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BBenenue

[Ipu u3ydyenun kypca «MeTONbl YHUCIEHHOTO AaHaIM3a» CTYACHTHI JOJIKHBI
OCBOUTH METOJBI PEIICHUS KJIACCUYECKUX 3JIeMEHTapHbIX 3amad. C 3TOH LENbIo
HEOOXOMMO BBINOJIHUTH IO/ PYKOBOJCTBOM IIpernojaBaTesis Ha J1abopaTOpHBIX
3aHATUSX ~ WHIWBUIyaJIbHBIC 3aJlaHUs, TMpeajiaraeMble B JIaHHOM TIOCOOMHU W
OXBAaTHIBAIOIINE OCHOBHBIC TEMBI:

e Pemienue kpaeBbIX 3a7a4. MeTobl KOJUIOKALMM, HAMMEHBIINX KBAaIpaTOB U
I'anepkuHa.

e PemeHne kpaeBbIX 3a7]a4 METOJIOM Pa3HOCTHBIX AIMMPOKCUMAIIHN.

e MeToabl YUCICHHOTO PEIICHUS 33]]a4 MaTeMaTHIeCKOM (PU3UKH.

[To pe3synbpTaTam pabOTHI CTYJACHTOM JODKEH OBITh MPEACTABICH W 3alUIICH
oTtueT. B oTueT JOMKHO OBITH BKIIIOYEHO:

1. Beenenue, coaeprkaliee NOCTaHOBKY 3aJauM, 0030p UMEIOIIUXCS METOJIOB €€
pElIeHUs], X CPaBHUTEIbHAS XapaKTepUCTHKA.

2. JleTaiibHOE OTIMCAaHUE M CXE€Ma aJTrOpPUTMa BEIOPAaHHOTO METO1a.

3. Pacnieuatka mporpaMmbl (KaKIblii METO/ JOJKEH OBITh peain30BaH B BHUJIC
OTZICTTLHOM TOITPOTPaMMBI, B TOJIOBHOU MPOTpaMMe MPEAYCMOTPETh BBOJ MCXOTHBIX
JAHHBIX U OOpaIleHue K MoAmporpaMme),

4. TaGauIel MOMYYEHHBIX PE3YJIBTATOB, TPAPUKK CXOIUMOCTH MPUOTMKEHHOTO
pEIICHUS K TOYHOMY PEIICHUIO.

5. AHanu3 MOJYYEHHBIX PE3YJIbTATOB, BKIIOYAIONIUN aHAIUTUUYECKYIO OICHKY
TOYHOCTH METOJa U €€ CPaBHEHHE C YHCIECHHO MOJYyYeHHBIMU pe3yibTaTaMu (T. €.
OIICHKY -Pa3HOCTH MEXIy TOYHBIM W TPHUOIMHKCHHBIM PEIICHUEM IPH Pa3InIHBIX
napameTpax metoja). [Ipu BeIMosHEHWH pabOT HE MPEIoJiaracTcsi UCIOIb30BaHUE

TOTOBBIX MTPOTPAMMHBIX MPOAYKTOB.



1. TeopeTnyeckas 4acThb

1.1. [TpubankeHHbIe METOAbI pPellleHNs] HHTErpajibHbIX yPaBHEHU

1.1.1. 3ameHa siipa BbIPOKIEHHBIM
[TycTs mMeeM HMHTErpabHOE ypaBHeHUE [9)]
() = f)+ A[K(x, Oe(t)de (1.1)
¢ mpousBosnbHbIM simpoM K (x,t). IIpocToTa pasbiCKaHHs PEHICHHS YPaBHEHUS C
BBIPOXKIACHHBIM SIIPOM, €CTECTBEHHO, INMPUBOJUT K MBICJIM O 3aMEHE JaHHOTO
npou3BobHOrO sapa K(x,t) npubmmkenno Ha BeIpoxaeHHoe L(x,t) W IPHHATHH
pemtenus ypaBHeHus (1.2)
PC) = fi()+ A [ L(x,0)@(t)dt (1.2)
B Ka4eCTBE MPUOIMKEHUS K PEIICHUIO UCXOIHOTO ypaBHeHwsI (1.1).

B kauectBe BBIpOKAEeHHOTO siapa L(x,t), 6iau3koro k manaomy K (x,t), MOXKHO
Opatb otpe3ok psga Teimopa mis ¢yskiuun K(x,t), orpe3ok psga Dypee s
K(x,t) mo moboii moaHOH OpTOHOpMHpoBaHHOW B L,(a,b) cucteme QyHKImit
{u,(x)} u 1. 1. YkaxxeM HEKOTOpbIC OLCHKH morpemHocreii B pemienun (1.1),
BO3HUKAIOIIKE OT 3aMEHBI JAHHOTO S/Ipa Ha BHIPOXKICHHOE.

[Tycts mans! aa sapa L(x,t) u K(x,t) v ©3BECTHO, 4TO

b
j KCx, ) — L(x, £)|dt < h

a

U uto pesonabBeHTa R (x,t,A) ypaBHeHus c sapoM L(x,t) ydOBIETBOPSCT

HepaBCHCTBy
b
j IR,(x,t, )| dt <R,
a

a take, uto |f(x) — f1(x)| < n. Torma, ecinu BBIMOJIHEHO YCIOBHE
1—|Alh(1 + |A]R) > 0,

YpaBHEHHE

b
o) = 1 j K (x, g (0)dt + F(x)



UMEET €IMHCTBCHHOE perieHne @(X) W pasHOCTh MEXIy OTUM pEIICHHEM |

pemiecareM @ (x) ypaBHEHHUs

P(x) = filx)+ A[L(x, t)p()dt

HC IMPCBOCXOANUT

N|A|(1+|A|R)3Rh
1— |A|h(1+ |A|R) '

lp(x) = ¢(x)| < (1.3)

riae N — Bepxusist rpanuna |f (x)].
OrMeTuM, 4YTO JUIs BbIpoXkaeHHOro simpa L(x,t) pesomsBeHTa R;(X,t, 1)

HaXOJUTCA IIPOCTO (C TOYHOCTBIO JO BBIYUCIICHUA I/IHTeraJIOB), a UMCHHO, CCJIM

L(x,t) = Y3oq Xk )Ty (),

TO, TT0J1aras
b
J, X ()T (x)dx = ag,
MOJIy4yaem
__ D(xt,A)
Ry(xt,4) = =552, (1.4)
rae
0. X - X,(x)
D(X, t,).) = Tl(t) 1_)1,“11: es —/16(1,1 ) (15)
T.(t) —-Aay,y . 1—Ada,,
a
1 - /1“11 —/16( 12 _Aaln
pay= | ~A% 1AM A | (16)
—Ad,, —Aa,, 01— Aay,

rae kopau D(A) cyts co6cTBeHHbIe 3HaueHus sapa L(x, t).

[TpuBenem emie oxny orenky (A =1).  Ilycts [6]

K(x,t) = L(x,t) + A(x,t),
rae L(x,t) — BeIpOXIEHHOE s1/1po, a A(X,t) UMeeT Malyro HOPMY B HCIIOIB3yEMOM

merpuke. Ilycte manee Ry (x,t), R, (x,t) — pe3omsBentsl simep K(x,t) u L(x,t)



cootBercTBeHHO U ||A]| ,|[|Rkll, [|R.|| — HOpMBI OmepaTopoB ¢ COOTBETCTBYIOIIUMU
sapamu. Torga

lo(x) = @Il < [[AN + [[ReIDC + [[RLIDIFII- (1.7)

[Tpuuem HOpMa B hopmysie (1.7) MoxkeT ObITh B34Ta B TIOOOM (PYHKIIMOHATBHOM

npoctpancTBe. [l HOpMBI pe3onbBeHTHI R mroboro sapa K(x,t) cmnpaBemiuBa

orenka (1.8):

Kl
1=K

IRIl <

[Tpu 3tom B ipoctpanctBe C (0,1) HenpepsiBHBIX QyHKIMA Ha 0Tpe3ke [0, 1]

(1.8)

HOPMBI PaBHBI
1
Ikl = max [JIKCoolde,  Ifll = max If@].  (19)

B mpoctpancTBe (yHKIMI, cCymMMUpyeMbIX C KBamparom mo (2 {a<x, t<b},

HOPMBI PaBHBI

1

Ikl < () K2 G Ddxde I = (2 £ () dx) 2. (1.10)
IIpumep 1.1

PemmmuTe HMHTErpaIbHOE ypaBHEHUE
1

o(x) = sinx + f(l — xcos(xt)p(t))dt,
0

3aMEHss €T0 PO Ha BEIPOKIEHHOE.
Pemenne
Pasnaras B creneHnoi psig sapo K(x,t) = 1 — x cos(xt), momydum
(x3t?) xot*
2 24

Bo3bMeM B KauecTBe BBIPOKACHHOTO sipa L(x,t) mepBbie TpU WICHA 3TOrO

Kx,t)=1—x+

pasioxkeHus U OyJeM pelaTh ypaBHEHUE
~ : 1 xX3tA
¢(x) =sinx+ [[(1—x+ —-) ¢(x)dt.

Pemmenue nocneaHero ypaBHeHus Oy1eM UCKaTh B BUE

$(x) =sinx+C, (1 —x)+ Cyx3, (1.11)



rae
1.
€1 = fo @(t)dt,
C, == [ t229(t)dt
2 2J0 (p "
[loncraBnsisi  pemenne (1.11) B kodpdUIUEHTH, MOIYYUM CHCTEMY IS
onpeneneHust KOHCTaHT Cy u C,
G = [ [sint+ C;(1—t)+ C,t3]dt = ~Cy+7Cy + 1 —cost,

1
1 2 o 2 3 5 1 1 i X
C, zzf[t sint + C;(t? —t3) + C,t°]dt =ﬁCl+EC2+Slnt—t+§COSt.
0

Pemus a1y cucremy, HailaeM
C; = 1,0031, C, = 0,1674.
Torna
®(x) = 1,0031(1 — x) + 0,1674x3 + sinx.
TouHoe pelieHre YpaBHEHHsI HCXOAHOTO ypaBHeHUs @ (x) = 1. OueHum tenepb
HOpMY || @ — @|| mo popmyne (1.8):
lo(x) = @Il < (AN + IR D+ [[RLIDIFII-

B Mmertpuke npocrpancTsa Ly nosxyunm

24
0

Al < i{Jf(xlotdedt)}é =1/(72V11) < 1/238,

1

1 2
3
K| < {ff(l — XCOS xt)zdxdt} <o
0

1
1 2

If]l = sin? x dx <§.
il :

0

Hopwmel pe3onbBeHT Ry v R; otieHUM 110 hopmyiam

K
IRkl < Kl )
1 =[]l
]
<
IRl < =



3 3
rae [A| paBHO eIMHUIIEC, 3HAYMT, ||RK|| <. ||RL|| <z Torna

() — el < i(1 + 5) (1 + §) (5) < 0,016.
238\ "2 2) 5
3aoanue 1.1

HaﬁTI/I pemeHI/Ie I/IHTeraJIBHOFO ypaBHeHI/IH C IIOMOIIBKO 3aMCHBbI H,Z[pa

BBIPOKICHHBIM M JIaTh OLICHKY IMOTPCIIHOCTH IIOJIYYCHHOI'O PCIICHHA.

a) p(x) =exp*—x — folx(expxt —1D)(t)dt;
1

b) @(x) =x+cosx + Jx(sin xt — 1) p(t)dt;
0
1

c) p(x) = %(exp‘x +3x —1) + j(expth —1)xep(t)dt;
0

d) o) = g + %sinx + f01(1 — cos xt?)xq(t)dt.

1.1.2. MeToa nocJie10BATEIbHBIX MPHOJIMKEHUH

Meton mnocnenoBaTeNbHBIX  MPUOIMIKEHUH (METOJ HWTEepalfii) COCTOMT B

cnenyromieM. Mimeem uHTErpaibHoe ypaBHeHue [9]

o(x) = f(x)+ 2 K(x, t)p(t)dt. (1.12)

CTpouM mOCHIEnOBaTeILHOCTh QYHKINH {(,(x)} ¢ MOMOIIBIO PEKYpPPEHTHOM
bopmyab

on() = F(O) + A [ K(x, g1 (DdL. (113)

Oyakimn - @, (x) (n=1,2,...) paccMaTpuBalOTCS Kak MPUOIMKEHHS K

HUCKOMOMY DCIICHHIO YpaBHEHHS, IMPHYEM HYyJIEBOC NPHUOIMKEHUE @ (xX) MOXKeET

1
OBITH BEIOPAHO MPOU3BOJIbHO. [IpH BRIMOIHEHUH YCIOBUS 1] < 5 Tae

B = \/ 11 K?(x, t)dxdt (1.14)



nocienoBaredbHOCTh (1.13) cXOmuTCS K PEMIEHHIO WCXOIHOTO HHTErPAIIEHOTO

ypaBHeHHs. Benwumna morpemHoctd (M + 1)-ro mpuONMMKEHUS OIpeaeseTCs

HEPaBEHCTBOM
| |m+1
lp(x) = Qa1 (X)| < FC b1+ 1= 2B +®C,B~1AB|™*1,
e
b
F=f f2x,
b
o = j @?(x)dx,
2
= s G e
3aoanue 1.2
1. MeTo1oM MoCIe0BaTeIbHBIX PUOIHKEHUN PEITUTh YPAaBHEHUS:
a) p(x) = 1+ [ xt2p(t)dt;
1
5 1
b) p(x) = gx + EJ xte(t) dt.
0
2. Haiitu TpeThe TmpuOIMmKeHne @3(X) K PEHICHUIO HHTETPATLHOTO YPaBHCHHUS
() = 1+ | K Op(0)dt,
e
t, x=t,
K(x,t) = {x, x <t

1 OLCHUTDL NOTPCHIHOCTD IMOJIYICHHOTO PCIICHUA.
OTMCTI/IM, 4YTO OCHOBHAA TPYAHOCTL IMPHMMCHCHHA MCTOAA ITOCIICIO0BATCIBbHBIX

npUOIMKEHUH COCTOMT B BbluMciacHMH uHTerpana B (opmyne (1.13). Ero, kak

10



MPaBUJIO, TPUXOIUTCS MPOU3BOAUTH TPHU TMOMOIHM (POPMYJT MPUOIHKEHHOTO
uHTerpupoBanus. [losTomy u 31ech 1enecooOpa3HO 3aMEHUTh JIaHHOE  SJIpO
BBIPO’KJICHHBIM C MOMOILBIO €r0 pa3yiokKeHus B psna Teisiopa, a 3aTeM yXKe BBECTHU
METOJI UTEPALIUAN.

1.1.3. Metoa byonoBa — I'asiepkuna

[MpubimkeHHOE pellleHNe HHTETPATBLHOTO ypaBHeHHs [9]

() = f() + 1 [ K(x, Dp)dt (1.15)
no merony byOnoBa — lanmepkmna wumercss Tak. BwiOupaem cucremy QyHKuni
{u, (x)} momayrwo B L, (a,b) u Takyro, 4ToObl mpu JroOoM N GyHKIHMH U4 (X),

U, (x)...u, (x) ObUIM JTUHEWHO HE3aBUCHMBI, a MPHOIMKEHHOE perieHue @, (x)

umiem B Buje (1.16) [10]:

Pn(x) = X1 i (X). (1.16)
Koaddumuentsr ) (K =1, 2, ..., N) OUpeaeystoTcs U3 CICAYIONUICH TUHEHHON
CHUCTEMBI:
b
(0n (), u () = (f (), wie () +4 (J,, K (x, )p (£)dt, w (%)), (1.17)
rme k = 1,2,..,n, a ckamapHoe upomsseaenue (f,g) paBHO HHTErpaily

f; f(x)g(x)dx, rne BMecTO ¢,,(X) HAIO MOJACTABUTD CYMMY D jt—q g Uy (X).

Ecmu 3nauenne A B (1.15) He sBmsieTcss XapakTEPUCTHUYECKUM, TO TIPH
nocratrouno  Oombimx N cuctema (1.17) omHO3HA4HO paspemmma W mpu N
CTpeMsIeMcsi K OECKOHEUHOCTH, TPUOIMKEeHHOe pelieHue ¢, (x) (1.16) ctpemuTcs

B MeTpuke L, (a,b) x pemenuto ypaBHenus (1.15).

IIpumep 1.2

Metonom byOHOBa — ["asiepkuHa pelIuTh ypaBHEHUE

1

o (x)=x+ jxtcp(t)dt.

-1

11



Pemenune
B kadectBe mosHO# cuctembl (yHknmii Ha (—1, 1) BeIOMpaeM cucTeMy

noanaoMoB Jlexanapa P,(x) (n=10,1,2...).

HpI/I6J'II/I}KCHHOG PCIICHUC HIICM B BUIC

as(3x%-1)

@3(x) = a; +a,x + -

IMoacrasiss @3(x) BMecTo @(X) B MHTErPaabHOE ypaBHEHHUE, MOIYIUM

3x%2-1 1 3t2-1
a, + a,x + % =x+ [_ xt(a; + apt + %) dt,
WM TI0CJIE UHTETPUPOBAHNUS
3x%-1 2
a, + ax + %=x+%a2.

as(3x2-1)
— U

YMHOKast 00e 4acTh 3TOro paBeHCTBA MOCIE0BATEeIbHO HA 1, X, >

MHTErpUpysl €ro 1o X B npezaenax ot —1 go 1, naiigem:
2a1 == 0,

2 2 4
-a, =-+-a
37273 g 22

a3=0.

Orkyma a, = 0, a, =3, a; =0, a 3mauut, @3(x)=3x. Herpyano

IMPOBCPUTH, YTO 3TO TOYHOC PCIICHUC MCKOMOI'O YPaBHCHUAI.

3aoanue 1.3

Meronom by6HoBa — TamepkuHa pemmTh CICAYIONIME HHTETpaIbHbIC
YpaBHEHUS:

a) p(x) =14 [ (xt + x2)o(t)dt;

b) o(x) =1+ gx + (xt? + x3)@(t)dt;

1

) p(x)=1—x(e*—e™) + fxzextgo(t)dt.

-1
3AMEYAHME. Jl;1s BeIpOXACHHBIX siiep MeTo] byOHoBa — ["asiepkuHa gaet

TOYHOE pEIleHHe, a I OOIIEero ciydash OH SKBHBaJeHTEH 3ameHe sapa K(x,t) Ha

BeIposkaeHHOE L(x, t).

12



1.2. IIpu6auskeHHbIe METO/AbI OTHICKAHUS XapPAKTEPUCTHYECKUX YK Ce

1.2.1. Metoa Purna
ITycTh HIMEEM UHTETPAIbHOE YPAaBHEHUE
e(x) = 2[K(x,t)p(t)dt (1.18)
¢ cumMmetrpuuHbiM  sapom  K(x,t) = K(t,x). BsibepeM mociea0BaTeIbHOCTD
byukmit Y, (x), Y, (x) € L, (a, b), takyto, uto cucrema {i,, (x)} monua B L, (a,
b) u mis mro60oro N GyHKIUU Y, (X) ... Y, (x) muHeitHO He3aBUCHMBL Ha [a, b].

[lomarasa

Pn(0) = Thoy @y (x).
[Ipuyem k03QPUUMEHTH Q) TOAYMHUM YCIOBHIO ||<pn|| =1 u npu sTOM
YCIIOBUH HILIEM CTallMOHAPHBIE 3HaUYeHU KBaapaTuuHoi popmel (K¢, ;).
[IpuxoauM K OJHOPOAHOM JIMHEWHON CHCTEME OTHOCHUTEIHHO KO3 PHUIIMEHTOB
ay (31ecy 0 — MHOXKHTENB Jlarpamka)
e {(KYj, i) —o(Wphi)ar =0 (G=1,2,....n). (1.19)
JIiis cyiecTBOBaHUS HEeHyseBoro pemreHus ypaBHenus (1.18) ompenenutenb

cuctemsl (1.19) nomkeH ObITh paBeH HYJIIO:

(K1, 1) =@, 2) (K, 3) —a(r,,) - (K, n) — oWy, ¥n)
(K2, 1) — o2, 2) (K, 2) =02, 2)  + (Kg,n) — (2, ) =0. (1_20)

(K, Y1) — oW, ¥2) (K, 2) — o, p2) -+ (Kb, ) — o (Y, )

Kopuu ypasaenus (1.20) garoT npubmmkeHHbIC 3HaU€HUST COOCTBEHHBIX YHCEI
sapa K(x,t).  HauGonpmmit u3 kopuedr ypaBHenus (1.20) maer mpuOnmmxeHHOE
3Ha4YCHWE HaMOOJIbIIEro COOCTBEHHOTO YKcia ¢ HeaoctatkoM. Haxons o u3 (1.20) u
noxactasisisi B (1.19), uimem HeHyneBoe pEIIeHHE ap, MOJIy4aeM MPHUOINKEHHOE
BBIPDOKEHHE COOCTBEHHOW (YHKIIMHU, OTBEUaIONIed HaWJEHHOMY COOCTBEHHOMY

3HA4YCHHIO 0.

IMpumep 1.3

Hatitu mo wmetomy Putna npuOnmkeHHOe 3HA4Y€HHE HAWMMEHBIIIETO
XapaKTEPUCTUYECKOr0 YUCIIa Sapa
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K(x,t)=xt; a=0, b=1.
Pemienne
B kadecTBe KOOpAMHATHOM cucCTeMbl (GyHKIMUA P,(X) BbIOMpacM cUCTEMY
nonuHoMoB Jlexanapa: P, (x) = P,(2x —1). OrpaHuuumcs IByMs ClIaraeMbIMH,
TaK 4TO
p,(x) = a;Py(2x — 1) + a,P;(2x — 1).
Otmeuas, 9yTo

W, = P,2x—1)=1; ¥, = P,(2x—1) =2x —1,

HAXOHM
W) = f, dx =1,
WP12) = (pp1py) = f, (2x = Ddx =0,
Warps) = f (2~ 1dr =,
Hanee 0

1/ .
(Kyq,¢¥,) = f jK(x, )P (t)dt | Y, (x)dx = Jf xtdxdt = 1/4,

o \o G

1

Ky, ) = [f, xt(2x — Ddxdt = —

12’

(Ky,,,) = ﬂ xt(2t — 1)(2x — Ddxdt = T
0

Cuctema (1.20) B 3TOM ciiyyae MPUHUMAET BH/T
1 1

4 12

50) 050
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1 1
Orcrona g, =0, g, =3 Haubonbiiee coOCTBEHHOE 3HAYCHHE O, =3

1
3HAYUT, HAUMCHBIICC XaPAKTCPUCTHICCKOC YHCIIO A =—=3.
02

3aoanue 1.4

ITo meTony PuTiia HaliTH HaAaUMEHBINIME XapaKTEPUCTUUECKHUE YHCIa sAJep Ha
otpeske [0,1]:

a) K(x,t)=x?%t?

t, x =t
X, X <t;

b) K(x,t)= {

1x(Z—t), x <t
c) K(x,t) = i
Et(Z—X), x = t.

1.2.2. Meroxa cjienoB

Hazosem m-m cienom sapa K (x, t)gaucio
b

A, = f K., (t, t)dt,

a

rae K,,,(x,t) o3HagaeT M-e¢ UTEPUPOBAHHOE SIPO.
JIJIss HAMMEHBITIETO XapaKTEPUCTUICCKOTO Yncia A, MPU JOCTATOYHO OOJIBIIIOM

M crpaBeayivBa CleAyoast MpuOImKeHHast popMyia:

A~ |22 (1.21)

Azm+2
dopmyia (1.21) gaer 3nauenue |A; | ¢ U3OBITKOM.
Cienpl. YETHOTO TOpPSIKA JUIsi CUMMETPUYHOTO SIpa BBIYUCISIOTCS IO
dopmyine (1.22):
Apm = [[] K2, O)dxdt = [T [F K2, (x, )dxdL. (1.22)
Ipumep 1.4

Haiiti mo MeTony cieoB NEPBOE XapAKTEPUCTUUECKOE YUCIIO Spa:
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t, x>t
K(x,t)={x xStazO,b=

Pemenne
Tak kxak sapo K(x,t) cummerpwdHo, TO goctaro4Ho Haitd K (x,t) TOIBKO
npu t MEeHpIINX X.

Nmeem
! _ (1 5 x 1 _ x%t 3
K,(x,t) = [, K(x,2)K(z,t)dz = [ z°dz+ [ ztdz + [ xtdz = xt ———t°/6.

Hanee no dhopmyse (1.22) qigsm =1 u M = 2 COOTBETCTBEHHO HAXOUM:

1 1 1
Ap =2 [ dx [ KZ(x,0)dt = 2 [ dx [ t3dt = =,

1, ox 17
Ay =2 [ dx [ KF(x, O)dt = —.

Torna, cornacuo gopmyne (1.21)

1
A~ %7 = 2.48.

30

3aoanue 1.5

MeTomoM ce0B HAMTH TTEPBOE XapaKTEPUCTHUECCKOE YHCTIO CISAYIONIHNX SIep
Ha otpeske [0,1].

a) K(x,t) =xt;

b) K(x,t)=x%t?
%x(z —t), x <t,

C) “K(x,t)= {

%t(Z -x), x =t

—/xtln(t) ,x <'t,

)" Kt = {—\/Rln(x),x > ¢,

1.2.3. Metoa Kesutora
[Tycts K(x,t) — CHMMETPUYHOE SJIPO, KOTOPOE JJIsI ONPEACICHHOCTH OyaemM
CUUTATh TOJOKUTEIHLHO ONMPEACICHHBIM, U TYCTh @ (X) — MPOU3BOJIbHAS (DYHKIIHS U3
L, (a,b). Ctpoum nocnenoBareabHOCTh GyHKIHit (1.23):

w () = [)K(x Hwb)dt,
16



b

05 (%) = f K (x, )y (O)dt,

a

b

w,(x) = [, K(x, )w,_1(t)dt, (1.23)

U paccMaTpHUBAaEeM YHCIIOBYIO IMOCIIEI0BATEIbHOCTS (1.24)

IIwn—1II}

— . 1.24
{ llwnl| ( )
[ycts  @1(x),p,(x),...— OPTOHOPMHUPOBAHHBIC COOCTBEHHBIE  (YHKIHH
sapa K (x,t) u 44 < A, < -+ — COOTBETCTBYIOIIME XapaKTEPUCTHUECKHE YHCIIA.

ITycts manee ¢ynkuus w(x) opTroroHansbHa K GYHKIHIM @q(X), @, (x), ... 1 (x),
HO HE OPTOTOHAJbHA K COOCTBEHHOH (QyHKIMH @ (x). Torma mociuenoBaTeibHOCTb
(1.23) umeet cBOMM TIpeenioM K- XapakTepucTHIECKOe YHCIO Aj.
[TocnenoBarenbHOCTh PyHKINH {W, (X)/||Wwn—1(X)]|} cxomuTcs B 3TOM cityuae
K HEKOTOpOll (YHKUMH, SBISIOLIEHCS JUHEHHOM KOMOMHAUued COOCTBEHHBIX
dbyHKIMI, oTBeUaroleil xapakrepuctauueckomy duciy A,. K tomy xe npenery, 94To

U TI0CJIeT0BaTeNbHOCTH (1.24), cxoauTcs mocieaopareabHocTh (1.25):

1

- (1.25)
[lownl|
Ecmu  (w, ;) # 0,  nDomydaem [Be NpHOMMKEHHBIC (DOPMYIBI IS

HaNMMCHBUIICTO XapaKTCPUCTHUICCKOI'O YHCJIa:

- llwn-1ll ~ 1
1~ lenmill Ao~ ——

7
Hwn” n ||wn||

[puuem mepBas Gpopmyia naet 3HaueHue A, ¢ u3dbitkoM. Eciu siapo K (x, t)
HE SBJSCTCS TOJIOXHUTEIBHO oOmpeaeacHHbM, To (opmyasl (1.24), (1.25) naror
3HaYEHUE HaMMEHbIIeH aOCONIOTHOM BETUYMHBI XapaKTEpPUCTUYECKOTO YHUCIIa
nanHoro sijpa. [Ipu ynaunom Beibope w(x) metoa Kemora cpaBHUTENBHO MPOCT IS
BBIYMCIICHUN.

Henocratok metoga B TOM, 4YTO 3apaHee HE H3BECTHO, KakKoe W3

XApaKTCPHUCTUICCKUX YUCCIT YIaJI0Ch OIIPECACIINTD.

17



Ipumep 1.5

ITo MCTOAY Kennora BbIYMCIUTH HaMMEHBIIICE XapaKTCPUCTUICCKOC YHUCIIO

aapa K (x,t) = x%t%, 0 <x,t <1

Pemenune

Bosemem w(x) = x. Torma

1
2

X
wq(x) = fxztztdt =7
0

Y24
t

X 1 5
a)z(x)zj 2 dtzgx,

0

2 1 1
w3 (x) = jﬁxzt“ dt=4.53x2,
0

1
wy,(x) = ye= x2.

Hanee

1 1 . 1
||(1)n(X)|| = Z sn-1 jx dx = W
0

Taxum obpazom, corsiacHo (1.24)

3aoanue 1.6
I[Io wmerony Kemnora HaWTH HaWMMEHBIIUE XAPAKTEPUCTUUYECKHUE

CIICAYIOIIMX SIIEP:
a) LK(x,t)=xt; 0 <x,t <1,
b) 2.K(x,t) =sinxsint; —m <x,t <

t, x =2t

< < 1.
X, x <t 0=sxt=1

c) 3.K(x,t) = {

18
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2. JJabopaTopHbIii MPAKTHKYM

2.1. JlaGopaTopHas padora Nell
Pemienue kpaeBbix 3a1a4. MeToabl KOJLIOKALIMH,
HAMMEeHbIIUX KBaApaToB U ['ajiepkuna

Hean padoTsI:

® 3yYUTh METOAbl KOJUIOKAIMM, HAUMEHBIIMX KBaJapaToB u [anepkuHa,
COCTAaBUTh AJITOPUTMBI METOJIOB U MPOrpaMMbl UX peau3aliid, COCTaBUTh aJITOPUTM
pellIeHusT KPaeBbIX 3a7ad YKa3aHHBIMUA METOJaMU, MPUMEHUMBIMU I OpraHu3aluu
BeIunciacHu Ha [I9BM;

® COCTAaBUTh MPOrpaMMy peIIeHHs KpaeBbIX 3a7a4 - I10 pa3paboTaHHBIM
aJTOpUTMaM;

® BBINOJHUTH TECTOBbIE MPUMEPHI U MPOBEPUTH  MPABUIBHOCTH PaOOTHI
MIPOrpamMM.

¢ JIO0JYYUTDb YHUCIICHHOC PCHICHUC BaHaHHOﬁ KpaeBoﬁ 3aJa4H.

KpaTkue Teopernyeckne cBe1eHHs

Bynem paccmarpuBath quddepeHiinaisHoe ypaBHEHHE BTOPOro mopsiaka [3].
Y Y + a0y = £ (), (2.1)
rae p(x), q(x), f(x) — 3aJaHHBIC HEMPEPHIBHBIE HA OTpe3Ke [a, b] pyukuum.
Hamomuum, uro 3amaua Komm mis ypaBuenust (2.1) CBOAMTCSA K HaXOKICHHIO

peleHus y(x), yIOBIETBOPSIOLIETO HAYAIBHBIM YCIOBUSAM:

{wm=A
y(@=A.

Kpaesoii  3a0aueiri Ha3zpiBaeTCs  3ajaya  HAXOXKIEHUS  PEIICHUS  y(x),

YAOBJICTBOPAIOIICTO 'PAHUYHBIM YCIIOBUSAM!

{W®=A
y(b) = B.

KpaeBas 3amaua otnuuaercs oT 3amaunm Komm HempeackazyeMocThio. Ee
pelIeHue MOXKET CYIIECTBOBaTh, HE CYIIECTBOBATh, OBITh CIMHCTBECHHBIM, MOMET
OBITh OECKOHEYHO MHOTO PEIICHUM.
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Yacto BMECTO TpaHUYHBIX YCJIOBUW HCIONB3YIOT OOOOIICHHBIE TPaHUYHBIC

YCIJIOBHSL:

{aly(a) +By'(@)=A,
a,y(b)+B,Y'(b)=B.

['pannuHbIe YCIOBUS HA3BIBAIOTCSA 00HOpoOHbIMu, ecn A = B = 0.

CoOTBETCTBEHHO, KpaeBas 3ajauya Ha3bIBACTCS OOHOPOOHOU, €CIU 'y Hee
OJIHOPOJIHbIE TPAaHUYHBIC YCIOBUS U TMpaBas 4yacTh ypaBHEHUs f(x)=0. Caeayromas
TeopeMa UMEET BaXKHOE TEOPETUYECKOE 3HAYCHUE.

Teopema. KpaeBas 3amaua uMeeT pelieHUE, NMPUYEM E€IUHCTBEHHOE TOrJa U
TOJIBKO TOTJa, KOIZJa COOTBETCTBYIOIAs € OJHOpPOAHAs KpaeBas HMMEET TOJIBKO
HYJIEBOE pEIICHHUE (TPUBUAILHOE PELIEHUE OJTHOPOIHON KpaeBoil 3aauH).

Cnoco0blI penieHnsi KpaeBou 3a1a4u

[TockonbKy JOCTATOYHO XOPOIIMX AHAIUTHYECKUX METOAOB HET, TO JJIA

OTBHICKAHHSI PEIIEHUs KpPAaeBOW 3a/auyd UCHOJB3YIOTCS NPUOIUKEHHBIE METOBI.

[TpubMKeHHOE PEIICHUE CTPOAT B BHJIC IMHCHHOM KoMOMHAIMK GyHKIuUit [4]:
Yn (x) :(DO(X)‘l'al@l(X)+---+an§0n(x) ) (2.2)

rne  ¢,(X) ynoenerBopser rpaHudyHOMY YcioBuio, a ¢yHKuuH @ (X),...0,(X) —

JWHEWHO He3aBUCUMBI Ha [a, D] u ymommerBopstOT OTHOPOIAHBIM T'PAHUYHBIM
YCIIOBUSIM.

Takas cumcremMa OBaxAbl HENpepbIBHO U depeHnupyeMbiXx  (QyHKIMMA

%(X),(Dl(x),---,(on (X) masbBaeTcs 6asucHoll cucmemoil. 3amada CBOIUTCI K BBIOOPY

ko3pdunnmeHTos  a;,...,a,, TaKuX, UTOObl (QyHKIUA Yn(X) ymOBIETBOpsIIA

IPaHUYHOMY YCJIOBHIO U ObljIa B HEKOTOPOM CMBICIIE€ OJIM3KOM K TOYHOMY PELLIECHUIO.
[ToncraBum npubmmkenHoe pemienue (2.2) B ypaBHenue (2.1). Ilomyuennoe

BBIPAJKEHUE
w(X,8y,,2,) = Yy (X) + p(X) Y, (X) +a(X) Y, (X) = F(X) (2.3)
HA3BIBAIOT HeBA3KOH. OueBnaHO, uTto ecmu 061 ¥(X,8;,..,8,)=0, 1o yn(X) 6bLIO GBI

TOYHBIM pemeHueM. K cokaneHuto, Tak ObIBaeT odeHb peako. CremoBaTenbHO,
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HE0OX0MMMO BBEIOpaTh KOAGOUIIMEHTHI TakKUM O0O0pa3oM, 4TOOBI HEBsI3Ka ObuTa B

HCKOTOPOM CMBICJIC MUHUMAaJIbHOM.

Metoa KoJL10KALUI
Ha otpeske [a, b] BeiOmparorcs touku  X,...X,€[ab] (n>m), xoropsie
Ha3bIBAIOTCS TOYKAMH  KOJUTOKAmMW. TOYKM  KOJUIOKAIMM  TTOCIIEIOBATEIBHO
MOJICTABIIAIOTCS B HEBA3KY. CUHMTas, UTO HEBS3KA IOJKHA OBITh paBHA HYJIIO B TOYKAX
KOJUIOKAllMU, B HWTOre IOJydyaeM CHUCTEMY YPaBHCHUH JUIS |~ ONpEACICHHS
KOA(PGUITUEHTOB &;,..., &, .

l//(Xl,al,,an) :0,

v (X, 8y,-.,8,) =0.
O6piyHO M = n. [lomywaercs cucremMa W3 N JIUMHEHHBIX ypaBHEHUH C N
Hewn3BeCTHbIME (K03 dunmenramu a,...,a, ):

I//(Xl,al,,an) :O,

v (X, 8y,...,a,) =0.

Pemrast Ty cucremy, HaiineM npubmmkeHHOe perieHue Yn(X). st moBbImeHus
TOYHOCTH pacIIUpsieM cucTeMy 0a3ucHbIX QyHKIMI. B 3HaUNTENBHOM CTEIIEHU yCTeX
B IPUMEHEHUHN METO/1a 3aBUCUT OT YAAYHOI'O BbIOOpa Oa3UCHON CUCTEMBI.

TectoBblii npumep 2.1

IIycth

Yy + @+ x?)y=-1, —1<x<1,

y(-)=0, y@=0.

Bribepem 6a3ucHyro cuctemy:
20 (x) =0,
@ (X) =1- x?,
@,(X) = x*(1-x?).

¢ _ 1 y
[TockosbKy P =2 #COoNst | ()yHKLIUNU ¢, (x) U ¢,(x) JTUHEHHO HE3aBUCUMBI.
2
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Ctpoum npuOIMKEHHOE PEIICHUE

Y,(X) = a,(1-X*) +2,(x" - x%).

BI)I6€p€M TOYKH KOJIJIOKAIIhH:

1
Xl:_? X, =0, x3:§.

[TonyyaeMm cucteMy ypaBHEHUM:

1 &, a —Ea +£a -1=0
V2% ) e e
w(0,8,8,)=a —2a, -1=0,

1aa —£a+§a -1=0
V05 dd 16 1 " 64 %2 .

Pemras ee, nomyuum

y,(X) =0957(1- x*) —0,022(x* — x*).,

MeTtoa HauMenbmux kBajgapaTos (MHK)
1. Unrerpanbubiii MHK. Kak u ‘B Merone KoJulokanui, MpuOIMKEHHOE
penieHre cTpouTcs o 0asucHou cucteme. Ho g HaxoxieHns Ko3pPpuuueHToB npu

0a3MCHBIX (PYHKIMAX MUHUMH3UPYETCS MHTErpall OT KBajpaTa HEBs3KH [5]:
b
1(@,n8,) = [17 (X, 8y,....a,)d. (2.4)

Jmd  HaxoXICHUs MHWHHMyMa WHTErpaia I(a,...a,) BBEHCITIEM TIEPBHIC

IIPOM3BOJIHBIE OT MHTETpaja IO IapaMeTpaM M, NPUPABHUBAS HX HYIIO, CTPOUM

CHUCTEMY HOPMAJIbHBIX YPABHEHUMU:

b
ol oy(x,ay,....a,)
—=2 y Ay @y ) ————— = dx =0,
oy _Z[l//(x ap,.dp) o8 X
b
o oy(x,ay,....,ay) ,
a—le(x,al,...,an)de—O. (25)

Pemas ee, Haxogum a,,..., 4, .

22



2. Juckpernsiii MHK. Bribupatror N>n Toyek u pemaroT 3amady

MHUHUMHA3AHUHA CYMMBI.

N
S=>wi(X,a,..a,) > min,

i=1

Jl1s1 ee penieHust CTpOUTCSL CUCTEMA HOPMAJIbHBIX YPABHEHUM:

s _,
da,
Sy
da,
TecToBbIii puMep 2.2
PaccMmoTtpum kpaeByto 3a1ady
V' +(1+x°)y=-1, ~1<x<],
y(=1)=0,
y(@)=0.
Bribepem 6a3ucHyio cuctemy:
2 (x) =0,
¢1(X) =1- X2 )

2 2
?,(X) =x"1-x°).
[TpuMeHss METO/] HAMMEHBIINX KBAPATOB, MOKHO HAlTH

¥, (X) =0,985(1- x*) - 0,078(x* - x*).

Metoa I'asiepkuna

[To 6a3ucHOM crucTeMe BHOBb CTPOMM MPUOIMKEHHOE PEIICHHUE B BUE
yn (X) = (00 (X) + algol(x) ..t an(on (X) .
PaccmaTtpuBaem HEBsIZKY ¥ (X,a;,..,8,) w s onpeneneHuss Kod(QPUIIUMEHTOB

npu 0a3UCHBIX (QYHKUUSIX CTPOUM CUCTEMY
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Pemas nannyro cucteMy, HAXOJUM 3HA4YEHUE aj,..., Q.

TecToBbIii MpuMep 2.3

PaccmoTtpum kpaeBylo 3a1auy

y'+y=X 0<x<],
y(0)=y(@) =0
Bo3bMmem
Dy = 01
@ (X) =X (1-Xx), i=1,2,.

Torna, mpuMenss Meron 1 anepkuna, noryaum

5
Y (x¥)=7oX(x 1),

71 7
X) = — x(L—X) +—x>(1— x).
Y, (X) 369 @—x) a1 (1-x)
CpaBHMM 3HA4YEHHSI TOYHOI'O PEIICHUS Y(X) CO 3HAYCHHUSAMU MPUOTHMKESHHBIX

pelIeHun yl(x) u Y, (X) B OTJICJILHBIX TOUYKaX.

Xi | Y pyax) | ya%)
0,25 | 0,044 | 0,052 | 0,044
0,5 |0,07 |0,069 | 0,062
0,75 | 0,06 |0,052 | 0,06

3AJIAHME K JIABOPATOPHOI PABOTE Nell

Metonamu kosutokauuii, ['aepkuHa, MHTErpajibHBIM U TUCKPETHBIM METOJIaMHU
HAUMEHBIIMX KBAJIPATOB MOJYYNUTh YUCIECHHOE PEIICHUE KPAeBOW 3a/1auu:
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ay” +(L+bx?)y=-1, —1<x<1.
HMcxonHbie T1aHHBIE:
a=sin(k),b =cos(k),

rjie K — Homep BapHuaHTa.

bazucHyto cucteMy BeIOpaTh B BUJIE

@, =0,
o (X)=x' 1-x7), i=1 2, ..
I'pannunbIC YCIOBUA:
y(@) =0.
KOHTPOJIBHBIE BOITPOCHI

1. TlocranoBka kpaeBoi JuHelHOM 3anauu 11 O[Y BTOporo nopsiaka.
2. KpaeBble yclioBuUs MEPBOTro, BTOPOTro, TPETHETo poJia.
3. Meroa ctpennObl 1151 HEMTUHEHHON KpaeBoi 3a1auH.

4. Bapuarmonnble MeTobl (PuTIia, HaMMEHBININX KBAApaToB, [aepkuHa).



2.2. JlabopaTopHasi pabora Nel?
Pemienne kpaeBbIX 32124 METOI0M PA3HOCTHBIX ANINPOKCUMALUI

eab padoThI:

® W3y4YUTh METOJ PA3HOCTHBIX ANMNPOKCHUMALIHMI, COCTABUThH aIrOPUTM METO/A
U IpOorpaMMy HX peajii3alvd, MOJyYUTh YMCICHHOE PELICHHME 3aJaHHOM KpaeBOu
3a]1a4H;

® COCTaBUTh AJITOPUTM PELICHHS KpAeBbIX 3a/lay YKa3aHHbIMU METOJaMH,
MIPUMEHUMBIMU JJIs1 OpraHu3anuu Beluucienuii Ha [I9BM;

® COCTaBUTh IPOTpaMMy pELIEHUS KpaeBbIX 3ajad 10 pa3paboTaHHOMY
JITOPUTMY;

® BBIIOJHUTH TECTOBbIE MPUMEPBl M MPOBEPUTH NPABUIBHOCTH PaOOTHI

Mporpamm.

KpaTkue TeopeTHyeckue CBeIeHUsI
Pa3HOCTHBIN MeTO peleHusl KpaeBbIX 3a1a4

PaccmoTpum kpaeByro 3a1auy

y'=f(x YY), xelahb],

y(a)= A, (2.6)
y(b) = B.
Pazo0bem oTpe3ok [a, b] Ha N oAMHAKOBBIX YaCTEH ¢ MIArOM h = b-a roukamu:
n
a=X, <X <..<X,=b,
3aMEeHUM IIPOU3BOIHBIC Ha PA3HOCTHBIC OTHOIIICHUS:
' Y — Yk
X, )~ 2l Tk
(%)==
yu(xk) ~ yk+l — 2hy2k + ykfl , k :1’ n _1’
rae Y, = Y(Xk)-
[Mosryunm jy1st 1000T0 BHYTpeHHEro y3i1a X, , kK =1,n-1 ypaBHenue
Yir = 2¥i + Vi Yir = Vi
k+l h2k kl:f(xwyk’ k12h klj 2.7)
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" I TPAaHUYHBIX Y3JI0B

yOZA' yn:B'

To ects MbI UMeeM cuctemy u3 (N+1) ypaBuenwuii ¢ (N+1) neusBectHeiMU Y, . Ee
pelieHre 1aeT HaM NMpUOIMKEHHOE PElICHUE KpaeBoi 3aauu. PaccMoTpuM yacTHBIN
CJy4Yay JJMHEWHOW KpacBOM 3a/1a4H:

y" = p()y = f (), p(x) >0, a<x<b, (2.8)
y@=A |, y(b) =B

B stoMm ciydae nonyyaem

-2y, +
Yer 2Rt p(x )y, = %), k=1n-1 (2.9)

yOZA' yn:B'

Homuoxast (2.9) Ha h?, MONyYNM TPEXIUArOHAIBHYIO CHUCTEMY JIMHEHHBIX

YPaBHEHUM !

yk—l_(2+h2p(xk))yk +yk+1:h2f(xk), k=1n-1,

B KOTOPOH BBHIMIOJIHEHO YCIOBUE NMPE0OIaiaHus JUaroHaIbHBIX AJIEMEHTOB!

2+ p(x,)>1+1.

Takast cuctema JIerko pemacTCsa MCTOAOM IIPOI'OHKH.

3AJIAHME K JIABOPATOPHOM PABOTE Nel2

3agaya 1. CocTaBUTh PAa3HOCTHYIO CXEMY W IOJYYHUTh YUCIEHHOE DPEIICHUE
KPaeBoi 3a/{auy ¢ TOYHOCTHIO 10 1073
ay” + (1+bx?)y =—1, —1<x<1,
Hcxonupie faHHBIC:
a =sin(k),b =cos(k),
riae K — Homep BapuaHTa.

['pannyHbIe yCIOBHS BBIOPATh OJTHOPOIHBIMHU:

y(-1) =0,
y()=0.

27



3agaya 2. Haiitu npuOmbkeHHOE peElIeHHe KpaeBOM 3alayd METOAOM

KOHEYHBIX Pa3HOCTEMU:

u”+ p(xu'+g(x)u= f(x), xe(ab),
{u(a):UA, u(b)=UB

C 3aJlaHHOM TOYHOCTBIO ¢ W MOCTPOMUTH €ro rpapuk. VcxonHble TaHHbIE YKa3aHbI B
Tabm. 2.1.
HOPAAOK PEHIEHUSA

1. CocTaBUTh Pa3HOCTHYIO CXEMY BTOPOTO MOPSAIKAa TOYHOCTH U BBIMHCATH
KOA(PPUIUEHTHl MATPHULbl CUCTEMBI YpaBHEHUHN U KOA()(PULIMEHTHI TPaBOM YacTH.

2. I1oATOTOBUATH TECTOBBIM NMPUMEP W MPOBECTU pacyeT s Hero. Iloctpouts
Ha OJHOM uepTexe TpaduKy NPUOIMKEHHOTO W TOYHOI'O PELICHUM Uil TECTOBOIO
npumepa. [locie npoBepku NpaBUIBHOCTH PAaOOTHI HPOrPaMMBbI IEPEUTH K PELLICHUIO
OCHOBHOM 3aJa4H.

3. 1 OTBICKAaHMs pEIIEHUs 3aJadd ¢ 3aJaHHOM TOYHOCTBIO IPOU3BECTH
pacueT ¢ HavyaJbHBIM marom h, 3aTeM yMEHBIIHUTH IIar BABOS. BrIBecTH Ha DKpaH aBa
COCETHUX MPUOJMKEHHBIX pELICHUs W CpPaBHUTh pe3ynbTaThl. Ecnm 3amaHHas
TOYHOCTb HE JOCTUTHYTA, TO MPOLOJLKUTE YMEHBIICHUE 111ara.

4. TloctpouTh rpaduk HAWACHHOTO pPEIICHUS W yKa3aTh IIAr, IpU KOTOPOM

3aJaHHas TOYHOCTb AOCTUIaCTCA.

3agaya 3. METOIOM KOHEYHBIX PAa3HOCTEH HAWTH MPHUOIMKEHHOE PEIIeHHe
yKa3aHHOW B WHIMBHMIyaJbHOM BapHaHTe KpaeBod 3amaun (cM. Tabm. 2.4) C
TOYHOCTBIO & (Tabi. 2.2) u mocTpouth ero rpaduk. Pemenne cuctemMpl pa3HOCTHBIX
YpPaBHEHUU HAWTH, UCTIOJIB3YsI METOJI IIPOTOHKH.
HOPAJOK PEHIEHUSA

1. Hcnons30BaTh pa3HOCTHYIO CXEMYy BTOpPOTO TNoOpsaKa ToyHOCTH. Jis
anIpoOKCUMAalUU TMPOU3BOJHBIX B TIPAaHUYHBIX YCIIOBHAX BOCIIOJIb30BaThCS

Pa3HOCTHBIMH OTHOIICHUSMMU:

' __y2+4y1_3y0 ' _3yn_4yn—1+yn—2
Yom = mo Y= 2h '
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2.

OpranuzoBaThb

KOMIIAaKTHO€

XpaHEHHe

HCHYJICBBIX

TPEXAUArOHAJIbBHOW MATPHUIBI CHCTEMBI Pa3HOCTHBIX YPaBHEHUM.

JJICMCHTOB

3. HOI[I‘OTOBI/ITI) CaMOCTOSITEJIBHO TE€CTOBBIM INpuUMEP U IPOBECTHU PACUHCT IJIA

Hero. [loctpouts Ha oTHOM YepTexe rpaduKy MPUOIUKEHHOTO U TOYHOTO PEIICHUN

JUIsi TecToBoro mnpumepa. [locie mpoBepkH MPaBUIBHOCTH PabOThI MPOTPamMMbI

HepeﬁTH K PCIICHUIO OCHOBHOM 3aJa4H.

3agaua 4. MeTo/loOM KOHEUHBIX PAa3HOCTEW HAWTH MPUOIMKEHHOE PEIICHHE

KpaeBOM 3aJaud C TpeMs BEPHBIMH 3HaYamuMu Iudpamu. PemieHne  cucteMsl

Pa3HOCTHBIX ypaBHeHI/Iﬁ HaﬁTH, HUCIIOJIB3yA MCETOA IIPOT'OHKH. I/ICXOI[HBIC JaHHBIC

yKa3zaHsbl B Ta01. 2.3.

—(k(x)u)'+qg(x)u= f(x), xe(a,b),

—k(a)u’(a)+0.5u(a) =0,
k(b)u’(b) +0.5u(b) =0.

HOPAAOK PELIEHUSA

1. Ucnonb30BaTh Pa3HOCTHYIO CXEMY BTOPOIO MOPSIKa TOUHOCTH.

2. [lpu anmpokcumari IPOX3BOIHBIX B TPAHUYHBIX YCJIOBHUSX MCIOJIH30BAThH

MmeTon Oaanca.

Taomuma 2.1
Tabdauma ncXoaHBIX JAHHBIX K 3aga4e 2
Homep p(x) q(x) f(x) al|b | Ua Us 3
3aJaHUA
2.2.1 0.5+sin2 x | 21+ X2) 10(1+sin2 X) 012 |0 4 0.02
2.2.3 e_(x2+1) 10@+e ™) eZ'SX(O.5 i X) 011 |4 0 0.03
2.2.4 e—2x 16/(1+ X2) g3x (2- X2) 0111 3 0.05
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[Tponomkenne tadm. 2.1

Homep p(x) q(x) f(x) b Ua| Us g
3aaHUs
225 In(1+ x) 10/ + x) X+ 9/(1+ x) 2 5 0 0.01
2.2.6 COSZ(X) 10 g 0-5x 12- X2) 2 3 |0 0.05
1+sin?(x)
2.2.7 In(L+ x?) e X@B+x%) | §—x? 2 |4 |0 0.01
2.2.8 1+ COSZ(X) X2 11 (x? +1) cos(x) 3 1 14 0.05
2.2.9 0_5(1_5_)(2) eX(4_ X) 5X2e—x 2 0 |35 0.02
2.2.10 sin(2x) 8(1+sin? x) 10cos x 3 |0 |0 0.05
2.2.11 0_25(1_)(2) 5(1+COSZ(X) 15cos x 2 0 |4 0.02
2.2.12 —0.5+sinx 8 5(1— XZ) 2 0 |0 0.01
1+ 0.25x>

2.2.13 sin(x—2) | 5(x+1/x) |8 3 |0 |5 0.04
2.2.14 11+ X2) 10— x gl-5x 1+ X2) 2 0 |5 0.05
2.2.15 056~ 10(1+sin2 X) 12 1 -1 |4 0.02
2.2.16 0_5(1_0.4)(2) e X 9+ X) 10sin X 150 |4 0.03
2.2.18 0.41+ x2 4@+ x?) 20e™ % 2510 |0 0.05
2.2.19 03Ja_x2 | 5@+>x* 8e?>x 2 |-1 |3 0.1
2.2.20 0.5/(L+x%) | 7(L+sin?x) | 20/(1+0.5%%) 1512 |-1 0.005
2.2.21 sSin X 41+ x?) 6e%>x 2 0 |5 0.05
2.2.22 sin x 61+ x2 7(L+sin? x) 2 |0 |0 0.05
22.23 | cos() 5(L+cos’x) |10/(1+05x%) [0 |15 |5 |0 1005
2.2.24 cos(X) 51 +sin?x) | 4e05% 2 0 |4 0.02
2.2.25 e—x 8(1+sin?x) | 20— x2 3 0 0 0.01
2.2.26 0.5e* 5(1+sin®x) | 5e -5 1 1 |4 0.02
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Okonuanue tadim. 2.1

Homep p(X) q(x) f(x) a| b |Ua| Us g
3a/1aHust
2221 |2/a+x) | 2-X e arx?) |02 |2 |5 0.05
2.2.28 In(L+ x) 5/(1+ x) 5/(1+ x) 012 |5 |0 0.05
2.2.29 5sin x 51+ x*) 50.5% 02 |0 |5 0.2
2230 |osvirx® |51+x?) | 108~ 0250 |0 0.2
Ta0omuna 2.2
Tabéanua UCXOAHBIX JaHHBIX K 3a7a4e 3
Homep 3amaya E Homep 3amaua &
3a/1aHus] 3a/1aHus
2.3.1 u"—xu'+0.2u=x+1 0.04 2311 U+ U +2xu = x* +1 0.03
u(0.9) —0.5u'(0.9) = 2 u(0.3) +0.5u'(0.3) =3
u(2.9) =1 u(2.7) =1
2.3.2 u"—0.5xu"+u=2 0.05)2.3.12 u”—Xu = 2x 0.01
u(0.4)=1.2 u(l.5)—2u'(L.5) = 4.5
u@@.4)+2u’'(1.4)=3.2 u'(3.5)=3
u”—0.5u"+0.5xu = 2x 0.05}2.3.13 u”+xu’ —u=x 0.01
2.3.3 u'(l) =0.5 u'(3) =6
2u(3)—u'(3) =2 u(4) +u'(4) =2
2.3.4 u”—xu'+2xu=2.8 0.07 | 2.3.14 u"—u'/ x+u=2x 0.05
u(.2)-0.2u'(2.2) =0.2 u(.5)+0.5u'1.5) =15
u(2.2)=4 u'(45)=5
2.3.5 u”—u' +2x%u=x+1 0.01|2.3.15 u"—xu’ +2xu=x2+1 | 0.03
u.3) =1 u(l.2) +10u'(1.2) = 2.2
u(2.4) +u'(2.4) =3.2 u(3.6) =1
2.3.6 u"—3u’+8xu=8 0.1 | 2316 u”+u' —xu=2 0.02
u(1.8) —0.5u'(1.8) = 2 u() +0.5u'(1) = 2
u@.8)=5 u(4) =4
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Okonyanue tadmn. 2.2

Howmep 3anaua & Howmep 3anaua &
3adaHUsA 3alaHuA
2.3.7 u”—4xu’'+5u = 2x 0.07 | 2.3.17 U”—COS(XZ)U —2x+1 10.02
u'(2)=0 u'()—3u@) =1
u(4)—3u'(4) =2 u(3) =10
2.3.8 u”—6xu’+0.5u=-3 0.03]2.3.18 u”—5u =e* 0.2
u(2.2)+0.10'(2.2) =0.2 u'(2) =0
u'(4.2) =4 u(d) =2
2.3.9 u”—-1.5u"-5xu=0.5 0.05]2.3.19 u"+2u' -15xu=2/x 0.1
2u(1.3)—0.5u'(1.3) =1 u'(0.8)=1
u(3.9)=4 u(3.8) +2u'(3.8) =1
2.3.10 u"=3u'/x+xu=3 0.03]2.3.20 u"—u'/4+2u/x=x/2 | 0.03
u’'(0.7) =0.2 1.5u(1.3)—u’(1.3)=0.6
u’(3.6) +20u(3.6) = 4 u(2.6) =2
Tabmuma 2.3
Tadauma HCXOAHBIX JAHHBIX K 3aja4e 4
Homep | a b c k(x) q (x) f (x)
afaHus a<x<c | c<x<b | a<x<c | c<x<b
2.4.1 15 |1.125]0.5 1.4 3.2 8.5 8x2(2— X)
2.4.2 1.8 |1.275|04 1.4 3.2 12 8x(2 - x2)
2.4.3 20 |1515|/0.5 1.8 3.5 8.2 10x(2_5— x)
244 23 |1875|04 1.8 3.5 12.8 10x(1.2 — x?)
245 25 |1875|1.2 0.5 8.3 3.5 9/(1+0.5x?)
2.4.6 15 [1.125]0.5 1.4 3.2 8.5 8X2(2— X)
2.4.7 3.0 (187515 0.6 8.3 12 7 0-5%

32




OkoHyanwue tadim. 2.3

Homep | @ | b | c k(x) q (x) F(x)
3ajlannA a<x<c | c<x<b | a<x<c | c<x<b

2.4.8 0 |30 [1.875|15 0.6 8.3 12 705X

249 [0 |15 [0875/05 |18 (56 |85 |9x(3.5—X)
2410 |0 |15 |0.925 15 0.4 7.5 12 7e X

2411 |0 1.7 092518 0.4 7.0 12 8x/(2+x°)
2.4.12 2 1.125]1.8 0.6 6.5 7.8 8x(2.5=x)
2.4.13 22 [1.125|0.5 1.8 3.5 7.8 10x?(2.5— x)
2414 |0 |25 |1.515/0.3 1.8 3.5 8.3 10x(1.5—-0.3x%)
2415 [0 [27 |1815(05 |12 [56 123 |ox+1/1+x3)
2416 (0 |3 1.815 0.3 1.2 5.6 2 9%(3.5—Xx)
2417 |0 |15 |0.875/0.5 1.8 5.6 8.5 9x%(3.5—X)
2418 |0 |18 [1.215|04 1.2 3.2 8.5 8X%(2 — x)
2419 |0 |2 121504 1.5 3.2 12 8x(1.5—0.5x%)
2420 |0 23 |1.725/0.5 1.2 3.5 8.2 10x(2.5—x)
2421 (0 |25 [1.725[05 1.5 3.5 12.08 10x(l.3—0.2x2)
2422 [0 |28 |1725|15 |04 (83 [35 |ggx

2423 |0 (3.0 (2015 15 0.5 8.3 2.8 8/(1+ x?)
2424 [0 |15 1092512 04 |83 12 7(x+1/(x+0.5))
2425 |0 |17 10.925|1.2 0.5 7.5 12 7~

2426 |0 |20 |1.215 /18 0.4 7.0 12 8x(2.5-x)
2427 |0 |22 |1215 |18 0.5 6.5 12 8x(1.5+0.2x%)
2428 |0 |25 |[1515/0.3 1.8 3.5 8.3 10X(1_5_0_3x2)
2429 |0 |2 121504 1.5 3.2 12 8x(1.5—0.5x2)
2430 |0 |23 |[1.725|05 1.2 35 8.2 10x(2.5-x)
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Tabmuna 2.4

BapuanTtsl 3anaHuii k 1ad6opaTtopHoii padore Nel?

34

av} av}
= = :
s BrinonHsiemble s BrinonHsemsble s BrinonHsembie
o, o
2 3a1aHUs 2 3a7a4u % 3aaHns
) ) -
0]
= = =
S S S
aw an aw
1 | 221, 231,24.1|11 |2.211, 23.6,24.11 |21 |2.2.11,2.3.21, 24.21
2 | 223,232,24.2 |12 (2212, 23.6,2.4.12 |22 |2.3.22, 2.3.12,2.4.22
3 1223, 233, 243 |13 |2.2.7,2.4.13, 2.3.13 |23 |2.3.23, 2.2.12,2.4.23
4 1224, 232,244, |14 |2.2.14, 23.7,2.4.14 |24 | 2.2.24, 2.3.12,2.4.24
5 225, 223,245 |15 |2.2.15, 23.8,24.15|25 |2.3.25, 2.2.13,2.4.25
6 |226, 233,246 |16 |2.216, 2.3.8,2.4.16 |26 |2.2.26, 2.3.13,2.4.26
7 237,224,247 |17 |23.17, 2.2.9,24.17 |27 |2.3.27, 2.2.14,2.4.27
8 (228, 234,248 |18 |2.2.18,2.3.9,2.4.18 |28 |2.2.28, 2.3.14,2.4.28
9 1239, 225,249 |19 |2319, 22.2,2.4.19 |29 |2.2.29, 2.3.15,2.4.29
10 | 2.2.2, 2.35,24.2 |20 |2.2.20, 2.3.2,2.4.20 | 30 |2.2.30, 2.3.15, 2.4.30
KOHTPOJIBHBIE BOITPOCBHI
1. TlocraHoBka kpaeBoi JmHEHOM 3amaun 111 OJ[Y BTOporo mopsaka.
2. KpaeBble yclioBHS IEPBOTO, BTOPOTO, TPETHETO POJA.
3. Tlopsaku TOYHOCTH PA3HOCTHBIX CXEM.
4. Metog NPOTrOHKH.
5. Yem otrmyaoTca qoopMyimpoBkn 3aaa4mn KoLum 1 Kpaesou 3gaaim?




JlaGopaTopnas padora Nel3
Meto/ ceTOK pelieHUs] OJHOMEPHOI0 HECTAIIMOHAPHOI0 YPABHEHUSI

TCILIONMPOBOAHOCTH

eab padoThI:

® U3YyYWTh METOJ  PA3HOCTHBIX  AaNIpOKCUMALMK i1  ypaBHEHUSA
TEIUIONPOBOIHOCTH;

® COCTaBUTh AJITOPUTMBI PEUICHUS YPABHEHHUS TEIJIONPOBOAHOCTH METOAOM
CETOK, IPUMEHUMBIM JIJIsI OpTaHU3AIMU BbIUuHUCIeHUN Ha [I9BM;

® COCTaBUTh MPOTPpaMMbl PELICHHUS YPABHEHHS TEIVIOOPOBOAHOCTH IO
pa3paboOTaHHBIM AITOPUTMAM;

® BBIMNOJHUTh TECTOBBIE TIPUMEPhI U IIPOBEPUTH MPABHUIHLHOCTH PaOOTHI
Mporpamm;

¢ JIOJIYYUTb YHUCIICHHOC PCIICHUC 3aJaHHOTI'0 YPAaBHCHUS TCILJIOIIPOBOJHOCTH.

KpaTKne TCOPETHYECCKUE CBEICHUA

TpeOyeTcss HallTH HENPEpBIBHYIO -~ HA 3aMKHYTOM MPSIMOYIOJIbBHHKE D

dyHukmuto U(X, t), koropas Ha D' yIoBIETBOPSAET YpaBHEHHUIO TEILJIOMPOBOIHOCTH

Lusaat—“—g—i‘jz F(x.t). (2.10)
koTopoe rmpu  t = () yIOBIETBOPAET HAYAILHOMY YCIIOBHIO
u(x, 0) = s(x), (2.11)
anpu x =01 x = 1 NOMUMHAETCS KPAEBBIM YCIOBHAM
u(o0, t) = p(t), u(l,t) =q(), (2.12)

rae f(x, t), s(x), p(t), q(t) — 3amaHHBIC AOCTATOYHO IJIaaKKe (YHKIUH, TPUICM

s(0) = p(0), s(l) =qa(l).
Bamaua (2.10)—(2.12) HasbiBaeTCs cmewtannol 3adaueti, TOCKOJBKY OHa

COACPIKHUT KaK HAUYA/IbHblE YCH06UA, TAK U Kpaesvble YCHOBUA. HSBCCTHO, qTo 'y

MOCTaBJICHHOW 3a7]auu CYIIECTBYET eAMHCTBeHHOE perrenue U(x, t) [11]. Msl Oyaem
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Ipeanoiararb, 4ro 3TO pPEUIEHWE HMEET Ha 3aMKHYTOM IPSAMOYIOJIBHUKE D
HENPEPBIBHBIE YACTHBIE IPOU3BOAHBIE du/dt, d°u/at?, d*ulox?, d*ulox”.
CeTKH M HOPMBI

[Tyctb h=1/N, 7 =T/M — maru o X u t, rme N, M — HarypanpHbIC YnCa, a
X =kh, t,=vr, u/=u(x.,t,). [Tocrpoum cerxu (puc. 2.1)

o,={(X,t): k=0,1,...,N,v=0,1,..., M},

o ={(X,t): k=1,2,...,N-1, v=1,2,..., M},

o, =0\ .

CeTka @, COCTOMT U3 y3JIOB CETKH @, 0003HAUYCHHBIX Ha prc. 2.1 KpeCTHKaMHU.

OTH Y376l pPAacCIOJOKCHbBI Ha TPEX CTOPOHAX IMIPAMOYIOJBbHHKA D, Ha KOTOPBIX

!
3aJlaHbl HAYAJIbBHOC W KPACBBIC YCJIOBHA. Cetka @, COCTOHUT M3 OCTAJIbHBIX Y3JIOB

CeTKH . 3amaauM JJIsi CETOYHBIX (PYHKIMH, OMPEHENICHHBIX Ha (), W Ha @y,

CJIEIYIOLIUE HOPMBI:

Iyll, = max|yic| [y v = max]yi]. (2.13)
PazHocTHBIE CcXeMBI
BBenem pasHoCTHBIN ofepatop A:
Ay = i = 2Yk + Y _ (2.14)

h2
31ech Mo BeIpakeHHeM AY, MojpasyMeBaeTCs 3HAYEHHE CETOYHOM (YHKIMU
Ay B Touke ¢ koopaunaramu (X, L), T. e. (Ay),.

f;\.-

G W S
) S N SR
G S
R S S
) N —

Puc. 2.1
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Cko0Oku B BblpaxeHnn (2.14) omymeHsl Ui yOPOUICHHS —3aIHCH.

AHanornyHele ynpoueHuss B 3amucu OyaeM JOMyCKaTb M MPU BBEIACHHH JPYTUX

OIICPAaTOpPOB. 33.,HaILHM Ha CETKE &, TO)KI[GCTBCHHI)Iﬁ o1IcpaTop

I"y=y (2.15)
U CETOYHYIO (DYHKIIHIO
s(x), x=X%, t=0, k=1, 2,...,N-1
g =
p(tv)1 X = 01 t = tv H V = Ov 11 l M1
(2.16)
q(tv)’ X = 15 t = tv ] V = 01 11 ) M
PaccMoTpuM IBE pa3HOCTHBIC CXEMBI:
v v-1
Ly =2 ay =12, (2.17)
I"y=g, (2.18)
v v-1
Ly, = 2y A=t (2.19)
I"y=g (2.20)
3nech u nanee uHaekce kK mamensiercsa or 1 mo N-1, v =1, 2, ..., M. [11aGnoHbI

pasHOCTHBIX ypaBHeHui (2.17) u (2.19) npeacraBieHbl COOTBETCTBEHHO Ha puc. (2.2)
u (2.3).

Puc. 2.2 Puc. 2.3
O0e pasHoctHeie cxembl (2.17), (2.18) u (2.19), (2.20) na3bBarOTCS

08YXCNOUHLIMU, T. K. TIAOJOHBI PA3HOCTHBIX ypaBHeHU# (2.17) u (2.19) conmepxar

y3JIbl, JICKAIIMEC TOJBKO Ha ABYX BPEMCHHBIX C0sX — IOJAMHOXKECTBAX CCTKU @,
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oTBevaromux 3HaueHusM Bpemenn (=1 _, wu t=t . Cnoit, Haxoxsmmiics Ha

ropu3oHTaIbHON Tpsimoit (=1, HaseiBaeTCS Huotchum, a CIOW, HAXOSIIMIACST Ha
TOPU30HTAILHOW TMPSAMOW t=t,, — Gepxuum. Pa3HocTHBIe cxeMmbl (2.17), (2.18) u

(2.19), (2.20) omymyarorcs Tem, 4uto B ypaBHeHHH (2.17) omepatop A nelcTByeT Ha
HIOKHEM cJioe, a B ypaBHeHHH (2.19) omepaTop A BBIHECEH Ha BEpXHHM CIOM, H,
KpoMe Toro, 3Hauenus mpasoit wactu T, =f(X.t,) u f'=f(X.t) Gepyrcs na
pasHbIX ciosx. OrpaHUYMMCS TIOKa MPEAIOKEHHBIM (POPMATLHBIM OIMMCAHUEM JIBYX
pPa3HOCTHBIX cXeM. VX KadecTBeHHOE pa3inuue OyJeT ONMHCAaHO Jajlee B JaHHOM
nabopatopHoit padore.
ANnpoKCHUMANUS
ComocraBnsisa, ¢ onHOM cTopoHbl, nuddepeHumaibioe ypaBHenue (2.10), a, ¢

APYrOil CTOPOHBI, pa3HOCTHBIC ypaBHeHUs (2.17) w (2.19), BuguM, YTO YaCTHOM

-1
. Yo — Vi . .
l'IpOI/ISBO,Z[HOI/I Ut, oTBCHacCT paSHOCTHaH HpOI/IBBOI[Ha}I Ik Tk , 4 HaCTHOH HpOI/I3BOIIHOI/I
T

~Uy, COOTBETCTBYET PA3HOCTHAs IIPOU3BOJHAS BTOPOrO MOPSJAKA B HAMPABICHUH X,
o0pazyemasi ¢ IPOTUBOIIOJIOKHBIM 3HAKOM € TIOMOIIBIO oriepatopa A (2.14).

[Mycts u(x,t) — pemrenune 3amaun  (2.10)—(2.12). TlockonbKy YacTHBIC
IIPOM3BOAHBIE Q°u/ot> W 8'u/ox® MO NPEANONIOKEHUIO  HENPEPBIBHBI W,

CJICIOBATEIIbHO, OTPAaHUYCHHI HAa 3aMKHYTOM MPSIMOYTOJIBHHKE D, TO COTJIACHO

(2.14),
Ayz_l = _u),:x (Xk ’tv—l) + rkv ) (2-21)

u —u"

=u,(X,t, )+ P, (2.22)

rnek=1,2,..., M-I, v=1,2,...,N,

r

<ch?, ‘p,f <c,7, (2.23)
a 0,0 — HekoTOpble TMOCTOSHHBIC, HE 3aBUCSIIUE OT h,o,k,v. B CUITY
HETNPEPHIBHOCTH YAaCTHBIX MPOM3BOAHBIX Ui m U, Ha D pemenne 3amaun (2.10)—

(2.12) ynosnerBopsiet ypaBHeHuto (2.10) Ha 3aMKHYTOM MPSIMOYTOJILHUKE D .
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CremoBaTesbHO, BBITIOIHIETCS PABEHCTBO
u (%t )-ul(x.t )="f"" (2.24)
mak=1,2,...,N-l, v=1,2,...,M, 1. e, BuactHoctu, u mis {, ;=0.
Cornacuo (2.21), (2.22), (2.23) meBsizka y, pemenus U 3amaum (2.10)—(2.12)

JUTSl pa3HOCTHOTO ypaBHEeHU (2.17) nMeeT ciemyroiiee BhIpaKeHHE:

h 1 Uy — yv_l 1
v v V- v-1 V-
wh =Ly, — 7= . —+ Ay, - =

\4

=U (Xt ) + o —Ug (Xt ) + 1 — fkv_l =n +p

Ortcrona ¢ yuerom (2.23) nosrydaem

[, =max|#;|=  max max
oy, 1<v<M 1<k<N -1l

=0(h’+71). (2.25)

N+ o0
AHaJIIOTMYHO HAXOIUM
l#l,= O(h?*+7), (2.26)
rae w, — HeBsiska pemeHus U 3amaun (2.10)=(2.12) nns pa3HOCTHOTO ypaBHCHHS
(2.19).
Takum  oOpa3om, o00a pasHOCTHBIX ypaBHeHus (2.17) wu (2.19)
anmpokcumMupyrotr auddepenimaibioe ypaBHenue (2.10) ma pemenun U 3amadu

(2.10)—(2.12) co BTOpBIM MOPSAKOM TI0 N M ¢ TIEPBBIM HOPSIAKOM 10 T .

JlonoJIHUTENbHBIC. YCIOBUA, T. €. HaudalbHOe YycioBue (2.11) u kpaeBbie
ycioBus (2.12), anmpoKCUMUPYIOTCSI Ha CETKE (), C TMOMOIIbIO TOXJIECTBEHHOTO

omepatopa 1" ycnosueMm (2.18) unmm coorBercTBeHHO ycioBueM (2.20) TouHo, T. €.

HeBsi3ka petieHus U 3anaun (2.10)—(2.12) ans ycenosuit (2.18) u (2.20) paBHa HyIt0
Ha CETKE 0 .

Wtak, 06e pasHoctHbie cxembl (2.17), (2.18) u (2.19), (2.20) ¢ ToukH 3peHus
anmpokcuMaruu  3amaun  (2.10)—(2.12) o006nagar0T OAMHAKOBOW IO  MOPSAKY
OTHOCHUTENBHO N M T TrapaHTHPYEMOU TOYHOCTBIO.

BoiunciauregbHbIE AJTOPUTMBI

PaspemmB pa3sHocTHOE ypaBHeHHE (2.17) OTHOCHTENLHO Y, , TOTYYHM

39



vV Ve 2 . Ve v-1
e Ol R (2.27)

Iockomsky Yy, Ye.Yn, k=1,2,...,N-l, v=0,1,..., M wusBecrus! (oHu
3amaloTcss Ha @, yciosueM (2.18)), peurenue pasHocTHOH cxems! (2.17), (2.18)

HaxonutTces mo dopmyne (2.27) siBHO, cioi 3a cimoeM. [loaToMy pasHOCTHasI cxema
(2.17), (2.18) HasbiBaeTCs 56HOIL.

PaznoctHOe ypaBHerue (2.19) ¢ yuetom (2.14) MoxkeT ObITh 3aIMCaHO B BHUJIC
v 2 v v = _ v-1 — v
e (O A P (A (2.28)

Cornacho (2.15), (2.16), (2.20) umeem Takke

y(‘)/ :pv1 yﬁ :qv' (2'29)
Taxkum oOpazom, eciu y,f_l, k=1, 2,..., N-l, ussecrusl (B yacTHOCTH, y,? ,
k =1, 2, ..., N-l, 3amanbr ycrmoBuem (2.20)), TO IS HAXOXACHHS PEIICHHUS

pasHoctHoi cxembl (2.19), (2.20) Ha cmeayromemM V -M CJI0€ HYXHO PpEIIUThH
TPEXTOUEHYHOE PA3HOCTHOE ypaBHEHHE (2.28) ¢ KpaeBbIMH YCIOBUSAMHU NIEPBOTO pojaa
(2.29), 1. e. pa3HOCTHYIO KpaeByto 3amauy. [loaromy pa3sHocTHas cxema (2.19), (2.20)
HA3bIBAETCA HESABHOU.

JIJis1 HaXOXKACHHUS PA3HOCTHOTO PEIICHUS Ha V -M CJI0€ MOKET OBITh IPUMEHEH
METO/ MPOroHKH, [2] mockonbky mist 3amaun (2.28), (2.29) mocratouHbie yCaOBUS
BBINOJIHEHBI (POBEPHTE, MONOKUB K = J, Yy =Z;, Vi =2y, — o= F;). IIpu sTom
YUCJIO BBITIOJIHACMBIX aprU(PMETUUECKUX ACHCTBUU [JIsi HAXOXKICHUS Pa3HOCTHOTO
pelieHusi -Ha OJHOM cjoe umeer BenuunHy mnopsaka O(N), T. e. mo mopsaky
otHocuTesbHO N He OoJblle, YeM MpH NPUMEHEHWH SBHOW (Gopmynsl (2.27) s
cxemsl (2.17), (2.18).

YCTOlHYHNBOCTD M CXOAHUMOCTD

Tak kak monojHuWTeNbHBIC ycmoBus (2.11), (2.12) anmpoKCUMHPYIOTCS B
pasHOCTHBIX cxemax (2.17), (2.18) u (2.19), (2.20) Ha ceTke @, TOYHO, TO HAM OyIET

JIOCTATOYHO HCCIIE0BAaTh YCTOWYMBOCTH TOJBKO MO MpaBoil yacth. OCTaHOBUMCS
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CHavaja Ha pa3HocTHou cxeme (2.17), (2.18). /st uccineqoBaHus €€ YCTOWYUBOCTH
10 TIPaBOH YacTH HYXXHO PacCMOTPETh PEIICHUE Z BCIIOMOTATEILHOW pPa3HOCTHOM

3aJa4u.

v v-1

Ly = B s Az =g (2.30)

I"z=0, (2.31)
rje & — Npou3BOJIbHAs 3aJaHHas HA @, ceTouHas QYHKIIUS.

PaspemmmB pasnoctHoe ypaBHenue (2.30) OTHOCHTENBHO Z, , aHAIOrn4HO (2.27)

IIojJy4acMm

S e >zk-l+fzk+1 e (2.32)

rme K=1,2,...,N-l, v=1,2,..., M.

Kpowme Toro, B cootrBeTcTBHH ¢ (2.31) nmeem

=0,k=1,2,...,N-I;

(2.33)
,=2,=0,v=0,1,..., M.
[Tpenmonokum, 9To 7 U h yIOBICTBOPSIOT CIICAYIOMEMY YCIOBHIO:
r 1
<=
R (2.34)
Torma oueBUIHO, UTO
2
G A PR
h? h*] h
Otcrona u u3 (2.32), (2.33) BbITEKaeT HEPABEHCTBO
227+ 7 max |&
ogng = osk<Nl ¥ 3 lSkSN—lé:k ! (2'35)
U TIOCKOJTBKY max‘zf ‘ =0, To
0<k<N
maxjz| < vz [ .

CraenoBaTteibHO,

I2], = max max|z:| < Me e, =T |,

0<v<M 0<k<N
NI OKOHYATCIBHO
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J2l, < T[] - (2.36)
[Toyaennoe HepaBeHcTBO (2.36) mus pemenus 3amaun (2.30), (2.31), B

KOTOpoil moctosiHHas T He 3aucut oT N 1 7, a Tarke oT GyHKIUH & , O3HAYACT

YCTOHYHMBOCTh pa3sHOCTHOM cxembl (2.17), (2.18) mo mpaBoii YacTu MpU YCIOBHH
(2.34). MoxHo 0Ka3aTh, 4TO HapyliecHHEe yciaoBus (2.34) MOXKET MNPUBECTH K

HApYIIEHUIO YCTOWYMBOCTH pa3HOCTHOW cxembl (2.17), (2.18). B wactHocTH, eciu

h—0, 7 =0, a r/h® > const > 1/2, To pasnoctHas cxema (2.17), (2.18) Oyner
HEYCTOMNYMBA.

JIJIg McceioBaHusl yCTOMYMBOCTH pa3sHOCTHOM cxembl (2.19), (2.20) 3amaaum

Ha @, TIPOM3BOJIBHYIO CETOUHYIO GYHKIHIO & H PACCMOTPHM PasHOCTHYIO 3a1ady

e HTEC g 2.37
Ly = AT = (2.37)

v
ks

1"z =0 (2.38)

HE HAKJIaJbIBas HUKAKUX OTPaHMUYCHUI Ha COOTHOmIeHWe mmaroB 7 wu h. 3amauy

(2.37), (2.38) moxHO aHanoruyHo (2.28), (2.29) 3amucath B ClIeIYyIONIEM BH/IE:

v 2 v vy = =Vl v
R L f (2:39)
z, =0, z, =0. (2.40)
Ecnu er_l, kK =1, 2,..., N-1, u3BectHbl (B 4aCTHOCTH, 1O ycjoBuio (2.38)
ZE =0,k =0, 1,..., N), To, Kak 0TMeUaIOCh paHee, I pa3HOCTHOH 3amaun (2.39),

(2.40), rne V (¢ukcupoBaHO, BBHIMOJIHEHBI yciaoBus (2.12). ChemoBarelbHO, IO
JeMMe 3Ta 3aj]ja4a OJHO3HAYHO pa3pelimma Ha V-M CIIo€.

OueBuaHo, umeercd Takoe k’, 0<k’<N, uro

14
Zkr

= MaX
0<k<N

v
Zk

. (2.41)

Tak xak

v v
zk,fl‘ < < |z,

v
z;,

' ZI‘(/’+1 » TO
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U, ClIeI0BaTEIbHO, coriacHo (2.39)

z | < |t +rlE

W3 moy4yeHHOTO HepaBeHCTBA ¢ yueToM (2.41) BeITeKaeT HepaBeHCTBO (2.35)
U B KOHEYHOM cueTe oreHka (2.36), 4To U 03Ha4aeT YCTOWYMBOCTD IO MPABOM YaCTH
pasHocTHOM cxeMsl (2.19), (2.20) npu m060M cooTHOIEHNH mwaros 7 u N.

Urak, MTOCKOJIBKY JOTIOJTHUTETHHBIC YCIIOBHSI (2.12), (2.12)
ANNPOKCHMUPYIOTCA Ha 0, TOYHO, TO W3 ammpokcumanuu (cM. (2.25), (2.26)) u

YCTaHOBJICHHOW YCTOMYMBOCTH IO MPaBOM YaCTH B CHUITy OCHOBHOM TEOPEMBI TEOPUU
Pa3HOCTHBIX CXEM BBITEKAET CXOAMMOCTD PEIICHHUI pa3HOCTHBIX cxeM (2.17), (2.18) n
(2.19), (2.20) x pemenuto 3amaun (2.10)—(2.12) co BTOpBIM mOpsiAKOM 1Mo h u ¢
NEPBBIM TOPSAAKOM 1O T , T. €.

Ju-y],=0(h" +7). (2.42)

[Tpu sToM B ciydae siBHOU cxembl (2.17), (2.18) npeanonaraercss BHIOIHEHNE
ycnoBus (2.34).

Onpenenenme. PazHocTHas  cxema, ycToWuuBag TMpu  JOOOM
COOTHOIICHUH maroB 7 wu N, HA3bIBACTCS AOCOIIOMHO YCMOUYUBOU, @ YCTONUUBAsI
IIpH OTPaHUYCHUAX Ha T U N — ycrnosno yemotiuugoil.

Henocratkom pasHoctHoi cxembl (2.17), (2.18) sBnsercs ee ycloBHas
YCTOWYMBOCTH (OrpannyeHue (2.34) sBiseTcs >KECTKAM JJis mara 7 110 BPEMEHH).
[IpenmymiecTBO — MpocTOTa cueTa MO SBHOM ¢opmyne (2.27) U BO3MOXKHOCTH
pacnpoctpaHenus Ha 3anauy Komm (korma ycnoBue (2.11) 3amano Ha Bceit ocu x, a
KpaeBbie ycimoBus (2.12) oTcyTcTByIoT). B ciyuae cMmerrannoit 3agaun (2.10)—(2.12)
IPEINOYTECHUE OTAAI0T HESIBHOW aOCOIIOTHO YCTOMYMBOW pa3sHOCTHOM cxeme (2.19),
(2.20). PasHoctHas kpaeBas 3amada (2.28), (2.29) npu mnepexoae Ha KaKIbIi

CIEAYIONIUHN CJIOM pelaeTcsi METO0M MPOTOHKU BeCcbMa d(PGHEKTUBHO.
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3AJIAHUE K JJABOPATOPHOM PABOTE Nel3
3amaua 1. [IpoMogenupoBaTh CTalMOHAPHBIE MPOIECCH TEIIONPOBOIHOCTH

CTCPIKHA B 3daBUCHUMOCTH OT BXOAHBIX JdHHBIX 3ada4M:

d du
—&(K(X)&jz f,
u(@)=Uas, u(b)=Us.
HOPAJOK PEHIEHUSA

1. [IpencraButh ko3 duimeHT TermwtonporoaHoctr K(X) B Buae GyHknn 1Byx
nepemeHHbIX X U ¢: K(X) = K (X,C), Tie ¢ — mapamerp.

2. ITlpum 3amaHHBIX B WHAMBHAyanbHOM Bapuante ¢GyHkmuax K(x) (uro
cootBeTcTBYeT K(X,1)), f(X) 1t 3HaueHusx Ua, Ug HAlTH aHATUTHYECKOE PEIICHHE.

3. 3meHss 3HaueHus napamerpa ¢ B KOA((PUIHMEHTE TEIIONPOBOAHOCTH,
HAWTH pelIeHus 3a1a4u it HabopoB mapaMeTpoB 1-3 (Tadu. 2.5).

4. Ha onHOM uepTexke NMOCTPOUTh rpauKku HaWJEHHBIX pemeHuid. CpaBHUTH
[OJTyYEHHBIE PE3YJIbTAThI.

5. AHQJIOTUYHO M. 2, HAWTH aHAJIMTAYECKOE pEeIlICHUE Il YeTBEpTOro Habopa
napameTpoB. Ha ogHOM yepTreke nocTpouTh rpaduku pemeHui 1ist HabOpoB OAUH U
yeThipe. CpaBHUTD MOTYYCHHBIE PE3YIbTATHI.

6. U3mensis rpannunbie yenosust Ua, Ug, mocTpouTs pemienus s HAOOpOB
napameTpoB 5—7.

Tabnuma 2.5

Tabauna HaboOpoB mapaMeTpoB

IMapamerp | | HaGop |2 maGop |3 mabop |4 mabop |5 wHabop | 6mabop |7 HabGop
c 1 2 0.1 1 1 1 1

K(x) k(X) ck(x) ck(x) 1k(x) | k(x) k(x) k(X)
Ua ua ua ua ua -ua ua -ua

Us ub ub ub ub ub -ub -ub
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3agaya 2. IIpomoaenupoBaTh CTallMOHAPHBIE MPOLECCHl TEIUIOMPOBOIHOCTU
CTEpPIKHS B 3aBUCHMOCTH OT BXO/JHBIX JaHHBIX 33/1a4U — IEPEMEHHOT0 KO3 duIneHTa

TEIIOPOBOAHOCTH K(X) ¥ MIIOTHOCTH HCTOUYHUKOB Teruia f(X):

—%(k(x)g—ij: f,

u(a)=Uas, u(b)=Us..

HOPAAOK PEHIEHUSA

CocTaBuTh Pa3HOCTHYIO CXEMY BTOPOTO MOPSAKA TOYHOCTH MJISi PELICHUS
YKa3aHHOU 3a/1a4H.

1. B34Th HCXOJHBIE JaHHBIE M3 MEPBOro HabOpa MapaMeTpoOB ISl MEPBOU

3aJIauu.
2. lllar ceTku TOJOKUTH PaBHBIM h= (b - a) 1150

3. IlpomoaenupoBarh TMpoIECC B 3aBUCUMOCTH OT Kod(dPuiueHra
terutonpoBogHocTH K(X):
4a. TlonaraTh, 4TO CTEPKEHb COCTOMT M3 JBYX MATEPHUAIOB C PA3TUYHBIMU

K03 puIreHTaMH TETTONMPOBOAHOCTH K(X):

kL,a<x<0.5:(b+a),

k2,0.5(b+a)<x<b npu a) kl<<k2;  6) kl1>>k2.

k(x):{

46. Ilycth cTep:k€HB COCTOUT U3 TPEX MaTEPUAJIOB C PA3TUYHBIMU CBOMCTBAMU:

kl, a<x<a+(b-a)/3,
k(x)=:k2, a+(b—a)/3<x<a+2(b—a)/3,
k2, a+2(b—a)/3<x<h.

pu a) kl<k2 <ki, 0) k1>k2 >k3;
B) k1=k, k2 = 2k, k3 = k; r) k1=20k, k2 =k, k3 = 20k.
5. IIpomonienupoBaTh NpoIecC TEMIONPOBOJHOCTH B 3aBUCUMOCTH OT TPABOM

yactn — Qyuknuu f(X), mpenmonaras, yto f(X) — ToueyHblii UCTOYHUK TeIUIa. 3a1aTh

TOYCYHBIH UCTOYHHUK TEIUIa MOKHO CIICAYIONTUM 00pa3oMm: f(X)=c-0(x—X0), rue ¢
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— HEKOTOpasi KOHCTaHTa (MOIIHOCTh MCTOYHUKA); 0 (X) — nenbTra-pyHkrms; X0 —

TOYKa U3 OTpe3Ka [a,b], B koTopoli pacmonaraeTcsi HCTOYHHUK.
PaccMoTpeTs ciieyromye BapruaHThl pacioI0KEeHUsT UCTOYHHUKA!

a) TOYCYHBI UICTOYHHK TIOCTABJICH B CEpEeIMHY OTpe3ka [a,b];

b) 1Ba 0JJMHAKOBBIX IO MOITHOCTH UCTOYHHUKA ITOCTABJICHBI B pa3HbIC TOYKH
OTpe3Ka, CHMMETPUYHBIC OTHOCUTEILHO CEPEIUHBI OTPE3Ka,;

C) IBa PA3JIMYHBIX IT0 MOITHOCTH UCTOYHHKA ITOCTABJICHB CHMMETPUIHO;

d) mpeaokKUTh CBOM BapHAHT PACIIOIO0XKCHUS UCTOYHHUKOB.

3anaqa 3. HpOMOIIGJII/IpOBaTB HCCTAIMOHAPHBIC IIPOHECChI TCILIOIIPOBOAHOCTH
B 3aBUCHMOCTH OT BXOAHBIX JAHHBIX 3aJa4H — KOB(i)(bHHHGHTa TCILIOIIPOBOIHOCTHU U

HAYJIbHOM TEMIEPATYPHI:

U _ 3 (U et
E_éx[k(x)axJ+f(x)(l e'), O<x<l, O<t<T,
u(0,t) =Uas, u(l,t) =Us, 0<t<T,

u(x,0) =p(x), 0<x<lI

Hcxonnbie nanHbie MpUBEACHBI B TA0M. 2.6.
HNOPSAJIOK PEINIEHUSA
1. Haiiti npubnuxeHHoe perrenue 3agaun ¢ maramu =0.05 u h = 0.01,
UCIIONB3Ysl SBHYIO pa3HOCTHYIO cxemy. IlocTpouth rpadukm perieHud mpu
sgaueHusax t =0, 57, 207, 2007.
2. DOKCHCPUMEHTAJILHO ONpPENCIUTh MOMEHT BpeMeHH {, mpu KOTOpOM
MPOMCXOAMT YCTAHOBJICHHE MpoIlecca (BU3yalIbHO).
3. [IpousBecTu aHMMAITHIO TIPOIIECCa YCTAaHOBJICHUS.
4. MHccrmenoBaTh, Kak BIWsACT HadaJlbHAas TeMIlepaTypa Ha TIPOIEce

YCTaHOBJICHUS, B3AB Jpyrue GYHKIUH ¢(x) (COTIIAaCOBAaHHBIE C TPAHUYHBIMHU

YCIIOBHSIMHU).
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Ta0auma HCXO0THBIX JAHHBIX K 3a7a4e 3

Tabmuna 2.6

Howmep k(x) f(x) a Ua b Us
3a7aHus
2.3.1 x* 10x* 1 3 2 0
2.3.2 X Jx+4 0.5 0 1.5 5
2.3.3 X2 —2x> —2X 0.5 2 1.5 6
2.34 X3 1+ x¥3 0.2 4 1.2 1
2.3.5 X ) 0.1 2 1.1 4
2.3.6 e e2x 0.5 1 1.5 5
2.3.7 X 3x+x° 1 3 2 3
2.3.8 X oy 0.1 6 0.8 0.6
2.3.9 cos(x) 10sin(x) 0.1 3 0.8 1
2.3.10 X In(x) 0.1 1 0.6 5
2.3.11 cos(X) 10cos(x) 1 2 1.5 1
2.3.12 X X 1 3 2 3
2.3.13 X2 6x* —3x 1 -2 2.2 2
2.3.14 e X+ e 1 2 2.5 -2
2.3.15 X3 X+ /X 1.5 3 2.5 -3
2.3.16 x® 10x7Y* 0.1 3 1.1 0
2.3.17 Xt 4-Jx 1.5 -2 2.5 -4
2.3.18 x? %2 1 9x 0.5 2 1.6 6
2.3.19 X A%3 + 6 0.2 4 1.2 1
2.3.20 X2 5x4 —5 1.5 -1 2.5 4
2.3.21 e 9 _@2X 0.3 -1 2.3 1
2.3.22 X X 1 3 2 3
2.3.23 1/cos(x) | 5sin(x) 0.5 1 1.5 1
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Okonyanue 1admn. 2.6

Howmep k(x) f(x) a Ua b Us

3aJlaHUA
2.3.24 1/c0s*(x) | 600s*(X) 05 |2 1.3 2
2.3.25 1/sin’(x) | 15sin*(x) 0.2 -1 1.2 -1
2.3.26 Xt 3In(x) 0.3 3 2.3 1
2.3.27 X 2 —x 2 —4 |3 2
2.3.28 x? 32 44 12 [ -4 |24 1
2.3.29 X2 15(x—/X) 05 |1 15 1
2.3.30 e* 34 % 0.3 3 2.3 1

3agaua 4. [IpomoaenupoBaTh HECTAIMOHAPHBIE MPOLIECCHI TEIUIONPOBOIHOCTH
B 3aBHCHMOCTH OT BXOJIHBIX JaHHBIX 3ajadd. HalTu mnpuOImKeHHOE pelleHue

Ha‘laJIBHO-KpaGBOP'I 3aJa491 OJIA YpaBHCHUA TCIIOIIPOBOJAHOCTH!

au_ o
ot ox?
u(a,t)=g,(t), u,t)=g,(t), 0<t<T,

u(x,0)=¢(x), a<x<h.

+f(xt), a<x<b, 0<t<T,

HcxonHbie JaHHbIC TPUBEACHBI B TA0. 2.7.

B 3amaue B3saTh BXOJHBIC JaHHbIC U, UD wu3 3amaum 3. Mcmomb3oBarh
SABHYI0O Pa3HOCTHYIO cXeMy. B3a1b h=(b—a)/10; mar T BbIOpaTb M3 YCJIOBHI
ycronunBoctu. M300pa3uth rpaduku 3aBUCUMOCTH MPUOIMKEHHOTO PEIIeHus OT X
npu t=0, 27,47,...T.

YKA3AHHUE. YcnoBrue ycTOWYMBOCTH JJIsSI IBHOM PAa3HOCTHOM CXEMbI HUMEET

sun 7<0.5(h*/Kk).
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Tabmuma 2.7

Ta0Jaua HCXOAHBIX JaHHBIX K 3aja4e 4

s g|a]b k T »(X) a.(t) 9. (1) f(x0)
2.4.1 01 1 0.5 0 0 0 X
242 |1 -1]1 1| 05 0.4 X 1 1 0
243 1 0| 1| 01 0.5 X (1-x) St ot 0
244 1 0 | 2 1 0.2 0 0 0 X
245 |1 0| 1| 01 0.5 X 2sin(t) cos(t) 0
246 | -1]1 2 0.1 X2 1 1 0
2.4.7 01 2 0.02 0 0 sin(10t) X (1-X)
248 | -1 1| 05 0.4 1-x? 0 0 X
2.4.9 0 1] 01 0.5 x? 0 1 t
24101 -1 1 | 0.2 1 0 0 0 1-x?
24111 0 | 1 1 0.05 | |[x—0.5 0.5 0.5 0
24121 -1 1| 05 0.4 x? 1 1 X
241310 | 1| 0.2 | 0.25 | sin(x) 0 sin(1+2t) 1-x
2414 0 | 2 1 0.2 sin(x) 0 sin(2) 2—X
24151 0 | 1 1 0.05 1 et plot 0
24161 0 | 2 1 0.2 1 elot et 0
241710 | 1| 05 0.1 1 et g-lot 2
24181 0 | 2 | 05 0.4 1 et a5t 2
24191 011 | 0.2 0.2 1-x? 1 0 0
24201 0 | 2 2 0.1 0 0 10t 1
242110 | 1| 05 0.1 0 0 10t t
24221 0 | 2 1 0.2 1 g cos(t) 1
242310 | 1| 04 0.1 X 0 1 1
24241 -1 1 1 0.2 1-x? 0 5t 0
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Okonuyaunwue tadm. 2.7

o =] a b k T P (X) 9 () g.(t) f(x,1)
D =
z 3
24251 0 | 1 0.4 0.1 1-x 1 0 2
2426 | 0 | 2 1 0.2 X 0 2 X
242710 | 1| 025 | 0.2 x3 0 1 5
2428 | 0 | 2 1 0.2 X 0 2 X
24291 0 | 1 0.5 0.1 0 0 ellt 4 1
2430 -1 1 0.2 1 1-|x| 0 0 1

B tabn. 2.8 npuBeneHa cxema BbIOOpA 3a/1a4 COTJIACHO BapHAHTY.

Ta6numa 2.8
Bapuantbl 3a1annii k 1a6opaTopHoii padore Nel3

< | BplnonHsembie < Brimonasemsie < Brinmonasemseie
% E 3aJ1aun % E % E 3a/1aun
= g > < |3amaud S ©
S = o K o =
T T & anig =

M /= =
1 23.1, 24.1 11 2.3.11, 2.4.6 21 2.3.21, 24.11
2 2.3.2, 24.2 12 2.3.12, 2.3.6 22 2.3.12,2.4.22
3 2.3.3,2.4.3 13 2.3.13,2.4.13 23 2.3.23, 2.4.12
4 234,244 14 2.3.14, 2.4.7 24 2.3.24, 24.12
5 2.3.5, 245 15 2.3.15, 24.8 25 2.3.25, 2.4.13
6 2.3.3,2.4.6 16 2.3.16, 2.4.16 26 2.3.26, 2.4.13
7 2.3.7, 2.4.7 17 2.3.17, 24.9 27 2.3.27, 2414
8 2.3.8,2.4.8 18 2.3.18, 2.4.19 28 2.3.28, 2.4.14
9 2.3.5,249 19 2.3.19, 2.4.2 29 2.3.9, 24.15
10 2.3.5,24.2 20 2.3.20, 2.4.2 30 2.3.30, 2.4.30
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HPUMEYAHMUE. /I HaX0XIE€HHs PELICHHs] CTAUMOHAPHOTO YPAaBHEHUS

d du
TGHJIOHpOBOIIHOCTI/I—d— k(x,c)— |= f(x) ABaxzasl mpouHTerpupyem ero. llepsoe
X

WHTETPUPOBAHUE JACT CIACAYIONINI pe3ysbTaT:

u (x)——k(—_ff(x)dx+cl

[IpounTerpupyeM MoiydeHHOE COOTHOIIEHUE €IIE Pa3 U MOIyYUM

f (x)d
u(x)—j(%}dx+qx+cz.

Koncrantsr C,C, HaxoasTCs M3 rpaHUYHBIX YCIOBUIL:
u(@=ua, u(b)=ub.

IIpuMmep peureHus 3axa4u 2

IIycts
k(X,C) =cX.
d( duj 4 5
——| X— ==X
dx{ ~dx) 3

u(0.5)=1, ul)=2.

[IpounTerpupyem ypaBHeHUE oxu’=—x3 + C,. IToBTOpHOE MHTErPUPOBAHUE
4
3. 3.4
naet cootHomenue U(X) = "o X3 +=Inx+c,.
c c

3
HaliteM KOHCTaHTBI C; U Cp, IIPU YCJIOBHH, 4TO c=1: u(l)=—Z+Cz =2;

c,=2.75 u(0.5)= —%(0.5)4/3 +¢,-In(0.5) +2.75 =1,

nostromy C; =1.780827 .

OKOHYATENBHO pEelIEHNE MPUMET BU

u(x,k(x,1)) =—%x4’3 +1.780827Inx +2.75.
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JIns TpoBEepKM MOKHO IIOACTAaBUTh HAWJAECHHOE pPEIIEHUE B HMCXOJHOE

YPaBHCHHUC U ITPOBCPUTH BBIMOJHCHUC I'PAHUYHBIX YCHOBHﬁ.

KOHTPOJIBHBIE BOITPOCHI

[ToHsATHE HEBA3KU PEIICHUS 3aJa4H.
KpaeBbie yciioBus nepBoro, BTOpOro, TPETHErO poAa.
[Topsiiky TOYHOCTH Pa3HOCTHBIX CXEM.

~owbdeE

SIBHBIE U HESIBHBIEC Pa3HOCTHBIE CXEMBI.
5. UYTo NOHMMAIOT MOJI CXOJUMOCTBIO ITpoliecca penieHus 3agaun? OTBeT
MOSICHUTE Ha TIPUMEpE PEIICHHOH 3a1a4u.



JlabopaTtopHasi paGora Neld
ANNPOKCUMALMY TPAHNYHBIX YCJI0BHI BTOPOr0 poJa B MeTole KOHEYHbIX

pPa3HOCTeill HA MpUMepe YPaBHEHUS TEMJIOMPOBOIHOCTH

Leabp paGoTrbl — O3HAKOMHUTHCS C HanOoJiee YacTO MPUMEHSEMBIMH CHOCOOaMHU
anmpoKCUMAIlUU TPAHUYHBIX YCIOBUM BTOpOro pojaa (rpaHuuHbix ycioBuil (I'Y)
Heiimana) B MeToje KOHEUYHBIX pa3HocTeil (Ha mpumepe ['Y misg ogHOMEpHOro

HECTAallMOHAPHOI'O YPABHEHUS TEIIONPOBOIHOCTH).

ITocTanoBka 3aga4n

3amayu, KOTOpble OyQyT MCIHOJIb30BAaThCA JI aHAM3a CBOMCTB YHMCIIEHHBIX
pemenuit ¢ I'Y Broporo poaa, (GopMynupyroTcs Tak: B CTEpKHE IuHOM L ¢
Meniou30aUpo8anHoti GOKOBOM MOBEPXHOCTHIO Topell X = 0 nooddepoicusaemcs npu
nocmosnHou Temieparype To (I'Y nepBoro poza), a Topeil X = 1 — mennouzonuposan
(I'Y BrOporo pojna); TeMnepaTyponpOBOIHOCTh MaTepuaiga CTEpXKHsS MOCTOSHHA U
paBHa a; B Ha4aJdbHBIH MOMEHT BpeMeHH t = 0 cTep’keHb HarpeT 10 TEeMIEepPaTyphl
Tuau(X) (KOOpIMHATA X OTCUUTHIBACTCS OT JIEBOTO Toplia crepxkHs (puc. 2.4)). Haiitu
pacnpesesnieHne TeMIepaTypbl HO CTEPKHIO B JIFOOOH MOMEHT BpEeMEHH, T. €. HalTu
¢ynkmuto T(X, t) s 0 < X < Lw t >0. CrepkeHb KPYTJIOro CEYCHHsI HApUCOBaH
YCIIOBHO — CEUEHHE MOXKET HMMETh 00y (opmy, U eciau OOKOBas MOBEPXHOCTH
TEIUIOU30JIMPOBAHA, TO TEMIIEpaTypa JIF000i TOUKU CTEPIKHS MOXKET 3aBUCETh TOJIBKO

OT KOOPJAWHATHI X U HE 6YI[CT 3aBHUCCTb OT KOOPAMHATHI ITOIICPECK CTCPIKHA.

Eocxopan noe EpH HO CTE ﬁ‘j‘}( * TE:HHDI-EUHHI_I[-IH

TEIINCHIOIIHPpCEaHA

g
S
Il
b

Puc. 2.4
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Hckomass ¢yakmust T(X,) sBIseTCS pemieHueM OIHOMEPHOTO YpaBHEHHUSI

TEIJIONPOBOAHOCTH, KOTOPOE B O€3pa3MEpPHBIX KOOPIUHATAX UMEET BU

ar _ o

5 vl O<x<1 O<t<T.

['pannuHbBIEC YCIOBUA:
T(0,t) :TO, %20 i 0<t<T

(Ha rpanuiie X = 0 rpaHUYHOE YCIOBHE MEPBOTO pojia, a Ipu X = 1 = BTOporo).
Hauanbubie ycmoBust: T(X,0) =Tq(X) mpr 0< x <1.
Cnoco0sb1 peanusanuu I'Y BTOpPOro poaa

MGTOI[BI KOHCYHBIX pa3HOCTCI>'I, IMPUMCHACMBIC JII YHUCJIICHHOI'O PCIICHUA
3aa4 C I'paHUYHBIMHU YCJIIOBHAMHU BTOPOI'O (I/I TpGTBGFO) poaa, HC UMCKOT HUKAKUX
NPUHYUNUATbHBLX omauyul oT MCTOJAO0B, IIPUMCHACMBIX JI 3aa4d C ry IIEpBOIo
poaa. I[JIH PCUICHUA IIOCTaBJCHHOMN 3aJadyn MCTOAOM KOHCYHBIX pa3HOCT€ﬁ

HCO6XOI[I/IMO npeACTaBUTb 'PAHUYIHOC YCJIOBHUC BTOPOTO poaad B «ECTCCTBCHHOM) JJIsA

3TOr0 METOJA BUJE, T. €. ¢ MCIOJIL30BAHUEM YHCIEHHOTO PEIleHus (BeawduH T;' ).

NHapIMU  cioBaMM,  NPOU3BOJHYK) B TIPAaHUYHOM YCIOBUM HAJI0 3aMEHUTH €€
Pa3HOCTHOM amMpoKcUMalueld, a 3TO MOXHO CHAelaTb MHOTMMHU CIocoOamu.
Paccmotpum Tosibko nBa cmocoba peanuzanuu ['Y BTOporo poja, KOTopbelie OyayT
WCHOJIb30BaHbl B pacueTax. [Ipy paccMOTpEeHHHM UCHOJB3YyEM Ty K€ PaBHOMEPHYIO

CETKY, 4TO U B JlabopaTtopHoii padbore Nel3.

IepBbiii cocod. [TpubaMxeHHO 3HaYE€HUE MPOU3BOAHOWU MpU X= 1 MOXKHO

3alrcaTh, UCIIOJIb3Ys allIIPOKCUMAIIUIO HpOH3BOI{HOI>i 10 X JICBOM Pa3HOCTBIO!:

aT — TNn _Tanl

, 2.43
OX h ( )
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a IOCKOJIbKY 3HAYEHUE 3TOW MPOU3BOAHON B PACCMAaTPUBAEMON 3a7a4e PaBHO HYJIIO,

TO aIMIPOKCUMAIIHS TPAHUYHOTO YCIIOBUS BBITJISIUT TaK:
T T, =0. (2.44)

Yucnennoe pemenue J[Y ¢ rpaHUYHBIM YCIOBHEM BTOpPOro poxaa mpu X = 1

IIPOMCXOJNT MOYTH TAK K€, KaKk U ¢ ['Y mepBoro poja: Ha KaKJI0M I11are o BpEMEHU

C MTOMOIITBI0 PA3HOCTHON CXEMBI BBIUYHCIISIOTCS BCE Ti” npu, 1 <1< N-1, a 3HaucHHUEC

T, (ua rpaHulle) BeuucigeTrcs no gopmyne (2.44). 3to u ectb NEPBBIM €MOCOO
peanu3alyyd TPaHUYHOTO YCJIOBHUSI BTOporo poja. Crienyer oOpaTuTh BHUMaHUE Ha
TO, YTO PA3HOCTHAs alMpOKCUMAallUdsl TEpPBOM MPOU3BOAHON JIEBOM Pa3HOCTHIO
(bopmyna (2.43)) umeeT nepBslii mopsaok TouHoctu 1o h, T.e. O(h).

Bropoii cmocod MOXHO TMOSCHUTh HAa NMPUMEPE SIBHOW PA3HOCTHON CXEMBI
anmpoOKCUMAIIMK YPaBHEHUS TEIJIONPOBOJIHOCTU., AJTOPUTM SIBHOM CXEMBI MOXKHO

3aIIMCaThb TakK:

(2.45)

i+1

Tt =T" +%( n=2T."+T.").

0
N3 storo BBIPpAKCHUA CIACAYCT, YTO OJI BBIYMCICHUA BCINYHHLBI T1 TpGGy@TCﬂ

KaKas-TO BEJMYMHA ., KOTOpAs He exodum B pacueTHyro obnactb. OjHAKO ee
MOXHO BBIUMCIIUTD, UCIIOJIb3Ys AaIlMpPOKCUMAIMI0 MPOU3BOJAHOW B TPAHUYHOM
YCJIOBUU LEHTPAIbHON Pa3HOCTHIO:

or _TJ,-To, (2.46)
OX 2h ’

a MOCKOJIBKY 3HaUYE€HUE 3TOM MPOU3BOJHON B pacCMaTpUBAEMOM 3a7a4€ PABHO HYIJIIO,

TO aNMPOKCUMAIUs TPAHUYHOTO YCJIOBUS BBITJISIUT TaK:
TS =T, (2.47)
Cnioco6 peanuzaly rpaHUYHOTO YCJIOBHS 3/1€Ch HECKOIBKO MHOM: HAa KaXIOM

o 1
mare mo BPEMEHH C IIOMOIIBIO PA3HOCTHOI CXEMBI BBIUMCISIOTCS Bce |, mpu
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. 0 )
I <1 <N-1, a npu BeIYUCICHUHN T1 B PAa3HOCTHOW CXE€ME 3aMEHSIIOTCS TN”+1 Ha TN”_1

(ucmonb3yercs paBeHCTBO (2.45)).

OOparure BHUMaHuW€ Ha TO, YTO PA3HOCTHAs AalIpPOKCUMAIUsi TMepBOU
MPOU3BOJIHOW IEHTPAIbHON pasHOCTHIO (popmyna (2.46)) mMeeT BTOpPOU MOPSIOK
tounocty 110 h, T. e. O(h?). PaccMOTpeHHOMY BBILIE BTOPOMY CIOCOOY pealu3alun
'V BTOpOro poga MOXHO J1aTh APYTYH0 UHTEPIPETAIMIO, KOTOPash MOXKET OKa3aThCs
0ojiee HarIsAgHOW W TOJE3HOW B CIOXKHBIX 3aJadax. JTa Jpyras MHTEepHpeTanus
CBsI3aHa C BBEJCHUEM «(DUKTUBHBIX» y3JI0B (y3JI0B BHE 30HBI pacuera). Ha puc. 2.5
MOKa3aHbl TaKUE Y376l (JIMHUS y3JI0B, HAXOJSAIINXCS HA PACCTOSHHU N OT TpaHUIIbI,

Ha KOTOpoi mocTasiieHo ['Y BToporo poaa).

1
0 e ] 1 x
- o >
—
—— Q= ——— O ——— O ———
—— P — Q= O ——
QOO —— O — = = O——— 0
e A —t—_—
S D N o
! | I ! i=N+1
—f I JIrams
# 1=N-1 _ ! ""PHKTHEHLIX'
1=N V32II0B

Puc. 2.5
Ecnu Temniepatypy B 3TUX y3jaxX 3ajlaBaTh PaBHOW 3HAYEHUSM TeMIIEpaTyphl B
COOTBETCTBYIOIIIMX CHUMMETPHUYHBIX OTHOCUTEIBHO TpaHULBl Y3/1aX (COrjJacHO
paBeHCTBY (2.45)), To st pacyeTa OyIeT UCIOIb30BAThCI 00HA U Ma Jice Pa3HOCTHAsI
cxeMa Ui BceX y3noB (Bkimowas u y3ibl npu 1=N). B pabore momxkHa OBITH
MPEayCMOTPEHA BO3MOKHOCTh YHCICHHOTO PELICHUS] YPAaBHEHUS TETUIONPOBOAHOCTH
C MOMOUIbID HESBHOW M SIBHOM PA3HOCTHBIX CXE€M. BO3MOXKHOCTH HCIOJIB30BAHUS

Pa3IN4YHbIX T'PAHUYHBIX MW HA4YaJIbHBIX yCJ'IOBI/Iﬁ OIrpaHrM4dYCHa 3aJa4aMH, KOTOPBIC
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MO3BOJIAIOT B JOCTAaTOYHOM Mepe TMO3HAKOMHUTBCA C OCHOBHBIMHM CHOCOOaMu
peanmu3zanuu ['Y BTOpOro poja v uX CBOMCTBaMH.

[Ilaru ceTku BBIOMpAIOTCA TaK *e€, Kak U B JabopaTtopHoi pabote Nel3.
Pacuetnas obsacTe o BpeMEHH, peajan30BaHHAasl B IPOrPaMMe, COCTABISET BO BCEX
ciayvasix otpe3ok [0, 1]. PesynbraTsl pacuera BoiBoAsTcs B Buae Tabdmn. 2.10. [Tocne
pacyeTa HEOOXOAMMO TOCTPOUTH TaKHe ke, Kak B JiaboparopHoi pabote Nel3,
rpaduku pereHuu.

3AJJAHUE K JJABOPATOPHOM PABOTE Nel4

3agauya 1. Haiitu npubnmkeHHOE pelieHHe HaudajdbHO-KPAeBOM 3aladd Jyis
YpaBHEHUS TEIIONPOBOIHOCTH:

u_ o
ot ox?

u(a,t) =g, (), %—ltj(b,t):gz(t), 0<t<T,
u(x,0)=¢p(x), a<x<b,

+ f(x,t), a<x<b, O0<t<T,

HCIIOJIB3YyA SABHYIO M HCABHYIO PA3HOCTHBIC CXCMBI. HCXOI[HBI@ JaHHBIC YKa3aHbI B

Tabn. 2.9. M306pa3uth rpadvku 3aBUCUMOCTH MPUOIMKEHHOTO pelIeHUs OT X MpH

t =0, 2r,4r,...T.

Tabmuma 2.9
Ta0uIa HcXoAHBIX JAHHBIX K 3aga4e 1
w| a h k T »(X) 9,(t) g,(t) f(x,t)

&=

= 3

=

TS
1 0 1 1 0.5 0 0 0 X
2 -1 1 0.5 0.4 |x| 1 1 0
3 0 1 0.1 0.5 X (1-x) 5t 5t 0
4 0 2 1 0.2 0 0 0 X
5 0 1 01| 05 X 2sin(t) cos(t) 0
6 -1 1 2 0.1 NG 1 1 0
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Okonyanwue 1admn. 2.9

o % a b k T »(X) 9, (1) 9. (1) f(x,1)

= 5

25
7 0 1 2 | 0.02 0 0 sin(10t) X (1-X)
8 -1 11 05 04 1-x2 0 0 X
9 0 1 /01| 05 X2 0 1 t
10 -1 ] 1 ]02 1 0 0 0 1-x?
11 0 1 1 0.05 | |x—0.5| 0.5 0.5 0
12 -1 1 |05]| 04 X2 1 1 X
13 0 1 0.2 | 0.25 sin(x) 0 sin(1+2t) 1-x
14 0 2 1 0.2 sin(x) 0 sin(2) 2-X
15 0 1 1 | 0.05 1 et glot 0
16 0 2 1 0.2 1 plot gt 0
17 0 1 /05| 01 1 gt g1t 2
18 0 2 | 05| 04 1 et gt 2
19 0 1 (02| 02 1-x2 1 0 0
20 0 2 2 0.1 0 0 10t 1
21 0 1 (05| 01 0 0 10t t
22 0 2 1 0.2 1 gt cos(t) 1
23 0 1 /04| 01 X 0 1 1
24 -1 1 1 0.2 1-x? 0 ot 0
25 0 1 (04| 01 1-x 1 0 2
26 0 2 1 0.2 X 0 2 X
27 0 1 1025] 0.2 X 0 1 5
28 0 2 1 0.2 X 0 2 X
29 0 1 05| 01 0 0 ellt 4 1
30 -1 1 |02 1 1-|x] 0 0 1
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YKA3AHME. YcnoBue ycTOMYMBOCTH JJIsI SIBHOM Pa3HOCTHOW CXEMbI UMEET

gun 7<0.5(h?/K).

HOPAAOK PELHIEHUSA
Jiis o0eux pa3HOCTHBIX CXEM BBINIOJHUTH PAacueThl, PE3yJIbTaTbl KOTOPHIX
MO3BOJISAT OINPENEIUTh MOPSIOK CXOAUMOCTH JJIsl MEpBOro crocobda peanmuzauuu ['Y
BTOPOTO poja. Pe3ynbTaThl pacueToB IS KadcOou cxemyl 3anucath B Bue Tabm. 2.10.
Tabmuma 2.10

Pe3yJII)TaT])I pacueToB

N T S(t=tn1) | s(t=tn2) | Maxc. Makc.
MOJI. MO/,

npu t=thy | mpu t=tn2

B IBYX IEPBBIX KOJIOHKAX HAXOAATCS 3a7aBaeMble BAMH IIapaMETPhl CETKH, a4 B
OCTallbHBIX — YMCJIA M3 TaOJuUIl Pe3yIbTaToB pacdera. KpoMe yKa3aHHBIX PacyeToB,
JOMOJIHUTELHO CHENAaTh TAKUE YK€ PAacueThl JJIs SBHOM CXEMbI NPH BBIIOIHEHUH
cootHomreHus 7 = h?/6.

[To pe3ynbTaTaM BCEX pacyeTOB ONPENENIMTH MOPAAKHA CXOAMMOCTH 1o h m 1
NPUMEHEHHBIX PA3HOCTHBIX cXeM. IlocTpouTh B JorapudmMuyeckoM Mmacmrabe
rpaMKH 3aBHCHMOCTEN OMMOKM YMCJIEHHBIX PENIEHHH OT h WM THOBTOPHTH BCE
IpeabTyIIe pacyeThl W 3afaHus Ul anmpokcuMaimu 'Y BTOporo poja BTOPBIM
criocobom. OOpaTUTh BHUMaHHE Ha TO, KaK CHJIBHO BIIMAET HA TOYHOCTH PEIECHHs
MOHWKEHHE TIOPSIKA TOYHOCTH AlIIPOKCHMMALMHK JIHMIIL B OJHOM (TPAaHUYHOM) y3IIe
CeTKM. BcCIoOMHMTE, YTO M sIBHas W HeABHAs CXEMbl MMEIOT BTOPOH MOPANOK

CXOIUMOCTH 110 h.

59



[To pe3ynbpTaTaM BCEX 3THX PACUETOB MPOAHATU3UPOBATH BIUSHHUE HOPAJIKA
TOYHOCTH anmpokcumaiuu ['Y BToporo poja Ha MOPSIAOK CXOJIUMOCTH.

Oruer. B oT4yeTe 10KHBI OBITH MPUBEICHBI TAOIUIIBI PACUETOB, TOCTPOCHHBIE
BaMH TpaduKu IS ONPEACNICHHs TOpsAAKa CXOAUMOCTH W CJHEJIaHBI
COOTBETCTBYIOIINE BHIBOJBI O CBOMCTBAX MPUMEHEHHBIX CHOCOOOB alMpOKCUMAIIUU
'V BTOpOro pona (¢ TOYKM 3pEHHS UX BIUSHUS HA MOPSAIOK CXOJUMOCTH U TOYHOCTh
YUCJIEHHOTO PEIICHUs).

OOpaTuTe BHUMaHUE HA YEThIPE 3aMEUaHUSL.
3AMEYAHUA:

1. Betbop N m 7 . 3amuch morpemHoct anmnpokcuManuu B Buge O(z, h?)
(Hampumep, IJis1 HESIBHOM CXEMbI) SIBJISIETCS YMCTO YCJIOBHOW M HE O3HAYAET, YTO JJIs
MOCTOSTHHOTO 7 MPH YMEHBIICHUH h BIBOE MOrpeIHOCTh alpOKCUMAIIUN YMEHBIIIUTCS
B 4 pa3a Bce 3aBUCUT OT COOTHOIIEHHUsA BeauurH 7 u h). [Tosromy mpu ucciegoBaHuu
MOPSIKA CXOJAUMOCTH TPUXOIUTCS OJHOBPEMECHHO U3MEHATh U N M 7, OpPUEHTUPYSCh HA
(dhopMyIIBl 71T MOTPENTHOCTH anmpoKcuMarui. Hampumep, ecinu BBl B TIEPBOM pacueTe
JUTSl HeSIBHOM CXeMBI 3a7a1u BemanHbl N ¥ 7, a BO BTOPOM pacyeTe pelniii YBEIHINUTh
N BOBOe, TO 7 HAJO0 yYMEHBIINTH B 4 pasza, TOTJa MOXKHO OXHAATh, YTO U OIIMOKA
YUCJICHHOTO pacueTa yMeHbIUTCS B 4 paza. [ns cxembl Kpanka — Hukosncona apyroe
cootHoenue (B coorserctsun ¢ O(7%, h?)) u gaxke pH ero BHINOIHEHUH UCCIIEN0BAHNE
MopsiiKa CXOAWMOCTH MOXET JaTh TOJIbKO TPUOIMKEHHBIA pe3yJabTaT — MOXKET

HOBIHMATH crnaraemoe ¢ h?).
2. Bei6op MoMeHTOB BpeMeHH tn1 u th2. Bl MoxkeTe BBIOpaTh UX MPOU3ZBOJIBHO.

Ho onm, pa3zymeercsi, NOJKHBI ObITh OJMHAKOBBIMHM JUIsl BCEX PACUYETOB IO JaHHOU
Pa3HOCTHOM CXEME.

3. Uucno pacyeTroB MO OJHOW CXeMe JODKHO OBITh HE MEHbIIe Tpex (Kela-
TENBHO 4-5).

4. He 3a0pIBaiiTe MOCMOTpPETh Ha rpauKH, KOTOPHIE CTPOUT MPOrpaMma — OHHU

IMMO3BOJIAIOT HANIAAHO BUACTH CXOACTBO U PA3JIMYHUC YUCIICHHOI'O 1 TOYHOT'O pemeHI/Iﬁ.
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KpoMe yKa3aHHBIX pacdeToB JUIS BCEX TPEX Pa3HOCTHBIX CXEM JOHOIHUTEIHLHO
clenaiite Takue € pPacyeThl IS SBHOH CXEMbl HPM BBIIOJHEHHH COOTHOIICHHUS
r = h?/6. U3 QopMysbl BHAHO, YTO B BTOM CjIyyae IJIaBHAs YacTh MOTPEITHOCTH
aNmpoKCcUMaluM paBHAa Hymo. BEcrecTBeHHo, uto mpu 7 = h?/6 raBHON 4YacTbiO
TIOrPENIHOCTH  ATMPOKCHMALIMU CTAHOBUTCS CJIEAYIOIEE CIAaraeéMOE B Pa3JIOKCHHH
(IPONOPLHMOHAIEHOE HIECTOH HPOM3BOJAHON 10 KOOPIAMHATE), HMMEKOIIEE MOPSIOK
O(7%, h%). Tlo pesynpraraMm BceX 4YETBIPEX TPYII PACUETOB ONPEAEIUTE  MOPSAAKH
cxoauMocTd 1o h M 7 Becex pasHOCTHBIX cxeM. JKemarenabHO cIenaTh 9T0 HO 00erM
XapaKTEPUCTUKAM OMIMOKM YHCIEHHOTO PELIEHHS — U 10 CPEAHEKBAIPaTHYHOMY
OTKJIOHEHHIO, ¥ MO MaKCUMyMy MOAyJs pasHocTu. IlocTpoiiTe B norapudgmMuueckom

Maciradbe rpaguKy 3aBUCUMOCTEN OMIHOKH YUCIICHHBIX PeIeHui oT N wnn 7.

KOHTPOJIBHBIE BOITPOCHI

1. Crioco6sl peanuzaruu I'Y BTOpOro pona.

2. KpaeBbie yclioBus IEPBOrO, BTOPOT0; TPETHETO POJIa.

3. [Mopsimku TOUHOCTH Pa3HOCTHBIX CXEM.

4. MeToJ; IpOrOHKH.

5. YcnoBue yCcTOMYMBOCTH AJIs1 SBHOW PA3HOCTHOU CXEMBI.

6. I3 kakux cooOpakeHMI BBIOMpAIOT MIar CETKHM B METOAEC KOHEUYHBIX

pazHocTei?
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JlabopaTtopHasi pab6ora NelS

MeTO)I CETOK peIICHHUA 3a1a91 I[I/IpI/IX.]'Ie JId YPAaBHCHUSA Hyaccona

eab padoThI:

® U3YUYUTh METO]I Pa3HOCTHBIX anmnpoKcuManuii 1ist ypasuenus: Ilyaccona;

® COCTaBUTb aJITOPUTMBI pelieHus 3aaauu Jupuxie ninga ypaBHenus Ilyaccona
METOJIOM CETOK, IPUMEHUMBIM JIJIs1 OpraHu3aluu BelurciieHui Ha [I9BM;

® COCTaBUTh IPOTrpaMMBbl pelreHus 3anaun Jupuxne nis ypasHenns [lyaccona
0 pa3pabOTaHHBIM AITOPUTMaM;

® BBLINIOJIHUTh TECTOBBIE IPUMEPHI M MPOBEPUTH  IPABUIBHOCTh PaOOTHI
porpamm;

® NIOJIy4YUTh YHMCJIIEHHOE PENICHHUE 3aJaHHOW 3ajauu Hupuxie s ypaBHEHUA

ITyaccona.

KpaTkue TeopeTHYecKue CBeIeHHs
IMycte D = {(x, y): 0<x <1, 0<y<1} — oTKpwITHI KBajpaT, I — €ro
rpanuna, D= DUl — 3aMKkHYTHIH KBajpaT, f (x, ) — 3a7aHHas HAa D JOCTaTOYHO
rnankas QyHkius. 3amava Jlupuxie COCTOMT B cieayromieM. TpeOyercs HalTe
HETIPEPBIBHYIO HA D (QYHKIHIO U (X, ), YIOBISTBOPSIONIYIO HA OTKPBITOM KBaJpaTe

D ypaBuenuto Ilyaccona:

0? o%u ) —
v — [a—ﬂ = f(x, y) (2.48)

Y IPUHUMAIOIIYI0 HA TPAHMIIE KBaJpaTa 3HAYCHHE, paBHOE HYJIIO, T. €.
u(e,y)=0 Hna I. (2.49)

B3amaya [lupuxne (2.48), (2.49) ummeer eauHCTBeHHOE pemeHue U (x, ).

IMonoxum h =1/N, X, =kh, y,=mh, f, =f(X.Y,). [ocrpoum ceTku
o ={(X.U,): km=0,1,. .. ,N}

o ={(X.Yn): km=1,2 ..., N-1},
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@, =0\, (®, — MHOKECTBO Y3II0B, JIeKaIuX Ha [ ).
3amaauM HOPMBI
’
o, =maxfo s [lo]r = maxjoyg
Pa3zHocTHas cxeMma:

AUkm = fkm1 k! m = 1’ 2! ey N—l, (250)

Un=0 Ha a,. (2.51)

PasnoctHoe ypaBHenue (2.50) B 60see moipoOHOM 3arucu UMEET BU/T

_ Uk—l,m - 2Ukm + Uk+1,m _ Uk,m—l - 2Ukm + Uk,m+l —f
hz hz — Tkm*

(2.52)

Ero ma6mon nzobpaxen Ha puc. 2.6.

ym+1 .
ym a a a
ym—l 1
Xk—l Xk Xk+1
Puc. 2.6

Pemienne ©~ U  pazHocTHOM 3amaun  Jlupuxie  HaxXOOUTCS  METOJIOM
MOCJICIOBATEIbHBIX MPHOMDKEHUH 110 CXeMe TIEPEMEHHBIX HalpaBJICHUM, TJie
v-1/2 _

0 .
o= f(xk,ym), U — MPOU3BOJIbHBIC. MOXHO JI0Ka3aTh, 4T0 limv), =v,., K, m=1,

yo>eo
2, ..., N-1, mpu mo6bIX HAYAIbHBIX OPUOIMKEHHSX U,,, IPHYEM HAHOOIbIIAS
CKOPOCTh CXOJIMMOCTH JOCTUTAETCS NpU 7 ~h/z. 3Meck mojgox)eHa B OCHOBY HJies O
crabunm3anuu mpu t — +00 pemieHus] ypaBHEHHUS TEIUIONPOBOJIHOCTH K PEIICHUIO
ypaBHeHwus [lyaccona, eciu f He 3aBucwur or t.

PasnoctHas cxema (2.51), (2.52) ycroiturBa 1o nmpaBoii 4acTH, T. €. pa3HOCTHAs

3aJa4da
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Azkmzékm: k!m:]-’ 21' L !N_la
kaZO HA o

npu mobom h = 1/N, N=2, umeer eIMHCTBEHHOE PEIICHUE Z W 3TO PCIICHHE

YAOBJICTBOPSACT HCPABCHCTBY

!
|2, <cle]n, (2:53)
IJie ¢ — HEKOTOpas TOCTOsIHHAS, HE 3aBHUCAIIAs OT N U ceTouHOM QyHKINU & .
[Tpenmonoxxum, dro pemenue 3amaun Jupuxne (2.48), (2.49) mocraTodyHo

rJaJIKOe Ha 3aMKHYTOM KBajpare D, a uMmeHHo, U(x, y)€C,(D). Torma pasHoctHOE

ypaBHeHue (2.51) ammpokcumupyer nuddepeHnuansHoe ypaBHenue (2.48) Ha

pemenue 3anaun (2.48), (2.49) co BTopsIM MOPSIIKOM OTHOCUTENBHO N, T. €.

o' =0y, (2.54)
rae

Vi = My = i (2.55)
€CTh HEBSI3KAa JIII PaA3HOCTHOrO ypaBHEHMsA. [Ipu monmyueHun oueHku (2.54)
HCIIONB3YeTCs. TOT (DAaKT, YTO YACTHBIM NPOM3BOAHBIM Ul 1 U | BXOAAIMM B

ypaBHeHue (2.48), B pa3HOCTHOM ypaBHEeHHH (2.52) O0TBEUarOT BTOPHIC Pa3HOCTHHIE
IPOU3BOJIHBIC, ANMPOKCUMHUPYIOIINE YKa3aHHBIE YaCTHBIE MPOU3BOJHBIE C TOY-

HOCTBIO BTOpOro - mopsaka mo h. Tlockoiapky KkpaeBoe ycioBue (2.49)
aIIPOKCUMUPYETCS  Ha ceTke ®, cordacHo (2.53) Touno, To u3 (2.54) wu
yCTOMYUBOCTH - pasHOCTHOM cxembl (2.50), (2.51) mo mpaBoi YacTH BBITCKACT
CXOAMMOCTD €€ pelIcHHUs U K PEIICHUIO ueC,(D) samaun (2.48), (2.49) co BTOPBIM
HOPSIIKOM OTHOCUTEIBHO N, T. €.
Ju-o], =0(h?). (2.56)
JletictBuTenbHO, W3 ypaBHeHHs (2.52), paBenctBa (2.56) m ycnosuii (2.49),
(2.53) BbITekaer, yto morpermHOCcTh I=U—-U Ha ceTke @, SABISETCA pELICHUEM

PAa3HOCTHOM 3a1a4yu
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Arkm:ka’ k,m:l, 21' o !N_ll
rkm: 0 Ha (0;
Otcrona u u3 (2.54), (2.55) caenyer (2.56). PasnoctHas cxema (2.50), (2.51)
001aaeT BTOPHIM MOPSAKOM TOYHOCTH.

Caydyail npou3BOJBbHON 00JacTH

Paccmotpum 3amauy upuxiie

—AuU(X,¥Y)=Ff(X,¥) ma G, (2.57)

rae

u(x,y)=o(xy) Ha [, (2.58)

rane G — HekoTopas KoHe4dHast oonacthb (puc. 2.7); I — rpanuna odnactu G; f(x, y) —

3agaHHas Ha oonactu G QyHKIM; (D(X, Y) — 3a/1aHHas Ha rpa”ulie I GyHKIHS.

Crpoutcs, Kak W paHee, KBaapaTHas cetka ¢ maroM h. Bo Bcex
pacmnonokeHHbIX B 06macTu G y3max ceTku, KOTOPbIe MOKHO COEIUHUTH C YETHIPHMSI
ONMKaMIIMMU y3J1aMU OTpE3KaMHu NpsIMbIX, HE Nepecekas IpaHully /, pa3HOCTHOE
yYpaBHEHUE 3aJ]a€TCS B CIEAYIOIIEM BHJIE:

Ao, = ., (2.59)
rae A — omneparop (2.52).

VYkazaHHbIC y3/bl 0003Ha4YeHB HAa puc. 2.7 Kpyxkamu. [11abmoH pasHOCTHOTO
ypaBHeHus (2.57) nokaszaH Ha puc. 2.6. B y3max, Haxoasmuxcs B oonactu G BOIM3H
ee rpaHuipl [ (OTMEUEHBI Ha pUC. 2.7 TPEYroJbHUKAMHM), AJIS 3alaHUsl Pa3HOCTHBIX
ypaBHEHUM PUMEHSETCS JIMHEWHAs: UHTEPIOJISILMS B HAlIPaBICHUN OCU X WJIK OCH ).

Hanpumep, B Touke ¢ Homepom 0 ypaBHEHHE UMEET BU/T

v =—Lv, 4L, (2.60)
Pt P, Pt P,

rae p, — pacctosHue ot Touku 0 10 Touku 1 Ha rpanuie /), B KOTOpoi Oepercs
3aJlaHHOE 3HAuYeHUE (PYHKIHH ¢, 0003HAUEHHOE Yepe3 ¢,; UpU, — HEU3BECTHHIC B

Toukax 0, 2; p, =h — PacCTOSHUE MEXKTY ITUMU TOUYKAMH.
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31mech IS MPOCTOTHI MUCIOJNB3yeTcsl onuH uHaekc. Popmyna (2.60) o3HauaeT

JMHEHHYI0 UHTEPHOJSALUIO MEXKy ToUKaMHu 1, 2 B Touky 0.

5/\
AT
2] olN\/1.
R
e > [——w -
R
T
- o
b .
0 Ty 7z

Puc. 2.7
AHQJIOTUYHO PA3HOCTHBIE YpaBHEHHUS 3aJIalOTCSA B  OCTaJbHBIX  y3JIax,
0003HAUEHHBIX TPEYroJbHUKAMU. [Ipu 3TOM pacCTOSIHUS OT TOYKH, B KOTOPYIO
IPOU3BOAUTCS MHTEPIOIMAIMS, 10 00€UX KpailHMX TOYEK HE JOJDKHBI MPEBbIMaTh h u

oJlHa WM o0e KpaWHWE TOYKH JOJDKHBI JeKaTh Ha Tpanuie /. YpaBaenue (2.59),

uMerolee 0osiee moaApoOHYIO 3amuch (2.52), pa3penumM OTHOCUTEIBHO Uy, :

2
_ kal,m + Uk+1,m + Uk,m—l + Uk,m+l h

— f 2.61
m 4 + 4 km * ( )

Uy

Wraxk, B kax10oM y3ie, 0003Ha4eHHOM KPY>KKOM, 3a/1aHo ypaBHeHHe (2.61), a B
KaXIOM y3Jie, OTMEUEHHOM TPEYroJbHUKOM, ypaBHeHue umeer Buj (2.60). OOmiee
YHCJIO YPAaBHCHUH COBIAJAeT C YWCJIOM HEW3BECTHHIX. [loiydeHHas cucrema
JWHEWHBIX aNreOpanvyecKux YpaBHCHWH WMEET CIMHCIBCHHOE pelieHue U, IS
HAXOXJCHHUS KOTOPOTO MOTYT OBITh NMPUMEHEHBl METOIbl MPOCTHIX HTEpaluid H

3enaens.
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Ecmu u(x, y)€C,(G) — pemmenne 3amaun Jlupuxiie, To CrpaBeinBa OICHKA
2
néax\u —u[=0(h?), (2.62)
h
rae G, — MHOXKeCTBO Bcex y3110B, 0003HAYEHHBIX KPYKKAMHU M TPEYTOJIbHUKAMH.

Pemiennie U(x, y) NPUHAMJIECKUT KIACCy C4(6), Harpumep, eciau rpaHuna [
o0J1ajlaeT TPWXKIbI HENpephiBHO auddepeHiupyeMoil nmpou3BOAHON, (YHKIUS @
JUIMHBI S Ny TpaHuilbl [ WMEET OrpaHUYCHHYIO IIATYIO IPOM3BOJHYIO, a
f(xY)€Cy(G).

3AJJAHUE K JABOPATOPHOM PABOTE Nel5
[InacTuHa TIPSAMOYTOJBHON (OPMBI C BBIPE30M Ha OJHOM M3 CTOPOH IKECTKO
3aKperieHa o0 KpasM M PaBHOMEPHO HarpykeHa Mo riomanu puc. 2.8. Ilporu6
IUTACTHHBI ompezensercs u3 ypaBHeHus Ilyaccona. Paccumrars nporund W(X, y) mo
JaHHBIM, MpUBEACHHBIM B TaOm. 2.11, rme A, B — pa3mepsl miactusbl; h — ee
tommuHa; R — pammyc BeIpe3a; P — Harpyska; £ — MOAydb YIOPYrocTH;, V —
ko3 dunment Ilyaccona. I'pannunoe yciosue W= 0.

WY)W Y) | _p
ox2 ayz :

rae D=Eh?®/[12(1—?)] — u3rubuas xxectkocTh; E — Momynps ynpyroctu; h — tommuna

JIacTuHbl; v — ko3 duimeHT [lyaccona.

Puc. 2.8
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Tadomuma 2.11

Taﬁ.lmua HCXOAHBIX JAHHBIX K 3a1aHUIO

o [TapameTpsl

S5 A [ B [ R N P, | E HM |v

8 % MM MM | MM | MM

1 180 65 25 |2 70-10° 40 0.3
2 150 75 15 |5 55-10° | 70 0.3
3 200 | 140 40 |4 6510° |140 0,28
4 120 100 | 45 |6 80-10° | 50 0.33
5 180 | 90 35 5 110-10° | 120 0.3
6 180 | 100 |30 2 70-10° | 60 0.28
7 180 | 100 | 40 |4 55-10° | 70 0.3
8 150 90 45 |6 6510° | 140 0.28
9 200 100 |35 3) 110-10° | 120 0.3
10 200 | 140 40 |2 70:10.° 160 0.28
11 180 | 100 | 25 |2 6510° | 140 0.28
12 150 90 15 |5 80-10° | 50 0.33
13 200 140 |35 5 70-10° 40 0.3
14 120 100 |30 2 55-10° | 70 0.3
15 150 90 45 |6 110-10° | 120 0.3

KOHTPOJIBHBIE BOITPOCHI
1. M3 kakux cooOpakeHWWl BBIOMpAIOT IIAr CETKM B METOAE KOHEUYHBIX
pa3HoOCTE?

2. KakoBsbl

muddepeHunanbHBIMI YPAaBHEHUSIMU C YaCTHBIMU TTpou3BoaAHbIMU? Kakum oOpazom

HCTOYHHNKH

MIOTPEIIHOCTH

pu

pemeHuun

MOJKHO OLCHUTD MOTPCIITHOCTL PC3YyJibTaTa YNUCJIICHHOTO peHIeHI/Iﬂ?

3. B kakux ciydasx MOXET BO3HUKATh HEYCTOMYMBOCTb PEUICHUS 3a/1auu?

4. Kak BnusieT BBIOOp MapaMeTpOB CETKU Ha YCTOMYMUBOCTH?

5. Ilopsimku TOUHOCTH PA3HOCTHBIX CXEM.
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JlaGopaTopnas padora Nel6

MeToa ceTOK PECIICHUA BOJTHOBOI'O YPABHCHUA

eanb padoThI:

® U3yUYUTh METOJ PA3HOCTHBIX AMNMPOKCUMALIMK Il BOJHOBOTO YpaBHEHUS,
COCTaBUTh aJTOPUTMBl PEIICHUS BOJHOBOTO YPAaBHEHUSI METOJOM CETOK,
MPUMEHHUMBIM JIJI1 OpTaHu3aiuu BerarcieHui na [19BM;

® COCTaBUTh MPOrpaMMBbl BOJHOBOT'O YpaBHEHHUS 10 pa3pabOTaHHBIM
aJITOpUTMAaM;

° BBITIOJTHUTh TECTOBBIE MPUMEPHI U MPOBEPUTH MPABUILHOCTH PaOOTHI
MPOTrpamM;

L IMOJIYYHUTDb YHUCIICHHOC PCHICHHUC BOJIHOBOI'O YPAaBHCHMA.

Kparkue TeopeTuueckue cBeieHus
BosHoBoe ypaBHeHuUe

PaCCMOTpHM CMCIHIAHHYIO 3a1a49y AJIs1 BOJIHOBOT'O YPABHCHUA:

o’u ol
W—yzf(x,t), O<x<1, 0<t<T, (2.63)
u(x,0) = o), U(x0)=q(x), 0 <x < 1, (2.64)
u0,t)=0, u(1,t)=0, 0 <t <T, (2.65)
rne  f(xt),  p(x), 0q(X) — 3amaHHBIC JOCTATOYHO MNIAAKUE (DYHKIUH, TpUYEM

p0)=p(1)=0a(0)=q(1)=0.
bynem mnpeamomarate, uro 3amada (2.63)—(2.65) wumMeeT eIMHCTBEHHOE
pemenue Ux, t) € c,(D), D={(x, 1):0<x=<1, 0<t<T} — 3aMKHYTHI
IPSIMOYTOJIBHUK.
Pa3znHocTHasa cxema

Eyz[eM HCIIOJIb30BaTh CCTKH, IIOCTPOCHHBIC HA 3AMKHYTOM HIPAMOYTOJIBHUKE D

B JjabopatopHoii pabore Nel4, U COOTBETCTBYIOIIME OOO3HAYEHUS CETOYHBIX
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[9) "
¢yHkuii. 3amenseM B ypaBHeHUH (2.63) yacTHyIO mpou3BoaHy0 Uy mpubnmxeHHO
BTOPOM PAa3HOCTHOM IPOM3BOJHON B HANpPABJICHUM i, a YAaCTHYIO NPOU3BOJHYIO —
Uy, — BTOpOil pa3sHOCTHOI MPOM3BOJAHON B HANpABIEHHU X M, 3aMEHMB U Ha Y,

MPUXOJUM K Pa3HOCTHOMY YPAaBHEHHIO

v+l

v v-1
Ve Ve ey, (2.66)
.
k=1,2,...,N-, v=l 2 ..., M-l Illabaon pa3HocTHOro ypaBHeHus (2.66)
MoKa3aH Ha puc. 2.9.
tv+1 .
tv [ ] [ ] [ ]
tv—l .
X1 X X1
Puc. 2.9

1
DTO ypaBHEHHE MOKHO Pa3pEIIUTh IBHO OTHOCUTENBLHO Yy . HO 11 TOro, 4To0h!

HAXOJUTh 3HaYEHUs PA3HOCTHOI'O PEUIEHUs Ha (v +1) -M CJIo€, TpeOyeTcs UMETh yKe
BBIYMCJICHHBIE 3HAYEHNsI NICKOMOI'0 PELIEHU Ha JIBYX Npeapaymux ciosx. [loartomy
HY’>KHO IOJIyYUTh Pa3HOCTHOE PELICHUE CHadajaa OTAEJIBHO Ha CIIOSAX, OTBEYAOLIUX
3HaueHusM V =0 wu V = 1. B 3TOM HaM OMOryT HayaJabHbIE YCIOBHUS.

[Ipexxne Bcero, UCMOBL3ys IEPBOE HavaabHOE ycaoBue (2.64), 3amaeM

Ve=p, k=1,2, ..., N-1. (2.67)
Kpome toro, momaraemmpu k=1,2, . . . ,N-1
2
V=t o (1= Ap,). (2.68)

IIpaBas yacTh GpopmyJsl (2.68) anmpokcumupyet mHorounen Teitnopa U(X,0) +

2
u;(x,,0) + un(Xk,O) nockonbKy cormacHo (2.64) U(X.0)=p,, u(x.,0) =0, a u3

ypaBHeHHUsT (2.63) a1 YacTHBIX MPOM3BOAHBIX pemicHus 3amaun (2.63)—(2.65)
BeiTekaeT csa3b Ug(X,0) = f(X,0)+u;(x,0). Hakorern, cornacHo KpaeBsIM yCIOBHSIM

(2.65) umeem
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Yo =0, yy=0,v=0,1,..., M. (2.69)

Teneps pasznoctHas cxema (2.63)—(2.65) momHOCTBIO OmpeneeHa. JDTa cxeMa

sIBHAs TpeXclIolHas (CM. 11abJIoH Ha puc. 2.7), YCIOBHO YCTOMUYMBAs B HEKOTOPBIX
€CTECTBEHHBIX HOpMaX.

Ecim h—0, 7 -0, npuuem 7 /h<c<l, ¢ = const, TO peleHne y pa3sHOCTHOM

cxeMbl (2.66) cxomuTcs K paccMaTpuBacMoMy pelineHuio U 3amaun (2.63)—(2.65) B

ciacayroaem CMbBICIIC:

Ju-y], =0(h* +7%). (2.70)

N1 1/2
rae Ju-y|, = max (hZ(u; - y;)Z] .
k=1

0<v<M

Cxema (2.66) umeeT BTOpO#i OPSAOK TOYHOCTH U 10N, 1 110 7 .
IMlousiTHe 0 MeTOe MPSAMBIX
Ecim B 3amaue (2.63)—(2.65) BBecTH IMCKPETHOCTH TOJIBKO IO X, TO MBI

PUIEM K CUCTEME JIMHEWHBIX OOBIKHOBEHHBIX AU (epeHIInanbHbIX YpaBHEHUN

2
Ve yes -2yt v = (x, 1) (2.71)
dt” h? ’

rne k=1,2,..., N

C HAYaJIbHBIMHA YCJ_IOBI/IHMI/I
%) =p, Y(0)=q,, (2.72)
npuuem Yo(t) =Y, (t) =0.

HpI/I CACIAHHOM MPCAIOJIIOKECHHUN OTHOCHUTCIIBHO TIaAKOCTHU PCIICHUA 3adadun

(2.63)—(2.65) mmeem

Ju=y], =om?, (2.73)

0<t<T

N1 12
rae Ju-y|, =max (hZu(xk,t)—yk(t))zj VYV Yoy - - -y Ynalt) — pemenue 3anaun
k=1

Komm (2.63) — (2.65). JlaHHBI METOI HA3bIBACTCS MEMOOOM NPSAMbIX, TTOCKOIBKY

npuOiimkeHHoe perieHue 3amaun  (2.63)—(2.65) wmercs Ha TOpAMBIX X=X,
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k=1, 2,

.., N-l, pacrnosoxxeHHBIX B TUIOCKOCTH Xt. Pa3HOCTHBIN e METOJ 4acTo
Ha3BIBACTCS MemoOOM CEMOK.

3AJITAHUE K JABOPATOPHOM PABOTE Nel6

3agaua 1. Paccunrars kosaeOanus U(X,t).

[IpomonbHbie KosteOanus U(X,t) TSrM OMUCHIBAIOTCS YPaBHEHUEM

o’u  p u _
2 E ol - 0, 0<x<L, (2.74)
u(o,t) =0, u(L,t)=0, 0 <t < T, (2.75)

rae E —Monyne ynpyroctu; p —IJIOTHOCTh MaTepHasia CTEPIKHSL.

Tsara nmeer JINHY L u 3aKPCILICHA Ha KOHIAX. 3axBaTHB TATY B OCHTPC (pI/IC.

2.10), ee neopMHPYIOT TaK, YTO MPOJIOIBHOE MEPEMEMICHAE CTAHOBUTCS PAaBHBIM AU

2
_ _pou
U(X,O)— _E(??

i |
|

X

=

Puc. 2.10

3arem TAra 0CBOOOXKIaeTcs.

Paccuuraiite konebanus U(X,t) npu 3agaHHbIX B Ta0J1. 2.12 mapamerpax.

Ta0muma 2.12
Tadauma HCXOAHBIX JAHHBIX K 3aga4e 1

Mapamerp BapuaHur
9-1 9-2 9-3 9-4 9-5 9-6
L, em 10 18 32 15 25 6
Au, cM 0.1 0.2 0,15 0,1 0,2 0,15
E, WM | 110:10° | 120-10° | 97:10° 86:10° | 120:10° | 82-10°
p.kr/m’ | 43100 | 5910 | 6,7-10° | 8510° | 7.410° | 9,7-10°
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3agaua 2. Paccumtarh KojeOaHUs TOHKOW MIACTUHBI
KonebGanusi Tonkoi miactunbl (puc. 2.11) 6e3 yuera moTepb Ha TpEHHE
OIHCHIBAIOTCS HOPMUPOBAHHBIM BOJTHOBBIM YPaBHEHHEM BHJIA
2
o°u (a7 . ou |-
ot? o o)

rae u(X,y, t) — nepopmarius miacTHHBL; X, Y —KOOPAMHATHI; T — BpeMs.

Ty

[ I3

b >
X

a

Puc. 2.11

PaccunTaTh KoJcOaHUs TUIACTHHBI TIPU 33JaHHBIX B Ta0J. 2.13 pa3mepax a u b,

o u(x,y,0)

rpaHndHbIX [1 1%, I3, 14, v HadanbHBIX U(X, Y, 0) 1 o

YCIIOBHUSIX.

Tabmuna 2.13

Tabania HCXO0THBIX JAHHBIX K 3aa4e 2

I[Tapamer Bapuanr
PaMeTp =401 10-2 10-3 10-4 10-5 10-6
a, CM 1 2 3 2 3 2
b._em 2 1 2 3 1 2
% I, u=20 ou/on =10 u=20
=
E E NP ou/on =0 u=0 ou/on =10
= 5| I's u=0 ou/on =0 u=20
o o
— I, ouon =20 u=0 cu/on=10
u(1=0) arctg[cos(nx/a)] tg[cos(ﬁy/b)] 2cos(mx/a)
ou/ot | —o sm(ﬁjsin( TEV} exp sin(E] sin(z—wj tg sm[z—m] sin[ny]
a b a b a b
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KOHTPOJIBHBIE BOITPOCBHI

1. Tpueaute knaccupuxanuio guddepeHInaTbHbIX YPaBHEHUN ¢ YaCTHBIMU
IPOU3BOAHBIMU B 3aBUCUMOCTH OT MX MAaTEMaTU4ECKOW MPHUPOAbI U (PU3MUECKOTO
CMBICIIA.

2. Kakoro Buga TpaHMYHBIE YCJIOBHMS MCHOJB3YIOT B 3aJadax C
auQdepeHIraIbHbIMI YPAaBHEHUSMU C YaCTHBIMU IIPOU3BOJHBIMU ?

3. KakoBbl 0COOCHHOCTH 4HMCIECHHOTO perieHus AuQdepeHnnaIbHbIMU
YPaBHEHUSIMU C YaCTHBIMU ITPOU3BOJHBIMU TMIIEPOOINUECKOTrO THUIIA?

4. Kakue BUABI CETOK MCHOJIB3YIOTCS B METO/I€ KOHEUHBIX pa3HocTeil? Kakum
00pa3oM CTPOSAT Ha ATHX CETKaX Pa3HOCTHBIC aNMPOKCUMAILIMU U COOTBETCTBYIOIINE
UM I111a0JIOHBI?

5. Kakue mpsiMpie W HTEpaAIMOHHBIE METOABl HKCHOJB3YIOT ISl PEIICHUS
CUCTEM anreOpanyeckux ypaBHEHUH B 3amadax - ¢ JauddepeHIHaTbHbIMU
YPaBHEHUSIMU C YaCTHBIMU [TPOU3BOIHBIMU?

6. Onumure METON TPOTOHKHM. W €r0 pOojdb B pEHIeHHH 3aJad ¢
auQdepeHnaIbHbIMU YPAaBHEHUSMU € YACTHBIMU IPOU3BOHBIMU.

7. W3 kakux cooOpaXeHWil BBIOMpAIOT IIAr CETKM B METOAE KOHEYHBIX
pasHocreii? KpaeBbie yciioBusi N€pBOro, BTOPOT0, TPETHETO POJIA.

8. Tlopsinku TOYHOCTH PA3HOCTHBIX CXEM.
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