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Occurrence Statistics and Driving Mechanisms of Ionospheric
Ultra-Low Frequency Waves Observed by SuperDARN Radars

Xueling Shi

(ABSTRACT)

Ultra-low frequency (ULF; 1 mHz - 1 Hz) waves are known to play an important role in
the transfer of energy from the solar wind to Earth’s magnetosphere and ionosphere. The
Super Dual Auroral Radar Network (SuperDARN) is an international network consisting of
35 low-power high frequency (HF: 3-30 MHz) coherent scatter radars at middle to polar lati-
tudes that look into Earth’s upper atmosphere and ionosphere. In this study, we use Doppler
velocity measurements obtained by the SuperDARN radars and coordinated spacecraft ob-
servations to investigate the occurrence statistics and driving mechanisms of ionospheric ULF
waves. We begin in Chapter 2 with a case study of Pi2 pulsations which are short-duration
(5-15 min) damped geomagnetic field oscillations with periods of 40-150 s. Simultaneous
observations of Pi2 pulsations from THEMIS spacecraft, midlatitude SuperDARN radars,
and ground magnetometers, together with analysis of their longitudinal polarization pattern
and azimuthal phase propagation, confirmed that they are consistent with a plasmaspheric
virtual resonance excited by a longitudinally localized source near midnight. In Chapter 3,
to further investigate the overall occurrence of ionospheric ULF signatures, a comprehensive
statistical study was conducted using an automated detection algorithm to identify iono-
spheric signatures of Pc3-4 and Pch waves over 7 years of high time resolution SuperDARN
radar data. Specifically, we have investigated their spatial occurrence, frequency charac-
teristics, seasonal factors, and dependence on solar wind and geomagnetic conditions. We
note two particular findings: (i) an internal wave-particle interaction source is most likely
responsible for Pc4 waves at high latitudes in the duskside ionosphere; and, (ii) a source
associated with magnetotail dynamics during active geomagnetic times is suggested for Pc3-
4/Pi2 waves at midlatitudes in the nightside ionosphere. These findings are further expanded
in Chapter 4 which investigates the hypothesis that internal wave-particle interactions are
an important source for generation of these waves. A case study of long-lasting poloidal
waves was conducted using coordinated observations with the GOES and THEMIS satellites
to examine the generation and propagation of waves observed in the dayside ionosphere by
multiple SuperDARN radars. The source of wave excitation is suggested to be bump-on-tail
ion distributions at 1-3 keV. Collectively, these research findings provide better constraints
on where and when ionospheric ULF waves occur, their source mechanisms, and how they
might affect magnetospheric and ionospheric dynamics.



Occurrence Statistics and Driving Mechanisms of Ionospheric
Ultra-Low Frequency Waves Observed by SuperDARN Radars

Xueling Shi

(GENERAL AUDIENCE ABSTRACT)

Earth’s magnetic field, approximates that of a bar magnet. It is an effective barrier to
charged particles originating directly from the Sun and protects us against harmful space
weather influences. The geomagnetic field lines can oscillate in ultra-low frequencies (ULF: 1
mHz - 1 Hz). These natural oscillations of closed magnetic field lines, analogous to vibrations
on a stretched string, are also called geomagnetic pulsations or ULF waves. The interaction
between matter and electromagnetic fields emitted from the Sun and the Earth’s outer atmo-
sphere and magnetic field form a magnetic shield named the Earth’s magnetosphere. ULF
waves play a key role in the transfer of energy from outside this shield to regions inside it,
including Earth’s upper atmosphere and ionosphere (a region extending from about 60 km
to 1000 km above the Earth’s surface). In this study, we use Doppler velocity measurements
obtained by the Super Dual Auroral Radar Network (SuperDARN) radars and coordinated
spacecraft observations to investigate the occurrence statistics and driving mechanisms of
ionospheric ULF waves. We begin in Chapter 2 with an event study of a type of irregular
pulsations (Pi2) which are short-duration (5-15 min) damped geomagnetic field oscillations
with periods of 40-150 s. Simultaneous observations of Pi2 pulsations from NASA THEMIS
spacecraft, midlatitude SuperDARN radars, and ground magnetometers, together with fur-
ther analysis of wave spectra and propagation, confirmed their driving mechanism as a type
of magnetic resonance, analogous to striking a bell. In Chapter 3, to further investigate the
overall occurrence of ionospheric ULF signatures, a statistical study was conducted using
an automated detection algorithm to identify ionospheric signatures of ULF waves over 7
years of high time resolution SuperDARN radar data. Specifically, we have investigated
their spatial occurrence, frequency characteristics, seasonal factors, and dependence on solar
and geomagnetic activity. We obtained findings regarding the different driving sources of
waves observed in different regions. The findings are further expanded in Chapter 4 which
investigates the generation of waves through energy exchange with charged particles. A case
study of long-lasting (2-3 days) waves was conducted using coordinated observations with the
GOES and THEMIS satellites to examine the generation and propagation of waves observed
in the dayside ionosphere by multiple SuperDARN radars. The source of wave excitation is
suggested to be unstable particle distributions in the magnetosphere. Collectively, these re-
search findings provide better constraints on where and when ULF waves occur, their source
mechanisms, and how they affect dynamics in the geospace environment.
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9Xk :2QK ;M2iB+ BM/B+2b M/BMi2 TH M2i "vT K2i2'b +Qp2'B
UV avK> BM/2t QM RN@k3 C Mm v kyRec U#V 1 U 2/V- | U;
U#Hm2V BM/B+2b- U+V PJLAfgAL. AJ6 "t- "v M/ "X +QKTQM:
:2Q+2Mi"B+ aQH ~J ;M2iQbT?2 B+ +QQ /BM i2 bvbi2K- U/V &
U2V bQH " rBM/ T QiQM /2MbBiv- M/ U7V bQH ~rBM/ /vM KB+
C Mm ‘v kyReX h?2 +v Mb? /2/ 2;BQMb B/2MiB7v iNdiBK2 BM

9Xj SH bK bT?2 B+ +QMi2ti 7' QK irQ h>1JAa bT +2+" 7i /Im BM,;
T? b2Q7i?2;2QK ;M2iB+biQ KX 1 +? T M2H b?Qrb T Q7BH2b
BM72 "2/ 7 QK bT +2+° 7i TQi2MiB Hp2 bmb G b?2HH p Hm2 /
Qmi#QmM/ T bb2b Q7 U V h>. M/ U#V h>1 7 QKXjXiQNKdd C Mm

9X9 h?2K ;M2iB+ 7B2H// i 7°QK:Pl1aRjBMi?2J2 M@6B2H/@ H
bvbi2K M/ i?2 /vM KB+ TQr2 bT2+i° 7°QK k9 iQ kd C Mm v
“2/ U#H +FV p2 iB+ H HBM2b B/2MiB7v HQ+ H MQQM UKB/MB:
P2 iB+ HHBM2b B/2MiB7v HKQX X KX X/ M KFX X X Ryy X X X O

tt



9X8 h?2K ;:M2iB+ 7B2H// i 7°QK:P1aR8BMi?2J2 M@6B2H/@ F
bvbi2K M/ i?2 /vM KB+ TQr2 bT2+i° 7 QK k9 XQXkXKRYRIm v Ky

9Xe h?2/vM KB+ TQr2 bT2+i° Q7 2H2+i'B+ M/ K :M2iB+ 7B2H/
J2 M@6B2H/@ HB:M2/ +QQ /BM i2 bvbi2K 7°QK h>. UH27iV N
kk,yy@kj,R8 Ih QM k9 C MKmMX X K§ReX X X X X X X XR¥YkX X X X

9Xd AQMQbT?2 B+1G6 bB;M im 2b Q#b2 p2/ #vi?2S:_~ | "BMi?
Rk 77 QK kyRe@yR@k9fkj,yy Ih iQ kyRe@yR@k8fyk,yy IlhX U V
BMi2MbBiv THQic U#V .QTTH2 p2HQ+Biv iBK2 b2 °B2b 7 QK °
Rkc U+V .vM KB+ TQr2 bT2+i mKQ7 /i 7°QK T M2H U#Vc U/V
iBK2 b2 B2b 7 QK M;2; i2 3@RKEAQXMKRRKXX X Ry X X X

9X3 UG27iVh?2 M;2@iBK2BMi2MbBivTHQIi7Q U VS: -U#V a
7'QKkyRe@yR@k9fky,yylhiQ kyRe@yR@k8fy9,yy lhX U_B;?i\
U/vVJGh M/ U2V K ;M2iB+ H iBim/2 /IBbi B#MKBR M QRAM K2 2p 2]

9XN hBK2 b2'B2b M/ /vM KB+ TQr2 bT2+i° Q7 ; QmM/ K ;M2iBH+
u"tv M/ 2 bir "/ U"vVV +QKTQM2Mib Q#b2 p2/ ii?2 aLEZ UH27
U B;?iVDbi iIBQMb 7 QK K9 iQ Ke X X Xv XyR&XXX X Rye X X X

9XRy 6'2[m2M+v /Bbi'B#miBQM b 7mM+iBQM Q7 K ;M2iB+ H iBi
rp22p2Mib 7 QKi? 227?B;?H iBim/2amT2 . L/ "b-:Pla M/
b i2HHBiI2b 7 QK kyRe@yR@k9fky,yy Ih KQXYRXE XyR@EIBIX9,y)

9XRR U V h?2 xBKmi? H 2H2+i B+ 7B2H/ 7 QK kk,9y Ih iQ kj,Ry |
kyRe M/ BQM T? b2 bT +2 /2MbBiv b 7mM+iBQM Q7 2M2 ;v K
U#V kk,98 Ih- U+V kk,88 Ih- M/ U/V kj,y8 Ih #v iX2Xh RYMT +2+°

ttB



9XRk hBK2 b2 'B2b Q7 K ;M2iB+ 7B2H/ M/ 2M2 ;2iB+ BQM 2bB/m
Rj #2ir22M Rd,ky M/ Rd,8y |lh QM C M k8- kyRe, U V " /B H K
U#V bQmi?r '/ KQpBM; 2M2 ;2iB+ BORDVRBBYM M;H2nTt 1K i
/2i2+iQ  i2H2b+QT2 Nc U+V MQ i?r '/ KQpBM; 2M2 :2iB+ BQM
k TBi+? M:H2 7 QK /2i2+iQXiRHRBEK+RTR2XIX X X X RRKjX X X O

XR 1t KTH2 GQK#@a+ ;H2 T2'BQ/Q; K M HvbBb, UV bBKm
H2M;i? Q7 eyy TQBMib-r p2 T2 'BQ/ Q7 98 TQBMib-r p2 KTHI
bBMmbQB/ H +v+H2bc U#V GQK#@a+ ;H2 T2 BQ/Q; KQ7i?2
K :2Mi / b?2/ HBM2 BM/B+ i2b i?2 LSS Bb jdXe- i?2 r p2 7 2[r
M/ i?22 1 p2 T2 BQXBO XXX X X X X X X X X X X XR8XK X X X

Xk S'Q+2/m 2 iQ /2'Bp2r p2 T2'BQ/@/2T2M/2Mi i? 2b?QH/ LSS
#miB QM EBO0UTsn = 45 -Agn =2 -Neyc =4 Ve PEVU; 22MV M/
K2 M LSS U#HNe2d/=71Q 6 rBi NU: 600 -Tg, =45 -Agn =2 Ve U+V
h? 2b?QH/ LAG 70" 10 rBi NWE600-Tsy =45Vec U/V bvKTiQiB+
i? 2b?QH/ LS F25° 100 rBiNU=600VX a22 i2ti 7Q X 20 Bsidb X

ttBB



GBbi Q7 h #H2b

RXR *H bbB7B+ iBQM QX IDEEXSMMBXiEQMY X X X X X XyX X X X
RXk * i2:Q'v-HQ+ iBQM M/ bQm +2 Q7 /B772 2Mi ivTi2b Q7 S+j@

bOQM- RNNI-XRMNNHX X X X X X X X X X X X X X X Xk® X X X X
kKXR *QQ /BM i2b Q7 : QXM aiXiBQME X X X X X X X %X3X X X X
kXk *"Qbb@bT2+i° H M/ + Qbb +Q "2H iBQM M Hvb2b Q7 KB/H

Ua22 i2ti 7Q /XiXBHbX¥ X X X X X X X X X X X X X X8 X X X >

jXR 1KTB'B+ H2[m iBQMb Q7 i? 2b?QH/ LSS /2T2M/2M+2 QM p:
H2M:;i? 7°QK eeXdW iQ RjjXjW Q7 B/2 HHv 2p2M b KTH2/ H2M:]|
S+8 T MX2X X X X X X X X X X X X X X X X X X X X X X X X

9XR *QKT 'BbQMb Q7 a2H2+i GQM:@G biBM: SQH QABXRIRUG6 q p2

ttBBB



*?2 Ti2 R

AMIi Q/m+iBQM

AM i?Bb +? Ti2 - r2 T°2b2Mi bQK2 # +F:"QmM/ K i2°B H 7Q" i?Bb /I
amM@1 “i? 2MpB QMK2Mi- T°QT2 iB2b Q7 mHi° @HQr 7 2[m2M+v Ul
M/ i?2 /Bbb2i iBQM Q ; MBx iBQMX

RXR h?2 aQH @h2 2bi' B H1MpB QMK2Mi

AM i?Bb b2+iBQM- r2 /2b+ B#2 i?2 bQH "@i2 2bi' B H2MpB QMK2
i?72 amM iQ i?2 1 'i?6b mTT2 iKQbT?2'2BM+HmM/BM; i?2 +QmTHBN
2MpB QMK2Mi M/ ;2QK ;M2iB+ /Bbim # M+2b + mb2/ #v i?2 BMi2" A
2H2+i QK ;M2iB+ 7B2H/b 2KBii2/ 7 QK i?2amM M/i?21 "i?76bQmi2°
7B2H/X

RXRXR h?2amM M/ aQH "~ gqBM/

h?2 7Qm° 7mM/ K2Mi H bi i2b Q7 K ii2° BM T?vbB+b "2 bQHB/- HB]
"2 KQbi 7 KBHB " rBi? i?2 7B bi i?°22 bi i2b r?B+? "2 Q#b2 p #H2
HB72X >Qr2p2'-i?27Qm’i? b i2 Q7 K ii2'-TH bK - +QMbBbiBM; Q7

Q7 TQbBiIBp2HV +? ";2/ BQMb M/ M2; iBp2Hv +? ;2/ 2H2+i QMb- B
MMBp2 b2X h?2 amM-Qm™ M2 "2bibi - +QMi BMb NNX3eW Q7 i?2 il

R



k *2 Ti2° RX AMi"Q/m+iBQ

Ai Bb i?2 bQm +2 Q7 ~ /B iBQM M/ 2M2 ;v 7Q  TH M2ib BM i?2 bQH
2°’mTiBM; 7°QK i?2 amM M/ T°QT ; iBM; Qmir */ Bb + HH2/ i?2 bQH
i?72 bQH ~ rBM/ Bb i?2 Qmir */ 2ti2MbBQM Q7 i?2 amMéb K ;M2iB+ 7
BMi2 TH M2i "vK ;M2iB+ 7B2H/ UAJBVX AM i?2 7THmMB/ /2b+ BTiBQM
UJ>.V TT QtBK iBQM-i?2 AJ6 Bb 67 Qx2M@BMO6 iQ i?2 bQH "~ rBM/
bT22/b Q7 b2p2° H ?mM/ 2/ FBHQK2i2 b T2 b2+QM/X _Qi iBQM Q7
iQi?2 K ;M2iB+ 7B2H/ HBM2b b i?2 bQH ~rBM/ TH bK 7HQrb Qmir °
(S "F2RNB®

Pp2°” MRR@v2 bQH " +v+H2- bQH ~ +iBpBivr t2b M/ r M2b b K ;|
rgmM/ M/ i M;H2/ BMbB/2 i?2amM T2 BQ/B+ HHV'# 2 QHENERN;? iQ i’
SB'bQ7bmMbTQib Q7 QTTQbBi2 K ;M2iB+ TQH "Bivi? i KQp2 +'Q
T Q/m+2//m BM; i?Bb T Q+2bbX aQH " K ;M2iB+ +iBpBiv bbQ+B i:
bQH “7H “2b-+Q QM HK bb2D2+iBQMb U*J1bV- M/ Qi?2  2H2+i'Q
"Bb2iQ /Bbim '# M+2b BM i?2 ;2QbT +2 2MpB QMK2Mi*i23d ARAMQrM
M/ *?2 M@XYyRKX

RXRXk h?21 "i?6b J ;M2iQbT?2 2

h?2 BMi2® +iBQM Q7 i?2bQH “~rBM/ rBi?i?21 i?6b K ;M2iB+ 7B2H/
M2iQbTEB@R2HbQM M/RNNBEB XX aBM+2 i?2 bQH ~rBM/ Bb T QT
bmT2 bQMB+ bT22/- bi'm+im 2M K2/i?2 6#Qrb?Q+F6 7Q Kb BM 7°
bT?2°2i? i K2/B i2bi?2 /Bb+QMiBMmQmb +? M;2 BM TH bK T QT2"i
i?72 K :M2iQbT?2 2 BIKM M2iQT@MRR22-i?2 T 2bbm 27 QK i?21 "i?6b F
7B2H/ # H M+2b i?2 /vM KB+ T 2bbm 2 Q7 i?2 bQH ~rBM/X h?2 “2;E
M/ K ;M2iQT mb2 Bb K HWR2iPR222?22- im #mH2Mi TH bK 7HQr M/ r



RXRX h?2 aQH "@h2 "2bi' B H1MpB QMK2Mi ]

+QKKQMHV Q#b2 p2/X h?2 K ;M2iQT mb2 Bb +QKT 2bb2/ QM i?2 / vk
rBM/ T 2bbm 2 r?BH2 QM i?2 MB;?ibB/2 Bi Bb bi 2ik?M2i@KMDbH" 2 K
AM i?2 2[m iQ'B HK ;M2iQi BH-i?2 '2;BQM Q7 +HQb2/ 7B2H/ HBM?2
12 K2/ iTH bK bX22i

6B:m 2 RXR, h?2 aQH ~gBM/ M/ 1 'i?6bJ :M2iQHTB2T2RHBRLR + 2
;b7+XM b X;QpfK ;NM2iX?iKH

1 "i?0b K ;M2iB+ 7B2H/

hQ 7B bi Q/2 - 1 "i?26b K ;M2iB+ 7B2H/ "2b2K#H2b i? i Q7 K ;M2
iB HHV ?2Q 'BxQMi H ii?2 ;"QmM/@H2p2H K ;M2iB+ 2[m iQ" M/ M2 °
;2QK :M2iB+ 7B2H/ TH vb M BKTQ i Mi ' QH2BM +QmTHBM; i?2mTT
bT?2°2 M/ bQH “rBM/X AMT “iB+mH - 2M2 ;2iB+ BQMb M/ 2H2+i
7B2H/ HBM2b 7°22Hv M/ bQ H “;2@b+ H2 T2 T2M/B+mH > 2H2+i B+
HKQbi rBi?Qmi ii2Mm iBQMX hQ #2ii2> mM/2 bi M/ i?2b2 T Q+2bb?
# bB+ TH bK T?vbB+b Q7 i?2 bvbi2KX g2 bi i rBi? i?2 KQiBQM Q7



9 *2 Ti2° RX AMi"Q/m+iBQ

1 2QK ;M2iB+ 7TB2H/X

JQIBQM Q7 *? *:2/S "iB+H2 BM i?2 :2QK :M2iB+ 6B2H/

h?2°'2 "2 i?°22 # bB+ KQiBQMb Q7 +? “;2/ T "iB+H2 BM i?2 ;2QK
#QmM+2- M/ /'B7i- b b?R¥& BN 682 ivIB+ HHvV ;v i2b #Qmi 7I
Bi KQp2b HQM; Bib H2M;i? 8 WBQT?2[VM2MHV U7 2[m2M+v Q7 i?2 +B  +
Q7 T 'iB+tH2BM i?2TH M2 T2 ' T2M/B+mH " iQ i?2 K ;M2iB+ 7B2H/X
i?2 ;v iBM; T '"iB+H2 Bb "27H2+i2/ 7' QK i?2 +QMp2 ;BM; 2M/b Q7 i
r?2°2i?2 T "iB+H2 Bb "27H2+B/"QZ FR&K\Rb M;H2 #2ir22M i?2 T "iB
Pp2HQ+Biv p2+iQ° M/ i?2 /B 2+iBQM Q7 i?2 KIBW21B¥ WB2BH/BBb M HH
BKTQ i Mi7 +iQ  7Q /2i2 "' KBMBM; r?2i?2 T '"iB+H2rBHH#2 i TT2
M/ #QmMmMM+2 #2ir22M irQ KB 'QRXQBM#HR BHEBO M@ i?2 1 "i?6b iKQbT

6B;m 2 RXk, JQiBQMb Q7 +? ;2/ T '"iB+H2b BM i?2 ;2QK ;M2iB+ 7B2
iBQM Q7 i?2 ;mB/BM;@+2Mi2 i° D2+iQ'v Q7 i  TT2/+? “;2/ T "iB+F
'V Q- #QmM+2- MZ ;B RieX (

AM //BiBQM iQ :v' iBQM M/ #QmM+2 KQiBQMb- T “iB+H2 + M / E
HQM:Bim/BM H b2Mb2X h?2'2 2 i?°22 T'BK v /'B7ib iQ +QMbB/:



RXRX h?2 aQH "@h2 "2bi' B H1MpB QMK2Mi 8

1 "-+m pim2- M/ ; IB2Mi/ ' B7ibX AM i?2 T 2b2M+2 Q7 7Q +2 (
7TB2H/ 7Q +2-i?2/ B7i p2HQ+BivBb T2 T2M/B+mH " iQ #Qi? i?2 K ;N\
i?mb ;Bp2M #v,

6 n

e URXRYV

p.:

h?2 TTHB+ iBQM Q7 M 2ti2 M H62HAYii Bm 7 B 2Q1/nT2"5 2MJ b K
/"B7irBi? pZFH:Q%ZL"B)KvaBMBB BM/2T2M/2Mi Q7 1?2 K bb M/ bB;M Q7 17?2z
M/ 2H2+i'QMb KQp2iQ;2i?2° b #mHF TH bK KQiBQM BM i?2 #b2M
MQi+ 2 i22H2+i B+ ¥ 12BMXTH?2b M BKTQ i Mi QH2BMTH bK i |
K ;M2iQbT?2 2 M/BQMQbT?2 2X aBM+2i?2K ;M2iB+ 7B2H/ BM i?2
MQ i?r /- [/ rM@/mbF /B 2+i2/ 2H2+i B+ 7B2H/ rBHH KQp2 TH bK
TH bK KQp2biQ i?2BMM2" K ;M2iQbT?2 2-i?2+m p im 2 M/; IB2
;- /IB2Mi M/ +m p im 2Q7i?2MQMMMB7Q K ;2QK ;M2iB% 7"B2H/- #2+
/"B7i-i?2b2 /'B7ib + mb2 T "iB+H2b Q7 QTTQbBi2 bB;Mb iQ KQp2 B
+m "2MiX hQ #2 bT2+B7B+- BQMb U2H2+i"QMbV /"B7i r2mXk / U2 bil
+ 2 iBM; i?2 2 bi@iQ@mMi ABBn2+aRIB+? rBHH #2 /2b+ B#2/ BM KQ 2
1?72 M2ti bm#b2+iBQMX

h?2 BMM2" K ;M2iQbT?2°'2 T "iB+H2 TQTmH iBQMb

h?2 BMM2 K ;M2iQbT?2 2 + M #2 i 2 i2/ b K ;M2iB+ /IBTQH2 BM
+? ;2/ T "iB+H2b "2 i TT2/ #vi?2 1 "i?6b BMi BMbB+ K ;M2iB+ 7B
T 'iB+H2 TQTmH iBQMb #v 2M2 ;v M/ Q B;BM-i?2 1 "i?6b BMM2" K
"BM; +m "2Mi- TH bK bT?2°2- M/o M HH2M " /B iBQM #2HibX

_BM; +m 2MIMbBbib Q7 ?2Qi UR@9yy F20V M/ i2MmQmb BQMb Q7 #



e *2 Ti2° RX AMi"Q/m+iBQ

rBM/ Q B,;BMBK 22RNMNQKBM i2bi?22M2 ;v/2MbBivQ7i?2BMM2" K
BbHQ+ i2/BMi?22[m iQ'B HTH M2 i /BbiRMW2MY77HiQr® t2%4iiz ~ /BB
"QmM/ i?2 1 Yi?-i?mb + 2 iBM; K ;M2iB+ 7B2H/ QTTQbBi2iQ i?2 1
AMi2MbB7B+ iBQM Q7 i?2 "BM; +m "2Mi H2 /b iQ +? * +i2 BbiB+ bB;
BMi?2 .bi BM/2t r?B+? rBHH #2 7m i?2  /RERXB8#2/ BM bm#b2+iBQM

SH bK bT?2Bd iQ mb Q7 +QH/ UR@RY 20V /d 32 M b2 blKR Yy 10ERY M Q@
bT?2°B+ Q' B;BM- /QKBM i2bi?2 K bb/2MbBivQ7i?2BMM2" K ;M2iQ
Q7 i?2 TH bK bT?2'2- FMQrM b i?2 TH bK T REXPHBBiV? QIr/MBB M 2633
7BM2/ #v M Q' /2 Q7 K ;MBim/2 /°'QT BM TH bK /2MbBivX h?2 TH bl
2ti2MbBQM Q7 i?2 BQMQbT?RXNYp 2B pm#biB+iBQMi? i Bb i° TT2/ #\
2QK ;M2iB+G2BK2B74 M/ " Bh,;y)BXx

6B;m 2 RXj, G27i, 1 "i?76bTH bK bT?2 2 b K2 bm 2/ #v AJ :106b 2ti 2
@ M/2H 2ikyyc B:?i, + Qbb b2+iBQM Q7 o M HH2M * /B iBQM #2
L a)

_ /B iBQM #2Hib2 M K2/ 7i2° C K2b o M HH2M- 7TQHHQrBM; i?2B" |
RN83 #vi?2 1tTHQ 2 R M/ 1tTrHQV2 i{ bl 2 MHRANBEHEM( HH2M ME6" MF
RN o M HH2M " /B iBQM #2Hib +QMbBbi Q7 2M2 ;2iB+ +? ;2/ T |



RXRX h?2 aQH "@h2 "2bi' B H1MpB QMK2Mi d

7°QK i?2 bQH " rBM/ rBi? irQ K BM #2Hib BM /QMmMRKY B2?2ib/K?QrN\
h?2 BMM2" #2Hi 7°QK M RiB#QRANI?IAK@Xk+QMi BMb K BMHvV T Qi
2M2 ;B2b 2t+22/BM; Ryy J20X h?2 Qmi2  #2Hi +QMbBbib K BMHv Q7
KQ'2p "B #H2i? Mi?2BMM2  #2Hi bBiBbKQ 22 bBHVBM7HmM2M+
+ mb2/ #v bQH ° +iBpBivX h?2 ?B;?2@2M2 ;v T iB+H2b Q7 i?2 " /B
bT +2+° 7i M/ bi’QM mibX

RXRXj] ai'm+im 2 Q7 i?2 1 "i?6b iKQbT?2'2 M/ AQMQb

am "QmM/BM;i?21 i?Bb H v2 Q7; b2b+ HH2/i?2 iKQbT?2 2-+0Q
1 °i?6b iKQbT?2'2 b 2i BM2/ #v ;" pBiv Bb K BMHU3WOMT®RL2ZND 7 M
U KRWV- M/ “;QKINJWV rBi? bB;MB7B+ Mi +QMi B#miBQMb #v + #¢
qi2 p TQ M/ Qi?2 ; b2b 2tBbi BM bK HH KQmMib b r2HHX h?2 H
“2 /[BbiBM;mBb?2/ #v i?2B  i2KT2 im 2 p "B iBQM rBRXGHBIMW/2 bt
h?2 bm 7 +2 Q7 i?2 1 "i? Bbr K2/ #v bmMHB;?i M/ bQ i?2 B Bb ?:
H2p2H M/ i2KT2  im 2 BMBiB HHv /'QTb rBi? HiBim/2X

h?2 HQr2biH v2 Q7 i?2 iKQbT?2 2Bb + HH2/i?2i ' QTQbTR3¥2 2 M/ 2
FK #Qp2i?2bm’7 +2 Q7 i?2 1 "i?X h?2 i2KT2 im 2 T Q78R Ui?2
UH27iVV b?Qrb i? i i?2 i2KT2 im 2 /°QTb rBi? BM+ 2 bBM; HiBim/Z
/>QT Bb 2tTH BM2/ #v i?2 BM+ 2 bBM; /Bbi M+2 7°QK i?2 bQm +2 Q7
i72 1 "i?X _Qm;?Hv 3yW Q7 i?2 K bb Q7 1 "i?6b iKQbT?2'2 M/ KQb
+HQmM/b "2 7QmM/ BM i?Bb H v2 X h?2 mTT2 #QmM/ v Q7 i?2 i" Q]
F22°2 0?22 i2KT2 im 2 bi 'ibiQ BM+ 2 b2 rBi? HiBim/2- T'Q/m+BM;

BX2X- °2;BQM Q7 "2H iBp2Hv r 'K B  #Qp2 +QH/2 QM2X h?2 E
bi> iQT mb2 Bb 2M+QmMi2'2/ i 8y@88 FK HiBim/2X h?2 "Bb2 Q7 i:



3 *2 Ti2° RX AMi"Q/m+iBQ

6B:m 2 RX9, hvTB+ HT Q7BH2b Q7 M2mi  H iKQbT?2 B+ i2KT2  im"
/2MbBiv U B:?iV rBi? i?2 p "BQmMDbER WEKpY)RbB:M i2/X (

HiBim/2 BMi?2 bi> iQbT?2°2Bb K BMHV + mb2/ #vi?2 #bQ TiBQM C
7°QK i?2 amM #v QxQM2-r?B+? T2 Fb b M iKQbT?2 B+ +QKTQM2M
i?B/H v2 Q7 i?21 i?6b iKQbT?2 2Bbi?2 K2bQbT?2 2 r?B+? 2ti2|
iQ i?72 K2bQT mb2 i M HiBim/2 Q7 #Qmi 3y@38 FKX AM i?Bb H v
i72 HiBim/2 BM+"2 b2b/m2iQ /2+°2 b2/ bQH ~ 22 CBOM; /B/iIBM2"2 b2
2KBbbBQMX h?2/2+°2 b2 BMi2KT2  im 2 +QMiBMm2b mMiBH i?2 K2
Bbi?2 +QH/2bi T i Q7i?22 1 i?6b iKQbT?2 2X #Qp2i?2 K2bQT mk
r?2°2i?2 i2KT2 im 2 BM+ 2 b2b /> K iB+ HHv /m2 iQ i?2 #bQ TiB(
TQ iBQM Q7 2ti"2K2 mHi> pBQH2i ~ /B iBQMX h?2 " /B iBQM + mb?2
. b2b M/ i?mb +'2 i2b TH bK bi? i +QMbBbi Q7 BQMb M/ 2H2+i QM|

h?2 BQMQbT?2 2 Bb i?2 BQMBx2/ 2:BQM Q7 i?21 'i?6bmTT2" iKQl
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ey FKiQ Ryyy FK #Qp2i?21 "i?6bbm 7 +2X IMHBF2 i?2 M2mi~ H iK
+ iBQM Bb +QMi"QHH2/ #v i?2 i2KT2" im 2- BQMQbT?2 B+ bi'm+im"
/[2MbBiv UGBX@T B;?2iVVX Ai Bb 7Q K2/ /m2 iQ T?QiQBQMBx iBQM Q7
/B iBQMX h?2 TH bK +QKTQM2Mi #2+QK2b BM+ 2 bBM;HV /QKBM
i H iKQbT?2 2 rBi? HiBim/2X h?2 BQMQbT?2'2p 'B2b bB;MB7B+
M/ BiBb ;2M2" HHv /IBpB/2/ BMiQ i? 22 H v2 b, .-1-6 2;BQMbX

.@ 2;BQNiBim/2 ° M;2 ey@Ny FKX h?Bb Hv2 Bb K BMHvV T ' Q/m+
BQMBxXx IBOQMMQP? '/ s@ v BOMBx IMBRM QR+QK#BM iBQM * i2b "2 ?
BM i?Bb "2;BQM- i?7mb i?72 .@ 2;BQM Bb p2'vr2 FHv BQMBx2/ M/ ?
+? 22/ T "iB+H2bX .m2iQi?2?B:? +QM+2Mi’ iBQM Q7 M2mi > H KQH
#bQ TiBQM Q7 ?B;?7 2[m2M+v U>6,j@jy J>xV "~ /BQr p2b-T "iB+mt
h?Bb 2tTH BMb i?2 /Bb TT2 ~ M+2 Q7 /Bbi Mi J# Q /+ bi# M/ bi iBC
MB;?i- r?2M i?2 2 Bb HBiiH2 BM+B/2Mi ~ /B i BQM U2t+2Ti 7Q +QbK
/IBb TT2 b 2t+2Ti ip2'v?B;?H iBim/2bX

1@°2;BQMBim/2° M;2 Ny@R8y FKX AQMBx iBQMBM i?Bb "2;BQM Bb
7 "mHi® pBQH2i bQHO; X ABVMiBBMB@M- T?2QiQ2H2+i"QMb M/ T 2+BT
HbQ K F2 +QMi'B#miBQMbX i MB:?i-i?2 1@ 2;BQM r2 F2Mb /m2 i
r?B+? "2bmHib BM i?2 ?22B;?i Q7 K tBKmK /2MbBiv BM+ 2 bBM;X

6@ 2;BQWIiBim/2> R8% FKX h?2 6@ 2;BQM Bb i?2 Qmi2 KQbi H v2°
2H2+i"QM /2MbBivBM i?2 BQMQbT?2°2X h?Bb "2;BQM +QMbBbib Q7
irQH v2'b/m BMpBIR@/2BBAMBIim/2 M;2 R8y@kyy FKX h?Bb HQr2" H
+ mb2/ #v 11lo BQMBx iBQM Q7 6 k@K R +BRXMRIMhX2 > My FKX h?2
MTT2 H v2 mbm HHv ? b ?B;?2bi 2H2+i QM /2MBFBIiYQMHQQMWB/bib
H* 1i?2iQTN®! MO; ii?2 #QiiQKX 02 iB+ Hi> MbTQ i Bbi?2 T 'BK
BQMBx iBQM imTT2 6 "2;BQM HiBim/2bX
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RXRX9 h?2 aQH " gBM/ @ J :M2iQbT?2°2 @ AQMQDbT?2"

SH bK M/2M2;v7°QKi?2amM "2i Mb72 °2/iQi?21 i?6bK ;M2iQ
i2°Qm;? +QmTHBM; T°Q+2bb2b #2ir22Mi?2bQH ~rBM/-K ;M2iQbT?2
KQbiBKTQ i Mi+QmTHBM; T ' Q+2bb2b #2ir22Mi?2bQH " rBM/ M/ i?:
BMi2  +iBAM/( M/ >BRINRM/ K ;M2iB+ "2+ QNM22RBIGR AM ;2M2° H-

K ;M2iB+ 2+QMM2+iBQM /QKBM i2b BM i’ MbTQ iBM; K bb- KQK2N\
bQH " rBM/ BMiQ i?2 K ;M2iQbT?2°2X M/ Bi HbQ /'Bp2b i?2 H ;2 &
BOMQbT?2 B+ +QMp2+iBQMX

J ;M2iB+ 2+QMM2+iBQM

J iM2iB+ "2+QMM2+iBQM UQ K2 ;BM;V Q++m b r?22M i?2 K ;M2iB+
"2;BQMb 2 MiB@T > HH2HX AM i?2 1 'i?6b K ;M2iQbT?2 2- i?2"2
K :M2iB+ "2+QMM2+iBQM iQ Q++m RXH?22MiMBEM BB 2nk2bQ mi?2r
AJ6 K22ib i?2 / vbB/2 MQ i?r / ;2QK ;M2iB+ 7B2H/-/ vbB/2 "2+QMN
K ;M2iQi BH "2+QMM2+iBQM- bmMr / K ;M2iB+ 7B2H/b ii?2 MQ i-
bmMr / K ;M2iB+ 7B2H/b i i?2 bQmi?2 M HQ#2X J :M2iB+ "2+QMNM
BM +QM/BiBQM M/ +QMp2'ib K ;M2iB+ 7B2H/ 2M2 ;v BMiQ TH bK

. vbB/2 K ;M2iB+ "2+QMM2+iBQM TH vb M BKTQ'i Mi "QH2 BM 2M?2
rBM/ iQ i?2 K ;M2iQbT?2 2-r?BH2 K ;M2iQi BH "2+QMM2+iBQM Bb |
Q7 i?2 K ;M2iQbT?22°2iQ i?2 BQMQbT?2°2 M/ iKQbT?2 2X

J :M2iQbT?2 B+ M/ AQMQbT?2 B+ *QMp2+iBQM

J ;M2iB+ 2+QMM2+iBQM /'Bp2b TH bK +QMp2+iBQM BM i?2 K ;M2
i?72 .mM;2v *vmi2ZRNER q?2M / vbB/2 "2+QMM2+iBQM Q++m b-i?2



RXRX h?2 aQH "@h2 "2bi' B H1MpB QMK2Mi RR

6B:m 2 RX8, J ;M2iB+ "2+QMM2+iBQM BM i?2 1 "i?6b K :M2iQbT?2":
iQbT?2 B+ M/ BQMQbT?2 B+ +QMpRBpREMAM /MIRNNDHQ K H

K ;M2iB+ 7B2H/b K2 ;2 iQ:2i?2° M/ 7Q K M2%BQTe@BHROX2N2MQi2/ |
TH bK M/ K ;M2iB+ 7B2H/i?2M KQp2 iQ;2i?2 i BHr "/ BM i?2 b2[m?2
MMiBH K ;M2iQi BH "2+QMM2+iBQM Q++m b- ir?B+? TQBMi M2rHv
iQr “/i?2/ vbB/2 K ;M2iQbT?2 2 BM i?2 b2[m2M+2 7°QK MmK#2" d i
BQMQbT?2 B+ +QMp2+iBQM Bb b?QrM BM i?2 #QiiQK bF2i+?X 6°Q
H iBim/2 BQMQbT?2 B+ K2 bm 2K2Mib 7°QK ;"QmM/ M2irQ Fb +Qp2
+ M #2 mb2/iQ KQMBIiQ  +iBpBiv Qp2  p bi "2;BQMb Q7 i?2 K ;M2iQ
Km+? H2bb 2tT2MbBp2 i? M mbBM; BM@bBim b i2HHBiI2 K2 bm 2K2\



R k *2 Ti2° RX AMi"Q/m+iBQ

amT2'. L /b

h?2amT2 . mH m Q H [/ L2irQ ' FUamT2 . LVrb/2bB;M2/iQ #
BiQ"BM; BOQMQbT?2 B+ +QMp2+iBQM Qp2  H ;2 ;2Q;*7BB*KH "2 b
2i HRyy-LBb?Bi MBkZRMXi Bb M BMi2 "M iBQM H M2irQ ' F +QMbBbiB
>6 +Q?2 2Mi b+ ii2° >/ b i KB//H2iQ TQH “H iBim/2bi? i HQQF BN
bT?2'2 M/ BQMQbT?2'2X h?2 "/ b K2 bm 2i?2 .QTTH2 b?B7ib Q7
7B2H/@ HB;M2/ B '2;mH 'BiB2b i6 "2:BQM H iBim/2b BM i?2 BQMQ
#vl " ['B7iX 6BRXEZQrb i?2 HQ+ iBQMb M/ 7B2H/b@Q7@pB2r U6P
QT2 iBQM H amT2'. L/ b BM i?2 MQ'i?2°M UH27iV M/ bQmi?:
amT2 . L/ b7 QK i?2 MQ'i?2 M ?2KBbT?2 2 "2 i?2 T BK v /i
/IBbb2 i iBQMX

6B:m 2 RXe, 6B2H/b Q7 pB2r Q7 j8 +m "2MiHv QT2 iBQM HamT2 .
UH27iV M/ bQmi?2 M U B:?iV ?22KBbT?2°2b BM K ;M2iB+ +QQ /BM
M/ KB/@H iBim/2 "/ > 6Pob "2 b? /2/;°22M- #Hm2- M/ 2/- "2bT2+i
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RXRX8 :2QK ;M2iB+ +iBpBiv

:2QK ;M2iB+ aiQ K

h?2 KQbi BMi2Mb2 K MB72bi iBQM Q7 K ;M2iB+ "2+QMM2+iBQM M/
+QmMTHBM; Bb :2QK :M2iB+ biQ KX :2QK :M2iB+ biQ Kb 2 +QKKG
.Bbim # M+2biQ KiBK2 U.biVBM/2t-r?B+?Bb M?Qm Hv K2 bm 2K?2
2[m iQ'B H;2QK ;M2iB+ Q#b2'p iQ°B2bi? i K2 bm 2 i?2 BMi2MbBiv
r2bir "/ 7THQrBM; "BMmBM2MM( ERKNER>Qm Hv ?2Q BxQMi HU>-MQ i
+QKTQM2Mi K ;M2iB+ p "B iBQMb "2 M Hvx2/iQ '2KQp2 MMm H b
"2+Q'/b Q7 rQ H/rB/2 ' v Q7 HQr@H iBim/2 Q#b2 p iQ"B2bX h?2
iIQ bb2bbi?2 K ;M2iB+ biQ Kbi 2M;i? M/ +? ~ +i2 Bx2 /IBRBR 2Mi bi
h?2 auJ@> BM/2t Bb ?B;?2° "2bQHmiBQM AN KERNEBW P2 BBORQ7 .
+ H+mH i2/ mbBM; /IB772 2Mi K ;M2iQK2i2 bi iBQMb M/ bHB;?iHV /
K2i?Q/X "Qi? BM/B+2b "2 /2bB;M2/iQ K2 bm 2 i?2 BMi2MbBiv Q7 i~
M/ "2 "Qm;?Hv 2[qBIHBEMI NI/ a?Qyw2g2 ? p2 mb2/ R@KBM "2bQH
auJ@> BM/2t BM i?Bb /Bbb2 i iBQMX

bbQ+B i2/ rBi? bQH "~ *J1b Q w® MM iHK®RH2h2QK ;M2iB+ biQ K Bk
+ mb2/ #v  bQH " rBM/ b?Q+F r p2 r?B+? ivTB+ HHv bi'BF2b i?2 1
iQ je 2Qm b 7i2 i?2 bQH ~ 2p2MiX :2QK :M2iB+ biQ Kb mbm HHv
+QKK2M+2K2Mi Uaa*V- bb22M BM .bi BM/2t bm//2MHv im "MBM; TQb
#v i?2 "Bp H Q7 b?Q+F BM i?2 bQH ~ rBM/- M/ 7QHHQr2/ #v T
Ui?2 BMBiB H T? b2V- M/ i?2M 7QHHQr2/ #v T2 'BQ/ Q7 bm#bi Mit
T? b2V-r?B+? Bb+ mb2/#vBMi2MbB7B+ iBQM Q7 i?2 'BM; +m " 2Mi |
BMD2+iBQMb 7 QK i?2 K ;M2iQi BH M/BM@bBim ++2H2  iBQM T Q
rBM/ +QM/BiBQMb bm#bB/2 M/ 7i2 i?2 .bi BM/2t "2 +?22b Bib KBM
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6B;m 2 RXd, h?2 .biBM/2tb?Qrbi?2 aa*-BMBiB HT? b2-K BMT? b
Q7 +H bbB+ ;2QK ;Ne2ZABywWy Q K (

;- /m HHv "2+Qp2 b iQ Bib T'2@biQ K +QM/BiBQM Ui?2 2+Qp2 v ]
;2M2° HHv i F2b b2p2° HRXEDJrBB?@.Di BM/2t /m"BM; +H bbB+ ;2Q
biQ ' KrBi? i?2biQ KT? b2b b /2b+ B#2/X LQi2i? i MQi HH biQ Kb -
M/ BMBiB HT? b2X

J :M2iQbT?2 B+ am#biQ K

h?2 K ;M2iQbT?2 B+ bm#biQ K Bb MQi?2  KQ/2 Q7 ;2QK ;M2iB+ +ik
#vi?22 m Q' H2H2+i'QD2iK ;M2iB+ BM/BpRth W /la m-mBXBEX P 2 v

"2 /2°Bp2/7°QK ;2QK ;M2iB+p ‘B iBQMbBMi?2>@+QKTQM2Mi Q#k
HQM; i?2 m Q  HXxQM2BMi?2 MQ'i?2 "M ?2KBbT?2°2X h?2v "2 /2]
[mMm MiBi iBp2 K2 bm'2 Q7 m Q HxQM2 K ;M2iB+ +iBpBiv T Q/m+2
+m > "2Mib 7THQrBM; #2HQr M/ rBi?BM i?2 m Q H Qp H- M/ i?mb +
bm#biQ KbX h?2 /i "2 MQ K HBx2/ #v bm#i™ +iBM; # b2 p Hm2 7C
+ H+mH i2/ i2 +? KQMi? #v p2' ;BM; HHi?2/i 7°QKi?2bi iBQM Q
[mMB2i2bi/ vbX 6Q  i?2 MQ K HBx2// i 7°QK HHi?2bi iBQMb b 7mM:
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HQr2  2Mp2HQT2b Q7 i?2 bmT2 TQb2/ THQib "2 /27BM2/ bi?2 | M
h?2 1U GVBM/2t2tT 2bbi?2Dbi"QM;2bi+m "2Mi BMi2MbBivQ7i?22 |
2H2+i°QD2ibX h?2 1 BM/2tBbi?2 /B772 2M+2 #2ir22M | M/ G- BX:
i72 Qp2° HH +iBpBiv Q7 i?2 2H2+i'QD2ibX h?2 P BM/2t Bb i?2 K2 N
BX2X- U IY GVfk- 2T 2b2MiBM; K2 bm 2 Q7 i?2 2[mBp H2Mi xQM F

am#biQ Kb "2 bbQ+B i2/ rBi? bm//2M "2H2 b2 Q7 i?2 bQH ~ rBM/ Z
1 "i?6b K ;M2iQi BH iQr '/ i?2 BMM2" K ;M2iQbT?2 2 M/ ?B;? H iBi
bT?2 2X h?2v "2 mbm HHv K MB72bi2/ pBbm HHv #v EH®@# M /2p2H
RNE® am#biQ Kb + M #2 /2b+"B#2/ #v i? 22 T? b2b, ;"Qri?- 2tT MbB
; Qri? T? b2 iviB+ HHv #2;BMb rBi? i?2 bi i Q7 M AJ6 bQmi?r "/ ir
2+QMM2+iBQM Q++m'b ii?2/ vbB/2 K ;M2iQT mb2X b K ;M2iB+ 7
[ vbB/2iQi?2 K ;M2iQirB¥8UBB|nBRR K ;M2iB+ 7B2H/ HBM2b bi "iiQ b
KQ 2 i BH@HBF2 7B2H/ +QM7B;m iBQM M/ i?2 +2Mi°" H TH bK b
2M2 ;v biQ 2/ BMi?2 K ;M2iQi BH/m BM; i?2 ;"Qri? T? b2 Bb bm//2
1 7i? 1i?72QMb2iQ7i?22tT MbBQM T? b2-+ mbBM; bm//2M m Q" H
Q7 BQMQbT?2'B+ +m "2MibX h?2 bi*2i+?2/ 7B2H/ HBM2b /2p2HQT?2
# mMTiHViIiQ KQ 2/BTQH " 7B2H/;2QK2i'v- T ' Q+2bbi2°K2//BTQH
T? b2 T°Q+22/b-i?2 2;BOM Q7 /BTQH 'Bx iBQM-#'B;?2i m Q" M/ B
_2+Qp2°vT? b2 #2;BMb r?2M i?2 TQH2r */ 2tT MbBQM Q7 i?2 m Q"
i2Mb2 BQMQbT?2 B+ +m "2Mib M/ m Q" H +iBpBiv ;" /m HHv /B2 C
iQ 2tTH BM bm#biQ Kb-?Qr2p2 -i?2 +im Hb2[m2M+2 Q7 T Q+2bb2
MMbQHP2/ T"Q#H2K /2bTBi2 KQ'2i? M? H7 +2Mim v Q7 "2b2 "+?X
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RXk |IHIi" @GQr 6 2[m2M+v q p2b

h?2 T'BK v 7Q+mb Q7 i?Bb /Bbb2 i iBQM Bb iQ /2p2HQT M BKT Q
r p2bX AM i?Bb b2+iBQM- r2 BMi'Q/m+2 2 "Hv Q#b2 p iBQMb Q7 It
T2 bT2+iBp2-i?2 J>. /2b+ BTiBQM Q7 IG6 r p2b- i?2 IG6 1 p2 /27BN
M/ i?2B  /'BpBM; K2+? MBbKbX

RXkXR >BbiQ°'B+ H" +F; " QmM/

IG6 r p2b "2 m#B[mBiQmb BM i?2 bQH "@i2 "2bi B H2MpB QMK2M
Qp2° +2Mim'v bBM+2 i?2 7B bi Tm#HBb?2/ ++QmMi Q7 M Q#b2 ¢
;QmM/@# b2/ K2 bm™2K2Mib Q7 i?72 R38N2r Z2iR3mRQ>BbP@2BH HHv-
IG6r p2br2°'2 + HH2/ KB+ QTmHb iBQMb Q" ;2QK ;M2iB+ TmHb iBQ
K ;M2iQK2i2 /i X h?2 M K2 2T 2b2Mib ?2Qr i?2b2 Qb+BHH iBQMb
Q#b2'p iIBQMb Q7 i?222M/ Q7 p2'VHQM; +QKT BhIP22IQMBi? KB+
M2t KTH2 Q7 T?QiQ; T?B+ '2+Q /BMRBb b?QrM BM 6B:m" 2

h?2 2tBbi2M+2 Q7 2H2+i QK ;M2iB+@?v/ QK :M2iBH7 p@W®d 7B bi T
BM r?B+? i?2 +H bb Q7 J>.r p2b MQr FMQrM b H7p0M r p2b Ub22
/2b+ B#2/X > MM2b H7p0M 2+2Bp2/i?2 RNdy LQ#2H S Bx2 BM S?\
iQ?v/ 'Q/vVM KB+bX h?2 7B bi T?vbB+ H BMi2 T 2i iBOM Q7 ;2QK :M:
#Vv.mMM;AZRNBB8HKQbi +2Mim v 7i2 ai2r "iob 2TQ ir?2M ..mM;2v T Q
HOM;@T2 'BQ/ TmHb iBQMb KB;?i #2 bi M/BM; H7pGM r p2b 2t+Bi2.
gBi? i?2 ;°Qri? BMIG6r p2 "2b2 "+? /m"BM; i?2 RNeyOb- .mM;2vdb bi
P2 B7B2/ #Vv ;"QmM/ K :M2iQK2i2; Q2bH2FRN&MBARNER r2HH b
BMbT +2 #v b i2HHBi2b 7 i 2F2NRB bi iBK2 (
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6B:m 2 RX3, M2t KTH2 Q7 T?QiQ; T?B+ 2+Q /BM: Q7 K :M2iB+
M22/H2X 6 QK 6B %2R ®M)X

AM "2+2Miv2 "b- Km+? ii2MiBQM ? b #22M /2pQi2/ iQ mM/2 bi M/B!
Q7 1G6 r p2b BM ++2H2  iBQM Q7 K ;M2iQbT?2 B+ T "iB+H2b- T il
M/ /B iBQM #2MWQUM(;224 ¥ PM i?72 QM2 ? M/-1G6r p2b /"Bp2M #v 2
bOmM +2b 7°QKi?2bQH " rBM/+ M ++2H2  i2K :M2iQbT?2 B+ T "iB+
rp2b Q#b2 p2/ QM i?2 ;QmM/ T ' QpB/2 mb27mH /B ;MQbiB+ T Q#2
T QT2 IRMF(2i-RINQN_ / ° M/ K ;M2iQK2i2  Q#b2'p iBQMb b?Qr i? |
T K2i2'b- BM+HmM/BM; 2H2+i'QM /2MbBiv- BQMQbT?2 B+ +QM/m+i
#2 bB;MB7B+ MiHVKQ/mH i2/#v ;HQ# HIG6 T p2b/m BBHBTQMEQRQ
2i HOYRHX h?22b22772+ib K vKQ/B7vi?2hQi H1H2+i'QM *QMi2Mi Ut
T i?b M/ 2bmHi BM iBK2 /2H vb M/ T?Eb2 ib?RT i kd\BRS BB, BAT Bl K Q

2i HRYRY¥ JQ 2Qp2 - i?2 BQMQbT?2 B+ IG6 1 p2 2H2+i'B+ 7B2H/ T
CQmH2 ?2 iBM;-r?B+? BM im M 772+ib i?2 i2KT2 im 2 Q7 i?2 BQI
bT?2°2 M/ + MH2 /iQ i?2°KQbT?2°2 2tT MbBQM M/ i?ZMHRM? M+2,
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2i HRN3R2bbHRNBX "270Q°2 r2 BMi'Q/m+2 KQ 2 Q#b2 p iBQMb M/ T°
r p2b-r2 "2pB2ri?2J>.i?2Q viQ /2b+ B#2i?2M im 2 Q7 I1G67r p2b-

RXkXk J>. h?2Q" v

h?2 K ;M2iQbT?2°2 + M#2 i 2 i2/ b + pBivQ7 +? ;2/ T "iB+H2b BK
K ;M2iB+ 7B2H/X IHi°™ @HQr 7' 2[m2M+v = M;2 +Qp2 b i?2 7' 2[m2MH+
b2p2  H >x- bT MMBM; 7 QK i?2 HQr2bi 7' 2[m2M+B2b i?72 K ;M2iQb
iQ i72 BQM ;v ' Q7 2m28RHBIR® (2b+ BTiBQM Q7 H ";2@b+ H2 T?2MC
T QpB/2/ #v J>.i?2Q v-r?B+?i 2 ibTH bK b b2H2+i'B+ HHv +QM/n
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