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2 2 At

(Q1+Q2—q1—qz) - dt
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V2=V1_

Hodr: Q1. Q2: t1. 2 BZIKZEANRE (m3/s); ql. q2: t1. t2 FZIKERRE (m3/s);
V1, V2: t1. t2 ZIKEER (m?),
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V~H: V= (1.0437 + 0.0272 - (H — 74.3302)%**43) . 10° (42-3)

H~V o (R V- LOATE s | 743302 (42-4)
‘ - 0027z ) ' )
H~Q:  Q=10+15-45-(H - 116)'* (42-5)

Hrh v KEER (m?); Q: KEMKE (m3/s); H: FERDL (m)s

2)  WHHEENAE R — ARG )T
R BK EE S TR 2T t1 WK KDL HItlls AFERE Qtl]. HER &
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1stOpt F1 R “LoopConstant” 7EAF FH HH LK E— 1B HArei 3. SHEUE RS
HE NN T —IER AT TH ., & Dhaen] AR 5 AT 9Iah =22 A a2 A v 5, AR
fidp .
LoopConstant Qoutl = [10, Out1(15)], h1 =[116,DH(15)];
FONE— AR, WIEEH LR Qout FIZKAZ h 7350 HL 10 A1 116, F—BHEIRES, 4]
UG R EAKALE B B E— PRI BT S5 R outl 1 DH. THEARS K& R .
1stOpt {45
Algorithm = UGO1; //W 2 51k
Constant Dt = 6; //I [&] [&] g
LoopConstant Qinl = [10,60,140,300,710,620,510,390,260,170,120,80,60,40,30,20], 11K EN
Qin2 = [60,140,300,710,620,510,390,260,170,120,80,60,40,30,20,15]; //7K & H i
LoopConstant Qoutl = [10, Out1(15)], h1 =[116,DH(15)];
PassParameter Outl, DH;
Parameter Qout2 = [0,600]; //=K it %k
PlotLoopData Qin1, Qoutl, h1[y2];
Minimum;
StartProgram [Pascal];
function H2V(H: double): double; //7/Kfi-FEZR < &

begin
result := (1.0473+0.0272*power(abs(h-74.3302),2.4443))*1000000;
end;
function V2H(V: double): double; //FEZE-/KAL VT
begin
try
result := power((abs(V/1000000-1.0473)/0.0272),(1/2.4443))+74.3302;
except
end;
end;
function H2Q(H: double): double; //7K A7 -t BE /1
begin
try
result := 10+1.6*45*power((H-116),1.5);
except
result := 10;
end;
end;

Procedure MainModel;
var V1, V2, WH, WQ: double;
Begin
V1 := H2V(H1);
V2 :=V1+0.5%(Qinl + Qin2 - Qoutl - Qout2)*3600*Dt;
WH := V2H(V2);
WQ := H2Q(WH);
Outl := Qout2;
DH := WH;
ObjectiveResult := sqr(WQ - Qout2); // H #5 bk %
End;
EndProgram;
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1stOpt Wt FACHY
Algorithm = UGO1; // ¥ & 51
Constant n = 16, Dt = 6; //# % €
Constant Qin(0:n-1) = [60,140,300,710,620,510,390,260,170,120,80,60,40,30,20,15]; // \ FE i &1 2
PassParameter PH(0:n-1);

Parameter x(0:n-1) = [10,1000]; /5 X £ K& ¥

Plot x, Qin, PH[y2];
Minimum;




StartProgram [Pascal];

function H2V(H: double): double; //7KAL H-FEZF V - &R

begin

result := (1.0473+0.0272*power(abs(h-74.3302),2.4443))*1000000;// /7

end;

function V2H(V: double): double; //EZE V-7KAL H % &

begin
try

result := power((abs(V/1000000-1.0473)/0.0272),(1/2.4443))+74.3302;

except
//result := 118;
end;

end;

function H2Q(H: double): double; //7/KAi - BE 1% &

begin
try
result := 10+1.6*45*power((H-116),1.5);
except
result := 10;
end;
end;
Procedure MainModel;
var i: integer;
VO, HO, H1, DH: double;
WH, WQ: array[0..15] of double;
DQ, MaxDH, MaxQ: double;
const QO = 10;
Begin
HO := 116; //HI67K AL
VO := H2V(HO);
DH :=0;
fori:=0ton-1do begin
ifi =0 then

VO := VO + (Qin[i] + Q0)*3600/2*Dt - (x[i] + Q0)*3600/2*Dt

else

VO := VO + (Qin[i] + Qin[i-1])*3600/2*Dt - (x[i] + x[i-1])*3600/2*Dt;

WHIi] := V2H(V0);
waQyi] := H2Q(WHTi]);
DH := DH + sqr(WQ]i]-x[i]);

PHI[i] := WHIi];
end;
ObjectiveResult := DH; // B #7441
End;
EndProgram;
g

Objective Function (Min.): 3.73475944487197E-21
x0:10.5075908575273
x1:14.8746068769543
x2:32.1083574303257
x3:92.6041662181436
x4:189.275447773514
x5:262.327734222619
x6:301.085561310216
x7:306.122449264184
x8: 287.046560613802
x9: 257.961555747635
x10: 226.613403454524
x11:196.655238195027
x12:169.708137374585
x13: 145.987606464849
x14:125.603784086991
x15:108.195550117205

PassParameter:

phO:
phl:
ph2:
ph3:
ph4:
ph5:
ph6:
ph7:
ph8:
ph9:

ph10:
ph11:
ph12:
ph13:
ph14:
ph15:

116.036766661484
116.166113425309
116.455144522556
117.095921979214
117.837069328575
118.307216387334
118.537808094053
118.567000131566
118.455539046294
118.280523599088
118.084020018914
117.887144361822
117.700838320735
117.527957315933
117.37117547193
117.229814305956
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0 10 116 54 287.0466 118.4555
6 10.5076 116.0368 60 257.9616 118.2805
12 14.8746 116.1661 66 226.6134 118.0840
18 32.1084 116.4551 72 196.6552 117.8871
24 92.6042 117.0959 78 169.7081 117.7008
30 189.2754 117.8371 84 145.9876 117.5280
36 262.3277 118.3072 90 125.6038 117.3712
42 301.0856 118.5378 96 108.1956 117.2298
48 306.1224 118.5670
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{Qf:1—x' (?t) —xh (42-8)

k Sts1 =S¢+ (U — Qp) - At
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Jtep Q) A1 QT B SR T Hh

1stOpt KRGS, AHAWIE, WAEREDRESE k, x Fim, SRIE 42-4 F
K 42-3.

I 1 AR A A SR A
Constant QS1 = 22, QE1 = 21; // ¥4 51
Parameters k, x, m>1; //5E X%
PassParameter Qcal(21); // 1157 18 4 i &=
Constant Qin = [23,35,71,103,111,109,100,86,71,59,47,39,32,28,24,22,21,20,19,19,18],// \ i
Qout =[22,23,26,34,44,55,66,75,82,85,84,80,73,64,54,44,36,30,25,22,19]; /152 FR IR
EndRowDataSet;
Plot Qout, Qcal;
StartProgram;
Procedure MainModel;
var i: integer;
dwO, dQ, temd: double;
begin
temd := 0; dwO := k*power(abs(x*QS1+(1-x)*QE1),m); //ITHAIAEE &
fori:=1to 21 do begin
dQ := 1/(1-x)*power(abs(dw0/k),1/m)-(x/(1-x))*Qin[i]; /i1 5 H IR &
dwO := dwO + (Qinl[i] - dQ)*6*3600;
temd := temd + sqr(Qoutli] - dq); //ITFEHEIIEMEE &

Qcal[i] :=dq;
end;
ObjectiveResult := temd;
end;
EndProgram;
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KBS SR E L, B AT
Q41 =0C1- qtl + (- Qfﬁ +C3- Qfs (42-10)
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AR G 5
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FRBAVEREERE TR, RIS EWACE 6 A, BRI ER MR K MR
3. —HeE A PN Lingoy Mathematica. Matlab SE#ARMESRAF 12 vl il 1) 4% =) B
Rf#. 1stOpt RIBCIDIIT K, LR MNFE 412-4 MK 42-3. FEESH c2 {HR-8. T0T087E-
10, BRI/, (HEAREZMEALA 0, Wi c2 HA K-8, 707087611, HEsHBUEKEA N
9335. 34285,

MR A SRR TE , JELREIT 8] Fp B 4 AR T 5 M AR A A, SRAN N H A R 25
HHRE, FEERE 30 £5.
JRLR I 1] 7 AR 2R SR A AR

Constant QS1 =22, QE1=21; //WIUEZMF

Parameter c(3), k(3); JIEXSH
PassParameter Qcal(21); /i EA E A R

Constant Qin(21) = [23,35,71,103,111,109,100,86,71,59,47,39,32,28,24,22,21,20,19,19,18], 7E45INID
Qout(21) = [22,23,26,34,44,55,66,75,82,85,84,80,73,64,54,44,36,30,25,22,19]; Y/E 4 i
Plot Qout, Qcal;
StartProgram [Pascal];
Procedure MainModel;
var i: integer;
q1,92,93,temd, temQ: double;
Begin
gl:=QS1; g3 :=QE1; temd :=0;
fori:=1to 21 do begin
g2 := Qin[i];
temQ := c1*power(ql,k1)+c2*power(q2,k2)+c3*power(q3,k3); //EH NRATH R
ql:=qg2; g3 :=temQ;
ifg3<1thenqg3:=1
else if g3 > 1200 then g3 := 1200;

temd := temd + sqr(temQ - Qout[i]); [ E R
Qcalli] := temQ; [/ B AR R L
end;
ObjectiveResult := temd;
End;
EndProgram;

+ 42-4 JE KIS AE

A H A 6 5 SR
I AR A Y 189.562836 k =271.252616, x = 0.18521388, m = 2.2961301
ALk i | cl=1.74484811, c2 = -8.707087E-10, c3 = 0.07907328,
o 5.6080766
Bl A k1= 0.67574882, k2 = 4.91942918, k3 = 1.48200156
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42.4 FARTTE/KELRTHE

THE IR IR TE 7K T e () A A KOS R 5 7%
Q* Q* Q*
m=2d+ (ag +wy) -m+As-ﬁ
Hrb Zus Zd. au. ad. wu. wds Aus Ad 2 5008 B RIEPANWTD IR AL, BhEEMEIE R AL
R ) RECRE KT AR, @ AIE R, ¢ HIIIEE, A Nz BOFm s,
HitE A F:

1—1<1+1)—1 " + " (42-13)
K2 2 \KZ K2) 2 A%'Rﬁﬁ Aé-Rgﬁ

Horb n I BERER 250, R N/KI12E4%, Kus Kd 43509 B R i R B s, i
AT

zy, + (ay + wy) - (42-12)

Q? As (n-Q)?
Zu+(0!u+Wu)'2_g_Au—7'A2 RE
0> As (n-Q)? (1271

=Zd+(ad+wd).m_7.,4§-—l?2/3

ATy W S RE R, Aoy RN RE R . TR KM ZEE AL R 2K AL
7 W, TR R AR IR K AL S SIS TR A KA LR, S A T RIS B kA {E Rt
ITPROE T, FRE A A

_y1~(x—x2)-(x—x3) Y2 (x—x1) - (x—x3) y3-(x—2x1) (x—x3)

T —x) - (g —x3) (xz —x1) - (32 — x3) (x3 —x1) * (33 — x3)

Py e xo o NIEEIE R, vin yee po TS ROBTNS LA BB . I FORE K AL Z F1
fE x, BWIHIKIER 4. RIE y, RIVATSRAGAN TR K ) ZE 3R AH

CRNFK PETIE i B Y 650m3/s, e Hdatn T3k 42-5, Wit5 A& (Wi 50 #TKALN
477.6 I b3 & DU AN W T AT 38 7K A

(42-15)

K 42-5 JA)IE W KR EE R
JKAL Z TOKWTT | KJERR | BE B As | ZhAEEBIE | REFH /1 | HER A%
(m) A (m2) | (m) (m) 2HE ZHo n
476 345 0.685

WA -1

o 478 1050 1.346 1850 0.025 0.012 0.03

kW
480 1580 1.687
476 320 0.725

Wt -2 478 820 1.454 1500 0.022 0.018 0.03
480 1220 1.890
476 280 0.855

Wi -3 478 560 1.708 1020 0.020 0.020 0.03
480 960 2.564
476 270 1.754

Wr i -4 478 440 2.045 570 0.018 0.022 0.03
480 640 2.842
476 240 1.537

Wi -5

o 478 380 2.235 0 0.015 0.023 0.03

CRIH)

480 560 2.957

£ 1stOpt ™, AT AT ST KI5, — MR T (Brii-50 JFah, R0
N (42-14), SKilrin—4 KAz, HESMFELDE, MWrim-4 B2 HER B 3. 2. 1 #9K
B, AZITIEM AR “LoopConstant” H BEMIMERME, HEAY H AR %L
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Min.

(EngL — EngR)? (42-15)

H, Engl: EUelrmmaes, A3l (42-14) /£i0; EngR: TUElrim s ges, AR (42-

14 Hik,
(ARETURS

Constant Q=650, n=0.03, Hd=477.6, g=9.8;

Constant Z(5,3)=[476,478,480,
476,478,480,
476,478,480,
476,478,480,
476,478,480];

Constant A(5,3)=[345,1050,1580,
320,820,1220,
280,560,960,
270,440,640,
240,380,560];

Constant R(5,3)=[0.685,1.346,1.687,
0.725,1.454,1.890,
0.855,1.708,2.564,
1.754,2.045,2.842,
1.537,2.235,2.957];

Constant k=[0.025,0.022,0.020,0.018,0.015],

w=[0.012,0.018,0.02,0.022,0.023],
Ds=[1850,1500,1200,600];

LoopConstant p=[4,3,2,1];

LoopConstant HO=[Hd,H(3)];

Parameter H=477[470,490];

PlotLoopData H;

StartProgram [Pascal];

Function InterP(x,x1,x2,x3,y1,y2,y3: double): double;

begin

/1¥1G 5%
[/ Wi KA

/W T T AR

/WK 3442

/IREREBIE R K
/1 RFBIR 2K
/W T TR 25
/PR B W S
/1A ST U K AL
117 UKL Z 4
1 AR ]

/HEE TR

Result := max(0.001,(y1*(x-x2)*(x-x3)/((x1-x2)*(x1-x3))+
y2*(x-x1)*(x-x3)/((x2-x1)*(x2-x3))+
y3*(x-x1)*(x-x2)/((x3-x1)*(x3-x2))));

end;
Procedure MainModel;
var EngL, EngR: double;
temA, TemR, temH: double;

ir integer;
Begin

i := round(p); //
TS, B

temH = HO;
/1 NEBOKAL

temA := InterP(temH, Z[i+1,1], Z[i+1,2], Z[i+1,3], A[i+1,1], A[i+1,2], A[i+1,3]); /] R BRI AR

temR := InterP(temH, Z[i+1,1], Z[i+1,2), Z[i+1,3], R[i+1,1], R[i+1,2], R[i+1,3]); // FNEBOK J124%

EngR := temH + (k[i+1]+w[i+1])*QA2/(2*g*temA)+Ds[i]/2*(n*Q)*2/(temAr2*(temR)M(4/3));  // FIFELA
RE&

temA := InterP(H, Z[i,1], Z[i,2], Z[i,3], Ali,1], Ali,2], Ali,31); /] L B AR

temR := InterP(H, Z[i,1], Z[i,2], Z[i,3], RI[i, 1], R[i,2], R[i,3]); /] L BOKIIA%

Engl := H + (k[i]l+w[i])*Q"2/(2*g*temA)-Ds[i]/2*(n*Q)"2/(temAr2*(temR)*(4/3)); /] LB
e

ObjectiveResult := sqr(EngR-EngL); // B b5
End;
EndProgram;

iR

kR Rxkxkxkxk 40| gopConstant p=1, h0=480.298137353129 ***#xkxkxkxkx
No.42.5: RARVIEKIAIZ 5

Results ======

Best of Loop: 0 [1]




Loop Running: 4/4

Iterations: 21

Elapsed Time (Hr:Min:Sec:Msec): 00:00:00:74

Stop Reason of Computation: Convergence tolerance reached
Algorithms: Universal Global Optimization(UGO1)

Objective Function (Min.): 0

h: 480.659967524419

Hkk sk Rxkxkxkxk 30| gonConstant p=2, h0=479.883534564756 ***#xkxkkk ki
No.42.5: RARTIE/KIMZ 5

Best of Loop: 0 [1]

Loop Running: 3/4

Iterations: 22

Elapsed Time (Hr:Min:Sec:Msec): 00:00:00:80

Stop Reason of Computation: Convergence tolerance reached
Algorithms: Universal Global Optimization(UGO1)

Objective Function (Min.): 0

h: 480.298137353129

Rk gk kA kA kx** 2: LoopConstant p=3, h0=478.76007755506 ** ¥k kkkkokiok
No.42.5: RARE /KLt 5

Best of Loop: 0 [1]

Loop Running: 2/4

Iterations: 22

Elapsed Time (Hr:Min:Sec:Msec): 00:00:00:88

Stop Reason of Computation: Convergence tolerance reached
Algorithms: Universal Global Optimization(UGO1)

Objective Function (Min.): 0

h: 479.883534564756

%k 3k 3k 3 3k %k % % 3k %k K K Kk 1: LOOpCOnStant p=4 ho=4776 3k 3k 3k 3k %k %k %k %k k %k k k k ok

No.42.5: KARVIEKIAIZiTH5

Loop Running: 1/4

Iterations: 21

Elapsed Time (Hr:Min:Sec:Msec): 00:00:00:112

Stop Reason of Computation: Convergence tolerance reached
Algorithms: Universal Global Optimization(UGO1)

Objective Function (Min.): 0

h: 478.76007755506
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11 480

*

e

E 479.5
479

ES
K] 42-4 JATIE 7K T Ge v SR K A7
TSR T R Mt T T T T 4R 0E — Wi AR B, T VR R A W TR KA B
FRBH My i=1.. 4, W BAEBRIR:

4
Min. E(Engi — Engisq1)? (42-16)
i=1
HAr, Eng: Wil 7 FERER
RAGUTH
Constant Q=650, n=0.03, Hd=477.6, g=9.8; //¥]Jih%14
Constant Z(5,3)=[476,478,480, // W K AE
476,478,480,
476,478,480,
476,478,480,
476,478,480];
Constant A(5,3)=[345,1050,1580, J/ W TR TEIAR
320,820,1220,
280,560,960,
270,440,640,
240,380,560];
Constant R(5,3)=[0.685,1.346,1.687, J/ W K 3245

0.725,1.454,1.890,

0.855,1.708,2.564,
1.754,2.045,2.842,
1.537,2.235,2.957];

Constant k=[0.025,0.022,0.020,0.018,0.015], //ft E1& 1F &%
w=[0.012,0.018,0.02,0.022,0.023], ///=¥iHik &%k
Ds=[1850,1500,1200,600]; /Wt T 1) B B

Parameter H(4)=477[470,490; 1158 KL B8

PassParameter HH(5);

Plot HH; 1/ SERHE KA E]

StartProgram;
Function InterP(x,x1,x2,x3,y1,y2,y3: double): double; //#f{H T2+
begin
Result := max(0.001,y1*(x-x2)*(x-x3)/((x1-x2) *(x1-x3))+
y2*(x-x1)*(x-x3)/((x2-x1)*(x2-x3))+
y3*(x-x1)*(x-x2)/((x3-x1)*(x3-x2)));
end;
Procedure MainModel;
var EngL, EngR: double;
temA, TemR: double;
temD, temH: double;
i: integer;
Begin
temD :=0;
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fori:=4 downto 1 do begin
if i =4 then temH := Hd

else temH := H[i+1]; /] R B KAL
temA := InterP(temH, Z[i+1,1], Z[i+1,2], Z[i+1,3], A[i+1,1], A[i+1,2], A[i+1,3]); /] B AR
temR := InterP(temH, Z[i+1,1], Z[i+1,2], Z[i+1,3], R[i+1,1], R[i+1,2], R[i+1,3]); [/ FIEBOK 121452
EngR := temH + (k[i+1]+w[i+1])*QA2/(2*g*temA)+Ds[i]/2*(n*Q)"2/(temAr2*(temR)A(4/3));  // TiiF
PR
temH := H[i];
temA := InterP(temH, Z[i, 1], Z[i,2], Z[i,3], Ali,1], Ali,2], A[i,3]); // LB AR
temR := InterP(temH, Z[i,1], Z[i,2], Z[i,3], RI[i,1], R[i,2], R[i,3]); /] L BIK D147
Engl := temH + (k[i]+w[i])*Q"2/(2*g*temA)-Ds[i]/2*(n*Q)*2/(temAr2*(temR)"(4/3)); Y7As:
B RRE
temD = temD + sqr(EngR-EnglL);
[/ EFE bR R EUE
HHIi] := HI[i];
end;
HHI[5] := Hd;
ObjectiveResult = temD;
// B ARk
End;
EndProgram;
g
Objective Function (Min.): 1.64951446370438E-22 PassParameter:
h1:480.659967524418 hh1: 480.659967524418
h2:480.29813735313 hh2:480.29813735313
h3:479.883534564764 hh3:479.883534564764
h4: 478.760077555053 hh4: 478.760077555053
hh5:477.6
PIMITETR R — T 3R
# 42-6 KA U
Wrifi-1 WrTi -2 Wi -3 W7 -4 W 1fi-5
KL (m) 480.660 480.298 479.884 478.760 477.6

42.5 /N

FUKE BARIMER, NETCTEEE G, HHK R F A ER 212 E R S DRk
R ifke T8 =PRI EMRKIA ORI AR, 7870 os T 1stOpt fEIX— 4
MRS 5 R AT, A B AERT P IR RAH BT 7T R 5 KA
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