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i2i° 22/ Hbi m+im 2- "2bmHIBM; BM aB@* /Qm#H2 H v2 bX h'
bi +F2/ +QM; m2MiHv Q  #2B-Mb 'xiQmv BWM 6B;m 2 kXkX .m2 iQ
QTiBQMb-aB*2tBbib BMp "BQmbbi +FBM; b2[m2M+2bX h?2b2 b
#v i?22 MmK#2 Q7 H v2'b BM QM2 mMBi +2HH M/ i?2 + vbi Hb
*+m#B+- M/ _, "?QK#Q?2/° HX .Bz2 2Mi TQHvivT2b /Bz2 BM
2t KTH2-i?2 # M/ ; T > M;2b7QQK@aB* mZdRQ e > @efhX* (

AM i?Bb bim/v- i?2 TQHvivT2b 9>@aB* M/ e>@aB*r2°'2 mb2/
Bb BKTQ' i Mir?2i?2  i?2bm7 +2 Bb bBHB+QM Q™ + "#QM i2"|
aB*-i?22b2 bm 7 +2b "2 272 ' 2@iQn b/NMF2?22 < @bm:7 +2

"2bT2+iBp2HvX 272 'BM;iQi?2i2 ' KBM iBQM-i?2bm 7 +2b "2
+ #QM bB/2X AM i?Bb bim/v- QMHvV i?2 bBHB+QM i2 KBM i2/ bB/
bBM+2 T 2T " iBQM QM i?2 + "#QM bB/2 Bb Km+? H2bb "2T°Q/m

Q Q@ @ 9
) <9 J aB
0*

o'9 o

U#V

U v
6B:m 2 kXk22K iB+ bF2i+?22b Q7 bBHB+QM VM#B?2 iQn#H2 H

TQbbB#H2 bBHB+QM + “#B/2 /Qm#H2 H v2  bi +FBM: ivT2b- r?
aB@H v2  Bb "QiUEZVAN' b2/ QM (ee)V



k " +F;"QmM/

KXRXj :" T?2M2 QM aBHB+QM * "#B/2, : " Qri? M/ S Q-

S T?2M2 + M #2 ;°QrM QM bBHB+QM + “#B/2 bm#bi" i2b #v MM2
BM2'i: b iKQbT?2'2X q?2M bBHB+QM + “#B/2 Bb ?2 i2/iQ ?B;?
iQKb 7°QK i?2 iQT H v2'b bm#HBK i2 r?2BH2 i?2 + "#QM iQKb 2k
h?Bb Bb /m2 iQ i?2 p TQ T '2bbm’ 2 Q7 + "#QM #2BM; M2;HB;B#
bBHBKHQMIM/2> T°QT2> T°2T ~ iBQM +QM/BiBQMb- i?2 2K BMB
b2H7@ bb2K#H2 BMiQ r2HH@Q /2 2/ k. H V2HRX/bNM 2?EBBM; #
N T@°2+QMbi'm+iBQM Q7 bBHB+QM + “#B/2X h?Bb +QN\
N _ @ 2+QMbi'm+iBQM 7Q  i2KT2 (emX2b?2@p2bi H
bi'm+im 2 Q7 i?2 mM/2 "HvBM; aB* bm#bi> i2 Bb "2i BM2/ BM i?Bb |
bi'm+im 2 Q7 ;> T?2M2- #mi Bib T°'QT2'iB2b "2 ii2Mm i2//m2i
i?2 bm#bi® i2X 6Q  i?Bb "2 bQM-i?Bb H v2  Bb + HH2/ #mz2 H v2
i?Bb bi i2X *QMiBMmMBM; MM2 HBM:; H2 /biQi?2 ;"Qri? Q7 //Bil
mM/2 M2 i?2X IM7Q imM i2Hv- Bi Bb mbm HHv mM pQB/ #H2 i? i (
r’BH2 i?2 T°2pBQmb H v2  Bb biBHH 7Q KBM; X

S'QT2 T 2T " iBQM +QM/BiBQMb 2 + m+B HiQ +QMi QH i?Bl
Q#i BMBM; ?B;?@[m HBiv ;- T?2M2- +? ~ +i2 ' Bx2/ #v bBM;H2@
[272+i /2MbBiB2bX h?2 irQ /BbiBM+i K2i?Q/biQ T 2T "2 bm+? ?B;
2tTH BM2/ BM i?2 7TQHHQrBM; X

SO 99 €O 99 €9 9P ) #mz2 Hv2

* )
.Y | .\ | b Y | .Y 0*
O PO PO o0 9 aB

aBg*  FQp H2Mi #C
O 699 o MEHBM; #C

6B;m 2  kXj,_2T 2b2Mi iBQM Q7 i?2 T "iB HHv #
N @ 2+QMbi rbBIBONHH2/ #mz2° HJ V22 /QQMaEHY V



*QMIM2K2Mi +QMi'QHH2/ bm#HBK iBQM U**aV

h?2 bm#HBK iBQM " i2 Q7 i?2 bBHB+QM iQKb M/ i?2 KQ#BHE
7Q KBM; i?2 ;" T?2M2 H v2'b "2+ m+B HiQ i?2 [m HBiv Q7 i?
HQr bm#HBK iBQM " i2 BM+ 2 b2b i?2 iBK2 p BH #H2 7Q  i?2 +
"2+QMbi'm+iBQM-r?BH2 ?B;? i2KT2 im"2 BM+" 2 bRRX?2B" KQ
"Qi? Q7 i?2b2 T°QT2iB2b "2 /2bB" #H2X IM7Q imM i2Hv- bBM+2
iQ ?B;? bm#HBK iBQM "~ i2-BiBb +? HH2M;2iQ imM2 #Qi?X h?
bm#HBK iBQM K2i?Q/ U**aV M/ T 2T " iBQM BMBM2'i; b F22T
HQr 2p2M 7Q ?B;? T 2T ~ iBANMXIZRRZT Rhb2b' 2 Q7 i?2 ; b +ib

# B2 - K FBM; Bi H2bb HBF2Hv 7Q° bBHB+QM iQK iQ H2 p2
+QMi"QHH2/ K2 Mb +HQbBM:; i?2b KTH2BM +QM}M2/ bK HH |
+QM}IM2K2Mi-i?2 HQ+ HT "iB HT 2bbm 2 7m’i?2 " BM+ 2 b2b
i?72 bBHB+QM iQKb #2+ mb2 i?2v+ MMQi 2 bBHv H2 p2i?2 pB+
K F2b i?2 bm#HBK iBQM "~ i2 b2H7@HBKBiIiBM;X bK HH H2 F Bb

IM7Q imM i2Hv-r?2M T 2T BM; #mz2 H v2 QM bBHB+QM + °
KQMQH v2 ;°Qri? Q7 ;> T?2M2 Qp2 i?2 #mz2 H v2 Bb mM p(
"2+QMbi m+iBQM H v2 Bhj[HiQIK2"QIi2Ti?2H2 2z2+ib "2 mM/2bB"
ai2T@#mMM+?BM; /2b+ B#2b i?2 K2 ;BM; Q7 b2p2° Hi2 ~ +2b BMi
?m;2bi2T@7?2B;?iX h?Bb "2/ m+2bi?2bi'm+im> H M/ K ;M2iB+ ?Q
M/ i?mb ?BM/2°b i?2 7Q 'K iBQM Q7 K ;M2iB+ 72 im 2b BM }M
BMbi M+2X JQMQH v2 ;"Qri? HbQ 2/m+2b i?2 bvbi2Kdéb ?QKQ ;2
Bb QMHV T 2b2Mi BM bQK2 "2;BQMbX *QKTH2iBM; i?Bb H v2" rC
bi “iBM;iQ 7Q KX 1H2K2Mib //2/iQ 7Q°K 7m'i?2 " Hv2'b+ M pQ
“2bmHIBM; BM i?2b2 H v2'b #2BM; BM+QKTH?2i2 (kk- j3)X

SQHVK2" bbBbi2/ bm#HBK iBQM ; Qri? US a:V

h?2 ~ iM2bb Q7 i?2#mz2 H v2 ' + M#2BKT Qp2/ mbBM;i?2 TQHVK
;Qri? US a:V K2i?Q/-r?B+? +QKT Bb2b 7Qm ™ bi2TbhX 6B bi- i?Z
+Q i2/ rBi? TQHVK2 +QMbBbIBM; K BMHvV Q7 + #QMX am#b2
i?72 /12+QKTQbBIiBQM Q7 i?2 TQHVK2 X h?2 2K BMBM; + #QM
+ "#QM M2irQ FbX AM i?2 i?B / bi2T-i?2 i2KT2 im 2 Bb BM+



k " +F;"QmM/

bm#HBK iBQM ;" Qri? M/ + mb2b i?2 M2irQ Fb iQ +QK#BM2 M/
Hv2 X AMi?27Qm i? bi2T-i?2 i2KT2 im 2 Bb BM+ 2 b2/ 2p2N
KQ 2 bBHB+QM iQKb bm#HBK i2 M/ i?2 #mz2 H v2 ; Qrb Qp2 i?
+QMiBMmMQmb H v2 X

.m2iQi?2 //IBIiIBQM H+ #QM 7 QK i?2 TQHVK2 -bi2T@#mM+?BM
b KTH2b T°'2T "2/ mbBM; i?Bb K2i?Q/ "2 mHi" @bKQQi? rBi? mHi"

Q7 QMHvV QM2 Q irQed3B* H?Bd Bl i?72 KQbi BKTQ i Mi + Bi2 BC(
QQ/ [m HBiv#mz2 M/ ;" T?2M2 H v2 - 2bmHiIiBM; BM 2M? M+2/
BM+ 2 b2/ +? ;2 + B2 /2MbBiB2b (eN)X

6B;m 2 kXBHmMbi> iBQM Q7 i?2 7Qm  bi2Th Q7 i?2 S a: K2i?2Q/X |
SQHVK2 /2+QKTQbBiBQM UAAAV am#HBK iBQM ;" Qri? M/ #mz
*QMM2+iBM:; BM/BpB/m H/QK BMbX (dy)

kKXRX9 AMi2 + H iBQM Q7 :> T?2M2 QM aBHB+QM * #

hQ "2H2 b2i?2 +Qp H2Mi #QM/b #2ir22M bBHB+QM + “#B/2 M/i?2 #
+ M#2T2 7Q K2/X AMi2 + H iBQMBbi?2BMb2 iBQM Q7 //BiBQM
#2ir22M i?2 #mz2  H v2" M/ i?2 bm#bi> i2X h?Bb Bb /QM2 #v } Dbi
Hv2 rBi? i?2 BMi2 '+ H Mi- r?B+? + M i?2M BMi2 '+ H i2 B7 i?2
iQ bm{+B2Mi i2KT2> im 2X h?2 i2KT2  im 2 M22/2/ 7Q° BMi2
QM i?2 K i2’B H M/ M:2b 7°QK "QQK i2KT2  im 2 iQ b2p2° H
*2HDBIRGAX b “2bmHi-i?22 +Qp H2Mi #QM/b Q7 i?2 bm#bi i2 "2 b
BMi2 + H Mi M/ i?2 #mz2  H v2  Bb HB7i2/ M/ #2+QK2b [m bB@7

h?2 BMi2 + H i2/ iQKb + M KQ/B7vi?2 T'QT2 iB2b Q7 i?2; T?
H2 /BM: iQ M2r TQbbB#H2 TTHB+ iBQMb- HBF2 ?B:?2@T2 7Q K
UBL1hbM){: b b2MbBM; TTHYB+MB[@MMiMK > HH 3Xp B M2il® B b

FQ F-1}'bi TH iBMmK M/i? M +Q# Hi Bb BMi2 + H i2/X .m2iQ i?
BM/BpB/m H "2bmHiBM; H v2'b-i?2 K ;M2iB+ bi'm+im 2 Q7 *Q@*h

Ry



kXk J ;M2iBbK, 6mM/ K2Mi Hb M/ bi m+im .

Ji2’B Hb+ M#2 T ~ K ;M2iB+- /B K ;M2iB+-Q 72 QK ;M2iB+X
M/ /B K ;M2iB+ Ki2'B Hb mbm HHv /Q MQi BM~m2M+2 K ;M
72" QK ;M2iB+ K i2'B Hb /QX h?Bb K ;M2iBbK T'BK "BHv Q B;BN
Q #Bib M/ bTBMb M/ Bb +? °~ +i2 ' Bx2/ #wXi?2 "Q? K ;M2iQM

AM i?Bb b2+iBQM-r2 BMi"Q/m+2 7mM/ K2Mi H bT2+ib Q7 K ;|
K :M2iBbK +QM+2 MBM: bTQMi M2Qmb K :M2iBx iBQM M/ i?2
“2bmHiIBM: 2z2+ib M/ bi'm+im 2b- HBF2 K ;M2iB+ /QK BMb- ME
h?Bb b2 p2b b i?2Q 2iB+ H# bBb 7Q  #Qi? i?2 BMp2biB; i2/
i?72 b KTH2 bvbi2K M/ i?2 i2+?MB[m2b mb2/iQ bim/v i?2KX

kXkXR aTQMi M2Qmb K ;M2iBx iBQM

aTQMi M2Qmb K ;M2iBx iBQM Bb i?2 HB:MK2Mi Q7 K ;M2iB+
/QK BMb-2p2M rBi?Qmi M 2ti2 M H1}2H/X h?Bb +? * +i2 'Bx2b 72

aTQMi M2Qmb K ;M2iBx iBQM Bb K /2 TQbbB#H2 b "2bmHi Q7 S
M/ >mM/6b dredli@¥% (h?2b2 b?Qr i? i Bi Bb 2M2 ;2iB+ HHv KQ 2
2H2+i"QMb ? p2i?2b K2bTBM /m2iQ HQr2  +QmHQK# "2TmH
2M2 ;v "2bmHIBM; 7 QK i?2 +QmHQK# "2TmHbBQM Bb KBMBKBXx2
bTBM}X h?2 /Bz2 2M+2 #2ir22M T ° HH2H M/ MiB@T ~ HH2H
2t+? M;2 BMi2dMWABQEBK BMi2® +iBQM + mb2b i?2 72" " QK ;M2iB+
K2i Hb bBM+2 i?2b2 K2i Hb +QMi BM mMT B 2/ 2H2+i"QMb-r?B+

>Qr2p2 - K :M2iB+ Q /2  Bb /Bbim #2/ #v i?2 K H ~m+im iBQW
Ki2’B HDbT2+B}+ bQ@+ HH2/ *nBIB2tH2A2T27-iMQRbi #H2 K M2
Q'/2 Bb TQbbB#H2X hQ /2b+ "B#2 i?2 *m B2 i2KT2" im 2-i?22 2
#2 [2YM2/ #v M 22z2+iBp2 }2H/- + HH2/i?2 2t+? M;2 }2H/- KQHZ
12H/X h?Bb }2H/ QMHV +ib QM i?2 2H2+i'QM bTBM- MQi QM Bib
AiBbi?2 Q'B;:BM Q7 HQM: @  M;2 BMi2 @ iQKB+ K :M2iB+ Q"/
/2i2 °KBM2b i?2 *m B2 i2KT2  im 2X h?2 QMHvV 2H2K2Mib 7Q" r?B
Bb bB;MB}+ MiHv #Qp2 "QQK i2KT2  im 2 2B QM- +Q# Hi- M/
i?2v "2+ HH2/ 72 QK ;M2ibX

RR
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kKXkXK " M/ KQ/2H Q7 72 QK ;M2iBbK

aBKTH2 + H+mH iBQMb Q7 i?2 iQKB+ KQK2Mib Q7 B'QM- +Q# Hi
“MH2b mMM2tT2+i2/Hv H2/iQ Q// 7" +iBQMb Q7 i?2"Q? K :M2iQN\
i2Bbr b 7QmM/ #v bbmKBRHP>*i i@®@b BM i?2b2 iQKb 2 MQi bi
HQ+ HBx2/- TQHHQr2/ #v i?2 /2p2HQTK2Mi Q7 i?2 # M/ i?2Q vX b
72 QK :M2iB+ K i2'B Hb BM i?Bb +QMi2tir b 7QaWBRBi? i?2 aiQN
/2°Bp2b 7°QK i?2 > i'22@6Q+F TT QtBK iBQM Q7 i?2 >m## "/ K¢

h?2 KQ/2H bbmK2b i? i i?2 #QM/BM; BMi22HPBQN MDir2 @M AR 2
bK2 "BM: Q7 i?2B" 2M2 ;v bi BIBPMAM #HMIR+2- i?2 T2 ' BQ/B+
M:2/ iQKb + mb2 T2'BQ/B+ p ‘B iBQM Q7 i?2 BM/BpB/m H
BM+'2 b2bi?2 # M/rB/i? rBi? i?2 BMp2 b2 H iiB+2 +QMbi MiX AM
i?72 "2bmHIBM; # M/b + M #2 /2b+ B#2/ b b2KB+B +H2bX *QM]
BMi2  +iBQM M/ 2t+? M;2 }2H/-i?2 # M/b 7Q  bTBM@mT M/ bT|
b?B7i2/ "2H iBp2iQ 2 +? Qi?2  #v i?2 2t2Dd(3&2 bhPH BDiBAMB;
H2p2H Bb i?2b K27Q  #Qi? bTBM +QM}:m" iBQMb- "2bmHiBM: B
i72 2H2+i"QMb i? i QM2 # M/ Bb }JHH2/ KQ 2 i? Mi?2 Qi?2 X AM i?:2
#2HQr i?2 62 KBIZMR 2v}HH2/ M/ + HH2/ 2H2+i"QM bi i2bX h?Q
"2 2KTiv- i?2b2 "2 + HH2/ ?2QH2 bi i2bX h?2 bTBM bi i2b rBi? i?
2H2+i'QMb 'R BQIHB2Y bMBINME +Q " 2bTQM/BMK#DND/ BivX2 M/
0B+2 p2'b - i?KBMRDBiv MTHBMQ Biv/ZbMI/B#2 i?2 bTBM bi i2b rBi?
i72 bK HH2  MmK#2 Q7 2H2+i"QM bi i2b M/ i?2 +Q "2bTQM/BM: #
i?2 2H2+i"QMB+ # M/ bi'm+im 2 QR2i72 MQK i M26R¥KB 2M2 :v Bb
b?QrM BM 6B;m 2 kX8X

AM i?Bb BK ;2- M 2ti2;M HBBH/D2/iQ HB;M i?2 K JMBAPRX iBQM
/Bz2 2M+2 BM i?2 MmMK#2> Q7 K DQ Biv M/ KBMQ Biv bi i2b /2iZ
KQK2Mi- r?B+? Bb ;Bp2M M mMBib Q7

Rk



H, m Energy
A A
Empty states,
“holes”
Z quant. DOS
axis EF >

Filled states,
electrons

— [

Minority of
electron spins

Majority of
electron spins

“Majority band” “Minority band”

6B:m 2 kXIBHmMbi~ iBQM Q7 i?2 aiQMb?REHRHFQrmTB2/ bi i2b- +
2H2+i"QM bi i2b- "2 }HH2/BM ;  v- mMQ++mTB2/ QM2b- + HH
/2MbBiv Q7 bi i2b Bb bBKTHB}2/ #v b2KB+B +H2bX (3y)

kXkXj J ;M2iB+ .QK BMb

bbTQMi M2Qmb K :M2iBx iBQM Q++m'b- "2 brBi? +QHH2+iBp
7Q KX h?2b2 2 + HH2/ K :M2iB+ /QK BMb Q" q2Bbb /QK BMbX
BM /Bz2 2Mi /B 2+iBQMb iQ KBMBKBxXx2 i?2 "2bmHiBM: bi> v }
K :M2iBx iBIXMAM/BpB/m H /QK BMb "2 b2T " i2/ #v bQ@+ HH
qBi?BM i?2b2 i?2 K ;M2iBx iBQM /B 2+iBQM "Qi i2b 7°QK i?2 /B
iQi? iQ7i?2 Qi?2'X aBM+2i?2 K :M2iBx iBOQM /B 2+iBQM Q7
HB:M2/ rBi? i? i Q7 i?2 /QK BMb-i?2 iQi H2M2 ;v Bb BM+"2 |
bTQMi M2QOmb K :M2iBx iBOM + M H2 /iQ bBM:H2 /QK BM bi i2
Q7 bm+? bi i2BbHQr2 i? Mi?2/QK BMr HH 2M2 :vX aT2+B}
M MQ@DbBx2/ T iB+H2b "2 FMQrM iQ 2t?B#Bi bm+? #2? pBQ" (:

h?2 /QK BM rB/i? Bb /2i2 " KBM2/ #v i?2 2t+? M;2 2M2 ;v M/ i?2 |
2tTH BM2/BM i?2 M2ti b2+iBQMX rB/2/QK BMr HHrBi? bHQrHv
KBMBKBx2b i?2 2t+? M;2 2M2 ;vX AM +QMi’ bi- i?2 MBbQi ' QTv
/IQK BMr HH rBi? x2 Q rB/i? M/ b? T +? M;2BM /B 2+iBQMX

Rj
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kXkX9 J ;M2iB+ MBbQi QTv

hQ HB:M BM/BpB/m HK ;M2iB+ /QK BMb Q7 b KTH2- M 2ti2'M
6Q  + vbi HHBM2 b KTH2b-i?2 bi'2M;i? Q7 i?2 TTHB2/}2H/ M2
/2T2M/b QM Bib /B 2+iBQM "2H iBp2iQ i?2 Q 'B2Mi iBQM Q7 i?2 +
BMr?B+? KBMBKmK bi*2M;i? Bb "2[mB 2/ "2+ HH2/2 bv t2b M/ i
bi*2M;i? “2[mB 2/ 2+ HH2/? */ t2bX JmHiBTH2 2 bv M/ ? */ t2b
+ vbi HH iiB+2X h?Bb /B 2+iBQM H/2T2M/2M+2 Bb HB:M2/rBi? i

J ;M2iB+ MBbQi"QTv Bb K BMHV /2i2 ' KBM2/ #v i?2b? T2 MBbQi
iQ+ vbi HHBM2 MBbQi QTvX h?2 }JHK i?B+FM2bb Q7 i?2 K ;M2iB+
r?B+? Q7 i?2b2 MBbQi'QTB2b /QKBM i2bX LQ K HHvV i?2 K ;M2
i?72bm 7 +2 Q7 i?2 K i2'B H-r?B+? Bb + HH2/ BM@TH M2 K :M2iE
i?72b? T2 MBbQi'QTvX a? T2 MBDbQi ' QTv "2bmHib 7°QK i?2 2M2";
rBi? i?2 K :M2iB+ bi> v}2H/ QmibB/2 i?2 H iiB+2 M/ Bb "2H i2/iQ
+iBQMX AM i?BM }HKb- K ;M2iQ+ vbi HHBM2 MBDbQi"QTv K v T
iQ T2 T2M/B+mH " K ;M2iB+ MBDbQi'QTv USJ V-r22'2i?22K :M2]
T2 ' T2M/B+mH ~iQ i?2bm 7 +2 MQ K HX h?Bb ivT2 Q7 MBDbQi QT
TTHB+ iBQMb HBF2 bTBMi'QMB+ /2pB+2bX Ai "Bb2b 7 QK i?2 |
bTBM KQK2Mi iQ Bib Q #Bi HKQK2Mi-r?B+? BM im M Bb HBMF2/ |
K ;M2iBx iBQM /B 2+iBQM Bb HB:;M2/ rBi? i?2 + vbi H tBbX "Qi-
"2 /2TB+i2/ BM 6B:m 2 kXeX (3y)

ﬁ L
SN

500000 699099

LLOOO 00000V
515 H 1 5 QU9

U\W? T2 MBbQi 'QU¥V ;M2iQ+ vbi HHBM2 MBbQi'QTv

6B;m 2 kXeM2iB+ MBbQi QTB2bBM #mHF M/BM B2 2/ bvbi2K

R9



6m i?2 ' KQ 2-i?2 bm#bi> i2 M/ Qi?2 H v2'b BM bvbi2K + M Hb
i?72 K :M2iB+ 2 bv tBb #v BMi2 /BzmbBQM3BXb aBW+2M2bb- Q
tBb /B 2+iBQMb "2 HB:;M2/ rBi? i?2 /B 2+iBQM Q7 bTQMi M.
2tT2 BK2Mi H K2i?Q/b + M /B 2+iHv /2i2°KBM2 i?2 2 bv tBbX
i?Bb Tm TQb2 Bbs@S11J- BMi"Q/m+2/ BM b2+iBQM jXjX

kXkX8 J ;M2iB+ bFv KBQMDb

J ;M2iB+ bFv KBQMb 2 M MQ@bBx2/ pQ i2t +QM};m iBQMb Q7
Hv2 -BMBiB HHv T 2/B+i2/ #v hQMv aFv K2 BM iRZNRXMi2ti Q7
h?2v "2 iQTQHQ;B+ HHvV T Qi2+i2/-r?B+? K F2b i?2K 2ti ' 2K2H\
b+ HREX h?2°27Q 2-i?2v 2T QKBbBM; + M/B/ i2b BM bTBMi"
+ B2 bBM/ i biQ ;2 /2pB+2b-bm+? b MNNFNPHFN2EKQ v /2p
HQ;B+ /2pB+2b (N8)X

aFVv'KBQMb 2tBbi BM 72 QK :M2iB+ 2MpB "QMK2Mib rBi? K ;M2i
#2 /2b+ B#2/ #v +QMiBMmMQmbHv +? M;B{M; Kr2AB2iBBMBBINM /2N
+2Mi2° Bb Q°B2Mi2/ QTTQbBi2 iQ i?2 +QM}M2K2MiX h?Bb bi m+
"2 HO@bT +2 iQENRIXQBzR 2Mi ivT2b Q7 bFV'KBQM "2 T°'BK 'BH
#v irQ T ~ K2i2 b,

RXQH "Biv, , Pmi@Q7@TH M2 K :M2iBx iBQM /B 2+iBQM Q7
Ub/QrMfmToV

kXpQ iB+Bnv ; ; , HbQ-#mi MQi b T 2+Bb2Hv-+ HH2/ +?B
+HQ+FrBb2f+HQ+FrBb26VX .2b+ B#2b i?2 rBM/BM; ivT2 Q7 i
7°QKi?2 TQH ° M;H2-r?B+? + MQMHvVvr T "QmM/i?2 +2N
zX aFv ' KBQMb rBi? M2 +iBpl2/ MiBbFv KBQMbX

*QK#BM2/- i?2b2 HRT@HIQ@2B+ H +2 ;A o
6Q° TQbBiBp2fM2: iBp2 p Hm2b- bFV ' KBQMb "2 + HH2/ 'B:"

R8



k " +F;"QmM/

aQK2 # bB+ bFV'KBQM ivT2b ‘2 /2TB+i2/ BM6B;m 2 kXdX MQi?2"
TH M2 K ;M2iBx iBQMyJ.QH?BM2H2T2M/b QM i?2 TQPBABQM p2+iQ"
i?72 K ;M2iBx iBQHKk/2Mb Bilvy ;BpM #{k,*+ mX Aib QmbR2iHH2/
?2HB+Biv- Bbi?2 /BbiBM;mBb?BM; T ~ K2i2 #2im@2M Mi2H@ivT2 Db
"HQ+?@ivT2 bFV KIBQMbXrBiNi2 ' K2/B i2 p2 ' bBQMb "2 HbQ TQh
b?QrMBM 6B;m 2 kXd#X aT2+B HivT2b 272 'BK ;M2iB+ M/ bvMi
bFV KBQM- b?QrM BM 6B;m 2b kXd; M/ kXd?-7Q r?B+? i?2 iQT(
irQ bm#bFv ' KBQMb +QKT2Mb i2 2 +? Qi?2 X

Biskyrmion Skyrmionium Ferrimagnetic skyrmion Antiferromagnetic skyrmion

6B:m 2 KRg2 pB2r Q7 /Bz2 2Mi bFV 'KBQM ivT2bX h?2 } bi "Qr b?
rBi? p "BQmb ?2HB+BiB2b M/ pQ iB+BiB2b, U NV WiBHFBMBQM U
i2°K2/B i2 bFVAKBOQM U V- U+V ?2B;?22° @Q /2, :bFWV-KBIQM U

U/V #BK2 QM7UV X

h?2 b2+QM/ "Qr b?Qrb +QK#BM iBQMb Q7 irQ bFx KEQMb, U2V
U7V bFV KBQMBMK M/ U;V 72 "BK ;M2iB+ M/ bvMi?2iB+ MiB72
bFv KBQM X

h?2 "Qr +QHQ M/ /B 2+iBQM 2T 2b2Mi i?2 Q' B2Mi iBQM Q7
K2MiX (Ne)

Re



J2°QMb

h?BbrQ'F7Q+mb2b QM K2°'QMb-r?B+? "2 bFVv KBQMB+ 7Q K iB:
iBx2/ bvbi2KX h?2v+ M #2 /2b+"B#2/ b? HT@bFv KBQMb M/ TQ
bFV'KBQMb M/ /QK BMr HHbX 1[mBp H2MiiQ MiBbFV 'KBQMb
"2+ HH2/ MiBK2'QMbX h?2 +QK#BM iBQM Q7 irQ K2 QMb- b b
Q7 K2'QM M/ M MiBK2 QM Bb + HH2/ #BK2'QMX J2°QMb Hb
pQ iB+BivX 6Qm ivT2b Q7 "HQ+?@ivM2 K2 QM /2BliB+i2/ BM
6B;m 2 kX3X (N3 Ryy)

I E O L
655\\ J//I"', \,\ ’ //// //’,‘“4_ \\
é o~ I"‘ [ J ‘~ Q f \J/ (( "' .. = 1

P . { « \
R RS (S
LN S D IR L S
\\\ \\\\ \‘\- . \\\ \\K\l\tt . "
ga SSCISUEE— o T kY
uv - 7 U#v 7 -
e T
% N WK Ve AT ST TR

o % W\ % \ 5 7 a X X L TR IR
ST SRR
e e gt £ LG VI B

v 6 @ 7
\\ .V "/l \& o \\ "4‘,,// //, /
- ’(—/,/ 4 ? LY s \\\ A’A’;é// -
S S g
Uu+Vv - u/v 7 - 7

6B;m 2 kXBKTH2 "HQ+?@ivT2 K2 ' QMb rBi? /IBz2 2MiRyWRH "'BiB2b

ai #BHBxBM; K2+? MBbKb @ .xv HQb?BMbFBB JQ Bv BMi2 +i

+ " m+B HT ' QT2ivQ7 bFv ' KBQMb Bb i?2B" bi #BHBivX A7 i?2 b
QMHV /Q bBM;H2 bFV 'KBQMb TT2 - #mii?2v+ M HbQ 7Q 'K T2
bm 7 +2b (Ryk- Ryj)X

A7 i?2 K :M2iB+ KQK2Mi /2b+ B#BM: DbFV KBQM rQmH/ #2 +QMil
rQmH/ #2 bi #H2 /m2iQ i?2iQTQHQ;B+ HT Qi2+iBQM T 2p2MiBM
MMB7Q K72 QK ;M2iX >Qr2p2 -bBM+2 2 HbFv ' KBQMb +QMb|

Rd



k " +F;"QmM/

/IBb+ 2i2 TQbBiBQMb- i?Bb T QRipXKi BQMbRY VAMiivBFin(i?2 bi #BH
BMi2  +iBQMb 2 M2+2bb “vX h?2 KQbi BKTQ i Mi QM2b BM i?Bb +
BMi2  +RByBM32 /BTQH2 /BTQHRWMIiM] i®iBQXM HQb?BMbFBB JQ B
BMi2  +iBQMNBXIJAWEH2 i?2 /BTQH2 /BTQH2 BMi2  +iBQM + M
Q#D2+ib mTiQ b2p2  H KB+ QK2i2 ' b BM /B K2i2 -i?2 .JABb + m
iQ bBx2b BM i?2 bm#@M MQK2i2 > M:2 (N8)X

*QM+2 "MBM;i?2b KTH2 bvbi2K BMp2biB; i2/- .JABbFMQrMiQ TH
"QH2 (Re- Ryd)X h?Bb +?B> HBMi2  +iBQM- ;Bp2M #v,

Y 5o — u AJ N"V UkXRYV

+ib b M MiBbVvKK2i"B+ 2t+? M;2 BMi2" +iBQMAarBiAiBbp2+iQ b
M2M2 ;v +Q "2+iBQM /m2iQ bTBM Q #Bi H+QmTHBM; BM bvbi
bvKK2i Ry .2T2M/BM; QM i?2 2t +i T°'QT2 iB2b Q7 i?2 bvbi2K- i
/IBz2 2Mi ivT2b Q7 RFYRKBR@®WKbAM //BiBQM- Bib bi'2M;i? bB;MB
z2+ib i?2 bBx2 M/ bi #BHBiv Q7 DbFv KBQM (RRR- RRK)X

i MBMi2 7 +2 Q7 K :M2i M/ 2?2 pv K2i H- HBF2 i?2 BMp2biB; i2
i72 JAp2+iQ'b "2T2 T2M/B+mH " iQi?2 #QM/b Q7 i?2 K ;M2i6b i
i?2 BMi2 7 +BNBRXTHOM22b mHi- bFV ' KBQMB+ 7Q K RE)@Mb "2 bi #B

R3



h?2Q 2iB+ H# +F{ QmN\

HH i?2 K2i?Q/b mb2/ BM i?Bb rQ F "2 # b2/ QM i?2 /2i2+iBQM
#v b KTH2X am+? 2KBbbBQM Bb 2tTH BM2/ #v i?2 T?QiQ2H?2
22 /2Ti? 7°7QK r?B+? 2H2+i"QMb + M H2 p2 b KTH2 rBi?Qmi HQ
BKTQ i M+2X Ai/2}M2b i?2 bm 7 +2 b2MbBiBpBiv Q7 K2i?2Q/ N\
BM2H biB+ K2 M7°22T i?X AMi?Bb +? Ti2 -i?2b2 irQ 7mM/ K2
2z2+i M/ i?2 BM2H biB+ K2 M 7°22 T i?- "2} bi BMi'Q/m+2/X h"
K2i?Q/b "2 /2b+ B#2/X h?2b2 "2 T?QiQ2H2+i QM bT2+i ' Qb+QTv
KB+ Qb+QTv- M/ HQr 2M2 :v 2H2+i"QM /Bz" +iBQMX (RRj)

JXR 6mM/ K2Mi HDb

JXRXR AM2H biB+J2 M6 22 S i? Q7 2H2+i QMb BM t

h?2 BM2H biB+ K2 MWA2@SIViPm MiB}2b i?2 p2° :2 /Bbi M+2 M
i p2Hb rBi?BM K i2°B H#27Q 2 mM/2 :QBM; BM2H biB+ b+ ii2"|
i2°Qm;? K ii2 -i?2v+ MmM/2 ;Q /Bz2 2Mi b+ ii2’BM; T Q+2bb:
“2bmHib bQH2HV BM +? M:2 BM i?2 2H2+i"QM&b /B 2+iBQM Q
HQbbX AM +QMi* bi- BM2H biB+ b+ ii2°’BM; BMpQHp2b 2M2 ;v 2t
M/ i?2 K ii2°X AM bQHB/- 2M2 :v + M #2 2t+? M:2/ rBi? i?2 |
UT?QMQMbV Q  rBi? i?2 2H2+i"QMb Q7 i?2 bQHB/X h?2 2H2+i QM
JQKBM i2b i?2 "2bmHiBM; 2M2 ;v 2t+? M;2 /m2 iQ Bib ?B;?22° T
QM r?2i?2" i?2 2H2+i " QMO b EBM DIBHEM2QV ;"2 i2°i? Mi?22 TH b
2M2 Gy- 2H2+i ' QM@ 2H2+i'QM BMi2  +iBQM H2 /biQ bBM:H2@2H
2t+Bi iBQMb- "2bT2+iBp2HVvX (33- RR9)

RN



j h?2Q 2iB+ H# +F; " QmM/

h?2 BMBiB H BMI2Mi/Eiv ii2 2/ 2H2+i ' QMb i> p2HBM; i?2°Qm:? bQ
iB HHv "2/m+2/ b 7mM+iBQM QMi2i22 AUBHS [2Ti?

2tF7—— ® UjXRV
b b v j

h?mb-i?2 AJ6S [m MiB}2b i?2 /IBbi M+2 2H2+i"QMb + M i  p2H BM
2M2 ;v-r?B+? BM~m2M+2b i?2 /2Ti? b2MbBiBpBiv Q7 p 'BQmb KB+
i2+?MB[m2b mb2/ BMbm'7 +2 b+B2M+2 (RR8)X

qBi?BM i?2 FBM2iB+ 2M2 ;v  M:2 mb2/ 7Q  KQbibm 7 +2 b+B2M:
#27? p2 bBKBH "HViQ 7 22@2H2+i"QM : bX *QMb2[m2MiHv-i?2 T}
/2i2 ° KBM2b i?2 2M2 :v HQbb 7mM+iBQM- r?B+? Bb TT QtBK i2H
"B HRR& 6Q  i?Bb "2 bQM- i?2 AJ6S rBi?BM i?Bb 2M2 ;v > M;2 +
#V i?2bQ@+ HH2/ mMBp2'b H +m p2-r?B+? /2T2M/b QMHV QM i
2H2+i ' QMb,

V|* LI'IFBM T TUFBM UJXkV
UEgm
h?2 T K2i2'b Q7 i?Bb 2[m iBQMr2 2 /2i2"KBM2/ #v }iiBM; 2tT2 E
i?B+FM2bb Q7 KOMEBpI@ #v,

® UjXjV

>2 3 Bb i?2 KQH2+mH{ BO2B;2il-2MbBbhvi?2 MmK#2" Q7 iQKb BM
QM2 KQH2+mHBb M2 pQ; /"Q +QMbi MiX h?2 mMBp2'b H +mp
2H2K2Mib- BMQ ; MB+ +QKTQmM/b- Q ; MB+ +QKTQmM/b- M/ |
T K2i2'b/Bz2 7Q° HH Q7 i?2KX 6Q  2H2K2Mib- BIK? b Bib KB
rBi%firg, 20RRX Ai/2b+ B#2bi?2 2tT2 BK2Mi H/ i r2HH 7Q" FB
MTiQ #QM@AdX "2vQM/i?Bb > M;2-i?2i?2Q 2iB+ HhSS@kJ 7Q Km
#2ii2° /12b+ BTiBQM,

Upgm '
y ,~ , v _ UjX9ov
hss@kJ u%?l HMndgy/ 9 Usgy U Ugs@@ J

ky



h?2 T > K2i2hbog- MO "2 2KTB B+ HHv /2i20KBIMiZ/2 KMi2 B2H @
/2T2M/2Mi TH bKQM 2M2 ;v Q7 i? RRR 26BHR¥2 jXR bBQrb / i
Q7 K2 bm 2/ AJ6S Q7 /Bz2 2Mi K i2 B Hb- i?2 mMBp2'b H +m"
hSS@kJ 7mM+iBQM 7Q" i?2 2H2K2Mib "2H2p Mi BM i?Bb rQ FX

10° J
e [
c
=
@©
2 10t} ]
(]
8 L
&
s exp. data |
£ — universal curve
£ 10 e X TPP-2M (C) 1
g - RO TPP-2M (Si)
£ TPP-2M (Co)
TPP-2M (Pt)
1 100 1 10 100 100 10

electron energy Exn, / eV

6B;m 2 jXRL2'BK2Mi H/ i Q7 i?2 AJ6S-i?2 mMBp2'b H +m p2- I
7mM+iBQM 7Q" *- aB- *Q- M/ SiX (RRd- RR3)

1tT2 BK2Mi HHv- i?2 AJ6S + M #2 /2i2 KBM2/ mbBM; i2+?MB[m
2H2+i QM /Bz" +iBQM UG11.V M/ 2H biB+ T2 F 2H2RN QM bT?Z
Rky)X

i XRXKk h?2 S?QiQ2H2+i B+ 1z2+]

q?2M 2H2+i QK :M2iB+ " /B iBQM-bm+? b T?QiQM- BMi2" +ib
2H2+i°QM rBi?BM i?2 K ii2°  + M #bQ # i?2 T?QiQMdb 2M2 ;v
“2bmHiIX h?Bb T?2MQK2MQM Bb + HH2/i?2 T?QiQ2H2+i B+ 2z
i?Bbr vBb 272°2/iQ b T?QiQ2H2+i"QMX h?2 2z2+ir b} bi
>2BM B+? >2 ix-r?Q 2tTQb2/ K2i H+ i?Q/2iQ mHi° pBQH2i HB;

kR



j h?2Q 2iB+ H# +F; " QmM/

bT "FRKIX >Bb bim/2Mi gBH?2HK > HHr +?b +QMiBMm2/ ?Bb rQ"
T?2MQK2MQM M/ bim/vBM; BRKK{ MQB2pBp2ilP2 (2T2M/2M+2 QM i
7°2[m2M+v Q7 i?2 HB;?ir b MQi /2i2 KBM2/ mMiBH RNyk #v S?BH
i?72 [mM2biBQM 2K BM2/ biQr?v KBMBKmMK 7°2[m2M+v Bb “2[mB".
AM RNy8- H#2 i 1BMbi2BM Mbr2 2/ i?Bb #v /2b+ B#BM; HB;?i b T
M2M2 ;8sQFom X- TBIR#2BM; i?2 7°2[m2M+v Q7 i?2 T?QiQMb (RK

M BM: T?2QiQM@2H2+i"QM BMi2  +iBQM- i?Bb 2M2 ;v Bb +QK
2H2+i"QMX A7 i?22M2°;v Q7 T?2QiQM 2t+22/b i#2.hBK Q7 i?2 #BI
"2bT2+iiQ i?2 62°KB H2p2H M/ i?2 K i2 B HIY Q- Bi7KaM+iBQM

BM/m+2 i?2 2KBbbBQM Q7 M 2H2+i'QM rBi? i?2 FBM2iB+ 2M2 ;v

Uray ?X 7 Gigd Ujxav

h?Bb Bb + HH2/ i?2 1BMRiIKBM/2Bb iBAB/Bivr b T Qp2M BM RN
_Q#2'i X JBHHBF M BM ?Bb bim/v #Qmii?2 6/2i2RKBM iBQM Q
h?2 rQ'F 7TmM+iBQM Bb /2}M2/ #\ij?2M/ +M2mBR HCERIR p 2 H

AM bBKTH2 KQ/2H-i?2 T?QiQ2H2+i B+ 2z2+i+ M #2 /2b+ B#2/
T?QiQM 2t+Bi2b #QM/2/ 2H2+i'QMX a2+QM/- i?Bb T?QiQ2H2+
i72 bQHB/X M/ i?B /-B7i?2T?QiQM6b 2M2 ;v r b bm{+B2Mi-i?:
i?72 DQRBRKE KQ 2 /2i BH2//2b+ BTiBQM rQmH/ 2[mB 2 iQ BN
K2+? MB+ H T Q+2bb2b (Rkd RkN)X

1p2M i?Qm;:;?i?2°2 "2 Qi?2° BMi2' +iBQMb-bm+? bi?2 *QKTiQ
/m+iBQM-i?2 T?QiQ2H2+i "B+ 2z2+i bi'QM;HvV /QKBM i2b i T?Qi
K2 bm 2K2MibX hvTB+ H 2M2 :B@bb 2 Z2MIQi?Qb2 mb2/ BM i?B
rQ FX (Rjy)

h?2 T?QiQ2H2+i B+ 2z2+i Bb TTHB2/ BM rB/2p 'B2iv Q7 i2+?ME
i?Bb rQ'F "2 T 2b2Mi2/ BM i?2 7TQHHQIrBM; b2+iBQMbX

k k



i Xk S?QiQ2H2+i'QM bT2+i'Qb+QTv USlaV

S?QiQ2H2+i"QM bT2+i'Qb+QTv US1aV Bb TQr2 ' 7mH M HviB
b KTH26b +?2KB+ HT QT2 iB2bX " b2/ QMi?27mM/ K2Mi HT BM
2z2+i M/i?2 1BMbi2BM 2[m iBQM jX8-b KTH2b 2B /B i2/ rBi-
7°2[m2M+v M/ bT2+i° Q7 i?2 MmK#2 Q7 2H2+i'QMb 2KBii2/ "2
Q7 i?2B  FBM2iB+ 2M2 ;vX h?2b2 bT2+i° T QpB/2 M BMbB:;?
2H2+i"QMB+ bi i2b- +QKTQbBiBQM- M/ K Mv Qi?2  T°QT2'iB2b

h?2 2KBbbBQM Q7 T?QiQ2H2+i"QMb M/ “2bmHiBM; Sla bT2+
H27i bB/2 Q7 6B;m 2 jXkX AM Sla-i?2  T?QiQM 2M2 ;v Bb }t2/ N\
+QMbi MiX h?2°27Q 2-i?2°2Bb /B '2+i +Q "2H iBQM #2ir22M i?
#BM/BM; 2M2 ;vX h?Bb HHQrbi?2 T2 FbBM bT2+i mKiQ #2 bb
H2p2HbX AM i?2 + b2 Q7 bi"QM;HV T'QMQmM+2/ +Q 2 H2p2H |
2M2 ;5 v@HQbb T2 Fb- 2X;X- TH bKQM T2 Fb- K v HbQ Q++m~
Q' B;BM iBM; 7°7QK i?2 p H2M+2 # M/ HbQ + mb2 T2 FX AM /,
i?72°2Bb # +F;"QmM/ + mb2/#v BM2H biB+ HHv b+ ii2 2/ 2H2+i"
i HQr 2M2 :B2b /m2 iQ b2+QM/ v 2H2+i"QMbX (RjR)

JQ 2Qp2 -i?2T?QiQ2H2+i B+ 2z2+i+ MBM/m+2 7m i?2 T Q+2b
BM SlabT2+i° M/ BM Qi?2  BMp2biB; iBp2 K2i?Q/bX A7 i?2 2
+Q 2 H2p2H 2H2+iI'QM- M mMMQ++mTB2/ ?2QH2@bi i2 "2K BMbX
bm+? bii2- M2H2+i QM rBi? HQr2 #BM/BM; 2M2 ;v JHHb mT
iQi H2M2 ;v Q7 IRAXIQHK BM; i?Bb i MbBiBQM-i?2 2H2+i"QM °
H2 /IBM; iQ 2Bi?2 Q7 irQ T Q+2bb2bX AMi?2 } bi T Q+2bb-i?2
MQi?2  +Q 2 H2p2H 2H2+i'QM M/ + mb2b BiiQ H2 p2 Bib #QM/
iQ bi?2 M;2 " @J2BiRRG RIPR+AM i?2 b2+QM/ T ' Q+2bb- i?2 2N
2KBii2/ b ~mQ 2b+2RiERTIVQNQM M2  @J2BiM2  T°Q+2bb Bb /.
BM6B:m 2 jXk#X Ai /IQKBM i2b 7Q° QKBZ MmX2bH2M+2 T Q+2
b?QrM BM 6B;m 2 jXk+- /QKBMR28)7 Q"

h?2 FBM2iB+ 2M2 ;v Q7 M m;2 2H2+i QM Bb /2}M2/ b

Upgm<m ;2> G7 0Ug7 Upj in. m;2 UjXeV
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j h?2Q 2iB+ H# +F; " QmM/

L]FBM

? @o0"

TH b @K
@ Rb
@ EGG:
2x*

T ?X
a5 1
6 p HM+2

# M/

Uy g m

UV S?QiQ2KBbbBQM U#V m;2 @J2BiM2 T Q+2bb U+V 6H

6B;m 2 j¥k?2K iB+ 2T 2b2Mi iBOM Q7 i?2 T?QiQ2KBbbBQM U V-
222+i U#V- M/ ~mQ 2b+2M+2 U+VX AM+QKBM: T?QiQMb- “2T°
““Qrb- 2t+Bi2 2H2+i'QMb- BM/B+ i2/ #v #Hm2 bT?2 2b- Q7 /Bz2
+Q "2bTQM/BM; sSa bm p2v bT2+i ' mK Bb /2TB+i2/Rjd i?2 mTT2
RjN)V
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(22 B0y MUy ip. m:2°2 1?2 2M2°;B2b Q7 i?2 "2H t2/ }M H bi i2-i?
2t+Bi2/ bi i2- M/ i?2 BMBiB H bi i2 Q7 i?2 m:2  2H2+i"QM- "2
FBM2iB+ 2M2 ;v Q7 i?2 Gpg,Xn2@2BD BM/2T2M/2Mi Q7 i?22 2M2 ;v C
BM+B/2Mi T?QiQM M/ /2T2M/b QMHV QM i?2 2M2 ;B2b Q7 i?2 iQ
i?2bT2+i° HHBM2b Q7 m;2 2H2+i"QMb BM SlabT2+i mK + |
+Q 2 H2p2H bB;M Hb #v p "VBM; i?2 T?QiQM 2M2 ;:vX

6HMQ 2b+2M+2 T?QiQMb /Q MQi + mb2 Mv bB;M Hb BM Slab
;Bp2M #v

X 0,7 Ug UjXxdv

.2T2M/BM; QM i?2 " /B iBQM6b 7 2[m2M+v - M;2- /BbiBM+iBC
ivT2b Q7 Sla- mHi° pBQH2i T?QiQ2H2+i " QM bT2+i Qb+QTv UlSa
bT2+i Qb+QTv UsSaVX AMi?2 RN8yb-sSar b /2p2HQT2/ BM/2T
Q7 ai2BM? "/R®B)y NMIXEdB2;# ?MRIRHX (;2M2" H +?2KB+ H M HVDbE
bm'7 +2 M HvbBbX aBM+2 i?2 H i2 RN8yb-1Sa ? b #2+QK2 2b
“2b2 "+7?7-2X:;X-7Q # M/ ; TK2 bm'2K2Mib (R9k)X

AM ISa- mHi" pBQH2i HB;?i- 2X;X- T QpB/2/ #v mHi" pBQH2i H
AiBb T 'iB+mH Hv b2MbBiBp2 iQi?2p H2M+2 2H2+i QMB+ bi ' n
#Qmi i?2 /2MbBiv Q7 bi i2b M/ i?2 # M/ bi'm+im 2 M2 " i?2 62t

AM sSa-t@ vb ;2M2 i2/#vt@ v im#2b "2 mb2/X h?2 2M2 ;v
"2bmHIBM; bT2+i° Bb bmBi #H2 7Q " /2i2°'KBMBM; i?2 #BM/BM
b KTH2X h?Bb 2M #H2b i?2 B/2MiB}+ iBQM Q7 +?2KB+ H 2H2K:
M/ #QM/b BM b KTH2X G i2 - bvM+? Qi QMb #2+ K2 i?2 /Q|
#2+ mb2 i?2v T QpB/2 KQMQ+? QK iB+ HB;?i rBi? imM #H2 7
M/ # BHHB M+2X imM #H2 7 2[m2M+v HHQrb i?2 /2Ti? b2Ml
i?72 + Qbb@b2+iBQM iQRBX QAIMBK/BXBQM- bvM+? Qi QMb +Qp-
i?727 2[m2M+v - M;2 7Q #Qi? sSa M/ ISaX "2+ mb2 Q7 i?2b2 .
Q7 bvM+? Qi ' QM " /B iBQM ? b #2+QK2 i?2 bi M/ "/ 7Q T Q/m+
bT2+i" X AMi?BbrQ F- QMHv sSar bT2 7Q K2/- miBHBxBM; b
i?72 bQH2 HB;?1i bQm +2X

k8



j h?2Q 2iB+ H# +F; " QmM/

GBM2 b? T2

h?2Q 2iB+ HHv- i?2 r2HH@/2}M2/ 2M2 ;v H2p2Hb QM@H2+i QM
T2 FbX >Qr2p2 -i?2°2 "2irQ K BM 2 bQMbr?v "2 HsSa T2 Fb/Q
rB/i?X

h?2 3} bi "2 bQM Bb 2tT2 BK2Mi HBKT2 72+iBQMb-bm+? bi?2 MC
2t+BiBM; HB;?i-i?2 MQM@x2 Q M;mH ~ ++2Ti M+2 Q7 i?2bT2+i |
2z2+ib- br2HH b bi'm+im° HBKT2 72+iBQMb Q7 i?2 b KTH2X
pBbB#H2 b +QMpQHmMImMRMN 7rBi2 BMBIiIBoB M (R9)] R98)X

h?2 b2+QM/ 2 bQM 7Q° MQM@x2 Q rB/i? Q7 sSa bB;M Hb Bb |
IMBi2 HB72iBK2X 7i2  i?Bb-bm+? bi i2 Bb }HH2/ #v M 2H2+i
2M2:vX h?2 HB72iBK2 M/ i?2 mM+22iHEBWiF B/M2 P2 »2Bb2M#2°
mMM+2i BMiv '2H iBQMX 6Q° ivIB+ HHB72iBER BMiP2QQ /2" Q
HB72iBK2 #°Q /2MBRMKXQAM sSa bT2+i° -i?Bb Bb pBbB#H2 b G
#°Q /2MB®&X(hQ /2b+ B#2 i?2 "2bmHiBM; bB;M H- i?2 GQ 2MixE
7mMM+iBQMb ? p2 iQ #2 +QMpQHMI2/- H2 /IBM; iQ i?2bQ@+ HH2/

JQ 2Qp2°-sSaT2 Fb Q7 K2i Hb ? p2 M bvKK2i'B+ HBM2 b? T2
rB/i? QM i?2 bB/2 Q7 HQr2  FBM2iB+ 2M2 ;B2bX h?Bb Bb +QMb2]
2H2+i'QM@?QH2 T B 'b/m2iQ +Q 2 2QH2b #2BM; b+ 22M2/ #v +
b?Q iHV 7i2  i?2v ? p2 #2RM&K2MRQi22TQM/BM; bT2+i' mK + M
/2b+ B#2/ #v TQr2 H r /Bp2 ;BM; ii?2 T@Eb/miBiQBK @ 7BiQ 2 & MBbI
+QMpPQHMIBQM rBi? GQ 2MixB M Bb + HH2/ .QMB +?@ mMDBE T
i72 bvKK2i'v T  KERD3)X

aTBM@Q #Bi +QmTHBM;

aTBM@Q #Bi +QmTHBM; UaP*V Bb i?2 BMi2  +iBQM #2ir22M i?2 bT
KQK2MIimK Q7 M 2H2+i QM #QM/2/iQ Mm+H2mbX M iQKB+ bi i
i?72[m MimK MmK#2BM+BTH2 [m MimiQ MBK#H2 M;mH ~ KQK2MimK
MmK#2 b, MTBMX AM i?2 +-biZ2®BTBM/ Q #Bi H KQK2MimK

"2 MQ +QMbi Mib Q7 KQiBQM-r?B+? Bb r?vi?2iQi lBbM;mH ~ KQ
BMi Q/m+2/X h?2bTBM M/ Q #Bi HKQK2MimK + M #2 HB;M2/ T

ke



"2bmHIBM; B 7Q  i?2iQi H M:mH " KQK2MimK [m MimK MmK#2°
/Bz2 2Mip Hm2b + mb2 i?2 bTHBiiBM; Q7 bBM:H2 H2p2H UbBM;
h?2 KQmMi Q7 b?B7i BM i?2 2M2 ;v H2p2Hb - (i, pk-HQ BIMHBW @ Q "/
[2T2M/b QM i?2 iQKB{RBMK#2"

UjX3V

hQ BHHmMbi  i2i?2 bTHBiiBM;- M "iB}+B HaB kT bT2+i"mK Bb b
T@Q #Bi H-i?2 [m Minnkva mk 22Bbi- +Q "2bTQM/BMTiQ i?2 H2p:
M/T ;X h?2° iBQQ7i?2T2 F "2 Q7 bTHBi H2p2Hb Bb /2i2 KBM?2
/2:2M2° iBQMX h?2 M:mH "~ KQK2MimK7 FRI {BM rb ROFB2Q2 2 M
r?B+? /2;2M2" i2b 2 +? HBXEHK b “2bMHHAP2H Bb /2;2M2" i2/
iBK2b M/ j2HBp2BK2b- H2 /BM; iQ6 T, jBRRZ X

h?2 KQmMi Q7 b?B7i #2ir22M i?2 bTHBIXH2B2®Dd BbHm 2MiB 22/ Ky
HQr2  #BM/BM; 2M2 ;B2b Q  ?B;?2  FBM2iB+ 2M2T_BRABK26N " 1?2

Bb b?B7iL'I?a/p#V 20BM Bib #BM/BM; 2M2 ;v I‘BiT?éI‘leTpZ'HiXQ i?2
Esoc
i 0.608 eV ]
= 2p s
cs - -
P
c L i
-
o)
o
©
g - -
o)
[
- 0.32eV .

101.0 100.5 100.0 99.5 99.0 98.5
kinetic energy / eV

6B;m 2 jAHHmMbi" iBQM Q7 bTBM@Q #Bi +QmTHBM; QM i?2 2t K
bT2+i"mK rBi? Bib b LHBA/HZN2Wbb2/ QM (R8y)V

kd



j h?2Q 2iB+ H# +F; " QmM/

M:H2@ 2bQHp2/ S?QiQ2H2+i"QM aT2+i'Qb+QTv U _SlaV

hQ ; BM //BiBQM H bi'm+im> HBM7Q K iBQM #Qmi bvbi2K-
2H2+i'QM bT2+i'Qb+QTv U SlaV+ M#2 T2 7Q K2/X AM M 2t
[2T2M/2Mi AJ6S HDbQ /2}M2b i?2 K tBKmK /2Ti? 7°QK r?B+? 2H?2
b KTH2 mMb+ ii2°2/- + HH2/ 2b+ T2 /2Ti?X h?2 +Q "2bTQM/B
i?72bm 7 +2 MQ K H- i2 K2/ 222 RIBPRBMRI® M 2tT2 BK2Midb /21
b2MbBiBpBivX Ai + M #2 /Dmbi2/- 2X:X- #v +? M:BM: i?2 M;H2 #2
M/i?2b KTH2 bm 7 +2 MQ K H- + BH2/i?2 TQH ° M;H2

,7xV +Qlb UjXNV

"v BM+'2 bBM; i?Bb M:H2-i?2 2H2+i"QMb ? p2iQ i’ p2H 7 “i?22" it
/2Ti?- K FBM; i?2 K2 bm 2K2Mi KQ'2bm'7 +2 b2MbBiBp2X h?Bb Bk
h?mb- #v +QKT "BM: bT2+i" i F2M bi-/iB22 2M ; MKH2bQ7 H v2 b
M/ 2H2K2Mib rBi?BM b KTH2 + M #2 /2i2 ' KBM2/X

27k K

T T T T
- —— sum curve b
I surface
[ bulk

normalized counts / a.u.

kinetic energy / eV

6B;m 2 R HmMbi" iBQM Q7 i?2 T 'BM+BTH2 Q7 M;H2@ 2bQHp2/ T?
PMi?2 H27i bB/2-i?2 M;H2 Q¥ K2XomH2K2MiMB;iH2- b b?QrM QM
i?72 "B;?i- "2/m+2bi?2 2z2+iBp2 2b+ T2 /2Ti?- 2bmHiIiBM; BM BM+ "

k3



*22KB+ H b2MbBiBpBiv

A7 QM2 iQK Bb #QM/2/iQ MQi?2 r?B+?2 2 b /Bz2 2Mi #BM/E
i?72 +Q "2bTQM/BM; S1aT2 Fb T'QTQ iBQM HiQ i?2 "2H iBp2
#QM/BM: T iM2 PR hMBIb 0?B7i Bb + HH2/ +?22KB+ Hb?B7iX h?l
TQbbB#H2iQ; BMBM7Q K iBQM #Qmii?2 +?2KB+ H 2MpB QMK:
Bib +Q 2 H2p2H bB:M Hb "2+Q /2/ i ?B;? "2bQHmMiBQMX

6B:m 2 X8 b?Qrb i?2 *Rb bT2+i'mK Q7 2i?VH@i'B~mQ Q +2i i
+ "#QM iQK BM i?Bb KQH2+mH2 Bb #QM/2/iQ /Bz2 2Mi iQKb rB
iBpBiB2bX >v/'Q:2M ? b i?MHOMIDLIBM2 i?2 ?B(RAKG b

“2bmHi- 7Qm’ +?2KB+ HHv b?B7i2/ +QKTQM2Mib TT2 " BMi?2 -

-
\%
\%

*
*

normalized counts / a.u.

-12 -10 -8 -6 —4 =2 0 2 4
chemical shift / eV Usgm 20

6B:m 2 |XSPQIQ2H2+i"QM bT2+i'mK KQ/2H Q7 i?2 * Rb +Q" 2
i"B~mQ Q +2i i2X h?2 /Bz2 2Mi +?2KB+ H 2MpB QMK2Mib Q7
iQ +?2KB+ HHv b?B7i2/ +QKTQM2MibX (R8R- R8j)
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j h?2Q 2iB+ H# +F; " QmM/

sSa@. i M HvbBb

7TmHH sSa M HvbBb BM+HmM/2b bm p2v bT2+i° M/ ?B;? 2bQF
bT2+i° b?Qr H ;22M2 ;v M;2 Q7 b2p2°  H?mM/ 2/ 2H2+i"QM
Qp2 pB2r Q7 i?2 +?2KB+ H2H2K2Mib T'2b2Mi BM b KTH2- B/2Mi
[i# b2 bm+? bi? i RBKAamMm({p2v bT2+i" + M #2 mb2/- 2X;X- 7C
[m MiBiv2biBK iBQMb M/iQT Qp2 b KTH26b +H2 MHBM2bb #v +7
>B:? "2bQHMIBQM bT2+i> - b?QrBM; ~ M;2 Q7 QMHvV 72r 2H2+
/[2Ti? M HvbBb Q7 BM/BpB/m H+Q 2 H2p2H bB;M Hb “2; "/BM; +°
rBi? _Sla-i?2b2 #QM/b + M #2 bbB:;M2/iQ BM/BpB/m HH v2 bX

hQ B/2MiB7v HH +QKTQM2Mib T 2b2Mi BM ?B:? "2bQHmMiBQM T2 |
FIIBM;@T Q+2/m 2X S'BQ iQ i?Bb-i?2bT2+i mKoéb +QMiBMmMQrr
BM2H biB+ HHv b+ ii2 2/ 2H2+i"QMb M/ b2+QM/ v 2H2+i"QMb- Kr
h?2 bBKTH2bi 2biBK iBQM Q7 i?Bb # +F; " QmR3B>HQ2@20Q-/2" TQ
i?Bb Bb QMHv TT QT B i2 7Q  bK HH # +F;"QmM/bX #2ii2° TT®
i?72 a?B H2v@ M/ #vi?2 hQm; /@# +F;, QmM/ (R8e- R8d)X

h?2a?B H2v@# +F; QmM/ bbmK2b mMB7Q K2M2 ;vHQbb 7mM+]
bvKK2i'B+ bB;M HbX 6Q° bvKK2i'B+ bB;M Hb-i?2 hQm; " /@# +F;
TT'Q +?2X Ai +QMM2+ibi?22M2 ;vHQbbiQi?22H2+i"QMdb 2M2";\
BMi?2 bRER/AM T° +iB+2- +QK#BM iBQM Q7 i?2 a?B H2v@ Q"  hQ
rBi? TQHVMQKB HQM2? bT Qp2/iQ #2 ;QQ/ TT Q +?2iQ /2b-
# +F;"QmM/ (R83- R8N)X

6Q  }iiBM;-i?2 G:9s@ok bQ7iR&BXr Ai hib2#Qi? i?2 # +F;"QmM/ M/
7°22HvV b2H2+i #H2 MmK#2 > Q7 T'Q}H2bX Ai mb2b i?2J ‘[m /i@G
T2 7Q Kb H2 bi@b[m "2 }ir2B;?2i2/ #vi?2 b[m "2/ +QmMi@  i2X h
Bb QTiBKBx2/ ' 2; "/IBM: i?2 2/&f+Rh?BR@b[MBpP2M #v i?2 bmK Q7 i
b[m "2/ /Bz2 2M+2b #2ir22M i?2 TQBMi Q7 i?2/ i M/ i?2}i /BpB/2
Q7722 T " K2i2 bX (ReR- Rek)

iy



iXj S?QiQ2KBbbBQM 2H2+i'QM KB+ Qb+QT

S?QiQ2KBbbBQM 2H2+i QM KB+ Qb+QTv US11JV Bb TQr2 7r
i?2 +[mBbBiBQM Q7 bi'm+im’ H- +?2KB+ H- M/ KK®&2iB+ +Q
b+ H2 BM "2 H@iBK2X AiBb # b2/ QM K TTBM; i?2bT iB HHv "~
2H2+i"QMb 2KBii2/ #v b KTH2X h?2b2 b2+QM/ v 2H2+i"QM
b+ ii2'BM; Q7 T?QiQ2H2+i'QMbX h?2B" ?B:? MmK#2' M/ HQr 2M:
T?QiQ2H2+i'QMb BKT ' Qp2i?2BMi2MbBiv M/[m HBivQ7 S11J BK
Bb BKT ' Qp2/ BMi2°Kb Q7 HQr2'2/ #2 " iBQM M/ ?B;? BKK2"
7Q b2+QM/ v 2H2+i QMb- M T2 im 2 Bb mb2/X 6B;m 2 jXe
2H2+i"QM bT2+i mK i° MbKBii2/ 7i2° }Hi2'BM;X h?Bb T2 im
2H2+i QM@ QTiB+ HH2Mb bvbi2K i? i "2 HBx2b i?2 K ;MB}+ iB(
/IBz2 2Mi +QMi" bi K2+? MBbKb Q7 i?2i2+?MB[m2 "2 +?B2p2/ #
+2° i BM2M2 ;v M;2-M K2Hv mHi® pBQH2i HB;?Ii Q t@ v HB;
"2 T°2b2Mi2/ #2HQr- HQM; rBi? i?2B" "2bT2+iBp2 +QMi  bi K2-

A transmitted electrons

electron yield

inelastic tail

Y

kinetic energy

6B;m 2 jA&l,Hmbi® iBQM Q7 i?2 vB2H/ Q7 b2+QM/ v 2H2+i"QMb B
M2M2 ;2iB+ HQr@T bb }Hi2 - mbm HHv M T2 im 2X U" b2/ QN

jXjXR 1t+Bi iBQM rBi? mHi> pBQH2i HB;?i

IbBM; mHi® pBQH2i HB;?i 7Q" 2t+Bi iBQM 2M #H2b mHi  pBQlI
KB+ Qb+QTv Ulo@S11JVX hvTB+ HIlo HB;?2ibQm +2b T QpB/2 T
QMHV bHB;?iHvV #Qp2 i?2rQ ' F 7mM+iBQM Q7 K Mv 2H2K2Mib]
# M/ 2H2+i"QMb M2 " i?2 62 KB 2M2 ;v "2 2KBii2/X h?2 bK HH
i?Bbp "B MiH2 /biQ T iB+mH "Hv ;QQ/bT iB H 2bQHmMIiBQM

IR



j h?2Q 2iB+ H# +F; " QmM/
hQTQ;  T?B+ +QMi" bi

lo@S11J T QpB/2birQ +QMi” bi K2+? MBbKbX h?2} bi Q"B;BM i2
iQTQ;" T?2vX 1H2+i'QMb H2 pBM; i?2 b KTH2 bm 7 +2 2 ++2H2"
b+QT2/m2iQ i° Mb72 pQHi ;2 #2ir22M i?2 b KTH2 M/ i?2 Q#D2+
:2ib /IBbiQ i2/ #v ?2B;?i/Bz2'2M+2b QM i?2 bm 7 +2X h?Bb z2+ib
2H2+i'QMb-r?B+? Bb pBbB#H2 b iQTQ; T?B+ +QMi" biXx AM /
bm 7 +2 + M+ mb2 b? /QrBM; Q7 bm "QmM/BM; "2;BQMbX h?2b2

2t+BiBM; HB;?i M/ TT2 "#H +FBM S11JBK ;2bX "v "Qi iBM;i?2b
+ M #2 /IBbiBM;mBb?2/ 7 QK Qi?2  2z2+ibX M BHHmbi® iBQM Q7
Bbb?QrM QM i?2 H27i Q7 6B;m 2 jXdX

gQ F 7TmM+iBQM +QMi" bi

h?2 b2+QM/ M/ /QKBM iBM: +QMi - bi K2+? MBbK 7Q  lo@S11J Bb
+QMi’ biX lo@S11J K BMHV T'Q#2b 2H2+i'QMb Q B:BM iBM: 7°
# M/bX 6Q  i?2b2-i?2 " i2 Q7 2KBii2/ 2H2+i ONDBH+HQHEH2/ T?2QiQ +

~

N x7 ° UjXRyV

rBi? 7Q K2i HbnM/ XQ b2KB+QMBXiQQQOMb2[MmM2MiHvV- HQr2"°
rQ  F 7mM+iBQMb "2bmHi BM ?B;?2 T?QiQ+m "2Mib- +Q "2bTQ
BK ;2bX h?Bb HHQrb /BbiBM;mBb?BM; 2;BQMb Q7 b KTH2 b
7mMM+iBQMb-rBi? i?2 ;"2 i2bi +QMi"> bi/Bz2'2M+2 7Q rQ ' F 7mM
2M2 ;vX .Bz2'2Mi rQ'F 7TmM+iBQMb + M Q' B;BM i2 7°QK /Bz2 :
/IBz2 2Mibi m+im>  H72 im 2bHBF2bm 7 +2 Q B2Mi iBQM Q™ "2+Q
i?72+ b2 Q7 aB*- /Bz2 2Mi TQHvivT2b M/ bm' 7 +2 "2+QMbi ' m+iBQ
BM S11J BK ;2b i?BbRe)X( AM i?Bb rQ F- i?Bb Bb mb2/- 7Q" 2t |
/IBbiBM;mBb? #2ir22M /Bz2 2Mi MmK#2 b Q7 ;"> T?2M2 H v2'b (Re

h?Bb K2+? MBbK Bb bF2i+?2/ QM i?2 "B;?i Q7 6B:m 2 jXdX A7 i?2
i?2 T?QiQM 2M2Xy¥MQ 2H2+i'QMb "2 2KBii2/ "2bmHiBM; BM /
BK ;2X

ik



AM lo@S11J- i?2 rQ'F 7TmM+iBQM +QMi> bi Bbi?2 /QKBM Mi K
2H2+i QM 2M2 ;v bbQ+B i2/ rBi? i?Bb +QMi~ bi + mb2b H °;
2/m+2i?22bm°7 +2 b2MbBiBpBivX >Qr2p2 - bBM+2 i?2rQ F 7m
i?72bm’7 +206b T QT2 iB2b-lo@S11JBb HbQ p2'vbm'7 +2 b2M

+Q "2bTQM/BM; S11J BK ;2b

»
2H2+i"
U t ottty X
T A A
} ~
bm 7 +2iQTQ; T?v bm'7 +2rQ ' F7mM+iBQM

6B;m 2 j¥d?2K iB+ 2T 2b2Mi iBQM Q7 i?2iQTQ; T?B+ UH27i
U B:?iV +QMi  bi K2+? MBbK BM S11JX h?2 b KTH26b iQTQ:"
2H2+i"QM i° D2+iQ B2b- "2bmHiBM: BM +QMi  bi +? M:2b BM i?2
HQ+ HrQ F 7mM+iBQM Q7 i?2 b KTH2 /2i2 °KBM2b i?2 MmMK#2" (
i?mb-i?2 #°B;?2iM2bb Q7 i?2 bbQ+B i2/ BK ;2 "2:BQMX U" b2/ C

iXjXk 1t+Bi iBQM rBi? bvM+? Qi'QM " /B iBQM

IbBM; KQMQ+? QK iB+ bvM+?° Qi"QM * /B iBQM /m BM; S11J B
KBbbBQM 2H2+i"QM KB+ Qb+QTv Us@S11JVX .2T2M/BM; QM i~
62 KB H2p2H-?2"2i?2 AJ6S Bb ivTB+ HNMKBEX?AM M/BIGDQ M
iQiIQTQ; T?B+ H +QMi  bi-i?Bb p B Mi HbQ T QpB/2b +?2K
K /2 TQbbB#H2 #v i?2 2t+Bi iBQM Q7 +Q 2 H2p2H 2H2+i"QMbX q
/B iBQM Bb mb2/-Bi HbQ T 'QpB/2b K ;M2iB+ +QMi"~ biX h?2b:
K2+? MBbKb "2 2tTH BM2/BM i?2 TQHHQrBM;X

i



j h?2Q 2iB+ H# +F; " QmM/

*22KB+ H +QMi’ bi

*22KB+ H+QMi  bi+ M#2 Q#i BM2/ #v 2t+BiBM; +Q 2 H2p2H 2H:
M2 " i?2 62 KB 2M2 ;v #vt@ v #bQ TiBQMX am#b2[m2MiHv- i?:
2QH2b "2 }HH2/ #v 2H2+i'QMb 7 QK bi i2b rBi? HQr2 #BM/BM; 2
i?72 2KBbbBQM Q7 m;2  2H2+i'QMbX AM2H biB+ b+ ii2'BM; Q7 i?
+ b+ /2b Q7 b2+QM/ "V2H2+i"QMb i? i "2 BK :2/ #vi?2 KB+ Qb+QT
BK ;BM: b2+QM/ v 2H2+i"QMb Bb- ;: BM-i?2B  Km+? ?B;?22  BMi2
Q7i?2 m;2 2H2+i'QMDb i?2Kb2Hp2bX h?2 +?2KB+ H +QMi  bi Bb 2
Q7 b2+QM/ v 2H2+i"QMb #2BM; T'QTQ iBQM HiQ iR2ENM® v #bQ"
h?mb-i?2 +QMi> bi Q7 s@S11J BK :2b "2T 2b2Mib i?2 "2H iBp2 |
2H2K2Mi 2KBiiBM; m;2  2H2+i"QMb ii?2 2M2 ;v rREEgX 7Q  i?2 2t+

b2'B2b Q7 s@S11J BK ;2bi F2M i /Bz2'2Mi T?QiQM 2M2 :B2b + |
b bT iB HHv 2bQHp2/t@ v #bQ TiBQM bT2+i mK Us aVX am
2H2+i"QMb Q7 2Bi?2 i?2r?QH2 }2H/ Q7 pB2r Q" Q7 bT2+B}+ "2;
Q7 i?2b2 BK ;2b M/ THQIiiBM; i?2 bmKb ; BMbii?2 T?QiQM 2M2
bT2+i" X 6B;m 2 jX3 b?Qrbbm+? bT2+i" Q7irQ "2;BQMb BM i?2 s
BM 6B;m 2 jX3#X h?2 +Q "2bTQM/BM; b KTH2 Bb aB bm#bi i2
HHQV /2TQbBi2/ BM b[m "2bX g?BH2 i?2bT2+i mK Q7 i?2 mM+(
+? ° +i2 ' BbiB+ 72 im 2b-i?72 QM2 Q7 i?72 +Qp2°'2/ "2G+H2 "Hv 2}
#bQ 'TiBQM 2/;2bX >Qr2p2 ' -/m2iQ ?B;?2 + Qbb b2+iBQM i?2 C
Q7 i?2 mM+Qp2 2/ "2 Bb?B;?2 i? Mi? iQ7i?2 +Qp2°2/ "2 bX h
M/ BM+ 2 b2 i?2 pBbB#BHBiv Q7 i?2 +?2KB+ H+QMi bi- M BK ;2
2/;2rBi? BMiBMbBINQM2 i F2M2OoZ2HQr,+ M #2 +QK#BM2/ HBF2,

b B/27 b2 UjXRRV

h?Bb Bb /QM2 7Q 2 +? BK ;2 TBt2HX AM i?2 "2bmHiBM; BK ;2- i?
Q7 i?2 BMp2biB; i2/ 2H2K2Mi Bb b?QrM BbQH i2/- bBM+2 HH Qi?2
"2KQp2/X PTIiBQM HHv-i?2 2bmHi + M-7Q i2RQ#2 iBPBL2/H+#N Q7

TQbbB#H2 mM2[m Hb KTH2 B " /B iBQMX h?Bb Bb T "iB+mH "Hv #
M:H2 Q7 BM+QKBM; T?2QiQMb M/ BM + b2 Q7 H “:212H/ Q7 pB:
/Bz2 2M+2 BK ;2 Q72AR2U®  i?2 T 2pBQmbHv /2Re3Bd2/ b KTH2X (
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6B:m 2 jX3a bT2+i° U VQ7irQ "2:BQMb K "F2/ BMi?2 +Q "2bTQ
BK :2Q7 MB'QM@MB+F2H HHQV /2TQbBi2/BMb[m "2b QM bBF
BK ;2 7Q iP2/@ + H+mH i2/ 7i2  1[m iBQM jXRR U+VX (Rdy)

J ;M2iB+ +QMi" bi

h?2 #bQ TiBQM + Qbb b2+iBQM Q7 72 "QK ;M2iB+ bvbi2K B’
TQH 'Bx2/t@ vb/2T2M/b QM i?2 Q' B2Mi iBQM Q7 i?2 bvbi2Kc¢
/IB'2+iBRQBli? "2bT2+iiQ i?72 /B 2+iBQM Q7 i?2 T?QGQXM M;mH
h?Bb 2z2+iBb + HH2/t@ v K ;M2iB+ +B"+mH "~ /B+? QBbK UsJ
K ;M2iB+ +QMi" biBMs@S11JX (3y- RdR)

Ai+ M#2 2tTH BM2/ #v irQ@bi2T KQ/2H bF2i €22/ BWbBBB@M jX N
Q7 /i° MbBiBQM K2i HX AM i?2 }'bi bi2T- T?QiQ2H2+i'QMb "2 2
bi i2b- 22 2Ti22GV M/T_ MGV bi i2bX .m2iQ i?2 +QMb2'p iBQM Q7
KQK2MimK-i?2 T?QiQM M:mH > KQK2MimK Bb i’ Mb72 °2/iQ i?
2H2+i"QM- "2bmHiBM; BM bTBM@RQKH 6EX2iTR2Ii Q2H2+i QI
H27i +B +mH "Hv TQH bEDBM @B RIT@EQiQMbY T 272 2MiB HHvV |

i8



j h?2Q 2iB+ H# +F; " QmM/

T?QiQ2H2+i'QMb M/ B:?i +B +mH - BUBND@ / QB AR T RIBiQMbY T 27
i?2 2t+Bi iBQM Q7 bTBM@/QrM T?QiQ2H2+i QIhKi h2Bb Bb 2|
#2+ mb2 Q7 i?2 QTTQbBi2 bTBM@Q #Bi +QmTHBM;X

AM i?2 b2+QM/ bi2T-i?22 T?2QiQ2H2+BQiNb B# +MIw220BT VK i+?2BM;
[m MimK MmK#2 b 2 p BH #H2X b 2tTH BM2/ BM a2+iBQM kX
KQK2Mi BM 72 QK ;M2iB+ K i2’B H "Bb2b 7°QK M mM2[m H Mm
M2 “i?2 62 KB 2M2 :v "2;: "/BM; i?2B  bTBMX b “2bmHi- T?QiQ2H
bTBM + M Q++mTv /Bz2 2Mi MmK#2 b Q7 bi i2bX h?mb-i?2 }M F
/2i2+iQ 6 Q7 i?2 bTBM@TQH "Bx2/ T?QiQ2H2+i QMBK A7 i?2 b
T HH2H iQ i?2 r F2iP2+PQ 2 KQ 2 2KTiv bTBM@mT bi i2b i? M
bTBM@/QrM bi i2bX .m2iQ i?2bTBM@+QMb2 p iBQM- T?QiQ2H2-
T ,UT. YV bi i2 2t+Bi2/ #v bTBM@mT T?QiQMb KQbiHv Q++mTv b
bi i2b #Qp2i?2 62 KB 2/:2X *QMb2[m2MiHv- i?2 #bQ TiBQM Q7
TQH "Bx2/ HB;?i Bb 2M? M+2G R2722mM2/\2/mi22/ U2M? M+2/V ii?2
G 2/;2X h?Bb HBMFb i?2 s a BMi2MbBiviQ i?2 b KTH26b K ;M2iB
i72mb ;2 Q7 TQH "Bx2/ HB:?irBi? M2M2 :v+Q "2bTQM/BM:iQ i?
bT2+B}+ 2H2K2Mi K F2b s@S11J M 2H2K2Mi@bT2+B}+- K :M2iB+
i2+?MB[m2X (RdR- Rdj)

hQ BbQH i2i?2K ;:M2iB+ +QMi > bi-i?2/Bz2 2M+2 #2ir22M irQ BMi2
rBi? QTTQbBi2p? AHBHBAY M/U B;?2iV-+ M #2 + H+mH i2/X h?Bb "
Bbi?2bQ@+ HH2/sJ*. Q" bvKK2i'vBMi2MbBiv,

h,» b’ u 7pa UjXRKV

aBM+2 HH Qi?2  +QMi  bi K2+? MBbKb- HBF2 i?2iQTQ: T?B+ +Q
i?2 HB;?i6b 22HB+Biv-i?2v "2 bm#i  +i2/iDPBlir YX . Q@ K HBx iBQN
7m i?2 #2 mb2/-iQ 2HBKBM i2i?22z2+i Q7 TQi2MiB HmM2p2M
BMi2MbBivBb T'QTQ iBQM H iQ i?2/2; 22, Q?2Bi¥2M; i? TQIH BX
i72 bm>7 +2 K :M2MBXMI/BIQM?2 +QbBM2 Q7 i?2 M:H2 #2ir22M i??2
K :M2iBx KBOM i?2 BM+B/2MITT2RpiDM#Y K T (3y- Rd8),

e N L glK]+Qb UjXRjV

je
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6B:m 2 jANHmMbi® iBQM Q7 i?2 sJ*G222#2bi7iQRi° MbBiBQM
K2i HU V M/ i?2 +Q "2bTQM/BM; 2tT2 ' BK2Mi Hs a M/ sJ*.
U#VX U" b2/ QM (Rd9)V

h?2 ;2QK2i'v Q7 i?2 2tT2 ' BK2Mi Bb b?QrM BM 6B;m 2 jXRyX
2T 2b2Mib i?2tv@TH M2X h?2 T?QiQM /B"'2+iBQM Bb }t2/ M/ H
M;H2 #2ir22M i?2 b KTH2 bm 7 +2 M/ i?2 BM+B/2ZMkA?QiQM #
h?2 BM@TH M2 M/ Qmi@Q7@TH M2 +QKTQM2Mib Q7 i?2 HQ+
2T 2b2Mi2{ M/ ¢- 2bT2+iBp2HvX h?2 BMBiB H xBKmi? H M
M/TBb ;Bp2MX#WQ i?72 K2 bm 2K2Mib-i?2 b KTH2 r b "Qi i2/

MQ 'K HX%¥vh?2'27Q°2-i?22 "2bmHiBM; XxBKmi? H M;H2 Q7 i?22 K ;N\
Blb X h?mb-i?2 p2+iQ'b "2 ;Bp2M #v,

,+Qb . .7 bBM,
< E ,oBm - E T E UjXROV
C T E c7 *QBbE
Ai 7TQHHQrb i? 1,
K AT :
K1+ Qb JKlgeram 7 o+Qb + DBM 7 4 +Qh UjXR8V
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j h?2Q 2iB+ H# +F; " QmM/

6B:m 2 [ XRWK2i'v Q7 i?2 2tT2 ' BK2Mi H bRBbToe RQ2Y @M Bib
TQbBIBQM +QKT “2/iQ 1[m iBQM jXR9 7Q" #2ii2  pBbB#BHBivX >Q
Bb "2H2p MiiQ i?2 M HvbBbX

.2}MBM; i?2 T'QTQ iBQM HBiv +QMbi Mi BM 0Bk PBMIM jXRj b
BMi Q/m+EM; , M/64 C ¢ }M HHv '2bmHib BM,

hy- 0,+Qb o 04 i MK UiXReV

*QK#BMBM; BK :2b "2+Q /2/ ii? 22 2[MmB/BbI-MM/MTH2b

H2 /biQ M M HViB+ HHvV bQHp #H2 bybi2K QB2 2B@Mb 7Q"
2[m iBQM bvbi2K Bb /Bb+mbb2/ M/ bQHp2/ B&,-TT2M/Bt "X b
6g + M #2 /202" KBM2/7Q 2 +? TBt2H Q7 i?2 }2H/ Q7 pB2rX h?2 :
#2 M Hvx2/-2X:X-7Q i?2 "2H iBp2 bi'2M;i? Q7 i?2 BM@ M/ Qn
M/ 7Q bi*m+im 2bX

X9 GQr@2M2 :v 2H2+i"QM /Bz> +iBQM UG11

GQmBb /2" Q;HB2 TQbimH i2/ BM RNk9 i?2r p2 M im 2 Q7 K ii2 rl

Ve, — UjXRdV

% L,JFBM

rBi? i?72 SH M+F +QIMBITMIiiB+H26-bpR Q% BM/ FBM2iB+ 2M2 " ;v
UrgiRADX AMHQr@2M2 ;v 2H2+i QM /Bz  +iBQMUG11.V-i?Bb #27? |

i3



i?2 "2+BT ' Q+ HH iiB+2 Q7 b KTH20b bm'7 +2X 6Q  i?Bb Tm"
/IB'2+i2/ ib KTH2bm 7 +2mM/2 MQ K HBM+B/2M+2X AMi?2 + |
2H biB+ HHv # +Fb+ ii2°2/ 2H2+i ' QMb + M mM/2 ;Q +QMbi m+iBy
iQ /Bz ' +iBQM T ii2 "M- HbQ + HH2/" :: T ii2"MX h?Bb T ii2"M"
T2'BQ/B+BivQ7i?2mTT2 ' KQbiH v2'bQ7 b KTH2X h?mb-G11.
7Q /2" Q;HB286b i?2Q v BM RNkd (Rdd) X

h?2 #BHBiviQ 2p2 Hi?2bm 7 +26b bvKK2i'vBM "2+BT Q+ H b~
Gll1. TQr2 ' 7mH M/ rB/2Hv mb2/i2+?MB[m2 BM bm 7 +2 b+B2MH-
7Q° 2t KBMBM; b KTH2 bm 7 +2b 7Q bm++2bb7mH T 2T ~ iBQM

.2T2M/BM; QM i?2b KTH2 bvbi2K-ivTIB+ HFBM2iB+ 2M2 ;B2b mb
Upgy 20iQ 20X h?Bb +Q "2bTQM/b iQ r p2H2M;i?b Q7 72r M:bi
i?2 i2+?MB[m2 B/2 H7Q  "2bQHpBM; ivTIiB+ HT2 BQ/B+BiB2b Q

6Q° +QMbi m+iBp2 BMi2 72 2M+2iQ Q++m ™ -i?2 G m2 +QM/BiB(

VI UjXR3V

Ai bi i2b-i? i 1?72 KQK2MimK i Mb72 - BM/B+ i2/ #v i?2 /IBz2"
b+ ii2°2/ M/ i?2 BM+B/2Mi 2H2+i7QM MR2/02QQGF D 2[m H iQ
p2+iQ Q7 i?2 2+BTUR+mMR2HQIRR2?B;? bm 7 +2 b2MbBiBpBiv- Bi
iQ +QMbB/2° QMHYV i?2 +QKTQM2Mib T ° HH2H {Q iM2Z bm 7 +:
Uop ?2- F-X h?2 p2+itQMJ - "2 i?2 "2+BT Q+ H mMBi p2+iQ b-
+Q "2bTQM/iQ i?2 "2 HbT +2MMMNBETRIOIQ7D G11. T ii2 M "2
M K2/ #v i?2 JBHH2?@BWRBH2b

h?2 G m2 +QM/BiBQM + M #2 BHHmbi  i2/ #v i?2 1r H/ +QMbi"
/I BbTH v2/ b bT?2 2BMi?2 2+BT Q+ HbT +2 BiMb2Qor2a#w iBM; |
BM 6B:m > ZRRRIX(AM i? 22 /BK2MbBQMb i?2 "2+BT Q+ H H iiB
#v TQBMibX AM irQ /BK2MbBQMb- i?2 # QF2M®VEBK24iB QiM?2
H2 /biQ /2;2M2° iBQM Q7 i?2b2 TQBMib BMiQ "Q/bX gq?2°2i?2
"2+BT Q+ HH iiB+2 "Q/b- +QMbi m+iBp2 BMi2 72 '2M+2 Q++m "I

h?2 ° /Bmb Q7 i?2 bT?2°2 BY /2}M3/ #¥ w.oX AM i?2 + b2 Q7
# +Fb+ ii2°BM:- b T 2b2Mi BM G11.-i?Bb H2 /b iQ i?2 M:H2 #2ir

IN



j h?2Q 2iB+ H# +F; " QmM/

IBz® +i2/ #2 K#2BM; T QW Q iBQNIHB@T QT QijifRM X 2gQ 2-
i72 bTQib KQp2 iQr /b i?2 +2Mi2 U:2XMP BIMy i2DB®i Bb }t2/-
bBM+2 Bi Q°B;BM i2b 7 QK i?2 /B 2+i "2~2+iBQM Q7 i?2 2H2+i Q|

v

L //)_

(40) (30) (20) (T0) (00) (10) (20) (30) (40)

6B:m 2 jXRRH/ +QMbi m+iBQM 7Q" irQ /BK2MbBQM H b+ ii2 BI
/B 2+iBQM Q7 i?2 BM+B/2Mi M/ i?2 b+ ii2 2/ 2HRHIQM 2 BM
"2bT2+iBp2HvX b BM/B+ i2/ #v i?2 "2&4BT QI2HZH IPBALHIB+iQ"
7°QK i?BbX h?2 BMi2MbBiv KQ/mH iBQM Q7 i?2 "Q/b BM "2 H 2tT
2HHBTbQB/bX (33)

S ii2’Mb Q7 "2+QMbi'm+iBQMb Q>  bmT2 bi'm+im 2b /B 2+iHv /Bb
i?72 "2+BT°Q+ HH iiB+2X h?2°27Q°2-i?2 2 HbT +2 T2 'BQ/B+B
+ H+mH i2/ 77QK G11. BK ;2bX hQ /2b+ B#2 i?2b2 T ii2 "M i?2 (¢
#2 mb2/X b M2t KTH2-i?2 /2%b+ BTiBBMmb2/7Q° bi'm+im 2
i?2i?2b "2 HDT +2 p2+iQ° HBHXREATRIH2M;i? Q7 i?2 bm#bi’ i26k
r?B+? 2 b mMBi +2HH “(@BiP272#WT2+i iQ i?2 bm#bi’ i2X h?2 "2H
TQbBIiBQM Q7 i?2 iQKb Q7 "2+QMbi'm+iBQM Q>  bmT2 bi'm+im’2
bm#bi’> i2 + MMQi #2 /2i2 " KBM2/ #v i?2 TQbBIiBQM Q7 i?2 /Bz" +i
i?72B°BMi2MbBivKQ/mH iBQM? biQ #2 mb2/ b TRUK+RM2#V b+ ii2
"2 bQM 7Q  i?Bb KQ/mH iBQM Bb-i? iBMi?2 2 HG11. 2tT2 BK2I
"2 +? BMiQ i?2}'bi72r iQKB+ H v2'b Q7 i?2bQHB/X "2+ mb2 Q7
irQ /BK2MbBQM H-#mi 2T 2b2Mib M BMi2 K2/B i2 bBim iBQM #2i
/IBK2MbBQM H bBim iBQMX h?Bb + mb2b M BMi2MbBiv KQ/mH iB(
+QMbi ' m+iBQMX hQ;2i?2 rBi? KmHiIiBTH2 b+ ii2°'BM; 2z2+ib-i?
M HvbBb /m"BM; Ao@G11. (Rd3)X

9y



1tT2 BK2Mi H bh2ka T

h?Bb +? Ti2 " BMi Q/m+2b HH 2tT2 ' BK2Mi Hb2imTbh mb2/ 7Q"
K2 bm 2K2Mib BM i?Bb bim/vX h?2b2 "2 i?2 **a M/ i?2lo@S1
IMBp2 bBiv-i?2 S a: b2imT i Sh"" mMb+?r2B;- 1?2 sSa bvbi2K
i?72s@S11J bvbi2K i"laau- HH HQ+ i2/ BM :2°K MvX

O9XR IHIi" @?B;? p +mmK Ul>0V

?B;?7@[m HBivp +mmKBb M2+2bb 'viQT 2b2 p2i?2b KTH2bd I

iBQM M/ Qi?2  +? M;2b QM i?2 QM2 ? M/ M/iQ 2M #H2 2H2+i Q!
QM i?2 Qi?2 X ++Q /BM; iQi?2 FBM2iB+ i?2Q v Q7 ; b2b-i?2 i
b T? b2 BKTBM;BM; QM bm'7 +2Bb T'QTQ 'iBQM HiQ i?2 T .
bbmKTiBQMb- Bii F2b iQKb 7°QK i?2 ; b PTAQZQTK QMX i2l
KQMQH v2 QM bm 7 +2 i ""K2KbamBM®Z ivIiIB+ H K2 bm 2K;
i F2b #Qmii? i HQM;-i?2 M22/7Q ;QQ/p +mmK #2+QK2b +H2 )
Bb + HH2/ IHi® @?B;?2 p +mmK Ul>0oVX Ai Bb /2}MXK/# IX T 2bbn
h?2 mb ;2 Q7 HQr@2M2 ;v 2H2+i QMb M/ bQ7it@  vb HbQ "2
/IBiBQMbX Pi?2 rBb2-i?2B K2 M7 22T i?2rQmH/ #2 7 iQQ Db
TTHB+ iBQMbX (Rj3- R3y)

hQ "2 +?2 bm+? HQr T ' 2bbm 2- +QK#BM iBQMb Q7 /Bz2 2Mi TmKT|
iIKQbT?2 B+ T '2bbm 2-b+ QHH TmKTb "2 mf2/ iGHKGr2 i?2T 2b
r?B+? Bb + HH2/ 7Q 2@p +mmKX am#b2[m2MiHv- im #Q@KQF
T 2bbm™2iQ ?B;?2p +mmK B i?2*XBQAMQYK i?2°2- # +F@Qmi
T Q+2/m 2 Bb 2[mB '2/iQ 7m i?2 "2/m+2i?2 T 2bbm '2X 6Q i?B
Bb?2 i2/ mT7Q b2p2 H/ vbBMQ /2 iIQBM+'2 b2i?2p TQ T 2

9R



9 1tT2 BK2Mi Hb2imT

QM i?2 BMM2 r HHb Q7 i?2b2imTX b “2bmHi-i?2B  /2bQ TiBC
i22v + M #2 2p +m i2/ #v i?2 TmKI3YX R2KBPR2 i 2b mb2/ BM i?B
rQ'F > M;2 7 °QiK - /2T2M/BM; QM i?2 +QKTQM2Mibs HBKBi il
i?Bb- T 2bbm 2b.Q7 #&MK# > "2 °2 +?22/X G biHv- 7m i?2  TmKTh-
iBi MBMK bm#HBK iBQM TmKTb M/ ;2ii2° TmKTb-?22HT iQ BM+"
2p2M 7m i?2° M/ "2 HbQ /p Mi :2Qmb #2+ mb2 i?2v "2 pB#  iBC
2tT2 BK2Mib-i?Bb + M #2 + ' m+B H7Q 7Q+mbBM:X

OXk a2imTbh 7Q 1?2 bBHB+QM + "#B/2 T 2T

AM i?2 7TQHHQIrBM;- i?2 b2imTbh 7Q" **a M/ S a: "2 BMi'Q/m+2/
**ab2imT Bb b?QrM BM 6B;m 2 9XRX Aibp +mmK bvbi2K +QMbBb
TMKT +QMM2+i2/iQ b+ QHH TmKTX dBi? Kt ‘Blb 2bDBZR2Q 7
7i2°?27Q  TmMKTBM; rBi?Qmi# F2@QmiX 6Q  T°2T * iBQM BM BM2
b2 H2/ Qz 7' QK i?2 "2bi Q7 i?2 +? K#2  #v ; i2p Hp2 M/ ";QME
M BMH2i p Hp2X h?2 b KTH2 Bb TH +2/ BM ;  T?Bi2 + m+B#H:
+ M #2 ?2 i2/ BM/m+iBp2Hv #v 1 i2 @+QQH2/ +QTT2 +QBH +(
bi iBQMX Ai? b#22M b?QrMi? i HQri2KT2  im 2 ;" /IB2Mi + Qbb
BKT Qp2bi?2 "2bmHiIiBM; "2+QMbi m+iBQM [m HBivX hQ +?B2p2
Bb +2Mi2 2/ "2; "/IBM; i?2 +QBH r?BH2 i?2 b KTH2 Bb TQbBiBQNM
+ m+B#H2 #v TH +BM; Bi QM DbRK#Z2Z2BRiX *QM+2 MBM; i?72 mb ;2
BM/m+iBp2 ?2 iBM;- QMHV i?2 + m+B#H2 Kmbi #2 2?22 i2/ #vi?2 2/lv
?2 iIBM; i?2 2bi Q7 i?2 +? K#2 - [m "ix /QK2-r?B+? Bb 2H2+i B
mb2/ bT 1 Q7i?2p +mmK +? K#2 bm "QmM/BM; i?2 + m+B#H2
K tBKmK QT2  iBM; i2KT2 im 2 Q7 [n¥ "ix BbM#QNMM2 HBM;

i?72 + m+B#H2™'mT i Bb M2+2bb "v- i?2°2 Kmbi #2 MQ +QMi +i
i?72b2 irQ +QKTQM2MibX h?Bb Bb 2Mbm 2/ #v KQmMiBM; i?2 + n
22t ;QM H#Q QM MBS BVXY"LSY TH i7Q K-r?B+? Bb 2H2+i'B+ HH
M/ "2bBbi Mi 7 ~#2vQM/ i?2 "2[mB 2/ i2KT2  im 2bX 6m’i?2" /2
+ M #2 7QmM/ BM (RRj- R3R)X

h?2 bBHB+QM iQKbo bm#HBK iBQM " i2 bi'QM;Hv z2+ibi?2 T":
HQr i2 "2bmHib BM KQ'2 ?2QKQ:2M2Qmb "2+QMbi m+iBQM M
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#v b2 HBM: i?2 + m+B#H2 rBi? > T?Bi2+ Ti? i? b bK HH #¢(
Q7 KKX h?Bb #Q 2 Bb i?2 QMHvV r v 7Q° 2p TQ  i2/ bBHB+C
i?72 + M+B#H2X h?2 2#v-i?2 bBHB+QM T “iB HT 2bbm2 "Qm
“2bmHIBM; BM i?2 /2bB 2/ "2/m+iBQM BM bm#HBK iBQM * i2X (

h?2 ?2 iBM; bi>eBd®IU ~2tV Bb "2bQM Mi +B +mBi +QMbBbiBM;
+QBH b BM/m+PRpBOQW@ + HH2/ i Mo +MT i?Ri @b B b i; Bp22V

#v i?2 + m+B#H2X h?2 BQh2D dfkyMiHv-AtV T ' QpB/2b M Hi2 M i
+m "2Mi rBi? 7 2[m2MH>Q7.m2 iQ i?2 bFBM 2z2+i- bm+?
7°2[m2M+v Bb "2[mB 2/iQ +?B2p2 ?B;? 2{+B2M+v 2; /BM; i?2
+ m+BRHR )X HH b KTH2b r2°'2 T 2T "2/ rBi? K tBKmgK TQr2" Q
reB+? 22 ib i?72 + m+B#H2 iQ i2KT2 *Mn Db Q7272 2M+2 7Q"°
T'2T " iBQM-i?2i2KT2  im 2 Q7 i?2 ;" T?Bi2 + m+B#H2r b K2 b
i?72 22 iBM; TQr2 X 6Q  i?Bb Tm TAQIS22 ATveQk2ip N+2/

GmK a2Mb2 h2+?MQHQ;B2b :K#>V r b mb2/X

I W |
?2 iBM; bi iBQM |
; = [m “ix/
I B |
\BM/m+iB
!‘ L Il O
\ i s ©
.“‘;- g O
( A '*h[
im#Q@KQH?2
|_ — ;0 T?Bi22M+HQbm|2
;02 0p 2

iiﬁ “;QM BMH
6B;m 2 9XRMT 7Q i?2**a T 2T ~ iBQM Q7 i?2 bBHB+QM + "#B/2

UH27iV M/ b+?2K iB+ 2T 2b2Mi iBQM Q7 i?2 b KTH2 BMbB/2 |
"QmM/BM; [m Tix /QK2- M/ BM/m+iBp2 +QBH U'B;?ic# b2/ QM (

9]



9 1tT2 BK2Mi Hb2imT

h?2 b2imT Bb KQbiHvi?2 b K2 7Q i?2 **a M/ i?2 S a: K2i?Q/X h-
iQ +QM/m+i i?2 S a: K2i?Q/ Bb /2TB+i2/ BM 6B:m 2 9XkX h?2"2
/IBz2 2M+2b +QKT "2/iQ i?2 **a K2i?Q/X 6B bi-i?2 i2KT2  im 2 Bb
2 +2 T°2T " iBQM M/ i?2 22 iBM; TQr2 Bb /Dmbi2/iQ +QMi QH Bi
p Hp2b 2 +QMM2+i2/7Q  i?2 BMH2i Q7 /Bz2 2Mi ; b2bX h?2b2 2
2v/"Q;2M 2i+?BM;X

6B;m 2 9Xk?22K iB+ 2T 2b2Mi iBQM Q7 i?2 b2imT mb2/7Q i?2 S
HQ+ i2/ ii?2Sh" " mMb+?r2B; (dy)X
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9Xj M HviB+ 2[mBTK2Mi

h?°22 /Bz2 2Mi 2tT2 BK2Mi H b2imTb r2°'2 mb2/ 7Q b KTH2

H#Q iQ v@# b2/ lo@S11J i hl . Q iKmM/ IMBp2 bBiv- :2°K
2M/bi iBQM i #2 KHBM2 RR i .1Gh - .Q iKmM/- :2°K Mv- M/
bvbi2K S11J@AAA 1i?2119N@S:J #2 KHBM2 i "laau AA-"2 HI
K2 bm 2K2Mibr2' 2+ ""B2/Qmi i QQK i2KT2 im 2X

9XjXR lo@S11J ihl.Q iKmM/

h?2 p +mmK +? K#2° +QMi BMBM: i?2 lo@S11J i hl .Q iKmM/
b?QrM BM 6B;m 2 9XjX Ai +QMbBbib Q7 irQ T “ib, T°2T " iBQM
+?2 K#2°X

T'2T " iBQM +? K#2! S11J +? K#2°
HQ/H§+F 2p TQ  iQ b

S11J?QmbBM;

—

[m "ix + vbi HKB+ Q# M# 2

\

Gll—— K2 +m v H KT
K MBTmH iQ b

6B:m 2 9XjrmmK +? K#2  +QMi BMBM: i?2 lo@S11J ii?2 hl IMBp:
bvbi2K +QMbBbib Q7 irQ T ‘ib- pBbm HHv b2T " i2/ #v ;'22M/ b"
Bb 2[mBTT2/7Q b KTH2 T°2T * iBQM BM+HmM/BM; G11.bvbi2K>
i72 S11J M/ HH 7m’i?2" "2[mB 2/ +QKTQM2MibX
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9 1tT2 BK2Mi Hb2imT

h?2 lo@S1191UJ jsy@lay A" AMbi mK2Mi2 :K#>V Bb +QK#BM2/ r
K2 +m'vb?2Q'i "+ H KTrBi? +mi@Q22M2BvQFHHMKBM i2b i?2
b KTH2 i M M:BQHPBb b2imT?2 b Hi2 H 20QHTIBQMB/QB

rQF 7mM+iBQM M/iQTQ; T?B+ +QMi" bi (Re9)X

h?2 KB+ Qb+QT2 +QMi BMb 7Qm™ 2H2+i Qbi iB+ H2Mb2b- M Q
/IB i2 H2Mb- M/ irQ T QD2+iBp2 H2Mb2bX h?2b2 "2 mb2/ 7Q 7
M/ /DmbiBM; i?2 T°QD2+i2/ BK ;2 o398 A M2 Rib Q b BIR2 piB N ; i?
b KTH2 bm 7 +2 "2 ++2H2 i2/iQr /bi?2 KB+ Qb+QT2/m2iQ

h* X Fo#2ir22Mb KTH2 M/ Q#D2+iBp2 H2MbX AM i?2 KB+ Qb +(
Q7 1?72 2H2+i QMb Bb z2+i2/ #v i?2 }2H/b Q7 i?2 H2Mb2b r?BH2
1 +? H2Mb Bb +QMbi m+i2/ Q7 i? 22 2H2+i Q/2bX h?2 TQi2MiB H
iQ g r?B+?2 T 2p2Mib bi” v}2H/bX 1bT2+B HHv7Q BMp2biB; iBM;
Bb /p Mi ;2QmbX h?2 TQi2MiB H Q7 i?2 KB//H2 2H2+i Q/2 + M #
70+ HTQBMi Q7 i?2 +Q "2bTQM/BM; H2MbX 6m i?2'KQ'2- M T2°
HQr@T bb }Hi2 X biB;K iQ° +QMbBbiBM; Q7 Q+imTQH2 H2Mb 2|
biB;K iBbKX ii?22M/ Q7 i?2 H2Mb bvbi2K- KB+ Q@+? MM2H T
i72bB;M H M/ T?2QbT?Q°Qmbb+'22M +QMp2°ibBiiQ HB;?i QTiB
** 4+ K2W TBt2H~vZP :K#>VX h?2 H2Mb bvbi2K Bbw@nK 2QmHM/2/ #v
b?B2H/BM;- b?B2H/BM; 7 QK i?2 BM~m2M+2 Q7 2ti2"M HK ;M2
K :M2iB+ T2 K2 #BHBivX h?2 b2imT Bb /2TB+i2/ BM 6B;m 2 9X9X
i?72 KB+ Qb+QT2 M/ i?2 + K2° "2 +Qp2 2/ #v M HmMmKBMMK ?2Q
K MBTmH iQ> 2M #H2b 2t +i TQbBIBQMBM; Q7 i?2 b KTH2 mM/2"

h?2 S11J +? K#2 Bb TmKT2/ #v M BQM TmKT- iBi MBmK bm#
M/ im #QKQH2+mH ~ TmKT # +F2/ rBi? b+ QHH TmKTX aBM
pB# iIBQM@7 22- QMHv i?2v "2 brBi+?22/ QM /m BM; K2 bm 2K2M]
[m HBivX qBi? i?Bb TmMKTBM; bvbi2KN #%R#T Ribb th +22Q/7X

h?2 T°2T " iBQM +? K#2 Bb 2[mBTT2/7Q b KTH2 MM2 HBM; M/
2T °Q/m+B#H2b KTH2 +Q iBM; rBi? TH iBMmK M/ +Q# Hi-irQ 2H2-
W6Jj M/16J jh- 6P*la :K#>V- [m ‘ix + vbi HKB#P Q% R M+2 U

S 10 *bTX xXQXQXV rBi?i?2 +Q "2bTQMKBRI9 82 BloFM2bb KQM]
bTX xXQXQXV- M/ T '2+Bb2 7Q0m @ tBb K MBTmH iQ  r2°2 mb
i2KT2' im 2 M2+2bb "v7Q BMi2'+ HiBQM- b KTH2 ?2QH/2 r b mt
"2bBbiBp2 22 iBM:X Ai 2T 2b2Mib KQ/B}2/ p2°'bBQM Q7 i?2 b
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B

o > C

! ! 0 WY
5 WP \2\’\\2\
LUU D YL 1©

b KTH2

6B;m 2 9XP2i+? Q7 i?2 lo@S11J bvbi2K rBi? i?2 BHHmMKBM i2
H2Mb bvbi2K BM~m2M+BM; i?2 2H2+i'QMb i D2+iQ v- M/ i?:
KTHB}+ iBQM- pBbm HBx iBQM- M/ /B;BiBx iBQMX U" b2/ QM

BM /2i BRI3BMh(?2 b KTH2 Bb KQmMi2/ rBi? Bib H27i M/ “B:?i bB,
QM2 Q7 i?2 +H KTBM; +QMi +ib Q7 i?2 b KTH2 ?QH/2 X T?2Qi
+ M #2 b22M BM 6B:m 2 9X8X AM i?Bb rQ F- Bi ? b #22M b?Q
22 iBM; Bb Km+? KQ 2 "2HB #H2 K2i?Q/ r?2M +QKT "2/ rBi? Qi?.
#QK# /K2MiX h?Bb Bb KQbi HBF2HV /m2iQ i?2 HQr2 T 2bbm 2 /|
KQ'2 +QMi'QHH #H2 b KTH2 i2KT2  im 2 Q 2p2M #Qi?X h?2 i2K"
mbBM: M BM7 "2/ AISQKRi2etkj /p M+B/mK a2Mb2 h2+?MQHQ ;B
K#>V + HB#  i2/rBi? ivI2Li?2 KQ+QmTH2X

b KTH2

+H KT{A&; mMZiDQBMi
+QMi +i
6B:m 2 9X&KTH2 2QH/2 mb2/ 7Q lo@S11J K2 bm 2K2Mib

im #QKQH2+mH ~ TmKT +QK#BM2/ rBi? b+ QHH TmKT Bb n
T'2T " iBQM +?2 K#2'-i?mb +?B2pBMN #R#TX2ANMM2BQEQM -
i?Bb +? K#2°  Bb +QMM2+i2/iQ HQ /HQ+F M/ +QMi BMb G11.
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9 1tT2 BK2Mi Hb2imT

G1l1l. bvbi2K

ai m+im- HBMp2biB; iBQMbr2 2 + "B2/ Qmi mbEM1.9@; B/ G:
R8yaSl*aam'7 +2 L MQ M HvbBb :K#>V- bF2i+?2/ BM 6B;m 2
2H2+i"QM ;mM rBi? i?Q'B @+Q i2/ B'B/BmK ? B'TBM + i?2Q/2X Al
"2 ++2H2 i2/0iQ /2}MRdZAMB #H#H2 BM i?227 M;2&76Q°
7Q+mbBM;- H2Mb bvbi2K M/ q2?MRRBje4+VHRMBXT R2iBiM24i72

b KTH2 bm 7 +2-i?2 # +Fb+ ii2°2/ 2H2+i QMb ? p2iQ T bbi? Qn
iQ #2 /2i2+i2/X h?Bb bvbi2K +ib b M 2M2 ;v }Hi2  bQi? i BM2F
2H2+i"QMb + MMQi T bbi?°Qm:;? BiX 6m i?2 -i?2irQ Qmi2" ;"B/b-
2;°QmM/2/iQ b?B2H/ 1?2 "2i /IBM; }2H/ Q ' B;BM iBM; 7' QK i?2 |
b KTH2 M/ 7 QK i?2 ~mQ 2b+2Mi b+ 22M TH +2/ #2?BM/i?2 ; B/ b
i? i T bbi?2;"B/b "2 ++2H2" i2/ QMiQ i?2b+'22M /m2 iQ Bi #2BI
FoX h?Bb KTHB}2b i?2 "2bmHiIBM; QTiB+ HBK ;2-r?B+? Bb /B;
i?72IM HDbi2TX h?2 2MiB 2 b2imT vz Ko2m "HQra BIZ 2/ BW ; X

] w@K2i Hb?B2H/BM;

rBM/Qr

6B;m 2 9X#€?22K iB+ 2T 2b2Mi iBQM Q7 i?2 G11. bvbi2K mb2/X U"
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9XjXk sSa b2imT i .1Gh

h?2 sSab2imT mb2/ BMi?BbrQ F Bb HQ+ #2/ KHBM2MI Bi U B&RRY
Q7 i?22H2+i QM biQ" ;2 "BM; .1Gh - .Q iKmM/- :2"K MvX h?27
2H2+i " QMb mT iQ M 2B MWV Q@7QpB/2b K tBKmK pm "2Mi Q7

K X "2 KHBM2 RR Bb QM2 Q7 i?2 bQ7it@ v #2 KHBM2b i .
MmM/mH iQ 188X h?2 Hi2"M i2Hv Q' B2Mi2/ K ;M2ib Q7 i?2 mM
++2H2 i2i?2 2H2+i"QMb BM bm+? rvi? ii?2vKQp2 QM rB;;
2KBi bvM+?2 ' Qi'QM HB;?i- HbQ + HH2/ " 2Kbbi> ?HMM;- BM i?2
#2 KX h?22M2 ;vQ7i?Bb " /B iBQMBb 7 22HV imRIoRBBBM i?2 "
h?2 " /B iBQM BMi2MbBiv Bb K tBKBx2/ #v /DmbiBM; i?2 bi 2M
K ;M2iB+ IREX( 7i2° #2BM; 2KBii2/-i?2 /B iBQM Bb }Hi2 2/
T bbBM; i? Qm;? TH M2@; iBM; KQMQ+? QK iQ X am#b2[mz:
i?72 b KTH2 rBi? bTQiNBXxXX¥X7

6B;m 2 922K iB+ 2T 2b2Mi iBQM Q7 i?21>0 +? K#2 +QMi BME
sSa- +QMbBbiBM; Q7 i?2 #2 KHBM2 +QMM2+iBQM-i?2 K MBTmH
2M2 ;v M Hvx2 X (RjN)

h?2 +2 K#2° 2QmbBM; i?2bT2+i'QK2i2  Bb b?QrMvEAVKRB 2 9Xd
T 2p2MiBM; i?2 BM~m2M+2 Q7 2ti2°M H K :M2iB+ }2H/b- M/ I
HQ+F 7Q b KTH2 BMb2 iBQMX h?2 b2imT Bb 2[mBTT2/ rBi? i
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9 1tT2 BK2Mi Hb2imT

Tv QK2i2" bi?21lo@S11Jb2imT-2Mbm BM; 2 bv T 2T ~ iBQM ¢
p2 ' B7vbm++2bb7mHT 2T " iBQM-G11.r b T2 7Q K2/ mbBM; i?2 b
lo@S11J +? K#2 X }p2@ tBb K MBTmH iQ  Bbmb2/7Q b KTH2
i?72 +? K#2 b TmMKTBM; bvbi2K- # bAT Zif#m " BQ72 +?22/X

h?2b KTH2 ?2QH/2  mb2/ Bb b?QrM BM 6B;m 2 9X3X "v KQmMiBNM
irQi Mi HmK ? H7 b?2HHb +QMi +i2/iQ bHB/BM; +QTT2 +QMi +ib-
Bb2M #H2/X AM i?Bb TTHB+ iBQM- QM2 Q7 i?2i?°22 +QMi +ib E

? H7 b?2HHbB KTH2 +QTT2 +QMi +ib

6B;m 2 9XKTH2 ?QH/2  mb2/ 7Q sSa K2 bm 2K2MibX

.m BM; sSa K2 bm 2K2Mib-i?2 b KTH2 Bb ;QmM/2/iQ pQB/ 2H2
h?2 bT2+i"QK2i2  Bb ;"QmM/2/ b r2HH-r?2 2#v i?2 K2 bm 2/ FBN
z2+i2/ #vi?2rQ ' F 7TmM+iBQM QMPRI QM #¥viR2i Q7 i?2,h KTH2

a X 70 7
FBM #BI\Z a a U9XRV
X 7 Uy
hQK2 bm 2i?22M2 ;v@ 2bQHp2/sSabT2+i - ?22K8bIT?2 B+ H 2N

Ae 0: JB+ Qi2+?c >1 VBb mb2/X h?Bb bT2+i QK2i2  +QMbBbib
H2Mb bvbi2K- M 2M2 ;v M Hvx2 bT?2 2- M/ /2i2+iQ - b bF2
7i2° 1?2 bvM+?2 Qi QM ~ /B iBQM BKTBM;2b QM i?2 b KTH2 bm~7
/IBz2 2Mi 2M2 ;B2b H2 p2i?2bm 7 +2 BM HH /B 2+iBQMbX h?Qt
1?72 ++2Ti M+D_M;H2 ++2H2 i2/ BMiQ i?2 bT2+i QK2i2 #v i
}2H/ T " QpB/2/ #v i?2 } bi H2MbX 7i2 #2BM; 7Q+mb2/-i?2 2H2+
2Mi° M+2 bHBi- "2 /2+2H2 i2/ #v "2i 'IBM; }2H/- M/ 2Mi2 i?2
i?72 }2H/ 2M #H2b i?2 2M2 ;v b2H2+iBpBiv Q7 i?2 BMbi mK2MiX .r
Bib bi 2M;i? Bbp B2/ iQ +Qp2 i?2 /2bB 2/ 2M2 ;v M;2 Q7 i?:

8y



i?72 M Hvx2' - M 2H2+i B+ }2H/ #2ir22M Bib ?2KBbT?2°'2b BM~
i?72 2H2+i"QMbX *QMb2[m2MiHv- QMHvV 2H2+i"QMb rBi? 2M2"
T MiBrp U- TQMM/ iI?2 bQ@+ HHZL T bBRMZ bbb i?2° Qm;? 1?2
2MiB'2 M Hvx2" M/ #2 K2 bm 2/ #vi?2 /2i2+iQ X h?2 rB/i? Q7 i
[2}M2] #v i?22M2 ;v AbRKEARNFONMR o B #H2 2tBi bHBib rBi? /B Kz
Q7 7 KK HHQriQp vi?22M2 ;v 2bQHmMIBQMX >Qr2p2 - Bi b?
?B;?2° "2bQHMIBQM H2 /biQ HQr2 bB;:M HBMi2MbBivX QM
/12i2+iQ rBi? MBM2 +? MM2H 2H2+i QM KmHIBTHB2 b U*1JV KTt
#v 7 +iQ Q7 “(RNk)X

6B;m 2 9&#\?,2K iB+ 2T 2b2Mi iBQM Q7 i?2sSabT2+i QK2i2"

.M BM; K2 bm 2K2Mib- TQH 'Bx iBQM 2z2+ib Q7 i?2 2t+BiBM
K2 bm 2/ +QmMib Q7 2H2+i'QMbX h?Bb 2z2+i Bb KBMBKBx2/
KQmMi2/iQ i?2 1>0 +?2 K#2 i TT OiBK iBHZ iQ i?2 bvM+? Qi C
#2 K-r?B+? Bb i?2 bQ@+ HK{ 24 kRNGYX M; H2
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9 1tT2 BK2Mi Hb2imT

9XjXj s@S11J b2imT i "laau AA

h?2 K ;M2iB+ +QMi" bi S11J BK ;2br2°'2 +[mB N1IBIi@i?2 s@ S
AAA 2M2 ;v KBH'IQWBRF21H2Fi " QM2MKBF QbFQTB2 :K#>V 2[mE
2M2° ;v M Hvx2 TH +2/ ii?2119N@S:J #2 KHBM2 ii?2 "laau A
K MvX h?Bb biQ" ;2 'BM; T°Q/m+2b 2H2+i MbirB#th " MRNM2 ;v Q7
Q7 K X PT2 iBM;BMiQT@mT KQ/2-r?2'2i?2#2 K+m "2Mi Bb F
#H2b 2 bv +QK#BM iBQM M/ +QKT * #BHBiv Q7 KB+ Qb+QTv BK ;
MTTH2 AA@ivT2 mqPMWM/ZMH 2R bvM+?2 Qi QM * /B iBQM rBi? 7TmHH
+QMi"QHX TH M2@ ;" iBM; KOQMQ+? QK iQ  }Hi2 b i?2 " /B iBQ
7 22HvimM #H2 BM i72 " Mo 72 ;2M2° i2/ #2 KBKT +ibi?2 b KTF
i ;> XxBM; M;H2 Q7 BM+BV2MB+2 QWT Qi bBxX2 QKXRNO9

h?2 2tT2 BK2Mi H +? K#2° +QMi BMb Q7 irQ T “ib- T 2T " iBQ
S11J +? K#2 - bb?QrM BMi?2 HQr2 T M2H Q7 6B;m 2 9XRRX Ibl
KQH2+mH > TmKTb # +F2/ rBi? b+ QHH TmKTBhEK# BHT 2bbm 2
"2 +722/ BM #Qi? T “ibX h?2 T°2T " iBQM +? K#2 Bb +QMM2+i2/
2[MBTT2/ rBi? 2H2+i"QM #2 K 2p TQ  iQ b- [m ‘ix + vbi H KB-
70m @ tBb K MBTmH iQ  bmBi2/7Q b KTH2 MM2 HBM:X bi M
2QH/2 r b mb2/- b?QrM BM 6B:m 2 9XRyX Ai HHQrb b KTH2 i

™ #v TTHVBM; 2H2+i QM #QK# /K2MiX h?2 i2KT2  im 2r b K

TV QK2i2 X
b KTJ{

# VQM2iBQBMi N\, +H KTBM;
+QMi +ib

6B;m 2 9XRNTH2 ?QH/2  mb2/s@S11J BMp2biB; iBQMbX (F

h?2 b2+QM/ T i +QMi BMb i?2 S11J-r?B+? Bb QTiBKBx2/ 7Q" bv|
2 b Hi2 H 2bQHWVIKBRMBD7+QK#BM2/ rBi? bmBi #H2 b KTH2 K M
h?Bb +? K#2 T i "2bib QM bQHB/ ;" MBi2 #HQ+F M/ Bb bT BM
pB#  iBQMbX bF2i+? M/ T?QiQ Q7 i?2 KB+ Qb+QT2 "2 Db?QrM B
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T M2Hb Q7 6B;m 2 9XRR- "2bT2+iBp2HvX aBKBH ~iQi?210@S
H2Mb bvbi2K- M J*S- M/ Db+'22MX AM //BiBQM- b2KB+B" 4
2M #H2b i?2 2M2 ;v b2MbBiBpBiv Q7 i?2 bvbi2K- r?B+?2- HQM
T2'7Q°Ks a M/ sSaK2 bm 2K2Mib rBi? bT iB H 2bQHmMiBQM)
i?2 2M2 ;v mM/2  BMp2biB: iBQM- “2i “/BM; }2H/ Bb mb2/ BM 7
K2 +m'vb?2Q i@ +H KT HbQ HHQrb7Q lo@S11J BK ;2b iQ #:

?X
T'2T * iBQ . ) | \
+? QZ\ R¥TH2+s b+ 22M2Mb bvmmR ;v M Hvx2

?X
#2 KHBM?2

6B;m 2 9XaRRi+? UMTT2RN&M2M/.CcT(?QiQ UHQr2 T M2HV Q7 i?2 s
bvbi2K mb2/- +QMbBbiBM; Q7 i?2 H2Mb bvbi2K-2M2 ;v M Hvx2
b KTH2BbHQ+ i2/BM7 ' QMiQ7i?2H2Mbbvbi2KX hQi?2H27i M/
+? K#2° M/ #2 KHBM2 "2 2bT2+iBp2Hv +QMM2+i2/X
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S11J 7i2 i?Bb 2?2 iBM; bi2T "2/m2iQr2iiBM:- bi?Bb QMHv z2+
i?2/2TQbBi2/H v2 X h?2} bi+? M;2BMi?2G11.T ii2"Mb Q++m"
Q7 *-r?B+?BbBMHBM2rBi?i?2S11J 2bmHibX 7i2° MM2 HBMN
i22 22t :QM HHv Q' /2 2/ ;> T?2M2 M/ aB*bTQib 2 TT2 “2/X a

N _ @2+QMbi"m+iBQM 2K BM2/ #b2Mi- BM/B+ iBN
T iB HHB7iBM; Q7 i?2 + "#QM H v2 X h?mb-i?22 #mz2  H v2  #:
> T?22M2X AM //BiBQM- = @°2+QMbi"m+iBQM “2; “/BM; i?

T ii2’M TT2 “2/-r?B+? Bb bbB:M2/iQ i?2 BMi2 + H i2/ Si@H \
T QKBM2Mi bTQi M2 ~ 2 +?2 ;> T?2M2 bTQi M/ bBt ?2t :QM H
aB* bTQiX i i2KT2 ¢im 2 Q7 i?2b2 bTQib #2+ K2 bB;MB}+ MiH\
T QMQMM+2/- r?BH2 MQ 7m i?2  +? M:2b r2 2 7QmM /60T iQ i2KT
i?Bb "2 bQM- HH b KTH2b r2’i®d BIM/AnK2/i?i2 BMi2 + H iBQM Q7
BK ;2 7i2°i?2 BMi2" +iBQM Q7 Si Bbb?QrM BM 6B;m 2 eX9X

Si O

O

R -
S ¢

B * _ _
a 20 N _

6B;m 2 e®91. T ii2°M Q7 i?2b KTH2 bvbi2K 7i2® 8iMi2 + H iBC
N _ @°2+QMbi'm+iBQM TT2 b- bbQ+B i2/iQ BMi2 +

ej



e 2bmHib M/ .Bb+mbbBQM

h?2b2 "2bmHib ;722 rBi? i?7Qb2 "2TARX2¥@v2pR 2BMX?QR T 2b2Mi
bim/v- //BiBQM HbTQibbm "QmM/BM; 2 +? aB*bTQir2'27QmM
iB}+ iBQM Q7 i?2bmT2 bi'm+im 2X h?Bb /Bz2 '2M+2 + M #2 2tT|
Si@H v2  i?B+FM2bb mb2/ BM i?2 T 2b2Mi rQ"FX HbQ- i?2 2F
QUrgy 20mb2/iQ "2+Q°/i?2 G11. BK ;2 +Q "2bTQM/b iQ bHB
K2 M@7 22T i?X qBi?BM i?2 T°2b2Mi bim/v- BKT ' Qp2/ bTQib? °
r2 ' 270mM/ /m2 iQ i?72 BM+ 2 b2/ H v2 i?B+FM2bb M/ BM+ 2 b
2H2+i"QMbX

JQ 2 bi'm+im> HT QT2'iB2b Q7 i?2 Si@H v2°
r2>2 /2i2+i2/ mbBM; +QM7Q+ H H b2 b+ M@
MBM; KB+ Qb+QTv U*GaJVX *Gal Bp~/2Ti2@
b2MbBiBp2 K2i?Q/ rBi? bT iB H ‘2b®miBQM 7Q°
BK ;BM; b KTH206b “RRWX+ BV (

m 2eX8b?Qrb *GalJBK ;2Q7 b KTH2 7ig‘
BMi2 + H iBGWXQh7? 22 /Bz2 2Mi +QM @

i* bib "2 pBbB#H2, / "F- K2/BmK- M/ # B;?i-

K "F2/ #Hm2- Q" M;2- M/ ;'22MX h?2b2 KQbi
HBF2HvV “2T°2b2Mi “2;BQMb rBi? QM2- itQ- M/
i°22 Hv2'b TH iBMmK- "2bT2+Bf2HVvX h?2B"
T'2b2M+2 b?Qrb i? i TH iBMmIéé?n%bzl\/elgd'Sa?\]Qéié 207 b KTH2
QM2 H v2' 7i27i?2 Qi?2 - #mizh2pZmi2H+VR Psowm g7 22

7Q K bBKmMHiIi M2QmbHvVX _2K /Bz2HIMIi?2GMB; Dib "2 T 2b2MiX h*
"2 b? p2 2?2t ;Q0M Hb? T2- 2228h@wBid2/ rBi? QM2-irQ- M/i? Z

bi'm+im 2 7OmM/ #v G11.X h?ﬂlzﬁzélatfﬁ%@ﬁ@/ AHmM2- Q M;2- I

o o . p2HvX JQ 2Qp2 -
i* bib M/ 2?2t ;QM H 72 im 2b /Bb, J}27241Bb +B +H2/ BM #H +FX
*Q /2TQbBIiBQM M/ 2K BM #b2Mi 7i2  Bib

BMi2 '+ HiBQMX h?Bb + M #2 2tTH BM2/ #v i?2 BM+"2 b2/ /2Ti?
Bbi?2M HQ+ i2/X AM [//IBiBQM- bQK2 # ' B;?i- " QmM/ 72 im 2b r
Q#b2 p2/X PM2 Bb K "F2/ #v #H +F +B +H2X am+? #Hm v 2/,
#2BM; QM iQT Q7 i?2b KTH2bm 7 +2X h?2°27Q°2-i?2b2 b?Qr TH
bm'7 +2 2p2M 7i2° MM2 HBM;X am+? /272+ibr2°2 HbQ pBbB#H
bb?QrMH i2° BM i?Bb rQ FX

e9



AMi?2}IM HT? b2 Q7 i?2 T 2T " iBQM-*Q /2TQbBiBQM H2 /b i
i?2 T ii2’M- b H2 /v Q#b2' p2/ /m BM; Si@/2TQbBiBQMX *QMt
Q#b2 p iBQMb- M MM2 HBMyi2KT2F bmi7Q@M/ iQ #2 bm{+B2Mi
iQ + Mb2 bTQibiQ "2 TT2 ~7Q° HH *Q@H v2 i?B+FM2bb2b BMp:
i72 G11. T ii2’M Q7 b KTH2 7i2MWRQOWBE I BM#b2[m2Mi MM2 HBI
hrQ b2ib Q7 22t QM HHv Q /2 2/ bTQib TT2 “2/- bbQ+B i2/ rB
h?2 *Q@T ii2 M Bb "QirBAP #2bT2+i iQ i?2 ;" T?2M2 T ii2°M M

H iiB+2 +QMbi Mii? i K i+?2b i? i Q7 *QyBM 2F Q @bQ® Miwi2n" 2
SIi@H v2' M/i?2 bm#bi> i2/B/MQi 2 TT2 ~/m2iQi?2 2H iBp2H
"2 TT2 > M+2 Q7 ; T?2M2 bTQib 7i2° MM2 HBM: BM/B+ i2bi-
#22M BMi2 + H i2/X h?Bb Bb HbQ +QM} K2/ #v i?2 # B;?i TT2
bTQib +QKT "2/iQi?2 +Q# Hi bTQibX

hQ pQB/ aB /BzmbBQM i?2°Qm:? i?2 Si@ M/ *Q@H v2'b M/ iC
H iiB+2 bi RyNm?B:(?2  i2KT2  im 2br2°2 MQi mb2/ BM i?Bb T 2T
>Qr2p2 - i?Bb "2H iBp2Hv HQri2KT2  im 2 "2bmHib BM i?2 *Q bT«
h?Bb Bb HBF2HvV /m2 iQ HBKBi2/ HQM; @  M:2 Q /2 - r?B+? rQm
K :M2iB+ T°QT2iB2bX h?2 b K2 bTQibr2' 2 pBobB#H2 BM i?2 G
M/ *Q@H v2 i?B+FM2bb2b BMp2biB; i2/X

*Q
O

R 2
*Q MK
Si 3
aB* 20

6B:m 2 eGkLl. T ii2’M Q7 i?2b KTH2 bvbi2K 7i2 MBKI@X+ H iBQM
N _ @ 2+QMbi ' m+iBQM TT2 'b- bbQ+B i2/ rBi? i?2 BMi2"

e8



e 2bmHib M/ .Bb+mbbBQM
eXj s@ vV T?QiQ2H2+i"QM bT2+i"Qb+QTv

h?2 TQHHQrBM; T 2b2Mib sSa bT2+i° Q7 b3XSH2MBMi2 + H i
bm#b2[m2NMKHQ X

h?2 +?2KB+ H +QKTQDbBIBQM Q7 i?2b KTH2r b p2 B}2/ #v sSak
bT2+i> r2°2 "2+Q°/2/ i MQ'K H 2KBbbBQM- BXBX- i M 2KBbb
M/ rBi? T?QiQM2M2 ;vZIX h?2 mTT2 T M2H Q7 6B;m 2 eXd b"
bT2+i ' mKi F2M #27Q°2 Mv K2i H /2TQbBiBQMX *? ~ +i2 ' BbiB+ T2
M/ * Rb Q #Bi Hb- "2H i2/ TH bKQM@HQbb 72 im 2b- M/irQ m;2°
7i2° BMi2 + H iBQM- bB;M Hb Q7 i?2 Si 9/- Si 97- M/ *Q jT Q #E
SiPPP@ m;2 bB;M H-2K2 ;2/- bb?QrMBMi?2 HQr2 T M2H Q7

IUBISK H Q

| 6L& -

QRUPDOL]JHG FRXQWYV

SIODVPR$ RVVHV

NLQHWLF HQHUJ\ H9

6B;m 2 eX%g bm p2v bT2+i° Q7 i?2 BMBIiB HaB*bm 7 +2 2+QMb
BMi2 '+ H i BGMYQMKQ BM i?2 mTT2" M/ HQr2 T M2H- "2bT2+iB
2H2+i"QM bB;M Hb Q7 i?2 "2bT2+iBp2 2H2K2Mib- TH bKQM HQbb
"2 bbB;M2/BMi?2},m 2X 7i2 BMi2 + HiBQM- p2'vr2 F Qtv
rb/2i2+i2/- b pBbB#H2 BM i?2 ;°22M 2 BMi?2 HQr2 T M2HX

L2ti- /2i BH2/ M HvbBb Q7 i?2 * Rb-aB kT-Si97- M/ *Q jT bB:;M |
QmiX 6Q  i?Bb Tm TQb2- ?B:?2@ 2bQHMIBQM bT2+i> r2°2°2+Q /2,
h?2 * Rb@- aB kT@- Si97@- M/ *Q jT@b2B+i 202 22i0F2M |

M/ 20 2bT2+iBp2HvX .m BM:i?2 M HvbBb- +QK#BM iBQM Q7

ee



# +F; QmM/ r b 2KEWPBQ bQK2 Q7 i?2 aBkT@bT2+i" - //BiBQN
# +F;QmM/ r bkRBRh@P2 bT2+i" r2°2 /2+QKTQb2/ BMiQ +QKTQ
0QB;i@ M/: mbb@.QMB RY-XMM 2?2 TM2b K2i2 b 7Q i?2 # +F; Qn
M/i?2 +QKTQM2Mib r2°2 /2i2°KBM2/ #v TTHVBM; RE¢iBp2 }iil
h?22 T > K2i2'b7Q 2 +?2 +QKTQM2Mi Q7 2 +? Q #Bi H 2 HBbi2/

eXj]XR * "#QM Rb bB;M H

6B;m 2 eX3b?Qrb*Rb+Q 2 H2p2H bT2+i° Q7 b KTH2BM HHT"
Q7 i?2# "2 "2+QMbi'm+i2/ aB* 2 T'2b2Mi2/ BM i?2 } bi "QrX
+QKTQM2Mib- bbB;M2/iQ aB*- ;> T?2M2- aR- M/ akX h?2 +Q
"2 bbB;M2/iQ + "#QM iQKb rBi? #QM/b rBi?BM i?2 mTT2 KQ
#QM/b iQr /b i?2 aB iQKb mM/2 M2 i?- "2bT2+iBp2HvX h?mt

N T@°2+QMbi'm+iBQMX h?2 T °2b2M+2 Q7 bK HH ;"
“2bmHib 7°QK ;> T?2M2 bi'BT2 7Q K iBQM ii?2bi2T 2/;2b- b 2t
h?2 H bi +QKTQM2Mi- aB*- Q'B;BM i2b 7°QK i?2 bm#bi’ i2X (9y-

h?2 /2TQbBIBGM/BIMQi +? M:2 i?2 bT2+i"mK [m HBi iBp2Hv- b +
i72 bT2+i° BM i?2 b2+QM/ "Qr Q7 6B;m 2 eX3X PMHvV i?2 ;> T22M\
bHB:?2iHV KQ 2 T"QMQmMM+2/- r?B+?2 + M #2 ii'B#mi2/iQ i?2 +
BM/BpB/m H+QKTQM2MibX 6m i?2 KQ 2- bK HHT iQ7i?22 Tt
BMi2 + H i2/ 2p2M rBi?Qmi MM2 HBM:;X h?Bb T°Q+2bb Bb mt
KQmMi Q7 i?2 BMi2 + H i2X

aT2+i> 7i2°i?2BMi2 + HiBQM Q7 TH iBMmK "2 b?QrM BM i?2
.m2 iQ i?Bb T 2T * iBQM bi2T-i?2 bT2+i> +? M;2BM i?°22 bT
iQ2KBbbBQM 72 im"2N Q7 i?22 @ 2+QMbi " m+iBQM- aR M/ ak-
IBb TT2 2/-r?BH2 b2+QM/-i?2 ;" T?22M2 +QKTQM2Mi BM+ 2 &
IM/BM;b BM/B+ i2 i?2 /12+QmTHBM; Q7 i?2 + "#QM H v2' M/ B
[m bB@7 22bi M/BM; ;- T?2M2 M/-i?mb- bm++2bb7mH BMi2 +
Bbi?2 TT2 > M+2 Q7 irQ //BiB QB *HHOBEOQM2Mib2 bbQ+B i2/
rBi? + "#QM iQKb BM i?2 mTT2 }'biaB*H v2'b-r?B+? "2 BM
2MpB QMK2Mi MQr/m2iQi?2 T 2b2M+2 Q7 SiX *QKT 'BM;i?2 ?2E
BM i?2 bT2+i " mKH FZMBIii? i?Qb2 BM i?2 bT2+ibmK i F2M i
bmTTQ ib i?2 bbmKTiBQM i? i i?2 M2r +QKTQM2Mib "2 HQ+

ed



e 2bmHib M/ .Bb+mbbBQM

bm#bi> i2X aBKBH ~ 2z2+ib-rBi? QMHv QM2 //BiBQM H +QKTQN\
BMi2 + H iBQM Q7 >- GB- M/ aB (9d- dk- kRj- KR9)X

h?2 /2TQbBIBAXKMQQMHY KQ/2" i2HV +2 M:2/i?2 +QKTQM2Mibé -
bb22M BM i?27Qm i? "Qr Q7 6B:m 2 eX3X h?2 bB:M Hb Q7 i?2 +¢
H v2'b/22T2 BMbB/2i?2b KTH2 "2 bmTT 2lbbb2/ KHB;?iHv- 2bT?2

h?2 QMHV 222+i Q7 i?2 *Q BMi2 + H iBQMr b MQi?2 bHB:?i +? M
Q7 i?2 +QKTQM2Mib M/ i?2/Bb TT2 ° M+2 Q7 i?2 H bi #Bi Q7 +Q
*Q "2bTQM/BM; bT2+i° "2b?QrM BM i?21}7i? "Qr Q7 6B:m 2 eX3

e3
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HQI
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QRUPDOL]JHG FRXQWV D X

HQI

HQI

NLQHWLF HQHUJ\

6B:m 2 eXB;? 2bQHMIBQM * Rb sSa bT2+i> Q7 i?2 #2 > #mz2"
7i2° Si/2TQbBiBQM UKM/ "QrV- BMi2 + H iBQM Uj/ "QrvV- *Q /2
BMi2 + H iBQM U8i? "QrV i MQ KUH2KEbBEQMU B:?iVX

eN



e 2bmHib M/ .Bb+mbbBQM

eXjXk aBHB+QM kT bB;M H

*QKTQM2Mib Q7 i?2bm’ 7 +2 "2+QMbi m+iBQM-i?2 bBHB+QM + " #
}biH Vv2'b 7i2° TH iBMmMK BMi2 '+ H iBQM HbQ TT2 "BMi?2 a
6B;m 2 eXNX aT2+i° Q7 i?2# 2 2+QMbi " m+i2/aB* 2T 2b2Mi2/
+QKTQM2Mib + M #2 B/2MiB}2/- aB* M/ ak- 2T 2b2MiBM; i?2 bm#
iQKb #QM/2/iQi?®2  _ "bm'7 +2 "2+QMbi " m+iBQM- "2bT2+iBj
+QKTQM2Mi ak "2~2+ibi?2 b K2 iQKB+ #QM/b BM i?2 * Rb bT2+i
bT2+i° X aBM+2 +QKTQM2MiaRBMi?2*RbbT2+i" 2T 2b2Mib + °
QMHvV rBi?BM i?2bm 7 +2 2+QMbi m+iBQMH v2 -Bi? b MQ bm+"
bT2+i" X "2+ mb2 i?2 +QKTQM2Mi ak BM/B+ i2b i?2 bm 7 +2 2+QI
bT2+i> - Bi Bb HbQ 272 "2/ iQ BM(?@)NBi2"  im 2 b

7i2° 1?2 /12TQbBIBQM®HY bK HH +? M:2 BM ?2B:?i TT2 ‘bX *Q"
bT2+i° "2 b?QrM BM i?2 b2+QM/ "QrX b 7Q  i?2 * Rb bB:M H- |
bbQ+B i2/ rBi? i?2 +? M:2 BM /2Ti? Q7 i?2 +QKTQM2Mib M/ rB
TH iBMmMKi? i? b H'2 /vBMi2 + H i2/- 2p2M rBi?Qmi MM2 HBM

7i2° i?2 BMi2'+ H iBQM Q7 TH iBMmK- iQi HQ7 b2p2M M2r +QKT
bT2+i" Q7 i?Bb T 2T ~ iBQM bi2T "2 b?QrMBM i?2i?B"/ "Qr Q7 6E
*Rb bB;M H-i?2"2 "2irQ +QKTQM2Mib bbB;M2/iQ i?2 mTT2"}
+ "#B/2-r?B+? "2 MQr BM +? M;2/ *QnaiBOM#aBMPB?QMK2Mi -
"2 b?B7i2/iQr /b bK HH2  FBM2iB+ 2M2 ;B2b +QKT "2/iQ i?2 bn
L2ti- i?72°2 "2i? 22 +Q¥iap@¥paBiMS5iaBr?B+? Q ' B;BM i2 7°QK
/IBz2'2Mi TH iBMmK bBHB+B/2 7Q K iBQMbX h?2b2 rBHH #2 /Bb+
M HvxBM; i?2 S797@bT2+i" X h?2v "2 HQ+ i2/ 1i?B;?2 FBM2iBH+
i?72 bm#bi” i26b +QKTQM2MiX AM #2ir22M i?2 bBHB+QM + "#B/2
+QKTQM2Mib- aB@aB +QKTQM2Mi Bb TH +2/X bQKT BM; i?2 b
M /b “b?Qrbi? 1i?Bb +QKTQM2Midob ?2B;?i #2? p2b HKQDbi i
bBHB+B/2 +QKTQM2MibX *QMb2[m2MiHv-i?2 bBHB+QM iQKb 7Q"
HQ+ HBx2/ M2 " Q BMi?2 Si@H v2 X h?BbBbi m27Q  HHDbi i
i?72°'2Bb +QKTQM2Mi }ii2/ #v bBM;H2i +QKTQM2MiX Ai Bb B/
b i2HHBiI2 (kR8)X

7i2°MK*Q ? b #22M /2TQbBi2/- bB;M H 7 QK i?2BQ jb Q #Bi
+QKTQM2Mi 2 //2/iQ i?22 bT2+i° X h?2 bT2+i° + M #2 b22M BM

dy



6B;m 2 eXNX aBM-HQ@KPOM2Mi Bb p2 v bK HH- Bi KB;?i HbQ ? p2
#27Q°2 +Q# Hi /2TQbBIBQM #mi MQi pBbB#H2 +QKT "2/iQ i?2 C

7i2°+Q# HiBMi2 + H iBQM-i?Bb +QKTQM2Mi ;" Qrb-BM/B+ iBM;
T°Q+2bb + mb2b i?72 bBHB+QM iQKb iQ 7Q 'K i?Bb +QKTQM2I
"2, /IBM;i?2 M;H2 Q7 2KBbbBQM Bb bBKBH "iQi? iQ7i?2 aB@a
+QKTQM2MiX h?2°27Q'2-Bi+ M HbQ #2 ii'B#mi2/ iQ i?2 bB
SIi@H v2'X 6m’i?2 ' KQ '2-i?2 +Q# Hi +QKTQM2Mi /2+ 2 b2b BN\
+Qp2°2/ #v ;> T?2M2 7i2  BMi2'+ H iBQMX h?2 +Q "2bTQM/BM; |
}7i? "Qr Q7 6B;m 2 eXNX

dR



e 2bmHib M/ .Bb+mbbBQM

6L SKx H9

| — VXPEXUYH F JuDsK|

EDFNJURXQ} 6L&

QRUPDOL]JHG FRXQWV D X

NLQHWLF HQHUJ\

6B;m 2 eXBN;? 2bQHmMIBQM aB kT sSa bT2+i° Q7 i?2 #2 ~ #mz2°
712 Si/2TQbBIiBQM UKkM/ "QrV-BMi2 + HiBQM Uj / "QrV-*Q /2T
BMi2 '+ HiBQM U8i? "QrV i MQ KUH2KFEbWBQIMU B;?iVX

dk



eXjXj SH iBMmK 97 bBM:H?2

6B;m 2 eXRy b?QrbsSabT2+i° Q71?2 Si 97 /Qm#H2iX _B;?i 7i2
i?72°2 "27Qm° +QKTQM2MibX PM2 Q7 i?2K+ M #2 bbB;M2/iQ
i?72 Qi?72°b "2T°2b2Mi /Bz2 2Mi TH iBM&ifa BByd B +NBFH3 &/B) K iBQN
AM ++Q°/ M+2 rBi? i?2 ;" QrBM; ;" T?2M2 +QKTQM2Mi BM i?2
/[2+°2 bBM*QKTQM2Mi BM i?2 aB kT bT2+i" -i?2 TT2 > M+2 Q7 "~
2p2M #27Q°2 MM2 HBM; BM/B+ i2b i? i T i Q7 i?2 TH iBMmK
2p2M rBi?Qmi i?2 K H +iBp iBQMX

712> MM2 HBM;- HKQbi HH i?2 TH iBMmK Bb #QM/2/iQ aB- b
i?72b2+QM/ "Qr Q7 6B;m 2 eXRyX h?Bb + M #2 2tTH BM2/ #v i?
HQ+ i2/ BM #2ir22M i?2 ;" T?2M2 M/ i?2 bBHB+QM + "#B/2X h?m
T +iB+ HHv HHi?2 Tm 2 TH iBMmK BMiQ TH iBMmK bBHB+B/2 [
TH iBMmK BMi2 + H iBQMX

L2Bi?2  i?2 /2TQbBiBQM MQ  i?MBRIiH2+ il iBIQ Mm7?2 [m HBi iE
+? M;2BMi?2 Si97 bB;M HX PMHv i?2 ?22B;?i ~  iBQb Q7 i?2 +QKT
h?mb- +Q# Hi BMi2 + H iBQM /Q2b MQi Hi2 i?2 +?2KB+ H bi
*Q "2bTQM/BM; bT2+i° + M #2 b22M BM i?2 7Qm i? M/ }7i? 'C
HH T 2T "~ iBQM bi i2b-i?2 +QKTQM2MibBM iMbT2Fi> i F2M

2 p2 TT QtBK i2Hvi?2b K2 ?22B;?i iBQb-r?B+? BM/B+ i2b r:
Si@H v2 X

dj



e 2bmHib M/ .Bb+mbbBQM
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6B;m 2 eXBy? 2bQHMIBQM Si 97 sSa bT2+i" 7i2 Si/2TQbBi

BMi2 + H iBQM UKM/ "QrV- M/ bm#b2[m2Mi *Q /2TQbBiBQM Uj"/
U9i? "QrvV i MQ K Hb2KBUOBRGMW MM/ i U 'B;?iVX

do



eXjX9 * "#QM jT bB:M H

h?2 *Q JT bT2+i~ #27Q 2 M/ 7i2 BMi2 + HiBQM + M #2 }ii:
+QKTQM2Mib M/ HKQbi B/2MiB+ H ?2B;?i iBQb- b /BbTH v
T Qp2b i?2 bm++2bb7mH T 2p2MiBQM Q7 +Q# Hi@bBHB+B/2 7
TH iBMmKX L2ti iQi?2 +Q 2 H2p2H bB;M H-irQ *Q@b i2HHBi2 T
"2 bbQ+B i2/ rBi? b? F2@mT Ua iRV M/ b?kiRje® aQrai U aB kV b B
i?72} bi M/ b2+QM/ "QrbQ76B;m 2eXRRDb?Qri?2bB;M H#27Q" 2
"2bT2+iBp2HvX 7i2° BMi2 '+ HiBQM-i?2 Si 8T /Qm#H2i Bb Km+"
iQ MM2 HBM;-i?Bb bB;M Hr b 2ti 2K2Hv bK HHX b +QMb2[m2
i?72 +Q# Hi Bb +Qp2 2/ #vi?2 ;"  T?2M2 H v2 - "2bmHiIiBM; BM /.
BMi2MbBivX aBM+2 i?2 SibB;M HBb MQi z2+i2/#vBMi2 + H iBQ
b K2X h F2M iQ;2i?2 -i?2 BMi2MbBiv Q7 i?2 *Q jT bB;M H /2+ 2
Si 8T bB:M HX h?Bb K F2bi?2 H i2° bB:M HKQ'2 T'QMQmM+2/ B
i?72 Si 8T bB;M HBb H {2 Mid T r?2M +QKT "2/iQi?2*Q T

bB;M HX h?Bb b?Qrbi? ii?2 Si@H v2  Bb biBHH #2HQr i?2 *Q@ |
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HQI

QRUPDOL]JHG FRXQWYV D X

NLQHWLF HQHUJ\

6B;m 2 eXBR? 2bQHMIBQM *Q jT sSa bT2+i" 7i2 *Q /2TQbBIiB(
BMi2 + HiBQM UkM/ "QrV iiMQ KUH2KBbIVME QMU B ;?iV X

ds8



e 2bmHib M/ .Bb+mbbBQM

b/2bB 2/-i?2°2BbMQ +?2KB+ H+? M;2BM i?2 +Q# Hi bB:M H /m
bi?2 7Q K iBQM Q7 bBHB+B/2bX >Qr2p2 - i?Bb K F2b Bi M2+21
BMi2 + H iBQMBM MQi?2 r vX 6Q  i?Bb 2 bQM- M;H2 "2bQHp2/
h?2 bT2+i° b?QrM BM 6B:m 2 eXRk /BbTH v/ i Q7 i?2 *Rb M/ |
h?2 /i 2T 2b2Mib i?2 BMi2MbBiB2b 7i2  BMi2 + H iBQM /BpB/
7mMM+iBQM Q7 TQH ~ M;H2X h?2 *Q jT bB:M H ~ iBQ /2+ 2 b2b- r?I
BM+2 b2b i ?B:? TQH ° M:H2bX h?Bb BM/B+ i2b *Q BMi2 + H i2
Hv2 /m2iQ MM2 HBM:X

T T T T T T T

1.0

T

annealed:

—n 09 B -1
5

8, Co

D 0.8} Pt :
D SiC

o

& 0.7¢ -
< ’ deposited:
el Co

2 06F 1
@ Pt

= :

@ B SiC

< 05

Co 3p
04r @ cCi1s 7

1 1 1 1 1 1

0 10 20 30 40 50 60
[degree]

6B:m 2 eXRK2MbBiv ' iBQb Q7 MQ K HBx2/sSa BMi2MbBiB2b 7i2’
Q7i?2*QjT M/ *RbbB:M Hb b 7mM+iBQM Q7 TQH ~ M:H2X h
rb MKX

de



eXjX8 amKK v

hQ bmKK "Bx2 i?2 2bmHib Q#i BM2/ #v sSa-i?2 BMi2 + H iBQNM
bm++2bb7mHHV +QM} K2/ #v i?2 BM+ 2 bBM; ;- T?2M2 +QKTC(
iQ;2i?2 rBi?i?2/2+ 2 bBM; +QKTQM2Mib aR M/ akX 6m i?2 KC(
BMi2 '+ HiBQM-irQ +QKTQM2Mib TT2 "2/ BMi?2*Rb M/i?2 aB
bbQ+B i2/ rBi? i?2 mTT2 KQbi bBHB+QM + “#B/2 H v2 b #2BM
2MpB " QMK2Mi /m2 iQ i?2 T°2b2M+2 Q7 TH iBMmKX JQ'2Qp2" -
BMi?2 aB kT bT2+i° X h?2 +Q "2bTQM/BM; bBHB+QM iQKb °
i?72 Si@H v2'X G biHv-i?'22 TH iBMmK bBHB+B/2 +QKTQM2Mi
i?2b2r2°2 H'2 /vT 2b2Mi BM i?2 Si 97 bB;M HT BQ iQ MM2
T 'iQ7i?2TH iBMmMK /B/ BMi2 '+ H i22p2M #27Q 2 i?2'K H +iBp
Bb bmTTQ i2/ #v i?2 }M/BM; i? ii?2 "2+QMbi m+iBQM +QKTQN
 T?22M2 +QKTQM2Mi BM+'2 b2b KQ/2" i2Hv BM i?2 aB kT M/
TH iBMmK /2TQbBiBQMX

~

b/2bB 2/-i?2 +Q# Hi bB;M H/B/ MQi +? M;2 +?2KB+ HHv b "z
BMi2 + H iBQMr b +QM} K2/ #v _sSaX h?2 H bi 2bmaBir bi?2 T
+QKTQM2Mi-r?B+? b22Kb iQ #2 + mb2/ #vi?2 MM2 HBM:X

dd



e 2bmHib M/ .Bb+mbbBQM

exX9 s@ v T?QiQ2KBbbBQM 2H2+i"QM KB+ (

eX9XR . i T Q+2bbBM;

7i2° +QKTH2i2 T°2T " iBQM-i?2 K ;M2iBx iBOQM Q 'B2Mi iBQM Q7 i
Hv2 r b BMp2biB; i2/ mbBM; s@S11J +QK#BM2/ rBi? sJ*.X h?2 bic
i?72b2 BK ;2b "2 BHHmbi i2/ BM6B;m 2b eXRj M/ eXR9 M/ 2tTH B

_rs@S11JBK ;2br2°'2i F2M rBi? +B"+mH "Hv TQH "Bx2/ HB;?ir
M/ M2; iBp2 ?2HB+BGU@ Ri?2 *NQ/ 2022 HQr- BX2X20iM/

20K i2 +? b KTH2 TQbBiBQM M/ xBKmiZBNVBHB/m Qi BIKQ;2b
r2 2 +[mB 2/ BM b2 B2brBi? i?72 7TQHHQrBM; bvKK2i"B+ H b2[m

| RXkX jX 9% 8X eX dX 3X
t t

O rQ E@2/2 |t t
IM2 v g5 p t ]t t
oHBLEpSRPBIBAZ Tt

- iBp2 t|t] t]t
LmK#2 Q7 AKkghbky ky kyl ky ky ky ky

h #H2 e aR[m2M+2 Q7 BK ;2bi F2ZM mbBM; s@S11J i2 +? b KTH:

XBKmi? M;H2X h?2 b2[m2M+2 Q7 bi2Tb RX@9X Bb "2p2°'b2/7Q"

h?2 bvKK2iv Q7 i?2 b2 B2b "2/ m+2b i?2 K2 Mi?2°K H/ B7i #2ir1
ivT2b Q7 BK ;2bX h?Bb /"B7i + mb2b i?2 }2H/ Q7 pB2r iQ KQp?2
*QMb2[m2MiHv- HQM; 2tTQbm 2 iBK2 rQmH/ BKT B i?2 BK ;2
iQ BKT Qp2 bi iBbiB+b- HQM; 2tTQbm 2 iBK2 Bb /p Mi ;2Qmb>
BM/BpB/m HBK ;2b rBi? b?2Q i tT20Dm F2MBKRQ@Q 72+i2/ 7Q b?B
M/ bmKK2/ mT- bBHHmbi® i2/ BM 6B;m 2 eXRj X h?Bbr b/QM2 7(
hQ /Q bQ- QM2 BK ;2b2 p2b b "2p2'2M+2BM r?B+? +? ° +i2 B
h?2 6Qm B2 i° Mb7Q K iBQM Q7 i?Bb T i Bb +QKT "2/ bvbi2K iB+
Qi?2 BK ;2iQ }M/i?2 #2bi HB;MK2MiX am#b2[m2MiHv-i?2 bmKK2
?2HB+BiB2b M/ 2M2 ;B2br2°'2 HbQ HB;M2/-r?B+?r b/QM2 K N

i2 +?2 b KTH2 TQbBiBQM- BK ;2br2°2i F2M mM/2% MKmi? M;H
TiQ Q#i BM +QKTH2i2 BMbB;?i BMiQ i?2 K ;M2iB+ bi'm+im 2X "v

d3



BK :BM; +QM/BiBQMb ‘2 bHB:?iHv +? M:2/- + mbBM: bK HH E
bK HHb KTH2 iBHi Q° KBMmi2 mM2[m H/BbiQ iBOM Q7 i?2 2H2+
M/ Q#D2+iBp2 H2Mb BM~m2M+2b i?2 “2bmHiBM; BK :2bX hQ -
2QKQ;" T2?2v K iBBImb2/X Aii° Mb7QDKBI MTEXGMID (

bQ i? i Bi Bb K TT2/iQ 27 BM>I@EMDY (¢

kT :T¥ UeXRV

rBik #2BM; b+ HBMRX+6Q (?2s@S11J lki -~ B{ BBM+2- BM
T +iB+2-i?2/BbiQ iBQM M/ /2i2 ' KBM iBQM Q7 7?8 TRBMib "2 I
[2i2 " KBM2/ #v }iX 6Q  i?Bb-i?722""Q Q7 i?2# +tF@T QD2+iBQ
H2 bib[m "2}iX hQ Q#i BM "2HB #H2 “2PmH+i2TEB{BBR QBHA b
/IBbi'B#mi2/ Qp2 i?22MiB 2 }2H/ Q7 pB2r Q7 irQ +Q "2bTQM/B|
}JiBMi?BbrQ FX 6Q 2 +? b KTH2 TQbBiBQM- QM2 BK ;2 r b ml
i?72 Qi?2 irQr2°'2 +Q "2+i2/X h?2 /BbiQ iBQM +Q "2+iBQM Bb BH
Qi iBM;i?2b KTH2 H2 /biQ +? M;2BMi?2K ;M2iB+ +QMi" L
QM2b rBi? iQTQ;" T?B+ +QMi~ bi " 2K BM mM+? M;2/X h?2°27Q
[2i2 " KBM2 i?2 ?QKQ;”  T?2vK i'B+2b 7Q i?2iQTQ; T?B+ +QMi
"2 bQM-i?2 ?2QKQ;" T?vK i'B+2br2°2+ H+mH i2/ mbBM; i?2 BK
+QMi’ bi M/i?2M mb2/iQ +Q "2+ii?2 +Q "2bTQM/BM; BK :2b rE
7i2°r "/b-i?2 K ;M2iB+ bim+im 2r b M Hvx2/X

h?2 /2i2"KBM iBQM Q7 i?2 K ;M2iB+ bi m+im 2 Bb BHHmbi i2
i?72 sJ*. BK ;2b r2 2 + H+mH i2/ 7Q" 2 +? xBKmi? M;H2X h?
+QK#BMBM; i?2 bmK BK ;2b G@B2M; 2 1B2?7*(Bz2 2Mi ?2HB+BiB2b +
iQ1l[m iBQM jXRkX AM i?2 BK p2b- Bb2;BM2MMIbBiVBt2HX am#b2[m
TH M2 # +F; QmM/r b 2KQp2/7Q 2 +? BK ;2X AiBbbi"QM;F
sJ*.BK ;2i F2M i X "27Q 2i?2TH M2# +F;"QmM/r b 2KQp2/-
"B;?2i T "iQ7i?2BK ;2b?Qr2/ Km+?/ "F2  #Hm2 +QHQ i? Mi?2 "
1?72 2z2+i? b#22M 2M? M+2/iQ K F2 Bi KQ 2 pBbB#H2X aBM+
bm+? BM?QKQ;2M2Biv bbQ+B i2/ rBi? i?2 b KTH2-i?Bb # +F; (
BKT2 72+ib KTH2 B " /B iBQMX AiBb T 'iB+mH "Hv BKTQ i M
M BK ;2 Bb MQi +? M;2/ BM i?Bb bi2TX h?Bb rQmH/ +? M;2 i?:
Q7 i?2K ;M2iB+ bi'm+im 26b +QKTQM2MibX G biHv-i?2 BM/B
K ;M2iBx iBQM "2+ H+mH i2/ b /2b+ B#2/ #v 1[m iBQM jXRe N

dN



e 2bmHib M/ .Bb+mbbBQM
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e 2bmHib M/ .Bb+mbbBQM

eX9Xk J ;M2iB+ bi m+im 2 Q7 i?2 2K#2//2] *Q@H v2'[

hQ BMp2biB; i2 i?2 BM~m2M+2 Q7 i?2 T°2T " iBQM QM i?2 K M.
BMi2 + H i2/ *Q@H v2'-i? 22 /Bz2 2Mi b KTH2 b2ibr2°2 T 2T "2/

**a K2i?7Q/ M/t @ biB2mi 2/ -
" S a:K2i?7Q/ MIt@biB2mi2/-
* **a K2i?7Q/ MM @iIbBin2/X

1t@ bfBIM@Ib BAMH2 i°2 iIK2Mi K2 Mb i? ii?2b KTH2b r2 2fr2°2 MQ
iQ B #2ir22M T°2T *~ iBQM M/ BMp2biB; iBQMX HH T 2pBQmb B
bQHBM@bBIIM. T ii2"Mb M/ sSabT2+i° Q7 b KTH2b T 2T "2/ rB
T'2T ° iBQM K2i?Q/b- **a M/ S a:-r2°2[m bB@B/2MiB+ HX LQ
#2 B/2MiBGR/X 2 dBRRBH vb s@S11J BK ;2b Q7 2 +? b KTH2 ivT.
}1’bi +QHMKM /2TB+ib +?2KB+ H +QMi" bi BK ;2b Q#i BM2/ #v bT
#bQ TiBQM bT2+i Qb+QTv /BbTH VvVBM; i?2 KQ ' T?QHQ;v Q7 i?2 +Q
r2z 2 +[mB 2/ #v bm#i  +iBM; BK ;2b "2+Q /2/ i M2M2 ;v 72r 2H
i?72*Q@2/p2,,,./ QK i?2Qb2i F2M ip2?2R 2/;2

bZ/;Z7 bI"Z 2/;2

UeXkV
br‘z 2/;2

R a

.BpB/BMpx#v,.,2KQp2/i?2 2z2+ib Q7 M mM2[m Hb KTH2 B " /B
BMi2MbBiB2b 2T 2b2Mi bmKb Q7 +Q "2bTQM/BM; BMi2MbBiB2!
M2; iBp2 ?2HB+BivX

AM i?22 b2+QM/ +QHMKM- BK ;2b Q7 i?2 BM@TH M2 K ;M2iBx iBQ
/IBIBQM iQ i?2 /QK BM bi'm+im 2-i?2 BM@TH M2 M:H2 HbQ b?C
6Q  i?Bb 2 bQM- Bi Bb mb2/ 7Q  bi'm+im>  H M HvbBb BM i?2 7
b?QrM BM 6B;m 2 eXR8 M/ i?Qb2 T 2b2Mi2/ BMI122MOQHHQIBM; 7
"2 HbQ b?QrM BM b KTH2@rBb2 Qp2 ' pB2r BM TT2M/Bt *X

*?2KB+ H +QMi" bi BK ;2b

h?2 +?2KB+ H +QMi" bi BK ;2b- b?QrM BM 6B;m 2b eXR8 U RV
+?  +i2 Bx2/ #v/ "F HBM2b-/2TB+iBM; /2+°2 b2/ KQmMi Q7 +Q+
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*Q@ iQKb pQB/i?2b2 "2 bX AMBK ;2 U RV-i?'22/Bz2 2Mi "2
rBi? /QibX h?2b2 "2 QM2bi2T 2/;2rBi? ;°22M /Qi- QM2 i2 " +2
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e 2bmHib M/ .Bb+mbbBQM

"2bi Q71?2 BK ;2bX h?2b2 HBM2b BM/B+ i2i?2 bm#bi~ i26b bi2T 2/
T 2pBQmb b2+iBQMb- +Q# Hi pQB/bi?2 2/;2b/m2iQ ;" T?2M2 bi"
#mz2  H v2" ibi2T 2/;2b/m ' BM; T 2T ~ iBQMX h?2b K2r b7QmM/
;0 T?2M2 QM aB* rBji3@miQ32p2 - 7Q bSHBH2 + H iBQM T BQ " i
*Q BMi2 '+ H iBQM "2bmHi2/ BM bQK2 bK HH "2;BQMb r?2°2 MQ b
HHX AM6B;m 2 eXR8 U RV-bm+? +QMiBMmMQmbHvV +Qp2°2/ 2;B
i?72/272+i BM i?2 HQr2" "B;?iX Aib #°B;?i2° +QMi" bi +QKT “2/iQ i
BM/B+ i2b HQ+ HHVi?B+F2 *Q@H v2'X *QMiBMmQmbHv +Qp2 2,
b KTHX h?2 BM+ 2 b2/ *Q@H v2 OMK?@+FN2bR2RQZMi2/ b KTH2
+QKT "2/ iMK7Q  i?72 Qi?2 b KTH2b b?QrM H2/iQ M Qp2 HH KQ
*Q@H v2  7Q  i?Bb b KTH2 ivT2X >Qr2p2°- HQ+ HHv BM+ 2 b2/ *
HbQ Q#b2 p2/ 7Q i?BMM2° +Q# Hi Hv2 bX 6B;m 2 eXRe T 2b:
b KTH2 BMi2 + H i®/KFBI?M/3 SiX PM2 rB/2 bi'BT2- KQbi T Q# #
2T 2b2MiBM;i?2°22Q 7Qm " i2°" +2b-b?Qrbbm+? M "2 rBi? HQ+
i?B+FM2bbX h?2 Qi?2 i2°° +2b "2 BM/B+ i2/ #v ;> BMv bi'm+
BM+QKTH2i2 *Q@H v2 QM i?2b2X AMi2 2biBM;Hv- # B;?i HBM2kt
QM2b bbQ+B i2/ rBi?i?2 bi2T 2/;2bX h?Bb KB;?i #2 /m2 iQ i?2 +(
M2 " i?2 bi2T 2/;2b #27Q 2 Bi Bb 7TmHHvV +Qp2 2/X AMi?Bb + b2-
i2°7 +2Bb +QKTH2i2HvV +Qp2 2/-2t+Hm/BM; QMHV i?2 "2 mM/2 i?
QMHV b KTH2h9Q2b +QMiBMmMQmbHvV +Qp2 2/ "2:BQMb- i?22 ~ ii
Sa: @b KTH2b H2 /iQ r2 F2°  +QMi" bi #2ir22M i?2 bi2T 2/;2b |
r?2M +QKT "2/ iQi?2 **a@b KTH2bX JQ 2Qp2 - K Mv b2;K2Mib
TT2 " iQ#2 +QMiBMmMQmbHvV +Qp2 2/X

272+ib r2°2 Q#b2 p2/i?°Qm;?Qmi i?2 b KTH2 bm 7 +2b- M/ BN
BK :2b? b b?QrM i? i b MITH2BB#Bi2/ TT QtBK i2Hv QM2 /272+

MRX aBM+2 HH /272+ib TT2 / "F-i?2v "2 MQi + mb2/ #v *Q
KQbi HBF2HV Q 'B;BM i2 7°QK Si "2K BMBM; QM i?2 bm 7 +2- 2p
?2 /| BMi2 + H i2/X h?Bb Bb +QMbBbi2Mi rBi? i?2 *GaJ BK ;2 b?Qr
bBKBH " Q#b2'p iBQMr b "2TQi2/7Q" m (kR3)X

a KTH2r b T°2T "2/ #v mbBM; **a- 7TQHHQr2/ #5 \B@BB g2H @B QM |
iB: iB QW@ BBRIip2biB: iBOM r b +?2Qb2M iQ pQB/ Mv b KTH2 KQ
iQ B 2tTQbm 2 Q  bm#b2[m2Mi MM2 HBM: 7i2° "2BMb2 iBQM
TQi2MiB H KQ/B}+ iBQMb BM+Hm/2 i?2 /BzmbBQM Q7 *Q BMiQ |
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2/;2b "2 +Qp2°2/ #vi?2 *QX

a KTH2h?2 /272+ib Q7 b KDKHK2HH2 BM bBx2 M/ ?B;?2° BM MmKj
i?7Qb2 Q7 b KTNH2IK h?Bb BM/B+ i2b i?2 /272+ib iQ #2 Si "2K BM
bm 7 +2- 2p2M 7i2° KQbi Q7 i?2 Si? / BMi2 + H i2/X h?2 /[/BiE
b KTH2bM/" 7i2" i?2v ? p2 #22M "2BMb27i2/ BMiQ i?2 p +mmK -
BM/BpB/m HSi@/272+ibiQ K2 ;2 BMiQ 72r2° M/ H ;2 QM2bX

b T Qp2M #vs a BMi2MbBiv bT2+i" -i?2 +?2KB+ HT QT2 iB2b Q7
22+i2/ /Bz2 2MiHvVv #v i?2 i2°" +2b- bi2T 2/:2b- Q" /272+ibX Aib
HbQ /Q2b MQi +Q "2H i2 rBi? i?2 bi2T 2/;2b Q  /272+ibX L2Bi?
/QK BMb “2bi B+i2/ #v i?2 bi2T 2/;2b- MQ  Bb i?2B  p Hm2 Q" Q
#V + QbbBM; i?2KX h?Bb Bb i'm2 7Q  i?2 BM@TH M2 M/ Qmi@Q
Q#b2 p iBQM /Bz2 b 7°QK i?2 }JM/BM;b 7Q  i?2 bvhi2K ;> T?22M2f*C
Si b /BzmbBQM # B2 X AM i?Bb bvbi2K K ;M2iB+ HB;MK2Mi
rb 2TQ j23)/X(JQ 2Qp2 -i?2 TQbBIiBQM Q7 i?2 /Qi/272+ib Bb MG
i7Qb2 Q7 i?2 K2'QMb Q" #BK2 QMb B/2MiB}2/ BM i?2 bi'm+im" 2
+QM+HmM/2/i? ii?2/272+ib/Q MQi + mb2 Mv TBMMBM:- M/i?2bi ;
7Q K iBQMb Bb bQH2HV /m2 iQ iQTQHQ:B+ HT Qi2+iBQMX
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h?2 b KTH2b TT2 "iQ #2 T'BK 'BHVBM®@TH M2 K :M2iBx2/- r?B
MQ bB:MB}+ Mi SJ X h?2 T°2b2M+2 Q7 SiaB #QM/b BM i?2 bim/¢
"2 bQM 7Q  i?Bb- b i?2v 2T 2b2Mi i?2 K BM /BbiBM;mBb?BM; 7
rBi? SJ X

h?2 /QK BMb Q7 i?2BM@TH M2 M/i?2Qmi@Q7@ WH*M2 +QKTQ
"2 HB;M2/ p2 vr2HHX "Qi? b KTH2 ivT2b /BbTH v K BMHV irC
i?72 K ;M2iB+ bi m+im 2- TQBMiBM; BM QTTQbBi2 /B"2+iBQMb?
i?72 +QKTQM2Mib 2 MQi HB;M2/ BM Mv MQiB+2 #H2 r vX h?
iQ #2 /2i2 ' KBM2/X Ai b22Kb i? ii?2 b KTH2b rBi? ?B;?2 bi2T
K :M2iB+ +QKTQM2Mib #2BM; +QMM2+i2/X PM2 TQbbB#H2 2tTH
Kv#2 2H i2/iQ/Bz2 2M+2b BM i?2 "2H iBp2 bi 2M;i? Q7 i?2 irc
/IBz2 2MiivT2b Q7 b KTH2bX 6m i?2 BMp2biB; iBQM Bb M22/2/ i
2t KBM iBQM Q7 7m’ i?2 *Q@H v2 i?B+FM2bb2bX JQ 2Qp2 - |
TH M2 K ;M2iB+ bi m+im 2 Q7 i?2/Bz2 2Mib KTH2 ivT2br2 2 7Q
+Qp2 2/ "2;BQM QBDOQKIZH2K ;M2iB+ bi m+im 2 rBi?Qmi Mv K2
rboKm+? KQ 2 mMB7Q K-bBKBH " iQ #mHF bi ' m+im 2- BM +QKT
"2;BQMbX h?Bb Bb 2tTH BM2/ #v 2/m+2/ . JA/m2iQ i?2 BM+ "
*Q@H v2 BMi?Bb "2;BQMX h?2BM@TH M2 K ;M2iBx iBQM bi'n
b?Qrb K Mv bK HH/QK BMb Q7 /Bz2 2Mi /B 2+iBQMb M/ MmK2"C
b K27Q i?2 K ;M2iB+ bi m+iXX PMR7TW7HKTHEK BM /Bz2 2M+2b Q#
#2ir22M b KTH2b T 2T "2/ mbBM; **a M/ i?Qb2 T 2T "2/ mbBM
Hii2 2t?B#Bib KQ 2 2p2M /Bbi B#miBQM Q7 *Q-r?B+? 2bmHib
rBi?2Qmi K2 QMbX

AM +QMi’ bi2it@BRKTH2b- r?B+? b?2Qr K Mv bK HH/QXQBMb- b KT
T '2/QKBM MiHV ?2QKQ:2M2Qmb K ;M2iB+ bi'm+im 2 rBi? MmK:
Q7 /Bz2 2Mi bTBM Q' B2Mi iBQMbX h?2 i MbBiBQM 7 QK bB\
iQ K MvbK HH/QK BMb K v? p2 #22M + mb2/ #v i?2 //BiBQM F
7i2° "2BMb2'iBQM BMiQ i?2 p +mmKX Ai Bb rQ'i? MQiBM; i? i
i2KT2  im 2 r b "2H iBp2Hv ?B:?- BX2X i?2 b K2 i? ir b M22/2
BMi2® +iBQM- M/i?2 MM2 HBM; iBK2r b [mBi2 HQM; i? H7 M
Kv?p2+ mb2/i?2 Hi2 iBQMBM i?2 K :M2iB+ bi'm+im 2X ii?
/QK BMb Q7 b ilQTiP2 /QKBM Mi bTBM /B 2+iBQM- ; BM MmK2'C
#BK2 ' QMb "2 T 2b2MiX h?2 #BK2 QMb "2 p2'v +QKT +i BM bBx:
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e 2bmHib M/ .Bb+mbbBQM

iQ #2 BbQH i2/- K2 MBM; i?2v "2 MQi +QMM2+i2/iQ i?2 /IQK BM
H :2°BM@TH M2 /QK BMbX aBM+2 MQ bm +2t @HBIDMDbr2 2 7Qr
Bi Bb TQbbB#H2 i? ii?2 //BiBQM H MM2 HBM: bi2T K v HbQ + n

Ne



*QM+HmpBQM

h?Bb rQ ' F T 2b2Mi2/ i?2 bm++2bb7mH T 2T > iBQM M/ +QKT"
Q7 :f*QfSi KmHiIiBH v2  bvbi2K QM aB*X h?2 b KTH2 T 2T " iB
irQ bi2TbhX 6B bi-N?22 _ @ 2+QMbi'm+iBQM Q7 i?2 aB*Uyyy
rbT 2T "2/ mbBM; 2Bi?2 i?2 **a Q i?2 S a: K2i?Q/X am#b2][r
*Q@H v2' b r2°2T°2T "2/ #2M2 i? i?2 "2+QMbi ' m+iBQM #v BMi:
bvbi2Kéb bi'm+im™ H- +?2KB+ H- M/ K ;M2iB+ T QT2 iB2br2°2 B
sSa- M/ S11JX .Bz2'2Mi T°2T " iBQMp "B iBQMb r2'2 mb2/iQ B
+? M;2b BM i?2 "2bmHiBM; b KTH2bX q?BH2 i?2 "2bmHib Q#i
r2°2mM z2+i2/ °2; "/H2bb Q7 i?2 b KTH2 ivT2-i?2 K ;M2iB+ bi'm
/Bz2  /2T2M/BM; QM i?2 T 2T ~ iBQMX

AMBIB Hbvbi2K iB+lo@S11J BMp2biB; iBQMbr2 2 mb2/iQ /2
i2KT2' im 2b "2[mB 2/ iQ BM/m+2 i?2 BMi2 + H iBQM Q7 TH i
+Q "2bTQM/BM; BK ;2b Q7 i?2 # "2#mz2 H v2 b?Qr # B;?i bi B
HBM2bX h?2b2 HBM2b "2~2+1i?2 bi2T 2/;2b Q B;BM iBM; 7 QK i
KBb+mi M;H2X h?2 //BiBQM HKQMQH v2 ;" T?2M2 7Q KBM;
i?72 bi2T 2/;2b +QMi~ biX 7i2° K2i H/2TQbBiBQM-i?2 bi m+im
1p2M 7Q  i?2 i?BMM2bi SiHv2 i?B+FM2bb BMp2IBIBE-iR/Qr?B+:
bi2Tb r2°2 Q#b2 p2/ i HHX h?Bb BM/B+ i2b ?B;?Hv ?2QKQ;2:
TH iBMmK +Qp2° ;2 M/ bm#b2[m2M4i i M MR HBM mi+im 2 "2 TT2 "2
BM r2 FK MM2 X h?Bb 2T 2b2Mi2/ r2iiBM; Q7 i?2 TH iBMmK QN
bi'm+im 22 TT2 "2/ 7i2° BMi2 '+ HiBQM-r?B+? Q++m "2/ i M
Q7s; “* dRX h?2 BMi2'+ HiBQM Q7 +Q# Hir b 7QmM/ iQ #?2
MM2 HBM; i2KT2.5im 2 9Q{3)X

am#b2[m2MiHv- G11. M/ sSar2 2 mb2/iQ M Hvx2 i?2 bi m+ir
T QT2 iB2b Q7 i?2 bvbi2KBM 2p2 ' vbii2Q7i?22T 2T " iBQMX h?.

Nd



d *QM+HmMbBQM

HB7ibi?2N  _ "@°'2+QMbi' m+iBQM #v r?B+? Bi #2+QK2b [m bB
S T?22M2X AM i?2 G11. BK ;2b-i?2i° Mb7Q K iBQM + M #2 b22
i?2bTQib Q7 i?2 "2+QMbi ' m+iBQM 2K BM #b2Mi 7i2  BMi2 + H
bm#bi> i2 M/ ;> T?2M2 2 TT2 “2/X [//IBiBQM HHv- M2r bTQib 2K:

TH iBMmK > M;BM:NBM _ @ 2+QMbi' m+iBQMX JQ 2Qp2 -i?2 S
"2 "QrBMKBMBx2/?2t :QM Hbi'm+im 2b- b pBbB#H2 BM *GaJ BK
bT2+i> -i?2i° Mb7Q K iBQM Q7 i?2 #mz2 H v2 BMiQ[m bB@7 2

T Qp2M #v M BM+'2 b2 BMi?2 :° T?2M2 +QKTQM2Mi BM i?2 * Rb s
rBi? /2+°2 b2 Q7 i?2 +QKTQM2Mib bbQ+B i2/ rBi? i?2 #mz2 H v2
BMi2 + H iBQM Q7 TH iBMmK HXia@iiaB 7S Ka BB © MBOB # H 2
BMi?2 Si97 M/ aBkTbT2+i° X aK HH bB:M Hb Q7 i?2b2 bBHB+E
#27Q°2 MM2 HBM:-r?B+? b?Qrbi? i T i Q7 i?2 TH iBMmK /B/ BMi
i?72°K H +iBp iBQMX 7i2  BMi2 + H iBQM-i?2 bm#bi’ i2 bi vb E
i?72 SI@H v2 - r?B+? +? M:2b i?2 +QmHQK# 2MpB " QMK2Mi Q7 Bib
+QMb2[m2M+2-irQ //BiBOQM H +QKTQM2Mib TT2 2/ BM i?2 * Rb
"2~2+iBM:; i?2b2 H v2'b (9d- dk- kRj- KR9)X

h?2 BMi2 '+ HiBQM Q7 +Q#NHiIi + m®@22+QMbi m+iBQM rBi? "2bT
iQi?2 ;" T?2M2 T ii2°MiQ TT2 "BMi?2 G11l. BK ;2-r?B+?r b

i?72 BMi2 + H i2/ k@QH. 20iQ Bi- QMHvV i?2 ;" T?22M2 T ii2 M "2 1
HH Qi?2° 7Q K2 bTQib "2K BM2/ #b2MiX h?Bb Bb /m2 iQ i?2 ?
i?72 *Q@H v2 T 2p2MiBM; HQr@2M2 ;v 2H2+i QMb 7' QK i p2H]|
BMi?2 #b2M+2 Q7 /Bz' +iBQM bB:M H Q7 i?2 /22T2  #m B2/ H
BM/B+ i2/i? ii?2°2r2°2MQ +?2KB+ H+? M;2b "2bmHIBM; 7 QK i?2
bT2+B}+ HHv MQ 7Q K iBQM Q7 +Q# Hi@bBHB+B/2X h?mb- i?2
TH iBMmMK bm++2bb7mHHV T 2p2Mi2/ i?2b2 7Q K iBQMb 7 QK
BMi2 '+ HiBQM- _sSabT2+i° r2°2i F2MX h?2b2 b?Qri? ii?2;
TQbBIiBQM2/ #Qp2 i?2 *Q@H v2' 7i2° MM2 HBM;X AM bmKK

rbT 2T "2/ b/2bB 2/X AiBb 2tT2+i2/i? ii?2 #b2M+2 Q7 +Q# F
+ vbi HHBM2 bi'm+im'2 Q7 i?2H v2'b "2 Q7 bB;MB}+ Mi /p Mi

K :;M2iB+ bim+im> H72 im 2bX

6BM HHv- i?2 K :M2iB+ bi'm+im 2 Q7 i?2 2K#2//2/ *Q@H v2 r b B
S11JBM +QK#BM iBQM rBi? sG@2i22X*®B bi M/ 7Q 2KQbi- MmK2"
K2°'QMb M/ #BK2 QMb r2°2 /2i2+i2/ 7Q° HHb KTH2b M Hvx2/X
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h?2 +?2KB+ H+QMi® bi BK ;2b b?Qr2/i?2 bvbi2K6éb bi2T 2/;2b
h?2 /272+ib 2T 2b2Mi Si 2K BMBM; QM i?2 bm 7 +2-2p2M 7
+QKT "BbQM Q7 b KTBRI@MMRIh@UBA@r2/ i? i i72b2 BMBiB HHv bt
M/ MmK2 Qmb /272+ib K2 ;2 BMIiQ H ;2" QM2b /m2 iQ //BiBC
bi2T 2/;2b + mb2 i?2 ++mKmH iBQM Q7 +Q# Hi BM bK HH 2:BQ
+QMIiBMmMQmbHYV +Qp2 ' 2/X h?2 ?2B;?i Q7 i?2 bi2Tbh b22K iQ BK1
Q7 +Q# Hi QM i?2B  bm 7 +2X a KTH2b rBi? ~ ii2  bi2Tbh b?Qr M
JQ2Qp2°-~ii2° bi2Tbh + mb2b +Q# HiiQ +Qp2° K Mv b2;K2Mib
AM i?2 2 rBi? *Q ++mKmH iBQM- BX2X-r?22'2i?2 *Q@H v2
MQ K ;M2iB+ pQ iB+2b /m2iQ 2/m+2/ . JAX Ai TT2 2/ KQ 2 H
bi m+im 2X

b T Qp2M #vs a BMi2MbBiv bT2+i" -i?2 HQ+ H+?2KB+ H T Q!
/Q MQi /Bz2  BMi?2 "2;BQM Q7 i2°" +2b-bi2T 2/;2b- Q" /272+ib)
HbQ /Q2b MQi +Q "2H i2rBi? i?2 bi2T 2/;2b Q /272+ibX Ai Bb
i? ii?2 TQbBIiBQMb Q7 i?2 /Qi /272+ib/Q MQi +Q "2H i2 rBi? i
#BK2 QMbX h?Bb 2t+Hm/2b TBMMBM; rBi? +QMi'B#miBQM Q7
i?72 bvbi2Kb K2°"QMb M/ #BK2 ' QMb "2 bQH2HvV bi #H2 /Im2 iQ iQ

6m i?72 KQ 2- HH b KTH2b r2°'2 7QmM/ iQ #2 T ' BK 'BHv BM@
#b2M+2 Q7 SJ Bb bbQ+B i2/rBi?i?2 SiaB #QM/b- bi?2v "2
7"QK bBKBH " bvbi2Kb rBi? SJ X

_2; /IBM; i?2 /QK BMb Q7 i?2 BM@TH M2 M/i?2 Qmi@Q7@TH
T 2T "2/ mbBM; **a b?Qr2/i?2irQ K ;M2iB+ +QKTQM2Mib iQ #:
rbpMQii?2+ b27Q b KTH2b T 2T "2/ mbBM; S a:X Ai Bb TQbb
bi*2M:i? Q7 i?2 irQ +QKTQM2Mib Bb /Bz2 '2Mi 7Q" i?2 b KTH2tL
K2i?Q/bX 6m’ i?2" "2b2 "+? Bb M22/2/iQ Mbr2 i?Bb [m2biBQM
KQ 2*Q@H v2 i?B+FM2bb2bX

a KTH2b T 22t @B2@r2/ K ;M2iB+ bi'm+im 2 rBi? MmK2 Qmb bK
Q7 /Bz2°2Mi /B 2+iBQMbX AM +QMi" bi-i?2 K ;M2iB+ bi'm+im"
BM@bBimMBK "BHv 2QKQ;2M2Qmb-rBi? QM2 T 272 "2/ /B 2+iB
/IQK BMb Q'B2Mi2/ BM i?2 QTTQbBi2 bTBM /B 2+iBQM iQ i?2 T
7°QK QM2 T°'BK 'v bTBM /B'2+iBQM iQ K Mv bK HH /QK BMb b
i?72 //IBIiIBQM H MM2 HBNM@ DREATH2I?27i2" i?72B° "2BMb2 iBQM
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d *QM+HmMbBQM

p+mmKX h?2 "2[mB 2/ MM2 HBM; i2KT2  im 2 M/ iBK2 "2 "2H
Kv+ mb2i?2 +? M;2bBM i?2 K ;M2iB+ bi m+im 2X JQ 2Qp2 - i
BM@IbhBiMH2b r2°2 p2'v +QKT +i BM bBx2 M/ TT2 “2/iQ #2 BbQF
MM2 HBM; HbQ +? M;2b i?BbX 6mim "2 bim/B2b +QmH/ +QK#BM2
bi2T ?B;? M/ MQ //IBiBQM H MM2 HBM; M/ BMp2biB; i2 i?2 K
b KTH2b T 2T "2/ rBi? S a: MM @BB2MTTBM; H v2 +QmH/ HbQ ;
mb2/iQ 2/m+2i?2 M2+2bb "vi2KT2 im2Q iBK2Q7i?2 //BiBQWN
K F2 Bi Q#bQH2i2 i HHX

AM +QM+HMbBQM- i?Bb bim/v +QKT 2?22MbBp2Hv BMp2biB; i2
M/ K ;M2iB+ T'QT2'iB2b Q7 i?2 ;" T?2M2f+Q# HIifTH iBMmK K
bBHB+QM + #B/2X h?2 + vbi HHBM2 bi'm+im 2 Q7 2 +? Q7 i?2
+?2KB+ H#QM/b bm+? bTH iBMmK bBHB+B/2b M/ M Hi2 2/ +Qm
MTT2 KQbiaB*H v2'b-r2"2/2i2+i2/X h?2 K ;M2iB+bi'm+im 2Q7 i
rbob7QmmM/iQ ?2Qbi MmMK2 Qmb K2'QMb M/ #BK2 QMbX JQ 2Qp2
rb7QmM/iQ #2 bi'QM;HvV /2T2M/2Mi QM i?2 ivT2 Q7 T 2T " iBQM
bQHB/ 7QmM/ iBOQM 7Q  7mim 2 BMp2biB; iBQMb Q7 bBKBH "~ b KT
BMbTBMi"QMB+bX

Ryy



sSa }i T  K2i2|b

AM i?Bb a2+iBQM-i?2sSa}i T

pB/2/X

XR * "#QM RbD

K2i2°'bmb2/iQ ;2M2" i2 6B;m

b = *QKTX1gR0 alggRo 6g>Jf20 W k

y ;C T?2MReRXjR y RXye eXe yXRRK
x aR ReyXNd @yXj9 yXN3 R8XN y
g ak ReyXj3 @YyXNj RXyKk jRX3 vy
s aB* RekXkR Yy XNy yXN9 98X3 y
C_)_’ ey ; T?2MReRXK]j y RXRN kRXd yXRRKk
aR ReyX3N @yXj9 RXRR ky X9 y
ak ReyXjy @Yy XNj RXRR 9y X3 y
aB* | RekXRk yX3N RXyk RdXR vy
.Y ;T T?2MReRXjy y RXRS8 RdXj yXRRKk
% aR ReyXNe @yXj9 RXyd R8XR y
= ak ReyXje @yXN9 RXye jy Xk y
o aB* | RekXRN yX 3N y X 3k jdX9 y
= ey ; T?2MReRXRe y R Xyk jeXd yXRRKk
@ aR | ReyX33 @yXk3 RXyd REXN vy
ak ReyXk3 @yX33 RXye JRXd y
aB* RekXRk yXNd yXN3 R8X3 y

RyYR



sSa}i T~

K2i2 b

b~ *QKTX1ggR0 alggRo 6g>Jf20 fW k
y ;  T?2MReRXjR y yXd9 eNX3 yXRRKk
aR ReyXN3 @yXj9 yX3e k X k y
. ak ReyXjN @y XNj yX3e 9X9 y
@ aB* | RekXkR yX3N yXd3 8 XN y
= aB*0]| RekXd9 R X9k yXd3 eX] y
o aB*6|| RejXjy RXNN yXd3 RRXS8 y
;CZ) ey ; T?2ZMReRXRN y yXd9 3dXd yXRRk
o aR ReyX38 @yXj9 yX3e RX3 y
ak ReyXke @y XN|j yX3e jXd y
aB* RekXy3 yX3N yXd3 yXe y
aB*6|| RekXeR RX9R yXd3 R X9 y
aB*6| RejXR3 RXNN yXd3 9X3 y
y ; T?2MReR X8k y yXee d3X8 yXRRKk
aR ReRXR3 @yXj9 yX3e RXR y
0 ak | Reyx8N @yXNj yX3e KXR y
; aB* | RekX9j yXNy yXd3 kXe vy
o aB*0d|| RekXN8 RX9j yXd3 9X3 y
o aB*0|| RejX9j RXNy yXd3 Ry XN y
E ey ; T?2MReRX93 y yXdo9 3NX8 yXRRKk
9 aR ReRXR9 @yXj9 yXd9 RXR y
ak ReyX88 @y XNj yXd9 k X k y
aB* RekXjd y X3 N yXee RXR y
aB*0d|| RekXNy RX9k yXee kXd y
aB*6|| RejXjd RX3N yXee jX8 y

Ryk



b = *QKTX1ggR0 alggRo 6g>Jf20 W k

n y : T?2MReRX9d y yXd9 38Xk yXRRK

; aB* | RekXjd yXNYy yXd9 iXj oy

o aB*6| RejXjR RX39 yXd9 ex9 vy

- aB*6|| RekX3N RX9j yXd9 8Xk vy

O ey ; T?3MReRX93 y yXd3 N8X9 yXRRK

- aB* | RekXjd y XNy yXdo RXk vy
aB*0|| RejXjk RX39 yXdy k X k y
aB*0|| RekXNy RX9j yXdy R Xk y

h #H2 X®&, K2i2 b 7Q }iiBM;i?2 * RbsSabT2+i"

b?QrM BM 61

Ry]j



sSa}i T~

Xk aBHB+QM kT

K2i2 b

. b~ *QKT[Xlgg 20 alegro 69>Jf20 fW k 1.5, 20

% y aB* doX38 y yXe8 N8 X3 y yXeR

s B d9Xjj @y X8k yXe8 9 Xk y yXeR

? ey aB doXx3d y yXe3 N8 XR y yXeR

- B T doXj8 @y X8k yXe3 9 XN y yXeR

; y aB* d9XNy y yXdy N3 XKk y yXeR

o do9Xj3 @y X8k yXdR RX3 y yXeR

= ey aBfi d9XNR y yXd3 N3 Xj y yXeR

@ | d9xjN @y X8k yXd3 RXd vy yXeR

y aB* doXxX39 y y Xdk kjX9 y yXeR
B d9Xjk @yX8k yXdj kXR y yXeR

aB* do9Xy9 @yX3y y Xdk RXe y yXeR
aB* djXjd @RX9d yXdj y X9 y yXeR
aB@aBI8Xje y X8k yXdj R3Xd y yXeR
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IMBp2 bBiv UkyRdVX

(kyy)X *X Q7 K2'B+ G #®@TQO B2bhbm 2 /i 7Q  i?2 KQ 2 +QK
2H2K2MPB-?2X "2TX- _* H #Q  iQ B2b- AM/mbi‘v a2 pB+2 G ¢

(KyRX GX a2HICMSH iBMmK@ JQHv#/ BMim B MXbd 2R R b X
URNedVX

(kKykDX .X PHb2M- X 6X 1 FBM- MBBM CGXMHHMEHM/ TH iBMmK@
i Mi HmK 2H2+i°Q/2b 7-QC X2PQKiB@riX URNejV X

(Kyj)X :X EM Ti®IMQvb Q7 TH iBMmk SW/ iBIWIXbl2kR eDp X
URN3yVX

(ky99X . X J2?2 ' 8Mb-Q°; MBb+?2" > H#H2Bi2" m7 m@am#bi” i2N\
IMi2 ' bm+2&M/X i?2bBb- hl .Q iKmM/ IMBp2 bBiv- .Q iKmM
UkyRjVX

(ky&8X a m2 #02vr2M/mM; pQM a+?rBM;[m x2M xm q ;mM; /CMM
MM/ xm™  JBF Qmwyn3PR®Xkye URNSBNV X

(kyedX J KK /Qp- CX _BDbi2BM- CX E'QM2- *X _ B/2H- JX g MF
6X aT2+F- M/ hXq®2FHHEM+iBQM Q7 ;" T?2M2 KmHiBH v2 b Q
k.J i2 % yR8y9j UkyRdVX
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(kyd)X um- >X aQM;- sX@6X w? Mh?22Md BXraiBM; Q7 TH iBMmEK
M MQ+ vbi Hb QM bBHBS?binX 7 RAKNE N9y Ukyy8V X

(Ky3yX GX g M;- CX JX S2i'QbFB-hX *X :"22Ma? M2IXMbIEG @A v2/
K iBQM M/ bm'7 +2 K2HiBM: Q7 +m#B+ M/ i2i° 2Z/X H TH iBN
S?vbX *?2R¥K'eR98 URNN3VX

(KyN)X LBb?Bx r M/ EXK20b?@U+Q# HiV'IWbHXK HHQV S? b2 .B : X
9- j3d URN3jVX

(KRYX S M+? H-uX u M;- :X *22M;- CX >m-JX E°'mbFQT7- *X@ AX
*X J2HBQb- X X g HF2 >B:?i-.X "X L2r2HH-PXE x FQp - M/
*QM7Q+ HH b2 b+ MMBM: KB+ Qb+QTv, iQQH 7Q " TB/ Q"
Q7 k. K i2-B'HBp,R3y9Xy99ky UKkyR3VX

(KRRY >2°°2° @:QK2x-JX " pQ@a M+?2x-6X :mB 2@hQbi /Q-
G2TR?2 bHQT2@# +F;"QmM/ 7Q  i?2 M2 "@T2 F "2:BK2M Q7 T?
CX 1H2+i QM bRI2Nd 2Qbki)R |V X

(KRRX >X "Kbi @M+i mKHBM2 T'Q}H2b, i?QXQ&; MiX MF2BQ Qb +X
_ /B iXh MbBR URNedVX

(kR9X oB'QD M / * -aX qi+? "BMv MQM- X X w F? 'Qp- M/ G)
1TBi tB H " T?2M2 QM e >@aB* M$ B B MERRAK'HS 0B/Q M
UkyRyVX

(kR¥X sB -aX qi+? "'BMv MQM- X Xw F? "Qp-_Xu FBKQp - GX
CQ? MbbQM- M/ *X oBBQBMM2/+ H iBQMf/2BMi2+ H iBQM Q7
QM e>@aB*W3AwRYV_BBXy989R3 UkyRkV X

(kKR&®)X X : "/2HH -aX X 62 ;mbQMz M/bXB2X*T?PBM2HHBiI2b 7Q " i?
M HvbBb Q7 bim+im 2 M/ #QM/BM; BM QK iB+ TQHVK2 b #
bT2+i " Qb+RIMX bT2%y QXK RN3eVX

(kR&X aX " ;mb-1X aX AHIQM-h®M2 BMCKX T2HBBRIQM Q7 sSa bT2+
AMbB:;?ib BMiQ K i2 B &b 7TXQa2B®BR&ATHXkyR|V X

R9y
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(kRd) 1X J HBb M/ JX o *; h2dBWeH MV2pbi M/BM; Q7 i?2 ?2QKQ;
/2+QKTQbBIBQM 7Q" pBbEOM@# b2/ 20@EH AL _A X-
BM'B @yyRd¥KjeypdV X

(KR®)X :B2 x- hX amxmFB- X hX g2Bix- . X aX G22- "X E mbb-
l-aX >- CX >- M/ *X1HR+HIQMB+ /2+QmTHBM; Q7 M 2TBi t
KQMQH v2 #v ;QH/ BEPXZbXH 23RKI89y3 UkyRyV X

(KRNX oX h? QK BRIQQHNB/ @ bi i2 /2r2iiBM- MMIAEBM 3pXE i2 X 2DbX
9k jNN UkyRKV X

(kKkyGX *?2Q- LX@>X EBK- aX G22- CX@aX EBK- _X G p 'BDb2M-
> M-LXCXCX0oM>QQ7->X CX JX ar :i2M- "X EQQTK Mb
h?B+FM2bb /2T2M/2M+2 Q7 i?2 BMi2 7 +B H .xv HQb?BMbF
BMp2 bBQM bvKK2i'v # DEZMQOKKe2MKj8 UkyR 8V X

(KkR)X@aX q2B- wX@.X >2- wX Zmyv INMQbXEMDFEVMIQ Bv BMi2 ™ +
U.JAV@BM/m+2/ K ;M2iB+ bRv_KRBR Q@RI Hb2yB eHbky kR V X

(kkkdyX@"X ""h@MEHQ;B+ H2z2+ib BM M MQK ;M2iBbK, 7' QK bm"’
iQ +?B  H[m MimK /lpQXHBAeRKR UkyRkV X

(kkj)X hX 6 v2' M/ _Xa@Mi®@2bBb M/ i?2 K H bi #BHBiv Q7 SijaB-
SiaB }JHKDb ;"QrM #v 2@ #2 K-+QX@ HH DQX ¢BKKR X UkyReV X
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"iB+H2

C S?BHBTT gZBME2BIiM X >Q+?? mb- GmF b E2bT2 - _Q#2 i T
>BH;2 b-J B2 a+?KBix- J Hi2 : X >X a+?mHi2- B+? = >°N\
M bi- a2 ;BQ o H2M+B - J iiB b E mbFQT7- i bB *? ii2 D2:
* "hbi2M g2biTal ' Hh+im” H- +?2KB+ H- M/ K ;M2iB+ BMp2bi

T T?2M2f+Q# HifTH iBMmMK KmHiIBH v2 '-HhvMQK2@ MVbBHE@ +Q M

++2Ti2/J Mmb+ BTi Uai imb, C MX RR- kyk9VvVX

*QM72 2M+2 h HFb M/ S 2b2Mi iBQMDb

RX S?BHBTTF gBBM2 %°MB;- S2i2° _Qb2-E 'BKa? KQmi-IH7"
* "bi2M q2biAMH-"+ H iBQM Q7 bBHp2" M/ ;QH/ #2ir22M ;" T?
+ #B/R9i? .1Gh [b2  J22iBM;- .Q iKmM/-:2"'K Mv UkyR3VX

kX S?BHBTT-qBBM2 *°MB;-1H7 "2 ;2b- M/ * /N2 ¢ 21 i iTB?Q M-
Q7 bBHp2' #2ir22M ;" T?2M2 M/ bBHB+QM + #B42 bim/B2
.S:aT BM;@J22iBM; kKyRN- _2;2Mb#m ;- :2"K Mv UkyRNVX

jX S?BHBTT-q@BM 2B E2bT2 - CmHB M X >Q+?? mb- IH7 "2":2¢
q2biT? ¥2KB+ H BMp2biB: iBQM Q7 :  T?2M2f+Q# HifTH
bvbi2K QM bBHB+RM 2. 13/ 2/b2" J22iBM:- .Q iKmM/- :2 K |
UkykRVX
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9X S?BHBTT@BMD E2bT2 -J Hi2 :X >X a+?mHi2-J B2 a+?K
0 H2M+B - 6HQ B M E QM bi- IH7 "2 ;2b-JBI4 "QbbHQ MBg2 biT 7

BMp2biB; iBQM Q7 i?2 K :M2iB+ MBbQi'QTv BM ;' T?2M2f
iBH v2' bvbi2K QM bBHB*QM * ITHBRM: kykk- "2 " HBM- :2 K |
UkykkV X

8X S?BHBTT-q2BMD E2bT2 - CmHB M X >Q+?? mb- _Q#2 i T
X >X a+?mHi2-J B2 a+?KBix-ai27 MB2 >BH;2 b-a2 ;BQ o |
M bi-J iiB b E mbFQT7- i bB *? ii2 D22-I1H7 "2 ;2b- M/ * b
ai m+im’ H- +?2KB+ H- M/ K ;M2iB+ BMp2biB; iBQM Q7 ;°
BMMKKmMHIBH v2® bvbi2K QM bBRIBbHEMWKk#BIQ F- 1M;H M/
UkykkVX
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. MFb :mM:

wmK a+?Hmbb /B2b2° "#2Bi K°+?i2 B+? 2BMB;2M S2'bQM2M / M
BM/2M H2ixi2M C ?2°2M mMi2 biCixi mM/ #2;H2Bi2i ? #2MX

Hb 1 bi2b/ MF2B+? >2° "M S Q7X . "X * "bi2M q2biT? H7C" /B
;2M22K2 "2i'2mmM; /B2b2° .Bbb2 i iBQM bQrB2 7C" /B2 J°;HB+?F
. mTT2KBi /2 ;7Q=2M ;2#CM/2Hi2M 6 +?FQKT2i2Mx mM/ /2" M®
.B2 pB2H2M :2bT" +?2 m7 7 +?HB+?2 mM/ MB+?i 7 +?HB+?2 1
?BH7°2B+? mM/ KQiBpB2 2M/X a2BM2 bi2iB;2 "2 '2Bib+? 7i xm
p2 b+?B2/2M2M 1#2M2M ? i 2BM2M r2b2MiHB+?2M Mi2BH K 2 7(
"#2BiX

1#2MbQ #2/ MF2 B+? KB+? b2? #2B >2 "M S Q7X . X . X gqQH7
"2°'2Bib+? 7i-/ bwr2Bi;mi +?i2M 7C" /B2b2 "#2Bixm C#2 M2?K

.27 #2°2Bib 2°r ?Mi2M : gq2biT? H K°+?2i2 B+? MQ+?K H 2BM2M
MmbbT 2+?22MX .B2 b2?° ;mi2 iKQbT? "2 mM/ pB2H2 ;2;2Mb2BiB
HH2 JBi;HB2/2 /2" : " mTT2 ? #2M/ b "#2Bi2M M;2M2?K mM/ T
AMb#2bQM/2 2 K°+?i2 B+? >2°"M ."X B+? '/ >°MB;/ 7C" | MF:
K2BM2  "#2BimK7 M; 2B+? mM/ pB2H7 HiB; M/B2 m7; #2M K2B
xXm? #2MX 6C" /B2 JBi "#2Bir ?2°2M/ /2" 2ti2 " M2M J2bbrQ+?2M
/12 #2bQM/2 b BMi2MbBp2M mM/ ?2Q?2M "#2BibH bi- K°+?i2 E
a+?KBix- . "X J Hi2 a+?mHi2- . "X GmF b E2bT2 - CmHB M >Q+
mM/ ai27 MB2 >BH;2 b #2/ MF2MX .B2b2 bT2xB}b+?2 IMi2 biCix
2K +?i-2BMB;2/2° m7r M/B;2M }M H2M J2bbmM;2M M /2K xmpC
avbi2K /m +?2xm7C? 2MX

g2Bi2° K°+?i2 B+? KB+? #2B J "Bmb Hi- CmHB M >Q+?? mb mM
I b?22 pQ " ;2M/2 G2FiQ i/B2b2" "#2Bi #2bQM/2 b #2/ MF2MX
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.2M JBi "#2Bi2°M pQM .1Gh / MF2 B+? 7C" /2M ;mi2M "2i B2# |
"2 +?2IimM; /2 qCMb+?2 pQM mMb Lmix2 MX 6C" /B2 ;mi2 mM/ 7 2
M "#2Bi ?2BMbB+?iHB+? /2" STQ#2MT T ~ iBQM/ MF2B+? 6" m . X
>2°""M . XJiiB bE mMbFQT7 pQM /2 S?vbBF HBb+?@h2+?MBb+7?2
6C /B2 "2 2Bibi2HHmMmM; /2> AM7 bi mFim > 7C° HH2 s@S11J J
/[2M JBi "#2Bi2°M /2" "2°"HBM2  1H2Fi'QM2MbT2B+?2 'BM;@:2b2
bi 2HmMM; AA U"laau AAV /2b >2HK?QHix@w2Mi mK "2 " HBM U>w"
M/B2b2 ai2HH2 m+?>2"M. X6HQ B ME QM bimM/>2""M . X a:
7C° /B2 1BM "#2BimM; MB? 2K m7# m mM/ /B2 IMi2 biCixmM;r ?°
MM/ mbr2 imM;X

wmH2ixi K°+?i2 B+? KB+? #2bQM/2 b ?2 xHB+? #2B K2BM2 6 KBH
#2/ MF2M- /B2 KB BKK2 xm  a2Bi2 bi M/2M- KB+? 2MiH bi2i2M
bQ mM+? r2b2MiHB+? xmK 1" 7QH; /B2b2" "#2Bi #2Bi m;2MX

oB2H2M . MF 7C° HH /B2 pB2H7 HiB;2 IMi2 biCixmM;!
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