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lp2Mi _2+QMbi " m+iBQM M/ .QK BM EMQrH2/;2
kXR h?2 AKTQ i M+2 Q7 .QK BM EMQrH2/;2 X X X&X X X X X X X
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jX9X9 aTHBM2JS1,h” +F _ "2+QMbi " m+iBQM Xck¥X X
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8Xdlp2Mi@:2M2 iR aBKmH iBQM hQQH X X X X %¥yX X X X X X
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dXR S QbT2+ib M/ *? HH2M:2b Q7 * b+ /2 a KTH2bRX X X X X X
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Ry M HvbBb J2i?Q/b

RyXR J tBKMK@GBF2HB?QQ/@" b2/ a2 "+? J2i?Q#|X X X X X X X
RyXk M HvbBb hQQH aBKTHB}+ iBQMb X X X X RjX X X X X X X
RyXj h2KTH i2 M HvbBb X X X X X X X X X X X % X X X X X X
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RRX8 .Bzmb2 : H +iB+ SH M2 a2 +?22b X X X X XRYNX X X X X X X

Rk M HvbBb S2°'7Q K M+2
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lp2Mi "2+QMbi m+iBQM M/ +H bbB}+ iBQM- HQM; rBi? /2i2+iQ" + |
+Q ' 2i bFbpBi HiQ Mv T?vbB+b 2tT2 BK2MiX Hi?Qm;? Q7i2M mM
K2Mib BM i?2b2 i bFb K v BKT ' Qp2 M 2tT2 ' BK2Midéb b2MbBiBpBi\
b 2tT2MbBp2 /2i2+iQ mT; /2b Q  2p2M i?2 +QMbi m+iBQM Q7 2
iQ°bX h?Bb /Bbb2'i iBQMBb H ";2Hv /2/B+ i2/iQ i?2 /2p2HQTK2Mi |
bm+? +Q 2 +QKTQM2Mib BM i?2 A+2*m#2 M HvbBb +? BMX b bm+"
/I2KQMbi® i2b i?2 TQi2MiB Hi? i HB2b BM K2i?Q/ /2p2HQTK2Mi- mH
i?72} bi Q#b2 p iBQM Q7 ?B;?@2M2 ;v M2mi BMQb 7 QK i?2 JBHF\
i?Bb /Bbb2'i iBQM BMi Q/m+2b /22T H2 MBM;@# b2/ "2+QMbi m+i
iIQQHFBiIi BM A+2*m#2X h?2b2 "2 mb2/ bbi M/ HQM2 iQQHb BM 2p2
+H bbB}+ iBQM i bFb- #mi HbQ BM +QK#BM iBQM rBi? i° /IBiBQM
K tBKmMK@HBF2HB?QQ/ 2biBK iBQMX

AM S Aii?2 +QM+2Ti Q7 /QK BM FMQrH2/;2 M/ i?2 BKTQ'i M+2 Q7 Bi
QmiHBM2/X hrQ bQ7ir "2 7 K2rQ Fb "2 BMi Q/m+2/i? i #mBH/ m~

;2M2° H "2+QMbi m+iBQM 77 K2rQ F # b2/ QM +QMpQHmMiIiBQM H
[2p2HQT2/ BM [//BiBQM iQ ?2v# B/ TT Q +? i? i +QK#BM2b K tBK
2biBK iBQM rBi? /22T H2 "MBM;X h?2b2 K2i?Q/b HHQr 7Q° KQ™
"2+QMbi m+iBQM M/ 7Q i?2 +°2 iBQM Q7 KQ 2 2{+B2Mi 2p2Mi b KTt
BM S AX h?2 BKT Qp2/ K2i?Q/b "2 TTHB2/iQ b2 "+?22b 7Q M2mi BI
A+2*m#26b + b+ /12 +? MM2H- +mHKBM iBM; BMi?2 KQbi b2MbBiB
M2mi BMQ 2KBbbBQM iQ / i2A K2 BH2/ BM S i

S 'ib Q7 i?Bb /Bbb2"i iBQM ? p2 #22M Tm#HBb?2/ BM T22 @ 2pB
M/ +QM72 2M+2 T Q+22/BM;b mi?Q 2/ Q +Q@ mi?Q 2/ #v i?2 m
i i BQMAX h?2b2 T “ib-r?B+? K v 7QHHQr i?2 Tm#HBb?2/ rQ F- "2 |
;T vo/l2+H T iBQMO6 #Qt2b ii?2 #2;BMMBM; Q7 i?2 "2H2p Mi b2+iBC
+ B2/ QOQmi DQBMiHvVv rBi? +QHH #Q° iQ b BMi?2 A+2*m#2 +QHH #
i?2b2 /2+H ~ iBQMbX h?2 bi i2/ +QHH #Q  iQ° {HB iBQM +Q "2bTQlI
ii?72iBK2 ir?B+?i?2 +QHH #Q " iBQMr b+ ""B2/ QmiX
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_2/2}MBM; 1p2Mi
_2+QMbi m+iBQM BM A+2*n

lp2°v A+2*m#2 M HvbBb "2HB2b QM "2+QMbi m+iBQM K2i?Q/b i
T?QiQMb- K2 bm 2/ b 2H2+i'B+ +m "2Mib Qp2  iBK2-iQ #bi® +i2p2
biQTQHQ;v-T iB+H2 /B 2+iBQM- 2M2 ;v- M/ ivT2X h?2b2 "2+Q
i?72°27Q°2 +QMbiBimi2 +Q 2 +QKTQM2Mib iQ Mv M HvbBb T2'70Q
bm+?-i?2B T2 '7Q K M+2 Bb BKKBM2Mi M/ + m+B HiQ i?2 Qmi+QK?2
"2bmHiIX 1p2Mi "2+QMbi'm+iBQM K2i?Q/b i?mb TH v +2Mi° H "Ql
A+2*m#20b T?vbB+b T ' Q; KX

AM i?Bb /Bbb2'i iBQM- MQp2H K2i?Q/b # b2/ QM K +?BM2 M/ /22T
QT2/ M/ BMi'Q/m+2/iQ i?2 A+2*m#2 L2mi'BMQ P#b2'p iQ v- M2
/2i BH2/ BM *?XTh22b2 K2i?Q/b 2tT M/ A+2*m#206b iQQHb2i M/ + T
BM F2v "2 b- bm+? b 2p2Mi +H bbB}+ iBQM M/ "2+QMbi m+iBQMN
M HvbBb H2p2H K2i?Q/bX AMT "iB+mH - ;2M2° HDbQ7ir "2 7 K2
POHMIBQM H M2m® H M2irQ Fb Bb BMi*® /M %2BBM B?2?2Th2"

?v# B/ "2+QMbi " m+iBQM K2i?Q/i? i +QK#BM2b K tBKmMK@HBF2HB?
/22T H2 "MBM:;X *Q2 +QM+2Tib iQ i?2b2 7 K2rQ Fb- #mBHi mTQM
i?72 miBHBx iBQM Q7 p BH #H2 bvKK2i'B2b M/ /QK BM FMQrH2/;2-
7QHHQIBM; KR Ti2"



1p2Mi _2+QMbi'm+iBQM M/ .QK BM
EMQrH2/;2

6°QK M 2TBbhi2KQHQ:;B+ H T2 bT2+iBp2-i2biBM; Q7 b+B2MiB}+ 2vT
B+ i2/ 2tT2 'BK2Mib Bb + m+B H bi2T BM i?2 T'Q+2bb Q7 FMQrH
T?vbB*B)X h?2b2 ?2vTQi?2b2b "2 i2bi2/ #v +QKT 'BM; / i K2 bm
/2i2+iQ b iQi?2 T 2/B+iBQMb K /2 7°QK i?2Q vX AMT “iB+H2 T?vbB+k
7Q BMbi M+2- T 2/B+ii?2 KQmMiQ7 T iB+H2brBi? +2°i BM T QT2 iE
/2i2+iQ X h?2b2 T "iB+H2b K v mM/2 ;Q BMi2  +iBQMb BM i?2 /2i2+iC
iQ K2 bm> #H2 [m MiBiB2b bm+? b 2H2+i B+ +m " 2Mib M/ iBK2bi KTb
im#2bX +QHH2+iBQM Q7 i?2b2 +m "2Mib M/ iBK2bi KTb Qp2° +2°i
HbQ 272 °2/iQ b M 2p2MiX

AMQ'/2 iQi2bii?2i?2Q v ?vTQi?2bBb- +QMM2+iBQM Kmbi #2 2bi #t
K2 bm 2/ +m "2Mib M/ iBK2bi KTb BM M 2p2Mi M/ i?2 T "iB+H2 i? i
h?Bb T Q+2bb Q7 i° MbH iBM; K2 bm 2/ [m MiBiB2b iQ T "iB+H2 T QT
b2p2Mi "2+QMbi' m+iBQMX 1p2Mi "2+QMbi m+iBQM "2HB2b QM KZC
K2 bm 2/ /i rBi? i?22p2Mi Q" T iB+H2Bb QA/B+4B2HXQSp iBQmb

rvb QM ?Qr i?Bb KQ/2H K v #2 /2}M2/X ** m+B HiQ i?2 bm++2bb Q7 i
?2Qr ++m” i2 M/ +QKTH2i2i?2 mM/2 HvBM; ;2M2° iBM; T Q+2bb-r?E
K2 bm 2/ /i iQi?22p2Mi T QT2 iB2b-Bb /2b+ B#2/ M/ ?Qr r2HH Bi
bvKK2i'B2b "2 miBHBx2/X

AM T BM+BTH2-i?2°2 "2irQK BM TT'Q +?2b BM ?2Qr i?Bb KQ/2H Bb
}1’bi Q7 r?B+? Bb /i @/'Bp2M TT'Q +? pB K +?BM2 H2 "MBM:;X A
QMHvV HBKBi2/ KQmMi Q7 mM/2 ' HVBM; bvKK2i"B2b M/ /QK BM FM
2tTHB+BiHv- r?BH2 i?2 K DQ Biv Bb H2 "M2/ BKTHB+BiHv 7 QK i?
Qi?2° TT Q +?-T 2/QKBM i2Hv pB K tBKmK@HBF2HB?QQ/ 2biBK
iQ 2tTHB+BiHv /2}M2 M/ 2tTHQBIi i?2 ;2M2  iBM; T Q+2bbX >Qr2|
BMi® +i #H2 BM T  +iB+2 M/ i?2°27Q°2JG1 +QKKQMHvV "2bQ ibiQ b
M/ BKTQDb2/ bbmKTiBQMbX

AM //BiBQM iQ i?2b2 irQ TT ' Q +?2b- QM2 + M 7m’i?2" /BbiBM:;m
/B 2+iBQM BM ?Qr i?2 "2H iBQM Q7 K2 bm" #H2 [m MiBiB2b M/ ;2N\
/I2}M2/X AM JG1l- KQ/2H Bb #mBHi BM 67Q 'r /6 /B 2+iBQM, bi "iB
?2vTQi?2bBb-i?2 JG1 KQ/2H T 2/B+ib i?2 K2 bm™ #H2 [m MiBiB2b-
#2 +QKT "2/ iQi?2 K2 bm™2// i iQ +QKTmi2 i?2 HBF2HB?QQ/ Q7 i~
i?72 ;Bp2M ?2vTQi?2bBbX hvTIB+ H K +?BM2 H2 "MBM; KQ/2Hb- QM
i?72 "2p2°b2 /B'2+iBQM, bi "iBM; 7' QK i?2 K2 bm 2/ /i -i?2b2 KQ/2
/B 2+iHv 2biBK i2i?2 TQbi2'BQ  /Bbi'B#miBQM Q7 i?2 T?vbB+b [m MiE
/IB"'2+iBQMb "2 pB #H2 bQHmMIiBQMbX >Qr2p2°- b b?QrM BM i?2 7Q
+QMbi ' m+iBQM Q7 KQ/2HBM 67Q'r /6 /B2+iBQM 7 +BHBIi i2b i?2 1



kKXR h?2 AKTQ'i M+2 Q7 .QK BM EMQrH?2/

FMQrH2/;2 bm+? b bvKK2i'B2b M/ T?vbB+b H rbX h?2 "2 bQM 7Q
67Q°r /6 /B 2+iBQM Bb M HQ:Qmb iQ ?2Qr JQMi2 * "HQ UJ*V bBKm}
Mv BM7Q K iBQM TTHB2/BM i?2 bBKmH iBQM +? BM UbvKK2i B2b-
2i+XV K v HbQ #2 mb2/ BM i?2b K2 K MM2  BM i?2 +QMbi m+iBQM
Bb MQii'BpB HBM i?2 6# +Fr /6 /B 2+iBQM- b K Mv 2z2+ib "2 +Q
H2 /iQ /2;2M2° +B2b BM i?2 K2 bm 2/ /i X

AM i?Bb /Bbb2 i iBQM- /i @/ 'Bp2M TT Q +? pB /22T M2m  H M2ir
BM //BiBQM iQ ?v#' B/ TT'Q +?i? i Bb/2bB:M2/iQ +QK#BM2 i?2 b
JG1 M/ /22T H2 "MBM;X Jm+? Q7 i?2 /Bb+Qm b2 BM i?Bb /Bbb2" i il
mMiBHBX iBQM Q7 2tTHB+Bi /QK BM FMQrH2/:2 BM i?2b2 /i @/ Bp2M
i?72 BKTQ'i M+2 Q7 2tTHB+Bi miBHBx iBQM Q7 /QK BM FMQrH2/;
2t KTH2b "2 /2b+ B#2/ BM i?2 7QX¥HQrBM; a2+iBQM

kXR h?2 AKTQ i M+2 Q7 .QK BM EMQrH2/:2

.2+H ~ iBQM

h?Bb b2+iBQM 7QHHQrb i?2 " ;nmKk2iMBHB2Q WM BM; 22TXI B+Bi

2t KTH2b iQ /2KQMbi™ i2 i?2 BKTQ i M+2 Q7 miBHBxBM; /QK BI
h?2 3} bi T ;7 T?b Q7 i?Bb b2+iBQM "2 i F2M Qp2 p2'# iBK b BM,
i?72[mQi iBQM K "EbXb 2BXiegM #v i?2 mi?Q Q7 i?Bb /Bbb2 i iBQN
M/ "2pB2r2/ #v i?2 A+2*m#2 +QHH #Q iBQMX

h?2 "2+QMbi ' m+iBQM Q7 M2mi'BMQ 2p2Mib BM i?2 A+2*m#2 /2i24
"2HB2/ QM K tBKMK@HBF2HB?Q® )@ # @22 K242®iBH\- /22T H2 "MBM;
“+2Bi2+im 2b bm+? b +QMpQHMIBQM HRY 2np2tb M ZTirBEb U*LLV
i* /BIiBQM H "2+QMbi' m+iBQM K2i?Q/b BM +2°i BM "2 b BM+HmM/BN
"2+QMbi mIXBOM i(?2° TTHB+ iBQMb BM A+2*m#2- HbQ miBHBXB
> T?M2m™ H M2irQ Fb- "2 BHHRbIR )R/ BM _27bX (

h?2b2 TTHB+ iBQMb # b2/ QM /22T H2 "MBM; BHHmbi  i2 T /B:K
iQ BKTHB+Bi mb2 Q7 p BH #H2 BM7Q K iBQMX AM HBF2HB?QQ.
FMQrH2/;2-bm+? bi MbH iBQM H M/ Qi iBQM HBMp "B M+2- /2i:
M/ T?vbB+b H rb- "2 BKTH2K2Mi2/ /B 2+iHv BMiQ i?2 HBF2HB?Q
7Q 2K2MiBQM2/ /22T H2 "MBM: TTHB+ iBQMb- ?2Qr2p2 - Kmbi H?Z
BKTHB+BiHvi? ' Qm;?i?2i  BMBM;/ i X *LLb "2 #H2iQ 2tTHB+BiHvV |
BMp "B M+2iQ +2°i BM /2;°22- #mi i?2vH +F i?2 #BHBiviQ /B 2
BM7Q K iBQMX

h?2 bi " 2M;i? Q7 /22T H2 MBM; HB2b BM i?2 mMBp2' b HBiv Q7 Bib K



k 1p2Mi _2+QMbi'm+iBQM M/ .QK BM EMQrH2/;2

H2 "MBM; “+?Bi2+im 2b r2°2 /2p2HQT2/ 7Q" ;2M2  HBx2/ mb ;2 E
TTHB+ iBQMbX q?BH2 i?Bb 2M #H2b i?2 TTHB+ iBQM + Qbb K Mv
M2:H2+ib TQi2MiB H #2M2}ib 7' QK 2tTHB+Bi 2tTHQBi iBQM Q7 /Qk
bm+? TTHB+ iBQM Bb i?2 }2H/ Q7 BK ;2 "2+Q;MBiBQMX AMTmi/ i B
M > vQ7 T TBt2H p Hm2bX .m2 iQ i?2# Q /"  M;2 Q7 i?Bb /QK BM- |
'2M2° iBM; T°Q+2bb 7Q  i?2b2 TBt2H p Hm2b K v MQi #2 FMQrMX
BM7Q K iBQM- bm+? b b+ H2- "Qi iBQM H M/ i  MbH iBQM H BMp
b? "2/ + Qbb TTHB+ iBQMbX KQM;biQi?2 "2 bQMbk}yLLb H2/iQ #°
BM i?Bb }2H/ #v 2t THQBiBM; +QKKQM /QK BM FMQrH2/;2 bm+? b i
HQ+ H TBt2Hb M/ i> MbH iBQM H BMp "B M+2X

AM +QMi> biiQ BK :2/ i -i?2 mM/2 HVBM; :2M2" iBM; T°Q+2bb2b 7Q
T?2vbB+b 2tT2 BK2Mib "2 r2HH mM/2 biQQ/X h?2b2 2tT2 ' BK2Mib Q7i2
bBKmH iBQMb- r?B+? BKTHB2b i? i i?2 T?vbB+ H T Q+2bb2b M/ /2
FMQrM iQ ;2 i /2i BHX J tBKmMK@HBF2HB?QQ/@# b2/ K2i?Q/b B
7mMHH 2ti2Mi Q7 i?Bb BM7Q K iBQMX >Qr2p2°-/m2iQ +QKTmi iBQN
K2i?Q/b "2 Q7i2M 7Q +2/iQ TTHv bBKTHB}+ iBQMb M/ TT QtBK
/22T H2 "MBM;  +?Bi2+im 2b T2 7Q K r2HH 7Q  i?2b2 i bFb- #mii?2v
7mHHvV 2tTHQBi p BH #H2 /QK BM FMQrH2/;2X aBKBH "Hv iQ *LLb 7C
i?2 2tTHB+Bi mMiBHBXx iBQM Q7 /QK BM FMQrH2/;2 BM i?2b2 +?Bi
/p M+2 i?22 }2H/ Q7 2p2Mi "2+QMbi' m+iBQM BM T iB+H2 T?2vbB+b 2t

AM i?2 7TQHHQIBM:; bm#@b2+iBQMb- bQK2 ?2vTQi?2iB+ H 2t KTH2b
J2KQMbi® i2 i?2 BKTQ i M+2 Q7 miBHBXxBM: /QK BM FMQrH2/:2X P
bvKK2i*B2b M/ T ii2°Mb-+ M KQ/2H K2 MBM:7mHHvV BMi2 @ M/ 2ti
i?72 T? b2 bT +2 +Qp2 2/ #v i  BMBM; / i X

kKXRXR 1t KTH2 R, h® MbH iBQM H AMp "B M+2

h?2JQ/B}2/L iBQM HAMbDiIBimi2 Q7 ai M/ /b M{H24#MRHQ;v UJLAah'
Q7 ? M/r'Bii2M /B;Bib Bb mb2/iQ /2KQMbi  i2 i?2 BKTQ i M+2 Q7 2
H iBQM HBMp ‘B M+2X AK ;2b Q7 i?2 JLAah /i b2i "2 b KTH2/ M/
M/QK HQ+ iBQMb BM H ;2  BK ;2 b /2KXQMIIQ 22+ B M BEBQ M 2
"2:BQMb "2 /2}M2/ BM r?B+? MQ JLAah BK :2b "2 TH +2/7Q i?2 i
/i b2ibX bi M/ /- TmMHHV@+QMM2+i2/ M2m > H M2irQ F ULLV M/ *L
iQ +H bbB7v i?2 ;2M2" i2/ BK :2b U/2i BHb QM i?2b2 “+?Bi2+im 2
a2+iBQM )V XMh22 i BM2/ KQ/2Hb 2 i?2M 2p Hm i2
QM i?2 i BMBM: M/ i2bi/ i b2i- br2HH b QM BK ;:2b Q7 2 +? Q7
"2;BQMbX

bb?QrM BM &B:?2 TmHHV@+QMM2+i2/ LL Bb MQi #H2 iQ +?B2p!
T2'7Q K M+2 b i?2 *LL-/2bTBi2 ? pBM:; irQ Q /2°b Q7 K ;:MBim/2 KG



kKXR h?2 AKTQ'i M+2 Q7 .QK BM EMQrH?2/

ID: 79691 | Label: 0.0 0- ID: 5787 | Label: 2.0 0 ID: 5787 | Label: 4.0 0 ID: 5787 | Label: 4.0

ID: 19709 | Label: 1.0 o- ID: 9606 | Label: 0.0 0 ID: 9606 | Label: 4.0 0 ID: 9606 | Label: 1.0

ID: 40177 | Label: 9.0 o- ID: 3325 | Label: 7.0 o ID: 3325 | Label: 5.0 0 ID: 3325 | Label: 1.0
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"2 BM/B+ i2/ #v /Qii2/ UBMi2 TQH iBQMV M/ / b?22/ U2ti° TQH iBQM\
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k 1p2Mi _2+QMbi'm+iBQM M/ .QK BM EMQrH2/;2

T K2i2'bX Pp2 @i  BMBM; Bb pBbB#H2 QM i?2i2bi/ i b2i M/i?2 2 BE
7Q  BK ;2b b KTH2/ BM i?2 2t+HMbBQM "2:BQMbX AM +QMi > bi-i?2

bi #H2 T2 7Q K M+2 2p2M r?2M 2ti’ TQH iBM; iQ BK ;2b BM i?2 2t-
h?Bb "Q#mbi 2ti° TQH iBQM Bb 2M #H2/ #v miBHBXxBM; i MbH iBQM H
*LL “+?Bi2+im 2X

kKXRXk 1t KTH2 k, S2 " BQ/B+Biv

AM i?Bb 2t KTH2-i?2;Q HBbiQ}i QM2@/BK2MbBQM H- T2 'BQ/B+ 71
T2 'BQ/ H2M:i? b b?QrM BM i?2 / “F- Q¥ Bt ® BM2VB VB QB; m 22
BMp2biB; i2/ BM r?B+? Ryy M/ Ryyy i BMBM; b KTH2b "2 ;2M2" i
h> BMBM; TQBMib "2 MQi ;2M2" i2/ 7Q  i?2 2t+HmMbBQM "2;BQMb B
2 bX bi M/ "/ 7TmHHV@+QMM2+i2/ LL Bbi> BM2/ QM i?2 ;2M2" i2/ i
Q' /2  iQ MiBHBx2 i?2 FMQrM TB2BQM ZMHHV@+QMM2+i2/ LL Bb i® B
QM KQ/B}2/ BMTNNPE X S 2/B+iBQMb 7Q" #Qi? KQ/2Hb "2 b?2Qr\
6B;mk2X AM +QMi  biiQ i?2 bi M/ */ LL-i?2 T2 'BQ/B+ LL Bb #H2iQ
i"m2 mM/2 HVBM; 7mM+iBQM r2HH- /2bTBi2 i?2 bK HH MmK#2 Q7 i’
Bb +?B2p2/ #v 2z2+iBp2Hv K TTBM;i° BMBM; b KTH2b QMiQ bK Ht
MiBHBXBM; i?2 bvKK2i'v BM iBK2X aBKBH "Hv-i?2 T2'BQ/B+ LL Bb
BMiQ i?2 2t+HmMbBQM “2;BQMb /m2 iQ i?2 2tTHB+Bi 2tTHQBi iBQM Q7
h?2 bi M/ "/ LL Bb mM #H2 iQ }M/ M/ 2tTHQBi i?Bb T ii2 "MX
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kKXR h?2 AKTQ'i M+2 Q7 .QK BM EMQrH?2/

KXRXj 1t KTH2 j, EMQrM TT QtBK i2 aQHmMiBQM

aBKBH ~iQ i?2 T'2pBQmb 2t KTH2- QM2@®@ /BKRERQbHBHLM #4 7mM+iB
irQ M2m® H M2irQ Fb 7Q " p "VBM; MmMK#2 Q7 b KTH2/i> BMBM: TQ
M TT QtBK i2 bQHMIBQN: /28MEM®@rM T BQ'BX bi M/ '/ LL

Bb i° BM2/ QM i?2 b KTH2/ TQBMib BM //BiBQM iQ b2+QM/ LL
KQ/B}+ iBQMiQ miBHBx2 i?2 TT QtBK i2 bQHmMIBQMX h?Bb 6KQ/B}2
b ' 4" A/l '-r?2%2 Bb M2m' HM2irQ FrBi? MB/2MiB+ H “+?Bi
iQi?2bi M/ “/LLX AM +QMi> biiQi?2bi M/ “/LL-i?2 KQ/B}2/LLi?2" 2
2 biQH2 "M p "B #H2 +Q "2+iBQM 7 +iQ i? i Bb TTHB2/iQ i?2 FN\
bQHMIBQXM M HQ;QmbHV iQi?2 T°2pBQmb 2t KTH2b- i?2 2tTHQBI iE
/QK BM FMQrH2/:2 BM i?Bb + b2 i?2 FMQrM TT QtBK i2 bQHmMIiBQ
KQ 2 ++m > i2 KQ/2HBM: rBi? H2bb "2[mB 2/ i  BMBM; b KTH2b- r°
2ti° TQH iBOQM iQ mMb22M /i HQM: i?2 miBHBx2/ bvKK2i B2bX
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W22 T 2/B+i2/ +m p2b 7Q  i?2 bi M/ °/ M/ KQ/B}2/LL "2 Qp2'H
QM i?2i'm2 +m p27Q 2 +?2 Q7 i?2i?°22i° BMBM; + b2b BM+HmM/BM; R
/i TQBMib BMi?2i° BMBM; b KTH2X a KTH2/i° BMBM; TQBMib 7Q" i?
b?QrM BM i?2iQT T M2H b Q" M;2/QibX a? /2/ "2;BQMb "2 2t+Hm/2/ 7" (



1p2Mi 2+QMbi'm+iBQM BM A+2*m#?2

2+H ' iBQM

S 'ib Q7 i?Bb +? Ti2  +HQb2HV 7QHHQR) 22 RibZMBMIBQM BM _27
i72 mi?Q Q7 i?Bb /Bbb2'i iBQMX

_2+QMbi'm+iBQM K2i?Q/bBM A+2*m#2 ? p2i  /BiBQM HHv '2HB2/ QM
2biBK iBQMX q?BH2 i?2Q 2iB+ HHv QTiBK H-i?2b2 K2i?Q/b TQb2 +?
TTHB+ iBQMbX AM i?Bb b2+iBQM-i?2 A+2*m#2 /2i2+iQ " Bb BMi Q/
# bB+b QM K tBKmK@HBF2HB?QQ/ 2biBK iBQM M/ K +?BM2 M/ /22
Qmi- bi?2b2 +QMbiBimi2 +Q 2 +QM+2Tib iQ i?2 /2p2HQT2/ "2+QMb:
i?Bb /Bbb2 i iBQMX

JXR h?2 A+2*m#2 /2i2+iQ"

2+H " iBQM

h?2 BMi'Q/m+iBQM iQ A+2*m#2 Bb i F2a)-p2B#i PBKH#W QK 27X (
i72 mi?Q Q7 i?Bb /Bbb2'i iBQM- b BM/B+ i2/ #v i?2 [mQi iBQM K

h?2 A+2*m#2 L2mi BMQ P#b2°'p iQ ' vBb M2mi BMQ /2i2+iQ HQ+ i2/
aQOmi? SQH2- BMbi mK2MiBM; +m#B+ FBHQK2i2 Q7 ;H +B H B+2X
Q7 8Rey /B;Bi HQTiB+ HKQ/mH2b U.PJbV rBi? /QrMr /@7 +BM; R
T?QIQKMHIBTH2 irmf2BBINVR BMbi HH2/ QM 3e p2 iB+ H bi BM;b
[2Ti?b #2ir22NN M/ NX h?2 Q°B;BM Q7 i?2 A+2*m#2 +QQ /BM i2 by
Bb TH +2/ BM i?2 /2i2+iQ +2Mi2 NX H2E®D?t@HB Bb +?Qb2M iQ TQBMi

mTr /biQr /bi?2B+2bm 7 +2X SJh bB;M Hb "2 /B;BiBx2/ M/ #m
.PI K BM#Q "/ rBi? iBKBM; "2bQHmMIiBQM Q7 #Qmi kMbX ITQM "2
i?72b2 /B;BiBx2/ r p27Q° Kb "2 b2Mi iQ +QKTmi2'b QM i?2 bm 7 +2

T vX
h?2 3e bi'BM:b Q7 i?2 /2i2+iQ K v #2 :°QmT2/ BMiQ i? 22 /2i2+iQ"
i?72 K BM A+2*m#2 *~ v- +QMbBbiBM; Q7 i?2 } ' bi d3 bi'BM;b- Bb
TT QtBK i2Hvi'B M;mH ~ ;"B/-i?2 2K BMBM; 3 bi'BM;b /Q MQi 7QHH

h?2v "2 BMbi HH2/ BM /2Mb2' +QM}:m" iBQBIi? HHR/4R2T*Q" 2 (
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MQ K HBM i?2 HBKBi Q7 BMIMBi2 b KTH2 bBx2X

T K2i'B+ KQ/2H rBi? mMFMQrMBH /2KN2Z il i /2b+ " B#2b i?2
/i /IBbi B#miBQMX h?2 T ~ K2i2°'b Q7 i?Bb bbmK2/ KQ/2H "2 i?2
K tBKBxBM; i?2 HBF2HB?QQ/ 7mM+iBQM-r?B+? [m MiB}2b i?2 T C
i?72 /i ;Bp2Mi?2b2i Q7 T ° K2i2 ' p Hm2bX JG1 Bb T Qp #Hv QTiBK
BM}MBi2 b KTH2 bBx2b M/ BM i?2 + b2 i? ii?2 bbmK2/ T ~ K2i'B+
/2b+"B#2b i?2 /i /Bbi'B#miBQMX 6Q  bK HH b KTH2 bBx2b i?2b2
pBQH i2/- M/ BM+Q "2+i bbmKTiBQMb BM i?2 +?Qb2M KQ/2H K
i?72JG1 2biBK i2 M/iQi?2 +QMbi " m+iBQM Q7 +QM}/2M+2 BMi2 p



j 1p2Mi _2+QMbi " m+iBQM BM A+2*m#2

+Qp2 :2X M Qp2' pB2r QM K tBKmK@HBF2HB?QQ/ 2biBK iBQM M/ 2\
T QpB/2/ BMJR7X (

iX9 h” /BIBQM H _2+QMbi'm+iBQM J2i?Q/b BM A+2*

h?2i bF Q7 "2+QMbi' m+iBQM K2i?Q/b BM A+2*m#2 Bb iQ i° MbH i2 K
2p2Mi T°QT2 iB2b bm+? b i?2/2TQbBi2/ 2M2 ;v- 2p2Mi /B 2+iBQM-
M/ T “iB+H2 ivT2X JQbii /BiBQM H M/ rB/2Hv mb2/ K2i?Q/b BM A+
QM K tBKmMK@HBF2HB?QQ/ 2piBK hBQWR2 K222 BQMBK iQ /2i2 KBM2
i72 2p2Mi T°QT2'iB2b i? i #2bi /2b+ B#2 i?2 /i - #v K tBKBXxBM; i?2
i?2 Q#b2 p2/ HB;?2i T ii2 M mM/2" :Bp2M 2p2Mi 2vTQi?2bBbX

hQ }7bi Q'/2 - i?2 p "BQmb JG1@# b2/ "2+QMbi ' m+iBQM K2i?Q/b E
/Bz2 2MiB i2/ BMi?2r vi?2mM/2 " HVBM; T'Q# #BHBiv /2MbBiv 7mM
KQ/2H2/X h?2b2 S.6b /2b+"B#2 i?2 "2H iBQM #2ir22M i?2 2p2Mi ?vTH
2tT2+i2/ HB;?i /12TQbBIiBQM T ii2 M BM i?2 /2i2+iQ X JmHIBTH2 p "I
S.6b "2 +QMbi"m+i2/ 2tBbi- BM+HmMm/BM; 8V HAVIB® KT/ bB-MB®iBQMb
BMi2MbBp2 2@ BBKWHABQRMQ(V- /B '2+i "2@bBKmH iBQMb T QpB/z
++m’ i2 bQHMIBQM B7 bm{+B2Mi "2@bBKmH iBQMb "2 T2 7Q K2/
MQBb2X h?2 KQbi +QKKQM TT'Q +?- ?2Qr2p2°-Bb M 2{+B2Mi TT
T 2@+QKTmi2/ M/ i #mH "Bx2/ JQMi2 * "THQ bBKmH iBQMbX 1ti2M
"2 T2'7Q°K2/ QM ;"B/ Q7 bQm +2 ?2vTQi?2b2b iQ ;2M2" i2 i #H2
2tT2+i2/ HB;?i vB2H/ BM i?2 /2i2+iQ°X AM Q /2 iQ Q#i BM bKQQi
M/ iQ ;2M2° i2 ;" /IB2Mib- bTHBM2 7mM+iBQMb "2 mb2/iQ TT QtB
i #H2bX h?Bb T°'Q+2/m 2 "2/m+2b i?2 M2+2bb "v +QKTmi2 iBK2 BM +Q
"2@bBKmH iBQMb- #mi Bi "2[mB 2b i?2 BMi"Q/m+iBQM Q7 TT QtB
/IBK2MbBQM HBiv Q7 i?2J*i #H2bX 6m i?2"  /Bz2 2MiB iBQM Q7 JG1¢
A+2*m#2 "2 TQbbB#H2 BM i?2 /2}MBIBQM Q7 i?2 2p2Mi ?2vTQi?2bBb N\
b/2b+ B#2/ BM i?2 7TQHHQIrBM; bm#@b2+iBQMbX

jiX9XR JQMQTQ/, * b+ /2 2+QMbi m+iBQM

2+H ' iBQM

h?2 /2b+ BTiBQM Q7 JQMQTQ/ Bb i F2N-p2 BH BNV QA2 _ 27X (
mi?Q Q7 i?Bb /Bbb2 i iBQM- b BM/B+ i2/ #v i?2 [mQi iBQM K "Fl

h?2 +m "2Mi bi M/ */ + b+ /2 "2+QMbi"m+iBQM K2i?Q/ Bb K tBKm
2biBK iBQMJI®MGRI”? i }ib TQBMIi@HBF2 + b+ /2 i2KTH i2iQi?2 K2 h



iX9 h> /BiBQM H _2+QMbi"m+iBQM J2i?Q/b BM .

HB;?i /12TQbBIiBQM T ii2 MBFKIR222iDdHi Q2 (2KTH i2 /2b+ B#2b i?2
2tT2+i2/ HB;?i vB2H/ i 2 +? .PJ7Q" ;Bp2M + b+ /2 ?2vTQi?2bBb +Q
BMi2" +iBQM p2'i2t M/ iBK2-i?2/2TQbBi2/2M2 ;v- M/ i?2 /B 2+iBCQ
M2mi*BMQX #BMM2/SQBbbQM HBF2HB?QQ/Bb 2KTHQV2/iQ }M/i?2
#2bi /2b+ B#2b i?72 K2 bm 2/ HB;?i /2TQbBiBQM T ii2 M BM i?2 /2i2
i2KTH i2 Bb Q#i BM2/ 7°QK J* bBKmH iBQM M/ i #mH i2/ 7Q  p "BQn
+QM};m> iBQMbX AM Q' /2 iQ "2/m+2i?2/BK2MbBQM HBivQ7i?2HQ
M/i° MbH iBQM HBMp' @@WH2MB2M 122bbmK2/X a2+QM/ Q /2" +Q "2+
+ M i?2M #2 TTHB2/iQ ++QmMi 7Q  i?2 BM?QKQ;2M2BiB2b BM i
M/ T?QiQM T QT ; iBQMX .m2iQ i?2b2 bBKTHB}+ iBQMb-i?2 bi M/
K2i?Q/ K tBKBx2b M TT QtBK iBQM iQ i?2 i'm2 mM/2 'HvVBM; HB
Ip M+2/ "2+QMbi m+iBQM K2i?Q/b 2tBdxi)r-B?QBRp A +2/m2t P

i?2B° +QKTmi iBQM H+QKTH2tBivi?2v+ MQMHv #2 TTHB2/ QM bBM
BM7Q K iBQOW@MPBb T QpB/2/ BWMX_27X (

iX9XKk h mT2/2, .Qm#H2@* b+ /2 _2+QMbi' m+iBQM

h?2h mT2/22+QMbi' m+iBQM Bb M 2ti2MbBQM Q7 i?2 bBM;H2 + b+ /2 ?
BMOQMQTR/MrQ + mb HHv +QMM2+i2/ TQBMi@HBF2 2M2 ;v /[2TQbBi
rBi? i?72 b K2 /B'2+iBQM-r?22 i?2 b2+QM/ 2M2 ;v /2TQbBIiBQM |
i° D2+iQ'v Q7 M?vTQi?2iB+ HQmi;QBM; T "iB+H2X h?Bb 2p2Mi 7
irQ 7°22 T " K2i2'biQ i?2 bBM;H2@+ b+ /2 ?vTQi?2bBb +QMbBbil
iQi?2b2+QM/ 2M2° ;v /2TQbBiBONM TM/BHLT2BIKR SBMvV miBHBx2/ iQ

2+QMbi'm+i /Qm#H2@+ b+ /2bB;M im 2b 2tTRBIMIZ™ @ KBEMB2/@ +m
BMr?B+? i?2 Qi@ @BM:i2° b?Q i T°QT ; iBQM /Bbi M+2X

jX9Xj JBHHBT2/2, a2;K2Mi2/ h> +F _2+QMbi ' m+iBQM

M HQ:Qnibmi®2/-2BHHBTE/R2ti2M/b i?2 bBM:H2 + b+ /2 2vTQi?2bBb i
b2 'B2b Q7 2M2 ;v /2TQbBiBQMb HQM; M ?2vTQi?2bBx2/ i  +FX h?2]
Kv#2TH +2/BM T 2@/2}M2/ BMN2IQ K- iWM/B¥2HHMK /2}M 2/

iQ TQBMi BM i?2 b K2 /B 2+iBQMX M //BiBQM H +QMiBMmQmb 2N
i?2 i° +F- KQ/2HBM; KBMBKmMK BQMBXxBM: KiKBMHEKT242 /[/2/X |
2vTQi?2bBb i?mbB 22bT ° K2i2'b +QMbBbiBM; Q7 i?2 2M2 ;v Q7 2 +1
2M2 ;v /2T QbBiBQMbX



j 1p2Mi _2+QMbi " m+iBQM BM A+2*m#2

jX9X9 aTHBM2JS1, h® +F _"2+QMbi ' m+iBQM

M Hi2 M iBp2i +F 2+QMbi m+iBEBTWRIZPOBIBM; H2bb T ~ K@
2i2°b- Bb ;BaZMBM23S2B+? K tBKBx2b KmHIB@T?QiQ@2H2+i QM
HBF2HBZOR/Bp2M #v,

/LU xUL 5,7/
e, kol NA Ll AK T el | UjXkV
N
YFiL
Hoat v #] # UjxjVv
7TM

h?2 T°Q# #BHBiv /2MbBiv 7Q  i?2 2tT2+i2] W@ ?i;BPBM H iBK 2
2vTQi?2BBHOQ#i BM2/ 7 QK bTHBM2 i ¥Bii2HB DR KB 1B MHMBQ2 Hv

HQM; i +F Q7 KBMBKMK BQMBXxBM; KmQM Blr- QKBKIBEMQ  i?2 2vT
/Bb+'2i2 2M2 ;v /2TQbBiBQMb HQM; JBHH BTR P ilBBIBXI2B BYIQ /
MiBHBx2b i?2 }'bi TmHb2 K&iBmP2/ bii2BH b i?2 iQi HMmMK#2 Q7
TmHbRLi i? i .PIX h?2 }'bi T?2QiQM i .PJBbivIB+ HHv H2 bib+ ii2 2
i72°27Q°2 + "B2b i?2 KQbi BM7Q K iBQM +QMi2Mi QM Bib Q B;BMX |
aTHBM2J2HQMbi m+iBQM "2 T QPR/2/ BM _27X (



LL@ 2+Q, /22T H2 MBM; 7 K2rQ F 7Q°
A+2*m#2

.2+H " iBQM

H “:27 +iBQM Q7 i?2 "2bmHib M/ };m 2b T 2b2Mi2/ BM i?Bb +
#22M TM#HBbD?2)BM2BRW XA Ti2  bmKK "Bx2b i?2 }M/BM;b Q7 i?
Tm#HB+ iBQM M/ T 'QpB/2b //BiBQM H /2i BHb QM i?2 ;2M2" HB
rQ F-bQ7ir "2 “+?Bi2+im'2 M/ //BiBQM H/ i BMTmi 7Q K ib MC
BMi?2 T T2 X

h?2LL@ 2+Q K2rQ ' F Bb bQ7ir 27 K2rQ'F BK2/iQ 7 +BHBi i2i?2
M/ mb ;2 Q7 /22T H2 "MBM; KQ/2Hb BM A+2*m#2X Ai Bb BMi2M/2
7° K2rQ ' Fi? i HHQrb i?2 TTHB+ iBQM Q7 p "BQmb /22T H2 "MBN
A+2*m#2 /i X b Q7 r BLBR@; PHRIMTTQ ib Mv M2m™  H M2irQ F ULLYV
"+?Bi2+im 2 i? i miBHBx2b +QMbi Mi MmMK#2> Q7 BMTmi 72 im~
+m "2MiHv K BMHv BM+HmM/2b +QMpQHmMIiBQM H M2m™ H M2irQ Fb L
bi'm+im 2 HHQrb iQ 2tT M/ iQ Qi?2° "+?Bi2+im 2b M/ BMTmi/ i ivT
BMi?2 7TQHHQrBM; b2+iBQMbX

h?2 7° K2rQ F Bb ;2M2"> HBx iBQM Q7 i?2 KQ 2 bT2+B}+ rQ F QM
M2miBMQ “2+QMbi m+iBQM )X 2M2MiK/TBIM QZ 7K iLB@ BxBM ;

7Q°i?2 "2+QMbi'm+iBQM Q7 + b+ /2 2p2Mib BM AX2hMmZ2 Bb Tm#H
K BMIM/BM:b Q7 i? i Tm#HB+ iBQM "2 bk /OB 2VMB Bh&i2 +iBQMb
7m i?2° 2t KTH2b "2 T°QpB/2/i? i BHHmMDbIILR@?2ARQ7Q K M+2 Q
+H bbB}+ iBQM i bFb rBi?BM A+2*m#2X h?2b2 2M #H2 i?2 + 2 iBQM
2p2Mi b2H2+iBQM@X2HTR K2rQ F 2 b HbQ #22M BKTH2K2Mi2/ 7Q"
iBK2 H2'ib Q7 + b+ /2@HBF2 2p2Mib- b /2i BH2hBM2 TT2M/Bt *?

)iX

9XR LQi2b QM aQ7ir "2 6" K2rQ'F

h?2LL@ 2+Q QD2+i Bb bQ7ir 27 K2rQ F7Q /22T M2m  H M2irQ
iBQMb BM A+2*m#2X h?Bb +Qp2'b rB/2 " M;2 Q7 bmT2 pBb2/ H2
"2:°2bbBQM U2X:X "2+QMbi ' m+iBQM Q7 /B 2+iBQM- 2M2 ;v M/ BMi2
+H bbB}+ iBQM U2X;X # +F;"QmM/ "2D2+iBQM- ~ pQ> M/ iQTQHQ;
bQ7ir "2 7 K2rQ F MQi QMHV +Qp2 b i?2 /2p2HQTK2Mi M/ i’ BMBM;
KQ/2Hb- #mi HbQ 2M #H2b i?2B° TTHB+ iBQM M/ /Bbi'B#miBQMX



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2

M Q7i2M pQB+2/ +QM+2"M BM i?2 +QMi2ti Q7 K +?BM2 H2 "MBM;
h™ BM2/ KQ/2Hb "2 p2 v TQr2 7mH-#mi+ M #2 bmb+2TiB#H2 iQ BM
KBb@+QM};m 2/ b2iiBM;bX 1bT2+B HHv r?2M rQ FBM; BM +QHH #
r?2°2bm+? KQ/2Hb "2 b? "2/ #2ir22M mb2 b-i?2'2 7?2 p2iQ #2 K2+? M
iQ2Mbm 2 i?2B" +Q L2+ b @Kb iQ bBKTHB7v M/ b2+m 2 i?22 T Q+2
Q7 KQ/2H + 2 iBQM M/ /Bbi B#miBQM #2ir22M mb2 bX

_2T°Q/m+B#BHBivBb i?72°27Q°2 +?2Qb2M b QM2 Q7LI?@ ;mB/BM; /2bE
"2+Q@ h?2 bQ7ir "2 7 K2rQ'F M/ /2T2M/2Mi T +F ;2b +Qp2 i?2 +QK
/Im+iBQM HBM2 7°QK i BMBM; /i +°2 iBQM-Qp2 i BMBM; Q7 i?2 N
TTHB+ iBQM Q7 i?2 i° BM2/ KQ/2Hb iQ M2r /i X h?2 ' Qm;?Qmi i?Bl
b2iiBM;b BM i?2 BMi2 K2/B i2 bi2Tb M/ 2bT2+B HHv BM i?2 i° BM
miQK iB+ HHv b p2/X

PM+2 M2m > H M2irQ F KQ/2H Bb i° BM2/-Bi + M #2 2tTQ i2/X h?2 2
+QMi BM HH M2+2bb v +QM};m > iBQM M/ HQ:;}H2b b r2HH b bQ7ir
iQ 2T Q/m+2i?2 i  BMBM: T°Q+2/m 2X AM //BiBQM- HH “2[mB 2/ b
bm+?2i? i Qi?2  mb2 b K v TTHv i?2b2 KQ/2HBQBMMILQIR-QpB/2/
2Qr2p2°-i? i i?2 i° BMBM; T°Q+2bb 2KTHQvVb KmHIiBT Q+2bbBM; 7
TBT2HBM2X Ai + Mi?22°27Q°2 MQi #2 :m ~ Mi22/i? ii?2 i  BMBM: # i+
i?72b K2 Q' /2 X h?Bb K v " 2bmHi BM bK HH- #mi KQbiHv KBMQ" /Bz2
Bb 2@i° BM2/ 7 QK bkL @ 2%®?R2rQ F 2Mbm 2b i? i M 2tTQ i2/
KQ/2H Bb mb2/ rBi? i?2 +Q " 2+i b2iiBM:b M/ BMTmi T * K2i2 bX

h?2 +Q/2 Bb p BH #H2 GIMwBM@® (Q;2i?2 rBi? //BiBQM H/Q+@
mK2Mi iBQM M/ 2t KTH2bX AM Q /2  iQ HHQr 7Q  7mim 2 2ti2MDbE
7° K2rQ F Bb /2bB;M2/ BM KQ/mH Bx2/ bi'm+im 2X AM/BpB/m H KC
+ HHV HQ /2//2T2M/BM; QM i?2 +2Mi° H +QM}:m" iBQM }H2- r?B+? bi2
2tTQ i M/ TTHB+ iBQMX

h?2 /" BpBM; +HLHWb@b2@ D2,

Ca2imTJ M ;272 /bi?2+QM};m"  iBQM}H2- //b /27 mHip Hm2b M/ T
K2i BM7Q K iBQM bm+? bi?2 +m "2Mi bQ7ir "2 p2"bBQMbX

CLLJQ/2Hb2ib mT LL “+?Bi2+im’ 2 M/ T QpB/2b i?2 KBMBKBx2" M/
"QmiBM2X *QM}:m> #H2 M/ /vM KB+ HHv HQ /2/ KQ/mH2b BM+H

JQ/2H/[2}M2b i?2 "+?Bi2+im 2 Q7 i?2M2m  H M2irQ FX h?Bb +
"+?Bi2+im 2 i? i K Tbi?2 BMTmi 72 im 2b iQ i?2 2tT2+i2/ M
QmiTmib-r?B+? "2 /2}M2/ #v i?2 H #2Hb HQ /2/ BMi?2 . i > M/

A+2*m#2 /i T Q+2bbBM; "2HB2b QM BM/BpS 0@ /MKW MH2bTBAB2HH2/
+QMb2+miBp2HV iQ bi'2 K Q7A+2 rB#?)BM iR2rQ " F X



9XR LQi2b QM aQ7ir "2 6" K2rQ'F

1p2Mir2B;72}M2b B7 M/ ?2Qr 2p2Mi@r2B;?ib "2 +QKTmi2/X
Kv#2 mb2/iQ r2B;?ii?2 T2 @2p2Mi HQbbX

GQbB2}M2b i?2 HQbb 7mM+iBQM iQ mh2X h?Bb + M #2 Mv
K Tb i?2 M2irQ Féb QmiTmib Q" T ° K2i2'biQ b+ H ~p Hm
mb2/iQ QTiBKBx2 i?2i° BM #H2 T ~ K2i2'b Q7 i?2 M2irQ FX

G2 "MBM; " i2 b+?2QTHRQM HHv KQ'2 /p M+2/ H2 "MBM; "
b+?2/mH2 + M #2 /2}M2/X h?Bb HHQrb 7Q  ~2tB#H2 KQ/B]
H2 "MBM; " i2 b 7mM+iBQM Q7 i?2i BMBM; Bi2  iBQM bi2

l1p Hm iB@M,T QpB/2/- mb2  /2}M2/ 2p Hm iBQM KQ/mH2b K
QM i?2 p HB/ iBQM b2i i7iBMBA2; Bi2" iBQMbX h?Bb + M #2 m
iQ +QKTmi2 //BiBQM HT2 7Q'K M+2 K2i'B+b Q' iQ +'2 i2 2p

C.ih Mb7Q KMQ K HBx2bi?2BMTmi/ i M/H #2HbX h?Bb Bb M
+QKTQM2Mii? i 7 +BHBiIB2b M/ bT22/bmTi?2i° BMBM:; T Q+2/m
QM i?2 MQ K HBx iBQM M/ Bib BKTQ i M&X "2 T°QpB/2/ BM _27

C.i>M/H2'HQ /bi?2BMTmi/ i -r2B:;?ib-H #2Hb M/ //BiBQM
H M2Qmb /i X * M QTiBQM HHv HbQ TTHv }Hi2 Q  #B bBM
HQ /2/ 2p2Mib iQ HBKBi Q  2KT? bBx2 i BMBM; iQ +2'i BM bm#
JHi2 K v #2 # b2/ QM Mv Q7 i?2 KBb+2HH M2Qmb / i - i?2 H #
i?2 +m "2Mi M2irQ F T 2/B+iBQMbX *QM};m > #H2 KQ/mH2b BM+

G #2HM2}M2b i?2 H #2Hb iQ mb2X h?2b2 + M #2 HQ /2/ 7 QK i7
JH2b Q° +QKTmi2/ QM@i?2@ ~vX

JBb+/[2}M2b Mv //BiBQM H KBb+2HH M2Qmb /i i? i M22/b iC
BM //BiBQM iQ i?2 BMTmi 72 im 2b M/ H #2HbX h?Bb ivTB
/i M22/2/7Q  r2B;?iBM; Q i?2 TTHB+ iBQM Q7 i?2 2p2Mi }

6BHiI22}M2b i?2 }Hi2  iQ TTHvViQ HQ /2/ 2p2MibX

h?2b2 +H bb2b /vM KB+ HHv HQ /i?2 KQ/mH2b b bT2+B}2/ BM i?:
1 +2 Q7 i?2 KQ/mMH2b "2 bT2+B}2/ #v i?2 }H2 M K2 M/ i?2 7TmM+iBQ
rBi?BM i?2 bT2+B}2/ }H2X bbm+?- M2r mb2 @/2}M2/ KQ/mH2b K v ?
BMi2 72 'BM; rBi? 2tBbiBM; +Q/2X T i 7°QK i?2/vM KB+ KQ/mH2b- 2
+H bb2b ? b MmK#2 Q7 b2iiBM;bi? i "2 bT2+B}2/BM i?2 +2Mi’ H +

b Q7 r'BiBM; i?Bb-i?2 K.IBIMD7 Q+Rlb @M *LLb rBi? +QMbi Mi H2M;i?-
PIJ@# b2/ BMTmibX Hi?Qm;? +m "2MiHv MQi BKTH2K2Mi2/- 7nm
LL@ 2+Q Vv HbQ ;2M2" HBx2 i?2BMTmi/ i TBT2HBM2 Q7 i?2 . i > M/
/IVM KB+ HHV HQ /2/ KQ/mH2bX h?BbrQmH/ HHQr7Q KQ'2 ~2tB#BH
i?2BMTmi72 im2b M/ i?2mbbmTTQ ip B #H2BMImitbBXx2bX a22 a2-

YTQ2EH/m™i?2° /2i BHb QM i?2 BMTmi 72 im 2b iQ i?2 LLbX



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2
OXk L2m  H L2irQ F "+?Bi2+im 2

h?2LL@ 2+Q K2rQ F+m "2MiHv  bmTTQ ib Mv M2m ™ H M2irQ ' F "+7?
c~ P U9XRYV

i?7 1 K Th .PJ@# b2/ 72 im 2QK7i+BtMbi Mi H2M;i? iQ i?2 /2bB 2/ QmiTr
[m MiBiEZFb?Bb BbT 'iB+mH "Hv bmBi2/iQ +QMpQHmMIiBQM H M2m~ F
#mi HbQ ;" T? M2m  H M2irQ ' FbrQ FBM; QM }t2/- .PJ@# b2/ BMTn
TT QT B i2 "+?Bi2+im 2b 7Q i?Bb BMTmi 7Q K iX b K2MiBQM2/
a2+iBQMNMp B #H2 bBx2/ BMTmi 72 im 2b K v#2 bmTTQ i2/ BM 7mim’
LL@ 2vpQh?BbrQmH/ HHQr 7Q°  TmHb2@H2p2H BMTmi/ i M/ BM+
BMi?2 "+?Bi2+im 2 +?QB+2X .2i BHb M/ 7m i?2" 2t KTH2b QM i?
72 im2b2 T QpB/2/ BM%QA+iBQ M X

K72 K BM A+2*m#2

v M/ .22T*Q 2 bi'BM;b "2
? M/H2/ b2T " i2Hv/m2 iQ i?2B"
/IBz2'BM; ;2QK2i'vX >2t ;QM HHv
b? T2/ /i Q7 i?2 K BM " v
+ M#2i° Mb7Q K2/ 7°'QK M t@
B H+QQ /BM i2bvbi2KBMIiQ M Q @
i?7Q;QM H ;"B/ #v T /IBM; rBi?
Xx2'Qb UQ  M;2 /QibvV M/ HB;M@
BM; i?2 "Qrb-r?B+? 2bmHib BM
A NAE B/ BMT@®TH M2X
6B;m'2 M/ + TiBQM "2 i F2M
7 QK _2¥X (

h?2LL "+?Bi2+im 2Bb/2}M2/BM b2T " i2-/vM KB+ BN HQ /2/ KQ/m
M/ Bb i?mb 7TmHHv mb2 @/2}M2/X h?2 +m "2Mi /27 mHi "+?Bi2+in
6B;mO2X% A+2*m#2 /i BbbTHBIi mTBMiQi? 22T "ib-i?2K BMA+2*m#2
bHQr2" M/mTT2 .22T*Q'2- ++Q /BM;iQ Bib ;2QKXihw2b b?QrM BM 6
"2bmHIBM; " vb "2 T°Q+2bb2/ BM/2T2M/2MiHV #vi? 22 +QMpQHMIB(
h?2 QmiTmib Q7 i?2 *LLb "2 +QK#BM2/ BM ~ ii2M2/ H v2° M/ T bb:
bK HH7mHHV@+QMM2+i2/ bm#@M2irQ Fb-r?B+? T 2/B+ii?2[m MIiBiE
M2irQ"FV br2HH bi?2 2biBK i2/ mM+2°i BMivQM 2 +? Q7 i?2b2 T 2
bm#@M2irQ ' FVX h?2 +QMpQHmMIiBQMb Qp2' i?2 K BM A+2*m#2
+QMpPpQHMIBQM F2"M2Hb BM Q' /2 iQ K i+?i?2 /2i2+iQ" ;2QK2i'vX 6m"
"+?Bi2+im 2-/2bB;M +?QB+2b-i° BMBM; T°'Q+2/m 2- M/ HQbb 7mM
_27R9X

h?2 MmK#2 Q7 H v2'b MQIi2FBNM@BiimM BT2+B}+ "+?Bi2+im 2i? ir b
mb2/ BM X7 XQM;bi Qi?2  b2iiBM;b-i?2 MmK#2 Q7 H v2 b- +QMpQ|
bBx2b- +iBp iBQM 7mM+iBQMb M/ HQbb 7mM+iBQM "2 +QM};m"



9Xj .PJ@# b2/ AMTmi 62 im 2b

/2T2M/ QM i?2 i bF i 2?2 M/X M2m  H M2irQ Fi? i Bb BMi2M/2/ b
“2/m+iBQM bi2T rBHH ;2M2° HHv ? p2 72r2°  H v2'b M/ bK HH2  F:
iQ "2/m+2 +QKTmi iBQM iBK2X GBF2rBb2- r?BH2 : mbbB M GBF;
TT' QT B i2 HQbb 7mM+iBQM 7Q" "2:°2bbBQM i bFb- 2p2Mi +H bbB
HQbb 7mM+iBQM # b2/ QM +.DRb®@2H@i# QRVXMBM2 H M2irQ Fb

T 2b2Mi2/ BM i?2 +QMi2ti Q7 i?Bb /Bbb2'i iBQM miBHBx2 bBKBH °

/2b+ B#2/ #Qp2-r?BH2 K BMHv KQ/B7vBM; i?2 M2irQ F bBx2- HQbb
/i 7Q K iX

BE2i+? Q7 i?2 M2m® H M2irQ F “+?Bi2+im" 2 Bb b?QrMX . i 7°
i2°22bm#@ " vb "2 b2[m2M+2/ BMiQ +QMpQHmMiBQM HH v2'bX h?2"°
+QK#BM2/- M/ T bb2/ QM iQ irQ 7TmHHV@+QMM2+i2/ bm#@M2irQ Fb
i?72 °2+QMbi'm+iBQM M/ mM+2'i BMiv 2biBK iBQMX h?2 mM+2"i BMiv
M2irQ'F HbQ Q#i BMb i?2 T 2/B+iBQM QmiTmi b M //BiBQM H BMT
+ TIBQM 2§ F2M 79)®K _27X (

9Xj .PJ@# b2/ AMTmi 62 im 2b

M A+2*m#2 2p2Mi +QMbBbib Q7 b2 B2b Q7 2ti +i2/ TmHb2b i
iB QM I YVX+h@2 TmHb2 b2°'B2b "2 Q7 p B #H2 H2M;i?
~m+im i2 bm#bi MiB HHv #2ir22M .PJb Q7 M 2p2Mi br2HH b #2ir22N\
M2irQ'F "+?Bi2+im 2b bm+? b *LLb "2[mB 2 }t2/ BMTmi bBx2 7Q"
6Q 1?2 /27 mHi "+?Bi2Am@2 BRI K2rQ F Ua2:NB QN BMTmi

MQ/2b iQ i?2 LL "2 2T 2b2Mi2/ #v A+2*m#2 .PIJbX 6Q i?2 TTHB+ i
i?72p "B #H2 bBx2/ TmHb2 b2°'B2b i ;Bp2M .PJ Kmbi i?2°27Q 2 #:



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2

72 im 2 p2+iQ Q7 }t2/ H2M;i?X h?Bb b2+iBQM BHHmbi  i2b 2t KTH2|
+?7B2p2/X

AM ;2M2° H- i?2 BMTmi 72 im 2b b?2QmH/ #2 +?2Qb2M # b2/ QM i?2 i

72 im"2b M22/iQ +QMi BM HH M2+2bb "'vBM7Q K iBQM M/ B/2 HHv 2

/2i BHb i?°Qm;? i?2 +?2QB+2 Q7 bmBi #H2 7Q K iX 1tTHB+Bi /QK BN

2K#2//12/ BM i?2 +QMbi " m+iBQM Q7 i?2 BMTmi 72 im 2bX JQ 2Qp2" -

+ M#2 +QMbi " m+i2/ bm+?i? i BiBb "Q#mbi ; BMbi KBb@KQ/2HBM; BN

M/ ; BMbi FMQrM bvbi2K iB+ mM+2 i BMiBRh WUb22v HbQ BZ+iBQM
)V X

h?2 /27 mHi BMTmi 72 im 2b- HbQ miBHBx2/ BM i?2 + b+ /2 "2+QMbi"
270 U 2bmHib bmKK "Bx29BM /@2¥iREMHQvb b2H2+iBQM Q7 MBN
BMTmi 72 im 2bX h?2b2 MBM2 BMTmi 72 imb2oM/2+BHIbBbI- i2/ BM ¢
Q7,

RXyyua 1?22 01Qi H+2 ;2 ii?2;Bp2M .PJX

KX gqur 172 +? ;2 +QHH2+i20MFi2BM?2 } bi TmHb2X

JX jqque 172 +? 7,2 +QHH2+i20MFi2BM?2 }"bi TmHb2X

9% Fpui?2 U'2H iBp2V iBK2 Q7 i?2 }"bi TmHb2X

8Xti w172 U 2H iBp2V iBK2 Q7 i?2 H bi TmHb2X

eXhg6 i?72 U 2H iBp2V iBK2 ir?B+? kyW Q7 i?2 .PJ +? ;2 Bb +QHH
dX,6 , 172 U 2H iBp2V iBK2 ir?B+? 8yW Q71?2 .PJ +? ;2 Bb +QHH
3Xti 50, 1?72 Pp2° ;2 U2H iBp2V iBK2 Q7 HH TmHb2b ii?2 ;Bp2M .P.
N¥ 5 1?2 bi M/ "/ /2pB iBQM Q7 TmHb2 iBK2b ii?2 ;Bp2M .PJ

h?2 iBK2 p "B #H2b "2 +QKTmi2/ "2H iBp2 iQ :HQ# H Qzb2i- r?B+
i22 bi i Q7 OHQM; iBK2 rBM/Qr i? i K tBKBx2b i?2 +QMi BM2/ +?2
2 +? 2p2MiX |IiBHBx iBQM Q7 "2H iBp2 iBKBM; HHQrb 7Q  i?2 2tTHQB
BMp "B M+2Q7i?2/ i BMiBK2X h?Bbb2H2+iBQM Q7 BMTmi 72 im 2b I
Q7 i?2 TmHb2 b2 B2b M/ b bm+? TTHB+ #H2iQ rB/2p "B2ivQ7i b

AM bQK2 + b2b- 7 bi2  b2H2+iBQM M/ +QKTmi iBQM Q7 BMTmi 72
++QKTHBDbD? i?Bb- i?2 T'2pBQmb b2H2+iBQM K v #2 "2/m+2/iQ i?
72 im 28uW # e dfu VX h?2 Qi H +2 ;2 i ;BpM+t@JI2H i2b

iQ i?2 2M2 ;v /2TQbBi2/ BM i?2 M2 “#v /2i2+iQ  K2/BmKX Ai Bb i?:
7Q° Mv i bF "2HVBM; QM 2M2 ;v 2biBK iBQMX AM +QK#BM iBQM rl
}'bi Tm#L2,i?Bb T°QpB/2b p Hm #H2 BM7Q K iBQM QM i?2 Q B;BM C
T?QiQMbX h?2 1} bi T?2QiQMb “"BpBM; i :Bp2M .PJ? p2i?2 ?B;?2
MQi? pBM; mM/2 ;QM2 b+ ii2'BM;X b+ ii2°2/ T?QiQM rBHH "2[mB
"2 2 i?2SJh Q7 ;Bp2M .PJi? M M mMb+ ii2°2/ T?QiQM Q B;BM iB



9Xj .PJ@# b2/ AMTmi 62 im 2b

M,2t KTH2 TmHb2 b2°'B2b M/ +Q "2bTQM/BM; BMTmi/ i 7Q°
.PIBbb?QrMX h?2 K2 bm 2/ TmHb2 b2 'B2b+ MMQi /B 2+iHv #2 miBHBx2
iQ Bibp vVBM; H2M;i?X h?2 TmHb2b "2i?2°27Q°2 "2/m+2/iQ MBM2 BN

UUyuk ~qqwui Tqqwl “axFrUy” ALO *Aq6 - *q6 - *iAw - Lud/ - r?B+? BK iQ
bmKK "Bx2 i?2 TmHb2 /Bbi'B#miBQMX 6B;m 2 M/exXTiBQM "21i F2M 7°

b K2bQm +2X h?2 T°Q# #BHBivi? ii?2} ' bi T?QiQM ? b MQi mM/2
HbQ "Bb2b rBi? M BM+ 2 bBM; MmMK#2" Q7 /2i2+i2/ T?QiQMb- r?I
iQi?2iQi H +3)ypR IMb+ ii2°2/ T?QiQMb ;Bp2 /B 2+i BMbB;?i QM i?2
/IBbi M+2 Q7 bQm +2iQ i?2 ;Bp2M .PIJX gqBi? i?2 +QK#BM iBQM Q7
i?72 HQ+ iBQM Q7 i?2bQm +2 + Mi?2M #2 B/2MiB}2/X h?2 bi M/ */
TmHb2 iBK2Q "2H i2brBi?i?2rB/i? Q71?2 TmHb2 /Bbi B#miBQM M/ |
/[IBiBQM HBM7Q K iBQM QM i?2 /Bbi M+2 M/ Q' B2Mi iBQM Q7 i?
?BMi QM //BiBQM H M2 "#v bQm +2bX h?2 M ""Qr2  i?2 /Bbi B#mi
bQm +2 Bb M/ i?2 H2bb b+ ii2°2/i?2 T?QiQMb "2X h?Bb BbivTB+ HF
bQm +2b TQBMiBM; iQr "/bi?2 .PJbX 02 'vrB/2 /Bbi B#miBQMb + M B
b+ ii2'BM; Q  T?QiQMb 7 QK KmHIBTH2 bQm +2bX AM +QMi" biiQ
i?72 °2/m+2/ b2H2+iBQM mb2b bBKTH2 /2}MBIiBQM Q7 i?2 ;HQ# HiB
iQ +QKTmi2X AM i?Bb + b2-i?2 iBK2 Qzb2i Bb +?Qb2M b i?2 p2°
TmHb2b K2 bm 2/ BM M 2p2MiX h?2 "2/m+2/ b2H2+iBQM Bb BKTH2|
2M #H2b i?72 BKTH2K2Mi iBQM Q7 bK HH LLb rBi? T2 @2p2Mi +Q
i? MNTKX

g?BH2i?2 T 2pBQmb 72 im 2 b2H2+iBQMb "2 TTHB+ #H2iQ rB/2°
TTHB+ iBQMb K v #2M2}i 7°QK /2/B+ i2/ b2i Q7 BMTmi 72 im 2bX |
/12i2+iBQM Q7 BM+QKBM; p2iQ KmQMb Bb BHHmbi™ i2/ BM i?2 7QHFE
b2H2+iBQMb- 7Q+mbBM; QM bi"QT?vbB+ H M2mi BMQb i? i bi i
mb2 Q7 i?2bQ + HH2¢ &b HY @220 {2/ m+2 i?2 iKQbT?2 B+ M2mi
# +F;"QmM/X >B;?@2M2°;v iKQbT?2 B+ M2mi'BMQb "2 Q7i2M ++



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2

+°2 02/ BMi?2b K2 B  b?Qr2 X A7 /2i2+i2/-i1?2b2 ++QKT MvBM; KmQ
iQ p2iQ i?2 M2mi BMQ 2p2Mib b M2mi BMQb Q7 iKQbT?2 B+ Q B;BN

M2p2Mi pB2r Q7 + b+ /2 BMi2 +iBQMBM i?2 mTT2 /2i2+iQ" Bt
h?2 H27i T M2H BHHmbi® i2b i?2 BM7Q K iBQM LL rQmH/ Q#i BM B7 T C
iQi H+? ;2 i .PJUbBx2 Q7 #HQ#V iQ;2i?2 rBi? i?2iBK2 Q7 i?2} bi TmH
Q7 #HQ#VX PM i?2 "B;?i-/2/B+ i2/ BMTmi 72 im 2b "2 #H2iQ B/2MiB7"
KmQM i? i Bb MQi /B 2+iHv pBbB#H2 BM i?2 /i 2T 2b2Mi iBQM QM i
[2IB+ i2/ 72 im 2b #BM Q#i BM2/ +? ;2 BMiBK2 #BMb "2H iBp2iQ i?2 bbn
BMi2® +iBQM p2'i2tX a?QrM Bb i?2 +? ;2 +QHH2+i2/ BM i? 22 #BMb i? i
i?72 iBK2 rBM/Qr BM r?B+? QM2 rQmH/ 2tT2+i iQ b22 +QMi B#miBQM C
b+ ii2°’2/HB;?2i 7°7QK M ++QKT MvBM; KmQMX AM //BiBQM-i?2 i m2i
i?72 BM+QKBM; KmQM Bb THQii2/ BMi?2 "B;?2i T M2H-r?B+? +H2 "Hv HBN
i?72irQ M2 “#v .PJbiQi?2 ++QKT MVBM; KmQMX

AM T BM+BTH2-i?2 ;2M2° H72 im 2 b2H2+iBQMb- T 2pBQmbHvV /2b+"
M2+2bb v BM7Q K iBQM 7Q" i?2 /2i2+iBQM Q7 bm+? KmQMbX >Qr2p?2
7 BMi KmQMb + M #2 ? “/iQ /BbiBM;mBb? 7°QK i?2 T?QiQMb Q7 i?2 M2
M/ BiKv 2Hv QM T 2+Bb2 iBKBM: BM7Q K iBQMX /[2/B+ i2//i 2T
2KT? bBx2 i?2 +QMi'B#miBQM Q7 i?2 KmQMKOhBBIMBiiH2/ BM 6B ;|
7 +BHBi i2b i?2 i° BMBM; Q7 M2m" H M2irQ ' Fb M/ HbQ BKT Qp2b
QK BM FMQrH2/:2 QM i?2 bbmK2/ p2 i2t TQbBiBQM M/ iBKBM; Q7
KmQMb Bb miBHBx2/iQ +QMbi m+ii?2 /i 2T 2b2MiX¥BQM QM i?2
h?Bb /QK BM FMQrH2/;2 Bb i?2°27Q 2 2tTHB+BiHv BM+Hm/2/ M/ /1
H2 "M2/ BKTHB+BiHvV #v i?2 M2irQ ' F 7°QK i?2i° BMBM; / i X

" b2/ QM M bbmK2/ + b+ /2 BMi2® +iBQM p2'i2t- iBK2 #BMb 2 +QMbi
T?QiQMb Q7 MBM@ Q' Qmi@;QBM; KmQM "2 2tT2+i2/ i ;Bp2M .PJ)
i72 TQbBiBp2 iBK2a/BBD 2MKZImi2/ i? i Bb M2+2bb v 7Q" T “iB+H2 rl



9Xj .PJ@# b2/ AMTmi 62 im 2b

P2HQ+BIiQRQ2 +? i@? .PJ7 QK i?2 bbmK2/ + b+ /2 BMi2" +iBQM p~
h?2 #BMb i@i12 .PJ "2 +QMbi' m+i2/# b2/ QM UbB;M2/ M/ 7" +iBQM H
Q7 i?Bb "2H iBp2 .PIJ@/2T2M/2Mi iBK2 /Bz2 '2M+2 THmb M QTiBQM F
h?2 #BM bBx2b "2 +QM};m  #H2 #v i?2 mb2 X 6Q i?2 /2i2+iBQM
KmQMb- #BM 27¢RbM/ i?2 2tT2+i2/ iBK2 Q7 KmQM /B 2+iHv T bbBI
@i? .PIJ bm+? b,

. <Ta#7 OT 7a%# OT
7a# OT 7a# OT

7 a# OT 7a# OT
7 a# OT 7a# oT
7 a# OT 7a# oT> U9XkV

Kv#2 mb27mHX h?2 TmHb2@+H?2 “P2b "Rii?2M ++mKmH i2/ BMi?2bT2+
B}2/ #BMb r?BH2 HbQ i FBM; BMiQ ++QmMi mM+2'i BMiB2b QM i?2
h?2 Qp2° HHiBK2 mM+2 i BMiv

| v U9XjVv

Bb +QKTmi2/ #v [//IBM; i?2 "2+QMbi m+iBQM mM+2'i BMiB2b BM [m |
BMi?@i? #BM i@?72 .PJ Bb i?2M ;Bp2M #v

- G "
50 AGyA+ 1 'l# | E'A U9X9V
N G

r72°2y M/# 20?2 +? “;2 M/ iBKZ@Q7 TA2HBDB-i?@i? 2H2K2Mi Q7

i?72 bT2+B}2/ #BM RI/i2Bh#, | Bb : mbbB M /Bbi B#miB{QM rBi? K2 M
M/ bi M/ “/ /2pB XBAMIMBiBp2Hv- i?Bb /BpB/2b i?2 TmHb2 +? “:2 KQ
#BMb # b2/ QM i?2 T Q# #BHBivi? i i?2 ;Bp2M TmHb2 i'mHv #2HQ
iBK2 #BMX

PMi?2 "B;?i Q7%98im22? ;2 7 QK #BMb i?°22iQ }p2- +Q "2bTQM/BN
#BM 2/<apt OT a# OT a# OT a# OT>"2b?QrMX h?2b2

20?2 #BMb BM r?B+? QM2 rQmH/ 2tT2+iiQ b22 T?QiQMb 7' QK M +-
6B;mI924H2 "Hv b?Qrb i? ii?2°2Bb b2+QM/ +Hmbi2 Q7 TmHb2b i? i
BM+ mb H 2H iBQMiQi?2b?Qr2 Q7 i?2M2mi BMQ BMi2" +iBQMX h
i'mi? Q7 i?2KmQM i D2+iQ'vp2 ' B}2bi?Bb bb2'iBQMX h?Bb /i 2T
i?72 FMQrH2/;2-i? i KmQMb Kmbi +QK2 BM +QBM+B/2M+2 rBi? i?2 M2
2KT? bBx2 TQi2MiB HbB;M H7 QK ++QKT MVvBM; KmQMbX 6Q"  i?B
BMi2® +iBQM p2'i2t TQbBiBQM M/ iBK2 Bb mb2/- BM+HmM/BM; i?2B " m
2T 2b2Mi iBQM Bb QM2 2t KTH2 7Q° bT2+B}+ i bFX Ai + M #2 2ti:
M bbmK2/ M2mi'BMQ /B 2+iBQMX
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LL@ 2+®m  "2MiHVv bmTTQ ib +QMbi Mi H2M;i?- .PJ@# b2/ BMTmi
b2H2+iBQM Q7 BMTmi 72 im 2b Kmbii?2'27Q°2#2 T2 7Q K2/X q?BH2
/2b+ B#2/ BMi?Bb b2+iBQM +QMi BM KQbiQ7i?2 p BH #H2BM7Q K iE
BM7Q K iBQM HQbb /m2iQi?2 M2+2bb v '2/m+iBQM Q7 i?2 TmHb2 b2
Q7 i?22 7 K2rQ' F K vbmTTQ ip B #H2 bBx2/- TmHb2@H2p2H BMT
a2 +i B )y XKrR?BbHQmH/ HHQr 7Q i?2 BM+HmbB:
HH p BH #H2 BM7Q K iBQM-#mi HbQ 2[mB 2 "+?Bi2+im 2b i? i +
7TQ K iX:"T? M/ 2+m "2MiM2m™ HM2irQ'Fb + M ;2M2" HHv ? M/HZ
bBx2b M/ "2i?2°27Q 2 pB #H2 + M/B/ i2bX

9X9 * b+ /2 2+QMbi ' m+iBQM S2°7Q K M+2

.2+H " iBQM

h?2 T2°'7Q°K M+2 THQib BHHmbi" i2/ 22 2) 7TRTw?2HBb?2/ BM _2
TTHB+ iBQM Q7 + b+ /2 "2+QMbi m+iBQMX

LL@ 2+Bb p2'b iBH2 iQQH- TTHB+ #H2 iQ rB/2  M;2 Q7 i bFb
T2 7Q°K M+2 7Q" + b+ /2 2p2Mi "2+QMbi m+iBQM Bb BHHmbi  i2/ 7
2p2Mi b2H2+iBQM BM A+2*m#2-)/2 h? 28222 \BiMb 2B 2%iBQM Bb /2bB: M2/
b2H2+i ?B;?2@2M2 ;v 2p2Mib i h20 2M2 ;B2b M/ #Qp2 BM/m+2/ #v +?
M/ b r2HH b M2mi° H@+m "2Mi BMi2  +iBQMb Q7 HH M2mi 'BMQ
M/ T2 7Q K M+2 7Q" +H bbB}+ iBQM i b/bd "2 /2i BH2/ BM S |

AM i?2 +QMi2ti Q7 M2mi BMQ bi " QMQKv-i?2 KQbi "2H2p Mi 2p2Mi
BMi2® +iBQM iBK2-2M2" ;v M/ /B '2+iBQM Q7 i?2 BM+QKBM; M2mi E
i'B;;2 " T'QpB/2bbm{+B2MiiBKBM; "2bQHmMiBQM-BM72 2M+2 Q7 i?2 21
/IB’2+iBQM "2[mB 2 bQT?BbiB+ i2/ " 2+QMbi m+iBQM K2i?Q/bX h?2
b2MbBiBp2 iQ bm#iH2 72 im"2b BM i?2 HB;?i /2TQbBIiBQM T ii2"M BN
iQ ++m’  i2Hv 2+QMbi m+i i?2 /IBC@+iBEQMQUA2+IBQ M

FXAN i?72 TQHHQrBM; /IBb+mbbBQM-i?22 T2 ' 7Q K M+
*LL "+?Bi2+im 2- /2}M2A/LEBM 2?2Q° K2rQ F- Bb +QKT "2/ ; BMbi
i?72 +m "2Mi bi M/ /] + b+ /2 "2+QMbi m+iBOM RAIIBAD BOMWMA+2*m# 72
i?72 bi M/ /- K tBKmMK@HBF2HB?QQ/@# b2/ JQMQN®I @+iBQM K2i?C
T QpB/2/ BM @29 {IBQ\W ) X

LQi2 i? i "2+QMbi ' m+iBQM K2i?Q/b BM A+2*m#2 2 bm#D2+iiQ QM:QBM; rQ F N
S2°7QK M+2 +QKT 'BbQMb b?QrM BM i?Bb /Bbb2 i iBQM '2i?2°27Q°2 MQi }M H



9X9 * b+ /2 _2+QMbi'm+iBQM S2°7Q K M

M;mH >~ _2bQHmMiBQM

6°QK M2miBMQ bi'QMQKvV T2 bT2+iBp2-)i?25EMBb Q7 M;2 #Qp:
T iB+mH > BMi2 2bi b i?Bb "2:BQM Bb r?2°2i?2 bi'QT?vbB+ H M:
#2:BMb iQ /QKBM i2i?2 + b+ /2 2M2 ;v bT2+i'mKX h?Bb Bb HDbQ i
BM r?B+? i?2 *LL #2:BMb iQ QmiT2 7Q K i?2 M:mH ~ "2bQHmMIiBQI
K2i?Q/X b b?QrM BM6iB2m12L Bb #H2 iQ BKT Qp2i?2 M;mH "2bQH
#v HKQbi 7 +iQ Q7 irQ i?B;?2bi 2M2°:B2bX h?Bb Bb bB;MB}+
i? i /B 2+iHv i MbH i2biQ H ;2 #QQbi BM b2MbBiBpBiviQr /b b2
bQm +2b b /Bb+m bbapBM 27 i )0 MCR I
YV X

K%2 M:mH ~ "2bQHmMIiBQM Bb b?QrM b 7mM+iBQM Q7 M2mi B]
i72 bi M/ / "2+QMbi m+iBQM K2i?Q/ M/ i?2 M2rHvV /2p2HQT2/ *LL@# b2
h?2 b? /2/ "2 M/ HBM2b /2MQi2 i?2 KyW- 8yW- M/ 3yW [m MiBH2bX
2M2°;B2b-i?2 "2bQHMIBQM + M #2 BK RV@p2KABmMM*2"i BMiB2b
“2 MQi BM+HmM/2/X 6B:m 2 M/ + TiBQMX2i F2M 7 QK _27X (

1M2 ;v _2bQHmMIiBQM

h?2 +QHH2+i2/ +? ;2 BM M 2p2Mi + M #2 mb2/ b bBKTH2 T ' Qtv
2M2 ;v BM i?2 /2i2+iQ pQHmMK2X JQ 2 /p M+2/ H;Q Bi?Kb HbQ
Q' B2Mi iBQM M/ HQ+ iBQM Q7 i?2 2KBii2° br2HH b /Bz2'BM; HQ+
z2+ii?2 KQmMi Q7 /2i2+i2/ T?QiQMbX h?Bb HHQrb 7Q ' i?2 ++m"’
Q7 2M2 ;vi? ir b /2TQbBi2/ BM 2H2+i Q@K ;M2iB+ b?Qr2° +QKTC
/2i2+iQ°X M BM?2'2Mi M/ mM pQB/ #H2 mM+2 i BMiv BM i?2 2M2



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2

Q7 i?2BM+QKBM; M2mi BMQ bi2Kb 7°QK 2M2 ;v + ""B2/ r v #v M2n
Qmi;QBM; M2mi BMQb b BiBb i?2 + b2 BM M2mi  H+m "2Mi BMi2"
A+2*m#2 /Q2b MQi ? p2i?2 "2bQHmMIBQM iQ /BbiBM;mBb? ? /" QMB+ 7°
b?Qr2°b- T i 77QK B/2MiB7vBM; Qmi;QBM;- HQM; @ M;2/ H2TiQN
T2'7Q°K M+2 Q7 + b+ /2 2M2 ;v "2+QMbi " m+iBQM K2i?Q/b BM A+2Z
[m MiB}2/ QM i?2 /2TQbBi2/- 2H2+i" Q@K ;M2iB+ 2[mBp H2Mi 2M2"
BM+QKBM; M2mi BMQ 2M2 ;vX 9b-H?DbVM BM 6BMW *2LL@# b2/
"2+QMbi m+iBQM K2i?Q/ T QpB/2 +QKT ~ #H2 2M2 ;v "2bQHmMIBQM
KBb@ 2+QMbi m+i2/ 2p2Mib i ?B;?2 2M2 ;B2b 7Q i?2 bi M/ "/ "2+Q1
i? 0 "2 #2ii2° "2+QMbi"m+i2/ rBi? i?2 *LLX

%Q 2H iBQM THQib #2ir22M i?2i'm2 M/ 2+QMbi m+i2//2TQbBi2
2 b?2QrM 7Q  i?2 bi M/ “/ 2+QMbi"m+iBQM UH2EiWI/M/ *LL U B:?2iVX J
bi M/ / /2pB BRQIN?2 *2bB{y,Hb,, "2 /2i2  KEMRQEMDT +2
br2HH b i?2 Si2 MV@NM2 "KeM+Q "2H iBQM +Q2{+B2MibX h?2 2M2 ;v
“2bQHMIBQM BM i?2 #QiiQK T M2H Bb + HERXHGIR/MI2QWMIBM: iQ 27X (
+ TiIBQM "2i F2M 79)®K _27X (

IM+2"i BMiv 1biBK iBQM

bT 2pBQmbHV K2MiBQWZY BM a2 +i’B QM )BM/ABHHMbI™ i2/

BM 6B;m&2i?2 /27 mHi *LL "+?Bi2+im 2 HbQ QmiTmib M 2biBK iz
MmMM+2 i BMivQMi?2 "2+QMbi m+i2/[m MiBiB2bX >2M+2-i?2LL MQi QI
2biBK i2-#mi M TT QtBK iBQM Q7 i?2 TQbi2 ' BQ /Bbi'B#miBQM mM
i?7 iBiBb: mbbB M /Bbi'B#mi2/X h?Bb bbmKTIiBQM Q7i2M ?QH/b iQ
7Q i?2 2bB(m(KHB,7 (- HF2ir22Mi?22 i m2 M/ T 2/Bti/M/ HmMm2b-

(1227 2bT2+iBp2HVvX h?2 mM+Z:i,BWiv 2BVERK iiQ;2i?2 rBi? i?72 TQBMi



9X9 * b+ /2 _2+QMbi'm+iBQM S2°7Q K M

H22 TmHH /Bbi ' B%miB ‘Mbh?z +Qp2\ ;2- BX2X i?2 MmK#2" Q7
"2 b?QrM 7Q 22 "2+QMbi #PAMibmi M@/ HH BM  +27i BM [m MiBH2- Bb |
iBiB2b BM +QKT "BbQM iQbi?2/ MM+kBQM Q7 i?2 +QKTmi2/ +2Mi" H [m N
/BbiB#miBQM r?B+? BM/B#+b2hQMgp? mM+2" i BMiv 2biBK i2X S2 72+i
mMM+2"i BMiv 2biBK iQ X h22p2 KbijQ#i BM2/ QM i?2 / b?2/ /B ;QM HX h’
r2HH- T i 7°QK bHB;?i /2PRIIREMbMAN b?Qrb i?2 /Bz2 2M+2 BM +Qp2°
i?2 i BHb Q7 i?2 /Bbi B#meBOMX dB&MAtam+i2/ [m MiBiv +QKT "2/iQ i?2 T
M/ + TIBQM “2i F2M @XQK/227RM2@iQ@QM2 "2H iBQMX 6B;m 2 M/ + °

i F2M 7" QK X7X (

2biBK (42,,pB M 2KTHQvV2/: mbbB M HBF2HB?QQ/

A(i‘m27 (T‘2

® Uu9X8V
|12/

& MOY}yV

bi?2 HQbb 7mM+iBQM U+QMbi Mii2 Kb QKBii2/VX h?Bb HQbb 7mM
m HHviQ 2 +? "2+QMbi m+i2/ [m MiBivr?BH2 M2;H2+iBM; TQi2MiB
+ M-?Qr2p2 - #2 BM+Hm/2/ #v miBHBxBM; KmHiBp B i2 HBF2HB?C
T QpB/2/ BM)X27X (

h?2 bbmKTiBQM Q7 i?2 : mbbB M /Bbi'B#mi2/ "2bB/m Hb + M #2 i2bi
TmHH /Bbi " B#miBQM- r?B+? Bb ?BbiQ;” KQ7i?2 2bB/m Hb MQ K H
mM+2"i BN, |1-2X AM + b2 i?72 "2bB/m Hb "2 i mHv /Bbi'B#mi2/ b :
rBi? i?2 2biBK i2/|fB/fii7?22 TmHH /Bbi B#miBQM b?QmH/ "2b2K#H?2
/IBbi" B#miBQMX h?2 TmHH /Bbi'B#miBQMb 7Q  i?2i?°22 "2+QMbi mH+
X2MBi?-2M2 ;vV "2 BHHm®BIKXIIR7BIMN 6 B; m2RH /2b+ " B#2/ #v MQ K }
/IBbi'B#miBQM T i 7°'QK /2pB iBQMb BM i?2 i BHbX

Hi2 "M iBp2Hv- i?2 mM+2'i BMiv 2biBK i2 Q7 i?2 M2m~ H M2irQ F
+QKTmiBM; i?72 +Qp2° ;2X " b2/ QM i?2 bbmKTIiBQM Q7 : mbbB
rBi? i?72 T2 @2p2MfirB/b?2QVBK i2/ #v i?2 M2m™ H M2irQ F-i?2 MmKj
Q7 2p2Mib + M #2 + H+mH i2/i? i b?2QmH/ HB2 rBi?BM +2°i BM [r
T 2/B+iBQMX h?Bb MmK#2  + Mi?2M #2 +QKT “2/iQ ?2Qr K Mv 2p2
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BMbB/2X h?2 +Qp2° ;2 Bb +QKTmi2/ M/ THQIii2/ 7QOp3 vVBM; [m MiE
6Q° HH 2biBK i2/ [m MiBiB2b-i?2 +QKTmi2/ +Qp2° ;2 7TQHHQrb i?2
BM/B+ i2b M ++m’ i2 mM+2'i BMiv K2 bm 2X

AM //BiBQM iQ i?2 T'2pBQmbHv K2MiBQM2/ 2p2Mi T QT2 iB2b U xBK
i?2 +Qp2° :2 QM i?2 Qp2 HHaRE2MBAMM iMnE2M/ "2+QMbi m+i2/

/B 2+iBQM Bb +QKTmi2/X bBKTHB}2/ TT Q +? bbmK2b 6+B +mH
+B +mH - +QMiQm QM i?2 bT?2°2-r?B+? Bb +QKTmi2/ b

p L ATIODbL"
| e | w2l UuoaXeV

r?2 d.., Bbi?2 "2+QMbi m+i2/ x2MBi? M;Hg #M/i?21722L M/
2biBK i2/ mM+2'i BMivQMi?2 x2MBi? M/ xBKmi? "2+QMbi m+iBQM-

+Qp2° :27Q  i?2 QT2MBM; MCBIR BMKABiR/2# b2/ QM _ VH2B;?
/Bbi'B#miBQMX KQ'2 bmBi #H2 TT Q +?iQ /2}IM2i?2 T2 @2p2Mi ml
bT?2 2 Bb /Bb+mbb2/ BM bmTTHRK2Mi ®? HTa2" PX

S2°@1p2Mi _mMiBK?2

AM //BiBQM iQ M BKT ' Qp2/ ++m" +v M/ 2HB #H2 mM+2'i BMiv 2biE
#H2 iQ "2/m+2i?2 M2+2bb v +QKTmi iBQM iBK2 #v HKQbi i? 22 Q /2
BM +QKT "BbQM iQ i?2 bi M/ / "2+QMbi"m+iBQM K2i?Q/X h?2 *LL F
bT 2 / BM T2 @2p2Mi "mMiBK2- BM/B+ i2/ #Vv i?2XX?hP2/ “2;BQM BM
K BM +QMi'B#miQ  iQ i?2 p "B #BHBiv Q7 i?2 mMiBK2 Bb i?2 +QKTm
BMTmi T > K2i2 b-r?B+? /2T2M/b QM i?2 MmK#2 Q7 TmHb2b BM M
72 im 2 b2H2+iBQM M/ M2irQ F bBx2 + M 7m i?2 /2NT2 b2 i?2 "mMi
T2  2p2Mi UaR4iB Qm JUXAT7i?2 *LL Bb TTHB2/ QM
bBM:H2 *SI BMbi2 / Q7 :SI-i?2T2 @2p2Mi "'mMiBK2 BM+°2 b2b #v "
Q7 eyX >Qr2p2°-i?Bb 7 +iQ rBHH /2T2M/ QM i?2 M2irQ F bBx2 M/ i?
7Q /i T 2T Q+2bbBM; p2 bmb i?2 T bbi?°Qm;?i?2 M2irQ FX

S20@2p2Mi "mMiBK2b "2b?QrM
b bm'pBp H7mM+iBQM Q7 i?2 7° +iBQM
2p2Mib 2t+22/BM; bT2+B}2/ mMiBK2X A
+QMi” biiQ i?2 bi M/ 7/ "2+QMbi " m+iBQM-
i?72*LL@# b2/ K2i?Q/Bb #H2iQ mM QM
KmHIBTH2 +Q 2b br2HH b QM :SIX _mM
iBK2b b?QrM 7Q  i?2 *LL "27Q° TTHB+ @
iBQM QM :SIULOA.A :hs N3yVX h?2
*LL QmiT2 7Q Kb i?2 bi M/ 1 K2i?Q/
#vk@j Q' /2°b Q7 K ;MBim/2X 6B;m 2 M/
+ TIBQM "2i F2M 7@K _27X (



9X8 _Q#mbiM2bb M/ . i faBKmH iBQM ; 22K.

9X8 _Q#mbiM2bb M/ . i faBKmH iBQM ; 22K2Mi

.2+H " iBQM

a2+iBQNMM/ Bib bm#@b2+iBQMb "2 /QTi2/ p2 #H iBM/B@K 27X (
+ i2/ #vi?2 [mQi iBQM K "Fb- rBi? KBMQ  KQ/B}FBBQMb TTHB2/X
mi?2Q 2/ #vi?22 mi?Q Q7 i?Bb /Bbb2 i iBQM-r?BH2 i?2 A+2*m#2 -
T QpB/2/ 722/# +F M/ 2/Bib BM i?2 BMi2 M H “2pB2r T'Q+2bb
Tm#HB+ iBQM T Q+2/m 2X

AM i?2 T'2pBQmb b2+iBQM-i?2 T2 '7Q 'K M+2 Q7 i?2 *LL@# b2/ K2i
Qz2  +QKT ~ #H2- M/ 7Q bQK2i bFb-2p2M BKT Qp2/ T2 ' 7Q K M+
bi M/ '/ + b+ /2 "2+QMbi m+iBQM K2i?Q/ BM A+2*m#2X >Qr2p2 - i
THQib b?QrM "2 7Q  i?2 J* # b2HBM2 / i b2iX GBKBib BM Qm™ F
[12i2+iQ° M/ i?2 mM/2 "HvVvBM; T?vbB+b "2bmHi BM bvbi2K iB+ mM+2
bBKmH iBQMX aQK2 Q7 i?2bQm +2b Q7 bvbi2K iB+b "2 FMQrM- bm+
#bQ TiBQM +Q2{+B2Mib Q7 i?2 ;H +B HB+2X h?22z2+iQ7i?2b2 bvl
+ M #2 bim/B2/ BM /2/B+ i2/ bBKmH iBQMb 7Q  r?B+? i?2b2 T * K
JQ 2 +? HH2M;BM; "2 mMFMQrM bvbi2K iB+b i? i + MMQi #2 bBKmH
i2bi2/X F2v[m HBivT ' K2i2°Q7 2+QMbi'm+iBQM K2i?Q/Bbi?2 2
T22K2Mi M/ i?2 "Q#mbiM2bb Q7 i?2 K2i?Q/iQr /b TQbbB#H2 mM+
J* bBKmMH iBQMX AM i?2 +QMi2ti Q7 i?Bb /Bbb2"i iBQM- "Q#mbiM2t
K2i?Q/ Bb /2}M2/ b Bib BMb2MbBiBpBiviQr /b +? M;2b BM i?2 BMT|
"Q#mbi K2i?2Q/ /Q2b MQi M2+2bb "BHvV ? p2iQ #2 M ++m’ i2 QN
Q7i2M i° /2@Qz #2ir22M "2+QMbi'm+iBQM ++m" +v M/ Q#mbiN
7TQHHQrBM; b2+iBQMb-i?2 /i fJ* ;722K2Mi Q7 i?2 T 2b2Mi2/ "2+QM
rBHH #2 BMp2biB; i2/ M/ Bib "Q#mbiM2bb i2bi2/ ; BMbi TQi2MiB H |
bBKmH iBQMX

9X8XR ;7'22K2Mi 7Q " b2HBM2 aBKmH iBQM

+Q "2+i J* bBKmH iBQM rBHH MQi +QMi BM /Bz2 2M+2b iQ 2tT2 BK:
BM T  +iB+2- i?2 bBKTHB}2/ KQ/2H BM i?2 bBKmH iBQM rBHH M
i2/i X q?BH2 bBKmH iBQM + MMQi ++m’ i2Hv /2b+ 'B#2 HH H
Bb BKTQ i Mi i? i i?2 "2bmHiBM: ?B;?@H2p2H p "B #H2b- 7 QK r*
"2 /2 Bp2/- "2 r2HH /2b+ B#2/X _2+QMbi'm+iBQM K2i?Q/b T Q/m
p B #H2b M/ Kmbi i?2°27Q°2 #2 "Q#mbi iQr /b HQr@H2p2H /Bb
bBKmH iBQMX h?2 /i fJ* ;"22K2Mi Q7 :Bp2M "2+QMbi'm+iBQM
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hH?22 bBKmH i2/ M/ K2 bm 2/ /Bbi'B#miBQMb 7Q  i?2 "2+QMb
[m MiBiB2b 2 b?QrMX h?2 H27i bB/2 b?Qrbi?2 bi M/ /" 2+QMbi m+iBQM
bB/2 b?Qrb i?2 *LL@# b2/ K2i?Q/X 1 +? THQi Bb /BpB/2/ BMiQ irQ T M2H
i72 MMK#2> Q7 2p2Mib UiQT T M2HV M/ i?2 bB;MB}+ M+2 Q7 i?2 ~m+im |
T M2HV BM 2 +? #BMX h?2 bB:MB}+ M+2 + H+mH iBQM Bb # b2/ QM i?
SQBbbQM@/Bbi'B#mi2/ /i M//Q2b MQi BM+HmM/2 bvbi2K iB+ mM+2"i
M/ + TiBQM “2i F2M dXQK _27X (



9X8 _Q#mbiM2bb M/ . i faBKmH iBQM ; 22K.

2 M/QK 7Q 2bi U_6V Bb
i* BM2/ BM 8@7QH/ +' Qbb@p HB/ iBQM
iBM:mBb? /i 2p2Mib 7°QK bBKmH i2/ QM2b
i?2 # bBb Q7 /Bz2 2Mi b2ib Q7 72 im 2bX
*2+42Bp2 @QT2° iBM: +m p2b ‘2 b?QrM 7Q"
b2i Q7 72 im 2bX h?2 2 mM/2 i?Bb +m"
UI*V Bb K2i'B+ 7Q i?2 +H bbB}2 T2 7Q
K M+2X p HE@DMQi2b T2'72+i+H b@
bB}+ iBQM r?BH2 ° M/QKHv bbB;MBM; +H
rBHH “2bmHi BM KXI*1@ZMib 2
MQi /BbiBM;mBb? #H2 QM i?2 # bBb Q7 i?2 "
bi'm+i2/ p Hm2b 7Q  2Bi?2 Q7 i?2 "2+QMb
iBQM K2i?Q/bX 6B;m 2 M/ + TiBQM "2 F2
7 QK _ 27X (

[m MiB}2/ #v +QKT "BM; /Bbi " B#miBQMb Q7 M HvbBb H2p2H T ~ K2

h?2 ;°22K2Mi #2ir22M bBKmH i2/ M/ 2tT2 BK2Mi H/ i 7Q i?2 /Bbi B
"2+4QMbi'm+i2/ x2MBi?- xBKmi?- M/ /2TQbBi2/ 2M2 xXBb BMp2biB;
PMi?2 H27i bB/2-i?2 /Bbi'B#miBQMb 2 +QKT 2/ 7Q  i?2 bi M/ "
K2i?Q/ M/ QM i?2 "B;?i 7Q  i?2 *LLX h?2 /Bbi'B#miBQMb M/ i?2B
+QKT ~ #H2 #2ir22M i?2irQ "2+QMbi m+iBQM K2i?Q/bX aQK2 bK |
2tBbi- #mi Qp2° HH-i?2 bBKmH iBQM M/ i?2 "2+QMbi m+i2/ [m MiBi
2tT2 BK2Mi H /i X

h?2 +QKT "BbQMb Q7 i?72 QM2@/BK2MbBQM R I/BHHBMIIiBQMb B
iQ bQK2 +H bb2b Q7 KmHiBp "B i2 /Bb ;°22K2MibX AM T°'BM+BTH
/IBbi " B#miBQMb + M #2 +QKT "2/- #mi i?2 /i rBHH #2+QK2 iQQ |
/I BK2MbBQM HBiv "2 +?2b +2°i BM H2p2HX M Hi2 "M iBp2 TT C
KmHiBp "B i2 +H bbB}2 iQ /BbiBM;mB2d )iX7 QM/EBKMMH 2B M (

U 6V +H bbB}2" 7b@RBRFB2@WHZT HF ;2 Bbi° BM2/ BM 8@7QH/ +°Q
p HB/ iBQMX hQ [m MiB7vi?27QmM/ KBb@K i+?-i?2 "2 mM/2 +m
Q71?2 2+2Bp2 @QT2 iBM; +m ' p2 Bb mb2/X A/2 HHv-i?2 +H bbB}z
i2HH i?2 /Bz2 ' 2M+2 #2ir22M bBKmH i2/ M/ 2tT2 ' BK2Mi H/ i - BX2)
#2 "QmMX A7 BiBb + T #H2 Q7 b2T ~ IBM; i?2-+HRA2bb2 hnU 2

BKTQ i M+2 p2+iQ Q7 i?2 M/QK 7Q 2bi+ M #2 mb2/iQ mM/2 bi M/
/IBb ;"22K2MiX h?2 72 im 2 BKTQ i M+2b ?BMi ip "B #H2b i? i "2 Bk
b2T " iBQMi bF M/ KB;?ii?2°27Q°2? p2 ?B;?2 KBb@K i+?X

hQ i2bi i?2 TTHB+ #BHBiv Q7 i?Bb K2i?Q/- _6Bbi BM2/ QM i?2 Qi
#Qi? "2+QMbi ' m+iBQM K2i?Q/b BM //BiBQMiQ 'iB}+B HHv +'2 i2/p
+2°1 BM KBb@K i+?% 9, BMHGI 2R, "2 //2/ r?B+? "2/ M 7 QK

#Bp "B i2 MQ K H /Bbi'B#miBQM rBi?Q +Qip 2B2M+2 Q"
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62,im 2 BKTQ i M+2b Q#i BM2/ 7°QK i?2 _6-i  BM2/iQ /BbiBN
bBKmMH i2/ 7°QK 2tT2 ' BK2Mi H/ i - "2b?QrM 7Q 2 +?2 Q7 i?27Qm" b2ib
h?2 i2bi + b2 BM r?B+? iBp+B.d 7RI ?np 20BM; /2;°22b Q7 KBb@

K i+?2b "2 //2/Bbb?QrM QM i?2 H27iX6M ;1%6b®BQ 2 TE2p2/X

h?2 BKTQ i M+2b Q7 i?2 *LL@QMHW Wb M/ /" 2+QMbi m+iBQM@
QMHV U I*&6; 6 &/- M/ +QK#BM2/ 72 im 2 b2i BM+HmM/BM; QmiTmib 7
#Qi? "2+QMbi m+iBQME U 4*34 "2 b?QrM QM i?2 "B;?i 7°QKiQTiQ
#QiiQK- "2bT2+iBp2HvX h #H2 M/ + TiBQM "2 i F2M 7°QK _27X (

h2bi 2 H
62 im'2 L K2 AKTQ'i M$2 im 2 L K2 AKTQ'i M+2
7BSH qoe : *LL@WZM‘Bi’? :
B3 gqse ; :LL@lMZ 'V ;
7B qs ; LL@ xBKmi? ;
B3y g5 ; ai M/ °/ @ w2MBi? ;
7B&3in qaq ; ai M/ °/ @ xBKmi? ;
*LL @ w2MBi? ; ai M/ T/ @ 1M2 ;v
ai M/ "/ @ w2MBi? | ai M/ '/ @ W2MBi?
*LL@lMZ‘;vIM+X; ALL@ 1M2 v IM+X
*LL@ xBKm|9IM+X *LL@ XxXBKmi? :
*LL@ 1M2° ; ai M/ 1/ @ xBKmi? ;
7 B®H qaq : *LL @ XBKmi? IM+X
*LL @ XxBKmi? ; *LL @ wW2MBi? IM+X;
*LL@W2MB|’?IM+X ai M/ '/ @ 1M2 ;v
ai /@ XBKmi? ; *LL @ 1M2 ;v ;

bBKmH i2/ 2p2MibX h?2 QM2@/BK2MbBQM H /Bbi'B#miBQMb Q7 i-
M/ bBKmH i2/ 2p2Mib "2 BM/BbiBM;mBb? #H2 #v +QMbi m+iBQMX
TT Q +? Bb #H2 iQ }M/ i?2 /Bb ;"22K2MiX h?2 "2bmHiBM; "2+2Bp2 @
b?QrM BM 6BMR22H2/ b 6h2bi6oX b 2tT2+i2/-i?2 _6 Bb #H2 iQ /BbiE
i?72 2p2Mib # b2/ QM i?2 [//2]/ p "B #H2b r?B+? +QMi BM KBb@K i+7?2
p "B #H2bX h?2 "2bmHIBM; 72 im 2 BKTQ i M+2b HbQ +Q "2+iHv
72 im 2b ++Q /BM; iQ i?2B  KBb@K i+? b b9@&M QM i?2 H27i Q7 h #

PmiTmi 72 im 2b Q7 2 +? "2+QMbi m+iBQM K2i?Q/ "2 i2bi2/ BM/2T2M\
BM +QK#BM2/ b2iX h?2 "2bmHiBM; 2+2Bp2 @QT2 iBM; +m p2b M/
*2 b?QrM BM BBRMY/20M i?2 “B;?i Q%h BXi 7°QK i?2 K2i?Q/ i2bi

+ b2-i?2 _6Bb MQi+ T #H2 Q7 bB;MB}+ MiHv /BbiBM;mBb?BM; bBK



9X8 _Q#mbiM2bb M/ . i faBKmH iBQM ; 22K.

K2Mi H/ i - #QQDbiBM: +QM}/2M+2 BM i?2 # b2HBM2 bBKmH iBQM M
K2i?2Q/bX "Qi? "2+QMbi ' m+iBQM K2i?Q/b T QpB/2 "2 bQM #H2 / i
r?B+? BM/B+ i2b +2°i BM H2p2H Q7 "Q#mbiM2bb iQr /b TQi2MiB H
bBKmH iBQMX

g?BH2 i?2 ;°22K2Mi QM ?B;?@H2p2H p B #H2b Bb KQbi BKTQ i M
+ M HbQ #2 2KTHQvVv2/ QM HQr@H2p2H BMTmibX AM i?Bb + b2- i
/Im2iQi?2 ?B;?7@/BK2MbBQM HBiv Q7 i?2BMTmi/ i M/ LL-T 27
"+?Bi2+im2- K v#2 mb2/ BMbi2 /X

OX8Xk A+2 avbi2K iB+hb

h?2 ++m’ i2/2b+ BTiBQM Q7 i?2/2i2+iQ  K2/BmKBb +? HH2M:BM: |
BM A+2*m# A+2 T QT2 iB2b z2+i 2Qr T?QiQMb b+ ii2° M/ "2 #bQ
/2i2+iQ  K2/BmK M/ 2i?22°27Q°2 K DQ  +QMi'B#miQ  iQ bvbi2K iF
BMi?2 bBKmH iBQMX AMQ /2  iQ }M/ bi'QT?vbB+ HM2mi'BMQ bQm"
mMM+2'i BMiB2b QM i?2 M:mH * "2+QMbi ' m+iBQM Kmbi #2 r2HH mM
bim/B2/ BM i?Bb b2+iBQM BM+Hm/2 i?2 b+ ii2 BM: M/ #bQ 'TiBQ
B+2 br2HH bi?2 T K2i2'Bx iBQM Q7 i?2 ?2QH2@B+2X h?2b2 2
bvbi2K iB+ mM+2'i BMiv BM A+2*m#2X h?2 2QH2@B+2 Bb i?2 27"
r?B+?i?2 .PJbi'BM;b "2 2K#2//2/X 7i2  [2THQVK2Mi Q7 i?2/2i2+iQ"
K2Hi2/r i2> BMi?2 /'BHH 2QH2b 27 22x2bX h?2 27 Qx2M ?QH2@ B
T'QT2'iB2b rBi? BM+'2 b2/ #bQ TiBQM M/ b+ ii2 'BM; +Q2{+B2M
#m##H2b M/ /mbi TYXBRM2b+@¢m  i2 /2b+ BTiBQM Q7 i?2 ?QH2@B
bBKmH iBQM Bb QM2 Q7 i?2 F2v +? HH2M:2bX 6Qm" bvbi2K iB+ / i
p VBM; i?2p Hm2b Q7 i?2 # b2HBM2 bBKmH iBQMX

AM 6B;I{2-ki?2 "Q#mbiM2bb Q7 i?2 M;mH ~ "2bQHmMIiBQM iQr /b i?2
p "B iBQMb Bb BMp2biB; i2/X h?2 " iBQ Q7 M;mH *~ "2bQHmMIiBQM -
i?72 bvbi2K iB+ p "B iBQM Bb THQii2/ b 7mM+iBQM Q7 M2mi BM¢

BM/B+ i2b i? ii?2 bvbi2K iB+p "B iBQM ? b MQ 2z2+i QM i?2 M;
_ iBQb #Qp2 RXy K2 Mi? ii?2 bvbi2K iB+p "B iBQM? b M2; iBp
/IB'2+iBQM H "2+QMbi m+iBQM BM+'2 bBM; i?2QT2MBM; M;H2 BM +!
AM +QMi" bi- bvbi2K iB+ p "B iBQMb rBi? ~ iBQb H2bb i? M RXy B
"2bQHMIBQM rBi? "2bT2+iiQ i?2 # b2HBM2X h?2 bT 2 /BM " iBQk
p "B iBQMb Bb K2 bm 2 7Q  i?2 "Q#mbiM2bb Q7 i?2 "2+QMbi m+
i?72 2t +ip Hm2b Q7 i?2b2 T ° K2i2'b "2 mMFMQrM- M B/2 H "2+QMtl
b?QmH/ #2 BMb2MbBiBp2iQ i?2b2 p "B iBQMb-BX2X T'Q/m+2i?2b |
? p2 "~ iBQ +HQ»2iQ



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2

6 "B iBQM Q7 A+2 S QT2 iB2b

SmHb2 JQ/B}+ iBQMb

h?2 K2/B M M;mH ~ "2bQHmMIiBQM Bb +QKT "2/ #2ir22M i?2 #
bBKMH HBQM. sywWM/ i?2 bvbi2K iB+ mu¥B,jBQM " 1?22 bi M/ "/
“2+QMbi'm+iBQM K2i?Q/ UH27iV M/ i?2 *LL@# b2/ K2i?Q/ U B;?iVX
iQ RXy BM/B+ i2b "Q#mbi 2+QMbi m+iBQM K2i?Q/i? i Bb BMb2MbBiE
bvbi2K iB+ T ° K2i2 X 6Q 2 +? bvbi2K iB+p "B iBQM-i?2/ i fi*i2bi p|
6 Ua2+iBQWBb T2 7Q K2/X h?2 "2bmHiBM; [*7Q 2 +? p "B iBQM Bb b?¢
#° +F2ib BM i?2 H2;2M/X 6B;m 2 M/ + TiB@M “2i F2M 7°QK _27X (



9X8 _Q#mbiM2bb M/ . i faBKmH iBQM ; 22K.

AM+'2 bBM: i?2 b+ ii2°BM: +Q2{+B2Mib rBHH “2bmHi BM KQ 2 /Bz
i 172 T?QIQ@KmMHIBTHB2'b M/ ?22M+2 +QKTHB+ i2 i?2 "2+QMbi’
i72 M:mH  "2bQHMIBQM /2+°2 b2b 7Q  #Qi? "2+QMbi m+iBQM K2
iQ i?72 # b2HBM2 bBKmH iBQM DXBXQAM B®IMIB: N 22/ m+BM; i?2
b+ ii2°BM; +Q2{+B2Mib Q° BM+'2 bBM; i?2 #bQ TiBQM 2bmHib BN
“2bQHMIBQM 7Q" i?2 bi M/ */ "2+QMbi'm+iBQM K2i?Q/X Pp2' HH
/Bz2 2Mi B+2 bvbi2K iB+b Bb H ;2" 7Q  i?2 bi M/ */ K2i?Q/i? M 7Q"
"2+QMbi"m+iBQMX gqBi? "2H iBp2 "2bQHMIBQMi %2 *M|2BM iQ #Qn
+QKT ‘BbQMTQ  i?2 bi M/ */ "2+QMbi m+iBQM K2i?Q/-i?2 *LLb22K
H2bb b2MbBiBp2 iQ i?2 p "B2/ B+2@T °~ K2i2 bX

9X8Xj SmHb2 JQ/B}+ iBQMb

AM //BiBQM iQ i?2p 'B2/B+2 T QR2)7B2H2M m®FBQM bQm +2b Q7
bvbi2K iB+b K v 2tBbiX q?BH2 i?2 2z2+i Q7 i?2b2 mMMFMQrM bvbi2
/B 2+iHv bim/B2/-i?2 bBKmH iBQM + M #2 Hi2 2/ BM p ‘BQmb r vb i
“2+QMbi'm+iBQM K2i?Q/ 2 +ibiQ +2°i BM KQ/B}+ iBQMbX AM i?Bb |
+ iBQMb "2 T2'7Q°K2/iQi?2 K2 bm 2/ TmHb2b iQ mM/2 bi M/ i?2
[2T2M/2M+2 QM bBM:H2 .PJb- Bib b2MbBiBpBiv iQ iBKBM: mM+2"i |
Q7 MBM+'2 b2/ MQBb2 " i2X

h?2 "2+QMbi m+iBQM&b /2T2M/2M+2 QM bBM;H2 .PJb Bb BMp2biB; iz
T BQ iQi?2 "2+QMbi m+iBQMX 1Mi'B2b BM i?2 BMTmi/ i i2MbQ
+Q "2bTQM/ iQ /Bb+ “/2/ .PJb- "2 }HH2/ rBi? x2 QbX h?°22 /Bz2"
2i2bi2/, IBb+ “/BM; i?2iQT 8 M/iQT Ry .PJb rBi? i?2 KQbi +QHH:
M/~ M/IQKHv /IBb+ "/BM; RyW Q7 HH .PJbX h22ZRbRPQrB2H Q7 6B;n
i?72 "2bmHib Q7 i?Bb i2biX h?2 KQ 2 HB;?i .PJ+ Tim 2b-i?2 KQ~
Bi+ "B2b 7Q i?2 "2+QMbi " m+iBQM i bFX h?mb- ?B;?@+? ;2 .PJ}
KQbi +QHH2+i2/ +? ;2 BM M 2p2MiV "2+ m+B HiQi?2 "2+QMbi m+
"2+QMbi m+iBQM "2HB2b bQH2HvV- Q iQ #B; 2ti2Mi- QM bBM;H2
KQ 2 bmb+2TiB#H2 iQ KBb@KQ/2HHBM; BM i?2 bBKmH iBQMX Ai Bb
/2b+ " B#2 HQ+ HB+2 T QT2 iB2b "QmM/ .PJ-r?2 2 b p2 ;2bQp2 I
Km+? KQ 2 "Q#mbiX b b?QrM BM i?2 iQUR-F#Q2H BMPBB b n2+iBQM

K2i?Q/b ? p2 bBKBH "2M2 ;v@/2T2M/2Mi #2? pBQm X .Bb+ "/BM; i
.PJbM2; iBp2Hv BKT +ibi?2 M;mH ~ "2bQHmMIiBQM i HQr2 2M2 ;B2b
H2bb BKTQ i Mi i ?B;?2 2M2 ;B2bX h?Bb Bb /m2 iQ i?2 7 +ii? it
M/ Qp2 Hv #°B;?i .PJb "2 miQK iB+ HHv 2t+Hm/2/ 7°QK i?2 "2+QMt
TTHB2b iQ #Qi? "2+QMbi m+iBQM K2i?Q/b r?B+? "2i?22°27Q 2- #v
"Q#mbi iQ i?Bb bvbi2K iB+ i ?B;?2 2M2 ;B2bX 6Q HQr2 2M2 ;2iB+



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2

Q7 ?Bi M/ b im™ i2/ .PJb "2/m+2b M/ ?22M+2 i72B2?PR2HM»BOMD7 i?2

PJb #2+QK2b KQ'2 M/ KQ'2 “2H2p Mi b i?2 7" +iBQM Q7 "2KQp2
BM+'2 b2bX _ M/QKHv /Bb+ "/BM; .PJb UHB;?i #HmM2 +m ' p2 BM iQT T
bHB;?iIHvrQ ' b2 M;mH ~ "2bQHmMIBQM Qp2  i?2 +QKTH2i22M2 ;v ~ |
2M2 ;v@/2T2M/2M+2X q?BH2 #Qi? "2+QMbi ' m+iBQM K2i?Q/b 2 bE
i?72 2t+HmMbBQM Q7 .PJb-i?2 bi M/ "/ K2i?Q/Bb KQ 2b2MbBiBp2iQ bB
.PJb-r?B+? Bb /°'Bp2M #Vv i?2 mM/2 ' HVBM; SQBbbQM HBF2HB?QQ/X

IMFMQrM bvbi2K iB+ mM+2 i BMiB2b BM i?2 bBKmH iBQM KB;?i Hb
iBK2b Q7 T?QiQMb ii?2T?QiQKmHIBTHB2 bX hQ BMp2biB; i2i?Bb- Tr
#v : mbbB M rBi? rB3TPMQ70X AM +QKT "BbQM- A+2*m#206b iBKB
"2bQHMIBQM Bb QM i?2 QW2 XQIQ72QPb-(i?2 iBK2 Q7 i?2} bi TmHb2
.PIJBb T 'iB+mH "HvBKTQ i Mi7Q /B'2+iBQM H "2+QMbi m+iBQM-
+QK2 7°QK T?QiQMi? i ? bb+ ii2°2/i?2 H2 bi-BX2X + ""B2b HQi Q
Bib Q°'B;BMX "v b?B0DiBBM ;+BM#2 i2bi2/ 2Qr Km+? i?2 "2+QMbi'" m+iBQM
QM i?Bb iBK2X h?2 *2bmHib "2 THQii2/ BM i?22 KB&K2 TBM2H Q7 6B;m
TmHb2 iBKDBI#YB+? Bb H “;2° i? M A+2*m#26b "2bQHmMIiBQM- # "2Hv
QM i?2 M;mH ~ "2bQHmMIBQMX AMi2 2biBM;Hv-i?2 bi M/ "/ K2i?Q/ b
QM iBKBM; BM7Q K iBQM i HQr2°  2M2 ;B2b i? Mi?2 *LL@# b2/ K2i?
"QmM/ 72r h2o0 M/ HQr2 -i?2p "B iBQMbiQi?2 TmHb2 iBK2b ? p2 F
QM i?2*LL M;mH ~ "2+QMbi m+iBQMX h?Bb BM/B+ i2bi? ii?2 *LL@#
MQi mbBM; i?2 iBKBM; BM7Q K iBQM iQ i?2 7mHH 2ti2Mi TQbbB#H?2
Bb KQ'2BKTQ'i Mi7Q i?2 "2+QMbi' m+iBQM Q7 HQr@2M2";2iB+ +
?B;?2@2M2 ;2iB+ + b+ /2b 7Q r?B+?i?2 +? ;2 bvKK2i'vBb :;QQ/K
+ b+ /2 /B 2+iBQMX h?Bb KB;?i 2tTH BM r?v i?2 bi M/ /] "2+QMbi’r
+?B2p2b bB;MB}+ MiHv #2ii2° "2bQHmMIiBQM i HQr2° 2M2";B2bX

L2m™ H M2irQ ' Fb + M #2 K MBTmH i2/iQ T Q/m+2r " QM; "2bmHib #\
MQBb2iQ BK ;2bi?2"Qm;? 2pQHmMIiBQM v H;Qk¥B)2XKbABDb;” /B2Mi b-
pmHM2" #BHBivBb Q7 ;2 i +QM+2 M BM b2+m ' Biv+ m+B H TTHB+ iE
/" BpBM;X g?BH2 2tTHB+Bi ii +Fb "2 MQi +QM+2 "M 7Q  i?2 TTHB
TQi2MiB HKBb@KQ/2HBM; BM i?2 MQBb2 bBKmH iBQM +QmH/ BKTQb
Q7 2tTHB+BiHv ii2KTiBM; iQ K MBTmH i2i?2 *LL-i?22z2+iQ7 MB
MQBb2 " i2 BM i?2 /2i2+iQ Bb bim/B2/X 6Q i?Bb bim/v-i?2 MQBb2

- - M/ X LQi2i? ii?2p Hm2bbim/B2/?2°2 "2Tm 2Hv ?vTQi
M/ Km+? H ;27 i? M +im HmM+2'i BMiB2b QM i?2 MQBb2 " i2-r?B+?
Q7 QMHvV 72rT2 +2MiX h?2MQBb2 i2BMA+2*m#2)Kb b2HH KQMBiQ"
T 2pBQmbHvV K2MiBQM2/-i?2 bi M/ '/ K2i?Q/ BMi2°"M HHv "2HB2b QM
reB+? Bb/"Bp2M #v ?B;?@+7? ;2 .PJbX mMB7Q KHv BM+ 2 b2/ MQI
# "2Hv ? b Mv 2z2+iX h?2 bi M/ "/ "2+QMbi m+iBQM K2i?Q/ Bb "Q#n
BM+ 2 b2/ MQBb2 " i2X AM +QMi" bi-i?2 *LL Bb b2MbBiBp2 iQ i?B
; 722K2Mi rBi? i?2 T ' 2pBQmb }M/BM;b- Bi b22Kb i? i i?2 *LL@# b2



9Xe *QM+HmMbBQMb

H2bb 7Q+mb2/ QM bBM;H2 .PJb- #mi KQ 2 bQ QM i?2 Qp2 " HH /Bbi
i?72 MQBDb2 ® i2iQi?2 2vTQi?2iB+ H+ b2 QU?2M27/@IBQN HV

BM+ 2 b2/ BKT +i rQ b2MBM; i?2 M;mH > "2bQHmMIiBQM #v 7 +iQ r
p "B iBQMb Q7 i?2 MQBb2 " i2 QM i?2Q /2 Q7 72rT2 +2Mi /Q MQi *
i?72 M:mH > "2bQHmMIiBQMX

h?2 p "B iBQMb i2bi2/ 22 2 + MMQi #v Mv K2 Mb +Qp2° HH TQi2\
BMi?2 bBKmH iBQMX L2m™ H M2irQ"Fb + MBMi2 " TQH i2 r2HH QM
b?QmH/ #2 mb2/ rBi? + miBQM r?2M 2ti° TQH iBM;X AiBb? “/iQ T 2/
KBb@KQ/2HBM; BM i?2 bBKmH i BQM rBHH z2+ii?2 "2+QMbi m+iB
KB;?i b22K T'Q#H2K iB+- 1?22 "2 KmHiIiBTH2 r vb iQ 2Mbm 2 i?z
TT Q +?2b # b2/ QM /22T H2 MBM;X h?2 M2m™ H M2irQ ' F + M #2 i I
iQr /b +2°i BMp "B iBQMb #v BM+HmM/BM; i?2b2 BM i?2 i° BMBM;
i?2 bvbi2K iB+/ i b2ib7Q  i?2B+2 T QT2 iB2bX h?2 /B{+mHiv HB:
2t? mbiBp2 HBbi Q7 "2 bQM #H2 p "B iBQMbX T i 7°QK i?Bb-i?2
a2+iBQNMB® M //BiBQM Hb 72iv+?22+FX h?2/ i fJ*i2biBb T2 7Q K2
bvbi2K iB+p "B iBQM Q7 i?2 bBKmH iBQM /i M/i?2 "2bmHiBM; I*b
BM# +F2ib BM i?2 H2;2M/%kQ726B2p2 2i?2 bvbi2K iB+ p "B iBQM ;2
H ;22MQm;? iQ bB;MB}+ MiHv z2+ii?2 M;mH ~ "2bQHmMIiBQM- i?2
6Q° 2t KTH2- BM+ 2 bBM; i?2 MQRBRtInHid BM M [*:Q7 X

>2M+2-i?2 6 +H bbB}2  Bb +H2 "Hv #H2 iQ /BbiBM;mBb? #2ir22M
2p2MibX h?Bb BM+'2 b2b i?2 +QM}/2M+2i? imM ++QmMi2/ bvbi2K il
#vi?2 /i fJ*i2bi-B7i?2v? p2 bB;MB}+ Mi BKT +iQM i?2 "2+QMbi m-

9Xe *QM+HmMbBQMb

AMi?2T 2pBQmb b2+iBQMb-i?2T2 7Q KLM@& Q¥Q *KRr@iEBM i?2

Bb BHHmbi® i2/7Q  + b+ /22p2Mi "2+QMbi ' m+iBQMX h?2 *LL T QpB/:
BKT ' QpBM:; mTQM bi M/ */ K2i?Q/b-rBi? "2HB #H2 T2 @2p2Mi mM-
q?BH2 i?Bb b?Qr+ b2b QM2 bT2+B}+ 2t KTH2-i?2 7" K2rQ'F HHQrb 7
TTHB+ iBQMbX Aii?mb 2M #H2b TTHB+ iBQMb M/ T?vbB+b M Hvb
BM72 bB#H2X h?Bb BM+HmM/2b i?2 +2 iBQM Q7 MQp2H M/ BKT Q
/2b+ " B#2/ BMSb'r2HH b i?2 ;2M2" iBQM Q7 7 bi M/ "Q#mbi b22/hb
Ip M+2/ "2+QMbi m+iBQM K2i?Q/bX

*LLb 2M #H2 i?2 2tTHQBi iBQM Q7 i’ MbH iBQM HBMp ‘B M+2 M T
i"vBMA+2*m#2 /i X JQ 2 bmBi #H2 “+?Bi2+im 2b-bm+? b; T?
2tBbi 7Q  A+2*m#206b /2i2REQERPQKDIrApR - 7m i?2° bvKK2i'B2b M/
/QK BM FMQrH2/;2 2 p BH #H2-r?B+? i?2b2 M/ Qi?2 bi M/ */ M
“+72Bi2+im 2b 2 mM #H2iQ /B 2+iHv 2tTHQBiX h?2 BM72°'BQ" T2"
i HQr2° 2M2 :B2b BM +QKT 'BbQM iQ i?2 JG1@# b20 XBT Q +2- b?C



9.LL@ 2+Q /22T H2 "MBM; 7" K2rQ F 7Q  A+2*m#2

bm;;2bibi? i p BH #H2BM7Q K iBQM Bb MQi QTiBK HHv miBHBx2/ #v
i2bib BM a2 KigQM }BMIB#hi2 i? i i?Bb +QmH/ #2 /Im2 iQ H +FB
b2MbBiBpBiviQ iBK2@# b2/ p "B #H2bX KQ'2 /2[m i2 TT ' Q +72-i7?
7mHHvV miBHBXBM:; p BH #H2 BM7Q K iBQM- Bb i?mb BMi"Q/m+2/ BM
iQ HH2pB i2i?2 /Bb+mbb2/ /2}+B2M+B2bX



1p2Mi@:2M2° iQ ', *QK#BMBM;
JtBKmMK@GBF2HB?QQ/ M/ .22T G2 "MBM;

2+H ' iBQM

AM/BpB/m HT "ibQ7i?2 +QMi2Mi/Bb+mbb2/ BM i?Bb b2+iBQM ? p
BM _2%B) ¢ Bii2M #v i?2 mi?Q Q7 i?Bb /Bbb2'i iBQMX

AM i?2 T 2pBQmB-*?/Z2T°H2 "MBM; # b2/ "2+QMbilh@BQM K2i?Q/
*2+QBb BMi'Q/m+2/X h?Bb MQp2H "2+QMbi ' m+iBQM K2i?Q/ Bb #H?2
iQQHFBi rBi? ;2M2  H- HH@Tm TQb2 K2i?Q/ TTHB+ #H2iQ #°Q /
M/ +H bbB}+ iBQM i bFbX Hi?QmPL[@ B2 b OXSHFE;MW-B}+ Mi

/> r# +Fb M/ HBKBi iBQMb b /2i 9B 2/ \BM aXiB QM

PM2 Q7i?2 K DQ  HBKARi@BX®b Bilo BM #BHBiviQ BM+HmM/2 T'BQ  FM
M/ bvKK2i'B2b BM mMB}2/ M/;2M2° HBx2/ K MM2 X h?Bb Bb / r#
iQ KQbibi M/ */ /22T H2 "MBM: “+?Bi2+im 2bX h?2b2 “+?Bi2+im 2b
T 2/QKBM MiHv /2bB;M2/iQ 7mM+iBQM BM ;2M2° HBxXx2/ b2iiBM;X ¢
bvKK2i'B2b "2 BKTHB+BiHv H2 "M2/ 7°QK i?2i° BMBM; /i X q?BH2
K Mv+ b2b b HbQ BHHmMbi  i2/ #viRPR@ 22 *Q2KBM 42 QK2i?Q /b

i? i MiBHBXx2 /QK BM FMQrH2/;2 K vQmiT2 7Q K i?2B" ;2M2" HBx2/

h?2 "2+Q;MBiBQM Q7 T ii2 Mb M/ bvKK2i'B2b Bb + m+B H 7Q K2 M
iQ MMb22M / i X AM bi M/ */ M2m~ H M2irQ F “+?Bi2+im 2- i?2b
bvKK2i'B2b ? p2 iQ #2 H2 "M2/ BKTHB+BiHvV 7°QK i?2 i  BMBM; / i
2 "2[mB 2/ iQ BMp2biB; i2 B7i?2 i  BM2/ KQ/2Hb bBKTHvV K2KQ Bx:
Q B7i?2v "2+ T #H2 Q7 2ti° +iBM; i?2 mM/2 ' HVBM; T ii2 Mb M/
+ M #2 :m2/i? i bi M/ //2Mb2 M2irQ'F QMHvV ? b i?2 + T #BHB
i72 +QMiBMmBiv Q7 i?2 BMTmi T? b2 bT +2 iQ BMi2 TQH i2- #mi i?
2ti> +i Mv ?B:;?2° H2p2H T ii2"Mb i? i "2 M2+2bb v 7Q" ++m" i2
#2vQM/ i?2 i° BMBM; /i X h?Bb Bb KQ 2 T2bbBKBbiB+ pB2r i? i
+QKKQMHV +QKKmMB+ i2/ #BHBiB2b Q7 M2m™ H M2irQ Fb iQ BKTHE
T ii2"MbX

6Q° "2HB #H2 2ti° TQH iBQM- KQ/2H Kmbi #2 #H2 iQ 2bQ i iQ ml
Hrb M/ bvKK2i B2bkXqe*iBQgM WX 2@

rQ°F “+?Bi2+im 2b bm+? b +QMpQHMIBQM H M2m  H M2irQ Fb m
Q7 i° MbH iBQM H BMp "B M+2 BM i?2 BMTmi /i X .m2 iQ i?Bb- i
TTHVBM:; H2 "M2/ T ii2’Mb 7°QK QM2 T "iQ7i?2T? b2 bT +2iQ MQ
Q7 i?2 2 bQMb 7Q  i?2 #°2 Fi? ' Qm:? BMBHK?22 i 2 MO H BE B ®IMH(
2[mBp "B M+2-r?B+? K /2 i?Bb #°2 Fi?"Qm:? TQbbB#H2- Bb 2tTHI
“+272Bi2+im 2- #mi Bi Bb MQi H2 "M2/X 1tTHB+Bi BM+HmbBQM Q7 T
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M/ T ii2 Mb BMiQ i?2 M2irQ F “+?Bi2+im 2K v #2i?2 F2viQ bm++2bb
Q7 bm+? /QK BM FMQrH2/;2 7 +BHBi i2bi?2i° BMBM; T°Q+2bb b i-
MQi? p2iQ #2 H2 "M2/ BKTHB+BiHvX AM //BiBQM- i?2 KQ/2H K v mi
bvKK2i"B2b iQ "2HB #Hv 2ti° TQH i2 #2vQM/ i?2 i° BMBM: / i X

AM +QMi . bLi@ 2+Q?2 K tBKMK@HBF2HB?QQ/@# b2/ 2+QMbi m+iBC(
/2b+ B#2/ BM ja2%iB/@M )21 7BK

iQ MiBHBx2 HH p BH #H2 /QK BM FMQrH2/:2X S'BQ  FMQrH2/;2
/B 2+iHV #mBHi BMiQ i?2 i?2 HBF2HB?QQ/ M/ S.6 T '2b+ BTiBQMX .m:
i?2v "2 KQ 2 b2MbBiBp2 i? M i?2 BKTHBEB 2kQ/2@R2 pE0+? b

BM T  +iB+2 Bi Bb Q7i2M BM72 bB#H2 iQ +QKTmi2 i?2 S.6 M/ i?2 7
+Q "2+i HBF2HB?QQ/ K v HbQ #2 BMi® +i #H2X hvTB+ HJG1@# b2/ K
i?2°27Q°2 miBHBXx2 bBKTHB}+ iBQMp<% /Bb+mbb2/ BM a2+iBQM

hQ +QK# i i?2 /2}+B2M+@20+QW/ i?2 i° /BiBQM H JG1 K2i?Q/b BM
A+2*m#2- MQp2H "2+QMbilm2VMB @M KI2i2@b BMi Q/m+2/ BM i?Bb
+2 Ti2IP2Mi@:2M2° B®  2+QMbi ' m+iBQM bmBi2 i? i +QK#BM2b i?2 b
Q7 K tBKmMK@HBF2HB?QQ/ 2biBK iBQM rBi? i?Qb2 Q7 /22T H2 "MBM

8XR 1p2Mi >vTQi?2bBb

AM K tBKmMK@HBF2HB?QQ/@# b2/ 2p2MiX\2-+ QINpi2 M- PRQ @i @ @2 +iB Q|
2bBb- b2i Q7 T  K2i2°'b7Q° M bbmK2/ T K2i'B+ KQ/2H- Kmbi #
A+2*m#2-i?22 2p2Mi 2vTQi?2bBb K v #2 /2}M2/ b HBM2 " bmT2 TQbB
2M2 ;v /2TQbBiBQMb BM i?2 /2i2+iQ - ShOBKHE M bQ Qi2/TBIM GtB:;@ * 2

K iBQM- T?QiQMb ""BpBM: i.PJb "2 BM/2T2M/2Mi Q7 2 +? Qi?2"
.PJBb MQib im*> i2/ M/ Bib 2bTQMb2 Bb BM i?2 HBM2 ~ "2:BK2X h?2
2ti° +iBQM 7 QK i?2 K2 bm 2/ +mKmH iBp2r p27Q KK v // bHB;?i
OM Qi?2 T?QiQM ?Bib- #mi i?Bb + M mbm HHv #2 M2:H2+i2/X

Mv A+2*m#2 2p2Mi K v i?2 27Q 2 #2 TmHHv /2b+ " B#2/ #v bmT2 TC
I12TQbBIiBQMbX AM i?2 7TQHHQrBM;- i?2b2 2M2 ;v /12TQbBIiBQMb rk
+QHH2+iBQM QX bQ@m+2Bb /2}M2/ #v b2i Q7 ?2vTQi?2wBb T °~ K2i2'b
M/ 7TmM+iBQM

UyW ovy N# D UBXRYV

i? ii° MbH i2bi?2 ?2wJiQi?IBD2+i2/ bB:M H i2 +? .PIJXih?2 7TmM+iBQM
Bb TT QtBK i2/ #v M2m" H M2irQ F- b /Bd@+mmbb2/ M a2FiBQM

JX1 Ri Bb i?2°27Q°2 HbQ 272 °2/iQ b 1p2M2@iBp2 KQ/2F
"2M2° iQBM i?2 +QMi2ti Q7 i?Bb /Bbb2 i iBQ@X?hPAWBOMK H i i?2
172@i? bQm +2 Bb TmHHV /2}M2/ #V VI 2tNRH i MA? 2,2 Bp H



8XR 1p2Mi >vTQi?2bBb

M2t KTH2 2p2Mi 2vRiQV?BRbBIQWbi m+i2/ Q7 QM2 + b+ /2
U,V- +QMbBbiIBM; Q7 d T °~ K2i2:W- ™M) Ki2i2FB&2/ b i?°22 + mb HHv
+QMM2+i2/ 2M2 ;v /2TQbBiBQMb HQM; i?2 T "iB+H2 i° D2+iQ vX 1 +?
/2TQbBiBQMb Bb /2}M2/ #v i?2 /[2VQ MBii22/22/\BD ¢ WHD U
p2 i2t QM i?2 i D2+iQ v- "2bmHiBM; BM iQi H Q7 Rk T > K2i2'b 7Q
i +F T > K2i2 'Bx iBQMX PM i?2 "B;?i- bF2i+? Bb b?QrM- /2KQMbi  iBM
TObBIiBOM Q7 i?2 T?QiQMb +QHH2+i2/ BM T "iB+mH * .PJ 7 QK 2 +?
/2TQbBiBQMbX

IBK2 S.6,5y # ky# IX h?2 2tT2+i2/ bB;M@i?i iRP2 7" QK
+QHH2+iBIQAMQ¥2b Bb i?2°27Q 2 ;Bp2M #v,
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r?2°2i?2 BM/@atMb Qp2 i?2 BM/BpB/m HbQm +2bX h?2 +QK#BM2,
S.6 | #Q7 1?2 2p2Mi ?vTQi?2bBb + M #2 BMi2 T 2i2/ b +? ;2@r2B;
/I2MbBiv Qp2 i?2i?2 BM/BpB/m HiBK2 S.6b Q7 2 +? bQm +2X

AMA+2*m#2-JG1@# b2/ 2+QMbi m+iBQMbiviB+ HHvmb2irQ 7mM/
"2 /2}M2/ bit +Fb2;K2Mib M/ + b+ /2bX + b+ /2 Bb +QKKQMHV E
b TQBMi@HBF2 2M2 ;v /2TQbBIiBQM BM i?2 /2i2+iQ - r?BH2 i’
+QMIiBMMQmb 2M2 ;v /2TQbBIiBQM HQM; bi B;?2i HBM2 Q7 bT

?2vTQi?2b2b "2 #mBHi b bmT2 TQbBIiBQM Q7 i?2b2 7mM/ K2Mi H bC
2p2Mi ?2vTQi?2bBb K vi?2M #2 TTHB2/ BM K tBKmMK@HBF2HB?QQ/
BM a2+jiBXQM

b /2i BH2/ BM a2+iB QM )2 1i?Q
KQbi ++m” i2r viQ +QKTmi2 i?2 2tT2+i2/ HB;?i vB2H/ Q7 ;Bp2N\
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J* bBKmH iBQMX >Qr2p2 - i?Bb Bb Q7i2M BM72 bB#H2 /m2iQ +QKTr
JQbi K tBKMK@HBF2HB?QQ/@# b2/ 2+QMbi " m+iBQM K2i?Q/b BM A+:
iQ i #H2@# b2/ Q  bTHBM2@# b2/ J* bBKmH iBQMbX h?2b2 HHQr
2tT2+i2/ HB;?i vB2H/ QM ;'B/ Q7 bQm +2 ?2vTQi?2b2b iQ r?B+? ?
bTHBM2 K v i?2M #2 }iX h?Bb T °Q+2/m 2 “2/m+2b i?2 M2+2bb ‘v +
"2+QMbi' m+iBQM- #mi +QK2b i +QbiX h?2 /BK2MbBQM HBiv Q7 i?2
*2/m+2/ #v BMi'Q/m+BM; bBKTHB}+ iBQMbX 6m i?2]%Xi BHb "2 QmiH|

h?2lp2Mi@:2M2° T@HHQrb bBKBH " bi’ i2;v bi?2 bTHBM2@i #H2b B
i i KQ/2HBb}iiQJ*bBKmH iBQMb iQ /2b+ B#2 i?2 HB;?i vB2H/
i?72 bQm +2 2vTQi?2bBbX AM +QMi" biiQ i?2 bTHBM2 i #H2b- i?Bb E
M2m™ H M2irQ ' FbX b 2bmHi- i?2 KQ/2H K v #2 KQ 2 +QKTH2t |
bBKTHB}+ iBQMb "2 MQi M2+2bb IpX M@ 2MRTHQ2b?M Qi
"2[mMB 2 iQ KQ/2H + b+ /2b b TQBMi@HBF2 M/ bvKK2i'B+ BM /2i2+
b?Qr2° 2ti2MbBQM Q7 i?2 + b+ /2 br2HH b/BH2? MBHQIMQTv Ua2+iBC
)V + M #2 /B 2+iHv KQ/2H2/ #v i?2 mM/2 HVBM; M2m  H M2irQ" ¥

gBi?BM LP2Mi@:2M2° M K2rQ F- Bi Bb TQbbB#H2 iQ /2}M2 “#Bi’
bQm +Xbh?2 BM/BpB/m HbQm +2b K v HbQ #2 ;°QmT2/iQ;2i?2" b Km

o \ p" U8XjVv

KmHiB@bQm +2 K v HbQ +QMbBbi Q7 +QHH2+iBQM Q7 KmHIiB@bQ
Q7 bQm +2b M/ KmHiB@bQm +2b,

o \ b o u8xov

r?B+? 2M #H2b "2+m bBp2 2p2Mi ?2vTQi?2bBb /2}MBiBQMX M 2p?2
+QMbBbi Q7 M “#Bi® v MmMK#2> Q7 bQm +2b M/ UTQbbB#Hv M2|
Ji?2K iB+ HHv- i?2 KmHjB@BQPMBp 2b2Mi iQ M BM/BpB/m H bQm +2
i72°27Q°2 i?2 2tT2+i2/ HB;?2i@VB2H/ Qp2° +QHH2+iBQM Q7 KmHil
"2+m bBp2Hv M/ M HQBQWMHV iQ 1[X U

h?2 7Q+mb BM i?Bb /Bbb2'i iBQM HB2b QM i?2 "2+QMbi m+iBQM Q
2p2MibX h?2b2 2p2Mib 2 r2HH /2b+ B#2/ #v bBM:H2 Q' KmHIiB@
+ b+ /2bQm +2 K v #2 T K2i2 Bx2/ #v b2p2M T * K2i2 b,

YoALOAar () r 0 # UsXxs8svV

rBi? i?2 BMi2® +iBQM p2 it FQPBIBQMiBQM Q7 P2 +iB2 /2
/2TQbBi2/ 2H2+i"QK ;M2iB+ 24mBpiR2 VERMQ7,v?2 BEK 2" +iBQM

8XRXR LmBb M+2 S ~ K2i2'b M/ avbi2K iB+ IM+2 i BMiB2b

T i 7°QK i?2 T?2vbB+b T °~ K2i2'b Q7 BMi2 2bi- i?2 HB;?i vB2H/ Q7
Kv HbQ /2T2M/ QM bvbi2K iB+ mM+2 i BMiB2b BM i?2 bBKmH iBQM



8Xk hBK2 S.6 S~ K2i2 ' Bx iBQM

bvbi2K iB+ mM+2'i BMiv BM A+2*m#2 Bb i?2 ++m” i2/2b+ BTiBQM Q
Bb #2BM; mb2/ b i?2 /2i2+iQ  K2/BmKX a+ ii2°'BM; M/ #bQ TiBQM +
/12i2+iQ" K2/BmK ? p2 /B 2+iBM~m2M+2 QM i?2 2tT2+i2/ HB;?i vB2
.PJX //BiBQM H bvbi2K iB+ mM+2'i BMiB2b BM+HmM/2 i?2 [m MimK
PIb U272 7°2/1Q b .PJ2{+B2M+vV-i?2T ~ K2i2'Bx iBQM Q7 i?2 27
+QHMKM bm "QmM/BM; i?2 /2i2+iQ  bi' BM;b M/jp?@XB+2 MBbQiIi QT

h?2b2 bvbi2K iB+ mM+2'i BMiB2b ? p2 M 2z2+i QM i?2 2tT2+i2/ HB;?
i22°27Q°2 #2 +QMbB/2 2/ BM i?2 KQ/2HBM,MO@® i 2MBQMQ+2X h?2
7° K2rQ'F HHQrbiQ BM+HmM/2 i?2 bvbi2K iB+ T > K2i2 b BM i?2 + b+
MmBb M+2 T * K2i2'b

YoaLoAaiaLmL () r " G d# UsXeV
r?e2"8 "2i?2 #Qp2 K2MiBQM2/ bvbi2K iB+ T ~ K2i2 bX

M Hi2°M iBp2 TT Q +? BbiQ K ";BM HBx2 Qp2 i?2 bvbi2K iB+ mN\
Kv#2 +?B2p2/ #v b KTHBM; i BMBM; / i ++Q /BM; iQ i?2 bbmk
i?72 bvbi2K iB+ T ° K2i2'bpB i?72 aMQa2XQMK BKMi2QBMBM; Q7 i?2
bQm +2 KQ/2H-i?2 M2m> H M2irQ ' F Bb +QM7 QMi2/ rBi? 2p2Mib bBK
"2 HBx iBQMb Q7 bvbi2K iB+ T °~ K2i2°'bX b “2bmHi-i?2 M2m™ H
KQ/2H i?2 K ;BM HBx2/S.6bX LQi2i? iBMi?Bb TT'Q +? i?2 HBF2HE
Kmbi #2 KQ/B}2/iQ 2KTHQv M2; iBp2 #BMQKB H BMbi2 / Q7 SQB
Im2iQ i?2 Qp2 @/BbT2EQM-UEZBRIBQMS)VIX

8Xk hBK2 S.6 S K2i2 Bx iBQM

2+H " iBQM

h?Bb b2+iBQM 2tT M/b QM i?2 KQiBp iBQM 7Q  i?2 +?QB+2 Q7 iBK
iBQM H B/ QmigBM B2i/2M(#v i?2 mi?Q Q7 i?Bb /Bbb2 i iBQMX

h?2 /IB{+mHiv BM KQ/2HRMB2b@WM +22 ++m" i2 /2b+ BTiBQM Q7 i?:
"Bp HiBK2 $#6i 2 +? Q7 i?2 .PJbX hvTBg #H7R6bBM;H2 2M2 ;v
/2TQbBiBQMb ip "vVBM; /Bbi M+2b M/ M;H2X A220:MHM?BM 6B;m" 2
iBKBM:; "2bQHmMIBQM Q7 72r M MQ b2+QM/b-r?BH2 T?QiQMb 7 QK
+ M T Bp2K Mvi?Qmb M/b Q7 M MQ b2+QM/b 7i2  i?2 iBK2 Q7 BMi2
"Bp HiBK2 S.6b Kmbi i?2°27Q 2 #2 /2b+ B#2/ Qp2  H ;2 iBK2 rBM
IM2 2MQm;? "2bQHmMiBQMX

AM #BMM2/ TT Q +?-i?BbrQmH/ 2bmHi BM ?2mM/ 2/biQ i?Qmb M/
#BMbX AM //BiBQM-i?2 +QK#BM iBQM Q7 BM/BpB/m H bQm +2b
TQbbB#H2 B7 i?2 #BM 2/:2b HB:MX T i 7°QK i?2b2 +QKTHB+ iB
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+ M QMHvV #2 miBHBx2/ BM KmHiBTH2b Q7 i?2 #BM rB/i?- r?B+? /Q2b
;- /IB2Mib BM iBK2 i? i "2 M2+2bb "'vBMi?2 2p2Mi "2+QMbi m+iBQM

Ai Bb i?2°27Q°2 /2bB" #H2 iQ miBHBx2 +QMiBMmQmb /2b+ BTiBQ
++QKTHBD? i?Bb- T > K2i2'Bx iBQM Kmbi #2 7QmM/ i? i Bb MQ |
/IQK BMiQ 2Mbm 2 T QT2 S.6X h?2 T > K2i2'Bx iBQM Kmbi #2 ~2tB
++m’ i2HvV /2b+ B#2 i?2 TmHb2 "Bp HiBK2 S.6-r?BH2 B/2 HHvV F22T
7°22 T K2i2 b HQrX

pB #H2 +?QB+2 7Q  bm+? T °~ K2i2'Bx iBQM Bb KBtim 2 KQ/2H
: mbbB Mb Ud J5XVh(?2 TmHb2 “"Bp H iBKi2iB2@i? .PJ K v #2
T K2i2 Bx2/ #v KBtim 2 KQ/2H
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r?2°2 0?2 bvKK2i'vBb T  K2X2hBR22b¥KK2i'v Q7 i?2 KBtim 2 KQ/2H
+QKTQM2Mib HHQrb 7Q° T QT2 /2b+ BTiBQM Q7 i?2 S.6-r?BH2
MmK#2> Q7 7°22 T ° K2i2 b b BHHinbM/B2KHM 6B;m 2b

h?2 +QMiBMmQmb /2b+ BTiBQM@2W2HBK2?2. @t THQBi iBQM Q7
iBK2 BMp "B M+2 Q7 i?2 M2mi ' BMQ BMi2" +iBQM #iQ?B7iBM; i?2
# # a#X Ai HbQ 7 +BHBIi i2b i?2 +QKTQbBIiBQM Q7 KmHIiBTH2 bQt
+QMbiBimi2b M 2bb2MiB H 2H2K2Mi Q7 i?2p2Mi@bBM2 biQm+im 2 Q7 i7
7° K2rQ FX

8Xj GBF2HB?QQ/ S 2b+ BTiBQM

.2+H ~ iBQM

h?Bb b2+iBQM bmKK “Bx2b i?2 T 2b+ Bd)iBIQPBH#? BbQmi BM _27
mi?Q 2/ #vi?2 mi?Q Q7 i?Bb /Bbb2 i iBQMX

AM Q /2  iQi° BM KQ/2H 7Q° :Bp2M 2M2QH P TiGIP2 MRR /b iQ
#2 /2YM2/i? i rBHH #2 QTiBKBx2/ BM i?2 i  BMBM: T°Q+2/m 2 Q7 i?2



8Xj GBF2HB?QQ/ S 2b+ BTiBQ

q?BH2 I Mi@:2M2° 7TQ'K2rQ F HHQrb 7Q° “#Bi® v Q#D2+iBp2b
mbm HHv /pBb #H2 iQ mb2i?2 b K2 HBF2HB?QQ/ T 2b+ BTiBQM i
"2+QMbi"m+iBQM BM i?2 JG1 bj2imQ@ UR2 B &d+QBRQMNG 1V X

AM A+2*m#2-i?2 HBF2HB?QQ/ Bb ivTB+ HHv +?Qb2M b #BMM2/
SQBbbQM HBFRBR2Q QY2(TmHb2b K2 bm 2/ ii?2 .PJbX b /2b+ F
BM a2+BBQiNM2 bQm +2 KQ/2HRZBMAI?22M 2" 7Q K2rQ F miBHBx?2

KBtim 2 KQ/2H iQ Q#i BM +QMiBMmQmb /2b+ BAYBQM Q7 i?2 i
h?2°27Q°2-i?22 T2 @2p2Mi HBF2HB?QQ/ Bb +?2Qb2M b M mM#BMM2.
i?72 K2 bm 2/ TmHb2b Q7 i?2 7Q K,
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Eigiouk © N #NYI PoissonA  |in] Y KYlAA | #;JyHsn USXRyV
| N N
FBi bi?2iQi HMmMK#2 Q7 P2 MmK#2" Q7 TmHb2b | i?2

@i? .PJ- My M/#sy "2 b+? ;2 M/ iBK2@J? M™2Hb2 @i?2
PJIX 9

h?2 2tT2+i2/ +? ;2 i .PJ7Q° :Bp2M 2p2Mi ?2vTQi?2bBb M/ b2i Q7
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i?72 +?2Qb2M b22/b b /2KQMbi® i2/ BM i?2 HQr2 T M2HX h2M ~ M/QK b
TQbBiBQMb Q7 i?2 +QKTQM2Mib "2/  rM 7Q 2 +? Q7 i?2 KBtim 2 K
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T? b2 bT +2 HQM; i?2 ;Bp2M bvKK2i ' B2bX h?2 2tTHB+Bi 2tTHQBI i
FMQrH2/;2 Bb +QMi B#miBM; 7 +iQ  iQ i?2 KQ/2H6b #BHBiviQ KQ
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2bmHib Q#i BM2/ 7°QK }ib rBi? /Bz2 2Mi b22/b 7Q  i?2 TQbBiBQM
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?2 bQmMiHB2 b i? i7 BHIQ TT QT B i2Hv KQ/2H i?2 /2MbBivX Ai HE
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"Q#mbi ; BMbi bK HH@b+ H2 ~m+im iBQMb M/ i? i BiBbi?2'27Q"2
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iQ K2 bm 2i?2b2 T ~ K2i2 b rBi? i?2 ?22HT Q7 + HB2I12iBQM / i Ua2+iB
)MX

8X8Xk JQ/2H AMp2biB; iBQM

**Qbb@+?2+Fb ; BMbi J* bBKmH iBQM- b T2'7Q K2/ BM i?2 T 2pBQm
K2 MBM;7mH 7Q " i?2 2p Hm iBQM Q7 i?2 +Q "'2+iM2bb Q7 i?2 ;2M2"
i?72b2 +?2+Fb "2[mB"'2H ;2 KQmMib Q7 +QKTmi iBQM H "2bQm +2b 7
"21i?2°27Q°2 HBKBi2/?2°2iQ QMHv QM2 bBKmH i2/ + b+ /2 ?2vTQi?2k
K2i?Q/iQ p2'B7v i?2 p HB/Biv Q7 i?2 }ii2/ KQ/2H Bb iQ BMp2biB; i2 ?(
/IBbi'B#miBQMb p "vrBi? 2bT2+iiQi?22p2Mi?vTQi?2bBbX PM+2 i?2 |
i?72b2 2biBK i2/ /Bbi'B#miBQMb + M #2 Q#i BM2/ #v bBKTH2 7Q r */ T
LL-r?B+? QMHv "2[mB'2b 72ri2Mb Q7 KBHHBb2+QM/b QM *SIX

**m+B HiQ bm++2bb7mHKBMBKBxX iBQM T Q+2bb 7@ X\E22 2p2Mi 2+Q
"2 bKQQi? M/ +QMiBMmMQmb i> MbBiBQMb #2ir22M i?2 /Bbi ' B#miBQ
p "VBM; 2p2Mi ?2vTQi?2b2BX BB 22b ?2Qr i?2 TmHb2 ~"Bp HiBK2 S
+? M;2b b 7mM+iBQM Q7 i?2 x2MBi? /B 2+iBQM M/ p2 i2t TQbBiBQM
p B2/ "QmM/i?2 MQKBM HBMDR2 7 BQMp2 iRM/ /B 2+iBQM Q7

u K o KYX h?2 mM/2 HVBM; S.6b "2 2tT2+i2/iQ /2T2M/ +QMiBMn
i72b2 T > K2i2 b- M/ i?Bb Bb BM/22/i?2 + b2 7Q  i?2 KQ/2H T 2/B+iB
bKQQi? i° MbBiBQMb-i?2 T 2/B+i2/ /Bbi'B#miBQM b? T2b K i+? 2tT2
i?72:2QK2i'vQ7i?22KBiiBM;+ b+ /2 M/ 2+2BpBM;.PJX h?2S.6b 2K
M/ 2 "HB2 BM iBK2-i?2 +HQb2 i?2 + b+ /2Bb M/i?2KQ 2 /B 2+ii?2
Bb TQBMi2/iQr /bi?2 .PIJX h?Bb Bb r2HH pBbB#H2 BMi?2 iQT- H27i T
r?2M i?2 BMD2+i2/ + b+ /2Bb +HQb2biiQi?2 TQbBIiBQM Q7 .PJ Ukd- 9¢
Q7 #Qmi NX JQpBM: i?2 BMD2+i2/ + b+ /2 #2HQr i?2 "2+2BpBM; .PJ "
KQ 2 /Bzmb2 HB:;?i bi?2 2KBii2/ T?QiQMb "2 "2[mB 2/iQ b+ ii2  mTr
"2 #2022 .PIJX h?2b K2i'2M/b+ M #2 b22M 7Q  i?2 /Bbi ' B#miBQMb i .
M/ U3e- 8yV rBi? +QQNBM iA%b7 NM/7 N N 7 N
"2pT2+iBp2Hv- M/ 7Q  p "B2/ x2MBi? M;H2b U'B;?i T M2HVX h?2b2
i?2i° BM2/ KQ/2Hb /2[m i2Hv KQ/2H i?2 TmHb2  'Bp HiBK2 /Bbi B?

A+2*m#2 2p2Mib 2t?B#Bi TT QtBK i2 bvKK2i"B2b BM+HmM/BM; i° MbH |
bT +2 M/ iBK2 b r2HH b Qi iBQM H@MH B AK+BERMIA DY KK2i B2b
"2 /B 2+iHV BM+Q TQ 1i2Mii QW22 iQr?Bi2+im 2 BM //BiBQM

iQ Qi?2° /QK BM FMQrH2/;2 bm+? b i?2 HBM2 2)X2hv b+ HBM; Ua
20mHILp2Mi@:2M2° K@/2Hb "2 + T #H2 Q7 2tTHQBIBM; i?Bb BM7Q
M/ Bib T°2/B+iBQMb "2~2+i mTQM i?2b2 bvKK2i B2bRRb BHHmbi"
M/8XXK6B ;@ X2?2B;?HB;?ib i?2 2tT2+i2/ HBM2 > "2H iBQMb?BT #2ir2:
+ b+ /22M2 ;v M/ 2biBK i2/ +? “;2X h?Bb "2H iBQMb?BT Bb p HB/ Qp:
K ;MBim/2 M/ 2p2M 2ti2M/b BMiQ 2;BQMb i? i "2 MQi +Qp2 2/ #v i
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/IBz2 2Mi .PJb Q7 i?2 b K2 2p2MiX h?2 H27i T M2H b?Qrb i?2 2z2+i Q7
i?72@+QQ /BM i2 Q7 i?2 + b+ /2 BMi2® +iBQM p27i2t-r?BH2i?2 "B;?i T M
i?72 +? M;2/m2iQi?2p "vBM; x2MBi? M;H2X 6B;m 2)X1/ + TiBQM /QTi:

HQr2' +? “:2 ~QQ Q7 HRbb2IRbM QK i?2 +QMi ' B#miBQM Q7 MQBb?2
r?2B+? "2 BM/2T2M/2Mi Q7 i?2 BMD2+i2/ + b+ /2 2M2 ;vX

6B;m82H2KQMbi" i2bi?2 TT QtBK i2i° MbH iBQM H M/ Qi iBQM H
AM i?2 H27i T M2H-i" MbH iBQM H bvKK2i'B2b "2 BMp2biB; i2/ #v |
+ b+ /2iQ MQIi?2 " TQbBiBQMr?BH2 K BMi BMBM; i?2 "2H iBp2/Bbi N
i?2BHHmbi® i2/ .PIJX h?2H2;2M/ b?Qrbi?2T 2/B+i2/ MmMK#2 Q7 T?Q
ii?2 ;Bp2M .PJ-i?2 bi ' BM; M/ .PJ MmK#2 - M/ i?2 TQbBiBQM Q7 i
+ b+ /12X AM T2 72+iHv ?2QKQ;2M2Qmb K2/BmK- i?23iBKR2 ""'Bp H S.
b?QmH/ #2 B/2MiB+ H7Q 2 +? Q7 i?2 +QM};m > iBQMb b?2QrMX >Q
BMp "B M+2 BM A+2*m#2 Bb pBQH i2/ #v B+2 H v2'brBi? /IBz2 BM;
r2HH b M Qp2° HH TQbBiBQM@/2T2M/2Mi iBHi BM i?2 H v2'b /m?2
MM/2 HVBM; #ZBKQHX (b “2bmHi-i?2 +m p2b +Q  "2bTQM/BM; iQ |
+ b+ /2 TQbBiIiBQWb N 7 N M/ N 7 N NBz2 BMb? T2

M/ T 2/B+i2/ +? ;2X h?2 /Qii2/ #HmM2 +m ' p2 +Q "2bTQM/b iQ +
+H2 "B+2 ii?2 #QiiQK Q7 i?2 /2i2+iQ°X AM i?Bb "2 -i?2 B+2 Bb
H ;2b+ ii2’BM; M/ #bQ TiBQM H2M;i?b "2bmHIiBM; BM KQ 2 T2 F:
?B;?2 2biBK i2/ +? ;2X AM +QMi@bQ @?2BBW 22 )7 72 pBHvV

BM~m2M+2/ #v /Imbi BKTm BiB2b "2bmHiIiBM; BM KQ 2 b+ ii2 2/ M/ #]
iQ H2bb /2i2+i2/ T?QiQMb M/ ~ ii2° M/ H2bb /BbiBM+i T2 FX h?2"°
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"Qi i2/ + b+ /2@.PJ +QM};m" iBQMb "2 b?QrMiQ /2KQMbi  i2i° MbH iBC
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2QKQ:2M2Qmb /2i2+iQ  K2/BmK- HH Q7 i?2 b?QrM /Bbi'B#miBQMb rQm
/m2iQ i?2 mMM/2 HVBM: bvKK2i'B2b Q7 i?2 M2mi'BMQ BMi2" +iBQMX

AM i?2 "B;?2i T M2HSQXRGBiMBOM H bvKK2i v Bb /2KQMbi i2/ #v i?
"Qi iIBQM Q7 i?2 BMD2+i2/ @@FH MBM @2M/ .PJ Uk3- 98VX AM //BiBQ
iQ KQ/B}2/+ b+ /2 p2°i2t-i?2 Q°B2Mi iBQM Q7 i?2 BMD2+i2/ + b+ /2
BM Q' /2 iQ K BMi BMi?2 "2H iBp2 QT2MBM; M:;H2iQ i?2 Q#b2 pBM; .
+ b+ /2 xBKmi? M;H2 M/ p2'i2t Bb T°QpB/2/ BM i?2 H2;2M/ BM /
2biBK i2/ +? ;2 i .PJ UKk3-98VX aBKBH "Hv iQ i?2 H27i T M2H-i?2  :
7Q 2 +?2 Q7 i?2b2 +QM};m  iBQMb b?QmH/ HB;M BM M ?QKQ;2M2
i? i HH Q7 i?2b2 + b+ /2b "2 BMD2+i2/ BM bBKBH - "2 Q7 i?2 /2i
/Bz2 2M+2b pBbB#H2 /Q MQi bi2K 7 QK /Bz2 ' BM; /mbi +QM+2Mi’ iE

i?72°7°QK MBbQi"QTB+ HB;?2i T'QT ; iBQMX .m2iQ i?2 + vbi H bi’
T?QiQMb "2 bm#D2+iiQ /Bz2 BM: b+ ii2°BM; M/ #bQ TiBQM H2M
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8Xe 1p2Mi _2+QMbi' m+iBQM

i?72B° Q B2MiNjBAM A#bQ TiBQM Bb "2/m+2/ HQM; i?2 ~Qr /B 2+iB«
B+2 U XW- "2bmHiBM; BM H ;2" 2biBK i2/ +? ;2 7Q  i?2 b?QrM xI
Q7 K M/ XX "v +QMbi'm+iBQM- i?2  +2BRMiIi@:2MR7 iiTR

KQ/2Hb 2M #H2b i?2 miBHBx iBQM Q7 i?2b2 bvKK2i'B2b- r?BH2 b
7°22/QK i?2°Qm;? i?2 BMBiB HHQ+ HHv +QMMQ K Q/2HVviZh Ua2+iE
7Q 2K2MiBQM2/ b2+QM/ Q' /2  /2pB iBQMbX

8X8Xj JQ/2H 1ti° TQH iBQM

b QmiHBM2/ BM&R%?B/QM M mIBHBIX iBQM Q7
p BH #H2 bvKK2i'B2b M/ /QK BM FMQrH2/;2 Bb #2M2}+B HiQ KQ
M/ Qp2° HH T2 7Q K M+2- M/ + m+B HiQ K2 MBM:7mH BMi2' @
T? b2 bT +2 MQi Q" MQi bm{+B2MiHv +Qp2 2/H2MiBMBM:; / i X
"2M2° iQ "+?Bi2+im 2 BKbiQ +QK# i i?Bb #v /B 2+iHV BM+Q TQ" |
BM7Q 'K iBQM BMiQ i?2 M2irQ'F “+?Bi2+im>X2xM/B b2 Qme BM 6B;m "2
iQ i?2 /B 2+i BM+HMbBQM BMiQ i?2 LL “+?Bi2+im 2-i?2 KQ/2Hb 2
HQM; i?2 ;Bp2M bvKK2i'B2bX h?2 i"1PMNIND :2 M Z'QR@7?2H b
/Q MQi +QMi BM 2p2M(iB7#DHQHv 2 M/7mH 2p2MIEZRMF22M

1F7 M/ MQ 2p2Mib #Qp2 i? iX u2i-i?2 KQ/2Hb 2 #H2iQ 2ti T
i?Bb "2:BQM #v miBHBXBM; i?2 HBM2 ~ 2M2 ;v b+ HBM:X h?2 b K2 T
BMp ‘B M+2 #v miBHBXBM; i?2 "2H iBp2 /BbTH +2K2Mi p2+iQ b b B
PJUGB:m X h?Bb HHQrb i?2 KQ/2H iQ ++m  i2Hv KQ/2H i?2 T
iBK2 S.6b 2p2M 7Q" + b+ /2b BMD2+i2/ 7 ~ QmibB/2 Q7 i?2 /2i2+iQ" r?
Bb p2'vbT b2 M/BMbm{+B2Mi- b /2KQMbi  i2/BMi?2 ; 2v-/Qii2/ H
6B:m32#Q "2bTQM/BM; iQ + b+72 p 72t W77 M hBK?2
BMp "B M+2 Bb i'BpB HHV BM+Q TQ  i2/ #v 2KTHQVBM; +QMiBMm!«
i?72 iBK2 ~"Bp HS.6b pB KBtim 2 KQ/2Hb-r?B+? HHQrb 7Q° bBK
7mMM+iBQM ;mK2MiX h?Bb 2bb2MiB HHv "2KQp2b i?2 iBK2 /BK2MbB
M/ 2M #H2b T2 72+i 2ti° TQH iBQM iQ Mv “#Bi v+ b+ /2 BMi2" 4

8Xe 1p2Mi _2+QMbi " m+iBQM

h?22Lp2Mi@:2M2° TQK2rQ F HHQrb 7Q i?2i° BMBM; Q7 ;2M2" iBp2 KC
T 2/B+ii?2 TmHb2 “Bp HT ii2’MBMi?2/2i2+iQ 7Q" DbT2+B}2/2p2N
bm+? KQ/2HBbi BM2/-BiK v#2mb2/BM K tBKmK@HBF2HB?QQ/
2p2Mib b BHHmMbi  i2XXMBE:NM M BMBiB H 2p2Mi@?vTQi?2bBb- i?2
/Bbi'B#miBQM Q7 TmHb2b BM i?2 /2i2+iQ  Bb +QKT "2/ ; BMbi i?2 Q
Q7 TmHb2b #v +QKTmiBM; i?2 HBRZHB2Q®RQ7WaRk % )voow

i72 Q#b2 p2/ TMHb2b 7Q  i?Bb T "iB+mH "~ 2p2Mi@?vTQi?2bBbX AM
2p2Mi@?vTQi?2bBb Bb /Dmbi2/ bm+?i? ii?2 HBF2HB?QQ/ Bb K tB}
"2T2 i2/ mMiBH M QTiBKmK Bb 7QmM/X
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i1, BMAp2Mi@:2M2" K@/2H K v #2 mb2/iQ "2+QMbi m+i
2p2Mib pB K tBKmK@HBF2HB?Q Q/X¥Xi BKTIBQM UaHLBQMBp H
/Bbi B#mEBQ@MI#i BM2/ 7 XpR WI®:2M2" K®/2H M/ +QKT “2/iQ
Q#b2°p2// i - bBHHmMbi  i2/ QM i?2 "B;?iX h?2 HBF2HB?QQ/ Q7 i?2 Q#b2
Bb QTiBKBx2/ BM M Bi2  iBp2 7 b?BQM #v mT/ iBM; i?2 2p2Mi ?2vTQi?2b

AM +QMi” biiQJ*bBKmHp2BQ@b2M22 BO /Bz2 2MiB #H2 rBi? "2bT2+i
iQ i?2 2p2Mi@?vTQi?2bBbX 6" QK /22T H2 "MBM; T2 bT2+iBp2- i~
+QKTmiBM; ;" /IB2Mib rBi? "2bT2+i iQ i?72 M2m™ H M2irQ'F BMTmib
M2irQ Fob T °~ K2i2°'bX Hi?Qm;? i?Bb /Bz2 b 7' QK i?2iviB+ H miBHB:
BM# +Fr "/@T QT ; iBQM/m ' BM;i" BMBM; Q7 i?2 KQ/2H-i?2 +QKTmi
M/ TQbbB#H2 #2+ mb2 i?2 M2m™ H M2irQ F Bib2H7 Bb /Bz2 2MiB #H
rBi? "2bT2+iiQi?22p2Mi@?vTQi?2bBb MQi QMHV 2M #H2 M 2{+B2Mi (
/Im BM; 2p2Mi 2+QMbi m+iBQM-#mii?2v HbQ T QpB/2 +Qbi@2z2
i?72 HBF2HB?QQ/ H M/b+ T2 M/ i?mb iQ 2biBK i2 mM+2'i BMiB2bX
"+?Bi2+im’2 M/ Bib i'1BMBI®;-2IM2° K@Q/2Hb KBiB; i2 MQBb2 M/
~m+im iBQMb BM i?2 bBKmH iBQM Q7 BM/BpB/m H 2p2Mib-H2 /BM; iQ
i?72 mM/2"HVvBM; S.6bXWeBhmBb bKQQi?M2bb BM //BIiBQM iQ i?2 +QMi
i MbBiBQMb #2ir22M i?2 TmHb2 "~"Bp HiBK2 S.6b- +Q "'2bTQM/BM
?2vTQi?2b2b- "2+ m+B H7Q KBMBKBx2 iQ Q#mbiHv M/ 2z2+iE
T°QT2  KBMBKmMKX h?2b2 "2 12 2QiNab: 2M2i?20M BM T +iB+2
QmiT2 7Q K K tBKmMK@HBF2HB?QQ/@# b28d2¥@Mbi m+iBQM K:
/IB'2+iHv miBHBx2b J* bBKmH iBQMb iQ Q#i BM i?2 T?QiQM "~"Bp HIi
i?72b2 K2i?Q/b "2i?2Q 2iB+ HHv QTiBK HX

h?2lp2Mi@:2M2° b@7ir "2 7° K2rQ ' F miBHBx2b KQ/mH ~ bi m+im"
HHQrb i?2 mb2"  iQ +?2QQb2 r?B+? KBMBKBx2" M/ KBMBKBx iBQM
KQM; KQ 2 bi M/ "/ KBMBKBx2 b-i?2mb2 K v HbQ +?QQb2iQ mM
JOMi2@* "HQX S2° /27 mHi- ;" /IB2Mi@# b2/ KBMBKBx2 - i?2 ""Qv/2
7 "# a? MMQ U"6:aV H;Q Bi?K- BamBbI# r R2YBMFER; rii X2

BHHmbi® i2bi?2}M HBi2 iBQM Q7 i?2 QTiBKBx iBQM T Q+2bb 7Q"
h?2iQT bBt.PJbi? i KQbi +QMi'B#mi2 iQi?2 Qp2  HHHQ;@HBF2HB?Q
h?2 Q#b2 p2/ TmHb2 “~"Bp H/Bbi B#miBQMb i2 +? .PJ "2 +QKT
KQ/2H T 2/B+iBQMb b?QrM BM #Hm2X h?Bb T "iB+mH ~2p2MirBi? i




8Xe 1p2Mi _2+QMbi' m+iBQM
[46, 27] LLH: 50.580 [81, 06] LLH: 72.110 [81, 07] LLH: 95.451
[ Pulses: 24.43 PE [ Pulses: 29.95 PE [ Pulses: 34.80 PE
= = cascade = = cascade = = cascade
=+ noise =+ noise =+ noise
LL - Expectation: 17.32 PE LL - Expectation: 27.71 PE LL - Expectation: 44.67 PE
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hH?22 Q#b2 p2/ /IBbi'B#miBQM Q7 TmHb2b 7Q° :Bp2M 2t KTH
+QKT "2/ ; BMbBi /2@dT ~ KK@WIH T 2/B+iBQMb 7Q  i?2 bBt .PJb i? i
KQbi +QMi'B#mi2 iQ i?2 Qp2° HH HQ;@HBF2HB?QQ/ p Hm2X *QMi B#
KQ/2H bQm +2 +QKTQM2Mib "2 b?QrM BM / b?2/ U+ b+ /2V M/ /Qii2/ U
r?BH2 i?2 +QK#BM2/ KQ/2H 2tT2+i iBQM Bb ;Bp2M BM i?2 bQHB/ #Hm2 H
iBOM Q7 i?2 MQBb2 +QKTQM2Mi Bb bm#@/QKBM Mi 22 2 M/i?2°27Q":
iBiH2 Q7 2 +? T M2H BM/B+ i2b i?2 bi'BM; M/ .PJ MmK#2 M/ Bib +QM
i72 HQ;@HBF2HB?QQ/X _2;BQMb b? /2/ BM "2/ BM/B¥ X2 iBK2 2t+HmbB

Q7 (F7U 2+QMDbi m+i2(/Fiy¥y Bb r2HH “2+QMbi m+i2/ b BM/B+ i2/ #v
C22K2Mi #2ir22M Q#b2 p2/ TmHb2b M/ 2biBK i2/ /Bbi"B#miBQM)
HB2b rBi?BMI/ OR7 i?2 "2+QMbi m+i2/ p2°i2t M/ i?2 /B 2+iBQM Bb
“2+4QMbiTm+i2/ idXrBi?BM

8XeXR 2+QMbi'm+iBQM S27Q K M+2
AMQ /2 iQ [m MiB7vi?2 T2 1Q2KIiN®+2QZ i?PQ "2+QMbi m+iBQM
K2i?Q/- +QKT "BbQMb ; BMbi bi M/ */ HBF2HB?QQ/@# b2/ "2+QMb
A+2*m#2 "2 T°QpB/2/ BM i?Bb b2+iBQMX Hi?Qm:? i?2 K BM 7Q+mt
Bb QM i?2 "2+QMbi'm+iBQM Q7 + b+ /2@HBF2 2p2Mib- i?2 p2'b i
i221p2Mi@:2M2° 7QK2rQ F Bb /2KQMbi  i2/ #v HbQ +QKT "BM; ;
IQM#H2@ +hbm T2\ M/ i° +F “2+QMbia MHBBIRM SBH H B TV2X 2
JOQ'2BM7Q 'K iBQM QM i?2b2 "2+QMbi ' m+iBQM Kj2iRQ/b Bb T QpB/2

h?2 T2 7Q K M+2 7Q " + b+ /2@HBF2 2p2MibxBbp2pMimi 22i/ QM bBKr
T bbi?2 2p2Mi b KTH2 miBABx2BBMB2 HbQ 272" °2/iQ bi?2 6J2/Bn
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1M27;v ai "iBM; * b+ /26 UJla*V b KTH2X 72rxj2Q@2MiM/ Q7 i?2b2
"2 "2@bBKmH i2/ rBi? p " BQmb /Bz2 ' 2Mi B+2 KQ/2Hb M/ "2 HBx iE
T K2i2°bpB i?72 aMQraiQil KRi?®@QMmMMi 7Q" bvbi2K iB+ mM+2"i BMil
h?Bb 2Mb2K#H2 Q7 2p2Mib Bb i?2M "2+ Q Mlpi 2 +@2:/2\B2? i®2 i BM2/
KQ/2Hb b r2QHM @TX/ h?2 "2bmHIBM; "2bQHmMIBQM +m p2b b 7ml
[2TQbBi2/ 2M2 ;v "2 BHHmMBIXX2/ BM 6B;m"2

bb?QrM BM @BGRnB?2 b+ /2@dT MK b+ /2@dT °~ KKDHBH b

T°QpB/2 M2 "Hv B/2MiB+ H "2+QMbi " m+iBQM "2bQHmMIiBQMX h?2b2

*LL- #mBHi rBi?BM@?72+Q@ K2rQ F U*?9%Vi2 M/ i?2 bi M/ /

2+QMbi m+iBQMKRAQPE/p2 i?722MiB°'22M2 ;v M;2X h?2 BKT Qp2K

BM M;mH ~ "2bQHmMIiBQM BOIMQKJ/MBDIK QX 72r i2Mb Q7 T2 +2Mi

i h2o0 2M2 ;B2b iQ HKOQDbi 7 +iQ° Q7 irQ i 72r ?2mM/ 2/ h20X av

mM+2'i BMiB2b HBKBi "2bQHmMiBQM i ?B;?2° 2M2 ;B2bX AM M B/2

Mv bvbi2K iB+ mM+2'i BMiB2b-i?2 "2bQHmMIiBQM K v¥2 7m i?2" ~2/

i Ryyh2oX i HQr2  2M2 ;B2b-r?2'2i?2 *LL 2tT2 ' B2M+2b /B{+mHiB2

iBKBM; BM7Q K iBQM3@a2+hB QK WiHRP2Mi@:2M2" iQ"

KQ/2Hb "2+ T #H2 Q7 BKT QpBM; #v Qp2' 7 +iQ Q7 irQ BM “2bQHmi

BM M;mH *® "2bQHmMiBQM "2 KQbiBKTQ i Mi7Q  M2mi'BMQ bQm +2 b:

+ M? p2 +QMbB/2° #H2 BKT +iQM i?2 b2MbBiBpBiw Q7bMbM HvbBb U
) VIX

AM //BiBQM iQ i?2 Q'B;BM Q7 M2mi'BMQ-i?2/2TQbBi2/ 2M2 ;v Bb
p "B #H2 miBHBx2/iQ /BbiBM;mBb? bB;M H 7 QK # +F;"QmM/ 2p2M
1p2Mi@:2M2° KR/2Hb "2 #H2 iQ BKT ' Qp2 i?2 2M2°;v "2bQHmMIiBQ
2Mb2K#H2 Q7 2p2Mib #v "Qm;?Hv jyW- b b22M BMXR2 HQr2 T M2
"2bmHiBM; BM K2/B M "2bQHMIiBIQMIQT #XQ+Q YRPTRW/BM; iQ
"2H iBp2 ++m° +v Q7 #QmMidW Q7 i?2 i m2/2TQbBi2/ 2M2 ;vX >Qr.
MmMM+2'i BMiB2b /QKBM i2i?22M2 ;v 2bQHmMIiBQM M/-B7 +QMb2 p iB
i?72/Bz2 2M+2b BM "2bQHmMIBQM #2ir22M i?2 /2TB+i2/ "2+QMbi m+iBC
BMbi M+2-i?2 mM+2'i BMivQMi?2 .PJ 2{+B2M+v HBM2 "Hv BM~m?2
HB;?i vB2H/ M/ i?2°27Q 2 HbQ i?2 "2+QMbi"m+i2/2M2 ;vX Hi?Qm;?
bbmK2/ mM+2'i BMivQMi?2 .PJ2{+B2M+v Q7 RyW-r?B+? rQmH/ /B
iQ MmM+2'i BMivQMi?2 2M2 ;v "2+QMbi'm+iBQM Q7 iH2 bii?2b |
"MH2/ Qmi #v /2i2+iQ  + HB#  iBQM ii?Bb TQBMiX

h?2 p2°'i2t TQbBIiBQM Ub2+QM/ T M2HV-r?BH2 MQi /B 2+iHv mb2/ E
iQ B/2MiB7v i?2 HQ+ iBQM M/ iQTQHQ;v Q7 M2p2MiX h?Bb BM7Q K
i?72 2p2Mi b2H2+iBQM bli(2T YU *2+ Ti2" YV X

K2/B M 2bQHmMIiBQM #2iNeBbM +?B2p2//2T2M/BM; QM i?2 "2+QMbi m+
K2i?Q/ M/ 2M2 ;v M;2X hBKBM; "2bQHmMiBQW 8B iPI22p2Mi i B;;2°
bm{+B2Mi 7Q° Mv M HvbBb H2p2H '2[mB 2K2MibX >Qr2p2°- BMp2bi

>2°2}QMQT @b "mM rBi? i?2 "6_pk bTHBM2 i #H2b BM+Hm/BM; iBHi M/ 2z2+iBp2 /B
r?B+? T°QpB/2b i?2 #2bi "2bmHib +QKT “2/iQ Qi?2° +QM};m" iBQMbX
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6B;m 2 8XhP2 "2bQHMIBQM b 7mM+iBQM Q7 2M2°;v Bb b?QrM 7Q"°
/IB"2+iBQM- p2'i2t TQbBiIiBQM- p2'i2t iBK2 M/ /2TQbBi2/ 2M2 ;v- 7°Q
iQK T M2H- "2bT2+iBp2HvX h?2 "2bQHmMIiBQM +m p2b BM/B+ i2i?2 8y
[m MiBiv b /2}M2/@®MBD2H #2H i ;Bp2M i m2 /2TQbBi2/ 2M2 ;vX "Q
d@T ~ KARZMi@:2M2" #Qb+ /2 KQ/2Hb T QpB/2 i?2 #2bi "2bQHMIBQM 7
HH "2+QMbi " m+i2/ [m MiBiB2b M/ 2M2 ;v M;2bX

dR
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"2bQHMIBQM + M ?2HT iQ B/2MiB7v B7 i?2 "2+QMbi m+iBQM rQ Fb
KQ 2 +QKTH2t 2p2Mi bB;M im 2b M/ b2T *~ iBQM i?2°2Q7- ++m  i2 iB¥
BM/BpB/m H+QKTQM2Milb Bob #2n@BT HKkh B2 /2@dT ° K@HQr
KQ/2Hb +?B2p2 M 2M2 ;v BM/2T2M/2MOT2PGH® iBQ M2O Q@ H#Q BIQ M
7QJQMQTQ/M;2b 7°QK #QTiih20 2M2 ;B2b MTiQLFX h?2

+Q "2H iBQMQTQW iBK2 M/ p2'i2t "2bQHmMIBQM +m p2biQ i?2/2TQbB
HBF2HvV bi2Kb 7°QK i?2 bBKTHB}2/ bbmKTiBQM Q7 TQBMi@HBF2 2N\
M2:H2+ib M 2ti2MbBQM Q7 i?2 + b+ /2 b?Qr2 X LQi2 i? ii?2 “2+QN
QIQMQT @b b?B7i2/ # +F #v i?2 p2  ;2-2M2 ;v@/2T2M/2Mi + b+ /2
BM i?2b2 +QKT "BbQMbX h?Bb bB:MB}+ MiHv +Q "2+ib i?2 BMi2" +
“2bQHMIBQM- #mi + MMQi +QKTH2i2Hv M2: i2 i?2 BKT +i Q7 i?2 bBKT

Pp2® HH- i?2 d@Tp2WRi@:2M2° KD/2Hb "2 #H2 iQ BKT Qp2 i?2
2+QMbi'm+iBQM ++m’ +v 7Q° 2p2°v [m MiBiv M/ 2M2 ;v M;2 BN
i?72 bi M/ 7/ "2+QMbi m+iB@QWOKIQIMOiI?2 *LL rBi?BM. LR
2+Q@° K2rQ'FX h?Bb 2M? M+2K2Mi Bb TIpRWBHH2 M2+ Qb2 i?2
MiBHBx2b bvkKK2i'B2b M/ /QK BM FMQrH2/;2-r?B+? i?2 *LL Bb BM+
pQB/BM; bBKTHB}+ iBQMb i? i "2 M2+2bb 'v7Q i?2 bTHBM2 i #H
JOMQT@/MTm i?2" /IBb+mbb2//XBM a2 +iBQM

J¥X h?mbl-pi2Ri@:2M2° B®+ T #H2 Q7 +QK#BMBM; i?2 bi*2M;i?b
JOMQTQM/ i?2 *LLX /QrMbB/2geMiti@:2M2° BQM +QKT "BbQM iQ
i?72 *LL- ?2Qr2p2 -Bbi?2 2[mB 2/ iBK2iQ 2+QMbi m+i M 2p2Mi- r-’
Q' /2 Q7 b2+QM/b- +QKT ~ #H2 iQ i?2 Q@ M{BIKIB N2 [nQBEM '/ ¥iviQ
KBHHBb2+QM/b b M22/2/ #v i?2 *LLX h?2 "2 bQM 7Q  i?2BM+"2 b2
i?72 M2+2bb v QTiBKBx iBOQM HQQT BM i?2 K tBKmK@HBF2HB?QQ/
QMHvV "2[mB"2b bBM;H27Q°r '/ T bbi?"Qm;?i?2 M2irQ FX

h?2+ b+ /2@RjTKQK2H H2 /b iQ BM72'BQ T2 ' 7Q K M+2 +QKT "2/iQ i
T > K2i2  KQ/2HbX h?Bb Bb BMi2 2biBM;- #2+ mb2 BM i?2Q v i??2
KQ/2H b?QmH/ #2 KQ 2 b2MbBiBp2 b Bi+ M}ii?2 bvbi2K iB+ T ° K2i
T K2i2'b BM i?2 "2+QMbi ' m+iBQM bi2TX AM +QMi’ bi- i?2d@T °
7Q°+2/iQ KQ/2H i?2 p2" :2S.6b-K ;BM HBx2/ Qp2 i?2 /Bbi ' B#miBQ
T > K2i2'b BM i?2i° BMBM; /i X h?Bb HBF2Hv H2 /b iQ KQ 2 "Q#m
+Qbi Q7 "2+QMbi'm+iBQM ++m" +vX h?2b2 T'2HBKBM ‘v “2bmHib BI
#2 //BiBQM H +? HH2M:2b iQ Qp2 +QK2 r?2M 2tT M/BM: 2p2Mi ?2v T«
/IBK2MbBQMDb iQ BM+Hm/2 bvbi2K iB+ MmBb M+2 T ° K2i2 bX AM °
irQ K BM "2 b BM r?B+? /2}+B2M+B2b K v 2tBbiX 1Bi?2  i?2 "2+QMb
+? HH2M:BM; BM ?B;? /IBK2MbBQMb H2 /BM; iQ # / HQ+ H KBMBK - Q"
7m i?2  QTiBKBxXx iBQMX Aiéb TQbbB#H2h? i 2TRjTERBM; Q7 i?2

/B/ MQi T°QT2 Hv +QMp2 ;2 M/fQ i? ii?2 T°QpB/2/i  BMBM; /i BbW
+Qp2  i?2 Rj@T * K2i2  T? b2 bT +2X AMbm{+B2Mi i  BMBM: /i 7Q"
2p2Mi ?2vTQi?2bBb K v H2 /iQ +QM7mbBQM " i?2 i? M BKT Qp2/ b2N\
T ii2"Mb K v MQi #2 2pB/2Mi 2MQm;? ;Bp2M i?2 MQBb2 M/ ~m+im i
M22/ 7m i?2° bim/v M/ TQi2MiB HHv KQ/B}2/ M2irQ ' F “+?Bi2+im
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6B:m 2 8X¥QE)2H iBQM THQib #2@ 2BM\ V2 U2+ QM @i ttBHA\2/ U

p Hm2b Q7 h22/2@RjTKQK2H "2 b?QrM 7Q° 2 +? Q7 i?2 bBt bvbi2K iB+
T K2i2 bX KQM; i?2b2 p "B #H2b- i?2 +Q "2H iBQM 7Q  i?2 bi 2M;i
MBbQi'QTv U MBbQi'QTva+ H2V BM i?2 iQT- KB//H2 T M2H Bb bi'QM;2
i?72 ++mKmH iBQM Q7 /i TQBMib QM i?2 /B ;QM HX

i? ii?2 "2H iBp2 +? M;2b BM bvbi2K iB+ T ~ K2i2 b z2+i i?2 TmHI
S.6b MmMB7Q KHv M/ BM/2T2M/2Mi Q7 bT2+B}+ .PJ-i?2M i?2 M2irQ
T2i BMBM; iQ i?2 bvbi2K iB+b+ M#2 7 +iQ 2/ QmiX h?BbrQmH/ 7 +
Q7i?2M2m” HM2irQ F bi?2/BK2MbBQM HBivBb 2z2+iBp2Hv "2/m+
/IQrM iQ irQ b2T " i2 TTQ#H2Kb Q7 d + b+ /2 T ~ K2i2°'b U H 2 /v b
T K2i2'b7Q i?2 KQ/B}+ iBQM Q7 M 'Bp HiBK2S.67Q" :Bp2M b:
T K2i2 'bX

L2p2 i?2H2bb-i?2 "2BbnbHH Z@RiTEQK2H b?Qri? i Bi Bb BM T'BM+BTH
TQbbB#H2 iQ BM+HmM/2 7m i?2  MmBb M+2 T °~ K2i2 b iQ i?2 2p2M
T 2pBQmb b2+iBQM2KBMDI2 i2b i?+i22/2@RjTKQE2H Bb

b2MbBiBp2 iQ i?2 bvbi2K iB+ T * K2i2'b- T i 7°QK i?2 .PJ 2{+B2M+
MQi z2+ii?2b? T2 Q7 i?2 mM/2 HVBM; TmHb2 “'Bp HiBK2 S.6X
KQ/2H b?QmH/ iQ +2°i BM/2;°22 #2 + T #H2 Q7 "2+QMbi m+iB
bvbi2K iB+ T > K2i2 bX b b?Q@vr\ BN @BBInBM/22/ r2 F+Q "2H iBQM
PBbB#H2 #2ir22M "2+QMbi m+i2/ M/i'm2 T > K2i2 bX h?2 +Q "2H iE
i72 bvbi2K iB+ T ° K2i2 i? i "2;:mH i2b i?2 bi'2M;i2MDyj-i?2 B+2 MBE
#mi Bi Bb HbQ 2pB/2Mi BM i?2 B+2 b+ ii2°BM; M/ #bQ 'TiBQM T °
i72 +Q "2H iBQM Bb 7 B'Hvr2 F M/i?2 T K2i2'b "2 KBb@ 2+QMb

dj
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MmMK#2 Q7 2p2Mib X% AWM 22ZHQBIMB HQMi@22M2" TQK2rQ F

Bb BMp2biB: i2/ 7Q  i?2 i bF Q7 /2i2+iQ " + HB# iBQMX 6Q  i?2 T 2
b K2+ b+ /2BbBMD2+i2/ BM i?2 /2i2+iQ  7Q  p 'VBM; b2ib Q7 bvbi2
M1p2Mi@:2M2  K@/2H Bb i?2Mi° BM2/iQ 2biBK i2i?2 mM/2 ' HVBM; S.
7mMM+iBQM Q7 i?2bBthbvbi2K iB+ T ~ K2i2 bX h?Bb 2bb2MiB HHv “2/m+
Q7i72b+ /2@RjTKQK2H /QrMiQ bBtT * K2i2 b 7Q" }t2/+ b+ /22vTQi?:
M/ i?2 bim/v + M #2 BMi2 T°2i2/ b i2biiQ BMp2biB; i2r?2i?2" K¢
TQTmH i2/ T? b2 bT +2 H2 /b iQ KQ 2 b2MbBiBpBiviQr /b i?2 bvbi2K
bb?QrM BM &B;i?2 i° BM2/ KQ/2H Bb #H2iQ ++m’ i2Hv "2+Qp2  i?2
bvbi2K iB+ T ° K2i2 bX h?Bb ;2M2° HHv BM/B+ i2b TQi2MiB H 7Q" 7r
KQ/2H i? i K vbm++22/i?2 T2 7@ K+M2B@JTIRQK2H /Bb+mbb2/

22°2X

30 500 —
= 2-cascade-9param £ 400 - r 0.014
25 Taupede =
CNN & 300 1 -0.012
Q
— 2 200
_. 20 A (&é F0.010 .
—_ S 100 3
2 &
0 15 4 0 -0.008 &
g 500 =
= L =
? 10 4 400 - 0.006 2
[}
@
< 3 300 3 - 0.004
Q
5] 3 200
2 4
e - 0.002
0 I I N A 100 m
103 104 0 = 5 LLoooo

0 100 200 300 400 500
True cascade separation / m

Edep[GeV]

W22 "2+QMbi"m+iBQM T2 '7Q K M+2 QM i?2 ‘iB}+B H /Qm#H:
b KTH2 Bb /2KQMbi> i2/X PM i?2 H27i- i?2 M;mH > "2bQHmMiBQM Bb +
7mMM+iBQM Q7 iQi H/2TQbBi2/ 2M2 ;vX PM i?2 "B;?i-i?2 +Q "2H iBQM #2
“2+QMbi'm+i2/ + b+ /2 b2T " iBQM /Bbild22iE@:BMQIMQQ" i?2
"2+QMbi'm+iBQM UiQTmiT M2HND iMYK T M2HV X

Hi?Qm;? i?2 2KT? bBb BM i?Bb /Bbb2'i iBQM Bb QM i?2 /2p2HQTK2M
Q7 + b+ /2 ' 2+QMbi ' m+iBQMLKRI2ZQQbA p2ZMi@:2M2° TQ K2 @

rQ'Fb "2 /2bB;M2/ bm+? i? ii?2v "2 TTHB+ #H2 iQ "#Bi "v 2p2Mi i
/IBb+mbb2/ BM &@HiB\QM )2 P22p2Mi@:2M2° TQK2rQ F + M

#2 mMiBHBx2/iQ +QMbi m+i KmHIiB@bQm +2 Q#D2+ib +QMbBbiBM; Q7 E
IQm#H2@+ b+ /2 2p2Mi ?2vTQi?2bBb Bb HQbkbi2n@rdZ/ # K@/H@M i?2
KQ/2H-r?B+? Bb '27@ 2 hi®Q /D@ NKQ/ZKH BM i?2 7TQHHQrBM; /Bb+mbbB
AM //BiBQM iQ i?2 Q'B;BM H b2p2M + b+ /2 T > K2i2 'b-i?22M2 ;v |
b2+QM/ + b+ /2 BMi2® +iBQM HQM; i?2 /B 2+iBKQ@H+Qu+~B;@i "2 //2/X



8Xe 1p2Mi _2+QMbi' m+iBQM

NT > KQ/2HBb MQi 2i° BM2/- #mi Bi bBKTHv +ib b r> TT2  "QmM/ i
+ b+ /2@dT ° KK@WIH- r?B+? Bb TTHB2/irB+2 iQ Q#i BM i?2 HB:?i VE
JQmM#H2 + b+ /2 2p2MiX

b KTH2 Q7 ‘iB}+B H/Qm#H2@+ b+ /2 2p2Mib Bb bBKmH i2/ #v BMD
+ b+ /2b rBi? b? "2/ /B 2+iBQM M/ 2ME7B2b BSEit2 21X

h?2 b2+QM/ + b+ /2 Bb BMD2+i2/ HQM: i?2 /B 2+iBQM Q7 ~B;?2i Q7 i
MMB7Q KHv b KTH2/ b2T * iBQM NBIM/M b EQiL2i2Mi i?2b2

+?2 ° +i2 BbiB+b "2 MQi "2 HROBBMWm+2M/ QBGFRAQ@+ b+ /2 2p2Mib- #
i72v HHQr iQ #2ii2° BMp2biB; i2i?2 T2 7Q K M+2 Q7 i?2 "2+QMbi m
//IBIiBQM iR@22b+ /2@NKQ/XKH- h?2@T2/22+QMbi m+iBQM K2i?Q/-
r?B+? Bb i?2 2[mBp H2Mi bi M/ */ "2+QMbi ' m+iBQM K2i?Q/ 7Q" /Qm:
M/i?2 *LL "2 TTHB2/ QM i?Bb 2Mb2K#H2 M/ i?2B T2 7Q K M+2
6B:m32XBQ  i?Bb 2Mb2K#H2 QP 2WR@iDM2?2i@+QMbi m+iBQM Bb
#H2 iQ T'QpB/2i?2 KQbi ++m > i2 M:mH > 2+QMbi'm+iBQM b BM
Q7 6B:@XXAM T "iB+mH ° ibK HHb2T  iB@M BBbi2}@NH- iR2
KQ/2H TT2 "biQ #2 T2 7Q KBWM) E2/22?B2> M2tT2 B2M+2b H ;2°
7° +iBQM Q7 KBb@ 2+QMbi m+i2/ 2p2Mib b pBbB#H2 BM i?2 #QiiQK
"B;?i Q7 6B XX 2

0 = ]0-cascade-25param w22 K2/B M MimH - \2bQ@
35 - Millipede HmiBQM QM i?2 2Mb2K#H2 Q7 'iB}+B H
SplineMPE 2p2Mib- +QMbBbiBM; Q7 i2M +Q "2H i2/ + b:
. 301 CNN Bb b?QrM b 7mM+iBQM Q7 i’ +F H2M;i?
— o5 i?72 /2i2+iQ X h?2 *LL Bb MQi bT2+B}+ HH
S i BM2/ QM i?Bb 2p2Mi iQTQHQ;vX /2/E
&{20-\/1 + i2/ *LL rBHH T°QpB/2 M BKT Qp2/ T2 @
S 15 7Q°K M+2- #mi MQi bm T bb i?2 Qi?2" K2i-
s Q/bX h?2 T'2HBK®M bw /2@k8T ~ K
< 10 A KQ/2H T QpB/2b +QKT * #H2 “2bmHib iQ i
\ +m "2Mibi i2@Q7@i?2@ ‘i "2+QMbi' m+iBQ|
N Q/BBHHBTMATHBM2IBM/B+ iBM;
0 . . . ==  TQi2MiB H 7Qp2Mi@:2M2" iD@
200 400 600 800 P2HQTK2Mib i “;2iBM; i’ +F 2p2MibX

Length in detector [m]

M HQ;QmbHK@+i®2 /2@NRKQ/KH- KmHiB@bQm +2 Q7 i2M +Q 2
+ b+ /2Py@+ b+ /[2@k8F MKE2 /2YM2/ QM i?2 # bBb Q7 i?2 mM/2 H
+ b+ /2@dT °~ KK@WIHX aBKBH "Hv iQ i?2 T'2pBQmb b2imT- “iB}+B F
+QMbBbiBM: Q7 i2M +Q "2H i2/ + b+ /2b "2 bBKmH i2/X h?2 HQ+ iBC
b KTH2/ HQM; i?2 /B 2+iBQM Q7 ~B:?i rBi? p "\WBML//Bbi M+2b #

N Q7 i?2 }'bi + b+ /2X h?2 "2bmHiBM; b KTH2 Bb i?2M “2+QM
i?22Ry@+ b+ /2@KBEDQ/2K-i?2 bi M/ / "2+QMbi ' m+iBQM K2i?Q/ 2[m
JBHHBT2i/22 *LL- M/ i?2 KQbi rB/2Hv mb2/ i° +F "2+QMbi m+iBQN
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aTHBM2XS@B ;M X2b?Qrb i?2 K2/B M M;mH > "2bQHmMIiBQM b 7mM+
i* +F H2M:i? BM i?2 /2i2+iQ X h?I2H'ERM Q HBRHBHOBT B2 i ? 2
1p2Mi@:2M2° WK@MPpP2 ;2 7Q  i° +F H2M ;NXb #IQMHH?2 i +F
H2M:iPBHHBT2M2Lp2Mi@:2M2  IQKBM i2 rBi? bHB;?i T°272°2M+2 7Q"
JBHHBTR MM +QMi" bRYy@H¥? D+ /2@Kk8F2MK?2vTQi?2bBb- r?B+? }ib
7Q  i?2 HQ+ iBQM M/ 2M2 ;v Q7 i2M + bHB HbB FHENRH v 32bi° +F-
7Q°i?2 2M2°;B2b Q7 + b+ /2b iNtRQM2TP2Q?ATQi?2bBx2/ i +FX M
2[mBp H2Mi 2p2Mi ?2vTQi2@PEBb@B2IMP?27TQ K2rQ F Bb TQbbB#H2-
#miBM Bib +m "2Mi BKTHRICMW @ RO i 7Q K2rQ F /Q2b MQi b+ H2
2HH iQ KmHIiB@bQm +2b +QMbBbiBM; Q7 KmHiBTH2 ?mM/ 2/ BM/Bp
7Q  i2BHHBT2vIQi?2bBbX h?Bb rQmH/ "2[mB 2 7Q°r */ M/ # +Fr
i2°QOm:? i?2 mM/2 ' HVBM: LL7Q 2 +? Q7 i?2 + b+ /2b HQM: i?2 i +FX
M/ TQbbB#HvV #2ii2° bQHMIBQM Bb iQ /B 2+iHv i BM i  +F 2vTQi?2b
~2tB#BHiviQ1li 7Q biQ+? biB+ 2M2 :v HQbb2b HQM: i?2 i° +FX h?2"
b?QrM ?22°2 TRY@?2b+ /2@KBDQ/2K /2KQMbi® i2i?2 TQi2MiB H Q7 i?:
1p2Mi@:2M2° 7@ i° +F "2+QMbi ' m+iBQMbX

8XeXk IM+2"i BMiv 1biBK iBQM

"2bi@}i TQbBiBQMb Q7 "2+QMbi m+i2/ [m MiBiB2b UTQBMi 2biBK
rBi?Qmi TT QT B i2 K2 bm 2b QM i?2B° mM+2"i BMivX b /2KQM]
i B QIVK ( ) IQ7IAL @2+ Q K2rQ F-

i BM2/ T " K2i'B+ KQ/2Hb 7Q" i?2 mM+2 i BMiv 2biBK iBQM Q7 +H b
Bb 72 bB#H2 M/ bm+? M TT'Q +?2 + M T ' QpB/2 /2[m i2 +Qp2" ;2 Q
Q7 2p2MibX h?Bb TT Q +? Bb H blQ 2™ @B 2 M¥H 27Q X 2irTR F

Ua2+iBQM L2p2 i?2H2bb- K tBKmMK@HBF2HB?QQ/@# b2/ "2+QMb
HHQrb MQi?2° TT'Q +? iQ 2biBK i2 i?2 mM+2"i BMiv QM "2+QN
T2 @2p2Mi # bBbX h?2 b? T2 Q7 i?2 HBF2HB?QQ/ H M/b+ T2 + M #
+QM}/2M+2 BMi2'p Hb # b2/ QM i?2 /2Hi HQ:@HBF2HB?QQ/ p Hm2b
MiBHBXBM:; i?2 BMp2'b2 >2bbB M K i"Bt ii?2 #2bi@}i HQ+ iBQM- K °
M/J FQp@*? BM@JQMi2@* "HQ UJ*J*V "2 /Bb+mbb2/ BM i?Bb b2+

>2bbB M M/ a M/rB+? 1biBK iQ"

IM/2> +2°i BM +QM/BiBQMb-i?2 BMp2'b2 Q7 i?2 Q#b2 p2/ 6Bb?2" E
UM2; iBp2 Q7 i?2 >2bbB M K i'BtV-2p Hm i2/ ii?2 K tBKmK@HBF2
Bb M 2biBK iQ Q7 i?2 bvKTiQiB+ &&Qip)XB>RIr2pR " BABb Bb QMHvV

p HB/ B7 i?2 K tBKmK@HBF2HB?QQ/ KQ/2H Bb +Q "2+iHv bT2+B}2
bT2+B}+ iBQM-i?22 Qmi2  T°Q/m+i Q7 ; /BpMid P IW2ZIBBK i2 (
+QMM2+iBQM rBi? i?2 BMp2 b2 >2bbB MK i'Bt BM Q' /2 iQ /2 °Bp2
Q7 i?2 +Qp "B M+2 K i'Bt- "272M2r/BiZBiBK?IZNX h?2 PS:



8Xe 1p2Mi _2+QMbi' m+iBQM

2biBK i2 Bb HbQ "2H2p Mi 7Q" 2ti2M/2/ K tBKmK@BBF2BB8?QQ/ 2biB
i72 BMp2 b2 bvKTiQiB+p 'B M+2 Bb MQi TT QtBK i2/ #v i?2 >2bbB
/2°Bp iBp2bV b BM bi M/ "/ JG1- #mi#v T Q/m+i Q7 1} biQ/2 /2 Bp

h?2 >2bbB M M/ b M/rB+? 2biBK iQ°b "2 "2bQm +2 2{+B2Mi K2i?(
i?72 HQ+ H+m' p im 2 Q7 i?2 HBF2HB?QQ/ bT +2 ii?2 K tBKmK@'}
iQ T°QpB/2 +QM}/2M+2 BMi2 p HbX h?2b2 2biBK iQ'b "2[mB 2 i?2
M/ b2+QM/ Q /2" /2°Bp iBp2b-r?B+? K v #2 +QKTmi2/ pB # +F@T C
lp2Mi@:2M2° TQK2rQ FX

J FQp@*? BM@JQMi2@* "HQ

M Hi2"M iBp2 TT Q +? iQ i?2 7Q 2K2MiBQM2/ 2biBK iQ'b Bb
MB[m2 Q7 i?2 TQbi2 ' BQ /Bbi B#miBQM pB J FQp@*? BM@JQMi2
1p2Mi@:2M2° iIRHQrb i?2 mb ;2 Q7 KmHIBTH2 bQ7ir "27° K2rQ Fb M.
bi” i2;B2bX AM i?2 bim/v T 2b2Mi2/BM 2EB)hbbQR#AiIrB @M- +F2; 2
Bb 2KTHQvV2/X a KTH2b Q7 i?2 TQbi2'BQ /Bbi B#miBQM "2 ;2M2" i2
R9r HF2'b M/ kyyy b KTH2/ TQBMib 2 +?X h?2b2 b2iiBM;b "2 +QKT
++2Ti #H2 +QKTmi iBQM "2[mB 2K2Mib M/ /2[m i2 KQ/2HBM; Q7 i?
#miBOQMX AM Q' /2 iQ2p Hm i2i?2 +Qp2° ;2 Q7 i?2 M;mH " mM+27i
x2MBi? M/ xBKmi? p Hm2b Q7 i?2 ;2M2" i2/ b KTH2b 2T ~ K2i2 Bxz:
2Mi /Bbi ' B#miBQMb QM i?2 mMBi bT?2 2X h?2)p/@MiIBH@DEBBHL?2 " U
R.: mbbB M2[mBp H2ZMi QM i?2 bT?2 2-rBi? 6+B +mH "Bx2/6 M;i
bvKK2i'B+ HBM xBKmi? M/ x2MBi?- Bb 2KTHQv2/ BM //BiBQM iQ i
/IBbi'B#miBGMNEYH"M M HQ;m2iQi?2 ;2M2° H #Bp B i2 MQ 'K H/Bb
+ T #H2 Q7 KQ/2HBM; 62HHBTiIB+ HO6 +QMiQm b QM i?2 bT?2 2X

J :BM HBx2/ aFv a+ Mb

h?2 K “;BM HBx2/ TQbi2 ' BQ  /Bbi'B#miBQM BM "2+QMbi m+i2/ x2MB
Kv HbQ #2 BMp2biB; i2/ #v T2 ' 7Q KBM; T Q}H2 HBF2HB?QQ/ b+
i?Bb TT Q +?-i?2 bFv Bb /BpB/2/ BMiQ 2[m H ‘2 #BMb mbBM; i?2
"2 BbQG iBim/2 SBt2HBDb iBEgM PYIBRIBHHE- M2  #BMMBM; K
#2 +?2Qb2M "QmM/ "2:BQMb Q7 BMi2 2bi iQ HHQr 7Q° KQ' 2 /2i B
"2/m+BM; +QKTmi iBQM H "2[mB 2K2MibX i2 +? TBt2H HQ+ iBQM-

2DiBK iBQM Bb T2 7Q K2/ r?BH2 F22TBM; i?2 x2MBi? M/ xBKmi? M;
pHM2b ii?2+m "2Mi TQBMi BM i?2 bFvX *QM}/2M+2 BMi2 p Hb K v #:
+QMbB/2" iBQM Q7 qBHF6Q iPRQ@RIKY #v BMi2 T 2iBM; i?2 MQ K |
T'Q}H2 HBF2HB?QQ/ b+ M b M TT QtBK iBQMiQ i?2 TQbi2 ' BQ"

h?2 Tvi?QM T FEX2) p BH #KH2iTi Bb miBHBX2/ X
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b2+iBQM-i?2 H ii2> QTiBQM Bb +?Qb2M rBi? M //BiBQM H T - K2i2 I
/IBbi'B#miBQM- bBKBH "~ iQ i?2 J*J* TT ' Q +?- bi?Bb T QpB/2/i?2 #

1p Hm iBQM Q7 1biBK iQ b

1biBK i2/ +QMiQm bBQM}/2M+2 H2p2H "2 +QKT 2/ 7Q 2 +?2 Q7 i?2 /2b
K2i?Q/b BM &B;X2M +QMi”~ biiQ i?2 pJ6 /Bbi B#BhiBB#miBQM"

Bb #H2 iQ KQ/2H 2HHBTiIB+ H+QMiQm'b-H2 /BM; iQ #2ii2° /2b+ BTi
/IBbi’'B#miBQMX h?Bb Bb T 'iB+mH "Hv pBbB#H2 BM i?2 "2+QMbi ' n
#QiiQK "B;?i T M2H-b?QrBM; bi'QM; +Q "2H iBQM #2ir22M x2MBi? M
6Q  i?Bb 2t KTH2- i?2 #2bi@}i pJ6 /Bbi ' B#miBQMb 7Q" i?2 bFv b+
2biBK i2b "2 Qzb2i QM 2Bi?2 bB/2 Q7 i?2 "2+QMbi m+i2/ K tBKmK@H
Ur?Bi2 i'B M;H2VX h?Bb Qzb2i HBF2HvV bi2Kb 7°QK M ii2KTiiQ KQ
S.6 rBi? +B'+mH ~ /Bbi'B#miBQMX L2p2°i?2H2bb- BM K Mv + b2b
/I2b+"BTiBQM pB i?2 pJ6 /Bbi B#miBQM "2bmHib BM /2[m i2 +QMi
bBKBH "~ +Qp2° ;2 QM i?2 2Mb2K#BP H2iM2X6"

h?2 +Qp2° ;27Q  i?2/2b+ B#2/ mM+2" i BMiv 2biBK iQXIX\Bb BMp2biB;
h?2 J*J*b KTHBM; T QpB/2b M2 "Hv T2 72+i +Qp2 ;2 7Q HQr@2M2
H27iVX >Qr2p2 - rBi? BM+ 2 bBM; 2M2" ;v UH27i iQ "'B;?iV-i?2 2b
MmM/2  @2biBK i2 mM+2'i BMiB2bX h?Bb i '2M/ Bb"bBKBIR2 7Q  i?2 Qi?
2t+2TiBQM Q7 i?2 b M/rB+? 2biBK iQ X BiABE®mMmbbZ/bBEMIaZ+iBQM
IMIR2FMITRMIi@:2M2° KQ/2Hb 2t?B#Bi /IB{+mHiB2b
BM KQ/2HBM; i?2 +? ;2 /Bbi ' B#miBQM /m2iQ " "2 QmiHB2'bi? i "2 WV
SQBbbQM Q' M2; iBp2 #BMQKB H3/BXi hB22nBERQ M iUBBi BB KQ/2HBM;
BM #BHBiv #2+QK2b KQ 2 T°'QMQmMM+2/ i ?B;?2 2M2 ;B2bX h?mb- i~
"2 KBb@bT2+B}2/ BMi?Bb 2M2 ;v "2;BK2- "2bmHiIBM; BM TQi2MiB
M/ MM 2HB #H2 mM+2 i BMiv 2biBK i2bX h?2 b M/rB+? 2biBK iQ" +0Q
2t+2TiBQM b Bi Bb #H2iQ ++QmMi 7Q KQ/2H KBb@bT2+Bl}+ iBQM

hQ 7Tm i?2  p2'B7v i?2 ?2vTQi?2bBx2/ BKT +i Q7 KQ/2H KBb@bT2+B
bBKmH iBQMb "2 ;2M2" i2/X AM i?2b2 bBKmH iBQMb- TmHb2b i
"2 b KTH2/ /B'2+iHVUPp2MK@?22M2" BQ6b Ua2+8B@Q M i "2

HbQ mb2/BM i?2 2p2Mi "2+QMbi m+iBQMX h?Bb "QmM/@i BT 2HB|
bT2+B}+ iBQM i ?B;?2 2M2 ;B2bX i HQr2 2M2 ;B2b-bQK2 /Bb+ 2T
/Im2 iQ /Bb+ 2iBx iBQM Bbbm2b BM MmK#2~ M/ +? ;2 Q7 b KTH2/ T
BHHmbi  i2/ BMi?2 #QiiQKXGBM7BB;BM;, Km+? BKT Qp2/ +Qp2 ;2
M/ i?mb bmTTQ iBM; i?72 +H BK2/ BKT +i Q7 KQ/2H KBb@bT2+B}+
i? ii?2>2bbB M M/ b M/rB+? 2biBK i2b T°'QpB/2 M2 "Hv B/2MiB+ H
#b2M+2 Q7 KBb@bT2+B}+ iBQMX 2K BMBM; mM/2 @ M/ Qp2 @ +
M/ b M/rB+? 2biBK i2b Bb HBF2Hv /m2 iQ i?2 mM/2 "HvBM; pJ6 /Bbi’ I

h?Bb i"2M/ Bb HbQ pBbB#H2 7Q  bi M/ / JG1 2+QMbi m+iBQM K2i?Q/b BM A+2*
BMi'BMbB+ KQ/2HBM; Bbbm2X



Zenith / degree

8Xe 1p2Mi _2+QMbi' m+iBQM

—== Hessian —=-= MCMC (VMF) SkyScan (VMF) + MC Truth
—— Sandwich —— MCMC (FBs) SkyScan (FB s) N MLE
80 1 80 -
57 70 -
7 -
0 60 A
8 65 &
2 D 50 A
T 60 1 °
£ £ 40 1
'c 55 1 c
N N 30 -
50 A \
45 20 1 //
\\~ ”/
40 A 10 E =065 TeV | %= (10m; T46m), 34m)
25 50 75 100 125 150
Azimuth / degree
132.5
130.0 - 130.0 A
1275 4 127.5 A
(]
3
122.5 A = 122.5 A
z
120.0 A N 1200 1
115.0 {E =470 TeV [ R= ((35@?@,, -205m), -31.2m) 1150 1e=4o.02 Tev | %= (411m, 256m, 424m)
135 140 145 150 155 260 265 270 275
Azimuth / degree Azimuth / degree

6B:m 2 8*QMiQné.h BXGXV b 2biBK i2/#v2 +? Q7 i?2/2b+ B#2/ K2i?Q/b
"2 b?QrM QM iQT Q7 i?2 K “;:BM HBx2/ bFv b+ MK T 7Q° 7Qm" 2t KT
"F2° +QHQ'b +Q "2bTQM/iQ HQ+ iBQMb Q7 H ;2 ° HQ:@HBF2HB?QQ/ |
"2+QMbi'm+i2/ /B 2+iBQM UJG1V "2 BM/B+ i2/ #v 2/ +'Qbb M/ r?B
“2bT2+iBp2HVX LQi2i? ii?2pJ6+QMiQm b/QMQi TT2 “+B +mH ~BMi?E
/m2iQi?2 bT2+i iBQ M/TH M T QD2+iBQMX

dN
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1.0
— MCMC | J
0.8 1 Skyscan | ] 7 1 /‘/
= Hessian i /‘/ -
€ 0.6 A P 1 P b e
S —-- Sandwich - /-/,/ e
- . 7
S 0.4 7z . =z 1 o
[} — rd »
> L~ 7 N
F 0.2 A 2 1 1,7
00 <1TeV Z 1-100 TeV > = 100TeV
1.0 - - -
(Round-trip) (Round-trip) f (Round-trip) //
08 1 ] pd 1 7,
2 4
£ 0.6 g
g
P
;0.4 2 ;
= . pZ
F o2 . 27 7
00 Z <1TeV 7 1-100 TeV = 100TeV
' 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
Estimated quantile Estimated quantile Estimated quantile

h?2 +Qp2° ;2 Q7 i?2 M;mH " mM+2"i BMiv 2biBK i2 7Q" 2 +7? (
/2b+"B#2/ K2i?Q/b Bb 2p Hm i2/7Q" /Bz2 '2Mi 2M2 ;B2b U+QHmMKMbV Q
bBKmH iBOQM UiQTV br2HH b QmM/@i'BT bBKmH iBQMb U#QiiQKVX _Qr
"2@bBKmMH i22p2Mib #vb KTHBM; T ing2o\ib@ B2 12 2 i HKGQD7/ 2o i ? 2
Ua2+iBQUM S2°72+i +Qp2° ;2 Bb Q#i BM2/ QM i?2 /B ;QM H U/ b?2/- HB;?

b+ M M/ J*J* "2bmHib b?Qr>BNMB8 :m2/2QM i?2 KQ 2 :2M2" H 6"
/IBbi"B#miBQMX

AM bmKK “v- M2Bi?2 Q7 i?2 T 2b2Mi2/ mM+2'i BMiv 2biBK iQ b 2 +m
iQ HH2M2 ;v M:2b rBi?Qmi 7m i?2  + HB# iBQMX h?mb-7Q i?2
BM i?Bb /Bbb2 i /iBADMM BSKB@T ~ K2i'B+ 2biBK iQ  Bb +QMbi m+i2/
QM i?2b2 T2 @2p2Mi 2biBK iQ b- H2 /BM; iQ /2[m i2 +Qp2 > ;2 QM
2p2Mib b /2KQMbi  i2/dBM.@BBHE "2 T QpB/2HBM@24iBQM

)X

8Xd 1p2Mi@:2M2" iQ° b aBKmH iBQM hQQH

h?2lp2Mi@:2M2° B® p2'b iBH2 iQQH i? i+ M #2 miBHBx2/ 7Q " KmHiB"
iBQMbX AM T'BM+BTH2- i?2 2KTHQvV2/ ;2M2" iBp2 M2m  H M2irQ F B
i?72 JQMi2 * "HQ UJ*V bBKmH iBQMX bbm+? Bi+ M#2 mb2/iQ :2M2
h?Bb K v #2 ?2HT7mH iQ pQB/ +QKTmi iBQM HHv 2tT2MbBp2 J* bBKm
i ?B;?2° 2M2 ;B2bX

h?2 ;2M2° iBp2 KQ/2H Bb i* BM2/iQ T 2/B+ii?2 p2" ;2 HB:?i vB2H/ 7
2vTQIi?3KBYOM Q /2" iQ // 2p2Mi@#v@2p2Mip "B iBQMb- TmHb2b Kr



8Xdp2Mi@:2M2" i  aBKmH iBQM hQQH

MR2p2Mi pB2r Q7 + b+ /2 BMi2  +iBQM Dmbi #2HQr i?2 /mbi
b?QrM 7Q° i?72JQMi2 * "HQ bBKmH iBQM QM i?2 H27i M/ i?2 ;2M2" iBp2
"B;?iX "Qi? 2p2Mib K i+? r2HH rBi?BM i?2 2tT2+i2/ bi iBbiB+ H ~m+im
;2M2° iBp2 KQ/2H Bb #H2iQ + Tim'2i?2 ii2Mm iBM; 2z2+i Q7 i?2 /mbi F
M/ + TiBQM i F2M 7@K _27X (

7°QK i?2b2 2tT2+i iBQM p Hm2bX h?Bb Bb +?B2p2/ #v } ' bib KTHB
i 2 +?2 .PIJX PM p2° :2- T?2QiQM ?BiiBM; i?2 SJh rBHH :2M2" i2 K
+?2 ;2 Q7 #Qmi R S?QiQ2H2+i'QMb US1V- #mii?2°2 "2 /2pB iBQJ
i?Bb-i?2 b KTH2/ iQi H+M®122.AJBD /Bbi B#m,2/nQpR2b bm +?

i? ii?2 /Bbi'B#miBQM Q7 TmHDb2 +? “:2b "Qm;?Hv +Q "2bTQM/b i
+? ;2 /Bbi'B#miBQM b Q#i BM2/ 7°QK J* bBKmH iBQMX

7i2°r "/b- 1?2 iBK2 Q7 2 +? TmHb2 Bb b KTH2/ BM irQ bi2ThX 6Q"
M/QK MmK#2Md » "2/ rM #2ir22My M/ RX h?2 1} bi Q7 r?B+? Bbm
iQb KTH2 i?2 +Q "2bTQM/BM; KBtim 2 KQ/2H +QKTQ®M2MiX b /2b+ I
i?72 TmHb2 "~"Bp HiBKZ K 1BXM7Q" bQmBRT ~ K2i2 Bx2/
#v KBtim 2 KQ/2H Q7 bvKK2i'B+ : mbbB Mb U :bVX h?Bb biBHH
KmHiB@b@nr2+? Bb Dmbi HBM2 * +QK#BM iBQM Q7 BM/BpB/m H b
+ Mi?2°27Q 2 #2 ii B#mi2/ r2B;?ii? i[m MiB}2b i?2 +QMi B#miBC
iBK2 S.6 #X +mKmH iBp2 bmK

kfog- | O U8XkkV

P
F 0y &n
Bbi?2M +QKTmi2/ 7" QK HH rnZB2Bib-QR 2Q i?2 MmK#2" Q7 KBtim 2

+QKTQM2¥Mibb2/ QM i?2 } bi > M/QK-M™X@i2? KBtim 2 +QKTQM2Mi
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Bb +?Qb2M bm+? i? i

Koo I kfo I U8 XKkjV

Bbp HB/X h?2 b2+QM/ " M/BIK MeKA@ b KTH2 i?2 i@K2 Q7 i?2
TmHb?2
A %L Alw b b UBXKOV

7°QK i?2BMp2 b2 *. @7 b¥XKK2i'B+ : mbbB M KBtim 2 +QKTQM2Mi ;
#v,

gw ~AJAFs® ! 7 -

L U8Xk8V
Bw A" A|AESG WL [

w

~

$%% w

h?2 "2bmHiIiBM; TmHb2b "2 M HQ;Qmb iQ i?2 TmHb2b Q#i BM2/ 7
bBKmH iBQM +? BM BM+HmM/BM; T?QiQM T QT ; iBQM-i'B;;2° M/ 2H2
r2HH b TmHb2 2ti° +iBQMX M 2t KTH27Q" + b+ /2 2XMi Bb BHHmbi
AM i?2 H27i T M2H- M 2p2Mi pB2r Bb b?QrM 7Q  i?2 J* bBKmH iBQN
#2HQr i?2 /mbiH v2'X h?2 b K2 + b+ /2 Dp,2Wi20 :i2V 2V BG2

b?QrM QM i?2 "B;?iX

8X3 .2i2+iQ  * HB# iBQM rBi? 1p2Mi@:2M2" iQ"

h?2 bi"2M;i? QpaMI@:2M2° 7Q'K2rQ'F HB2b BM Bib #BHBiv iQ KQ/
?B;?7@/BK2MbBQM H S.6b BM ~2tB#H2 M/ p2'b iBH2 7 b?BQMX .
i?72 7° K2rQ'F Bb r2HH bmBi2/ 7Q  + HB# iBQM i bFb bm+? b i?2
[2i2+iQ" T ~ K2i2 b i? i /2b+ B#2 i?2 T°'QT2 iB2b Q7 T?QiQM T QT
;H +B H B+2 Da@R+iBQ-M PVX+*CHB#® iBQM Q7 i?2/2i2+iQ" K2/Bml
Bb +? HH2M;BM; M/ +QKTmi iBQM HHv 2tT2MbBp2 i bFX h?2 B+
K Mv ?2mM/ 2/b Q7 722 T8k KDi2rbpB+? +QKTHB+ i2bi?2 b2 "+?2 7Q"

HQ# HQTIiBKmKX AM //BiBQM-i?22p Hm iBQM Q7 ;Bp2M b2i Q7
H ;2 KQmMib Q7 bBKmH iBQMb- "2M/2°"BM; ;HQ# Hb2 "+? M2 "Hv |
+ HB# iBQM TT Q +?Z2B)BRMAZ2OMABK iQ BbQH i2 BM/BpB/m H +QKT
Q7 i?2 B+2 KQ/2H- r?B+? "2 i?2M QTiBKBx2/ #v T2 ' 7Q KBM; ; B/

T > K2i2 " bm#@bT +2X

h?21p2Mi@:2M2° 7TQK2rQ F K v #2 mb2/iQ “2/m+2 i?2 M2+2bb v +1

Tmi iBQM iBK2 M/iQ 7 +BHBi i2 i?Bb KBMBKBxXx iBQM T Q+2/m 2- 1

"HQ# H b2 "+?2X M HQ:QmbHvV iQ i?2 “:mK2Mili @miHBM2/ BM a:
Y-HiBDOMT Q +?2 AP2MiZ®:2M2° KQV #2 bmT2 BQ" iQ

i?2 /B 2+i "2@bBKmH iBQM /m2 iQ i?2 bKQQi?BM; M/ BMi2 TQH iBQ

mMM/2 HVBM; M2m~ H M2irQ FX AM/BpB/m HT ib Q7 i?2 T > K2i2"



8X3 .2i2+iQ  * HB# IpDWIi@B2M2  iQ"

MQi K ii2° 7Q° +2°i BM /2i2+iQ" "2bTQMb2b Q" i?2B" BKT +i K v #
M/ /2b+ B#2/ #v bBKTH2 7TmM+iBQM H “2H iBQMbX h?2 M2m" H M
1p2Mi@:2M2° TQK2rQ F "2 #H2iQ 2tTHQBi/ i T QT2 iB2b bm+?
r?B+? Bb KQ 2 +? HH2M:BM: iQ +?B2p2BMK Mm H :'B/ b+ Mb Q7 i?2
/B 2+i "2@bBKmH iBQMbXpBMi@b2\H2: i®EmB 2b H2bb bBKmH i2/
/i TQBMib- M/ HbQ H2bb T?QiQM bi iBbiB+b 7Q 2 +?2 Q7 i?2b2 TQF
+Qp2 i?2 T " K2i2  T? b2 bT +2X

AM Q /27 iQ /2KQMbi™ i2 i?2 TQEX2WBOH2M2 178" /2i2+iQ°

+ HB# iBQM- bBKTHB}2/ bim/vBb T2 7Q K2/ 7?2 2X + b+ /2rBi? .
Q7 5F7Bb BMD2+i2/ ? H7 KBHHBQM iBK2b BM i?2 HQr2 +2Mi" H T
#2HQr i?2 ImbKHh92'T °~ K2i2 b Q7 i?72 BMD2+i2/ + b+ /2 "2 ?2H/ +
7Q° 2 +? BMD2+iBQM-r?BH2 bvbi2K iB+ T ~ K2i2°'b T2'i BMBM; iC
/12i2+iBQM 2{+B2M+v Q7 i?2 .PJb "2 p 'B2/X h?2b2 bBKmH iBQMb 2
~ b?2° "mMb BM r?B+? + HB# i2/ G1.b QM i?2 .PJb "2 mb2/iQ Bl
i?72 /2i2+i@QX( h?2 "2+Q"/2/ /2i2+iQ" "2bTQMb2 Q7 bm+? ~ b?2" "n
iQ + HB# i2 /2i2+iQ T QT2 iB2bX AM +QMi” biiQ i?2 + b+ /2 bB
i?Bb bim/v-/2/B+ i2/ ~ b?2  bBKmH iBQMb /B ' 2+iHv BMD2+i HB;?i

~ b?BM; .PIX g?BH2i?2/Bz2 ' BM; BMD2+iBQM HQ+ iBQMb b?QmH/ M
Q7 i?Bb bim/v- }tBM; i?2 /2TQbBIR7BOM 20 BKIKTHB}+ iBQM i? i rBHH
"2bmHiIi BM Qp2 Hv QTiBKBbiB+ "2bmHib b i?2 MmK#2" Q7 2KBii2/ T
p "B2b M/ Bb MQir2HH + HB#  i2/X

M1p2Mi@:2M2" K@/2H 2[mBp H2MbiQ/PR@RjTKQK2H BMi Q@

/Im+2/ BM aZ+iBQM BM2/iQ T 2/B+ii?2 TmHb2 'Bp HiBK2 S.6b b
Q7 i?2 bvbi2K iB+ T ° K2i2'bX PM+2 i° BM2/-i?Bb KQ/2H Bb 2KTHQv
p Hm2b Q7 i?2 bvbi2K iB+ T > K2i2'b QM mMb22M 2p2Mib i? ir2° 2
i BMBM:;X AM i?Bb TT Q +?-i?2 MmBb M+2/7 @ KjZIiCQKEBM i?2

"2 MQrmb2/ bi?2T K2i2b Q7 BMWZRBIMbEBimba?22 + T #BH@
BivQ7i?2i BM2/ KQ/2H iQ "2+Qp2  i?2 BMD2+i2/ bvbi2K iB+ T
+Q  2H iBQM #2ir22M i'm2 M/ 2+QMbi m+i2/ p Hm2b Bb pBbB#H2X
+Q "2H iBQM Bb b22M 7QSQR2A+2K2i®B+? iQ:2i?2 rBi?
>SQH2A+2S " K'B2b i?2 T?QiQM ++2Ti M+2 Q7 i?2 SJhb b 7mM+iB(
BM+B/2Mi T?2QiQM M:H2X Hi?Qm;? i?2p 'B2/ b2i Q7 bvbi2K iB+ T
bK HH bm#b2i Q7 i?2 imM #H2 B+2 KQ/2H T ° K2i2 b-i?2b2 "2bmHi
i72v T QpB/2 T'QQ7 Q7 +QAM2RT@i2M2?2TQ K2rQ F Bb b2MbBiBp?2
2MQmM;? iQ ++m > i2HV KQ/2H M/ 2+QMbi m+ii?2 BKT +i Q7 /2i2+i

bB/2 7°QK 7 +BHBi iBM; QTiBKBxXx iBQM Q7 i?2 +m "2Mi ;2M2" iBC
1p2Mi@:2M2° KQi?Q/ Bb M BMi2 2biBM: + M/B/ i27Q  7mim 2 MQM
Q b2KB@T ~ K2i'B+ B+2 KQ/2HbX PM2 Q7 i?2 +? HH2M;2b BM /2}MB
7Q0° T?QiQM T QT : iBQM M/ /2i2+iQ  2z2+ib Bb i? ii?2 +m "2Mi :

h?Bb "2@mb2b i?2 bBKmH iBQMb T2 ' 7Q K2ApQMi@2 D2M2B /[KEB/QM QB M? 2
az2+iBM( PX
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*QC 2H iBQM THQib #2@ 2BMV 2 U2+ QNM@i tBH\2/ U
p Hm2b "2 b?QrM 7Q 2 +?2 Q7 i?2 bBtp B2/ bvbi2K iB+ T > K2i2 bX h?
#H2 iQ "2+Qp2 i?2 BMD2+i2/ T > K2i2'b b BM/B+ i2/ #vi?2 bi'QM; +Q "

KQ/2Hb “2[mB 2b +?QB+2 Q7 T ' K2i2'Bx iBQMX h?2 +?2Qb2M T " |
#2 ~2tB#H2 2MQm;? iQ TT QT B i2HV KQ/2H i?2/ i - #mi Bi b?QmH/
K Mv 7°22T " K2i2°’ b BM Q' /2 iQ T 2p2Mi Qp2 }iiBM; M/iQ pQB/ # /
T'QT2'iB2bX T '2@/2}M2/ T ° K2i2'Bx iBQM Bb ?2HT7mH iQ 2Mbm"
}ii2/ T ° K2i2'b M/iQT ' QpB/2BMbB;?iiQi?2 mM/2"HvBM; T?vbB+b bm
M/ b+ ii2°’BM; +Q2{+B2Mib Q7 BM/BpB/m HH v2'b Q7 i?2 B+2X >Qr
"2 °2[mB2/iQ #2 2tTHB+BiHv bBKmH i2/ M/ i?2v "2 BMbi2 /i 2 i2,
T K2i2'Bx iBQMb-/Bb'2; “/BM; i?2/2i BHb Q7 i?2 mM/2 "HVBM; T G
BM+HmM/2 MQBb2 bBKmH iBQM M/ +2°i BM 2H2+i " QMB+ 2z2+ibX L2
TQr2'7mH MQM@T * K2i'B+iQQH i? i+ M #2 +QK#BM2/ rBi? 2tTHB+Bi
b/2KQMbi® i2/BA2MIiZD:2M2° iDT°Q +?X h?2b2 KQ/2Hb K v#2i° BM2/

/B 2+iHVv QM 2tT2'BK2Mi H/ i - TQi2MiB HHv BM +QK#BM iBQM rBi?

8XN aQ7ir 26 K2rQ ' F M/ 2T Q/m+B#BHBiv

h?22Lp2Mi@:2M2° 7TQK2rQ F 7QHHQrb bBKBH " /2bB:M +QM+2Tib b i?Q
BM i?RL@ 2+BQ7ir "2 T +F ;2- QmiHBM/EBM a2 iB Q M

)X KQM: i?2b2 "2 i?2 KQ/mH ~bQ7ir "2 bi'm+im 2 M/ i?2 7
2T Q/m+B#BHBivX h?2 bQ7ir "2 Bb /2bB;M2/ BM bm+? r v i? i b2



8XRy TTHB+ #BHBiviQ A+2*m#2 IT; /2 M/ :.

BM/BpB/m H kQm2+ 2o )V2B2bmiQK iB+ HHvV HQ:;2/ M/

b p2/X M HQ:QmbHV@Q29® K2rQ F- i 1IBHMRII@:2M2" iQ"

KQ/2Hb + M #2 2tTQ i2/ M/ /Bbb2KBM i2/ BM b2+m 27 b?BQM i-
+Q "2+imb ;12X BJOPBMHRHQr mb2 b iQ TTHvV 2tTQ i2/ KQ/2Hb BM i?
*m#2 iIQQH+? BMX amTTQ i2/ TTHB+ iBQMb BM+HmM/2 2p2Mi “2+QM
Q7 +Qp ‘B M+2 K i'"B+2b-J "FQp@*? BM@JQMi2@* "HQb- bFv b+ M|
KQ/2H@# b2/ bBKmH iBQMbX

+Q 2 2H2K2MI1QZMP@:2M2" VQ K2rQ F Bb Bib "2+m bBp2 bi m+in
T2 i BMBM; iQ i?2 /2}MBiBQM Q7 M2bi2/ 2p2Mi ?v§-Qib?2b2b pB Kr
/2b+ " B#2/ BM @2 pB2QM ) X2wZB2bQ7ir "2 Bb /2bB;M2/iQ ++QKKC
/121?22 +QMbi m+iBQM Q7 KmHIiB@bQm +2b-i?mb HHQrBM; iQ +QK
KQ 2 +QKTH2t 2p2Mi ?2vTQi?2b2b rBi?Qmii?2 M2+2bbBiv Q7 "2@i" B
M/ /Q+mK2Mi iBQM QM i?2 bQ7ir 27 K2rQ F "@2JIXQpB/2/ QM :Bi>

8XRy TTHB+ #BHBiv iQ A+2*m#2 |IT; /2 M/ :2MKk

AM +QMi  biiQi?2 *LL@# b2/ TT QL@ IBH®BMN2ANQ F U*? T@

i2°0V- i?2p2Mi@:2M2° iDT Q +? Bb 2 bBHvV 2ti2MbB#H2 iQ 7mim 2 4
2ti2MbBQMb bm+? b i?2 A+2*m#2 IT; /2 M/ A+2*m#R@X2Mk- /2i BH?2
AM Q /2 iQ "mpRMWIiZ®:2M2 QM i?2 A+2*m#2 2ti2MbBQMb- i?2 :2M2°
KQ/2H7 QK 1B XRM/WB X VKmbi #2 2ti2M/2/iQ HbQ QmiTmii?2 2tT2+i
HB;?i VB2H/ i 2 +? Q7 i?2 SJhb Q7 i?2 mT; /2 KQ/mH2bX h?2 2K
1p2Mi@:2M2° 7TQK2rQ ' FH B/ Qmi BM i?2 T 2pBQmb b2+iBQMb ~2K |

h?2 :2M2° iQ  “+?Bi2+im 2+ M #2 KQ/B}2/ #v //BM:; b2T " i2 LLb 7Q"
ivT2 U:2MR .PJ- K.PJ- .@1;;VX h?Bb HHQrb iQ i'2 i KQ/mH2b Q71
ivT2 BM DbBKBH 7 b?BQM M/ i?mb “2/m+2 i?2 M2+2bb v MmK#?2
i?72 LL KQ/2HX 6Q  i?2 KQ/mH2b rBi? KmHiBTH2 SJhb- //BiBQM H
T QpB/BM; BM7Q K iBQM QM i?2 SJh M:H2pQM#@ T2QPBiQ/X h?2

7° K2rQ F+ M? M/H2 “#Bi' "v/2i2+iQ  :2QK2i'B2b M/ KQ/mH2ivT2b
bmBi #H2 "2+QMbi m+iBQM K2i?Q/ 7Q  7mim 2 A+2*m#2 2ti2MbB QG

8XRR *QM+HmMbBQMb

1p2Mi@:2M2° B®" bQ7ir "2 7 K2rQ F 7Q 2p2Mi "2+QMbi ' m+iBQM i?
2tTHQBi p BH #H2 /QK BM FMQrH2/;2 BM A+2*m#2 / i X avKK2i B2t
M 2tTHB+Bi M2irQ ' F “+?Bi2+im 2- HHQrBM; 7Q  i?2 "2/m+iBQM Q7
M/ T? b2 bT +2 +Qp2° :2- b r2HH b 2M #HBM; 2ti° TQH iBQM HC
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bvKK2i B2bXpRMi@:2M2  B® K tBKmMK@HBF2HB?QQ/@# b2/ K2i?Q/
MiBHBxXx2b +QM+2Tib 7°QK /22T H2 "MBM; iQ KQ/2H i?2 mM/2 HvBN
S.6bX h?Bb +QMbi m+iB QP2 XMV@%IR MR HD/2Hb iQ 2t THQBi p BH #H2
BM7Q K iBQM M/ bvKK2i'B2b-r?BH2 pQB/BM; M2+2bb v bBKTHB
i22bi M/ "/ JG1@# b2/ K2i?Q/b BM A+&*n &AM UaPMiBRIMQ i?2 *LL-
i?21p2Mi@:2M2° K®/2H Bb KQ 2 b2MbBiBp2 iQ iBKBM;@# b2/ BM7GC
i?72 +Qbi Q7 BM+ 2 b2/ +QKTmi iBQM H “2[mB 2K2Mib- H2 /BM; iQ N
"2bQHMIBQM-T "iB+mH "HVIG2M) @ 22W22 T8QPR/2b bi i2@Q7 @
i72@ i "2+QMbi'm+iBQM T2 7Q K M+2 M/ i?mb +QMbiBimi2b M 2bb:
1'bi Q#b2'p iIBQM Q7 : H +iB+/M2Xni BMQb US i

q?BH2 i?2 7Q+mb BM i?Bb /Bbb2 i iBQM Bb QM i?2 "2+QMbi' m+iBQM
i?221p2Mi@:2M2° b@7ir "2 Bb ;2M2 H HBF2HB?QQ/@# b2/ 7" K2r«
HHQrb 7Q  i?2 +QMbi'm+iBQM Q7 “#Bi> v 2p2Mi ?2vTQi?2b2bX * b+ /
/2TQbBiBQMb BM i?2 /2i2+iQ° "2 2H2K2Mi v +QKTQM2Mib iQ Mv
2vTQi?2bBbX h?mb-i?2B° ++m’ i2 KQ/2HBM:; 7Q Kb i?2 # bBb 7Q" bQ
iOTQHQ:B2bX .m2 iQ i?2 rQ'F + B2/ Qmi BM i?Bb /Bbb2'i iBQM-
MM/2 biQQ/ rBiPBAWMITR:2M2° TQK2rQ F- 2M #HBM:; 7mim 2 rQ F QM
KQ 2 +QKTH2t 2vTQi?2b2b BM+HmM/BM; i~ +F 2p2Mib rBi? biQ+? biB+



S i AA

G2p2' :BM: .22T G2 "MBM: 7
1p2Mia KTH2 *QMbi m+iBQ

AM S Aii?22LL@ 2+QM/1p2Mi@:2M2° b@7ir "2 7° K2rQ ' Fb 2 BM@
i"Q/m+2/X h?2b2 7" K2rQ Fb 2ti2M/ A+2*m#26b M HvbBb iQQHFB
"2+QMbi"m+iBQM M/ +H bbB}+ iBQM K2i?Q/b # b2/ QM /22T H2 "I
i?2 p2°b iBHBiv- bT22/- M/ 2 02 @72nER RZrQ@2F QT2Mb mT mM @

T 2+2/2Mi2/ TQbbB#BHBiB2b 7Q" i?2 +QMbi m+iBQM Q7 2p2Mi b KT
mM ii BM #H2X h?Bb 2M #H2b mMB[m2 M Hvb2b i? i "2[mB 2 i?2 b2t
Q +? HH2M;BM; 2p2Mi iQTQHQ;B2b- #mi Bi HbQ T QpB/2b i?2 QTT
M/ +QKTH2i2Hv Qp2 2 mH 2tBbiBM; 2p2Mi b2H2+iBQMb X

AM i?2 7TQHHQrBM; +? Ti2 b- i?2ZpBDb2HHBKIIQ7RBb /12KQM @

bi® i2/ 7Q  i?2 b2H2+iBQM Q7 KmQMb biQTTBM; BM i?2 /2i2+iQ pQ
iBQM Q7 M2mi ' BMQ BM/m+2/ + b+ /2 2p2MANMX@QNMRP?2IiQrBi? i?2
"2+QMbi m+iBQM- i?Bb H2 /biQ bii2@Q7@i?2@ 'ib KTH2 Q7 M2m
i2°d( )X h?22 /2p2HQT2/ + b+ /2 b KTH2-
+?B2p2/ #v H2p2  ;BM; i?2 M2rHv /2p2HQT2/ iQQHb- 2M #H2b 7Q
Q#b2 p iIBQM Q7 ?B;?@2M2 ;v M2mi BMQb 7 QKXir?2 : H +iB+ TH M2



ea2H2+iBQM Q7 aiQTTBM: JmQMb

h?22LL@ 2+Q K2rQ F-BMi ' Q/m+2/BBIb*?pRid iBH2 iQQH i? i HHQrb

7Q° i?2 +QMbi'm+iBQM Q7 2p2Mi b KTH2b rBi? “#Bi  “vi ;2i 2p2N
+QK#BM iBQM rBi? i?27 biBM72'2M+2bT22/ Q7 i?2 2KTHQvV2/ *LLb- K
2p2Mi b2H2+iBQMb + M #2 TTHB2/ BM 2 "HB2 bi :2b Q7 A+2*m#26b
AM i?Bb b2+iBQM- i?Bb T°QT2 iv Bb /2KQMbi  i2/ 7Q  i?2 + 2 iBQ
iKQbT?2 B+ KmQMb biQTTBM; BM i?2 /2i2+iQ  pQHMK2X h?Bb / i b2i
#2mb2/iQ K2 bm 2i?22/2Ti?@/2T2M/2M+2 Q7 iKQbT?2 B+ KmQMb Q"
Q7i?2Q B;BM iBM; B  b?Qr2 X h?2/ i b2iBb HbQ M BMi2 2biBM; + N
+ HB# iBQM bim/B2b /m2iQ i?2 #mM/ M+2 Q7 KmQMb BM i?2 KBMB|
r?Qb2 T°QT2 iB2b "2 r2HH /2b+ B#2/ #v 2tBbiBM; i?2Q 2iB+ H T 2/B

eXR 1p2Mi a2H2+iBQM *? BM

h?2 b2H2+iBQM Q7 biQTTBM; KmQMb BM Bib2H7 Bb MQi T "iB+mH
i22v "2 +QKKQM 2p2Mi iQTQHQ;v rBi? M 2p2N[X IpRMIKQ 2 i? M

+H bbBl}+ iBQM iQQHb "2i?2°27Q 2 MQi M2+2bb "BHv "2[mB 2/iQ -
#mii?2v Kmbi #2 +QKTmi iBQM HHv BM2tT2MbBp2 iQ "mM /m2 iQ i-
h?2mb-i22@ 2+® K2rQ F Bb miBHBx2/ rBi? b2p2  HbK HH *LL “+?Bi2

h? 22 *LLb "2 i  BM2/iQ T2'7Q K i?2 +H bbB}+ iBQM i bF b r2HH
bi'm+iBQM Q7 i?2 biQTTBM; p27i2t/2Ti? M/ i?2 x2MBi? M;H2 Q7 i?2
h?2b2 [m MiBiB2b "2 2bb2MiB H7Q  i?2 M HvbBb Q7 i?2 KmQM /2
M2m™ HM2irQ ' Fb ? p2i?2b K2 mM/2 " HVvBM; "+?Bi2+im 2i? i QMHv /B
Hv2 M/ TTHB2/ HQbb 7mM+iBQMb U#BM v + Qbb@2Mi ' QTv 7Q i
mbbB M HBF2HB?QQ/ 7Q  i?2 "2+QMbi' m+iBQMVX h?2 MmK#2" C
F2"M2Hb M/ F2"M2H bBx2b "2 +?Qb2M bm+? i? i i?72 TTHB+ iBQMWN
NTT2 2p2MiX .2i BHb QM i?2 M2irQ ' F "+?Bi2+im 2 M/ i BMBM;
T QpB/2/ BMi?2 bmTTH2KR2XMh&2+ B@M2// i BMTmi 7Q K i +QMbBbiBN\
Q7 Hua #xrLdtu b /2b+ B#2/ BMa@RHiBQGM ¥ Bb
MmiBHBx2/iQ 2M #H2 bm+? 7 biBM72°2M+2 bT22/X h> BMBM;- /Bbi B?
Q7 i?2 *LLb Bb 7 +BHBILR@#2+®2 K2rQ FX .m2 iQ i?2 2tBbiBM;
70 K2rQ F-i?2M2m°> H M2irQ'Fb+ M#2 b2imT-i> BM2/ M/ /2THQV?Z
[ vbX



eXk 1p2Mi a2H2+iBQM S2°7Q K M+

eXk 1p2Mi a2H2+iBQM S2 7Q K M+2

h?2 /Bbi'B#miBQM Q7 +H bbB}+ iBQM b+Q 2b ®bHQ? QPRI M i?2 H27i (
bBKmH iBQM M/ 2tT2'BK2Mi H/ i X PMi?2 "B;?i-i?2*LL+ T #BHBiv
iQ b2H2+i biQTTBM; KmQMb rBi? ?B;? Tm BivX +H bbB}+ iBQMDb

/ “2bmHib BM b KTH2 TmMBivbEQH2+iBQM 2{+B2M+v Q7 #Qmi
r’B+? +Q "2bTQM/b iQ " i2 Q7 ej2p2Mib T2 b2+QM/X
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K72 b+Q 2 /Bbi'B#miBQM Q7 i?2 +H bbB}+ iBQM *LL Bb b?QrM
PMi?2 "B;?i-i?2b KTH2 2{+B2M+v M/ Tm BivBb b?QrM b 7mM+iBQM C
+H bbB}+ iBQM b+Q 2 +miX

h?2 "2+QMbi m+iBQM "2bQHmMIiBQM Bb b?QrM BMiX2. mQ "2H iBQM
iQi?2H ;2/ i " i2-bi B+i[m HBiv +mib K v #2 BKTQb2/ #v TTHvBI
MM+2° i BMivQQmiTmib Q7 i?2 *LLX h?2b2 +mib K v #2 imM2/iQ QT
T2 ' 7Q°K M+2X h?2 b?QrM 7Q 2;"QmM/ /Bbi'B#miBQM Bb Q#i BM
2biBK i2/ mM+2'i BMivQmiTmN QMH2®E QQQMBM i2 M/ H2bb i? M
KQM i?2 x2MBi? M;H2X .m2iQ i?2b2 +mib-i?2 bi M/ '/ /2pB iBQM
#2ir22M i'm2 M/ "2+QMDbi’ImE2 7 g dmBb "2/ m+2/ 7" QK

/IQrM iQ N M/ 7°QKK/QrM iQK7Q " i?2 biQTTBM; /2Ti? M/ x2MBi?
M;H2- "2bT2+iBp2HvX h?2 b KTH2 Tm BivrBi? i?2b2 //BiBQM H [n
M/ i?2 2{+B2M+v M/ +Q "2bTQM/BM; 2p2Mi ~ i/"Q)-/QrM iQ
"2bT2+iBp2HvX Hi?Qm;? i?Bb 2p2Mi " i2 Bb Km+? HQr2 -i?2 b KTI
Qp2  jyyyyy 2p2Mib T2 v2 "-r?B+? Bb bm{+B2Mi bi iBbiB+b iQ T2 7(



e a2H2+iBQM Q7 aiQTTBM; JmQMb
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XQ, 2H iBQM THQib "2 b@Qr@Q7 B M?i2 Q7 i?2 biQTTBM;
TQBMi UH27iV M/ i?2 KmQ®BU XBMBVX M2HBB;?i /Bbi' B#¥miBQM BM i?2
# +F;"QmM/ b?Qrb i?2 +Q "2H iBQM 7Q " i?2 b KTH2 rBi?Qmi Mv 7m’ i?2°
h?2/ "F2°7Q°2;"QmM/ /Bbi'B#miBQM BHHmbi" i2b ?Qri?2 +Q "2H iBQM +
#v mMiBHBxBM; i?2 M2irQ " Fo6b mM+2 i BMiv 2biBK i2bX h?2 bi M/ "/ /2pk
"2bB/m Hb #2ir22M i m2 M/ 2+QMbi m+i2/ p Hm2b "2 b?QrM BM i?2 mT

eXj *QM+HmMbBQMb

.2bTBi2 T'QpB/BM;: T'QKBbBM; “2bmHib- i?2 T 2b2Mi2// i b2i Q7 b
K2 2Hv /2KQMbi® iBOQOMQ@?2+W?X2rQ F+ M#2 miBHBx2/iQ 7 +BHBI |
i72 +QMbi ' m+iBQM Q7 M2r 2p2Mi b KTH2bX //BiBQM H p2'B}+ iBQM
i72/ i b2i K v#2 M2+2bb "VBM Q /2  iQ 2KTHQV Bi 7Q " T?vbB+b M Hv
2t KTH2 Q7 ?2Qr i?2 /2p2HQT2/ 7 K2rQ Fb + M #2 miBHBx2/ b #mBH/
2p2Mi b2H2+iBQM TBT2HBM2 "2 QidXiHBM2/ BM i?2 *? Ti2"



.LL* b+ /2, MQp2H * b+ /2 . | b2i

.2+H " iBQM

S 'ibQ7i?2/ i b2i/2b+ BTiBQM BM i?Bb *? Ti2)- 2 Tm#HBb?2/
r'Bii2M #v i?2 mi?Q Q7 i?Bb /Bbb2'i iBQM M/ 2/Bi2/ #v i?2 A+2*r
Q iBQM /m 'BM;i?2 T T2 Tm#HB+ iBQM T Q+2bbX

h?2 /2p2HQTK2MLR@ i22QM/1p2Mi@:2M2° TQ K2rQ ' Fb BM S i

T QpB/2 TQr2 7mH iQQHb i? i HHQr iQ KQ/2 "MBx2 2p2Mi b2H2+il
T 'iB+mH LL@2 2+Q@/m+2b i?2 M2+2bbBiv7Q bBKTHB}2// i “2/m+i
BM 2 "Hv bi ;2b Q7 i?2 2p2Mi b2H2+1BHQMIiT@B R RM2EB MQ1 MY/i?2
T°QpB/2b mMT 2+2/2Mi2/ "2+QMbi m+iBQM ++m” +vX *QK#BM2/- i’
+Q 2 #mBH/BM; #HQ+Fb BM i?2 /2p2HQTK2Mi Q7 MQp2H M2mi BM:
b2H2+iBQM- "27.21L2hbHQ/2X h?ZAL* b+ /2 b KTH2 Bb BK2/ i
b2H2+iBM; bi ' QT?vbB+ H M2mi°'BMQb iQ 2M #H2 b2 "+?22b 7Q  M:
aQmi?2"M aFv- T'BK "'BHv Q7 i?2: H +iB+ THAM2 b /2b+ B#2/ BM S

dXR S QbT2+ib M/ *? HH2M;2b Q7 * b+ /2 a KTH2tL

A+2*m#2 ? b irQ K BM /2i2+iBQM +? MM2Hb 7Q° M2mi'BMQb +QM
+ b+ /2 2p2Mib b QMiHBM2HOBMA24+1BQM/YX2h 1T GF 2p2Mib + M

#2 7m’i?2° /BpB/2/ BMiQ bi "iBM; i° +Fb- 2p2Mib rBi? M2mi'BMQ B
BMbB/2 i?2 BMbi mK2Mi2/ pQHmMK2- M/ i?2°'Qm;?@;QBM; i° +Fb- 2
M2mi ' BMQ@BM/m+2/ KmQM Bb +72 i2/ #27Q 2 2Mi2'BM; i?2/2i2+iQ X
T°QpB/2 bmT2'BQ° M;mH ~ "2bQHmMiBQM M/ "2 i?mb ivTiB+ HHvV T
bQm +2 b2 332)Pb ¥Qr2p2 - 2p2Mi b2H2+iBQMb Q7 i?2b2 i? 22 2p2N\
"2 z2+i2/ /Bz2 2MiHv #v 2tBbiBM; # +F;"QmM/bX

gBi? /i T i2Q7 #QmM[ii B;;2  HRp2H?Q /QKBM Mi # +F; QmM/

7Q M2mi ' BMQ bQm ™ +2 b2 "+?22b Bb +QKTQb2/ Q7 KmQMb +°2 i2/ B
#v BMi2® +iBQMb Q7 BM+QKBM; +QbKB+ ~ vbX h?2 b K2 BMi2" +
iIKQbT?2 B+ M2Mi MBOD{QMbiBimi2 b2+QM/ "v# +F; QmM/iQ bi C
M2mi ' BMQb UM2mi " BMQb rBi? 2ti” i2°"2bi'B HQ B;BMVX ii?Bb bi ;
iIKQbT?2 B+ KmQMb M/ M2mi ' BMQb- QmiMmK#2  bB;M H2p2Mib- bi
#v C iBQ Q7 "QMRHWAM Q'/2°iQ 2M #H2 M2mi'BMQ bQm +2 b2 “+?
b2H2+iBQM Bb "2[mB 2/i? i2M°'B+?2b i?2bB;M HTm BivBMi?2 b2H:

h? ' Qm;?@:QBM; KmQM b KTH2b 2 KQbi b2MbBiBp2 BM i?2 LQ i?:
i?72 b?B2H/BM; 2z2+i Q7 1 "i?iQ "2/m+2i?2 iKQbT?2 B+ KmQM # +
aQmi?2 M aFv- i?2b2 b KTH2b "2 mM #H2 iQ /BbiBM;mBb? iKQbT



d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

M2mi'BMQ BM/m+2/ KmQMb Q™ >PM-@2mpAMiBEMBp2Mib M/ BM T “iB+
mH >+ b+ /2b "2 "2[mB 2/iQ +QK# i i?2 /QKBM iBM; # +F;"QmM/ Q
KmQMb X

10° 4 KR2 7° +iBQM Q7 b@
i'QT?2vbB+ HM2mi'BMQb Bb THQii2/
- 7mMM+iBQM Q7 M2mi'BMQ 2M2 ;v 7Q
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= 107t o P i2° +iBQM ivT2b b r2HH b 7Q" i?2
g - vfchargedcrrem .LL* b+ /2b KTH2X Hi?2Qm;?
£ DeNNcg o g 2p2Mib "2 r2HH bmBi2/ 7Q° M2m@
= e ascade i'BMQ bQm +2 b2 “+?22b /m2iQ i?2B"
< 1077 Va neutral-current ?2B;? bi'QT?vbB+ H Tm Biv- i?2b2
—*— Vu charged-current 2p2Mib "2 KQbiHvV BM/BbiBM:mBb? #H:

#2HQr b2p2° H ?2mM/ 2/ h2o 7 QK
M2mi®> H@+m "2Mi 2p2Mib M/ +? *;2/@
+m " 2AMBMi2® +iBQMbX
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Neutrino energy  E, / GeV

q?BH2 iKQbT?2 B+ KmQMb + M #2 "2KQp2/ #v 2Bi?2°  mbBM; i?2 1
Q #v 2D2+iBM; 2p2Mib rBi? HB;?i 7 QK BM+QKBM; KmQMb- iKQ
+QMbiBimi2 KQbiHv B "2/ m+B#H2 # +F;"QmM/ i? i ;"Qrb iQr /b bk
i?Zmb BM/m+BM; M im> HHQr2 2M2 ;v i? 2b?QH/ 7Q° M Hvb2bX L2p:
Q7i?2 iIKQbT?2'B+ M2mi ' BMQb 7' QK i?2aQmi?2 M >2KBbT?2 2 U/QrM
+ M #2 p2iQ2/ pB i?2/2i2+iBQM Q7 ++QKT MvBM; KmQMb i? i Q B
b K2 +QbKB+@ v B @b?Qr2  i? i HbQ R AK+R7272 M BiMiBBIM Q (
iIKQbT?2 B+ M2mi'BMQ # +F;"QmM/ Bb /QKBM i2/ #v KmQM M2mi’
H ";2Hv /2i2+i2/ b i° +Fb BM A+2*m# 2 X d aRk 20 M2 B2Nd B\Bi;bm * 2
reB+? "2T7T°Q/m+2/ #v M2mi"  H@+m "2Mi BMi2" +iBQMb Q7 HH M2r
b+? “;2/@+m "2Mi BMi2® +iBQMb Q7 2H2+i"QM M/ i m M2mi 'BMQ
#2 Q7 bi"QT?vbB+ HQ'B;BM i? Mi®> +Fb T Q/m+2/ #v +? ;2/@+m "2
BMi2®° +iBQMbX AM +QKT "'BbQM iQ i +Fb-+ b+ /2 b KTH2b i?2°27
+QMi KBM iBQM Q7 iKQbT?2'B+ M2mi'BMQb #v #Qmi M Q /2" Q7
2M2;B2bX *QMb2[m2MiHv- HQr2 2M2 ;v i? 2b?QH/ 7Q  M2mi BM
#Qmi R h2o0 Bb +?B2p2/X

.2bTBi2i?2 #Qp2 QmiHBM2/ #2M2}ib Q7 + b+ /2 b KTH2b-i?2 b2H2+iE
iBQM Q7 i?2b2 2p2Mib Bb +? HH2M;BM;X iKQbT?2 B+ KmQMb + M 2N\
i?72/2i2+iQ°  mM/2i2+i2/ mMiBH 2p2Mim HHv /2TQbBiBM; HB;?i BMb
POQHMK2 M/ i?mb BKBi i2 bi "iBM; 2p2MibX AM T iB+mH - B7 i?2
+ i bi'QT?B+ biQ+? biB+ 2M2 ;v HQbb-i?2b2 2p2Mib rBHH #2 +? HH
7°QK M2mi'BMQ BM/m+2/ b?Qr2°bX h?2 M;mH ~ "2+QMbi " m+iBQM Q
/Im2iQi?2 HKQbi TQBMi@HBF2 2M2 ;v /2TQbBiBQMb BM +QKT "BbQ\

S Q# #BHBDbiB+ bi i2K2Mib QM i?2 iKQbT?2 B+ Q" bi'QT?vbB+ H Q' B:BM + M #2
i?72 2M2 ;v M/ x2MBi? M;H2 Q7 i?2 BM+QKBM; KmQMX



dXk .2bB;M M/ a2imT Q7 i?2 a2H2+iBQM SB

bT +BM;X AM //BiBQM- + b+ /2 "2+QMbi m+iBQMb ?2 pBHv "2Hv QM
2i?mb KQ 2 bmb+2TiB#H2 iQ bvbi2K iB+ mM+2'i BMiB2b Q7 i?2 /2

L2p2 i?2H2bb- i?2 BM+ 2 b2/ bi'QT?2vbB+ H Tm BivBMi?2 aQmi?2"
2M2 ;v i? 2b?QH/ Q7 + b+ /2b Bb T "iB+mH "Hv BKTQ'i Mi 7Q" b2
2KBbbBQM 7 QK i?2: H +iB+ TH M2X 6Q  i?2b2 b2 “+?22b Q7 H ;2 t
BKT +i Q7 i?2 BM72'BQ" M:mH "~ "2bQHmMiBQM BM +QKT "BbQM iQ i
i?72 bmT2 'BQ " 2M2 ;v "2bQHmMIiBQM M/ Tm Bi¢E2b22i BWH2/ BM *?

YXiH b+ /2 2p2Mib i?mb T QpB/2 M BKTQ i Mi +QKTHBK2M;
7Q° M2mi'BMQ bi"QMQKvVX

dXk .2bB;M M/ a2imT Q7 i?2 a2H2+iBQM SBT2HBM

2+H " iBQM

h> BMBM; M/ QTiBKBx iBQM Q7 i?2 KmQM M/ + b+ /2 +H bbB}+
/2+BbBQM i'22b TTHB2/BM b2H2+iBQM bi2T i?°22- br2HH b in
M HvbBb H2p2H +mib r2°2 T2 ' 7Q K2/ #v ai2T?2M a+H 7 MB U. 2
S -la VX

S 2pBQmb + b+ /22p2Mib2H2+iBQMb BM A+2*m#2 "2HvVv QM bBKTH2 b
2p2Mi[m MiBiB2b bm+? bi?2iQi HK2 bm 2/ +? “:2BMQ /2" iQ “2/mH
2N RU)X AM bm#b2[m2Mi b2H2+iBQM bi2Th- KQ 2 bQT?BbiB+ i2/ N
b2H2+iBQM bi’ i2:B2b "2 T2 '7Q K2/ bm+? bi?2/2}MBiBQM Q7 p2i
[2i2+iQ  i? i "2 mb2/iQ “2D2+i 2p2Mib B/2MiBJ2/)K BM+QKBM; KmC

h?2 /2p2HQT2D "2+Q K2rQ F U*?2W4iZmBHIi mTQM +QMpQHmMIiBQM H M
M2irQ Fb U*R)bVHHQrb 7Q° KQ 2 2{+B2Mi 2p2Mi b2H2+iBQMbX AM
iQi?227 biBM72°2M+2 bT22/ Q7 i?2M2m" HM2irQ Fb ULLbV-i?2 M2+
BMBiB H/ i "2/m+iBQM bi2Tbh Bb 2HBKBM i2/- i?mb 2M #HBM; KC
b+?2K2b i2 "HB2 bi ;2b Q7 i?2/i ™M HvbBb +? BMX h?Bb HHQrb
i?°2b?QH/ Q7 i?2 2p2Mi b2H2+iBQM M/ 7Q  i?2 BM+HmMbBQM Q7 K¢
2p2Mib- r?B+? "2 ? /2 iQ '2+QMbi'm+i M/ /BbiBM:mBb? 7 QK #
i72B° HQ+ iBQM ii?2 #QmM/ "B2b Q7 i?2 BMbi " mK2Mi2/ pQHmMK2 Q"
rBi? /2;° /2] QTiB+ H+H "Biv/m2iQ ?B;?2  +QM+2Mi iBQMb Q7 BK

h?2LL* b+ /2b2H2+iBQM ?2 pBHv "2HB2b QM *LLb BIKKT@2K2Mi2/ rBi-
2+Q7 K2rQ'F BM Q/27iQ "2/m+2 i?2 # +F;"QmM/ Q7 iKQbT?2'B
M2mi " BMQb #v 2B;?2i Q' /2 b Q7 K ;MBim/2X bi ;2/ b2H2+iBQM T~
BM 6B;mci2Bi? bm#b2[m2MiHv KQ 2 +QKTH2t KQ/2Hb Bb miBHBx2/-
2 "Hv "'2D2+iBQM Q7 i?2 K DQ ' BivQ7i?2# +F;, " QmM/ 2p2Mib M/ ?2M
Q7 2[mB 2/ +QKTmi iBQM H "2bQm +2bX JmHIBTH2 *LLb "2 TT



d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

M Qp2 pB2r Q7LF?B+ /2 b2H2+iBQM Bb T QpB/2/X ai “iBM;
i HH iB::2 2/ 2p2Mib rBi? M}Zp2Mi-" i@ @7 2/ b2H2+iBQM Bb
T2 '7Q K2/ rBi? i?2 ?2HT Q7 *LLb M/ #QQbi2/ /2+BbBQM i22b U".hb\
2p2Mi "2+QMbi'm+iBQMb 2 TAWIAMK@{21N2? 7Q2K2rQ" F
U*? TiavXx

b2H2+iBQMb bi2Tb 7Q  BKT ' Qp2/ T2 7Q 'K M+2X h?2 BM/BpB/m H K
bHB;?iHv /Bz2 ' 2Mi bB;M H M/ # +F;"QmM/ /2}MBiBQMb M/ bm#b2
/i -7Q +BM; 2 +? Q7 i?2 M2irQ ' FbiQ 7Q+mb QM b2T " i2 bT2+ib Q7
b2H2+iBQM ;Q HX AM //BiBQM- KQ/2Hb Q7 bm#b2[m2Mi b2H2+iB(
i?72 bm#b2i Q7 i  BMBM; /i i? iT bbi?2 T°'BQ  b2H2+iBQM +mib- r’
+QMbi ' m+iBQM Q7 /2/B+ i2/ KQ/2Hb 7Q " i?2 /BbiBM+iBQM Q7 KQ" 2
bB;M H M/ # +F;"QmM/ 2p2Mi iQTQHQ;B2b i? irQmH/ Qi?2rBb2 2K
i?72 Qp2 ' r?2HKBM; #mM/ M+2 Q7 H2bb +? HH2M;BM; # +F; " QmM/ 2p:

h?2i ";2iH #2H.1Q*iP2 /2 b2H2+iBQM- /2MQi2}F Bb++BOWB2M iQ

HB;M rBi? 2p2Mi iQTQHQ;v T QT2 iB2bi? i "2 /2i2+i #H2 ;Bp2M A+2
Mv M2mi " BMQ BMi2® +iBNQM7rBi2B@Mp2t 2mHH "QmM/ A+2*m#2 |
iQi Hb2+QM/ 'v b?Qr2" H2M;i? NQBbHR2OMDbBMN "2/ b’ X+ b+ /2
>2M+2-i?2 10 “;2iH #2M-UrnbRR+/M@"BM; i BMBM; Q7 i?2 K DQ Biv Q7 K
/IBz2'b 7 QK i?2 T?vbB+ H /2}MBIiBQM Q7 + b+ /2bX h?Bb /2}MBiB
7 +BHBi i2i?2i° BMBM; Q7 KQ/2Hb #v pQB/BM; mMM2+2bb v +QM7
BKTQbbB#H2 +H bbB}+ iBQM i bFX h ";2iBM; M 2tT2 BK2Mi H 2p2Mi
bm+? b+ B+HBR® HHQrb iQ miBHBx2 bBM;H2 +H bb Q7 "2+QMbi |
h?2LL* b+ /2 2p2Mi b2H2+iBQM Bb /2bB;M2/iQ K tBKBx2 b2MbBiBpBi
bQm ' +2 b2 "+?2b BM /BbDmM+i +? MM2H 7 3QKMNUBIBBM; i° +F b K
M2mi 'BMQ ~ pQ Tm ' BivBb MQii?2 T'BK v ;Q HX

bb?QrM BM 6B<i?2LL* b+ /2 b KTH2 Bb #H2iQ "2i BM H ;27 +iBQ
Q7 + b+ /Bl Qp2  3yW Q7 HHxFQMIrBM2/#QpR7 i i?2 }M H
b2H2+iBQM H2p2HX h?2 +Q "2bTQM/BM: # +F;"QmM/ "2/m+iBQM 7
Bb /2KQMbi® i2/ BM&®L/m¥XBb bmKK v Q7 i?2 /i " i2b- b2H2+iBQM
2{+B2M+v M/ Tm Biv i 2 +? b2H2+iBQM bi2T®b<F DpB/2/ BM h #}
X JQ 2 /2i BH2/ BM7Q K iBQM Bb T ' QpB/2{xBM;: TM/2M/Bt h #H2b
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W72 b2H2+iBQM 2{+BRM+B4Q2iB2KTH2 BM “2i BMBM;
+ b+ /2IM/ +QMi BM2Mi2  +iBQMb Bb b?QrM 7Q" 2 +?2 Q7 i?2 b2H2+iBQ
h?2 2{+B2M+v Bb + H+mH i2/ 2H iBp2iQ HH i 'B;;2°2/2p2Mibi? i T bb
i72 QMHBM2JMi2 b (

=1 Any Online Filter W22 2M2 ;v /IBbi BEm@
10° 4 Online Cascade Fier iBQM Q7 2tT2'BK2Mi H/ i Bb +QK@
104 1 DNNCascade L2 T 2/ 7Q° /Bz2 2Mi b2H2+iBQM bi2Tl
g Tt =1 DNNCascade L3 M/ HBp2iB3&H QIBMmi2bX
g 10714 6°QK Rkd9dj3 i'B;;2 2/ 2p2Mib
S 02 [ i? i Tbb2/ Mv Q7 i?2 QMHBM2 }H@
= i2°b- QMHV jR9- d9- M/ R82p2Mib "2@
2 10°3 K BM i b2H2+iBQM bi2T QM2 i?2°Qm;?
1oo_|—'“._|:| i?°22- "2bT2+iBp2HvX 1tT2+i iBQML
"L F]'H ~— 7°QK J* bBKmH iBQM "2 BM/B+ i2/
o P TELL P #v/ b22/ HBM2bX

102 103 104 10° 10°©
egen_seed_energy_01 (CNN):  Ejeco / GeV

X LQi2i? i KQ'2+QMb2'p iBp2 # +F;"QmM/ 2biBK i2 Bb miBHBXx
JMQM:mMy MFP_aAE (NéN)pbBKmH iBQM rBi?Qmi ++QmMiBM; 7Q"° G
Q7 bBM;H2 KmQMbX AM iQi H-i?2 iKQbT?2 B+ # +F;"QmM/ Bb “2/1
Q/2°b Q7 K ;MBim/2- r?BH2 i?2 b2H2+iBQM 2{+B2M+v Q7 M2mi B
Bb BKT Qp2/ #v 7 +iQ Q7 ky BM +QKT BbQM iQ i?2- T 2+m 'bQ"
b/Bb+mbb2/ BM%A22iBQ M ) X b2 2
+QKTmi iBQM H "2[mB 2K2Mib 2dTXQhPR/ K/ BOI'Bi#HR7 i?2 iBK2 Bb
bT2Mi 7Q  i?2 }M H 2p2Mi "2+QMbi m+iBQMb BM b2H2+iBQM bi2T
bT2/ mT #v "2/m+BM; i?2 MmK#2> Q7 b22/b miBHBx2/ BM i?2 KBMB
6m i?2° /2i BHb QM i?2 BM/BpB/m H b2H2+iBQM bi2Th M/ TTHB2,
#2HQrX



d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

h?2 /i ~ i2 Q7 2tT2 ' BK2Mi H/ i M/ J* bBKmH iBQM Bb b?QrM °
2 +2 Q7.il212* b+ /2 b2H2+iBQM bi2Th M/ 7Q  KmHiIBTH2 bm#b2ib Q7 bBKi
h B;;2°2/ 2p2Mib i? i T bb Mv QM2 Q7 i?2 QMHBM2 }Hi2 b 2 /2MQi2/ j
272 b i@®PMEBM2 * b+ /2 BBHI2"

i _i2f 91
.0 hvT2 ‘ h Gy GR Gk Gjf9 G8
iKQbT?2EB+ | j39ejj jyNdd R83 NXj8e RX8Rk yXyky
*P_aAE jkdd3e k93dj RRj 8Xkj3 RXkRy yXyRR
JmQM:m 8e39d eRy9 98Xy 9XRRd yXjyk yXyyN
L2miBMQb RN Xe eXNky jXkj8 kXejR kXk3d yXRed

J* bBKmH iBQN39e8j jyN39 Rek RkXy jXdN3 yXR3d
1tT2 ' BK2Mi H P99yy3 jkd89 RyN k8X3 8Xkk8 yXRNe

h22 b2H2+iBQM 2{+B2M+v Q7 2tT2 ' BK2Mi H/ i M/ J* bBKmH iBC
"2bT2+iiQ i°B;;2°2/ 2p2Mib i? i T bb2/ Mv Q7 i?2 QMHBM2 }Hi2 b UhV
2 +? Q7.R2* b+ /2 b2H2+iBQM bi2Th M/ 7Q  KmHIBTH2 bm#b2ib Q7 bBKr

1{+B2M+v f W
. i hvT2 h Gy GR Gk Gjf9 G8

iKQbT?2EB+| Ryy 3XR yXy9 kX9j2@yj jXNj2@y9 8Xke2@ye
*P_aAE Ryy dXe yXyj RXey2@y] jXeN2@y9 jXjd2@ye
JmQM:m Ryy RyXd yXy3 dXk92@yj 8XjR2@y9 RXeR2@y8

L2mi'BMQb Ryy j8Xk ReX9d RjX9y RRXe9 yX38

J* bBKmH iBQMyy 3XR yXy9 |jXRk2@yj NX3d2@y9 9X3e2@y8
1tT2'BK2Mi H Ryy dX9 yXyk 8X3R2@yj RXR32@y] 9X9R2@yS8

hi22 b2H2+iBQM Tm Biv # b2/ QM J* bBKmH iBQM Bb b?QrM 7Q" 2
LL* b+ /2b2H2+iBQM bi2Th M/ 7Q  KmHiBTH2 bm#b2ib Q7 bBKmH iBQ]

Sm Biv f W
i hvT2 h Gy GR Gk Gjf9 G8
iKQbT?2EB Ryy Ryy N3 d3 9y RR
*P_aAE| 38 3y dy 99  jk  8XN
JmQM:mM R8 ky k3 j9 dXN 9XN

L2mi’BMQb| 8XR2@yj kXk2@yk kXy kk ey 3N
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103 10% 10° 106 107 10% 104 10%° 108 107 10%® 102 108 104 10° 106
Muon Energy E,/GeV Primary Energy Ecgr/ GeV Deposited Energy  Ejeco / GeV

K22 # +F;"QmM/ "2D2+iBQM Q7 iKQbT?2 B+ KmQM bBKmH
JMQOM:mMy UH27iVPMAAE (NeNp UKB//H2V Bb b?QrM b r2HH i?2 2@
/m+iBQM BM 2tT2 BK2Mi H/ i U B;?iV-r?B+? Bb /QKBM i2/ #v KmQMb n
bi2T i? 22X

h?2 +QKTmi iBQM H "2[mBRK2HK+b/Q B iRPZH2 "2
b?QrM 7Q  i?2 BM/BpB/m Hb2H2+iBQM bi2Th B7 "'mM QM :Slb QM i?2 A+
+Hmbi2®> ULoA.A :26Q +2 :hs N3yfRy3yVX 6Q  i?2 T2 @2p2Mi "'mMiBK
8yW- NyW [m MiBH2b "2 T°'QpB/2/ BM //BiBQM iQ i?2 p2° ;2 p Hm2:
"MmMMiBK2 Bb b+ H2/iQ i?72 HBp2iBKW2 QZ b?RTHRHMH7 HKQbi i2M
v2 "bX LQi2i? ii?2b2 "2 QMHv TT QtBK i2 p Hm2b rBi? H ;2 p "B iBQ
[2T2M/BM; QM i?2 2KTHQv2/ ? “/r "2X

S2"@2p2Mi _mMiBK2 f b
G2p2H RyW 8y W NyW p2°| ;RQi Hf/ vb

GR kXR2@y] kX82@yj] jX82@y] BXWB2@y]j

Gk NXk2@yk yXR y Xk y XRRK
Gj yXR y X9 R Xj yXe kk
G9 dR Rkj kRd R|9e RyR

dXkXR ai2T R, 6 bi T 2@+miL2m H L2irQ Fb

h?2 bi "iBM; TQBMi Q7 i?2 2p2Mi b2H2+i BQMHEBIM2p2 Mib M2bbBM; i
7BHiZKeNRrBi? M 2p2Mi "~ i2 QJ[XQ@QMi T BM+BOH2b +?2/2

b2H2+iBQM + M #2 TTHB2/ QM HH i B;;2 2/ 2p2Mib-rBi?2Qmi M2; |
b2H2+iBQM QmMi+QK2X AM 7 +i-rBi?2Qmi i?2 "2[mMBVH/BMBRbBM; +Q N
+ b+ /2 7TBHIKQ 2 HQr2  2M2 ;v 2p2Mib "2 "2i BM2/-r?BH2 i?2 # +F;"
2K BMb i?2b K2 ii?2}M Hb2H2+iBQM H2p2HX >Qr2p2 - bBM+2 i~
Bb H'2 /v +QKTmi2/ M/ #2+ mb2 i?2 //BiBQM H HQr2® 2M2" ;v 2p



d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

B ™"2H2p Mi 7Q  iBK2 BMi2;  i2/ bQm +2 b2 "+?22b /m2iQi?2 H ;2 iKQ
# +F,  QmM/QVMAEBM2 + b+ /2 BBHiBm{+B2Mi bi "iBM; TQBMi 7Q" i?:
+ b+ /12 b2H2+iBQM i? i HHQrbiQ "2/ m+2i?2 +QKTmi iBQM H7QQiT

7i2° i?72 BMBiB H+ b+ /2 }Hi2 +mi-# +F; " QmM/ 2p2Mib /QKBM i2 i
#Qmi QM2 KBHHBQM 2p2Mib 7Q " 2p2°'v bi QT?vbB+ H M2mi BMQ .
bBKTH2 *LL "+?Bi2+im '2b "2 TTHB2/iQ /Bb+ '/i?2 K DQ Biv Q7 # +
M/ i?mb iQ 7m’i?2" "2/m+2 i?2 /1 "~ i2 7Q  bm#b2[m2Mi b2H2+iBC
T QT2 iB2b Q7 i?2b2 M2irQ ' Fb M/ i?2 TTHB2/ b+QX2X+mi "2 T QpE
/IBiBQM HBM7Q K iBQM QM i?2 M2m™ H M2irQ ' F b2imT M/i° BMBM
T QpB/2/ QM :Bi>m# M IW2MnQT QH2 K2 Mi aRXBIQN2b2 *LLb

"2[mB'2 T2 @2p2Mi mMMIBRQMY7 :S$HIQULioA.A :26Q +2 :hs
N3yfRy3yV M/ i?2v "2 #H2iQ 7Tm i?2 "2/m+2i?2 iKQbT?2 B+ # +F; |
NNXdW r?BH2 "2i BMBM; KQ'2i? M? H7 Q7 HH bB;M H 2p2Mib #Qp2
iQ iI?QMHBM2 + b+ /2 7TBHARBH2/ BM*K#H2b M/ XX h?Bb
"2/m+iBQM Q7 # +F;"QmM/ 2p2Mib #v HKQbi i?°'22 Q'/2'b Q7 K ;MI
H ;2" M/ KQ 2 +QKTH2t *LL "+?Bi2+im 2biQ #2 TTHB2/ BM bm#b?2

dXkXk ai2T k, .LL@ 2+Q 2+QMbi m+iBQM amBi2

7i2°0?2 /10 " i2Bb 2/m+2//QrMNQ[ BEQm2H2+iBQM bi2T QM2- bmBi2(
ir2Hp2 *LLb-/2i BH2/'"BM h2#H2M 7Q p BQmb +H bbB}+ iBQM M/ "2; ¢
i bFbX h?2b2 KQ/2Hb ? p2 bBKBH °~ "+?Bi2+im 2b i? i K BMHv /Bz2"
Q#D2+iBPRhP2v "2 KQ 2 +QKTH2ti? Mi?2 T 2+milLLb- "2[mB BM; 1
"mMMiBK2 Q7 "QmM/i2M KBHHBb2+QM/bX h?2p2IMirb2bi2B}@ iBQM KC
iBQMn/MMn+b+/nHj#n+miknbi 'iBM;n2p2MibnjyyKn7 bBBbK2/BmKnyR
MiBHBx2/iQ 7m’i?2° "2/m+2 i?2 iKQbT?2'B+ KmQM # +F;"QmM/X 1p
}+ iIBQM b+Q 2 Q2 "2D2+i2/- ""BpBM; i /i T iR)QPMAEQMI
M2mi ' BMQ Tm Bivw®@Z QmiTmib Q7 //BiBQM H +H bbB}+ iBQM M2i
MiHBx2/ b BMTmip "B #H2b iQ i?2 ;" /B2Mi #QQbi2/ /2+BbBQM i 2
BM b2H2+iBQM bi2T i?°22X 6m’i?2 *LLb "2 mMiQ Q#i BM BMBIiB
7Q 2p2Mi T QT2 iB2b bm+? b /B'2+iBQM- BMi2" +iBQM p2 i2t- M
h?2b2 "2+QMbi m+iBQM "2bmHib rBHH #2 hpleMi @ 2222 piBm2b 7Q " i?2
K2i?Q/b BM bm#b2[m2Mi bi2Tb b r2HH bBMTmip B #H2b iQ i?2 ".h

dXkXj ai2T j, * b+ /2@# b2/ *LLb M/ "QQbi2/ .2+BbBQM h 22D

h?2 i?B/ b2H2+iBQM bi2TLpRPVMH@2BMZ ER+QMbi m+iBQM # b2/

QM i22b+ /2@dT KR/2H #v +?2QQbBM; ?B;?@iQH2 M+2 7Q  i?2 K|
h?2 BMBiB H b22/ ?2vTQi?2bBb 7Q  i?2 KBMBKBxXx2  Bb +QMbi m+i2/ 7"
2;2Mnb22/HLL KQ/2Hb "mM BM i?2 T'BQ  b2H2+iBQM bi2TX h?Bb "2
i F2b #QMMN2 2p2Mi/2T2M/BM; QM i?2 KQmMi Q7 Q#b2 p2/ HB;?i M/ E



dXk .2bB;M M/ a2imT Q7 i?2 a2H2+iBQM SB

h®?2 miBHBx2/ BMTmi 72 im 2b M/ i?2B  BKTQ'i M+2 2 b?Qr
E@".hX h?2 M K2 T2PRI@bNnb2H2+iBQMh2M/RIm2Minb2H2+@
iBQMn/MMn+b+/2 QKBii2/ 7Q # 2pBivX

62 im"2 AKTQ i M+2
p2li2tnbi "iBM;n2p2MibnjyyKn7 binK2/BmKnyR yX8eke
p2ti2tnbi "iBM;nMm2njyyJn7 binK2/BmKnyR yXjjk8
Hi+ni> +FnMmKmn++npbnMm2n++nyR yXyR3e
Hi#n+miknbi "iBM;n2p2MibnjyyKn7 binK2/BmKnyR yXyR99

U7 biVb+ /2@dT 2K2 ;v yXyR9j
p2li2tni> +FnMmKmn++npbnbi "iBM;nyR yXyRjk
p2li2tni> +FnMmKmn++npbnMm2n++nyR yXYyRR]j

Hj nbi "iBM;n+ b+ /2bnR8yKn 2/nbmKK “vnbiibh7 bipXkyNe
Hji+n+miknbi 'iBM;n2p2MibnjyyKn7 binK2/BmKnyR yXyyN?9
Hji+ni® +FnMmKmn++npbnbi 'iBM;nyR yXyy33
U7 biVo+ /2@dT XKMBi? yXyy8k

Q#i BM M BKT Qp2/ 2biBK i2 7Q i?2 + b+ /2 p2 i2t- r?2B+? Bb 2KTH
# b2/ LLb TTHB2/ 7i2°r "/bX h?2b2 M2irQ Fii: MRiBBIBX2BR2h #H 2
2biBK i2/+ b+ /2 p2 i2tBM Q /2 iQ +QKTmi2 BMTmip ‘B #H2bi? i
iQ BM+QKBM; M/ Qmi;QBM; T “iB+H2b 9l ( 2+ B#2//BNIa2#iBQM
YXbPM+2 i?2 + b+ /2@# b2/ LLb ? p2 #22M TTHB2/-irQ ;  /B:
/2+BbBQM i 22BIN" BbYWMX h?2 } bi ".h- /20@QiB+ +H bbB}2b
M/ b+Q 2b 2p2Mib b iIKQbT?2 B+ KmQMb Q  M2mi"BMQbX h?22 “2b
Bb 2T 2b2Mi iBQM Q7 i?2 KMQM@M2bb Q7 M 2p2MiX h?2 b2+QM
+ b+ /2@".h-Bb i  BM2/iQ +H bbB7v #2ir22M +? ;2/@+m "2Mi Km
M2mi'BMQb Q7 HH Qi?2  ~ pQ b M/BMi2  +iBQMivT2bX h?Bb 6+ b+
iQ i?72 HBF2HBM2bb Q7 M 2p2Mi #2BM; + b+ /2X

h?2 ".hb Q#i BM i?2 QmiTmib Q7 i?2 T 2pBXpR2 MH@ : ;iNVI2* Lilb M/
"2+QMbi m+iBQMb b BMTmi ZaMIMXEbQJpBHEHBRM7Q K iBQM QM i?2
+?2Qb2M 72 im 2b M/ i?2B° BKTQ i M+2X 6Q" #Qi? ".hb-i?2 p27i21
"2 KQbi BKTQ'i MiiQ i?2 +H bbB}+ iBQM i bF- /2KQMbi® iBM; i?
[2[m i2 +?2QB+2 Q7 BMTmip B #H2b iQ i?2 LLb Bb 2bb2MiB H iQ K t!
HQQb2 b2H2+iBQW@+ ' Bi2 B Q7V Bb +?Qb2MiQ 7m i?2" "2/m+2 i?.
iIKQbT?2'B+ KmQM # +F; QmM/ #v Qp2 3yW UN3WVX ai B+i2" +m
bT2+B}+ M HvbBb- "2 TTHB2/H i2° BMi?2}M HDb2H2+iBQM bi2T



d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

h®2 miBHBx2/ BMTmi 72 im 2b M/ i?2B  BKTQ i M+2 2 b?QrM
+ b+ /2@".hX h?2 M K2F2MitrR2h2H2+iBQMh 2VM2M2Minb2 @
H2+iBQMn/MMn*b2/ @KBii2/ 7Q  # 2pBivX

62 im"2 AKTQ i M+2
p2li2tni> +FnMmKmn++npbnbi "iBM;nyR yXd9aN9
p2li2tni> +FnMmKmn++npbnMm2n++nyR yXRk88
Hj+ni® +FnMmKmn++npbnbi 'iBM;nyR yXy8j8
Hj+ni> +FnMmKmn++npbnMm2n++nyR yXyRNN
U7 biVb+ /2@dT 2K2 ;v yXyRek
p2i2tnbi "iBM;nMm2njyyJn7 binK2/BmKnyR yXyyd3
U7 biVb+ /2@dT XKMBi? yXyyd8

Hi#n+miknbi "iBM;n2p2MibnjyyKn7 binK2/BmKnyR yXyy8N
Hji+n+miknbi 'iBM;n2p2MibnjyyKn7 binK2/BmKnyR yXyy8y
Hj nbi "iBM;n+ b+ /2bnR8yKn 2/nbmKK “vnbi ibh7 bipXky9N
p2i2tnbi "iBM;n2p2MibnjyyKn7 binK2/BmKnyR yXyy98

dXkX9 ai2T 9, 6BM H 1p2Mi _2+QMbi m+iBQMb

i i?Bb TQBMi- rBi? /i N)i2 R@ 2 +QKTmiBM; B2 M Bp2

'2M2  iQ 2+QMbi' m+iBQMb rBi? KmHIETHP2 D2 2Bz 2 2 MinKIQ/2Hb -
/2}M2/ BM a23¥BMYM BE7Q° bBM:H2 + b+ /2-irQ +Q "2H i2/ + b+ /2b- M
BM/2T2M/2Mi + b+ /2b "2 TTHB2/X AMiQi H-i?2b2 "2+QMbi m+iBQM
"MMiBK2 Q7 #QmiirQ KBMmi2b /m2iQ i?2 +?Qb2M MmK#2 Q7 KBMB
r /b-i? 22 LLb "2 "mMiQ Q#i BM M 2biBK i2 QM i?2 M;mH mM+2"i
Q70?2 2+QMbi'm+i2/ 2p2Mi ?2vTQi?2b2bX " b2/ QM i?2 2biBK i2/ mM+:
HBF2HB?QQ/ Q7 2 +? Q7 i?2 2p2Mi ?2vTQi?2b2b-i?2 #2bi "2+QMbi m
rBi? i?72 +Q "2bTQM/BM; mM+2"i BMiv 2 b@BLK X26m 2i?2" 22ii @ Hib

QM i?2 2p2Mi "2+QMbi'm+iBQM M/ mM+2"i BMiv 2biBKXBQM 2 T Qp
LQ //BiBQM H +mib "2 TTHB2/BM i?Bb b2H2+iBQM bi2TX 1p2Mib "2
iQ:2i?2  rBi? i?2 TTHB2/ 2+QMbi m+iBQMbb+222F2p2H iQ b

9X h?Bb H2p2H Bb BMi2M/2/ b ;2M2  H bi 'iBM; TQBMi 7Q" /2/B+ i2
i? i QTIBKBx2 bT2+B}+ M Hvb2b BM b2H2+iBQM bi2T }p2X

dXkX8 ai2T 8, M HvbBb PTiBKBx2/ a2H2+iBQM *'Bi2 B

AM +QMi  biiQ T'BQ b2H2+iBQM bi2Th- b2H2+iBQM bi2T }p2 Bb BM
:Bp2M M HvbBbX p BH #H2 ".h +H bbB}+ iBOM b+Q 2b M/ 2p2Mi |

h?2 )M H/ i T Q+2bbBM; T2 7QLK26+7 Q2 h?RTH2 HQ+ i2/ QM i?2 A+2*m#2
+Hmbi2fbiif M fSQBMiaQm +2f.LL* b+ TAHB2/ bi B+iE@"mi Q& A&

T'BQ iQ mMMBM: /2 GBM Q' /2 iQ “2/m+2 “2[mB 2/ /BbF bT +2 M/ +QKTmi iBQ
"2[mB 2K2Mib #v 8yWX



dXk .2bB;M M/ a2imT Q7 i?2 a2H2+iBQM SB

LL* b+ /2 G2p2H2M #H2 M Hvx2'biQ IM2@imM2 ?B;?@H2p2H b2H
iQ K tBKBx2 T2 7Q K M+2 Q7 :Bp2M M HvbBbX h?2 b2H2+iBQM |
i?Bb /Bbb2  iBQM M/ “2I72¢ 124 iQ G2p2H Bb i?2°27Q°2 bT2+B}+

iQ i?72 M HvbBb /2b+ B#2BER/SQiK tBKBx2 b2MbBiBpBiv M/ /Bb+C
TQi2MiB HiQ M2mi'BMQ 2KBbbBQM 7 QK i?2 : H +iB+ TH M2X

6Q°  M2mi'BMQ bQm +2 b2 "+?2b- M 2p2Mib KTH2 Kmbi T'QpB/2 2t
bi'm+iBQM T2 7Q K M+2X >B;?2 # +F;"QmM/b M/ iKQbT?2 B+ Km
+ M#2 iQH2 i2/ BM +QKT "BbQM iQ /B zmbrl Kk K2 Wim " 2K2Mib (
H2 /BM; iQ KQ'2H2ZMB2Mi b2H2+iBQM + ®iR'B?2 bTAHIBIBM2HY BM h #H
b+Q 2 +mib "2bmHIi BM M iKQbT?2 B+ KmQM +QMi KBM iBQM Q7
i?72 bi'QT?vbB+ HM2mi BMQ +QMi B#miBQM Bb 2biBK i2/iQ "Qm
~mt ;Bp2M BMRX27 (

hi22 b2H2+iBQM +'Bi2°'B iQ "~"Bp2 ii?2 : H +iB+ TH M2 QT
LL* b+ /2 G2p2H & T 2b2Mi2/X

S bbBM; *'Bi2 B .2i BHb
w@ " . h _2D2+i iKQbT?2 B+ KmQMb
+ b+ /2@".h _2D2+i bi 'iBM: i  +Fb
Usis (F7 _2KQp2 HQr 2M2 ;v 2p2Mib
wLL K 2[mB 2 KBMBK H '2+QMbi"m+iBQM [m HBiv
7 N ) N 2KQp2 KBb@'2+QMbi +mi2/ 2p2Mib
! NG N 2KQp2 KBb@'2+QMbi +mi2/ 2p2Mib

h?2 +mib QM i?2 2biBK i2/ M;m@BLL 2MQiP@iBQMt TQbBIiBQM BK
iQ K BMi BM KBMBK H 2+QMbi ' m+iBQM [m HBiv #v HBKBiBM; i?2
HHQr2/iQ #2 7°QK i?2 BMbi " mK2Mi2/ pQHmMK2X 1p2Mib "2+QMbi m+
QmibB/2 Q7 i?2/2i2+iQ  #QmM/ "B2bK v HbQ #2 MBM/B+ iBQM Q7 7
rBi? # / HQ+ H KBMBK X am+? 2p2Mib "2i?2°27Q°2 "2KQp2/ 7 QK
KBMBK H 2M2 ;v Bb BKTQb2/ BM Q /2 iQ 2/m+2 iKQbT?2 B+ #
+mi QM i?2 + b+ /2@".h Bb TTHB2/iQ “2/m+2 Qp2'H T iQ 2tBbiB\
6BM HHv- M //BiBQM H +Q "2+iBQM+ Rb+TBHBLBMa22iBWJBIK i2/
M:mH > mM+2'i BMiB2b iQ ++QmMi 7Q  TQi2MiB H /2i2+iQ"  bvbi2l
i72 iIKQbT?2 B+ KmQM # +F;"QmM/ Bb “2/m+2/ #v HKQbi 2B:?i Q /2
M/ r2HH "2+QMbi"m+i2/ M2mi"BMQb MQr /QKBM i2 i?2 b KTH2- 2M #
M2miBMQ 2KBbbBQMX



d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

dXkXe LQi2b QM aQ7ir "2 p BH #BHBiv

h?2 LL* b+ /2 b2H2+iBQM bQ7ir "2 Bb p BX #HM22G M BV>mZThb

QM2 i?2°Qm;? i?°22 "2 :;°QmT2/iQ:Rj2QI MM WFM H2 iQ b

LL* b+ /2 G2p2HKKjLL* b+ /2 G2p2H M/G2p2H BB;M rBi? i?2
b2H2+iBQM bi2Tbh 7Qm" M/ }p2 M/  2AT JQp Bok2R2 BMbbr2 T2° 2 2

G2p2HBH BMi2M/2/ b # bBb7Q° M Hvxadlb*i ®4M2 @2 kM2 BT2M

iQ i72B bT2+B}+ M22/bX >2M+2-i?2 M HvhBb B2g2H +mib TTHB:
G2p2HrBHH #2 mMB[m2 iQ +2°i BM M HvbBb 7Q  r?B+? i?2b2 +mib

dXj 1p2Mi _2+QMbi'm+iBQM M/ IM+2i BMiv 1biBK

2+H ' iBQM

h?Bb b2+iBQM 7QHHQrb i?2 / i b2i /Zp+r'BTiBQMVIITRK 27X (
mi?Q Q7 i?Bb /Bbb2 i iBQMX S “ib Q7 i?Bb b2+iBQM 2 /QTi2/
BM/B+ i2/ #v [mQi iBQM K “FbX

.m2iQi?2 .PJ6bH “;2HvV HBM2 > "2bTQMb2 iQ HB;?i BMi2MbBiv- Mv 2
A+2*m#2 + M #2 /2+QMbi'm+i2/ b bmT2 TQbBiBQM Q7 BM/BpB/m |
1p2Mi@:2M2° TQK2rQ F K F2b mb2 Q7 i?Bb 7 +i, QMHv DbBM;H2 M2m"
M22/biQ #2 i BM2/iQ T2 ' 7Q K i?Bb 2H2K2Mi "vK TTBM;X *QKTH2t 2|
Kvi?2M #2 +QMbi'm+i2/ 7°QK i?2 bmT2 TQbBiBQM Q7 KmHiBTH?2
i?Bb 2H2K2Mi v LL- b /2i BH21 BMI*2) T4 2"

) X

aBM+2 i?Bb M HvbBb Bb 7Q+mb2/ QM + b+ /2 2p2Mib- KQbi 2p2Mib

bBM;H2 2M2 ;v /2TQbBIiBQMX >Qr2p2 - ~m+im iBQMb BM 2M2 ;v /:
T "iB+H2 b?Qr2° br2HH b BM+QKBM;fQmi;QBM; T "iB+H2b M/ +QE
"2[mB'2 KQ'2 +QKTH2t 2p2Mi ?2vTQi?2bBbX hQ i?Bb Tm ' TQb2-i?"22
[2}M2/ BM a25iBM e "2 TTHB2/, bBM;H2 2M2 ;v /2TQbBiBQM-irQ +
+QMM2+i2/ 2M2° ;v /2TQbBIiBQMb- M/ irQ BM/2T2M/2Mi 2M2 ;v /2TC
i?7°22 °2+QMbi m+i2/?2vTQi?2b2b-i?2 "2+QMbi m+iBQM "2bmHi 7 QK i
rBi? i72 HQr2bi 2biBK i2/ M;mH " mM+2°i BMiv M/ ?B;?2bi HBF2HB?C
T2 @2p2Mi # bBbX

h?2 "2bmHIBM; M:mH ' WbQbHmMIB Gp2HBD /2KQMbi® i2/ BM
6B:md2% M BKT Qp2K2Mi BM M:mH " "2bQHmMIiBQM Qp2  i?2 2MiB" 2

U #£2bB HB:2B0IIQ A+2*m#2 :Bi>m# Q" @
- MBx iBQM ‘2 “2[mB'2/V
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dXj 1p2Mi _2+QMbi m+iBQM M/ IM+2 i BMiv 1biB
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2/@+mT T 2Mi 2H2

BKbiQ BM72,5sM2i'm2/2TQbBi2,
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h?2 iQT T M2H BHHmbi® i2bi?2 +Q "2H iBQM #2ir22M "2+QMbi m+i2/ M/
M/i?2 #QiiQK QM2 b?Qrb i?2 "2H iBp2 "2bQHmMIiBQM- /2}M2/ 22 2 b i?2 «
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d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

Q#b2'p2/ 7QUL®D+ /2 b KTH2 BM +QKT "BbQM iQ i?2 T 2+m bQ" + |
b2H2+iBQM- /2bTBi2 ?B:?2 7" +iBQM Q7 KQ'2 +? HH2M:BM: 2p2Mib
#V i?2 BM+HmMbBQM Q7 /QK BM FMQrH2/:2 pB i?2 MQp2H ?2v# B/ 2+Q\
1p2Mi@:2M2° (@BMi Q/m+2/ BMB*P?BH2? "2bmHib BM #2ii2° 2tTHQBI (
iBQM Q7 BM7Q K iBQM@?2M@2 02/ *Lte mb2/ BM i?2 T 2pBQmb

+ b+ /2 b2H2+iBQMX h?2 KQbi bB:MB}+ Mi; BMb "2 +?B2p2/ i 2M2
i2Mb Q7 h20- "2 +?BM: mT iQ KQ 2 i? M5F/X+iIBbA#m@b2/ BM

S “iAAA?2 K DQ'BivQ7i?2: H +iB+ TH M2 bB:M H Bb Q#b2°p2/ BM i?E
2KT? bBXxBM; i?2 p Hm2 Q7 i?2 BKT Qp2/ K2i?Q/bX h?2 2M2 ;v "2t
b KTH2 Bb +QKT * #H2 iQ T°2pBQmb + b+ /2 b2H2+iBQ@MbX Ai Bb BH
b 7mM+iBQM Q7 M2mi"BMQ 2M2 ;v M/ /2TQbBi2/ 2MBb;vX p2 i2t 2
+?B2p2/5F7 r?B+? BKT QP2b iGGF7 M/ i?2M ~ ii2Mb Qmi iQ #Qmi

N i?B;?22 2M2:B2bX (

h?2 2biBK i2/ T2 @2p2Mi M;mH " mM+2"i BMiv7Q 2 +? Q7 i?2b2 “2-
?2vTQi?2b2b Bb Q#i BM2/ #v i? 22 BM/2T2M/2Mi- TmHHvV@+QMM2+
"2 i° BM2/ pB pOQM JBb2b@6BR?2 HBBRKHR?ZQDHAB +mH "Bx2/
M;mH " mM+2'i BMivQM2 +?2 Q7 i?2b2i? 22 "2+QMbi m+iBQMb mbB]I
bm+? bi?2 "2+QMbi m+i2/ 2p2Mi T°QT2iB2b-i?2/2Hi HQ;@HBF2H
i?72 ?2vTQi?2b2b- M/ i?2 b2+QM/ /2 °Bp iBp2b Q7 i?2 HBF2HB?QQ/.
a2+iBRM( PKi2BR K2i?Q/ T QpB/2b #2ii2° +Qp2° ;2 i? |
M mMM+2 i BMiv 2biBK iQ™ # b2/ QM i?2 >2bbB M Q7 i?2 HBF2HB?Q (
#2bi }i TQbBIiBQMX JQ 2 bQT?BbiB+ i2/ b+ Mb Q" b KTHBM; Q7 i?2
HBF2HB?QQ/ H M/b+ T2 r2°2 MQi T2 ' 7Q K2/ /m2 iQ +QKTmi iBQM
+B"+mH "Bx2/ M;mH "mM+2 i BMiv 2biBK i2 Bb mb2/- bvKK2i B+ H
M/ /2+HBM iBQMX (h?Bb bbmKTiBQM bBKTHB}2b i?2 M HvbBb i
b2 "+?2b BM/AS#mi Bi Bb MQi 2MiB ' 2Hv +Q "2+i b + b+ /2b-BM T il
2t?B#Bi bvKK2i'B+ mM+2'i BMiv +QMiQm b- Q7i2M 2HQM; i2/ BM °
iQi?2/2i2+iQ H vQmiX a22 HbQ bm( ThH2K2 Wi RaTi2

XK M/ a2+iBQEMQ™ 7m i?2 /2i BHbX KQ 2 +QKTH2i2 /2b+ "BTiBQ
b2+QM/ Q' /2  2z2+iBM 7mim2rQ FK v7m'i?2  BKT ' Qp2i?2b2MbBiB
TQi2MiB HQ7 i?2 M Hvb2b ™WXB2Mi2/ BM S i

avbi2K iB+ mM+2 i BMiB2b QM /2i2+iQ " T°'QT2'iB2b ? p2 M 2M2 ;va@
QM i?2 M;mH ~ "2bQHMIBQM- 7m i?2" /2;" IBM; i?2X2bQHmMIiBQM b?(
#QmMi 8WS5F7MT iQ #Qmi k8W i S202M2 ;B2bX h?2b2 bvbi2K iB+ mM+
2M+QKT bb T°QT2iB2b Q7 i?2 /2i2+iQ" K2/BmK BM+HmM/BM; #bQ Ti
+Q2{+B2Mib- B+2 MBbQiIi QTv- M/ i?2 ++2Ti M+2 T ~ K2i2'Bx iBQ
B+2 +QHmMKM bm "QmM/BM; i?2 .PJb-r?B+? ? b BM+ 2 b2/ b+ ii2"'BM
T°QT2iB2b/m2iQ 2M+HQb2/ B #m##H2b M/ /mbi BKTm BiB2b- |
[mMm MIimK 2{+B2M+Vv | URX+MBOOM+QmMi 7Q  i?2b2 bvbi2K iB+ 2z2+ib



dXj 1p2Mi _2+QMbi m+iBQM M/ IM+2 i BMiv 1biB

M, //BiBQM H

g 1% +Q "2+iBQM 7 +iQ - b?QrM 222
& 115 b 7mM+iBQM Q7 "2+QMbi ' m+i2/
5 2M2 ;v- Bb TTHB2/ iQ i?2 2b@
2 1.10 iBK i2/ M;mH > mM+2'i BMiv-

5 ®LL-iQ ++QmMi 7Q  bvbi2K@

Q 105 iB+ mMM+2"i BMiB2bX h?2 "2bmHi
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Reconstructed energy  Ejeco / GeV vbBb M/ BiBb 27DX'2/iQ b

2biBK i2/ M;mH mM+2'i BMivBb 7m i?2 +Q "2+i2/ #v M 2M2 ;v@®
7 +iQ° - bb?2QrM BIMBB;inBIR2/2i2 KBM2/ 7" QK bvbi2K iB+/ i b2ii?
+QMiBMmMQmbHv b KTH2b 7 QK i?2 2biBK i2d 9X¥Xbi2RK #Bp2IMM22 i BMIE
Q7 i?2 "2bmHIBM; mM+2"i BMiv 2biBK i20BBQ QiIRR2 #2i BHWBSER; m " 2

J* bBKmH iBQM M/ i?2 bBKmH iBQM rBi? p "B2/ bvbi2K iB+ T ~ K
# b2HBM2 bBKmH iBQM- i?2 mM+2 i BMiv 2biBK i2 Bb +QMb2 p iE
#Qmi R8W /m2 iQ i?2 TTHB2/ b+ HBM; 7 +iQ X h?Bb Qp2 @+Qp2°
BMi"Q/m+BM; bvbi2K iB+ mM+2'i BMiB2b QM i?2 /2i2+iQ T QT2 i
"B;?i Q7 6BIARM #Qi? + b2b-i?2 +Qp2° ;2/Q2b MQi bi'QM;Hv /2T
M2mi ' BMQ 2M2 ;vX
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K22 +Qp2° ;2 Q7i?2 M;mH ~mM+2"i BMiv 2biBK iQ  Bb 2p Hn
/Bz2°2MiM2mi"BMQ 2M2";B2b QM i?2 # b2HBM2 J* bBKmH iBQM UH27iV
rBi? p "B2/ bvbi2K iB+ T ~ K2i2'b U'B;?IVX 6Q° M ++m” i2 mM+2'i BM
i?72 2biBK i2/ 7" +iBQM Q7 2p2Mib 7Q  r?B+? i?2i'm2 /B 2+iBQM HB2bD
[mMm MiBH2 Ut@ tBbV b?QmH/ K i+?i?2 i 'm2 7 2[m2M+v ir?B+?i?2i m2/
BMiQi? i[m MiBH2Uv@ tBbVX S2°72+i+Qp2° ;2Bb Q#i BM2/ HQM;i?2/
#vi?2; v-/ b?2/ HBM2X *m 'p2b i? i HB2 #Qp2 i?Bb /B ;QM H Qp2 @+
MM+2'i BMiv- BX2X i?2 2biBK i2/ mM+2'i BMivBbH ;2" i? Mi?2i " m2
i?72 "2+QMbi'm+iBQM K2i?Q/X 6B;m 2 M/ H)RKiBQM i F2M 7 QK _27 (



d.LL* b+ /2, MQPp2H * b+ /2 . i b2i

dX9 a2H2+iBQM S2°7Q K M+2 M/ . i b2i SQT2 iB2]

h?2 M2rHv /2p2HIQTIRY /2 b KTH2 T QpB/2b Km+? BKT Qp2/ b2H2+il
2{+B2M+v b /2KQMbi  i2XBxMANB QRT BbQM iQ i?2 T 2+m bQ + b+
2p2Mib2H249iBQM2(z2+iBp2 "2 Bb BKT Qp2/#v MQ /2 Q7K ;MBim/2-
BM #Qmii2M iBK2b b K Mv b2H2+i2/ bi ' QT?vbB+ HM2mi'BMQb bb
bi" QT?vbB+ H~mt ++Q /BM; iQi?2 + b+ /2[R AM RKEBMHNBHI ~_ 27 X (
BMi?2 aQmi?2"M aFv U/QrM@;QBM; BM A+2*mmiERY¥+ir2 2{+B2M+v Q7
b KTH2 Bb mMK i+?2/ M/i?2°27Q°2+ m+B HiQi?2bm++2bb Q7 bim/B:
i?72: H +iB+ TH M2X h?Bb BKT Qp2K2Mi "Bb2b 7 QK i?2 /2THQVK2Mi
i2+?MB[m2b rBi? BKT Qp2/ T2 7Q K M+2 M/ "2/m+2/ +QKTmi iBQM
2M #HBM; i?2 TTHB+ iBQM Q7 KQ 2 /p M+2/ b2H2+iBQM bi" i2;B2b ¢
b /Bb+mbb2/ B M a2+iB QM )X+ 1bQM2bmHRA

i?722M2 ;v i? 2b?QH/ Q7 i?2 2p2Mi b2H2+iBQM Bb "2/m+2/iQ #Qmi ¢
iQ b2p2° Hh20BM 2 "HB2 rQ FX

bB;MB}+ Mi +QMi'B#miBQM iQ i?72 BM+ 2 b2 BM 2{+B2M+v "2H iE
b2H2+iB)JOBW (7?2 BM+HmMbBQM Q7 2p2Mib rBi? BMi2™ +iBQM p2 iB+2b
Q QmibB/2 Q7 i?2 BMbi mK2Mi2/ pQHmMK 2l XoXBHA2mBiI6OT2/@BM 6B;m"
iB HHv +QMi BM2/6 M/ 6mM+QMi BM2/6 2p2Mib "2 KQ 2 /B{+mHi iC
# +F;"QmM/ 2p2Mib M/ i?2B" "2+QMbi m+iBQM Bb +? HH2M;BM; /m2
70 +iBQM Q7 i?2/2TQbBi2/ 2M2 ;vX h?mb-i?2b2 2p2Mibr2°2 "2KQp2/
A+2*m#2 M Hvb2bX h?2 TTHB+ iBQM Q7 /22T H2 "MBM; # b2/ iQC
HHQrb BiiQ "2i BM bB;MB}+ Mi 7" +iBQM Q7 i?2b2 M/ Qi?2 KQ 2 +
r’BH2 2Mbm ™ BM; M ++2Ti #H2 "2+QMbi " m+iBQM [m HBiv M/ H2p2
i KBM iBQMX M 2t KTH27Q° M OmM+QMi BM2/6 M/ 6+QMi BM2/06
b?QrM BM 6B{Xy 2Qmi RAX8W Q7 HH 2p2Mib BMi?2 b KTH2 ? p2 "2+C
BMi2" +iBQM p2'i2t QmibB/2 Q7 i?2 BMbi' mK2Mi2/ pQHmMK2 M/ "2 i
MmMM+QMi BM2/ 2p2MibX M //BiBQM H kX8W Q7 2p2Mib "2 HQ+ i2
BM+ 2 b2/ /mbi BKTm BiB2bX 1p2Mib bm+? b i?2b2 2 Q7i2M 2t+H)
Im2iQi?2TQQ" "2+QMbi'" m+iBQM [m HBivX
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7m'i?2° /Bb+mbbBQMX aBKBH *HBKBi iBQMb TTHvViQ i?2 i2KTH i2
a2+iBQM r?B+? 2KTHQV bvKK2i'B+ H: mbbB M bK2 "BM; iQ KQ/B7
iQ ++QmMi 7Q  2p2Mi mM+2'i BMiB2bX

q?BH2 i?2 /Bb+mbb2/ bBKTHB}+ iBQMb 2M #H2 i?2 2KTHQv2/ M H
"2bmHi BM KBMQ" #B b2b M/ M HvbBb T2 7Q K M+2 /2;" / iBQMX



Ry M HvbBb J2i?Q/b

RyXj h2KTH i2 M HvbBbD

AM //BiBQM iQ b2 “+?2b 7Q" T QBMIiRHBF2 b2 i@ hb-mP2ZQ ib

b2 “+?2b # b2/ QM T 2@/2}M2/ i2KTH i2bX h?2 7mHH bFv i2KTH i:
2[m H@bQHB/@ M;H2 #BMb- +QMpQHP2/ rBi? i?2 /2i2+iQ " ++2Ti M+2
. mbbB MiQ;2M2" i2i?2bT iB°A°B @ 2%y W3 1t KTH2 i2KTH i2b

rBi? /2i2+iQ° ++2Ti M+2 M/ 'K "BMTEGB2/ 2 T°'QpB/2/ BM
6B:MRARXILQi2i? ii?2 bT iB Hi2KTH i2 Bb BM/2T2M/2Mi Q7 i?2 2M2 ;\
rBi? 2M2 :v@/2T2M/2Mi bT iB H +QKTQM2Mib 2} bi K “:BM HBx2/
bT2+i'mK QLL?2+ /2 b KTH2 iQ '2KQp2 i?2 +QM/BiBQM H /2T2M/:
h?2 i2KTH i2b "2 bK2 "2/ rBi? : mbbB M /Bbi'B#miBQMb 7Q" }t2/ b
mMM+2i BMiB2bX 6Q 2 +?2 2p2Mi- i?2 +HQb2bi T'2@+QKTmi2/ i2KTH
2p Hm i2 i?2 HBEF2HB2Q@ /bRM QMXi?2 T2 @2p2Mi M;mH ~mM+2"i BM

RyX9 .1 @/ Bp2M a2 +? J2i?Q/ M/ avbi2K iB+b

.2+H " iBQM

h?Bb b2+iBQM +HQb2HvV 7QHHQrb i?2 /2P +BBTbEXX® H B/ Qmi BM
KBMQ' KQ/B}+ iBQMb TTHB2/X

h?2 bQm ™ +2 b2 "+?22b T2 7Q K2/ BM i?Bb /Bbb2 i iBQM miBHBx2 [/ i
KQ/2H # +F;"QmM/b M/ iQ 2p Hm i2i?2 M HvbBb bB;MB}+ M+2X h?Bl
iQ +QMbi'm+i "Q#mbi M/ +QMb2 p iBp2 T@p HmM2b i? i "2 +Q "2+i 2p
Q7 /2i2+iQ bvbi2K iB+b bi?2b2 "2 #v +QMbi m+iBQM H2 /v ++

.m2iQ A+2*m#26b HQ+ iBQM ii?2aQmi? SQH2 M/i?2 Qi iBQM Q71
iQi?Bb M HvbBb U iKQbT?2 B+ 2p2Mib M/ M bbmK2/@BbQi"QTB+ b
# +F;"QmM/V "2 mMB7Q KHv /Bbi'B#mi2/ BM "B;?i b+2MbBQMX a
Q7 Mvi2 "2bi'B HbQm +2b Q7 bvbi2K iB+ mM+2 i BMivrBHH HbQ
BM "B;?i b+2MbBQMX h?2 /i @/ Bp2M b2 "+? K2i?Q/ K F2b mb2 Q7
# +F;'QmM/ Th2m/Q@2tT2 ' BK2Mib #v° M/QKBxBM; i?2 "B;?i b+2Mt
Q#b2 p2/2tT2'BK2Mi H/ i X h?Bb > M/QKBx iBQM rBHH "2KQp2 bB.
#v 2p2MBM; Qmi MBbQi"QTB+ bi'm+im 2 QM i?2 bFv UBM ;Bp2M /2+H
K BMi BMBM; i?2 BM~m2M+2 Q7 bvbi2K iB+ mM+2"i BMiB2b M/ i?2 b
Q7 i?2# +F;"QmM/ 2p2Mib BM 2tT2 ' BK2Mi H/ i X (LQi2i? i 7Q b2 “+°
bQm'+2b M //BiBQM HHQ+ H  M/QKBx iBQM BM /2+HBM iBQM Bb T
BM a2+RB«Q™ NXh2Bb A72@/ " Bp2M T Q+2/m 2T 2p2M
i?72 "BbF Q77 Hb2 /IBb+Qp2°'v Q7 MBbQi QTB+ bi ' m+im 2b QM~i?2 bF



RyX9 . i @/'Bp2M a2 "+? J2i?Q/ M/ avbi2K iB

h?2 i2bi bi iBYIBX 1Xy¥Bb 2p Hm i2/ 7Q" 2 +? Q7 i?2b2 # +F; Qn
Tbh2m/Q@2tT2 BK2Mib- "2bmHiIBM; BM #cg M, HQm2W/X/BRB2B2Z miB QN
p Hm2b /2b+ " B#2 i?2 /Bbi ' B#miBQM Q7 i2bi bi iBbiB+ p Hm2b i? i
i?72 MmHH ?2vTQi?2bBb #v = M/QK +? M+2X h?2 M HvbBb T@p Hm?2
+QKT "BM; i?2 i2bicbi@QBOPRUMQM @b+ K#H2/V 2tT2 " BK2Mi H / i
7 +iBQM Q7 ;2M2 i2/ Th2md Qi@ AtT PBKRZ M2 ;"2 i2° Q 2[m HiQ
i?72 2tT2 ' BK2Mi H/ i QM2X

Hi7Qm;? i?2 +QKTmi2/ T@p Hm2 Q7 i?2 M HvbBb +Q "2+iHv ++Q
mM+2'i BMiB2b M/ KBb@KQ/2HBM; BM i?2 J* bBKmH iBQM- BKT
BKT ' Qp2 M HvbBb T2 7Q 'K M+2 M/ i?mb ;2M2° HHv "2bmHi BM KQ "2
bB;M HBb T 2b2MiX S QD2+i2/ M HvbBb b2MbBiBpBiB2b M/ 2z2+iB
i?72 }ii2/ MmK#2" Q74A@2MWilQ#b2 p2/ #2bi@}i ~mt MQ 'K HBx iBQM- "2
QM bBKmH iBQMb Q7 i?2 /2i2+iQ°X 6Hmt +QMp2 " bBQMb "2 i?mb
KQ/2HBM;- "2[mB'BM; /2[m i2 ++QmMiBM; Q7 bvbi2K iB+ mM+2"i
BM a2 +RBQd PXEX

avbi2K iB+ mM+2'i BMiB2b T2i BMBM; iQ B+2@KQ/2HBM; M/ /2i2
iBQMW® "2 ++QmMi2/ 7Q° BM KmHiIBTH2 TH +2bX h?2 *LLb BM i?2
TBT2HBM2- /Bb+mkb 2 BMBBI2I QM p B2ivQ7/Bz2 2Mi bBKmH iBQM
rBi? /Bz2 2Mi bvbi2K iB+ T°'QT2'iB2bX h?Bb 2Mbm 2b i? ii?2 *LLb
iQr “/bi?2b2 FMQrM bQm +2b Q7 bvbi2K iB+ mM+2 i BMiB2bX Zm Mi
QM i?2 BKT +i Q7 i?2b2 bvbi2K iB+b QM i?2 *LLbO9XEBT@b2Mi2/ BM
YXvh2?222M2mMH M2irQ ' F KQ/2Hb miBHBX:
i?72 ?2v# B/ K2LpQMi@:2M2 -iBb HbQ i BM2/ QM bBKmH iBQM b2it
b KTH2 /Bz2 2Mi b2ib Q7 bvbi2K iB+ T ~ K2i2 b 71OXZm?@m#b2i Q7
i72°KQ'2-7Q  i?72 HQbb 7mM+iBQM-WB22VKQ I B n#iB M B XQ1 X
i?72 Qp2 " @/BbT2'bBQM "2bmHiBM; 7°QK i?2 K “;BM HBx iBQM Q7
b/Bb+mbb2/ BM a@+HiBQM )+ EM
//IBiBQM H b+ HBM; 7 +iQ  Bb TTHB2/iQi?2T2 ' @2p2Mi M;mH mM
++QmMi 7Q 1?2 7Q 2K2MiBQM2/bQm +2b Q7 bvbi2K iB+ mM+2"i BN
}2M+2 BMi2'p H+QMbi' m+iBQM Q7 i?2 #2bi@}i ~mt MQ 'K HBx iBQM
KQ/2Hb- "2TQ i2/FBMM/#B2 MR 2B | ++QmMi 7Q  i?2b2 bvbi2K iB+ mM+:
i BMiB2bX b /2b+ B# Z/SBN?22+QBMQMM+2 BMi2'p Hb "2 +QMbi m+i
BMp2'bBQM Q7 i?2 HBF2HB?QQ/ iBQ i2bi pB i?2 THJR +? #v 62H/K
r?BH2 HbQ b KTHBM; +QM+'2i2 "2 HBx iBQM Q7 bvbi2K iB+ T ~ K
bbm+?-i?22 Q#i BM2/ BMi2'p Hb MQi QMHv BM+Hm/2 bi iBbiB+ H n
i?72 7Q°2K2MiBQM2/ FMQrM bQm +2b Q7 bvbi2K iB+ mM+2"i BMiB2

Pp2® HH-i?Bb b2i Q7 bvbi2K iB+ mM+2'i BMiB2b BKT +ii?2 b2MbBiB
i?72 2z2+iBp2 "2 #v #Qmi RyWX h?2 H ";2bi BKT +i Bb QM i?2 M;|
Q7 ?B;?7@2M2 ;v 2p2Mib-r?B+? "2 KQbi z2+i2/ #v bvbi2K iB+ mM-



Ry M HvbBb J2i?Q/b

KQ/2HBM; Q7 i?2 ;H +B HB+2X L2p2 i?2H2bb- HH Q7 i?2b2 U M/ Qi?z
"2 #v +QMbi m+iBQM ++QmMi2/ 7Q BMi?2T@p Hm2 + H+mH il
i?72 #2bi@}i ~mt MQ'K HBx iBQMb "2 bmb+2TiB#H2 iQ bvbi2K iB+ mM
M HvbBb Bib2H7 Bb "Q#mbi /m2iQ i?2/ i @/'Bp2M b2 "+? K2i2Q/X



R R‘?Q‘KZ/ a2 "+?2b

.2+H ' iBQM

h?2 /2b+ BTiBQM Q7 i?2 BM/BpB/m H b2 "+?2b+R@ /QTi2/ 7" QFk
mi?Q 2/ #vi?2 mi?Q Q7 i?Bb /Bbb2'i iBQMX

bmBi2 Q7 b2 “+?2b 7Q  /Bz2 2Mi bB:M H ?2vTQi?2b2b "2 T2 7Q K
i?72 7TQHHQIBM; b2+iBQMbX h?2b2 "2 +QKKQM b2 "+22b T2 7Q K
+?2Qb2M iQ HB:M rBi? i?Qb2 b2 “+?22b T2 ' 7Q K24 BMIBMD 2+m bQ"
KQ/B}+ iBQMb r2 2 TTHB2/BM Q /2  iQ imM2 i?2 M HvbBb iQ i?2
LL* b+ /2 Db KTH2X

RRXR HH@bFv a2 +?

h?2 6 HH@bFv b2 "+?6 Bb M mM#B b2/ b2 "+?2 7Q" M 2t+2bb Q7 M2
# +F;"QmM/X i2bi 7Q° TQBMi@HBF2 bQm +2 Bb T2 7Q K2/ Qp:
"B/ Q7 TQBMib Q7 2[m H bQHB/ M;H2iXBNR br? HY+ XB@M BM
i?72 bFv- i?72 MmMK#2 Q7 bB,M/H20ZRQr2 @H r bT2# BH BM/2t
[2i2 " KBM2/i? i K tBKBx2 i?2 i2bi@ Ui /BXIiBA27KQIRQ[X i+?2b
T 2pBQmb b2d3#PRbHiI?Qm;? BM/BpB/m HTQBMib "2 ?B;?Hv +Q
i?72B° M2B;?#Q b /m2iQi?2H ;2 M;mH "mM+2'i BMivQ7 + b+ /2b-i
H ;28yVi BH7+iQ" b "2bmHi Q7 b2 "+?BM; i?2 2MiB 2 bFvX h?
BM 2 +? ?22KBbT?2 2 B "2TQ i2/X (

RRXk aQm +2 GBbi

AM Q' /2 iQ "2/m+2i?2H ;2i'B H7 +iQ Q7 i?2 mM#B ®m2R HH@DbFV b
bbmKTiBQMb + M #2 K /2 QM i?2 bB:M H ?vTQi?2bBbX IiBHBx iBQM
“2bi*B+ib i?2 b2 “+? bT +2 M/ Bb i?2°27Q°2 KQ 2 b2MbBiBp2 iQ i
2vTQi?2bBbX >Qr2p2°- B7 i?2 T'BQ'b "2 BM+Q "2+iHv +?Qb2M i
BM #BHBiv iQ /2i2+i M2mi ' BMQ 2KBbbBQMX 6Q" i?Bb b2 “+?7- i?2
i i +Q "2H iBQM 2tBbib #2ir22M i?2 M2mi'BMQ ~mt M/ i?2 :20 ;
"2TQi2/ BOBi®T2 | HQuJX HBbi Q7 RyNbQm 2BaBI2iM2/

b K2 K2i?Q/b b miBHBX2/ Bii QRUiBKBx2/ 7Q  i?2 /2+HBM iBQM /2T2
b2MbBiBpBivIQ7H?2/2 2p2Mi b2H2+iBQMX 6Q 2 +? Q7 i?2 HQ+ iBQ
bQm +2 HBbi- i2bi 7Q° TQBMi@HBF2 bQm +2 Bb T2 ' 7Q K2/ bBK
b BHHmMbi i2/ BVR&B2NK2DQ Biv Q7 i?2 b2H2+i2/ bQm +2b 2 2ti" ;
Q#D2+ibX



RR S2°'7Q K2/ a2 "+?2b

h22bQm +2b BM 2 +?2 Q7 i?2 + i HQ:b M/ bQm +2 HBbi 2 b?Qr\
bi?B2 KBm##H2b BM M BiQz T'QD2+iBQM BM 2[m iQ'B H +QQ /BM i2b
Bb //2/ ?B;?HB;?iBM;i?2 "2;BQM "QmM/i?2: H +iB+ TH M2 BM ; H +iB+

RRXj *i HQ; ai +FBM;

AM //BiBQMiQ BMi Q/m+BM; T'BQ b-K Mvr2 FbQm +2b + M #2 Obi
M HvbBb iQ BKT Qp2i?2 b2MbBiBpBiv +QKT "2/iQ K Mv BM/BpB/m
Q7 i?2 bQmM]¥RbAM +QMi” biiQ  M/QK # +F;"QmM/- i?2 M2mi BMQ
++mKmH i2 +Q?2 2MiHvX >2M+2- bi +FBM; M HvbBb rBHH #2 KQ 2
i?7 1 K MvQ7i?2bi +F2/ bQm +2b 2KBi M2mi BMQbX

62 KBG h K2 bm 2KRZMBM(B+ i2 i? i i?72 iQi H:; KK @ v bB;M H 7°C
i?72: H +iB+ TH M2 BM+HmM/2b i?2 +QMi'B#miBQM Q7 bi'QM; : KK ¢
KQiBp i2b b2 “+?22b 7Q" +Q "2H i2/ M2mi'BMQ 2KBbbBQM 7 QK i? 22
H +iB+ bQm +2b +H bbB}2/ bamT2 MQp _2KM Mib UaL_V- SmHb
USqLV- M/ Qi?2° mMB/2MiB}2/: H +iB+ bQm +2b UILA.V # b2/ QM Q
h2o ; KK ~ VB|ERINX 6Q 2 +? Q7 i?2b2 i?°22 + i HQ:b-i?2 Rk bQm +
i?2 H “;2bi 2tT2+i2/ M2mi'BMQ ~mt "2 b2H2+i2/ # b2/ QM i?2 Q#b2"
2KBbbBQM #Qp2 Ryy:20 M/ i?2 /2i2+iQ  b2MbBiBMHBE W?2QHHQrBM; K
b2H2+i2/+ i HQ:;b "2 HBDbi2/ BM i22 BMT B B i 2B %124 IB MX63 ; m ~ 2

bi +FBM; b2 "+? Bb T2 7Q K2/ 7Q 2 +?2 Q7 i?2b2 + i HQ:b- bbmKBM:;
BMi?2+ i HQ; +QMi ' B#mi2b 2[m HHvV iQ i?2 iQi HM2mi'BMQ ~mt b



RRX2 KBn##H2b

rBi? b? "2/ TQr2 " @H rbT2+i mKX h?2 M HvbBb }igv7@/i?2 bT2+i" +
iQi HMmMK#2 Q7 bB;MVHQZpi2®ib UHQ; X

RRX62 KBm##H2b

i2KTH i2b2 "+?2 Bb T2 7Q K2/ 7Q  M2mi BM Q BIBHHIENM 7 QK i?2
TB Q7: KK @ v2KBbbBQM “2;:BQMb i #Qpi2 M /m¥R2 H® r

i?2 : H +iB+ +2Mi2 X h?2 i2KTH i2 Bb +QMbi ' m+i2/ #v /[/BM: irQ
rBi? ° /BmbXQMK8Mi iQ 2 +? Qi?2° ii?2: H +iB+ +2Mi2 - b b?Q
6B;MREXFSQbBiIBQMb rBi?BM i?2b2 HQ#2b "2 bbB:M2/ 2[m H T C
2KBbbBQM Q7 M2mi'BMQb 7QHHQrBM; TQr2 @H rmpT2+i mK rBi? b
M/ M QTiBQM HbT2+i° H+miQzX JmMHIBTH2 bT2+i° H +miQzb BM+H
8yyh2o "2 i2bi2/ BM //BiBQMiQ M mM# QF2M TQr2 @H rX

RRX8 .Bzmb2 : H +iB+ SH M2 a2 +?2b

b BM T 2pBQmbedWR Hyb2b *+?2b 7Q  /Bzmb2 M2mi BMQ 2KBbbBQN
:H +iB+TH M2 U:SV "2T27Q K2/# b2/ QM i? 22 /Bz2 2Mii2KTH i2
iQ kRY-E__ M/E_9X 1 +?2 Q7 i?2b2 : H +iB+ TH M2 i2KTH i2b Bb /
7 QK i?2b K2 mM/2 " HVBM; ; KK @R ®WR#H72 KQBOHWIH 2/B+iBQMb
[12T2M/ QM i?2 bbmK2/ /Bbi B#miBQM M/ 2KBbbBQM bT2+i " mK Q7
bOQm +2bBM Qm ™ : H tv-i?2 T QT2 iB2b Q7 *_/BzmbBQM BM i?2 A
UAaJV br2HH b i?2bT iB H/Bbi B#miBQM Q7 i ";2i; bX

h?2z9 bT iB H i2KTH i2 Bb /2 ' BpR2{ RKKQ@ iA2+QKTQM2Mi Q7 i?2

. GS_RS9)RQmMiTmi }H2b p BH #H2 7°QK i?2 bmTTH2K2Mi H K i2 B H
>EF KYRBYSKQ/2HHX h?2 BMi2Z9 i2HK @ v +QKTQM2Mi Bb MQ" @
K HBx2/ Qp2  i?2 bFviQ b2 p2 b bT iB HT Q# #BHBivi2KTH i2 (
T 2pBQmMb A+2*m#2dMV)N VIR M M# QF2M TQr2 @H r bT2+i mK ++Q /E
1[XRyXiBi? bT2+i  HB/2t @b bbmK2/- # b2/ QM i?2 bbmKTiBQI
i? 1?2 J20@iQa® *2DKTQM2Mi- K2 bmbB2/ K@ G?R ; KK @ v
i2H2b+QT2- 7TQHHBG?BT WIBM@HL2r1iQ h20 2M2 ;B2b rBi? i?2 b K2 bT i
2KBbbBQM T Q}H2X LQi2 i? i i?Bb Bb bBKTHB}2/ bbmKTiBQM |
BMD2+iBQM M/ T QT ; iBQMzT KDU2HBE2bX2/h?PQ" BM i?Bb M HvbB
b?QmH/i?2°27Q 2 #2 mM/2 biQQ/ b r2HH KQiBp i2/ bT iB Hi2KT
b2 “+?2b Q7 M2mi'BMQb 7°QK i?2 : H +iB+ TH M2- M/ H2bb b M B
KQ/2H Q7 /Bzmb2 M2mi'BMQ 2KBbbBQM 7 QK TBQM /2+ vX




RR S2°'7Q K2/ a2 "+?2b

MkBiQz T'QD2+iBQM Q7 i?2 bT iBTH WHQTHVI2M/7 Q" i?2
E__ i Ryh2oU'B;?iV "2 b?QrM BM 2[m iQ'B H +QQ /BM i2bX h?2 HQ!

?B;?HB;?ibi?2 "2;BQM "QmM/i?2: H +iB+ TH M2BM ; H +iB+ +QQ /BM

b /2b+ B#2/ BM /2i BH)BNM?22EXKQ/2Hb 2 # b2/ QM i?2 b K2
MM/2 HVBM; ; b K2 bm 2K IAMKT H iiZKQ/2H- #mi i?2 mi?Q b 2tTH BM |
TT "2Mi mM/2 @T 2/B+iBQM Q7 i?2 Q#b2 'p2/; KK @ v~mt i ?B;?
KQ/2HBM; " /B HHV /2T2M/2Mi /BzmbBQM +Q2{+B2Mi 7Q  i?2 +QbK
MbBM; i?72 +QbKB+@  vi MbTQ.i b@Ar9)2M/+FB2mb2 ; KK @

vV bBKmH iBOQNK @aRV)X b b?2QrM BMREBLWERb "2bmHib BM

KQ'2 +QM+2Mi’ i2/ M2mi'BMQ 2KBbbBQM 7' QK i?2 : H +iB+ +2Mi2" "
29 KQ/2H T 2/B+ib 2p2Mib KQ 2 /BbT2 b2/ HQM; i?2 : H +iB+ TH M
/IBbi'B#miBQM'QY KX2/2H Bb bBKBH3" iGEBRE B#miBQM b?QrM BM
6B, MREXIAM +QMi" EPIKQQP2H- i?2 BKQ/2Hb b?Qr p "B #H2bT2+i ' mK
BM /Bz2 2Mi bT iB H "2;BQMb- Q#i BM M QM@ p2" ;2?2 /2 M2mil
BM+HmM/2 bT2+i° H+miQz i i?2RPBX?RD2 MM B2WQE ~mt T 2/B+i2/
#v i?2 E_KQ/2Hb- #BMM2/ BM 2[m HbQHB/ M;H2 M/ HQ; 'Bi?KB+ :
p BH #H2 QM Ww2MQ/Q (

AM i?Bb M HvbBbKIQ2Hb "2 i2bi2/ rBi? i2KTH i2i? imb2b +QMbi
KQ/2H@ p2° ;2/ bT2+i mK Qp2  i?2 bFv- bH2HK#2BR#2/BM a2+iBQM
Y»-BQm;?Hv +Q "2bTQMPBWMQI® MWl rBi? 2Bi?2° 8S20 Q"

8y S20 +QbKB+@ v 2M2 ;v +miQM/7E) " 9 HKQHE2HDb "2bT2+iBp2HvVX
h?2 +Q "2bTQM/BM; +miQz 7Q  i?2 M2mi ' BMQ bT2+i' mK BM i?2b2 KQ
iBK2b HQr2  2M2 ;B2bX b /2IRBHW2/KBINH a2+ iBRINIEBBHHmMbIi™ i2/

BM 6B;fk22 +? M2mi BMQ 2KBbbBQM KQ/2H Bb +QMp2'i2/iQ bT
M/ Bb i?2M +QMpQHp2/ rBi? i?2 /2i2+iQ" ++2Ti M+2 M/ i?2 2p2N
M;mH mM+2°i BMiviQ +2 i2 M2p2Mi@bT2+B}+ bT iB HS.6X 6Q"
i?72 bT2+i'mK Bb 22H/ +QMbi Mi M/ QMHvV i?2 iQi HLWBIK#2 Q7 bB;!I
K tBKBx2/- +Q "2bTQM/BM; iQ i?2 #2bi@}i ~mt MQ 'K HBx iBQMX



RRX8 .Bzmb2 : H +iB+ SH M2 a2 "+?2

h22 bT iB Hi2KTH iDDW @*v2M/W_U.@6V KQ/2Hb Q7

/IBzmb2 : H +iB+ M2mi BMQ 2KBbbBQM "2 b?QrMX 1 +? T M2H b?Qrb i?2
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k n K7 XrBi? T 2@i'BHT@pWHM2-GWQ "2bTQM/BM; iQ
TQbi@i'B HT@p HM¥ R h9XyweN/B/ i2 M2mi'BMQ bQm +2b B/2MiB
A+2*m#2-i?22 ~ BM; #H x = he&aRp8&yeMy822( +iBp2 ; H tv L:*
Rye3%30)- "2 BM+HmM/2/ BM i?2 i2bi2/ bQm +2 HBbiX L2Bi?2 Q7 i?.
Q#b2 p2/ bB;MB}+ MiHVL¥Bi® f22M HvbBbX h?2 MmK#2> Q7 bB;M H
2p2Mib Bb 7QmM/ ix®2 hsa y8yeYy8e- H2 /BM; iQ mTT2 HBKBib 7
W"@TQr2 Hhk Q7 A ""5F7DNKT/ BM i2 'Kb"&7 1 Ryyh20oX 6Q°

L:* Rye3-i?2 #2bi@}i "2bmHibVyig rBi? T@p HmM2 Q7 yXk8X M
MTT2 HBKBU7Z@T®r2 Hhg Q7 A 7""5F7DNT/ Bb b2i BM i2 Kb

Q7743 i Ryyh2oX h?2 + b+ /2 M HvbBb Bb H2bb b2MbBiBp2 iQ TQE
BM i?2 LQ'i?2 M >2KBbT?2'2i? M i SBR@)¥% b2 p BN nd\HR02( BM

i?2 /2+HBM iBQM@/2T2M/2Mi b2 Md#iBpBivbBM BBMMH2bBb

"2bmHib 7Q  i?2b2 bQm +2b HB;M rBi? 2tT2+i iBQMb /2 ' Bp2/ 7" QK E
b2i mTT2  HBKBib "2 r2HH #Qp2 i RT/ i2mbmHQMPBbi2Mi rBi?

i?72 T'BQ K2 bm 2K2MibX /2i BH2/ HBbi Q7 "2bmHib 7Q 2 +? Q7 i?2
BMi?2 bmTTH2K2WX h #H2



R 8<THB+ iIBOMb Q7 : H +iB+ L2mi°BMQb

h?2 "2bmHib.QIZ*i®2 /2 M HvbBb- T ' 2b2Mi2 RBM2¥2QMEBT™ 2

bi'QM; 2pB/2M+2 7Q" i?2 Q#b2 p iBQM Q7 ?B;?7@2M2 ;v M2mi BM
Q7 i?2 : H +iB+ TH M2X h?2 # +F;"QmM/@QMHV PvTiQi?2bBb Bb
++QmMiBM; 7Q° i'B HbX P#b2 pBM; bm+? M ++mKmH iBQM Q7
bT iBz2Hi2KTH i2 #v ° M/QK +? M+2 Bb i?2°27Q 2 2ti 2K2Hv mMHBF
p HM2 Q7N 'RX .2bTBi2 i?Bb bi'QM; M2mi'BMQ bB;M H 7' QK i?2 : F
i?72 mM/2 HvBM; bQm +2b + MMQi #2 +H2 "Hv B/2MiB}2/ rBi? i?Bb
/IBb+mbb2/ BMR&2(FiB QM ) XOh222Q # 2n p21

bB;M HBb +QMbBbi2Mi rBi? /IBzmb2 2KBbbBQM 7°QK i?2 : H +iB+
+QK#BM iBQM rBi? 2KBbbBQM #v TQTmH iBQM Q7 mM 2bQHp2/ b

R8XR 1M2 ;v _M;2 Q7 : H +iB+ SH M2 J2 bm 2K2M

h?2: H +iB+ TH M2 i2KTH i2 M Hvb2b F22T i?22M2 ;vbT2+i mK }t2,
KQ/2Hbo6 T 2/B+iBQMb-r?BH2 QMHvV i?2 MQ 'K HBx iBQM Bb }i 7Q "X
2M27 ;v bT2+i' mK K i+?2b "2 HBiv-i?Bb T°Q+2/m 2 T Q/m+2b +Q "2+
~mt MQ K HBx iBQMX >Qr2p2°-B7i?2i'm22M2 ;vbT2+i ' mK/Bz2 b
i2bi2/ 7Q - #B b2b "2 BMi ' Q/m+2/ M/ i?2 "2bmHIBM; #2bi@}i ~mt M(
2 bBHv BMi2 T 2i2/X

6Q 2t KTH22ii2KTH i2 bbmK2b M 2M2 ;v bT2+i' mK i? i 7TQHHQTrb
MM# QF2M TQr2 @H r- /2By >BRiI”?BMTT2Xi H BM/2t @7

>Qr2p2 - bT2+i" H+miQz Bb 2tT2+i2/iQ Q++m BM i?2: H +iB+ *
KQ'22M2;2iB+ T "iB+H2b + MMQi #2 +QM}M2/ M/ i?mb ++2H2 i2/i
i?72: H +iB+ TH M2X .2T2M/BM; QM i?2 2M2 ;v ir?B+? i?Bb bT2+i"
i?7229 #2bi@}i ~mt MQ 'K HBx iBQM Kmbi bi'BF2 +QKT QKBb2 #2ir221
2t+2bb Q#b2 p2/ i HQr2 2M2 ;B2b M/ i?2H +F Q7 2tT2+i2/ 2p2Mib |
h?2 "2TQ i2/ bT2+i° 7Q i?2:S M Hvb2b Kmbi i?2°'27Q°2 M2p2" #2 n
p HB/ ~mt K2 bm 2K2Mi i ;Bp2M 2M2 ;v-#mi QMHvVv b K2 bm 2K2Mi
bT2+i ' mK Qp2° M 2MiB'22M2 ;v M;2X h?mb-r?2M BMi2 T 2iBM; i?
~mt MQ 'K HBx iBQM M/ BM T "iB+mH ~ +QKT 'BM; iQ Qi?2" ~mt K2
+ p2 ibM22/iQ #2 +QMbB/2 2/X

h?2'2 "2 /Bz2'2Mir vb BM ?2Qr bm+? 2M2 ;v > M;2b + M #2 /2}M 2}
MMB[mM2 T QT2 iB2bX AM Mv + b2-i?2 K tBK H > M;2 Bb#QmM/2/ #
.LL* b+ /2 /i b2i-r?B+? bT Mb 7°QK TT QtBK i2Hv 8yy:20iQ KmHIiB
h?2 6b2MbBiBpBiv ™ M;26 Bb /2}M2/ b i?2 +2Mi° H2M2 ;v M;2 ir?l
b2MbBiBpBiv/'"QTb #v +2'i BM-T 2@/2}M2/ T2 +2Mi ;2r?2M HBKBIiB
i?Bb bT2+B}2/ " M;2X h?2 6b2MbBiBpBiv > M;20i?2°27Q 2 T ' QpB/2b



R8 AKTHB+ iBQMb Q7 : H +iB+ L2mi ' BMQb

2M2°;B2b i?72 M HvbBb Bb b2MbBiBp2 iQX am+? M 2M2 ;v M;2 Bb
QM J* bBKmH iBQMX M Hi2 "M iBp2 /2}MBiBQM i? i Bb BM7Q K2/
/i M/ i? i BKbiQ Mbr2  i?2 [m2biBQM, 6qg? i 2M2 ;v > M;2 bmTT
K2 bm 2K2Mi\6 Bb 272 "2/ iQ b i?2 6ha@# b2/ 2M2 ;v M;206X 6C
T M;2-i?2/Bbi’B#miBQM Q7 2tT2 ' BK2Mi H/ i 2p2Mib Bb BMp2biB; i2/
+QMi B#miBQM iQ i?72 Qp2  HH tbp@m 2 Bi BA2U Ma lQvbBb X r2B;?i2/

S.6BMi'm2M2mi'BMQ 2M2 ;v Bb +QMbi " m+i2/ #v ++mKmH iBM; i?2
S.6b Q72 +? /i 2p@Mi;p Rip-r?B+? /2b+ B#2 i?2 HBF2Hvi m2 M2mi"~
2M2°:B2b b 7mM+iBQM Q7 "2+QMbi m+i2/2M2 ;v M/ /2+HBM iBQ
rBi? TQbBiBp2i2bi@bi iBbiB+ +QMi'B#miBQM "2 BM+HmM/2/X h?2 b
HbQ #2 +QMbi m+i2/ QM Tb2m/Q /i - ;2M2" i2/ #v bBKmH iBQMX *(
ha@# b2/ M;2b QM 2tT2 BK2Mi H M/ bBKmH i2// i HHQrb 7Q bQK!
i'm2 2M2 ;vbT2+i mKX

ZmM MiBH2b Q7 i?2 2M2 ;v  M:2b # b2/ QM i?2 b2MbBiBpBiv M/ +
iBQM iQ i?2 i2bi@bi iBbiB+ "2 T°QpB/2/7Q i?2:S M Hvb2bX Zm MiBH?
mMBib Q7 h2oX

JQ/2H J2i?Q) 8W ReW 8yW 39W N8W
a2MbX RX8 iXe N N k3k

ja ha yX3y RXjy 9Xke kRXR8 e3X3d
ha UJ*Y 6é&%é; 6 § K61 ; 6 £ 868%; 60K BS6/&E ; £6 ... . B606...;...0"
a2MbX 8 Xk RyXR 3R R98

E__ ha yXNd RX3N dX9k jdXR9 NNXdR
ha UJ* 0%...; 0 &£ EO6%S:; 67 ..0606; 67 8é6~;é6~ [EB 6 ;EE6..
a2MbX e XN R3Xk Rek j8d

E_ 9 ha RXyk kXy3 3X33 8yX83 R98Xj3
ha UJ* EO6T; 6 £ 66/&E£S; 6~ [E 6S; 6% ¢ééo6”; /Ei16" 01 6S;0€é6...

_2bmHib 7Q 2 +? Q7 i?2 K2MiBQM2/ 2M2 ;v ° M;288X2bmKK "Bx2,
*QKT "BbQMb #2ir22M i?2 ha@# b2/ M;2b Q#i BM2/ 7 QK 2tT2 BK
bBKmH iBQM b?Qr ;QQ/ ; 22K2Mi 7Q i?2 HQr2  #QmM/ "B2b Q7 i?2
NyW ™ M;2bX >Qr2p2 -i?2K2/B M M/ mTT2 [m MiBH2b Q7 i?2 2M2"
b?B7iiQr /b ?B;?2 2M2 ;B2b BM bBKmH iBQMX h?Bb bm;;2bib i?
2p2Mib "2 Q#b2'p2/ 7°QK i?2 : H +iB+ TH M2 i? M 2tT2+i2/ BM 2 +
i2bi2/ KQ/2HbX SQi2MiB H 2tTH M iBQMb 7Q " i?Bb BM+HmM/2 #mi

bT2+i" H# 2 FQ  +miQzBMi?2: H +iB+*_ TQTmH iBQM i HQr2"
2tT2+i2/- Q" +QMi B#miBQM Q7 mM 2bQHp2/-: H +iB+ M2mi BMQ
HQr2' 2M2 ;B2bX .2/B+ i2/ M Hvb2b 2 "2[mB 2/iQ Q#i BM K2 MBM
bT2+i" HK2 bm 2K2Mi i? i Bb H2bb /2T2M/2Mi QM bT2+i°" H bbmKTiB
+QMi KBM iBQM Q7 mM 2bQHp2/ bQm +2bX



R8Xk 6HmMt J2 bm 2K2Mi

R8Xk 6HmMt J2 bm 2K2Mi

h?2 #2bi@}i MmMK#2" Q7 bRYMr M2p2 MQAMp2 " i2/ iQ ~mt #v ++QmMiB|
7Q 1?2 2z2+iBp2 ‘RLOQBH?22 b KTH2 UGBXMX2*QMi~ "viQi?2
bB;MB}+ M+2 + H+mH iBQM pB i?2/ i @/ Bp2M(bBR2 O+?BK2i?Q/ Ua2+iE
a2 +2J32170Q/ M/ avb)¥YKirPR2+vmt +QMp2 bBQM /2T2M/b QM J* bBKm
M/ Bi Bb i?2°'27Q° 2 z2+i2/ #v bvbi2K iB+ mM+2 i BMiB2bX +QM
+QMbi m+i2/ #v BMp2 ' bBQM Q7 i?2 HBF2HB?QQ/  iBQ i2bi pB i?2
M/ *QmbBMK (AM Q /2 iQ ++QmMi 7Q bvbi2K iB+b- +QM+ 2i2
bvbi2K iB+ T ~ K2i2'b Bb b KTH2/ 7Q" 2p2°v ;2M2" i2/ i'B H pB i~
K2i?2Qd §X

6Q 2p2°vi m2 ~mt MQ'K HBx iBQM U M/ bT2+i" HBM/2t7Q i?2 bi
HBF2HB?QQ/  iBQi2biBb T2 7Q°'K2/iQ Mbr2 i?2 [m2biBQM B7 i?2
2t+Hm/2/ i ;Bp2M +QM}/2M+2 H2p2HX h?2 TQHHQrBM; i2bi@bi iB

k >0< >00|
} 7 Mt X XY AN Meny URSXRYV

/ X Gx§ Xmmﬁxa

2225, M/My, "2 1?2 #B b@+Q "2+i2/ MmMK#2 Q7 BMD2+i2/ bB;M *
BMD2+i2/ bT2+i° HBM/2tX h?2 #B b@+Q "2+iBQM Bb TTHB2/ bm+
Q7 BMD2+i2/ bB;M,BRp@MiIB+i2/iQ T'QpB/2i?2p HM2i?2 M HvbB
}i 7Q  i?Bb BMD2+i2/ ~mt- M/ pB+2 p2'b 7QMi?2 bZ2%2° H BM/2tX
6bB;M H@bm#i  +i2/6 HBF2HB? QQ/VZQM A B QIvh A HEBK?V[IXQi?2bBb Ui-
~mtBb 2[m HiQ i?2 BMD2+i2/ QM2V M/ i?2 Hi2 M iBp2 ?2vTQi?2bBb
7°QK i?2 BMD2+i2/ QM2VX R22MI/n, K2227?2 #2bi@}i T ~ K2i2 b

i? i K tBKBx2 i?2 HBF2HB?QQ/ 7Q 2 +? ;2M2" i2/i'B HX

oo (B Mimimum: 2.180-11] | 100 6B;m 2 RhRR2 +QM}/2M+2 BMi2 @
—sg.Z%SCL[l.ege-ll,2.71e-11] p H +QMbi‘Am+iBQM 7Q7 1?72 ~mt K2 C
——- 90.0% CL [1.36e-11, 3.07e-11] bm 2K2Mi Q¥ K®22H Bb BHHmb @

—-- 95.0% CL [1.20e-11, 3.24e-11] i*i2/X h?2 /Bbi'B#miBQM Q7 i2bi@

bi iBbiB+ pf#Am2QKIL] XV R

Bb b?Qr@ UBb M/ +QHQ K TV 7Q"

2 +?2 i'm2 BMD2+i2/ ~mt MQ K HBXx (

iBQM@UtBbVX *'BiB+ Hp Hm2b "2

b?QrM b #H +F HBM2b 7Q" i?2 e3W-

F107* NyW- M/ N8W +QM}/2M+2 H2p2HbX
h?2 Q#b2 p2/i2bi@|piViBbiB+ U

| L 2p Hm i2/ QM 2tT2 BK2Mi H/ i - Bb

T QpB/2/ BM r?Bi2X

log 10 P (T 65)

- 10—1

P (7| 6s) (test-statistic )T

E? - dN/JE 10 ~* at 100 TeV [TeVs ~‘cm 72

ReR



R8 AKTHB+ iBQMb Q7 : H +iB+ L2mi ' BMQb

h?2i2bi@bi}BRBIFKEYBD 2p Hm i2/7Q K Mv;2M2 i2/i'B HbiQ +QMb
/IBbi'B#miBQM Q7 i2bi@bi iBbiB+ p Hm2b 7Q 2p2°vi ' m2 BMD2+i2.
b?QrM BM 6B3KIH2Z B Hb "2 ;2M2° i2/ #v° M/QKBXxBM; i?2 2tT2 BK2Mi
Ua2+iBQMO M/ i?2M BMD2+iBM; bB;M H 2p2Mib 7°QK J* bBKmH iBQM
iQ i?72 bbmK2/i'm2 ~mt;BpZ iy X h?2 ;2M2° i2/ /Bbi B#miBQM
Q7 i2bi@bi iBbiB+ p Hm2b HHQrb 7Q i?2 /2i2°KBM iBQM Q7 + BiE
+QM}/2M+2 H2p2H b 7mM+iBQM Q7 i m2 ~mt MQ K HBx iBQM Ub
h?2 +" BiB+ Hp Hm2b BM/B+ i2 i?2 [m MiBH2b Q7 i?2 i2bi@bi iBbiB+
NyW + BiB+ Hp Hm2 Bb i?2 i3hj@bir1BbPBNYyWWH2i B Hb ? p2
}p Hm2 H2bb Q 12X Hh?P@Qb2 + BiB+ H p Hm2b "2 i?2M +QKT "2/ iC
i2bi@bi iBbiB+ Q#b2 p2/ BM 2RI ZBK2RMIQHD2 p2/ i2bi@bi iBbiB+ b
TMM+iBQMIQ7 rxm®Bb +QKTmi2/ #v 2p HmMSMIWM IIX2tT2 BK2Mi H
/i rBi?Qmi TTHvBM; ° M/QKBx iBQM M/ bB;M H BMD2+iBQM b T
7Q 2K2MiBQM2/i'B HbX h?2 }M H+QM}/2M+2 BMi2'p HBb +QMbi m
BMi2'p HQ7 bbmK2/i'm2 ~mtp Hm2b i? i 2bmHi BM M Q#b2 p2/ i
HQr2  i? Mi?2 +Q "2bTQM/BM; + ' BiB+ Hp Hm2bX h?2 "2bmHiBM; B
+QHH2+iBQM Q7 bbmK2/ ~mtp Hm2b i? i + MMQi #2 "2D2+i2/ ii?2
H2p2HX

M M HQ;Qmb T ' Q+2/m 2Bb T2'7Q K2/ 7Q i?2 +QMbi'm+iBQM Q7 i
+QM}/2M+2 BMi2'p Hb 7Q" i?2 bi +FBM; M Hvb2b- b BHHmbi® i2/
Q7 bmTTH2K2MK&Bhm2»2 /Bbi'B#miBQMb "2 /2[mé&2Hv /2b+ B#2/
/IBbi'B#miBQMb 7QHHQrB M) qBHBFR&b HRQrR2KQY /" rbKQQi? +QMiQm b |
/[2KQMbi® i2/ BMREBSMI DM i?22 "B;?2i +QHMKM Q7 i?2 b XTH2K2Mi 6B;n
AMH +F Q7 TTHB+ #BHBiv Q7 gBHFOb i?2Q 2K- "2/ m+iBQM Q7 bi |
i?72 +QMiQm b Bb QMHvV TQbbB#H2 #v miBHBxXx iBQM Q7 2t+2bbBp2 K
2bQmM T +2b /m2 iQ i?2 H ;2 MmK#2 Q7 "2[mB"2/i'B Hb BM ?B;?2" /B
?B;?HB;?iBM; i?2 +QMbi m+iBQM Q7 +QM}/2M+2 BMi2'p Hb 7Q " i?2 :
M/ bi +FBM; + i HQ;b "2 T QpB/2/ BM i?20MTTH2K2Mi a2+iBQM

[IBHBXxBM; i?2 +QKTmi2/ +QM}/2M+2 BMi2 p Hb-i?2 bFv@BMi2;" i2/ #
Q7 i?2 : H +iB+ TH M2 KQ/2Hb Bb BMHaM/i + K TB M6 BQmM ?2

T 2/B+i2/ 2M2 ;vbT2+i" X h?2 ?B;?HB;?i2/"  M;27Q 2 +? Q#b2 p iBQ
i?72 +2Mi° HNYyW M2mi'BMQ 2M2 ;v M;2 Q7 Q#b2'p2/ 2p2Mib ++Q /BN
2M2° ;v M;206-/2i BH2RBMXMM2BHBXQIM2b2 ° M;2b T°QpB/2 BMbB;?i BMiC
M2mi'BMQ 2M2 ;B2b i? ibmTTQ ii?2 K2 bm 2K2Mi-i?2}iBb T2 7Q"
b KTH2 Q7 2p2Mib- rBi? M2mi'BMQ 2M2 ;B2b mT iQ 72r S20X JQ/
+QKT 'BbQMb + Mp 'v/2T2M/BM; QM i?2 "2;BQMb Q7_i?2 bFv +QMbE
#2bi@}i KQ/2H MQ 'K HBx iBQMb "2 HQr2 i? Mi?2 KQ/2H 2tT2+i iBCQC
M BM/B+ iBQM Q7 bT2+i° H+miQz i? i Bb BM+QMbBbi2Mi rBi? i?:
p Hm2b bbmK2/X h?2 bBKTH2 2ti* K@Q/R HBQOKQ:20?2M2";B2b iQ
Ryy h2o Ua2riB/QM2/B+ib M2mi BMQ ~mt i?}i8BI2HRH+iQ2 Q7
Q#b2 p2/ #2bi@}i ~mt- BM/B+ iBM; HBKBi iBQMb Q7 i?2 bBKTHB}2/
b /Bb+mbb2/ BN @a2#1BQMbi@}i ~mt TT2 b +QMbBbi2Mi rBi? "2+2
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R8Xk 6HmMt J2 bm 2K2Mi

h?2 +QM}/2M+2 BM@
i2’p H +QMbi'm+iBQM 7Q" i?2 ~mt
K2 bm 2K2Mi Q7 i?2 SqL + i HQ;
bi +FBM; Bb BHHmbi> i2/X h?2 /Bb
i'B#miBQM Q7 Q#b2 p2/i2bi@bi iBbi
P HMANy ¥ 7 QK LRX¥Bb
b?QrM b 7mM+iBQM Q7 bT2+i> H BN
I12tA, U@ tBbV M/ ~mt MQ'K H@
Bx iBO@ tBbVX *QMiQm'b 7Q" e3W-
NyW- M/ N8W +QM}/2M+2 H2p2Hb 2
/> rTMBM r?Bi2 ++Q /BM;iQ qBHF6b
i?72Q 2K #v miBHBAMBIMB#m @
iBQM Q7 irQ /2;°22b Q7 7°22/QKX

“vb 7°QK i?2 hB#9X B?272Qr2° " v

29 KQ/2H KBbK i+? +QmH/ "Bb2 7°QK T QT ; iBQM M/ bT2+i° H/Bz2"
Vb BMi?2: H +iB+ +2Mi2" "2:BQM Q" 7°QK +QMi B#miBQMb 7 QK
bQm +2bX 6m i?2  /2i BHb ‘2 /BbhaXihB2/ BMmaRibiRGM?Bb M HvbB
+QM} K i?2 T°2b2M+2 Q7 : H +iB+ TH M2 M2mi'BMQ 2KBbbBQM 7Q"

h@2 2M2° ;v b+ H2/-
bFV@BMi2;" i2/-T2 @~ pQ > M2mi BMN
~mt Bb b?QrM p2 bmb 2M2 ;v 7Q 2 +7?
Q7 i?2 : H +iB+ TH M2 KQ/2Hb M/
+Q "2bTQM/BM; #2bi@}i p Hm2b BM i7
"2:BQM Q7 i?2 H2MM2H; Ny
TM;2 0?0 +QMiTB#mi2 iQ i?72 Q#@
b2'p2/ bB;MB}+ M+2 7Q" 2 +? KQ/2H.
h?2b2 "2bmHib "2 # b2/ QM i?2 HHAG@
bFvUB 'V i2KTH i2 M/ T 2b2Mi2/

b M HH@bFD mMt2 R BMiv

QM i?2 K2 bm 2/ ~mt MQ 'K HBx iBQM
Bb b?QrM 7Q° 2 +? Q#b2 'p iBQMX Hb
b?QrM Bbi?2 K2 bm 2/ ~mt7 QK A+2@
*m#2NR b+ H2/ iQ HH M HH@DbFv
~mt #v KmHiBTHV-Brj #v Q" @
2bTQM/BMMR2 i BMivX 6B;m"2

M/ + TiBQM /QTi2/ 7TRARK _27X (

h?2 M2mi " BMQb Q#b2 ' p2/ 7' QK i?2 : H +iB+ TH M2 +QMi B#mi2 iQ i?
B+ H/Bzmb2 ~mt T'2pBQmbHvV Q¥ B28p2)/X#a 20 B #2685 m ™ 2
Bb "2+2Mi HH@bFv bi’QT?vbB+ H~mt K2 bm 2K2Ni;j¥iBHBxBM; +
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i?2 TOBMi@HBF2 bQm +2 b2 “+?22b HbQ BKTHB2b i? ii?2 2KBbbB(
' H +iB+i2KTH i2 M Hvb2b Bb MQi/m2iQ bBM:H2 TQBMi@HBF2 bQr
QM i?2 +QMi'B#miBQM Q7 mM 2bQHRBYXbQm +2b BM a2+iBQM

b BHHmMbi  i2/ BM ®BMR 28 KEQK2 HQ+ iBQMb BM i?2 bFv ? p2 2t+
2KBbbBQM Qp2  i?2 # +F;"QmM/ 2tT2+i iBQMb- BM+HmM/BM; bQK?2 |
rBi? Q" M2 “#v FMQrM ; KK @ v 2KBii2 b-bm+? bi?2* #L2#mH -
*Q+Q M- 8)F M/ i?2 #H x " j* 989XjX >Qr2p2 - 7i2° ++QmMiBM; -
7 +iQ b- MQ bBM;H2 TQBMi BM i?2 K T Bb bi iBME+ HHv bB;MB}+ M

aBKBH ~iQ @B>x#i b?QrBM; i?2 #2bi@}i MmK#2" Q7 bB;M H
2p2Mib-r2B;?i2/ #v bB;MB}+ M+2 b 7mM+iBQM Q7 /B 2+iBQM-BM 2[m i
UCkyyyV M/ BiQz T'QD2+iBQM-7Q  i?2 HH@bFv b2 "+?X h?2 TBt2H
#v i?22 T°'2@i°'B HbB;MB}+ M+2 bQ i? iKQ'2 QT [m2 HQ+ iBQMb "2 K
Pp2'H B/ "2 i?2 KQbi@bB;MB}+ Mi TQBMib Q7 i?2 HH@bFv b2 "+? BM
U>QibTQibV- M/i?2 HQ+ iBQM Q7 i?2* # L2#mH - *v;Mmb *Q+QQM- |
j* 989XjX

h?2 #BHBiviQ bT iB HHv "2bQHp2 M2mi'BMQ bQm ™ +2 BM i?2 H|
i?72 2tT2+i2/ MmK#2 Q7 bB;M H 2p2Mib M/ i?2B  2M2 ;v /Bbi B#m
ivTB+KHQ K M;mH " mM+2'i BMiv Q7 BM/BpB/m H + b+ /2 2p2Mib- i?:
Q7 K Mvbm+? 2p2Mib Bb "2[mB 2/ iQ BKT Qp2i?2 #BHBiviQ "2bQHp
bbmKBM; i?2bQm +2 Bb TQBMi@HBF2 bQm +2rBi? T ~ K2i2 p }
i?72b2r "KbTQib- "2bQHmMIiBQM Q7 72r/2;°22 Bb 2tT2+i2/X LQi2



R8 AKTHB+ iBQMb Q7 : H +iB+ L2mi ' BMQb

M HvbBb miBHBx2b bvKK2i'B+ HmM+2 i BMiv+QMiQm b BM x2MBi?
mM/2 2biBK i2mM+2'i BMiB2b BM "B;?i b+2MBB@M-HbEBb+mbb2/ BM
BX

h?2 HQ+ iBQMb Q7 i?2 KQbi bB;MB}+ Mi bTQib BM 2 +? ?2KBbT?2";
b2 "+? "2 b?QrM BAVBBBR®Z2 2Qii2bi bTQi BM i?2 aQmi?2 M aFv Bb HC
QM i?2: H +iB+ TH M2 M2 " i?2: H +iB+ +2Mi2" "2;BQM- +QMbBbi2Mi
;Bp2M i?2 Q#b2 ' p2/: H +iB+ M2mi BMQ ~mtX Hi?Qm;? MQi bB;MB]
BMi?2 LQi?2°"M aFv Bb BMi2 2biBM; /Im2iQ Bib K2 bm 2/ T QT2 iB
iQi?2 #H x " j* @89Xj Yak”~™ XV- QM2 Q7 i?2 # B;?i2bi #H x "b BM i?
62 KBG h; KK @ vbFvX h?2 #2bi@}i MmK#2" Q7 bB;M H 2p2Mib B
H ;2rBi? p HMm2 Q7-b?QrM BM &Bm2B;?i2/ #v i?2 T 2@i B H
bB;MB}+ M+2X +Q 2bTQM/BM; bQT bT2Bib HiBM/22BB1?
+QmH/ HbQ #2 M BM/B+ iBQM 7Q° bT2+i" H+miQz iHQr2  2M2" ;I
r227 QK M bbmK2/bQ@m +2X Hi?Qm;? MQii F2M /p Mi ;2 Q7 BM i?
# +F;"QmM/i'B H/Bbi'B#miBQMb /2T2M/ QM i?2 }ii2/ bT2+i° H BM/2tc
"2 b?B7i2/iQr /b bK HH2 i2bi@bi iBbiB+ p Hm2b 7Q° H ;2  UbQ7
BM/2tX >2M+2-i?2 HH@bFv b+ MK v #2bHB;?iHv#B b2/iQr /b b2H?2
? /2 bT2+i° HBM/2tX h?2 bB;MB}+ M+2 Q7 i?2LQ i?2 "M ?QibTQi +
bHB;?iHv mM/2 2biBK i2/X >Qr2p2 - ++QmMiBM; 7Q i?Bb #B b Bb
H ;2 BKT +iQM i?2 "2bmHiX

R8Xd JQ/2H *QM7mbBQM M/ IM 2bQHp2/ aQm +2b

h?2.LL* b+ /2 M HvbBb }M/b bi'QM; 2pB/2M+2 7Q" i?2 2KBbbBQM (
7°QKi?2: H +iB+ TH M2X S 2b2Mi2/ b2 "+?2b 7Q /Bzmb2 2KBbbBQM
bi +FBM; b2 "+?22b Q7 : H +iB+ bQm ™ +2b "2D2+i i?2 # +F; " QmM/@C
i?72 | M/ | bB;MB}+ M+2 H2p2H- "2bH 2% XBHPRAHVBIMH2RXBbbBQM

b+2M "BQb "2 TQbbB#H2 iQ 2tTH BM i?2 Q#b2 ' p2/ M2mi ' BMQ ~mtX

aQm +2 K#B;mBiv+ M #2 BMp2biB; i2/ mbBM; KQ/2H BMD2+iBQM i2b
M2mi*BMQ bB:M H7 QK QM2 bQm +2 b2 “+? Bb bBKmH i2/- M/ i?2 2t
Qi?2° M Hvb2b 22t KBM2/X h?2b2 BMD2+iBQM i2bib K v #2 2p Hm
i?72 K2/B M bB;MB}+ M+2 Q#i BM2/ BM i?2 bBKmH i2/ bB;M Hi B Hb ;
bB;MB}+ M+2 BM i?2 T2 7Q KREBL\Z) M/ B6F,2M 7D KBM; irQ@i BH2/
2vTQi?2bBb i2bi iQ BM72  B7 i?2 Q#b2 p2/ bB;MB}+ M+2 Bb +QMbBb
7Q 2 +? BMD2+i2/ KQ/2MNX6B;m" 2

AMD2+iBM; bB;M HrBi?i?2 Q#b2 p2/ #2bi@}i bBzZWKE/MRIH2M;i? Q#b2 ")
M HvbBb T°Q/m+2b K2/B MbB;MB}+ M+2 i? i Bb +QMbBbi2MirBi? i?:
HH Qi?2 i2bi2/ ?vTQi?2b2b rBi?BM i?2 2tT2+i2/ bi iBbiB+ H~m+im |
BM 6B;img 2/ h?Bb BM+H|In2H2 bb2Q#b2 p2/ BM : H +iB+ bQm +2 + i |



Injected Model

Injected Model

R8Xd JQ/2H *QM7mbBQM M/ IM 2bQHp2/ ac

FBsq 4-000

-4+0.8 0 +0.2 0 +0.5 0 +0.3 0 +0.6 0 +0.5 0 +0.7 0

KRA%/ -4+0.3 0 +0.9 0 +0.0 0 -0.30 +0.7 0 +0.9 0 +0.4 0

KRAS0 ++0.6 0 +0.5 0 -0.00 +1.0 0 +0.6 0
SNR - 030 +1.0 0
PWN A 01c
UNID 408 o +0.0 o
T T T T T T T
o o 0> o o zZ [a)
Ire) D> =
g g ¥ 5 2 2
w ¥ g a 5

Tested Model

1.8

1.2

- 0.6

- 0.0

r—0.6

r—1.2

FBgo -0.976
m° H0.418 0.856 0.606 0.778 0.588 0.566 0.472
KRA? -0.788 0.360 0.976 0.734 0.472 0.362 0.692

KRASC 0574 0176 0.648 0.978 0.396 0.244 0.584

SNR -0.258 0.166 0.264 0.760 0.256
PWN - 0.242 0.950
UNID H0.394 0.190 0.972
T T T T T T T
8 D': u&>~ 8 > DZ: § 9
m I < %) z
w ¥ g a 35

Tested Model

— 1.00

- 0.63

- 0.40

0.25

0.16

0.10

Uanalysis — Gow

Ao =

Two-tailed p-value

J@QNM2HBMD2+iBQM
i2bib "2 T2 7Q K2/-r?2°2i?2
#2bi@}i ~mt 7 QK QM2 b2 "+? Bb
bBKmH i2/- M/ i?2 2tT2+i2/ 2@
bmHib BM HH Qi?2° M Hvb2b "2
2t KBM2/X h?2 /Bz2 '2M+2 #2@
ir22Mi?2 Q#b2 p2/ bB;MB}+ M+2
7°QK i?2 M HyhBHW
M/ i?2 K2/B M bB;MB}+ M+2
Qp2° HH bBKmH i2/ bB;M H i B Ht
W, V Bb b?QrM b K i'BtX
G ;2 /2pB iBQMb BM/B+ i2i? i
i?72 BMD2+i2/ KQ/2H U ' QrV Bb MQi
+ T #H2 Q7 2tTH BMBM; i?72 2@
bmHib b22M BM i?2 TTHB2/ bQm" +:
b2 "+? U+QHMKMVX

JQ/MRHBMD2+iBQM

i2bib "2 2p Hm i2/7Q p "BQmb
+QK#BM iBQMb Q7 BMD2+i2/ U 'Qrb
M/ i2bi2/ U+QHmMKMbV KQ/2Hb-
bBKBH "~ iQ eBym#mi #v
MiBHBXxBM; irQ@i BH2/ ?2vTQi?2(
bBb i2bi b +QKT "BbQM K2i@
"B+X h?2 MmHH ?2vTQi?2bBb bi i2b
i? 11?2 Q#b2 p2/ M HvbBb 2@
bmHib "2 2tTH BM2/ #v i?2 BM@
D2+i2/ KQ/2HX h?mb- bK HH T@
p Hm2b "2D2+ii?2 BMD2+i2/ KQ/2H
U'QrvV Q7 #2BM; HBF2HvV 2tTH M ¢
iBQM 7Q  i?2 "2bmHib b22M #v i?2
TTHB2/ bQm +2 b2 "+?2 U+QHMKMV



R8 AKTHB+ iBQMb Q7 : H +iB+ L2mi ' BMQb

b2 "+?2bX aBKBH "Hv- BMD2+iBtM 2?2 HidbB@® }iirQ@bB/2/ T@p HmM2
BMi?2 KQbi T2bbBKBbiB+ + b2 7Q " i?2 62 KB#m##H2b "2bmHibX

AM/BpB/m HHv BMD2+iBM; i?2 #2bi@}i 2t+2bb Q7 Mv QM2 Q7 i?2 i
+ i HQ:b ii?2 ~mt H2p2H Q#b2 ' p2/ /Q2b MQF @+ Bp2  i?2 Q#b2 p2
KQ/2H “2bmHib rBi? T@p Hm2b #2HQr yXR 7Q " i?2 irQ@i BH2/ i2biX >
"2bQHMIBQM Q7 i?2 b KTH2 M/ i?2 bK HH MmK#2 Q7 2[m HHv r2B;?i:
BMi?2b2 + i HQ:b /Q2b MQi +QMbi° BM 2KBbbBQMb 7°QK i?2b2 #°Q /
Ai Bb TH mbB#H2i? i K Mv BM/2T2M/2MiHv +QMi B#miBM; bQm +2b 7
"2:BQM +QmH/ b?Qr +QKT > #H2 2bmHi iQ /Bzmb2 2KBbbBQM 7 QK
BMi2 bi2HH ~ K2/BmKX

g?BH2 i?2 Q#b2 p2/ bB;MB}+ M+2bzb @R 'iQ?Z B Qi/2ZHDb

BM 6B ;rm32bM/ “HR2 /Bz2'2M+2b 2 MQi bm{+B2Mi iQ K F2 +QM+
bi i2K2Mib QM i?2 mM/2 "HvBM; T'QT2 iB2b Q7 i?2 Q#b2 ' p2/: H +iB
KQ/2H BMD2+iBQM i2bib QMHvV i2bi 7Q" i?2 bBKTH2 + b2 i? i QMH\
+Q "2+iX AiBb T Q# #H2i? ii?2 Q#b2 p2/ M2mi'BMQ ~mt Q' B;BM i2b
Q7 /Bzmb2 2KBbbBQM M/ +QMi'B#miBQM Q7 mM 2bQHp2/ bQm +2tk

10° 5 BBKmH iBOM bim/v Bb T2 @
[ (] 7Q°K2/iQ BM72  i?2 KBMBKmMK MmMK#2" Q7
2 10-1 L] bQm +2b "2[mB 2/ iQIZtK®/BM i?2
S "2bmHib- r?BH2 MQi 2t+HmM/2/ #v i?72 Q#
2 i b2 p2/ HH@bFv b2 "+? M HvbBb- r?B+? /Q
2 10724 MQi }M/ +QMi'B#miBQM Q7 bi'QM: TQBN\
7 HBF2 bQm +2bX QM2@i BH2/ ?2vTQi?2bBk
S 1 Background trials Bb T2 ' 7Q K2/ iQ "2D2+i i?2 MmMHH ?2vTQi?
10 I ¥ Injection trials bBbiQm +2b #2BM: "2bTQMbB#H2 7Q" i?

T T #b2 ' p2/: H +iB+ TH M2 M2mi BM ~mtX
101 102 Q P Q
Number of injected sources

h?Bb * Bb2b i?2 [m2biBQM B7 Mv +QMbi> BMib + M #2 TH +2/ QM i
MM 2bQHp2/ bQm +2bX hQ 2t KBM2 i?Bb- bBKmH iBQM bim/vBb T2'7
2p2Mib "2 BMD2+i2/ 7Q° /2}M2/ MmK#2 Q7 bQm +2b > M/QKHv b KT
i72bT iB HS.6 O0KQRHX 1 +?2 b KTH2/ bQm +2 HQ+ iBQM Bb bbmK2,
i72b K2 ~mt- M/ i?2 bmK Qp2° HHDb KTH2/ bQm +2b#Bb b2i iQ K i+? i
~mtX QM2@i BH2/ ?2vTQi?2bBb i2bi BBNP Hm2i2 Q™ +227 B i ?

Q)’/g’, i?72 Q#b2 p2/ ?Qii2bi HH@bFv T 2@i B HT@p Hm2 Bb /Bbi B
bQm +2b BMD2+i2/ pB iiZRTHHT i2BX H

CyP, i?2 Q#b2 p2/ ?Qii2bi HH@bFV T 2@i'B HT@p Hm2 Bb bK HH?2
i? M 2tT2+i2/ 7TBND2+i2/ bQm +2bX



R8Xd JQ/2H *QM7mbBQM M/ IM 2bQHp2/ ac

>2M+2-i?2 bBKmH iBQM bim/v BKbiQ BM72" i?2 MmK#2> Q7 bQm +
~mt Kmbi #2 KBMBK HHv /Bbi B#mi2/ Qp2 - ;Bp2M i?2 Q#b2 p2/ H
A7 i?2iQi H~mt Bb /Bbi ' B#mi2/ Qp2  H2bb bQm +2b-i?2 HH@bF\
b22M KQ 2 bB;MB}+ Mi "2bmHib i? M Q#b2§/;§’2@-7 MIM?22v TQi?2bB
+ M #2 "2D2+i2/X b /2KQMbi Ri2iBIVHOB,IMQZ "2 "2D2+i2/

ii?72 N8W +QM}/2M+2 H2p2HX >2M+2-i?2 Q#b2 p2/ ~mt Kmbi i H2
QpZ bQm +2b UN8S8W +QM}/2M+2 H2p2HVX JQ 2 bi'BM;2Mi +QMbi"
MM 2bQHp2/ bQm +2b K v #2 Q#i BM2/ #v i?2 BM+HmMbBQM Q7 i +FC(
i72B " bmT2 BQ TQBMiBM; 2bQHmMiBQMX

amTTH2K2Mi 6BamX2b M/ X\b?Qr 2t KTH2 HH@bFv b2 “+?2 K Th 7¢
bBKmH i2/ BMD2+iBQM i'B Hb 7Q 2 +? Q7 i?2 : H +iB+ TH M2 M
+ i HQ; b2 “+?22bX AM 2 +? BMD2+iBQM i'B H- i?2 #2bi@}i ~mt B
i22 b+ K#H2/ # +F;"QmM/ 2p2MibX h?2b2 K Th BHHmbi > i2 i?2 2t
/IBbi'B#miBQM Q7 r 'K bTQibX 1p2M 7Q  /Bzmb2 2KBbbBQM KQ/2
bFVv@b+ Mb "2 2tT2+i2/iQ Q#b2 p2 MmK#2 Q7 /BbiBM+ir 'K bT
iQ i?2 HBKBi2/ bi iBbiB+b Q7 i?2/ i b KTH2 H2 /BM:iQ “2H iBp2H
bB:M H 2p2Mib /Bbi'B#mi2/ Qp2  i?2 bFvX



R émiHQQF M/ 6mim 2 J2 bm 2K2Mib

h?2 Q#b2 p2/ 2t+2bb Q7 M2mi " BMQb 7' QK i?2 : H +iB+ TH M2 T 'QpB/
7Q i?2JBHFvgv b bQm +2 Q7 ?B;?7@2M2 ;v M2mi'BMQbX h?Bb
+QKTH2K2Mib A+2*m#26b K2 bm 2K2Mi Q7 i?2 /IBzmb2 2ti° @; H +
M/ Bi HbQ +QM}"Kb Qm > T '2b2Mi mM/2 bi M/BM; Q7 i?2 BMi2  +iB(
rBi?BM Qm ™ : H tvX 6m i?2 +? ° +i2 Bx iBQM Q7 i?Bb : H +iB+ +Q
bi'QT?vbB+ HM2mi BMQ ~mt rBHH "2[mB 2 B/2MiB}+ iBQM Q7 bQn
M/ M2p Hm iBQM Q7 i?2bi 2M;i? Q7i?2/Bzmb2: H +iB+ 2KBbbBQM B
M/ bQm +2@/2Mb2 "2;BQM Q7 i?2 bFvX

6 QK 1pB/2M+2 iQ .2i2+iBQM

AMi?2}2H/ Q7T iB+H2 M/ bi'Q@T iB+H2 T?vbB+b-BiBb +QKKQM iC
i i?72 | bB:MB}+ M+2 H2p2H b 62pB/2M+26- r?BH2 i?2 T?  bBM: Q
ivIB+ HHvV "2b2°p2/ 7Q" bB;WB3® MH2HQMOBE; iQ T@p Hm2b Q7 H2bb
N 79X M im  H[m2biBQM "Bh2b b»2MiM HvbBb rBHH "2 +?

i?Bb /2i2+iBQM i? RbBOWMBIQ7M +2 X

[&)]

h?22 2pQHmMiB QM K 7Hi @2
vbBb bB;MB}+ M+2 Qp2  iBK2 Bb 2p Hm i2/
; TTHvBM; i?2 M HvbBb iQ  M/QKBx2/ bm#
_____________ i - b KTH2b QEZL®?2+ /2/ i b2iX h?2
b? /2/ "2;BQM BM/B+ i2b i?2 NyW +QM}/2M+:
----- BMi2 p HX LQi2i? ii?2mM+2"i BMivp MBb?:
— Resampled livetime 7Q i?2 TmHH HBp2iBK2- b QMHvV QM2 "2 HB
"""" Analysis 1° Result i?72 Ry v2.LL* b+ /2 / i b2i

+ M#2/° rM/m2iQi?2b KTHBM; rBi?Qmi

1 2 3 4 5 6 7 8 9 10 _‘2TH +2K2MiX 1ti"|_'QH iBOQMb rBHH #2 bm#I
iQH ;2mM+2°i BMiB2bX

i

w

N

Significance/ ©

=

o

Randomized livetime / years

AM Q' /2 iQ bb2bbi?2 iBK2 /2p2HQTK2Mi QzZ7 i?12 hBBMBHr 22 Q7 i?2
M HvbBb- " M/QKBx2/ bm#b2ib Q7 i?2 /i b KTH2 "2 b2H2+i2/- +C
HBp2iBK2b #2ir22M QM2 M/ i2M v2 "bX h?Bb > M/QKBx iBQM HHQrb
7Q iBK2 /2T2M/2Mi M Hvb2b BM i?2 : H +iB+ TH M2 "2;BQM- r?BI
bbmK2/ bi2 /v/Bzmb2 : H +iBz# tlB{ MHHZ2 W HvbBb Bb i?2M T2 7Q K2/
QM 2 +? Q7 i?2b2 bm#b KTH2b- ""BpBM; ii?2 bBRrMEBf+ M+2b b?Q
aBKBH "v-i?2 b2MbBiBpBiv M/ /Bb+Qp2'v TQi2WM®B7Bb BMp2biB;
/ i b2i bm#b KTH2b +Q "2bTQM/BM; iQ HBp2iBK2b Q7 i?'22iQ i2M vz



107 P2 b2MbBiBp@

—-- Bestit ( 1% . . k . .
—@ - 50Disc. Pot. Biv M//B‘b.+Qp2 V:!—Q|2M|B H 2
~ Sensitivity b?2QrM 7Q " i?2: H 4liB+ TH M2

M HvbBb b 7mM+iBQM Q7 / i b2i
HBp2iBK2X HbQ b?QrM Bb i?2 #2bi(
}i~mt M/ +Q " 2b TR WBA ;

+2°1i BMiv# M/X a2MbBiBpBiv M/
107 1 /IBb+Qp2'vTQi2MiB H Qm;?Hv b+ H
rBi? i?2 BMp2'b2 b[m "2 "QQi Q7

. - - - - - - - i?72 /i b2i HBp2iBK2X
3 4 5 6 7 8 9 10

Livetime / years

[TeVs ~tcm 2]

2 dn
V dE

E

h?2 M HvbBb T 2b2Mi2/ BM i?BbrQ Fr b T2 7Q K2/ QM i2M v2 b
+QHH2+i2/ #2ir22M J v kyRR M/ J v kykRX bbmKBM: i? i i?2 7mN
[2T2M/2M+2 BMREBMYR2bKk v #2 2ti° TQH i2/-irQ iQ i? 22 //BiBQM F
v2 "b Q7 / i b2i HBp2iBK2 rBHH ;"2 iHV BM+'2 b2 i?2 T'Q# #BHBI
/2i2+iBQM i? 2b?QH/ rBi? i?7Bb M HvbBbX AM //BiBQM- M2r2" /2y
"2+QMbi'm+iBQM M/ mM+2'i BMiv 2biBK iBQM- KQ/2HBM; BM i?2
b/2i2+iQ M/ B+2 + HB#  iBQM-K v T 'QpB/2 7m’i?2° M HvbBb BKT
i?72 BM+'2 b2/ HBp2iBK2X

aT2+i" " H M/ aT iB HJ2 bm 2K2Mib

22T2MBM; Qm™  mM/2 bi M/IBM; Q7 i?2 Q#b2 p2/: H +iB+ M2mi BMC
i?72 /IBbb2+iBQM BMiQ +QMbiBim2Mi +QKTQM2Mib M/ bT2+i" H K
A/2MiB7VBM; i?2 +QMi B#miBQM Q7 +m "2MiHV mM 2bQHp2/ bQm"
T'Q+2bbX h?2 Q#b2'p2/ M2mi'BMQ 2t+2bb Bb bi'QM; 2MQm:? iQ 2M #
bT iB HK2 bm 2K2MibX .2bTBi2 i?2 "2H iBp2Hv H ;2 M;mH "mM+2°
i?2LL* b+ /2b KTH2 + M H 2 /v#2 miBHBx2/iQ +QMbi° BM i?2 # C
7 QK r?B+? i?2 : H +iB+ M2mi BMQ 2t+2bb Q' B;BM i2b 7' QKX 6Q
i?72: H+iB+ TH M2 K v #2 /BpB/2/ BM KmHiIiBTH2 b2+iBQMb T 27
"2;BQMb bim/B2/ BM 2tBbiBM; ; KK @ v K2 bm " 2K2MibX h?Bb rB
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H ;2b+ H2 2KBbbBQM "2;BQMb-bm+? bi?2: H +iB+ TH M2- MQp.
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Sm'Biv f W
. i hvT2 h Gy GR Gk Gjf9 G8
iKQbT?2EB+ Ryy Ryy N3 d3 9y RR
*P_aAE 38 3y dy 99 ik 8 XN
JmQM:mM R8 ky k3 i9 dXN 9 XN
L2mi*BMQb 8XR2@yj kXk2@yk kXy kk ey 3N
T, iX92@y9 RXe2@yj y Xk kXy 8XR Kj
I, 9X32@yj] kXR2@yk RX3 Ky 88 e9
Ig RXj2@y8 dXN2@y8 NX82@yj yXR y Xj kXd
I, U**Vv 9Xk2@yj RX32@yk RXe Rd 9N j8
I, U**- +QMi BM2/- = 8y9XBRV@Y9 [Xe2@yj yX9 9X3 Rj kd
I, U**- +QMi BM2/- = RIREM2@y9 RXd2@y]| y Xk kX8 dXj ky
I, U**- +QMi BM2/- = KyRX®2@ye RX82@y8 kX92@yj jXk2@yk y XR y.
I, U+QMi BM2/V kXji2@y9 RXj2@Y] y X k RXd 9X9 ky
I;U+QMi BM2/- = 8yy :R28Xj2@y8 9Xj2@y9 eX92@yk y Xd RX3 RN
I, U+QMi BM2/- = Rh20WRX32@y8 RXN2@y9 jXR2@yk yX9 RXy R9
I, U+QMi BM2/- = kyh2oMN2@yd 9Xe2@ye 3Xe2@y9 RXR2@yk jXe2@yk
I, U+QMi BM2/V kXk2@yj RXk2@yk RXj R9 jd 8 k
ii U+QMi BM2/- = 8yy :28X82@Yy9 9X82@Vy]j yX8 e Xk Rd 8k
I, U+QMi BM2/- = Rh20\«kX82@y9 kXj2@Y] yXj iX9 NX8 9k
I, U+QMi BM2/- = ky hZoRXN2@ye kXR2@y8 jX92@yj] 9X82@yk yXR R
s U+QMi BM2/V exX82@ye 8Xy2@y8 dXk2@yj 3XR2@yk y Xk k:
ls U+tQMi BM2/- = 8yy :2pXN2@ye [jX32@y8 B8XN2@y] eX32@yk y Xk k X
l¢ U+QMi BM2/- = Rh20W%Xd2@ye kXN2@y8 9Xe2@yj 8X82@yk y Xk k>
Il U+QMi BM2/- = ky h2okXN2@yd jXj2@ye eXy2@y9 3Xy2@yj kX82@yk
+ b+ F2Db RXk2@y] eXR2@yj yXe eXe Re ed
+ b+ P28=8yy:20V jX82@y9 KkXN2@yj y Xj i Xj 3Xj ee
+ b+ P20= R h2oV RX32@y9 RXd2@yj y Xk kXy 8 XR 8j
+ b+ P28= ky h20V kXN2@ye jXj2@y8 9Xd2@yj eXR2@yk y Xk k X
i Uu=8yy:20V RXN2@yj RXR2@yk RXy RR iR 33
1 U=R h20oV RXR2@y] eXj2@Yyj yXe eXe RN dy
I U=kyh2oV kX82@y8 RX32@y9 RX82@yk y Xk yXe i Xy
*QMp2MiBQM H 8Xy2@yj kXk2@yk kXy k k 8N 3R
S QKTi RXk2@y8 dXj2@y8 dXN2@yj NXy2@yk y Xk R
bi'QT?vbB+ H 9Xe2@y8 kX32@y9 jXy2@yk y Xj y XN dXy
*QMp2MiBQM HU+QM|] BX22®yj] RXj2@yk R X9 R8 9y ed
S'QKTi U+QMi BM2/V | 8XR2@ye jXN2@y8 8Xj2@yj] eXR2@yk y X k R
bi'QT?vbB+ HU+QMi|BdKI2AMM@y8 RX82@y9 kXR2@yk y Xk yXe 8 Xd
*QMp2MiBQM H’W+ b+|/RKk2@y] 8XN2@Yyj yXe eX]j Re 83
S'QKTi U+ b~ /2b 8XR2@ye 9Xy2@y8 8XR2@yj 8Xe2@yk yXR F
bi'QT?vbB+ HUV b+ J2WXk2@y8 RXd2@y9 kXk2@yk y Xk yXe eXd




*XR 1p2Mi a2H2+iBQM S2° ' 7Q K M+

22 /i i2 Q7 2tT2"BK2Mi H/ i M/ J* bBKmH iBQM Bb b?QrM
2 +?2 Q7.k2* b+ /2 b2H2+iBQM bi2Th M/ 7Q  KmHIBTH2 bm#b2ib Q7 bBI
h B;;2 2/ 2p2Mib i? i T bb Mv QM2 Q7 i?2 QMHBM2 }Hi2'b "2 /2MQi2/
T272°bh iQPMRBM2 * b+ /2 6BHI2
S _i2f 1
. i hvT2 h Gy GR Gk Gjf9 G8
iKQbT?2EB+ i39ejj jyNdd R83 NXj8e RX8Rk yXyky
*P_aAE jkdd3e k93dj RRj 8Xkj3 RXkRy yXyRR
JmQM:mM 8e39d eRy9 98Xy 9XRRd yXjyk yXyyN
L2mi*BMQb RNXe eXNky jXkj8 kXejR kXk3d yXRed
I, RXKkNd yX8y3 yXjyN yXkj3 yXRNk yXy9j
ii R3X]j eXj3d kXNRR kXj3R kXy39 yXRRN
i§ yXy8y yXyk9 yXyR8 yXyRj yXyRR yXyy8
I, U**Vv ReXy 8Xdy3 kX8k3 kXy39 RX39N yXyee
ii U**- +QMi BM2/- = 8yyR2dRKkK RXRyj yXed9 yX8d8 yX8y8 yXy8R
I, U**- +QMi BM2/- = Rhgxdjd yX8jj yXj9d yXjy9 yXkdd yXyj3
I, U**- +QMi BM2/- = kly y2o)y8 yXyy8 yXyy9 yXyy9 yXyy9 yXyyR
I, U+QMi BM2/V yX3dy yXj3N yXked yXkyd yXRed yXyjd
1, U+QMi BM2/- = 8yy :RoywxRe?9 yXRjj yXRy9 yXy38 yXydy yXyje
I, U+QMi BM2/- = Rh2oVyXyeN yXyey yXy8R yXy99 yXyj3 yXyk8
I, U+QMi BM2/- = kyh2oWwXyyR yXyyR yXyyR yXyyR yXyyR yXyyR
ii U+QMi BM2/V 3Xj9y jX8e8 kXykR RXe9j RXj3d yXyNd
ii U+QMi BM2/- = 8yy |2dkKKRj9 RXj33 yX33R yXd9k yXeje yXyNe
I, U+QMi BM2/- = Rh2pVyXN8j yXdyR yX9dd yX9RR yXj8N yXyd3
ii U+QMi BM2/- = kyh20¥YXyyd yXyyd yXyye yXyy8 yXyy8 yXyyk
i§U+QMi BM2/V yXyk8 yXyR8 yXyRk yXyRy yXyy3 yXyy9
ls U+QMi BM2/- = 8yy :|200MXyR38 yXyRk yXyRy yXyy3 yXyyd yXyy9
i§ U+QMi BM2/- = Rh20VyXyRy yXyyN yXyyd yXyyd yXyye yXyy9
i§U+QMi BM2/- = kyh2oWXyyR yXyyR yXyyR yXyyR yXyyR yXyyR
+ b+ 20 9Xdkd RX33e RXy9R yXdNy yXekj yXRk9
+ b+ 2= 8yy:20V RXj89 yXNye yX8kk yXjN3 yXjRd yXRk9
+ b+ P2= R h2oV yXe39 yX8R9 yXjRy yXk9k yXRNj yXRyy
+ b+ P2B= ky h20V yXyRR yXyRy yXyy3 yXyyd yXyyd yXyy8
1 U=8yy:20V dXjRk jXjke RX83y RXjky RXRdAR yXRe8
I U=R h2oV 9XRj9 RXNed yXNk3 yXd33 yXdRk yXRjR
1 U=kyh2oV yXyN8 yXy8e yXyk8 yXykj yXykk yXyye
*QMp2MiBQM H RN X9 eX3Rj jXRd8 kX83y kXk9j yXR8R
S QKTi yXy9e yXykj yXyRj yXyRR yXyyN yXyyj
bi'QT?vbB+ H yXRde yXy3e yXy9N yXy9R yXyje yXyRj
*QMpP2MiBQM H U+QM|] BAKRM  jXNRk kXk83 RX3k8 RX8jR yXRk8
STQKTi U+QMi BM2/V yXyky yXyRk yXyyN yXyyd yXyye yXyyk
bi'QT?vbB+ HU+QMi|BWMRyW3 yXy9d yXyj9 yXykN yXyk8 yXyRR
*QMpP2MiBQM H W+ b+|/BXek9 RX3kR yXNN3 yXd88 yX8Nj yXRyN
STQKTi U+ b« /2Db yXyky yXyRj yXyy3 yXyyd yXyye yXyyj
bi'QT?vbB+ HUV b+ y2hXy39 yXy8j yXyje yXykN yXyk9 yXyRk
J* bBKmH iBQM j39e8j jyN39 Rek RkXy jXdN3 yXR3d
1tT2 ' BK2Mi H /i 999yy3 jkd89 RyN k8X3 8Xkk8 yXRNe
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h?2 b2H2+iBQM 2{+B2M+v Q7 2tT2 BK2Mi H/ i M/ J* bBKmH iBQ
"2bT2+iiQ i"B;:;2°2/2p2Mibi? i T bb2/ Mv Q7 i?2 QMHBM2 }Hi2 b UhV
2 +?2 Q7.iP2* b+ /2 b2H2+iBQM bi2Th M/ 7Q  KmHiBTH2 bm#b2ib Q7 bBKr

1{+B2M+v f W
.0 hvT2 h Gy GR Gk Gjf9 G8
iKQbT?2EB+ Ryy 3XR yXy9 kX9j2@yj jXNj2@y9 8Xke2@ye
*P_aAE Ryy dXe y XVYj RXey2@yj jXeN2@y9 jXjd2@ye
JmQM:mM Ryy RyXd yXy3 dXk92@yj 8XjR2@y9 RXeR2@y
L2mi°'BMQb Ryy j8Xk ReX9d RjX9y RRXe9 yX38
1, Ryy JjNXR kjX3y R3XjR R9X3R iXjy
ii Ryy Jj9XN RB8XNR RjXyk RRXJjN yXe8
I Ryy 93XN jyX8d k8Xk3 kRX98 RyXyk
I, U**v Ryy j8Xe R8Xd8 RKXNN RRX8]j yX9R
ii U**- +QMi BM2/- = 8yRy3oVe9X9 |jNXj3 jjX83 kKNX9N kXNd
I, U**- +QMi BM2/- = R hRpyW¥ dkX9 9dXRy 9RXRN jdx83 8XRe
ii U**- +QMi BM2/- = kkyRg2gV 3NX9 djXk9 dRXKky dkXeN R8XRKk
i, U+QMi BM2/V Ryy 99Xd jyXe3 kjX38 RNXRe 9Xky
I; U+QMi BM2/- = 8yy:2®YYy 3RXR ejXy3 8RXd8 9k X8R KRXNN
1, U+QMi BM2/- = Rh20Wyy 3eXd dkX3e ejXky 89XdR jeX9N
i, U+QMi BM2/- = kyh20Ryy N8Xj NkXd8 NRXNe NkX9k 3kXyN
I, U+QMi BM2/V Ryy 9kXd k9XKkj RN Xdy ReXej RXRe
ii U+QMi BM2/- = 8yy (2BYYy e8XR 9RXk3 j9Xd3 kKNX3R 9 X8k
I, U+QMi BM2/- = Rh2p\WRyy djXe 8yXys8 9jXyN jdXe3 3XkR
ii U+QMi BM2/- = ky h2o0Ryy NRXk deX8y d9XjN d9XxX99 k3XR9
Is U+QMi BM2/V Ryy eRXk 9eX9y j3X33 jiX9e ReXjj
ls U+QMi BM2/- = 8yy:2RYyy dNX8 ejX8d 89Xd9 9dX8d kdXjk
I U+QMi BM2/- = Rh20Wyy 38Xk dyXN9 ekXdd 88Xek jeXNj
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