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T QKBM2Mi Q#bi +H2 Bb Bib biBHH BM+QKTH2i2 T?vbB+ H mM/2 bi M/B
;2M2° H+B +mH iBQM KQ/2Hb U:*JbV-i?2JCP6bH ";2b+ H2bi' m+im 2 Bb
+ Mi?22°27Q°2 HbQ #2 2tT2+i2/ 7°7QK KQ 2 bmBi #H2 . H;Q Bi?Kb iQ “2/n
i?7Qb2 U*?2M M/ J D/ - kyReVX

h?Bb Bbr?2°2i?BbrQ ' F +QK2b BMX 1K#2//2/ BMi?2 #Qp2 K2MiBQM2/ 6q |
bmTTH2K2Mi iQi?2 ?B;?@ 2bQHmMIBQM 2tT2 BK2Mib-Bi BKbiQ BKT Qp2.
bBKTHB}2/ bim/B2b r2°'2 +QM/m+i2/ rBi? +QKTmi iBQM HHv BM2tT2MbBPp
2T°Q/m+2 BM T "iB+mH " i?2H ";2b+ H2bi'm+im 2 Q7 i?2JCP #mi +QMi |
Q 2ti i QTB+ HBM~m2M+2bX h?Bb KQ/2H Bb i?2 bQ + HH2/ 6aF2H2iQMN
o B #BHBivO-r?B+?r b} bi Tm#HBb?2/ #v J D/ M/ ai2+?K MM UkyyNV B
M/ p2 iB+ HHv i mM+ i2/ HBM2 "Bx2/ 7Q KX h?2 bi BFBM;Hv ;QQ/ ++Q "/
Q' B;BM Hp2 bBQM rBi? i72 K BMH ;2 b+ H2 +? ° +i2 ' BbiB+b Q7 bQK2 i (

N



aF2H2iQM KQ/2H r2HH FMQrMX 1bT2+B HHv i?2 JCP Bb r2HH 2T 2b2Mi
/IBbT2 ' bBQM "2H iBQM- M/ rBM/ bi'm+im'2X h?2°27Q°2-i?2 KQ/2H ? b b
2ti2M/2/ M/ KQ/B}2/ 7Q Kbc b22 2X;X J|D/ M/ ai2+?K MM UKyRRY 7Q " i?
2i HX UkyR9V 7Q" Bib +Q "2bTQM/BM; biQ+? biB|+ p2[bBQM- Q" h?m H 2
UkyRe#V 7Q" 2ti2MbBQMb BM Bib K2'B/BQM H M/ p2'iB+ Hbi'm+im 2- "2
+QKTH2tBiv M/ ++m” +v- M/BMQ /2 iQ pOB/KQ/2H2 "Q -i?27Q+mb B
i'mM+ i2/ MQMHBM2 " /2i2°KBNMBbiB+ p2°"bBQM| b/BM J D/ M/ ai2+?K MNM
+ Tim 2/ rBi? ;2 i2° "2 HBbKi? MBMi?2Q B;BM HHBM2 "Bx2/KQ/2H- #mi
Im2iQ i?2bi " QM; i mM+ iBQMX h?Bb KQ/2H p2'bBQM + M #2 "2; “/2/ b M
JibmMQ@:BHH KQ/2H 7Q i QTB+ HH ;2 b+ H2 /vM KB+b- iQ r?B+? Bi +
KQBbim'2 M/i?2 TH M2i 'vb+ H22Mp2HQT2 Q7 bvMQTiB+ b+ H2 +QMp2+
BMi2 "2H i2/#v MQMHBM2 " Qb+BHH iQ" "2H iBQMb?BT bi?2JCP Bb bb
i TH M2i v b+ H2-/"Bp2M #v +QMp2+iBp2 BMbi #BHBiB2b i bm#@TH M2i

AMi?BbrQ F-B/2MiB+ HirBM 2tT2 BK2Mib rBi? i?2 aF2H2iQM KQ/2H r2 2 i
K2MibBM. 7Q JCP T 2/B+iBQMX q?2 2 bbBKBH "~ "2b2 "+? QM i?2 +QMbi
i?72 aF2H2IQM KQ/2H ? b H 2 /v #22M bm++2bb7mHHV +QOM/m+i2/ #v *?2M
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T'2T " iQ°VBM7Q 'K iBQM QM +HBK iQHQ:B+ HT QT2'iB2b Q7 i?2 aF2H2i(
b2imT M/ BMi2 T 2i iBQM Q7 i?2 . |2bmHib Bb ;E?@M BM 9XRX " b2/ QM
7Q  i?2 QTiBK H HQ+ HBx iBQM M/ i?2 BMp2biB; iBQM Q7 /Bz2 2Mi Q#b2

i T°2b2Mib i?2 BKT +ib Q7 i?2 M HvbBb +QMbi> BMibX HH “2bmHib
M/ i?2°2 7i2° /IBb+mbb2/ rBi? "2bT2+i iQ i?2B" ++Q / M+2 rBi? 2 "HB2" r(
P2 B}+ iBQM- M/ i?2B  BKTQ'i M+2 M/ TTHB+ HBHBiv 7Q  LqS BM *? Ti;
QMIHQQF 7Q  TQbbB#H2 7mim 2 rQ|'F Bb ;Bp2M BM *? Ti2  eX HH p 'B #
‘2 mb2/i?°Qm;?2Qmii?2 i2ti rBi?Qmi "2T2 i2/ 2tTH M iBlQM "2 HBbi2/ BM
+2 Ti2 b Q7 i?2B  }'bi TT2 > M+2X 6m i?2°KQ 2- M HT? #2iB+ H HBbi Q
+ M #2 7QmM/ BM[|[TT2M/Bt "X
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k h?2Q '2iB+ H# +F;"QmM/
kXR h'QTB+ H K2i2Q QHQ;v

AM i?Bb +? Ti2 - bQK2 :;2M2  HBM7Q K iBQM QM i'QTB+ HK2i2Q QHQ;Vi-
JCP M/ i?2 aF2H2iQM KQ/2H Bb BMi"Q/m+2/X 7i2 i?2 T 2b2Mi iBQM Q7 i
i?72 +HBK iQHQ:B+ H KZB‘+mH iBQM BM kKXRXR-i?2J ibmMQ@:BHH i?
XRXk- M/i?2 K BM 72 im 2b Q7 Q#b2 p2/ +QMp2+iBp2Hv +QmTH2/ r |
kXRXjX

kKXRXR *HBK iQHQ:B+ H# +F:"QmM/ +B +mH iBQM

h?2 iKQbT?2°2Bb +QMiBMmQmb bvbi2K rBi?Qmi +H2 “Hv /2}M #H2 /BbiE
L2p2 i?2H2bb- bQK2 :2M2  H+? ° +i2 BbiB+b Q7 i?2 K2 M iKQbT?2 B+ +B
/D +2Mi iQ i?2 2[m iQ  + M #2 M K2/ i? i 2 bm#bi MiB HHv /Bz2 2Mi 7 Q
1 i?X .2i BH2/ /2b+ BTiBQMb Q7 i?2 iQTB+ H +HBK iQHQ;v- Q7 r?B+? bn
+ M #2 7QmM/ BM K Mv bi M/ “/ i2ti#QQFb M/ H2+im 2 b+ BTib QM i'QTB+
KQbT?2 B+ /vM KB+b- 2X:X #v aKBi? UkKyR8V BM *? Ti2 R- #v G BM; M/
M/jQ #v >QHiOM M/ > FBK UKkyRjV BM *? Ti2  RRX

.m2 iQ i?2 bQH ~ " /B iBp2 2t+2bb BM i?2 i'QTB+b M/ i?2 "2bT2+iBp2 /2}
K2 M2M2;vi> MbTQ'iQM 1 "i? Bb /B 2+i2/ TQH2r "/bX h?2Qm;? +QKTH2K
i?Bb Bb BM H ;2T "ib# Qm;?i #Qmi #v iKQbT?2 B+ KQiBQMbX aBM+2 i
#bQ #2/ #v Q+2 Mb M/ +QMiBM2Mi H "2 b- i?2 bm " THmb ?2 iBM; Q7 i?2
BM/B 2+iHv pB K BMHV H i2Mi- #mi HbQ b2MbB#H2 ?2 i "2H2 b2 7' QK i?2
KQbT?2 2 Bb 2p2M +? ~ +i2 Bx2/ #v M2i " /B iBp2 +QQHBM;X h?2 BMi2 i C
HQM;Bim/BM H # M/ Q7 /22T +QMp2+iBQM M/ ?B;? T'2+BTBi iBQM " i2b
p2 iB+ H 2ti2M/ Q7 i?2i"QTQbT?2°'2 M/ HQrbm 7 +2 T'2bbm 2b- Bb i?mb
i QTB+ HK2 M K2 'B/BQM H +B +mH iBQM-i?2 > /H2v +2HHX "2bB/2b i?2
KQ 2 +QKTQb2/ Q7 TQH2r '/ KQiBQM Q7 B  rBi? bm " THmb KQBbi bi iB+ 21
bm#bB/2M+2 rBi? ?B;? bm 7 +2 T '2bbm 2b BM i?2 bm#i QTB+b- M/ i /27
h?2 H ii2"> i° MbTQ i KQBbim 2 i? i ? b #22M +[mB 2/ 7°QK i?2 Q+2 Mb 2
i~ /2 rBM/b "2 /2~2+i2/r2bir "/b- BX2X #2+QK2 2 bi2"HB2b-/m2iQ i?2 KQFK
BM; *Q BQHBb 7Q +2-i?2v ? p2 KQ'2Qp2"  H ;2 BKT +i QM i?2 K2 M KQi
2z2+im i2 M BM+'2 b2/ b2 bm 7 +2 i2KT2> im 2 M/ i?mb 2M? M+2 H i2M
+QMi” biiQi?2 2 bi2MS +B}+ "2 X M HQ;QmbiQ i?2 > /H2v +2HH-i?Bb -
+2HH rBi? p2'iB+ H 2ti2M/ Qp2  i?2 S +B}+-i?2 q HF2  +2HH-r?B+? Bb i?2
i?72 i1 QTB+ H iKQbT?2 B+ K2 M ~Qr BM 2 bi@r2bi 2ti2M/- M/ HbQ +QmT
i?2 > /H2v M/ i?2 g HF2  +B '+mH iBQM- "2 bm#D2+i iQ bHB;?i b2 bQM H
"2 bK HH2" xQM H +B " +mH iBQMb BM i?2 +HBK iQHQ;B+ H b r2HH b i?2
/"Bp2M #v xQM H T 2bbm 2 ;" /B2Mib /m2 iQ /Bz2°'2MiB H /B # iB+ ?2 iBM;
b2X;X KQMbQQM 2p2MibX AM +QM+HmMbBQM- BM i?Bb bBKTHB}2/ i 2 iKz
KB/H iBim/2b T "iB+mH "Hv b? T2/ #v 2t+2bb bQH ~ " /B iBQM rBi? bK HH?Z
Hi2Mi?2 iBM; /I m2iQi?2H ";2Q+2 M +Qp2" ;2- M/i?2p MBb?BM; *Q BQF
2z2+im i2 +? ° +i2'BbiB+H ;2b+ H2 K2 M +B " +mH iBQMX

PMiQT Q7 i?Bb K2 M +B +mH iBQM- i?2°2 "2 b2p2  HivT2b Q7 BMbi #BHI
+ M Q++m> BM i?2 i'QTB+ H iKQbT?2'2X J Mv Q7 i?2K "2 HbQ +H2 “Hv /
?B;?2 H iBim/2bX 6Q bm#b2 bQM HiQ b2 bQM H M/ bvMQTiB+iQ TH M2i
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i?72v "2 2bT2+B HHv +? °~ +i2°'Bx2/ #v r2 F;2Qbi"QT?B+# H M+2- bi QM
BMi2® +iBQMb + Qbb KmHIBTH2 b+ H2bX aQK2 T QKBM2Mi 2t KTH2b i?
+V+HQM2b-2[m iQ'B Hr p2b-i?2JCP- M/ 1LaPX

KXRXKk J ibmMQ@:BHH i?2Q v Q7 i'QTB+ Hr p2b

h?2 KQbi# bB+ /Bbim # M+2b Q7 i?2K2 M +B +mH iBQMBM i?2 i'QTB+b-r
(2 i?2° M/ +HBK i2 T22MQK2M BM HQr H iBim/2b- "2 2[m iQ B Hr p2bX h
~m+im iBQMb BM T 2bbm 2-i2KT2 im 2- M/rBM/i? iT° QT ; i2 xQM HHv

iQ i?72 2[m iQ°B H "2 X P7i2M 2pQF2/ #v "2;BQM H r2 i?2° 2p2Mib- bm+?

+ M 2ti2M/ Qp2  HQM: bT iB Hb+ H2b Q  bT Mi?2r?QH22[m iQ - M/ +QKT
+QMp2+iBp2 2H2K2M|b HQM; i?2K UEBH /Bb 2i HX- kyyNVX h?2°27Q 2-i?
"2;BQMb Ug?22H2"| M/|L;mv2M- kyROVX

+QMbBbi2Mii?2Q°'vQ77°22/'v/vM KB+ HQb+BHH iBQMbBMi?22[m iQ"
JibmMQ URNeeVX Aib "2bmHib "2 MmK#2 Q7 i?2Q 2iB+ Hr p2ivT2b-r~
p2°'v ;QQ/ ;' 22K2MirBi? Q#b2 p iBQMb Ug?22H2" M|/ EBH| /Bb- RNNNVX ¢
/2°Bp iBQM Q7 i?22[m iQ B Hr p2ivT2bbi "ib7 QK i?2 +QKKQM iKQbT?2
r?B+? /2b+"B#2 iKQbT?2 B+ /vM KB+b bi?2 KQiBQM Q7 bi #Hv bi® iB}2/
bT?2 2X >272 7i2°-i?2B  p B #HRby R/BVQB+4H?22X&WM H- K2'B/BQM H M/
TQbBIBQWM~7Q" i?2 "2bT2+iBp2 ?Q ' BXQMi?8 iBKB-O/i?2 T 2blbin M/

7Q  i?2 /2MbBiv- r?B+? + M #2 /2+QKTQb2/ BMiQ +QMbi Mi K2 M- Tm"2
T2 im # iBQM +QKT=Q W2 N +b {x;y;z) X AM } bi bi2T-i?2 7QHHQrBM; bBKTH
TTHB2/iQi?2 2[m iBQMb,

C M2;H2+i Q7 +2Mi'B7m; H7Q +2

C M2;H2+i Q7 7°'B+iBQMfpBb+QbBiv M/ /B # iB+ 2?2 iBM; Q" Qi?2  /vM K|

C HBM2 'Bx iBQM "QmM/ M bbmK2/ "2biBM; # +F;"QmM/ bi i2- BX2X
i?mb M2;H2+i Q7 /p2+iBQMc MQM@x2 Q # +F; QmM/ rBM/ rQmH/ bBK
rp2@7 2[m2M+B2b

C @TH M2 TT QtBK iBQM 7Q i?2 *Q'BQHBb 7Q +2/m2iQ i?2 T QtBKBI
M TT QtBK i2Hv +QMbi Mi K2 'B/RIM?2 D BRIHBRER T ° K2i2"

C ?v/'Qbi iB+ M/ "QmbbBM2b[ TT QtBK iBQMb, bbmKTiBQM Q7 # H N
++2H2 ¢gBRMiI?2 p2°iB+ H T 2bbm 2 ;" /IB2Mi- M/ M2;H2+i Q7 /2MbBi
+QK#BM iBQM rBi? ;" pBivX

6mM’i?2 KQ 2-i?2?2Q°BxQMi H M/ p2'iB+ H/vM KB+b "2 /2+QmTH2/ #v i?:
2 QA%Z%Q = i3 UKXRV rBi? b+ HH2 X2B2BtbvB2H/b i?2 bBM;H2@H v2' 2[m
ri2° 2[m iBQMb 7Q" i?2 ?2Q " BxQMi H KQiBQM QH2 B B iBBbH+QM/i2+ir ?2F
2[mBp H2Mi /2Ti? b Bi "2TH +2b i?2 K2 M ~mB/ /2Ti?,

@u . _ 10p

@t 0 @x

@v, . 1@

@t+ yu = @y UkXkV

i@, _, @u @v.

@t 97 @x ey’

L2ti- TH M2 r p2 uMp/ixd® ') UkXjv M/ M 2[m iQ'B H i TTBM; #QmM/ °
yIIilm uvp=0 UKkX9V "2 BMi'Q/m+2/X aQHmiBQ Mb-W-Q Mig2 2M K¥ ® B i2th/2Q MY B M ;
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7°2[M2M+HBRbi?22M #2 + H+mH i2/ 7Q° Mv “#Bi > kv MJ N[k Bp H2MKHZT i ? X
r?QH2-i?22v7Q°K M Q i?Q:QM H # bBb 7uQv- MWp/BRii? B%2nj K@M Q 7

i? i 2bT2+ii?2 #QmM/ v +QM/BiBQMX JQ 2Qp2 -i?2 p2 iB+ HKQ/2b Hb
b2i 7Q° "2 bQM #H2 #QmM/ v +QM/BiBQMbX Mv i'QTB+ Hr p2b + M i?mb

Q7i?2 ?2Q ' BXxQMi Hr p2 bQHMIBQMb 7Q  p "VBM; 2[mBp H2Mi ?2B;?ibX

h?2 2Q °BXxQMi HTH M2 r p2 bQHMiBRMBFQHHBp2id;Q Bx2/ #v i?2B" xQM
"2H iBQMb M/ K2 B/BQM H bi'm+im 2b BMiQqi?2 7QHHQrBM; /BbiBM+i iv
MQM/BK2MbBQM HBx2/ #v i?2 /IBK2MbBQMb 7Q8 2 QMB xiG NIF H HHMi2b
UKX8YBM/B+ i2i?2T ~ #QHB+ +VHBM/2" TimAQNIBQMI2MSHEHV2M/p2bod K2 E
KQ/2 MmK#2 bX

0 1
I TT QtBK i2 xQM H /BbT2 bBQM
P “2H iBQM bi m+if@VA | dlkx t)
P
0
[m bB ;2Qbi|QT?B+ . 0 12 K2 oY) 1
bb#vf2[m|iQ B= 8m2N '
~Conay oy B @m(k 1) m i) B +K) merly) A
B - mk ) may) 300 +K mea(y)
2 bir I M/ 0 1
r2bir */ KQpBM; pm8m2N i12 k%) m(y)
BM2iBQ@; | pBiv @mk 1) may) 30 +Kk ma()A
UlA:-qA:V mK 1) may) 30 +K ma(y)
KQpBM:; 1=Ky %2+1- 2i(k 1) oly)
BM2'iBQ@; | pBigM/B+ i2/mBO? @ 1(y)
ULA:V 1(y)
KBt2/ T—7 0 _ 1
- |
_Qbb#v@;" pBiv. =3 5 *1- g2 1) o)
- 1y
E2HpBM UbBKBH "Bijv_ | 0 0
rBi? +Q bi H - . A
EZHpBMrpszBM/B+|2/mB|.1 @08;
0

h?2 +H bbB}+ iBQM Q7 i?2 } bii? 22r p2ivT2b b _Qbb#v Q ; pBivr p2b E
;2Qbi ' QT?B+ M/ ;2Qbi QT?B+ 72 im 2b- "2bT2+iBp2Hv- Hi?Qm;?i?2[m b
bQK2T "iB+mH "BiB2b +QKT "2/iQi?Qb2BMKB/@H iBim/2bX >Qr2p2 -i?:
i?72 KBt2/ _Qbb#v@; pBivUJ_:V M/ E2HpBM r p2b- r?B+? b?Qr mM+QKKQC
;2Qbi"QT?B+ T°'QT2'iB2b rBi? /2+°2 bBM; T'2/QKBM M+2 Q7 i?2 _Qbb#\
+2 bBM; xQM Hr p2MmK#2 X h?2°2Bbi?mb BM+QMi biiQi?2 KB/@H iB
#2ir22M _Qbb#v M/ ;" pBivr p2bX h?2 p2'iB+ HT QT ; iBQM Q7 i?2 2[m i
bi'm+im 2 /2}M2/ BM i?2 p2'iB+ HKQ/2bX

h?2 #Qp2i?22Q v /2 'Bp2b 7mM/ K2Mi H7 22/ v/vM KB+ Hr p2ivT2bi? i 7¢
2[m iQ°B HHV +QM}IM2/ xQM HHv T2 'BQ/B+ T2 im # iBQMbX " b2/ QM i?Bb
bi i2 "2bTQMb2 Q7 i?2 i'QTB+ H iKQbT?2'2 iQ /Bz2 2Mi /B # iB+ 22 iBM
/12/ bQK2 7m i?2° bbmKTiBQMb iQ i?2 2[m iQ°B Hb? HHQrr i2 2[m iBQJ

C HQM;rp2 TT QtBKOB&MeV-bm+?i? ii?2xQM H ~Qr Bb BM ;2Qbi Q-
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i?2K2°B/BQM HT 2bbm*2 ;" /B2Mici?Bb Bb bbmK2/7Q HQM; xQM H |
;- pBiv M/ J_:r p2b rBi? bK HH [KTHBim/2b UJ D/ - kyyj-*? Ti2 NV
C +QMbi Mi 7Q +BM;f/B # iB+iQ22BNMBj2i R M/ bB/2 Q7 i?2 T 2bbm 2 2[1
C 7°B+iBQM BM HH p "B #H2@#v 2k v B BIOX

h?Bb “2/m+2/ KQ/2Hr b bm++2bb7mH BM /2 BpBM; bQK2 Q7 i?2 # hB+ +? °
q HF2  +2HH b "2bTQMb2b iQ bBKTH2 /B # iB+ 22 iBM; bi'm+im - 2bX Aj ?
bJibmMQ@:BHH KQ/2H M/ Bb biBHH 7 2[m2MiHv mb2/ b bi 'iBM: TQB
#v /B # iB+ ?2 iBM;- BX2X KQbiHv +QMp2+iBQMX

KXRXj *QMp2+iBp2Hv +QmTH2/ 2[m iQ B Hr p2b M/ JCP

h?2 J ibmMQ i?72Q°'v Q7 7°22 /v /vM KB+ 2[m iQ°'B HHv i° TT2/ r p2b ? b .
q?22H2° M/ EBH |/Bb URNNNY Tm#HBb?2/ M "iB+H2 BM r?B+? i?2v M
7°2[m2M+v bT2+i'mK Q7 R3v2 "bQ7Qmi;QBM; HQM;r p2 * /B iBQM UPG_\
aBM+2 PG_+ M #2 2; /2/ b 2T '2b2Mi iBp2 K2 bm'27Q  +HQm/BM2bb-
"2i'B2p2/ bi iBbiB+ HHv bB;MB}+ Mi bT2+i° H T2 Fb "2~2+i KQiBQMb "2H
BM;Hv- 2t+2Ti 7Q bK HH2 i? M 2tT2+i2/ 2[mBp H2Mi ?2B;?ib- K Mv Q7 i?2
rBi? i?2 i?72Q 2iB+ H +m‘ U+7X 6B;m 2 kXRVX h?Bb }M/BM; i?mb BKTH}
+QMp2+iBQM M/ /'vI/vM KB+b- 2tT 2bb2/ BM bQ + HH2/ +QMp2+iBp2HVv +Q
LQr / vb- Bi Bb FMQrM i? i i?2v TT QtBK i2Hv b? "2 i?2 /BbT2 bBQM "2H
im 2b Q7 i?2 J ibmMQ r p2 ivT2b #mi 2t?B#Bi KQ 2 +QKTHB+ i2/ p2'iB+ F
"2bTQMbB#H2 7Q i?2 /Bz2 ' BM| 2[mBp H2M|i ?2B;?ib UEBH /Bb 2i HX- kyy

]
BT

1.25 .B

“Jras

FREQUENCY {CPD}
FREQUENCY {(CFPD)

e

a = g8 13 12 14

Y4 12 -8 -8 -& -4 -2 B 2 4
EASTWARD WESTWARD ZONAL WAVENUMBEE, s EASTWARD

4 =12 <18 -3

5 -4 -2 8 2 4 & 3
WESTWARD ZONAL WAVENUMBER, s

6B;m 2 kXR, ai iBbiB+ HHv bB;MB}+ Mi T2 Fb BM i?2 XQM Hr p2MmK#2 @
irB+2/ BHvb i2HHBi2 "2+Q /b Q7 i'QTB+ HPG_/ i -/2+QKTQb2/ BM MiBt
U'B;?2iV+QKTQM2Mib #Qmii?2 2[m iQ -bmT2 BKTQb2/i?2Q 2iB+ H/BbT
i"QTB+ Hr p2b7Q  /Bz2 2Mi BM/B+ i2/ 2[mBp H2Mi ?2B;?ib M/ K2 B/BQM
rBid BMbi2 hQ& 7|QK q?22H2" |M/ EIBBH /Bb URNNNVX

b TT "2MiBM i?2 q?22H2 @EBH /Bb /B ;° K-**1gbK F2mT H ;2TQ'iBQ
QMH “;2b+ H2bX >Qr2p2°-i?2°2Bb QM2 //BiBQM HbB:MB}+ MibT2+i> H-
+QKTQM2Mib i? i + M MQi #2 +H bbB}2/ b bm+?X h?2 ~ i /IBbT2 ' bBQM "2H
“M:;2 M/ i TH M2i v xQM H b+ H2b Bb +H2 "Hv bbQ+B i2/ rBi? T2 im #
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#vJ //I2M M/ CmHB M URNdARV M/ Bbi?2°27Q 2+ HH2/J //I2M@CmHB M P
i~ +ib Km+? "2b2 "+? BMi2 2bi Uw? M; 2i HX-kyRjV bBiBbi?2K BM +QKT
p "B #BHBiv- M/ KQ 2Qp2  +QMM2+i2/iQ 2ti° i QTB+ HBMi b2 bQM H p
KmHiIiBim/2 Q7 i’QTB+ HT?2MQK2M - M;BM; 77QKi"QTB+ H +v+HQM2b
2i |[HX-|kyRjVX "v MQr-i?2b2 BMi2 /2T2M/2M+B2b "2 FMQrM iQ #2 /m2 iQ
TH M2i 'vb+ H2 2Mp2HQT2 Q7 KmHiIBTH2 **1qgb- KQbiHv +QMp2+iBp2Hv +
BQM H KQ/2 M/ E2HpBM r p2b U* bi M?2B° M/ J '[m2b- kykyV- r?B+? ¢
KmHIiBTH2 K2bQb+ H2 +QMp2+iBp2 bvbi2KbX h?Bb "2p2 Hbi?2 Q ; MBx2/ I
K Mv b+ H2b-r?Qb2/2i BHb "2?Qr2p2° +QKTH2t M/ biBHH MIQi 7mHHV mN
L2p2 i?2H2bb- HQQFBM; T'BK "BHv ii?2 H ;2 b+ H2-i?2 JCP + M #2 /2D
BKTQ i Mi Q#b2 p2/ +? | +i2[BhiB+b Uw? M;- kyy8V,

C /22T +QMp2+iBp2 +2Mi2 rBi? BM +iBp2 T? b2biQi?2 2 bi M/ r2bi- K
bT22/ Q7 TT‘QEB%( MHW?QrBM; +? ° +i2 BbiB+ /BbT2 bBQM 2H iBQ]
i b2 bQM HQb+BHH 38Q3 mM2bB/@/b Q7M;2 Q7 bK HH XQM Hr p2MmK#?2

C ?2Q0°'BxQMi Hbi'm+im 2 rBi? TQbBiBp2 ?mKB/Biv MQK HB2biQ i?2 2 |

[mMm /" mTQH2 rBM/ +B"+mH iBQM "QmM/i?2 +QMp2+iBp2 +2Mi2"

C ;2Q; T?B+ H+QM}IM2K2MiiQr "KQ+2 Mbm'7 +2b- #2;BMMBM; b b
Q+2 M M/ T QT ; iBM; + Qbbi?2r2bi2"M S +B}+(UJ D/ M/ ai2+?K MN

C MBMi2° MMm Hp "B #BHBiv rBi? BMi2 KBii2Mi ;2M2" iBQM Q7 JCP 2y
BMiQr p2i] BMb UhPm|H 2i HX- kyR9V

¢ b2 bQM H+v+H2BMH iBim/BM HHQ+ iBQM M/ bi 2M;i?

C +QKTH2tr2bir "/ iBHi2/ p2'iB+ Hbim+im 2 rBi? Qp2 im MBM; xQM H

C p B #BHBivBM i?2 +? ~ +i2 ' BbiB+b #2ir22M BM/BpB/m H JCP 2p2Mitk

h?2 KQ2 H “;2 b+ H2 72 im 2b Q7 i?R JCP U+7X 6B:m 2 kXkV "2 +QKKQ
bF2H2iQM- b QTTQb2/iQ i?2 JCP Kmb+H2 r?B+? bB;MB}2b /2i BHb Q7 i?

i?72 JCP 2Mp2HQT2- bm+?2 b 2X;X r2bi2 Hv rBM/ #m bib Q  +QKTH2t +QMj
ky RNV X

sl e e u

40.
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6B;m 2 kXk, JCP bF2H2iQM UH ;2 b+ H2V bi m+im 2 rBi? /22T +QMp2+iE
+B"+mH iBOM-* M/ K 'F +v+HQMB+ M/ MiB+v+HQMB+ +2Mi2°'b M/ / b’
"B/;2bc QK wW?| M; Ukyy8VX

Hi?Qm;? i?2 JCP bF2H2iQM Bb r2HH FMQrM- Bib mM/2 HvBM; KmHiBb+ F
bm#D2+iiQ H +F Q7 mM/2 bi M/BM;- b K2MiBQM2/ T 2pBQmbHv- M/ i?2

Re



THB+ i2/ iQ bBKmH i2X S '2b2Mi@/ v :*Jb i?2°27Q 2 biBHH bi'm;;H2 rBi?
i?72 bF2H2iQM M/ i?2 Kmb+H2 Q7 i?72/JCP Uai +?MBF 2i HX- kyR8VX aBM
M im> HHv TT2 'biQ #2i?2 KQbi + BiB+ HBbbm2 BM i?Bb "2; /- "2+2Mi T
7°QK M2r M/ KQ'2bQT?BbiB+ i2/ TT'Q +?2b BM i?Bb }2H/ UEBK 2i HX- k)
+?B2p2/2X;X rBi? KmHiBb+ H2 KQ/2Hb-bm+? bi?2 KmHIiB+HQmM/ KQ/2H ;
J D/ [ UE?QmB/2° M/ J D/ {kyye- kyydV- M/ bmT2 T ~ K2[i2'Bx iBQMb Uai
2p2°- MBMi2 2biBM; BMMQp iBQM Bb HbQ i?26aF2H2IiQMJQ/2H7Q h QT
7Q 1?2} biiBK2+ Tim 2b KQbiQ7i?2H ";2b+ H2JCP +? ~ +i2 BbiB+b BM
iQv KQ/2H rBi? M +im HHv p2 v bBKTH2 +QMp2+iBQM T ° K2i2 ' Bx iBQM L

Rd



kXk h?2 aF2H2iQM KQ/2H

AM i?2 7TQHHQrBM:- i?2 6aF2H2iQM KQ/2H 7Q° h"QTB+ H AMi® b2 bQM H
7 QK Bib mM/2 HVBM:; T?vbB+ H KQiB OM M/ 2[m iBOQMb BM kXkXR- i-
K2 B/BQM HHv 7mHHV i'mM+ i2/ MOMHBM?2 " /2i2 ' KBMBbiB+ KQ/2H p2'bB
2B;2MKQ/2b Q7 i?2 HBM2 Bx2/ KQ/2H p2]bBQM ‘2 /2b+'B#2/ BM kXkXj b
2tT 2bbBQM Q7 /Bz2 2Mi i"QTB+ Hr p2 ivT2b- KQM:bi i?2K i?2 JCP- BM
07 i?2 KQ/2H p2 ' bBQM i? i Bb mb2/ BM i?Bb rQ F- M/ 2bT2+B HHv Bib 2M
x9x G biHv- BM kXkX8-i?2 b2imT Q7 M JCP BM/2ti? i K2 bm 2b i?2 b
i72 HBM2 "Bx2/ aF2H2iQM KQ/2Hob 2B:2MKQ/2b Bb 2tTH BM2/X

kXkXR S?vbB+ H KQiBp iBQM

h?2 aF2H2iQM KQ/2H Bb DbBKTH2 M/ +QKTmi iBQM HHv BM2tT2MbBp2 iC
KQiBQMb QM BMi b2 bQM H M/ TH M2i v b+ H2b- BX2X K BMHv i?2 J
JibmMQ@:BHH KQ/2H- r?B+? Bb +QMbB/2 2/ rBi?Qmi /BbbBT iBQM i H
/B iBp2 +QQHBM;X AMbi2 /- i?2 /B # iB+ ?2 iBM; Bb +QmTH2/iQ M //Bi
Q7 bvMQTiB+ b+ H2 +QMp2-+iBpL? BilBBBi2HW7 +QMM2+i2/iQ TH M2i v b+ H
KQBbim 2 MQ@N iBQmY? MQMHBM2 " Qb+BHH iQ  "2H iBOMb?BTX h?Bb
2[m iBQMb 7Q  i?2 KQ/2H6b MQMHBM?2 - /2i2 " KBMBbiB+ 7Q K- i?|ir b BMi
UkyRRV M/ mb2/ BM i?Bb rQ F,

@u @ _
@ V" ex’
gt g)‘j g;zHa s UKX3V
g?z ga:

HH K2 MBM;b M//BK2MbBQMb Q7 i?2p "B #H2b BM i?2 #Qp2 2[m iBQMb-
B+ H+QMbi Mib- "2 2tTH BM2] BM h #H2b kXR M/ kXkX h?2 mM/2 HVBM;
Bb i?mb i? i i?2 JCP Bb M2mi HHv bi #H2 r p2 i TH M2i v b+ H2- r?B+
BMbi #BHBiB2b i bm#@TH M2i vb+ H2X h?2 H ii2° "2 +QM/2Mb2/ BM i?2
2pQHMIBQM Bb /2b+ B#2/ #v i?2 bBKTH2 T ° K2i2°Bx iBQM BM i?2 H bi 2|
+QK#BM iBQM Q7 Q#b2 p iBQMb- KQ/2HHBM;- M/ i?20 X2 MBIM + B i1 22M;;
TT QtBK iBQM Q7 Mv bm#@TH M2i v b+ H2 T°Q+2bb2b- r?2Qb2 /2i BHb
‘2 QMHV K2 MBM;7mH i H “;2kb+ HEpU! TT3HXVX (J D/ M/ ai2k?K MM-
KyRR) LQM2i?2H2bb- i?2 aF2H2iQM KQ/2H ? b ; BM2/ "2+Q;MBiBQM U M/ I
/Im+2i?22K BMH “;2b+ H2+? ~ +i2 BbiB+b Q7 i?2 JCPX Aib ivTB+ HT? b2t
/BbT2 bBQM "2H iBQM ‘27Q i?2} biiBK2+ Tim 2/[BMbm+2 | KBMBK H 7"

6mM i?2 KQ 2- 7Q° +QKTH2i2 mM/2 bi M/BM; Q7 i?2 KQ/2H- i?2 7TQHHQr
iQ i?72 J ibmMQ@:BHH KQ/2H b?QmH/ #2 MQi2/ Ub22 |T ;2 jj Q7 E?QmB/
/IBK2MbBQM H 2[m iBQMbV,

C SQi2MiB H i2KT22Timh 22b T 2bbm 2 b :Bp2M #v i?2 2v/ Qbi iB+ "2H iB(
i2°Kb QA 2= g UKXNV UE?QmB/2°[2i HX-kyRjcJ|D/| M/ ai2+?K MM-
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C h?2p2'iB+ Hbi'm+im 2 Bb /2}M2//BZZ‘@HHV i? MBM 1[m iBQM kXRX
KQJ/2 Bb “2; '/2/ UJ D/ M/ |ai24?K MM - kf}uy@d)s(qzﬂia(/zx 2v1 CoS(;2) -
P 2p; COS(2) - Y2 18in(72z)- M/ i?2p2°iB+ HrBMiv MQW; $i24) UKXRyV
UE?2QmB/272i| HX- kyRjVX h?2 bHBw?i wWmb2vQmd M @ipiB QM ;!
2[m HHv "2im"Mb i?2 b? HHQrr i2° 2[m iBQMb 7Q i?2/'v/vM KB+b b
URN3yVX

CgBbMQi +im HHv 1} bi# "Q+HBMB+ KQ/2p [B #H2 Uh?m H M/J D/ -k
bbm#? UJ D/ M/ hQM;- kyReV X2@ B+ URXRRVg: | ?2B#+ 1 -
BX2X BM i?2 HQr2 i 'QTQDbT?2°2-i?Bb /2}MBiBQM rQmH/ #2 +QMbBbi2

CaBbMQi }' bi# "Q+HBMB+KQ/2p ‘B #H2 #mii?2 2Mp2HQT2 Q7 BMi2;"
M/ hQM:-|lkyReVX 6m i?2 KQ 2- Bi Bb i?2 bBM;H2 p "B #H2 i? i Bb MQ
i?2° /B iBp2 +QMp2+iBp2 2[mBHB# BmK U_*1V- BX2X Bi Bb +QMbi  BI
ai2+?K MM- FyBRVX 22Hv b2H2+i #H2 b+ HBM; +QMbi Mi-i? i Bb B 2
UJ D/ M/ ai2+PK MM- kKyyNVX

C h?2 MQM/BK2MbBQM H K2 M # +F:"QmM/ p2QiBh HOMbBDBM2/;1Q B2 M
0<Q<1UKXRKViQ:m Mi22 TQbBiBp2iQi H2M2 :vBM i?2 bvbi2K UJ

C h?2 # +F;"QmM/ " /B iBp2 +QQHBM:s MMKIi2 M2 QZiiBM:+?Qb2M iQ #2 2
70 "2 bOMb Q7 bBKTHB+BivX >Qr2p2 - i?Bb b2iiBM; /Q2b MQi| HHQr 7
M/ ai2+?K/ MM- kyR8VX JQ 2Qp2 -i?2B b? T2b + M #2 KQ/2HH2/iQ K
2X;X rBi? r KTQQHiQ 2T 2b2Mi i?2 (2bi2"M S +B}+| b BM J D/ M/

. _ /IBK2MbBQM HBXx iBC
p "B #H2 K2 MBM; /IBK2MbBQM +QMbi Mi
t iBK2 b o
X -y XQM H- K2'B/BQM H TQbBiB Q&M NH_
u-v XQM H- K2°B/BQM H p2HQ+B# MQK HB2pN"
TQi2MiB Hi2KT2' im 2 MQKHEB2b HNgzo
g HQr2" i'QTQbT?2 B+ KQBbimMQ MR LB ZIFLHN " o
s .<0.Ha | # tF;QmM/ " /B iBp2 +QQHBM;- # +F;‘er|9|/—H3N55
Hi2Mi ?2 iBM;- +QMp2+iBp2 ®iBpBiv 392

h #H2 kXR, J2 MBM:b M/ /BK2MbBQMb Q7 i?2 p "B/ #H2b BM i?2 aF2H2iQM
kyR8VX

o1 _ TT QtBK i2
+QMbi MiK2 MBM; o Hm2
K2'B/BQM H /2 Bp iBp2 Q7 *Q BQBEBMOTI2K2i2"

H i"QTQT mb2 ?22B;?i 16 FK

N2 ""mMi@o Bb H 7 2[m2M+v 10 &

g > pBi iBQM H ++2H2' iBQM 9:8 &

0 bm 7 +2 TQi2MiB Hi2KT2  im 2| 300E

Co bT2+B}+ 2?2 iQ7 /v B" i +QMbi| MOE-Zbbm’2
Ly H i2Mi?2 iQ7 p TQ ' Bx iBQM 25 10° £

h #H4H2 kXk, 1bb2MiB H T?vbB+ H+QMbi Mib BMi?2 aF2HZ2iQM KQ/2H Ua
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kXkXk LmK2'B+ HBKTH2K2Mi iBQM

h?2 MmMK2 B+ H bQHMIBQM Q7 i?2 aF2H2iQM KQ/2H 2[m iBQMb Bb # b2/
i"mM+ iBQM Q7 HHp "B #H2b BM i2 Kb Q7 i?2 S*6b B 2°'B/BQM H /B 2+

y2

Hme 2z . m 2 dm y2 K .
m(y) = pﬁ rBi?Hm(y)=( 1)"e dy—me “m O UKXRjV
m!

parabolic cylinder functions

y (1000 km)

6B;m 2 kXj, 6B bie S*6bBM i?2 aF2H2iQM KQ/2H bT +2 b mb2/7Q i?2

h?Qb2 "2 T “iB+mH "Hv TTHB+ #H2 7Q° KQ/2HHBM; Q7liM Q Ty} =HHV +QM}

UKXROVX AMQ /2 iQ "Bp2 ii?2i'mM+ iBQM-i?2/v/vM KB+b T iQ7i?2
BMi2'Kb Q7 i?2 _B2K MM BMp "B Mif+?= %2 \Blod B pUKX R8I2bbm+2 i? i,

@r @r Ha s
@ ax VT ™3 | L= @
@ @ ,  _Ha s rBi? 12 @@y UkXReV
@t @x 3 L = P oy
L:r L I=0
aBM+2 i?2 +iBQM Q7?2 QL2 QiMiR2 S*6b Bb FMQrM iQ #2 bBKTHvV
L m = pm+1 m+1
_ UkXRdV
Ly m= M m 1,

M 2tT MBBQM Q7 i?2b2 2[m iBQMOXRM i2f2<+bQC@(r7(>beBiE¢gJ\c{Irm(x) m(y)
MAGY) = L olm(X) m(y) UKXR3V vB2H/b,

@K @K_ (ﬁa S)o
MRG =0
p__
@R, 1 amr 2m(m+1) p_, P UKXRNV
@t 2m +1 @X: 2rrf+1 ) m(Ha S)m+1 m+1(Ha S)m 1

rBiRK =r9-MRG =r1 - MRm:pm+1rm+1 pﬁlm 1= ZpEIm 18m2 N:

h?Bbp "B #H2 "2M KBM: Bb +QKKQMHV BMi'Q/m+2/7Q  i?2 aF2H2iQM KQ/
T°QT ; iBQM Q7 i? K pMAG #H2B +? p MBb Rab¥Q M/bbTQM/ r2HH iQ i?2i?22Q" v
7Q +2/ E2HpBM-J :- M/ 1_r p2b Q7 /Bz2 2Mi K2'B/BQM H KQ/2b BM i?2 T

Ky



UJ D/ M/ ai2+RPK MM- kyyNVX "vi?Bbi° Mb7Q K iBQM-i?2 KQ/2Hdb /v /v
Q72[m iBQMb 7Q i?2QM2@/BK2Mb BRI, BKME/2HBBBMEHDIT 2+i° HbT +2X
Q71?2 7%()k(t)+c@@>j(x;t): g(x;t) UkXkyV -r?B+? + M2 bBHvV #2 bQHp2/ BM xQM
F(k;t+ t)= F(k;t)e t+G(k;t)L rBi? =2ikc UKXkRVX h?2 2[m iBQMb 7Q" i?2
T i+ Mi?2M bm#b2[m2MiHv #2 bQHp2/ BM T?vbB+ HbT +2X Uh?2 #Qp2/
bOHMIBOM Q7 i?2 HQM;r p2 /vM KB+b BM i?2 aF2H2iQOM KQ/2H 7TQHHQrb i
h?m H M/ J D/ |UkyRjV-#mi+ M HbQ #2 mM/2 biQQ/ 7' QK i?2 2tTH M iBQ

R?2/B # iB+?2 iBM; p "B #H2b "2 MQri'mM+ iRV i0-KBKBXBTM Y KQ/2
mzo(ﬁa STNm(X) m(y) UkXkkVX h?2°2#v- QMHv +2°i BM /v /VM KKBM/H r p2 |
Rn8m2N M+1- 27Q +2/ M/ i?2 KQ/2H6b +QKTH2tBiv Bb "2/ m+2/X (J L
KyRR) h?2 i'mM+ iBRIMtMIMKZ2?Qb2M 7 22Hv- #mi i?2 aF2H2iQM KQ/2H ?
#22M mb2/ BM Bib # bBM pR BN MItrRIPIBQM "2 bim/B2b Q7 b2 bOM H 2z2+
"2}M2/ K2'B/BQM H ?2 iBM; bim+im 2 M/ i?mb i?2 T 2b2M+2 Q7 |?B;?2
2i HX UkyR8VX h?2 bi'QM; i'mM+ iBQM Q7 i?2 aF2H2iQM KQ/2H TT2 b~
M/ 1_r p2b Q7 HQr2bi K2'B/BQM H KQ/2b "2 +QMbB/2 2/ i?2 KQbi BKTC
JCP- M/ M 2tTQM2MiB HHv /2+ vBM; K2'B/BQM H /B # iB+ ?2 iBM; bi'm+
T QtBK iBQMX 6m i?2 KQ '2-i?2 KQ/2H b?Qrb ;QQ/ 2T 2b2Mi iBQM Q7 i-
H2 /vME&E0 W D/ M/ ai2+?K MM- kyRRVX

hQ Q#i BM i?2 7mHH aF2H2iQM KIQ¥DH B[M2B QKb Z72" 2/ iQ BM HBi2" im
D/ M/ ai2+7K MM- kyRRV M/ mtRa/EBoM 2MB IK RDA@i-QA - M¢, b r2H K] iQ
SXgBb 7m'i?72°KQ 2 HbQ L mM+ i2/iQ i?2} ha3) 8 QM oty) KUIKIRK B/ %2 X1/

1

M //BiBQM HT QD2+iBQM QTy2 o®® oly)dy= 2 & UkXk9OV UJ D/ 2| HX- ky
h?m H 2i HX- kyR9V Bb BMi"Q/m+2/ 7Q  i?2 BMi2  +iBQM #2ir22M i?2 i mN\
2[m iBQM,

@K @K 1
@t @x sz“A S
@R 1@R_ 22 o, o
_ @t 3@x 3 _ UKkXK8V
@Q Q @K @R Q
@ Psex drex tte HA S
@A_ _
o AQ

h?2 KTHBim/2b Q7 i?2 T?vbB+ Hp "B #H2bd } bi# "Q+HBMB+ KQ/2b + M i
7°QK i?2i'mM+ i2/ KQ/XHR-QBMH2b/UJ D/ M/ ai24?K MM- kyRRV,

wey)= B L o+ S8 o)
o= OB FAKE S0 L0

UkXkeV
CIR G A R R )

ax;y) = Q(x)  o(y)
Ha(x;y) = HA(X)  o(y):

h?2°2 Bb i?mb KQ 2 +QKTHB+ i2/ 2Q ' BXxQMi H bi'm+im 2 BM i?2 /°v /vM
KQBbim 2 p "B #H2b "2 i mMMgXiZ2RiQBMHvV- i?2b2 “2bmHib +QMi BM bQK?2

kR



"Q - 2bT2+B HHv bBM+2 i?2 MQRHE M2+ QBIMI2 +#(BW MBQ 723 K@2Dd QF
M2;H2+i2/X L2p2 i?2H2bb- i?Bb ?B;?Hv i mM+ i2/ KQ/2H p2 'bBQM biBHH
TQi MiH ;2b+ H2 +? ° +i2 BhiB+b Q7 i?2 JC/P UJ D/ M/ ai2+?K MM- kyR

h?2 /27 mHi b2iiBM:b 7Q" i?2 T?vbB+ H M/ MmK2' B+ H /Bb+'2iBx iBQM T
i? i "2 +QKKQMHV mb2/ BM HBi2  im 2 2 “#Bi  “v- #mi TH mbB#H2 +2Q
[kkjX aBM+2 MQ bT iB H }MBi2 /Bz2 2M+BM; Bb M22/2/ BM i?2 H;Q 'Bi?K #
+mH i2/ BM xXQM H6Qm B2 bT +2- Bi Bb 2bT2+B HHv i?2 /Bb+ 2iBx iBQM E
T2 7Q K M+2X

T K2i2] K2 MBM; /27 mHip Hm2 UMQM/BKXV
L XQM HH2M;i? Q7 /1QK BM 26.6 - B XQ0 FK
X /IBbi M+2 #2ir22M xQM H ; B/TQBMILB7- B %25XF K
Ny MmK#2" Q7 xQM H ;"B/TQBMib | 64
t H2M;i? Q7 iBK2 bi2Thb 0:2083- B XB&?
+QMp2+iBp2 +iBpBiv ;"Qri? " i2 1.66
Q K2 M# +F;"QmM/ p2'iB+ HKQBbDB 2 ;" /B2Mi
H b+ HBM; +QMbi Mi 7Q  +QMp2+iBJ22 +iBpBiv
_ # +F;"QmM/ /B # iB+ +QQHBM;f?22 iBM; Up Hm2 i
s = HH :"B/TQBMibV dos?

h #H2 kXj, .27 mHi b2iiBM;b 7Q T ~ K2i2'b/BMi?2 aF2H2iQM KQ/2H UJ L

kXkXj GBM2 'Bx2/ KQ/2H6b 2B;2MKQ/2b

h?2 KQbi bi® B;?2i7Qr "/ rviQ mM/2 bi M/ i?2 aF2H2iQOM KQ/2H&b #BHBiv
BbiQ HOQF ii?2 TH M2 r p2 2B;2MKQ/2b Q7 Bib HBM2 'Bix2/ p2 " hBQM UJ
D/ 2i| HX}- kyRNVX h?2°27Q 2-i?2 H bi £fm i BADMUKIX KQ/ABB2S Lk Xk 3V
M/A = A+ A UKXKkNVX h?Bb bbmK2b bK HH +QMB2-QRF2 TR IQni#2iB Q¥ ®
;"QmEY qBi7 i?72 MHxiy = Xe'™ ") UkXjyV 7Q i?2 bi i2 p2+iQ’ BM KQ/2F
K (x;t)
X (x:t) = %gmﬁ UKXjRV M/ i?2 bbnSkJ B @MDTX UKXjKkV- 1?22 KQ/2H + M i?:
Aqx;t)
/Im+2/iQ M 2[m iBQM QI7ZXI2ZiK@Q+HCy)X UkXjjVrBi? KAIBMZRX "vi?Bb-7Qm’
/Bz2 2Mi 2B;2MKQ/2b rBi? +QK{HRIV 'RTHBI@[RRM2ERH BM2/7Q 2 +? +2Q
XQM Hr p2MiKKE#Q 2Qp2 - 7Q° _Mv_2B;2MKQ/2k+!?L-‘X‘ﬂ-V2—‘iB?>QZQ#QvtIBJbib +Q "2
bTQM/BM; 2B;2MKQ/2 +? “k+i2/BX2NXv*@QMb2[m2MiHv- 7Qm > Tm 2Hv "2 H
i? i 2T QT ; i2/ rBi? T? EKLQ-szzBmzmﬁ(w)/ Xpek + xl e k< xelkx
UKkXj9V 70X MV<2BM/B+ i2bi FBM; i?2 2 HT i M/i?2 "2bmHiBM; KQ/2H b
#v M "#Bi> v T? b2X
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x (1000 km)

6B;m 2 kX9, S?vbB+ Hbi'm+im'2b Q7 i?2 2B;2MKQ/2b BM i?2 HBM2 "Bx:
T K2i2° pHm2b 7Q° xQM K = %’)O—gg—gokK#Z“Qrb, rBM/ }2H/- #Hm2 HBM2b,
Q7 T'2bbm'2 MQK HB2b UbQHB/4TQbBiBp2-/ b?2/4M2; iBp2V- #H +F HE
HB2b UbQHB/4TQbBiBp2-/ b?2/4M2; iBp2V- ;°2v b? /2b, +QMp2+iBp2 +
HB;?i4dM2; iBp2VX
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6Q  i?2 bi M/ "/ KQ/2H b2iiBM;b M/ BM + b2 Q7 bK HH xXQM Hr p2MmK#2" I
i?72 aF2H2IQM KQ/2H bbmKTiBQMb "2 DmbiB}2/ M/ Bib "2bmHib BMi2 T 2]
7Q 2pKvi+? TT QtBK i2Hv rBi? +2°i BM i?2Q 2iB+ HQ Q#b2'p2/ i 'QTB-
b?Qr +? * +i2 'BbiB+b Q7 /°v E2HpBM- JCP- KQBbi _Qbb#v- M/ /'v _Qbb#
++Q°/ M+2Bb TT "2MiBM #Qi?-i?2B  T? b2 bT22/b M/ /BbT2 bBQM "2H i
bi'm+im 2b U+|7:)k 6B;m 2 kX9VX h?2 H ii2° "2 /2i2°KBM2/ #v i?2 KQmMi (
rp2bim+ikn RlR- M/ Q7 +QmTH2/ QQMAX+iBLQEMMHPpBM M/ /v _Qbb#v KQ/2b
QMHV HBiiH2 +QmTHBM; iQ +QMp2+iBQM M/ ivIB+ HE2HpBM Q' _Qbb#v
M/ rBM/@T 2bbm 2 bi"m+im 2b bBMi?2Q vX h?Qm;?-Bib?QmH/ #2 MQi2/
iQ +QMp2+iBQM M/ "2 i?mb /BbiBM+i 7 QK i?2K+ QWKR N 2AMHv @ Wi b ibim KighB1
_Qbb#v KQ/2b "2 KQ'2bi'QM;Hv +QmTH2/iQ +QMp2+iBQM M/ b? "2bQK2
rBi? Q#b2 p2/ **1gbX >Qr2p2 - i?2 KQbi +QKTH2i2 ++Q'/ M+2 rBi? Q#b2"
JCP 2B;2MKQ/2b Q7 i?2 aF2H2iQM KQ/2HX h?2b2 b?Qr bi'QM; +QmTHBM
T ii2°M Q7 M 2 bir '/ KQpBM; +QMp2+iBp2 +2Mi2  H2 / #v KQBbim'2 MQK
bi'm+im 2Bb Q7 KBt2/ E2HpBM M/ _Qbb#vr p2ivT2rBi? [m /' mTQH2rBM/
rBi? Q#b2 p iBQMb Q7 i?2JCP i H ";2b+ H2bX JQ '2Qp2'-i?2T? b2 bT22
i72JCP KQ/2b7Q bK HH XQM Hr p2MmK#2'b '2b2K#H2 Q#b2'p iBQMb "Q#
b2iiBM;b #mi Qp2° rB/2  M;2 Q7 T °~ K2i2° +?QB+2b UJ D/ M/ ai2+?K MN\
M/ 2B;2Mp2+iQ b 7Q  i?2 J&Rfﬂ@]:ﬁg%&%ﬁ{ BMi?2 HBM2 "Bx2/ aF2H2iQM K
bi M/ /T > K2i2° p Hm2b "2 Hi2/ BMh #H2 kX9X

k B Mok ! BM,, | K R | Q | AO

1 40.0 0:3224 0:8521 0:1465 | 0:3800
2 354 0:2131 0:7674 0:2474 | 0:5661
3 351 0:1627 0:6728 0:297% | 0:6771

h #H2 kX9, 6°'2[m2M+B2b U2B;2Mp Hm2bV M/ +QKTH2t KTHBim/2b U2B;2
2B;2MKQ/2b 7Q  xQM I-th)JZNIBg}L%g&ZF—‘VpBM i72HBM2 "Bx2/aF2H2IiQM KQ/2Hr
T K2i2 " p Hm2bX

h?2b2 2B;2MKQ/2b Q7 i?2 HBM2 "Bx2/ aF2H2iQM KQ/2H p2 bBQM 2 MQi
i72 2T 2b2Mi iBQM M/ T QT ; iBQM Q7 i?2 bbQ+B i2/r p2ivI2b BM i?2 K
mb2/ 7Q  i?2 Tm TQb2 Q7 KQ/2H BMBiB HBx iBQM rBi? TH mbB#H2 r p2 -
2bT2+B HHVBKTQ i Mi/m2iQ i?2 /2i2°KBMBbiB+ M im 2 M/ +QMb2 p iBQ
i? i Bb mb2/ BM i?Bb rQ FX

kXkX9 S QT2'iB2b Q7 i?2 ?B;?Hvi mM+ i2/ MQMHBM2 " /2i2 ' KBMBbhiB+

h?2HBM2 "Bx2/p2 bBQMQ7i?2aF2H2IQM KQ/2H rBi? xQM HHv +QMbi Mi #
? bTH M2r p22B;2MKQ/2b-r?Qb2K DQ  +? ~ +i2°'BbiB+b +Q "2bTQM/r2H
QM2 Q7 i?2Ki?2JCPXAii?mb HHQrb7Q" i?2Q 2iB+BMp2biB; iBQM Q7 ?C
BMi?2 KQ/2HX >Qr2p2°'-KQ 2 "2 HBbiB+ KQ/2H bBKmH iBQMb #2vQM/ bB
Q#i BM2/ rBi? i?2 MQMHBM2 ° p2‘M U+7X 1[m iBQMb kXk8V- M/ 2p
M2/ # +F;"QmM/ 7Q +BM; X PM2 TQbbB#BHBiv Bb 2X;X r "KTQQH i? i KI
Sgs(X) = S+ombik COSZTX UkXj8V rBi? ivIBt6 WA VD/ 2i| HX- KYyRN¥2 M1 H

iQi?2/27 mHi# +F; QmM/X h?2b2 b2iiBM;b HHQr 7Q°  BMi2 +iBQMb #2ir2
2'rBb2 T°QT ; i2/ b2T " i2Hv BM i?2 HBM2 "Bx2/ KQ/2HX Air b/b?QrM BM .
i?7 1i?Bb "2bmHib BM KQ 2 "2 HBbiB+ Q++m "2M+2b Q7 MQr BM/BpB/m H JC
+i2'BbiB+b Q7 i?2JCP 2B;2MKQ/2b-BX2X i?2B +Q 'b2bi m+im 2-T? b2l
"2 "2i BM2/X h?2 JCP BM i?2 MQMHBM2 ~ KQ/2H ;°22b 2bT2+B HHv r2HF
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iQ Bibp "B #BHBiv BM bi 2M;i?- HB72iBK2- M/ Bib T°'272°2MiB HHQ+ HB>
i?72°2 "2Q++ bBQM H "2 HBbiB+ bi M/BM; Qb+BHH iBQMb iQ i?2r2bi Q7 i?
2p2MibX

1/5 1/5

/6 1/6

w lcpd)

1/10 1/10
1/20 /20
1/30 1/30
1 [ 1/
1,‘188 1}188 H0.3
-10-8 6 -4 -2 0 2 4 6 8 10 -10-8 -6 -4 -2 0 2 4 6 8 10
/5 1/5 10
1/6 1/6
g
S 110 1/10
3
1/20 1/20
%;:30 1,:30 5660000, Piclodoiolotolotol
1438 1458 Ce
-10-8 6 -4 -2 0 2 4 6 8 10 -10-8 -6 -4 -2 0 2 4 6 8 10
k (1/40000 km) k (1/40000 kmj)

6B;m 2 kX8, SQr2  bT2+i° Uk.6Qm B2 i° Mb7Q Kb BM xQM HbT +2 M/ iBK
}2H/b- + H+mH i2/ 7°QK R v2 " KQ/2H "'mM rBi? i?2 bi M/ "/ +QM};m" iBQN
+HBK iQHQ;B+ H K2 M #bQHmi2 /2pB iBQMb- bmT2 BKTQb2/ /BbT2 bBQ
2B;2MKQ/2bX

h?2 MQMHBM2 "Biv M/ r p2BMi2° +iBOMb BM i?2 aF2H2iQM KQ/2H "2bmH
: mbbB M- T Q# #BHBiv /BWIJBHMIBQKIZO?K MM- KyRRVX aBM+2 i?Bb Bb
i M+27Q . -i?2biBHH 2 bviQ? M/H2 MQMHBM2 " KQ/2H rBi?r "KTQQH #
+QM};m” iBQMi?2 Qm;?2Qmii?BbrQ FX h?2 TQr2° bTZE Q7 HHp "B #H2b
/IB ;" KQ7 +QMp2+iBp2 +iBEi3iv U+7X 6B;m 2 kXeV 7 QK KQ/2H "mMrBi?i
K2MiBQM2/ 72 im 2bX h?2 7Q K2 b?Qrb BM T "iB+mH " i? ii?2 JCP bB;M
i2KT2" im 2X
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6B;m 2 kXe, >QpK°HH2 /B ;" KQ7 +QMp2+iBp2

t {days)

1800

1600

1400

1200

1000

800

600

400

200

convective activity anomalies (K/day)

x (1000 km)

bi M/ “/ +QM};m" iBQMX

JQ 2Qp2 BMi2 2biBM; 7Q" .

i'mM+ i2/
MQMHBM?2

H:Q Bi?K

BMpQHp2/ p "B #H2b,

“aF2H2iQM KQ/2HO6b T?vbB+
# +F;,"QmM/ BQ=sBMh bbmK2/ #v /27 mHIiBMi?Bb rQ F-

Tm TQb2b

ke

0.5

0.4

0.3

0.2

0.1

-0.1

-0.2

-0.3

-0.4

-0.5

+iBpBiv MQK HB2b /m'B

Hi?Om:? QMHvV TT QtBK i2Hv ?2
20?22 irQ 2M2 ;v # H/ M+2b UJ D/ 2i
2[m iBQMb U+7X 1[m iBQMb kX

HX- kyRNV i?

M/ M K2/ ++Q /BM



C KQBbibi iB+2M2 ;v +&4h2'p iGQu+ Gv =0 UkXjeV
C iQi H2M2 ;v +QMb2'p iBQM U+QMbBbiBM; Q7 +QMi B#miBQMb 7 QK /
KQBbi TQi2MiB H2M2 ;v M/ +QMp2+iBp2 2M2";vV,
2 2 e} 2 H .
@@t%+7+%% + +La Sin(@  §u) &v)=0 UkXjdVvX
"2+ mb2 Q7 i?2 XQM H T2 'BQ/B+Biv M/ i?2 i'QTB+ H +QM}M2K2Mi BM i?
BMi2:  i2/ p Hm2b Q7 i?2b2 2M2 :B2b 2 +QMb2 ' p2/ BM iBK2X

Olla

kXkX8 aF2H2iQM KQ/2H # b2/ JCP BM/2t

M2 iQi?2# /i?2Q 2iB+ HmM/2 bi M/BM; Q7 i?2 JCP- Bi Bb /B{+mHiiQ b2
M/ iQ K2 bm 2 Bib bi’2M;i?X 6Q  i?Bb "2 bQM- bQ 7 ~ KQbiHv irQ /Bz2 2M
iQ b2i MmT JCP BM/B+2b-i? i "2 #Qi? # b2/ QM 2KTB B+ HJCP +?2 ° +i2 Bbi
}Hi2 2/ 7Q  i?2 ivIB+ HJCP T? b2 M/ ;" QmT p2HQ+BiB2b ii?2 "2H2p Mi i
+ M #2 Q#i BM2/ 7°QK i?2 q?22H2 @EBH /B ;> KU+7X 6B;m 2 kXRVX
T QD2+i2/ QM i?2 KQbi BKTQ i Mi 2KTB B+ H Q i?Q;QM H 7mM+iBQMb U1
i?72 H ";2bi +HBK iQHQ;B+ Hp "B M+2 QM i?2 +QM+2°"M2/ iBK2 M|/ H2M;i?
Kyy9) >Qr2p2 - i?2 aF2H2iQM KQ/2H T QpB/2b M2r QTIiBQM iQ # b2 M J
bi'm+im 2 rBi?Qmi Mv 2tTHB+Bi M22/ 7Q i2KTQ  H }Hi2"'BM; Q7 i?2 /i -
2B;2MKQ/2b Q7 i?2 HBM2 "Bx2/ KQ/2H p2 'bBQMX A7 TTHB2/iQ "2 M Hvb
JCP BM/2tr b b?QrMiQ +Q "2H i2 ?B;?Hv rBi? Q#b2 p2/ ?BbiQ B+ H JCP 2
2bi #HBb?2/ JCP BM/B+2bX (ai24?K MM M/ J D/ - kyR8) JQ 2Qp2 - Bi + M
JCP T ii2Mb 7°QK "2 H/ i #mi Bb HbQ p2'vbmBi #H2 iQ BMp2biB; i2 i?2
aF2H2iQM KQ/2H Bib2H7- b M2+2bb v 7Q  i?Bb rQ FX

hQ + H+mH i2 i?2 aF2H2iQM KQ/2H # b2/ JCP BM/2t |b BM ai2+?K MM M/
i° +ii?2JCP +QMi'B#miBQM 7°QK /i # b2/ QM i?2 HBM2 "Bx2/ aF2H2iQM
/IBz2 ' 2Mi xQM H r pRMiMmR#2KQbT?2 B+ bi i2 2 b iQ #2 2tT 2bb2/ BM i2 Kb
6Qm B2 i Mb7Q K2/ KQ/2H p BXHK2bXMh?22NM221Q " D2+i2/ QM i?2 +Q "2
JCP 2B;2Mp23d@k)b7Q"~ "2 bQM #Hv +?Qb2I\ZXI;<M,fZ;2)3ng XxXQM H
6Qm B2 # +F i° Mb7Q K bm#b2[m2MiHv vB2H/b i?2 JCP bi'2M;i? /Bbi B#r
JCP aF2H2iQM bB;M H Q MBRSEI)MXK2AM Q°/2° iQ pQB/ mM 2 HBbiB+ T QI
Qi?2° 2B;2MKQ/2bfr p2 ivT2b QM i?2 JCP bi'm+im 2- Bi + M #2 MHT7mH
rBi? "2bT2+i iQ r?B+? i?2eZB;2MKQi20;QM HX am+? Bb ;Bp2M #v i?2 >2hli
i?72 HBM2 "Bx2/ KQ/2H6b iQi H2M2 ;v-i? i+ M #2 2tT 2bb2/ BM KQ/2H p " E
i?7mb #2 2ti2M/2/ 7" QK bBKTH2 b+ H " T ' Q/m+i iQ,

escHk)YM X (k)

rBi?
0 - ~ 1
19 19 1
1+3215 i1a Prg O UkXj3V
% 19 3,19 4 1 g E
M = 41 Q 8 81 Q 221 Q :
L1 1 11 0
21 Q 221 Q Q1
0 0 0 15



kXj .1 bbBKBH iBQM

h?2 bm#b2[m2Mi b2+iBQM T 2b2Mib *2H2p Mi. 70mM/ iBQMbX 7i2° :2M
' v2bB M }Hi2'BM; M/ Bib T “iB+mH 'BiB2b r?ZAh_ErITHBZI BM K2i2Q QHQ;
Bb /2b+ B#2/iQ;2i?2 rBi? i?2 +QMp2MiBQM H imMBM:; K2i?Q/h Q7 HQ+ H
[kX]Xj- “2bT2+iBp2HVX h?2 B/2 #2?BM/ M/ 2 HBx iBQM Q7 Bib "2+2MiH
+QMbi> BMib Bb 2tTH BM2/ BM kXjX9X b i?Qb2 ‘2 BMi?Bb rQ F K BMHV n
. mbbB MBivBMi?2 1ME6-}M HHv- bQK2 :2M2° HBM7Q 'K iBQM QM K2i?Q
M 2Mb2K#H2 Bb ;Bp2M BM kXjX8X

kKXj]XR a2[m2MiB H " v2bB M bi i2 2biBK iBQM

h?2 BK Q7 . Bb iQ /2°'Bp2 i?2 #2bi 2biBK i2 7Q  i?2 T Q# #BHBiv /2MbE
iIKQbT?2 Bxkbiii2+m "2MitiB;BD2M Q#b2 [piB@MhE iBKRE::;tg] X S QpB/2/

i? 11?22 Q#b2 p iBQMb i/Bz2°2MiiBK2b+ M#2 bbmK2/iQ #2 TT QtBK i2H
#2 pBQH i2/ 2X;X /Im2iQ #B b2b Q iBK2 +Q " "2H i2/ 2 "Q°b -"v2bi?2Q 2k
rBi? MQ K HBx iBQUM +QMbi Mi

P(XkilYk: 5 yol)  C plywiXk)P(Xkilyk 1;::5Yol): UkXjNV

h?mb- B7 M 2biBK i2 7Q i?72 iBK2 2ps)xdd miyg QM:; @D | ? DOKHBk 1;::5Yo])

Bb p BH #H2- i?2 +m "2Mi #2bitk2biBK#R2 /2 B3R2 /B 2+iHv 7' QK i?2 H i2b

i iIBKtg 1 QM+2 M 2biBK iBQM 7Q" i?72 Q#p@ykixu)BR Kl #HBHA2 KB/2XQd2[m2MiB
i2+?MB[m2b mb2 i?Bb "2+m " bBp2 "2H iBQMb?BT iQ ;2M2" i2 BMBiB H +

7Q 2+ bifT QT ; iBQM M/ M HvbBbfmT/ i2 +v+H2b- BX2X bbBKBH iBM;

i?72v "2 i1 F2MX| (> KBHH- kyye)

M 2t +i /2b+ BTiBQM 7Q" i?2 S.66b iBK2 2pQHmMiBQM BM i?2 ;2M2° H + |
KQ/2H-i? i +QMi BMb biQ+? biB+ +QKTQM2Mib 2T 2b2MiBM; Bib mM+2"i |
Bb ;Bp2M #v i?2 6QFF2 @SH M+F 2[m iBQM U HbQ FMQrM b EQHKQ:Q Qp

>Qr2p2°-i FBM; BMiQ ++QmMii?2H “:2bi i2bT +2bi? i "2 +QKKQM BM it
/IBK2MbBQMb16FTBIN) ;HQ# H|LgS UC/ MDB+ 2i HX- kyRdV- Bib BMi2;" iBQM-
mT/ i2 rQmH/ ? p2 M 2ti 2K2 +QKTmi iBOQM H HQ / U> KBHH- kyyeVX h?2
' v2bB M bi i2 2biBK iBQM 2K BMb i?20Q 2iB+ H 7QmM/ iBQM BM i?2 i
rQ"H/ TTHB+ iBQMb mb2 b2p2° HbBKTHB}+ iBOMb M/ / TiBQMb U> KBHHI
"2b2 “+? Bb i?mb iQ }M/ bmBi #H2 H:Q Bi?Kbi? i/2 H2{+B2MiHV rBi?i?2

p "BQmb +QM/BiBQMb M/ iQ KBiB; i22 Q' bi? i 'Bbh2 7°QK BKT2 72+iBQ

+QKKQM }'bibi2T7Q  i?2bBKTHB}+ iBOQM Q7i?2" v2bB M miy«jpa)Bb iQ bl
M p(xkjlyk 1::5Yol) - BX2X iQ M2;H2+i HH KQK2Mib Q7 ?B:?22" Q' /2yxi?MM i?2B"
x2 M/ +Qp "BRM+BIB,- r2B+? "2/m+2b L[m iBQM kXjN iQ,

n C eJ
@) T2@k) /2[Ry

k

P(XkjlYk; Yol
1 1 UkX9yV
rBidy = E(Xk xD)TB, txk  xP)+ é(yk H «(xk) "R Hyk H k(xk)):

AM i?2 i2’KBMQHQ;v +QKKQM BM i?2 x]KBQ byk 22 MRy b+B2 N+ -# +F; QmM/
# +F:°QmM/ 2 °Q  +Qp "B M+2- Q#b2°p iBQM- M/ Q#HR BbiBPQMZb D p+HBQ N
QT2 iQ i? i T'QD2+ib@/BX2MWRBQM H bi i2 bif@YBBMOBEQM H bT +2 Q7 i
b2 p iIBQMbX 6m i?2 KQ 2-i?2 +m "2Mi #2bi 2biBK i2 rBHH BM MFX7QHHC
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(C MDBH¥ 2i| HX- kyRd)

A7 i?2 +Qp 'B M+2 K i'Bt Q7 i?2 iKQbT?2 B+ bi i26b S.6 Bb 2biBK i2/ BN
KiQHQ:;v bBMi?2p "B iBQM H K2i?Q/bj.0o" M/ 9.0 -i?2mT/ i2 bi2T Bb
KBMBKBxX iBQM Q7 i?2)¢ QD ZimM2iBO&M K2 MX h?Bb #2bi 2biBK i2 + M bm:
T°QT ; i2/rBi? Mv KQ/2HBM i?2 T°QT ; iBQM bi2TX >Qr2p2°-BM + b2 Q7
S.6b-i?22pQHMIBQM Q7 #Qi?-K2 M M/ +Qp "B M+2 Q7 i?2bi i2 2biBK i2-
ai "iBM; 7°QK BMBiB H: mbbB MBiv- i?Bb +QM/BiBQM B¢ mHBHH2/@B M +
/BiBp2 : mbbB M KQ/2H 2 "Q  rBi? x2 Q2 M M/ +8BNMB M@®2b2 p iBQM QT
HcX h?2 b2i Q7 2[m iBQMb 7Q  i?2 T°QT ; iBQM M/ mT/ i2 bi2T Bb i?2M +

C 7Q°2+ bibi2T,

b — a
Xk = Mk 1Xg 1

b a T UkX9RYV
P= Mgk 1Pk 1My 1+ Quk 1
C M HvbBb bi2T,
x2=xP+ K H . xP
k K k(Yk kb k) UKX9KV
Pﬁ=(| Kka)Pk
rBi?
Ki=PPHE(HPPHE + Ry) & UKX9jV

>2°2-BM +QM7Q KBiv rBi? i?PmbaPiH MQP2BIQM~;"QmM/ M/ M HvbBb 2°°Q
M+2 K i'B+2b BM i?2 E HK MBIH#2HHR/ E HK M ; BMX LQi2 7m i?2 KQ 2-
2[m iBQMb iQ ?QH/-# +F; " QmM/ M/ Q#b2 p iBQM 2 "Q Kmbi #2 mM+Q "~
M HvbBb BMi?2 E HK M }Hi2  2[m Hbi?2 "2bmHi Q7 i?2 #Qp2 +Qbi 7mM+il
H MP2=ByX (C MDB+ 2| HX- kyRd)

h?2 ~Qr /2T2M/2Mi 2°"Q" bi iBbiB+b BM i?2 E HK M }Hi2° "2 M /p Mi ;2 C
iBQM2/ H;Q[Bi?Kb UC MDB+ 2i HX- kyRdVX >Qr2p2° - Hi?Qm;? i?2 7mkt
H ";2Hv "2/m+2/-i?2 T°'QT ; iBOQM Q71?22 "Q° +Qp B M+2 K i'Bt BM i?2 "
?B;? +QKTmi iBQM H +Qbi7Q |[H ";2/bili2bT +2b U> KBHH- kyyeVX 1p2Mb
rBi? ?2Bb T°QTQb HQ7i?2 1Mb2K#H2 E HK M 6BHi2  ULME6V-r?B+? T QT
TH2 Q7 i?2 M HvbBb +Qp "B M+2 K i'Bt M/ /> rb bT b2 TT QtBK iBQM C
BMi?2 M2ti mT/ i2 bi2T 7°QK i?2 2Mb2K#H2X h?Bb TT ' Q +? ? b KQ'2Qp2"
KQ/2H /Q2b MQi ? p2iQ #2 HBM2 "'Bx2/ bi?2 6QFF2 " @SH M+F 2[m iBQM E
2Mb2K#H2 Ulp2Mb2M- kyyjVX 6m i?2 ' KQ '2- /2T2M/BM; QM i?2 2t +i H;C
QT2 iQ°b+ M HbQ #2 mb2/-r?B+? "2bmHibh BM KQ[2 21 +i bi iBbiB+b UC |

1IMEG6b ? p2 #2+QK2 i?2 # bBb 7Q b2p2  H T 2b2Mi@/ v . bvbi2Kb U>Qmi
MQi H2 bi HbQ /m2 iQ i?2B° bBKTH2 BKTH2K2Mi iBQM +QKT "2/iQ j.o °

BiviQ mb2 i?2B Qmi+QK2 /B '2+iHv 7Q  2Mb2K#H2 7Q 2+ bib U> KBHH- k
+QK2b rBi? //IBiBQM H /B{+mHiB2b bm+? b b KTHBM; 2" "Q b-i? i K F2 71
imM2/ HQ+ HBx iBQM M/ BM~ iBQM+{ BM2pBi #H2 UC MDB+ 2i HX- kyRdV
bi' QM;Hv MQMHBM2 ~ KQ/2Hb-i?2 mM/2 HvBM; "2[mB 2K2Mi Q7 T2 bBbiZ2
?mi- bm+? i? i K2i?Q/b iQ ? M/H2 LQM@: mbbB MBiv rBi?BM 1MEG6b ? p2
7Q+mb U"Q+[m2i i HX- kyRyVX h?Bb Bb MQi H2 bi /m2 iQ i?2 7 +i i? i

? M/IH2 MQM@: mbbB MBiv /B 2+iHv- 2X;X T "iB+H2 }Hi2 b-? p2bQ 7  MC
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TTHB+ #BHBiv UC MDB+ 2i HX- kyRldc| m+Fbim?H M/ C MDBE- kyR3VX
2 Qb U M/2° QM- kyyNV M/ +2'i BMHV @®aQ KBRRbb T 2MB p+2i BEXFok@R N V
MQi Q7 "2H2p M+2 7Q  i?Bb rQ F/m2 iQ i?2 B/2MiB+ H irBM 2tT2 ' BK2Mi T

MQi?2  2H2K2Mi i? i ? b iQ #2 bT2+B}2/ BM Mv 1MEG6 Bb i?2 BMBiB H 2M
i72 T'BQ> FMQrH2/;2 #Qmi i?2 bvbi2K #27Q°2 Mv +m " 2Mi Q#b2 p iBQML
h?mb- BM i?2 iKQbT?2 B+ b+B2M+2b- mbBM; +HBK iQHQ;B+ H BM7Q K iE
"2 bQM #H2 +?QB+2 B7 MQ Qi?2  }' bi :m2bb Bb p BH #H2X >Qr2p2 - i?2 E
/2i BHDb "2/m+2b Qp2 iBK2 BM i?2 }Hi2 ' BM; M/ bHB;?i KBbbbT2+B}+ iBQM
BM i?2 }Hi2  [m HBiv U>Qmi2F|K2" M/ w? M;- kyReVX h?2 H ii2"  Bb i?2M\
Q#b2 p iIBQMb-i?27Q 2+ bi KQ/2H- M/ i?2 }Hi2 imMBM: M/ H:Q Bi?K U>

kXjXk aiQ+? biB+ 1Mb2K#H2 E HK M 6BHi2 i?2Q" v

h?2°2 "2irQ 7mM/ K2Mi HHv /Bz2 2Mi QTiBQMb ?Qr iQ "2b KTH2 i?2 2Mb?2
7Q i?2 M2ti T°'QT ; iBQM bi2T BM M 1ME6X PM2r v BbiQ ;2M2" i2 M2r 2
#v mT/ iBM; i?72 K2 M M/ 2Mb2K#H2 T2 im # iBQMb b2T "~ i2HvX h?2°27Q"
T2 im # iBQMb "2 KmHIBTHB2/ rBi? i?2 b[m "2 "QQi Q7 K i Bti? i Bb +
+Qp B M+2 Bb mT/ i2/ ++Q /BM; iQ i?2 E HK M }Hi2  2[m iBQMbX aBM+:
Bb +2°i BMHv MQi mMB[m2-p BQmb bm+? }Hi2 b U2X;X 1hE6- 1Ma_6- 1 E
#v i?2 biQ+? biB+ 1IMEG6-r?B+? 2KTHQvb 7mHH JQMi2@* "HQ TT Q +7?-E
mT/ i2/ BM/BpB/m HHv rBi? "iB}+B HHvV T2 im #2/yQ#MM2 pQB QBRM&2Qb 2 K
(C MDB+ [2i |HX- kyRd) h?2 7 +i i? i i?Bb T°Q+2/m*2 "2bmHib BM M M H
bi iBbiB+b + M #2 mM/2 biQQ/ 7 QK i?2 TQHHQrBM; /2i BH2/ T 2bl2Mi iBQ
2i HX URNNMWX 2BRi?2 MQr TQi2MiB HHv MQMMHBW/2t BKND/RHiBM; BM/Bp
Q7 iR22Mb2K#H?2 K2K#rfg‘U\AKqM/l "2 M/QK b KTH2b 7°'QK i?2 Q#b2 p iBQM
2 "Q +Qp B M+2 K i B+2b- 2bT2+iBp2Hv- i? i r2°'2 +Q "2+i2/ 7Q i?2B"
K2 Mb,

C 7Q°2+ bibi2T,

XE;i = M kx 1(Xil;i )+ qik;k 1 UkX99V
C M HvbBb bi2T,
X«;;i:XE;i_,_Kk yk + rl. H k(XE;i) UkX98V
rBi?
Ke=PPly m(PPm m* R 1! UkX9eV
1 X J— . T
pPb = N1 T Xt X
i=1
Pl m= N1 Xt HeE) H k) = PRy T UkX9dV
i=1
1 X ; - . - T
Phm m= 7 PO H ) HO) H o)
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6°QK i?Bb 7QHHQrb,

+ Kk Yk Hk(XE;i)

Xk; - XE;i
M/
_ o1 X ai  Lai oai  oai UkX93V
i=1
MM*Q X By FX b T b T b _ b b .
M/ Q#bX Sk E Kic Piom m v Ric Ko P K KiPim 0 = P KiPigm

bi?2biQ+? biB+ 1IME6 QT2Mb mT 2 bB2  TQbbB#BHBiIB2b iQ KQ/B7v BM/E
+QMbi® BMib BM i?2 mT/ i2- +QKT "2/iQ b[m 2 "QQi }Hi2 b-Bir bmb2/ b
i?BbrQ'F Hi?7Qm;?2BiBbKQ 2T QOQM2iQ2 Qb 'BbBM; 7' QKbTm BQmb +C
M/ Q#b2 p iIBQM 2Mb2K#H2b U>Qmi2F K2° M/ w? M;- kyReVX

kXjXj *QMp2MiBQM H imMBM; #v HQ+ HBx iBQM M/ BM~ iBQM

h?2 bBM;H2 2 "Q bQm +2i? iBbBM?2 2MiiQ Mv 1ME6 BM/2T2M/2Mi Q7 i
h?Bb Bb /m2iQ i?2 7 +ii? ii?2 iKQbT?2 B+ bi i206bS.6 + M QMHvV #2 7TmHF
B+ HHBXEBI Q-7#mi i?2 +OQOKTmi iBOM H "2bQm +2b b2i M mTT2 HBKBi QM
2Mb2K#H2 K2K#2 b BM T° +iB+2 U>Qmi2F K2° M/ w? M;- kyReVX h?2 BKT
#2? pBQ Q7 M 1ME6 Bb MQi 2pB/2Mi QM } bi bB;?i- #mi Bir b b?QrM M/
Up MG22mr2M- RNNN|¢  |M2b 2i HX-kyRNVi? ii?2vH2 /iQ b2H72M7Q "
i? ibim>i2b i H2p2H rBi? 7 mM/2 2biBK i2/ p "B M+2X h?Bb 2z2+i Bb
/Im2iQ BM# 22/BM;X z2+i2/ "22bT2+B HHv bK HH 2Mb2K#H2b b i?2v "2
b+B2M+2b rBi? NVTB® HW/Vi?2mlb nm U>Qmi2F K2° M/|lw? M;- KyReV #2+ 1
b KTHBM; 2“Q‘//2$‘L21b2|!v/lb2lvl- kyyjVX J2i?Q/biQ KBiB; i2i?2 }Hi2 /IBp2°;
M22/2/- M/ T "iB+mH "HvirQ i mMBM; QT2 iBOMb-M K2Hv HQ+ HBx iBQM
TQbBIiBp2 BKT +i M/ ? p2 #2+QK2 +QMp2MiBQM HiQQHb 7Q |1IME6 imMBM
h?Qb2 //72bb i?2 "QQi + mb2- BX2X r"QM; +Q "2H iBQMb BM i?2 # +F; Q
2z2+i Q7 mM/2 2biBK i2/ p "B M+2b- "2bT2+iBp2HvX

GQ+ HBx iBQM BKb iQ HH2pB i2 2°"QM2Qmb +Q "2H iBQMb BM i?2 # +F;
Bb mb2/iQ + H+mH i2 i?2 E HK M ; BMX +QKKQM TT'Q +? BbiQ bbmkK?2
2°°Q +Qp 'B M+2- K2 MBM; i? i HOM; /Bbi M+2 +Q "2H iBQMb ‘2 H2bb i'r
+Qp "B M+2 HQ+ HBx iBQM- r?B*?2r b BMi'Q/m+2/|#v/>Qmi2F K2 M/ JBi+
# +F;’QmM/ 2 Q" +Qp 'B M+2 K i'Bt Bb i?2M a+?m @KmHiBTHB2/ rBi? T
Ki'B&i? i bKQQi?Hv / KT2Mb +Q "2H iBQMb ++Q /BPR;3 Q@ iP2 B/ kMON WK+ 2 -
h?Bb vB2H/b i?2 HQ+ HBx2/ # +F;"QmM/P2, YQh@ QpHBmM+i2 K?2 BKQmMi Q7
BM; /2T2M/BM; QM i?2 /Bbi M+2- 7°2[m2MiHv i?2 7TQHHQrBM; }7i? Q /2" 7
: bT "B M/ 7Q?M URNNNV M/ Bb i?2;27Q°2 + HH2/: bT "B@*Q?M U:*V 7r
Ki2b : mbbB M rBD? KI2tM M/ */ /2pB%BQ#mi Bb +QKT +iHVv bmTTQ i2/- br
+Q " 2H iBQMb 2[m Hy #2v@MA 722 6 B \+exdV,

8
2 8(°+8(N+5(H° PP+ 0 x §

GC(x;d)= _ 5(§)° 8(5*+5(3)3+ 2(¥)? 105+4 1% g9 x d UkX8yV
"0 d x

>Qr2p2°- HQ+ HBx iBQM + M HbQ #2 # b2/ QM Qi?2  T'BM+BTH2b i? M B
K2 MBM:7mH iQ 2bT2+ii?2 +HBK iQHQ:B+ Hbi'2M;i? Q7 +Qp "B M+2b BM
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;mB/BM; T"TBM+BTH2 QM ?QriQ imM2i?2 HQ+ HBx iBQM  /Bmb 7Q"  +Qp "B
2" HHvDbT2 FBM;-i?2 HQ+ HBx iBQM "~ /Bmb b?QmH/ #2 +?2Qb2M bm+?2i? ii
2°°"QM2Qmb BM7Q K iBQM Bb QTiBKBx2/- BX2X Bi b?QmH//2+°2 b2 rBi? 21
#Omii m2 +Q "2H iBQMb Bb "2i BM2/-# H M+2b + M #2 H “;2Hv Zz2+i2/ #v
w? M;- kyRe)

AM~ iBQM- BM +QMi" bi- //°2bb2b i?2 M2; iBp2 BM~m2M+2 Q7 b KTHBM
i?2 mM/2 2biBK i2/ 2°°Q" +Qp 'B M+2- M/ b?QmH/ i?mb QMHvV #2 TTHB2/
#BM iBQM rBi? HQ+ HBx iBQMX >Qr2p2'- Bi + M T "iHVv HbQ ++QmMi 7G
bm+? b mMmMFMQrM KQ/2H 2°°'Q  Q MOM@: mbbB MBiv- M/ Bb i?2 27Q 2
;"QmM/ 2Mb2K#H2 #27Q 2 i?2 M2ti bbBKBH|iBQM bi2T U M/2°bQM- kyyN
+ HH2/ KmHiBTHB+ iBp2 BM~ iBQM- Bb iQ "2b+ H2 i?2 2Mb2K#H-2BX2 Xm " #
= P xp)+ xT UKX8RMY M 2Bi?2° #2 +?2Qb2M b +QMbi MilbHEB;2PHvV H
2biBK i2/ / TiBp2Hv i?°Qm;?Qmi i?2 bbBKBH iBOQM +v+H2b # b2/ QM bQK
7Q  r?B+? b2p2° H H;Q 'Bi?Kb ? p2 #22M T QTQH2/X/ (>Qmi2F K2° M/ w? |

"2bB/2bi?2 2tTH BM2/irQ T “iB+mH 2t KTH2b-i?2 2 2tBbib 7m i?2 KQ" 2
H2bb /Bz2 2Mi HQ+ HBXx iBQM M/ BM~ iBQM QTiBOMb-|2X:X /QK BM HQ +
BM~ iBQM Q "2H t iBQMb iQ T'BQ T2 im # iBQMH Q  bT 2 /-DmbiiQ M K:
kyReVX >Qr2p2 - 7Q  i?2 1ME6 b2imT BM i?2 bBKTH2 2tT2 BK2Mi 7 K2r
2tTH BM2/ K2i?Q/b 2 bm{+B2MiX

: covariance localization functions

7N

0.6

0.2t / \\

0 —— R S
-5 GC-cutoff -7 0 T GC-cutoff 5

Gaussian
Gaspari-Cohn

6B;m 2 kXd, : mbbB M M/ +Q "2bTQM/BM; : bT B@*Q?M +Qp "B M+2 HQ +
/2pB iBQMMiQz@ /B M+RT "B@*Q?M 7TmM+iBQM BM/B+ i2/X

kXjX9 M HvbBb +QMbi® BMib

AM +H bbB+ H1ME6 H;Q Bi?K bBMi"Q/m+2/ #Qp2- HH T BQ FMQrH2.
72°2Mibi i2bT +2 HQ+ iBQMb-r?B+? Bbmb2/iQbT 2/ M2rBM7Q K iBQM
bi2T-Bb T°QpB/2/ #v i?2 2biBK i2/# +F;"QmM/ 2 "Q  +Qp "B M+2X u2i- Q7i
T?vbB+ H 2H iBQMb Q7 i?2 iKQbT?2 B+ bii2i? i "2 MQiBM+Q ' TQ" i2/ B
iQ M2 'QM2Qmb # +F;"QmM/ 2°"Q " +Qp 'B M+2 K i'Bt- 2X;X r?2M # H M+
UE2T2 i-| kyyNV- Q" #2+ mb2 i?2 bvbi2K bi iBbiB+b + M MQi #2 7TmHHv /2
MOQM@: mbbB MBiviUaBKQM- kyRyVX h?2 i?2 2#v T°Q/m+2//vM KB+ HHv
bB;MB}+ Mi 2 "Q bQm +2b-2X;X bi?2v+ MH2 /iQ "iB}+B Hr p2 +iBpB
iBQMb /m2 iQ "2 /DmbiK2Mi iQ i?72 KQ/2H +HBK j2 UPQmi2F K2° M/ w? N
i?Bb Bbbm2 ? b #22M [/ "2bb2/ #v Bib "QQi + mb2b BM p "BOmbr vb- "2 +?
HQ+ HBx iBQM- 2X;X 7i2  bT +2i° Mb7Q K iBOMb iQ KO 2 BbQi"QTB+ bi
"Bi?Kb i? i BKiQ #2ii2° / Ti IME6b 7Q°  MQM@: mbbB |M }Hi2 " BM; U"Q+[m
HbQ +Qp2° rB/2bT2+i mK-" M;BM; 7 QK Bi2 iBp2}Hi2"'BM; M/ ?v# B/ F
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rBi? j.o "-9.0 QT "iB+H2 }Hi2lb Ua FQp 2i HX- kyRkV-iQi?2 "iB}+B H ;
/IBIiBOMb- 2X;X #v bBKmH iBM; i?2 S.6 rBi? : mbbB M KBtim 2b Q" |#v : mbt
2i [HX- kyRyVX >Qr2p2°- Hi?Qm;? BiBb HQM; bBM+2 +QKKQM T +iB+2 B
/B 2+i BM+Q 'TQ  iBQM Q7 2t +i bi i2 +QMbi> BMib- bm+? b 2X:X K bb- 2N\
Q '2bi ' B+iBOMb iQ TQbBiBpBiv-? b QMHvV " i?2° "2+2MiHV #22M T QTQb~
b+?2K2b UC MDBE 2i HX- kyRO9VX AM QT2 iBOQM HLqS-p2'vbBKTH2 /Dn
+ iIBQMb Q7 mM/2bB" #Hv M2; iBp2 p Hm2b iQ x2 Q- [2 biBHH Q7i2M TTH

M H;Q Bi?K i? i /B 2+iHv ++QmMib 7Q° TTHB+ iBQM /2T2M/2Mi +QMb|
Bb # b2/ QM i?2 biQ+? biB+ 1IME6 r b "2+2MiHv /2p2HQT2/ #v C MDBE 2i
TQbBiBp2 BKT +ib r?2M TTHB2/ BM iQv KQ/2H| b2iiBM;b UC MDBE 2i HX-
/2 HVBM: B/2 BbiQ :2M2' i2 T?vbB+ HHVKQ 2TH mbB#H2 M HvbBb 2Mb
2biBK iBQM 7Q  i?2 bi iBbiB+b #v //BM;i?2 +QMbi  BMib iQ i?2mT/ i2b Q"
#2 b BM 1[m iBQM kX98X aBM+2i?2 E HK MmT/ i2+ M HbQ #2 2tT 2bb2/

U+7X *?2[Ti2 kXjXRW #XBWHIiBBMBE/ MmK2 B+ H QTiBKBx iBQM T Q#H2Kb

KB
Xl
bm#D26@x[=0-12E M/f@n(xk) 0-m2I UkX8kV
1 . 1 ; 1 . . . .
rBidy= S0k x)TPR (e xg)+ Sk H )R My H (x):

M M HViB+ 7Q KmH iBQM Q7 bm+? T Q#H2K Bb MQi TQbbB#H2 BM/2T2N
2 i?2H2bb- i?2 HBM2 "BivQ  MQMHBM?2 "Biv Q7 i?2 Q#b2 p iBQM QT2  iQ
BX2X HBM2 - +QMp2t Q" MQMHBM2 0@\ &M Q \BpL2 | eMHEZ[MMYH B iiv? Plv

"2 HBbi2/ BM i?2 #Qp2 2[m iBOM- "2 BKTQ'i Mi7Q  i?2 +QKTH2tBiv Q7 i
i?72 :m > Mi22 Q7 ;HQ# H KBMBKmK UC MDBE 2i HX- kyROVX " b2/ QM M
Bb mb27mH iQ /BbiBM;mBb? i?2 7TQHHQrBM; +B +mKbi M+2b 7Q" i?2 #Qp
b2 6b :mB/2-| kyRN#- *? Ti2" kV,

. . HQ+ H
ivi2 Q7 | Q#D2+IBPZ  ypis BMip KBMBKMKp BH #H2 bQHMIiBQM
QTIBKBX IBQMmMM+IBQ '2[mB 2K2Mbt ;HQ# H H;Q Bi?Kb
T Q#H2K 2[mB 2K2Mi B M B K K
. . 2{+B2Mi [m / iB+
[m /> iB+ [m /° iB+- ﬁﬁﬁ% HZJSZH\'/BZ'E T°Q:" KKBM; H:Q 'Bi?Kb-
T°Q:" KKBM] HBM® ° BM2[m HBIv 2X:X +iBp2 b2i- BMi2 BQ
TQBMi
. . HQ+ HMQMHBM2 °
+QMp2t [m /> iB+- é_k;#\éé +2Q[I\T "Z'WBZ"k’) T°Q:" KKBM;:- 2X:X
T°Q:" KKBM] HBM® ° BM2Lm HBin b2[m2MiB H [m /" iB+
T°Q;° KKBM;
"HQ# H MOMHBM?2 °
MQMHBM2 | “#Bi' v “#Bi® v MO T°Q:" KKBM: Ubi "iBM;
T°Q:;" KKBM] MQMHBM2 MQMHBM2 ° HQ+ Hb2 “+22b i K Mv
TQBMibV

AM ++Q°/ M+2 rBi? i?2 } ' bi + b2- r?B+? Bb 7°2[m2Mi BM i?2 iKQbT?2 B+
i Mi T?2vbB+ H+QMbi® BMib "2 HBM2 - i?2 M2r H;Q Bi?Kr b+ HH2/ Zm /
UZS1MbV UC MDBE 2i HX- kyR9VX *2°i BMHv- Bi + M #2 TTHB2/ BM MQN
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kyRdV rBi? i?2 /Bb /p Mi ;2b Q7 ?B;?2  +QKTmi iBQM H /2K M/ M/ TQi2M

KBx iBQMX >Qr2p2 - Bi Kmbi #2 MQi2/ i? i i?2 2Mb2K#H2 K2 M Bb MQi 1

MQMHBM2 ~ +QMbi’ BMib 2 BKTQb2/ QM i?2 BM/BpB/m H2Mb2K#H2 K2K
b#2bi 2biBK i27Q 7Q 2+ biTm TQb2b- b2T " i2+QMbi> BM2/+ H+mH il

#2+QK2 M2+2bb “vX "2vQM/ i? i-i?2 ZS1Mb +QmH/ TQi2MiB HHv HbQ #2
K2i?Q/p UC MDBE Ri HX- kyR9VX

h?2 H;Q Bi?K mb2/iQ bOHpP2 i?2 KBMBKBX iBQM T Q#H2K b?QmH/ #2 +?2Q
2{+B2M+v- ++m > +v M/ Q#mbiM2bblULQ+2/ H M/ q B;?i- kyyeVX AMi?Bb
"2 "2bi'B+i2/iQ i?2 b2p2  H p BH #H2 QTiBQMb BM i?2 J hG " KkyRN# P°
QM2b Q7 "2H2p M+2 7Q  i?Bb rQ'F + M #2 bbB;M2/iQ i?2 7TQHHQIBM; irQ

C +iBp2@b2i K2i?Q/b, T'Q#H2K bQHp2/ b2[m2MiB HHv rBi? “2/m+2/ b2i
i?2b2 +iBp2 b2ib "2 mT/ i2/ 7i2 2 +? Bi2" iBQM

C BMi2’BQ @TQBMi K2i?Q/b, T Q#H2K bQHp2/ b2[m2MiB HHv rBi?Qmi
T2M Hivi2 Kb BM i?2 Q#D2+iBp2 7TmM+iBQM 7Q " p Hm2b +HQb2 iQ BM
T2M Hivi2 Kb 2 mT/ i2/ 7i2° 2 +? Bi2  iBQMX

q?BH2 BMi2 ' BQ @TQBMi H;Q Bi?Kb ? p2 i?2 #2M2}ib Q7 bK HH2 K2KQ
BM bQHpBM; H ;2 T'TQ#H2Kb- i?2B" T2M Hiv i2 ' Kb F22T i?2 bQHMIiBQM r
#OmM/ "B2b- r?B+? + M H2 / iQ bHB;?iHv "2/m+2/ ++m  +v Q7 i?2 "2bm
Ib2°6b :mB/2-|_kyRN#-*? Ti2 k) KQ'2i?7Q Qm;? BMi"Q/m+iBQM iQ +QMb
i?7 0 ;Q2b #2vQM/ i?2b2 +Q b2 /2b+'BTiBQMb Bb MQi ;Bp2M ?2°2X 6m’i?
BKTQ'i Mi BM i?Bb rQ FOob iQv KQ/2H b2iiBM; b Bi HHQrb 7Q bm{+B2Mit
+QKTmi iBQM H 2tT2Mb2 rBi? Mv Q7 i?2 p BH #H2 H;Q Bi?KbX >Qr2p2°
E mb?@Em?M@hm+F2  UEEhV QTiBK HBiv + Bi2°'B M/ p BQmbbQHmMIB
+2/ H M/ q[/B;?) UkyyeVX JQ 2Qp2 - 7Q ;HQ# HQTIiBKBx iBQM- i?2 :HQ4#
p BH #H2X

q?2°'2 bi?2ZS1Mb 2T 2b2Mib i?2 2t +ibQHmMIBQM Q7 i?2biQ+? biB+ 1ME!
+QMbi® BMib- KQ'2 TT QtBK i2- #mi BM +2°i BM TQBMib #2M2}+B H H
+QMbi’ BMib b bQ + HH2/ bQ7i +QMbi> BMib pB Tbh2mDQ@Q#0HLKX &B/QMb>
d Bbi?2M i F2M b Q#DB2 pTIBGMb-i?2 Q#b2 p iBIQMMZIT/MiQ2 KQ 2 MQMXx:
+QMbi® BMiiQH2 M+2b 2 bT2+B}2/ bp 'B M+2b Q7 /B ;:QM HTh2m/Qa@
i'BtX h?2 Hii2° pQB/b bBM;mH " Q#b2'p iBQM 2" °'Q" +Qp 'B M+2 K i'B
BHH@+QM/BIiBQMBM; T'Q#H2KbX h?Bb TT'Q +? '2[mB 2b H2bb +QKTmi |
2 bBHv #2 +QK#BM2/ rBi? MvivT2 Q7 }Hi2 -i?mb HbQ KQ 2 bQT?BbiB+ i
biQ+? biB+ 1ME6- M/ HHQrb 7Q° mM+2"i BMiv BM i?2 +QMbi> BMib- 2X;
2t +iHVv FMQrMX >Qr2p2° - +QMbi® BMib Kmbi #2 2[m HBiv +QMbi® BMib M/
#2 pBQH i2/- Hi?QmM;?2i?2Th2m/Q@Q#b2 p iBQM p "B M+2p|+ M #2 +?Qb?2

kXjX8 J2 bm BM; MQM@: mbbB MBiv

A7 mMMBp "B i2S.6Bb+QMbB/2°2/-i?2/Bbi'B#miBQM6b KQK2Mib "2 b+ H
K2 bm 2biQ ;> bT Bib b? T2X hQ :2i 722HBM: 7Q  Bib MQM@: mbbB MBi
Fm iQbBBR i "2 T'QTQ iBQM HiQ i?2i?B/ M/ 7Qm’i? Q /2  KQK2Mib- "2 ]
/Im2iQi?27 +ii? i: mbbB Mb "2 7mHHV /2i2  KBM2/ #vi?2 }'biirQ KQK2Mi
M/ ;2M2  HHw 2 ®2M/g=3X qBi? i?2 2t+2bb Fm iQbBb /2}M27 b 3
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bvbi2K /Bbi"B#miBQMb=0BimKERi M/ */ /2pB #AQWEO- =0 B7 MQi BM/B+ {2/
Qi?2° rBb2VX

h?2 #Qp2 BMi ' Q/m+2/ K2 bm ' 2b Q7 bF2rM2bb M/ Fm iQbBb T ' QpB/2 BMbl
BKTQ i Mib? T2 +? °~ +i2'BbiB+brBi? : mbbB M# b2/ QM bBKTH2 + H+mH
#bQHmMiI2 [m MiB}+ iBQM Q7 MQM@: mbbB MBivX 6Q  i?Bb-i?2 EmHH# +F
Q HbQ 2H iBp22Mi QTvV + M #2 mb2/-r?B+? +QK2b 7' QK bB;M H M/ BNMN
bi?2 BM7Q K iBQM ; BM 7 QK Q /B/Bib B BrpnBiG K} M
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Q' /2 BbBKTQ'i MibBM+2i?2 EG/Bp2 ;2M+2Bb MQi bvKK2i B+ iP¥b[m M
("Q+[m2i|2i HX-KkyRy)hQ + H+mH i2Bi7°QK b KTH2-i?2b KTH2&6b /Bbi |l
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aF2rM2bb- Fm iQbBb- M/ EG /Bp2 :2M+2 "2 K2 MBM:7mH QM } bi bB:?i

iBK i2 BM mMBp "B i2 b2iiBM;X >Qr2p2'- BM KmHiBp "B i2 + b2- i?2 K
M/ i?2 2biBK iBQM Q7 i?2 b iRTHRMr®H i2 i?2 EG /Bp2 ;2M+2 #2+QK2b /B
7Q°2-i?2 7Q 2K2MiBQM2/ K2i?Q/b iQ K2 bm 2 MQM@: mbbB MBiv "2 7 :
p B #H2b- K “;BM Hb2ib Q7 i?2?B:?2 @/BK2MbBQM H bi i2bT +2- Q" Qi?
U2X:X bmKbV i? i TT2 |2 bQM #H2X ("Q+[m2i 2i HX- kyRy)
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i J2i?Q/b
jXR A/2MiB+ H irBM 2tT2 BK2Mib

h?2 7TQHHOTrBM: +? Ti2' /2b+ B#2b i?2 b2imT Q7 i?2 B/2MiB+ H irBM 2tT2"
BM /2] B AM jXRXR-i?2 B/2 #2?BM/i?2;2M2°  H TT'Q +? Bb T 2b2Mi2/
JKTHQV2/ BM i?Bb rQ F M/i?2 +QM}:m" iBQM Q7 i?2 p BH #H2 bi i2 bT +:
7i2‘- jXRXk i?2 BMBiB HBx iBQM- BX2X i?2 +QMbi'm+iBQM Q7 i?2 BM
i72°21'B2p HQ7 "2H2p Mi BM7Q K iBQM 7°QK i?2 KQ/2H6b +HBK iQHQ:v
bvMi?2iB+ Q#b2'p iBQMb M/ i?2B T2 im'# iBQMb 7Q" i?2 pid+? biB+ 1M
p B #H2bi? i "2 mMM2tTH BM2/ BM i?2 7QHHQrBM; b2+[BQMb r2°2 BMi Q/
BM TT2M/Bt X

JXRXR ::2M2" H TT Q +7?

h?Bb rQ"F Bb MQi BK2/ ii?2 bb2bbK2Mi Q7 KQ/2H BKT2 72+iBQMb BM i
BKT Qp2K2Mi Q7 i?2 . mT/ i2 bi2T mM/2" i?2 bbmKTiBQM i? i /vM KB+b
"2 r2HH /2b+ B#2/ #v i?2 aF2H2iQM KQ/2HX h?2°27Q°2- M B/2MiB+ H irBl
b2M- K2 MBM: i? i bvMi?2iB+ 6i ' mi?6 M/ bvMi?2iB+ 6Q#b2 p iBQMbo r2°
rBi? 2t +iHV i?2b K2 KQ/2H p2 bBQM i? ir b mb2/7Q  i?2 2Mb2K#H2 T QT
bvbi2KbX 6Q  } bi bBKTHB}2/ 2tT2 BK2Mib-i?Bb Bb /p Mi ;2Qmb bi?2 KQ
iBQMbo S.6- BX2X i?2 /Bbi ' B#miBQM 7 QK r?B+? i?2 Q#b2 p iBQMb r2° 2 b
2 Q' MBM 1- Q  KBbbbT2+BGwiB@RR Q2 i?mb QKBii2/- M/i?22 °Q bQm +
JHi2Y "2 °2/m+2/iQ mM pQB/ #H2 b KTHBM; BKT2 72+iBQMb M/ MQM@: |
i7Qb2 + M #2 //°2bb2/ KQ 2 2 bBHvX 6m i?2 KQ 2-i?2 i'm2 bi i2 Bb ;Bp2
i72 bb2bbK2Mi Q7 i?2 BMp2biB; i2/. H;Q Bi?KbX >Qr2p2'-i?2 “2bmHib
irBM 2tT2 BK2Mib BM i?Bb rQ F +2 i BMHv M22/iQ #2 p2 B}2/ H i2° QM BM
mMbBM; MQM@B/2MiB+ Hf7  i2°M HirBMbQ "2 HQ#b2 p iBQMb-#27Q 2 }M

h?2 ivTB+ HaF2H2iQM KQ/2H b2imT i? ir b mb2/ 7Q  i?2 B/2MiB+ H irBM
i?72 7TmHHv i'mM+ i2/ MQMHBM2 ° /2i2‘KBM+ p2 " bBQM b BM 1[m iBQM
rBi? r " KTQQH # +F;"QmM/ i? i Bb /2b#2/ BM *? Ti2" kXkX9X Mv KQ/B
rBi? "2bT2+iiQ +2°'i BM T ~ K2i2 'b- bm+? b 2bT2+B HHv i?2r 'K TQQH Bl
i2°Qm;?2Qmii?2 7TQHHQrBM; +? Ti2 bX

h?2 . H;Q Bi?Kb r2°2 #mBHi "QmM/ i?2 T 22tBbiBM; aF2H2iQM KQ/2H +¢
irQ 7mM/ K2Mi HHv /Bz2 2Mi QTiBQMb-i? i "2 bmBi #H2 7Q  /Bz2 2Mii ::
}JHi2 BM; r b /QM2 BM T2whBraM bBi*2# +F M/ 7Q'i? p "B #H2 i’ Mb7Q K |
M/ 7i2° 2p2°vmT/ i2bi2T - "2bT2+iBp2Kv+vREQ-BMXDP72HOTKR2 KBKB+b K
*2 HBbiB+ bBim iBQM rBi? Q#b2'p iBQMb i? i "2 #2ii2° +QKT ~ #H2 iQ p
H ii2° HHQrb 7Q° KQ'2 /B 2+i BMp2biB; iBQM Q7 i?2 BKTQ i M+2 Q7 i?2
T?vbB+ H bi'm+im 2b BM . 7Q° JCP T 2/B+iBQMX >Qr2p2 - Bi b?QmH/ #2
i irbmb2/?2°2-biBHH bbmK2b HHp ‘B #H2biQ #2i?2 KTHBim/2b Q7 i’
K2'B/BQM HHv T°QD2+i2/ QM i?2 }'bi S*6- r?B+? KQM:bi Qi?2 bw2 Mb i-
*2 M2:H2+i2/X h?Bb Bb TQbbB#H2 #2+ mb2 Mv T QDR2+iBQWb M ?B:;?2
+ M#2+ H+mH i2/ 7°QK i?2 KQ/2H p "B[#Hi2b b BM 1[m iBQMb kXke- 2 M
+QM/BiBQM H QM i?2 T QID2GWMBI@R B @7 S*6X PM2 + M /2/m+2 i?Bb 7 QK i?
i?2 H ii2° "2 bm{+B2MiiQ + H+mH i2i?2 KQ/2[Hp B #H2b BM 1[m iBQMb |
7Q  i?2 T?vbB+ HbT +2 Bb 2bT2+B HHv #2M2}+B H 7°QK +QKTmi iBQM H
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/IBK2MbBQM Bb K BMi BM2/ i 7Qm  p "B #H2b rBi? K2 2Hv xQM H 2ti2M/ |
7°QK KQ/2H bT +2X h?2 2tT2 'BK2Mib 2 i?2°27Q 2 2[m HHv 2 bv iQ ? M
BM KBM/ i? i iB}+B H Q#b2 p iBQMb Q7 i?2b2 T?vbB+ Hp "B #H2b /Q M(

7mHH j. T?vbB+ H ;"B/- #mi > i?2  +QK#BM iBQMb Q7 Q#b2 p iBQMb i? i
+QMbB/2 2/ p2iB+ H M/ K2 'B/BQM Hbi'm+im 2bX

iXRXk AMBiB HBx iBQM M/ +HBK iQHQ:;v + H+mH iBQM

h?2 BMBiB HBx iBOQM Q7 i?2 aF2H2iQM KQ/2Hr b /QM2 rBi? i?2 2B;2MKQ/2
b /2b+ B#2/ BMTi2‘ kKXKkXjX >2M+2-i?2 BMBiB HHv T 2b2Mi r p2b +Qr
JCP- KQBBip Qbb#v M/ /'v _Qbb#v KQ/2b Q7 /Bz2k2MW /x N HB inpj2M m K# 2"
BXX X = X< XL UjXRV- 2;2BM BM/B+ i2b i FBM; i?2 "2 H T "iX
KQ/2H Bb /2i2 °KBMBbiB+ M/ ?QH/b irQ 2M2 ;v +QMb2'p iBQN T{BM+BTH?2
Bb TT "2Mii? ii?2 T°'QT2'iB2b Q7 KQ/2H 'mM "2 ?B;?Hv z2+i2/ #vi?2 B
BMBiB HBx iBQM mb2/BM i?Bb rQ Fr bi?2°27Q 2 +?Qb2M #v |[M HQ;v rBi?
M/ ai2+?2K MM UKKRRVI@P KQ/2- M/ i?2 /27 mHi KTHBimE00BXb2i iQ

7i2° i?2 KQ/2H BMBiB HBx iBQM M/ T°BQ  iQ Mv 2tT2 'BK2Mib- bTBM m
+QM/m+i2/-/m"BM; r?B+? i?2 KQ/2H +HBK iQHO;v +QOmH/ #mBH/ mT /m2iQ
iBQMb rBi?i?2r KTQQH # +F; QmM/ Ub226B;m 2dBMJ D/ M/ai2+?K M
Q7 i?2KQ/2HbBTBM mTVX h?Bbr b 7QHHQr2/ #v HQM;2 KQ/2H "'mM-r?Qb
+HBK iQHQ;B+ H 2Mb2K#H2X 6 QK i?Bb- bQK2 BKTQ i Mi +HBK iQHQ ;B
2X:X #Qmii?2 T 2+BbBQM rBi? r?B+? i?22 KQ/2H # +2b “2 22H/ Ub22
i?72 +HBK iQHQ;B+ H S.6 bm+? b +Qp[ B|M+2b Ub22 *? Ti2° 9XRXKV M/ i
BM BM/BpB/m Hp "B #H2bd /Bbi'B#MiBQMb Ub22 *? Ti2> 9XRX9VX h?2 }I
‘MM bmb2/ bi?2BMBiB Hi'mi?X JQ 2Qp2 -i?2 BMBiB H 2Mb2K#H2 7Q"
i?Bb +HBK iQHQ;v b Bi 2 bQM #Hv 2T 2b2Mib i?2 p BH #H2 T'BQ  BM7C
6m i?2 KQ 2- i?mb ;2M2" i2/ BMBiB H 2Mb2K#H2 K2K#2 b +QmH/ #2 b?Qr
Q7 K tBKmK TQbbB#H2 ° MF M/ iQ #2 TT QtBK i2Hv @ i?Q;QM H Ub22 *?
brB/2 bTQbbB#H2 T i Q7i?2bi i2bT +2X h?2b2 T QT2 iB2b r2°2 +QMbE
“2[MB 2K2Mib r2°2 BKTQb2/ QM i?2 BMBiB H 2Mb2K#H2 /m2 iQ Bib bm#Q"
[m HBiv 7i2° Bib bTBM mTX

h?2 b2H2+iBQM Q7 i?2 bi i2b 7Q  i?2 +HBK iQHQ:B+ H 2Mb2K#H2 M/ i?2
i? 11?227Q K2 "2~2+i M2[m HHv /Bbi B#mi2/bT2+i mK Q7 iBK2bi? " Qm;?C(
2 HHHQ+ i2/ ii?2b K2 b2 bQM HiBK2-i? irb +?Qb2M b bi 'iBM; TQB
+v+H2X Hi?Qm;? i?Bb "2[mB°2b M BMBiB HHQM; KQ/2H "mM Q7 b2p2°
M2+2bb 'vBMi?BbrQ FbBM+2 i?2 KQ/2Hr b mb2/rBi? mMB7Q K # +F; Q
rbM2p2 i?2H2bb BKTH2K2Mi2/ BM T'2T " iBQM 7Q 7mim 2 bim/B2b rBi?

iXRX] avMi?2iB+ Q#b2'p iBQMb

h?2 }Hi2 ' BM: mT/ i2 bi2Tr b BKTH2K2Mi2/ BM #Qi?- T?vhB+ H M/ KQ/2H b
#H2b r2 2 KBKB+2/iQ #2 Q#b2 p2/ /B 2+iHv7Q "2 bQMb Q7 bBKTHB+Biv
Q  Qi?2'rBb2 "2H i2/ p "B #H2b- i?2 bvMi?2iB+ Q#b2 p iBQMb r2°2 HbQ ;
h?Bb ? /i?2 /p Mi ;2 i? ii?2 Q#b2 p iBQM QT2  iQ r b Hr vb HBM2 ° M/
Q7 "2+i M;mH K i'Bt Q7TBEBXQOMHvV Yy Q° R b 2Mi'B2bX h?Qb2 r2°2 /2i2°
“#Bi° "vHQ+ iBQMb Q7 i?2 Q#b2 p iBQMb rBi?BM i?2 bi i2bT +2X JQ 2Qp
iQ #2 MM+Q "2H i2/- bm+? i? i i?2 Q#b2 p iBQM 2 °Q  +Qp 'B M+2 K i'Btr
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i'B2b- BX2X i?2p "B M+2b-r2'2bT2+B}2/ b T2 +2Mi ;2b Q7 i?2p "B #H2b
RyWrbi F2M b /27 mHip Hm2X 6m i?2 ' KQ '2-i?27°2[m2M+v Q7 i?2 Q#b2"

qBi? i?2b2 b2iiBM;b- i?2yQ#B22p, 2BIQMb2/ b : mbbB M * M/QK b KTH2 rBi-
“2MiiTmii?b K2 M M/ i?2 Q#b2'p iBQM 2°°Q " RRpb BQW+BKMi#BX h?2 T2 im"
Q#b2 p iB@Wb i? i "2 2[mB 2/ BM i?2 biQ+? biB+ 1ME6 b[2tTH BM2/ BM
bm#b2[m2MiHv 2[m HHv /> rM b MQ 'K HHv /Bbi'B#mi2/ > M/QK bi i2b 7°QK
M+2 K iRBt #mi rBi? i?2 Q#b3%ip bEKRMWMX 7i2  i? i- i?2,r KTHBIBQM HHv

+Q72+i2/7Q  i?2 b KTHBM; 2rf Qri BMLi®2XV MQ pQB/ mMBMi2MiBQM H +?
Q#b2 p MBR®AMD

6Q i?72+QMp2+iBp2 +iBpBiv-r?B+?Bb+QM}M2/iQ TQbBiBp2p Hm2b-i?2
/2°iQ 2Mbm 2 Mv Q#b2 p iBQMb M/ T2 amA2Q @20T2QpBBBYPMK @?Bb Bb 2tT:
T Q/m+2 #2ii2° }Hi2> "2bmHib bBi?2HTbiQ K BMi BM T?vbB+ HHv TH mbl
QWk M/ i?22°2 7i2y+#Hp®@2°2 #Qi? i° Mb7Q K2/iQb KTH2b Q7 i?2 HQ;MQ K H
i?2b K2K2 M M/ p "BxMi#2-*BoX2Xb: miy) UjXjV 7Q° 2Mb2K#WXK2K22 b
*.6. mbbM/ *.640:MH2 1?2 +mKmH iBp2 /Bbi'B#miBQM 7mM+iBQMb U*.6bV Q7 |
7°QK r?B+? i?22¥ KBH2rM- M/ i?2 HQ;MQ K H/Bbi'B#miBQM rBi? 2[m H K
"2bT2+iBp2HVX JQ 2Qp2 -i?2 #Qp2 /2b+ B#2/ b KTHBM; 2°°Q" +Q "2+iBC
+iBpBiv Q#b2°p iBQMb bBM+2 ; BM M2; iBp2 p Hm2b +QmH/ i?2 2#v #2 T
iBQM- i? i /Q2b MQi 2° b2 i?2 b KTHBM; 2°°Q" +QKTH2i2Hv- #mir b 7QmM
yk- 1?2 #Qp2 i’ Mb7Q K iBQM r b “2T2 i2/ BMLeWbBKBHlQE’;Ar@v;mB‘XMMH
UjX9VXi%-6xuBmi?2 *.6 Q7 i?2 HQ;MQ K H /Bbi'B#miBQM i? i ? bi?2 +im |
/2pB iBQM Q7 i?2 +m "2Mi b KTH2X AM i?2b2 i Mb7Q K iBQMb- HQ;MQ
bi2 / Q7 2X@/Bbi’B#miBIQVS. BIEM$Z 0 UjX8V 7Q° Mv “#Bi’ v p Hm2b Q7 |
p "B M+2X h?2 ' 2#v- +QKTmi iBQM H T Q#H2Kb "2 pQB/2/ M/ T?2vbB+ HI
Q#b2 p iBQMb Bb 2Mbm 2/X 6m i?2 ' KQ 2- i?2 HQ;MQ K H /Bbi'B#miBQM
bm{+B2MiHv bK HH T Q# #BHBIB2b Q7 p Hm2b +HQb2 iQ
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jXk .1 bbBKBH iBQM H;Q Bi?Kb

AM i?Bb b2+iBQM- /2i BH2/ BM7Q K iBQM Bb ;Bp2M QM i?2 BKTH2K2Mi i
i2bi2/X h?2 imMBM; Q7 i?2 mM/2 " HvBM; biQ+? biB+ 1MEG6 #vp "BQmb HQ -
QTiBQMb Bb T‘Mi2/BMijXRX h?2°2 7i2°- Bib 2ti2MbBQM #v M HvbBEL
BM XkXk-r?2"2i?2/Bz2 2Mi +QMbi> BMib M/ i?2 TTHB2/ QTiBKBx iBQM

BM jKkXj-i?2 Hi2 M iBp2 2 HBx iBQM Q7 Mv HBM2 ° M HvbBb +QMbi" B

iXkXR aiQ+? biB+ 1Mb2K#H2 E HK M 6BHi2"

b # bBb7Q  HH Qi?2° . H;Q Bi?Kbi? ir2°2b2i mTBM i?Bb rQ F- biQ
K2Mi2/ ++Q /BM;iQi?2 /b4 BTiBQM BM kXjXkX am#b2[m2MiHv- Bir b imh
M/ / TiBp2 KmHIiBTHB+ iBp2 BM~ iBQM # b2/ QM i[?2 K2i?Q/b 2tTH BM2/ E

6Q  i?2 +QMbi'm+iBQM Q7 i?2 HQ+ HBx iBQM K i'Bt-irQ /Bz2'2Mi TT Q +
#2 +QK#BM2/X L K2Hv- Bi +QmH/ #2 /2 °Bp2/ 7°QK i?2 +Qp "B M+2b BM i?
+H bbB+ H /Bbi M+2 /2T2M/2Mi / KTBM; +QmH/ #2 TTHB2/X h?2 7Q K2 r
bi2Tbi? i "2im M TQbBiBp2 b2KB/2}MBRKL]i B+ 2?QbRT2MtBEB2b2HV i?2 ivT
bi’2M;i? Q7 +Q "2H iBQMb BM i?2 +HBK iQHQ:v,

C + H+mH iBQM Q7 i?2 +HBK iQHQ;B+ H 2Mb2K#H26b +Qp 'B M+2 K i B

Ci Mb7Q°KBM; HHK i'Bt2H2K2Mib iQ i?2B" #bQHmi2 p Hm2b Ui?Bb T
iBQM p Hm2b-i? i /Q MQi +? M;2 bB;Mbr?2M TTHB2/iQ +Qp B M+2b-
bi*2M;i?b Q7 i?2 "2bT2+iBp2 +HBK iQHQ;B+ H+Qp "B M+2bV

C 2B;2Mp Hm2 /2+QKTQbBiBQM Q7 i?2K i'Bt M/ +QMbi ' m+iBQM Q7 bB#
7°QK HH 2B;2Mp2+iQ'b i@ 2B;2Mp Hm2b

C B7i?2K i'Btdé KBMBKmK 2Mi'v Bb M2; iBp2- //BM; Bib #bQHmi2 p Hm
z2+ii?2 TQbBiBp2 b2KB/2}MBi2M2bb- #mi T QNn+2b HQ+ HBx iBQM p

C b+ HBM; HH 2Mi ' B2b rBi? bi M/ "/ /2pB iBQMb Q7 i?2 +QM+2" M2/ p 'E
i?72 TQbBiBp2 b2KB/2}MBi2M2bb- #mi T Q2 ©0:+2-bBXQX HB > MB QMQpP "B hh 2
K i BtVX

h?2 BbQi'QTv # b2/ HQ+ HBXx iBQM K i"B+2b- i? i r2°2 mb2/ +QKTH2K2Mi
+ H+mH i2/ +HBK iQHQ;B+ H HQ+ HBx iBQM K i Bt-r2°'2 +QMbi m+i2/ 2B
+QKT +iHv bmTTQ i2/ TT QtBK iBQM #v : bT "B@*Q?M U:*V 7TmM+iBQM
/2i2°KBM2/ bi?2p Hm2 Q7 i?2 "2bT2+iBp2 7TmM+iBQM 7Q" i?2 /Bbi M+2 #2
h?2 /Bbi M+2 i? i /2}M2b i?2 bi M/ / /2pB iBQM Q7 i?2 : mbbB M- Q  i?2 +
+ b2 Q7 :*7mM+iBQM- +QmH/ #2 +?2Qb2M 7 22HvX 40D00FK V2BD77i@2iP2Q +
"272°°2/iQ b HQ+ HBx iBQM " /Bmb- 2X 06 KEQH# HBx +RQMB KBH2b Q7 p
rBi? /Bbi M20QOQFK ‘2 / KT2M2/ #v X+iQ2 : mbbB M HQ+ HBx iBQM QTiE
TH2K2Mi2/ //BiBQM HHV iQ i?2 :* 7TmM+iBQM #2+ mb2i?2 2 bviQ ? M/H2
rQ'F /B/ MQi BKTHv Mv M2+2bbBiviQ mb2 +QKT +iHvbmTTQ i2/ 7TmM+iB
2tT2Mb2X h?2°27Q 2-i?2 +?2QB+2 r b i F2M bm+? i? i i?2 #2bi }Hi2 [m HB
HQ+ HBx iBQM i2+?MB[m2 Q7 i?2 #Qp2 T 2b2Mi2/- M/ r?B+? HQ+ HBx iB
"2 KQbi bmBi #H2-r b BMp2biB; i2/ 2tT2 BK2Mi HHv Ub22 *? Ti2  9XkXRV

"2bB/2b i?72 HQ+ HBx iBQM- M //BiBQM HBM~ iBQM Q7 i?2 # +F; " QmM/
/12 bi2T iQ +QmMi2° +ii?2 2K BMBM; p B M+2 mM/2 2biBK iBQMX hQ +¢
7 +iQ -irQ Qm;? bbmKTiBQMbr2 2K /2X 6B biHv-/m2iQ i?2 mM+H2 ~ +C
iQ iI?72 2Mb2K#H2 bT 2 / /2+°2 b2 M/ i?2 H +F Q7 Qi?2 TQbbB#Hv KBbbb
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KQ/2H 2°°Q - i?2 }Hi2  /IBp2 ;2M+2 #v BM# 22/BM; r b +QMbB/2°2/iQ #2 +
"Q bX M/ b2+QM/Hv— i?72 HQ+ HBx iBQM r b bbmK2/iQ #2 T2 72+i- BX2)
7 QK i?72 +Qp B M+2 K i BtX gBi? i?2b2 TT QtBK |BQM311 i+#?Q rd H F2; "HBnHM /
#2 "2b+ H2/iQ K22ii?2 KQmMi Q7 p B M+2i? ir bi?2Q 2iB+ HHv 2tT 2+
Q7 i?2 T 2pBQmb mﬁf’/)(ih’bZZZ?Q‘Z- i?72 BM~diBOQM ¥ HrQnH i2/ b i?2 [mQiB
#2ir22M i?2 i° +2 Q7 i?2 M HvbBb +Qp "B M+2 K i'Bt b ;Bp2M #v i?2 M H\
i?72 HQ+ HBx2/ # +F;"QmM/ 2°°Q" +Qp "B M+2 K i'Bt- BX2X i#RPf?2Q 2iB+
M/ i?2 i +2fp "B M+2b Q7 i?2 +im H2Mb2K#H2 /2 'Bpg(PMVvbBb +Qp "B

v
m ﬁtr C P2 [C PPIH] Hi[C PPIHT + Ry 1Hk[C PP

- . UjXeV
LT PR,y tr pa J

S

*2°i BMHvV-i?Bb T°Q+2/m 2 Bb QMHvV TTHB+ #H2 BM iQv KQ{2tQmHIBM; b
#2mM zQ'/ #H2 BM + b2 Q7 ?B:?2  bi i2bT +2 /BK2MbBQMb M/ Bb MQi p2°
BMi?2HQ+ HBXx iBQM i2+?MB[m2X u2i- BM KQbi+ b2b BM i?Bb i?2bBb- Bij |
2Mb2K#H2 bT 2 / rBi? i?Bb K2i?Q/X h?2°27Q 2- Bib TTHB+ iBQM b22K2/
rQ'Fr bMQii?2 H;Q Bi?KB+ BKT Qp2K2MiQ7i?2 1ME6imMBM;X PMHv BV
QM i?2 Q#b2 p iBQM Hb2imT-i?2 / TiBp2 BM~ iBQMr b MQibm{+B2MiiQ "
i72 2Mb2K#H2 bT 2 /- T'Q# #Hv /m2iQ //BiBQM H2 'Q bQm +2b Q  KBbbl
Air bi?2M +QKTH2K2Mi2/ #v M //BiBQM H +QMi® iMi B M2m BEDMBA HBV im
BM2 +?2 + b2 b2T * i2HVX

h?2 BM~ iBQM +QmH/ BM T°'BM+BTH2 #2 TTHB2/ Hi2 "M iBp2Hv iQ i?2
mT/ i2 bi2T rBi?Qmi Mv +? M;2b BM i?2 + H+mH iBQM Q7 i?2 BM~ iBQM 7
BM~ iBQMr b +?2Qb2M BM Q /2 iQ pQB/i?2/2bi'm+iBQM Q7 TQi2MiB H M
iQ KBiB; i2i?2 Q++m "2M+2b Q7 M2; iBp2 +QMp2+iBp2 +iBpBivp Hm2b B
Hii2>+QmH/ TT2 ° MvrvB7 MQ +QMbi°” BMiiQ TQbBiBp2 p Hm2br b mb2/
"2H t iIBQM Q7 Mv M2; iBp2 +QMp2+iBp2 +iBpBiv p Hni2bbBBKITH 2 KI2 N B Bb
h?2vr2°2 MQi b2i 20 BBMMWIRI?Bb rQmH/ ? p2 +QKTH2i2HV T 2p2Mi2/ Mv +Q
HmiBQM ii?2 +QM+2 M2/ :'B/TQBMi BM i?2 bm#b2[m2Mi KQ/2H T QT ; iBC(
"2H iBQMb?BT BM 1[m iBQMb kXk8X

i XkXk Zm /7 iB+ S°Q;  KKBM; 1Mb2K#H?2

hQ i2bii?2BM~m2M+2 Q7 +2°i BM M HvbBb +QMbi® BMib QM i?2 }Hi2 [m F
2ti2M/2/iQ M 2Mb2K#H2 Q7 +QMbi> BM2/ QTiBKBx iBQM T Q#H2Kb b /2b+
HbQ MQMHBM2 * +QMbi’ BMib ? p2 #22M BKTH2K2Mi2/- i?Bb H;Q 'Bi?K
#2 + HH2/ Zm /> iB+ S'Q;" KKBM; 1Mb2K#H2 UZS1MbV|BM M HQ;viQ C M
Q#b2 p iIBQM QT2  iQ r b HBM2 ° b RtT|H BM2/ BM *? Ti2 jXRXj-i?22 +Qbi
Aib KBMBKBxXx iBQM +QmH/i?mb #2 "27Q KmH i2/ BMiQ i?2 7TQHHQrBM; T°Q
Q7 i?2 Q#D2+iBp2 7mM+iBQM Bb +H2 "Hv pBbB#H2 M/ Bib >2bbB M M/ ;’
KBB/L szT T+(HXE)TR X R, Zh+ Hix ' ykTRlekxELzL
Ujxdv
bm#D2eXQr X2, 2l)=0-12E M/f@n(x)'+ X2 z) 0-m21:

>2 X bB;MB}2bi?2b[m "2 ‘QQi Q7i?2HQ+ HBx2/# +F;"QmM/ 2 Q" +Qp °
#v*’7QH2va/2+QKT(PﬁB¢B>QM( BMPX3V- M/ p "B #H2 i NB78 KhBQM
K /2 rBig = xp'+ X zk UIXNVX b |?Bb| Mb7Q K iBQM Bb HBM2 - Bi/Q2b MC
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HBM2 " Q" MQMHBM2 "M im 2 Q7 i?2 +QMbi> BMibX

AM T'BM+BTH2- Mv +QMbi’ BMib +QmH/ #2 BKTH2K2Mi2/ BM i?2 ZS1Mb
bQHP2/ rBi? MQMHBM2 > T°Q:  KKBM; H;Q Bi?KX >Qr2p2°- 7Q " "2 bQ\
'2M2° H +QMbi’ BMib r2'2 mb2/ BM/2T2M/2MiHv Q7 i?2 bi i2 bT +2 BM r?B
/IBIBQM H KQ 2 bT2+B}+ +QMbi  BMib- i? i +QmH/ QMHv #2 2tT 2bb2/ BM
T?vbB+ H bT +2-12°2 K /2 p BH #H2 2t+HmbBp2Hv 7Q  i?2 }Hi2 ' BM:; BM ¥
irQ + i2;Q°B2b- HH +QMbi> BMibi? ir2°2b2i mTBMi?BbrQ F "2 HBDbi2/ E

C :2M2° H +QMbi® BMib

+QMbi’> BMib Q7 i?2 /QK BM BMi2;" i2/ T?vbB+ H KQ/RE ¥ WMM+2b-
iQi HEW 2M2 :B2b Ub2[2 *}2 Ti2® kXkX9V- iQ i?2 i'mi?6b p Hm2bc +
KTHBim/2b Q7 i?2 p "B #H2b6 T'QD2+iBQMb QM i?2 }'bi S*6 BM K
T?2vbB+ HDbT +2 p "B #H2b- M/ rBi? MQMHBM2 * +QMi ' B#miBQMb
S'6.p R

1 .
ME = ( +0q 1 oly)dy UiXRyV M/ i

= 2 — _

TE:PX Yrotirs +t3 +La Tin@ 1 olydy UJXRRV
+QMbi> BEi Q7 QtBK i2/ b HBM2 'Bx iBQM "QmM/i?2# +F;"QmM/
2M2 ;vc + H+mH i2/ 7 QK i?2 T?vbB+ HbT +2p B #H2b b #Qp2
+QMbi> BMi Q7 i?2 /QK BM BMiDM V2iQ i?K ibmi?6b p Hm2 UbBM+2
b?QrM BM 2 "HB2 bim/B2biQ TH v TQbbB#H2 BKTQ il Mi QH2 Ub2
bim?H M/ €kMRB¥- Bb MBKTQ'i Mi# H M+27Q K MvLgS KQ/2Hb-
Bib HQMg iBK2 p2' ;2 BMi?2 aF2H2iQM KQ/2HVc + H+mH i2/ 7°QK
DM =, 1 oy)dy UjXRkV
+QMbi® BMi Q7 +QMp2+iBp2 +iBpBiviQ TQbBiBp2 p Hm2bX

C *QMbi° BMib p BH #H2 7Q }Hi2 ' BM; BM KQ/2H bT +2

+QMbi® BMib Q7 i?2 KQBbibi iB+2M2 ;v-iQi H2M2 ;v- HBM2 "Bx2/
i?72i " mi?6bp Hm2 rBi? i FBM; BMi ++QmMi //BiBQM HHv Mv p Bl
QM ?B;?2 Q'/2°S*6 b /2 'Bp2/ K1[m iBQMb kXkeX

h?2 HBM2 "Bx iBQMb "QmM/ i?2 # +F; QmMf (29 2 f/(@M2 rf6g)XBM; iQ
UjXRjVX 6Q  i?2 KQ 2 bQT?BbiB+ i2/ + H+mH iBQMb Q7 i?2 T?vbB+ H +Q
?B;?2° Q'/2° K2'B/BQM H /Bbi'B#miBQMb Q7 i?2 p "B #42b- HH +QMi B3
r2B;%2/ ++Q'/BM; iQ i?2B" K2'B/BQM H BMi2; iBQMR#v}+QO|(<y7dmi=iBQM Q
1:8828- 1  o(y)dy=1:3313- 7 ofy) oy)dy=1-7 ofy) 2(y)dy=0 M/ 2(y) 2(y)dy=
1X JQ'2Qp2°-i?2H bi MQMHBM2 " i2°K Q7 i?2 iQi H2M2 ;v 2[m iBQMr b

Zl

[S  oWMIIN(A  o(y)dy =
z ! Z,
Sin(A) . o(y)dy + S . o)In( o(y)dy =

24 Z1 g% 2 . UiXR9V
Sin(A) - o)dy+S 5 (%) dy=
4

Ady:

Bl @D

SI(A) — o)dy+S @ In( §) ofy) _zs
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SIn(A)  o)dy+S In( ) oydy —2Z:

1
2

g?BH2 BM + b2 Q7 }Hi2"'BM; BM KQ/2H bT +2 i?2b2 2ti2MbBQMb Q7 i?2 +Q
M/ Mv HBM2 * +QMbi’ BMib bi v HBM2 “-i?2v rQmH/ #2 KQ 2 +QKTHB+ i2
bT +2X

h?2 H;Q'Bi?K 7Q" i?2 +QMbi> BM2/ QTiBKBx iBQMb BM i?2 ZS1Mb +QmH/
7TmM+iBQMb 6[m /T ' Q;6 M/ 67KBM+QM6-i? i "2 KQbi bmBi #H2 7Q " bKQUC
;7 KKBM;- "2bT2+iBp2HvX h?2v +QK2 rBi? b2p2° HbQHpP2 b- Q7 r?B+? i?C
rQ'F+ M#2 bbB;M2/iQi?2irQ;2M2"  H H;Q Bi?KB++ i2;,Q B2b Q7 BMi2 B(
+QMp2to 7Q  6[m /T ' Q;6c 6BMi2'BQ @TQBMi6 7Q° 67KBM+QMo6V Q° +iBp:
Ob[TO- Ob[T@H2; +v06-06 +iBp2@b2i6 7Q 67KBM+QM06V K2i?Q/bX h?2 mM/:
M/ /> r# +Fb Q7 i?2b2 irQ +H bb2b "2 /2pb+|B#2/ BM *2 Ti2® kXjX9X AM T
H2 /iQ bm{+B2MiHv ++m” i2 bQHmMIBQMb 7Q  i?2 Tm TQb2b Q7 i?Bb rQ F
Q7 ;"2 i BKTQ'i M+2 BM i?2 iQv KQ/2H b2iiBM; M/ MQi BM i?2 7Q+mb Q7
i?72K +QmH/ #2 b2H2+i2/ rBi?Qmi BM~m2M+BM; i?Bb i?2bBbd "2bmHibX u2i
H;Q Bi?Kb r2°2 mb2/ BM 7 pQ " Q7 i?2B" bHB;?i /p Mi ;2 BM bT22/X 6m’i
b2iiBM; 2p2M #2M2}+B H B7 bQHmMIBQMb ii?2 #QmM/ Q7 i?2 QMHvV TQi2\
TQbBiBpBiv Q7 +QMp2+iBp2 +iBpBiv- "2 BM?B#Bi2/ #v T2M Hiv 7mM+}|
+QMp2+iBp2 +iBpBiv2[m HiQ x2 QT 2p2Mi Mv /vM KB+b BM +QMp2+iBp
TQBMiX "2bB/2b i?Bb +?QB+2 Q7 i?2 H;Q Bi?K M/ bQK2 T > HH2HBx iBQ
rbK /2 2; '/BM; +QKTmi iBQM H 2{+B2M+vX JQ 2Qp2 - HH 2tT2 'BK2Mib
rBi? QMHv HQ+ H QTiBKBx iBQM 2p2M BM T 2b2M+2 Q7 MQMHBM2 = +QM
b22K2/ bm{+B2MiiQ i2bii?2 "2H2p Mi2z2+ib QM i?2. [m HBivX >Qr2p2 - Q
rBi? i72J hG " 7mM+iBQM 6:HQ# Ha2 "+?6-i? i mMb HQ+ H KBMBKBXx iB
RyyyV Q7 miQK iB+ HHv ;2M2" i2/ bi "iBM; TQBMib-r b //BiBQM HHv Bl
HQ+ H bQHpP2 X u2i- Bib bm++2bb /2T2M/b QM r?2i?2° QM2 Q7 i?2 bi 'iB}
Q7 ii° +iBQM Q7 ;HQ# HKBMBKmMK-bm+?2i? ii?2 2im M2/ QTiBKmK + M \

J Mv Q7 i?2 H:Q Bi?Kbo /2i BHb| "2 /2b+ ' B#2/ BM PTiBKBx iBOM hQQH?
M/ i?2 7TQHHQIrBM; HBMFb "2 7m i?2 ' KQ 2 T QpB/2/ 7Q  i?2B  +QKT 2221

C ;2M2° H/2b+'BTiBQM Q7 [m /T Q; rBi? HBbi Q7 HH b2iiBM;b,
20iTh,ffrrr XK i2rQ FbX+QKf?2HTIQTIiBKfm;f[m /T Q;X?iKH
C /2i BHb Q7 [m /T°Q; bQHp2 b6 H;Q Bi?Kb,
21iTbh,ff/2XK i?2rQ ' FbX+QKf?2HTfQTIiBKfm;f[m /° iB+@T Q; KKBM;@ +
C ;2M2° H/2b+ ' BTiBQM Q7 7KBM+QM rBi? HBbi Q7 HH b2iiBM;b,
20iTh,ffrrrXK i?2rQ " FbX+QKf?2HTfQTiIiBKfm;f7TKBM+QMX?iKH
C /2i BHb Q7 7TKBM+QM bQHp2'bd H;:Q Bi?Kb,
20iTh,ff/I2XK i?2rQ FbX+QKf?2HTfQTiBKfm;f+QMbi® BM2/@MQMHBM2 °
C ;2M2° H/2b+ BTiBQM Q7 :HQ# Ha2 "+? rBi? HBbi Q7 HH b2iiBM;b,
20iTbh,ffrrrXK i?2rQ " FbX+QKf?2HTf; /bf;HQ# Hb2 "+?X?iKH
C /2i BHb Q7 i?2 :HQ# Ha2 "+? H;Q Bi?K,
20iTh,ffrrr XK i2rQ FbX+QKf?2HTTf; /bf?Qr@;HQ# Hb2 "+?2@ M/@KmHIB

h?2 /27 mHi b2iiBM;b Q7 i?2 H;Q Bi?Kbr2 2 MQi +? M;2/2t+2Ti 7Q bT2+E
>2bbB Mb Q7 i?2 Q#D2+iBp2 7TmM+iBQM M/ +QMbi" BMib-r?B+? vB2H/b 7
i72°'KQ'2-7Q° Mv MQMHBM2 " KBMBKBx iBQMb-i?2 # +F;"QmM/ 2Mb2K#H
TQBMibX JQbi BKTQ i Mi 7Q  i?2 bQHmMIBQMbd ++m™ +v i?Qm;? "2i?2iQ
M/ i?2 p Hm2b Q7 i?2 biQTTBM; + Bi2'B X h?2 H ii2° "2 i?2 HQr2  #QmM/
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K2 bm 2 ++Q /BM; iQ i?2 EEh@+QM/BiBQMb- QM i?2 bi2T bBx2- M/ QM i?
iBQMbp Hm2- br2HH bi?2 K tBKmK MmK#2 b Q7 Bi2" iBQMb M/ Q7 7TmM+
+ M MQi bBKTHV #2 +?Qb2M b bK HH b +QKTmi iBQM HHv zQ'/ #H2 bBM
“2bmHi BM ?B;:?2° ++m +v-#mi+ M HbQ T 2p2Mi bQHp2 7 QK 2+Q:MB:
m2/ mb2H2bb Bi2" iBQMbX AiBb 7Q  i?Bb 2 bQM-i? ii?2/27 mHi b2iiBM;
r2HH +?2Qb2M M/ MQi KQ/B}2/X

iXkXj aQ7i +QMbi’ BMib

/IBIBQM HHViQi?2 2t +i +QMbi° BMibBM i?2 ZS1Mb- QTiBOM HbQ7i +QM
b /2b+ B#2/ BM[*2]Ti2" kXjX9 r2°2 BKTH2K2Mi2/ 7Q° Mv HBM2 * +QMbi"
“2bi*B+iBM:i?Bb TT'Q +?iQ QMHVHBM2 " "2H iBQMb?BTb-i?22ti2M/2/ Q:
HBM2 “- r?B+? bBKTHB}2/ i?2 +QKTmi iBQMbX M DXi2K HHUJX RBWI 22 i+Q
rb BKTH2K2Mi2/ b bQ7i +QMbi° BMi rBi? M Q MRC2 BX2QMbb 2 B M @DHD2 M
P B M+2-BMi'Q/m+2/i?2 7TQHHQrBM: +? M:2b iQ i?2 Q#b2'p iBQMb- Q#b:
2°°Q  +Qp 'B M+2 K i'Bt,

H 0 R 0
Hknew = Ok D ; Rignew = Ok RC;
UjXReV
M/ Yinew = ):jk

AM+ b2 Q7 HBM2 'Bx2/-Q°B;BM HBV MO NMHBMZ2+BQMbQ i BMTI)QBMi "QmM
i?72 HBM2 "Bx iBQM r b K /2-i?mb KQbiHv /Bz2 2Mi # +F;"QmM/ bi i2 7Q
K2K#2 X AMi? i+ b2-i?2bQ7i +QMbi~ BMib ~2[m BlIx2adwb MYgndd FOQHATH 1B C
MT/ i2b Q7 i?2 2Mb2K#HR2 KBK#2/ DK mMHi +2Qb2M b R W Q7 i?2 +QM+2 M2
T°QT2 iveb +HBK iQHQ;B+ Hp "B M+2X
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jXj .B ;MQbiB+b

AM i?2 7TQHHQrBM;- i?2 /B ;MQbiB+b i? i r2°2 mb2/iQ bb2bb i?2 . bvbi2
rBi? bQK2 ;2M2° H p2 B}+ iBQM K2i'B+b 7Q" i?2 ++m’ +v Q7 bi i2 2biBK
M/ 7Q i?2 2Mb2K#H[2 b|T 2 / BM jXjXR- KQ 2 bT2+B}+ 2p Hm iBQM Q7 i?:
BM/BpB/m Hi"QTB+ Hr p2ivi2b BM i?2 aF2H2iQ®M KQ/2H- Bb T 2b2Mi2/ BN
. OM +QMb2°p iBQM T QT2 iB2b M/ i?2 2Mb2K#H26b S.6 b? T2 +|M #2 Q#
ijg- *2bT2+iBp2HVX G biHv- i?2 +QKTmi iBOM Q7 xQM Hr p2MmK#?2
+ M#2 mb2/iQ pBbm HBx2 i?2 JCP bB;M H +QKT ~ #H2 iQ i?2 q.2H2‘@EE
Bb QmiHBM2/ BM jXjX8X

jXjXR :2M2° H p2'B}+ iBQM K2i'B+b

6Q° # bB+ bb2bbK2Mi Q7 Mv. bvbi2KrBi?i?2B/2MiB+ HirBM 2tT2 BK2N\
K2i'B+b r2°2 b2i mTX h?2b2 "2 MQi bT2+B}+ HHvi BHQ 2/ 7Q  i?Bb rQ F¢
"2T°2b2Mi iBQM Q7 MQM@: mbbB M bi iBbiB+b Q  i?2 JCP- #mi ;Bp2 722
BM FMQrH2/;2 Q7 i?2 i mi?X h?2°27Q°2-i?2 bi M/ "/ K2 bm 2b Q7 "QQi K2
Tii2M +Q " "2H iBQMfS2 "bQM +Q "2H iBQM +Q2{+B2Mi US**V-i? i + M #2
Tm#HB+ iBQMb-r2"2 /QTi2/ 7Q  i?2 2p Hm iBQM Q7 i?2 +m "2Mi #2bi 2bil
h?2vr2'2 +QKTH2K2Mi2/#v K2 bm™27Q i?2 2H iBp22Mb2K#H2bT 2 / U_
bT2 /BM "2H iBQM iQ i?22 "Q Q7 i?2 #2bi 2biBK i2X h?2B" /2i BH2/ + H-
2tTH BM2/ BM i?2 7TQHHQNMBM ;-2722@ /BK2MbBQM H p2+iQ b Q7 i?2 +HBK |
M/ bi M/ “/ /12pB iBQM- "2bbBR+NBg2HVXTQBMirBb2 /BpBbBQM- M/ [/Bz2 2
#2ir22M i?2 #2bi 2biBK X2 MV iR2RBAD 2K# K2 K2mM? i? ii?2b2 K2 bm™2b +Qm|
#2 TTHB2/BM + b2 Q7 b2T " i2+ H+mH iBQM Q7 i?2 #2bi 2biBK i2 BM 7m
7Q° i?2 rA@HBK2MbBQM H bi i2 bT +2- Mv Q7 i?2b2 p2 B}+ iBQM K2i B+kh
+ H+rmH i2/ 7Q° QMHv bm#b2i- 2X;X bT2+B}+p B #H2- Q7 i?2 bi i2 bT +
C _QQiK2 Mb[m "22°"Q  U_JalV Q7 i?2 #2bi 2biBK i2rBi? "2bT2+iiQi?
iBQM Q7 i?22 "Q'bBMi?2 #2bi 2biBK i2 b+ H2/ #v i?2 +HBK iQHQ;B+

p Hm2k [0A ],
r

1 .
RMSE = = X2 Xp o= ¢ x2 xi = ¢ UjXRdV

C S2 "bQM +Q "2H iBQM +Q2{+B2Mi US**V- Q7i2M HbQ 272 °2/iQ b T
#2bi 2biBK i2 M/i?2i ' mi?c K2 bm 27Q i?2 +Q "2H iBQM #2ir22M i?2 |
2biBK i2 M/i?2 i"mi?c TQbbBHB2]p Hm2b "2

PCC= g q : UjXR3V
XL c th c X3 ¢ Xp c

C 2H iBp2 2Mb2K#H2 bT 2 / U_laVc ' iBQ #2ir22M i?2 K2 M #bQHmi2
K2K#2 b 7°QK i?2B K2 M M/i?2K2 M #bQHmi2 /2pB iBQM Q7 i?2 #2b
HH +QMi B#miBQMb b+ H2/ #v i?2 "2bT2+iBp2 +HBK iQHQ;B+ H bi M/
2[0;1]-#mi b?QmH/ #2 i2QQrM;2Qmi i?2 r?QH2 }HiI2 ' BM; T'Q+2bb B7i?2 2
"2 :QQ/ 2T 2b2Mi iBQM Q7 i?2 BMb2+m 'BivBMi?2 M HvbBbD,

RES = P - : UjXRNV



i XjXk g p2 BM/B+2b

6Q" i?2 bb2bbK2Mi Q7 i?2 . H;Q Bi?Kbd #BHBiv iQ }Hi2 i?2 /BbiBM+i |
BM i?2 aF2H2iQM KQ/2H- BX2X /'v E2HpBM- JCP- KQBbi _Qbb#v M/ /'v _
iQ i?72 JCP BM/2t- r?B+? Bb /2b+ [B#b/ BM *? Ti2" kXkX8-r2°2 b2i mT 7Q"
mb2 i?2 b K2 BMMM X @BM+2 KQbi TQr2° BM i?2 aF2H2iQM KQ/2H Bb 2tT
r P2MmMK#22 b1;2,39 ;00 ex- b PBbB#H2 BM i?2 M im 2 "mM6b TQrd |[bT2+i m}
QMHV i?2B° +Q "2bTQM/BM; 2B;2Mp2+iQ b r2°2 i F2M BMiQ ++QmMi 7Q" |
JCP BM/2t- M QTiBQM H T 2+2/BM; }Hi2 BM; Q7 i?2 KQ/2H QmiTmi 7Q" i?
Q%+vy 'icp 37wy YUiXkyV r b BKTH2K2Mi2/iQ K F2 i?2 2ti° +iBQM Q7 JCP
"Q#mbiX >Qr2p2 - i?Bb Bb QMHvV K2MiBQM2/ b i?2Q 2iB+ H QTiBQM- #m
7Q° bm{+B2Mi b2T * iBQM Q7 i?2 JCP 7°QK i?2 Qi?2  r p2b M/ r b i?mb M
2tT2 ' BK2MibX h?2 T ii2"Mb BM i?2 iBK2 2pQHmMiBQM Q7 i?2 r p2 BM/B+2]
‘mM M/ 7QmM/iQ b?Qr +H2 “Hv /BbiBM+i T'QT2iB2b i? i + M #2 bbQ+B |
/Bz2 2Mir p2 ivI2b UH22[*? Ti2' 9XRX8VX

h?2 + H+mH i2/ bB:M Hb 2T 2b2Mi i?2 bT iB H- i?mb BM i?Bb i'mM+ i2/
iBOM Q7 i?2 r p2bd bi'2M:i?bX h?2°27Q°2- i?2 T ii2"M +Q "2H iBOM M/
BM/B+2b +QKT "2/iQ i?2 i mi?6b +Q "2bTQM/BM; BM/B+2b r2°2 + H+mH i
7Qi?2 }Hi2 BM; bFBHH rBi? "2bT2+iiQ i?2r p2bX h?Bb { b//QM2|M HQ:;Q
[22°2i?22 BM/B+2b "2TH +2 i?2 "2bT2+iBp/bi i2i22  OHBKMIQHQ B+ H K2 |
bi M/ “//2pB iBQMb Q7 i?2 BM/B+2bX

iXiXj *QMb2'p iBQM T QT2 iB2b

hQ b22 2Qr # H M+2b BM i?2 aF2H2iQM KQ/2H "2 z2+i2/ #vi?2 }Hi2 BM;-
BKTH2K2Mi2/ M HvbBb +QMbi’ BMib- bQK2 T'QT2'iB2b Q7 i?2 #2bi 2biB
+QmMH/ #2 + H+mH i2/ i HH iBK2 bi2Th i?°Qm;?2Qmi i?2 2tT2 'BK2MibX h-
BKTH2K2Mi2/ +QMbi’ BMib b /2f+ B#2/ BM *? Ti2  jXkXk-i?2 T?vbB+ H +
K bb+ H+mH i2/7°QKi?2p "B #H2b T°'QD2+iBQMb QM i?2 }'bi K2'B/BQM H
K2'B/BQM H +QKTQM2MibX 6m i?2 KQ 2- i?2 7QHHQIBM; i?°22 +QMb2
?2H/ BM i?2 KQ/2H6b i'mM+ i2/ H;Q Bi?Kr2°2 bb2bb2/,

P 4K .
CCR _, % +R UjXKRV
_ 5 1 B i
(;Ck_PX 2|<+pﬁ Q Q¥+ F5) UjXkkvV
. 2 2R2 le) H/ . .
CCj= ,Ki+3R +2(1Q6)(% s %)2+H—% %In(A) UjXkjVX

iXjX9 S.6b? T2 /B ;MQbiB+b

AM Q' /2 iQ K2 bm'2i?2 MQM@: mbbB MBiv T 2b2Mi BM i?2 KQ/2H6b +HB
#H2-i?22 +QKTmi iBQMb Q7 bF2rM2bb- 2t+2bb Fm iQbBb M/ EG@/Bp2 ;2N
*? TinX8 r2z 2 mb2/X h?2vr2°2 QMHv TTHB2/ mMBp B i2Hv iQ bBM;
TT Q +? F2Tii?2+ H+mH iBQMb bBKTH2 M/ r b+QMbB/2 2/ bm{+B2Mi /m:
i?7 iBb H'2 /vT 2b2MiBM +QMp2+iBp2 +iBpBiv-i?2p B #H2rBi?i?2bi Q
; B/ITQBMibX

hQ /2i2 ' KBM2 i?2 EG@/Bp2 ;2M+2 Q7 b KTH2-BibS.6b? T2? /iQ#2 TT
#v /IBbi B#miBM; HH b KTH2 2H2K2Mib BM #BMb M/ bm#b2[m2Mi b+ HBM;
i?72B° BMi2;" iBQMBAIXHI®P2 +QMbi m+iBQM Q7 T Q# #BHBiv /2MbBiv b+
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bi2TrBb2 ®r6b ; BM2/- i? i +QmH/ i?2°2 7i2° QTiBQM HHv #2 bKQQi?2/ 1
KQpBM; p2 ;2bX * BiB+ H 70Q Mi?R?Imd T22Q#+m  +v Q7 i?2 EG@/Bp2 ;2M
"2i?2°27Q 2 KQbiHV i?2 7°22HVv b2H2+i #H2 MmK#2 Q7 #BMb M/ i?2 bKQ
i?Bb T°Q+2/m 2 rQmH/ ? p2 #22M iQ mb2 F2'M2H bKQQi?BM; 7Q " i?2 2biBH
7QMM/ iQ #2 Km+? KQ 2 T QM2 iQ 2" Q'b/m2iQ mMbmBi #H2 +?QB+2b Q7
bF2r2/ /Bbi'B#miBQMbX 6Q  i?2}M H+ H+mH iBQM Q7 i?2 EG@/Bp2 ;2M+
. mbbB M §.r8Bi? i?2 b K2 K2 M M/ bi M/ / /2pB iBQM r2°2 +QKTmi2/ i i?z
#BMbX h?2 BMi2;" iBQM r b bm#b2[m2MiHv +p + 8 i GiiZMpik/en Bor B MWK B\7
Mv #BMb r2°2 2KTiv #v +? M+2 M/ MQ bKQQi?BM; r b yTTHB2/-i?2 +QMi’E
EG@/Bp2 ;2M+2 r2°2 /B0-2bBHW+2ii?iQJ hG " +QKTrp(k)i|rB(%E§§ @D (1)
UjXk9V rQmH/ Qi?2°rBb2 "2bmHIiBM L L bQmiTmi 7Q)1ni%2 0?7 QP2 BMi2;" H

jXjX8 SQr2  bT2+i

"2bB/2b i?2 #Qp2 /B ;MQbiB+b i? i HH HQQF i+2i BM T 'QT2'iB2b Q7 i?

+2°i BM iBK2- i?2 XQM H r p2MmK#2 @7 2[m2M+v TQr2  bT2+i° Q7 i?2
+QmH/ #2 + H+mH i2/ /m BM; }Hi2 BM; M/ 7Q 2+ biX h?2°27Q°2- irQ@/E
XQM H bT +2 M/ iBK2r b TTHB2/iQ i?2 KQ/2H /i X Hi?Qm;? i?22 TQr2"
BM7Q 'K iBQM #Qmii?2 ++m’ +v Q7 i?2}Hi2 6b 2bmHi i ;Bp2MiBK2-i?2
BMiQ i?2 TQi2MiB H 2K2 ;2M+2 Q7 M2r 'iB}+B Hr p2 ivI2b Q i?2 ii2Mm
ivT2b /m2 iQ . X L2p2 i?2H2bb- BM i?Bb rQ F-i?2vr2°'2 QMHvV mb2/ 7Q  i?
T QT2'iB2b U{7)X 6B;m 2 kX8VX
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9 _2bmHib
9XR _2H2p Mi +HBK iQHQ:B+ HT QT2'iB2b Q7 i?2 aF2H2iQM KQ/

AMi?Bb +? Ti2 -i?22 +HBK iQHQ:B+ HT QT2 'iB2b Q7i?2 aF2H2iQM KQ/2H
mb2/ BM i?Bb rQ F 2 /2b+ B#2/ M/ pBbm HBx2/X h?2 7Q+mb Bb i?2 2#v
“2H2p Mi7Q . M/ Bib bb2bbK2MiX hvTB+ H iKQHTZ2 B+ bi i2b "2 b?2Qr!
*2bT2+iiQ i?2B° Q'i?Q;QM HBivBMi?2bi i2bT +2X am#b2[m2MiHv-i?2 K
*2; "/IBM;i?2p B #H2bo6 +Qp "B M+2b BM T7vbB+ H M/ KQ/2H bT +2 BM 9>
M/ H;Q Bi?KB+ #[H M+2b BM 9XRXj- M/i?2 KQmMi Q7 M@@: mbbB MBi
BM 9XRX8-i?2 2tT 2bbBQM Q7 i?2 7Qm  r p2 ivT2b BM i?2 aF2H2iQM KQ/?
Q7 i?2r p2BM/B+2biQ M im 2 mMX

9XRXR hvTB+ H iKQbT?2 B+ bi i2b

0.025 ; 0025

-0.025 -0.025

-0.12 -0.12
10 20 30 10 20 30

% (1000 km) %x (1000 km)

6B:m 2 9XR, ky BMBiB H 2Mb2K#H2 K2K#2 b BM T?vbB+ H UH27iV M/ KQ/
iQHQ:B+ HDbi i2b +QHH2+i2/ 7°QK ky v2 b Q7 KQ/2H bBKmH iBQMX
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HQQF i ky@K2K#2 BMBiB H2MH2K#H2 U+7X 6B;m 2 9XRV-i? ir b 2i E
bT +2 7°QK +HBK iQHQ;v- b?Qrb i?2 ivIB+ H /BK2MbBQMb M/ T ii2 Mb Q
BM i?2 aF2H2iQM KQ/2HX Ai b?QmH/ #2 MQ-AIQA i M2 p QB M 22 H v
A® "2 B/2MiB+ H BM #Qi? bi i2 bT +2bX JQ 2Qp2 - HH p "B #H2b "2 TT'Q
K :MBim/2 M/ #Qmi Q'i?Q;QM H U+7X 6B;m 2 9XkVX h?2 bi i2b +Qp "B |
TQbbB#H219BFM @Qi? bT +2bX

physical filtering space model filtering space

6B;m 2 9Xk, P'i?Q;QM HBiv K2 bm'2b Q7 i?2 #Qp2 ky BMBiB H 2Mb2K#H:
KQ/2H U 'B;?iVbT +2-+ H+mH i2/ #vi?2b+ H T Q/m+ib b+ H2/#v i?2 b[m
P2+iQ° H2uy; 2P X

Xijixij

9XRXk *Qp "B M+2b

model filtering space

6B;m 29Xj, *Q "2H iBQMK i'B+2bUBX2X +Qp "B M+2b b+ H2/#vi?2T Q/n
bi M/ */ /2pB iBQMbV Q7 Ryyy@K2K#2' +HBK iQHQ:;B+ H 2Mb2K#H2 BM
bT +2X

h?2 iviB+ H+Qp "B M+2b BM i?2 aF2H2iQM KQ/2H r2 2 /2 'Bp2/ 7°QK H 7;
2Mb2K#H2 U+[7X 6B:m 2 9XjVX JQbi MQiB+2 #H2 Bbi? ii?2 +QMp2+iBp2 +
Qi?2  p "B #H2b rBi?BM M "QrbT iB H+Q "2H iBQM H2M;i?- M/ KQ'2Qp
#2ir22M +QMp2+iBp2 +iBpBivp Hm2b i /Bz2 2Mi ;"B/TQBMib ? p2 M2;HB
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TT QtBK i2Hvi'm2 HbQ 7Q  i?2gKkB rinB2?pBB?HH2p2°  KQ 2 bi " QM;Hv HB
["vIvM KB+bX HH+Qp "B M+2b b?Qr bi QM;/Bbi M+2/2T2M/2M+2-r?Qb?2
QM i?2 +QM+2"M2/ p "B #H2b M/ ;"B/TQBMibX Ai Bb H “;2bi 7Q  i?2 BMi
i2KT2  im 2 Q  i?2 bim+im 2 Q7 i?2 /v E2HpBM r p2 BM i?2 T?vbB+ H Q
6m’i?2 KQ 2-i?2°2 "2b2p2  HQz@/B ;QM H+Qp B M+2 T2 Fbr?B+? BM/
rBi? xQM Hr p2MmK#2" kX

9XRXj " H M+2b

b) ME

0 . . . . . . . . .
0.25 -0.2 015 -01 005 0 005 01 015 02 0.25

TE

mean=7.649
mean=8.8231

relative frequency
(=]
[

%1073
oM
186 0.1 . ‘ . o

0 \ . \ . . . . . \
-1.6 -1.28 096 0.64 0.32 0 032 0.64 096 1..28 1.6
value of balance function

0 250 500 750 1000
climatological ensemble member

c) 14 c1
0 x 10 Wﬁ
e W 7
5 . \ ,
10 c2
15 »x 10
0.75
0
%104 C3-mean(C3)
2 mean=6.0332
0
-2 L 1 1
0 250 500 750 1000

climatological ensemble member

6B;m 2 9X9, Vp Hm2b Q7 T?vbB+ H# H M+2b BM Ryyy@K2K#2 +HBK iQ
7°QKT?vbB+ HbT +2p B #H2b-BX2X T°'QD2+iBQMb QMHV QM i?2} biS*6
Mv p BH #H2 +QMi B#miBQMb 7 QKT QD2+iBQMb QM ?B;?2 Q /2 S*6bV-
iQ 2T 2b2Mi "2H iBp27°'2[m2M+B2b-+V p Hm2b Q7 H;Q Bi?KB+ +QMb2 p

h?2 Ryyy@K2K#2  +HBK iQHQ:B+ H 2Mb2K#H2r b 7m i?2 KQ 2 mb2/iQ BM
B+ H# H M+2b M/ H;Q 'Bi?KB+ +QMb2'p iBQM T QT2 iB2b-i?[i |2 /2b+"E
"2 TMH}HH2/ BM i?2 KQJ2H U+7X 6B;m 2 9X9VX AM ;2M2° H- HH [m MiBi
+QMb2'p2/ Qp2° iBK2 rBi? /Bz2 2Mi KQmMib Q7 Qb+BHH iBQM “OmM/ i?
Hii2 BbH “:2bi 7Q" i?2 /v K bb-r?B+? Bb MQi +im HHv +QMb2'p iBp2 B
QMHV +QMb2'p2/ BM Bib HQM: iBK2 p2' :2X aK HH2' Qb+BHH iBQMb i?
MmMK2 B+ H2'Q'b "2 T 2b2Mi BM i?2 T?vbB+ HKQ/2H # H M+2b- BX2X K¢
Ai Bb 2bT2+B HHv MQiB+2 #H2 i? i i?Qb2 2 #2ii2° 22H/ B7 + H+mH i2/ QN
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QM i?2 } ' bi S*6- i?mb M2;H2+iBM;
b +QMbi® BMib M/ /B ;MQbiB+b i? " Qm;?2Qmi

mb2/
QME -TE - QDM

+QMb2 p iBQM T QT2 iB2b- r?B+?
I"B7ilCBRMMICK M/ bQK2r? i H

Mv ?B:;?2° Q /2" +QMi'B#miBQMbX 6Q

HH T 2b2Mi2/ 2tT2 BK

2727 iQ i?2KX 6BM HHv-bm#D2+iiQ 2t+HmbBp2HvV MmK2 B+
"2 i?mb p2'v r2HH +QMb2 ' p2/ rBi? QMI

“:2°- #mi biBHH bKCHX 0DD2 B HHT CEREB\RD B M

ME M/i?2 HQM: iBK2 PR 22Q7i?2Q 2iB+ Hp HmM2 Q7 y /m2iQ i?2B" HBM?

iBQM rBi?
TE "2 MQMx2'Q/m2iQ MQMHBM?2
9XRX9 LQM@: mbbB MBiv
0.75 skewness ‘
o,oz'gt o . Nl #
0.22 3 e - i
X
0.75 excess kurtosis
o,oz'gt . R — i
0_,022 o < ' - w = - 1
0.75
0.05 KL-divergence
0.04 -
0.03 -
0.02 - . . sl
0.01 | ‘-'\. R _‘."v‘, e L '*“_-":H-‘ -
0 - ]
u g q ;

6B;m 2 9X8, aF2rM2bb- 2t+2bb Fm iQbBb M/ EG@/Bp2 ;2M+2 BM

HH BMpQHp2/ p "B #H2b #2BM; /2pB iBQMb 7 QK C4 +M{ QmM/

“i2 Kb M/ i?2 BMpQHpP2K2Mi Q7 #bQHr

skewness

P L Sl

YL o
g o

excess kurtosis

- .
. T
.

-

KL-divergence

Rl it el

Ryyy@

BM T?vbB+ HUH27iV M/ KQ/2H U B;?iV bT +2- 2Q BXxQMi H #Hm2 HBM2 |
/2pB iBQM BM i?2/v/vM KB+ p 'B #H2b M/ KQBbim'2-EG@/Bp2 ;2M+2 +
p2° ;2 bKQQi?BM; Qp2 Ry #BMbX

M/ KQpBM;

climatological PDFs of convective activity at selected gridpoints
T T T T

70 T T
pdf histogram

60 - — pdffit
a o/ — — —corresponding Gaussian
£50 - & . pdf histogram 7
g —— pdffit
1:_‘ a0 corresponding Gaussian | |
= s
330+ "
B \‘ e
2 = e
5 20 )é/ :1,:\ .

- e
10 + S N
‘x\ = ..
0 | L N 1 e
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

convective activity value

6B;m 2 9Xe, S'Q# #BHBiv /2MbBiv b+ H2/?BbiQ; Kb Q7 +QMp2+iBp2 +iB
EG@/Bp2 ;2M+2 U#Hm2V M/ bK HH2bi # +F;"QmM/ 7Q +BM; U 2/V- bmT?2
TmM+iBQMb rBi? b K2 K2 Mb M/ bi M/ "/ /2pB iBQMb b mb2/7Q  i?2 EG@/

h?2 MQM@: mbbB MBiv BM i?2 KQ/2H r b 2t KBM2/ #v i?2 + H+mH iBQM
bF2rM2bb- 2t+2bb Fm iQbBb- M/ EG@/Bp2 ;2M+2 b /2b+ B#2/ BM *? Ti2
+HBK iQHQ;B+ H 2Mb2K#H2 U+7X 6B;m 2 9X8VX q?BH2 22 /v /vM KB+ p
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BK i2Hv : mbbB M /Bbi'B#mi2/ rBi? QM p2" ;2 QMHv bHB;?iHv TQbBiBp2
i?72°2 Bb bB;MB}+ Mi MQM@: mbbB MBiv BM i?2 +QMp2+iBp2 +iBpBivX h
:BQMb Q7 bK HH # +F;"QmM/ 7Q +BM;- BX2X QmibB/2 Q7 i?2r "KTQQHX
i? 11?22 2M? M+2/ bF2rM2bb Q7 +QMp2+iBp2 +iBpBivBM i?Bb "2 Bb MQi
Q7 p HmM2b p2°'v +HQb2 iQy b QM2 +QmH/ 2tT2+i i TQbBIiBQMb rBi? bK H
i?72p "B #H26b bi'B+i TQbBiBpBiv +QMbi® BMiX AM 7 +i-rBi? i?2 KQ/2H p2
ii?72 ;"B/TQBMib rBi? i?2 ?B;?2bi bF2rM2bb Q  rBi? i?2 bK HH2bi # +F; Q
+iBpBiv /Bbi B#miBQM Bb TQbBiBQM2/ rBi? QIE-IZ T, T #Qp2y U+7X 6B;m
i72S.6b? T2b Q7 i?2 Qi?2 p "B #H2b TT2 * " i?2 " mM z2+i2/ #vi?2 KQm
i?72 +QMp2+iBp2 +iBpBiv /IBbi ' B#miBQM + M #2 2tTH BM2/ #v i?2 r2 F +Q1
i7Qb2irQp "B #H2 ;°QmTb b p2dM BM *2 Ti2® 9XRXkX

9XRX8 @ p2ivi2b 2tT 2bbBQM

dry Kelvin

moist Rossby dry Rossby

time (days)

10 20 30 10 20 30 10 20 30 10 20 320
% (1000 km) % (1000 km) % (1000 km) % (1000 km)

6B;m 2 9Xd, >QpK°HH2 /B ;" Kb Q7i?27Qm r p2 BM/B+2b /m BM; R v2 "~
bTBM@mTX

Mim 2 "'mM Q7 QM2 v2 ° 7i2° bm{+B2Mi KQ/2H bTBM@mT rb M Hvx2/
[Bz2 2Mir p2ivi2bBM i?2 aF2H2iQM KQ/2H #v + H+mH iBQM Q7 i?2r p2 B
[(XjXkX h?2B° >QpK°HH2" /B ;{ Kb U+7X 6B;m 2 9XdV b?Qr i?22 2tT2+i2/ i\

M/ T? b2 bT22/bX JQ 2Qp2'- bQK2 p "B #BHBiv BM i?2B" bi'2M;i? Qp2°
+H2 ~ +Q "2H iBQM #2ir22M i?2 KQBbi KQ/2b- BX2X i?2 KQBbi _Qbb#v r p
MQi2/i? i1i?2b2 "2bmHibr2 2 +?2B2p2/rBi?Qmi Mv T 2pBQmb }Hi2"BM; 7Q

++0Q°/ M+2 rBi? i?2 :0Q/ T2 '7Q K M+2 Q7 i?2 aF2H2iQM KQ/2H # b2/ JCP

b bii2//BM ai2+?K MM |M/|J D/ UkyR8VX
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9Xk aiQ+? biB+ 1Mb2K#H2 E HK M 6BHi2" "2bmHib

AM i?2 7TQHHQIBM:- i?2 "2bmHib 7Q  i?2 }Hi2'BM: rBi? i?2 biQ+? biB+ 1ME
T ibX 6B biHv- i?2 /2°Bp iBQM Q7 i?2 QTiBK H HQ+ HBx iBQM 7 QK HH
r2HH b BM KQ/2H bT +2- M/ 7Q" /Bz2 2Mi 2Mb[2KK¥H2 bBx2b Bb T 2b2Mi2/
BM~m2M+2b Q7 Q#b2 p iBQMb Q7 i?2 /Bz2 2Mip ‘B #H2b BM iP2 IME6 "2
h?2°27Q°2-i?2B" BKT +ib QM i?2 ;2M2° H }Hi2  [m HBiv M/i?2 T 2/B+i #B
r2HH QM i?2 +QMb2'p iBQM T QT2 iB2b M/ i?2 2Mb2K#H2 bi iBbiB+b *2°

9XkXR GQ+ HBx iBQM imMBM;

physical filtering space model filtering space

6B:m 2 9X3, *HBK iQHQ:v # b2/ HQ+ HBx iBQM K i"B+2b + H+mH i2/ 7°Q
2Mb2K#H2 BM T?vbB+ H UH27iV M/ KQ/2H U B;?iV bT +2X

h?2 #2bi HQ+ HBx iBQM 7Q  i?2 biQ+? biB+ 1ME6 r b BMp2biB; i2/ 2tT2 B
iBQMbi? i "2 /2b+‘B#2 *?2 Ti2  JXkXRX h?2°27Q 2-} bi-i?2 +HBK iQH
BM T?vbB+ H M/ KQ/2H bT +2r2°'2 + H+mH i2/ 7°QK i?2 +Qp "B M+2b BM i
2Mb2K#H?2 U+|ﬂ 6B;m 2 9X3VX am#b2[m2MiHv- i?2 /Bz2 °2Mi HQ+ HBx iB(
M/fQ  /Bbi M+2 /2T2M/2Mi ++Q /BM;iQ : mbbB M Q' : bT 'B@*Q?M U:*V
+ HBx iBQM-"r2Behbbb2bb2/X aBM+2 i?2 HQ+ HBx iBQM b?QmH/ T°'BK "BHv
i?72 +Qp B M+2 2biBK iBQM-i?Bbr b/QM2 7QN #vM2Z B 2BUON KHHI2 B B Qb
bi2Tb 7Q° 2 +? HQ+ HBx iBQM QTiBQM- ; BM mbBM; i?2 +HBK iQHQ;B+ H

C b2H2+iBQM Q7 Ryy T2 KKH2KBfQMb7rBIR i?2 Ryyy +HBK iQHQ;B+ H bi iz

C + H+mH iBQM Q7 i?2 +Q "2H iBQM K i'B+2b Ub+ H2 Qp B M+2 K i E
i72 T2 ' Kmi iBQMb

C HQ+ HBx iBQM Q7 i?2 +Q "2H iBQM K i'B+2b

C +QKTmi iBQM Q7 i?2 "2H iBp2 +Qp 'B M+2 T ii2°M 2°"Q b #v TQBMirEB
#2ir22M i?2 T2 Kmi iBQMbo6 +Q "2H iBQM K i'B+2b 7°'QK i?2 Ryyy@K2K
RYyyy@K2K#2  +Q "2H iBQM K i Bt

C p2 ;BM;i?2 #bQHmMi2 p HM2b Q7 i?2 "2H iBp2 +Qp B M+2 T ii2 M 2°

Ci FBM;i?2K2 MQ7i?2i?mb; BM2/2 "Q K i Bt b}M H2 "Q K2 bm"2;:
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physical filtering space model filtering space

5 - 5
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— & —Gaussian without climatology based localization
[ # Gaspari-Cohn without climatology based localization
"’T' — & —Gaussian with climatology based localization
o4 | 4 = Gaspari-Cohn with climatology based localization
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6B;m 2 9XN, G2 bi +?B2p #H2 UBX2X 7Q  i?2 #2bi HQ+ HBx iBQM ~ /Bmb\
Q7 2Mb2K#H2 bBx2b BM T?2vbB+ H UH27iV M/ KQ/2H U B;?iV bT +2- 7Qm
i2+?MB[m2b, /Bbi M+2 /2T2M/2Mi HQ+ HBx iBQM #v : mbbB M Q' : bT 'E
//IBIiBQM H +HBK iQHQ;v # b2/ HQ+ HBx iBQMX

localization radius estimation

1.5
: |--@-- physical filtering space
— & —model filtering space
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6B:m 2 9XRy, GQ+ HBx iBQM " /BB rBi? i?2 bK HH2bi +Qp "B M+2 T ii2"1
b2K#H2 bBx2- 7Q" /Bbi M+2 /2T2M/2Mi HQ+ HBx iBQM #v : bT 'B@*Q?M
HQ+ HBx iBQM- irQ HBM2b 7Q  T?vbB+ H M/ KQ/2H bT +2X

h?2 Qmi+QK2 Q7 i?Bb T Q+2/m ' 2r2°2b+ H K2 bm™2b7Q i?2 2K BMBM;
HQ+ HBx iBQM rBi? i?2 /Bz2 2Mi i2+?MB[m2b M/ 7Q /Bz2 2Mi 2Mb2K#H?=
+HBK iQHQ;v # b2/ HQ+ HBx iBQM b?QmH/ #2 TTHB2/- M/ r?2i?2 Bi K F2
*7mM+iBQM Bb mb2/ 7Q" i?2 /Bbi M+2 /2T2M/2Mi/ KTBM;-i?2 bK HH2bi

QTiBOMb-BX2X i?7Qb27Q i?2 QTiBK HHQ+ HBx iBQM "~ /BB-r2"2 THQii2/
6B; ' 9XNVX h?2 "2bmHib BM/B+ i2i? i BM/2T2M/2Mi Q7 i?2 2Mb2K#H?2 |
b BM KQ/2H bT +2-i?2 +HBK iQHQ;v # b2/ HQ+ HBx iBQM Bb mb27mH M
#2ir22M i?2 HQ+ HBx iBQM #v : mbbB M Q :* 7TmM+iBQMX Air bi?2°27Q"
+HBK iQHQ;v # b2/ M/ :* HQ+ HBx iBQM 7Q i?2 7m i?2 2tT2 BK2Mib BM

i?2[m HBiv Q7i?2 +Qp B M+2 2biBK iBQM + M #2 F2Ti TT QtBK i2Hv +Q1
#v [/ TiBQM Q7 i?2HQ+ HBx iBQM ™ /Bmb- M/ Bb KQ 2Qp2 bBKBH "7Q i?

89



b2+QM/ bi2T-i?2 i?mb b2H2+i2/ HQ+ HBx iBOMr b 2t KBM2/ 7Q" 1?2 QTIiE
QM2 rBi? bK HH2bi 2 °Q p Hm2- bm#D2+i iQ i2Mb2K#H2 bBx2 U+7X 6B
/IBz2 2Mi #2? pBQ  /2T2M/BM; QM i?2 bi i2 bT +2, AM T?2vbB+ H bT +2-i?2
BM+ 2 bBM: rBi? i?2 2Mb2K#H2 bBx2 M/i?2°2 Bb MQNM 220X @M +QMQ +biHB
BM KQ/2H bT +2- iB;?2i HQ+ HBx iBQM rBi? QMHvV r2 FHv BM+'2 bBM: HQ+
b?QmH/ #2 TTHB2/X h?2b2 }M/BM:b "2 BM ;QQ/ : 22K2Mi rBi? i?2 2tT2
[m HBiv Q7 i?2 1MEG6 rBi? /Bp2'b2 HQ+ HBx iBQM * /BB M/ 2Mb2K#H?2 bB
HH 7QHHQIBM; 2tT2 BK2Mib r b b2H2+i2/ # b2/ QM i?2b2 “2bmHib- r?2°2
+72Qb2M iQ #2 8y K2K#2 bX

9 Xk Xk bb2bbK2Mi Q7 /Bz2 2Mi Q#b2 p iBQM H b2imThb

h?2 Q#b2 p iBQMb Q7 /Bz2 2Mip "B #H2b + M p v H ;2Hv BM i?2B" BKT
iQ i?2B" /Bz2 2Mi BMi2 /2T2M/2M+B2b rBi? Qi?2  p 'B #H2b M/ ; B/TQBM]
"2 T "iB+mH "Hv ?2HT7mH 7Q  i?2 }Hi2 'BM; Q7 i?22 aF2H2iQM KQ/2H M/ 2
2tT2 BK2Mib r2°2 "mM rBi? i?2 bi M/ */ b2imT b|/2b% Bl#2/BM F? [Ti2 b jXF
AM 2 +?2 Q7 i?Qb2- QMHvV QM2 pq 8-k H)R -2Bb?Q#b2 p2/ i 2p2°v 7Qm’i? ; B/
M/ iBK2 bi2T- BX2X rBi? /Bbi M+2b BM bT 2520 MK i BIE@ QK AW QAX } bi
70m> 2tT2 BK2Mib-i?2 mT/ i2 bi2Tr b T2 7Q K2/ BM T?vbB+ HbT +2- BM
M2Mb2K#H2 bBx2 Q7 8y K2K#2'br b +?2Qb2M M/ i?2 HQ+ HBx iBQM * /Bm
bm;;2biBQM BNl *? Ti2> 9XkXR b yXk9 Q' yXR8X //BiBQMN R +QMDi MI BM
2 +?2 2tT2 'BK2Mi b2T " i2Hv b RXyyy9- RXyyRy- RXyyy8- R BX2X MQM2-
h?2 . rb mM7Q 8v2 'bBMi?2 KQ/2H bBKmH iBQM- 7TQHHQr2/ #v 8 v2
mMM/2 HVBM; i'mi? Bb i?2 b K2 BM HH 2tT2 ' BK2MibX

h?2 “2bmHib Q7 i?2 2tT2 'BK2Mib “2[T Pb2Mi2/ BM 6B;m 2 9XRR 7Q" i?2
2pQHMIBQMb Q7 i?2 /Bz2 2Mi T?vbB+ H M/ KQ/2H p "B #H2b M/ BM 6B;nm
2Mb2K#H2 K2 MX 6Q° #2ii2° Qp2'pB2r-i?2 K BM BMi2 2biBM; Qmi+QK2b

C ATQMHVTQi2MiB Hi2KT2 im 2Bb Q#b2 p2/-i?2}Hi2 " [m HBivBbbT2
p B #H2b M/ i?2JCPX h?Bb Bb BM ;QQ/ +Q "2bTQM/2M+2 rBi? i?2 }M/
H2 bi 2tT 2bb2/ BM i?2 TQr2 bT2+i mK Q7 TQi2M Hi2KT2 im 2 U+7

C . rBi? Q#b2 p iBQMb Q7 xQM HrBM/ Q  KQBbim 2 b?Qrb i?2 #2bi Qp2°
i2°Qm;?Qmi HHp B #H2b M/ r p2 KQ/2b- HbQ i?2 JCPX

C P#b2 p iBQMb Q7 +QMp2+iBp2 +iBpBiv "2 #2M2}+B H7Q i?2 }Hi2 BN
iQ T'2p2Mi i?2 1ME66b /IBp2 ;2M+2 BM i?2 /°v/vM KB+ p "B #H2bX h?I
bK HH +Qp "B M+2b #2ir22M +QMp2+iBp2 +iBpBiv M/i?2 Qi?2 p "B #
}Hi2" HHr p2ivT2b- HbQ i?2JCP-rBi? QMHvV +QMp2+iBp2 +iBpBiv Q#
bi'2bb2b i?2B° BKTQ i M+2X

C h?2 }Hi2 ' BM; bFBHH i? i Bb +?B2p2/ 7Q i?2 KQBbim 2 M/ +QMp2+iB
7Q i?2/°v/vM KB+ p "B #H2bX h?Bb + M #2 2tTH BM2/ #v i?2B" bK H|
+QMp2+iBp2 +iBpBiv HbQ #v Bib MQM@: mbbB MBivX

C h?2/'vr p2b+ MBM;2M2" H#2 #2ii2 }Hi2 2/i? Mi?2 KQBbir p2bX >C
+ b2b MQi T 2/B+i #H2 Qp2  HQM; iBK2- T'2bmK #Hv /Im2 iQ i?2B" 7 bi

C P#b2 p iBXMb QMQi #2M2}+B H 7Q" }Hi2'BM; i?2 T?vbB+ H p "B #H2
T 2/B+i #BHBiv Q7 i?2 KQBbir p2 ivT2bX Ai BRXKQI 2Qm b#2¥2n 2 i QQQH B ¢
i?Bb Bb i?2 p2°v7 bi Qb+BHH iBQM Q7 i?2 E2HpBM r p2X

C P#b2 p iBRM®RQGQ "2H i2/rBi? ;QQ/}Hi2"BM; bFBHH 7Q /'VE2HpBM |
QR rBi? ;QQ/}Hi2"BM; bFBHH 7Q  2bT2+B HHv /'v- #mi HbQ KQBbi _
BKTQ i M+2 Q7 i?2B  +Q "2bTQM/BM; mM7Q +2/ bi m+im 2b 7Q  i?2b2
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6B;m 2 9XRk, aBt2tT2 BK2MibrBi? Q#b2 p iBQMb Q7 /Bz2 2Mip "B #H2b

i 2p2°'v7Qm'i? ; B/TQBMi M/ iBK2 bi2T-8v2 b Q7 }Hi2 BM;-bm#b2[m2
i?72 +QHmMKMb b?Qr 7Q" i?2 /Bz2 2Mir p2ivTi2b BM i?2 aF2H2iQM KQ/2H i
+Q 2H iBQMb U#Hm2VX

AM //BiBQM iQi?2 #Qp2 T 2b2Mi2/ 2 'Q [2pQdHMiBQMb- 6B;m 2b 9XR] M/
BM~m2M+2b QM i?2 2Mb2K#H2 bi iBbiB+b- 22 2 2bT2+B HHv i?2 bF2rM2b
KQ/2H6b T?vbB+ H M/ H:Q 'Bi?KB+ +QMb2'p iBQM T QT2 iB2b br2HH b |
qBi? "2bT2+iiQ i?Bb-BM T "iB+mH " i?2 TQHHQrBM: + M #2 2K “F2/,

C h?2bF2rM2bb Q7 +QMp2+iBp2 +iBpBivr b 2/ m+2/-#mibi v2/bHB;?iH:
Qmii?2. BM HH2tT2 ' BK2MibX Ai +QmH/ #2 #2bi K BMi BM2//m ' BM; }}
/IBbi'B#mi2/ Q#b2°p iBQMb Q7 +QMp2+iBp2 +iBpBivX

C h?2 "2H iBp2 2Mb2K#H2 bT 2 / +QmH/ #2 K BMi BM2/ rBi?BM BM i?2 |
HH 2tT2'BK2MibX h?Bb Bb #Qp2 i?2 2Mb2K#H2 bT 2 /i? i Bb TT Q -
/| TiBp2 BM~ iBQM 7 +iQ " /2+°2 b2/ Qp2 iBK2BM HH 2tT2 BK2Mib b

C ai'QM;2"BM~ iBQMr b M22/2/ BMi?2 2tT2"BK2Mib rBi? Q#bw-"p2// v /\
K- MRX

C HH+QMb2 p iBQM T QT2'iB2b "2 z2+i2/#vi?2. BM HH2tT2 ' BK2Mi
+ M #2 Q#b2 ' p2/X 1bT2+B HHv xXQM H rBM/ Q#b2'p RBOQRMBE2MM}+BbH (
7TQLRX SQi2MiB H i2KT2" im 2 Q#b2 p iBQMb H2 /iQ M Qb+BHH iBQM
ME M/Ck- i?Qm;? rBi? H ;2 KOMBIiM22®&MHvV M2Bi?2" T?vbB+ H MQ"
+QMb2 p iBQM T QT2 iv- Bb H2 bi z2+i2/ #v . - Bib Qb+BHH iBQM bi

8d



T M:2X

C HHHBM2 " +QMb2 p iBQMT ' QT2'iB2b 2 TT QtBK i2HV+QMb2 p2//n
i?2B  p HmM2 /2T2M/b QM i?2 BMBiB H +QM/BiBQM- BX2X i?2 M HvbBE
1p2M BM + b2 Q7 Qb+BHH iBQM 'QmM/i?2+Q "2+iK2 M/m 'BM;. -i?B
pHM2 /m " BM; i?2 7Q 2+ biX

CTE M/Cj Q7 i?2 2Mb2K#H2 K2 M #Qi? b?Qr M2; iBp2 /"B7i Im "BM; i?:
Bb /m2 iQ i?2 "2H t iBQM iQ +HBK iQHQ:B+ H /Bbi'B#miBQM Q7 i?2 |
+QMp2t 7TmM+iBQMb- i?2 +HBK iQH®; B+ M QK MR -7 MQr ?BR+?HQb2 iQ
X2 'Q i?°Qm;?2Qmi HH ;"B/TQBMIQERI® MKiMHR2 M p Hm2 Q7 +HBK iQH
/Bbi*B#mi2/ bi i2bX

6B;m 2 9XRj, aBt2tT2 'BK2Mib rBi? bT "b2 Q#b2 p iBQMb Q7 /Bz2 2Mip "B
"Qrb- . i 2p2'v7Qmi? ;"B/TQBMi M/ iBK2 bi2T- 8 v2 'b Q7 }Hi2 ' BM;- bn
7Q° 2+ bi-i?2 +QHmMKMb b?Qr i?2BM~m2M+2b QM i?2 2Mb2K#H2 T QT2 iB
+iBpBiv i i?2 ;"B/TQBMi rBi? i?2 ?B;?2bi +HBK iQHQ;B+ H bF2rM2bb U}
bF2rM2bbV M/ i?2 "2H iBp2 2Mb2K#H2 bT 2 [/ UKB//H2-;"22M HBM2, QTiB
RV-i?22pQHmiBQM Q7 i?2BM~ iBQM 7 +iQ°  /m"BM; i?2 }Hi2"BM; Bb THQi
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6BM HHv-Bib?2QmH/ #2 K2MiBQM2/i? i 2tT2 BKRMibB RPXQFHI22 ppi BEXQMDbQC
KQBbim 2 p B #H2b rBi? . BM KQ/2H bT +2-r2"2 ii2KTi2/-#miH2 /iQ p
h?2v r2°2 i?mb MQi BM+HmM/2/X h?2 "2 bQM 7Q" i?Bb +QmH/ #R iMi i?2 [ v
RBMKQ/2HbT +2 "2 T QT ; iBM; 7 bi2° M/ "2 i?mb KKQ M//B{MmAvVHG #H2
bT +2X h?Bb T"Q#H2K Q7 M 2bT2+B KHBW B{2mA2HRIDMMQOQZH ? b #22M
2 "HB2" Hi?Qm;? rBi? /Bz2 2Mi }Hi2 b2imT HbQ #v *?2M M/ J D/ Uk

ey



9Xj AKT +ib Q7 M HvbBb +QMbi’ BMib

h?Bb b2+iBQM T 2b2Mibi?2 2bmHib7Q i?2ZS1MbrBi?i?2/Bz2 2MiBKTH
9XjXR-2tT2 ' BK2MibrBi? Q#b2°p iBQMb Q7 xQM HrBM/ M/ +QMp2+iBp2 +
bb2bbK2Mi Q7 i?2 JCP- "2 +QM/m+i2/ rBi? i?2 ZS1MbX h?2 }Hi2'BM; bFB¢t
p B #H2b- M/ i?2r p2 KQ/2b Bb M Hvb2/ M/ +QKT "2/iQ i?2 biQ+? biB+
"2bmHib Q7 i?2 HBM2 "Bx2/ bQ7iiQi H2M2 ;v +QMbi° BMi "2 +QKT “2/1iQ
h?2°2 7i2°- i?2 BM~m2M+2 Q7 i?2 iQi H2M2 ;v +QMbi®> BMi Bb BMp2biB;
TQbBiBp2 BKT +i i2°Qm;?Qmi HH "2bmHib BM 9XjXRX Ai Bb 2p Hm i2/ -
MQM@: mbbB MBiv Qp2° bBKTH2 +mi Q° +QMbi° BMi Q7 +QMp2+iBp2 +il
2tT2 ' BK2Mib "2 "'mM BM i2bi+ b2 rBi? bK HH K2 M +QMp2+iBp2 +iBpBiv
p Hm2b +HQb2 iQ x2 ' Q- BM 9XjXkX

9XjXR :2M2° HBM~m2M+2b QM i?2 }Hi2 " [m HBiv M/ JCP T 2/B+iBQM

6B:m 2 9XR8, V _Jalb M/ #V T ii2°'M +Q "2H iBQMb 7Q  i?2 r p2 ivT2b |
+ H M/ KQ/2H bT +2-. rBi? Q#bMA iBXPMbv@rQm i? :"B/TQBMi M/ iBK2 bi2
Q7 }JHi2 BM;- bm#b2[m2MiHV R Vv2 Q7 7°227Q 2+ bi-b K2 T2 im #2/ Q#b?2
“2bmHib bKQQi?2/ #vi?2J hG " 7TmM+iBQM 6HQr2bbo 7Q° HQ+ HHV r2B:?i:
Q7 ey / vb- #H +F, biQ+? biB+ 1ME6- #Hm2, ZS1Mb rBi? KQBbi bi iB+ 2M:
rBi? iQi H2M2 :v +QMbi> BMi- vV2HHQr, ZS1Mb rBi? /v K bb +QMbi’ BMi-
p2°v +HQb2 iQ 2 +? Qi?2° M/ /B{+mHiiQ /BhiBM;mBb?X

h?2 2tT2 BK2Mib 7Q" i?2 bb2bbK2Mi Q7 i?2 /Bz2 2Mi M HvbBb +QMbi I
[2b+ B#2/ BM *? Ti2 jXkXk-r2'2 T2 7Q K2/ rBi® WMA:2QQ% bi22 p 2 B/QMDINQI7
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; B/ITQBMi M/ iBK2 bi2TX h?Bb b2imTr b +?2Qb2M BM M HQ;viQ *?2M M/
MQMHBM2 " }Hi2 7Q i?2 aF2H2iQM KQ/2HX h?2v ";m2/i? i TmHH Q#b2 g
QTiBQM H DT "b2 Q#b2 p iBQMb Q7 xQM H rBM/ #2bi "2~2+ii?2 /i 7 QK|
i?7 i Bb QT2  iBQM HHv mb2/iQ i +F i?2 JCPX >Qr2p2'- BM i?2 7TQHHQTrB
bT "b2Hv Q#b2 p2/ BM Q /2 iQ K BMi BM KQ'2 mM+2'i BMiv M/ rB/2  2M|
MQi M2+2bb "vBM i?2B  rQ ' F b i?2v mb2/ MQi?2  KQ/2H p2'bBQM r?B+?
+QMp2+iBp2 +iBpBivX 6Q  i?2 b K2 "2 bQM-i?2 . r b BMi?2 7TQHHQrBM;
v2 " rBi? bm#b2[m2Mi 7Q 2+ biiBK2 Q7 2[m HHv QM2v2 "X 6m i?2 KQ 2-
iQ +QMbBbi Q7 8y K2K#2 b M/ i?2 //BiBQM H +Q Nbbiim\i2B MQ REXQ WMy R % i Q?
b2i Q7 T2 im #2/ Q#b2 p iBQMb r b QMHv ;2M2" i2/ QM+2 /Im"BM; i?2 } bi
BMi?2 7TQHHQrBM; QM2b- r?B+?2r b TQbbB#H2 b i?2 mM/2 " HVBM; i mi?r
+QM/BiBQMb- T2 72+i +QKT * #BHBivr b 2Mbm 2/X

6B;m 2 9XR8 b?Qrb i?72 "2bmHib Q7 i?2 2tT2'BK2Mib rBi? M HvbBb +QMb
# H M+2b- BX2X i?2 +QMbi> BMib QWEKQ BIRIi H PBFEAMQU ;& W K Db W

iQ 1?2 "2bT2+iBp2 p HM2 Q7 i?2 i mi?X h?2vr2°'2 +QKT "2/iQ i?2 mM+QMI
i?72 Jalb M/ T ii2 "M +Q "2H iBQMb Q7 i?27Qm r p2ivT2b- M/ i?2 T?vbB
i?72 2Mb2K#H2 K2 MX 6Q° #2ii2° pBbB#BHBiv Q7 /Bz2 ' 2M+2b- HH +m p2]
7TmMM+iBQM 6HQr2bbo 7Q  HQ+ HHv r2B;?i2/ HBM2 ~ “2;°2bbBQM rBi? bT N
+QMbi> BMir b7QmM/iQ BKT ' Qp2i?2 }Hi2"'BM; bFBHH QMHvV p2° v bHB;?iH
M/ i?2 ZS1Mb rBi? KQBbi bi iB+ 2M2 ;v +QMbi BMi "2 ? '/Hv /BbiBM;mBb
i° bi-i?72/°vK bb +QMbi° BMi H2 / iQ bB;MB}+ Mi /2pB iBQMb Q7 i?2 2biB
#mi /B/ MQi b?Qr +H2 "Hv /p Mi ;2Qmb #2? pBQ X bB;MB}+ Mi TQbBIiBpz
rb?2Qr2p2° Q#b2 ' p2/ 7Q  i?22iQi H2M2 ;v +QMbi® BMiX

6B;m 2 9XRe, hQi H2M2 ;v BM i?2 i'mi? UH27iV-i?2 K2K#2 b Q7 i?2 ZS1M
UKB//H2V- M/ i?2 2Mb2K#H2 K2K#2 b rBi? Th2m/Q@Q#b2 p iBQMbfbQ7i -
2M2 ;v U 'B;?iV- Rv2 Q7 }Hi2 ' BM;- bm#b2[m2MiHvV R v2 ~ Q7 7°22 7Q 2+ |

aBM+2 i?2 iQi H 2M2 ;v Bb MQMHBM2 > 7mM+iBQM Q7 i?2 bi i2 p "B #H:
+QMbi> BMi "2[mB 2b MQMHBM2 ~ QTiBKBx iBQMbX h?Bb H2 /b iQ +QMtl
/2K M/-r?B+? Bb MQi Q7 "2H2p M+2 BM i?Bb rQ F6b iQv KQ/2H b2iiBM; #mi
7Q  Bib QT2 iBQM H "2 HBXx iBQMX h?2°27Q°2-i?2 +QKTmi iBQM HHv B\
bi> BMi- BX2X Tb2m/Q@Q#b2 p iBQMb-r b 7m i?2 ' KQ 2 BMp2biB; i2/ BM -
h?Bbr bb2imT b 2tTH BM2/ BM *?2 Ti2 jXkXjrBi? i?2 iQi H2M2 ;v + H+m
"QmMM/i?2 2bT2+iBp2 # +F;"QmM/ 2Mb2K#H2 bi i2bX Air b7QmM/i? ii?2
BM i?2 2Mb2K#H2 K2K#2 b i? i +QmH/ #2 +?B2p2/ rBi? i?2 bQ7i +QMbi B
i72J hG "KBMBKBxX iBQM rBi? /27 mHiiQH2  M+2b M/biQTTBM; + Bi2'B

7Q° i?2 }Hi2 ' BM; bFBHH Q7 i?2 JCP r b i?mb HbQ BM/BbiBM;mBb? #H2 7°
9XRdVX

ek



6B;m 2 9XRd b?Qrbi?2b K2 HBM2b 7Q  i?2 biQ+? biB+ 1IME6 M/i?2 ZS1Mtl
bi?2bm#THQi +QM+2 " MBM; i?2 JCP6b _JalBM 6B;m 2 9XR8-#mi 2MH ;2

"2bmHi Q7 i?2 BKT Qp2K2Mi BM JCP T 2/B+i #BHBivi? ' Qm;? i?2 M HvbBlI

iQ i?2 i mi?6biQi H2M2 ;v Bb i?mb KQ 2 +H2 "Hv pBbB#H2X Ai Bb 2bT2+F

BM i?2 }Hi2 b bFBHHDb /2p2HQTb KQbiHv /m BM; i?2 7°22 7Q 2+ bi-r?22"2
Bb TT QtBK i2Hv +QKT ~ #H2X

6B;m 2 9XRd, Jal Q7 i?2 JCP /m 'BM; 2tT2 BK2Mib b BM 6B;:m 2 9XR8 rB
ZS1Mb rBi? iQi H2M2 ;v +QMbi> BMi M/i?2biQ+? biB+ 1MEG6 rBi? //BiBQN
+QMbi> BMi Q7 i?2 HBM2 "Bx2/iQi H 2M2 :vX

9XjXk h2bi+ b2 rBi? bK HH K2 M +QMp2+iBp2 +iBpBiv

h?2 "2 bQM 7Q " i?2 #2M2}+B H BKT +i Q7 i?2iQi H2M2 ;v +QMbi°- BMi QM
2tT2 BK2Mib rBi? M BM+ 2 b2/ r KTRQHWLE22M,;[im QFQM kXj8VX h?Bb H2
bK HH2 # +F; " QmM/ 7Q +BM; M/i?mb bK HH2 K2 M +QMp2+iBp2 +iBpBi\
BX2X Qp2° HH KQ 2 7°2[m2Mi p Hm2b Q7 +QMp2+iBp2 +iBpBiv +HQb2 iQ
M HvbBb 7Q° +QMp2+iBp2 +iBpBiv "2i?mb KQ 2 HBF2HvX h?Qb2 "2 i mN\
b 2tTH BM2/BM *? Ti2 jXkXRiQ T 2p2Mi2 " Q bBMi?2 bm#b2[m2Mi T QT
v2 'b Q7 }Hi2'BM; r2°2 "'mM rBi? /IBz2 2Mi . bvbi2KbX 6B bi- i?2 biQ+? bi
i?72 #Qp2 /2b+ " B#2/ +mi Q7 M2; iBp2 +QMp2+iBp2 +iBpBivp Hm2bX a2+Q
#OmM/ v +QMbi° BMi Q7 +QMp2+iBp2 +iBpBiviQ TQbBiBp2 p Hm2bX h?k
iQi H2M2 ;v +QMbi” BMi- r?B+? miQK iB+ HHv +QMbi® BMb +QMp2+iBp2
2[m iBQM +QMi BMb Bib M im™ HHQ; Bi?KX

h?2 "2bmHib Q7 i?2b2 2tT2'BK2Mib "2 b?QrM BM 6B;m 2 9XR3X "Qi?- i
+QMp2+iBp2 +iBpBiviQ TQbBiBp2p Hm2b-+ M MQi T 2p2Mii?2 }Hi2 7°Q
#2'b "2 +? +QMp2+iBp2 +iBpBivp Hm2b p2'v +HQb2iQ x2 ' Q iKQ 2 ;'B/TC
bT'2 /BM+'2 b2b mM 2 HBbiB+ HHv /m2 iQ i?2 i?mbr QM;Hv 2biBK i2/ S.€
+QMbi° BMi bm++2bb7mHHvV K BMi BMb TH mbB#H2 S.6 7Q  +QMp2+iBp:
M/ +?B2p2b ;QQ/}HiI2"BM; bFBHHX

MBKT Qp2/i'2 iK2Mi Q7 i?2 MQM@: mbbB MBivBM i?2 aF2H2iQM KQ/2H
}+B HBKT +iQ7i?2iQi H2M2 ;v +QMbi’ BMi BM . X *QMp2+iBp2 +iBpBiv
+Qp B M+2b rBi? i?2 Qi?2  p "B #H2b M/ #2ir22M ;"B/TQBMibX >Qr2p2".

ej



#2ir22M HH p "B #H2b-i? i KQ 2Qp2 BM+Q ' TQ  i2bi?2 TQbBiBpBiv Q7 +
iQi H2M2 ;vX A7 mb2 Q7 i?Bb Bb K /2 BM . - Bi + M bB;MB}+ MiHv BKT Qp:

6B;m 2 9XR3, *QKT "BbQM Q7 i?°22 2tT2 BK2Mib rBi? i?2 b2iiBM;b /2b+"
7Q° bK HH2 # +F; " QmM/ r KTQQM/riki22 v2 b Q7 QMHvV }Hi2 BM;- "2bi
biQ+? biB+ 1IME6 UH27iV-i?2 ZS1Mb rBi? +QMbi° BMi Q7 +QMp2+iBp2 +i
M/ i?2 ZS1Mb rBi? iQi H2M2 ;v +QMbi° BMi U 'B;?iV-i?2 /Bz2 2Mi "Qrb b
Q7 i?2 _Jal BM +QMp2+iBp2 +iBpBiv- kX i?2 iBK2 2pQHmMIiBQM Q7 i?2 2M
+iBpBiv ii?2 ;"B/TQBMi rBi? i?2 ?B;?2bi +HBK iQHQ;B+ HbF2rM2bb- jX
/IBbi'B#miBQM Q7 i?2 2Mb2K#H2 K2K#2 b UQ™ M;2V-i?2 2Mb2K#H2 K2 M L
Rv2 " M/9X i?2b K2 7i2° jv2 "bX
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8 .Bb+mbbBQM

h?2 #Qp2 T 2b2Mi2/ "2bmHib HHQr 7Q  b2p2  H +QM+HmMbBQMDb rBi? "2k
7Q0° JCP T 2/B+iBQMX h?2v "2 HH# b2/ QM B/2MiB+ HirBM 2tT2 ' BK2M]
/2b+ B#2/ BM *? Ti2 jX

6B biHv- biQ+? biB+ 1IME6Tr b b2imT M/ imM2/ #v +Qp B M+2 HQ+ HBX

iBp2 BM~ iBQMX h?2 2#v-Bi+QmH/BMT "iB+mH ~#2 /2KQMbi™ i2/i? ii?2
+Qp B M+2b #2vQM/ Tm 2 BbQi"QTv BM i?2 +QMbi m+iBQM Q7 i?2 HQ+

}Hi2'BM; i?2 aF2H2iQM KQ/2HX h?Bb 2KT? bBx2b i?2 M im 2 Q7 i?2 JCP
i? i +QK2b rBi? bT2+B}+ H ;2 b+ H2 BMi2 /2T2M/2M+B2b BM i?2 iKQbT*"
"2bT2+iBMi?2 BMBiB H+QM/BiBQMb 7Q  JCP 7Q 2+ bibX

h?2°2 7i2°- 2tT2'BK2Mib rBi? /Bz2 2Mi Q#b2 p iBQM H b2imTbh b?Qr2/ bB
? pBQ Q7 i?2biQ+? biB+ IME6X h?2vBM/B+ i2i? i2bT2+B HHv ;QQ/ 2T
bT?2 "B+ KQBbim 2-#mi HbQi?2 xQM HrBM/p "B #H2 H2 /iQ M BKT Qp2/
Q7 HHp "B #H2b M/ HHr p2ivT2bX h?Bb BbBM ++Q '/ M+2rBi? 2 "HB2"
UkyR8V M/ *?22M M/ J D/ UkyReV-r?Q #Qi? bi i2/ i?2 BKTQ i Mi "QH2 Q
bB;M H BM i?2 aF2H2iQM KQ/2HX *?2M M/ J D/ UkyReV KQ 2Qp2' b?Qr:
rBM/ Q#b2 p iBQMb QM i?2 Qp2° HH }Hi2 ' BM; bFBHH Q7 MQMHBM2 " }Hi:
+QMi” bi- TQi2MiB Hi2KT2  im'2r b7QmM/iQ #2 i?2 H2 bi BKTQ'i Mip 'B
JCPX Aib Q#b2 p iBQMb T Qp2/iQ #2 QMHvVv mb27mH 7Q  i?2 }Hi2 ' BM; Q7 i?
ivT2b-r?B+? "2 ?2Qr2p2 bm#D2+iiQ +QKT ~ #Hv ~ TB/ 2 "Q  ;"Qri? BM i?2
"QH2 Q7 i2KT2 im 2 QBK BRI b? M;2 #HBXEXi?Z2MbBiv MQK HB2b- BM i
BM7Q K iBQM 7Q  i?2JCP 2pQHmMIiBQM Bb +QMbBbi2Mi rBi? i?72r2 FJCP b
Q7TQi2MiB Hi2KT2  im2/m"BM; M im2KQ/2H mMX 6m’i?2 ' KQ '2-i?2"°
7Q° . rBi? i?72 1ME6 r b bb2bb2/X b BiBb QMHv r2 FHv +QmTH2/iQ i?2/
+Qp B M+2b- Bib Q#b2 p iBQM r b BMbm{+B2Mi 7Q " i?2B" }Hi2 ' BM; rBi? i
#2 #2M2}+B H 7Q  i?2 }Hi2'BM; Q7 KQBbim 2 M/ Q7 HHr p2 ivT2b- 2p2M
iQ +QMp2+iBp2 +iBpBivX h?Bb 2KT? bBx2b Bib M2p2'i?2H2bb BKTQ i M
//IBiBQM iQ i?2b2 2tT2 BK2Mib rBi? Q#b2'p iBQMb Q7 i?2 T?vbB+ H p B
K iBQM QM i?2 /v E2ZHpBM M/ }'bi K2°'B/BQM H Qbb#vr p2 bi'm+im 2br
i? 1 #Qi? "2BKTQ i Mi7Q i?22pQHmiBQM Q7 i?2 JCPX u2i-+ Tim BM; i?:
rp2bim+im*2?/ biQM;2 TQbBiBp2 BKT +i- M/r bKQ'2Qp2° HbQ mb2
IVM KB+ p "B #H2bX

"2bB/2b i?72 /2i2°KBM iBQM Q7 #2M2}+B H HQ+ HBx iBQM M/ Q#b2 p iBC
BK2/ ii?2 BKT Qp2K2Mi Q7 . 7Q JCP T '2/B+iBQM #2vQM/ i?2 1ME6X
rb;Bp2M #v i?2 7 +ii? ii?2 M2;H2+i2/ MQM@: mbbB MBiv BM i?2 T Q# #
iBp2 +iBpBivr bbmbT2+i2/iQ #2 K DQ 2 "Q bQm +2X h?Bbr b 2KT? |
bB;MB}+ Mi "2/m+iBQM Q7 bF2rM2bb BM i?2 2Mb2K#H28b +QMp2+iBp2 +
rBi? i?72 1IME6X JQ 2Qp2 - Bi Bb 7Q  i?2 b K2 "2 bQM i?7 i MQMHBM2 " }tI
rbb2imTbm++2bb7mHHvV BM 2 "HB2 rQ F #v *?2M M/ J D/ UkyReVX AM
TT ' Q +?r b+?2Qb2MX //BiBQM H+QMbi® BMibQ7i?2 M HvbBb 2Mb2K#H:
+2°' i BMT?2vbB+ H# H M+2br2°2BKTQb2/ QM i?2 Qi?2 rBb2 mM+? M;2/ +Q
biQ+? biB+ 1ME6X h?Bb "2im Mb i?2 ZS1Mb b H;Q Bi?K-r?B+? +QMbBbi
QTiBKBx iBQM T Q#H2Kb BM i?2 mT/ i2 bi2TX 6B bi TTQTQb2/ #v C MDBI
? p2T 2pBQmbHV #22M b?2QrMiQ ? p2i?2 TQi2MiB HiQ ?2HT K BMi BMBN
i?mb KQ 2 "2 HBbiB+ T'Q# #BHBiv /Bbi B#miBQMb i?2°"Qm;?2Qmi. Ub22 C N
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_m+Fbim?H M/ C MDBE-kyR3VX bi?2aF2H2iQM KQ/2H 7m i?2 KQ 2 BM+
T BM+BTH2b i? i r2°2 7QmM/ iQ #2 pBQH i2/ #v . rBi? i?2 1ME6-i?2°2r b
TQi2MiB H #2M2}ii? ' Qm;? M HvbBb +QMbi’ BMibX

h?2 M HvbBb +QMbi® BMib i? ir2°2 T'BK "BHv 2p Hm i2/ BM i?Bb rQ F rB
KQ/2H6b # H M+2b Q7 KQBbibi iB+ M/iQi H2M2 ;v- br2HH b +QMbi" BN
Hii2°Bb MQi 2t +iHv +QMb2 p2/BMi?2 KQ/2H-BiBb +QMb2 p2/ BM Bib HC
T?vbB+ H# H M+2 7Q° K Mv LgS KQ/2Hb- M/ Bi ? b KQ '2Qp2 b?QrM M

2 "HB2 rQ'FUb22 C MDBE 2i HX-kyR9c _m+Fbim?H M/ C MDBE- kyR3V-

KQ/2HX gBi? b2i Q7 2tT2 BK2Mib-Bir b /2KQMbi® i2/i? ii?2 +QMbi~ BMi
p2'vbK HHTQbBiIiBp2 BKT +i-r?22 bi?2 +QMbi° BMiQ7/'vK bbBM~m2]I
M2Bi?2° +H2 "Hv TQbBiBp2 MQ™ M2; iBp2X h?Bb Bb BM +QM7Q KBiv rBi?
im2H ";2Hv BM~m2M+2b #Qi? Q7 i?2b2 T QT2 iB2b- #mi Bb i?2 H2 bi Bl
6m i?2°'KQ'2-i?2/'vK bbBbMQiKm+? z2+i2/ BMi?2 1MEG6 #mi bi vb rBi?E
Q7 K ;MBim/2X AM +QMi" bi- i?2 +QMbi> BMi Q7 iQi H2M2 ;vr b 7QmM/ |
i?72 }Hi2"'BM; bFBHH rBi? "2bT2+iiQ i?2 1ME6 7Q° HH p "B #H2b M/ r p2 i
/IBz2 2M+2 [2p2HQT2/ KQbiHV /M BM; i?27°227Q 2+ bi-r?B+?bi 2M;i?2M|
2M2 ;v BMi?2 BMBiB H+QM/BiBQMb 7Q  JCP T 2/B+iBQMX h?2 "2 bQM 7
[M2Mi 2tT2 BK2Mib rBi? bK HH +QMp2+iBp2 +iBpBiv# +F; " QmM/ BM bQFk
AMi?Bbi2bi+ b2-M2; iBp2 +QMp2+iBp2 +iBpBivp Hm2b Q++m "2/ 7 2[m2
imM+ iBQM Q7 bm+? p Hm2b iQ bHB;?iHv TQbBiBp2 p Hm2b Q° TQDbBIBpE
#Qi? H2 /iQ M BM+ 2 bBM;Hv bF2r2/ T'Q# #BHBiv /Bbi B#miBQM Q7 +QM
K2K#2'b 1 KQ 2 ;" B/TQBMib TT Q +?2/ bK HHp Hm2bX gq?2°2 bi?Qb2 K2i
iQ T'2p2Mi }Hi2 /Bp2 ;2M+2-i?2iQi H2M2 ;v +QMbi° BMi bm++2bb7mHH
?Qri?2iQi H2M2 ;v "2H iBQM- r?B+? BMpQHp2b HH p "B #H2b M/ M mi
+QMp2+iBp2 +iBpBiv- BKT Qp2b i?2 i"2 iK2Mi Q7 MQM@: mbbB MBivX A
M+2b #2ir22M +QMp2+iBp2 +iBpBiv M/i?2 Qi?2 p "B #H2b #v M //BiBQ1
i?72°2#v vB2H/b T?vbB+ HHv KQ 2 "2 HBbiB+ bi i2ZbBM i?2 M HvbBb 2Mb2K
p B #H2 Q7 +QMp2+iBp2 +iBpBivX

hQ bmKK "Bx2- i?2 "2bmHib Q7 i?Bb i?2bBb 2KT? bBx2 i?2 BKTQ i M+2 i
“2H iBQMb M/ iQ + Tim 2 i?2 xQM H rBM/ M/ ?mKB/Biv /Bbi'B#miBQM BM
i72°'KQ'2-i?2v BM/B+ i2 H “;2Hv #2M2}+B H BKT +i Q7 +Q "2+i iQi H 2M
r’eQb2 +QMbi® BMi+ M +QKT2Mb i2 7Q° i?2 M2;H2+i Q7 MQM@: mbbB M +(
1IMEG6X

>Qr2p2 - i?2 K2 MBM;7mHM2bb M/ TTHB+ #BHBiv Q7 i?2b2 }M/BM;b b?
+mbbBQMX S'BK "BHv- Bi b?QmH/ #2 MQi2/i? i i?2 b2imT mb2/ 7Q  i?2 2
bBKTHB}2/rBi? "2bT2+iiQ QT2  iBQM HLgS bvbi2KbX LQi QMHvV Bbi?2 aF:
BM+Q ' TQ  i2bp 'BQmb bbmKTiBQMb- TT QtBK iBQMb- M/ bi'QM; i'mM
r2°2 BKTH2K2Mi2/ rBi? B/2 HBx2/ T°Q+2bbBM; Q7 i?2 Q#b2'p iBQMb M/ i
T QT ; iBQMbX h?2°'27Q°2- M2Bi?2" i?2 2pQHmiBQM Q7 i?2 JCP MQ  i?2 .
Im+2 "2 HrQ ' H/ +QM/BiBQMb Q" QT2 iBQMbX L2p2°i?2H2bb-i?72 aF2H2iQ
+? ° +i2°BbiB+b Q7 i?2JCP BM bm+? [m HBivi? iBM+Q ' TQ  iBM; Bib/vM |
rb H'2 /vbm;;2bi2/ Ub22 ai +?MBF 2i HX- kyR8VX AMi?2b K2 K MM2 - i-
#2 mb2/ b ?BMib7Q  TQbbB#H2 BKT Qp2K2Mib BM . i? i "2iQ #2 p2'B}2/
6B bi bi2Tbh BM i? i /IB'2+iBQM +QmH/ #2 /QM2 rBi? i?2 mb2 Q7 KQ'2 "2 H
iQ i?7Qb2 bvMi?2bBx2/ 7Q" i?2 aF2H2iQM KQ/2H 7°QK 2 H/ i #v P;"QbFv
rOmH/ "2[mB"2 "2}M2K2Mi Q7 i?2. bvbi2K-2X;X 7Q i?2BM+HmbBQM Q7

ee



Q  BM //BiBQM-i?2H ;2 p "B2ivQ7 KQ 2 2H #Q  i2/ p2 ' bBQMb Q7 i?2 aF
/Bz2 2Mi //BiBQM H 2 HBbiB+ 72 im 2b- +QmH/ #2 mb2/ 7Q  7m i?2" 2tT.
Q7 i?2 "2bmHib +QmH/ #2 i2bi2/X p BH #H2 KQ/2H KQ/B}+ iBQMb Q" p2 bl

C /Bz2'2MiBMBiB HBx iBQM Ub22J D/ M/ ai2+?K MM- kyRRV Q" KQ 2
Ub22 P;"QbFv M/ ai2+?K MM- kyR8V 7Q " i?2 TmHHv i'mM+ i2/ MQMHE
mb2/ BM i?Bb rQ FX

C h?2 biQ+? biB+ MQMHBM2 ~ aF2H2iQM KQ/2H Ub22 h?m H 2i HX- kyR
P2°bBQM Bb iQ T ° K2i2 'Bx2 bvMQTiB+ b+ H2 T°Q+2bb2b-i? i "2 2bT
HQr T 2/B+i #BHBiv Q7 JCP 2p2Mib- rBi? KQ 2 "2 HBbK r?BH2 F22TBN
h?2°27Q°2-i?2 MQMHBM2 ~BMi2" +iBQM i? i ;Qp2 Mbi?2 2pQHmiBQM
#v J "FQp #B i?@/2 i? T'Q+2bb-r?Qb2i> MbBiBQM " i2b 2 +?Qb2M |
IVM KB+b 2 +QMb2 p2/%M=pE(ga2U8XRVX Air b b?QrM i? i bBKmH iE
i?Bb KQ/2H p2 ' bBQM 'Bp2 i+ Tim BM; bQK2 K BM bi iBbiB+ H +?  +
2bT2+B HHv i?2B" Q++m " "2M+2 BMr p2i° BMb Q7 +QMb2+miBp2 JCP 2

C h?2 MQMHBM2 * /2i2°KBMBbiB+ KQ/2H rBi? "2}M2/ K2 B/BQM H bi m
i"mM+ iBOQM MmK@#2b22 h?m H 2i HX- kyR8V, h?Bb Bb 2bT2+B HHv n
iQ BMp2biB; iBM; b2 bQM H 2z2+ibX 1tT2 'BK2Mib rBi? b2 bQM HHvV |
b?Qr2/ 2 HBbiB+ b2 bQM HKQ/mH iBQM Q7 BMi° b2 bQM Hp "B #BH
BMi> b2 bQM H 2p2MibX

C a2p2° Hp2'bBQMb rBi? /Bz2 2Mi "2}M2/ p2'iB+ Hbi'm+im 2b Ub22 h?n
KQ/2H p2 'bBQMb /Bz2" 7°QK 2 +? Qi?2  BM i?2B" /2i BHb- #mi i?2v H
2T 2b2Mi iBQM Q7 i?2 "2}M2/ p2°'iB+ HJIJCP bi'm+im 2X

h?2 K2'B/BQM HHvV M/ p2 iB+ HHv 2ti2M/2/ p2 bBQMb HHBM+Q TQ  i2 il
iQi H2M2 ;v +QMb2 p iBOM b MBBB HRUB7z2+i2/ #vi?2 biQ+? biB+Biv BM
aF2H2iQM KQ/2HX h?Bb b?QmH/ #2 "2bT2+i2/ r?2M 7m’i?2  BMp2biB; iBM

"2bB/2b i?2 Bbbm2 Q7 i?2 “2bmHiéb p2 B}+ iBQM- i?2B° TTHB+ #BHBiv
M22/biQ #2 /IBb+mbb2/X AMT “iB+mH - i?2 BKTH2K2Mi iBQM Q7 i?2 ZS1\
bi> BMi-bm+? bi?2iQi H2M2 ;v-Bb bm#D2+iiQirQ K DQ  /B{+mHiB2b Ub
BM +QMi’ biiQi?2B/2MiB+ HirBM 2tT2 BK2Mib BM i?Bb i?2bBb-i?2 i mi?
"2 HrQ H/ +QM/BiBQMbX Aii?mb ? biQ #2 2biBK i2/BM M //BiBQM HT Q
QTiBKBXx iBQMb BM+"2 b2 i?2 +QKTmi iBQM H /2K M/ 7Q  i?2 . é6bmT/ i2 b
iQ M 1IME6 BM H ;2 bii2bT +2X h?2 H ii2° T'Q#H2K Bb H 2 /v // 2bb:
H:Q ' Bi?KB+ BKT Qp2K2Mib BM MmK2 B+ H KBMBKBx iBQMb- bm+? b T
bT "bBiB2b Uw2M; 2i HX- KyRdVX L2p2 i?2H2bb- b M Hi2 M iBp2iQi?2 -
Th2m/Q@Q#b2 p iBQMb r2°2 i2bi2/ BM i?Bb i?2bBbX h?2°27Q°2-i?2 iQi F
"QmM/ i?2 "2bT2+iBp2 +m "2Mi # +F;:"QmM/ bi i2bX .2bTBi2 i?Bb HBM2 “E
+QMbi> BMiiQH2  M+2-i?Bb K2i?Q/ T Qp2/ bm{+B2MiHv ++m  i2 BM i?Bb
i?mb #2 +QMbB/2> #H2 QTiBQM- i H2 bi 7Q  }'bii2bib Q7 M HvbBb +QME

ed



e amKK 'v M/ QmiHQQF

h?Bb i?2bBbr b BK2/ ii?2 B/2MiB}+ iBQM Q7 TQbbB#H2 BKT Qp2K2Mib |
i?Bb Tm TQb2- iQv KQ/2H b2imT r b mb2/ bBM+2 2tT2 BK2Mib rBi? KQ/2
i b2 bQM HiBK2b+ H2b rQmH/ ? p2 2t+22/2/ T +iB+ #H2 +QKTmi iBQM |
rbi?2 6aF2H2iQM JQ/2H 7Q  h"QTB+ HAMi® b2 bQM Ho "B #BHBivo- r?B+
Q7H :2b+ H2JCP /VM KB+bi?°Qm;? M2 bviQ mM/2 bi M/ M/ 2{+B2Mi }
BM Bib MOMHBM?2 " /2i2 ' KBMBbiB+ p2 " bBQM rBi? ?B;?2bi TQbbB#H2 i mMH-
iBQM b BMi"Q/m+2/ #vJ D/ M/ ai2+?K MM UKyRRVX gBi? i?2 aF2H2iQM }
r2°2i2bi2/ BM B/2MiB+ H irBM 2tT2 'BK2MibX

b # bBb- biQ+? biB+ 1IME6 r b BKTH2K2Mi2/ M/ imM2/ #v +Qp "B M+2 |
KmHIBTHB+ iBp2 BM~ iBQMX h?Bb +QM};m” iBQMr b mb2/iQ bb2bb i?2 E
QM i?2 T 2/B+iBQM Q7 i?2 KQ/2H p "B #H2b M/ r p2 ivT2b- BX2X HDbQ i
+ Mi MQM@: mbbB MBiv BMi?2p B #H2 Q7 +QMp2+iBp2 +iBpBiv +QmH/

/[1"2bb i?Bb T"Q#H2K- i?2 }Hi2 r b bm#b2[m2MiHv 2ti2M/2/iQ ZS1MbX h
+QMbi® BMib Q7 i?2 M HvbBb 2Mb2K#H2 K2K#2 b iQ i?2i " mi?6bp Hm2 Q7
i?mb i Mb7Q KBM; i?2 mT/ i2 bi2T BMiQ MmK2 B+ HQTiIiBKBx iBQM T Q#
}’bi T"QTQb2/ #v C MDBE 2i HX UKkyR9V- ? / T'Qp2/ #2M2}+B H 7Q" ? M/
/IBbi'B#miBQMb BM 2 "HB2" . iQv KQ/2H bim/B2bX JQ 2Qp2°- Bi TT2 "2,
rQ'F/m2iQirQ 2M2° ;v +QMb2 p iBQM T BM+BTH2b BM i?2 aF2H2iQM KQ/~
bBb +QMbi® BMib Q7 i?Qb2- BX2X i?2 KQBbi bi iB+ M/ iQi H2M2 ;v- b r2
TQbBiBpBiv +QMbi®" BMi 7Q° +QMp2+iBp2 +iBpBivr2'2 2p Hm i2/ 7Q" i?2
+ Tim 2i?2 /Bz2 2Mip B #H2b M/ r p2ivT2bX

h?2 Qmi+QK2b Q7 i?22tT2 ' BK2Mib BM i?Bb i?2bBb bi ' 2bbi?2 "2H2p M+2 Q7
7Q i?2 JCPX AM ++Q°/ M+2 rBi? 2 "HB2 rQ ' F-i?2v 7m i?2°'KQ 2 BM/B+ i
Q7 xQM HrBM/ M/ ?mKB/BivBb BKTQ'i MiiQ + Tim 2 Bibbi'm+im 2 BM i?:
i?2v vB2H/ i?2 M2r "2bmHi i? i BM +QMi" bi iQ KQBbi bi iB+ 2M2 ;v M/ /
iQi H2M2 ;v +QMbi® BMi bB;MB}+ MiHv BKT Qp2b i?2 }Hi2"BM; Q7 i?2 bi’l
h?2 2#v- Bi TQbBiBp2Hv BM~m2M+2b HbQ i?2 7Q 2+ bi Q7 i?2 Qi?2  p 'E
iB+mH ~ HbQ i?2 JCPX AM + b2 Q7 bK HH # +F;"QmM/ 7Q +BM;- Bi + M 2p.
Qi?2rBb2 Q++m'b/m2iQ i?2 M2;H2+i Q" "m/BK2Mi 'vi'2 iK2ZMi Q7 MQM@

6mim 2 rQ ' F #mBH/BM; QM i?Bb i?2bBb b?2QmH/ #2 i *;2i2/] ii?2 p2 B}+ iB(
"2bmHib BM KQ 2 bQT?BbiB+ i2/ b2imTb rBi? "2bT2+iiQ #Qi?-1?2 KQ/2H |
7Q° i?Bb +QmH/ HB2 BM i?2 b2p2  H p BH #H2 2ti2MbBQMb Q7 i?2 aF2H?2
K2°'B/BQM H Q" p2'iB+ Hbi'm+im 2- M/fQ  BM i?2 mb2 Q7 "2 H Q#b2 p i
i"Q/mM+iBQM Q7 KQ/2H 2°"Q  BM . X AM + b2 Q7 iQQ ?B;? +QKTmi iBQM
i72 MQMHBM2 " iQi H2M2 ;v +QMbi° BMi BM KQ 2 +QKTH2t +QM};m” iBQI
+QMbi® BMi- BX2X Th2m/Q@Q#b2 p iBQMb- +QmH/ #2 mb2/X h?Bb T " Qp2/

"2vQM/ i2biBM; i?Bb rQ ' Fob Qmi+QK2b 7Q  i?2B° "Q#mbiM2bb- 7mim 2 "2
r /b mbBM; i?2 MQr 2tBbiBM; iQv KQ/2H . b2imT 7Q "  7m i?2 Tm TQb2bX
Bi+QmH/BM T "iB+mH ~ b2 p2 b i2bi}2H/7Q" H;Q Bi?KB+ BKT ' Qp2K2M
BMi?2 ZS1Mbd MmK2 B+ H QTiBKBx iBQMX JQ/B}+ iBQMb bm+? b "2TH
M2irQ Fb- Bi2 iBp2 HBM2 'Bx iBQMb Q7 MQMHBM2 ~ +QMbi®> BMib-Q QT
+QmH/ 2 bBHvV #2 i'B2/ QmiX h?2 2#v- Bi +QmH/ ?2HT iQ K F2 bm+? +QKTF
iBQM H LgSX

e3



6BM HHv- bQT?BbiB+ i2/. "QmiBM2 i BHQ 2/ 7Q  JCP T 2/B+iBQM b
rBi? bm+? 7m’i?2" bi2Tbh +QmH/ #2 2KTHQvV2/iQ 2t KBM2 i?2 BM~m2M+2
+ biBM; ~ M;2Q7 BMi2 " +QMM2+i2/r2 i?2° M/ +HBK i2 T?2MQK2M X 6Q" 2
lLaP BMi2 "2H iBQMb- +QmTH2/ iKQbT?2'2@Q+2 M iQv KQ/2H ? b "2+2
2i HX UKyR3VX " b2/ QM KQ/B}+ iBQM Q7 i?2 aF2H2iQM KQ/2H 7Q" i?2

+ HH2/ 6h"QTB+ H aiQ+? biB+ aF2H2IiQM@:2M2" H *B +mH iBQM JQ/2H6 U
+?  +i2'BbiB+b Q7 i?2 JCP-Bi[m HBi iBp2Hv + Tim ' 2b BKTQ i Mi 72 im"Z
bi iBbiB+b Q7 1LaP M/ Bib BMi2® +iBQMb rBi? i?2 JCP- BX2X i?2 K DQ"

iQ BMi2° MMm H p 'B #BHBiv BM i?2 i'QTB+bX h?mb- B7 QM2 r biQ TTHv
7Q°JCP/vM KB+b iQ Bib iKQbT?2'B+ T 'i-+QM+HMbBQMb +QmH/ #2 /" rM

AM i?Bb b2Mb2- /m2 iQ Bib KmHiBTH2 HBMFb iQ Qi?2" iKQbT?2 B+ /Bb]
i?2 2ti° i'QTB+b- BKT ' QpBM; JCP T 2/B+i #BHBiv BM LqS bi vb F2v Bbbm

eN



dy



"B#HBQ,; T?v

KM/ T? b2 Q7 gkg-a6"fh__Re8 UKkyRN@kykjV, q p2biQq2 i?2°-S? b2 k- _2t
"eX | _@iiTb,ffrrrXr p2biQr2 i?2 X/2f°2b2 "+?n 2 BfT+*+ bREP#Hdfe C Mm v
kykR X

M/2°bQM- CX UKkyyNV, aT iB HHv M/ h2KTQ HHv o 'vBM; / TiBp2 *Qp "B
6BHIiZ7"DKHmMbRURV - dk 3jX

"2+?2iIQH/- SX UKkyRNV, *?2 HH2M;2b BM h"QTB+ HLMK2 B+ H di?2MiS 2/B
h*2M/b BM i?2 2T '2b2Mi iBQM Q7 S?vbB+ H S Q+2bb2bBBIig2#22X M/ *F
_ M/ HH-CX a'BMBp b M-_XaXL MDmM/B ? M/ SXJmF?QT /?v v-aT BM
kN 8yX

"Q+[m2i- JX- SB 2b-*X X M/ gm- GX UkyRyV, "2vQM/ : mbbB M ai iBbiB+
. i bbBKBH IBRMM2HV q2 i?2 -RjBB3NV- kNNd jykjX

"m ;2 b- :X-p M G22mr2M- SX CX M/ 1p2Mb2M- :X URNN3V, M HvbBb a+"
6BHI2QMi?Hv q2 i?2 -RkeB2NV- RARN Rdk9X

* bi M?22B" - CX JX M/J '[m2b-*X X 6X UkykyV, h?2 .vM KB+ H*QKTQbBi|
Pb+BHHTIRQBMI iBQM i i?2 1:1;2M2  H bb2K#Hv QM J v e kyky- bT2 F2
@ .2T "iK2Mi Q7 S?vbB+b i i?2 IMBp2 ' bBiXQ7 p2B Q BM SQ'im; H

*?22M- LX M/ J D/ - X CX UkyReV, 6BHi2 BM; i?2 aiQ+? biB+ aF2H2iQM
Pb+BHHJ@WQINMMNY q2 i?2 -RPBRY- 8yR 8kdX

1p2Mb2M- :X URNNOV, a2[m2MiB H . i bbBKBH iBQM rBi? LQMHBM2 °
BM; JQMi2 * "HQ J2i?Q/b iQ 6Q 2+ biCIQhQ MaH iBBiR€PDI?VvbB+ H -2b2 " +7
NNJ*8V- RyR9j RyRekX

1p2Mb2M- :X UkyyjV, h?2 1Mb2K#H2 E HK M 6BHi2 , h?2Q 2iB+ H 6Q KmH
i iIBQRHR M .vM K®BjHLOV- j9j jedX

© bT "B-:X M/*Q?M-aX 1X URNNNV, *QMbi ' m+iBQM Q7 *Q "2H iBQM 6mM
bBQEMXi2 " Hv CQm M H Q7 i?2 Qv H J2RKEIGBIEOVB ki dBdB2iv

'BHH- X 1X URN3yV, aQK2 aBKTH2 aQHmMiBQMb 7Q" >2ni @iRMAWM €3 rh” @ TH
Q7i?2 Qv HJ2i2Q QHR B HOANY+BDid 9ekX

> KBHH- hX JX UkyyeV, 1Mb2K#H2@" b2/ iKQbT?3Z RBR+B.+i #BHEBKB I 1B3Q N?
M/ *HBKk 22Bi2/ #v hX S HK2" M/ _X > ;2/Q M- * K# B/;2 IMBp2 bBiv S 2|
Rk9 R8eX

>QHiQM- CX _X M/ > FBK- M EMiUGAR{VBQM iQ .vM KB+ 4 27 2QB QISR b-
"QbiQM- 8i? 2/BiBQMX

>SQmi2F K2 - SX GX M/ JBi+?2HH- >X GX UKyyRV, a2[m2MiB H 1Mb2K#H?2
. i bbBKBH JIBMM>HvV g2 i?2 -RWMBRV- Rkj RjdX

>Qmi2F K2'- SX GX M/ w? M;- 6X UkyReV, _2pB2r Q7 i?2 1Mb2K#H2 E H
. i bbBKBH JRMNM2HV g2 i?2 -RPBRKV- 993N 98jkX

C MDB+- hX- aQKK2 -JX M/ * BQbX VUXWRdVi bbBKBR+iBNQMb+ BTi- H2+
"2T2 i2/Hv ?2H/ iGm/rB;@J tBKBHB Mb@IMBp2 bBi i JCM+?2MX

dR



C MDBE- hX-J+G m;?HBM- .X- *Q?M- aX 1X M/ 02 H M-JX UkyR9V, *QMbD
iBOQM Q7 SQbBiBpBivrBi? IMb2K#H2@hvT 2 MK? M6BH 22 HRDHBRIVPK b X
d88 ddjX

CQ M2b-.XLX M/:BHH-*X X URNN3V, *QKT 'BM: J2 bm 2b @CQanKM H aF
Q7 i?2 Qv H ai iBbiB+ HaQ+B2ivX a2 BhRVARBAIRIBOXB+B MV

E2T2'i- CX .X UKyyNV, *Qp 'B M+2 GQ+ HBb iBQM M/" H ME®mBM MIMb:
COm M HQ7i?2 Qv HJ2i2QR)jBUe8BkVH RR88 RRdeX

E?QmB/2 -"X M/J D/ - XCX UkyyeV, aBKTH2 JmHIiB+HQmM/ S ~ K2i2 Bx
TH2/ h"QTB+ Hq p2bX S "i A, GBM2 M M QVhHBDXiKQbT?22]BROY+R2WB+2b
RjkjX

E?QmB/2°-"X M/J D/ - XCX UkyydV, aBKTH2 JmHiB+HQm/ S ~ K2i2 Bx
TH2/ h"QTB+ Hqg p2bX S i AA, LQME@M2M HBXMIiRP 2BIKPHX 229BkE&+B2M
j3R 9yyX

E?QmB/2°- "X-J D/ - X CX M/ ai2+?K MM- aX LX UkyRjV, *HBK i2 a+B2lI
0Q iB+2b M/ BQIMWKBMERXReBRWV- _R _e3X

EBH /Bb-:X LX- q?22H2 - JX *X- > 2 i2H- SX hX- ai’ m#- EX >X M/ _QmM/v
*QmTH2/ 1[m iQ B R uB2bXQ7 :2Q¥aUEB+b:kyyjX

EBK- .X- aT2 #2 - EX- ai2 M- gX- q HBb2 - .X- E M;- AX@aX-J HQM2v- 1>
"2M2/B+i- CX- E? B'Qmi/BMQp- JX- G22- JX@AX- L2 H2- _X-am “2x- JX
‘X UKyyNV, TTHB+ iBQM Q7 JCP aBKmH iBQM .B :®I@rbiBI+H @7 *HEK i
kkUKjV- e9Rj e9jeX

EQM/Q- EX M/ JBVQb?B- hX UKyRNV, LQM@: mbbB M ai iBbiB+b BM :HC
aim/v rBi? Ryk9y@J2K#2 1Mb2K#H2 E HK M 6BHi2  IbBM; M AMi2 K2/E
*B +mH iBOM.OOV/RBM2 * S°Q+2bb2b-B&Uj¥Q KRWRD Bk®X

G BM;- X M/ 1p Mb- CXaA@EQUKYBRM] iQ h"QTB+ H J2i2Q QHQ;v  *QKT 2
S'BMi h2tXB®DF*PI1h S Q; K- kM/ 2/BPBIgMfF2GB MRX+K i+X+MfpQ/f+Q
i"QTB+ Hfi2ti#QQFnkM/X2ABiBoxpMf ke C Mm v kykRX

J//2M- _X X M/ CmHB M- SX _X URNdRV, .2i2+iBQM Q7 9y 8y . v Pb+BF
i?72 h"QTB+ HSGBIMXH Q7 iKQbT?2kBUY &vBaWk+a]P3 X

JD/- XCXUKYMjVQ/m+iBQM iQ S.1b M/ q p2b BM iKRIPT?Q 2 IMB P22 Bliv
S 2bb- Pt7Q /X

J D/ - XCX M/ ai2+?K MM- aX LX UkyyNV, h?2 aF2H2iQM Q7 h'QTB+ F
S'Q+22/BM:b Q7 i?2 L iBQM H +- Rk kRN a 8B RM +2Dk k X

J D/ - XCX M/ai2+?K MM- aX LX UKYyRRV, LQMHBM?2 ~ .vM KB+b M/ _2:B
aF2H2I@QMXM H Q7 i?2 iKQbT223BRRVBRMNFIPdRX

J D/ - XCX-ai2+?2K MM-aX LX-*?22M- aX- P: QbFv- hXQ TXB M Hh®Ni Hb 2% Q k
0 "B #BHBiv M/ i?2 aiQ+? biB+XaBZHRMOM "JBIiZTW BM J i?2K iB+b Q7 SH
aT BM:2° AMi2 M iBQM H Sm#HBb?BM:- " b2HX

J D/ - XCX M/ hQM:- sX hX UkyReV, :2QK2i'B+ 1 :Q/B+Biv 7Q  SB2+2r
rBi? TTHB+ iBQMb 7Q° h"QTB+ H aiQ+?QliBm NEBi+BBD MO /QMWbEm 2 M/
Ji?2K iBeNUeV- RRRy RR8jX

dk



J ibmMQ- hX URNeeV, Zm bB@:2Qbi"QT?B+ JQiBQMbDMEM iQ2 17 JiIXI 2B K H
aQ+B2iv QZIOURW- k8 9kX

LQ+2/ H-CX M/ g B;?i- abin&R By eRTiBK8X BAWQ® a2 ' B2bBM PT2  iBQMbE
aT BM;2 - L2r uQ F- kM/ 2/BiBQMX

P;"QbFv- >X X M/ ai2+?K MM- aX LX UkyR8V, h?2 JCP aF2H2iQM JQ/21I
"+F;QmM/ ai i2 M/I&n+BMHEHY COM™M H Q7 i?72 Qv HI2RDREEN®RYB+ H
ke89 keeNX

PTiBKBx iBQM hQQH#Qt6 Ib2 6b :mB/2 U_KkyRN#V, J hG " /@?mMmBEIM@iBQN
gQ Fb- AM+X

_ M2b- SX LX-"Q+[m2i-JX M/* " bbB- X UkyRNV, / TiBp2 *Qp "B M+2
E HK M 6BHi2 #v : mbbB M aZnH2i2BHMCDOX' M H Q7 i?2 Qv H J2i2Q QH
R98JdR3V- 8j d8X

_mM+Fbim?H-uX JX M/ C MDBE- hX UkyR3V, S ° K2i2" M/ bi i2 2biBK iBQN
# b2/ H;Q Bi?Kb 7Q° +QMp2+iBp2@b+i M HVICAB+MBRORIBEX?2 Qv H J2iz
aQ+BRYVIRKV- 3ke 39RX

a FQp- SX- PHBp2 - .X aX M/ "2 iBMQ- GX UKyRkV, M Ai2" iBp2 1ME6 7Q
JOMi?HvV g2 i?2 -RMBEN- RN33 kyyoX

aBKQM- . X UkyRyV, E HK M 6BHi2'BM; rBi? ai i2 *QMbi~ BMib, am'p2v Q
"Bi?KAXh *QMi QH h?2Q v M/ -TUBB+ RBYQMHR3X

aKBi?- X EX URZRIBV2b QM h QTB+ N H2iRiQn QHOQ:VBTi- H2+im 2 “2T2 i2,
Gm/rB;@J tBKBHB Mb@IMBp2 bBi i JCM+?22MX

ai +?MBF-CX SX-q HBb2 - .X 1X-J D/ - XCX-ai2+?K MM-aXLX M/ h?m t
1p2Mi AMBiB iBQM M/ .2+ vBM i?2 aF2H2iQM JQ/26Qmb BMH QI7_: 20 R BHE
_2b2 "+?, iIKQbRIWRRV- 93e 8y3X

ai2+?K MM-aXLX M/J D/ - XCX UkyR8V, A/2MiB7vBM; i?2 aF2H2iQM Q7
BM P#b2 p iBQN QHMi?Hv g2 i?2 -RPBRV- jN8 9ReX

h?m H-aX M/J D/ - X CXTUKYRIM,aQHpBM: GQM: @ MPE2 Tt KBED2/ 2T Q"
i?72 H;Q Bi?K 7Q  bQHpBM; HQM;@r p2 /vM KB+b BM i?2 aF2H2iQM KQ/2

h?m H-aX M/J D/ - X CX UkyRe V, aF2H2iQM JQ/2H 7Q  i?2 JCP rBi? _:
*HBK i2 .vM-RBYDN @RyV- kddj kd3eX

h?m H-aX M/J D/ - X CX UkyRe#V, amBi2 Q7 aF2H2iQM JQ/2HDb 7Q" i?.
ai'm+ind 222K iB+b Q7 *HBK i2 M/ q2 i?2R6BRV2+dpiB BIX

h?m H-aX-J D/ - XCX M/*?2M- LX UkyR3V, h'QTB+ H aiQ+? biB+ aF2F
LB¢Q- M/ .vM KB+ q HF2  *B +mH iBQM,C QaBKT HBQZ/|RB¥ ki\2- NkeR
Nk3kX

h?m H- aX-J D/ - XCX M/ ai2+?K MM- aX LX UkyR9V, aiQ+? biB+ aF2
COQm M HQ7 i?2 iKQbT?2@dRBk\A-+8R M HRB X

h?m H-aX-J D/ - XCX M/ ai2+?K MM-aXLXUkyR8V, bvKK2i B+ AMi b2
iB+ aF2H2iQM JCP JQ/2H rBi? 4B BK M2 HVW HHBWH@ 9V - eyj eR3 X

dj



pMG22mr2M- SX CX URNNNV, *QKK2Mi QM 6. i bbBKBH iBQM IbBM; M 1
MB[mP@Mi?Hv q2 i?2 -RkB2aNV- Rjd9 RjddX

0Bi “i-6X M/JQHi2MB- 6X UkyRyV, aBKmH iBQM Q7i?2J //I2M@CmHB M P
BMi?2 1*Jq6 6Q 2+ bi Zmbi2XHv CQm M H Q7 i?2 Qv H J2RjOUOBINVB + H
39k 388X

q?22H2 - JX *X M/>2M/QM->X >X Ukyy9V, M HH@a2 bQM 2 H@hBK2 Jn
QTK2Mi Q7 M AM/2t7Q  JQMBIiQ BQMIMHS @2B?2BCRIB3NV- RNRd RNjkX

q?22H2 - JX *X M/ EBH /Bb- :X URNNNV, *QMp2+iBp2Hv *QmTH2/ 1[m iQ"
M/ h2KT2 im2BMi?2q p2MmK#2" 6 Z[@2M+\H.QR iBRIXKQbT?22&B+ a+B:
jd9 jNNX

q?22H2 - JX +X M/ L;mv2M- >X UkyR9V, h " QTB+ H J2i2Q QHQ;v M/ *HBK
IM+v+HQT2/B Q7 iKQbT?2/BiR2/a#B2MEtQDbi?- CX SVvH2 M/ 6X w? M;- + [2Z
aM.B2;Q- TTX Ryk RRk- kM/ 2/BiBQMX

f: -LX-"H mr-JX-C2b2MFQ-"X M/J ;MmbbQM- GX UkyReV, .B ;MQbBI
h"QTBHWX6 L2rbH2iR9dke jjX

W2M;- uX- C MDBE- hX-_m+Fbim?H-uX M/ 02'H M-JX UkyRdV, 1Mb2K#H
*QMb2 pBM; J bb- hQi H 1M2 ;v ZM/ TRIHVQOQ@MXM H Q7 i?2 Qv H J2i2Q"
+B2iR9jUdy3V- kNyk KNRO9X

W? M;- *X UKyy8V, J /[/2M@CmHBpB Prb+@H H @EBQWEB + b : kyyjX

W? M;- *X- :Qiib+? H+F-CX-J HQM2v- 1X .X-JQM+ B2z-JX qX- 0Bi "i- 6X-
q?22H2 - JX *X UKYRjV, * +FBM:;2QZMMBEMiX2b2 299UEMiRkkj RKjyX

*Bi iBQMb BM b[m "2 #° +F2ib 272 iQ HHBM7Q K iBQM BM i?2 T 2+2/BN
2°'rBb2X

do



GBbi Q7 p "B #H2b- +QMbi Mib M/ 7mM+iBQMb

h?Bb TT2M/Bt HBbib HH p "B #H2b- +QMbi Mib M/ 7mM+iBQMb i? ir2 2 E
"2mb2/ rBi? i?2 b K2 K2 MBM; #mi rBi?Qmi "2T2 i2/ 2tTH M iBQM BM bm#l
bQ i2/ #v i?2 +? Ti2 Q7 i?2B } bi TT2 =~ M+2X

+? TiRp "Xf+QMbi

X bMBX H K2 MBM;

kXR

kX kX

kX kX

kX kX

k X k X
k X k X
k X jX

k X jX

k X j X

k

©

k

t
X -y -z
u-v

iBK2

XQM HTQbBIiBQM- K2'B/BQM HTQbBIiBQM-p2 iB+ H°
XQM HrBM/ MQK HB2b- K2'B/BQM HrBM/ MQK HB2¢t
T '2bbm™ 2 MQK HB2b

XQM Hr p2MmK#2 - M;mH ~ 7 2[m2M+v

S*6 Q7 QM2K2 B/BQM H KQ/2 MmK#2"

HQr2  i'QTQbT?2'B+ KQBbim 2 MQK HB2b
2Mp2HQT2 Q7 bvMQTiB+ b+ H2 +QMp2+iBp2 +iBpBiv
TQi2MiB Hi2KT2  im2 MQK HB2b

# +F;"QmM/ " /B iBp2 +QQHBM;-# +F; " QmM/ H i2Mi ?2
b+ HBM; +QMbi Mi 7Q° +QMp2+iBp2 +iBpBiv

;7Qri? T i2 Q7 +QMp2+iBp2 +iBpBiv

K2 M# +F;"QmM/ p2 iB+ HKQBbim 2 ;" /B2Mi

Q' /2 Q7 K2'B/BQM HKQ/2Hi mM+ iBQM

bi'm+im 2 Q7 mM7Q +2/ E2HpBM r p2 UKQ/2H p "B #H
bi'm+im 2 Q7 mM7Q +2/} bi K2'B/BQM H _Qbb#vr p2
KTHBIim/2 Q7 i?2 T RO+HMBQMbQ3*6 UKQ/2H p "B #H?2
KTHBIim/2 Q7 i?2 T QQR+HIBQIMbQ 3*6 UKQ/2H p "B #H?2
KTHBIim/2 Q7 i?2 T QER2GMPM PDhi S*6

T°QD2+iBQM QT2 iQ  7Q  i?2 MQMHBM2 ~2[m iBQM I
XQM HH2M;i? Q7 /QK BM

T2 im # iBQM QR

bi i2 p2+iQ°  BM KQ/2H p "B #H2b

HBM2 "Bx2/ KQ/2H6b 2B;2MKQ/2b kKQ™ xQM Hr p2MmK
T  K2i2°7Q° r ' KTQQH BMi2MbBiv

BMM2  T'Q/m+irBi? Q' i?Q;QM HBiv Q7 i?2 HBM2 "Bx?Z2
Q#b2 p iIBQMbD

# +F;QmM/- M HvbBb

KQ/2H 2 'Q  +Qp 'B M+2 K i'Bt

Q#b2'p iBQM 2 "Q " +Qp 'B M+2 K i'Bt

# +F;"QmM/ 2 "Q  +Qp ‘B M+2 K i'Bt- M HvbBb 2 Q"
Q#b2 p IBQM QT2 iQ - HBM2 "Bx2/ Q#b2 p iBQM QT2
/IBK2MbBQM Q7 bi i2 bT +2-/BK2MbBQM Q7 Q#b2 p iB
E HK M; BM K i'Bt

MQMHBM2 " KQ/2H

MmK#2" Q7 2Mb2K#H2 K2K#2'b

# +F;"QmM/ 2Mb2K#H2 K2K#2 b- M HvbBb 2Mb2K#H?2
# +F;"QmM/ 2Mb2K#H2 K2 M- M HvbBb 2Mb2K#H2 K2
Q#b2 p IBQM T2 im # iBQMb

HQ+ HBx2/ # +F;"QmM/ 2 "Q +Qp "B M+2 K i Bt

d8



k XjX|9

kXjX8

i XRXj

i X k Xk

JXjXR

JXjX]

+Qp 'B M+2 HQ+ HBx iBQM K i Bt

BM~ iBQM 7 +iQ"

+Qbi 7TmMM+iBQMb 7Q"° 2Mb2K#H2 K2K#2'b

2[m HBiv +QMbi* BMib- BM2[m HBiv +QMbi> BMib
+QHH2+iBpBiv Q7 2[m HBiv +QMbi® BMib- +QHH2+iBp
bF2rM2bb

i'mi?

/QK BM BMi2;" i2/ KQBbi bi iB+2M2 ;v- /QK BM BMi2;
/I QK BM BMi2;" i2/ /v K bb

"QQi K2 Mb[m 22 7Q"

"2H iBp2 2Mb2K#H2 bT 2 /

+QMb2'p iBQM T QT2'iB2b BM i?2 KQ/2H6b i'mM+ i2/

de



" GBbi Q7 ## 2pB iBQMb

h?Bb TT2M/Bt HBbib HH ## 2pB iBQMb i? i "2 mb2/BMi?2 #Qp2i2ti BN

## 2pB IBRMMBM;

**1 *QMp2+iBp2HvV *QmTH2/ 1[m iQ B H q p2
*.6 *mKmH iBp2 .Bbi'B#miBQM 6mM+iBQM

. i bbBKBH iBQM

q

.q. 2 K M g2 i?2 a2 pB+2 Ub.2mib+?22" gq2ii2 .B2MbidV
1 E6 1Mb2K#H2 /DmbiK2Mi E HK M 6BHi2"
1A: 1 bir "/ KQpBM; AM2iBQ@: pBiv Ur p2V

1MEG6 | 1IMb2K#H2 E HK M 6BHi2"
1LaP 1HLB¢Q@aQmi?2 M Pb+BHH iBQM
1Ma_6 | 1Mb2K#H2 a[m "2 _QQi 6BHi2"

1P6 1KTB'B+ HP'i?Q;QM H6mM+iBQM
1 1[m iQ°'B H_ _Qbb#v Ur p2V

1hEG6 IMb2K#H2 h™ Mb7Q KE HK M 6BHi2"
L* bT "B@*Q?M U7TmM+iBQMV

%] :2M2° H *B +mH iBQM JQ/2H

A*PL A*Pb ?2/° HLQM@?v/ Qbi iB+ UKQ/2HYV
Ah*w AMi2 " h"QTB+ H*Qp2 ;2M+2 wQM2

EEh E Mb?@Em?M@hm+F2  U+QM/BiBQMbfQTiBK HBiv +°
EG@/Bp2|;EMhHH# +F@G2B#H2 /Bp2 ;2M+2

JCP J//I2M@CmHB M Pb+BHH iBQM

J JBt2/ _Qbb#v@: pBiv Ur p2V

LgsS LmK2'B+ Hq2 i?2° S°2/B+iBQM

PG _ Pmi;QBM; GQM;r p2 _ /B iBQM

S** S2 "bQM *Q "2H iBQM *Q2{+B2Mi

S*6 S #QHB+ *VHBM/2 6mM+iBQM

S.6 S'Q# #BHBiv .2MbBiv6mM+iBQM

ZS1Mb | Zm /7 iB+ S°'Q;" KKBM; 1Mb2K#H2

_1la _2H iBp2 1Mb2K#H2 aT 2 /

~Jal ~_QQiJ2 Ma[m "21°°Q"°

haa@:*J| 6h"QTB+ HaiQ+? biB+ aF2H2IQM@:2M2" H *B +mH iB

qgA: g2bir "/ KQpBM; AM2iBQ@:" pBiv Ur p2V

j.o j@.BK2MbBQM Ho "B iBQM H bbBKBH iBQM

9.0 ° 9@.BK2MbBQM Ho "B iBQM H bbBKBH iBQM

dd
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+FMQrH2/;2K2Mib

6B bi Q7 HH- Ar MiiQ 2tT 2bb Kv p2'v bT2+B H i? MFb iQ ."X hBD M C
? pBM; i F2M HH i?2 iBK2 7Q  i?2 +HQb2 bmT2 pBbBQM Q7 i?Bb T QD2+i-
?2° /pB+2-#mi HbQ 7Q" ? pBM; QT2M2/ mT HQib Q7 ;"2 i QTTQ imMBiB2l
Qi?2'b M/iQi'vQmiKv QrMB/2 bX AMi? i "2bT2+i- ArQmH/ HbQ HBF2 i
i GJI7Q i?2B [m2biBQMb M/ bm;;2biBQMb i? i+ KZ2mT /m 'BM; Qm”™ ;" Qm
X UpQMM2 _m+Fbim?H 7Q° ?22° bi2 /v M/ bTQMi M2Qmb ?2HT7mHM2bbX

MQi?2  bT2+B H i? MFb ;Q2b iQ ."X L M *?2M- r?Q Bb bbBbi Mi S Q72k
J i?2K iB+b i i?2 IMBp2 bBiv Q7 qBb+QMbBM@J /BbQMX A K p2'v i? MI
/IBb+mbbBQMb- BM r?B+? 22 22HT2/ K2 2bT2+B HHv Km+? rBi? ?Bb 2tT2 i
}JHi2'BM; H;Q Bi?Kb BM ;2M2" HX

JQ 2Qp2 - Ar MiiQ i? MF S'Q7X .°X :2Q°:;2 * B; 7Q  ?Bb ?2HT rBi? }M/
i?72 QTTQ imMBiviQ rQ'F QM Kv J bi2 6b i?2bBb BM ?Bb ;"QmTX AM i? i
KQ'2iQi?2r?QH2i?2Q 2iB+ H K2i2Q QHQ;v :'QmT i GJI M/i?2q p2biQ
i72 7°B2M/Hv "2+2TiBQM- M/ 2tTHB+Bi2Hv iQ J ii?B b a+?BM/H2" M/ 6HQ
iKQbT?2°2BM Qm" Q{+2 /m BM; Kv }'bi 72r KQMi?b- #mi HbQ 7Q  #2BM; +
K H[m2biBQMb M/ ?2HT7mH iBTb /m BM; i?2 *Q QM ?QK2 Q{+2 iBK2X

M/ H bi- #mi MQi H2 bi- Ar Mi iQ i? MF E i'BM J2B2  7Q 22  IM HT QQ?7?

C FQ# Qi?7Q°Qm +QmTH2 Q7 ?2HT7mH /Bb+mbbBQMb QM " v2bB M BM7
"2 /[BM:- M/ KQ 2 :2M2  HHvV 7Q ?Bb bmTTQ ii? Qm:?2Qmii?2 r?2QH2 v2 >

dN
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1°"FH mM;
>B2'KBi 2'FH "2 B+?-/B2 pQ 'HB2;2M/2 “#2Bi b2H#bi M/B; p2'7 bbi xm ? #

12" "#2Bi M;2;2#2M2M Zm2HH2M mM/ >BH7bKBii2H #2Mmixi xm ? #2MX

JCM+?2M- keX C Mm ~ kykR

3R
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