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72HIi BM7Q° K H M/ 7" mBi7mHX

P7 +Qm™b2-i?2 +°2/Bi7Q° K FBM; Qm™ "2b2 "+? ;" QmT bQ QT2M M/ r2H+QK
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Q71?2 +im H H;Q Bi?Kr2°2 HHT2 7Q K2/ #vi?2 mi?Q Q7 i?Bbi?2bBbX h?:
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*/BQ 2KBbbBQM ? / #22M T2 7Q K2/ #v *? ' BbiB MtH b2 7Q T 2pBQmb bim/B
H;Q Bi?K 7Q  i?2 /B 2+iBQM M/ TQH "Bx iBQM Q7 +QbKB+@ v B b?Qr2°b /
M2pQHmMIBQM Q7 i?2 H;Q Bil?KBMi"Q/m+2/BM (R)c i?2 BKT ' Qp2K2Mib BKTF
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r?B+?r b +Q@ mi?Q 2/ rBi? AHb2 SH BbB2™ M/ MM L2HH2b- M/ Bb BM+Hm/
h?2i2ti- M HvbBb M/};m ' 2br2°'2T°Q/m+2/iQ;2i?2 rBi? AHb2 SH BbB2 -rBi?
BM;iQi?2/Bb+mbbBQM Q7 i?2 "2bmHib M/ 2/BiBM;X AMT "iB+mH “-i?2 } bip
H;Q Bi?Kr br'Bii2M #v AHb2 SH BbB2 - r?Q HbQ T Q/m+2/i?2 bi iBbiB+ H |
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iQBbRM b2fiBRM NXRXkX h?2 M2mi BMQ p2'i2t "2+ MBli ' m+iBQM H;Q Bi?K
M H;Q Bi?K BMBiB HHU|BMi"Q/m+2/ BM (8)- rBi? i?2 b2 “+? bi  i2;v M/ K2/
bbQK2 Qi?2° KBMQ  +Q "2+iBQMb M/ BKT Qp2K2Mib- +QM+2Bp2/ M/ BKT
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/B 2+iBQM "2+QMbi ' m+iBQM H;Q Bi?K- M/ T2 7Q K2/i?2 2+QMbi"m+iBQM
M HvbBb Q7 i?2 “2bmHibX h?2 /2b+ BTiBQM Q7 "2+QMbi m+iBQM mM+2"i B
iQ i?2 pB2rBM; M:H2 M/ TQH Bx iBQM /B 2+iBQMb- b r2HH b Bib TTHBH
M/ b? T2 Q7 i?2 TQBMi bT 2 / 7TmM+iBQM-r2°2 /2p2HQT2/ #vi?2 mi?Q Q7 i

6BM HHv- [b2+iBQM NXk Bb +HQb2HV # b2/ QM T 'Q+22/BM; (e) +QMi B#
BM kykjX h?2 M HvbBb- };m 2b M/ i2ti 7Q  i?Bb T'Q+22/BM; r2°2 HH T Q.
i?Bb i?2bBb- rBi? ?22HT7mH +QKK2Mib M/ 2/BiBM; bm;;2biBQMb T QpB/2/ |
r2HH b BMi2'M H “2pB2r2°b 7°QK i?2 A+2*m#2@:2Mk +QHH #Q  iBQMX h?2
T2 'KBbbBQM Q7 i?2 *? B Q7 i?2 A+2*m#2@:2Mk Sm#HB+ iBQMb *QKKBii22



B+?2imM;b 2FQMbi mFIiBQM pC(C
_/BQbB;M H2ZM BM
L2mi BMQ/2i2FiQ 2M BM 1Bb

1BM2 /2  rB+?iB;bi2M Qz2M2M 6" ;2M /2" bi'Qi2BH+?2MT?vbBF Bbi /2  |"bT" 1
;2iBb+?2M FQbKBb+?2M ai™ ?HmMM ;X EQbKBb+?2 ai™ ?HmMM; #2bi2?i mb UK2B
[/ bIMBp2 ' bmK/m +?/°"BM;2MX A?  1M2 ;B2bT2Fi mK mK?7 bbiK2?" Hbx2?M .2
r 2°2M/ /B2 K2Bbi2M FQbKBb+?2M h2BH+?2M K mMi2 2M 1M/2 /2b aT2Fi mKtk
2b #Bb xm 1M2 ;B2M- /B2 r2Bi D2Mb2Bib /2" _2B+?r2Bi2 b2H#bi /2" bi "Fbi2M
h2BH+?2M#2b+?H2mMB;2° HB2;2MX

.B2b 7C?7ixm/2M 6" ;2M-r2H+?2 bi QT?vbBF HBb+?2M P#D2Fi2 BM /2 G ;
2M2°;2iBb+?2 FQbKBb+?2 ai” ?HmM; xm 2 °x2m;2M-rB2 /2" "2b+?H2mMB;mM;|
mM/ r2H+?2 QHH2 bB2 BM /2" FQbKQHQ;Bb+?2M 1MirB+FHmMM; bTB2HiX . I
KBb+?2M ai® ?HmM; mb ;2H /2M2M E2 "M2M #2bi2?i- r2°/2M bB2 pQM ; H FiE
iBb+?2M J ;M2i72H/2°"M #;2H2MFi mM/ r2Bb2M / ?22° MB+?i K2?° m7 B? 2 Zm
/B2 1°/2 2 "2B+?2MX IK /B2 Zm2HH2M /2> mHi®> ?2Q+?2M2 ;2iBb+?2M FQbKBb
}xB2°2M- Bbi/ ?2°2BM2 M/2 2 "ipQMh2BH+?2M 2 °7Q /2 "HB+?X "2B /B2b2M
U@ai> ?2HMM;V pQM /2" FQbKBb+?2M >BMi2 ;" mM/bi> ?2HmMM;- /B2 BK ;2b Ki2\
Bbi- ;2bi'2miX aQKBi bBM/ L2mi'BMQb /B2 2BMxB;2M h2BH+?2M- /B2 /2M | b
h2BH+?2M BK EQbKQb #2biBKK2M FOMM2M X

.B2 ;H2B+?2M 1B;2Mb+? 7i2M- /B2 L2mi ' BMQb Hb FQbKBb+?2 "Qi2M bQ
6 ?B;F2Bi- "B2bB;2 1Mi72 " MmM;2M xm C#2 rBM/2M- Q?M2 BM q2+?b2HrB " FmMN
p2"HB2'2M mM/ B? 2 _B+?2imM; xm M/2°M K +?2M B? 2M L +?r2Bb m7 /2" 1
7Q° /2 mM;X 1°bi BM /2M H2ixi2M x2?M C ?°2M Bbi /B2 L2mi'BMQ bi'QMQKB?2 |
+?22° L2mi BMQi2H2bFQT2 BK Em#BFFBHQK2i2 #2 2B+? K°;HB+? ;2rQ /2MX .1
2M27;2iBb+?2 L2mi'BMQb /m ™ +? /B2 QTiBb+?2 *?2°'2MFQp@1KBbbBQM M +7?- |
BMM2'? H# /2b .2i2FiQ ' K2/BmKb 2Mibi2?iX .B2b ? i xm 2 'bi2M >BMr2Bb2M n
pQM "H x "2M mM/ FiBp2M ; H FiBb+?2M E2"M2M ;27C? ic #Bb?2  rm /2 D2/Q
IMi/2+FmMY P8 °z22MiHB+?iX PTiBb+?2 L2mi BMQIi2H2bFQT2 ? #2M xr ~ 2 7QF
+?22 L2mi " BMQb M +?;2rB2b2M- bBM/ #2° xm FH2BM- mK L2mi ' BMQb KBi MQ
bB2 #2B /2" mHi® ?2Q+?2M2 ;2iBb+?2M FQbKBb+?2M ai® ?HMM; m7i 2i2M- M
I1MirB+FHmM; 2BM2° Hi2°M iBp2M L +?r2BbK2i?Q/2 KQiBpB2'i, /IB2 /2> AM@1

AM@1Bb@ _/BQ/2i2FiQ ' 2M bBM/2KT}M/HB+? 7C /B2 FQ? “2Mi2 _ /BQ2KBb
/IB2/m +? /B2 q2+?b2HrB"FmM; 2BM2b mHi® ?2Q+?2M27;2iBb+?2M L2mi BMQb E
b ix xm> QTiBb+?2M *?2"2MFQp@1KBbbBQM F°MM2M /B2b2 _ /IBQbB;M H2 FI
XxXm C+FH2;2M- #2pQ "  bB2 #;2b+?r +?2ir2°/2M-r1r b 2BM2 r2MB;2" /IB+?i2 mM/ /
L2i2FiQ° MQ ' /MmM; 2°K°;HB+?iX .B2 AM@1Bb@_ /BQi2+?MQHQ;B2 rm /2 #:



pB wla JJ1L6 aall:

_ mM/ _ALL 2°7QH; 2B+7? ;2i2bi2iX . b _/BQ@L2mMIi BMQ@P#b2 p iQ Bm
:V-12"2"bi2 pQHHr2 iB;2 AM@1Bb@_ /BQ/2i2FiQ - Bbi MMM pQHHbI M/B; }I
amKKBi ai iBQM BM :"°MH M/ ;2# miX . "C#2° ?BM mb bQHH /2" ;2TH Mi2 L
A+2*M#2@h2H2bFQThb- A+2*m# 2 @:2MKARBM BPp@WFK/BQ@ ~° v mK7 bb2MX

LP@: mM/ A+2*m#2@:2Mk r2°/2M /B2 2 bi2M _ /IBQQ#b2 p iQ°'B2M BM 1Bl
+?22 *?2 M+2 ? #2M- mHi® ?2Q+?2M27;2iBb+?2 L2mi BMQb M +?2xmr2Bb2M mM/
[2M I'bT " mM; /27 2M2;B2°2B+?bi2M h2BH+?2M BK IMBp2 'bmK xm #2 MirQ iz
i'B2# /B2b2° .2i2FiQ°'2M 2°7Q /2°i FFm ™ i2 aBKmH iBQM2M /2" .2i2FiQ°2M m
bQrB2 2BM bQHB/2b 02 bi M/ MBb pQM Zm2HH2M pQM >BMi2 ; mM/bB;M H?2
L2mi BMQbB;M H2M xm mMi2 b+?2B/2MX . "C#2  ?BM mb 2°'7Q /2°i /B2 Lmi
L2mi'BMQb xm™ A/2MiB}xB2 mM; B? 2" Zm2HH2M /B2 6 ?B;F2Bi- B? 2 MFm
i2FiQ" ;2K2bb2M2M _ /BQbB;M H2M xm "2FQMbi " mB2 2MX

.B2 pQ "HB2;2M/2 "#2Bi 2Mi? Hi "2Bi" ;2 xm HH2M /2B bT2Fi2MX .B2 aB
M H2M BK 1Bbrm /2 p2 #2bb2 i- BM/2K FH2BM2 2 IM;2M mB;F2Bi2M #2B /2"
M H2M BK 1Bb 7C" /B2 p2°2BM7 +?i2M 1BbKQ/2HH2 FQ "B;B2'i rm /2M- /Bz
iBQMbbim/B2M p2 ' r2M/2ir2° /2MX .B2 02 r2M/mM; /2b PT2M@aQm +2@6° K:
/B2 "2i2BHB;mM; M /2bb2M q2Bi2 ' 2MirB+FHMM; rm /2M 2 "H2B+?i2i /m +?
bi M/B;2M-?2iKH@# bB2'i2M SA@.QFmMK2Mi iBQM- /B2 #2B D2/2°  YM/2 mM;
Fim HBbB2 i rB /X

6C /b _LP@:@1tT2'BK2Mirm' /2 2BM H;Q'Bi?Kmb 2BM;27C? i-/2°/2M BN
. i2M pQ"? M/2M2M 0"HQ+F@Pzb2ibé@62?H2 #2b2BiB;i- /2" MmM 2BM ai M
p2° " #2BimM;bTBT2HBM2 BbiX . "C#2  ?BM mbrm /2M /B2 MFmM7ibx2Bi2M
POM Q#2°? H# /2" P#2 ~ +?22 bi KK2M-bQrB2 pQM bBKmMHB2 i2M L2mi 'BMQEL
K H2M mbH2b272Mbi2° 7C" #2B/2 #2biBKKiX .B2b bQHHIiI2 2b 2" K°;HB+?2M- |
; mM/2°2B;MBbb2 7C° _LP@: #2bb2  xm 2 7 bb2M mM/ xm mMi2 ' bm+?2M #xr X
2BM L2mi BMQbB;M H K2bb2M- xm K tBKB2 '2MX AMb#2bQM/2 2 /B2 IMi2 b-
7C° >BMi2 ;" mM/bB;M H2 C#2" /2" P#2 ~ +?22 2" ;2#2M-/ bb /B2 "2H iBp2 E #
iB272M mM/ ~ +?22M Mi2MM2M p2 "BM;2°ir2 /2MbQHHiI2-mK /B2 M +? Q#2M
xm Mmix2MX .B2br > 2BM2" /2> "2r2;;°CM/2 7C" /B2 YM/2 mM; /2b .2bB;Mb /
LP@:@ai iBQM mM/ rB°/ pQ " mbbB+?iHB+? / b 272°2Mx/2bB;M 7C" FCMT7IE

wm' 02 #2bb2 " mM; /2b 02 bi M/MBbb2b pQM >BMi2 ; mM/bB;M H2M- /B2 K
2°7 bbir2°'/2M-rm*/2 2BM H;Q ' Bi?Kmb xm~ 2FQMbi mFiBQM /2> MFmM7ib
1'2B;MBbb2M 2BM;27C? iX .B2b2° H;Q'Bi?Kmb rm' /2 m7 LP@:@. i2M N
ai FrBM/T2'BQ/2M m7;2MQKK2M rm ' /2MX AMb#2bQM/2 2 ? #2M rB" /B2 " 21
K2?°2°2 EH bb2M pQM rBM/#2/BM;i2M 1°2B;MBbb2M ;2x2B;i- /B2 BM 2BM2"
}IxB2 mM; /m +? K b+?BM2HH2b G2 "M2M 2 KBii2Hi rm /2MX P#rQ?H /B2 _2F
2BMx2HM2 1°2B;MBbb2 #2;"2Mxi Bbi- biBKK2M /B2 ?B2" 2 ' xB2Hi2M 1 ;2#MB
/ bb rBM/BM/mxB2'i2 1°2B;MBbb2 pQM Q#2 ~ +?22MM ?2M K2i HHBb+?2M a
rm /2M F2BM2 >BMr2Bb2 m7 2BM2M xmb ixHB+?2M "2Bi" ; ;27mM/2MX

1BM r2Bi2 2b >BMi2 ;" mM/bB;M H bBM/ Gm7ib+? m2° mb FQbKBb+?2 ai
p2 " #2bb2'i2 02°'bBQM 2BM2b xmpQ ™ 2MirB+F2Hi2M oQ'r "ib7 HimM;b H;Q Bi
_B+?imM; mM/ SQH "Bb iBQM pQM Gm7ib+? m2 M KBi M +? Q#2M ;2 °B+?i2i2
H;Q'Bi?Kmb-/2 " mbT°'"CM;HB+? 7C / boB2 @GS. @G vQmi pQM _A LL 2M
2°'r2Bi2°i- mK#2HB2#B;2 GS. @G vQmibp2'r2M/2M xm FCMM2M- mM/ /B2 MT
/2> SQH 'Bb iBQMrm'/2M BM 2BM2K 2BMxB;2M H;Q Bi?Kmb xmb KK2M;27 b
. i2M x2B;2M rB°-/ bb /2> Fim HBbB2'i2 H;Q Bi?Kmb xm 2BM2" bB;MB}F Mi
~°bmM; /2° B+?imM;- SQH "Bb iBQM mM/ 1M2 ;B2 /2" FQbKBb+?2M ai® ?Hm
_ mb+?@o02°? HiMBbb2M UaL_V 7C? i-rQ#2B /B2 IMbB+?2 ?2Bi2M /B2b2" 1B
mK K2?° Hb 2BM2M 6 FiQ  k "2/ mxB2 i r2°/2MX .B2b bQHHIiI2 2b 2 ' K°;HB+?



pBB

KBi MB2/°'B;2 2K aL_-/B2/2M :"Q=i2BH /2b 1Mb2K#H2b /2" M +?;2rB2b2M2M F
2°'2B;MBbb2 mbK +?2M- BM xmFCM7iB;2M M Hvb2M xm p2 r2M/2MX qB"™ ? #2
/"2B #xrX pB2° M +? Q#2M ;2'B+?i2i2M GS. b p2 ;HB+?2M mM/ ;2x2B;i- / bb
g ?HBbi-/ bB2 /B2 0#HBM/2M 6H2+F2M06 7C"~ #2biBKKi2 MFmM7ib"B+?2imM;2|
;H2B+?K =B;2°2 h'B;;2"2KT}M/HB+?F2Bi bQrB2 2BM2 #2bb2'2 2FQMbi mFiB(

.2° Fim HBbB2'i2 2FQMbi mFiBQMb H;Q ' Bi?Kmbrm /2 m+? m7 FQbKBb+
BM /2M 2 bi2M LP@:@. i2M M;2r2M/2iX HH2'/BM;b rm /2 /Q i 2BM pB2H ;
XrBb+?2M /2M "2FQMbi mB2 i2M mM/ /2M 2°r "i2i2M 1B;2Mb+? 7i2M /2" FQbk
:2bi2HHiIi Hb BM /2M bBKmHB2'i2M . i2MX 1BM h2BH /B2b2° .BbF' 2T Mx F N\
pPQHHbI M/B;2 E HB# B2 mM; /2 LP@:@aB;M HF2ii2 2°FH "ir2°/2Mc 7C" 2B/
D2/Q+? K°;HB+?2 r2Bb2 MB+?i mb- mK /B2 #2Q# +?i2i2 aB;M HTQH "Bb iBQMN
bBM/ r2Bi2°'2 aim/B2M 2 7Q /2 HB+?- mK /B2b2 6" ;2 xm FH "2MX

.2° > mTi#2Bi' ; /B2b2" “#2Bi Bbi /B2 B+?2imM;b"2FQMbi " mFiBQM pQM L2
_I/IBQJ/2i2FiQ°'2M BM 1BbX gB"™ ? #2M ;2x2B;i- rB2 /B2 1B;2Mb+? 7i2M /2b _ |
r2/2mMm F° MM2M- mK /B2 B+?imM; 2BM2" h2BH+?2MF bF /2 BK 1Bb 2BM/2miB:
/IB2b2" "2xB2?mM; ? #2M rB° 2BM2M pQHHbiIi M/B;2M _2FQMbi mFiBQMb H;Q"
_2FQMbi'mFiBQM /2" B+?imM; pQM mHi® ?2Q+?2M2 ;2iBb+?2M L2mi 'BMQb p:
pQM 2BM2K AM@1Bb@_ /BQ2tT2 BK2Mi M +?;2rB2b2M rm /2MX .B2 G2BbimM
/Im>+? Mr2M/mM; m7 2BM2 aBKmH iBQM 2BM2" 2BMx2HM2M iB272M LP@:@
1b rm*/2 72bi;2bi2HHi- / bb /B2 2°'xB2Hi2 m~°bmM; bi "F bvKK2i'Bb+? Bbi-
IMbB+?2 ?2Bi2M #2B /2° "2FQMbi'mB2°i2M SQH "'Bb iBQM xm ' C+Fxm7C? '2M
?2 -/ bb /2 2BM/BK2MbBQM H2 _ mKrBMF2H MB+?i mb '2B+?i- mK /B2 _2FC
#2b+? 2B#2M- mM/ bB2 bi ii/2bb2M BM k. #2b+? " B2#2M r2 /2M bQHHIiI2X m7 /]
2BM2 KBiiH2 2 m~1°5bded§/lUﬁQleT‘BZ;—f-2’?iBM R. 7C" 2BM2 bvKK2i'Bb+?2 EQMim "V
2BM2 ;°Q=2 h2BHR2W ;HH2" mbH°b2M/2M ? /"QMBb+?2M 1°2B;MBbb2 2 2B+
.B2 m~°bmM; 2°?2°?i bB+?-r2MM G /'mM;b@ai " QK@1H2Fi' ' QM@L2mi ' BMQ@q2
xmb ixHB+?2M 2H2Fi"QK ;M2iBb+?2M a+? m2  2°'x2m;2M- KBi 2BM#2xQ;2M r2
/Im>+? bi’2M;2°2 mbr ?Hb+?MBii2 p2 #2bb2 i r2°/2M-r b HH2/BM;b m7 EQb
mK2Mb ;2?iX

.2° _2FQMbi " mFiBQMb H;Q ' Bi?Kmb rB/ m+? M;2r M/i- mK / b 1Mi/2+FmN
IHIi® ?2Q+?2M2 ;B2@L2mi ' BMQ[m2HH2 pQ  2BM2K /Bzmb2M >BMi2 ;" "mM/ xm m
xmM;b7mMFIiBQM USa6V- /B2 C#HB+?2 r2Bb2 #2B /2" Zm2HH2Mbm+?2 p2r:
#2b+?"B2#2M mM/ 2b rB°/ 72bi;2bi2HHi- / bb bB2 2BM2 bvKK2i'Bb+?2 0Zm:
m7r2Bbi- BK :2;2Mb ix xm /2M 0# M M2M7°°KB;2Mé6 EQMim 2M pQM 1BMx2H:
:70=2 mM/ 6Q K /2° Sa6 ? M;i pQK w2MBi /2° Zm2HH2 bQrB2 pQM /2M M;2r
bFC xmM;2M #X

1b FQMMi2 ;2x2B;ir2°/2M-/ bb /B2 2FQMbi mFiBQM /2 L2mi BMQ B+?imM;
XxB H /2" Zm2HH2 mK 2BM2M 6 FiQ k #Bb j p2 ' #2bb2'i- p2 " ;HB+?2M KBi /2" _
L2mi'BMQ@q2+?b2HrB"FmM;bTmMFiX gB™ ? #2M m+? ;2x2B;i-/ bb /B2 02 #
m7 EQbi2M /2" ai iBbiBF /Im +? /B2 Mr2M/mM; bi’2M;2°2> Zm HBi ibb+?MBii:
IMi/2+FmM;bTQi2MxB Hp2 ' b+?H2+?i2°i- m=2"BK 6 HH pQM b2?" ;"Q=2M /Bz

a+?HB2=HB+? rB'/ /B2 G2BbimM; /2> L2mi ' BMQ 'B+?2imM;b"2FQMbi mFiBQN
G vQmib /2" iB272M EQKTQM2Mi2 2BM2b A+2*m#2@:2Mk@ _ /BQ/2i2FiQ b K
bi2HH2M 72bi-/ bb ;7°=2"2?Q BxQMi H2 Q/2  p2 iBF H2 Mi2MM2M #bi M/2 xr
2BM2 FH2BM2 IMi2 ; mTT2 b2? ?2Q+?r2iB;2 1" 2B;MBbb2 H2B+?i p2 #2bb2 "M
M2; iBp2M mbrB"FmM;2M m7 /B2 x ?H 2B+?2 '2M 1°2B;MBbb2 KBi ;2°'BM;2 2K
[2ZmiHB+? m7;2rQ;2M rB /X



pBBB wla JJ1L6 aall:



AMi Q/m+iBQM

PM2 Q7 i?2 K DQ  Qmibi M/BM; [m2biBQMb BM bi QT "iB+H2 T?vbB+b Bb i?2
+QbKB+ " vbX *QbKB+ " vb "2 UKQbiHvV +? “;2/V T "iB+H2b i? i T2'K2 i2i?2 m
bT2+i" mK bT Mb Qp2  i2M /2+ /[2b BM 2M2";v- M/ r?BH2 KQbi Q7 i?2 +QbKB+
i?72HQr2°2M/ Q7 i?2bT2+i mK-Bi2ti2M/biQ 2M2 ;B2b 7 "~ #2vQM/i?2 2 +?2 Q7
?mK M@#mBHI T "iB+H2 ++2H2  iQ bX

h?Bb M im®> HHv H2 /biQi?2[m2biBQMb r?B+? bi'QT?vbB+ HQ#D2+ib "2 +
mHi® @?B;? 2M2 ;v +QbKB+ ~ vb-?Qri?2 ++2H2 iBQM K2+? MBbK 7mM+iBQ
BM +QbKQHQ;B+ H2pQHmMIiBQMX >Qr2p2 - #2+ mb2i?2p bi K DQ 'BivQ7 +Qbl
Mm+H2B- i?2v "2 /2~2+i2/ #v ; H +iB+ M/ 2ti° ; H +iB+ K ;M2iB+ }2H/b- M/
TOQBMi # +FiQ i?2B  bQm +2b r?2M i?2v ""Bp2 il "i?X h?mb-iQ B/2MiB7v i?
2M2° ;v +QbKB+ ~ vb- MQi?2 ivT2 Q7 T "iB+H2 Bb "2[mB " @XvbV?2R2 2M2 ;B!
b+ ii2°2/ #v i?2 HQr@2M2 ;v # +F;"QmM/ "~ /B iBQM i? i Bb T°'2b2Mi i?°"Qm;?Q
H2 p2b M2mi'BMQb b i?2 QMHV T "iB+H2b i? i + M 2bi #HBb? i?2 Q°'B;BM Q7 |
BMi?2 +QbKQbX

h?2 b K2 T ' QT2'iB2b i? i K F2 M2mi'BMQb bQ bmBi #H2 b +QbKB+ K2bb2M
i p2'b2 p bi /Bbi M+2b rBi?Qmi BMi2® +iBM; K F2b i?2B" /2i2+iBQM QM 1 "i
QMHv BM i?2 H bi /2+ /2 i? i M2mi BMQ bi'QMQKvV ? b #2+QK2 72 bB#H2- rE
+Mm#B+@FBHQK2i"2 b+ H2- QTiB+ H M2mi'BMQ i2H2b+QT2bX h?2b2 i2H2b+(
2M2°;B2b i?°Qm;? i?2 QTiB+ H *?2°2MFQp 2KBbbBQM i? i Bb T°Q/m+2/r?2M
/2i2+iQ° K2/BmKX h?Bb ? b H2/iQ i?2 }'bi 2pB/2M+2 Q7 M2mi'BMQ 2KBbbBQ!
i H+iB+ Mm+H2Bc ?Qr2p2°'- MQ +QM+HmMbBp2 bQm ™ +2 /Bb+Qp2°'v ? b #22M T
reBH2 QTiB+ H M2mi'BMQ i2H2b+QT2b ? p2 bm++2bb7mHHV /2i2+i2/ ?B;?@ 2
bK HHiQ /2i2+i M2mi'BMQb ii?22p2M ?B;?2 2M2 ;B2b bbQ+B i2/ rBi? mHi"
h?Bb ? b KQiBp i2/ i?2 /2p2HQTK2Mi Q7 M Hi2 M iBp2 /2i2+iBQM i2+?MB[m
12i2+iQ bX

AM@B+2 * /BQ /2i2+iQ°b "2 b2MbBiBp2 iQ i?2 +Q?2 2Mi " /BQ 2KBbbBQM 7
Im+2/ #v M mHi® @?B;? 2M2 ;v M2mi'BMQ BMi2  +iBM; BM i?2 B+2X AM +QM
2KBbbBQM-i?2b2 " /BQ bB;M Hb+ Mi® p2H7Q FBHQK2i'2@b+ H2/Bbi M+2b:
BM; 7Q° Km+?bT "b2° M/i?2°27Q°2KQ ' 2+Qbi@2z2+iBp2/2i2+iQ~ ~~ vX h?2
? b#22M bm++2bb7mHHV i2bi2/ #v i?2 TBHQi 2tT2'BK2Mib _ M/ _A LL XLQ
i'BMQ P#b2p iQ'v:'22MH M/U_LP@:V-i?2} bi7TmHH@b+ H2BM@B+2 " /BQ |
+m " 2MiHV mMM/2° +QMbi ' m+iBQM iamKKBiai iBQM-:"22MH M/X AM //BiBQM
i?72 QTiB+ HA+2*m#2 i2H2b+QT2- A42*m#2@:2Mk-BBMNA@TR+22/ fRB M+ MM /2

_LP@:- M/ +2°i BMHV A+2*m#2@:2Mk- rBHH #2 i?2 }"biBM@B+2 " /BQ Q#b?2
+? M+2 Q7 /2i2+iBM; mHi®” @?B;? 2M2 ;v M2mi'BMQb M/ Mbr2'BM; 7TmM/ K2
Q' B;BMQ7i?2?B;?2bi@2M2 ;v T "iB+H2bBM i?2mMBp2 'b2X h?2B bm++2bb7
iQ ++m’ i2Hv bBKmH i2i?2b2 /2i2+iQ°b M/ i?2 M2mi'BMQ 2KBbbBQM i?2v B
"Q#mbi mM/2 bi M/IBM; Q7 bQm +2b Q7 # +F;"QmM/ bB;M Hb M/ i?2 #BHBiv

Bt
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M2mi'BMQ@BM/m+2/ 2p2MibX 6m i?2"KQ 2- mbBM; mHi~ @?B;? 2M2 ;v M2m
“2[mB2b i?2 #BHBiviQ "2+QMbi'm+i i?2B° 'Bp H /B 2+iBQM 7 QK i?2 " /I
/12i2+iQ X

h?Bb KQiBp i2b i?2 K BM "2b2 "+? ;Q Hb Q7 i?Bb i?2bBbX AM //BiBQM iQ
iQ i?22 QT2M@bQm +2 7° K2rQ ' F mb2/iQ bBKmH i2 BM@B+2 °~ /BQ M2mi BN
"2H2p Mi iQ i?2 QT2 iBQM Q7 i?2 _LP@: 2tT2 ' BK2Mi bT2+B}+ HHv- Bi BM|
/IB'2+iBQM "2+QMbi " m+iBQM H;Q Bi?Kb 7Q rBM/@BM/m+2/ BKTmHbBp2 2p
M2mi " BMQbX h?2} biirQb2 p2iQ #2ii2° mM/2 bi M/irQ Q7 i?2KQ 2 +QKKQMN
bB;M Hb 7Q°  BM@B+2 ~ /BQ /2i2+iQ b-r?2'2 bi?2H ii2"Bb+ m+B HiQ B/2\
2M2 ;v M2mi'BMQbX h?2 BKT +i Q7 i?2 M2mi BMQ /B 2+iBQM "2+QMbi m+iB
b2 "+?- M/ ?QriQQTiBKBx2i?2/2bB;M Q7 /22TBM@B+2" /BQ/2i2+iQ  7Q" "
:2Mk- "2 HbQ /Bb+mbb2/X

h?Bb i?2bBb Bb bi'm+im 2/ b 7QHHQrbX h?2 }'bii? 22 +? Ti2"bb2'p2 b
iQ M/ KQiBp iBQM 7Q  i?2BM@B+2 " /BQ /2[R+iBQM T°'BM+BTH2X *? Ti2 " R
iQi?2/2i2+iBQM M/ T°Q/m+iBQM Q7 H{QbKB+ *~ vbX *? Ti2"  k ;Bp2b # B27 (
i2+?MB[m2b mb2/iQ K2 bm 2 bi"QT?vbB+ H M2mi'BMQb- M/ T°QpB/2b i?2
" /BQ Mi2MM b iQ /2i2+i M2mi'BMQb i mHi® @?BfP 2M2 ;B2bX 6BM HHv- +
/2i2+iBQM T°'BM+BTH2 BM /2i BH- b r2HH b BMi'Q/m+BM; i?2 LP@: M/ A
[2i2+iQ b i? i "2 mb2/ bi?2 "272°2M+2 TQBMib 7Q" i?2 "2+QMbi' m+iBQM
b2+QM/ T i Q7 i?2 i?2bBbX

*2 TiZ] 9 BMi'Q/m+2bi?2 QT2M@bQm +2 bQ7ir "2 7" K2rQ'FLm_ /BQJ*-r’
HiBQMb M/ M Hvb2b 7Q° BM@B+2 " /BQ /2i2+iQ bX h?2M- 7i2° +Qp2'BM;
iQi?2 _LP@: 2tT2'BK2Mf|BM +? Ti2  8-i?22 7TQHHQrBM; i?°22 +? Ti2 b Qz2"
i?7°22 '2+QMbi'm+iBQM H;Q Bi?Kb /2p2HQT2/ Q" BKT ' Qp|l2/ bT 'iQ7i?Bbi?
M H;Q Bi?KiQ "2+QMbi " m+i i?2 ""'Bp H/B'2+iBQM Q7 BKTmHbBp2 bB;M F
_LP@: /2i2+iQ - 7Q+mbbBM; BM T "iB+mH " QM i?2 2p2Mib Q#b2 ' p2/ /Im BM;
7Q°K MB ' '2;mH "~ #mi +QKKQM bQm +2 Q7 # +F;"QmM/ bB;M Hb 7Q" _LP@:X
T Qp2/ p2 bBQM Q7 i?22 T 2pBQmbHV /2p2HQT2/7Q ' r "/@7QH/BM; H;Q Bi?K
Q7 +QbKB+@ v B  b?Qr2'b /2i2+i2/ #v b? HHQr BM@B+2 ~ /BQ Mi2MM bX
iQ #2 KBbB/2MiB}2/ b Q'B;BM iBM; 77QK M2mi'BMQ- Bi T'QpB/2b mb27m
b2 p2b b + Qbb+?2+F i? ii1?2/2i2+iQ  Bb QT2  iBM; b 2tT2+i2/X

6BM HHv-[H? Ti2" 3/2b+ B#2b BM /2i BHi?27Q'r "/@7QH/BM; "2+QMbi m-
/2i2+i2/ BM /22T BM@B+2 ° /BQ Mi2MM bX AM //BiBQM iQ M 2ti2MbBp2 /2
M/ Bib T2'7Q'K M+2 QM bBKmH i2/ M2mi'BMQ 2p2Mib- i?Bb +? Ti2"  /2b+ B;
"2bT2+iiQi?22Q°B;BM Hp2'bBQM Q7 i?Bb H;Q 'Bi?KX AiBbi?Bb H;Q Bi?K
BM +? [Mi2° N- #Qi? iQ bim/v Bib 2z2+iBM 7mim 2 mHi® @?B;? 2M2 ;v M2mi E
iQbim/vi?2 T2 7Q K M+2 M/ QTiBKBx2i?2H vQmi Q7 bBM;H2 A+2*m#2@ :
h?2 "2bmHib Q7 2 +? +? Ti2 - M/ QmiHQQF 7Q " 7mim 2 "2p2 "+?- "2 bmKK °



*2 Ti2 R

*QbKB+ _ vb

*QbKB+ " vb MQM@i?2°K HT "iB+H2b Q7 bi'QT?vbB+ HQ ' B;BM r2°'21} bi /Bl
BM RNRk (9R) BM b2°'B2b Q7 # HHQQM@# b2/ 2tT2 " BK2Mib i? i b?Qr2/i? i-
i?72 BMi2MbBiv Q7 BQMBxBM; * /B iBQM BM+'2 b2/ rBi? HiBim/2- TQBMiBM;
aBM+2 i?2M- H ;2 MmK#2 Q7 2tT2'BK2Mi H M/ i?2Q 2iB+ H 2zQ ib ? p2 #2
iQ/2i2°KBM2 #Qi? i?2M im 2 M/i?2 #mM/ M+2 Q7 +QbKB+ "~ vbX h?2B" ~mt |
K2 bm 2/ Qp2° KQ'2i? MRy /2+ /2bBM 2M2 ;v- M/ bT Mb K Mv Q' /2°'b Q7 K ;N
7°QKK Mv T iBmHIBTR2+QM/ ii?2 HQr2' 2M2 ;B2b- k@’H2D b+iZMMMQ M2 T2°
ii?2 ?B;?2bi K2 bm 2/ 2M2";B2bX h?2b2 "2bmHip |'2 bmKK|[|Bx2/ BM 6B;m"2 |
Bb +QMp2MiBQM H-i?2 ~mt Bb b?QrM b i?2 +mKmH iBp2 B°QI=HB-+ ~ v 2M2 ;v T
r?72°2i?2 +QbKBMi2MbBbvi?2 /Bz2 ' 2MiB H ~mN Q7bbBM;+iF2Qm; A M "2
T2 mMBi iBK2 M/ bQHBY dW&(H# AAEB)IXR X

6B;mM 2 RXR /2KQMbi® i2b b2p2°" Hb HB2Mi bT2+ib Q7 i?2 +QbKB+ ~ v bT2+
K Mv /Bz2 2Mi ivT2b Q7 +QbKB+ ~ v T "iB+H2X h?2 p birR DBF@hKB¥ +QbKB+
“vb, MmM+H2B ® M;BM; 77QKbBM;H2 T'QiQMb UBQMBx2/?v/"Q;2MV iQ B'QMX
i?72 HH@T 'iB+H2 ~mt @b ¥@ K2B#v@2M2 ;v T?QiQMbYV M/ M2mi'BMQbX h?2
/2/B+ i2/ 2tT2'BK2Mi H M/fQ> M HvbBb i2+?MB[m2b BM Q /2 iQ #2 /2i2+i2/
i?72 Km+? H ;2" +QMi'B#miBQM 7°QK +? ";2/ +QbKB+@  wWobX Qh ?M 22wWiQB M-Q'l? 2 M 2
"2 +QM+2"M2/-i?Bb Bb mbm HHv bT2+B}2/ 2tTHB+BiHv-r?22 bi?2i2 'K o6+Ql
+? ;24QbKB+ " vbX g2 rBHH 7QHHQr i?Bb +QMp2MiBQM ?22°2X

a2+QM/Hv-i?2~mt/2+ 2 b2b" TB/HvrBi? BM+ 2 bBM;2M2 ;vX AiBbQ7i2M -
TQr2 @H rbBi? /IBz2 2Mi bT2+i -HBINMM/B* 2bFbd r?2°2 1?2 bT2+i" HBM/2t /2+"2
Uoé? /2MboV Q° BM+° 2 b2b U6bQ7i2MboVX h?2b2 bB2520-HO02SPm " 2b Q++m~
M/ 5120- 272 "2/iQ bi?2 6FM226- 6b2+QM/ FM228 M/ 6 MFH26- "2bT2+iBp
#2 +QMM2+i2/iQ +? M;2bBM i?2 T°Q/m+iBQM Q" i° MbTQ i Q7 +QbKB+ ~ vbX

6BM HHv-[6B;m 2 RXR b?Qrb i? i i?2 +QbKB+@  YOBEY+b@K222202M iQ #Qr
Q' /2°bQ7 K ;MBim/2 #Qp2i?22M2 ;B2b +?B2p2/ #vi?2 KQbi TQr2 " 7mH ?mK
2°iIQ°bQM 1 "i?X h?mb- BM //BiBQM iQ i2HHBM; mb #Qmi i?2 KQbi TQr2 7r
BM i?2 mMBp2 ' b2- bim/vBM; i?2b2 +QbKB+ ~ vb K v HHQr mb iQ T'Q#2 T "iB-
"2;BK2 BM ++2bbB#H2 iQ H #Q  iQ'v@# b2/ 2tT2 ' BK2MibX

RXR .2i2+iBQM i2+?MB[m2b

h?2 ° TB/Hv /2+°2 bBM; ~mt rBi? BM+'2 bBM; 2M2 ;v /2K M/b i?2 mb2 Q7 /B
i2+?MB[m2b BM K2 bm 2K2Mib Q7 +QbKB+ ~ vbX h?2b2 +/BI22Md2T ~ i2/ BMic

R



k *> Shl_RX

*PaJA* _ua

XY
N2 fv\sb
©§

10° ~

\knee"

o
7]
—
n \second
N
1S
>
[}
)
] \a
he]
I
-
o
N
L
g +_°I_3i use  bdckground
# A
Extragalactic I r+
-ray background -T‘
! T

10 5 A S

Cod
NN

T .
% CRDBY

PDG&

particle data droup

knee"

nkle"

"

I'H'I'

1® 100 1° 160 100 16 106 10 16 16
E [GeV]

6B;m 2 RXR, h?2 U2M2 ;vV ~mt /2MbBiv7Q p 'BQmbivT2b Q7 +QbKB+

6B;m 2 i F2M|7 QK (d)- # b2[]QM / i 7 QK (3 9y)X

100 104

T vb-



RXRX .1h1*hAPL hl*>LAZlla i

6B:m 2 RXk, aF2i+? Q7 i?2 T iB+H2 + b+ /2 /2p2HQTKZAMi VQHB7 Q4 2My BMB i E

Mm+H2QM U B;?2iV- "2bT2+iBp2HvX S?QiQMb 2 b?QrM b rB:;Hv HBM2b- H2
TBQMb b/ b?2/ HBM2bX q?2°2 T "iB+H2b +QMiBMm2 iQ BM/m+2 7m i?2" + ¢
2tTHB+BiHv- i?Bb Bb BM/B+ i2/ rBi? M 2HHBTbBb U VX

BM/B /242 +iBQM 2tT2 BK2MibX b +? ;2/ @QbKBBMi2b +MfBi? i?2 1 "i?db
iKQbT?2 2- /B 2+i /2i2+iBQM 2tT2 ' BK2Mib 2 2[mB 2/ iQ #2 2Bi?2"  ii +?.
hA*[(9k)-*_ 1[J(9]))V Q b i2HHBiI2d U2X:;X'S J1G (99) Ja (98)-]62"KB@G h (9
* G1h[(93)VX h?2b2 ‘2 mbm HHv T 'iB+H2 T?vbB+b /2i2+iQ b- +QMbBbIBM;
T iB+H2 i +F2 -+ HQ BK2i2" M/fQ bT2+i'QK2i2 X .2T2M/BM; QM i?2 2t +i -
K2Mib +?2Qb2M 7Q  i?2 /2i2+iQ - i?Bb HHQrb 7Q  i?2 +QK#BM2/qt2i2 " KBM iBQ
2M2Ev M/ "B;BRBipcgqg Ur?2p22MQi2b i?2 T "iB+H2 KQK2MimKV- M/ i?mb i?2 T
bT2+B2b QM M 2p2Mi@#v@2p2Mi # bBbX

q?BH2 i?2 /B 2+i K2 bm 2K2Mi Q7 i?2 T "iB+H2 T'QT2'iB2b M/ ivT2 "2 +H:
/B 2+i Q#b2 p iBQM i2+?MB[m2-i?2 HBKBi2/ bBx2 Q7 /2i2+iQ" ii +?2/iQ #
Bi mMM72 bB#H2 7Q" i?2 Km+? bK HH2  ~mt2b i ?B;?2  2M2 ;B2bX h?mb- 7Q"
100 h20- 7Q@° vb #Qp2 b2p2° H Ryy :20 M/ 7Q M2mBMMQR+H#+HBHQMM2 ;B2b-
2tT2 ' BK2Mib "2 mb2/ BMbi2 /X AM i?2b2 2tT2 BK2Mib- " i?2 i? M /2i2+iBM; i
T "iB+H2-i?2 T iB+H2 b?Qr2° BM/m+2/ #v M BMi2' +iBQM BM i?2 iKQbT?2" :
T?QiQMbV Q° MQi?2 /2i2+iBQM K2/BmMK U2X;XB+2Q r i2°7Q  M2mi'BMQbV
2KBii2/ #vV b2+QM/ v T "iB+H2b T°Q/m+2/ #vi?2 BMBiB H +QbKB+ v+ M #2
/2i2+iQ b- *?2 2MFQp /2i2+iQ b- b+BMiBHH iQ'b M/fQ " /BQ Mi2MM bX

6Q  +? :2/ +QbKB+ ‘@bvit/i?2 BMBiB H BMi2" +iBQM BM i?2 iKQbT?2°2 ;
+ b+ /2Q7T "iB+H2b 272 °2/iQ b M 2ti2MbBp2 B  b?Qr2 Ul aVX .m2iQi?2 |
b?Qr2 b /2p2HQT Qp2  H2M;i? b+ H2b Q7 KmHiBTH2 FBHQK?2i 2b- rBi? +Q "2b
CQMM/ H2p2HX AM Q' /2  iQ ++m’ i2Hv /2b+ B#2 bm+? b?Qr2 b- /2i BH2/ JQI
mb2/- i FBM; BMiQ ++QmMi i?2 K Mv /Bz2 2Mi BMi2  +iBQMb mM/2 ;QM2 #v
Q7 BM/BpB/m H T "iB+H2b- i?2 p "B iBQMb BM B’ /2MbBiv- M/ bQ QMX >Qr:
TT QtBK iBQM- i?2 /2p2HQTK2Mi Q7 i?2b2 T "iB+H2 + b+ /2b + M #2 /2b+ B?
KQ/2HH (9N-8y)X

A7 i?2 BMBiB HT iB+H2 Bb ?B:?2@2M2 ;v T?QiQM- Bi BMi2" +ib rBi? pB ir
}J2H/ Q7 B’ KQH2+mH2b iQ T°Q/m+2 2H2+i'QM TQbBi"QM T B 'bX h?2b2 BM |
i2°Qm;? # 2Kbbi> 2HMM;- H2 /BM; iQ M 2tTQM2MiB HBM+"2 b2 BM i?2 MmK#
+2bb- BHHmbi i2/BMi?2 H27[@? M/ bB/2 Q7 6B;m 2 RXk- +QMiBMm2b mMiBH
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["QTb #2HQ¥ 'IRiB+ H2MRiABb 2M2 ;v- r?B+? /2T2M/b QM i?2 K i2'B H- 2H2-
TQbBi'QMbV * TB/HVHQb22M2 :vi?"Qm;? BQMBx iBQM BMbi2 / Q7" /B iBp:
/B2b QmiX h?2 T?QiQMb- 2H2+i"QMb M/ TQDB24Q MK i QNRIKHEZ2) M DMK @772
i?72 b?Qr2° X

A7 i?2 T'BK v T iB+H2r b MmMm+H2QM U M/ iQ Km+?Q¥« /22" 2ti2Mi 7
iQ T?QiQT Q/m+iBQM Q7 +? ;2/ TBQMbW- i"RMBBHT M 2/Bi BXGM?R2 b?Qr2 X
h?2 BMi2® +iBQM #2ir22M i?2 T°'BK "v MmM+H2QM M/ Mm+H2B BM i?2 B T (C
M2mi® HTBQMb- br2HH b bK HH2 KQmMi Q7 Qi?2° K2bQMb M/ # "vQMb X
/2+ vBMIiQ T?QiQMT B - 7Tm2HHBM; i?2 2H2+i QK ;M2iB+ +QKTQM2Mi Q7 i
? TT2Mb rBi? i?2 +? ;2/ TBQMb /2T2M/b QM i?2B" 2M2 ;vX A7 i?2v "2 ?B;?
BMi2" +irBi? i?2bm "QmM/BM; Mm+H2B BM i?2 B - +QMiBMmBM; i?2 +? BM
M/ T°Q/m+BM; KQ'2 +? “;2/ M/ M2mi> H TBQMbX h?Bb T°Q+2bb +QMiBMm,
+? ;2] TBQMb /"QTRO#2HMDEgY)- i r?B+? TQBMi i?2 p2° ;2 iBK2 #2ir22M BMi?Z
#2+QK2b HQM;2  i? M i?2 TBQM HB72iBK2- M/ i?2v BMbi2 / /2+ v iQ KmQ
T°Q+2bb Bb bF2i+?2/ BM i?2 "B;?i[@P M/ bB/2 Q7 6B;m 2 RXkX h?2 M2mi BM
+? ;2/ TBQMb +QMiBMmM2 rBi?Qmi BMi2™ +iBM;-r?2°2 bi?2KmQMb + M 2p2N
M/ M2mi'BMQb- #mi /2T2M/BM; QM i?2B" 2M2";v rBHH i° p2H 7Q" Ui2Mb Q7
Km+? Q7 i?2B  2M2 ;v #27Q°2 /QBM; bQX

h?mb-2p2Mim HHv HHi?22M2 ;vQ7i?2BMBIiB HT "iB+H2 Bb +QMp2 i2/E
+QKTQM2Mi Q° KmQMb M/ M2mi'BMQbX h?2 KQmMi Q7 2M2 ;v BM i?2 2H2-
i?72b?Qr2°/2T2M/b MQi QMHV QM i?2 BMBiB HT "iB+H2-#mi HbQ QM Bib 2M:
HQr 2M2.;BIé&VWV - KQbi +? *;2/ TBQMb T°Q/m+2/ BM i?2 BMBiB H BMi2"  +iBQN
iQ KmQMb M/ M2mi'BMQbX bi?2i?°22bT2+B2b Q7 TBQM "2T°'Q/m+2/ BM &
QMHIE3 Q7 i?2b?Qr2°2M2 ;vBb/2TQbBi2/ BMi?22H2+i"QK ;M2iB+ +QKTQM:
r?2°2i?2 +? *;2/ TBQMb BMi2" +ib BMbi2 / Q7 /2+ vB&0;-Q@3BH8R)XiBQM BM+"

h?2 2H2+i"QK ;M2iB+ +QKTQM2Mi Q7 i?2 b?Qr2° + M #2 Q#b2 ' p2/ mbBM;
*?22°2MFQp /2i2+iQ°b Q" b+BMiBHH iQ°'bX 6HMQ 2b+2M+2 /2i2+iQ b Q#b2
KQH2+mH2b BM i?2 B 2t+Bi2/ #v i?2 2M2 ;v /2TQbBi2/ #v i?2 b?Qr2 T "iB
AM@ B™ *?2 ' 2MFQp i2H2b+QT2b "2 b2MbBiBp2iQ i?2bQ@+ HH2/ *?2"2MFQ
i p2HHBM; 7 bi2" i? M i?2 bT22/ Q7 HB;?i BMbB/2 i?2 K2/BmKX M/ }M HH
*?22°2MFQp i MFbV /2i2+i+? *;2/ T "iB+H2b i? i "2 +?i?2 ;"QmM/X

AM +QMi® bi-i?22M2 ;v + B2/ #v KmQMb M/ M2mi'BMQbBB/bpBQ ®2iBK2b
B#R®2 ;v- b i?2v "2 MQi pBbB#H2 iQ ~mQ 2b+2M+2 /2i2+iQ bX LQi2 i? i K
iQ *?22°2MFQp /2i2+iQ b- Hi?Qm;? i?2B° bB;M im 2 /Bz2 b 7°QK i? i Q7 i?2
T "iB+H2b- M/ i?2v + M #2 /2i2+i2/ #v b+BMiBHH iQ'b Q r i2° *?2 " 2MFQp /2]

h?Bb TB+im 2 Q7 2ti2MbBp2 B  b?Qr2°'b Bb bm{+B2Mi iQ 2tTH BM bQK2 Q
MmK#2 Q7 2H2+i QK ;M2iB+ T "iB+H2bBM+'2 b2b "Qm;?Hv 2tTQM2MiB HHv
K2MiQ7i?2b?Qr2 -mMiBHBIi "2 +?2b K tBKmKr?2'2i?22M2 ;vQ7BM/BpB/
i?72 +'BiB+ H2M2 ;vX h?2°27Q°2-i?2 K tBKmK MmK#2 > Q7 T "iB+H2b Bb TT°
i?72 b?Qr2° 2M2°;v-r?2"2 bi?2 /Bbi M+2 7°QK i?2 }'bi BMi2® +iBQMiQ i?Bb K
"Bi?KB+ HHv rBi? 2M2 ;vX h?2 H iXw.BbMZh2bh2 Hilv K2 bm 2/ BM i2 Kb Q7
+QHMKM /2Ti? Q7 K ii2 " i’ pX th22h®@ 72+Km 2b ?2HT BM/B 2+i /2i2+iBQM 2tT
/IBbiBM;mBb? /Bz2 2Mi T°'BK v T '"iB+H2bX g?BH2 i?2 iQi H2H2+i QK ;M2iB
7Q° HB;?2i Mm+H2mb U2X;X T ' QiQMV b 7Q° 2?22 pB2 QM2 U2X;X B QMV- i
+QK#BM iBQM Q7 K Mv MmM+H2QMb-2 +? + ““vBM; 7 +XB.QMBEXHZZ2iQi H 2N
HQr2 - +Q "2bTQM/BM; iQ i?22M2 ;v + "'B2/ #vi?2 BM/BpB/m HMmM+H2QMb

"2+ mb2i?2H2M;i?bi’ p2HH2/#v 2 +? T "iB+H2 #27Q 2 BMi2" +iBM; Q /2+
#BHBDbiB+-i?2 /2p2HQTK2Mi Q7 i?2 + b+ /2 p "B2b 7 ' QK b?Qr2"iQ b?Qr2°X
i2M/iQ p2 ;2Qmi/m2iQi?2H ;2 MmK#2 Q7 T "iB+H2b BMpQHp2/- T i 7 (
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TQBMi Q7 i?2 T'BK "vT 'iB+H2X >Qr2p2 - imHi® @?B;? 2M2 ;B2b GQ 2Mix +
*QmMHQK# }2H/ Q7 KmHiIBTH2 i “;2i KQH2+mH2b Bb b22M +Q?2 2MiHvV #v M BM
r?B+? bi’ QM;Hv bmTT 2bb2b i?2 +'Qbb@b2+iBQMb 7Q " T B  T°Q/m+iBQM M/
FMQrM bG?®/ m@SQK2  M+?mF@JB;/(BkY&j9dV2ba2Hib BM M 2HQM; iBQM Q
b?Qr2" T°"Q}H2- M/ KQ 2B "2;mH "~ b?Qr2  T°'Q}H2- b KmHIBTH2 bm#@b?Qr
H ;2 b2T " iBQMb HQM; i?2 HQM;Bim/BM H /B 2+iBQMX "2+ mb2i?2 GSJ 2z:
2M2 ;v T?QiQMb M/ 2H2+i"QMbfTQbBi"QMb- Bi #2+QK2b "2H2p Mi i HQr2" 2N\
b?Qr2°b i? M 7Q° ?2 /' QMB+ b?Qr2'b- BM r?B+? i?2 ?B;?2bi 2M2 ;v Q7 2H2+i
;2M2° HHv bB;MB}+ MiHv HQr2  i? M i?2 2M2 ;v Q7 i?2 T BK "vT 'iB+H2X

h?2 #Qp2 bF2i+?2b TB+im 2 Q7 MBM@ B T 'iB+H2 + b+ /2X JQbi Q7 i?B
QM T "iB+H2 + b+ /2bBM B+2-r?B+? "2T°'Q/m+2/i? " Qm;?i?2BMi2° +iBQM Q
Aiim " Mb Qmii?2b2 + b+ /2b "2 p2°'vbBKBH "iQi?Qb2T°'Q/m+2/BM B -rBi? i
h?2"° /B iBQM M/ BMi2' +iBQM H2M;iPAb RN B HIn "2/ IBBKFHK iQ i?Qb2 BM B - b
BM mMBib Q7 H2M;i? i?2v b+ H2 "Qm;?Hv BMp2 'b2Hv rBi? i?2 /2MbBiv Q7 i?2
/IBK2MbBQMb Q7 i?2b?Qr2 " BMB+2 "2 #Qmii? 22Q /2°'b Q7K ;MBim/2 bK HH
/IBK2MbBQMb BM B'X h?2 b2+QM/ 2z2+i Bb +Q QHH v Q7 i?2 } bi, #2+ mb2
Bb Km+? b?Qi2° BM B+2- #mi Bib HB72iBK2 Bb mM+? M;2/- HKQbi HH +? °
Q7 /2+ vBM;- M/ i?mb i?2 7° +iBQM Q7 b?Qr2° 2M2 ;v i? i /Q2b MQi ;Q BMiQ
+QKTQM2Mi Bb M2;HB;B#H2X

RXk *QbKB+ v T Q/m+iBQM M/ i  MbTQi

.2bTBi2i?2/2i BH2/+? ~ +i2°'Bx iBQMQ7i?2+? ";2/ +QbKB+ " v/Bzmb2 ~mt-i?
K2+? MBbK M/ i MbTQ i Q7 +QbKB+ ~ vb "2K BMb H ";2Hv mMbQHPpP2/ Tmx
? p2 #22M +QMD2+im 2/ iQ +QMi'B#mi2 iQ i?2 ++2H2 iBQM Q7 +QbKB+ * vt
#2 ++2H2 12/ #v bi'QM; 2H2+i B+ }2H/b BM +QKT +i Q#D2+ib- T bbBM; i?°Q
+QHHBbBQMb rBi? K ;M2iB+ +HQm/b- Q" K ;M2iB+ "2+QMM2+iBQMX

AM?Q+F ++2H@B9)B@M +QbKB+ ~ v b22/ T "iB+H2 +'Qbb2b i?2 #QmM/ v Q7
2Bi?2° 7°QKi?2 mMb?Q+F2/U2X;Xi?2BMi2 bi2HH ~K2/BmKV BMiQ i?2b?Q+F
2Bi?2°/B°2+iBQM-i?2T "iB+H2? b ?B;?2 bT22/BMi?2 272 '2M+2 7" K2 Q7i
iQi?2 QH/ K2/BmKX p2° ;2/ Qp2 i?2 M;H2 #2ir22M i?2 T "iB+H2 M/ i?2 b?Q+
2M2EYBM i?2 M2r 272 2M+2 7" K2 Bb ?B:?2" #v

Ezg!E; URXRV
3c

r?2°¥2 Bbi?2 bT22/ Q7 i?2 b?Q+Fr p2X AM i?2 T 2b2M+2 Q7 K ;M2iB+ }2H/b-
Vo i2b- M/ Kv + Qbb i?2 #QmM/ v KmHIBTH2 iBK2b- rBi? i?2 T 'iB+H2 2M2°
+‘QbB|\'}|2+ mb2i?2 T "iB+H2 2M2 ;vBM+'2 b2b i2 +? + QbbBM; T QTQ iBQMN
bT2¥2F+i?Bb ++2H2" iBQMK2+? MBbK-Q B;BM HHvT QTQpd/i®n@E22KB (88)- B
62°KB ++2HZX ABRIM / Q7 i?2T "iB+H2 #2BM; ++2H2 i2/;" /m HHv #v + QbbB/|
MQM@ 2H iBpBbiB+ b?Q+F r p2 K Mv iBK2b-i?2 b K2 K2+? MBbK K v HbQ
bBM;H2 +v+H2 BM "2H iBpBbiB+ b?Q+F U2X;X i?2 D2i Q7 TQr2'7mH +iBp2;
b QM2@b?Qi Q° 62bT 2bbQd ++2H2" iBQM (8e)X AM i?Bb + b2-i?2 T "iB+H:

2.r?2°2Bb i?2 GQ '2Mix 7 +iQ Q7 i?2 '2H iBpBbiB+ D2iX

aiQ+? biB+ ++28dd) vBWFiBQMb BM bBKBH " rviQ b?Q+F ++2H2  iBQM-
+QHHB/BM; rBi? b?Q+Fr p2-i?2 +QbKB+ "~ v T 'iB+H2Bb /2~2+i2/ #v K ;M2iB

RP7 +Qm b2- BM 2 HBiv Bi Bb MQi i?2 #QmM/ v + QbbBM; i? i ++2H2  i2b i?2 T "iB+H2c " i?2
T "iB+H2 b +QMiBMm HHv #2BM; /2~2+i2/ #2ir22M irQ K ;M2iB+ 6r HHbo6 i? i "2 i° p2HHBM; BM C
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rp2b QK ;M2iQ?v/"Q/vM KB+ im #mH2M+2VX AM +QMi" biiQi?2b?Q+F ++
iBQM i?2 K ;M2iBx2/ +HQm/ Bb i° p2HHBM; BM "2H iBp2 iQ i?2 +QbKB+ ~ v T
T "iB+H2 K v 2Bi?2° HQb2 Q" ; BM 2M2 ;v /2T2M/BM; QM r?2i?2" i?2 +QHHB
"2bT2+iBp2HvX b ?2 /@QM +QHHBbBQMb "2-?Qr2p2 - KQ 2 HBF2Hv U7Q" i
i2°’b KQ'2 QM+QKBM;i? M Qp2'i FBM; +v+HBbib QM irQ@r v #B+v+H2 T i?V
2tT2+i2/iQ ; BM 2M2 ;v 7i2 2 +? +QHHBbBQM,

2

E: URXKkYV

Y
E=- —
Cc

Wl

bi?22M2 ;v ; BM Bb [m /° iB+ BM i?2 bT22/ QV-i12Bb W2 BABBKIBM/HbQ
272772/ iRHQOM/@Q/2° 62°KB|(83pKH2 iBQM
MQi?2  T°'QTQb2/ ++2H2  iBEMM2iB+ MBHEMDILYiBOM2 TH bK b rBi?
QTTQbBM; K ;M2iB+ }2H/b "2 +QKT 2bb2/iQ;2i?2  /Im2 iQ bQK2 2ti2 M H /L
Hv2 #2ir22Mi?2irQ TH bK b-i?2 K ;M2iB+}2H/HBM2b "2+QMM2+i BMiQ H(
rBi? i72 K ;M2iB+ 2M2 ;v #2BM; +QMp2'i2/ BMiQ TH bK FBM2iB+ 2M2 ;vX 6
Kv HbQ #2 ++2H2  i2/ #v bi'QM; 2H2+i"B+ }2H/b BM +QKT +i- " TB/Hv "Qi
K ;M2iB+ }2H/b U2X;X TmHb “bV- rBWBBIH 27 2+ 2fy2-E RRJAM
6Q b?Q+F M/biQ+? biB+ ++2H2  iBQM-i?22M2 ;v; BMBM2 +? +v+H2Bb
2M2 ;E= E X bbmKBM;i? ii?2 TPQ# ®@BHRI+QbKB+ ~ viQ 2b+ T2 7 QK i?2 b(
BM 2 +? +v+H2 Bb U TT QtBK i2HVV BM/2T XVM+2 MHNDEZ Bdlh 2RL2)% v- 7i2°
T "iB+H2b rBiE2NEZ(L;v )¢ 2K BM- "2bmHiBM; BM TQr2 @H rbT2+i ' mK,
log(1  Pesc)
N _E @ - dN gl _Pese) 4

J— — _ log(1+

No _ Eo ) g ! B URXjV

h?2 TT QtBK iBQMi? i i?2 2b+ T2 T Q# #BHBiv Bb BM/2T2M/2Mi Q7 i?2 T i
i ?B;?2° 2M2 ;B2bX #Qp2 +2°i BM 2M2 ;v i? 2b?QH/- i?2/2~2+iBQM Q7 i
#v i?2 K ;M2iB+ }2H/b BM i?2 bQm +2 #2+QK2b iQQ bK HH iQ F22T Bi +QM
2MpB QMK2MiX M 2biBK i2 Q7 i?Bb K tBKmK 2M2Rv MY K7nM2+BBQRIHQ7 i?2 t
bi'2MBIQ7i?2bQm +2 Bb ;Bp2M #v i?2 G "KQ " /Bmb,

Emax  C RjGB; URX9V

r?72°2i?22 GQ 2Mix A+#QOMib 7Q " i?2 7 +ii? ii?2bQm +2 Bib2H7 K v #2 KQp!
MQ#b2 ' p2 QM 1 "i?X h?Bb HBKBi QM i?2 K tBKmK 2M2 ;v T ' Q/m+2/#v M b
bQm ™ +2 Bb FMQxBIHH i 2" BeX)XQM

h?Bb bBKTH2 KQ/2H H 2 /v "2T°Q/m+2b bQK2 Q7 i?2 72 im'2b Q7 i?2 +Qb
BM 6Bfm'2 RXRX 6B biHv- Bi ;'22b rBi? i?72 TQr2 " @H r /2+°2 b2 Q7 i?2 ~m
h?2p "B iBQMBMi?2bT2+i° HBM/2trBi? 2M2 ;v K v #2 2tTH BM2/ #v TQbin
i? i /QKBM i2 i HQr2  2M2 ;B2b K v MQi #2 #H2iQ ++2H2 i2 T 'iB+H2b iQ 2
2M2°;vi?'2b?QH/-bQ i? i/Bz2'2MibQm +2 +H bb2b 2 "2bTQMbB#H2 7Q" i
2M2 ;v M;2bX a2+QM/Hv- #2+ mb2 Q7 i?4 /RT2M/2M+2 Q7 ZfmM?2BQM RX9 Q
K tBKmK 2M2 ;v Q7 +QbKB+ ~ vb T°Q/m+2/ #v ;Bp2M bQm +2 Bb ?B;?2" 7Q
r?72°2 b HB;?i2° MmM+H2B U2X;X T"QiQMbV /QKBM i2 i HQr2  2M2 ;B2b-i?2 +
bT2+i'"mK Bb 2tT2+i2/iQ ;2i ?2 pB2  iQr /b i?2 ?B;?2bi 2M2 ;B2b Q7 2 +? bQ

AM "2 HBiv- Q7 +Qm 'b2- i?2 bBim iBQM Bb KQ 2 +QKTHB+ i2/X *QbKB+ °
+QK#BM iBQM Q7 K2+? MBbKb- M/ /Bz2 2Mi K2+? MBbKb K v +QMi'B#mi2
Q 2M2 ;v M;2X AM //BiBQM-2bT2+B HHv ii?2 ?B;?2bi2M2 ;B2b mM 2 +
++2H2" iQ 7 +BHBiIiB2b-i?2"2Bb HbQ i?2 TQbbB#BHBiv Q7 2z2+ib #2vQM|/
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JQ/2H Q7 T "iB+H2 T?2vbB+b-2X;X/2+ v Q7 bmT2 ?22 pv/ "FK ii2  (ej)X JQ 2
+QKTQbBIiBQM M/ i?2 bT2+i mK Q7 +QbKB+ ~ vb T°Q/m+2/ ii?2bQm +2 rBHI
Q#b2 ' p2/ 1i?221 "i?/m2iQ i?2 2z2+ib QPEDWKEKBB+V vb/Q MQi QMHvV ; BM 2M
2°;vi?’Qm;?i?22T°Q+2bb2b QmiHBM2/ #Qp2-#mi K v HbQ HQb2 2M2 ;v i? QI
bvM+? ' Qi"QM * /B iBQM-BQMBx iBQM- Q" BM2H biB+ b+ ii2"BM;X h?2 +QKTQ
i’ mK Bb KQ/B}2/ #v bT HH iBQM 2?2 pB2  Mm+H2B #°2 FBM; mT BMiQ HB;?i2"
QM i ";2i T "iB+H2b br2HH bi?2/2+ v Q7 mMbi #H2 Mm+H2BX

hQ T QT2 HvKQ/2H M/ mM/2 bi M/ #Qi? i?2 T Q/m+iBQM M/i> MbTQ i Q7 +!
mbm HHvVvKQ'2/2i BH2/i?2Q 2iB+ HKQ/2Hb M/ MmK2'B+ HbBKmH iBQMb 2
+ M #2 i2bi2/ ; BMbi i?2 /Bzmb2 ~mfB?QrM BM 6B;m 2 RXR- B/2 HHv- QM2 rC
bT2+B}+ HHv K i+? i?2 +QbKB+ ~ v 2KBbbBQM iQ bT2+B}+ bi ' QT?vbB+ H bQ
"2[mB 2b } bi B/2MiB7vBM; i?2b2 bQm +2bX

RXj A/2MiB7vBM: i?2 bQm +2b Q7 +QbKB+ " vb

b K2MiBQM2/ BM p2+iBQM RXk-i?2 bQm +2b M/ T°Q/m+iBQM K2+? MBbKb Q
#2 /IBz2 2Mi /2T2M/BM; QM i?2 2M27 ;v > M;2 +QMbB/2°2/X i HQr2" 2M2 ;B2b
3PeVV- KQbi +QbKB+ ~vb "2 bbmK2/iQ #2 Q7 ; H +iB+ Q' B;BM (e9)-i?Qm;?
/I"Bp2M #v b?Q+F ++2H2 iBQMBMbmT2MQp 2KM MibUaL_V (e8-ee)X "2ir2

#Qi? ; H +iB+ M/ 2ti° ; H +iB+ bQm +2b K v +QMi'B#mi2 iQ i?2 ~mt Q#b2 p2/
+2°'i BMHv #Qp2 R 120- Q7i2M 272 "2/ iQ b i?2 mHi® @?B;? 2M2 ;v Ul>1V "7
bQm ™ +2b Kmbi #2 2ti* ; H +iB+X A7 i?2vr2°2 ; H +iB+-i?2°2 b?QmH/ #2 +H.

""Bp H /B'2+iBQMb TQBMIiBM; iQr /b i?2 ; H +iB+ /BbF- b ii?2b2 2M2 ;B2
i H +iB+ K ;M2iB+ }2H/ #2+QK2b bK HHX LQ bm+? MBbQi'QTv Bb Q#b2 p2/c B
BbQi QTv Bb Q#b2 p2/ TQBMIBM; r v 7]QKi?2; H +iB+ +2Mi 2 (ed)X

T BK2bQm +2 + M/B/ i2 7Q i?2b2 2ti° ; H +iB+ +QbKB+ ~ vb Bb +iBp2: H
(e€3), +Q ' 2b Q7 ; H tB2bBM r?B+? i?2bmT2 K bbBp2 #H +F ?QH2 ii?2 +2Mi 2
Kii2>- ++2H2" iBM; M/ 2D2+iBM; T i Q7 Bi BM "2H iBpBbiB+ D2ib T2 ' T2M/B-
:Lb "2 mbm HHv 7m i?2" +H bbB}2//2T2M/BM; QM ?Qr i?2 D2i Bb Q" B2Mi2/rB
:Lb rBi? D2ib TQBMiBM; /B 2+iHv iQr /b i?2 1 "i? "2 + HH2/ #H x "b-r?2"2
pB2r2/ Qz@ tBb "2 FMQrM b [m b "b- a2v72’i; HtB2b Q "~ /BQ ; H tB2bX
KQbi TQr2 ' 7mH bQm +2b BM i?2 mMBp2'b2- M/ "2 #H2 iQ 7TmH}HH i?2 bBx2
"2[mB '2K2Mib BM 2[m iBQM RX9X >Qr2p2°- HbQ Qi?2° bi ' QT?vbB+ H Q#D2H+
i?72 bQm +2b Q7 mHi® @?B;? 2M2° ;v +QbKB+ " vbX h?2b2 BM+HmM/2 ; KK @ v
2M27;2iB+ 2tTHQbBQMb /m"BM; +QHH Tbh2b Q7 #BM v bvbi2Kb Q  bmT2 MQp
U'2:BQMb Q7 BMi2Mb2 bi * 7Q K iBQMV- K :M2i b U° TB/Hv "Qi iBM; M2mi
K ;M2iB+ }2H/bV M/ iB/ H/Bb" mTiBQM 2p2Mib U ++°2iBQM Q7 bi ~#v bmT2

hQ mM™ p2H i?2 ++2H2 iBQM K2+? MBbK /"BpBM; +QbKB+@ v T Q/m+iBC(
i?72 bQm +2 + M/B/ i2b iQ i?2 Q#b2 p2/ +QbKB+@ v 2KBbbBQMX bi'QT?vbB-
#2 B/2MiB}2/ BM irQ r vbX PM2 QTiBQM Bb 7Q° M 2t+2bb BM i?2 2KBbbBQWN
bQm ™ +2 /B'2+iBQM +QKT "2/iQ i?2 U/Bzmb2V # +F; " QmM/ iQ #2 Q#b2 p2/X h
7Q° 2KBbbBQM BM bT iB H M/fQ ™ i2KTQ™ H +Q "2H iBQM rBi? Qi?2  Q#b2'p
M/~ /IBQ i2H2b+QT2b- Q" ;" pBi iBQM Hr p2bX h?BbKHnHPB @KI2Itb 20 ;2b FM C
bi'"QMQKvVX >Qr2p2°-r?2M b2 "+?BM; 7Q" i?2 bQm +2 Q7 +? ;2] +QbKB+ " v
+QKTHB+ i2/ bB;MB}+ MiHv #v i?2 7 +ii? i +? “;2/ T "iB+H2b "2 /2~2+i2/ #v
iQ i?72 GQ ' 2Mix 7Q +2X h?2°27Q°2- +? “;2/ +QbKB+ “vb ""Bp2 ii?21 "i? 7°
/IB’2+iBQMb M/- bi?2 +QM};m  iBQM Q7 ; H +iB+ M/ 2bT2+B HHv BMi2 ; H +
r2HH FMQrM- + M BM ;2M2° H MQi #2 "2+QMbi m+i2/iQ TQBMi # +F ii?2B" b
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HbQ + mb2 +? *;2/ +QbKB+ ~ vbiQ i  p2H7Q HQM;2 i? MM2mi°  HT "iB+H?2
HbQ MV i2KTQ  H+Q "2H iBQM rBi? BM+°2 b2/ +iEﬁ1>Biv BMi?Qb2 K2bb2M;
A7 +? ;2] +QbKB+ * vb + MMQi #2 mb2/ /B 2+iHv iQ B/2MiB7v i?2 bQm +2
i?Bb "2bi'B+ib mbiQ HQQFBM; 7Q  i?2B Mm@~ MZQMBMVO B X ib22b2 "2 2tT?2
iQ #2 T°Q/m+2/ BM i?2 b K2 bQm ™ +2b b +? ;2/ +QbKB+ ~ vb-i?2"Qm;? i?2 T
Q7 M2mi~ H M/ +? ;2] TBOQMbX gMBHRI/ ? p2- #22M mb2/iQ B/2MiB7v bBi2k
v T'Q/m+iBQM-i?2°2 "2irQ bT2+ibi? i K F2i?2B" mb2 b M BM/B+ iQ Q
++2H2 iBQM KQ'2 +? HH2®@;BWb; X 26 B QhiiRv+HmMbBp2HVY bbQ+B i2/ rBi? i?z
M2mi® H TBQMb T°Q/m+2/ BM ? /"QMB+ BMi2® +iBQMb- #mi + M HbQ “2bmkF
M/ BMp2 ' b2@+QKTiQM b+ ii2°'BM; #v 2H2+i"QMb U M/ TQbBi QMbVX .Bb2Mi
H2TiQMB+ M/ ? /["QMB+ T ' Q+2bb2b "2[mB 2b Q#b2 p iBQMb +Qp2°'BM; rB/
2tT2+i2/iQ T°Q/m+2 /Bz2 2Mi 2M2 ;v bT2+i" X JQ@2 BKTQM MQH #2i Pnpra/} ? -
iQ B/2MiB7v i?2 bQm +2b Q7 I1>1 +QbKB+@ v T Q/m+iBQM- b i?2v + M #2
i?722ti° ; H +iB+# +F;"QmM/ HB;?i U1"GVXaA W 2 MiB'+ Bife\R 71#Qp 2 M
BMi2® +i rBi? +QbKB+@KB+"Qr p2 # +F;"QmM/ U*J"V T?QiQMb iQ '2bQM Mi
TQbBi'QM T B'- HBKBiBM; i?2 /Bbi M+2 i?2v + M i° p2H iQ /Bbi M+2b Q7 i?
i HtvX h?Bb bm;;2bibi? i-BM Q /2 iQ mM K#B;mQmbHv B/2MiB7v i?2 2ti" ;
?B;? 2M2° ;v +QbKB+ * vb- QM2 ? biQ HQQF 7Q°  M2mi ' BMQbX

Kh?2°2 "2 bQK2 2t+2TiBQMb iQ i?2 BbQi QTv Q7 +? *:2/ +QbKB+ " vb i HQr2' 2M2°;B2b- +Q
bB;MB}+ MiHv #v i?2 1 “i?6b K ;M2iB+ }2H/- H2 /BM;iQ M1 bi@g2bi MBbQi'QTv /2T2M/BM; QN
v +? ;2- M/ i mHi° @?B;? 2M2 ;B2b- 2p2Mim HHv i?2 /2~2+iBQM #v K :M2iB+ }2H/b #2+QK?2
"Bp H M/ 2KBbbBQM /B 2+iBQMb iQ "2K BM bB;MB}+ MiHv +Q " 2H i2/X



*?2 Ti2 k

L2mi'BMQ bi"QMQKUyv

h?2 2tBbi2M+2 Q7 i?2M2mi BMQr bQ ' B;BM HHv T QTQb2/#vS mHB BM RNjy (
2M2 ;v bT2+i mK Q7 i?2@QH2+VQIMBM/BQ +iBp2/2+ vQ7 M2mi QM BMiQ T°Q
2H2+i"QMX A7 i?2b2r2°2i?2 QMHv irQ /2+ v T 'Q/m+ib-i?2B° 2M2 ;B2b- M/ B
2M2;v- b?QmH/ #2 FBM2K iB+ HHv +QMbi° BM2/iQ bBM;H2 HHQr2/ p Hm2
i?7irbQ#b2 p2/ BMbi2 / +QmH/ #2 2tTH BM2/ #v TQbimH iBM; i?72 T 2b2M+2
M2mi® HT "iB+H2-r?B+? 62 KB2nmpi28 MM K2

ii?72iBK2S mHBBMi"Q/m+2/i?2 M2mi'BMQ-?2 bi i2/ BM ?Bb /B “vi? iBiKI
/2i2+iX IMHBF2 Mm+H2B Q  T?QiQMb- M2mi BWQbB BMi2" -+iB@MPM-v b2 " Qm;? i?:
i?2M K2bm;;2bib-Bb K MviBK2br2 F2 i? Mi?2bi'QM; Q" 2H2+i QK ;M2iB+ B
p2'v HQr T'Q# #BHBiv 7Q° BM/BpB/m H M2mi'BMQb iQ BMi2" +iX .2bTBi2 i-
*Qr M M/ _2BM2b (dy) K M ;2/ iQ T'Qp2 i?2 2tBbi2M+2 Q7 M2mi BMQb #v Tt
[2i2+iQ  M2tiiQ Mm+H2 ~}bbBQM TH Mi-r?B+?2 T°Q/m+2/ @/22 vHmt Q7 M2m

aBM+2 i?2M- M2mi ' BMQb ? p2 +QMiBMmM2/iQ #2 bim/B2/- M/ 2 biBHH i?2
"2b2 "+? [m2biBQMb iQ/ vX Ai Bb FMQrM MQr i?2°2 Bb MQi QM2- #mi i? 22 /Bt
bbQ+B i2/ rBi? i?2i?°22 ;2M2" iBQMb-Q7M/?X 22Zni2BMXQbBb "2 HbQ FMQrM iQ
#2 K bbBp2 T "iB+H2b- Hi?Qm;? i?2B" K bb2b ? p2 #22M +QMbi> BM2/ iQ #2 |
Q7 Mv Qi?2° K bbBp2 T "iB+H2 BM i?2 ai M/ '/ JQ/2H- M/ Bi Bb +m "2MiHv m
T°Q/m+2/i?"Qm;?i?2b K2U>B;;bV K2+? MBbK b Qi?2"72°KBQMb-Q i? i /B
"2bTQMbB#H2X PM2 +QMb2[m2M+2 Q7 M2mi BMQ K bb2b Bb i? i r?BH2 i?2v
Q7- Q -i?2b2 "2bmT2 ' TQbBIiBQMb Q7 i?2i?°22 K bb 2B;2Mbi i2b-bQ i? i |
i?72 T Q# #BHBiv iQ #2 /2i2+i2/ b Mv Q7 i?2b2 ~ pQm'b +? M;2b Q  Qb+BHH i
M2mi'BMQ Qb¥BHH iBQMb

AM i?2 +QMi2ti Q7 bi'QT iB+H2 T?vbB+b-i?2 HQr BMi2® +iBQM T Q# #BH|
/p Mi ;2 M/ IBb /p Mi ;2X Hi?Qm;? Bi K F2b i?2B" 2tT2 BK2Mi H /2i2+iBQ
BM;- Bi HbQ K2 Mb i? i- mMHBF2 Qi?2° +QbKB+ ~ v T "iB+H2b- i?2v + M i p2
bQm ' +2 iQ 1 "i?X >B;?@2M2 ;v M/ mHi® @?B;?7@2M2 ;v M2mi BMQb "2 T Q/
BMi2® +iBM; rBi? i ;2i-T'Q/m+BM; U KQM; Qi?2 bV +? ;2/ TBQMb i? i T Q/r
M2mi'BMQb-BM T Q+2bb bBKBH "iQi? iBM M 2ti2MpBp2 B b?Qr2° bF2i+?:
bm#b2[m2MiHv /2+ vb- T°Q/m+BM; M 2H[F+M QKM QM 2 21Qi MBM ZxiXi 'lBM® “2bmH
BM "Qm;?Hv 2[m HKBt Q7 M2mi'BMQ ~ pQm'b i1 "i?-/m2iQ i?2 ~ pQm" Qb
; iBQM K2MiBQM2/ #Qp2X h?Bb +Q "2bTQM/b iQ i?2 bi M/ '/ b+2M "BQ 7Q°
T°Q/m+iBQMc B7 i?2bQm ™ +2? b bi'QM; K ;M2iB+ }2H/-i?22 T Q/m+2/ KmQME

Rbr2 "2 T'BK "BHv BMi2 2bi2/ BM M2mi'BMQ bi'QMQKv- r2 rBHH Qe BEhERZ 22 KBMQHQ v |
iQ #Qi? M2mi"BMQb M/ MiB@M2mi BMQbX

N
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2M2 ;v #27Q°2 /2+ vBM;-bQ i? iU i?B;?2  2M2 ;B2bV i?2 QMBMM®M2°'BMQb
2tQiB+ b+2M 'BQb r?2°'2 +? *;2/ TBQMb BMi2" +i " i?2 i? M/2+ v- ?B;?@2M:
Kv2p2M #2 /IQKBM, iR/@Ghm+2/@MN+ vbX
AMbi2 /1 Q7 ? /" QMB+ +QbKB+ ~ vb BMi2™ +iBM; rBi? i “;2i ii?2bQm +2-

i?72v + M HbQ BMi2" +i rBi? i?2 +QbKB+ KB+ Qr p2 # +F;"QmM/ U*J"V ~ /B
MMBpP2'b2X bBM;H2 Mm+H2@N rMBPeVM-2WIZ Q/@F2 TBQMb i?2°Qm;?2 T?QiQ@
T°Q/m+iBQM- r?BH2 ?2 pB2 10heVN2B M w@p2 :Q T?QiQ/BbBMi2;" iBQM- BN
i?72 Mm+H2mb b?2/b QM2 Q" KQ'2 Mm+H2QMbX h?2b2 BMi2® +iBQMb ? p2 i
6B biHv- /m2 iQ i?2 "2H iBp2Hv ?B;? /2MbBiv Q7 *J" T?QiQMb i?"Qm;?2Qmi i
i?72 K tBKmK /Bbi M+2 mHi® @?B;? 2M2 ;v +? ";2/ +QbKB+ ~vb + Mi® p2H #27
iQ b? 'T +miQz BM i?72 +QbKB+@ v bT2+i' mK Q#b2 wE/@itMm(QR+FMQrM b
dk)X LQi2 i? i- Hi?Qm;? bm+? b? T +miQz Bb BM/22/ Q#b2 p2/ U b b?Qr
MQi bi® B;?2i7Q'r '/ iQ /IBbiBM;mBb? #2ir22M M 2M2 ;v +miQz /m2 iQ T QT ;
iQ i?72 bQm +2 mbBM; +? “;2/ +QbKB+ " v Q#b2'p iBQMb HQM2c i?2 +miQz
+QK#BM iBQM Q7 #Qi? 2z2+ibX .2i2°’KBMBM; i?2 Q°'B;BM Q7 i?2 +miQz "2[m
b2+QM/ +QMb2[m2M+2 Q7 i?2 :wE@2z2+i, B7 i?72°2 "2 T°QiQMb rBi? 2M2";
T°Q/m+iBQM HBKBi-i?2 +? ;2/ TBQMb +°2 i2/ BM i?Bb T°Q+2bb rBHH /2+ v-
H2 /biQ MQi?2° +QMi'B#miBQM iQ i?2 +QbKB+ MRlmki OB MRB+HMBM QB2 12/ iQ
mHi> @?B;? 2M2 ;B2bX h?mb- BM //BiBQM iQ B/2MiB7vBM; i?2 bQm +2b Q7
i?72/2i2+iBQM Q7 M2mi'BMQb + M?2HTiQ Mbr2  [m2biBQMb #Qmii?2 +QbK
K tBKmK 2M2";vX

KXR L2mi'BMQ /2i2+iBQM

L2mi ' BMQb BMi2" +irBi? i?2 i ;2i Ki2°'B Hi?"Qm;? 2Bi?2° M2mi H@+m °
+m "2Mi U**V BMi2® +iBQMX h?2 i'22@H2p2H 62vMK M /B ;° Kb Q7 i?2b2 B
bT2+iBp2Hv- QM i?2 H27i M[H2Mi'2 Q7 6B;m 2 kXRX .m2 i iM2 H “;2 K bb
W #QbQMb- i HKQbi HH 2M2 ;B2b i?2 BMi2" +iBQM rBi? 2H2+i"QMb BM i?
bmTT 2bb2/ +QKT "2/iQi?2BMi2° +iBQMrBi? U[m "FBMi?2V Mm+H2QM- 7
2M2 ;v Bb Km+? ?B;?2 X PM2 2t+2TiBQM Q++m b 7Q° M BM+QKBM; 2H2+i
2°;v+HQb2 iQ eXj S20, BMi?Bb + b2-i?2 +2Mi 26 Q 7B B tb bTZIMQ t BKKQI 2 HA/2
80GeV my- M/ + Mi?2°27Q°2 "2bQM WMiHAMQD @VIm#2B+? bm#b2[m2MiHv /2+ vb

?2 /"QMB+ b?Qr2° Q" +? ;2/ H2TiQM M/ M2mi'BMQX h?Bb /B ;7 KBb b?C
bB/2 Q7 gBjm 2 kXRX

kXRXR GQr 282 ;¢ GeVV

i i?2 HQr2bi 2M2°:B2b- " i?2° i? M BMi2  +iBM; rBi? BM/BpB/m H [m “Fb- |
b22b i?2 MM+H2QM Q" 2p2M i?2 2MiB 2 Mm+H2mb +Q?2 2MiHVX h?2 KQbi +¢
M2mi'BMQ Mm+H2QMBBIMPRZ @F2BQRBBB- b i?2 M K2 bm;:2bib- Bb KQ 2 Q" H2
BMp2' b2 Q7 i?2 @22 WQ/Nb+ B#2/ T 2pBQmbHv,

et p’ ! e+ UkXRYV

h?2 Qmi;QBM; TQbBi"QM + M #2 /2i2+i2/ #v Bib BQMBxBM; /B iBQM BM b+
M2mi"BMQ /Bb+Qp2 v 2tT2 BK2Mi ¥V *Qr M M/ _2BM2b (dy)- Q  #vi?2*?22 2M
BM /B2H2+i'B+ K2/BmKX M //BiBQM H /BbiBM;mBb?BM; bB;M im 2 Q7 i?B
n+M#2 6+ Tim 2/6 #v M iQK BM i?2 i ;2i K i2°B HUQ7i2M bT2+B}+ BbC
/2i2+iQ  7Q  i?Bb Tm TQb2V-r?B+? T°Q/m+2b ~ /BQ +iBp2 2H2K2Mi i? i bn
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6B;m 2 kXR, h?2i?°22ivT2b Q7 r2 FBMi2 +iBQM #2irMMM [l GF+QKBM; M2m
2H2+e®M i?2 i “;2i/2i2+iBQM K2/BmKX G27i, M2mi  H@+m "2Mi UL*V BMi2"
Qmi;QBM; M2mi'BMQ M/ [m "FX *2Mi*2, +? ;2/@+m "2Mi U**V BMi2" +iBQM
M2mi 'BMQ Bb +QMp27i2/ BMiQ Bib +Q "2 MDMZB®; +? ~;2/+H2MbQM iBQM K M/
/[ i2bi? i HbQ i?2 Qmi;@BW;/Bz2R2Mi 7°QK i?2 BMBIiB?Bdm bRVX _B;?i, M
BM+QKBBIMi2  +ibrBi? M 2H2+i"QM i @bi#Qb@/MXBIMBb T Q+2bb Bb /QKBM
Qp2 i?72Qi?22 irQT Q+2bb2bBiBHVEBEeVMr?2 2 W2 Bb T Q/m+2/ HKQbi
QM@b?2HHX

“2bmHib BM i?2 2KBbbBQM Q7 M //BiBQM HT?QiQM-rBi? bT2+B}+ 2M2 ;v
i?72 2KBbbBQM Q7 i?2 TQbBi'"QM-i? i/2T2M/ QMHv QM i?2 + Tim BM; BbQiQT:
A7 i?2 M2mi'BMQ 2M2 ;v Bb bm{+B2MiHv ?B;?- Bi BBMHIR2Q/ T@YXtMB#H2 iQ T C
Pi?2  TQi2MiB H T Q+2bb2b BM+HmM/2 M2mi> H@+m "2Mi 2H biB+ b+ ii2"BM;
QMHvV i?2 b+ ii2°2/ Mm+H2QM + M #2 Q#b2 ' p2/- b i?2 Qmi;QBM; M2mi 'BMQ "2
T Q/m+iBQM Q7 TBQMUDbYV #v 2t+BiBM; i?2 Mm+H2QM iQ ?B;?2  @2M2 ;v bi i:
JQbiHQr@2M2 ;v M2mi ' BMQ 2tT2'BK2Mib T*BK 2BIFQMR12ZBKIBIZAWITiB+ H
#v i?2 +? ;2/ H2TIQM T°Q/m+2/ #v i?2 M2mi " BMQ BM +? ;2/@+m "2Mi BMi2"
iBQM Q++m b r?2M +? “;2/ T "iB+H2b KQp2 i bT22/7 bi2 i? Mi?2bT22/ Q7
AM [B2H2+i'B+ K2/BmK-bm+? T "iB+H2 # B2~v TQH "Bx2b i?2bm > "QmM/BN
2KBbbBQM Q7 2H2+i QK ;M2iB+r p2bX "2+ mb2 i?2 T "iB+H2 i p2Hb 7 bi2" i
i +2°i BM M;H2 7°QK i?2 T "iB+H2 i +F i?2 2KBbbBQM "'Bp2b +Q?2 2MiHv.
i?72°27Q°2 +QM+2Mi” i2/ "QmM/ i?Bb *?2°2MFQp M;H2,

c :arccos%; UkXkV

r?2°'2=v=c 1 Bb i?2bT22/ Q7 i?2 Tn iBo+rH2-BM/2t Q7 27 +iBQM Q7 i?2 K2/B
h?2 bT2+i'mK Q7 *?2°2MFQp 2KBbbBQM- BM i2'Kb Q7 2M2 ;v 2KBii2/ T2  m\
TT QtBK i2Hv HBM2 "Hv rBi? 7°2[m2M+v (d) UmT mMiBH2DORKR I« MiQz 7 2[m2
7Q  p2'v?B;?27 2[m2M+B2bVX h?2 +?QB+2 7Q  pBbB#H2 HB;?i "QmM/ 9yy MK
b+ ii2"BM; M/ #bQ ' TiBQM Q7 i?2 2KBii2/ T?QiQMb BM r i2°- br2HH b QTiB
p2°'vb2MbBiBp2 T?QIiQ@KmHIBTHB2  im#2b USJhbV mb2/iQ /2i2+ii?2 2KBbb]

.m2 iQ i?2 HQr BMi2® +iBQM T Q# #BHBiv Q7 M2mi ' BMQb- /2i2+iQ°b "2 "2
H ;2 M/? p2p2 vHBiiH2 # +F;"QmM/ bB;M HbX JQbi HQr@2M2 ;v M2mi BMQ
Q7 H ;2 pQHmMK2 Q7 ?B;?Hv Tm ' B}2/ ri2° bm > "QmM/2/ #v SJhb b2MbBiBp2
2KBbbBQM Q7 BM/BpB/m HT?QiQMbX Sm™2r i2° Bb mb2/ BM Q /2  iQ 2HBKB!
" /BQ +iBp2 BKTm ™ BiB2bX AM //BiBQM-i?2b2 /2i2+iQ°b "2 mbm HHv +QMbi’r
Q7 i?2 1 "i?- "2/m+BM; i?2 # +F;"QmM/ 7°QK +? “;2/ T "iB+H2b UKmMQMbV T (
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B b?Qr2°bX 6BM HHv- M Qmi2° H v2 Q7 i?2 /2i2+iQ K v #2 BMbi mK2M
//IBiBQM H *?2 2MFQp /2i2+iQ b iQ 6p2iQo +? “;2/ T "iB+H2b Q'B;BM iBM; Q
M/ 2t+HmbBp2Hv B/2MiB7v M2mi'BMQb BMi2® +iBM; BMbB/2 i?2 /2i2+iQ X
.2bTBi2 i?Bb- i?2 p bi K DQ 'Biv Q7 M2mi'BMQb /2i2+i2/ BM i?2b2 2tT2 E
Q'B;BM- #mi Bb BMbi2 / T°Q/m+2/ BM i?2°KQMm+H2 ~ T QKQbHER26EBM i?2 b
M2mi " BNMIQmi ' BMQb T'Q/m+2/ BM i?2 iKQbT?2'2 b T i Q7 i?2 2ti2MbBp2 +(
/2b+ B#2/ BM b[2+iBQM RXRX g?BH2 i?Bb K2 Mb HQr@2M2 ;v M2mi 'BMQ /2i
mb2iQ M2mi " BMQ bi " QMQKv- M/ BMbi2 / KQbiHvV 2tBbiiQ bim/vbQH ~Q M2
E KBQF M/2 (dj)-|AJ" (d9) |[M/" Fb M (d8) 2tT2 ' BK2Mib /2i2+i2/ iQi HQ7 k9 N
rBi? i?72 M2 "#v bmT2 MQp aLRN3d -7 " BM 2t+2bb Q7 MVi?BM; i? i +QmH/
# +F;"QmM/ bB;M HbX h?Bbr bi?2 } bi Q#b2 p iBQM Q7 +QbKB+ M2mi ' BMQ'

kKXRXk >B;? 2NM@GeW.UE . 10 PeVV

AMQ'/2°iQ bT2+B}+ HHv bim/v +QbKB+ M2mi'BMQb- M/HQQF 7Q i?2bQm"
“vb- Bi Bb M2+2bb v iQ ;Q iQ ?B;?2° 2M2";B2ZHX b ";m2/ BM b2+iBQM RX
2M27;2iB+ +? *;2/ TBQMb T Q/m+2/ BM +QbKB+@ v B  b?Qr2 b BMi2" +i #27
bT2+i ' mK Q7 iKQbT?2 "B+ M2mi BMQb Bb 2tT2+i2/iQ /"QT Km+? 7 bi2 rBi?
T “2Mi +Qb|ﬂa<+ PbEMKBM; i? ii?2M2mi ' BMQ bT2+i' mK "Qm;?Hv 7TQHHQrb i?2
bT2+i'mK-i?Bb K2 Mb QM2 2tT2+ibi?2°2Bb M2M2 ;vi? 2b?QH/ #Qp2r?B+
+ M #2+QK2 /QKBM MiX

ii?72b2 ?B;?2° 2M2 ;B2b-i?2 M2mi ' BMQ MQ HQM;2  BMi2" +ib rBi? i?2i °
#mi BMbi2 /2D2+ib bBM;H2[m "FX h?Bb ?B;?Hv2M2 ;2iB+[m "FrBHH [mB+
? I’QMB+ b?Qr2'- bBKBH " iQ i?2 QM2 T°Q/m+2/BM B  bF2i+?2/ BM 6B;m 2 |
M2mi> H@+m ™ "2Mi M/ +? ‘;2/@+m“2M[E"Q+2bb2b Ub22 6B;m 2 kXRVX AM
BMi2® +iBQM-i?2°2 Bb BM //BiBQM +? ;2/ H2TiQM- r?Qb2 2tT2 'BK2Mi H
M2mi*BMQ ~=pd®@m'X M 2H2+i'QM UQ  TQbBi'QMV T 'Q/m+2b M 2H2+i QK ;I
6B;mM 2 RXkVX KmQM + M i > p2H 7Q  HQM; /Bbi M+2H1 #X/AQT2Q 2ra #2M ; - #mi
b2+QM/ v T "iB+H2b i?°Qm;? B "2;mH ~ biQ+? biB+ 2M2* ;e HRBb2b 7 QK #
T°Q/m+iBQM Q" T?QiQ@TBQM T°'Q/m+iBQM HQM; Bibi® D2+iQ'vX 6BM HH
T°Q/m+BM; 2Bi?2° ? /"QMB+ b?Qr2° Q° ?B;?@2M2° ;v KmQM Q 2H2+i QMX
M/ i?2 "2+QMbi' m+iBQM "2bQHmMIiBQM-i?2 BMBiIiB HBMi2® +iBQM p2-i2t M/
bm{+B2MiHv b2T " i2/iQ #2 B/2MiB}2/ b2T * i2HvX h?Bb Bb bQK2iBK2b 272

h?2 +m " 2MiHv H “;2bi M2mi°'BMQ /2i2+iQ" i? i mb2b M 6 "iB}+B Ho0 /2i2
ri2’vVBbamT2 @E [KBQF M/2 (d3)- rBi? /2i2+iBQM3pQHMR2 @QLbKB+?Hv 8
Vv ~-mt- M/ i?2°27Q°2i?2 bi'QT?vbB+ H M2mi BMQ ~mt- "~ TB/Hv /2+72 b2tk
i72bBx2 Q7 M2tT2 ' BK2Mi "2[mB 2/iQ /2i2+i M2mi"BMQb i?B;?2  2M2";B2b
M/i?2mb2 Q7 M im®> HHv #mM/ Mi/2i2+iBQM K2/BmK #2+QK2b M2+2bb “v>
Q7 J L. (dN) M/ Bibbm++2bpbQ  A+2*m#2 (3y) BMi?2B+2 iaQmi? SQH2- N\
M/ +m~>"2Mi EJjLI2h (3k) /2i2+iQ b BMi?2r i2° Q7 i?2J2/Bi2°° M2 MX "Qi?r i
/2i2+iQ b +QMbBbi Q7 MmK#2 Q7 p2'iB+ H 6bi'BM;b6-2 +?2 +QMi BMBM; K
"2 /2THQvV2/ b2p2° HFBHQK2i ' 2b #2HQr i?2 B+2fri2 " bm 7 +2BM Q' /2 iQ "2
+QbKB+@ v T 'iB+H2bX h?2 bT +BM; #2ir22M bi'BM;b M/ SJhb Bb BM7Q K
#bQ TiBQM Q7 pBbB#H2 HB;?i #vi?2 UBKTm BiB2b BM i?2V /2i2+iBQM K2/B1
H2M;i? Q7 *?2 2MFQ OO mMXMb?iEb BKTHB2b i? i i?2 bT +BM; #2ir22M SJhb

kq2 ? p2 bHB;?iHv bFBKK2/ Qp2" i?2 7 +i i? i MQi HH M2mi'BMQb 2 T°Q/m+2/ #v +? ;2/ T
b?Qr2'b- HbQ bK HH 7 +iBQM Q7 ?2 pB2' K2bQMMQUBHHN #RKQ Qi/ BKEKRZ/B?BR#+Pv- T Q/m+BM;

+QKTQM2Mi Q7 ?B;?2 @2MZQK M@ i BIMIQbX q?BH2 i?Bb +QKTQM2Mi /Q2b #2+QK2 KQ 2 bB
?B;?2° 2M2 ;B2b-Biim"Mb Qmi iQ #2 bK HH2  i? Mi?2 ~mt Q7 bi||QT?vbB+ HM2mi'BMQbc b22
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#2 Km+? H ;27 i? Mi?Bb rBi?Qmi "2/m+BM; i?2 2z2+iBp2 pQHmMK2 Q7 i?2 /2i:
?2Qr bT "b2Hv i?2 /2i2+iQ"  + M #2 BMbi mK2Mi2/X

h?2 /B'2+iBQM Q7 i?2 BMBiIiB H M2mi'BMQ Bb "2+QMbi"m+i2/ #v 2tTHQBIB
*?22°2MFQp 2KBbbBQM BM /Bz2 2Mi SJhbX A7 2?B;?@2M2 ;v KmQM Bb T Q/n

BMi2® +iBQM-i?2 iBKBM; /IBz2'2M+2b + M #2 }ii2/ bbmKBM; bi® B;?ii +F
2KBbbBQM-r?B+? 7Q iviB+ H2p2Mib "2bm{i) B3j) XT B2V B M i B B IQQ ™ 2
+? HH2M;BME?7TQ2/@+m”"2Mi br2HH b HH M2mi° H@+m "2Mi BMi2™ +iBQMb-
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A(0;1) = 4 art ir9 (70 te) 4 jfHjil n cosj’

UkX9V
r?22°@2 Bb i?2 BM/2t Q7 "@3), =iB®MM/ i?2 M H 2tT 2bbBQM b?2QmH/ #2 2p Hm
i?72 21 /2] itBK2t njHg=cX h?2 7 =D n cos,j Bb +QMb2[m2M@Z Q¥M#+1BQM
i? i b2tPbiQtret - M/ +Q "2bTQM/b iQ i?2 *?22 2Md@®Ogt AXDKTBZHLHBBQM2[m iBQM
[KXjX LQi2i? ii?2°2 Bb MQ +im H bBM;mH "Biv il?2n*2@& @MEQpb M;H2 r?2°2
K2MiBQM2/ BM i?2 +QMi2ti Q7 + MQMB+ H *?[Z 2]MFEQp 2K B BbhBRM B ki I 2 + BRQM
Q7 7°2[m2M+v- M/ E2+TRC28B 7 2[m2M+B2bX

LQi2 i? i QMHV i?2 +QKTQM2Mi Q7 i?B =i @MHY P2 HKRMWR/IB¥YmH ~iQ i?2
HBM2 QF b®MIi B#mi2b iQ i?2 Q#bR 2™ /R iBQMQMF b22 2X;X (NN)X 6Q" i?2
"2 bQM-r2 M2;H2+i i?2 b+ H?BFQi2MMbM)mMi iQ HbQ #2 "2H2p Mi QMHV BM i?2
h?mb-i?2 2H2+i'B+ }2H/b + M #2 Q#i BM2/ bBKTHVEv i @B®Xi?2 iBK2 /2 'Bp iE

M Q#b2 p2  b22bi?2 2H2+i'QK ;M2iB+ p2+iQ  TQi2MiB H-r?B+? Bb i?2 bmK
Q7 i?2 BM/BpB/m H +? “;2b- BM+ 2 b2 M/ bm#b2[m2MiHv /2+ 2 b2 b /Bz2 2N
QTK2Mi Q7 i?2 b?Qr2" #2+QK2 p@]B#HZ U+X7X 6B;m 2 kXjVX h?2 "2bmHiIiBM;
i FBM; i?2 iBK2 /2'Bp iBp2X AM i?2 + b2 Q7 MBM@B+2 b?Qr2°-r?2°2i?2 2Mi
TT QtBK i2Hv i?2 b K2 pB2rBM; M:;H2- i?Bb ‘Qbsh ¥ EOTRM “bli MHW2X BQ i M
BM@ B' b?Qr2°-i?2 BMBiB H "Bb2 Q7 i?2 TQi2MiB H Bb Km+? KQ 2 * TB/ i? \
bT ib Q7 i?2b?Qr2° "2K BM pBbB#H2 7Q" i2Mb Q7 M[MQb2+QM/b b b?QrMm
Q#b2 p2/ TmHb2 Bb KQ 2 mMBTQH "BM M im 2-rBi?i?2 6/QrMr /&6 ~m+im iBQ
HQr2' BM KTHBim/2 i? M i?2 BMBiB H é6mTr /6 ~m+im iBQMX AM 2Bi?2" + b
TQH 'Bx2/HQ@QMiBb- TQBMiBM; iQr /b i?2 b?Qr2° tBbX

M2t KTH2 Q7 i?2 bF v M 2KBbhB@EMWQ7 /MQMB+Ub? Qr2= B.R8\B Bd U
b?QrM BM FB;m 2 kX9X b T 2/B+i2/-i?2 ?B;?2° 2M/ Q7 i?2 bT2+i'mK 7 HHb Q
M;H2 KQp2b r v 7' QK i?2 *?2 ' 2MFQp M;H2- "2bmHiBM; BM HQM;2" M/ HQr2"
b? T2 Q7 i?2 TmHb2 BM i?2 iBK2 /QK BM BMp2'ib b r2 T bbi?"Qm;? i?2 *?22°2
/m2iQi?2 "2p2°b2 Q /2 BMr?B+? i?2 iBK2@p 'VBM; +? “:2 2t+2bb Bb b22M UE
Bb b22M #27Q 2 i?2 bi “iV #v, M Q#WH2"MPB+BT i2/ EM H2+iBQM kXkXRX

1JQ 2 bT2+B}+ HHv- r2 2 p2 H27i Qmi i2 Kb BM i?2 "B[2]@? M/ bB/2 Q7 2[m iBQM kX9 i? i 7 HH
BM+'2 bBM; /Bbi M#2 M/ M2 27Q 2 + M #2 M2;H2+i2/ BM 122 7 "~ }2HIX
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6B;m 2 kX9, bF v M 2KBbbBQM BM B+2 rBi? 27 +iBp2 BM/2t Q7 RXd3- (
FK-7Q° ?2 /"QMB+ b?Qr2° rBi20M22M 20 ;wB&EMH i2/ mb®& Ky K2/ 2H BM

Lm_ /BQJ*-7Q° ~ M;2 Q7 pB2XB&M27M;iR2bUMQ K HBx2/V 2H2+i'B+ }2H/b- b
Q7 iBK2X AM //BiBQM iQ KQ/B7vBM; i?2 TmHb2 b? T2 M/ KTHBIim/2-i?2 bl
bi?2 pB2rBM; M;H2 Bb BMs+"@2 bLRb?720KBM2b\¢ iQbQHB/ HBM2bVX _B;?i, i?
7°2[m2M+v bT2+i° X *H2 "Hv pBbB#H2 Bb i?2 HQbb Q7 +Q?2°2M+2 BM i?2 -
Tm i?2° rv7 QK i?2 *?2 2MFQpmH,HBM; BM ~ TB//2+2 b2 BMi?22M2 ;v ~1
b+ H2V X

bE v M 2KBbbBQM Bb T Q/m+2/ #Qi? #v T iB+H2 + b+ /2b BM /2Mb2 K2
B X Ai ?2 b #22M /2i2+i2/ BM H #@# b2/ 2tT2 'BK2Mib BM B+2 (Ryy)- b r2HH
2tT2 'BK2M|ib (RyR)X >Qr2p2 - Bi imMb Qmii? i bF v M 2KBbbBQM Bb MQi
B X AMbi2 /- KQbi Q7 i?2 " /B iBQM T Q/m+2/ #v BM@ B T iB+H2 + b+ /2b
222+iX

kXkX] :2QK ;M2iB+ 2z2+i

h?2 b2+QM/ 2z2+ir?B+? T°Q/m+2b +Q?2 2MWQK BN 22BN B b QM+ 2
 BM 7 QK i?2 2tT ' 2bbBQM 7Q  i?2 p2+iQ  TQi2MiB HQ7 bBM;H2 KQpBM; +°

cry aw .
A = 4 jHjl n cos .j’ S
r2 b22i? iirQ QTTQbBi2 +? “;2b KQPBM; B/M #2Reb /Q2BBI 221 BQW+2H 2 +?
Qi?2  QmiX >Qr2p2°-/m2iQ i?2 1 "i?6b K ;M2iB+ }2H/- TQbBiBp2 M/ M2; iB
bK HH +QKTQM2Mi BM QTTQbBi2 /B 2+iB Q@Mltfm2 i vi BXGIQ?BMIXBIRQ " +2
P2HQ¥%BBD T'QTQ iBQM H iQ i?2 +QKTQM2Mi Q7 i?2 K ;M2iB+ }2H/ T2 'T2M/
j@ Bj- br2HH bi?2 K2 M7°'22 T i? H2M;i? Q7 i?2 +? ;2/ T "iB+H2b- r?B+?
HQM; i?2v "2 ++2H2 i2/ #vi?2 GQ 2Mix 7Q +2 #27Q 2 b+ ii2'BM; ° M/QKBx
PM+2 ; BM- i?Bb bBKTH2 TB+im 2 im " Mb Qmi iQ #2 bm{+B2Mi iQ mM/2 bi
'2QK ;M2iB+ 2KBbbBQMX A:MQ BM; 7QIlOMGrRi?2 2422bQ7 iMNQ#b2 p2" b22t
i?72 /2p2HQTK2Mi Q7 i Mbp2'b2 Nov; ' BMiiQZ /BTSOBXQM FBM; i?2 iBK2
/2°Bp iBp2-r2 QM+2 ; BM Q#i BM #BTQH " TmHb2@b? T2/ 2H2+i "B+ }2H/
¥ BUQ KQ 2T 2+Bb2Hv- Bib T°'QD2+iBQM T2 T2WK B\MnH/BiBRQ M2 HBMMhRY
i?72K2 M7°22T i? H2M;i? Q7 2H2+i'QMb BM B+2 Bb b2p2° HQ' /2 b Q7 K ;MBi
;2QK ;M2iB+ 2KBbbBQM Bb "2H2p MiQMHV7Q " BM@ B T "iB+H2+ b+ /2b-r?
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BM B+2X AM 7 +i- ;2QK ;M2iB+ 2KBbbBQM BM B Bb M Q' /2 Q7 K ;MBim/2 H
iQi?2 bF v M2z2+iX Hi?Qm;? #Qi? ;2QK ;M2iB+ M/ bF v M 2KBbbBQM "2
i?72v "2 bHB;?iHv b?B7i2/ BM T? b2- bi?27Q°K2  Q°'B;BM i2b 7" QK HH +? ;2
M/ i?2 H ii2° QMHv 7°QK i?2 M2; iBp2 +? ";2 2t+2bb- r?B+? T2 F i /Bz2'2M
b?Qr2° /2p2HQTK2MiX h?Bb "2bmHib BM bK HH +B +mH ~ +QKTQM2Mi Q7 i?.
TQH "'Bx iBQM-r?B+?r b} bi K2 bm[2/#vi?2 GP6 _ (RYyR) BM +QbKB+@ " v 2ti

6BM HHv- r2 +QKK2Mi ?2°2 i? i i?2°2 ? b HQM; #22M ?vTQi?2bBx2/ M [/
BM ;2QK ;M2iB+ 2KBbbBQM /m2 iQ +Q?2°2Mi ;2QbvM+? ' Qi'QM 2KBbbBQMX
K2+? MBbK Bb MQi "2H2p Mi 7Q" i?2 7°2[m2M+B2b M/ b?Qr2° ;2QK2i'B2b /Bt
(Ryk) br2HH b;2M2° H+Q?2 2M+2 +QMbB/2" iBQMb (Nd) T'2/B+ii? ii?Bb +C(
i ?B;?22° 7°2[m2M+B2b M/ 7Q p2'vBM+HBM2/ b?Qr2'bi? i/2p2HQT i?B;? H
HQr2  /2MbBivi?2 " /B pBIQMQGIRM;E? ;2" i? M i?2 bvM+Q12QrVIBH 2 M7, Q7
+Q?2°2Mi 2KBbbBQMX aQ 7 - MQ +QM+HmMbBp2 2tT2 ' BK2Mi H /2i2+iBQM Q7
? b #22M +H BK2/- i?Qm;? Bi K v ? p2 #22M b22M #v i?2 *_PJ1 2tT2"BK2Mi |
b2p2° H|>x (Ryj-Ry9)X

kXkX9 _ /BQ M2mi'BMQ 2tT2 BK2Mib

AM //BiBQM iQ 2tT2 'BK2Mib i? imb2i?2 " /BQ 2KBbbBQM iQ /2i2+i +QbKB+@
U2X;XGRP6|_(Ry8)-|1_ (Rye)V-i?2"2 "2 HbQ/2i2+iQ b i? ibT2+B}+ HHv i ;.
Q7M2mi'BMQ@BM/m+2/T iB+H2 + b+ /2bX h?2b2+ M#2 /BpB/2/BMiQ irQ 2tT
}’bi Q7 i?2b2 "2HB2b QM i?2 /2i2+iBQM Q7 BM@ B + b+ /2bX Hi?Qm;?i?2p b
Bb T°Q/m+2/ #v +? *;2/ +QbKB+ ~vb " i?2 i? M M2mi'BMQb-i?2°2 "2irQ ;2Q'l
+QbKB+ ~vb "2 2tT2+i2/- r?BH2 M2mi BMQ@BM/m+2/ + b+ /2b "2 i?2Q 2iB+
+ b27Q p2'vBM+HBM2/ b?Qr2 b i? ibi "i/22T BM i?2 iKQbT?2 2 BMbi2 / Q7
b?Qr2°b Q" B;BM iBM; 77 QK Dmbi #2HQr i?2 ?Q°'BxQM U661 "i?@bFBKKBM;6V Q
LQi2 i? i i mHIi> @?B;? 2M2 ;B2b-i?2 1 "i? Bb MQ HQM;2  i° MbT "2Mi iQ M2
+QMi” bi iQ A+2*m#2 MQ M2mi ' BMQb "2 2tT2+i2/iQ 2K2 ;2 7°QK i?2 1 "i? i
H ;2bi +QMi'B#miBQM 7Q 1 "i7@bFBKKBM; Q™ Qi?2 bm 7 +2@2K2 ;BM; + b
bi?2 BMBiB H+ b+ /2 ii?2 M2mi BMQ p27i2t ;Q2b mM¥2M2riDR2HEMQ1?22 T Q/
i2Mb Q7 FBHQK2i 2b #27Q 2 /2+ vBM; M/ T'Q/m+BM; T "iB+H2 + b+ /2 BM E

1tT2'BK2Mib i? i BK iQ /2i2+i M2mi'BMQb i?°Qm:? BM@ B" ° /BQ 2KBbbB
J (Ryd)- "1 *RL [((Ry3)- M/ i?2 7mim 2 T'QTIQb2/ :_ L. (RyN)-r?B+? "2 /BQ
HQ+ i2/ QM KQmMi BMb M/ BK2//QrMr “/b-Q pB+2p2°'b - br2HH bi?2# HHC
M/ Bibbm++2bbQ | SI1P (RRR) 2tT2'BK2Mib-r?B+? HQQF 7Q  M2mi BMQ@ BM,
i?72TQH "B+2 Q7 Mi "+iB+ X HH Q7 i?2b2 2tT2 BK2Mib #2M2}i 7' QK Q#b2 pB
#mi 7Q°  bQK2 i?2 H “;2/Bbi M+2b iQ i?2 Q#b2 p2/ pQHmMK2 H2 /b iQ "2H iBp2H
7Q  /2i2+iBQMX M //BiBQM H +? HH2M:2 'Bb2b 7°QK TQi2MiB HHV H ;2 # +
BM/m+2/+ b+ /2b br2HH b Mi? ' QTQ;2MB+ "~ /BQ # +F; " QmM/b 7 QK M2 " i?2

h?2 b2+QM/ TT Q +? BbiQ /2i2+ii?2 bF v M 2KBbbBQM 7'QK T "iB+H2 +
K2/BmKX q?BH2 BMBiB HHv "Q+F ? [/ #22M +QMbB/2 2/ b /2i2+iBQM K i2'B
Tm Biv-M im> H #mM/ M+2 ii?2 TQH2b M/ H ;2" /BQ ii2Mm iBQM H2M;i?-
7Q° KQbi+m ™ "2Mi M/ 7mim 2 mHi> @?B;? 2M2 ;v M2mi BMQ /2i2+iQ b ? b #2
T /BQ /2i2+iQ" i? i rBHH #2 i?2 7Q+mb Q7 i?2 "2+QMbi ' m+iBQM H;Q Bi?Kb /
i?2bBb- M/ i?2B" /2bB;M T'"BM+BTH2b M/ 2tT2'BK2Mi H +? HH2M;2b rBHH #°
i?72 7TQHHQrBM; +? Ti2 X
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*2 Ti2 ]
AM@A+2 [/BQ .2i2+iQ b

g?2°'2 bM2mi'BMQ 2tT2°'BK2Mib mbBM; QTiB+ H *?2°2MFQp 2KBbbBQM iQ /2i:
"2 HBKBi2/ &@10®2n #bQ TiBQM H2M;i? Q7 QTiB+ H HB;?i BM B+2 Q r i2 - i-
H2M:i? Q7 ° /BQ bB;:M Hb Bb M Q'/2° Q7 K ;MBim/2 H “;2°X h?Bb HHQrb BM
Km+? KQ'2 bT "b2Hv BMbi"mK2Mi2/- M/ i?2°27Q 2 +Qp2° Km+? H ;2> "2 7
+Qbi b QTiB+ HM2mi'BMQ /2i2+iQ°bX h?2b2 BM@B+2 * /BQ /2i2+iQ b BK i
M2mi ' BMQb i?°Qm;? i?2 bF v M 2KBbbBQM 7°QK T "iB+H2 + b+ /2b i?2v T (
BM i?2 B+2X am+? /2i2+iQ b +QMbiBilBE @QZbOMQ7Qr?B@®@?2+QMi BMb b2p2° H ~ /I
Mi2MM b /2THQvVv2/ BMbB/2 i?2 B+2 ip "BQmb /2Ti?bX h?2 bT +BM; #2ir22M
O(l)km- Bb BM7Q K2/ #vi?2 ii2Mm iBQM H2M;i? Q7 /BQ bB;M Hb M/ HHQrb i
#2ir22M bi iBQMb- K tBKBxBM; i?2 iQi H 2z2+iBp2 pQHmMK2 Q7 i?2 /2i2+iQ" X
mbm HHv /2bB;M2/iQ QT2 i2BM/2T2M/2MiHv-i?Qm;? bi?2 KTHBim/2 Q7 i?
i?72b?Qr2°2M2 ;v- KQ'22M2 ;2iB+ M2mi°'BMQ 2p2Mib + M #2 /2i2+i2/ 7°QK 7m’
+QBM+B/2Mi HHv #v KmHIBTH2 bi iBQMbX

h?Bb +? Ti2" Bb bi'm+im 2/ b 7Q0HHQrbX AM b2+iBQM jXR- ;2M2° H /2bB;M
/2i2+iQ°b "2 /Bb+mbp2//X a2+iBQM jXk /Bb+mbb2b bQK2 Q7 i?2 TQi2MiB H bQ
i?7i MBM@B+2 ~ /BQ /2i2+iQ" M22/b iQ #2 #H2 iQ "2D2+i BM Q /2" iQ B/2N
i'BMQ + M/B/ i2bX 6BNM _HHV-b2+iBQMb jXj M/ jX9 /2b+ B#2 i?2 +m "2MiHv B
T'QTQb2/ A+2*m#2@:2Mk ° /BQ /2i2+iQ b- "2bT2+iBp2HvX

jXR .2i2+iQ  /2bB:M

""Q /HvDbT2 FBM;-irQivT2b Q7 bi iBQM/2bB;Mb7Q BM@B+2 " /BQ/2i2+iQ b
QM i?22 /2Ti? Q7 i?2 /2THQV2? MHRKR) MbPXIBQKQbi Q7V Bib Mi2MM b rBi?BM 7
K2i"2b Q7 i?2bm 7 +2-BM i?2 mTT2 H v2 Q2272b] MBRTHWMVO M 212 Q"

KQ Ri'BM;D Mi2MM b BM #Q 2?7 QH2bQ(@0Oyimi @ MRiTPiZBQZX h?2 KBMBKmK MmK#2°
Q7 bi'BM;b T2 bi iBQM Bb QM2 Q7 i?2T°'2°'2[mBbBi2b 7Q" i?2 #BHBiviQ "2+Q
irQ Q  72r2  bi'BM;b Bi Bb MQi TQbbB#H2 iQ mM K#B;mQmbHvV /2i2 ' KBM2 i?2
" /BQ bB;M HX

b? HHQr bi iBQM ? bi?2 /p Mi ;2 Q7 #2BM; 2 bB2™ M/ +?22 T2 iQ/2THQv-

/" BHHBM; /22T BMiQ i?72 B+2X AMT "iB+mH “-i?Bb HHQrb i?2 mb2 Q7 H ;2"
+QKT 'BbQMiQ /22T bi iBQMb-r?2"2i?2bBx2Q7i?2 Mi2MM b Bb HBKBi2/ #vi
>Qr2p2°-i?2v +Qp2 bB;MB}+ MiHv H2bb 2z2+iBp2 pQHmMK2 BM i?2 B+2 i? M/
7Q i?Bb Bb /m2iQi?2r v’ /BQ bB;M Hb T°'QT ; i2BM B+2X h?2 /2MbBiv Q7 T
#mi BMbi2 / BM+ 2 b2b rBi? /2Ti? b i?2 T 2bbm 2 7°QK i?2 bMQr Qp2 #m /2N

kR
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(c) Cosmic ray Shower
—% Muon - Signal path
O Antenna

6B;m 2 jXR, h?2 /2i2+iBQM T'BM+BTH2 Q7 M BM@B+2 ' /BQ /2i2+iQ - BM+
Q7 bB;M H M/ # +F;"QmM/ 2p2MibX UV /22T M2mi ' BMQ 2p2MiX .m2 iQ i?
" /BQ bB;M Hb BM B+2 Ub22 i2tiv-i?2 " /BQ bB;M H7 QK DbBM;H2 bQm +2
irQ i D2+iQ°'B2bX U#V KQ 2 /Bbi Mi M2mi'BMQ 2p2MiX h?2 /QrMr “/@#2N
K2 Mb i?Bb 2p2Mi Bb BM i?2 6b? /Qr xQM26 Q7 i?2 b? HHQr Mi2MM - M/ + N
/22T Mi2MM X U+V +QbKB+@ v B b?Qr2 "  T°'Q/m+BM; ?B;?Hv 2M2;2iB+
/[IBIiBQM HT "iB+H2 + b+ /2BMi?2B+2i?2°"Qm;? + i bi'QT?B+2M2 ;vHQbb
+QbKB+@ v B  b?Qr2"BM/m+2b M //BiBQM H + b+ /2 BMbB/2 i?2 B+2X

}'bi Q /2 -i?Bb K2 Mbi? ii?2/2MbBiv /2T 2M/bNYMDHBIKQ B 2M2 T QtBK i2HvV
2tTQM2MiB H 7°Q}H2 (RRk)- > TB/Hv BM+'2 bBM40DKQ K BN@ # HQD2 hen 7 +2
i?2 bvKTiQiB+ /2MbBiv Q B2®kgHiF 3B+2 Q7

h?2 p "B iBQM BM /2MbBiv ? b BKTHB+ iBQMb 7Q7 1?2 27 +iBp2 BM/2tX
HBM2 ~ "2H iBQM #2ir22M B+2 /2MbBiv M/ 27  +iBp2 BM/2t,

nz)y=1+ A (2); UjXRV

r?2° A 0845 cn? g 'X h?2 BM+ 2 bBM; BM/2t Q7 27" +iBQM b 7mM+iBQM
i?7 i /BQrp2b BM TQH " B+2 /Q MQi T°QT ; i2 QM bi® B;?i i° D2+iQ " B2b-
++Q /BM; iQaM2HHG6b H rX h?Bb ? birQBKTQ i Mi+QMb2[m2M+2bX h?2 1} b
TT QtBK iBQM-i?2°2 Bb MQi QM2 ~ v T i? 77QK bQm +2 iQ Q#b2 p2 - #mi il
2~2+iBQM Q7 i?2B+2@ B  BMi2'7 +2X h?2 b2+QM/ +QMb2[m2M+2 Bb i?2 2t
iQi?2/QrMr "/@#2M/BM; Q7 ~ vi D2+iQ'B2b-7Q° ;Bp2M bQm ' +2 TQbBiBQ!
i?72bm’7 +27Q r?B+?MQ " vi® +BM; bQHmMiIiBQMb 2tBbiX h?2b? /QrxQM2Bb
r?B+? i?2°27Q°2 Q#b2'p2b H ";2° B+2 pQHmMK2X[ hA?Bb + M #2 b22M BM 6B
M2mi*BMQ Bb b22M BM #Qi? b? HHQr M/ /22T Mi2MM b-r?2"2 b KQ 2 /Bt
BMi2° +iBQMBbBMi?2b? /Qr xQM2 Q7 i?2b? HHQr Mi2MM M/ +QMb2[m2M
Mi2MM QMHvVX

h?2} biBM@B+2 " /BQ/2i2+iQ rb_A*1U_ /BQA+2*?2°2MFQp 1tT2 ' BK2M
mb2/ ?2QH2b /"TBHH2/7Q i?2 J L. 2tT2 ' BK2MiiQ /2THQvV  /BQ Mi2MM b /Qr!
jyy K iaQmi? SQH2 BM RNN8 kyyyX q?BH2 _A*1 +QMbBbi2/ QMHV Q7 QM2 ivT

UbF 'vM_/BQ | |vV(RR8)-bBKBH "Hv/2THQvV2/ iaQmi? SQH2-72 im"
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Mi2MM b b2MbBiBp2 iQ p2 iB+ HHv TQH "Bx2/ bB;M Hb U0TQHOSV b r2HH b
TQH "Bx2/ bB;M Hb U5>TQHGSVX 1KTHQVBM; Mi2MM b b2MbBiBp2iQ Q'i?Q;Q
"2+QMbi'm+iBQM Q7 i?2bB;M HTQH 'Bx iBQM-r?B+? Bb 22HT7mHBM /2i2 KB
M2mi'BMQ- b rBHH #2 +Qp2°2/ BM KQ 2 /2i BH BM +? Ti2  3X _ +QMbBbib
QT2 iBM; /22T bi iBQMb-2 +?2 72 im BM; 7Qm" " bi'BM;b /QrM iQ /2Ti?b Q7 mT
i72 A LL UMi +iB+ _Qbb A+2@a?2H7 Mi2MM L2mi'BMQ " vV 2tT2 BK2M

[2i2+iQ" /2bB;M- mbBM; ?B;?Hv b2MbBiBp2 HQ;@T2 BQ/B+ /IBTQH2 "~ v UGS
b[m "2 HvQmi#2HQr i?2 bm 7 +2 Q7 i?2 B+2X
"Qi? _ M/ _ALL "2TBHQi@b+ H2 2tT2'BK2Mib i? i 2tBbi T'BK "BHvV iQ

T /BQ /2i2+iBQM +QM+2Ti- M/ ? p2 +QMi'B#mi2/ bB;MB}+ MiHvV iQ /2p2HQTK?
iBQMb- M/ i?2 mM/2 bi M/BM; Q7 i?2 T°'QT2iB2b Q7 TQH ~ B+2 "2H2p Mi iQ
bB;M Hb U 27" +iBp2 BM/2t- ii2Mm iBQM H2M;i? M/ bQ QMVX >Qr2p2 -i?2v

i?72 b2MbBiIiBpBiv Q7 i?2 QTiB+ HA+2*m#2 /2i2+iQ iQ /Bzmb2 M2mi BMQ ~mt
}1’bi BM@B+2 * /BQ /2i2+iQ" 2tT2+i2/ iQ BKT ' Qp2 QM i?2 HBKBib b2i #v A+2*m
L2mi BMQ P#b2 ' p iQ'v: 22MH| M/V 2tT2 ' BK2Mi (RRe)-r?B+? Bb +m "2MiHv mN\
KBi ai iBQM- :"22MH M/X _PWPHOB/Mbi2IBIQBMM i? i +QK#BM2b i?2 oTQH M/ >TQ
Mi2MM b /2THQvV2/ QM /22T BM@B+2 bi' BM;b- bmb2/#v _ -rBi? b? HHQr +
GS. Mi2MM b bBM _A LL Xh?2 //BiBQM Q7 b? HHQr +QKTQM2Mi Bb "2H
bQK2 2z2+iBp2 pQHmMK2 b i?2 ;2QK2i'B2b Q7 2p2Mib i'B;;2°'BM; i?2 /22T Q°

H “;2Hv /BbDQBMi- M/ HbQ BKT Qp2b i?2 + T #BHBiv iQ p2iQ bB;M Hb Q B;I
7 +2X bBKBH " ?v# B/ /2bB;MBb TH MM2/iQ #2 mb2/7Q i?2  /BQ "~ vQ7i?
[2i2+iQ | (RRd)X

iXk " +F:"QmM/b

bi?2 bB;M Hbi? i BM@B+2 " /BQ /2i2+iQ b BK iQ /2i2+i "2 2tT2+i2/iQ #2 2
MQ mHi® @?B;? 2M2 ;v M2mi BMQ ? b #22M /Bb+Qp2 2/ iQ / i2- Bi Bb 2bb2N
MQM@M2mi'BMQ BM/m+2/ # +F;"QmM/ bB;M HbX aQK2 Q7 i?2 # +F;"QmM/ b
*/BQ 2KBbbBQM BM+HmM/2 Mi? ' QTQ:2MB+ bQm +2bbm+? bTH M2b Q>  bMQrK
bB;M Hb 7°QK i?2 bi iBQM 2H2+i'QMB+b M/ r2 i?2 @ 2H i2/ 2p2Mib bm+? b
Q#b2 ' p2//m"BM; ?B;?2 It BM/ bT22/b (RR3) Q" bQH "~ "2b (RRN)X

AM HH Q7 i?2b2 + b2b-i?2 bB;M Hb + M #2 /BbiBM;mBb?2/ 7" QK M2mi BM
"Bp H/B'2+iBQM 7°'QK #Qp2 i?2 bm'7 +2X AM //BiBQM- i?2B" 2KBbbBQM |
2z2+i- M/ Kvi?2°'27Q°2 HbQ #2 /IBbiBM;mBb? #H2 # b2/ QM bB;M H T QT2"i
TQH "Bx iBQMV- Hi?Qm;?27Q KQbiQ7i?2b2bQm +2bi?2°2BbMQ T BQ B 2t
reB+? K F2b Bi /IB{+mHi iQ T 2/B+i i?2 2{+B2M+v Q7 bm+? # +F;"QmM/ "2D2+

JQ2 +? HH2M;BM; BM i2°'Kb Q7 # +F;"QmM/ "2D2+iBQM "2 bB;M Hb 7 QK
B+2 i? i "2 MQi M2mi BMQ@BM/m+2/X hrQ 2t KTH2b Q7 bm+? # +F; " QmM/ bl
m 2 jXRX +QbKB+@ v B b?Qr2° K v Q++ bBQM HHv T°'Q/m+2 ?B;? 2M2";v
& 1PeV (Rky)X h?Bb KmQM K vbm#b2[m2MiHv T2M2i® i2i?2B+2 M/BM/m+2 ME
i2°Qm;? + i bi'QT?B+2M2 ;vHQbb2bX "2+ mb2i?Bb + b+ /2 T°'Q/m+2b " /BQ 21|
bF v M2z2+i b M2mi'BMQ@BM/m+2/ + b+ /2 rQmH/- /BbiBM;mBb?BM; i?2 i
# bBb Bb 2tT2+i2/iQ #2 +? HH2M;BM;X AMbi2 /- "2D2+iBQM bi" i2;B2b KB;?i
#miBQMb BM “"Bp H /B'2+iBQM U B' b?Qr2'b- M/ i?2B° KmQMb- 2 KQ 2 HE
#Qp2 i?72 ?2Q°'BxQM BM +QKT "BbQM iQ M2mi'BMQbV M/ BM 2M2 ;v UKQbi I:
2ti2M/ iQ ?B;?2° 2M2°;B2b i? Mi?2 T '2/B+iBQMb 7Q  I>1 iKQbT?2'B+ KmQMb
bm{+B2MiHv ++m” i2 "2+QMbi m+iBQM Q7 i?2b2 T QT2 'iB2bX Hi2'M iBp2
+ M #2 B/2MiB}2/ B7 i?2BM@ B~ /BQ 2KBbbBQM Q7 i?2 ++QKT MvBM; B" b’
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Q7 i?2 H “;2bT +BM; #2ir22M BM@B+2 /2i2+iQ b BM +QKT "BbQM iQ i?2 7Q
p2'iB+ Hb?Qr2 bV Q7 i?2 " /BQ 2KBbbBQM-i?2 2{+B2M+v Q7 bm+? p2iQ bi
iQ #2 HBKBi2/X

"2+ mb2 MQ S20 KmQMb 7°QK B b?Qr2°b ? p2 v2i #22M /2i2+i2/- M/ i?2 ?
KQ/2Hb mb2/BM i?2Q°2iB+ HT 2/B+iBQMb "2 KQbiHv mMi2bi2/ BMi?Bb "2;B
7Q 1?2 2tT2+i2/ MmK#2° Q7 KmQM@BM/m+2/ 2p2Mib p v #vimT iQ M Q /2"
HbQ i?2 1>1 M2mi'BMQ ~mt Bb MQi v2i FMQrM- i?2 " iBQ Q7 KmQM # +F; " Q
2p2Mib p "B2b 7°QK b Km+? b R,RiQ H2bb i? M R,RyyyX h?2B° +im H BK"
2M27 ;v M2miBMQ /2i2+iBQM i?mb 2K BMb iQ #2 /2i2 " KBM2/X

b2+QM/ bQm ™ +2 Q7 # +F;"QmM/ /m2 iQ BM@B+2 T "iB+H2 + b+ /2b Bb b?¢

Q7 6Bfm'2 j)XRX bBM@B+2" ' /BQ/2i2+iQ b K v#2bBim i2/ i HiBim/2U TT"
H2p2H 7Q° #Qi? LP@: M/ i?2 TH MM2/ A+2*m#2@:2Mk ~ /BQ ~~ vV- bQK2
Kv?p2QMHVT "iB HHv /2p2HQT2/ #vi?2iBK2i?2v "2 +?i?2B+2bm 7 +2X |
7Q° KQ 2 p2'iB+ Hb?Qr2 b- bi?2vi p2'b2 bK HH2 /Bbi M+2 BM i?2 iKQtL
2K BMBM; 2M2 ;v BM i?2 b?Qr2  Bb /2TQbBi2/ BM T "iB+H2 + b+ /2 BM i?:
i BM-i?2 2KBbbBQM K2+? MBbK Bb i?2b K2 bi? iBMi?2M2mi BMQ + b2-r
/IBbiBM;mBb? i?2irQ# b2/ QM bB;M HT QT2 iB2bX AMbi2 /-BM@B+2 +QbKE
#v "2+Q;MBXxBM; i? ii?2vQ++m +HQb2iQi?2bm 7 +2X .m2iQi?2*?2'2MFQ
#2M/BM:; Q7 i?2 ° /BQ 2KBbbBQM- i?Bb HbQ +QMbi> BMb i?2K iQ Q++m" rBi
200m- /2T2M/BM; QM i?2 /2Ti? Q7 i?2 Mi2MM bX

.m2 iQ i?2B  /BbiBM+iBp2 ;2QK2i'v- i?Bb # +F; " QmM/ Bb 2tT2+i2/iQ #2 2
+QbKB+@ v KmQMb /Bb+mbb2/ T°2pBQmbHVX 1tT2+i2/ " i2b7Q  BM@B+2 +
bm+? b LP@:Q A+2*m#2@:2Mk "2 r BiBM; KQ 2/2i BH2/ bBKmH iBQMb (R
iQ#2 Q71?22 Q° /2 Q7 Ry 2p2Mib T2 bi iBQM T2 v2 " (Rkj)X

6BM HHv- BM +QK#BM iBQM rBi? QM2 Q' KQ'2 Q7 i?2 bQm +2b K2MiBQ N\
BM TQH " B+2 Kv "2bmHi BM MQi?2 bQm ' +2 Q7 # +F; QmM/ bB;M HbX ¢
KQ/2HH2/ b +? M;BM; bKQQi?Hv rBi? /2Ti?- BM "2 HBiv Qp2 /2MbBiB2b /m2Z
HQ+ H+QM+2Mi® iBQMb Q7 b2 b HibQ pQH+ MB+ /2TQbBiBQMb + M H2 /iC
BM/2tX q?BH2 i?2 "2~2+iBpBiv Q7 bm+? HW[PRkB-b il MB+BRNVHMbBiUQM; bB;M
"BpBM; 7°QK #Qp2 K v biBHH H2 /iQ i?2 "2~2+i2/ TmHb2 i'B;;2"BM; i?2 |/
i27Qm;?BiQ'B;BM i2/ 7°QK BMbB/2i?2B+2X h?BbK F2bBi+? HH2M;BM; iQ ":
# b2/ QM i?2B" ;2QK2i'v QMHVX A+2 K2 bmm 2K2Mib i :"22MH M/ (Rk9) bm;;|
Q7 B+2 H v2'b BbiQQ HQr iQ "2bmHi BM bB;M Hb i? ii'B;;2  i?2 /2i2+iQ bX
#22M b?QrM iQ 72 im 2 bi ' QM;2 "R~2+iBp2 H v2'b (Rk8)- ?2Qr2p2'-r?B+? +C(
MmK#2 > Q7 bm+? bB;M HbX

iXj h?2 _/BQ L2mi'BMQ P#b2 p iQ v :"22MH M/ U_L

h?2 _ /BQ L2mi'BMQ P#b2'p iQ'v :"22MH M/ U_LP@:V Bb i?2 }’bi TmHH@Db+
/2i2+iQ X S°2pBQmb BM@B+2 * /BQ /2i2+iQ b U_A*1- _ - A LL V b2'p2/}
+QM+2Ti- +? °~ +i2°BxBM; bQK2 Q7 i?2 T°QT2'iB2b Q7 TQH ~B+2 M/ bQK2 b
#mMir2 ' 2iQQ bK HHIiQ BKT' Qp2 QM i?2b2MbBiBpBiviQ mHi® @?B;? 2M2 ;v M
/12i2+iQ bX

h?Bb rBHH +? M;2 rBi?i?2 LP@: "~ v-r?B+? i+QKTH2iBQM rBHH +QMbB
/[2THQV2/ QM b[m “2;'B/rBi? bT +BM; Q7 RXk8 FK iamKKBiai iBQM-:"22M
+?2Qb2M iQ KBMBKBx2 i?2 Qp2°'H TBM 2z2+iBp2 pQHmMK2 i HQr2°  2M2 ;B2b-
77 +iBQM UM2mi'BMQ BMi2  +iBQMb /2i2+i2/ BM KQ 2 i? M QM2 bi iBQMV
120 (RRe)-BM+ 2 bBM; rBif ZM2";vX 6B;m 2 jXk b?Qrb i?2 H vQmi Q7 i?2 3 +
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6B;m 2 jXk, h?2H vQmi Q7i?2 LP@:/2i2+iQ " v-b?QrBM;i?2 HQ+ iBQMb

b r2HH b TH MM2/ 7mim 2 bi iBQMbX h?2 HQ+ H +QQ /BM i2 bvbi2K Bb #
T QD24iB|QM (Rke)- rBi? i?2 Q'B:BM b?B7i2/iQ i?2 .Aa* #Q 2?2QH2X h?2 Q' F
"2~2+ibi?2 "2H iBp2 TQbBiBQMb Q7 i?2i?°22 /22T bi'BM:b- rBi? i?2 BMi2 'BQ
i72 HvQmi Q7 i?2 b? HHQr GS. bX HbQ BM/B+ i2/ "2 i?2 TQbBiBQMb Q7 i?2
+2Mi"2 Q7 i?2 HQ+ H +QQ /BM i2 bvbi2K- M/i?2"B; >Qmb2i? i 2Qmb2b i?2 _|

br2HH bi?2 TH MM2/ HQ+ iBQMb Q7 i?2 kd "2K BMBM; /2i2+iQ bi iBQMbX

h?2 HvQmi Q7 bBM;H2 _LP@: /2i2+iQ" bi iB@M Bb b?QrM BM 6B;m 2 jXjX ,
bi'BM;b rBi? Mi2MM b /QrM iQ Ryy KrBi? b? HHQr +QKTQM2Mi 72 im BM; NV
r?B+? "2Q'B2Mi i2/iQr “/bi?2bm 7 +2-rBii?®;HdRbBINOBW,iBBt; iQrMr “/bX
h?2 mTr /@7 +BM; GS. b b2 'p2 KQbiHv iQ p2iQ # +F;"QmM/ bB;M Hb Q B;BN
bm™ 7 +2-bm+? b+QbKB+ " vb M/KQbi Mi?"QTQ;2MB+bQm +2b-r?2"2 bi?2/
T°QpB/2 //BiBQM Hb2MbBiBpBiviQ M2mi'BMQbX LQi2i? ii?2/2bB;M Q7 i?2
KQbi "2+2MiHV /2THQvV2/ bi iBQM UR9V Bb bHB;?iHv /Bz2 2Mi- 72 im BM; 2B;7~
/QrMr “/V BM b[m "2 HvQmi-rBi? QM2 //BiBQMmMH/DPiHBQIriRQAHr2"
bi'BM;X h?Bb M2r H vQmi ? bi?2 /p Mi ;2 Q7 "2/m+BM; i?2 /Bz2 2M+2 #2ir22
i?2 /22T M/ b? HHQr +QKTQM2Mib- r?B+? 7Q  i?Bb bi iBQM "2 #Qi? +QMM2+|
M/ BKT Qp2b i?2 T2 ' 7Q° K M+2 7Q  i'B;;2°'BM; QM M/ "2+QMbi m+iBM; +QbKI
/2i BH2/ BM [? Ti2  dVX "Qi? Q7 i?2b2 b?QmH/ BKT Qp2 i?2 #BHBiviQ '2D2+
i?Bb /2bB;M Bb 2tT2+i2/iQ #2 mb2/7Q "  7mim 2 LP@: bi iBQMbX

h?2 /22T +QKTQM2Mi Q7 M _LP@: bi iBQM BM+HmM/2b #Qi? oTQH M/ >TQH
Mi2MM b KQmMi2/ ip "BQmb /2Ti?b QM i?2 K BM 6TQr2" bi'BM;6- M/ i?°22
i?72 b2+QM/ v 6?2HT2 bi'BM;bd6X h?27Qm > oTQH Mi2MM b ii?2 #QiiQK Q7 i
T272°°2/0iQ B?2id2/ - b i?2v "2 mb2/iQ 7Q°K M BMi2 72 'QK2i'B+ HQr@i? 2t
b/2i BH2/ BMb2+iBQM jXjXkX

_LP@: /2i2+iQ" bi iBQMb QT2 i2 BM/2T2M/2MiHv M/ "2 TQr2 2/ #v irQ p2
bQmi?@7 +BM; bQH T M2Hb- r?B+? "2 HQ+ i2/ M2 "~ i?2 bi iBQM +2Mi 2X h
i?72 bQH “TQr2" /m"BM; Hi2 bT'BM; M/ 2 "Hv mimKM-r?2"2i?2 bmM QMHv T
+HQb2 iQ i?2 ?2Q ' BxQM iQr /b i?2 aQmi?X AM i?2 rBMi2 b2 bQM- i?2 bmM Bl
iBK2 2 +?2 / v- M/ /Q2b MQi Bb2 #Qp2i?72 ?2Q ' BxQM i HH #2ir22M KB/@LQy
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6B;m 2 jXj, .2bB;M Q7 bBM;H2 8?v# B/6 _LP@: bi iBQM-+QMbBbiBM; Q7 i?

/QrM iQ Ryy K- b r2HH b b? HHQr +QKTQM2Mi rBi? 18 166.6B:m 22Ti? Q7
2T Q/m+2/[7]QK (Rkd)X
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6B;m 2 jX9, h?2i?°22 ivT2b Q7 Mi2MM b mb2/ #v LP@:X G27i, * ./ rBM; C
OTQH Mi2MM X *2Mi* 2, * . /" rBM; Q7 i?2 [m /@bHQi >TQH Mi2MM X _B;?i, £
Mi2MM X "Qi?* . /> rBM;br2 2fi F2M 7°QK (Rkd) X

Q7 C Mm “v-r?B+? K2 Mb _LP@: bi iBQMb 2 QT2 iBQM HQMHV /m BM; i?2
2zQ'i iQ BM+"2 b2 i?2B" mTiBK2- r?B+? +m ' "2MiHv Bb TT QtBK i2Hv 8yW- b
#2 2[mBTT2/ rBi? QM2 Q" KQ 2 rBM/ im #BM2bX b Q7 kyk9-}p2 Qmi Q7 i?2 21
/[2THQv2/ //IBiBQM HHv BM+HmM/2 rBM/im #BM2X

iXjXR _ /BQ Mi2MM b

1 +? _LP@:bi iBQM72 im'2bi?22/Bz2 '2MiivT2b Q7 Mi2MM b, oTQH->TQH
"2 +QKK2'+B HHv p BH #H2 Mi2MM b K Mm7 +im 2/ #v * 2 i2 rBi? KQ/2H Mn
h?2b K2 Mi2MM b ? p2T ' 2pBQmbHv #22M mb2/ #vi?2 _A LL 2tT2'BK2MiX h~
H2M;i? Q7 RX9y K- M/ rB/i? ii?2 HQM;2bi iBM2 Q7 RX98 KX M BK ;2 Q7 i~
b?QrM QM i?2 "B;?2i@? M/[bB/2 Q7 6B;m 2 jX9X

h?2} bib2p2Mbi iBQMb/2THQV2/ bT "iQ7 _LP@:72 im2NGS. b-i?°22Q7
mTr /b-rBi? e /B ’2+iZyrMey/bX HHNGS. b "2#m B2/ TT QtBK i2Hv j K #2H(
bm'7 +2 Q7 i?2B+2BM? M/@/m; i'2M+?2b BM i'B M;mH “H vQmi M2 " i?2 bi
6B;m 2 jXjX

h?2 /22T Mi2MM b- b?QrM QM i?2 H27j@? M/ bB/2 Q7 6B;m 2 jX9- "2 /2TH!
BM ?QH2b rBi? /B K2i2 Q7 k3X8 +K/"BHH2/ #v +mbiQK "B;_ A. K2+? MB+ H
Mi2MM b-b2MbBiBp2iQp2'iB+ HHv@TQH "Bx2/bB;M Hb- "2bQ@+ HH2/ 7 i
Q7 RkXd+KU8BM+?22bV M/ H2M;i?mM71dgWKiR2A0/M /2ZT2BQXBM MiHVv b2MbBIiB|
BMi?2 7°2[m2M+v ~ M;2 R9y eyy J>xX

AM +QMi" biiQ i?2 oTQH M/ GS. Mi2MM b-i?2 [m /@bHQii2/ +vHBM/ B+ F
/B K2i2° Q7 kyXj +K U3 BM+?2bV M/ ?2B;?i Q7 ey +K- /Q2b MQi 72 im 2
Q' B2Mi iBQM Q7 i?2 2H2+i"B+ }2H/ +QKTQM2Mi Bi K2 bm 2b- b Bib 2ti2Mi E
HBKBi2/ #v i?2 #Q 2?QH2 /B K2i2°'X AMDbiI2 /- Bi +QmTH2b i?°Qm;? i?2 ?Q"B
BM+QKBM; 2H2+i'B+ }2H/ i?°Qm;? "QQF2 6b 2tiZMpbBQM Q7 " #BM2i6b T BM+
i?72 " /B iBQM T ii2 "M Q7 bHQiIi Mi2MM Bb B/2MiB+ HiQ i? i Q7 i?2 +QKTH2
bQHB/ Mi2MM rBi? i?2 /IBK2MbBQMb Q7 i?2 bHQi- #mi rBi? 2H2+i "B+ M/ K ;
BMi2 +? M;2/X h?mb- Bib p2°'iB+ H bHQib "2 b2MbBiBp2 iQ p2'iB+ H K ;M2iB
i?72 T2 ' T2M/B+mH ~ ?2Q ' BxQMi H+QKTQM2Mi Q7 M BM+QKBM; 2H2+i B+ }2H/
i? MQM2iQ BKT ' Qp2i?2 xBKmi? HbvKK2i'v Q7 i?2 /B iBQMT ii2"MX AM /
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6B;m 2 X8, h?2 "2 HBx2/ p2+iQ 2z2+iBp2 H2M;i? UolGV 7Q 2 +?2 Q7 i?2i7?"
#v _LP@:- b 7TmM+iBQM Q77 2[m2M+v M/ M;H2 iQ #Q 2bB;?i UT2 ' T2M/B+
7Q° oTQH M/ >TQH- TQBMIiBM; HQM; i?2 Mi2MM bTBM2 7Q" i?2 GS. VX h-
Bb ;Bp2M 7Q 7 i?2 +Q@TQH "Bx2/ +QKTQM2Mi Q7 M BM+QKBM; 2H2+i B+ }2}
M/ bi?2iQi Hp2+iQ  2zFHpBIF2=HRMATPH j°) 7Q  i?2 GS. bX AM i?2 + b2 Q7

i?72 Hii2°-i?201G Bb p2" ;2/Qp2° HH xBKmi? H/B 2+iBQMbX

K ;M2iB+ ~mti?"Qm;? i?2 +vHBM/2 Ur?B+? + M #2 i?Qm;?i Q7 b b2'B2b Q
BM+ 2 b2bi?2 b2MbBiBpBiviQ ?Q ' BxQMi HHv@TQH "Bx2/2H2+i'B+ }2H/ bB

"Qi? oTQH M/ >TQH Mi2ZMM b BM+HmM/2 MVvHQM 2M/+ Tb rBi? /B K2i2 b Q
bT2+iBp2HvX h?2b2 HHQr 7Q i?2 BMbi HH iBQM Q7 i?2 7" QMi@2M/ KTHB}:
M/ HbQ ?2HT iQ +2Mi*2i?2 Mi2MM b rBi?BM i?2 #Q 2?QH2 M/ T 2p2Mii?2
i?72 #Q 2?QH2r HHbc M Mi2MM i? iiQm+?2bi?2 #Q°2?QH2r HH? b bB;MI
iQ bB;M Hb ""BpBM; 7°QK i? i /B'2+iBQM- "2bmHiBM; BM HQbb Q7 xBKmi"
+ HB# i2 M/ KQ/2HX

h?2 b2MbBiBpBiB2b7Q 2 +? Mi2MM ivT2- b 7mM+iBQM Q77 2[m2M+v
iBQM Q7 K tBKmK Mi2MM ; BMV- "2b?QrM BM 6B;m 2 jX8X h?2 #Q 2bB;?i/
iQ i?2 Mi2MM ?2B;?i 7Q  i?2 oTQH M/ >TQH Mi2MM b UBX2X i?2 2[m iQ B
i?72 bTBM2 Q7 i?72 GS. UBX2X i?2 TQbBiBp2 x@ tBbVX h?2 b2MbBiBpBiB2b
i?72 +QKTH2t "2 HBx2/ p2+iQ " 2z2+iBp2 H2M;i? UolGV-r?B+? ++QmMib 7Q"
BKT2'72+i BKT2/ M+2 K i+? M/ + M#2 mb2/iQ /B 2+iHv +QBMRIRI?2 2H2+i B
i?2 pQHi ;2 BM/m+2/ ii?2 Mi¥MAWM= H(OKBM) Kb

6Q  i?2 oTQH M/ >TQH Mi2MM b- QMHvV i?2 b2MbBiBpBYv MJ P2 @Q @ TQH
BXQMIiHHQKTQM2Mib Q7 M BM+QKBM; 2H2+i B+ }2H/ "2 b?QrM- "2bT2+il
i?72 + ' Qbb@TQH "Bx2/ +QKTQM2Mi Bb M2;HB;B#H2 7Q " #Qi? Mi2MM bX 6C
Hiota j2 = jH j2+jH j2)V Bb b?QrM- r?B+? Bb //BiBQM HHv p2° ;2/ Qp2° HH BM+
/IB2+iBQMbX LQi2i? i/m2iQ i?2 /Bz2 2Mi #Q 2bB;?i /B 2+iBQMb-i?2 b K2
+QMi BM2/ rBA?BM#Q 2bB;?i 7Q i?72 oTQH U>TQHRWV i@i2ZMNOB;RI7THQ " i?2
GS. bX

b2tT2+i2/-i?2H ;2 GS. Mi2MM b ? p2 bB;MB}+ MiHvVvH ;27 ; BMi? M i’
imM "2KQ 2b2MbBiBp2i? Mi?2>TQH Mi2MM b-/m2iQ i?2 mM7 pQm~ #H?2
/[IBIiIBQM-i?2 " M;2BMr?B+? i?2 >TQH Mi2MM b "2 b2MbBiBp2 bi “ib i bHE



iXjX h>1 _ AP L1lh_ALP P"al ohP _u: 11LG L.U_LP@:V kN

i?7Qm;? i?2°2 Bb bB;MB}+ Mi Qp2 H T rBi? i?2 oTQH 7°2[m2M+v >~ M;2X q?BH2
iQi'B;;2° QM M2mi"BMQ 2p2Mib-i?2B  HQr2  ; BM /Q2b ? p2 BKTHB+ iBQMb 7
TQH 'Bx iBQM Q7 BM+QKBM; bB;M Hb-r?B+? HbQ z2+ib i?2 "2bQHmMIBQM 7(
Q7 M2mi'BMQ bB;M Hb- b rBHH #2 /2i BH2/ BM +? Ti2" 3X

iXjXk aB:M H +? BM M/ i'B:;;2°b

6Q  i?2 }'bi b2p2M bi iBQMb Q7 LP@:-i?2 GS. Mi2MM b "2 +QMM2+i2/ IE
al_6*1 KTHB}2'bBMi?2 +2Mi" H/ i @ +[mBbBiBQM U. ZV #Qt #v Ry K GJ_9y
h?2 bB;M Hb 7°QK i?2 /22T oTQH M/ >TQH Mi2ZMM b "2 BMbi2 /i’ MbKBii2/
U_/BQ 6 2[m2M+B2b Qp2 6B# 2V bvbi2K M/ KTHB}2/ BM irQ bi ;2b-iQ pQ
i1 rQmH/ "2bmHi 7 QK +Q tB Hi° MbKBbbBQMX JQmMi2/ /B 2+iHv #Qp2 2 +7?
HQr@MQBb2 A:GIUAM@B+2: BMrBi? GQr MQBb2 IMBiV KTHB}2 -r?B+? KTH
bB;M HiQ M KTHBIim/2@KQ/mH i2/ QTiB+ HbB;M HX h?Bb bB;M HBbi?2M i’
i?727Qm" [m/@+? MM2H ._ "b U.QrM?QH2 _2+2Bp2° M/ KTHB}2  "Q "/bV-r?
M2H2+i'B+ HbB;M H M/ TTHv M //BIiBQM H KTHB}+ iBQMX AM 2Bi?2" + b
60dB- Q° 7 +iQ°  Ryyy BM KTHBim/2- BM i?2 RyyiQ dyy J>x 7 2[m2M+v >~ M;?2
h?Bb Bb bm{+B2Mi ; BM iQY @K@HB2vBIMI mi pQHi ;2b iQ K2 bm™ #H2 Ko QmiT
; BM Bb "2H iBp2Hv & 2UBFi?BM@bb i?2 r2QH2 7°2[m2M+v > M;2- M/ i?2 2H2+i (
BM/m+2/ #vi?2 KTHB}2'bBbbm#/QKBM MiiQi?2 2ti2°M HUiI?2°'K HV MQBb2 |
h?2 QmiTmi pQHi ;2 7°QK i?2 KTHB}2b Bb T°Q+2bb2/ #vi?2 _.ALhU_/B
mtBHB "vL2mi'BMQ h'B;;2°V #Q /X 1 +? Mi2MMMBERHQRIM2AIi2hiQ QM2
r?B+? ?2QH/b i?2 pQHi ;2r p27Q°"KBM G "9. (RkN) aA*U TTHB+ iBQM@bT2+
brBi+?2/@+ T +BiQ™ "~ vX h?2G "9.? b b KTHBM; " i2 Q7 kX9 :>x M/ biQ"
b KTH2b- " M;2/BMirQ #mz2°b Q7 ky93 b KTH2b iQ "2/m+2 /2 /@iBK2 QM "2
h?2 G "9. Bb MQi /2bB;M2/ iQ +QMiBMmMQmbHv /B;BiBx2 r p27Q " Kb- b i?B
TQr2 /7 riQ H2p2H bB;MB}+ MiHv #Qp2 i? i T QpB/2/ #v i?2 LP@: bvbi2k
Bb /B;BiBx2/ M/ "2/ Qmi QMHvV QM+2 6i'B;;2°6 Q++m°'bX h?2°2 2 b2p2° |
BM i?2 LP@: bvbi2KX "27Q°2 i?2 G "9.-i?2 pQHi ;2 bB;M HBM 2 +? +? MM:
@j /" +QMfTM2T bb2/iQ a+?QiiFv/BQ/2-r?B+?2 7TmM+iBQMb bBKBH "Hv iQ
i'B;;2°X h?22QmiTmi Q7 i?2 /1BQ/2 Bb T bb2/iQ i?2 _ .A Lh6S: -r?2°2 Bi Bb -
pPQHI ;21?7 2b?QH/ #v /Bb+ BKBM iQ X h?2/B;Bi HQmiTmi Q72 +? /Bb+ BKBN\
bm#D2+i2/iQ /2H vb iQ BKTQb2 “#Bi' v +QBM+B/2M+2 +QM/BiBQMb QM i?2
i'B;;2°Bb+m "2MiHv mb2/7Q  i?2b? HHQr GS. b- M/ i?2 27QLAh 272 "2/iQ L
i"B;; iAR? HHQr iXBhr@/BbiBM+i _ .A Lhi'B;;2°b "2BKTH2K2Mi2/, kfj+QBN
i'B;;2° QM i?2 mTr /@7 +BM; GS. b br2HH b kfe +QBM+B/2M+2 i'B;;2 QM

GS. b- BK2/ ii'B;;2°BM; QM #Qp2@bm' 7 +2 M/ BM@B+2 M2mi 'BMQ 2p2Mi
Q7 +QBM+B/2M+2 +QM/BiBQM HHQrb iQ HQr2  i?2 i'B;;2 i?°2b?QH/ 7Q " T°
i'B;;2° " i2/m2iQi?2'K HMQBb2-r?B+? Bb 2tT2+i2/iQ #2 KQbiHv mM+Q "2+

+? MM2Hb- #2+QKBM; mMK M ;2 #H2X KQ 2 /2i BH2/ +? *~ +i2°'Bx iBQM Q7 i
i?72 _ A Lhi'B;;2°b+ M#27QmM/ BM (Rjy)X
h?2 b2+QM/ i'B;;2H@r@ii?22b?QHI TBR2/@ ~~ v i BQ2K2/ #v i?2 7Qm"°

oTQH Mi2MM b ii?2 #QiiQK Q7 i?2 TQr2 bi'BM;X h?2 bB;M H7 QK i?2b2 7Q
iQ /Bz2'2Mi @j /" bTHBii2> M/ T bb2/iQ i?2 6GPqgl_U6G2tB#H2 P+i H g pl’
#Q /X h?2 6GPql_#Q /b KTH2b i?2 6 bB;M H i9dk Ja fb- M/ TTHB2b /Bz
i?7270m > BMTmi +? MM2Hb iQ +QK#BM2 i?2K BMiQ 2B;?i 6#2 KboX h?2 6GPq.
b KTHBM; i2Q79dkJa fbV 7Q Kb 2B;?i06#2 Kb6 7 QK i?27Qm BMTmi+? MM
iBK2 /2H vb- bm+? i? i bB;M Hb "~"BpBM; ii?2 T? b2/ "~ v 7°QK bT2+B}+

RAM i?2 _ .A Lh pk /2THQV2/ T°BQ" iQ kyk9- @Ry /" bTHBii2  r b mb2/ BMbi2 /X
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A+2*"m#2@:2Mk _ /IBQA+2*m#2@:2Mk PTiB+ H A+2*m#2

8 FK R FK k8y K

6B:m 2 jXe, 6QQiT BMib Q7 i?2 T'QTQb2/ A+2*m#2@:2Mk PTiB+ H U+2Mi 2\
iQ i?72 2tBbiBM; A+2*m#2 2tT2 BK2MiX h?2 " /BQ v +QMbBbib Q7 +QK#B
b?QrM BM / "FTm TH2- M/ b? HHQr@QMHvV bi iBQMb UHB;?i Tm TH2VX 6B;

+Q?2 2MiHVNQpi2MM bX 6Q  bm+? bB;M H-i?2 bB,M H KTHBim/2BMi?2 +
BM+ 2 b2b #v W +iQ2'2 b i?2 BM+Q?2 2Mi MQBb2 BWI B ?BXb BMAH2 bR ?
BM i?2 bB;M HRiQ@MQ@Bb2 " iBQ UaL_V HHQrb iQ mb2 HQr2  i'B;;2 i? 2
Mi2MM X h?2 #2 K@7Q KBM; T? b2/@ "~ vi B;;2°? b T 2pBQmbHV #22M B
2tT2°BK2Mi (RjR)X 6Q° _LP@:-i?2 T? b2/@ "~ v i B;;2° Bb 2tT2+i2/ iQ #2 E
kyk8- M/ T'BQ  iQ kyk9 kf9 +QBM+B/2M+2 i'B;;2° ? b#22M mb2/ BMbi2 /X

"Qi? i?2 HQr@i? 2b?QH/ M/ /B Mii B;;2°b/Q MQi ? p2 }t2/i'B;;2  i? 2b
T2'BQ/B+ HHv /Dmbii?2i? 2b?QH/b7Q 2 +? +? MM2H # b2/ QM i?2 +m 2N
i?72BKT +iQ7iBK2@p 'vBM; MQBb2 H2p2Hb BM i?2 /2i2+iQ X AM //BiBQMiQ
i'B;;2°b-BiBb HbQ TQbbB#H2iQ 67Q +206 2 /QmiQ7i?2G "9.Xam+? 7Q°
rp27Q K2p2'vRyb2+QM/b-r?B+? "2bmHibBM b KTH2 Q7 6Tm 2 MQBb260
i?72/2i2+iQ Bb QT2  iBM; b 2tT2+i2/X

PM+2 i'B;;2° /2+BbBQN0BR4m B53irs2r p27QXKQ™ HH k9 +2 MM2Hb "2
/B;BiBx2/- "2 / Qmi M/ bm#b2[m2MiHv biQ 2/ QM /BbF #v "2 ;H2"QM2"H +F
+QKTmi2 X 1 +? _LP@: bi iBQM Bb 2[mBTT2/ rBi? M Ghl Mi2MM i? i b2M,
iQ b2 p2° i amKKBi ai iBQMX bK HH- ° M/QK 7° +iBQMQQ?V?Bb2+Q " /2/ /
i° Mb72 "2/ pB b i2HHBIiI2 Qz :"22MH M/ b Bi Bb +QHH2+i2/ 7Q° KQMBiQ B
[ i -1r?B+? BbbiQ 2/ QM /BbF i amKKBi ai iBQM-Bb ? M/@+ ~"B2//QrM aQm
_LP@: bi z/2THQVBM; iQ :"22MH M/ 7Q" /2i2+iQ" +QMbi m+iBQM Q K BMi2)

J X9 A+2*m#2@:2MKk

AM //BiBQMiQ #2BM;i?2}' bi TmMHH@b+ H2BM@B+2 "  /BQ M2mi BMQ /2i2+if
7Q° i?2 M2ti@;2M2° iBQM A+2*m#2@:2Mk > /BQ ° vX AM //BiBQM iQ 2ti2N
BM@B+2 M2mi ' BMQ Q#b2 p iQ v #v BMbi HHBM; M //BiBQM H Rky bi'BM;b
T'QTQb H7Q i?2 A+2*m#2@:2MkL2mi'BMQ P#b2 p iQ v (RRd) BM+HmM/2b |
h?2 iQT pB2r Q7 i?2 T°QTQb2/ M2r QTiB+ H M/ /BQ ' vb- +QKT "2/ iQ i7
Q#b2 p iQ v- "2b?QrM BM 6B;m 2 jXeX h?2 +QKTH2i2 " /BQ k™ rBHH +Qp2

kS*BQ ' iQ kyk9-i?2 G "9.r b QT2 i2/ ijXk :>x BMbi2 /- "2bmHiBM; BM r p27Q 'K H2M;i? Q7
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6B;m 2 jXd, a2MbBiBpBiB2b- /2}M2/ b i?2 NyW *G mTT2 HBKBIi-
M 2[m H~mt BM 2
mHi> @?B;? 2M2°;B2bX a?QrM "2 i?2 HHQr2/ M2mi'BMQ ~mt "2;BQM # b2/ Q
Q#i BM2/ #v o M oHB2i 2i HX (Rjk)- br2HH b irQ 2tTHB+Bi ~mt KQ/2Hb bbn
h (Rjj) K2 bm™2/ 1>1*_ +QKTQbBIiBQM M/ bT2+i " X
M2mi " BMQ bT2+i mK #v A+2*m#2 (Rj9) M/ Bib 2ti° TQH iBQM iQ I>1 bbmKBN
ITT2 HBKBib QM i?2 M2mi BMQ ~mt il1>1 "2 b?QrM b Q#i BM2/ #v
LAh (Rjd)- m;2° (Rj3) M/ A+2*m#2 (Rj9) br2HH b T QD2+i2/ b2MbBiBpBi2k
M/ A+2*m#2@:2Mk ~ /BQ (RjN) ° vb-#Qi? bbmKBM; Ry v2 "b Q7 QT2 iBQM:

~mt2b UbmKK2/ Qp2° HH M2mi BMQ ~ pQm b-

bbmKBM;

iR

HbQ BM/B+ i2/

"2 0?2 K

_ALL (R
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M/ +QMbBbi Q7 KBt Q7 ?v# B/ bi iBQMb- bBKBH ~iQ i?Qb2 mb2/ #v LP@:
bi iBQMbX

h?2 T°'QD2+i2/ b2MbBiBpBiv Q7 i?2 7TmHH A+2*m#2@:2Mk ~ /BQ "~ v iQ
2M2 ;v M2mi'BMQb Bb b?QrM BM 6B;m 2 jXd- bbmKBM; Ry v2 "b Q7 QT2  iB(
b2MbBiBpBiB2b Q7 T bi M/ +m > "2Mi M2mi 'BMQ 2tT2 BK2Mib- b r2HH b i?2
j8@bi iBQM LP@: "~ vX a2MbBiBpBiB2b "2b?QrM bi?2 NyW +QM}/2M+2@ |
i?72 KBMBKmMK ~mt H2p2H i? ii?2 2tT2 ' BK2Mi rQmH/ #2 #H2 iQ /2i2+i i NyW
b2MbBiBp2 2tT2 BK2Mi rBHH i?72°27Q 2 "2bmHi BM HQr2 p Hm2 7Q i?2 mT

g?2°'2 b _LP@:rBHH #2i?2 } ' bi2tT2 ' BK2Mi+ T #H2 Q7 BKT ' QpBM; QM i?2
M/ bi "iiQT Q#2i?2KQ 2 QTiBKBbiB+ KQ/2Hb-i?2b2MbBiBpBiv Q7 i?2 "27:
"VIBHH #2 #H2iQT Q#2 Q" mMH2Qmi KQbil>1 M2mi BMQ ~mt KQ/2HbX Al
A+2*m#2@:2Mk rBHH TH +2 bi'BM;2Mi HBKBib QM i?2 mHi~ @?B;? 2M2" ;v -
T QpB/2 bi’QM; 2pB/2M+2 i? ii?2 +miQz i mHi> @?B;? 2M2 ;B2b Bb /m2iQ
Ti?27i? Mi?2 :wE K2+? MBbK QmiHBM2/ BM +? Ti2 kX AMi?2 KQ 2 QTiBKB
:2Mk rBHH /2i2+i b2p2° H mHi® @?B;? 2M2 ;v M2mi'BMQb T2 v2 ° (RRd)- r~
mb2/ BM KmHIiB@K2bb2M;2 bim/B2b M/ ?2HT iQ B/2MiB7v i?2 bQm ™ +2b Q7
BM i?2 mMBp2 ' b2X AM //BiBQM-i?2b2 T "iB+H2b-r?Qb2 2M2 ;v 7 ~ 2t+22/
#mBHI T "iB+H2 ++2H2  iQ'b-+ M #2 mb2/ BM bim/B2b Q7 7mM/ K2Mi H T?\
M2mi'BMQ@MmM+H2QM + ' Qbb@b2+iBQM ii?2b2 2M2 ;B2b (R9y)- i2biBM; G(
[2i2°KBMBM; i?2 M2mi'BMQ ~ pQm  +QKTQbBiBQM (R9k)X

1bb2MiB H "2[mB 2K2Mib BM HH Q7 i?2b2 + b2b "2 M ++m” i2 bBKmH
mM/2 bi M/IBM; Q7 TQi2MiB H# +F;"QmM/ bB;M Hb- M/ "2+QMbi " m+iBQM
bim+iBM;i?72 Q B;BM HM2mi BMQ T QT2 iB2b 7' QK i?2 /2i2+i2/ " /BQ bB;M
7Q+mb Q7 i?2 2K BM/2 Q7 i?Bb i?2bBbX



*?2 Ti2° 9
Lm_ /BQJ*

PM2 Q7 i?2 F2v +? HH2M:2b 7Q " H “:2@b+ H2 T?vbB+b 2tT2 ' BK2Mib Bb /2p2HC
M/ 2+QMbi m+ii?22tT2+i2/ T?2vbB+b bB:M HbX LQi QMHV Bb Bi BKTQ i Mii?
Bi HbQ M22/biQ #2 b 2 bviQ mM/2 bi M/ M/ BKT Qp2 b TQbbB#H2 iQ 2M #H:
+QMi*B#mi2 iQ i?Bb bQ7ir *2- M/ pQB/ +QMiBMm H /mTHB+ iBQM Q7 +Q/2
bi M/ */ bQ7ir "2 7 K2rQ'F7Q  BM@B+2 " /BQ /2i2+iQ°bBbLm_/BQJ* (R-R9j

Lm_/BQJ*Bb MQT2M@bQm +2-Tvi?QM@# b2/ bQ7ir 27" K2rQ ' Fi? i2M
mH iBQM M/ M HvbBb Q7 mHi®~ @?B;? 2M2 ;v Ul>1V M2mi BMQb M/ +QbKB+
bBKmH iBQMb ? b #22M p2°'B}2/ #v 2ti2MbBp2 +QKT "BbQMb rBi? 2tBbiBM; +Q
iBMmMQmb miQK iB+ M/ K Mm H +Q/2 "2pB2r +?2+Fb ; BMbi T°'2pBQmb "2bm
HHQrb 7Q° / Ti iBQM iQ rB/2 M;2 Q7 mb2 + b2b i?°Qm;? Bib KQ/mH ~ /2b
bi* B;?i7Q'r "/ iQ "2TH +2 Q  BKT Qp2 BM/BpB/m HT “ib Q7 i?2 bBKmH iBQM)
i?2# B2 iQ 2Mi'v 7Q" #Qi? mb2'b M/ M2r +QMi'B#miQ b #v T'QpB/BM; +C(
/[2THQvV2/ SA/Q+mK2Mi iBQM- b r2HH b MmK2 ' Qmb MMQi i2/ +Q/2 2t KTH2l

h?Bb ? b HHQr2/ Lm_ /BQJ* iQ #2+QK2 bi M/ */ iQQH BM K Mv bim/B2b
7Q° BM@B+2 " /BQ /2i2+iQ bX M Qp2'pB2r Q7 i?2b2 + M #2 7Q™M/ QM i?2 Ln
MMQi i2/ 2t KTH2b- K Mm Hb M/ /2b+ BTiBQMb Q7 HH KQ/mH2b “2H2 b2/ b
#2 70mMM/ BMKTH20H/2 b Q7 i?2 +Q/2 Q  BM i?2 QKMHBM2 /Q+mK2Mi iBQM

aBM+2 p2°bBQM kXyXy U'2H2 b2/ BM kykyV- Liom /B @hHQIM+ B Mb #Qi? i?2
mb2/ 7Q° JQMi2@* "HQ bBKmH iBQMb Q7 i?2 * /BQ 2KBbbBQM M/ bm#b2[m:
2M2° ;v T "iB+H2 + b+ /2b BM Bt BB QHRMw@TiPE ;2- r?B+? +QMi BMb ;2M2" |
M HvbBb iQQHb 7Q" #Qi? "2 H M/ bBKmH i2// i X h?Bb +? Ti2  rBHH T " QpB/
72 im2b p BH #H2 BM Lm_ /BQJ*- b r2HH b T QpB/BM; M QmMiHQQF 7Q" bC
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/Q2b MQii> p2H HQM; bi® B;?2i HBM2bX AMbiIi2 /- Bii° p2Hb QM /QrMr /@ #?2
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HmM+? M;BRIi?2TH M2@r p2 + b2-i?2 7Q+mbbBM; /2T2M/b QMHVY QM i?2 B
i?72 bQm ' +2 M/ i?2 "2+2Bp2°'X AM +QMi” bi- i?22 7Q+mbbBM; 7 +iQ° 7Q° TQE
27 +iBp2 BM/B+2b HQM; i?22MiB"2T i?- M/ BMT "iB+mH ~ HbQ +QMiBMm
Q7 +QMmbX Mi

h?2p Hm2 Q7 i?2 ;2QK2i'B+7Q+mbbBM; 7 +iQ  UBX2X rBi? i?2BKT2/ M+2 7
Q7bQm +2 M/irQ "2+2Bp2 TQbBiBQMbBbb?QrMBM 6B;m 2 9Xj- "B;?iX 6Q K
7 +iQ° Bb +HQb2 iQ Rc QMHV +HQb2 iQ i?2 2/;2 Q7 i?2 b? /Qr xQM2- Bi #2+QK
//IBiBQM-7Q" /22T "2+2Bp2 -i?2°2Bb bK HH "2;BQM r?2°2i?2 vivT2 +? M
627 +i2/6r?2°2i?227Q+mbbBM; 7 +iQ #2+QK2b p2°v bK HH- BX2X bi"QM; /2

6BM HHvV-B+2BbMQi T2'72+i/B2H2+i'B+-r?B+? K2 Mbi? ibB;M Hb "2 ii2
h?2 ii2Mm iBQM H2M;i? /2T2M/b KQbiHv QM i?2 7°2[m2M+v- B+2 i2KT2  im 2
i?2H ii2BMimM/2T2M/b QM i?2 T°2b2M+2 Q7 /Bz2 2Mi +?2KB+ HBKTm 'BiB
KQ/2Hb Q7 i?2 ii2Mm iBQM H2M;i?-# b2/ QM K2 bm 2K2Mibi F2M ii?2 "2bT:
BMLm_ /BQJ*X

AM /Bb+mbbBM; i?2 [m HBi iBp2 bT2+ib Q7 i?2bB;M HT QT ; iBQM #Qp2r
BM/2t Q7 27 +iBQM Q7 i?2B+2BM+ 2 b2b KQMQiIiQMB+ HHv rBi? /2Ti?X h?2
KQ/2H 7Q " i?2 27" +iBp2 BM/2t Q7 B+2 bbmK2b i? i Bi Bb HBM2 "Hv T°'QTQ"
A7 QM2 //BiBQM HHv bbmK2b i? i i72 BM+'2 b2 BM /2MbBiv rBi? /2Ti? Bb
Q7 B+2 ii? i /2Ti?- i?Bb BKTHB2b /2MbBiv i? i +QMiBMmMQmbHv M/ 2tTQM
ice:917kg:m3 iQi?2/2MbBiv Q7 bMQr ii?2bm’7 +2X AMi?Bb + b2-i?2BM/2t Q7
T K2i'Bx2/ b,

N(Z) = Nice ne’=?°; U9xsv

r?2°2 0 Bb i?2 /2Ti?X h?2 Tniek2n2 M/izg + M #2 Q#i BM2/ 7°QK /2MbBiv Q°
T°QT ; iBQM iBK2 K2 bm 2K2Mib BM bBimc Lm_ /BQJ* BM+Hm/2b bm+? KQ/2
" /BQ M2mi'BMQ /2i2+iQ bBi2b UaQmi? SQH2-JQQ 26b " v- M/ amKKBi ai iB¢

h?2 6bBKTH2 2tTQM2MiB HO6 KQ/2H #Qp2 Bb ;QQ/ }'bi TT QtBK iBQM-
Ip Mi ;2 i? ii?2 " v i +BM; T'Q#H2K U b r2HH b i?2 v T i? H2M;i?- ~ v i’
7Q+mbbBM; 7 +iQ°V+ M HH#2 bQHp2/ M HviB+ HHv-H2 /BM;iQ +QMbB/2"
i?Bb Bb 2tTHQBIR/ HViiPR2 vi® #«BMmMH2- r?2B+? +QMi BMb #Qi? 7 bi*YY b r2H
M iBp2 Svi?QM BKTH2K2Mi iBQM Q7 i?2 " vi®  +BM; +Q/2X

>Qr2p2°- BM "2 HBiv- TQH "~ B+2 Bb KQ 2 +QKTH2t, i?2 /2MbBiv T'Q}H2 /C
9X8 2t +iHv- M/ BM T "iB+mH " i?2°2K v#2 BMp2'bBQMb Q' /Bb+QMiBMmBIiB;
H2 /BM:iQ T'QT ; iBQM KQ/2b BM //BiBQM iQ i?2 QM2b QmiHBM2/ #Qp2 U2X
ii?2B+2@ B ' BMi2'7 +2 Q rBi?BM H v2 rBi? M MQK HQmb 27" +iBp2 BM/
(R8R-R8k)X hQ bQHp2i?2 vi® +BM; T'Q#H2K BM bm+? + b2b- QM2 M22/b iQ
h?Bb + M #2 bBKmH i2/ rBi?BM Lm_ /BQIBQGY BRBj-HRBBMX >Qr2p2'- i?Bb
HbQ "2[mB'2b Km+? KQ 2 /2i BH2/ mM/2 bi M/BM; Q7 i?2 B+2- r?B+? Bb b
/2p2HQTK2Mi (Rk9-R88)X

MQi?2 72 im2Q7 TQH "B+2 Bb #B 27 BM;2M+2X .m2iQ i?27Q +2b Q7 i?:

bi'2bb-i?2B+2 + vbi Hb? p2 U/2Ti?@/2T2M/2MiV T 272°2MiB H HB;MK2Mi-
BM/2t i? i /2T2M/b QM i?2 TQH "Bx iBQM Q7 i?2 bB;:M HX h?Bb H2 /b iQ KBtE
“2H iBp2 /2H v #2ir22M i?2 /Bz2 2Mi TQH "Bx iBQM +QKTQM2Mib Q7 i?2 bB;N\
#B ' 27°'BM;2M+2 i " /IBQ 7°2[m2M+B2b ? p2 #22M /QM2 i aQmi? SQH2 (R8¢e)
rBi? i?2 Q#b2 p2/ #B°'27'BM;2M+2 BM i?2 H ii2° Km+? bK HH2  i? M BM i?2 7
2tBbi iQ KQ/2H i?Bb (R83 Rey)c i?2 KQ/2H mb2/ BM (R83) rBHH #2 BM+Hm/2/
7°QK p2°bBQM kXjXyX
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9XRXj _ /BQ bB:M H :2M2 iBQM

_/IBQ 2KBbbBQM 7' QK T "iB+H2 b?Qr2°b+ M#2 + H+mH i2/ 7°QK } " bi T"BM+I
bBKmH iBQMb- 2X;X (Ryk-ReR)X h?Bb Bb- ?2Qr2p2 - +QKTmi iBQM HHv 2tT:
r?2°2H ;2mM+2°'i BMiB2b bi2K 7°'QK i?2 T°'QT ; iBQM BM B+2- T ~ K2i2 Bx
+B2MiHv ++m” i2X

Lm_ /BQJ* +QMi BMb b2p2° H bm+? KQ/2Hb 7Q" i?2 2H2+i'B+ }2H/ 2tT2+
2KBbbBQM 7°QK T "iB+H2 b?Qr2 X h?2 2H2+i B+ }2H/ T ~ K2i2'Bx iBQMb
b?Qr2° 2M2 ;v- i?2 pB2rBM; M;H2 rBi? "2bT2+i iQ i?2 b?Qr2° tBb-i?2 /Bbi
M/ i?2ivT2 Q7 T 'iB+H2 BMBiB iBM; i?2 b?Qr2°, Mm+H2QM U7 QK HH ivT
Q° M 2H2+i'QM Y7 QX @+m "2Mi U**V BMi2  +iBQMb QMHvVVX b 2tTH BM
b?Qr2°b BM/m+2/ #v Mm+H2QM "2 272 °2/iQ b 6? /" QMB+06-r?2"2 b 2H2-
+ HH2/ 62H2+i"QK ;M2iB+6- 2p2M i?Qm;? BM #Qi? + b2b i?2 K DQ Biv Q7 |
2H2+i"QK ;M2iB+ + b+ /2bX h?2 /Bz2 '2M+2 #2ir22M i?2 irQ ivT2b Q7 b?Qr2
+QmMTH2 Q7 BMi2" +iBQMb- #mi + M #2 bB;MB}+ Mi- b i?2 GSJ 2z2+i (8k- 8j
bmTT 2bb2b i?2 2H2+i" QM UTQbBi " QMV BMi2® +iBQM + Qbb@b2+iBQM BM i
+ mb2b 2H2+i"QK ;M2iB+ b?Qr2°b iQ #2+QK2 HQM;2° M/ KQ 2 biQ+? biB+ i
i?72 b K22M2;vX

h?2 bB;M H ;2M2" iBQM KQ/2Hb BM Lm_ /BQJ* + M ;2M2" HHv #2 /BpB/2
i?72°2 "2 7mHHv M HviB+ KQ/2Hb U2X;X (Rek)V-r?B+? + M #2 2p Hm i2/ p2
iQ KQ/2H i?2 TmHb2 bT2+i'mK M/ KTHBim/2 "2H iBp2Hv r2HH- M/ 2 i?n
PQHMK2 bim/B2b Q™ b }i T~ K2i2'Bx iBQMb BM "2+QMbi m+iBQMX >Qr2p2".
BM7Q K iBQM- Q" /2[m i2Hv +Qp2  i?2biQ+? biB+bT 2/ Q7 b?Qr2°b z2+i2
?B;?2  H2p2H Q7 ++m” +vBb/2bB '2/-7Q 2t KTH27Q" "2+QMbi m+iBQM bim
M HviBwkykyQ/2H (Rej-Re9) + M #2 mb2/ BMbi2 /X AM i?Bb KQ/2H- 1?2 iBK?2
Bb+ H+mH i2/ /B 2+iHv 7 QK i?2 +? ";2@2t+2bb /Bbi ' B#miBQM BM i?2 b?Qr2
7 +iQ i? iQMHvV /2T2M/b QM i?2 b?Qr2  ivT2X h?2 /Bbi B#miBQM Q7 i?2 +7?
i?72 bF 'v M2KBbbBQM Bbi F2M ™ M/QKHv 7°QK HB#  "vQ7T 2@;2M2" i2/k
mbBM; >1 _gA: dXR (Re8) M/ w> B 2a (ReR)X h?Bb HB# "vU b Q7 p2'bBQM
T Q}H2b 7Q 2 +?2 2M2 ;v-rBi? Ry bi2Tb BM 2M2 ;v T2  /2+ /2-#mi mb2'b "2
QrM HB# v Q7 b?Qr2  T'Q}H2bX

h?2 _wkykKyQ/2H b?Qrb p2 v ;QQ/3%22BR2MIQMi2 * "HQ +Q/2b M/ Bbi?2 27
bmBi #H2 7Q° M2mi°'BMQ B/2MiB}+ iBQM Q° "2+QMbi m+iBQM bim/B2bX M
i?Bb KQ/2H-7Q" ? /"QMB+ b?Qr210"82d-M BM2QVMQBM 6B;m 2 kX9X

AMLm_ /BQJ*-i?2bB;M H;2M2" iBQMAP2ThiBERIbHTH @2 ; iBQMX h?2 "2 b(
7Q i?BbBb T "iHvi2+?MB+ H, Bi HHQrb 7Q  bB;M Hb i? i /Q MQi "2 +?i?2 |
7 7 QK i?2 *?22°2MFQp M;H2 iQ #2 bFBTT2/ #27Q 2 bT2M/BM; iBK2 QM i?2
K BM 2 bQM-?Qr2p2°-Bbi? ii?2 pB2rBM; M;H2-r?B+?Bb MBMTmi T ~ K2i
+ M QMHV #2 +QKTmi2/ QM+2 i?2 " vi> D2+iQ'vBb FMQrMX

9XRX9 .2i2+iQ" "2bTQMb?2

h?2 1M Hbi2T Q7i?21>1" /BQ b?Qr2 bBKmH iBQM Bb i?2 /2i2+iQ  ? “/r "2 2
T QpB/2bi?2 ~2tB#BHBiviQbT2+B7vi?2bB:M H+? BM2Bi?2  mbBM: ?2mK M«
Q i?2°Qm:? /i # b27Q° KQ'2 /p M+2/- iBK2@/2T2M/2Mi /2i2+iQ  /2b+ BTi
/Bz2 2Mi TQi2MiB Hi'B:;;2 ivT2b U?B;?2@HQr i? 2b?QH/- 2Mp2HQT2- T? b2/
i2°Qm;? LM2_ /BQ_2+QX7 K2rQ FXIIBX;2AM //BiBQM iQ i?2 #mBHIi@BM QT
bi> B;2i7Q°r "/ iQ /2}M2 +mbiQK ? “/r 2 2bTQMb2 U2X;X # M/T bb }Hi2 Q"

AM //BiBQM iQ i?2 bB;M H- QM2 BKTQ i2/ 672 im 26 Q7 "2 H/ i Bb Ui?:
irQ ivT2b Q7 MQBb2 + M #2 bBKmH i2/ rBi? Lm_ /BQJ*X h?2 } bi Bb 6;2M2 B
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Bb VH2B;?@b KTH2/ 7' QK ~ i bT2+i'mK #27Q 2 #2BM; T bb2/i?2 ' Qm;? i?2
bHB;?iHv Qp2 " bBKTHB}2/i 2 iK2Mi BM "2 HBiv i?2 MQBb2 rBHH #2 +QK#|
i?72°K HMQBb2-r?B+? Bb K2 bm 2/ i?"Qm;? i?2 Mi2MM - M/ BMi2°M H U2H2
BM/2T2M/2Mi Q7 i?2 Mi2MM X q?BH2 i?2 TT ' Q +? BM Lm_ /BQJ* Bb [mB+F
#H21iQ 2T Q/m+2i?2+Q "2+iQp2° HHMQBb2 H2p2H-7Q° M Hvb2bKQ 2 b2M
U2X;X 2p2Mi }Hi2 ' BM;- Q" "2+QMbi " m+iBQM ip2'vHQr bB;M H@iQ@MQBb2 "
K2 bm 2/ MQBb2 7°QK "2 H2tT2'BK2Mi BMbi2 /X
h?2 b2+QM/ ivT2 Q7 MQBb2 Bb i?2 ; H +iB+ # +F;"QmM/ MQBb2X h?Bb Bl
i?72 pBbB#H2 bFv BMiQ TBt2Hb- M/ KQ/2HHBM; i?72 +QMi'B#miBQM 7 QK 2 +7
7°QK i?2 MQBb2 i2KT2 im 2 +QMpQHp2/ rBi? i?2 Mi2MM M/ bB;M H +? BM
i2KT2 im 27Q" 2 +? TBt2H- r?B+? /2T2M/b QM r?B+? T i Q7 i?2 ; H tv Bi +Q°
#v ; H +iB+ bFv KQ/2Hc b Q7 p2'bBQM kXKkXR- Lm_ /BQJ* mb2b i?2 : H +iB
7 QK (Ree)X qQ'FBbQM;QBM;iQ //bmTTQ i7Q /Bz2 2Mi KQ/2Hb- br2HH b |
+Q "2H iIBQMb #2ir22M /Bz2 ' 2Mi Q#b2 pBM; Mi2MM b-r?B+? K v2p2Mim HHv
7Q° + HB#  iBQM Tm TQb2b- b ? b#22M /QM2 #v Qi?2° " /IBQ@# b2/ 2tT2 BK:
6BM HHv- r?BH2 i?2 T'2pBQmb bm#b2+iBQMb HH 272 °2/iQ i?2 bBKmH iB
Bi Bb HbQ TQbbB#H2 iQ mb2 Lm_ /BQJ*fLm_ /BQ_2+Q 7Q  i?2 M HvbBb Q7 I
AM i?Bb + b2-i?2 mb2  b?QmH/ bmTTHv i?2 2H2+i"B+ }2H/b i ;" QmM/@H2p2H
bBKmH i2/ mbBM; *Q_1 a (Ryk)-r?B+? Bb T i Q7 i?2 B @b?Qr2° bBKmH iBQI
Lm_ /BQJ*BM+HmM/2b MmK#2 Q7 KQ/mH2b + T #H2 Q7 "2 /BM; BM *Q_1 a >.
M/ TTHvBM; i?72 TT QT B i2 /2i2+iQ" "2bTQMb2X AM i?2 7Tmim 2- *P_aAE 3
KQ'2 bvbi2K iB+ bBKmH iBQM BM+HmM/BM; 62/;2 + b2bd bm+? b B @b?Qr2°
BMbB/2 i?2 B+2 (RkR-Rkk)X h?2b2 K v #2 7°QK TQi2MiB H # +F;"QmM/ bB
/2i2+iQ b /m2 iQ i?2B" "2H iBp2Hv ?B;? HiBim/2b- b K2MiBQM2/ BM b2+iBQM

9Xk Lm_/BQ_2+Q, M HvbBb M/ 2+QMbi'm+iBQM

AM //BiBQM iQ Bib JQMi2@* 'HQ bBKmH iBQM T +F :2- Lm_ /BQJ* BM+Hm/2]
im 2bi? i 2M #H2 M/ bBKTHB7v i?2 M HvbBb Q7 #Qi? "2 H M/ bBKmH i2/ / i
mM/2 L2 /BQ Ww®T +F ;2 (R)-r?B+? mMiBH kyky r b K BMi BM2/ b bi M/@ |
aBKmH iBQMb ;2M2" i2/#vLm_ /BQJ*- Q> Mv 2 H/i M Hvx2/rBi?Lm_ /BQ_
XMmM2b-rBi? i?2 2p2Mi/ i UpQHi :2i° +2b-"2+QMbi ' m+i2/[m MiBiB2b 2i+XV
1p2MiH bbX h?2 bi'm+im 2 Q7 i?Bb +H bb Bb b?2QrM BM1HERMiQAMI XBONKb i KB M B K
QM2 Q" KQiBQ@#D2+ib- r?B+? + M #2 i?Qm;?i Q7 b i?2 UTQi2MiB HHv BM/2T
bi iBQMb- r?B+? 2 +?2 +QM? BAMVRMBI2BTIH? i biQ 2 i?2 "2+Q°/2/ Q"  bBKmH i2/
20" +2bX AM //BiBQM- bBKmH i2/ Q" "2+QMbi ' m+i2/ BM7Q K iBQM K v #2 bi
T "iB+H2b-T "iB+H2 b?Qr2 b- U+ HB# iBQMV 2KBii2 b-i'B;;2 b- M/ 2H2+i B

h?Bb bi'm+im 2 HHQrb 7Q° HH bBKmH i2/ M/fQ" “2+QMbi m+i2/ /i iQ #2
rBi?BM QM2 +QMbBbi2Mi ?B2b2 MV, MIFBMAHGBRO™D2 M/ HHQrb 7Q  i?2 /2p2HQ"
Q7:2M2  H/ i M HvbBbKQ/mH2bi? i+ M#2mb2/ + Qbb/Bz2 2MiivTI2b Q7" /
Q7bm+?72 im2bBMLmM_ /BQ_2+Q BM+Hm/2# M/T bb}Hi2 ' b- mM7QH/BM; 2H
"2bTQMb2- br2HH bKQ' 2 /p M+2/ bB;M H 2+QMbi m+iBQM KQ/mH2b- bQK?2
BM KQ 2 /2i BHBM +? Ti2 bd M/ 3X AM //BiBQM-Lm_ /BQ_2+Q BKTH2K2Mil
mMMBib U# b2/ QM i?2 bvbi2K mb2/ #v m:2°V M/ /Bb+'2i2 6Qm B2 i° Mb7Q K
bBKTHB7VBM: i?2 +Q "2+i mMBib +QMp2 bBQM 7Q  2M/@mb2'b M/ KBMBKBXx

6°QKi?2 TQBMi Q7 pB2r Q7 /Bz2 2Mi " /BQ@/2i2+iQ  2tT2 ' BK2Mib-i?2 QMH
HH i?2 72 im 2b Q7 Lm_ /BQ_2+Q U M/ Lm_ /BQJ*V Bb i?2 BKTH2K2Mi iBQN\
i? i +QMp2 ib i?2 2tT2 BK2Mi@Y2iMiBMi©im?2 mb2/ #v Lm_ /BQ_2+QX h?Bb ?
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6B:m 2 9X9, h?2 bi'm+im 2 Q71pRMQ#/BD+i2¥QB+? 2M+Q/2b KQbi Q7 i?2 “2F
bBKmH i2/ M/fQ' “2+QMbi m+i2// i rBi?BM Lm_ /BQJ*X

HHQr2/ "~ M;2Q7/Bz2'2Mi2tT2'BK2MibiQ K F2mb2Q7Lm_/BQ_2+Q b M
_ALL -_LP@: M/UBMi?2 M2 " 7mim 2V GP6 _X AMim "M-i?Bb HHQrb 7Q"
Q772 im2bi? iKv#2 "2H2p Mi +° Qbb /Bz2 2Mi 2tT2 ' BK2MibX

6BM HHv-Lm_ /BQ_2+Q HbQ BM+HmM/2b b2p2" H 2+QMbi m+iBQM H;Q B
/2i2+iQ° b bm+? b A LL M/ LP@:-BM+HmM/BM; i?2 H;Q Bi?Kb 7Q" "2+Q\
2p2Mib- +QbKB+ ~ vb M/ M2mi'BMQb /2b+ B#2/ BM +? Ti2 b e 3X Pi?2" "2
TiQ7Lm_ /BQ_2+QBM+HmM/2 /B 2+iBQM "2+QMbi'm+iBQM H;Q 'Bi?K 7Q"
/2i2+iQ" (Rdy)- br2HH b M AM7Q K iBQM 6B2H/ h?2Q v UA6hV H;Q Bi?K il
2M2 ;v (RdR)X h?2 p BH #BHBiv Q7 i?2b2 H;Q Bi?Kb- ++QKT MB2/ #v MM
MQT2M@bQm +2 7° K2rQ ' F K F2b Bibi® B;?2i7Q'r '/ 7Q  Qi?2" "2b2 “+?2 b i

9Xj *QMiBMmQmb BMi2;  iBQM M/ /Q+mK2Mi iBQM

Lm_ /BQJ* mb2b +QMiBMmQmb BMi2;" iBQM U*AV- BKTHR2KQMWIbM® D m;? :B
KQ/B}+ iBQMb /Q MQi # 2 FQ  Hi2  i?2QmiTmi Q7 2tBbiBM; +Q/2X h?2b2
K iB+ HHv 2p2°'v iBK2 i?2 +Q/2 Bb KQ/B}2/- M/ BM T "iB+mH ~ #27Q 2 M2r
K BM# M+? Q> M2r "2H2 b2bX AM //BiBQM iQ 2Mbm BM; i?2 p HB/Biv M/
+Q/2-i?2b2 b2H7@/Q+mK2Mi2/ b+ BTib b2 p2 b2t KTH2b Q  i2KTH i2b /2K
/Bz2 2Mi KQ/mH2b T 'QpB/2/ bT 'iQ7Lm_ /BQJ*X

h?2 +QMIiBMmMQmbBMi2;" iBQMbvbi2KBb HbQ mb2/iQ miQK iB+ HHv T +1§
BMbi HH #H2 7Q 'K i M/ Tm#HBb? BiiQ i?2 SviXQNMBD 2M ;2H\\b/ b2 Sty BABMDb i

92iiTh,ff/Q+bX;Bi?m#X+QKf2Mf +iBQMb
82iiTh,ffTVTBXQ ;f
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M/ bi i mbBM; Lm_ /BQIBBTmBEBHKI;; HH MnX hBEKBb /I QM2 i?TQRi*NI?2
T +F ;2-r?B+? BM T "iB+mH ~ bmTTQ ib i?2 bBKmHi M2Qmb BM+HmMbBQM Q7
Lm_/BQJ*-Lm_ /BQJ* M/Lm_ /BQ_2+QX

MQi?2" bT2+ir?B+? Bb+ m+B HiQ HHQr M2r mb2'b M/ i?2#°Q /2" " IBQ
v +QKKmMBIiv iQ 2 bBHv /QTi M/ / Ti Lm_ /BQJ* Bb i?2 T'2b2M+2 Q7 +H.
/IQ+mK2Mi i BQMX h?2Lm_ /BQJ*/Q+mK2Mi iBQM Bb r Bii2M BM i?2 "2ai m+in
r?B+? Bb i?2M +QMp2 i2/ i@ PABBM/bBRNMHQV2/ mbBM; :Bi?m# +iBQMbX q?BH:
K F2b +QMi B#miBM; M2r /Q+mK2Mi iBQM bHB;?2iHv KQ 2 +mK#2 ' bQK2 7Q" M
iQ 2X;X :Bi?m# gBFB- b i?2 "bi bvMi t Bb MQi 2MiB 2Hv BMimBiBp2 M/ Tn
iQ /2THQvV i?22/Q+mK2Mi iBQM-i?Bb TT'Q +? K F2b BM7Q K iBQM 2 bB2  iQ
+Q?2 2MiHV iQ mb2 bX PM2 //BiBQM H HDABWp MNH2R2iBE BMi+HmMbBQM Q7
+QKTH2i2 M/ miQK iB+ HHv ;2M2" i2/ SA/Q+mK2Mi iBQM # b2/ QM i?2 /Q+b
bQm +2 +Q/2X

6BM HHv- iQ bBKTHB7v /2p2HQTK2Mi 7Q  Lm_ /BQJ*-r?BH2 +QKTHB M+2 1
iBQMb Bb bi'QM;Hv 2M+Qm"™ ;2/- Bi Bb MQi 2M7Q +2/X hQ T 2p2Mi 7Q K iiBM
K2Mi iBQM- ?2Qr2p2 - i?2 b+ 'BTii? i #mBH/b i?2 /Q+mK2Mi iBQM HbQ +?2+Ft
/IBbTH vb i?2b2 iQ i?2 mb2°X

€2iiTh,ffTVi?QM@TQ2i vXQ";f
42iiTh,ffrrrXbT?BMt@/Q+XQ";
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*?2 Ti2 8

*QMi'B#miBQMb iQ LP@:

AM i?Bb +? Ti2 - b2p2° H+QMi B#miBQMb iQ i?72 LP@: 2tT2 BK2Mi "2 /Bb+
bi®i2;v M/ BKTH2K2Mi iBQM iQ "2KQp2 M "iB7 +i T'2b2MiBM _LP@: /i Bb |
8Xk +QMi BMb bim/viQ QTiBKBx2 i?2 "2 /Qmi rBM/Qrb BM i?2 /i @ +[mBbBI
/IBz2 2Mi ivT2b Q7 i B;;2°b- M/ # B2~v /IBb+mbb2b i?2 BKT +i QM i?2 + T #BH
bB;M HbX 6BM HHv- b2+iBQM 8Xj/2b+ B#2bi?2 _LP@:. i JQMBiIQ'- M QMHBI
pB2ri?2 bi imb Q7 i?2/2i2+iQ° Q"  HQQF mT BM/BpB/m H mMb Q" 2p2MibX

8XR G "9. #HQ+F Qzb2ib

h?2 bB;M Hb K2 bm 2/ #v LP@: 2 "2+Q°'/2/ mbBM; i?2 G "9. TTHB+ iBQMa@
+B +mBi U aA*V (RKN)X h?2 M HQ; bB;M RmBbBMMK THBi+7Xk@a o +BiQ"~ " v
Ua* V+QMbBbiBM; Q7 irQ e9@b KTH2 +2HHbX h?2 b KTH2/ bB;M HBb i?2M bi
Q7 i?2 9yNe@b KTH2 K BM biQ™ ;2 " v-r?2°2 BiBb 2/ Qmi M/ /B;BiBx2/ B
BMi2;" i2/ qgBHFBMbQM M HQ;:@iQ@/B;Bi H+QMp2'i2'b U .*VX

Airb Q#b2 ' p2/i? i 7i2° "2 /Qmif/B;BiBx iBQM- i?2 Rk3@b KTH2 #HQ+Fb
"2bT2+iiQ 2 +?2 Qi?2° M/i?2Qp2° HH# b2HBM2X LQi2i? ii?2b2 6#HQ+F Qzb2
rBi? i?72 6T2/2bi H Qzb2ibd- BX2X i?2 .* Qzb2ib Q7 2 +? BM/BpB/m Hb KTH2
reB+? "2+ HB# i2/Qmi ii?2bi "iQ72 +?/ i @i FBM; "'mMX h?2 #HQ+F Qzb2
2+i@b? T2/ Qzb2ib Q7 i?72 Re Rk3@b KTH2 #HQ+Fb i? i K F2 mT bBM;H2 "2+
TT2 "iQp v M/QKHvi?"Qm;?2Qmi /i @i FBM; mM- M/ MQ +Q "2H iBQM r
i?72 bBx2 Q  i?2 bB;M Q7 i?2 Qzb2i M/ Bib +Q " "2bTQM/BM; #HQ+F QM@ +?BT-
2t?B#Bib /Bz2 2Mi Qzb2ib 7Q 2 +? "2+Q /2] 2p2MiX

h?2 #HQ+F Qzb2ib r2°'2 Q#b2 p2/iQ #2 T 2b2Mi 7Q" 2p2°v +? MM2H M/ BM
i?72 "QQIi@K2 M@b[m VR{WQHIi?2 Qzb2ib "2 mbm HHv "QmM/ M Q' /2" Q7 K
bK HH2  i? Whsi®®7 i?72°K HMQBb2-i?Qm;? i?2°2 "2 bQK2 +? MM2Hb i? i Q++ |
bB;MB}+ MiHVH ;2 #HQ+F Qzb2ibX M 2t KTH2 Q7 i?2b2 #HQ+F Qzb2ib 7Q"
:2p2MiBMirQ +? MM2Hb Bb b?QrM BM 6B;m 2 8XRX

q?BH2 i?2 "QQi+ mb27Q  i?2 #HQ+F Qzb2ib Bb MQi+m > "2MiHVv mMM/2 biQQ/
iQ "2KQp2 i?2KX b #Qi? i?2 Mi2MM b M/ i?2 "2bi Q7 i?2 bB;M H +? BM "2 Q
& 80 J>x- 1?22 b i?2 Rk3@b KTH2@HQM; #HQ+Fb "2 bi'QM;2bi ii?2 HQr2bi

Rh?Bb "2~2+ib i?2 b KTHBM; * i2 T'BQ  iQ kyk9c bBM+2 kyk9- }'Kr "2 mT/i2?2 b 2/m+2/i?2 b
kX9 :a fb- BM+°2 bBM; i?2 H2M;i? Q7 i?2 "2+Q"/2/ pQHi ;2 i +2b r?BH2 biBHH 2K BMBM; r2HH #
i?72 "2H2p Mi 7°2[m2M+v ° M;2X

98
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sl ——Raw data N 108 L ——Raw data
° l Low-pass 5 WM Expected
5 2 or n Block o sets 1 5 1(? J'h ;"r | ml f‘ O set-subtracted
Tf AR RRATTUI TR v la) E iy g v e P (R
05| \ n' !w [ ”"w\ \w”u f”’H 12 :w [ 'nﬂm
1 1 1 1 101 1 1 I
25t 1§10}
© 3
= 8 )]s E 9 04 [ |u 1 M‘M‘ l)
& o kil
a M
j2 |
1 1 1 1 1 1 1
0 200 400 600 0:00 0:25 0:50 0:75 1:00
Time [ns] Frequency [GHZz]

6B:m 2 8XR, 1t KTH2 Q7 i?2 6#HQ+F Qzb2ibd /2b+ B#2/ BM i?2 i2ti 7Q" bBI
irQ +2 MM2Hb rBi? ivTB+ HUIQTV M/ ivTIB+ HHV bi'QM; #HQ+F Qzb2ib U#Q|
i +2b- rBi? 8y J>x HQr@T bb }Hi2 2/ b r2HH b i?2 }ii2/ #HQ+F Qzb2ib Q
7°2[M2M+v bT2+i° X h?2 62tT2+i2/6 bT2+i ' mK +Q "2bTQM/b iQ r?Bi2 MQBb?2
A:Gl KTHB}2 +QK#BM2/ rBi? [m MiBx iBQM MQBb2 /m2iQ i?2 T2/2bi H bm#

T K2i2'Bx2i?2KBM7 2[m2M+v@DbT +2 M/ T2 ' 7Q K M6Qmi@Q7@# M/d }ir"
Bb M2;HB;B#H2X 6Q° bBM;H2 #HXQ WWhQ bbRTRZbKTHBimM2/BM i?2 iBK2 /QK BN

(
_ Ay for0O k<ng;
0; otherwise

U8BXRV

M/ BMi?2 7°2[m2M+v /QK BM- bbmKBM:;=1-fkdpkds2,bT +BM; Q7

(pétAe”n st 1

e it 1

2tn A

p_ X1t o,
¥ = 2t Ae 'kt = p
k=0

bmbm HX h?231 BbQm2iQi?2Lm_ /BQJ*+QMp2MiBQM 7Q i?2MQ"

Q7i?26Qm B2 i° Mb7Q K (R9j)X LQi2i? i i?Bb 2tT 2bbBQM Bb bHB;?iHV /B:
2tT2+i2/ 7Q  i?2 +QMiBMmQmb 6Qm B2  i° Mb7Q K Q7 2+i@b? T2/ 7mM+il
rBi? /Bb+°2i2 [m MiBiB2b- 7Q +BM; mb6i® BRIT=0X 622 mibZWR+mb QM i?2 + b2
I 60 }'biX 1[m iBQM 8Xk /2b+N8@PbK THRMEHQ +F Qzb 2 Ng =h1B /2 @ +Fh?2

Qs b KTH2b 2 +?- r2 bBKTHv bmK Re +QTB2b Q7 i?Bb 2tT 2bbBQM- i FBM:
TT'QT'B i2 KQmMi Q7 b KTH2b,

for! 60;
for! =0;

U8 XkvVv

rBi?r=2f

p_ ei!n st 1'\X 1
¥ = 2t— =
el.t 1

m=0

h?Bb 2tT 2bbBQM + M MQr #2 mb2/iQ }i i?2mMFMQQMITT bk ZJi2id 2/ +QTv Q7
i?2 1 /i i +2BMi?2 7°2[m2M+v /QK BMX b K2MiBQM2/- 2[60 QM 8Xj Bb
h?2 }i 77050 +Q "2bTQM/b iQ bBKTHvV "2KQpBM; ;HQ# H .* Qzb2i U6x2 Q@K
BKTHB2bi? ii?2}i mbBM; 2[m iBQM 8Xj Bb BMb2MbBiBp2iQ bm+? ;HQ# H .

Ape 'mn st usxjVv
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An! AL = AL+C-BMi'Q/m+BM; /2,22 Q7 /2;2M2° +v BM i?2 }iX h?Bb /2;2M;
"2KQp2/ #v }tBM; i?2 H biAAH@=6 QBE2IQ BM i?2}i T Q+2/m ' 2ci?2 +Q "2+i bQl
Bbi?2M Q#i BM2/ #v T2 ' 7Q KBM; i?2 x2 ' Q@K2 MBM; bi2T H biX

Svi?QM KQ/mH2 i? i T2 7Q Kb i?Bb }ir b /2p2HQT2/ M/ BM+HmM/2/ BM L
mM/2" i?2 M2 /IBQ_2+QXKQ/mH2bX LPn:X+? MMXHh®Q +RP/27b M68B2i2"
mb2/2Bi?2 bi M/ HQM2 Q" b Lm_ /BQJ*KQ/mH2- +iBM; /B 2+iHVQMi?261p
Lm_ /BQJ*Ub22b2+iBQMI9Xk7Q KQ 2/2i BHbVX AMi?2H ii2 + b2-i?2}ii2/C
biQ 2/ BMbB/2 i?2 1p2Mi Q#D2+i- HHQrBM; i?2 T'Q+2bb iQ #2 "2p2°b2/X h
Bb HbQ BM+HmM/2/ BM i?2 Lm_ /BQJ* KQ/mH2 mb2/iQ "2/ BM _LP@: /i -bQ
"2 miQK iB+ HHv "2KQp2/ QM "2 /@BMX SH Mb 2tBbi iQ BKTH2K2Mi bQK2 p:
"2KQp H H;Q'Bi?K QM i?2 LP@:/i @ +[mBbBiBQM bvbi2K U. ZVX

AM //BiBQM iQ }iiBM; M/ "2KQpBM; #HQ+F Qzb2ib- i?72 Svi?QM KQ/mH:
bBKmH iBM; M/ //IBM; #HQ+F Qzb2ibX h?Bb HHQrb iQ bim/v i?2B° BKT +i (
i?72 ++m’ +v Q7 i?2 #HQ+F Qzb2i "2KQp HX AM T “iB+mH - i?2 BKT +i Q7 i?2
bB;M H- M/i?2bBx2 Q7 i?2#HQ+F Qzb2ibr b BMp2biB; i2/X AM HH + b2b M Z
i? MO 3 2H iBp2V T ' 2+BbBQM +QmH/ #2 Q#i BM2/- BKTHVBM; i? i BiBb TQbbB
Qzb2ibrBi?Qmi /BbiQ iBM;i?2Q B;BM HbB;M HX 6Q" "2 H/ i -r?B+? Bb biQ
i?2 ++m° +v rBHH #2 HBKBi2/ #v [m MiBx iBQM MQBb2 M/ T2/2bi H@Qzb?2i
+2HH Q7 i?2 G "9. ? b bHB;?iHv /Bz2 2Mi .* Qzb2i- r?B+? + M p v bHB;?iH
Qmi ii?2bi "iQ72 +? /i @i FBM; "'mMX h?2 T°2+BbBQM Q7 i?Bb 6T2/2bi H
[mMm MiBx iBQM@HBF2 Ur?Bi2V MQBb2 M/ Bb i?2 /QKBM Mi MQBb2 bQm ' +2 Qm

b+ M#2 b22M QM i?2 H27i@? M/ bB/2 Q7 6B;m 2 8XR- p2'v ;QQ/ TT Qt
Qzb2ib + M H 2 /v #2 2biBK i2/ 7°'QK i?2 HQr@T bb }Hi2 2/ i +2X h?Bb H' 2
Qzb2ib #v KQ'2i? M M Q' /2" Q7 K ;MBim/2- M/ b Bi Bb bB;MB}+ MiHv 7 bi2"
7TmHH }i- Bbi?2 /27 mHi b2iiBM; r?2M "2 /BM; BM LP@: 2p2Mib mbBM; Lm_ /B

h?2 bT2+i° Q7 irQ pQHi ;2 i° +2b 7Q° bBM;H2 7Q +2/@i B;;2 2p2Mi K2 b
7Q°2 M/ 7i2° "2KQpBM; i?2 #HQ+F Qzb2ib- "2 b?QrM BM 6B;m 2 8XRX PM2
Qzb2ib "2bmHIi BM bi ' QM; +QMi B#miBQM QmibB/2 i?2 # M/rB/i? Q7 i?2 LP@
/IBb TT2 b 7i2°i?2 "2KQp HQ7 i?2#HQ+F Qzb2ibX h?2 K ;MBim/2 Q7 i?2 2K
i'B#miBQMb Bb +QKT iB#H2 rBi? i?2 2tT2+i iBQM 7 QK i?2 T2/2bi H@bm#i" +
T 2pBQmbHvVX

8Xk h'B:;2° "2 /Qmi rBM/Qr QTiBKBx iBQM

b/2b+ B#2/ BM b2+iBQM jXjXk-i?2 LP@:/2i2+iQ bi iBQMb 72 im 2i? 22 i E
iQ "2/ Qmii?2 pQHi ;2 i +2b BMi?2 . ZX h?2b2 "2i?2 06/22T6 U HbQ 6HQr@ii
T vOVi'B;;2°-r?B+? Bb# b2/ QM i?2 bB;M HBM i?2 #QiiQK 9 0SQH Mi2MM b
r2HH b irQ 6b? HHQré i'B;;2°b-i? i mM QM i?2/QrMr /@ M/ mTr /@7 +BM;
h?2 bBKTH2bi T°Q+2/m 21iQ "2 /Qmii?2/ i rQmH/ #2iQ "2 /Qmi HH +? MM2H
i'B;;2°}’BM;- TQi2MiB HHv 7i2  bQK2 /2H vX >Qr2p2 - /2T2M/BM; QM i?2 TQ
bB;M HrBHH "~"Bp2 i/Bz2 2MiiBK2b ii?2/Bz2 2Mi Mi2MM bX AM //BiBQM-
"2 /2H v2/ rBi? "2bT2+iiQi?2 bB;M Hb ii?2 Mi2MM b #v M KQmMi /2T2M/B
i?2}#°2 M/ +Q t+ #H2b +QMM2+iBM; i?2 Mi2MM b iQi?2 . Z-" M;BM; 7°QK
i?72 GS. bM2 "i?2bm 7 +2iQ Qp2  dyy Mb BM i?2 /22T2bi Mi2MM bX h?mb- Bl
bB;M HBM b K Mv +? MM2Hb b TQbbB#H2-Bi K v #2 T 272" #H2 iQ "2 / Qmi |
iBK2bX

h?Bb b2+iBQM 72 im 2b MmK#2 Q7 bBKTH2 bBKmH iBQMb i? ir2°2 T2 7(
i?72 QTIBK H "2 /Qmi rBM/Qrb 7Q" 2 +? +? MM2H- /2T2M/BM; QM i?2 i'B;;2"
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}1'bi +QMbB/2° M2mi'BMQ bB:M Hb BM b2+iBQM 8XkXR- 7QHHQr2/ #v BM@ |
Mi? QTQ;2MB+ MQBb2-BMb2+iBQM 8XkXkX 6BM HHv-r2# B2~v +QKK2Mi Q
“2bmHib 7Q  i?2 + T #BHBiv Q7 i?2 /2i2+iQ  iQ p2iQ bB:M Hb Q B;BM iBM; 7°

8XkXR L2mi BMQDb

h?2 QTIBK H "2 /Qmi rBM/Qrb 7Q° M2mi " BMQ bB;M Hb r2°2 bim/B2b #v bBK
~mt (Rj9) THmb :wE +QKTQM2Mi (Rdk) BM i?2 M20HiiBM'® 20V2Q;v ° M;2 7°Q
bBM;H2 LP@: bi iBQM- mbBM; Lm_ /BQJ*X 6Q  i?2 /22T i'B;;2 - jQmi Q7
rBi? ?B;?7@HQri?32BMUAHRA2Q7b@BEMA]I>xr b mb2/-r?2°2 bi?2b? HHQri B;;2
rb kQmiQ7e +QBNM+Bj@M8RIPXx QM i?2/QrMr /@7 +BM; GS. +? MM2HbX g
i?72b2i°B;;2 b2iiBM;bU M/i?22M2 ;v M;2V "2 MQi T2 72+i K i+?22b 7Q" i?
bi iBQM-i?BbrBHH QMHvV ? p2 KBMQ  2z2+iQMi?2 "2H iBp2i'B;;2 iBK2b-
i?Bb bim/vX

6B;m 2 8Xk b?Qrb i?2 bB;M HTQbBiIiBQMb BM i?2 . Z- "2H iBp2 iQ i?2 i B;
i? i b iBb}2/i?2 /22T i B;;2° +QM/BiBQMX AM //BiBQM- Bi b?Qrb i?2 MmK#:
+QMi BM2/ b 7TmM+iBQM Q7 i?2 "2 /QmiiBK2c 2 /QmirBM/Qr H2M;i? Q7 3
iQ ky93 b KTH2b i kX9 :>x Ui?2 +m "2Mi _LP@: b KTHBM; "~ i2VX b i?2°2
VT i?b7'QK MBM@B+2bQm +2iQ 2 +? Mi2MM -i?2°2 "2 HbQ irQ TmHb
b?QrM b2T * i2HvX b Mi2MM bi? i "2 p2'v+HQb2iQ 2 +? Qi?2 - 2X;X i?2 1
HbQ ? p2 bBKBH ~ + #H2 /2H vb- i?2v ? p2 #22M ;" QmT2/ iQ;2i?2 ¢ i?2 b K2
bi'BM; Mi2MM b-r?2°2i?2 2tT2+i2/ TmHb2 "~"Bp HiBK2b "2 "2H i2/ #v bvK
>SQH Mi2MM b M/ mTr /@7 +BM; GS. b ? p2 MQi #22M BM+HmM/2/c BM i?2 7
iBK2b rBHH #2 bBKBH " iQi? iQ7i?2 /D +2MioSQH Mi2MM b-#miU;2M2" H
“iBQb UaL_VX h?2mTr /@7 +BM; GS. b "2 MQi 2tT2+i2/iQ +QMi B#mi2 mb
bi?2bB;M H ""Bp2b "QmM/i?2 Mi2MM MmHHX

h?2 };m™ 2 b?Qrb MmK#2™ Q7 BMi2 ' 2biBM; "2bmHibX 6B 'bi Q7 HH-/m2 i
2tTH BM2/ BM b2+iBQM 9XRXk- QMHv bK HH2 7" +iBQM Q7 HH i B;;2'BM;
b? HHQr2  +? MM2HbX h?2v rBHH QM p2" ;2 HbQ #2 pB2r2/ 7m’i?2" r v 7 (
bm+?i? ii?2 7 +iBQM Q7 TmHb2b rBi? K2 MBWBDH 2KITHB HH 2 Xad2+QM/F
BMT "iB+mH ~7Q° i?2/22T2bi +? MM2Hb-i?2 iBKBM; /Bz2 2M+2 #2ir22M i?
TmHb2 + M#2 H ;2 i? Mi?2i +2H2M;i?-bQ i? iBiBbBKTQbbB#H2 iQ +?Q
Hr vb + Tim 2b #Qi? TmHb2bX b i?2i B;;2 " Bb MQi #H2 iQ /BbiBM;mBb? #2i
TTHB2b HbQ iQ bQK2 2ti2Mi iQ i?2 b? HHQr2 +? MM2Hb- Hi?Qm;? i?2 2z7
iBKBM; /IBz2 2M+2 #2ir22M i?2 TmHb2b /2+ 2 b2b +HQb2 iQi?2 B+2@ B bn
HH i +2b TT QIMK@®AHMb UBX2X "QmM/ ? H7 i?2i° +2 H2M;i?V 7i2"i?2 i B
H ;27 +iBQM Q7 HH K2 bm™ #H2 TmHb2bX g?BH2 i?2 QTiBK H 2 /QmiiB
+HQb2 iQi?2HQr2 " 2M/ Q7 i? i M;2UBMZ7 +i- 2 /IBM; Qmi bbQQM b TQbhb
#2 KQ 2 QTiBK HV-i?27° +iBQM Q7 /22T@i B;;2  2p2Mibi? i? b K2 bm’ #F
bm 7 +2 Bb +HQb2 iQ M2;HB;B#H2- M/ Bb "2/m+2/ 7m i?2°  B7 QM2 i F2b BM
2p2Mib rBHH }"2i?2 b? HHQri‘B;;Z‘}‘biX

h?2 TmHb2 iBK2b M/ "2 /Qmi rBM/Qrb 7Q  i?2 b? HHQr GS. i'B;;2° "2 b?
6B bi Q7 HH-r2 MQ|2|’? i/m2iQi?2+ #H2 /2H vb-i?2 bB;M H BM HH /22T +7
7i2° i?72 b? HHQr i'B;;2- BX2X BM i?2 + b2 r?2 2 #Qi? i’ B;;2° +QM/BiBQMb
i B;;2 rBHH Hr vb} 2 #27Q 2i?2/22Ti B;;2°'X "2+ mb2 HHQi?2° Mi2MM b
"2 bm#D2+iiQ i?2 b? /QrBM; 2z2+i- M/ BM i?Bb + b2 #Qi? TmHb2b +QmH/ B
HH +? MM2HbX >Qr2p2°-i?2 b? /Qr xQM2 7Q" i?2 b? HHQr GS. b +QMbi~ BM
"2;BQM Q7 i?2 B+2 r?2°2 i?2 iBKBM; /IBz2 2M+2 #2ir22M i?2 /IBz2 2Mi TmHL
9XjVX h?Bb K2 Mbi? i 7Q  i?2 /22T2bi Mi2MM b- Bi Bb BKTQbbB#H2 iQ + T
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_ Phased Array (-95 m) Helper Strings (-95 m) LPDASs (-3 m)
O ~N | —D — -SNR>2
05+ L R M Pulses
00 ~ . N —"

Power String 5 (-80 m)

Power String 6 (-60 m)

Fraction of triggering events

500 0 500
Time (relative to trigger) [ns]

500

6B:m- 2 8Xk, h?2 7° +iBQM Q7 }’bi U.V M/ b2+QM/ U_V bB:M H TmHb2b +QMi

7Q° 2p2Mib b iBW22BMB

"2H iBp2 iQ i?72i'B;;2  iBK2X h?2i?°22 THQib BM i?2 iQT "Qr

22 +QM/BiBQM- b

TmM+iBQM Q7 i?2 "2 /Qmi iBK2
"2 p2 ;2/ Qp2

+? MM2Hb Ub22 i2tiVX h?B+F HBM2b BM+HmM/2 HH TmHb2b-32KM HBM2b "2~

LQi2i? ii?2iBKBM;b ?2°2BM+HmM/2i?2+ #H2 /2H vb-#mi/Q MQi

T Q+2bbBM;X

++QmMi 7Q°

Phased Array (-95 m) Helper Strings (-95 m) LPDAs (-3 m)
1.0——7—— T T 1 T T 4] ' T |elmlew
\ —t
0:5 R
’ —--SNR> 2
¥ M " Pulses

ra— i
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Depth [m]

6B:m 2 8X9, h?2 bT 2 / BM TQbbB#H2 TmHb2 “"Bp H iBK2b- bbmKBM; bE
bm 7 +2 i /Bbi M+2 Q7 RFK r v- "2H iBp2iQi?2 TmHb2 “BpBM: i QM2 Q7 |
Mi2MM b i /2Ti? Q7 jKX LQi2i? i MQ + #H2 /2H vb ? p2 #22M BM+Hm/2/ 22
iQi?2 T?vbB+ H "Bp HiBK2 ii?2 Mi2MM bX

+m "2Mi i’ +2 H2M;i? Q7 38y MbX h?mb- M2+2bb "BHv QM2 ? b iQ +?QQb2
}’biU.VTmHb2 QMHV- Q" mbBM; bQK2 +? MM2Hb iQ i ";2ii?2 b2+QM/ U_V Tr
bi>i2;v HHQrbiQ TQi2MiB HHv 2tTHQBi i?2 .@_iBKBM;-r?B+? Bb TQr2 7n
i?72 bQm +2 TQbBIBQM- ii?2 +Qbi Q7 HQr2'BM; i?2 p2 ;2 aL_X 6Q  +? MM
i72bB;M H TT QtBK i2Hv 38y Mb U 7mHH i +2 H2M;i?V 7i2  i?2 i B;;2 iBK
TmHb2b 7Q° U HKQbiV HH TQbbB#H2 bQm +2 TQbBiBQMbX

8XkXk #Qp2@bm 7 +2 bB;M Hb

h?2 bBim iBQM Bb HQi bBKTH2  7Q  2p2Mib Q B;BM iBM; #Qp2i?2bm 7 +2
7Q° +QbKB+@ v B  b?Qr2'b-i'B#Q2H2+i B+ 2p2Mib (RR3)- M/ Mi?'QTQ;2
BM i?Bb + b2 i?2°2 Bb QMHv bBM;H2 i° D2+iQ vi? i +QMM2+ib i?2 bQm +2
V@i +BM; TT QtBK iBQMX AM //BiBQM-i?2/QrMr "/@#2M/BM; BMbB/2 i?
VT i?Bb Hr vb +HQb2  iQ p2'iB+ Hi? Mbi  B;?2i@HBM2 T°QT ; iBQMX h?E
bT 2 / Q7 i?2 TQbbB#H2 "Bp HiBK2b i2 +? Mi2MM X A7 i?2 BM+QKBM; b
TH M2 1 p2 7°QK i?2(/B)2+MIQ®2 BM@B+2 T QT ; iBQM #v "2TH +BM; i?2 27
Q7 i?2 B+2 #v i?22 /2Ti?@ p2 ;2/MR7172iBppBMiRHR “2+2BH2y;z)

"2H iBp2iQ TQBMi ii?2 Q'B;BM Bb ;Bp2M #v,

c t= xsin cos +ysin sin + ZMice COS ice : Uusxov

AM mMMB7Q K K2/BmK- i?2 H bi i2"K b?Qmués/ #BmM2TFTH?+2i2rB K tBKmK

p "B iB@M BNmM2zDBb 7ZQ®yYy b;Q2b 7°'QK y Up2'iB+ HTH2X2Qm2p\2iQ

aM2HHOb H r BKOIHB 22biZ2QmM/2/ 7°QK #2HQr- r?B+? “2/m+2b i?2 K tBKmK p

"Bp HiBK2b#Bi?7 +iQ° j@9 /2T2M/BM; QM i?2 /2Ti?X h?Bb K F2b Bi 2 bB2

2 /QmirBM/QrbiQ Hr vb+ Tim 2i?2TmHb2BM HH+? MM2Hb- "2; "/H2bb Q
h?2 K tBKmK bT 2 / BM TmHb2 “~"Bp HiBK2b Bb b?QrM b 7mM+iBQM Q7 /

TmHb2 ""Bp HiBK2br2 2 Q#i BM2/#v v@i +BM; UBX2XrBi?QmiK FBM; i?z



8XkX h_A::1_ _1 .PIh gAL.Pg PShAJAw hAPL 8R

8X9V- bbmKBM; M #Qp2@bm'7 +2 bQm +2 i /Bbi MBR?Q2IRTEKi i/ M M;F
i?72 p2 iB+ H- :MY2iMMB M/nbBKZHKXD/2H BM Lm_ /BQJ*X h?2 i'B;;2 iBK2 Bb i F2I
“2H iBp2iQi?2 TmHb2 "Bp HiBK2BM Mv Q7i?2i?°22mTr /@7 +BM; GS. b
K tBKmK bT 2 /BM “"Bp HiBK2b Bb /QKBM i2/ i HH/2Ti?b #vi?2 2Q BxQMi H
GS. b M/i?2/22T Mi2MM bi'BM;b- M/ ;" Qrb QMHvV bHQrHv rBi? /2Ti?-iQ K
kky Mb i @Ryy KX h?2 bvKK2i'v BM i?2 bT 2 / BMi B/1@+DB @M pr QWBIM 2i/? 2
iQ QMHV p "¥BW#2 i?Qm:?i Q7 b "BbBM; /sin2 BMi2pn7 iBiQM 8X9X

h?2 QTIBK H "2 /Qmi rBM/Qr 7Q" 2 +? Mi2MM + M #2 2 /| Qz 7°QK 6B;m 2 ¢
“2H iBp2 + #H2 /2H vbX 6Q i?2/22T2bi +? MM2Hb-i?2/2H vrBi? r?B+? i?2 bB
"2H iBp2iQ i?2 mTr /@7 #B8A; G MbBth?Bb K2 Mb i? i BM Q /2" iQ + Tim 2 i
bB:M HBM HH +? MM2Hb 7i2° M mTr /@7 +BM; GS. i'B;:2°-i?2 2 /Qmi BN
#2 /2H v2/ #v mTr /b Q7 KB+ Qb2+QM/X bi?2 K tBKmK "2 /Qmi " i2 Q7 i?2 C
iQ 30 >x- i?Bb /Q2b MQi bB;MB}+ MiHv z2+ii?2 /2 / iBK2 Q7 i?2 /2i2+iQ X >
"2H iBp2 /2H v ii?2.Z/Q2b? p2 M2; iBp2 BKTHB+ iBQMb 7Q" i?2 p2iQ + T #
b/2i BH2/ BM i?2 7TQHHQrBM; b2+iBQMX

8XkXj] AKTHB+ iBQMb 7Q  p2iQ + T #BHBiB2b

h?2 T'BK v ;Q HQ7 i?2 LP@: BMbi'mK2Mi Bb iQ /2i2+ii?2 " /BQ 2KBbbBQM
M2mi°'BMQb BMi2® +iBM; BM i?2 B+2X b i?Bb bB;M H Bb 2tT2+i2/ iQ #2 2ti 2
2{+B2MiHv "2D2+i Mv # +F;"QmM/ bB;M HbBb 2bb2MiB HX JQbi# +F;"QmM/b
i?72 /2i2+iQ° "2 2tT2+i2/ iQ Q' B;BM i2 7°QK #Qp2 i?2 bm 7 +2 Ub22 b2+iBQ
2z2+iBp2 bi” i2;viQ "2D2+ii?2b2 # +F; " QmM/b Bb iQ HQQF ii?2 bB;M H +QM
7 +BM; GS. b- M/ +QKT "2 i?Bb iQi?2 bB;M HBM i?2 /QrMr /@7 +BM; GS. b
+? MM2HbX A7i?2°2Bb bB;MB}+ Mi+QMi'B#miBQM BM i?2 mTr /@7 +BM; G
MBM@B+2 Q°'B;BM Q7 i?2 bB;M H- M/ i?2°27Q°2i?2 TQbbB#BHBiv Q7 M2mi

bHQM; bi?22Bi?2 Q7 i?2b? HHQr-GS. @# b2/i'B;;2° +QM/BiBQMb ? p2
2 bBHv +?B2p2/X >Qr2p2 -BMi?2 + b2 i? i QMHv i?2 /22T-T? b2/ " vi B;;!:
bB;M H KTHBim/2 BMi?2 GS. b Bb #2HQr i?2i'B;;2 i? ' 2b?QH/-B/2 HHv QM2 |
p2iQ M #Qp2@bm 7 +2 Q' B;BM #v /QBM; bm#@i? 2b?QH/ b2 "+?2 BMi?2 mTr
iBKBM; /IBz2 '2M+2 BM i?2 . ZBb mTr /b Q7 KB+ Qb2+QM/- i?Bb rQmH/ "2[m
HQQF@# +Fi? MBb TQbbB#H2 rBi? i° +2 H2M;i? Q7 38y Mb- M/ Bb i?mb +m"
KQbi "2+2MiHv /2THQV2/ LP@: bi iBQM Ubi iBQM R9V-i?2 +QM};m" iBQM Q7
? b#22M +? M;2/ #v ii +?BM;i?2mTr /@7 +BM; GS. biQ}# 2+ #H2b Q7 i?2b
Q7i?2T? b2/ > vX h?Bb "2KQp2bi?2 "2H iBp2 + #H2 /2H v- M/ 2/m+2bi?2 "2
bm{+B2MiHv iQ HHQriQ + Tim 2 KQbi Q° HH bB;M Hb Q' B;BM iBM; 7°QK #Q
/22T M/ b? HHQr +QKTQM2Mib- "2; "/H2bb Q7 r?B+? Mi2MM i B;;2°2/X h?Bb -
iQ#2 mb2/7Q° HH 7mim 2 LP@: bi iBQMbX

6BM HHv-r2 # B2~v +QKK2Mi QM i?2 irQ KQ 2 +QKTHB+ i2/ # +F;"QmM/ bQ
iBQM2/BM b2+iBQM jXk-#mi ? p2 MQiv2i #22M +QMbB/2°2/ 2?2 2X 6B bi-i?2" 2
B b?Qr2  i? i Bb biBHH /2p2HQTBM; ii?2 TQBMi r?2 2 Bi 2Mi2 b i?2 B+2X A
i? ii?72bB;M HBM i?2 mTr /@7 +BM; GS. b Q' B;BM i2b 7 QK M #Qp2@bm 7
r22°2 bi?2 bB;M H /2i2+i2/ BM i?2 /22T2" +? MM2Hb +QmH/ Q'B;BM i2 7°QK
b?Qr2" i° p2Hb i U+HQb2 iQV i?2 bT22/ Q7 HB;?i- BM i?Bb + b2 Bi Bb TQbbB#
#2ir22M i?2 irQ bB;M Hb iQ #2 #2HQr i?72 KBMBKmK BM/B+ i2/ BM 6B;m 2 8X9
?B;? /I2MbBiv Q7 i?2 B+2-i?2 b?Qr2  rBHH MQi #2 #H2 iQ T2M2i® i2 7 ~ BMiC
/IBz2 ' 2M+2 +QKT "2/iQ6B;m 28X9 + M 2 bQM #Hv #2 2tT2+i2/ iQ #2 bK HH
i'B;;2° "2 /QmirBM/QrbrQmH/ KQbi HBF2Hv rQ FX

h?2 b2+QM/ + b2 Bbi? iQ7 mHi~™ @?B;?7@2M2 ;vKmQMb T Q/m+2/ BMbB/2 i
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i?2 /22T Mi2MM b i?2°"Qm;? i?2 BM@B+2 b?Qr2'b + mb2/ #v + i bi' QT?B+ 2M.
i?72 BKrQmH/ #2 iQ /2i2+i i?2 B " @b?Qr2° bB;M HBM i?2 mTr /@7 +BM; G¢
bB;M H biBHH ""Bp2b H i2° ii?2 /22T Mi2MM i? Mi?2 B @b?Qr2° bB;M H
bT'2 /BMi?2iBK2/Bz2°'2M+2 Bb MQr bB;MB}+ MiHVH “;2°-/m2iQi?2"  M;2 C
i?72H ;2T QT ; iBQMH2M;i? Q7 i?2 KmQMBMi?2B+2X KQ 2 /2i BH2/ bim/\
*QKT "BM; i?72 "2bmHib Q#i BM2/i?2°2iQi?Qb2b?QrM7Q" bBKTH2 B @b?(
?22°2bm;;2bib bBKBH “bi i2;viQi?2 QM2 /Bb+mbb2/ #Qp2 K v HbQ #2 mb ¢
bi?2/Bbi B#miBQM Q7 iBK2 /2H vb Bb Km+? rB/2 UQ7i?2Q /2 Q7 b2p2  H
+ b2-?2Qr2p2°-BiBbBKTQbbB#H2iQ/2}M2 "2 /QmirBM/Qri? iBb;m ~ Mi22/
B @b?Qr2" bB;M HbX

8Xj _LP@: .1 JQMBIiQ"

PM2 +? HH2M;2 rBi? +QMbi m+iBM; M/ mMMBM,; H ;2 2tT2°'BK2Mi Bb KQI
Q7 '2+Q'/2/ /i BM U+HQb2 iQV '2 H@iBK2X h?Bb Bb mb27mH BM Q /2" iQ
Bbbm2b rBi? i?2 /2i2+iQ" bi iBQMbX AM //BiBQM- Bi Bb Q7i2M ?2HT7mH i
i?2°Qm;? BM/BpB/m H mMb Q™ "2+Q /2/ 2p2Mib rBi?Qmi ? pBM; iQ/QrMHQ /i~
rrBiBM;f mMMBM; +mbiQK THQIiiBM; Q° M HvbBb b+ BTibX Ai Bb rBi? i?2b
. i JQMBIiQ r b /2p2HQT2/X h?2 LP@:.i JQMBiIQ  Bb / b?@# b2/ TTHB
7°QK .Q+F2° +QMi BM2 QM b2 'p2  ?2QDbNR/. b2LARAJRBH?2WMQT2M@bQ m "
Svi?QM T +F ;2 i? i 7 +BHBi i2bi?2 /2p2HQTK2Mi Q7 BMi2" +iBp2r2# TThb B
Q7 i?2KBMT ;2Q7i?2 LP@:.i JQMBiQ Bbb?QrM BM 6B;m 2 8X8X

h?2 _LP@: . i JQMBIiQ +QMbBbib Q7 i?°22 6i #bd6 QT ;2bX h?2 }"bi T ;2-
6B;m 28X8-T QpB/2b M Qp2 pB2rQ7 ?B;?@H2p2H[m MiBiB2b 7Q  KmHIiBT!
reB+? i'B;;2°br2°2 +iBp2-Q i?2i B;;2° " i2b7Q 2 +?i°'B;;2°'X h?2b2 "2 #
Q7 i?2 +QKTH2i2b2iQ7 "2+Q°/2/2p2Mib- M/BMi?2+ b2 Q7i?2i B;;2 " i2b
iQbT22/ mT mb2 [m2°B2bX h?2 bi iBQMb-i'B;;2b- M/iBK2 " M;2 Q7 BMi2"®
i?72 mb2 - M/ b i?2 THQib "2 T°'Q/m+2/ #v SHQiHv (Rd9)-i?2v "2 BMi2"  +il
/IBbTH vBM; K2i /i QM ?Qp2 - 2i+X h?Bb T ;2 HbQ HHQrb iQ /QrMHQ / BM
M HvbBbX

h?2b2+QM/ T ;2-i?226_mM" Qrb2°6-/BbTH vb/ i Qp2 QM2 Q KQ 2 "'mMb
h?Bb BM+HmM/2b 2X;X Qp2 pB2rb Q7 i?72 "QQi@K2 M@b[m "2/ pQHi ;2 7Q" 2
"mMM@ p2° ;2/bT2+i"Q;" KbX h?2b2 THQib "2 +QKTmi2/BM 2 H@iBK2 QM i?.

i72b2'p2° i.lauX bK2MiBQM2/BM b2+iBQM jXjXk-/m2iQi?2 HBKBi iBQMb
mb2/iQi> Mb72 /i 7°QK :°22MH M/ b BiBb 2+Q /2/-i?Bb /i 7Q Kb bK H
Q7 HH “2+Q/2/ /i - M/ “"Bp2b i.1a@®DBPDmMbBK M UX 6Q  i?2 Tm TQb2 C

[MB+FHv ;2iiBM; M Qp2 pB2r Q7 M BM/BpB/m H mM Q" /B ;MQbBM; bvbi2K

2tT2+i2/; BM QM M BM/BpB/m H+? MM2HV-i?Bb Bb ?2Qr2p2°  bm{+B2MiX
h?2}M HT ;2Bb#mBHIi QM i?261p2Mi"" Qrb2 "6 BM+HmM/2/BMLm_ /BQ_2+Q

# Qrb2 i?2°Qm;? i?2 pQHi ;2 i° +2b M/ bbQ+B i2/ bT2+i° Q7 BM/BpB/m H 2p

[MB+FHV HQQFBM:; i M 6mMmbm H& 2p2Mi 7QmM/ #v  +QMi'B#miQ - Q" b-
~ :b- M/ bQ QMX
++2bbiQi?2 LP@:.i JQMBiQ Bb HBKBIi2/iQ LP@:K2K#2'bi? Qm:? m

‘Bi?m# ++QmMii? iBbT iQ7i?2 LP@:+QHH #Q  iBQMX 6BM HHv-r2 MQi2

KQMBiQ BM; bQHMIBQM r?B+? //BiBQM HHv Bb + T #H2 Q7 b2M/BM; Qmi
#2?2 pBQm - HHQrBM; 7Q  KQ 2 miQK i2/ M/ bvbi2K iB+ KQMBiQ ' BM; Q7 /2
/2p2HQT2/BM T >~ HH2H mbBM;:> 7 M (Rd8)X h?Bb? bi?2 /p Mi ;2 Q7 #2BM

K2{iTh,fI"MQ;@KQMBIQ Xx2mi?2MX/2bvX/2f
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M/ " mMMBM; HBp2 QM i?2 +QKTH2i2 "2+Q"/2// i b2iQMi?2 b2 p2°"BM :"22MH
#2 + T #H2 Q7 /BbTH vBM; BM/BpB/m H 2p2Mib-bm+?i? i BiBb 2tT2+i2/i? i i
T;2 Q7 i?2 LP@: .i JQMBiIiQ rBHH "2K BM BM mb2 2p2M QM+2 i?2 :> 7 M

+QKTH2i2/X
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6B:m 2 8X8, a+'22Mb?Qi Q7 i?2 KBM T ;2 Q7 i?2 _LP@: .i JQMBiQ"
KQMBIiQ Xx2mi?2MX/2bvX/2fX



*?2 Ti2 e

.B'2+iBQM 2+QMbi m+iBQM 7
AKTmHDbBp2 aB;M Hb

Hi?Qm;?i?2 T°'BK v Q#D2+iBp2 Q7 LP@:Bbi?2/2i2+iBQM Q7 bi'QT?vbB+ |
Q7 2+Q /2/2p2MibrBHH #2 /m2iQp "BQmb# +F;"QmM/bQm +2b- b /2b+ B#2]
iQ p BQmb ivT2b Q7 bB;M Hb T°Q/m+2/ #v +? “;2/ +QbKB+ ~ vb-i?2 /2i2+iQ"
BKTmHbBp2 bB;M Hb Q7 i B#Q2H2+i B+ UrBM/@BM/m+2/V-bQH - Q" Mi? QT

6Q° K Mv Q7i?2b2 bB;M Hb-i?2B " Q°'B;BM Bb MQi FMQrM T 'BQ'BX JQ 2Qp:
+QKTHB+ i2/-p "vBM; bB;M im 2b-bm+? b TmHb2b? T2bi? ip "B2/bB;MB}+
i?72 b K2ivT2- "2T2 i2/ M/ Qp2 H TTBM; TmHb2b- Q"  HQM; i BHb +HBTT2/ #v |
HH Q7 i?2b2 K F2 bBKTH2 /B '2+iBQM }i mbBM; + ' Qbb@+Q "2H iBQM KQ 2 +
i?2 /2p2HQTK2Mi Q7 M H;Q ' Bi?K iQ "2+QMbi'm+i i?2 ""Bp H /B'2+iBQM Q7
bB;M HX

eXR AKTmHbBp2# +F:"QmM/bB:M Hb BM TQH "~ /BQ

h?2 p bi K DQ ' Biv Q7 BKTmHbBp2 bB;M Hb K2 bm 2/ #v LP@: Bb MQi /m2 iQ
+QbKB+ " vb-#miBb BMbi2 / + mb2/ #vIBM/@BM/m+2/ 2H2+i "B+ /Bb+? *;2b (R
p BQmbivT2b Q7 Mi?"QTQ;2MB+ MQBb2X h?2 H ii2> + i2;Q°v BM+HmM/2b #Qi
2°QTH M2b- bMQrKQ#BH2b- Q" " /BQ +QKKmMMB+ iBQM /2pB+2b- b r2HH b [
TmHb2 bV M/ mMBMi2MiBQM HbQm +2b Q7 ° /BQ 2KBbbBQMb T i Q7 i?2 /2i:

A7 i?2 bQm +2b Q7 i?Bb ° /BQ 2KBbbBQM 2 FMQrM- M/ i?2 bB;M H Bb r:
bBKBH " BM HH Mi2MM b- i?2v K v #2 mb2/ BM Q /2" iQ + HB#  i2 i?2 Mi2M
Rde)V Q" i?2 27" +iBp2 BM/2t Q7 i?2 B+2 U2X;X (R88-Rdd)VX >Qr2p2°- 7Q
““Bp2b 7°QK M mMMFMQrM Q'B;BM- TQi2MiB HHv 7°QK rBi?BM i?2 bi iBQM 7
bB;M Hb? T2 K v /Bz2  7°QK Mi2MM iQ Mi2MM - M/ ? p2 HQM; i BHb Q" "2T
QMHV T "iB HHv +QMi BM2/ BM i?2 "2+Q/2/ i° +2X h?Bb Bb i?2 + b2 7Q" 2t
2p2Mib Q#b2 p2/ /m"BM; ?B;?@rBM/ T2 'BQ/b (RR3)X h?2b2 ? p2 #22M Q#b2 ' p
[2i2+iQ  2tT2°'BK2Mib- + mbBM; BM~ i2/i'B;;2° " i2b QM+2 i?2 rBM/ bT22/ 2t-
MmM+H2 " r?2i?2  i?Bb bT22/i?°2b?QH/ Bb M BMi'BMbB+ "2[mB 2K2Mi 7Q " i?2
IBb+? “;2b- Q" BMbi2 / Bb Q#b2 p2/ b "2bmHi Q7 2p2Mib i HQr2  rBM/ bT:
KTHBiIim/2 iQ i'B;;2  i?2 /2i2+iQ bX h?2 ;2M2" iBQM Q7 M 2H2+i"B+ }2H/ /m:
M B+2 bm 7 +2 ? b #22M Q#b2 p2/ M/ bim/B2/ bBM+2 KQ'2 i? M +2Mim" v
i?72°"KQ2H2+i"B+ 2z2+ir bbm;;2bi2/iQ 2tTH BMi?2 T 2b2M+2 Q7 +? ~;2/Bz2

88
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b3 BQMb "2 KQ'2 KQ#BH2 i? M i?2BQmIM|2iBp2ilP>i?2v KB;  i2 T'272 2MiE
iQ +QH/2° "2;BQMbX h?°22 K2+? MBbKb "2 QmiHBM2/ i? i ;Bp2 "Bb2 iQ +°
i?Bb 2z2+i, B"@bm 7 +2 i2KT2" im 2 /Bz2 2M+2b- +'vbi H7  ;K2Mi iBQM N
+'vbi H7 ;K2Mi iBQM-i?2Qmi2 - +QQH2 U/m2iQ bm#HBK iBQMV- M/ i?ml|
Kv #2 7° +im 2/ Qz 7°QK i?2 "2bi Q7 i?2 bMQr +'vbi H BM +QHHBbBQMb r
T "iB+H2bX bvKK2i'B+ m##BM;- K2 Mr?BH2- 272 b iQ i?2 bBx2 /Bz2 2Mil
M/ i?22bMQrbm 7 +2-r?B+? 2bmHibBM?2 iBM; M/i?mb M2; iBp2Hv +? ;B
bm 7 +2 TQbBiBp2Hv +? ";2/X h?2 MmK#2" Q7 +? ;2/ T "iB+H2b- M/ i?2 K ;
/IBz2 ' 2M+2 ;2M2" i2/-r b Q#b2 p2/iQ/2+ 2 b2rBi? BM+"2 bBM; ?2B;?i #Qp2 i
rBi? BM+ 2 bBM; rBM/ bT22/- rBi? KmHIiBTH2 2tT2 BK2Mib bm;;2biBM; im’
e Ry Kfb (Rd3-R3y-R3R)X

>Qr2p2°-i?2 '2bmHiIBM; 2H2+i'B+ }2H/ K ;MBim/2b "2 bB;MB}+ MiHv HQr
BM/m+2 +Q QM H /Bb+?j9ydbFBMK\MBX B?mb- /Bz2 2Mi 2tTH M iBQM Bb "2[mB
KQ 2 BKTmHbBp2 bB;M Hbi? i 7Q'K TQi2MiB H# +F;"QmM/iQ mHi® @?B;?
S'2pBQmb 2zQ ib iQ "2+QMbi'm+i bQm +2 /B'2+iBQM 7Q " p "BQmb TQH " (
BK2Mib bm;;2bi i?2 /Bb+? ";2b Q++m> T°'BK "BHv QM M2 “#v K2i HHB+ bi'm
2X; X /m2iQ +? ;2 #mBH/@mT QM i?2 bMQr bm™7 +2- r?B+? rQmH/ "2bmHi |
/Bbi'B#miBQMX

AMQ /2 iQp2'B7vi?Bb- /B '2+iBQM "2+QMbi " m+iBQM H;Q Bi?KBb "2[mB
Q" M2mi'BMQ@BM/m+2/bB;M Hb-?Qr2p2'-i?2°2BbMQKQ/2Hi? i+ M#2 mb
M/ T2 7Q K }i Q i2KTH i2 +Q "2H iBQMX JQ 2Qp2 - i?2 BKTmHbBp2 2p2M
rBM/ T2°'BQ/b "2 Q7 2ti2M/2//m” iBQM-Q7i2M +QMi BM KmHIiBTH2 T2 Fb- M
+QMi BM2/BMi?2 "2+Q/2/ pQHi ;2i° +2bX h?Bb K F2bi?2bi M/ °/ TT Q +7? (
bB;M H #2ir22M /Bz2 2Mi Mi2MM bBM Q' /2 iQ /2i2°'KBM2 Bib ""Bp H/B 2+i
i?72 /2p2HQTK2Mi Q7 i? 2b?QH/@+ " QbbBM; # b2/ H;Q Bi?K BMbi2 /- r?B+"
M2ti b2+iBQMX

eXk h?2 H;Q Bi?K

h?2 bBKTH2bir viQ /2i2°'KBM2i?2 ""Bp HiBK2 Q7 M BKTmHbBp2 bB;M H i
iBK2r?2°2i?2 "2+Q°/2/ pQHi ;2} bi+ Qbb2b ;Bp2Mi? 2b?QH/X h?Bb Bb BM
"2+QMbi'm+i i?2 i’ B#Q2H2+i'B+ 2p2Mib b22M #v _LP@: BM (RR3)X >Qr2p2°
?B;? KBMBKmK i?"2b?QH/BM Q /2 iQ /BbiBM;mBb?i?2bB;M H7 QK i?2 U2H
T "iB+mH "Hv bi?2/BbT2°'bBQM BMi"Q/m+2/ #v i?2 Mi2MM M/ bB;M H +? I
i?72 T2 FpQHi ;2BM/m+2/ #vi?2 bB;M HX

h?mb-"i?22"i? M/2}MBM; i?2b?QH/ /B 2+iHVv QM i?2 pQHi ;2i  +2- b?Q
7Q°'K Uah6hV Bb mb2/X aBKBH " iQ TQr2 @BMi2;" iBQMi'B;;2 -i?Bb +QKT?
bT 2 /BM; Qmi/m2iQ /BbT2'bBQM- ii?2 +QbiQ7BMi"Q/m+BM; bQK2 K#B;m
/Im2 iQ i?2 rB/i? Q7 i?2 rBM/QrX h?2 7TQHHQrBM; T°'Q+2/m 2 Bb mb2/, 7Q" 2
i?72 "2+QMbi " m+iBQM-i?2 ah6h Bb +QKTmi2/ rBi? hmF2v rBM/Qr Q7 ky Mb U
rBi? bi2T bBx2 UBM+ 2K2Mi #2ir22M bm++2bbBp2 rBM/QrbV Q7 R b KTH2X

2t+2%bb 7TQHHQTrb, P .
S(t)=45—sfsf); UeXRV

f

r?2 % () Bb i?2 ah6h 2M2 ;v bT2+i° H /2MbBiv Qi7i BK2{ mi2 &+ B bt BM

K2/B M2M2 ;v bT2+i° H/2MbBiv- +QKTmi2/ QM bB;M H@7 22T "iQ7i?2 pQ
7°2[m2M+v #BMb BM+HmM/2b QMHv i?Qb2 #BMb r?2 2 i?2 K tBKmK 2M2" ;v bT
Ry iBK2b i?2 K2/B M- rBi? KBMBKmMK Q7 irQ 7°2[m2M+v #BMbX h?Bb 2z2+iE



eXkX h>1 G:P_Ah>J

Voltage [mV]

100

100

600
450
300
150

LPDA 13

LPDA 16

LPDA 19

110°

8d

Frequency [MHZz]

Energy Spectral Density [mV2=GHz]

10°

1 , ] :
200 0
Time [ns]

1 L :I
200 0
Time [ns]

E_1 , |:
200 0
Time [ns]

6B;m 2 eXR, 1t KTH2 2p2Mi Q#b2 p2/#v M _LP@: bi iBQM/m BM; ?B;?@rBM/
"2+Q°/2/ pQHIi ;20 +2b7Q 7 i?2i?°22 mTr /@7 +BM; GS. Mi2MM bX JB//H2 " (
Q7 1?2 2M2 ;v bT2+i° H/2MbBivX "QiiQK ~(r-, t?22BWM2+iBNH i2t2 PhthX "Hm?2

/Qii2/ HBM2b BM/B+ i2i?2i? 2b?QH/ M/i?2 TmHb2 “~"Bp HiBK2/2}M2/ #vi?2

}JHi2  i? i 2t+HmM/2b 7 2[m2M+v #BMb rBi? HBiiH2 Q° MQ bB;M H +QMi ' B#miBQ
i?2M Q#i BM2/ #v B/2MiB7VvBM; i?2 iBK2UbV r?2°2 i?2 bT2+i  H 2t+2bb + Qbb?

12

1)2=3 ;

UeXkV
(Ns

Sthreshold = 1+

r2B+? BbbBKTHv M 2KTB'B+ HT ° K2i2'Bx iBQM Q7 i?2K2/B MibT2+i" H2t+2
Bbi?2 MmK#2 Q77 2[m2M+v #BMb BM+HmM/2/ BM i?2bmKBM 2[m iBQM eXRX A
i? 11?22bT2+i" H2t+2bb Q7 TmSyZesMQ BOR2 i 22Mb+2 7Q° ;Bp2M 2p2Mi M/ Mi2M
Bb "Qm;?Hv 8yWX h?Bb Bb +QK#BM2/ rBi? +QBM+B/2M+2;FQM/BiBQM QM HI
ct; tjj<rTi'!janxi % J; UeXjV

r?22°@/2MQi2b i?2 bT22/ Q7 HB;?iX h?Bb 7m i?2" "2/m+2b i?2 T'Q# #BHBiv Q7
i?7°2b?QH/ + QbbBM; /I m2iQ Tm 2 MQBb2 BMbi2 / Q7 i?2 BKTmHbBp2 bB;M HX

M 2t KTH2 2p2Mi- Q#b2 p2/ /Im " BM; ?B;?@rBM/ T2'BQ/ UR8 KfbV #v LP
b?QrM BM 6B;m 2 eXRX 6Q i?2 +m "2Mi _LP@: bi iBQMb-i?2i?°'22 mTr /@7 -
Mi2MM bUGS. bVUb22b2+iBQMjXjV "2KQbib2MbBiBp2iQbB;M Hb ""BpBM;
/Im2 iQ i?2 +QK#BM iBQM Q7 + #H2 /2H vb M/ bB;M Hi® p2H iBK2- i?Bb HbQ
i'B;;2°2/i?2b2 Mi2MM b-i?2bB;M HrBHH MQi #2 pBbB#H2 BM i?2 /22T Mi2MN
b2iiBM;b mb2/ T'BQ  iQ kyk9X IbBM; QMHvV i?°22 Mi2MM b- Bi Bb MQi TQbbB#
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‘2+QMbi‘m+iBQM0X AiVIbiOZ /- 12 mb2i?2 TH M2@r p2 TT QtBK iBQM,

1o 1
Y. a2 sin cos

t X1
o k=0 x y2 2K@sin sin A UeX9V

¥k R K cos

r?2°2 i?2BM/B+ i2b i?2 UiBK2fbT iB HV /Bz2 ' 2M+2 rBi? "2bT2Ni iQ i?2 } bi
Mi2MM b r2N? pI2°QrbX AM i?2 + b2 Q7 i?°22 Mi2MM B- zi2® bM/2 /2Ti?
2[m iBQM eX9 bBKZTHBR2IbBOQ2[m iBQM-r?B+? + M #2 BMp2'i2/,
sin %95 - X1 N bt
sin X2 Y2 to
6Q bQm +2b rBi?BM i?2 bi iBQM 7QQiT ' BMi-i?2Qm;? 7Q K HHv i?2 TH M2/
TTHB+ #H2- Bi /Q2b ;Bp2 +QMbBbi2Mi "2bmHib, bB;M Hb Q' B;BM iBM; 7°Q
+HQb2BMIiBK2- "2bmHiIiBMXBM BbK?RH2VZMBIRIBHH TQbbB#H2 iQ +QKT "2i?2
iQ i?72 2tT2+i2/ /B 2+iBQMb 7 QK TQi2MiB HbQm +2b BMbB/2 i?2 bi iBQM L
/1 @ +[mBbBiBQM U. ZV #QtVX
6BM HHv-r2 TQBMi Qmi ?22°2i? iQM2 +QMb2[m2M+2 Q7 mbBM; i? 2b?QH
i?7 M +°Qbb@+Q "2H iBQM # b2/ H;Q Bi?K BKTHB2b i? i MQi HH 2p2Mib +
i?°2b?QH/Bb + " Qbb2/BMQMHVIrQQmiQ7i?2i?°22 Mi2MM b-QMHv T "iB H
i?72 bQm ' +2 /B'2+iBQM iQ HB2 QM +m ' p2 BM x2MBi? M/ xBKmi?- Bb TQbb
i HH Bb TQbbB#H2 B7 i?2 i?°2b?QH/ Bb + ' Qbb2/ BM QM2 Q° MQ Mi2MM b
/IQrMbB/2 iQ i?Bb K2i?Q/- Bi /Q2b ? p2i?2 /p Mi ;2 Q7 miQK iB+ HHv 2D
M/ +QMiBMMQmb@r p2 UM ""Qr# M/Vi' B;;2°b-7Q r?B+? /B 2+iBQM "2+QNMN
HBF2HvV iQ #2 ++m’ i2 Q° K2 MBM;7mHX

UeX8V

eX] _2bmHib

AMQ /2 iQ B/2MiB7vi?2bQm +2b Q7 BKTmHbBp2bB;M Hb BM _LP@: bi iBQ!
H;Q Bi?Kr b TTHB2%ilQ iZBHBi2@i° Mb72 °2/7" +iBQMU&#¥mMm Mb KTH28V Q
Vi'B;;2°2/ 2p2Mib "2+Q /2/ BM i?2 } ' biirQ b2 bQMb UkykR M/ kykkV Q7 QT2
b2T ~ i2/ #vi?2 "2TQ i2/ rBM/ bT22/b i amKKBi ai iBQM (R3k) iQ /BbiBM;mB
BM/m+2/VbQm +2b 7'QK i'B#Q2H2+i'B+ 2p2Mib Q++m " "BM; /m"BM; T2 ' BQ/k
"2+QMbi'm+i2/ /B°2+iBQMb "2 b?QrM b i?2 2t+2bb Qp2  i?2 MmK#2 Q7 2p:
" M/QK /Bbi'B#miBQM Q7 TmHb2 “"Bp HiBK2b ii?2i?°22 Mi2MM b,

Nexcess = M: UeXeV
Nexp
LQi2 i? ii?Bb Bb MQi 2[mBp H2Mi iQ mbBM; 2[m H@ "2 #BMb BM x2MBi? N
;QQ/ "2 bQM iQ 2tT2+i /Bbi'B#miBQM mMB7Q K BM i?2b2 +QQ /BM i2bX AN
/IB'2+iBQMb mM K#B;mQmbHv +Hmbi2> "QmM/ HBKBi2/ MMK#2 Q7 bQm +2
#2 +H2 "Hv pBbB#H2 "2; "/H2bb Q7 i?2 +?QB+2 Q7 MQ K HBx iBQMX

eXjXR _2bmHib b2T " i2/ #v rBM/ bT22/

6B:m 2 eXk b?Qrb i?2 “2bmHib Q7 i?2 *2+QMbi'm+iBQM 7Q° _LP@: bi iBQM
HQr2  rBM/ bT22/b UH27i@? M/ THQiV-i?2 K DQ Biv Q7 "2+QMbi m+i2/ 2p2\

Rb HQM; bi?2i?°22 Mi2MM b "2 +HQb2 2MQm:? iQ b? ~2n?22M/ K22 277+ BpR22BEW 22t
Bb 7mM+iBQM Q7n2Ti(2)QMiBb + Bi2 BQM + M Hr vb #2 b iBb}2/ #v Ui2KTQ" "BHVV “Qi iBM; i?
bvbi2KX



eXjX _lalGha 8N

v 6 m/s (64%) 6 m/s<v 10 m/s (23%) v > 10 m/s (13%)
90 90 90

450 135) ..... \ 450 135, _é 102

135~

180 i 00 180°{'-----:f--- - 180°{'

-
(S>X
Excess []

2252”315 2255 2”315 225 )10

270° 270° 270 Y
6B;m 2 eXk, _2bmHib Q7 i?2 BKTmHbBp2 bB;M H "2+QMbi'm+iBQM 7Q  b? HH
bi iBQM kR Ubd K "Q[6V BM a2Ti2K#2  kykRX h?2 "2bmHib "2 b2T " i2/ BMiQ H
U+2Mi 2V M/ ?B;? U'B;?iV IBM/ bT22/b- rBi? T2 +2Mi ;2b BM/B+ iBM; i?2 "2H
Q#b2 p iIBQM T2 'BQ/X :'B/ HBM2b BKYyBM/ iRyxi2\ B&HBO7ED b?QrM H ;2" 7Q°
+H "BivX PT2M- #H +F +B +H2b BM/B+ i2 i?2 TT QtBK i2 TQbBiBQMb Q7 i?2
Q M;2+B +H2 b?Qrb i?2 /B 2+iBQM Q7 amKKBi ai iBQMX

Q7 i?2bi iBQMX AM 7 +i-i?Bb +Hmbi2  Bb/m2iQ irQ b2T "~ i2bQm +2b, i?2 T2
7°QKi?2GQ_qgqglL Mi2MM -r?B+? Bb KQmMi2/ QM i?2 2 bi2M bQH T M2H- |
MQBb2- Q' B;BM iBM; 7°7QK i?2TQr2 bvbi2KBMi?2 . Z#QtU ii?2 +2Mi 2 Q7 i~
"2bQHMIBQM Q7 i?2 "2+QMbi m+iBQM Bb MQi bm{+B2MiiQ /BbiBM;mBb? i?2ir
//IBiBQM H +mib QM 2X;X iBK2 U b i?2 # ii2°v/Q2b MQi +? ;2r?2Mi?2 bmM B

AM //BiBQM iQi?2 +Hmbi2 ' UbV M2 ~x2MBi?-i?2"2 "2i?°22 6i BHb6X h?Bb
r?2°2i?2 ""Bp HiBK2 iQM2 Q7 i?2i? 22 Mi2MM b Bb KBb'2+QMbi'm+i2/X A
irQ Mi2MM b +QMbi®> BM i?2 bQHmMIiBQM iQ HB2 QM +m p2i?2"Qm;?i?2i'm2b
bK HH MmK#2" Q7 2p2Mib- HH Q++m 'BM; rBi?BM bBM;H2 Ry@KBMmMi2 T2 B
"Qm;?HviQr /bi?2 K BM amKKBi ai iBQM #mBH/BM; X

i ?B;?2 rBM/ bT22/b U'B;?i THQiV-i?2 bBim iBQM +? M;2b- M/ i?°22 /Bb
B/2MiB}2/X h?2 } "biirQ +QBM+B/2 rBi? i?2 :Sa@bm ™ p2v2/ TQbBIiBQMb Q7 i?:
i?B°/ TQBMiBM; iQr /b amKKBi ai iBQMX h?Bb ;°22b rBi? i?72 +QM+HmbBQM
2H2+i"B+ 2p2Mib Q#b2 p2/ /m"BM; ?B;?@rBM/ bT22/b KQbi HBF2HvV Q ' B;BM i2
bi'm+im 2bX LQi2i? ii?22p2Mi +Hmbi2 " TQBMiBM; iQr /b amKKBiai iBQM Bb
QM bBM;H2/ vQMHv-bm;;2biBM; TQi2MiB HHv +QM/BiBQM HBivQM MQi?2
BM //BiBQM iQ rBM/ bT22/c MQ bm+? +Hmbi2  r b Q#b2 'p2/ BM kykk Q" 7Q" |
bi iBQMb-r?B+? "2 HH H®Q2 FEKN7M QK278 K BM amKKBi ai iBQM i? M bi iBQ
UR FKVX

h?2 "2bmHibQ7i?2 "2+QMbi m+iBQM H;Q Bi?K7Q° MQi?2 bi iBQM-kj- "2
bi iBQMr b#mBHi BM kykk- M/ ? b bK HH2 +QMi'B#miBQM 7" QK b2H7@BM/1
Hi?Qm;? i?2 mTr /@7 +BM; GS. i'B;;2° " i2 BbbiBHH Q#b2 p2/iQ BM+"2 b2
/Im2iQ MQBb2 7°QK i?2 # ii2 v +? ";BM;X >Qr2p2 - mMHBF2 7Q" bi iBQM kR-
TQBMIBM; iQr “/bi?2 . Z@#Qt ii?2 bi iBQM +2Mi 2 iHQr2 rBM/ bT22/bX h?B
7 +ii? ii?2 +? ";BM; 2p2Mib "2 HQr2° BM KTHBim/2 i? M 7Q bi iBQM kR- M
HBF2Hv iQ #2 KBb '2+QMbi m+i2/X

i ?B;?2 rBM/ bT22/b-r2 ; BMb22bQK2 +Hmbi2"BM; "QmM/i?2 TQbBiBQM!I
i?Bb + b2-?2Qr2p2°-i?2 +Hmbi2> "QmM/i?2r2bi2"MbQH T M2H Bb Km+? H
?B;?2° x2MBi?bX h?2 b?B7i2/ x2MBi? K v #2 /m2 iQ "2+QMbi m+iBQM 2 "Q ",
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v 6 m/s (57%) 6m/s<v 10 m/s (36%) v > 10 m/s (7%)
90° 90° 90° )
135 T 135 T 45° 135 -
3 B 3 B ; | 7
1807 ) o 1807 ) o 1807 110 @
225 2258 4. 317 225 ) 100

27¢° 27¢° 27¢

6B;m 2 eXj, 2bmHib Q7 i?72 BKTmHbBp2 bB;M H "2+QMbi m+iBQM 7Q  b? F
: bi iBQM kj UBIF HB ibB [6V 7°QK CmHv iQ a2Ti2K#2  kykkX h?2 "2bmHib
UH27iV- BMi2 ' K2/B i2 U+2Mi 2V M/ ?B;? U'B;?2iVIBM/ bT22/b-rBi? T2 +2Mi
7°2[m2M+v Qp2  i?2 Q#b2 p i BQM T2 BQ/X :"B/ HB8MKEb B¢/ B2+ NeR#HB2W Bi?b Q7
Bb b?QrM H ;27 7Q° +H "'BivX PT2M- #H +F +B +H2b BM/B+ i2 i?2 TT QtB
T M2Hb- M/ i?2 }HH2/- Q" M;2 +B +H2 b?Qrb i?2 /B'2+iBQM Q7 amKKBi ai iB

iBK2 /Bz2 2M+2b #2ir22M i?2 TmHb2 "~"Bp H iBK2b ii?2 i?°22 Mi2MM b "
"2+QMbi'm+i2/ x2MBi?X h?Bb + M ? TT2M 2bT2+B HHv B7 i?2 bB;M HBM Q
?b +H2 "2 QMb2ii? MBMi?2 Qi?2 irQ +? MM2HbX

eXjXk _2bmHib b2T  i2/ #v rBM/ 2p2Mi +H bbB}+ iBQM

AM M2zQ iiQ #2ii2 " mM/2 bi M/ i?22p2Mib Q#b2 p2//m"BM; ?B;? rBM/ bT22
B/2MiB7v M/ /Bb+ BKBM i2i?2K7 QK Qi?2 ivT2b Q7 2p2Mib- K +?BM2@H?2
QMirQ KQMi?b Q7 /i 7°QKbi iBQMkjBM (R3j)X p "B iBQM H miQ2M+Q/2" |
b i2HHBiI2@i~ Mb72 "2/7  +iBQMQ7b? HHQr@UGS. @Vi B;;2°2/2p2Mib- "2t
2p2Mi+Hmbi2°bX 6Qm " Q7i?2b2r2 2 Q#b2 p2/iQ #22Bi?2 mM+Q "2H i2/ Q"
rBM/ bT22/b, BM //BiBQM iQ i?2°'K H@MQBb2 M/ +QMiBMmMQmb@r p2 UM °
r?B+? Bb bm{+B2MiHv BKTmHbBp2 iQ #2 bm++2bb7mHHvV "2+QMbi " m+i2/ mt
i?Bb +? Ti2 -i?2°2 "2irQ +Hmbi2'bi? iQ++m  /m 'BM; / viBK2 QMHvVX h?2b
bBKBH "Q'B;BM bi?2 # ii2’v@+? ;BM; MQBb2 Q#b2 p2/ BM bi iBQM kR-
i?72 2p2Mib "2+QMbi " m+i2/ i HQr rBM/ bT22/b QM i?2 "B;?i@? M/ bB/2 Q7 6B;
h?2 "2K BMBM; RR +Hmbi2'b "2 bi'QM;Hv +Q "2H i2/ rBi? BM+ 2 b2/ rBI
imM@QM #2? pBQm~™ i rBM/ bT22/b Q7 "QmM/ d@Ry KfbX AM 6B;m 2 eX9-
"2+QMbi'm+iBQM "2b?QrMb2T T i2Hv7Q 2 +? +Hmbi2 - br2HH b7Q i?22
Mv +Hmbi2  U+Hmbi2> @RVX h?Bb H ii2" +Hmbi2> +QMbBbib Q7 #Qi? rBM/@
2p2MibX 6Q° KQ'2 /2i BHb QM 2 +? BM/BpB/m H 2p2Mi +Hmbi2 - bm+? b p:
TmM+iBQM Q7 rBM/ bT22/- 2i+X b r2HH b KQ 2 /2i BHb QM i?72 K2i?Q/QF
+Hmbi2 b-r2 272 iQ (R3j)X
HKQbi HH +Hmbi2 b +QM+2Mi" i2 2Bi?2° i Q> "QmM/ QM2 Q7 i?2 irQ b
KQbi +Hmbi2 b +QM+2Mi” i2 "Q@QmM/ i QM2 bQH " T M2H QMHv- bm;;2biBM;
b2MbBiBp2 iQ i?72 ""Bp H /B '2+iBQM Q7 i?2 bB;M H- Q" i? ii?2 2 "2 /Bz2 2
KTHBim/2b Q° 7°2[m2M+v bT2+i" #2ir22M i?2 2p2Mib 7°7QK 2 +? bQH ~ T MZ
QMX 6Q  i?2 irQ KQMi?b Q7 /i b?QrM ?22°2-i?2 K DQ'Biv Q7 i B;;2"BM; 2p:
7°QK U "QmM/V i?2r2bi2 "M bQH " T M2H- M/ bQK2 Q7 i?2b2 b?Qr BM/B+ iB
i?°2b?QH/X Pi?2° +Hmbi2°'b TT2 ~ U HKQbiV 2t+HmbBp2HvV mM/2" +2°i BM
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Cluster -1 Cluster 0 Cluster 2 Cluster 3 Cluster 6 Cluster 8
(2984 |/ 4247) (129/135) (57 /67) (48 / 58) (10049 /11702)(149 / 173)
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Cluster 9 Cluster 10 Cluster 11  Cluster 12  Cluster 13  Cluster 14 §

(543 /583) (123/124) (568 /626) (791 /1028) (1553 /1649) (497 / 861) E 10t L
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6B;m 2 eX9, 2+QMbi m+i2/ /B '2+iBQMb 7Q 2 +? +Hmbi2 Q7 b? HHQr@i B;
a2Ti2K#2 kykk 7Q " bi iBQM kj- mbBM; i?2 2p2Mi +Hmbi2 b B/2MiB}2/ BM (R3j)>
M2t+2bb Qp2  i?2 MmK#2 Q7 2p2Mib 2tT2+i2/7Q° > M/QK ""Bp HiBK2bX "H A
i?72 TQbBiBQMb Q7 i?2 bQH ~ T M2Hb- M/ i?2 Q> M;2- }HH2/ +B +H2 b?Qrb i
amKKBi ai iBQMX h?2 MmK#2 b #Qp2 2 +? THQiIi BM/B+ i2 i?2 MmK#2" Q7 bm+
2p2Mib b r2HH bi?2iQi HMmMK#2 Q7 2p2Mib BM i? i +Hmbi2 X

bT2+B}+ rBM/ /B 2+iBQMbV- i?Qm:? /m2 iQ i?2 HBKBi2/ iBK2 bT M +Qp2°2/ B
?2 "/ +QM+HMbBQMb #Qmi i?2 2t +i +QM/BiBQMb i? i M22/ iQ #2 b iBb}2/ 7Q"
Q++m "BM; QMHV QM QM2 Q" irQ / vbX

h?2°2Bb HbQ bQK2p 'BIiBQMBMi?2bT 2 /Q7i?2 2+QMbi " m+i2/ /B 2+iBQ
BM T°'BM+BTH2 Bi Bb +QM+2Bp #H2 i? i bQK2 2p2Mib Q' B;BM i2 MQi /B 2+iHv
bi'm+im 2-#mi 7 QK "QmM/i?2K-/m2iQ2X;Xim #mH2M+2 + mb2/ #vi?2 bQH
i?72b2 /Bz2°2M+2b "2 +QMb2[m2M+2 Q7 i?2 "2+QMbi m+iBQM [m HBivX 6Q" 2
M/ Ry ? p2 H “;2°?B;?2@7 2[m2M+v +QMi'B#miBQM M/ Db?Q i2° "Bb2 iBK2- |
i?72 Km+? bK HH2® bT'2 / BM i?2 "2+QMbi" m+i2/ /IB"'2+iBQMbX *QMp2 b2Hv- +
HQraL_BM QM2 Q7 i?2i?°22 Mi2MM b mb2/ BM i?2 "2+QMbi m+iBQM- r?B+"
HQM;i?2 /B 2+iBQM +QMbi> BM2/ #vi?2 2K BMBM; irQ Mi2MM b UBM/22/-7C
2p2Mib rBi? QMHvV T "iB H "2+QMbi m+iBQMb 7 ' QK i?2irQ Mi2MM b rBi? bm{+
rBi? i?Bb ?2vTQi?2bBbVX

AiBb +H2 "- #Qi? 7°QK i?2 "2bmHib T 2b2Mi2/ BM (RR3) M/ ?2°2-i? i iH2 Db
i?72rBM/@  2H i2/ BKTmHbBp2 /IBb+? *;2b Q#b2 p2/ #v BM@B+2 * /BQ 2tT2 BK:
#Qp2@bm 7 +2bi' m+im 2bX A7i?2°2r2°2 MQi?2 -KQ 2BbQi'QTB+bQm +2
U2X:;X 7°QK +? “;2 ++mKmH iBQM /B 2+iHv QM i?2 bMQr bm 7 +2V- Bi Bb HBF
M/ bQm +2 /B 2+iBQMb 7Q  bm+? 2p2Mib rQmH/ H2 /i?2 +H bbB}2  iQ /BbiBM
Q++m > "BM; ii?2bQH T M2HbX h?2 #b2M+2 Q7 bm+? +Hmbi2" " BM 6B;m 2 e
+QMi"B#miBQM 2tBbib- BX2X #Qp2@bm 7 +2bi'm+im'2b "2 "2[mB 2K2Mi 7C
i?2T'2b2M+2 Q7 //BiBQM HUBbQiIi"QTB+V bQm +2b + MMQi #2 +QM+HmMbBp2
bm+? 2p2Mib Kmbi #2 2Bi?2° Km+? > "2 M/fQ>  HQr2° BM KTHBiIim/2X



ek *> Shl_eX .A_1*hAPL _1*PLah_I*hAPL 6P_AJSIGaAol aA:L Ga

eX9 *QM+HmMmbBQMb M/ QmiHQQF

AMi?Bb +? Ti2°- M H;Q Bi?Kr bBMi"Q/m+2/i? imb2bi?2b?Q i@i2 "' K6Qm E
bBKTH2 M/ +QKTmi iBQM HHv +?22 T '2+QMbi m+iBQM Q7i?2 ~"Bp H/B 2+i
rbKQiBp i2/ #vi?2 Q#b2 p iBQM Q7 b2p2°  HivT2b Q7 BKTmHbBp2 bB;M H B
+QKTQM2Mi Q7 LP@:- 7Q  r?B+? +'Qbb@+Q '2H iBQM@# b2/ "2+QMbi m
TQQ Hv /m2 iQ i?2 T'2b2M+2 Q7 T 'iB HHv@+QMi BM2/ 2ti2M/2/ bB;M HbX
i?Bb rQ°Fr bb?2QrMiQ "2bmHi BM +QMbBbi2Mi "2+QMbi ' m+iBQM Q7 i?2 b
+H bb2b Q7 BKTmHbBp2 bB;M Hb BM LP@:- H#2BirBi? "2H iBp2HvVvH ;22"
2p2Mib- b r2HH b #B b2b UT 2/QKBM MiHv BM x2MBi?V 7Q  bQK2 bQm +2b.

AM T "iB+mH “-i?2 bB;M H/B 2+iBQM "2+QMbi " m+iBQMr b TTHB2/iQ i?:
BM _LP@:/m BM; T2'BQ/bQ7BM+"2 b2/ rBM/bT22/X AM +QKT "BbQM iQ (RF
i?72 KBMBKmK KTHBiIim/2 Q7 i?2 bB;M HBM 2 +? Q7 i?2i?°22 mTr /@7 +BM;
77 +iBQM Q7 i?2b2 i'B#Q2H2+i"B+ 2p2Mibr b ' 2+QMbi " m+i2/X AM //BiBQM-
b2T "~ i2HviQ 2 +? Q7 i?2 /Bz2 2Mi +H bb2b Q7 ?B;?@rBM/ 2p2Mib b B/2MiB
+H bbB}+ iBQM H;Q'Bi?KBM (R3j)-BM Q' /2  iQ BMp2biB; i2 r?2i?2  i?2 2 B
BKTmHbBp2 bB;M Hb 7°7QK BbQi'QTB+ Q'B;BM Q° bQm +2b Qi?2" i? M i?2 T
BM/B+ iBQMb 7Q  i?Bbr2°'27QmM/- M/i?2 "2bmHibr2°2 +QMbBbi2MirBi? i?
BX2X rBM/@BM/m+2/ BKTmHbBp2 /IBb+? ";2b b22KiQ Q' B;BM i2 7 QK #Qp2(
i?Bb + b2 Ui?2bmTTQ ibi'm+im 2 Q7Vi?2 LP@:bQH ~T M2HbX

6Q°  7mim 2 Bi2® iBQMb Q7 i?2 H;Q Bi?K BMi"Q/m+2/ ?22°2-i?22"2 "2 irQ
Bib ++m” +v KB;?i #2 BKT Qp2/X 6B biHv-i?2 Mi2MM b- KTHB}2'b M/ _ ./
/IBbT2'bBQM iQ Mv # Q /# M/ bB;M H "2+Q /2/ #v i?2 LP@: /2i2+iQ X h?BI
bB;M Hb #2BM; bK2 2/ Qmi Qp2° HQM;2 iBK2 7° K2X A7 i?2 /BbT2'bBQM
++m° i2Hv FMQrM- Bi + M #2 KQ/2HH2/ M/ +Q "2+i2/ 7Q - BM+ 2 bBM; i?2
mb2/BMi?2 "2+QMbi ' m+iBQMX h?Bbr bBM7 +ii'B2/ H2 /v-#mi? bH2/iQb
BMT "iB+mH ~ 7Q  2p2Mib rBi? p2'vbi QM; bB;M Hb BM bQK2 Q7 i?2 +? MM
/IBbT2 ' bBQM H2/iQ bi'QM; HQr@7 2[m2M+v +QKTQM2Mi i? i 2ti2M/2/ bB;|
# Q /# M/ T2 FX h?Bb K v #2 /Im2 iQ MmK#2> Q7 "2 bQMbc Bi Bb TQbbB#H|
rBM/@BM/m+2/ 2p2Mib "2 BMi'BMbB+ HHv Q7 2ti2M/2//m” iBQM Q7 i?2 Q" /:
+ b2 MM7QH/BM; Bb mM #H2 iQ BKT ' Qp2 i?2B° BKTmHbBpBivX MQi?2" HBF
bB;:M H@+? BM "2bTQMb2 Q7 i?2 b? HHQr +QKTQM2Mi Q7 i?2 LP@: /2i2+iC
+ Tim 2/ BM bBKmH iBQM- 2bT2+B HHv ii?2 HQr2"  7°'2[m2M+B2b (R39)X PI
p BH #H2- Bi K v #2 rQ i?r?BH2 iQ "2pBbBi i?Bb iQTB+X

MQi?2  BKT Qp2K2Mi K v#2iQ BM+Hm/2 //BiBQM H Mi2MM bBMi?2 "2+
2[mB 2 ;BpBM; mT QM i?2mb2Q7 M M HviB+TH M2@r p2 bQHmMiBQM M/ BN
#miK v HHQr7Q° 7mHH . "2+QMbi'm+iBQM Q7 i?2 2KBbbBQM Q'B;BMX h?
7 - bi?2bi iBQM /2bB;MT 2@kyk9 QMHvV 72 im 2/i?°22mTr /@7 +BM; GS.
rBM/Qrb Ub22 b2+iBQM 8XkV K2 Mii?2bB;M H+QmH/ MQi#2 + Tim 2/ BM i?2
bBKmHi M2QmbHvX h?2 Hii2>?2 b H'2 /v +? M;2/ BM i?2 kyk9 b2 bQM- r?B
bi iBQM ? b MQr #22M /2THQvV2/ rBi? 7Qm™  mTr /@7 +BM; GS. Mi2MM bX |
Mi2MM b K v?2HTIiQKQ 2T 2+Bb2HV /2i2 ' KBM2i?2bBi2 Q7 i'B#Q2H2+i B+
M/ T2'? Tb 2p2Mim HHv HbQ #2 mb2/ 7Q" + HB#  iBQM Q7 Mi2MM TQbBiB



*?2 Ti2 d

*QbKB+ v _2+QMbi m+iBQM

AM +QMi® biiQi?2 b@v2i mM/2i2+i2/ mHi® @?B;?2@2M2 ;v UI>1V M2mi BMQ -
Q7 mHIi® @?B;?7@2M2 ;v +QbKB+ ~vb ? b #22M "2H iBp2Hv r2HH K2 bm 2/ M}
BbH “;22MQm;? iQ #2 /2i2+i2/ "2;mH "Hv #v BM@B+2 * /BQ M2mi ' BMQ Q#b2"’
bB;M H 7' QK 2ti2MbBp2 B  b?Qr2'b Ul aV i?2v T°Q/m+2X PMi?2 QM2 ? M/-
# +F;"QmM/ bQm +2 iQ i?2 T'BK 'v ;Q HQ7 /2i2+iBM; bi'QT?vbB+ H M2mi B
# +F;"QmM/ bB;M H+ mb2/#v ?B;?@2M2 ;vKmQMb Q" MBM@B+2b?Qr2° +Q".
h?mb- #2BM; #H2 iQ 2{+B2MiHv /2i2+i i?72 B " @b?Qr2 " @BM/m+2/ bB;M H Bb I
i?2b2 # +F;"QmM/ bQm +2bX

PMi?2 Qi?2° ? M/- "2+QMbi m+iBM; i?2 bB;M H7 QK B  b?Qr2°'b+ Mb2 p2
T2 7Q°K M+2 M/ + HB# iBQM Q7 i?2/2i2+iQ°"X AMT "iB+mH - bi?2v "2 2tT
HBM2 "Hv TQH "BX2/BHBM+IiBM-i?2 "2+QMbi m+iBQM Q7 i?2 b?Qr2" /B 2+il
TQH "Bx iBQM + M T °QpB/2b ? M/H2 QM i?2 TQH 'Bx iBQM "2bQHmMIiBQM Q7 i
HbQ 7Q  i?2 "2+QMbi'm+iBQM Q7 M2mi'BMQ /B 2+iBQM- b rBHH #2 /2i BH2/

bi?2 B " @b?Qr2° bB;M H Q B;BM i2b 77QK #Qp2- 7Q° _LP@:-i?2 #mHF (
"2+QMbi'm+iBQM + T #BHBiB2b "2 2tT2+i2/iQ#2 T QpB/2/#vi?2i? 22 mTr */
h?BbBb /Bz2'2MiH vQmii? Mi?29@GS. HvQmi+?Qb2M#v _A LL (R38)-rB
"2[mB°'BM; QM2 72r2° +? MM2H /2/B+ i2/iQi?2/2i2+iBQM Q7 # +F; " QmM/ bB;M
#Qi? i'B;;2°BM; M/ 2+QMbi'm+iBQMKQ 2 +? HH2M;BM;X h?Bb +? Ti2 rBHH
BM /2i BHX 6B bi- BM b2+iBQM dXR- b2i Q7 +QbKB+@ v B " @b?Qr2° bBKmH
M/i?2i1'B;;2  2{+B2M+B2b7Q j@ M/9@ Mi2MM H vQmib "2 +QKT “2/-7Q+m
T 2b2M+2 Q7 6#HBM/ bTQib6 BMi?2i'B;;2 2{+B2M+v7Q +QbKB+ vb ""BpBI
a2+iBOQM dXk BMi'Q/m+2b "2+QMbi ' m+iBQM H;Q ' Bi?K 7Q i?2/B'2+iBQM M
B b?Qr2 b-r?B+?2+ M#2 +QMbB/2 2/ M2pQHmMIBQM Q7 i?27Q ' r "/@7QH/BM;
g?BH2i?2 H;Q Bi?KT 2b2Mi2/BMi?BbrQ Fr bKQiBp i2/#vi?2T "iB+mH ~ +?
i?72i?°22@ Mi2MM H vQmi Q7 LP@:-Bi HbQ BKT Qp2b QM i?2 T2 7Q K M+2
77 7Qm @ Mi2MM H vQmiX h?Bb Bb b?QrM BM b2+iBQM dXj-r?B+? /2KQM|
M2r H;Q Bi?K 7Q  i?2 bBKmH iBQM b2i BM b2+iBQM dXR- M/ +QKT "2bi?2 "2
i?7°22@ M/ 7Qm @ Mi2MM H vQmib 7Q" #Qi? H;Q Bi?KbX 6BM HHv- b2+iBQ N\
"2bmHib Q7 1?2 "2+QMbi m+iBQM H;Q ' Bi?KQM +QbKB+@ v + M/B/ i2/2i2+

dXR aBKmH iBQM

h?2 bBKmH iBQM b2i mb2/iQ /2i2°KBM2 i?2 i'B::2° M/ 2+QMbi m+iBQM T2"7
mb2/ BM (j)X Ai +QMbBbib Q7 9yd T'QiQM@T BK ‘v B  b?Qr2 b bBKmH i2/ mb

ej
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6B:m 2 dXR, h?2 TQbBiBQMb M/ Q B2Mi iBQMb Q7 i?2j M/ 9mTr /@7 +BM
iBQMb mb2/BMi?2 bBKmH iBQMbX h?2 /B BR+iB@M QN i?i2iBQM2iB223MH/M/-
br2HH bi?2 U xBKmi? HV /B 2+iBQ@d OBKMH+Qb KB+ *RbaAE - "2 b?2QrM
BM i?2 BMb2i BM i?2 iQT H27iX

mbBM; i?2 Z:aC2iAAXy9 (R3e) M/ 1°Z2J. (R3d) KQ/2Hb 7Q  i?72 ? /' QMB+ BM
b?Qr2 - i?2 ° /BQ 2KBbbBQM r b bBKmH i2/ mbBM; *Q_1 a (Ryk) QM k9y@
"QmM/ i?2 b?Qr2° +Q°2 i M HiBim/2 Q7 jkRe KX h?2 T'QiQM T°'BK "B2b
7°QK 8iQ 38 /2;°22b-BM 8/2;°22 BMi2 p Hb- WO MIDW2 20- BM; 2 HQEK
/2+ /2 BMi2'p HbX >Qr2p2 - HH +QbKB+ ~ vbr2°2 bBKmH i2/ +QKBM; 7°QK i
+Q "2bTQMAib iZ8 BM i?2 HQ+ H+QQ ' /BM i2 bvbi2K mb2/ #v _LP@:VX b i?2 |
Bb p2°'v+HQb2 iQ pdiBR3A)YV- +? M;BM; i?2 +QbKB+ v xBKmi? Bb 2tT2+i2/
KBMQ™ 2z2+i QM i?2 "2bmHIiIBM; ~ /BQ 2KBbbBQMX h?mb- BMbi2 / Q7 bBKm
b?Qr2°'b 7 QK /Bz2 '2Mi xBKmi?b- +QbKB+ " v +QKBM+7 QK W22B 2+iBQN
TT QtBK i2/ #v "Qi iBM; i?2 /2iX+iQ" #v

dXRXR aBKmH iBQM b2imT

h?2i'B;;2° 2{+B2M+B2b b 7mM+iBQM Q7 +QbKB+ v /B 2+iBQMr2 2 2biBK
iQ T°Q/m+2 "2 HBbiB+ +QbKB+@  vb KTH2iQ mb2 7Q i?2 "2+QMbi m+iBQ!
rb/QM2 #v "2 /BM; i?2 2H2+i B+ }2H/b ;2M2" i2/ #v *Q_1 a BMiQ Lm_ /BQ_
MQBb2 /Im2iQ i?2B+2 i2KT2 im 2-2H2+i"QMB+b M/ i?2; H tv- M/ +QMpQH
Mi2MM M/ bB;M H +? BM "2bTQMb2X "Qi? i'B M;mH *-j@GS. +QM};m" iB
_LP@:- br2HH b 9@GS. H vQmi- bBKBH "iQi?2 QM2 mb2/#v _A LL (R3¢
h?2b2 H vQmib "2 b?QrM BM 6B;m 2 dXRX .Bz2 2Mi +QbKB+@ v xBKmi?b
Qi i2//2i2+iQ7 /2b+ 'BTiBQM- b KQiBp i2/ #Qp2X PMHAVI(RI2FITRZ Qi iBQMI
bBKmH i2/- b HH Qi?2° "Qi iBQMb + M #2 "2H i2/iQ Qi iBQM BM i?Bb * M
Q7 i?2 /2i2+iQ° H vQmibX AM //BiBQM- 7Q° bQK2 +QbKB+ v 2M2 ;B2b |
p BH #H2 *Q_1 a bBKmH iBQMb r b HQr2  i? M 7Q  Qi?2 bc BM i?Qb2 + b2b
r2°2 bm#biBimi2/ #v HBM2 "Hv "2b+ HBM; i?2 2H2+i B+ }2H/b 7°QK +Q "2bT
i /Bz2 2Mi 2M2 ;vX b i?2 KTHBim/2 Q7 i?2 /BQ bB;M HBb TT QtBK i2}
[2TQbBi2/ 2M2 ;v (R3N)- M/ i?Bb QMHvV z2+ib bK 2HQIMK#2I™ B;7 D'BHWMH iB



dXRX aAJIG hAPL e8

2p2MibV-i?22 2z2+i QM i?2 "2bmHib rBHH #2 M2;HB;B#H2X

h?2 mTr /@7 +BM; i’ B;;2°7Q° LP@:Bb# b2/ QM irQ@7QH/ +QBM+B/2M+
i'B;;2° Q7 i?2i?°22mTr /@7 +BM; GS. +? MM2HbX b i?2 2t +i #2? pBQm ™ Q'
Bb biBHH #2BM; K2 bm*2/ (Rjy)- M/ i?2 i'B;;2" i?'2b?QH/ Bb iBK2@p "B #H
jXjXk-BM (k) >BH#2 i@2Mp2HQT2 i'B;;2 QM i?2 KTHBIim/2 Q7 i?2 # M/T bb(
T bb# MB®IBO]IJ>x-+Q "2bTQM/BM; "Qm;?HviQi?2# M/T bb}Hi2  mb2/BM "2 H
i'B;;27i?°2b?QH/b r2°2 bBKmH i2/X IMH2bb bT2+B}2/ Qi?2 rBb2-i?2 7TQHHQT

iTB;;27 i?7°2bAQdgt! ©30mV  8VI%e r b mb2/X LQi2 i? i i?Bb 272 b iQ i?2 bB;M
iQ@MQBb2 " iBQ UaL_V BMbB/2 i?2 i'B;;2 T bb# M/-r?B+? +Q "2bTQM/b iQ
5BMi?2 TmHH # M/rB/i?X h?Bb Bb "Qm;?Hv 2[mBp H2Mi iQ i?72 p2 ;2 2tT2+i.
i?727? /r "2 /2THQv2/ 7°QK kyk9 QMr /b (Rjy)X h?2 b K2 i'B;;2° +QM/BiBQMb
i?72 j@GS. M/ i?29@GS. HvQmibc BM "2 HBiv- B7 i?72 BK Bb iQ ? p2 +QKT
QM Tm 2 MQBb2- i?2 i? 2b?QH/b 7Q  i?72 9@GS. HvQmi rQmH/ T Q# #Hv #2
i?72 ?2B;?2° +QK#BM iQ'B H T Q# #BHBivQ7 k@Qmi@Q7@9 +QBM+B/2M+2 +(
KQbiHvV "2bmHi BM KBMQ" /DmbiK2Mi Q7 i?2 #bQHmi2 i'B;;2" "~ i2-r?B+? BN\
BMi2 T 2i2/iQQ 'B;Q°QmbHv ?2°2-/m2 iQ i?2 #b2M+2 Q7 7mHH + HB#  iBC(
i'B;;2°X h?2 "2H iBp2 #2? pBQm Q7 i?2i'B;;2" " i2bp2'bmb 2M2 ;v M/ +QbK
2tT2+i2/iQ 2K BM KQbiHv mM z2+i2/X

dXRXk _2bmHib

h?2 "2bmHib Q7 1?2 i'B;;2° bBKmH iBQMb "2 b?QrM BM 6B;m 2 dXkX h?2v ? |
T QD2+i2/ "2 bQ7 2 +? bBKmH i2/ TQBMi QM i?2 bi "@b? T2/ ;"B/- bbmKBM;
~mt- M/ #vi?2T BK 'v2M2 ;B2b mbBM;i?22M2 ;vbT2+i mKT ~ K2i2 ' Bx iBQN
? M/ bB/2 Q7 6B;m 2 dXk b?Qrbi?2i'B;;2° " i2 b 7TmM+iBQM Q7 +QbKB+ " v 2
i'B;;2°'BM; +QbKB+ " vb 'Bp2 7'QK @aywRMBIif2 M2 9B 210 1M /
20c QMHv 7Q " i?2 KQbiBM+HBM2/ ""Bp H/B'2+iBQMb-r?2"2i?2 KTHBIim/2 Q7
MQibm{+B2MiiQ i B;;2 i?2/2i2+iQ -/Q?B;?2 " @2M2 ;v+QbKB+ vbT QpB/2
h?2b2 Q#b2 p iBQMb ?QH/ 7Q" #Qi? j@ M/ 9@ Mi2MM H vQmibX
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/Im2 iQ i?2 7 +i i? i bK HH +? M;2 BM i?2 2tT2+i2/ bB;M H KTHBim/2 "2bmH
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+QKTQM2Mi TT QT B i2Hv r?2M bBKmH iBM; /Bz2 2Mi +QbKB+@ v /B 2+iB
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GS. Mi2MM b b mb2/ #v LP@:-7Qm Q7 r?B+? 2 /2THQv2/ 7 +BM; mTr |
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bQK2 /Bb /p Mi ;2bX 6B bi- BM Q°/2" iQ 2Mbm 2 ?B;?@[m HBiv bB;M H "2+
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#22M /212 °KBM2/- r2 7TQHHQr bBKBH ° TT'Q +? b BM (8)- M#/2i2 KBM2 i
Q7 i?2 /i b2ir?2°2 HH MQBb2 +QMi'B#miBQMb ? p2 #22M 2KQp2/X AM Q
rBi? i?2 2tBbiBM:; T ° K2i2'Bx iBQMb 7Q" Qi?2° HQ+ iBQMb- i?2}irb T2 7
HvQmi M/ i?2 T°2pBQmb p2 'bBQM Q7 i?2 }i H:Q Bi?KX h?2 QTiBK HT " K
#Vi?2Bb }i T Q+2/m 27?2 p2 #22M //2# QD KR+2tBHNBM ;v _ 2 + QMD/imH 2i BM
Lm_ /BQJ*X

dXj _2+QMbi m+iBQM T2 7Q K M+2

h?2 "2bmHib Q7 i?2 "2+QMbi m+iBQM bim/v "2 b?QrM BM 6B;m 2 dXj-r?B+? |
bT +2 M;H2Bz2'2M+2 #2ir22M "2+QMbi" m+i2/ M/ i'm2 +QbKB+ ~ v /B '2+iBQ
M;H =arctan(A =A)- M/ i?2 +QbKB+@E X BM2 2+ QMbi m+iBQM Bb T2 7Q K2/
QM+2 mbBM; i?2 H;Q Bi?K /2b+ B#2/ ?2°2- M/ QM+2 mbBM; i?2 Q°B;BM H
/IBIBQM HHv- #Qi? i?2 T2 ' 7Q K M+2 7Q  i?2j@GS. M/i?29@GS. H vQmit
i72 Q°B;BM H H;Q ' Bi?K QMHV +QMbB/2 b i?2 T B @rBb2 +Q "2H iBQM 7Q" i
7Q i?72j@GS. HvQmi-i?Bbr b KQ/B}2/iQ 2tTHQBIi i?2 +'Qbb@+Q "2H iBQI
BX2X i?°'22T B'rBb2 +Q "2H iBQMbX

b 2tT2+i2/-i?2 +QK#BM2/}i7Q  i?2 +QbKB+@ v b?Qr2" /B '2+iBQM M/ 21
?2°2 T2 7Q Kb #2ii2° i? M i?2 irQ@bi ;2 }i- "2bmHiIiBM; BM H ;2" 7° +iBQl
2p2Mib M/ bK HH2  p2° ;22 "Q X >Qr2p2 -i?2/Bz2'2M+2 Bb bB;MB}+ Mit
HvOQmii? M7Q  i?2 j@GS. HvQmiX AM 7 +i-r?2 2 bi?2 2+QMbi m+iBQM
++m” i2i? MmbBM; j7Q i?2 M2r H;Q Bi?K-i?Bb Bb BMp2'i2/ 7Q  i?2 T 2pB
j@GS. HvQmi T2 7Q Kb #2ii2° /2bTBi2 i?2 "2/m+iBQM BM i?2 MmK#2" Q7
HBF2Hv /m2 iQ i?2 7 +ii? ii?2 QH/ /B '2+iBQM "2+QMbi " m+iBQM 7Q" i?2 9@
+'Qbb@+Q "2H iBQM Q7 i?2 T ° HH2H Mi2MM b-r?2"2 b #Qi? QH/ M/ M2r
2tTHQBIi i?2 +'Qbb@+Q "2H iBQM #2ir22M HH TQbbB#H2 T B'b7Q i?2 @G
BMi"Q/m+iBQM Q7 i?2 +QK#BM2/}ir b KQiBp i2/ #vi?2 T "iB+mH ~ +? HH2M;
H ;2" BKT ' Qp2K2Mi Bb Q#i BM2/ 7Q  i?729@GS. H vQmiX

MQi?2° +m " BQbBiv Bb i? i i?2 M2r H;Q Bi?K "2+QMbi' m+ib i?2 b?Qr2" 2
i? Mi?2 T°'2pBQmb Bi2" iBQM- /2bTBi2 i?2 7 +ii? ii?72 Q' B;BM H H;Q Bi?k
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UbQHB/ HBM2bV- +QKT "2/iQi? i Q#i BM2/ mbBM; i?2 Q'B;BM H H:Q Bi?K BN

j@GS. M/ 9@GS. HvQmi Ub22 6B;m 2 dXRVX h?2 T2 7Q K M+2 Bb b?2Qr
/Bbi'B#miBQM 7mM+iBQM Q7 i?2 "2bQHmMiBQM- BX2X i?2 7> +iBQM Q7 2p2Mil
X = Xreconstucted  Xwue DK HH2  i? M :Bp2M p Hm2X LQi2 i? i i?Bb Bb MQi i?2 b
bBM:H2@2p2Mi mM+2'i BMiB2bX a?QrM 2 i?2 /Bbi'B#miBQMb 7Q  i?2 U M;
"2+QMbi'm+i2/ M/i'm2 +QbKB+@ v /B 2+iBQM UH27iV-i?2 TQH 'Bx iBQM |
2M2 ;v U B;?iVX

i?72 }i +QMbi Mib BM 2[m iBQM dXdX g?BH2 i?Bb Bb 2tT2+i2/ 7Q  i?2 9@GS.
H;Q ' Bi?K 72 im 2b Km+? BKT'Qp2/ '2+QMbi m+iBQM Q7 i?2 +QbKB+@ " v b?
TQH "Bx iBQM- i?2 /Bz2 '2M+2 Bb bHB;?iHv H ";2° i? M 2tT2+i2/ 7Q  i?2 j@G
KQ/2' i2Hv BKT Qp2b BM i?2 "2+QMbi ' m+iBQM Q7 i?2b2 [m MiBiB2bX h?2 Bl
Kv #2 /Im2 iQ i?2 7 +i i? i i?2 H;Q Bi?K BM (8) mb2b QMHw iB@d2PBM2 ~ 7 2[r
2[m iBQM dX8V iQ +QKTmi2 i?2 "2+QMbi n+id/bBMW2 +Hi? B {nh/Hi/PB K t
QMHv iQ /2i2°KBM2 i?2 bB/2 Q7 *?2 ' 2MFQp +QM2X h?2 M2r H;Q ' Bi?K- BM
[m/® iB+ i2°K HbQ BM i?2 "2+QMbi'm+i2/ 2H2+i "B+ }2H/ ~mt- r?B+? K v BM+
i?72 HBM2 ° "2H iBQMb?BT #2ir22M i?2 Ub[m "2 "QQi Q7 i?2V 2H2+i'B+@}2H/
BM 2[m iBQM dXdX Ai b?QmH/ #2 MQi2/- ?2Qr2p2 - i? ii?2 Qp2° HH "2bQHmiB
2M2 ;v BbHQr2 i? Mi?2 "2bQHmMiBQM /2KQMbi® i2/ BM (8)7Q" "~ /BQ/2i2+iQ"
Kv#22Bi?2° /m2iQi?2/Bz2 ' 2M+2 #2ir22Mi?2 bBi2b Q> +QMb2[m2M+2 Q7 /B
mb2/iQ +QKTmi2i?2 T ~ K2i2°'b BM 2[m iBQM dXdX

h?2 H;Q'Bi?KBM i?Bb rQ"Fr b KQiBp i2/ KQbiHv BM Q /2" iQ BKT Qp2 i?z
+QbKB+@" v bB;M Hb rBi? HQr bB;M H@iQ@MQBb2 * iBQ BM i H2 bi QM2 C
[m MiB7v i?Bb BKT ' Qp2K2Mi- QM2 + M b2T " i2i?2 2p2Mib /2T2M/BM; QM i?2
HQr2bi@aL_ Mi2MM - M/ HQQF ii?2 "2bQHmMIBQM 7Q" 2 +? + i2;Qv BM/BpE
/2YMBiBQM Q7 alL_ b #@&7jQtP=VRX2XM/ MQi2 i? i i?2 K2/B MaL_7Q° Tm'2@
MQBb2 2p2Mi Bb TT QtBK i2Hv jX8X h?2 "2bmHib "2 b?QrM BM 6B;m 2 dX9-
i?72 H ;2bi BKT ' Qp2K2Mib BM "2bQHmMiBQM "2 BM/22/ +?B2p2/ 7Q  HQr@al.
iH2 bi QM2 Mi2MM rBi? K2 bm 2/ bB;M H@2iQ@MQBb2 * iBQ #2HQr 9- i?2
1=3iQ Qp2° M Q'/2 Q7 K ;MBim/2 /2T2M/BM; QM i?2 H vQmi M/ 2+QMbi m+]

6B;m 2 dX9 HbQ ?B;?HB;?ibi? ii?2°2 Bb #B b Q7 "QmM/ R iQ k /2;°22b
TQH "Bx iBQM M;H2- M/ M bvKK2i'vBMi?2 e3W@+QMi BMK2Mi BMi2p H B
bQK2 2ti2Mi- i?Bb Bb 72 im 2 Q7 i?2 bBKmH iBQM /i b2i  i?2 i? Mi?2 "2+C
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6B:m 2 dX9,

rBi? i?2 HQr2bi aL_- /@MPRH(t)EVeus) X a? QrM

U+2Mi'2V M/ b?Qr2° 2M2°;v U B;?iVX

*QKT "BbQM Q7 i?2 2+QMbi ' m+iBQM "2bQHmMIiBQM b
"2 i?2 K2/B M UK8%@ bV M/
+QMi BMK2Mi BMi2 'p Hb U2 °Q  # bV 7Q  i?2 +QbKB+@ " v

TmM+iE

""Bp H /B 2+iB

#2+ mb2 HH bBKmH i2/ 2p2Mib "2 7°QK i?2 bggf2> 9B KRQi? HH B p2+M BBXMA M

"2 H/ i - KBtim2Q72p2MibrBi? TQH "Bx iBQM 90 ;HRrh H/GHR R { 2B+ P2/~ b B/ 2
bQ i? i "2+QMbi m+iBQM 2 QA brBMH? %D RtNM2372/ BM #Qi? /B 2+iBQMbX >
bQK2 #B b "2K BMb 2p2M B7 QM2 HQ QAb=AijiBMb4B QM mi2Bhb BmXQbi HBF2HV
iQi?2 }i :2iiBM;: bim+F QM HQ+ H KBMBKmMK +A Q02- iQ bP2HBBING B M p#Bm2 Q
iQr /b Tm@TQH 'Bx iBQMX h?Bb #B b +QmH/ TQi2MiB HHv #2 KBiB; i2/-
T27Q°K M+2 BKT Qp2/ 7m’i?2 - #v mbBM; //BiBQM H b22/A ZQ@ i?2 KBMBK
Q KQpBM;iQ # mi2@7Q°+2 KBMBKBx iBQMX

dX9 LP@: . i

h?2 H;Q'Bi?Kr b HbQ i2bi2/ QM +QbKB+@ v + M/B/ i2b /2i2+i2/ #v LP@:
B/2MiB}2/ #v i2KTH i2@K i+?BM;- mbBM; M TT ' Q +? bBKBH "~ iQ i?2 QM2 m
QTiBKBx2/ 7Q° _LP@:X AKTmHbBp2 # +F;"QmM/b U2X;X i'B#Q2H2+i B+ 2p:
+HmMbi2"'BM; +miX 6Q  KQ 2 /2i BHb QM i?2 T Q+2/m 2 mb2/iQ B/2MiB7v +Qb
-r2 72727 0iQ (R39-RN3)X

h?2 "2+QMbi ' m+iBQM 7Q° QM2 Q7 i?2b2 +QbKB+@ v + M/B/ i2b Bb b?Qrl
"2+QMbi'Tm+i2/i° +2 HQQFb bBKBH " iQ i?2 K2 bm ™2/ pQHi ;2 i +2-i?2 H2p~
i? M 2tT2+i2/- T "iB+mH "Hv 7Q° M 2p2Mi rBi? bm+? ?B;? aL_ BM HH i? 22
i?Bb- i?2 "2+QMbi ' m+iBQM 7Q° bBKmH i2/ 2p2Mi rBi? TT QtBK i2Hv i?2 &
i?Bb +QbKB+@ v+ M/B/ i2 Bbb?QrM BM i?2 #QiiQK "Qr Q7 i?2 b K2 };m 2X
Ki+? #2ir22M/ i M/ 2+QMbi m+iBQM-i?2 "2H iBp2 KTHBIim/2b Q7 +? MM2|
@ BMi?2 K2 bm 2/ +QbKB+@ v + M/B/ i2- Bi Bb +? MM2H Rji? i? b ?B;?2
+? MM2H RNX AM 7 +i-i?BbBb +QMb2[m2M+2 Q7 i?2 2tT2+i2/ TQH "Bx iBQ
BM; 7°QK i?Bb /B 2+iBQM- M/ i?2 "2+QMbi' m+i2/ TQH "Bx iBQM Q7 i?2 K2
/IBz2 b bB;MB}+ MiHv 7 QK i?2 2tT2+i iBQM 7Q° ;2QK ;M2iB+ HHv TQH "Bx
T2 bBbibBM +'Qbb@+?2+F #v /B 2+iHv mM7QH/BM; i?2 Mi2MM "2bTQMb2
TT Q +?-r?B+? Bb KQ 2 KQ/2H@BM/2T2M/2Mi i? M i?2 7Q'r "/@7QH/BM; °
iBp2 "2 bQM #H2 "2bmHib i ?B;? aL_- Bb +QMbBbi2Mi rBi? i?2 7Q°r "/@7Q¢F
i?2mM7QH/2/ bB;M HBb HKQbi +QKTH2i2Hv HBM2 "Hv TQH "Bx2/- #mi ? b
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6B;m 2 dX8, 2+QMbi ' m+iBQM Q7 +QbKB+ ~ v + M/B/ i2 /2i2+i2/ #v LP@:X
Q7 i?22 6 Kbi QM;86 +QbKB+ v + M/B/ i2- +QKT "2/ iQ i?2 K2 bm 2/ pQHi ;2
"2+QMbi'm+iBQM 7Q° bBKmH i2/ +QbKB+@ v B @b?Qr2° 2p2Mi rBi? TT Q
/IB’2+iBQM b i?2 “Kbi'QM; + M/B/ i2X

¥ (v B)-BM +QMi” biiQi?2 2tT2+i iBQM7Q° M BM@ B +QbKB+@ v bB;M H)>

bBKBH " TB+im 2 T2 'bBbib 7Q" Qi?2° +QbKB+@" v + M/B/ i2b BM 2 "Hv _
[IBz2 ' 2M+2 #2ir22Mi?2 "2+QMbi " m+i2/ M/ 2tT2+i2/ TQH "Bx iBQMb Bb MQi bH
+ M/B/ i2 BM HH + b2b- Qp2° HH- Bi Bb bB;MB}+ MiHv H ;2" i? M 2tT2+i2/ 7°
2MiB ' 2Hv +H2 " r? i + mb2b i?Bb /Bb+ 2T M+vX AM i?2 i2KTH i2@K i+?BM; b
+QbKB+@ v+ M/B/ i2 2p2Mib (R39)-i?2 ; 22K2Mi #2ir22M bBKmH i2/i2KTH
2p2Mib r b HbQ 7QmM/ iQ #2 HQr2 i? M 2tT2+i2/- bm;;2biBM; i?2 +m " 2Mi K
bB;M H+? BM Bb MQi 2MiB 2Hv +Q "2+iX 6m’i?2  bim/B2b iQ BKT ' Qp2 i?2 _L|
[2b+"BTIiBQM "2 mM/2 r vX

MQi?2" +QMi'B#miBM; 7 +iQ  KB;?i #2 i? i BM bBKmH iBQMb-i?2 b K2 bBK
mb2/7Q° HH Mi2MM b- M/ QMHv i?2 ""Bp HiBK2i F2b BMiQ ++QmMii?2 /B.
h?Bb Bb /m2 iQ i?2 M im 2 Q7 i?2 *Q_1 a bBKmH iBQMb Q7 i?2 ° /BQ 2KBbbB
7Q° }t2/ bi "@b? T2/ ;"B/X AM 7mim 2 bim/B2b- i?Bb + M #2 BKT ' Qp2/ mTQ
2H2+i'B+ }2H/b BM 7°2[m2M+v bT +2 b /2b+ B#2/ BM (RNN)-r?B+? rBHH #2 BI
MT+QKBM; "2H2 b2X h?Bb 2z2+ir b MQiBM+HmM/2/7Q° _A LL 2Bi?2 -r?2 2 Bi
i?72 [m HBiv Q7 i?2 "2+QMbi m+iBQMc ?Qr2p2 - i?2 BMi2-@ Mi2MM bT +BM;
H ;2727 KBMbi2 / Q7 e KV-bQ BiK v#2 KQ 2 bB;MB}+ Mi?2°2X >Qr2p2 - Bi Bt
i? i2Bi?2  2z2+irQmH/ #2 bm{+B2Mi iQ 2tTH BM i?2 H2p2H Q7 /Bb+ 2T M+v Q3
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Mv + b2 7m i?2 bim/B2b "2 "2[mB 2/X

dX8 *QM+HmMbBQMb

AMi?Bb +? Ti2 - MBKT Qp2/p2°bBQM Q7i?27Q°r "/@7QH/BM; H;Q Bi?K i
b?Qr2 b /2i2+i2/ #v b? HHQr BM@B+2 "~ /BQ Mi2MM b ? b#22M BMi ' Q/m+2/X
H;Q Bi?K 2tTHB+BiHv BM+Hm/2b i?2 /2T2M/2M+2 QM i?2 +QbKB+@ v /B’
BMbi2 / Q7 b2T * i2Hv }iiBM; i?2 /B 2+iBQM M/ i?2 TQH "Bx iBQMX q2 ? p:
iQ M BKT ' Qp2/ "2bQHmMIiBQM QM i?2 "2+QMbi m+i2/ +QbKB+@ v T QT2 iB2
2M2 ;vV-2bT2+B HHv i HQr2  bB;M H@iQ@MQBb2 * iBQbX

bi?2 Q°'B;BM H 2+QMbi m+iBQM H;Q Bi?Kr b /2p2HQT2/7Q i?2 b[m "2
#v i?2 _A LL 2tT2'BK2Mi- BM //BiBQM /2i2+iQ" bBKmH iBQM bim/vr b T
i?72i?2°22@GS. HvQmimb2/ #vi?2} bib2p2M LP@: bi iBQMb- br2HH b 7C
bBKBH " iQ i? i mb2/ #v _A LL X q2 b?Qr i? i i?2 +QbKB+@ v i B;;2" " i2 b
p B iBQMb rBi? xBKmi? 7Q " i?2 i?°22@GS. H vQmiX h?Bb 6#HBM/ bTQio
i?727Qm @GS. HvQmi- "2bmHIBM; BM KQ'2 mMB7Q K i'B;;2" " i2 p2°'bmb
+QMbi m+iBQM-i?27Qm @GS. HvQmi bBKBH "HvQmiT2 ' 7Q Kb Bibi? 22@
i?72 +? M;2iQi?27Q0m @GS. HvQmi7Q 7mim 2 LP@: bi iBQMbX

h?2 "2+QMbi'm+iBQM H;Q'Bi?Kr b HbQ TTHB2/iQ +QbKB+@" v + M/B/
H2+i2/ BM Bib }'bii?°22b2 bQMb Q7 QT2 iBQMX h?2;QQ/M2bb Q7 }i- br2H
2+QMbi'm+i2/ M/ 2tT2+i2/ +QbKB+@ v T ' QT2'iB2b "2 bB;MB}+ MiHv HQr?Z
h?Bb bm;;2bibi? ii?2+m > "2Mi/2b+ BTiBQMQ7i?2 LP@:/2i2+iQ  "2bTQMb?2
? b#22M MQi2/ HbQBMi?2 +QbKB+@ vb2 "+?2bi? i? p2vB2H/2/i?2 + M/B
?22°2X

AM 7mim 2 rQ ' F-Bi K v #2 rQ i?r?BH2 iQ /2p2HQT "2+QMbi ' m+iBQM H;C
i?72 bB;M HBM i?2 /22T Mi2MM bX gq?BH2 T°'BQ  iQ kyk9i?2 "2 /QmirBM/Qrb
v BT@b?Qr2° bB;M Hb +QmH/ MQi #2 /2i2+i2/ bBKmHi M2QmbHv BM i?2 b?
? b+? M;2/ BM i?2 kyk9 b2 bQM Ub22 b2+iBQM 8XkVX Hi?Qm;? i?2 /22T +?
b2MbBiBpBiv M/ HQr2" 2tT2+i2/ aL_-K v MQiH2 /iQ bB;MB}+ Mi BKT Qp2
[mMm HBiv- +QK#BM2/ }iiBM; H;Q Bi?K rQmH/ T°QpB/2 mb27mH + Qbb+7?2+]|
+QKTQM2Mib M/ i?2 mM/2 bi M/IBM; Q7 B " @iQ@B+2 T QT ; iBQMX

6BM HHv- b2T " i2 2+QMbi ' m+iBQM H;Q ' Bi?KrBHH #2 "2[mB 2/ 7Q  +Qb
T iB HHv Q° KQbiHv BMbB/2 i?2 B+2- b /2b+"B#2/ BM b2+iBQM jXkX am+?
Q7 i?2 /IQKBM Mi # +F;"QmM/b iQ BM@B+2 " /BQ /2i2+iQ bX >Qr2p2 - ii?2
bBKmH iBQMb Q7 bm+? bB;M Hb 2 biBHH #2BM; rQ'F2/ QM- M/ Ub2KB@
#2 mb2/ BM "2+QMbi'm+iBQM Bb biBHH KBbbBM;X "Qi? rBHH #2 T 2 2[mB|
7Q°r /@7QH/BM; H;Q Bi?K 7Q  i?Bb +H bb Q7 2p2MibX
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L2mi BMQ .B ' 2+iBQM 2+QMbi
7Q .22T AM@A+2 /BQ .2i2+1i!

h?2T°QT ; iBQMH2M;i? Q7 QTiB+ HGRIDIKBNNR4Q @+ riii2 BQW; M/ #bQ TiBQM
HBKBib "2[mB 2b QTiB+ H *?2"2MFQp M2mi ' BMQ /2i2+iQ b iQ #2 /2Mb2Hv BM
M2mi'BMQ ~mt 7 HHb bi22THv rBi? 2M2 ;v- +QMbi " m+iBM; bm{+B2MiHvV H ;2
+? M+2 Q7 /2i2+iBM; M21APeB M QbQKQRpIMM72 bB#H2X M Hi2 "M iBp2 Bb i?2 B
/2i2+iBQM i2+?MB[m2-r?B+? "2HB2b QM i?2 +Q?2°2Mi " /BQ 2KBbbBQM 7 QK i
b?Qr2° FMQrM b bF v M /B iBQMX bi?2 ii2Mm iBQM HRWkmY Q7 ~ /IBQ r pZ
i?Bb i2+?MB[m2 HHQrb 7Q° Km+? bT "b2" /2i2+iQ"~ "~ vbX

AM Q'/2  iQ ?2HT B/2MiB7v i'B;;2°BM; bB;M Hb b M2mi'BMQ@BM/m+2/-iQ
bQm +2b M/ /Q M2mi'BMQ bi"QMQKv- b r2HH b TQi2MiB HHv +QMbi> BM i?
2M2 ;B2b BM ++2bbB#H2iQ ++2H2  iQ @# b2/2tT2 ' BK2Mib (kyy)- Bi Bb + m+
/B 2+iBQM Q7 i?2 BM+QKBM; M2mi'BMQX AM i?Bb +? Ti2 -r?B+? Bb +HQb2HV
"2+QMbi'm+iBQM H;Q'Bi?K 7Q M2mi'BMQb /2i2+i2/ rBi? /22T BM@B+2 "~ /BQ

3XR S 2pBQmb rQ F

AM +QKT "BbQMiQ bB;M H 2+QMbi'm+iBQM 7Q  bB;M Hb Q'B;BM iBM; BM B -
+? Ti2 b-i?2bBim iIBQMBMB+2BbKQ 2 +QKTH2tX :H +B HB+2b?Qrb ;" /B2
i? i bB;MB}+ MiHv +m p2b i° D2+iQ°'B2b M/ i?2 B+2 Bb FMQrM iQ 2t?B#Bi #B
rBHH BM~m2M+2 ?Qr r2HH i?2 TQH "Bx iBQM + M #2 "2+QMbi m+i2/ (R83-R¢
H;Q Bi?Kb ? p2i F2ZM BMiQ ++QmMi i?2 #2M/BM;- #mi KQbiHv B;MQ 2/ #B"2"
+? HH2M;2 "Bb2b BM i?2 "2+QMbi ' m+iBQM Q7 i?2 2H2+i B+ }2H/- b Mi2MM
iQ #2 +QK#BM2/ BMbi2 / Q7 mbBM; /m H@TQH “Bx2/ Mi2MM b- bBM+2 Mi2MN\
BMbi HH iBQM +QMbi® BMibX h?Bb //b //BiBQM HiIiBKBM; M/ TQbBiBQMBM;

1tT2'BK2Mi HHv- b MQ M2mi'BMQ ? bv2i#22M /2i2+i2/#v M BM@B+2 /BQ
mi2i?2 "2+QMbi m+iBQM T2 7Q°K M+2 ? p2 7Q+mbb2/ QM +QbKB+@" v/ i (F
Mi2MM b b TmHb2 b (Rk8-kyR-kyk)X 6Q° _A LL -r?B+? mb2b b? HHQr Mi2N
iQ@A) ? p2#22M Q#i BM2/7Q i?2TQH "Bx iBQM-i?Qm;?i?2" M;2Q7 ;2QK2i"|
M/ QMHv /i rBi? "2H iBp2Hv ?B;? bB;M H@iQ@MQBb2 " iBQb ? b #22M +QMb©

bB/2 7°QK 2tT2'BK2Mi H 2pB/2M+2- b2p2° H bBKmH iBQM bim/B2b ? p2 #
"2+QMbi'm+iBQM + T #BHBiB2b Q7 BM@B+2 ~ /BQ bi iBQMbX J +?BM2 H2 °
T QKBb2 7Q° M2mi'BMQ M;mH ~ "2+QMbi m+iBQMX 6Q  b? HHQr Mi2MM b-

ds8
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Qm;AH? b #22M 7QmM/ (kyj)X aBKBH ~ "2bmHib ? p2 #22M "2TQ i2/ 7Q° _
BM /2i BH ii?Bb TQBMi (ky9)X MQi?2" "2+QMbi'm+iBQM H;Q Bi?K 7Q" /2:
mMbBM; MQ K HBxBM; ~Qrb ? b #22M /2p2HQT2/ BM (ky8)X

h?2 M2mi'BMQ 2M2 ;v "2bQHmMiBQM 7Q" /22T Mi2MM b ? b #22M bim/B2/
K2i?Q/ mb2b AM7Q K iBQM 6B2H/ h?2Q v UA6hV (kye)iQ "2+QMbi " m+ii?2 2F
h?2 KTHBIim/2 Q7 i?2K2 bm 2/ 2H2+i'B+ }2H/ TmHb2b b+ H2HBM2 "HvrBi?i
i?72 /Bbi M+2 iQi?2BMi2° +iBQM p2'i2tX h?2°27Q°2-i?22M27;v "2+QMbi m+i
i?72 /Bbi M+2 iQ i?2 BMi2" +iBQM TQBMi 7 i22 MRKE I BMD- BX2X i?2

.m2 iQ i?2 ;2M2° HHv HQr KTHBim/2 Q7 i?2 bB;M H TmHb2b- bi M/ */ K2
PQHI ;2 /i rBi?i?2/2i2+iQ" "2bTQMb2 iQ Q#i BM i?2 2H2+i "B+ }2H/ ivTB+ |
bB;M HT ~ K2i2°'b M/ T2 7Q°KrQ b2 i? M K2i?Q/br?2°2 MQBb2H2bb r p27Q
i?72/ i X 1t KTH2b "2i?2 A6h TT7@ #? /M/7QH/BM;r7IZT 20MKQ2Bb2H2bb pQHi ;2
rp27Q K 2tT2+i iBQMb "2 Q#i BM2/ #v 7Q'r "/@7QH/BM; M 2H2+i"B+ }2H/
B+2 M/ /2i2+iQ " "2bTQMb2 (R)X 6Q'r "/@7QH/BM; rBHH HbQ #2 mb2/ b i?:
T'2pBQmbHvV #22M TTHB2/iQ BM@B+2 ~ /BQ /2i2+iQ b rBi? b? HHQr Mi2N
"2bQHmMIBQ@RAQ VX

"2bB/2b i?2 TTHB+ #BHBiv iQ HQr KTHBiIim/2 2p2Mib- i?2 KQ/2H@/2T2M
i?2 /p Mi ;2 U b +QKT "2/iQ i?2 +m "2Mi BKTH2K2Mi iBQM Q7 A6hV i? i Bi i
/Bz2 2Mi 2H2+i"B+ }2H/b i/Bz2 '2Mi Mi2MM TQbBiBQMbX

3Xk AMi*Q/m+iBQM

AM@B+2 * /BQ /2i2+iQ'b K2 bm* 2 i?2 * /BQ 2KBbbBQM bi2KKBM; 7°QK T |
M2mi 'BMQb BMi2® +iBM; BM p bi B+2 pQHmMK2bX h?2 " /BQ 2KBbbBQM +QK2t
+? 7;22t+2bb r?B+? p "B2b Qp2  iBK2 b i?2 b?Qt2F /2pR@RQ2bi+/BRAQ i?2
BM b2+iBQM kXkXkX Ai 2bmHib BM +Q?2°'2Mi M MQb2+QM/ HQM; * /IBQ Tm
K tBKmK KTHBim/2 ii?2 *?2 2MF&ep7 ;K R?2 b?Qr2° /B 2+iBQM U7Q" /22T E
:T22MH M/VX

b KQbi 2KBbbBQM Bb +QM+2Mi* i2/ "QmM/i?Bb *?2 " 2MFQp +QM2-i?2 bB
MQi2[m HiQi?2 M2mi'BMQ 'Bp H/B'2+iBQMX AM //BiBQM-/m2iQ i?2p
/IB'2+iBQM Q7 i?2bB;M H+? M;2b/m'BM; T°QT ; iBQMbm+? i? ii?2 2KBbbB(
bi?2 /B 2+iBQM r?2Mi?2 bB;M H ""Bp2b ii?2/2i2+iQbK;MQIH2DPRBHLBE Km "2
/B 2+iBiQM M;H2 #2ir22M i?2 " /IBQ 2KBbbBQM M/ i?pBR2XAMBWMQMB 2+iBQM |
i?72TQH "BXxQBQM 2H2+i B+ }2H/ "2 bm{+B2Mi iQ 7TmHHv +QMbi> BM i?2 M2r
H2 /biQ +QKTH2t MmK#2' Q7 bi2Th BMpQHpP2/iQ "2+QMbi'm+ii?2 M2mi B
2H #Q" i2/ #2HQrX

bi?2T "iB+H2b?Qr2 " T'QT ; i2b ¢- bMR22MHQB20IQ " i? MFI?2Q@T 22/
i?72 2H2+i"QK ;M2iB+m /2WQiBM?, i?2 "27° +iBp2 BM/2t- " /BQr p2b "~"Bp2 bBk
i MQ#b2 p27iQK i?2b?Qr2° tBbX h?Bb Q#b2 ' p2  b22b " /BQr p2b 2KBii2/-
>X 7°2[m2M+B2b- b /2b+'B#2/ BM b2+iBQM kXkXRX 6Q" bHB;?iHVv Qz@+QM
7°2[m2M+B2b Bb HQbi- "2bmHiIBM; BM HQr2  +mi@Qz 7°2[m2M+v M/ TB/}
h?2°27Q°2-i?2 2H2+i"QK ;M2iB+r p2b + M QMHvV #2 Q#b2 p2/ QM +QM2 'Q
QT2MBM; M;H2b +HQb2 iQ i?2*71D " ZNFQdi2MiG2b b2MbBiBp2 iQ J>x 7°2[m2N\

h?Bb HbQ K2 Mb i? i i?2 7°2[m2M+v +QMi2Mi Q7 i?2 Q#b2 p2/ TmHb2b +
i?72 pB2rBM; M;H2 Q7 i?2 ° /BQ 2KBbbBQM rBi? "2bT2+i iQ i?2 b?Qr2° tBb
2t+2bb BM i?2 b?Qr2° 7°QMi H2 /biQ TQH "Bx2/ 2H2+i'B+ }2H/ rBi? Bib 2H
iQr /b i?2 b?Qr2° tBb- b /2b+ B#2/ BM b2+iBQM kXkXkX h?2°27Q 2- +Q¥
i72 bB;M H2KBbbBQM /B"2+iBQM- pB2rBM; M;H2- M/ TQH "Bx iBQM bm{+:
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Azimuth

6B:m 2 3XR, AHHmMbi® iBQM Q7 i?2 /B 2+iBQM ‘2+QMbi ' m+iBQM H:Q ' Bi?KX C
BM i?2 B+2- T'Q/m+BM; T iB+H2 b?Qr2° M/ bF v M 2KBbbBQM-r?B+? i’ p:
iQ°B2b BM i?2 B+2 iQ "2 +? i?2 /2i2+iQ X G27i- #QiiQK, i?2 bB:M H /B 2+iBQ
TQbbB#H2 M2mi'BMQ /B 2+iBQMb iQ #' Q / +QM2- r?B+?*BR /2VNFR/p#v i?2 pB:
M;H2V M/ i?2 TQH "Bx,iB@dhn(¥;#2) X h?2B" +QK#BM2/ /2i2 KBM iBQM HHQr
MMB[m2Hv B/2MiB7v i?2 Q'B;BM H M2mi'BMQ /B 2+iBQMX _B;?i, i?2 b K2 TF
+QQ /BM i2bX

Q7 i?72 Q°B;BM H M2mi'BMQbX h?Bb Bb BHHmbi™ i2/ BM 6B;m 2 3XRX a?Qr
7Q 2 +? Q7 i?2 i?2b2 i?°22 T ~ K2i2'bX h?2 TQH "'Bx iBI@QW BBx2BRNB#2/ ?2
M;H2 =arctan(E =E)- rBiE;, i?2 M/ +QKTQM2Mib Q7 i?2 2H2+i B+ }2H/ K2 bm"
M Q#b2'p2 X b i?2 T? b2@bT +2 7Q " i?2 TQbbB#H2 TQH "Bx iBQMb Bb Km-
pB2rBM; M;H2- M/i?2>TQH Mi2MM "2bTQMb2 Bb Km+?r2 F2 i? Mi? i Q7 i
TQH Bx iBQM Bb BM ;2M2° HKm+? ? /27iQ +QMbi° BMX h?mb-iviB+ HmM+
2HHBTb2 Q  6# M M 6@b? T2/-rBi? Km+? H ;2" mM+2'i BMivBM i?2 TQH "B

6BM HHv- r2 MQi2 i? ir? i Bb +im HHv "2+QMbi " m+i2/ Bb i?2 /B'2+iBQM Q
Ti?27 0?2 Mi? i Q71?2 Q°B;BM H M2mi'BMQX >Qr2p2°-i?2 b?Qr2° Bb p2°v bi™
H'2 /v i R h2o (kyd)- bm+? i? i ii?22M2 ;B2b "2H2p Mi?2°2i?2 M;mH " /2p
b?Qr2° M/i?2Q B;BM HM2mi'BMQ Bb +QKTH2i2Hv M2;HB;B#H2X

3Xj H:Q Bi?K 7Q /B 2+iBQM "2+QMbi m+iBQM

b/2b+ B#2/BMb2+iBQM jXR-i?2/2bB;M Q7 ivIB+ H/22TBM@B+2 " /BQ M2nm
i?72 BKiQK tBKBx22z2+iBp2 pQHmMK2-r?B+? "2bmHibBM bi iBQM@iQ@bi iB
2p2Mib "2 2tT2+i2/iQ #2 /2i2+i2/ BM bBM;H2 /2i2+iQ"  bi iBQM QMHvVX h?mt
#2 #H2 iQ BM/BpB/m HHv "2+QMbi m+i M2mi'BMQ T QT2 'iB2bX h?2 bi iBQM |
: (RRe) b r2HH bi?2 QM2 mM/2° +QMbB/2" iBQM 7Q° A+2*m#2@:2Mk (RRd)
O0bi'BM;b6 BM i'B M;mH ~+QM};m” iBQM-r?B+? Bb "2[mB 2/iQ i'B M;mH i2i
bi'BM;b "2 TQTmH i2/rBi? QKMB/B 2+iBQM H Mi2MM bi? i "2b2MbBiBp2 2B
U6oTQHOV Q° ?Q°'BxQMi HHv TQH 'Bx2/ U6>TQHOV bB;M Hb i p "BQmb /2Ti?
i?2 bB;M HTQH "Bx iBQMX bF2i+? Q7 M 2t KTH2 bBM;H2@bi iBQM H vQmi
7QmM/ BM b2+iBQM jXjX
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h?2 H;Q Bi?K /2b+ B#2/ BM i?Bb +? Ti2 r b /2bB;:M2/iQ 2M #H2 i?2 *2+Q
T°QT2'iB2b mbBM; bBM:H2 /2i2+iQ  bi iFQM M@BRHETB® «PM iRR2r b
}'bi b?QrM BM (R) i? i 7Q°r "/@7QH/BM; Bb bmBi #H2 "2+QMbi m+iBQM iQ¢
7Q'r /@7QH/BM; TT'Q +?2- M M HViB+ /2b+ BTiBQM Q7 i?2 2H2+i B+ }2H/
TQT ; iBQM M/ bvbi2K "2bTQMb2 iQ Q#i BM r p27Q Kb Q7 i?2 pQHi ;2 ~2+:
h?2b2r p27Q Kb "2 +QKT "2/ rBi?i?2 "2+Q /2/ pQHi ;2/i M/ i2bibi iBbiB
Q#i BMi?2 #2bi}iiBM; bB:M HT > K2i2'bX h?Bb TT Q +?2?2 bb?QrMiQrQ F #:.
HQr bB:M H KTHBim/2  /BQ TmHb2bi? MmMM7QH/BM; i?2 /2i2+iQ  "2bTQMb
MQBb2 BM i?2 pQHi ;2 /i - mM7QH/BM; i?2 UMQBDb2H2bbV /2i2+iQ" "2bTQM!
i?72bB:M H+QMi ' B#miBQM r?2M i?2 /2i2+iQ  "2bTQMb2 2tT2+ib HQrp Hm2

hQ *2+QMbi m+i i?2 M2mi'BMQ /B 2+iBQM- i?2 7Q'r “/@7QH/BM:; TT Q +
iQ mb2 Mi2MM b rBi? H “;2 /Bbi M+2b iQ 2 +? Qi?2°-r?2 2 Bi MQ HQM:;2" ?2Q
Bb K2 bm 2/X h?Bb 2ti2MbBQM ? b i?2 #2M2}i i? i mbBM; KQ 2 Mi2MM b BM
2z2+iBp2Hv "2/m+2b i?2 MQBb2 +QMi'B#miBQM M/ i?2°27Q 2 BKT Qp2b i?:
i72°KQ 2- +QK#BMBM; Mi2MM b + Qbb i?2 2MiB 2 bi iBQM "2bmHib BM KQ
i72 TQH 'Bx iBQM /m2iQi?2p2 iB+ H M/ ?Q BxQMi HbT iB Hb2T " iBQM i?
M2 “#v Mi2MM bX

3XjXR 6Bi T K2i2°'b M/ bB;M HKQ/2H

AMQ /2 iQ TTHviI?27Q°'r '/@7QH/BM; TT Q +?2-r2M22/iQ KQ/2H i?2 2tT2-
Q71?2 T " K2i2°'b Q7 BMi2 2biX AM ;2M2" H-i?2  /BQ TmHb2 b K2 bm 2/ #v
i?72 BMi2" +iBQM p22i2v i° D2+iQ'vUQ 6 v ivT26V-i?2 pB2rBM; M;H2 #2ir
2KBbbBQM /B'2+iBQM M/ i?2 M2mi BMQ /B'2+iBQM-i?2 bB;M HTQH "Bx iB
T BM+BTH2-i?2bB;M H+ M#2 KQ/2HH2/ b 7mM+iBQM Q7 i?2b2 T ~ K2i2'b
bBKmH iBQMc ?Qr2p2°- b }iiBM; bBM;H2 2p2Mi 2[mB ' 2b K Mv 2p Hm iBQMtl
/IDmbiK2Mib Bb K /2 BM Q /2  iQ 2Mbm 2 +QKTmi iBQM H 72 bB#BHBivX 6B’
7Q° 2 +? BMi2® +iBQM p27i2t?2vTQi?2bBb- HQQFmMT i #H2 Bb +QMbi m+i2/ r
iBK2bX AM //BiBQM- 7 bi- 7TmHHv M HviB+ KQ/2H Bb mb2/iQ KQ/2H i?2
Hp "2xkyk@/2H /2b+ B#2/ BM (Rek)V-r?B+? Bb Km+? 7 bi2" iQ 2p Hm i2 i?
_w KQ/2H mb2/ BM bBKmH iBQMX 6Q" 2H2+H @ R2X\ZWBR D @ N+ bl-mi”22b M
/[IBIiBQM HT ~ K2i2 iQ bBKmH i2i?2H ;2" /Bbi'B#miBQMBM TQbbB#H2 b?¢
2z2+i/2b+"B#2/BM b2+iBQM RXRX >Qr2p2°- bBiBb mMHBF2HV i? ii?Bb H;
BMbm+?/2i BH-r2BMbi2 / mb2i?2 p2° ;2b?Qr2  T'Q}H2BMi?2}iX LQi2i?
T K2i2'Bx iBQM BM "2+QMbi " m+iBQM +QKT "2/ iQ bBKmH iBQM K v H2 /i
"2bQHmMIBQM-r2 "2K "Fi? i BMi?2 #b2M+2 Q7 2bi #HBb?2/ BM@B+2 ~ /BQ
TT Q +?2 b?2QmH/ T QpB/2 KQ 2 "Q#mbiM2bb iQr /b bHB;?i KBbKQ/2HHBM; ¢
AM //BiBQMiQi?2 T ~ K2i2'b #Qp2-i?2 K2 bm 2/ bB;M H HbQ /2T2M/b Q
Q7 27 +iBQM- ii2Mm iBQM H2M;i?- XXXV b r2HH b i?2 /2i2+iQ " "2bTQMN
"2bTQMb2- XXXVX q?BH2 BM i?2Q°vQM2 +QmH/BM+HmM/2i?2b2 b MmBb M+
Qm b2Hp2b iQ MbBM; i?2 2t +i B+2 KQ/2H M/ /2i2+iQ " "2bTQMb2 b mb2/BM |
Q7 bQK2r? i "2 HBbiB+ 2 "Q b BM i?2b2 T ~ K2i2'b Bb 2tTHQ 2/ BM b2+iBQM

6BM HHv- QM2 //BiBQM H bBKTHB}+ iBQM K /2 iQ BKT Qp2i?2bT22/ Q7 i
i72 "2+QMbi'm+iBQM BM irQ b2T " i2 bi :2bX 6B bi- QMHV i?2 M2mi 'BMQ B
++m’ i2HV i?2 TQbBIiBQM Q7 i?2 b?Qr2° K tBKmK- Bb "2+QMbi m+i2/X AM i?
M;H2 M/ TQH "Bx iBQM- M/ i?mb i?2 M2mi'BMQ /B 2+iBQM- "2 }ii2/ r?BH
P2 i2t }t2/X q2 /2b+ B#2 2 +?2 Q7 i?2b2 bi2Th BM /2i BH BM i?2 7QHHQIrBM; b
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6B:m 2 3Xk, AHHmMbi® iBQM Q7 i?2 p2'i2t "2+QMbi'm+iBQM H:Q Bi?KX G27i,
+Q "2H i2/rBi? bB;M Hi2KTH i27Q 2 +?2 +? MM2HNIQ  BB22 2N2i+Q@ MM2iBWQ M b
iij "2 b?B7i2/ rBi? "2bT2+i iQ 2t+MQi?2M#AUMHIBTHB2/ iQ;2i?2 X h?Bb "2bmH
T2 F ii?26i'm26 iBKBM; /Bz2 2M+2X

3XjXk L2mi'BMQ p2'i2t "2+QMbi m+iBQM

h?2 H;Q'Bi?Kmb2/iQ "2+QMbi'm+ii?2 M2mi BMQ p2'i2t Bb KQ/B}+ iBQM Q7
BM (RAR)X h?2;2M2° HB/2 Bbi? ii?72Q ' B;BMQ7i?2  /BQ2KBbbBQM + M #2i
i?72 "2H iBp2 TmHb2 ""Bp HiBK2bBM 2 +? Mi2MM i?2°'Qm;? K tBKBxBM; i?2 +C
bB;M HIi2KTH i2X LQi2i? ii?2  /BQ 2KBbbBQM Q ' B;BM i2b 7' QK i?2 T "iB+H?Z
BMi2® +iBQM p2 i2tX h?mb-BMi?2 v@i +BM; TT QtBK iBQM K /2 BM Lm_ /I
Q71?2 b?Qr2° K tBKmK-"1i?22"i? Mi?2BMi2° +iBQM p2 i2t-r?B+? Bb "2+QMbi’
#2ir22M i?22 irQ Bb Q7 i?22 Q'/2° Q7 Ry K7Q ? /'QMB+ b?Qr2°'b- M/ mTiQ M
H ;27 7Q ?B;?7@2M2 ;v 2H2+i"QK ;M2iB+ b?Qr2 b bm#D2+iiQ i?2 GSJ 2z2+iX
h?2 } bi bi2T BM i?2 p2'i2t "2+QMbi ' m+iBQM H;Q ' Bi?K Bb iQ +Q "2H i2 2 +
M2mi'BMQ i2KTH i2X IbBM; i2KTH i2 " i?2 i? M/B 2+iHv +Q "2H iBM; irQ pC
Qi?2° ?2 bi?2 /p Mi ;2 Q7 "2/m+BM; i?2 2z2+i Q7 bTm ' BQmb +Q "2H iBQMb #72
Mi2MM X "27Q°2 +Q "2H iBM;- # M/T bb }H5RHz BZOOMHDbB#H M/TOIB 2/
iQ #Qi? 1?2 M2mi'BMQ i2KTH i2 M/ i?2 pQHi ;2 i  +2X h?2 TmHb2 b? T2 BM i?
KQbiHvV #v i?2 Mi2MM M/ KTHB}2® "2bTQMb2- M/ p 'B2b QMHV bHB;?iHV /Z
/IB'2+iBQM M/ pB2rBM; M;H2-r?B+? HHQrb mbiQ mb2 QMHv bBM;H2 M2mi"
g2 i?2M /2}M2 i?2 + ' Qbb@#t22M iBQM?iMMR2HBEMM+iBQM Q7 i?2 "2H iBp2
iBK2 /2Ht vb,

i ( =max (i ;t+ 1i); U3XRV

r?2°2;; "2i?2 +Q "2H iBQMb Q7 2 +? pQHi ;2 i° +2 rBi? i?2 M2mi ' BMQ i2KT
bm{+B2MiHv +H2 ~ M2mi BMQ TmHb2 BM #Qi? i° +2b-i?2 + ' Qbb@+Q "2H iBQ/|
i'm2/Bz2'2M+2 BM "~"Bp HiBK2bX h?Bb Bb b?QrM BM 6B;m 2 3XjXkX
AM i?2 M2ti bi2T- QM2 + M +QKTmi2 i?2 2tTR¥iQ7 EBK2 TRZ2MAB HR2 p2 i2t

TQbBIiBQM- M/ 7°QK i?Bb Q#i BM i?2 +'Qbb@+Q "2H iBQM 7Q° 2 +? T B* Q°
+? HH2M;2 rBi? "2bT2+iiQ i /BiBQM Hi'B M;mH iBQM "Bb2b/m2iQ i?2 T 2b
#2ir22M p27i2t M/ Mi2MM TQbBiBQM- b 2tTH BM®Z/rBriy) Bd+iB@QMOBRMIKX h?m
#Qi? Q7 i?2 p2 i2txTQRBHHON i?2 © wiyTR2PB+? K v Q K v MQi #2i?2 b K2VX
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h?Bb Bbi F2M BMiQ ++QmMi #v Bi2  iBM; Qp2" HH TQbbB#H2 vivT2b 7Q"
CVivT2bi? i +Q "2bTQM/ iQ i?2 K tBKmK + Qbb@+Q "2H iBQMX JQ 2Qp2 -
v Ti?b+ M HbQ T'QpB/2 //BiBQM H BM7Q K iBQM #Qmi i?2 p2 i2t TQbE
#v //BM; M //BiBQM Hi2'K 7Q  i?2 + ' Qbb@+Q "2H iBQM F@X2 B? +? MM2
rb b?QrM BM (RAR)- 7Q" 2p2Mib r?2°2 #Qi? TmHb2b "2 bm{+B2MiHv +H2
+QMbi> BM i?2 /Bbi M+2 iQ i?2 p2 i2t- r?B+? Bb Qi?2 rBb2 2bT2+B HHv +? H
“2bmHib BM i?2 7QHHQrBM; 2tT 2bbBQAWY,Q  i?2 iQi H+Q "2H iBQM

X X X
C(¥) = max i (tearin)+ o (tearin); U3XkV
i jei [

r?72°2BMi?2 b2H7@+Q "2H iBQM i2°'Ki?2iBK2/Bz2'2M+2 Bb ;Bp2M #v +QMb
TVvivT2bME 6 r X

h?2 2KBbbBQM BB i22M /2i2 "' KBM2/ #v R(BKBWBMN; /2" iQ bT22/ mT i?2
H;Q Bi?K- HQQFmMT i #H2b "2 +QMbi" m+i2/ 7Q 2 +? Mi2MM /2Ti?- 2tTHQ
KQ/2Hb +m "2MiHv mb2/ "2 BMp "B MimM/2  ?2Q "BxQMi Hi® MbH iBQM M/ i~
AM //BiBQM-/m2iQi?2b? "T72 im2bBMi?2+Q "2H iBQM br2HH b +im F
bB;M H@iQ@MQBb2 " iBQ UaL_V Bb HQr BM bQK2 Mi2MM b-i' /BiBQM H }ii
bim+F BM HQ+ HKBMBK X h?2°'27Q°2- BMbi2 / M BIZ(>*)BBR22pTHRQ 22 Bb i FzZ
QM ;'B/i? i #2+QK2b }M2  rBi? 2 +? Bi2  iBQMX h?2 ;"B/ TQBMib "2 TH +2/
i?72bT?22°2 +2Mi’2 ii?22iQT Q7 i?22 +2Mi> Hbi'BM;- M/ ii?2 2M/ Q7 2 +? Bi:
T2 +2MiBH2 Q7 /B°'2+iBQMb BM i2'Kb Q7 iQi H+Q "2H iBQM Bb /Bb+ "/2/X
p2°'bBQM Q7 i?2 H;Q Bi?K-i?Bb T'2p2Mib TT QtBK i2Hv /2;2M2" i2 bQHmI
QM- r?BH2 bBKmHi M2QmbHv T'QpB/BM; +HQb2 iQ M Q' /2 Q7 K ;MBim/2 E
iBK2X h?Bb T°Q+2bb Bb BHHmMbi™ i2/ BM 6B;m 2 3XjX

6BM HHv- QM2 KQ 2 +QKTHB+ iBQM 'Bb2b- b /2T2M/BM; QM i?2 p2i2t
i2MM b K v #2 HQ+ i2/ BM i?2 6b? /Qr xQM206 Ub22 b2+iBQM 9XRXkV- Q" i?2
2+Q7/2/ i +27Q T i? i Mi2MM X 6Q  HQraL_2p2Mib-i?Bb+ M HHQr ~m+im
iQ#B bi?2 "2+QMbi m+iBQMiQr /b /22T2 Q"  +HQb2 p2'iB+2b-r?2"2 HH M
i'B#mi2X >Qr2p2 - bBKTHvV /BpB/BM; i?2iQi H+Q "2H iBQM #v i?2 MmK#2" C
iQ +QMi"B#mi2 BMbi2 / #B b2b i?2 "2+QMbi m+iBQM iQr /b p2 iB+2b r?2 2 C
Mi2MM b "2 2tT2+i2/iQ +QMi ' B#mi2- b i?2 aL_ Bb mbm HHv ?B;?2bi i?2" 2
i?2b2 #B b2b bQK2r? i- i?2+BM 2HniBBEQ™ b 3XR M/ 3Xk Bb KQ/B}2/ #v bm#i’
K2/B M,

i(?j( t)y=max f0; ij ( t) ~;9; U3XjVv

r?2°2; /12MQi2bi?2K2/B M Qp2 tHH ip PmBb?BM i?2 "2+Q /2/i° +2bX h?Bb ~2/
i?72 BKT +i Q7 UTQi2MiB HHv K MvV bB;M H@H2bb Mi2MM T B'b +QKT "2/
bB;M HX

3XjXj .B'2+iBQM "2+QMbi " m+iBQM

Hi?7Qm;?i?2 "2+QMbi m+i2/ p2 i2t TQbBIBQM T ' QpB/2b i?2 2tT2+i2/ "2H iBp
/IBz2 2Mi Mi2MM b-i?2 #bQHmMi2 TmHb2 "~"Bp HiBK2 Bb M22/2/ BM //BiBQ
TmHb2 rBM/Qrb iQ BM+HmM/2 BM i?2 }iX SmHb2 rBM/Qrb "2 mb2/iQ HBKBi |
+Q "2H iBQMbX h?2 #bQHmi2 iBK2 Bb /2i2"KBM2/ #v i?2  v@ivT2 b2H2+iB(
Q7 1?2 p27i2t "2+QMbi m+iBQM H;Q Bi?K- i2KTH i2 Bb +Q "2H i2/ rBi? 1?2
TV@ivT2 ?2vTQi?2bBb- M/ i?2 /QKBM Mi * vivT2 M/ Bib ""Bp HiBK2 "2 /2i2
i?72 K tBKmK iQi H 2bmHiBM; +Q "2H iBQMX h?Bb Bb BHHmbi" i2/ BM 6B;m"
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6B:m>2 3Xj, h?2 "2bmHib Q7 i?2 p2'i2t *2+QMibi 2 i BIGVB iR QBRIMKX7i2"

1 +?2 "Qr b?Qrb i?2 “2bmHib BM irQ Qmi Q7 i?2 i?°22 +QQ /BM i2b- rBi? i?2
K “:BM HBx2/ Qp2  #v i FBM; i?2 K tBKmK +Q "2H iBQMX h?2 iQT "Qr b?Qrb i
i?72 Nyi? T2 +2MiBH2 iQi H +Q "2H iBQM BM ;" 2vc MQi2 i? i iQ /2+B/2 r?B+? /|
i72 p2° :2U" i?2°i? Mi?2 K tBKmKV +Q "2H iBQM BM 2 +? /B 2+iBQM Bb i F21I
PBbB#H2 Bb i?2 T'2b2M+2 Q7 KmHiBTH2 HQ+ H K tBK BM i?2 }'biirQ Bi2  iBC
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S 1 —D 0 VO
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6B;m 2 3X9, h?2 TmHb2 b2H2+iBQM T Q+2/m ' 2X G27i-iQT, i?2iQi Hi2KTH
v Mi2MM b7Q 2 +?  v@ivT2?2vTQi?2bBb U6.0 Q  6_6V-BM/B+ iBM; ?2°2
27 +i2/ 0 vX G27i- #QiiQK, h?2 BM/BpB/m H b r2HH b +Q?2 ' 2MiHv@bmK
7Q° 2 +? T v ivTi2X _B;?i, qBM/Qr b2H2+iBQM 7Q" #Qi? ~ v ivT2bX h?2 TmH
BM i?2}i "2 b2H2+i2/ # b2/ QM i?2B" 2tT2+i2/ HQ+ iBQMb "2H iBp2 iQ i?2 T
T? b2/ "7 v- M/ +miQMi?2T2 F@OIiQ@T2 FaL_XAM+HmM/2/ TmHb2 rBM/Qrb
2t+HmM/2/ QM2b BM ? i+?22/ ;°2vX h?2 TmHb2b +Q "2bTQM/BM; iQ i?2 6T? b2
#QH/7 +2V- +QMbBbiBM; Q7 i?2 T? b2/ "> v M/ /D +2Mi >TQH Mi2MM b-
}iX

IMHBF2 BM i?2 p27i2t "2+QMbi m+iBQM H;Q Bi?K- ?2"2 QMHv i?2 7Qm"~ /
T? b2/ "7 v "2 mb2/X bi?2v 7Q K i?2 i'B;;2 Q7 i?2 2tT2'BK2Mi-i?2 HBF2F
+H2 " Ur?2M #2 K7Q K2/V TmHb2 ?2°2 Bb ?B;?2biX AM //BiBQM-i?2B" T Qt
i?72 "2H iBp2 iBKBM; 2 'Q ' /m2iQ /Bz2'2M+2b BM pB2rBM; M;H2 Q" mM+2"i |

PM+2 i?2 TmHb2 "~"Bp HiBK2 M/ i?2 > vivTi2 BM i?2 T? b2/ "~ v ? p2 #2
TT QtBK i2 TmHb2 rBM/Qrb 7Q"i?2 Qi?2° Mi2MM b 7Q 2 +? ~ vivT2 + M #2
TmHb2 “"Bp HiBK2 BM i?2 Qi?2° Mi2MM b Bb ?Qr2p2° MQi FMQrM, }'bi Q7
mb2/ BM i?2 "2+QMbi " m+iBQM /Q2b MQi +QMi BM T? b2 BM7Q K iBQM- H2 /
i?72 Mi2ZMM b iH ;2" # b2HBM2b /m2iQ "2H iBp2 b?B7ibBMi?2 pB2rBM; M;
"2+ mb2/ #vi?222 "Q°BMi?2 p2'i2t "2+QMbi " m+iBQM Q"  mM+2"i BMiB2b BNM
B+2 KQ/2HX

h?2°27Q°'2-BM Q' /2 iQ B/2MiB7v i?2 2t +i ""Bp HiBK2 rBi?BM 2 +? TmHb
HiBQM #2ir22M i?2 "2+QMbi ' m+i2/r p27Q°K M/ i?2/ i BbT2 7Q K2/X 6Q" I
i?Bb "2bmHibBM TQbBIiBQM /2i2°KBM2/ #vi?2°K HMQBb2 ~m+im iBQMb- r-
iBOQM Q7 i?22 TQr2  BM i?2b2 TmHb2bX hQ pQB/i?Bb- QMHvV TmHb2b r?B+? 2
"iBQ Q7 iH2 bijX8-/2}M2/ b? H7 i?2 K tBKmKT2 F@iQ@T2 FpQHi ;2 UrB
IBpB/2/ #vi?2 "QQIi@K2 M@b[m nidl/-M@BBM piOMi2;/2BM i?2 }iX h?Bb Bb BHHmME
6B;m 2 3X9- "B;?iX

LQi2i? ii?2°2 "2 +QmTH2 Q7 2t+2TiBQMb iQi?2aL_BM+HmMbBQM + Bi2"
i?72 7Qm” /22T oTQHb Q7 i?2 T? b2/ "> v "2 Hr vb BM+HmM/2/- b r2HH b i?
/B 2+iHv #Qp2 i?2KX AM //BiBQM-i?2 TmHb2 ""Bp HiBK2b BM i?2 >TQH
/ID +2Mi oTQHb- bi?2bB;M HK2 bm 2/ BMi?27Q K2 " Bbmbm HHvKmMm+?r2 |
6BM HHv- Mi2MM b r?2°2i?2irQ 2tT2+i2/ " vivT2b ? p2 Qp2 ' H TTBM; TmHbD
TmHb2b iQ BMi2 72 2- "2 2t+Hm/2/ 7°QK i?2 }iX

h?22 bi iBbiB+ iQ #2 KBMBKBx2/ Bb Q#i BM2/ #v 7Q ' r "/@7QH/BM; i?2 KQ/
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6B:m 2 3X8, h?2 "2+QMbi ' m+i2/ TmHb2b 7Q° QM2 oTQH UiQTV M/ QM2 >TQ
2t KTH2 2p2Mi- +QKT "2/iQ i?2 MQBb2H2bb UbBKYV bB:M HX h?2 MQM@b? /:
UH27iV BM/B+ i2b r?B+? T i Q7 i?2 r p27Q K Bb BM+Hm/2/ BM i?2 }iX h?2 |
bT2+i"mK Bb /QKBM i2/ #v i?2 bvbi2K "2bTQMb2X

H2bb bB;M Hr p27Q Kb rBi? i?2 TT QT B i2 BM@B+2 T°QT ; iBQM M/ /2i2+i
+QKT "BM; i?BbrBi? bB;M H/ i UQ bBKmH iBQMbV-r?B+? BM+HmM/2 +QMi E
i72 MQBb2 Bb bbmK2/iQ #2 TT QtBK2i@H i:BinikBrBBW-; BAR2 M #v

_ nXmHhﬂk@(KTHZh(Xi fi( view: pol;Esh))?.

n=1 i=1 r%oise ,
rBiR i?2 pQHi ;2 1/ i i b-KTRA2KQ/2H T 2/B+iBQIM idybi KX pIR2rBM; M;H2-
ol 172 TQH "Bx iBQMEGMiH2b MIr2" 2M2 ;vXnP MR iPZ bb i?2 aljX8
+'Bi2°B UrBi? KBMBHHEKQ7rBiI? rBMhQkfx%p 2 BM+HmM/2/X

h?2 TmHb2b BM i?2 >TQH "2 ivTB+ HHv b?Q i2 i? Mi?2 TmHb2b BM i?2 0TQ
}iiBM: iBK2@rBBHQub2/ Ujy MbV i? M7Q  i?2 0TQH Uey MbVX h?Bb “2bmHib BN
Qfip kTHoWb KTHBM: tVi2Z2T2M/BM; QM i?2 Mi2dMBbBVIP2XMQBb2 "QQi@K2 M@
b[m "2/ Q7 i?2 Mi2MM b 7i2  }Hi2 b-r?B+? "2 TTHB2/iQ "2/m+2i?2 MQBb2
r22°2i?2 Mi2MM Bb MQi b2MbBiBp2X HQr@T bb }Hi2 Q7 dyy J>x M/ 2B;?
"2 mb2/- "2bmHIBM; BM 4iRREXe Ko 7Q " i?Bb T "iB+mH ~b2i@mTX

h?2 “2bmHib Q7 i?2 }iiBM: T Q+2/m 2 7Q ° QM2 2t KTH2 2p2Mi M/ irQ Q7 i?:
b?QrM BM 6B:m 2 3X8 M/ +QKT “2/iQ i?2 i'm2 UbBKmH i2/V M2mi'BMQ bB:M
22°2 Bb //BiBQM HHv +QMbi’ BM2/ #v i?2}iiQ i?2 Ry Qi?2° TmHb2b UMQi b?¢

2 U3xov

3XjX9 //BiBQM H /2i BHb

h?2 H;Q Bi?K-r?B+?r b }'bi /2b+ B#2/ BM (ky3) M/ (9)-r b Q B;BM HHv /2
b?Qr2 b QMHVX AM "2 HBiv- KBt Q7 2p2Mib 72 im BM; QMHvV ? /"QMB+ b?C
#Qi? 2 I"QMB+ M/ 2H2+i QK :M2iB+ b?Qr2'b Bb 2tT2+i2/X 6Q  i?Bb "2 bQM-
+QMp2°;2/- M //BiBQM H Bi2  iBQMpBRxkyyRekBM; iR2i2 'Bx iBQM 7Q" 2H2+
i"QK ;M2iB+ b?Qr2 b- M/ i?2 2p2Mi Bb i ;;2/ /2T2M/BM; QM r?B+? ?2vTQi?2bB|
Qp2  HH6Q HQriQ K2/BmK [m HBiv 2p2Mib-i?Bbi ;;BM;: Bb 7 B'HvVBM ++m" i:
#HvV /2i2°BQ  i2 T2 7Q K M+2-r?2°2 b i?2 "2bQHmMIBQM 7Q" ?B;?2@[m HBiv 2
2p2Mib Bb BKT Qp2/X
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h?22@KBMBKBXx iBQM + M #2 T2 7Q K2/ mbBM: 86# mi2@7Q +26 bi®> i2;v
BM pB2rBM; M;H2- TQH "Bx iBQM M;H2 M/ b?Qr2° 2M2 ;vX h?Bb 2Mbm" 21l
KBMBKmMK- ii?2 +QbiQ7 "2[mB'BM; Q7i?2Q /2 Q7R *S1?Qm T2 2p2MiX H
KBMBKBx iBQM H;Q Bi?K b BKTH2KE2MITEW #% i;22(8y N)QMM #2 mb2/X AM i?B
+ b2- 7i27i?2} bi +QMp2 ;2M+2-i?2 H;Q'Bi?K Bb BMBiB HBx2/ HbQ ii?2
KBMBK X h?Bb TT ' Q +?r b Q#b2 ' p2/iQ +Q "2+iHv B/2MOB Q7i?2b;2bQ# H KB
M/ Bb KQ'2i? M M Q'/2 Q7 K ;MBim/2 7 bi2 X h?Bb QTiBQM Bb i?2°27Q" 2
QTiBKBx iBQM bim/B2b-r?2'2 "2H iBp2 T2'7Q 'K M+2 UQ7 /Bz2 '2Mi /2i2+iQ
i? M Q#i BMBM; i?2 #2bi TQbbB#H2 "2+QMbi " m+iBQM ++m’ +vX

3X9 S2°7Q°K M+2

AM Q' /2 iQ i2bii?2 "2+QMbi m+iBQM H;Q Bi?K-r2;2M2" i2 2T 2b2Mi iBjy
b i?2v rQmH/ #2 /2i2+i2/ BM /22T * /BQ bi iBQMX 6Q  i?2b2 "2bmHib- r?B
M/ b?QrM BM (9)- i?2 2H2+i QK ;M2iB+ b?Qr2 i ;;BM; M/ i?2 >TQH iBKBN
U+QKTH2i2HvV BKTH2K2Mi2/ v2iX aQK2 KBMQ  /Bz2 '2M+2b rBi? i?72 Q B;BN
2/m2iQ "2r2B;?iBM; Q7 i?2 bBKmH i2/ ~mt-bQ i? i MQri?2b K2 ~mt KQ/2
i72bim/B2b BM +? Ti2 " NX q2 "2+QMbi'm+ii?2 2MiB 2 b2i M/ /Bb+mbb i?2 "2
7Q°  BM/BpB/m H 2p2Mib-b2p2° H?B;? [m HBivbm#b2ib- M/ i?2 BKTHB+ iB(

3X9XR aBKmH iBQM b2i@mT

g2 mb2 Lm_ /BQJ*iQ ;26/&21012M2mi'BMQb rBi? 2M2 ;B26° iIBN2p7 QK
7TQHHQrBM; bT2+i' mKi? i +QK#BM2b M A+2*m#2@HBF2 ~mt (Rj9) rBi? M |/
+QbKQ;2MB+ M2mi'BMQb b /2}M2/ BM (Rdk)X h?2 M2mi'BMQ “~"Bp H /B 2+i
Hi?7Qm;? i?2B" ii2Mm iBQM /m2 iQ T'QT ; iBQMBMi?21 "i? Bbi F2M BMiQ
"2bmHIBM; 2p2Mib TT QT B i2HvX

h?2 bBKmH i2/ /2i2+iQ" Bb # b2/ QM i?2 /2bB;M Q7 i?2 LP@: bi iBQM- I
h?2 TQr2  bi'BM; M/ i?2 ?2HT2 bi'BM;b Ub22 b2+iBQM jBp¥X 2DB2T " i2/ ?Q
TQr2  bi'BM; +QMbBbib Q7 T? b2/ "> v +QMi BMBMOMQ2Ti T OBH? Mi2MM b
irQ >TQH Mi2MM b /B 2+iHv #Qp2- br2HH bj //BiBQM HoTQH Mi2MM b
40mX h?2irQ ?2HT2  bi' BM;b 72 im 2irQ oTQH Mi2MM brBi? QM2 //BiBQM F
#Qp2- i /2TiOAX h?2 Mi2MM "2bTQMb2b 7Q° i?2 >TQH M/ oTQH "2 mb2/
Lm_ /BQJ* ii?2 iBK2 Q7 i?Bbbim/vX LQi2i? i M2r bBKmH iBQMb i? i +Q "2b
i?72 Mi2MM b +im HHv /2THQV2/ #v _LP@: ? p2 #2+QK2 p BH #H2 bBM+2X
Bbp2'vbBKBH "-i?2>TQH "2bTQMb2 Ub22 b2+iBQM jXjXRV Bb b?B7i2/iQ ?E
mb2/ ?2°2c i?2 BKT +i QM "2+QMbi " m+iBQM T2'7Q°K M+2 ? b v2iiQ #2 bim/
b2MbBiBp2 ®WMR2 MBOOMHz rBi? "2bQM Mi 7 2[m2M50MBZX ©HQMi>TQH
Bb bB;MB}+ MiHv HQr2° BM ; BM M/ ? b Bib 20 MZbiQc@QUMHRM B'D #2ir22M
? p2 bvKK2i'B+ "2bTQMb2 BM xBKmi? M/ "2 KQbi bR MbBIBp22MMx2MBi?
Bb +QMM2+i2/ iQ HQr@MQBb2 KTHB}2'b b /2b+ B#2/ BM b2+iBQM jXjXk i?
U HKQbiV 7°2[m2M+v BMBRORHZX2 Mi mT iQ

g2 KQ/2H i?2 T? b2/ 7 v i'B;;2 1t7QM+BMQHEBI?? 2b?QH/ i'B;;2° 7Q°

bBM;H2 Mi2MM - r?B+? Bb TT QtBK i2Hv 2[mBp H2Mi iQ i?2 i'B;;2  mb2
BM (RRe- 6B;m 2 R3)X b Z4GHBEb miR2Q-7bBKBH " iQ i?2 LP@: /2bB;M b K
Ti2X g2 bBKmH i2 “#Bi' "V@H2M;i? i’ +2b Ui® +2 H2M;i?b "2 /Dmbi2/ bm+?
"2 biQ72/VX h?2 BM~m2M+2 Q7 b?Q i2° "2+Q ' /2/ r p27Q Kb Bb MQi bim/B2.
bB;MB}+ Mi+? M;2b "22tT2+i2/7Q -2X;Xi?2 LP@:? /r " 2U2+Q /H2M;i?
+QmH/ #2 H ;27 7Q  /22T2 bi iBQMb b TH MM2/7Q  A+2*m#2@:2Mk _ /BQ |
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signal direction [ ]  viewing angle [ ] polarization [ ] space angle [ ]

6B;m 2 3Xe, h?2 +mKmH iBp2 /Bbi B#miBQM Q7 i?2 Q#i BM2/ "2bQHmMIiBQM-b?
"2+QMbi'm+i2/ M/i'm2[m MiBiB2b-7Q  /Bz2 '2Mi bT2+ibQ7i?2 2+QMbi m+i
2p2MibX LQi2i?2/Bz2'2Mib+ H2bQMi?2t@ tBbX h?B+F M/i?BM HBM2b +Q "
TmHH 2p2Mi b2ib- "2bT2+iBp2HvX a? /2/ "2;BQMbiBBIBBB+iHirdA® +12T | BB K X2

h?2 MQBb2 /m2 iQi?2°"K HMQ@Bb2 ii?2 Mi2MM b THmb KTHB}+ iBQM MQB
noise = dG(f)keTmoB02 ; Uu3Xxs8vVv
f

rBiR, i?2 "QHixK MM +@Mbi?MiKTHB}2  ; BM b 7mM+iBQMQyiFZ2[m2M+v- M/
MQBb2 i2KT2  im 2X q2 bBKmMHT{3éPRyMEBHQ YRIRT QM /&M 1106 mV
"QQi@K2 M@b[m "2/ Q7i?2MQBb2 rBi?BMQm 7 2[m2M+v # M/ Q7 8y@dyy J>>
i?727°2[m2M+v/QK BMrBi? KTHBim/2bi? i "2 _ vH2B;? /Bbi'B#mi2/- "2bmHiB
/IBbi'B#mi2/ MQBb2 BM i?2 iBK2@/QK BMX

h?2 2H2+i'B+ }2H/ KQ/2H Q7 (kRR) 7Q i?2 bF v M2KBbbBQM Bb mb2/- b/
h?2 B+2 "27° +iBp2 BM/2tBb KQ/2H2/rBi? [2Ti?@/2T2M/2Mi 27" +iBp2 BM/2
M2tTQM2MiB H7mM+iBQM- b bm;;2bi2/ #v (R8k) M/ [2Ti? M/ 7 2[m2M+v /
KQ/2H 7" QK (kRk)X

LQi2i? ii?2bBKmH iBQMb T2 7Q K2/ "2 bi iBbiB+ H'2 HBx iBQMBM irQr
MQBb2 ~m+im iBQMb M/ kV i?2 2H2+i'B+ }2H/ ;2M2" i2/ 7°QK bi iBbiB+ HHv p

gBi? i?Bb M2mi'BMQ ~mt M/ /2i2+iQ  +QM};m" iBQM- r2 Q#i BM M BMi2;"
i'B;;2°BM; 2p2Mib- Q7 r?B+? R33R +QMi BM QMHvV ? /"TQMB+ b?Qr2°X h?2 "2
‘'mM 7Q 2 +? Q7 i?2b2- M/ i?2 "2bmHib "2 /2b+'B#2/ BM i?2 TQHHQrBM; b2+i

3X9Xk _2+QMbi'm+iBQM T2'7Q K M+2

h?2 "2bmHib Q7 i?72 "2+QMbi " m+iBQM "2 b?QrM BM 6BBmnN2H3IXKBE R +qB@BIbiBM
"2bQHMIBQM-BX2X i?2 M;H2 #2ir22Mi?2 i m2 M/ 2pBMBMM+VOAKRKBIii2/ bB;|
H "Bx iBQM MBHZ22 MBK2X i?2 M;H2 #2ir22Mi"m2 M/ 2+QMbi m+i2/ M2mi B
P7i?2b2-i?2} bi/2T2M/b QMHV QM i?2 T2 ' 7Q 'K M+2 Q7 i?2 "2+QMbi m+iBQM
g2 b?Qr "2bmHib #Qi? 7Q  ? /' QMB+ 2p2Mib Ui?B+F HBM2bV-7Q r?B+? Qm " +Q
br2HH bi?Qb2 7Q° HH 2p2Mib UBM+HmM/BM; 2H2+i " QK ;M2iB+ BMi2" +iBQM
i?Bb H ii2" + i2;Q v Bb 2tT2+i2/ iQ #2 rQ ' b2- /m2 iQ i?72 KQ'2 B "2;mH ~ b? T
b?Qr2'b 2tT2'B2M+BM; i?2 GSJ 2z2+i- br2HH b TQi2MiB HBMi2 72 ' 2M+2 #:
i?72 2H2+i"QK ;M2iB+ M/ ? /"TQMB+ b?Qr2'bX S "iB+mH "Hv 7Q" i?2b2 2p2Mib
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Nevents *mi 2{+B2M+v (W)
Iong—V >/ HH X*X ZX*X UoV ZX*X U>V
Re Xy Rle XBjy 9Ne e <R <R
ReX8 R/dXk9k d88 jj 8 k
RdXy R[|dX|8] N9|8 89 kj Rk
RdX8 R3X983 3Nd e9 jd R9
R3Xy RB3XjRN ey3 dj 9d Rd
R3X8 R|N Xk j jey dN 89 k3
RNXy klkXRk8 kRk Ny ek i9
ReXy kKkX¥33R 9k|dj 8N i R8

h #H2 3XR, h?2 Ur2B;?i2/V MmK#2 Q7 i'B;;2 2/ 2p2Mib- rBi? i?2 T2 +2Mi ;2
i?72 M HvbBb +mi U X*XV M/i?2[m HBiv+mibUZX*XV BMi"Q/m+2/ BM b2+iB
2M2EvX h?2 2{+B2M+B2b b?QrM "27Q ? /"QMB+ 2p2Mib QMHVv-i?Qm;? i?2 |
bBKBH ~7Q° HH 2p2MibX

T2 7Q K M+2 +QmH/ #2 BKT Qp2/ #v /2p2HQTBM; /2/B+ i2/ H;Q Bi?K M/f
2t KTH2 #22M BMp2biB; i2/ BM K +?BM2@H2 "MBM; TT'Q +? BM (kyj)X

AM //BiBQM iQ i?2 "2bmHib 7Q  i?2 7mHH 2p2Mi b2i- r2 b?Qri? 22 /Bz2 2
2KT? bBx2 i?2 /Bz2 2Mi 72 im 2b Q7 i?2 "2+QMbi m+iBQMX h?2b2 "2 b2H2+
+miQMi?2alL_BM+2i BM Mi2MM b-?2°2/2}M2/ bi?2 K tBKmK KTHBim/2 (
bB;M H /BpB/2/ #vi?2 i'm2 MQBb2 "QQi@ K. M @D2m? 22 KT HIB2imb/2 2,

C h?2M HvbBbi?Blb BM+Hm/2b 2p2Mib i? i ? p2 bB;M HrBi? MaL_Q7 iH
T? b2/ "> v Mi2MM - br2HH b iH2 biQM2 Qi?2° Mi2MM BMi?2 TQr2"
bB;M HrBi? MaL_Q7 iH2 bikBb '2[mB'2/BM2 +? Q7 i?27?2HT2 bi BI
BKT Qp2b i?2 [m HBiv Q7 i?72 b?Qr2 @K tBKmK "2+QMbi m+iBQM- r?B+"
H2 bii?2b27Qm~ Mi2MM b U;"QmTbV iQ mMB[m2Hv /2i2°KBM2 i?2 Q B;E

C h?4dm HBiv +mi?2BOVBM+HmM/2b 2p2Mib i? i T bb i?2 M HvbBb +mi- M/ BN
bB:M H rBi? M aL_Q7 i H2 bijX8 BM QM2 Q7 i?2 irQ mTT2 KQbi oTQH
BKbiQ 7m i?2  BKT Qp2i?2 [m HBivQ7i?2b?2Qr2 @K tBKmK “2+QMbi r
T 2b2M+2 Q7 +H2 “bB;M H i iH2 bi8/Bz2 2Mi # b2HBM2bX

C h?2m HBiv +mi?BHVBM+HmM/2b 2p2Mib i? i T bb i?2 M HvbBb +mi- M/ BM
alL_ Q7 iH2 bijBM iH2 biQM2 Q7 i?2>TQH Mi2MM bX h?Bb H2 /b iQ
+QMbi> BMi QM i?2 TQH 'Bx iBQM M;H2- r?B+? Bb i?2 /QKBM Mi mM+2"i

h?2 T2 +2Mi ;2 Q7 2p2Mib “2i BM2/ #v 2 +? Q7 i?2b2 +mib Bb b?QrM BM h #H

h?2 Q#i BM2/ "2bQHmMIiBQM Bb HBKBi2/ #v i?2 b?Qr2 @K tBKmK "2+QMbi"
bm++2bb7mH- i?2 bB;M H/B'2+iBQM Bb "2+QMbi mBi2 XrBi@r2K2/BBW "2bQH
T 'iB+mH " 7Q HQr@alL_ bB;M Hb-Q b? HHQr p2'iB+2b-r?B+? 2tT2 ' B2M+2
BMi?2} " M-i?2"2 "2HQM;i BHbBM i?2 /Bbi ' B#miBQM +Q "2bTQM/BM; iQ KB
H2 /biQr ' QM; bB;M HrBM/Qrb UBX2X i?2}i K v MQi2p2M BM+HmM/2i?2 +im
;1 2QK2i'v-r?B+? BM ;2M2° H+ mb2i?2 2bi Q7 i?2 2+QMbi m+iBQM iQ 7 BH-

A7 i?72 b?Qr2° K tBKmK Bb "2+QMbi' m+i2/ bm++2bb7mHHv- i?2 /QKBM Mi
Bx iBQM M;H2X h?2 pB2rBM; M;H2 Bb T BQ B +QMbi° BM2/ iQ HB2 rBi?B
*?22°2MFQp M;H2- M/ + M #2 "2+QMbi' m+i2/ "2H iBp2Hv r2HH /2T2M/BM; QN
M HBMi?2 oTQH Mi2MM bX PM i?2 Qi?2  ? M/-T "iHv #2+ mb2 Q7 i?2 r2 Fz
Mi2MM b- b /2b+ B#2/ BM b2+iBQM jXjXR-i?2 "2bQHmMIBQM Q7 i?2 TQH "B
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6B;m 2 3Xd, G27i, /IBbi B#miBQMb Q7 i?2 i'm2 M2mi ' BMQ /B '2+iBQMb BM i
T°QD2+i2/ BMiQ +QQ°/BM i2 7" K2 r?2°2i?2 U 2+QMbi'm+i2/V TQH "Bx iBQ
t@ tBb M/ i?2 pB2rBM; M;H2 HQM; i?2 v@ tBbX a?QrM "2 BM/BpB/m H 2p~
HBM2b 7Q" /Bz2 2Mi +mib-7Q° HH ? /"TQMB+ 2p2MibX _B;?i, i?72 +mKmH iBp2
"2bQHmMIBQM- BM i2°Kb Q7 i?2N%2Q7?i?72 QM2 BMM2Imi BMQ /B°'2+iBQMbX h?2 b2
tBb BM/B+ i2bi?2 M;H2i? irQmH/ +Q "2bTQM/iQi?2b K2bm'7 +2 M;H2 BM
M;mH ~ /Bbi'B#miBQMX a? /2/ "2;BQMb BIMAMBHBRIiiRP2 HTIMMHtBK BMivX

Q7 K ;MBim/2rQ b2 i? Mi? i Q7 i?2 pB2rBM; M;H2X h?Bb H2 /biQ bT +2 |
+HQb2HvV "2b2K#H2b i?2 TQH "Bx iBQM M;H2 "2bQHmMIBQMX b 2tT2+i2/-1i?2
Q#b2 p2/ #v TTHvBM; +mi QM i?2 KBMBKmK aL_BMi?2>TQH Mi2MM b UZm

h?2 /IBz2 2M+2 #2ir22M Tm 2Hv ? /"TQMB+ 2p2Mib M/ i?Qb2 BM+HmM/BM; 2H:
KQbi +H2 "Hv pBbB#H2 BM i?2 bB;M H /B 2+iBQM M/ pB2rBM; M;H2 "2bQHm
irQ 7 +iQ bc }'biHv-i?2H ;2" bT'2 /BM i?2b? T2b Q7 i?2 BM/BpB/m H b?Qr.
b?Qr2°b- M/b2+QM/Hv-i?2+m " "2Mi "2+QMbi m+iBQM H;Q Bi?Kmb2b M M H:
bT2+i'mK Q7 ? /" QMB+ b?Qr2 b-r?B+? Bb bHB;?iHv /Bz2 2Mi 7 ' QK i? i 7Q" 2H
/2/B+ i2/ H;Q 'Bi?Ki? i //BIiBQM HHv i ;2ib 2H2+i'QK ;M2iB+ b?Qr2 b rBHH |
"2bmHibX

"2+ mb2 i?2 "2bQHmMIiBQM- BM i2°'Kb Q7 i?2 bT +2 M;H2- Bb HKQbi +QKTEF
TQH 'Bx iBQM M:H2-Bi+ M MQi#2bi'> B;?2i7Q r “/HvBMi2 T 2i2/ bi?2 2H2p
TOBMi bQm +2 b2 "+?22b-"2Z@Q7rPB+mMH22° i BMiv +QMiQm b Bb i?2 /2i2"KBMBM
h?2°27Q°2-r12 Qi i2 M/ T'QD2+ii?2bT +2 M;H2iQ b? "2/ °272°2M+2 7" K2-
mM+2°i BMivBMi?2 /B 2+iBQM Q7 i?2 TQH 'Bx iBQM M;H2 HB2b HQM; i?2 2
bK HH2'V mM+2°i BMiv HQM; i?2 pB2rBM; M;H2 /B'2+iBQM HQM; i?2 p2 il
#QiiQK H27iVX h?2 "2bmHiBM; bVvKK2i'B+ /Bbi'B#miBQM Bb b?QrM QM i?2 H:
6Q  i?2 bK HH2  [m MiBH2b- i?2 +QMiQm'b "2 bi'QM;Hv 2HQM; i2/ HQM; i?
rBi? i?2 bBx2 Q7 i?2 +QMiQm™ /2+ 2 bBM; rBi? M HvbBb M/ [m HBiv +mibX
?2Qr2p2°- BM+HmM/2 2p2Mib rBi? TQQ b?Qr2 @K tBKmK "2+QMbi m+iBQM- 7Q
M/ TQH "Bx iBQM M;H2b "2 KBb HB;M2/rBi? i?2 "2+QMbi" m+i2/ QM2b mb2/ 7
iQ KQ 2 M/QK /B'2+iBQM Q7 i?22°"Q° M/ KQ 2 bvKK2i'B+ +QMiQm'b U2X;
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6B:m 2 3X3, h?2 /Bbi'B#miBQM Q7 i?2 "2 Q7 i?2 "2+QMbi ' m+iBQM 2 °Q" b
2p2Mib T bbBM; i?2 M HvbBb +mi- 7Q  /Bz2 2Mi b?Qr2  ivT2b M/ 2M2 ;B2bX
2M2 ;v b?Qr2'b BM ;2M2  H ;Bp2 ?B;?2° KTHBim/2 bB;M Hb- H2 /BM; iQ M
7mMM+iBQM Q7 2M2 ;vX

[m HBiv +mi U>VVX

g2 + M i?2M +QKTmi2 "2bQHmMiBQM BM b[m "2 /2;°22b- +Q "2bTQM/BM;
+Qp2°'BM; LW Q7 2p2MibX LQi2 i? ii?2 mM/2"HvBM; /IBbi'B#miBQM Bb mMHB
#v 2HHBTb2b- M/ 2p2M rBi?BM 2 +? bm#b2i i?72 i'm2 mM+2"i BMiv /Bbi B#r
Bb /Bz2 2Mi 7°QK i? i Q7 i?72 2Mb2K#H2- bQ i?Bb T°'Q+2/m 2 Bb bQK2r? i M
2biBK i2 bBM;H2@2p2Mi mM+2'i BMiv +QMiQm bX >Qr2p2 - #2+ mb2 i?2 bT
i?72 "2+QMbi'm+i2/ bB;M H/B 2+iBQM-i?2b2 2HHBTIiB+ H+QMiQm b /Q ;m °
i M 2Mb2K#H2 H2p2HX

h?2 "2 Q7 i?2b2 2HHBTiIB+ H +QMiQm™ b "2 b?QrM QM i?2 "B;?2i@? M/ &
b2+QM/ "vt@ tBb b?Qrbi?2+Q "2bTQM/BM; R. M;H2i? irQmH/ +Qp2 i?2b |
+QMiQm  UBX2X +B +H2VX h?2 K2/B M k. "2bQHmMIiBQM 7Q" ? /"QMB+ 2p2N
2t KTH2- Bb TT Qb6BREFi-2H® '2bTQM/BM; iQ &R -MAHRTQR/iQ K2/B M
bT +2 M;B2 Q7"?Bb };m 2 HbQ 2KT? bBx2b i?2 BKTQ i M+2 Q7 BKT QpBM;
"2+QMbi m+iBQM 7Q° 2H2+i'QK ;M2iB+ 2p2Mibc Hi?Qm;? i?2 "2bQHmMIiBQM
bBKBH " 7Q KQbi2p2Mib- BM+HmM/BM; 2H2+i QK ;M2iB+ 2p2Mib "Qm;?Hv /Q1

h?2 "2bQHmMIiBQM //BiBQM HHv p "B2b rBi? i?2 /2TQbBi2/ b?Qr2° 2M2";v
h?2 b K2 "2+QMbi' m+iBQM "2 b b?QrM BM 6B;m 2 3Xd Bb b?QrM ; BM BN
#BMb BM b?QrELXMRMMV 2p2Mib T bbBM; i?2 M HvbBb +mi "2 +QMbB/2 2/X
7i2° i?2 +mib "2 TTHB2/- ?B;?2 2M2 ;v b?Qr2°'b "2 mbm HHv ?B;?2  BM
M/ oTQH Mi2MM b- H2 /BM; iQ M BKT ' QpBM; '2bQHmMIiBQM b 7mM+iBQM
7Q  2H2+i"QK ;M2iB+ b?Qr2'b- i?Bb 2z2+i Bb HKQbi +QKTH2i2Hv Qzb2i #v
b?Qr2  b? T2 /m2iQ i?2 GSJ 2z2+i i?B;?2°2M2 ;B2bX q2 HbQ MQi2 i? i i
i?72 "2bQHMIBQM 7Q " 2H2+i ' QK ;M2iB+ b?Qr2°b Bb bBKBH "iQi? i7Q 2 /"'QN
i?72 GSJ 2z2+i Bb MQi v2i bB;MB}+ Mi- M/ i?2 /Bz2 ' 2M+2 #2ir22M i?2irQ b?Q
bK HHX

h?2 /2T2M/2M+2 QM i?2 M2mi ' BMQ x2MBi? M;H2 Bb b?QrM BM 6B;m 2 3X
i?72 M HvbBb +mi QMHvVX AM i?Bb + b2-i?2 "2bQHmMIiBQM BKT Qp2b b i?2 M:
UH ;2" x2MBi?VX h?2°'2 "2irQ "2 bQMb 7Q" i?BbX 6B6MNV-2K:QR@p2 iB+ F
K2i'B+ HHv +QMbi~ BM2/- #v i?2 *?8 2MFQDP2 M HAQi7 vb #2M/ /QrMr /b
BMi?2 }' M- iQ HB2 +HQb2 iQ i?2 bm 7 +2-r?B+? H2 /b iQ KQ 2 +? HH2M
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6B:m 2 3XN, h?2 /Bbi'B#miBQM Q7 i?2 "2 Q7 i?2 '2+QMbi'm+iBQM 2 °Q b U
2p2Mib T bbBM: i?2 M HvbBb +mi- 7Q° /Bz2 2Mi b?Qr2" ivT2b M/ M2mi BMC
b?Qr2°b +Q "2bTQM/ iQ b? HHQr2  BMi2  +iBQM p2 iB+2b- /m2 iQ i?2 2KBbbE
56 - r?B+? BM im'M "27? /2 iQ "2+QMbi m+iX

+QMbi m+iBQM- b K2MiBQM2/ T'2pBQmbHvX AM //BiBQM- bi?2 TQH "Bx iB
b?Qr2° tBb- KQ'2 BM+HBM2/ M2mi'BMQb BM+HmM/2 bi’QM;2° ?2Q 'BxQMi HHYV
BKT Qp2bi?2 "2+QMbi' m+iBQM Q7 i?2 TQH "Bx iBQM M;H2X h?2b2 2z2+ib
M/ 2H2+i"QK ;M2iB+ 2p2Mib-i?2Qm;?BiBbKQ 2T ' QMQMM+2/7Q  ? /" QMB+ 2]
QTIiBK HT2'7Q°K M+2 7Q" 2H2+i"QK ;M2iB+ 2p2Mib Bb BM?2 2MiHv HBKBi2/
BM "2+QMbi m+iBQMX

3X9Xj aBM:H2 2p2Mi mM+2"i BMiv +QMiQm b

g?BH2 i?2 T°'2pBQmb b2+iBQM ;Bp2b MU TT QtBK i2V Mbr2  iQ ?Qrr2HH i?2
p2° :26- BM i?2 b+2M 'BQ Q7 M BM/BpB/m HM2mi'BMQ + M/B/ i2 QM2 Bb KC
2p2Mi mM+2'i BMiv+QMiQm -BM Q' /2  iQ pQB/bi'QM; Qp2 @ Q" mM/2 +Qp2
TT Q +?2iQ Q#i BM bm+? +QMiQm™ b M/ b?Qr M 2t KTH2X

Airbb?QrM BM (ky3)i? i ™M Bp2 TTHB+ iBQM Q7 gBHFbo6 i?72Q 2K “"2bmtF
[2°2biBK i2 Q7 i?2 i ' m2 mM+2 i BMiv+QMiQm™ 7Q  i?Bb H;Q Bi?KX h?2°27Q
Q#i BM2/ b 7QHHQIibiBiwiB+ Bb KBMBK HBx2/ r?BH2 }tBM; i?2 M2mi ' BMQ x2M
QM ;"B/ "QmM/ i?2 Qp2  HH #2bi@}i TQBMiX h?2 LW mM+2°i BMiv +QMiQm
Q#i BM2/ b i?2 "2,r?3°2 %si 2X h?2 TT QT B i2 p?HB2+QF+mH 2/ #v
"2+QMbi'm+iBM; i?2b K2 2p2Mi KmHIBTH2 iBK2b rBi? /Bz2 2Mi "2 HBx iBQMb
i72°K HMQBb2- M/ /2i2 KBIMBM,MPEEEBQ7, r?2 2. ,Bb i?2 i2bi bi iBbiB+
+Q 2bTQM/BM; iQi?2i ' m2 /B 2+iBQM M/ #2bi }iiBM; b?Qr2° 2M2 ;vX h?mb- i
T 2i2/ bm+? i? i e3W Q7 i?2 "2T2 i2/ 2tT2°'BK2Mib rBHH #2 "2+QMbi " m+i2/ rBi
2t KTH2 bBM;H2@2p2Mi mM+2'i BMiv +QMiQm" 7Q" ivTiB+ H 2p2Mi T bbBM; i
6B;m 2 3XRyX

MQi?2 2t KTH2 +QMiQm">7Q" M 2p2MirBi? H “;2 KTHBim/2BMi?2 >TQH-
+mi U>V- Bb b?QrM BM 6@%n "2 3RRX8ER;Q#i BM2/X b + M #2 b22M 7 QK i?.
};m*2- 7Q° bK HH TQH "Bx iBQM M;H2b i?2 mM+2'i BMiv "2;BQM BM x2MBi?
TT QtBK i2/ #v M 2HHBTb2X LQi2 i? i 2p2M 7Q" i?Bb 2p2Mi- i?2 mM+2"i BN
/IB’2+iBQM Bb Km+? H ;27 i? Mi? i BMi?2 pB2rBM; M;H2 /B'2+iBQMX h?Bb r
2 "HB2 TQBMii? i QMHvVv [mQiBM; i?72 QM2@/BK2MbBQM H bT +2 M;H2 /Bz2°
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6B;m 2 3XRy, G27i%@FQViNeld 7Q° M 2p2Mi Q7 p2 ;2 [m HBivi? i T bb2l
+mib- "2bmHIBM; BM bX k22 MMWR22Q07BMiv 2;BQMBb M2HQM; i2/ M/ M “"Qr
"2 X G27i- #QiiQK, /Bbi'B#miBQM Q7 i?2 "2+QMbi'm+i2/ /B'2+iBQM 7Q"
BM~m2M+2 Q7 bi iBbiB+ HmM+2i BMiB2b-2X;X b?Qr2° T°'Q}H2 M/i?2 K H
b K2 THQib b QM i?2 H27i-#mi BM+Hm/BM; bvbi2K iB+ mM+2'i BMiB2b b /2

6B;m 2 3XRR, a K2 b6B;m 2 3XRy UiQT T M2HV-#mi 7Q° ?B;?@[m HBiv 2y
BMi?2>TQH Mi2MM bX



3X8X *PL*GlaAPLa NR
M/ i"m2 /B 2+iBQM Bb mbm HHv KBbH2 /BM;X

3X9X9 avbi2K iB+ mM+2'i BMiB2b

hQ /2KQMbi® i2 1?2 2z2+ib Q7 M BKT2 72+i FMQrH2/;2 Q7 i?2 /2i2+iQ" M/ i?
7Q7 i?22QmiHBM2/ "2+QMbi m+iBQM K2i?Q/-r2 +QKTmi2 M 2p2Mi +QMiQm" 7(
b?QrM BM 6B;m 2 3XRy- BX2X iviB+ H 2p2Mi "2K BMBM; 7i2° M HvbBb +n
i?7°22 bvbi2K iB+ mM+2°i BMiB2b- M K2Hv RV Mi2MM TQbBiBQMb- kV Mi2M
27 +iBp2BM/2t KQ/2HX q2 BM+HmM/2 M Qzb2i BM3ic2BND) bBvBR N QiB{(PM- Mi2 N
M/ mM+2"i BMiv Q7 RyW BM i?2 Mi2MM p2+iQPMBz 2n-VB-R2 iHRMiM B MAT? 2
7°2[m2M+v #2? pBQ Q7 i?2 p2+iQ" 2z2+iBp2 H2M;i? UBX2X b?B7i BM i?2 "2
T? b2 #2? pBQ'VX q2 mb2 : mbbB M mM+2"i BMiB2b 7Q" 2 +? BM/BpB/m H M
r2 H2i i?2 T~ K2i2Mifzg Q7 i?2 2tTQM2MiB H 27" +iBpZ BM/ 2t TéiQ}HZ
p ‘v #%- b i?2 /22T 27" +iBp2 BM/2t+ M #2 2bi #HBb?2/ p2'v ++m’ i2X q?B|
M22/2/iQ +Q "2+iHv i'2 ii?2 bvbi2K iB+ mM+2"i BMiB2b-r2 #2HB2p2 i? i i?2l|
"2 bOM #H2 2biBK i2 Q7 i?2 +m "2Mi mM/2 bi M/BM; Q7 ° /BQ M2mi ' BMQ /2i2
h?2 K BM BKT +i Q7 i?2 bvbi2K iB+ mM+2 i BMiB2b 7Q" i?Bb 2t KTH2 2p2M|
TQH "Bx iBQM "2b Q¥ #BNDMQ%z Q&K RRX8 //BiBQM HHv-r2 Q#i BBM #B b Q7 9
i?72 "2+QMbi ' m+i2/ TQH "Bx iBQMX h?Bb Bb /m2 iQ i?2 7 +ii? i i HQr aL_-i?
>TQH Mi2MM Bb /2i2°'KBM2/ 7°QK i?2 ""Bp HiBK2b BM i?2 M2 "#v oTQH Mi?2
i?72B+2 KQ/2H Q" Mi2MM TQbBiBQMb "2bmHi BM bK HH IiBKBM; Qzb2i #2ir:
i'm2 TmHb2b- M/ i?2°27Q°2 bvbi2K iB+ mM/2 2biBK iBQM Q7 i?2 >TQH +QM
i?72 +? HH2M;2 Q7 i?2 HQr >TQH bB;M Hb M/ bi i2 i?2 BKTQ i M+2 Q7 i?2 /2p:
iQ #2ii2° B/2MiB7v HQr bB;M H KTHBim/2b BM i?2 i?2°"K HMQBb2 BM 7mim~2
h?2 "2bmHIBM; 2p2Mi +QMiQm™ Bb b?QrM QM i?2 "B;?i ? M/ bB/2 Q7 6B;m’
BM+ 2 b2 7°QK RPIDQ8iP2, 2t KTH2 2p2MiX h?2 BKT +i Q7 i?2 KBbK i+?2 Q7 i?
Q#b2 ' p2/ BM #5,/22 /IBbi'B#miBQM UBMb2i 6B;m 2 3XRy #QiiQKVX

3X8 *QM+HmMbBQMb

AM i?Bb +? Ti2 -r1r2 ? p2 /2b+ 'B#2/ 7mHH "2+QMbi " m+iBQM H;Q Bi?K 7Q" /.
1212+iQ b # b2/ QM i?27Q°r "/@7QH/BM; T'TBM+BTH2X g2 ? p2b?QrM ?2Qri?2 b
M;H2- M/ TQH "Bx iBQM +QK#BM2 iQ mMB[m2Hv /2}M2i?2 M2mi BMQ /B 2+il
H;Q Bi?Kr b[m MiB}2/7Q 2 +?2 Q7 i?2b2T ~ K2i2'b- M/Bir b/2KQMbi i2/i?
"2bQHmMIBQM 7Q  TQH "Bx iBQMH2 /biQbi"QM;Hv bvkKK2i'B+ mM+2 i BMiv +
i?72°27Q 2 2KT? bBx2 i? ii?2 R. bT +2 M;H2 /Bbi B#miBQM Bb MQi bm{+B2Mi
i?72 "2+QMbi ' m+iBQM "2bQHmMiBQMX

h?2 "2bQHmMIBQM Q#i BM2/ Bb b?QrM iQ /2T2M/ QM i?2 bB;M H bi'2M;i? BM
6Q°  ? /"QMB+ 2p2Mib- H ;2 bne®@®¥iQ N Z22WiH2+i2/ BM Q /2" iQ Q#i BM K2/
“2bQHMIBQMIQT +2 M;H20¢dQU 22 R. 2[mBp H2MiVX qBi? bi'B+i2° +mib- bK
K2/B M "2bQHmMIiBQM Bb Q#i BM2/ ii?2 +Qbi Q7 2z2+iBp2 pQHmMK2X

h?2 "2+QMbi'm+iBQM H;Q Bi?K /2b+°'B#2/ BM i?Bb "'iB+H2 Bb BM+Hm/2/
Lm_ /BQJ*7 K2rQ F-2M #HBM;2M/@iQ@2M/bBKmH iBQM M/ T2 '7Q K M+2 |
7Q° /22T BM@B+2 ° /BQ M2mi'BMQ /2i2+iQ°bX AM 7mim 2 rQ F- BKT Qp2K?2
BKT QpBM; i?2 B/2MiB}+ iBQM Q7 TmHb2b rBi? bK HH bB:M H@iQ@MQBb?2
bi>i2;v Q7 + ' Qbb@+Q "2H iBQM Q++ bBQM HHv H2 /biQ 7 BHmM 2iQ +Q "2+
Q 2p2MiQ KBb'2+QMbi ' m+iBQM Q7 i?2 p2 i2t TQbBIiBQMX

M //BiBQM H TQbbB#BHBiv 7Q BKT Qp2K2MirQmH/ #2 iQ T2 ' 7Q K +QK#
K tBKmK TQbBiBQM b r2HH b i?2 pB2rBM; M;H2- TQH 'Bx iBQM M/ 2M2";v-
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i?2K BM irQ b2T ~ i2 bi2Tb br b/QM2 222X h?Bb rQmH/ HBF2HV K F2 i?22 #
bi> i2;v mb2/ BM i?Bb +? Ti2° mM72 bB#H2- i H2 bi 7Q  bBKmH iBQM bim/B
2p2Mib Bb iQ #2 "2+QMbi m+i2/X

6BM HHv- 7Q" i?20%K AHHIBQM Q7 2p2Mib i? i Bb b22M bBKmHi M2QmbHyv
b? HHQr Mi2MM b- Q" BM KmHiBTH2 bi iBQMb bBKmHi M2QmbHv- "2+QMb
iQ 2tTHQBi i?Bb //BiBQM H BM7Q K iBQM rQmH/ HBF2Hv bB;MB}+ MiHv B}
7Q° i?2b2 2p2MibX h?Bb b?QmH/ #2 +?2B2p #H2 rBi? "2H iBp2Hv bK HH K
H:Q Bi?KX



*?2 Ti2 N

TTHB+ iBQMb Q7 i?2 .B 2+iBQ
_2+QMbi m+iBQM H:;Q Bi?K

AM i?Bb +? Ti2 - r2 +QMbB/2° bQK2 TTHB+ iBQMb Q7 i?2 M2mi BMQ /B 2+iB:
/2b+"B#2/ BM +? Ti2°  3X AM b2+iBQM NXR-r1r2 T2 '7Q°'K iQv KQ/2H bQm +2 b
[2i2+iQ X q2 BMi ' Q/m+2 i?2 TQBMi@bT 2 / 7TmM+iBQM-r?B+? BM +QMi" biiQ
iQ #2 #Qi? bvKK2i'B+ M/ /Bz2 2Mi BM b? T2 iQ i?2 bBM;H2 2p2Mi mM+2"i B
b2+iBQM 3X9XjX h?2 bQm ' +2 /IBb+Qp2° v TQi2MiB HBb Q#i BM2/ 7Q  /Bz2 2M
i?72 /IBb+Qp2'v TQi2MiB H Bb BKT ' Qp2/ bB;MB}+ MiHv #v i?72 /IB'2+iBQM "2+Q
BKT Qp2K2Mib iQi?2 2bQHmMIBQM #v 2M7Q +BM; bi B+i2  [m HBiv +mi "2 ;2
HQbb Q7 bi iBbiB+bX

AMDb2+iBQM NXk-r?B+? Bb +HQb2Hv # b2/ QM (e)-r2 TTHvi?2 2+QMbi m+i
7Q° bBM;H2@bi iBQM /2i2+iQ" ii?2 aQmi? SQH2 b /2bB;M2/ 7Q" i?2 T 'QTC
2ti2MbBQM (RRd-kRy)X g2 # B2~v +QKK2Mi QM i?2 Q#i BM2/ T2 7Q K M+2
_LP@:- M/ HbQ bim/vi?2T2 ' 7Q°K M+2 7Q" /Bz2 '2Mi TQi2MiB H /2i2+iQ  H v

NXR L2mi BMQ bQm +2 b2 "+°?

AM i?Bb b2+iBQM- r2 TTHv i?2 M2mi'BMQ /B'2+iBQM "2+QMbi m+iBQM H;Q
iQ bim/vi?2bQm +2 /IBb+Qp2'v TQi2MiB HQ7 M LP@:@HBF2 /2i2+iQ  BM :
bBKTH2 iQv KQ/2H bQm +2 b2 "+? M/ bim/vi?2 /IBb+Qp2 v TQi2MiB H7Q" b
20 X h?Bb Bb /QM2 #v /2i2°KBMBM; i?2 KBMBKmK "2[mB ' 2{+2rbb QP2 bB;MB}+
6/Bzmb26 # +F;"QmM/X q2 +QMbB/2" /Bz2 2Mi[m HBiv +mibi? i BKT Qp2i?2
"2/m+BM; i?22 2tT2+i2/ bi iBbiB+bX hQ T2 ' 7Q K i?Bb b2 "+?- ?2Qr2p2 - QM2 M?

TOQBMi bQm ™ +2 TT2 b BMi?2 bBKmH i2// i X h?Bb Bb ;Bp2M #v i?2 TQBMi
AM i?2 + b2 Q7 bvKK2i'B+ mM+2'i BMiB2b-i?2 Sa6 + M #2 Q#i BM2/i BpB HH
mM+2°i BMiB2bX b i?Bb Bb MQii?2 + b2 ?2°2-?2Qr2p2°-i?2 Sa6im " MbQmiiQ
/IBz2°2Mi BM b? T2 iQ i?2 bBM;H2 2p2Mi mM+2"i BMiv+QMiQm b b?QrM BM +?

NXRXR SQBMibT 2/ 7mM+iBQM

"27Q°2r2 /2b+ B#2 ?Qr i?2 TQBMi bT 2 / 7mM+iBQM Bb 2biBK i2/- Bi Bb mb27
/Bz2 b 7°QK i?2 mM+2 i BMiv +QMiQm > 7Q" bBM;H2 "2+QMbi ' m+i2/ 2p2MiX h
b?QrM BM b2+iBQM 3X9Xj- Bb i?22 "2 /2}M2/ #v i?2 "2[mB 2K2Mi i? i i?2 i'm:

Nj
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6B;m° 2 NXR, AHHmMmbi®  iBQM Q7 i?2 TQBMi bT 2/ 7mM+iBQMX G27i, i?72 Q°
2+QMbi'm+iBQM mM+2'i BMiv +QMiQm b Bb /2i2 " KBM2/ #v i?2 bB;M H /B¢
}1t2/ bQm +2 /B'2+iBQM- 1?22 "2 K Mv TQbbB#H2 M2mi'BMQ p2°'iB+2b U M/
"2bmHiIiBM i'B;;2°'BM; bB;M HX h?2 Sa6i?2 27Q 2+ M#2i?2Qm;?i Q7 b "BEt
Q7 i?2b2 BM/BpB/m H+QMiQm 'b- "2bmHIiBM; BM 06#Qr@iB206@b? T2X

BM+HmM/2/ rBi? i?2 TT QT B i2 +Qp2 ;2T Q# #BHBivX AMi?2 mbm HT 2b+"
i?72 K tBKmK@HBF2HB?QQ/ 2biBK i2- BX2X i?2 "2+QMbi' m+i2/ /B ’2+iBQMX
TmM+iBQM /2b+"B#2b ?2Qr TQBMi bQm +2 TT2 b BMi?2 /i 7i2° "2+QMbi
2+QMbi'm+iBQM- i?Bb K2 Mbi?2 Sa6 Bb +2Mi 2/ UK tBK HV ii?2i"m2 bQm

AMi?2 + b2r?22°2i?2 2+QMbi ' m+iBQM mM+2"i BMivBb bvKK2i'B+-i?Bb /B
#Qi? i?2mMM+2 i BMiv+QMiQm'b M/i?2Sa6rBHH? p2i?2b K2b? T2 M/ bBx
#v i?2 IBbi'B#miBQM Q7 i?2 M:mH ~ mM+2'i BMivX >Qr2p2°- br b /2b+ B#:
M2mi'BMQ /B 2+iBQM "2+QMbi'm+iBQM H:Q Bi?Ki?2H ;2 mM+2'i BMiB2b
BM bvKK2i'B+- 2HHBTbh2@ Q 6# M M 6@b? T2/ +QMiQm b-rBi? i?2HQM; tB
M;H2X h?Bb Bb b?QrM BM 6B;m 2 NXR- H27iX h?2 Q' B2Mi iBQM Q7 i?2 +QM;
2KBbbBQM /B 2+iBQM-r?B+? /2T2M/b QMHV QM i?2 M2mi BMQ p2 i2t BM i?2 I
i?72°2Bb /Bbi'B#miBQM Q7 TQbbB#H2 bB;M H /B 2+iBQMb- HBKBi2/ #v i?2 ;
CV@#2M/BM: BM B+2 M/ i?2 i'B;;2° "2[mB 2K2Mi BM i?2 oTQH Mi2MM bX h
i7Qm;?i Q7 bi?2bmK Q7K MvBM/BpB/m HmM+2"i BMiv+QMiQm b- 2bmHiE
Bb BHHmbi  i2/ BM 6B;m 2 NXR- "B;?iX

AM Q /2" iQ 2biBK i2 i?72 b? T2 Q7 i?2 Sa6-r2 mb2 i?2 "2bmHib Q#i BM2/
/2i2+iQ° BM +? Ti2° 3X A/2 HHv- iQ /2i2°KBM2 i?2 b? T2 Q7 i?2 Sa6 i ;Bp
bBKmH i2 M/ 2+QMbi'm+i bm{+B2MiHVH ;2 MmK#2 Q7 2p2Mib 7Q" }t2/ 1t
i?BbrQmH/ "2[mB 2 /2/B+ i2/2zQ iQ7bB;MB}+ Mi+QKTmi iBQM H+Qbi-r2
6B bi-r2 "2bi'B+i Qm ' b2Hp2b iQ 2p2Mib Q°B;BM iBM; +HQb2 iQ i?2 x2MBi?
b KTH2iQ +Q "2bTQM/iQ i?2/2bB 2/ bQm +2 ~mtbT2+i mKX h?2M-r2 mb2 i
BM b2+iBQM 3X9Xk iQ T'QD2+i i?2 "2bmHib BMiQ +QKKQM 272 2M+2 7" K
[2T2M/BM; QM i?2 x2MBi? M/ [m HBiv +mib- Bb HBKBi2/- M/ i?2 /Bbi'B#miB
/I BK2MbBQM H-Bi+ MMQi 2 bBHv #2 Q#i BM2/ /B 2+iHv 7 ' QK i?2 /i #v 2X;X
g2 i?72°27Q°2BMbi2 / 2biBK i2i?2 T ' Q# #BHBiv/Bbi'B#miBQM 7mM+iBQM U ¢
Q7 irQ #Bp "B i2 * m+?v /Bbi B#miBQMb,
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r?2° 2 yews po 272 1Qi?2/BbTH +2K2Mib HQM;i?2pB2rBM; M;H2 M/ TQH "B:
iBQMb- "2bT2+iBp2Hv- b b?QrM BM 6B 0%TX 31X X%:}182,0. T "2 K2ii2 " KkBM2/
#v T2 ' 7Q ' KBM; M mM#BMM2/ HBF2HB?QQ/ }iiQi?2 /i X h?Bb T > K2i2'Bx iB
#2 [m HBi iBp2Hv KQiBp i2/X h?2 2p2Mib mM/2> +QMbB/2" iBQM rBHH #2 Q7 /E
mM/2 HVBM; mM+2 i BMiB2b 7Q" 2 +? 2p2Mi rBHH #2 /Bz2 2MiX b OHQr@[m
2tT2+i2/iQ ? p2 H ;2 UbK HHV mM+2 i BMiB2b BM #Qi? /B '2+iBQMb- i?2 "2+
2Mb2K#H2 Q7 2p2Mib rBHH MQi #2 bi iBhiB+ HdlWBH P2 MW/ BMiBHH biBHH #2
MmMM+Q "2H i2/VX AMbi2 /-i?2 T°Q# #BHBiv Q7 H ;22 "Q BM#Qi? /B '2+iBQ
2tT2+i2/ 7Q° S.6i? i 7 +iQ°'Bx2b BMiQ irQ BM/2T2M/2Mi R@. /Bbi ' B#miBQMb
*m+?2v /Bbi'B#miBQM Bb 7QmM/ iQ T QpB/2 #2ii2  }iiQi?2/ i i? M2X;X #B
T°Q/m+i Q7 irQ BM/2T2M/2Mi R@. * m+?v /Bbi'B#miBQMbX

h?2 +?2QB+2 7Q° HBM2 ~ +QK#BM iBQM Q7 irQ /Bbi'B#miBQMb Bb KQiBp i
r2 2tT2+i /Bz2'2Mib? T2 7Q  i?2 mM+2'i BMiB2b /2T2M/BM; QM i?2 [m HBiv
"2+QMbi'm+iBQM, i?2}°bii2 K 2T 2b2Mib i?2r2HH@ 2+QMbi m+i2/2p2Mib-r
mM+2'i BMivrBHH #2 HB;M2/ rBi? i?2 ?2Q BxQMi H/B '2+iBQM- M/ /QKBM i2 |
i?72 bB;M H/B ' 2+iBQM Bb TQQ Hv "2+QMbi'm+i2/- BM +QMi~ bi- i?72 TQH "Bx
KBb HB;M2/ rBi? i?2 i m2 TQH "Bx iBQM M;H2 /B'2+iBQM- M/ i?2 Qp2° HH n
#2 KQ 2 bvKK2i*B+ Ub22 HbQ i?2 "2H2p Mi /Bb+mbbBQMsBMmMm2+iBQM 3X9Xk\
S2 P2 X

AM //BiBQMiQi?2S.6BMi?2T ' QD2+i2/+QQ ' /BM i2bvbi2K-r2M22/ [2b+"
Q' B2Mi iBQMb Q7 i?2 mM+2'i BMiv+QMiQm 'bX >2"2-r2 mb2 i?2 2KTB B+ H +1
iBQMb U*.6V Q7 i?2 Ui'm2V pB2rBM; M;H2 M/ bB;M H2KBbbBQM /B 2+iBQM
7°QKi?2b2 M/ 7QH/BM; rBi?i?2S.6/2b+ " B#2/ #Qp2-r2 Q#i BMi?2 Sa6X g2 2
Sa6 b? T2iQ [m HBi iBp2Hv ;722 rBi? i?2b? T2 i? irQmH/ ? p2 #22M Q#i BM2Z
bim/v- M/ bm{+B2MiHv ++m’ i2iQ ?B;?HB;?ii?272 im2b Q7 BMi2 2biX

hrQ 2t KTH2 TQBMi bT 2 / 7TmM+iBQMb- 7Q" bSdm MZO -i HQB-?BrV2MBi?b Q7
BM 6B;m 2 NXkX AM+HmM/2/ "2 HH 2p2Mib U? /" QMB+ M/ 2H2+i QK ;M2iB+
[2b+"B#2/ BM b2+iBQM 3X9XkX ii?2 HQr2® x2MBi?-i?2 TQbbB#H2 Q"B2Mi iB
KQ'2 "2bi"B+i2//m2iQi?2/QrMr "/@#2M/BM; " vi D2+iQ B2b-bm+?i? i KQbi
HKQbi 7mHHv p2°iB+ HHv TQH "Bx2/- H2 /IBM; iQ706~ #XQ & ZabXiAM +QMi~ b
i?72 +QM2 #2+QK2b Q#b2°'p #H2- M/ i?mb H ;2" " M;2 Q7 TQH "Bx iBQM M;F
KQ'2 6#Qr@iB20@HBF2 b? T2X PM i?2 Qi?2° 2 M/-i?2 mM+2 i BMiB2b 7Q" |
Ub22 6B;m 2 3XN M/ i?2 /Bb+mbbBQM i?2°2V-bm+?i? ii?2 Qp2° HH K2/B M

"2+ mb2 i?2 Sa6 b? T2 Bb H2bb +QMbi® BM2/ i? M 7Q° bBM;H2 2p2Mi- Bi
#2ir22M i?2 "2 Q7 bBM;H2 2p2Mi +QMiQm™ M/ i?2 "2 +Q "2bTQM/BM; iQ
6Q 2t KTHM--i?2 K2/B MbT +2 M- HZBBR d@BH/ BKTHv K2/B M? "2 Q7 Rdd /2
7Q° DbvKK2i'B+ Sa6X h?2 +im H Sa6 "2 2QX#i BM2/ Bb Rj3 /2;

6BM HHv- MQi2 i? i i?2 Sa6 /2b+ B#2/ BM i?Bb b2+iBQM Bb ;Bp2M BM HQ
M/ b?QmH/ #2 i?7Qm;?i Q7 b i?2 BMbi Mi M2Qmb Sa6X 6Q° /2i2+iQ" HQ+ i.
b A+2*m#2@:2Mk-i?2i° Mb7Q K iBQM iQ /2+HBM iBQM M/ "B;?i b+2MbBQWN
[2i2+iQ° Mvr?2°2 2Hb2- bQm +2 i }t2//2+HBM iBQM M/ 'B;?i b+2MbBQM |
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6B:m 2 NXk, SQBMibT 2 /7mM+iBQM USa6V 7Q UHRBQmM28y2i¥2MBi?b Q
MbBM; i?2 Q#i BM2/ "2bQHmMiBQM 7i2° TTHVBM;i?2 M HvbBb +mi QmiHBM
"272°iQi?2i2tiX LQi2i? ii?2?Q BxQMi HTHQi HBKBib? p2#22M /Dmbi2/iC
*H2 "Hv b22M Bb i?2 x2MBi? /2T2M/2Mi b? T2 Q7 i?2 TQBMi bT 2 / 7TmM+iBQ

X2MBi?b M/ "Qi iBQMb b i?2 1 "i? "Qi i2b- H2 /IBM; iQ KQ 2 6bK2 "2/@Qm
iBK2@BMi2;  i2/ Sa6X AM bQm +2 b2 "+?- b HQM; b i?2 /2i2+iBQM iBK2b
BMbi Mi M2Qmb Sa6 Bb KQ 2 ++m” i2 M/ TQr2 ' 7mH-bQ r2 rBHH +QMiBMm:
i?72 7TQHHQrBM: X

NXRXk a@Qm ' +2 b2 "+7?

;QQ/ TQBMiBM; "2bQHmMIiBQM 7Q" i?2 /2i2+i2/ bB;M Hb Bb BKTQ i Mi 7Q" |
/IBzmb2 ~mt /Bb+Qp2°v- + Qbb@b2+iBQM K2 bm 2K2Mib- M/ bQm +2 B/2Mi
7Q+mb QM i?2 H ii2° iQ BHHmbi® i2i?22z2+i Q7 M HvbBb +mib M/ M;mH °

L2mi'BMQ bQm +2b + M #2 B/2MiB}2/ BM irQ r vbc 2Bi?2 i ' Qm;? Ui2KT
+B/2M+2 rBi? i?2 /2i2+iBQM Q7 T?QiQM BM i?2 2H2+i'QK ;M2iB+ bT2+i ml
2X;X (38-3e)-Q #vi?2/2i2+iBQM Q7 M 2t+2bb Q7 M2mi'BMQb i? i BbH ;2
i?22tT2+i2/# +F;"QmM/-2X;X (3d)X h?2°2 "2p 'vBM; M HvbBbbi® i2;B2b 7
r?2°27Q° BMbi M+2 BM p2°'vb?Q'i +QBM+B/2M+2 rBM/Qr- HbQ HBKBi2/
iQ bB;MB}+ Mi/2i2+iBQMX >Qr2p2°-BiBbBM ;2M2° HmM/2 biQQ/i? i bkK
rBHH Hr vb H2 /iQ #2ii2° +? M+2 Q7 }M/BM; i m2 +QBM+B/2M+2b BM KmH

"2HB #H2 “"Bp H/B'2+iBQM "2+QMbi m+iBQM Bb T '2°2[mBbBi2 iQ bm+
Q#b2 p iBQMb i Qi?2 r p2H2M;i?bX

6Q° BHHmbi® iBQM-r2 7Q+mb ?2°2 QM TQi2MiB H TQBMi bQm +2 2t+2kb
z2+i2/ #v i?2 M;mH ~ "2bQHmMiBQMX ;QQ/ M;mH ~ "2bQHmMIBQM "2/m+2b
# +F; " QmM/ 2p2Mib rBi?BM i?2 mM+2 i BMiv "2;BQM USa6V Q7 i?2 M2mi B|
2/m+2bi?2 ~mt "2[mB 2/ 7Q bQm +2 B/2MiB}+ iBQMX

A/2MiB7vBM; TQBMi bQm +2b #v /2i2+iBM; M 2t+2bb Q7 2p2Mib #Qp2i?2
BKTHB+ iBQMb 7Q  i?2 H ;2 b+ H2 BM@B+2 ~ /BQ "~ v Q7 A+2*m#2@:2Mk
BM (kRj)X g2 MQi2i? i7Q  bK HH2" " /BQ 2tT2'BK2Mib bm+? b _LP@:r2 "2H
KQ/2Hb 7°'QK TQBMi bQm ™ +2b Q° M2 "#v bQm +2b iQ #2 #H2 iQ B/2MiB7v i-
bim/vi?22z2+i Q7 i?2/Bz2°2Mi M HvbBb +mib BMi'Q/m+2/BM b2+iBQM 3X9
bi® i2;vX

g2 mb2i?2bQ7ir "2 7TQBXBWRR)- r?B+? HHQrb 7Q i?27 bi+ H+rmH iBQM Q°
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M/ /Bb+Qp2 vTQi2MiB Hb Q7 M2mi'BMQ i2H2b+QT2b # b2/ QM T ~ K2i2'Bx iB
BMi2°'KbQ72z2+iBp2 pQHmK2- M;mH ~ "2bQHmMIiBQM M/ 2M2 ;v "2bQHmMIiBQM
iQi?2mb ;2Q7 M bBKQp/ i b2i-K2 MBM;i? ii?2 Q#b2 p2/2p2Mi "~ i2b 22T
K2 M (kR8)X //BiBQM HHv- 1?2 i2bi bi iBbiB+ Q7 i?2 MmHH ?vTQi?2bBb U# +
iQ #2@/Bbi"B#mi2/- BX2X gBHFbo6 i?72Q 2K ?QH/b (kRe)X h?2 #2? pBQ Q7 i
# +F;"QmM/ QMHV b+2M 'BQ + M #2 +QKTmi2/ #v + 2 iBM; KmHiBTH2 Tbh2m/(
Q#b2 p2/# +F;"QmM/ " i2bX " +F;"QmM/ 2p2Mib 7Q  I>1 M2mi'BMQb ? p2 MQi 1
bmM+2'i BM bi?21>1 M2mi'BMQ ~mt Bib2H7- M/i?2°27Q 2 i?Bb TT'Q +? B
i i?Bb bi ;2X

b# +F;"QmM/ 7Q  B/2MiB7vBM; TQBMi bQm +2b Q7 I>1 M2mi'BMQb r2 BM +|
RV i?2 i BH Q7 i?2 ?B;?2@2M2 ;v M2mi BMQ ~mt- kV +QbKQ;2MB+ M2mi 'BMQ
BM+HmM/2 7Q° RV i?2 /Bzmb2 M2mi BMQ ~mt b Q#b2 p2/ #v A+2*m#2- bbmKB
BM M2mi'BMQ 2M2 ;B2b rBi?Qmi +mi@Qz (Rj9)- kV +QbKQ;2MB+ M2mi BM
“vb BMi2® +iBM; rBi? T?QiQM }2%/B @QIQMKBM+iBRYyM 7Q" i?2 +QbKB+@ v bTz
Q#b2 p2/ #v i?2 SB2 "2 m;2° P#b2 p iQ v (Rdk)- M/ jVBM@B+2 T2M2i" iBM; |
7" QK +QbKB+@ v B  b?Qr2'b BM/m+BM; 2H2+i QK ;M2iB+ b?Qr2 b r?BH2 ~ /I
+QMi*B#miBQMb "2 "2 M/ HBF2HvV QM i?2 b K2 H2p2H Q7 i?2 2tT2+i2/ MmK#
mM+2°i BMiB2b "2 H ";2X 6Q RVi?2~mtBbK2 bm 2/ iHQr2M2 ;B2b US20 " M
mM+2°i BMiB2b-r?B+? "2bmHibBMH “;2p "B iBQMb7Q i?2 120 "2;BK22p2ME
rBi?2Qmi +mi@Qz ?QH/bX h?2 mM+2"i BMiB2b 7Q" kV "2 /QKBM i2/ #v i?2 mM
K bb +QKTQbBIiBQM r?B+? BM~m2M+2b i?2 M2mi'BMQ ~ i2 T'2/B+iBQM #v Q" /
7Q° jV i?2 MmK#2' Q7 T 2/B+i2/ 1>1 KmQMb BM B b?Qr2'b p 'B2b /m2 iQ H
i?72? /"QMB+ BMi2® +iBQM KQ/2Hb-BM T "iB+mH ~ ii?2 ?B;?2bi2M2 ;B2bX h
K2MiBQM2/ # +F;"QmM/ " i2 bQm > #2M+?K "F# +F;"QmM/ M/ b?Qr "2bmHib 7C
H2p2HbX

Pi?2° TQi2MiB H# +F;"QmM/b 7Q  I>1 " /BQ /2i2+iQ'b "2 +m "2MiHvV mM/2
BM+HmM/2/ BM Qm™ # +F;"QmM/ 2biBK i2bX h?2b2 # +F;"QmM/b BM+HmM/2 " /BQ
T2M2i° iBM; BMiQi?2B+2 M/ MQi7mHHv /2p2HQT2/BM@B+2T2M2i" iBM; B~
M2iB+ /2Mb2 b?Qr2° +Q 2bX "Qi? # +F;"QmM/b- HBF2 i?2 KmQMb- + M #2 ~2/m
B b?Qr2° + M #2 /2i2+i2/- 7Q" 2t KTH2 rBi? b? HHQr +QKTQM2Mi Q7 i?2 ?
?2Qr2p2°-/Q MQi BM+HmM/2 bm+? +QbKB+@ v p2iQ BMi?2# +F;"QmM/ bbmK

h?2 BKT +i Q7 i?2 /IBz2 2Mi 2p2Mi ;"QmTb BMi'Q/m+2/ BM b2+iBQM 3X9 7
H2p2Hb Bb bim/B2/ BM i2BEKbh@PRi?2ZIQi2MiB H- BX2X i?2 bQm +2 ~mt "2[mB"~
B/2MiB}+ iBQM-7Q" bi2 /v TQBMi bQmM+2BM yB\QM bWbmKBM; M2mi ' BMQ ~r
E 2X

_2bmHib "2 b?QrM # b2/ QM i?2 M;mH ~ "2bQHmMIiBQM Q#i BM2/ BM i?Bb rQ
# b2/ QM (RAR)-i1?2 2z2+iBp2 pQHmMK2 # b2/ QM i?2 bT2+B}+b Q7 _LP@: BM : ¢
2z2+iBp2 pQHMK2 7Q° M _LP@: bi iBQM M/ M " 20 HBAVLIBB QMb (BR2)KHky
BMi?2 }2H/ Q7 pB2r Q7 "~ /IBQ /2i2+iQ  # b2/ BM :"22MH M/X

h?2 TQBMi bQm +2 bim/v KQ/2HH2/ rBi? i@Bb/Bbban +2BM;?Ry7" K2rQ F
bbmK2b R. bvKK2i'v 7Q" i?2 "2bQHmMIiBQM Q7 bQm +2- BX2X i?2 MmK#2" (
+ H+mH i2/ BM +B ' +H2 rBi? ~ /Bmb Q7 i?2 M;mH >~ "2bQHmMIiBQMX h?2°27Q
"2[mB 2/ Bb i?2 Sa6- BX2X ?Qr TQBMi bQm +2 Bb T2 +2Bp2/ ;Bp2M i?2 BKT2
i?72 Sa6- Q#i BM2/ b 2tTH BM2/BM b2+iBQM NXRXR-BMiQi?2 "2 @2[mBp H2|
bQm +2 HQ+ i2/ i HQ+ M $DMBbA QFQM # b2/ BM :"22MH M/ bQm +2 i /[2+F
Q7 kg b M p2° ;2 HQ+ HxXx2MBBFRBWy?2°'27Q°2 ;QQ/ TT QtBK iBQM 7Q" i?:
i?72 Sa6X

Pm™ "2bmHib "2 pBbm HBx2/ BM 6B;m 2 NXjX g2 b?Qr i?2 " iBQ Q7 i?2 /E
/[Bz2 2Mi 2p2Mi ;" QmTb- BKT ' QpBM; BM M;mH ~ "2bQHmMIiBQM r?BH2 "2/m+BN\
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6B;m 2 NXj, 6° +iBQM H BKT5 Q/BKkAMi2QwW TRA2MIiB H7Q /Bz2 ' 2Mi M HvbBb
T "2/iQ HH 2p2Mib rBi? i?2 Q#i BM2/ M;mH " BM7Q K iB@iM i”7Qi # Q27 HBM iE
t2b "2 HQ; "Bi?KB+- M/ M 2p2Mi ;"QmT ? b #2ii2° T2 ' 7Q 'K M+2 i? M i?2 #
i?72 "2H iBp2 /Bb+Qp2 v TQi2MiB HBbHQr2'X g2 b?Qri?2 M HvbBb +mi M/ il
b/Bb+mbb2/BM b2+iBQM 3X9XKkX 6m i?2 ' KQ 2-r2 b?Qri?2 2H iBp2 /IBb+Q|
MbBM; QMHV i?2 b?Qr2 " @K tBKmK "2bQHmMIiBQMX .2i BHb "2 ;Bp2M BM i?2 i

i?72B° +Q "2bTQM/BM; M;mH ~ "2bQHmMIiBQM +QKT “2/iQi?2#2M+?K "F2p2M
"2bQHmMIBQMVX AM //BiBQM iQ i?2 2p2Mi ;"QmTbh BMi"Q/m+2/ BM b2+iBQM :
i?72 7TmHH 2p2Mi b2i rBi? QMHvV i?2 b?Qr2° K tBKmK "2+QMbi m+i2/- BX2X i?2
QMHv 2tTHQBIBM; i?2 bB;M H /B '2+iBQMX g2 BM+HmM/2 i?Bb iQ b?Qr i?2 BK
i?Bb rQ FX

g2 +QM+HmM/2i? ii?2 Q#i BM2/ M2mi ' BMQ /B 2+iBQM "2bQHmMIBQM “2bmHi
BM /Bb+Qp2'v TQi2MiB H +QKT "2/iQ "2+QMbi' m+iBM; i?72 b?Qr2° K tBKmK
;T QmM/ ~mt2b-i?2 /IBb+Qp2'v TQi2MiB H /2T2M/b QMHvV KBH/Hv QM i?2 Mmk
M/ i?mb /2T2M/b KQ 2 bi'QM;Hv QM i?2 2z22+iBp2 pQHmMK2 i? Mi?2 "2bQHmi
i?72# +F;"QmM/ ~mt BM+°2 b2b-i?2 "2/m+iBQM BM # +F;"QmM/ HHQr2/ #v
+mi- Q" 2p2Mim HHv QM2 Q7 i?2 [m HBiv +mib- #2+QK2b 7 pQ™ #H2- +QKT
i?72 M HvbBbX LQi2- ; BM-i? ii?2 /Bb+Qp2HK TERIZMIiBQH BbHb2@ZMibc 7Q°
HQr2  # +F;"QmM/ H2p2Hb Q  7Q " i° MbB2Mi b2 "+?2b i?2 Qp2" HH /Bb+Qp2"

NXRXj *QM+HmMbBQMb

AM i?Bb b2+iBQM-r2 ? p2 mb2/i?2 M2mi'BMQ /B 2+iBQM "2+QMbi m+iBQM
3iQ T2°7Q°K iQVKQ/2HbQm +2b2 *+?27Q° M LP@:@HBF2 /22T BM@B+2
i72 bQm +2 b2 “+2-i?2 TQBMi bT 2 / 7TmM+iBQM USa6V- r?B+? /2b+ B#2b ?
7i2° 7TQH/BM: rBi? i?2 "2+QMbi'm+iBQM mM+2"i BMiB2b- Bb BMi"Q/m+2/X A
2tT2 ' BK2Mib-i?2Sa6 BbM2Bi?2 bvKK2i'B+- MQ bBKBH BMb? T2iQi?2 64
+QMiQm b b22M BM +? Ti2  3X AMbi2 /-r2 ? p2 b?QrM ?2Qr /Bz2 2Mi M2mi Bl
bBM:H2 bQm +2 /B 2+iBQM H2 / iQ O6#Qr@iB26@b? T2/ Sa6-r?B+? + M #2
i72 +QK#BM iBQM Q7 K Mv bBM;H2@2p2Mi +QMiQm bX Aib b? T2 M/ bBx2 /
i72bQm +2- br2HH bi?2 [m HBiv +mib TTHB2/iQ i?2 2p2Mi b2i mb2/X
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h?2/Bb+Qp2 vTQi2MiB H7Q" TQBMibQm +2rBi?i?2 2+QMbi " m+iBQM H;(
3 Bb b?QrM iQ BKT Qp&RR2v+QKFiZ/iQ 2+QMbi ' m+iBM; i?2 p2'i2t TQbBIiBQM
i?72 2KBbbBQMV QMHvVX h?2 BKT +i Q7 bi'B+i2°  [m HBiv +mib- BKT ' QpBM; i?2
bBx2 Q7 i?2 Sa6 ii?2 +Qbi Q7 "2/m+BM; i?2 2z2+iBp2 pQHmMK2- Bb HbQ 2p F
;2M2° H- 1?2 HQbb Q7 bi iBbiB+b Qmir2B;?b i?2 BKT Qp2K2Mi BM "2bQHmMiBQ
~mt bbmKTiBQMbX

6BM HHv-r2 "2K "Fi? i r?BH2 i?2 Sa6 Bb ;2M2° HHv mb2/ BM Q /2 iQ T2 7
#v Qi?2° 2tT2°'BK2Mib- i?Bb Bb mbm HHv KQiBp i2/ #v i?2 bBKBH "Biv #2ir22
+QMiQm’ b Q" i?72 +QKTmi iBQM H +Qbi bbQ+B i2/ rBi? +QKTmiBM; i?2 H ii2
2p2MibX L2Bi?2° TTHB2b 7Q " mHi® @?B;? 2M2° ;v M2mi " BMQ + M/B/ i2b /2i2+
iQ'b-?Qr2p2°X KQ'2 2 HBbiB+- M/ KQ 2 b2MbBiBp2-bQm +2 b2 "+?2rQmH/
2tTHQBi i?2 //IBiBQM HBM7Q K iBQM Q7 BM/BpB/m H2p2Mi mM+2"i BMiB2b>

NXk .2i2+iQ  H vQmi QTiBKBx iBQM

AM i?Bb b2+iBQM-r2 TTHVi?2 M2mi'BMQ /B 2+iBQM "2+QMbi ' m+iBQM H;Q E
Q7i?2/22T +QKTQM2Mi Q7 i?2 T ' QTQb2/ A+2*m#2@:2Mk BM@B+2 > /BQ ' VX
b 7QHHQrbX AM b2+iBQM NXkXR- r2 # B2~v /2b+ B#2 i?2 bBKmH iBQM b2im
/IBz2 2M+2b iQ i?2 LP@: + b2i? irbi?2# bBb 7Q b2+iBQM 3X9XkX AM b2+
/IBb+mbb i?2 T2°7Q K M+2 Q7 i?2 "2+QMbi ' m+iBQM H:Q Bi?K 7Q" i?2 272 :
6BM HHv- BM b2+iBQM NXKXj-r2 "2T2 i i?2 "2+QMbi m+iBQM 7Q" /Bz2 2Mi /2
QM TQbbB#H2 BKT Qp2K2MibX

NXkXR h?2 A+2*m#2@:2Mk BM@B+2 °~ /BQ "~ v

h?2 BM@B+2 " /BQ " v Q7 A+2*m#2@:2Mk rBHH 2ti2M/ i?2 2M2 ;v > M;2 Q7 i
2M2 :B2b UI>1V #Qp2 Ry S20X b /2b+'B#2/ BM jX9-i?Bb > vBb TH MM2/iQ
FR M/ BKT Qp2 QM +m "2Mi /2i2+iQ b UBM+HmM/BM; LP@:V #v M Q' /2 Q7 K

h?2 /2bB:M M/ ? “/r "27Q i?2  /BQ@ v '2BM7Q K2/ #v T 2pBQmb M/ +
/2i2+iQ bX AMT ‘iB+mH - 2H2+i'QMB+b M/ Mi2MM b ‘2 2tT2+i2/iQ #2 +HQ
iQ i?7Qb2 mb2/7Q° _LP@:X h?2°2 "2 ?2Qr2p2 bQK2 /Bz2 2M+2b 7Q 2b22M BM
6B bi Q7 HH- b b?QrM BM b2+iBQM jX9-i?2 > v Bb TH MM2/iQ +QMbBbi Q
b? HHQr@QMHV bi iBQMbX PMHvV i?2 ?2v# B/ bi iBQMb- bBKBH "~ iQ i?Qb2 m
i2°22@bi'BM; /22T +QKTQM2Mi- rBi? i?2 b? HHQr +QKTQM2Mi +QMbBbiBM;
3K BM i?2 B+2 BM+Hm/2/ BM #Qi? ?2v# B/ M/ b? HHQr bi iBQMbX a2+QM/Hv- i
T "iB+mH " i?2T? b2/ > vi? iBbmb2/ bi?2i B;;2 -rBHH #2 180THQv2/ /22T2
KV +QKT "2/iQi?Qb27Q" _LP@:X h?Bb Bb KQiBp i2/ #vi?2 /Bz2 2Mi T QT2 iB
SQH2, i?2}MUMTT2 T iQ7i?22B+2V-r?22°2i?2BM/2t Q7 27 +iBQM +? M;2
/QrMi? M i amKKBi ai iBQMX h?2 Mi2MM /2Ti? Q7 R8y K BKb iQ KBMBKBx2
}’M-r?B+? Bb +m "2MiHv H2bb r2HH mM/2 biQQ/- M/ 2T 2b2Mib +QKT QKBD
Ur?B+? BM+ 2 b2b rBi? /2Ti?V M/ /2THQVK2Mi 2zQ iX 6BM HHv- r?BH2 MQ #B
2Bi?2° 7?22 Q  7Q  i?2 LP@: /2i2+iQ  BM +? Ti2 3- Bi Bb rQ i? TQBMiBM; (
#B 27 BM;2M+2 iamKKBiai iBQM Bb 2tT2+i2/ U M/ ? b #22M +QMbi> BM2/V iC
i?2 #B°27 ' BM;2M+2 i aQmi? SQH2 Bb FMQrM iQ #2 bB;MB}+ Mi (R8N)X

q?BH2 bB;MB}+ Mi 2zQi ? b :QM2 BMiQ bim/vBM; i?2 H vQmi Q7 i?2 Qp2°
K tBKBXBM; i?2 2z2+iBp2 pQHmMK2- i?2 MmK#2"~ Q7 KmHiIBTH2@bi iBQM +QB
" iBQ Q7 ?v#° B/ iQ b? HHQr@QMHv bi iBQMb (RRd)- i?Bb bim/v Bb i?2 } bi /:
"2+QMbi'm+iBQM T2 7Q K M+2 M/ QTiBKBxBM; i?2 Mi2MM TQbBiBQMb Q7
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? b #22M 2KT? bBx2/ T'2pBQmbHv- i?2 "2+QMbi " m+iBQM Q7 i?2 M2mi BMQ
BKT QpBM; i?2B° HBF2HB?QQ/ Q7 +QbKB+ Q'B;BM M/ BM2M #HBM:; M2mi"

AM Q'/2 iQ bim/vi?2T2 7Q°K M+2 Q7 /Bz2 2Mi bi iBQM H vQmib- bBM;H
rb bBKmH i2/ rBi? Mi2MM b i? i +Qp2° HH H vQmib iQ #2 i2bi2/X h?2 "2+
T2 7Q K2/ b2p2° HiBK2b r?BH2 p "vBM; r?B+? Mi2MM b "2 BM+Hm/2/X h?
T2 ' 7Q°K M+2 7Q i?2 b K2 2p2Mib2i- bi?2b K2i'B;;2° r bmb2/7Q> HH +QNM
bF2i+? Q7 i?2 "272°2M+2 /2bB;M- b r2HH b i?2 Hi2"M iBp2 Mi2MM TQbB
BM6B;m 2 NXeX

h?2 M2mi"BMQb r2 2 bBKmH i2/ i ?2 H7@/2+ B2 B S p A®®® MgBM; 7 QK
mbBM; Lm_ /BQJ*X q2 BM+HmM/2 #Qi? ? /" QMB+ M/ 2H2+i20@ +M2iBMiU/m?2
BMi2® +iBQMbV 2p2Mib- bbmKBM; R,R,R~pQm’ "  iBQ ii?2/2i2+iQ X b #
_wkykyQ/2H /2b+'B#2/ BM (kRR)- r?B+? BM+HmM/2b /Bz2 2Mi biQ+? biB+ "2
T Q}H2-Bb mb2/7Q i?2 bBKmH iBQM- rBi? i?72 "2+QMbi ' m+iBQM T2 7Q K2/
(Rek)X >Qr2p2°- BM +QMi" biiQ +? Ti2" 3-r?2°2 bBM;H2@ Mi2MM 2[mB
7Q i?2b2 bBKmH iBQMb 9@+? MM2H T? b2/@ "~ v TQr2 @BMi2;" iBM; i B
i?°2b?QH/ +Q "2bTQM/BM; iQ i ;2i i?2°K HMQBb2 i'B;;2° " i2 Q7 Ryy >x |
PQHI ;2 i +2b "2 +mi iQ ky93 b KTH2b- +Q "2bTQM/BM; iQ i +2 H2M;i? Q
T2 Q7 kX9 :>xX h?Bb K2 Mb i? i MQi HH TmHb2b 2 ;m ~ Mi22/iQ #2 rBi?E
r?B+? Bb bHB;?iHv KQ'2 "2 HBbiB+ i? Mi?2 mMHBKBi2/i> +2 H2M;i? mb2/
bB;MB}+ Mi 2bT2+B HHv 7Q° Mi2MM b i HQM;2 # b2HBM2bX LQi2 i? ii?2
BMiQ ++QmMii?2 2tT2+i2/ + #H2 M/ T QT ; iBQM /2H vbX

NXkXk S2°7Q K M+2

AM //BiBQM iQi?2/Bz2'2M+2b BM i?2 bBKmH iBQM b2imT /2b+ B#2/ BM i?2
+QmMTH2 Q7 KBMQ  mT/ i2bBM i?2 "2+QMbi m+iBQM H;Q Bi?K i? ir2'2 MQi
3X9X 6B biHv-i?2 p2'i2t "2+QMbi m+iBQM ? b #22M mT/ i2/iQ mb2 i?2 K2/B
Ul[X 3XjVX h?Bb "2/m+2b i?2 #B b iQr /b "2+QMbi" m+i2/ p2'i2t TQbBIiBQM
2tT2+i2/ BM HH Mi2MM b- M 2z2+ir?B+? #2+QK2b 2bT2+B HHv bB;MB}+ M
b mb2/ BM i?Bb bBKmH iBQMX a2+QM/Hv- i?2 b?Qr2" ivT2 Bb MQ HQM;2"
Hp "2xkylyN K2i2'Bx iBQM mb2/ BM i?2 "2+QMbi ' m+iBQM-#mi M //BiBQM H
bbmKBM; M2H2+i'QK ;M2iB+b?Qr2 ' -r?2°2i?2b?Qr2 " T°'Q}H2 mb2/+Q " 2b"
K Mv > M/QK "2 HBx iBQMbX h?Bb HHQrb i?2 }i iQ TB+F i?2 b?Qr2" ivT2i?
Qp2° #Hq?BH2 i?Bb TT ' Q +? Bb BM+ T #H2 Q7 /2b+ B#BM; i?2 BKT +i Q7 B
? /"QMB+ M/ 2H2+i"QK ;M2iB+ b?Qr2°'b Q i?2p B iBQMBM TQbbB#H2 b?Q
i?Bb iQ T°'QpB/2 KQ'2 ++m’” i2}i-2bT2+B HHv 7Q i?Qb2 2p2Mibr?2°2i?2
i?72 /QKBM Mi +QKTQM2Mi Q7 i?2/2i2+i2/ bB;M HX 6BM HHv- " i?2" i? Mi?2
TT ' Q +? mb2/BM b2+iBQM 3X9%-B7RKZI H22rKRMi?iBQM Q7 i?2 "6:a (kR3) KBMBKE
H;Q Bi?KX h?Bb bT22/b mT i?2 KBMBKBx iBQM #v KQ 2 i? M M Q' /2" Q7 K
Q++ bBQM HHv +QMp2°;BM; ii?2r QM; HQ+ HKBMBKmMKX h?Bb i’ /2@Qzr
i?Bb bim/v- b Bi2M #H2/ mb iQ "2T2 ii?2 "2+QMbi " m+iBQM 7Q  b2p2  H TQ!
"2H iBp2Hv HQr +QKTmi iBQM H +QbiX

h?2 "2bmHib Q7 i?2 "2+QMbi m+iBQM "2 b?QrM b2T * i2Hv 7Q 2 +? bT2
BM 6B;m 2 NX9X q2 /BbiBM;mBb? /Bz2 2Mi bBKmH i2/ M2mi'BMQ 2M2 ;B2b-
#Qi?27Q ? /I"QMB+ 2p2Mib QMHv U6> /6V M/i?2Qb27Q  i?2 Qp2° HH KBt Q7 ?
i QK ;M2iB+ 2p2Mib U6 HHOVX

S "iB+mH "Hv i HQr 2M2 ;B2b- i?2 Qp2° HH "2+QMbi m+iBQM Bb HBKBi2
b?Qr2° K tBKmK "2+QMbi m+iBQM- r?B+? /2i2°KBM2b i?2 bB;M H /B 2+iBQ
2M2° ;v 2p2Mib "2 ;2M2° HHv HQr2 " BM aL_- M/ Q' B;BM i2 77QK +HQb2 iQ i
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signal [ ] viewing angle [ ] polarization [ ]

6B;m 2 NX9, S2°7Q°K M+2 Q7 i?2 "2+QMbi m+iBQM H;Q Bi?K-b?QrM b i?2 +
i?72 /Bz2°2M+2 #2ir22M i?2 i'm2 M/ 2+QMbi m+i2/ [m MNEiBiwv-@i2 bhEb M2mi BN
/IBz2 2Mi ?Q°BxQMi Hb+ H2 QM i?2 i?B°/ THQiX1a®i/2Bb BB QM MB-N2/B +B M2iv? 2
/Im2iQ i?2 HBKBi2/ b KTH2 bBx2X

i?72B+2bm'7 +2X h?2v "2KQ 2 +? HH2M;BM; iQ "2+QMbi m+i BM ;2M2° H- #n
K tBKmK "2+QMbi ' m+iBQM- r?B+? "2[mB°2b bB;M HBM HH i?°22 bi'BM;b
[2Ti?b iQ #2 mM K#B;mQmbX A7 2Bi?2  i?2 TQbBiBQM Q7 i?2 b?Qr2° K tBKmK
ivT2 Bb MQi /2i2°’KBM2/ bm++2bb7mHHv- i?Bb K v //BiBQM HHv BKT +ii?2 b
"2+QMbi'm+iBQM #v bbmKBM; i?2r QM; TmHb2 TQbBIiBQM rBi?BM i?2 pQHi ;

A7 i?2 b?Qr2° K tBKmK "2+QMbi m+iBQM Bb bm++2bb7mH-i?2 Qp2° HH 2"«
i722°"Q° QM i?2 TQH 'Bx iBQM M;H2X h?Bb Bb /m2 #Qi? iQ i?2 Km+? H ;2
[mMm MiBiv +QKT "2/iQ i?2 pB2rBM; M;H2-r?B+? Bb +QMbi® BM2/iQ HB2 rBi?B
i?72 *?22°2MFQp M;H2- M/i?27 +ii? ii?2>TQH Mi2MM b "2 H2bb b2MbBiBp2
Km+? bK HH2  +QMi'B#miBQM i? Mi?2 oTQH Mi2MM bX

AM ;2M2° H-i?2 "2+QMbi m+iBQM T2 7Q Kb #2bi 7Q  i?72 6KB//H26 2M2 ;B:
i?72 HQr2  aL_ M/ KQ'2 +? HH2M;BM; b?Qr2° K tBKmK "2+QMbi m+iBQM bi QN
Q7 i'B;;2°2/ 2p2Mib i?2 i+ M #2 "2+QMbi ' m+i2/ r2HHX ii?2 ?B;?2bi 2M2 ;B2b
#2+QK2 KQ'2 B "2;mH -T2 '7Q°K M+2 QM+2 ; BM bi 'ibiQ /2+°2 b2X 6BM H
2H2+i"QK ;M2iB+ 2p2Mib i HQr 2M2 ;B2b Bb bHB;?iHV #2ii2  i? Mi? i 7Q° Tm"
+ M#2 T "iB HHv 2tTH BM2/ #v +QMbB/2'BM;i? i7Q 2H2+i QK ;M2iB+ 2p2Mib-
Bb /2TQbBi2/ BMi?2 T "iB+H2 b?Qr2b-H2 /BM; iQ H ;2°bB;MH KTHBiIim/2

"2+ mb2 i?72 Qp2°  HH 2°°Q Bb /QKBM i2/ #v i?2 TQH 'Bx iBQM-r2 /Q MQi |
/IBz2'2M+2X AMbIi2 /-r2 T°QD2+ii?2 M;mH " /Bz2'2M+2 QMiQ 7  K2r?2'2i?2
HB2b HQM; i?2t@ tBb- M/i?2 pB2rBM; M;H2 /B'2+iBQM HQM; i?2v@ tBbX |
H27iX q2i?2M [mQi2i?2 7" +iBQM Q7 "2+QMbi " m+i2/2p2Mib +QMi BM2/ rBi?B
2HHBTb2 +2Mi"2/ QM i?2 i'm2 M2mi'BMQ /B'2+iBQMX h?Bb ;Bp2b KQ 2 ++m
kibT 2 /Q7i?2 2+QMbi " m+iBQM H;Q Bi?Kc ?Qr2p2 -Bib?QmH/ #2bi 2bb2/i
bBM;H2 2p2Mi "2+QNWQikHQr Q2 F2 BM72 2M+2b QM i?2 i m2 bBM;H2@2p2I
r?B+? K v#2bK HH2 Q" H ";2°X T'Q+2/m'2iQ /2i2°KBM2 bBM;H2@2p2Mi mM
"2bBKmH iBQM ? b #22M /2b+"B#2/ BM b2+iBQM 3X9Xjc bi?Bb T Q+2bbi F2b
T2 2p2Mi-r2/Q MQi mb2 i?Bb ?2 2X

AMbi2 /- r2 b?Qr ?2Qr i?2 "2bQHmMIBQM + M #2 BKT Qp2/ #v TTHvBM; M M
2272 /2}M2/ #v "2[mB'BM; KBMBKmK aL_ Q7 kX8 BM irQ Mi2MM b QM i?2 +2Mi
H2 bi QM2 b?QmH/ #2 i [/Bz2 ' 2Mi /2Ti? i? Mi?22 T? b22 QM- ibH2ZHH b M alL
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Equivalent 1D angle [ ]
10t

 log,, E—v
19.0
18.5
18.0
- m 175
| =—a170
1= 0165

Fraction contained

4F —— 500 -—- ® Analysis cut *

Viewing angle direction [ ]

20 10 0 10 20
Polarization direction [ ] Area [ded]

6B:m 2 NX8, h?2 k. /Bbi'B#miBQM Q7 HH 2+QMbi m+i2/ 2p2MibX G27i, 7
iQ i?72 TQH "Bx iBQM M/ pB2rBM; M;H2 /B 2+iBQih- M2nU BMQM B 2w +BZY M
"2 /Bbi'B#mi2/ HQM; 2HQM; i2/ 2HHBTb2bX a?QrM "2 BM/BpB/m H “2+QI
i72 2HHBTb2 +QMi BMBM; 8yW Q7 HH 2p2MibX 1p2Mib T bbBM; i?2 M HvbE
bvK#QHb M// b?2/ 2HHBTb2bX _B;?i, i?27 +iBQM Q7 "2+QMbi m+i2/2p2Mi
Q7 +2°i BM "2 -7Q #Qi? HH 2p2Mib M/ i?Qb2 T bbBM; i?2 MQHVbBb +mi;
BKTHvV i? i i?72b2 2p2Mib HbQ ? p2 bBM;H2@2p2Mi LW mM+2"i BMiv +QMiQm
'Bp2M 2HHBTb2X h?2 iQT t@ tBb b?Qrbi?2 2 @2[mBp H2Mi R. M;H2 7Q"

QM2 Mi2MM BM #Qi? Q7 i?2 b2+QM/ "vbi'BM;bX h?2 7" +iBQM Q7 2p2Mib .
i?Bb +mi Bb b?QrM QM i?2 "B;?i Q7 6B;m 2 NX8X LQi2i? i i?Bb +mi ? b #22M
UbBKmH i2/V bB;M HaL_BM i?2 (Ne- 8yy) J>x # M/c Bi Bb 2tT2+i2/i? i bBK
# b2/ QM /i rBi? KQ/2 i2 HQbb Q7 2Bi?2 2{+B2M+v Q  "2bQHmMiBQMX

NXkXj *QKT "BbQM Q7 /Bz2 2Mi H vQmib

AM //BiBQM iQ 2p Hm iBM; i?2 T2 ' 7Q°'K M+2 Q7 i?2 6’272 '2M+206 /2bB;M Q
T /BQ bi iBQM-r2 ? p2 HbQ T2 '7Q K2/ i?2 "2+QMbi' m+iBQM 7Q" b2p2° H H
AM Q /27 iQ #2 #H2 iQ +QKT "2 i?2 T2 '7Q°K M+2 Q7 /Bz2 '2Mi H vQmib +QM
ro QMHv T2 ' 7Q K2/ QM+2- mbBM; M 06Qp2 BMbi mK2Mi2/6 /2i2+iQ  +QMi B!
iQ +QMbB/2 X bi?2i'B;;2° "2K BMb i?2b K27Q° HHH vQmib +QMbB/2 2/ "
#2 mb2/ 7Q  i?72 +QKT "BbQM #v bBKTHv +? M;BM; i?2 Mi2MM b mb2/ BM i?2
bF2i+? Q7 HH H vQmib mb2/ BM i?Bb bim/v Bb b?QrM BM 6B;m 2 NXeX
BM@B+2 Mi2MM b-H2 pBM; 3Q7i?2iQi Hk9 . Z +? MM2Hb 7Q  i?2 b? HHQr
i?72 272 °2M+2 /2bB;M-r2 7m i?2° +QMbB/2",

C h?2HiIRM/ HikK2bB;Mb BM+ 2 b2 i?2 ?Q'BxQMi H # b2HBM2 Q7 i?2 i?° 22
# b2HBM2 ?2HTb iQ KQ 2 ++m’ i2Hv +QMbi° BM i?2 TQbBiBQM Q7 i?2 b
HbQ ?2HT iQ +QMbi®" BM i?2 TQH 'Bx iBQM #v K TTBM; Qmi i?2 *?2 2MI
i72 HQbb Q7 aL_ b QM2 ;Q2b rv 7m’i?2° 7' QK i?2i B;;2°'BM; Mi2MM X

C h?2HijH vOQmi KQp2b HH 7Qm’ >TQH Mi2MM b iQ i?2 +2Mi° H bi'BM;X A
alL_Bb2tT2+i2/ +HQDb2iQi?2i B;;2 'BM; Mi2MM bc ? pBM; HH7Qm >TQ
i72 T? b2/ > VK vi?2°27Q°2?22HTiQ BM+'2 b2 i?2 bB;M H+QMi B#miB
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6B;m 2 NXe, .Bz2 '2Mi /2i2+iQ  H vQmib mb2/ 7Q i?2 T2 7Q K M+2 +QKT "Bt
+QMi BMb i?227Qm @+? MM2H T? b2/ "> vmb2/7Q i'B;;2"'BM; ii?2 #QiiQKX
2 +?2 +QM};m’ iBQM "2 b?2QrMBM Q" M;2 M/ ;"22M-rBi? i?2 mMmb2/ Mi2MM t



Ry9 *> Shl_NX SSGA* hAPLa
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signal [ ] viewing angle [ ] polarization [ ] Area [ded]

6B:m 2 NXd, *QKT "BbQM Q7 i?2 T2 7Q K M+2 Q7 i?2 /Bz2 2Mi /2i2+iQ  H v(
b?QrM b i?2 //BiBQM H 7  +iBQM Q7 HH 2p2Mib i? i "2+QMBi &/+iQ rBi?BM
i?72°272°2M+2 H vQmi- 7Q r?B+?i?2 *.6 Bb b?QrM QM i?2 iQT t@ tBbhX

C 6BM HHWIii®/ Hig2bB;Mb KQp2 i?2irQ b? HHQr2 oTQH Mi2MM b /22T2"
QM2 Q7 i?2mTT2 oTQH Mi2MM b + M T QpB/2 bi'QM; //BiBQM H +QMl
iBQM- T “iB+mH "Hv 7Q  i?2 TQbBiBQM Q7 i?2 b?Qr2° K tBKmKX >Qr2p2
H ;2 b2T " iBQM 7°'QK i?2i'B;;2°BM; +? MM2Hb- b r2HH b i?2 6b? /Qrc
/IQrMr "/@#2M/BM; Q7 BM@B+2 * /BQ bB;M Hb-/2i2+i #H2 bB;M Hb BM i~
iBp iBM; i?2b2 /2bB;Mb rBi? bK HH2  p2'iB+ H# b2HBM2b-r?B+? ~2 2tT
H ;277 +iBQM Q7 i B;;2 2/ 2p2MibX

h?2 "2bmHib 7Q° 2 +? +QM};m” iBQM "2 b?QrM BM 6B;m 2 NXdX h?2v b?
T2'7Q°K M+2 bi?2 //BiBQM H7  +iBQM Q7 2p2Mibi? i '2+QMbi m+i2/ rBi?F
i?72 /Bz2°2M+2 #2ir22M i?2 "2bT2+iBp2 *.6bX g2 +QKT "2 i?2 T2 7Q K M+2
"2r2B;?iBM; rBi?i?2 2tT2+i2/ ~mt ii?2/2i2+iQ - bbmKBM; bBM;H2TQr2 @|

WE +QKTQM2Mi 7°'QK +QbKQ;2MB+ M2mi'BMQb (Rdk)X PMHv ? /"TQMB+ 2p
+QKT 'BbQM- Hi?Qm;? b QMHvVIiI?2 T2 7Q°K M+2 "2H iBp2iQ i?2 272 2M+:
Q7 2t+HmM/BM; 2H2+i QK ;M2iB+ 2p2Mib ?2 2 + M #2 bbmK2/iQ #2 bK HHX

g2 K F2 i?2 TQHHQrBM; Q#b2 p iBQMb, AM+ 2 bBM; i?2 ?Q ' BxQMi H # b’
HikV K BMHvV BKT Qp2b i?2 T°2+BbBQM Q7 i?2 bB;M H /B 2+i®®M /2i2 ' KBM
#2bi 2p2MibX h?2 2°"Q  7Q  i?2b2 2p2Mib- ?Qr2p2° - Bb /QKBM i2/ #v i?2 m
M;H2 M/ TQH "Bx iBQM-r?2"2 MQ +H2 "BKT Qp2K2Mi Bb Q#b2 p2/X 6Q  H
Qi?2° ? M/-i?2 HQr2  bB;M H +QMi'B#miBQM BM i?2 MQr 7m’i?2 @ r v b2+(
"2+QMbi'm+iBQM Q7 i?2 b?Qr2° K tBKmK-2bT2+B HHv 7Q  i?2 H “;2bi # b2H

JQpBM; HH 7Qm™ >TQH Mi2MM b iQ i?2 +2Mi° Hbi'BM; U Hijv /Q2b MQi
"2+QMbi'm+iBQM-r?B+? "2HB2b QMHVQMi?20TQH Mi2MM bX LQ +H2 ~ BKT
BM; M;H2 Q' TQH "Bx iBQM "2+QMbi m+iBQM-2Bi?2 - ?Qr2p2 X ULQi2i? i
H;Q Bi?K-r?2"2i?2>TQH Mi2MM b QMb2+QM/ 'vbi BM;br2°2 QMHv BM+H
jX8-i?Bb +QM};m” iBQMSYBBKPQQp2K2Mi BM i?2 MmK#2™ Q7 2p2Mib "2+QMbi

TQH "Bx iBQM 20 QX Q7

6BM HHv- "2TH +BM; i?2 irQ mTT2 KQbi oTQH Mi2MM b rBi? /22T2° Mi2N\
+ MiHVBM+ 2 b2bi?27° +iBQM Q7 2p2MibrBi? bB;M H/B 2+iBQM "2+QMbi"
M2; iBp2Hv BKT +iBM; i?2 "2bQHmMIiBQM Q#i BM2/ #v i?2 Qi?2 T "ib Q7 i?2
T Qp2K2Mi- ?2Qr2p2 - b22KbiQ TTHvVIQHQr Q K2/BmK [m HBiv 2p2Mib- bm+
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77 +iBQM Q7 2p2Mib "2+QMbi" m+iBM; rBi?BM +2°i BM "2 Bb "2H iBp2Hv KQ/

AM ;2M2° H-i?2 BKT +i Q7 +? M;BM; i?2 /2i2+iQ" +QM};m” iBQM Bb MQi /°
T Qp2K2Mib 2 2tT2+i2/ #v 7Tm i?2° "2}M2K2Mib Q7 i?2 "2+QMbi ' m+iBQM H
K +?BM2@H2 "MBM; # b2/ TT ' Q +?2b bm+? b (kyj-ky8)X

NXkX9 *QM+HmMbBQMbD

g2 ? p2 TTHB2/i?27Q'r "/@7QH/BM; "2+QMbi'm+iBQM H;Q Bi?KQmiHBM2/E
[2bB;M7Q i?2 /22T +QKTQM2Mi Q7 i?2BM@B+2" /IBQ/2i2+iQ Q7 A+2*m#2@:
B+2 M/ 2t +ii' B;;2°+QM};m” iBQM "2/Bz2 2Mi-i?2Qp2 HH 2bQHMIBQM Q#i
i?72 _LP@:@HBF2 bi iBQM BM +? Ti2° 3 7Q Tm 2Hv ? /"TQMB+ 2p2Mib- M/ bHE
rBi? 2H2+i"QK ;M2iB+ b?Qr2 b-i? MFbiQi?2 //BiBQM Q7 M2r bi2T BM i?2 }i
i? i rQ'F-i?2 "2bQHmMIiBQM Q#i BM2/ Bb Km+? H ;2" BM QM2 /B 2+iBQM i? M E
7TmHH k. i"2 iK2Mi BM Q° /27 iQ ++m’ i2Hv + Tim 2 i?2 +im HmM+2'i BMivX
+QKT "2/ i?2 T2 7Q°K M+2 Q7 /Bz2 '2Mi H vQmib Q7 i?2 /22T +QKTQM2MiX
T "iB+mH *7Q  i?2 pB2rBM; M;H2 M/ i?2 TQH 'Bx iBQM-i?2 2t +i TQbBiBQM
Mi2MM b QMHv 2 b KBMQ ® BKT +i QM i?2 "2+QMbi'm+iBQMX *QMp2 b2Hv-
bB;M H/B ' 2+iBQM Bb b?QrM iQ BKT ' Qp2 7Q" /2bB;Mb r?B+? KQp2 bQK2 Q7 i?
+HQb2 iQ i?2 #QiiQK Q7 i?2 bi iBQM- r?B+? QM p2" ;2 BM+ 2 b2b i?2 MmK#
[2i2+i #H2 bB;M H +QMi ' B#miBQMX
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amKK v M/ PmiHQQF

AM@B+2 " /BQ 2tT2'BK2Mib T'QpB/2 +Qbi@2z2+iBp2/2i2+iBQM T BM+BTH2
h?2 7TmHHv 7mM/2/ _LP@: /2i2+iQ°  mM/2° +QMbi " m+iBQM BM :"22MH M/- M/
TIBQ T v Q7 A+2*m#2@:2Mk- rBHH T QpB/2 i?2 #2bi +? M+2 v2i Q7 Q#b2 pBI
2M2°;B2b- M/ K v ?2HT iQ Mbr2° 7mM/ K2Mi H [m2biBQMb #Qmi i?2 Q' B;BNMN
T "iB+H2b BM i?2 mMBp2'b2X

AM Q' /2  iQbm++2bb7mHHV QT2 i2 MBM@B+2 " /BQ /2i2+iQ - Bi Bb M2+2
2tT2+i2/ T?vbB+b bB;M Hb M/ /2i2+iQ " "2bTQMb2X hQ #2 #H2iQ B/2MiB7v M2
mM/2 bi M/BM; Q7 i?2p BQmb # +F;"QmM/ bB;M Hb Bb "2[mB 2/X 6BM HHv- I
[2i2+iQ° b M2mi ' BMQ i2H2b+QT2- Bi b?QmH/ #2 TQbbB#H2 iQ "2+QMbi m+i
QM i?2 K2 bm'2/ " /BQ bB;M HbX

h?BbrQ'F? bK /2 +QMi'B#miBQMb iQ 2 +? Q7 i?2i?°22 bT2+ib #Qp2X h?:
"/BQbB;M Hb? b#22M BKT ' Qp2/ #v +Q "2+iBM; BM ++m" +B2bBMi?2BM@B+
7Q° i?2 bBKTHB}2/ B+2 KQ/2Hb KQbi +QKKQMHYVY mb2/ 7Q° bBKmH iBQM bim/t
+QMi'B#miBM; iQ i?2 QT2M@bQm +2 7° K2rQ'F Lm_ /BQJ* ? b #22M K /2 2 b
TmHH- ?2IKH@# b2/ SA/Q+mK2Mi iBQM i? i BbmT/ i2/r?2M2p2° +? M;2b "2 K

6Q i?2 LP@:2tT2'BK2Mi- M H;Q Bi?Kr bBMi"Q/m+2/i? i "2KQp2bi?2 6#]
i? i Bb T°2b2Mi BM HH "2+Q°/2/ /i X AM [//BiBQM- i?2 ""Bp HiBK2b Q7 #Q
Q' B;BM iBM; 7°QK #Qp2 i?2 bm 7 +2 b r2HH b i?7Qb2 Q7 bBKmH i2/ M2mi E
M/ i?2 QTIBK H "2 /Qmi rBM/Qrb 7Q" 2 +? ? p2 #22M /2i2°KBM2/X h?Bb b?Q
+ Tim 2 M/ bim/v KQbi 2tT2+i2/ # +F;"QmM/ 2p2Mib 7Q° _LP@:- M/ K tBKBX
+? MM2Hb i? iK2 bm 2 M2mi'BMQ bB;M H- "2bT2+iBp2HvX AMT "iB+mH "-i7?
#Qp2@bm 7 +2 # +F;"QmM/ bB;M Hb bm;;2bibi? ii?2 "2H iBp2 + #H2 /2H v #:
Mi2MM b b?QmH/ #2 "2/m+2/ BM Q /2 iQ mb2 i?2 mTr /@7 +BM; GS. b b p2
i?72 KQiBp iBQM7Q i?2/2bB;M+? M;2BMi?2KQbi 2+2MiHvV /2THQvV2/ LP@:
iQ #2+QK2 i?2 "272°2M+2 [2bB;M 7Q " i?2 bi iBQMb iQ #2 /2THQvV2/ BM i?2 7mil

AMi2 ' Kb Q7BKT QpBM; i?2mM/2 bi M/IBM; Q7# +F;"QmM/bB;M Hb/2i2+i2/
M H;Q Bi?K? b#22M BMi ' Q/m+2/iQ "2+QMbi"m+ii?2 ""Bp H/B'2+iBQM Q7 E
+ ' Qbb@+Q "2H IBQMr b b?QrMiQ T2 7Q°KTQQ HvX h?Bb H;Q Bi?Kr b TTH
/Im BM; ?B;?7@rBM/ T2 'BQ/bX AMT "iB+mH "-r2? p2b?QrMi?2 "2+QMbi m+i2/
Q7rBM/@ 2H i2/ 2p2Mib b /2i2°KBM2/BM M 2 "HB2 K +?BM2@H2 "MBM; +H
"2+QMbi'm+iBQM "2bQHmMIiBQM 7Q° BM/BpB/m H 2p2Mib Bb HBKBi2/-i?2 "2bn
rBi? i?2 2tT2+i iBQM i? i —rBM/@BM/m+2/ 2p2Mib Q'B;BM i2 7°QK #Qp2@bm"
M/ MQ 2pB/2M+2 7Q° M //BiBQM H +QMi'B#miBQM Bb 7QmM/X

MQi?2 # +F;"QmM/ bB;M HBb i? i Q7 +QbKB+@ v B  b?Qr2°'bX q2 ? p2 BV

Ryd
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p2 "bBQM Q7 T 2pBQmbHV /2p2HQT2/ 7Q°'r "/@7QH/BM; H;Q ' Bi?K 7Q" i?2
/B*2+iBQM M/ TQH “Bx iBQM mbBM; mTr /@7 +BM; GS. bX h?Bb H;Q Bi?K
p2HQT2/ 7Q  i?2 7Qm @GS. HvQmi Q7 _A LL -? b #22M 2ti2M/2/iQ #2 #
b? HHQr GS. H vQmib- M/ i?2 }iiBM; Q7 i?2 /B 2+iBQM M/ i?2 TQH "Bx iBC
BMiQ bBM;H2 H;Q Bi?KX PM bBKmH i2/ /i -r2 b?Qr i? ii?2 mT/ i2/ H;C
bB;MB}+ Mi BKT Qp2K2Mi BM i?2 "2bQHmMIiBQM Q7 i?2 +QbKB+@ v /B 2+iB(
HQr2  bB;M H@iQ@MQBb2 " iBQb UaL_V-r?2°'2i?2mM+2°i BMiB2b QM i?2b2
i? M 7 +iQ° Q7 k BM bQK2 + b2bX h?Bb b?QmH/ HHQr HbQ i?2b2 HQr2 @c
K DQ'Biv Q7 /2i2+i2/ +QbKB+@ v 2p2Mib- iQ #2 mb2/ BM 7mim°2 M Hvb2b
i?72 T2 ' 7Q°K M+2 Q7 /2i2+iQ"  /2bB;Mb rBi? i?°22 M/ 7Qm  mTr /@7 +BM; G
/[2KQMbi® i2i? ii?2H ii2° Qz2'bbmT2'BQ T2 ' 7Q K M+2- "2/m+BM; i?2 6#H
"Bp H /B '2+iBQMb M/ i?mb T°QpB/BM; KQ 2 mMB7Q K i B;;2° b2MbBiBpBi
"2+QMbi"m+iBQM "2bQHmMIiBQMX

h?2 mT/ i2/ "2+QMbi'm+iBQM H;Q Bi?K ? b HbQ #22M TTHB2/ iQ 2 "Hv
[2i2+i2/ #v _LP@:X >Qr2p2°-i?2°2 Km+? H ;2 /Bz2'2M+2 #2ir22M "2+QMbi
+QbKB+@ v T°'QT2'iB2b r b 7QmM/ i? M BM i?2 bBKmH i2/ /i X S i Q7 i?|
2tTH BM2/ #v +m "2MiHv BM+QKTH2i2 + HB#  iBQM Q7 i?2 LP@: bB;M H
2p2Mib i?Bb K v MQi #2 bm{+B2Mi iQ 2tTH BM i?2 Q#b2 p2/ bB;M HTQH "Bx i
bim/B2b "2 "2[mB 2/iQ "2bQHp2 i?BbX

h?2 K BM +QMi'B#miBQM Q7 i?Bb i?2bBb Bb iQ i?2 /B '2+iBQM "2+QMbi m-
BM@B+2 " /BQ/2i2+iQ°bX g2 ? p2b?QrM?Qri?2"  /IBQbB;M HT QT2 iB2b +
/2i2°'KBM2 i?2 /B'2+iBQM Q7 M BM@B+2 T 'iB+H2 + b+ /2X |IbBM; i?Bb "2H |
2+QMbi'm+iBQM H;Q'Bi?Ki? i+ M#2mb2/iQ "2+QMbi ' m+ii?2 /B 2+iBQM Q
/2i2+i2/ #v M BM@B+2 * /BQ 2tT2'BK2MiX h?2 T2 '7Q°K M+2 Q7 i?Bb H;Q°
#v TTHvVBM; Bi iQ bBKmH iBQM Q7 bBM;H2 /22T LP@:@HBF2 bi iBQM:
Bb Q#b2 p2/iQ #2 bi ' QM;Hv bvKK2i'B+- /m2 iQ "2H iBp2HV H ;2 mM+2"i Bl
TQH "Bx iBQMX g2i?2°27Q°2 ";m2i? ii?2QM2@/BK2MbBQM HbT +2 M;H2
"2+QMbi'm+iBQM "2bQHmMIBQM- M/ k.i'2 iK2Mib?QmH/#2 mb2/BMbi2 /X Ik
"2bQHMIFQM QW2[MBp H284 iBRM R. 7Q° bVvKK2i'B+ +QMiQm 'V + M #2 Q#i BI
H ;2 bm#BD%Y Q7 HH i'B;;2°BM; ?2 /" QMB+ 2p2MibX h?2 "2bQHmMIiBQM #2+Q
+m "2Mi 2H2+i'QM M2mi'BMQ BMi2® +iBQMb- r?B+? T°'Q/m+2 M //BiBQM H
HbQ BM+HmM/2/X *QMp2 'b2Hv- Bi + M #2 BKT Qp2/ #v TTHVBM; bi'B+i2" bz
222+iBp2 pQHmMK2X

h?2 "2+QMbi m+iBQM H;Q 'Bi?K Bb HbQ TTHB2/iQ bim/vi?2 /IBb+Qp2°v
2M2 ;v M2mi'BMQ bQm™+2 Qp2° /Bzmb2 # +F;"QmM/X h?2 TQBMi bT 2 / 7Tm
mb2/ BM bQm ' +2 b2 "+?2b- Bb /2b+ ' B#2/ BM /2i BH- M/ 7Q0mM/ iQ 2t?B#Bi
b? T2- BM +QMi” biiQ i?26# M M 6@b? T2/ bBM;H2 2p2Mi +QMiQm bX h?2
Sa6 /2T2M/ QM i?2 bQm +2 x2MBi?- br2HH b i?2 [m HBiv +mib TTHB2/X

h?2 "2+QMbi'm+iBQM Q7 i?2 M2mi BMQ /B"2+iBQM Bb b?QrMiQ BKT Qp2 i
#v 7 +iQ  kiQjBM+QKT "BbQM iQ '2+QMbi m+iBM; i?2 M2mi 'BMQ p2'i2t Q
bi®* i2/i? i BM BKT QpBM; i?2 "2bQHmMiBQM ii?2 +Qbi Q7 bi iBbiB+b #v TTt}
;2M2° HHv rQ b2Mb i?2 /IBb+Qp2 v TQi2MiB H-2t+2Ti BMi?2 + b2 Q7 p2°'v H

6BM HHv-i?2M2mi'BMQ /B 2+iBQM "2+QMbi " m+iBQM T2 '7Q K M+2 Bb bim,
Q7 i?2 /22T +QKTQM2Mi Q7 M A+2*m#2@:2Mk ~ /BQ /2i2+iQ" i a@Qmi? SQH
BM+'2 b2/ ?2Q'BXxQMi H Q" p2'iB+ H Mi2MM bT +BM;b K v bHB;?iHv BKT'Q
bK HH bm#b2i Q7 p2 v ?B;?@[m HBiv 2p2Mib-i?Bb Bb Qmir2B;?2/ bB;MB}+ M
i?72 KQ'2 MmK2 ' Qmb 2p2Mib i HQr2 " bB;M H@iQ@MQBb2 " iBQbX

bi?2}2H/ Q7 BM@B+2 " /BQ /2i2+iBQM Q7 M2mi BMQb Bb biBHH vQmM; |
? bv2i#22M /2i2+i2/ BiBb HBF2Hvi? i #Qi? bBKmH iBQM M/ "2+QMbi m+il



RyN

iQ /2p2HQT > TB/HvVX HH Q7 i?2 +QMi'B#miBQMb iQ bBKmH iBQM M/ “2+QM
i2bBb "2 p BH #H2 pB i?2 QT2M@bQm +2 L m_ /BQJ* 7 K2rQ FX h?Bb rQF
BMi"Q/m+2/ BKT Qp2K2Mib M/ H:Q Bi?Kb i? i + M #2 mb2/ "B;?i MQr- #mi
bQK2 bi2TTBM; biQM2b i? i + M #2 mb2/- BKT Qp2/ M/ Bi2  i2/ mTQM #v 7mim
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"B#HBQ: T?v

(R) *X :H b2 R HMBQ _2+Q, 2+QMbi'm+iBQM 7  K2rQ F 7Q- " /BQ M2mi BN\
1m X S?2vhXIRXKY RNV RAY|Xy YK

(k) _XoHFrKB+ " v 2{+B2M+v bim/B2b 7Q" i?2 _ /BQ L2mi BMQ P#b2 p iQ v
U LP@:"\a+ i?2bBb- 6"B2/'B+?@ H2t M/2 " @IMBp2'bBi i1’ H M;2M@LC M#:

(j)) GX SYvPTHBKBxBM; i?2 i'B;;2"BM; bi” i2;v 7Q  i?2 /2i2+iBQM Q7 +QbKB+ °
L2mi BMQ P#b2 ' p iQ'v : " 22MH a4/ i@2bB@:¥mK#QH/i IMBp2 'bBi i xm "2 HB
kykyX /1QB,RyXjky9fSI"."@kykR@yR9ekX

(9) AX SH BbB2 - aX "QmK_2MQMOLZHHEBM- i?2 ~"Bp H /B 2+iBQM Q7 M2mi |
/22T BM@B+2 ° /BQni2X2$ PQ bb3 Ok kjV 9KGjjyk(Xyy y X9

(8) *X g2HHBM;- *X :H b2 NM#+QMIb2 HH2IB-M; i?2 +QbKB+@ v 2M2 ;v 7' QK i?:
bB;M HK2 bm 2/ BM QM2OGBBRYRKRBEQY NUBKRRR 38

(e A+2*m#2 @ R2QHKH #Q° iBQM- aX "QmK.BMZ+DBRMR2QMbi m+iBQM 7Q" i?2
BM@B+2 " /BQ " v Q7 A QAN A2 k2Wkky kjV Rk 9Bd X R jNX R

(ds "iB+H2 . i :"QmT *QHH #Q +iBMHM #Q " iBQM- aX RPpBR2QHX-iB+H?2
T?2vbBSthvb X _2BRRYW m;- kyk9V yjyyyRX

(3) uX aX UQQMQHIKBX@ v S'QiQM M/ >2HBmK aT2+i° 7°QK-?2 6B bi* 1 J
bi"QT?2vidk @ YyRRYV RRKKXKd8

(NB J1G +QHH #Q iBQM- PX $ B1MGB 22 HhX2K2Mib Q7 *QbKB+@ v S QiQN
M/ >2HBmK ad2BiZ)jk2UkyRRV e R RijkXO)y8 8

(Ry) PX /"B MB2ibmi»®K2Mib Q7 +QbKB+@ v T'QiQM M/ ?22HBmK bT2+i rBi
+ HQ'BKZpX aT +2 SRWXYRjV kRN kkeX

(RR) uX aX uQ BVQ@iQMXM/ >2HBmMK aT2+i" 7 QK i?2-*bil QEPARX GNB:?i
3jNUKyRAR By I XyR&ERK

(RK) LX :Q #mMQM27 ; HWHKT2+i° Q7 #mM/ Mi +QbKB+@ v Mm+H2B BM i?2 LI*
2tT2 BK2MX aT +2 eDWXYRNV k89 eRBYNHYBX |

(RiA+2*m#DHH #Q  iBQM-JX :X *QbRE®2i HKXF2+i ' mK M/ +QKTQbBIiBQM 7°C
S20iQ 120 mbBM; jv2 b Q7 /i 7 QK A+3RQOX M2 RX%RFayRN V
y3kyyR-NyeXy9®XRd

(R9)JS1 +QHH #Q iBQM- ZIX MMRK2DMI Q7 i?2 +QbKB+@ v T ' QiQM bT2+i"n
9y :20 iQ Ryy h20 rBi? i?72 . JStd+B2HHRKRYRNYV 2 tRINNWNKRK3ey

RRR
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(R8YWa +QHH #Q  iBQM-JX HRBHHT2I HXM2iB+ aT2+i ' QK2i2 U JaV QM i?2
BMi2'M iBQM H bT +2 bi iBQM, S i AA _2bmHHS?2VOK i 2ZNjKbi b2p2M v?2
UkykRV R RReX

(Re) : X >X *?2QB2ibmXRK2Mi Q7 >B;?7@2M2 ;v *QbKB+@ _ v S'QiQM aT2+i ml|
Aaa@*_1 J 1tT2 BKiZRT?viINO@XKYykkV RydX

(Rd Glh +QHH #Q iBQM-PX PHoMP 2BAHK Q7 aT2+i° Hai m+im 2b BM i?2
*QbKB+@_ Vv S'QiQMb 7' QK 8y :20iQ ey h2o rBi? i?2 * HQ BK2i'B+ 1H2+|
i?72 AMi2°™M iBQM H aB*2bX iBIXRGERIk¥kkV Ry RIRWNKX YR Ky k

(R3) 6X H2K MMQ DmHX2Mi Q7 i?2 +QbKB+ v 22HBmMK 2M2 ;v bT2+i mK 7
3y h20 rBi? i?2 . JS1 bT +2-8BbbB QM RGAIKYKRY ky RRy&X YN X d ]

(RN) >X aX ?MBRI2HXbT2+i° Q7 +QbKB+@ v Mm+Bi2@ TR ¢BXACOM 2 :B2b
UkyyNV 8Njy8yRRKRB3N

(ky) PX /B MBRI2HiX}2 bm 2K2Mi Q7 i?2 *QbKB+@ _ v * "#QM M/ Ptv;2M a
Ry :2m iQ kXk#20Bi? i?2 * HQ ' BK2i B+ 1H2+i"QM h2H2b+QT2 QM i?2 AMi
aT +2 ai iBQWbX 2pXREAIRK- kykyV kBRMRKXR § KRN

(KRIX1XaX®¥H #Q  iBQM-6X ? 6BMB:MAMA¥-b2/ K2 bm 2K2Mi Q7 iKQbT
*22° 2MFQp HB;?i 7 QK STMbKB +2dBb.kyydV yokhyQ @ T?fydyRdee

(kk)Ja +QHH #Q  iBQM-JX Sn@®M2 iE2BX7 A'QM S 'BK v *QbKB+ _ vb, _2t
7°QK i?2 HT? J ;M2iB+ aT2?ibQYK2IRXREAIkK¥KRV YORRY9X

(kjy G1h +QHH #Q iBQM- PX J2BbmiB2KI2MXQ7 i?2 A°QM aT2+i mK BM *QbK
~_vb 7°QK Ryn:2QfkXy m2oBi? i?72 * HQ BK2i "B+ 1H2+i QM h2H2b+QT2 QM
AMi2°M iBQM H aT S2vdiXiBRAREAIkY KRV k9 RRy&RXy(JXje

(k9) JS1 +QHH #Q  iBQM- :X KB QbB/2i2HMQM Q7 #'2 FBM i?2i2° 2H2+
+QbKB+@ v bT2+i"mK Q7 2H2+L Q2 8MJ KiyRIB/i eQREIR-R(X RPN 3 R

(k832 ' KB@G-QHH #Q " iBQM- aX #YQbBKIBFE2ivRRK2+i QM@ TQbBIi"QM bT2+i
d:20iQ k h2o rBi? i?2 62 ' KB G ;2 -B?WbX2b2H8UXYyRdV y3kyyd-
RAdy9XydgRNS8

(ke) PX /"B MBLRIi2MIMR/ J2 bm 2K2Mi Q7 i?2 *QbKB+@ _ v 1H2+i'QM M/ SQb
aT2+i"mK 7°QK RR :20 iQ 9X3 h20 rBi? i?2 * HQ ' BK2i B+ 1H2+i'QM h2H2t
AMi2 M iBQM H aT S2vhiXi BOIMREGRIKYR3V ke RRy&X ¥ NX k 3

(kd) gX .X T2HRiaHX:@: M/2 K2 bm 2K2Mib Q7 2M2 ;v bT2+i° 7Q  2H2K2|
Q7 +QbKB+bi T “iX SOAMbRY RV 89R¢ge X ekBj

(K3A+2*M#DHH #Q  iBQM-JX :X J2thaM 2K2MX Q7 i?2 +QbKB+ " v 2M2 ;v
bT2+i mK rBi? A+@AQN@ dJBEXUKYR |V y9 KRjwH-X(JN8

(KN) oX 0X S QbBmVMF @Rij, 2bmHib Q7 j-LI¥BXAMBIQMKX8E2i? X
UKyROV N9 RyRX

(jyE a* .1@:° M/2+QHH #Q ' iBQM- aXh®2?ZMR22iv HX2+i ' mK Q7 +QbKB+ ' vb
i?72° M;2 108KQO®eV-SQaA* *kyR&kyReV kejX
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(jRA+2*m#DHH #Q  iBQM- EX _ rHBM® iMBih)X262miiBHYM *QbKB+ _ v aT2+i'm
M/ *QKTQbBIBQM 7 QK h? 22 u2 b Q7-8@20Q Tk WH kPR mV 39 X

(jk) . X Ap MQgF2+i mK amK&Qa&a*_ *kyR&8kyReV jONX

(ji)> g* +QHH #Q  iBQM- X HH@Q 2iBHN2 +QbKB+ ~ v 2M2 ;v bT2+i mK K2 |
i?72 > q* 2tT2'BK2Mi 7°QK Ry-iSP8h¥X h2d¥UkyRdV RKRYRR Xy yENy

(jON+2*MH#DHH #Q  iBQM- JX :X *QbRE+2i HXF2+i'mK 7°QK k8y h20 iQ Ry
S20 mbBM; AS2hBX 2RYKIkykyV RKkKkyyBXY8KR 8

(j8)SB2 "2 m;2QHH #Q  iBQM- SXh#22M2i ;WKET2+i mK Q7 +QbKB+ "~ vb #2vQ
i?72 imM@/QrMO"@uMY K2 bm 2/ rBi? i?2 bm 7 +2 /2i2+iQ Q7 i?2 SB2 "2
P#b2°p @MV X S?vhXBRIkYKkRV NRgNKR)Xyy

(jer q* +QHH #Q  iBQM-CX X JQhR2b@H@ iTQ 2B +H2-+QbKB+ v 2M2 ;v
bT2+i'mK K2 bm 2/ rBQ#d* *kykRIKYkRV KRy 8Xy9&9 3

(jd2 KB@G-OHH #Q  iBQM- JX +FB2RKBM® Bi hHP#b2 p iBQMb Q7 i?2 .Bzmb2
KK @_ v 1KBbbBQM, AKTHB+ iBQMb 7Q  *QbKB+ _ v M/ i?2 AMi2 bi2H
bi*QT?vhd8 @y RK\R kykX 94N

(j3G> aP +QHH #Q iBQM- wl*b@ 2KBEMi Q7 IHi®” @>B;?@1M2 ;v .Bzmb2
: KK @_ v 1KBbbBQM Q7 i?2: H +iB+ SH M2 7°QK Ry h20 iQ-R S20 rBi? G>
S?2vbX _2pXRERIkX K]V R8RyyRX y(8)&Kk

(INP2 ' KB@GrQHH #Q" iBQM-JX +F2A?R WWMW2i MKQ7 BbQi QTB+ /Bzmb2
i KK @ v2KBbbBQM #2ir22M Ryy J2mi QT BklydNBPHKkYyR 8V 3e-
RO9RyXjeNe

(9YA+2*m#DHH #Q  iIBQM- _X J2#bhB 2K2HWN-Q7 i?2 bi'QT?vbB+ H /Bzmb2 M2
~mt BM +QK#BM2/}i Q7 A+2*m#206b ?B ;-5 QM2 ;VkyRjd KYBKMQ R yie 9 X

(9R) 0X 6XB2DD"2Q# +?2imM;2M /2" /m +?2/"BM;2M/2M ai’ ?HmMM: #2B bB2#2M
S?vbXRyMRNRKYV Ry39 RyNRX

(9k) hX :mxBFh2i2 HA* HQM; /m”~ iBQM #-H/BQWQN T BMD2Fi+2 [j2b2 “+7?
Ukyy9V Rdej RddyX

(9)) 1 X aX a2@ 21 HXy / vb Q7 ~B;?2i 7 QK kH mM+22ipBMTMi2 +2B X
9kUkyy3V Re8e ReejX

(99% J1G +QHH #Q iBQM-PX H2BAMB 2b QXS J1G BMBpK £+tZ2nQpQ
*BKYyUkKkyRdV 9djR8&8WKR X RYyXRYy

(98) X EQmHWBRMRT? J ;M2iB+ aT2+i QK2i2° QM i?2 AMi2-MMIBKQBXH aT +2 ai
JQ/X S?vHORUKkYRKY Rkjyyy8X

(9e62 ' KB@G-OHH #Q° iBQM- gX "X hrPQQE 22 HR- h2H2b+QT2 QM i?2 62 KB
KK @ vaT +2 h2H2b+Q T IBbhBERQMMIDKYy Yy NV Ryd Ry RRGKR)K3 N

(9d) CX *? M;R?P2HXF K ii2 T "iB+H2 2tTH®OI 2Q K BilBoBHQRM 8W b BR thV
e k99X



RR9 "A"GAP:_ S>u

(93% G1h +QHH #Q  iBQM- aX hQ BB M/hIR 4)XGD BEL2+RbBH2+i QM
h2H2b+QT2 U* G1hV QM i?2 AMi2 M iB@¥Mad & €DEXyRAM
k8jR k8jdX

(9N) gX >2BP22[Mm MimK i?2Q v Q7pQ/BXMB\M@®" M iBQM H a2 B2b Q7 JQMQ; T
QM S?2vWBP4BQ / IMBp2 bBiv S 2bb- Pt7Q /- RNjeX

(8y) CX J ii?2¥BBiH2 KQ/2H Q7 2ti2MbBpR QB biXQKAWbKYy8YV j3d jNdX

(8R3B2° "2 m;2QHH #Q  iBQM- X i #2i BppEZM 2biBK iBQM Q7 i?2 BMpBbB#F
Q7 +QbKB+ ~ v b?Qr2 b rBi? i?72 SB2 "2SPw2X P2BREVWIKIYRMV y3kyyj-
(RNYRXyBXY 9y

(8k) GX . XG M/ m M/ AX SGBRBIM+PMF-THB+ #BHBiv Q7 i?2 i?2Q v Q7 # 2}
2H2+i"QMb M/ T B  T°Q/m+iBQM AR ; F@ X N 2m; B 2MKKREBBK X
8j8 8jeX

(8j) X "X JIB/T2Kbbi® 2HmM; M/ TB T°'Q/m+iBQM BM +QM/2Mb2/ K2/B i ?I
S?vbX Rypj¥YRN8eV R3RR R3kyX

(89) GX PX .MnBWMi Q/m+iBQM iQ i?2 i?2Q v Q7 /BzmbBp2 b?Q+F ++2H2" iB
T "iB+H2b BM i2MmQAh X 18 DKXESMNX3jV Ndj RykdX

(88) 1X 62 "KWB+iB+ J ;M2iB+ 6B2H/b M/ i?2 P'B;BM QRi*QDKBRRONB iBQMX
URN89V R eX

(8e) .X * T'BIHHB2bbQ6 ++2H2" iBQM Q7 IHi® @?B:Bi@QM2VbX *Qb IGR#H X vb
3RRIKYR8V @B3y-8(XyadXjN

(8d) 0X S2i QIB-MbiB+ ++2H2  iBQM &V hin a#BHRAPRY RKYV 8j8 88e-
R Ky 8 X KR e

(83) 1X 62PMB22 P'B;BM Q7 i?2 *QbKB*bXBHBKRWINYV RReN RRd9X

(8N) 1X :X wr2B#2H M/ IJXMXiB+ 2+QMM2+iBQM BM bi'QT?vbB+ H M/ H #
TH bK IMm H _2pB2r Q7 bi'QMQKvV BldUkiy QNN? KINBR+ pj k X

(ey) X X *DHHB+ v ++2H2  iBQM BM TmHb "@/ BPQM ¥mhD2XM @y X 2KM N
bi'QMX BRIMRNNKY 9Nj 8yyX

(eR) SX :QH/ 2B+? M/ q¥mBbCmHB2 M- Q/bMKBRVIRSENR Ne NV 3eNX

(ek) X JIX >BHARM-B;BM Q7 IHi® ?B;?@1M2 " MMRbORBX bVMX bi'QT?2vbX
kkURN39V 9k8 999X

(ej) 1X .m/ b-GX >2m iB2 - uX J K# BMB- EX XQRHH 027 KIZiJKXi 2 120
/ "F K ii2S?vbB+ H_2RBRICmM2- kykyV X

(e9) SX a 22FmK*Q&ibHBMib QM i?2 +QbKB+ " vb BM i?2 aB#HX ;2HH MB-
_2pX GAYIXRNNjV Rkd RkNX

(e8) SX "H?I2BR B;BM Q7 : H +iB+ *QbIOBWX_ lvib QT2 KRX ky2RjX/ dy -
RjRRXdj0e



"A"GAP:_ S>u RRS8

(ee) X "2@dBKB+ "~ v ++2HBIi (BIQMB+H2 $S?P0bBRjV 8e dy- a22BM; i?2
>B;?@1M2 ;vIMBp2 b2 rBi? i?2 *?2"2MFQp h2H2b+QT2 "~ v @ h?2 a+B2M
*h X

(ed$B2° "2 m;2QHH #Q  iBQM- XP#BXip HXQM Q7 G ";2@b+ H2 MBbQi'QTv
'Bp H.B'2+iBQMb Q7 *Qb& B ba#Bp@WRUKkyRdV Rkee Rkdy-
RAyNXydXkR

(e3) 6XJX BRiRp2: H +iB+ Lm+H2B b SQi2MiB HaQm +2b Q7 IHi” @>B;? 11
_ vbIMBp2302kykkV &kdR-RXRkXYyk

(eN) gX S.@HB-/BQ +iBp2 H /B2b MS$?2MXHREKRIWNURNI3V kdX

(dy) *X GX *Qr M- 6X _2BM2b- 6X "X > "*BbQM- >X qX Ei2mbRQM/QX iX2J+:mB "
7°22 M2mi'BMQ, *QH4BRMIK@MNSeV Ryj Ry9X

(dR) EX :"2BM2MD i?2 +QbKB+ * v-BPZbiXmRpXRE2RINeeV d93 d8yX

(dk) :X hX w ib2TBM M/ oXTXZEnmEKEBM-Q7 i?2 bT2+i mKAAh S GRKB+ ~ vb
9URNeeV d3 3yX

(djE KBQF M/24@AIA #Q  iBQM- EXPBb2 RiB¥ Q7 L2mi'BMQ "m bi 7°QK i
amT2 MQp al-RNAX 2pXB2RN3dV RONy RINjX

(d9) X JX "BQMP#H2HXiBQM Q7 L2mi'BMQ "m bi BM *QBM+B/2M+2 rBi? am
RN3d BMi?2 G ;2 J ;2HISMWBX *R@¥EB2RIN3dV RINIX

(d8) 1X LX H2Fb22p- GX LX H2Fb22p - AX oX E'BpQi?»ABRM R7AdX2AX 0QH +
L2mi'BMQ aB;M H 6°QK aLRN3d BM i?2 GJ* IbBM; i?2 AM " Fb M IM/2;"Q
a+BMiBHH iBQA\ A2bIR IG2RPAURN33V kyN KR9X

(deA+2*m#DHH #Q  iBQM-JX :X P#b2M2B®M- M/ *? * +i2 ' Bx iBQM Q7
*QbKB+ JmQM L2mi'BMQ 6HmMt 7°QK i?2 LQ i?2°'M >2KBbT?2'2 mbBM; bBt
[ i-bi"QT?2vBfj@kyReReydXyJXye

(ddA+2*m#DHH #Q  iBOQM- CX "Q2ii+227 Q1 iAXS QKTi iKQbT?2 B+ L2mi BM
BHMt BM A+20m@#2 *kykjUkykjV RReBN XydBey

(d3amT2 @E KBQFQHE #Q  iBQM- uX 6nPRma/mZ2 @X- KBQF M/2 /2i2+iQ"
Lm+HX AMbi mK&yRIKA¥jV 9R3 9ekX

(dN) 1X M/ 2bP%b2%-iBQM Q7 ?B;?2@2M2 ;v M2mi ' BMQb mbBM; *?2 2MFQp |
/22T BM Mi “+iB+HmB2RWKyyRV 99R 99jX

(3yA+2*M#DHH #Q  iBQM- X +?i@B#Ri u2i° HX-7Q K M+2 Q7 h?2 A+2*m#2
L2mi'BMQ h2HRIb@QP T2X KAubkyyeV R88 RUQ-@T2fyeyR98y

(3RLh _l1a +QHH #Q  iBQM-JX ;RhQM&,iMX} bi mM/2 b2 M2mi BMQ
i2H2b-HQT2HX AMbi mK&X8EK3RRV RRRjBIXRXyd

(3KEJjL2i +QHH #Q' iBQM- aX /'B M@Jii2BRQZxBMiHK-7Q" EIXL2h kXy
S?2vbX9j UkyReV y3BpyRXf Jd®8N

(3 A+2*M#DHH #Q  iBQM- JX :X 1NMIER2MW 2R2+DMbi m+iBQM J2i?Q/b BM i?2
A+2*m#2 L2mi BM QCHRl-RIMHQROV Sy RHRRX9XKe d



RRe "A"GAP:_ S>u

(39A+2*M#DHH #Q  iBQM-JX :X P#b2M2iBOM-Q7 >B;?@1M2";v bi'QT?vbB
L2mi"BMQb BM h?°22 u2 b Q3 AHX m2AXRERIKYRIV RYRRYR-
(ROy8X8)jXj

(38A+2*mMm#BDHH #Q  iIBQM-JX X L2m2MBRIQRXBbbBQM 7°QK i?2 /B '2+iBQM
#H x " hsa y8yeYy8e T'BQ iQ i?2 A+2*m#B @RdNKIR3IWVWRId R8R-
R3ydXy3a&AN9

(3e) X ai2BM B/ HIX'Bb " mTiBQM 2p2Mi +QBM+B/2Mi rB-ilk imMB,?@2M2 ;v M2
bi " QMXKkykRV 8R K BRB3Xy@B)jRYy

(3dA+2*m#DHH #Q  iBQM- _X ¥pBbHBWH2 HR- M2mi BMQ 2KBbbBQM 7' QK i?
+iBp2 ; H tv L:*>RYyB2MHUMQp- kykkV 8j3 89jX

(33A+2*m#DHH #Q  iBQM- _X B#bBBp2iBAKX-Q7 ?B;?7@2M2 ;v M2mi BMQb 7
:H +iB+ FTA+B2BHy2U kykjV [/+NGREX Y9I DX d

(3N) :X X bF 3w/MQ@/vM KB+ /B iBQM 7 QK i?2 i +Fb Q7 BQMBxBM; T “iB+
HB[mB8QpX iX INZRNS8dV NKR NkjX

(Ny) aX "2p MEBRKmHKiBQM Q7 IHi~ >B;? 1M2 ;v L2mi ' BMQ AMi2"  +iBQMb B
bi'QT “iX KBUDKYYdV jee yid NG X Ry 8

(NRLh _1a +QHH #Q iBQM-CX X JmBH @2i?BX+QmbiB+ L2mi BMQ
.2i2+iBQM h2bi avbi2K Q7 i?2 Lh _la .22T @ a2 Lln2+H XBAMMDDh20HRX + Q T 2
J2i?X eke@elllyRRV RKRWRNXORAN

(NKGPS1aQHH #Q  iBQM- gX .J6BTRH 22bkib Q7 i?2 GPSla /BQ BMi2 72
7Q° +QbKB+@ v -BmbX@E2VbXBRUkY KRV REgk Xy Nk 3

(Nj) SX a+?2HHSQRi "Bix2/ ° /BQ 2KBbbBQM 7 QK 2ti2MbBp2 B  b?Qr2 b K2
GP6 -C* SRYyUKkyROV RR9eXRp8S8

(N9) .X /QmBM 2BHX-2i2+iBQM aB;M im 2 Q7 >B;? 1M2 ;v *QbKB+ _ vb #v
*P. G1J 1tT2 BK2AMi+HX AMbi mK&X8B2k}»X 8V RBI3Q@ T?fy8yRkNd

(N8) CX X ;mBHAMZLBHX-#'Q /# M/ K2 bm 2K2Mi Q7 i?2 > /BQ 7 °2[m2M+v i
H2M;i? i amKKBi ai iBQMGX 22 MEIMHXKKY RKj9 HRKyFKXydJX9e

(Ne)/ 1+?2Q h2H2b+©QBH #Q iBQM- aX ®?@?B/ 2i+RA®-h2H2b+QT2 7Q"
*QbKB+ _ vb, S i?}M/2° 2tT2 'BK2Mi 7Q° M2ti@;2M2-9BQNK M2pX " BMQ Q
RyWUkykRV RykRy8Xyy)X8N

(Nd) *X qX CLKiZh-2 Q7 * /BQ@r p2 " /B iBQM 7 QISTvhiB+HER®Eb+ /2D
UkykkV ykjiRERXyRBXN 3

(N3) :X X bF le+®@bb M2; iBp2 +? ;2 Q7 M 2H2+i'QM@T?QiQM b?Qr2° M/
2KBbbBQNM 1FbTX h2QRMFEB&RY eRe eR3X

(NN) CX . X C6+QBKQ@AWMQ 2Mx iQ *QmHQK# M/ Qi?2° 2tTHB+BKX @X i Mb7Q K
S?vidyUkyykV NRdA RWKIBB{bfyky®yj9

(Ryy) EX "2+2iQaHG 24 h@®SRyY 2tT2 ' BK2Mi 7Q" ° /BQ 2KBbbBQM 7 QK T "iB+H2
.2i BH2/ bBKmH iBQM bim/v M/2BMX2 ZRMAVKQRKY yejyks-
KRRRXypPXj9



"A"GAP:_ S>u RRd

(RYR) PX a+?QHI2M & 2HK2Mi Q7 i?2 +B +mH ~TQH 'Bx iBQM BM * /BQ 2KBbbE
B b?Qr2 b +QM} Kb 2KBbbBRM K2+ 2 MBIKKR eV R yREARR X y)X 83

(Ryk) hX >m2;2-JX Gm/rB; M/ A&BKIXI iBM;-° /BQ 2KBbbBQM 7°QK B b?Qr2"t
*Q 1 a AS *QM7X BBQSMKYRjV MRY$RK KRk

(Ryj) hX >mB;@a?Qr2° _ /BQ aBKmH iBQMb @ q?2°2 r280QKk/ M/ r?22°2r2;Q
_1L kykk UkykjV yBjy X RyRyy

(Ry9) _X KQ/ @B BiX:tT2'BK2Mi H *? ~ +i2'Bx iBQM Q7 JB+ Qr p2 1KBbbBQM
_ v B a?Qr3wbX _2pXREBPUKk¥RIV kKkRERRXJIKNR

(Ry8)P6 _+QHH #Q  iBQM-JX SX p MGP6 H2K?2 GPX@6 2[m2M+v _ v
bi'QMX bi  BB2VEXR|V RjyBXj9&y

(RYy&)B2 "2 m:2QHH #Q  iBQM- SX Mi2vhiM2ib R®: i?2 .2i2+iBQM Q7 _ /BQ
1KBbbBQM SmHb2b 7 Q& A QatkBky@ k WS RRKRRX (350 y

(Ryd) P:1- 'B MM+QHH #Q  iBQM- aX@kXR:M@2i HBQ Mi2MM v
QM Mi “+iB+ ?B:? KQmMi BM 7Q" /2i2+iBM; M2 "@?Q BxQMi H mHi> @?8B;
C* SRRUKykkV yikiky-dX RyY&R e

(Ry3) . XaQmi? H2bBiMHX+/ BMBIiB H T2 7Q 'K M+2 Q7 i?2 T QiQivT2 7Q  i?2 "1
BMbi mK2Mi 7Q" /2i2+iBQM Q7 mHIi-LmBRX MR v M KRBIWXY K |V
Red33kkyeXyN&Xey

(RyN) L. +QHH #Q  iBQM- CX sHp RX@BmMBx 2BQHX: v 7Q  L2mi ' BMQ
.2i2+iBQM U:_ L.V, a+B2M+2HB/X.2DBMM S?2vbX J2ePXk kY@M X
KRN 8YR3IRYXYNNNO

(RRyYyDAh +QHH #Q iBQM-SX gX h@2? Mi2i+iB%-AKTmHbBp2 h> MbB2Mi Mi2MI
IHIi> @?B;? 1M2 ;v L2mi ' BMQ .2i2+iQ" .2bB;M- S2°'7Q°'K M+2- M/ a2MbBiB
"HHQQM-6BIBQ? "iX JRUWLKY YNV Ry 3IRXRNXKy

(RRB)1P +QHH #Q  iBQM- ZXh®2 S2iHI@X/-7Q  IHi> ?B;? 1M2 ;v P#b2 p iBQMb
USILPV, r?Bi2-TARaReUkykRYV Sy8yRyXyKXNKk

(RRK) >X "a/Q :26b H r Q7 /2MbB}+ iBQM Q7 bMQrQMn? Bl M TWMH: M ;+HB OB bv
KURNS89V jRN jkjX

(RRj) oX atew@f bim/B2b i K m/?2BK, aMQr bim/B2b BMH M/, i?2 BMM2" bi'm
b?2H7 i K m/?2BK b b?QrM #a+HBX2 2BHRIBRI3YV R e9X

(RROA*1+QHH #Q  iBQM- AX E° 9272QMKQM-2HM/ bBKmH iBQM Q7 i?2 _A*1
[2i2+FQ0i QT “iX SRNLRYYjV R8 h&-Q@ T2 fyRRKk|dk

(RR8) +QHH #Q  iBQM- SX . BB MO MA2ANIKIB H S2°7Q K M+2 Q7 i?2 bF “v M
YV S'QiQivT2 120 L2mi'BMQ .2i2+iQ - bi?Q@TaQ M iFSKY R Kk V
98d 9dAREB8XKX89

(RRe)P@+QHH #Q  iBQM- CX X.2bBM "N a2X+bBiBpBiv Q7 i?2 _/BQ L2mi B
P#b2 p iQ v BM : 22MH M/ALaRR@WKR YV Sy kykBy X R EXdN

(RRAR¥2*M#2@ RQMHH #Q° iBQMX ?iiTh,ffB+2+m#2@;2MkXrBb+X2/ mfb+B2M+2



RR3 "A"GAP:_ S>u

(RR3) CX X :mBH BRQ2HX~+i"B+ # +F;"QmM/biQ " /BQ@# b2/ TQH " mHi' @7
UI>1LV 2tT2 BKRIMOE “iX SRPY¥RXykjV Ry KdR\Wy X ey N

(RRN) aX ; 'r HHQHHX~ "2 Q#b2 p iBQMb rBi? i?72 _ /BQ L2mi BMQ P#b2 p i
U LP@:Vi"QT "iX SReaWkyk8V RykpPkyBXRIXNNS8

(RKy) GX Sv™ b-*X :H b2 - aX > HHK iMRb ™72 XB2KHQMb i S20 2M2°;B2b BM
“/BQ M2mi'BMQ CZiBRWhbykjV yRjjydXy9jXe

(RKR) IX X G iBZB2XmHIXiBQM Q7 ° /BQ bB:M Hb 7°QK +QbKB+@ v + b+ /2b B
Q#b2°p2/ #Vv BM@B+2 bF “v MSQH#BQ YRyRHIKYkjV j9eX

(RKKP_aAE +QHH #Q  iBQM- CX@JX &BKXMHBMQRMbHX-+"Qbb K2/B b?Qr2 t
*P_aAE -BQa* *kykjUkykjV 90jiNXy8BNd

(RKj) X *QH2K M- *X :H b2 - _X B+2@aKBi?- akM@B+E b/ X MbbQM-
1KBbbBQM 7°QK B a?Qr2'b, AKTHB+ iBQMb 7K9RYEQIRBI "BMQ .2i2+

(RKQLP@+QHH #Q  iBQM- CX X_/BRH 2pm2Hv B+2 /B2H2+i B+ K2 bm 2K:
bmKKBi bi iBQM--CZ2M M M/ Q7 :HJ kBKIW @ RIR-KX RYK3 8

(Rk8) .X WX "2bbQM- AX E’ p+?22MBQ HV/BEXXi BRPR/Bli;H2 /2T2M/2M+2 Q7 p2 il
T'QT ; iBM;  /IBQ@7 2[m2M+v bB ;M- thh BN 2iQXnSRRadXkj\BRY kdee-
KRRYXR)}8j

(Rke) L iBQM H :2QbT iB HO@AMi2HHBT2NMK2Mj2Q+v2URMY2- qQ H/ :2Q/2iB+
avbi2K RN39- Aib .2}MBiBQM M/ _2H iBQMb?BTb-rBNB3&XQ+ H :2Q/2iB+ a

(RKAILP@: *QHH #Q  iBQWH #Q  iBQM- aX AMDH @iKH\Ki-/2bB;M M/
T2 7Q K M+2 Q7 i?2 }'bi b2p2M bik BERRKIRRONKKLP @ :

(Rk3) >X "QaHQi*-2°'B Hb M/ i?2B" "2H iBQM iQ +QKTH2K2Mi v rB 2 2'B Hb
T BM+BO®IRAVM H Q7 i?2 AMbiBimiBQM Q7 1H2+i'B+ H 1M;BM22°'b @ S i
UC Mm "v- RN9eV eky ekeUeVX

(RKN) CX JX _Q#2GiB®i, HXQr SQr2 - ImHiB@:a fb- h> MbB2Mi .B;BiBx2" rBi
a KTHBM; hBK2# b2 h BKKBM;nt+H % BHBIB AKX KR KRNV Nk Ryy-
R3yjXy9eyy

(Rjy) GX SWid+iBQM Q7 L2mi'BMQb M/ *QbKB+ _ vb rBi? i?2 _/BQ L2mi BM
"22MH M/ U_KPS@:M?2bBb- 6°B2/'B+?@ H2t M/2 @IMBp2 bBi i 1°H M;2M

kyk9X

(RjR) SX HHBbQWMBZM HX/-T2 ' 7Q 'K M+2 Q7 M BMi2'72'QK2i'B+i'B;;2° "' v
/2i2+iBQM Q7 ?B;?@ 2 MR2m;+HX2AM B MQKXjJRIKAR NV RRk Rk8-
(R3yNXy9dR8dj

(Rjk) X p M OoHB2i- _X Hp2b" iBbi MR2XKBEWBMM/M®H? +iBQM Q7 +QbKB+
T QiQMb i mHi® ?B:? 2M2 ;B2b rBi? +QDu; 2 RIB¥ WMRINEMKEB |y k -
RNYRXYyRGNN

(Rjjh2H2b+QT2 "+@HH #Q iBQM-1LM28pvM@p+i mK J2 bm 2/ #v i?2 h2H2b+Q
T v-SQaA* *kyRNkykyV kN3X



"A"GAP:_ S>u RRN

(Rj9A+2*m#DHH #Q  iBQM- _X AKTH®R2/ HX- +i2'Bx iBQM Q7 i?2 bi'QT?vbB-
JmQM M2mi'BMQ 6Hmt rBi? NX8 u2- 'thi @7 AvNKn8PRY.kkV 8y -
KkRRRXRY&KNN

(Rj8) A LL +QHH #Q iBQM- *X SRSRObBBAPBHEBi?2 _A LL TBHQi " v- M/
BKTHB+ iBQMb 7Q" i?2 M2ti ;2M2" iBQM Q3 Qal*MAyRBKXKYy¥i2+iQ b
N3yX

(Rje) +QHH #Q° iBQM- SX *QINMBHQBMIb @M-i?2 /Bzmb2 ~mt Q7 mHi~ ?B;? 2M
M2mi'BMQb 7°7QK 7Q0m v2 b Q7 bF v M _ /BQ -S?wvbBX RPRX¥kQ bi iBQMb
UkykyV yORNRKKYYN3d

(Rjd)LAh +QHH #Q " iBQM- SX gX *QMbK 2BMHIX QM i?2 mHi® ?B;?@2M2 ;v +Qbll
M2mi'BMQ ~mt 7°QK i?2 7Qm i-S2BbXi @PMIAYRNYV RkkyyR-
RNykXy9Xxys8

(Rj33B2° "2 m:2QHH #Q  iBQM- XS @#HBMHX22 Q' B;BM Q7 mHi® @?B;?@2M2";
“vb rBi? M2mi'BMQb BM i?2 120 2M2 ;v > M:2 mbBM; i€ SBRY "2 m;2  P#b
UKYRNV RKk-eXy)gkk

(RiN§+2*m#2 @ 2QMKH #Q  iBQM- _X a2MbBEpBX-bim/B2b 7Q i?2 A+2*m#2@:
“/BQ " SQa&* *kykRIKykRV RMR3IjdXy3INRY

(R9y) oX "X 0 H2  -JX "mbi K Mi2h™M2 tH:iN @2B;?@2M2 ;v M2mi ' BMQ@ Mm +H
b2+iBQM, K2 bm 2K2Mi 7Q 2+ bib 7Q° M 2° Q7 +QEKBSE20@M2mi BMQ /
UkykkV RK§9 Xy 9)kqd

(ROR) 6X qX at2+Fi2>-Rk, h2biBM; GQ 2Mix AMp "B-MFX MR Ry X B QHb/
a+B2MiB}+- kkKKKPRORBYXRROKfNd3N3RRk3ke98nyyRkX

(R9K) X *QH2K M-PX 1°'B+bbQM- *X :H bBH MQJI X+ QKIIQ BARQM Q7
mHi® ?2B:2@2M2 ;v +QbKB+ M2mi'BMQb, J2 bm 2K2Mi 7Q 2+ bib 7Q  BM@
M2mi'BMQ i282hRT2RRWKY K9V yk jky®yk Xy K1 k

(R9j) *X :H b2'Lam_HRBQJ*, aBKmH iBM; i?2 ° /BQ 2KBbbBQM Q7 M2mi ' BMQb 7
iQ /2i2+1n" X S?2vbXBYXkykyV RNy éXyR¥dy

(R99) *X X S2HBFTBHHB+2 M/ aBKmH iBQM Q7 i?2 _A LL SBHQi " v- rBi?
AKTHB+ iBQMb 7Q  6mim 2 IHi° @?B;? 1M S?.Li22 DB Q* -bA @ BIQK v
UK BMV- kyR3X

(R98) X*QMMQHHV-_X aX h?Q*MR+MMH.MBQ M >B;? 1M2 ;vL2mi BMQ@ L mH
**Qbb a2+iBQMb M/ IM+2°i BMiB2b IbBM; i?2 Jahg S "iQM .Bbi'B#miBQM |
AKTHB+ iBQMb 7Q" 6mimS2 kX2 BAGMIWRRY RIRRRyKXYXNR

(R9e) 0X "2 iQM2- X : mH/ILMIICEM@BZH2b+QT2b b Z*CIBFROb+QT2b
UKYRNV RBY3XyR¥Xj9

(R9d) CX@>X EQ3?QI2@b HIX-iQQH 7Q T QT ; iBQMQRTFMRI2; 28 M2LIBRIM b
*QKKmMB+ RBAMPR |V kydy kyNyX

(R93) .X : "+Q @62 MEM/2x- X L2HaHB2M MV 2% Qi7th2+QM/ v H2TiQMb BM
“/BQ@M2mi BMQ /2-22vQ Xo RRBUWRYKYV y3jkRRXRjIBK



Rky "A"GAP:_ S>u

(RON) *X :H b2 - .X: "+Q @62 MEMI2QbM2Z+ M L72HHEBMIi " BMQ@~ pQ T?vbB+
BM@B+2 " /BQ $D&A#* OklykRUKykRV RKkjRX

(R8y) X JIJX .xB2rQMbFB M/ .XSG2ZHBKBMQWM-272 2M+32vhiR KQi2H
SH M2iX AMGRURQI'DRYV kNd j8eX

(R8R) aX qX " "rB+##P2 HXBQM Q7 +H bbB+ HHV 67Q #B//2M8 2H2+i QK :M?2
T'QT ; iBQM M/ BKTHB+ iBQMb 7QC*MIytiUR MR3 A2 REB8iBRORYyR |y

(R8K) *X .2 +QMIR26 mHXK2Mib M/ JQ/2HBM; Q7 L2 "@am’7 +2 _ /BQ S'QT ;
‘H +B H A+2 M/ AKTHB+ iBQMb 7Q -1S2wm b8 MZPIBUTKY BI\2 MIpy Ry -
(R3y8XRkBde

(R8j) "X P2v2M- AX SH BbB2 - X L2HH2b- *Xz24 ib207M/ MB gBMO72Mb QM
“/BQ M2mi'BMQ bBKmH iBQMb mbBM:SQaAB Q*KYXRIKyk RV+R Y kd X

(R89) hX gBMH+HBAM-"QT JQ/mH °~ _vi® +2°7Q° AM@J ii2-198Q S'QT ; iBC
q2# *QMREJKYRNYV YRIRYyKYyRX 3y

(R8BLP@+QHH #Q  iBQM- "X R22BW22 HKX~v Q7 B+2@} M KQ/2H M/ bi iBQN
+ HB# iBQM BM QWP @kykjUkykjV Ry9kX

(R8e) .X 1X e@BtBb 6 # B+ Q7 i?2 aQmi? SQHXARAX QQB, R$XRBd39feyRy8d

(R8d) hX h?Q bi2BMbbQM- CX EBTh2bim?2b N/ X#ATBHHBM i?2-:_AS B+2 +Q .
CQM M HQ7 :2QT?vbB+ H _RYRIRNNPHReMBj ke8NN X

(R83) LX >2v2" M/ *BBHI@T-BM+BTH2 + H+mH iBQM Q7 #B 27 BM;2M+2 2z
/2i2+iBQM Q7 M2miX BSVP QX3 OXk Y kjV Rdkky-8(Xy e)Re N

(R8N) hX JX CQ /ID/RHHBM; B+2 #B 27 BM;2M+2 M/ Q#HB[m2 /BQr p2 T°
M2mi"BMQ /2i2+iBQM i {70 N Qirbi HSERHRY Ky V BERE XyROdR

(Rey) X *QMAKJIHHVQ7 #B tB H #B 27 BM:2M+2 BM TQH ~B+2 i  /BQ 7 °2[m?
TQH "Bx iBQMb BM mHi® ?B;? 2M2'S? Wh2m i2 RM& K 9 kX Vi R@ M Rk -
KRRyXyNY¥RS8

(ReR) CX Hp "2x@JImMBx- gX _X * “p HPWi2C XHMbBXmHiBQMb Q7 ~ /BQ T
BM iKQbT?2 B+ b?Qr2 b mbBRTWPXBS8wbRyRkYV jk 8 RRRdXRR3N

(Rek) CX Hp "2x@JmMBx-gqX _X * “p H?Q- C™Q22X hvhi2* b 2MF Q% w B Q
TmHb2b 7°QK ? /"QMB+ b?Qr2 b -mbli iQT1 2ioK 2JBADKK/RKV k3d kNN -
Ryy8Xy)B8k

(Rej) CX Hp "2x@JmMBx- X QK2 'Q@QMHFRQ M/ IBQWTIrHb2b 7 QK 2H2+i QK
b?Qr2 b BM i?2 iBKS @/ _BPRIRUKYRYV RKRyWKX(3H ]

(Re9) CX Hp "2x@JIme¢Bx- SXJIX > Mb2M- X _RK2vQM®qOBH 7B MM X QKb -
M2mi'BMQ@BM/m+2/-82QbX b2ERW B+ KyV y 3jkwsi X Nx¥ 8

(Re8) CX "2HHR 2IBHXXR _2H2-RAWSXIRXNRN

(Ree) X /2 PHBp2B® @*HQi2RIQAHXBzmb2 : H +iB+ _ /BQ 1KBbbBQM 7°QK Ry
Ryy :>xQMX LQiX _QvX bi3@MUMKyyQVYXyBdk KRk 8



"A"GAP:_ S>u RkR

(Red) EX JmH 2vE2B#HXBQM Q7 i?2 GP6 _ HQr@# M/ Mi2MM b mbBM; i?2 : H |
KQ/2H Q7 i?2 bB:MIiHQT? BMSPREXYRNV RRR X N33

(Re3) .X >2+F-CXEM TT-CXLX* T/2pB2HH2-*X aAE ix MQMX2h*? QHQ -
+Q/2 iQ bBKmH i2 2ti2MbBK2 B  b?Qr2 b

(ReNP _aAE +QHH #Q iIBQM*RXaME2;2-@ i?2 M2ti@:;2M2° iBQM B  b?Qr2°
bBKmMH iBQM ZaKBB@IF S?vIR SROkX ykiBy IXRYKIyY

(Rdy) :X :X : bzBAMMiB7vBM; i?2 L2mi'BMQ 1M2 ;v M/ SQBMiBM; _2bQHmMiBQN
.212+iIXQS?.i?2bBb-1* A"pBM2- kykRX

(RARLP@ +QHH #Q  iBQM-CX X_2m@Mbi2m+HBEM; i?2 M2mi BMQ 2M2 ;v 7Q" B
T /BQ /2i2+iQ b, bim/v7Q i?2 _ /BQL2mi'BMQ P#b2:pgmQXv :"22MH M/ U
S?2vbX CKkVUkykkV RRIAdKYyRXy9

(Rdk) X p M oHB2i-_X Hp2b " iBbi M2igX<BMBM;M?2H- +iBQM Q7 +QbKB+@
T'QiQMb i mHi® ?B;? 2M2";B2b rBi? +RDKX; 2 RIB¥IWIIRINEM®R jyk -
RNYyRXyRGNN

(Rdj) 6. b?AKDb,ff;Bi?m#X+QKfTHQKKKBXb?

(RA9) 6SHQIHYX®:;:Bi?m#X+QKFTHQIHVWIRyk@M vXTv

(RA8) 6:° 7MW, ff;Bi?m#X+QKf;" 7 M-fKyK9M

(RdeLP@+QHH #Q  iBQM- *X q2 HBBMiBRQ MVHE7 i?2 _/BQ L2mi'BMQ P#b2 p iC
" 22MH M/ U_L®@AY_*kykjUkykjV Ry89X

(Rdd) *X EH2B®bQM/2 h> +FBM; M/ * HB# iBQM aim/B2b rBi? i?2 AM@B+2 S
_/BQL2mi'BMQ P#b2 p iQ v :"22MH M/HD BB @?%bBb-
6°B2/'B+?@ H2t M/2 @IMBp2 bBi i 1'H M;2M@LC M#2 ;- kykjX

(Rd3) :X *X aBKBHBBP- Mi “+iB+ 1tT2/BiBQM RNRYX@R N2 3 ARBMFH @ /v
*QKT Mv- RNRNX

(RAN) CX G i? K M/ *M &#@riQ v BMp2biB; iBQM Q7 i?2 2H2+i B}+ iBQM Q7 bl
Zm "i2’HVv CQm M H Q7 i?2 _Qv H J2N2QRNHQVB88He8®+B2iv

(R3y) .X aX a+?KB/i- _X a+?KBLHM/iGQ0i2iBi- 7Q +2 BM #HQrBM; bMQr
"QmM/ v@G v2  J2NjQURMNMNNY kN 98X

(R3R) JX :Q/QM M/ SXhX2h2HRQi B+ }2H/ /m BM; #HQT@MMbH NMQ@ i p2M i b
K2i2Q QR@UkyyNV Nd RR8X

(R3k) LP :JG-069gBM/ bT22/ i amKKBi-:"22MH M/ UalJV X
2iiTbh,ff; KHXMQ X;Qpf 7iTf/ i fK2i2Q QHQ- ki EKR@EBktXbmk2bb2/, R
J v kyk9X

(R3j) SX G m2BM2@G2 "MBM:@# b2/ " +F;"QmM/ A/2MiB}+ iBQM 7Q" i?2 _ /B
P#b2 p iQ v :"22MHiMBb i?2bBb- 6°B2/ ' B+?@ H2t M/2 " @IMBp2 bBi i
1°H M;2M@LC M#2 ;- kykjX

(R39LP@+QHH #Q  iBQM- CX >2M B*BM 27 QHX%QbKB+@ v B b?Qr2°b rBi?
LP@SQa&A* _*kykjUkykjV k8NX



Rkk "A"GAP:_ S>u

(R38)A LL +QHH #Q  iBQM- X hME2iBM; HYi~ @?B;? 2M2 ;v M2mi BMQb rE
_A LL 2tT2 ' BK2M@X aT +2 eDXYyRNV k8NR NegyXyHXyN

(R3e) aX Pbi TIOME®-"HQ i 2 iK2Mi Q7 ? /' QMB+ BMi2® +iBQMb BM 2M? MH+
b+?72K2, AX Z:aClh@RAKQ/2AXKUKYRRYV yRRYRBX H XeN

(R3d) JX "H2B+?22HiBHEbiB+ ? /'QM ? /"QM +QHHBbBQMb BM i?2 mHi" “2H
KQH2+mH ~ /vM K-E#b KX¥MRBURNNNV R38N2R@ANEFNNYXNIyd

(R33) L*1A :2QK ;M2iB+ JQ/2HBM; h2 Kc " BiBj? H2 KH;QLBiB H Ka@v P2 ky ky
kyRNX /QB,RyXk8NkRfRRpj@/ dRX

(R38B2 "2 m:2QHH #Q  iBQM- XI2 HRi2KRMi Q7 i?2 /B iBQM 1M2 ;v BM |
_/BQ aB;M H Q7 1ti2MbBp2 B  a?Qr2'b b IMBp2'b H 1biBK iQ Q7 *Qb
S?2vbX _2pXRBRIKYReV k9RRYRXy(KXe 9

(RN$B2 "2 m;2QHH #Q  iBQM- 0XJ@2brRB2K2MXQ7 i?2 2M2 ;v bT2+i " mK Q7
mHi> @?B;? 2M2 ;v +QbKB+ ~ vb mbBM; i?2-SEYA*2 *ky RNRH#EZVp iQ v
98y X

(RNBB2 "2 m;2QHH #Q  iBQM- XS @#HMHX22  /BQ 2KBbbBQM 7 QK B b?(
rBi? TQH 'Bx iBQM K2SBmbXK2M MUKky ROV y8RPwk-X( X d

(RNIBP6 _+QHH #Q  iBQM- X *QhIPi2 D 2T2iQHMN?22 * /BQ r p27 ' QMi Q7 2ti2Mb
B b?2Qr2'b b K2 bm 2/ rBiA ®F6 iX SERWKY RSV kIRPFIKj Ny d

(RNj) aX "mBiBME 2Q/HX-" ?B:? T'2+BbBQM "2+QMbXmx+ B BW Q7 B  b?2Qr2°
irQ@/BK2MbBQM H ° /BQ BSM2bB2RFURYRBN y3RYWi3 X dyy R

(RN9) aX "mBiBMF 22 HB;?i@K bb +QKTQM2Milg7 “AQBKBo 7 QK i
“/BQ Q#b2 pLiB@M@PRUKYR e VRIgyjKyR&N9

(RN&8B2 "2 m;2QHH #Q" iBQM- X #/mH #BMBK22bmHXK2Mib Q7 i?2 /2Ti? Q7
B'@b?Qr2° K tBKmK ii?2 SB2 "2 mS2VPXb2BYNDKYyk9V ykkyyk-
kjRyXRNNXee

(RNe)A LL +QHH #Q  iBQM- X IMHAZm 2BMH X22 TQH "Bx iBQM "2+QMbi m+iB
"2bQHMIBQM Q7 i?2 _A LL M2mi'BMQ /2iT+iQYyoBiKy kRWKBK-" vb
kRRKkXyRBYR

(RNd) aX gX " "rB+F/BiQHXi-2+iBQM Q7 B b?Qr2°brBi? i?2 _A LL 2tT2'BK2
_Qbb A+2-a®i2@T "iX SPwbkyRdYV 8YReBRkXydRdj

(RN3LP@+QHH #Q iBQM- CX >@2M ™ B2PM 2TQHXB  b?Qr2°'b3IBa? LP@:
_1L kykk UkykjV yydX

(RNN) X *Q 'bi MD2B2P @K-2+BbBQM BMi2 ' TQH iBQM K2i?Q/ 7Q  TmHb2/ " /I
+QbKB+@ v B-QGRIQaR3BkykjV SyNgjy8@XRj8R9

(kyy) oX "X 0o H2 -JX "mbi K Mi2 LIM/™@&7Him22-/Bb+Qp2°'v Q7 i?2 /Bzmb2 ~m
MHi~ ?B;?2@2M2 ;v +Qb8BwbM2RRBRBAMIQWKk|V yIjkRRIy Xyjd8e

(kyR)A LL +QHH #Q  iBQM- X VM@2BM; HP2- M;mH ~ M/ TQH 'Bx iBQM
2+QMbi m+iBQM Q7 i?72 _A LL /2i2+iQUALERBAWMKPVSYHNY N -
kyyeXyjyXd



"A"GAP:_ S>u RKkj

(kyk) +QHH #Q  iBQM- SX GHHWBI@¥Mb2IHBM2 ?Q BxQMi H  /BQ@7 2[m2M+v
i2°Qm;? TQHC* BRXUKkykyV WMy 33X Ry*¥ 3N

(Kyj) *X :H b2 - aX J+ H22 - aX aiD "M?QHK- SX "22/TB® M2 aM B M ;'@ # Bo+2H -
"2+QMbi'm+iBQM Q7 i?2 M2mi'BMQ /B 2+iBQM M/-2bi2Q;% 7i@  BM@B+2 ° /
S?2vIROBJKykjV RyKkIBXR9Xdk

(ky9) +QHH #Q  iBQM- uXN2Mh2H MRirQ F # b2/ 1>1 M2mi BMQ '2+QMbi m+|
K2i?Q/ 7Q  i?2 bF v M _ /BQ-5QwAU_*KWkRIkykRV RR8dX

(Ky8A+2*m#2@ 2MMKH #Q  iBQM- LX.22T2G2i MHBM; " b2/ 1p2Mi _2+QMbi m+iBG
7Q° 172 A+2*m#2@:2Mk - SB@ *2 rkyikQUKykjV RRMEXYyyRe 9

(kye) *X q2HHBM;- SX 6° MF- hX X 1M2H@GMbMMhXNBNMHMDM@ 2T2 iBM; * /BQ T
rBi? AM7Q K iBQM 6-B2H3 WPLKY WRV K&R Kk Xy )8 3

(kyd) hX *?B "mbB M/IK; 2@ M :v bi'QT?vbB+b rBi? L2Zmm BNMQVH2H2b+Q T2
CX 28UkyRYV e9N Ny&X KX 9

(ky3) AX SH2BHBRRHbi m+iBM; i?2 ""Bp H.B'2+iBQM Q7 *QbKB+ L2mi ' BMQb rBi
L2mi ' BMQ P#b2 'p iQ v :"22MHSM/ L2 2bMB@:W6 B2/'B+?@ H2t M/2 " @IMBp2 b
1'"H M;2M@LC M#2 ;- kykkX /QB,RyXjky9fSI"."@kykj@yyjkdX

(kyN) SX oB'i MaMBRSVHXXyYy, 6mM/ K2Mi H H;Q Bi?Kb 7Q" a+B2MiB}+ *QKTmil
Lim2J2i?RdokykyV keR kdkX

(KRW+2*m#2@ 2Q0KH #Q° iBQM- JX :X A4B2M#RI@HXMK, i?2 rBM/Qr iQ i?2
2ti'2K2 IMBpRXbR?2 v UKYKRV yek8yRX Y 9)X]

(kRR) CX Hp "2x@JIJmMBx- X _QK2SQ @idBx}HHA M/ 1&+w bi2 + H+mH iBQMb Q7
bF 'v M /B-BQEX _2YUKkYRRV RyRRwWeXakK3j

(kRk) CX pp -CX JIX EQp +-*X IJBFB- .X a Hix#RM BMMbHBXmX@B2m22K2Mi Q7
i?72 /I BQ@7 2[m2M+v ii2Mm iBQM BM B+2 i amKKBi ai iBQM-
2MH-BX :H +BRUKXR8YV RYyy8BRRYRRYER]|

(KRj) . X 6X :X 6BQ BHHQ- JX "mbi K ML2 M@ DXitK D MD+Qp2'v Q7 TQBMi bQm
Q7 mHI® @?B;?@ 2M-X *vS\W P bk yEKIMQykley X R §IX 3 8

(KR9) CX p Ma Mi2M-"X X *H "F- _X > HHB/ v- aXQBHHK MMKMQ X LBDHH2Db-
/2b+ B#2 i?2 T2 7Q K M+2 Q7 ?B;?@2MQANaR2thk YR M\QNWR3 2y N3 " b
kkykXRBRKy

(KR8) :X *Qr M- EX *> MK2 - 1X :"QbbbW¥K PR i®BH ZHHKmMH 2 7Q  HBF2HB?QQ/@
i2bib Q7 M2r TAWbB S Vb X RXkYRRV MRYFUXRdKA " imK, 1m XS?2vbXCX*
dj- kBYyR UKyRjV)X

(kRe) aX aXlgBHEGb:2@a KTH2 .Bbi'B#miBQM Q7 i?2 GBF2HB?QQ/ _ iBQ 7Q" I
SVTQi?2H2M Hb J i?X aNWRIN)BV ey ekX

(KRd) .X : "+Q @62 "ME€M/2x- X L2HaB2M M 2b QI72+QM/ v H2TiQMb BM
“/BQ@M2mi BMQ /2922vQ Xo RRBUERYKYV y3jkRRXRjIRK

(kR3) CX LQ+2/ H M/ aXnmX BB ;MiPTIiBXKBX iBW;° a2 'B2b BM PT2" iBQMb
_2b2 "+? M/ 6BM M+B H1M;BM22 ' BM;X aT'BM;2 - kyye- RyXRyydfNd3 @y



Rk9 "A"GAP:_ S>u



TT2M/Bt
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