OanomepHad 3aJiada TEMJIOIIPOBOIHOCTU

Niercst remueparypa u(x,t) upu x € [a;b], t > 0; koadduipenr reionpoBo/i-

HOCTH (v, TJIOTHOCTH WCcTOUHMKOB Terta f. Haganbro-kpaesast 3amaqa:

uy(z,t) = (a(z)uy(z,1)), + f(2);

u}x:a =0, u|$:b = 0;
utzozuo(x).
b—a . :
Cerka: h = , xi=a-+1-h, 1=0,1,...

n
k=0,1,2,.... Umem uy ~ u(x;, ty).
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— MAaTPHIa pa3HOCTHOIO orepaTopa. Ké mepBas M mocjeaHss CTPOKH OTBEYAIOT I'Pa-
HUYHBIM yCJI0BUAM JIUpuxJje; cooTBETCTBEHHO, IIEPBBII U IOCJIEIHI 3JIEeMEHTbI CTOJI0-
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Hesirasi cxema abCOJIIOTHO yCTONYMBA, T.€. PA3HOCTHOE PEIeHNE CXOIUTCS K UCTHH-
HOMY ITPU CTPEMJICHUU K HYJIIO 11AroB /i U T HE3aBUCUMO OT COOTHOIIIEHUS MEXK 1y HUMU
(HarmpuMep, MOYKHO 3aJ1aTh M O KOODJMHATE, W 110 BPEMEHU OJIMHAKOBOE KOJMIECTBO

y3510B). Jljist yCTORIMBOCTH SIBHO¥ K€ CXeMbl JIOJIXKHO BBITOJHSITHCS YCIOBHE

h2

2 maxa(x)

T <

DTO YCJIOBUE JIOBOJILHO OOPEMEHUTEIBHO, T.K. PE3KO yBEJIUINBACT BPEMsi BbIYUCIICHWH
10 CPaBHEHUIO C HEABHON CXEMOU (HGO6XO,[LI/IMO€ JIJIst KOTOPOM peleHne CUCTEMbl JIMHEeH-
HbIX YPaBHEHUI ¢ TPEXUAroHaJbHON MaTpuiieil Tpedyer BpeMEeHU TOro »Ke MopsijKa,
9TO ¥ YMHOXKEHHUE HA 9TY MATPHILY ).

B pabore TpedyeTrcs BHIUUCIUTH PEIIeHNe 110 sIBHOM U 110 HEeABHOM cxeMaM, OIeHUTD
MAaKCUMaJTbHO JIOIMYCTUMBIH JIJIsT IBHOM CXEMBI IIar 7 Mpu JaHHOM h ¥, OTTaJKUBAsICH
OT 3TOW OIEHKH, ONBITHBIM MyTEM 110100paTh pakTUIECKOe 3HAYCHUE T, MPU KOTOPOM
TOJIbKO HAaYMHAET HAOJII0/IATHhCA HEYCTONIUBOCTb.

OT4éT JO/KEH co/epKaTh (IOMUMO JIMCTHHTOB *.m-(aiiaos):

1) rpaduku a(z), f(x) u ug(x) (B nocseaem ciydae HaJl0 pa3jBUHYTh I'PaduK 110
BEPTUKAJIU, HHAYE €I0 TOPU30HTAIbHBIC YIACTKU COJMBIOTCS ¢ KPasMU OKHA);

2) Tpéxmephble rpad UK PElIeHus 110 HesIBHOW 1 sIBHOU cxemam (Ha rpaduke siB-
HOM CXeMbl JI0JKHA HADJIOIAThCs ciiabast HeyCTOHIMBOCTb Ha (bOHE IPUMEPHO TOH Ke
KAPTUHKHU, YTO U JIJIsl HESIBHOM );

3) makcumyM a(x) (omernBaercs o TpadUKy, T.e. IO UCIOTL30BAHHOMY JIJIS €T0 T10-

CTPOEHUIO MaCCI/IBy) 1 BbIYMCJIEHHAs 110 HEMY TEOPETHYCCKasd OICHKAa MaKCUMaAJIbHOI'O
SHa4YCHUA T,

4) dakrTuteckoe 3HAUEHUE T, IPU KOTOPOM HAUNHAETCS HEYCTOWIHBOCTD.

DakTrueckas rpaHuIla YCTONUUBOCTHU JIOJIPKHA, OKA3aThCsl HEMHOT'O BBIIIE, Y€M TEO-
peTuvecKas; mojA0upaeTcsi oHa jiajaeko He cpaly. CkaxkeM, B MPUBEIEHHOM HUYKE MPHU-
Mepe oHa Bbime B 1.04366 pasza; mpu 3ToM mpeBbliiienne Juiib B 1.0436 pas BuauMoit
HEYCTONYUBOCTH €111€ He J1aéT, npesbiienne xke B 1.0437 pa3 npuBojiuT K HEYCTONIUBO-

cTi yxKe Katacrpoduueckoit. Ha oruéranoMm rpaduke H0JKHBI HAOIIOAATHCS PETyIsp-
HOE TI0BeJIeHre TeMIlepaTypbl B HadaJe U 3aMeTHbIEe OCIUJJIAINNA, XapaKTepu3ylolue

HEYCTONYNBOCTD, B KOHIIE.

Pekomentanus pa3ouBaTh orpe3ok Ha uMmeHHO 100 gacreii 0Oyc/ioB/IeHa HE CTOJIBKO
TeM, 9TO TIPU OOJIBITIEM 7 TOHAI00MIOCH ObI CJMIITKOM MHOI'O BDEMEHH JIJIsT sSIBHOH CXeMbl
(IIpu MAIIMHHOM CYETE 9TO HE CYTECTBEHHO ), CKOJIBKO TEM, UTO CJIUIITKOM I'yCTast CeTKa
He OyJlerT CMOTPeThCst Ha Y6pHO-6es1oii pactiedarke (110 9TOil 2Ke IPUIMHE BbIBOJUTH HA
rpaduk cjejlyer He KaxK/blii BDEMEHHOMN CJI0M, a IIPUMEPHO TaKoe K€ MX KOJUYECTBO,
CKOJILKO €CTh KOODJIMHATHBIX y3JI0B).



JleMOoHCTpaAIMOHHBIN TpUMEP:

1 1
W=y W= uo<x>{

1);
2); ; tmax —
P g<< ); x € 0;3], 9

\V/AWA

Saganne QyHKIHI:
alpha.m

function y=alpha(x)
y=1./(tan(x/6)+1);

f.m
function y=f(x)
y=1./(x.72+1);

u0.m

function y=u0(x)
y=3%(x<1) + 1x(x>=1) .*%(x<2) + 4*(x>=2);

Iosicuernne. Jlornueckue snadennss TRUE u FALSE npencrasnsarorca B Matlab
yucjaamu 1 u 0 coorBercTBeHHO. [lo9TOMY HCHIOJIB30BaHUE JIOTHYECKUX Olepaluit
B apudMeTHYECKUX BbIPparKEHUSIX I03BOJIACT 3aJiaBaThb MHOINOBAPUAHTHbLIE (DYHKIIUN
(IpUMEHSTH Ke JIJisi ATOM IeJIN YCJIOBHbI oneparop if kpaidie HeBbirojHO). Ciiefy-

€T TOJILKO CJICJUTDL 3a CTPOroOCTbIO HEPaBEHCTB JJId TOI'O, 4TOOBI M30EKAHTD ImoTepro
nJjn ,H;Y6JII/IpOBaHI/Ie TOYEK.

COS,ZL&HI/IG MaTPHUIbI Pa3HOCTHOI'O OlI€EpaTOpa:

getah.m

function a=getah(x)

% CocTaBnsgeM 6a30Byl0 MaTpHUIy Pa3sHOCTHOTO OIEepaTopa
h=x(2)-x(1);

% TobouHHE IOUaroHAJN:

di=alpha(x-h/2)/h"2; di(1)=[1];

% T'nmaBHas IuaroHaJb:

do=- [0, d1] - [d1, O];

% Co3maém TpExXxAuaroHaJbHY MAaTPHUIY :

a=diag(d0) + diag(dl, 1) + diag(dl, -1);

% KopperTupyeM mepByO U HIOCIENHOO CTPOKU [OK 33mady Jupuxie:
[n,m]=size(a);

a(l1,1)=1; a(1,2)=0; a(n,m)=1; a(n,m-1)=0;




Iosicnennsi. Komannma d1(1)=[] ypausier u3 aucioBoit crpoku dl nepsblii dJe-
MeHT (OTBeYaBIIMI HEHCIOIb3YeMOMY Y37y T_1/2). Boipaxenusa [0,d1] u [d1,0]

JI0OABJIAIOT K CTPOKE HYJIEBOI 3JIEMEHT CJIeBa U clipaBa. BTopoil apryMeHT KOMaH]Ib
diag yKasblBaeT, ¢ KaKMM CMeIeHUEeM OTHOCUTEJIBLHO IVIaBHON JiMaroHaJId JIOJIKHA
OBITH BCTaBJIEHA CTPOKA B MATPHILY.

CraproBblii crieHapuii (3a/aHue mapaMeTpoB, BbIBOJ TpadUKOB GYHKIHI 1 cO3/1a-
HIE MaTPHUIIbI OlePaTOpa):

wb.m

format short g

a=0, b=3, tmax=9

n=100; % k-BO oTpes3koB mo t (mis BEHBOZA) ¥ WO X
h=(b-a)/n; x=a:h:Db;

% HyxXHO @i OIleHKM MAaKCUMaJbHOTO tau B #BHOM 3amade:
amax=max (alpha(x)) % (y mac alpha>0)

plot(x, alpha(x)), grid on
title(sprintf (’\\alpha(x): max=J1.5g’, amax)), pause;
print(’-dpng’, ’gr_alpha’)

plot(x, f(x)), grid on
title(’f(x)’), pause;
print (’-dpng’, ’gr_f’)

% llpn BBBOZE CTymeHYATOH GYHKIWM HAZO HEMHOT'O PACUUPHUTH
/» BEpTUKaJbHbE TPAHUIB Ipaduka:

umin=min(u0(x)) ; umax=max (u0(x)) ;
uming=umin- (umax-umin)/20;  umaxg=umax+(umax-umin)/20;

plot(x, u0(x)), grid on

ylim([uming, umaxg]) /» - 3amaHMe BEPTUKAJBHBX TPAHMUII
title(Pu_0(x)?)

print(’-dpng’, ’gr_u0’)

% Co3maéM MaTpuuy pas3sHOCTHOT'O OIepaTopa:

ah=getah(x) ;

Ilosicuenmne. Ilpm BBIBOJIE B 3aroJIOBOK Irpapuka CHMBOJ MOJTUYEPKUBAHNS O3HAYAET
nepexoJi K HUxKHeMy WHieKcy; kKoMmOmHalnus \\alpha BBIBOJUT I'PedecKkyio OYKBY Q.



Crenapwii, peajan3yIoIuii HeSIBHYIO CXEMY:

wW_im.m

tau=tmax/n

t=0;  tt=t; % - MaccuB BpeMEH Ina rpaduxa
ff=f(x)’;

ff(1)=0; ff(n+1)=0; ¥ - mna monmepXaHUA TPAHUYHEX YCJIOBUI
u=ul(x)’;

u(1)=0; u(n+1)=0; /» - TpaHWYHHE YCJIOBHA B Ha4Y. MOMEHT
uu=u; ) - DN HaKOIJIEHUA MacCUBA TEMIEpaTyp

for i=1:n
t=t+tau;
u=(eye(n+1) - taukxah) \ (uttauxff);
uu=[uu, ul;
tt=[tt, t];
end

[xu, tul=meshgrid(x, tt);

mesh(tt,x, uu)

title(sprintf (’Implicit (x: %d; t: %d) tau=J1.5g’, n,n,tau))
print(’-dpng’, ’gr_imp’)

Iosicnennsi. Anocrpodsl npu 3agann ff ¥ u B HadaJe clieHApHUsa O3HAYAIOT
TPAHCIOHUPOBaHUE (MACCHB X — 9TO CTPOKA, a HAM HyXKHbI cToJ0Ibl). DyHKIus
eye BO3BpalllaeT eJUHUYIHYIO MATPUILy; CHUMBOJ \ O3HA4YaeT JejeHre Ha MaTpUILy
cieBa (T.e. yMHOXKeHHe Ha 0OparHyto). BHyTpH IMKIa HAKAIIMBAIOTCS JIBYMEDHbIIl
MaCcCHB UU TEMIEPATyp W OJHOMEDHbIi tt BpPEMEHHBIX y3JI0B ([OCJEHUN HyKeH

TOJIBKO Jijisi 01uPOBKU BpeMeHHO# ocu Ha rpaduke).



Crenapwii, peajan3yIoluii SSIBHYIO CXeMY:

w_ex.m

taumax=h"2/(2*amax) % - Teop. rpaHUIA YCTOHYMBOCTH
tau=taumax*1.04366;

t=0;  tt=t; / - MaccuB BpeMEH Ina rpaduxa
nt=round (tmax/tau) ; % - KOJIM4YeCTBO WATrOB IO BPEMEHU
dt=round(nt/n) ; /» - 4Yepe3 CKOJBKO WIATOB BHBOLUTH
ff=f(x)’;

ff(1)=0; ff(n+1)=0; /o - OIS TOANEpXaHUS TPAHUYHHX YCI.
u=ul(x)’;

u(1)=0; u(n+1)=0; /» - TpPaHWYHHE yCJIOBUA B Had. MOMEHT
uu=u; /o - OIS HAKOIUIEHUS TEMIEpaTyp

for i1=1:nt
t=t+tau;
u=u + taux(ah*u + ff);
if mod(i,dt)==0
uu=[uu, ul;
tt=[tt, t];

end
end

[xu, tul=meshgrid(x, tt);

mesh(tt,x, uu)

title(sprintf (’Explicit (x: %d; t: %d) tau=)1.5g’, n,n,tau))
print(’-dpng’, ’_exp’)

Ilosicnerne. BHyTpu NMHKJa MacCUB TeMIEPaTyp, BBIBOJAUMBINA 3aTeM Ha TPEXMep-
HbIIi rpad K, HAKATIJIMBAETCS HE JJIsT BCEX BPEMEHHBIX CJIOEB (X B SIBHOM CXeMe CJIHIII-
KOM MHOT0), & TOJBHKO Yepe3 Kax/jble dt 1maros.

Huke nmpuBegeHbl pe3ysibTaThl 3aIlyCKa 3TUX TPEX CIeHAPHUEB.



Koaddummentol ypaBHeHnst TEMJIONPOBOJIHOCTH W HAYAJIbHOE YCJIOBHE:

a(x): max=1
T
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Pesysibrar pacuéra 1o HesiBHOH cxeme:

Implicit (x: 100; t: 100) tau=0.09

PesysibraT pacdéra 10 siBHO# cxeme:

Explicit (x: 100; t: 100) tau=0.00046965
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Buino, 4o r1e-ro 0Ko10 t = 4 HAUMHAET IPOSBIATHCSA YUCACHHAS HEYCTORIMBOCTD
Ha MpaBoM Kpaio rpaduka (B okpecrHoctn x =0 — TaM, rje a(xr) MakcHMalibHa).
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