Pasnocrnag anmpoxcumalins nHadaabHO-KPaeBoil 3a1auu
JIIs ypaBHEHNs TelionpopoanocTu. [longarne sipnoit u

HESIBHON CXEMDI.

1 Paz3HocTHag almpokcuMaliis ypPaBHEHHUsS TeIJIOMPOBO/I-

HOCTHU

PaccmorpuM pasymmynble BapruaHThl PA3HOCTHOW AIIPOKCUMAIIUN JTUHEHHOTO OJHOMEPHOTO

[0 IIPOCTPAHCTBY YPaBHEHUS TEILJIONPOBOJIHOCTU:

ou  0%u
o=+ /@), e D), te 1), (1)

rie 1" > 0 — HekoTopasi KOHCTaHTA.
Bregem B obmact D = {0 <z <1, 0 <t < T} paBHOMEPHYIO CETKY C MaroM h mo Koop-

JUHaTe U IIIaroM 7 II0 BPpEMEHU:
x; =ih, i=0,1,..,N, AN =1; t;=jr, j=0,1,...M, M =T.

Ypasuenue (1.1) coepkuT Kak MPOU3BOJHBIE IO MPOCTPAHCTBEHHOI MIEPEMEHHOil T, TaK U
110 BpeMeHH ¢, TI03TOMY JIJISI TIOCTPOEHUSI €TI0 PA3HOCTHOM AIIPOKCUMAIINU MPUJIETCS UCIIOJIb-
30BaTh y3JIbl CETKHU, COOTBETCTBYIOIINE Pa3/JUIHBbIM j. Bee y3/bl ceTku, oTBedaronime (hukcu-

POBAHHOMY J, HA3BIBAIOT J-M 6pemertvim croem. CBONCTBA PA3HOCTHBIX CXEM sl yDABHEHUS

0*u
(1.1) 3aBuCcAT OT TOrO, Ha KAKOM CJIO€ J [0 BPEMEHH allPOKCUMUPYETCs BhIPAYKEHUE 92 Pac-
x
CMOTPHUM BO3MOXKHBIE BAPUAHTEI.
Bapuanm 1: asnas crema.
0 0?
s annpokcuMaruu orneparopa L = % 92 B ypashennu (1.1) ucmosb3yem 1mabiioH,
x

[IpUBEJICHHbIN Ha puc. 1.



(x, 1+7)

[, \*4 0
(x-h, 1) (x, 1) (x+h, 1)
Puc. 1: IIlabion ABHO# CXeMbI /I YPaBHEHUS TEILJIOTTPOBOIHOCTH.

o . 0
CooTBeTCTBYIOMUN PA3HOCTHBIN OIIEPATOP ng) U UMeeT BU/I:

0) U(l‘,t—i-T)—u(:E,t) u(x—i—h,t)—2u(:c,t)+u(x—h,t)
L= T a h?

Hasee mist KparkocTu Oy/1eM UCIOJIb30BATH CASAYIONINE CTAHIAPTHBIE 0003HATEHUSI:

u=u(z,t); w=u(z,t+r7).

Torma:

uUu—u (0)
U = — Ly u = — Ugg.

. (0)
Haiinem morpemsocTsb alpoKCUMallul Pa3sHOCTHBIM oriepaTopoM L, ucxognoro audde-
peHnuaabHOro oneparopa L B Touke (z,t). B ciaydae mocrarouno ruaakoit dyukimu u(z,t)

Ipu 10CTaTOYHO MaJIbIX HIaraX h u T nMmeeM:

u(z,t+7) —u(x,t)  Ou(z,t)
T ot

+ O(1), (1.2)

U =

0*u(z,t)
R T

. 0 .
CrieioBaTeIbHO, Pa3HOCTHBIN OIIEPATOP ng) aIrmpoKcuMupyer uddepeHnuaabHbIil onepa-

+ O(h?). (1.3)

top L ¢ norpemuoctbio O(T + h?) B Touxke (z,t):

0 Ou(zt) 0*u(z,t)

Ly u = O(r + h?).
hr W . at 01‘2 ,+ (T+ )
Llu(z,t)]
Beegem cerounyio dynkImio ¢ = ¢(z;,t;), alIPOKCUMUPYIONYO IpaBylo 4actb f(z,t)

ypaerenus (1.1) Ha Becex BHYTpeHHUX y3/1ax (x;,t;) cerku ¢ morpemnoctsio O(7 + h?). B kawe-

CTBE (¢ MOXKHO B34Th, Haupumep ¢(x;,t;) = f(x;,t;). Torna pasnocrrnoe ypasHenue
0
Lidy =

6y/IeT anmpoKCUMUPOBATh HCXoHOe nuddepeHnnaabHoe ypaBaerne reronposogaocta (1.1) ¢

IIEPBBIM TIOPSAIKOM TOTPEITHOCTH 110 T U BTOPBIM 110 A.



Bapuanm 2. Yucmo neasnas crema.

o
ot  0x?

Ucnonb3yem aa anmmpokcuManuu orepatopa L = B ypasuennu (1.1) ma6iioH,

[IPUBEJICHHBIN Ha puc. 2.

(x-ht+7) (x, t+7) (x+th, t+7)

[, 2

(x 1

Puc. 2: I11abi0H HeABHO# cXeMBbI JIjI YpaBHEHHUS TEILIOIPOBOIHOCTH.

Torna pasHocTHast anmpokcuMalys orneparopa L ypaBHEHUsT TEILJIONPOBOIHOCTU Oy/I€T BbI-

IJIsiJIETh CJIeIYIONIIM 00pa30oM:

(1) w(x,t+7) —u(z,t) wx+ht+7)—2u(z,t+7)+u(r—ht+71)
LhTu = - = Ut — Uzg-

T h?

(1)
PaCCMOTpI/IM IIOI'PEITHOCTD AIIlIPOKCUMallU Pa3HOCTHBIM OII€EPATOPOM Lh‘r HNCXOJHOI'O ,HI/I(b—

dbepenrmanproro oneparopa L B Toukax (x,t), (z,t + 7). Tak Kak s 10CTATOYHO TJIaJIKOM
dbyukiwm u(x,t) cnpaBeIMBbI paBEHCTBA
OPu(x,t + 1)

_ = — 2 =
Uz 922 + O(h*)

0?u(z,t)

52 T O(t + h?), (1.4)

) i -
To ¢ yderoM (1.2) momy4aem, 4To oneparop L,  amnporcuMupyer auddepeHnnaabHeLil onepa

top L B ypasuenuu (1.1) ¢ norpemmocrsio O(7 + h?) B Toukax (x,t) u (x,t + 7):

ou(z,t)  O*u(x,t) ou(z,t+7)  ulz,t+7)
1. ; - ; 2y _ P _ ’ 2
Lyru=—5 gz O+ of gz TOU R,

Llu(z,t) Liu(.t-+7)]

Bepst B kadecTBe ceroduHOll ammpokcuMary mpaBoil dacru ypasaenusi (1.1), mampumep,

dbyuxnuio ¢(z;,t;) = f(x;,tj41), DOIyHINM PA3HOCTHOE yPaBHEHHE
1
L)y =,

anmpokcumupyiomiee (1.1) ¢ norpemuocreio O(7 + h?).



Bapuanm 3. Heasnas cxema c secamu.

. . 0
Ucnonibzyem mabJioH, TpUBEJACHHBIN HA pHC. 3, U JUHEHHYI0O KOMOMHAIIMIO OIEPATOPOB ng)

u L;LIT) JUIS allpoKcuMaIuu uddepeHnuaabHoro oneparopa L:

L= oLWu+(1—0) L% = oy — otz + (1 — o)ty — (1 — 0 )tz = g — (g + (1 — 0)uzy)

rae o € (0,1).

(x-ht+7) (x, ttr) (xth, ttr)

< 0

<

Ghi) D) @rhi)

Puc. 3: I1labi0H HesIBHOI CXEMBI ¢ BeCaMu JIjisi YPaBHEHUs TEILJIOIPOBOIHOCTH.

[Monb3ysick pasencrBamu (1.2), (1.3) u (1.4), mosrygaem, 4ro oreparop L;LUT) AIIIPOKCUMUPYET

ucxosubtit uddepennuabubii oneparop L ¢ norpemuoctsio O(7+h?) B Toukax (x,t), (z,t+7)
[IpH JI000M 0.

ITo OIIpEJEJIEHUIO IIOT'PEINTHOCTD

W(x,t) = L7u — Lu (1.5)

AIITPOKCUMAIINN BhIpazKeHus L1 pa3HOCTHBIM BhIPaXKeHUEeM Lgf;)u MOYKET BBIYUC/IATHCS B JIIOOOM

TouKe (z,1), a He 006sI3aTEIbHO B KAKOM-JIOO y3J1€ CETKH, TaK Kak B cooTHomennn (1.5) dynkiums

u(x,t) — 9T0 NPOM3BOJIbHASI JIOCTATOYHO IVIaJ(Kasi (DYHKIUsI HEIPEPBIBHBIX APIyMEHTOB X U t.

(o

[TosToMy paccMOTpUM TOTPENTIHOCTH AIMTPOKCUMAIIUNA OIEPATOPOM Lh) nuddepeHImabHOro

;
oneparopa L B nierTpasbHOil Touke (x,t+ 0.57) mabiona, npusegeHHOro Ha puc. 3. [loap3ysich
JUTsL TOCTATOYHO IIaJIKoi pyHKInu u(x,t) pasioxkeHnueM B psij Telopa B OKPECTHOCTH TOYKI

(x,t 4 0.57), upn MaJbIX T U h moJaydaeM:

_u(x,t+7)—u(x,t) _ Ou L oW,
T ot (2,t+0.57)
. 0%u 0*u T Ou
Uze = 2 +O0(h?) = 5= + s 5 +O(7° + h?),
Oz (z,t+7) Ox (0t4057) 2 otox (2,t+0.57)
0*u 0%*u T Ou
Ugy = —— +O0(h?) = — - — +O(T* + h?).
Oa? (z,t) Ox? (z,t+0.57) 2 0tox? (z,t+0.57)
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)

0.5 .
Crenosarensio, npu o = 0.5 B Touke (x,t + 0.57) oneparop Lﬁw B CWJIy CBO€il CUMMEeTpUU

AIIIPOKCUMUPYET L co BTOPBIM ITOPAJAKOM IIOI'DEITHOCTH alllIPOKCUMallU II0 T U h:

ou(z,t+%) Pulr,t+3%) 7 Pu(x,t+ %)

Ly = —~ (201 O(7* + h?).
T T oz 220N g TO )
~~ 0TIpU 0=0.5
Lot 3

g Toro, 4TOOBI OJIYYUTh PA3HOCTHOE ypaBHEHUE, alllIPOKCUMUPYIoIiee TuddepeHinab-

HOe YpaBHEHNE

o _ ot
ot Ox?

¢ norpemocteio O(72 + h?) B Touke (2,t 4 %), JOCTATOYHO B3ATh B Ka4eCTBE CETOYHON all-

+ f(z,t)

IpOKcHUMaIuu 1npasoil qactu f(x,t) sroro ypasuenus dbyskumo o(x;,t;) = f(z;,t; + 0.57).
Nrak, pa3zHocTHoe ypaBHEHUE
0.5
Ly =,

rae ¢(z;,t;) = f(x;,t; + 0.57), annpokcumupyer ypasrenue (1.1) co BTOPBIM HOPSIIKOM IIO-

I'PENTHOCTHU 110 T U h.

2 Peajmzanus siBHOIi, HesIBHOII 1 CUMMETPHUYIHOI pPa3HOCT-
HBbIX CX€M /IJIs Ha4aJIbHO-KPaeBoil 3a1a4u JIJI1d ypaBHEHUA
TEeIJIOIIPOBOJHOCTI HA OTPE3Ke.

IIpumep 2.1. [locmpotime A6HYI0 Pa3HOCMHYIO CTEMY OIS CAeIYI0WEl HAYAAOHO-KPAEBOT 3a-

davu na ompeske x € [0, 1]:

(o _ o
ot 0x2?
3rx

u(z,0) = sin (T) ; (2.1)
du
Ox

+z, 0<z<], 0<t <,

= 1.

r=1

u(0,t) =0,

\
CpasHrume wucaennoe pewerue ¢ GHANUMUYECKUM U UCCAedYTime 3a6UCUMOCTVD NO2PEUHOCTIU
om wazoe cemxu. IIpu wucaennom pewernuu cobarodatime ycaosue ycmoluusocmu A6HoU cxe-
Mot T < h2/2.

PENIEHUE. Ilpexke Bcero Haiigem anaguTrdeckoe perienre 3a1aan (2.1). B cuity ee snneiiHo-

CTU pellieHre MOXKHO UCKaTh B Buje u(x,t) = v(x,t) + xt, tae dyukuus v(x,t) yaoBieTBopsier



3aJa49€¢ C OJJHOPOAHBIMHU I'PAHUIHBIMUA YCJIOBUAMU:

.
o v
—=—, 0<z<l, 0<t <],
ot 0x? 5 h
v(x,0) = sin <ﬂ> ,
2
ov
v(0,t) =0, — =0.
©0.0=0 5
\ =
VlCIioNb3yst METOJ pas/e/eHns MepPeMeHHbIX, motydaem: v = e O™/ 2% sin(37z/2). Crenoa-

TeJILHO, aHAJIMTHIECKOE pelieHne 3ajaqn (2.1) mMeer BT
sr\2, . [ 3mx
u(w,t) =t + e (%) sin <T) .

Jl1st Toro, 9TOOBI MOJIYIUTh YHCIEHHOE pellleHne, BBeJeM B pacueTHO 00/lacTi paBHOMED-

HYIO CETKY:

x; =1th, 1=0,1,..,.N, hN=1; t;=j47, 7=0,1,... M, TM =1,

J

u OyzieM JjIsi KpATKOCTH HCIOJIB30BaTh 0bo3nadeHus u, = u(x;, t;), y; = y(z;,t;).

[TocTpouM pa3HOCTHYIO AIITPOKCUMAIIAIO YPABHEHHUS B COOTBETCTBUU C ABHOM CXEMOIi:

A e

T h?

by, i=1,2..,N—1 j=0,1,... ,M—1 (22

1o Pa3HOCTHOE YypaBHEHUE H€O6XO,ZLI/IMO JOIIOJIHUTH COOTBETCTBYIOIIUMU HaYaJIbHBIMU U
I'PaHUYIHbBIMHA YCJIOBHUAMMU Ha CETKE. Haugassnaoe ycJjoBuUE€ U I'PaHUIHOE YCJIOBUE ,Z[I/I]Z)I/IXJIG pu

2z = 0 anmpoKCUMUPYIOTCS TOYHO:

wW=0, j=0,1,.., M.
ou

['parmunoe ycmoBue npu © = 1 COJEPXKUT TPOU3BOJIHYIO 9% Ecim ee mpocro 3ameHnTH
x
OJIHOCTOPOHHEH pa3HOCTHOI IIPOU3BO/IHONI, TO ypaBHeHUe
J J

YN —Yn—1 .
T:tj’ 7=0,1,..., M, (2.3)
OyIeT alpoOKCUMUPOBATH COOTBETCTBYIOINIEE I'PAHUYHOE YCJIOBHUE C TIEPBBIM MTOPSIIKOM TOT'DEII-
HOCTHU aIIPOKCHMAIINNA. DTO O3HAYAET, 9TO U JIJIsT BCel PA3HOCTHOW CXEMbI MOPSIOK IOTDEII-

HOCTH anmpokcumanuu o h Gyjer nepebivm. HamomumM, 9To pasHocTHoe ypaphenue (2.2) ar-

npoKcuMupoBasio Juddepennuaibioe ypasaenue B 3agade (2.1) ¢ norpemmuoctsio O(7 + h?).
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Urax, nepBelit BApHAHT sIBHOW PA3HOCTHOMN cxeMbl Jyis 3aaa4n (2.1), obiasatormeii morper-
HOCTBIO anupokcuMmarm O(T + h), nMeeT BHT:

(

gl ) 4y
Yi T Y T 19 N1, j=01,., M—1,
T h?
o . (3Tx; , (2.4)
Y, = sin 5 , 1=0,1,..., N, :
A i
=0, BB o =01 M,
\
PacemoTpun anropury permenns cuctembl (2.4). Ipm j = 0 3HaueHums 3/ u3BeCTHBI U3

HadaJbHOTO yeaoBud. CiienoBare/bHo, TpU KaxkaoM dukcupoBanaoMm j = 0,1, ..., M — 1 nens-
i+1 .

BECTHBIMU $IBJISFOTCS Y] 1 Haiiti uX MOMKHO CJIIYIOIIAM 0GPA3OM:

1) mpu i =1,2,..., N — 1 u3 nmepBoro ypaBHeHus cucreMbl (2.4) HaXomuM

T

w7 =yl s (=20l oyl e

2) mpu i = 0 u ¢ = N 1moJib3yeMcsi TPAHUIHBIMU YCJIOBUSIMU, YIUTHIBAsI, 9TO y{“ u yﬁ_ll yKe
U3BECTHBI:
B =0y = uN T et
3) mepexoauM Ha HOBBIA CJIOW 110 BpEMEHH, YBeJIMYInBasi j HA €JIMHUILY U MOBTOPsieM JeificTBus
1) u2).
Ha puc.4-6 npusejiensl pesyabTaThl pemenns cuctembl (2.4) gaa N =50 u M = 10+ 2N2.

t oo

K

Puc. 4: Anamuruyeckoe perienne 3anaan (2.1).

Ecim mbr XOTuM, 9TOOBLI IBHAS CXEMAa AIIIIPOKCUMUPOBaJIa UCXOJHYIO 3aJa4y C IIOI'PEHIHO-

creio O(7 + h?), TO MOXKHO UCIIOIBb30BAaTh TOT K€ IPUEM, KOTOPbIil IIPUMEHsIICS paHee JI/Is all-

7



t 0o y

Puc. 5: Hucnennoe pemtenne 3aga49u (2.1) ¢ HOMOIIBIO SIBHO CXEMBI.

Brr

t 0 o .

Puc. 6: Ilorpentaocts guciaensoro perienns 3aga4n (2.1) ¢ MOMOIIBIO SBHON CXEMBI.

IIPOKCUMAIIN IPAHUIHOIO YCIOBUS, COAEPIKAIIET0 IIPOU3BOIHYIO, B
HOBeHHOTO /i depeHnnaabHOro ypasHenust Ha orpeske. [lycrs u(x,

Paccmorpum BhIpazkenue:

u(z,t) —u(r —ht)  Ou(x,l) ﬁ@%(m,t)

e = h - Ox 2 Ox?
_ Ou(z,t)  h (Ou(z,?) 5
T o 2 ( T G
ou

3aMeHsisl B HEM [TPOM3BOIHY O e KOHEYHOI Pa3HOCTHIO:

ou(w,t)  u(wz,t) —u(z,t—71)
o = - +0(7),

KpaeBoii 3aj1a1de JJisi OObIK-

t) — pemtenue 3ajaqn (2.1).

+0(h?) =



TIOJIY YUM

u(x,t) —u(x —h,t)  Ou(x,t) h (u(x,t) —u(x,t —

h - Ox 2

T

m) _ x) +O(7 + h).

[Iepexo/isi B ITOJIyYEHHOM PABEHCTBE K IIPEJIENy IPpA & — 1 U yUUTBIBASA, 9TO 10 YCJIOBUIO

ou

e
ox ’

r=1

HaXOMHUM, YTO Upu ¢ = t;, 1 UMEET MEeCTO PaBEHCTBO:

witt — ujtl h{ Wt —
%:t]+l_§ %_1 +O(T+h2)
CienoBaTeIbHO, PA3HOCTHOE YPaBHEHUE
j+1 i+1 i1 A
it S N ) et | Y 05
A 25

AIlPOKCUMUPYeT IpanndHoe yciaosue Heiimana nipu x = 1 ¢ morpemmoctbio O(7 + h?). Takum
obpazoM, MeHsist B cxeMe (2.4) ypasaenue (2.3) Ha (2.5), MBI IOy IHM CXEMY, AIIIPOKCHMUPYTO-
IO UCXOJIHYIO 33/1ady Ha ee pelleHuu ¢ norpentHoctbio O(T + h?).

VYpasuenue (2.5) y06HO Hiepenucarhb B BH/IE:

j+1 A j+1 h’ yfv ~
yN = 1—}—; yN—1+htj+1+? 1—{—7 s jZO,l,...,M—l,

., i+1 j L
U UCIOJIb30BAaTh IIPU yrKe HallJIeHHBIX y?vtl, Y JUlsl 3aBepllleHns lepexoja Ha ciaoi j + 1.
PesyibraThbl pacueToB 110 COOTBETCTBYIOIIEH IBHOI cXeMe Ha TOi »Ke CeTKe, UTO U B IIPEJIbIIYIIEeM

cydae, IpUBEJIEHbl Ha puc. 7-8.

0.z

t b o .

Puc. 7: Yucnennoe perenne 3a/a9u ¢ MOMOIIBIO IBHON CXEMBI ¢ I'PAHUIHBIM ycsoBueM (2.5).



¥ 10

err
o
I

t 0o y

Puc. 8: IlorpentaocTs pernenust 3a/[a9u ¢ IIOMOIIBIO SIBHO CXeMbI ¢ TPAHUIHBIM ycsioBueM (2.5).

TakzKe JIjIs HOJyUeHHs CXeMbl, HMeloleil rorperHocTs anmpokcumaruu O (7 + h?), MoKHO
alIpOKCUMHUPOBAThH rpaHnnmvHoe yciaoBue Helimana mpu £ = 1 ¢ MOMOIIBIO TPEXTOYETHON ITEPBOI

Pa3HOCTHOI POU3BOIHOM:

3yj+1 . 4yj+j + yjtl .
N 2];1 N=2 — i, 5=0,1,..,M —1.

[lepenuceiBag 3T0 ypaBHEeHHE B BHUJIE

g4 1 2htin
Yn = 3Yn-1 T 3YN—2 T g (2.6)
3 3 3
MbI MO2KEM HCIIOJIb30BaTh €ro [Jifd 3aBEPIICHUA IIEPEXO1a Ha cJIo ] + 1 Ipu yxKe Haﬁ,ﬂeHHbIX

j+1 j+1 .
YN_1 1 YN _o. llorpemHocTs BeIMucIenuit o cxemMe ¢ ycaosueM (2.6) npusenena na puc. 9.

Err

Puc. 9: IlorpernaocTs perenust 3a/a49u ¢ TIOMOIIBIO SIBHO CXeMBI ¢ TPAHUIHBIM ycsoBueM (2.6).
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IIpumep 2.2. [locmpotime wucmo HeABHYNO PAZHOCTHYIO CTEMY OAA HAYANOHO-KPALEBOT 3a-
davu (2.1). Cpasnume “ucaernoe pewenue ¢ GHAGAUMUYECKUM U UCCAEYTme 3a8UCUMOCTL
NO2PEWHOCTNU OM ULG206 CEMKU.

PEMIEHUE. HMcnosb3yem Ty Ke CeTKy, UTO U B IPEIbIIYIIEM IIPpUMepe C TOW JIUIb Pa3HU-
1Ieli, YTO COOTHOIIIEHHE IAroB T U h Terepb MOYXKET ObITh JI0OBIM. PazHocTHasd anmpoKCHMAaIis

YpaBHEHHUA B COOTBETCTBUU C HEABHOI CXEMOI IMeeT BUJI:

g+l L g dtl g it
Yi —Y _ Y y}zz Vil | i=1,2, N —1, j=0,1,...,M —1. (2.7)
-

JonoHiM pasHocTHOE ypaBHeHue (2.7) HAYaJbHBIME U "PAHUYIHBIMU YCJIOBUSIME Ha CETKE.
Kak n B cirydae gBHOI cxeMbl, HadaJIbHOE YCJIOBUE W I'paHndHoe ycjosue /lupuxie npu z = 0

AIITPOKCUMUPYIOTCA TOYHO!:

y?:sin(gx), 220,1,...,]\[; y(])+1:0, ]ZlaaM_l

st anmpokcuMaIu IPaHnaHOTO YCJIOBUS IPU & = 1 MCIOJIb3yeM Te YKe TPH CIocoda, uTo
U B Clydae sIBHOM CXeMbl, pa300paHHOi B IIPEIbIIYIIEM ITPUMEpE.
Ilepsviti sapuarm annporcuMayuy 2paruiro20 ycaosus Hetmana npu x = 1:
G+l gl

w:t]url, ]:1,,M—1

HOHy‘IaIOH_IaHCH IIpu 9TOM HEdBHad Pa3HOCTHad CXEMa:

( 3mx;
yéJrl :07 j:0717"'7M_1’
I g ity gt (2.8)
Y; Yi — Yi Yi Yii1 +z, 1=12..,N-1 j=0,1,..M—1,
TeL "
J )
k%zi‘j-‘rh j:071’7M_1

UMeeT HorpenHocThb ammnpokeuManun O(T + h). 3Hadenus: cerouHoii dbyHKIMU y; HA HYJIEeBOM
CJI0€ TI0 BPEMEHH M3BECTHBI U3 HAYAJILHOTO YCJIOBUdA, TIO9TOMY NPU KayKJIOM (DUKCHPOBAHHOM
- j+1 .

j=0,1,..., M — 1 neusBecTHBIMU aBjIsIOTCH ¥, . Cncrema ypaBHEHUi, KOTOPBIM OHU YIOBJIe-

TBOPAIOT, IM€EET BU/I:

yg+1 - 07
‘ 9 ‘ . )

11



TO €CTDb ABJIACTCA CUCTEMON C TpexAuaroHajJbHON MaTpPUIICH:

w' =yl
Ayt — CyP 4 Byl = —F, i=1,2,...,N—1, (2.10)
yA = syl + e,
T 2T j
rae s — 0, M1 = 0, Az = Bl = ﬁ’ Cz =1+ F, E =1Y; + TX;, o = 1, Mo = htj+1. O‘leBI/II[HO,

9TO JOCTAaTOYHBIE YyCJIOBUA yCTOfI‘{I/IBOCTI/I IIPOIrOHKMH:
Ai >0, B; >0, Ci >Az+Blv CZ:/'_éAZ—{_Bm L= 1a27"'7N_17 0< %p< I, p=12

Jutst cucreMbl (2.9) BbinosiHenbl. Peras cucremy (2.9) METOJIOM MPOTOHKU U HOC/IEI0BATE b
HO yBeJIMYKMBas 3HAYEHWs j Ha €JMHUILY, Mbl [OJHOCTbIO permum cucremy (2.8). Pesyibrarst

BBIUHUC/IEHNH 110 HesiBHOI cxeme (2.8) B ciayaae N = M = 50 npusejensr Ha puc. 10-11.

X

Puc. 10: Yucnennoe perenne 3ama4n (2.1) ¢ moMoIpio HesdBHOMN cxeMbl (2.8).

Brr

t ¥

Puc. 11: IlorpentnocTs dncieHnoro pentenns 3a1a4qu (2.1) ¢ moMoInbio HessBHOM cxeMbl (2.8).
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Bmopot eapuanm annpoxcumayuu 2panuuro2o ycaosus Hetdmana npu x = 1:

‘ B2 -1 . B2 yj
ygv+1:(1+z) yﬁ__ll—l—htj_,_l—i—? 1+7N . j=0,1,..., M —1. (2.11)

o .
B srom cirydae /i HEU3BECTHBIX Y] ! 11pu KasKIOM PEKCHPOBAHHOM J TIOJIy4JaeM TpeXIana-

ronasibHyIo cucremy Buja (2.10), rae

h2 -1 h2 J
=1+ — , e =0 | Mg+ — 1+y—N .
2T 2 T

[TorpermnHocTh pacyeToB 1O COOTBETCTBYIONIEN HesdABHOM cxeme B ciydae N = M = 50 upun-

BeJleHa Ha puc. 12.

DDd_ ;
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Puc. 12: Iorpemrocts perernst 3a1a49u (2.1) ¢ TOMOIIBIO HESIBHON CXEMbBI ¢ TPAHIIHBIM YCJIO-

Buem (2.11).
Tpemudi sapuarm annPoKCUMaUUY 2panuyno2o yciosus Hetumana npu v = 1:

g A L 2kt (2.12)

Yn = 3Yn- Yn—
N 3IN-17 3UN-2 3
i+1 . .
st TOro, 9TO6BI MOy IUTh JIJIsi HEU3BECTHBIX Y] 1 cucremy ¢ TpexamaronasbHoil MaTpuIeit
. j+1
[pH Kazk10M (bUKCHPOBAHHOM j, HCK/IIOUNM 13 ypaBHenus (2.12) vemssecrroe vy . st sroro

BOCIIOJIb3yeMcst ypaBHenueM (2.7) mpu i = N — 1:

T 2T T
ﬁygvtg —(1+ ﬁ)yﬁi + ﬁygvﬂ =—Fn_1.

CiietoBaTesibHO,
j+1 h? j+1 1 R
YnN_2 = (? + 2> YN T UN — 7FN717
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u ypasHenue (2.12) npuHIMaeT BUJI:

j+1 RN g P
yy =\(1- Z Yn_1 T ZFNil + htj+1.

j+1 . .
B pe3yJibraTe JIJisd HEM3BECTHDIX yi+ IIPUXO/JIUM K CUCTEME C TpexXJIrnalrOHa/JIbHOW MaTpUIen BU1a
(2.10), rze
h? h?
%2:1——, IUQZ—FN_l—{—htj_H.
2T 2T
[TorpernocTh pacyeToB 10 COOTBETCTBYIOMNIEN cxeme B ciaydae N = M = 50 npuBejeHa Ha

puc. 13.

t K

Puc. 13: TlorpemmHocTsh 4uCIeHHOrO penienus 3a1adu (2.1) ¢ TOMOIIbI0 HESBHOI CXeMbI ¢ TDa-

HIIHBIM ycjioBueM (2.12).

IIpumep 2.3. Iocmpotume cummempuunyro paswocmuyro cxemy (cxemy ¢ eecom o = 0.5) das
HauasvHo-Kpaesot 3adavu (2.1). Cpasrume wuciennoe pewenue ¢ GHAAUMUYECKUM U UCCAE-
dyiime 3a6UCUMOCTID NOZPEULHOCTIU OM, WaA206 CEMKU.

PEUNIEHUE. AnmnpokcuMmariust ypaBHEHUS

Ou _ Pu
ot o2 "¢

B COOTBETCTBUU C CUMMETPUYHON PA3HOCTHON CXEMON MMeeT BUJ:

A N A A A Rk it /10 N (2.13)
- : 3 12 i .

rie i = 1,2,..,N -1, j = 0,1,..., M — 1. PasznocrHoe ypasaerue (2.13) ammpokcumupyer
ucxosHoe juddepennuanbHoe ypaBHeHUe TelIoNpoBojHocTH ¢ TorpentHoctbio O(72 + h?) na

BCEX BHYTPEHHUX y3JlaX CETKH.
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Havampnoe ycsioBue u yciosue dupuxie npu x = 0 almpoKCUMHUPYIOTCI TakK Ke, KaK U B
JIByX PACCMOTPEHHBIX patee ciaydadax. ['pannyunoe yeiosue Hefimana mpu £ = 1 MOYXKHO aIllpok-
CUMUPOBATH KaK C IEPBBIM, TAK U CO BTOPBIM MOPSJIKOM I10 h.

Ecsm B KagecTBe AIIIPOKCUMallUn yCJIOBUA IIPU T = 1 6epeTCﬂ Pa3HOCTHOE ypaBHEHUE

Jj+1 g+l
w_t-Fla j:]-?"'aM_]-?

TO cxeMa Gyjer uMerh norpemHoctsb anmpokeuMaruu O(72 + h). CoorseTcTByIomas cucteMa

j+1 .
JJIsl HEU3BECTHBIX Y] 1 Gymer TpexmaroHaIBHOIL:

=0,
Ayt = Cyl " + Byl = —F,, i=1,2,.,N—1, (2.14)
yg\/+1 = ygvtll + htjya,
rie
- .
Az:Bz: 2—h2, C; = 1+2A17 E; —yz +7x; + 2h2( _Zyz +yz+1)

Hocrarounble ycioBus yCTORUINBOCTH TPOTOHKHY J1jis cucTeMbl (2.14) Bbimosaenst. [lorpernaocTs

perernst 3ajauu 1o cxeme (2.14) gusgs N = M = 50 npusesena wa puc. 14.

1 0 o

X

Puc. 14: IlorpentHocts 9uCIeHHOrO perenns 3aa4n (2.1) ¢ MOMOIIBI0 CHMMETPHIHON CXEMBIL.

HOCTpOI/IM AIIIPOKCUMaIUIO I'PAHUYIHOTI'O YCJIOBULA Heitmana upn r = 1c IIOI'PEITHOCTBIO

O(72 4+ h?). PaccMOTpUM PaBeHCTBO:

) “ule =kt _ ) 2(810; ) >+O(h2), (2.15)

rae u(z,t) — perenne ucxoguoit 3agaqau (2.1). Iomoxxum B pasencrse (2.15) t = t; 4+ 0.57. Tak

KaK
u(z,t; +0.57) —u(x — h,t; +0.57)
h
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1 fulw,ty) —u(e = hoty)  w(w,ti) —u(e — hotjg) 5
=5 < . + . O(77)
u
6u(a:,t) _ u<x7t]'+1) _u<x7tj) _’_0(7_2)’
ot t=t;+0.57 T
[OJIy 9aeM:
L -l L g Sl t bt o
- U’Z uzfl + uz uzfl — U(ZL’, ) _ uz uz -z + 0(7_2 + h2)
2 h h Oz (24,t;40.57) 2 T

[TepeiizieM B Oy 9€HHOM PABEHCTBE K mpejiesty npu x; — 1 (1o ectb ipu @ — N), yauThIBast
TPaHUYHBIC YCJIOBUA 33/1a49U:

1wy ul = el h[uly — )
- =(t:+057)—— [ 2X—N_1 O(12% + h?).
2( . + ; (t; +0.57) 5 . +O(7° + h?)

CJIG,ILOB&TGJH)HO, Pa3HOCTHOE ypaBHEHUE

1 J o ,J J+1 g+l h J+1 g
- (yN AR R = (t;+0.57)— 3 IN ZUN 1), =01, M—1 (2.16)

2 h h T
Oy/IeT anpoOKCUMUPOBATL YCJIOBUE
ou _
or|,_, o
¢ norpernoctbio O(72+h?). CoorsercrByiomas cucrema Jijist yg + 1pu PUKCUPOBAHHOM J TMEET
BUI;
+1
y =0,
Ayl = Coyl™ + Byl = —F, i=1,2,.,N -1, (2.17)
e o
YN = sy + e,
rae

R\ 2 ?/?v T j j
My = 1+? , Mo = g - h 1+T +2h(t]+§)_yN+nyl .

[TorperHocTh, moayvYaeMast IPU IHCICHHOM DEIICHUH 3a/adl C MCIOJIb30BAHUEM I'DAHHTHOIO
yeqosust (2.16), mis N = M = 50 npusesena wa puc. 15.

Takoii ke TTOPSATOK MOTPENTHOCTH AIMTPOKCHMAITINN MOYKHO MOy IUTh, UCIOJIb3Ys IPAHIIHOE
YCJIOBHE

i 4 i

, 2ht ;
Yn = §?JN_1 W+ = (2.18)

1
3Yn-2 3

o ‘
Nckmounm u3 3TOro ypaBHEHUsT HEU3BECTHOE y?VJr_Q, ucroJib3ys ypasuenue (2.13) npui = N —1:

T g+l T j+1 T g+l
g s = (14 ) o+ g = =P

Tak kak
| 2h? | L 2K
i = (v 2) ol - - 2o,
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Puc. 15: Tlorpemmmocts 4ncieHnoro perenus 3agadn (2.1) ¢ HOMOIMIBIO CHMMETPUIHON CXEMBI
C TpaHUYIHbIM ycioBueM (2.16).
ypasrenue (2.18) MOKHO IiepenucaTb B BUJIE:

J+1 RN\ g, B2
yy = 1— ? Yn_1 T+ ?FNfl + h’thrl'

B pesysbrare MBI CHOBa IIPUJIEM K CHCTEME € TPEXMaroHaJbHOi MaTpureil Bua (2.17) s

. .
HEM3BECTHBIX Y] ! pu kazk oM buxcnposamnom j = 0,1, ..., M — 1, rie Temnepn

[TorperiocTsb penenus 1o Ipejioxkennoit cxeme npu N = M = 50 npusejena na puc. 16.

x 10

Err
o
Il

t b o

X
Puc. 16: Ilorpemmaocts perntenus 3aJ1a49u ¢ IIOMOIIHIO CHMMETPUYHON CXEMbI C TPAHUYHBIM YCJIO-

BueM (2.18).
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3 3agauu AJIss cCaMOCTOSATEJILHOTO pelIeHUs

Permnre anamnTudecku u YUCIE€HHO IIpu IIoOMOIIn HBHOfI, HesIBHOIT 1 CHMMGTpH‘IHOfI CXeM HavaJIbHO-

KpaeBYIO 3a/J1a1y JJid YypaBHEHUA TEIIJIOIIPOBOJHOCTU Ha OTPE3KE!:

(Ou 0%
E =a @ +f<f[},t), WS (07 l), t e (07T],
u(z,0) = up(x),
ou
gt dou . = go(t),
ou
\ Ngs + 01u _ = a1 (t),

re:
a)a:2,f2C08<g)'€t,u0:’/T—£L’,")/0:1, 0o=0,7m1=0,0=1,90=1,9.=0,1=m;
6)a=1,f=¢€(2*/2-1),ug=1+4¢€2%/2,7%=1,8=0,%1=1,0 =09 =0, g =€,
l=1;
B)a=05 f=¢e,uy=1+sin(3x), 7% =0,00=1,1m=1,6=0,g=¢,q=0,1=7m/2
r)a=1, f=0, u0:3—x+cos(3TT$),%:1, =0,m=00=1,9=1,g.=1,1=2;
n)a=01,f=0u=cos(rz) +2*°+z,%=1,00=0,11=1,06=0,g=1,g=5,1=2.
CpaBHHUTE Pe3y/IbTaThl YUCJEHHOIO PEIIEHUs [0 PA3HBIM CXeMaM MeXKIy OGO M ¢ aHasIm-

TUYECKHUM pelieHueM 3aJa9u.

18



