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Abstract: [Objective] Aiming at the deficiency of joint dispatching functions for cascade reservoirs,an
effective characterization form of joint dispatching function was proposed to improve the optimal operation
of cascade reservoirs. [Method) By systematic researching on the characterization form of joint dispatching
functions, the decision variables and influences of relevant factors were analyzed,and the stepwise regres-
sion method was applied to fit and choose the relevant factors. The proposed characterization form was then
applied in Wujiang cascade reservoirs. [Result] Using the proposed characterization form for joint dispatc-
hing function of cascade reservoirs, the joint dispatching function of cascade reservoirs using average out-
flow within the prescribed time as the decision variable were obtained. Taking Wujiang cascade reservoirs
as example,long series data validation showed that the average annual energy output increased by 1. 443
billion kW « h and guaranteed output increased to 2 431. 9 MW. The power generation efficiency of cascade
reservoirs was effective improved. [Conclusion] The relation between the decision variables and each ele-
ment of reservoirs was effectively reflect by the proposed characterization form of joint dispatching func-

tions,and the relevant factors of joint dispatching functions were decided by the stepwise regression meth-
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od, which could satisfy the dispatching demand and guide the operation of cascade reservoirs.
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B K 2R R 5 8 B2 R D i 66 G 2 S B
B AT BT R R K H RS H R I8 1T RIS B
il SR R B GOK PR 25 A ) TR B K
A B L SN PR AR Y o R R DA G L R B LA Y
SE 2 EE LT AR R A L B K A A U 4
RIS B+ AR 22 2 3 K B 98 T Ji T K Y
FELBAS T F W R OE R RCR . E B H AT k. X
TR K P HR A I R LR BN PRGE R e S L X
B K PR A O 2 AL ) F 50 0 R B i — B S8 AT
RO A TR ZR L R 20 MO T O TR ORI A
A JRE RS 20 Mr B UL R R ML . B SOK PR ER
A LA 1) A AT 81 132 [0 90 2 AL D) RT3 32
H0 7K PR R B2 PR TT LLCEDUL S S B K PR R B R
FLIU AT LY W7 b 25 HE BB ZOK PR AN ARl S8 4T A g 35 3]
DLIs 47 RCR VA B R B & 11 K PR PR R T
FoAb K PGz A7 2 2 () Y B4 OG22 L 7T LR 36 L 98 5
BEGOK BEARAIBAT o X 7K 2 ] 1T % 9 L D) £
BIFTE R ER A B H A ST A PR S
SRS T B R BRI At A — € WS B
K ZR G20 R B pR RO R AR S RL R AR O A 7 19
Ve 87705 A B 2 R B pR RO T4 T 0 SOK R
S B BE VMR 75t 02 A B OF T e R BR
FERB K W 255 30 B BB .

254 AAEBIF S BR AT LR B, K R K FR 5k
JK$E WE B G K T2 1 R P DI A 3 L A TR A H 9 R A A
AT BE R« B 4= 5 K PR A B s A A Ll i
254 DR SR P CUK R I R B D 5 & s 1T H R R
P CHA P22 52 P B A 057 25 ) T B4 B2 s PR BB AR
AR —E B2 T R RIEE MR E R R . 2T
W AN 5 400 I o R RO 2R G AR T I B R KR
FR AT SR AR 2 20 A 9 R ke SR A e DL RO 6
PR 8 6 04 O 05 o N 328 20 181U 5 0 8L R 45 3
JEE o BB AR OC PR 1 o O a5 400 68 BT S Y 4 JEE R
ROR G B R AT AT P AT B0 UE , LASY) O B K JE R
U B R B R B e PR R S
1 Bt i B2 R BRI TE X

b G 2R B R P DG A R A TR 1 K R SR K 2 A
HIT 3T B O A 81 58 ] AL L o K 2 T 5 22 5%
TE R R R IK A5 AF TR Y 98 B2 TR) R T R ok R K B AR
i E T 4 K 2 PR B A R TARORS JEE A e K

PSR K AN fig 42 FH TR Ak 8 BE A AL R oK P AL A6 A
FERCR B s S H L brig 17, B an &4 T A7
FE—EXMERE . K PR R O AL U8 B R ) Sk K B 2%
PR K R VR BE B AT BB, T BE A5 R AR I T K AR
AR FE W35 17 SR DA B 45 SR b oa] DLk K PE &
45 B I B R UL D SR e M OK B s I
At B A R 25 K T K A7 B K 2 88 K ) T I B BB ke
K VAR5 A (A B 0D K 458 4T B R A AE — 28 Q
Z A2 (D) SR RAE
w=fFV 1, X, . X1, X)), (D
A cw, N WBOK RSV, N ¢ I BOK
At B AR A OK R K A7 8K E B K8 5 X, IR ¢ B
BT i B AK s X X R8RS ¢ B BOK TS
(ABBID KK, W 224 B K B B )bk 2 | T Il
et B R 7K e 300 R A Gt AR IS, el TT DA B 3R AR K
TRTRE S T AS 38 3 A A T 12 ke i i K PR TSR
(D AT LUE o SR £ 1R U o G5, H
KO AT L, RAEERE R /. RIE
Wt —E T EME T REL £ B BT R AR
HORGBEAR @ R S B SRR — S g
FLIE R BOK PEIB AT g . B AT, 76 98 B 72 h X7
T I B BE R K B Bl (SO BB T —E WM&
g AT LA TR BRI BE B A7 Rt mp o = (D)
frfaifbab 2, 4
wu=FV.1.X), (2)
2 (2) BAR e R AE T /K P P 5 i 1 55 7K %
G RS T I B BB >F 7K 8] R B56 R o (EL o AN 48 ) B R
B N SR BT A pR B0 XA i o A 2 A L BT
PR, — MR UL, £, SR AR A2 AE LM iR
B R N R 2, AR R B R K £,
FE 5w 8 T — 28 A0 IR e M eR B A B IR — 2 AR e ik
PRFIOR RAE AL ME LB E . PRI, AR 22273 1 X A
JE RE S R AR 2 TF T R F g g R
T AV BN AR R R IR R B T
ANk R (Y)Y D K T AL 3R . PR, AR A
B oR BT Ak R B 1 A PR £ M pR B, H Sl R
1) 3 5 R AR AR B 2R -
u=a,X,+0V, +d,. 3
KHa,bood, B BFEBFERSE X, R 0 B
T I B BE SR IK LV, SR8 ¢ B B K R I Bl AR 2 (K
PEK ALK EE KD .



%12 3

AR+ A5 < B SR R B BCR AR TR 3R T 5 223

) BRI M RAE T K EM N & C &R
E AL ey T I B B e 7K B K PR I B AR 2 A
BATERBME . W T K R IE AT AR A KA R,
S 7K TR SR TR 1 ) A i P PR Ak 22 2K (3D 4 e
PURCWE K P 0 SE Praz A7 R 3 . B 38 ab 2004 U2
M) 7K P TR s o B ke 5 Jeg M 1) Al AR DG TR fh it =
(3] g — 2L i Ny
u=aX,t+b0V,  +cR+d,, 4
PR A BR T I I Bk K X, 5 K I B AR 2
Vo AMBYFABAR SC IR - o S HARAR O 1 R 4K

2 PR SR T

2.1 RERZEBIEEF

AT A3 AT R ROK AR R A R S A
A BE B AT N DTE 52 BR K R I BE S8 AT B oK AT LA
SR FH I B - 359 8 30 b (s B SF- 2 H J2E K o ) B B
SEE8H T s T AR FH B BB R K B K i (R B R K
POVE AP A B, K SR W] AV B bR 4K
Ko 36 25 S A O R R DR AR IR B R OK R
KA R B0 5 DAVH 32 D 5 19 2000 | 7 2 52 Oy T
S8 PR A TR BT 2 R A e (BT
KD B BV 29 M T B 5 K R I R AL
LA FH K B B, e 5 A e B BT 34 ¢ P O BE
S R K D RS R I TR PR AR R A i AR
I 2 B AR DL L 255 25 18 R R BE eRBCA R 4
5 T LA R AR w, AR RBE .

RO RS RS R AT LR — i DL BE
S-S5 A R PR A L BRI Sk DI BEOF- 34
10 PR At R AT A L 1R 25 A /N 5 TR B B
BOEY vl DL B T A8 KRB AT 8 TR
ELAE K 38 17 1 S S st B, At 7k 0 R sl TR L 7K %
{14 Bt B A K AV R 28 45 b F FE K 3 B 0E B E KA, I
FE TR U8 180 0R FH i BE AR 7K A3 o pe o A8 i H
fib B B F T 7K A7 15 2 5 R A S Pz 17 1R 22 3 e 1
77 BEUUAS SR FH B BE AR KA O TR 3R AR o

PRI I, 6 B 365 7 o 5 A8 6 AT LA B WL b Sy 9
NGRSk A5 B 48 R GOUK R 2 17, ek
AR TR R S5 A BEAS 3 R MUK R IZ 1T B R 5 KR
BRI R T EE SRR BIE S KEE R
Vi) £ R DG 56 28 LA R 7K T 552 B A B85 SR 2865 B
2.2 HEXEFEE

R F— A 2 Rl 2R . Ak i) X 28 ) A
T B E TR KR A B AL R A Cn i B )
IKAE R IR A A 5 25 8] B 72 48 55 7K R A B &R 1 b

G H b K BT AL BBR A o BRI DA TR] R S ]
PR T 7 T 3 Ok A S 1) R 3 AH 6 PR 7 R 5 4 b
S K P S RO A o TR IR A DG K R B A A £ Tt
FERRT O W] L K A 8RSk KRB B A 7K A S
S K PSR (1) 2 A FZE R F 5 LU K T — i B
MIEATEEZ XK BT WA BN, 7545
B o T 7K P B AR 5 R I SR b R I B A
it A R BRI K AL Y TR AR S P SR AR i O R )L H
Xof PR SR AR B 1 S ma b R . PRk, 5 A HL Al AL A
AR T

HH G PR 2 5 ) 8] B o BRI R TR 3R L 2 SR AR
A R B3I M R 00 0T 53 AT D SR AR i 5 A5 AN R ]
MIFHICOC R L 85 B K R L PR B R 5 B i e . X
JK PR ] JEE R 1 43 BT 0 A5 1 R DG R A T I
IR B 7K P22 A T e THT I B BEZK 2R 0 /KA | T s s Bt
KPR PR 38 8 1 57 7 T I BE BEAK ) KA 1) T
I — B Be K PE A PE Ui £ Tl — B BOK PEW K AL R —
BF BEAK PR 38 H 14 °F- 7 BT — B B K R ) KA 1Y
ST T I B B KR A R U R 5 T B B KR AT UK
7 1) R B THT I B BB /K N I o 5 i — B B K R
91 7K A7 (1) T B AT — B BEAK 2R A B I T I B B
K P KA 1 3 AR L i — B B K 2R AR i kT Il
Ik BEAK ) KA R e AL

XiF 40 A5 W 1 A G DR e SR 4 2 1] Y AH
DGR BE L 2 15 BB A% W 2 VR B R B T oK IR 38 i —
TE WAL G 7 R T 5

3 T R B A T ik

F1 R SCH RE (9 AR 22 AH OC D54 18 1 4] eR KA
Frik A AL B R ) TART— AW B IR 2
FRIEM SC I 7 5 B SR A AT /R B G R R .
DAL IKE 2% I B 9 B2 BR300 3 % o] ol AH O TR T A =
R E L B A B I R KA 15 ROR 38 R
VR PRI 52 B T ICR

BGOSR B AH G PR 7 B0 T £ [R) L A B 50 R T 22
A [T 7 95 8 306 5 1 981 B2 PR BCHEAT S o ) IR X
AR OGO AR 22 B0 15 2 DX 1 2E AT S B o e 28 0 A G OC
FRUFA RN T

SR FH 2 20 81U J7 32 %) 72 o k47 728 A0 Ui 12 . 9 1k
A A R A A REARR B T A A O L
Xt R 5 A ik A AR SC AR I R/ S 4% OR BN I Y » 72
AFIA BT B e AR AH AL B AT R 5 Y
C B 5T AH G A 7t 8 A DG AZ i 5 AT 5k &5
B U A (8] 7 AR v S R RE G R



224 P Al e MR K AR

%12 %

HEZHHELTRNT .

Step 1: 8% F K3l . 51 A 1 A28, N H]
A 81 H T 3 43 B Z W S8 AN B AR e AT
F R85 LLE R 51 A S5 5 4% 5 19 b o4

Step 2: I FH T BIAM L A5 5 (14 91 U557 J5 F
V(1,200 o 10T 07 B2 05 F1 5 51 bR A% o s
4 1l U1 5 57 J7 R 22 25 R 5 — A8 5 19 i [l 051 S
NV, DR R AR R A48 d X ] 09 R 1 DR

Step 3: X4 2L 51 AR AE 1, K A 2 7 A7 76 T 25
PRGN EAERE ., NESIAMAZEPEER 1 HE
A /M EESE 7 f Y, A s A F R K E
#r FI<<F, &% 48R R E, &N EHJr# 5
B3RS 5 Step 4, & Fi > F, , R T 5B
%A AR N R AR TR A AR gk R B
KEKBEN 1A 4 F>F K% 08 RE. &
B G ] 5 A2 o, W33 55 = Step 4 35 F<<
Fo R\ T T A AR 5] A RNE R, WA 45

Step 4: HIBRELHI A — A48 it J5 ) 1 7
1R G 2 B3O PR A T 0 2 AR e

Step 5: 5| AB AL it , H & id F Step 2~ Step
4, R GA IR,

4 S H

3 3o 2 K R K £ 0 S ASE U 1 Y37
1951-05—2007-04 4t 56 4F iy & & 51 %% kb ik 4735

IR O J3E 45 2R AR AR AT SO S R e BORY T 1 3k
PR 32 bR B0 R SR A Sk FRE DG AL 7 e 4 AR IR 20
JK IR V8 L RR R R T 2R 90 ) A R ) 9 R
PRBCE AT S IE L O T 4 SR GOK s AT R A
4.1 BRKERGHEER

L5 VTR SR P 2 L A v Sy JE B K P Ol T AR B
K HL R R AT B RS BRI G U ek R, ST
o G K IR e HL B g R L HG A ek R

max E= 3 5 KmQUm,Dh(m.DAL,  (5)

A E OV B B K F s e T O I R B A I B
G P I B B s ML A K PR G 5 K PR AN 5
K Gn) K I m Y255 1 1 R 80 QUm s ) /K B m
TER BE ¢ B9 & MR s h Gna ) K IE m FERTBE ¢ 1Y
KK Sk s Ac O TEEE I B B L THER I B
H.
4.2 FAEERE

SR 28 A [ U 7532 o8 Mo 7K T e i Ak e R A6 28
PR L 45 R 1) 2% s AT BER BEAT M S o B L A5 R R
A i T I B Y- 35 0 A D 8 RE BRI KRG b SRS B
15 2% HH O DR 1 T A9 A O 56 22 8 BT T I BB 2
JE UL 5 A AH DG TR (B AH OGO &R 35, 5 5 R N
BRAR R L SR A S AR B B H R O R A O R R
BRI ) P SR i DU e 28 5 SR T X (6) R AE 5 VLR
SRt 7K 2 F) G A 4 PR R

Qow(mst)=a, () +a, () Zs,(mst)+a, () Zs, (mot)* +a; () Qu(mst) +a, (DQ(m, )"+
as (D Zsa(m—1.0)+as (D) Zsy (m— 1,0 +a; (OQu(m,t—1)+
ag (DQu (mst—1) +ay (1) Zs, (m D Qu, (mst— 1) +ay, (1) Zs (m s ) Qu, (1) +
an (O Zsa(m—1.00Zg, (mot) +a, (OQu,(m 1) Qy, (m—1,1)+
ay (D Zse(m—1,0)Qu(mt— 1)+ ay, (D Zs. (m—1,0)Q,(m,1), (6)

K Qouw Gm s t) R m ASIK RS ¢ BB R TR
5 Qu (ms ) NS m AIKPESS ¢ BB AR it i (T
GBS B 3 Qu Gm st — 1) 5 m DIKFES ¢ — 1 BBy
A PE it i (R — B 20D 5 Zsi G 0) 55 m D IKPESR ¢
ik BE 9400 K A CIf I B BE) 5 Zsow Gt — 1) R85 m A
KRS ¢ — 1 B B Y W) K A7 (R — B 20D 5 a0 sar s o0
an ML T 1 R EL

XoF DA b VT3 IR 9 K Y R Ak 1 RR
SR FH 28 5 15 J5 35 o 1t o B G 0 B oR B0 21 4%
MERE. B TREKERZ BitE8 R KL, &
1A H U SR K R B2 R B As A R B T G
L
1.3 HAEZRSHW

KT 5 BT T S A K P B B R R AR BE A

T JE 6 SOK PRI 98 B2 1 5 5K L O I & T S b
GOK AL B A7+ 75 % Bl 5 1) B K R I 4 R
By & B e TR 3. W] 1951-05 —2007-04 3k
56 AFHY < F 51 BEORL X ZK JE K A 8 JEE e R AT
B3 , 45 20 46 Z K 2 ] 52 o BOKG 36 45 R 19 S8
RARUNR 2 Frs. K 2 BIEG R GGk F
SR A BT 5 M 72 ) B SRR 2 8] B bR AR A7 B Rk I8
VA B 32 A7 I o BB K i 22 4R B e R R BB T (E 4
N T 14,43 42 kW« ho fRAEH ) 2 R # 2 4319
MW ., 3 250 K i 2o 6 K e A A2 98 5 5800
RAR T 22 A VR T K B E R AT R AR AT AR IE
UK AT B 2 5T BN PO R R R BRAR T B 4
R G AR K K A BRI LR



%12 8 KKK S A < B G K TR B RV R AR TE 2R T A Y 225
x1 HREKEAEIENERH
Table 1  Operation function coefficients of Hongjiadu Reservoir
AR H 1 Month
Coefficient 1 5 3 1 5 6
ag —1 751 175 —1 292 473 —1 848 140 —358 007 124 247.9 146 990. 1
a 1 826.151 2 366.365 3275.14 635.970 4 —225.894 —264.163
as —0.254 —1.081 —1.451 —0.282 0.103 0.119
as —2.825 1. 866 —5.108 1. 843 —0.784 0.099
aj —0.061 —0.13 —0.081 —0.011 0 0
as 0 0 0 0 0 0
as 0 0 0 0 0 0
asg 4.532 —1213.83 166. 412 68. 389 36.223 —12.478
ag —0.097 —0.153 8 —0. 206 0. 044 —0.004 —0.003
ag —0.003 1. 066 8 —0.138 —0.067 —0.031 —0.013
aio 0 0 0 0 0 0
ar 0 0 0 0 0 0
arz 0.194 0.295 0.248 0. 004 0 —0.002
ai 0 0 0 0 0 0
aiy 0 0 0 0 0 0
AR H 1 Month
Coefficient 7 3 9 10 11 12
ao 232 302.2 223 244 —1 658 746 —1 662 989 —27619.5 —58 870. 13
a —404. 146 —413.756 2 902. 045 2 910. 026 19. 115 72.511
as 0.176 0.191 —1. 269 —1.273 0. 004 —0.018
as —0.974 1.111 0.063 0. 934 0. 999 0.996
a, 0 0 0 —0.001 0 0
as 0 0 0 0 0 0
as 0 0 0 0 0 0
ap —109. 581 —8.296 —27.304 —86.1 0.294 —1.51
ag 0 0.001 0 0 0 0
ag 0.096 0.006 0.024 0.076 0 0.001
ar 0 0 0 0 0 0
an 0 0 0 0 0 0
arz —0.005 —0.001 0.001 0.001 0 0
ai 0 0 0 0 0 0
aiy 0 0 0 0 0 0
R L A ZECH 0 IR R IZ A T AH RS T LUAIBR .
Note:; Zero means that the factors have week correlation and they are eliminated.
xR 2 BEKERERBRBRERNEITER
Table 2 Results of inspection based on dispatching function of cascade reservoirs
- ) NP . o - . 3
EisRan HH e RN VAN 5 VL 14 3z e A WiE Cascade
Index Projects Hongjiadu  Dongfeng Suofengying Wujiangdu  Goupitan Silin Shatuo reservoirs
ZHF R Pt Design 15.59 29. 58 20. 11 41. 40 96. 67 40. 51 45. 52 289. 38
/U2 kW « h)
Multi-year 18 {H Calculate 18.13 30. 52 21.03 43.34 103. 25 41.53 46.01 303. 81
average energy
production MW Fluctuate 2.54 0.94 0.92 1.94 6.58 1.02 0.49 14,43
R 4y /Mw BET{E Design 159.1 100. 0 166. 9 254.0 746. 4 345. 1 322.9 2 094.4
Guaranteed  313{f Calculate 157.3 243.0 160. 1 315.0 853.0 342.3 361.2 2 431.9
output B4k Fluctuate —1.8 143.0 —6.8 61.0 106. 6 2.8 38.3 337.5
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