hi2Mb /2  Zm2HH2 ;27mM/2
[m HBi iBp2 "2b+? 2B#mM; /2> 2 ?°?i2M #bQ TiBQM K°;HB+? Bbi?
wm  IMi2 ’bm+?mM; /2" . m+F #? M;B;F2Bi /2 #2Q# +?i2i2M 1z2Fi
J2bbmM; mMi2® 2BM2K 2BM;2bi2piH([I228 BOO3) K#m K FBooQH 2 M
E KK2 " mM/ IK;2#mM; /Im +?2;27C? iX .B2b2 x2B;i2-/ bb bB+? xr
LQ'K H/I'm+FK2bbmM; /B2 #bQ TiBQM /2° S?QiQM2M p2° M/2 i2-
IMi2°b+?B2/ BM /2MB &iBR+¥Y2MKIX gB2 2°r "i2irm’/2- F K 2b #2E
2 ?2°2i2K . m+Fxm  p2 bi Fi2M .27Q K iBQM /2b 1BMi ' Bii72Mbi2 b’
2BM2 : BM@o0o2 M/2 mM; xm 6QH;2-r2H+?2 p2 K2bb2M mM/ KBi bl
p2 ;HB+?2M r2°/2M FQMMi2X 1b x2B;i bB+?-/ bb /2" : BM KBi bi:
#MBKKi- 2BM2M :"280W2 BpMIMo "B iBQM #2IBKtkR MBQRKHBQM
D2/Q+? MB+?2i mMi2 b+? 2Bi2iX
wmH2ixirm /2 ;2x2B;i-/ bb /2 ]/ ";2bi2HHI2 h2bibi M/ C#2" /B2 J2
BMb xm™ .2i2FiQ'F HB#  iBQM p2'r2M/2ir2°/12M F MMX >B2 xm
mb J2bb/ i2M D2/2K S / /2  E i?Q/2M2#2M2 2BM : BM@g2 i xm;2Q



IMbB+?2 ?2Bib#21 +?2IimM:;

XR "2°2+?MmM; /2 IMbB+?2 ?2Bi2M

B2 "2°2+?MmM; /2  IMbB+?2 ?22Bi2M BM /B2b2 mB2Bi@iB2MiB
2tT 2bbBOM D7 BMK2 B 2KZMJIV ("ASN8)X

.B2 J2bbmM; /2b "Bi?K2iBb2BMR I BIMZHEAbi; 7GR;2M/2 IMbB+22"
2 2 B(Y),

u(Y) = p(YW):

. #2B BY) /B2 ai M/ "/ #r2B+?mM; /2 wm\ /BRbMX=2HnMI/mM # @
? M;B;2M J2bbmM;2M- /B2 7C" /B2 "BH/mM; /2b JBii2Hr2 ib ;2M
gB'/ 2BM J2bvbpOM 2BM2K /B;Bi H2M J2bb;2 i #;2H2b2M U.Bz2"
/2bb2M IMbB#(¥2 RBRBIBH72 2BM2" 2+?i2+Fp2 i2BHMM; xm #2 2
Y
u(ly)= —-p=:
(Y) 3
. #2B B¥Wi/2 FH2BMbi/ "bi2HH# "2 IMi2 b+?B2/ xrBb+?2M xr2B «
"2BK #H2b2M 2BM2Y pRiMbeBM2K M HQ;2M J2bb;2 i;BHIi M +
2+Fbp2 i2BHmMM;,

Y
u(Y) = —:
(Y) —9—26

. #2B BWi/2  FH2BMbi2 IMi2 b+?B2/ xr2B2 mMi2 b+?2B/# 2 J2
> M;i 2BM2Y BI2/B 2FYGHRX ;X0 i XN) KBi/2M :"9%20Mnb KK2M -

2 ;B#i bB+? /B2 IMIB+CR22?2BR : m=b+?2 62?H2 7Q iT~ MxmM
1 2;2#2M Im”+7?,

<

i ar

U(Y) = @K

u(Y)z:

i=1

8R
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IMbB+7?2 ?2Bib#2i"

Xk

+?2imM;

"bi2HHmMmM; /2 IMbB+?2 ?2Bi2M /2"
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Pad-Spalte

U2V IMbB+?2 ?2Bi xm ##BH/mM; 8XRkX

##BH/mM;

0,08

0,07

o
[=)
>

Unsicherheit von Strom/Vergleichswert

XR, IMbB+?2 ?2Bi2M /2" 1 ;2#MBbb2 /2 p2 b+?B2/



11
2+?MMM;2M mM/ >2 H2BIimM;

"XR EQHHBK iQ ;2QK2i'B2 mM/ Zm2HHT Q}

2i2FiQ° D
h.2|
K1
EQHHBKiQ‘hEQHH
K>
hzmannz,
Zm2HH?2 Xt
Q1 Q-

##BH/MM; "XR, aFBxx2M xm’ "2 2+?2MmM; /2" b By 20k I2M 6H +7
2i2FiQ ~ +72

wm' "2b+? 2B#mM; /2b #bi® ?Hp2 ' ? Hi2Mb /2  #2Mmixi2M Zm2F
EQHHBK iQ M¢qniBMiReoVur2 /2M /B2 :'°=2M BM ##BH/mM; "XR p2
. KBi 2BM 2KBiiB2 i2b S?QiQM /2M .2i2FiQ  BK SmMFi

D=(xy;hzmammBegruh 2))

i ' Bzi- Kmbb 2b #2B/b2BiB; /B2 : mM/~ +?2M /2b wvHBM/2 b b-
SmMMFi m7 /2K .2+F2H /2b EQHHBK iQ b Bbi ;2;2#2M /m +?,

Ki=(r +Qb bBMzn2ubBeokin

8]



89 " _2+?MmM;2M mM/ >2 H2BimM;2M

q ?2°2M/ 2BM #2HB2#B;2° SmMFi m7 /2K "Q/2M /2b EQHHBK iQ b ;
Ko=(r°+Qbr bBMzima)in2

. #2B ;BH2[0;2 ] mM/r°2 [0reolX% 02°H m7i 2BM ai®™ ?H /mD+? /B2 SmN
mMWM;- b+?M2B/2i 2 /B2 Zm2HH2 BK SmMMFi

Q= x+ N2 Qb x)y+ L2 bBMY);0
h 2 h 2
q 2 2M/ 2BM ai’ ?H- /2" /m  D? MBR,SpRMHE iR 7i- /B2 Zm2HH2 BK SmM]

AFEL (r°+ Qb x);y+—h;2b (r°bBM y);0

= X+ — 2
Q hegiuh 2i hegiuh 2i

i"BziX

.B2J2M;2 HH2QSMMCFiL2H+?2 /B2 "22 BON2; MK/ 2 [O;r golin

;BHi- #BH/2i 2BM2M E 2B XHEB2?2b ?BHRIM-C2H2? ZmM2M?SmMFi
2BM2 /2 #2B/2M : mM/~ +?2M i 2z2M- b+?M2B/2M /B2 Zm2HH2 BK
HbQ 2BM S?QiQM #2B/2 : ' mM/~ +?22M /m +?H m72M F MM- Kmbk
12" #2B/2M E 2Bb2 2KBiiB2 irQ /2M b2BMX L +? (q2B) ;BHi 7C" /2
6H +?72,

2, R2 R2 2, R2 R2
A =R?2 ‘++Qc-ib—+ Rz Ri ., R? ‘++Q(-jb7+2§|1? R
1

20R;

1p U"XRV
> ( d+ Ra+ Ry)(d+ Ry Rj)(d R+ Ry)(d+ Ry + Ry):
. #2B #2b+? 2B#2M h
Ry=r 2 MMy U"XkV
1 EQHI
R2:rEQH h;2b U"va
iiEQF!‘Hh.zi
/IB2 _/B2M /2" #2B/2M E 2Bb2 mM/
p ——
d= " X242 ho,p ! U"X9V

h 2i heoduh . 2i

/2M #bi M/ /2" #2B/2M E 2Bb2X
AM /2" ;2QK2i'Bb+?2M "2i" +2imM; bBM/ xr2B :"2Mx7 HH2 #2Q#
d<R; R, HB2:i /2 @, pRUHHbi M/B; GK EN2Bb-?x2BiB; Bbi :H2B+?2n



" _2+?MmM;2M mM/ >2 H2BimM;2M ¢

"XR BM /B2b2K 6 HH mM/2}MB2 iX#.BD6MMR2BImM;b~ +?2 Bbi ;:
/m +7?,
A= R3: Uu"xsv

.2 Xr2Bi2 :"2Mx7 HH 2 ;B#i bB+?- r2MMQb Bri\VFJ/ BLB# 2B 242 ED2 B
b+?M2B/20R6€R; Bbi :H2B+?2mM; "XR 2#2M7 HHb mM#DIX B2 iX 1|
KBi /B2b2 6mA(FXBIQR)/ | xmK 6Bi /2> AMi2MbBi ibp2 i2BHmMM;
r2°/2M F MM-rB / /B2 :H2B+?mM; KBi ;CMbiB;2°2M 6Bi@o "B #H

MK 2BM2 S'QTQ iBQM HBi i xrBb+?2Nnai/ 62HiAn M2Nd B2MIii2 N lonEbib i
2BM S'QTQ iBQMCHBR iithZZ C+GbB+?iB;i r2 /2MX . BM/2M :H2B
mM/ "X8 HH2 amKK M/2M/ZMBMAQi2M- F MM /B2b2° mb;2FH K
BM /2" 6BiFQ®Hn2MI@ xmb KK2M;27 bbir2 /2MX

"Xk #bQ TiBOMbFQ2{xB2Mi pQM a :Qt@R3

L +? (>ay9)Bbi/2 J bb2M #bQ T/iBRQW\W RQQRZE xBRBL+?2M mM/ 02
ImM:;2M ;2:2#2M Im +7?, X
/| = Wi(/)i: Uu"XeV
i

. #2B ®bi2" J bb2M MiZBH mMM/J bb2M #bQ TiBQMbF®2{MB2Mi /
"2bi M/i2BHbX
6C *P:BHi,

M « 2 Mp

N Lo N _— = . . 1. n
vixz we ()t s (1 )e 23:129+R : L U"XdV

(/)*Pk:
>B2 #2B #2Wk 7BRBKQH "2 J bb2 /2b D2r2BHB;2M "2bi M/i2BHD
Hb m+? EQ?H2MbiQz/BQtB/ F°MM2M b2T i Hb B/2 H2: b2 WM
/2bb2M KQH “2bVdQ HBHI24AVP B 2BM 2K p'=aml+#F QN = 20 *

~_ mKi2KT2  im’,

\/ RT
n

:?:24;37HKQH U"X3vVv

pV = nRT )

>B2 #2B #2R+?83BHEKJHE ! /B2 HH;2K2BM2 : bFQMbi Mi2X
B2 .B+?i2M/V=M n/V pQM ;QM mM/EQ?H2MbiQz/BQtB/- FCMM2]1



8e " _2+?MmM;2M mM/ >2 H2BimM;2M

KQH "2M JMb2BD;948; KQH(aLy9) MM/ =44;010; KQH(aLy9)
XxXm,
-=1:639; H mM/ .p,=1;806; H

#2biBKKir2 /2MX
6C /B2 J bb2MvyMIQBIH2;QM mMBHH /2KM +7?,

0,82 =80:53 W Wepy= 018 -p,

W - = :
0,82 -+0;18 «p, 0,82 -+0;18 «p,

=19;47 W

JBi /2K J bb2M #bQ TiBQMbUFQ 22582 MR2M (>ay9) ;BHi HbQ,

a; e (W (/) +w«p(/ )p) a0t U"XNV
=(w-(/) +wsp(/ )p) (0:82 -~+0;18 +p)) U"XRyV
=0:356 + K*! U"XRRV



x

h> Mb7Q K iBQMbK i Bt

K 2BM2M(P:ygze) BK EQQ/BM i2Mbvbi2K /2° E KK2° BM / b E
i2Mbvbi2K /2" *L*@J b+?BM2 mKxm 2+?M2M-rB / 7TQH;2M/2 h
p2 r2m/2i, 3
9,99 10 1,59 102 6;45 103
T= 21;54 10 2 1 512 10 4%:
1;07 1,48 112

. xm rB / /B2 JTi'BQM HBMFb KBi /2K m2H¥2WMAPRMQHIiBTHBXxB2 iX
.B2 2 bi2M #2B/2M 1BMi" ;2 /2b 2bmHiB2 2M/2M»@FinMhb 2Mib
Y@EQQ /BM i2M /2 SQbBIiBQM BK EQQ ' /BM i2Mbmbyr X2 *L*@
.B2@EQQ ' /BMB2/ KBi?BH72 pQM,

z;=a xy+b x+cy+d U*XRV

#2biBKKiX . #aB-bBNMMW/ 6BIiT = K2i2 -r2H+?2 mb 2BM2 r2Bi2 2M E
#2biBKKirm /2MX

.B2 6BiT ~ K2i2'-/B2BM /2  /m +?2;27C? i2M E HB#  iBQM 2 KB
a=(1551 082) 10°'K ' b=(5:27 049) 103 c=( 551 487) 10*

mM/d=(1;116 0;002) 10 'K:

M +? 62?2H2°7Q iT~ MxmM: 2 :B#i bB+? BM /2 x§iBEDMIGH +?22 /2
2BM2 IMbB+? 2 @ERIQ2/BM i2 /2°J b+?BM2 pQM

uz)=984 'K 1KK
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GBi2 Iim

( M/KR) MiQM M/ 'QMBQRi+HXm H .2bB;M 2pB2r 7Q  iX2 h_.; &
9X CmMB kykR X

( gRk) X M/'QMB+ mM/ CXSX q2bb2HbX 6h MbBiBQW H2ZB iBQM
AMbi>mK2Mib M/ J2i?Q/b BM S?vbB+b _2b2 "+? a2+iB
aT2+i'QK2i2 b- .2i2+iQ b M/ bbQeee iQk{LRKkBTHZMjy ROcC
/QB?iiTh,ff/QBXQ ;fRYyXRyRefDXMBK XkyRRXyNXy9R

("2+R3)XQ? MM2b "2+F?QzX 6 miQK i2/ h2bi ai M/ a2imT M/ aB;
iIBQM 7Q i?2*™J@h_.06X m;X kyR3X

("ASN8)YASJ 2i HXHm iBQM Q7 K2 bm 2K2Mi / i 'mB/2iQ i?2 2t
MM+2 i BMiv BM K2 bm X RAMIBM2IIVb,ffrrrX#BTKXQ *;f
IQ+mK2MibfkyRkefkydRky9QfC*:JnRyynkyy3nlXT/7f+#
RR+7@j738@9/+/B¢&2dav2i K jyX yNX kyk9VvX

(*"JR3)*"J@*QHH #Qh?2BRMMbBIBQM _ /B iBQM .2i2+iQ Q7 i?2 *
K2Mi i 6 A_, h2+?MB+ H .2bB;M _2TQ i 7Q 1?2 *"J h" MbE
2i2+4iQ UK h¥+?2MX "2 /XQBRRERB8RKkyf:aA@kY¥R3I@YRYNR

(6 #kR)GmBb 6 #2 X 01MirB+FHmMM; mM/ AM#2i B2#M ?K2 2BM
i2°’bm+?mM; 2BM2" *"J@h_. E KK2" mMi2  : b~mbbo6X LQj

(6B/R8)G2HBt 6B/Q " X 6 m7# m mM/ *? > Fi2'BbB2 mM; 2BM2b
*"J h_.6X a2TX kyR8X

(6° Kj) _m#2M 6° bi2 X 6aT iB HHv "2bQHp2/ ; BM K2 bm 2K?2
JgS* T'Q/m+iBQMo6X PFiX kykjX

(6’BRR)2M;i 6°'BK M 2i H-2>*n; X?vbB+b #QQF, *QKT 2bb2/ #
Kii2”BMH #Q  iQ v XtT/X BRAM/IKQBRRXRYydfNd3@j@ e 9k ¢
RiKNj®j

8N



ey GBi2 im°

(>QMKkj)2mM >22 >QM; X 6JQMQHBiI?B+ aiBi+?2/ a2MbQ UJPaaV .2
GA*1 Ahaj IT;" /128Q&8Bt2HKkykk UkykjAMQBRY X kR X jf
RX9kyX¥Xyk3

(>ay9) CX>X >m##2HH mM/a¥B2RKQIX23&_ v J bb ii2Mm iBQM *Q
+B2Mib M/ J bb 1M2 ;v@ #bQ TiBQM *Qg {+ BRQUNMbHJp2 bE
AMbiBimi2 Q7 ai M/ /b mM/ h2+?MQHQ;v- :nBP2 b#m";-
2iiT,ffT?vbB+bXMBbiX; Qpf2bK+Bi K ykX yNX kyk9VX

(CmMMy3®»mMQ CmM/2X 6Lm+H2 ~ . i a?22ibnvy«H2 4 88 6XRMIX9
Ukyy3V- aX d3UIBNIOKK,ff/QBXQ ;fRYXRYRefDXM/K¥Xkyy3Xyj’

(E ?k9) S?BHBTTE ?H2 XS Bp i2EQKKmMBF iBQMX kyk9X

(E:kk) *L*@ai2T :K#> *QX'E:B2#b MH2BimM; >B;?@w a@R9yy
kykkX

(EqRe)>2K MM EQH MQDbFB mM/ LQ2B B4 42MK 242%F i) X2KW R e X
/QBRYXRyydfNd3@j@eXk@98j8y@e

(L>2Kkj)LX>2""K MiM¥b Q7 *"J M/ 2tT2+i2/ 6 A_/ vV RJKjXHH “2bn
M HiiTh,ff+QM72 2M+2@BM/B+QXF2FXDTf2p2Mifky8f+Q])
9RRKf ii +?K2Mibfkd3Rfjej3fy8nM2P22bkn MN XKTKBX yNX kyk9

(PH#kj)> MM2b PH# BM;X 6: b M Hvb2bi iBQM xm™  EQMi QHH2 /2
S Q#2HBMB2 /2b *"J@h_.@: bbvbi2Kb6X PFiX kykjX

(a mMR9p #BQ a mhEBXmb /B iBQM .2i2+iQ b, 6mM/ K2Mi Hb M/
QMKb* K#'B/;2 JQMQ; T?b QM S 'iB+H2 S?vbB+b- Lm+H2
*QbKQHQ;vX * K#'B/;2 IMBp2 bBiv S'2bb- kyR9X

(aLy9) L iBQM H AMbiBimi2 Q7 ai M/ /b mMLAZHh?WQRKBhHVv ULAah)\
q2#"QQFX LAah ai M/ '/ 272 2M+2 . X # bRQN KR M&NBimi2
Q7 ai M/ "Ib mM/ h2+?MQHQ;v- : Bi?2nbmiTh J.IX kyy9X
r2##QQFXMBbDIX;QpfH2RXBrbinif K ykX yNX kyk9VX

(aT2k9BDb2: aT2xB H2H2Fi hQMBWFBK#>M+mK2Mi iBAMYRIDCa a2 B
(hBHk9) LB+QH b hBHiK MMX S'Bp i2 EQKKmMBF iBQMX kyk9 X

(q2B) 1B+ gqX q2BUIBI2BHM@*B +H2 AMi2 ' b2+iBQMX 6 QK J i?qQ
TK g2# _2bQmT4RXiTh ,ffK i?2rQ H/ XrQH7 KX+QKf*B +H:
*B"+H2AMi2 b2+iBQHRHMKH K Kk8XYyNXKyk9oVX



. MFb :mM:;

#b+?HB2=2M/ K°+?i2 B+? KB+? #2B HH2M #2/ MF2M- /B2 KB+?

MmMi2 biCixi ? #2MX

wmM +?bi K°+?i2 B+? KB+? #2B S°'Q7X MiQM M/"QMB+ mM/

"°phBM; 7C /B2 m7M ?K2BM /B2 "#2Bib; mTT2-/B2 "2 2Bibi2HH
EQ "2Fim  K2BM2  “#2Bi #2/ MF2MX

"2bQM/2°2° . MF ;BHIi m=2"/2K S?BHBTT E ?H2 7C /B2 "2i =
BMb#2bQM/2 2 BM 6Q K pQM >BH72 BK G #Q - /2 "2 MirQ imM;

pB2H2M r2 ipQHH2M hBTTbX

AKwm;2 /2bb2M K°+?i2 B+? 2#2M7 HHb 62HBt 6B/Q " 7C /B2 ?

/12> "#2Bi BK G #Q /| MF2MX

1#2M7 HHb K°+?i2 B+? KB+? #2BK ;2b Ki2M *"J@h2BH /2" "#2
MF2 7C" /B2 >BH7b#2 2Bib+? 7i mM/ /B2 .BbFmbbBQM2M pQM

/B2 r ? 2M/ /2" "#2Bi m7F K2MX

wmH2ixi ;BHi m+? HH/2M2M ;°Q=2". MF- /B2 #2BK EQ "2Fim H:
1 2?2QHT72M ? #2MX
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