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03.12.2021
3aHAaTne Ne 12

3apgava Wtypma-/inysunna
Mpun KaKMX 3HaYeHUAX NapameTpa € 3aja4a
X"(x)+cX(x)=0, O0<x<l, (1)
aX'(0)+bX(0)=0, a,X'(I)+b,X()=0, (2)
MMeEET HeHYy1eBOE peLleHne.

CobcTBEeHHble 3HAYeHUsA 3aaum LL-J1 ABnAlOTCA BelecTBEHHbIMMU.

rn.5,§3,¢c.131: Ne 23(6): X'(0)= X(I)=0.

PaccmoTpum Tpu cay4as:
1) Ecam c <0 (nyctb ¢ = —A2, A #0), To obuiee peweHne ypasHeHua (1) umeet
BMA;
X (x) = Ae™ +Be ™.
MoAYMHMB €ro rpaHUYHbLIM YCI0BUAM, MNOAYYUM:
X'(0)=A(A-B) =0,
X()=Ae" +Be™ =0.
Pewas cuctemy, Havigem A = B = 0, T. e. 3agava (1), (2) umeeT HyneBoe pe-
LWeHue.

Takum 06pa3om, co6CTBEHHbIE 3HaYeHMUA paccmaTpuBaemoit 3agaum W-J1 He
MOFYT 6bITb OTPULATENbHBIMMU.

2) Ecnnc =0, 1o obliee peweHne ypaBHeHua (1):
X(x) = Ax + B.

MNoacTaHoBKa B rPaHnNYHbIE YC/I0BUA Oa€ET!

X'(0)=A=0 u X(I)= Al +B =0.



OTkyga nonydaem, 4to A = B = 0. A 3HauuT, 1 B 3TOM Cay4ae Nosydaem Hyne-
BOE pelueHue.

3) Ecamc >0 (nyctb c = A%, A #0), To obuiee peleHne ypasHeHua (1):
X (X) = Acos(Ax) + Bsin(Ax).
MogunHmm obliee pelleHme rpaHUYHOMY ycaoButo npu X = 0:
X'(0)=4AB=0 = B=0.
Mpu 3TOM, UCNONB3YA BTOPOE FPaHUYHOE YCI0BUE, NMONYYUM
X ()= Acos(il) =0.

fICHO, UTO HeHyNeBoe pelueHne 3aga4m LL-/1 byaeT cywecTBoBaTh, €CM
T
cosAl =0 & Al :E+7zn, neZ.

Taknm o6pa30N\, Hawan cobcTBeHHble 3HaYeHual:

2
Cn:(%j , nEN’

M CcooTBEeTCTBYHOLWMNE COBCTBEHHblE (byHKLI,MMI

2n+1) zx
X, (x) = Ancos( ) , VA, #0.
CobcTBEeHHble GYHKLMM, COOTBETCTBYHOLLME PA3/IMYHBIM COOCTBEHHbLIM 3Ha-
YeHnAM, OTZINYaOTCA Ha MOCTOAHHbIA MHOXUTENb.

|
fyers A, =1VneN.Torga [|X, [P=[cos? @D dy=1.
0

OpPTOroHaNbHOCTb COBCTBEHHbIX QYHKLMNA.

(2k+1) 7x (2n+L)mx _
o C0S-"—; dx =

(Xk,xn)zj'cos

I'\JlH

|
j(cos (k+”+l)”x +COS (k_f)m‘)dx -0 Vk=#n.
0

! Mpwu oTpuLaTeNbHBIX 3HaYEHMAX N He ByAyT NOAyYeHbl HOBbIE 3HaYeHMA C.



BbiBOA. PelwweHune 3agaum LU-/1:

c —[En+Dz 2 X, () =cos @™y 010 X, =+
: 2| v Xy o S o2

= JomalHee 3aaaHue

=

: C. 127, Npumep 1;
c. 131, Ne 23 (B) ( + NpoBEPUTb CBOICTBO OPTOrOHA/IbHOCTM COB-
CTBEHHbIX GYHKLUMMN, BbIYUCAUTb HOPMbI COBCTBEHHbIX PYHKLMIA).

10.12.2021
3aHATHMe Ne 13

3apava Wtypma-Jinysunnsa

rn.5,8§3,c.131: Ne 23(r): X'(0)=X'(l)=0.

PaccmoTpum Tpu cnyyas:

1) Ecamc <0 (nyctb c =—A2% A #0), To obuiee pelieHne ypasHeHus (1) umeet
BUA:
X(x) = Ae™ + Be ™™

MoAYMHMB ero rpaHUYHbLIM YCI0BUAM, MNOAYYUM:

X'(0)=A(A-B)=0, 420 [A=B,

' Al -l < Al -l

X'(N=A(Ae” —Be™) =0 B(e” —e™)=0.
Pewas cuctemy, Harigem A = B = 0, T. e. 3agaya (1), (2) umeeT HyneBoe pe-
weHue.

Takum 06pa3om, co6CTBEHHbIE 3HaYeHMUA paccmaTpuBaemolt 3agaum LW-/1 He
MOFYT 6bITb OTPULATENbHBIMM.

2) Ecnnc =0, To oblee peweHne ypaBHeHus (1):
X (x) = Ax+ B.
MoacTaHOBKa B rpaHUYHbIE YCI0BUA JaeT:

X'(0)=A=0 u X'(I)=A=0,



3)

Monyuyaem, yto npu c = 0 cyuwecteyeT HeHynesoe pelleHue X(X) = B, koraa B
—Vconst#z0. Nyctb B=1.

|
¢ =0, X,(0)=1 | X, ||2=j1dx= l
0

Ecam c >0 (nyctb ¢ = A2, A #0), To obuiee peleHne ypasHeHua (1):
X (x) = Acos(Ax) + Bsin(Ax).
MogunHmm obliee pelleHme rpaHUYHOMY ycaoButo npu X = 0:
X'(0)=4AB=0 = B=0.
Mpu 3TOM, UCNONb3YA BTOPOE FPaHUYHOE YC0BUE, MONYHUM
X'(1) = Alsin(Al) = 0.
ACHO, YTO HeHyeBoe pelweHune 3aaa4n LL-/1 byaeT cywecTtBoBaTthb, €CAu
sinill=0 < Al=an, neZ.

Takum o6pa3om, yunTbiBas ycnosme A # 0, HalAK COBCTBEHHbIE 3HaYeHnA%:

2
Cn:[nTﬂ-j , heN,

M cooTBeTCTBYIOWMNE COBCTBEHHbIE (byHKLI,MMI

X, (x) = A, cos™*, vA =0.

|
Nycte A, =1 VneN, Ttorga || X, ||2=jc032”%fdx:|§_
0

BbiBOoa. PeweHune 3agaum LU-JT:

N I, n=0,
:[—j X,(x)=cos™*, n=012,., | X, [*=1]

n

I —, h=0.
2

rn.5,§3,c.131: Ne 23(a): X(0)=X'(1)+hX(l)=0, h—const> 0.

PaccmoTpum Tpu cnydas:

2 Mpu oTpULLATENbHbIX 3HAYEHMAX N He ByAyT NOyYeHbl HOBbIE 3HaYEHMA C.



1) Ecamc <0 (nyctb c =A% A #0), To obuiee pelieHne ypasHeHus (1) umeet

2)

3)

BUnA4:
X(x) = Ae™ +Be ™.
|_|O,D,‘-IMHMB €ro rpaHn4YHbIM YCNOBUAM, NONYHUNM!
A+B=0,
{A(Ae’“ —Be™)+h(Ae” +Be ™) =0
{A+B:0, *)
A(2e” +he?)+B(he™ —1e™)=0

MonyyeHHas cuctema MMeeT HeHyneBoe pelleHue (A, B), ecan onpeaenutens
MaTpuLbl cuctembl paseH 0O:

1 1

267 s he? he ' g7 =0 < -A(e" +e™)+he™ —-e")=0.

OuyeBunaHo, Npu A < 0 neBas YacTb ypaBHeHUA 6onblue 0, a npu A > 0 — oTpu-
uaTesibHa. CnefoBaTe/ibHO, YpaBHEHME HE UMEET BELLLECTBEHHbIX KOPHEN, OT-
NmyHbix oT 0. A 3HauuT, onpeaenuTenb maTpuupbl cuctemsl (*) otanyeH ot 0
npu NbbIx A # 0, n cuctema (*) nmeet Hynesoe peweHne A=B =0.

Takum 06pa3om, co6CTBEHHbIE 3HAYeHMUA paccmaTpuBaemolt 3agaum LW-/1 He
MOTFYT 6bITb OTPULATENBHBIMM.

Ecnun c =0, To obuiee peweHne ypasHeHua (1):
X(x) = Ax + B.
MofcTaHOBKa B rpaHUYHbIE YC/I0BUA LAET:

X(0)=B=0 u X'(1)+hX(1)= Al+hl)=0 = A=0.

Monyyaem, 4to Npw ¢ = 0 cyLLecTBYET TONbKO HyneBoe peleHne X(X) = 0.

Ecan ¢ >0 (nyctb ¢ = A2, A #0), To obLiee peweHune ypasHeHuma (1):
X (x) = Acos(Ax) + Bsin(Ax).
MofunHMMm obLee pelleHMe rPaHUYHOMY yCa0BMIO Npu X = O:

X(0)=A=0.



Mpun 3TOM, UCMONb3YA BTOPOE FPpaHMYHOE YCN0BME, MONYYUM
X'()+hX(1)=B(Acos(Al) + hsin(Al)) = 0.
AIcHO, UTO HeHyeBoe pelueHue 3agaum LLU-/1 byaeT cylecTBoBaTh, €CAn

Acos(l) +hsin(A) =0 < tg(,u):_%. (*%)

3ameTum, uto, ecnm A ABnAeTcA KOpHeM ypaBHeHua (**), To n (—A") Takxke
ABNAEGTCA KOPHEM ypaBHeHusa (**). Torpa, Tak Kak ¢ = A%, A # 0, To ana
HaxXoXAeHNA COBCTBEHHbIX 3HaYeHUI cnedyeT BbIACHWUTb, CKONbKO MOOMKM-
Te/IbHbIX KOPHEN NMeeT ypaBHeHue (**).

- [AomalwHee 3agaHue

C. 127, NMpumep 1.
C. 131, Ne 23 (a) — BbINONHUTbL rpadMYECKNt aHaIN3 ypPaBHEHUA

17.12.2021
3aHAaTtue Ne 14

3apgava Wtypma-/inysunna

Mpogonxenne Ne 23 (m):

lpaduueckoe pelieHne ypaBHeHuUa (**):




No3BONAET CAENATb CAefYOWUIA BbIBOA: cyujecmseyem OeCKOHEUHOe CUEnHOe
MHOIHCECMBO NONIOACUMENbHBIX KopHell ypaehernust (**) An, N € N.

CnepoBaTesibHO, cObCTBEHHbIE 3HaYeHUs 3aa4m LL-N:
c, =1,
raoe An — NONOXUTENbHbIE KOPHM ypaBHeHMA (**), n cooTBeTcTByOLIME MM
CcobCTBEHHbIE DYHKUMMK:
X,(X)=B,sin4,x, vB, #0.
Nycte B, =1 Vne N, Torpa

| | -
. I sin(24.1)
X |17= [sin?(A.x) dx =1 [(1-cos24 x)dx = — — >—~Cnd
I, 1= Jsin® (2, %) dx =] =g -
TakK Kak
)
sin(24,]) = 294l 224N
1+tg9® A h® + 4,
TO
| h
I X, 117

=—+———.
2 2(h*+22)

BbiBoAa. PeweHue 3agaum LU-/1:

2 2
Cn =/1n21 Xn(X)ZSIn(ﬂnX)I n€N7 ”Xnnzzw
2(2,° +h?%)

A
rae hn — NONOKUTENbHBIE KOPHYM ypasHeHua tg(Al) = e

OpPTOroHaNbHOCTb COBCTBEHHbIX QYHKLMA
PaccmoTpum cobeteerHble dyHKumn X, (X) =sin A4 X, X, (X) =sin A4 X, co-

2 2
OTBETCTBYIOLME PA3/NINYHBIM COBCTBEHHBIM 3HAaUeHUAM, rae ¢, = A, ¢, = A, —
pas/iMyHble KOPHU ypaBHeHUs (**). Bblumcanm nHterpan



anXkdx = 'Ifsin A, Xsin 4, x dx :%j‘(cos(ﬁn — A )X—c0s(4, + A4 )x) dx =
:sin(/ln—ﬂk)l _sin(4, +4)! _ 1
24,-4) 24+ A) 204 -4)

+ﬁ(ﬂk<sinun — A +sin(2, + A1) =

= ﬁ(—in sinAl-cosA |+ 4 sinAl-cosAl)=

n

(A, (sin(4, = A =sin(4, + A1)+

= %;Lkzcosﬂnl -cos Al (-2, g A )+ A tg A1) =

2
n

1 osal- I R M
_iz_ﬂszOS/inl cosinl[ A ( hj+ﬂk ( hD_O.

n

PasnoxxeHue ¢pyHKUMU B pag, No cobcTBeHHbIM PYHKUMAM 3a8aumn
Wrypma-Sinysunna

n.5,83,c.132: Ne 25

PasnoxeHue dyHKUMM f(x) B pag no cucteme GyHKL U sin%’?ﬁ, n=12,.
@ 1
f(x)= Zlfn sin7¥, e f, =2 /(x)sin 27X dx,
n= 0

S(x,N)= i f,sin®7x - £(x)= lim S(x,N).
) N—>w

1) f(x) =1

F(x) = %g (1_(k_1)k)sin k:’X, X (0.1).
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MoAroToBKa K 3a4eTHol paboTte (24 oexaops)
PelunTb NpMMepHbI BapUaHT 3a4€THOrO 3a4aHUS:

3AUETHOE 3AJAHUE YUII
Ipumeprnti capuarnm
1. Haiigure pemenue v = u(x, y) caemyiomeil kpaesoit 3aaa4u:
Uy, —2xuy, =0, u(l,y)= 2.
2. Oupesennre THIT yPABHEHNA:
Upy + 2Uyy + Uz, — dUyy — duy, +2u — 2 = 0.

3. Haiigure obmee pemenme u = u(z,y) ypaABHEHHS, IPHBEAA €ro K
KAHOHHYCCKOMY BHJLY:

Upy — 10Uy + 20Uy, + duy — 25u, = 0.
4. IIpusegure ypaBruenue K KAHOHHTIECKOMY BHILY:
N 2 _
Upy — 2COS T Ugyy — (3 + 80 2)uy, — yu, = 0.
5. B obnactu —oo < x < +o0, t > 0 pemmre 3amaay Komm:

Upp — Ugy + 2Up + du, — 3u =10,

u(z,0) = e** sinw, w(x,0) = e**(cosx — sinz).




