**vbi HTH biB+Biv TTHB2/iQ ::°2: i2br
MQM@bVKK2i B+ +v+HB+ HQ /BM:b, J2+? MI
KQ/2H Q' /2" "2/m+iBQM
> "Bb 6 "QQ]

hQ +Bi2 i?Bb p2 " bBQM,

> "Bb 6 "QQ[X *'vbi H TH biB+Biv TTHB2/iQ :;°2; i2b mM/2° MQM@
+? MB+ H M HvbBb M/ KQ/2H Q' /2" "2/m+iBQMX J2+? MB+b (T?vbB+h
2i H2ii"2b- KYRNX 1M;HBb?X LLh, kyRNSaG1Jy99 X i2H@yk8kyN 8|

> G A/, iI2ZH@yk8KkyN8j
?211Th,ffT bi2HX "+?Bp2b@Qmp2 i2bX7 fi2ZH@ yké&
am#KBii2/ QM kd J ~ kyky

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X
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h?Bb i?2bBb Bb /2/B+ i2/ iQ Kv 7 KBHv5



+FMQrH2/:2K2M]

Jvi? 22 v2 " biv ii?2H #? b #22M rQM/2°7mH H2 MBM; 2tT
T2'bQM H M/ T'Q72bbBQM H H2p2HX Ar MiiQ bi “i #v i? MI
S'Q72bbQ b :2Q ;2b * BHH2i m/- a Km2H 6Q 2bi M/ . pB/ _v+F:
K2i?Bb S?.X:2Q ;2br?Q ? b #22M ;2 i K2MiQ" M/ ? b Hr vb #
/IBb+mbbBQMb M/[m2biBQMb MQ K ii2  ?2Qr# bB+X h?2 FBM/ M.
?22 b?Qrb iQr /b ?Bb bim/2Mib Bb 2p2° bQ ?mK#HBM;- M/ A 722
? p2#22M KQM; ?Bb H bii? 22 S?.bim/2MibX . pB/r?Q ? b ?2H"
MmK2 B+ HbFBHHb M/ ? b #22M T iB2Mi rBi? K2 i?2°'Qm;?Qmi K
#2BM; i?2 i?2bBb /B°2+iQ"  ? b b?QrM ;"2 i T iB2M+2 M/ ?22HT2/
S?.rBi? 2 b2X
A 2bT2+B HHv i? MF i?2 S?. /272M+2 Dm'v K2K#2 b S°'Q72bbQ
o p EQmMmxM2ibQp -6 Mx Qi2'b-LB+QH ba MiB2 - M/ 2M;BN\
i FBM; iBK2 Qmi Q7 i?2B" #mbv b+?2/mH2b- M/ +QKBM; iQ S I
r2 2 2ti 2K2Hv +QMbi " m+iBp2 M/ H2i K2 "2}M2 i?2 +QMi2Mib Q7
#2112 r vX
1i?22H #-ArQmH/HBF2iQi? MF.D K2HJBbbQmMmK@"2MxB M2 r?
HH Kv K2+? MB+b M/ bQ7ir "2 "2H i2/ [m2biBQMb M/ ? b ?2HT
T? b2b Q7 Kv S?.c rBi?Qmi ?Bb ?2HT Bi rQmH/ ? p2 #22M p2'v
2ti2M/ Kv ;7 iBim/2 iQ C2 M@JB+?2H a+?2'2  r?Q ?2HT2/ K2 Bl
THB+Bip2 ' bBQM Q7 i?2MmK2 B+ HKQ/2H M/ mM/2 bi M/ p "BQ
BM K2+? MB+bX 'QM L6a2KB@LQ ? 7Q" #2BM; i?2°2 r?2M2p2
K "1HPm x BMB hm? KBr?Q ?2HT2/K2BM ;2M2" Hb+B2MiB}+
6QmM[mM2- *HOK2Mi "2 i mt- Cm M@J Mm2H : "+B - u xB/ J /B- 12
>m;QG mM v- _0;Bb*H2K2Mi-G m 2Mi m# M2H-oH /BbH pu bi’
F#2 - M bb bb /BFB-> HvM 0o0QHFQp M/ uQmbb27 > KK /B 7Q
bQ+B HBMi2" +iBQMbX LB+QH b*HB+?27Q K FBM; 7mMMv DQ|
_Z 2H2 mbbQ-> HVM O0QHFQp - CmHB2 ""mM-. MB2H A'K2 - c
AbH K aBKQM a+?KB/i-JQ? K2/ # iQm - uQ? M *H2K2Mi- H2t M
. pB/ aB2/2H 7Q" ;QBM; iQ HmM+? rBi? K2X LBFQH v PbBTQp- a
iB MPpHH2 Q/ b-"bBH2J "+? M/-E Bb KK ~ M/ oH /BbH pu
? p2 ?2HT2/ K2 rBi? T"Q#H2Kb "2H i2/ iQ w@b2i M/ ;2M2" H K2



]

a BMi2@Gm+27Q ?2HTBM; K2 "2+Qp2 KvS?./ i -r?B+? AQM+2
7°Q0K MQM@# +F2/@mT2/? '/@/BbFX MM2@6° MiIQBb2 :Qm";
"2bbQM M/ >2M'v S Qm/?QM-7Q" HHi?2b+B2MiB}+ /Bb+mbbB
+QMi'B#miBQM iQ i?2 BKTH2K2Mi iBQM Q7 i?2 MmK2 B+ H KQ/.
"2b2 "+? TiB+H2bX "D2M _QQb 7Q" #2BM; i?2 MB+2 ;mv ?2 Bb
K2 /m"BM; Kv BM/mbi'B H pBbBibX A rBb? i?2 p2'v #2bi iQ 2p2
J id"B mtX

C2m/B kk /G+2K# 2 kyRN
S "Bb- 6" M+2



GbmKGO 2M 6° MI Bb

G2 /IQK BM2 /2 H KO+ MB[m2- 2M T iB+mHB2 /2 H KB+ QK0+
:* M/b /Op2HQTT2K2MibX AH 2bi #B2M +QMMmM [m2 H60+QmH?2
KQMQ+ 'Bbi H2bi MBbQi'QT2-+2[mB T2mi i'2 KQ/GHBbO " HO
K2Mi T20MQKOMQHQ;B[m2b "H6G+?2HH2 KQV2MM2X G2 /Gp2HC
+ MB[m2b TQm Q#D2+iB7 /2 "2HB2 H2 +QKTQ i2K2Mi /2 +7?
HOOGpQHMIBQM /2 H TH biB+Bil 2i- " bQMiQm ' -/2 "2M/ 2 +QKT
b+QTB[m2b /2 H bi'm+im 2X *2ii2 i? b2 TQ id bm  /2mt T Q#l
b pQB' H2 +QKTQ'i2K2Mi /2b K iG°B mt bQmKBb " mM +? “:2K2M
/12b +QM/BiBQMb HBKBi2b 7QM/G2b bQBi bm™ /2b +QMi° BMi2b
TH +2K2Mib +v+HB[mM2bX *2b +? ";2K2Mib 2Mi®> WM2Mi mM2 ++r
bmTTHOK2Mi B’2Qm mM2 "2H t iBQM /2 +QMi° BMi2 KQv2MM2 " |
G2bKQ/ H2b MmKG ' B[m2b +QMp2MiBQMM2Hb /QMM2Mi mM 2t+ &
+2 i p BH-BH 2bi KQMi "G [mémM2 TT Q+?2 T " GHOK2Mib }MBb
/12 KObQUO+?2HH2 T2mi "GTQM/ 2 " +2b /2mt T"Q#H K2bX .Bz( 2|
2tBbi Mi/ Mb /2b bi'm+im 2b +? ";02b +v+HB[mM2K2Mi bQMi 2t KI
i iBQM KB+ QK0+ MB[m2 2bi /QMM(2 +QM+2 "M Mi H2m > +QKTQ
+ " +i0°'BbiB[m2X G2b "0bmHi ib bi iBbiB[m2b /2 /Bz0d 2Mi2b [m
b2BM /6mM TQHvVv+ Bbi HbQMi G; H2K2Mi M HvblOb-+2 [mB T2 K
+2 [mB b2 T bb2 m MBp2 m HQ+ HX

GO mi'2T 'iB2/2H i? b2 +QM+2"M2 H2 i® Bi2K2Mi /2 /QMM0O2b |
/QK BM2/2H b+B2M+2/2bK i0"B mtBM7Q K iB[m2X hQmi2M 0
/JOGHOGK2Mib }MBb " ;" M/2 G+?2HH2-/2 ;" M/2b[m MiBiGb /2 "2bb
MiBHBbGO2b 2i bQmp2Mi H2b "dGbmHi ib m +Qm b /m i2KTb bQMi
2i M2 bQMi miBHBbOb TQm™  H2b T GpBbBQMb 7mim 2bX . Mb +2
miBHBb Mi/2b/QMMG2b /GD" ;MG 02b-/2 MQmp2 mt+ b/2i2bi
T "iB"/2bBKmH iBQMb T 0+0/2Mi2bX G KOi?Q/2 miBHBbG2 2bi
2v#°B/2X 1HH2 miBHBb2 mM T 'QiQ+QH2 /6 TT 2MiBbb ;2 miQK
bQ+B0O "H i2+?MB[m2; TTvSP. TQm  2tG+mi2"  /2b bBKmH iBQN
"0/mBibX *2b bBKmH iBQMb "G4/mBi2b B/2Mi "+ Tim 2 H2b p H
iB+BiGX .2b "GbmHi ib /2 7 iB;m2 "7 B#H2 MQK# 2 /2 +v+H2b /
# b2/272 2i/2 MB+F2H UAM+QM2H dR3V bQMi miBHBblOb +QK¥



#bi +1

h?2 }2H/ Q7 K2+? MB+b- T "iB+mH "Hv KB+ QK2+? MB+b-? b m
QTK2MibX Ai Bbr2HH FMQrM i? i TH biB+ ~Qr BM bBM;H2 + vbi
Kv#2 KQ/2H2/ mbBM; T?2MQK2MQHQ;B+ H+QMbiBimiBp2 H rb
B/2 #2?BM/ i?2 /2p2HQTK2Mi Q7 KB+ QK2+? MB+ HH rbBbiQ
2 +? BM/BpB/m H 2H2K2Mi Q7 i?2 ;2QK2i v- T 2/B+i 2pQHpBM;
++QmMMi 7Q  i?2 K + ' Qb+QTB+ T°QT2'iB2b Q7 i?2 bi' m+im 2X
hrQ T?vbB+ H T Q#H2Kb ? p2 #22M +QMbB/2 2/ Bb i?Bb i?2bBk
Ki2°'B Hbr?2M i?2v "2 bvKK2i'B+ HHVvHQ /2/ mM/2  +v+HB+ bi
#QmM/ v +QM/BiBQMbX h?2b2 HQ /BM;b + mb2 BM+ 2K2Mi H
K2 M bi'2bb "2H t iBQM ii?2 K +'Qb+QTB+ b+ H2X *QMp2MiBQ
;Bp2 M 2t+2bb Q7 #Qi? [m MiBiB2bX AMi?BbrQ F BiBbb?QrMii
TH biB+Biv }MBi2 2H2K2Mi TT ' Q +? + M ;Bp2 M Mbr2"  iQ #Qi"
2Mi K2+? MB+ H bi i2b 2tBbiBM; BM +v+HB+ HHvVv HQ /2/ bi m+im
KB+ QK2+? MB+ HBMi2 T 2i iBQMBb ;Bp2M #Qmii?2B +7? = +i
? pBQ X ai iBbiB+ H "2bmHib Q7 /Bz2 2Mi +QMbiBimiBp2 [m Mil
"2 HbQ M Hvx2/r?B+? ;Bp2 M2r BMbB;?i BMiQr? iBb? TT2M
h?2 Qi?2 T "1 Q7 i?2i?2bBb T2 i BMb iQ #B; /i T Q#H2Kb BM A
i2°B Hb b+B2M+2X q?BH2 bQHpBM; H ;2 b+ H2 }MBi2 2H2K2M
Q7 +QKTmi iBQM H "2bQm +2b "2 miBHBx2/ M/ K Mv iBK2b i?
/IBb+ “/2/ 7i2 bim/vBM;c MQi mbBM; i?2K 7Q 7mim 2 T 2/B+iB(
b?2QrM i? i #v miBHBxBM; H 2 /v ;2M2" i2// i - M2ri2bi + b2b K
7 QK T 2pBQmb bBKmH iBQMbX h?2 K2i?Q/ 2KTHQv2/Bb + HH2,
reB+? mb2b M mMbmT2 pBb2/ K +?BM2 H2 MBM; T 'QiQ+QH +
T QT2 Q i?Q;QM H /2+QKTQbBIiBQM i2+?MB[m2iQ mM "2/m+2
iBQMbX h?2b2 "2/m+2/ bBKmH iBQMb ?2HT BM + Tim BM; 2ti 2
GQr+v+H2 7 iB;m2BM MB+F2HB QM # b2/ bmT2" HHQV UAM +(
+ b2X



LQi iBOQMb M/ ## 2pB iBQMb

AM i?Bb i?2bBb- p2+iQ°b "2 mM/2 "HBM2/ QM+2- b2+QM/ Q /2" i
Q'/2  i2MbQ b 7Qm’ iBK2B6 6DT REDMNI+2p@+iQA6 RIR"2 b 6
b2+QM/ Q /2 i2MbQ X h?2 i° MbTQb2 Q7 i2MbQT&8&8b /2MQi2/
B'V-r?22°2 bi?2 BMp2'b2 Bb TQ i’ v2/ #9 AbNMX2RB2BIIKQ7 0

66 /12MQi2b i?2BMM2 T Q/m+i Q76r/IQN2XMBRiB2 iKMOQ  Q /v /B+
T Q/m+i #2ir22M i2MbQ bX Pi?2° MQi iBQMb 2 /2}M2/ b M22/2
h?2 7TQHHQrBM; 2 bQK2 Q7 i?2 ## 2pB iBQMb mb2/,

*S61J:::: *vbi HTH biB+Biv }MBi2 2H2K2Mi K2i?Q/
_0l1l-01:: 2T 2b2Mi iBp2 pQHmMK2 2H2K2Mi- pQHmMK2 2H2K2M
SP. ::::: S QT2 Q i?Q;QM H/2+QKTQbBIiBQM

6** :::::: 6 +2 +2Mi2°2/ +m#B+

_J i _ M/IQK@ ++2bb K2KQ v

GE->E:.:: GQr FBM2K iB+- ?B;? FBM2K iB+

" rriiry _2Im+2/ # bBb

6PJ ::::: 6mHH Q /2 KQ/2H

_PJ i _2Im+2/ Q7 /2 KQ/2H

.P6b::::: .2;°22b Q7 7 22/QK

S* :::::: SSBM+BT H+QKTQM2Mi M HvbBb

1AJ: i .Bb+72i22KTB'B+ HBMi2 " TQH iBQM K2i?Q/
> PJ:::: >vT2 @ 2/m+2/ Q /2 KQ/2H

AL _2Im+2/ BMi2; iBQM/QK BM



*QMi2Mib

R AMi'Q/m+iBQM N
RXR AMi ' Q/m+iBQM X X X X X X X X X X X X X X X X X X X
RXk *'vbi HTH biB+Biv}MBi2 2H2K2Mi K2i?7Q/ X X X X X X
RXj _2/m+2/ Q /2  KQ/2HBM; X X X X X X X X X X X X X X >
RX9 P#D2+iBp2b X X X X X X X X X X X X X X X X X X X X
RX8 PmiHBM2 X X X X X X X X X X X X X X X X X X X X X

k *vbi H TH biB+Biv KQ/2HBM; Q7 i?2 +v+HB+ #2? pBQ Q7Y
i HHBM2 ;;°2; i2b mM/2° MQM@bvKK2i B+ mMB tB HHQ /BM
kKXR AMi Q/m+iBQM X X X X X X X X X X X X X X X X X X X
kXk *'vbi HTH biB+Biv KQ/2H X X X X X X X X X X X X X X
kXj 61 KQ/2H /2b+"BTiBQM X X X X X X X X X X X X X X X X
kX9 _2bmHib i K + ' Qb+QTB+ b+ H2Z X X X X X X X X X X X >

kX9XR _ i+?2iBM; BM bBM;H2 + vbi Hb X X X X X X X X
kX9Xk _ i+?2iBM; BM TQHvV+ vbi Hb X X X X X X X X X X
kX9Xj J2 Mbi 2bb 2H tiBQMBM bBM;H2 + vbi Hb X X )
kX9X9 J2 Mbi 2bb "2H t iBQM BM TQHv+ vbi Hb X X X )
kX8 M HvbBb Q7 HQ+ H "2bmHib X X X X X X X X X X X X |
kX8XR GQ+ H  i+?2iBM; #2? pBQ X X X X X X X X X X
kX8Xk J2 Mbi'2bb "2H t iBQM X X X X X X X X X X X X
kXe aBKmH iBQMb i ?B;? +v+H2 MmMK#2 b X X X X X X X X X

kXd .Bb+mbbBQM X X X X X X X X X X X X X X X X X X X X
kX3 *QM+HmMbBQM M/ QM:QBM:rQ F X X X X X X X X X X X
kX3XR *QM+HMmMbBQM X X X X X X X X X X X X X X X X

i >V#° B/ ?2vT2 @ 2/m+iBQM BM + vbi H TH biB+Biv
iXR AMi"Q/M+iBOM X X X X X X X X X X X X X X X X X X X
jXRXR JQ/2H Q'/2  "2/m+iBQM mbBM; SP. X X X X X X >
jXRXKk .Bb+'2i2 SP.i?22Q v X X X X X X X X X X X X X X
jXRXj S* #v KBMBKBxXBM:; i?22 Q" TT QtBK iBQM X X 3
i XRX9 *QMbi'm+iBQM Q7 i?2 SP. # bBb mbBM; i?2 ao. T



*PLhlLha 3

jXRX8 >vT2 @ 2/m+iBQM ivT2 K2i?2Q/b X X X X X X X X
Xk >vT2 @ 2/m+iBQM BM 2H biB+Biv X X X X X X X X X X »
iXkXR ai'QM; 7Q KmH iBQM Q7 i?2 2H biB+ T 'Q#H2K X
iXkXk 6Q KmH iBQM Q7 r2 F7' QK 7Q i?22H biB+ T Q#
jXkXj 6BMBi2 2H2K2Mi K2i?Q/7Q" K i2'B HrBi? 2H biB-
jXj >V#'B/2vT2 @ 2/m+iBQM BM K2+? MB+b Q7 K i2'B Hb X
jX9 * vbi HTH biB+Biv KQ/2H M/ }MBi2 2H2K2Mi K2b? /2b+"
X8 a2imT X X X XXX XXX XXXXXXXXXXXXX
iXe 2bmHIBX X X X X X X X X X X X X X X X X X X X X X3
jiXd *QM+HMbBBQM X X X X X X X X X X X X X X X X X X X X

+
X
X

9 S K2i'B+ bBKmH iBQMb BM + vbi H TH biB+Biv
9XR _0bmKGO X X X X X X X X X X X X X
9Xk AMi"Q/m+iBQM X X X X X X X X X X
9Xj h2biBM; i?2 KB+ Qbi'm+im> HbT +2
9X9 h2biBM; #QmM/ v +QM/BiBQMb M/ T K
9X9XR * b2 R, *? M;BM; i?2 K + Qb+QTB+ #QmM/
9X9Xk * b2k, *? M:BM; i?2 +QMbiBimiBp2 T  K2i2 b
9X9Xj] * b2j, JQ/2H "2/m+iBQM Q7 H ;2 b+ H2 bBKmH i
9X8 *QM+HMbBBOM X X X X X X X X X X X X X X X X X X X X

XX XX XX XXX

XX XXX X XXX

XX XXX X XXX
2i2° b

X X

+QM
X X

B

8 *QM+HmMbBQM M/ QmiHQQF R k k
8XR *QM+HMbBQMb X X X X X X X X X X X X X X X X X X X
8Xk *QM+HMbBQMX X X X X X X X X X X X X X X X X X X X
8Xj] S2°'bT2+iBp2b X X X X X X X X X X X X X X X X X X X X
8X9 PMIHOQQF X X X X X X X X X X X X X X X X X X X X X )
PM;QBM; rQ F Rjy

" M HvbBb Q7 K2b? b2MbBiBpBiv Rj9

* 7 BM bBx2 /IBbi'B#miBQM Rjd

272 2M+2b Rjd



*?2 Ti2 R

AMI Q/m+iBQM

AMi*Q/m+iBQM

.2TmBb /2b i2KTh BKKUKQ'B mt- H2b K iG°B mt bQMi /Gp2HQT
mt #2bQBMb /2 H6?mK MBiGX *2b #2bQBMb GpQHmM2Mi p2+ H
THmb [m2 D K Bb-BH 2bi MOG+2bb B '2/2 +QKT 2M/ 2 H2b KO+ ME
"0;Bbb2MiH "0TQMb2 Ki+ MB[m2 /2b K iG°B mtX SHmb BKTQ i
H2Zm /m 02 /2 pB2-H2b K iGd'B mt/é6BM;G0MB2 B2 /2p B2Mi "0GTQM
T2 '7Q K M+2X PMbo6 ii2M/ " +2[m2 +2b K iGt°'B mt "GbBbi2Mi " /B
+? ;2 bbQ+BUb " /2b+QM/BiBQMbi?2 KB[m2bQmKi+ MB[m2b 2
/ Mb H2b KQi2m'b /6 pBQM " im #BM2 " ; x- H62{+ +Bil /'m KQid:
HO m;K2Mi iBQM /2 H i2KTO im 2/27QM+iBQMM2K2MiX AH 2N\
/I2H +QMbQKK iBQM/2+ "#m > Mi-+2[mB "G/ mBiH2b +Q?ib /62t
H2 +?QBt /2b K id'B mt [ mB T2mp2Mi i'2 miBHBbOb / Mb H2 KQ
S +QMbd[m2Mi-H "0TQMb2 K+ MB[m2 /2 +2b K i0'B mt /QBi
+2 [M6BHb T2mp2Mi i°2 miBHBbOb 2{+ +2K2Mi +QKK2 K i0 B mt

IM mi 2T Q#H K2-2M T 'iB+mHB2 / Mb H2b KQi2m'b /6 pBQM:
+QKTQb MibbQMibQmKBb " mM +? ";2K2Mi +v+HB[m2 [mB "G/ mE
+QKTQb MibT " /2 MQK# 2mt THBbX GOmM /2 +2b +QKTQb Mib
[MB2bibQmp2MiH2 +QKTQb MiHBKBi Mi/o6mMKQi2m " "0 +iBQ
pPB"QMM2K2Mi /6BM;0MB2°'B2- +2b T H2b /QBp2Mi bm#B" THmb]|
2ti2°"M2b /QMi H6 KTHBim/2 2i H 7' a[m2M+2 p B2MiX .2 THm
+QM/BiBQMb /2 +? ;2 bQMi TTHB[mM02b- +X@ " @/X mM2 +QMi"
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+QMi"-HO02- +2b +QKTQb Mib T'db2Mi2Mi /2b "GTQMb2b Ki+ ME
70 2Mi2bX AH 2bi BKTQ i Mi /2 +QKT 2M/ 2 H2b HBKBi2b mt[m
i'2bQmKBb-+ " +2H T2 K2ii~ /6Q#i2MB  mMM2 K2BHH2m 2 2bi
PB2X S " +QMbd[m2Mi-H + > +iG Bb iBQM /2 +2b "GTQMb2b 2bi
2iH +QKKmMM mil b+B2MiB}[m2X *2 [mB 2bi 2M+Q 2 THmb BKTC
Kid’B m-H TH biB+BitGb2HQ+ HBb2 mt2M/"QBib T 070 0b 2i |
TQBMib + BiB[m2b 2bi BKTQ' i Mi2 TQm> mM2 K2BHH2m 2 +QKT
/2b K iG°B mt ?20i0°Q; M2bX SQm  +2 7 B 2-mM2 TT ' Q+?2 MmK
+QKTi2/ Mb +2 i p BHX

G2 #mi /2 +2 i p BH 2bi /6miBHBb2  mM2 /2b+ BTiBQM K i?0K
+QKKMMOK2Mi TT2H02 KQ/ H2 /2 Kid'B m +QMbiBimiB7 TQm
T?2vbB[m2bX 1M /6 mi 2bi2 K2b- H2b KQ/ H2b K iG°'B2Hb bQMi m
H2b Ki+ MBbK2b 2i H2b +QKTQ i2K2Mib 7QM/ K2Mi mt /2b bvbi
2Mb2K#H2 /60[m iBQMb K i?0K iB[m2b- 2i +2 ivT2 /6 TT Q+?2

# i1l ;2 Tm#HB+Bi B2 BKTQ'i Mi m +Qm b /2b /2 " MB "2b /G+2M|
MmKGO B[m2b QMi Gid /Gp2HQTTO2b " i2H TQBMi [m2 /2b +QM+H
p2Mi i"2iB02b /2 +2b KQ/ H2bX AH 7 mi O0; H2K2Mi +QKT 2M/’
KQ/GHBb iBQM/2b K i0d"B mt M62bi T bmM2B/02 "G+2Mi2X *27i

KQ/GHBb iBQM miBHBbG2b mDQm /6?mB QMi Gid TQbimHGO2b B
T " 2t2KTH2 H2 +'Bi "2/2 h"2b+ TQm H T°Q/m+iBQM Uh 2b+ -
K2Mi miBHBbG/ Mb /Bp2 b2b /G}MBiIiBQMb /2 K id B mt- 0id T Q
7QBb m KBHB2m /m soAAA K2 bB +H2X

SQm’ +QKK2M+2 T "H KQ/GHBb iBQM /2b K iG'B mt-H "aTQMI
i"2 K i?0K iB[mM2K2Mi + > +i0"Bb02 bQmb /Bz0 2Mi2b 7Q K2bX
2bi H KQ/GHBb iBQM 2KTB B[m2- [mB 2bi 2MiB "2K2Mi 7QM/02
K2Mi H2b- /2 bQ i2 [m2 +2b KQ/ H2b M2 bQMi T b # bdb bm" /2b
2i TT QtBK iBQMb / Mb H2 +QMi2ti2 /2 /Bzd 2Mib T'BM+BT2b T
H2b KQ/ H2b 2KTB B[m2b M2 bQMi TTHB+ #H2b [m2 / Mb H ; |
BHb bQMi Bbbmb 2i bQMi T2m miBH2b / Mb H2 /QK BM2 /2 H /@
Kio'B mtX *2ii2 TT Q+?2 M62bi- 2M :GMG  H- p H #H2 [m2 HC
Kig'B mt bQMi K MBTmHGODb 2i [m2 H2m b "ATQMb2b M2 bQMi T I

G6 TT Q+?2 T?20MQKOMQHQ;B[m2 2bi mM2 mi 2 pQB2TQm  H ¥
mtX *2b KQ/ H2b M2 iB2MM2Mi T b 2tTHB+Bi2K2Mi +QKTi2 /2b /
K Bb 0K2ii2Mi THmi=i H6?vTQi? b2 /6mM2 "GTQMb2 K iG " B2HH:
K i?0K iB[m2 T°0/0}MBX *2b + /°2b K i?0K iB[m2b b2 T Gb2Mi2"
/2 T K i'2b BM/QGi2 ' KBMab 2i +2b T > K i'2b T2mp2Mi i'2 mMB
Kig'Bm mM2i2KTQa  im2/QMM0a2X *2b KQ/ H2b T?0MQKOMQH
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miBHBbGb 2M bbQ+B iBQM p2+ /2bd[m iBQMb /B 2+i"B+2b 2M |
iBMmb 2i- +QMi° B 2K2Mi mt KQ/ H2b 2KTB B[m2b- H2b KQ/ H:
T2mp2Mi /QMM2  mM T2 im /m +QKTQ i2K2Mi /2 /07Q K iBQM |
TH biB+Bid BMbB [m2 H2b /Bz0 2Mib Kd+ MBbK2b /2 /07Q K iB
i0°Bbdb +QKK2 mM2 p "B #H2 / Mb H2b KQ/ H2b T?0MQKAOMQH
J07Q K iBQMb /m K id"B m- H6aApQHmMIiBQM /2 +2b p "B #H2b T2m
iBOQMb mt HBKBi2b TT QT BG2b BMDbB [m2 /2b 0[m iBQMb /B 2
Bbd2b / Mb H2b KQ/ H2b T?OMQKOMQHQ;B[m2bX G2b G[m iBQN
i*2 "0bQHmM2b 2M MiBHBb Mi /2b Kdi?Q/2b /2 /IBb+ 0iBb iBQM +
QmH i° Mb7Q K02 /2 6Qm B2 > TB/2X S ~ +QMba[m2Mi-H “aT
+QKT 02 mt GbmHi ib 2tTA'BK2Mi mt 2i H2 KQ/ H2 2bi di HQM

G KQ/GHBb i BQM /2b K iG'B mt/2b +?22 +?22m b BM+Q TQ 2Mi T
H2m b KQ/ H2b-2M +2 [mB +QM+2 M2 H2 +QKTQ i2K2Mi /2b K i
+Qm > Mi2b bQMi H2b i?70Q B2b /2 H6UH biB+Bid-/2 UpBb+QVTH
12b /IQKK ;2bX G2b i?0Q B2b OH biB[m2b b6 TTHB[m2Mi ;GMGO |
[MB bm#Bbb2Mi /2 T2iBi2b /G47Q K iBQMb 2i "2pB2MM2Mi " H2m
+? ;2 2MH2p02X IM 2t2KTH2 2biH HQB /2 >QQF2b- [mB M62b
H "0;BQM OH biB[m2X G2b KQ/ H2b +H bbB[m2b /2 TH biB+Bil
H[m2HH2 H2 K i0'B mb2 /047Q K2 /6 #Q / GH biB[m2K2Mi- K Bl
7Q K2  HQ b[mdéBH /GT bb2 b HBKBi2 OGH biB[m2X IM 2t2KTH2
H2 /2 TH biB+Bil 2bi h'2b+ UR3e9VX IM2 mi 2 TT Q+?2 +Ql
[62M/QKK ;2K2Mi [mB iB2MM2Mi +QKTi2 /2 H /G;  / iBQM /2 H
bmTTQ i #H2 /m K i B m-2i mM 2t2KTH2 +QKKmM 2bi H2 KQ/ H
‘mTim 2 /m+iBH2X

IM2 mi'2bQmb@+H bbB}+ iBQM/2H KQ/GHBb iBQM /2b K iGd B
/IBpBba22M /Bz=G0 2Mi2b 0+?2HH2b /2 HQM;m2m /QMiH2b i " QBb"
KObQ 2i KB+ QX G K + Q@U+?2HH2 /0+ Bi H2 +QKTQ i2K2Mi ;0
i Mi[m2 T "iB2BMiG;" Mi2/mK iG'B m/ MbbQM 2Mb2K#H2- +62t
/I6mM2 bi'm+im 2 /2 H#Q iQB 2X G KB+ Q@u+?2HH2 /0+ Bi H
/6mMM K iG°'B m+QKK2H2b ;" BMb-H2b/BbHQ+ iBQMb-2i+X +2i
KQv2MM2 /2b K i0°'B mt +QKK2 "H60+?2HH2 K + Q /2pB2Mi BMp
2bimM MBp2 m /60+?2HH2 BMi2 KG/B B 2-[mB 2bi ? #Bim2HH2]
/12 H Ki+ MB[m2 /2b KBHB2mt +QMiBMmbX . Mb +2 +QMi2ti2- K
mt /07 mib /2 "0b2 m bQmb HOG+?2HH2 /m ;" BM- KOGbQb+QTB][n
"HO6O0+?2HH2 /m ;" BM 2i K + ' Qb+QTB[m2 " H6G+?2HH2 /2 H ;0
G2b i  pmt/2 +2ii2i? b2 TQ i2Mibm™ /2b KQ/ H2b /G}MBb m MI
/2 ;HBbb2K2MiX



*> Shl1_RX ALh_P.I*hAPL Rk

RXR AMi"Q/m+iBQM

aBM+2 iBK2 BKK2KQ B H K i2'B Hb "2 #2BM; /2p2HQT2/ iQ bn
h?2b2 M22/b +? M;2rBi? iBK2 M/iQ/ vKQ 2i? M2p2 #27Q 2 i~
mM/2 bi M/ 7mM/ K2Mi HK2+? MBbKb ;Qp2 MBM;i?2 K2+? MB+
HbX JQ 2 BKTQ i MiHv-/m BM; i?2B  HB72iBK2-2M;BM22 BM;
iQ K22i +2°' i BM T2 7Q K M+2 #2M+?K "FbX h?2b2 K i2'B Hb 2
bi M/ /Bz2 2Mi HQ /BM; b+2M "BQb +QmTH2/ rBi? i?2 K H Q K
+QM/BiBQMbX 6Q BMbi M+2- BM ; b im#BM2 B + 7i 2M;BM2
+B2M+v Q7 i?22M;BM2BM+"2 b2brBi? MBM+ 2 b2BMi?2QT2"
+ mb2b H2bb 7Tm2H iQ #2 +QMbmK2/ r?B+? HQr2 b QT2 iBQM +C
Q7K i2' B Hbr?B+? + M #2 mb2/ BM i?2 ; b im #BM2 2M;BM2X >
"2bTQMb2 Q7 bm+? K i2'B HbM22/biQ #2 +? ~ +i2 Bx2/bQi? ii-
mb2/ b2M;BM22 BM; K i2 "B HbX

6B:m 2 RXR, : bim#BM2 2M;BM2 Ua 7" MJ33@k- K Mm7 +im 2
1IM:BM2bV r?2B+? ? b +QKTQM2Mib bm#DR+i2/iQ +QKTH2t HQ /E

MQi?2 T ' Q#H2K 2bT2+B HHVBM B+  7i2M:BM2b Bb i? i p "B
D2+i2/iQ +V+HB+HQ /2MpB QMK2Mir?B+? "2/m+2bi?2 HB72i
#v K MV 7QH/bX PM2 bm+? +QKTQM2Mi Bb i?2 im #BM2 #H /2 b
r?B+? Bb Q7i2M i?2 HBKBIBM: +QKTQM2Mi Q7 D2i 2M:BM2X h
"BM22 BM: 2MpB " QMK2Mi- i?2b2 #H /2b ? p2 iQ :Q i?°Qm;? b2p:
HQ /BM; +QM/BiBQMb r?B+? p 'v BM KTHBim/2 M/ 7 2[m2M+VX
b /Bz2 2Mi HQ /BM; +QM/BiBQMb "2 TTHB2/ BX2X bi'2bb Q°

RSB+im 2 i F2M #v J ii?B2m aQMi ; i S "Bb B  a?Qr kyyd



*> Shl1_RX ALh_P.I*hAPL Rj

+QKTQM2Mib 2t?B#Bi +QKTH2i2Hv /Bz2 2Mi K2+? MB+ H 2bTQ
HBKBib iQ r?B+? K i2'B H+ M #2 Tmii?"’Qm:? Bb BKTQ i Mi #
iQ #2ii2° HB72iBK2 2biBK iBQMX >2M+2- i?2 +? ° +i2 Bx iBQI
+ m+B H7Q i?2 BM/mbi'v br2HH bi?2 b+B2MiB}+ +QKKmMBiv
Bbi?27 +ii? i rBi?BM i?2 K i2'B H- TH biB+Biv HQ+ HBx2b i T
i?2 B/2MiB}+ iBQM Q7 bm+? ?2Qi@bTQib Bb BKTQ i Mi 7Q° #2ii:
"2bTQMb2 Q7 ?22i2°Q:2M2Qmb K i2 B HbX hQ + i2° 7Q  i?Bb- M
#22M +QMbB/2 2/ BM i?Bb rQ FX

6B:m* 2 RXk, >B:?2 T'2bbm 2 im #BM2 #H /2 r?B+? Bb mbm HHv i
Q7 D2i2M;BM2

h?2 BMi2Mi Q7 i?Bb rQ F Bb iQ mb2 K i?2K iB+ H/2b+ BTiBQN
bTQMb2- +QKKQMHVFMQrM b +QMbiBimiBp2K i2°'B HKQ/2H U
RNNOViIQmMM/2 " HBM2 T?vbB+ H2z2+ibX AMQi?2 rQ /b-K i2°B
iQ 2K#Q/v 7TmM/ K2Mi H K2+? MBbKb M/ #2? pBQ b Q7 bvbi2Kt
Ki?2K iB+ H2[m iBQMb- M/ i?BbivT2Q7 M TT Q +? ? b; BM2
BM i?2 H bi 72r /2+ /2bX LmK2 B+ H i2+?MB[m2b ? p2 #22M /2
2ti2Mii? i " iBQM H+QM+HmMbBQMb + M #2 /2 Bp2/ 7 QK bm+7? |
#2 TT 2+B i2/i? 11?22 +QM+2Ti Q7 K i2'B HKQ/2HBM; Bb MQi

Q71?2 KQ/2HBM; /2}MBiBQMb #2BM; mb2/iQ/ vr2 2 TQbimH i2/
2t KTH2 i?2 h"'2b+ + Bi2 BQM 7Q vB2H/BM; Uh'2b+ - R3e9V- bi
p BQmbK i2°'B H/2}MBiBQMbr b} biT QTQb2/ BM i?2 KB/ 2B;"

hQ bi i rBi? K i2'B HKQ/2HHBM;-i?2 2bTQMb2 Q7 bvbi2K + M
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+?2  +i2°Bx2/BMp 'BQmb7Q KbX PM2 TT ' Q +?Bb2KTB B+ HK
TQbimH iBQMb 2MiB 2HV QM 2tT2 ' BK2Mi H/ i bm+?i? ii?2b2 K
bbmKTiBQMb M/ TT QtBK iBQMb BM +QMi2tiiQ /Bz2 2Mi T?2vDhE
/QrMbB/2- 2KTB B+ HKQ/2Hb 2 TTHB+ #H2 QMHV rBi?BM i?2"
i?2v ? p2 #22M /2 Bp2/- M/ 2 Q7 HBiiH2 mb2 BM i?2 2 HK Q7 T
K i2’B HbX h?Bb TT ' Q +? Bb- BM ;2M2> H- QMHv p HB/ r?2M M
2 M/H2/ M/ i?2B" "2bTQMb2b "2 MQi 7mHHv 2 HBx2/ U_ Q M/

/IBz2 2Mi T i? 7Q K i2'B H KQ/2HBM; Bb i?2 T?2MQK2MQHQ ;B
KQ/2Hb /Q MQi 2tTHB+BiHv +QMbB/2" i?2 /2i BHb Q7 K i2'B H
Ki2°’B H 2bTQMb2 i?°Qm;? T 2/2}M2/ K i?2K iB+ H 7 K2rQ'F
2K iB+ H7 K2rQ Fb rBHH #2 BM i?2 7Q K Q7 mM/2i2 KBM2/ T
T K2i2'bK v#2 mMB[m2 7Q  2p2°'vK i2' B H i ;Bp2Mi2KT2" i
MQK2MQHQ;B+ HKQ/2Hb + M #2 mb2/ BM bbQ+B iBQM rBi? ;Qp
iBMmmK K2+? MB+b M/ mMHBF2 2KTB B+ HKQ/2Hb-T?2MQK2N
BMbB;?Ii BMiQ i?72 /27Q K iBQM #2? pBQ Q7 K i2'B HX SH biB
/127Q K iBQM K2+? MBbKb + M #2 +? ~ +i2 ' Bx2/ b p B #H2 BN
KQ/2Hb M/ bi?2 K i2'B H/27Q Kb-i?22pQHmMIiBQM Q7 i?2b2 p
BiQ'2/X TT QT B i2 #QmM/ v +QM/BiBQMb b r2HH b ;Qp2 MB
mb2/BM T?2MQK2MQHQ;B+ HKQ/2HbX h?2 ;Qp2 MBM; 2[m iBQ
/IBb+ 2iBx iBQM K2i?Q/b HBF2 }MBi2 2H2K2Mib Q7 bi 6Qm " B2"
i?22 T 2/B+i2/ "2bTQMb2 K v#2 +QKT "2/ rBi? 2tT2'BK2Mi H "2bn
Bb+ HB# i2/ ++Q /BM;Hv UJQ ;2M2v2 2i HX- kyyNVX

_2b2 "+?2°b KQ/2HBM:; K i2'B Hb BM+Q 'TQ" i2 b2p2° Hi?2Q B2
; /IBM; Ki2'B H#2? pBQ X h?2i? 22 KQbi +QKKQM "2 2H biB+
/| K ;2/27Q°K iBQM i?2Q ' B2bX 1H biB+i?22Q°B2b "2 mbm HHv -
r?B+? mM/2 ;Q bK HH /27Q K iBQMb M/ 2im "M iQ i?2B" Q ' B:BM
Bb "2KQp2/X M2t KTH2 Bb i?2 >QQF2b H r-r?B+? Bb QMHv TT
"2;BQM UaH m;?i2 - kyykVX *H bbB+ HTH biB+Biv KQ/2Hb BMH+
}’bii?72 K i2'B H/27Q Kb 2H biB+ HHv- #mi bi "ib TH biB+ /27Q"
BM; Bib vB2H/ bi'2bb U"2bbQM 2i HX- kyyNc aQmiBb M/ "2 mK(
2t KTH2 7Q° TH biB+Biv KQ/2H Bb h*2b+ UR3e9VX MQi?2° T-
:2 KQ/2Hb r?B+? +QMbB/2" i?2 /2;° /| iBQM BM i?2 #2 * #H2 T
Ki2'B H- M/ +QKKQM 2t KTH2 Bb i?2 :m'bQM KQ/2H 7Q" /m+il
2i HX- kyyyVX

MQi?2 bm#@+H bbB}+ iBOQM Q7 K i2'B H KQ/2HBM: Bb i? i Bi -
72°2Mi H2M:i? b+ H2b Q7 r?B+? i?2 i? 22 KQbi +QKKQM 2 K +°
J + Qb+ H2 /2b+ B#2b i?2 :2M2  H #2? pBQ Q7 K i2'B H b T
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b r?QH2 BX2X BM i?2 b2Mb2 Q7 H #Q  iQ'v 7 K2rQ FX JB+
# bB+ #2? pBQ Q7 K i2'B Hbm+? b : BMb- /BbHQ+ iBQMb- |
p2° 12K i2'B H/2b+ BTiBQM bBMi?2K + Qb+ H2 #2+QK2b BN
Bb M BMi2 K2/B i2 b+ H2 H2p2H- r?B+? Bb mbm HHv /2b+ B#2/
TT ' Q +?22b U"mHH- kyRKVX AM i?Bb +QMi2ti- KB+ Qb+QTB+ 2
b2K#HB2b #2HQr i?2 :° BM b+ H2- K2bQb+QTB+ 272 biQ /272+
K + Qb+QTB+ TQBMib iQ i?2 b+ H2 Q7 b KTH2 :2QK2i'v U_ #2-
i?Bb i?2bBb T2 i BMb iQ KQ/2Hb /2}M2/ QM i?2 bHBT bvbi2K H2
2i HX- RNNRVX

RXk *vbi HTH biB+Biv }MBi2 2H2K2Mi K2i

Ai Bb r2HH FMQrM i? i K2i HHB+ HHQvVb ? p2 M BM?2 2Mi bm
IM2b i?2B° K + Qb+QTB+ T°QT2 iB2bX 1 "HB2  /p M+2K2Mib i
+ vbi HHBM2 K i2°B Hb /B/ MQi +QMbB/2  i?2 K2+? MB+ H BMi2
+ vbi Hb MQ  /B/ i?2v +QMbB/2" 2ti2M H Q" BMi2"M H #QmM/ °
2i HX- kyRRVX h? i Bbr?vp 'BiBQM H K2i?Q/b BM i?2 7Q K Q
T QtBK iBQMb ? p2 #2+QK2 TQTmH ~ BM i?Bb }2H/X h?2b2 K2
+ vbi HTH biB+BivIMBi2 2H2K2Mi K2i?Q/bX

h?2 + vbi HTH biB+BivIMBi2 2H2K2Mi K2i?Q/Bb M TT ' Q +?2i?
+ H+mH iBQMb iQ /2b+ B#2 i?2 iBK2 M/ + vbi HQ B2Mi iBQM /2
+vbi HHBM2 K i2'B HbX r2 F7Q'KQ7i?2 T BM+BTH2 Q7 pB’in
POQHMK2 2H2K2Mi- Bb mb2/iQ bmTTQ ii?2p 'B iBQM HbQHmMIiB
Bb ?2M+2 TT QT B i2iQb vi? i*S61J TT Q +?2b + M #2 mb2/
Ki2'B HKQ/2Hb M/ +QMb2[m2MiHv K v #2 mb2/ BMiQ }MBi2 2|
bQHP2 BM/mbi'B H-H ;2 b+ H2 T'Q#H2KDbX

27Q KBM: KB+ Qbi'm+im 2b Q7i2M b?Qr KmHiBTH2 /27Q K iB
TH +2 bBKmHi M2QmbHvX aT2 FBM; BMi2 Kb Q7 K i2°B H KQ/2}
TH2 bm#@KQ/2Hb iQ /2b+ B#2 i?2 2pQHmMIiBQM Q7 i?2b2 BMi2" +
TQBMi- M/i?Bb M22/ Bb + i2°2/ 7Q  #v *S61X 6B:m 2 RXj bBKT#H
7m’i?2°r?2°2}:m 2 RXj UV b?Qrb Dmbi QM2 ivT2 Q7 /27Q K iE
QM2 T? b2 iQM2BMi2:;  iBQM TQBMi-r?BH2}:m 2 RXjU#V b?Qr
K2+? MB+b i FBM: TH +2 i bBM:H2 TQBMiX

KQM;i?2 K Mv /p Mi :2b Q7 *S61 KQ/2Hb- QM2 Bbi? iBi? bi?2
+ vbi HK2+? MB+ HT Q#H2Kb mM/2  BMi2 M H Q" 2ti2 M H #Qn
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6B;:m 2 RXj, *QMbiBim2Mib BM *S61X U V a+2M 'BQ rBi? Dmbi Q
K2+? MBbKb M/ QM2T? b2X U#V a+2M "BQb?QrBM;i?2+ b2 Q7
K2+? MB+b M/ T? b2bi F2M i bBM;H2 BMi2;  iBQM TQBMi U_(
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Bb M BKT2 iBp2 T i Q7 +vbi HK2+? MB+b #2+ mb2 *S61 i F2
72°2Mi BMi2° M/ BMi® KB+ 'QK2+? MB+ H ;> BM BMi2 +iBQMb U
bb?QrM #v "h2MHBb 2i HX Ukyy9V- M/ "b2MHBb M/ S “Fb UR
‘Bp2 M 2/:2iQ BM+Q TQ  i2 +QMbiBimiBp2 7Q KmH iBQMb 7Q
~Qr i 2H2K2Mi v bHBT bvbi2K H2p2HbX

*S61 bBKmH iBQMb ? p2i?2+ T #BHBivQ7 #2BM; mb2/#Qi? iK2
b+QTB+ H2p2Hb U_ #2 2i HX- kyykVX i K2bQb+QTB+ H2p2Hb-
imK #2+ mb2 Q7 i?2 /B{+mHiviQ +QMi"QH 2tT2"BK2Mi H #QmM/
BM MmK2 B+ H+QMi2ti+ M#2 ;Bp2M #v i?2 mb2 rBi? 2 b2X i
TTHB+ iBQMb ° M;2 77QK M MQ@BM/2Mi iBQM bBKmH iBQMb L
+? MB+b iBMi2°'7 +2b U*H "F 2i HX- RNNkKkV iQ/ K ;2 BMBIiB iB(
7 iB;m2 #2? pBQm > UJ+.Qr2HH M/ .mMM2- kyRyV 2i+X J + Qb+
*S61 BM+HmM/2 7Q KBM; M/i2tim 2 bBKmH iBQMb UE™ bF 2i HX
K v +QM+2"M Bb iQ T 2/B+i i?2 T°2+Bb2 T°Q/m+i b? T2-K i2'B
/IBbi ' B#miBQM M/ K i2'B H~Qr Q7 i?27Q K2/ T ' Q/m+iX

aBM+2i?27QmM/ iBQMb Q7 *S61r2 2} biH B/#v b "Q M/ B+
Tm i?2° 2H #Q  i2/ #v S2B +2 2i HX URN3kV-i?Bb K2i?Q/ ? b #
rP?QH2 7° K2rQ ' F Q7 +QMbiBimiBp2 7Q " KmH iBQMbX h?2b2 bBl
bBM;H2 + vbi Hb #mi r2°2 H i2° miBHBx2/ 7Q  TQHv+ vbi HHBM
RN33V BM irQ /BK2MbBQM H b2imT mbBM; QMHv irQ iQ i? 22
"2+F2 2i HX URNNRV #2+ K2 i?2 } ' bi iQ bBKmH i2 i?°22 /BKZ
ir2Hp2 bHBT bvbi2K 6** + vbi HH iiB+2X AM+ 2 b2b BM +QKT
Tmi?22 2 b2/i?2b2*S61 bBKmH iBQMbX JQ 2 2+2MiHv-BM i?2
‘v K2+? MB+b- 2+2Mi /p M+2b ? p2 HHQr2/ 2b2 +?2 b iQ beE
#27? pBQ rBi? ;2 i 2{+B2M+v U" "#2 2i HX- kyyRcJ 2i HX- kyy

AM +QMi2ti iQ 7 iB;m2- b2p2  H mi?Q°'b ? p2 mb2/ + vbi HTH t
KQ/2H i?2 +v+HB+ "2bTQMb2 Q7 K2i HHB+ K i2'B Hb U:Q? 2i H>
kyyjc "2MM2ii M/ J+.Qr2HH- kyyjc :Q? 2i HX- kyyRc Pxim F 2i
2i HX-kyyd ¢ GB 2i HX- kyR8VX

h?Bb Bb + m+B H+QmTH2 #2+ mb2 7 iB;m2 Bb 2ti' 2K2Hv b2M|
72 im 2b- 2bT2+B HHv b i?2 MmK#2® Q7 +v+H2b T °Q; 2bb2b-
+2' i BMHQ+ HHQ+ iBQMbX A7 i?2b2 HQ+ iBQMb + M #2 TBMTC
+ +F BMBiB iBQM #2+QK2 2 bB2  US"Qm/?QM 2i HX- kyReVX

HQ+ HMQM@HBM2 "'BiB2b 2K2 ;2 iQ ;Bp2 +2i BM +v+HB+ "2b
H2 /iQ M2z2+iBp2 /2bB;M Q7 2M;BM22 BM; +QKTQM2MibX JQ
i?Bb BM +? Ti2  k Q7 i?2i?2bBbX



*> Shl_RX ALh_P.I*hAPL R3

RXj _2/m+2/ Q /2 KQ/2HBM:

g?2M K i2°'B HKB+ Qbi m+im ' 2b "2 mM/2 +QMbB/2  iBQM- +QMN
M ii° +iBp2 TT Q +?2iQ bb2bb K2+? MB+ HT QT2 iB2bX *QmTI
Hrb rBi? +QKTH2t ;2QK2i ' B2b ? b BM T 2b2Mi iBK2b ; BM2/ K
U:0° /2i HX-kyRjc:m 2i HX-KyRNVX PM2r viQ/Qi?Bb BbiQn
2T 2b2Mi iBp2 pQHmMK2 2H2K2Mib U_o01V r?2°2 pB im HKB+ Q
Bb ;2M2" i2/ M/ TT QT B i2 #QmM/ "v +QM/BiBQMb "2 T 2b+"
M/ a M;B/- kyR3cw? M; 2i HX- kyRec EQi? 2i HX-KkyRNcamM
#OQmM/ v +QM/BiBQMb mbm HHv 2T 2b2Mi M p2° ;2 bi 2bb Q"
i2°B Hr?B+? +QM7Q Kb iQ i?2 K +'Qb+QTB+ p2° ;2/ " 2bTQMb2
Bb 7QHHQr2/ #v MmK2 B+ HT Q+2/m 2iQ bQHp2i?2#QmM/ "v
i72KQbiTQTmH “~K2i?Q/biQ/Bb+'2iBx2i?2r2 F7Q ' KQ7i?2+Q
Bbi?2 6BMBi2 1H2K2Mi K2i?Q/-r?B+? Bb HbQ 2KTHQvV2/ BM i?
K2i?Q/-i?2 +QMbiBimiBp2 2[m iBQMb + M #2 BMi2; i2/ i 2 +7? |
?m;2 BMbB;?i + M #2 ; BM2/ biQr? iBb? TT2MBM; HQ+ HHvV

HQ+ iBQMbX h?Bb "2[mB '2b +QMbB/2" #H2 +QKTmi iBQM H "2b
bBKmH iBQMbX Hi?Qm;? i?2 +m "2Mi bi i2 Q7 +QKTmi2 b+B2!
p M+2/-rBi? MmK2 Qmb T  HH2H br2HH b ?B;?2 T2 7Q K M+2
p BH #H2 Ua? Mib2p 2i HX- kyRdc u ; r M/ a?BQv - RNNjV- 7
mH iBQMb "2 biBHH MQi QTiBK H #2+ mb2 Q7 i?2B" ?B;? +QKT
Q' /2 "2/m+iBQM i2+?MB[m2b T2 i BMiQ T'Q#H2Kb r?2°2i?2 Q°
T2M/b QM i?2 MmK#2 Q7 BM/2T2M/2Mi bi i2 p "B #H2bX a2p2
2i HX- kyRdV ? p2 T'QTQb2/ KQ/2H "2/m+iBQM i2+?MB[m2b 7Q
TH biB+Biv T"Q#H2KbX 6Q BMbi M+2 S2HH2 M/ _v+F2HVM+F
i?72 G hAL K2i?Q/iQ Bi2 iBp2Hv TT QtBK i2i?2 bQHmMIiBQMX 6
UkyR3V mb2 bT +2@iBK2 i2+?MB[m2 r?2°2 HQr MmK#2 Q7

Bb bQHp2/ BM i?2 "2/m+2/ b2iiBM; #mi 7mHH bT iB HBM7Q K i
Mv ;Bp2M iBK2X JB+?2H M/ am[m2i UkyyjV ? p2 T'QTQb2/iQ n
i Mb7Q K iBQM }2H/ M HvbBb ULh6 V TT Q +?2 r?2 2 i?2v +QN
TH biB+ bi” BM }2H/b rBi? i?72 BK Q7 "2/m+BM; i?72 MmK#2" Q7
M Hp B #H2bX MQi?2 KQ/2H Q /2" "2/m+iBQM i2+?MB[m2 mb
Q i?Q;QM H /2+QKTQbBIiBQM USP.V-}'bi T QTQb2/ #v E "?mM?2Z
URNejV /2p2HQT2/ BMBiB HHv 7Q" bi iBbiB+ H M Hvb2bX h?B
i?2 bi i2 bm#bT +2 r?B+? Bb K /2 Q7 /Bz2 2Mi iBK2 bi2Tbh Q7 b
/IBz2 2Mi K2+? MB+ HT Q#H2Kb HiQ;2i?2 X IbBM; SP. # b2biQ
KQ/2Hb r b }'bi /QM2 #v LX GQ 2Mx URN8eV 7Q r2 i?2  7Q 2+ |
Q7 01 ?2QKQ;2MBx iBQM upQMM2i M/ >2 UkyydV ? p2 H 2 /v m
i2+?MB[m27Q ?2vT2 @2H biB+K i2°'B Hbr?2°2 b>2"M"M/2x 2i |
2/Im+2/ SP. T'Q+2/m™2iQ "2/m+2/i?22 Q' /2" Q7 i?2 KQ/2HX h?2






*> Shl1_RX ALh_P.I*hAPL Ky

i?722M;BM22 BM; rQ H/iQ /2p2HQT MmK2 B+ HiQQHb 7Q i?2 m
M im'2 Q7 TH biB+BivX AM i?Bb +QMi2ti- iQTB+ mM/2 bim/Bz
+v+HB+ HQ /BM;b BM K2i HHB+ K i2'B HbX AM bm+? b2iiBM;
;Bp2 /IBz2'BM; K2+? MB+ H "2bTQMb2b r?B+? H2 /iQ /2+ 2 b2
M2 Hv QMb2i Q7 7 BHm 2X 02 v 72r bim/B2b ? p2 #22M /QM2
#27? pBQ  ii?2 KB+ Qbi m+im 2 H2p2HX h?2 } bi Q#D2+iBp2 Q7
MQM bvKK2i B+ +v+HB+ HQ /BM;b mbBM; i?2 + vbi HTH biB+Bi\
*?2 7 +i2°'Bx iBQM ? b iQ #2 /IQM2 # b2/ QM #Qi? i?2 K + Qb+QT
K2bQb+QTB+ "2bTQMb2 Q7 i?2 KB+ Qbi m+im 2X h?2 K BM B/2
"2bmHib i #Qi? b+ H2b M/ ;Bp2 T?vbB+ HBMi2 T 2i iBQM 7Q"
2M X h?BbrBHH H2 /iQ #2ii2 " mM/2 bi M/IBM; Q7 i?2 2pQHmiBC
b?2/ HB;?i QM ?2Qr HQ+ H? '/2MBM; +QK#BM2b iQ ;Bp2 ?2i2 Q;:
+? ° +i2 ' BbiB+ K2+? MB+ HT QT2 iB2bX Ai Bb HbQ FMQrM i?
iB+BivT K2i2°'b+ M 2bmHi BM bBKBH ~K2+? MB+ H "2bTQMb
rQ'F Bb HbQ iQ b+ miBMBx2 /Bz2 '2Mi T ~ K2i2  b2ib M/ +? ~ +
? /2MBM; T ~ K2i2 b ;Qp2 Mi?2 +v+HB+ T QT2 iB2b Q7 TQHv+"’

h?2 + vbi H TH biB+Biv }MBi2 2H2K2Mi K2i?Q/ ? b +QKTH2t T?2
bbQ+B i2/iQ Bi M/ BMi2; iBM;i?2K i2 +? iBK2 bi2T H2 /b iQ
+QKTmi iBQMbX h?2b2+QM/ Q#D2+iBp2Q7i?BbrQ FBbiQ+Qm
TT'Q +?2b rBi? +'vbi H TH biB+Biv }MBi2 2H2K2Mi bBKmH iBQ
i?72 ++2H2  iBQM Q7 +QKTmi iBQM HHv BMi2MbBp2 bBKmH iB(
2biBK i2 Q7 i?2 MQMHBM2 " /2p2HQTK2Mi Q7 TH biB+BivX

_2Im+2/ Q /2 KQ/2Hb "2 p HB/ 7Q° +2i BM T ~ K2i2 bT +2 r~
+QMp2MiBQM HHv i?2v b?QmH/ #2 mb2/ rBi?BM +2° i BM HBKBIit
mM/2 bi M/ i?2b2 HBKBib BM i?2 +QMi2ti Q7 *S61JX h?2 ?v# B
K2i?7Q/ rBHH #2 2KTHQvV2/ b i?2 KQ/2H Q /2" "2/m+iBQM i2+?M
+QK#BM iBQM Q7 MmMK2 B+ HKQ/2HBM; rBi? "2/m+2/ Q /2" TT°
MM/2 b+ miBMv #vi?2 b+B2MiB}+ +QKKmMBiv M/ ?QH/; 2 ip H
rQ H/X

RX8 PmiHBM?2

h?2 K BM +QMi2Mi Q7 i?Bb rQ F Bb bTHBiIi BMiQ i? 22 /Bz2 2Mi +

C AM *? Ti2° k MQM bvKK2i B+ +v+HB+ HQ /BM:b ‘2 KQ/2H?2
/2i BH2/ +? ~ +i2°Bx iBQM Bb /QM2 7Q" #Qi? bBM;H2 b r2



*> Shl1_RX ALh_P.I*hAPL kR

h?2 K2+? MB+ H bi i2b i +v+HB+ bi #BHBiv "2 +? ~ +i2 BX:
/IB ;7 KbX .2i BHb QM i?2 MQMHBM2 ~ 2pQHmMIiBQM Q7 ? "/
M/ i?27 +iQ'b z2+iBM; i?2B K + Qb+QTB+ #2? pBQ" "2 /B
b?QrM ?Qr /Bz2 2Mi 2;BQMb BM i?2 KB+ Qbi m+im 2 ++QK
M/ i?Bb HQ+ H "2 "~ M;2K2Mi BM ?vTQi?2bBx2/ b i?2 Q B;
K + Qb+QTB+ "2bTQMb2X

C *? Ti2 jbi “ib #v :BpBM; # B27 BMi'Q/m+iBQM Q7 i?2 KQ/
T°Q +?2 T2 i BMBM:; iQ + vbi HTH biB+Biv }MBi2 2H2K2Mi bB
i?BbrQ FX >vT2 @ 2/m+iBQM Bb +QKT "2/ rBi? 2v# B/ ?2vT2"
bmT2 BQ 'BivQ7i?2H i2  Bbb?QrM MmK2 B+ HHvX b i2bi
BM; T'2/B+iBQMb 2/QM2 QM H ;2 }MBi2 2H2K2Mi K2b?X
bHQ+ Hbi iBbiB+b 2 T 2b2Mi2/ QM /Bz2 2Mi +QMbiBimiBj|
QM 2 +?2 p "B #H2 "2 2H #Q  i2/X *QKTmi iBQM H iBK2b 7Q
Q' /2  "2/m+iBQM T Q+2/m 2 2 HbQ b?QrM M/ +QKT "2/ rE
2biBK iBQMX

C *? Ti2 9 T°2b2Mib ?2Qr KQ/2H Q /2" "2/m+iBQM + M #2 mb2,
bBKmH iBQMb BM + vbi HTH biB+BivX *? ~ +i2 'Bx iBQM Q7
JQM2 #vi FBM; bQK2 MmK2 B+ H 2t KTH2b- M/}M HHv i?2 H
PJ+ M#2 mb2/- b Q#b2 p2/ #vi?22 mi?Q b- 2 2H #Q i2/)

*QM+HmMbBQMb M/ 7mim 2 rQ F "2 T°QTQb2/ BM *? Ti2 8X



*? Ti2 K

**vbi HTH biB+Biv KQ/2HBM;
+v+HB+ #27? pBQ Q7 TQHvV+ v
s 2 12b mM/2 MQM@bvVvKK2i®
mMB tB HHQ /BM;

A

UGbmKI

GQ b[mdmM 0+? MIiBHHQM 2bi bQmKBb " mM2 +? ;2 +v+HB[m?2
mM2 /07Q K iBQM KQv2MM2- QM Q#b2 p2 ;M0 H2K2Mi mM " (
+QMi° BMi2 Qm /2b T?0MQK M2b /2 "2H t iBQM /2 +QMi° BMi2 K
2M+2b KQMi'2Mi [m2 TQm H2b K iGd’'B mt KGi HHB[m2b- BH Mdv
"2H t iBQM +QKTH i2 /2b +QMi° BMi2b KQv2MM2b- MB /2 b im" i
b+QTB[m2 /2 /G7Q K iBQMX S2m /6 ii2MiBQM did ++Q /42 " H
T?0MQK M2b "HO6 B/2 /6 ; 0; ib TQHv+ Bbi HHBMb-2M T "iB+ml
"0;BK2 /2 bi #BHBi0 K+ MB[m2 +v+HB[m2X . Mb +2 i p BH # b
K2Mi B'2/2 TH biB+BiG + Bbi HHBM2 TQm  H2b + Bbi mt 6** 2i /:
0+?2HH2 T " GHOK2Mib }MBb- BH 2bi /UKQMi 0 [m2 H6BMi2 +iB
2bibm{b Mi2 TQm T G/B 2/2b T?0MQK M2b mbbB +QKTH2t2bX

T iQ7i?Bb +? Ti2  ? b #22M bm#KBii2/iQ DQm'M H

k k



*> Sh1l_ kX _ h*>1hAL: L.J1 Lah _laa 1G s hAPLK]j

+QKK2Mi /Bz0 2Mi2b "0;BQMb /m TQHv+ Bbi Hbdo ++QKKQ/2Mi
+QKK2Mi H /G}MBiBQM +H bbB[m2 /m "Q+?2i /2 /G7Q K iBQM ~
/6mM2 +QMi° BMi2 KQv2MM2 MmHH2 2bi T°2b[m2 BKTQbbB#H2
TQHv+ Bbi HHBMX .2 THmb- BH 2bi /JGKQMi 0 [m2 K K2 bB mM=:
+QMi° BMi2 K +'Qb+QTB[m2 bi #H2 2bi Q#b2 p02- /2b T?0MQK
2M+Q 2 i"2 Q#b2 pdb " H6G+?2HH2 HQ+ H2X G2b /Bbi ' B#miBC
+QMbiBimiBp2b "H6BMiG'B2m  /6mM TQHv+ 'Bbi HbQMi 0; H2K
mMM2 MQmp2HH2 B/(G2 /2 +2 [mB b2 T bb2 " H6BMiG'B2m" /6mM
"2/Bbi'B#miBQM /2b +QMi° BMi2b 2i /2b /07Q K iBQMbX 1M T °
/IBbi'B#miBQMb #BKQ/ H2b GpQHmMiBp2b /2b +QMi° BMi2b 2i /2b
++mKmHGO2b 2bi KBb2 2M GpB/2M+2 2i HBG2 "HO TT "BiBQM /2
mM2 "2H t iBQM KQV2MM2 BM+QKTH i2/2b +QMi° BMi2bX .2mt
[0i2+iBQM /m T?20MQK M2 /2 "Q+?2i bQMi }M H2K2Mi T QTQbdb

kKXR AMi'Q/m+iBQM

JQbi K2i HHB+ K i2'B Hb ? p2 ?22i2°Q;2M2Qmb KB+ Qbi m+im~
Q' /2" "2bmHib BM bT2+B}+ K2+? MB+ HT QT2 iB2bX a2p2”  Hb
mMM/2'i F2M iQ HBMF KB+ Q@K + ' Q T'QT2'iB2b Q7 K2i Hb U" *{
2i HX- kyyd#c w? M; 2i HX- kyyd- kyRec :.mBH?2K 2i HX- kyR3\
2°iB2b z2+i K +'Qb+QTB+ T°' QT2 iB2b Bb biBHH MQi 7mHHvV m
i?72 #2? pBQ Q7 K2i HHB+ K i2'B Hb mM/2" +v+HB+ HQ /BM; +C
2i HX- kyRdc aKBi? 2i HX- kyR3c um 2i HX- kyRjV Bb biBHH i
#H2 ii2MiBQMX h?Bb +? Ti2 2tTHQ 2b irQ iQTB+b- M K2Hv
bi*2bb "2H t i BQM BM TQHv+ vbi H ;;°2; i2bmM/2  +v+HB+ HQ
"2 +QMiTQHH2/ #v 2t +iHvV i?2 b K2 T?vbB+ H T Q+2bb2b 7Q K
bHBT T2 bT2+iBp2-/Bz2 ' BM; QMHvV #v pB ' im2 Q7 i?2 TTHB2/ #
2t KTH2- bvKK2i'B+ bi'2bb@+QMi QHH2/ mMB tB H +v+HB+ HC
T i+?22iBM;- BX2X T'Q; 2bbBp2-BM+ 2K2Mi HBM2H biB+ /27Q
Q7 i?2bi 2bb@bi” BM ?vbi2 2bBbHQQT HQM;i?2bi° BM tBb UE
M/ SBM2 m- RNddc P?MQ 2i HX- RNN3c CB M; M/ a2?BiQ;Hm-
B FB/2b- RNN9 ¢ SQ'iB2" 2i HX- kyyyc > bb M M/ Ev'B FB/2b-
BM i?Bb "iB+H2 BbnkdMRN=2r?2 20ax M/ nn 21?72 K tB@

KmK M/ KBMBKmK bi*2bb2b BM +v+HB+ HHvVv HQ /2/ +QKTQM2I
bi'2bb KTHBImM/2 Bbh2}M2N=X gBi? "2; /biQ bvKK2i'B+ bi" BN
+QMi " QHH2/ +v+HB+ HQ /BM;b-BiBb HbQ FMQrMi? imM/2" ;B
+°2 bBM; i?2 bi'2bb KTHBim/2 mM/2°> +QMbi Mi MQM x2 Q K2 N
i?72 TTHB2/ K2 Mbi'2bb-#Qi? BM+°2 b2i?2 "  i2Q7  i+?2iBM; U:
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i?72 Qi?2 ? M/-2tT2'BK2Mi HQ#b2 p iBQMb BM/B+ i2 H2p2Hb Q
i?72°2Bbp2 vHQr i+?2iBM; M/i?2 K2+? MB+ Hbi i2Q7i?2 K i:
r /b TH biB+b? F2/QrM US2HHBbbB2 @h MQM 2i HX- RN3kVX
bi> BM +QMi QHH2/ HQ /BM; +QM/BiBQMb- +v+HB+ K2 M bi'2b
2tT2 BK2Mi Hbim/B2b Uq2?M2° M/ 6 i2KB- RNNRcLBFmHBM 2i
M/ a M;B/- kyR3V ? p2/2+BT?2 2/i?2+Q '2bTQM/BM; T?vbB+ F
Q#b2 p iIBQMb b?Qr i? i 7Q° ;Bp2M TQbBiBp2 K2 M bi°” BM- M/
im/2-i?2K2 Mbi 2bb/Q2b MQi +QKTH2i2HV "2H tiQ x2 QX HbQ
KTHBim/2 H2 /biQ MQMHBM2 " /2+ 2 b2 Q7 i?2 K2 Mbi 2bb mi
U+ B2i HX-kyyNVX 6 QK KQ/2HBM; T2 bT2+iBp2-i?72 K2+?
Bb b2MbBiBp2 iQ i?2 bi- BM T i? M/ Bb /'Bp2M #v i?2 " mb+?BI
2H2/ #v *? #Q+?2 URN3e- RN3NVX *H bbB+ HK + Qb+QTB+ KQ
T 2/B+i M 2t+2bb Q7 bi° BM " i+?2iBM; b r2HH b K2 M bi"2bb.
? p2 T°QTQb2/iQ BMi ' Q/m+2 //BiBQM H FBM2K iB+ M/ BbQi (
U*? #Q+?2 2i HX- kyRkV- "2bmHiIiBM; BM MmK2 Qmb K i2'B H
#° i2/X Mv +? M;2 BM i?2 Ki2'B H 2[mB 2b "2+ HB# iBQM Q-
MQ KB+ Qbi m+im> H+? ~ +i2 BbiB+b Q7 i?2 mM/2 HvBM; K i2 E
T?2MQK2MQHQ;B+ HKQ/2Hb-r?B+? BM?B#Bib 7m i?2° BMbT2-
7Q K iBQM Q7 i?2 K i2'B HX *vbi HTH biB+Biv KQ/2Hb +QmTH
?QKQ;2MBx iBQM- QM i?2 Qi?2° ? M/- Qz2" rviQ HBMF +v+HB
2°iB2b Q7 K2i HHB+ K i2'B Hb Ua?2MQv 2i HX- kyy3VX h?2 /2
bBM;H2 + vbi H i i?2 bHBT bvbi2K H2p2H Bb mb2/ iQ /2i2 KE
TQHvVv+ vbi HHBM2 ;;°2; i2b mbBM; 2T 2b2Mi iBp2 pQHmMK2 2H
Hi?Qm;? T?2MQK2MQHQ;B+ H i +QMbiBimiBp2 bBM;H2 + vbi |
iB+ BMbB;?Ii BMiQ r? i Bb? TT2MBM; rBi?BM TQHv+ vbi H bk
#2ir22M bBKmH iBQMb M/ bi° BM }2H/ K2 bm 2K2Mib Uw? Q 2i
2i HX- kyyeVX

6Q bi° BM  i+?2iBM; bim/B2b-JQ "Bbb2v 2i HX UkyyjVvr2'21}'b
i HTH biB+Bivi? ii?2i° MbBiBQMiQ pQB/7Q K iBQM M/ ; Qri?
_ " iBQbBM hB@e9r2°2/m2iQ i° MbBIiBQMiQ +v+HB+ " i+?2iBl
#°2 +?2 Q7 i?2 T2 +QH iBQM HBKBi 7Q" " i+?2i bi- BMX :Q? 2i H)
2iBM; M/ b? F2/QrM mM/2 > 7 2iiBM; 7 iB;m2X a?2MQv 2i HX Uky
M/ 7TmHH }2H/ *S61J bBKmH iBQMb iQi  BM M "iB}+B H M2m"
"QQi "2bTQMb2b rBi? " i+?2iBM; 7Q  LB@# b2 bmT2" HHQvV ALR
mb2/*S61JiQ KQ/2H "2bTQMb2 Q7 TQHvV+ vbi Hb mM/2 K2 M bi’
M/ H ;2 i+?2ibi° BMbX w? M; 2i HX UkyyNV mb2/*S61J iQ K
mM/2 7 2iiBM; +QMi +ibX sB2 2i HX Ukyy9VvV M/ aBM? M/ :?Qb"
.BM;"2pBHH2 2i HX UkyRyV-r2"2 KQM;i?2} bi mi?Q biQ mb2"
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; 12b+QmTH2/ rBi? *S61JiQ KQ/2H * i+?2iBM;X h?2b2 "2b2 "+7?2:
} bi 72r +v+H2b M/ i?2M 2ti° TQH i2/i?2B° "2bmHibiQH ;2 +v
"2+2MiHv- >2MM2bb2v 2i HX UkyRdV M/ **mx /Q 2i HX UkyRd
i?72 FBM2K iB+? /J2MBM; Hr7 QK M 6°2/2 B+F M/ "Kbi QM; Ul
iQ KQ/B}2/ P?MQ M/ g M; URNNjV ivT2 HrX >2MM2bb2v 2i H
2" i2/ bBKmH iBQM M/ mM i?2 bBKmH iBQM 7Q° ?mM/ 2/ +v+}
HX “2bQ'i iQ +v+H2 DmKT i2+?MB[m2 U* mx /Q 2i HX- kyRkc
J v M/ 6Qmp'v- kyydV iQ 2ti° TQH i2 i?72 +QMbiBimiBp2 "2bTQ
7Q+mb QM i?2 K + ' Qb+QTB+ T'QT2 iB2b Q7 i?2 ;;°2; i2  i?2 |
M/ bi” BM /Bbi'B#miBQMbX h?2 K BM HBKBi iBQMb Q7 HH i?z
i? i HQ+ H ?22i2°Q;2M2BiB2b M/ i?2 T?vbB+b #2?BM/ i?2b2 T?2
BM7 pQ Q7 7Q+mbBM; QM i?2K + Qb+QTB+ bi #BHBiv Q7 i?2 bi
ii2MiBQM Bb T B/ 2bb2MiB HHv iQ K i+?BM; bBKmH iBQM M/ 2
i?72 K + Qb+QTB+ H2p2HX AM “2+2Mi +QMi 'B#miBQM #v *QH b
2pB/2M+2 HQ+ H " i+?2iBM; T?2MQK2M BM TQHvV+ vbi HHBM?2
"B+ bi BM HQ /BM; +QM/BiBQMbX GQ+ H  i+?2iBM; T?2MQK2I
T OQMQmM+2/ i 7°22bm7 +2i? M BM i?2 #mHFX h?2 M HvVDbE
iQ QM2 bBM;H2 "2 HBx iBQM- rBi?Qmi bi iBbiB+ H+QMbB/2" iB
T 2b2Mi rQ F Bb iQ b?Qr i? i bBKmH iBQMb Q7 TQHv+ vbi HHB
i?72 KQbi bBKTH2 + ' vbi HTH biB+BivH T rb+ M 2T Q/m+2 i?2 K [
72 im ' 2b Q7 bvKK2i'B+ +v+HB+ mMB tB H TH biB+Biv M/ iQ +¢
bi*2bb M/ bi® BM /Bbi'B#miBQMb BMbB/2 i?2 ;;°2; i2bX

b bii2/ 2 "HB2 - i?2 /"BpBM; 7Q +2 7Q " bi° BM " i+?2iBM; M/
"2H t iBQM Bb i?2 " mb+?BM;2 2z2+i-r?B+? BM KQ/2HBM; T2
#v FBM2K iB+ ? "/2MBM;X EBM2K iB+ ? "/2MBM; +QMi QHb i?2
br2HH b K2 M bi 2bb "2H t iBQM BM bi m+im- H+QKTQM2Mib
QM i?2 Qi?2 ? M/-/2+ 2 b2b i?2 " i2 Q7 TH biB+ bi° BM 2pQHmi
+'vbi H#2? pBQ 2t?B#Bib BbQi QTB+ ? '/2MBM; 2z2+ib /m2iQ
i2° +iBQM Q7 /BbHQ+ iBQMb- br2HH b FBM2K iB+? /2MBM; I
Q7 /BbHQ+ iBQM bi'm+im 2b J0"B+ 2i HX URNNO9VX AM TQHVA
2bmHib 7°QK i?2b2irQ? '/2MBM; +QKTQM2Mib BMbB/2i?2 ;" B
> MmH * BMi2® +iBQMbX >2M+2-iQ bb2bb i?2b2 +QKTH2t K2+"
+QMbiBimiBp2 Hr Bb "2i BM2/ ii?2 bBM;H2 + vbi HH2p2H 7Q"
i?72T 2b2MirQ FX AiBb} biHBKBi2/iQ Tm 2Hv FBM2K iB+? /2
}+ iIBQM r?B+? +QKTHB2b rBi? mbm H Q#b2 p iBQMb i? i BbQi C
p2°'v HBKBi2/ BM K2i HHB+ K i2°'B Hb mb2/ 7Q° 2M;BM22'BM; T
# b2/ bmT2 HHQvb mM/2" +v+HB+ HQ /BM;- r?B+? Bb i?2 i ";2i
T 2b2MirQ ' FU*? #Q+?2 2i HX-kyRKVX "~ i2 BM/2T2M/2Mi + vk
7Q°KmH iBQM Bb mb2/iQ pQB/i?2 +QMi KBM iBQM Q7 i?2}M H



*> Shl_ kX _ h*>1hAL: L.J1 Lah _laa 1G s hAPLke

72+ibX h?2 b2H2+i2/ + vbi HTH biB+Biv KQ/2H #v U6Q 2bi M/ _
bKQQi? 2H biQ@TH biB+i° MbBiBQM M/ Bb bi'B+iHv  i2@BM/:
}MBi2 2H2K2Mi bBKmH iBQMb Q7 TQHv+ vbi HHBM2 :;°2; i2b r
*2 HBbiB+ /2b+'BTiBQM Q7 * i+?2iBM; M/ K2 M bi*2bb “2H t i
+m#B+ UB**V K2i Hb- rBi?Qmi "2bQ iBM; iQ +QKTH2t K2KQ" v p
iQ K+ Qb+QTB+ TT Q +?2bX hrQ ivT2b Q7 K i2 B Hb "2 i F2M
rBi? HQr? “/2MBM: HBKBi M/ ?B:? vB2H/ bi 2M:i? bBKBH " iQ
HQvb- M/ b2+QM/ QM2 rBi? bi'QM:2° ? “/2MBM; M/ HQr vB2}
BM +QTT2 # b2/ HHQvb b "272°2M+2 UaBbF 2i HX- kyydVX
M Hvx2/ HQM; irQ HBM2b- BX2X ii?2 K + Qb+QTB+ b+ H2 1} b
b+ H2 HQQFBM; i}2H/ p "B #H2b BM~m2M+BM:; i?2 T?2MQK2M

AMi?Bb "iB+H2 BiBb b?2QrMi? irBi?Qmi +? M;BM; i?2 +QMbiBil
+'vbi H+ M KBKB+ 2tT2'BK2Mi H '2bTQMb2X J + Qb+QTB+ p2°
iQ 2T Q/m+2//Bz2 2Mi 2;BK2b Q#b2 p2/ r?BH2 bvKK2i B+ HFb
Ki2’B HX .B ;" Kb "2 HbQ#mBHiiQ +? ~ +i2°'Bx2  i+?2iBM; M
"2H t iBQM #Qi? BM bBM;H2 br2HH b TQHv+'vbi HbX GQ+ H M
b?2/b HB;?2i QM i?2 KB+ Qbi'm+im> H "2bTQMb2 Q7 i?2 TQHvV+ "\
i"2M/b BM i?2 2pQHmMIiBQM Q7 TH biB+Biv "2 b?QrM BM i?2 2Mi
i?72 ?22HT Q7 T Q# #BHBiv /2MbBiv THQibX h?2b2 THQib "2 i?2NM\
bi iBbiB+ H+QM+HmMbBQMb "2/ rM 7Q  i?2 } bi iBK2 iQ Mbr2
biQTb " i+?2iBM; Q "2i BMb +v+HB+ K2 M bi 2bbX

h?2 +? Ti2 ' BbQ ; MBx2/BMi?2 7TQHHQrBM; K MM2 X AM a2+iB
iB+BivK i2 B HKQ/2HBb 7Q KmH i2/X a2+iBQM kXj T 2b2Mib i~
Ki2’B HT * K2i2'b- br2HH bi?2 T?vbB+ H bT2+ib Q7 i?2 KB+
M/ /IBb+mbbBQMb "2 T°QpB/2/ BM a2+iBQMb kX9- "2; "/BM; K +
kX8-"2; '/ BM; HQ+ H bi'2bb M/ bi® BM }2H/bX HQM; +v+HB+ k&
BM a2+iBQM kXeX .Bb+mbbBQM #Qmii?2 Q#i BM2/ "2bmHib N
T BbQM rBi? 2tT2 BK2Mi H}M/BM;b Bb /QM2 BM a2+iBQM kXdX
+QM+HMbBQMb BM a2+iBQM kX3X

kXk *vbi HTH biB+Biv KQ/2H

AM i?2 T°2b2Mi rQ'F bK HH bi° BM + vbi H TH biB+Biv 7Q Km|
+QKTmi iBQM b KQbi HQ+ H bi %8Mb +2K; BBIMBHQQMbB/2 2/ I
M BMBiB HHv 2QKQ;:2M2Qmb bBM:H2 + vbi HX hQ 2 b2 i?2 BMi.
B+ H "2bmHib- " i2 BM/2T2M/2Mi 7Q KmH iBQM Bb b2H2+i2/-
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TH biB+Biv KQ/2H "2+2MiHvV T'QTQb2/ #v 6Q 2bi M/ m#BM Uk
Q7 mbBM; ' i2 BM/2T2M/2Mi KQ/2H +QmTH2/ rBi? bK HH bi’
MmK2 B+ H2{+B2M+v r?B+? Bb+ m+B Hr?2M bBKmH iBM; ?2mM/
BQmb HQ / KTHBiIim/2bX AM //BiBQM-Bi? b#22M /2+B/2/iQ mb
? /I2MBM; #2+ mb2 Bi ;Qp2 Mb " i+?2iBM; M/ K2 Mbi 2bb "2H t
+m#B+ U7++V bBM;H2 + vbi H K2i HHIBH Ki B2 BHHBO @ Kil2'KBh-BaV +
? pBM; DbHBT bvbiZK NB/2MIBQMH iQ i?2 bHBZ F@MbB /2" 2/X

h?2 T "iBiBQM Q7 i?2 bi" BMi2MbQ BMi Q/m+2b 2H biB+ M/ TH

n=mey np UKXRYV

h?2 >QQF2 H r "2H i2b i?2 bi'2bb i2MbQ" iQ i?2 2H biB+ bi> BN
2H biB+Biv- 7Qm’i? ° MF i2MbQ> @MRGHPBM KIQ/MHBM/2T2M/
T K2i2 b-;Qp2 "Mbi?2 2H biB+ #2? pBQ",

@)

"e UkXkV

h?2 TH biB+ bi” BM " i2 2bmHib 7 QK i?2bHBTT Q+2bb2b rBi? "’

bvbi2Kb-
X
"P = *m*® UkXjV

s=1

rBim® #2BM; i?2 a+?KB/ Q 'B2Mi iBQM i2MbQ" /2}M2/ b
S_l‘ S NS
g—é(f n*+n % UkX9V
h?2 KOQmMi Q7 bHBT QM 2 +? bHBT bvbi2K B¥ h2QiBpBWMi?2 p |
7Q0°+2 7Q  TH biB+ bHBETBOM?RHBRBE @MpPi22Kb?2 ~ bi2bb- +QKTmi2
i?72* m+?v bi 2bQ)i2Mb@® /BM; iQ,
S = ;@5: ijmﬁ UkX8V

h?2 vB2H/ + Bi2’BQM Bb ;2M2° HBx iBQM Q7 a+?KB/6b H r BM
p B #H2KMK®> ++Q /BM;iQ JG B+ 2i HX URNNRVX

fex%r)=j° x5 r® UkXeV

>2°P%/2MQi2bi?2 " /Bmb Q7 i?2 2HCBB+ bQKHBM MI@Dbi 2bb +?
+i2 ' BXxBM; i?2 +2Mi2° Q7 i?2 2H biB+ M:;2 BM i?2 QM2@/BK2M
b?2 " bi"2bb2bX AM bHBT # b2/ + vbinHo MH?b2BH+BiB~+i? M2 b

SH biB+ bHBT + M Q++m’ QMH2 BQK2b TOMBIiBEAK h?2 pBb+QT
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~Qr mH2 ;Bp2M #v * BHH2i m/ 2i HX URNNRV-Bb T°'QTQb2/ BI
T > K2iZKbMh, .
S

°= L bB(G M x°) UkXdV
rBi? i?72 J + mH v &K x£F2Max(x;00X AM i?2 T 2b2Mi rQ F 7TQHHQTr
6Q 2bi M/ m#BM UkyReV- i?2 > i2 Q7 bHBT QM 2 +? bHBT bvt
Ci2@BM/2T2M/2Mi 7Q KmH iBQM Q7 i?2 7Q K,
* +

S

_S:LL bB(;M x°) UkX3V
r?2'R Bb TQbBiBp2 +QMbi Mi? pBM; MQt BA2 nV\NDBU @ B RBip2 M,
?2QKQ;2M2Qmb 7mM+iBQM Q7 Q /2 QM2 BM i?2'iRb HRAMBM ~ i2>
iQ #2 i?2 iQi H2[mBp H2Mi /BbiQ iBQM H bi® BM " i2,

S

"= gf:f, no= ;(trace(i))l UKXNV
(22 Bb i?2 /2pB iQ B+ T i Q7 i?2 iQi H bM/ABINZ2 mMRiMbQ"
aBM+2 i?2 " i2 Q7 BM2H biB+Biv Bb HBM2 " BM'i?2HQi H 2[mB
i72 2pQHMIBQM 2[m iBOMb BM i?2 T°QTQb2/i?2Q v "2 2QKQ:2
iBK2-+? ° +i2 ' BxBM; "~ i2@BM/2T2M/2Mi 2bTQMb2X HbQ-i?
mb2/7Q° HH bi i2b 2Mi BHBM: MQ M22/7Q " bT2+B H i 2 iK2Mi G
+QM/BiBQMbX AMT “iB+mH "MQ +QMbBbi2M+v +QM/BiBQM Bb I
T2 BM/2T2M/2Mi TH biB+BivX h?2 KTHBIim/2 Q7 i?2 Qp2 bi 2b
PHM2 Q7 T KRR i2M/b iQ x2°Q 7Q° p MEB®? BIM2 2 HBrb 2 QQ 7
BM/2i2°KBM +vBMi?2b2H2+iBQM Q7 +iBp2 bHBT bvbi2Kb ++Q°
h?2 7TmM+iBQMfH MQiR2QZpQHmMIiBQM 2[m iBQMb BQ2BHQI QTB
b FBM2KxSiB+# U/2MBM; 2K BM mM+? M;2/ +QKT "2/ iQ i?2 Q' B
U* BHH2i m/ 2i HX- RNNRVX h?2 +¥mBm/R}NR2bHBT2 + B btHET
bvbi2K #v i?2 7TQHHQrBM: 2pQHmMIiBQM 2[m iBQM,

=l IN UKXRyV

h?2 2pQHMIBQM 2[m iBQMb 7Q  i?2 FBM2K iB+ ? /2MBM; p "B #
2i HX URNNRV M/"mbbQ M/* BHH2i m/Ukyy8V rBi?Qmi KQ/B}-
FBM2K iB+ ? “/2MBM; 2pQHmMiBQM H r

xS=C S DvXS UKXRRYV

[2T2M/b QM irQ K i2 B HCT MKRX2 M i?2 T 2b2Mi +?2 Ti2 - i?2"
Bb MQ BbQi"QTB+ ? “/2MBM; Q2D i iPQNbDIBMAFH2HB2 ?
+Q "2bTQM/b iQ i?2 BMBiB H "2bQHp2/ b?2 ~bi 2bbX
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hrQ +'vbi H TH biB+Biv T ~ K2i2  b2ibr2°2 +?2Qb2M- b bi i2/ BN\
i?72b im” i2/ "2bQHp2/b?2 " bi 2bp¥VBIxD?2 DkiKA B BXRX#EQi?

T K2i2 b2ibVc h?2/Bz2°2M+2 ?2Qr2p2 HB2bBMi?2 ~BTTBM; C
M/ BMBiB H+ BiB+ H 2bQHp2/ b?2 "~ bi 2bbX S~ K2i2 b2i 6GE
? "/2MBM; #mi ?B;? BMBiB H +'BiB+ H "2bQHp2/ b?2 * bi'2bb
HHQvbbm+? bAM+QM2HTr?2°2i?2b im™ i2/p Hm2Q7i?2FBM2k
Bb "QmM/QM2i?B /Q7i?2BMBIB HvB2H/bi 2bbX S * K2i2  b2i
rBi? HQrvB2H/bi 2bb M/ bi QM;? "/2MBM; bm+? b +QTT2 r-°
p Hm2 Q7 i?2 FBM2K iB+ ? '/2MBM; p B #H2 Bb i? 22 iBK2b i?
bi’2bb UaBbF 2i HX-kyydVX "Qi? T °~ K2i2 " b2ibT2i BMiQ mM
+'vbi Hb /27Q KBM; TH biB+ HHv QM fQHgHA8/X HhdDHBR BOVbi2Kb
bvbi2Kb- b Q' /2°2/ BMi?2 BKTHB+Bi bBKmH iBQM bQ7ir "2w b
' Bp2M BM i #H2 kKXRX

aHBT bvbi2K aHBT TH M2 MQ K H aHBT /B 2+iBQM

R (111) [101]
k (111) [011]
i (111) [110]
9 (111) [101]
8 (111) [011]
e (111) [110]
d (111) [011]
3 (111) [110]
N (111) [101]
Ry (117) [110]
RR (117) [101]
Rk (117) [011]

h #H2 kXR, h?2 Rk Q+i ?2/° H 6** bHBT bvbi2Kb MmK#2 2/ BM i
i?72v "2 /2}M2/ BMi?2 +Q/2

kXj 61 KQ/2H /2b+ BTiBQM

h?2 MmK2'B+ HKQ/2Hr b BKTH2K2Mi2/ BM i?2 BKTHB+Bi }MBii:
T +F ;2 UkyRjVX GBi2° im 2 }M/BM;b b?Qri? ii?2K +'Qb+QTB+
KB+ Q@?2i2°Q;2M2Qmb K2i HHB+ K i2°’B H+ M #2 +?B2p2/rBi-
> BMb U" “#22i HX-kyyRcE MBi2i HX-kyyjV-#miK i+?BM; K +
Bb MQi i?2 ;Q HX h?2 ;Q H?2 2BbiQ ?p2 H ;22MQm;? bi i
i i HQ+ HK i2°'B H "2bTQMb2 + M#2 M Hvx2/X P7 +Qm b2 +QK
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? p2iQ#2 +FMQrH2/;2/ M/ 2ti 2K2HVH ;2 TQHvV+ vbi Hb + MM
"2 bQMi?2 KB+ Qbi'm+im 2 ;2M2" i2/Bb+ HH2/ pQHmMK2 2H2K:
"2T 2b2Mi iBp2 pQHMK2 2H2K2Mi U_01VX hrQ ;;°2; i2b +QMi BN
"2bT2+iBp2Hv + HH2/ 01R M/ 0olk-r22 ;2M2 i2/ mbBM; i?2 oQ
i2+?MB[m2 rBi? i?2 ?22HT Q7 i?2 bQ7ir "2 oP_PYY U_v+ Q7i- kyy
+QMbi” BMirb TTHB2/iQ Q#i BM T2 BQ/B+ KB+ Qbi m+im 2bX
mb2/iQ K2b? #Qi? ;2QK2i'B2b-2M7Q +BM; +QM/BiBQMb Q7 T2"
K2b?2bX "Qi? ;;°2; i2b +QMi BM jyy ;- BMb M/ "2/m+2/ [m [ i
2H2K2Mib *j.RyX h?2 K2b? Q7 01R +QMi BMb RN9Nyj MQ/2b M
r?2°2 bi?2K2b? Q701kBb K /2Q7 RNky9k MQ/2b M/ Rk3Ree 2H
kXRU V M/U/VVX 1 +?i2i° ?2/° H}MBi2 2H2K2Mi? b Ry MQ/2b

h?2 ;> BM bBx2b BM #Qi? olb U b b22M BM };m 2 kXR U#V M/ |
/IBbi'B#miBQM rBi? i?2 + vbi HQ'B2Mi iBQMb mMB7Q KHv /Bbi"
Ul:m 2 kKXR U+V M/ U7VVX

@ S " K2i2 b2i GE S " K2i2 b2i>E
Ci111 4 k8Neyy J1111 4 k8Neyy JS

*m#B+ 2H biB+BCQw2 4 RANyyy J&€1120 4 RdNyyy JS
Ci12 4 RyNeyy J€10120 4 RyNeyy JS

**BiB+ H "2bQHp2/ b?2¢ bjkybis ro 4 Ryy JS
EBM2K iB+ ? “/2MBM RYYYYY JS 4 1kyyyy Js
.4 Ryyy .4 Ryyy
Pp2'bi*2bb E4NJS E4NJS

h #H2 kXk, *vbi HTH biB+Biv T > K2i2'b mb2/ 7Q  #Qi? T * K2i
* 2/ 2bQHPpP2/b?2 “bi'2bbBbi?2b K27Q #Qi? T * K2i2  b2ibc h
i i T  K2i2°b2i GE? b HQr FBM2K iB+ ? “/2MBM; M/ ?B;? +°
b?2 “bi'2bb M/ pB+2 p2°b X

*QKTmi iBQM H “2[mB 2K2Mib

h?2 BKTHB+Bi}MBi2 2H2K2Mi +Q/2 Uw b2i T +F :2-kyRjV Bb mbz
h?2 :HQ# H 2[mMBHB# BmK Bb bQHp2/ mbBM: L2riQM@_ T?bQN
Q7 +QMbiBimiBp2 2[m iBQMb ii?2: mbb TQBMib Bb T2 7Q K2/
_MM:2@Emii K2i?Q/ rBi? miQK iB+ iBK2 bi2TTBM; U"2bbQM 2

+ vbi H TH biB+Biv bBKmH iBQM- HQ /BM; QM2 DQ# Q7 i?2 T
"B #vi2b _JX h?2 JSA T ° HH2H +QKTmiBM; H:Q Bi?K BKTH2K
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Bb mb2/ rBi? 9 T'Q+2bbQ b 7Q" 2 +? DQ#X 1 +? DQ# "2[mB’ 2t
+QKTH2i2 QM2 +v+H2 M/ iQ mM QM2 ?mM/ 2/ +v+H2b- Bi 2]
JQ'2 i? M jky bBKmH iBQMb "2 #2BM; TQbi@T Q+2bb2/ 7Q" i?
+im HMmK#2 Q7 + H+mH i2/i2bi+ b2b Bb iH2 bi}7iviBK2b K
i?72 MmK#2" Q7 .P6b Q7 2 +? K2b? M/ i?2 +v+HB+ M im 2 Q7 i?2
KQ'2i? MKy h"vi2br2°2 ;2M2" i2/X

"QmM/ v +QM/BiBQMb

AM i?2 "iI'BBHHH #2 mb2/iQ 272 iQi?2 HQ+1HBHHBM) B2WiLQ - M
i?72K + ' Qb+QTB+ bvKK2i ' B+ b2+QM/@  MFbi° BMi2MbQ  /2}M2
Qp2 i?2r?QH2 pQHmMK2, »

<"7>:i "dv =1 UKkXRKV

aBKBH_ MBWHH #2 1?2 HQ+ H bi 2bb i2MbQ" M/_i7TBKRH #Qb+QTB+
/2}M2/ b BibbT iB H p2‘z;2 b 7QHHQTrbD,

<7>:£ dv=__ UkXR]V
S2'BQ/B+ #QmM/ v +QM/BiBQMb r2°2 T '2b+ B#2/ QM i?2 olb bt
K2Mi p2+iQmfp2/ i?2 2MiB 2 pQHmMK2 i F2b i?2 7Q K,

nF Lt+ p 8t2V UkXR9V

r?2°2i?22 ~m+ipBbBT2VMBQ/B+X h?Bb ~m+im iBQM i F2bi?2 b K2 p
TB Q7?QKQHQ;onwK TROIBMIB 2i BQ/B+ #QmM/ "v+QM/BiBQMb °
iQi?2i +iBQMM2¥2AW@Bbi?2Qmi2 MV KtXI h@Q2 /BbTH +2K2Mi

M/ i° +iBQM p2+iQ'b "2 bbmK2/iQ #2 +QMiBMmMQmb ii?2 ; B
bi> BM ™ i+?2iBM;-i?2 K + Qb+QTBi+hb BIKbOTQPRT-QMM2Nib 7Q"
K2 M bi“2bb "2H t iBQM i?72 K + ' Qb+QHB+ bi+ @Wi +«HKHZ) M 2AM
#Qi? + b2b- HH 2K BMBM; pQHmMK2 p2° ;2/ bi 2bb +QKTQM2Mi
22, 33 127 23 31=0X

kX9 2bmHib 1 K + Qb+QTB+ b+ H2

h?Bb b2+iBQM T 2b2Mib i?2 "2bmHib Q#i BM2/ i :HQ# H H2p2F
M/ bi> BM}2H/b QM i?2r?QH2 ;;°2; i2X hrQHQ /BM:ivT2b 2 BN
iQ i+?2iBM; M/ K2 M bi'2bb "2H t iBQM "2bT2+iBp2HVX AM 2
Q#i BM2/ rBi? bBM;H2 + vbi HBb ;Bp2M b M 2H2K2Mi ‘v 272
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kX9XR _ i+?2iBM; BM bBM;H2 + vbi HDb

h?2 bBKmH iBQMb Q7 i?Bb bm#b2+iBQM "2 T2 '7Q K2/ ii?2 K
bmKBM: ?2QKQ:2M2Qmb /27Q K iBQMX mMB tB H +v+HB+ bi 2
Ki2'B H2H2K2MiX .2T2M/BM: QM i? 22" b/bi 2R TK2B M 2 b b

- i?2 "2bmHIBM; +Vv+HB+ #2? pBQ  + M #2 # QF2M /QrM BMiQ i?
BX2X 2H biB+Biv- 2H biB+b? F2/QrM M/  i+?2iBM:X 6B:m 2 kX
bi*2bb KTHBEA#Z Uy min)=2V pb K2 MDiERbhaltr mn)=2V

/B ;> KX 6°QK }:m 2 kXk-Bi+ M #2 b22M i? i 2H biB+ b? F2/QrM
i2°B H/27Q KBM: TH biB+ HHv/m BM; i?2} bi72r +v+H2b M/ i?

#2BM; 2H biB+X _ i+?2iBM; BM bBM;H2 + 'vbi HBb i?72 T ' Q; 2
bi> BM T2 +v+H2rBi?QmibiQTTBM;- b bB;MB}2/ #vi?2 2/ 2;B
i?72 HQ /BM; ivT2- bBM:;H2 + vbi HBb #QmM/ iQ 2Bi?2" * i+?2i

/QrMX KBbbBM; 2:BQM- bQTTQb2/iQ 2tT2 ' BK2Mi H Q#b2 p il
b? F2/QrM- r?B+? 272°b iQ M QT2M bi'2bb@bi- BM ?vbi2 2bB
KQp2 7Q°r “/ QM i?2 bi° BM tBbX h?2b2i? 22 2:BK2b + M #2 +}

C 1H biB+BBb bK HH2 i? Mi?2 vB2H/ bi 2M;i?

C a? F2/QrM ®7Bb bK HH2 i? M i?2 +QK#BM iBQM Q7 i?2 VB?
M/ i?2b im> i2/ BbQi'QTB+ ? “/2MBM;

C _i+?2iBM=BBb:'2 i2 i? Mi?2 +QK#BM iBQM Q7 i?2 vB2H/ b
i?2b im’ i2/ BbQi"QTB+ ? ‘/2MBM;

hrQ bBM:H2 + vbi H "2bTQMb2 ? p2 #22M b?QrM BM kXj mbBM; |
r22°2 UV M/ U#V b?Qr i?2 "2bTQMb2b Q7 i?2 Q B2Mi iBQM (yy
#2 b22M i? i i?2 "2:BQMb r?B+? "~ i+?2i M/ b? F2/QrM T 2b2 p2
KQM; 2 +? Qi?2 - r?BH2 i?2 bBx2 Q7 i?2 r?QH2 /B ;> K +? M;2b
+ vbi HHQ; T?B+ Q' B2Mi iBQMX

kX9Xk _ i+?2iBM; BM TQHv+ vbi Hb

AM i?Bb b2+iBQM bBKmH iBQMb r2°2 "mM QM TQHv+ vbi H :; 2
KXRX T2'BQ/B+ K + Qht\OT B+BIKITDHRUQM TOQHV+ vbi HHBM?2
2H2K2Mi T2 BQ/B+ #QmM/ v +QM/BiBQMbX hrQ bi2bb bi> BM -
irQ T > K2i2  b2ib 2 b?2QrM BM }:m 2 kX9X h?2 #QmM/ v +QM



*> Shl_ kX

_ h*>1hAL:

L.J1 Lah _laa 1G s hAPLj9

7o}
75}
)
Z 0
0 .
Strain
n
=
57}
0
0 .
Strain

6B;m 2 kXk, IM/2°

] Ratcheting
I Shakedown

Bl Elastic

% | yield strength

kinematic hardening

bvKK2i " B+HQ /+QMi QH-1?2bBM;H2 + vbi H

i?7° 22 /BbiBM+i "2;BQMb BX2X 2H biB+-b? F2/QrM M/ i+?2iBM

1600

1400

12004

"= 1000

A}, /2 (MP;

400+

800

600

200

6B;m 2 kXj,

0

200

400

600

(a)

800 1000 1200 1400
¥y (MPa)

IM/2° bvKK2i'B+ HQ / +QMi QH- mbBM: T °

1600

= 10004

AXy,/2 (MP;

1600

1400

1200

800

600

4004

200

0 200 400 600 800 1000 1200 1400 160!

S11 (MPa)

K2i2"°

+ vbi H 2bTQMb2 7Q" + vbi HHQ:  T?B+ Q B2Mi iBQMb, U V (y!
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bBKmMH iBQMb "2 F2Ti i?2,0=K@20352 MR = 07 B =

mn= maxV M/ i?2 }'bi i2M +v+H2b "2 THQii2/ 7Q" #Qi? bBKmH iE
THQI Bi+ M #2 b22M i? ii?2 +m ' p2 7Q T ° K2i2  b2i >E * i+?2ib
i72+m p27Q T * K2i2 b2i GE #2+ mb2 Q7 i?2 T 2b2M+2 Q7 Km
? “/2MBM: BM i?2 7Q K2 X

1000 -

7/

7

750 A

[

— Parameter set LK
— Parameter set HK
2.0 25 3.0 35

15 .

Strain (%)

6B;m 2 kX9, 6Q° M bvKK2i'B+ HQ / +QMV @bHR2EBMIY bi 2bb L
+m p2b 7Q #Qi? T ~ K2i2 b2ibX h?2HQ /BM; +QM/BiBQMb "2 F
BX2%=1020JS MR = 07X PMHvi?2} bii2M +v+H2b "2 THQii2/E
+ b2X

-750 T T T
0.0 0.5 1

"Qi? bBKmH iBQMb ~ i+?22i i /Bz2'2Mi " i2 M/ +QKT "BM: i?2 +
bi> BM + M ;Bp2 KBbH2 /BM; 2biBK iBQM Q7 r? i Bb " i+?2iBM;
IQrMX h?2b K2 “;mK2MiBbp HB/7Q  i2bib/QM2 i/Bz2 2Mi KT
' iBQbX HbQ-7Q° TQHvV+ vbi H- MQ K ii2> ?2Qr ?B;? i?2 TTHB:
K2Mi BM ++mKmH i2# B4,y B Hr vb i2M/b iQ /2+ 2 b2X h?Bb + |
7Q i?27Q KmH iBOM Q7 "Q#mbii2bi 7Q  /IBb+ BKBM iBM; ~ i+"
i2bi Bb T'QTQb2/ bm+? i? i i?2 /2Hi ++mKmH i2/ bi° BM T2°
Ul,V ; BMbii?2 MmK#2° Q7 +v+H2b M/ B/2MiB}2/ rBi? TQr2 I
7Q°K,
X
L1(N)= A - UkXR8V

n=1

r22°2Bb i?2 bHQT2 Q7 i?2 b2 ' B2b XL B2 2QWBBABDM i?2 TQr2"
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Hrb2 B2biQ +QMp2 :2X Ai 7QHHQrb i? i
8
< . .
i22 i2bi b2lBSes BA L

UkXReV
diverges; B7 L

h?2 H271 THQi BM };m 2 kX8 b?Qrb jbBKmH iBQMb i? ir2°2 "'mM
7Q i?7°22/Bz2 ' 2Mi bi'2bb KTHBIim/2bX 6Q° +QKT "BbQM- bHQ
QM i?2 H27i +Q M2 X h?2 b2 'B2b i2bir b T2 ' 7Q K2/ 7i2° "mMN\
7Q° ?mM/ 2/ +v+H2b 2 +?X h?2 2 Bb +H2 " /Bz2 2M+2 #2ir22
+QMp2 ;2 Ub? F2/QrMV Q QM2 i? i rBHH /Bp2 ;2 U i+?2iVX D
i?72 b2+QM/ /2 Bp iBp2 i +v+H2 Ryy Bb HbQ +QKTmi2/ 7Q" HH -
i?72 +QMp2tBiv U i+?2iBM;V Q  +QM+ pBivUb? F2/QrMV Q7 i?2 -
i?72 +QMp2 ;2M+2 Q"  /Bp2 ;2M+2 + ' Bi2'B - i?2 +QMp2 ;BM; i2bi
irQT "ib/2T2M/BM; QM r?2i?2  Q MQi i?2rB/i? Q7 i?2 bi 2bb bi
Q +HQb2/ i +v+H2 RyyX M QT2M HQQT bB;MB}2b i? i i?72 2 E
r?2°2 b +HQb2/ HQQT TQBMib iQ 2H biB+ b? F2/QrMX bK H
Bb M22/2/iQ 2bi #HBb? r? i Bb K2 Mi #v +HQb2/ HQQTX AM i?
iQH2® M+2 7Q" i?2rB/i? Q7 i?2 HQQT i Bib X2OM Wi®Xbb Bb b2i i
h?2 "B;?i? M/ THQi BM };m 2 kX8 b?Qrb i?2 K + Qb+QTB+ bi*2b
7Q i?°22b2H2+i2/ + b2b ii?2 } bi M/ ii?2 ?2mM/ 2/i? +v+H2X
2bi #HBb?2/i? ii?2 "2/ +m p2b "2 /Bp2 ;BM; r?BH2 i?2 ;°22M N
+QMp2 ;BM;X IJmMHIBTH2 bBKmH iBQMb "2 mM-QMi?2 TQHvV+ Vv
HQ / KTHBIim/2b M/ K2 Mbi 2bb2b7Q" ?mM/ 2/ +v+H2b 2 +?2X |
K + Qb+QTB+ bi° BMBM 2 +? bBKmH iBQM Bb bb2bb2/ mbBM; i’
M/ /B ;> KbBKBH “iQi? iQ7},m 2kXkBb /> rM7Q 7Qm  + b2b
M/ 7Q  #Qi? T ~ K2i2 b2ibX 6B;m 2 kXe b?Qrb i? ii?Bb /B ;" K
bBM;H2 + vbi H+ b2X 6Qm" "2;BQMb + M #2 b22M BX2X 2H biB+
b? F2/QrM M/ " i+?2iBM; BMbi2 / Q7 i? 22 BMi?2 bBM;H2 + vbi
“2;BQM Bb /2i2 ' KBM2/ mbBM; i?2 TH biB+Biv + Bi2 'BQM 7Q" K
Q7 YXkH biB+ Wi- BMM Bb +? °~ +i2 ' Bx2/ #vi?2 ;" v "2;BQMX h?2 K
bi*2bb HBKBi 7Q" i?2 TQHv+ 'vbi HBb +QKTmi2/ #v TTHvVBM;

4%- i?2 "2bmHIBM; bi’2bb #2BM; i F2M iQ #2 i?2 HBKBi #Qp2 r
+ MMQi #2 HQ /2/ BX2X i?2 iQT M/ #QiiQK "B;?i +Q M2 Q7 2 +
AM i?2 b K2 };m 2-i?22/Qib "2 7QmM/iQ +QM+2Mi" i2 BMiQ i?" .
2H biB+ b? F2/QrM- TH biB+ b? F2/QrM M/ " i+?2iBM; 2bT2+iB
b2i GE-i?2 "2;BQM BM r?B+? " i+?2iBM; M/ TH biB+ b? F2/QrM
#2+ mb2 Q7 i?2 HQr FBM2K iB+ ? "/2MBM;X S ° K2i2 b2i >E- Q
H2 /b iQ Km+? H ;2" "2;BQM 7Q TH biB+ b? F2/QrM M/ = i+7
?2Qr2p2 #2 MQi2/i? ii?2/B ;C KbQ7};m 2kXeU V M/U#V- br2
"2 p2'vbBKBH " bB;MB7vBM; i? i Bi Bb #Qi? olb + M #2 "2; /2
KB+ Qbi m+im '2b + T #H2 Q7 2T Q/m+BM; i?2 ivTIB+ H +v+HB+
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i?72 K i2'B HX

Cycle 1 Cycle 100

10-¢ | 10004

\ 750
F e s =
"~ 500

closed loop
(elastic shakedown)

7

- 53
W 10 250 250 &
g =
e 01 open loop 0 =
o 107y (plastic shakedown) &
° -250 4" N -250
~~LSlope = -1 g ratcheting
. -
1074 — Ratcheting 72500 -500
—= Plastic shakedown
o —= Elastic shakedown _750 _750
10~ ; T T T T T T T T T
10? 0.0 05 1.0 0.0 05 1.0 15 2.0 25

10t ¥
10940 (number of cycles) (-) Strain (%)

6B;m 2 kX8, 6Q° bVKK2i'B+HQ /+QMi"QHH2/i2bib-i?2 H27i}:m
Q7 i?2  i+?2iBM: bi° BM BM+ 2K2Mi b 7mM+iBQM Q7 +Vv+H2 M
bBKmH iBQMb mbBM: T ° K2i2  b2i GE- rBi? i? 22 /Bz2 2Mi bi 2
K + Qb+QTB+,pV' @bbUERM UHQi Bb b?QrM QM i?2 "B;?2i 7Q  i? 22
H iBQMb b?QrBM: i?2 +v+HB+ "2bTQMb2 i +v+H2b R M/ RyyX h
BHHmMbi  i2i?2 2H biB+ b? F2/QrM-TH biB+ b? F2/QrM M/ i+?

kX9Xj J2 M bi 2bb "2H t iBQM BM bBM;H2 + vbi HDb

IM/2° bvKK2i'B+ +Vv+HB+ bi° BM +QMi QH-i?2 K2 M bi‘2bb “2H -
r22M BM+ 2 bBM; i?2 +Vv+H2 MmK#2 X ii?2K + QbaQTB+ H2p2}F
I2YM2/( Bax+ min)=2- 1?22 2« M/ mn 21?22 K tBKmK M/ KBMBKmK
bi*2bb2b mM/2 T2 F bi° BMbX AM i?Bb + b2- bBM:H2 + vbi H
# QF2M /QrM BMiQ i?°22 /BbiBM+i b+2M "BQb r?B+? ‘2 2T 2b:
M/ U#VX 6Q+mbBM; QM };m 2 kXd U V- i?2 }'bi b+2M "BQ b?Q
r?2°2 +v+HB+ HQ /BM: rBHH ? p2 MQ 2z2+i QM i?2 +v+HB+ K2 |
hQ “2K BM BM i?Bb "2;BK2 TH biB+Biv ? b iQ #2 pQB/2/ BX2X i
bi’ BMaW b?2QmH/ #2,

Inax < Vy; UkXRdV

r?22, Bbi?2 bi'2bb ir?B+? vB2H/BW;iB2 uQ@mNW;6b KQ/mHmb Q
i?72 bBM;H2 + vbi HBMi?2 HQ /BM; /B 2+iBQMX L2ti-BM i?2 b2
Bb Q#b2 p2/ QMHvV /m"BM; i?2 }'bi i2MbBH2 HQ /BM; #mi mTQM
7i2°- 2H biB+ "2bTQMb2 Bb Q#b2 p2/ BM i?2 TQHHQrBM; +v+lI
b2+QM/ b+2M "BQ- i? RHBb/ BAJM2IBI,

lmin .
Tinax’

Re = UkXR3V
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r?2 2nn Bb i?72 KBMBKmK TTHB2/ bi® BMX h?2M- i?2 K tBKmK

Inax BM i?22 b2+QM/ "2;BK2 b?QmH/ #2 BM i?2 7TQHHQrBM; BMi2 p
2

Y < N

v < dmax Y1 Rg)’

BMi?2 #b2M+2 Q7 BbQi QTB+ ? "/2MBM;X 6BM HHv BMi?2 H b
"2H t2biQ x2°Q M/ i?2 K tBKmK TTHB2/ bi® BM b?QmH/ #2,
2Y

> —— 1

Imax Y(l RE)

6B;X kXd U#V i?2M /2TB+ib i?2 +m ' p2 Q7 i?2 K2 M bi'2bb ib im

TTHB2/ tB Hbi° BMX h?2}'bib+2M 'BQ +Q "2bTQM/biQ i?2 BN

bHQTR2(IQ 7Rg)=2¢c h?2 b2+QM/ b+2M "'BQ /2T2M/b QM i?2 ivT2 Q7

? " /I2MBM;- M/ }M HHv BM i?2 i?B / b+2M "'BQ- x2 Q K2 M bi 2k

UkXRNYV

UkXkyV

(a) (b) E high kinematic hardening
Z
o low kinematic hardening
-
<
@ @
n b7
g
; . < Y1+R
—— Scenario 1 S (1+Re)
S(:enar?o 2 2 2 5, 2y,
) > =y
—— Scenario 3 ) v P Y - Re)
e
Strain Maximum axial strain

6B;m 2 kXd, 6Q° bBM:H2 +'vbi H mM/2° bvKK2i'B+ bi° BM +Q
bi*2bb pb bi® BM THQi b?QrBM; i?2 i?°22 b+2M 'BQb Q7 +vV+HB+
M/ U#V K2 M bi*2bb ib im>  iBQM pb K tBKmK tB Hbi> BM THQ]

1t KTH2, M HViB+ +QKTmi iBQM Q7 K2 M bi‘2bb “2H
bBM:H2 + vbi H

h?2 7TQHHQIBM; 2t KTH2 T2 i BMb iQ 6** bBM;H2 + vbi Hbr?2°2

bi* BM # b2/ +v+HB+ HQ / M/ + H+mH i2i?2 bi*2bb ii?2 T2 F
+V+H2X 6Q 2 b2 Q7 M HViB+ +QKTmi iBQM Tm 2Hv 2H biQ@T|
b 7QHHQrbX h?2 iQi H"JLTHB2M #iZ2 8 E2M /QrM BV Bib 2H bi
M/ TH BPR/ATU I,

"ot = "¢+ "P UkXkRV
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M/ i?2 2H biB+ bi° BM + M #2 bm#biBimi2/ #vM?B RQHBQ+IQ TB +

"totaI:E"'"p UkXkkV

aT2 FBM; BM i2 ' Kb Q7 i¥2 ba2BTTH bPBY bi° BM Bb /2}M2/ b,

X
L UkXKjV

S

r?2 @Bbi?2 MMK#2 > Q7 bH BT Bwbi2Kdé+?MB/ 7 +iQ  7Q° M BM/BpE
bHBT bvbi2KX 6Q° M 6** bBM;H2 + vbisH Q B2Mi2/ i (yyR)- 2
bvbi2Kb "2 +iBp2-2 +?2 ? pBM; M B/2MiB%- H2B2KEBpREIQ Q7
TH biB+ bi° BM Q7,

"P =8 BE UkXk9V

AiBb HbQ FMQrMi? ii?2 K +'Qb+QTB+ bi*2bb Bb 2[m H iQ,

= 5 ms UkXk8V

r?2 2 Bb i?2 "2bQHp2/ b?2 ~bi'2bb 7Q° MeX #Bi#biBbrHiBMbvbhi?
2[m iBQMb kXk9 M/ kXk8 BMiQ 2[m iBQM kXkk-i?2 7TQHHQIBM:

ol

+1§Lé UkXkeV

" —
total —

m

>2°2-i?22 T i? #°2 Fb BMiQ2iM®BRMRKT 20 BQM

h2MbBQM

6Q i?2i2MbBH2 + b2-i?2 FBM2K iB+? V2M®MpDb iD F QB HEIDL

S=(1 D °%_ UkXkdV
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r?2°2 Bbi?2 FBM2K iB+? “/2MBM; K i2’B HT > K2i2 X AMi2:  iE
i?72 7TQHHQrBM; Bb Q#i BM2/,

f:(D i 1)eXP[[|;)(i $)]+1 UkXk3V

r?2°2i?2 bm#b+MBTIR b?Q 1 7Q }M H M/ BMBIiB H bi i2X h?2 2p
i?72 "2bQHP2/ b?2 " bi2WhBH2 i BHH #2 b 7QHHQTrbDb,

=C + , UKkXKNV
r?2°¢ Bb i?2 FBM2K iB+ ? “/2MBM; K i2 B, B i? X2 BiBMH
"2bQHPpP2/ b?2 “bi'2bbX _2 " M;BM; kXke M/ bm#biBimiBM; Bi
2[m iBQM kXkN-i?2 7QHHQrBM; Bb Q#i BM2/,

p_. I1# #
6max 3f +1 +

8 4E
¢t Bbi?2M bQHp2/ Bi2' iBp2HvV mbBM; i?2 L2riQM@ _ T?bQM H;C

C .
=g (O DexpD y UkXjyV

*QKT 2bbBQM

6Q  i?2 +QKT 2bbBp2 + b2-i?2 FBM2K iB+ ?V /2MBMW2bi b2 p "B
7QHHQTrb,

S=(1+ D %)_ UKkXjRV

r?2'2 Bbi?2 FBM2K iB+ ? /2MBM; K i2 B HT = K2i2 ' X AMi2; it
rBHH "2bmHi BM,

_ (D i+1)exp[D( f )] 1
- D
h?2 2pQHMIBQM Q7 i?2 " 2bQHp20IK?T2 2 i BRRBHG #22b 7QHHQrb.

UkXjkV

=c UkXjjV
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2 M;BM; 2[m iBQM kXke M/ bm#biBimiBM; Bi M/ 2[m iBQM

KXjj,
p_ 1# #

C 6"max 3 f )
= — L+ P+ -—
f D (D i+1l)exp D i 3 E 1 y

( Bbi?2M bQHp2/ Bi2  iBp2Hv mbBM; i?2 L2riQM@ _ T?bQM H;C

UkXjoV

6Q° bBM;H2 + vbi H-i1?2i? 22 "2;BK2b BM bvKK2i B+ +v+HB+
iB}2/ BMi2 Kb Q7 K tBKmK bi® BM KTHBim/2 b 7QHHQrb,

_2:BK2 R
~2:; "/H2bb Q7 i?2 HQ /BM; iBQ-i?2 K tBKmK TTHB2/bi  BM b

(o]

" y
max < E

P&00 32000

11349412
< 0:69%

_2:BK2 j
h?2 K tBKmK bi> BM M22/2/ 7Q" "2/Bbi'B#miBQM /2T2M/b QM i?

BMi?Bb HQ /BMR= iBRMWA22M b2H2+i 24X b2Mm B/ #2,

s,
max = 7'5 (1 RF)
S 2:00 6:00 32000
11349412(1:00 ( 0:20))

> 1:15%

_2:BK2 k
AMi?Bb "2.BK2QmH/ #2 #2ir22Mi? i+ H+mH i2/7Q i?2} bi M/i

BX2X

0:69%< " max < 1:15%






*> Shl_ kX _ h*>1hAL: L.J1 L ah _laa 1G s hAPL99

350

T
Analytic
300 Finite element

250

200

150

100

50

Mean stress at saturation (MPa)

50 I I I I I I I
0 0.2 0.4 0.6 0.8 1 12 1.4 1.6

Strain amplitude (%)

6B;m 2 kXN, *QKT "BbQM Q7 i?2 b im" i2/ K2 M bi'2bb #2ir22M
}MBi2 2H2K2Mi bQHMIiBQM 7Q° bBM:H2 + vbi HQ B2Mi2/ i (yy

Cycle 1 Cycle 100

1000

7501 — Parameter set LK

— Parameter set HK
500

250 4

Stress (MPa)

/

-02 00 02 04 06 08 -02 00 02 04 06 08
Strain (%)
6B:m 2 kXRy, IM/2° bvKK2i B+ bi* BM +QMi"QHH2/ #QmM/ ‘v +
bi 2bkpVWpb bi EBM OUHQI 7Q #Qi? T =~ K2RZ 4b@ipXiB-i12M /
4 yXBE 2bTQMb2b r2 2 2ti’ +i2/ i +Vv+H2b R M/ Ryy 7Q" #Qi? 1
*V+HB+ K2 M bip%bb2bMbQ ;Bp2M 7Q 2 +? + b2 "2bT2+iBp2HvVvX
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++Q /BM; iQ 6B; X kXRR-i?2 "2bTQMb2 Q7 i?2 TQHvV+ vbi H +
i?72 K2 M bi'2bb pb K tBKmK tB H bi" BM /B ;" KX 1 +? TQBMi
bBKmH iBQM- rBi? Ryy +v+H2b 2 +?- M/ iQi HQ7 kR bBKmH il
7 QK:=03%iQ3%rBi? 4027Q T  K2i2 b2iGE M/ 01 RX aBKBH
KR bBKmH iBQMb "LiMs B:M% i Q@QI% rBi? _ 402r2° 2 T2 7Q K2/

7Q° T ~ K2i2  b2i >E M/ 0l RX 6B;m 2 kXRR U V M/ U#V b?Qr i
T K2i2 b b2i GE M/ >EX Ai + M #2 b22M ?Qr i?2 +v+HB+ K2 N\
rBi? i?72 MmK#2 Q7 +v+H2bX h?2 "2bTQMb2 QhyylRBM;H2 + vbi
HbQ THQIii2/ 7Q  #Qi? T ~ K2i2 b2ib7Q +QKT 'BbQMX 6Q  #Q
rb7QmmM/i? i bi2 /vbii2rb +?B2p2/ i +v+H2 RyyX 6B;m 2 k
b?Qrb i?2 "2bTQMb2 Q7 #Qi? 01lb 7Q 2 +? T ~ K2i2 b2i i +v+H2
#2 b22M i? i T~ K2i2 b2i GE /Q2b MQi H2 / iQ K2 M bi"2bb "2H
2p2M i ?B;? K tBKmK tB H bi> BMX AM +QMi" bii?2 Ki2'B H
b2i >E "2H t2b iQ X2=Q5X Ai + M #2 b22M i? i- r?2M +QKT "2/ i(
bBM;H2 + vbi H-i?2 TQHv+ vbi H "2bTQMb2 /BbTH vb bKQQi?
i?7°22 b+2M "BQb r?B+? +QM7Q Kb iQ 2tT2 ' BK2Mi H}M/BM;b U*
AM //BiBQM- #Qi? olb T°Q/m+2 bBKBH * "2bTQMb2 bm;;2biBN
PQHMK2 2H2K2Mib "2 2T 2b2Mi iBp2 rBi? "2bT2+iiQ i?Bb K +°

kX8 M HvbBb Q7 HQ+ H "2bmHib

ii2MiBQM Bb MQr 7Q+mb2/ QM BMi~ ;> MmH ~ "2bTQMb2 Q7 i?2
HQ+ H "2bmHib "2 +QMDbB/2 2/ ?22°2- M K2Hv +QMiQm > THQib Q
}2H/b- b r2HH b : mbb TQBMi bi iBbiB+bX 6Q  i?2 +QMiQm" TI
bHB+2/ it4 yX8- b /2TB+i2/ BM }:m 2 kXRkX

kX8XR GQ+ H  i+?2iBM; #2? pBQ"~

h?2 "2bmHib Q7 QM2 bi 2bb +QMi'QHH2/ bBKmH 1@QM mT iQ Ry
JS MR = 077Q #Qi? 01 R M/k 2 M Hvx2/X h?2v "2 THQii2/
KXRj ii?2iBK2bi2T +Q "2bTQM/BM:iQ i?2 i2MbBH2 T2 FQ7i?2
M Qp2 HvQ7i?2; BM#QmM/ "B2b Bb HbQ bmT2 BKTQb2/ Q
K TiQK F2i?2 Q#b2 p iBQMb 2 bB2  iQ BMi2 T 2iX 1B;?i +QMi
7Q  i?2 7TQHHQrBM; }2H/ p "B #H2bD,
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S
C pQM JBb2W iz B?%"ﬁ?- r?2"2Bb i?2 /2pB iQ'B+ T i Q7i?2 HQ
bi> BM i2MbQ " -
S
C 2[mBp H2Mi TH"ghi:B+§bi’j"{J?BM

zts2
C ++mKmH i2/ TH ba&B:+§)| §§Mdt'

S
C pQM JBbe\,hiﬁZbgbfj?fj?- r?2°9Bb i?2/2pB iQ B+ T "iQ7i?2 HQ
bi*2bb i2MbQ " -

=3
C bi'2bb i'B B =HEv— -
2=ij =ij

:i]
|

N !
C MmK#2' Q7 +iBp2 bHBT HvAmayibs)- r?2'2Bb i?22 bHBT
s=1 _‘

bvbi2K-

C K tBKmMK tB H a+?KB/ 7 +iux F2hax(BY) - r?2 e =
s=1;

(SIS -t #2BM: i?2 i2MbBH2 6B?2+6B@MbMBi2KX h?Bb 7 +iQ"
+QKTmi2/ bbmKBM; mMB tB Hi2MbBQMX

X
C iQi H tB Ha+?KB/ 7 +iQu E2 " jmPBM

s=1

6Q  #Qi? 01b-i?2 pQM JBb2b bi° BM M/ 2[mBp H2Mi TH biB+ bi"
b?Qr i? i #Qi? [m MiBiB2b ? p2 p2° v bBKBH ~ K Th M/ Bi + M #
+QM+2Mi’ i2BMbQK2 2;BQMb Q7i?2 KB+ Qbi'm+im 2X h?2b2"
+QM7Q K iQ Mv bT2+B}+ :° BM Q Q' B2Mi iBQMX aBKBH * Q#b
++mKmH i2/ TH biB+ bi° BM K TX PM2 BKTQ'i Mi 72 im2 7°Q
TH biB+ bi° BM K T Bb i?2 2ti'2K2 ?2i2°Q:2M2Biv rBi? HQ+ iBQ
HBiiH2 TH biB+ bi° BM ++mKmH iBQM- M/ 2;:BQMb Q7 ++mKn
?B;? BAX8GQQFBM: ii?2 pQM JBb2b bi'2bb THQi- Bi + M #2 b2
Km+? H2bb ?22i2°Q:2M2Biv- i H2 bi r?2M +QKT 2/ iQ i?2 bi> B
JBb2b bi2bb b+ H2 #2;BMb i 3yyJS M/ 2p2M ii?Bb b+ H2- MQ
#2 Db22MiQ ? p2 bm+? HQr bi'2bb2bX LQM2i?2H2bb-i?2 pQM JBE
KQ'T?QHQ:B+ H+QMbi® BMibbm+? b:°  BMb M/:' BM#QmM/ "
[m MiBiB2bX h?2 b K2 ?2QH/b 7Q  i?2 bi'2bb i'B tB HBiv THQiX h
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Q7 +iBp2 bHBT bvbi2Kb Bb HbQ ;Bp2M BM 6B;X kXRjX h?Bb p
7°QK R iQ RkX >Qr2p2°-Bi + M #2 b22M i? i i?2 2biBK i2/ MmK
bHBT bvbi2Kb /Q2b MQi "2 +? bm+? H ;2 p Hm2b #mi KQbiHv "2
jX h?2 THQi b?Qrbi? i p Hm2 Q7 R Bb Q#b2'p2/ KQbiHv ii?2
r?72°2 bBM;H2 bHBT bvbi2KBb +iBp2X PMi?2 Qi?2 ? M/-/ "F2°
bHBT bvbi2K THQi 2tBbi ii?2 ;> BM #QmM/ "B2b r?2°2 /Bz2 2Mi
KmHIiBbHBT Bb HBF2HvX G biHv- irQ THQib 7Q  i?2 a+?KB/ 7 +
kXRj, i?2 K tBKmK tB H amiBM7 iRiQiQi H tB H a+?KB/ 7 +iQ"
Miota X ?B;? p HM @M/B+ i2b i? i i?2 ;7 BMb "2 " i?2 bQ7i- Kz
i? i i?22v 2tT2°'B2M+2 HQr bi"2bb p Hm2bX LQ +H2 ~ +Q "2H iBQ
i?Mpax K T M/ 1?22 T'2pBQmb bi'2bb M/ bi> BM K ThX AM +QMi"
Q#b2 p iIBQMb + M #2 Kyt K QK 722 p BufHBD i?72 bmK Q7 HH
a+?KB/ 7 +iQ°b 7Q° mMBtB Hi2MbBH2 /B 2+iBQMX h?Bb [m MiB
KmHiIiBbHBT +iBpBivX +H2  +Q 2H iBQW KM #RMb222M #2ir2 2N\
}2H/ Q7 pQM JBb2b bi 2bbX gq?2 2p2 i?72°2Bb ?B;? p Hm2 Q7 |
Mot Bb HQr M/ pB+2 p2' b X

P#b2°p iBQM Q7 HQ+ H ~ i+?2iBM;: T?2MQK2M

ITiBHH MQri?2 b2 ' B2b +QKT 'BbQM i2bi iQ /2i2+i  i+?2iBM; Q"
TTHB2/ iQ i?2 K + Qb+QTB+ p2  ;2/ "2bmHibX AM i?Bb b2+iB
iQ 2 +?2 2H2K2Mi Q7 i?2 }MBi2 2H2K2Mi K2b? BM Q /2  iQ /2i2-
T?2MQK2MQMX h?2 2H2K2Mib r?2B+? > i+?22i "2 i?2M /BbTH v2/
r?B+? 2t?B#Bib? F2/QrM "2 b?QrM BM #Hm2X 6Q  i?2 TTHB+ il
bBKmH iBQMb 2 b2H2+i2/ 7Q  7°QK i?2 bvKK2i'B+ bi'2bb +Q
T K2i2  b2i GEV 7i2° "'mMMBM; Ryy +v+H2bX HH i? 22?2 p2i?;
QR 4 @yXd r?BH2i?2 K tBKmK TTHB2/ bi'2bb p 'B2b b 7QHHQ

RX11=849 JS - K + ' Qb+QTB+ b? QR IM+RXBM; pQHmMK?2
kX13,=983JS - K +'Qb+QTB+ b? B2QIArMi+KNXBM; pQHmMK?2
jX 11=1021JS - K +'Qb+QTB+ ~ itBBM;i+8PABM; pQHmMK?2

IbBM; i?2 b2 °B2b +QKT "BbQM i2bi 7Q" " i+?2iBM;: M/ b? F2/QrN
/IBOTH v K + Qb+QTB+ b? F2/QrM r?BH2 i?2 i?B"/ 2t?B#Bib K +°
6B;m 2KkXR9 2H #Q  i2bi?Bb7m’i?2 r?2°2i?2i?°22 7Q 2K2MiB
h?2 1 bi HBM2 b?Qrb i?2 r?QH2 01X AM i?2 b2+QM/ HBM2 Q7 i?2
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Equivalent plastic strain (%) Total axial Schmid factor (-)

6B;m 2 KXRj, U#V 6Q 01 k- +QMiQm" THQib Q21 bBKmH iBQM r
M/ bvKK2i'B+ HR ErBi? 7i2° "mMMBM; QM2 ?mM/ 2/ +v+H2b- 21
i 1?72 K tBKmK bi"2bb Q7 i?2 QM2 ?mM/ 2/i? +v+H2X h?2 +QMiQ
pQM JBb2b bi® BM- ++mKmH i2/ TH biB+ bi° BM- pQM JBb2b bi
K tBKmK bHBT /BpB/2/ #v iQi HbHBT- M/i?2 tB H ?B;?2bi a+?|
iQi Ha+?KB/ 7 +iQ X
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2H2K2Mib Q7 i?2 pQHMK2 r?B+? mM/2 :Q " i+?2iBM; + M #2 b22
h?2 i?B°/ HBM2 b?Qrb k. bHB+2 rBi? i?2 * i+?2iBM: M/ b? F2/
b22Kb i? i i?2 "2;:BQMb i? i i+?2i /Q MQi +QM7Q K iQ :° BM KC
T iB+mH ~HQ+ iBQMb M/ "2 i?2 > M/IQKBM M im 2X

Ai + M #2 b22M i? i i?2 i+?2iBM; xQM2b Q7 i?2 TQHv+ vbi H i
7Q°K +QMM2+i2/ " i+?2iBM; /IQK BM r?2M BM+"2 bBM; i?2 TT
7Q 2 K + Qb+QTB+ " i+?2iBM; Bb Q#b2 p2/X h?2 pQHmMK2 7" +i
T i+?2iBM; xQM2 ? b#22M /2i2 ' KBM2/ 7TQHHQrBM; i?2 K2i?2Q/ T (
UkyyeV M/rb7QmM/iQ "2 +?2 7TmHH T2 +QH iBQM 7Q " i?2irQ ?
BM 6B;X kXR9X AM +QMi” bi- BM i?2 H27i +QHmMKM Q7 6B;X k>
BbQH i2/ BbH M/b Q7" i+?2iBM; 2 Q#b2 p2/X LQ /B 2+i HBMF +
i?72 +Q 2bTQM/BM; T2 +QH iBQM i? 2b?QH/ M/ i?2 Q++m "2MH+
Q " i+?2iBM;X

S Q# #BHBiv /12MbBiv /Bbi B#miBQMDb

6B;:m 2 kXR8 T 2b2Mib : mbb TQBMi /Bbi1BZAmi8B Q MMIHQib 7Q"
R 4 @yXdX "Qi? olb "2 +QMbB/2°2/, h?2 bQHB/ HBM2 2T 2b2
/Qii2/ HBM2 2T 2b2Mib 01 kX hQ b?Qr i?2 2pQHmMiBQM Q7 2 +?
iQ +v+H2 MmK#2 -i?2 bi iBbiB+b "2 +QHH2+i2/ ii?2i2MbBQM T
RyyX AM };m 2 kXR8U V-i?2 ?BbiQ;" KTHQi Q7 pQM JBb2b bi 2t
/IBbi B#miBQM r?2°2i?2 T2 Fb+ M #2 b22M iQ T Q; 2bbBp2Hv &
bBKmH i2/ +v+H2b BM+ 2 b2bX h?Bb TQBMi rBHH #2 M Hvx2/ B
BMi?2 M2tiirQ };m 2bX gBi? "2; '/biQi?2 ++mKmH i2/ TH biB+
iQ 6B; X kKXR8U+V-Bi+ M #2 b22M i? i 7Q i?2 } " bi +v+H2-1i?2/
MMBKQ/ H#mi bi?2 +v+H2 MmK#2 BM+ 2 b2b- ?mKT Bb T Q/
Q7 i?2 +m p2bX h?Bb rBHH #2 +? ~ +i2 Bx2/ H i2  BMi?Bb "iB+
JBb2b bi” BM /Bbi B#miBQM- Bi + M #2 b22M i? i- rBi? M BM+
Q7 +v+H2b-i?2 +m p2b i  MbH i2 HQM; i?2 bi- BM tBb- b "2t
T?2MQK2MQMX h?2bi M/ *//2pB iBQM Q7 pQM JBb2b bi® BM Bb
i?72+v+H2 MmK#2 X _2; "/BM;i?2bi'2bbi'B tB HBiv-i?2bi M/ */
BM+ 2 b2b rBi? i?72 +v+H2 MmMK#2 X G biHv-i?2 MmK#2 Q7 +iB
b22M iQ #2 H2bb i? M bBt M/ rBi? i?2 T°Q; 2bbBQM Q7 +v+H2h
IQKBM i2X h?2 2T 2b2Mi iBpBiv Q7 i?2 2bmHib Bb +QM} K2/ #
/Qii2/ M/ bQHB/ HBM2b +Q "2bTQM/BM; iQ 01 R M/ k ‘2 +HQb
2t+2TiBQM Bb i?2 pQM JBb2b bi* BM /Bbi'B#miBQM THQib 7Q" r
Q#b2 p2/-r?B+? b?Qrb bHB;?iHv/Bz2 2Mi i+?2iBM; BMi2MbB
BMi2MbBiv Q7 ~ i+?2iBM; bm 2Hv Bb p2 v b2MbBiBp2 2bmHi C
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Macroscopic shakedown Macroscopic shakedown Macroscopic ratcheting
211 = 849 MPa ):11 = 983 MPa 211 = 1021 MPa

3D view

Local ratcheting
regions

2D slice

6B:m 2 kXR9, h? 22 /Bz2 2Mi bvKK2i'B+ bi'2bb #QMi ' QHH2/ bE
849JS - ;=983 JS - M/;;=1021JS - MR 4 @yXd 7Q° HH + b2b Uo1l
R-T K2i2 b2i GEVX J + Qb+QTB+ HHv-i?2} bi M/ b2+QM/ b7
i?B /" i+?2ibX GQ+ H 2:BQMb 7Q " i+?2iBM; M/ b? F2/QrM UT
"2bT2+iBp2HV b?2QrM BM "2/ M/ #Hm2 7Q 2 +? + b2X
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6B:m 2 kXR8, .Bbi'B#miBQM +m p2b Q7 : mbb TQBMip "B #H2b
+QMiQHH2/ i2bi mbBM; R K2@FXH2iMRE-1021 JS X h?2

p B #H2b b?QrM "2 U V pQM JBb2b bi*2bb U#V pQM JBb2b bi"
bHBT- U/V ++mKmH i2/ TH biB+ bi° BM- M/ U2V bi'2bb i'B tB H
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1pB/2M+2 Q7 #BKQ/ H bi'2bb /Bbi'B#miBQM

bb22M BM };m 2 kXR8-i?2 pQM JBb2b bi 2bb T Q# #BHBiv /Bbi
KmHIiBKQ/ H/Bbi'B#miBQMX h?Bb 7 +i? b H 2 /v#22M Q#b2"|
mbBM; +'vbi HTH biB+BivbBKmH iBQMb UPbBTQp 2i HX- kyy3¢
2i HX- kyRRc *?QB 2i HX- kyRkVX g? i Bb KBbbBM; Bb /2i BH?Z
Q'B;BM Q7 i?Bb T?2MQK2MQMX 6B:m 2 kXRe b?Qrb i?2 pQM J
+m p2i F2M ii?2 i2MbBH2 T2 F Q7 i?2 RykR I/ +R2 7Q"

4 @yXdX hrQ /BbiBM+i T2 Fb + M #2 b22M BM i?2 /IBbi " B#miBQ!
#v [ b?2/ HBM2X h?Bb b2T * iBQM K F2b Bi TQbbB#H2 iQ bTH
POQHMK2 BMiQ irQ T "ib-i?2 }'bi U 2bTX b2+QM/V QM2 +QMi B
/IBbTH vBM; pQM JBb2b 2[mBp H2Mi bi*2bb HQr2' U 2bTX H ;2
p HmM2X h?2 pQHmMK2 7° +iBQMb BM 2 +?2 T2 F "2 i?2M b?QrM BN
Q7 6B;X kXRe-rBi? ;" v U 2bTX #H +FV +QHQ +Q "2bTQM/I
b2+QM/V T2 FX Ai + M #2 MQi2/i? ii?2 #H +F M/ ;"2v "2;BQM
7TmHH ;> BMb- BX2X 2 +? ;> BM Bb 2Bi?2° +QKTH2i2Hv #H +F (
"2 bQK2 2t+2TiBQMb r?2°2 bQK2 ;" BMb "2 bTHBi BMiQ ;"2v M
T2~2+401 01?27 +ii? ii?2/Bbi B#miBQM +m ' p2 Q7 pQM JBb2b bi 2b
M/ 1?2 2;BQM #2ir22M i?2 irQ #H +F /Qii2/ HBM2b BM i?2 ?BbiC
? bQp2 HTTBM; TQBMibX h?2 Q#b2 p iBQM Q7 i?2 iQi H tB H
};m 2 kXRjBM/B+ i2bi? ii?2#H +F "2;BQMb +Q "2bTQM/iQ ? */
"2;BQMb +Q "2bTQM/ iQ bQ7i ;" BMbX Ai Bb +QM+HM/2/i? ii?2
T Q; 2bbBp2Hv bTHBib BMiQ K BM "2;BQMb Q7 ?B;? M/ HQr bi"
rBi? i?72? /fbQ7i +? ~ +i2 Q7 i?2 ; BMbX

1pB/2M+2 Q7 #BKQ/ H ++mKmH i2/ TH biB+ bi- BM /E

"BKQ/ HBiv Bb HbQ Q#b2 p2/ BM i?2 /Bbi'B#miBQM Q7 ++mKr
++mKmH i2/ bHBTBM }:m 2 kXR8U+-/V-r?22Mi?2 MmK#2 Q7 bBk
h?Bb Bb MQi Hr vb i?2 + b2X 6B;m 2 kXRd b?Qrb i?2 : mbb TQE
bBKmH iBQMbX h?2b2 bBKmH iBQMb T23i BM3IOQ Je3-KRIR> b2i >E
8je- eky JS RMAyX h?2i"2M/i? i+ M#2b22M BM HQ: ++mKmH
bi> BM THQi /Bbi"B#miBQM +m p2b Q7 i?2b2 THQibuBb i? i i?2 }
4 k39 M/ eky JS V 2 mMBKQ/ H “2; "/H2bb Q7 i?2 MmK#2 > Q7 |
r?BH2 i?2 Qi?2 i? 22 THQib bi "irBi? QM2 T2 F M/i?2M bTHBI E
#BKQ/ HBiv 2T 2b2MibirQ "2;BQMb i? i /2p2HQT BMbB/2i?2 TQ
b? F2/QrM Q++m'b M/i?2b2+QM/r?22°2"  i+?2iBM;i F2b TH +2X
i? ii?2 pQHMK2 Q7 i?2b2 2;BQMb /2T2M/b QM i?2 TTHB2/ HQ |
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JQbi BKTQ i MiHv- Bi Bb MQi2/ i? i i?7Bb #BKQ/ HBiv /Q2b MQi
Bb i?2°27Q°2 TQbbB#H2 iQ / r /B ;" KQ7 i?2 2tBbi2M+2 Q7 #E
TH biB+ bi” BM /Bbi " B#miBQM /2T2M/BM; QM i?2 TTHB2/ bi 2hb
bi’2bbX h?Bb Bb /QM2 BM 6B;X kXR3 i FBM; i?2 H 2 /v T2 7Q
0l R M/ T  K2i2  b2i >EX h?2 Q#i BM2/ KQ/ HBiv /B ;° K Q7 6E
#2 +QKT "2/ iQ i?2 " i+?2iBM; /B ;7 K Q7 6B;X kXe # b2/ QM i?2
Ai Bb "2K "F #H2 i? i i?2 /QK BM Q7 #BKQ/ HBiv Bb 7QmM/ iQ F
i?72/QK BM Q7 TH biB+ b? F2/QrMX h?Bb K DQ  }M/BM:; bm;;2bib
TH biB+ bi° BM /Bbi'B#miBQMb +Q "2bTQM/iQ i> MbBiBQM "2;
U2H biB+ Q° TH biB+V M/ i+?2iBM; K i2°'B H 2bTQMb2X h?BLk
mb2/ b + Bi2'BQM 7Q i?2/2i2+iBQM Q7 TH biB+ b? F2/QrM "2
iQi?2b2 B2b +QMp2 ;2M+2 + Bi2 BQMX h?Bb +QM+HmMmbBQM Bl
01 k UKQ/ HBivK TMQi T QpB/2/?22°27Q  +QM+Bb2M2bbVX
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6B;:m 2 kXR3, JQ/ HBiv/B ;> K7Q T K2i2 b2i >E-01 RX Ai +7
2tBbi2M+2 Q7 mMMBKQ/ H Q" #BKQ/ H /Bbi'B#miBQMb Q7 ++mKai
p Hm2b "2 BM JS
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kX8Xk J2 M bi 2bb "2H t iBQM

h?2 M HvbBb Q7 i?2 HQ+ H "2bmHib Kmbi HbQ #2 T2 7Q K2/ 7
iBQMbX am+? M M HvbBb Bb T2 7Q K2/ BM i?Bb b2+iBQM BM i
i2bib BM Q /2 iQ +? > +i2°Bx2 bQK2 KB+ Qbi'm+im> H72 im 2b
bi*2bb "2H t iBQMX 6Q  i?2 M2tii?°22};m 2b bi° BM +QMi QHH
rBi? T > K2i2 b2i BE4 BYXKLM4A yXBBb +QMbB/2°2/X h?2 “2bmH
THQIii2/ T2 i BMiQ i?2 i2MbBH2 T2 F Q7 i?2 Ryyi? +V+H2X h?2 4
KXRN + M #2 +QKT "2/ rBi? i?Qb2 Q7 };m 2 kXRjU V Ubi 2bb +Q|
bi BM +QMi"QHH2/VX Ai+ M#2b22Mi? i #Qi? "2 p2 vbBKBH
Q7 i?2 pQM JBb2b bi° BM b?Qrbi? ii?2 KQbi /27Q K2/ ;> BMb 2
7Q° #Qi? bBKmH iBQMb- 2t+2Tii? i i?2 bi° BM +QMi ' QHH2/ bBk
HQr2 bi° BMp Hm2bX h?2 7QHHQrBM; /2}MBiBQM Q7 HQ+ HK

(Lt 5t R)+( O+ 5+ )2 UkXj8V

r?2°2i?2bm#bMBBM/IB+ i2i? ii?2p B #H2br2 2 +QHH2+i2/ ii’
b+QTB+ i2MbBH2 Q° +QKT 2bbBp2 T2 F Q7 i?2B" +v+H2X h?2 |
bi’2bb THQiIi BM/B+ i2bi? i Bi +QM+2Mi" i2b ii?2 ;" BM#QmM/ °
iBQMb- M/ Bb H2bb T°QM2 iQ #2 ?B:? rBi?BM i?2 ;" BMbX Ai
i?Bb BMi2 ;" MmH ~BMi2" +iBQM T 2p2Mib i?2 K2 M bi 2bb 7 QI
TQHvV+ vbi HX

L2ti- BMi #H2 kXj [m MiBi iBp2 M HvbBb Q7 i?2 BMi2°/2T2M/2
iBp2 p "B #H2b Bb /QM2 mbBM; i?2 S2 "bQW YQQ 2R BBQM +Q2({-
LB+2r M/2 - RN33VX h?Bbi #H2 Bb bvKK2i'B+ M/ QMHv i?2 mT
reBH2 H #2HBM; i?2 HQr2  ? H7 b 6bvkKéX h?2 p Hm2b Q7 i?Bb
@R UM2; iBp2HvV +Q "2H i2/ViQ YR UTQbBiBp2HV +Q "2H i2/V-
T B/iQ i?2 K ;MBim/2 Q7 i?2 +Q2{+B2Mic ?B;? K ;MBim/2 bB;
r?BH2 HQr K2 Mb MQ HBM2 " +Q "2H iBQMX HbQ-};m 2 kXky b"°
THQib 7Q  i?2 "2H iBQMb?BT #2ir22M i?2b2 p "B #H2bX Cm/;BM
K2 Mbi 2bb Bb bi " QM;Hv "2H i2/iQ i?2yw{d3V¥Wb?EB+?BBbB BHWLQ- iQ
bQK2 2ti2Mi- pBbB#H2 BM i?2 +QMiQm  THQib Q7 };m 2 kXRNX /
BMi2 /2T2M/2M+2 Bb #2+ mb2 #Qi? [m MiBiB2b "2 bi 2bb K2 bm
Bb MQi p HBAmrBRIM+ QKT " 2/hQr?B+? ;Bp2b p2'vr2 F BMi2 /2C
T2M/2M#2@y Xy3VX q?2M +QKT 'BM; i?2 pQM IJBb2b bi 2bb rBi?
tB Ha+?KB/ M/i?2iQi H tB Ha+?KB/7 +iQ - bi'QM; M2; iBp:
#2 b22M 7Q° #Qi? [ mmiBBB2QKBIM M@Y XeNV r?B+? TQbimH i2

Ry = S50Y) 1222 +Qp Bb i?2 +Qp "B M+2 #2ir22M irQ ° M/RKBb B #H2b s N
i?2 bi M/ '/ /2pB iBQMSQBb-i?®/bi M/ */ /2pB iBQM Q7 uX
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i? i bHBT /Q2b MQi Dmbi /2T2M/ QM i?2 bQ7i2bi bHBT bvbi2K-
i?72 +QK#BM iBQM Q7 KmHiBTH2 bHBT bvbi2KbX h?2 i'B tB H bi
+Q "2H i2/iQ i?72 pQM JBb@y XjRAb?B+? iQ bQK2 2ti2Mi K F2b &
#2+ mb2 #Qi? [m MiBiB2b ‘2 bi'2bb K2 bm 2b M/ i?2v Kmbi ? p:
/J2M+2X h?2 bi"QM:2bi "2H iBQMb?BT Q7 HH p "B #H2b Bb Q7 i
i72 ++mKmH i2/ TH biByXutiyVBMAB+? Bb HbQ Q#pBQmb 7 QK i?
THQibX

n n
mean vM tri vM Qcc Mmax Miotal

mean RXyy @yXy3 yXdj @yXR9 @yXRj yXyy @yX
w  bvK RXyy @yXjR @yXyj yXj3 @yX9R @yXel
tri bvK bvK RXyy @yXyd @yXRk yXRR yXR3
"M bvK bvK bvK RXyy yXdy yXjk yX9y
"B bvK bvK bvK bvK RXyy yXRe @yXy3

Mmax bvK bvK bvK bvK bvK RXyy yXek
Miotal bvK bvK bvK bvK bvK bvK RXyy

h #H2 kXj, S2 "bQM +Q "2H iBOQM +Q2{+B2Mi XK, #B35%Q" bBKmH
MR:= 02 7i2° "mMMMBM: QM2 2mM/ 2/ +v+H2b- 2ti> +i2/ ii?2 K |
Q7 i?2 QM2 ?2mM/ 2/i? +v+H2X

Ai Bb r2HH /Q+mK2Mi2/ BM HBi2 im 2 i? i i2ZMbBH2 K2 M bi 2bl
#v BM+ 2 bBM; +° +F QT2MBM;b- r?2°2 b +QKT 2bbBp2 K2 M b
+ +Fb #2+ mb2 Q7 i?2 +QMi° v UJQ "Qr 2i HX- RNd9c ErQ}2 N
*?2"Bbi 2i HX- RNNdc sB 2i HX- RNNec um M 2i HX- kyReVX

?vTQi?2bBb M/ Bb #2ii2" 2tTHQ 2/ BM };m 2 KXRN r?B+? b?Qrb
Q7 /Bz2 2Mip B #H2b 2bT2+B HHv i?2 K2 M bi 2bb- mbBM; b+

bBKmH iBQMX "2+ mb2 i?2 MmK#2" Q7 TQBMib Bb ?m;2 UyX8 K
QMHvV 3yyy TQBMib "2 b?QrM BM i?2 b+ ii2° THQIiX h?2 THQI 7Q
i'B tB HBiv BM };m 2 kXky U+V- b?Qrb ?B;? +Q "2H iBQM #mi
#2+ mb2 #Qi? [m MiBiB2b "2 bi'2bb K2 bm '2b M/ "2 #QmM/ iQ
PMi?2 Qi?2 ? M/- " i?2 +m BQmbHv- b b22M BM U V i?2 pQM .
+Q "2H i2iQ i?2 K2 M bi 2bbX MQi?2 BMi2 2biBM; }M/BM; Bb
pQM JBb2b bi'2bb M/ pQM JBb2b bi° BM /Q MQi ? p2 /B 2+i +(
iQi?2 MQIBQM i? i ?B;?Hv bi 2bb2/ "2;BQMb M22/ MQi M2+2bb

aBKBH " }M/BM;b ? p2 #22M "2TQ i2/ 7Q 1?2 b+ ii2  THQi #2ir2:
BMbB/2i?2 TQHv+ vbi HmbBM; }MBi2 2H2K2Mi + vbi HTH biB+
bB;MB7vBM; i? ii?2 b+ ii2°  THQi- Hi?Qm;? b22KBM; mM+Q "2H
?  bBM7 +ibQK2 mM/2 HvBM; T?vbB+ H 2 bQM #2?BM/ Bi- M/ |
iQrQ ' F QM r?2v bm+? "2H iBQMb?BT 2tBbibX h?2 S2 "bQM +Q
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7 BHb iQ b22 +QMM2+iBQM #2+ mb2 Bi QMHV :Bp2b HBM2  +Q
p B #H2bX L2ti-i?2 pQMJBb2b bi> BM M/i?2 ++mKmH i2/ TH &
+Q "2H i2/c i?Bb Q7 +Qm b2 bB;MB}2b i? i i?2 "2;BQMb r?B+?
T Q/m+2 i?2 KQbi TH biB+Biv #mi Bi HbQ TQBMib iQ i?2 7 +ii?
P HM2 Q7 i?2bi° BMi2MbQ  Bb ?B;?Hv U#mi MQi +QKTH2i2HVV +
r?B+? 2 b #22M ++mKmH i2/ mT iQ i?Bb TQBMiX Ai K v #2 BMi:
"2;:BQMb BM r?B+? i?2 "2K BMBM; TH biB+Biv? b /BbbBT i2/X

h?2 /IBbi B#miBQM +m p2b 7Q : mbb TQBMip B #H2b "2 THQi
bQHB/ HBM2b 2T 2b2Mi 0l Rr?BH2 /Qii2/ HBM2b 2T 2b2Mi ol
Ki+?BM; 2bTQMb2 r?B+? bB;MB}2b ;QQ/ 2T 2b2Mi iBpBiv Q7
JBb2b bi 2bb THQi b?Qrb i?2 /Bbi B#miBQMb +m p2bi° MbH iBM
reB+? "2~2+ib i?2 /2+°2 b2 Q7 i?2 p2 ;2 K2 M bi 2bb T2 +v+}h
KQ/ HBiv Bb Q#b2 p2/7Q i?2 bi" BM# b2/ HQ /BM; +QM/BiBQM|
bi 2bb +QMi QHBM i?2 T 2pBQmb b2+iBQM rBi? "2; '/biQ  i+?2
M/ bi"2bbi B tB HBiv THQIib/BbTH vbQK2r? i bBKBH "~ /Bbi B#r
MmK#2 Q7 +iBp2 bHBTb bvbi2Kb BM/B+ i2bi? i bBM;H2 bHBT
MmK#2" Q7 +v+H2b BM+ 2 b2bX ++mKmH i2/ bHBT M/ ++mKm
?B#Bi #BKQ/ H /Bbi B#miBQMb b BM i?2 bi 2bb +QMi QHH2/ + |
bQK2 HB;?Ii QM i?2 /2p2HQTK2Mi Q7 #BKQ/ HBiv BM i?2 +QMi2ti
iBQM i2biX 6B;m 2 kXkk b?Qrb i?2 # 2 F/QrM Q7 #BKQ/ HBiv BN
bi BM7Q T  K2i2 b2i GE-01 R M/ kX Ai+ M#2 b22Mi? i 7Q i
UV M/U#V-i?2+m p2bbi i b mMBKQ/ H/Bbi B#miBQM #mi i~
/IBbi'B#miBQMbX Cmbi HBF2 BM i?2 bi 2bb +QMi QHH2/ + b2- i
?mM/ 2/ +v+H2b "2 MQi2MQm;?iQ "2 +? b im  i2/ 2bTQMb2- |
"2 biBHH bTHBIiiBM;X h?2irQ T2 Fb i? i 7Q K BKTHvV i? i 1?2 KE
BMiQ irQ "2;BQMb- QM2 BM r?B+? TH biB+ +iBpBiv biQTh 7i2°
bi ;M Mi T2 FV- M/i?2Qi?2 ++QKKQ/ iBM; HHTH biB+ /27Q" 1|
T2 Fr?B+? F22Tbh KQpBM; 7Q ' r "/VX i ?B;? bi- BMb- b b?QrM I
i?72r?QH2 KB+ Qbi m+im 2 mM/2 ;Q2b TH biB+ +iBpBiv 2bmHil
#miBQMX Ai Bb ?2vTQi?2bBx2/ 7 QK i?2 T 2b2Mi Q#b2 p iBQMb |
/IBbi " B#miBQM #2+QK2b mMBKQ/ H- K2 M bi'2bb rBHH "2H tiQ x

kXe aBKmH iBQMb i ?B;? +v+H2 MmK#2 b

h?2 T°2pBQmb Q#b2 p iBQMb ? p2 #22M K /2 7°QK i?2 ?2mM/ 2/
i72 TQHvV+ vbi HHBM2 :;°2; i2bX h?2 Q#D2+iBp2 Q7 i?Bb H bi
p HB/BivQ7i?2/ rM+QM+HmMbBQMb i?B;?22 +v+H2 MmK#2 bX



*> Shl_ kX _ h*>1hAL: L.J1 L ah _laa 1G s hAPLe9

(a) p =-0.08 (b) p =-0.03

Von Mises stress (MPa)
Von Mises stress (MPa)

Mean stress (MPa) Von Mises strain (%)

(c) p=0.73 (d) p =0.38

Von Mises stress (MPa)

Stress triaxiality (-)

Mean stress (MPa) Accumulated plastic strain (%)

(e) p=-0.13 (f) p=0.70

Accumulated plastic strain (%)
Accumulated plastic strain (

Mean stress (MPa) Von Mises strain (%)

6B:m 2 kXky, a+ ii2° THQib Q7 : mbb TQBMip "B #H2b 7Q° M b
i " QHH2/ i2bi mbBM; T ~ K2i2 bR 68 yMk &¥#0-85%X h?2

p B #H2b b?QrM "2 U V pQM JBb2b bi'2bb pb K2 M bi*2bb- U#\
pQM JBb2b bi® BM-U+V bi'2bb i'B tB HBiv pb K2 M bi'2bb- U/V
+mKmH i2/ TH biB+ bi® BM- U2V ++mKmH i2/ TH biB+ bi° BM p
++mKmH i2/ TH biB+ bi° BM pb pQM JBb2b bi> BMX 1 +? THQi
2 K+ Qb+QTB+p Hm2 Q7 i?2 p B #H2b rBi? "2/ + QbbX h?2
+Q2{+B2AWBK HbQ bi i2/7Q 2 +? b+ ii2° THQiX
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