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Resumen

Estudio de caso para la optimizaciéon del
esquema de deslastre de carga en sistemas de

potencia con penetracién de generacion con
FNCER
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Abstract

Case study for the optimization of load shed-
ding load shedding scheme in power systems
with generation systems with penetration of
NCRE generation
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TQi2M+B +m M/Q b2 T°2b2Mi M +QMiBM:;2M+B b- b2 “2:Bbi° M H:
bBM 2K# “:Q-2biQb KQ/2HQb MQ 2bi€M Q B2Mi /Qb M HBx " 2H A
+ QiB+ b /QM/2 b2 “2[mB2° 2H /2bH bi“2/2 + *; X

RXjX SH Mi2 KB2MiQ /2H T Q#H2K

1H mMK2MiQ 2M H BMi2;  +B!'M /2 H ;2M2  +B!M +QM 7m2Mi2b M
“2MQp #H2b 2M HQb bBbi2K b /2 TQi2M+B -? +2 [m2 H b +QM/B+B
i*B+Q T 2b2Mi2M + K#BQb 2M 2H +QKTQ'i KB2MiQ BM2 +B H- /2T
2M 2H /2bT +?2Q /22M2°;Q -2M T H # b /2 (d) 6H M im> H2x ~m+
7mM2Mi2b /2 2M2°:Q "2MQp #H2 XXX HQ [m2 /B}+mHi 2H /2bT +2Q
/2 2bi #BHB/ /- } #BHB/ /v + HB/ / /2 H 2M2 ;Q 6X 1H +QMi QH /2
/2 TQi2M+B H T 2b2Mi b2 +QMiBM;2M+B b- [m2 HH2p M H bBbiz
i"2KQb- Tm2/2 HH2:; ° "2[m2 B  H /2b+QM2tB!M /2 #HQ[m2b /2 +
2M +QM/B+BQM2b !TiBK b 2H bBbi2K /2 TQi2M+B - +QM 2H }M /2
/I2H T2 im # +B!'MX

HT 2b2Mi b2 +QMiBM:2M+B b [m2 + K#¥B MH iQTQHQ:Q /2H bB
+BQM2b 2M 2H /2bT +?2Q /2 TQi2M+B - b2 Tm2/2 HH2; ° TmMiQb /Z



e R AMiQ/m++B!M

:2M2° M 272+iQb BM/2b2 #H2b i MiQ 2M H ;2M2" +B!M +QKQ 2M H +
+ bQb BKTHB+ M #H +FQmiX S ~ 2pBi " [M2 2H bBbi2K /2 TQi2M+B HI
/2 #H +FQmi- +QKQ 9HIiBKQ "2+m bQ 2M 2H +QMi QH- b2 2KTH2 M 2b[
“2[mB2°2M 2bi * 2M bBMiQMQ - +QM H Mm2p /BMEKB+ BKTm2bi TQ
bBbi2K b /2 ;2M2° +B!MX

G /2i2°KBM +B!M /2 HQb #HQ[m2b /2 + *: [2b+QM2+i ~b2:9M 2b[m?2
+QKQ 2H /2bH bi2/2+ *: ?2QKQ:;0M2 -2H /2bH bi*2/2+ *: +2Mi’ HBX
2Mi*2 HQb /BbiBMiQb 2b[m2K b [m2 Tm2/2M 2tBbiB - Tm2/2 HH2p ° Q
+m /b HDbBbi2K X SQ HQ +m H-Db2 2[mB2°27Q KmH ~ KQ/2HQb /2 Q

Hb/BMEKB+ b + K#B Mi2b /2 HQb bBbi2K b /2 TQi2M+B v Tm2/ M v
T Q#H2KEiIB+ X

RXjXRX S 2:mMi /2 BMp2biB; +B!M

G T 2;mMi T Q#H2K€iB+ [m2 b2 TH Mi2 2M 2bi T QTm2bi /2i # D

iI*m€H 2b 2H |TIBKQ #HQ[m2 /2 + *; "2[m2°'B/Q /2bH bi> " T ° 2bi #
TQi2M+B /2 +m2 /Q +QMH BM+HmbB|M /2 6L*1 T 2H+ bQ /2 2bim

RX9X P#D2iBpQb

RX9XRX P#D2iBpQ ;2M2" H

2i2°KBM > mM 2b[m2K !TiBKQ /2 /2bH bi*2 /2 + ; T ;  MiBx " H
bBbi2K /2 TQi2M+B 7 °2Mi2 2p2MiQb /2 +QMiBM;2M+B T ° 2H KQ/2
+QM T2M2i° +B!'M /2 6L*1_X

RX9XkX P#D2iBpQb 2bT2+Q}+Qb

RXQ/2H *2H +QKTQ'i KB2MiQ /IBM€KB+Q /2H bBbi2K /2 TQi2M+B |
vbm 2bTm2bi 7°2Mi2 2p2MiQb /2 +QMiBM;2M+B X

KXS'QTQM2 mM K2iQ/QHQ;Q T ° 2bi #H2+2 mM 2b[m2K /2 /2bH L
T mMbBbi2K /2 TQi2M+B X

iXAKTH2K2Mi > mM 2b[m2K /2 /2bH bi*2/2+ ; [m2 T2 KBi 2bi #BH
QTiIBKQ /2b2KT2¢Q 7 2Mi2 +QMiBM:2M+B b# b /Q2M H:Q BiKQEL



RX8 THB+ +BQM2b d

RX8X THB+ +BQM2b

1H+Q 2+iQ KQ/2H KB2MiQ vH QTiBKBx +B/M 2M 2b[m2K b /2 /2
2M +m2Mi +QMiBM;2M+B b- iB2M2 ;° M/2b THB+ +BQM2b 2M /B7
}+ +B!'M m QT2 +B!MX IM TQbB#BHB/ / 2bi "Q Q'B2Mi/ H 2p
T bBbi2K b2HO+i B+Qb "2 H2b-[m2 T2 KBi iQK ~ ++BQM2b T 2
+QMiBM;2M+B b-v [m2 bmp2x-2pBi2H Ta /B/ /2+ ; MQ +QMi’
/2 HQb + bQb- Tm2/2M HH2; ° BM2bi #BHB/ /2b [m2 /2b2M+ /2M
QmibX Pi° pB'im/[m2b2HQ;" "Q +QM 2bi2 M€HBbBb-b2 2M+m2]|
2b[m2K - 2H +m HT2 KBiB'Q 2pHm "vib -HDb/BbiBMi b 7Q K
+QMbB/2° " HQb "B2b;Qb Mi2 +QMiBM;2M+B bX



k J2iQ/QHQ:Q

*QM H BMi2M+B|{M /2 / ~ "2bTm2bi HQb Q#D2iBpQb TH Mi2 /Qb 2M 2
b2, mM/Q + TQIimMHQ b2 2bi #H2+2 H K2iQ/QHQ;Q +QM+2#B/ T ~ 2H /.
T QTm2biQ 2M 2bi2 /IQ+mK2MiQX > #B2M/Q 2bi #H2+B/Q 2H H+ M+2
+QMi2tiQ Vv H "2H2p M+B /2H T ' Q#H2K 2bim/B - 2M 2bi2 T i /Q b:
IQK /Qb +QKQ BMbmKQ /2 2Mi~ / - 2H T Q+2b KB2MiQ /2 / iQb- HQb +
HQb KiiQ/Qb /2 MEHBbBb [m2 b2 2KTH2 "QMX

1b BKTQ i Mi2 K2M+BQM "~ [m2 2tBbhi2M /Bp2'b b K2iQ/QHQ:Q b T ~ H
/2 12bH bi*2 /2 + “: - i H2b +QKQ 2H mbQ /2 "2/2b M2m QM H2b- QTiBk
KBx +B'M ?22m QbiB+ - KiiQ/Qb +QTH /Qb-2Mi*2 Qi"QbX 1M H K vQ
2H /2bH bi'2 KQMBKQ /2 + *: 2b2H Q#D2iBpQ i’ Mbp2'b Hc bBM 2K#
bQM- bmK /Qb H b+  +i2°QbiB+ b/2H bBbi2K - HQb [m2 /B 2++BQM
T H bQHM+B!M T “iB+mH "X

1M 2H + bQ /2 (Rk)- TQ  2D2KTHQ- 2H Q#D2iBpQ T “iB+mH * 2b 2H /.
H K2iQ/QHQ:Q 2KTH2 / #mb+ 2H /2bH bi'2 KQMBKQ /2 + *; 2M bBl
iB2M2M 2H KBbKQ MBp2H /2 BKTQ i M+B X Pi'Qb 2bim/BQb +QKQ H(
:2MQOiB+Qb #mb+ M/Q QTiBKBx ~H iQTQHQ:Q /2 2/ T “2/m+B T
[mM2 2KTH2 M€EHBDOBb T 2/B+iBpQ v SaP T /2i2°KBM " 2H /2bH Dbi 2
K2MQ  iB2KTQ /2 7 HH X

IMi"2 HQb bBbi2K b2HO+i'B+Qbb22M+m2Mi" M H;mMQb +QM + ~ +i2
/2 17 i KB2MiQ 2bT2+B H-/2#B/Q HQb "2iQb [m2 2T ' 2b2Mi M T °~ H
2biQb bBbi2K b [m2 BKTHB+ M mMi® i KB2MiQ T "iB+mH ~Tm2/2M BM
+m2Mi M +QM bBbi2K b /2 HK +2M KB2MiQ /22M2:Q Q +QM 7m2Mi2t
1M 2H + bQ T iB+mH /2 H b 7m2Mi2b "2MQp #H2b Vv H ;2M2° +B!M /.
2bi #BHB/ /- bQ+B /Qb H /Bp2 bB/ / /2 Tm2Mi2b /2T2M/B2Mi2b /2
+QKQ 2H +HBK X 1bi p "B #BHB/ /2M +QMb2+m2M+B /2 H H2 iQ B2
/IB72°2M+B /Q 2M +QKT ~ +BIM+QMH b 7m2Mi2b i /IB+BQM H2bX Pi (
Qb /2 2bi #BHB/ / 2b2H /2 H b 6 2b2°p b BM /2+m [/ b /2 TQi2M+B "2
[MB2M2b TH Mi2 M mM K2iQ/QHQ:Q # b/ 2M T 2M/Bx D2 T Q7mM/¢

*QKQ + ° +i2 QDbiB+ b T iB+mH “2b /2 2bi2 2bim/BQ-v [m2 bQM 2M :°



T 2HTH Mi2 KB2MiQ /2 H K2iQ/QHQ;Q -b2 2b Hi M/Qb,

» PTIiBKBx +B|M /2 +QbiQ /2 /2bT +?2Q

« IM bBbi2K 2HO+i'B+Q +QM T2M2i* +B'M /2 6L*1 _

amK /Q H b+ " +i2°QbiB+ bT "iB+mH "2b-b2/2#2i2M2 2M +m2M
iQ/2H THB+ +B\M /2 H K2iQ/QHQ;Q -iB2M2M mM +QMi2tiQ "2 +
+QM "2bi'B++BQM2b QT2 +BQM H2b v /2#2M +im ~2M HQb iB2KT
2M 2bi /1Q /2 +QMiBM;2M+B MQ HH2;m2 o6"H +FQmidX

IM p2x 2bi #H2+B/ b H b + > +i2 QbiB+ b /2H bBbi2K - HQb Q#D?2]
K2Mi +B!M /2H bBbi2K /2 /2bH bi2/2+ *; Vi2MB2M/Q 2M +m2Mi

KOiQ/Qb /2i2 KBMBbi b i° /B+BQM H2b T " 2p Hm " H 2bi #BHB/

7m2Mi2b /2 2M2°;Q "2MQp #H2TQ/°Q MQ QD "2H 'B2b:Qp2°//
bQ# 2biBK M/Q 2H K “:2M /2 2bi #BHB/ / /2 i2MbB!M6&- 2bi2 2bim/|
[M2 T2 KBi2 H QTiBKBxX +B!'M /2 /Qb 7TmM+BQM2b Q#D2iBpQ- THIE
/2 6L* - +QM "2bi'B++BQM2b Dmbi #H2b- + ; b /Bp2 bB}+ / bvm
/2H bp2Mi D b[m2 Q7 2+2 BMi2; " K0iQ/Qb /2 QTiBKBx +B'M K2i

1M H 6Bk@R2 Km2bi® - /2 7Q K :2M2° H- H K2iQ/QHQ:;Q T H
2b[m2K /2 /2bH bi*2 /2 + *; 2M bBbi2K b /2 TQi2M+B +QM T2M2i
6L*1 X 1bi K2iQ/QHQ:Q b2 #b 2M H THB+ +B!'M /2 i'2b T Q+:
S'Q+2b KB2MiQ /2 / iQb v o HB/ +B!MV mM KQ/2HQ /2 mM bBbi2K

HKQ/2HQ # b2 2b M2+2b 'BQ Dmbi "HQ +QM + Bi2 BQb /2 KQ/2F
+B!M U022 kXKkV- 2biQ +QM 2H Q#D2iBpQ /2/ "H2 H b+  +i2 QbiB
/2 :2M2° +B'M v /2K M/ X 1H KQ/2HQ /2 T'm2# T H K2iQ/QHQ
MQ/Qb- 2bi2 KQ/2HQ 2bi€ TH Mi2 /Q T 7m2Mi2b /2 ;2M2" +B!'M
b2 Dmbi! 2H KQ/2HQ T > BM+HmMB  7m2Mi2b /2 ;:2M2" +B'M "2MQ
H K2iQ/QHQ:Q 2bi€ /Bb2¢ / T b2  THB+ #H2 Qi Qb KQ/2HQ
V+ ; b/Bp2'bB}+ / bU2MH b2++B!'MjXR b2/2i HH MH b+ > +i2 (

P#i2MB/Q 2H KQ/2HQ Dmbi /Q- b2 "2 HBx 2H T Q+2b KB2MiQ /2
D2iBpQ /2i2 ' KBM " 2H KQ/2HQ !TiBKQ [m2 "2[mB2° H K2MQ  +  :
/2 12bT +?2QX G #9b[m2/ /2 2bi b 7mM+BQM2b Q#D2iBpQ b2 ? +2
T mMbBbi2K 2M +QMiBM:2M+BHQ@M22br8 - MDAV Q K /Q 2bX 1H
Bi2  iBpQvb2? €72 bi +QKTH2i " iQ/ bH MIQAXQHQ:Q b/2H 7Q

2H T Q+2b KB2MiQ /2 / iQb b2 Q#iB2M2 mM “2:Bbi'Q /2 HQb KQ/?2
2p Hm /Qb 2M 2H T°Q+2bQ bB;mB2Mi2 /2 H K2iQ/QHQ:Q - i2MB2



Ry k J2iQ/QHQ;Q

QT2 +BQM H2b v HQb +'Bi2'BQb /2}MB/Qb T ° 2H KQ/2HQX 1H “2bm
2b[m2K /2/2bH bi'2 QTiBKBxXx /Q-[m2b2 Dmbi H b 2bi'B++BQM2b (
/2 ;2M2° +B!M v /2K M/ X

6B:m° Kk@RQ/QHQ:Q T QTm2bi T  H QTiBKBxXx +B!M /2H 2b[m2K /2
2M bBbi2K b /2 TQi2M+B +QM T2M2i® +B!M /2 :2M2" +B!M +Q



kXR *'Bi2 'BQb /2 JQ/2H KB2MiQ RR

KXRX *'Bi2 'BQb /2 JQ/2H KB2MiQ

IMH }:k@b2 Km2bi> H K2iQ/QHQ;Q /27Q K KEb2bT2+Q}+ - +Q
+2bQb [M2 +QM7Q K MHQbi"2b:  M/2bT Q+2bQb U Dmbi2-S Q+2
1HT Q+2bQ 6 Dmbi26 b2 /BpB/2 2M +m i'Q bm#T Q+2bQb,

= Dmbi2 /2 KQ/2HQ, .2K M/

= Dmbi2 /2 KQ/2HQ :2M2" +B!M

6HMDQ /2 + ; U" b2 +QKT " iBp V

02 B}+ +B!M /2 /2bT +?Q !TiBKQ

KXRXRX Dmbi2 /2 KQ/2HQ, .2K M/

GQb + Bi2 BQb /2 KQ/2H KB2MiQ MBp2H /2 /2K M/ [/2T2M/2M- T°
iQ 2b, h2KTQ™ HB/ /U Mm H- K2Mbm H-/B "B -?Q° "B V-iBTQ /2
"2bB/2M+B HV-;2Q;" 7Q @+HBK U2bi +BQM2b- Him™ bQ# 2 2H M
;0 7Q ¢ mM[m2 2tBbi2M Qi bp "B #H2b [m2 Tm2/2M BM~mB™ 2H +(
mbm "BQ }M H- 2bi #H2+2  mM 6T2 }H6 /2 +QMbmKQ T 'iB /2 2bi
/12 7TQ°K T €+iB+ H /2K M/ X

2#B/Q [mMm2 H K2iQ/QHQ:Q 2bi€ 2M7Q+ / 2M H QTiBKBxXx +B!M /
b2 2KTH2 T ° i2M/2  +QMiBM:2M+B b- 2H 2M7Q[m2 /2 i2KTQ" HB
xQ UahG6V a?Q ' i@i2 'K HQ / 7Q 2+ biBM:- [m2 +QKT 2M/2 +QKTC
b2K M b (e)X 1M H b2++B!M jXk b2 Km2bi® 2H T2 }H /2 /2K M/ /2T
2Mi*2 b2K MV Dmbi /QT > H T m2# /2H K2iQ/QHQ:Q T ' QTm?2
2b+ H i2KTQ  HU+Q iQ TH XxQVVH p "B #BHB/ /2M 2H iB2KTQ- |
HQb +QKTQ i KB2MiQb /2 7m2Mi2b /2 2M2 :Q “2MQp #H2b +QKQ |
2H +m H b2 /2b+ i!lmMT2 }HTQ ?2Q° VX

IM p2x /2}MB/ H + ° +i2°'QbiB+ i2KTQ"  H-b2 /2#2M /2}MB"~ HQb
#m+B!'Mc 2b BKTQ'i Mi2 i2M2° mM +QMi2tiQ +H “Q /2H bBbi2K [m
H b+ +i2°QbiB+ b /2 /2K M/ [2T2M/2M 2M ;> M K2/B/ /2 H /Bbi’l
iBTQb /2 + *; b 2M 2H bBbi2K X IM 7Q°K /2 ;"mT KB2MiQ 2b 2KT
/2 HQb K2 '+ /Qb /2 +QK2 +B HBx +B|M- mM[m2- +QKQ BM/B+ (3)
[mM2 b2 TB2'/2 BM7Q 'K +B!M /2 HQb +QKTQ i KB2MiQb T “iB+mH
2K# :Q-T  H K2iQ/QHQ:Q TH Mi2 / -H b2'B2/2iB2KTQb /2 K2"
"2bmHi Kmv 9iBH- 2bT2+B HK2Mi2 bB b2 "2/m+2 2H BKT +iQ 2M F
2bi” i2;B +QMiG+MB+ b /2 ;"mT KB2MiQ +QKQ F@K2 MbX



R k k J2iQ/QHQ:;Q

G bp B #H2b :2Q; €}+ b v +HBKEiB+ b 2T 2b2Mi M- 2M ;> M K2/B/ -
KB2MiQ /2 H /2K M/ K2/B MQVH ;QTH xQ-/2#B/Q [m2H b +  +i2
H :2Q:°7Q VHDbDIi2KTQ / b +HBKEiB+ b- 2M 2bi 2b+ H - +m2Mi M
*° 4+i{2°QbiB+ b /2KQ: €}+ b +QKQ 2H + 2+BKB2MiQ TQ#H +BQM H i }
" mTQX aBM 2K# :Q- +QiQ TH xQ b2 2[mB2'2M i2M2" 2M +m2Mi +
/2KQ: €}+ b /B+BQM H2b +QKQ 2H MBp2H /2 BM:; 2bQ- 2H Hm; /2 .
HQb iB2KTQb /2 /2bTH x KB2MiQ-H ++2bB#BHB// H i2+MQHQ:Q
Hi2'M iBp b H 2M2':Q 2HG+i'B+ T ' +iBpB/ /2b /B "B bX SQ" 2D:
61M *QHQK#B HQb?Q: "2b2MH x6@® /2mGH 2RO+ PK#MI biB#H2 T B
+BT H2M bmb +iBpB/ /2b /2 +Q++B!M /2 RBAK/2VHQb-AQB2NDL /I2 [f2 2|
XxXQM m'# M 2KTH2 :Lo6X

kKXRXkX Dmbi2 /2 KQ/2HQ, :2M2" +B|M

G K2iQ/QHQ;Q T QTm2bi 2bi€ 2MK "+ / 2M H QTiBKBx +B|M /2H 2
+ ; 2M bBbi2K b /2 TQi2M+B +QM T2M2i° +B|{M /2 ;2M2" +BI/M +QM 7
/122M2 ;Q b "2MQp #H2b U6L*1 V- TQ HQ I MiQ- 2H KQ/2HQ THB+ #
+QMp2M+BQM H2b v MQ +QMp2M+BQM H2b "2MQp #H2bVX H B;m H [
2M2° +B\M/2T2M/2 /2 /Bp2'b bp "B #H2b [m2 /2#2M b2 i2MB/ b 2M +|
2T 2b2Mi2 mM bBbi2K 2HO+i B+Q "2 HX

1bi #H2+2 /2 7Q'K /2+m / HQb Dmbi2b H KQ/2HQ +QM 6L*1_ “2[m
mM +QMi2tiQ KTHBQ /2 H BMi2;" +BI/M /2 2bi2 iBTQ /2 7Tm2Mi2b 2M /
+Qbvbm TQ'i2 HQb T Q+2bQb /2 i> MbB+B|M 2M2 ;0iB+ X * bQb +C
[mMm2 2b mM /2 H b 7m2Mi2b 6L*1_ +QM K vQ T '2b2M+B v + 2+BKB2]|
2pB/2M+B (8) 6 +im HK2Mi2 +m2Mi +QM K€b /2 9yy:q BMbi H /Qb v T
12 +2° + /2ZHkKkyW TQ ¢Q6-2b mM 272 2Mi2 BKTQ i Mi2 T ~ 2bi #H2+
MBp2H /2 ;2M2° +B/M [m2-2ti2M/B/Q Qi b 7m2Mi2bv /B 2++BQM /Q
vHQb TH M2b /2 /2b+ "#QMBx +B/M-bQMH # b2 7mM/ K2Mi H/2H KC

2#B/Q [m2H :2M2  +B!M 2bi€ HBKBi / TQ'H /BbTQMB#BHB/ / /2 H
6L*1_ Tm2/2M /2T2M/2 /2 + > +i2 QbiB+ b MQ +QMi QH #H2b +QKQ 2t}
2bi #H2+2 2H +QMi2tiQ T "iB+mH ~[m2 T2 KBi /2}MB H b+ > +i2 Qb
IM BM/B+ /Q° BKTQ i Mi2 2M 2bi2 T°Q+2bQ 2b 2H /2 >QbiBM: * T +Bi\
62bi #H2+2 2H HQKBi2 KEtBKQ /2 T2M2i> +B!M 6L*1_ [m2 MQb T2 KBi
iBpQb T'BK "BQb2M7Q+ /Qb H+HB2Mi2, +QM} #BHB/ //2HbmKBMBDb

S 'iB2M/Q /2 H b # b2b +QMi2tim H2bv 2MmM+B / b-2H Dmbi2 /2H K
i'2b T bQb,



kXR *'Bi2 'BQb /2 JQ/2H KB2MiQ Rj

=« hBTQb /2 6L*1_ BM+HmMB b2 2M 2H KQ/2HQX
= SQ +2Mi D2 /2 T2M2i> +B!M /2 6L*1_2M 2H bBbi2K X
= * > +i{2°QbiB+ bv +QKTQ i KB2MiQ /2 H 6L*1_2M 2H bBbi2K X

S /2i2°KBM “HQb iBTQb /2 6L*1_2b M2+2b "BQ /2}MB" bB 2H KQ
TQM/2 mM 2bi /Q +im HQ bB-TQ 2H +QMi> "BQ-b2 /2b2 KQ/2H
K#Qb + bQb HBKBi /Qb TQ " H BM7" 2bi'm+im’ - /BbTQMB#BHB/
““QHHQ T “iB+mH "2bX 1M 2H + bQ /2 mM KQ/2HQ /2 2bi /Q +im |
TQ H K i'Bx 2M2 ;0iB+ /2H bBbi2K X MBp2H /2 T'Qv2++BQM2b-
2Q0 ' BXQMi2b i2KTQ" H2b- bQ +QKQ TQbB#BHB/ /2b /2 mK2Mi "~ m
2D2KTHQ- 2M H@&B3NMQb Km2bi® i2b 2b+2M "BQb +QM i 2b ?2Q"
H KiBx2M2 :(iB+ +QHQK#B M ,

6B:m° k@®KQV2++BQM2b /2 T2M2i° +B!M /2 6L*1_2M +QHQK#B T °
UiQK /Q /2 6B:m > d /2 (R3)V



RO k J2iQ/QHQ;Q

S 2bi2+ bQ2M T "iB+mH - H b2H2++B!M /2 HQb iBTQb /2 6L*1_ 2k
2'HB+ vbQH -[m2bQMH b KEb "2T 2b2Mi iBp b vH b [m2iB2M2M r
V2+i /Q 2Mi2 H b 7m2Mi2b "2MQp #H2bX

*QM H b 6L*1_ b2H2++BQM / b- 2b BKTQ i Mi2 /2}MB" 2H TQ +2Mi D2
i2K 2HO+i'B+QX S ° 2biQ b2 2bi #H2+2M /Qb HQKBi2b, 2H HQKBi2 B
6L*1 b2 +QMbB/2  / bB;MB}+ iBp T  2H bBbi2K KBGRZDP2KTHQ- 2
T iB /2H ¢Q ky9y HQb i'2b 2b+2M 'BQb +m2Mi M +QM mM TQ +2Mi
2/HB+ bvbQH "2bbm}+B2Mi2 T ~ b2 +QMbB/2 /Q bB;MB}+ iBpQc v n
2bi "/ /Q TQ 2H >QbiBM; * T +BivV T~ [m2 2H bBbi2K b2 +QM} #HZ
TiBpQv2+QMIKB+QX

G b+ +i2°QbiB+ bv2H +QKTQ i KB2MiQ /2 H b6L*1_ 2bi #H2+2M H 1
/IQb MBp2H2b /B72°2Mi2b, 1H T'BK2 ' Q 2b MBp2H /2 "2bi'B++BQM2b
2MH b2++B|M kXkX9 v [m2/2T2M/2M /2 HQb T "€K2i Qb 2HO+i B+Qb /
72+i IQbTQ " H T2M2i° +B/M /2 H b6L*1 X1Mi'2H bT BM+BT H2b "
bQ#'2+ *; -H +m H2bH +QKTQM2Mi2 T'BM+BT H/2H +QMiBM;2M+]I
/I2bH bi"2 /2 + ; X1IM b2, mM/Q Hm; " b22M+m2Mi°- M HQb T2 }H2b /2
2M 2H +QKTQ'i KB2MiQ ?Bbi|'B+Q /2 + / mM /2H b7m2Mi2b b2H2++

GQb +QKTQ i KB2MiQb /2 H b 7m2Mi2b /2 ;2M2° +B{M /2 2M2°;Q b ~2N\
T2M/2M 2M ;> M K2/B/ /27 +iQ 2b +HBKE€iB+Qb-[m2 72+i M /2 7Q K |
/12 ;2M2° +B]MX GQb bT2+iQb +QKQ p2HQ+B/ /- /B 2++B|{M Vv Him"
:2M2° +B!M 2'HB+ VQ Mm#QbB/ /- BMi2MbB/ / /2" /B +B!MbQH ~ Q H}
+B/MbQH "V-i K#BOGM /2T2M/2M /2 H HQ+ HBx +B{M U Him ™ bQ# 2 2]
KQMi ¢Qb b-+Qbi2° bXXVX /B+BQM HK2Mi2-i K#BUM 2bi€M /B72 2M
;2M2° /Q 2bc 2b TQ ™ 2bi > x{M [m2 HQb T2 }H2b /2 ;2M2 " +B|M 6L*1_
/12 7Q" K BM/BpB/m Hv2MH KBbK 2b+ H /2 H /2K M/ -2b /2+B - bB
2tTm2biQ 2M 2bi K2iQ/QHQ:Q - b2 /2#2 2bi #H2+2 mM T2 }H /2 ;2M2
K#Qb +Qi /Qb mM/Q X

1tBbi2M /B72 2Mi2b 7Q K b /2 T 2/2+B v T QtBK " HQb T2 }H2b /2 ;:
+QKQ BM/B+ (ky) 6GQb KGiQ/Qb /2 T'2pBbB!M Tm2/2M /BpB/B b2 21
2bi /QbiB+Q- b2:9M 2H T'BM+BTBQ /2 KQ/2HBx +B!'M6X G K vQ ' Q 2
+QMpP2M+BQM H2b-J +?BM2 G2 "MBM; Q ?Q# B/QbX 1Mi*2 H b 2bi i2
/IQ[m2-T " MEHBbBb/2+Q iQ TH xQ-2HKQ/2HQ *LL@ "BGahJ QD
2M H T 2/B++B!M /2 2M2°:Q bQH v 2!HB+ (R)XPi b 2bi  i2;:B b +Q
KBM *2H +QKTQ i KB2MiQ /2 H ;2M2  +B'M bQH v 2!'HB+ bQMHQDb

?2Bbi!"B+Qb v b2'B2b /2 iB2KTQ- +QM 2bi’ i2:B b +QKQ _AJ [m2 ‘2T
i /Qb T > 2b+ Hb /2 +Q iQ TH xQ- +QKQ Km2bi® (kk) 2M H bB:mB2Mi



kXk **Bi2°'BQb /2 1p Hm +B!'M RS

h #H k@RQM'biB+Qb /2 :;2M2° +B!'M/22M2;Q bQH ~+QM +m i Q K

8 /2 (kk)V
a2K M 1M2:Q 2 H S QM'biB+Q _GJ S QM!'biB+Q L S QM!
93 KiXej k3XRS8 jYXR] k8Xy9
9N ky XKy kjXe3 kkX93 R3X89
8y kRXNK kdXje ke XyKk kkXNd

1H KOiQ/Q 7QbB+Q 2T 2b2Mi p2Mi D b T €+iB+ b T~ /2i2 KBM °
b2 iB2M2 mM "2:Bbi'Q BKTQ i Mi2 /2 H b+ ~ +i2 QbiB+ bi2KTQ" H
HQ+ HBx +B!M /2 H b ;> MD b /2 ;2M2" +B!MX S ~ 2H + bQ KQ/2H
/IQHQ:Q T QTm2bi - b2 2KTH2! 2bi 2bi> i2;:B 2KTH2 M/Q +  +i2°
2!HB+ b2M *QHQK#B - HQb T2 }H2b 2!HB+Q vbQH ~2KTH2 /Qb T °
/20 HH /Qb 2M H b2++B!'M jXjXk v [ XjXR “2bT2+iBp K2Mi2X

KXRXjX 6HmMDQ /2 + *; , # b2 +QKT "~ iBp v p2 B}+ +B!
'TiIBKQ

S i2M2° " mM # b2/2 "272°2M+B b2 +Q "22H KQ/2HQ Dmbi /Q /2
I2K M/ v ;2M2° +B/M- +QM iQ/Qb HQb 2b+2M 'BQb TQbB#H2bX 1H
T /2bT +?Q b2;9M H 7mM+B|M Q#D2iBpQ 2MmM+B / +QMiBMr
kXkXj,

mn X ag’+ hg + ¢ UKk@RYV
gif i2N

IM p2x b2 Q#iB2M2 2H 2b+2M "BQ |TiBKQ /2 /2bT +?2Q-b2/ T bQ
K2IiQ/QHQ;Q 6S Q+2b KB2MiQ /2 / iQb6-[m2iB2M2 +QKQ Q#D2iB
/12 +QMiBM;2M+B ? bi Q#i2M2 mM 2b+2M "BQ [m2 +mKTH +QM
0.2bH bi 2 ¥TiBKQ /2 * *; 6X

kKXkX *'Bi2'BQb /2 1p Hm +B!M
GQb bBbi2K b 2HOU+i B+Qb +QM T2M2i" +B|{M /2 6L*1_ 2T 2b2Mi N

/2#B/Q bmb 272+iQb M2: iBpQb T H 2bi #BHB/ /- TQi2M+B v
H:mMQb /2 2HHQb- 2MmM+B /Qb TQ"  (N)- bQM,



Re k J2iQ/QHQ;Q

aQ# 2+

mK2MiQ /2 TG /B/ b

am#i2MbBQM2bfaQ# 2i2MbBQM2b
6HB+F2'b

2b# H M+2 /2 i2MbB'M
« AMb2 +B/M /2 "KIMB+Qb /2 # D 7'2+m2M+B

2#B/Q 2biQ- 2b M2+2b "BQ +QMi2KTH "HQb 2Mi 2 HQb 272+iQb T ¢
U* Bi2 ' BQb /2 *QMiBM:2M+B bV bQ +QKQ bm BM+HmbB!M 2M H b _ 2|
#Qbbm#T Q+2bQb /2 HQb * Bi2 ' BQb/21p Hm +B!M-/QM/2 /B+BQM H
P#D2iBpQ v HQb S "€K2i'Qb /2 1p Hm +B!MX

+QMiBMmM +B/M b2 T 2b2Mi M HQb +m i Q bm#T Q+2bQb /2b+ " BiQb /
/IQb H QTiBKBx +B/M /2H /2bT +?Q 2+QMKB+Q- BM+HmMv2M/Q H T:
+ " X

kKXKXRX .2}YMB+B!M, S "€K2i'Q /2 2p Hm +B!M

GQb T "€K2i"Qb /2 2p Hm +B|M T2 ' KBiB"€M p HB/ ~ bB 2H 2b[m2K /2
'TIBKQX SQ HQ i MiQ- 2bi "€EM /2i2°KBM /Qb TQ p "B #H2b [m2 /2}M

G T'BK2' 7mM+B!M Q#D2iBpQ 2b 2H /2bT +?Q !TiBKQ /2 TQi2M+B -
p "B #H2b /2 TQi2M+B ;2M2° / - €EM;mHQ /27 b2v ~mDQ /2 TQi2M+B
/2 /2bH bi*2 /2 + *; |TiBKQ-T ° 2bi2 + bQ-H bp "B #H2b /2i2°'KBM M
/12 + °; /2bH bi"/ v2H~-mDQ /2 TQi2M+B X

G b bB;mB2Mi2b bQM H b p "B #H2b /2 /2+BbB!M T~ H 7mM+B!M Q#|
=g, SQi2M+B ;2M2 i 2H MQ/Q
= 52[01], SQ +2Mi D2 /2 + *; /2bH bii / 2M 2H MQ/Q
«fj, 6HMDQ /2 TQi2M+B i (P /2 H HQM?2
= i, *M;mHQ /27 b2 2M 2H MQ/Q

/IB+BQM HK2Mi2- b2 2bi #H2+2M mMQb T “€K2i"Qb /2 2Mi> / [m2 +Qi
H 2p Hm +B!MX a2 bmK2MH bi2MbBQM2b 2M R Tmv [m2 b2 2KTH?2
/2 bBKTHB}+ +B'M /2H T Q+2bQX

GQb T "€K2i'Qb /2 2Mi" / T 2H KQ/2H KB2MiQ bQM HQb bB;mB2Mi:



kXk **Bi2°'BQb /2 1p Hm +B!'M Rd

a:h:c, *Q2}+B2Mi2b /2 H 7TmM+B!M /2 +QbiQ /2 ;2M2" +B!M

d, . 2K M/ 2M 2H MQ/Q

by, amb+2Ti M+B /2 H HQM2 ¥JMi 2 HQb MQ/Qb

g™;g™ , GQKBi2b /2 ;2M2" +B|M

fmn fr™  GQKBi2b /2 ~mD@i;pM H HQM?2

« MM GQKBi2b /2 EM;mHQ /2 7 b2

, *Q2}+B2Mi2 /2 T2M HBx +B/M TQ /2bH bi 2

kXkXkX .2}YMB+B!M, *"Bi2 ' BQb /2 +QMiBM:2M+B

1M HQb + Bi2 BQb /2 KQ/2H KB2MiQ 2M 2H bm#T Q+2bQ /2 66Hm
P2 B}+ +B!M /2 /2bT +?2Q6 U02  kXRXjV b2 2bi #H2+B! mM 2b+2M
/2HQ QTIiBKBx /Q +m2® B:HQM/2+2°Q viQ/Qb HQb MQ/Qb b2 2M+m
UbBDbi2K /2 Hn\VX K

G b +QMiBM;:2M+B b KQ/2H / b +Q "2bT@MMM/ QW /RH2H /BHQI BBl R
2HBKBM H +QM2tB!M 2Mi'2 /Qb MQ/Qb 2T 2b2Mi M/IQH T4 /B/
/Q  /2H +QMD2HMbBbi2K 2HO+i"B+Q KQ/2H /Q- 2b /2+B - H +QMiB
"2T°2b2Mi "mM bQ#°2+ *: [M2BM+Bi2 H BKTH2K2Mi +B!M/2H 2

kXkXjX 6mM+BQM2b Q#D2iBpQ

G K2iQ/QHQ:;Q T°QTm2bi #mb+ BMi2;" " /Qb7mM+BQM2b Q#D2i

/2bH bi"2 |TIBKQ [m2 KBMBKB+2 2H +QbiQ /2 /2bT +?Q Vv H b+ ;b

bQM / Ti +B{M K2MQb "2bi'B+iBp {MZH M2 QAMAHD2PBPQ MQ 2bi€
+ ; b2[mBi iBp bX

G 7mM+B!M Q#D2iBpQ 2KTH2 / T H 2T 2b2Mi +B!M /2H +QbiQ
mM 2tT 2bB!M +m / €iB+ - +QKQ b2 Km2bi~ +QMiBMm +B!M,

X
mn ag +hg + G Uk@kV

i2N



R3 k J2iQ/QHQ;Q

JB2Mi  b[m2H 2tT 2bB{M[m2 2T 2b2Mi H + ; [m2b2/2bH bi~ 2M 2
X

mn S; d; Uk@jV

S i2N

6BM HK2Mi2-T ° BMi2;" "Hb7mM+BQM2b Q#D2ZHBHp™® H2Z BM2b22WR2 2

2H T2bQ /2 H T2M HBx +B!M TQ  /2bH bi'2/2+ *; 2MH QTiBKBx +B!
/2 2bi K M2  -H 7mM+B!'M Q#D2iBpQ QTiBKBx “2bH bB:mB2Mi2,

X X
mn ag+hg+g + sid Uk@9ov
' i2N i2N
kXKkX9X _2bi'B++BQM2b QT2 +BQM H2b
G 7TmM+B!M Q#D2iBpQ /2#2 +mKTHB  +QM H b "2bi"B++BQM2b BKTm

/2 ~mDQ /2 + *; .*-2H # H M+2 MQ/ Hv HQb HQKBi2b QT2 iBpQb /2
/[2bH bi*2 /2 + ; -HQb +m H2b b2 T'2b2Mi M +QMiBMm +B!M,

fi =10 (i i) X 8(i;j) 2L Uk@8V

g=(1 s)d+ fi 8i 2N Uk@eV

jo(ij 2L

g" g g 8 2N Uk@dV
fim o £ 8(i;j) 2L Uk@3V

mn o 8i 2N UK@NV

0 s 1 8 2N UK@RyV

=L 2T 2b2Mi 2H +QMDMMiQ /2 HQM2 b Q i° Mb7Q K /Q 2b [m2 +QI
MQ/Qb

=N "2T7°2b2Mi 2H +QMDMMIiQ /2 MQ/Qb /2H bBbi2K



kXk **Bi2°'BQb /2 1p Hm +B!'M

0 B #H2b /2 /2+BbB!M,

=g, SQi2M+B ;2M2" /

S "€K2i Qb,

i”

2M 2H MQ/Q

s 2[0:1], SQ +2Mi D2 /2 + *; /2bH bii / 2M 2H MQ/Q
fj , 6HMDQ /2 TQi2M+E;jRPM H HQM?2

., *M:mHQ /27 b2 A4M 2H MQ/Q

d, .2K M/ 2M 2H MQ/Q
by, amb+2Ti M+B /2 H HQM2 ¥JMi'2 HQb MQ/Qb
g™;g™ , GQKBi2b /2 ;2M2" +B|M

frmofm  GQKBi2b /2 ~mDQ@;2M H HQM2

« ™M ™ GQKBi2b /2 EM;mHQ /2 7 b2

6mM+B|M Q#D2iBpQ,

X

mn ag’+hg+c +
gt
i2N

_2bi'B++BQM2b,

fy =bCi ) X
g=(1 s)d+ fi
ji(ij)2L
g g g
fm fy ™
mo o mx
i [ i
0 s 1
T 100 %
L; 100 %

09 TXmvi 1,1 TXm

,*Q2}+B2Mi2 /2 T2M HBxX +B!'M TQ  /2bH bi 2

Si di

8(i;j) 2L
8i 2N

8i 2N
8(i;j) 2L
8i 2N
8i 2N
8i 2N
8i 2N
8i 2N

RN

a:h:c, *Q2}+B2Mi2b /2 H 7TmM+B!M /2 +QbiQ /2 ;2M2" +B!M

Uk@RRV

Uk@RKV
UK@RjV

UKk@R9V
Uk@R8YV
Uk@ReV
Uk@RdV
Uk@3V
Uk@NV
UKk@RYV



Ky k J2iQ/QHQ;Q

kXjX S Q+2b KB2MiQ /2 . iQb

1H T°Q+2b KB2MiQ /2 / iQb T "i2 /2 mM KQ/2HQ Dmbi /Q v +m2Mi +¢
Hm +B!M- 7mM+BQM2b Q#D2iBpQ- "2bi'B++BQM2b QT2  +BQM H2b v
1bi b 9HIBK b /2i2°KBM M H 2bi  i2;B T  H b2H2++B!M /2 2b+2M "B

1H T BK2 bm#T Q+2bQ 2bH b2H2++B'M/2H HQM2 /2b+QM2+i -/
2M +QMiBM;2M+B v [m2 b2 pmZEXKplaV/2pEAXx DPQ KM+m2Mi~ 2M 2H 2b+2N
2p Hm -b2+Q '2mM~mDQ/2+ "; vb22p H9 bB2HKQ/2HQ +QMp2 ;.
H KQMBK + ; [/2bH bi®> " "2[m2 B/ vpm2Hp2 +Q 2 2H~mDQ ? bi

IM p2x 2H KQ/2HQ +QMp2 ;2-b2 2 HBx mM ~mDQ /2 + ; +QMH b7
T +?2Q v /2bH bi 2 BMi2; /Qb-b22p H9 bB2b mM KQ/2HQ |TiBKQc bE
I12bT +?2Q vb2 pm2Hp2 +Q 2 2H ~mDQ- 2bi2 T°'Q+2bQ 2b Bi2 iBpQ
2M+m2Mi® 2H KQ/2HQ |TiBKQX IM p2x ? HH /Q- b2 "2;Bbi° 2M H #
QTiBKBx /Qb v b2 2TBi2 2H T Q+2bQ /2 M€HBbBb /2 / iQb T Qi Q 2
7TQ K 1X

G Bi2' +B!M /2 2b+2M "BQb b2 ? +2 2 bi [mM2b2?2 v M 2p Hm /Q iQ/C
70°K 1- Q#i2MB2M/Q HJIM H/2H T Q+2bQ mM # b2 /2/ iQb +QM iQ/
KBx /Qb U02  K@fX"

kX9X o HB/ +BI/M /2 2bmHi /Qb

G p HB/ +B!M /2 HQb "2bmHi /Qb 2bi€ /BpB/B/ 2M /Qb bm#T Q+2bQb.
= *QKT ~ +B!'M /2 "2bmHi /Qb /2 KQ/2HQb QTiBKBx /QbX
= 0 HB/ +B|M /2 pB #BHB/ / /2 HQb "2bmHi /Qb

G +QKT > +B!'M /2 "2bmHi /Qb /2 KQ/2HQb QTiBKBxXx /Qb b2 ? +2 T i
/2 °2:Bbi'Qb /2 KQ/2HQb QTiBKBx /Qb v /2H KQ/2HQ # b2 +QKT " iBp
+: 2 HBx /Q HKQ/2HQ Dmbi /Q +QMHQb + Bi2'BQb /2 KQ/2H KB2!

G p HB/ +B!M /2 pB #BHB/ / /2 HQb “2bmHi /Qb 2b mM T Q+2bQ /2 b
HBx /Q TQ  2H 2D2+mi Mi2 /2 H K2iQ/QHQ;Q v [m2- /B+BQM H HC
"2bi'B++BQM2b v 2bi #H2+B/ b- 2b M2+2b "BQ 2p Hm " 2H “2bmHi /C
/2b "QHH 2H KQ/2HQX *QKQ "2bmHi /QIM H/2 H p HB/ +B!M /2 “2b
/2 H K2iQ/QHQ:Q - b2 Q#i2M/ € mM 2b[m2K /2 /2bH bi2 QTiBKBx /Q



kX9 o HB/ +B!M /2 _2bmHi /Qb kR

6B:m° K@ iQ/QHQ:Q /2i HH/ T°QTm2bi T  H QTiBKBx +B!M /2
/2 +; 2M bBbi2K b /2 TQi2M+B +QM T2M2i’ +B!M /2 :2M



k k k J2iQ/QHQ;Q

kX8X GBKBi +BQM2b /2 H K2iQ/QHQ;Q

G J2iQ/QHQ:;Q T'QTm2bi T H QTiBKBxX +B!M/2H 2b[m2K /2 /2bH &
/2 TQi2M+B +QM T2M2i> +B!M /2 :2M2" +B!M +QM 6L*1 - 2bi€ HBKBi|

p

"BQb 7 +iQ 2b- 2MHBbi /Qb +QMiBMm +B!M-[m2 /2#2M b2  i2MB/

bm BKTH2K2Mi +B|MX

G K2iQ/QHQ:;Q MQ 2p H9 2H KQ/2HQ # b2-TQ HQ i MiQ- 2H KC
2bi “p HB/ /Q T 2pB K2Mi2X

GQb DmMbi2b/2HKQ/2HQ b2 ? +2M +QM T2 }H2b /2 /2K M/ v:2M2"
+QMi2KTH M 2M H K2iQ/QHQ;Q - bBM 2K# “:Q-H b 2bi> i2:B b 2K
HQb T2 }H2b /2T2M/2M /2H 2D2+miQ - H "B:m QbB/ / +QMH [m2
H 272+iBpB/ //2H K2iQ/QHQ:Q

G K2iQ/QHQ:Q TH Mi2 mM 2:Bbi"Q /2 KQ/2HQb QTiBKBx /Qb /2
P2 :2M-T2°Q MQ /2 H b 2bi'B++BQM2b QT2 +BQM H2b T Q/m+i
mM 2b+2M “BQX

1H T°Q+2b KB2MiQ /2 / iQb 2bi€ 2M7Q+ /Q 2M /2bH bi*2 /2 + *: T
2M+B TQ bQ#'2+ *: 9MB+ K2Mi2 2M bBXi2K b/2 H 7Q°K

G K2iQ/QHQ:Q b2/2b "QHH!+QM MM 2M7Q[m2 /2 T2M2i  +B!M /2
TQ  HQ i MiQ- 2H KQ/2HQ /2#2 +QMi2M2° mM + MiB/ / 2T 2b2M
7m2Mi2bX

1M bQMi2bBb- 2H + TQimHQ #Q /! H T QTm2bi K2iQ/QH!;B+ [m2 Q"
/2 2bim/BQ-2M/QM/2-/2K M2 2bi‘m+im" / -b2 2bi #H2+B2 QM HQb -
2p Hm +B!'MVHQD T ' Q+2/BKB2MiQb T >~ 2H M€HBDbBb /2 HQb/ iQb "2k
/2b+ B#2 /2i HH2 2H + bQ /2 2bim/BQ [M27m2b2H2++BQM /Q +QKQ B
/2 H K2iQ/QHQ:Q /2b+"Bi v/22bi K M2 2p Hm “H 272+iBpB/ / /2
2MiQ MQ +QMi QH /QX



i .2b+ BT+B'M /2H * bQ /2 1bim

1M 2bi2 + TQIimHQ b2 /2b+ B#2 2H + bQ /2 2bim/BQ b2H2++BQM /(
b2 2KTH2 "QM T ° 2H /2b ""QHHQ /2H 2bim/BQ- b2 T 2b2Mi H iC
KQbi- M/IQH +QM2tB|{M /2 HQb MQ/Qb /2H bBbi2K i pGb /2 H b H
+BQM HK2Mi2-b2 2bi #H2+2 2H +QKTQ i KB2MiQ /2 H b 7m2Mi2b
i° pGb/2H b+m'p b/2/2K M/ v2H +QKTQ i KB2MiQ /2 H ;2M2" +
H BM+HmbB|M /2 6L*1_X

1H bBbi2K 2HO+i'B+Q /2b+ 'BiQ 2M 2bi2 + TQimHQ 2b H BM7Q K
2H BMbmKQ # b2 T > 2H /2b ""QHHQ /2 H K2iQ/QHQ:Q TH Mi2 /
X +B!M /2H KQ/2HQ 2KTH2 /Q 2b 7mM/ K2Mi H- /2#B/Q [m2 2bi ¢
+QKTQM2Mi2b T'BM+BT H2b /2H bBbi2K X

jXRX JQ/2HQ RR3 LQ/Qb

1H KQ/2HQ A111 /2 RR3 MQ/Qb 2b mM KQ/2HQ /2b ~"QHH /Q 2M RI
+m H? bB/Q KTHB K2Mi2 miBHBx /Q T 2bim/BQb /2 bBbi2K b /
M H? i2MB/Qp "B +BQM2b /2 +m2/Q HQb 2bim/BQb v KQ/2HQE
+QKTQ'i KB2MiQb /2 BMi2 ab T HQb 2bim/BQbX

1H KQ/2HQ [M2 b2 2KTH2 T ° 2bi2 2bim/BQ /2 + bQ +m2Mi +QM
R3e HQM2 b /2 i° MbKBbB!M v NR @ R2KmMMH MM 2T 2b2Mi +B
/B :> K mMB}H ~/2H bBbi2K /2 TQi2M+B /2b "QHH /Q 2M H IMB
+m HiQK "2KQb +QKQ # b2 T~ 2H 2bim/BQX



k9 i .2b+ BT+B!M/2H * bQ /2 1bim/

6B;m j@PR2@HBM2 .B ;" KQ7 A111 RR3@#mb h2bi avbi2K AAh SQr2

jXkX * " +i2°Bx +B'M /2 H .2K M/
S 2HKQ/2H KB2MiQ/2H + "; -b2b2+iQ Bx}]H /2K M/ 2Mi 2biBTQ

+QK2+B H 2 BM/mbi'B H- /2#B/Q [m2 iB2M2M mM +QKTQ i KB2MiC
7° MD b ?Q° "B b-i Hv +QKQ b2 Ki@Xbi® 2M H }:m"

6B;m’ j@RKTQ i KB2MiQ T°QTm2bi T H /2K M/ 2M k92T~ HQb i :



jXj * > +i2'Bx +B!M /2 H :2M2" +B!M k8

1bi2 iBTQ /2 KQH/2 KB2MiQ /IBMEKB+Q T2 KBi2 "2~2D " mM +QKT(
KQb /2 2M2 ;Q Xj@Rn#Xbi° HQb HBKBi2b /2 T "iB+BT +B!M [m2 b2
KQ/2H KB2MiQX

hBTQ /2 Ibm| 8Q +2Mi D2 /2 S iB4BT +B!M
_2bB/2M+B H yXjo
*QK2 +B H yXk8
AM/mbi B|H yX9R

h #H j@RQKBi2b /2 T "iB+BT +B!M TQ iBTQ /2 mbm "B

S 2H+EH+mMHQ /2 H TQi2M+B 2M + /| MBY © P2HchB:B)i21KB D ® 2K T H
P H TQi2M+B Mm2pPyd/dH MQIZM+B Mi2'BQ  / / TQH2HMK@/2HQ
/2 12K M/ /2 +m2°/Q HIiBTQ /2 mbm 'BQ b2H2++BQM /QX S ° 2H
K M2 H2 iQ B -T2 Q[m2+mKTHB2  MH T QtBK +B'M H HQKB

iXjX * > +i2°'Bx +B!M /2 H :2M2  +B'M

*QM 2H }M /2 "2T 2b2Mi " 2H +QKTQ i KB2MiQ /2 H ;2M2  +B!M 2M
/[2HQ [M2 2T 2b2Mi [m2H K i'Bx /2 :2M2" +B!M 2bi€ +QKTm2bi T
?B/€mHB+ +QMp2M+BQM H- 2H RyW /2 ;2M2" +B!M i0 KB+ # b
b2H-: bv + "#'MV u 2H R8W “2bi Mi2 2T 2b2Mi "€ H b 7Tm2Mi2b M
UT'BM+BT HK2Mi2 2!HB+ v bQH VX

jX]XRX :2M2° +B!'M aQH °

G :2M2° +B!M bQH ~BMpQHmM+  / 2M 2H KQ/2HQ 7m2 /2H 3 W /2H
IM /2 KQ/2H “i2M/2M+B 2bim/B / b K2/B MQ TH xQ@TKim ZIQiH QK #E
H +m'p /2;2M2° +B!M 2KTH2 / 2M 2H KQ/2HQX

6B;m’ j@QKTQ i KB2MiQ T'QTm2biQ T H ;2M2° +B!M bQt



ke i .2b+ BT+B!M/2H * bQ /2 1bim/

S 2H/2b "QHHQI/2H +m'p b22KTH2!'2H T2 }H/2B " /B M+B iQTB
MQ K HBx /QV +QM H bB;mB2Mi2 2+m +B!M,

oA -
A" /B MasX O sin %

a2 2KTH2, mM +QMp2 bB/M /2B " /B M+B T QtBK / TQi2M+B ;2M
bmTQbQ mM 2}+B2M+B /2H bBbi2K /2H 3yW 2M +QM/B+BQM2b B/2 |
Prnr A" /B MPRBkem H

iXjXkX :2M2° +B'M 1'HB+

S 2HKQ/2H KB2MiQ /2 H ;2M2° +B!M 2!HB+ b2 BMpQHmM+"! +QM m
H ;2M2 +B|M /2H bBbi2K - T ' 2b2Mi M/Q mM +m'p /2 /2bT +?2Q /2 2]
};m® jXjXkX

6B:m  j@OKTQ'i KB2MiQ T'QTm2biQ T~ H ;2M2° +B!M 2!'HB+

G +mp 7Tm2+ H+mH / /2 +m2/Q mMT2 }H/2;2M2" +B|M 2 /HB+ iC
TQ o0 'B +B!M /2H pB2MiQ 2M 2H /Q /2b+'Bi TQ ' H bB:mB2Mi2 2+m -

(?Q" 3)
24 2

uTQ H bB;mB2Mi2 +m'p /2 ;2M2 +B|M 2/HB+ -H +m H 2b /2T2M/B?2

V1= 0:5+0;3 sin

Viemmn(1 ; max(0; vry)

1M “2bmK2M- b2 T 2b2Mi! H + * +i2°Bx +B!M /2H KQ/2HQ /2H bBbi2
2KTH2 /Q T ° 2H 2bim/BQ-2H +m H# BM/ H +QMi2tim HBx +B'M QT2
T 2H /2b ""QHHQ /2H 2bim/BQX S iB2M/Q /2 2bi # b2- 2M 2H bB:1
HQb T "€K2i"Qb :2M2° H2b bQ+B /Qb HKQ/2H KB2MiQ v +QM}:m" +B
T H QTiBKBx +B!MX



9 S €K2i Qb :2M2 H2b /2H 1Dbi

*QKQ T 'i2/2 2bi2 2bim/BQ b2 TH Mi2! 2T 2b2Mi " 2H bBbi2K /2 R
V2ZM/QH b+ > +i2° QbiB+ b/2+ *; v;2M2  +B!'MX*QM7Q K2 HQ /2
v/I2 +m2/Q H H:Q BiKQ T'QTm2biQ-2H +m H b2 € /2b+ BiQ 2M
b2 2D2+mi "€ H K2iQ/QHQ:Q +QM 2H }M /2 "2 HBx " mM QTIiBKBXx
i2MB2M/Q 2M +m2Mi H b +QMiBM:2M+B b M@R vH b T2M HBx +B
+Q "2+i QT2 +B!M/2H bBbi2K X

1H M€HBbBb b2 /2b ""QHH] +QMbB/2° M/Q mM bBbi2K "Q#mbiQ
MQ/QbX aBM2K# “;Q-2biQ +QMHH2p # ;> M/2b "2iQb MBp2H /2
IM HB/ //2; " MiBx " [m22HbBbi2K +QMp2 ;B2° MM TmMIiQ 2bi ;
V;2M2 +B\Mb2/2b "QHH|i2MB2M/Q 2M +m2Mi T2 }H2b /2 + *; In
/12 +m2°/Q H b+ > +i2°QbiB+ b/2b ""QHH / b2M2H + TQimHQ jX
b2 /2b ""QHH! ME€HBbBb TQ K2/BQ /2K T b/2+ HQ  +QM 2H }M /2
[mM2 T2'KBiB2" M 2bi #H2+2" mM +Q "2+iQ 2b[m2K /2 /2b bi*2 /2 +
/2bT +?2Q 2+QM|KB+QX

9XRX JQ/2HQ SaP

IHT Q#H2K 7m2TH Mi2 /Q +QKQ mM T Q#H2K /2 QTiBKBxX +B!M &
QTiBKBxXx +B'M K2i ?2m QbiB+ T 2H + bQ b2H2++BQM /QX 1H K
T  2H+ bQ/22bim/BQ7m2S “iB+H2ar "KPTiBKBx iBQM USaPV Q
/2'S iQ+mH b- 2H +m H 7m2 KQ/2H /Q +QM HQb bB;mB2Mi2b T °
bBbi2K KQ/2H "X

h K¢Q/2H 2MD k"2
LOK2 ' Q /2 Bi2 |+4BQM2b

PK2; W y X|9
S?B ;¥ RX3
S?BT,V RX8

h #H 9@R €K2i Qb /2H 2MD K# 2

1bi2 iBTQ /2 KQ/2HQb bQM # bi Mi2 9iBH2b /2#B/Q [m2 T2 KBi2l



k3 9 S "€K2i' Qb :2M2° H2b /2H 1bim

T°Qv2+iQb v H iQK /2 /2+BbBQM2b +QM+"2i b 2M H TH M2 +B!M
2HO+Ii " B+Qb /2 TQi2M+B X
OXRXRX "[mBi2+im™> /2 aQ7ir 2

G [mBi2+im’ [m2b2BKTH2K2Mi!i  i!/2 #mb+ ~b2T > " 2M K!/mHQb
M HB/ /2b /2H bBbi2K b2 /2b ""QHH QM TQ  K!/mHQb,

L9+H2Q T'BM+BT H/2/2b ""QHHQ

1b[m2K /2 QTiBKBx +B|M SaP

"'b2 /217 iQb

oBbm HBx +B|M

6MM+BQM2b /2 TQVQ

OXRXkX S €K2i Qb /2 2Mi [/
*QKQ b2 K2M+BQM! 2M H /2b+ BT+B!M /2 H K2iQ/QHQ:Q - b2 “2+B:
/2 +m2°/Q HQDb 2b[m2K b T'QTm2biQb /2 /2K M/ b b2H2++BQM / b v
* +B!M- BM+HMV2M/Q 7m2Mi2b MQ +QMp2M+BQM H2b /2 2M2°:Q - v |
+QM};m> +B!M/2H T K2i'Bx +B!'M /2H bBbi2K 2HO+i"B+Q v /2H H;(
OXRXjX S "€K2i Qb /2 b HB/

+QKQ 2H2K2MiQb /2 b HB/ b2 Q#impB2 QM HQb +QbiQb bQ+B /Qb
2+QM!KB+Q- HQb +QbiQb bQ+B /Qb H b 2bi'B++BQM2b TQ  /2b bi’
/Qb H b T2M HBx +BQM2b BKTm2bi b H bBbi2K T ;  MiBx "H QT
Q#D2iBpQX

9XkX aQ7ir "2 v GB#2°Q b

1H bQ7ir "2 +QM 2H [m2 b2 /2b ~"QHHQ 2H T QVv2+iQ 2bimpQ BKTH2K
mbQ T'BM+BT HK2Mi2 /2 H b bB;:mB2Mi2b HB# 2 Q b,

» [Pandapoweti(https : ==www:pandapower.orgc@ KQ/2H /Q v ~mDQ /2 + ~;
= [Plotly](https : ==plotly:com3 2T 2b2Mi +B|/M ; €} +
= [Inspyred](https : ==pythonhosted:org=inspyred=@ H;Q BiKQb 2pQHmMiBpQb

= [SQLite](https : ==www:sqlite:org¥y # b2 /2 / iQb 2K#2#B/



9Xj oBbm HBx +B|M k N

9XjX oBbm HBx +B|M

IM 2H2K2MiQ +H p2 /2H M€HBbBDbL /2/ iQb +Q "2bTQM/2 H T 2b2
HQb KBbKQb-2M 2bi2i° # DQb2/2b "QHH! MEHBbBbTQ K2/BQ /
MBp2H ;"€}+Q 2Mi2M/2  2H +QKTQ i KB2MiQ /2H bBbi2K MBp2F
++BQM2b “2[m2 B/ bX

G /2}MB+B!M /2 HQb T "€K2i'Qb v 2H K "+Q +QKTmi +BQM H M2-
2bi b2++B!M T2 KBi2 +Qi ~2H T Q#H2K /2 QTiBKBx +B!M v p M>
K2iQ/QHQ:Q X 6BM HK2Mi2- H 2bi #H2+2  H K2iQ/QHQ:Q - H +
i"B+Q vHQb T "€K2i"Qb v '2[m2 BKB2MiQb T~ H QTiBKBX +B!M :
K i2KEiB+Q v Q#i2M2  HQDb “2bmHi /Qb [m2 b2 T°2b2Mi M 2M 2H bB



8 2bmHi /Qb

aB:mB2M/Q H K2iQ/QHQ;Q TH Mi2 / 2M 2H + TQimHQ k- v +QM H B
BMbi M+B - /2H KQ/2HQ + > +i2°'Bx /Q VvV /2b+ BiQ 2M 2H + TQimHQ j- 2
i"Qb /2H KQ/2HQ /2 QTiBKBxX +B!'M /2H + TQimHQ 9- 7m2 TQbB#H?2 2D
+QM 2H }M /2 Q#i2M2  HQDb “2bmHi /Qb [m2 b2 T 2b2Mi M 2M 2bi2 T i

1M 2H M2tQ b2 +QKT “i2 T “i2/2H +!/B;Q /2b ""QHH /Q 2M SVi?QM /.
HH /Q T  2H + bQ /2 2bim/BQ /2 QTiBKBx +B!M USaPV- KB2Mi' b 2M
2H *!'/B:Q 2M /2b “"QHH /Q 2M Svi?QM 2M7Q+ /Q 2M 2H M€HBbLBD /2 °
+ bQ /2 2bim/BQX

8XRX _2bTm2bi /2 H h2MbB|M Mi2 +QMiBM; 2]

1H+QKTQ'i KB2MiQ /2H bBbi2K 2HGOG+i'B+Q T~ 2H+ bQ/22bim/BQ- +
/IQb-2b mM bBbi2K "Q#mbiQ-2H +m€H 2b + T x/2bQTQ i ~2p2MiQb /
H 2bi #BHB/ / /12H KBbKQX IM 272+iQ MQ+BpQ T ° 2H bBbi2K 2b H
i2MbB|M +QKQ +QMb2+m2M+B /2 H T2 /B/ /2 mM2H2K2MiQ Qp BQ
S 2H+ bQ /2 2bim/B@HKinZhm™ 2H +QKTQ i KB2MiQ T'QK2/BQ /2 H i
i2MB/Q /2bTmiGb /2 KQ/2H "H b+QMiBM;2M+B M@R T ~ + / mMQ /2 }
G m#B+ +B|M 2bT +B H/2 HQb TmMiQ 7m2 iQK / +QM # b2 2M 2H /B ;
[mM2 b2 Km2bi® 2M8HXR; m"

1b TQbB#H2 T 2+B "~ [m2 HQb TmMiQb /2 +QHE@K2QADZb BMi2WMBQ M
MQ/Qb aH +F /2H bBbi2K Q xQM b +QM Hi ;2M2° +B/M-TQ 2biQ-2b"
2H2K2MiQb /2 +QM2tB|M 2M 2bi b €2 bH i2MbB|M iB2M/ bm#B" 21
BMv2+i " KEb TQi2M+B X .2b/2 2H Qi Q TmMiQ /2 pBbi - HQb TmMiQb
; €}+8@K2T 2b2Mi "€EM xXQM b+QM K vQ + ; Q+QMK2MQb "2bT H/Q
BKTHB+ M+ Q/ b /2i2MbB|M K vQ 2bX

2H €}8@K K#BOM 2b BKTQ i Mi2 MQi ~[m2 2H bBbi2K bB2KT 2 2bi€
i"Qb +2Ti #H2b- 2b /2+B - 2Mi"2 y-N8 TXmX v RXy8 TXmX- HQ [m2 2p
"Q#mbiQX



8XR _2bTm2bi /2 H h2MbB|M Mi2 +QMiBM;2M+B b M@R

6B:m° 8§@R:° K IMB}H ~ +im HBx /Q +Q'/2 hQTQHQ:Q /2 _2/b
MQ/Qb



ik 8 2bmHi /Qb

6B;m 8&@XKTQ i KB2MiQ S QK2/BQ /2 H h2MbB|M 2M 2H aBbi2K Mi:

G b}l mB@p@B8@m2bi- M 2H +QKTQ i KB2MiQ /2 H i2MbB|M T QK2
[2bTmdb /2H 2p2MiQ M@R-/2 +m2°/Q HQb p HQ 2b [m2 b2 Q#impB?2
T +/ mM /2H b +QMb2+m2M+B bKQ/2H / b T H bk9?Q b/2H /(

GQ[mM2MQb Km2bi~ 2H bBbi2K 2b[m22b Kmv "Q#mbiQ Mi2 T2 /B/ b M
KBM "HQ /2 +m2°/Q H b+ +i2°QbiB+ b/2H bBbi2K /2#B/Q [m2 2b ;
2 +2[M2H bi2MbBQM2b MQ b2 +2°'[m2 MBp2H2b 7m2° /2 M:Q UK
H8WVX

1biQb *2bmHi /Qb 2bi€M "2H +BO@K L @QWBH 2. 26+B /2 2bi - 2bi€b ; €

8@B@BS@P2 KBi2 p2° mM TQ+Q K€b /2 /2i HH2 2H +QKTQ i KB2MiQX
TQbB#H2 +QM+HmMB  [mM2 HQb MQ/Qb KE€Eb b2MbB#H2b bQM,

= 72+i +B!M TQ bm#i2MbB!M, R@j- 8SR@8d- d8- RyS8@Ry3- RR9- RF

» 72+ +BIMTQ bQ# 2i2MbB|M, e@N- k9- e8- 3y v Ne@NN
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