UncneHHoe pelleHmne 3agad ¢ ypaBHEHUSIMIA
napabonnyeckoro Tuna

[locTaHOBKa 3agayu B obuwem Buae.

PasHOCTHble cxeMbl A1 OAHOMEPHOIO
NTMHENHOro nNapabonM4yeckoro ypaBHEHMS.

Cxema ons ypaBHEHUs TeNonpoBOAHOCTU C
nepemMeHHbIMN KO3 PULMEHTaMM.

[TocTaHOBKa 3a4ayun B KPUBONMHENHbIX
KoopAuHaTax.



1. MocTaHoOBKa 3agaum B oowem Buae

[Tpumep. CmellaHas KpaeBag 3agava
pacrnpocTpaHeHusa Tenna nyTem TennonpoBOAHOCTU B
CMNIIOLLIHON cpeae:

T(r,t e , _
(:(r),o(r)a ( )_dlv/l(r)gradT (7, t)+ f (T,t)

(1)

rae A, c, p - KOOOMDULMNEHT TENITONPOBOAHOCTYU, YAENbHAasA TENINOEMKOCTb U
MNNOTHOCTb BELWECTBA:; . _
O<t<t ; reG;

T(F,0)=x,(F), (FeG) - HauanbHble ycroBus:;

T(G,t) = w,(t) — rpaHnyHbIE ycnoBus nepsoro poaa (G — rpaHuua obnacTu,
B KOTOPOW NPOM3BOAUTCS pacyeT).



1. MocTaHoOBKa 3ag4auum B oouwem Buae

B OAHOMEPHOM no NPOCTPAHCTBEHHbLIM
KoopauHaTtaMm BapuaHTe M B OAQHOPOOHOM cpede 3ajada
NMMHENHOW TennonpoBOAHOCTN UMEET CcrneayrLwmm sma;

OT (X,t) _a O°T (x,1)

p W + f (X,1) (2a)

a=const >0 — koappunumeHT TemnepaTyponpoBogHocTu (a = A/(cp));
T(X,0) = py(x), 0 <x < b—rpaHuyHble ycrioBusa (nepsoro poga);  (20)
T(O,1) = p,(t), 0 <t <t —HayanbHble YCIOBUH,

f(x,t) — byHKUMA SHEProBbIAENeHNs OT BHELLHUX UCTOYHUKOB

(«MOCTaBLLUMK» TEMNIOBOW SHEPInN N3BHE).



2. Pa3HOCTHbIe cXxeMbl And OAHOMEPHOro
napadonnyeckoro ypaBHeHuUs

e Bo3bmem B obnactu

Gel[0<x<hblx[0Lt<t,,,.] NpAMOYronbHyo
pPaBHOMEPHYK  CETKY C warom h no
- x NPOCTPaHCTBEHHOM KoOpANHATE U T - MO BPEMEHMN.

Puc.1 CocTtaBuM Ha wabnoHe ¢ puc. 1 cneayowyo ABYCNONHYHO
CXEMY:
1 <n<N-1;, o=const.
aAO

h2 (yn—l _Zyn -+ yn+1)+

1, .

_(yn — yn):

-

a(l—o)
h2

(3)

) (yn—l T 2yn + yn+1)+q0n

o

Y - 3HayeHus nckomom PyHKLMKN B y3nax CeTKM Ha Luare rno spemMeHn m+1
(BEpXHWUK Cnon), a y — 3Ha4YEeHUs1 LCKOMOM PYHKLIMWN B y3rax CETKM Ha are m

; . 4
(HWKHUI CIIoNn).



2. Pa3HOCTHbIe cXxeMbl And OAHOMEPHOro
napadonnyeckoro ypaBHeHuUs

° YpaBHeHue (3) «paboTaeT» Ana BHYTPEHHUX TOYEK
pac4yeTHOW obnacTu No NPOCTPaHCTBEHHOW KoopAuHaTe.

[ns rpaHUYHbIX TOYEK NCMNONb3YHOTCS FPaHUYHbIE
YCIOBUS:

yO :lLll (tm+1)’ yN :ll’l2 (tm+1) (36)

(3gecb onga npumepa 3aganu rpaHUYHOE YCrioBue nepBoro poaa).

B kauecTBe ¢, 4acTo BbibMpatoT 3Hadenne @, = (X ,t ).

m+=
2



2. Pa3HOCTHbIe cXxeMbl And OAHOMEPHOro
napadonnyeckoro ypaBHeHuUs

Cxema (3) coaepXmT napamMeTp o - BECOBOU MHOXUTESb
C BEPXHErO Cno4.

MeHs5 BeC ¢, MOXXHO JODUTLCA yNyYLlLEeHNSA TEX UIMN UHbIX
CBOWUCTB CXEMbl.

[1lpn 6=1 cxema (3) ucnonb3yeT TONbKO YeTbIpe
TOYKW LWIABsIoHa (TPY TOYKM Ha HOBOM LUAre rno BpeMeHMU
(BepxHeM crioe) u ogHy To4Ky — Ha ctapom). OHa
Ha3blBaeTCH YNCTO HESIBHOMN.

[1pn 6=1/2 cxemy Ha3blBalOT CXEMOW C MOSTyCYyMMOWN
NN CUMMETPUYHON MO BPEMEHMU.

[1Ipn =0 cxema TaKke UCNosib3yeT TONbKO 4 TOYKU
lWabnoHa. Ho TonbKko oHa U3 HUX Ha HOBOM Luare
(BepxXHEM Crioe) Nno BpeEMEHN, a Tpu DepyTcs Co CTaporo
Lara no BpeMeHU. 3Ta cxema SIBIgeTCA YNCTO SIBHOW.




2. Pa3HOCTHbIe cXxeMbl And OAHOMEPHOro
napadonnyeckoro ypaBHeHuUs

e (Cxema (3) yctoMumBa MO npaBoOM YacTu, ecnu

BbIMONMHEHO YCMOBWE pPaBHOMEPHOM YCTOMYMBOCTU MO
Ha4anbHbIM OAHHbLIM:

S>1 h (4)
2 4ar




2. Pa3HOCTHbIe cXxeMbl And OAHOMEPHOro
napadonnyeckoro ypaBHeHuUs

e Yucrto HedABHaAA N CUMMETPUYHAA CXeMbl — BE3yCrTIOBHO
YCTOMUYMBLI, TaKk Kak ycnoBue (4) BbIMOMHAETCA MNpu
noObOM COOTHOLWEHUN Mexay h n T.

e /BHada cxema ABnAeTCs YCNOBHO YCTOMYMBOW. TakK Kak
ycnosue (4) BbINOMHAETCSA TOMNbKO Npu

h* (5)

T<—
2a



3. Cxema gns ypaBHeHUA TensnonpoBOoAHOCTU C
nepemMeHHbIMU Ko3ahpuumneHTamm

O6006LWmm cxemy (3) Ha ypaBHEHNE TENNOMNPOBOAHOCTU C
nepemMeHHbIMU KO PnLUMeHTaMu:

%T g[a(x ) ]= F(xt) . ©

rae a(x,t) n f(x,t) - Kyco4YHO-HenpepbIBHbIE PYHKLNMN.

B Touykax paspbiBa koadpdpuumeHToB pelleHue T(X,t)
byaet nmeTb 0COHBEHHOCTH, T.e. OHO ByaeT 0606LEHHBIM U
HE €UHCTBEHHbIM.




3. Cxema gns ypaBHeHUA TensnonpoBOoAHOCTU C

nepeMeHHbIMU KoadhpuuneHTamm

3aMeHnM ypaBHeHKe (6) CUCTEMOW:

g:_@_Ff ) Q:_aa_T - (7)
ot OX OX

Bbibepem WabnioH 1 CBA3aHHYIO C HUM SIYENKY B BUAE Ha puc. 2.

t+tau

[Mpegnonaraetcsa, 4To paspbiBbl B
KO3gb(pUUMeHTe TemnepaTypornpoBogHOCTU a
HaxoOATCA B MEXO0Y3NUn X, X,.1]-

10



3. Cxema gns ypaBHeHUA TensnonpoBOoAHOCTU C
nepemMeHHbIMU Ko3ahpuumneHTamm

3anuwiem nepsoe ypaBHeHMe B (7) B BUOE 3aKOHa
COXpaHEeHUA 3Heprun angd aTon a4enkm (MHTerpmpyem no t
N 1o X).

X X
t+7 t+z "*

j(T ~T)dx=[(Q, -Q )dt+ ] jf(xt)dxdt . (8)

nf
2 2

BTopoe ypaBHeHUue (7) MHTErpmpyem no MHTepBasy CeTKU:

Xn+1
Tn+1 _Tn - J
X

a(x t) ' (9)

n

11



3. Cxema gns ypaBHeHUA TensnonpoBOoAHOCTU C
nepemMeHHbIMU Ko3ahpuumneHTamm

[Tocne w4mucneHHoro wuHterpupoBaHus (8) m (9) no npocTbiM
KBagpaTypHbIM popMynamM M HEKOTOPbLIX HECIIOXKHbLIX Npeobpa3oBaHUm
Nofly4ynMm  KOHCEPBATUBHYK)  Pa3HOCTHYO  CXeMy, Ha3biBaeMyo

Hauny4Jlen.

1 c l-o
Y -T)=2@ -0 )+2%@Q 1-Q D+en.  (10)
h —= n+= h n—= = ’
n 2 2 n 2 2
T, —T < T,-T,,
Q L= n n+l . Q L= n n+l
sy h, N+ n+= h,
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3. Cxema gns ypaBHeHUA TensnonpoBOoAHOCTU C
nepemMeHHbIMU Ko3ahpuumneHTamm

B dpopmynax (10) BBeaeHbl crieqyowme BENUYNHDI:

hn:Xn+1_Xn; hn :;(hn—l_l_hn)zx 1~ X 1,
Nt N
1 a1 d -1-1 (11)
X _
X 1 =|— , t=t+7
Xn+% h, XI a(x,t) é
X
1 t+—T n+=
o, = fdt [dxFf (x, 1)

1
Nn——

2 13



3. Cxema gns ypaBHeHUA TensonpoBoAHOCTU C
nepemMeHHbIMU Ko3ahpuumneHTamm

Ecnn a(x,t) u f(x,t) HenpepbiBHLI BCHOAY, 3@ WCKNHOYEHUEM
MEXO0Yy3NMMn U Y3r0B COOTBETCTBEHHO, TO MOXHO BOCMNOJS1b30BaTLCH
o4HOW N3 cnenyrowmx gopmyn:

N 283, ——
X 178 3 za(an tay )R ® @8y (12)
T a +a. .,
Xn =X 1 X 1 =X
n— n+ _
Pn = A 1 Tt % f 1 ,
n n— n n+=

roe vYyeprta o3Ha4aeT, 4TO BEJIM4YNHa OTHECEHA K MOMEHTY BPEMEHHN t

14



3. Cxema gns ypaBHeHUA TensnonpoBOoAHOCTU C
nepemMeHHbIMU Ko3ahpuumneHTamm

YcnoBuem yctondmBocTtn cxembl (10) aBnseTcs
cnefyrouiee COOTHOLLEHME:!

G = min(—) - (13)

15



4. NocTaHOBKAa 3a4a4vv B KPUBOJIUHEUHbIX
KoopAuHaTax

B uunuHgpuyeckux KoopauHartax npu
HanNMYnM CUMMETPUN NO MOMIAPHOMY yriy @
napabonunyeckoe ypaBHEHME C  MNOCTOSAHHbIMU
KoadopuumeHTamm 0yaetT UMETb cneayoLwwnm Bua;

2 2
8T(r,z,t):agaT(r,z,t)Jra. 0 T(r,z,t)+8 T(r,z,t) (2t @9

ot ror or’ o1°
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