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3aHATMe N2 8
PelweHune KpaeBbiX 3a4a4 A8 BOJIHOBOrO YpaBHEHMA Ha OTpe3Ke MeTo-
pom dypbe

Fn.5,84,c.150: Ne 31 (1)

u, =a’u,, O0<x<lI, t>0, (1)
u,(0,t)=u,(l,t)=0, t=>0, (2)
u(x,0)=x, u,(x,00=1 0<x<I. (3)
HeHyneBoe pelueHue KpaeBoW 3a4a4mn byaem UcKkaTb B BUAE:
u(x,t) = XO)T (t) (4)
MNoacTtasus (4) B ypaBHeHUe (1) M pa3aenvs nepemeHHble, NoyYnum
(1) _ X"(x)

a’T(t) X(x)
PaBeHCTBO A0NXHO BbINOAHATLCA nNpu Aobbix Xe(0, 1) nt > 0, yto BO3-
MOXHO, ecnv 06a OTHOLWEHMA PaBHbl HEKOTOPOM KOHCTAHTE, T. €.
™® _ X"
a’T(t) X(x)
OTKyga nonyyaem aga guddepeHuUnanbHbIX YpaBHEHWUA C NApamMeTpoMm C:
X"(x)+cX(x)=0, O0<x<l, (6)
T"(t)+ca’T(t)=0, t>0. (7)
MoacTasnsas (4) B rpaHUYHbIE ycioBuA (2):
X'O)T ()= X"(I,t)=0, t>0,
W, yunTbiBan, uyto T (t) He MosKeT BbITb TOXKAECTBEHHO paBHOM 0, NoAYYMM

X'(0) = X'(I) =0. (8)

—c, ¢ =Const, (5)



YpaBHeHue (6) n ycnosus (8) aatoT COOTBETCTBYIOLLYIO KpaeBol 3aga4e
3agavy Wtypma-Jinysmnna.

PeweHwue 3agaum LW-/1 (cm. 3aHatune Ne 7, Ne 23(r)):

I, n=0,

2
_[ = _cosl® = 2_
cn—( I j X,(x)=cos™, n=012,.., [ X,|°= IE N0

OcTaeTcs ANa Kaxaoro 3HayeHua napameTpa C = Ck HaWTu obuiee pele-
HWe ypaBHeHua (7). OHO uMeeT cneayowmii BUA,:

A, + Bt, k=0,

T = Akcosakl—ﬂt+ B, sinakTﬂt, k=0, ©)

roe Ax n Bx — npounsBosibHblE CONSt.
CornacHo meTtoay Pypbe, pewieHne 3aA4aHHOro ypaBHeHus (1) 3anuwem B

Buae paga u(x,t) = iTk )X, (x):

k=0
Z aknt aknt K72x
u(x,t) = A +Bot+Z(Ak cosT+B smchosI— (10)
k=1
HewnssecTHble KOHCTaHTbl Ak M Bk Hangem, noaumHms psag (10) HayanbHbIM
ycnosusam (3):

u(x,0) = A, + Z A, cosk|—7ZX =X,
! ) (11)
u, (x,0) = B, +ZB —cosl—ﬂle.
Koaddumumentbl Ax 1 Bk aBnsatoTca KoapduumeHTammn pasnokeHnin pyHK-

LW X M 1 COOTBETCTBEHHO B pAAbl MO COBCTBEHHbIM GYHKLMAM 3aaaum LL-

k=2n,

| | 0,
A =1 [xdx=b. A = [xcoskprdx=2C PO k=2n-1,
0 0

2 ]l
(k) (kz)2

n=12,.., By,=1 B, =0, k=12,..

Taknum obpasom, pewieHmem 3agaum (1) — (3) asnserca GpyHKUUA:
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d _ akat k7zx
u(x,t)='§ 2_22[”) 1) ¢os2 I Jcos o
k=1
OrBerT:
BbipaxkeHue gns U(X ,t) moxKeT 6bITb 3aNncaHo 1 B Caeayowem Buae:

u(x,t) = 72+t—— ( L osa(zn_l)mjcos(zn_l)”x.

*
(2n-1)2 I I )

rn.5,§4,c 152: Ne 38(7)

u, =a’u, +Ae'cos¥, O<x<z, t>0, (1)
u, (0,t) =u(z,t)=0, t>0, (2)
u(x,0)=0, u,(x,0)=4sin3%-sinx, 0<x<r. (3)

Byaem nckaTb pelieHne KpaeBOW 3343auum B BUAE pAafa no cobCTBEHHbIM
byHKUMAM:

u(x,t) = 2 T, ()X, (x).

2k +1)x
CobcTBeHHble dyHKuMM X, (X) = COS% ABNAIOTCA peleHnem cooT-

BeTcTBYlOLWEN 3ag4a4u LUTtypma-Jinysunna:
X"(x)+cX(x)=0, O<x<ur,
X'(0) = X(x) =0,
n, cnepoBaTenbHo,
(2k +1)x

u(x,t) = ZT (t)cos

Moactasnasa paa (4) 8 (1) m O6'bep,MHF|'r'| ABa pAga B OAUH, NOJIYYUM:

(4)

o0 2 2
>IT) +%Tk (t) cos@ - Ae”'cos¥.
k=0

OTctoga, UCcnonb3ysa NPaBUNO PasnoXKeHua GyHKLMM B pAg No cobCTBeH-
HbIM, Byaem MMeTb:



2 2 T
2 _t _
T+ @Tk t)= —f Ae~t cos% cosH X gy {Ae . k=0,
7T 0 k = 0.

MNoacTasnas pag, (4) B HayanbHble ycnosua (3), nonyymm:

ZT (0)cos(2k+l)x ~0 = T,(0)=0 vk.
ZT (0)cos(2k+1)x—4sm3x sinx = 2(cos? - cos—) =
2, k=0,
= T,'(0)=4-2, k=2,
0 k#0,2.

Taknm 06pasom, NOCTPOEHbI crieaytolme 3aaadun Kowu:
" T, (1) + 2Ty (t) = Ae™, t>0,
T,(0) =0, To' 0)=2.
" 2
) T, () +22T,(t)=0, t>0,
T,(0)=0, T,(0)=-2
3) Vk#0,2:
T a2 (2k+1)2 _
(O +—7"-T,()=0, t>0,
T, (0) =0, Tk' (0) =0.

Pewwns 3apgaun KOLUVI Halgem:
_ -t at , 2einat), 4qinat
1) T,(@t)= (e —cos7+55m7)+asm7,

2+4
2) T,(t)=—<ksin3g,

3) T, (t)=0, Vk #0,2.

MoacTtaBnas HanaeHHble BbiparkeHua ans T(t) B (4), nonyunm peweHne
Kpaesoi 3agaum (1)—(3):

u(xt)( 4(e cos%t+23|n"§t)+4S|n‘§t)cosi—%sm%cos5—2".



[OomalHee 3agaHune

L:" 1. C. 150, Ne 31 (2),
2. Pewwnte 3agaum 1)-3) (cm. Ne 38(7)).

3. C.152, Ne 39.

2.04.2026
3aHATHe Ne 9

CmeluaHHan KpaeBas 3ajava ANA ypaBHeHUa runepbonunyeckoro Tuna

MpuMepHbIii BApUAHT KOHTPObHOIO 3aA4aHUA

B obnactn 0 < z < 7, t > 0 penmre cJeAyIONyIO CMENIAHHYO 3a1aqy:
Wy — Mgy + 16U, + duy — 4(cost + 4) = €2 sin b5z — sint,
u(0,t) = sint, u(m, t) = m+ sint,

u(z,0) = x + 22 cos a sin 5z, u(x,0) = 1.

PeweHune 3agaum MOXKHO UCKaTb B BUAE:
u(x,t) = x+sint+w(x,t), | (nsbasnaemca ot HeogHOpPOAHOCTM B rpa- (1)
HUYHbBIX YCNOBUAX)

roe W(x, t) ABnseTcs peleHnem cneayowei KpaeBom 3a4aum:

W, —4w, +16w_+4w, =e™sin5x, O0<x<z, t>0, (2)

w(0,t) =w(z,t)=0, t>0, (3)

w(x,0) = 2e* cosxsin5x, W, (x,00=0, 0<x<nr. (4)
ypaBHeHVle KpBEBOﬁ 3a4a4n MOXHO ynpoCTuUTb, eCan UCKaTb ero peweHme B BU-
ae

w(x,t) = e*v(x,t),

onpeaenvs Ko3dduumeHTbl o M B Tak, 4TobBbl ypaBHEHME KOTOPOMY A0/IKHa
yaosnetsopatb dyHKuma V(X, t), He coaep*ano ee NPOM3BOAHbIX MO NepemMeH-
HbiM X U t.



Tak Kak

0| w(x,t)=e”"v(x,t),
16 | w, =e™(av+V,),
4| w =™ (N +V,),
-4 | W, =e*"*(a’v+2av, +V,),

1w :eax+ﬁt(ﬂzv+2mt +Vtt)!

TO OYHKLMA V(X, t) M ee npon3BoAHbIE BXOAAT B ypaBHEHME C TaKUMU KO3ddULM-
eHTamu:

V| ™ (16a +4p —ba’ + )
Vx | e7(16—8a)

v | e (4+2p)

Vex | — 4™ A

Vit e ax+pt

Toraa, Bbibpas o 1 B Tak, 4TobbI

16—-8a =0, a=2,
=
4+25=0 f=-2,
(npu sTom 160 + 48 — 4a” + % =12)
MOAYYNM YpaBHEHUE, KOTOPOMY A0/KHA YA0BNETBOPATb GyHKUMA V(X, 1):
V, — 4V, +12v =e* sin5x. (6)
A
w(x,t) = e ?'v(x,1). (7)
MopacTtasnas BbipaxeHue (7) B ycnosusa (3) u (4), nonyunm ycnosusa ana GyHKUUK
v(x, t):
v(0,t) =v(7,t)=0, t>0, (8)
v(x,0) =2cosxsin5x,  Vv,(x,0)=4cosxsin5x, 0<x<z. (9)



Byaem mckaTb pelieHue Kpaesoi 3agaum (6), (8), (9) B Buae paga no cobcTeeH-
HbIM QYHKLMAM:

v(x,t) = ZTk () Xy (%)

Co6ersennble dyHkunm X, (X) =sinkx, k € N, ssnsiorca pewenuamm coort-
BeTcTBYIOWEl 3aaaum LTypma-Ninysunna:
X"(x)+cX(x)=0, O<x<urm,
X(0) = X(x) =0,

W, cnegoBaTesbHo,
v(x,t) =D T, (t)sinkx (10)
k=1
MNoacTasnas pag, (10) B (6), noayumm:

3 (T (1) + (8K +12)T, () Jsinkx = e sin5x

k=1
OTcioaa, Ucnonb3ysa NpaBuao PasfoxXeHna GYHKUMKU B pAA, No COBCTBEHHbIM,
byaem umeThb:

e, k=5
T, () + (4k% +12)T, (1) =1’ |
() +( )T () {0, K25

MNoacTasnas pag (10) B HauyanbHble ycnosus (9), nonyumm:

ZTk (0)sinkx=2cosxsin5x =sin6x+sin4x =

k=1
= T(0)-= 1, k=45,

70, k=46,
ZTk'(O)sinkx:4cosxsin5x:25in6x+25in4x =
k=1

2, k=45,
= Tk'(o):
0, k=4,6.

TakmMm o6pa3om, NOCTPOEHbI cieaytoline 3aaaun Kowu:
" T,(t)+76T,(t)=0, t>0,
T,(0)=1 T,'(0)=2.



5) T, (1) +112T (1) =e*, t>0,
T.(0)=0, T,'(0)=0.
6) T, (t) +156T,(t) =0, t>0,
T,(0)=1 T,'(0)=2.
7) Vk#4,5,6:
T, (1) + (4k* +12)T, (t) =0, t>0,
T,(0) =0, Tk' (0)=0.

3apauun nmeror cepyouime peweHua:

2 . :
T, (t) = cos(/76t) + ﬁsm(\/mt),
1( 5 2 . _
T, (t) = E(e —cos(v/112t) - msm(dlth)J, (11)
2 :
T, (t) = cos(v/156t) + 755 sin(«/156t);

T (t)=0, Vn=4,5,6.

B pesynbTtaTte byaem umeTsn:
V(x,t) =T, (t)sin4x+T,(t)sin5x+T,(t)sin6x — (8) —

W(X,t) =7 ?v(x,t) = ¥ (T, (t) sin 4x + T, (t) sin 5x + T, (t)sin6x) — ()

OtBer:
u(x,t) = x+sint+w(x,t) =

= X +sin(t) +e”7* (T, (t) sin 4x + T, (t) sin 5x + T, (t) sin 6x),

rae oyukumn T, (1), T, (), T, (t) onpesensiorcs no popmynam (11).



;‘.*2‘;‘)“:;‘)“.]

3ameuanue. dyHKumio h(X, t), y40BAETBOPAIOLLYIO FIPAHNYHbBIM YC/0-
BUAM:

ah, (0,t) + 4h(0,t) =0,
{azhx(l 1)+ B,h(1,1) =0,
MOXHO HaUTK B Buae:
1) h(x,t)=A{t)x+B(t),ecru B>+ #0,
2) h(x,t)= A{t)x* +B(t)X,ecu B, =p,=0.

AdomallHee 3apaHue

g

[JomMallHAA KOHTPOIbHAA paboTa He Temy «CMmeluaHHaA Kpaesas
3agava AnA ypaBHeHuA runepbonnyeckoro tTuna»
Cpok BbinonHeHuA: 16 anpensa

BapunaHThI 3a,£I,aHVIl7I
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