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2520 74,3 12.775 65. 12 48. 08
2880 74.3 12.75 65. 12 48. 08
3240 74.3 72.75 65. 12 48. 08

R 2 PEE, FEDYR A5 DY S A [ R A] 18] At =360s T R
B 2l Bl B G T T i) —4EMh 2, an R I 12 Ffos.
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PR BFREME 72. 75°C o 1 A1 5 AL s S Th0 A AR 58 Bl A B P2 AEG, ELEE I 10 AR
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| )RR L 806 <503, K 1 S 55 L, 60 <570, 4 1A o 1 525 L, A

t

19



36 ¢y, REIXIA] L, M 50 570 z PR IR ARG Bl o 1 BT AE AN [R] B %)

Wy 57 T AL PR FEE 55 R S R Y P 8 2
5.1.6 ()@ —EAFI0L

e — v, SRR DY Z R A A B AR L A AR, RIS B R A S
FERE— I 2RI E o K IV RS A -5 B FE 2 B A e 57 1 14 3158 55 788 H
B 2 AN BRSO 0 it REBEAT XS B, T ARG 6 SR AR 85 SR IR

BB A2 £ Il AR AT AR gy, BEE 2 PR TR Y, ASCE
SORMREER S R H Frea s 2 e R Z 485 £, H T 3RomoR g s 2 IR L S5 I
2 i A ZE R T AT 2,

5401

Z(ui _Vi)2

f-IE | (32)
5401

XF ¢ BB IR S BEAT bR AL 2E, 15 BIARAEAL 5 1) I 22

5i)l(ui -V )2
f= iﬂ?i&if__ (33)

WL FH matlab gafe it 6, BARFREL G K2 £=0.4593 <0.5, 1 H:

IV JZ Ao A 5 S P L R 3 fh 14 s 5 T )t 5 7047 58 H P B 2 BN B Ak
0 Ry 0 B U P S AT ORI, Ul W SRAR 45 R AT B I, SR 45 R A 1
ERGEIL AN

REBATEGH TEMEE, Wt 14, BEATRAUELLE, WS RS
R RS BATE o

i Il ATV b i 22 70 47 PR
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W, TWESRME I ENRSERE, &— st .

T MRS A S o GG A T T “ It bRAERIHE, el
] L H AR N 1 EN R B

R, H B S BN B AMUE EE P AN SR, RS 3 r) A — 78 5T
(38T AL SRR E AR, B e AL R B 20 R 26 2F, A EESL I
JZ B A B I s AR A A A

B, R R SR AR, RGN DI AR DKM, X 1 EA AT
A REE R TR DT, SR i R L R A A R e N B
5.2.1 “Rit” EEFRERNFIE
(1) WA RE: T HIREIHIE A S AW R JE B ROE LG, BRI
TR B A8 —FR AT, WENTUEERUN, BREESAERAK, DR R
B,
(2) NFEEEL T RE: EHA = ZNREERE &N T, TENEE
PN, MREE SRR BN, FEMETIE, INIARIRLESE.

Rl MRCAS R EE 55 67 3& S T T 25 A 5 RS, W I S A JE P A L5 2 29 3
A BN R
5.2.2 AREHHIHE

Stepl: HfEfRUETAE604PRT, BN RZRRIMUEEAREITAT °C KLIR &M

APNFURERART BRERE, XL S fER, k2 R BE R 8 T
. BRI R ERE R TAERN [Et=3600sH, Mk E iR E A Ed47°C, .

4
u,, (O, L;,3600) < 47 (34)
i=1

Sfn, YL RN

Step2: Wi Kz BkAMUE BEAB 44 °C B [B] AR 5460 2 SR 414

R IRE A e AR BER B — B K, BEERIRERS. i FRET
VE JAR K604 8, SRR TR BT 44 °C B B AR 5404 1 2 s 26 F,
PRAE G SRS 555381 BY 1=3300 s, & kJE I E AT 44°C BT . 2R & AFRIA
A

4
u,, (O L,,3300) < 44 (35)
i=1

Sl YL RN R
it (32) LA (33) SRR, 1 RIS REOL AL AR P
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4
u, (3 L,,3600) < 47

i:l (36)
u,, (O L;,3300) < 44

i=1

5.2.3 IERMBEN S BIRUHIREREL

NS A R T AR S TR AR A, T 1 R R AR A
ERZNVREA T LcH

BT P T U RE AR FEE AT A TR R i R [ R PR Bt DAL e R AR
S A NLIZ AL A 17— S ST K B 5O R R AR S R 5 25 1 5
JE AT R B T A R PR E 2R A6, 45t N R R R AR AR R R

min L,

4
u, (3 L;,3600) <47
i=1

4
u, (3 L;,3300) < 44
i=1

06<L,<25
ou, _, 0%,

ot ' ox?

a2 =t i=1,2,3,4
Gio;

31% =/1%

Xl 7 ox
S.t. ul|r1 = uZ|r1

au, | -
OX |Fz

4
X€ F{l[l-i—v L] L, =0

I

ou,
oX |Ir,

8

2

u2|r2 =u3|r2
,13% =1 %

4
X |r, OX |r,

u3|r3 = u4|r3 37)

u;(x,0) =37 1=1,2,34
u,(0,t) =65

ou
—A 6_)(4 =h(u, —us)

5.2.4 1| ERIMNEEMURBIHIRER
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RAUE, AP MESER ERRAE LA 15 Frs .
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B 15 AR ARIEE
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W AR LI ZAF A BN E PG RI[19.1,19.6]
FR, AYEREITE 0.6-25 [ 11 EAREEHAT 2K 0.1 fIMEssE T, 455 0.1

FEE R R AWM (35) B N A& MR E L, =19.3mm .
i b, M RRESS RN WREMALERFMN I A RREREEN
L, =19.3mm.

5.2.4 (8 AR AR ARM RO ST

o, RFERRIE T BB R R R UL, A MR
FEM 65 — 5] 60 HEATAEML, 4 05, AL 11 ERHEMRIELTE, RA1L7]
TR, S I B ELIE AT, T DLW R R A
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19 . L L L L L
65 65.5 66 66.5 67 67.5 68 68.5

Bl 16 1| ENRRMEENRBENH
53 @E=: Il. IVERNEEMNRHIER

@ = X T =, A2 AR, X T =, B
KAFEF NN T PR

B, MWIRERAS FEFEEMNANHIZERE, 70 aldleE b AR “5&x
7 EERRAE, Hie 2 AP0 n] R P AN AS [F I H AR

HIR, BT @ —E L1V ZRE A A0 AR o A A Y, 25 RE a) 8 =R H )
PR, 25 AR IR BRI 20 R 25, 20 ST H Fr s ke A S IR 28 55 &7
TR A 1L IV 2R R,

BE, SRR R AR, RGN E DI IAMZSTE, fEBh matlab X 1 A7
5V AR B R BT USRI A 77, 48 5 AR e il A o A N 25 5 7 38 P e e X
FANEBE T L IV EN R E .

5.3.1 “®\Rit” EEMERTIE

(D) MEATTHHERE: T HRENHIESA S LRV R E IR, TVE
RSN, EFRLWREL B RESRA R STENFREEAR, TTENR
RN, IREE ARG, I NIE B AR

(2) NFHEFEEFHEE: £, WENREERENZGT, WENRSIV
EAN USRS, IR SR RN, FEMEE, WARBIRMEE.
5.3.2 AREHHIHE

Stepl: HfiEfRIETAE304P0T, BN KBRIMIREAEITAT °C MLIR &M

AT R AR T BRI, (EIX L Sk RE A, 57 k3 T I ol ]
THEr. B REBERAE R K TAERE] =1800 s, &k Z iR EA#BT47°C -

4
u,, (O L,1800) <47 (38)
i=1

Sl YL RN R

TR IXAN S, RIVAT 2 AR R RT60 2 B A Je iR Z IR BE IR 28 AN g 47 °C
Step2: e Bz BRSMUE BRI 44 °C BIET B A 5508 LI R %14
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B2 RS BE (R AR A e 3h 2 B I 1] — B, B RRFIRERS. T RETL
TERBTH 305080, R RIER L Id 44 °C BB [EASEE S 5 B 20 R 564, R

TRAE IR SRS 2570 BRI c=1500 s, B JTRJRR L ANB I 44 °C BIR] o 2R PFRIA
EAWSE

0 (3 L, 1500) < 44 (39)

S, YL AT R

i (32) =UF1 (33) A5, 1. IV ZREMEE L B4 a3 r 28
AN

4
u,,, (O L;,1800) <47
i=1

2 (40)
u, . O L,,1500) < 44
i=1

5.3.3 Il \WVERMEENZBiriiERIgEL

NS A A B T RV SRR RIR S AR, AT LIV R R
JEEE 2 H bR [5]

MBAS T R, 4ath 1 IV RSB A e AR AL B H ARy -
min L, (41)
MNEFEEFEETTEEE, &t IV ERIUE R SAER ) B AR
min L, +L, (42)

BT IR 3 U5 RE AR P 73 AT AR TR S g ok 1) — (R, DR T = P R 4
HOR AT R R AL ) f— I S AL U7 R S HA B SR AR & 2% 2R

ZiA
LR B = HIATE A% B3 1. IV BRREERZ BT 25
FAEN:
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4
u,, (O L;,1800) < 47
i=1

4
u,, (3 L;,1500) < 44
i=1

0.6<L,<25

o, o’u,

ot oax

2=t i-1,2,3,4
Gip;

ou,

A OX

4
xeUlL ;L] L, =0

— auZ
r, =4 OX

I

ul|r1 - u2|r1

/12% =/136u3

OX Ir, x

:u3

I

U,

I,

ou,
& OX

I
%
OX

I3 Iy

(43)

u3|r3 = u4|r3
u.(x,0) =37 1=1234
u,(0,t) =80

ou, _

_24 & i h(uh _us)

Bear (39) XA (4D A, HRRERARMCK U, IV ERLEERZ Bir

PRALAERY
Bz (40) A1 (41) R, BRFEFEE RS . IV ERILEERNZH
PRACALAE Y

5.3.4 Il IVERMEENZ BIrHRERKE

[ B = R R R 5 5.2.4 FTAH R JEAR,  Oof IR e AR S AR A LA A 2R 25
RIS 7 3 AT SR A

AR AP KOS, 5B matlab X5 1 A5 IV A 5T [ FEAT X A
My, 38T R A AN B o IS L i = X AR ASF F RS R I IV S s
RIEE . FAREE N E 17 k.
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JERUGE K01, AT TR B AT WU 4 58
v
eI 2 SR A BT R RO (L, L)
y
38 A F K, HS2 Hbf min L,

.e

WRYE & I&EFE e, WASZ HAR min L, + L,
v
1931 1] 78 = F) e A At

& 17 [Of =& A RIEE
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wJa, 23 EARRIE BAAE L IV ENFRRLERE . REWMER T
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=3 I IVERKEENZBRMHERNLS KEER

fi e H BALARL 2
FRA RS L,=21.7 L,=64
&7 R A EE il ;i L,=218 L, =63

PRAS i 38 5 o A PR A e LA 2 AR i 1 BOIRCRE AR T A AR 2 (1
BA . L, EAHREFEERO T, MABRI R 1 &2 H s iR
B AL

BRI, = 0L WV SRR N L,=217 ,L,=64.

5.3.5 (O] = =B Y06

TR AR =, i LB AR A AT B — B IRE, X 1 R e
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FRE, 1 E R REFR UM 21.8mm 4R, FRAK IV EHFHEMUM 6.4mm, [FFf
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FIRE, B E RS 12 PR IV BRI, S S8UR ARk

HMIR FE AR 44°C s [RIEEE 5 20%f, Rk, W LSS S 0 i) IEAff 14
75 ARBEN

6.1 HEAMM S
(1) RIEAFEAN TRV B FE S AL TR, 5 S S LRI 2% %
SIREARRE, $2H T ZEN RIS AE TR, AR .
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B TR, RN T .
6.2 1ERIAYER S

] AR RSR AR, RIS R SR, KW AN KR T S &I, 5%
SHRFIBITEE.
6.3 HBARKIHFTR

EE—], BT HREFHENRE MBI R AR, 7B C-V#g
(Crank-Nicolson Z /4% 0 ARG BRmJE Z 0k, RGN R 2 5 /MO EUE
fift o

B

[1] K. FAB 9 R s T s B2 S B e S 30 ke S m) /(D] VL BE TR 27,
2017.

[2] Pk, fREtE, IRELZL. N =2 I3 I it a8 o A 2R 1 R JEk e 1
T [J]. 9543244k, 2018(1):111-118.

[381 &5 M. FIA Fourier ZR¥sKfg#HE T AR E M@ [T]. ERImyEsp
2247, 2011, 31(3) :54-55.

[4] XIEH, XEG4. AAHEERA AT (], IR T R (3
SREFERR), 2005, 19(6) :23-27.

[5] 647 4g, skEE, ke FET K EBOR R0 2 B As AR K& Bt 7T
[J]. HEVURS AN THEA, 2007(1):10-13.

[6] Truo, #w& B . A4k P47 Ik B9 A B & ok [J). B 495 28 R,
1999 (5) : 11-15.

B R

28



BiisR—: KEREJF—p =S RZHAERE (matlab #2FF)

clear;% 5 Fx LAEX AL &

clc; %%

close all; %< A FTE KT & 1

z=[];

for h=8:0.01:9 %o i& 7= A R AT

%% MEZHHIA

m1=6;m2=60;m3=36:m4=50;% 43 5| %} PUF A5 73
m=m1+m2+m3+m4;% )5 5|

n=5400;% X} i 8] 43 %

t=5400;% E K
11=0.6/1000;12=6/1000;13=3.6/1000;14=5/1000:% VY F k1 ¥} & &
lam_1=0.082;lam_2=0.37;lam_3=0.045;lam_4=0.028;% [UF#f k1 #uft 5F
de 1=300:de_2=862;de 3=74.2;de 4=1.18:% PUFP#Ht k)55
c1=1377;c2=2100;c3=1726;c4=1005;% VU Fht1k} K] kb 25
%% THERYEER

al=lam_1/(c1*de_1);% | Z# Bl K G Hx
a2=lam_2/(c2*de_2);% Il EM B IS BER
a3=lam_3/(c3*de_3);% Il E# LY Hxr
ad=lam_4/(c4*de_4);% IV EM B IS BER

%% AR EE 43 R 8] 25K 4 E1 R i
derta_x1=11/m1;% | JZ 1R} 23 EH
derta_x2=12/m2;% Il 2448143 E K
derta_x3=13/m3;% 111 2448414 F K
derta_x4=14/m4:% IV E R 2 B B
derta_t=t/n;% a5 K 5%

%% THE&FE B P K
ri=derta_t/derta_x172*al;% % | ENHREID KK
r2=derta_t/derta_x2/2*a2;% £ 11 =4/ 5514 1B K
r3=derta_t/derta_x372*a3;% %5 Il 2/ i 120 B K L
r4=derta_t/derta_x4"2*ad;% 2 IV ZENFEF KIS K

u=zeros(m+1,n+1);% & X PUZHE G A 5T il BE 43 A H B
%% HI4h KA AN S A

u(:,1)=37;%¥1 46 2 1

u(l1,:)=75;%i4 Fi %1

%% 2= 73 1% 2N AR BOERE A i

A=zeros(m,m);
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for i=1:m1-1
A(i,i)=1+2*r1,
A(i,i+1)=-r1,
if i>=2
A(i,i-1)=-r1;
end
end
A(m1l,ml)=(lam_1/derta_x1+lam_2/derta_x2);
A(m1l,ml-1)=-lam_1/derta x1;

fiiR=: ACHTSRZECeE TKBEEB —P=SRZHREHE (matlab 25)

clear;%j5 % TAE X A% &
clc; %% 5
close all;%>x% A fiT & & JE & 1

z=[J;

for h=8.61:0.0001:8.63 % i& 45 32 e 2%k

%% FEIZEHIA

m1=6;m2=60;m3=36:m4=50;% 43!l X} P4 Ff 15 53
m=m1l+m2+m3+m4:% A5 7=

n=5400;% X i &) 43 %

t=5400;% MK
11=0.6/1000;12=6/1000;13=3.6/1000;14=5/1000;% PYFfftf} & &
lam_1=0.082;lam_2=0.37;lam_3=0.045;lam_4=0.028;% PUFI4 Rl G %
de 1=300;de_2=862;de 3=74.2;de 4=1.18:% PUFP#itk} )25 F
c1=1377;c2=2100;c3=1726;c4=1005;% PUF i} ) LL F 2

%% THHEIGHER

al=lam_1/(c1*de_1);% | Z# Bl HI G HR
a2=lam_2/(c2*de_2);% Il ¥R HI G HEH
a3=lam_3/(c3*de_3):% Il Z# Bl K # B R
ad=lam_4/(c4*de_4):% IV ZM EHH PP HR

|

%% AR FEE 43 R (] 254K 2 1 3R
derta_x1=11/m1;% | JZ M R} 5 B
derta_x2=12/m2;% Il EAHEH 2> 2K E
derta_x3=13/m3:% 111 EA R4 ) K
derta_x4=14/m4;% IV JZF B} 53 EK
derta_t=t/n;% a5 K 5%

¢

b

%% THE X ENH D PP K
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ri=derta_t/derta_x1"2*al;% &5 | A H B KE
r2=derta_t/derta_x2"2*a2;% El% I ENFE 2P b
r3=derta_t/derta_x3"2*a3;% £ Il Z4) 55 2K L
r4=derta_t/derta_x4"2*a4;% 5 IV ENFHID S K

u=zeros(m+1,n+1);% & S PUZHEG A 5T i BE 73 A H B
%% WIGh KA AN S AT

u(:,1)=37;% ¥ 4h % 1F

u(1,:)=75;%ik F %A+

%% 7= A% I R B RE )G
A=zeros(m,m);
for i=1:m1-1

A(i,i)=1+2*r1;

A(i,i+1)=-r1;
if i>=2
A(i,i-1)=-r1;
end
end
A(m1,ml)=(lam_1/derta_x1+lam_2/derta x2);
A(m1,ml-1)=-lam_1/derta x1;
A(m1,ml+1)=-lam_2/derta_x2;

for i=ml1+1:ml1+m2-1
A(i,)=1+2*r2;
A(i,i+1)=-r2;
A(i,i-1)=-r2;
end
A(m1l+m2,ml+m2)=(lam_2/derta x2+lam_3/derta_x3);
A(m1l+m2,ml+m2-1)=-lam_2/derta x2;
A(m1l+m2,ml+m2+1)=-lam_3/derta_x3;

for i=m1+m2+1:m1+m2+m3-1
A(i,)=1+2*r3;

A(l,i+1)=-r3;
A(l,i-1)=-r3;
end
A(m1+m2+m3,ml1+m2+m3)=(lam_3/derta_x3+lam_4/derta_x4);
A(m1l+m2+m3,ml+m2+m3-1)=-lam_3/derta_x3;
A(m1+m2+m3,ml+m2+m3+1)=-lam_4/derta_x4;

for i=m1+m2+m3+1:m1+m2+m3+m4-1
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A(i,i)=1+2*r4;

A(i,i-1)=-r4;

A(i,i+1)=-r4;

end
A(m,m)=h+lam_4/derta_x4;
A(m,m-1)=-lam_4/derta_x4;

%% F4 3 A i I
for k=2:n+1
b=zeros(m,1);

for i=2:m-1
b(i,1)=u(i+1,k-1);
end
b(1,1)=u(2,k-1)+r1*u(1,k);
b(m1,1)=0;
b(m1+m2,1)=0;
b(m1+m2+m3,1)=0;
b(m,1)=37*h;

%% B EEV R
bb=diag(A)’;
aa=[0,diag(A,-1)1T;
c=diag(A,1)}

N=length(bb);

L=zeros(N);
uu0=0;y0=0;aa(1)=0;
L(1)=bb(1)-aa(1)*uuo;
y(1)=(b(1)-y0*aa(1))/L(1);
uu(1)=c(1)/L(2);

for i=2:(N-1)
L(i)=bb(i)-aa(i)*uu(i-1);
y(1)=(b(i)-y(i-1)*aa(i))/L(i);
uu(i)=c(i)/L(i);

end
L(N)=bb(N)-aa(N)*uu(N-1);

Y(N)=(b(N)-y(N-1)*aa(N))/L(N);

X(N)=y(N);

for i=(N-1):-1:1
x(i)=y(i)-uu(i)*x(i+1);
end

u(2:m+1,k)=x"

end

32



g=u(m+1,t+1)-48.08;
z=[z qJ;

[d p]J=min(abs(z));
end

fprintf( A #: 20 \n)
forintfC %.4f\n",8.61+0.0001%*p)

MIR=: KEOIB—FRENHER, FREHIRE S GERIFBIUERE N
&, Hih4 B ERR Excle 324 probleml (matlab 25F7)

clear;%j5 % TAE X A% &
clc; %% 5
close all;%>x% A fiT & & JE & 1

z=[J;

h=8.6125; %= S A2 # 2244

%% FEIZEHIA

m1=6;m2=60;m3=36;m4=50;% 4} 7%} IYFf 155 43 &I
m=m1l+m2+m3+m4:% A5 7=

n=5400:% X} &) 43 %)

t=5400;% &K
11=0.6/1000;12=6/1000;13=3.6/1000;14=5/1000:% PYFfftf} & &
lam_1=0.082;lam_2=0.37;lam_3=0.045;lam_4=0.028;% PUFI4 Rl G %
de 1=300;de_2=862;de 3=74.2;de 4=1.18:% PUFP#itk} )25 F
c1=1377;c2=2100;c3=1726;c4=1005;% PUF i} (F) Lb F 2

%% THHEIGHER

al=lam_1/(c1*de_1);% | Z# Bl HI G HR
a2=lam_2/(c2*de_2);% Il ¥R HI G HEH
a3=lam_3/(c3*de_3):% Il Z# Bl K # B R
ad=lam_4/(c4*de_4):% IV ZM EHH PP HR

|

%% MR B 43 B A [A] 25K 20 oK A
derta_x1=11/m1;% | 21K 5> B4
derta_x2=12/m2;% 1l =B/ B
derta_x3=13/m3;% Il Z#1E}1 7 EK B
derta_x4=14/m4:% IV E R 23 B
derta_t=t/n;% a5 K 5%

3

b

%% THEAS RN K
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rl=derta_t/derta_x1"2*al;% &5 | AR H K E
r2=derta_t/derta_x2"2*a2;% El% I ENFE 2P b
r3=derta_t/derta_x3"2*a3;% £ Il Z4) 55 2K L
r4=derta_t/derta_x4"2*a4;% 5 IV ENFHID S K

u=zeros(m+1,n+1);% & S PUZHEG A 5T i BE 73 A H B
%% WIGh KA AN S AT

u(:,1)=37;% ¥ 4h % 1F

u(1,:)=75;%ik F %A+

%% 7= A% I R B RE )G
A=zeros(m,m);
for i=1:m1-1

A(i,i)=1+2*r1;

A(i,i+1)=-r1;
if i>=2
A(i,i-1)=-r1;
end
end
A(m1,ml)=(lam_1/derta_x1+lam_2/derta x2);
A(m1,ml-1)=-lam_1/derta x1;
A(m1,ml+1l)=-lam_2/derta_x2;

for i=ml1+1:ml1+m2-1
A(i,)=1+2*r2;
A(i,i+1)=-r2;
A(i,i-1)=-r2;
end
A(m1l+m2,ml+m2)=(lam_2/derta x2+lam_3/derta_x3);
A(m1l+m2,ml+m2-1)=-lam_2/derta x2;
A(m1l+m2,ml+m2+1)=-lam_3/derta_x3;

for i=m1+m2+1:m1+m2+m3-1
A(i,)=1+2*r3;

A(l,i+1)=-r3;
A(l,i-1)=-r3;
end
A(m1+m2+m3,ml1+m2+m3)=(lam_3/derta_x3+lam_4/derta_x4);
A(m1l+m2+m3,ml+m2+m3-1)=-lam_3/derta_x3;
A(m1+m2+m3,ml+m2+m3+1)=-lam_4/derta_x4;

for i=m1+m2+m3+1:m1+m2+m3+m4-1
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A(i,i)=1+2*r4;
A(i,i-1)=-r4;

A(i,i+1)=-r4;
end
A(m,m)=h+lam_4/derta_x4;
A(m,m-1)=-lam_4/derta_x4;

%% F4 3 A i I
for k=2:n+1
b=zeros(m,1);

for i=2:m-1
b(i,1)=u(i+1,k-1);
end
b(1,1)=u(2,k-1)+r1*u(1,k);
b(m1,1)=0;
b(m1+m2,1)=0;
b(m1+m2+m3,1)=0;
b(m,1)=37*h;

%% B EEV R
bb=diag(A)’;
aa=[0,diag(A,-1)1T;
c=diag(A,1)}
N=length(bb);

L=zeros(N);
uu0=0;y0=0;aa(1)=0;
L(1)=bb(1)-aa(1)*uuo;
y(1)=(b(1)-y0*aa(1))/L(1);
uu(1)=c(1)/L(2);

for i=2:(N-1)
L(i)=bb(i)-aa(i)*uu(i-1);
y(1)=(b(i)-y(i-1)*aa(i))/L(i);
uu(i)=c(i)/L(i);

end
L(N)=bb(N)-aa(N)*uu(N-1);

Y(N)=(b(N)-y(N-1)*aa(N))/L(N);

X(N)=y(N);

for i=(N-1):-1:1
x(i)=y(i)-uu(i)*x(i+1);
end

u(2:m+1,k)=x"

end
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%% 2 il AN [ ek 2] AN 7] J& T A 1B
x=1:1:m+1;

t=1:1:t+1;

surf(t,x,u)

shading interp

xlabel('t")

ylabel('x’)

zlabel('u’)

u=round(u,2);

xlswrite(" A~ [ IR [E] AN [R] J5E 52T RO 2 20 xlsx ', u)% 25 R 5 7341 1Y) excle SCAF

%% DU ST B TR A R
U=zeros(5401,4);

U(;,D)=u(mi+1,)"
U(;,2)=u(ml+m2+1,:)"
U(:,3)=u(ml+m2+m3+1,:)’;
U(:,4)=u(ml+m2+m3+m4+1,:)"

xlswrite(‘problem1.xlsx',U)% A7 fif 2E i DU A I 5L 0 R (1) 38 70 i B 0 A R T
problem1

figure
subplot(2,2,1)
plot(U(:,1),'r)
xlabel('t");ylabel('u’);
title('ll& S 1)
axis([0 5400 30 80])
subplot(2,2,2)
plot(U(:,2),'r")
xlabel('t");ylabel('u’);
title('ll& S 1 1Y)
axis([0 5400 30 80])
subplot(2,2,3)
plot(U(:,3),'r")
title("lls S 117)
axis([0 5400 30 80])
xlabel('t");ylabel('u’);
subplot(2,2,4)
plot(U(:,4),'r)
title("llw FH1M 1V?)
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axis([0 5400 30 80])
xlabel('t");ylabel('u’);

Mg : kRO by | ZERRMERE (matlab F25)

clear; %y g LAEIX 45 &
clc;%E bt
close all;% == i B & X

%% MEZSEHIA

m1=6;m2=60;m3=36;m4=50;%4} JIl X} VU Fh 4 J53 53 |
m=m1+m2+m3+m4: %7\ J5i 73 E

n=3600; % I [a] 43 %]

t=3600; % 4L i

h=8.6125;%7 A3 ¥ 2 4L

11=0.6/1000;13=3.6/1000;14=5.5/1000; %44 A} J5 &
lam_1=0.082;lam_2=0.37;lam_3=0.045;lam_4=0.028;% VU Fh#4 K} 11 #44% 5 %
de_1=300;de_2=862;de_3=74.2;de_4=1.18;% VYRt i) %5 Fif
c1=1377;c2=2100;c3=1726;c4=1005;% VU F i1k} i) B 25

%% TIHERY HE

al=lam_1/(c1*de_1);%I ZEFEHHH HER
a2=lam_2/(c2*de_2):%I1 Z B G BieR
a3=lam_3/(c3*de_3);%I11 EHBLH Gt %
ad=lam_4/(c4*de_4);%IV EMEHIAY B

optimum=[];%c 17if i & A1 12 K&
for 12=(0.6:0.1:25)/1000

%% IR BE 43 ERII [A] 554K 2 215K AR
derta_x1=11/m1;%] JZ &R} 43 E) K
derta_x2=12/m2;%I1 /21815 B
derta_x3=13/m3;%I11 244 K} 7> B
derta_x4=14/m4;%IV JZ 1 73 EK B
derta_t=t/n; %l 1] 25 43 ]

%% THEEENTEH S P K
ri=derta_t/derta_x1°2*al;%%8 | 245515 2B K L
r2=derta_t/derta_x2"2*a2;%z% 11 2/ Bl 120K Ee
r3=derta_t/derta_x3"2*a3:%%% 1l 2455173 1 K
r4=derta_t/derta_x4"2*ad: %% IV Z/ B0 1B K
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u=zeros(m+1,n+1);%E S P =48 -& /i o I BE 73 A1 R R
%% WU AT AL A

u(:,1)=37;% )45 5% 1

u(1,:)=65;%i4 i 51

%% 773 4% T R BOE R
A=zeros(m1l+m2+m3+m4,m1l+m2+m3+m4);
fori=1:m1-1

A(i,i)=1+2*r1,

A(i,i+1)=-r1,
if i>=2
A(i,i-1)=-r1;
end
end
A(m1,ml)=(lam_1/derta_x1+lam_2/derta x2);
A(m1,ml-1)=-lam_1/derta x1;
A(m1,ml+1)=-lam_2/derta_x2;

for i=m1+1:ml1+m2-1
A(i,1)=1+2*r2;
A(i,i+1)=-r2;
A(i,i-1)=-r2;
end
A(m1+m2,ml+m2)=(lam_2/derta_x2+lam_3/derta_x3);
A(m1l+m2,ml+m2-1)=-lam_2/derta_x2;
A(m1+m2 ml+m2+1)=-lam_3/derta_x3;

for i=m1+m2+1:m1+m2+m3-1
A(i,i)=1+2*r3;

A(l,i+1)=-r3;
A(i,i-1)=-r3;
end
A(m1+m2+m3,ml1+m2+m3)=(lam_3/derta_x3+lam_4/derta_x4);
A(m1l+m2+m3,ml+m2+m3-1)=-lam_3/derta_x3;
A(m1l+m2+m3,ml+m2+m3+1)=-lam_4/derta_x4;

for i=m1+m2+m3+1:m1+m2+m3+m4-1
A(i,)=1+2*r4;
A(i,i-1)=-r4;
A(i,i+1)=-r4,
end
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A(m,m)=h+lam_4/derta_x4;
A(m,m-1)=-lam_4/derta_x4;

%% B LIS SK AR
for k=2:n+1
k;
b=zeros(m,1);
for i=2:m-1
b(i,1)=u(i+1,k-1);
end
b(1,1)=u(2,k-1)+r1*u(1,k);
b(m1,1)=0;
b(m1+m2,1)=0;
b(m1+m2+m3,1)=0;
b(m,1)=37*h;
bb=diag(A)";
aa=[0,diag(A,-1)';
c=diag(A,1);
N=length(bb);
L=zeros(N);
uu0=0;y0=0;aa(1)=0;
L(1)=bb(1)-aa(1)*uuO;
y(1)=(b(1)-y0*aa(1))/L(1);
uu(1)=c(1)/L(1);
for i=2:(N-1)
L(i)=bb(i)-aa(i)*uu(i-1);
y(i)=(b(i)-y(i-1)*aa(i))/L(i);
uu(i)=c(i)/L(i);
end
L(N)=bb(N)-aa(N)*uu(N-1);
y(N)=(b(N)-y(N-1)*aa(N))/L(N);
X(N)=y(N);
for i=(N-1):-1:1
x(i)=y(i)-uu(i)*x(i+1);
end
u(2:m+1,k)=x";
end
if u(m+1,3600)<=47&u(m+1,3301)<=44
optimum=[optimum [2*1000];
end
end
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[p q]=min(optimum);
forintfC1l EA R BRACEE: \n)
fprintf("  %.1fmm\n’,p)

MRE: KRREIE=F2F || FFE IVENRRLEE (matlab ZFF)

clear;%;j5 Bk TAF X A% &
clc; %% bt
close all;% =< B & K &

%% MESEEIAN

m1=6;m2=60;m3=36;m4=50; %4} Il X} VU Fh 1 J57 53 1|

m=m21+m2+m3+m4;%7} i 43 | 1

n=1800;% % i [&] 43 #]

t=1800;% 4 I+ K

h=8.6125;%2 32t 2 %1

11=0.6/1000;13=3.6/1000;% #4 k5 i
lam_1=0.082;lam_2=0.37;lam_3=0.045;lam_4=0.028;% VUFh#1 K} 11 #fE 5%
de_1=300;de 2=862;de_3=74.2;de_4=1.18;% VU4l f) % Ff
c1=1377;c2=2100;c3=1726;c4=1005;% VU FhH1H} K] b 25

%% TIERY HE

al=lam_1/(c1*de_1);% | Z# Bl #F HR
a2=lam_2/(c2*de_2);% Il =M BRI %
a3=lam_3/(c3*de_3):% Il =M Rl k%
ad=lam_4/(c4*de_4):% IV =+ BHK G B %

optimum1=[1;%f# it 2 1| JZ PR R
optimum2=[]; %7 fiftii /& IV JZ R BE
for 12=(0.6:0.1:25)/1000

for 14=(0.6:0.1:6.4)/1000

%% AR 43 ERN I 8] 25 K 20 E1) 5K i
derta_x1=11/m21;%!| JZ M BHK) 7 EK
derta_x2=12/m2;%I1 JZFH KK 5 EK
derta_x3=13/m3;%I11 244K} 7> EHK
derta_x4=14/m4;%IV JZF1 B> B B
derta_t=t/n; %} 8] 25K 43 &

¢

¢

3

%% THE&ZENBEI K
rl=derta_t/derta_x172*al;%%5 | =/ 5 &1 20 H2E K
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r2=derta_t/derta_x2/2*a2;%%5 1l EA i #1015 K B
r3=derta_t/derta_x372*a3;%%5 Il EAN R HIHIE K
rd=derta_t/derta_x4"2*ad: %% IV |2/ B3040 (R K

u=zeros(m+1,n+1);%7E X VY JZHEG A1 BTl FE 7 A Fi R
%% WIGh KA AN S AT

u(1,:)=80;%i i %14

u(:,1)=37;% )45 %1

%% 753 2 RO [
A=zeros(ml+m2+m3+m4,ml+m2+m3+m4);
fori=1:mi-1

A(i,i)=1+2*r1;

A(i,i+1)=-r1;
if i>=2
A(i,i-1)=-r1;
end
end
A(m1,ml)=(lam_1/derta_x1+lam_2/derta x2);
A(m1,ml-1)=-lam_1/derta x1;
A(m1,ml+1)=-lam_2/derta_x2;

for i=ml1+1:ml1+m2-1
A(i,)=1+2*r2;
A(i,i+1)=-r2;
A(i,i-1)=-r2;
end
A(m1l+m2,ml+m2)=(lam_2/derta x2+lam_3/derta_x3);
A(m1l+m2,ml+m2-1)=-lam_2/derta_x2;
A(m1l+m2,ml+m2+1)=-lam_3/derta_x3;

for i=m1+m2+1:m1+m2+m3-1
A(1,1)=1+2*r3;
A(l,i+1)=-r3;
A(l,i-1)=-r3;
end

A(m1+m2+m3,m1+m2+m3)=(lam_3/derta_x3+lam_4/derta_x4);

A(m1+m2+m3,ml+m2+m3-1)=-lam_3/derta_x3;
A(m1+m2+m3,ml+m2+m3+1)=-lam_4/derta_x4;
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for i=m1+m2+m3+1:m1+m2+m3+m4-1

A(i,i)=1+2*r4;
A(i,i-1)=-r4;

A(l,i+1)=-r4;
end
A(m,m)=h+lam_4/derta_x4;
A(m,m-1)=-lam_4/derta_x4;

%% FHA% AT Uiy I
for k=2:n+1

b=zeros(m,1);

for i=2:m-1
b(i,1)=u(i+1,k-1);

end
b(1,1)=u(2,k-1)+r1*u(1,k);
b(m1,1)=0;
b(m1+m2,1)=0;
b(m1+m2+m3,1)=0;
b(m,1)=37*h;

%% 18 LRI
bb=diag(A)’;
aa=[0,diag(A,-1)1T;
c=diag(A,1)"

N=length(bb);

L=zeros(N);
uu0=0;y0=0;aa(1)=0;
L(1)=bb(1)-aa(1)*uuO;
y(1)=(b(1)-y0*aa(1))/L(1);
uu(1)=c(1)/L(2);

for i=2:(N-1)
L(i)=bb(i)-aa(i)*uu(i-1);
y(i)=(b(i)-y(i-1)*aa(i))/L(i);
uu(i)=c(i)/L(i);

end
L(N)=bb(N)-aa(N)*uu(N-1);
y(N)=(b(N)-y(N-1)*aa(N))/L(N);
X(N)=y(N);

for i=(N-1):-1:1
x(D)=y(i)-uu(i)*x(i+1);

end
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u(2:m+1,k)=x";

end

if u(m+1,1800)<=47&u(m+1,1501)<=44%37 | 5% A
optimuml1=[optimum1 12*1000];
optimum2=[optimum2 14*1000];

end
end

end

g=optimumZl+optimuma2;

[p e]=min(optimum1);

fprintf('12 f/NSASBARS AT 1. /0BT IV 2 JEEE: \n)
fprintf(" 12=%.1f\n',optimum1(e))

fprintf(" 14=%.1f\n',optimum2(e))

fprintf(" 12+14=%.1f\n\n',q(e))

fprintf(12+14 f/NEEE /AN B 1L A5 IV SJRE: \n')
fprintf(' 12=%.1f = %.1f\n',optimum1(1),optimum1(2))
fprintf(' 14=%.1f  %.1f\n',optimum2(1),optimum?2(2))
fprintf(' 12+14=%.1f %.1f\n',q(1),q(2))
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