I'nasa 1. IMOPEPEHIINAJIBHBIE YPABHEHUA

§ OcHOBHBIC IOHATHS M ONIPeeJICHUS

Onpenenenue JuddepeHnnalbHbIM  ypaBHEHMEM  Ha3bIBaeTCs  ypaBHEHHE,
nudepeHNATBLHOTO | CBA3BIBAIONICE HE3ABUCUMYIO IIEPEMEHHYIO X, HCKOMYIO (DYHKITHIO
YPaBHeHHs y = f (x) m npowsBoaHble uckoMoi ¢ymkmmm  y', y" ..y
/ /I
Fx,y,y,y",...,9")=0.
Omnpenenenne Eciu wuckomast ¢ynkumus y = f (x) sBiugercs (QyHKIHEH OIHOTO
00BIKHOBEHHOT 0 aprymMeHTa x, TO nu¢¢epeHIraIbHOe YpaBHEHHE Ha3bIBaCTCA
au¢pdepeHINATBHOTO | 00bIKHOBEHHBIM.
YpPaBHeHUs
Onpenenenue HopsakoMm nuddepeHnaTbHOr0 ypaBHEHUS HA3bIBACTCS MOPSIIOK
nopsaKa HaMWBBICHIEH TPOU3BOIHOM, BXOIAIIECH B ypaBHEHHE.
augdepeHIHAIBHOTO
YPaBHEHHA
Omnpenenenne Pemienuem win uHTErpajioM audgepeHunalbHOro ypaBHEHUsA
peuleHust Ha3bIBaeTCS BCsKas QyHKOus y = f (x), MOJCTAaHOBKAa KOTOPOH B
audgepennmnansuoro | nudpdepeHunansHoe  ypaBHeHue —oOpamaer  auddepeHunanbHoe
YpaBHeHHs ypaBHEHHE B TOXIECTBO.
I'paduk dyHkum, sBusiouieiics pemeHueM auddepeHIHaTbEHOTO
YpaBHEHUs, Ha3bIBACTCS] HHTEIPAJIbHON KPUBOI.
Omnpenenenne O0mum peleHuemM ¢ depeHInaIbHOro ypaBHEHUSA
/
oomero F(x,y,9,y",...,»)=0 HasplBaeTcs Takoe ero pelIeHHE
PEIICHMS y=y(x,¢,c,,C5,...,C,), KOTOPOE COIEPKUT CTOJIBKO JIMHEIHO
augdepeHIHAIBHOTO
ypaBHeHus HE3aBUCUMBIX MPOU3BOJIBHBIX MOCTOSHHBIX (), C,, C3, ... ,C,, KaKOB
MOPSIIOK TOTO YPaBHEHHUS.
Ecnim  obmee — pemeHne — 3amucaHo B HESBHOM  BHAE
O(x, y, ¢, ¢y, C3,...,¢,) =0, TO OHO Ha3bIBAETCS 00IuM
HHTErpajiom.
Onpenenenue Besikoe  pemenue  nuddepeHIManbHOrO  ypaBHEHHs, KOTOpOe
YaCTHOTO  pelleHMs | [10JlydaeTcs M3 OOILIEro penleHus, €cily IPUCBOUThH OIpeNeIEHHBIE
nu¢PepeHNATBLHOr0 | YUCIOBBIC 3HAUCHHS IPOU3BOJIBHBIM ITOCTOSIHHBIM, B HETO BXO/ISIIUM,
YPaBHEHMA Ha3bIBACTCS YACTHBIM pemieHHeM »5Toro auddepeHnuaIbHoro
ypaBHEHHUSL.
IIpaBuiio Eciu B pesynbprare pemieHus AuQepeHInanbHOro  ypaBHEHUS
NPOBEPKHU HaliJileHa HeKoTopast QYHKIHS, TO 100Cmagug 3Ty (QYHKIHUIO B TaHHOE
muddepeHraIbHOe  YpaBHEHHE, MOXHO NPOBEPUTH MPABHIBHOCTH
pEUICHUS: €CIH MOJYYHMTCH TOMKAECTBO, TO auddepeHraIbHoe
ypaBHEHHE pellieH0 MPABUJIBHO.
Onpenenenue 3agaveii Komu Ha3pBalOT 3a7ady HAXOXKIEHHUS YAaCTHOTO PEIICHUS
TOHSITUA mudhepeHIaTbLHOTO ypaBHEHUS Fx,y,¥,y",...9")=0,
3anaun Koun YIOBJIETBOPSAIONIETO 7 3aJaHHBIM  HAYQIbHBIM  YCJOBHSM:
— / — (n-1) —
V(X)) = Yoo ¥ (X)) = Vis ooy ¥ (%) = Y,y -




§ InddepenuuaibHbie ypaBHEeHUS MIEPBOr0 MOPSIKA

Teopema
CylIeCTBOBAHHS "
€/IMHCTBEHHOCTH
peleHust 3aa4n
Komu

Ecnu mpasas yacte f(x, y) ypaBHeHus ) = f(x, y)u eé uacTHas
NPOM3BOJHAS 1O V, TO €CTh fy/ (x, y), onpezeneHsl U HEeNpPephIBHBI B

HEKOTOpOi 06macTu D M3MEHEHUs! IEPEMEHHBIX X U ), TO KaKoBa Obl
HU Oblla BHYTpPEHHssI Touka (X,, y,) 0JTOH oOnactu, JIaHHOE

ypaBHEHHE HMMeEEeT €AMHCTBEHHOE pelIeHHe )y = )(X), IpUHHUMAIoIIee
TP X = X 3aJJaHHOE 3HAYECHHE ) = ).

§ nddepennuaibHble ypaBHEeHUS MEPBOr0 MOPSAAKA ¢ pa3AeléHHBIMHU NepeMeHHbIMHU

Tun nucd. Buz ypaBHeHUs [Ipu3HaK ypaBHEHUs

ypaBHECHHUS

YpaBHeHus ¢ OyHKUIUA IPU dX 3aBUCUT TOJILKO OT X ,
pasjieeHHBIMU M(x)dx+ N(y)dy =0 (GyHKIWMS IpU )y 3aBUCHUT TOJIBKO OT ) .
TIepEeMEHHBIMH

Merton penieHus
ypaBHEHUSA

Pe3ynbTar npumMeHeHust MeToa

[IponHTETPUPOBATH KAKAOE
cllaraeMoe B ypaBHEHHUHU.

OO0muit mHTErpaNt

j M(x)dx + [ N(y)dy =c

§ AuddepennuanbHbie ypaBHeHHS EPBOT0 MOPSAKA ¢ Pa3AeJAIIIMMUCH NepeMeHHbIMHA

Tun qudd.
ypaBHEHUS

Bun ypaBHeHus [Ipu3sHak ypaBHEeHHs

YpaBHeHus ¢

M, (0N, (y)dx + M, (x)N, ()dy =0

Oynkuuy npu quddepeHmranax
pacnasaroTcs Ha NPOU3BEICHUS

pazensomuM WIH GyHKIUH, 3aBUCSIINX TOJIBKO OT
Hucs ;o OJIHOM U3 NMEPEMEHHBIX.
Yy _f1(x)f2(y)- ( /=ﬂ
NepeMEHHBIMU 5 y Rk

Meroa peuienus
ypaBHEHUS

Pe3yanaT MNPUMCHCHUA MCTOda

Paznenuth ypaBHEeHME
Ha MPOU3BEJICHHE
N, ()M, (x) %0

YpaBHeHHe ¢ pa3aeaecHHbIMU
MIEPEMEHHBIMH H 00U
UHTETPa:

(M) [N0)

dy=c

M, (x) N, ()
§ Ionsitue 00 0COOBIX pelIEHUAX

Omnpenesienune
ocodoro
peuleHust

Pemenue, rpaguk KOTOPOro TakoB, YTO 4Yepe3 KaKIYI0 €ro TOUKY
IIPOXOAWT MO KpaiHen Mepe eume OJIHA Kacaruwiaacia ero
UHTETpaJlbHass ~ KpUBasi,  HA3bIBACTCA  OCOOBIM  pelIeHHeM
QG pepeHIMaIbHOTO YPAaBHEHUSI.




Omnpenenenue
orundarouei
ceMelicTBa KPUBBIX

TOYCK KaCaHMHA.

Orubaromiei cemeiicTBa KpUBBIX HAa3bIBAETCS TaKas KpUBasi, KOTOpas
KacaeTcsl KaKJJOM KpMBOW CEMENUCTBA U IIPUTOM BCSI COCTOUT M3 ITHUX

Tun nuc. Bun ypaBHeHus [IpusHaK ypaBHEHUsI

YPaBHEHHs

YpaBHeHus w(y') - u3BecTHAs HyHKIWUS OT p .
Kiepo y=xy' +y(y)

Merop pemenus
yYpaBHEHMSI

PGSYJIBTaT MNPUMCHCHUA MCTOAa

y=cx+y(c)

O0wee peweHue

§ Onnopoannbie nuddepeHnuaIbHbIE YPABHEHHS NEPBOT0 MOPSAKA

Onpenesienne

OJHOpPOAHOH (yHKUMHU

@OyHKIMSA OBYX MEepeMEHHBIX f (X, )) Ha3bIBaeTCsl OJHOPOJIHOU
(GyHKIMEH CTeneHn OAHOPOIHOCTH M, TAE m — LEN0e YUCIO, eCln

ABYX NMEePEeMEHHbIX | ipy 1F000M & BBITIONHSETCS paBeHCTBO: f (kx, ky) = k" f(x, y)
CTeNeHH OJHOPOAHOCTH
m.
Tun nuchd. Buz ypaBHEHHs [Ipu3sHaK ypaBHEHUS
ypaBHEHHS
M(x,y)dx+ N(x,y)dy=0 YpaBHCHHE HE U3MEHSET CBOCTO BHJIA
OnHoponaHbie WIn MpU 3aMEHE XU yHA Ax U A Y.
ypaBHEHHS ) y
y=f=)
x .
Merop pemenus Pesyinbrar npuMeHeHus MeToaa
ypaBHEHHS
Cnenatb 3aMeHy
MepEeMEHHON YpaBHeHUE ¢ pa3AesSOIMUMUCS
y=ix HIepEMEHHBIMHE
/
y =t'x+t tx=f@)—-t
dy =tdx + xdt

§ AuddepeHunanbHbie YpABHEHHUS MEPBOr0 NOPSAKA, IPUBOAAIIMECH K OHOPOAHBIM

Tun qudd. Bun ypaBHenus [pu3HaK ypaBHEHHS
ypaBHEHHs
[Ipon3BoaHas paBHA OTHOILLEHUIO
VpaBHeHus, , ax+by+c, JIMHENHBIX KOMOWHALIUI
HPUBOISIIIAECS - HIEPEMEHHBIX
PHBOISII a,x+b,y+c, . p
K OJIHOPOJIHBIM 8 a, b,
bl 0
a, b,




YpaBHeHu4,

[Ipon3BoHas paBHA OTHOILLEHUIO

HPHUBOAAIIMECS . a,x+by+c, JTMHEWHBIX KOMOMHAIHI
K YPaBHCHHSIM - ax+by+e, . MIEPEMEHHBIX
¢ ’ a, b -0
pasaeNIoIHM a, b,
ucsa
MIEPEMEHHBIMU

Meron pemenus
ypaBHEHUS

Pe3ynpTar mpumMeHeHust MeToa

{x=u+x0’
y=v+ty,
{alxO +b,y,+¢c, =0,
a,x, +b,y, +c,=0

OnHopoaHOE ypaBHEHHUE
dv _ au+by

du a,u+b,v :

z=ax+by / HIePEMEHHBIMH
z' —a, z+4c a
z'=a, +by L= L.p==2
b, kz +c, a,

ypaBHCHI/IC C pasacCiIIrOINMUCH

§ JIuneitnbie nuddepeHnuaibHbie ypaBHEHHS NEPBOr0 MOPSAKA

Tun nudd. Bun ypasHeHus [IpusHaK ypaBHEHUs
ypaBHEHUs

JIuneinbie Hckomas GpyHKIUS U €€
ypaBHEHUs Y+ p(x)y =q(x) MIPOU3BOHAS BXOJAT B

x'+ p(y)x=q(»)

yYpaBHEHUE B IIEPBOMI
CTEIEeHU U MEXIY COO0M
HE NIEPEMHOKAIOTCSI.

Merona penieHus
ypaBHEHHUS

Pesynbrar npumeHnenus Merona

1. Meton bepuymiu
y=uv.

y =u'v+u
2.Metona Bapuanuu
MPOU3BOJIbHON OCTOSTHHOM

a)q(x) =0, y=y,(c,x);
0) y = yy(c(x),x), ¢(x)#0

v+ p(x)v =0,
1 u'v=gq(x).
Cucrema nByx IV ¢
pa3eNAoImUMUCS TEPEMEHHBIMU

2. 1Y ¢ paznensomuMucs
epeMEHHBIMH

§ Anddepenunanbubie ypaBHeHusi bepHyJuiu

Tun qudd. Bun ypaBnenus [Ipu3HaK ypaBHEHHS
ypaBHEHHSI
JleBas yacTh ypaBHEHUS —
/ m
v+ p(x)y = q(x)y 1:'31(8.5{ XK€, Kak 'y
YpaBHeHUS S JUHEWHOTO ypaBHEHUS, a
bepnyu / m mpaBasi OTJIMYAETCs Ha
x 4 p(y)x=q(y)x ,
. COMHOXHTEIh: UCKOMYIO
(GYHKIIHIO B CTETICHH /1.




Merton pemeHus

Pesynbrar npumMeHeHus Metoaa

ypaBHEHHUS
1. Meton bepuymiu 1. Cucrema asyx VY ¢
y=uv : Ppa3aETAIOMNMHUCS
y = uv+uy! MIEPEMECHHBIMHU
{ v+ p(x)v =0,
/o, m_.m
) = ylf'" u vv— qg(x)u"v".
- o 2. JluneitHOe ypaBHEHUE
z =(1-my™"y

z' +(1=m)p(x)z = (1 - m)q(x)

§ [InddepeHnuanbHble ypaBHEHHUs IEPBOro NOPSIAKA B MOJHBIX A depeHunasax

Teopema o mostHOM s TOTO, 4TOOBI g depeHnrnaibHoe BBIPOKCHHE
auddepeHunae M(x,y)dx+ N(x,y)dy  Obmo mojHbIM  Ju(depeHInaIoM
GyHKIHH ABYX HeKoTopoi pyHKImH u(x, y) B HEKOTOPOH 0bsacTu D, He0OX0IUMO
aprymenTos U JOCTaTOYHO, YTOOBI IJISi HENpepuleHbIX UYACHHBIX NPOU3BOOHBIX
3TOM (PYHKIIMK B 00;1acTH D BBITIOIHSIOCH PAaBEHCTBO:
oM ON
oy ox
Tun mudd. Buz ypaBHEHMs I[pu3HaK ypaBHEHHUS
ypaBHEHHSI

YpaBHeHus B
TIOJTHBIX
nuddepeHnmanax

muddepeHmmana
M (x,y)dx+ N(x,y)dy =0 oM _ON
dy  Ox

YcnoBue noJHOro

Merton peuieHus ypaBHEHUs

PesynbraTt npuMeHeHus
METOAA

u=[M(x,y)dx+p(y)=c,
MG+ o' ()= NGy

OOmuii  uHTEerpan.

X ¥y
U= IM(x,yO)dx+ IN(x,y)dy=c

o Yo

2.

HIJIN

X y
u= M, y)dv+ [N(xp, p)dy=c

o Yo
y=const#y,

X=const#Xx,




