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ABSTRACT

The Extreme Universe Space Observatory on a Super Pressure Balloon 2 was launched
on May 13, 2023, to search for very-high to ultra-high energy cosmic rays and neutrinos.
Despite an early termination after only 36 hours, all major instruments could be
activated, and collected valuable data. This work presents an analysis of expected
above-the-limb cosmic ray events, a limit on the diffuse neutrino flux, and constraints on
transient sources using the Cherenkov Telescope.

The Cherenkov Telescope searched for Earth-skimming neutrinos below Earth’s limb
and extensive air showers from cosmic rays above the horizon. To facilitate transient source
follow-up, we developed the Neutrino Target Scheduler, although follow-ups were hindered
by a loss of pointing control during the second night of flight. An extensive simulation
methodology has been developed to determine the expected number of above-the-limb
cosmic ray induced events as well as calculate a limit on the diffuse neutrino flux and
target neutrino fluence. These simulations were informed by the data collected using the

Cherenkov Telescope, and an analysis of this data is presented.
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T°Q/m+2b ?m;2 KQmMib Q7 BQMBx2/ T iB+H2b b T iQ7i?2 bQH
(RN)X h?2b2 T "iB+H2b "2 /2~2+i2/ BMi?2 1 i?6b K ;M2iB+ }2H/ M
BMi2® +irBi? i?2 iKRQZBA224X2 #b2M+2 Q7 i?Bb "~ /B iBQM Bb 7Q"i
+B +mKbi M+2 7Q  HB72 QM 1 "i?-Bi HbQ K2 Mbi? i KQbi HQr@ 2M:
iQi?2bm'7 +2 Q7 i?21 'i?-H2 /IBM;iQ ~mt+miQz iHQr2M2 ;B2b;

RXRXR h?2 *QbKB+ _ vaT2+i mK

h?2 Qmi~Qr Q7 BOQMBx2/ T "iB+H2b 7°QK i?2 amM +QMi ' B#mi2b iQ
i?2 bQH "~ bvbi2K- bBKBH " iQ 1 'i?0b K ;M2iB+ }2H/X h?2 T "iB+H2 i
HQr 2M2 ;v * b Bb b+ K#H2/ M/ T 'ib Q7 i?2B 2M2 ;v + M #2 /2TQb
K :M2iQbT?2 2-r?B+? H2 /biQ +miQzBMi?2* bT2+ilmX i HQr 2N
(R3)- pBbB#H2 BM 6B:m 2 RXR UT ;2 eVX "2vOM/ i?IBIQ2M2b;QFmiQz
K ;MBim/2 BM NI 201@°20V-i?2* T "iB+H2bT2+i mKBb r2HH /2b+"E
TQr2 HrrBi? bT2+i HBRIWRt Q/m 2 rBi? K2 bm 2K2Mib 7" QK bQK?2

Rh?2 ~mQ 2b+2M+2 T°Q/m+2/ BM i?2b2 BMi2" +iBQMb Bb bbQ+B i2/ rBi? i?2 m"
1 i? H iBim/2b (ky)X



K DQ *_2tT2 BK2Mib Bb b?QrM BM 6B;m 2 RXR UT ;2 eVX gBi?BM i
MQi #H2 72 im 2b BM i?2 *_DbT2+i mK (R3),

RX?2} biFM22 i M EM202Q7%?2 2 i?2 bT2+i° HBM/2t3IQ7i2Mb iC

kXh?2 b2+QM/ FM22 i B 20MY 20 (P22 i?2 bT2+i° HBM/2tbQ7i2Mb
"QmM/ 33

iXh?2 MFH2 i M 2BI210¥@b r?2°2 i?2 bT2+i° H BM/2t 25/2Mb iQ
9%17?2 +mi@Qz i M2ME 20 r?2°2i?2bT2+i° HBM/2tHQ7i2Mb iQ

Kh?2 6} bio FM22 Bb ivTB+ HHvVv BMi2 T 2i2/ bi?2 K tBKmK 2M2";v
++2H2 i2/iQJBHFvqgv; HtvX "2vQM/ i?2 FM22 r2 2tT2+i i MbBi
Q'B;BM i2 BMi?2JBHFvqgqVv; HtvU; H+iB+ViQ* bi? iQ ' B;BM i2"
U2ti® ; H +iB+VX h?Bb i’ MbBiBQM Bb HbQ bbQ+B i2/ rBi? M BM+"
Q7i?2* T'BK 'B2b "QmM/i?2 FM22 (kR)- b b?QrM BM 6B;m 2 RXk
+Q 2bTQM/iQ i?2 K tBKmK 2M2 ;v ?B;?2 K bb T BK "'B2b + M #2 +
; H tv- #27Q 2 2ti™ ; H +iB+ T "iB+H2b /QKBM i2 i?2 bT2+i mKX aBK
+QKTQbBIiBQM "QmM/i?2 FM22-i?2°2 TT2 biQ #2 MQi?2 +? M;?2
?B;?2bi 2M2 ;B2b #Qp2i?2 MFH2 (kk)- b+ M#2 b22M BM 6B;m 2 F

MQi?2 72 im'2Q7* bBbi? ii?2B" ""Bp H/B 2+iBQMb ‘2 HKQ
rBi? QMHvV ?BMib Q7 MBbQiIi QTv ii?2p2'v ?B;?2bi2M2 ;B2b (kj) U
h?Bb Bb "2H i2/iQ i?2 2tBbi2M+2 Q7 H ;2@b+ H2 ; H +iB+ M/ 2ti  ;
h?2b2 K ;M2iB+ }2H/b /2~2+ii?2 +? *;2/* b QM i?2B  rviQ1l "i?X Kk
i2+?MB[m2b-ivTiB+ HK2i?Q/biQ K2 bm 2 ; H +iB+ M/ 2ti° ; H +iB+
QM K2 bm 2K2Mib Q7 i?2 w22K M bTHBiiBM; Q" i?2 TQH 'Bx iBQM Q
Q bi "b(k8)X h?2 HB;?i 7' QK i?2b2bQm +2b Bb TQH "Bx2/ #v /mbi ;

KPMHvV i?2 FM22- MFH2- M/ +mi@Qz r2°2 +H2 “Hv /2}M2/ i° MbBiBQMb BM i?2 T
r?B+? +HQb2Hv "2b2K#H2b i?2b? T2 Q7 ?mK MH2;rBi? FM22 M/ M MFH2X h"
“2+2MiHV rBi? KQ 2 bi iBbiB+b ; i?2 2/ #v H “:2 Q#b2 p iQ°B2b QT2  iBQM H iQ/



Ti?i?i 2Q B2Mi2/ HQM:; K :M2iB+ }2H/ HBM2b (ke)X h?2b2 bB:M
i72 T i? H2M;i?- bQ “2HB #H2 K2 bm 2K2Mi b 7mM+iBQM Q7 /Bbi
T2 7Q KX "2+ mb2 Q7 i?2H ;2 mM+2'i BMiB2b BM i?2b2 K2 bm 2K?2
Q7 * b Bb? /X

6B;m 2 RXR *QbKB+ " v~mtbT2+i mKQp2" rB/2 M;2 Q7 2M2 ;B2b
K DQ 72 im 2b Q7 i?2* bT2+i'mK M/-r?22 FMQrM-Qi?2 T "iB+H
2H2+i"QMb M/ M2mi*BMQb- 2 T 2b2Mi2/X



6B;m 2 RXk J2 bm 2/ * ~mt2IERTQIBE WB2/24:" M/2 U#H +FV M/
MmK#2' Q7 Qi?2" 2tT2 'BK2Mib U; 2vVX h?2 #Hm2 K "F2 b b?Qr i?2 |
+QMi B#miBQM- "2/ K "F2 b b?QrB QM- M/ ; 22M 2T 2b2Mib 2H2K.
"QmMYP 20 iQ07 20-i?2°2 TT2 "biQ#2 i° MbBiBQM BM i?2 bT2+i" H
bT2+i ' mK-r?B+? Bb bbQ+B i2/ rBi? i?2i° MbBiBQM 7 QK ; H +iB+ i
.m2iQBibH ";2°+? ";2-B°'QM Mm+H2B + M #2 ++2H2  i2/iQ ?B;?2"
i?72 b K2bQm'+2-H2 /BM;iQ +? M;2BMi?2* +QKTQbBiBQM #270Q
#2:BM iQ /QKBM i2X (k3)X



6B:m 2 RXj S'BK v +QbKB+ " v +QKTQbBiBQM b 7mM+iBQM Q7 2M
70m @+QKTQM2Mi +QKTQbBIBQM }iiQ /i i F2ZM rBi? i?2 SB2 "2 m
h H2 (jy) # b2/ QM +QKTQDbBiBQM }ib mbBM: i?2 1SPa@G>* BMi2  +]i
TT2 °

iQ #2 irQ K DQ i° MbBiBQM "2:BQMb BM +QKTQbBIiBQM 7 QK
10 20 i@ 20 M/ i i?2 ?B;?2bi 25 2BXb>Qr2p2 - i?2 mM+2i BMiB2b
Ub? /2/ 2;BQMbV QM i?2b2 K2 bm 2K2Mib "2 H “;2-K FBM: +QM+ ¢



RXRXk 1ti2MbBp2 B a?Qr2'b

aBM+2 i?2 2tT2+i2/ ~mt i ?B;? 2M2 ;B2b Bb bXVRAHYV R2R+PBM; R 2p
/12i2+iBM; i?2K Bb +? HH2M;BM;X H ;2 "2 M22/biQ #2 BMbi mK2N
HQr ~mtX I>1* b "2 ivTiB+ HHv /2i2+i2/ #v K2 bm " BM; b2+QM/ v T °
T°Q/m+2/i?2°'Qm;? BMi2' +iBQMb Q7 i?2 T'BK ‘v T 'iB+H2 rBi?BM i?:
b M 2ti2MbBp2 B b?Qr2°X

h?2 2tBbi2M+2 Q7 1 abr b +QM} K2/ #v 2b2 +?2i2 KH2/ #v i?2 ¢
SB2 2 Miy2Q TH +2//2i2+iQ°b QM iQT Q7 ?B;? T2 FbBMi?2 HTb N
+QBM+B/2M+2 " i2 #2ir22M i?2 /2i2+iQ°b b 7mM+iBQM Q7 b2T " iB
Hi?Qm;? i?2 +QBM+B/2M+2 " i2r b Q#b2 ' p2/iQ /' QT-Bi/B/ MQip M
T 'iB+H2b i p2HBM [m bB@T °~ HH2H #mM/H2b (jk- jj)X hQ/ v-r2 FN
r?2M I>1* +QHHB/2b rBi? iQKbBMi?2 1 "i?6b iKQbT?2 2X aBM+
2M2 ;v Bb Km+? ?B;?2 i? Mi?2 #BM/BM; 2M2 ;v Q7 i?2 Mm+H2B- i?:
+'2 02 b?Qr2 Q7 T "iB+H2b- M/i?2 b2+QM/ v T iB+H2b + M "2T2
"2T2 ib mMiBH i?2 T'BK 'v*_ 2M2 ;vBb /Bbi B#mi2/ 2MQm;? bm+7? i
2 +°212/- M/i?2 K BM2M2 ;v HQbb K2+? MBbK i MbBiBQMb iQ B
2M2 :v i r?B+? i?Bb i’ MbBiBQM Q++m b /2T2M/b QM i?2 K2/BmK M
ivTB+ HHVE.QB7M20 (jO)X h?2 T "iB+H2 + b+ /2b T°Q/m+2/ BM i?Bb T
2ti2M/ Qp2  H ;2 "2 bQMi?2:°QmM/ M/ T Q/m+2 HB;?ii? i+ M #2
[2p2HQTK2Mi Q7 i?2b2 T "iB+H2 + b+ /2b Bb Q7i2M i +F2/ mbBM; |
[12Ti? Q /2MbBivi?B+FM2bbX AiBb /2}M2/ b

Z|
X()= ds (s) URXRYV
0
M/ Bb K2 bm 2Q72QrKm+? K i2’B H T “iB+H2? bisgQb2/r?2M

/Bbi MK2 bm 2/ HQM: i?Bb T i?i?2°Qm:? KX B A2 QZT/iPMbBIB +?
i?72 p2° ;2Db?Qr2  2M2 ;VE.@BDbo+#HK DX Ai Bb +QMp2MB2Mi iQ mb2 /2

Ih?2 SB2 72 m;2  P#b2 p iQ'vUDb22T ;" T? RXRXeXRV Bb M K2/ 7i2° ?BK

N



i?72° i2 Q7 /2p2HQTK2Mi Q7 1 a/2T2M/b K BMHvV QM i?2 p BH #BH
T iM2 bX 6m i?2 KQ 2-i?2 b?Qr2  /2Ti? ++QmMib 7Q  i?2 HiBim/2
iKQbT?2 B+ /2MbBiv T'Q}H2X

MBKTQ i Mi +QKTQM2MiiQ +QMbB/2  Bb i?2 2M2 ;v HQbb K2+?
i° p2HBM; i?°Qm;? K2/BmKX ii?2 ?B;?2bi 2M2 ;B2b-i?2 /QKBM Mi

RX /B iBp2 T'Q+2bb2b U" REBi° 2HMM;V
kKXAQMB X iBQ M
iXS?QiQMm+H2 "~ BME2M +iBQMb

r?2m@mBbi?2 K bbQ7i?2T 'iB+H2X h?2b2 K bbb+ HBM;b "2 Qp2°
++QmMi Bb ;Bp2M BM (j8 jd)X //BiBQM H T Q+2bb2b +QK2 BMiQ Tt
b?QrM BM 6B;m 2 RX8 UT ;2 ROVX JQ 2 /2i BH2/ KQ/2Hb ? p2 #22M .
T "iB+H2 T°QT ; iBQMi? ' Qm;?i?2 iKQbT?2'2-2bT2+B HHv 7Q" Km
>Qr2p2°- b MQ'/2° Q7 K ;MBim/2 2biBK i2-i?2b2 b+ HBM; H rb + M
2pQHMIBQM Q7 M1 aX

1 ab +QMbBbi Q7 i?22 K BM +QKTQM2Mib Ub22 6B:m 2 RX9 UT ;:

C1H2+i QK ;M2iB+ +QKTQM2Mi
CIJmQMB+ +QKTQM2Mi
C>"/"QMB+ +QKTQM2Mi

h?2i?2°22 +QKTQM2Mib 2 +? * +i2 Bx2/ #v i?2B T iB+H2 +QMi2
BKTHB+ iBQMb 7Q  i?2B  2M2 ;v@HQbb K2+? MBbKb M/ i2bX h?2
+QMbBbib Q7 ?B;?2@2M2 ;v T? ® i DM 2M{ QDB DMR7;v 7 bi2  i? M 22 p
T "iB+H2b- H2 /BM; iQ KQ 2 2{+B2Mi 2M2 ;v /2TQbBiBQMX Pi?2" i?
i72 T "iB+H2b BM i?2 2H2+i"QK ;M2iB+ +QKTQM2Mi QMHV +2 i2 KQ
i72 2H2+i"QK ;M2iB+ +QKTQM2Mi
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""2Kbbi® ?HmM;

e+ X | e+ + X URXkV
TB T°'Q/m+

+ BMi2" +iBom &% URXjV
h?Bb K2 Mbi? i Mv2M2 ;vi Mb72 "2/ BMiQi?2 2H2+i QK ;M2iB+ +
i?72 2H2+i"QK ;M2iB+ +QKTQM2MiX AM +QMi" bi-i?2? /["QMB+ M/ K
+QMbi MiHV "27m2H i?2 2H2+i"QK ;M2iB+ +QKTQM2MiX h?Bb Bb K E
K, -r?B+? + M TeQ/MAX >Qr2p2 - #2+ mb2 Q7 i?2 p2'v 2{+B2Mi 2M:
/IBbbBT iBQM Q7 i?2 2H2+i'QK ;M2iB+ +QKTQM2Mi- i?Bb b?Qr2"° +Q|
[MB+FHv #27Q 2 Bi bi "ibiQ 7 /2X
AM +QMi” bi-i?2 KmQMB+ +QKTQM2Mi HQb2b Bib 2M2 ;v Km+? KC(
+QKT " iBp2HV HQM; HB72iBXD QjB)VY2 MMIQRImm HHVQ?B;i?2B"
/2+ viBK2 #2+QK2b iBK2 /BH i2/- HHQrBM; i?2K iQ i° p2H HQM; /Bb
b?Qr2" ;2QK2i v-i?2b2 KmQMb i® p2H HQM; /Bbi M+2b BM i?2 1 "i?60
#2 /12~2+i2/X AMQ /2 iQ KQ/2H i?Bb T Q+2bb- . mM+ M 6m2?2M2- *(
J bi2°6bbim/2Mi- M/ A/2p2HQT2/ MmK2 B+ HbBKmH iBQM 7" K2r
i?2°Qm;? i?2 iKQbT?2 2 (9y- 9R)X
h?2 /2b+ BTiBQM Q7 i?27? /"QMB+ +QKTQM2Mi Bb KQ 2 BMpQHp?2
/IBz2 2Mi T "iB+H2 ivT2b rBi? /IBz2 2Mi HB72iBK2b- K bb2b-BMi2" +
2M2 ;B2bX JQ/2Hb Q7 i?Bb +QKTQM2Mi mbm HHvVv BMpQHp2 2ti2MDbE
*P_aAE d(9k)- *P_aAE 3(9j-99) M/ *PaJPa(98)VQ 2KTB '+ HHv@/:
bi?2rB/2Hv@mb2/: Bbb2 @>BHH b T ~ K2i2 ' Bx iBQM (9e)- ;Bp2M

XKt X
X X1 Xkt X
e ———— ex _— URX9V
Xt X1 P

r?2°%; + M#2 BMi2 T 2i2/ bi?2 TQBMi Q7 }=b5 BM52f+KiGONK- M/

N(X)= Nkt

MQi?2 T K2i'Bx iBQM i? i Bb +QKKQMHvV mb2/ M/ + M #2 /2 Bp2/
2[m iBQM 7Q" 2H2+i"QK :M2iB+ + b+ /2bBbi?2 :"2Bb2M T * K2i Bx

RR



N(t):ggexpt 1 :—;In(s) ; URXS8V
0

[72°2i?22 T ° K20Xo K2 bm 2b 2Qr K Mv > /B iBQM H2M;i?b i?2 b?Qr
i p2°b2/-i?2 " /B iBQM HRM;3?:BM B9)BbMEIN(E,=E) K2 bm 2b
i?72iQi H2M2 ;v /2TQbBi2/ BM i?2 b?9QBD X RM2Ti?K2i2T * K2i2° M
Bb /2}M2/ #v i?2 7QHHQrBM; 2[m iBQM

_ 2n+3t
T t+2

r?2 22f 1=2;0;1=29(j9) /2T2M/BM; QM i?2 2H2+i QK ;M2iB+ BMi2  +iBC

URXeV

"2Bb2M T ° K2i'Bx iBQM Bb TT QT B i2 7Q  /2b+ B#BM; 2H2+i QK
r?2°2 bi?2: Bbb2 " @>BHH b T~ K2i'Bx iBQM + M ++m” i2Hv }ii?2k
b?Qr2" T"Q}H2bX >Qr2p2 - M2Bi?2 KQ/2H /2b+ B#2b i?2 KmQMB+ i
h?2°27Q°2-i1?2 +?QB+2 Q7 i?2 KQbi TT QT B i2 KQ/2H /2T2M/b QM
i72 bBim iBQM BM [m2biBQMX

h?2°2 "270m K BM K2i?Q/b Q7 K2 bm BM; M1 aX Ai Bb TQbbB#
T 'iB+H2b /B 2+iHvBM +QBM+B/2M+2 rBi? ~mQ 2b+2M+2 K2 bm 2K
.2i2+iQ  Ua.V M/ 6HmMQ 2b+2M+2 h2H2b+QT2 U6hV Q7 i?2 SB2 "2 n
h2H2b+QT2 " vUh VX .m2iQi?2H ;2 MmK#2 Q7 KQpBM; BQMBx?2
7°QK M1 a+ M#2 K2 bm 2/ #v =~ /BQ BMbi mK2Mib bm+? b i?2 m;2

"vU 1l VI/2i2+iQ (93) Q7 i?2SB2 "2 m;2 P#b2 ' p iQ'v.Q  Mi "+i
h MbB2Mi Mi2MM U LAh V (9N) M/ S vHQ /7Q IHi® ?B;? 1M2 ;v P
(8y)X h?Bb Bb HbQ i?2 K BM Q#D2+iBp2 Q7 :B Mi _ /BQ "~ v7Q L2
.2i2+iBQM U:_ L.V (8R-8k)X h?2b2 K2i?Q/b "2 MQi ;QBM; iQ #2 2tT
?22°2X h?2irQ K2i?Q/b mb2/BM i?2 1llaP@aS"k KBbbBQM- QmiHBM2.
/2i2+iBQM Q7 ~mQ 2b+2M+2 M/ *?2°2MFQp HB;?i 'BbBM; 7°QK 1 a
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6B;m 2 RX9 aBKTHB}2/ 2T 2b2Mi iBQM Q7 i?2i? 22 K BM +QKTQM:
+QKTQM2Mi-? “/"QMB+ +QKTQM2Mi- M/ 2H2+i QK :M2iB+ +QKTQN
+QKTQbBIiBQM-i?2 K BM /Bz2 2M+2b #2ir22M i?2b2 +QKTQM2Mib

i2b-rBi? i?72 KmMQMB+ +QKTQM2Mi HQbBM:; 2M2 ;v i?2 bHQr2bi M/
+QKTQM2Mi i?2 7 bi2biX (8j)
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6B:m 2 RX8 1H2+i'QM HQbb K2+? MBbKb 7Q" 2H2+i"QMb b 7mM+i
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RXRXj] 6HmMQ 2b+2M+2 J2 bm 2K2Mib Q7 1ti2MbBp2 B b?Qr2 b

bi?21 aT bb2bi? Qm;?i?2 iKQbT?2 2-i?22+? ;2/ T "iB+H2b- T
2t+Bi2 M/ BQMBx2i?2 iQKb "QmM/ BiX q?2M i?2b2 iQKb /2@2t+B
HB:?iX aBM+2 i?2 iKQbT?2'2Bb +QKTQb2/ Q7 d3W MBi"Q:2M (89)-
~mQ 2b+2M+2 T Q/m+2/ #v MBi"Q;2MX h?2 ~mQ 2b+2M+2 bT2+i mK
6B;m 2 RXe UT ;2 R8VX

6B:m 2 RXe 2H iBp2 BMi2MbBiv Q7 i?2 ~mQ 2b+2M+2 2KBbbBQM Q
i"ViQ K2 bm 2i?2 T2 F ijjd MKX (j8)

6Q  llaP@aS"k-i?2 MBi"Q;2M 2KBbbBQM # M/ “QmM/ jjd MK r b m
2biBK i2/ vE/DE /@A T?fJ20 (88) Q7 /2TQDbBi2/ 2M2 ;vX h?Bb HB;?i Bl
BbQi"QTB+ HHv HQM;i?2i  +FQ7i?21 a M/ b?Qrb M BMi2MbBiv -
iQi?2 2M2 ;v HQbb ~ i2 Q7 i?2 1 aX h?Bb K2 Mbi?2 2M2 ;v + M #2 21
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i?72 HB;?i T'"Q}H2X IbBM; i?2 /B 2+iBQM M/ ""Bp HiBK2BM7Q K iB
+QK#BM2/ rBi? i?2 bbmKTIiBQM i? ii?21 aT QT ; i2b 2z2+iBp2Hv
HHQrb 7Q° "2+QMbi'm+iBQM Q7 i?2 'Bp H/B '2+iBQM M/ T BK "\
+QMi BMb BM7Q K iBQM #Qmii?2ivT2 Q7 BM+QKBM; T "iB+H2X >(
i2+?MB[m2b + M QMHvV K F2 bi iBbiB+ H ";mK2Mib #Qmi i?2 T "iB+}
M/ /2Ti?2XQ7 (8e)X b?Qr2 @#v@b?Qr2° "2+QMbi m+iBQM Bb MQi v2
~mQ ' 2b+2M+2 HB;?i Bb 2KBii2/ BbQi QTB+ HHv- M/i?2°27Q 2 + M ;
BM/2T2M/2Mi Q7 i?2 *_6b /B 2+iBQM Q7 i’ p2HX h?Bb HHQrb i?2 ~n
i2+?MB[m2iQ ? p2 H ;2 T2 im 2iQr '/ # B;?i-?B;?2@2M2 ;v 1 abX
i?Bb K2 Mbi? ii?2 HB;?i BMi2MbBiv [ mB+FHv /2+ 2 b2b b 7mM+iB
i2H2b+QT2-H2 /BM; iQ +QKT " #HVv H ;2 KBMBKmMK 2M2 ;v i? 2b?(
i2H2b+QT26b HB;?i +QHH2+iBQM 2{+B2M+vVvX

RXRX9 *?2°2MFQp J2 bm 2K2Mib Q7 1ti2MbBp2 B b?Qr2'b

"2bB/2b ~mQ '2b+2M+2 2KBbbBQM- i?2 T "iB+H2b BM i?2 1 a HbQ
JQbi T "iB+H2b BM i?2 1 ai p2H i?B;?Hv 2H iBpBbiB+ bT22/bX "2
Q7 B "Bb ;2 i2 i? MR-i?2b2 T "iB+H2b + Mi > p2H 7 bi2  i? Mi?2b
iKQbT?2'2 M/ T°Q/m+2 *?22 ' 2MFQp HB;?i (8d)X 1 +? T "iB+H2 7Q K
7Q'r "/ /B'2+iBQM rBi? i?72 +QM2 M;H2-r p2H2M;i? /IBbi'B#miBQM -
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7Q i?72~mQ 2b+2M+2 i2+?MB[m2X 6Q i?2*h QM#Q '/ 1llaP@aS"k-
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+QKT "'2/iQ i?2 ~mQ 2b+2M+2 i2+?MB[m2X aBM+2 i?2 *?2 2MFQp 2
7TQ'r "/ #2 K2/-i?2 2 Bb +? M+2 Q7 KBbbBM; 2p2Mib Dmbi #2+ mb2
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Q#b2'p iIBQM Q7 TQBMi@bQm +2bX aBM+2 i?2 /B 2+iBQM Q7 i?2 BN
bQm +2 Bb /2i2 ' KBM2/ #v i?2 HQ+ iBQM Q7 i?2 bQm +2 BM i?2 bFv- |
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hQ + 2 i2 M1 a-i?2T BK 'v*_ ? biQBMi2 +iBM K2/BmKX 6Q"
2tT2 BK2Mib- BM+Hm/BM; llaP@aS"k-i?Bb K2/BmK Bb i?2 1 "i?6b
mMM/2 bi M/ i?2 /2p2HQTK2Mi Q7 M1 a-BiBbi?2°27Q 2 BKTQ" i Mii
MmM/2 bi M/IBM; Q7 i?2 /2i2+iBQM pQHmMK2 BM [m2biBQMX h?2 1 "i?0
M/ /vM KB+ bvbi2K- +QKTQb2/ T BK,VBHu3NV-MB ;@ Mi KR\ -
QM U 'V i RW- M/i® +2 KQmMib Q7 Qi?2  ; b2b- BM+HmM/BM; + ¢
K2i? M2 > M/ r i2° p L,@VUYey)X h?2 /2MbBiv Q7 i?2 1 'i?6b iKQbT
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i?72 # "QK2i'B+ 7Q KmH
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i?2 BMi2;" HQ7 i?2/2MbBiv T ' Q}H2 7°QK ;Bp2M HiBim/2iQ BM}ME
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2 +? bbQ+B i2/rBi? +? 812/,H2TIQMU VX h?2 #b2M+2 Q7 M 2H2-
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i M2mi'BMQ 2BM2'10*Qd b Bb b?QrM BM 6B:m 2 RXR9 UT ;2 keV (3j)>
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RXkXk L2miBMQ J bb M/ L2mi'BMQ Pb+BHH iBQMb
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i?72 E "Hb ' m?2 h'BiBmK L2mi'BMQ 1tT2 BK2Mi UE h_ALV(3e)X Pi?2"
/2°Bp2/ 7°QK +QbKQHQ;B+ H KQ/2Hb iQ;2i?2 rBi? Q#b2 p iBQMb- k
Qb+BHH iBQMb b22M BM i?2 *QbKB+ JB+ Qr p2 " +F;"QmM/ U*J"V iQ
M2miBMQ K bb (3d)X aQ 7 - MQ K2 bm 2K2Mi Q7 i?2 M2mi'BMQ K |
6B:m 2 RXRe UT ;2 k3V b?Qrb +m > "2Mi HBKBib QM i?2 M2mi BMQ K

kd



2tT2 BK2Mib M/ /2 °Bp2/ 7°QK +QbKQHQ:B+ H Q#b2'p iBQMbX

6B:m 2 RXR8LQ K H M/ BMp2'i2/ Q /2 BM; rBi? i?2 bbQ+B i2/ K bt

6B;m 2 RXRe *QHH2+iBQM Q7 M2mi'BMQ K bb HBKBib /2 Bp2/ 7" QK
UH27iV br2HH b 2tT2 ' BK2Mi H HBKBib bmKK "Bx2/ #vi?2 E h_AL 2

k3



6B;m 2 RXRd 6HmMt bT2+i° Q7 +QK#BM2/ M2mi'BMQ UbQHB/V M/ M
rB/2° M;2 Q7 2M2 ;B2b (3N)X

k N



RXkXj L2mi'BMQb BM i?2 *QbKQb

L2mi BMQb "2 2tT2+i2/iQ 2tBbirBi? rB/2 M;2 Q7 2M2 ;B2b BM
7°QK 72r201i@ 20 M/ #Qp2- bb?QrM BM 6B;m 2 RXRd UT ;2 kNVX :
* bT2+i mK /2b+ B#2/ #27Q 2-i?2 M2mi BMQ bT2+i mK bi QM;Hv /.
2M2 ;vX h?Bb bBKBH "BivrBHH #2 2tTHQ 2/ 7m i?2 #2HQrX AM +Q
MQi +? “;2/ M/ "2 MQi/2~2+i2/ BM K ;M2iB+ }2H/bX h?2 T°Q/m+iBQ
I1M2 ;vUo>1ViQI>1 M2mi BMQb Bb mbm HHv bbQ+B i2/ rBi? i?2 BN
rBi? i?2B  bm "QmM/BM;bX PM2 Q7 i?2 KQbi +QKKQM M2mi'BMQ T ¢
BMi2° +iBQMb b /2b+ B#2/ BM i?2 7TQHHQrBM; 2[m iBQMb

p+ ! T +n URXRRYV
LT+ URXRKYV
TLoeh+ o+ g URXR]jV

*QHH2+iBM; i?2 M2mi'BMQ ~ pQ b-i?2 2tT2+i2/ ~plQ2+QKTQbBiBQ
i72bQm +2X >Qr2p2°-/m2iQ M2mi'BMQ Qb+BHH iBQMb-i?2 Q#b2"|
#2 +HQR2 iQ =1:1:1bBM+2i?2 p2 ;2 /Bbi M+2iQ i?2bQm +2 Bb K
i? Mi?2 Qb+BHH iBQM H2M:i?X A7 i?2 0>1 M2mi'BMQb "2 T Q/m+2,
[2+ vb-i?2 2tBbi2M:2i@7Bb HKQDbi 2t+HmbBp2Hv /m2 iQ i?2 M2mi B
M/ Bb ?B;?Hv bB;MB}+ MiiQ i?2 M2mi'BMQ b2 “+?22b T2 7Q K2/ rBi

RXkX9 h?2 1 'i7@aFBKKBM; h2+?MB[m2

m2iQi?2H ;2 BMi2" +iBQM + Qbb@b2+iBQM Q7 “2;:mH > * b-r2
BM/m+2/ 1 ab #Qp2i?2 1 'i?6b HBK#X L2mi'BMQb 2 MQi 2tT2+i2/
1 ab/m2iQ i?2B  KBMBK H + Qbb b2+iBQMbX 1 ab bbQ+B i2/ rBi? ¢
[2M2° i2/ #v +? ;2/ H2TiQMb T Q/m+2/i?2°Qm;? +? “;2/@+m " 2Mi BN
M2miBMQb rBi? K2/BmKX h?2 bK HH + Qbb@b2+iBQM Q7 i?2b2 BI
M2miBMQb "2[mB 2 H ;2 KQmMi Q7K i2’B HiQ ? p2 +? M+2iQ |
llaP@aS"k- r2 mb2i?21 'i? b K i2'B H#Q/vBMr?B+?i?2 M2mi BI

iy



i?Bb + b2-r2 QMHvV 2tT2+iiQ Q#b2'p2 1 ab 7' QK i m M2mi ' BMQbX h*
/IBz2 2Mi 2M2 ;v HQbb " i2b Q7 i?2i? 22 +? ;2/ H2TiQMb UbBKBH °
b2+iBQM RXRXKkVX .m2iQ i?2B" ?B;? 2M2" ;v HQbb * i2- M 2H2+i QN
M2mi " BMQ BMi2" +iBQM Bb mMHBF2HvV iQ H2 p2i?21 "i? M/ +°2 i2
i M@H2TiIQMb ? p2 ?B;?2  +? M+2 Q7 K FBM; Bi Qmi Q7 i?2 1 "i?X 3
BMi2' +iBQM " i2 M/ HQM: HB72iBK2b- KmQMb 2 MQi 2tT2+i2/iQ ;
#2 /2i2+i #H2 #v i?2 *h QM 1laP@aS"kX PM i?2 Qi?2  ? M/-i mH2Tic
b?Q i HBA2903F M:A) 10 ® b (j8)V i?mb-i?2v ? p2 Km+? ?B;?2 T ' Q# #E
/2+ vBM; M/ BMBIiB iBM; M1 a HQM; BibT i?7°QKi?21 "i?6b bm"7
i M@H2TIQM ? b b2p2 H/2+ v+? MM2Hb- KQbi Q7 r?B+? + M T Q/m
i? 1/2+ vBMIiQ KmQMb- ?2Qr2p2 -r2/Q MQi 2tT2+iiQ b22 1 a 7Q bBlI
K2MiBQM2/ #27Q 2X h?2 /2+ v +? MM2Hb BMiQ KmQMb ? p2i?2 7QH

! 1739 0:04% URXR9V
! 3:67 0:05% URXRS8V

6Q llaP@aS"k-r27Q+mb QM Q#b2 p iBQMb Q7 i m@M2mi BMQb i?
HBK#X h?Bb ;Bp2b i?2 i m@M2mi BMQb HQM; 2MQm;? T i? H2M;i? i’
M/ T°Q/m+2 i mH2TIQM rBi? ?B;:? 2MQm;? T Q# #BHBiv Q7 2K2";
;2M2° 12 M1 al/2i2+i #H2 7 QK i?2 *hX DbF2i+? Q7 i?2 TmHH T Q+2
6B;m 2 RXRN UT ;2 j9VX aBM+2 i?2 M2mi'BMQ + ' Qbb b2+iBQM Bb 2
BM+ 2 bBM; 2M2 ;B2b Ub22 6B;m 2 RXR9 UT ;2 keVV-r2 2tT2+ii?2"°
- /2@Qz #2ir22M i?2 T i? H2M;i? i? Qm;?i?22 1 "i? M/i?2 T Q# #BH
2tBiBM; i?2 1 "i?X >B;?2 2M2 ;vi m@M2mi BMQb "2 2tT2+i2/iQ ?
T Q# #BHBiv-r?B+? K2 Mb i?2v T 272 #Hv BMi2 +i +HQb2 iQ i?2 1
1?72 1 "i?X A7i?22 T i? H2M;i? Q7 1?2 2bmHIBM; i m@H2TiQM #2+QK:
H2 pBM; i?2 1 "i? /2+°2 b2b /m2iQ 2M2 ;v HQbb2bX h?2°'27Q 2-r2 2
M2mi'BMQb ? p2 ?B;?2  Q#b2'p iBQM T Q# #BHBiv +HQb2 iQ i?2 H

JR



GQr2 2M2 ;v M2mi BMQb "2 2tT2+i2/ iH ;2° M;H2b rv 7 QK i?2
"2/Im+2/ + Qbb@b2+iBQMX

h?2 *h b2 “+?22/7Q mTr "/@;QBM; *?2 2MFQp HB;?i bB;M HbX h?:
rBi?BM i?2 *?2°2MFQp +QM2 Q7 M1 aBM Q' /2 iQ /2i2+i BiX .m2iQ
#2ir22M i?2 *h M/ 1?22 bm 7 +2 BA0IPKR 1 i72 UBK#V-i?2bm 7 +2 "2
i?Bb *?2 2MFQp +QM2 +300 BR-Hbh& KBM: *?2 2MFQPp VM ;BEBM:
llaP@aS"k bB;MB}+ Mi BMbi Mi M2Qmb b2MbBiBpBivX PMHv 72r
b2MbBiBp2 iQ M2mi ' BMQb BM i?2 S20 2M2 ;v M;2- HBF2 A+2*m#2
[2i2+iQ b ? p2 #22M QT2  iBQM H7Q v2 'b-r2/Q MQi 2tT2+i iQ #2
BMi2;" i2/2tTQbm 2 /m " BM; 2p2M ivTiIB+ H #fy@BQ QWb VEK; 2iQU2m2 B!
7Q0°i° MbB2Mi bQm +2b- 1} bi 2biBK i2b b?Qri? ii?2 BMbi Mi M2Qmk
+QKT "~ #H2 iQ A+2*m#26b M/ S P6b b2MbBiBpBiB2b 7Q +2°i BM HC(
6B;m 2 RXR3 UT ;2 jjVV (83)X AM i?2 7TQHHQrBM; +? Ti2'b- KQ'2 B
b2MbBiBpBiv #Qi? 7Q i  MbB2Mi TQBMi bQm +2b M/ /Bzmb2 M2mi"
rBHH #2 T 2b2Mi2/X

jk



6B;m 2 RXR3 h?21 "i7?@bFBKKBM; i2+?MB[m2 T QKBb2b iQ +?B2p:
rBi? +m " "2Mi 2tT2 ' BK2Mib HBF2 A+2*m#2 M/ S PX a?QrM/Bb i?2 T C
~mt b2MbBiBpBiv BMi2; i2/ Qp2  Ryyyb 7Q SP1JJ (Ny) M/ 1llaP@a
+QKT "BbQM i?2 NyW +QM}/2M+2 HBKBib 7' QK Lh _BygyA+2*m#2 M
rBM/Qr "QmM/i?2 ;" pBi iBQM Hr p2 2p2Mi 7 QK :qRdy3Rd [/ Ti2/7
6Q +QKT "'BbQM-i?2 THQi HbQ b?Qrb KQ/2H2/ M2mi BMQ ~m2M+
#m birBi? 2ti2M/2/ 2KBbbBQM pB2r2/ QM tBb M/ HQ+ i2/ i8y JT+
2T Q/m+2/ 7 QK (9e)X 272 2M+2-i?2 2ti2M/2/ 2KBbbBQM b?Q i ; K
EBKm™ 2i HX (Nj) 7Q QM@ tBb pB2rBM; 7' QK bQm +2 i8yJT+ /B
bQHB/ #H +F +m p2X(83)X

i



6B;m 2 RXRN aF2i+? Q7 i?2 1 'i?@bFBKKBM: i2+?MB[m2 mb2/iQ b2
Ui ;2i@Q7@QTTQ imMBiv Q#b2 p iBQM TB+im 2/ 22 2VX h?2 K2i?(
M2+2bb v 7Q Q#b2 p iBQM #vi?2 *h, RX AMi?2 + b2Q7 i ;2i@Q"
hQP@M2mi'BMQ bQm +2 "Bb2b Q  b2ib #2HQr i?2 2Q " BxQM Q7 i?2
U #QmB 7 QK 2Q BxQMi HVX AM i?2 + b2 Q7 /Bzmb2- M2mi BMQb +
/B 2+iBQM M/ "2 MQi HBMF2/iQ Mv T iB+mH > bi"QT?vbB+ H bQr
i2°QOm:?2i?2 1 'i? M/BMi2' +ib ++Q /BM:iQi?2 T i? H2M:i? i?2°Qm:"
M2mi'BMQ + Qbb@ b @+HEBQINDM jEKbAT 2 i2/ BM i?Bb BMi2® +iBQM- Bi T
M/ H2 p2bi?2 1 "i?X@HRHREM /2+ vb BM i?2 iKQbT?2'2 M/ T Q/m+2
*22°2MFQp HB:?2i TQQH i? i +QMi BMb i?2 *hX 6B;:m 2 2T Q/m+2/ 7

j9



RXkX8 L2mi BMQ 1tT2 BK2Mib

g?BH2 b2p2" H 2tT2 BK2Mib "2 HQQFBM; 7Q M2mi BMQ bB;M im
bK HH bm#b2i Q7 i?2 QM2b QT2 iBM; ii?2 ?B;?2bi 2M2 ;B2bX

6B;m 2 RXky .B ;" KQ7 i?2 A+2*m#2 1tT2 BK2Mi (N9)X

RXkX8XR h?2 A+2*m#2 1tT2 BK2Mi

A+2*m#2 Bb M 2tT2 'BK2Mi HQ+ i2/ ii?2aQmi? SQH2i? i Bb/2bB
rBi? 2M2 ;B2b Q7 h2o0 M/ #Qp2X Ai +QMbBbib Q7 8Rey .B;Bi HPTIB
"2 HQ+ i2/ i /2Ti? #2ir22M R98yK @ k98y K BM i?2 B+RF®I1/ "2 /Bbi
PQHMK2 (N8) Ub22 6B;m 2 RXky UT ;2 j8VVX

h?2 B/2 Bbi? iB7 M2mi BMQ BMi2 +ibBMi?2B+2-Bi+ 2 i2b
/2T2M/BM; QM i?2 ivT2 Q7 M2mi'BMQX h?2b2 b2+QM/ "B2b + M HQb
T Q/m+2 *?2 2MFQp HB:?i i’ +Fb HQM: i?2B /B 2+iBQM Q7 i  p2H E
i?72b2 i +Fb /2T2M/b QM i?2 H2TiQM ~ pQ X .B'2+iBQM "2+QMbi m+
2ti2M/2/i° +F@HBF2 2p2MibX >Qr2p2 - bBM+2 i?2v Q7i2M 2 MQi 2
[2i2+iQ - i?22 2M2 ;v "2+QMbi'm+iBQM + M #2 KQ 2 +? HH2M:BM; M

A+2*m#2 ? b+QM/m+i2/ b2p2° Hbim/B2b QM i?2 bi QT?vbB+ HM
A+2*m#2 ? b Tm#HBb?2/ K2 bm 2K2Mib Q7 i?2 M2mi BMQ ~mt bT2+i

j8



bT2+i mK rBi? bT2+i HREBTZNO)YX AM //BiBQM iQ i?2 Qp2 HH bT2
A+2*m#2 HbQ Tm#HBb?2/i?2 } bi Q#b2 p iBQM Q7 M bi'QT?vbB+
rBi? bB;MB}#4MKRQ7br2HH b r2 F2  +Q "2H iBQM rBi? i?2 hsa y¢
bQm +2 (RR) M/ M Q#b2'p iBQM Q7 i?2: H +iB&ABHNIIXBi? bB;MI

RXkX8Xk EJjL2h

h?2 *m#B+ EBHQK2i 2 L2mi BMQ h2H2b+QT2 UEJjL2iV- (N3) Bb
mM/2° +QMbi m+iBQM BM i?2 J2/Bi2°" M2 M a2 M/i?2bm++2bbQ i
L2mi'BMQ h2H2b+QT2 M/ #vbb I1MpB ' QMK2Mi H 2b2 “+? T QD2+i
r?B+?2r bi?2}y bimM/2 r i2 M2mi BMQ /2i2+iQ BM i?2 J2/Bi2 " M2
irQ /2i2+iQ b+ HH2/ bi QT 'iB+H2 2b2 "+? rBi? *QbKB+b BM i?2 #
Pb+BHH iBQM 2b2 “+? rBi? *QbKB+b BM i?2 #vbb UP_* VX GBF2 A
*22°2MFQp HB;?i 2KBii2/ #v b2+QM/ v T iB+H2b T°Q/m+2/ #v M2mi
ri2 X _* Bb/2bB;M2/iQ +Qp2° iQi HAGRMKRr8RA Ht QW bBbi Q7 Kj
.PJbX AiBb /2bB:M2/iQ /2i2+i h20@S20 M2mi'BMQb BM +Q '2H iBQ
M2mi BMQbX P_* rBHH #2 bB;MB}+ MiHv bK HH2" M/ /2bB;M2/ 7Q"
iKQbT?2 B+ M2mi'BMQ Qb+BHH iBQMbX Ai rBHH +QKT 'Bb2 RR8 .P
dJhQMb Q7 r i2°X "Qi? _* M/P_* "2+m "2MiHv mM/2® +QMbi m+i
+m "2MiHvV /2THQvV2/ .PJb "2i FBM; /i X ii?2 kyk9L2mi BMQ +QM"
"2p2 H2/ 1?2 Q#b2 p iBQM Q7 M 2p2Mi +QMbBbi2Mi rBi? M2mi BMC(
(Ryy- RyR)X
RXkX8X] MBi M/ SI1P

h?2 LAh KBbbBQMBb L a @7mM/2/# HHQQM 2tT2 BK2Mi /2bB;
M2mi BMQb pB "~ /I BQ@7 2[m2M+v bB;M Hb ;2M2" i2/ #v i?2B BMi2"
G MM+?2/ QM HQM;@/m’ iBQM # HHQQMb Qp2° Mi “+iB+ - LAh 2K

Mi2MM 2 iQ Q#b2 p2 BKTmHbBp2 * /BQ 2KBbbBQMb + mb2/ #v i?2 |
T?2MQK2MQM BM r?B+? > /BQr p2b "2 2KBii2//m2iQ M2mi ' BMQ@E

je



B+2X h?2 KBbbBQM 7Q+mb2b QM /2i2+iBM; mTr "/@;QBM;i m M2mi
bm 7 +2 M/ /QrMr /@;QBM; *_ bB;M HbX LAh 6b 2bmHib ? p2 TH -
M2miBMQ ~mt2b M/ ? p2 T'QpB/2/ BMi'B;mBM; MQK HB2b- bm+?
i° D2+iQ'B2b i " i2 BM+QMDbBbi2Mi rBi? 2tT2+i iBQMb # b2/ QM i?2
bQ@+ HH2/ MQK HQmb LAh 2p2Mib ? p2 bT "F2/i?2Q 2iB+ H /Bb+
7Q  M2r T?vbB+b (Ryk)X h?2b2 2p2Mib "2 BM T ° K2i2 bT +2i? i+
llaP@aS"kX

h?2 SI1P (8y) Bb HQM;@/m > iBQM # HHQQM 2tT2 BK2Mi /2bB;M?
iQ LAh (9N)X SI1P ? b b2p2° HM2r 72 im 2b +QKT “2/iQ LAh i? i
HQr2  i?2 2M2 ;v i? 2b?QH/ Q7 i?2 2tT2 ' BK2MiX Ai Bb 2[mBTT2/ rBi
BMbi mK2Mi QT2 iBM; BM 7 2[m2M+v " M:2 7°QK jyy@Rkyy J>x M
7°2[m2M+v BMbi'mK2Mi QT2 iBM: #2ir22M 8y@jyy J>x (8y)X h?Bb-
#2 K@7Q KBM; i'B;;2 - rBHH ;Bp2 SI1P #QmiirQ Q /2 b Q7 K ;MBinm
iQ 120 M2mi"BMQb (8y)X qBi? H mM+? TH MM2/ BM .2+2K#2 kyke-
bQQM T QpB/2 M2r K2 bm 2K2Mib Q" HBKBib 7Q  i?2 ?B;?2bi 2M2" ;v

RXj JmHiBK2bb2M:2  bi'QMQKyv

*QHH2+iBM; b Km+? BM7Q 'K iBQM b TQbbB#H2 #Qmi TQi2MiB |
K2bb2M;2 b- HBF2 T?QiQMb- M2mi*BMQb- +QbKB+ > vb- M/ ;" pBi i
i?72KiQ7Q K +QKTH2i2 TB+im 2 Bb i?2 F2v Q#D2+iBp2 Q7 KmHIiB@
7QHHQrBM:; 7Qm  K2bb2M;2'b "2 +QMbB/2 2/ r?2M i HFBM; #Qmi K

RXQbKB+ “*vid,"2 +? 2M2 ;BIOW 26QpMi #2+ mb2 i?2v "2 mbm HHv
+? ;2/-1?22v "2 /2~2+i2/ BM K ;M2iB+ }2H/b HQM; i?2B r vX

kXL2mi BMQp2H BM bi” B;?2i HBM2 7 QK i?2bQm +2-#mii?2B bK
K F2b i?2K i'B+FviQ K2 bm 2X

jX:> pBi iBQM HaKpBb, BTTH2b BM bT +2iBK2i? i + M #2 + mb2/ #
Q#D2+ib KQpBM; i?2 Qm:?2 bT +2-bm+? bi?2 K2 :2b Q7 +QKT +

id



>SQH2 U">Vb Q L2mi"QM ai >~ ULaVbX

9XS?2QiQMbp2H bi® B:?2i 7°QK i?2bQm +2iQ i?2 Q#b2 p2 X h?22v +
/Bz2 2Mir p2H2M;i?bX Ibm HHv- T?QiQM bB;M Hb 2 mb2/ b i E
KmHIB@K2bb2M:2" 7TQHHQr@mT Q#b2 p iBQMDbX

RXjXR :  pBi iBQM Hr p2b

PM2 Q7 i?2 KQ 2 "2+2Mi //BiBQMb iQ i?2b2 K2bb2M;2' b "2 ;  pBi
* pBi iBQM Hr p2b /2b+ B#2 i?2 +? M;2b BM HQ+ H bT +2iBK2i? i
#2BM; ++2H2  i2/X aBM+2 ;> pBivBb BM+ 2/B#Hvr2 F+QKT "2/iQ
BMi2' +iBQMb-i?2222+i QMHvV #2+QK2b K2 bm® #H2 r?2M 2MQ KQr
[MB+FHvV M/ /Q bQ BM +QbKQHQ;B+ H T QtBKBiviQ1l i?X h?2 1} bi.
rp2b 7°QK #BM ‘v #H +F ?QH2 K2 ;2 r b "2TQ i2/ #v i?2 GA:P a+B
*QHH #Q  iBQMb QM a2Ti2K#2  R9- kyR8 (Ryj)X Pi?2  /2i2+i #H2 Q¢
K2 ;2'b M/ #BM v M2mi'QM bi ~ K2 ;2 bX " b2/ QM i?2 ;" pBi iBQM
Q#b2 p2/- Km+? BM7Q K iBQM + M #2 2ti> +i2/ #Qmii?22 bQm +2 ivT
#Q/B2b BMpQHp2/-i?2 /Bbi M+2iQ i?2bQm +2- M/i?2 " Qm;? HQ+ i
"BM v M2mi QM bi ~K2;2'b "2 QM2 Q7 i?2 T'BK2 + M/B/ i2b 7Q" hC
# b2/ QM T 2/B+iBQMb /2p2HQT2/ BM (d)X

h?2 }'bi KmMHIiB@K2bb2M;2  Q#b2 p iBQM Q7 ;" pBi iBQM Hr p2b -
bB;M Hr b :qrRdy3Rd (Ry) M/r b bbQ+B i2/rBi? "LaK2;2°X KT
Qp2'H TTBM; HQ+ HBx iBQM "2;BQMb Bb b?QrM BM 6B;m 2 RXKR U1
> pBi iBQM Hr p22p2Mir b K /2 #vi?2 GA:P@0B ;Q *QHH #Q  iBQI
RXdb H i2  #vi?2 62 KB b @HHIBX2a(@py2) BIMQi?2" Q#b2 p iQ B2b [mB
i?Bb mT rBi? KQ 2 Q#b2 p iBQMb Q7 i?Bb bQm +2 i HQM;2 r p2H2N

j3



6B;m 2 RXKkR GQ+ HBx iBQMb Q7 :qRdy3Rd b b22M #v GA:PfoB ;Q-
(Ry)X 6QHHQr@mT Q#b2 p iBQMb ? p2/2i2+i2/i?BbbQm +2 +°Qbb
2H2+i QK ;M2iB+ bT2+i mKX 6QHHQr@mT Q#b2 p iBQMb rBi? M2mi
r2 2K /2 #mi/B/ MQi "2p2 H Mv +H2 ~ + M/B/ i2b (Ry)X

JN



RXjXk S?QiQMb

h?2 K2 bm 2K2Mi Q7 HB;?i 2 b HQM; ?BbiQ v Q7 Q#b2 p iBQMb #
Q#b2 p iBQMb mbBM; i2H2b+QT2bX Ai Bb-i?2°27Q°2-i?22 KQbi 2bi 1
K2bb2M:2 b K2MiBQM2/ #Qp2X h?2 ~mt Q7 T?QiQMb Q#b2 p2/ QM 1
r P2H2M;i?b- 7 QK 2ti'2K2Hv HQW (Q/BQ RK2H U ?B;?2@2M2 ;v ; KK
U0 ®KVX LQ +H2 ~ +Q "2H iBQM ? b #22M 7QmM/ #2ir22M T?QiQM
K2 bm 2K2MibX PM2 Q7 i?2 TQi2MiB H 2 bQMb 7Q  i?Bb H +F Q7 +(
i72 T°QT ; iBQM Q7 *_ M/ T?QiQMb M/ ?Qri?2v BMi2" +irBi? i?2B"
>Qr2p2'-i?2°2 "2 BM/B+ iBQMb Q7 +Q "2H iBQM #2ir22M ?B:?2@ 2\
M2miBMQb- M 2t KTH2 #2BM: i?2 Q#b2 p iBQM Q7 aLRN3d (R9) B
A'pBM2@JB+?B; M@" QQF? p2Mr i2  *?22 2MFQp /2i2+iQ X

AM i?2 M2mi"BMQ b2 "+22b 7Q  1laP@aS"k-r2 7Q+mb2/ T°'BK "BH
T?QiQMb b TQi2MiB HbQm +2 + M/B/ i2bX h?2 "2 bQM 7Q  i?Bb Bb
UT ;2 9RVX h?2 ;2M2° H7Q Kb Q7 i?2 T?QiQM- M2mi'BMQ- M/ *_ b1
TQi2MiB HHv BM/B+ iBM; +QKKQM Q' B;BM 7Q  i?2b2 K2bb2M;2 bX
i?72v "2 HH #vT Q/m+ib Q7 *_ ++2H2  iBQMX
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6B;m 2 RXkk 1M2 ;v bT2+i" Q7 i?2i? 22 K2bb2M;2 b, T?QiQMb- M2
bT2+i° TT2 " iQ#2 Qm;?Hv bBKBH ~ ii?2 ?B;?2bi 2M2 ;B2bX (Ry¢
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RX9 I>1*_  ++2H2 iBQM

SQi2MiB HbQm +2 + M/B/ i2bi? i +QmH/ ++2H2  i2 T "iB+H2b iQ
M;2 7°QK bQK2 Q7 i?2 KQbi pBQH2Mi 2tTHQbBQMb FMQrM BM i?2 |
H ;2bi Q#D2+ib FMQrM-bm+? b 2MiB 2; HtB2bX

RX9XR hvT2b Q7 aQm +2b

h?2°2 "2 b2p2 Hi?2Q B2b Q7 * b+ M #2 ++2H2  i2/X h?2irQ KC
2T Q+2bb2b bm+? b} bi M/ b2+QM/@Q /2 62°KB ++2H2  iBQM ¢
reB+? rBHH #2 /Bb+mbb2/ BM KQ 2 /2i BHH i2°"X AM ;2M2" H- ++2H
HQ+ HBx2/ "2 r?2°2* b "2 #2BM: ++2H2  i2/- 272 °2/iQ bi?2 +
M im' HHBKBi QM i?2 K tBKmK 2M2 ;vi? i * BM M ++2H2  iBQM
i? iBibG 'KQ " /Bmb + MMQi #2 H ;2 i? Mi?2 ++2H2  iBQM “2:BC(
T "iB+H2 rQmH/ 2b+ T2i?2 "2;BQM M/ MQ HQM;2  #2 ++2H2" i2/X t
[2}M2/ b
mve _ Ev,
j9B ~ jGBc?’
mbBEVE, mc?2 r?2'R Bb i?22M2° ;v Q7 imMBbiB2K2b Q7 i?1 BbiB+H2-

r, =

URXReV

i?72 47 ;2 Q7 i?2V% BB+M2p2HQ+Biv T2 T2M/B+mH ~iQ i?2 /B 2+iBQ
}2HB- Md Bb i?2 bT22/ Q7 HB;?iX " b2/ QM i?Bb ;mK2Mi- i?2 K tBKr
+?B2p #H2 #v *_Q7 :Bp2M ivT2 Bb /2i2 ' KBM2/ #v i?2 bBx2 Q7 i?2
i72 K ;M2iB+ }2H/ T 2b2Mi BM i?2 "2;BQMX 6B;m 2 RXkj UT ;2 9jV (kK
/B ;> K (Ry8)-r?B+? THQib K :M2iB+ }2H/ bi'2M;i? p2 bmb +? ~ +i2" |
+ M/B/ i2 bi'QT?vbB+ HbQm +2bX 6B;m 2 RXkj UT ;2 9jV b?Qrb i??
ivI2b M/ bBx2b +QMbB/2°2/7Q  *_ ++2H2  iBQMX
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6B;m 2 RXkj>BHH b/B ;" K7Q p BQmbbQm +2 +H bb2bX h?2 "2H
+? ;2-i?2 K ;M2iB+ }2H/ bi 2M;i? BMi?2 ++2H2 iBQM "2;BQM- M/
++2H2 iBQM "2;BQM + MTH +2 M im HHBKBi QM i?2 K tBKmK 2N\

RX9Xk :2M2° H *QMbB/2 iBQMbD

h?2 TQr2 Q7 M ++2H2 iBQM "2;:BQM + M #2 /2b+ B#2/ BM i2 Kb
[m MiBiB2bX

RXQrHQM; + M T "iB+H2 #2 +QM}M2/ BM i?2 ++2H2 iBQM 2;BC(
kX>Qr HQM; /Q2b i?2 ++2H2 iBQM 2;BQM 2K BM bi #H2\

jXq? iBbi?22M2 ;v HQbb " i2Q7i?2 T 'iB+H2 BMbB/2i?2 ++2H2

9]



h?2 }"bi[m2biBQM /2T2M/b QM b2p2°  H7 +iQ b-rBi?i?2M im H
G 'KQ " /Bmb 2t+22/b i?2 bBx2 Q7 i?2 ++2H2  iBQM "2;BQM Ub22 b

h?2 Mbr2 iQi?2b2+QM/ [m2biBQM bi QM;Hv /2T2M/b QM i?2 bQr
H ;2@b+ H2 bQm +2b- HBF2 L HQ#2b M/ ; H tv +Hmbi2 b-i?2 iBK
b+ H2b + M #Q QM i?2 Q /2 Q7 +2Mim B2b iQ KBHH2MMB X >Qr i?B|
iBK2 b+ H2b BMpQHp2/ rBHH MQi #2 /IBb+mbb2/ ?2°2X JQ 2 BM7Q K
1?72 Qi?2 2M/ Q7 i?2 bT2+i mK-i?2"2 "2 2p2Mib HBF2 :_"b M/ "LaK
H bi7Q° 72rb2+QM/bX

RX9X] *QKKQM ++2H2  iBQM J2+? MBbKbDb

h?2 2 "2b2p2° HKQ/2Hb Q7 ?2Qr T iB+H2b + M #2 ++2H2  i2/iQ
Q7 i?2 KQbibi M/ '/ ++2H2" iBQM K2+? MBbKbr b T ' QTQb2/ #v 621
biQ+? biB+ 2M2 ;vi> Mb72" #2ir22M KQpBM; TH bK M/ *_ #2BM
b+ ii2°2/ Qz Q7 i?Bb TH bK - "2+2BpBM; KQK2MimK i Mb72 BM i?:
++2H2" iBQM Q++m b BMirQ K BM 7Q Kb, }'bi@Q /2" 62 KB ++2H?
62 KB ++2H2 iBQMX a2+QM/@Q /2 62'KB ++2H2 iBQM UQ biQ+
re2mMm T "iB+H2b ; BM 2M2 ;vi? Qm;?  M/QK BMi2 +iBQMb rBi? im #
h?2 2M2 ;v : BM T2 BMi2' +iBQM Bb T'QTQ iBQM HiQ i?2b[m "2 Q
vi oz 12b+ B#2/ #v (Ryd)

dE Vzim‘#
—/ —/"E RXRdAV
. / 2 U d

AM} bi@Q /2 62 KB ++2H2  iBQM-T “iB+H2b; BM 2M2 ;v b i?2
7°QMi- #2BM: b+ ii2 2/ #v K :M2iB+ B 2:mH "BiB2b QM 2Bi?2" bB/2X
Bb T'QTQ iBQM H iQ i? 24?12 FEOX HI@+BW2i 2M2 ;v BM+"2 b2 ;Bp2M

E/ V%hE URXR3V

h?Bb "2bmHib BM TQr2 @H r2M2 ;v bT2+i " mK 7Q  i?2 ++2H2" i2/

dN

— E URXRNYV
dE
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r?2°2Bb iviB27QHV2H iBpBbiB+ b?Q+FbX g?BH2 } " bi@Q /2 62 KB
/QKBM i2b BM bi'QM; b?Q+F 2MpB " QMK2Mib- bm+? bbmT2 'MQp 2
++2H2 iBQM #2+QK2b bB;MB}+ MiBM im #mH2Mi "2;BQMb- bm+?
'L D2ibQ i?72BMi2 ; H +iB+ K2/BmK-r?2"2biQ+? biB+ 2M2 ;v ; BM
T "iB+H2 2M2° ;B2b Qp2  iBK2X aBM+2 i?2b2 "2 #Qi? biQ+? biB+ T (
iBK2 iQ ++2H2  i2* biQ mHi° @?B;? 2M2 ;B2bX Pi?2" ++2H2" iBQ
K :M2iB+ "2+QMM2+iBQM 2 2tT2+i2/iQ #2 #H2iQ ++2H2 i2 T "iB
2M2 ;B2b #mi rBHH MQi #2 /IBb+mbb2/ BM /2i BH 222X

az2p2 HKQ/2Hb "2 # b2/ QM i?2b2 7TmM/ K2Mi H ++2H2 iBQM Kz
1?72 2tBbi2M+2 Q7 0>1 M2mi BMQb BM /Bz2 2Mi bQm +2 +H bb2bX a
(d- Rye- Ry3- RyN)X PM2 T “iB+mH ~KQ/2H AT MiiQ TQBMi Qmi Bb |
HQM: : "Bb QM2 Q7 i?2bQm +2bi? ir b Q#b2'p2//m BM; i?2 ~B;?
KQ/2H bbmK2b }'bi@Q /2" 62 KB ++2H2  iBQM-r?2"2 b?Q+F@7 C
rBi? i?72 *B +mK#m bi J2/B U*"JVX .m2iQ i?2bi QM; im #mH2Mi K ;
bm "QmM/BM;b-i?Bb 2MpB " QMK2Mi Bb T 2/B+i2/iQ #2 #H2iQ ++2
mHi® @?B;? 2M2 ;B2b (RRy)X AM i?Bb T T2 irQ /Bz2 ' 2Mi b+2M "BQ
PM2r?2 2i?2 /2MbBiv Q7 i?2 *JBb MQi/2T2M/2Mi QM i?2 /Bbi M+2
bQm +2 M/ Bbi?2b K2 bi?2BMi2 'bi2HH “K2/B X AMi?2 Qi?2" KQ
iQ BM+'2 b2rBi? /2+ 2 bBM; /Bbi M+2 iQ i?2 +2Mi°  HbQm +2X h?Bb
"2 HBx2/i? Qm;? rBM/@HBF2 K bbBp2 2D2+i 7 QK i?2 bi ~ #27Q 2 E
Q' Qi?2 T "iB+H2b "2 ++2H2  i2/iQI>1bBM i?2b2 2MpB " QMK2Mib
i?2B  bm "QmM/BM:b M/ + 2 i2 M2mi'BMQb i?°Qm;? K2+? MBbKb 2t

h?2b2 bQm +2 KQ/2Hb ivTB+ HHvV T 2/B+ii?2 MmMK#2 Q7 M2mi BN
Hi?Qm:? bQm +2b HBF2 : "b ‘2 MQi 2tT2+i2/iQ 2KBi BbQi'QTB+ H
i272 MmMK#2° Q7 M2mi BIMQd} b?2F®2bBHi?2 HMKBMQbBiv /Bbi M+2 7°Q
bQm +2iQ 1 i?X .m2iQ i?2 ivIB+ HHv ?B;? iBK2 p "B #BHBiv Q7 i?:
"2TQiBM; i?2~mt b 7mM+iBQM Q7 iBK2-i?2iBK2@BMi2; i2/ ~mt
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2TQi2/X 1p2Mi?2Qm;? i?22b2bQm +2b K v ? p2 /B '2+iBQM@/2T2M.
KQ/2Hb ivTB+ HHv 2T 2b2Mi M BbQi QTB+ 2[mBp H2Mi- b i?2 /B 2
2KBbbBQM "2 ? /iQ /2i2°’KBM2 7 QK 1 "i?X aBM+2 i?2b2 bQm +2b
+QbKQHQ;B+ H/Bbi M+2b 7°'QK 1 "i?-i?2 2pQHmMiBQM Q7 i?2 IMBp2
BMiQ i?2b2 +QMbB/2" iBQMbX 6QHHQrBM; i?2 /2°Bp iBQM Q7 (RRR)
Bp2M #v

1+2z
E2 =
° T 4d?

r?2’Re Bbi?2 M2mi BMQ 2M2 Bbid2 M2mi BMQ ~m2M+2 QM 1 "i? BN

Q (Es)E% tos URXKyV

®N=(dEdA) MmK#2" Q7 TN iBXHME ;¥/ A X Bb i?2 "2/b?B7i Q7 i?2
bQmurBb i?2 HMKBMQbBIiVB/IBbI12M2mi BMQ 2KBbbBQM * i2 Q7 i?2 b
i2 Kb ®@NE(JEdL) - tp4i?2 2KBbbBQM iBK2 T2'BQ/ Q7 i?2 bQm +2 BM i?2

Es=(1+ 2)E; URXKRYV
Bbi?2 +Q "2bTQM/BM; M2mi'BMQ 2M2 ;v BM i?2 bQm +2 7" K2X
RX9X9 I>1* 1M2 :v GQbb J2+? MBbKhb

:2M2° HHv- Bi Bb bbmK2/i? il>1* b HQb2 2M2 ;v #v BMi2 +iBM,;
T "iB+H2b QM i?2B  rviQ 1l i?X .2T2M/BM; QM i?2 bQm +2 2MpB"Q
BMbB/2i?2bQm +2 Q" Bibbm "QmM/BM; 2MpB " QMK2Mi Q" QM Bibr
Bb /QKBM i2/ #v *J" T?QiQMb-i?2b2 "2 i?2 KQbi HBF2HvV BMi2' +iB(
T QT ; iBQMX h?22M2 ;vi? 2b?QH/ 7Q i?Bb BMi2° +iBQM + M #2 2
FBM2K iB+ “;mK2Mib b 7QHHQrbX AM i?2 "2bi 7" K2 Q7 i?2 I>1*% - |
bm{+B2MiHv #Hm2b?B7i2/iQ T°'Q/m+2 TBQMXE bbdsR@M,o0 TBQM "2
(j8) M/ M p2° ;22M2 ;v Q7i?2 *BNHT?2QIOMBQMRRK) i?72 KBMBKmK
GQ 2Mix 7 +iQ " Bb ;Bp2M #v (RRk)

E%,. = E.,m 1+%cos() %E.;» E URXKKV
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r?2°R%,. Bbi?2 T?QiQM 2M2 ;v BM i?2 I»1Bb i2Rip2HIQ2~Biv Q7 i?2
I>1* - M/ Bbi?2 M;H2 #2ir22M i?2 /B 2+iBQM Q7 i?2 T?2QiQM M/ i?
I>1* X h?Bb + M #2 "2H i2/iQ KBMBKMmMK 2M2 :v 2[mB 2K2Mi 7Q" i

E 1:7 10° 20 URXKkjV

Pmin

h FBM; BMiQ ++QmMii?2 #H +F#Q/v bT2+i ' mK Q7 i?2 T?QiQMb- i?B
i Ep,, 7 1020 (R)X b }'bi TT QtBK iBQM-Bi+ M #2 bbmK2/i? ii
2p2MHvV /Bbi ' B#mi2/ #2ir22M i?2 7Qm T Qim2ibVvQ72B BB BBWI 2B MiB Q
i?7°22 M2mi'BMQlb QI8 AQ@MRioX aBM+2 i?2 I>1* T'QT ; iBQM Bb H ;2
BbQi ' QTB+ M/~ M/QK-i?2b2 M2mi BMQb "2 2tT2+i2/iQ "~"Bp2 BbQ
0+QbKQ;2MB+06 M2mi'BMQbX h?Bb T°Q+2bb HbQ TQb2b K tBKmK
#2vQM/ r?B+? TBQM T°'Q/m+iBQM +QMiBMmMQmbHV "2/m+2 i?2B" 2M:
" 2Bb2M@w ib2TBM@EmMxKBM U:wWEV@+miQz (RRj- RR9)X AM bBK
b ?2HBMK Q" B'QM K v mM/2 ;Q T?QiQ/BbBMi2;" iBQM r?2M BMi2"
T?QiQMb BM i?2 Mm+H2B6b "2bi 77 K2X

.m2iQi?2 bK HH #mM/ M+2 Q7 I>1*_ rBi? 28R " ;B2A0°28-i2" i? M
i72 Qp2° HH ~mt Q7 +QbKQ;2MB+ M2mi BMQb Bb 2tT2+i2/iQ #2 bK
KQ/2Hb 7Q i?2 +QbKQ;2MB+ M2mi BMQ ~mt + M #2 +QMbi m+i2/ 7 1
#Qmii?2 BMD2+i2/*_2M2 ;B2b M/ +QKTQbBiBQMb- br2HH b i?2
*b b 7TmM+iBQM Q7 "2/b?B7iX a2 "+?22b 7Q  HQ+ HBx2/ bQm +2b
M2mi'BMQb BM b?Q'i KQmMi Q7 iBK2 b22K KQ'2 T'QKBbBM;X h?B
Q++m’ iHQr2  *_ 2M2 ;B2b BMbB/2 bQm +2rBi? ?B;?2  T?QiQM 21
KQ 2 #mM/ MiX >Qr2p2 -i?22 Qa[mBi R il>22tBbi2M+2 Q7 i ";2ib rB
T 2Mi T 'iB+H2 + M BMi2  +iX "2+ mb2 Q7 i?Bb-i?2 T Q# #BHBiv (
"2;BQM Bb bQK2r? i "2/m+2/-i?mb HBKBiBM; i?72 +Q "2H iBQM #2ir2
M/ 1>1* bQm +2bX
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RX8 GQM:.m  iBQM " HHQQMBM:;

LiBQM H 2°QM miB+b M/ aT +2 /KBMBbi® iBQM UL a VGQM; .m
"HHQQM UG."Vb ? p2 #22M p2?B+H2 7Q  2tTHQ  iBQM BM M2 @b
a2p2 H/Bz2 2MiivTi2b Q7 # HHQQMb "2 mb2/ QM HQM;@/m  iBQM
reB+? "2 ?22HBmK # HHQQMbX PM2 Q7 i?2 KQ 2 2bi #HBb?2/ # HHQ
"HHQQM UwS"V-r?B+? H mM+2?22b 7°QK J+Jm /Q " b2- Mi "+iB+ - 7
62# m "vX wS"b +m > "2MiHv + v T VHQ /b Q7 mTiQ kN93F; (RR8) N
M2 "Hv j]3XdFK (RR8)X bi?2 M K2 bm;;2bib-wS"b ~vrBi? MQ /Bz2 :
i72 QmibB/2 M/ i?2 BMbB/2 Q7 i?2# HHQQM-r?B+? Bb 2Mbm 2/ #v |
# HHQQM QT2MX h?Bb K2 Mbi? ii?2 # HHQQM HQb2b ?2HBmMK Qp2
/Im” iBQBODUVbVX 6m i?2°"KQ 2- BM +QH/2  i2KT2  im 2b i MB;?i-i?2
# HHQQM HQb2b pQHmMK2 M/ i?2wS" rBHH /"QT BM HiBim/2 mT iQ |
Q7 ?2HBmMK BMbB/2 i?2 # HHQQMX :Bp2M i?2 M2 "@+QMbi Mi bmMH
~B;?i b2 bQM-i?Bb 2z2+i + M #2 KBMBKBx2/ M/ 2ti2M/ i?2 H2M;i? C
#2+ mb2 Q7 i?Bb 2z2+i- wS"b "2 MQi pB #H2 iQ H mM+? b HQM,; @/
KB/@H iBim/2b /m2iQ 2ti2M/2/ T2'BQ/b Q7 / "FM2bbX h?Bb 2t+Hm/:
QTiB+ H bi'QT 'iB+H2 b2 "+?2b-bm+? b llaP@aS"k M/ Qi?2 HB;?

J MvwS"T VHQ /b ? p2 #22M #H2 iQ T2 ' 7Q K 2ti2MbBp2 bi QT "
rBi? +QKT2HHBM; "2bmHibX 1tT2'BK2Mib HBF2 * 1 J (RRe) r2°2 #}
* 2M27;v bT2+i'mK M/ K bb +QKTQbBiBQM BM M2M@°;20 M;2 Q7
rBi? M2 "0t/ vb Q7 2tTQbm 2 Qp2  bBt ~B;?ib Qp2° Mi "+iB+ Ukyy9
iQ Bib bm++2bb /m 'BM; Bib HQM:; i2Mm' 2 b # HHQQM 2tT2 ' BK2Mi-
mT;  /2/ M/IH mM+?2/ b 7QHHQr@QM 7Q i?2 AMi2"M iBQM H aT -
Aaa@* 1 J (RRd)X GBF2rBb2-i?2 LAh (9N) 2tT2'BK2Mir b #H2iQ
I>1* b M/ 1 "i7@bFBKKBM; M2mi'BMQb #v HQQFBM; 7Q "~ /BQ bB;N\
B b?Qr2"X .m BM; Bib7Qm  ~B;?ib Qp2° Mi +iB+ -Bi7QmM/ b2p2’
bT "F2/ HQi Q7 BMi2 2bi BM i?2 * +QKKmMBiv M/ H2/iQ b2p2° H 7
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b2p2° H/Bz2 2Mi 2tT2"'BK2Mib HBF2 i?2 S P (RR3)X

gBi? i?72 +QMiBMm2/ bm++2bb M/ pB #BHBiv Q7 G." T vVHQ /b-L a
Bib G." ~22iX h?2 amT2  S'2bbm 2" HHQQM UaS"V Bb M 2tT2 BK2\
" HHQQM UIG."V /2bB;M2/iQ H mM+? i KB/@H iBim/2b M/ bi v i ~C
Ryy/ vb (RRN)X IMHBF2 i?2 wS"-i?2 aS" "2K BMb b2 H2/ M/ 2HB2t
T 2bbm 2 #2ir22M i?2 QmibB/2 B M/ i?2 BMi2°™M HT 2bbm 2 Q7 i?:
BM~ i2/ i HHiBK2bX h?Bb HHQrb i?2 # HHQQM iQ bi v i M2 "@ +(
RRy-yyy7i (RR8) /m BM; #Qi? / v M/ MB;?iX 6B;m 2 RXk9 UT ;2 8yV
HiBim/2 #2ir22M wS"b M/ aS"bX gBi? i?Bb M2r- 2tT2 BK2Mi H p2?B
/| "FM2bb +QMbi> BMib rBHH #2 #H2 iQ T2'7Q K QTiB+ H b2 “+?2b 7
S'QpBM; i? i Q#b2'p iBQMb Q7 1>1* b 7'QK #Qp2 2 TQbbB#H2 K v
H ;2" TH i7Q Kb i? i +QmH/ Q#b2 p2 H ;2" pQHmMK2b Q7 i?2 1 "i?06b
Km+? H ;2  I>1* 2tTQbm 2bi? M +?B2p #H2 #v ;" QmM/@# b2/ /2i2
b2+iBQM RXRXjVX aBKBH "Hv-i?2 bi® iQbT?2 2 2t?B#Bib bi2 /vrBM
TQH “bi® iQbT?2 B+ pQ i2t "QmM/i?2 aQmi? SQH2 /m BM; i?2 aQm
h?2b2 rBM/b T°QpB/2 bi #H2 2MpB " QMK2Mi 7Q" " b+B2MiB}+ TH i7Q’
# HHQQMb- HHQrBM; i?2KiQ 2K BM BM bT2+B}+ 2;BQMb 7Q" 2ti2
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