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NuHeitHble guddepeHumnanbHble ypaBHEHUA N-Tro NOPAAKA C NOCTOAH-
HbIMU Ko3pPuumeHtamu. OgHOPOAHbIE ypaBHEHUA

JluHeliHoe 00HOpPOOHOe ypasHeHue € MOCMOAHHbIMU KOo3(hduyueH-
mamu VmeeT Bug,
-1 1
By +ay"? +..+a,,y+ay=0, (1)
rae KoadpduumeHTbl a,,4a,, ..., a, — BeLLeCTBeHHble NocToAHHble U 8, # 0.
Beega auddepeHumanbHblit onepatop L Buaa
d n d n-1

L= +a,——+...+2a i+a (2)
=% g gt Tt g e

ypaBHeHue (1) moskHo 3anucaTb Kak Ly =0.

Echm Y, Y,,..., Y, — IMHENHO He3aBUCMMbIe pelleHna ypaBHeHua (1), To

obulee pelieHne ypaBHeHus (1) onpeaenaeTt Ux AMHeNMHas KomMbuHaums
y=Cy+CY, +..+C.y,, (3)


http://elibrary.bsu.az/kitablar/846.pdf
http://math-it.petrsu.ru/users/semenova/DIFF_UR/Praktika/Book/Matveev.djvu

rae C,,C,,...,C, —npoussonbHble nocToAHHble. PyHKUUMY, Y,,..., Y,

obpasyoT pyHOameHmanvHyo cucmemy peuieHuli (PCP) ypaBHeHUs

(1).
Onsa noctpoeHun BeluectBeHHo PCP ypasBHeHuAa (1) TpebyeTca HaliTu
BCE KOPHW COOTBETCTBYIOLLErO XapaKkmepucmu4ecKko20 ypasHeHusA

aA"+aA" " +..+a A+a, =0. (3)

M BOCMO/1b30BaTbCA CAegyHWMMU NpaBuiamm:

Mpaswuno 1.
B cnyyae npocTbix KOpHeN /1j CyLLecTBYeT BelecTBeHHana GyHAaMeH-

o o A
TanbHaA CUCTEMa PeLLeHuiA, CoCToALAA U3 GYHKLMIT €77 ana Kamaoro
BELLECTBEHHOrO KOPHA A; W yHKuuil e” cos fx, e”*sin fx ans

KaXKAO0M Napbl KOMMAEKCHbIX KopHelt A =a + Bi, B #0.

Mpaswuno 2.
B cnyuae KpaTHbIX KOPHENE A, cywiecTsyeT BewecTBeHHas GpyHAaMeH-
Ta/ZibHaA CUCTEMA pPeLleHW, cocTosaWwas U3 GYHKLNIMA
eﬂjx’ Xeljx, - R

ONA KaXKO0ro BeLLeCTBEHHOro KOPHA )LJ. KpaTHOCTH kj n GYyHKLMI

e”* cos X, Xxe™ cos BX, ..., X6 cos Bx,

e” sin fx, xe“*sin Bx, ..., x*'e* sin Bx

LANA KaXKA0M napbl KOMMAEKCHbIX KopHen A =a £ fi, B #0, kpatHo-
ctm k.

Ne 511 [®): y"+y'—2y=0. (511.1)

CocTaBMB COOTBETCTBYIOLLEE XapaKTEPUCTUUYECKOE YpaBHeHUe, Halaem
€ro KOpHu:

P41-2=0 < (A+2(A-1)=0, A4=1 A4,=2



dyHOoameHTanbHasA cUCTeMa peLlleHui, cornacHo npasuay 1 (cnyyan

KOMMAEKCHBIX KOPHEN), COCTOUT U3 dyHKLMI €° n e72*. Obwee pele-
Hue ypaBHeHus (511.1) ctpounTca no popmyne (3).

X —2X
Omeem: |y =Ce"+C,e".

Ne 515 [@]: y"-4y'+5y=0. (515.1)

Haﬁ,u,elv\ KOPHWU COOTBETCTBYHOLWEINO XapaKTePUCTUYECKOTO YpaBHEHUNA!
2 2 H
A°—41+5=0 & (1-2)°+1=0, A,=2=i
cDyH,EI,aMEHTE]J'IbHaFI cuctema pEUJEHMVI, cornacHo npasuny 1, coctout u3

dyHKUMIT €7 CcosX u e”sinX. Oblwee pelweHve ypasHenus (515.1)
cTpouTcs no ¢popmyne (3).

Omeem: |y =€**(C, cos x+C, sin x).

Ne519 [®]: yV —y=0. (519)

CocTaBMB COOTBETCTBYIOLLEE XAapPAKTEPUCTUMUECKOE YpaBHEHMWe, Halaem
€ro KOpHu:

A'-1=0 < (A-D)UA+D(A*+1D) =0, A, =%l A, =i
dyHAaMeHTaIbHAA CUCTEMA PELUEHMI, COFNACcHO npasuay 1, coctout mns
dyHKUMn €%, 87, coSX, SinX. Toraa obliee pelleHWe 3aAaHHOroO
YPaBHEHUS UMeeT BUA:
y=Ce*+C,e ™ +C,cosx+C,sinx.

Ne 521 [®]): y¥' +64y=0. (521)

CoctasuB COOTBETCTBYHOLWEE XaPaAKTEPUCTUYECKOE YPaBHEHUNE!
A464=0 < A°=-2° A=2(-1)"°.



Haligem Bce ero KopHu, ncnosbsysa Gopmyay 4N1a KOpHel N-cTeneHn us
HEHY/JIeBOro KOMMIEKCHoro uncia Z = z | (cos@+ising):

77"z (costmﬂsinLZkﬁj, k=0, n-1
n n

Ona z=-1 umeem |Z|=1, ¢ =, Torpa

Al :2(cos7z+62k7z+isin ’”2"”}, k=0, 5.

Mocne NoACTaHOBKM COOTBETCTBYIOLMX 3HaYeHu K 8 dopmyny ana Ax
Hangem:

do=B3+i, A4, =2i, A, =—B+i, =—83-i, 1, =-2i, 1 =3-i.
UM cooTBeTcTBYeT GyHAAMEHTa/IbHaA CUCTEMA BELLECTBEHHbIX GYHKLLMIA
e cosx, e®sinx, cos2x, sin2x, e *cosx, e sinx.

CnepoBatenibHO, obllee pelleHMe ypaBHeHuA (521) B BeLLEeCTBEHHOM
dopme 3anuweTca B BuAe

X

y= eXﬁ(C1 cosx+C,sinx)+C,cos2x+C,sin2+

+e 7 (C, cos x+C, sin x).

5*-“-“3'-“9'3'-] JdomawHee 3apaHue

V.4 [®] NeNe 512, 516, 520.
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JNnHeitHble anddepeHumnanbHble ypaBHEHUA N-ro NOPAAKA C NOCTOAH-
HbiMU KO3dPULMEHTaMMN.

Ne 523 [®@]: 4y"+4y'+y=0. (523)
Haliem KOpHM COOTBETCTBYIOLLLETO XapaKTEPUCTUUECKOrO ypaBHEHMA
402 +42+1=0 o (2A+1)2=0, A =4,= _%_

dyHaameHTaNbHasA CUCTeMa peLleHui, cornacHo npasuay 2 (KopeHb
o —x/2
A =-1/2 vMeeT KpaTHOCTb, PaBHYIO 2), COCTOUT u3 dyHKUmA € %

xe ¥'?. Obwee peweHune ypasHenus (523) ctponTcs no dopmyne (3)
nMmeeT BUA,

y =e*(C, +C,Xx).

Ne 524 [@]: y¥ —6y" +9y™=0. (524)

Haiiiem KOpHU XapaKTepuCTUHECKOrO YpaBHEeHUA:
A*-61'+91°=0 < 1*(1-3)*=0, Ao,3=0, 4,5=3.
YuutbiBan KpaTHocTb KopHeit A =0 (kpaTHocTb 3) 1 A =3 (KpaTHOCTb 2)

B COOTBETCTBMM C NpaBuiom 2 obuiee peleHne ypaBHeHus (524) 3anu-
Lem B BMAe

y =C, +C,x+Cx* +e*(C, +C.X).

Ne526 [@]: y"V +2y"+y=0. (526)

Haliaem KOpHM XapaKTepuCTUYECKOro ypaBHEeHUA:
24227 +1=0 & (A’+)°=0, A,=i, A,=-i



YuuTbiBas KpaTHOCTb KopHel A =i (KpaTHOCTb 2), B COOTBETCTBUM C
npasuaom 2 obliee peweHne ypasHeHua (526) 3anuwem B Buae

y =(C,+C,x)cosx+(C, +C,x)sinx.

Ne 530 [®]: y¥ +8y"+16y'=0. (530)

CocTaBMB COOTBETCTBYIOLLEE XAPAKTEPUCTUUECKOE YpPaBHEHWE, Halgem
€ro KOpHM:

A°+81°+164=0 < A(1*+4)*=0, A =0, 4,,=2i, 4,,=-2i

PyHOaMeHTaNbHAA CUCTEMA PELLEHUI COCTOUT U3 QYHKLLUI
1, cos2x, Sin2x, XCO0S2X, Xsin2Xx.

Toraa obuiee peweHune byaet UMeTb BUA,

y=C, +(C, +C,x)cos 2x + (C, + C;x)sin 2x.

Ne532 [@]: y"V +4y"+3y=0. (532)

Halifiem KopHU XapaKTepuUCcTMYEeCKoro ypaBHEeHUS:

241422 13=0 o (AP+1)(2*+3)=0, A, ==, 4,,=+i3
dyHaameHTanbHaA cUCTEMA PeELUEHMI, cornacHo npaswuay 1 (caydai
KOMMJ/IEKCHbIX KOPHEN), COCTOUT U3 PYHKLNM

cosx, sinx, cos~/3x, sin~/3x.
Obluee peweHne ypasHeHuA (532) ctpoutca no popmyne (2).

Omeem: |y = C, cos X+C, sin X+ C, cos+/3x + C, sin+/3x.

Ne 582[@]): y"-2y'+y=0; y(2)=1 y'(2)=-2. (582.1)

Mpekae Bcero Hanaem obliee peweHne ypaBHeHus. CocTaBMB COOTBET-
CTBYIOLLLEE XapaKTEPUCTUYECKOE YpaBHEHNE, HaNAEM ero KOpHMU:

A2-2041=0 < (A-1%=0, A4 =4, =1



Y4ynTbiBan KpaTHOCTb KOpHA A =1 (KpaTHOCTb 2), B COOTBETCTBUM C Mpa-
BM/IOM 2 obulee pelleHMe ypaBHeHUs (582) 3anuwiem B Buae

y=Ce*+C,xe". (582.2)
ﬂ,]‘lﬂ onpeaeneHna NOCToOAHHbIX C1 n C2' COOTBETCTBYHOWUNX NCKOMOMY

YacCTHOMY pelleHUto NoAYMHUM NOCTPoeHHoe pelweHue (582.2) 3apaH-
HbIM YC/I0BUAM:

y(2) =€°(C,+2C,) =1, C,=T7e7,
y'(2)=e*(C,+3C,)=-2, |C,=-3e>

NopacTtasus HaaeHHble C, n C, B (582.2), nonyunm Mckomoe YacTHoe

pewenwe: |y =€ (7 -3Xx).

NuHeitHble guddepeHumnanbHble ypaBHEHUA N-ro NOPAAKA C NOCTOAH-
HbiMU Ko3pPuumeHtamu. HeogHopoaHble ypaBHeHUA

JluHeliHoe HeoOHOPOOHOe ypasHeHue € NOCMOAHHbLIMU KO3(hduyueH-
mamu VMmeeT Bug,

By +ay"? +..+a,y+ray = (%), (4)
rae KoapduumeHTbl a,,4a,, ..., a, — BELLeCTBeHHble NoCToAHHbIe U 8, # 0,
a f(X)— dyHKumMA, HenpepbiBHan Ha uHTepsane (o, B). Mpu aTom pewe-
HUA ypaBHeHMA (4) onpegeneHbl He Ha BCEM BELLECTBEHHOW OCK, KaK
ypaBHeHus (1), a TonbKo Ha uHTepsane (a, PB).
YpasHeHue (4) moxHo 3anucatb B Buge Ly = f(X), roe L — and-
depeHUManbHbIN onepaTop, onpeaensembiii dopmynoin (2).
Onsa peweHuns ypaBHeHus (4) cnegyeT BHauvane Haltn GyHKUMMK
Y1 Y2+ Yns OOpasytowme GyHAAMEHTANbHYIO CUCTEMY PELIEHMI COOT-
BETCTBYIOLLETO O4HOPOAHOIO ypaBHeHMA (a 3To ypaBHeHue (1)), a ganee

MOXHO,
1) "aMbo NPUMEHUTb Memoo0 8apUAYUU MPOU380/bHbIX TOCMOSAHHBIX,



2) nnbo, ecnn oyHKuma f(X) mmeet HeKoTOpbIN onpeaeneHHbIn BUA,

NPMMEeHUTb TeopemMy! 0 CTPYKType pelleHns IMHENHOro HeOAHOPOA-
HOrO ypaBHEHMA:

Teopema. Obuwee peweHue nuUHeliHO20 HEOOHOPOOHO20 YpPaBHEHUSA
(4) npedcmasnsem coboli cymmy obuje2o peweHus coomeemcmay-
rouje2o0 00HOPOOHO20 YPABHEHUAY,, U HEKOMOpPO20 YGCMHO20 pe-

weHus Y,  ypasHeHusA (4).

uacm

M UCKaTb YacTHOe pelleHune ypaBHeHuA (4) memodom HeorpedeneH-
HbIX KO3ghpuyueHmos.

MpuBeaem HecKo/NbKo MNpaBuA onpedefneHna BuAa YacTHOro pelleHuA
Y uer, O BUAY NPABOW YaCTM ypaBHeHMA (4):

Mpasuno 1

Bua P (x)e™, rae P,(X) — nonuHom ctenenn m, koapdpuum-
PYHKUMN | o111 5 He ABNAETCA KOPHEM XapaKTepPUCTUUECKOTO YpaBHe-

f(x) HuA (3)

E::moro Q.. (x)e™, rae Q,(X) - nonrHom crenexu m, koadpduuy-
pewwennsn | €HTbI KOTOPOTO HAAO0 HATK.

Mpasuno 2

Bug P.(x)e™, rae P,(X) — nonuHom ctenenn m, koadpduum-

PYHKUMM | o7 3 aBnAeTcA KOPHEM XapaKTEPUCTUUECKOTO YpaBHeHMA
f(x) (3) M umeeT KpaTHOCTb K
Bupg,

YacTHOro
pelueHus LLMEHTbI KOTOPOIro Haao HaUTMU.

X“Q,(x)e*, rae Q,(X) - nonurHom cTenenn m, koaddu-

1 Cm., Hanpumep, B yuebHuKe: Kabko A.M. n ap. AnddepeHumanbHble ypaBHEHUA 1
yctonumsocTb. — CN6.: N3pgatenbctBo «/laHb», 2015.



Mpaswuno 3

Bua P! (x)e* cos Bx + P?(x)e* sin Bx,rae P:(x), P*(x) -
¢yHKumMn | MONMHOMBI CTENeHN M ¢ | coOTBETCTBEHHO C BELLLECTBEHHbI-

f(x) MU Ko3bdULMEHTaMU, KOMMNNEKCHOE YMCNO o, + i} He ABAA-
€TCA KOPHEM XapaKTepUCTUYECKOro ypaBHeHuUs (3).

sun | Q0067 cos Ax-+ QZ(x)e sin fx, rae QA(X), Q¥(x) -

YacTHoOro | nonnHomsl cteneHn S =max(m,l), koapduumneHTbl KOTO-

PeLeHnA pbIX HAA0 HANTW.

Mpaswuno 4
1 2 H 1 2
e (Pm (x)cos px+ PR (x)sin ,Bx), rae P.(X), R°(X) -
Bua MOAMHOMbI cTeneHn M 1 | cooTBeTCTBEHHO C BELLLeCTBEHHbI-
dyHKUUN .
f MW KO3dPULIMEHTAMM, KOMIMIEKCHOE YnCo o, + I} AaBnaeTca
(x) KOpPHEeM XapaKTepuCTUYECKOro ypaBHeHus (3) n umeert Kpar-

HocTb K.

Bua X“e (Q}(x) cos Ax+QZ(X)sin Bx), rae Q}(x), QX (X) -

YacTHOrO | noauHomsbl cteneHn S = max(m,l), koadpduumneHTbl KOTO-

peweHuna o
PbIX HAa40 HaUTU.

Koadpduumentsr mHorouneros Q. (X), Qi(X), QZ(X) Haxoaatca nocne

NOACTAaHOBKM Y, B UCXOLHOE ypaBHEHMe.

uacm

MpuHUMN cynepnosuumum

Mpn NoucKe 4YacCTHOrO pelleHua ypaBHeHus (4) B cnydae, Koraa
npaeas YacTb NpeAcTaBMMa B BUAE CYMMb
f(x)=f,(x)+ f,(x)+...+ f.(x),

MHOr4a nerye HANTW YacTHble peweHnAa yj AanAd ypaBHEHMVI




Ly=f,(x), j=Lr.
Toraa yacTHoe pelleHue ypaBHeHus (4) byaeT onpeaenaTbca ux
cymmon, T.e. Yy, . =Y, +Y,+..+Y.

Ne 533 [®]: y"—2y'-3y =", (533)

Haliga KOpHKU XapaKTepUCTUYECKOrO YpaBHEHMA
A*-24-3=0, A =-1 A,=3

nosyymm obuiee pelleHMe COOTBETCTBYIOLWLEro OAHOPOAHOTO ypaBHe-
HUA:

y,, =Ce*+Ce*.
Bua, yacTHOro peleHusa onpegenvMm no BMAY NPaBoOM YacTU ypaBHEHUA
(533). YuntbiBas, UTo @ = 4 He ABNAETCA KOPHEM XapaKTepUCTUYECKOoro
ypaBHeHus, no npasuay 1 umeem y, = Ae*.NoacTasnas 3to Bblpaxe-
HWe B ypaBHeHMe (533) BMecTo Y, noay4ymm

16 Ae®™ —8Ae* —3Ae* =e¥, 5Ae™ =e**, 5A=1 A= %

B pesynbTaTe nosyunnm yactHoe pelueHune ypasHeHua (533) Y, :ge“

n cnepoBartesibHoO, U O6LLI,ee peweHune 3a4aHHOro ypaBHeHUA:

y=Ce™*+C,e™+ %e“.

Ne 534 [®]: y"+y =4xe". (534)

1) A*+1=0, 4,=H=i, v, =C,cosx+C,sinx.
2) a=1, a#4,, y,=(Ax+B)e".



KoadduumeHTsl Hangem metogaom HeonpeneneHHbix koaddpuumeH-
TOB:

1 |y, =(Ax+B)e*
0 | (Y,)'=(AX+B+A)*
1 | (v,)"=(Ax+B+2A)e*

CobpaB KoappuLMEHTbI NPU OAMHAKOBLIX GYHKUMAX B JIEBOM YacTU
YPaBHEHUSA U NPUPABHAB UX K KOIPPULMEHTAM NPU TeX XKe PYHKUMUAX
B NPaBOM YaCTM ypaBHEHMUA:

B+B+2A=0 | A+B=0,
=
A=2,

X

e
xe' | A+A=4 |

Hangem: A=2, B=-2.CneposatensHo, Yy, =(2x—2)e*,
3) Obuiee peweHne ypaBHeHus (534):

y =C, cosx+C, sin X+ (2x—2)e*.

:-r-“rr-‘-‘f-] JdomalwiHee 3apgaHue

& (0] NoNe 522, 525, 527, 529, 536.
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JNnHeitHble guddepeHumnanbHble ypaBHEHUA N-ro NOPAZKA C NOCTOAH-
HbiMK KoadpuumeHTamn. HeogHopoaHble ypaBHEeHUA

Noe 535 [®]: y"—y=2e"—x°. (535)



1) A*-1=0, A4,=%1 vy, =Ce*+C,e™
2) Ucnonb3ys NpUHUMA cyneprno3nuuu, YCTaHOBMM BUJ, YacTHOMO pe-
LweHunAa:
a) f,(x)=2e*, a=1=4,, y, = Axe":
(Axe*)"— Axe* =2e*, A(x+2)e*—Axe* =2¢*, A=1 —

— Y, =xe".
6) f,(x)=—x*, a=0=4,, y,=Ax"+Bx+C:
(AX* + Bx+C)"— (AX* + Bx+C) =%,

2A— Ax* —Bx—C = —x?,
MpupasHUBaa KO3GPULMEHTbI MPU OAMHAKOBbLIX CTENEHAX X B fie-
BOW M NPaBOW 4aCTAX YPaBHEHMA, MONAYYUM

_A=_1, A=1|
-B =0, =S B=0, — y,=x"+2.
2A-C =0, C=2,

CnepoBatenbHo, Y, =Y, +Y, = X€* +X* +2.
3) Obuiee peweHne ypaBHeHus (535):

y=Ce*+Ce+xe* +x +2.

Ne 538 [@]: y"+Yy=4sinX. (538)

1) A*+1=0, A4,==i, y, =C,cosx+C,sinx.

2) a=0, =1 a+if =24 .MNonpasuay 4 umeem
Yy, = X(Acos x + Bsin x)
KoadpodumumneHTol Hangem mMeToaoM HeonpeaeneHHbix Koaddpuumen-
TOB:
1 ’ Yy, = X(Acos x + Bsin x)



0 ‘(yq)'=Acosx+Bsinx+x(—Asinx+Bcosx)
1 ‘(yq)"=—2Asinx+28cosx—x(Acosx+Bsinx)

CobpaB KoappULMEHTbI NPU OAMHAKOBbLIX GYHKUMAX B JIEBOM YacTu
YPaBHEHWSA U NPUPABHAB UX K KO3PPULMEHTAM NPU TeX XKe PYHKLUMNAX
B NPaBOM YaCTM ypaBHEHMUA:

COoS X 2B=0

sinx | —2A=4 A=-2,
=

Xcosx | A—A=0 B=0

xsinx | B=B=0

CnepoBaTtenibHo, Y, = —2XCOS X.
3) Obuiee peweHne ypaBHeHus (538):

y =C, cosx +C, sin X —2XCos X.

Ne 540 [®]: y"-3y'+2y =XCOSX. (540)

1) 1*-31+2=0, A=l A,=2, yoo,,=CleX+C2e2X.
2) a=0, p=1 a+if#4,.Nonpasuny 3 uUmeem
Yy, = (Ax+B)cos x+ (Cx+ D)sin x
KoadpodumumneHTol Hangem meToaom HeonpeaeneHHbiX Koaddpuumer-
TOB:
2 | Y, =(Ax+B)cosx+(Cx+D)sinx
-3 | (v,)'=—(Ax+B-C)sinx+(Cx+ D+ A)cos x
1 | (y,)"=—(Ax+B-2C)cosx—(Cx+D+2A)sinx

CobpaB KoaddUUMEHTbI NPU OAMHAKOBbLIX GYHKUMAX B NE€BOMN YacTu
YPaBHEHUS U NPUPABHAB UX K KO3dhdULMEHTAM NPU TeX Ke GYHKLUAX
B MPaBOW YacTU ypaBHEHUA:

cosx | 2B-3D-3A-B+2C=0 | [(3A-B-2C+3D=0,
2A-3B+3C-D=0,
=
A-3C=1



sin x 2D+3B-3C-D-2A=0
Xcosx | 2A-3C-A=1
Xsin x 2C+3A-C=0

PelwwnB nonyyeHHyto cuctemy, Hangem

A:i B:—i C= 3 D:—E.
50

10° 25" 10’
CneposatenbHo, Y, =(0,1x—0,12) cos x — (0,3x +0,34)sin x.
3) Obuiee pelweHne ypaBHeHUs (538):

y =Ce* +C,e” +(0,1x—0,12) cos x— (0,3x +0, 34)sin x.

Ne 546 [®]: y"+ Yy =xsinx. (546)

1) A*+1=0, A,==i, y, =C,cosx+C,sinx.
2) a=0, =1 a+if =24 .MNonpasuay 4 umeem
Yy, = X((Ax+ B)cos x+ (Cx + D)sin x)

KoadpodumumneHTbl Hagem mMeToaoM HeonpeaeneHHbix Koadduumen-
TOB:

1 |y, =(AX*+Bx)cos x+(Cx* + Dx)sin x
(y,)'=(Cx*+(2A+D)x+B)cosx +
+(=Ax* +(2C - B)x+ D)sin x
(y,)"=(—Ax*+(4C - B)x+2(A+ D)) cos x —
—(Cx* +(44+ D)x—-2(C—B))sinx

CobpaB K03pdULUMEHTbI NPU 0AMHAKOBbIX GYHKUMAX B JIEBOM YacTu
YPaBHEHUSA, NOMYYNM

cosx | 2(A+D)
sinx | 2(C -B)




Xcosx |(4C-B+B=4C
XsinXx | -4A-D+D=-4A
x*cosx |A—-A=0

x*sinx |C-C=0

N NPUPaBHAB UX K KoabdMUMeHTam Npu Tex xe PyHKLMAX B NpaBoM
4acTu ypaBHeHUA, byaem nmeTs:

A+D=0, C-B=0, C=0, -4A=1.
. 1 1
OTcioga Hangem: A:—Z, B=C=0, D:—A:Z.
1, .
CnepoBatenbHo, Y, = " (sin X —XCos X) - X.

3) Obuiee peweHne ypaBHeHus (546):

. 1 .
y =C, cos x+C, sin X + = (x-sin x — X* cos x).
4

No 548 [®]: y"—5Yy'=3x"+sin5x. (548)

1) A*-51=0, A4,=0, 4, =5 y00H=Cl+C2e5X.
2) Wcnonb3ya NpuHUMN Cyneprno3nuumn, yCTaHOBMM BWMA, YacTHOro pe-
LEeHMA:

a) f(x)=3x*, a=0=4,. CornacHo npasuny 2, cOOTBETCTBYIO-
wyto GyHKUMIO Y, UleM B BUae Y, = X(AX® + Bx+C):

(AX® + Bx* + Cx) "= 5(Ax® + Bx* + Cx) ' = 3x?,
6AX+2B -15Ax* —-10Bx-5C =3x*, —



NS
_15A=3, 5

> J6A-10B=0, —» B:_%, N
2B—5C =0 %
125

— vy, = —% (25x° +15x%* + 6X).

6) f,(x)=sin5x, a=5i#4,, y,=Acos5x+Bsin5x:
(Acos5x + Bsinb5x)"—5(Acos5x + Bsin5x) ' =sin5x,
—25(A+ B)cos x+ 25(A—B)sin5x =sin 5x,

A+B =0, 1 1 .
— A=-B=— — y,=—(c0os5x—sin5x).
25(A-B)=1 50 50
CnepoBaTesnibHO,

1 1 ]
=V +V, =——(25x% +15x? + 6X) + — (C0S 5X — sin 5x).
Y. =Y+ Y, 125( ) 50( )

3) Obuiee peweHne ypaBHeHus (548):

1 1 ]
=C, +C,e% ——(25x> +15%° + 6X) + — (cos 5x —sin 5x).
y=C+(, 125( ) 50( )

Ne 549 [®]: y"—2y'+2y =e" + XCOoSX. (549)

Xapaktepuctuueckoe ypasHenne: H(1)=1*-21+2=0.

a=1 PB(x)=1
fl(X) = ex a He ABNAETCA KOPHEM XapaKTEPUCTUYECKOIO YpaBHEHUS,

k. HQ)=1#0




X

Npasunol — Yy, =Ae

a=a+if=i, P'(X)=x, P/(x)=0,
f,(X) = XCOSX | a He sBnsieTCcA KOPHEM XaPAKTEPUCTUYECKOTO YPaBHEHNS,

Tk H(i)=1-2i#0

Npasuno 3 — Yy, =(Bx+C)cosx+ (Dx+ E)sinx

TakmMm o6pas3om, YacTHoe pelleHue ypaBHeHus (549) umeet sna;

Yourn = Y1 + Y, = A+ (Bx+C) cos x+ (Dx + E)sin x.

No 550 [@]: y"+6y'+10y =3xe > —2e* cos x. (550)

XapakTepuctuueckoe ypasHerne H (1) =A% +61+10 = 0 umeeT KopHu

Ay, =—3%i

a=-3, B(x)=3x,
f,(x) = 3xe ™ a He ABNAETCA KOPHEM XapaKTepUCTUYECKOro ypas-
HeHuAa, T.K. a % 21’2

Mpasunol — Y, = (Ax+B)e™

a=a+if=3+i, P(x)=-2, P}(x)=0,
f,(X) =—2e* CcoSX | a He ABAsETCA KOPHEM XapaKTEPUCTUYECKOTO YpaB-
HeHua, TK. a# 4,

Mpasuno 3 — Yy, =e*(Ccosx+ Dsinx)

Takum 06pa3om, yacTHoe pelleHne ypasHeHua (550) nmeet sua;
Youor = Y1+ Y, = (AX+B)e™ +e¥*(C cos x + Dsin x).




—3X

3ameyaHue. B cnyyae, Korpga f2(X)=—2e COS X, cooTBeTcTBYlOWAA YacTb

yacTHoro peweHna (GyHkumua Y, ) byaet umets ua;
y, =& *(Ccosx+Dsinx)- X,

Tak Kak @ = +1=-3+1 nABnAeTcA NPOCTbIM KOPHEM XapaKTEPUCTUYECKOTO
ypaBHEeHUA.

JdomawHee 3apaHue

.‘.".‘.‘J‘.".‘T.]

[®] NeNe 537, 539, 541, 543, 584.

14.04.2026 a8
3aHaTtmne Ne 10

NuHeiinble anddpepeHuymanbHble ypaBHEHUA N-ro NopAaaKa C NOCTOAH-
HbiMK Ko3pduumneHtamu. HeogHopogHble ypaBHEeHUA

Ne 551 [®]: y"—8y'+ 20y =5xe* sin 2x. (551)

Xapaktepuctuueckoe ypasHenve H(A) = A° —81 + 20 = 0 umeeT KopHU
A, =4%2i

a=a+if=4+2i, P/(x)=0, P’(x)=5X,
f (X) =5xe"*sin 2X | a aBnneTcA KOPHEM XapaKTEPUCTUYECKOrO ypaBHe-
HUA, T.K. =4

Takum 06pasom, B COOTBETCTBMM C NPABUAOM 4 yacTHOe pelleHne ypaBHe-
HuA (551) umeeT BuA;

Y. = X€™((AX+ B) cos x + (Cx + D)sin x).

No 555 [®]: y"—-8y'+17y =e™(x* —3xsin X). (555)



XapakTepuctuueckoe ypasHeHne H (1) =A% —81+17 = 0umeeT KopH#
A, =4+

2
a=4, P(x)=Xx",
f (x) = x’e¥ a He ABNAETCA KOPHEM XapPaKTePUCTUYECKOrO ypaB-
HeHus, T.K. a# 4,

Mpasuno1l — Y, = (AX* +Bx+C)e™

a=a+if=4+i, Pr(x)=0, P?(x) =3x,
f,(X) =—3xe™sinX | a asnnetcs KOPHEM XapPaKTEPUCTUYECKOTO ypaBHe-
HUA, T.K. A=A

Mpaeuno 4 — Yy, =xe™((Dx+E)cos x+ (Fx+G)sinx)

TakMm 06pas3om, YaCcTHOe pelleHue ypaBHeHus (555) nmeet sua;

yltacm = yl + y2 =
= (AX® + Bx+ C)e™ + xe™ ((Dx + E) cos x + (Fx + G) sin x).

Ne 569 [@]: y" +5y"+4y =sin X-C0S 2X. (569)
HaiiieM KOpHU XapaKTepuUCTUHECKOTrO YypaBHEHUA:
HA)=1"+52+4=0 & (A*+D)(1*+4)=0 =

= A,=4, A4,=%2
[na npaBoit YacTU ypaBHEHUSA UMEEM:

Sin X-coS2x = lsin 3x—lsin X.
2 2



a=a+if=3i, P/(x)=0, Pﬁ(x):%,
f,(x)= —sm3x

a He ABNAETCA KOPHEM XapPaKTEPUCTUYECKOTO ypaBHe-
HUA, T.K. a# A,

Mpasuno 3 — Yy, = Acos3X+ Bsin3x

a=a+if=i, P(x)=0, PZ(X)==

1.
f,(X) =—=sinx
2 a ABNAETCA KOPHEM XapaKTEPUCTUHECKOTIO YpaBHEHUS,

TK A%

Npaeuno 3 - Y, = X(C cos x + Dsin x)

Taknm 06pasom, 4acTHOE pelleHne ypaBHeHus (569) nmeet sug;

Youom = Y1 +Y, = Ac0s3x + Bsin 3x + x(C cos x + D sin x).

Ne 583 [@]: y"+y=4e*, y(0)=4, y'(0)=-3. (583)

CHauana Hangem obuiee pelLleHne ypaBHEHUS.
1) A*+1=0, A,=H=i, vy, =C,cosx+C,sinx.
2) a=1 a#4,, y,=Ae"
MopcTaBnas 310 BbipaxkeHWe B ypaBHeHUe (583) BmecTo Y, nonyumm
Ae* + Ae* =4e*, 2Ae* =4e*, A=2.
3) Obuiee pelleHUe ypaBHEHUS:
y =C,cosx+C,sinx+2e*, (583.1)

I'Iop,qMHMB HaliaeHHoe pelleHne asym 3adaHHbImM yenosuam Y(0) =4 u
y'(0) =-3,, nonyuum ypaBHeHUA Ana HaxoxaeHWA nocToaHHbIX C; w
C,:



0)=C,+2=4,
{y() ! = C,=2 C,=-5.

y'(0)=C,+2=-3,
NoacTtaBune HanpgeHHble koadpduumerntol C; n C, B (583.1), nonyunm

4YaCTHOe pelweHune 3a4aHHOro ypaBHeHWA, ygossieTBopAlollee 3aaH-
HbIM YC/1OBUAM:

y =2c0sX—5sinx+2e*,

Ne588 [@): yV +y"=2cosx, y(0)=-2, y'(0)=1,

y'(0) = y"(0) =0. o8

1. Tak kak A'+22=0 < A*(A*+1)=0 —> A4 =4,=0, 4,,=4Hi
TO obuLiee peweHne 0AHOPOAHOIO ypPaBHEHNSA y'V +y"=0 umeer Bua:
y=C,+C,x+C,cosx+C,sinx.
2. Onpeaenvm BUA 4aCTHOIO peLleHnA No BUAY NpPaBoi YacTu:
y, = X(Acosx + Bsinx)

KoadpoduumeHTbl Hagem meToaom HeonpeaeneHHbiX Kosadpdpuumnex-
TOB:

Yy, = X(Acos x + Bsin x)

(y,)'= Acos x+ Bsin x+ x(—Asin x + B cos X)
(y,)"=-2Asin x+ 2B cos x + X(—Acos x — Bsin x)
(y,)"=-3Acos x—3Bsin x+ x(Asin x — B cos x)

= | Ok, |O|O0O

(y,)" =4Asin x—4Bcos X + X(Acos X+ Bsin x)

Cobpas KoaddUUMEHTbI NPU OAMHAKOBbLIX GYHKUMAX B IeBOM YacTu
YPaBHEHUS, MOAYHUM

cosx | -28B
sinx | 2A




XCOSX | -A+A=0
xsinx |-B +B=0

N NPUPABHAB MX K KoadPuUMeHTam Npu Tex e GYHKUMAX B NpaBoi
YacTu ypaBHeHUs, byaem MMeTb:

-2B=2 - B=-1, 2A=0 —» A=0.
CneposatenbHo, 4acTHoe pelleHune Y, = —XsinXx.
3. Ob6luee peweHne 3agaHHOro ypaBHeHus (588) nmeet sua;
y=C, +C,x+C,cosx+C,sinx—xsinX.
4. Wcnonb3ys 3ajaHHble HayasbHble YC/A0BWA, HaWAem MOCTOSHHbIE
GG, G, C,:
y(0)=C,+C, =-2,
y'(0)=C,+C, =1,
y"(0)=-C,-2=0,
y"(0)=C, =0

B pe3synbTate NMoay4yMan yacTHOe pelleHue 3a4aHHOro ypaBHEHUA, yao-
BNIEeTBOpPAtOLLEE 3aaHHBIM Ha4ya/IbHbIM YC/IOBUAM:

C,=0, C,=1, C,=-2, C,=0.

'y =X—2c0s X —Xsinx,

MeTtogp, Bapuauuu (metog, JlarpaHka)
Ecnv n3BecTHa dyHAAMeHTanbHaA cuctema Yy, Y,, ..., Y, PELIEHUI oa-
HOPOAHOrO ypaBHEeHUA

y® +ay®™+.+a _y+ay=0, (1)
TO obLee pelleHne HeOAHOPOAHOIO YpaBHEHUA

y" +ay"P +.+a y+ay=f(X), (2)



MOXKeT ObITb BCerga HaliAeHo C NOMOLLbIO MeToga Bapuauuu npowms-
BOJIbHbIX MOCTOAAHHbIX (MeToaa JlarpaHiKa). Mpu aTom obuee peleHue
Heo4HOPOAHOro ypaBHEHUS (2) ULem B BUAE:

y =26, (3)
i=1l
rae dyHkumm C,(X) (i =1,_n) onpeaenaTca U3 CUCTEMbI YPaBHEHUI:
G, (X)Y, +Co(X) Y, +...+C, ()Y, =0,

G, ()Y +€,(X)Y, +...4C,(X)Y, =0, (%)

C ()Y +C,(X) Yy ™+, ()Y = f(x).

OtHocuTenbHo C; (X) (i=1n) cuctema (4) aBnaetca cuctemoit N au-
HeMHbIX HEOAHOPOAHbIX anrebpanyeckux ypaBHEHWI, onpeaenuTesb
MaTpuLbl KOTOPOK (FN1aBHbI ONpeaennTeNnb CUCTEMBI) ABNAETCA Onpe-
Aenutenem BpoHckoro cuctembl GyHKUMIA Y, Vs, ..., Y, M OTAMYeH oT 0.
Moatomy cuctema (4) UMeeT eaUHCTBEHHOE peLleHue:
Ci (X) :l//i(x)’ Izl!n1
OTKyZa Haxoaum
¢, (%) = [w; ()dx+C,, (5)

rae C, (i=1,n) —nponsBonbHble NOCTOAHHbIE. [OACTaBNAA BbIPAXKEHWA

(5) B (3), nonyunm obuiee pelieHne HeOAHOPOAHOro ypaBHeHusA (2) B
BuAe:

y=CY,+C,Y, +..+C.Y, +Z(Iwi (x)dx)yi. (6)
i=1

MeToa Bapuauuu 6ygem NpMMeHATb B C/lydasx, Koraa no suay npa-
BOM YacTU ypaBHeHUA (2) 3aTPyAHUTENBbHO NPEANIOKUTb BUA YaCTHOTO
peLLeHuA U HaliTU ero MeTo40M HeonpegeneHHbIX KoapdUuLumeHToB.



X

Ne 575 [®]: y"—2y'+y:e—. (575)
X

Tak Kak xapaktepuctuueckoe ypasHene A2 —21+1=0 umeer KopeHb
A =1 kpatHoctn K =2, 10 obuiee peleHne OAHOPOAHOrO ypaBHEHUA

y'-2y'+y=0 umeer sug y=Ce*+C,xe*, rge C,, C, — npowussosns-

Hble noctosHHble. Obllee pelleHWe 3a4aHHOIO ypaBHeHMA byaem UCKaTb B
Buae

y =, (x)e* +c,(x)xe”, (575.1)
rae C,(X), C,(X)— HeusBecTHble noka HenpepbiBHO AnddepeHLmpyemble
$yHKUMM. COrnacHo MeTozy BapuaLMn NPOM3BOJIbHbIX MOCTOAHHbBIX, A1A WX
HaXOX/EHMA COCTaBUM CUCTEMY YPaBHEHMWIA:

¢, (x)e* +c,(x)xe* =0, ¢, (X)+c,(x)x =0,
X = 1

¢, (x)e* +c;(x)ex(x+1)=%, cl'(x)+c;(x)(x+1)=;.

1 Ll 1
Otciopa Hangem C (X)=-1, C,(X) ==. UHTerpmpoBaHue nosay4eHHbIX
X

ypaBHeHuit gaet C, (X) =—x+C,, C,(x)=In|x|+C,. HaiigeHHbie BbI-
paxenuna ana C,(X) u C,(X) noacrasnsiem 8 (575.1). B pesynbTarte nony-
unm obluee peleHVe 3a4aHHOMO YpaBHEHNA

y=e*(C,—x+xIn|x|+C,X)
NMpuBoasa Nnoao6Hble cnaraemble, OTBET MOXHO 3anuncaTh TakK:

y=e*(C,+xIn| x| +C,X)

JomaluHee 3apaHue

;'.".‘.‘.T‘.".‘.h]

[®] NeNe 553, 559, 562, 574.
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MeTtog, Bapuauumu (metog JlarpaH:ka)

Ne 577 [®): y"+y= L (577)
SIn X
1. Tak Kak A2+1=0 — A, =%, To obuiee pelieHne 0AHOPOAHOTO
YPaBHEHUSA, COOTBETCTBYHOLLENO 3a4aHHOMY, UMEET BUA,
y=C,cosx+C,sinx.
2. Obuee pelueHUe 3agaHHOro ypaBHeHus (577) uliem B Buae:
y =¢ (x)cosx+c,(x)sinx.

3. CocraBum cucTemy Ans HaxomaeHus dyHKumi ¢, (x), ¢,(x):

¢, (x)cos x + ¢, (x)sinx =0, o (x) =1,
o . 1 7 3. COS X
—¢, (x)sinx +c¢,(x)cosx =—— c,(x) =——.
SIN X SIN X

WHTerpuposaHue ypaBHeHWi faerT:
q(x)=—x+C, c,(x)=In|sinx|+C,.

4. Obuiee pelueHne 3aJaHHOTO YpaBHEHUA:

y=(C,—x)cosx+(C, +In|sinx|)sinx.

1
Ne 607 [®]: y"+2y'+y=xe"+ o (607)
1. Tak kak 1> +24+1=0 — A =4, =-1 70 oblyee peweHne oaHo-
poaHoro ypasHenua Y"+2Yy'+ Yy =0 numeert sua:
y=Ce " +C,xe™.



2. Obulee pelueHUe 3aaaHHOrO ypaBHeHus (607) uliem B BuAE:
y=e"¢(x)+c,(x)xe.

3. CocTaBum cucTeMy ans HaxoxaeHus dyHkumi ¢ (x), ¢, (x):

¢, (x)e ™ +c,(x)xe ™ =0,

—¢, (x)e™ + ¢, (x)e* (1-x) = xe* +

X H

cl' (x)+ c; (x)x =0,
< . . 1
—¢; (%) + ¢, (X)L x) = xe™ + "

2

1 L} 1
Pewms cuctemy, Haiigem ¢, (x) = —x’e™ —1, c,(x)=xe™ +=.
X

MHTerpupoBaHue ypaBHEeHUI AaeT:

¢ (x)= —%eZX(ZX2 —-2x+1)-x+C,,

c,(x) :%ezx(2x—1)+ln | x| +C,.
4. Obuiee pelueHne 3aJaHHOTO YpaBHEHUA:
y= (-%e“(sz —2X+1) - X+C1je_x +

+Ge2x(2x—1) +In| x| +Cz)xe‘X =

=(C,+xIn|x|+(C,-1)x)e™ +XT_1eX.

OTBeT MOXKHO 3anucaTb cneayrouwmm o6pa30M

y=(C,+xIn|x[+C,x)e”* +XT_16X.




3ameuaHue. ObLllee pellieHWe 3a/laHHOrO YPaBHEHUS MOMKHO HaWTKM U Ta-
Kum cnocobom:

1.

MeToaom BapMaLuMU NPOU3BONbHBIX NOCTOAHHBIX Haiitn Y (X) — 06-

Liee peleHne HEOAHOPOAHOTO YpaBHeHUa: Y "+2y'+y =—-.

Mpu 3Tom obluee pelleHMe HEOAHOPOAHOMO YPaBHEHUA ULEeM B BUAE
Y =e "¢ (x) +c,(x)xe . Haxopum dyHrumn ¢, (x), c,(x), pewas cu-
cTemy:

¢, (x)e™* +c,(x)xe ™ =0, ¢, (x) +¢c,(x)x =0,
< : 1
—¢ (%) + ¢, (x)A-x) ==

—, (x)e* +cy(x)e *(L-x) = =

X )
\ - 1

Otciopa nonyunm: ¢, (x) =-1, ¢,(x) =—. U nocne uHterpmpoBaHms
X

Haaem ¢ (x) =—x+C,, c,(x)=In|x|+C,.CneposatensHo,
Y () =(C,—x+xIn|x|+C,x)e”
mm Y (x) =(C, +xIn|x|+C,x)e™

. MeTtopom HeonpepeneHHbix Ko3pPpuULMEHTOB HailTM Y, — 4acTHoe

peweHue ypasHeHusa Y "+2Y'+ Yy = xe*.

YactHoe pewwehue uwem B uge Y, = (AX+ B)e*. Vimeem
1]y, =(Ax+B)e"

2| (y,)'= (Ax+A+B)e*

1] (y,)"=(Ax+2A+B)e”

CobpaB Ko3pdULMEHTbI NPU OAMHAKOBbLIX GYHKUMAX B JIEBOM YacTu
ypaBHeHusa, nonyuum 4Axe* +4(A+ B)e* = xe*. MNpupasHas Koad-
OUUMEHTBbI NPU OAMHAKOBLIX PYHKUMAX B NMPaBoOM WU NeBOMN 4YacTax



. 1 1
ypaBHeHUs, Halaem A:Z, B :—Z. CnepoBsaTenbHo, YacTHoe pe-
1 x
wenune Y, ZZ(X_l)e .

3. O6wee peweHne ypasHeHus (607) —ato cymma Y(X) =Y (X)+VY, :

y(x) =(C,+xIn|x|+C,x)e™ +%(x-1)ex,

JNnHeitHble auddepeHumanbHble ypaBHEHUA N-TO NOpAAKa. YpaBHe-
Hue dinepa

JluHeliHoe OugpepeHyuanbHoe ypasHeHuUe coxpaHaem ceoli eud npu
noboli 3ameHe Hezasucumol nepemeHHoOU, npu4yem oOHOPOOHOE ypas-
HeHue ocmaemcs 0OHOPOOHbIM. ITUM CBOWCTBOM MOXKHO BOCMOJIb30-
BATbCA AJ/1A TOro, 4To6bl NOMbITAaTbCA NPUBECTM AAHHOE IMHENHOE ypaB-
HEHME K YPaBHEHUIO C NOCTOSHHbIMU Ko3ppuumeHTamu. TaK, ypaBHe-
Hue

X"y +axy" P+ L +a xy'+ay=f(x), (1)
KOTOpOe Ha3blBaloT ypaBHeHUem ditnepa, npu X > 0 ¢ NOMoLbio 3ame-

Hbl X:et npunBoanTCA K ypaBHEHUIO C MOCTOAHHbIMUA KOBd)d)MLI'MeHTa-
MU:

u® +bu®™P+ .. +b _u+bu=g(t), (2)

roe u(t)=y(e'), g(t)= f(e'). NonyyeHHoe Takum obpasom ypasHe-
Hue (2) peluaeTca cnocobom, PpacCMOTPEHHbIM Ha NpeablayLnX 3aHATU-
Ax. MocTpone obuiee peleHne ypaBHeHMSA (2), HEOBXOAMMO BbIMONHUTb
obpatHyto 3ameHy t =InX. B pe3synbtate 6yaeT noctpoeHo obuiee pe-
LieHWe ypaBHeHus (1).



3ameuaHue 1. Npn X < 0 3ameHa X = —g' NPMBOAMUT K 0bLLLEMY PeLLIeHUNIO
TOro e Buaa (c 3ameHom X Ha —X). MNosToMy A0CTaTOYHO HalTU obulee
peleHmne ypaBHeHus npu X > 0 1 3aMeHUTb B HEM X Ha |X|.

No 589 [®]: x°y"—4xy'+6y=0. (589)
1) Mpu X > 0, ecAm BLINOAHUTL 3ameHy X = €' 1 0603HaumnTb U(t) = y(e'),
6ygem nmeThb:
y(x) =u(Inx),

LGy _du gt dng

dx dt dx dx X'

y"=i[u '.1j=u".i_u'.i_

dx\ X X2 X2

2)

MoAacTaBuB 3TW BbipaXeHUs B ypasHeHMe (589), nonyuynm ypaBHeHue
C NOCTOSIHHBbIMW KO3pdMUMeHTamm

u"-5u'+6u=0. (589.1)
T.K. COOTBETCTBYIOLLEE XapaKTepucTuueckoe ypasHeHne A2 —51+6=0
umeet KopHn A, =2 n A, =3, T0 06WMM peLieHnem ypaBHeHus (589.1)
bynet
u=Cpe* +C,e*. (589.2)
Bo3BpallaAcb K CTapbiM MepemeHHbIM, Noayunm obliee pelleHue 3a-
[aHHOTO ypaBHEHMA:
y=Cx*+C,x°. (589.3)
Mpu X < 0, BbLINOAHMB 3ameHy X =—€' 1 0603Haums U(t) = y(-€'), 6y-
AeM UMETb:



y(x) =u(In(-x)),
Gy _dudt_ ., dln(=x)_,.1
dx dt dx dx X'
y":i(u'.lj:u".i_uﬂi
dx | x X2 X2
MopacTaBuB 3TW BblparkeHUs B ypaBHeHue (589), nonyumm ypaBHeHue
C NOCTOAHHbIMKU Ko3adduumeHTammn (589.1). Ero obuiee pelueHue
nmeet Bug, (589.2). A, BO3BpaLLAnCh K CTapbiM NepemMeHHbIM, Noy-
unm y =C,(—X)* +C,(—x)* = Cx* - C,x°.
Ewie pa3 3ameTUM, 4To Npu X < 0 3ameHa X = —€' npMBOAMT K 0bLLEMY
peLleHnto TOro e Buaa (c 3ameHol X Ha —X). Mo3aTomy A0CTAaTOYHO
6b110 HaliT 06bLLee peleHne ypaBHeHMA Npu X > 0 U 3aMEeHUTb B HEM
X Ha |X].
3) B cuay npousBonbHOCcTM KoadpouumeHtoB C1 u C, obuee peweHne
33,3aHHOTIO YpaBHEHUA MOXHO 3anuncaTb Tak:

y=Cx* +C,x°.

3ameuaHue 2. [locTpouTb pelleHne OA4HOPOAHOro ypaBHeHMA diinepa
MOXHO ropasfao npoLe, eciv UCXOAUTb M3 TOTO, YTO peLleHne ypaBHe-

HWA diinepa, koraa X > 0, uuletca B suae y =e™ :(et )/1 =x*. MNoacra-
sus X' B ypasHeHue (1) (korga f(X)=0 ) v pasgenus npasyio u ne-
BYIO YaCTU ypaBHeHMs Ha X', MOAYYUM COOTBETCTBYIOLLEE XapaKTepu-
CTUYECKOE YpaBHEHME
AA-D-..-(A-n+)+aA(A-D)-...-(A-n+2)+...+a, ,4+a, =0.
MpocToMy KOPHIO A1 XapaKTepuCTMYECKOro ypaBHEeHWA COOTBETCTBYEeT
peweHne X, a k-kpaTHomy KopHio A1 cootseTcTyeT K auHeitHo Hesa-

BUCMMbIX pelwenmnii suaa X%, X InX, X*In?X, ..., X* In“*X. Ecau ko-



apdULMEeHTbl ypaBHEHMS Dnepa BeLLeCTBEHHbIE, a XapaKTepuctuye-
CKOE ypaBHEHWE MMEET KOMM/IEKCHO-COMPAXKEHHbIE KOpHU A, =a i

KpaTHocTK K, To ypaBHeHue diinepa umeeT 2K  NIMHEHO HE3aBUCUMBbIX
pelleHnn Buga

x“ cos(£Inx), x* Inxcos(BInx), ..., x*(Inx)**cos(BIn x),

x“sin(S1Inx), x* Inxsin(8Inx), ..., x*(In x)**sin(B1In x).
3ameuaHue 3. B 3anucu obLLero pelweHna ypaBHeHUA diiepa, paccmart-
prBaemoro npwu ntobbix X # 0, NnepemMeHHyto x cneayeTt 3ameHuTb Ha | X|.

No 589 [®]: x°y"—4xy'+6y=0. (589)

Ana noctpoeHna GyHAAMEHTANbHOM CUCTEMbI pelueHuid byaem McKaTb pe-
A

LWeHWe 3a/1laHHOr0 YpaBHeHuWs B BuZe Y = X*. MoACTaBMB 3TO BbIpaXKeHue B

(589), 6yaem nmetb

XCAA-D(A-2)x" 2 —4xAx* T +6x =0 —> A(1-1)-41+6=0,
A*=51+6=0, (1-2)(1-3)=0.
MonyyeHHOE XapaKTepUCTUYECKOe YypaBHEHUE MMeeT KopHu A =2 wu

A, =3, KOTOPbIM COOTBETCTBYIOT [}Ba JIMHEIHO HE3ABUCUMbIX PELIEHMUA 3a-

[AHHOTO ypasHeHus X° u x*. CnegoBatenbHo, 06LMMm pelleHMeMm ypaBHe-
HuA (589) byaeT

y=Cx*+C,|x,

KOTOpPOE B CMAY MPON3BOJIbBHOCTU C2 MOXKHO 3anucaTth U TaK

y =Cx* +C,x°.

[i'f-“‘r*fr-] AdomaluHee 3apaHue
. [®] NeNe 578, 579, 585, 587.
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HeoaHopogHoe ypaBHeHue ditnepa

Ona HeoaHopoaHoro ypasHeHus dinepa, korga f(X)=P(Inx)x*, rae
P — nonnHOM, YacCTHOe pelleHne MOXHO HalWTM MeTOAOM Heonpeae-
NIEHHbIX KO3bOULMEHTOB (yuMTbIBas, YTO 3aMeHa X = €' mpuBOAWT npa-
Byto yacTb K Buay g(t) = P(t)e”, v npu onpeseneHun Buaa YacTHoro
PELeHNa MUCNOb3YITCA NpaBuaa, PaCCMOTPEHHbIE Ha 3aHATUM 7). B
obLlem cnyyae ana pelweHns HeoLHOPOLHOro ypasHeHusa (1) cneayet
BHayane HaWtn GyHKUMM Y, Y,, ..., Y,, obpa3syolwme dyHAameHTaNb-

HYHO CUCTEMY PELUEHMI COOTBETCTBYIOLWEro O4HOPOAHOrO YpaBHEHMS.
3aTem BOCNO/Ib30BATLCA METOA0M BapuaLuM NPOU3BOJIbHbIX NOCTOAH-
HbIX (meTogom JlarpaHiKa). Mpu aTom obLiee peweHMe HEOL4HOPOAHOrO
ypaBHeHus (1) uueTcs B BUAE:

y= Zci )Y;, (3)
i=1l
rae eyHkumm ¢ (x) (i =1,_n) onpeaensaoTca U3 CUCTEMbI YPaBHEHWUIA:
¢, ()Y, +C, ()Y, +..4+C, ()Y, =0,

C (X)Y, +C, ()Y, +...+C (X)Y, =0,

GO+, ()Y +. 4+ ()Y = @

|Zl O6paTtute BHUMaHUE Ha NMPaBYIO YacCTb NOC/EAHEro ypaBHEHUsA CU-
ctembl (4). 3aecb B 3HameHaTene — KoaddpuumeHT npu y(”) M3 NeBo
YyacTm ypaBHeHus (1).

Ne 593 [®]: X°y"—xy'+y=8%". (593)



1 cnocob. Haaem cHavana obliee pelleHne COOTBETCTBYIOLWEro OAHOPO-
2

Horo ypasHeHus X°Y"—Xy'+ Yy = 0. MocTpouns xapakrepucTmyeckoe ypas-

HeHune

AA-)-21+1=0 < (1-1)?2=0,
u ycTaHoBuB ero kKopHu A, =A, =1, nonyuum obuiee pelleHne cooTBeT-
cTBytoLlero ogHopogHoro ypasHerua s suge Y, =C Xx+C,xIn|X|.
YacTHoe pelleHMe ypaBHeHMs (593) MOXKHO HaWTM MeToA4oM Heonpege-
NEeHHbIX KO3POULMEHTOB, €CIN UCKaTb ero B Buae? y, = A, MopcTaHOBKa

3TOro Bblpa*XeHunA B 3a4aHHOE ypaBHeHWe AaeT:
x*-6AX—X-3AX% + AX® =8x3, 4A°* =8 —» A=2.

CneposatensHo, Y, =2x*. " Toraa obumm peweHnem ypasHeHus (593)
byaget

Y=Yoou t Y. =X(C1+C2 In I X|)+2X3-

2 cnocob. PeweHne HEOQHOPOAHOTO YPAaBHEHUA MOXHO MOCTPOUTL U Me-
TOAOM BapuaLMM NPOU3BOJIbHbIX NOCTOSHHbIX. Byaem UCKaTb pelueHne He-
ofiHopoaHoro ypaBHeHuA (593) B Buae:

y=c,(X)x+c,(x)xIn|x]. (593.1)

Ans HaxoxaeHus koapduumentos C (X)m C,(X) coctasum cuctemy Buaa
(4):
¢, (X)x+¢,(x)xIn| x|=0, ¢, (X)+¢,(x)In| x|=0,
=

¢, (X)+¢,(X)(L+In | x]) =8x, c,(X) =8x.

2 Bua, 4acCTHOTO pelleHus byaeT nerde onpeaenuTb, ecan npeasaputensHo B npa-

BOIt YaCTH ypaBHeHMA BbINOAHUTL 3amery X =€'. Tak Kak T (X) =8x° =8e™

ma=3# /1112, T0, N0 Npasuay 1, 6yaem umets Y, = Ae® = A,



Pewws cuctemy, Haitaem C (X)=-8xIn| x| u c,(x)=8x. U nocne uh-
TerpMpoBaHua byaem nmeTb

¢, (X)=—4x°In| x| +2x*+C,, ¢,(X)=4x*+C,.

Noacrasus HanaeHHble ans C (X) n C,(X) BbipaxkeHus B (593.1), noayunm

o6uiee peleHue 3agaHHoro ypastenna |y = X(C, +C, In| x[) +2x°.

Ne 595 [®]: x’y"—2xy =6Inx. (595)

YpaBHeHUWe paccmaTtpuBaeTca npu X > 0. Moaenuns ero Npasyto 1 IEBYIO Ya-
CTW Ha X, NONY4YMM ypaBHEHUe ditnepa:
61n x

X2y -2y = (595.1)

CocTaBMM XapaKTEPUCTUUYECKOE YPaBHEHME U HANAEM ero KOPHM:
A(A-1)-2=0, 1*-1-2=0 — A4 =-1 A, =2
O6uWwmm peleHnem COOTBETCTBYIOLLLErO OAHOPOAHOrO YPaBHEHUA byaeT

1
y :Cl;+C2x2.

PelweHune HeogHopoaHOro ypaBHeHua (595.1) Halgem meToaom JlarpaHska.
Mpu 3ToM pelleHne byaem UcKaTb B BUAE

y =01(X)§+02(X)X2- (595.2)

Ans HaxoxaeHus koapduumentos C (X)m C,(X) coctasum cuctemy Buaa
(4):
C, (X)

+C, (X)X = ¢, (X)+¢,(x)x* =0

< . : 6Inx

' —c, (x)+2¢, (X)x® = —=,

o), 426, (%)X 6Inx’ 1 (X) +2¢,(x) »
x? x?

peLnB KOTopyto, Hallaem



. 2Inx . 2Inx
c,(X)=- , C,(x)= .
1 X 2 X4
Mocne MHTErpMpPOBaHMS NONYYEHHbIX YPaBHEHWN, HalaeMm

2Inx 2 N
3 o’ Y
NoacTasus HalaeHHble ans C (X) u C,(X) BbipakeHws B (595.2), noayumum

¢, (X)==In*x+C,, c,(X)=—

o6u.|,ee peweHne 3a4aHHOro ypaBHeHuUA

C,—In*x 2Inx 2 ),
S DL LIS L Lk S VS
y X ( 23 9x3]

KOTOPOE MOXHO NPUBECTU K Buay>

y =C,x* +1[C1—§In x—In? xj.
X

3amevaHue. MOXKHO HalTK YacTHOe pelleHne ypaBHeHus (595.1) metTogom
HeonpeaeneHHbIX KoappuumeHToB. Mpasas YacTb ypaBHeHuA (595.1) nocne

3ameHbl X =€' npumet sug g(t) =6€'t. Tak kak a=—1 asnserca Kop-

HEM XapaKTepuctnyeckoro ypasHeHunA, To 4YaCTHoOe pelieHune cneayet uc-
KaTb B BUAe

InX(Alnx+B) Aln*x+BlInx
X X '

y, =t(At+B)e™ =

-“-t‘-‘r-‘-‘f-] JdomalwiHee 3apaHue

& [®] NeNe 590, 592, 594, 596.
MNpumepHbIv BapmaHT KP-3 (yacTb 1)

3 34ecb, B CMAy NPOU3BOIbHOCTU Cl’ nocne npusegeHunA I'IO,EI,06HbIX cnaraembix

koapduument C, — 3 samenen va C,.
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