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Abstract

The transmission system plays an important role in providing access to all
participants in a competitive electricity market for supply and delivery of electric
powet. The operation status of the transmission system such as capacity adequacy
has an important influence on the electricity market competition. Reasonably
expanding or reihforcing the transmission system could have an important effect on
meeting generating companies and cusiomers’ needs, eliminating or reﬁeving
transmission congestion so as to enhance competition .in the electricity market and to
improve the operation efficiency of the power system. Compared with the problem
in the traditional vertically integrated monopoly industry, the transmission system
planning problem in the electricity market environment is more complicated and has
more uncertain factors to be dealt with, such as uncertainties associated with
locations and capacities of new power plants, Given this background, the problem of
transmission system planning in electricity market environment is studied
thoroughly in this dissertation.

A new transmission system expansion planning approach is developed to handle
future uncertainties, especially the locations, capacities of new power plants and
demand growth in a competitive market environment. The aim is to determine the
optimal plan, which is robust and flexible enough to meet the requirements of the
transmission planning in competitive environment.

With advancements in technology and improvements in management as well as
the deepening of the restructuring of the electricity industry, engineers have the
capability and need to intervene and regulate power flow patterns to some extent.
This will pose higher requirements for flexibility in transmission system expansion
planning. Therefore, the optimal result will be on the conservative side if the
constraints are handled by deterministic methods, Given this background, a new
method for the optimal transmission system expansion planning is presented in this

dissertation based on chance constrained programming (CCP). CCP is a kind of
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stochastic optimization approaches and is especially suitable for solving
optimization problems with uncertain factors. In the electricity market environment,
more flexibility and robustness are required for transmission system planning, and
CCP could well meet such requirements by imposing required confidence levels.

Optimal multistage transmission system expansion planning is a large-scale
nonlinear combinatorial optimization problem. Deregulation introduces more
uncertain factors for the transmission planning processes, and hence security and
economic risks will be inevitably incurred in the planning scheme produced under
such an uncertain environment. Given this background, a new risk-constrained
model for the multistage transmission system expansion planning is first presented
based on the chance constrained programming, and a method is next presented for
solving the optimization problem using the well-known Monte Carlo simulation
method and the genetic algorithm.

Deregulation in the electricity supply industry has brought many new
challenges to the problem of reactive power planning. Although the problem has
been extensively studied, available standard optimization models and methods do
not offer. good solutions to this problem, especially in a competitive electricity
market environment where many factors are uncertain. Given this background, a
novel method for optimal reactive power planning based on chance constrained
programming is presented in this dissertation. Given the confidence levels in
advance, the proposed framework could quantify the security risk created by

uncertainties while minimizing the operation cost and investment cost.

KEY WORDS: Transmissicn system planning; Electricity market; Uncertainties;
Chance constrained programming; Monte Carlo simulation; Genetic algorithm; Risk

management
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EREE TR RSN . BARATINATO, KR, T
WS, REABFRe WAE. FENRERASEREER, T
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L RAEEA.
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a, Bit#dE =0,

b. £ BEHURBU R R AVENE Luace

c. BEEHUEHIH S 0.

A HTE i MERBEY S, o0 |K AR A N .
£ x <pi (oA IR IIER), Mk AR, H5 T & FNREK
W, FHMREENERR O, HEMEL

e, X THFEE R MBS, EEE M N R SRR,
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£ HEER AR R FR A, B E—NER SN N, o) 0
HEEHLE AP, , MIZ AR MO HEN Pt AP, .

g MR- KBS AR OFE Y SR ERERNETATETH
HAWEOBAE, tRE, MKRERERRETT S 2T RIEFTTH),

36



AT RFEEFEBL
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h. ERFHE TARMANANREBEEAAMNERE, RERIEL ST
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J£7 ), REHWIRFFZEEMARTRE, E3AMRNMETENE. XEMN
BN BRERNTR, ARBITRE—FRD “EEMUBR".

m, Kbk “ERMUTR” WEIZEGRE ¢ T2 LR gt R AT BBl
i, WHHEAES RN TR ‘EBFARTR” REHEMMINAREM.
BEAE  FIFRTHEARFGFREE v, MBBEHFREO—TPREIEE

p=-‘tix100%o

n FECEFMRGTER” HEME, BLRK “BOELRIEERFT Dk
IAF SR R AT B R R EMA L, BMA—FIRELE, G4
FRMB AR, HIESRm HEHAN p.

o. MK BT LB ELEE p BT, RPXESHTRIS RETE, HEHE
R R PR T R B AT RO O, WU B R

FERP T RREMR, EHEREA, FTEORRE RGNS H
BEERAR. WA RAHENNRBEAF AR, HEEEANRT, X TH
RSN, HHNRERASB LT HURRANRAEE.
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31 REBRe~EHE

31 AZ IS YRAENERERER. RZEE 10014, 9 £85% (.
SRHT). BRREAREEEE, 3134, RARGYARELE -, F
HEBYEAER 2. AHEEL, BRANNRRNRENAZ RERELS
SHMKH, RFEWRENRNER, RE NG MRS AN
BHEEHRNESN. BEH A1, 14, 165 18 WEHIEHAE, &xHE
W% 33 Bk, BELEE T AOARERETE, HESAANHAREESS
A, HESELE 34.

R RETARE

s RHEH MW ATMW
1 0 550
2 3600 840
3 0 1540
4 0 380
5 7600 6390
6 0 1990
7 0 2130
B 0 BED
9 0 2500
10 7500 940
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R332 LHYE

XHRE WRTE 4Xmi ARER EH "y R OKE
fp.u. MW L HEH  /km

i 12 0.0176 2300 1 0 70
2 1-11 0.0102 2300 0 1 40
3 23 00348 2300 1 0 138
4 34 0.0404 2300 1 0 155
5 37 0.0325 2300 1 0 129
6 47 0.0501 2300 0 1 200
7 4-16 0.0501 2300 0 3 200
8 5.6 0.0267 2300 1 0 106
9 5-11 0.0153 2300 0 2 60
10 5.12 0.0102 2300 0 1 40
11 6-7 0.0126 2300 1 0 50
12 6-13 0.0126 2300 0 1 50
13 6-14 0.0554 2300 0 2 220
14 7.8 0.0151 2300 1 1 60
15 79 00318 2300 0 1 126
16 7-13 0.0126 2300 0 2 50
17 7-15 00448 2300 0 2 178
18 8-9 0.0102 2300 1 ! 40
19 9-10 0.0501 2300 1 2 200
20 5.16 0.0501 2300 0 2 200
2] 10-18  0.0255 2300 0 1 100
2 1112 00126 2300 0 2 50
23 -3 0.0255 2300 0 1 100
24 12413 0.0153 2300 0 1 60
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25 14-15 0.0428 2300 0 2 170
26 16-17 0.0153 2300 0 2 60
27 17-18 0.0140 2300 0 2 55

33 FRAEAEE

TAY Pi & i} &Lz aiz £i3 agi
1 09 5800 0.1 7600 0.5 9400 04
14 0.8 5800 0.2 7600 0.4 9400 04
16 0.8 5000 0.2 6800 0.5 8600 0.3
18 0.9 1500 0.2 2100 0.6 2700 0.2

YE: pe AW S | MILE RE R, o, ATTEERR B HLAR, B0 MW, a8 ge thIR
R, EEARER =1,2,3.

£ 34 FHTRAKOBRES
HRS  CPHE MW) RHEE (MW)

1 7000 700
12 1900 190
13 1100 110
14 300 30
15 2000 200
16 1300 130
17 4000 400
18 500 50

P B 0481 3 77 e o LR 74 T B HH IR O 7 8 R R A 48 S 4 BE AT R LAt
B, X BRI R, 100, B—FBEXI T — MR BB R A B RS L.
URLTFEN AR RBENEEN SRR TR BNE, BRERUTH, &
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RHE— BN, AR AT RBAOMA TR, KRS 88 HL
HE. WK 88 HHRF RRTIN, TASIA RELITE 88 AR PR
RBKH, BRHOES BRI, B3 “EREBREURE. BIR
KURFEEEREEBIARSRS, BRMSER, WA “BAmuy
K7 IITHR IS, IR 12 &85,

35 ARG R
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9 5-11 |
10 5-12 1
16 7-13 2
17 7-15 1
21 10-18 i
24 12-13 1
25 14-15 1
26 16-17 2
27 17-18 2

B CEAMRTR” KRE 88 FA MRS BTN M RIRITIOR,
WRARERIRECh 0. B “BAMRTR" LM, H§ “REKBHLLNT”
FEARAEIE “EFMYTR” FIHRG R KT RPERIA “EAMRIT
F7 P NKRE 2 P, GIMA—KIREERE, REH—FRARTR, ZFRE
88 IR AT T R N R KL TRE . FOTHEARFHRHRE Y, TR

RBIZ RGN IER p = yt—x 100% , Jtik —88. R 3-6 Fih T 6 Fh A4HHy
MRTTHR, ] 3-7 XIZ LT AT T LB
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& 3-6 MBEREEHAYHR

TR

)
e MW A AR AR AR HE AR HE

o320

1 2 3 4 5 6
1 1-2 1 0 0 0 0 0 0
2 1-11 0 0 0 1 1 1 1
3 2-3 1 ) 0 0 0 0 0
4 34 1 0 0 0 0 0 0
5 3-7 1 0 0 0 0 0 0
6 4-7 0 0 0 0 0 0 0
7 4-16 0 0 0 0 1 2 2
8 56 1 0 0 0 0 0 0
9 5-11 0 2 2 2 2 2 2
10 5-12 0 1 1 1 1 1 1
11 6-7 1 0 0 0 0 0 0
12 6-13 0 0 1 1 1 1 1
13 6-14 0 1 1 1 2 2 2
14 7-8 1 0 0 1 1 1 1
15 79 0 0 0 0 0 0 0
16 7-13 0 2 2 2 2 2 2
17 7-15 0 2 2 2 2 2 2
18 8-9 1 0 1 1 1 1 i
19 9-10 1 0 0 0 0 0 1
20 9-16 0 0 0 0 0 i 1
21 10-18 0 1 1 1 1 1 1
22 11-12 0 0 1 2 2 2 2
23 11-13 0 0 0 0 1 1 ]
24 1213 0 1 1 1 1 1 1
25 14-15 0 1 1 2 2 2 2
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26 16-17 0 2 2 2 2 2 2
27 17-18 0 2 2 2 2 2 2

37 RRREITRILR
TRERFY SNA WEARKEs RRIER,

VE 3! 15 1396 25 0.2841
FE2 18 1536 28 0.3182
HE3 22 1856 49 0.5568
FE4 25 376 69 0.7841
HES 27 2776 81 0.9205
HEG 28 2976 88 1

AT e 37 0 6 AR R LU I, ERNERSEE LR, MU
RFLURSE p MARARRESARF R, 2 p 20N, AUFRFBERHRD,
BIHERIT, HARRFEWENR IR, 2 p RAN, ARFRFHRRER
Ko GFHHE, EENAIRTE. YA R T RIE AR R LA % I
R, FEERENIR T RORARERES, fFHAEORE.

TR, AR FTHIAEE T ) THRE T &R 1A
£ RRRRUBA RS L SENAROTREE, ER TR THIR
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i, BRI T R .
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HEEREHNAREZM T EE REF AN SRENEE, HOHENNZENEE
FSEIR-Z BT 45 R RIREE AL S B R . 1 AVIETIR, AR KP4
MR REMRRE, DR EMBERSR DA EIR, RFFTERRRER
T REF LB ROEEHR T A H R LB AR, BSR4 KR
RBADTEEFGKPHWRT, W& T ETNAFRARAHERERLM
PR, WERG, AEFRBOAEREMANNTEERARTUES/EE
AR M. BFHSATGRRINHE B REMY N B ARBIT

min f(§)=3 C,Ls,
J=1

st. P{P<P .12a 4-2)
. B9=P

P.<P,
K, SAHATMRATRFUNFTEN n BRE; n ARERBEHHRE: s hRE
LE 00— RIFTE, L 1 B0 AR FELBOENMEEARR TR L
Wy CoMERMARAN F B KERERSEERA: LARESRE KE;
P ATBIRAE; P AXHHBEERRE: o WERDIBARNERKT:
B AV E SR, v EREMANE; PAWARITEATIERE: PoAK

LD s Poma 0 80 HLH S LRI,
43 REHTERSR

43.1 WARERMPHEARIAR

R AR R 4-2) BT TR RO S A SRR o) R A o s S 288, (BT LA B 3%
FRONHETERR. ZENSAR:

P{P<P_l}2« 4-3)

X, PR PR AR P MRS FER K, PR Pp TR ETEYIZER,

XEE P MR, ME—ASEHRETEBNKEMARTR, EHE
NP HEFERENSAREETHRLANSEWNT:
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a. & 5E RIFHIRENUEELAS N,

b. EREHUEAL 408 0

c. BEHRAFEBIAEEN =0,

d. T ¢ ADATREMFM BT A, A0, 1AW 5 R RETA
xio B xizp (o HEABRFTHERORE), WZAHEP, HERe; T
RRBUES, MFHREENN0, BEEL

e. 0T LS H RGN RET A BT R EHERYRERNE
B. FE-AMONLEBIIBHEENE 5 LEIBENTENEEIG N

M k=1 k
P(X =Fy)=a, (k=12--M), HH0<q, <1,¥a,=1. 5y a,<y<)q,
k=1

= J=

B, REEIERNHEREA Poys

f FHEARE. BITE T HRESTH Ny,o”) GREHY
APy MG REEMRIBIN K BB E A Ppigt AP,, ;

g WHIBIE P,

h. HP<P BN =N +1,

i. B

i IR <N, WHSRA BEURFEK,

k HN/NzaAAHENKSHEPIP <P _)>a, BUFHL.

432 EFREFFHRAREEYRIER R REN SRR

KAETER FFPHAGREFERBNGDHNBBRINSURGERS
MEBA . T RRANEERES, HENRE05 4B R, B BIRREH
ENPART—RBYRENERE. S TREFECHAFMRG, ZEAFHE
. ZERBSRUT:

a. W JRGEER.

b. HABEEETERNBAKREREF I, DREXAEREE.

c. KARMPTERSE- AR R, ELHBEFENMEHE. X TH
BPHEg— M EE, RAREFFIATERRIETHENSAR, WHRE
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A K F L F AL

RAPLALFE R B M IR AR T R SR Th A, R R TS R fiFmila g R,

d. FFEPCE R E AR R AR B, BIAH oA 7y R SR AR
.

e. LFRR d HRBE Ain R B AER, MERARBROSTHETRH
FETEEROEOENE; M ARRARFHORES, DPRd TRBHOHE
R EE RS D ENE

£ SR IR T Rt R RER B R fo AT MR R A

g MEBEPRREEETEXNZRERE, BEE-AREHE ZRHAR
BRI HATERREERENLH.

h. EXGRA~SRg BHKEMBEXRTERREO L.

i LR A2 b 5T ACEL MR I S AR R BUS B R RGO T R

4.4 HHHH

FHETRUE B IART1TH B 18 1 AR GBI BT 3 O E T HLS A AR
BRI T E BT

____________

_______ 5%
(0p==ss=ss (=81
— m
- TpRAH

41 FgBETRE

41018 B ARERBHETER. RERA 10144, 9 FEH
AR, MRREKERELROE 3 4. FARATR110NAALE
41, FEXHABLE 2. BEHA 1L, 14, 16 7118 TREUMINGE, &
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Hi K FHE PR T

TRBENER 4-3 Fir. RAGRA VRN AR ERERE, FlH S Ama%
RIEFSH, BXREHNR 44, RN, REEBRNRANBER AT
THE - ERBMKAEMRE, WLAH NN EERASIE R AR E
4.

41 FHESRYEE
R RAHLIMW FATMW

1 ' 0 550

2 3600 840

3 0 1540

4 0 380

5 7600 6390

6 0 1990

7 0 2130

8 0 830

9 0 2590

10 7500 940

R 42 ABYRE

XS FRYE REBEH SREER BH e KE
fp.u. MW 5700 S¥HE 0 km
1 12 0.0176 2300 1 0 70
2 1-11 0.0102 3000 0 1 40
3 2-3 0.0348 2300 1 0 138
4 3-4 0.0404 2300 1 0 155
5 3-7 0.0325 2300 1 0 125
6 4-7 0.0501 4000 0 1 200
7 4-16 0.0501 4000 0 3 200
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Ak FWEFE L

8 5-6 0.0267 2300 1 0 106
9 5-11 0.0153 3000 0 2 60
10 5-12 0.0102 4000 0 1 40
1n 6-7 0.0126 2300 1 0 50
12 6-13 0.0126 4000 0 1 50
13 6-14 0.0554 4000 0 2 220
14 7-8 0.0151 2300 1 1 60
15 7-9 0.0318 4000 0 1 126
16 7-13 0.0126 3000 0 2 50
17 7-15 00448 5000 0 2 178
18 8-9 0.0102 2300 1 1 40
19 9-10 0.0501 2300 1 2 200
20 9-16 0.0501 5000 0 2 200
21 10-18 0.0255 4000 0 1 100
2 11-12 0.0126 3000 0 2 50
23 11-13 0.0255 5000 0 1 100
24 12-13 0.0153 3000 0 1 60
25 1415 0.0428 4000 0 2 170
26 16-17 00153 4000 0 2 60
27 -17-18 0.0140 4000 0 2 55
R 43 FREEARE
HET Di Pais @i Paiz ai Peis a;
11 09 5800 0.1 7600 0.5 9400 0.4
14 0.8 5800 0.2 7600 0.4 9400 0.4
16 0.8 5000 0.2 6800 0.5 8600 0.3
18 0.9 1500 0.2 2100 0.6 2700 0.2

53



MR F R F R

VE: po APV A WIRETIR S RO Py ATTRERI R RBEHLEE, B4 N MW, a2 ge HEL
FmE;, KEFAT 1,23,

R 44 FHTIRAERENG

WRE BEMW PRYEE /MW
o 7000 700
12 1900 190
13 1100 10
14 300 30
15 2000 200
16 1300 130
17 4000 400
18 - 500 50

AR RER, SEEFEATERHHE CERHERNE, 3 ERAER 0.80,
0.85, 0.90, 0.95F1 1.00 & 5 FpEWHAT T3 H, BEIMNX S HERTHERE
BRI R mE 4-5 Fror, M EEKFE S HAREMSE R TSNS
M HHE K 4-6.

#4535 PRUHR
TRERE
‘ BH
FHE WA a a a a a
o i
=0.80 =0.85 =090 =095 =1.00
1 1.2 1 0 0 0 0 0
2 1-11 0 0 1 0 1 0
3 23 1 0 0 0 0 0
4 3-4 1 0 0 0 0 0
5 1.7 1 0 0 0 0 0
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O e =~

11

2

13
14
15
16
17
i8
19
20
21
22
23
24
25
26
27

47
4-16
5-6
5-11
5-12
6-7
6-13°
6-14
78
79
7-13
7-15

9-10

9-16

10-18
11-12
11-13
12-13
14-15
16-17
17-18

o o

(== S ] e o = o O

—

[ I = S — Y D - 2 = = A ==

oo o o oo o o O

NN N

(= R = S ]

[T -

# 4-6 BEAFMAREN AR T RLE

TREREN  BRA  BRFEE
2=0.80 15 1480 (.8256
a=0.85 16 1644 0.8605
a=0.90 17 1774 0.9048

55



et M ok i s S

a=(95 17 1979 0.9551.
a=1.00 19 2194 1.0000

WL bR 4-6 /LB S RERTLUIBH, BELBIIBRAREBREKT
cHIMENEA, FFHFREREENS, JOBBMEERAFLM, XETR
Z%. BRUEEATRAEN TREEBESTHIE AR, TEFR 19 £4
B, SEISHIEERAN 2194, B o 0800, REEYH 15 588, BB
WRABERAN 1480. MYARTURBLGEEINTLER, EBHNKNT
BIR.

45 g

ABR NS LAHIL TR T RAR R H RIS T MR R g, &
ST MRS AT SRR, S0 TETAEHENRSE E T TR e
k. SHANEBRGMRIT M, PR E MY S S LA E TR F
BEE A AR O RREY, FAREEOLIE FUE R, BETRR
B TR T R s R GHR A, SR E A REG TR A
B EARESTE TR EHNRARGERMEERATRAMEHE —EHR
B, D0 faliE E 4k A8 R R SR A AR R R BATTT — B B o L4k
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51 5|&

RN R AR E AL R A R A, TR SRR 517
BT R R R R EANERL L, B R R RRRAEML, R
HNMRRET B, SRARENER. BETSTRAR,. CERET
— BRI, HEE TR EE SR, B R R A B S L
ERE A TR BB EEE REEANES B, SARERNTISERE 5
Y, BT ELABE SN REREE, MR RS AH R AERE R
WG, h TR SRS SRS H TN TR, SR BN
O W T b, AR BRI B B DL R L v A R R 7 S 3
BTt

R T4 B AR . B AR,
W B ATRHRR I M8, F7ERATH R BT LERT, TR B
SRR SRR, BEEIRIEIA A KT I 8 5 kA
FEMRE . EXFHER T, BARN RN, SRR R,
EAARIR A S A,

EREMANE, EANESEET ARSI, BT SHESERAE
REMRAAHED, ST AL, B98I T FF T AE LB
#, RS HEERE— S,

o1y Tl T B LB A o R AR AR T B 2 B b R E R W
VBRI BT H 0 R R P SR T8 S 2 — RO R, LIS BT R,
RARERG. EER, BT R Aot E R E SRR SR 3]
ETERRATERMI EXE, By R SRR SRs 2 —59,
IRT, B AT OB S0 Tk B P X R s b B R R B T, R
/o R R R AR A5 B S R B R RR IR 7

ICHR[7, 8RR H BB 4 5% (scenario analysis method ) X7 eh R S5
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o B B R HEAT PR L T IR R S TRt B R 4 R R T R
FE, RERXSERETHS, SRASRE PR, BTRNREANF
ﬁ%%ﬁimﬁﬁ$ﬁ,%ﬂ%%ﬁﬁimKEQ%Eﬁ%@%%¢mﬂ@&%
FER BB BT E VM, RERRGEN, RERRNHE. ERHT
FEET, BT AR EERES, ME AR LR, THINBREEEX,
EHTE O R RA,

BEERAREN T ERERRG. RS FTUATERRBEH,
B T R 4 T3 kSRR B, T A s I S S B 28 B AR e 1
Atk BEEBA, RO E R, FEE/D, BHE R E LN E.
Rk, RRBEEA. BRI AN, R0
B LAt 28 1 T (1 B8 e R O R SR oK LS B TR ) 1 R AR

TR RAETFHRSF LR RFE R RATE R EIAR, HEE—
TRREE. BTEINRARYERE “FE” 1, £RLZH, TERERN
T A TS B S i R B BE

ELRERT, UENENER, A0S TESTRANHHETHSH
B B R GEARR 0 — RO BT BT AR, AR B P I B TR A RO AT B A4
EER 2 R B MGk B, FIBNSATIRRIRA IR SREF AR, EHER
LRETHALGHE, B TN ARETE, SRdx—FEEET Fik
7,
52 HLSARAR 5 REEE

ERATHHET, THREREAYNTREEERRBRE EELE
B, TE4E BA ST A H0RERE b 00 th BRI SR S B e — SRR . ZE
EAR A R, RAERTESRRETENEE, ERALAESR.

521 HEREEERTE

BT HRARM S EEREORGRE, HEESRKREL. #4F, +
BRI PEENRRE GRFE) FERRK.
PR RN AR RN A B R R R, R ENT AR,
IR FTOABSRR R KN, SUH8 R R A TR R AR st
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TR FRETFRAR

SRR 2 A B3 0SS b . ik, TR P AR it
Bh, AR B, W0 I FI7ET BB — A SR R PR 0
A SRR, B RUSAK . SRR S E AMECR
B O R 28 R 22 LS T 8 B2 R s IR L
.

BEARERRLAR, BABRET, BNAT— R RRE. b
EXRRNERR IR 8, TR, TEANETRSERN LA,
BB R A, AT W 2 M AT 22 (i 20
.

522 HLELARMDY)

MELRMYC LB AT AR SHENER, HARENREIREH
R AL B R ALE L T R B TR B R R gy
REAFH R TR R WER B, KNS LTUIRIR R T —F B pbn
RSSO RREENTR. NEARAXN—HE AR mT.

Min 7

- (5-1)
P{f(x,¢)s f12

Pig,(x&)<0,j=
Hrh, x 2 n OB RE; & DAREEE RN SONBNLNR; fx, OR HIFE
$ £,0x, & (=1, 2, -, DEFNARER, BARIISAE, P () Fm{ PR
SRR, o 1§ A BIRFASEHARFENERERWER KT FRARF
Y fx, SEBERERNT B EFTIREE AL,

RFHEAFORRN ORI ERBIRL TNEREAE, EHNLARBUNE
BEBESENE, RERBESN TSR, KT, HRERONSLTR
R, AEREHEE A, FENEFE FBHE MRS EEIRMT—
5B MR,

HIENEAEP g, (0,8) <0,/ =12 kl2c K, UEHEMHNER &
1 B AR

Pif(xE)</}zp (5-2)
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KRR

FHE, BETOAETRANA, XERTERHR.
SEANRBERITEML, MSARMRE T —HERXNRRNERR,
Kagt, ANERELHEER.

53 T ERRARARKEZHBRHEREM B E R
531 A EERE#E

ERRHERERR A E IR EE RS, B EEN R RFRRA
F BRI RESE. RTHABEEERNED, SNEHEHLIAR. X1
0B Y B B R BRI R, KA 0 R YRR S AT A

T HA AR B IERT R 4 BEREES FMRIBE G=1,
2, v, Nps Np AHRRIBT BB B ERFRBMED pd), HZROFHE R
PAERBMMNEEMRNM . G, LSHE S MR RE R il
AR, HITHEIERTEEN Pom®) (m A HIA AR ERKTT R, mel,
2, =, M), HBH—MATREKRANFROMESRNN ank). P, BRI
ERIAA,

P, (X = Pon (k) = 2, () (5-3)
itq:‘: O<aim(k)S1: iajm(k)zl H m=l, 2, Tty A/[.2

MFAWHA j, BRESESR & DRI B # 63 IR MW E & 54

Poy ()~ N(4,047) o
532 #RIGLR IS BB B R SRR R

i DR, FER AR T, Wl RGBSR A A e,
T e R AT RN TR ARSI A AR B TR AT 8 2
REMLEY, SRS RGN i A % E TR R AR AP A SR 0 f
HRENACE, EL A0 WL 2 B4 38 B X SE IR A S BRI R S A S A SR
PR TR B B R ARG R, DURRIT e BRI A B B B A A
BAT T A EBLE 2 A B MU A B AT, VAT BRI RER S bR
EEEL AW LM ARAR, AR ERNBMRE LI TEERFK
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WX EFHRLEFERX

PR T, WiETETHLLARARNEZ N B R REOMRIN B EHR, ZE
B — 5 B XM CRZIR B D hIHINR T A B R R R, A%
SREMBERARE. TFEED, Frigh e e RENRIK T EERRFE LA
REARSEMN. 1 RRARLRA LB RO T .
Min }:
st. P{fsfl=2f
P{P(K)<P_ )2« (5-4) .

Be=P
P <P,

Hef

N

73 g, < F G+ Cr xRy

=1 k=l (1+r mE-b

(5-5)

R, LASRARBIE: POAE cMHURBHTEINERE: P
AXBHRARER: g HBRBENERKT: « ARBUFARNEGKE;
BN SRMIER, ¢ WV AREMMARE: PNTRFEATERE: PAAR

BAVH A Pone HRAHLEH LRIE: r BEHE, m() = YY) B

MBI BRI £ MR MBS, X8 YOI i MBS HER:
XA kBB RINB AR, ORI MRGHERE: whBB &
B k1 BT A Es x(k1)= x(Ry u(k)y; Cilu(k-10)A%E k M BM&YT BATR
AR, RS -1 M BORSERSAT: Ca®)RIETR u(k-1)Y M EHE]
R x(E PSRBT RA, —RERERHRANES .

54 RBHERPR
5.4.1 H&HARPRLE

TR 3 (5-4) TR MO BL & 2y B L 2 B S 2 BT LA
AR EBHEFERMEAE. A TNSHE,
PP(<P, }2a (5-6)

A, PAOR: Po A S AR THEME Py MBK. BT Pl P P RERNAR,
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s KL P

B PORKENME. ME-ASEHRFEERDIMREOAR TR, FAH
WFFHATERR NS ATES & AR BR TN T

a. 55 AW R BHURILR B N,

b. EREHURRI R =0,

c BENSARBIHESEN =0.
d. 5 & MRIETBA, XTH ¢ ARKENAEY A, FE—M01]
WA ARIAREHEL X, & x< p(k) (pUORRATES & MURIBY B A 18

BENER), MZAEET, HPR o TSRS, WFRRAHD
R0, HFERIL.

e. TSR PHHBIKITERET A, ERHFHETERRENER.
FEE—A0] BRSNSy, BBV ARRE S AR GE-3)5H

7 %3 0,0 <y< a0, BHEAER PR .

=

L. HREBT 2 &M B SR B — MR BB Ny, 0,
BRI e, TIRARTESE kARSI ISR P () B4 2.

g. THHESIHMIhE Pk .

h. {Pk<P, B, BN =N +1,

i Et=rt1.

jo MR <N, WHFRA, EFUHLEK.

k B N/N 2o FEMRTRER F M HEHRERG-OF R TRHLELR,
EMHARHER.
542 HIFRBOHE

ARBAEP{f < f}2 FRRSIMBRME /. RSB S REHRTE.

T SR PR Py RIS, T P Pp PRSHNER, ZIHERELNS B
RENTE. NE—ALENRAFBBIMBRENHMNSTR, FHERESHE
vt E B AR R W

a. A5 AT RBEHERIE N,
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Wz K M S5

b. EEEHBIRLEEE ~1.

c. BMIBE k=1, _

d. XFFH EMRE, FAE sS40 WA BRI, 98 PR P91
F AR — S BBV E R {Pa(k), Pp(k)] -

e. RE(Peh), PRI IEHHE £ MHAMB BN b, K

_ Gk 1)+ C, (x(®))
(1+7)"*D °

K

f & k=ktl.
g R kN, WESRA THEEE

hoWES, f=5

k=1
i. &,
g MBE <N, WHEFRe, FUELTEEK.

k. B N N AN HIBEE .
L BT, oo fu L RIS N AN RDRITERAGS /o

543 ETFIFBORNBER LR P ERAREN & AR
PR BT B 507 B0 IR 45 R R A (5-4) 538 00 28 WY B v TR L
SUTIAME . RATRITEER (-0 FIommHE AR D ER LR
TARRACHTE, BLAHREL P, (P < P} 2 o FRERILN, ERAFER
FMA—METL B, FLROAL B R FERTER

LGk -1+ G, (x(k) | & | )
F= 2. T + ;-IT(k) (5-7)
_ | Dtk
A T(k)_{W(k)-G(k)

TRASE kPRI BAEXKETIR: DOARNTRFRTFNE L M BRR
SAREBEFHNAETIRE, ZEELEX GOAE P BB RSEEN KT
FRRE WEAS MBS AFKETNET.

& TEAan R R S B AE T RS, RIS AHRER
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Ak F WL PRI

AFE, BENEFHT R

0 P(B<P,,

Wk) P <PR)S(+5%)P,,

W, (k) (+5%)P,_ . <P (k)< (1+10%)P__
#s(k) B(&)> (1 +10%}P,.

K wik)y<< Wky<< k) .
FERMERS 432 VPN AN FEERHR, XERFTER.

55 SEIHT

RSB BSCERI)P R 19 WA REF FIN 53R 1 R E 3T .
BHORGARE 33 FOHREN 21 ALK, BUEEN N 4 MR (Eh
Boh 14, ZREMMEEEREEME 5-1. BREATHE Sp=100MVA, I5H
E r=10%. FIRFEN AR, 4 MY BRNRRSEE. ARS8 R
BWAFNTFHERS- 1 2E 54.

k)= (5-8)

e

— BESH
————— B

51 MSRErER
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AKX FHFEAL

R51 MHREN SHUR
RS HWENE fRIhE | A5 Gafnk fAFHspX
MW)  (MW) MW)  (MW)
1 1000 550 11 920 300
2 0 400 12 0 500
3 0 800 13 220 700
4 0 400 14 0 310
5 4000 0 15 580 660
6 4000 950 16 0 700
7 520 950 17 0 600
8 0 2850 18 0 800
5 0 400 19 630 0
10 0 0
x52 FHERBE

M | RS p®  Pouh) an(k) Poolk) ank) Pon(®) as(k)

1 09 300 03 360 05 420 02

1 5 08 700 03 806 05 900 02

6 09 600 03 690 05 780 02

5 09 1200 02 1440 .06 1560 02

6 08 850 02 1020 06 1150 02

? 10 09 700 02 840 05 920 03

1 08 360 03 430 05 470 02

5 09 1300 02 1560 05 1700 03

6 0.8 500 02 1000 06 1170 02

’ 10 09 600 02 800 04 1000 0.4

11 08 300 03 360 05 400 02
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1 0.9

5 0.8

6 0.9

4 10 0.9
11 0.9

15 0.8

19 0.8

360
700
600
200
280'
100
120

0.2
0.2
0.2
0.2
0.2
0.3
0.2

440 0.6
840 0.5
720 0.6
240 0.6
340 0.4
130 0.5
150 0.6

470
1000
800
280
400
160
170

0.2
0.3
0.2
0.2
0.4
0.2
0.2

e p AT S kA AR B B R RO, Pon ()N 5 & BB R
REERRILAER, 8000 MW, 0,04 PomDHILRSE, HEGIH M=3.

R53 WRATHERED M

58 Bresa i 2 M3 Bire 4
Hn o Hjz ) Hp o3 M o4
1 650 18 700 70 800 80 920 92
2 500 15 550 55 600 60 680 68
3 1000 30 2100 210 |- 3200 320 3300 330
4 500 15 530 53 550 55 560 56
6 1250 38 1300 130 1450 143 1500 150
7 950 30 950 95 950 95 970 97
8 3050 90 3750 375 4500 450 4540 454
9 400 12 450 45 500 50 600 60
11 300 9 400 40 400 40 450 45
12 500 15 530 33 550 35 620 62
13 700 21 800 80 900 90 1000 100
14 310 9 400 40 550 55 | elo 61
15 700 21 800 80 900 90 1420 142
16 800 24 900 90 1070 107 1170 117
17 600 8 800 80 820 82 1000 100
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M KFFEFRAL

18 900 27 1000 100 | 1070 107 | 1450 145
19 20 2 20 2 20 2 230 23
e a3 kRN BE AR, BAh MW,
R 5-4 IR
I —— BERN  REZER &é@ﬂjﬁr e  #E
fpu MW It %8 &%
1 1—-2 0.02550 120 0.0 2 0
2 1—3 0.02550 120 0.0 1 0
3 23 0.01530 120 45.0 0 3
4 2—4 0.01020 120 11.0 1 1
5 2—3 0.02440 120 66.0 0 2
6 3—8 0.01020 120 0.0 1 0
7 4—5 0.01632 120 48.0 1 3
8 4—6 0.01632 120 48.0 0 3
9 4—7 0.02040 120 0.0 1 0
10 4—3 0.02346 120 0.0 1 0
1 4—11 0.01224 120 372 1 1
12 5—3 0.03570 120 105.0 0 3
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