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1.1. Literature Review

1.1.1. State of the Art DC Fault Location
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1.1.2. State of the Art MT-HVDC Line Protection
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1.2. Problem Definition and Scope

1.2.1. Fault Location
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1.2.2. Protection
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Travelling Wave Theory
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2.1. Directional Travelling Waves
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3.1. Real Time Simulation Environment
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Fault Application and DCCB control

(000 000moboi00 boOoooo 0o 00000 10 00000 000 0oo O 0000i00000io0tOoboboodo 00oOo toomo Cooo ooo
000000 00 00000000 O 00oooo 00 0000000 00 000 000000 00 000 InooO0ot 0iono0dn CO0 0000 00000000 boiooooo
0 0000 DD 0 0000 00 bobdo 0ol 00O0bidooooo 00 Doodo o0 00 100000 0ond 00i0ooo0 000 0ooooo
U0 Q0ni0ioioo 0000 0000 0o 000 00000 10000i000 000 D000 000 boo 00 000000000 000 1000oioo doobooo
(0 000 OO O Coof 0000 0 000 boooido 0ooioobOooor diooioooibond oo Dooo 0oooooo 0o 000 0odd oo
000 00000000 0000 00 000000 booot O 000 0oiotn 000 0040 100000 000 0000000 Coobooo oo 0oo 0000 oo oo
0000000 OO0 000 0o00o0 oo 0ooo 0o 000 00b00 00000 0DO00oD 0O 1000000 00 0000 00000 000 O0000ooe 0o ooo
(000000 TI00 000 00000 OO0 Cboooo 00 b0iboood oo 0o 000000 0000000o0n 0bibooo 0o0oooth 0O04dd bond oiooom
000 DODODDOD OO0 D00 f0boooo 0o ool 0ooool 00 D000 booiooo 0o 00000 b0000000o0i0 0ooooooo0e boo
000000 00 ODOD 000000000 0oooodt O Dooo0o0o00000000obobond 00000 000 0o Loboooo bodomooid 0o 0 00O
(00000 00 000 000 OOO0O oo noDomtl 0oo boOo 0oi0o 0o 0 000000000000 00000 Dot 00to0ooo bi;mooooo o
00000000 OOB0 DOo0ntoo 000 0obonioo 0ot 0DoO0Oon Dooooiob 0ot ODO0Oo0 o 0000 0O Doo0ooor 000 Codoooo0
1000 0o 0bobiOo0 0o 00000i00 000 0000000000000 0000 0000000 000000 00 000 0000000 Doomogoooo

Locatio
= Iﬁ @ DCFLOT 1
v ol P9
3T
wl
+ [i)
p [a]
P ok < a A DELAY < 1oy
0 0.003
SR S-R
o . FLIP FLIP
_feclose o | FLOP [= FLOP (= DCBRKctrl_P_pg
o sl M
reset reset
DELAY s o
L 0.01 <R
FLIP
FLOP o) DCBRKctrlaux_P_pg
resetp

00000 0000 Co0o DO0mo0o00 000 000800 0000 0000 010000 0000000Inao

00000 000 00000 boo [0 000000000 0 000D 0Ot 000 00000 000 00 [0 0 OO0 Diooo 0oo oootioe oomo
000 0000 00 000 0000000 00000 000 0o0 Doooo0O o boo 000000000 CJ0ooomo 00000 Dobooooooo 0o boo
00000000 00 0ooio 0 00O 000000 000 Uhoiioo 00oo 00 boboooott 0o 0o 000000 oo 000 biooo 0oootioo oo
000 D000l brdbod 0o bOo b0 o 0ooo 0o Looooonto boo booohito 00oe 0o boo bobooor O bOoo oo
(0 0000000 OO0 000oooo 000 OOoomito 000 boCooeo Dot 0b0o0ooon 0oo bodoo 0o0io0oot 0 0 boooooooo o
00000 00OODb000000 000 00000 00 100000000 0oioo 10 J000000. 00 0o0ioC0 Do ooo 00000 oo

o LA A
: -||—<-—d|4_:r : :
! B B |
! ez T
! I i
| ! :

L-G FAULT POINL FAULT POINT

000000 0000 00000 0oOoonito 000 00000000 000000



3.3. Test Setup 18

3.3. Test Setup
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rQ FX 6B bi-i?2 H;Q Bi?KBbi> MbH i2/ BMiQ * M/ i2bi2/X q?2M i?2* +Q/2 QT
7°QKi?2J hG " +Q/2- M _a* . +QKTQM2Mi Bb +'2 i2/bQi? i _h.a+ M mMi?2
T K2i2 }iiBM; +QKTQM2Mi rBHH HbQ 2t245iBE2M bl X AHB Mg *Q.7 i M2r /° 7i
rBM/Qr Bb +°2 i2/ r?B+? +QKBBi®@bH222i2+ib B7 7 mHi Q++m b- +iBp i2b M/
T K2i2 }iiBM;- M/ +QKTmi2b i?27 mHi HQ+ iBQMX aQK2 WdnKTiBQMb "2 K

WWWYQTXMSRW

C Bb + #H2 T ° K2i2° M/i?2°27Q 2 +QMbi Mi7Q° HHHQ+ iBQM 2biBK iBQ
bQi? i Bi}libi?2 /i #2biX

Ch?2ivT2 Q7 7 mHi /Q2b MQi bB;MB}+ MiHv z2+ii?2 ++m’ +v Q7 i?2 7 mH
z2+ib i?2 BMBIiB HipXHm2 Q7

Ch?2 "2bBbi M+2 Q7 i?2 7 mHi /Q2b MQi bB;MB}+ MiHv z2+ii?2 ++m° +v Q
#2+ mb2 Bi QMHv z2+ib i?2 BsMMBiB Hp Hm2 Q7

C b iBb7 +iQ'v "2bmHi Kmbi ? p2 M p2° ;2 #bQHmMi2 2°°Q  #2HQr RXyW- r
TQbbB#H2X
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8SSPW
* +Q/2 Bb /2p2HQT2/ BM oBbm H aim/BQ *Q/2- +QMp2MB2Mi +Q/2 2/BiQ  + T
Q7i?2 +Q/2X bBiBbMQi TQbbB#H2iQ 2 bBHv THQi i?2/i QM ; T?-i?2 Mm

iQ *ao 7Q K i M/ BKTQ'i2/ BMiQ J hG " 7Q  pBbm HBMbT2+iBQM M/ +Q/2 +Q
kKXRXR Bb mb2/ 7Q° HH i?BM:b "2H i2/ iQ bBKmH iBQMX Ai Bb K BMHv mb2/
M HvbBb Q7 K2 bm 2/ [m MiBiB2b rBi?BM i?2 2H2+i B+ H bvbi2K KQ/2HX _a*
"MBH/2 - r?B+? +QK2b T'2@BMbi HH2/ rBi? _a* .V Bb TTHB2/iQ +'2 i2i?2 T
+QKTQM2MiX AM //BiBQM- 1t+2H Bb mb2/ 7Q  [mB+F K Mm H/i M HvbBb i?
i?727 mHi HQ+ iQ X

(IWMKR 4VSGIWW

Ve MR 7TMQYPEXMSR

"Qi?i?27 MHi/2i2+iBQM M/i?27 mHi HQ+ iBQM rBHMN# DB M2HRM 222 MvHVb
}1°bi bi2T BM i?2 T°QD2+i Bb iQ +QKTmi2 i?Bb bB;M H BM _a* .X h?Bb + M #2 :
+QMi'QH +B +mBiBYMQ2XO BRBb +B +mBi Bb /B 2+iHv BKTH2KXMIZKXdQK 1[m iE
"2bT2+iBp2HWRHh®2H b?Qrb i? i i?Bb hqg K2 bm 2K2Mi BbR{Q+HIQ#+ 2”2 “2H v
+QMp2i2° R QM * #H2RKX#BR202Qrb i? i i?2b2 "2 K2 bm 2/ [m MiBiB2b 7 QK
KQ/2H- M K2HvV TQH2 pQHi ;:2b M/ +m  2Mib ii?2 "2H v HQ+ iBQMX h?2 TQbB
7°QK i?2 .* #mb BMiQ i?2 + #H2X

6B:m 2 9XRQKTmMi iBQM BM _a* .X

6 QK [m iBQM-kB(kBb FMQrM i? i i?2 rH 7@QHHQ@BM: M BMi2 M H 7 mHi Bb /
2tTQM2MiB H 7mM+iBQM mMiBH Bi Bb "2~2+i2/ BM i?2 7 mHi TQBMiX >Qr2p2".
+?2 ° +i2 BbiB+b- Q7 r?B+?i?'22 "2BMi?2b+QT2 Q7 i?Bbi?2bBb-M K2Hv 7 mtl

JJJIGX SI*EYPX 8]TI

*QMbB/2°BM; i? i i?2 HBM2@KQ/2 pQHi ;2 Q1 [miBZN XK@ImHT+H2H i22 BIQH2b -

;T QmM/ 7 mHIi QM TQbBiBp2 Q M2; iBp2 TQH2 USh: Q  Lh:Vb?QmH/ 2bmHi BN
"2+ mb2 i?2 bB;M H QVjuyBMbBRBHBDL 2bTQMb2 Bb 2tT2+i2/ 7Q " #Qi? ivT2b Q7 7
#2 b22M BV 2X9XBKBH "Hv- B7 #Qi? TQH2b 27 mHi2/ BM ShS 7 mHi-i?2 7 n
2z22+iBp2Hv /I Qm#H2/ +QKT "2/iQ Sh: Q Lh:7 mHi#2+ mb2 Q7 i?2/2+QmTHB
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6B;m 2 AXR#i Q7 i?2 7 mHIVpy T2 MRb 2 U:0 - = 150 FKV X

)JJIJIGX SI*EYPX 6IWMWXERGI

g?2M 7 mHi? b MBMi2™M H "2bBbi M+2-i?2 pQHi ;2 ii?27 mHi TQBMi Bb MC(
+m "2MirBHH #2 HQr2  i? Mi? i Q7 K2i HHB+ 7 mHiXVh?BR; Mz B+ iMB th " QvhiH/2 ™ ™ :
i?72°27Q°2#2 i F2M BMIE) mt 2@MIXi?Bb 2z2+i1 7Q " i? 22 710 HD:12bBMi M+2b,
0001 X h?2 H ii2° Bb +QMbB/2 2/ iQ #2 K2i HHB+ 7 mHiX AiHt BbANQi2eBbi® HiPy
/IBbiBM;mBb? #H2 7" QK i?2 K2i HHB® 77/miiHX BIQfBp2 2Mi2 M/ bQ i?72 "2bTQMb?2
b2p2°2X h?2 b2p2 'Biv Q7 7 mHi Bb K BMHV ;Bp2M #Vyi?20 TQM™MB MX KBHB2mM /2
BKT2/ M+2 7 mHib rBHH #2 2p2M ? /27 iQ /2i2+i M/ +H bbB7v +Q "2+iHv- bi?

6B;m 2 AXP+i Q7 i?2 7 mHi "2b\BbT MTD@M2 USh{ FI80HIK VX

JJJIGX SIJ*EYPX O0OSGEXMSR

h?2 7 mHIi HQ+ iBQM ? b ;72 i2z2+i QM i?2 K2 bm 2/ 6BhMQMDXEBH 7 +mMi#H2 b22
"2 TTHBt2H90$8X >Qr2p2°-i?2B° "2bTQMb2b "2 K2 bm™ 2/ H i2° b "2bmHi Q7 i?2
Q7 i?2hgX :Bp2M i? ii?2 7 mHib "2 2p2MHv bT 250k BMb2ip2H- #H2 BBIi+B /2 Mi
rp27 QMiBOFKRL67 18 Kfb 0:3s bT +2/ T iX h?Bb rQmH/ #2 i?2 KQbip Hm #H2 BN
iQ /2i2°KBM2 7 mHi HQ+ iBQMc ?Qr2p2°- b i?2 iBK2 Q7 TTHB+ iBQM Q7 i?2 7
i?72 bBKmH iBQM-i?2'2Bb MQ "272°'2M+2 iQ mb2 7Q i?2 HQ+ iBQM 2biBK iBQI

a2+QM/Hv- i?2 bi22TM2bb Q7 i?2 BM+B/2Mi r p2 Bb "2H i2/ iQ i?2 KQmMi Q7
;Qp2 M2/ #v i?2 i p2H /Bbi M+2X h?2 "2bTIGMORKQBbL D2 A miRi2rMBi??2°2 b i?Bb
;7 /m HHv ;2ib ~ ii2° 7Q° 7 mHib rBi? BM+ 2 bBM; 7 mHi /Bbi M+2X h?Bb bB;M
#v i?2 T ° K2i2  }iiBM; M/-i?2°27Q 2-rBHH #2 2tTHQBi2/ 7Q  HQ+ iBQM 2biBk

G biHv-i?2 +HQb2" 7 mHiBbiQi?2 "2H v-i?2bQQM2"i?2 bB;M HBb "2~2+i2/
rBHH Qb+BHH i2 rBi? 7°2[m2M+v "2H i2/iQ i?27 mHi/Bbi M+2X b i?27 mHiB
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rp27 " QMi mMiBH i?2 }"bi "2~2+iBQM-7 mHibi? i "2 "2H iBp2Hv +HQb2 iQ i?2
rBM/Qr M/ i?2°27Q°2 QMHv 72r BMTmi/ i TQBMib 7Q i?2 T ~ K2i2" }iiBM; H
iQ HQr2  }iiBM; ++m” +vX

6B;m 2 4X9+i Q7 1?27 mHi H @t IBIM@M2 USh Ry =nLkDi -V X

*EYPX (IXIGXMSR
h?2 7 mHi /2i2+iBQM +QMi " QH #HQ+F Kmbi +iBp i2 i?72 b KTHBM; Q7 i?2 7 mt
T°Q/m+2i?2i'B;;2" bB;M H bbQQM bi?27 mHi Q++m b6oB hfd 22XIHBZ QH #HQ +
/2H WB;M HBb H biiBK2bi2Tdb RW b+ HWA{ b®Br;WdataybB-Q M9Q Yyifm2 1]X
L2ti- Bi Bb +QKT "2/ rBi? Vg2 M 2i2Mi2Bb ~ Bb2/ B7 i?2 +m "2Mi BMTmi bB;M H
i? MQ 2[m HiQ i?2 /2HWI] 8BOMOH Viu[n 1]1X/2i2+i2Bi vb ?B;? b HQM; b i?2
+QKT "'BbQM ?QH/b-r?B+? /2T2M/b QM i?2 7 mHi "2bTQMb2X ; i2/ b2i@ 2b2
i?72 QmiTmi BKMhHEB; b bQQM b i?2 b2i bB;M H UaV Q7 i?2 ~BT@~QT Bb ~ Bb?2
UZV Bb b2iiQR-"2; '/H2bb Q7 bm#b2[m2Mi +? M;2b BM aX h?Bb 2Mbm™2b i? ii
7127 1?2 7 mHiX h?2 iBK2" #HQ+F 7TQHHQrBM; i?2 ~BT@~QT +°2 i2b TmHb2
i?720 KTh BmiTmi bB;M HX h?2 ~BT@~QT + M #2 "2b2i #v > BbBM; i?2 "2b2i BM
K Mm HHv ° Bb2/ #v T 2bbBM; "2b2i #miiQM- #mi Bi Bb HbQ miQK iB+ HHv °
7 mHi Bb TTHBXHiZApRMi

6B;m 2 BXBHi /2i2+iBQM +QMi QH #HQ+FX

AMB;m 2i226BKBM; /B ;" KQ7i?2/2i2+iBQM Bb b?QrMX6E22n+DEABBbQM K /2
r?2i?2° M2bB;M H Bb #2HBriB2M HX b bQQM b i2RbQ@Bbm Bb2/ r?B+? BM

im "M BKK2/B i2HvKTBIBBMAIi Bb BMi2 2biBM:biXMQBbi? Bh2/ QM2 iBK2@bi2T iQ
Hi2 bBM+2 i?2 }'bib KTH2 Q7 BMi2 2bi &b hB2M M 2B B Nb irEPHB H2H @B2 M? Bl X

h?Bb M22/b iQ #2 +Q " 2+i2/ #v i?2 b KTHBM; bi" i2:vX
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6B;m 2 &XelHi /2i2+iBQM iBKBM;X

4EVEQIXIV*MXXMRK'SQTSRIRX YWMRK %101

AM i?2 h.af_a* .2MpB QMK2Mi- "~ vb Q7 /i + MMQIi #2 T bb2/ 7' QK QM2 +Q
i 2T bb2/ QM2 b KTH2 i iBK2- QM+2 T2 iBK2@bi2TX h?Bb K2 Mbi? ii?
bB;M Hb KTHBM; M/ i?2 T > K2i2  }iiBM; +QKTQM2Mi Kmbi #2 QM i?2 b K2 bl
Qi?2°rBb2i?2 b KTH2// i + MMQi #2 "2 / #vi?2 H;Q ' Bi?KX b T bbBM; " vb C
2{+B2MiHv- #Qi? 7TmM+iBQMb M22/iQ #2 T2 ' 7Q K2/ #v i?2 b K2 +QKTQM2MiX A
+ M #2 2{+B2MiHv biQ"'2/ BM M "~ v BM*- 7i2 r?B+? BiBb p BH #H2 /B 2+iH
h?2 +QKTQM2Mi /2bB;M BM *#mBH/2" bi “ib #v b2iiBM; i?72 +QKTQM2Midb T ~ K
Q'; MBx2/ BM i #b i? i+ M #2 +? M;2/ BMbB/2 i?2 KQ/2H /> 7ib 7i2" i?2 +QKTC
HB#  “vX L2ti-i?2 ;" T?B+b "2/ rM7Q  i?2 +QKTQM2Mi- M/ i?2 BMTmi M/ C
[2}M2/- b b?GrBLBMXOXM i?72};m 2-/QibrBi? r?Bi2p2'iB+ Hbi'BT2 b?Qr i?2 B
M/ /Qib rBi? r?Bi2 +B +H2 b?Qr i?2 QmiTmip "B #H2bX h?2 #Hm2 M/ ;"22M |/
p Hm2/p "B #H2b U~Q iBM; TQBMiV- 2bT2+iBp2HvX h?2 /2bB;M Q7 i?2 ;" T?B-
bBKTH2 M iBp2 a* . +QKTQM2Mib-r?B+? Bb M2+2bb "'v/m2iQ i?2 H “;2 MmK;

6B;m 2 9Xd?B+ Q7 +mbiQK _a* . T * K2i2 }iiBM; +QKTQM2Mi
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7i2° 1?22 T °~ K2i2 b-;> T?B+b- M/ AP p B #H2b "2 /2}M2/i?2 +QKTQM2Mi Bb ;
i?727Q° KQ7*+Q/2X *"mBH/2" miQK iB+ HHv +QKTBH2b 2?2 /2 }H27 QK i?2T
reB+? "2i?2M ++2bbB#H2iQ i?2 +mbiQK *}H2X h?Bb*}H2Bbr?2°2i?2HQ;B+
Ai +QMbBbib Q7 i?°22 hR-HBPRALMBAM2+QMi BMb p "B #H2 /2+H ~ iBQMbX HH
U2X;X BMi2;2° M/ ~Q iV M/ bi'm+im ' 2b U2X;X 7" v M/ K i'BtV Kmbi#2 /2+H °
i?72v "2 mb2/ #2+ mb2i?2 +QKTBH2 M22/biQ + 2 i2biQ " ;2bT +2bBMi?2 K2K
h?2 J b2+iBQM +QMi BMb i?2 +Q/2 i? i Bb "'mM QM+2 T'BQ iQ i?2 bi i Q7 i7?
K2 MiiQ +QKTmi2 +QMbi Mib # b2/ QM i?2 +QKTQM2Mi T ~ K2i2'bi? i "2 b2i 1
K2 MiiQ BMBiB HBx2 "~ vb M/ K i'B+2b BM i?Bb b2*PBQMX+hBQ M A Bk 2+HB Q M
2t2+mi2/ QM+2 2p2°viBK2@bi2T /m"BM; bBKmH iBQMX Ai ?2Qmb2b HH i?2 7m
b +QMi"QH b2[m2M+2 7Q  i?72 K BM +QKTQM2Mi HQ;B+X hQ Q ; MBx2 i?2 +QK
K +?BM2 Bb +°2 i2/ BM r?B+? 2 +? bi i2 Bb bbB;M26Boam72AM+3IBQM- b b?QrM E

6B;m 2 @X32 K +?BM2 b+?2K iB+ Q7 +mbiQK _a* . T * K2i2  }iiBM; +QKTQM2Mi

h?2 bi i2 K +?BM2 +QMbBbib Q7 i?°22 +iBQM bi i2b M/ “2b2ibi i2X h?2 +QK
bi i2 i iBK2X

7XEXI 6IWIX 7XEXI

AM i?2 “2b2i bi i2- HH BMi2™M Hp "B #H2b "2 "2b2i- r?B+? K2 Mb b2i 2[m H
"2BMBiB HBx2/ bQ i? i M2r }iiBM; 2p2Mi + M bi i bbQQM b i?Bb Bb 2tT2+i2
i?72BMTmi ~~ v- "2 2BMBiB HBb2/iQ p2'v?B;? MmMK#2>  BMbi2 / Q7 yX "2+ m
"QmM/ y-? pBM; i?Bb b /27 mHip HM2 K v H2 /iQ T'TQ#H2KbX h?2 +QKTQM
bi i27 QK Mv Qi?2  bi i2- 6IB pf? @QXNMNKBMR bDIB;M H Bb i?2 BMi2;2° BMTmi bB;M H
BMB;m 2X9XdHQM; b i?2 bB;M HBb ?B;?-i?2 +QKTQM2Mi Bb F2Ti BM i?2 "2b?
"2b2i bB;M HBb HQr-i?2 +QKTQM2Mi KQp2b iQ bi i2 RX

7XEXI -HPI 7XEXI

h?2 B/H2 bi i2 K F2bbm 2i? ii?2 +QKTQM2Mi Bb 2 /viQbi ib KTHBM; #v KQp
i?72 KTH2h B;B2M H Bb b2iiQ ?B;?X PM2 Q7 i?2 mb2 @/2}M2/ +QKTQM2Mi T ° K
?2BbiQ v i2BWHNXK' 2+ mb2i?2 b KTH2 bi i2 Bb +iBp i2/ QMHv 7i2° 7 mHi Bb /2i
i? i bQK2iBK2b i?2 }°bi QM2 Q" irQ b KTH2b 2 HQDbiX "2+ mb2 i?2 bB;M H Q7
/QrMr “/ +m p2 ii?2#2;BMMBM; Q7 i?2b KTH2- HQbBM; i?2} bib KTH2; 2 iHv
T27Q°K M+2X qBi? i?2 ?BbiQ vi2 KT K2i2 -i?2mb2" + M /2}M2 2Qr K Mv b
b KTH2 “° v #27Q°2i?2b KTHBM: Bbi'B;;2°2/X h?2 B/H2 bi i2 i2KTQ" "BHvV bit
i72 1} bi 72r b KTH2b BM i?2 b KTHBM; ~° vXbAi EO FQRbB# K2 20QKb2i/2T2M/BM:
QM i?2 M22/b Q7 i?2 mb2 6b i'B;;2 bvbi2K-r?B+? Bb 7 mHi /2i2+iBQM BM "2; °

7XEXI 7EQTPI 7XEXI

h?2 b KTH2 bi i2 Bb "2bTQMbB#H2 7Q b KTHBM; i?2 BMTmi bB:M H M/ biQ E
b KTH2h BB2M H Bb > Bb2/-i?2 +QKTQM2Mi KQp2b BMiQ i?Bb bi i2X ii?Bb TQ
"2 H'2 /v biQ 2/ BM i?2 v BM bi i2?Bbith K2/ KQM2i?B2iiBM;X 1 +? iBK2bi2T
i?72 BMi2BMKHH2b v Bb 2ti2M/2/ #v i?2 p AMEM@I?2b b? Q 6\B BrM 2X9 X i ? 2
iBK2biBU'Bbi?2 b KTHBM; 7 2{mPH0OsV=RIB:67F>xX K tBKIMKTH2bv H2M;i?

Bb b2i iQ RyyX .2}MBM; i?2 H2M;i? Q7 i?2 b KTH2 Ub KTH2 rBM/QrV Bb /QM?2
QMHvV //2/iQ i?2 > vB7Bibp Hm2Bb HQr2"  i? M i?2/qnbs VR K2 bl]XTAB b KTH2-
Voi[n]>= Vig[n 1]- i?2 rBM/Qr Bb +QMbB/2°2/iQ #2 +QKTH2i2/- #%# muybRLi?Bb ? TT:
"2~2+i2/ ii?27 mHi TQBMi b22iBIOXBIMZBBM T TH2/ bB;M Hb?QmH/ ? p2i?2b K2
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bts b b?QrMsBMn 2Xk®8biHv- B7 i?2 /Bz2 2M+2 #2ir22M i?2 }'biirQ b KTH2b Bb
W BMi?2 + W2VQ7?22 } bi QM2 Bb QKBii2/ 7Q" #2ii2 T2 7Q K M+2X

h?2 /i rBM/Qr Bb miQK iB+ HHv b2H2+i2/ # b2/ QM i?2 K2MiBQM2/ +'Bi2 B X
i?2 "B;?2i BMTmi/ i Bb+ m+B H7Q" M ++m” i2 "2bmHiX "2+ mb2 i?2 +QKTQM
_h.a+QKTmi2'- K Mm HBMi2 p2MiBQM Bb + MMQi #2 K /2 7Q  rBM/Qr b2H2+iB
b2H2+iBQM + MGR; m22@BM2 ShS 7 mHi Bbt FOsHB2R; i=0:001 X h?2 /Bbi M+2
7°QK i?2 7 mHi iQ i?22k@H22BIB-2 i?2 /2H v BMO:2b/M2Mil2iQZ T QT ; iBQM iBK2X
Ai+ M #2 b22Mi? ii?2rBM/Qr Bb b2H2+i2/ 7 V@QKbiR;2MTO Bl iMQ2HR M;2° +QMbi N
t=0:8% iQ i?2 TQBMi r?2°2 i?2 "2bTQMbt2=2204dRQ KNI BImmb27mH iQ MQi2i? ii?2 7
rb/2i2+i2/ QMHv ii?2 b2+QM/ b KTH2-r?B+? b?Qrb i?2 BKTQ i M+2 Q7 i?2 ?
+ b2-i?2}bib KTH2 Bb ?BbiQ v i2 K bm+7? bmi#220 MBWM2%2kXk v BM

6B;m 2 9MNQK iB+ rBM/Qr b2H2+iBQMRY & 0n0dl, B$KS-

q?2M i?2 BMTmi rBM/Qr Bb b2H2+i2/- i?2 H bi bi2T BM i?2 b KTHBM; T Q+2bb B
h?Bb Bb /QM2 #v b+ HBM; i?2 b KTH2 > v/QrM bQ i? ii?2} bib KTH2 Bb 2[m |
i?72 bB;:M H QMHvV +QMi BMBM; /i QM i?2 7 mHi@BM/m+2/ 2bTQMb2- r?B+? H
“2bmHibX h?2 b KTH2b 2 /v 7Q  mb2 #v i?2 H:Q BIMKTM2 i 72B +A @2i?2M i?2
BMTmiiQi?2 JGJ H:Q Bi?K BM bi i2 X

h?2 b KTH2/ "2bTQMb2b Q" 6B2nbE; M 29b?BVMMEBMn 2 8XRiyBb b22M i? i i?2
bi2 /v bii2p Hm2 Bb "2KQp2/- bi?2} bib KTH2Bb iy FOX AMi?2};m 2- Bi Bl
T°QT ; iBQM HQM; i?2 + #H2 + mb2b i?2 b KTH2/ "2bTQMb2 iQ +? M:2 i?2 bi2:
7Q HQM;2 T°QT : iBQM /Bbi M+2bX

6B;m 2 OSRYT ; iBQM 2z2+i QM b KTH2/ “2bT QRkb=21U06 Y i, Sh:-

7XEXI 'SQTYXI7XEXI
h?2 +QKTmi2 bi i26b ;Q HBbiQ /Q i?2 T > K2i2 }iiBM; M/ T QpB/2i?2 T  K2i
7°QK i?2 +QKTQM2MiX h?2 T ~ K2i2 }iiBM; Bb KBMBKBx iBQM T Q#H2K i? i B
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KmHiB@ai2T G2p2M#2 ;@J ‘[m /i H;Q Bi?K U JGJVX ii?2 #2;BMMBM: Q7 i?
k8 T°QpB/2/i?Bb H;Q Bi?K BKTH2BRXIi2Q BM i iBiHH QM i?2 JGJ H:Q Bi?K Bi
M/ i?2 K i? #2?BM/ Bi + M #RTRQMBK BM

hQ +°2 i2 i?2 JGJ +QKTQM2Midb +QKTmi2 bi i2 BM *"mBH/2 - i?2 H;Q Bi?K
JhG "iQ*X q?2°2BMJ hG "- HHHBM2 ° H:2# v M/ K i'Bt7mM+iBQMb
i72b2? /iQ#2 K Mm HHVBKTH2K2Mi2/BM *X hQ ;2ii?2 H;Q Bi?KiQrQ F-*+Q
MmK2 B+ H QT2 iBQMb, 7mM+iBQMb r2°2 BKTH2K2Mi2/ 7Q  i?2 /Qi T Q/m+i-
i MbTQbBiBQM- M/ K i"Bt BMp2 'bBQMX 6QHHQrBM; i?Bb- /mKKv /i 7Q  i2bi
b KTH2 bi i2 Q7 i?2 +QKTQM2MiX h?Bb /i r bi?2M mb2/iQ i  MbH i2i?2 H:Q"
HBM2 #v HBM2 r?BH2 i2biBM; iQ 2Mbm 2 i? i #Qi? H;Q Bi?Kb rQmH/ T2 7Q K B
7Qi?2 +QKT "BbQM Q7 i%k® RdmM2riRiR(K2 Mbi? i QMHV i?2 BMTmi/ i Q7 i?:
+ M BM~m2MB2mBiX DRRRb i?22 }iiBM: “2bmHib 7Q° b KTH2/ Sh: 7 mHi 7Q" #Q
BKTH2K2Mi iBQMbX b + M #2 b22M- i?2 "2bmHiBM; ;> T?b "2 QM iQT Q7 2 +?
T2 7Q K M+2X

6B;m 2 9KRRIRBM; "2bmHib J hG " pbX _h.a USBOO7F KWX-

h?22 T > K2i2'bi? i "2 mb2/7Q  i?22 }ii2/ ;" W2M2 BXBR2M BM #2ir22M i?2 irQ
}iiBM: H:;Q'Bi?Kb Bb p2'v bK HHX h?Bb +QmH/ #2 + mb2/ #v MmK2 B+ H *QmM
H M;m ;2bX AM ;2M2" H-i?2i MbH iBQM Q7 i?2 H;Q Bi?K Bb bm++2bb7mHX

S K2i2JhG " h.a] 1°0
R @jR8XB@]REXBRYRYW
k fKNXNRjKNX3d/ XyRKkW
"R kedjXdjkedj Xy NXyR|W

h #H2 9&BRij2/ T ~ K2i2 b USh{i Z360HKV X

bi?2 JGJ H;Q Bi?KBb KBMBKBx iBQM H;Q Bi?K-Bi F22Tb Bi2" iBM; M/ K
iBQM mMiBH +2°i BMi? 2b?QH/X :Bp2Mi? i bBM;H2 Bi2  iBQM Q7 i?Bb T Q+
Qp2° "“vb M/K i'B+2b-K i'Bt KmHIiBTHB+ iBQMb- M/ 2p2M K i'Bt BMp2 bBQ
2tT2MbBp2- i?2 7TmHH KBMBKBx iBQM QT2 iBQM rBHH i F2 bB;MB}+ Mi KQ
+QKTmi iBQM iBK2-i?2 H;Q Bi?Kr bbB;MB}+ MiHv QTiBKBx2/- 2p2M KQ 2 b
K2Mi iBQMX h?2 *S|1iBK2 M22/2/ 7Q  i?2 H;Q Bi?KiQ +QMp2 ;2 Bb iBK2/ QM
b KTH2 " v?/ H2M;i? Q7 jyb KTH2b-r?B+? Bb HKQbi i?2 K tBKmK H2M;i?-
+QKTmi iBQM iBK2X h?2 *S| iBK2 71@0's?BbB+ DBl KQ 2 i? M i? 22 iBK2b i?2 iE
Q7 7mHH iIBK@BiBMQ72 _a* . KQ/2HX PM _h.a- i?Bb K2 bmlg2y'ss$BHEK2 Q7

HBF2Hv /2+°2 b2- b i?2 _h.a*Slé6b "2 KQ'2TQr2 ' 7mH i? Mi?2 *SI6b Q7 ;2M:
Bi biBHH BM/B+ i2b i? i B7 MQi ++QmMi2/ 7Q - _h.arBHHP,Bm@® MRI1TQHHQrBM
Pol 6&MEBbL 2 "Q K2 Mbi? ii?2 bBKmH iQ" +QmH/ MQi }MBb? HH +QKTmi iB!
BMi?2 ;Bp2M iBKB07sXKRQQPQB/ i?Bb T'Q#H2K- H;Q Bi?K Bi2" iBQMb Kmbi #2
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+Qm b2 Q7 KmHIBTH2 bBKmH iBQM iBK2@bi2TbX "2+ mb2 KBMBKBXBM; T Q-
Q7 7 mHi HQ+ iBQM- i?2 K tBKmK JGJ Bi2  iBQMb T2 iBK2bi2T r b b2iiQ QM
+QKTmi iBQM iBK2 Bb BKTQ i Mi- #2+ mb2i?2 T ~ K2i2 }iiBM; +QKTQM2Mi Bb
T Q+2bb "2[mB 'BM; +QKTmi iBQM iBK2 QM i?2 _h.a *Sl- 2p2M r?2M Bi Bb bbB;
6Q +BM; QMHvV QM2 Bi2  iBQM T2 iBK2bi2T +QKTH2i2HV pQB/bi?2 iBK2bi2T ¢
T K2i2 }iiBM; +QKTQM2Mi mb27mH BM bBKmH iBQMX

6IWYPXW %REP]JWMW
hQ i2bi i?2 H:Q Bi?K T2 7Q K M+2- 7 mHib 2 TTHB2/ HQM; * #H2Rk rBi?
T K2i2 Bb}ii2/#vi?2 JGJT  K2i2 }iiBM; +QKTQM2Mi BM i?2 _a* . KQ/2H M
rBM/Qr H2M:i? Bb KQMBiQ 2/ /m BM; i?2 2tT2 BK2MiX HH b KTH2b 2 HbQ bi
M/ i?2v + M #2 T°Q+2bb2/ BM J hG "iQQX h?2 7 mHi HQ+ iBQM 2biBK iBQM I
7°QK i?2 "R T K2i2",

1
| = : U9XRV
B1
h?2 #bQHmMi2 2°°Q  Bb + H+mH i2/ #v,
1”Q:‘¥W U9 XkV
Lcable12

h?2 "2bmHib Q7 i?2 2tT2 BK2M#H 2 EXED2 M BM2iRb +? Qb2 M55 #06 iQ

Q#i BM i?2 HQr2bi TQbbB#H2 p2° :22°Q X h?2 hQi H p2° ;21°°Q  Uh 1V Bb I
p2 v # /X Hi?Qm;? bQK2 2biBK i2b "2 rBi?BM j FK- Qi?2'b "2 KQ 2i? M 8y FK
HQ+ iBQMX "2+ mb2 i?2 HQ+ iBQM p "B2b rBi? 8y FK BMi2 p Hb- i?2 2biBK i2
HBM2 "X >Qr2p2 - # b2/ QM i?2 ;Bp2M / i -i?Bb/Q2b MQi b22K iQ #2 i'm2X a2+
i?2ivTi2 Q7 7 mHi /Q2b MQi K ii2> 7Q T * K2i2 "R HbQ /Q2b MQi ?QH/ 7Q" i?E
7Q=100 FK- /Bz2 '2M+2 Q7 9yFK Bb pBbB#H2 BM i?2 2biBK iBQMX

6 mMmHi ivTRQ+ iIBQM"R Lb KTHZbiBK iBQML "Q
Sh: ivyy ked9XdNkd k9RXKy RNXeyW
Lh: Yy ked9X3j) kd k9RXky RNXelyW
Shs ivyy kejyXdR kd k98Xk9 R3XkBW
Sh: k8y kej8X8y jR k99X3yl RXdjw
Lh: k8y kej8Xe9 jR k99Xd3 RXd9Ww
Shs k8y ke8NXeyjR k9kX83] kX9dWw
Sh: kyy k83yXRRje k8yXy8| ReXeBW
Lh: kyy k8dN XdNje k8yXy3 ReXeNW
ShS kyy ke8dXN8je k9kXdj| RIXkOW
Sh: R8y | jedRXeNjy Rd8XdR 3X8dW
Lh: R8y jedRX3e jy Rd8Xdy 3X8dW
Shs R8y jeJ]NXyR jy RddXkN NXRyW
Sh: Ryy ee8RXk8RN NdXyy| RXyyW
Lh: Ryy ee8RX8KkRN NeXNN| RXyyW
ShsS Ryy 9dk8X9NKky RjeX8j| RkXRI3W
Sh: 8y 38N3XNdRYy d8Xyj 3Xjow
Lh: 8y 38N3XNNRYy d8Xyj 3Xj9wW
ShS 8y 3ej8X|9] Ry d9XdR| 3Xk9Ww

h #H2 9G®+ iBQM 2biBK iBRM=120mH+d B85 06- h 1 4 NX3yWV

h?2 7 mHi HQ+ iBQM 2biBK iBQM “2bmHib 7Q" 2tT2 BR2 MibQrRi?bBRBH 7 mHi
“2bmHib M/ “2i?2°27Q°2 MQi b?QrMX

Ai Bb Q#b2 p2/i? ii?2 b KEHKITBDMniBi2 HOMH BRIXBp2M i? i i?2 rBM/Qr 7Q°
BMTmi/ i bi ibg?22MBp2b ii?2 2H v TQBMi M/ 2M/b r?2M Bi Bb “2~2+i2/ ii-
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i?72 /i H2M;i? Q7 2 +? bB;M HU#Qi? BM MmK#2 Q7 b KTH2b M/ BM iBK2V + M
7 mHi HQ+ iBQM M/ r p2 p2HQ+BivX

GQ+ iBQM p2H iBKD KTH2
jyy RX3yKb jy
k8y RX8yKp k8
kKyy RXkyKb ky
R8y yXNyKb R8
Ryy yXeyKhb Ry
8y yXjyKb 8

h #H2 OXTiBK H rBM/Qr H2M;i? Ui?2Q 2iB+ HHvVX

*QKT "BiM#H2 8RBijh #H2 9B k#2+QK2b 2pB/2Mii? i miQK iB+rBM/Qrb2H2+iBQM |
i?71 2iQQ HQM; +QKT "BM; iQ i?2i?2Q 2iB+ HrBM/Qr H2M;i?X hQ "2K2/v i?
i'mM+ iBQM bi® i2;B2b 22t KBM2/X h"mM+ iBQM Bbi?2T Q+2bb Q7 b?Q i2ME
i'mM+ iBQM Q++m b r?2M bB;M Hb "2 i mM+ i2/ ++Q KB 2 @XPQr2p2+mH i2/ |
i?BbBb QMHvV TQbbB#H2 B7i?27 mMHiHQ+ iBQMBb FMQrM BM /p M+2X aBM+2
BM7Q K iBQM- i?2 b2+QM/ i' mM+ iBQM bi® i2;vBbiQ HBKBi i?2 BMTmi b KTH?Z
h?Bb K2 Mbi? ii?2 MQ'K Hb KTH2 H2IM3DFR BDb mMH+EP 2B-iZmi i?2 Qi?2 rBM/Qr
i?7i "2iQQ HQM; "2 +mi b?Q i #v i H2 bi 72r b KTH2bX G biHv- b Bi Bb FM
BM7Q K iBQM Bb biQ 2/ BM i?2 bi22T2bi T VWRBB?M Hp2 A BIMOMii?PBRM/Qrb

HBKBi2/iQ K tBKmK Q7 Ry b KTH2bX h?Bb rBHH + Tim 2 QMHvV i?2 }'bi T i G
H'2 /vb?Q i2" i? Mi?2 H2M;i? ir?B+? Bi Bbi ' mM+ i2/- Bib H2M;i? rBHH MQi -

hQ i2bi i'mM+ iBQM bi’ i2:B2b-i?2 Sh: /i +QHH2HiZHRM XX2CTQ2iB/KDMi Q7
JhG "X h?2 b KTH2 H2M;i? Bb i?2M b2i iQ i?2 +Q "2+i p Hm2 BM i?2 +Q/2X h
i?2M T2 7Q K2/ mbBM: i?2J hG " H:Q Bi?K-r?B+? T  +iB+ HHvVVB2H/bi?2b K
+QKTQM2Mi- b BBOMM2EEMRR "2bmHib "2 ; BM +QHHZi D6 rBi? 2 b?QrM

BM h #820X8M/9X%e 2bT2+iBp2HVX Ai + M #2 b22M i? ii?2 p2 ;2 #bQHmMi2 2 °C
i"mM+ iBQM bi’ i2;:B2b-r?2 2 KK@BRmMK KTH2b b?Qrb i?2 #2bi "2bmHib- Hi?
HH “2bmHib "2 H2bb i? Mb iBb7 +iQ v M//Q MQi K22ii?2 2tT2+i2/ bi M/ /b C
#2HQr RXyWX Ai Bb MQi2/i? i i?2 }LDOKTBZIRYEBOMKQ Q' 7Q " i?2 /Bz2 2Mi 2biBK
r?B+? Bb 2tT2+i2/ /m2 iQ i?2 bK HH MmK#2 Q7 /i b KTH2b BM i?2 BMTmi rBM
}ii2/ bB;M H #v i?2 T > K2i2 }iiBM; H:Q Bi?K /Q2b MQhy +2biT QB2 X2 T 2b2Mi i

R [ 1 1 Q" R | 1 r 11 Q" "R | 1 1 Q"

ked9XKORXKkyyl RNX|8N| ked9XKORXEkyy] RNX|8N| kok8XReeXyyyl RRX|jk

KdNYXBRXKc8Yy eXkB | k38eXNk8XX8Yy 3Xy KINRXjRXR8Y eXkN

jk9e XRN3|Xklyy yX9j jk9e XMRdkXKkyy NXj jkydXNMyRXRyy yXjd

<

<

3ek3X@9X|38y| 3Xk 3ek3Xd9X|38y| 3Xk 3ek3XA9X|38y| 3XKkj

8
e
k
i3j8XRRe3XR8Y eXyB | 9jREXBRONXRBS8Y yXR|d | je9kXRAIXR8Y NXylj
eej8XeNdXKkRyy yXNk | d998X8eX|dRyy 9X98 | do9sX8eX|dRyy 9X9[8
e e
j R

e XN 3Xjh eXelk

h #H2 9K M+ 12/ iQ K tBKmK h #H2 9K8\M+ i2/iQ i?2Q 2iB+hHtH2 9KenM+ i2/iQ K tBKmK
Lb KTHR7 kdX QTiIBKmMKHAH2 ¥X| Lb KTH®7 RyX

h?2 p Hm2b Q7 i?2 }ii2/ T ° K2i2 ' "R 7Q  i?2 Q'B;:BM H M/ i"mM+ i2/ 2tT2 BK2\
bTQM/BM; HQ+ iBQM 2biBK iBGMb 2 BRQii2{/2HMBM2 QM i?2 H27i ;" T? b?Qrb
i?72 "R p Hm2b b?QmH/ #2 AQ=1:959 206/ Ai Bb + H+mH i2/ b 7QHHQrb,

Bl:il; U9xjV
7QHHQrBM; /B  2fiHIBD @ WXRrBi? i?72 +im H7 mHBMOR iIBQMBibl 2biBK i2
h?Bb i “;2i HBM2 + M #2 b?B7i2/ mT Q  /QrM #v /2+ 2 bBM;2Q0T BMBp2 HBM Ai? 2
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rBHH 2K BM /2+ vBM; 2tTQM2MiB [ itB@MBIXY27 QM i?2 THQIii2/ "R p Hm2b F
6B:m 2 IMRK+ MMQi}M/ pHMITRE? i?2 i :2i; T? K22ib HH }ii2/ "R TQBMib X
Q7 i?Bb-i?27 mHi/Bbi M+2 2biBK iBQM p Hm216 B HQ id BB Qi2# BTH +2T D@7
i?2i ;2i HBM2 2Bi?2 X b HQM: bi?2}ii2/"Rp Hm2b 2 MQiBM i?2 2t +ib? T2
bB:MB}+ Mi 2biBK iBQM 2 °Q b rBHH #2 T 2b2MiX

6B;m 2 IR+ iBQM bi” i2;B2bX

>Qr2p2°-7Q 2 +?2 i'mM+ iBQM bi +#2MbiiPRH2ZQEPMBKBxXx2/iQ "2/m+2i?22 p2 ;2
2°°Q X h?2 "2bmHib Q7 i?Bb "92%@REW BXNh #H2b

R 1 a "R L] 19 R 1 a

kKedOXKONKjyyl RexNR| ked9XkddXyyy dXe KOkS8XR3eX9yy 9X8

KANYXB3XNK8Y jXdF k38eXNSNKK8Y jXy] KINRXGO3XX8Y yX9

8
. y

[koe XXMy8Xjkyy RXd ik9eXMRNdXiByy yX3 [kKydXMReXRyy 8X9N
9

cej8XRYyXRyy yXR d99BXNNA&RYYy yXR d998X™NjXj Ryy kXKD

N
2
3 : €
i3/ 8XRRd]XR8y dxNg9 | JIR8XRIRXR8Y dXKk [cOkXMNYyXBS8Y RjX8
e
N

3ek3X@AdX] 8y| NXy 3ek3X38X3 8y F;ié 3ek3XByX8 8y| RyXRe

oz X =a

eXely eXyd

h #H2 9X3nM+ i2/iQ i?2Q 2iB+
QTiBKMK#AH2 ¥Xj
=1:35e 6X

hhH2 oMM+ 12/ 1Q K tBKmK
Lb KTH®7 Ry =1:44e 6X

h #H2 9dnM+ i2/iQ K tBKmK
Lb KTH®7 kd =1:50e 6X

h?2 #2bih 1 Q7 8XR8W Bb ;Bp2M 7Q  i?2 + b2 r?2 2 i?2BMTmi/ i +QM+2 " MBM,
iQi?21i?22Q 2iB+ HQTIiBKmK b KTH2 H2M;i?X h?Bb 2 "Q  p Hm2 Bb QTiBKBbiE
7 mHi /i X *QMbB/2°BM; i? i /IBz2 2Mi "R }iiBM;b "2 7QmM/ 7Q° ShS 7 mHib-
?B;?72° X

AM +QM+HmMbBQM-# b2/ QM i?2 "2bmHib- QMHV blIK2bQ 7 iiRQ MR BXIKIRBIXM b K /
AM 7 +i- 7 mHi "2bBbi M+2 Bb T ~ K2i2 i? i /Q2b MQi bB;MB}+ MiHv z2+i 7 |
H2 bi 7Q° HQr BKT2/L.M 2 ARH@Mi~ bi iQ i?72 bbmKTiBQM-i?2 ivT2 Q7 7 mHi
M BKT +i QM HQ+ iBQM 2biBK iBQM- #2+ mb2 i?2 SWS 7 mHii Rbb KQMbR2E2M2 B
i?72Sh: Q" Lh: 7 mHibX h?2 T? lKK2b2°'QM; BM~m2M+2 QM i?2 }M HHQ+ iBQM 2b
+?2QQbBM; Bi +Q "2+iHv "2[mB " 2b ++m" i2 }ii2/ "R p Hm2bX 6°'QK i?2 "2bmHib:
i?72°2 Bb bBiM;HBb T2 '72+i 7Q° HH ivT2b M/ HQ+ iBQMb Q7 7 mHibX 6BM HI
"2bmHib Q#i BM2/ i? i M p2° ;2 #bQHmMi2 2°°Q  #2HQr RXyW Bb BKTQbbB#H
HQ+ iBQM-2bT2+B HHv7Q> M miQK iB+ HHv +?2Qb2M 7 mHi rBM/QrX
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h?2 "2bmHib Q#i BM2/ "2 mMb iBb7 +iQ vX *QKT "2k9Qii?2 T2bTQHib Q#D BM2/
H +FBM;X :Bp2M i? i #Qi? K2i?Q/b "2 pB'im HHvi?2b K2 UBX2X-i?2b K2 T " k
bBKBH *BMTmi/ i V- Bi BbMQi 2MiB 2Hv +H2 “r? i + mb2b i?2 /Bb+ 2T M+vX |
mb2/ BH Q7 Ky F>x +QmH/ ? p2 KBMQ  TQDbBiBp2 2z2+i QM i?2 2biBK iBQM-

BM i?Bb i?2bBbX >Qr2p2 - ;Bp2M i?2 b?2Q i rBM/Qr H2M;i?- i?Bb rBHH QMHyv

bm{+B2MiiQ + mb2 bB;MB}+ Mi/Bz2 2M+2 BM ++m  +vX 6m i?2 KQ 2-i?22 2k
i?72 b K2 M2irQ ' F KQ/2H- r?B+? TQi2MiB HHv + mb2b /Bz2 2Mi "2bmHibX h?2
H2 /iQ /Bz2 2Mi T°QT ; iBQM +? ~ +i2 ' BbiB+bh BM i?2 i’ p2HBM; r p2X AM //B
KQ/2H + M BM~m2M+2 i?2 “2bmHib b r2HHX G biHv- +QMi"QH M/ T Qi2+iBQJ
KvBM~m2M+2i?2 K2 bm 2/ bB;M HbX

h?2 Bi2  iBp2 JGJ H;Q Bi?K +QKTQM2Mi QM i?2 b2[m2MiB H _h.a TH i7Q K
HQ+ iBQM 2biBK iBQM Dmbi KBHHBb2+QM/b 7i2° ;Bp2M 7 mHiX >Qr2p2°- B
H+FBM;X AiBb ";m2/i? i BMi2; iBM;i?2 HQ+ iBQM 2biBK iBQMBM "2 H@IiB
"2+ mb2 .*7 mHiBb ;2M2° HHv +QMbB/2 2/ T2 'K M2Mi- Bi Bb bbmK2/i? ii?2
*HBM2 Q' + #H2 U2Bi?2° * Q' .* T'Qi2+iBQMV /Bb+QMM2+ib i?2 7 mHi2/i° M
MmMMiBH i?27 mHiBb 2T B 2/-r?B+? 2 bBHv 2t+22/b?Qm bX h?Bb K2 Mbi? ii?2
/i 1Q2b MQi? p2 bT22/ 2[mB 2K2MiBM i?2" > M;2 Q7 KBHHBb2+QM/bX >Qr2p?
BMJhG "Q  _a* . T QpB/2bi?2b K2 QmiTmi ;Bp2M i?2b K2 BMTmi-Bi/Q2b M¢
BbBM 2 H@iBK2 Q" Q|BM2X >2M+2-i?2'2 "2 irQ TQbbB#H2 BKT Qp2K2Mib E
}’biBbi?2 H2M;i? Q7 i?2 b KTHBM; rBM/QrX AiBb /B{+mHiiQ b2H2+i Bi miQK
+ M #2 QTiBKBx2/ #v +QKT "BM; i?2 bHQT2 Q7 i?2 bB;M H iQ i?2 i? " 2b?QH/ ¢
Bb +QKTH2t #2+ mb2 i?2 bHQT2 Q7 i?2 bB;M H /2T2M/b QM K Mv 7 +iQ b "2H
i?2 7 mHi M/ T°QT ; iBQMX h?2 b2+QM/ M/ KQbi T"TQKBbBM; QTiBKBx iBQM I
7°2[m2M+vX h?BbH2 /biQKQ'2/i TQBMibBMi?2b KTHBM; rBM/Qr-r?B+?b?
}iiBM; ++m’> +vX #2ii2° 2T 2b2Mi iBQM Q7 i?2 K2 bm 2/ bB;M HT QpB/2b K
7 mHi /Bbi M+2X >2M+2-i?2 HQ+ iBQM 2biBK iBQM BKT Qp2bX >Qr2p2° - Bi Kn
bB;M HBb MQi Tm '2Hv K i?2K iB+ H /2+ vBM; 2tTQM2MiB H- M/ i?2 T ~ K2i2
T2 72+i 2bmHiX
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1H2+i'B+ HTQr2 bvbi2KT Qi2+iBQM ? b 2tBbi2/ bBM+2 TQr2 bvbi2Kbr2'2BM
bvbi2Kb- T +iB+ HHv HH 2[mBTK2Mi Bb T ' Qi2+i2/ #v /Bz2 2Mi T Qi2+iBQM bi
bvbi2K 7Q° i° Mb7Q K2  Bb i?2 /Bz2 '2MiB H T Qi2+iBQM- r?2°2 b 7Q° HQM;
mb2/X q? i Bb bBKBH ~ 7Q° HH ivT2b Q7 T ' Qi2+iBQM Bb i? i 7 mHi M HvbBbD
#v T Qi2+iBQM "2H vbX hQ/ v-/B;Bi H 2H vb +QHH2+i K2 bm 2/ pQHi ;2 M/ +
/i - M/ +2i2i'BTbB;M HbiQ i?2B" "2bT2+iBp2 +B " +mBi# 2 F2'bX h?2 ;Q HC
T°Qi2+iBQM +QM+2Ti ; BMbi .* HBM2 7 mHibX

11 XLSHSPSK]

(IWMKR %TTVSEGL
AM? Ti2i®2 JGJ T > K2i2 }iiBM; +QKTQM2Mi 7Q" _a* .? b #22M /2p2HQT2/ M
"2H v rBHH #2 #mBHi "QmM/ i?Bb bBKmH iBQM +QKTQM2MiX 6B biHv- i?2 222
HQ+ iBQMVWQM g?22 bim/B2/ 7Q" #Qi? BMi2 M H M/ 2ti2 M H2miBi@M bXBTH B
M/kXe 2bT2+iBp2MhviXgh®®l2 HbQ BMp2biB; i2/- 2bT2+B HHv 7Q  /Bz2 2Mi 7 mHi
i?2222+i Q7 HBM2@2MBBMMmHA®2b M/ }t2/ p Hm2 Bb +?2Qb2MX L2ti- T Qi2+il
/2bB;M2/iQ + 2 i2i'BT bB;M Hb # b2/ QM i?2 T ~ K2i2 }iiBM; "2bmHibX h?2 2}
bB;M H+QKTmi iBQM UBM+HmM/BM; MQBb2 //BiBQMV-i?2 7 mHi /2i2+iBQM H
M2Mib- M/iBT bB;M H;2M2  iBQM UT Qi2+iBQM b+?2K2VX .m BM; i?2 /2p2H(
"2 +°2 i2/ #v F22TBM; ~2tB#BHBiv BM KBM/X h?Bb K2 Mb i? i //BiBQM Q7 MQ
i?°2b?QH/p Hm2b + M #2 2 bBHv +? M;2/ i b2MbB#H2 HQ+ iBQMb BM i?2 KQ/2
T K2i2 b+ M#2 2 bBHv b2i K Mm HHv M/fQ> miQK iB+ HHVXbmPR2b2 v@i /2i2
iBQM 9Bl BKT Qp2/ 7Q #2ii2 T2 7Q K M+2 mM/2" /Bz2 2Mi +B +mKbi M+2bX
HbQ /QM2 7Q  i?2 JGJ H:Q Bi?K +QKTQM2MiX h?2 +°2 iBQM Q7 i?2 T Qi2+il
#v r?B+? Bi Bb K2 Mii? i BMi2"M H i? 2b?QH/b "2 7QmM/ #v K2 Mb Q7 bBKmH
i?2 /i ;Bp2 'Bb2iQ KQ 2 +QKTH2tBM7Q K iBQM ~Qrb BM i?2 T Qi2+iBQM b+?
7 QK 2ti2 M H 7RMHEH7Q2 b TQbbB#H2X hQ +QHH2+i /i 7 QK K Mv /Bz2 2Mi
"MMiBK2 b+ BTiBM; Bb mb2/ iQ TTHv 7 mHib M/ 2+Q/i?2 /i iQ *ao }H2bX
K*'h "2 QT2 i2/ #v 7Q +2/ QT2 iBQM # b2/ QM i?2 TTHB2/ 7 mHiX h?Bb 2Mb
"2 K /2 M/ F22Tb i?2 bvbi2K bi #H2- K FBM; Bi TQbbB#H2 iQ T2'7Q K K Mv 7
"2H vb rBHH biBHH +'2 i2 i?2B" "2bT2+iBp2 i BT bB;M Hb- #mi i?2b2 "2 QMHvV

6BM HHv- i?2 "2H v +QM+2Ti rBHH #2 2ti2MbBp2Hv i2bi2/X h?2 } bii2bi Bb 7C
BM i?2 /2p2HQTK2Mi T? b2X h?2 b2+QM/ i2bi Bb bBKBH "- ?2Qr2p2°- Bi BM+Hm
IM Hi2bib +QMbBbi Q7 }M/BM; i?2#QmM/ "B2b Q7 i?2 bvbi2K-2bT2+B HHv +QN\
U>A6V i? i "2 +? HH2M;BM; iQ /2i2+iX h?2 T Qi2+iBQM /2 /IxQM2 Bb HbQ B/2
r?B+? 7 mHib "2 ;QM2 mMMQiB+2/ #v ~2H vX
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%BWWYQTXMSRW

CAi Bb bbmK2/ i? i i?2 >0.* bvbi2K + M 2 M/H2 b2p2° H KBHHBb2+QM/b Q

++2Ti #H2 "2H v QT2  iBQM Bb r?2M i?2 +Q '2+i i'BT bB:M Hb ‘2 T QpB/2,
7i2°i?2 7 mHi /2i2+iBQMX

C .**"Bb bbmK2/iQ QT2 i2 brB7iHv- M/ Bi Kmbi QT2  i2 BKK2/B i2Hv r?2\
'Bp2MX

C>B;? AKT2/ M+2 6 mHib U>A6V ? p2 7 mHi 2KBbi M+2 Q7 i H2 bi Ry

8SSPW
aBKBH “H¥ TQ2- @2 _a* . Bb mb2/ 7Q° KQ/2HBM; i?2 i2bi +B +mBi M/ T Qi2+iE
T K2i2 }iiBM; +QKTQM2Mi mT;  /2b- *#mBH/2" Bb mb2/ BM +QMDmMM+iBQM
T°Q;  KKBM; BM *X 6Q° miQK i2/ i2biBM; M/ /i +QHH2+iBQM- i?2 "mMiBK2 t
_a* .Bbmb2/X .i "2+QHH2+i2/BM *a0 7Q K i M/ M Hvx2/BM 1t+2HX aB;M
BM *ao 7Q K i- Hi?Qm:? M HvbBb Bb T2 '7Q K2/ BM J hG "X

AVSXIGXMSR G6IPE] 'SRGITX (IZIPSTQIRX
h?Bb b2+iBQM 2tTH BMb i?2 Bi2  iBp2 T°Q+2bb Q7 i?2 /2p2HQTK2Mi Q7 i?2 1
"2TQ iBM; Tm TQb2b- i?2 2tTH M iBQRi,BW?R¥2 BB/iPQ "2H v QM * #H2RK i i
JIJ*R +QMp2'i2°  bi iBQMX AM i2 Kb Q7 +QMi"QH- i?2 Qi?2  }p2 "2H vb QT2  i2
i?°2b?QH/b KB;?i /Bz2 b i?2 M2irQ F Bb MQi bvKK2i B+ HX

TMKREP EREPIWMW

"27Q 2 /2bB;MBM; i?2 T'Qi2+iBQM b+?2K2- i?2 K2 bm 2K2Mi / i Kmbi #2 M H
#2ir22M i?2 /Bz2 2Mi 7 mHi b+2M "BQb iQ #2 2tTHQB i dy#hvg BD i2R yX0oi 2+ HH
P BH #H2 HQ+ H K2 bm 2K2Mi /i 7Q  i?2 "2H vc ?22M+2-i?2 QTiBK H bQm +2
brB7i QT2 iBQM Q7 i?2 T Qi2+iBQM H:Q Bi?KbX 2+bBQOINNKAEED B2 MmHH + 7Md mM/ B
#2mb2/7Q i?2B/2MiB}+ iBQM Q7i?27 mHiHQ+ H2UBX2X r?2i?2° Q MQii?2"
i2’KHQ+ H2Bb mb2/iQ pQB/ +QM7mbBQM rBi? i?2i2°KHQ+ iBQM- bi?2K2 M
7 QK i? i 2tTH BMZ/iBMB : m 2BXRb i?2 /Bz2 2M+2 #2ir22M 7 mHib rBi? /Bz2 2N
Sh: 7 mHi- K2 bRi2X h? 22 /Bz2 2Mi FBM/b Q7 HQ+ H2 2 T 2b2Mi, i?2 HQ+
"2 6k UBMi2 M HV-68U7Q r '/ 2ti2 M HV- M/ 6N U# b Mr#b/22iR QWL DY Kb ;Bp2 M
i i 7Q°r /2ti2’M H7 mHi bB;MB}2b i?2 7 mRi2’ 20T QMbRHK R bmm2/2M+2 | 68
7Q r?B+?i?2 K2 bm 2/ hgBb 7Q°r /X h?Bb THhQ+iBQXBXBAGBH BMW2/ BM-Fr °/
2ti2°M H7 mHi bB:MB}2b 7 mHi 7Q" r?B+? R22BBb HQMI2 KRgb#22/mb2 i?2
7 MHi Q++m’b i 6NX h?2 7 mHi Bib2H7 Bb MQi i p2HBM;- ?2Qr2p2 - Bi + HHz
TM TQb2bX h?2 bQHR/=HBM2M? iP2 / b?2/ HBMRb=200:2 X Ai + M #2 b22M
i? ii?22 BMi2’M H7 mHi ? b KQ 2 b2p2'2 "2bTQMb2 +QKT "2/ iQ 2ti2°M H 7 n
i72 KTHBim/2 /"QTb KQ 2VX AM +QMi" bi iQ i?@2+iBQNiB¥eH> BVIMH M bBth- B M
BM "2 HBiv- MQi x2°Q 7QHHQrBM; 7Q'r '/ 2ti2 M H 7 mHiX AMbi2 /- Bi "Bb2
Riz U t=18msVX h¥R "2bTQMb2 7QHHQrBM; # +Fr */ 2ti2 M H 7 mHi /2+°2 b2k
Riz Ut=29msVX LQi2i? i i?2 7 mHi "2bBbi M+2 2 b H ;2 BKT +i QM i?2 "2bT
#2? p2 bBKBH ~iQ i?2 HQr2  “2bBbi M+2 "2bTQMb2b- H#2BirBi? b2p2 2Hv °:
Bb /B{+mHiiQ /Bz2 2MiB i2 #2ir22M 2ti2 M H >A6¢c ?2Qr2p2°-i?2 BMi2"M H 7 mt
7°QK M 2ti2°M H 7 mHi-r?B+? Bb M mHiBK i2 :Q HX
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6B:m 2 BXRWj; "2bTQMb2 7Q° /Bz2 2Mi RQ=1H2X .aRHMBR; =100:0 USh: 7 mHiVX

A7 7 mHi Bb B/2MiB}2/ b M BMi2°"M H7 mHi-i?2 7 mHiivT2 Kmbi #2 B/2MiB}
i?2 i'BT bB;M H iQ i?2 +Q "2+i .**"b- b i?2 7 mHi ivT2 b?Qrb r?B+? TQH2 Bb
b2+iBQMXkXk2 ' Q@KQ/2 +QKTQM2Mi BM pQHi ;2 M/ +m > "2Mi 272 b iQ M BK#
[mMm MiBiB2bX "2+ mb/@hd?>BM-#22mb2/iQ /2i2 ' KBM2 r?2i?2° 7 mHi Bb # H M-
bBM+2 Bi rBHH #2 x2°'Q 7Q° # H [Mh+iB (BMbRDNIm HIXi i?72 x2 Q@KQ/2 +QKTQM?2
"2 M2; iBp27Q° Sh: 7 mHib M/ TQbBiBp2 7Q  Lh: 7 m&Bb R7®®K2z22i Bb b?Q
Vip 2bTQMb2 Bb K2 bm 2/ 7Q° BMi2™M H 7 mR4ibX:0h?22 DQHB? HBM2W2D pP2p 2

Rf =100:0 X Ai+ M #2 b22M i? i 7 mHi "2bBbi M+2? b bB;MB}+ Mi2z2+iQM i?2
ivT2b Q7 7 mHib "2 2 bBHv /BbiBM;mBb? #H2 7' QK 2 +? Qi?2°X

6B;m 2 8XK2 M HVmBEETQMb2 7Q" /Bz2 2Mi 7 mR{iS¢02X .a@H2BR;, =100:0 X

.M BM; T°QT ; iBQM 7°QK QM2 + #HK 2hiQBMBWM2m2\M22/ #v i?2 HBM2@2M/ BM/m
i?72 +QMp2'i2°  bi iIBQMBKT2/ M+2X h?2 +QMp2'i2° BKT2/ M+2 Bb +QMbB/2 2/
i?72 +QMp2Ti2 X bPRBRP272bB;M +?QB+2- M/ Bi Bb +?Qb2M 7Q " i?2 #2bi 7 mHi H
T2 7Q 'K M+2X h?242 9Myi BY b? Qré/BBMl" 2X8IXP2 i2bi2/ p Hpe2b27iQQb2 BM i?2
TM;2 Q7 +QKKQMHV 7QmM/ p HMm28-BWXi 22VHIBR2ZmMTm 22 (- T?- Bi + M #2 b22M i?
HBM2@2M/ BM/m+iQ b QMHV Ky [BRTIOHM 222 @HIRQrBM; M BMi2 M H 7 mHiX +
Bbi?2b K27Q° HH7Qm™ "2bTQMb2b- ?2Qr2p2Lgs#Rv ]RA/N?IB222? MHINRK 702
+m T2Mi +QKT@MEBRRID7?22 b ; #2+QK2b HQr2 X AM i?2 b2+QMJyiaNME ?2B;?22° p
iQ ~ ii2Mi?2 "2bTQMb2 7Q  i?27Q r '/ 2ti2M H7 mHIiX >Qi2pRbnTZIQRb2+i Bb |
iQ K2 bm 2 QMHvV # +Fr '/ 7 mHi hgbX aiBHH- 7Q° HH 7Qm"™ ;" T?b i?2 +? ~ +i:
Q#b2 p2/X h?2 #QiiQK ;> T? b?Qrb i?22z2+i Q7 i?2 # +Fr [/ 2ti2"M H7 mHi-r?E
i?7°227 mHi + b2bX ?B;?2  p Hm2 HQr2'bi?2 " i2 Q7 +? M;2 Q7 i?2 bB;M HX
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6B;m 2 8XP+i D& QM 7 mHi “2bTQMb2 7Q  /Bz2 2Mi Ry mMiOHQX¥ H2 USh:-

h FBM; ?B:?2 pLimBi7B 2 bB2  iQ /Bz2 2MiB i2i?2 BMi2"M H 7 mHi 7°QK i?2
7 mHi- #mi Bi Bb HbQ KQ 2 /B{+mHi iQ /2i2+i i?2 7 mHi- 2bT2+B HHv +QMbB/:
i?Bb- p Hg=@DmH Bb +?Qb2MX h?Bb +?QB+2 ? b #22M 2KTB B+ HHv p2'B}2/
i?72 7 mHi /2i2+iBQM H;Q Bi?K 7Q  p 'BQmb +B +mKbi M+2bX

-RTYX 1IIEWYVIQIRXW
J2 bm 2/ pQHi ;2 M/ +m "2Mi [m MiBiB2b BM TQr2 bvbi2K bBKmH iBQM ;Bp
Bb MQ mM+2 i BMiv Q#b2 p2/ Q7 r?2i?2 i?2 p Hm2 Bb BM+Q "'2+iX >Qr2p2 -
+Q "2bTQM/BM; +m "2Mib Bb +? HH2M;BM;- Q7i2M "2bmHiBM; BM bB;M Hb rl
/IBiBQM HHv- +im H >0.* bvbi2Kb "2 FMQrM iQ ? p2 i?Bb MQBb2-iQQX hQ /Z
H;Q Bi?K- i?Bb MQBb2 Kmbi #2 i F2M BMiQ ++QmMi- b Bi rBHH /p2'b2Hv B
bBKmH i2 i?2 2z2+ib Q7 MQBb2- r?Bi2 : mbbB M MQBb2 Bb bmT2 BKTQb2/ QN
+?B2p2 9y/" Q7 aB;M H@iQ@LQBb2 _ iBQ UaL_VX h?Bb Bb +?B2p2/ #v //BM

Agi 2 2
signal = 10109, 1TOO =40 /": UBXRYV

F)sig nal

alL gg =10logqg =10logqg

noise noise

h?2 +QMi"QH #HQ 6B b Q@MEEN) Kb i?2 K2 bm 2K2Mi MQBbR/QYBiR@ERXiD? 2
#HQ+Fb :2M2  i2 ~ M/QK MmK#2  7QHHQrBM: MQ'K H /Bbi'B#miBQM rBi?
/2pB iBQM Q7 QM2X h?Bb p Hm2 Bb i?2M b+ H2/ #v R T2 +@/Mn @Q KR MQKBM
/2p2HQTK2Mi M/ T2 7Q K M+2i2biBM; Tm TQb2b-i?2 //BiBQM Q7 MQBb2 Kmb
QM Q QzX h?Bb Bb T2 7Q K2/ #v KmHIBTHVBM; i?2 ;2M2P AAIMBBDBHRi?2 BN
B7 MQBb2 Bb 2M #H2/ Q y B7 MQBDb2 Bb /Bb #H2/X >2M+2-r?2M MQBb2 Bb /Bb
MmHHB}2/X 6BM HHv- i?2 MQBb2 p Hm2 Bb //2/iQ i?2 TQREiBF2MS/ M2: iBp2
_Rkno/¥nilQ Q#i BM i?2 K2 bm 2R pQH i nBm k2 [IRkno/+nLXKPhBM; i?2 b K2
K2i?Q/- MQBb2 Bb HbQ //2/iQ i?2 TQH2 +m "2MibX h?2 MQKBM H pQHi ;2 M/
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M/ kF - 2bT2+iBp2HvX b M/QK MmK#2" ;2M2" iBQM Bb MQi 7mHHv ° M/QK
+ "2Bbi F2Mi? i HH ;2M2  iQ #HQ+Fb T 2b2Mi BM i?2 KQ/2H ? p2 [/Bz2 2Mi

6B;m 2 8XBijBQM Q7 K2 bm 2K2Mi MQBb2X

h?2 + H+mH iBQMb Q7 i?2 HBM2@KQ/2 pQHi ;2 M/ +m "2Mi +QKTQM2Mib "2
T 2b2MiD/imBMANG2+iBQMbIMRKXR b i?72 +QKTVRIXiBRKIBMH7 Hv- i?72 x2 " Q@KQ/2 +QKT(
MMp 2+QKTmi2/X h?2b2 + H+mH iBQMb "2 # b2/ QM i?2 K2 bm 2/ bB;M Hb-r
hQ p2'B7vi? ii?2bmT2 BKTQb2/ MQBb2? b MaL_Q79y/"-kyKb@HQM; b KTF
Vip "22tTQTi2/iQJ hG "KM M+iBQM Bb mb2/iQ K2 bm 2 i?2alL_Q7i?2bB;M
"2 ;Bp2M BM2 BXRIi?Qm;? i?2 +m "2Mi aL_ Bb bHB;?iHv H2bb i? M 9y/"- i?2 bl
7 mHi MMgveBb MaL_ Q7 #Qp29y/"- "2bmHiIBM; BM M p2° ;2 bmT2 BKTQb2/
RX8WX h?Bb //BiBQM Q7 MQBb2 Bb i?2°27Q 2 +QMbB/2 2/ bm{+B2MiX

aB;M HJ2 bm 2/ alL
OQHI ;2 USVINXNN /"
*m "2Mi US3XNKk /"
Vin 9jXdk /"

h #H2 8X@®Bb2 K2 bm 2K2MiX

*EYPX (IXIGXMSR

h?2 7 mHi/2i2+iBQM +QBIB QN ABOBIND BNM2[m i2 7Q T Qi2+iBQM #2+ mb2 Q7 b2y
h?2 b2MbBiBpBiv i? 2b?QH/ 7Q  i?2 /2i2+iBQM H:Q 'Bi?K Bb MQi 2 bBHv +? M
K2i?Q/ /Q2b MQi +QMbB/2" i?2 MQBb2- r?B+? 2 b H ;2 BKT +i QM i?2 b2Mh
G biHv- Bi QMHV /2i2+ib Mg HBrM2M /i22°2 b2b #v KQ 2 i? M RW Q7 i?2 p Hn
T 2pBQmb iBK2bi2 TX 6BQm222BXBMb22M i? i 7Q'r “/ 2ti2 M H 7 mHi } bi BM+
Vit bB:M H- 7i2  r?B+? Bi bi ibiQ /2+'2 b2 RKb H i2 X Ai + M #2 /Bb+mbb2/ B
"2 MQi bmTTQb2/iQ #2 M Hvb2/ :Bp2M i?2 bB:M H Q7 BMi2 2bi Bb # +Fr /I
7 mHi bi “ib/2+°2 bBM; 7i2  Bi? b 2 +?22/ Bib T2 F-r?B+? rBHH #2 /2i2+i2/ MC
#2ii2° iQ BKK2/B i2Hv /2i2+ii?27Q°r /7 mHi br2HH-bQ i? ii?2 M HvbBb Q7
+H bbB7vi?2 7 mHi b 2ti2 M HX

Ai Bb 7QnbMABRI+iBQiM BXkXR  Lh: 7 mHib ? p2 H2bb b2pg 2 QXHT @M bQ B M
ShS 7 mHib- K FBM: i?2K KQ 2 /B{+mHi iQ /2i2+i BB @/ 2pRXXb B M NH BWA 2 /

7 mHib? p2 /2i2+i #H2 7 Mylib2DAMBOKbABEW; i2biBM; rBi? i?2b2 bB;M Hb- Bir
70mM/i? i 7Q° mMM# H M2 /2bAGND2 r b #2ii2° 7Q° 7 mHi / 22+ ABDMMB2M i?2
K BMHvV /m2iQ i?2/2i2+iBQM bT22/X >2M+2- Bi Bb BMi2;" i2/ BMi?2mT; 12/ 7

h?2 7 mHi /2i2+iBQM H;Q BiBKTBRXBXK@2M BM2MHmMRKknpBRbm#i® +i2/ 7°QK
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i?72 p2° ;2 Q7 i?2 H bi bBkmpHRE2IpMe i?72?2BB;M H Bb + 2 i2/ #vi FBM; i?2 #bQl
p HM2 Q7 i?2 /IBz2 2M>*BX +QKT 2/ iQ i? 2b?2@RAPMHMBZ ?B;?2° - TmHb2 Q7
RKb Bb +°2 i2/d¥Rn?26B;M HX h?2i?°2b?QH/ p Hm2 Bb /Bz2 ' 2Mir?2M MQBb2 E
i?72 /2i2+iBQM H;Q ' Bi?K + MMQi #2 b b2MbHBiBA2XhRNMQPRbN BBHb2M?#RARP? QH/
O#RnBM mb2/ BMbi2 /X h?2 b K2 HQ;B+ BboripRi BQB;;2W R - #2mii?Ri Bb # b2/ QM i?
Vip bB; M Rkno&nw?2b2 bB;M Hb "2 ;Bp2M iQ i?2 P_@; i2-r?B+? 2Mbm 2b 2Bi?2"
b2ii?2 ~BT@~QT- M/ bi i i?2bb KIMMHB ;imBRR2 TmHb2 rB/i? Q7 i?2 i 'B;;2° bB;M
b2iiQ #2 0i'B;;2°hBK2-r?B+? K2 Mbi? iBibp Hm2 + M #2 b2i 2Hb2r?2°2 BM i?
i?°2b?QH/ p Hm2b M/ i?2 i"B;;2 iBK2 "2 ;HQ# Hp "B #H2b- K2 MBM; i? i i?2
a2iiBM;b?RTh B;nbRkib i?2 b KTHBM; T'Q+2bb /QM2 #v i?2 JGJ H;Q Bi?K +QK

6B;m 2 §XBHi /2i2+iBQM +QMi QHX

2SMWI1IMXMKEXMSR

h?27 mHi/2i2+iBQM Bb /2bB;M2/iQ /2i2+i7 mHib bbQQM bTQbbB#H2iQ ;Bp?2
i?72 #2bi BMTmi/ i b 72 bB#H2X hQ +?B2p2i?Bb-i?2 H;Q Bi?K Kmbi #2 b b2
/2i2+iBM; TQr2 bvbi2K 2p2Mib Qi?2  i? M7 mHibX h?Bb K2 Mb i? ii?2 MQBDb?
#v i?72 /2i2+iBQM H;Q Bi?KX >Qr2p2 - i?2 MRBhRERBR2M tH " 2¢+QR/b?RX8W- r?B +7
K2 Mb i? i i?2 i? 2b?QH/ Q7 RXy- b Bbi?2 + b2 7Q  i?2 MQBb2H2bb b+2M "B
T 2b2Mi + M DmKT 7'QK YRX8W iQ @RX8W 7'QK QM2 iBK2bi2T iQ MQi?2 - r?
KBiB; i2i?2bTQ" /B+ #2? pBQm Q7 i?2 MQBb2- "QHHBM; p2  ;2}Hi2 Q7 eb
BMbi2 / Q7 bBM;H2 /2H vp Hm2X h?2 }Hi2 2/ p Hm2 Bb +QKTmi2/ #v

| =

J (Vi) = Vpi[n il: U8XkV

6 i=1
h?2 BKTH2K2Mi iBQM Q7 i?2 }Hi2  BM _&B;m RKSHREBRE&EM#BIND +F /2MQi2b

/2H v Q7 2t +iHvV QM2 iBK2bi2TX h?Bb /2H v + M #2 2ti2M/2/ #v b2[m2MiB HH:
/2bB 2/ H2M;i?X *QMb2[m2MiHv- 7Qm " b2[m2MiB H/2H v #HQ+Fb T QpB/2i?2 I
bmKK iBQM #HQ+F //b HHp Hm2b iQ;2i?2 - 7i2 r?B+?i?2iQi HBb /BpB/2/ #
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