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23.11.2023
3aHAaTne Ne 12

3apgava Wtypma-/inysunna
Mpun KaKMX 3HaYeHUAX NapameTpa € 3aja4a
X"(x)+cX(x)=0, 0<x<I, (1)

aX'(0)+bX(0)=0, a,X'(I)+b,X()=0, (2)

MMeEET HeHYy1eBOE peLleHne.

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

PaccmoTpum Tpu cayyas:
1) Ecam c <0 (nyctb ¢ =—A2, A #0), To obuiee peweHne ypasHeHua (1) umeet
BMA;
X(x) = Ae™ +Be ™.
MoAYMHMB €ro rpaHUYHbLIM YCI0BUAM, NOAYYUM:
X'(0)=4A(A-B) =0,
X()=Ae" +Be™ =0.
Pewas cuctemy, Harigem A = B = 0, T. e. 3agaya (1), (2) umeeT HyneBoe pe-
LWeHwue.
Takum 06pa3om, cobCcTBEHHbIE 3HAYEHMA paccmaTpuBaemoi 3agaum LL-/1 He
MOTryT 6bITb OTPULLATENBHBIMM.

2) Ecanc =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.



OTkyaga nonydaem, 4to A = B = 0. A 3HauuT, 1 B 3TOM C/y4ae NoaydYaem Hyne-
BOE pelueHue.

3) Ecamc >0 (nyctb ¢ = 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 YCN0BUE, MONYHUM
X ()= Acos(il) =0.

fICHO, UTO HeHyNeBoe pelueHue 3agaum LLU-/1 byaeT cyw,ecTBoBaTh, €Cu
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.
CobcTBeHHble GYHKLMU, 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, =+
" 2l o X o o ATy

— AomaliHee 3agaHue

C. 131, Ne 23 (B) ( + npoBepuUTb CBOMCTBO OPTOrOHa/IbHOCTU CO6-
CTBEHHbIX GYHKLUMMN, BbIYUCANTL HOPMbI COBOCTBEHHbIX QYHKLMIA).

30.11.2023
3aHATHMe Ne 13

3apava Wtypma-Jinysunnsa

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

PaccmoTpum Tpu caydas:

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

X (x) = Ae™ + Be ™.
HOALIVIHVIB €ro rpaHnYHbIm yCI0BUAM, NONYHUM:
X'(0) = A(A-B) =0, 220 (A=B,
fe=—
X'()=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 3HAaYEHWUA paccmaTpuBaemolt 3agaum W-J1 He
MOFYT 6bITb OTPULATENbHBIMMU.

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 3HaYEeHMA C.



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

2)

3)

BUA:
X(x) = Ae™ +Be ™.
ﬂO,D,‘-IMHMB €ro rpaHn4YHbIM YCNOBUAM, NONYHUNM!
A+B=0,
{A(Ae’“ —Be™)+h(Ae” +Be ™) =0

(*)

A+B=0,
A(ie™ +he)+B(he™ —2e ) =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. CnefoBaTesibHO, YpaBHEHME HE UMEET BELLLECTBEHHbIX KOPHEW, OT-
NnyHbix oT 0. A 3HauuT, onpeaenuTesnb MmaTpuupl cuctemsl (*) otanueH 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 JaET:

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 ypasHeHua (1):
X (x) = Acos(Ax) + Bsin(Ax).
MofunHMMm obLLee pelleHre rPaHUYHOMY YCa0BUIO Npu X = O:

X(0)=A=0.



Mpun 3TOM, UCMONb3YA BTOPOE FPpaHMYHOE YCN0BME, MONYYUM
X'()+hX(1)=B(Acos(Al) + hsin(Al)) = 0.
AIcHO, YTO HeHyNeBoe 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 3HAaYeHUI cnedyeT BbIACHUTb, CKOIbKO MO/OXMK-
Te/IbHbIX KOPHEN NMeeT ypaBHeHue (**).

lpaduueckoe pelieHne ypaBHeHna (**):

Nno3BONAET CAeNaTb CNeAyIOWMI BbIBOA: cyujecmeyenm HOEeCKOHeUHOe CHemHoe
MHOJNCECMB0 NOAOHCUMENbHBIX KOpHel ypaenenust (**) A, n € N.

CnepoBaTtenbHO, cCOBCTBEHHbIe 3HaYeHns 3agaun LL-J1:

c =4

n n?

raoe An — NOJMOXUTENbHbIE KOPHM ypaBHeHuA (**), n cooTseTcTBylOLIME UM
CcobCTBEHHbIE DYHKUMMK:

X,(X)=B,sin4,x, vB, #0.



= JomalwiHee 3agaHue
L C. 127, Mpumep 1.
C. 131, Ne 23 (a) (Monaraa B, =1 Vn e N, Bbiuncants Hopmbl

COBCTBEHHbIX QYHKLNI 1 NPOBEPUTb CBOMCTBO OPTOrOHa/IbHOCTU
COBCTBEHHbIX QYHKLNI).

C. 131, Neo 23 (e) (+ npoBepuTb CBOMCTBO OPTOrOHa/IbHOCTU CO6-
CTBEHHbIX GYHKLUMMN, BbIYUCANTL HOPMbI COBCTBEHHbIX QYHKLMIA).

Nycte B, =1 Vne N, Toraa

| | .
. I sin(24,1)
X |IP=[sin?(2 x)dx =1 [(1-cos24 x)dx = — - >0t
I, 1= [sin’ (2 de= 3 [ =5 -
TaK Kak
)
sin(24,) = 294 224N
1+tg° A4, h? + 4,
TO
| h
”Xn||2:_+ﬁ'
2 2(h?+2)

BbiBOoa. PeweHune 3agaum LU-JT:

2 2
Cn:/lnzl Xn(X):Sin(ﬂan)’ nEN1 ”anlzzw
2(4," +h?)

A
rae An — NONOMKUTENbHbIE KOPHK ypaBHeHua tg(Al) = e

OPTOroHanbHOCTb COBCTBEHHBIX GYHKLMIA
PaccmoTpum cobeteenHble dpyHKumn X, (X) =sin A4 X, X, (X) =sin 4. X, co-

2 2
OTBETCTBYIOLME PA3/IMUHBIM COBCTBEHHBIM 3HauYeHUAM, rae ¢, =A-, ¢, = A, —
pa3/IMyHbIE KOPHU ypaBHeHMA (**). BbluMCAUM MHTerpan

JLXnXkdx :j'sin A, xsin 4, x dx :%j‘(cos(ﬂn — A )Xx—cos(4, + 4 )x) dx =



jX X dx—'lfsin A, Xsin 4, x dx :%Jf(cos(/in — A )X—c0s(4, + A4 )x) dx =

sm(/l —AJl sin(4, +A) _ 1
20, ~4) 20, +4)  24-2))

+ﬁ(ﬂk<sin(ﬂn =& +sin(4, + A1) =
1 . i
=z Aasin Al cos 1+ Asin 4] cos 4l =

n

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

= %}Lﬁcos/lnl -cos Al (-2, g A )+ A tg A1) =

5 ! >Cos A l-cos Al [—/ln -(—£j+ﬂk -(—ﬁD:O.
LY h h

07.12.2023
3aHAaTtne Ne 14

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

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

PasnoxeHue dyHKUMU f{x) B pag no cucteme dbyHKUMIA sm%”ﬁ n=1,2,..

f(x)= Zf sin?7X, e f, —zjf(x)sm””xdx

S(x,N)= z Sosin™E - f(x) = leim S(x,N).




1)

0

2)

f(x) = 1
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http://math-it.petrsu.ru/users/semenova/UMF/Praktika/Illustration/Decomposition/R1.gif
http://math-it.petrsu.ru/users/semenova/UMF/Praktika/Illustration/Decomposition/R2.gif

3) f(x) =x(1 —x)

f(x)_ Z(l (1)) | xe[Ll]
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3 AomawiHee 3apaHue

C. 132, Ne 26.
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