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r?2°2 2Bg?>2¢® MN = Zc Q6 ® MN = WX h?Bb T°Q+2bb Bb
+?2 > +i2°Bb2/ rBi? r2HH /2}M2/ bB:M HBM i?2 hG a /2i2+iC
2M2 ;2iB+ D2ib BM i?2 p2'v 7Q°r '/ "2;BQMb- M2 "Hv +QHHE
h?Bb Bb /m2 iQ 0"6 #2BM; Tm 2Hv 2H2+i'Qr2 F T°Q+2bb i
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MQ +QHQmM™ 2t+? M;2 #2ir22M i?2 BMBiB H[m “Fb, "2bmHiB]I
BMi?2 Th2m/Q > TB/Biv "2;BQM #2ir22M i?2 7Q 2K2MiBQM2
p2+iQ  #QbQM 7mbBQM T Q+2bb +QRhii@#AM@i2H >BT; 16 #Eko Q2MH
T°Q/m+iBQMX

02+iQ  "QbQM bbQ+B i2/ SHQYm+iBQM U

h?Bb T°Q+2bb Bb i?2 bbQ+B i2/ T°'Q/m+iBQM QW QB:;b #Q|
Z p2+iQ° #QbQM M/ Bb BMBIiB i2/ #v [m F@ MiB[m "F T B’
BHHmbi® i2/ BM|6B;m 2 kXk+ M/ + M #2r Bii2M b

pp! of! V ! VH;

r?2°2 2B4qz2 MN=Zc @6 ¢ MN=WX h?Bb T°Q/m+iBQM KQ,
HbQ ? b +H2 M bB;M im 2 rBi?BM i?2 hG a /2i2+iQ - #2BI
i?72 /2+ v Q7 irQ K bbBp2 T "iB+H2b i? i + M #2 "2+QMbi m+i
i?2B" /2+ v T Q/m+ib¥W qr2¥M2i#?22b H2TiQMB+ HHv i?2M i?2 b
Bb 2bT2+B HHv mb27mH b i'B;;2 iQ "2/m+2 Z*. # +F; Q]
+QMbiBimi2B% QMmMYi H>B;;b #QbQM T Q/m+iBQMX

hQT Zm “Fb bbQ+B i2/ St®/WM+iBQM U

AM i?Bb K2+? MBbK-i?2 >B;;b #QbQM Bb T ' Q/m+2/ BM bbQ+
MiB[m "FT B X h?2T Q+2bb Bb p?QrM BM 6B;m 2 kXk# M/ |

pp! gg! tttt! ttH:

h?BtH T Q/m+iBQM KQ/2 HHQrb 7Q  i?2 /B 2+i K2 bm 2K2]1
+QmMTHBM; Q7i?2>B;;b#QbQMiQi?2iQT[m 'F-Q7T “iB+mH
K bbBp2 72°KBQM BM i?2 ai M/ */ JQ/2HX hQT [m ‘Fb "2 Hb
aJ[m "FiQ? p2 HB72iBK2b?Q i2 i? Mi?2? /" QMBb iBQM i
/2+ vb U HKQbi tHr WbW#27Q 2 7Q ' KBM; D2ib BM i?2 /2i2+iQ
bB;M im@HQZp2Mi BM i?2 hG a 2tT2 ' BK2Mi "2[mB 2b i?2 "2+ (
i?22irQ iQT [m "P@D DKV MQbQMb- BM //BiBQM iQ i?2 "2+QN
Q7 i?2>B;;b Bib2H7X h?Bb T Q+2860Q7 QQr H2bBH 2tb B Q@D M b
i?72 G>*X

1 +?2 Q7i?2b27Qm /QKBM Mi>B;:bT Q/m+iBQM K2+? MBbKH

k k



i?72 hG a*QHH #Q iBQM rBi? bB;MB3+(|R-+@ NPR- i HHQrBM; 7C
KQ 27Q+mb QM H2bb /QKBM Mi T 'Q/m+iBQM KQ/2b BM K2 h
MQi2- i?2 2QiIQK [m "Fb bbQ+B i2MTh@MITHIBQM bbQ+B i:
T Q/m¥ABQM

"QiiQK Zm ‘Fb bbQ+B i2/ SBp/M+iBQM U

h?Bb T°Q+2bb Bb bBHBHQ/mM+iBDM K2+? MBbK- #mi HHiQT
i?72 62vMK M /B ;7" KBM]|6B;m 2 kXk# "2 "2TH +2/rBi? #QiiQK
i72 D2ib Q'B;BM iBM; 7b@HnH QF B " Ki DE@I[MM Fb H2 /b i?2K iQ
iviB7v HQr2 i° Mbp2 b2 KQK2MimK MprH”MDRDPQPZK T@hi7 E
BM TH +2 iQ bmTT 2bb bTm" B Q nbloHDEb b2 b ® M® R B2 MiFHBM G
K2 bm 2K2Mib 2p2tMi i?@m:BBKBH * + Qbb b2+iBQM i i?2 +
2M2°;v "2;BK2 UH2R 6B;m 2 kXjVX

aBM;H2 hQT bbQ+B i2/ 86 Q/m+iBQM U

6Q  i?Bb K2+? MBbK-i?2 >B;;b #QbQM Bb T°Q/m+2/ BM bbQ
iQT [m "F- M/ 2WiZ2DbQHWW Q° [mtHEWX h?2b2 T "iB+mH °
T°Q+2bb2b "2 Q7 BMi2 2bi b i?2v HHQr 7Q° K2 bm 2K2Mi
umF r +QmTHBM; U2Bi?2 TQbBiBp2 Q M2; iBp2VX h?Bb Bl
/2bi m+iBp2 BMi2 72 2M+2 #2ir22M irQ H ;2 +QMi B#miBQ1
#QbQM +QmTH2b iQ #Qb QM@ HBFIZ2 Qi?2 r?2 2 Bi +QmTH2b
[mMm "FX tH?2"Qbb b2+iBQM Bb 1IR% QTBR igGH)VT Q+2bb2b M/
i?72v+ M #2 /IB{+mHiiQ /Bz2 2MiB i2 7' QK 2 +? Qi?2 X

h?2iQi Hi?2Q 2iB+ H+ Qbb b2+iBQM 7Q" HH >B;;b #QbQM
i?72 G>*Bb ;Bp2M[BM 6 Bmm =2125GeV @i M/ '/ JQ/2H >B;;b M/
Bb b?QrM i /Bz2 2Mi +2Mi 2@Q7@K bb 2M2 ;B2b Qp2  i?2 C
+ Qbbb b2+iBQM 7Q 2 +? BM/BpB/m HT Q/m+iBQM T Q+2bb
HbQ /BbTH v2/X



M(H)= 125 GeV
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6B;m 2 kxXj M/ '/ JQ/2H i?2Q 2iB+ H >B;;b #QbQM T Q/m+iBQM +°

7MM+iBQM Q7 +2Mi'2@Q7@K bb 2Mnyw 7RK8 2B X HHPRi? K bb
T°Q/m+iBQM + Qbb b2+iBQM @MH M MB@ M MMWIH T Q+2bb2b UB)
MQi BM+HMWBMTi®DIm+iBQM KQ/2VX h?2 rB/i? Q7 +QHQmM 2/ # N
i?72 mM+2"i BMiv7Q 1?7 i T'Q+2bb (e)X

kX8XkB:;:b .2+ v

J2 bm 2K2Mi Q7 >B;;b #QbQM T Q/m+iBQM T Q+2bb2b "2 MC(
G ;2> /"QM*QHHB/2  /m2iQi?2b?Q iHB72@iBK2Q7i?2>B;
M/ T QT2 iB2b + M QMHvV #2 BM72 "2/ 7°QK Bib /2+ v T Q/mH
BM K2 bm 2K2Mib #2BM; Q7 i?2 " i2 Q7 T 'iB+mH ~ T Q/m+i
#v i?2 T Q# #BHBivi? ii?2 >B;;b/2+ vbBM T "iB+mH "~ r vX
KQ/2b "2 Dmbi bBKTQ'i MiiQ +? *~ +i2'Bb2 bi?2T Q/m+iB

h?2 #° M+?BM: > iBQb Q7 i?2 >B::b #QbQM 7Q" /Bz2 2Mi /2+

k9



h #H2 kXKk?2 ai M/ °/ JQ/2H i?2Q 2iB+ H # M+?BM; "~ iBQb M
mMM+2"i BMiB2b 7Q" i?2 /QKBM Ming 2=+ RK8Q:/2ch XB7 ;b #Qb QM-
BM /2b+2M/BM; Q /2" (e)X

2+ vJQ/2" M+?BM; [iBDH iBp2 IM+2'i BMiv UWV
HT bo 5824 10 ! 172
H! WW 2137 101 15
H! gg 8:187 10?2 51
H! 6:272 102 1.6
H! cc 2:891 10 2 JE3
H! ZZ 2:619 10 °2 15
H! 2270 10°3 2.1
H! Z 1:533 103 5.8
H! ¢ 2176 10 4 1.7

BM h #FH2 kXkX Ai+ M #2 b22M i? ii?2v "2 "Qm;?Hv Q /2 2/ ;
T Q/m+ib-bBM+2i?2 >B;;b #QbQM +QmMTH2b KQ 2 bi " QM;HV
h?H! tb+? MM2H Bb i?2 KQbi 7' 2[m2Mi /2+ v bi?2iQT [m I
7Q i?22>B;;biQ T B T Q/m+2X >QNNp2 MEZ2 /22 HHRr2/
2p2Mi?2Qmy;2my M2m;>my b QM2 Q7i?2; m;2#QbQMbBM i?
T Q/m+2/ Qz@K bb@b?2HHX HbQ HHQr2/ "2i?2 >B;;b/2+
b bm+? /2+ vb "2 K2/B i2/ #v HQQTb Q7 pB ' im H T "iB+H2t
#2BM; iQT [MWRQEQM HHQTb 7@ iQT M/ #QiiQK [m 'F HQC
TQH! ggVX

6Q° ;Bp2M >B;;b 2p2Mi-i?2 b2MbBiBpBiviQ K2 bm 'BM; T °
J2T2M/2Mi QM i?2 "2+QMbi m+i2/ >B:;b K bb "2bQHmMiBQM- i-
T 'iIB+H2b BMpQHp2/BMi?2/2+ v- M/ i?2H2p2H Q7 # +F; Qn
>B;;b #QbQM Q#b2 p2/ #vi?2 hG a M/ *Ja 2tT2 BK2Mib Bb |
BKTQ i Mi/2+ v+? MM2Hb HiI?2GMKhZZ ! 4 +? MM2HDb
HHQr 7Q T 2+Bb2 B/2MiB}+ iBQM M/ K2 bm 2K2Mi Q7 HH }
2t+2HH2Mi "2+QMbi " m+i2/ >B;;b K bb "2bQHMPBIMh?2hG a L
H! Ww I ** 0 4 4+2 MM2H 2?2 b HQr "2mQ MhiQri+ieZBQM U "Qml
20%V /m2 iQ i?2 T'2b2M+2 Q7 M2mi ' BMQb BM i?2 }M H bi i2
i° Mbp2 b2 2M27;viQ "2+QMbi'm+i iM2!>I®d;;d¥X 6BM HHv- i?2
+? MM2H K2 bm 2K2Mib "2 BKT +i2/ #v H ;2 # +F; QmM/b
BMi2 K2/B i2 >B;;b K bb "2bQHmMIBQM QIAS5%HT2Q TRK iiR2pvH v X
h?2b2 /QKBM Mi/2+ vKQ/2b? p2 HH#22M Q#b2 p2/ #vi?2 h
rBi? bB;MB}+ M+2 Q75 2MR "i2ZHNin" " 2MiHvV #2BM; 2tTHQ 2/
7Q°2K2MiBQM2/ T°Q/m+iBQM K2+? MBbKbX

k8



AM iP2! +? MM2H - b2 "+? 7Q° M "Qr T2 F Bb T2 7Q
bKQQi?Hv7 HHBM; # +F; " QmM/BMi?2BMp B MiK bbbT2+i"
KQK2MimK T?QiQMbX " +F;"QmM/ BM i?Bb +? MM2H Q B;B
T Q+2bb2b7Q i?2B "2/ m+B#H2 # +F:DQmMmM/IB DRI T @K 2bd 2
7Q i?2B 2/m+B#H2 # +F; QmM/br?2 2 QM2 D2iivTiB+ HHvV
°X hG a bTHBib 2p2Mib BMiQ Kmim HHv 2t+HmbBp2 + i2;
T Q/m+iBQM KQ/2b iQ QTiBKBb2 i?2 b2 "+? b2MbBiBpBivX

2+QMbimy+i2bQHmMIBQM M/ H ;2 bB;M H@iQ@# +F; Qm
i?72 KQbiiQi?2 b2MbBiBpBiv Q7 i?2 b2 "+?X

AM 2 +? + i2;Q v- T > K2i'B+ KQ/2Hb 2 }ii2/ iQ bBKmH i2/
iQ T'QpB/2 7mM+iBQM H7Q 'K 7Q i? i bB;M HX //BiBQM H
7Q Kb Q7 i?2 # +F; QmM/ b? T2 BM 2 +? + i2;Q v UivTB+ HI
Hr-Q "2"Mbi2BM TQHVMQKB H 7mM+iBQMbV 2 +'2 i2/ #
BMp B Mi K bb /Bbi'B#miBQM Q7 bBKmH i2/ # +F;"QmM/ 2p.
HH+ i2;Q°'B2b "2bBKmHi M2QmbHv bm#D2+i2/iQ bB;M HCG
iQ/2i2°'KBM2 i?2 bB;M HvB2H/ BM 2 +? + i2;Q vX

h?Bb +? Ti2  QmiHBM2/i?2 ai M/ / JQ/2H M/ ?Qr Bi 2tT 2bb
BMi2  +iBQMb #2ir22M K ii2> M/ 2M2 ;v b +QKT 2?2MbBp2
>B;:b #QbQM rBi?BM i?2 alJr b /2 Bp2/- M/ Bir b2tTH BM2/
"2 K2 bm 2/ ii?2 GH*¥X h?®? MM2H r b BMi'Q/m+2/ M/ M Qp
Q7i?2 M HvbBb Q7 i?Bb/2+ v[]b;Bp2MX *? Ti2 jrBHH BMi
Q7 i?2 G>* M/ i?2 hG a /2i2+iQ - /2b+ B#BM: 2Qr i?2 2 “Ir
T Q/m+2 /i 7Q K2 bm 2KK2Mib+Q7M B2 H X

_272°2M+2b

(R)h?2 hG a*QHH #Q iBQMX 0P#b2 p iBQM Q7 M2r T "iB+
i?72 ai M/ "/ JQ/2H >B;;b #QbQM rBi? i?2 hG a /2i2+iQ"
AMS?vbB+b G2idReXR ULQpX kyRKkEb LHIVjX¥ YR KKXE X
RYXRYRefDXT?VbH2i#XkyRkXy3Xyky

(j) BX IM;H2'i M/ _X" QmiX 8" QF2M avKK2i'v M/i?2J bb C
J2bQMbBX VMK _2p RGN Xm;X RNe9V- T/MBRyRX RK3 | f
S?vb_2pGZ2iiXRjXjkR

ke


https://doi.org/10.1016/j.physletb.2012.08.020
https://doi.org/10.1103/PhysRevLett.13.321
https://doi.org/10.1103/PhysRevLett.13.321

(9)S2i2  gX >B;;bX 06" QF2M avkKK2i ' B2b M/ i?2J bb2b Q7 :
S?vbX 2pRGBCRX P+iX RNe9V- TORBRFYRRYNDS?vb_2pG2
IIXRIX3Y 3

(8): X aX :m> HMBF- *X _X > ;2M M/ hX gX "X EB##H2X 86:HC
Grb M/ J bbH2bb S "iB?HRYOX2AXRG2UkY LQpX RNe9V-
TTX 838 BBBRXYXRRyjfS?vb_2pG24iXRjX838

(e).X/26HQ'B M M/#XQF Q7 G>* >B;:b *"Qbb a2+iBQMb, 9X
i?2L im2Q7i?2>BX*alP«iZHHQr _2TQ ib, JQMQ; T?b *
kyRI@yyk@JX POBRYKXRENRT*u _J@KYyRd@yyk

(d)h?2 hG a *QHH #QP#IBZD W XB@M! Qb /2+ vb WH
T Q/m+iBQM rBi? i?2 h® R2MH21X+iDJTX hG a@*PL6@kyR3
2M2p , *1 L-CmHVKHPRIK,ff+/bX+2 MX+2f 2+QX/fkejyjj?

(3)h?2 hG a *QHH #Q  iIBQMX 8*QK#BM2/ K2 bm 2K2Mib
T°Q/m+iBQM M/ /2+ v8IWBMMQ MT @QQOM@T QiQM +QHHBI
iPS= Rj h20 +QHH2+i2/ rBi? i?2 hG a 28P2bEK22piXX AM,
RYRX “sBp,RNYNXyk398 Ua2TiX ®BRNXR R R Byk 93 . X
RYRXVRXyyk

(N)h?2 hG a *QHH #Q  iBQMX 6P#b2 p iBQM Q7 >B:;b #Q|
bbQ+B iBQM rBi? iQT[m 'FT B ii?2G>*rBi?i?2 hG
AMS?vbX G2di%9X “sBp,R3yeXyy9k8 UCmM2 ky@BV- Rdj F
RYXRYyRefDXT?vbH2i#XkyR3XydXyj8

kd


https://doi.org/10.1103/PhysRevLett.13.508
https://doi.org/10.1103/PhysRevLett.13.508
https://doi.org/10.1103/PhysRevLett.13.585
https://doi.org/10.23731/CYRM-2017-002
https://cds.cern.ch/record/2630338
https://doi.org/10.1103/PhysRevD.101.012002
https://doi.org/10.1103/PhysRevD.101.012002
https://doi.org/10.1016/j.physletb.2018.07.035

*2 Ti2 ]

h?2 hG a .2i2+iQ° M/ i?2 G>

6B:m 2 jXRQ+ iBQM Q7 i?2 G>* imMM2H Ur?Bi2 HBM2V M/ i?2 7Q
+Qbb 6> M+2 M/ arBix2 H M/-rBi? i?2 #Q/2° b?QrM BM v2HHQ

hQ +QHH2+i /i ii?2 ?B;? 2M2 ;v 7' QMiB2'b "2[mB 2/ 7Q " i
JQ/2H T?vbB+b M/ #2vQM/- T "iB+H2 ++2H2 iQ'b "2 mb
iQ +? *;2/ T "iB+H2b #27Q°2 +QHHB/BM; i?2K M/ BMi2 T
7°QK i?2 "2bmHiBM; bB;M im'2b BM T “iB+H2 /2i2+iQ bX h
/i1 T°Q/m+2/ rBiG i?2 > /'QM *QHEBYY (RR) 1Im?QT2 M

P; MBx iBQM 7Q Lm+HKMZ1 L2b2 H+BR +mH T 'iB+H2 +QHHB
+B +mK72ZMNMmHQF 12/ #2M2 i? i?2 6 M+Q@arBbb #Q /2" #
:2M2p - arBix2'H M/X h?2 G>* ++2H2  i2b T°'QiQMb BM irQ
QTTQbBiI2/B"'2+iBQMb #27Q 2 +QHHB/BM; i?2K i7Qm K BM
"BM;X i2 +? Q7 i?2b27Qm > TQBMib HB2b T “iB+H2 /2i2+iC

k3



2tT2 BK2Mib ii?2 G>*- i?2 HQ+ iBQMb Q7 r?B+F [+ M #22M

h Q' QBG&H TT amU hG aV|(Rk) Bb QM2 Q7 bm+? 2tT2 Bk
7mM+iBQMb b M HH@Tm TQb2 22 K2iB+ /2i2+iQ - "2+Q /B
iQ#2 TTHB2/BM ~ M:2 Q7 T?vbB+b M Hvb2bX

i XRh?2 G ;2> /"QM *QHHB/2"

h?2 G>*Bbi?2H ;2biTm TQb2@#mBHI T 'iB+H2 ++2H2 iQ
++2H2 iBM; T°'QiQMb BM irQ +QmMi2 @ Qi iBM; #2 Kb iQ
Q7 mTstQ: 14TeVX h?Bb Bb i?2 ?B;?2bi 2M2 ;v i? i +m "2M
K +?BM2b + M BKT "'1iQ bm# iQKB+ T "iB+H2b- M/ TH +2b i7
Q7 MQp2H ?B;? 2M2 ;v T?vbBXkEm 2B2 +mRX2h2M+2 imMM2H
?2Qmb2b i?2 G>*Bb 7QmM/ mM/2 ;" Qrd¥i MEOM-brg2ie22M
bmT2 +QM/m+iBM; K ;M2ib ;mB/2 i?2 ++2H2 i2/ T QiQM #
BMbi Mi M2Qmb HmKBME&»B1#Zm22YBPp2  irB+2 i?2 MQKBM
p Hm2 T 2/B+i2/ i/2bB;MVX

hQ BKT "ii?2 "2[mB 2/ 2M2 ;v iQ i?2 T'QiQMb #27Q 2 +QHH
mb2 Q7 i?2 *1_L ++2H2 iQ *QKTH2t[J2TB+i2/ BM 6B;m 2 jX
"2 72/ 7°QK  bQIOke¥ BMiQ i?2 GAL *k HBM2 °~ ++2H2 iQ
i?72v ; BM 2M2 ;v M/ "2 bi'BTT2/ Q7 i?2B" 2H2+i"QMb- H2

Q7 1?2 ?2v/ " Q;2M Mm+H2B- 2tBiBM; GALOMNMeYBIi h?Mv2M2 ;v Q
bm#b2[m2MiHv BMD2+i2/ BMiQ i?2 S'QiQM avM+? Qi QM "Q
0"PPahl_06 BM[6B;m 2 jXk-r?2"2 i?2V0L.4QeVH#H+2HR 2i2MiQ BM;

i?72 S°QiQM avM+?2 Qi'QM USa3kGe\2#21022 #2BM; T bb2/iQ i-
amT2 S 'QiQM avM+? Qi QM UaSaVvV r?B+? }M HHv BMD2+i i?
G>*rBi? M BMBIiB H5aGE¥X;v Q7

h?2 T°'QiQM #2 Kb BM i?2 G>* "2 ++2H2  i2/ BMirQ #2 KTBT

+HQ+FrBb2 "Qi iBQM #Qmii?2 "BM; M/i?2 Qi?2° " BM M M
1 +?2 7TmHH H T Q7 i?72 B5kReBKI i72D T QiQMb pB bmT2 +QM/
T /IBQ@7 2[m2M+v U_6V + pBiB2b mMiBH i?2v "2 +? i?2B" /2
amT2 +QM/m+iBM; MBQ#BmK@iBi MBmK /BT@HDK2M2ib rB
i?72 #2 Kb BM i?2B° +B"+mH "~ i° D2+iQ " B2b- mbBM; bmT2" ~
i2KT2 im 2 Q7 i?2 K ;MPHX #2HQr

ITQM "2 +?BM;i?2/2bB"2/2M2";v-i?2#2 Kb 1215 ' 10'6b2/ BM #I

kN



T QiQMb ZZm& 'wi?2 7Qm" /2bB:M i2/ +QHHBbBQM TQBMibX 1
20mb2b QM2 Q7 i?2 7Qm" T'BM+BT H (2122 iQ0M G D HILBG2*
1tT2 BKRM3A*LV (Rj)- /2bB:M2/iQ bim/v i?2 "2bmHib Q7 22
G>*@"2 MiE>*4V (R9)- 7Q+Hr@bBMB-M M/ i?2 ;2M2° H Tn
/2i2+iQ b- hG AQKT +i JMQM a QHI2AMMIEVS) X

6B;m 2 jXtk?2 *1 L T "iB+H2 ++2H2 iQ  +QKTH2t rBi? i?72 G>* /.
/| "F#Hm2 (Re)X

JXRX8mMKBMQbBiv M/ SBH2mT

q?2M +QHHB/BM: T'QiQMb ii?2 G>*-i?2 iQi HMmK#2 Q7 2
+2°i BM T Q+2bb M/ /2i2+i2/ #v hG a Bb :Bp2M #v

Zq
Nt o+5b T°0+2bp L UjXRV
0
122 RrquoBb 172 MMK#2° Q7 2p2Mib T'Q/m+2/ pB 22 T°Q+2b
rg+2Bb i22Qbb@bQFIEQIMI Q+2bBb i?2 iIBK2 BMi2;" H Q7 i
BMbi Mi M2Qmb AMXEBBMB/bBVI?2 G>* Qp2 i?2 iQi HT2 BQ/

iy
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g?2M "2H iBpBbiB++? ;2/T "iB+H2 + Qbb2b #QmM/ "v #2i
“27° +iBp2 BM/B+2b- i MbBiBQM * /B iBQM Uh_V T?QiQMb
+ M i?2M #2 #bQ #2/ #v i?2 ; b KBtim 2 rBi?BM i?2 im#2b- T
T QTQ iBOQM HiQ i?2 GO EMW MF¥iQ2W B;BM H +? ;2/ T i
HOQM; rBi? M 2M2 ;v K2 bm 2K2Mi 7 QK i?2 + HQ BK2i2 b-
/IBbiBM;mBb?BM; Q7 TBQMb 7 QK 2H2+i QMb #v i?2B" "2bT
h _hX
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AM //BiBQM iQ i?2 2KBii2/ h_- +? *;2/ T "iB+H2b HbQ BQN
i° MbBii?°"Qm;? bi rim#2X h?Bb 7°22b 2H2+i'QMb i? i T Q
i?72+2Mi° HrB 2r?B+? 7mM+iBQMb b M MQ/2/m2iQ TQi2MN
i?72 im#2 r HHb M/ i?2 rB'2X h?Bb BM/m+2b +m "2Mi b i?2
i?7 1+ M#2 K2 bm™2/- M/ +QMb2[m2MiHv i?2 TQbBIiBQM Q7 i’
Bib /Bbi M+2 7°QK i?2 im#2- M/i?2 K bb BM7Q 'K iBQM 7 QK

h?2 # "2H "2;BQM Q7 i?2 h_h HHQrb 7Q  i?2 i  +FBM; Q7 +?
jj RXy '2;BQM M/QMHQLHBPROM HBM7Q K iBQM r?BH2i?2
T QpBE£2K2 bm 2K2Nijb *XyX 2bQHIBIBQBLQ#?B2p2/ rBi?

M p2° :2Q7je ?Bib T2 i° +FX AM3%008 222@ Qm? ©? MM2Hb

AMiQi Hi?2 AMM2" .2i2+iQ° HHQrb 7Q  i?2 K2 bm ' 2K2Mi Q7
iQ ;Bp2i?2B° KQK2MimK- /B 2+iBQM- M/ BKT +i T * K2i2 bX
QM i° Mbp2 b2 KQK2MimK K2 M ZR2MI-QtBK i2//m BM; _m
UrBi?Qmii?2 A"GV iQ

ﬁ:O:OS%pT 1%; UjXeV

r?2°2/2MQi2b M //IBiBQM BM [m /° im 2X

i XkX% HQ BK2i2 b

b /2bi'm+iBp2 K2i?Q/ Q7 K2 bm BM; T 'iB+H206b 2M2" ;v-
/I12Mb2 Ki2°'B HiIiQ + mb2 i?2 T "iB+H2 iQ BMi2 +i M/ #2 7
i Mb7Q KBM; Bib 2M2 ;v BMiQ K2 bm  #H2 [m MiBivX h?B
T "iB+H2 BMi2  +iBM; rBi? i?2 + HQ BK2i2 K i2'B Hi? Qm;
Q bi'QM; BMi2  +iBQMbITRTXY/m22QM/ v T "iB+H2bX h?2:
[12TQbBi2/ #v i?2 b?Qr2 Bb /2i2+i2/ b 2H2+i B+ +? ;2 #v
AM ?2QKQ;2M2Qmb + HQ 'BK2i2'b-i?2 b KTHBM; K2/BmK Bb i
rBH2 BM b KTHBM; + HQ BK2i2 i?2°2 rBHH #2 Hi2 "M iBWN
b KTH2 X

S "iB+H2bi? i 2T 'BK "BHV;Qp2 M2/ #vi?22H2+i'QK ;M2iB
M/ T?QiQMbV rBHH BMi2 +i pB T B T Q/m+iBQM M/ #":

2M2 :B2b- M/ pB *QKTiQM b+ ii2 ' BM:- i?2 T?QiQ2H2+i B+
i HQr2° 2M2 ;B2bM iBXR@M HRN; @7 i?2 + HQ BK2i2 K i2'B
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[2}M2/ b i?2 p2 ;2 /Bbi M+2 ?B;? 2M2 ;v 2H2+i°'QM rQmkFE
2M2 ;v "2/mHA2b ¥V Bb i?72 p2 ;2 /Bbi M+2 M 2H2+i QM rQ
i?2°Qm;? i?2 /2i2+iQ" #27Q 2 BMi2  +iBME->r2B.Hi2 pZRRQIQM
‘Qm@Mo QM p2° ;2 #27Q°2 T B  T°'Q/m+BM;X PM i?2 Qi?2°
BMi2® +ii?2"Qm;?2i?2bi'QM; 7Q +2 M/ T°'Q/m+2 ;HmQMb M/
+ Mi° p2H bm#bi MiB H /Bbi M+2b #27Q 2 BMi2  +iBM; ; BI
2H2+i QK ;M2iB+ +QKTQM2Mi i Qm;? i?2 T°Q/m+iBQM Q7
/[2+ vb iQ T?2QIQMbMX h?2 "2H i2/ + HQ'BK2i2 K i2°'B H T
? /" QMB+ b?Qr2'b Bb i?2 K2 BIMA222+TBIQMQM2M/iBb i?2

K2 M /Bbi M+2 #2ir22M ? /"QMB+ BMi2" +iBQMb 7Q7|?B;? 2M:
+QKT "2bi?2iviB+ Hb? T2 Q7 M 2H2+i QK ;M2iB+ b?Qr2" i
+ M #2 b22M-i?2 ? /| ' QMB+ b?Qr2° Bb Km+? H2bb /2Mb2 M/
b? T2|(kk)X

6B;m 2 jX\P2 /Bz2 2M+2b BM 7Q K #2ir22M M 2H2+i QK ;M2iB+
H27i M/ 2 I'QMB+ b?2Qr2[ QM i?2 “B:?i (kj)X

h?2 + HQ 'BK2i2 bvbi2K Q7 i?2 hG a /2i2+iQ |Bb b?QrM BM
TH +2/ QmibB/2 Q7 i?2 AMM2" .2i2+iQ - Q++mTB2b i?2 Th2m
ii 9XN- M/ Bb /BpB/2/ BMiQ i? 22 bm#@/2i2+iQ bX 1 +? Q
miBHBb2b /Bz2 2Mi i2+?MQHQ:B2b iQ bT2+B HBb2 2 +? bvk
+ HQ BK2i vX

h?21H2+i'QK ;M2iB+ * I BIK2BD i?2 }'bi bm#@bvbi2K Qmib
A. M/ Bb bTHBi BMiQ +2Mi  H# "2H U1J"V M/ irQ 2M/@ +
i?7i HHK F2 mb2 Q7 HB[mB/ ";QM UG 'V bi?2 +iBp2 K i2"
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6B:m 2 jXR92 hG a + HQ BK2i2 bvbi2Kb r?2°2 i?2 /Bz2 2Mi bm#
"2 H #2HH2/ (Rk)X

i?72 #bQ #BM; K2/BmMK®MB2 * HQ UBK2MH2/- r?B+? Bb TQbBIiB(
QmibB/2 i?2 1* H- Bb HbQ +QKT'Bb2/ Q7 # ““2H "2;BQM I
? /"QMB+ 2M/@+ Tbh U>1*V mb2 G ° b BMi?2 1* H- #mi K FZ
M #bQ #2 - r?BH2 i?2 # "2H "2;BQM UhBH2* HV mb2b bi2
TH biB+ b+BMiBHH iBM; iBH2b bi?2 +iBp2 K2/BmKX h?2 hB
i?° 22 +vHBM/ B+ Hb2+iBQMb rBi? +2Mi H# ~"2H M/irQ B/:
2 +?2 QM 2Bi?2  bB/2 Q7 i?2 +2Mi° H "2;BQM iQ BM+'2 b2 i?2

M;2X h?2 }M H+ HQ BK2i2 bm#@/2i2+iQ HB2b #Qmi i?z
>1* M/ Bb FMQrM6@®@ r?2 * HQ BKRBt2HVX h?2 6* H miBHBb2b
bi?2 b KTHBM; K2/BmK M/ +QTT2 #bQ #BM; K2/BmK BM |
bm#b2[m2Mi H v2'b mb2 imM;bi2MX

h?2 "2bQHMIBQM Q7 2M2 :v K2 bm 2/ #v i?2 + HQ BK2i2 b +

E

a b :

h?2 } bii2 K Bb 272 »/iQ3 ?bbiiB2+M2 KBb2b 7 QK i?2 bi iBbiB
~m+im iBQMb BM i?2 /2p2HQTK2Mi Q7 i?2 T iB+H2 b?Qr2 -
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BMp2'b2 Q7 i?2 b[m "2 "QQi Q7 i?2BMBIiB HT 'iB+H2 2M2";
2 +? H vaX#k2ti BbM@Bb2 f2bK " B#BM; TBH2mT M/ i?2 2H2+i"
+QMi ' B#mi2/ #v i?2 "2 /Qmi bvbi2Kb UM2;HB;B#H2 i hG a\
iQi?2 BMp2'b2 Q7 i?2 BMBIiB HT "iB+H2 2MX hW?2MYyMBII T ~ K
+QMi'B#miBQM BbHMIIMMBRZIK Bb2b 7" QK BMbi mK2Mi + HE
M/ /2 | Ki2°'B H2z2+ib- Bi Bb BM/2T2M/2Mi Q7 i?2 BMBiB H
T K2i Bb2X#v

h?2/2Ti? Q71?2+ HQ BK2i2 bvbi2KbBb BKTQ i Mi bi?2v ? |
+QMi BMK2MiQ7i?2? /"QMB+ M/2H2+i"QK :M2iB+b?Qr2°b
T "iB+H2b "2 +?BM: i?2 KmQM bvbi2KX h?2 iQi Hi?B+FM2bk
# "2HBb KQ Xj? MKKQ 2 i?XMEKM i?2 2M/@+ ThX h?2 K i2'B
i72? /"QMB+ iBH2 # "“2H Bb + QK TBBD 27 ' t BXmiNBHIN DRA
2M/@+ TbX h FBM; i?2 Qmi2  bmTTQ i BMiQ ++QmMi- i?2 i?
+ HQ BK2i2 iBp=RRR M/ ? b #22M b?2QrM #v bBKmH iBQM M/ K2
iQ #2 Q7 /2[m i2 /2Ti? iQ +QMi BM b?Qr2°b M/ 2Mbm 2b :QQ
2M2 ;v "2+QMbi mH{iBRMX 6B;m 2 jXRR b?Qrbi?2 KQmMi Q7
bm#@bvbi2Kb Qp2° i?2 +Qp2°2/ Th2m/Q  TB/Biv  M:2 Q7 i?2
i2 Kb Q«

6B:m 2 jXRR2 +mKmH iBp2 KQmMi Q7 K i27 @B Mi+iBjRIMQ 7
i22 /2i2+iQ  #27Q°2i?2 + HQ BK2i2 b U#2B:2V-i?2 1* H Ui2 HV-
M/ 6* H- M/ mT iQ #27Q°2i?2 Ja U [m V (Rk)X
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1H2+i"QK :M2iB+ * HQ BK2i2"

h?2 1H2+i"QK ;M2iB+ * HQ BK2i2" mb2b H2 / TsBmdb rBi? i
7Qj< yX313mm7Qj> yX3 b i?2 #bQ #BM; K i2°B H Q7 i?2t
bvbi2KX h?2 +iBp2 HB[mB/ “;QM K2/BmmKHk2'b M2/ BM
BMi2 ' bT2 b2/ rBi? +QTT2 "2 /Qmi2H2+i Q/2biQ +QHH2+ii?:
b?Qr2 T 'iB+H2bBQMBbBM;i?2G "X h?2H2 / M/2H2+i Q/2
++Q /BQM ;2QK2i'viQ T QpB/2 7mHH xBKmi? H+Qp2 ;2
iQ HHQr 7Q  i?2 " TB/ 2ti® +iBQM Q7 bB;M H ii?27 QMi M/

h?2 1* H Bb +QKTQDb2/ Q7 +2Mi  H # "2H 'RjBQRX YY"V Q 4
M/ irQ r?22H b? T2/ 2M/@+ Tb iQ 2Bi?2° bB/2 Q7 i?2 #°
RXjdi8] jXk "2:BQMX h?2 1J" b? "2b i?2 b K2 + vQbi i b i
r?BH2i?21J1*b mb2i?2B  QrM b2T " i2 + vEaBKiQGB2Q MB@Mi BN
i2KT2  im 2 "2[mB 2/ #vi?2 HB[mB/ “:QMX

h?2°2 2i?2°22 b KTHBM: H v2 b +QKT]BbBKX:8i?2: BQM BW/|?:
irQ BM i?2/kK8jXk '2:BQM-r?BH2 T '2b KTHBM: H v2 T 2+2
ijj RX3'2:BQMX h?Bb T 2b KTH2 Bb i?BMH v2 Q7 QMHv

Tm TQb2 Q7 +Q "2+iBM; 7Q  2M2 :v HQbi BM i?2 A.- i?2 bQH:
+ vQbi iX h?2b KTHBM; H vZjo BRXI®? ¥2BQM+UM #2 bmKK °
b 7QHHQTrb

Ca KTHBM; G v2@b RQKT Bb2/ Q7 bi BT +2HHbM®BIIP Biv
Q7 yXyyyXyN3yX h?Bb Hv2 HHQrb 7Q° T 2+BbBQM K
2H2+i QK ;M2iB+ b?Qr2°b M/ T QpB/2b M 2t+2HH2Mi /B
? /"QMB+ U? /' QMbV M/ 2H2+i " QK ;M2iB+ Q#D2+ib UT?
M/ HbQ HHQrb 7Q i?72 2bQHpPBM; Q7 irQ b2T ~ i2 T?QicC
Ai? b i?B+FM2bb Q7 TKyQ@tBK i2Hv 9X]j

Ca KTHBM; G vBbki?2 i?B+F2bi T i Q7 i?2 1* H rBi? i?
Q7 mT iX-RdM/ bQ #bQ #b i?2 K DQ Biv Q7 i?2 2H2+
b?Qr2 X h?Bb H v2' Bb +QKT Bb2/ Q7 +m#QB/ iQr2° +2F
Q7 =0:0250 0:0245X

Ca KTHBM; G v2'bj i?B+FM2bb Q% M/NMEW/ iR2 }M H H v2°
BM i?2 1* H- 2Mbm BM; i? i 2H2+i QK :M2iB+ b?2Qr2'b
#v i?72 bm#@bvbi2KX Ai Bb +QKTQb2/ Q7 iQr2° +2HHbD 1

=0:0500 0:0245X
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6B;n"2]jXRk /2TB+ib i?2 bi'm+im 2 Q7 i?2 /2b+ B#2/ +2HH
b KTHBM; H v2 b BMji? RXBMEZ;BIQMX h?2 Q B2Mi iBQM Q7 i?
b? T2/ 2H2+i°Q/2b Bb HbQ b?QrMX

6B;m 2 jXRkt ""2H KQ/mH2 BM i?2 hG a 1H2+i'QK ;M2iB+ * H
[2TB+iBM; i?72 "~ M;2K2Mi Q7 +2HHb rBi?BM i?RXOKRKBPM; H v2°

h?2 ;" MmH "Biv M/ K i2'B Hi?B+FM2bb Q7 i?2 b KTHBM; H
Qp2 i?2Th2m/Q" TB/Biv:  M;2i? ii?2bm#@/2i2+iQ" +Qp2 b
?Qri?2 +2HH bBx2b +? M;2|r?BH2 6B;m 2 [XRj/2TB+ib ?2Qr i?
H2M;i? Q7 i?2 1H2+i QK ;M2iB+ * HQ 7BK2i22 $ "B2b rBi2M/@
+ T 2;BQMbX

h?2 /2bB;M 2M2 ;v "2bQHmMIBQM Q7 i?2 1H2+i QK :M2iB+ * H

E  10% .
?:p?‘) 0:7% UjX3V
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h #H2 jXKk2HH ;> MmH "Biv 7Q] /BzRQMbi Q7 2 +? H v2 Q7 i?:
1H2+i"QK ;M2iB+ * HQ ' BK2i2  BM i92/1J" M/ 1J1* (Rk)X

. "o H iM/@* Tb
. vy
a KTHBM: GV om0 TB/BiWImH “Bigb2m/Q° TBIBIvV MmH “Bliv

S 2b KTHR2  jj< RX8k y Xy kBR RX§g j< RX3 y Xy kgXR

jj< RX9y yXyyyXR RXjd8j< RX9k8 yXy8yXR
RX9Yyj< RX9dA8XYykBXyk8RX%kBj< RXB yXykgXR

R RXS8 j< kX8| yXyyj@yy¥R8
kX8j j< jXk yXRXR
jJ< RX9y | yXykgXyk&RXjd8j< RX9k8yXy8yXyks
k RXQYyj< RX9d8XydBXyk8RXKkBj< kX8 yXykgXyks
kX8j j< jXk yXR XR

j jj< RXj8 yXy8yXyk8 RXE8 j< kX8 y Xy 8yXyk

(02

6B;m 2 jXRP2 +mKmH iBp2 KQmMi Q7 K iXgB H- Bk V2+iBQ@7

Qj7j 7Q  i?22 /2i2+iQ" #27Q 2 i?2 + HQ'BK2i2'b UV2HHQrv M/ 7Q"
Q7 i?21* HX h?2# "2H "2;BQM Bb b?QrM BM i?2 H27i THQIi r?B}F
2M/@+ Tb (Rk)X

> /"QMB+ * HQ BK2i2"

h?2 hBH2* H# ""2H "2;BQM K F2b mb2 Q&mnHi2BMFH BWM22HH v2°
TH i2b 3w i?B+F TH biB+ b+BMiBHH iBM; iBH2b M/ Bb /By
# "2H URXyV M/ irQ 2ti2M/2/ #)  j2HDOXWHWREh?2 bi22H #bQ #
K2/BmK+ mb2b? /" QMbiQBMi2" +ipB i?2bi’'QM; 7Q +2-+"2
? /’QMb- T?QiQMb- M/ 2H2+i"QMb i? i T°'Q+22/ iQ 2t+Bi2 i
b+BMiBHH iQ  iBH2b iQ T°'Q/m+2 b+BMiBHH iBQM HB;?i i? i
T?QiQKMHIBTHB2  im#2biQ T°QpB/2i?2 bB;M HX hQ T Q/m+
Q7i?2Q B;BM HT "iB+H2-i?2 bB;M HBbiQi HH2/ Qp2" K M
+ HH2/ iQr2 X h?2hBH2* HBbbi' m+im 2/ BMiQi? 22H v2'b
=0:1 01BMi?2} biirQH v2'b- M0:2 01 BMi?2}}M H
H v2 X

1 +? 2M/@+ T BM i?2 >1* Bb bTHBiI BMiQ irQ r?22Hb U 7 QI
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M;2/ BM i?2 b K2 Q' B2Mi iBQM b i?2 1J1* M/ H@BM; 7m’
tBbX h?2v mb2 i?2 b K2 G " i2+?MQHQ;v b i?2 1* H#mi mil
bi?2 #bQ #2 rBi? i?BRbBOINDD2Ib «F72M/@+ T b? "2b + vQl
rBi? i?2 +Q "2bTQM/BM; 2M/@+ T Q7 i?2 1J1* M/ +Qp2'b Tt
Q7 RX§ jXkX *2HHb BM i?2 >1* ? p2 bB%2b Q¥ BM i?2
jj kX8 "2;BQM M/=0:2 027Q H ;2 Th2m/Q  TB/Bivp Hm2

h?2 2M2 ;v " 2bQHmMIiBQM BM i?2 >* HBb

0,
E_ P g sixny

6Q'r '/ * HQ BK2i2"

h?26Q°r '/* HQ'BK2i2  Bb +QKT Bb2/ Q7 i? 2R H v@XIN- Q++m
"2:BQM M/ HB2b BM i?2 +2Mi 2 Q7 i?2 >1* r?22HbX h?2 } bi
K2 bm BM: 2H2+i'QK :M2iB+ b?Qr2 b r?BH2 i?2 Qmi2  irQ H
2 ’QMB+ K2 bm 2K2MibX h?2 6* H mb2b G ' +iBp2 K2/B1
b? “2b  +'vQbi i rBi? i?2 +Q "2bTQM/BM: 1J1* M/ >1* 2M/G
T i Q7 i?2 6* H mb2b +QTT2  #bQ #BM: K i2°B H r?BH2 i?:
imM:bi2MX h?2 6* HBb pBi H7Q  i?2 K2 bm 2K2Mi Q7 KBbE
BM M 2p2Mi- br2HH b 7Q  "2+QMbi ' m+iBM: 7QXrh72D2ib T°
2M2°:v "2bQHmMIiBQM Q7 i?2 6Q'r "/ * HQ BK2i2 Bb /2bB:M2/

E  100% .
qug?" 10% UjXRyV

i XkKXgmQM aT2+i'QK2i2"

.m2 iQ i?2B° ?B;?Hv T2M2i  iBM; M im 2- QMHv KmQMb N
#bQ #2/ #v i?2 hG a+ HQ BK2i2'b M/ "2 +? i?2 JIJmQM aT2
bm#@/2i2+iQ" Bb /2bB;M2/ iQ /2HBp2" T 2+Bb2 KQK2Mimtk
T "iB+H2b BM/2T2M/2MiHV Q7 i?2 AMNXd ' 2iBQRXBMiI2p2 -
M2mi'BMQb ? p2 bm+? HQr BMi2® +iBQM T Q# #BHBiv- Bi |
K2 bm™ 2 i?2B° T°'QT2iB2b rBi? hG ac i?72°27Q°2- i?2 bQH.
aT2+i"QK2i2" K2 bm '2K2Mib "2- mMbm T 'BbBM;Hv- KmQMb
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6B;m 2 jXR92 hG aJmQMaT2+i'QK2i2 r?2°2i?2+QKT BbBM; bm
"2 H #2HH2/ (RKk)X

h?2 bm#@/2i2+iQ" Bb +QKTQb2/ Q7 i?2 iQ ' QB/ H bmT2 +QN
b /2b+ " B#2/ BM a2+iBQM jXkXk- ?Bh?@2NVAZ?BHBD M- i M{FBN
7 bi "2bTQMb2 /RAVTRIBA@M W#2IDMBiIQ 2/ ."B7U hnhd¥b

M/* i?7Q/2 ai BT *? U#2 bV +QKT Bb2 i?2 hvT2 A bm#@/2i2
"2 "2bTQMbB#H2 7Q° T°'QpB/BM; KQK2MimK K2 bm 2K2Mib
_2bBbiBp2 SH i2 3?2 X2/ bhiw/BM : T *? K#h:BbV 7Q K i?2
hvT2 AA bvbi2Kb i? i HHQr 7Q" i B;;2 BjM; QRXIM 2;B2/N B M
HHbm#@/2i2+iQ°'b BM i?2 KmQM bvbi2K "2 ; b2Qmb-/2i2+il
i?2°Qm;? i?2B° pQHMK2 + mb2/ #v i?2 T bb ;2 Q7 KmQMbX hC
K2 bm 2 i?2 /2~2+iBQM Q7 KmQM i z+TFHh M2 Grmd AL 2%tv i?2
iQ°QB/ HK ;M2iB+ }2H/ +iBM; T2 ' T2M/B+mH "Hv iQ i?2 #2 |
bQH2MQB/K 6B;m 2 jXR9 /2TB+ib i?2 JmQM aT2+i ' QK2i2"
K ;M2ib M/ bm#@/2i2+iQ bX

CJ.hb "2 +QKT 'Bb2/ Q7 H v2'b Q7 i? 22 iQ 2B;?i /"B7i im
. b KBtim93%Q7:QM ™é+ #QM /BQtB/2X h?2 H v2'b "2 ;"

BMiQ +? K#2' b M/ "~ M;2/bQi?2 im#2b?2% MHBMZYV BM
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r?QHR  kXd “2:BQM #mi BMji?XXAy2:BQM i?2 } bi H v2°
“2TH +2/ #v *a*b /m2iQ i?2 ?B;? ~ /B iBQM H2p2Hb i?2°2

C *a*b "2 KmHiBrB 2 T'QTQ iBQM H +? K#2' b +QKTQDb2/ ¢
bTHBi BMiQ bi'BTb > M:2/ Q i?Q:QM HHvV iQ i?2 #2M/B|
i +FBM; BM iM2 i Mbp2 b2 TH M2bX h?2v "2 *° M;2/ BM
Q7 2B;?i +? K#2°b M/ +QMi BM3% b }BMi fR+Q 7 QM
/IBQtB/2X

C _S*b "2 ii +?2/ iQ i?2 J.h +? K#2 b BM ji?2 RXY®2W U
“2:BQMr?2'2i?2v7Q Ki? 22 +QM+2Mi B+ +vHBM/2 bX h
"2bBbiBp2 TH2nh bBT?  iBQM4BM i2i° ~mQ Q25% M2-
BbQ#mi MB%MmMHT?m > 22t ~mQ B/2; b KBtim 2X h?2 2 .
BbKm+? 7 bi2 i? MBMi?2 hvT2 Abvbi2Kb HHQrBM; 7Q"
# b2/ QM i?2 T°2b2M+2 Q7 KmQMbX

Ch:*b 7Q K KmHiBrB 2 T'QTQ iBQM H +? K#2'b  M:2/
r?22Hb BM i?p RXYBX9 "2;:BQMX >2"2 i?2vITQ QBHIB/QM
K2 bm 2K2MiiQ +QKTHBRPMIIRZBQOM 7 QK i?2 J.hbX h?2
7mM+iBQM HHv bBKBH " iQ i?2 *a*b #mi TQbb2bb bK HI
rB 2 bi'BTb 7Q° 7 bi2> +? “:2 +QHH2+iBQM 7i2 ; b BQM
i?Bb HHQrb i?2K iQ T'QpB/2 QMHBM2 KmQM i B;:2 BM:X
QF% + "#QM /BQtBF® N2Mi M2 X

h?2 i Mbp2'b2 KQK2MimK "2bQHmiBQG&V7 @t Khi®Mb rBi?

M;2b 73QK%X 1M2 ;v HQbb2b M/ KmHiBTH2 b+ ii2 ' BM;
KQK2MimK "2bQHMEBQRBHE QX2 J.h "2bQHMIiBQM /QKBM i2b
KQK2MimK X

jXkXd " B;;2°

g?2M "2+Q /BM;- hG a T Q/m+2b ?m;2 KQmMi Q7 /i i bi
K F2b Bi i2+?MQHQ;:B+ HHv BKTQbbB#H2 iQ b2M/ 2p2°'v bBM
MM KkQT2 iBQMi?2 hG a/2i2+iQ  2tT2'B2M+2REns12 #mM +"
WOMHzV- rBi? M p2° ;2 Q7 jj T'BK v p2 iB+2b T2" #mM+? -
"2bmHib BM M p2° ;2 BMB25GHAQWW 2 iRGh@B;;2° M/ . i
+[MBbBOBIMK Uh. ZV Bb "2bTQMbB#H2 7Q " “2/10GKBIM ; i?Bb };
M/ i?2MLkKRz 7Q " biQ ™ ;2X h?Bb "2/m+iB QA 0D0+i MM #2Q mi
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M/QK M/ Kmbi b2H2+i i?2 KQbi HBF2Hv 2p2Mib iQ #2 TT (
Tmim 2 T?vbB+b M Hvb2bX h?2 h'B;;2 bvbi2K Bb +QKTQb:
G2p2H&RRV i ' B;;2° M/ bQ73B;2 62@R22H W BGHRV X

G2p2H R h'B;;2°

h?2 GR i'B;;2  Bb +QKTQb2/ Q7 +mbiQK 2H2+i'QMB+b i? i Q
7°2[m2M400KEZX Ai miBHBb2b i?2 /2i2+iQ  bvbi2Kb rBi? i?2 7
iBK2 Ui?2 + HQ ' BK2i2bh M/ hvT2 AA KmQM +? K#2 bV iQ T°
20riQ "2/m+2 i?2 iQi H #mM+? +2Q\MHzB QLO0KH2X7 TOK;: 2"
iQr2 b BM i?2 + HQ 'BK2i2'b ? p2 b2T " i2 2H2+i"QMB+bDb -
+? MM2Hb M/ T°Q/m+2 bB:M Hb rBi? ;" MmMRBiXRQ7

M/ T 2+BbBQMIG&VX#®M2b2 bB:M Hb 2 mb2/iQ +°2 i2 GI
7 QK D2ib- 2H2+i"QK :M2iB+ +HmMbi2 b2+ VX MM?i 7 2QIMBEIHV
aT2+i QK2i2 - i?2 _S* M/ h:* +?2 K#2'b 2 mb2/ pR i'B;;2°
i?°2b?QH/bX aB:M Hbi? i T bbi?2 GR/2+BbBQMQMLE Q@M m
BMi2 @bPAV 7 QK i?2 /2i2+iQ" "2:BQMb 7 QK r?2M+2 i?2v Q
T bb2/ QM iQ i?2 >GhX

>B;? G2p2H h'B;;2°

h?2 >Gh i F2b i?2 _PAb T QpB/2/ #v i?2 GR i'B:;2° M/ +Q¥
> MmH "Biv Q7 i?2 + HQ'BK2i2 b rBi? i’ +FBM; BM7Q K iBQ
*2:BQMb- HHQrBM; 7Q T 'iB+H2 B/2MiB}+ iBQMX _2+QMbi’
i?2M HHQr 7Q° i?2 >Gh iQ K F2 Bib }M H /2+BbBQM QM r??2
BMi2 2bi iQ Q|BM2 T?2vbB+b M Hvb2bX h?2b2 2p2Mib "2 i-
L0 *2Mit2 7Q° biQ ;2 M/ }'biT bb QM 7mHH 2p2Mi "2+QMtk
i F2b iTRkHz i2 T bb2/ 7°QK GR M/ QmiTmib iQ BkBZX;2 i ° |

.1 aiQ ;2 M/ STQ+2bbBM;

PmiTmi 7 QK i?2 >Gh Bb i?2M T bb2/ iQ i?2 *1 L . i *2Mi :
:2M2p V- r?B+? TmM+iBQMb dQhB2BY GQ* FrekKTmiBM; : B.
UgG*:VX h?2 gG*: Bb /Bbi ' B#mi2/ +QKTmiBM; BM7" bi ' m+in
BMiB2'b M/ HHQrb 7Q M2 ~ 2 H@iBK2 ++2bb iQ G>*/ |

+QHH #Q' iBQNWM K2K#2 b (k9)X hB2 @y Bb "2bTQMbB#H2 7Q
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+QTv Q7 r/ i -T QpB/2b } biT bbQM7mHH 2p2Mi "2+QMbi-
/'i ImBM; G>* /IQrM@iBK2X 2+QMbi m+iBQM Qp2Mi " r /i
bmKK v /Ula.V MM HvbBb Q#M2PiLVA P.b +QMi BM QMHV i
“2+QMbi'm+i2/ T?vbB+b Q#D2+ib r?BH2 i?2 +Q " "2bTQM/BM
T?vbB+b Q#D2+ib M/ HH "2+QMbi ' m+i2/ [m MiBiB2b K2 bm
hB2 @y Bb HbQ '2bTQMbB#H2 7Q" i?2 /Bbi'B#miBQM Q7 i
HOQM; rBi? " r/ i iQi?2hB2 @R +QKTmiBM; bBi2bX

6B;m 2 jXR82 iB2 bi'm+im 2 Q7 i?2 qQ H/rB/2 G>* *QKTmiB
BM+Hm/BM; i?2 M K2b M/ HQ+ iBQMb Q7 i?2 Rj hB2 @R bBi2b (k

h?2 Rj hB2 @R bBi2b "QmM/ i?2 rQ " H/ "2 +2Mi 2b rBi? bm
+QKTmi iBQM H + T +Biv rBi? 7TmHH@iIiBK2 bmTTQ i 7Q " i?
T QTQ iBQM Hb? 2 Q7 #Qi? " r M/ 2+QMbi m+i2/ /i M/
i?72 H ;2@b+ H2 2T Q+2bbBM; Q7 /i - biQ ™ ;2 Q7 i?2 QmiT
/1 iQ hB2 @k bBi2bX h?2v HbQ "2 +? “;2/ rBi? i?2b 72@F
/i X

hvTB+ HHv ?2Qmb2/ i BM/BpB/m H b+B2MiB}+ BMbiBimi2b-
bB:MB}+ Mi T'QTQ iBQM Q7 i?2 T?vbB+b M Hvb2b QM G>*/
HbQ i F2 T QTQ'iBQM H b? "2 Q7 JQMi2 * "HQ bBKmH i2/
"2+QMbi'm+iBQMX h?2v MmK#2" TT QtBK i2Hv Rey bBi2b +

6BM HHv hB2 @j bBi2b "2 i?Qb2 7 +BHBiB2b miBHBb2/ #v B
/i M/ T2°7Q°K M Hvb2bX h?2v +QMM2+i iQ i?2 qG*: #n
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7Q K H 2M; ;2K2Mi #2ir22M hB2 ' @j N7 1?2 :"B/X 6B;m 2 jX
iB2  bim+im 2 Q7 i?2 /Bbi B#mi2/ +QKTmiBM; BM7  bi m+in
gG*: X

iXj _2+QMbi'm+iBQM M/ S "iB+H2 A/2MiPB

6B:m 2 [ XRe&2T 2b2Mi iBQM ?2Qr /Bz2 2Mi T "iB+H2b BMi2" +i rBi
bm#@/2i2+iQ [Bvbi2Kb (k8)X

.Bz2 2Mi T "iB+H2b T°Q/m+2/ #v +QHHBbBQMb BM i?2 G>* HZ
hG abm#@/2i2+iQ bX >Bib BM i?2 AMM2" .2i2+iQ" M/ JmQ]I
2M2 ;v /2TQbBib BM +2HHb Q7 i?2 1H2+i"QK ;M2iB+ M/ > /" C
mb2/iQ B/2MiB7v KmQMb 7 QK 2H2+i'QMb- T?QiQMb 7 QK N\
/2TB+ib 2t KTH2b Q7 ?Qr /Bz2 '2Mi T "iB+H2b BMi2" +i rBi? i
BMrvbi? i+ M#2 mb2/iQ B/2MiB7v i?2 T "iB+H2 ivT2X H;
"2+QMbi m+ii?2p BQmb ?Bib M/ 2M2 ;v /2TQbBib BMiQ T?
i?72 T "iB+H2 ivT2- bbB;MBM; Bib K2 bm 2/ +? ~ +i2 ' BbiB+
KBb+H bbB}+ iBQMX
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IXjXFh® +Fb

h> +Fb "2 2+QMbi ' m+i2/ 7 QK ?Bib H27i#v +? *:;2/T "iB+H2
Q7 i?2 AMM2" .2i2+iQ X "2+QMbi'm+iBQM H:Q 'Bi?K Kmbi E
Q' B:BM i2/7°QK QM2T “iB+mH T "iB+H2rBi? b HBiiH2 KBL
Mv ?Bib BM+Hm/2/i? i /B/ MQi Q'B;BM i2 7°QK i?2 T "iB+H:
iQ bm#QTIiBK HK2 bm 2K2Mi- Q  2p2M iQ KBb+ i2;Q Bb iE

Hi?Qm;? i?2°2 "2 b2p2° Hi' +F "2+QMbi'm+iBQM K2i?Q/b
BMbB/2@:@mBi?K Bb i?2 KQbi 7 2[mM2MiHv miBHBb2/ (ke)X h?
b 7QHHOQrD,

R%Q K iBQM Q7 bT +2BMEIBMibBy- +Hmbi2 b Q7 ?Bib 2 B/
SBt2H .2i2+iQ° M/ i?2 a*h- HQM; rBi? /"B7i +B +H2b B
+Hmbi2'b M/ /°B7i +B +H2b 2 i?2M +QMp2'i2/ iQ i?" 2:
TQBMibX

kXh® +F IM/BM; b22/2/ #v bT +2 @GKBMBWIMK Q7 i?°22 TQBN
BMbT +2 "2 °2[mB 2/iQ 2ti° TQH i2i?2 22HB+ HT i?i
T "iB+H2BMi?2A.X bbm+?-b2ibQ7i?°22bT +2@TQBMi
bi2T "2 +QMbB/2°2/iQ 7Q K b22/X a22/b “2i :;2/ b'S
QMHvV-Q b JBt2/b22/X h?2v Kmbii?2Mb iBb7vi> Mbp2
BKT +i T ° K2i2' "2bQHmMIiBQM +mib #27Q"2 #2BM; “2[mB
bT +2@TQBMi /22K2/ +QKT iB#H2 rBi? i?2 bm::2bi2/ T
BM i?2 /2i2+iQ - b 2biBK i2/ 7°QK i?2 b22/X h> +F + M,
+QKTH2i2/ rBi? HH +QKT iB#H2 bT +2@TQBMib pB  +
YHIi2 ] (kd) X

X K#B;mBiv bQHp@MB, b ; BMbi i~ +Fb 7Q K2/ rBi? bTm E
i2°' K2/ TbF2b?2 i +F + M/B/ i2b "2 MF2/#v b+Q 2X SQt
"2 TTHB2/ 7Q° i?Qb2 +QMi BMBM; mMB[m2 ?Bi K2 bm~
i~ +F}i[m HBiv-r?BH2 M2; iBp2b+Q 2b "2 bbB;M2/7Q"
i?7i 2b? "2/ #2ir22M KmHiIBTH2 i® +FbX h?2 + M/B/ i2b
[m HBiv + Bi2"B "2 i?2M "2D2+i2/X

9Xh_h 2ti2MbBIMHHvV-i?2 i +F + M/B/ i2b T bbBM:i?2 K#B
2 2ti2M/2/iQ +QKT iB#H2bT +2@TQBMib 7 QK /' B7i +B"
h_h2ti2M/2/ i +Fb "2 "2}ii2/iQ BKT Qp2 KQK2MimK ~2b
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iXjXko2 iB+2b

h?2 T°Q/m+iBQM Q'B;BM Q7 T iB+H2b 2272 °2/iQ b i?2E
2ti° TQH i2/ 7°QK "2+QMbi m+i2/i° +FbX S'BK v p2'iB+2b L
HQM; i?2 #2 KHBM2 T°Q/m+2/ #vi?2 BMBiB HT QiQM BMi2
p2 iB+2b UaobV "2 i?Qb2 + mb2/ #v i?2 bm#b2[m2Mi /2+ vb
7QmM/ /BbTH +2/ 7°QK i?2 +2Mi° H tBbX h?2 p2+@Mbi m+i
}IM/BWIBb + ""B2/ Qmi i hG a#v T QHWR/IBOIME MO MR }iiBM;

h?2 "2;BQM rBi?BM i?2 /2i2+iQ"  r?2°2 HH T°'BK v p2'iB+2b
+ " QbbBM; "2 7QmM/ BbHAMWK@EBWQ o KX 22BQ MXQ6Q i +Fb

iQ #2 +QMbB/2°2/ 7Q"° So "2+QMbi m+iBQM- i?2v Kmbi b iBk
"2[mB 2K2MibX b22/ TQbBiBQMBb i?2Mb2H2+i2/7°QK KB
i° +Fb T bbBM; i?2 b2H2+iBQM +°'Bi2°'B M/ i?2M i?2 #2bi p:
mbBM; M Bi2 iBp2 T°Q+2/m 2 i? i M2; iBp2Hv r2B;?ib H2bb
"2+QKTmi2b i?2 p27i2t TQbBIiBQM rBi? 2 +? Bi2° iBQMX h™ +F
rBi? i72 }M H TQbBiBQM "2 "2KQp2/ 7°QK +QMbB/2" iBQM
/2i2"KBM iBQM Q7 /Bz2 2Mi SoX h?Bb Bbi?2M "2T2 i2/ mMil
#2 }ii2/- Q° mMiBH i?2°2 "2 MQ 7m’i?2 i +Fb mM bbQ+B i2
TQbBiBQM M/ rB/i? Q7 i?2 HmMKBMQmb “2;:BQM Bb HbQ “2+(
TQbBiBQM "2bQHmMIBQM Q7 p2 iB+2b }ii2/ mMbBM; bK HH Mnm

a2+QM/ v p2'iB+2b "2 T°BK 'BHv mb2/7Q i?2 ~ pQm  B/2M
QMHV i° +Fb BMbB/2 D2i +QM2 2 +QMbB/2°2/7Q  i?2B" "2
i?2 D2i- So TQbBiBQM bbQ+B i2/ rBi? i?2 2p2Mib 7 QK r?B+
HBbiQ7i +Fb bbQ+B i2/rBi? Bi "2 +QKTBH2/7Q B/2MiB7v
i22M Bi2  iBp2HvV rQ FbiQ}i bBM:H2 ao TR2] D2i 7°QK i?2Db2

i XjXjImQMb

JMQMb + M H2 p2i> +Fb BM #Qi? i?2 AMM2" .2i2+iQ" M/ i?2
i?mb BM7Q K iBQM 7 QK i?2 BM/BpB/m H bm#@/2i2+iQ b +
bi'm+i i?2K 7Q" i?2B " mb2 BM T?vbB+b M Hvb2bX h?Bb HH
M/ 2+QMbi"m+iBQM Q7 7Qm" /Bz2 2Mi ivT2b Q7 KmQM,

C*QK#BM2/ U*"V Km@NKIT, iB#H2 i~ +Fbi? i? p2 #22M "2+Q
BM#Qi? i?2A. M/ JaBM/2T2M/2MiHV Q7 2 +?2 Qi?2 2 +Q
}ii? i MiBHBb2b i?2 ?Bib 7°QK HH bm#@/2i2+iQ b iQ "2
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h?2b2 ? p2i?2 #2bi B/2MiB}+ iBQM M/ 2+QMbi ' m+iBQM
ivT2bX

Caz2;K2Mi@i ;;2/ UahV Km@2bbi QM2 HQ+ H i° +F b2;K2|
i?72 JmQM avbi2K J.h Q" *a* +? K#2'bi? i+ M #2 DbbQ+E
2ti° TQH i2/i° +FBMi?2 AMM2" .2i2+iQ  + M #2 mb2/iQ
KmQMX

C1ti> TQH i2/ KmQMb ilPRIB2 KmQMb i? i + M QMHV #2 “2+Q]
7°QK MJai' +Fi? i Bb HQQb2Hv +QKT iB#H2 rBi? ? pB!
i?72 AS "2 FMQrM b J1 KmQMbX h?2 +QMbi> BMib iQ Q' F
BMi2  +iBQM TQBMi 2 MQi bQ bi'BM:2Mi bQ biQ HHOQr
M/ 2M2 ;v HQbb 7 QK i> p2 ' bBM; /2i2+iQ K i2 B HX J1
KmQM ++2Ti M+2 BN i 2XKX®:BQM X

C* HQ BK2i2 @i ;;2/ U*hV KM Wb/[2TQbBib BM i?2 + HQ
i?71 2+QKT iB#H2rBi? KBMBK HHv@BQMBbBM; T "iB+
rBi? i° +F 7' QK i?2 AMM2™ .2i2+iQ" "2 "2+QMbi m+i2/
*h KmQMbX h?2 "2+QMbi m+iBQM 2{+B2M+v Q7 i?2b2 Ki
i?727Qm - #mi HHQr 7Q i?2B° ++2Ti M+2 BM "2;BQMb C
+Qp2° ;2 #vi?2JImQM aT2+i QK2i2 X

i XjX9hQTQHQ:B+ H *Hmbi2 b

1H2+i " QMb- T?QiQMb- M/ D2ib "2 HETQHQINMB MG m 2B
iIQTQ@+HMDIiIR2B 7 QK ?Bib BMi?2 + HQ BK2i2 r8@k@&Ri?Q/
iIQTQHQ;B+ H+Hmbi2 "2+QMbi m+iBQMX h?2b2 iQTQ@ +Hn
"2;Bbi2 2/ ?BirBi?2M2 ;vK2 bm ' BM; Qp2 7Qm iBK2bi? i(
BM i? i +2HHX A7 M2B;?#Qm BM; +2HHb +QMi BM 2M2 ;v ;°
MQBb2i? 2b?QH/-i?2Mi?2 +Hmbi2 Bb 2ti2M/2/iQ i?2b2X A"
+2HHDb "2;Bbi2 ?Bib Q7 2M2 ;v Qp2 i?2B  MQBb2i? 2b?QH/
i?72 + 2 i BQM Q7 i?2iQTQHQ;B+ H+Hmbi2 X

hQTQ@+Hmbi2 b + M i?2M #2 /vM KB+ HHv " Mg@/@BMiQ
T2 +HMB@ E?2 Tm TQb2 Q7 2+Qp2'BM; HQr 2M2 ;v T?Qi
#°2Kbbi> 2?HmMM:; BMi2> +iBQMb rBi? i?2 A. K i2°B H- M/ bbQ
+QMp2'i2/ T?2QiQMb /m BM: i?2B" "2+QMbi"m+iBQMX h?2 b
2M/2 pQm b iQ HQ+ i2 M/ bbQ+B i2 2Hbid2H2HEY MW HwmbHM I
iQ T BK ‘v +HmBi2+HMYi2h?2 H:Q Bi?K 2tT M/b Qmir /b
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?B:? 2M2°:v /2TQbBiBQM HQ+ H2- BM+HmM/BM: i?2 bm " C
/VM KB+ HHv bBx2/ +Hmbi2" + Qbb KmHiIBTH2 HVZ b Q7 i?:
b?Qrb M 2t KTH2 Q7 bmT2 +Hmbi2 i? i 2 bi F2M b22/ 2F
M/ bbQ+B i2/BirBi? b i2HHBi2 +Hmbi2  7°QK T?QiQM 2KE
pB # 2Kbbi® ?HmMM: > /B iBQMX

6B;m 2 jXRM 2t KTH2 bmT2 +Hmbi2> BM+HmM/BM; i?2 2M2 ;v /2T
2H2+i'QM M/ i?Qb2 Q7 b i2HHBiI2 T?QiQM +Hmbi2" (jy)X

i XjX8LH2+i"QMb M/ S?QiQMb

_2+QMbi'm+iBM; 2H2+i"QMb M/ T?QiQMb } bi "2[mB " 2b i?2 I
iQ +QMbB/2 X 2}i HHQrBM; 7Q  # 2Kbbi> ?HmMM; +QKT iB#
QM AMM2" .2i2+iQ  i> +Fb- K i+?BM; i?2K iQ i?2 b2H2+i2/iQ
+QMp2 bBQM p2'iB+2b "2 HbQ '2+QMbi m+i2/ M/ K i+?22/
+Hmbi2 b i? i i?2v "2bmHi BMX 1H2+i'QM M/ T?QiQM bmT
i22M "mM BM T > HH2H- r?2 2 iQTQ@+Hmbi2b "2 Q' /2 2/ #
bQ i? i ?Bp?B22/b "2 QMHvV bbQ+B i2/ rBi? b i2HHBi2 +HmE
_2+QMbi m+iBQM i?2M T ' Q+22/b iQ K i+? i° +Fb iQ 2H2+i"
P2 iB+2b iQ T?QiQM bmT2 +Hmbi2 bX b bBM;H2 Q#D2+i K
#Qi? M 2H2+i'QM M/ T?QiQM- i?2v 2 bQK2r? i "2bQHp?2
+ ' Bi2 B |,

C1H2+i'QMQ#D2+iBb/2}M2/ b M2H2+i'QM B7 Bi +QMbB!
#MBHi BM i?2 + HQ 'BK2i2" M/ iH2 bi QM2 i  +F 7°QK i?.
+Hmbi2  Kmbi #2 K i+?2/ rBi? i +F +QKT Bb2/ Q7 iH2 |
SBt2H .2i2+iQ" M/ i H2 bi 7Qm  BM i?2 a*hX #2bi }iiB
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+QMp2 bBQM p2 i2t Bb +QMbB/2 2/ iQ B/2MiB7v M 2H2-
7°QK QM2 Q7 i?2 i +Fb /2}MBM; i?2 p2i2t "2 bQH2HvV 7°

C S?QiQWM Q#D2+iBb /2}M2/ b +QMp2'i2/ T?QiQM B7 b
#2 K i+?22/iQ QM2 Q KQ 2 +QMp2'bBQM p2'iB+2bi? i Q B
IM+QMp27i2/ T?QiQMb "2 "2+QMbi m+i2/B7 bmT2 +HmEL
rBi? 2Bi?2  i° +Fb Q" +QMp2'bBQM p2 ' iB+2bX

C"Qi?,B7 + M/B/ i2 T 'iB+H2 /Q2b MQi 7 HH BMiQ i?2 #Q
Bi K v#2 2+QMbi m+i2/ b #Qi? M 2H2+i QM M/ T?QiQ
/IBb+ “/2/ iQ K tBKBb2 i?2 "2+QMbi m+i2/ 2M2 ;v rBi?BN\
AM/BpB/m H T?vbB+b M Hvb2b K vi?2M BKTQb2 i?2B" Q
? M/IH2 i?2b2 Q#D2+ibX

jXjXeCz2ib

C2ib "2 Q#D2+ib /2}M2/ b + b+ /2 Q7 T "iB+H2b + mb2/ #v
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[2i2+iQ X 1 +?2 ;2M2" i2/ 2p2Mi/ i b2i Bb bbB;M2/ “mM MmK
Bb ;Bp2M M 2p2Mi MmK#2 i? i Bb Q /2 2/ #vi? i T "iB+mH L
bBKmH i2/ b2ib +QK2 7°QK DQ# QTiBQMb M/ 2 mb2/iQ BKE
"2 H/ i b2ib|(jd- j3)X h?2b2 /i Q#D2+lo LR/ LiXQIKBM i?2
b>2TJ*2p2Mi 2+Q /b- Hi?Qm;? i°22 Q7 BMi2 KBii2Mi T i
BMBiB H bBKmH i2/ +QHHBbBQM iQ i?2 }M H bi i2 Q#D2+ib
#v bQK2 2p2Mi ;2M2° iQ bX h?2 1oLh T2 bBbi2Mi/ i 7Q K i
i? i BMi?2 Q' /2 Q7 i2Mb Q7 FBHQ#vi2b T2 2p2Mi biQ 2/- #v
T2 bBbi2Mi 7Q K ibX

1p2Mi ;2M2° iQ b # b2 i?2B° +QKTmi iBQMb 7Q T “iB+H2 T°
M/ +QKTmi iBQM H KQ/2Hb Ur?B+? +QmH/ #2 i?2 ai M/ */
i?2 ai M/ */ JQ/2H T?vbB+b 7Q+mbb2/V M/ 2 mb2/iQ i2bi
"2 HK2 bm 2/ /i 7°QK i?2 /2i2+iQ X >Qr2p2 - bQK2 2p2Mi
bQK2 bBKTHB}+ iBQMb /m2 iQ i?2 K i?2K iB+ H +QKTH2tBi
T Q+2bb2b Q++m 'BM; BMi?2 KQ/2H Q i?2 +QM/BiBQMb Q7 -
TT QtBK iBQMb Kmbi #2 imM2/iQ +QHH2+i2// i M/ /Bz2 21

e9



i? ii2M/iQ +? M;2 Qp2 iBK2X A7 i?2 b2iiBM:b Q7 M 2p2Mi ;:
HH bm#b2[m2Mi bi2Tbh Q7 i?2 JQMi2 * "HQ T ' Q/m+iBQM +? B

6mHH 2p2Mi ;2M2° iQ b +QKKQMHV mb2/ #v hG a i? i BM+Hr
M/ 7 ;K2Mi iB®WM?B22 rB:a?2 T~ MEBDBNN)X

OXRXRI2+iQ aBKmH iBQM

h?2 M2ti JQMi2 * "HQ bBKmH iBQM bi2T Bb iQ T'Q+2bb ?Q
i?72 }M H bi i2 T 'iB+H2b 7 QK i?2 1oLh }H2b rQmH/ Q++m"

/2i2+iQ X h?Bb /2i2+iQ"  bBKmH iBQM +QKTmi2b i?2 T "iB+
M/ TT QT B i2K ii2 " BMi2 +iBQMbrBi?BMi?2 hG a/2i2+iC
re2M HH +QMbB/2°2/ T "iB+H2b ? p2 /2TQbBi2/ 2MQm;? 2M
[2}M2/ i? 2b?QH/- Q  ? p2 2tBi2/i?2 /2i2+iQ  pQHmMK2X h?2
Bb T Q/m+2/>BBMad22bBbi2Mi/ i 7Q K ir?B+? +QMi BMb i?2 H
bBx2 Q7 i?2 2bmHi Mi bBKmH i2/ 2M2 ;v /2TQbBib 7' QK i?2
bm#@/2i2+iQ bvbi2KbX 1 +? 2p2Mi BM i?2 >Aha 7Q K i +QM
?mM/ 2/b Q7 FBHQ#vi2b Q7 biQ™ ;2 bT +2- M/ HBF2 i?2 1oL
+Q 2bTQM/BM; /i bi'2 K}H27Q K i bi?2v "2 Tm 2Hv bBK

h?2°2 "2 MmK#2 Q7 /Bz2 2Mi /2i2+iQ"  bBKmH iBQM QTiB
hG a *QHH #Q " iBQMX h?2 KQbi +QKTHZ2i2 DiBQ QBIHFBMb 21k
M/ T°QpB/2b i?2 KQbi /2i BH2/ +QKTmi iBQMb Q7 i?2 T "iB+
HbQ +m "2MiHv #2BM; i?2 KQbi +QKKQMHV miBHBb2/ K2i?Q
7 bi bBKmH iBQM K2i®8Qi/bly @ K2blivi" +FBM; bBKmH iBQM BM
L2i12+iQ - 6M/i* HQZBK T °~ K2i Bb2/ b?Qr2° /2p2HQTK2Mi bBl
i?72 + HQ BK2i2 bX h?2b2 /Bz2 2Mi K2i?Q/b "2 +QK#BM2/ iC
Q7 bBKmH iBM; i?2 2MiB 2 hG a /2i2+iQ X h?2b2 BM+Hm,
mMbBM; :2 Mi9 7Q° HH /2idHiQb ik AMBKIE-+ QK#BM2b 6 bi* HQa
+Qp2 BM; i?72 + HQ BK2i2'b M/ :2 Mi9 7Q iH&RbA@ AN6Ia- N
+QK#BMBM; 6 i bBMi?2 A. rBi? 6 bi* HQaBK BM i?2 + HQ Bl
KmQMb i? " Qm;?2Qmi i?72 r?2QH2 /2i2+iQ 7Q° M 2p2M 7 bi2 b
i° p2 ' bBM; i?2 hG a pQHmMK2X

e8



9XRXB;BiBb iBQM

h?2 >Aha }H2b 2i?2M T bb2/iQ /B;BiBb iBQMiQ bBKmH i2 i
Q7 i?2/2i2+iQ -r?2°2i?2 "2bmHi Bb +QMp2-i2/iQ i?2 +Q 2t
"2 HT iB+H2 /i i? iBb 2 /Qmi#vi?2 hG a. ZX @?Bb QmiT
. i P#D2Wib.PV T2 bBbi2Mi/ i 7Q K iX

h?2 /B;BiBb iBQM bi2T i° Mb7Q Kb i?2 bBKmH i2/ 2M2 ;v /.
i2° +iBQMb Q7 T iB+H2b rBi? i?2 /2i2+iQ " K i2'B H BMiQ |
K :MBim/2 M/iBK2@bi KT Q7 +? “:2 +QHH2+i2/ #v "2 /Qmi 2|
K2 bm 2K2Mib BM T?QiQKmHIiBTHB2  im#2bX Cmbi b/ i 7°C
+QMi BM MVBM7Q K iBQM QM r? i T "iB+H2b + mb2/ Mv bT2
P }H2b HbQ QKBi i?Bb FMQrH2/;2 UBMbi2 / Bi Bb BM+Hm.
BM i?2 a.P 7Q K iVX h?2 +Q "2bTQM/BM; /i QmiTmi 7 QK
Bb T°Q/m+2/ BNM2a222 K"aV 7Q K i M/ BM+Hm/2b i?2 b K2 }
BM7Q K iBQM b i? i BM _.P }H2bX b bm+? Bi Bb TQbbB#}
iQ .P M/ +QMp2 i }H2b #2ir22M i?2 irQ 7Q K ibX

1p2Mi TBH2@mT + M HbQ #2 BM+Hm/2/ rBi? bBKmH i2/ bB:M
g .i P#D2+ib 7°QK KBMBKmMK #B b 2p2Mib 2 K2 :2/ rBi? |
bBKmH i2/ bB:M H 2p2Mi- r?2°2 i?2 KBMBKmK #B b b KTH?2
bBKmH i2/ M/ /B:BiBb2/- Q' + M #2 2+Q"/2/ 7°QK KBMBKm
22 /2i2+iQ X

_ P }H2b ivTB+ HHv "2[mB 2 72r K2; #vi2b T2 2p2Mi M/ "2
i72 JOMi2 * "HQ T'Q/m+iBQM +? BM iQ #2 bT2+B}+ iQ bBKm
M HvbBb bi2Th 2+ B2/ Qmi QM bBKmH i2/ 2p2Mib M/ 2+
7 b?BQMX

I9XRXR2+QMbi m+iBQM

h?2 "2+QMbi m+iBQM bi2T Bb T2 7Q K2/ QM _.P }H2b BM i?:
Q#D2+ib "2 BMi2 T 2i2/ 7°QK "2 H /2i2+iQ K2 bm 2K2Mib p
K2 bm 2T "iB+H2 T°QT2'iB2b b[2b+ B#2/ BM a2+iBQM jXjX
r?2M T2 7Q K2/ QM 2Bi?2 K2 bm 2/ Q bBKmH i2// i 2[m

bm#b2[m2Mi T?vbB+b M Hvb2b r?2°2i?2 "2+QMbi m+i2/ BM7
1p2Mi amKK “vU.lia.V 7Q K iX la. }H2b biQ 2 i?2 T?vbB+b Q#
7°QK _.P UbBKmH i2/V Q" "a U 2+Q /2/V [2i2+iQ" ?Bib- #mi

ee



i*mi? #Qmi i?2 2p2Mi BM7Q K iBQM r?2M +°2 i2/ 7°QK bBK
i?72 T?2vbB+b Q#D2+ib- 1a. }JH2b HbQ +QMi BM /i +QHH2+il
/2i2+iQ°'b M/ "2 ivTiB+ HHv 72r K2; #vi2b Q7 biQ™ ;2 T2 2
i?72H ;2 KOQmMi Q7 BM7Q 'K iBQM K BMi BM2/ #v i?2 7Q K i

la. }JH2b "2 MQ 'K HHv +QMp2 i2/liQR+72 HBpMBW2bBb P#D
i UtP.V7Q'Ki7Q K MBTmH iBQM BM hG a T?vbB+b M
ivTB+ H Q7 Km+? KQ 2 rB2H/v }H2 bBx2 i? i + M #2 "2 / Bl
mb2> 2MpB QMK2MibX h?2 t P. 7Q K i +QMi BMb T?vbB+b ¢
+QHH2+iBQMb 7Q° MmK#2 Q7 B/2MiB}2/ T "iB+H2 ivT2b
+QMi BM i?2 /2i BH2/ bm#@/2i2+iQ  BM7Q K iBQMX *QMb?2
bB;MB}+ MiHv bK HH2 bBx2 Q7 72r ?2mM/ 2/ FBHQ#vi2b T:

OXk6é6mHH M/ 6 bi .2i2+iQ aBKmH iBQM

h?2 KQiBp iBQM 7Q  i?2 /2p2HQTK2Mi M/ mb2 Q7 7 bi bBKm|
7°QK i?2 iBK2i F2M 7Q" :2 Mi9 Ui?2 KQbi ++m > i2 hG a/2i2
iQ bBKmH i2 T "iB+H2b Q7 /Bz2 2Mi 2M2 :B2b- r?B+? + M #2
T2 2p2Mi (9y)X :2 Mi9 m®2% K@ Rib?bBKmH iBQM iBK2 iQ /.
i?2 T "iB+H2 b?Qr2°b ;2M2" i2/ 7°QK BMi2' +iBQMb rBi? i?
Ki2 B H (9R)X >B;?2  2M2 ;v BMBiB HT "iB+H2b "2 KQ 2 (
i?2 MMK#2> Q7 b2+QM/ v T "iB+H2b BM i?2 b?2Qr2  i? i “2[n
+QMb2[m2MiHv BM+ 2 bBM; bBKmH iBQM iBK2X _2/m+BM;
bBKmH iBM; H “;2 MmK#2 b Q7 ?B;? 2M2 ;v T "iB+H2b Bb Q7
T?vbB+b M Hvb2b M/ bim/B2bi? i M22/ ?B;? bi iBbiB+b KTH
7QHHQIBM; +Bi iBQM ;Bp2b KQ'2 +QKT'2?22MbBp2 /2b+ B
bBKmH iBQM iBK2b (jd)X

h?Bb b2+iBQM ;Bp2b M Qp2 pB2r M/ /2b+ BTiBQM Q7 i?2
i?72 7TmHH :2 Mi9 /2i2+iQ bBKmH iBQM- br2HH bi?26 i b
/12i2+iQ" bT2+B}+ 7 bi bBKmH iBQM T +F ;ZbX h?2 7TQHHQTrB
QM i?2 +m "2Mi mT; /2 mM/2 /2p2HQTK2Mi 7Q 6 bi* HQaB
rQ ' F T 2b2Mi2/ #v i?Bb i?2bBbX

ed



O9XKkXR Mi9

:2 MiD|(9K) @K2i*w / h> +FBM; 9V- b T°Q/m+2/ M/ /2p2HQT2
+QHH #Q iIBQM Q7 i?2b K2 M K2 (9j)-Bb QM2 Q7 i?2 KQbi r!
i?72 bBKmH iBQM Q7 T "iB+H2 BMi2® +iBQMb rBi? K ii2 "X Ai}
?B;? 2M2 ;v T?vbB+b 2tT2 BK2Mib- " /B iBQM /2i2+iBQM- K2
T?vbB+b T°QD2+ibX h?2 iQQHFBi Bb + T #H2 Q7 bBKmH iBM

M;2 Q7 T "iB+H2 ivT2b rBi? r2 Hi? Q7 /Bz2 2Mi K i2 "B HEk
2M2 ;v 2;BK2bX :2 Mi9 Bb # b2/ QM MmK#2 Q7 /Bz2 2Mi T
/2b+ " B#2 T "iB+H2@K ii2° BMi2" +iBQMb i? i + M #2 +QM};m
h?2 iQQHFBiIi HHQrb 7Q° TTHB+ iBQM bT2+B}+ ;2QK2i "B+ /2
BM bBKmH i2//2i2+iQ° M/ HbQ T QT ; i2bi?2/2+ vb Q7 M

MmK#2> Q7 T > K2i2'b "2 T°QpB/2/ #v :2 Mi9iQ HHQr 7Q"
Q7 i?2 bBKmH iBQM DQ# iQ #2 "'mMX HQM; rBi? i?2 7Q 2K
[mMm MiBiB2b bm+? b i?2 bi2TTBM; bBx2 Ui?2 Bi2 iBp2 /Bb
[2p2HQTb i?2 bBKmH i2/ b+2M "'BQ Qp2'V M/ i?2 bBKmH i
#2 imM2/ iQ z2+i i?2 mb2@+ b2- ++m” +v- M/ +QKTmiBM;
bBKmH iBQMX

.m2 iQ Bib HQM; T2 ' BQ/ Q7 /2p2HQTK2Mi bBM+2 "2H2 b2 BM
? b#2+QK2 ?B;?Hvp HB/ i2/- ++m” i2- M/ bQT?BbiB+ i2/b
M;2 Q7 T 'iB+H2 T?vbB+b 2tT2 BK2MibX *QMb2[m2MiHv B
bBKmH iBQM mb2/ #v hG a-r?2 2 Bi Bb + QKbi@KmH i iBQRM X /
>Qr2p2 - i?Bb H2p2H Q7 +QKT 2?2MbBQM +QK2b ii?2 T B-
+QKTmiBM; 2bQm +2b iQ T Q+2bb i?2 MmK#2 Q7 bBKmH iz
BM+ 2 bBM; HmMKBMQbBiv Q7 /i miBHBb2/ #v hG a T?vbB+
7 bi bBKmH iBQM bQHmMIiBQMb ? p2 #22M BKTH2K2Mi2/ iQ rC
B/ BM i?2 T°'Q/m+iBQM Q7 i?2 mMT 2+2/2Mi2/Hv H ;2 bBKI
bm+? M Hvb2bX

OXkX& i b

6i° b(98)bW hG & +FBKmH iBQMV Bb 7 bi/2i2+iQ bBKmH
/2bB;M2/ 7Q° bBKmH iBM:; T 'iB+H2 BMi2' +iBQMb rBi? i?2
S "iB+H2 i° +Fb "2 bBKmH i2/ mbBM; i?2 bi M/ */ "2+QMbi m
bBKTHEBMQMbi m+iBQRM2IKZi2WQ7 i?2 KQ 2 /2i BH2/:2 Mi9

e3



12QK2i'v /2b+ BTiBQM- b b7QrM BM 6B;m 2 9XkX h?Bb 2
#°Q /Hv /2b+ B#2b i?2 A. Ki22B H b Db2'B2b Q7 i?BM M.
p2° :2/ K i2i® Hb 2 > M;2/iQ BKT i i?2 Qp2> HH 2z2+ib G
A. K i2°B Hb QMiQ i p2'bBM: bBKmH i2/ T "iB+H2bX S  iE
i?2 p2° ;2/ Ki2'B Hb "2 +QKTmi2/ 2Bi?2  #v T ~ K2i'Bb2/
++2bbBM; bT2+B}+ "QmiBM2b 7°QK i?2:2 Mi9 HB#  “vX g?2\
i72 p2° ;2K i2'BHT  K2i2'b "2 +QMp2'i2/iQ i?2 +HQb2bi
Ki2'B H#27Q°2?2 M/X

6B;m 2 9Xki2 B H ?Bi K TrBMTIB2M2 Q7 i?2 AMM2" .2i2+iQ" + 2 |
rBi? i?2 7TmHH :2 Mi9 bBKmH iBQM M/ i?2 bBKTHB}2/ "2+QMbi
6i b (98)X

*QKT "2/ iQ :2 Mi9- 6 i° b b p2b QM +QKTmi iBQM iBK2 #v
"2bQm +2b QM i?2 +°2 iBQM Q7 b2+QM/ v T iB+H2b /m BM;
b "2bmHi- 6 i b+ M bBKmH i2 i?2 hG a AMM2" .2i2+iQ"
7 +iQ° Q7 Ry r?2M +QKT "2/ iQ :2 Mi9- #mi i i?2 T°'B+2 Q°
/2b+ " BTIBQM Q7 T Q+2bb2b b i?2vrQmH/ Q++m BMi?2 T?v

9XkX$ bi* HQaBK

6 bi* HQaBK6(BRY HBK2i@BKH iBQMV Bb T °~ K2i'Bb2/ 7 bilt
iBQM Q7 i?2 T "iB+H2 2M2 ;v "2bTQMb2 M/ /Bbi'B#miBQM B
bvbi2KX h?2°'2 Bb M mT; /2 iQ i?Bb T +F ;2 BM i?2 /p
[2p2HQTK2Mi iQ #2 mb2/ 7Q  #mHF T|Q/m+iBQM BM _mM j (
QT2 iBQM T°'BM+BTH2b "2 # Q /Hv i?2 b K2 b 7Q  i?2 H.
[2b+ " B#2/ 222X [[*? Ti2® 8 /2i BHb i?2 K DQ 72 im 2 +?
6 bi* HQaBK p2"bBQM- b "2H2p MiiQ i?Bb i?2bBbX

eN



6 bi* HQaBK Bb # b2/ QM HB# 'V Q# #BHRIVBDRbBiv 7mM
US.6bV +'2 i2/7°QKi?2:2 Mi9 bBKmH iBQM Q7 bBM;H2 T "iB-
i72 + HQ BK2i2 ' bX hQ “2/m+2 +QKTH2tBiv- i?2 :2M2" i2/ T
2H2+i"QMb M/ T?QiQMb U 2T 2b2MiBM: 2H2+i"QK :M2iB+ b
U'2T 2b2MiBM; ? /"QMB+ b?Qr2 bV- T ' Q/m+2/ EMAM}IM2 ;: B/ |
6 bi* HQaBK bBKmH iBQM bi2T- i?2 +HQb2bi }iiBM; T ~ K2i"
i?72 HB#> v M/ i?2 T iB+H2 "2bTQMb2 Ubm+? b /2TQbBi2/ 2
#Qmii?2 b?Qr2° tBbV Bb > M/QKHv b KTH2/ 7 QK i?2 S.6bX

h?2 6 bi* HQaBK T ~ K2i'Bb iBQMb 2 /BpB/2/ BMiQ i?2 H i2
/B 2+iBQMb Q7 b?Qr2° /2pRERQITEIMBM 6Qb?2Qr2 i”2p2HQTK
2M2°:v /2TQbBi2/ BM 2 +? H v2 Q7 i?2 + HQ 'BK2i2"  Bb /2i
/IBbi'B#miBQM BM 2 +? + HQ 'BK2i2  H v2 Bb biQ 2/ BM k. ?E
Q7 i?2 b?Qr2  /2Ti? U/Bbi M+2 Q7 i?2 2M2 :v /2TQbBi 7 QK
+ HQ 'BK2i2 VX h?2 +Q "2H iBQMb Q7 i?2 2M2 :v /2TQbBib
HbQ biQ 2/ BM +Q "2H iBEMXK HBRPDR GQp2HDNIM2Mi
/2MbBiv #Qmii?2 b?Qr2° tBb Bb KQ/2HH2/rBi? " /B HHv b
TQHVMQKB H 7mM+iBQMX h?Bb 7mM+iBQM Bb bm#b2[m2M
bvKK2i'B2b T°Q/m+2/ #v b?2Qr2°b 7°QK T "iB+H2b MQi i’ p2
iQ i?72 + HQ BK2i2  bm 7 +2X q?BH2 i?Bb HHQrb H2; +v 6 b
KQ/2H i?2 p2° :2b?Qr2 b? T2-Bi? b T'Q#H2Kb /2b+ B#BM
D2ib- "2M/2°BM: Bi BM TT' QT B i27Q" M Hvb2bi? i "2[mB" 2
Q#D2+jib (9d)X h?2 6 bi* HQaBK ok mT; /2 bB;MB}+ MiHv [
+Qp2°2/ BM fP Ti2  8X

G2; +v 6 bi* HQaBK ? b #22M mb2/ rB/2Hv M/ bm++2bb7m
*QHH #Q  iIBOM 7Q° _mM k JOMi2 * "HQ T Q/i6i BQAMAA KT B
M/iH6 bi@AKR®/2b|(j3)X +QKT "BbQM 7Q  i?2 bBKmH iBQM
Qp2° k8y 2p2MibV 7Q  7mHH M/ 7 bi bBKmH[IBQM KQ/2b Bb
#2 b22M- H2; +v 6 bi* HQaBK "2/m+2b + HQ BK2i2  bBKmH i
K ;MBim/2 Qp2  :PHBIii@AA?BH26 i b T°'QpB/2b M //BiBQM
Q7 Ry 2/m + H3QM @ AAG

h?Bb +? Ti2 ; p2 Qp2 pB2r Q7 i?2 T ' Q/m+iBQM Q7 bBKm
7Q T?vbB+b M Hvb2b i hG aX h?2 /Bz2 2M+2b #2ir22M 7r
bBKmH iBQM r2 2 bmKK "Bb2/- M/ i?2 BKTQ i M+2 Q7 ?B;? |
iIQQHFBib r b 2KT? bBb2/X Air b ?B;?HB;?i2/ ?2Qr :2 Mi9 b
*S|1 iBK2b QM b?Qr2°'BM; T "iB+H2b BM i?2 + HQ BK2i2 b-

Bb mb2/ b +'BiB+ H Hi2[M iBp2X *? Ti2 8 ;Bp2b KQ 2 /2]

dy



h #H2 9X&RBKmH iBQM iBK2b Q7

TmHH M/ 7 bi bBKmH iBQM KQ/2b- M/ p2 ;2/ Qp2 k8y 2p2Mib
S'Q+2bb 22 Mi9 (b) hG6 ah@AA (b) hG6 ah@AAG6(b)
JBMBKmK|"B B8R JR Xk kXR
tt RNNy RyR dX9R
C2ib ke9y NjXe dXepB
S?QIiQM Y|C2ik38y dR X9 8Xed
W! e RR8Yy 8dXy 9XyN
W ! Ryjy 88XR 9XRj

72r T?vbB+b T°Q+2bb2b BM b2+C

6 bi* HQaBK ok mT;" /2- M/ BHHmbi  i2b?Qri?2 ++Q /BQM
+ HQ'BK2i2 b Bb 2KmH i2/ BM i?2 M2r iQQHFBi p2 'bBQMX

272 2M+2D

(j8): q2B/2MbTQBMiM2  J: SB X 8JQMi2 * "HQ aBKmH iBQM °
Q bo6XAM,*QmM+BH PT2M avKTQbBmMK QM 1m QT2 M ai’
S?2vbBIKlYyRKVX REBPXyy9d (+QKT@T?)

(je) _ G> "BbQMX 6AMiI"Q/m+iBQMiQ JQMIRS *®IQ7aBRMH2iB
S Q+22/BRMy® UKkyRyV- TTX Rd kRX

(jd)h?2 hG a *QHH #Q  iBQMX 8h?2 hG a aBKmH iBQM AM
1m QT2 M S?vbB+b dyQUKWRHV: TTX 3kj [ RAyI® X BBp3
(BMb@X2i)

(j3)C M a+? "b+PRB/MRr hG a 6 bi* HQ ' BK2i2X aBKMH iBQ
"2TX hG@aP6h@S_P*@kyRd@yy8X :2M@apH?tidTH,- C MX k
ff+/bX+2 MX+?2f 2+Q Kkk9ykye

(jN)* v 2i HX 6JQMi2 * "HQ ;2M2° iQ b BM IC® @ BMQ AHi Q72 6 X
S?vbB+b, *QM72 XRNXa B2K kyRyV-/QRBRy K\RyR3B f
Rd9k@e8NefkRN¥fyjkyyR

(9y)LHK ° Bib+?X 6 hG a .2i2+iQ" aBKmH iBQM BM i?2 AMi:
6° K2rQ'F TTHB2/iQi?2q"QbQMJ bbJ2 bm 2K2MiéX S
KyR8X .2+ XnkWROIX Db, ff+/bX+2 MX+2f 2+QX/fkkkRe9N

(9R)hG a *QHH #Q  iIBQM22bBHXH iBQM T BM+BTH2 M/ T2
Q7 i?2 hG a7 bi + HOQ BK2i2  bBKmMX B 6251 X H@Gad
S>ua@SI"@KYyRYy@YyRjX :2M2p , *Im LH?PITIX, ki RipXX
+2 MX+?2f 2+0 /fRjyy8Rd

dR


https://arxiv.org/abs/1208.0047
https://arxiv.org/abs/1005.4568
https://arxiv.org/abs/1005.4568
https://cds.cern.ch/record/2240206
https://cds.cern.ch/record/2240206
https://doi.org/10.1088/1742-6596/219/3/032001
https://doi.org/10.1088/1742-6596/219/3/032001
https://cds.cern.ch/record/2221649
https://cds.cern.ch/record/1300517
https://cds.cern.ch/record/1300517

(9k)h?2 :2 Mi9 *QHH #Q IBQMX 06:2 Mi9 bBIKMHHEBOQ M iQ
AMbi mK2Mib M/J2i?Q/bBM S?vbB+b _2b2 "+? a2+iBQM
i"QK2i2 b- .2i2+iQ°'b M/ bbQ+BYEX]L[hkBYK2MITX k8y jyj
BbbMRe3 @ NYBRXXRyYyRefayRe3I@NyykRUyYyjVyRje3 @ 3

(9j)h?2 :2 Mi9 *QHH #Q MBQMXBKmH iB &M QP IETi
b,ffrrrX;2 Mi9oXQ ;f;2MBDBi2/ QM RdAfy9fkykyVX

(99)E 1/KQM/b 2i?B% bi hG ah’ +F aBKmH iB®MUF® K  2aNK
hG@aP6h@SI"@kyy3@yyRX hG@*PJ@aP6h@kyy3@yyk
J X KyyBXH?iiTh,ff+/bX+2 MX+?2f 2+QX/fRyNRNeN

(98) a Hx#m ;2 - a hQ/Q Qp M?22q@&8ia' i +FBM; :2QK2i v
2b+ " BTABQM? X "2TX hG@aP6h@SI"@kyyd@yy9X hG@*F
YYyNX :2M2p , *1_L- CrmMBE?kyydd Xf+/bX+2 MX+?2f 2+Q /f
Ry13yX 3

(9e)> bB# ?K2/X 66 bi aBKmH iBQM BM hG adX qQ Fa?QT C
TmiBM; 7Q" >B;? 1M2 ;v S UIPBHTIOX fKBRM/IB +Q X T? X2/ X +X
MFf2p2Mifeef+QMi B#EMBQMbf3kef

(9d)h?2 hG a *QHH #QS2IBT@QMK M+2 Q7 i?2 6 bi hG a h +F
aBKmH iBQM U6 h_ aV M/ i?2 hG a 6 bi * HQ BK2i2"
U6 bi* HQaBKV rBi? bBMhAR?K "iBMHIOG @aP6h@SI"@kyF
2M2p , *1 _L-J "XmRy®PIXTb,ff+/bX+2 MX+?2f 2+QX/fReeNj

dk


https://doi.org/10.1016/S0168-9002(03)01368-8
https://www.geant4.org/geant4/
https://www.geant4.org/geant4/
https://cds.cern.ch/record/1091969
https://cds.cern.ch/record/1038098
https://cds.cern.ch/record/1038098
https://indico.ph.ed.ac.uk/event/66/contributions/826/
https://indico.ph.ed.ac.uk/event/66/contributions/826/
https://cds.cern.ch/record/1669341

*? Ti2 8

h?2 L2r 6 bi* HQaBK

b K2MiBQM2/ BMJa2+iBQM 9Xk- i?2 T'Q/m+iBQM Q7 #BHHB
JOMi2 * "HQ 2p2Mib "2[mB 2/ #v hG aiQK i+? G>*/ | b2ib Bb
/IB{+mHi bi?2 HMKBMQbBivQ7i?2/ i b2ib BM5%D B2X2Ai Bb
iQi H+QKTmiBM; 2bQm +2b p BH #H2 iQ i?2 hG a 2tT2 Bk
iQ bBKmMH i2i?22 T QT ; iBOQM Q7 T iB+H2bi? ' Qm:?i?22/2i2+
G>* mMj/i @i FBM; T2 'BQ/X

h?2 +QKTH2t ++Q /BQM ;2QK2i'v Q7 i?2 hG a 2H2+i QK ;
Ub /2b+ B#2/ BM a2+iBQM jXkX9V K F2b i?2 bBKmH iBQM
T 'iB+mH "Hv *SI BMi2MbBp2 r?2M mbBM; i? Mi9 IQQHF
7 +i- "Q8OMD% Q7 i?2iQi HbBKmH iBQM iBK2 mb2/ #v hG a E
KQ/2HHBM; i?Bb b?Qr2] /2p2HQTK2Mi (jd)X h?mb i?2 } bi p:
Ua2+[BQM 9XkXjVr b /2p2HQT2/ M/ 2KTHQvV2/iQ Q#i BM 7
Q71?2+ HQ ' BK2i2 bvbi2Kb mbBM; T °~ K2i'Bb2/b?Qr2 bX .m
6 bi* HQaBK ? b #22M miBHBb2/iQ T°Q/m+2 "QmM/ j8 #BHH|
Q71?2 8k #BHHBQM mb2/ BM T?vbB+b M Hvb2bX

h?2 H2: +v p2 ' bBQM Q7 6 bi* HQaBK Bb FMQrM iQ ? p2 HBKE
MQi #H2 Q7 r?B+? Bb i?2 TQQ T2 7Q°K M+2 BM KQ/2HHB
D2ibX *QMDb2[m2MiHv- M2r p2 bBQaMbQ7HIQaB¥BA M H iBQ N
#22M /2p2HQT2/ rBi? i?2 b K2 *SI T2 7Q K M+2 b Bib H2; +\
BKT Qp2/ ++m> +VvBMK i+?BM: 7mHH :2 Mi9 bBKmH iBQMX |
/2THQV2/ #v i?2 hG a +QHH #Q  iBQM iQ '2bBKmH i2 d #BH
T?vbB+b M Hvb2b- M/ Bb b+?22/mH2/iQ "mM b i?2 /27 mHi
70° _mM |j M/ #2vQM/- QMHvV 2KTHQVBM: :2 Mi9 B7 M M F

dj



M22/ 7Q° 7mHH bBKmH iBQMX 6m’i?2° BM7Q K iBQM QM 6
BM i?2 M2r hG a 7 bi bBKmHHBQWV+KD 42 7QmM/ BM i?Bb +I
Tm#HB4 iBQM (93)X

8XR6 bi* HQaBK ok Pp2 pB2r

h?2 K2+? MBbK mM/2 " TBMMBM;: 6 bi* HQaBK ok ;: BM miBHBI
i72+ HQ'BK2i2  "2bTQMb2iQ bBKmH i2 M//2TQbBii?22M2"
bBM:H2 bi2TX h?Bb "2bmHib BM +QMbi Mi bBKmH iBQM iB
Q  i?2 MmMK#2 Q7 T "iB+H2b 2Mi2 'BM; i?2 + HQ 'BK2i2  pQl
T K2i'Bb iBQM Bb #mBHi 7°QK bBM:H2 T "iB+H2b bBKmH i
i?72 T "iB+H2 b?Qr2" /2p2HQTK2Mib BM i?2 hG a 2H2+i QK
+ HQ BK2i2 bX

6 bi* HQaBK ok Bb /2bB:M2/iQ bBKmH i2 T "iB+H2 b?Qr2 b I
bB:MB}+ Mi/2pB iBQMb 7°QK :2 Mi9 bBKmH iBQM + M #2 “2N
T?vbB+b Q#D2+i "2+QMbi ' m+iBQM iQQHbX h?Bb BM+Hm/2
B/2MiB}+ iBQM M/ 2+QMbi'm+iBQM- b r2HH b D2i "2+QM
h?2 7 bi bBKmH iBQM Q7 + HQ BK2i2  b?Qr2'b + M #2 7 +iQ
i22 iQi Hb?2Qr2  2M2 ;v- i?2 T'QTQ iBQM Q7 2M2 ;v /2TQbB
Hv2'-i?2 p2  :2H i2°  Hb?Qr2 /2p2HQTK2MirBi?BM H v2"
2M2 ;v ~m+im iBQMb BM BM/BpB/m Hb?Qr2 br?2M +QKT 2/
2M2 ;v /2TQbBi2/ BM i?2 + HQ BK2i2  #v T "iB+H2 Bb T Q"
2M2 BExd¥ M/ Bbi?22M2;vi? iBbmb2/7Q T > K2i'Bb iBQM
bT2+B}2/KcgBd /2}M2/ b i?2iQi H2M2 :v Q7 i?2 T "iB+H2 K|
6Q° MiB@T QiQMb M/ MiB@M2mi QMb- i?2 K bb 2M2 ;v Bl
bm#i> +i2/ b i?2B° MMB?BH iBQM BM i?2 + HQ 'BK2i2" pQH
/2TQbBi2/ 2M2 :vX

6 bi* HQaBK + M T QpB/2 i?2 bBKmH iBQM Q7 T?QiQMb- 2
T "iB+H2b, TT QtBK i2Hv bBKmH iBM; ?2Qr Km+? 2M2 :v i?2
iQi H- M/ ?Qri? i2M2 :vBb /Bbi'B#mi2/ #2ir22M i?2 + HQ B
2° :2H i2  HbT 2 /Q72M2 ;v /2TQbBibBb F2v +QMbB/2  iB
/Im2iQ ?2Qr + BiB+ Hi?Bb bT2+i Q7 b?Qr2 /2p2HQTK2Mi Bb B
B/2MiB}+ iBQM Q7 T?vbB+b Q#D2+ibX bBKTHB}2/ + HQ BK:
iQ /2+°2 b2 bBKmH iBQM iBK2- BM r?B+? 2 +? +2HH Bb ;2M2
bbB;M2/iQ bT2+B}+ b KTHBM: H v2'X h?2b2 +m#QB/ +2HH

do



C - - M/I7Q i?2H v2'hBMi?2 /2i2+iQ # “"2H-
C -- MZ7Q i?2H v2'bBMi?2/2i2+iQfjxMjx@&+ Th rBi?BM

CQx-y- MZ27Q i?27Q°'r '/ + HQ ' BK2i2 " H v2 bX

6Q 272 2M+2- bmKK 'v Q7 i?2 hG a+ HQ BK2i2 b KTHB
Tb2m/Q  TB/Biv +Qp2° ;2b "7 ;Bp2M BM h #H2 8XRX aBM+
bBKTHBbiB+ iQ BM+HmM/2 /2i BHb bm+? b i?2 ++Q /BQM bi’
i?72HB[mB/ ";QM+ HQ BK2i2 b-i?2b22z2+ib QM i?2/2p2HQ"
Kmbi #2 2KmH i2/ UH2]2 a2+iBQM 8XkVX h?2 BKT ' Qp2/ 6 bi*
Q71?2 p2 ;22M2 ;v/Bbi B#miBQM Q7 b?Qr2 b- M/ i?2 M2r
i?72 ++Q /BQMbi m+im2Q7G " +2HHb HHQrb7Q ;2 i2 T
B/2MiB}+ iBQM 2{+B2M+B2bX

h #H2 8XHR?2 hG a + HQ BK2i2 b KTHBM; Hv2'b M/ i?2B" Tbh2
+Qp2° ;2bX

*HQ BK2i2  am#@avbi2KQ/mH?2 @*Qp2° |22 KTHBM; G v2'b
S 2a KTH2["
" o 1J"R
1J y<jij< RXS8 13"k
N . . N 13"
. * T HO " BK2i2
1H2+i QK ;M2iB+ HQ B K212 S22 KTH?! 1
L 1J1R
*
1J1 RX8 j< jXk 131k
1J1j
hBH2" "y
hBH2 " ""2H y<jj< RXy hBH2" "R
hBH2" "k
hBH2: TR
hBH2 : T RXyjj< RXe hBH2: Tk
hBH2: Tj
> /"QMB+ * HQ BK2i2" hBH21tiy
hBH2 1ti2M/2/|"y X&jH< RXd hBH21tiR
hBH21tik
>1*y
. RX8 j< jXk >1*R
>1 ] )< | 1k
>1*j
6* Hy
6Q'r '/ * HQ BKZ2i2"° 6* H JXRj < 9XN 6* HR
6* Hk

6HmM+im iBQMb HbQ TH v M BKTQ'i Mi "QH2 BM i?2 + HQ"
bBKmH iBQM Q7 BM/2T2M/2Mi M/ mM+Q 2H i2/ 2M2 ;v ~m
+2HHb 7Q " BM/BpB/m H b?Qr2 b rBi? "2bT2+iiQ p2 ;2 b?Q

ds8



++m’ i2/2b+ BTiBQM Q7 2H2+i"QMb M/ T?QiQMb Q7 HH 2M
Q7 i?2 ~m+im iBQMb Bb + m+B H7Q  ? /"QMb-r?22"2 i HQr 21
i?2H i2° H2M2 ;v /Bbi'B#miBQM "2 /QKBM i2/ #vb KTHBM;
//IBIBQM HT QiQM@T QiQM BMi2> +iBQMbX

8XRXR Mi9 272 2M+2 a KTH2b

h?2 + HQ'BK2i2 T °~ K2i'Bb iBQMb +QKT ' BbBM; 6 bi* HQaBk
272 2M+2 b KTH2b bBKmH i2/ rBi? :2 Mi9 p2 " bBQM RyXR.
6h6Sn"1 _hn hG T?vbB+b HBbiX h?2 "272°2M+2 b KTH2b

2p2Mib rBi? i’ p2H /B 2+iBQMb +QM; mQmb rBi? i?2 BMi2" +i
[2i2+iQ - #mi T°Q/m+2/ ii?2 + HQ'BK2i2  bm 7 +2 bQ b MQ
2bQ@m+2b QM T TiB+H2b i? i rQmH/ MQi #2 pB #H2 7Q°

aT2+B}+ HHv- i?2 bBM;H2 T "iB+H2b r2°2 ;2M2" i2/ iQ Q B;
/IBK2MbBOQIN48mMm M/fz =3550mmX h?Bb +vHBM/2 r b +2Mi 2/ Q
BMi2® +iBQMTQBMi M/ TQbBIiBQM2/DmbiQmibB/2 Q7 i?2 h_
Q7 i?2 + vQbi i M/ bQH2MQB/ K i2°'B HQM i?2 T QT ; iBQM (

Pi?2 i? Mi?2/Bz2 2M+2bBMi Q/m+2/7 QK 2H2+i"QK :M2iB-
"QMB+ +QKTQM2Mib Ub22 a2+iBQM jXkX9V-i?2 /[2p2HQTK2]
BM/2T2M/2Mi Q7 i?2 BMBIiB H T “iB+H2 i? ii?2 272 2M+2 b
h?2 2H2+i"QK :M2iB+ b?Qr2 T ~ K2i'Bb iBQMb M2 RI#mBHI :
2H2+i " @Mb PBHbi +? *;2/ VBrQMbnmb2/ 7Q 2 /"QMB+ b?2Qr2°
/2p2HQT i?2H i2° Hb?Qr2 b? T2 T > K2i"Bb iBQMb-:2 Mi9r
bK HH2  i? M mbm H Bi2 iBp2 /2p2HQTK2Mi bi2Tb iQ T QpE
bT iB HTQbBIBQM Q7 i?2 2MRiM/PRQPRI b2 Q"

h?2 272 2M+2 b KTH2 T “iB+H2b r2°2 T°Q/m+2/ rBi? mME
XxBKmi? H M:H2- M/ rBi? #Qi? TQbBiBp2 M/ M2: iBp2 Thb:
MMB7Q K bHBH2b @X iQ?Bb 2t+22/b i?2 7Q°r / #QmM/ v
+ HQ'BK2i2 b #v bK HHK :BMiQBM+HmM/2T iB+H2bi? i B
T2M2i  iBM;i?2 + HQ ' BK2i2 p@bHB22-6Rdd 2pM2yv b KTH2b 7
bBM:H2 T "iB+H2 ivT2r2 2 T ' Q/m+2/, bicAMEWH rBiKBMBKmK
bm#b2[m2Mi b KTH2 /Qm#H B MTed M4Me\2 2%V KTODQ p2 Mib
r2°2T°Q/m+2/7Q i?2} bi Rjb KTH?2R5@GEVMIAEYBZIHVKT i Q
b:2 Mi9 bBKmH iBQM iBK2 BM+'2 b2b rBi? BMBiB H T “iB+F
b KTH2 2p2Mibr b /2+°2 b2/ 7Q bm++2bbBp2Hv 20BO?2  2M2°
7Q @RV b KTH2X

de



8XRX&QM;Bim/BM H1M2 ;v .2TQbBiBQM

h?2 HQM;Bim/BM H /B '2+iBQM Q7 T 'iB+H2 b?Qr2° BM i?2
Km+? 2M2 ;v Bb /2TQbBi2/ BM 2 +? Hv2 b i?2 b?Qr2 2pQF
Hv2 Bb /2T2M/2Mi QM i?2 + HQ BK2i2 /2Ti? i? ii?2 BM+B
i?72 b?2Qr2° M/ ?2Qr Km+? 2M2 ;vi? i T 'iB+H2 #2; MrBi?X >Q
+Q "2H i2/ #2ir22M H v2'b r?B+? K F2b i?2 BM/2T2M/2Mi T
"2bTQMb2 7Q° 2 +? b2T " i2 Hv2 /B{+mHiX S2BRM+BT2H? M|
*QKTQM2Mi MJSEIVBBION) Bb mb2/ iQ +H bbB7v b?Qr2 b 7 Ql
b KTH2b /2b+ 'B#2/[BM a2+iBQM 8XRXR@MWHB22-? MM I ;i B+Q
ivT2X h?Bb T2 7Q Kb i Mb7Q K iBQM QM b2i Q7 p B
M2r b2i Q7 Q i?7Q; QM H MIT nBWHBT 2HH +HQE8yQPX1 2hweidb S *

i Mb7Q K iBQM Bb 2M +i2/ }rBir3*+M2bDBA2b b?E2 b BMiQ
#BMDbM/ i?2t22+QM/ B*H BKTH2K2Mi2/ QM 2 +? Q7 i?2b2 #BMb
MM+Q "2H i2/: mbbB M /Bbi B#miBQMbX h?2b2: mbbB M /B
#v 6 bi* HQaBK iQ KQ/2H i?72 2M2 ;v iQ #2 /2TQbBi2/ T2 + H
bBKmH i2/ T "iB+H2 b?Qr2 X

hQ T'2T 2i?2S* BMTmib7Q 2 +? :2 Mi9 272 °2M+2 b KTH?2
i?2 2M2 ;v 7> +iBQM /2TQbBi2/ BM 2 +? + HQ 'BK2i2 H v2 B
6B;M 2/8XR X h?2 +mKmH iBp2 /Bbi'B#miBQM Q7 i?Bb 2M2";
BM 6Bfm]2 8XR#- M/ bm#b2[m2MiHv i° Mb7Q K2/ BMiQ : mb
i?2BMp2'b22"Q 7TmM+[BOM- bBM6B;m 28XR+X h?2} bi S
K i'Bt +QKT Bb2/ Q7 i?2: mbbB M /Bbi'B#miBQMb 7 QK 2 +?
b2i Q7 +Q "2H i2/ 2M2 ;B2b BMiQ b2i Q7 HBM2 "Hv /2+Q 21
#v K2 MbQ7 MQ i?Q:QM Hi> Mb7Q K iBOMQ7i?2+QQ /BM

+QKTQM2Mib rBi? i?2 ?B;?2bi M/ b2+QM/ ?B;?2bip 'B M+2

H2 /BM; M/ bm#@H2 /BM: T'BM+BT H+QKTQM2Mib “2bT2+i
Bbi?2M +H bbB}2/ #v /BpB/BM:; i?2 T'BM+BT H +QKTQM2Mi ¢
Q7 2[m H T Q# #BHBiv- BM+HmM/BM: #BM 7Q  /2TQbBiBM;
T BM+BTH2 +QKTQM2Mi /Bbi'B#miBQM 7Q i?2 }'bi S* BM
b?QrM BM[EB]m 2 8XR/- /BbTH VBM; i?2 /2}M2/ S* #BMbX

h?2b K2 K2i?Q/Bbi?2M mb2/iQ i Mb7Q K i?2iQi H2M2 ;v
BM 2 +? #BM Q7 i?2 }'bi S* T'BM+BT H +QKTQM2Mi BMiQ :
#27Q°2 2M +iBM; b2+QM/ S* X h?2 b2+QM/ S* QMHV +QMbE
#BM 7 QK i?21} biS* i? iBiBb#2BM:; T2 7Q K2/ QM- #mi Qi?2
i72b K2r viQ "2KQp2 2K BMBM: +Q "2 H ({BX NKI2XMh B PTK 22 M

dd



U V.Bbi'B#miBQM Q7 2M2 ;v 7U#\NBQWhDHBIMBp2 /Bbi'B#miBQM Q7 2M
1J"RX 7° +iBQMb BM 1J"RX

U+V: mbbB Mi> Mb7Q K2/ /Bbi B#WIBRMXQXMBiBQMb BM i?2 H2 /BM; T°
2M2°;v 7> +iBQMb BM 1J"RX +BTH2 +QKTQM2Mi /Bbi B#miBQMX

6B:m 2 8XR2 bi2Th i F2M BM T2 7Q KBM:; i?2 }'bi S* i Mb7Q"
8 :20 T?QiQMb BM i?2 1J"R b KTHBM;jH y2Kg|Q9 3)Xky

U JaV Q7 i?2 2bmHiBM; /2+Q "2H i2/: mbbB M /Bbi B#miBC
#BM T Q# #BHBiB2b M/ BMp2'b2 +mKmH iBp2 /Bbi'B#miBQ]
6 bi* HQaBK okX hQ bBKmH i2 T “iB+H2 b?Qr2 - i?2 /2b+"F
MQr #2 + "B2/ Qmi BM “2p2 b2,

RX2H2+i S* #BM mbBM; -~ M/QK MmK#2" ;2M2" i2/ 7 QK
i?72 S* #BM T Q# #BHBiB2bX

KX2M2 i2° M/QK MmK#2 b 7°QKi?2 mM+Q "2H i2/: mbbB
i?2 b2H2+i2/ S* #BMX

jX_Qi i2 i?2b2 MmMK#2 b mbBM:; i?2 BMp2 b2 b2+QM/ S* K
i?2KX

d3



9XI Ti?2+Q "2H i2/ " M/IQK MmK#2 b # +F iQ i?2 iQi H 2Mz
7° +iBQMb /2TQbBi2/ BM 2 +? H v2  mbBM; i?2 2 "Q  7m|
+mKmH iBp2 /Bbi" B#miBQMbX

8XRXG i2° Ha?Qr2 a? T2

h?2 HQ+ HBb2/ 2M2 ;v /2TQDbBib Q7 i?2 :2 Mi9 272 2M+2 b
Hv2 BMiQ #BMb BM i?2 ° /B H /B 2+iBQM 7 QK i?2 b?Qr2°
rBi? 2M2 ;v 7" +iBQMb 012i2 272 M2/ iQHBp Mi H v2 b
+QMbB/2 2/BMi?2T > K2i'Bb iBQMX _2H2p MiH v2'b “2/2i:
BM/2T2M/2MiHvX

h?2 Tb2m/Q  TB/Biv M/ xBKmi? H M:H2 +QQ /BM i2b Q7 ?
?Bi M/ ?Bi 2 [2°Bp2/ BM “2bT2+i iQ i?2 2ti° TQH i2/ TQbBIB
T "iB+H2 BM i? a"HMR22UX h?Bb 2ti> TQH i2/ TQbBiBQM Bb /2
7°QK i?2 BMBiB H KQK2MimK Q7 i?2 T "iB+H2 7°QK r?2M Bi
POQHMK2- M/ Bb T QT : i2/i?°Qm:?i?2H v2'br?BH2i FBM: i
}12H/ BMiQ ++QmMi B7 i?2 T 'iB+H2 Bb +? ;2/X h?2 "2H iBp
i72 b?Qr2 bM/ - "2 b?QrM BM I[h iBQM 8XRX h?2 +QQ /E
+ HQ BK2i2" +2HH r?2 2 i Z2,2BifBrH Q@+ HBPQ mb2/iQ + H+mH
i?72 "2H iBp2 ?Bi +QQ ' /BM i2b B MK BNH/H E'K2ib2i wBWB;ibp2b
#2ii2° /2b+ BTiBQM Q7 i?2 b?Qr2 X

_ 2B 2ti
_  ?Bi 2t

K qﬁ UBXRYV
= D +Q#B i oFH% 2mH

KK _

= M+ 2HH

(222 +q%2 poar24s X h?2b2 ?Bi TQbBiBQMb "2 i?2M +QMp2

+QQ /BM i2b BN(1[m iBQM 8Xk-

q
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h?2b2 ?Bi TQbBiBQMbBM TQH *+QQ /BM i2b “2i?2M:°QmT:
iQ 2tTHQBI i?2 b?2Qr2° bXKKEMMEMMM B® i?2 ° /B H /B 2+iBQ
Bb mb2/ BM i?2 ?B;?2@;  MmH "Biv 1J"R ShinlBbRni 2/2Bbr? B
i72 "2biX HQM:i?2 M:mH " /B 2+iBQM- 2B:?i mMB7Q K #BM
Hv2 'bX h?2 bBx2 Q7 2 +? "2bmHi Mij@/BK2MbBQM H ?Bi pQ
i?72 + HQ BK2i2  +2HH /BK2MbBQMb X

UVS?QiQMb BM 1J"kX U#VSBQMb BM hBH2" “kX

6B:m 2 8ki2  H b? T2 T K2i'Bb iBQM 2t KTH2b 7Q" ke8 :20 T-
TBQMb 7@ jyX88Xey BM i?2 b2+QM/ H v2' Q7 i?2 2H2+i"QK :M2iB
# "2H "2bT2+iBp2HVvX hQ #2ii2° 2T °2b2Mi i?2 +Q 2 Q7 i?2 b?Qr
i?°2b?QHR i Ryy KK |(93)X

h?2 H i2° Hb?Qr2 b? T2 /2b+ B#2b i?2 /Bbi'B#miBQM Q7 2N
b?Qr2° tBbBM 2 +? + HQ ' BK2i2  H v2'X h?2 bT2+B}+ T ~ K2
2 +?2 "2H2p Mi H v2' M/ BM 2 +? S* #BMX h?2 TQH * +QQ /B
BM 1[m [[BIQM 8Xk "2 mb2/iQ T K2i'Bb2i?2b?Qr2  /2p2HQ1
+QMbiBIE2Q7 i?2 iQi H2M2 ;vBM 2 +? S* #BM RAKmH iBp2
"2 +QMbB/2°2/ bQ b iQ 2t+Hm/2 ?Bibi? i 2 "2H iBp2Hv 7 °
6Q 2 +? H v2 - i?2b?Qr2  b? T2 /Bbi'B#miBQM BM 2 +? S* #
FBi? i?2 2M2 :v BM i? i #BM iQ /2 °Bp2 i?2 T Q# #BHBiv /2M
P2° :2 Hi2  Hb?2Qr2  b? T2X h?2 p2  :2 b?2Qr2° T Q}H2 7¢
b?Qr2 b BM 1J"k- M/ 7Q ? /'"QMB+b?Qr2 b BM hBH2" "k "2/2
bi?2 b?Qr2  b? T2 Bb /2KQMbi® i2/iQ #2-0PR K20 B +2BI\B X 2
Q7 i?2b2 ?BbiQ;" Kb /2b+ B#BM: i?2 H i2° Hb?Qr2 T °~ K2i°
QMHV biQ jBMKi 2D Q /BM 02b 7Q X
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8XRXBBKmH iBM; >Bib

6 bi* HQaBK ok mb2b i?2 p2 ;2 b71Q@Q2f H¥BHRIV2MbBiv 7mM
US.6V iQ > M/QKHv b KTH2 ?BibiQ K TiQ + HQ 'BK2i2" +2HH
'2QK2i'v /2b+ BTiBQMX 6Q T "iB+H2b i? i "2 MQi bBKmH i
+2HHb T2 ' T2M/B+mH "Hv-i?2 ;2M2" i2/ ?Bi TQbBIiBQMb "2

h?2 2M2 ;B2b Q7 ?Bib "2 bbB;M2/ b /2b+ B#2/ BM i?2 7C
i?72M i?2 iQi H2M2 ;v Q7 i?2 ?Bib "2 MQ K HBb2/ bQ i?2 br
i?72 /2i2°'KBM2/ bBKmH i2/ 2M2 ;v iQ #2 /2TQbBi2/ BM i? i H
a2+iBQM 8XRXkX

1H2+i'QMb M/ S?QiQMb

*?2 M;2b BM 2H2+i"QM M/ T?QiQM b?Qr2  b? T2b /2T2M/ QM
"2bQHmMIBQM Q7 i?2 + HQ ' BK2i2 bvbi2KX h?Bb Bb /m2 iQ
T "iB+H2b BM M 2H2+i'QK ;M2iB+/b?Qr2° Ub22 6B;m 2 jXNV
Q7 ?BibiQ#2 bbB;M2/BM2 +?H v2 7Q° bBKmMmMH i2/2H2+i'Q
#v i?22 T "iB+H2 2M2 ;v M/ i?2 2M2 ;v 2bQHmMIBQM Q7 i? ik
2M2Ev-i?2 "2bQHmMIiBQM Q7 + HQ'BK2i2 ' H v2 Bb/2}M2/ b

E a )
— = p— G, usXxjiVv
E E=:20 :

r?72°@ Bb i?2 biQ+? biB+ciBbKi?2MWWQMbi Mi i KX h #H2 8Xk H
p Hm2b 7Q  i?2b2 i2 Kb 7Q  i?2 /Bz2 2Mi + HQ BK2i2  bm#bv

h #H2 8Xtk?2 biQ+? biB+ M/ +QMbi Mii2 ' Kb Q7 i?2/Bz2 2Mi + HQ"
bmb2/iQ /2}M2 i?2B> BMi'BMbB[+[2M2 ;v "2bQHmMIiBQM (8R)X

*HQ BK2i2 avbaz®@+? biB+ haWK(W) *QMbi Mi 2V KW)
1J° M/ 131 RyXR y Xk
hBH2 " ""2H 8eX9 8X8
>1* de Xk y Xy
6* H k3X8 jX8

SQBbbQM /Bbi B#miBEOM+QMMBbM+i2/Bb?2?2 K2 M Q7 i?2
/Bbi"B#miBQM M/ Bb "2H i2/ iQ i?2 2M2 ;v "2bQHmMIiBQM Q1
/2TQbBi2/ BMi? i H v2" #v-
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1

= UBX9V
( e=E)

" M/QK MmMKM¥M2Bb b KTH2/ 7°QK i?2 SQBbbQM /Bbi B#miB
MmK#2 Q7 ?Bib BM i? i Hv2 - 2 +? Q7 r?B+? TQbb2bbBM
E,g= EENX h?2 TQbBiBQMb "2 /2i2°KBM2/ #v ° M/QKHv b K
P2 ;2 H i2° Hb?Qr2 b? T2 /2bfF B#2/ BM a2+iBQM 8XRXjX

> /QMb

h?2 T°'Q+2/m 2 7Q° ;2M2  iBM; ?Bib 7Q° ? /"' QMB+ b?Qr2°
T?BHQbQT?v b 7Q  i?2B° 2H2+i QK ;M2iB+ +QmMi2°T "ibX
M/ +QMbi Mi i2°'Kb BM 2 +? + HQ BK2i2"  H v2 p "v #v Th2r
Km+? H ;2" /m2iQ i?2 BMi BMbB+ HHv ;2 i2° ~m+im iBQMb
/2/B+ i2/ bBKmH iBQM Q7 +? ;2/ TBQMb Bb mb2/iQ /2 Bp2
"2+Q 7 /BM; i?2iQi H2M2 ;v HQbi BM #Qi? i?2 +iBp2 M/i?2 B
+ HQ BK2i2'X h?2 " iBQ Q7 i?2 2M2 ;v /2TQbBi2/ BM i?2 +i
iQi?72iQi H2M2 ;v /2TQbBi2/ BM 2 +? H v2 fB{(®E2-b KTHBNM
T2 b?Qr2° M/ p B2brBi? i?2iQi H2M2 ;v /2TQbBi2/ #v i?2
"2bQHMEBEQIME-Y kr() Bb }ii2/ mbBM; Ll[lm iBQM 8Xj7Q b?Qr2'b
KQ 2 i71GeV BM i? iHv2 -iQ /2 Bp2i?2 biQ+? biB+ M/ +QMI
2 +?2 Th2m/Q  TB/Biv bHB+2X

h?2 biQ+? biBa-iL?Kb2 2 Q#i BM2/ 7 QK i?Bb }B0 4A%R2 #2ir22 N\
7Q i?22H2+i QK ;M2iB50 60PhQ@ B H222hBH2 + EDBOBKIZI 2" -

i?72 2 /"QMB+ 2M/@0H0DRP67®I7i?2 7Q ' r */ + HQ BK2i2 bX h?2 +
i2 Kb-" M;2 #2i12DM7Q  HHH v2 bX *QMbB/2 8ML?2 +? M;
7Q  /Bz2 2Mi Tb2m/Q  TB/BiB2b ;"2 iHv BKT Qp2b i?2 KQ/2H
70  KQbi H v2'bX >Qr2p2°- 1J"R M/ 1J1R "2 ?B:?Hv :° MmH
7°QK h[EM2 8Xk "2 mb2/ BMbi2 /X

8Xk>Bi iQ *2HH bbB;MK2Mi

h?2 b2+iBQMb Q7 i?2 hG a+ HQ ' BK2i2  # b2/ QM HB[mB/ ~;
mb2 ++Q /BQM@b? T2/ 2H2+i ' Q/2b i? i T2 K2 i2 i?2 +2HH
bi'm+im 2 iQ pQB/; Tb BM i?2 xBKmi? H M;H2 +Qp2° ;2-
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iBQMJXkX9X h?Bb "° M;2K2Mi Q7K i2°'B HBb MQi 2T 2b2Mi
bBKTHB}2/ ;2QK2i'v- M/ r?2M mM //"2bb2/ "2bmHib BM M
TQbBiBQM Q7 2M2 ;v /2TQbBib BM i?2 +2HHb i? i i?2v "2
Bb + mb2/ #v bB;MB}+ Mi ~ i2 Q7 ?Bib #2BM; bbB;M2/iQ i
+2HHb r?22M +QKT "2/iQ ?2Qr2M2 ;v /2TQbBiBQM Bb bBKmH |
;2QK2i'vX hQ ++QmMi 7Q  i?Bb 2z2+ir?BH2 F22TBM; i?2 "2
iBK2 zQ ' /2/ #v i?2 bBKTHB}2/ ;2QK2i v- K2i?Q/r b /2p2HQ~
bK HH /BbTH +2IK®Mi+BM bi* HQaBK ?Bi #27Q 2 + HHBM; i?2
bbB;M Bi iQ + HQ'BK2i2' +2HHX h?2 M2i 2z2+i QM b2i
/Bbi'B#mi2/ BMBi22iBQM Q7 +2HH U 2T 2b2MiBM; ?2Qr i?2
KQ/2HH2/ mbBM; i?2 mMKQ/B}2/ 6 bi* HQaBK K2i?Q/V Bb iQ
iIQK i+?2i? iT'Q/m+2/#vi?27mHH :2 Mi9;2QK2i'vX 6B;m 2 8
Q7 i?20WBbTH +2K2Mib QM ?Bib iQ +Q "2+i 7Q  i?2 H +F Q7
+?B2pBM; bm#bi MiB HHv ;"2 i2° ;°22K2MirBi? :2 Mi9X

UV"27Q°2 ++Q /BQM +QX 2+iBQM¥MVBM2  ++Q /BQM +Q X+iBQM BM

6B:m 2 8XPKT "BbQM Q7 2M2':v /2TQbBiBQM Q7 e8 :20 T?
yXky jj < yXk8 7Q° +2HHb BM i?2 b2+QM/ 2H2+i QK :M2iB+ #
6 bi* HQaBK ok M/ :2 Mi9 #27Q°2 M/ 7i2° +Q "2+iBM;: 7Q |
6 bi* HQaBK :20K2i v (93)X

S8XKXR{+B2M+v Q7 *Q "2+i *2HH DbbB:MK2Mi

hQ /2i2 ' KBM2 ?2Qr Km+? ?Bi Bb iQ #0?2BIBz2 2M+2M BM ?Q
i?2 6 bi* HQaBK M/ :2 Mi9 :2QK2i"B2b ii'B#mi2 ?Bib iQ +2F
/Bbi B#mi®B+«@M QFi +2HH bbB:MK2M #2{+GRIMiFwS+i2/ 7Q  +2HHI
+ HQ 'BK2i2 H v2 #v M HvbBM:i?2 ?Bi TQbBiBQMb Q7 i?2 bl
/2b+ B#2/ BM a2+iBQM 8XRXRX h?2 T Q+2bb #2;BMb #v }HH
TQbBiBQMb Q%4?BMB2- iBQM iQ i?2 +2Mi"2 Q7 i?2B" bbB:M
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+2HH X, b2+QM/ ?BbiQ;" KBbi?2M +QMbi'm+i2/7Q"i?2 b K2
#mi QMHv }HH2/ #v ?Bib i? i "2 bbB;M2/iQ i?2 b K2 +2HH
;2QK2i'v b BMi?2:2 Mi9/2i2+iQ /2b+ BTIiBQN-BRXRX2HHB;
Af7{y DwBbi?22 7Q K2  /Bbi B#miBQMRrBK/i?2 H ii2 - i?2M i?2
2{+B2M+v Q7 +Q "2+i +2HH H{bRaNMKE2MIip2M #v-

frisad) ‘Z)H
+0 2+ils o e ; ugXxXs8vVv
Q"2 i(+ 2 f dn - on

r?72°2 25 28 %,4Bb i?2 "2H TEPBIBQM Q7 ?BiiQ Bib bbB;
+2Mi 2X h?Bb /Bbi'B#miBQM Q7 +Q "2+i +2HH DbbB:MK2Mi
TQbBiBQM rBi?BM +2HH r?2°26 bi* HQaBK ?Bib "2 KQ 2 HE
H2bb HBF2HviQ ? p2 #22M bbB;M2/iQi? ib K2 +2HHB7 i?2v
22 MigX 6B;m 2 8X9 b?Qrb M 2t KTH2 /Bbi B#miBQM Q7 i?2
bbB;MK2Mi b 7mM+iBQMQ®B I BRG®MB mb BM DODBEBGEV Q K
T?QiQMbX h?Bb 2t KTH2 Bb 7Q° +2HHb BM i?2 1J"k H v2 Q7
Tbh2m/Q TB/Biv <Mj2 yXkg X

6B;m 2 8%9222{+B2M+v Q7 +Q "2+i+2HH bbBODPORBMGEYQ i?2 ?Bib
T?2QiQMb BM i?2 1H2+i'QK :M2iB+" “"2H Kk H v2 BM<4?22 Th2m/Q"
jji< yXk8X

6B;mMi P 8X8 /2KQMbi  i2bi?2 22z2+i Q7 MQ K HBbBM; i?2 BMi
+Q "2+i +2HH bbB;MK2Mi /Bbi[BEmMiBQM 7 QK 6B;m 2 8X9 iC
7Q° bbB;MBMTH +2K2MibiQ R KBHHBQM iQv ?BibX h?2 iQv
rBi? M 2p2M /Bbi'B##2BQM B®2 ~ M/QKHv b KTH2/ /BbTH
r2°2 TTHB2/Xoh2.ow@uBb + H+mH i2/ 7Q° i?2 /BbTH +2/ iQv
+QKT "2/ iQ i?2 /Bbi'B#miBQM 7 QK';@ Mi9.3Bi@X iR2Bb

/Dmbi2/iQv ?Bib b?Qrb i?2 /Bbi'B#miBQM Q7 ?Bibi? ir2 2 K
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+2HHDb r?2M/BX2TH +2K2Mir b TTHB2/X

6B:m 2 8X8+B2M+v Q7 +Q "2+i +2HH bbB:MK2Mi 7Q° R KBHHBQ
BM mbBM; 6Bm 2 8X9 b S.6iQ/BbBHVM+2KR2Mib U#HmM2V- +QKT
i Qeomect cell ( rel) 7Q° :2 Mi9 ?Bib U 2/VX h?2 BMi2:" H Q7 #Qi? /Bbi’
MQ K HBb2/iQ RX

Ai Bb 2pB/2Mi i? ii?2 /BbTH +2K2Mib ? p2 MQi "2THB+ i2/i?
i? i ?Bib BM i?2b2 +2HHb r2°2 /2i2 ' KBM2/ iQ ? p2 mbBM; :2
TT QT B i2S.67Q° TBHVBME2K2Mib Kmbi #2 /2 °Bp2/X

8XKkX8 Q# #BHBiv .2MbBiv 6mM+iBQM .2 'Bp iBQM

6Q° i?72 /IBbi B#miBQM Qo) BM 6B[m 2 8X9- p Hm2b Q7 R i i
+2Mi 2 bB;MIBO% Q7 i?”Bibi? i "2TH +2/i?2°2 "2 bbB;M2/i?2
#v 6 bi* HQaBKXBWbLQ@H +2K2Mib "2 "2[mB 2/iQ KQp2 MviQ M
+2HHDB X Bii(s2nuBb H2bb i? MR r?2M r v7 QK i?2 +2Mi 2-i?|
i? 1 7 +iBQM Q7 i?2b2 ?Bib M22/iQ #2 KQp2/X 02°'v +2Mi
i?2 r"QM; +2HH "2[mB/BbHH #2K2Mi iQ KQp2 i?2K iQ /D +2I
6'QK 2 +?22/;2 Q7 +2HH"L.Q 12:3(+hAMBB-2bb2MiBNKKAWH iBp?2

/IBbi'B#miBQM7nM7iBAXKW X8 iQ RQ7i?2 T Q# #BHBivi? i ?
+Q "2+iHVX h?2*.6 7 QKyiQyX8rQmH/+QM+2 M ?Bib bbB;!
+2HH i? i #2HQM; iQ i?2 +2HH mM/2" +QMbB/2" iBQMX 6B;m"
* 6X h?2 /Bbi'B#miBQM Bb MQ 'K HBb2/iQigBMIi12 QI"@M2 +.
Hv2 - M/i?227 K2 Q7 272 2M+2 Bb +2Mi /=M iP22+2HH #
TmM+iBQM ~ M;2b 7°'QK i?2 +2Mi 2 QX 37?Q:5 QMirR/22Mi+2HH
Q7i?2 M2B;?#Qm BM; MBZRHIBRM?A5- #mi Bb TTHB+ #H2 7Q"
+2HHb BM i?2 H v2" ii?2BM/B+ i2/ ThbZm/[Q yKBBBV = M;2-y
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6B:m 2 8XmKmH iBp2 /Bbi'B#miBQM Q7 i?2 T Q# #BHBiv i? i ?
Mv +QMbB/2 2/ +2HH b 7mM+iBQM>XQR 1227 ? Ki2TQD B2B M \BAR
Bb +2Mi'2/ QM +2HH #QmM/ v . M/ Bb MQ K HBb2XiQ i?2 rB/i? C

++Q /BM;iQ T Q# #BHBivi?2Q v- T Q# #BHBiv/2MbBiv 7ml
i?2 /2 Bp iBp2Q7i?2 bbQ+B i2/+mKmH iBjp2 /Bbi ' B#miBQM |
BM 6B[M 28Xe Bb M2KTB B+ HHv #BMM2/ /Bbi B#miBQM- i7
rBi? i?2 i T2xBmK "mH2X hP2#4BMBM7i@2i826 Bb + H+mH 2/
i22 /Bz2 2M+2 #2if2RIM+4D2°#BM p Hm2b BM i?2 *.6- M/ i?2 BM
BbMQ K HBb2/ iQ RX 6B;m 2 8Xd b?Qrb i?2 $.6 /2 Bp2/ 7 QK
i?72 1J"k + HQ 'BK2i2  H v2  7Q2j72 YXNK&X XKy

6B:m 2 86dQ# #BHBiv/2MbBiv 7mM+iBQM i? i ?BiBb +Q "2+iHv
b 7mM+iBQM Q7 i?2 ?B4d TQbBiBQM BM

h?Bb S.6 Bb p HB/ i2/ #v mbBM; BV BFIQT H bthB<S MBI ;iQ R KBH

iQv ?Bib- b b?QrM[BM 6B;m 2 8X3X h?2 iQv ?Bib r2°2 T°Q
/IBbi"B#miBQMBM?2 i?2 ° M/QKHv b KTH2/ /BbTH +2K2Mib
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h?2 .0 2+i(s20@uBb + H+mH i2/ 7Q" i?2 /BbTH +2/ iQv ?Bib M/
i?2 /Bbi'B#miBQM 7 QK :2 Mi9 ?BibX Ai Bb 2pB/2Mi i? i i?
/Bbi*B#miBQM Q7 ?Bib +Q "2+iHv iQ M2B:?#Qm BM: +2HHb
rBi? i?2 +2HH bbB;MK2Mi 2{+B2M+v Q7 :2 Mi9 ?BibX

6B:m 2 8X3+B2M+v Q7 +Q "2+i +2HH bbB;MK2Mi 7Q° R KBHHBQ|
BMmbBM; 6B]m 2 8Xd b S.6iQ/BbBHVM+2KR2Mib U#HmM2V- +QKT
i Qeomrect cell ( rel) 7Q° :2 Mi9 ?Bib U 2/VX h?2 BMi2;:" H Q7 #Qi? /Bbi’
MQ 'K HBb2/iQ RX

8XKkX$ Q# #BHBiv .2MbBiv 6mM+iBQM S Q/m+iBQ|

h?2 K2i?Q/ /2b+ B#2/[BM a2+iBQM 8XkXkr b mb2/iQ + 2 i2 S
i?72G "+ HQ 'BK2i2', S 2a KTH2 "- 1J"R- 1J"k- 1J"j- S 2a KT
1J1k- M/ 1J1jX h?2 G ° ++Q /BQM bi'm+im 2 /Q2b MQi Hi2
b? T2b /Bz2 2MiHv 7Q" /Bz2 2Mi T iB+H2 ivT2b- bQ i?2 S.6t
T?QiQMbX 1 +?2r b +QMbI0BO66LeV:- D KIi9 :2M2" i2/ T "iB+H2b

h?2 S.6br2°2p HB/ i2/ mbBM; b2i Q7 RKBHHBQM iQv ?Bibi?
M 2p2M /Bbi B#mMI/QRI'BMQMM/ iQ bm{+B2MiHvV 2T Q/m+2
12 Mi'% g 2+i(s2nn/Bbi " B#EMIBQMDb r?7BMTiIR2+2K2Mib r2°2 TTHB
q?2M BMi2;  i2/rBi? 6 bi* HQaBK ok bBKmH iBQM-i?2 i2+?M
i?72 2M2 ;v /12TQbBIiBQM #B b i? i Bb T'2b2Mi r?2M i?2 ++(
MQi // 2bb2/ UbGB;m‘Z 8XjVX h?2 p HB/ iBQM "2bmHib
yXkyjj< yXk8 Th2m/Q  TB/Biv M;2 M/ 13] FkvikXp8 M2k Xyy

b?QrM BM[6B;m 2 8XNiQ /2KQMbi® i2 ~ M;2/BETH2HEK2NN+in
K2i?Q/ + M 2KmH i2X h?2 " iBQ THQib b?Qr i?2 +HQbm 2 Q7
rBi? i72 Q' B;BM H :2 Mi9 /IBbi B#miBQMX
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U V1J"R- yXkjyj< yXk8 U#VL1IJ1R- kXyjyj< kXy8

U+V1J"k- yXkyj< yXks8 U/V1J1k- kXyjyj< kXy8

U2V1J"j- yXkyj j< yXks8 U7WVLJ1j- kXgyj< kXy8

6B;m 2 8XN+B2M+v Q7 +Q "2+i +2HH bbB;MK2Mi 7Q° R KBHHBQ
BM mbBM; /2 Bp2/ S.6b iQ/BOEBEM2K2Mib U#HmM2VX h?2v 2 +Q
iQ i?72Q B;BM H :2 Mi9 /Bbi'B#miBQMb U 2/V<BN<d?22Xk3" H v2'b 7
M/ i?2 1J1 H v2 b &Q Kk XXy 8 X
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PM2}M H+QMbB/2' iBQMBbi? i7Q  /Bz2'2Mi Th2m/Q" TB/B
7 QKi?2BMi2° +iBQMTQBMi "2BM+B/2MiiQi?2G ~ ++Q /B
M;H2bX AM //BiBQM- b[BPQrM@M KMmtH2 BXK-Q?222HHb +? N
T "iB+mH M;2bX b "2bmHi- S.6b r2°2 ;2M2" i2/ 7Q° 2 +? H
Tbh2m/Q  TB/Biv > M;RjQ7j¥XKyvBM bi2T=HhyXy8 iQ ++QmMi 7Q°
i?72b2/Bz2°2M+2bX 6B;m 2 8XRy b?Qrbi?2p HB/ iBQM Q7 i?2
Hv2 1irQ/Bz2 2Mi Th2m/Q TB/Biv bHB+2b iQ BHHmbi i2
/IBbi"B#miBQMbX

U V1J1lk- kXgyyj< kXy8 U#V1J1k- kXBjyj< kX38

6B;m 2 8XRYKT "BM; i?2 2z2+i Q7 /MBHBHWMBMZK2Mib iQ R KBHHB
iQv ?Bib iQ i?72 Q' B;BM H /Bbi B#miBQM Q7 +Q "2+i +2HH bbB;
1H2+i QK ;M2iB+ 1M/@+ Thbh kHv2 Q7 iR« hkQYyBKR®iR2 i i kXyy
KXZXyj j< kX38X

h?Bb +? Ti2 ; p2 bmKK v Q7 i?2 mT; /2 7Q 6 bi* HQaBK
bBKmH iBQM bT22/ Q7 i?2 iQQHFBi- #mi +?B2p2b ; 2 iHv B
7mHH :2 Mi9 bBKmH iBQMX b T i Q7 i?Bb mT;  /2- K2i?C
++Q /BQM bi'm+im 2 Q7 i?2 HB[mB/ ;QM + HQ BK2i2 b Bb
mb2b /2 Bp2/ S.6b 7Q° TTHVBMHFH +2KiBWD iQ ?Bib bbB;NM
G " +2HHb- M/i?2b2S.6b "2 MQrBMi2; i2/rBi? 6 bi* HQaB¥
+?2 Ti2 b rBHH /2b+ B#2 K2 bm 2K2Mill M/ $2nM B2t Qrib BN ;

i?72i?22Q v-iQQHb- M/ i2+?MB[m2H]QmiHBM2/ BM *? Ti2 b k
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272 2M+2b

(jd)h?2 hG a *QHH #Q  iBQMX 8h?2 hG a aBKmH iBQM AM
1m QT2 M S?vbB+b dyQUKWRHV: TTX 3kj [RAIYB® X EBp3
(BMb@X2i)

(9j)h?2 :2 Mi9 *QHH #Q MBQMXBKmMH iB G My HPFETi
b,ffrrrX;2 MiogxXQ ;f]UMBBBiI2/ QM Rdfy9fkykyVX

(93)h?2 hG a*QHH #QiHBRINMX?2 M2ti ;2M2  iBQM Q7 7 bi bE
BM hGXah2+?X 2TX *1 L@1S@kykR@Rd9X :2M2p , *1 _
m H?iiT,ff+/bX+2 MX+?2f 2+Q|Xfkd3yRd9

(9NA M CQHHBz2X 8S'BM+BT H *QAM Q@M MB QM HV i Blb-ox A 12
Q7 ai iBbiB+ M amB2MIBRQ/ ; GQp B+X "2 "HBM- >2B/2H#
"2'HBM >2B/2H#2 ;- kyRRBPEM RY ® 9 @ReyDke@VRINK3 @ k X
RyydfNd3@@e9k@93N3@kn988

(8y)6H pB .B?2@XM2r hG a6 bi* HQ BK2i2X ABKTXH 2BR M G @
aP6h@S_P*@kyRe@yy3X :2M2p , ti H2HiFbiX fkyl R XX
+2 MX+?2f 2+0 /fkkk3e8N

(8RN?2 hG a *QHH #QhGBOMXHQ BK2i2 T2 '7Q K M+2, h2+
2bB:M _XTHR4?MB+ H/2bB:M 2TQ iX hG aX mMNi2p , *1 |
2TiTh,ff+/bX+2 MX+2f 2+Q /fjjRy8N

(8k).Qm:H b *X JQMi:QK2'v M/ :2Q :TFNBX Mj2iBhiB+b M/
S'Q# #BHBiv 7QX D\VQ);BW 2BHW2v M/ aQMb- AM®OEMKYYj- T
Nd3@y@9dR@ky989@R X
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*?2 Ti2 e

>B::b "QbQM J2 bm 2K2Mib E
H | *2 MM2H

h?Bb +? Ti2 /2i BHb i?2 K2 bm 2K2Mi Q7 T°'Q/m+iBQM + Qbl
i?2 >B;;b #QbQM iQHBT?QMGM M+?BM; ~ iBQ mbBM; i?2 7mkh
/i b2i 2+Q /2/ #v hG aX h?2 M HvbBb T2 ' 7Q K2/i?2 K2 bm
aBKTHB}2/ h2KTH i2 * Qatbsa¥+iIB®EIrQ F (e)- T "iBiBQMBM; i
T Q/m+iBQM T? b2 bT +2 BM Bjj<TBXBi#v AB:M2X7iB+b- 2p2
T'QT2iB2b- M/ i?2 T'Q/m+iBQM T Q+2bbX 7mHH ++Qm
K2 bm 2K2Mi + M #2 7QmM/ rBi?BM iPBb +Bi2/ Tm#HB+ iBQN

eXRh?2 mMKk . i b2i

h?2 mMKk/ i b2iBb+QKT Bb2/ Q7 M BMIiZ0 P2 hRBMQbBI\
Ps=13TeV T°QiIOM@T QiQM +QHHBbBQM 2p2Mib- rBi? K2 M A
T2  #mM+? + QbbBM:XQTp2Mib b2H2+i2/ 7Q  i?Bb M HvbBb r:
#v i?72 T'2b2M+2 Q7 irQ T?QiQMb 2t+22/BM: i Mbp2'b2 K
Q35GeV MPR5GeV 7Q" i?2 “2bT2+iBp2 H2 /BM: M/ bm#H2 /BM;
T?QiQM Q#D2+ibX

N k



eXkJQMi2 * "HQ aBKmH iBQM a KTH2b

h?22p2Mi ;2M2° iQ b-T "iQM/Bbi' B#miBQM 7mM+iBQM b2ib
mb2/iQ T°'Q/m+2 i?2 JQMi2 * "HQ bB;M H M/ # +F;"QmM/ b
K2 bm 2K2Mi "2 bmKK "BbR/ BM h #H2 eXRX h?2 >B;;b T Q/1
r22 + H+mH i2/ 7Q" ai M/ 7/ JQ/2H >B;1B50BG8V K bb Q7
IO§:13Tev iQ i?72 BM/B+ i2/ Q'/2° Q7 + H+mH iBQMX h?2 +°Q
# +F;"QmM/ T°Q+2bb2br2°2 M2;H2+i2/ b i?2 MQ K HBb iBQ
}ibiQ/ i X

h #H2 eX&BmKK v Q7 i?2 2p2Mi ;2M2° iQ'b M/ T iQM /Bbi B#mi

b2ib mb2/ iQ ;2M2" i2 i?2 JQMi2 * "HQ b KTH2b 7Q > bB;M H Um
# +F;°QmM/ UHQr2 b2+iBQMV T Q+2bb2b (8j)X

. _ R §mIQM BB BAMIBEb @a2pBQM P /2 Q7 * Qbb@a24iBQM

S'Q+2bb 2M27iQ azQrz §M6mM+iBQM a2i i”s= 13TeV * H+mH iBQM
6 [LGPSa  Svi?B 3 S.69G>*R8 93X8kK SGPUZ*.VYLGPULQV
0"6 SQr?2;@"Qt  Svi?B 3 S.69G>*RS8 iXxd3 TT QtX@LLGPUZE.VYLGPULQV
WH SQr?2:@"Qt  Svi?B 3 S.69G>*RS8 RXjd LLGPUZ*.VYLGPULlqV
qa=qd ZH SQr?2;@"Qt  Svi?B 3 S.69G>*RS8 yXde LLGPUZ*.VYLGPU1lqV
gg! ZH SQr?2;@"Qt  Svi?B 3 S.69G>*RS YXRK LGPUZ*.V
ttH SQr?2;@"Qt  Svi?B 3 S.69G>*RS YX8R LLGPUZ*.VYLGPULlqV
boH SQr?2:@"Qt  Svi?B 3 S.69G>*R8 YX9N LLGPUZ*.
tHgb J:8n J*ILGP Svi?B 3 LLS.6jXyMMHQ  yXyd LGPUZ*.V
tWH J:8n J*ILGP Svi?B 3 LLS.6]XyMMHQ  yXyk LGPUZ*.V

a?2°T a?2° T  LLS.6jXyMMHO
v a?2°T a?2’T  LLS.6jXyMMHO
tt J:8n J*ILGP Svi?B 3 LLS.6kXjHQ

hQ 2biBK i2i?2mM+2' i BMiv/m2iQi?2:2M2" iQ KQ/2HHBM;
//IBIBQM H b KTH2b BM r?B+? i?2 2p2Mib 52 1B8:Qd2 2/ mb
'2M2° iQ r2°2 HbQ T Q/m+2/X

SBH2mT 7°QK i?2 b K2 M/ M2B:?#Qm BM; #mM+? + QbbB
Qp2 H VBM: BM2H biB+ T'QiQM@T QiQM bBImH B2/32p2Mib
Qp2  i?2 Q' B:BM H? /@b+ ii2 BM; 2p2MiX

eXj1lp2Mi a2H2+iBQM
1p2Mib r2°2 b2H2+i2/ mbBM; i?2 7TQHHQrBM; T Q+2/m" 2,

RX2+QMbi'm+i2/ T?QiQMb Kmii' B bi Bt B HEQOMHQ ¥ Bi2 B X

kXh?2 irQ T 2b2H2+i2/ T?QiQMb rBi? i?2 ?B:?2bi i Mbp2' t
i?2 /BT?QiQM bvbi2K M/ M H;Q Bi?K b2H2+ib i?2 T BK

Nj



iXh?BMBT?QiQM T BK Bbp2bR2tiQ /2}M2 T QT2 iB2b Q7 Q#D
2p2Mi- bm+? b, T?QiQMb- 2H2+i QMb- KmQMb- D2ib-
2M2 :vX

9% 7?2 T?QiQMb 2 i?2M "2[mB 2/iQ K22i BbQH iBQM M/ |
iBQM b2H2+iBQM + Bi2'B X

1H2+i QMb- Knb@WMbh: 2D ZDBib- M/ KBbbBM;i° Mbp2 b2 2M2 ;v
BMi?2 M HvbBb iQ + i2;Q Bb2 i?2 /IBT?QiQM 2p2Mib M/ K2
>B;;b #QbQMX

eX]XB?QiQM A/2MiB}+ iBQM

_2+QMbi m+i2/ T?QiQMb Kmbi ? p2 #22M /2i2 ' KBM2/ iQ #:
i?72 1H2+i'QK ;M2iB+ * HQ BKj2jix kKXj@-pBW; pQB/BM; i?2
i MbBiBQM "2;BQM #2ir22M i?2 2M/@+ Tbh M/ i?2 # "2Hb
RXgdjj< RX8kX h?2 + M/B/ i2b r2°2 /Bz2 2MiB i2/ 7°QK D2i
B/2MiB}+ iBQM + Bi2'B +QMbi m+i2/ 7 QK b?QrH®QRbR2 p "E
rOQ"FBM; TQBMi 7Q  i?2 T 2b2H2+iBBQMQr FBI-: MQBMINMQ " }M
b2H2+iBQMX h?2 2{+B2M+v Q7 i?Bb iB;?34B424/M8BI3%B QM - M;
7Q MM+QMp2 i2/ U+QMp2 i2/VT?QiQMb rBi? 26GBMXp2 b2 KC

h?2 )M H b2H2+iBQM r b # b2/ QM BbQH iBQM + Bi2'B BM i
i° +FBM; bm#@/2i2+iQ b iQ 7m’i?2° "2/m+2 KBbB/2MiB}+ iB
BbQH iBQM +QM+2 Mb 2M2 ;v BM i?2 1H2+i'QK ;M2iB+ * H
R= yXk #Qmii?2 T?QiQM + M/B/ i2 b?Qr2 X hQ ? p2 T bb2/-
#2 H2bb6R%VQ 7 i?2 T?2QiQM i Mbp2'b2 KQK2MimKX 6Q" i’ +]
i?72b+ H bmKQ7i?2i Mbp2 b2 KQi2MIGeY7 M/ t+Bis? BBM ?

" /IBmbRF yXk Q7 i?2T?QiQM + M/B/ i2 K # 2?12 ZIhhQiQ M

i Mbp2'b2 KQK2MimK X

eXjXk2H2+iBQM Q7 1p2Mib

h?2 b2H2+iBQM Q7 M 2p2Mi BMBiB HHv "2[mB 2/ B/2MiB7VE
T 2b2H2+iBOQM HQQb2 B/2MiB}+ iBQM + Bi2'B X HHT?QiQN
i° Mbp2 b2 KQK2MimK r2 2i?2M /Bb+ “/2/7°QK +QMbB/2" iBC
P2 i2t BM7Q K iBQM Q7 i?2 2p2Mi- BM //BiBQM iQ i?2 K2 b
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b2H2+i2/irQT?QiQMb-r2"2mb2/ bBMTmibiQ M2m  HM2irQ
2p2Mib iQ B/2MiB7v i?2 /IBT?QiQM T 'BK v p2'i2tX h?2irQ T?
Kmbi? p2T bb2/i?2iB;?i M/BbQH i2/ b2H2+iBQM + ' Bi2 B -
T bb }M Hi? 2m2@H*Y @Xj8 UyXk8V 7Q i?2H2 /BM; Ubm#H2 /
1p2Mib 7 BHBM; i?2 iB;?i Q" BbQH i2/ b2H2+iBQM + Bi2'B
2biBK iBQM M/ KQ/2HHBM;X

1p2Mib T bbBM; i?2 b2H2+iBQM r2°2 mb2/ BM i?2 K2 bm 2K:
T QT2'iB2bX h?Bb "2bmHi2/ BM "QmM/ RXk KBHHBQM 2p2]
BMp "B Mi K bbm7<R¥8GeVX " +F;"QmM/ T Q+2bb2b 7Q" i?Bb
b KTH2 "2 +QKT'Bb2/ T'BK 'BHvj Q7 MR Mi MM+ BEQM r?2°2

i?72 BM/B+ i2/ D2ibr2°2 KBbB/2MiB}2/ b T?QiQMb /m BM; i?:2

eXjXja2H2+iBQM Q7 6m i?2° 2+QMbi m+i2/ P#D2-

C2ib r2°2 "2[mMB 2p; i 25GX Mfyj< 9X9- r?BH2 i?2 KmHiBp 'E
/IBb+ BKBM DMi@p2 i2t@Ich¥r b TTHB2/ i @ B2BAGeB?

Mjj< 9X9 iQ “2/m+2 BM+Hm/2/ D2b@7 QEM:BH2@TB?K rBi?
60-70-77- M85% rQ FBM: TQBMibr b +QK#BM2/iQ :Bp2 Th2m
b@i :;BM:; b+Q 2 iQ B/2MiB H@CP2 i bQADLVi BB MBI X

1H2+i"QMb r2°2 b2H2+i2/ bmpt X IDGEVP-R y<? kp@d- M/ b iBb7v
BbQH iBQM +'Bi2'B X h?2 i +F Q7 M 2H2+i"QM + M/B/ i2 Ki
rBi? i?72 T'BK "V/BT?QiQM p2 i2t #v "2[mB BM; Bib HQM;Bim/
BM "2bT2+iiQ i?2 p2 j2sinQ ¥ GBomMX HbQ Bib i Mbp2' b2 BKT
T K2i2 rBi? "2bT2+i iQ i?2 #2 K tBb /BpB/2/ #v Bib mM+2
b iBb}RjE ¢ < 8X

JMQMb Kmbi ? p2 #22M /2i2 KBMQGEDj 7 pXXd- M/ b iBb7v
BbQH iBQM + Bi2 B X AM //BiBQMjZ3RF <i05mh Kiibi ? p2
jdoj= ¢, < | X

hQ 2b+?2r i?2 TQbbB#BHBivV Q7 /IQmM#H2@+QmMMiBM: “2+Q
Qp2 H TTBM; rBi?i?2irQ TRXIQKXD-riB2NBM2ib Qp2 H TTBM; rl
T?2QiQMb rBR2BMNK9 M/ 2H2+i QMO=rBXABM QHHQr2/ #v 2H2+i"

Qp2'H TTBM; rBi? 2K BMERM; PX9b rBi2BIMHHV KmQMb Qp2 H
rBi? 2Bi?2 T?QiQMb QRB2iXKIB2?BM2KQp2/ BM i?2 BM/B+ 2/

6BM HHv- KBbbBM; i° Mbp2 b2 2M2 ;v 7Q° M 2p2Mir b /2}M

N 8



P2+iQ  bmK Q7 i?2 i  Mbp2'b2 KQK2Mi Q7 i?2 b2H2+i2/ T?Qi
M/ D2ib- BM //BiBQMiQ i?Qb2 Q@7 i?2FbKQBBIBM; iBOI@ QK i
T'BK “v p2li2tX

eX9J2 bm 2K2Mi .2bB; M

h?2 M HvbBbr b+QMbi m+i2/iQK2 bm ' 2i?2>B;;b#QbQMT"
BM 2 +? Q7 i?2 ahsa }/m+B H "2;BQMbX h?2b2 "2;:BQMb r2°2
>B::b #QbQMb rBiRyj IBYBBv# b2/ QM i?2 >B;;b #QbQM T Q/
T Q+2bb2b,

Ch?2g! H T°Q+2bb- BM+Q TQ  iBib:!i?ZZH: T8 QM +iBQM
T Q+2bb2b- r22#QLOM /2+ vb ? /" QMB+ HHvV 7Q  i?2 H ii2

Ch?23f! Hg T°'Q+2bb- BM+HmM/BM; ¥'H5 TMQ@+2bb2b- r?2°2
i?72 p2+iQ " #QbQM /2+ vb ? /"QMB+ HHvVvBM i?2 H ii2  + b

Ch?2H T ' Q+2bb- MpK2¥K T Q/m+iBQM r?2°2 i?2 p2+iQ  #
/2+ vb H2TiQMB+ HHv U#Qi? iQ +? *;2/ H2Ti@Wb M/ iQ N
BMbi M+2VX

Ch?2 bbQ+B i2/ T°Q/m+iBQM rBi? iQR [IMAHFK T Q+2bb2b-

6Q  i?72 /2}MBIBQM Q7 i?2b2 "2;BQMb- i?2 FBM2K iB+b Q7 i
H2TiQMb- D2ib- iQT [m "Fb- M/ D2i M/ H2TiQM KmHIBTHB-
>B;;b #QbQM /2+ v T QT2 iB2b r2°2 MQiX h?2 bT2+B}+ /2}M
"2;BQMb "2 /2TB+iR/|IBM 6B;m 2 eXR- Q7 r?B+?i?2°2 "2 99X

AM 2 +?2 Q7 i?2b2 "2:BQMb K2 bm 2K2MBQ7ri?2 F2Q/-m+i Q
r?2°2 Bb i?2 T°Q/m+iBQM + Qbb@b2+iBQMMK " BW ahza "2;E
#° M+?BM;  iBQ Q7 i?2 >B;:b /BT?QiQM /2+ vX

Ne



6B:m 2 eXRIMBiBQMb Q7 i?2 99 }/m+B H ahsa K2 bm 2K2Mi “2:BQ
BM ik 2 M HvbBbX h?2 M K2b Q7 i?2 "2;BQMb 2 HBDbi2/ QM |
i?2 H27i /2TB+ib i?2 b2[m2MiB HHv TTHB2/ b2H2+iBQMb i? i /:
"2;:BOM (8j)X

Nd



eX9XRp2Mi * i2;Q Bb iBQM

h?2 b2H2+i2/ 2p2Mib r2 2 bQ i2/ BMi®Q iRnQ AN /2tBt MBB p 2
70" K2 bm BM; QM2 Q7 i?2 T “iB+mH " ahsa "2;BQMbX h?2
+ i2;:Q°vBMpQHpP2/ mMMB}2/i2+?2MB[m2i? i +Qp2°2/ HH i?
bBKmHi M2QmbHv- /2bB;M2/ iQ K tBKBb2 i?2 ;HQ# H b2MbE
2p2Mib iQ i?2 ahsa T ~ K2i2 bX h?2 + i2;Q Bb iBQM Q++m 2/

RXKmHIiB#Q®bi2/ /2+BHWB W ii22BM2/ QM bBKmH iBQM b K
b2T " i2bB;M H7 QK i?2/Bz2 2Miahsa "2;BQMb- bbB;M
p Hm2 7Q° 2 +? ahsa 2;BQMiQ 2 +? b2H2+i2/ 2p2MiX

kxh?2b2 /I Bb+ " BKBM Mip Hm2b r2°2 mb2/iQ bQ i i?2 2p2Mi
+H bb2bB;M2/iQ ;" QmT 2p2Mib #v ahsa "2;BQM ii?2 T i

jX1p2Mibr2 2 bbB;M2/ + i2;Q B2b /2T2M/2Mi QM i?2 /Bb+"
“.h+H bbB}2 i BM2/iQ b2T "~ i2bB;M H7 QK # +F; QmN\

h?2 BMBiB H KmHiB+H bb ".h T2 KBi2/ 2p2Mib iQ #2 bQ i
rQOmH/ #2 T Q?B#Bi2/ /Im2 iQ 7 BHm 2b BM T bbBM; + Bi2"
H2p2H T°QT2iB2b mbBM:; Qi?2° K2i?Q/bX 6Q  BMbi M+2-
gg! H UR@PRiB0OGeVV ahsa "2;BQM i? i 7 BH2/ iQ "2+QMbi m+
+B i2/ D2i +QmH/ biBHH ? p2 #22M b2H2+i2/ #v i?2 KmHIB+F
[2i2 " KBM2/iQ #2 i?2 #2bi +H bb K i+?- HHQrBM; 7Q K2 bm
mM+2 i BMiB2b M/ HQr2  +Q "2H iBQMbX

h?2 #BM v ".h +H bbB}2 b i BM2/ iQ bTHBi i?2 +H bb2b BN
70° M BM+'2 b2 BM i?2 Qp2  HH K2 bm 2K2Mi b2MbBiBpB
b2H2+i2/ 2p2Mib r2°2 bQ i2/ BMiQ + i2:Q B2b /2T2M/2Mi QM
#BM v ".h b+Q 2- /2}MBM; K tBKmK Q7 i? 22 + i2:Q B2b
i? ip v#v T QD2+i2/ bB:M H Tm BivX h?2 i? 2b?QH/ ".h b+¢
MmMK#2 Q7 + i2:Q B2b T2 +H bbr2°2/2i2 KBM2/ #v +QMbB/:
M/ +?2QQbBM; i?2 /2}MBiBQMb i? i K tBKBb2 i?2 [m /> iB+ b
bB:MB}+ M+2b 7Q° HH + i2;Q B2bX h22RuUT2¥NM2/bB:MB}+ M

z:pz((s+ B)In(L+ S=B) 9); UeXRV
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r?2’@ MB r2°2i?2 2tT2+i2/ bB;M H M/ # +F; QmM/ vB2H/bX
+i2;Q°B2br2°2 mb2/- bPQrM BM h #H2 eXkX

h?2 2tT2+i2/ aJ vB2H/b 7Q  i?2 K2 bm 2K2Mi r2 2 Q#i BM2/ ¢
bBKmH i2/ b KTH2b rBi? i?2 T'Q/m+iBQN 4 Qbb@b2+iBQMb
i? M ! #° M+?BM;B iBM227% ()X

h #H2 eXtk?2 2tT2+i2/ BBUMMH # +F ;" GWM/p@Mi vB2H/b +QMi BM2/
rBi?BM i?2 bK HH2bi TQbbB#H2 K bbOO®BMNYQ bB?M HQMIi2BINMb 7 Q"
2 +2 Q7 iM!33 M HvbBb + i2;Q ' B2bX HbQ HBbi2/ "2 2biBK i2b
Tm BiB2bSHS+ B)- M/ i?2 2tT2+i2/ bB:HMB}b M+24mH i2/ mMbBM;
1[m iB[QM eXRX * i2;Q B2b H #2HH2/ b 6Pi?2°6 +QMi BM ;"QmT
KBMBK H+QMi'B#miBQM iQ i?2] M HvbBb b2MbBiBpBiv (8j)X

*i2;Q v S B [ ¥i2,Q Vv S B f 27
gg! H qq”! Haq?
y @ Diffi 10 GeV djy k9yyy yXy|i |9%e@D2ib-ngky350GeV- >B;?@Tm Biv yXNR jXy yXkj yxs8
y @ D 2i b p{{Ry200 GeV kkyy eeyyy yXyj 3K@D2ib-nigky350GeV- J2/@Tm Biv R9 3d yXR RX9
R @ p? kb 60 GeV 88y Reyyy yXyj| 9K@D2ib-nijky350GeV- GQr@Tm Biv kd j3y yXydl RX9
R @ D 2i bp} exy120 GeV 9dy Ryyyy yXy9 9K@D2ib-m@y 700GeV-p} < 25GeV- >B;?@ TmJjBR jXy yX8R RXe
R@D2ibpRkP00GeV- >B;?@Tm Biv jd  k8y yXRj| kXjk@D2ib-m@y 700GeV-pi < 25GeV- J2/@Tm|BRk 8R yXRN RXe
R@D2ibpRkP00GeV- J2/@Tm Biv 8y eky yXyd |[kXy@D2ib-mgy 700GeV-p! 25GeV- >B;?@TmmXy RX3 yX9k yXN
k @ Dratjj bx-350GeV-p}f < 60GeV- >B;?2@Tm Biyv jN Rkyy yXy| |RXR@D2ib-mgy 700GeV-pi 25GeV- J2/@Tm|BiX9k 9Xd yXy3 yXk
k @ Dr@gji x-350GeV-pf! < 60GeV- J2/@Tm Biv| Rky 8jyy yXyk|RX@ D@jb-700GeV-p}! < 25GeV- >B;?@Tm Biv NXy RX3 yX3j 9X8
k @ Drigji x-350GeV-pi! < 60GeV- GQr@Tm 'Bivy 9Ny RNyyy yXy| jK@ D@jib-700GeV-p} < 25GeV- J2/@Tm Biv| R3 kk yXx9§ jXx8
k @ Drigjj x-350GeV- ey p}f < 120GeV- >B;?@ Tm jeiv jdy yXyN| RXB@D@jb-700GeV-pi 25GeV- >B;?@Tm Biv RX8 RXd yX9d RXy
k @ Drtjj x-350GeV- ey pf < 120GeV- J2/@ Tm|BRRyY kjyy yXy|8| kXI@ D@jb-700GeV-pi! 25Gev- J2/@Tm Biv| kX9 jX9 yXgk RXk
k @ Drigjj x-350GeV- ey p < 120GeV- GQr@ Tm Bjiy dyyy yXyj] |kXB@D®jb-700GeV-p} 25GeV- GQr@Tm Biy eX8 ky yXk9 RX9
k @ Drtjj bx-350GeV- Rkyp! < 200GeV- >B;? @ TIm9Biv kky yXRd |kXd@D2ib-mgy 700GeV-pi 200GeV- >B;?@ TMREev RXj yXB8 RXk
k @ Dr@j b-350GeV- Rkyp; < 200GeV- J2/@Tn Rliw  3jy yXy3| kX®@D2ib-mgx 700GeV-p; 200GeV- J2/@Tn| BA88 kXy yXkk yX9
k@D2ib-mgx 700GeV-p; < 25GeV- >B;?@TM' R Rd yX YO@NDIE;ib-700GeV-pt!  200GeV- >B;?@Tm Bjv3XR RXe yX3j 9Xj
k@D2ib-mgy 700GeV-pi < 25GeV- J2/@ Tm|BR8 RRy y X Rk RkX@Dtﬂ”ib»7OOGeV»p? 200GeV- J2/@Tm Biv dXe RR yX9k kXR
k@D2ib-m@y 700GeV-p < 25GeV- GQr@Tnm Rie 3y yXyd |yX3
k@D2ib-m@y 700GeV-pi 25GeV- >B;?@ T m &Xd 9y yXRk| yXN qq! H
k@D2ib-m@y 700GeV-pi 25GeV- J2/@ Tm|Bky kdy yXyd |[RPXR2° dXd kRy yXy9 yX8
k@D2ib-m@y 700GeV-pi! 25GeV- GQr@Tm Kk Njy yXykl |yXdp!< 75GeV- >B;?@Tm Biv kXj jX8 yX9y RXR
k @ Drigjji b - 700 GeV-p;! < 25GeV- >B;?@Tm Biy 9X9 NXy yX|ij| R¥¥< 75GeV- J2/@Tm Biv eXj jN yXR9 RXy
k @ Drigjji b - 700 GeV-p! < 25GeV- J2/@Tm Biv R9 9y yXke |k&KRpY < 150GeV- >B;?@ Tm Biv jXd RX3 yXed kXk
k @ Drtjj b -700GeV-pf < 25GeV- GQr@Tm Biy Re R8y yXRy| ®RXpY < 150GeV- J2/@Tm Biv RXj 9X3 yXkR yXe
k @ Drgjib-700GeV-p! 25GeV- >B;?@Tm Biv 8XR  jj yXR9 | Ry p! < 250GeV- y@D2i RX3 RXN yX93 RXR
k@ Drgjjib-700GeV-pf 25GeV- J2/@Tm Biv| R9 R8y yXyN| R&RY < 250GeV- R@D 2i kXk kXj yX9N RXj
k @ Drgjib-700GeV-pi!  25GeV- GQr@ Tm Bi Re i3y yXy9g |pK3 250GeV RX8 RXk yX8e RXk
kyy p{ < 300GeV- >B;?@Tm Biv dXk RR yX9y| kXy
kyy pf < 300GeV- J2/@Tm Biv k3 39 yxkg kXN qq! H™
kyy p{ < 300GeV- GQr@Tm Biv k3 kRy yXRK|RKMN® RR k3y yXyP yXe
jyy pi<450GeV- >B;?@Tm Biv RXd RX3 yX9Ny RX®R75GeV yXN RX3 yxXjk yXe
jyy pi < 450Gev- J2/@Tm Biv dXR Ry yX9R diexg/ < 150GeV- >B;?@Tm Biv iXk jXN yX98 RX9
jyy pf < 450GeV- GQr@Tm Biv Rd ej yXkR |k&KR p} < 150GeV- J2/@ Tm Biv 8Xe kR yXkR RXk
98y pi < 650GeV- >B;?2@Tm Biv RXN RX9 yX83R&YPY< 250GeV- y@D2i RXe kXR yX9k RXy
98y pf < 650GeV- J2/@Tm Biv KXR  dX8 yXkk RB¥e@Y < 250GeV- R@D 2i RXd jXk yXj8 yXxN
pi  650GeV- >B;?@Tm Biv yXdk RXy yX9kpYyX80GeV RX3 kXy yX@9d RXR
pl  650GeV- J2/@Tm Biv yXkR RXR yXRd yXk
ttH
qq°! Haq?® Pi?2° UBM+#HM/BM; RR Rky yXyl3 RXy
y@D2i- >B;?@Tm Biv yXjk jXN yXy3/pyX0GevV- >B;?@Tm Biv jXk 8Xy yXjN RXj
y@D2i-J2/@Tm Biv yXey 3XR yXyldpl! xX6RGeV- J2/@ Tm Biv jX8 R8 yXR[3 yX3
R@D2i- >B;?@Tm Biv RXN kXj yXP8 eRXR< 120GeV- >B;?@Tm Biv 8XR 9Xj yX89 kXR
R@D2i-J2/@Tm Biv KX9  9X3 yX|j| &KXyt < 120GeV- J2/@Tm Biv iXd Ry yXke RXR
R@D2i- GQr@Tm Biv 9XN jj yXR] |yRiy pi! < 200GeV- >B;?@Tm Biv eXR jX3 yXek kXe
k @ Drjix-60GeV- >B;?@Tm Biv yXeR RX3 yXK8R kyyx < 200GeV- J2/@ Tm Biv jXR 3XR yXk3 RXy
k @ Drgji bx-60GeV- J2/@ Tm Biv kXy 3XR yXky ky¥X g < 300GeVv 9Xe RXd yXdj kXd
k @ Drgji-60GeV- GQr@ Tm "Biv 8XN 8k yXRy| py X B00GeV jXe RXy yXd3 kXe
k@D2ibmgy 120GeV- >B;?@Tm Biv 8Xj eXR yX9g tHRUXN yX3y kX9 yXk8 yX8
k@D2ibmgy 120GeV- J2/@Tm Biv eXN jk yXR[3|tRabk yX33 kxXd yXk9 yx8

eX8.BT?QiQM AMp "B MiJ bb aT2+i " mK J(

h?2 /BT?QiQMBMp "B MiK bbbT2+i ' mK7Q 2 +?2 M HvbBb +
T Q# #BHBiv /2MbBiv 7mM+iBQM i? i /2b+ B#2b i?2 bB:M F
b M HvViB+ 7TmM#+iBOMIR2QBM i?2 ° M@ Ry860GeVX

bBKmHi M2Qmb}iQ7i?2/BT?QiQMBMp "B MiK bbbT2+i> iQ

NN



S.6brb T2 7Q K2/ iQ Q#i BM i?2 HBF2HB?QQ/ 7mM+iBQM °
TQ  iBM: bvbi2K iB+ mM+2 i BMiB2b b : mbbB M Q  HQ: @ MC
S.6bX h?2 >B;:b #QbQM + Qbb@b2+iBQMb r2°2 2T 2b2Mi2
bB:M H +QKTQM2Mib Q7 i?2 HBF2HB?QQ/ KQ/2H- 2ti> +i2/ p
1i Qp2° HH + i2:Q°B2bX h?2 MQ K HBb iBQM Q7 i?2bB:M H
rb/2}M2/ #v

X \
Ni = (¢ B )"%LKi( vB2mn NibTmbTriq‘ UeXkV

t

bmKK2/ Qp2° 2 +? ahsa i22B@M2T 2b2Mib i?2 2{+B2M+v Q7 2
7°QK "2iBiQM#2 + i2:Q Bb2/BBM?2 BMi2;:  i2/ HMKBMQbBiv
b KTHQC vadu/2MQi2b KmHIBTHB+ iBp2 +Q "2+iBQMb iQ i?2
bvbi2K iB+ mM+2"i BMiB2b b, WmBb+ MBRMTQ7K N2*B- M/
Bb i?2 # +F;"QmM/ KQ/2HHBN ; In M4 2//iBBBA2 FQ "2+iBQM iQ
bB;:M HVB2H/ T QTQ LiBUMBbHi®+22T ° K2i2 X

eX8X&®xB;M Ha? T2 IJQ/2HHBM;

h?2 bB;M Hb? T2 7Q 2 +? + i2;Q v/IQmKK@2@HHB22/b"vbi H "
U.a*"V 7mM+iBQM- /2}M2/ b > mbbB M /Bbi' B#miBQM 7Q
1?72 b? T2 M/ ~ MF2/ #v TQr2 @H ri BHb +QMiBMmBM; 7 QK
m bB/2b Q7 i?2 /Bbi'B#miBQMX h?2 T ~ K2i2'b Q7 i?2 .a*"
+i2;Q°vr2'2 /2'Bp2/ 7°QK }ibiQ i?2 bB;:M H JQMi2 * "HQ b

7Q° i?2 T°'QTQ'iBQM Q7 ai M/ '/ JQ/2H + Qbb@b2+iBQMb Q7
K2+? MBbKb i? i +QKT Bb2/ T "iB+mH ~ + i2;Q vX 1t KTHZ
6B;mM 2 eXkX

eX8Xk+F; QmM/ h2KTH i2b

hQ KQ/2H i?2 +QMiBMmmK # +F; QmM/b Q7 i?72 M HvbBb +
m i2KTH i2 r b #mBHi 77 QK M TT QT B i2 KBtim 2 Q7 /i
M/ # +F; " QmM/ JQMi2 * "HQ b KTH2bX h?2M T ~ K2i'B+ M
bbB;M2/iQ i?Bb i2KTH i2 7' QK MmK#2 Q7 + M/B/ i2 7TmM+
Ki+?2r b /2i2 KBM2/ nbliB-MB (X b bR ;M?B iBKiQ7 i?Bb i2bir b
iQ bbB;M 7TmM+iBQMi? i+ M ~2tB#Hv K i+? i?2 /BT?QiQM K

Ryy



U Vgg! H UR@D2ipRKkykyy :20V U # WtH

6B;m 2 e¥B;M Hb? T2b BM i?2 /BT?QiQM BMp "B Mi K bb bT2+i"
+i2;Q°'B2¢g7TQH UR@D2i- ®Bky kyy :20V M/ i®H22M HvbBb

+ i2;Q°B2b- }ii2/ b /Qm#H2@bB/2/ **vbi H " HH 7mM+iBQMb iQ
b KTH2b (8j)X

/i M/i? i ;Bp2b p2 v HBiiH2 #B b BM +QKT 'BbQM iQ i?2 bi

h?2 +QMiIiBMmmK # +F; QmM/ T Q+2bb2b r2°'2 +QKT Bb2/ Q7
i - Mjf +QKTQM2Mibg@Q Hi?#M/id! Hqd + i2;Q°B2bX >Qr2p2°
i?XH-ttH- MtH # +F;"QmM/ i2KTH i2b r2°2 #mBHQ# 2Dk ZpbM H v
bi?2 Qi?2° +QMi'B#miBQMb 2™ Q;+2;B24gQ H? 21/

qf! Hgd + i2;Q°B2br2°2 KQ/2HH2/ mbBM ;b3 KrQH il BBGh-i B @ M
b? T2b r2°2 Q#i BM2/ 7' QK i?2 /i bB/2# M/b Q7 2p2Mib i?
T?QiQM B/2MiB}+ iBQM M/ BbQH iBQV bl HZD-Ge®QWMI/BM 1?2 |
Rjgm < 160GeV 2;BQMbX\BI +i?2;Q B2b-# +F;"QmM/r b T 'BK
KQ/2HH2/\mbBOMKmH iBQM b KTHZH - MMBIH2 72QQ B2b i?2
iI2KTH i2br2 2 +QMbittm+uiQMI2GK HQX h?2 +QMbi m+i2/ # +F
i2KTH i2b 7Q " irQ 2t KTH2 + i2;Q 'B2b [4/2TB+i2/ BM 6B;m":
"2 2T 2b2Mi2/ #v i?2 #H +F TQBMib <Mi 2+ Ry 222 RKky
bB;M H "2;BQM-r?BH2 # +F;"QmM/ bBKmH iBQM +QMi " B#mi
?BbiQ;" KbX

RyYyR



U Vgg! H UR @) 2i60GeVV U#WH Ueypt < 120GeVV

6B;m 2 eXPMbi' m+i2/ # +F; " QmM/ i2KTH i2b BM i?2 /IBT?QiQM E
bT2+i ' mK 781irQ M HvbBb + i2;Q B2b (8j)X

eX8Xh?2 aTm BQmb aB;M H h2bi

h?2 + M/B/ i2 M HviB+ 7TmM+iBQMb i2bi2/ iQ KQ/2H i?2 /BT
# +F; QmM/ +QMiBMmmK 7Q° 2 +? + i2;Q" v bmKK "Bb2/
+Q2{+B2Mib Q7 i?2b2 7mM+iBQMb r2°2 +QMbB/2 2/ b BM/2
M/ i 2 12/ b7°22T  K2i2'bBM}ibiQi?2/ i X

h #H2 eXh?2 M HviB+ 7TmM+iBQMb mb2/ 7Q  /2}MBM; i?2 b? T2 Q

m #+F;°QmM/ M/ i?2 MmK#2 Q7 NY23 MbXNAQRIRD+ B#2 2 +?
b? T2X

6MM+iBQM L K2 IiT 2bbBQM Nt + QOMVK

T
SQr2 "G r m? R SQr2°G r
1tTQM2MiB H exp@am ) R 1tT
1tTQM2MiB H Q7 a2+QM/@[P /2" S Q HexparK B+ Hpm? k 1tTSQHUVK
1tTQM2MiB H Q7 h?B /@P /2" SQ ExpM@KB &m? + asm? j 1tTSQHV]
"2°Mbi2BM SQHVMQKB H @ m)+amm 1 m ) +:+am” n=R 8 "2'MR

h?2 b2H2+iBQM Q7 i?2 7TmM+iBQM H 7Q'K 7Q° + i2:Q v #
/2+B/2/ #v i?2 “2bmHib Q7 Bib bTm BQmb bB:M H i2biX 6C
i2KTH i2 r b }ii2/ rBi? KQ/2H Q7 7°22 T > K2i2'b iQ /2i2"k
bB:M H M/ # +F:"QmM/ 2p2Mi vB2H/bX h?2 TQbbB#H2 #B t
#v KBbKQ/2HHBM: i?2m# +RMOBMMMK r b i?2M 2biBK i2/ 7°C
“2bmHiIBM; }ii2/ bB:M HVB2H/iQ i?Bb Tm 2HV # +F:"QmM/ i2}
bTm BQmE BMB2Vi2tbir b T2 °7Q K2/ 7Q  TQbbB#H2 p Hm2b Q7
RKk®m, < 129GeVBM bi2 I6e¥X h?2 TQi2MiB H#B br b i?2M +QN
iQ#2i?2 K tBKmKp Hm2 Q7 i?2}ii2/ b %a+5QQupl2 bB2M HIyB 2 H/
Q7 RKRy < 129 GeVX

Ryk



*12;Q ' B2b +QMi BMBM; KBMBKmMmK Q7 Ryy 2p2Mib BM i?28B
bTm BQmbbB;M Hi2bjSBvjBi iBbiuvBiR// BBIi?2 Q71?72 7TQHHQTE

CiSpbrihr b bK HH210% ®7 i?2 2tT2+i2/ MmK#2 Q7 iQi H >B:;
bB;M H 292Mib-

CiSorih™ b bK HH220% M7 i?2 bi iBbiB+ HmM+2"i BMivQ7i?2
V B 2 Hph X

A7 KQ'2i? M QM2 M HviB+ 7TmM+iBQM T bb2/ i?2 bTm BQr
TmM+iBQM rBi? i?2 72r2bi T ~ K2i2'br b b2H2+i2/X >Qr2p
7 BH2/ iQ T bb i?2 i2bi i?2M i?2 bm++2bb +'Bi2°'B r2°2 "2H
jSbrh 10%S2t7 < 2 ik Q' jSprh 20% 27 < 2 k- 1?2 2¢ Bb i?2

bB;M HVB2H/ mM+2 i BMiv7 QK i?2 bBx2 Q7 i?2 b KTH2b +C
i2KTH i2X 6Q  i?Qb2 + i2;Q°'B2b rBi? 72r2  i? M Ryy 2p2Mib E
i?2b2H2+iBQM Q7 M HViB+ 7mMAitFQM EQ H QM DTSOM2j iQ
iQ pQB/ }iiBM; mMT?vbB+ Hb? T2b + mb2/ #v H ;2 bi iBbiB-

h?21}ii2/ bTm BQmbbB;M HVB2H/ 7Q 2 +? + i2;Q v ;Bp2b M
#B b BM i?2 }ii2/i'm2 bB;M H VvB2H/ + mb2/ #vi?2 BMi'BMbB
# +F; QmM+QMiBMmmK M/i?2b2H2+i2/ M HViBS,ZjmM+iBQM
rbmb2/ bi?2bvbi2K iB+mM+2'i BMiv7Q KQ/2HHBM;i?2 #
rbbm#biBimN2T™7Q@" i? i+ i2:@M-1[m[IiBQM eXkX

eXeavbi2K iB+ IM+2°'i BMiB2b

h?2 bvbi2K iB+ mM+2 i BMiB2b QM i?2b2 K2 bm 2K2Mib "E
QM i?2 KQ/2HHBM; Q7 i?2 /IBT?QiQM BMp "B Mi K bb bT2+i
+2°i BMiB2b QM i?2 2tT2+i2/ vB2H/b BM 2 +? + i2;Q v- M/
mM+2'i BMiB2bX h?2b2 bQm +2b r2°2 +QHH2+i2/ b MmBb
HBF2HB?QQ/ KQ/2H- b 2tTH|BM2/ BM a2+iBQM eX8X h?2 -
bvbi2K iB+ mM+2'i BMiB2b iQ i?2 iQi H(2 "B )Q/NDi92X2 bm
+QMbB/2°2/ >B;;b #QbQM T°Q/m+iBQM T ' Q42bb2b "2 b?QrM

Ry]j



h #H2 eX®?2 T2 +2Mi :2 +QMi"B#miBQMb Q7 :°QmTb Q7 bvbi2K
iQ i?72 iQi H2°Q QM i?2 Q#b2 p2/ K2 bm 2K2Mib Q7 + Qbb b2
#° M+?BM; " iBQ 7Q  i?2 BM/B+ i2/ T°Q/m+iBQM T Q+2bb2bX

.. . . 00)
IM+2°1 BMiv.aQm +2 6+bbH 0"6 WH ZH t tH + tH
IM/2°"HVBM; 1p2Mi M/ S "iQM a?Qr2| Ul18xaV 10 < 1 9:6 35
JQ/2HHBM; Q7 >2 pv 6H ptHnSCQ+EBbMRMAM @ < 1 < 1 < 1 1:3
>B;?2 P/2°Z*. h2' Kb UZ*.V 1.6 < 1 < 1 1.9 < 1
S 'iQM .Bbi'B#miBQM Gma+HRQAMS MY < 1 11 < 1 1.9 < 1
S?QiQM 1M2 ;v _2bQHmMIiBQM 2:9 24 20 13 4:9
S?QiQM 1M2 ;v a+ H2USlaV < 1 < 1 < 1 34 2:2
C 2EfKBbD 1.6 55 55 40 30
S?QiQM 1{+B2M+v 2.5 2:3 2:4 1.4 24
"+F;QmM/ JQ/BEHHBM; U 4.1 4.7 2:8 18 2:4
6H pQm™ h ;;BM,; < 1 < 1 < 1< 1 < 1
G2TiQMb < 1 < 1 < 1 < 1 < 1
SBH2mT 1:8 2.7 2:1 3.8 11
GmKBMQbBiv M/ h'B;;2" 2:1 2:1 2:3 11 2:3
>B;;b"QbQM J bb < 1 < 1 < 1 37 1.9

exXdJ2 bm 2K2Mi _2bmHib

h?2 >B;;b #QbQM iQi H T°'Q/m+iBQM + Qbb@bR2+iBQM KmH
#° M+?BM; " iBQr bK2bm'2/iQ #2

( B )osp (127 10)fb=127 7 Ubi iX*VUbvHbHXV UeXjV

r?B+? Bb +QMbB/2 2/ iQ #2 BM ;QQ/ ; 22K2Mi rBi? i?2 2tT2+
p Hm2 Q7

( B )=(116 5)fb: UeX9V

h?2K2 bm 2K2Mib Q7 i?2ahsa '2;BQM + Qbb@b2+¥iBQMb "2/

iBQiQi?2B ai M/ “/JQ/2H /2b+ BTiBQMbX hQ pQB/H “:2
M/ mM+2 i BMiB2b- bQK2 Q7 i?2 99 "2[B|JQMb b?QrM BM 6B
"2bmHiIBM; BM iQi HQ7 kd K2 bm 2K2Mi #BMb X

Ry9



6B;m 2 eX®bi@}i p Hm2b M/ mM+2'i BMiB2b 7Q " i?2 +'Qbb@b2+
"2;BQMb +QMbB/® 2/ #v 172 T iBQ iQ i?2B" 2tT2+i2/ ai M/ /] JQ/2
p Hm2bX J2 bm 2K2Kgh M TiQz2bb HbQ BM+HM/2 i?2 +QMi B
7°QK i T°Q/m+iBQM K2+? MBbKX h?2 ;°2v # M/b /BbTH v i?
mM+2'i BMiB2b QM i?2 alJ|T 2/B+iBQMb (8j)X

Ry8



h?Bb +? Ti2  QmiHBM2/ ?2Qr i?2 >B;;b #QbQM T ' Q/m+iBQM +
#v 1?72 IBT?QiQM #° M+?BM; " iBQ r2°'2 K2 bm'2/X h?2 miBH
# b2/ QM ahsa +H bb2b M/ ?Qri?2vr2°2/2}M2/iQBM+"2 b2
i?72 K2 bm 2K2Mib r2°2 2tTH BM2/X Air b /2b+ " B#2/ ?Qr bB;|
b? T2b BM i?2b2 + i2;Q°'B2b r2°2 KQ/2HH2/- M/ ?2Qr i?2 +(
mM+2°'i BMiB2b QM i?2b2 KQ/2Hb z2+i i?2[]JKk3d bm 2K2MiX *
bim/B2b 7Q  BKT QpBM; i?2 mM/2 bi M/BM; Q7 i?2b2 KQ/2HF
"2/m+BM; i?2B° BKHA +i QMiHH2ybBb X

272 2M+2b

(e). X/26HQ B M M/#HXQF Q7 G>* >B;;b *"Qbb a2+iBQMb, 9X
i?72L im2Q7i?2>B{MaRP#wZHHQr _2TQ ib, JQMQ; T?b*
kyRd@yyk@JX POBRYXXR@{Rf*u J@KYRAd@yyk

(8j)h?2 hG a *QHH #Q2iIB@NXK2Mi Q7 i?2 T°'QT2iB2b Q7 >B
T‘Q/m+inQ_sMRj h2o BMHi?2 +? MM2H mbBMQRGN 7#
+QHHBbBQM /i rBi?i?2 hEhR220TR " BK2MIG a@*PL6@Ky
ykeX :2M2p , *1 L- mmX WY KYE,ff+/bX+2 MX+?2f 2+Q /f
Kdk8dXd

Rye


https://doi.org/10.23731/CYRM-2017-002
https://cds.cern.ch/record/2725727
https://cds.cern.ch/record/2725727

*?2 Ti2 d

1biBK iBM; 2[mB 2/ aBx2b C
"+F;  QmM/ a KTH2b

b/2b+ B#2/ BNTa2+iBQM eX8Xk- KQ/2HHBM; i?2 # +F;"QmM),
+QMiBMmMHMK 7QM HvbBb + i2;Q°B2b "2HB2b QM i?2 +QMbi ™ m
7°QK bBKmH i2/ # +F;"QmM/ JQMi2 * b KTH2bX a2+iBQM
i?72 bTm ' BQmb bB;M H i2bi Bb mb2/ QM i?2b2 +QMbi m+i2/
+QMiBMmMmK b? T2 b M M HviB+ 7TmM+iBQM H 7Q K- /2i2"°
KQ/2ZHHBM; mM+2 i BMivBMi?2 T Q+2bbX >Qr2p2 -i?2bi iB
7 QK i?2MmK#2 Q7 bBKmH i2/2p2Mib +QKT BbBM; # +F; Q
/IBb+ 2T M+B2b #2ir22MBib }ii2/ 7TmM+iBQM H7Q K M/i?2 B
b? T2X *QMb2[m2MiHv- i?2 bvbi2K iB+ mM+2"i BMiv QM i?2
iSprhVY Bb /2T2M/2Mi QM i?2 bBx2 Q7 i?2 bBKmH iBQM b KTH2
# +F; QmM/ i2KTH i2X

bb?QrM BM h|#H2 eX9-i?2 bvbi2K iB+ mM+2"i BMiv QM i?2 ;
BMi?2 ;;6 T'Q/m+iBQM + i2;Q v Bbi?2 H ";2bi 2" "Q +QMi E
(ggnw B )X IMH2bb KQ 2 2p2Mib "2 ;2M2" i2/-i?2 2H iBp2
i?BbmM+2°i BMiviQi?2iQi HK2 bm 2K2Mi mM+2 i BMiv Bb ¢
/i bi iBbiB+ HmM+2 i BMivrBHH /2+°2 b2 rBi? 7Tmim 2 BM+
HmKBMQbBivX h?Bb +? Ti2 /2b+ B#2b K2i?Q/ mb2/ 7Q 2b
bBKmH i2/ 2p2Mib "2[mB 2/ BM JT2VH2+F ; HONIMKTH2 iQ T bb i
bTm BQmb bB;M d¢¢li2HiBMj@2B2b X
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dXR* 2 iBM; Sb2m/Q@. i b2ib

UVLQKBM H# +F;"QmM/ i2KTH i2X

U#VLK iQv 2p2MibX U+M0OkiQv 2p2MibX U/V100kiQv 2p2MibX

U2VM iQv 2p2MibX U7MOM iQv 2p2MibX

6B;m 2 d¥R2 MQKBM H # +F;"QmM/ i2KTH i2,>hQTCn?2MH2; +v

H ! M HvbBb + i2;Q'v M/ }p2 ;2M2 i2/ Tbh2m/Q@/ i b2ib rE
bi iBbiB+bX
hQ [m MiB7v ?2Qr i?2 bi iBbiB+b Q7 JQMi2 * "HQ b KTH2
bTm BQmb bB;M H- MmK#2 Q7 /Bz2 2Mi i2KTH i2b r2°2 T
/IBz2 ' BM; MmMK#2 b Q7 2p2MibX hQ T Q/m+2 i?2b2 i2KTH 2|
Tbh2m/Q@/ri2b2ib 2 i2/ mbBM; i?72 MQKBM H + i2;Q'v # +F; Q
7 QK i?2T 2pBQmb T bb Q7 K2HEmM  2K?2 NVil BHM (i®2)- 272 "2/
bH2; #vi2;Q B2bX "v = M/QKHv b KTHBMW ;-7/QDBp2S.% BM
}iiBM; i?72 MQKBM H i2KTH i2b iQ i?72 7TmM+iBQM H 7Q K bl
bTm BQmbbB;M Hi2bi- 8yy Th2gg/QK + iiDd;QIbviQR" 2 +72 i2/,
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Ryy Q++m " 2M +Pa0200600Q00000 R KBHHBQM- M/ Ry KBHHBQM
b KTH2bX 1 +?2 Th2m/Q@/ i b2ir b MQ K HBD2/iQ i?2 MmK#?2
BMi?2 Q'B;BM H + i2;Q v # +F;"QnfM/ i2KTH i2X 6B;m 2 dX
Vii2/ # +F;°QmM/ i2KTH i2 7Q>nYZ A2 MvQ v M/ M 2t KTH2

Thb2m/Q@/ i b2i +°2 i2/7Q 2 +?2 bi iBbiB+ HbBx2i? ir b T C

dXklz2+ib Q7 a KTH2 aBx2b QM aTm BQm

h?2 bTm BQmb bB:M H i2bir b bm#b2[m2MiHv T2 7Q K2/ QN
iBOM2/ 8yy Th2m/Q@/ i b2ib BM 2 +? H2; +v + i2;Q v- i2biB\
7°QK h[fH2 eXjX 6Q 2 +? bTm BQmb bB;M HSptrSr2bmHi- i?:
M/Spri 2eTU b /2}M2/ BM[@2}iBQM eX8XjV r2°2 "2+Q/2/ 7Q"
7mMM+iBQM H 7Q KX h?2b2 [m MiBiB2b 2 i?2 b+Q 2b mb2/ #
iQ /2i2 KBM2 r?22i?2  i?22 # +F;"QmM/ i2KTH i2}iiQ 7mM+il
70 i?2 M HvbBbX 6Q° 7mM+iBOM H 7Q°K iQ #2 ++2Ti2/- |
Kmbib iBb7v 2Bi?2"-

C SprmS2¢7< 10%-

C QShri 201< 20%X

"V i FBM; i@Di K2 M bmJ&Y p Hm2 7Q° 2 +?2 Q7 i?2b2 b+Q 2
“2bmHib 7°QK HH Th2m/Q@/ i b2ib +QMbi'm+i2/ rBi? i?2 b k
b KTH2/iQv 2p2Mib- M/ i?2M THQIiiBM; i?2b2 p Hm2b b 7m
/i b2i bBx2- i?2 /[2T2M/2M+2 Q7 i?2b2 [m MiBiB2b QM i?2 VN
b KTH2 + M #2 /2i2 ' KBM2/X h?2 MmK#2" Q7 2p2Mib BM # +F
rQmH/ #2 "2[mB 2/ 7Q 2 +?2 + i2;Q ' VviQ #2 /2}M2/iQ T bbi?2
N,2IX + M #2 /2 °Bp2/ #v 2p Hm iBM; i?2b2 i'2M/b 7Q" i?2 bTm"
+ 'Bi2 B bi i2/ #Qp2X h?Bbr b +QKT 2/ iDpRMiMBM#22 Q7
Q'B;BM Hb KTH2iQ /2i2 ' KBM2i?2b+ H27 +iQ  "2[mB"2/iQ |

6B;n{" 2 dXk b?2Qrb i?2 “2bmHi Mi i"2M/b 7Q" i?2 _Ja Q7 i?2
bB:M H i2bi [m MiBiB2b b 7mM+iBQM Q7 Tb2m/Q@/ i b2i b
>nyCn*RM2;Q vX h?2 K2 M Q7 i?2 “2bmHib Qp2° i?2 Ryy b
MmK#2 Q7 iQv 2p2Mib Bb b?QrM mM/2 M2 i? i?2 bTm BQmb
h?2b2 b?QmH/ 2[m i2 by B7i?2iQv 2p2Mib /Bbi'B#miBQM B
i22bTm BQmb bB;M H[m MiBiB2b }ii2/iQ i?2 Th2m/Q@/ i i2
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6B:m 2 dXR2 /2T2M/2M+2 Q7 bTm ' BQmb bB;M H i2bi [m MiBiB2b
# +F:°QmM/ i2KTH i2 Birb T2 7Q K2/;QMYGN*H2NR H2: +v

M HvbBb + i2;:Q vX h?2 :22M /Qii2/ HBM2b 2T 2b2Mi i?2 bTm
+ Bi2 B i?°2b?QH/b-p Hm2/ iRYyW 7Q U V M/ ky W 7Q  U#VX

2[m H+? M+2 Q7 #2BM; TQbBiBp2 Q"  M2: iBp2r?2M 2t?B#BiB
}i BMi?2 bB;M H "2;BQMX h?2 b KTHZ K2 M THQib BM 6B;m "2
2 +?2 Th2m/Q@/ i TQBMi Bb +QMbBbi2Mi rBi? y rBi?BM QN
M2; iBp2 }ii2/ bTm BQmb bB;M H VB2H/b "2 KQ 2 +QKKQM 7
7°QK HQr MmK#2 Q7 2p2MibX

dXj 2bmHib 7[G},j2 10% S,1* Bi2 BQM

h?Bb b2+iBQM T 2b2Mibi?2 2bmHib7Q  2biBK iBM;i?2 2[ml
i2KTH i2 2pMf07Q" i?2 Hy;!+¥W + i2;Q B2bX h?Bb 2biBK iz
+QKT 2/ iQ i?2 MmK#2> Q7 2p2Mib +QKT ' BbBNY 92 Q'B;B
7Qi? i +i2;Q°viQ ;Bp2 T QTQIRE MNZHR 7P ¥ini-i?2
Q'B;BM HbBKmMH i2/ b KTH2 rQmH/ M22/iQ #2 BM+ 2 b2/ #v
"2[MB 2K2MiX h?2iQi H MmMK#2Z2pQMbBRMHM22/ 7Q° i?2 QB
+ i2;Q Vv i2KTH i2br b 8yy KBHHBQM 2p2MibX h #H2 dXR /B
+ i2;Q vX

h?2 b2H2+iBQM 2{+BRKImM QZ/ 2p2Mib 7Q" + i2;Q Bb iBQM B
P2 :2 #2ir22M b KTH2b- M/ bQ b+ HBM; i?2 MQKBM H b |
bT2+B}2/ p BMBObHm{+B2Mi iQ BM+"2 b2 i?2 b KTH2 bBx:
2:Qv # +F;"QmM/ i2KTH i2bX h?2SA i?2M p GIMN2BTDBM: i?2
iSprh< 10%S,r bTM BQmb bB:M H i2bi +'BnX®Q#JiBhQi¥2
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Q7 # +F; " QmM/ i2KTH i2 2p2Mib "2[mB 2/
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#v i?22,>nyCn*2W2;Q v- "2[mB BM;

Q B;BM HMMK#2 Q7 i2KTH i2 2p2MibX

h #H2 dXk?2 MmK#2°

KmHiBTHB%djBi2B M+ 2

Q7 # +F; QmM/ i2KTH i2 2p2Mib "2[mB 2/
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dX8 2[mB 2/" +F; QmM/ a KTH2 aBx2
1biBK i2

g?2M +QMbB/2"'BM; i?2 "2bmHib 7°QK i?2 irQ /Bz2 2Mi bTm I
T°2b2Mi2/ BM a)2+iBQM @Xj M/ a2+iBQM dX9-i?2 "2[mB 2/ b
iQ /2[m i2Hv BM+"2 b2 i?2 # +F;"QmM/ bB¥m#H jBO@W b KTH
M/SF = 8Xd >Qr2p2 - bBM+2jS§£i¥% i0% Syir M/ 1?22

jSoTh< 20% o7+ Bi2°'B ?QH/2[m Hr2B;?iBMT bbBM;i?2i2bi- i
Q3F= jXeyr b /2[m i2X

.m2iQ i?2 biQ+? biB+ M im 2 Q7 i?2  M/QK ~m+im iBQMb BI
+ mb2/ #v i?2 # +F;"QmM/ i2KTH i2 bi iBbig+b- j)eddyp BM+"
+Q "2bTQM/biQ T bbBM; i?2bTm " BQmb bB;M H i6B86 rBi? +C
@ Q7 MQ'K H/Bbi'B#miBQMVX hQ +?B2p2 M 2biBK i27Q" i

2p2Mib i? i TQ@ImH2# +F; " QmM/ i2KTH i2b i? i T bb i?2 bT
bB;M H i2bi rBi? +QM}/286RR2HTp2BH QB bm;;2bi2/ iQ BM+"2
i?72 b KTHXSEv= dXk aBKBH " +?2+Fbr2'2T2 7Q KB BM i?2 o
+12;Q B2b-r?2 2 Bir b /2i2 " KBM2/i? i MQ BM+ 2 b2 BM i2k
"2[mB 2/X

h?Bb 2biBK i2 QM i?2 “2[mB 20 BKmK# R2/G#7+F: QmM/ 2p2Mib
mb2/ bbi'QM; 2pB/2M+2 7Q  i?2 + b2 Q7 BM+ 2 bBM; i?2 b K
7m i?2° 8yy KBMF2BOMBr b ;> Mi2/ #v hG a JQMi2 * "HQ T Q/r
M/i?2 b KTH2 bBx2r b BM+'2 b2/ 7Q  i?2 H2; +v_mM Kk M H

Pi?2  i2+?MB[m2b ? p2 #22M /H2HQ M HVQBD?iX) BKT Qp2 i?
bTm BQmb bB;M H vB2H/- M/ i?mb i?2 mM+2"i BMiv QM i?2
PM2 bm+? i2+?MBmbbBIVRH " Q+2bb U2S 2B HB®-MBe) iQ bKQQi?
# +F;°QmM/ i2KTH i2b M/ 2/m+2 bi iBbiB+ H ~m+im iBQMtI
bTm BQmb bB:M H i2biX h?2b2 K2i?Q/b "2 +QKTH2K2Mi
# +F:°QmM/ bi iBbiB+b b i?2v QMHvV T QpB/2 mM#B b2/ "2
# +F:°QmM/ i2KTH i2 bi iBbiB+b- M/ 2 i?mb TTHB+ #H?2
H ! M HvbBb + i2;Q ' B2bX 6Q° HH Qi?2 b-i?Bb b KTH2 bl
Bb BKTQ i Mi 7Q  B/2MiB7VvBM; r?2M i?2 # +F;"QmM/ bi iBbiE

h?Bb +? Ti2  /2i BH2/ K2i?Q/ 7Q" 2biBK iBM; i?2 MmK#2" Q
“2[mB 2/ 7Q° # +F;’QmM/ i2KTH i2 iQ T bb i?2 bTm BQmb I
mb2/iQ /2i2 " KBM2 i?2 MmMK#2 #QF¥F;B&mMM/i2p2Mib i? i rQmH/
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"2[mB 2/ 7QQdH2;H+¥ i2; Qv # +F;"QmM/ i2KTH i2bX Air b +¢
i? 10?2 # +F;, QmM/ b KTH2 2[mB 2/ M BM+ 2 b2 #v 7 +i(
i?2 bTm"BQmb bB;M H i2bi BM B&% + QMY BRH2rB2P2HX h?
“2bmHi H2/iQ i?2 T°Q/m+iBQM Q7 M //BiBQMHH 8yy KBHHB
M HvbBb-bm#bi MiB HHv "2/ m+BM; i?2bvbi2K iB+mM+2'i B
*? Tid] 3 rBHH /2b+ B#2 K2i?Q/ mbBM; KmHiBp "B i2 "2r2
H ! MM+2'i BMiB2b BMi Q/m+2/ #v i?2 /Bz2 2M+2b #2ir2

+ H+mH iBQMbX

272 2M+2b

(89)h?2 hG a *QHH #Q2iBQOMNMK2Mib Q7 >B;;b #QbQM T QT2"
IBT?QiQM /2+ v +7? MMZHQTﬁbBH\ED;Ha—yBDBQR/EMi R ji
h2o0rBi? i?72 hG a/XiBa2i QX 2TX hG a@*PL6@kyR3@yk3
*1 L-CmHV kyRIBXTb,ff+/bX+2 MX+?2f 2+QX/fkek3ddR

(88)h?2 hG a *QHH #Q2iB@AMX2Mib M/ BMi2 T 2i iBQMb Q
#QbQM }/m+B H +'Qbb b2+iBQMb BM i?2 /IBT?QiQM /2+ v
Qfp +QHHBbBQDI\§AiRj ih2o rBi? i?72 hG a MRIH2H®YX 2TX
hG a@*PL6@KYyRN@YKNX :2M2p , vl H?HiiTmHU+K p RN X
+2 MX+?2f°2+0Q /fkKe3k3yy

(8e) +?2H CQ'/ M >YM2K MX 6J2 bm'BM; >B;;b "QbQM *QmT
i?2hQT Zm "F-BM i?2 .BT?QiQM .2+ v*? MM2H rBi? _mM
#vi?2 hG a .2i2+iQ 06X S 2b2Mid/ yOi62E ,KikAMX+2 M X
+?2f°2+Q /fkdRk8de
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JmHIBp B i2 2r2B;?iBM; Q7
aBKmH i BQM a KTH2b

q?2M mbBM; JQMi2 * "HQ bBKmH iBQM iQ +°2 i2 i?2 bi iBb
Q7 M mM/2 HvBM; T?vbB+b KQ/2H- i?2 T "iB+mH ~ ;2M2" i
"2bmHibX h?2/Bz2 2Mi;2M2" iQ bmiBHBb2 +QKTH2K2Mi v
?2 "/ T°Q+2bb K i'Bt 2H2K2Mib- M/ iQ KQ/2H T 'iQM b?Qr2'b
r?B+? "2 /B{+mHiiQ + H+mH i2 7°QK }'bi T'"BM+BTH2b M/ K
IMH2bb i?2 /i BM/B+ i2b Qi?2rBb2- HH ;2M2  iQ'b Kmbi #
i?72 "2 HT?vbB+b KQ/2H M/ i?2 /Bz2 2M+2b #2ir22M i?2K BN
mM+2'i BMivX h?2 i° /BiBQM H K2i?Q/ mb2/ iQ 2p Hm i2 i?
T Q/m+2 bmTTH2K2Mi "v bBKmH iBQM b KTH2b mbBM; p "B
iQT2'7Q'Ki?2 M HvbBb bi2Tb QM #Qi? i?2 MQKBM H M/ i?2
iQ Q#b2 p2 ?Qri?2 2bmHib +? M;2X >Qr2p2 - bBM+2 i?2 bB>
BM+2 bBM; iQ K i+?i?2 ;"QrBM; BMi2;" i2/ HmKBMQbBiv T ¢
#2+QK2b 2p2°'KQ 2 +QKTmi iBQM HHv BMi2MbBp2 iQ T QpB
bmTTH2K2Mi 'v bBKmH iBQM b KTH2bX h?Bb +? Ti2 BMi
"2r2B;?iBM; K2i?Q/- r?B+? Kv #2 mb2/ iQ 2biBK i2 ;2M2
MM+2' i BMivrBi?Qmii?2T Q/m+iBQM Q7 bmTTH2K2Mi "v b

h?2 T'QTQDb2/ i2+?MB[m2 H@®Xbi @TLHH# Ot (8d)X Ai Bb # b2/
+ "H(83)- T +F ;2 /2p2HQT2/ 7Q  HBF2HB?QQ/@[7]22 BM72"
#mi #mBHi 7Q  i?2 Tm TQb2 Q7 KmHiBp "B i2 "2r2B;?iBM; BI
K2MibX
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SXRImHiIBp Bi2* G gq2B;?ib

hQ BHHmbi i2 i?2 i2+?MB[m2-r2 rBHH } bi #2;BM rBi? i?2 +
2p2Mib +? ° +i2 Bb2/ #v DbBM HZDPLOEK#FH2-r b T°'Q/m+2/ mb

/Bz2 2Mi T Q# #BHBiv /2p¢HBiQ 7y MR2tR2QM - /Bz2 2M+2 BM
;2M2° iQ X hQ "2r2B;?ii?2 b KTH2 T'Q/mpy@&) nb BRI QIR B B M2\ -
BirbT Q/m+2/ mbBMm(K?2rQiPRMH/ TTHv r2B;?1/2}M2/ #v i
T iBQ-

r(x) = p(X)=p(x): U3XRV

h?BbrQmH/ 2bmHiBM T2 72+i 2r2B;?iBM: #v/2}MBiBQM- #
"2 +?2 C +i2°Bb2/ #v K Mv p "B #H2b M/ i?2 mM/2 ' HVBM; T Q
i?22B° /Bbi'B#miBQMb "2 MQi 2tTHB+BiHv FMQrMX

hQ 2tT M/ i?Bb +QM+2TiiQ 2M+QKT bbi?2 7TmHH T? b2 bT +2
BM: Bb /2}M2/ mbBM; b KTH2b Q7 2p2MQMbB/2+22 BHB/#H2 |
2T 2b2Mi2/n#@/BK2MbBQM K pM2@ -H M2irQ F Bb mb2/ iQ

#BM v +H bbB}2  iQ /Bz2 2MiB i2 i?2 bpokT H2QRM?2 i i2/ mt
2M2° i2/ B MAM i?2 T2 72+i + b2-i?Bb +H bbB}2  rQmH/ ¢

Bo(x)
s(X) = ——M——: U3XkV
)= 500+ P
*2bmHiIBM; BM M QmiTmi Q7 2Bi?2  y Q" RX >Qr2p2°- b i?2
}MBiZb KTH2b 7\QK2 +? :2M2° iQ\-i?Z +H bbB}Z\I’BHH BMDbi
&X)- r?B+? Bb b?QrM iQ #2 bm{+B2Mi iQ T Q/m+2 ++m" i2 "2
1[m i@M 3XR-i?2 +H bbB}Z‘ + M #2 r Bii2M b

1

8(x) = 1+—1\(X);

U3XjV

r?2°@®x) 20?2 /2°Bp2/* _G r2B;?ibi? i "2 mb2/iQ “2r2B;?i
b KTH2iQ i?2 /2bB 2/ QM2- M/ "2 2ti" +i2/ 7°QK i?2 M2m" H

1 8x).

U3X9V
8(x)

A(x)
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3Xk.2 BpBM; * G g2B;?ibrBi? L2m H L2

h?2 M2m" H M2irQ Fb +QMbi m+i2/ BM i?Bb i?2bBb r2°2 2t2+
JQMi2 * "HQ 2p2Mibi? ir2°22 +2 T°Q/m+2/rBi? [2}M2/ :2M
h?2 2p2Mib BM i?2 b KTH2b r2°2 T°Q+2bb2/ #v i?2 M2irQ F

b2i Q7 BMTmi p "B #H2bX h?2 +?Qb2M BMTmi p "B #H2b
Q7 i?2 M2m" H M2irQ F iQ ++m’ i2Hv 2biBIKOIRXi 422 thBM v +
i72 BMTmip "B #H2b ‘2 b2H2+i2/ # b2/ QM i?2B° T°"QT2MbB
iQ /BbiBM:mBb? 2p2Mib b #2HQM:BM; iQ QM2 :2M2" iQ" b2ii
i?2B° BKTQ'i MH2 BM M2HvbBb + i2:Q Bb iBQMX

6B;m 2 3XR2 M2m™  H M2irQ F KQ/2H mb2/ 7Q" /2°'BpBM; * _G
pBbm HBb2/ mbBM; L2i'QM (eR)X

h?2 +QKTQbBIiBQM Q7 i?72 M2irQ F 7Q 2 +? bim/v Bb /2}M2,
n MQ/2b i? i 722/ i?°22 TmHHv +QMM2+i2/ bm++2bbBp2 ?B/,
i-j- MKk MQ/2bX h?2 i2KTH i2 bim+im 2 Q7 i?2 M2m~ H M2i
6B;M R 3XRX 1 +? MQ/2BM H v2 Bb +QMM2+i2/iQ 2p2 v MG
2p2'VBMTmi 2p2Mi T°Q+2bb2/ #v i?2 M2irQ F-i?2 p Hm2 Q7
bi?2 +Q "2bTQM/BM; BMTmip ‘B #H2X h?2 p Hm2 Q7 2 +?
H v2  Bbi?2M ;Bp2M #v i?2 DHBTAHiI @FM22° PNEBY +iBp iBQM
TmM+iBQM (ek) 7Q  i?2 bmK Q7 p Hm2b Q7 HH i?2 MQ/2b +Q
Bb "2T2 i2/i?2°"Qm;? 2 +?2 Q7 i?2?B//2MH v2 b #27Q 2 /2}MBN\
p HmM2 BM i?2 QmiTmiH v2 X h?Bbp Hm2 Bb i?2M i Mb7Q K:
bBMI1[m[iBQM 3X9- #v 8RB)BK?2BIMBpB/BM; i?Bb #v i?2 /2i2"|
+H bbB}2 p HmaBKEM;BP2iBQM 7mM+iBQM (ej)X 1 +? +QMN
M2irQ 'F Bb +? * +i2°Bb2/ #v r2B;?i- M/ i?2 +iBp iBQM Q7 :
#v #B bX AMGB;m 2 3XR-i?2 MmK#2 Q7 p Hm2b 7Q " i?2 r2|
Hv2 "2 ;Bp2MMA#Y 2bT2+iBp2HvX 6Q 2t KTH2- B7 2 +? BN
[2}M2/#viX,- 2 +?2 +QMM2+iBQMiQi?2} ' biMQ/2 Q7 i?2} bi?
r2a2B;?i H #@HH®4,- M/ i?2 +iBp iBQM #B b @7 i?2IMIQL22 Bb

"2bmHiIi Q7 i?2 +iBp iBQA-Brbi?Bip RIIQ A2\~

Ar=  2GKwyg + XoWoq + i+ XaWop + by): Uu3X8Vv
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h?2 i BMBM; Q7 2 +? M2irQ'F Bb i?2 T Q+2bb #v r?B+? i?
+QMM2+iBQM M/i?2 #B b2b7Q 2 +? MQ/2 "2 imMBPGbBM;

#BM v +°Qbb@2M+IBDWM (e9) Bb mb2/ /m BIQbb BMBMB M ?
2p Hm i2 ?2Qr r2HH i?2 M2irQ F B/2MiB}2/ M BMTmi i- BMB N\
iQ i?2 +Q "2+i JQMi2 * "HQ b KTH2X HQr2' HQbb BM/B+

+H bbB}+ iBQMX h?2 M2irQ'F Bb i’ BM2/ #v # +FT QT ; iBM.
*2bmHi M/ Hi2'BM; i?2 r2B;?ib M/ #B b2b iQ KBMBKBb2 i?2
7mMM+iBQM 7Q  i?2 2MiB 2 i° BMBM; b; K/TB2MB KR bF2BM2bb + F
rb QTiBKBb2/ mbBM; i?2 Ja:[ | H;Q Bi?K (e8)X :> /IB2Mi /2D
#v MmK#2 Q7 7 +iQ b,

Ci?2¢# i+? bBR2?2 MmK#2 Q7 2p2Mib i? i i?2 M2irQ ' F T Q
mT/ iBM; i?2 KQ/2H r2B:;?ib M/ #B b2b-

Ci?2° BMBMBbDIiiZ2 p Hm2 #v r?B+? i?2 M2ip Hm2 Q7 i?2 H
2/Im+2/ i 2p2'vmT/ i2 Q7 i?2 M2irQ F-

C M/i?2iQi HMmXFQBMI22 iQi HMmK#2 Q7 7TmHH T bb2k
i?2 2MiB 2 i° BMBM: b KTH2 M/ /2}M2b i?2 iQi HH2M;i?

h?2 bi'm+im 2 Q7 i?2 M2m" H M2irQ'F M/ i?2 b2iiBM:b mb?2
i2°K2/ DvT2 T > K2i/b 2 BKTQ'i Mi 7 +iQ b BM i?2 T2 7Q"
/2°BpBM:; * G r2B;?ibX h?2 M2irQ Fb mb2/ BM i?Bb i?2bBb Q
MQ/2b BM 2 +? ?B//2M H v2'- b r2HH bi?2i°  BMBM: # i+? b
6Q° HH + b2b Bir b 7QmM/i? i kyy 2TQ+?b "2bmHi2/ BM r2}

SXKXRTIiBKBbBM; >vT2 T ~ K2i2' b

h?2 T°'Q+2bb 7Q°  QTiBKBbBM; i?2* G /2 ' Bp iBQM M2m™ H |
i2bi2/ MmK#2 Q7 /Bz2 2Mi ?B//2M H v2  MQ/2 "+?Bi2+im".
rb bb2bb2/#vi° BMBM; i? i M2irQ ' F KQ/2H QM i?2i BMBM,;
2TQ+?b mbBM; # 1624-B@BIR-2MEOB6 2p2Mibc M/ BMBIiB HH2 "MBI
Q7 yXy8-yXyR- M/ yXyyR-/2+ vBM; #v 7 +iQ Q7 Ry Qp2 i?
MMiBH "2 +?BM; yXyy8-yXyyR- M/ yXyyyRX h?2i° BM2/ M2ir
i?72* Gr2B;?ib Bi/2i2°'KBM2biQ p HB/ iBQM b KTH2 i? i B
2K BMBM; 2p2Mib 7' QK i?2irQ Q B;BM HJQMi2* "HQ b KTF
7 QK i° BMBM;X
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hQ bb2bb i?2 T2'7Q°K M+2 Q7 T "iB+mH ~ M2irQ'F "+?Bi2
MM#BMM2/ irQEDODHKDHRQ Qp @BEKEBY MApib (ee) r2°2 2p Hm i2/
i?2 p "B #H2 /Bbi'B#miBQMb Q7 i?2 p HB/ iBQM b KTH2X
i?72 +QKT iB#BHBiv Q7 irQ /Bbi'B#miBQMb rBiE & b=#QQ222 - ;
i?72 #2ii2° i?2v K i+?X h?Bb Bb mb2/iQ i2bi i?2 +QKT iB#BI
/IBbi'B#miBQMb Q7 i?2 irQ /Bz2 2MiHv ;2M2" i2/ JQMi2 * “H!
7i2° * G "2r2B;?iBM; Q7 QM2 b KTH2 iQ i?2 Qi?2 - rBi? i~
* Gr2B;?i2/ b KTH2 "2bmHibBM HQr2  Eab+Q'2X 6Q 2 +?
i?72 BKT ' Qp2K2Mi BM iKS® &g b+HQI2H+mH i2/ b 7mM+iBQM ¢
* _Gr2B;?iBR6U ¢V M/ mMr2BKS8iwd bk.YiEa b+Q 2 b-

KSwmog r2e:2iKS+ 6.

KS = :
AKTT Ks MQ r2B;3iKS+ ¢

u3XeV

h?2 QTiBK H ?2vT2 T ~ K2i2° +QM}:m  iBQM r b i?2M +2Qb:
T Q/m+2b i?2 ?B;?KBinkp@p22 HH +QMbB/2 2/ p "B #H2 /Bbi’

3Xj1lp Hm iBM; * G _2r2B:?iBM; S2°7Q°K

M bb2bbK2Mi Q7 i?2 * _G 2r2B:;?iBM; BM 2 +? bim/v r b K
2p Hm iBM:; ?2Qr r2HH i?2 M2m™ H M2irQ Fi° BMBM; T2 7Q K2
2Qr r2HH i?2 "2r2B;?iBM; 2KmH i2bi?2 ;2M2" iQ p "B iBQM ;

3X]XR2m™ H L2irQ F S2 7Q K M+2

h?2i" BMBM; Q7 i?2 M2m™ H M2irQ F + M #2 bb2bb2/ #v TH(
HQbb 7TmM+iBQM 7Q 2 +? i° BMBM; 2TQ+?X h?2 /2bB" 2 Bb i
TH i2 mb iQr '/bi?2 2M/ Q7 i?2i° BMBM;- b i?Bb BM/B+ i2b
#22M i° BM2/ QTiBK HHvX //BiBQM HHv- B7 b2+QM/ i° Bl
i?72 p HB/ iBQM b KTH2- i?2M i?2 HQbb p Hm2 T2  2TQ+? + M
Qp2'i" BMB®2 M2irQ ' F rQmH/ #2 b B/ iQ #2 Qp2'i° BM2/ B7 i
p HB/ iBQM HQbb 7mM+iBQMb "2 MQi BM +HQb2 ;" 22K2Mi-
rbim;?2iiQKQ/2H bi iBbiB+ H~m+im iBQMbBM i?2i° BMBN

h?2 T2 ' 7Q K M+2 Q7 i?2 M2irQ ' F BM /2 BpBM; i?2* _Gr2B;’
#vi°  BMBM; b2+QM/ M2irQ F iQ +H bbB7v r?2i?2° M 2p2M

RR3



QM2 ;2M2" iQ PGB QBN QGP2X Uv 2t2+miBM; i?Bb b2+QM/ M
QM b KTH2 +QKG BMZ/nQWr2B Ri2p2Mib- M/ i?2M ; BM #m
* G r2B;?iBMGoi2R2Mib-i?2M i?2 MmK#2 Q7 iBK2b i?2 M2ir(C
Q BM+Q '2+iHv +H bbh®}Q6B; M RIp2M+QumMi2/X h?2b2 "2bmHib
mb2/iQ + 2+2Bp2 QT2 iBM; H? P#V2+rBDpRH (ed)X A7 i?2 +H
7 BHbiQ#2 #H2iQ "2HB #Hv /BbiBM;mBb? 2p2Mib M/ /2i2 K
Bb +QKTH2i2HvV ° M/QR- iMRIM2iI?I22 bGrm*p27 i?72 P* +m ' p2
rBHH 2p Hm i2 b yX8X h?mb-B7i?2* _G/2'Bp iBQM M2irQ"
i?72 1*Q7i?2 _P*+m p2 T Q/m+2/ mbBM; iBGRb* KGH2 BBHHA/
#2 b +HQb2 iQ yX8 b TQbbB#H2- M/ bm#bi MiB BHv +HQb?
b KTH2X

3XjXk2r2B;?iBM; S2°'7Q K M+2

h?2 T2 7Q K M+2 Q7 i?2 * _G “2r2B:?iBM; Bb bb2bb2/ #v +
/Bbi'B#miBQMb Q7 i?2 * _G r2B;?iB) bMK THVRr2 BQ?i20 b2 7 QK
75, b KTH2X 6Q 2 +? +QMbB?NDF BbOR @#HII i2/iQ ; m;2 i?2
"22K2Mi Q7 #QG3 BDi?R#MiBQMb i G2 pi 2 hX2hNDF

p HM2 7Q  +QKT 'BM: irQ /Bbi'B#miBQMb Bb 2[m HiQy B7i?
B7i?2 2r2B;?iBM; T2 7Q Kb b2RADB @/HW2KMQ?2?2 : 22K2Mi
Q7i?2* _Gr2B;?i2/ /BHi*BNDRIBQM LBHH #2 H2bb2  i? Mi?2p
7Qi?2 mMMr2B;?i2/ | B FENDF md B.Q)WoX

h?2 /IBz2 '2M+2 BM i?2=MDAmMBI-mb2/ b K2i'B+ iQ /2i2 " KBM
"2r2B;?iBM; T2 7Q K M+2- M/ Bb + H+tmH i2/ mbBM;-

2=NDF =( 2=NDF yq r28)2ib( >=NDF« g): usxdv

h?2 H ;2 i?Bb p Hm2 Bb- i?2 ;"2 i2° i?2 2z2+i Q7 i?2 * _G
2KmH iBMBM i? i p "B #H2X >Qr2p2'- B7 i?Bb p Hm2 Bb N
J2KQMbi® i2bi? ii?2* _G 2r2B:?iBM: ? brQ b2M2/ : 22K2
irQ ;2M2° iQ  p "B iBQMbX PFNDFp@ H;@22 + Qbb HH +QMbB,
p "B #H2b Bbmb2/ b bBM:H2 K2i'B+7Q i?2T2 7Q K M+2 Q

RRN



3X9 TTHvBM; * G q2B;?ibiQ 2+QMbi mH-
G2p2H 1p2Mib

h?2* G r2B;?i/2'Bp iBQM Bb T2'7Q K2/ mbBM; bBKmH i2/ :
Q T 'iB+H2 H2p2HX F2v T i Q7 i?2 i2+?MB[m2 i? i? b #2
Q7 i?Bb i?2bBb Bb i? i i?2 r2B;?ib + M #2 i?2M #2 TTHB2/ i
T bb2/i?2/2i2+iQ  bBKmH iBQM-/B;BiBb iBQM- M/ "2+QMbi
T Q/m+iBQM +? BMX h?Bb M2r i2+?MB[m2 +QMbi m+ib K
r2a2B;?ib "2 /2°Bp2/iQ T B mMmMB[m2 2p2Mi MmK#2 b iQ i?2 * _
iQi? i 2p2MiX h?Bb HHQrb i?2 2z2+ib Q7 i?2 ;2M2  iQ p B
iQ#2 Q#b2 p2/ rBi?2Qmi 2[mB BM; i?2 +QKTmiBM; "2bQm +2
T Q/m+2 bmTTH2K2Mi vb KTH2 +QMp2MiBQM HHvVX

Air b2tTH BM2/BMi?Bb +? Ti2  ?2Qr bBKmH iBQMb KTH2b T
2M2° iQ  +QM};m  iBQM + M #2 “2r2B;?i2/iQ TT2 bB7 M
T Q+2/m27Q i BMBM; M2m  HM2irQ FiQ /2 'Bp2i?2* _G
i?Bbr b QmiHBM2/- M/ Bir b2tTH BM2/?2Qri?2T2 7Q K M+2
#2 2p Hm i2/X [? Ti2 > N [M/ *? Ti2 " Ry 2 +? mb2 i?2b2 B/2 b
BKT +i Q7 :2M2" iQ  mM+2"i BMiB2b QMH /B z2 \2 NHiv bERX i Q7

_272°2M+2b

(8d)G2QMQ" o02bi2°# +F M/ ai2T? 5D BB +B MD X Kiyky K
M H?2iiTh,ff;Bi?m#X+QKfH2QMQ p2bi2 # UpBbiBiH @I  +
k9fy3fkykRVX

(83:BHH2b GQmMTT2- EVH2 * MK2'  +M/HCm MBS PREBXQQ/@
BM72 2M+XilD QHKAGRER i Th,ff/tX/QBXQ fRYyX8Kk3Rfx2MQ
9ddNBpBbBi2/ QM k9fy3fkykRVX

(8N)/ KS bxF22i HX8SvhQ +?, MAKT2 iBp2aivH2->B;?@
G2 "MBM; GB#/pviX20MBM L2m"> H AM7Q K iBQM S Q+2b
jkX 1/X #v >X g HH +?2 2i HX*m > M bbQ+B i2b- AM+X- k\
M H?2iiTh,ffT T2 bXM2m BTbX++fT T2 fNyRS@TvViQ +?2@
J@DIVAZ@7?B 7@ 12 /Q K M*2@/22T@K2 "MBM;@HB#


https://github.com/leonoravesterbacka/carl-torch
https://dx.doi.org/10.5281/zenodo.47798
https://dx.doi.org/10.5281/zenodo.47798
https://papers.neurips.cc/paper/9015-pytorch-an-imperative-style-high-performance-deep-learning-library.pdf
https://papers.neurips.cc/paper/9015-pytorch-an-imperative-style-high-performance-deep-learning-library.pdf

(ey)EVH2 *> MK2'-Cm M S p2x M/ :BHHQIBEQBWMTGEBF2HB ?(
_iBQbrBi? * HB# i2/ .Bb+ BKBEXWKYBReX "RS8FREXYykPe N
(bi iX

(eRGMix _Q2A/2I QM @ :BikyrRBRX¥?11Th,ff;Bi?m#X+QKfHmMix Q=
/2 TM21 QMBbBi2/ QM yefy3fkykRVX

(ek)oBMQ/ L B® M/ :2Qz°2v 1X >BMiQMX & _2+iB}2/ GBM?2
_2bi"B+i2/ "QHixK MM J +?BM2b6X AM, A*JG6RyX > B7
kyRy- TTX 3yBIbEMIBRey883NyddX

(ej)CmM > M M/ *H m/BQ JQ  ; X 8h?2 AM~m2M+2 Q7 i?2 ¢
S K2i2'b QM i?2 aT22/ Q7 " +FT QT ; $SBQ-M2 B/B MMB ® 76
i?72 AMi2 M iBQM H gQ Fb?QT QM “iB}+B HL2m  H L2irQ
“iB}+B H L2m™ H *QKAqLLBEQW X "2 "HBM- >2B/2H#2;, a
02 H ;- RNN8- TT8RAB XyRXINdjX

(e9)a?B2 J MMQ - .Q B S2H2: M/ 2mp2M m#BMbi2BMX &
J2i?Q/ 7Q° *H bbB}+ SB@MEXBMMh Q7 i?2 kkM/ AMi2 M
*QM72°2M+2 QM J +?BMZ B2 6WBEKMQMM- :2 K Mv, bbQ+
7Q° *QKTmMiBM: J +?BM2 v- kyBd+# RN 8 AIRRBSRY X
RR9STRRYK|BRORRyk9kk

(e8)a b? MF CX _2//B-a iv2ME H2 M/a MDBp EmK "X 6PM i~
/] K M/ "2vQM/&XMABTM iBQM H *QM72°2M+2 QM G2 ~MBN\
iBQMby RBY¥I?2iiTh,ffQT2M 2pB2rXM2if7Q mKXB/4 vZmd7 @

(ee)AXIX *? F  p 'iB- _X:X G ?>MW/EXQROX J2i?Q/b Q7 TTEF
ai iIBbKB>*xWM/#QQF Q7 J2i?Q/b Q7 TTHB2/ ai iBbiB+b oQt
M/ aQMb- RNed- TTX HRIKTBIK*QQFbX;QQ;H2X+QXmFf#(
B/4ATA@ A C

(ed)JIB+? 2HGX J2Bbi 2HHX 61p Hm iBQM Q7 M2m  H M2irQ |
QT2 iBM; +? ~ +i2'BbiB+ U _P*V M HvbBb, 2t KTH2b 7 C
/IQK BM®QAKNImMi2 J2i?Q/b M/ S Q; Kb BMXBUOURNBEBYyBM?2
TTX dj Bp¥MReN @Qk@BRIXXRYyRefyReN@keydX NyVNyy3d@
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https://arxiv.org/abs/1506.02169
https://arxiv.org/abs/1506.02169
https://github.com/lutzroeder/netron
https://github.com/lutzroeder/netron
https://doi.org/10.1145/1102351.1102422
https://doi.org/10.1145/1102351.1102422
https://openreview.net/forum?id=ryQu7f-RZ
https://books.google.co.uk/books?id=IdI-AAAAIAAJ
https://books.google.co.uk/books?id=IdI-AAAAIAAJ
https://doi.org/10.1016/0169-2607(90)90087-P

*? Ti2 N

2M2° iQ  IM+2"i BMid2b 70Q°
aB:M Ha KTH2b

h?Bb +? Ti2  rBHH TTHv i?2 KmHiBp "B i2 * _G [2+?MB[m
iQ “2r2BHED 2p2Mib ;2M2" i2/9@M pP@M?2K2 iQ8i@2 pQm’

b+?2K2X h?2 “2r2B;?iBM; Bb i?2M TTHB2/ ii?2 "2+QMbi’r
iQ 2biBK i2 i?Bb T “iB+mH ~ :2M2" iQ  bvbi2K iIB+ mM+2"i B
M HvbBb K2 bm 2K2Mib- pQB/BM; i?2 T'Q/m+iBQM Q7 M /

NXRQKT "BM:; 9@6H pQm > M/ 8@6H pQm
:2M2° iBQM a+?2K2b

h?2 +QMbB/2 2/ 2p2Mi :2M2" iBQM p "B iBQM BM i?Bb bim
/Bbi'B#miBQM 7mM+iBQMb Q7 i?2 +QHHB/BM; T'QiQMbX AM
QtAgb 2p2 Mi@{m "Fb "2BM+HmM/2/BMi?2T iQM /Bbi B#miBQ]
7°QK 9@~ pQm’ ;2M2  iBQM r?2°2 i?2v [2 2t+Hm/2/X 6B;1
62VMK M /B ;" KbtHYB T?7®/m+iBQM T Q+2bb 7Q #Qi? :2M2" |
M/ ?B:?HB:?ibi?2 /Bz2 2M+2 BM i?2 K i'Bt 2H2K2MiX h?2 }M
#Qi? + b2b- #mi i?2 9@~ pQm K i'Bt 2H2K24gir ?BH M iPRBiB
8@~ pQm K i'Bt 2H2K24bX# D; BNBb2Bi?2bmHi- i D@YM HFbi i2

Bb MQi BM+HmM/2/ BM i?2 K i'Bt 2H2K2Mi 7Q  i?2 8@~ pQm"
BM 6B[m]2 NXR#V- #mi "Bb2b BMbi2 / 7° Q&' MbBMBIEBH ;Hm
MHIBK i2Hv “2bmHib BM /Bz2 'BM; FBM2K iB+ /Bbi ' B#miBQM

Rkk



7Qi?2irQ ;2M2° iQ  b2iiBM;bi? irBHH7Q K i?2 # bBb Q7 i?
bvbi2K iB+r2rBb? iQ bim/vX

b
UVI@~ pQm  2p2Mi ;2M2° iBQMXVB@~ pQm’  2p2Mi ;2M2° iBQMX

6B;m 2 NKR2 9@~ pQm M/ 8@~ pQm" 2p2Mi ;2M2MGBQM b+?2K:
IM H bi i2X S "iB+H2b BM "2/ "2 BM+Hm/2/ BM i?2 K i'Bt 2H2K2M

h?2 9@~ pQm™ M/ 8@~ pQm b+?2K2b ? p2 +QKTH2K2Mi "v #
i?72 9@~ pQm  b+?22K2 T'QpB/2b KQ'2 ++m’ i2 /D@ "BTiBQ
[mMm "FFBM2K iB+b-/m2iQBibBM+HmMbBQMBM i?2 K i Bt2H2
BMi?28@~ pQm b@PP2KEPBRM2K iB+b 2T 2/B+i2/ #vi?2 T i
r?B+? Bb QMHvV ++m’ i2 7QgbQBibQHBOAMBM2QMb2[m2MiH
9@~ pQm  b+?2K2 Bbmb2/ b MQKBM H T '2/B+iBQM 7Q" i?:
8@~ pQm  b+?2K2- B@[nPBF B 2++QmMi2/ 7Q  BMi?2 T "iQM
7TmM+iBQM- T'QpB/2b KQ'2 ++m’  i2 BM+HmMbBp2 +'Qbb@hb
KQK2MimK T 2/B+iB@WM7 QF b?RQrM BM "£7T BM 6B;m 2 NXR#X

h?2 2p2Mib mb2/BM i?Bb +? Ti2' “2:2MZ?mn2) tHiG P?2
2M2° iIQM2ti@iQ@H2 /BMGRY /2+m" +v BM T2 im'# iBp2 Z*.
Ki'Bt2H2K2Mi/B ;> KEBM6B;m 2 NXRK vi?2°27Q 2 HbQ +(
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(tH) k RkRXe9 kXdR RR3XNj kjdX3e
My k kNXje kXRN kdXRd 89Xj9
(1) R k9X39 RX3N kkXN8 kkXN8
pr(em) jeXj3 kN Xkd dXRR
pr(H) R RNXed RjXeN 8XN3 8XN3
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# +F:°QmM/ KQ/2HHHBMKZ@m 2K2Mib + M BMbi2 / #2 bb2bb
“2r2B:?i2/ H ;2  bi iBbiB®R bT KGRI DMib X
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6B;m 2 RyXA2+ib Q7 i?2 QM2 /BIK2RIEBQRM B2 DT IGP
2p2MiliQ T?2n J*ILGP BM; MHr X

6B;n 2 RyX9 b?Qrb i? i i?Bb R. "2r2B;?iBM; +?B2p2b 2t+
1?72 /7 T?2n J*ILGP [/Bbi B#miBQM b 2tT2+iR/ r2MMmbBM;
"2r2B;?iBM; p "B #H2X >[Qr2jp2 - 6B;m 2 RyX9# b?Qrb bB;MB.
Hr r?2M +QKT "2/ rBi?i?2* _Gi2+?MB[m2 BM 6B;m 2 RyXj X

h?2 K2 M Q7 i?2 2t+HNIFBBXT Qp2K2Mib 7Q" i?2 i° /BiBQN
“2r2B;?iBM; Q2p2Mib rb 2p Hm iRADXONMDKT "2/ iQ i?2
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KmHiBp "B i2 "2r2B:?iBM; BKT Qp2K2Mi Q7 KSXIEOX h?22
BKT Qp2K2Mi b+Q 2 K2 M r BXj@mMKTQ 242iQ i?2 KmHiBp "B
"2r2B;?iBM; BKT Qp2K2Mi Q7 dX8eX h?2 ?B;?2 BKT Qp2K2]1
* G KmHiBp "B i2 "2r2B;?iBM: /2KQMbi  i2b i? i i?Bb K2i?¢
"2KQ/2HHBM2iT2GP b KTH2JiQ  T?n J*ILGP X

RyXkXK BMBM; i?72 L2m" H L2irQlpZNib

h?2M2m™ HM2irQ Fmb2/iQ /2 Bp2* _GhrXB;RRb7TQ i?BM2/
mbBM; Rk BMTmip B #H2bX h?2b2r2 2,

Ch?2 i  Mbp2'b2 KQK2MimK Q7 pAR)N2 IBMHD2BM; H2TiQN
Br()V-i?2 2+QMbi"m+i2/ bvbi2K Q7 ifgjiy@-H® //BA2: D2ib
H2 /BM; D2i M/ /BT?Q@iQM)bMbi2K U

Ch?2BMp "B MiK bbQ7i?2 /BT?Qi@® bBMi2K20 M/ /BT?Qi
bvbi2ng UV- irQ H2 /BMj D2itMWi?2 bmK Q7 HH D2ib BM i?
th | VX

Ch?2 MmK#2' Q7 D2ib BWi%22p2Mi U bmK Q7 i° Mbp2 b2 K
Q7 HH D2ib BMi{22-2p2MiTB/Biv b2T * iBOM Q7 i?2 irQ HZ
Uy(:j)V- M/i?2 KBMBKmK bT iB Hb2T * iBQOM #2ir22M T
UR(; )keW X

h?2 ?2vT2 T ° K2i2 b r2°2 QTiBKBb2/ mbBM; i?2'b K2 T Q+2
M2irQ F- b2H2+iBM; URk- Ry- 3V ?B//2M H v2' MQ/2 “+?B
ky93 2p2Mib- M/ M BMBiB HH2 "MBM; " i2 Q7 yXyyR /2+ vB
Q7 i° BMBM;X

hQ i BM i?2 URk- Ry- 3V M2irQ F- BMTmi b KIG®IG®D r2 2 T
a?2 T 'GPMT5000J /:° T?2n J*ILGP 2p2MibX h?2b2b KTH2Db r2

M/QKHv bTHBi 9,R iQ T'Q/m+2 i?2 i BMBM; M/ p HB/ iBQ
2p2MibBA%YV r2°2 i'BKK2/ #27Q°2 i° BMBM;X h?2 bT 2/ Q7 /
r2B:?ib bbB;M2/iQ i?2 p HB/ iBQM b KTH2r b "QmM/ QM2
K2 MBM: MQ 2p2Mib "2[mB 2/ i'BKKBM;iQ T '2b2 p2i?2bi iBL
b KTH2X AM //BiBQM- i?2 /2p2HQTK2Mi Q7 i?2 HQbb p Hm?2
2TQ+?2r b 7QmM/iQ "2 +?2 TH i2 m M/ /BbTH v2/:QQ/ ; 22
i BMBM: M/ p HB/ iBQM 7mM+iBQMb- BM/B+ iBM; i? ii?2 2
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6B;m 2 RyX#iB/ iBQM b KTH2 _P* +m ' p2b 7Q" i?2 M2m ™ H M2irC
i BM2/ iQ /BbiBR2MBL@P M/J /:" T?n J*ILGP ;2M2" i2/

2p2MibX h?2 #Hm2 +m ' p2 Bb i?2 T2 7Q°K M+2 Q7 i?2 +H bbB
MMr2B;2i22 T !GRp2Mib- r?BH2 i?72 Q" M;2 b?Qrb i? i Q7 i?2 T2
QM * G r2B;?i2/ 2p2MibX

6B;mM 2]RyX8 b?Qrb _P* +m p2b Q7 b2+QM/ M2irQ'F i° B
a?2 T IGH QK/:" T?n J*ILGP 2p2Mib 7Q i?2p HB/ iBQM b

h?2 /Bz2 '2M+2 BM T2 7Q K M+2 Bb +@RZT T2VGIRP2AMRMM i?2

2 mMr2B;?i2/ M/ r?2M i?2 * G r2B;?ib "2 FDHB&2/X h?2

7Q i?72 * G r2B;?i2/ p HB/ iBQM b KTH2- r?B+? Bb bB;MB}
i? Mi?2 E05897Q i?2 mMr2B;?i2/ 2p2Mib- ; BM b?QrBM; i?
"2r2B;?2iBM; T2 ' 7Q Kb r2HH Qp2° HHX

_2r2B;?iBM; S2°'7Q K M+2

h?2 T2 7Q°K M+2 Q7 i?2 * G “2r2B;?iBM; r b 2p Hm i2/ mb
M/ 2t+HmbBp2 b+Q 2b b /2b[+ B¥2/ BM a2+iBQM RyXkXRX
h #H12 Ry XX

h?2  "2r2B;?iBM; 2t+PENDB KT Qp2K2Mi K2 M Bb + H+mH
#2kdXNK/i?2 BM+HmbBp2 K2 M BKT Qp2K3@hBd 7 QB MHDQ #
/Bbi'B#miBQMb Q7 i?2 7Qm" #2bi UiQT 7/Qm" p "B #H2b BM
U#QiiQK irQ p "B #H2B]BM h #H2 RyXjV BKT ' Q@i2K2Mib "2 b?
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h #H42 RyXjp Hm iBONDF K2i'B+b 7Q° i?2 mMr2B;?i2/ M/ * _G
r2B:?i2d?2 T !GP p "B #H2 /Bbi'B#miBQMb r?2M +QKT 2/
J/:> T?n J*ILGP /Bbi'B#miBQMbX

0 "B #H2( 2=NDF L0271 169 2=NDF 5% cp | AM+HmMbEPNDF  1t+HmbBP2NDF
Ht 3jX9d RKXR]j dRXj9 dRX]9
N; 3RXRy RNXR§ eRXNS eRXNS
pri) 8kXed R9XeR j3Xye i3Xye
mj; kdXje 8 X dk kRXej kRXej
Gii) RkXy3 RX3R RyXkd
pr(i ) RRXe8 kXkR NX99
yGij) RRXy9 kXjj 3XdR
m; RjXj8 8Xdy dXe8
R@G s dXyj yXd3 eXk8
m;; dXjd 9Xke iXRR
pr(‘1) ex33 9Xdy kXR3 kXR3
pr(ij ) R3XRj ReXjk RX3R
m kXk8 RXjN yX3e yX3e
R( 11) 9XyR iXj9 yXed
pr() kXdd kX |k yX98
R( 1 2) KXjj RX33 yX98
Gi; ) kX Nk kX8y y X9k
pr( 1) RXde RX9]j Y Xjj
pr( 2) RXke yXNd yXk3
pr("2) kX3j kXee yXRd
(1) RXRKk RXy3 YXVYij
(1) RX9j RX9k yXyR
() RXyN RXyN yXyy
(2 yX3R yX3R yXyy
R( 2 2) RXjN RX9R @yXyk
() RXye RXy3 @yXyk
(2) jX9e jX8k @yXye
pr( 1)=m RXd3 RXN9 @yXRe
R( 2"1) iX8y jXds @yXke
pr( ) RX9R RXeN @yXk3 @yXxXk3
pr( 2)=m kXRe kX8y @yXj9
R( 1 2) RX8] RXNN @yXx98
pr(i ) RXe3 kXx3d @RXRN
Zepp RXKj iXy3 @RX38
m ; jiXRN i8XjN @kXkR
J2 M eX3e kdXNe

R9d



uyv U#V

u+V u/v

uz2v urv

6B:m 2 RyX@KT "BM: i?2 /Bbi B#miBQMb Q7 i?2* G r2B:?2i2/ M/
a?2 T !GP 2p2MiBiQ T?n J*ILGP 7Q i?2p "B #H2b rBi?i?2
7Qm> ;"2 i2bi UU V U/VV M/ irQ HROF BUIVQWY2ZWIMi b+Q 2bX
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QM2 /BK2MbBQM H “2r2B:?iBM; r b T2 ®TK2ZbKQ hi?2

p B #H2 b2H2+i2/ 7Q i?2 2r2B;?iBM; r b ; BM i?2 MmK#
BM+HmMbBp2 M/ Z2tNBM BKPZ Qp2K2Mi b+Q 2b r2°2 + H+mH i
i?72* G bim/vX h?2 K2 M Q7 i?2=RDFHEWB®p2K2Mib 7Q" i??2
i° /BiBQM H R. 2r2B:?PBRMQ7r b 2p Hm kRXOIHRKT "2/

iQ i?72 KmHiBp "B i2 "2r2B;?iBM; BKT Qp2K2Mi26NDKdXNeX h°
BKT Qp2K2Mi b+Q 2 K2 M r BXN)XIMQKTQ 242iQ i?2 KmHiBp "B
"2r2B;?iBM; BKT Qp2K2Mi Q7 eX3eX h?2 ?B;?2 BKT Qp2K2l
* G KmHiBp "B i2 "2r2B;?iBM; /12KQMbi™ i2b i? i i?Bb K2i?(
"2KQ/2HHBM2iIT20GP b KTH2JiQ T?n J*ILGP X

RyXjlz2+ibWQ7 1p2Mi :2M2° iQ QM aTm B
aB:M H 1biBK i2b

h?2 /2°Bp2/ * _G r2B;?ibr2°2 bbB;M2/iQ "222MBGR+iBQM
2p2Mib mbBM; M 2p2Mi r2B;?i KJT/iQ T2Z%mH !il2G P

b KTH2- b /2b+ B#2[[ BM a2+iBQM 3X9X hQ bb2bb i?2 2z2+i
b KTH2 rQmH/ ? p2 QM KQ/2HHBM; i?2 # +F;"QmM/- i?2 bTn
T2'7Q K2/ QM i2KTH i2b +QMbi'm+i2/ 7°QK i?2 * G r2B;?i2
2p2Mib BM i?2 "2H2p Mi + i2;Q ' B2bX h?2 + i2;Q'B2b M/ i?2E
C ZZk>GLInShonyqad8hihy(O<pY 75GeV- >B;?@Tm BivV-

C ZZk>GLInShonyqgd8 RinRO<pY 75GeV- J2/@Tm BivV-

C ZZk>GLInShond8qR8¥Wnn5<pyY 150GeV- >B;?@ Tm BivV-
C ZZk>GLInShond8qgR8¥nn@5<pY 150GeV- J2/@Tm BivV-

C ZZk>GLINShonR 8k 8Mn n§50<pY 250GeV- >B;?2@Tm BivV-
C ZZk>GLINnShonR8ydk 8N (BBO<pY 250GeV-J2/@Tm BivV-

C ZZk>GLInShon:hdd8ymny(pY 250GeV- >B;?@Tm BivV-

C ZZk>GLInShon:hddBy HnR(pY 250GeV- J2/@Tm BivV-

C ZZk>GGnShonydd8HnyY0o<pY 75GeV- >B;?@Tm BivV-

C ZZk>GGnShonydd8HNRO<pY 75GeV-J2/@Tm BivV-
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C ZZk>GGnShond8uR 8N (36<pY 150GeV- >B;?@ Tm BivV-
C ZZk>GGnShond8uR8WNN(F<pY 150GeV- J2/@Tm BivV-

C ZZk>GGnShonR8ydik8yhpo<py 250GeV- >B;?@Tm BivV-
C ZZk>GGnShonR8ygdk8yhBO<pY 250GeV- J2/@Tm BivV-

C ZZk>GGnShon:gf8yHnypY 250GeVV X

hQ Q#i BM i?2 bB;M H b? T2b M/ 2tT2+i2/ bB:M H vB2H/b 7
i2bi- .a*" 7mM+iBQMb r2°2 }ii2/ i@ i 7B biB B thrhi BAWMHb- 7" QK
q! ZH- Mgg! ZH 2p2Mib TQTmH iBM; i?2 “2H2p Mi + i2;Q"
i?72b2 }ibr2'2 T2 '7Q K2/ BM<m M 24Q0GeRRW/ MQ K HBb2/iQ
139fb 1 X

M2t KTH2 Q7 +QMbi'm+i2/ # +F:"QmM/ i2KTH i2 7Q" i?2 *
MMr2B;2i22 T 'GR2KTH i2bBb b?QrM HQM;bB/2i?2 }ii2/ bB;|
6B;mM 2]RyXdZIZkx>i@@nShonynd3®QnRX AM 6B;m 2 RyXd - Bi B
i?iJ/:" T?n J*ILGP V 2p2Mib T 2/B+i H2bb 22THv 7 H
# +F;"QmM/ /Bbi'B#miBQMX

UV" +F;"QmM/ i2KTH i2X U#VaB;M H KQ/2HX

6B;m 2 RyX¥d2 # +F;"QmM/ i2KTH i2 M/ }ii2/ bB;M H KQ/2H +C(
7°QK * _G r2B;?i2/ M/ mMa2B;?Pik&PV 2p2Mib 7Q° i?2
qf! H” (0<pY 75GeV- J2/@TmHBivV M HvbBb + i2;Q vX

h?2 bTm BQmb bB;M H i2bir b T2 7Q K2/[ b J2b+ B#2/ BM =
"2bmHib BM 2 +? Q7 i?2 "2H2p Mi + i2;Q B2b 2 T 2b2Mi?2
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b2+iBQMX 6Q i?ZiZX>BHdmmHShenR8yHAXByYyGhynShon:hk8ynny
M/ZZk>GGnShond8nRBKHAMQI #2 }ii2/ /m2 iQ HQr bi iBbiB+Ek
K2 ;2/ rBi? i?2B  HQr2 Tm Biv + i2;Q B2bX

RYXjX®Bi _2bmHib 7Q° 6 22 a2H2+iBQM Q7 6mM+il

h?2 b2H2+i2/ M HviB+ H 7Q]Kb 7 QK h #H2 eXj 7Q  # +F; Qn
i2/ rBi? mMr2B;?2i2/ M/ * GarZBT?iB/Rp2Mib "2 T 2b2Mi2/ BI
h #f2Z RyX9- HQM;bB/2i?2}ii2/ bTm BQkebGhlB nid htd m B2 ¢HS b Xyt
M/ZZk>GGnShon:hki@;®Qiy i2KTH i2b 7 BH2/i?2 bTm BQmb b
HH7mM+iBQM H7Q Kb M/ “2b?QrM rBi? #H MF 2Mi B2bX |
Q7T ~ K2i2'b+? > +i2 "BbBM; i?2 b2H2+i2/ 7TmM+iBQM H 7Q"
BM i?2 bTm BQmb bB;:M H vB2H/ T'QTQ iBQM H iQ i?2 p2°
iSi+8j= jSEQi2- "2 HbQ b?QrM r?2°2

e S (S A S SISk URyXkV
jISMR 2Bi?Bb i?2 bTm BQmb bB;M HVB2H/ 7°QK i?2 mMr2B;?i2/ #
M/jS;+8) Bb i?2 vB2H/ 7°QK i?2 * _G r2B;?i2/ i2KTH i2X
iSprioi= jSERIZ =1 rQmH/ #2 Q#i BM2/ BM i?2 + b2 Q7 MQ /Bz2"

i?72 mMr2B;?i2/ M/ r2B;?i2/ bTm BQmb bB;M HvB2H/bX

h #H2 RyX22 "2bmHib Q7 i?2 bTm BQmb bB;M H i2bi 7Q " # +F;
+QMbi m+i2/ rBi? mMr2B;?i2/ M/@a®?2 G rZBR2Di2Mib X

R * G g2B;?i2/ a?2°T IGP .

*i2;Q'v az2’T !GP UlKmH iqBM;J/:‘T?n J*ILGPV *SKT EBbQM

6MM+iBQAM , jSpre:| EMM+iBQAM -, iSord: iSprei= jSERF Nt-p
ZZk>GLInShonynd8nny
ZZk>GLInShonynd8n8Rr2°'G r R yX3eSQr2'G r R RXyj RXyN y
ZZk>GLInShond8nR8ym®ims 8 8iXNy "2 Mj ke8Xyy RXee @k
ZZk>GLINShond8nR8Yy@nR G r R RXjy 1tT R R X9k RXy9 Y|
ZZk>GLINnShonR8ynk8@may R R ky9Xyy 1tT R y X9k yXyy y
ZZk>GLInShon:hk8ynng2YWR8 8 yXdk "2 Mj j yX99 yXde @k
ZZk>GGnShonynd8n8QYr2°'G rkj Ne8Xy$Qr2'G r R j3dXyy yX8d @k
ZZk>GGnShonynd8ndRTSQHvKkk iXRB 1tTSQHvVkk iX3y RXyN
ZZk>GGnShond8nR8YNMFPRV]jj yXeeSQr2 G rkj yXjy yXej y
ZZk>GGnShonR8ynk8yRBQPHVKk jkeXlywtTSQHUV]jj 9R3Xyy RXRk R
ZZk>GGnShonR8ynk8yanNw9 9 RXYN "2"Mj i RXyR yXNe @R
ZZk>GGnShon:hk8ynny

h FBM; i?2 K2 M Qp2 HH + i2:Q B2b- i?2 "2H iBp2 +? M;2 E
VB2 HJSBhCi= jSFRI? = 0:89 044X //BiBQM HHv Bi Bb MQi2/ i?
* G r2B;?2i2/ i2KTH i2b 2KmH iBML 122 2222 4+ LGEP

2M2° W2/ 2p2Mib b2H2+i HQr2 Q' /2  7TmM+iBQM H 7Q KX
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rb +?2Qb2M 7Q° 7Qm > + b2b Qmi Q7 Ry- r?BH2 i?2 b K2 Q" /:

+ i2:Q°B2bX

RYyXjX&Bi 2bmHib 7Q° 6Q +2/ 1tTQM2MiB H 60Q K

h #H2 RyX®2 "2bmHib Q7 i?2bTm BQmbbB;M Hi2bi+QMbB/2 BM,;
7TQ K} 7Q # +F; QmM/i2KTH i2b +QMbi m+i2/ rBi? mMr2B;?i2/
a?2 T !GRp2MibX

* G g2B;?i2/ a?2' T IGP

*i2;Q v a?2 T !GPU1KmH iBM; J /:" T?n J*!LGPV*QKE BbQEM
ISTRE B ISTEE R iSprej= JSERIR
ZZk>GLInShonynd8nnyyXdN R39Xyy RXNN
ZZk>GLInShonynd8nnRkX8R kx8d RXyR
ZZk>GLInShond8nR8ynmeyXyy dykXyy RXj8
ZZk>GLInShond8nR8ynRR83 R X9k yXN8
ZZk>GLInShonR8ynk8wRmyXyR y X9k yXyy
ZZk>GLInShon:hk8ynnpy3jRyy ddkXyy RXjd
ZZk>GGnShonynd8nnyej8Xyy dNdXyy RXRR
ZZk>GGnShonynd8nnR dX9N dX39 R Xyk
ZZk>GGnShond8nR8ynNgXRYy jiyXyy RX89
ZZk>GGnShonR8ynk8yMd9 Xyy 8dkXyy yXd9
ZZk>GGnShonR8ynk8ymRvRON RX9j yXN3
ZZk>GGnShon:hk8ynny88Xyy 3eRXyy RXyy

hQ 2p Hm i2 "2bmHib 7Q i?2 + i2;Q B2b 7Q"

M/ iQ Q#i BM

vVB2H/- i?2 i2bibr2°2 mM

r?B+? i?22 bTm

KQ'2 Q#D2+iBp2 +QKT "BbQM Q7 i?2 +2 M;

;s BM #mi r?2 2 QMHvV

M 2tTQM2)

rb+QMbB/2°2/X h?2b2 "2bmHibl_2 b?QrM BM h #H2 RyX8X

h FBM: i?2 K2 M Qp2°

VB2 HiBRAFi= jSIQi2 =1:09 048X

RYyXjXAKTHB+ iBQMb Q7 _2bmHib

HH + i2;Q B2b- i?2 "2H iBp2 +? M;2 E

h?2 BKT +i Q7 KQ/Y¥HHBMFi?QmM/JrB:i?2T?n J*ILGP

i?72 i?aM2°'T IGBb Q7T "iB+mH

T QpB/2

*BMi2'2bi bBM+2 i?2 7Q K
#2ii2° /2b+ BTiBQM Q7 i?2 /[1 X >Qr2p2 - 6B;m’2

IBz2 2M+2b #2ir22M i?2 irQ ;2M2" iQ b Bb bK HH BM +QKT |
/Bb+ 2T M+B2bX h?2 # +F;"QmMH TORFDHIBIB @M m@+2 i BN
2pB/2Mi 7°QK i?2 y@D2i #BM /Bb+]2T M+v BM 6B;m 2 RyX3 -
M2Bi?2" ;2M2° iQ  + M #2 2t+Hm/2/X

Ai
H!

Bb 7QmM/

1?1

1?2

'2M2° iQ b /Bz2"

BM b2p2° H BKTQ i
K2 bm 2K2Mi¥HQTIQ2m+iBQM T Q+2 Ny -/ Bimi+ B #miiBQ M
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uyv U#v

6B;m 2 RYyX@BKT 'BM; * G r2Ba?R2/T !GPU2KmH iBM@
*T?2n J*ILGP V ;2M2°Vi2/2p2Mi /Bbi B#NiBM@Mb BMi?Qb2
7Q° mMr2B;?i2/ JQMi2 * "HQ 2p2Mib M/ /i X

M/ p "B #H2b mb2/ BM i?2 +H bbB}+ iBQM M/ # +F;"QmM/ "
BM/B+ i2b i¥ii?2M2° iQ°  KQ/2HHBM; mM+2'i BMiB2b b?Qm|
re2mMm +QMbi m+iBM; i?2 +H bbB}+ iBQM M/ # +F;"QmM/ 2D
"2iQ T2 7Q K QTiBK HHvX

AM i¥YH + i2;Q B2b-T?n J*ILGP T 2/B+ib H2bb bi22THv 7 |
m /Bbi'B#miBQM +@KZI T2/GR b b?QrM BM 6B;m 2 RyXd X >Q
i?72 bTm BQmb bB:M H i2bi Bb 7QmM/ iQ #2 "Q#mbi iQ i?B
BM; i? 1 i?2 bTm BQmb bB;M H vB2H/b Q#i BM2/@’Q b KT
T T?n J*ILGP "2 +QMbBbLI2MI2rBiIi?GPb KTH2b rBi?BM QM2
bi M/ */ /2pB iBQMX h?2°27Q°2- MQ bTm 'BQmb bB;M H m
/IBz2 2M+2 #2if22M?n J*ILGP M/a?2 T !GBb 2[mB 2/ BM
/IBIiIBQM iQ i? iBM +m ™ "2Mi K2 Hbim~ 2 KiZMVOMQH X? 2

AMi?Bb +? Ti2 -Bir b/2b+ B#2/?2QriQ mb2i?2* G 2r2B;?i
*?2 TiR 3iQ 2KndH:i2T?n J*ILGP ;2M2° i2/b KTH2 Q7

# +F; QmM/ 2p2MaeybiBMG KTH2X h?Bb "2r2B;?iBM; K2|
rbb?QrMiQ #2 bmT2'BQ iQ i° /BiBQM H '2r2B;?iBM; BM Q
b KTH2bX bbB;MBM; * _&?28;PGHRIig2ZMib ii?72 "2+QMbi m+it
H2p2H b?Qr2/ i? i i?2 /IBz2°'2M+2 BM ;2M2° iQ'b Bb MQi H °

i?72 /IBb+ 2T M+v #2ir22M [ i M/ i?2 bBKmH i2/ # +F;"QmM
i?72 2z2+ib QM i?2 bTm BQmb bB;M H vB2H/ 2 +QMbBbi2M
mM+2'i BMiB2bX >Qr2p2 - MmK#2 Q7 F2v p B #H2b /Bb

RS



#2ir22M 1?2 ;2M2° iQ b- ?B;?HB;?iBM; i?¥% M22M2QQ #H@MbB/:
KQ/2HHBM; mM+2'i BMivr?2M +QMbi m+iBM; +H bbB}+ iBQ!
M2irQ ' Fb BIMi?2 M HvbBbX h?Bb "2b2 "+?2 Bbi?2H bibim/vicC
M/ *? Ti2] RRrBHH +QM+HmM/2 i?2 i?2bBbX

_272°2M+2b

(eNh?2 hG a *QHH #Q  iBQMX 6J2 bm 2K2Mi Q7 i?2 + Qbt
i"Qr2 FT ' Q/m+iBQM Q7 /BD2ib BAM# QbQ MBBiBQWBIBEQ Mb
i"S4Rjh20rBi?i?2 hG a/2i2 S bX+AM 2di®8 i 2 + X
kyRAV- TTX kb bRk X @ kieNIXy X RyRefDXT?2vbH2i#XkyRd X
yIX
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*?2 Ti2 RR

*QM+HmMbBQMb M/ PmiHQQF

1tTHQ  iBQM Q7 >B;:b #QbQM iQ /BT?QiQM /2+ vb Bb biBHF
iBQM HHv TQr2 7mH +? MM2H 7Q° BKT QpBM; K2 bm 2K2M
T K2i2'b i hG aX K2 bm 2K2Mi Q7 i?2T Q/m+iBQM + Qbb
#vi?2# M+?BM;  iBQr bT 2b2Mi@2/ BI/)gGmM/ 1D #X

h?2 BKTQ'i M+2 Q7 i?2 bvbi2K iB+ mM+2 i BMiB2b QM i?E
?B;?HB;?i2/- M/ 2KT? bBbr b TH +2/ QM mM/2 bi M/BM; M/

h?2 K2 bm 2K2Mi /2T2M/2M+2 QM i?2 +QMbi m+iBQM Q7 T2\
iBOMb 7°QK bBKmH i2/ 2p2Mibr b ++2Mim i2/- M/i?2 2M/2
bi iBbiB+ H bB;MB}+ M+2 Q7 i?2b2 JQMi2 * "HQ b KTH2b ? |
mT; /2 Q7 6 bi* HQaBK r b BHHmbi  i2/- ?B;?HB:?iBM; M2
+QKTH2t /2i2+iQ" ;2QK2i'v 72 im 2b BM i?2 G ~ + HQ BK2i2
bBKmH iBQM bT22/X 6 bi* HQaBK Bb + BiB+ H BM T Q/m+B
bBKmH i2/ b KTH2b i? i hG arBHH '2[mB 2 7Q  7mim 2 ?B;?

K2i?Q/ 7Q" /2i2°’KBMBM; i?2 2z2+ib Q7 bi iBbiB+ H ~m+in
2p2Mi /Bbi ' B#miBQMb QM "2bmHib Q7 i?2 bTm BQmb bB;M
K2i?Q/ r b mb2/iQ /2i2°KBM2 i?2 MmK#& +§7 QB KMIHR2p2Mib
i1 rQmH/ #2 2[mB 2/ iQ /2[m i2Hv KQ/2H i?@ ¥ +F; QmM/ |
K2 bm 2K2Mi + i2;Q B2bX Air b +QM+HmM/2/i? ii?2 # +F; Qn
H2; +v M HvbBb "2[mB 2/ M BM+ 2 b2#v 7 +iQ Q7 dXky iQ
i2bi BM i?2 +m "2Mi M HvbBb Bi2' iBQM93® + Qi\H} 42 M2+ D "B 2
H2p2HX T QTQb Q7 i?Bb "2bmHi-i?2 HHQ+ iBQM Q7 "2bQm
//IBiBQM H yX8 2BBRIMBHXQM ;° Mi2/iQ i?2 M HvbBb ;"QmT- br
2/Im+BM; i?72 K2 bm 2K2Mi mM+2'i BMivX h?2 /2b+ B#2/ K2
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7m’i?2° iQ 2p Hm i2 Qi?2" 2z2+ibi? M b KTH2 bBx2 QM i?2 ¢
mM+2'i BMivX 6Q BMbi M+2- #v BMp2biB; iBM; i?2 BKT -
"2bQHmMIBQM bvbi2K iB+ mM+2'i BMiv? b QM i?2b? T2 Q7 #
+QmH/ Q#i BM BM7Q K iBQM QM ?Qr i?2 bTm BQmb bB;M H "

i2+?MB[m2 7Q" i?2 KmHiBp "B i2 * G "2r2B;?iBM: Q7 b K
/Bz2 2Mi ;2M2  iQ b r b T 2b2Mi2/- r?B+? HHQr2/ 7Q  i?2 2
'2M2° iQ  b2iiBM;b rBi?Qmi "2[mB BM; /2/B+ i2/ bBKmH iBQ
i?2 2z2+ib QM i?2 K2 bm 2K2MiX h?2 i2+?MB[m2r b TTHB

KB}+ iBQMb Q7 mbBM: 8@~ pQm b+?22K2BM TH +2 Q7 i?2
7Q° :2M2tH@®M:B:M H 2p2MibX h?2 FMQrH2/:2 Q7 i?Bb ;2M?2
mMM+2 i BMiv BKT Qp2b i?2 “2HB #BtHdi v @7/ @ biB K MB-M Q b
b2+iBQMX

h?2* G 2r2B;?iBM; i2+?MB[m2r bbm#b2[m2MiHv BKTH2K?2
BKT +iQ7imbBM;?n J*ILGP BMTH +2 Q7 i?2aMQKB®PH

;2M2° iQ T r?22M T Q/m+BMW, # Z2p2MIbM/h?2 * G r2B;?ib r2z
T'QT ; i2/ iQ i?2 "2+QMbi " m+iBQM H2p2H iQ +°2 i2 i2KTH
+12;Q B2b M/ iQ 2i B2p2 2biBK i2b Q7 i?2 bTm BQmb bB;
i?72 2z2+ib QM i?2 # +F; QmM/ KQ/2HHBM; mM+2 i BMivX
+i2;Q B2b-i?2;2M2  iQ p B iBQMr b b?QrM iQ /Bz2" #v H
i?72 +m "2Mi # +F; QmM/ KQ/2HHBM; mM+2 i BMivX a2p2 |
2p2Mi +H bbB}+ iBQM M/ # +F;"QmM/ "2D2+iBQM 2t?B#Bi F
a?2 TIGPM/J /:" T?n J*ILGP X h?Bb BM/B+ i2b/i? i i?2
;2M2° 1IQ° KQ/2HHBM; mM+2'i BMiB2b b?QmH/ #2 +QMbB/2"
+H bbB}+ iBQM M/ # +F; " QmM/ "2D2+iBQM M2irQ Fb-B7 i?2\
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GBbi Q7 6B:m 2b

[KXR a? T2 07172 "1% TQi2MiB H X X X X X X XR¥ X X X ]
[KXK G>*>B,,b K BM T Q/m#iBQM T ' Q+2bb2b XKR X X X X

[KX] >B.;b #ObOM T Q/m+iBQM + Qbb BE+iBQAMOKG 7mM+

[XR _GQ+ iIBOM Q7 i?2G>* X X X X X X X X X Xk& X X X )

XK *1 L ++2H2 10 *OKTH2tb+?22K iB+ X X X% X X X :

[ X] GmKBMQbBIv 2+Q /2/ MMm HHv #v hG a XjKK X X X .

UX9 hG a/2i12+1Q Db[+?2K iB+ X X X X X X X X AjX X X X

X8 hG a+QQ /BM]i2 bvbi2K X X X X X X X X X8X X X X

[[Xe hG a K ;M2ibvbizK X X X X X X X X X X X]jE X X X X

UXd hG a AMM2 " .2i12+iQ] b+?2K iB+b X X X X XYdX X X X

X3 A"GBKT +iT  K2i2 T2 7Q°K M+2 X X X Xj¥ X X X X

XN THZ2+i QK _M2iB+ pbX[? /"QMB+ b?Qr2 b X XRX X X X

OXRy hG a+ HQ BK2i2 b+?2K iB+ X X X X X XK X X X X

[XRR AMi2 +iBOM H2M;i?0 Q7 i?2 + HQ ' BK2i2 9 X X X X

[[XRk a+?2K iB+ Q7]1* HH v2 b X X X X X X X X9%8 X X X X

XR] /B iIBOMHZM i7b Q7 i?2 1* H X X X X X ¥X& X X X
[[XR9 hG a JmOM aT2+i QKZ2i2 b+?22K iB+ X X ¥3X X X X

OXR8 hB2 bi'm+im20Q7i?72gG*: X X X X X X X8&RX X X X

[[XRe S IB*H2 BMi2 +iBQMb 2T 2b2Mi iBQM X8K X X X .

[[XRd amT2 +HmBi2 2t KTH2 X X X X X X X X X8 X X X X

R8d



OXR hG abBKmH iBQM ~Qr X X X X X X X X X & X X X X

OXK 61 b 2+0OMbBi m+iBQM ;2QK2i'v X X X X XN X X X

[BXR 6B bi S* 1~ Mb/7Q KIJiBQM 2t KTH2 X X X XX X X X

[(8XK G 12 HDb? T2 T K2i"Blb iBQM 2t KTH2 X XY X X X

BX] G ++0Q /BOM +0Q 2+iBOM 70 bBKTHB}2/% bi* HQa

[8X9 1{+B2M+v Q7 +Q 2+i +2HH bbB,MK2MKkKkBQRAJ"k yXk

[8X8 o0 HB/ iBQM Q4 mbBM); b S.6 X X X X X XB&X X X

[8Xe *mKmH iBp2 T Q# #BHBiv /Bbi BEmMIiBIQM Q3erQ "2+it

[8Xd S O# #BHBiv /2MbBiv 7mM+iBOM Q7 +Q  "28eHv bbB;

[BXN o HB7 iBOM 2t KTH2b/BQTH 2BK2M|i K2i?QRBX X X X
XRy AHHmbi 1BQM Q7 1J1 ; MiBOX MBX2X2 M i

[eXR h?299 }/m+B Hahsa 2;BQMB ¥QMbN/H yvD/BBHEKI? 2
[eXk aB;M HKQ/EHHBMM 7/HVDBBD +]i2;Q B2b X XRYRX X X X
[eX] *QMbi m+i2/ # +F, OmMMHI2KTHVMIAVEBDL + |[iRy&x B2b
[eX9 ahsa 2.BOM + Qbb@b2+iBOM K2 bm HKEWIBIY QK i?

[dXR SbZ2m/Q@/ 1 b2i 2t KTH2b Q7 p] vBM; bi iBRyyB+ H bB:

[(dXk aTm BOQmb bB;M H+ Bi2 B /2T2M/2M+2 QRR#y +F; Qn

[3XR * G M2m HM2irQ F KQ/2H i2KTH i2 X XRR«& X X X

[NXR 9@~ pOm  MH®P@p2MImZMZ2 iBOQM 62VMKRWKj)/B ;- Kb
[NXk a+?2K iBHGQR* 122 2r2B;?iBM; M2m| H M2RK8F X X

[NX] L2m HM2irQ F HOOlgw m MG TIROMS 7R BM; XRKkeX X X

[NX9 aT 2AHgRY G r2B.2ib M/ i BKKBM: i? 2b?Rkle X X X |

[NX8 L[2m H M2irQ F PRHgbm p@ 72Q2B;?iBM; X RkKAX X X
([NXe o B #H2 /Bbi B#mIBQMb 7Q tHgb &Sp 2V 2B ; XREKMX Q 7

[NXd .Bbi BEmMIBOM Q7 R. r2Bigh Zp2 V0 @27 2@ ;SRBR1: X
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[NX3 1p2MivB2H/ 7Q /Bz2 2Mi 2M2 10F p2 B iBRoMb B M

[NXN o B Mi 2M2 10 b2iiBMHbPEEHOBOM X RjR X X X

RYXR 0 B #H2 +0Q @A BOGM 7@p2Mib X X X RjK X X X
RyXK * "G 2r2B.?iBM: M2m_ H M2irflQ ' F _P* +mRpg® X X X

[RyXj] o B #H2 /Bbi B#FmMIBOMDb 7Q  * Bp2M21B ; XRENIX Q7
[RyX9 2r2B;?iBAMWZ2ZMib mbBM; QM2 p "B #H2 X R9%® X X X
[RyX8 * G 2r2B5?2IBIMm H M2irQ F |P* +m p2 R¥X X X X |

[RyXe o B #H2 /Bbi BEMIBOMDb 7Q" * 2 2RIiDBEX TBS® XQ7

[RyXd 1t RITHBB ;M HKQ/2ZH M/ # +F;, OmM/ i2KTRB8y2 X X X
[RyX3 :2M2 1Q /Bz¥ 2ZMBXmHAQIBQM +QKT BbQRWBH rBi? / i

R8N



GBbi Q7 h #H2b

[kKXR Zm MimK MmK#2 b Q71?2 ai M/ '/ JQ/2H XRX X X X >

KXK ™ M+?BM: BObB 70 SB::b/2+ vKQ/2b X X& X X X

[XR MMm H M/ MOKBM Hp HAm2b 70 G>% T Qij&M #2 K T

Xk IHZ2+i QK _M2iB+ * HQ BKZi2 +2HH ;> MmH9&Biv X X

[9XR 6mHH M/ 7 bi bBKmH iBIJQM iBK2 +QKT "Bbd@M X X X

[BXR * HQ BKZ2i2 b KTHBM; Hv2'bh X X X X X Xd& X X X .

[BXk * HQ BK2i2" "2bQHmMIiBQM i2 Kb X X X X X3*RX X X X

[eXR JQ/ZHHBM; BIZiiBMN AQHBBD T Q+2bb2b X XjX X X X
[eXk TtT2+i2/ vB2H/BHTQ i22 B¥bBb +]i2;Q B2b NN X X X

[e X] M HVIB+ 7TmM+iBOQNHD 70 K/ ZHMBMF] QR¥Kb X
[eX9 avbi2zK iB+ mM+2 1THBIMIB X 700 i2R2Mib X Ry® X X X

[dXR _2[mB 27/ # +F; QmM/ i2KT]8gi? <bB¥%Zh,| X DRIDR
[dXk _2[mB 2/ # +F; " QmM/ i2KT [Bsjud b BOR Q,j| XTHDR R

[NXR +?Bi2+im 2 Q TtHREKBDr2BONBQ, M2m| H MRk8Q 'F X |
INXk * G 2r2B;?iBM; T2 THQbRpMI OB #H2b RkX X X X
Ry XR +?BI12+1m IBK 1B ; 7M2m|] H MRJIMQ F X |
[RyXk * G 2r2B;?iBM; T2 7Q KpBIMPp7 OB #H2b ROK X X X

RyXj * G 2r2B.2iBM; T2 7Q RMPF2iD/72p2Mib R X X X

Rey



[RyX9 aTm BQmb bB;M H 2bmHib 7Q b2H2+/iBMR&R+F; Qnm

RyX8 aTm BOmMb bB:M H 2bmHib 70 b2HZ2+IBMR&KTQM2 M

ReR



"B#HBQ; T?v

(R)h?2 hG a*QHH #Q iBQMX 0P#b2 p iBQM Q7 M2r T "iB+
i?72 ai M/ "/ JQ/2H >B;;b #QbQM rBi? i?2 hG a /2i2+iQ"
AMS?vbB+b G2idReXR ULQpX kyRKkEb LHIVjX¥ YR KKXE X
RYyXRYyRefDXT?VvbH2i#XkyRkXy3Xyky

(k)h?2*Ja*QHH #Q iBQMX 6P#b2 p iBQM Q7 M2r #QbQM

rBi? i?2 *Ja 2tT2 BK2Mi i i?3 BrpBXbAGRIAIREX R Ua2TiX
kyRkV- TTXBp WXy @ kkeNgRy XRyRefDXT?2vbH2i# XkyRk X
VKR

(j) BX IM:H2i M/ _X" QmiX 8" QF2M avKK2i'v M/i?2J bb C
J2bQMbBX VMK _2p RGN Xm;X RNe9V- T/MOBERyRX RK3 | f
S?7vb_2pGZiiXRjXjkR

(9)S2i2° qX >B;;bX 6" QF2M avKK2i'B2b M/i?2J bb2b Q7 :
S?vbX 2pRGERXP+iX RNe9V- TPRBRYYR KYNHS ?2vb_2pG2
[T XRjX8%Y 3

(8):X aX :m> HMBF- *X _X > ;2M M/ hX gX "X EB##H2X 8:HC
G rb M/ JbbH2bb S "iB?PHRY6X2AXRG kY LQpX RNe9V-
TTX 838 BBBRYXRRY|jfS?vb _2pGRiiXRjX838

(e).X/26HQ'B M M/HHXQF Q7 G>* >B;;b *"Qbb a2+iBQMb, 9X
i?72L im2Q7i?2>BXMaRwZHHQr _2TQ ib,JQMQ; T?b*
kyRd@yyk@JX POBRKXRje@fRf*u J@KYRdId@yyk

(d)h?2 hG a *QHH #QP#BD RMXBGM Qb /2+ vb WH
T 'Q/m+iBQM rBi? i?2 h& h2M1X+iDTX hG a@*PL6@kyR3
2M2p ,*1 L- CmHVKQRIK, ff+/bX+2 MX+2f 2+QX/fkejyjj-

(3)h?2 hG a *QHH #Q  iIBQMX 6*QK#BM2/ K2 bm 2K2Mib
TQ/M+iBQM M/ /2+ vBOWBIMQ MT @QM@T QiQM +QHHBI
i"s= Rj h20 +QHH2+i2/ rBi? i?2 hG a 28P2bXK2Mi¥X AM,

RYRX “sBp,RNYyNXyk398 Ua2TiX QBRNXR RRK Bk 93 pT. X

RYRXVRXYyyk

(N)h?2 hG a *QHH #Q  iIBQMX 6P#b2'p iBQM Q7 >B;;b #Q
bbQ+B iBQM rBi? iQT [m "FTB" ii?2 G>*rBi? i?2 hG
AMS?vbX G2diX9X "sBp,R3yeXyy9k8 UCmM2 ky@BV- Rdj F
RYXRYyRefDXT?vbH2i#XkyR3XydXyj8
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(RyJa > ? 6B2H/b M/ G2tB * "p2'X 8 M HvXxBM; i?2 G>* J ;M2i
JMHiIBT?vbB+baBKmH iBQM, MA11UBRF2% KyRANMDBEXi &y
N X

(RRPHBp2' aBK ""CMBM* 22bBXM 2TQ iL u2HHQr _2TQ'ib,
JOMQ; T?bX :2M2p , *VOBRYYWWORAYTf*1 L@KyyR@yyj@ oC
(Rkh?2 hG a *QHH #Q " iBQM 2i HX 6h?2 hG a 1tT2 BK2Mi
G ;2 >/'QM *QHHBAL X UKMY3VX HbQ Tm#HBb?2/ #v °
:2M2p BM kyRy- ay3yQBROKRTYE3ITRAdI93@ykkRfMy3fay3yy

(Rj)h?2 GA*1 *QHH #Q  iBQMX 6h?2 GA*1 2tT2 BK2Mi i i7
G ;2 AQM *QHHB/2 1tTQABKRWK ¥ 3AM ay DYBRYXX
Ry33fRA93@VyKKkRfifX3fay3yyk

(R9Nn?2 G>*# *QHH #Q IiBQMX 6h?2 G>*# .2i2+«G@Lahi?2 G>
IXG>*#@.S@kyy3@yyR UKQBRY X RYy3BYRXA93 @ ykkRfjfy3
av3vX8

(R8h?2 *Ja *QHH #Q iBQMX 6h?2 *Ja 2tT2 BK2Mi i i?2 *1_
*QKT +i IJmQM aQH2MQB/ 2CTAL 8iKL2 MyiyXVA My &yB 9 X
RyXRy33fRd93@ykkRfMy3fay3yy9

(Reph6*X1l L ++2H2  iQ “QKYReH?iiTh,ffbi7+XmF|BXQ" :f
“2b2 +72fT iIB*rH2@ T T?vbB+b@ M/ @T iB+H2@ bi QT?
? TOQM@+QHHB/2 f+2 M@ ++2HDpBOB@2/ @M KEfRRfkyR

(RACX g2MMBM:2 X 8G>* bi imb M/STQR4aUO> K M +RpR3AM y R
iiN UB2#X KYRIRYXKKjKjTRX[jMNXyyyR

(R3N?2 hG a *QHH #@nMEBM®bBivSm#HER kyRINK?ib mMKkK
Th,ffirBFBX+2 MX+?firBFBf#BMfpB2rf iH bSm#HB+fGm
+ 2bmHIbUmMBIKBi2/ QM y9fRkfkyRNV X

(RNAX FL2Mi2WBAMNEXN2i @ *Ja +QQ Mm@ D Wiy Frad
Th,ffiBFXXM2if tBbjUpEOEi2/ QM y9fRkfkykRV X

(ky)G m 2Mi *?2p HB2 ' X 6JmQM .2i2+iBQM6X AM, 1aAS S kyR
Q7 T "iB+H2 M/ bi'QT "iB+H2 /2i2+iQ°'b U1Im QT2 M a
“+?2 KTb- 6° M+2VX 6R#HRIKYBRBXBM/B+QX+2 MX+?2f2p2N
jeekdkf+QMi B#FmiBOQMHfRd3R8e8f

(kRh?2 hG a *QHHﬁ#Qh‘iBIQMX+QMbi‘m+iBQM S2°'7Q K M+
hG a AMM2 .2i2+3013 ih2K h2+?X "2TX hG@S>ua@SI"@ k
yR3X :2M2p , *1 _L- CmHWM?kiyTRR Xf+/b X +2 M X +?2f 2+Q /f
KyvideXj

(kk)*?"BbiB M gqgQH7; M; 6 #D M M/ 6 :B MQiiBX 6* HQ BK2i \
B+boX2HM,JQ/X 88XBX L@1S@kyyj@yd8 UP+iX kyyjV- Rk
TXn H?iiTbh,ff+/bX+2 MX+?2f 2+ X /feNkk8k

(kj)>2BM B+? CX 0Q2HF M/ EQM  / "2"MHQ2? X 8AK ;:BM;
KK @_ v h2H2b+QItTBOX AMKGMMKYYNV- TTX/R®Bj RNRX
RyXRyydfbRye3e@yyN @HNBBR@RN3 ( biXQ@T?)
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