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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, —npousBonbHble nocToAHHble. PyHKUUMY, Y,,..., Y,

obpasyoT pyHOameHmanvHyo cucmemy peuieHuli (PCP) ypaBHeHUs

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

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
BELECTBEHHOrO KOpHA A; 1 ¢yHKLMI e” cos fx, e”*sin fx ans

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

Mpaswuno 2.
B cnyuae KpaTHbIX KOPHENE A, cyliecTsyeT 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.

Ne511 [®]: y"+y'-2y=0. (511.1)

CocTaBMB COOTBETCTBYIOLWEE XapPaKTEPUCTUYECKOE YpaBHEHMUe, HaVIAEM
€ro KopHu:



A+21-2=0 & (A+Y(A-D)=0, A4 =1 A4, =2
dyHaameHTanbHas cuctemMa pelleHunit, cornacHo npasuny 1 (cnyyan

KOMMAEKCHBIX KOPHEit), cocTouT u3 dyHKumii € n e 2%, Obwee pele-
HWe ypaBHeHua (511.1) ctpouTca no dopmyne (3).

X —2X
Omeem: |y =Ce" +C,e™".

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

Haliem KOpHM COOTBETCTBYIOLLLErO XapaKTEPUCTUHECKOrO YPaBHEHUA:
A2=41+5=0 < (A1-2)*+1=0, A,=2+i.
CDyH,u,ameHTaanaﬂ Ccuctema pGUJEHMl‘/i, cornacHo npasuny 1, COCTOUT U3

dyHKumMit e cosx u e**sinx. Obwee peweHne ypasHenns (515.1)
cTpouTcs no popmyne (3).

Omeem: |y =e**(C, cosx+C,sin X).

Ne 519 [®]: yV —y=0. (519)

CocTaBMB COOTBETCTBYIOLLEE XAapPAKTEPUCTUUECKOE YpaBHEHMWe, Halaem
€ro KOpHM:

2-1=0 o (A-DA+D(A2+1)=0, A,=%1 A, =4i.
dyHAaMeHTaNbHAA cMCTEMA PELLEHM, COrNacHo nNpasuay 1, cocTouT us
dyHKUMA €%, 87", cOoSX, SinX. Toraa obliee pelleHWe 3aAaHHOrO
ypaBHeHMA MMeeT BUS;:
y=Ce*+C,e ™ +C,cosx+C,sinx.

Ne 521 [@]: y¥' +64y=0. (521)

CocTaBMB COOTBETCTBYIOLLLEE XapaKTEPMUCTUUYECKOEe YpaBHEHME:



A2+64=0 < A°=-2° A=2(-1)"°.
Haligem Bce ero KopHu, ncnonbsya Gopmyny AnA KOpHen N-cTeneHn us
HEHYNEBOro KOMMJIEKCHOTo yncna Z = | (Cos@+isin @) :

Un -z pn (coswﬂsinwj, k=0, n-1
n n

Ona z=-1 umeem |Z|=1, ¢ =, Torpa
m+2kr . . m+2kr —
4:2(005 5 +1isin j k=0, 5.
Mocne NOACTAHOBKM COOTBETCTBYIOWMX 3HadYeHui K B popmyny ana Ak

Hangem:

do=B3+i, A4, =2i, A, =—B+i, =—83-i, 1, =-2i, 1 =3-i.
Mm cooTBeTcTBYET GYyHAAMEHTA/IbHAA CUCTEMA BELLECTBEHHbIX GYHKLMIA
«/—x 3x —Bx 3

cosx, e¥sinx, cos2x, sin2x, e ¥¥*cosx, e ¥¥sinx.

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

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

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

Ne 523 [®]: 4y"+4y'+y=0. (523)
Haliaem KOpHM COOTBETCTBYIOLLLErO XapaKTePUCTUUECKOrO ypaBHEHMA
402 +42+1=0 < (24+1)2=0, A =41,= _%_

dyHAaMeHTaNbHAA CUCTeMa pPeLlleHui, cornacHo npasuay 2 (KopeHb

A =-1/2 vmeeT KPaTHOCTb, PaBHYIO 2), COCTOUT M3 GyHKumt € % 1

xe *? . Obulee pelwieHne ypasHeHua (523) ctpoutca no dopmyne (3) u

nmeeT BMA

=e?(C,+C,x).




Ne 524 [@]: y¥ —6y" +9y™=0. (524)

Hailgem KOpHM XapaKTepuUCTUUYECKOrO ypaBHEHMA:
A*-61*+91°=0 < 1*(1-3)*=0, Ao,3=0, 4,5=3.
YuuTbiBaa KpaTHOCTb KopHel A =0 (kpaTHocTb 3) 1 A =3 (KpaTHOCTb 2)

B COOTBETCTBUW C Npasuiom 2 obluee peweHne ypaBHeHua (524) 3anu-
wem B BUAE

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

Ne 526 [®]): y"V +2y"+y=0. (526)

Haliem KopHU XapaKTepmncTUYecKoro ypasHeHus:

A'+222+1=0 < (A®+1)?*=0, A,=i, A,=-i
YuuTbiBaA KpaTHOCTb KopHel A =i (KpaTHoOCTb 2), B COOTBETCTBMM C
npaBuaom 2 obliee peleHne ypaBHeHua (526) 3anuiiem B Buae

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

Ne 530 [®]: y¥ +8y"+16y'=0. (530)

CocTaBMB COOTBETCTBYIOLLEE XAPAKTEPUCTMYECKOE YpPaBHEHME, Halaem

€ro KOpHM:

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

dyHAAMEHTaIbHAA CUCTEMA PELLUEHNIA COCTOUT M3 QYHKLMIM
1, cos2x, sin2x, XC0S2X, XSin2Xx.

Torpa obuiee pelweHne byaet umeTtb BUA,

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




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

Hailgem KOpHU XapaKTepuUCTUYECKOTO ypaBHEHUA:
24142213=0 o (AP+1)(A°+3)=0, A,==i, 4,,=+i3.
dyHOaMeHTaNbHaA CUCTEMA PELUEHWI, cornacHo npasuay 1 (caydai
KOMMJ/IEKCHbIX KOPHEN), COCTOUT U3 PYyHKLNI
cosX, sinx, cos~/3x, sin~/3x.
Obuuee peweHne ypasHeHuA (532) ctpoutca no popmyne (2).

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

iﬁ“‘-“l'-“i'f-] AdomawHee 3apaHue

&7 [®] NoNe 512, 516, 520, 522, 525, 527, 529.
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Ne582[@]: y"-2y'+y=0; y(2)=1 y'(2)=-2. (582.1)

Mpeskae Bcero Hanaem obuiee peweHne ypaBHeHusA. CocTaBMB COOTBET-
CTBYIOLLLEE XapaKTEPUCTUYECKOE YpaBHEHWE, HaNAEM ero KOpHMU:

A7 =214+1=0 < (1-1)*=0, A =4 =L
Y4nTbiBan KpaTHOCTb KopHA A =1 (KpaTHocCTb 2), B COOTBETCTBUM C Mpa-
BMAOM 2 obLlee pelleHne ypaBHeHuMA (582) 3anuwem B Buae
y=Ce*+C,xe". (582.2)



Ansa onpepenenuna noctoaHHbix C; n C,, cooTBETCTBYIOLMX MCKOMOMY

YaCTHOMY peLleHU0 NoAYMHUM MOCTPOeHHoe peweHune (582.2) 3agaH-
HbIM YC/IOBUAM:

y(2)=€°(C,+2C,) =1, C,=7e7,
y'(2)=€°(C,+3C,)=-2, |C,=-3¢".

NopcTtasus HaiaeHHble C, n C, B (582.2), nonyunm Mckomoe yacTHoe

pewenne: |y =€ (7 -3Xx).

NuHeitHble guddepeHumnanbHble ypaBHEHUA N-TrO NOPAAKA C NOCTOAH-
HbiMU Ko3pPpuumeHtamu. HeogHopoaHble ypaBHeHUA

JluHeliHoe HeoOHOPOOHOe ypasHeHuUe € NOCMOAHHbLIMU KO3(hghuyueH-
mamu VMmeeT Bug,

%y +ay"V +..+a,y+ray =T (x), (4)
rae KoapdULMeHTbl a,,4a,, ..., a, — BELLLeCTBEHHbIe NMOCTOAHHbIe U 8, # 0,
a f(X)— dyHKuMA, HenpepbiBHan Ha nHTepsane (o, B). Mpu aTom pelwe-
HWA ypaBHeHMA (4) onpefeneHbl HE HA BCEM BELLECTBEHHOM OCM, KaK
ypaBHeHwUs (1), a TonbKo Ha uHTepsane (a, PB).
YpasHeHue (4) moxkHO 3anucatb B Buge Ly = f(X), roe L — ano-
depeHuManbHbI onepaTtop, onpeaensembii dopmynon (2).
[na peweHnn ypaBHeHua (4) cnesyeT BHayane HaluTu GyHKLMM
Y1 Y21 Yo, O6pas’ytowine dyHaaMEHTaNbHYIO CUCTEMY PeLLeHUA COOT-
BETCTBYIOLLEro 0A4HOPOAHOrO ypaBHeHuMs (a 3To ypaBHeHue (1)), a panee

MOXHO,
1) Anbo NPUMEHUTb MEemMo0 8apUAYUU MPOU3B0/bHLIX TOCMOAHHBLIX,



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

NPMMEHUTb TeopemMy! 0 CTPYKType pelueHns MHeNHOro HeoAHOPOoA-
HOrO ypaBHEHMA:

Teopema. Obuwee peweHue snuHeliHO20 HEOOHOPOOHO20 YypPaBHEHUSA
(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-
pewenusa | €HTbI KOTOPOTO HAAO HAATH.

Mpasuno 2

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

PYHKUMM | o7 3 aBnAeTcA KOPHEM XapaKTEPUCTUUECKOTO YpaBHeHMA
f(x) (3) 1 umeeT KpaTHOCTL K
Bupg,

YacTHOro
pelueHus LLMEHTbI KOTOPOIro Haao HaUTMU.

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

1 Cm., Hanpumep, B yuebHuKe: Habko A.MN. n ap. AnddepeHumansHble ypaBHeHUA U
yctonumsocTb. — CMN6.: 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) -

YacTHOro | nonnHomsbl cteneHn S =max(m,l), koadpduumneHTbl 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 KO3hPULIMEHTAMM, KOMIIEKCHOE YnC/o o + I AaBnAeTca
(x) KOpPHEeM XapaKTepuUCTUYECKOro ypaBHeHusa (3) n nmeert 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 HANTWU YaCTHble peweHnA 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 pelieHus onpegenvMm no BMAy NPaBoOM YacTU ypaBHEHUA
(533). YuuTbiBas, 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 nonyunaum yactHoe pelleHune ypaBHeHua (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 KoappuUMEHTbI NPU OAMHAKOBbLIX GYHKUMAX B JIEBOM YacTU
YPaBHEHWSA U NPUPABHAB UX K KO3PPULMEHTAM NPU TeX XKe PYHKLUUAX
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*.

Noe 535 [®]: y"—y=2e"—x°. (535)

1) A°-1=0, A4,=%1 vy, =Ce*+Ce™

2) Wcnonb3ya NpMHLMN Cynepno3uuMu, YCTAHOBMM BUA, 4acTHOrO pe-
LeHus:

a) f(x)=2e*, a=1=4,, y, = Axe":
(Axe*)"— Axe* =2e*, A(x+2)e*—Axe*=2¢*, A=1 —
— Yy, = Xxe".

6) f,(x\)=-x, a=0%4,, y,=Ax"+Bx+C:

(AX? + Bx+C)"— (Ax* + Bx+C) =%,
2A— Ax* —Bx—-C = —x?,



MpupaBHMBasa KO3IGOULMEHTbI NPU OAMHAKOBbIX CTEMEHAX X B /ie-
BOM M NPaBOM YaCcTAX YPaBHEHMUA, MNOYYUM

_A:_l, A:]-a
-B=0, < {B=0, — y,=x"+2.
2A-C =0, C=2,

CneposatensHo, Yy, =Y, +Y, = Xe* +X* +2.
3) Obuiee pelweHne ypaBHeHus (535):

y=Ce +C,e " +xe* +x*+2.

Ne 538 [®]: y"+y=4sinX. (538)

1) A*+1=0, A4,=4i, y, =C,cosx+C,sinx.
2) a=0, =1 a+if =24 .MNonpasuay 4 umeem
y, = X(Acos x + Bsin x)

KoadpodumumneHTbl Hagem mMeToaoM HeonpeaeneHHbix Koaddpuume-
TOB:

1 | Y, =X(Acosx+Bsinx)
0 | (v,)'=Acosx+Bsinx+x(—Asin x+Bcosx)
1 | (y,)"=—-2Asinx+2Bcosx—x(Acos X+ Bsinx)

CobpaB KoapPpULMEHTbI NPU OAMHAKOBbLIX GYHKUMUAX B JIEBOM 4YacTu

YPaBHEHUA U NPUPABHAB UX K KOabdULMeHTaM Npu Tex Ke GyHKUMUAX
B MPaBOW YacTW ypaBHEHUA:

COS X 2B=0

sin x —2A=4 N 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.

;-rrrr;-r.] JdomawHee 3apaHue

[®] NeNe 520, 522, 525, 527, 529, 536.
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NuHeitHble guddepeHumnanbHble ypaBHEHUA N-TO NOPAAKA C NOCTOAH-
HbiMU Ko3pPuumeHtamu. HeogHopoaHble ypaBHeHUA

Ne 540 [@]: y"-3y'+2y = XCOSX. (540)

1) A*-31+2=0, A4 =1 A4 =2, vy, =Ce*+Ce™.
2) a=0, p=1 a+if#4,.Nonpasuny 3 umeem
Yy, = (Ax+B)cos x+ (Cx+ D)sin x

KoadpodumumneHTol Hangem mMeToAoM HeomnpeaeneHHbix Koaddpuumen-
TOB:

2 | Y, =(Ax+B)cosx+(Cx+D)sinx
-3 | (y,)'=—(Ax+B-C)sinx+(Cx+ D+ A)cos x
1 | (y,)"'=—(Ax+B-2C)cosx—(Cx+D+2A)sinx

CobpaB Ko3pdULMEHTbI NPU 0AMHAKOBbIX GYHKUMUAX B JIEBOM YacTu
YPaBHEHUS M NPUPABHAB UX K KoaddUUMEHTAM NPU TeX Ke GYHKUUAX
B MPaBOl YacTu ypaBHEHUSA:



COS X 2B-3D-3A-B+2C=0 3A-B-2C+3D=0,
sin X 2D+3B-3C-D-2A=0 2A-3B+3C-D =0,
xcosx | 2A-3C—A=1 ~1A_3C =1
xsinx | 2C+3A-C=0 3A+C=0.
Pelwns nonyyeHHyo cuctemy, Hangem
A=t B=—2 c--3 p=_Y
10 25 10 50

CneposatenbHo, Y, = (0,1x—0,12) cos x — (0,3x +0,34)sin x.
3) Obuiee peweHne ypaBHeHus (538):

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

Ne 546 [®]: y"+y = 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)

KoadpodumumneHTol Hangem mMeToAoM HeonpeaeneHHbix Koaddpuumen-
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))sin x

CobpaB Ko3pdULUMEHTbI NPU 0AMHAKOBbIX GYHKUMAX B JIEBOI YacTu
YPaBHEHUSA, NOMYYNM

COS X ‘ 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 KoabdMUMEeHTam Npu Tex xe PyHKLUMAX B NpaBoM
4acTu ypaBHeHUA, byaem nmeTs:

A+D=0, C-B=0, C=0, -4A=1.
. 1 1
OTcloga Hangem: A=—Z, B=C =0, D=—A=Z.
1, .
CneposatenbHo, Y, = 2 (sin x—Xxcos x) - x.

3) Obuiee peleHne ypaBHeHUs (546):

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

No 548 [®]: y"-5y'=3x"+sin5x. (548)

1) 1*-51=0, A4,=0, 4, =5 y00H=C1+C265X.
2) Wcnonb3ya NpuHLMN Cynepno3nuuKn, YCTAHOBMM BUA, YacTHOrO pe-
WeHuA:

a) f,(x)= 3x?, a=0= A, . CornacHo npasuay 2, COOTBETCTBYIO-
wyto GyHKLMIO Y, UleM B BUaE Y, = X(AX* +Bx+C):
(AX® + Bx® +Cx) "= 5(Ax® + Bx* + Cx) ' = 3%?,
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( )

[m‘fj AdomawHee 3agaHue
: [®] NeNe 537, 539, 541, 543, 584.
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JNnHeitHble auddepeHumanbHble ypaBHEHUA N-TO NOPAAKA C NOCTOAH-
HbiMK Ko3pduumneHtamu. HeogHopogHble ypaBHEHUA

Ne 549 [@]: y"—2y'+2y =€ + XCOSX. (549)

XapakTepuctuueckoe ypasHeHne: H(A)=A*—-21+2=0.

a=1 PB(x)=1
f,(x)=¢e" a He ABNAETCA KOPHEM XapaKTepPUCTUYECKOTO ypaBHEHMS,

k. HD)=1+0

Mpagunol — Y, = Ae*

a=a+if=i, P(X)=x, P*(x)=0,
f,(X) =XCOSX | a He aBnneTCA KOPHEM XapaKTEPUCTUUECKOTO ypaBHEHMS,

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

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

Taknm 06pasom, YacTHOe peLleHune ypaBHeHus (549) nmeet Bua;

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

Ne 550 [@]: y"+6y'+10y =3xe > —2e* cos x. (550)

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

A, =-3+i

a=-3, P(x)=3x,
f,(x) = 3xe a He ABNAETCA KOPHEM XapaKTepUCTMYECKOro ypas-
HeHuA, T.K. & # 21'2




Mpasunol — Y, =(Ax+B)e™

a=a+if=3+i, P(x)=-2, P}(x)=0,
f,(x) = —2e¥ COSX | a He ABNAETCA KOPHEM XapaKTEPUCTMYECKOrO ypas-
HeHua, TK. a# 4,

Mpasuno 3 — Y, =e>(Ccosx+ Dsinx)

TakmMm obpasom, YacTHoe pelleHne ypasHeHua (550) nmeet Bua;
Youor = Yy + Y, = (AX+B)e™> +e*(Ccos x+ Dsin x).

3amevanue. B cnysae, xorga f,(X)=-2e*

COS X, cooTBeTCTBYHOLWAA 4acTb
yacTHoro pelieHna (GyHkuma Y, ) byaet umets ua;

y, =& *(Ccosx+Dsinx)-x,
Tak Kak @ = +1=-3+1 nABnaeTca NPOCTbIM KOPHEM XapaKTePUCTUYECKOrO

ypaBHeHus.

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

XapakTepuctuueckoe ypasHerne H (1) =A% -84+ 20 = 0 umeeT KopHu
A, =4%20.

a=a+if=4+2i, P/(x)=0, P’(x)=5X,
f (X) =5xe* sin2x | a sBnseTcA KOPHEM XapaKTEPUCTUYECKOTO ypaBHe-
HUA, T.K. A= 4

Takum 06pa3om, B COOTBETCTBMM C NPABUAOM 4 YyacTHOe pelleHue ypaBHe-
HuA (551) umeet BuA;

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




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

Xapaktepuctuueckoe ypasHenne H(A)=A1° —81+17 = 0umeeT KopHM
A, =4+

2
a=4, P(x)=Xx",
f (x) = x%e* a He ABNAETCA KOPHEM XapPaKTePUCTUYECKOrO ypaB-
HeHua, T.K. a# 4,

Mpasuno1 — Y, = (AX* +Bx+C)e™

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

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

Takum 06pa3om, YacTHoe pelleHune ypaBHeHus (555) numeeT Bua;

ytmcm = 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)
Haiiaem KOpHU XapaKTepuUCTUHECKOTO YpaBHEHMA:
H(A)=A*+51*+4=0 < (A*+)(A*+4)=0 =

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

Sin X-C0S2X = lsin 3x—%sin X.



. . 1
a=a+if=3i, P/(x)=0, P’(x) =5
a He ABNAETCA KOPHEM XapPaKTEPUCTUYECKOTO ypaBHe-
HUA, T.K. A # A,

1.
f. (x) = =sin3x
(00 =3

Mpasuno 3 — Yy, = Acos3X+ Bsin3x

a=a+if=i, P;(x)=0, POZ(X)=%,

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

TK A%

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

Taknm 06pasom, YacTHOe peLleHne ypaBHeHus (569) nmeet Bua;

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

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

(588)

1. Tak kak A'+22=0 < A*(A*+1)=0 > A4 =4,=0, 4,,=4i
70 ObLLEe peLeHmne ogHOpoAHOTO ypasHeHus Y'Y + Y " =0 umeert sua;
y=C,+C,x+C,cosx+C,sinx.
2. Onpeaenvm BMA YacTHOTO peLleHua No BUAY NPaBoi 4acTu:
y, = X(Acosx + Bsinx)
KoadpodumumneHTol Hangem mMeToaoM HeonpeaeneHHbix Koaddpuumen-
TOB:

0 ’ Yy, = X(Acos x + Bsin x)



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

= O || O

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

CobpaB KoapdULUMEHTb NPU 0AMHAKOBbIX GYHKUMAX B JIEBOM YacTu
YPaBHEHUSA, NOAYYUM

COS X -2B

sin X 2A

Xcosx | -A+A=0
Xsinx |-B +B=0

N NPUPABHAB MX K KoadPULMEHTam Npu Tex e GYHKUUAX B NpaBoi
4acTu ypaBHeHUs, byaem UMEeTb:

-2B=2 - B=-1, 2A=0 —» A=0.
CnepoBaTesibHO, YacTHOE peleHve Y, = —XSIN X.
3. Ob6lee peweHne 3agaHHOro ypaBHeHus (588) nmeet sua;
y=C, +C,x+C,cosx+C,sinx—xsinX.
4. NUcnonb3ys 3afdaHHble HayajbHble YCI0BMA, HAWZEM MNOCTOSAHHbIE
GG, G,C,:
y(0)=C,+C, =-2,
y'(0)=C,+C, =1,
y'(0)=-C,-2=0,
y"(0)=C, =0
B pesynbTate Noay4uan YacTHoOe pelleHne 3aaHHOro ypaBHeHUA, yao-
B/IETBOPSAIOLLEE 334aHHBIM HA4Ya/IbHbIM YC/I0BUAM:

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

Yy = X—2C0S X — XSin X.




;—r::rr;-r.] AdomawHee 3apaHue

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

Ecnun nssectHa d)yH,D,aMEHTa}'IbHaFI cucrtema yl’ y27 veny yn peLLIEHMl\/i oa-
HOPOAHOrO ypaBHEHMA
y® +ay®™+..+a _y+ay=0, (1)
TO 06L|.|,ee peweHne Heo4HOPOAHOIo ypaBHeHNA
y" +ay™+.+a y+ay=f(x), (2)

MOXKeT ObITb BCerga HallAeHO C NMOMOLLbIO MeToga Bapuauuu npowms-
BO/IbHbIX NOCTOAHHBIX (MeToaa flarpaHa). Mpu sTom oblee pelleHume
Heo4HOPOAHOro ypaBHEHUS (2) UlLem B BUAE:

y=2>.6(X)Y, (3)
i=1l
rae dyHkumm ¢ (x) (i :1,_n) onpeaenaTca U3 CUCTEMbI YPaBHEHWUIA:
G, (X)Y, +Cy(X) Y, +...+C,(X)Y, =0,

G, ()Y +C,(X)Y, +-..4C,(X)Y, =0, (%)

C ()Y 4+, () Ys Y+, ()Y = f(x).

OtHocutenbHo G (X) (i=1n) cuctema (4) sBnserca cuctemoit N au-
HEeMHbIX HEOLHOPOAHbIX anrebpanyeckux ypaBHEHWN, onpeaenuTesb
MaTpuLbl KOTOPOM (FN1aBHbIA ONpeaesiuTeNnb CUCTEMbI) ABAAETCA Onpe-
faenutenem BpoHcKoro cuctembl GyHKUMI Y, Y,, ..., Y, ¥ OTanueH ot 0.



MosTomy cuctema (4) meeT egMHCTBEHHOE peLleHune:
¢'(x) =y (), i=1n,
OTKyZa Haxoaum
¢ (0) = [w,()dx+C,, (5)
rae C. (i :1,_n) —NPOWN3BOJIbHbIE NOCTOAHHbIE. [10ACTaBNAA BblpaXKeHUs

(5) B (3), nonyunm obuiee pelieHne HeOAHOPOAHOro ypaBHeHuna (2) B
BMAe:

y:C1y1+Czyz+'"+Cnyn+Z(IWi(X)dX)yi- (6)
i1

Metoga Bapuauum 6yaem NpUMeHATb B CAyvasax, Korga no Buay npa-
BOW YacTu ypaBHeHuUn (2) 3aTpyaHUTENbHO NPEAJIOKUTb BUA, HAaCTHOro
pelweHna U HaUuTK ero MeToAoM HeonpeaeneHHbIX KoapPuULUeHTOoB.

X

Ne 575 [®]: y"—2y'+y:e—. (575)
X

Tak Kak xapaktepuctudeckoe ypasHene A°—21+1=0 umeer KopeHb
A =1 kpatHoctn K =2, 10 obliee pelieHMe OAHOPOAHOrO ypaBHEHUA
y'-2y'+y=0 umeer sug y=Ce*+C,xe*, rge C,, C, — npowussosns-
Hble NocTosAHHble. ObLiee pelleHne 3aAaHHOT0 ypaBHeHNa Byaem MCKaTb B
Buae

y =, (x)e* +c,(x)xe”, (575.1)
rae C,(X), C,(X)— HeusBecTHble Noka HempepbiBHO AnddepeHLmpyemble

(byHKLI,VIVI. CornacHo mMeTo4y Bapuaunn Nnpon3BOJibHbIX MOCTOAHHbIX, ANA UX
HaxoxgeHnAa CoCtTaBumM Ccuctemy ypaBHeHMVIZ

¢, (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 1
Otciopa Hangem C (X)=-1, C,(X) ==. UHTerpmpoBaHue nosy4eHHbIx
X

ypaBHeHuit gaet C, (X)=—x+C,, c,(X)=In|x|+C,. HaligeHHble BbI-
paxenusa ana C,(X) u C,(X) noacrasnsiem 8 (575.1). B pesynbTate nony-
4mm obLee peleHne 3a4aHHOTO yPaBHEHMS

y=e"(C, —x+xIn| x| +C,X)
NpuBoas NnogobHbIe cnaraemble, OTBET MOXKHO 3anucaTb TakK:

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

Ne 577 [®]: y"+y= L (577)
SIn X

1. Tak kak A*+1=0 — A, ==i, To obuiee pelieHne oaHOpoAHOTO
ypaBHEHMs, COOTBETCTBYIOLLEro 3a4aHHOMY, UMeeT BUA;:
y =C, cosx+C,sin x.
2. Obuee peweHue 3a4aHHOTO ypaBHeHus (577) vwem B Buge:
y =¢(x)cosx+c,(x)sinx.

3. CoctaBum cucTemy s HaxoxaeHus dyHkumin ¢, (x), ¢,(x):

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

WHTerpupoBaHue ypaBHEHWIi AaeT:
q(x)=—x+C, c,(x)=In|sinx|+C,.

4. Obuwee peleHne 3a4aHHOTO YpaBHEHWA:

y=(C,—x)cosx+(C,+In|sinx|)sinx.




No 607 [®]: y"+2y'+y=xe"+—. (607)

xe

1. Tak Kak A2 +21+1=0 — A, =4, =-1, 10 obuee pelieHne oaHO-
poaHoro ypasHeHua Y "+2y'+ Yy =0 umeer sua;
y=Ce " +Cxe™.
2. Obuwee peweHne 3a4aHHOTO ypaBHeHus (607) uiem B BUge:
y=e"¢,(x)+c,(x)xe™.

3. CocTtaBuMm cucTemy A5 HaxoxaeHWs dyHKumiA ¢ (X), ¢, (x):
¢, (x)e ™ +c,(x)xe ™ =0,

—¢, (x)e + ¢, (x)e* (L-x) = xe* +

X EHl

¢, (x)+¢c,(x)x =0,
< . . 1
—¢, (X)+c,(x)1-x) = xe* + 3

1

Pewus cuctemy, Haiiaem ¢, (x) = —x’e™ -1, ¢,(x) = xe* +;,
MHTerpupoBaHue ypaBHeHMit AaerT:

¢, (X) :—%eZX(ZX2 —2x+1)-x+C,,

c,(x) :%ezx(2x—1)+ln | x| +C,.

4. Obuwee peleHne 3a4aHHOTO YpaBHEHWA:

y = (—%e“(sz —2x+1) - X+C1je_x +

+Ge2x(2x—1) +In| x| +C2)xeX =



=(C,+xIn|x|+(C,-1)x)e”* +XT_leX.

OTBET MOXKHO 3anucaTb cneayrouwmm o6pa30M

y=(C +xIn|x|+C,x)e” +XT_leX.

3ameuaHue. Obulee pelleHMe 334aHHOMO YPaBHEHUA MOMKHO HalTK U Ta-
KUM criocobom:

1.

MeToaom BapMaLuMKU NPOM3BONbHBIX NOCTOAHHBIX Haiitn Y (X) — 06-

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

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

¢, (x)e ™ +c,(x)xe ™ =0, ¢, (x) +c,(x)x =0,
< : 1
—, (X) +c,(x)1-x) = "

—01' (x)e™ + c; (x)e*(Ll—x) =

X )
\ - 1
Otcioga nonyunm: ¢; (x) =-1, c,(x) = 3 M nocne MHTErpupoBaHus

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™

. Metopom HeonpepgeneHHbix Ko3pPULMEHTOB HaiiTM Y, — vacTHoe

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

YactHoe pewweHue nwem B uge Y, = (AX+ B)e*. Vimeem

1]y, =(Ax+B)e’



2 ‘ (v,)' = (Ax+A+B)e”
1] (y,)"=(Ax+2A+B)e"

CobpaB KoappuUMEHTbI NPU OA4MHAKOBbLIX GYHKUMAX B JIEBOM YacTU
ypaBHeHus, nonyumm 4Axe* +4(A+ B)e* = xe*. MpupasHAB Koad-

OUUMEHTBI NPU OAMHAKOBbLIX GYHKUMAX B MPaBoOi WU NeBOM 4acTax

. 1 1
ypaBHeHUs, Hailgem A=Z, B =—Z. CnepoBaTenbHo, YacTHoe pe-

weHue Y, =%(X—l)ex.

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

y(x) =(C,+xIn|x|+C,x)e™ +%(x-1)ex,

NuHeltHble guddepeHumnanbHble ypaBHEHUA N-Tro NopaaKa. YpasHe-
Hue diinepa

JluHeliHoe OughghepeHyuanbHoe ypasHeHue coxpaHsem ceoli eud npu
noboli 3ameHe Hezasucumoli nepemeHHol, npuyem oOHOPOOHOe ypas-
HeHue ocmaemcs 0OHOPOOHbLIM. ITUM CBOWCTBOM MOXKHO BOCMOJIb30-
BATbCA 4J/18 TOro, YTo6bl NOMbITaTLCA MNPMBECTU LAHHOE JIMHENHOE ypaB-
HEHME K YPaBHEHUIO C NOCTOAHHbIMU Ko3dduumeHTamu. TaK, ypaBHe-
Hue

X"y +axty" P+ L +a xy'+ay=f(x), (1)
KOTOpOe Ha3biBaloT ypaBHEeHMeM ditnepa, npu X > 0 ¢ nomoLblo 3ame-

t
Hbl X =€ npMBOAUTCA K YPaBHEHUIO C MOCTOAHHbIMU K03¢¢MLI,MEHT3—
Mwu:

u® +bu®™P+ .. +b _u+bu=g(t), (2)



roe u(t)=y(e'), g(t)= f(e'). MonyyeHHoe TakMum obpasom ypasHe-
Hue (2) pewwaeTtca cnocobom, pacCMOTPEHHbIM Ha NpeablayWwmxX 3aHATU-
Ax. NocTpous obuiee peleHne ypaBHeHUA (2), HEOBXOANMMO BbIMOAHUTb
obpatHyto 3ameHy t =InX. B pe3synbTtate byaeT noctpoeHo obuiee pe-
LeHWe ypaBHeHus (1).

3ameyvaHue 1. MNMpun X < 0 3ameHa X = —e' NPUBOAMUT K 00LLEMY PELLEHNIO
TOro ke Buaa (c 3ameHoi X Ha —X). [Mo3ToMy A0CTAaTOYHO HalTK obluee
peleHmne ypaBHeHus npm X > 0 1 3aMeHUTb B HEM X Ha |X|.

No 589 [®]: X°y"—4xy'+6y=0. (589)

1) Mpu X > 0, ecan BLINOAHUTL 3ameHy X = €' 1 0603HaumnTb U(t) = y(e'),
bygem nmeTb:

y(x) =u(Inx),

,_ Oy _dudt_ .dlnx)_ .1
dx dt dx dx X'
y"=i(u'.lj=u".i_u'.i_

dx\ x X2 x?

MoAacTaBuB 3TW BbipaxeHUs B ypasHeHMe (589), nonyuynm ypaBHeHue
C NOCTOSIHHbIMW KO3pduHUMeHTamm

u"-5u'+6u=0. (589.1)

T.K. COOTBETCTBYIOLLEE XapaKTepucTuueckoe ypasHeHne A° —51+6=0
umeet KopHun 4 =2 n A, =3, 10 06WwMM pelieHvem ypasHeHus (589.1)
oynet
u=Cge” +C,e*. (589.2)
Bo3BpallaAchb K CTapbiM NepemeHHbIM, Nofydum obliee pelleHue 3a-
NaHHOTO yPaBHEHMA:
y=Cx* +C,x°. (589.3)



2) Mpu X < 0, BLINOAHMB 3ameHy X =—€' 1 o603Haums U(t) = y(-€'), 6y-
LEM UMETb:

y(x) =u(In(=x)),

.:ﬂ:d_u.ﬁzu,.d(ln(—x)):u,&
dx dt dx dx X’
y":i(u'.lj:u".i_u[i_
dx X x? NG

MoAacTaBUB 3TW BblpaXKeHMA B ypaBHeHUe (589), NnoyuymMm ypaBHeHUe
C NOCTOAHHbIMKU Ko3adduumeHTammn (589.1). Ero obuiee peleHue
nmeet Bua, (589.2). A, BO3BpaLLAACh K CTapbiM nepemeHHbIM, Nony-

unm Y =C,(-x)* +C,(-x)* = Cx* = C,x°.

Ewle pa3s 3ameTuM, 4To Npu X < 0 3ameHa X = —€' npuBOAUT K 0bLiemy
peLleHunIo Toro e Buaa (c 3ameHol X Ha —X). Mo3Tomy A0CTaTOYHO
6b110 HalTK 0bLLEee pelleHMe ypaBHEHMA Npu X > 0 U 3aMEHUTb B HEM
X Ha |X].

3) B cuny npomsBosibHoCcTU KoadpdpuuymeHtos C1 u C, obuiee pelweHune
3a[1aHHOrO YPaBHEHUA MOXHO 3anuncaTtb Tak:

y=Cx’+Cyx°.

3ameuaHue 2. [locTpouTb pelleHne O4HOPOAHOro ypaBHeHusA diinepa
MOXHO ropasao npoLye, ecm UCXOAWUTb U3 TOTO, YTO peLleHue ypaBHe-

A
HUA diinepa, koraa X > 0, UweTcs B BUAE y=e“ =(e‘) =x". Moacta-
sus X' B ypasHenue (1) (korga f(X)=0 ) v pasgenus npasyio u ne-

A
BYHO 4YaCTM ypaBHeHMA Ha X, MOAYYMM COOTBETCTBYIOLLEE XapaKTepu-
CTMYECKoe ypaBHeHUue

AA-D-....(A-n+)+aA(A-D)-...-(A-n+2)+..+a,,4+a, =0.



MpocToMy KOpHIO A1 XapaKTepuUCTUUECKOrO YypaBHEHWA COOTBETCTBYET
peweHne X, a k-kpaTHomy KopHio A1 cooTseTcTyeT K nuHeiiHo Hesa-
BUCMMbIX pelenmnii suga X2, X*InX, x*In?x, ..., X* In**X. Ecau ko-
apPMUMEHTbl ypaBHEHMA Diiepa BELLECTBEHHbIE, @ XapPaKTepucTUye-
CKOE ypaBHEHWE MMEET KOMM/IEKCHO-COMPSAXKEHHbIE KOpHU A, =a £if

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

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

3ameuaHue 3. B 3anucK ob6LEero peLlleHns ypaBHeHUa ditepa, paccmar-
prBaemoro npwu ntobbix X # 0, NepemMeHHyIo x cneayeTt 3ameHuTb Ha |X|.

Ne 589 [®]: x°y"—4xy'+6y =0. (589)

Ana noctpoeHna GyHAAMEHTANbHOM CUCTEMbI pelueHuid Byaem UcKaTb pe-
A

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

(589), 6ynem nmetb

XCAA-D(A-2)x" 2 —4xAx* " +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 fiBa IMHENHO HE3ABUCHMbIX PELLEHUA 3a-

JaHHOrO ypasHeHust X> n X°. CnegoBaTesibHO, OBILMM peLleHnem ypaBHe-
HuA (589) byaet

y:C1X2 +C2 | Xlsy

KOTOpPOE B CMAY MPON3BOJIbBHOCTU C>2 MOYKHO 3anucaTth U TaK

y =Cx*+C,x°.




iﬂﬁ“-‘*“fi'fi] AdomawHee 3apaHue

/A [®] NeNe 578, 579, 585, 587, 591.
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HeogHopogHoe ypaBHeHUe dnepa

Ana HeogHopoaHoro ypasHeHus dinepa, korga f(X)=P(InXx)x*, rae
P — NoAvHOM, YacCTHOE pelleHne MOXHO HaWTM MEeTOAOM Heonpeae-
NIEHHbIX KO3hOULMEHTOB (yunTbIBas, YTO 3aMeHa X = €' mpuBOAWT npa-
Byto yacTb K Bugy g(t) = P(t)e”, v npv onpeseneHun BuAa YacTHOro

PELeHNs MCNONb3YIOTCA MpPaBW/a, PAaCCMOTPEHHblE Ha 3aHATUM 7). B
oblem cnyyae ona pelweHns Heo4HOPOAHOro ypaBHeHua (1) cneayet

BHa4yane HaWtn ¢yHKUMM Y, Y,, ..., ¥,, obpasyowme dyHOameHTasb-

HYIO CUCTeMy pelleHMIA COOTBETCTBYIOLLEr0 OAHOPOAHOIO ypaBHEHWS.
3aTem BOCNO/1b30BaTbCA METOAOM BapuaLUM NPOU3BOJIbHbIX NOCTOAH-
HbIX (MeToaoM JlarpaHika). Mpu 3Tom obLyee pelieHne HeO4HOPOLHOIO
ypaBHeHus (1) uuieTcs B BuAe:

y=2c(y;, (3)
i1
rae dyHkumm C,(X) (i =1,_n) onpeaenatTca U3 CUCTEMbI YPaBHEHWUI:
G ()Y +C, (XY, +.n+Co(X)Y, =0,

¢ (X)Y; +C,(X)Y, +...+C (X)y, =0,

GO0V + 0y 4,y =1

n



|Zl O6paTuTe BHMUMaHMe Ha NPaBYIO YacTb NOC/AEAHEro ypaBHEHUA CU-
crembl (4). 3aecb B 3HameHaTene — koadpdpuument npu Y us nesoit
yacTu ypaBHeHus (1).

Noe 593 []: X°y"—xy'+y =8x%>. (593)

1 cnocob. Haingem cHavana obuiee pelleHne cCooTBETCTBYOLWENO O4HOPOA-
HOro ypaBHeHuA X2y "— Xy '+ y = 0. MocTpons xapaKkTepucTMyeckoe ypas-
HeHune

AA-1D)-1+1=0 < (1-1*=0,
u ycTaHoBuB ero KopHu A, =4, =1, nonyuum obuiee peweHne cooTset-
CTBYIOLLErO 0HOPOAHOrO ypasHeHus B suge Y, =C x+C,xIn|x].
YacTHoe pelieHne ypaBHeHMa (593) MOXHO HalTM MeTOAOM Heonpege-
NEHHbIX KO3hOULMEHTOB, €CIM UCKaTb ero B BUae® Yy, = AX®. NoacraHoska

3TOro Bblpa*XeHWA B 3aJaHHOE ypaBHEHWNE AaEeT:
X2 -6AX—X-3AX* + AX® =8%%, 4Ax®=8x] —» A=2

CneposatenbHo, Y, =2x%. 1 Torga obwmm peleHnem ypasHeHus (593)

byaet

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

2 cnocob. PeleHne HeEOAHOPOAHOTO YPAaBHEHUA MOMKHO MOCTPOUTb U Me-
TOAOM BapuaLMM NMPOM3BOJIbHbIX MOCTOSHHbIX. Byaem UCKaTb pelleHne He-
oAHopoaHoro ypaBHeHus (593) B Buae:

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

2 Bua, 4aCTHOTO pellueHuns byaeT nerye onpeaennTb, eCan NpeasapuTenbHo B nNpa-

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

ma=3# ﬂjyz, T0, N0 Npasuay 1, 6yaem umets Y, = Ae* = A,



Ons HaxoxaeHus koapduumertos C (X)n C,(X) coctasum cuctemy Buaa
(4):
¢, (X)x+c,(x)xIn| x|=0, ¢, (X)+c,(X)In|x|=0,
=
¢, (X)+c,(X)@+In| x]) =8x, ¢, (x) =8x.

Pewns cuctemy, Haitaem ¢, (X) =-8xIn| x| n c,(x) =8x. U nocne uu-
TerpupoBsaHus byaem umeTb

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

Noacrasus HanaeHHble ansa C (X) n C,(X) BbipaeHus B (593.1), nonyuum

obuee pewenue 3aaarHoro ypasterus |y = X(C, +C, In| x|) +2x°.

No 595 [®]: X’y"—2xy =6Inx. (595)

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

X2y"-2y = GIQX. (595.1)

CocTaBUM XapaKTePUCTUYECKOE YPaBHEHME N HALEM €ro KOpHU:
AA-D)-2=0, 1*-1-2=0 — A =-1 A =2
O6WwmMm peLLteHnem COOTBETCTBYHOLLENO OAHOPOAHOrO ypaBHeHMA byaeT
1
y=C, =+C,x".
X

PeweHne HeogHopoaHOro ypaBHeHUs (595.1) Hagem meToaom JlarpaH:ka.
Mpwu sTom pelueHne byaem UCKATb B BUAE

y =C1(X)%+CZ(X)X2- (595.2)

Onsa HaxoxpeHus koadoduumentos C (X)m C,(X) coctasum cuctemy Buaa

(4):



C (X)

+C, (X)X = ¢, (X)+¢,(x)x* =0

. . 61nx
' —c, (x)+2¢, (X)x® = —=,

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

peLLMB KOTOPYIO, HAanAem
. 2Inx 2In x
G (X) == 1 2( ) =
X
Mocne NHTErpUPOBaHMA NOJTYYEHHbIX YPAaBHEHWI, Halaem
2Inx 2
Cl(X):—|n2X+C1, C ( )—— —F—FCZ.
X

NoacTasus HaaeHHble ans C (X) u C,(X) BbipakeHws B (595.2), noayumum

oblee pelieHme 3a4aHHOMO ypaBHeHUA

C,—In*x 2Inx 2\,
y=———+ G5 X,
X 3x° 9x
KOTOPOE MOKHO NPUBECTM K BUAay®

y=C,x° +%(Cl—éln x—In’ xj.

3ameuaHue. MoXHO HallTV YacTHOe pelueHue ypaBHeHus (595.1) meTogom
HeonpegefeHHbIX KoadouumeHToB. MNpaBas YacTb ypaBHeHus (595.1) nocne

t -t
3ameHbl X =€ npumet Bug g(t) =6et. Tak kak a=—1 sasnserca Kop-
HEeM XapaKTepUCTUYECKOro YPaBHEHWA, TO YacTHOe pelleHue cneayer Uc-

KaTb B BUAe
InX(Alnx+B) Aln*x+BlInx

y, =t(At+B)e™ =
X X

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

koapduument C, — 3 samenen va C,.



[-‘m‘h‘-‘r-] AomawHee 3agaHune
. [®] NeNe 590, 592, 594, 596.

MNpumepHbIn BapmaHT KP-3 (yacTb 1)
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