Jlekumna 4



Teopema 4. CrpyKTypa 0bLlero peweHuns
ypasHeHua Y +p(xX)y'+q(x)y=0 {i} ,
Echru Y1 B Y> nBa "lHEMHO He3aBUCUMbIX
YACTHbIX pelleHnA ypaBHeHnA {i} TO obulee

pewenne umeet sug Y(X) =Cy, (X) +C,y, (X)),
rne C1,C, - npoussonbHbie nocTosHHbIe.

JloKa3aTenbCTBO.
1) no Teopeme 1 y(x) ecTb pewieHne ypaBHEHMUA {i}

2) [loKkaxkem, 4To 31O obulee pelieHune, T.e. ANA
NOObIX HAaYaNbHbIX YC/IOBUM MOMKHO HAUTU C.GC,




MycTb HaYaNbHbIE YCNOBUA V(%) = Yo: Y (%) = Yo
X, € (a;b)

-

< Yo = C1y1(xo) +C2Y2 (Xo)
\y{) = Clyl’(XO) "‘Czy; (Xo)

3Ta cucTtema JIMHENHbIX YPaBHEHUM C HEU3BECTHbIMM
C..C, umeer eguHcTBEHHOE pelleHune, T.K.
onpegenutens cuctembl A=W (y,, Y,)(X,) #0.
(Teopema KpoHeKkepa-Kanennu)

CneposaTtenbHoO, 3aga4a Kowun paspewinma,

n Y(X) =Cy,(x) +C,Y,(X) - obwee pewwerne

YPaBHEHMUH {:}

Toraa




PyHOaMEHTaNbHAA CMCTEMA PELUEHMNIN ypaBHEHUA

Y+ p(X)y +q(x)y =0 I

3TO COBOKYMHOCTb JIMHEMNHO HE3aBUCUMbIX YaCTHbIX
peLeHnmn {i} TaKas, 4Tto Ntoboe apyroe 4YactHoe
peLleHne ectb TMHENHAaA KOMbMHALUMA 3TOU CUCTEMDI.

Ons ypaBHeHMﬂﬁ} Ntobble ABa NMHENHO HE3aBUCUMBbIX
YACTHbIX peweHna obpasyoT PyHAAMEHTANbHYIO
CUCTEMY PELLEHUMN.



JINHeNHble HeoAHOPOAHbIE
anddepeHumnanbHble ypaBHEeHUA 2 nopAaaKa

O6wmit ug: Y +POYY +a(x)y = f(x) {2

CooTBeTcTBYlOLWEE EMY OAHOPOAHOE YPABHEHME:
y"+ p(X)Y' +a(x)y =043

Teopema. CTpyKTypa 0bLlero peweHums ypaBHeHMﬂ{g} :

Obwmm pelieHnem ,D,Y{Z} ABAAETCA Cymma obuiero
peleHus ,D,Y{i} y=C,y,+C,V, n kakoro-nmbo

YaCTHOrO peLleHus y* LI,Y{Z} ,Te.y=y+Vy .



J10Ka3aTenbCTBO.
1) [Jokaxem,uto Yy =Y + Y- peweHue Y {2}

(y+y') +p(y+y) +a(v+y7)=
=(v) +p(y) +ay+(y') +p(y) +ay' = F (0

0 f(x)

2) [JoKaxem, 4yTo 370 obuee peweHune. ycTb AaHb
Kakne-To HadanbHble ycnosua y(x,)=VY,;Y'(X,) =VYs;

(Cy, (%) +C, Y, (%) + Y (%) = Y,
Toraa )

CY; (%) +CoY5 (%) +(¥7) (%) = ¥



3Ta CMCTEeMaA IMHENHDbIX YPaBHEHUN C HEN3BECTHbIMMU
C,,C, nmeeT egMHCTBEHHOE peLleHue, T.K.
onpeaennTenb CUCTEMbI €CTb HE PABHbIN HY/IO

onpeaenntTenb BPOHCKOro A =W (y,, ¥,)(X,) #0

(cnepyet n3 teopembl KpoHekepa—Kanennn)

Teopema ( 0 Ha/NIOXKEHUN peLleHUn)
Myctb Yy - yactHoe pewenve 4y Y+ py' +ay = f,(X)
M y,” -4acTHoe pelieHune Y y'+ py' +qy = f,(x)
Toraa Y =y, +Y, -peweHne Y
y"+ py +qy = f,(X) + f,(X) -

(0OKa3aTb CAaMOCTOATENbHO)



JInHeUHble 1Y 2 nopaaKa C NOCTOAHHbIMU
KoddppunumneHtamm 6e3 npaBon yactu
(oaHOpOAHbDIE)

PUIEIA by Y =0 @
rae P,qJ — NOCTOAHHbIE KO3OPULMNEHTDI.
byaem 1ckatb YacTHble pelweHuns B BUae \ = e
Torpa Y =ke™, y" =k’
[loacTtaBum B ypaBHeHUe:
k*e™ + pkekx +qekx =0 nnu ekx(k2 + pk +q) =0



k*+pk+q=0

- XapaKkmepucmu4ecKoe ypasHeHuUe.
OVCKPUMUHAHT D = p® —4g
BO3MOXHbI 3 cay4yaa:
1) D>0;
2) D=0;
3) D<O;



Cnyyan 1. IMCKPUMMHAHT XapaKTEPUCTUYECKOro YpaBHEHMUS
bonblue HyNA:

Toraa 3To ypaBHEHME MMEET ABa Pa3/IMYHbIX KOPHA

ki X KX
B stom cnayuae pyHkumn Y1 =€ n Y, =€ anneitno
He3aBUCUMBbIe peLleHmn Ll,y@ M OHM 06pasyioT
¢yHOamMeHManbHy0 cucmemy peweHudl.

k k
O6uiee pewerne 3anuwem B suge: Y = Ce +Ce™

[lpumep. PewnTb ypaBHeHUE

PeweHue. Boinnwem xapakTepuctmnyeckoe ypaBHeHne

ONCKPUMUHAHT

KopHu Obuwee pelwieHue:



Cnyyan 2. IMCKPUMUHAHT XapaKTePUCTUYECKOro YpaBHEHMUS
paseH Hyno: D = p°—4q=0.
Torpa 310 ypaBHEHME nMmeeT ABa PaBHbIX KOPHA ki =k, =k
kx
B aTom cnyyae pyHKumA VY, =€ - 04HO U3 YaCTHbIX

peleHunit. BTopoe, IMHENMHO He3aBMCMMOE OT NepBoro,
k
byaem uckaTtb B Buae: Y, = Xe.

Y6eammcs, 4To 3TO peLleHne ypaBHeHUA @: NoACTaBUM
Yy, =% +kxe™;  yr = ke + ke + kxe®;
(ZkekX + kzxe"x)+ p(xe"X + kekx)+ gxe* =
:ekx(2k+k2x+ D+ pkx+qx)=
( )\
=¥ x(k2 + pk+q)+(p+2k) =0
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Takmnm o6pa30M, JIMHENHO He3aBUCUMbIe (I)yHKLI,I/II/I
A kx . kx
y1 =€ n y2 = X€

0b6pa3yoT pyHOameHmManbHyo cucmemy peweHuu
yYpPaBHEHUA @ n obulee peweHne MMeeT BUA,:

y =C,e* +C,xe*

Npumep. Pewntb ypasHenne Y — 6y +9y =0
PelleHune. XapaKkTepuctmyeckoe ypaBHeHuUe k*—6k+9=0
MMeeT ABa PaBHbIX KopHA K, =Kk, =3.
ObLee pelleHme ypaBHEHUA UMeeT BUJ
y=C,e*+C,xe™
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Cnyyan 3. JMCKPMMUHAHT XapaKTePUCTUYECKOrO
yYpaBHEHUA MmeHblle Hyns. KopHu ero — aBa
KOMMIEKCHbIX COMPAXKEHHbIX YNCNA

Ki=a+I1B; K,=a—1B, T - b, —\/ —p—2
1 1 N2 T ’ A€ O = 21 B_ q 4

CooTBeTCTBYHOLWME peLlleHnn
y, =e”(cospx+isinpx); y, =e*(cospx —isinpx)
- 3TO KOMI/1eKCHble GYHKLUMNN,

Hanpém aBa delicmeumersibHbIX YaCTHbIX peLleHuns ﬂ,@

~ZY1+y2 Yi— Y,
2 2

A =e™ cosPx; V, = =e™ sinx



PeweHna Y1 U Y, o6pasyoT pyHAAMEHTaNbHYIO
cucremy pewenmii, T.k. W (¥, ¥, ) =0
(0OKa3aTb CAaMOCTOATENBHO)

NTaK, obLiee pelieHmne ypaBHEHUS @ B cCaydae 3:

y =e”(C,cospx+C,sinpx)

[lpumep. PelwunTb ypaBHeHUe
PeweHne. XapaKTepuctnyeckoe ypaBHeHune
ONCKPUMUHAHT . KopHu

T.e. Torpa obuwiee pewieHne UmeeT BUA,:



JInHeUHble A1Y 2 nopaaKa ¢
NOCTOAHHbIMU KO3dPULMEHTaMM C
npaBoi YyacTbio (HeoaHOPOAHbDIE)

O6bwuii sua: Y + py +qy = f(x)@ rae P.Q -
NOCTOAHHbIE Ko3pduLmMeHTbl, npaBas Yactb f(X) - HekoTopas
bYHKUMUA.

Mo Teopeme (o cTpyKType) 06wnin Bug, pewenusa: Y = Y + y*

roe V- obluee peleHne cOOTBETCTBYIOLWEro OAHOPOAHOIO
ypaBHeHUA, a |/ -Kakoe-nnbo yactHoe pelieHue JY @

Nonck Y~ 3aBucuT oT npasoi yactu (pyHKumm f(X)).

Paccmotpum cnyyam, korga f(X) nmeer
«cneyuanbHbIM BUAY
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Cnyuaii 1: Mpagas yactb umeeT Bug f(X)=ae™ .

%
Toraa byaem McKaTb YacTHOe pelweHne Y B nogobHom
* oxX
ke Buae: Y = AeT
OaHaKo, eC/iM OANH N3 KOPHEN XapPaKTEPUCTUYECKOTO
ypaBHEHUA paBeH a, To nosaraem y- = Axe™
Ecnun e 06a KOPHA XapaKTEPUCTUYECKOTO VPAaBHEHMUS
k, =k, = " = Ax’e™
paBHbl a: K, =K, =0Q , Tononaraem Y =
KoadpdpuumeHT A HaxoanUTCA METOA0OM HeonpeaeneHHbIX
KO3ddPULMEHTOB.
NMpumep.
y'—3y'+2y=12¢e""



Cnyyai 2. [NpaBadA 4acTb €CTb MHOIOY/IEH CTENEHU M OT X
f(x)=P (x)=a,+ax+---+a X"
Torga mwem Y seuge Y =R, (X)= A + AX+---+ A X"

OAHaKo, eci 0ANH N3 KOPHEN XapaKTEPUCTUYECKOro
YPaBHEHMA paBeH HY/O, TO No/1Iaraem

y* :XRm(X): Abx_|_ A&XZ _|_.“_|_Anxm+l

fpumep.  y"-3y'=x+1 y(0)=1y'(0)=1.



Cnyuai 3. paBadA YacTb eCcTb JIMHEMHAA KOMOUHAUMA
TpuroHomeTpmyeckux pyHkumn T (X) =acosx+hbsinpx

Toraa nwem 4acTtHoe pelleHune B Buae
y" = Acosx + Bsinx

OZHaKO, eC/IM KOPHU XapaKTepUCTUYECKOTO YpaBHEHMS
k,, =+iB, To nonaraem Y = X(/AcosBx + Bsinpx)



Cnyuaii 4. NpaBas yacTb y =R _(x)e”
B stom cnyyae y* =R _(x)e™

Ecnn »Ke 0AUH M3 KOPHEU XapPaKTEPUCTUYECKOTO YPaBHEHMSA
paBeH a, TO , KaK BCerAa B 3TOM C/ly4ae, YMHOMKaem Y Ha X

y =xR_(x)e™
Ecniv 06a KOpHA paBHbI A, TO YMHOKaem Y~ Ha X

Y =Xx°R_(x)e”*



Cnyyau 5 (Hanbonee obwumit). NMpaBaa 4YacTb UMeET BUA;
f (x) =(P,(x)cospx+Q,(x)sinfBx)e™
pun OTCYTCTBMM «pe30HaHCa» ulem y* B Buae
y* =(R (x)cospx+ S, (x)sinpx)e™
rae | =max(m,n)
Ecnn e KOPHU XapaKTepUCTUYECKOro YpaBHEHUS

K, =axIB 1o

y* =x(R, (X)cospx+S,(x)sinpx)e*



