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“We rise and we fall and we break

And we make our mistakes”
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“The fault, dear Brutus, is not in our stars,

But in ourselves, that we are underlings.”
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Cross sections are one of the key parameters for understanding nucleosynthesis in stars. Since
the relevant energy ranges in stellar environments are very low and often involve exotic nuclei far
from stability, it is often not possible to determine the reaction rates directly through experiments.
Therefore, they are usually estimated by extrapolation or with the help of theoretical models.
The statistical Hauser-Feshbach model, which is based on nuclear input parameters such as the
nuclear level density, the y-ray strength function, and the optical model potentials, is largely
used to describe such processes.

This work investigates the extent to which proton capture processes in the stable rubidium
isotopes ""Rb and ""Rb can be described by the Hauser—Feshbach model. The y process, which
occurs during supernova explosions, is currently considered to be the main mechanism for the
nucleosynthesis of neutron-deficient [ nuclei. Since the reaction network of this process mainly
comprises photodisintegration reactions at unstable nuclei, the stellar reaction rates are largely
calculated on the basis of theoretical models. However, the accuracy of these predictions can be
significantly improved if the underlying nuclear models are verified by experimentally determined
absolute cross sections.

As part of this work, two proton-induced reactions on “"Rb and ""Rb were therefore investigated
using the in-beam method at the HORUS spectrometer at the University of Cologne. Since no
published data on the cross sections of these reactions existed to date, the present measurements
significantly expand the database on proton-induced reactions. In particular, the measurement
on ""Rb contributes to the near completion of the systematic investigation of the N = 50 isotone
chain. Challenges arose in particular due to target stability, background suppression, and the
low count rates in the relevant energy range.

For both rubidium isotopes, the measured cross sections show significant deviations from the
default predictions of the Hauser—Feshbach model. The results suggest that the proton optical
model potential in particular is responsible for these discrepancies. This is supported by a
comparative analysis of (p, n) reaction data, which also cannot be reproduced with the default
settings. Changes to the other model parameters — such as the nuclear level density or the y-ray
strength function — did not lead to any significant improvement in the theoretical description.

The results obtained in this work thus provide important experimental clues for refining optical
model potentials in the mass region around A = 85. They form a basis for future work in which
scattering and reaction measurements will further reduce model uncertainties and contribute to

more precise astrophysical reaction rates.
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Wirkungsquerschnitte stellen eine der zentralen Gréflen zum Verstdndnis der Nukleosynthese
in Sternen dar. Da die relevanten Energiebereiche in stellaren Umgebungen sehr niedrig sind
und héufig exotische Kerne fernab der Stabilitdt beteiligt sind, ist eine direkte experimentelle
Bestimmung der Reaktionsraten oftmals nicht moglich. Daher werden diese in der Regel durch
Extrapolationen oder mit Hilfe theoretischer Modelle abgeschétzt. Fiir die Beschreibung solcher
Prozesse wird grofitenteils das statistische Hauser—Feshbach-Modell verwendet, das auf nuklearen
Eingangsparametern wie der Kernzustandsdichte, der y-Starkefunktion und den optischen Mod-
ellpotentialen basiert.

Diese Arbeit untersucht, inwieweit Protoneneinfangsprozesse an den stabilen Rubidiumisotopen
FRb und ""Rb durch das Hauser-Feshbach-Modell beschrieben werden kénnen. Der y-Prozess,
der wahrend Supernova-Explosionen ablauft, gilt nach aktuellem Stand als Hauptmechanismus
fiir die Nukleosynthese der neutronenarmen U-Kerne. Da das Reaktionsnetzwerk dieses Prozesses
iiberwiegend Photodesintegrationsreaktionen an instabilen Kernen umfasst, werden die stellaren
Reaktionsraten weitgehend auf Basis theoretischer Modelle berechnet. Die Genauigkeit dieser
Vorhersagen kann jedoch entscheidend verbessert werden, wenn die zugrunde liegenden nuklearen
Modelle durch experimentell bestimmte absolute Wirkungsquerschnitte tiberpriift werden.

Im Rahmen dieser Arbeit wurden daher zwei protoneninduzierte Reaktionen an “"Rb und “"Rb
mit Hilfe der In-Beam-Methode am HORUS-Spektrometer der Universitdt zu Koln untersucht.
Da bislang keine veroffentlichten Daten zu den Wirkungsquerschnitten dieser Reaktionen ex-
istierten, erweitern die vorliegenden Messungen die Datenbasis zu protoneninduzierten Reaktionen
erheblich. Insbesondere tragt die Messung an FRb dazu bei, die systematische Untersuchung
der N = 50 Isotonenkette nahezu abzuschlieBen. Herausforderungen ergaben sich insbesondere
durch Targetstabilitidt, Untergrundunterdriickung und die niedrigen Zéhlraten im relevanten
Energiebereich.

Fiir beide Rubidiumisotope zeigen die gemessenen Wirkungsquerschnitte deutliche Abweichun-
gen von den Standardvorhersagen des Hauser—Feshbach-Modells. Die Ergebnisse deuten darauf
hin, dass insbesondere das Protonen-Optische-Modellpotential fiir diese Diskrepanzen verant-
wortlich ist. Dies wird durch vergleichende Analysen von (p, n)-Reaktionsdaten gestiitzt, die
ebenfalls nicht mit den Standardeinstellungen reproduziert werden kénnen. Anderungen der
iibrigen Modellparameter — wie der Kernzustandsdichte oder der y-Stérkefunktion — fithrten
hingegen zu keiner signifikanten Verbesserung der theoretischen Beschreibung.

Die in dieser Arbeit erzielten Ergebnisse liefern somit wichtige experimentelle Anhaltspunkte
fiir die Verfeinerung optischer Modellpotentiale im Massenbereich um A = 85. Sie bilden

eine Grundlage fiir zukiinftige Arbeiten, bei denen gezielte Streu- und Reaktionsmessungen die
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Modellunsicherheiten weiter reduzieren und zu praziseren astrophysikalischen Reaktionsraten

beitragen sollen.
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6Q +2Mim B2b-i?2 MB;?ibFv ? b+ TiBp i2/i?2 BK ;BM iBQM Q7 ?mK MBivX h?
HBF2 /Bbi Mi HB;?i?Qmb2b- ? p2 b2 p2/ bbQm +2b Q7 rQM/2 - BMbTB" iBQMN
H2;2M/b- M/ i H2b Q7 ;Q/b M/ ?22°Q2b 7' QK M+B2Mi +mHiIim 2b "2 # b2/ QM
2 "Hv M pB; iQ'b "2HB2/ QM i?2 b K2 T ii2°M Q7 bi "biQ + ' Qbb MMFMQrM Q+2
rBi? i72 +QbKQb ? bb? T2/i?2 +mHim>H M/ b+B2MiB}+ ?2 Bi ;2 Q7 K Mv- B7 |
h?Bb M2p2 " @2M/BM; +m BQbBivH B/i?27QmM/ iBQM 7Q° KQ/2°M Mm+H2 ~ bi’
iQ mM/2 bi M/ i?2 Q°B;BMb Q7 bi b M/ i?2 2H2K2Mib i?2v bvMi?2bBx2 +QM
2tTHQ® iBQMX

TT QtBK i2Hv jeyy v2 "b QH/ M/ / iBM; # +FiQi?21 "Hv ""QMx2 ;2-i?2 L2#"
i?72 QH/2bi FMQrM 2T 2b2Mi iBQM Q7 i?2 bFv K /2 M/ QM2 Q7 i?2 KQbi T 2+Bb
BM i?2 rQ"H/ (R)X Airb 7QmM/ M/ HQQi2/ BM RNNN M2 " i?2 iQrM Q7 L2#"
2K Mv- M/ ? b #22M HBbi2/ QM i?2 1L1a*P J2KQ v Q7 1?2 gQ H/ _2;Bbi2° bBM+
b?Qrbi?2amMQ”  7mHH KQQM- + ' 2b+2Mi KQQM- +HmMbi2" Q7 b2p2M bi "b- K
M/ irQ “+b-iQ ?2HT /2i2'KBM2 i?2 +Qm b2 Q7 i?2 amM #2ir22M i?2 bQHbiB+
bmBi #H2 iQ /2i2°KBM2 / i2bbm+? b i?2bT'BM; 72 bi QM J v i?2 } bi (k)X

h?2 K#BiBQM Q7 mM/2 bi M/BM; i?2 bi "b-i?2B> +QKTQbBiBQM- M/ i?2 T (
i?72B° #2? pBQ  #2; M rBi? i?72 /2p2HQTK2Mi Q7 2 "Hv bi' QMQKvX M+B2Mi : 22
*H m/Bmb SIiQH2Kv + i HQ;2/ 1?2 TQbBIiBQMb Q7 bi "b-H vBM; i?2 ;"QmM/rQ F
bim/B2b (j)X AM i?2 RNi? +2Mim v- i?2 2K2 ;2M+2 Q7 bT2+i Qb+QTv 2bi #H
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T'2b2Mi BM bi b M/ H B/ i?2 7QmM/ iBQM 7Q" [m MiBi iBp2 bi2HH ~ bT2+i"Q
M Hvb2b i? i 7TQHHQr2/ BM i?2 2 "Hv kyi? +2Mim v (9- 8)X

JQ ' 2i? MQM2 ?2mM/ 2/ v2 b ;bR T2B+M2 GQKB+rg2BnP4biBb?2/
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?2 pv2H2K2Mib +QmH/ #2 7Q K2/ BM i?2 2 "Hv mMBp2 ' b2- BibQQM #2+ K
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Mm+H2 “bim+im 2 T QT2 iB2b- M/ i?2 bi QT?vbB+ H2MpB QMK2Mib
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bi?2 mM/2 bi M/IBM; Q7 i?2 mMBp2 b2 2tT M/2/- Bi #2+ K2 +H2 " i? i
HmMKBMQmb bT?2 2b Q7 ; b #mi Mm+H2 ~ 2M;BM2b r?2°2 K ii2° Bb +QMiB
b vBM; ;Qi2bb /QM6i b?BM2X iP2% M@fiMb2+iBQM 2t KBM2b ?2Qr i?2b2 bi2HH
7Q ;21?2 2H2K2Mib i? i/2}M2 i?2 mMBp2 'b2X



RXR h?2 6Q K iBQM Q7 1H2K2Mib BM ai b

6B:m 2 RX?R bQH ~ #mM/ M+2b Q7 i?2 BbQiQT2b MaBIKOHB X2/ 7@ MB-HBG K \p U
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bbQ+B i2/ rBi? i?2 /Bz2 2Mi T°Q+2bb2b TT QtBK i2HvVX o Hm2b “2i F2M 7°QK _27X (
7QmM/ BM i?2 i2tiX
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?B;? T 'iB+H2 2M2 ;B2b r2°'2 BM 2[mBHB# BmKX 7i2" i?2i2KT2°> im 2/°'QTT
T°QiQMb M/ M2mi"QMb r b }t2/ H vBM; i?2 # bBb 7Q°  Mm+H2 ~ "2 +iBQMb M
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AM ;2M2° H- QM2 + M /Bz2 2MiBbi2 ©®2M22R rBi®O013M . M .

0:08 M MOOBM . M. 04M - "2bT2+iBlg2rH¢-bb briBiB4M . M. 2M -
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K bb/Q2b MQi QMHV BM~m2M+2 i?2 /Bz2 2Mi#m MBM; bi ;2b M/ rBi? i?
r2HH b i?2 /2 i? Q7 i?2 bi ~#mi BM //BiBQM i?2 HB72iBK2 Q7 bi "X h?2 |
i?72 b?Q7i2° Bib HB72iBK2X

"QrM /r TFbMMQi B;MBi2 ?v/ ' Q;2M- #mi i?2v ? p22MQm;? K bbiQ #m M /2
r? i/BbiBM;mBb?2b i?2K 7 QK K bbBp2 TH M2ibX

>v/'Qbi iB+ ?2v/ ' Q;2BB M 2MBM;#m MBM; T? b2 MR+ ZR) dimb2BMiQ
Mm+H2mb pB b2[m2M+2b Q7 BMi2® +iBQMb BMpQHpPBM; irQT "iB+H2bX h?
T2 i?2°QIQM@T Qi @M +72 BNMIHBLP +v+HEDB+? BMpQHp2 ?2 pB2° Mm+H2B
+ i Hvbib-BM T "iB+mH "BMi?2*-L M/ P 2;BQM (Ry- k9- k8)X gq?B+7? K
[2T2M/2Mi QM i?2 +Q 2 i2KT2  im 2 +QMb2[m2MiHv K bb M/ +QKTQbB
2/ /r "7 M 7Tmb2 ?2v/'Q;2M iQ ?2HBmMK pB TT +? BMb #mi /Q MQi ? p2 2MQ
?2HBmMKX .m2 iQ i?2 2H2+i"QM /2;2M2" +v-i?2v +QMi"  +imTiQ +2°i BM p(
?2HBmMK r?Bi2/r °7 +QQHb #v ~ /B iBQM Q@D 2R bb2bKmM &M 2132 WX -
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rBiM & 1.2M #m™ M ?v/ " Q;2M pB i?2 ?B;?Hv i2KT2  im2@/2T2M/2Mi *LP
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Bb HBF2HvVX h?2b2 "2 +iBQNMb KM/MMHX ThD22+Z "iB+H2b QM i?2 Qi?2° ? M/
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bi2KKBM; 7°QK i?2 M2QM #m "MBM; Q7 i?2 T'BK v "2 +iBQMb Q7 Qtv;2M #
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h?2 +2Mi° H /2MbBiv M/ i2KT2' im 2 BM+'2 b2 M/ M 2[mBHB#¥ BmK bi i
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*2 M/> b2F? " K bb HB&BM Q7r?2°2 i?2 T 2bbm 2 Q7 i?2 2H2+i"QM /2;2M2"
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bNh+ i?22 HBF2HvV KQbi #mM/hMi BR@QIQTTEQQ7 i?2 22 pv 2H2K2Mib "2 K /2 #v
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+ Tim 2 22M+2-i?22 M K2 6bHQrob@P2QM+ 2D 7niMd +HQb2HV iQ i?2 p HH2v Q7 bi
r?22M HQQFBM; ii?2 +? i Q7 MmM+H2BX h?2 ivLB=16f 2K QOM)YRMbBiB2b "2
h?2 22 pB2bi Mm+H2mb i? i + M #2 b@ Wi Q2IHNEB v 2?22 pB2° 2H2K2Mib
T Q/m+2/ #v 7m i?22° M2mi"QM + Tim'2b "2  /BQ +iBp2 M/@I+ wBpBi2i?2 2KBbbB
# +F iQ bi #BHBivX "> M+?BM; TQBM2b @b+MJ MP2Mi"QM + Tim 2b +QKT2i2- BX

"X h?2v T°QpB/2 BM7Q K iBQM QM i?2 bT2+B}+ +QM/BiBQMb- 2X ;X i2KT

/2MbBiv- Q7 i?2 bi2HH ~ 2MpB QMK2MiX (k9)

h?220@ T Q+2bb Bib2H7 7m i?2 WTBMBMib InF ®BMiQ-i2Bb +QKTQM2MibX h?2b2
+QKTQM2Mib-2 +2 T°Q/m+BM; b h@MHh+HMBELRTQ7 i2BM irQ /BbiBM+i bi'QT?v
2MpB QMK2Mib- M K2Hv,

CK BM@T Q+2bb, h?2 K HHvV TmHOBNMMHQr2" @K b UQ/m+2 i?2 bi #H2



R AMi"Q/m+iBQM

b@ Mm+HAB BX? h?2 M2mi QMb “2HZpn ¥®i?2 +iBQM "2 i?2 K BM
M2mi QM bQm +2 M/ rBHH #2 + Tim 2/ #v H 2 /v 2tBbiBM; b22/ Mm+H
/2MbBiv KQnMFHOGK3- H biBM; 72ri?Qmb M/ v2 'bX MQi?2 bQm"
i?2°K H TmHb2b- +iBM; QM ?B;?2" farge Ve 22 -+BBQM>- r?B+? ? b
M2mi QM /2MbBiL,GA0R @K H biBM; QMHvV 72rv2 “bX h?2 H ii2°? b &
+QMi'B#miBQM@W/Q22bb #mM/ M+2 Bb * i?2° HQrX L2p2'i?2H2bb-
b@T Q+2bb #° M+?BM; TQBMib bBM+2 bQK2 Mm+H2B rBHH + Tim 2 I
iQ bi #BHBiv /m2 iQ i?2 ?B;?2  M2mi QM /2MbBiB2bX (k9- 9] 98)

Cr2 Fb@T ' Q+2bb, J bb\BpBbi WTU Q/m+2 i? 2b@iMii+#2H BB< AB<i 00
(k9- 9j 9e)X h?2b2 bi b 2tTHQ/2 b hvT2 AA+Q 2@+QHH Th2@bmT:
M2mi QM bQm +2“22mBIB’i?22 +iBQM bi2 KKBRY 7 \K2i? i Bb
T'Q/m+2/ ii?22M/ Q7 ?2HBmMK #m "MBM; b 2tTH BM2/ BM a2+iBQM R.

RXkXk h@Z Q+2bb

h?2 Qi?2° 2 H7 Q7 i?2 22 pv 2H2K2Mih@ T2+ 2D B (¢9iR2 9d)X Ai Bb HbQ -
Q7 T°Q/mM+BM; i?2 HQM; @HBFZh? NBYBbQP@F2bmEBI/2 " HBM2b i?2 M22/ 7¢
M2mi"QM@+ Tim'2 T'Q+2bb BE T/ BHBIQNE@IRAZ*2bb ? b- BM +QMi” bi iQ
b@T Q+2bb- p2'v ?2B;? M2ni QNI ZMEBiviQB+? H2 /b iQ M2mi"QM@+ Ti
iBK2b+ H2bi? i "2r vb?Q'i2 i? Mi?BiRK2bb- BRT7TZ*B HHv M2 " bi #BHBiv
i?72 M K2 6" TB/6X h?2°@TQQ22bm2 QT2  i2b 7 ~ 7°QK bi #BHBiv M2 " i?2 M:
MMiBH i?2 T i? "2 +?22b +HQb2/ M2mi'QM b?2HHb UL 4 8iyV3y- +NMB @MéV- Bi
OM KQ 2r2 FHV #QmM/ M2mi'QM@ 'B+? Mm+H2B Q" i?2 M2mi QM ~mt i2 KE
i?72 Mm+H2B /2+ v# +FiQ bi #B®HB+vviPXQm;?

6Q  iI?7®T Q+2bb- "2HB #H2 i?2Q 2iB+ HKQ/2Hb 2 DE@IMEKKR'2b+ mBN\B+ Bl i
i?72 2tT2'BK2Mi H/ i 7 “7°QKi?2p HH2v Q7 bi #BHBiv Bb HBKBi2/X h?2b2
M22/ 2HB #H2 2tT2 BK2Mi HBMTmi 7Q  KQ 2 "2HB #H2 T 2/B+iBQMb i? i
(93)X h?2°27Q°2-?m;22zQ i Bb K /2iQ #Qi?- 2tT2 'BK2Mi HHv M/ i?2Q
F2v T°QT2iB2b Q7 Mm+H2 ~ T?vbB+b-2X;X K bb2b- H2p2H b+?2K2b- M2n
@/2+ v i2b (9d- 9N 89)X

h?2 T°2+Bb2 bi'QT?vbB*@H b@+2 07 BD2H2bb r2HH FBHEQJT N #2 tvb 1Qd iR 2
h?2 KQbi T"QKBbBM; b+2M "BQb 7Q" ?B;? M2mi QM /2MbBiB2b "2 HbQ i?
2MpB QMK2MibX h?2b2 BM+HmM/2 M2mi QM bi * K2';2 b- K2 :BM; #H +F ?
**alL- M/ #H +F ?QH2 ++'2iBQM /Bb+b (9d- 88)X aQK2 KQ 2 HB;?ir bt
i?72 Q#b2 p iBQM Q7 i?2 FBHQMQp i? i 7TQHHQr2/i?2 ;" pBi iBQM Hr p2
M2mi " QM@bi "~ K2 ;2" (8e)X h?2 /IBb+Qp2'vr bp2'vTQr2'7mH bBM+2 KmHi
TTHB2/ mbBM; p 'B2ivQ7 BMbi'mK2MibiQ Q#b2 p2i?2 KmHIBTH2 +QKTQ
i72bQm +2 Q7 i?2 FBHQMQp 7Q / vb (8d eR)X h?2b2 Q#b2 p iBQMb H2
"@T ' Q+2bbi F2b TH +2 BM M2mi QM bi * K2';2 b-r?B+? "2 KQbi HBF2H"
bBi2 @T Q+2bb2H2K2Mi T'Q/m+iBQMX



RXk Lm+H2QbvMi?2bBb Q7 >2 pvLmM+HB/2b i?2°Qm;?2L2mi QM * Ti

AM //BiBQM iQ M2mi'QM@+ Tim' 2 T°Q+2bb2b-i?2'2 "2 KQ 2T Q+2bb2bi? i
bT2+B}+ :"QmT Q7 M2mi QM@ /2}+B2 M @WhH+HDEB 22 bQ@+ HH2/

hQ 2tTH BM i?2 Q#b2 p2/ #mM/ M+2 T ii2 M Q7 bi "b- KQ/2Hb mbBM; M2mi"
i?72 QMHV bQm +2 K F2 Bi /B{+mHi iQ 2T Q/m+2i?2 T ii2 "MbX h?2°27Q 2- i H
M22/2/ 7Q°@T2Q+2bb (89- 88- ek e8)X J Mv QT2M [m2biBQMb "2K BM #Qmi MQi
+QMi'B#miBQMb Q7 HBF2HV bi"Q@TVOB2bb MBi2H 2@bVvMi?2bBb BM i?2b2 bBi2l

RXkXj MBBZT Q+2bb

H'2 /v BM RNdd *Qr M M/ _Qb2 (ee) bm;;2bi2/ M //BiBQM H M2mi'QM@+ T
BT Q+2bbX h?Bb T°Q+2bb ? b ML2mi0E N AKM BBMBZHirQZM i?Qb2 Q7 i?2
"@T Q+2b@® MQ+2bb ?22M+2 i?2 M K2X

>Qr2p2'-i?Bb bm;;2biBQMr b KQbiHv 7Q ;Qii2M #Qmi ZiQ HYXK2 jy v2 b mMiBHI
iQi?2b K2 +QM+HmMbBQMb b *Qr M M/ _Qb2rBi?Qmi FMQrBMBb#Qmi i?2 Tm#H
KBt2/ BMiQ +QMPM2#iBPRBM; b?2HHb- M2mi QMb "P*@HFBZLi2IBOM2 22
bBM+2 T°QiQMb "2 f*imb 2/tEM BM2/ BM a2+iBQM RXRX h?2 /Bz2 2M+2 #2il
BT Q+2bb H@/TiX@+2bb HB2b BM i?2 /2i BHb Q% @2mb MHBBM ;# 222 MBIQ® M/
i?72 KBtBM; @T* BMiQ P2®b?2HH ~ b? +QMp2+iBQM@xQM2X A7 i?2 KBtBM; +QMil
"2 "2H2 b2/ ABiiTBN- +°2 iIBM; i?2 M2mi QM /2MbBIiBOM2QA2/bbQpB?2?2
Rixyn VP "2 +iBQM #2BM; +iBp2 i ?B;?2  i2KT2 im 2b (jd- 89)X h?2 TQi2MiB
bBi2b BM+HmM/2 ° TB/Hv ++ 2iBM; r?Bi2/r "7b (ed- e3) M/i?2°'K H TmHb2b Q7
h?2B@T Q+2bb+ M 2tTH BM i?2 #mM/ M+2 T ii2"Mb Q7 bQK2 + "#QM@2M? M-
U*1JSV-i? i b?2Qr M 2M ' B+?KIZMh BMQ/m+2/ #b@72Q+2bb@ MRQ +2bb -
“2bT2+iBp2Hv- (dy)X h?Bbr b HQM;@bi M/BM; T'Q#H2K /m2 iQ i?2 7 +ii? i
Q++m > BM /Bz2 2Mi bi'QT?vbB+ HbBi2b (dR)X

h?2 T i?bi F2M B®T?®+2bb/m BM; i?2 M2mi"QM + Tim'2b "2 HQ+ i2/ +HQb?2
i? Mi?Qb2 Q@T?®+2bbX aBM+2 M2mi'QM@+ Tim RENMQbM@ 2 HiBOWD "2 KQb
BbQiQT2b Q  BbQiQT2b +HQb2 iQ bi #BHBiv-i?2 M2mi'QM + Tim 2 i2b ? p2iQ
(dk- dj)X h?2b2 > i2b "2 BKTQ'i Mi bBM+2 bQK2 Q7 i?2K M/ i?2B  mM+2"i BMi
BKT +i QM i?2 T°2/B+iBQM QBAIKIQQ2+H2th F Qd9i288)X h?2 BKTQ'i M+2 Q7 i?2 " i2l
i?2B° "2H iBp2 pB+BMBiv iQ bi #BHBiv H2 /iQ 2tT2'BK2Mib iQ +QMbi® BM 2 4
+? HH2M:2 Q7 Q#i BMBM; i?2b2 M2mi'QM + Tim 2 " i2b 7Q  mMbi #H2 Mm+H?2
rQ i?r?BH2 7Q° MQi QMHV mE@Z 1) +\2 bBbM2ii72 " - # 1@iT HHHR bdX

irBi?i?2 2t+2TiBQM 7Q  BbQiQT2b 7°QK _ iQ 6K



R AMi"Q/m+iBQM

6B;:m 2 R4 bQH ° #mM/ M+2b Q7 i?2 T Mm+H2B BM +QKT 'BbQM iQ i?2b@ Q°
bBHB%@BI1I°V b 7mM+iBQM Q7 KAKbhM& 1 KBM2b "2 mb2/iQ :mB/2i?2 2v2X h?2 |
2 b "2mb2/iQK "Fi?2T2 Fb bbQ+B i2/rBi? i?2 /Bz2 2Mi T°Q+2bb2b TT QtBK
i F2M 7°QK _27X (kk)X .2i BHb + M #2 7QmM/ BM i?2 i2tiX

RXj h?P@Lm+H2B M/ i?2B K Mv S'Q/m+iBQM J2+?

b K2ZMiBQM2/ BM a2+iBQM RXk- KQbi Q7 i?2 Mm+H2B "2 T °Q/m+2/ BM M2m
7Q° bK HH ;"Q’bT ®HZM2mi QM @/ B}+B 2M i 7M1 I +QE2BQ> ;X h?2b2 2
*272°°2/iQ WAMI+H2B M/ i?2B° bi'QT?vbB+ HQ 'B;BM Bb biBHH [m2bi
h?2'2 "2 2tiBM+i * /BQfm¥Yb#2bMR°aK i?2 i "2 MT@MmM+H2B #mi "2
bbmK2/iQ ? p2i?2b K2 Q' B;BM@ MIn2thDB Kd3PX h?2°27Q 2- BM7Q K iB(«
2 "Hv bQH " bvbi2K-r?2"2i?2b2 " /IBQMmM+HB/2b r2 2 biBHH T 2b2Mi M/ N
2ti° +i2/ 7°QK K2i2Q 'Bi2b iQ ?2H@ MA@ MHLBBWINMi 2 2QbvMi?2bBb (89- d3 3
b2p2° H?BM/> M+2b-2X;Xi?2mM+2'i BMiB2b 7Q i?2 #mM/ M+2 T 2/B+iB
b +QbKQ+? " QMQK2i2°7Q i?2b+2M "BQbi? i 7Q K2/i?2 KQH2+mH * +HQ
(89- 3R)X

h?22 7 +ii? iT@MmM+H2B "2 UKQbiHVV ¥@®@ T k B@BbFQQi#2bb Bb FMQrM bBM
"k6>r?Q M K2/i?2 K2+? MBbK "2bTQMbB#AI@ZI7Q+2%d bRR)X26@HHQr@mT °
b?Qr2/i? i bdMmM+H2B ; BM +QMi  B#@TBQ MbEbTQX+22b (3y)X b b?2QrM B
6B;X RXk-i?2 #m™a@d Wm2H2B Bb mbm HHv i2MiQ i?2Qmb M/ iBK@b bK HH?2
M/f@Mm+H2B- M/ 7m iT@MmM€HERBNBHI2?2 KQbi #mM/ Mi BbQiQT2 Q7 Bib
>BbiQ B+ H@V-"I@22bbr b +QMk6bmM@#2WK /2 mp;, Q7 M/ K v#B M

9aQK2iBK2b jy@j8- /2T2M/BM; QM i?2 2KTHQV2/ KQ/2Hb 7Q  i?2 T°Q+2bb2b b i?2vp vi?2
i?22T@T Q+2bb (d3)X

8L K2HW% 243 3% . Nk-NPQ_ Ne-N3, Rylg/_Rye-Ryj _RRK-RRO-REBRR pRKyy 2. RKI-RE®_ Rjy-Rjk _
Rje»Rj,zz'_stG R9Y K .R8k/_ RB8e-RBJ_Rek-Rq9 Red 4 Rdy 7R3y _R3y_ R3ppRNgj_ MRNe:x

Ry



RXj hi@Lm+H2B M/ i?2B° K Mv S'Q/m+iBQM J2+? MB

"2 +iBQMb QM b22/ Mm+H2Bb@ " QU@ F2Q #2bi?2BM i?2 2Mp2HQT2 Q7 **alL (R
>Qr2p2 - i?2 +QM/BiBOMBIIimMm@ 28 iQ ? TT2M "2 p2'v mMHB¥F2B¥1Q Q++m  BM i
Hv2'b Q7 **aL /Im2 iQ i?2 ?Bl0Rg2rM VB iBR;® W2K T 2 1:86GK2 bQ@BGK V -

M/ b?Q i iBK2 b+ H2b (RR- k9- dN-3k)X JQ '2Qp2 - i?2i2KT2  im'2bi? i "2 M2z
T Q#H2K rBi? i?2 *QmHQK# # ""B2 -rQmH/ H2 /iQ T?QiQ/BbBMi2;" iBQM T Q-
Mm+H2BX

.Bz2'2Mi bi'QT?vbB+ Hb+2M "BQb M/ /Bp2 b2 K2+? MB@KM\bMOHZABEH BM i?2
? p2 #22M bm;;2bi2/ Qp2  i?2 v2 "bX h?2v rBHH #2 2tTH BM2/ BM i?2 bm#b?2
2tT 2bbTEEQIMQ +2bb Bb mb2/ b M mK# 2HH @i2°KBM i?2 +QKKmMBiv 7Q" /2b+
T°Q+2bb2bi? i +tQMi " B@Mm+H@2B2 M/ MQi QMHV i?2 ?BbNQ "B+ IBOWbXY¥mK2/ U

RXjXR h@T Q+2bb

PM2 Q7 i?2b2 T°Q+2bb2b-r?B+? T 2bmK #Hv +QMi ' B#mi2E@IMMKBBBIQ i?2 bvM
Bb i?@T Q+2bbX Ai +QMbBbib Q7 b2 'B2b Q7VEVO/BIHBRMi2QMBQMb U
?2 pvb22/ Mm+H2B i? i+ MbvMi?2bBx2 M2mi QM@ /2}+B2Mi Mm+H2B (3y- 3k- 3
+QMi'B#miBM@IT P22bb b?Qri?2 +QKTH2tBivQ7i?2 2 +iBOQM M2irQ FX h?2 bi
b2[m2M+2m Y 72U+iBQMb QM bi #H2 BbQiQT2b- +'2 iBM; ~QriQi?2 M2mi'QM@/?2
p HH2v Q7 bi #BHBivX h?Bb +QMiBMm2b mTiQ TQBMir?2°2i?2 Mm+H2B ? p2 #
i itbV MLUV "2 +iBQMb #2+QK2 +QKT ~ #Hv HBF2HvV /m2 iQ i?2 BM+" 2 bBM; N
2M2 ;v rBi? /12+ 2 bBM; M2mi QM MmK#2 X aBM+2 i?2 M2mi QM b2T " iBQM 2N
MmK#2'b Bb ?B;?2  i? M 7Q  i?2 M2B;?#Q ' BM; Mm+H2B- i?Bb /2~2+iBQM BMic
+? ;2 MmK#2  Bb KQ'2 HBF2HViQ 2?2 TT2M 7Q" 2p2M M2mi QM MmK#2 b (d3)X
U V/QKBM i2b;Q¥22H2+iBQMbr?2°2 b7Q HQr2 K bbBiBbi?2Qi?2 rv "QmM/
iQi?2*QMmMHQK# # *"B2'b (RN)@/2m#th2 [Wh/23H2+i QM + Tim 2b+ M HbQ +QMi B#
i?72 2 +iBQM ~Qr (3y)X h?2 i2KT2" im'2/2T2M/2M+2 Bb /Bz2'2Mi 7Q  i?2 p "BQn
r?B+? + Mb?B7ii?2/2~2+iBQMb M/ # M+?BM;b #2ir22M i?2 T?QiQ/BbBMi2;" iB
BbrQ'i? MQiBM;T@ M iP2H2B rBi? HQr2 K bb "2[mB  2:3BK?ZB58KV2" im 2 U
iQ T?QiQ/BbBMi2;" T@MnmH2ZB rBi? ?82BBKRK/ %HMB2 mTT2 i2KT2' im 2 HBKBI
BbBKTQ'i Mi#2+ mb2 Qi?2 rBb2i?2 b22/ Mm+H2B rQmH/ +QKTH2i2Hv T?QiQ/Bh
"2 H2bb #QmM/ (d3- 3y)X @R Q#QbD-biRiZb ? p2 iQ ?2QH/ i?2i2KT2" im 2b 7Q"
2MQm;? iBK2T2'BQ/iQ HHQr 2 +iBQMb #mi- b?Q i 2MQm;?iQ ?BM/2° +QKTH?2

b+2M "BQ-r?2"2i?2b2 +QM/BiBQRh2 ' BK2H BD BM7?R bbBp2 bi "b BM i?2B"
T°2@bmT2 MQp 2 Q bmT2 MQp 2 T? b2- b} bibm;;2bi2/ #v "MQmH/ BM RNd
@T Q+2bbr b} bi#Qm;?2imTBM T T2 #v qQQbH2v M/ >Qr '/ BM RNd3 (3k)
i? i**aL T°QpB/2i?2 M22/2/ +QM/BiBQMbT@MM2HBBMB? 2bBQiQ7BbBMi2;" iBQ
T°Q+2bb2bX h?2 H ii2° b+2M "BQ- ?2Qr2p2' - mM/2" @@ MmM&HBE®B?2 #mM/ M+2 C
M/NEN3SpBM+2 i?2 KQmMi Q7 b22/ Mm+H2B BM i?Bb K bb "2;BQM Bb MQi bm{+B
+QM} K2/ #v KQ 2 "2+2Mi bim/B2b Q7 /Bz2 2Mi **aL KQ/2Hb (39)X

MQi?2 bBi2i? i ? b#22M bm;;2bi2/-r?2°2i?2 "2[mB 2/ +QM/BiBQMb "2 K2i-
Q7 + "#QM@Qtv:2M r?Bi2 /r "7 i?2 i 2 +22/i?22 *24MM NW2BX2MBKBR WA

RR
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bmT2 "MQp 2 (38-3e)X h?2 HBKBi Bb "2 +?2/ pB i?2 ++ 2iBQM Q7 K bb 7
rQ i? MQiBM; i? i MM+H2Qbv@iT?ZbBIbpB 4 2t bb@ MH+il 2M " B+?2K2Mi B
aL2 A 7Q r?B+? Bi BbBM im M + m+B@ Q FYQPrbi22/BBIBIiB#HMIiBQM M/ H
bBM+2 i?Bb BKT@TbQ?22bb Mm+H2QbvMi?2bBb (3e)X h?Bb b+2M 'BQ +Q
rBi? +QMi'B#miBQMO@77 Q H2DT Q/mA@QPM+G2B BM+HmM/BM; i?2 T°Q/m
N Q M/NeNSm(3e- 3d)X * H+mH iBQMb BM+HmM/BM; i?2 bvMi?2bBb Q7 22 p
7QT@MM+H2B@MmM+H2QbvMi?2bBb +QM} K2/ i? iaL A +QMi'B#mi2 bB;M
96<A< 196 (33)X

Hi?2Qm;?2 @7 Q+2bbBbi?2T Q+2bbrBi?i?2T 2bmK #HvH ;2bi +QMi B#I
QT@MmM+H2B- bQK2 [m2biBQMb "2K BM QT2MX h?2 T '2+Bb2 +QMi B#mi
2[m HHv Q° QM2 /QKBM i2b Qp2' T@MA@ 2B @Q#HMM/ M+2b Q7 **aL M/ aL A
MM+H2 "X h?2 T'2+Bb2 Q B;BM®@MiPHP@ ¥ 2YVQK2M Qi v2i bQHp2/X M/
H bi #mi MQi H2 bi-i?2'2 "2 K Mv mMbi #H2 @M QH2BBX pQMpBIiBMBi? Dir
b?Qr2/i? ii?2Q 2iB+ HHv T 2/B+i2/ " i2b Q7 "2 +iBQMb QM mMbi #H2 M
+QMi'B#miBQMb "2 i?2 K BM mM @2T | BHMRIB-bb B +i2 2?2b2 + M Hi2  i?2
“2 +iBQM ~Qrb (3N)X

RXjXk hT®-T@- M/I@T Q+2bb

h?2 #Qp2 K2MiBQM2/ /Bb+ 2T M+B2b ;Bp2 'Bb2iQ BMp2biB;: iBQMb Q7 Q
i22 T°Q/m+iB@MnmH2B Qi?2@ P Q42pbX

h?2 T@T Q+2bb

h?2 T@T Q+2bbBMpQHp2b M2mi"'BMQ@/ Bp2M rBM/b Q7 **aL2X A7 i?2 2H
QYe > 05- T'QiQM@ "B+? M2mi'BMQ@/ " Bp2M rBM/b “200#7iBMR72 H biBM
2tTHQbBQM (Ny)X h?2b2 rBM/ 2DIDEkb M2 PQMDPBbT Kl BMHV Q7 7°22 T'C
M/ M2mi*QMbX h?2 2tT MbBQM M/ +QQHBM; Q7 i?2 T QIQMZB+? K ii2"
Mm+H2B- ELBWHW@T iB+H2b- M/ M 2t+2bb Q7 T°'QiQMb (NR)X AM +QMi"
Lal-r?2°2MQ 7°22 M2mi QMb 2tBbi /m "BM; i?2 7 2@ X2i@Q #i7 DX HH KQ
M2mi QMb 2tBbib /m2 iQ i?2 + Tim 2 Q7 2H2+i"QM MiBM2mei)BMQb QM 7
"2 +iBQM (Nk)X 6Q " i2KT2 1LbBK2IKBGK r2i2@ 7 i) QMLB7TQHHQr2/ #v
(p; ) "2 +iBQMb- #vT bbi?2r BiBM>Z @BiMi MM HT@HB, 726086 b r2HH
be%a2 M/UE rBi? ? H7@86Bp2M ¥Ls- "2bT2+iBp2Hv (dk- Nk)X h?2 "2 +iBQM ~
KQHV#/2MmK 7QHHQrb i?2 HN 2 ZviK2W/iB OMRI2M K Q H Z#/2Wm K U
iBM &50V i?Bb i'2M/ b?B7ib +HQb2 iQ i?2 p HH2v Q7 bi #BHBiv M/ rBi? i?|
BbQiQN2E Wgp; ) "2 +iBQMb #2:BM iQ bHQr /QrM /m2 iQ i?2 *QmHQK# # "Bz
i2KT2' im 27 HHIGK2IMQMmM+H2B /2+ v # +F iQ bi #HEHRB v i B(ndN ; ?
2 +iBQMb (Nk)X h?Bb Bb T 'BK 'vVvT Q+2bb bBM+2 Bi /Q2b MQi M22/ b22,
LQi2-i? i iT@ T'Q+2bb Bb b2MbBiBp2iQ p "B2ivQ7 T > K2i2'b-i? ibi2K -
T?vbB+b b r2HH b bi'QT?vbB+ H bBi2bX "2bB/2b i?2 BMi2  +iBQM Q7 M2
2H2+i"QM 7° +iBQM Bb BKTQ i MiX AM ;2M2° H- ?B;?2  2H2+i'QM 7" +iB
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RXj hi@Lm+H2B M/ i?2B° K Mv S'Q/m+iBQM J2+? MB

?2 pB2° 2H2K2Mib (NR- Nj)X h?2 K BM mM+2'i BMiB2b 7 QK i?2 Mm+H2 "~ T?vbE
K bb2b QMT@Z Q+2bb T i?r v- i@ 2 BTBIQM RLBiPR 2 +iBQMX h?2 H ii2° Bb
i?72}°bi bi2T BM@iP2Q+2bb M/ TH vb M BKTQ'i Mi "QH2 QM i?2 7TQHHQrBM; Mm-
HQr2' " i2 H2 /biQ KQ ' Z@T+B2®bib (Nk)X .2bTBi2 i?2 M@ F2Qi+BMbHB2HK- i?2
++QmMi 7Qr@-Bm*iH2B rBi2168T7i@ YM #Qr:6 Q° mTA©152- B 0:65

BMi?22D2+i (Nk)X h?Bb BM+HmM/2b i?2 T Q/m@& M)¥HEE@ A" Sm#H2K FBM;
(NR- NKk)X >Qr2p2°- Qi?2  bim/B2b BKTHv i? i i?2 bi2HH * KQ/2Hb M22/ /Dmbik
*2 °2[mB 2/ 7Q i?2 T Q/mT@BVQOHEZBANDIX h?Bb b?Qrb i? i KQ'2 T°Q; 2bb BM K
i?72 2tTHQbBQM K2+? MBbK- ?2v/"Q/vM KB+ bim/B2b- M2mi'BMQ i MbTQi-i?2"
bi?2 "2H2p Mi Mm+H2 * T?2vbB+b Bb M22/2/iQ #2ii2° mM/2 bi M/ i?2 BKT +i Q
T@Mm+H2BX

h?222T@T Q+2bb

h?2 TB/ T'QiQM @ Ti@+ZbD Q+2bbV i° Mb7Q Kb Mm+H2B T°Q/m+2/ BM i?2 *LP
QM2b mT iQ M/ #26RQMQIZBQM (N8)X h?2 TT@TQQ +2bb BMpQHp2b b2[m2M+2b
QPUV 2 +iBQMb QM *LP Mm+H2B mT iQ i?2 T"@iQ@M gbB/URVB M- r?22 2
"2 +iBQMb +QKT2i2 (k9)X b “2bmHi Q7 i?2 T'QtBKBiviQ i?2 T°QiQM /"BTHB|
2zQ'i? b#22M K /2 Qp2 i?2v2 "biQ K2 bm 2i?2 F2v BM; 2/B2Mib- bm+? b K bt
7Q  i?Bb T °Q+2bb U+7X (Ne) M/ 272 °2M+2b i?2 '2BMVX L2p2'i?2H2bb-i?2 BK
iQ K2 bm 2 KQbiHV /m2iQ iQQ HQr BMi2MbBiB2b Q7 ° "2 BbQiQT2 #2 KbX

.Bz2 2Mi bi'QT?vbB+ HI@BT2Q #Zb'hi?22p2 #22M T QTQb2/-bm+? br?2M M2mi
++°2i2@ M/2°B+? K i2'B H7 QK +QKT MBQM bi X h?Bb B;MBi2b i?2 'KQMm-
i? i+ mb2b hvT2As@ v#m'bi-r?B+?2+ MbvMi?2bBA2 TOQ(IMBY B} BbQiQT2b
h?2b2 #m bib + M HshiQUBK2+m > "BM; rBi?BM ?2Qm b iQ / vb- "2 +?BM; i2KT2" i
BM i?2 #m " MBM; "2 BOWXQ HIPQnQ ? i?Bb b+2M "BQ Bb TQi2MiB H bBi2 i? i T
HB:;P@Mm3H2B Q- MNNm M/ TQbHBRHW/YE™- i?22 ;> pBi iBQM H }2H/b
Q7 i?2M2mi"QM bi ~ T 2p2Mi i?2 2D2+iBQM Q7 i?2 bvMi?2bBx2/ K i2 B H (dN-
/B iBQM@/'Bp2M rBM/b +QmH/ H2 /iQ 2D2+iBQMb Q7 bQK2 bK HH KQmMi Q7
MmMM+H2 " B7 bm+? rBM/b +QMi BM K i2°'B HbvMi?2bBx2//m " BM; s@ v #m bib (RYy
bm;;2bibi? i BM +QKKQM@2Mp2HQT2 T? b2-r?22 K bbBb ++°2i2/ QMiQ i?2
Bi T bb2bi?°Qm;?i?2 2Mp2HQT2 Q7 Bib +QKT MBQ®T KQH2Z BbHK B Qi/#h2-2/ #v i?
2D2+i2/ (Ryj)X

h?Bb b?Qrb-i? i KQ 2 /2i BH2/ bim/B2b M/ bBKmH iBQMb 2 M22/2/iQ +QM
"QH2 Q7 ++'2iBM; M2mi QM bi “b T@MmM2HA28Kkn+iBQM Q7

h?2 "@T Q+2bb

h?2 KQbi *2+2Mi bm;;2bi2/ K2+? MBbK 7Q" Wan\iH 2B p B Bi® 2X@Bdb® {RYD) X

AM +QMi* biiQi?2 H'2 /v/Bb+mbb2/ T Q F@Mo2 b HIBH ?P2BBIB@+2DD QT2 i2b B
M2mi"QM@ 'B+? 2MpB QMKRMid+2BB T2 @/2n+2/ b22/b i? i 2tT2 ' B2M+2/ bi QM; M:
B /B iBQMX aBKHE® T i@+2Rb- i?2 i2KT2 im 2 BM i?2 #2;BMMBM; Bb ?B;? M/ i
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R AMi"Q/m+iBQM

+QMbBbib Q7 T°QiQMb M/ M2mi QMb- r?B+? b i?2i2KT2 im 2/2+ 2 b2
+? *;2/@T "iB+H2 "2 +iBQMbX h?2b2 "2 +iBQAMb3BHIX 2h ?2Q MM 2RLB@Qimi
b b22/b7Q° M2mi'QM {nT)m 2MBEM[MBHB# BmKX h?2 #bQ TiBQM Q7 N
#'2 Fb i?2 2[mBHB# Bm@® BMbiB /MI7i?22 ~Qr Bb Tmb?2/iQ ?B;?2" +2 ;2
iQr */ M/ #2vQM/ i?2 p HH2v Q7 bi #BHBivX h?HEbM2+1228Bib K2TH I /in 4 2 £
2tiBM+i > /BQMm+imB/Rb b?B2HRQ Z#VQK #2BM; T Q/m+B@ BMWQi#?2bb M/
i?72T@T Q+2bbX Ai Bb BKTQ'i Mi iQ MQi2 i? i i?Bb T°Q+2bb Bb ?B;?Hv /:
*2; "/BM; BMi2' +iBQMb BMpQHpPBM; M2mi'BMQb- M/ i?2 bT2+B}+ bi'QT"
bm+? bi'QM; ~mt Q7 M2mi'BMQb "2 MQi v2i 7TmHHvV mM/2 biQQ/X

hQ bmKK "Bx2 i?2 /Bb+mi@®BQ@M W iB2? HH +QMi'B#miBM; T'Q+2bb2b 2
Bi Bb biBHH rQ'FBM T Q; 2bb iQ 7mHHvV mM/2 bi M/ i?2 bvMi?2bBb M/
T@Mm+H2BX

RX9 h?2 AKTQ'i M+2 Q7 Lm+H2 > S?vbB+b 7Q° 2 -
bi'QT?vbB+ H1MpB QMK2Mib

h?2 /Bz2'2Mi T°Q+2bb2b M/ bi'QT?vbB+ HbBi2bi? iH2 /iQi?2 Mm+H2Q
i?72 b K2# bBb, ?m;2p "B2ivQ7 Mm+H2 “~T?vbB+b /i X AMT BM+BT H-
*2/m+2/iQ "2 +iBQM " i2b i HQr 2M2';B2b M/ #BM/BM; 2M2 ;B2bX P7 i?2
Mm+HB/2b iQ/ v- k8yy ? p2 K2 bm 2/ K bb2bX

h?2 /Bz2 2Mi T°'Q+2bb2b 2tTH BM2/ BM a2+iBQM RXk +QMbBbi Q7 M2
bm#b2[m@M2+ vbX EMQrBM; i?2 "2 +iBQM " i2b 7Q" i?2K Bb + ' m+B H B!
#mM/ M+2 ~QrX h?2 TT QtBK i2Hv 9yy BbQ@Q@TQb Bivbp QHHZ/+BINR i F+H Qb2
i?72p HH2v Q7 bi #BHBiv r?B+? HHQrb iQ Q#i BM "2HB #H2 M2mi QM@ + °
/2i2 " KEM@Zp Hm2b KQ 2 2 bBHv (89- Ry8)X Ai BbrQ'i? MQiBM;-i? ii?2 2
TQBMib B@T?Q@+2bbr?B+? + M T QpB/2 BM7Q°K iBQM QM i?2 T 2+Bb2 bi2
i2KT2 im 2 M/ /2MbBivX 6Q i?Bb-i?2 KQbi ++m’ i2 FMQrH2/;2 Q7 i?72 71
? H7T@HBp2b Bb M22/2/ b r2HH b i?2i2KT2 im 2 /2T2M/2M+2 Q7 i?2 " i2
h?2 MmK#2> Q7 BMpQHp2/ BbQiQT2b +? M;2b /> biB+ HHvV iQ@#Qmi 8yy
T Q+2bbX Lm+H2B Q7 "2 HHv HB;?iiQ bmT2 ?2 pv K bb2b HvBM; #2ir22M
M2mi QM /' BTHBM2 TH v "QH2 MQrX .2T2M/BM; QM i?2 2KTHQv2/ K bb }
Q7 i?2M2mi"QM /"BT HBM2 M/ i?2 MmK#2 Q7 T 2/B+6Q0NMBOOGVMB/2b BM #
/Bz2  [mBi2 HQi (89- Ry8)X LQi2-i? i iH2 bi? H7 Q7 i?2 T 2/B+i2/ Mm
2tT2 ' BK2Mib bQ 7 "X h?2 K bh@b2BKVT™ R 2M/ i?2 M2mi QM@+ Tim 2 "~ i2bX
F2v BM; 2/B2Mib BM R@T2B®BRbHHX2 T 2+Bb2 FMQrH2/;2 Bb M22/2/iQ ~2/mH-
M/ BKT ' Qp2i?2Q°2iB+ HT 2/B+iBQMb (89)X

h?2T@T Q+2bb ? b bQK2 bBKHHT "BHRDDOMQAMDI2 / Q7 M2mi QM + Tim™2 °
+ Tim 2" i2b M22/iQ #2 FMQrM- b r2HH b ? H7@HBp2b M/ Mm+H2 °~ K |
?2Qr2p2°- HB2b +HQb2  iQi?2 p HH2v Q7 bi #BHBivi? Mi?2 M2mi QM /"BT
TH vb "QH2 r?2M T'QiQMb "2 BMpQHP2200RWE)PXH2BT "QtBMpiQHP2/ BM
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RX9 h?2 AKTQ'i M+2 Q7 Lm+H2 ~ S?vbB+b 7Q" _2 +iBQM _ i2b BM bi QT?Vl

"T@T Q+2bb (89)X
?m;22zQ i ? b#22M K /2 iQ K2 bm 2 K bb2b T 2+Bb2Hv b i?2vb2'p2 b MB

iQ KQ/2H IM&ZT "Q+2bb "MW/T?Q+2bb (Ry8- Ryd)X AM //BiBQM- " /BQ +iBp2 BQM #:
+ ' Qbb i?2rQ"H/ + K2 BMIiQTH v M/ M2ri2+?MB[m2b iQ BMp2biB; i2i?2 Mm+H2
/IBz2 ' 2Mi Mm+H2QbvMi?2bBb T Q+2bb2b ? p2 #22M /2p2HQT2/ (93)X

h?2 @T " Q+2bb Bb +QKTH2t M2irQ'F Q7 T?QiQ/BhBMi2WViIBEM T Q+2bb2b-
U V- b2tTH BM2/BM a2+iBQMN0ORXEXRQBIEBMQMmM+H2B- K Mv Q7 i?2K #2BM; mM|
(89)X aBM+2 i?2 "2 +iBQW+QRHAZ tB®72+ vip-VU- M/ UV "2 +iBQMb-

i?72b2 " i2b b r2HHP@DF?NM@+ Tim 2 i2b M22/iQ #2 FMQrM T ' 2+Bb2Hv (RN- Rye-
BbBKTQ i MiiQ bi“2bbi? ii?2 T Q+2bb Bb ?B;?Hv b2MbBiBp2iQ i?2 TH bK i2K"
i2KT2 im"2H2 /biQKQ 2 2t+Bi2/ bi i2b+QMi'B#miBM; iQ bi2HH ~ " i2b (RYyN)X
+'mt bBM+2 BM 2tT2 ' BK2Mib- QMHV + ' Qbb@b2+iBQMb BM i?2 ;"QmM/@bi i2 +
"2 +iBQMbBM i?2 bi2HH " TH bK -?Qr2p2 -rBHH HbQ Q++m QM Mm+H2B BM 2t
A+ $ B+x-r?2°2bi i2bBMiA2 MB+H2BQMM2+i2/ #v U+? “;2/@VT "iB+H2@ N
@i° MbBiBQMb-Bb +QMbB/2°2/ BM bi2HH ~TH bK - #Qi? /IB'2+iBQMb 7Q " i?:
+QMi'B#miBQMb Q7 i?2 2t+Bi2/ bi i2b "2 MQi bvKK2i'B+ HX h?2 + Tim 2@ "2 +]
7Q° "2 +iBQMb r?2°2 T?QiQMb "2 BMpQHp2/- b i?2 Hii2> "2 +iBQMb KQbi H!
"2 +iBR@p Hm2- r?B+? Bb KQ 2 z2+i2/ #v +QMi B#miBQMb Q7 2t+Bi2/ bi i2b)
+QMi"B#miBQM Q7 i?2 ;" XmnWM'/2b+iiRQNDE-2 PrAa " B4p- Qn- Bb Hr vb HQr2°

i? M7Q  i?2 BMp2' b /B RAIBPQM?2A2 ;"QmM/@bi i2 +QMi'B#miBQM Bb Qp2° HH
QM i?2i2KT2 im 2 Q7 i?2 TH bK b r2HH b QM bTBM M/ 2t+Bi iBQM 2M2";B~
(Rye- RRR)X aBM+2 i?2 T?QiQ/BbBMi2;" iBQM "2 +@BQ@bZbH vi?K RQR2 "HPH2 BM
bi2HH ~ " i2b "2 + H+mH/iZi/BitbhB M; H?RI+X i2DQ 22K HHv BKTQ i Mi Bb- i? i
i?72 "2+BT°Q+Biv 2H iBQMb /Q MQi ?QH/ 7Q H #Q  iQ'v + Qbb@b2+iBQMb- r?
"2 +iBQM T i2b7Q° "2 +iBQM M2irQ ' Fb "2[mB"2i?2Q v (RRk)X h?Bb rBHH #2 /Bb
i?72 7TQHHQrBM; +? Ti2  U+7X *? Ti2 kVX

RX9XR *? ;2/@S "iB+H2 BM/m+2/ 2 +iBQM _ i2b M/ i?2 : KQr ql

h?Bb i?2bBb rBHH 7Q+mb QM i?2 T"TQIQM@AFarh ' B+Dd 2iBQMbX BM +iBQM
+ ' Qbb b2+iIBQM? ~ +i2°'Bx2b Mm+H2 ° "2 +iBQM M/ Bb QM2 Q7 i?72 KQbi BKTQ i
Ai[m MiB}2b i?2 T'Q# #BHBivi? i "2 +iBQM Q++m b rBi? "2bT2+iiQ +2Mi2 @
+ ' Qbb b2+BBQMMIM2/ b
ab(E) = N:IRI‘]A;

r?2°"Bgr Bb i?72 MmK#2™ Q7 "2 +iBQMMN, ii??2 Mma#22Q7 T QDR+HMRH2b M/
MmMK#2> Q71 “;2i iQKb T2 "2 X "vi?Bb/2}MBiBQM-i?2 /BK2MbBQM Q7 i?2 + Ql
M/ i?2 +QKKQMHV mE2/Mn¥MBRBDH10 2 K2 X

b2tTH BM2/ #Qp2-i?2p BQmb "2 +iBQMb BM bi2HH ~2MpB QMK2Mi "2 i2l
aBM+2 i?2 i2KT2" im 2 Bb MQi +QMbi Mi BM KQbi 2MpB " QMK2Mib-T "iB+H2b- b
/IBbi ' B#miBQM i? i Bbi2KT2 im 2 /2T2M/2Mi "~ i?2 i? M? pBM; b? T 2M27;

URXRYV
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"2H iBp2 p2HQ+BivX h22iBAQMZ2-ii2Z2 T hvB&HRLBT BQ 2 mb27mH [m MiBi\
i? Mi?2 + Qbb b2+iBQM Bib2H7X h?2 "2 +iBQM "~ i2 + M #2 2tT 2bb2/ b Z
pP2HQ+Biv@/2T2M/2Mi b 7QHHQTrb,
Z1
faa = NaNghVvipg = Nang vP (V) (v)dv; URXKV
0

r?2°@ Mh, "2i?2 +QM+2Mi’ iBQMb Q7 i?2 "2bT2+iBq@?2 - (VB#*22b 2tT 2b
P2HQWBAT 2M/2Mi + Qbb b PE)BIQMT R# #BHBiv /Bbi'B#miBQM Q7 i?2 Mm+H
i “2H iBp2 p2HQ+BiWH2idXMAM HBi2" im 2-i?2 KQbi +QKKQMHvV mb2/ |
Nahvipa BbMn®mol 's ! rBiRs /2MQiBM; i?2 pQ; /"Q +QMbi MiX AM bi2HH * T
2M2°;v p BH #H2iQ i?2 Mm+H2B Bb /2HBp2 2/ #vi?2i?2°K HKQiBQM-r?2"
"2+ HH2FKQMmM+H2 "X2h?PBQMbiBp2 T "iB+H2 p2HQ+BiB2b #2ir22M i?2 Bl
/2i2°KBM2 i?2 T Q# #BHBiv Q7 ‘2 +iBQMX h?2 p2HQ+Biv /Bbi B#miBC
Jtr2HH@"QHixK MM /Bbi'B#miBQM
PVdve ——— e vIERKTI4y 24y, URX]jV
2KT ’

r?B+? /2b+ B#2b i?2 T Q# #BHBiv i? i i?2 "2HAI BM& piB2® #Riw Z2MT “iB+H2|
v+tdvX h?2 "2/m+2/ K:bﬁfg%%-k Bbi?2"QHixK MM +Q4&Bi6M3 rBi ?eV K -

M/T Bb i?2 i2KT2 im 2X h?Bb Bb TQbbB#H2 bBM+2 KQbi bi2HH ~ K ii2
MQM@ 2H iBpBbiB+X h?2 "2 +iBQM " i2 T2 T "iB+H2 + M #2 r'Bii2M b
E=v?=2 MHE=dv= v

hvipa = E (E)e BT dE: URX9V

(kT)3=2

h?2 p2HQ+Biv- M/ ++Q /BM;Hv 2M2 ;v Q7 +? *;2/ T "iB+H2 BM bi2
"QMK2Mi Bb mbm HHv MQi ?B;? 2MQm;? iQ Qp2 +QK2 i?2 *QmHQK# #
Zm MimK@K2+? MB+ HHv- ?2Qr2p2°-i?2°2Bb +2°'i BM T Q# #BHBiviQ T2I
pB imMM2HBM;X 6Q° 2M2 ;B2b HQr +QKT "2/ iQ i?2 # ~"B2" ?2B;?i-i?2
i MbKBbbBQM T Q# #BHBiv Bb

P=e? : URX8V
+ HH2/:iKDr 7 +iOBi? i?2 aQKK2 72H/ T ~ K2i2"®

= ZnZa® URXeV
~V !

r22°2, MIZs “2i?2 +? ;2b Q7 BMi2  +iBM; T 'iB+H2b (k9- RRj)X
AMi*Q/m+BMi @R?vbB+ HSEED 724MEZ/ b (k9)

(E):éez S(E) URXdV

2 bi?2 /p Mi ;2 Q7 "2KQpBM; i?2 /2T2M/2M+2 QZFE?M A+ T2bb@2 HBQMb



RX9 h?2 AKTQ'i M+2 Q7 Lm+H2 ~ S?vbB+b 7Q" _2 +iBQM _ i2b BM bi QT?Vl

6B;m 2 RX§?2K iB+ 2T 2b2Mi iBQM Q7 i?2 : KQr T2 Fr?B+? +Q "2bTQM/b iQ i?2 bi
"2H2p Mi 2M2 ;v IrBM/Qr 7Q  +? “;2/@T "iB+H2 BM/m+2/ "2 +iBQMX b 2tTH BM2/ BM i?
i?72 +QMPQHMIBQM Q7 i?2 J tr2HH@"QHixK MM /Bbi'B#miBQM M/ i?2 imMM2HBM; T Q#
: KQr7 +iQ X LQi2-i? ii?2 /Bz2 2Mi 7TmM+iBQMb ‘2 b+ H2/7Q" #2ii2" 2T 2b2Mi iBQI

*QMHQK# # B2  i° MbKBbbBQM T 'Q# #BHBivX h?Bb H2 /biQ ;2 iHv “2/m+2/
i?75@7 +iQ°BM MQM®@ 2bQM Mi "2;BQMb +QKT "2/ iQ iDR¥XOWb#H2+iBQMX (B
2@r Bii2M b
1=2 1 Zl

S 2 E=kT dE; URX3V

k2>, ¢ °

MmMM/2" i?72 bbmKTiBQM @@7+I@pF M§X h?2 +QMpQHmMIBQM Q7 i?2 J tr2HHG@
"QHiXK MM /Bbi'B#miBQM- TT ' Q +?BM; x2° Q7Q " H ";22M2;B2b- M/ i?2 : KQr(
Xx2°'Q7Q bK HH2M2";B2b-H2 /biQ K tBKmK +QMi'B#miBQM iQ i?2 BMi2;" H 7"
T Q/m+i Bb K tBK HX h?Bb T°Q/m+i 7Q Kb K2 F2 @2 KQ @r8 M H2r/
2T 2b2MiBM; M "TTQr2M27;v: M;2-r1r?2 2 KQbi Mm+H2 "2 +iBQMb BM bi2HH
(Rye)X h?Bb + M#2 b22M b+?2K iB+ HHvBM 6B;X RXjX qBi?BM i?2 rB/i? Q7 i?2
b2+iBQMb ? p2 iQ #2 /2i2"KBM2/- 2Bi?2" 2tT2 ' BK2Mi HHv Q" i?72Q 2iB+ HHvX
AM "2 HBiv-i?2 +QM+2Ti Q7 i?2: KQr T2 FBb HBKBi2//m2iQ b2p2° H bbmKTi
b-2X;Xi?22M2 ;v /2T2M/2M+2 Q7 i?2 + ' Qbb b2+iBQM Bb /2i2"KBM2/ #v i?2 2M
S@7 +iQ°? b bKQQi?Hvp "vBM; /2T2M/2M+2 QM i?2 2M2 ;v- M/ + M #2 mb2/ |
i?72 "2H2p Mi2M2 ;B2b (Rye)X h?2°27Q 2- MmK2 B+ H+ H+mH iBQMb Q7 i?2: Ki
iQ M/ i?2 "2H2p Mi2M2 ;v "2;BQM-r?B+? MeM (Rg3) T 10 b2Apl2b BHi2+iBQMb

hViAa =
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6B;m 2 RKDA =80 90 K bb "2;BQM "QmM/ i?2 H27i ? M/ bB/2 Q7 i?2 p HH2v Q7
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"2+BT Q+Biv "2H iBQM i? i +QMM2+ib i?27Q 'r °/ M/ 2p2°b2 "2 +iBQMb
i?72H #Q" iQ'v " i2b bBM+2 i?2 2Mi° M+2 M/ 2tBi +? MM2Hb "2 MQi bvKK2
Bb Qp2  /Bz2 2Mi BM/B+2b (Rkd)X h?2 RPBBmMBR2#ID MH2XMRQ22KI2HH ~ "2
Ti2bX h?2 "2+BT Q+Biv "2H iBQMb 7Q T "iB+H2b b T QD2+iBH2b M/
i?2K #2BM; "2TH +2/ #v T?QiQM 2 BKTQ'i Mi7Q° TTHB+ iBQMb BM
T 2p2Mi MmMK2'B+ HBM+QMbBbi2M+B2b i? i K v "Bb2/m"BM; M2irQ " F + F

kXk JQ/2Hb 7Q" ai iBbiB+ H S QT2 iB2b Q7 Lm+H?2

aBM+2 i?2 MmM+H2B BMpQHp2/ BM K Mv bi"QT?@B+QH 2Ib'lQ + 2brh Rtb b thH 2
M/ 2tT2°'BK2Mib "2 UM2 "HvV BKTQbbB#H2 iQ T2'7Q°K b 2tTH BM2/ BN
62b?# +?2i?22Q°vT QpB/2b iQQHIQ T 2/B+i+ Qbb b2+iBQMbX P7 +Qm b2eE
T 2/B+iBQMb-r?B+? /2T2M/ QM i?2 ++m’ i2 /2i2°KBM iBQM Q7 i?2 BMTn
KQ/2Hb b?QmH/ #2 KB+ Qb+QTB+ b r2HH b ;HQ# HX h?2 H ii2° Bb BKTC
Mm+H2 ~ +? i M22/iQ #2 i F2M BMiQ ++QmMi- 2bT2+B HHv r?2M M2irQ
i7Qmb M/b Q7 "2 +iBQMb BMpQHp2/ "2 T2 '7Q K2/ 7Q° Mm+H2QbvMi?2b
? p2 T'TBK "BHv "2HB2/ QM KQ 2 Q" H2bb T?2MQK2MQHQ;B+ H TT Q +7
HBKBi2/ 2tT2'BK2Mi H/ i Q /2/m+BM; i?2K 7'QK bvbi2K iB+ i'2M/bX ¢
bm+? T'2/B+iBQMb BM + b2b Q7 Mm+H2B HQ+ i2/ #2vQM/ i?2 b+QT2 Q7
MiB+BT i2/-i?2 p HB/Biv Q7 i?2b2 T'2/B+iBQMb #2+QK2b [m2biBQM #H2 L
h?2 7Q°2K2MiBQM2/ +? HH2M;2b + M #2 [/ "2bb2/ #v "2HVBM; QM K2i?Q/b
UKB+ Qb+QTB+V b TQbbB#H2 M/ # b2/ QM T?vbB+ HHv bQmM/ KQ/2Hb {
rOmH/ #2 iQ ? p2 QM2 mMBp2'b HHv p HB/ KQ/2H BM r?Qb2 7° K2rQ F i?2
"2+ H+mH i2/ M/ b?Qr ;QQ/ +QMbBbi2M+v Qp2° HHX

b K2MiBQM2/ /m"BM; i?Bb +? Ti2 -i?2 bi iBbiB+ HKQ/2Hb M22/ +2"i BM
r?B+? rBHH #2 2tTH BM2/ #2HQrX

kXkXR PTiB+ H@KQ/2H TQi2MiB Hb

h?2 i2°K 6QTiB+ H@KQ/2H TQi2MiB HO6 Bb /2°Bp2/ 7°QK i?2 M HQ:v #2ir2
K2/BmK M/i?2 b+ ii2°BM: Q7 T iB+H2 BM Mm+H2 " TQi2MiB HbX h?2 7
+Q2{+B2Mib 7Q i?2 2Mi° M+2 +? MM2H "2 ivTB+ HHv + H+mH i2/ MmK2 B+
2[m iBQM 7Q" }iiBM; Mm+H2 ~ TQi2MiB HX h?2 Mb ix 7Q  i?2 TQi2MiB H

U(r) = V(r)+ iw (r); UkXR3V

r?2°2() MMW() “2i?2 2 H M/BK ;BM "vT iQ7i?2 TQi2MiB Hb- "2bT2+iB
Q7 +? “;2/ T "iB+H2b- M //BiBQM H *QmHQK# TQi2MiB W ({3X Bb BMi Q/r

Rh?2/2i BH2/ # H M+2 bA2iQb2ik i HH bi i2b BM Mm+H2mb ‘2 Q++mTB2/ ++Q /BM:iQ bQK2 Tt
h?Bb 7 BHb iQ ?QH/ 7Q" HQM:;@HBp2/ BbQK2 B+ bi i2b (Rye)X

ke



kXk JQ/2Hb 7Q  ai iBbiB+ HS QT2 iB2b Q7 Ln

h?2 7mM/ K2Mi H T'BM+BTH2 Q7 i?2 T?2MQK2MQHQ:B+ H KQ/2H Q7 EQMB
“2pQHp2b "QmM/i?2 MQiBQM i? ii?2 +QKTH2t BMi2 TH v #2ir22M M BM+B/2Mi
rBi? Bib K Mv Mm+H2QMb + M #2 /2[m i2Hv 2T 2b2Mi2/ M/ i?mb bBKTHB}2
Mm+H2 * TQi2MiB H rBi? r?B+? i?2 T'QD2+iBH2 BMi2" +ibX

h?2 b[m "2 r2HH TQi2MiB Hr b 2KTHQV2/ BM i?2 T biiQ 2/m+2 +QKTmiBM; iB]
#Q /2 r b b? T M/ Bib /2Ti? +QMbi Mi (Rye)X >Qr2p2° "2 bQM #H2 i? i K v ?
TQi2MiB Hr b MQi + T #H2 Q7 T 2/B+iBM; i?2 + Qbb b2+iBQMb M/ i?2 b+ ii2 BM
H2 /iQ i?2 mb2 Q7 qQQ/b@a tQM TQi2MiB Hb 7Q i?2 "2 H M/ BK ;BM v T iQ

W(E) .
Ty !

1+e %

Vi(rE) = UKkXRNYV

r?2 %(E) /12MQi2b i?2 /2Ti? Q7 i?& BQIiZNiBHMb2M2bb Tr} iKR2i2/BWb
Q7 i?2 Mm+H W@ E)BMMW(E) mb2/ 7Q  i?2 BK ;BM v T i (RjR)X h?2 /IBpBbBQM
TQi2MiB HBMiQ "2 H M/ BK ;BM v T “ib 2~2+ibi?2 2H biB+ b+ ii2°BM; Q7 T Q
HH +QKT2iBM; MQM@2H biB+ +? MM2HDb (RKABDIOTIMEI B IQIQ 11D H B R M@
+2MiVWUbDTBM O¥Bir@2M T iB+H2b rBi? bTBM "2 BMpQHpPD/V M/ bm'7 +2@-
TQi2MiB Hb-r?2°2i?2 H ii2> QMHv TTHB2b 7Q  i?2 BK ;WA (HEY "iX h?2 bTBM@
MNso(FE) b r2HH b i?2 bm 7 +2@/s@ME) HiZ'RTQ iBQM HiQ i?2 /2 Bp iBp2
Q7 1[m iIBRRAMRM?2 H ii2° H2 /biQ M #bQ TiBQM Q7 i?2 T'QD2+iBH2 M2 " i?2 |
b+ ii2 ' BM; 2M2A0MBEZN Ur?2 2 MAARE) i2 K #2;BMb iQ /QKBM i27Q  ?B;?2  2M2 ;B2
(RKN)X

AMi?2}2H/ Q7 Mm+H2 ° bi'QT?vbB+b- BH G F ERIRBII B HHD i@ /2 p2HDITHB + #H2
iQ i?2 2MiB 2 Mm+H2 ~ +? “iX hrQ T'Q#H2Kb Kmbi #2 //°2bb2/ BM Q /2" iQ /2i2
QTiB+ HTQi2MiB Hb 7Q" bi"QT?vbB+ H TTHB+ iBQMb, i?2 T 2/B+iBQM Q7 Q
mMbi #H2 Mm+H2B M/ i?2 2ti2MbBQM iQ i?2 bi'QT?vbB+ HHv '2H2p Mi 2M2" ;B:
T2 bT2+iBp2-i?2 "2;BQM #2HQr i?2 *QmHQK# # B2  Bb Q7 bT2+B}+ BMi2 2b
2H biB+ b+ ii2°BM: + Qbb b2+iBQMb #2+QK2 BM/BbiBM:mBb? #H2 7°QK _mi?2
/B{+mHiiQ 2ti’ +iBM7Q K iBQM QM i?2 mM/2 "HVBM; Mm+H2 ~ TQi2MiB H (RRKk)
i? ii?2 QTiB+ HTQi2MiB Hb +QKKQMHv mb2/ BM "2 +iBQM + H+mH iBQMb :
2H biB+ b+ ii2°BM; /i iKm+? ?B;?22" 2MZ X B DM@ XN2Nb Q72b2 TQi2MiB Hb
"2 MQi r2HH +QMbi> BM2/ "QmM/i?2 *QmHQK# # B2 X

EQMBM; M/ .2H "Q+?22 /2p2HQT2/ ;HQ# HT?2MQK2MQHQ;B+ H QTiB+ H KQ
M2miQMb M/ T QiQMb- +Qp2 BM; 1M\2 khd [ADOM&N; 2M/ R Kob MmK#2 b
24 A 209X h?2 TQi2MiB Hr b +QMbi> BM2/ #v +QKT 2?2MbBp2 2tT2 BK2N\
2Mbm BM; i? i i?2°2Bb MQ mMT?vbB+ H 7°22/QK Q7 ;2QK2i'B+ T > K2i2 bX h?22"
T K2i2'b Q7 i?2 pQHmK2-bm 7 +2- M/ bTBM Q #Bii2 Kb 2 B/2MiB+ H 7Q  i?
T “ib M/ 2K BM 2M2 ;v BM/2T2M/2Mi- i?2 2#v KBMBKBXxBM; i?2 MmK#2 > Q7 7"
q?BH2 i?Bb 7" K2rQ F T°QpB/2b "2HB #H2 /2b+ BTiBQMb 7Q" 7Q " T QiQMb
bm+? KQ/2Hb iQ +QKTQDbBi2 T UB2HBH2IK HEBWFIR +? HH2M;BM;X AM T “iB+mH °
M/ bm#@*QmMHQK# 2M2 :B2b- T?2MQK2MQHQ;B+ H TT Q +?22b Q7i2M 7 BH i
+ Qbb b2+iBQMb ++m i2Hv- H2 /BM; iQ /Bb+ 2T M+B2b #2ir22M /Bz2 2Mi KQ/2

kd



k h?2 ai iBbiB+ H TT'Q +?2iQ *"Qbb@a2+iBQM * H+mH iBQMb

6B:m 2 kXR2 +QKT 'BbQM Q7 i?2Q 2iB+ H + H+mH iBQMb mbBM; i?2 T?2MQK?2
TQi2MiB HQ7 EQMBM; M/.2H "Q+?22 (RkN) M/i?2 b2KB@KB+ Qb+QTB+ HKQ/2H C
/'i B7 p BH #HR2 BB6iRDb "2;BQMX h?2 KQ/2Hb ;:Bp2 TT QtBK i2Hv i?2b K2 T 2/B
Mm+H2BX h?2 2tT2 ' BK2Mi H/ i 7Q  i?2 # QKBM2 BbQiQT2b "2 /2b+ B#2/ r2HH- r"
Qp2 T 2/B+ii?2 /i 7Q  i?2 m#B/BmK BbQiQT2bX A7 i?2°2r b KQ 2i? M QM2 2tT:
/i -i?2 KQbi 2+2Mib2ir bmb2/7Q i?2 +QKT 'BbQMX h?2 2tT2 'BK2Mi H/ i Bb
h?2h HvikXy +Q/2 BM Bib /27 mHi b2iiBM;br b mb2/iQ T2°7Q K i?2 + H+mH iBQMb

Q' /2°b Q7 K ;MBim/2 (Rjk Rj9)X

"2bB/2i?2T?2MQK2MQHQ;B+ H TT' ' Q +?2b-i?2°2 "2KB+ ' Qb+QTB+ Q" K|
7Q° 1?2 /2b+'BTiBQM Q7 QTiB+ HKQ/2H TQi2MiB HbX JB+ Qb+QTB+ KQ
T?vbB+ HHv ;" QmM/2/ /2b+ " BTiBQM- b i?2v "2 #mBHi 7 QK Mm+H2 " bi
;2M2° HHv #2ii2° bmBi2/ 7Q " 2ti° TQH iBQMb BMiQ 2M2 ;v Q K bb "2;BQ
‘2 b+ T+2 F2v /p Mi ;27Q" bi'QT?vbB+ H TTHB+ iBQMbX aQK2 KB+~
QM 7QH/BM; MmMm+H2QM@Mm+H2QM 2z2+iBp2 BMi2" +iBQM rBi? i?2 Mm
>Qr2p2°-i?222M2;v@/2T2M/2Mi TQi2MiB H /2Ti?b M22/iQ #2 /Dmbi2/r
r72°2 bi?2b? T2Bb r2HH "2T°Q/m+2/ (Rjd)X Ua2KB@VJB+ ' Qb+QTB+ TC
/i [mBi2 r2HH b /2KQMbi® i2/ BM _27bX (R9R R9j)X +QKT "BbQM Q7 i?2
iQ 2tT2°BK2Mi H/ i Bbb?QrM BM 6B;m 2 kXkX

MQi?2° TT ' Q +?iQ /@BMBwWR2/ "2 +iBQMb MQi /2T2M/BM; QM i?2 ?B;? b2
BK ;BM v T iQ7 i?20QQiB22MH KQ/2H TQT2MPB#H BRi?2 MbKBbbBQM KQ
US"hJVr?B+? ? b #22M 2H #Q " i2/ QM #HRINV)PQA?Bb KQ/2H Bb /2}M2/ #v |
bbmKTiBQMi? i M BAMFQIBBM2 Bb #bQ #2/ bbQQM bBiimMM2Hb i? Qm;
i?72 2ti2°BQ iQi?2BMi2°'BQ X aBM+2 @Z TIiR#H2BMBIMBDHBEM2 Qmi ; BM E
i?72 bbmKTiBQM-i? i +QKTQmM/ Mm+H2@b Bb DQ MK2m i MYMOM H¥ 2KBii2/-
"2 bQM #H2 (R99)X h?2°'27Q°2-i?2 KQ/2H /Q2b MQi /2T2M/ QM Mv mM+2
Q7 MBK ;BM 'vTQi2MiB HX h?Bb KQ/2Hr b 2KTHQV2/BM "2+2Mi bim/B2b

k3



kXk JQ/2Hb 7Q  ai iBbiB+ HS QT2 iB2b Q7 Ln

;7 22K2Mi-2bT2+B HHv 7Q° + ' Qbb b2+iBQMb i bi'QT?vbB+ HHv "2H2p Mi UHQ
bi?Bb i?2bBb /2 HbrBi? TTQiQM BM/m+2/ 2 +iBQM@-QTEBF G#HHQRKIEH "BbBM;
TQi2MiB Hb ? p2 QMHV #22M K2MiBQM2/ 7Q" +QKTH2i2M2bbX b b?QrM BM 6B
HQ;B+ HQTiB+ HKQ/2H TQi2MiB HQ7 EQMBM; M/ .2H "Q+?2 (RkN) M/ i?2 b2
CGJ (Rj8 Rjd) /12KQMbi® i2MQ bB;MB}+ Mi/Bb+ 2T M+B2b KQM; i?2K7Q  Mm+H
A 85-r?B+? Bb /2 HirBi? ?22°2X

kXkXk Lm+H2 "~ H2p2H /2MbBiv

h?2 TTHB+ iBQM Q7 bi iBbiB+ H@KQ/2H 7Q 'K HBbK Bb QMHV TQbbB#H2 mM/2"
H2p2H /2MbBiv Bb bm{+B2MiHv ?B;?X b K2MiBQM2/ #Qp2- BM i?2 K DQ Biv
bTBM M/ T 'BivBM7Q K iBQM 2 MQi FMQrMX h?2°27Q°2- F2v BM; 2/B2Mi
+ H+mH iBQMb Bb i?2 Mm+ {2 ;J;H2p2B+2MbBQMMib 7Q  i?2 MQi Q" BM+QKTH.
FMQrM H2p2H BM7Q K iBQM i ?B;? 2t+Bi iBQM 2M2 :B2b M/ +Q "2bTQM/b i
UivTB+ HiMew M2°° +2°i BM 2t+Bi iBQMh2ARi ;oW H2p2H+ 2WHB Q#i BM2/

#v bmKKEBEL;J; ) Qp2  bTBM M/ T "Biv (8k)-

. X
'Ex ) = (Ex;J; ): UkXKyV
J;
bbmKBM; mM+Q "2H i2/ 7mM+iBQMb-i?2 Mm+H2 ~ H2p2H /2MbBiv + M #2 b2T °
[2T2M/2Mi /IBbi"B#miBQMb (8k),

(Ex;J; )= (Ex) 9(Ex;J) f(Ex; ): UkXkRV

i 7B;? 2t+Bi iBQM 2M2 :B2b-i?2 MmK#2" Q7 bi i2b rBi? TQbBiBp2 M/ M2; iBp:
K i2Hv 2[m H-i?mb i?2 T "Bivfi(By:i )BEBR)XQMV Blb bbmKTiBQM Bb HbQ BKTH2K2N
BMbQK2 Q7 i?2 KQ/2Hb BMi"Q/m+2/ #2HQrX i HQr 2t+Bi iBQM 2M2 ;B2b- i?2
BMp2'b2 Q7 i?2 H2p2H /2MbBiv- Bb H ;2 2MQm:? iQ 2ti’ +i i?2 Mm+H2 > H2p
BM/BpB/m H H2p2HbX h?Bb #2+QK2b mM72 bB#H2 7Q" ?B;? 2t+Bi iBQM 2M2 ;B2
#2+QK2b H *;2r?2°2 bi?2bT +BM; Bb bK HH iQQ bK HH iQ #2 "2bQHp2/ M/ 4
H2p2H #2+QK2b BKTQbbB#H2X h?2°27Q°2-Bi Bb BKTQ i MiiQ ? p2 "2HB #H2
7 rv7 QKbi #BHBiv- bi?2v "2 BKTQ'i Mi 7Q  bi iBbiB+ HKQ/2H + H+mH iB

p "B2ivQ7 KQ/2Hb 7Q  H2p2H /2MbBiv ? p2 #22M /2p2HQT2/ ?BbiQ B+ HHv
T?2MQK2MQHQ:B+ H M HviB+ H 2tT 2bbBQMb M/ i #mH i2/ H2p2H /2MbBiB2k
Mm+H2 > bi'm+im’ 2 K\@P2BhRp2  H Q7 i?2b2 KQ/2Hb BKTH2K2Mi2/ BM Bib +Q
r22°2 bQK2 Q7 i?2K "2 KQ 2 Q" H2bb "2HB #H2 M/ 2/mM/ Mi iQ Qi?2 b (Rk3
KQ/2Hb i? i "2 +QMbB/2 2/ "2HB #H2 M/ i2bi2/i?2 KQbi rBHH #2 BMi"Q/m+2/ B
T?2MQK2MQHQ;B+ H H2p2H /2MbBiv KQ/2Hb- i?2 *QMbi Mi h2KT2" im 2 JQ/2H
i?72 U" +F@b?B7i2/V 62 KB ; b JQ/2H U"a6:V (RON- R8R- R8k)- r?BH2- iQ 2KTH

TT'Q +22b-i?2> "i"22@6Q+F@"Q;QHBmM#Qp THmMb +QK#BM iQ B H K2i?Q/ U>E€

bi?2 h2KT2' im 2@/2T2M/2Mi >6" THmb +QK#BM iQ'B H Uh>6"Y+QK#V (R89)

kN



k h?2 ai iBbiB+ H TT'Q +?2iQ *"Qbb@a2+iBQM * H+mH iBQMb

Uu" +F@b?B7i2/V 62°KB : b KQ/2H

AM RNje >X X "2i?2 K /2 }'bi ii2KTiiQ /2b+ B#2 Mm+H2 * H2p2H /2MbBiB
i*2i2/ b ; bQ7MQM@BMi2  +iBM; 72°KBQMb-BX2X T°QiQMb M/ M2mi' Q
i?Bb TT Q +? Bb bBKTHBbiB+- Bi + Tim 2b HH i?2 2bb2MiB H BM7Q K i
T B'BM; #2ir22M Mm+H2QMbX h?Bb Bb ++QmMi2/ 7Q  #v i?2 # +F@b?B7i
//IBIiBQM H b?B7i BB BWA " Q@/m+2/- +QMbB/2 " BM; T B'BM; M/ b?2HH@KQ,

1 7exp(2p au)

BsrG (Ex) = pZTIZW’ UkXkkV

r?2°@ = Ey Bbi?2 2z2+iBp2 2t+BiaiBP@M 2M2H;/2MbBiv T ° K222 - M/
bTBM +mi@Qz T ° K2i2  (8k- Rk9)X h?2 bTBM@+mi@Qz T ~ K2i2  Bb K:
M:mH > KQK2MimK /Bbi'B#miBQM Q7 i?2 H2p2H /2MbBiv- /12T2M/2Mi QM
H2p2H /2MbBiv @ BbK/2IR2M/2Mi QM i?2 2t+Bi iBQM 2M2 ;v- iQQX h?Bb 2tT
i?2 T°2b2M+2 Q7 b?2HH 2z2+ib i HQr 2M2 ;v M/ i?2B  /Bb TT2 ~ M+2 i
T K2i2/Bz2 b 7Q  i?2 62 KB ; b

= g2 UkXKjV

A

M/ # +F@b?B7i2/ 62 KB : b KQ/2H
- g2, UkXKkOV

#vi227°22 T K2D2Mbi2/ #v 2tT2 BK2Mi H/ i M/ i?222BMBIROMMQE QM
r?2i?2° i22 Mm+H2mb Bb Q//@Q//- Q//@2p2M Q" 2p2M @ DpiA®IQM/ i F2b B
1iQ@ 7Q i?2 KQ/2HDb “2bT2+iBp2Hv (Rk9)X

*QMbi Mi h2KT2" im 2 JQ/2H

MQi?2° TT Q +? Bb i?2 +QMbi Mii2KT2  im 2 KQ/2H-r?22i?2iQi H H2p

IN(Ex) _ 1 ex_so,

ct(Ex) =
(222 ME, 27°22T ° K2i2°bi? i 2 +QMM2+i2/iQ +QMbi Mi Mm+H2 " i
M 2M2 :v b?B7i (8k- Rk9- R88)X h?Bb T°Q+2/m" 2 rQ Fb r2HH 7Q" }iiBM:
2t+Bi iBQM 2M2 ;B2b (R8Y)X

h?2 :BH#2 1i@* K2'QM JQ/2H
X :BH#2 i M/ X :XgX* K2'QM +QK#BM2/ #Qi? KQ/2Hb-i?2 *hJd M/ i?2 €

BMiQ i?2 bQ@+ HH2/ :BH#2 i@* K2'QM KQ/2HX h?2 *hJ Bb mb2/ i HQr 2M
- b KQ/2H Bb TTHB2/iQ i?2?B:?2@2M2 ;v T i (R8y)X "Qi? KQ/2Hb ? p2iQ ;



kXk JQ/2Hb 7Q  ai iBbiB+ HS QT2 iB2b Q7 Ln

Em -bm+?i? i
ct(Em)= Bsre (Ex): UkXkeV

'Bp2Mi? ii?2 K i+?BM; Bb /2i2 ' KBM2/ #v 2tT2 ' BK2Mi HBM7Q K iBQM- BiBb TQb!
iQ i?2 K i+?BM; T'Q#H2K K v vB2H/ p Hm2b 7Q  i?2 K i+?BM; T > K2i2'bi? i "2
h?2 BMBiB H bim/B2b Q7 i?2 :BH#2 i@* K2 QM KQ/2H M/ i?2 "a6: /B/ MQi i
“2}M2K2Mib bm+? b 2M2 ;v@/2T2M/2Mi b?2HH 2z2+ib M/ i?2 2tTHB+Bi i 2 iK2\
HH BM HH- 2tT2 BK2Mi H/ i Bb "2 bQM #Hv r2HH@ 2T 2b2Mi2/ #v #Qi? KQ
/2b+ B#2 }M2 bi'm+im 2b BM i?2 H2p2H /2MbBivX 6m i?2 KQ 2- 2ti° TQH iBQMbD i
7 7°QKi?2p HH2v Q7 bi #BHBiv-r?2°2i?2°2Bb b2p2'2H +F Q7 2tT2 BK2Mi H
iQ +QMDbB/2° #H2/2;°22 Q7 mM+2"i BMiv (8k- RON)X

JB+ Qb+QTB+ H2p2H /2MbBiB2b

h?2 + H+mH iBQM Q7 H2p2H /2MbBiB2b b?2QmH/ #2 T2 7Q K2/ mbBM; KB+ Qb+ QT
}bi T"TBM+BTH2b M/ 7mM/ K2Mi HBMi2® +iBQMbBM Q /2 iQ ? p2 KQ 2 "2HB #H
r?2M 2ti- TQH iBM; BMiQ "2;BQMb-r?2°2i?2 /i Bb b+ "+2X h?2 KQ/2Hb "2 -
# bBb Q7 i?72 +QK#BM iQ'B H TT Q +?2X "Qi? K2i?Q/b T '2b2Mi2/ 2?2 2 bi i 7°Q
H2p2H b+?2K2-+ H+mH i2/ mbBM; i?72 > "i'22@6Q+F@"Q;QHBmM#Qp 7° K2rQ F-
?QH2 2t+Bi iBQMbX h?2 2z2+iBp2 BMi2® +iBQMb-i? i "2 mb2/ BM i?2 + H+mt
BMi2® +iBQM (R8j) M/i?2 .RJT  K2i'Bx iBQM Q7 i?2 :Q;Mv 7Q +2 (R89)X 7i2
2z2+ibbm+? b pB# iBQM H M/ Qi iBQM H 2t+Bi iBQMb "2 2tTHB+BiHv BM+
*h M/ U"aV6:-i?2°2BbMQ bbmK2/ T "Biv2[mB@T 'iBIiBQMBM i?2b2irQ KB+ Q
KQ/2HbX "Qi? KQ/2Hb "2 BM i #mH i2/ 7Q K i 7Q  KQ 2i? M 38yy Mm+H2B rBi?
mT i200MeV M/ bTBM p HmRH4n TRRI9)X Ai Bb BKTQ i MiiQ MQi2i? ii?2b2 i #mH
KB+ Qb+QTB+ +QK#BM iQ Bl H2p2 WM QIMHPRIB2bD mbi2/ iQ 2tT2 " BK2Mi H / i -
bm+? b7 QK HQr@HvBM; H2p2Hb M/ b@r p2 "2bQM M+2 bT +RBM;b 1i?72 M2mi (
h?2 BKTH2K2Mi iBQM Q7 b+ HBM; 7TmM+iBQM

pP_——
(Ex;J; )=¢€ Bx  yem (Ex  :J; ) UkXkdV

BbBMi2M/2/iQ2M? M+2 /DmbiK2Mi ~2tB#BHBI0-1P QR iBM/iZ2 mMiBb2 2/
Mm+H2 " H2p2H /2MbBiB2b- #mi i?2 T ~ K2iZ2'BbtbB KRH-? iIND; R272aT?2 R2i2°
BMi?262KB; bKQ/2HX h?QZb2iK2P2’Mm+H2 “~H2p2H/2MbBiviQ /Bz2 2Mi2M2"

h?2 /Bz2 2Mi #Qp2 T '2b2Mi2/ KQ/2Hb "2 +QKT "2/iQ 2tT2'BK2Mi HHv FMQrMm
BMi?2 mTT2 T i Q7 6B;m 2 kXjX Ai Bb /2KQMbi® i2/A i?85 KQbKQbi Mm+H2B
"2;BOM mMT iQ TT IM&KIiQEMEV i?72 2tT2 BK2Mi HHv /2i2 "' KBM2/ +mKmH iBp2 Mml
Q7 H2p2Hb ;22 rBi? i?2 H2p2H /2MbBiBVv3faQ-/ ZIQb X ? BH+ BMFTI@ QM Bb
6MeV - i?2 irQ MmK#2 b ;722 [mBi2 r2HHX AM ;2M2" H-i?2 KQ/2Hb ;Bp2 p2 v bBKI
7Q i%Br(p; )°Kr "2 +iBQM MPKi(®»2)8Rb "2 +iBQMX h?2 h>6"Y+QK# H2p2H /2MbBiv
KQ/2H (R89)- r?B+? Bb MQ HQM;2" "2+QKK2M/2/iQ mb2 U+7X a2+iBQM kXj #

iR



k h?2 ai iBbiB+ H TT'Q +?2iQ *"Qbb@a2+iBQM * H+mH iBQMb

6B;m 2 kX?P2 +QKT "BbQM miBHBXBM; i?2Q 2iB+ H+ H+mH iBQMb mbBM; i?2 /B
*h) (R8y)- "a6: (R8R)->6"Y+QK# (R8j)- M/ h>6"YAQKS KRBO) BB Bb T2 7Q K2/
iQ 2tT2'BK2Mi HHV FMQrM H2p2Hb UmTT2  };m 2V M/ i?2B  BM~m2M+2 QM i?2 +
};m 2VX h?2 2tT2'BK2Mi H/ i Bbi F2M 7°QK _272°2M+2b (R8e Rey)X h?2 KQ/2H
b K2 T°2/B+iBQMb 7Q° HH Mm¥a2ZB Pkr2T2 #QB QM MOKio®2 )¥Rb "2 +iBQM-

r?B+? 2 +? /Bz2  bB;MB}+ MiHvV 7Q" i?2 h>6"Y+QK? H2p2H /2MbBiv KQ/2H (R89)X L
HQM;2  "2+QKK2MH2HXBPR9 +Q/2 BM Bib /27 mHi b2iiBM;br b mb2/iQ T2 7Q K i?
2t+2Ti 7Q  i?2 H2p2H /2MbBiv KQ/2Hb (Rk9)X

ik



kXk JQ/2Hb 7Q  ai iBbiB+ HS QT2 iB2b Q7 Ln

?B;?2 H2p2H /2MbBiv 7Q  i?2 } ' bi M/ HQr2 /2MbBiv Q7 i?2 b2+QM/ "2 +iB
/2MbBiv KQ/2H (R8y) ;Bp2b bi% #p;2)3bmbiB M@2 Bi T 2/B+ib 7 HHBM; MmK#2" (
+mKmMH iBp2 H2p2\ieY X" GHOM2 i? i- i?2 "2bmHib b22K iQ }ii?2 /i X

kXkXj@ v bi'2M;i? 7TmM+iBQM

h?2 @ v bi'2M;i? 7TmM+iBQM- HbQ + HH2/ TI}QPEQM Bb BKTIQ 7 VM +QB Q M -
[2b+ B#2 MmM+H2 "2 +i@QWb-"22BMpQHp2/ (8k- Rk9)X h?2 #bQ ' TiBQM M/ 2
T Q# #BHB@ 7V Bb /2b+ B#2/ #v BiX h?2'27Q 2-BiBbmb2/iQ Q#i BMi?2i" MbK
70°@° vb QWXIiVIMi2 'BM; i?2 > mb2 @62b?# X 72MIQ+20H2 BBQMBXH2+i B+ U

Q K ;M2MB¥ U/B iQM /BIMQi2b i?2 KmHIBTQH "BivX b H'2 /v 2tTH BM2/7Q" i?
H2p2H /2MbBiv- 7Q° HQr 2M2 ;v- 2t+Bi2/ bi i2b "2 r2HH b2T " i2/ M/ i?2 BM/
+QMb2[m2MiHv #2 Q#b2 p2/X aBM+2 i?Bb Bb MQi i?2 + I@ MbKQM; Q" ?B;? 2M2
7mM+iBQM Bb mb2/iQ bi iBbiB+ HHv /2b+ B#2 i?2 /2+ vb TRk92X h?2i° MbKBb
[2YM 2] #v

Txi (E )=2 E 2y (E ); UkXk3V

r?B+? +QMM2+ib i?2 T'Q# #BH®iIVWQIQARBiIBMI@ /b bi 2M;i? 7TmM+iBQM (Rkk-
ReR)X Ai Bb /2}M2/ b

fx(E)=E @iy N (B X'D(E )'; UKkXKNV
|

22 % Bb 2tT 2bb2/ #v i?2 [MQiIB2Mi Q7 i?2 p2° f2«E )B M/232v rB/i?
p2° ;2 H2p2HMT(RBRIX h?2 m@®F V bi 2M;i? T EDBOQMQMM2+i2/ iQ i?2
p2° ;2 T?QiQ@ #bQ TiBQM + Qbb b2+iBQM pB

E (21+1) h X (E )I

|
i B)= oz g

UkXjyV

r?2° By (E )i Bbi?2 p2° :2T?QiQ@ #bQ TiBQM + Qbb b2+iBQM bmKK2/ Qp2° F
Q7 }M H bi i2b (Rkk)X AM RN88- .X JX ""BMF T°QTQb2/ ?2vTQi?2bBb- H i2"
2vTQi?2bBb- r?B+? bi i2b i? i i?2 T?QiQ@ #bQ@TiB Q@M 2MOiPb@HN2+iBQMW Q"

7Q° Mm+H2mb BM M 2t+Bi2/ bi i2 Bb B/2MiB+ HiQ i? i 7Q  i?2 Mm+H2mb B
aBM+2 i?2 i ";2ib BM i?2 H #Q " iQ'v "2 mbm HHv BM i?2B" ;"QmM/@bi i2- T
T?QiQ@ #bQ TiBQMb + Qbb b2+iBQMb QM 2t+Bi2/ bi i2b Bb MQi TQbbB#H2X
KQ 2 :2M2  H 7Q K 2tBbib- r?B+? Bb 272 °2/iQ bi?2 ""BMF@ t2H ?vTQi?2bBk
i?2 BM/2T2M/2M+2 Q7 i?2 BMBiB H M/ }M HbTBMb Q7 i?2 i MbBiBQM (Rej-
7Q°2K2MiBQM2/ ?2vTQi?2bBb BM+HmM/2b i?2 T'Q+2bb@ QB #HRIVBQM M/ 2K
“2bQM Mi bi i2bX h?2 bbmK2/ p HB/Biv Q7 i?Bb ?2vTQi?2bBb i?2M BKTHB2b

Fxi (E )= fx (E ); UKXjRV

r?2°2i?22mTr */ M/ /Qri@ WV bi'2M:i? 7TmM+iBQMb b?2QmH/ #2 2[m H M/ QMHVv /
QE X Hi?Qm;? i?2 ""BMF ?2vTQi?2bBb 2 b #22M i?Q Qm;?Hv 2bi #HBb?22/ #C



k h?2 ai iBbiB+ H TT'Q +?2iQ *"Qbb@a2+iBQM * H+mH iBQMb

TT QtBK lIiGMtV - Bib p HB/Biv '2K BMb bm#D2+i Q7 QM;QBM; /2# i2- #Qi?
r2HH bi?2Q 2iB+ HHv-T "iB+mH HvBMi?2 +QMi2ti Q7 2M2 ;B2b #2HQr i’
h?2 @bi"2M;i? 7TmM+iBQM Bb BKTQ i Mi 7Q " /2b+ " B#B Mvb X H Qr2peBiB Q N
i?72v "2 2bT2+B HHv KB ; MBAL;Mi BM+iBQMb #2+ mb2 M2mi " QMb "2 MQi z.
i?72 Mm+H2mboéb *QmMHQK# 7Q +2- M/ T?QiQM bi"2M;i? 7TmM+iBQMb /B2
b2+iBQMX h?2°27Q°2- Bi Bb QM2 + m+B HBM; 2/B2Mi r?2M KQ/2HBM; bi
(RdR)- b /2b+ B#2/ BM a2+iBQM RXkX b /2b+ B#2/ BM a2+iBQM RXj- '
2bT2+B HHv T?QiQ/BbBMi2;" iBQM Q7 M2mi ' QMb- TH v T@BLWBH2BVMIMQH 2
i?72°27Q°2-BM i?2 M2irQ " F + H@mMmH 2@ K bdF X? 2

AMi?2 +QMi2ti Q7 bi"QT?vbB+b- & Hv¥ mHMIBIKBWDWH B@WM?2Q2{+B2Mi /2K N\
+QMbB/2° iBQM Q7 i H2 bi i?RIKQIMIQKRBNMBMBQMDb (8k- dN)X AM i?2 ~2;
i?72 ;B Mi /BTQH2 "2bQM M+2 WOMeW i RIMBVM BM2,"27Q "2 #Qp2 i?2 T "iB+H
i?°2b?QH/- i?72 T?QiQ@ #bQ TiBQMb + ' Qbb @2 BOQNMM;i/772M+B-QiM2 E
/IQKBM i2E¥Vv: MbBiBQMb (8k- Rk9- Rdk)X M //BiBQM H "2bQM M+2 +QKK
Mm+H2B-r?B+? Bb bK HH +QKT "2H1IQuRv:/[BTBBMHR?2bQM M+2- HQ+ i2/ il
2M2°;B2b 6Keav MQLOMeV (Rdj)X aBM+2 K Mv Q7 i?2 bi'QT?vbB+ HHv "2H?Z
? TT2M i 2M2°;B2b #2HQr T "iB+H2 b2T ~ iBQM 2M2 ;B2d*- WRIHAM@2M2 ;v
TmM+iBQM Bb Q7 bT2+B HBMi2 2bi bBi BM~m2M+2b i?2 M2irQ'F + H+m
[2# i2b Qp2° i?2 p HB/Biv Q7 i?2 ""BMF@ t2H ?vTQi?2bBb BM i?Bb 2M2 " ;\
MM2tT2+i2/ 2M? M+2K@MivQymiM2iBQM i HQr 2M2 ;B2b-r b 2tT2 ' BK2Mi HH
Rd9 Rdd)X aT2+B}+ HHv- + H+rmH iBQMb # b2/ QM i?2 b?2HHLKQ/2H Mi
/[2@2t+Bi iBQM bi"2M;i? 7TmM+iBQM b 2M2 ;B2b /BKBMBb?- "2 +?BM; p H
b?2HH Mm+H2B- b?QrBM; /27Q K iBQM- b?BR+? KBEMBKF HH+imMH iBQMb B
Q7 iMA bi“2M;i? Bb b?B7i2/iQ i?2 b+BbbQ b KQ/2 (R3y- R3R)X h?2b2 }M
T 2+Bb2 K2+? MBbK Q7 i?2 2M? M+2K2Mi Bb MQi v2i 7TmHHV mM/2 biQQ/
"2[mB"2/ M/ QM;QBM; BM i?Bb "2 X

h?2 QH/2bi M/ T?2MQK2MQHQ;B+ HKQ/2H-i?2bQ@+ HH2/ ""BMF@ t2F
GQ'2MixB MUaGPV 7Q°KiQ /2b+ B#2 i?2 :._b? T2

1 x E %

; UkXjkV
(2l +1)( ~c)2(E2 EZ)?+E? 2’ :

fxi (E )=

r?22°2q Bbi?2 T2 F + ' QbByxp222B«2W-i"QB/ 2M2 ;v Q7 i?2 ;B Mj; 2bQM M+2
i?72 rB/i? Q7 i?2 T2 F-r?B+? Bb bbmK2/iQ #2 +QMbi Mi BM i?Bb TT ' Q +
aGP /2KQMbi® i2b ;QQ/ ;°22K2Mi rBi? 2tT2'BK2Mi H/ i "QmM/ i?2 “2b(
b?Qrb /2pB iBQMb BM i?2 HQr@2M2 ;v T i "QmM/i?2 M2mi QM i? ' 2b?QH
/2pB iBQMb- CX EQT2+Fv M/ JX I?H T QKQBD/i2XITR2?2imBR2@ M/ 2M2 ;v (
/2T2M/2Mi (R3k- R3j)X h?BbBb + HH2/i?2 ;2M2" HBx2/BIQ" 2BiBRQMX :GPV
Hi?Qm;?-i?2 K i+?BM; #2ir22M 2tT2°'BK2Mi H/ i M/ i?Bb KQ/2H Bb BKT"
bQK2 /Bb /p Mi ;2bX h?2 bi'm+im 2bi? iQ++m > BM i?2 HQr@2M2 ;v i BH
bm+? bi?2 Tv;Kv/BTQH2 "2bQM M+2- + MMQi #2 '2T°Q/m+2/ (Rdk)X AM +
TmM+iBQM + M Qz2 M /2[m i2 2E12hi22N ;iPQMWRATQEDLBIiBQM Q7 Bib K tE

i9



kXk JQ/2Hb 7Q  ai iBbiB+ HS QT2 iB2b Q7 Ln

M/ i?2 rB/i? Kmbi #2 T 2/B+i2/ 7' QK KQ/2H 7Q" T "iB+mH ~Mm+H2mb Q" i? C
MQi?2" BKT Qp2/ KQ/2H QM i?2 # bBb Q7 GQ '2MixB M Bb i?2 bBKTHB}2/ K
KQ/2H UaJGPV- r?B+? +QMbB/2'b aGP@ivT2 7TmM+iBQM 7Q" #Qi? i?2 HQr@
M/ i?2 bTBM@~BT +QKTQM2Mib-r?B+? "2 imM2/2tT2'BK2Mi HHv (Rk9- R39)
T "iB+mH "Hv BKTQ'i Mi 7Q" 2tQiB+ Mm+H2B-r?2"2i?2 M22/2/[m MiBiB2b "2
2tT2'BK2Mib- KB+ Qb+QTB+ KQ/2Hb b?QmH/ #2 7 pQ 2/ iQ K F2 KQ 2 "2HB 4
@ vbi’2M;i? 7TmM+iBQM (Rdk)X h?2 KB+ ' Qb+QTB+ KQ/2Hb-i? i ? p2 #22M /2
i?72Zm bB@T "iB+H2 _ M/QK S? bAUZTSYBRKRIIBROMQY i? MQiBM;-i? i HH Z_S

+ H+mH iBQMb "2 /Dmbi2/iQ 2tT2'BK2Mi H @#b2bp” PBQ Mb7(RM k) B Qi B b

T QpB/2/ #v i?2 KQ/2Hb bE7nvM+iBQMMQBM; QM i?2 KQ/2H- b 7mM+iBQM Q7
i2KT2' im 2- Q" 2[mBp H2MiHv- i?2 2t+Bi iBQM 2M2 ;v Q7 i?2 }M H bi i2X h?2
br2HH bi?2 p2° ;2 "2bQM M+2 + Tim 2/ i iHQr2M2 ;B2b-+ M #2 2T Q/m
KQ/2Hb Q#i BM2/ rBi? i?2 > i 22@6Q+F@"Q;QHBmM#Qp K2i?Q/ (R38 R3d)X h?2"°
7° K2rQ'F? b HbQ #22M mb2/- #mi QMHvV 7Q " bi #H2 Mm+H2B rBi? p BH #H2 2
HH i?2 KQ/2Hb FIQpBI2QMHY 7Q" i #mH idAp @mebi?2M;i? 7TmM+iBQMb "2
+QMbBbiIi2Mi rBiRli7TRk2-QRBe- R3IN)X gBi?BM i?72 7° K2rQ ' F Q7 i?Bb KQ/2H- +
Q7i?22T?QiQ #bQ TiBQM bi"2M;i? "2 2ti2M/2/iQ i?2 /2i2°KBM iBQM Q7 i?2 /2@
TmM+iBQM-i? i Bb 2tT2+i2/ iQ MPp2QM BBI#mMAB@M b i?2 2M2 ;v /2+ 2 b2b iQ x2
(R3e)X h?Bb KQ/2H b?Qrb M Qp2° HH ;QQ/ ;°22K2Mi rBi? 2tT2 ' BK2Mi H /i I
"2;BK2 #mi HbQ #Qp2i? 2b?QH/ (Rdk)X

b7Q i?2Mm+H2 ~ Hap2HY DMEBRA- H KQ/2Hb BKTH2K2Mi2/ BM Bib +Q/2 (Rk9)-
i?72K "2 KQ ' 2Q H2bb "2HB #H2 M/ "2/mM/ MiiQ Qi?2 b (Rk3)X h?2 KQ/2Hb i? i
i?72 aJGP (R39)- :Q;Mv@>6"THmb Z_S mbBM; .RJBMi2" +iBQM U.RJYZ_S V (R
>6" THmb Z_S mbBM; i?2 "aFkd BMi2" +iBQM (R38)- M/i?2 _2H iBpBbiB+ K2 M{
S U_JBY+_S VT7ELIPRATTH2K2MIi2M#EVi®QK .RIJYZ_S (R33)X +QKT "BbQM
Q7i?2Q 2iB+ H+ H+mH iBQMb mbBM; /Bz2 2Mi bi'2M;i? KQ/2Hb + M #2 7QmM/

p "B2iv Q7 2tT2 ' BK2Mi H i2+?MB[m2b 2X;X T?QiQMm+H2 ~ "2 +iBQMb- Mm-
+2M+2 UL_BV-irQ@bi2T + b+ /2- M2mi'QM@ M/ T QiQM@+ Tim 2 M/ +? “:2/
? p2 #22M /2p2HQT2/ M/ mb2/iQ ; i?2@BMDQ KMiBR MMM iBQMb (8k- Rdk- RN\
h?2 bim/B2b + M #2 /BpB/2/ BMiQ K2 bm 2K2Mib #Qp2 M/ #2HQri?2 M2mi'QM b
r2HH bBM K2 bm BM; i?22 mTr "@Q V/IQIr&M i? 7TmM+iBQMX h?2 KQbi +QKKQM K2i-
mb2/ #Qp2 M/ #2HQri?2 M2mi'QM b2T ~ iBQM 2M2 ;v "2 T?2QiQ@Mm+H2 ~ "2 +i
+7X (8k- Rdk- RNy) M/ _272°2M+2b rBi?BMVX h?2 L_6 K2i?Q/ Bb :;QQ/iQQH i
@ Vbi'2M:;i? 7TmM+iBQM #2HQr i?2 M2mi"QM@b2T * iBQM 2M2 ;v (8k- Rdk- |
2tT2 BK2Mib QM i?2 Qi?2 2 M/- "2 T2 7Q K2/ #Qp2i?2i? 2b?QH/ M/ +QMi BN
T?QiQT QiQM + Qbb@b2+iBQM K2 bm 2K2BLib-/B? iBQMMQKBN -i 27 #W?2b 2
K2 bm 2K2Mib "2 T2 7Q K2/ QM i?2 :°QmM/ bi i2b (8k)X Pi?2  K2i?Q/b K F2
BM/m+2/"2 +iBQMb b 2X:X " /B iBp2 M2mi'QM + Tim 2 (Rdk)- T'QiQM@+ Tim 2
/2mi2 QM BM/m+2/ 2 +iBQM (RN8)X aQK2 Q7 i?2b2 K2i?Q/b K F2 mb2 Q7 i?2 KQ

i8



k h?2 ai iBbiB+ H TT'Q +?2iQ *"Qbb@a2+iBQM * H+mH iBQMb

6B:m 2 kX92 +QKT 'BbQM Q7 i?2 BKT +i QM + Qbb b2+iBQM miBHBXxBM; i?2Q "
i?2 /Bz2 2@ i v bi*2M;i? 7mM+iBQM aJGP (R39)- :Q;Mv@>6" THmb Z_S mbBM;
U.RJYZ_S V (R3e)- aFv'K2@>6"THmb Z_S mbBM; i?2 "aFkd BMi2> +iBQM (R38)-
K2 M@}2H/ Y +QMiBMmmK _S U_J6E* b VT/HZ K282 MAV7i"@K .RIJYZ_S

(R33) BM i?8 K bb "2;BQMX h?2 KQ/2Hb ;Bp2 TT QtBK i2Hv i?2 b K2 T 2/B+iBC
2t+2Ti 7Q%Ke®; )¥Rb 2 +iBQM- r?B+? /Bz2 b bB;MB}+ MiHv 7Q" i?2 aFv' K2 >6"Y:
(R38)X h?2°2 Bb MQ 2tT2BK2Mi H/ i Tm#HBb?2/ QmibB/2 Q7 i?2 b+QT2 Q7 i?B
i?72irQ#BbQiQTAbHM® H+mH iBQMb rBHH #2 T 2b2Mi2/ BM 7QHHQrBM; +? Ti2 b- r"
222X M?BVIkXy +Q/2 BM Bib /27 mHi b2iiBM;br b mb2/iQ T2 ' 7Q K i?@+ H+mH iBQ]
bi*2M;i? 7TmM+iBQMb (Rk9)X

K2i?Q/
_f(Ei Ev1) _ I(Ei ErL1)(Ei Er1)®,

“f(E Ew) I(Ei Ew) (B Ep)¥
i? i+ M#2 /2°'Bp2/ 7 QKUKDKNBRDE Bb i?2 BMBiB H 2t+BE;iBRQRM 2M2 ;v-
ME; EL, 2T 2b2MiirQ /Bb+ '2i2 HQr@HVBM; H2p2Hb QEibEK2bOTBM M/
MA(E; EL2) 2T 2b2Mii?2 BMi2MbBiB2b 7Q " i?2 i@Q Mbz@RAK)XT BK?K iB+
BHHmbi® iBQM Q@ TVBK2@2t+BiBM; iQ /Bb+ 2i2 HQr@HVBM; H2p2Hb + M
h?Bb K2i?Q/ ? b HbQ #22M TTHB2/iQ T?2Qi@GM @®@B MRe 32X 'R2?2iBOWIQ® pB
K2i?Q/ U+7X (8k) M/ 272°2M+2b rBi?BMV Bb M 2tT2 'BK2Mi Hi2+?MB[
iQi?2/QrMr @ vbi'2M;i? 7TmM+iBQM-iQ HbQ /2°'Bp2 H2p2H /2MbBiB2b
S "iB+HX3@BM+B/2M+2 /i Bb M22/2/-r?B+? Bb T°'Q+2bb2/ BM +QKTH2t
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6B;m 2 kX¥8?2K iB+ BHHmbi® iBQM Q7 +QKTQmM/ Mm+H2mb /2+ vBM; iQ /Bz2 2Mi /
i?72 2KBbbB@M Qb7 7i2° #2BM; T Q/m+2/ gBKTBQMMBMBBARAX h?2 +QKTQmM/

Mm+H2mb Bb 7Q K2/ i M 2t+HEk iBEM2MQ-;¥?QTQ Bb iQ2@p Hm2 Q7 i?2 "2 +iBQMX

h?2 2t+Bi iBQMERMED jivTB+ HHv bT 2 / Qmi rBE?- rPB/+? @Q "2bTQM/b iQ i?2 2M2 ;v
HQbb BMbB/2 i?2 i ";2i K i2'B HX h?2 /Bz2 2Mi /Bb+2i2 H2p2Hb + M i?2M 2t+Bi2 iQ i?
+QKTQMM/ MW H2mb
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ai iBbiB+ HKQ/2H +Q/2b /Q BM KQbi + b2b MQi "2HvVv bQH2HV QM > mb2 @62k
Q7i2M +QK#BM2 i?2K rBi? Qi?2° KQ/2H TT Q +?2b-i? i? p2 QMHvV #2+QK2 72 b
Im2iQ /p M+2b BM +QKTmi iBQM HTQr2 X h?2 +QHZ2HwmirZY/BMBMBBib?2bBb Bb i
p2'bBQMb kXy M/ kXR9 (Rk9)X Ai Bb +iBp2Hv /2p2HQT2/ #v X EQMBM;- aX >Bt
R3NhXHvIBb T'Q;" K7Q bBKmH iBQMb Q7 M2GOMEZ - MBBNBQ MR MTQ®@?2 b-
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H/KQ/2H k "a6: (RON- R8R)
H/KQ/2H 8 >6"Y+QK# (R8j)
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T Q+2bb2bX AMi?2 "iB+H2-i?2°2Bb "2+QKKAMVIBKQ VB OKKQ22 Mh?77@ b G
i?2 MM+H2 "~ H2p2H /2M®BivbiM2W22? 7TmM+iBQM b?2QmH/ #2 mb2/X h?2b2 2
+ M #2 7QmM/ BM h #H2b kXR M/ kXkX

LQi2-i? i i?2° 2 BBVEXY p2 bBQM (RKk9) i? i Bb MQi mT/ i2HVM/ i?2 2 Bl
'Bi p2°bBQM (R3N)- i? i Bb mT/ i2/ rBiR HAVE XRQ hi?BL pRYMBQM ? b MQr
irQ //BiBQM H H2p2H /2MbBiv KQ/2Hb b r@HMHN b 2KQ;i”BiBQMBEQMbX h
"2+QKK2M/2/ KQ/2 Hb HVQFE 2P bfi 2M;i2 3- N- Ry- RR- M/ RkX h?2 H ii2 i
"2 rBi? i2KT2  im 2 /2T2M/2M+2 U.RJ@AMi  @1R i #H2bV- bi'2M;i? RR-
KQ/2H Ua?2HHKQ/2H@1R i #H2bV- bi 2M;i? RkX 6Q  i?2 Mm+H2 ~ H2p2H /
"2 "2+QKK2M/2/X h?2 H ii2 irQ "2i?2 "aE:j @ aFv' K2@> i'22@6Q+F@
+QK#BM iQ'B H H2p2H /2MbBiB2b 7°QK MmMK2 B+ H i #H2b- H/KQ/2H d-
MmK2 B+ Hi #H2b- H/KQ/2H 3X IM7Q imM i2Hv-i?2°2 "2 MQ bQm +2b ;I
/Q+mK2Mi iBQM M/ MQ 7m’i?2  BM7Q K iBQM Bb ;Bp2M #2bB/2b i?2 M K
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b2tTH BM2/ #Qp2-BM Q' /2  iQ bBKmH i2 bi"QT?vbB+ Hb+2M "BQb M/ ; BM "2
Q7 ++m > i2/ i bT MMBM; i?2r?QH2 +? "iQ7 Mm+H2B Bb M22/2/ #Qi? 7°QK i?2
M/ 2tT2 'BK2Mib (d3- Ne)X o "BQmb 2tT2'BK2Mi H i2+?MB[m2b 2tBbi 7Q" /Bz2"
BM/m+BM; Mm+H2 ~ "2 +iBQMb- b T "iHv /Bb+mbb2/ BM i?2 T '2pBQmb +? Ti
QM T QiQM@BM/m+2/ "2 +iBQMb-BM T "iB+mH QM ~ /B iBp2 T'QiQM + Tim"
2tT2 ' BK2Mi H K2i?Q/b ? b #22M /2p2HQT2/ 7Q i?Bb Tm TQb2X
rB/2Hv mb2/ 2tT2 " BK2Mi H TT ' Q +? Bbi?2 +iBp iBQM i2+?MB[m2- 2X;X (Rj9

AM i?Bb K2i?Q/-i *;2ib 2B " /B i2/ rBi? T'TQD2+iBH2H@M+B+HZbQ @ Mb- M2m
@ vb- H2 /IBM; iQ i?2 T°Q/m+iBQM Q7 ~ /BQ +iBp2 "2bB/m H Mm+H2BX h?2 |
K2 bm 2/ pB i?2/2+ v > /B iBQM Q7 i?2b2 Mm+H2B-r?B+? T'QpB/2b i?2 MmK/?
?2M+2i?2 "2 +iBQM +°'Qbb b2+iBQMX h?2°27Q°2- mMbi #H2 "2 +iBQM T Q/m+
}’bi +QMbi® BMi iQ +QMbB/2 X a2+QM/-i?2 T°Q/m+2/ " /IBQMm+HB/2b Kmbi ?
hvTB+ HHv- Bi b?QmH/ MQi #2 iQQ b?Q i bBM+2 i?2 +iBp i2/i ";2i Q7i2M M22/b |
+QmMiBM; b2i mT 7i2°B"" /B iBQM M/ Bib?QmH/ MQi #2 HQM;2 i? M "2 bQM
+QKT 2?2MbBp2 "2pB2r #Qmii?2 +iBp iBQM i2+?MB[m2 + M #2 7QmM/ BM _27
A7i?2 "2 +iBQM T Q/m+i Bb MQi bmBi #H2 7Q4 i@d mK KB VB Q2 R iB[@V2 i?2
(kyj- ky9) M/ i?2bQ@+ HH2/ BM@®@2 K/R227%QQ rB#¥?M #2 mb2/iQ Qp2 +QK2 i?B
Q#bi +H2X

h?Bb +? Ti2  /Bb+mbb2b i?2 2tT2'BK2Mi Hb2imTb 7Q " BM@#2 K K2 bm 2K2Mi
Mm+H2 ° bi'QT?vbB+b i? i ? p2 #22M miBHBx2/ BM i?2 2tT2 ' BK2Mib QmiHBM
b2imTb "2 2KTHQvV2/ ii?2 ?B?@ dD{FBR2AMEFR2I2a- HQ+ i2/ ii?2 Ry Jo
6Li M/2K ++2H2  iQ - AMbiBimi2 7Q  Lm+H2 * S?vbB+b- IMBp2 ' bBiv Q7 *QHC
/2/B+ i2/ 2tT2 ' BK2Mi Hi2+?MB[m2b rBHH #2 "2pB2r2/X

jXR Lm+H2 * bi'QT?vbB+b i>P la

h?2B;? 177B+B2M+v P#b2'p i@ VWIMB[m2 aT2+i Qb Qv P, la
BbHQ+ i2/ ii?2 AMbiBimi27Q  Lm+H2 ~S?vbB+b (ky8)X Ai +QMbBbib Q7 mT iQ R
U>S:2V /2i2RiTBH? "2 TQbBIBQM2/ iirQ7 +2b M/ i?2 ir2Hp2 p2'iB+2b Q7 M BK

RAI b?QmH/ #2 MQi2/i? i i?2 BMbi HH iBQM Q7- 2X;X - H Mi? MmK # QKB/2 /2i2+iQ b Bb HbQ T
rQmH/ MQi #2 bmBi #H2 QTiBQM 7Q" i?2 ivT2 Q7 2tT2 'BK2Mib +QM/m+i2/ BM i?Bb i?2bBbX
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6B;m 2 jPRI2 ?2KBbT2>2PBQ7
_larBi?Qmi Mvi ;2i +? K#2 #mBHi
BMX h?2 #2 K +QK2b BM 7' QK i?2 "B;
? M/bB/2 M/i?2/QrMbi"2 K+mT Bb HQC
+ 12/ 1i?2H27i? M/ bB/2Q7i?26B;m".
h?°22 ":Pb M/ >S:2/2i2+iQ'b "2
BMbi HH2/ BM i?Bb ?46KBMT?2 2 i
MA35 rBi? "2bT2+iiQi?2#2 K tBbX
h?2>S:2/2i2+iQ brBi?Qmi":Pb ~2
HQ+ i2B85i-90 - M145 X

aBt Q7 i?2/2i2+iQ°b+ M #2 2[mBTT2/ rBi? #BbKmi? ;2K MBmK QtB/2 U":
7Q° +iBp2 *QKTiQM bmTT 2bbBQMX

M;mH ~ /Bbi ' B#m@B QWb DH iBp2 iQ i?72 #2 K /B 2+iBQM + M #2 K2 bm’2
>S:2 /2i2+iQ'b "2 KQmMi2/ i}p2/Bz2 2Mi M;H2b rBi? "2bT35%i-iQ i?2 #2
45 -90 -135 - M145 X h?Bb Bb M22/2/ 7Q" /2i2 " KBMBM; i?2 #bQHmi2 "2 +iBC
a2+iBQM jX9 7Q  /2i BHbX h?2 /Bbi M+2 Q7 i?2 /2i2+iQ b iQi ;2i TQbBIil
BMbi HH2/ i “;2i +? K#2° M/ Bb i8 +QlbehwX#2MB2Mn "2 Q7 QM2 ?2KBbT?2
rBi? /2i2+iQ°b M/ ":Pb #mBHi BM Bb b?QrM BM 6B;m 2 jXRX

h?2 2tT2'BK2Mib T°2b2Mi2/ BM i?Bb i?2bBb ? p2 #22M T2 ' 7Q K2/ rBi? irQ
/'i +[mBbBiBQM bvBI2KDXTRA?RK2Mir b T2 ' 7Q K2/ BM kyR8 rBi? i?2 bB;M F
Q7 i?2 >S:2 /2i2+iQ° b T27Q K2/ mbBM; i?2 .:6@9* _2pX 6 KQ/mH2b- K
+QKT Mv sA (kye- kyd)X h?2 +? K#2 i? i ?2 b #22M mb2/ 7Q i?Bb 2tT2 B
a2+iBQM jXkXRX AM 2 "Hv kyky- M2r/ i +[mBbBiBQM bvbi2K-i?2Lm. Z
rBi? /Bz2 2Mi ivT2b Q7 KQ/mH2b #mBHi #v * 1L aXTX X rBi? +Q '2bTQM/
(ky3)X h?Bb- BM +QK#BM iBQM rBi? i?2 M2rHv /2bB;M2/i ";2i +? K#2  T°
rbmb2/ BMkykRY@ 2itA2 BK2MiX /2i BH2/ Qp2 ' pB2r Q7 i?2 L m. Z bvbi2K

+QKT "'BbQMiQi?2 QH// i +[mBbBiBQM bvbi2K+ M #2 7QmM/ BM _272

_2; "/H2bb Q7 i?2 2KTHQvV2/. Zbvbi2K-i?2"22tBbib b2i Q7 +QKKQM 72 i
7Q 1?2 2t2+miBQM Q7 Mm+H2 ° bi'QT?vbB+b 2t®2 BKeBA XVh2?’2B 2b2miTB «
iQ TT QtBK0OMd&VVBb M2+2bb "vX aBM+2i?2/ i +QHH2+iBM;i F2b TH +2/m
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6B:m 2 jXkQKT "BbQM Q7 i?2 QH/ M/ 2@/2bB;M2/ +? K#2  7Q  Mm+H2 ° bi'QT?vbB
h?2v "2 QM i?2 H27i M/ B:?i bB/2 Q7 i?2 T?QiQ;  T?- "2bT2+iBp2HvX h?2 /2i BHb Q7
/Bz2 2M+2b "2 2tTH BM2/ BM@/2Ti? BM i?2 i2tiX LQi2 i? i i?2 #2 K 2Mi2 b 7°QK i?2 "
T?QiQ;  T? M/ 2tBibiQ i?2 H27i B7 Bi Bb MQi biQTT2/ BMbB/2 i?2 +? K#2 X ii?2 H27i
i ;20 +? K#2 -i?22b?Q i /Bbi M+26  / v+mT + M #2 b22MX

BM +QMi’ biiQ i?2 +iBp iBQM K2i?Q/-i?2 2 Bb #2 K@BM/m+2/ # +F;"QmM/X &
HBbiKQ/2 7Q K i K F2b Bi TQbh@#E&BNM> BAIMBN / i BM i?22 Q|BM2 M HvbBbX h?B
iQ bmTT 2bb i?2 #2 K@BM/m+2/ # +F;"QmM/ r?2M HQQFBM; 7Q  i?2 Q'B:BM Q7
HBKBib Q7 +QMi'B#miBQMb Q7 +2 i BM "2 +iBQMb iQ 2X:X + Qbb b2+iBQMbX

jXk h ;21 *?2 K#2 b 7Q Lm+H2 ° bi QT?vbB+b 1tT2 BK

"Qi? i ;2i +? K#2 b- T°2b2Mi2/ BM i?Bb a2+iBQM M/ b?QrM BM +QKT "BbQM
QTiBKBxXx2/7Q Mm+H2 ° bi'QT?2vbB+b 2tT2 BK2MiB_M/bT RI+# 2KV X2/ BM i?2

aBM+2i?2 + Qbb b2+iBQMb K2 bm 2/ BM BM@#2 K 2tT2 ' BK2Mib 7Q° Mm+H2 * bi
M2 @7 QrM iQ 2nb2NBi Bb BKTQ i MiiQ "2/m+2i?2 #2 K@T Q/m+2/ # +F:"QmM/
b TQbbB#H2X h?2°27Q°2-i?2 #Q/B2b Q7 #Qi? +? K#2 b 02AKMW2 Q7 HmMKBMmHKk
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U#v

6B;m 2 jXj./ rBM; 7Q  +QKT 'BbQM Q7 i?2 QH/ UH27iV M/ 2@/2bB;M2/ U B;?iV
bi'QT?vbB+b 2tT2 BK2Mib (kRy)X h?2 #2 K /B 2+iBQM Bb 7 QK "B;?i iQ H27i 222X
T2'bT2+iBp2 b 6B;m 2 jXkrBi?i?2i ;2iH //2° KBbbBM; 7Q  i?2 QH/ +? K#2 QM i?
b?Qrb QT pB2r Q7 i?2 +? K#2'bX h?2 '2@HQ+ iBQM Q7 i?2 im#2 +QMi BMBM; i?2
Qp2° HH bK HH2  pQHmMK2 Q7 i?2 im#2 +QMi BMBM; i?2 _"a /2i2+iQ  Bb +H2 “Hv p
iXj# i?2iQT pB2r "2p2 Hb T i Q7i?227QQi Q7 i?2 +? K#2 X
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i Mi HmMK QM i?2 BMbB/2X h?2i Mi HmK +Q iBM; "2/m+2b i?2 +QKT2iBM; "2 +iBC
#Q/v- bBM+2 i?2 #2 KBb biQTT2/ BMi?2 i Mi HmK +Q i@ MybX?BMQ i/T22b MQi 2KK
BKTQ i Mi bT2+i Bb i? ii?2 +? K#2'br2°'2 #mBHi b bK HH b TQbbB#H2 iQ #
+HQb2 iQi?2i *;2i-i?2"2#vBM+"2 bBM; i?2 2{+B2M+v Q7 i?2 TmHH@2M2 ;v
+ H+mH iBM; i?2 + ' Qbb b2+ BENRMPI2QIMiKHVIiIBQMi BMb i?2 MMIK#2™ Q7 "2 +iBQM
#mi BM //BiBQM i?2 MmMK#N.QBRT@M2BMHRM i?2 i ~;2i- M/ i?22 MmK#2 Q7 i ;2
iQKb T2 "2 X hQ ;2ii?2BM7Q K iBQM #Qmii?2 MmK#2> Q7 BKTBM;2/ T QD2+
i? 1i?222MiB 2 +? K#2  Bb 2H2+i'B+ HHv BbQH i2/ 7°QK i?2 "2bi Q7 i?2 #2 KTBT
2Mbm 2/ #v +QmMTHBM; i?2 +? K#2  iQ HH KQmMiBM; TQBMib pB TH biB+ TB2
2ImBTT2/ rBi? i?°22+m "2Mi "2 / Qmib, i?2i ";2i +? K#2 URV-i? i Bb2H2+i B+
i?72i ;2iH //2°UkV- M/i?2 +mT UjV ii?22M/ Q7 i?2#2 KHBM2X .m BM; BM@:
i?72 #2 KBb mbm HHv biQTT2/ BMbB/2 i?2 +? K#2° ii?21i *;2i TQbBIiBQM rBi? i
#2?BM/i?2 i ;2iX h?Bb T 2p2Mib-i? ii?2#2 KbT 2 /bQmi 7i2 i?21i “;2i M/ B
i?72 +? K#2  Q  #2 KHBM2 7i2°i?2T bbBM;-r?B+? rQmH/BMi'Q/m+2 KQ 2 mMr |
2 +iBQMb M/ rQmH/ //BiBQM HHv H2 /iQ HQbbBM i?2 +m > "2Mi K2 bm 2/ BM i
iQi?2biQTTBM; Q7 i?2 #2 K-i?2°2BbMQ+m "2Mi K2 bm™ 2/ ii?26 ~/ v+mT/Qrl
h?2 BKTBM;BM; T QD2+iBH2b "2H2 b2 2H2+i @Mb 2 hiQ@4bHH&/ BM+ QM/BV Q°
T bb ;2i?2°Qm;?i?2i “;2iX h?2b2 2H2+i"QMb "2 ?BM/2 2/ iQ H2 p2i?2 +? K#2°
PQHI ;24D0V-i? i Bb TTHB2/iQ 'BM; T2'im'2 ii?22Mi° M+2 Q7 i?2i ;2i+? K
h?2b2 2H2+i"QMb H2 /iQ i?2 ++mKmH i2/ +? ;2 K2 bm 2/ QM i?2 i “;2iH [/2" #=
i?72 +im H+? ;2 /2TQbBi2/ #v i?2 #2 KX h?2°27Q°2-i?2 ++mKmH i2/+? ;2K
+? K#2  Bb M2; iBp2X h?2/2i BHb QM i?2 mb2/+m "2Mi BMi2;  iQ'b "2 2tTH B
M/ jXkXkX h?2 iQi HMmK#2 Q7 #2 KT '"iB+H2b BKTBM;BM; QM i?2i ;2i+ M #

_ X Qtarget;i + chp;i + Qchamber;i .

Na = ; UjXRYV
a 7o J

r?2 Qi Bbi?2 ++mKmH i2/+? ;2 ii?2 bbQ+B i2/i@i”,@BKd B@BMp BM i?2
mbm HHVQ r?B+? i?2 +m "2Mi Bb bbmK2/iQ #2 +QMbi Mi BBbD?2 K2 bm 2K2N\
i?72 +? ;2 Q7i?22T°QD2+iBH2X

"Qi? +QMi BM im#2 i? i 2Qmb2b _mi?2°7Q /" +Fb+ ii2'BM; aT2+i QK2i v |
iQ /2i2°KBM2 i?2 MmK#2> Q7 i *;2i iQKb T2 "2 2Bi?2° QMHBM2 /m BM; i?2 2
TQHHQr@mT 2tT2 ' BK2Mi rBi? [/ Ti2/ #2 K BMi2MbBiv M/ 2M2 ;vX h?2 /2i BHb 7
BM a2+iBQM jXjX

JXkXR PH/ *? K#2°

h?28 # K2 bm 2K2Mir b T2 ' 7Q K2/ miBHBxBM; i?Bb +? K#2 X h?2 QH/ +? K#2"-
K2Mib mBliB B b pBbB#H2 QM i?2 H271i bB/2 Q7 6B;m 2b jXk M/ jXjX h?Bb +? K#2°
;2QK2i'vrBi? HZEMIi™MQ7 rB/i?53&mX h?2 i?B+FM2bb Q7 i?72 HmKBMMK #Q/v E
2mm i i?2 i?BMM2bi TQbBIiBQMX h?2i ;2iH //2°+ M?QH/ mTiQi? 22i ";2ib M/
#v180 rBi?Qmi p2MiBM; i?2 +? K#2 X h?2°2Bb 6 /v +mTIHK&MMIi2/ i [/Bbi M
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j 1tT2°'BK2Mi H .2i BHb M/ a2imTh @ AM@"2 KJ2 bm 2K2Mib i >P_la

7°QKi?2i *;2i-r?B+? + M#2 "2HQ+ i2/iQ mb2i?26 / v+mT/QrMbi 2 K i?
256m rv 7°QK i?2i ;2i (kRk)X h?2 "a /2i2+iQ" BlhcmHr+27 BQK iP2#2

i ;20 M/i?2im#2 Bb mM/2° ?Q BxQMi 3% HFf MbxBKHIQHA 2RO; K2 Q7

h?2 im#2 ? b /B KREEXQ?Qr2p2°-i?2 _"a /2i2+iQ  + M #2 2[mBTT2/ rBi?
T2 im 2biQ "2/m+2i?2 2z2+iBp2 QT2MBM; M;H2X aBM+2 i?2 TQbBiBQM
iQi?2/2i2+iQ  TQbBIiBQM Q7 :2ye-i?Bb TQbBiBQM + MMQi #2 }JHH2/ rBi?
i?72 MmK#2™> Q7 >S:2 /2i2+iQ b iQ i?B i22M (kRR)X G2 / M/ +QTT2 b?B2!
i?72 #2 K2Mi®> M+2 M/ 2tBi TBT2b- "2bmHIBM; BM i?2 /2i2+iQ b #2BM; 7m"
/Im2 iQ i?2 2M? M+2/ /B K2i2°'X h?2 +QMM2+iBQM 7Q" i?2 bmTT 2bbBQM
i 1?2 #2 K2Mi® M+2-r?2°2i?2 M2; iBp2Hv +? “;2/ "BM; T2 im 2 Bb HQ+ |
i?72 +m "2Mib QM i?2 i “;2i-i?2 +? K#2° M/ i?2 +mT "2 ii?2 "2bT2+iBp2
BMi2;" iBQM Bb T2 '7Q K2/ rBi? irQ /Bz2 2MiivT2b Q7 +m "2Mi BMi2;" iQ
.B;Bi H*m>"2Mi AMi2;" iQ  9jN M/ i?2 "A* Ryyy* *m "2Mi AMi@2%iQ  rBi? m)
MR%- "2bT2+iBp2HvX T'2@#mBHib+ H2° KQ/mMH2 7°QK i?2 +QKT Mv J2
+QmMib M/ 2+Q /b i?2 TmHb2b T2 b2+QM/ (kRR)X 6Q  KQ 2 /2i BHb b22

jXkXk _2@/2bB;M2/ *? K#2°

h?2 K2 bm 2K2M3}Q# i T2 7Q K2/ BM i?Bb "2@/2bB;M2/ +? K#2 X Ai Bb T
"B;?i bB/2 Q7 6B;m 2b jXk M/ |jXjX Ai? b M bvKK2i'B+ ;2QK2i v-r?2"2Q
Qi?2 2?2 bi?2b? T2 Q7 TQHV?2/°"QMX h?Bb *2/m+2b i?2 /Bbi M+2 iQ i?2 i
Q7i?2 "a/2i2+iQ  bb?QrMBM 6B;m 2b jXj M/ |jXj#X h?ZdB K2i2 Q7 i?2
i?2 rB/iBBiMX h?2 i?B+FM2bb Q7 i?2 HMKBMmK #Q/v Bb i?BMM2  i? M i? i
rBi? +QMbi Mii?B2aM@KRF)X?2 i “;2i H //2° + M 2QH/ mTiQ 7Qm i “;2ib N
#2 Qi i2/380 BM bi2Th rBi?Qmi #°2 FBM; i?2 p +mmKX h?2°2BbMQ6 /v
BMi?2 2tBi TBT2 MVvKQ'2- QMHV i?2 /QrMbi*2 K6/ v+mT Bb mb2/iQ KQJI
MMH2bb i?B+F # +FBM; Q  biQTT2 Bb mb2/X h?2 _"a 92i2MQ  im#2- rBi
/B K2i22@ Bb "2@TH +2/ i b+ ii2lIBM7?B+221@HQrb iQ KQmMi HH TQb
70m i22M >S:2 /2i2+P bIBM i22(Rj9- KR8)X h?2 +QMM2+iBQM #2ir22M i?:
M/ i?2 #2 K HBM2 iQ #Qi? bB/2b Bb bK HH2  BM QmibB/2 /B K2i2 - r?B
iQ #2 KQp2/ +HQb2  iQ i?2 +? K#2 - M/ i?22°27Q 20?2 i “;2iX h?22 /2i2+iC
+HQDb&mbiQL3cm rBi? i?Bb +? K#2  BMbi HH2/ (kR9)X h?2 "2 /@Qmib b r2
bmTTHV 7Q  i?22 bmTT 2bbBQM pQHi ;22 p2 #22M KQp2/iQ i?2 bi M/ Q7 i?2
+ #H2 K M ;2K2MiX h?2 +m "2Mi "2 /@Qmi bvbi2K r b "2KRI2HBD[NQMbB/2
B:Bi H*m "2Mi AMi2;:mbQ@7biQ +QHH?210 a=BulseH'2v/ Qmi 2 pEMsX

h?2 2KBii2/ /B:Bi HbB;M Hb Q7 i?2 +m > 2Mi BMi2:" iQ'b 2 T 'Q+2bb2/ #v
“/IMBMB+ Q@+QMi ' QHH2  +QMM2+i2/iQ +QKTmi2 pB la"X h?2 T Q+2}
QMHBM2 pB  r2# BMi2 7 +2- r?B+? HHQrb iQ /B 2+iHv KQMBiQ  i?2 /Bz2
BMi?2 #2? pBQ X h?2iQi HmM+2"i BMiv7Q i?2/2i2°KBM iBQM Q7 i?2 M

K 272 2M+2 (KR9) +H BKb-i? i i?2 M2r +? K#2  ? b bB; B+ MIHVQIZ2PNM2 27HK (KRR -
kRK) bi i2-i? i i?Bb Bb H 2 /vi?2 i?B+FM2bb Q7 i?2 QH/ +? K#2 X Air b MQi K2MiBQM?2
M/ i?BMM2bi TQbBiBQM BM i?2 Tm#HB+ iBQM- "2bT2+iBp2Hv (kRy)X
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iXj .2i2°KBM iBQM Q7 h “:2i h?B+FM2bb

bbmK2/ iQ%Q 6Q° KQ 2 /2i BHb b22 272 2M+2 (kR8)X HHi?2 7Q 2K2MiBQM2/
72 /2i2+iBQM 2{+BRIS%ND29% i @ v 2M2I10M&7(Rj9- KRO)X h?2 Qp2  HH
[2i2+iBQM 2{+B2@/+Vl7BD BM+'2 b2/ #v 7 +iQ Kk +QKT “2/iQ i?2 QH/ +? K#2 -1
BM a2+iBQM jXkXR-r?B+2r b BMp2biB; i2/ BM _272°2M+2 (kR9)X LQi2- i?Bb +Q
rBi? sA 6b .:6@9* 2pX 6 KQ/mH2b b?Q iHv T 2b2Mi2/ #Qp2X

iXj .2i2 °KBM iBQM Q7 h “:2i h?B+FM2bb

AM Q' /2" iQ /2i2°'KBM2 i?2 i?B+FM2bb Q7 i?2 i “;2i- bBHB+QM T "iB+H2 /2i2
+? K#2 Bb 2KTHQvV2/- K FBM; mb2 Q7 _mi?2°7Q /" +Fb+ ii2'BM; aT2+i QK2i"
/2bi"m+iBp2 K2i?Q/Bb miBHBx2/iQ K2 bm 2 i?B+FM2bb #27Q°2 M/ 7i2 - Q" 2p2N\
i?mb 7 +BHBi iBM; +QKT ~ iBp2 M HvbBb M/ +QMiBMmMQmb KQMBIiQ BM; Q7 i
i?B+FM2bb Bb /2i2"KBM2/ #v i?2 2M2 ;v HQbb BM i?2 K i2°'B H Q7 i?2 b+ ii2 2/
T QiQMb@Qr "iB+H2bX
h?2 T"TQD2+iBH2b BKTBM;2 QM i?2 i “;2EgBBM iR2 1 BIVM22M&/ XA2r
bK HH 7 +iBQM "2 b+ ii2°2/# +F M/ ?Bii?2 bBHB+QM /2i2+iQ -i? iBb TH +2,
/2b+ " B#2/ #Qp2X h?Bb "2+Q°/2/ bT2+i'mK Bb i?2M +QKT "2/iQ bBKmH iBQMb
i?722aAJL_ +Q/2 (kRd)-iQ 2ti® +ii?2i?B+FM2bbX h?2 HQr2bi /2i2+i2/ BQM 2M2 ;v
?B;?2bi 2M2° ;v HQbb BM i?2 i ";2i- BX2X i?2 T "iB+H2r bb+ ii2°'2/ UM2 "HvV ii
i"Qm;?i?2i ;2i ; BM- M/ Bbi?2M /2i2+i2/X h?Bb +°2 i2bi?2 2/;2 QM i?2 H27
iX9#X h?2 "B;?i bB/2 +Q "2H i2biQ i?2 b+ ii2"BM; ii?2bm 7 +2 H v2 Q7 i?2i
Q7 i?2~ MFbBb T QTQ 'iBQM HiQ i?2i?B+FM2bb Q7 i?2i ";2i K i2'B HX
hQ BMi2 T 2ii?2 K2 bm 2/ bT2+i mK[m MiBi iBp2Hv-i?2 FBM2K iB+ "2H iBQ
b+ ii2"BM; Kmbi #2 +QMbB/2°2/X h?22M2 ;v Q7 # +Fb+ ii2°2/ BQM /2T2M/b QM
M/ i?2 K bb > iBQ Q7 T QD2+iBH2 M/ i “;2i Mm+HEBXMMBRBB B 2tiTQ 2bb2/ #v i?2
AiBbi?2  iBQQ7i?222M2 ;v Q7 i?RV QID2#iBH2 2 2TEHVDBIAB @ MM U2
/2°Bp2/-b22 2X;X 272°2M+2 (kRe)-i? ii?2 FBM2K iB+ 7 +iQ  7Q  i?2i “;2i 2k
p— o
cos( )+ 2 sin()
1+

K = UjXkV
r?2°2=mr=m, /2MQi2b i?2 * iBQ Q7 i?2 i ;& NMQ+H2B IQDBR+iBHX2 K bb

h?2°2 "2 bT2+ibi? i BM~m2M+2 i?E KRiR*2B2 2M2i?22 FBM2K iB+ 7 +iQ - i?2
2M27 ;v HQbb BM%—?ZM/‘i;'22 /IBbi M+2 +Qp2°2/ BMi?2i ;2i-r?B+? 2bmHib BM

Z,, Z,

/E = L
E: =K E —_— —_— ; XV

§ 0 . ™ /x , ™ IX; UjXj

r?72°2i?2 KBMm2M/ 2[m Hbi?22M2 ;v 7i2 i?2 b+ ii2'BM;-i?2bm#i° ?2M/ ++Qnm
HQbb Q7 i?2 T ' QD2+iBH2 H2 pBM; i?2i ";2i- Mki?MKBHRM2H2bQM ii?P2bm 7 +2
2tT2'BK2Mi Hb2imT (kRe)X

1[m iBQMjNVb #22M /2KQMbi i2/ iQ #2 bm++2bb7mH bQHMIBQM iQ T Q#H:
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j 1tT2°'BK2Mi H .2i BHb M/ a2imTh @ AM@"2 KJ2 bm 2K2Mib i >P_la

"a .2i2+iQ"

"2 KBM

h *;2i
U#VvV

uyv

6B;m 2 jXa%?2K iB+ BHHmbi® iBQM Q7 i?2 _"a /2i2+iQ > b2imT M/ M 2t2KTH v
_"a K2 bm 2K2Mi QM2 b?2QrM BM 6B;m 2b jX9 M/ jX9#- "2bT2+iBp2HVX 6B;m 2 jX
BHHmbi® i2b i?2 T'BM+BTH2 Q7 _mi?2°'7Q /" +Fb+ ii2"BM; aT2+i QK2i'v U_"aV>
BQMb Bb # +Fb+ ii2°2/iQr */i?2 /2i2+iQ " mMi2B+M RtBi# M/ Bp2/ 7 QK i?2 }t2/

b+ ii2"BM; MiH2B+? i?2 /2i2+iQ  Bb KQmMi2/X h?Bb "2H iBQM ?2QH/b mM/2 i?2
BM+B/2Mi #2 K iM 2t KTH2 Q7 M 2tT2 'BK2Mi H _"a bT2+" mBbKR dZ i23 M

BM 6B;m 2 jX9#-iQ;2i?2  rBi? +Q "2bTQM/BM; bBKmH iBQM T27Q K2/ mbBM;

i?B+FM2bb Bb /B 2+iHV T QTQ 'iBQM HiQi?2rB/i? Q7i?2TH i2 mBMi?2bT2+i ' mK
+ M #2 BM72 "2/ 7°QK i?2 bHQT2 Q7 i?2 H27i@? M/ bB/2 Q7 i?2 T2 FX bKQQi?

/2+HBM2- r?2°2 b bm 7 +2 "Qm;?M2bb + mb2b #°Q /2°- H2bb bi22T bHQT2- b E
bT2+i"mKX h?2 b? "T 2/;2 QM i?2 'B;?i@? M/ bB/2 +Q "2bTQM/biQ BQMb # +Fb+
Hv2 Q7i?2i *;2iX
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jX9 .2i2°KBM iBQM Q7 _2 +iBQM uB2H/b

i ;2i +QKTQb2/ Q7 bBM;H2 K i2°'B HX >Qr2p2°'-BM K Mv + b2b-i *;2ib "2 +QK
Ki2'B Hb-T "iB+mH "Hvr?2Mi?2K i2°'B HBb MQibmBi #H2 7Q  i?2 7 # B+ iBQM

bi #H2 # +FBM;- bm+? b ;QH/ Q i Mi HmK- Bb M2+2bb "vX 6Q imM i2Hv- +Q|
? M/H2/ #vaiR2L_ +Q/2 (kRd)X

X9 .2i2°KBM iBQM Q7 _2 +iBQM uB2H/b

h?2 /2i2+iBQM Q7 ;"QmM/@bi i2 i MbBiBQMb BM i?2 "2 +iBQM T Q/m+i Bb i?
2 +iBQM VB2H/ 7Q  i?2 BM@#2 K K2i?Q/X h@Bly B 2B HO %2 /BIAB2? ii B 2?
i?72 >S:2 /2i2+iQ bX hQ /2i2 " KBM2 i?2 iQi H @ wiBQWbBEBAM T QPmH iBM: i?2
SQmMM/@bi i2 7 QK /Bz2 2Mi H2p2Hb ? b iQ #2 Q#b2 p2/X h?Bb Bb BHHmbi  i2/
i?72 MMK#2> Q7 i?2b2 i° MbBiBQMb- H2 /b iQ i?2 iQi H 2 +iBQM vB2H/X h?2
Q7 +QKTQmM/ Mm+H2mb "2 BM/2T2M/2Mi T°Q+2bb2bX AM :2M2' H-i?2 M:
+QKTQmM/ Mm+H2mb 2 b T'272°°2/ Q'B2Mi iBQM rBi? "2bT2+i iQ i?2 #2 K t
Bb M MBbQi"QTB+ bvKK2i'v Q7 i?2 bvbi2KX @ VRRuMB#BA2 MK BIii@H °
/Bbi’B#miBQM i? i Bb bvKIR2({KkB+ RKBNM/

hQ /2i2 ' KBM2 i (YBRH/ bT2+@}+ i° MbBiBQM-i?2iQi HMm@®42bQ7 /2i2+i2/
Q7 2ME;BM i?2 T "iB+mME TQF2p2 v /2i2+iQ?;bQ@H2 MQ K HBx2/iQ i?2
2{+B2MEY M/ i?2 /2 /| iBK2 +Q "QFiB2@QM i +[mBbBiBQM 7Q  i?2 /2i2+iQ  ; Qm

h?Bb "2bmHib BM
N(E).

(E)
AM Q' /2" iQ Q#i BM i?2 iQi @ MmK#H2KREM; 7°QK +2°i BM i MbBiBQM Q7 +:
H2p2H?2 2{+B2M+v M/ /2 /| iBK2 +@{)2+2}ii2/ rBi? G2:2M/ 2 TQHVMQKB Hb

Pk (cos( )) 0 1

W( )= UjxovV

Wi()= X a‘kPk(cos())zA‘O@1+X I P (cos( )A UjXxsv
k=0:2;4 k=2 ;4
iQ Q#i BM i?2 M;mH ~ /Bbi B#¥miBQMX h?Bb bmK +QMi BMb +QMi'B#miBQMb
[m /°"mTQH2/Bbi'B#miBQMb-r?B+? Bbbm{+B2Mi 7Q i?2 TTHB+ iBQMb 22 2X Ai
Q7 /IBTQH2 M/ [m /'mTQH2 M im2 /QKBM i2 BM iQKB+ Mm+H2BX Ai ? b #:
T iB+mH "Hv BM i?2 + b2 Q7 i?2 } ' bi 2t+Bi2/ bi i2®@  KmHiBiMRRR2TQUT/BHA2I2 Mi
i?7Bb H2p2HX *QMb2[m2MiHv-i?2 MBbQi QTvi? iBb +? ~ +i2'BbiB+ Q7 i?2 /2@
;7 QmM/ bi i2 Bb2z2+iBp2Hv "2/m+2/-i?2 ' 2#v "2bmHiBM; BM M M;mH "~ /Bbi’l
BbQi'QTB+ BM M im 2X 1t KTH2b 7Q  i?Bb "2 b?QrM H i2° /m'BM; i?2 M Hvb
6B;m 2 9XRyX
h?2 iQ(pH) + Qbb b2+iBQM Bb i?2M ;Bp2M #v

; UjXeV

r?2 "Ry, Bb i?2 MmK#2™ Q7 T QP BHBM2MnmWK#2" Q7 i “;2i iQKb T2 "2 X h?Bb
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j 1tT2°'BK2Mi H .2i BHb M/ a2imTh @ AM@"2 KJ2 bm 2K2Mib i >P_la

*QKTQmM/ Mm+H2mb

~
v
N
2

*

%
Q
O

(2]

h ";2i Mm+H2mb

6B;m 2 j%87?2K iB+ BHHmMbi® iBQM Q7 +QKTQmM@Mm+HMDBIBOMBMOQ pB2 ;" QmM/
bi i2X h?2 ?B;?Hv 2t+Bi2/ +QKTQmMM/ Mm+H2mb Expb M2t 4BUIM 2M 2 i BXIMX Ai
[2@2t+Bi2b iQ i?2 ;°QmM/ bi i2 pB /B 2+i /2@ 2t@BiviBQM Q2pB h/B222 @Rit+Bi iBQ
Q7 /Bb+'2i2 HQr@HVBM; H2p2Hb Bb Q#b2 p2/X LQi2-i? i MQi Hr \@ WH i° MbBi
bT2+i° /m2iQ HQr BMi2MbBiB2b Q" # +F;"QmM/ +QMi KBM iBQMb BM i?2 bT2+i X
+QKT2iBM; i° MbBiBQMb rBi? FMQrM BMi2MbBiB2b iQ Qi?2  /Bb+2i2 HVBM; H2p2t
i?2 +°Qbb b2+iBQMX

+ Qbb b2+iBQM /2T2M/biQQFiQEMPMK22," QmM/ bi i2 i° MbBiBQMbX *QMb:
+°Qbb b2+iBQM + M #2 BMi2 T°2i2/ b HQr2 HBKBiX M mTT2 HBKBi 7
2p Hm i2/ #v 2biBK iBM; M mTT2 HBKBi Q7 FMQrM- #mi MQi Q#b2 p2/ ;"
i72@° vbT2+i@XQBM+B/2M+2 /i + M ?2HT iQ Q#b2°p2i° MbBiBQMb- i?
U#2 K BM/m+2/V # +F;"QmM/X gqBi? i?Bb- M 2biBKN{B QM BMmiB™2," HB
iQi?2 ?B//2M i° MbBiBQM + M #2 :Bp2MX AM K Mv + bZb- v?i2 MhiBi8 QBVM b
/Q MQi 2t+22/i?2 Qi?2  mM+2"i BMiB2bX
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9h?2 + b23®#

h?22 +?2 *;2@T "iB+H2 + Tim#AR )22 iBPQuM#22M BMp2biB; i2/ miBHBxBM; i?2 BM@
i2+?MB[m2 rBi? ?2WPT I@Q7iT?2+i QK2i2° b T '2b2Mi2/ BM *? Ti2 jX h?2 2tT2 BK2
+ KT B;Mr b+ B2/ QmiBMP+iQ#2  kKyR8 miBHBxBM; i?2 QH/ +? K#2° M/ i?2 sA
BMi"Q/m+2/BMi?2b K2*? Ti2 X 6QHHQrBM; /2i BH2//2b+ BTiBQM Q7 i?2 2tT?Z
/'i M HvbBb T°Q+2/m 2-i?2 "2bmHib Q7 i?2iQi H+ Qbbb @b33%BQM "2 /Bb+mbb
"2 +iBQMX h?2b2 "2bmHib "2 i?2M +QKT "2/iQ > mb2 @62b?# +? + H+mH iBQM|
BKT +i Bb /Bb+mbb2/X

h?2'2 "2i?2°22°2 bQMb #p,v)i*®2" "2 +iBQM Bb K2 bm 2/X 6B bi-i?2°2Bb MQ 2T
/'i QM i?Bb "2 +iBQM mT iQ iQ/ vX a2+QM/-7" QK M bi"QT?vbB+ HTQBMi Q7
HQ+ i2/ BM K bA "35BOQMN"2i?2 #mM/ M+2b Q7 i?2 T@Mm+H2B "2 MQir2HH "¢
#v "2 +i BQM@M2irQ'F + H+tmH iBQMbX h?B /- Bi +QKTH2i2b i?2 bim/v Q7 T QI
bi #H2 "m#B/BmK BbQiQT2b iQ;2i?2  rBi? i?2 "2 +iBQM T 2b2Mi2/BM *? Ti2" 8)
_2 +iBQM +°'Qbb@b2+iBQM p Hm2b r2°2 K2 bm 2/ 1i?°22 +2Mi2 " @Q7@K bb
34MeV iAMeV X h?@@p Hm2 Q7 i?Bb96248ke  MREDH X

b K2MiBQM2/- i?2 K BM 2tT2'BK2Mir b +QM/m+i2/ BM P+iQ#2  kyR8X Air b /Q
_27bX (KRN- kky)X h?2 K BM b T&F2@R2 TRQRK2Mii4122 "a K2 bm 2K2Mi M/
i?229H@2tT2'BK2Mir b GX L2ii2°/QMX AM //BiBQM-?2bQ"i2/i?2 r/ i -+QMbi
M/ @+QBM+B/2Mi K i'B+2b- T2 7Q K2/ M HvbBb Q7 i?2 /i - M/ + B2/ Qr
JQMi2@* "HQ bBKmH iBQMbXh?2b2 "2bmHib ? / #22M bmKK "Bx2/BM M BMi2 M
#22M Tm#HBb?2/X qBi?BM i?2 b+QT2 Q7 i?Bb i?2bBb +QKTH2i2 /i M HvbB
i?72 K2 bm 2K2Mib ? p2 #22M T2 ' 7Q K2/X h?2 + Qbb b2+iBQMb /Bz2  /m2 iQ /Bz
i?B+FM2bb2b M/ /Bz2 2Mi }iiBM; Q7 i?2 T2 FbX

9XR h ;2i S°QT2iB2b M/ .2i2°BQ" iBQM

h?2 i *;2ibr2°2 T°2T "2/ BMi?2b K2r v b i?2 m#B/BArR+T RQMMI2f ~;2i

BM *? Ti2 &% b K2HiBM: TIBMXQA?2 i “:2ib 7Q  i?2 BMp2biB: iBQM Q7 i?:
38 #p: )% "2 +iBQM +QMbBbib Q7 "m#BMBERIC + K2QIBA2; OB N ihQBb

Bb T°2T "2/ bi ;2ib #v p +mmK 2p T5Qmg+B® M?8MEQQH/ # +FBM; iQ biQT

i?2 #2 K BMbB/2 i?2 # +FBM; b 2tTH BM2/ BM *? Ti2  jX h?2i “;2ib 2 b?2QrN
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