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Huddepenuuanbable ypaBHeHU: MeToanuecKkne yKazaHus st
CaMOCTOSITEIBbHOM pabOThI CTYJIEHTOB 2 Kypca.

[IpuBeneHsl KpaTKW€ TEOPETHUUECKUE CBEACHUS M NPUMEPHI BBIOJHEHUS
3a1aHUN.
[IpenHasHaveHsl 11l CTYACHTOB 3a04HOM (hOPMBI OOYUEHHUS.

Jduddepenunanbubie ypaBHeHUs EPBOIr0 MOPAAKA

Hubdepenunanbubiv  ypaBHeHueM ([Y) 1-ro mnopsaka HasbiBaeTcs

ypaBHEHUE BUJIA:
y'=f(xy), 1)

CBSI3BIBAOIICE HE3ABUCHMYIO MEPEMEHHYIO X, HEM3BECTHYIO (QyHKIHIO Y = Y(X) u
ec mepByro npousBogaHyo Y. 3mech f (X, Y) — HekoTopas 3amaHHas (GyHKIHS
CBOMX apryMEHTOB, OIpENeJICHHAass W HempepbiBHas B oOmactu D Ha mimockoctn
XOY. O6nacte D HazbiBaeTcs obsacthio onpeaeneHus: ypapHenus (OOY).

Oyukust Y =@(X), omnpeseneHHas U auddepeHimpyemMas Ha HEKOTOPOM
uHtepBaie (a, b), HaswBaeTcs pewsenuem ypaenenus (1), ecam, Oyaydn
MOJICTaBJIEHHON B O3TO YypaBHEHHE, OHa oOOpamiaeT e€ro B TOXIECTBO, T. €.

¢(x)=f(x,0(x)), mpu xe(ab). TIpapux pemenns JY HasbiBacTCs

UHME2PATbHOU KPUBOLL.

IV (1) umeem OecuucienHoe MHONCECMBO peuleHUll 8uUda y:(p(X,C),

3aBUCAIIMX OT OAHOUN Mpou3BOIBHON nocTosiHHOM C. Takoe pelieHue Ha3bIBaeTCs
oowum pewenuem J[Y. Pemenme JIY (1), koropoe mojydaeTcs U3 0OIIETO

pelIeHus y:(p(X,C) npu GuKkcUpoBaHHOM 3HaueHUU C, HA3BIBACTCS YACMHbIM

peuieHuem.

He Beerma peuwrenne 1Y (1) Haxoaures B Buae Y=¢(X), uHOrza oHO

rmosydaercs B HesiBHOM Buje O (x,y):O, MIPUA 3TOM JJISl BCEX X U Y U3 HEKOTOPOM

naspiBatoT unterpasiom J1Y (1), a ypasuenne O (X,y,C)=0 naspaetcs obuum

obmacTu JOJDKHO BBIIIOJIHATBCA —
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unmezpanom JIY (1) B Hekotopoii obnactu G €D, ecnu npu Haanexaiem BeIOOpe
noctossHHOU C oHO faet drboe pemienue Y (1), rpaduk KOTOPOro coaep urcs B
obnactu G.
Haxoxnenue Bcex pemienuid 1Y Ha3zpBaeTCs unmezpuposanuem ypaBHEHUS.
PaccMoTprM MeTOIBI HHTErpUPOBAaHKS OCHOBHBIX THUIIOB Y 1-ro mopsaka.
YpaBHeHus ¢ pa3easOIUMHUCS NepeMeHHbIMU

Y ¢ pazaensrommnumMucs nepeMEHHbIMU UMEIOT BU/L:

y'=fi(x)- f(y) )
M PENIAoTCs CIIEAYIOMM 00pasoM: TakK Kak y':g—)):, TO ypaBHeHHE (2) MOMKHO
3amucatb B BHJIE S—Z: fi(x)-f,(y). PasmenmuM mnepeMeHHbIE B IOTyYCHHOM

paBeHCTBe, T. €. mpu auddepennuane dy codepeM MHOXHUTEIAMHU (YHKIIHH,

3aBHcAIIe oT Y, a npu Auddepennuane dx — QGyHKIuM, 3aBUcsime ot x. s

dx
fa(y)’

ATOr0 YMHOXXHMM 00€ YacTu ypaBHEHUs (2) Ha MHOXHUTENb cuuras,

f,(y)#0. CuMBOIMYECKH 3TO 3aMKCHIBACTCS TaK:

& = 0 a0

dy
f2(y)

00t UHTErpa J% :J f,(x)dx +C.
2

[Monyuum = fy(x)dx. HuTerpupys nocienHee paBeHCTBO, MOIYYHM

B ciyuae, ecnu ypaHenue f,(y)=0 wnmeer peumrenne y = b, xoropoe

HE TIOJIy4aeTcsl U3 OOIIeT0 PEIICHUs HHU MPHU KaKOM 3Ha4eHHH MOoCTOsSHHOU C, TO
y = b siBiIsieTcst 0COOBIM peleHueM ypaBHEHHUS (2).

Huddepennmanbabie ypaBHEHUS C PA3ACISIONIMMUCS TEPEMEHHBIMU
Haiitu oOmiee pemenne nudepeHnmnanbHOT0 ypaBHEHHUS :
[Tpumep

xyy' =1-x?
Pemenne



1-xX dx

ydy =

2 2
y—:In|x|—X—+C
2

2

y=+VIh x> —x*>+C

ITpumep
V1-y?dx+ yv1-x*dy =0
Pemienue

ydy dx

J1-y? __\/1—x2
\J1-y?* =arcsin x+C

y = ++/1—arcsin x—C

[Tpumep
ty

' . X . X— y
y'+sin =sin
2
Pemenue
y'+5sin i-cosl+sin X-cosf =sin 5-cosl—sin X-cosi
2 2 2 2 2

y' =-2sin Y cosX
2 2

ﬂ =-2sin Y. cosﬁ
dx 2

d_y = —Zcosidx
sin Y 2
2

2In

tgl = 4sin 2+ C
4 2
—4ﬁn1+c

2

g2 Y =e
J 4

Haiitn wactapie pemenus nudpepeHnnaaTbHOT0 ypaBHEHMS, YIOBICTBOPSIOIINE
Ha4aJIbHbIM yCJIIOBUAM

[Tpumep
y'sinx=yliny; y(zj =e

Penrenue



dy
dx

dy  dx
yhy sinx

sinx=ylny

In In|y| =In

X
tg —
H

X
Injy|=Ctg—
y=Ctg3
ctgr
y=e 2 -o0Ilee peiieHue

e=e® C=1

X
tg=
e 2 - 4aCTHOE pelIeHne

y

ITpumep

sin ycosdy = cos ysin xdx, y(0)= %
Pemenne

sin y dv = sin X
cosy COS X
—In|cos y| =—In|cos x| +In C

dx

COS X
CoSsy = T - 0611166 PCUICHUC
r 1
COS— =—
4 C
Qzl C=42
2 C

COS X
COS Y = ——= - 4aCTHOC pCIICHUC

V2

IMpumep 1.1. Haittu obGriee permenne 1Y x-y'=y+1.

Pemenne. /IY npusenem k Buay (2), pa3aenvB 00€ 4acTh paBEHCTBA HA x:

y

CoryiacHO ONMCAaHHOMY BBIIIE aJrOPUTMY, 3aMEHHMB Y Ha

dy _y+1 ¥ YMHOKHM 00€ 4acTH paBeHCTBA Ha yd—-)lfl(y +120):

dx  4/x

_y+l

4/;:

000

X #0.

dy

dx

, TIOJIyYUM

©)
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[IpounTerpupyem nojiy4eHHOE PaBEHCTBO:

d Loy 01 0i éée‘14
[t 5 fassion sy
10aa6 éila

0101 6éa3 L ,
[9X _ [xidx=[oaazesa e =g
4x SR 1., 3

¢i 04afaéil _Z+

Bepnemcs k paBeHCTBY (3), ocTaBuB KOHCTaHTY C TOJIBKO B MPaBOil YacTH B

Buze In|Cy: In\y+ﬂ:%x‘§‘+lncl.

wl-b
blw
NN

4
3

Vicrons3ys cBoiictea jorapudMoB, monyunm: y+1=Ce3 —y=Ce?

-1 —

oO1iee pemenue ucxogHoro Y.

OnHopoaHble ypaBHeHHUS

Onnopoansie 1Y 1-ro nopsigka UMEIOT BUA:

=t 4

y=t(2) @
910 YPaBHCHHUC CBOJAUTCA K YPABHCHHUIO C pa3AC/IAIOIUMUCA TIICPCMCHHBIMUA

Opyd TOMOINKM 3aMeHbl Y =2ZX, r11ae Z =Z(X). JIeHCTBUTENBHO, TOJCTABIAS B

ypaHenne (4) y'=7z'x+z, mnomysaem: z'x+z=f(z) — ypaBHeHnme c

PasacIArOIMUMHUCS IMICPCMCHHBIMHU. Pa3z[en5[5[ IICPCMCHHBIC, ITOJIYIHUM

Ex:f(z)—z, f(z)-z#0, x=0

_dx dz__ _
W— X :>J‘f(Z)—Z_In|X|+C.

Ilocne BbIUMCICHUS MHTEIrpajla BMECTO Z HYXHO IOACTAaBUTH X Hn, €CiIin

MOJKHO, YIIPOCTHUTD IIOJIYYCHHOC BBIPAKCHUC.

Onnoponnbie auddepeHImaibHbie YpaBHEHUS TIEPBOTO MOPSIKA

OyHKIHS f(x, y) HAa3bIBAETCSI OJJHOPOJHON OTHOCUTEIBHO IEPEMEHHBIX X U
y , €CJI MPU YMHOKEHUHN BCEX MEPEMEHHBIX Ha KaKoe-Tu00 YHCiIo t (QyHKIIUs
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HOJIy4aeT MHOXKHUTEIEM HEKOTOPYIO CTENEHb t, T.€. eciu f(tx, ty)=t"f(x,y). Yucio
M Ha3bIBAETCS TIOKA3ATEIEM OJHOPOIHOCTH.

Hanpumep, pynkumnu

x? =3xy+Yy?,

Fxi,

arctg Y OyIyT OJTHOPOJIHBIMU;
X

MOKa3aTesb OTHOPOIHOCTH MepBOM (DYHKLIMH paBeH 2, BTopoil — 1, a Tpetheit — 0.
Haiitu oO1ee pelieHrue ypaBHEHUIA:

ITpumep
xdy — xdx = ydy
Pemienue
(x—y)dy = xdx
(x=y)y'=
y =tx
y'=t+xt’'
(x —tx)t+xt')=
@-t)t+xt")=1
xt':i—t
1-t
dt t—t+1
dx 1-t
(1-t)dt _dx
t2—t+1 X

1, 2t—1
_EItz—t+1 j t+1 X

—%m¢@4+ﬂ

X

+C

2 arctg

NE

=In|x+C

J§

2--1 2
zarctg X —Eln[y——l+lJ:In|x|+C
3 2 X

J3 x°
2 2y — X yZ — Xy + x?
—arct —In =In|x|+C
%arctg 23;5_ X JY? = xy+x? +C o0lee pelieHue.
X

[Tpumep
y' _X+_

Xy
Pemienue

y =tx



ITpumep
Xy’ =yln y
X
Pemenue
y =1X
y'=t+xt’

x(t+xt’):txlnt—x
X
t+xt'=tint

xﬂztlnt—t
dx

dt  dx
tlnt-1) x
In‘ln|t|—ﬂzln|x|+InC
Injt| -1=Cx
InX:Cx+1

X
In|y| = In|x|+ Cx+1

y =e" e _ oBmee penrenue

HaiiTn yacroe pemienne ypaBHeHUs, YAOBIECTBOPSIOMIETO TAHHBIM HAYAJIbHBIM
YCIOBUSIM

[Tpumep
Y -2xy-x*
S T — y()
Yy +2Xy—X
Pemienue
y =1X
y'=t=xt'



t2x? — 2xtx— x?

t+xt' =
t2x2 + 2xtx— x>
dt  t?-2t-1
X = o 1
dx t°+2t-1

Lt :_(t+1)(t2 +1)
dx t2+2t-1
t2+2t-1 dx

dt =&
(t+1)t> +1) X

(—i+ 2 jdt:—%
t+1 t?+1 X

—In|t+]4+|n(t2 +1)=—In|x|+|n C

t2+1_9
t+1 X
y2
X—Z+1_E
Y X
X

2 2

Y+ X _c
Y+ X

oO11ee pelieHne
y? +x2 =C(y+x)
1+1=C(1+1)
C=1

YaCTHOE PEIIICHUE
Y2+ x> =y+xX

IIpumep 1.2. Haiitu obmiee pemenue 1Y

X

Xy'=y+—>—.
In(lj
X

Pemenne. Paznenum ypaBHenue Ha X #0 U moiaydum: y’:¥+ y
In(;)
1
In(l)
X

Ilenaem 3ameny Y=z-X, z'=z'X+z. Torma WuCXOQHOE ypaBHEHHE

OJHOpOIHOE ypaBHeHUe Buaa (4) B kotopom f (%) :%+

CTAaHOBUTCA YPABHCHUCM C Pa3ACIIAIOIMUMUACA IICPCMCHHBIMU
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: 1 dz 1
7 X+2=74+—, —X=—o
Inz dx Inz
In zdz:%:jln zdz = %
X X

HaiineM uHTErpasibl B JIEBOM U NPABOM YaCTsX IOJYYEHHOI'O PABEHCTBA:
11&lcodi 0101 6€0 €1 0dadeodiaaiey
i1 +~anoyi Iudv=uv—jvdu,

jlnzdz: dz =
aaa u:lnz—>du:7

=

€

P >

dv=dz ->v=z

zInz—Izgzzlnz—z+C.

Z
0101 6éa 4
dX_\\ru\--A _
7—0aae ou —ln‘x‘+C.
¢io0aagaéia

Urak, monyuum:
zInz—z=Inlx|+C :%In%—¥: In|x|+C — obmmii uaTerpan nexoxuoro JY.

JIuHeHbIe YpABHEHUA
JIuneitnwsie 1Y 1-To nmopsaka UMEIOT BU:
y'+p(x)-y=a(x), (5)
rae P(X) u (X) — usBecTHBIC (HYHKIIUH, HEIIPEPHIBHBIC HA HEKOTOPOM HHTEPBAJIC.
Takue ypaBHEHHsSI OOBIYHO pEIIAIOT METOAOM bepHymiHn, KOTOpbI COCTOUT B
cienyroreM. Pemienwe wWimercs B BHAE NPOM3BEACHUS ABYX (PYHKIUH
y(x)=U (x)V (x). Torma y'=UV +UV". Tloacraemnsisy n Yy’ B (5), noay4nm:
UV +UV'+p(x)UV =q(x).
OO0benMHUM BTOpPOE W TPEThE CjaraeMpleé B JIEBOM YACTH TOCJIEIHETO

ypaBHEeHHUs, BEIHOCSA U 32 CKOOKH, ¥ TIOTYyYUM:

UV +U (V'+p(x )V )=q(x). (6)
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[TockonbKy OJJHY HEM3BECTHYIO (DYHKIIHMIO ¥ 3aMeHWIH AByMs pyHKuusmu U
u V, To 0iHy U3 3TUX (PYHKIIMI MOKEM B35ITh IPOU3BOJILHO. BbiOepeM QyHKIIHIO
V(X) Tak, 4T0OBI OHA ObLIA PEIICHHEM yPaBHEHHUS
V'+p(x )V =0, (7)
torga sropas Gyrkims U(X) momkra ynosnerBopsits ypasHernuto U'V =q(X). (8)

PemB ypaBHeHHE ¢ pazgensiomiuMucs nepeMmeHHbiMU (7), HavigemM V u
noncraBuMm ero B (8), orkynma Haigem U. OOmiee pelieHHe TMOIYyYUM Kak

npou3BeieHre HaneHHbIx Qynkuui U u V:
y=UV.

Jluneitnsie qud depeHnanpubie YpaBHEHUS IEPBOTO MOPAJIKA
Haiitu oOmue pemienus ypaBHeHUM

ITpumep
y'+2y =4x
Pemenne
3meck P(x)=2; Q(x)=4x
y =uv
y'=u'v+Vv'u
u'v+vu+2uv =4x
u'v+u(v' +2v) = 4x
Haxoaum v U3 0JHOPOAHOTO YpaBHEHUS
v+2v=0
av = —2X
dx
dv = —2xdx
V=-—x
JI71s1 OTBICKaHUA U TIOJIYyYHM ypaBHEHHUE
—u'x® = 4x
du 4
dx x
du = —4%
X
u=—4h|x+C
oO11ee peneHne ypaBHCHHS:
y=x2(Inx*-C

[Tpumep
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, 1-2x
y'+ v y=1

Penienune
1-2
P(x)= - X, Q(x)=1

y =uv
y'=u'v+Vv'u
1-2x

XZ

. (, 1-2x j
VUu+viu'+——u =1
X

vVu+u'v+ uv =1

Haxomum u(x) u3 0JIHOPOJHOTO YpaBHEHUSI

, 1-2x
u'+=——
X

du 2x-1
— = —2u
dx X
d_u 2x -1

u NG

u=0

dx

Inju| = In x? +E
X

vixlex =1
1
dv = x %e *dx
1
v=e *+C

1 1
y:xzex(e X +CJ

[Tpumep

2ydx + (y2 — 6x)dy =0

Pemrenne 2y + (y2 — 6x)y’ =0

JlaHHOE YpaBHCHHE HE SBJISCTCS JIMHECHHBIM OTHOCUTEIBHO Y M Y, HO SBISETCS

1
TAKOBBIM OTHOCUTEIBHO X M X'. YUHTBIBas, 4YTO Y’ = — , IPUBEIEM YPABHEHUE K
X

BH]Y:
2yx' +y? —6x=0
X'—§=—X
y 2
X =Uuv

X' =uv+uv
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In|v| =3Inly|
v=y?

X = y3(2—1y + Cj - obmiee perreHue aAudGepeHInaTbLHOT0 ypaBHEHUS

[Tpumep

Yy

2ylny+y—x

Pemenne

JlaHHOE ypaBHEHUE HE ABJISACTCA JIMHEUHBIM OTHOCUTEIBHO Y U Y', HO SIBJISICTCS

y' =

1
TaKOBBIM OTHOCUTEIBHO X M X'. YUHTBIBasd, YTO Y’ = — , IPUBEIEM YPABHEHHUE K
X

BUTY:

X
X'+—=1+2Iny
Xx=uv; X' =uv+uv

uv
uv+uv'+—=1+2Iny
y

uv’+v[u’+£j:1+2m y
y

u+d =0
y
du__dy
uoy
Inju| =—Inly|
1
u=—
y
1
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dv=(y+ yIn yz)dy

2 2 2
v=L 4+ ¥ yz—y—+C
2 2 2

v=y’Iny+C

xy=y?Iny+C - obriee perienne AU hepeHINaTBHOIO YpaBHEHHUS.

Halitn yacTHbIE penieHuss ypaBHEHHH, YIOBIETBOPAIOIINE YKAa3aHHBIM HadalbHbIM
YCIIOBUSIM.

[Tpumep
xy'+y—e =0; y(a)=b
Pemienue
y =uv
y'=u'v+Vv'u
Xuv+xvu+uv—e* =0
XUV +u(xv' +v)—e* =0
xv'+v=0
dv. dx
v X
Inv| = —In|x|
V=_—
X
u'—-e*=0
du =e”dx
u=e*+C
y= %(eX + C) - obmiee pemreHue audGepeHINaTBLHOT0 ypaBHEHUS.
1 a
b—g(e +C)
C=ab-¢e"

1
y= —(eX +ab— ea) - yacTHoe penieHne nuddepeHIIMaIbHOr0 YpaBHEHUS.
X

[Ipumep
. :
Xy'———=x; yl1)=0
Y- y(@)
Pemienue
y =uv
y'=u'v+Vv'u

uv
XU'V+xvu———=xX
X+1

! 4 u _
XVU+V XU ——— | =X
X+1
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u
XU ——— =0

X+1
du _ dx
u x(x+1)

du _dx dx

u X X+1
Inju| = In|x| - In|x+1]
X
U= ——
X+1
2

=X
X+1

dv = (1+ ljdx
X

v=x+In|{+C

y= L(x +In|x| + C) - obO1iee pernieHune nudpepeHIaTbHOTO ypaBHEHHUS

X+1
0= 1(1+ C)
2
C=-1
X
y = x_+1(x +Inx| —1) - yacTHOE perieHue quddepeHmaibHOro ypaBHeHHMS.

IMpumep 1.3. Haiitu o6miee pemenue Y-
y'+2y=e~
Pemienne. YpaBHeHue wumeeT BuI (5), MOAITOMY SBISETCA JUHEUHBIM.

Pemm ero metonom beprysm. Cuenaem 3ameny y=UV, y'=U'V +UV':

UV +uUVvV'+2UV =e™,
UV +U(V'+2V )=e™.

V'+2V =0,
[TpupasusieM k03¢ dunueHT npu U K HyIII0 U MOIYYHM: UN —p
Pemmm nepBoe u3 NoJIyd4eHHBIX YPABHEHHUI:
(3—\; =- = (1/—\/ = —ZI dx = InM: 2x=>V = (mpu UHTCTPUPOBAaHUHT

ucnoiab3oBasin popmynel 4 u 2 Tabmuibsl uHTErpanoB). [lpum Haxoxnenuu V
noctosiHHyto C moJjlaraéM paBHOW HYIIO, TaK KaK B JAHHOM CJydae JOCTaTOYHO

HAaWTH HEKOTOPOE PEIICHUE.

2X

[Tonyuennyto ¢pynkuuio V =€ mojactaBuM BO BTOPOE YpaBHEHHUE:
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Ue”=e*=U =¢* :O(lj—uzeX = IdU :jexdx:U = e* + C (MCIOJIB30BaIH
X

dbopmynbl 2 u 7 TaOIUIBI UHTETPAJIOB).
Takum o6pazom, Yy=UV :(eX +C )e‘zx wim y=e*+Ce?® — ob6mee

perrenue ucxoasoro V.

YpasHenue bepnyiiu

YpaBHeHue bepHyM UMEIOT BUN:
y'+p(x)y=0a(x)y* 9)
rae ou#0, a=1l.

MGTOJ] PEIICHUA TAKHUX ypaBHeHI/Iﬁ TOT K€, YTO U JJIA JIMHEMHBIX ypaBHeHHﬁ.

VYpasnenue bepnyin
Hatitu o6mee pemenue qudepeHImaisHOro ypaBHEHUS

[Tpumep

y'+xy = xy’
Pemenue

y'+xy = xy’

y=uv; Yy =uv+Vv'u
u'v+Vv'u+ xuv = xu’v®
u'v+u(v' + xv) = xuv?
V'+xv=0

dv
v

= —xdx

2
nfv| =~

X 3x?

u'e 2 =xu’e 2

d—l;:xe’xzdx
u

1 1
—=5C
u e
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1
y = ———= - obuiee pemeHne 1upPepeHIHaTbHOrO YpaBHEHHS.
1-Ce”

ITpumep

y + A y2=0
X+1

Pemenne

y =uv

y'=u'v+uv'

uv
VU+UV+——+u?v? =0
X +

V——t——— =
x+1 (x+1)°
& dx

vZ o x+1
1
Vs In|x+1-C
e+
In|x+1-C
_ 1
Y= (x+1)in[x+1-C

] - obmiee pemreHue AU GepeHINaTBLHOT0 ypaBHEHUS.

[Ipumep

Xy’ +y =xy*Inx

Pemienue

y =uv

y'=uv' +w’

XW' + xwu’ +uv = xu’v? In x
XW' +v(xu’ +u)= xu?v? In x

xu'+u=0
du  dx
u X

Inju| =—In|x
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V=— -
In x+1-Cx
1

Y = a1-cx ob1iee pemenue quddepeHnanTbHOro ypaBHeHUS
[Tpumep

(1-x*)y'—xy-xy* =0

Pemenne

y=uv

y' =u'v+uv'

(1— XZ)J'VJr (1— XZ)JV' —Xxuv—xu’v? =0

(1— XZ)J'V-i- u[(l— xz)\/’ - xv]— xu2v? =0

(L-x* M —xv=0
dv _ xdx
voo1-x?

V=~ It x|
1
1-x°

V-xtu -~ ~u?=0
1-xX
du xdx

V=

1—x?
It S
1-C+1-x?

1
y=———— - o0miee pemenne auddepeHmaiIb-HOr0 ypaBHEHUS
1-Cy1-x2

[Tpumep

y'— ytgx+ y? cosx =0
Pemenne

y=uv

y' =uv' +u'v
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uv’ +u'v—uvtgx+u?v?cosx =0
uv’ +v(u’ —utgx)+uv? cosx =0

u' —utgx=0
u = tgxdx
u
Inju| = —In|cos X
1
U= ——
COS X
vV +v2i=0
dv
V_Z = —dx
l:x+C
Y
1
V=
x+C
1
=——— - o0mee perieHre quddhepeHIINATLHOTO YPABHEHUS
y (x +C)cos P Anbdepentt yP

IIpumep 1.4. Haiitu obuiee pemenne Y.

Xy +2y = ZJV

CoS*X
Pemenne. Paznenum ypaBaenue Ha X #0 (x = 0 He sBIseTCS peUICHUEM
nanHoro Y):
yﬁ+gX<:—jélg;—
X XCOS°X
ITonyyennoe ypaBHeHue uMeeT Bu (9), cienoBaTelbHO, 3TO ypaBHEHHUE

bepaymmm. Caenaem 3ameny y=UV, y'=UV +UV'. Tlonyuum:

uv +UV'+2UV _ 2\UV

X  XCOS*X'
UV +U (vwﬁ):z—*’uy.
X XCOS™ X
V'+%:O,
IIpupaBHsiemM K03 e U 10 U IO :
pupaBHsieM ko3 duimenT npu U HYIIO U MOTyIuM 2 oV
XCOS*X

Pemnm nepBoe ypaBHeHuE:

d_V:_Z_V:> d—V:—ZJ'%: In[\/‘: —2In|x‘:v =x?=V =i2
dx X \ X X
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[loncraBum nonyueHHyro GyHKIHMIO V BO BTOPOE YpaBHEHHUE:

U

2. |— .

1 X2 U 24U . 24U du 2vU
U Z=s—= =255 7. 2U=—F>"—="—-=
X XCOS° X X X° COS® X C0S* X dx cos’ x

1,dU dx 2
> |—==|—=+VU =tgx+C = U =(tgx+C
ZI\/U Icoszx 9 (tg )

(ucnonb3oBaiu Gopmyiibl 3a U 9 TaGIUIBI HHTETPATIOB).
Takum obpazom, obiee pemenne [Y:
_ng+Cf
=T
Cnyvait V=0 u =Yy = 0 asnsercsa pemieHueM J[Y, u Tak Kak OHO HE MOXKET OBbITh
MOJIYYEHO U3 OOIIETO PEIICHUs, TO SBISECTCS OCOOBIM PEIICHUEM.
3anaya Komu puis nuddepeHnnaibHOro ypaBHeHHs ePBOro MOPsiAKa
3amauya Komm g JIY 1-ro mopsizka COCTOMT B CIEAYIONIEM: U3 OOIIEro

pewennst  y=¢(X,C) tpeOyercs Bblmenuts Ttakoe pemenue Y =0(X,Cy)
ypasHenus (1), KOTOpOE yHOBIETBOPSET HA4albHOMY YCIOBHIO: @(Xo)=Yo, TZe
(Xo,Yo) — 3amanHas Touka miockoctr XOY.

Hpumep 1.5. Onpeaenuts Tvn Y u pemnts 3aaauy Ko

y+X2+y? =xy'=0, y(3)=4.

Pemenue. Jj1s1 onpenenenus tumna Y BeIpa3uM 13 ypaBHEHUS Y':
2 2
\/X +
y':%-l—Ty, (X ¢O)

Bhaecem x 101 3HAaK KOPH:, BO3BCAA CIr'o B KBaJApar:

' N
y:%“‘\, Xzy

H B IIOAKOPCHHOM BBIPAKCHHUH IIOACIMM IMOYICHHO YMCIMTCIIb HAa 3HAMCHATCIIb,

y' = % + 4 ’1+ (%)2 (10)

MOJY4YUM
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Uraxk, npuBenu ypaBHeHue K Buay Y' = f (%) ITo tabmuue Y (cM. mpun. 2)

OnpejeNsieM, YTO YpaBHEHHE OJHOPOJHOE W pEelIaeTcsl 3aMEHON Z ==, Y =ZX,

X <

y'=2'x +z. Cnenaem 3ameny B ypasHenun (10): z'X +z=z++1+2% yurem, 4TO

z':dZ:>9§x=J1+z{—iE———9§

dax  dx J+72 X

Ucnonb3yst popmyinbl 12 1 4 TaGAUIBI HHTETPATIOB, TOTYYaAEM:

In‘z+ 1+72°

=In|x|+InC.

HpOI/I?;BOJIBHYIO MOCTOSAHHYIO MHTCTPUPOBAHUA BBIPpA3UIIN B BUJIC |nC, qTOo
ITO3BOJIMJIO 3allucaTbhb O6IIIC€ peuICHUC, MUCIIOJIb3Yy: CBOMCTBA J'IOI“apI/I(bMOB,

B BUJIE:

Z++1+2722=Cx.

Yy y

2
VYuuThIBas BBINIOJHEHHYIO 3aMEHy Z = 0 TOMyIHM -+ 1+(—) =xC —

obmee pemenue /Y B HEIBHOM BHJIE.
Haiinem Takoe penieHue, KOTOPOE YIOBJIETBOPSET HAYAIBLHOMY YCJIOBUIO

(3) = 4. Jlng aToro noAcTaBUM B o0IIee pemeHue X =3, Y =4 u HaiijieM 3HauCHHE

noctosgauoi C.

4 16 _ 4 5_ — =
3t 1+§—3C :>3+3—3C —=3=3C=C=1,

Wrak, Hanuim 3HavyeHue noctosiHHou C, mpu KotopoM pemieHue Y Oyner
YIAOBJIETBOPSTh YKa3aHHOMY HauyaJIbHOMY YCJIOBHIO.
Pemenue 3amaun Komm 3amumieM, mojacTaBuB B 0OIllee pelieHre 3HAaYCHHUE

nocrosaHoi C:

JAuddepenunanbHbie ypaBHeHHsI BTOPOT0 MOPSAIKA
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HubdepeHnmaabHbiM ~ ypaBHEHHEM  BTOPOTO  TOpSJKAa  HA3bIBACTCS
ypaBHEHHE, CBSA3BIBAIOIICE HE3aBUCHUMYIO TIEPEMEHHYI0, HCKOMYIO QYHKIIUIO U €€
MIEPBYIO U BTOPYIO MPOU3BOAHBIC. B 001IeM ciydae Takoe ypaBHECHUE UMEET BHUI:

F(x,y,y,y")=0. (11)

O6miee pemenue ypaBHeHus (11) AomKHO coaep:kaTh JBE MPOU3BOJIbHBIC

IIOCTOSIHHBIE, T. €. UMETh BUJ Y =(p(X,C1,C2). 3agaua Ko mig 1Y 2-ro nopsaka

dopMynupyeTcsi TakuM 00pa3oM: HaWTH TakOe pelIeHUEe YpaBHEHHs, KOTOpOe
YIOBIETBOPsIo ObI ycinoBusiM Y(Xo)=Yo, Y'(Xo)=VYo, TA€ Xo,Yo,Yo— 3aJaHHbIC

quciia.

YpaBHeHus, 10NyCKAOIIHe MOHUKeHHE MOPAIKA
OcHoBHBIM criocoOoMm uHTerpupoBanus Y (11) sBuseTcss NoHUXKEHHUE
nopsiika. PaccMoTpuM ouH U3 cilydaeB, KOI/la 3TO BO3MOXHO. Eciu ypaBHeHHe

(11) umeer BUx:
y"=f(x), (12)
T. €. IpaBas 4YacTb HE COAECpXHUT y ® ), To JIY pemraroTcs IBYKPaTHBIM

T10CJIEI0BATENBHBIM HHTETPUPOBAHUEM: Y = I ( I f (x)dx )dx +Cx +C,.

JAnddepeHunabHble YyPABHEHHUS BTOPOT0 MOPSAKA, T0IyCKAKOIIUE
NMOHUKEHHE CTeNeHH

[Ipumep
. T T
" —y'ctgx = 2Xsin X; —1=1y|—=1|=0
y —yclg Y(AJ YKAJ

Pemenne

Jlannoe quddepeHimansHoe ypaBHEHHE BTOPOTO MOPSIKA HE CONEPIKUT SBHO
MCKOMYIO QYHKIIMIO Y, T.€. uMeeT BuI F(X,y,y")=0

ITonoxum y'=p, Torma y"=p’.

p’— pctgx = 2xsin X

p=uv

p'=u'v+Vv'u

u'v+uv' —uvctgx = 2xsin x

u'v +u(v' —vctgx) = 2xsin x

v/ —vctgx=0
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ﬂ = ctgxdx
v

In|v| = In|sin x|
vV =sin X
u'=2x

du = 2xdx
u=x*+C,

p =(x2+C, )sin x

y' = (x? +C, Jsin x

dy = (x? +C, Jsin xdx

y = 2C0S X + 2XSin X — (x2 + Cl)cos x+C, - obuiee pemeHue auQhepeHIuanbHOro
ypaBHEHUS

2
0=|Z +c, V2
16 2
2
1=— 7[_+Cl £+Z'£+2'£+CZ
16 2 2 2 2
2
C,=-2; szl—ﬁ Zi2
16 2\ 2

T+ 7’

Y., = 2Xsin X +1—T4\/§ —(xz T 2]005 X - 4aCTHOE peIIeHHe

nuddepeHIaIbHOTO YPaBHCHHS

[Tpumep
y gy =20y y0)=7. y0=-2

Pemenue
Jannoe auddepeHranbHOe ypaBHEHHE HE COAEPKUT B SBHOM BUJIE ApTyMEHTa X,
T.€. umeeT Bu F(y,y’,y")=0. [IpuMeM B KauecTBE HE3ABUCUMOM MIEPEMEHHOM y |

BBINOJIHMM 3aMeHy y' = p = p(y). Toraa y" = p-p’, a KCXOAHOE ypaBHEHUE
OPUHAMAET BUA: p- p'tgy =2p°.
5%V g,
p siny
In|p| = 2In[sin y| + In|C|
p=C,sin’y
y'=C,sin’y
_d); =C,dx
sin’y
—ctgy =C,x+C, - obiiee pemenue quddepeHnanbHOro ypaBHeHHs
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—2=C;sin’%  c,=-4
4
—ctg%:C1+C2 C,=3

y =arcctg(—C,x—C,)
Y., = arcctg(4x—3) - qacTHOe pemreHue AU HEPEHINATBHOIO YPAaBHEHNUSL.

Ipumep 2.1. Pemuts 3anaay Komm: y”=cos?2x, y(0) :]%’ y'(0)=1.

Pemenue. Halinem cHauana y':

il dligodi 6101 680 L
y'=Jeos2xdx =i 1 { ewdi & fiodi & ¢ : =3 [(1+cosdx)dx =5 [dx +5 [cosdxdx
1

cos’a =§(l+ cos2a.)

aéy aol i ai
=|ei 0aadaéa c¢ai ai a|= .[dx +— jcosud

efi 1 éilicddi 6101 0€0 1¢ 7_
0a4€eou ¢1i04aoacia

u=4x, du=4dx
:%x +%sin4x +C..
1, 1.
Wrak, monyyum Y =5X +§sm4x +C,. (13)

Haiinem y unterpupoBanremM ypaBHeHus (13):

T _1 e
y_I(—x+—S|n4x+Cl)dx_ZJ‘xdx+8jsm4xdx+

2
1
+Cl_[dx 5-7—320054X+C1X+C2
[Tomyunm ob1riee pemnieHue:
_x_1
y=2 32cos4x +Cx +C.. (14)
Hatinem xonctrautel Ci1 u C,, HOACTAaBUB HadaidbHble maHHble x = O,
y :1%, y'=1 B popmyisl (13) u (14):
1:%-O+%sin4-0+cl, {1:(:1, {clzl
) 1 1 _3
1.0 10s4.04C,-04C, |16~ 327C> |37

16 4 32
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Nrak, pemrenne 3anaun Kommn:

_x2_ 1 3
y= ) 32cos4x + X +32.

JIuneiinbie oqHOpoAHbIE TU(pPepeHaNbHbIe YPABHEHHU S
BTOPOI'0 MOPAAKA € NOCTOAHHBIMHU KO3(ppuumneHTamu
Jluneinitnple  ogHoponHble Y  2-ro  nmopsaka ¢ TOCTOSHHBIMH
K03 pULIIEHTAMH UMEIOT BU/L:
y'+py'+ py =0, (15)
I€ p1 ¥ p2 — JACUCTBUTEIBHBIC YHCIIA.
CornacHo Teopeme 0 CTPYKType OOILEro peleHns JMHEMHOTO 0THOPOJHOTO

I[y JO0CTaTO4YHO HaUTH JABa JIMHEMHO HE3aBUCHMBIX YaCTHBIX peuICHUA yl(X) Hu

Y>(X) ypaBHenust (15), uroGbl 3amucars o6Liee peleHue:

Yoo (X ) :Clyl(x ) +C,Y, (X )
Bynem uckath pemenue ypapaenus (15) B Buzge Y =€, rae A — HekoTopoe

nocrossaoe. UroObl ompenenuth A, moactaBuMm Y,Y,Y" B ypasuenwme (15).
B pe3ysbTaTe 10/ICTAHOBKH IIOJYYHM ypaBHeHHe € (7»2 + pA+ p2)=0.

Tak kak €™ #0, To
A+ pA+p,=0. (16)
KBanpatHoe ypaBHeHue (16) Ha3bIBAIOT Xapakmepucmuieckum ypasHeHuem
mist Y (15), a ero kopHu Ay, U A, Xxapakxmepucmuyeckumu uyuciamu. llpu

PEILICHNH XapaKTePUCTUUECKOro ypaBHEHUS (16) MOTYyT BOBHUKHYTh TPH CIIyYasi:

a) Kopau A, u A, nmeicTBUTENbHBIE U pa3iudHbe. Torga obiiee perieHue
ypaBHeHus (15) Oynet umets BUA:
Yoo =Cie™* +Coe", (17)
0) Kopuu A, 1 A, nEeHWCTBUTEIBHBIC U paBHBIC, A =A, =A. OOIIee pemeHne

ypaBHeHus (15) Oyner uMets BUA:

Yoo =€ (C,+Cxx). (18)
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B) KopHu A, U A, KOMIUIEKCHO COIpsDKEHHBIE, Ay, =axib. Torma oOmiee
pemienue ypaBHeHus (15) npumer Bun:
Yoo =€ (C,cosbx +C,sinbx). (19)
Ipumep 2.2. Haiitu o6mue pemieHus JUHEHHBIX OJHOpOAHBIX Y 2-ro

MopsJIKa C MOCTOSTHHBIMU KO3 PpumeHTaMu:

a) 4y"+9y'+2y =0; 0) y"—10y'+25y =0;
B) y'-2y'+17y =0; r) y'+169y=0;
Pemenue.

a) 4y"+9y'+2y =0. CocTaBuM XapaKTEpUCTHUECCKOE YPaBHCHHE:

4)2+9+2=0.
Permum ero, ucnonb3yst GopmMysTy KOpHeH KBaJAPaTHOrO yPaBHEHHS
2
a2 +bh+C =0 xlzz‘bi\'zba“‘ac. (20)

[Tosmyunm KOpHU:
2 _—949°-4.4.2 9449 -9+7.

12 = = = 1

2-4 8 8

M=—g—=-2, A=

—9+7: 1

8 4

ITockombky Ay, A, €R U Ay #A,, TO OOIIICE penienue 3amuiieM B Buae (17):

Yoo =Ci& % + Cze_ﬁ.
0) y"-10y'+25y =0.
XapakTepUCTUYECKOE YPABHEHUE:
A2 —101n+25=0,

ero KopHu Haitaem no ¢popmynam (20):

., _10+10°-4.1.25 1040 ¢
12 — 2 = =J.

2

[Tockombky A=A, =A€R, To 00miee pemenue 3anwmem B Buze (18):
yOO = e5x (Cl +C2X )

B) Y'—2y'+17y=0.
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XapakTepuCTUUYECKOE YpaBHEHUE:
A =20 +17=0,

ero KopHu Haitnem no ¢popmyse (20):

24 \(-2Y-4117 24764 2480 ..,
A2 = 51 = 5 ==5 =1+4i.

[Tony4yrM KOMIUIEKCHO COTPSDKEHHBIC KOPHU A, =axib, rioe a=1, b=4.

Pemenue 3anmmem B Buge (19):

Yoo =€*(C,C054x +C,sin4x).

r) y"+169y=0.
XapakTeprCTHUECKOE YpaBHEHHE:
A*+169=0.
Pemnm ero:
A2=-169, Ap=+J-169, A,=%13i
A2 — KOMIUICKCHO COTPSIKCHHBbIC KOPHHU BHUJa A, =axib, rme a = 0, b = 1,3.

Pemenue 3anumiem B Buge (19), mpu 5Tom yurem, uro €°=1:

Yoo =C,€05L3x +C,sinl3x.

JIuHelHbIe HEOMHOPOAHBbIE MU PepeHIATbHbIC YPABHEHUS
BTOPOro0 MOPSAKA ¢ MOCTOSTHHBIMHU KO3 PULMEeHTAMH

JIuneitnbie HeogHOpOoAHbIE 1Y 2-T0 mopsiAka UMEIOT BU:
y'+py +py = f(x). (21)
3necb  f(X) — wusBecTHas (yHKUMA, HENpPEepbIBHAs HA HEKOTOPOM

MIPOMEKYTKE.

CormacHo TeopeMe O CTPyKType oOOIero pemieHus JIMHEHHOTO

HeogHopoaHoro Y obOmee pemenue Y (21) VYo (X) €CTh CyMMa oOOIIero
PELICHUS Yo0(X) COOTBETCTBYIOLIETO OJHOPOAHOrO ypasHeHus (15) u JioGoro

YaCTHOTO PEIICHUS Y- (X ) HEOJHOPOJHOTO ypaBHeHHs (21), T. €.

Yoi (X):yoo(x)+y+1’ (X) (22)
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PaccMOTpHM, B KAKOM BHIE MOXHO HCKaTh 4acTHOE pemenue Y. (X) AV
(21), korza mpaasi 9acTh ypaHeHus f (X ) MMeeT CIeLuaIbHbIil BU.
Ilycth Ay U A, KOpHHU XapakTepucTuyeckoro ypasHeHus (16), a mpapas
YacTh ypaBHEHUs UMEET BHL:
f (x)=e(Py(x)cospx +Qm(x)sinpx), (23)
rae Py(X), Qn(X) — MHOrodWIeHel OT X CTEHeHed N M M COOTBETCTBEHHO C

U3BECTHBIMU KO3 PUIIMEHTaAMU.

TOFI[a YaCTHOC PCIICHNUC y+1' CJICAYCT UCKATh B BUJIC:
y- =x*e™ (R (x)cosPx +S;(x)sinpx), (24)
riae K — kpaTHOCTh KOpHS oLt i3 XapakTepUCTHUYECKOTO YPaBHCHHUS

0, ané¢ oI i & yaéyaon;
I, ané¢ oxif—14ai1édac

K = iaé el
2,ané¢ okif—4aaoédaoiué €idaii (y01 0
néo+a¢ ddaéecdaony oi €iiel 1 0e P=0).
Ilpu stoM R;(X),S;(X)—mHorownenst or x cremenn |=max{n,m} c
HEKOTOPBIMH,  TIOKA  HEW3BECTHBIMM,  KodbduuueHtamu.  HeusBecTHBIE

kodp¢uimentsl  MHorownreHoB  Rj(x) m  S;(X)  HaxomaT  MeromoM

HEONPEICIICHHBIX KOA(DUIITMEHTOB.

IIpumep 2.3. Haiitu ofrmiee penieHre TUHEHHBIX HEOAHOPOIHBIX Y 2-ro
MOPAJIKA C TIOCTOSTHHBIMH KO3 puIimeHTamu:

a) y'—4y' =sin4x; 6) y'—y' -2y =e"(x+2).

Pemenue.

a) y'—4y’'=sin4x.

Haiinem o61ree pelieHrue COOTBETCTBYIONIET0 OIHOpoAHOr0 J[V:!

y"'—4y'=0.
XapakTepuCTUIECKOE YPaBHEHHUE:
V-4 =0=> AA-4)=0 =N1=0 A, =4
ITockonbky Ay A, €R m A #A, TO oOIIee pemrenue 3anwiieMm B Buae (17),

Ipu 3TOM yuTeM, uto €°=1:
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_ 4x
Yoo =C;+Ce™.
HaiineM wyacTHOE pelieHue HEONHOPOAHOro ypaBHeHudA. IIpaBasg wyacTb

ypasrenus f (X)=sin4x.

CpasuuBas ee ¢ sugom (23) f(x)=e"(P,(x)cospx +Q,(x)sinpx),
zakmouaeMm, uyto o=0, =4, n=0, m=0. OmnpenenuMm mnapaMeTpbl YaCTHOTO
pemenus (24). YuursiBasg, uro o=0, a f=4, momyuum, uyto atif=14—He
SBIISICTCS.  KOPHEM  XapaKTEPUCTUYECKOTO  ypPaBHEHHUsS, MOCKOJIBKY KOPHH
M =0, A, =4. Cunenosarensuo, K = 0. Haiinem I:max{O, 0}20. CitetoBaTeibHO,
nopsiiok MHorowieHoB R u S paBeH 0, T. €. Ro = A, a So = B, rnie 4 u B — HekoTopbie
HeM3BeCTHbIC TOKa Kod(duuumeHtsl. I[loacTaBuB TOJMYYCHHBIC MapaMeTpbl B
Y. =x*e” (R (x)cospx +S;(x)sinpx ), umeem:

y.i =x%°(R,C0s4x +S,sin4x )=Acos4x +Bsin4x.
Koo duuuentst 4 u B ompenenuMm U3 yCIOBHA, 4TO (DYHKIHUS Vay —

pellieHre ypaBHEHHUS U TIOATOMY J0JDKHA €My YAOBIeTBOpATh. Hatinem Y., u Yy, :

y.; =—4Asin4x +4B cos4x,
y’i =—16Acos4x —16Bsin4x

¥ TIOZICTABHM B HCXOJTHOC YpaBHEHUE:
—16Acos4x —16Bsin4x +16Asin4x —16B cos4x =sin4x.
[MpupaBuseM ko3 duueHtsl mpu SIN4X W COS4X B MpaBod U JICBOW

JacTAX IIOJIYUYCHHOI'O paBCHCTBA!

Sindx |_16B +16A=1 =16A+16A=] :A=3%,

1

cosdx [-16A-16B=0. =B=-A :>B=—3—2.

Urak, Y :%cos4x —B%Sin4x.

Torna cornacho (22) ob1iee penienre HeoJHOpoaHOro JY numeeT BU:

_ 4x i _L -
Y;; =C,+C,e +32cos4x 32S|n4x.

6) y'—y' —2y=e*(x+2).

Haiinem o61miee pelieHne COOTBETCTBYIONMIETO OTHOpoaHOTO J[V:!
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yﬂ_ yr_2y :O.
XapakTepuCTUUYECKOE YPaBHEHUE:
A —A—2=0.

Haiinem ero kopuu mo dopmyie (20):

_1i«/l—4'1(—2)_1i3_
o 2-1 2

[Tockonbky Ay, Ay €R U A #A,, TO OOIICE perienue 3anuiieM B Bujie (17):
Yoo =Cie™* +Ce%.
Haiinem uacTHOe pelieHHe HEOMHOPOAHOTO YypaBHeHHs. [IpaBas dacTh
ypaBHEHUS f(x)=e*(x+2). CpaBHuBas ee C BUJIOM (23)
f (x)=e"(P,(x)cospx +Qu(x)sinBx), saxmouaem o=-1 p=0, n=1 m=0.
Onpenenum mapameTpbl 4acTHOro perieHus (24). YuuteiBas, utro a.=-1 a B=0,

noyyuynM, 49to o+ i3=—1—OMHOKpAaTHBII  KOPEHb  XapaKTEPHCTHYECKOTO

ypaBHEHUS, MOCKOJBKY KOpHH A, =-1 A,=2. CraemoBarensHo, K = 1. Haiigem
| = max{l O} =1. CnenoBaTenbHO, MOPSAAOK MHOrowieHoB R u S paBen 1, T. e.
Ri=Ax+B, a $;=Cx+D, rne 4, B, C, D — mnHeusBectHble KO3((PHUIIMECHTHI.
Tozcrapmsis noydeHHsle napametpsl B Y. =X e (R;(x)cosPx +S;(x)sinpx),
UMeeM:
y.i =x"e*((Ax+B)cos0+(Cx +D)sin0)=xe™(Ax +B)=e™(Ax*+Bx).
Jlst orpenenenus ko> duimentos A u B vaiinem Y., u yY; :
V. =—e*X(Ax2 +Bx)+e*X (2Ax +B),
y% =™ (Ax*+Bx)—e™(2Ax +B)—e ™ (2Ax +B)+e2A=
—e*(Ax*+Bx)-2e™*(2Ax +B)+e2A
U TIOJICTAaBHM B HCXOJTHOE YPaBHCHHE:
e (Ax?+Bx)—2e™(2Ax +B)+2Ae™ +e ™ (Ax*+Bx)-
—7(2Ax +B)—2e ™ (Ax*+Bx )=~ (x +2).

Paznenmum 06e yactu ypaBHeHus Ha € =0 u mpuBeIeM MOTOOHBIC YJICHBI:
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—3(2AX+B)+2A=x+2 =
—6AX -3B+2A=Xx+2.

[IpupaBusieM ko3(h(PUIMEHTH MPU OJMHAKOBBIX CTENEHSAX X B MPABOM U

JIEBOW YaCTAX ypaBHEHUSA:

X eA=1l A=

o |38 142A= 1\_ T n_ T
x0 [-3B+2A=2. =-3B+2- 5 —2:>—38—§ :>B——§.

— X _l Z_Z
Hrak, y.; =€ ( 6X gx).
Torna cornacho (22) obuiee penieHre HeoJHOpoaHOTro JIY nmeeT BUI:
Vi =Ce* +Ce* +e~* (—%x2 —%x).
MINPUJIOKEHUS

IIpuioxenue 1

Tabaua oCHOBHBIX HHTErPAJIOB

1. °Odu:C; C =const; 2. _[du=u+C;
wedu=Y"" ot qet 3a. [QU—2u +C;
3. Ju du—a+1+C, ax-1 I\/U ;
4, 'd—u:In|u|+C; 5. [atdu=-2-+C;
Ju J Ina
6. 'e“du:eu+C; 7. .cosudu=sinu+C;
8. [sinudu=—cosu+C; 9. | d‘; =tgu+C;
. Jcos‘u
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10. du =—Ctgu+C; 11._[ (3“ —arcsinY+C
sin?u a’—u
du : d 1
12. | ———=Inju+vu?+a?|+C; u _1 u
_[ Piat ‘ 13. ju2+ aarctga+C
du _ 1, |u-a . du _ u
14. Im_Zaln‘—u+a+C’ 5. j—sinu_ln‘tg2‘+c,
_du _ ) __ :
16. | oo In‘tg(2 4)+C, 17. _[tgudu— In|cosu|+C;
18, Jctgudu:ln|sinu|+C; 19, j SN
a’-u® 2a |a-u

Ipuwioxkenue 2

Tunsl (u@PpepeHunAIbHbIX YPABHEHUH NEPBOr0 MOPAIKA

Tun ypaBHeHust

XapakTepHble IPU3HAKHU

MeTtoasbl
HHTETrPUPOBAHMS

VYpaBHEHUS C pa3ensio-

IMUMHUCA IICPCMCHHBIMU

y'=f(x)-f2(y)

[IpaBas yacTh ypaBHEHHS
MpeACTaBIsAET COOOM
MIPOU3BEIICHUE JIBYX
GyHKIMHA, OJTHA 3aBUCUT OT
X, Ipyras — oT y

Paznenuth ICPCMCHHEIC,
T. €. YPAaBHCHHC IIPUBCCTH K

dy _
BHY fz(y)_fl(x)dx

U IPOMHTETPUPOBATH

OnHopoHOE YpaBHEHUE

a

[IpaBast yacth ypaBHEHUS
— (QYHKIIUS TOTBKO OT
OTHOIICHUS TIEPEMEHHBIX

y/x

YpaBHEeHUE TPUBOTUTCS

K YPaBHEHHIO C
pa3IeNaIOIUMHUCS
MEPEMEHHBIMU C TIOMOIIIBIO
MOJICTAHOBKHU: Y =ZX,

y' =7'x+z

JIuHeitHOE ypaBHEHUE

y'+p(x)y=a(x)

y 1)’ BXOAAT B ypaBHEHUE
TOJIBKO B IIEPBOM CTENICHU

Pemaercs ¢ moMombsro
noactaHoBku: Y =UV,

y'=UV +UV’

YpaBHeHnue bepHym

y'+p(x)y=0q(x)y*

)’ BXOJIUT B ypaBHEHUE
TOJIBKO JINHEWHO, a ) B
OJIHOM W3 CJIaraeMbIX
JIMHENHO, a B JPYI'OM B
CTEeNeHH o, Thae o=l u
a#0

Pemaercst meTonom
bepnHyiun ¢ nomMomibro
noactanoBku: Y =UV,

y'=UV +UV’
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