Jlekumna 2



** JlnHenHblie Y 1 nopaaka
3TO YpaBHEHUA BUAA y'+p(x)-y=q(x) )

r,u,ep(x) " q(x) M3BECTHble PYHKUMM (M1 KOHCTAHTBI).

OcobeHHOCMb. nckomasa GyHKLMA Y 1 ed nponssoaHaa V'
BXOAAT B YpaBHEHWE B NEPBOM CTENEHU, HE MEPEMHOMKAACH
mMmeXxay cobomn.

PaccmoTpmm ABa meToaa pelleHna nnHenHbix VY.

meTtoq bepHynnn mn metopg JlarpaHxa.



LLIBeMuapCcKMn maTeMaTUK, MEXAHMUK,
BpPay 1 GUNO0NOr-KNacCULUMNCT, CaMbli
3HAMEHUTbIN NpeacTaBUTENlb CEMEN-
ctBa beprnynan (13 30 - 9 KpynHbIX, 3
BE/INKMX) OAMH 13 nepBbix pa3paborT-
YMKOB MaTEMATUYECKOro aHanm3a.
[locne cmepT HbOTOHA K

NlenbHunua - nnaep eBponemncKmnx
MaTEMATUKOB.

OAWH 13 co3partenemn Teopmn
anddepeHUnanbHbIX YpaBHEHUN.

Yunteno dnnepa.
«Ero ym Bujes HCTUHY, A s
Ero cepaue mo3HaJjo cnpaBeijivBoCTb. NUoraHH 1 BepHyn W

OH — ropaocts HIBelnapuu
M Bcero uesioBeuecTBa.» 1667 - 1748

Bonvmep




dpaHuUy3CKUn MaTeMaTUK,
aCTpPOHOM U MexaHUuK. Hapsaay ¢
INNEepPoMm - KPyrnHenwmnm matemMmaTuk
18 Beka. OcobeHHO npocnaBusics
NCKNOYUTENBbHBIM MacTeEPCTBOM B
obrnacTtn obobLEeHNA N cUHTE3a
HaKonJeHHoro Hay4Horo martepuana.

ABTOp KIlacCMYeCcKoro Tpakrara
«AHanMTn4yeckas mexaHukay, B KO-
TOPOM 3aBepLUMIT MaTeMaTM3auuno
MeXaHUKW. BHEC orpoMHbIN BKNag
B MaremMaTtudeckun aHanms, Teoputo
4yucen, Teopuo BEPOATHOCTEMN,
YMCleHHble MeToAbl, co3aarn
BapuaLlMoHHOE ncymncrieHme. B ero
YecTb Ha3BaHbl acTepouna, KpaTep Ha
JlyHe, ynnubl B [Mapuke n TypuHe.

Ko3ed J/lym JlarpaHK
1736 - 1813



* MeTtopg bepHynnu

Aenaem NoACTaHOBKY V =U"V rpe u=u(x) n v=v(x)
- HeU3BeCTHble PYHKLUMM, OAHA U3 KOTOPbIX BbibMpaeTca mn3
coobparkeHui yaoobcrea pewenuns. Toraa y' =u'-v+u-v'
Nonyyaem u'-v+u-v'+ p(x)-u-v=q(x)
unu U v+ z.{-(v'—l—p(x)-v) =q(x) =%
Bbibepem (!) dyHKUMIO v(x) TaK, 4Tobbl V' + p(x)-v=0
Toroa v dv

£+p(x)-v:0—>- - =—p(X)-dx =

= lnv:—jp(x)dx: v=e
[MoacTtaBMM HaNAEHHYIO PYHKUMIO V B ypaBHEHUE =k

- [ p(x)x



Monyuynum ypaBHeHue (YPI1) n pewaem ero

e =g =
i 5 = du=g( e
dx
Ip(r)dr
u—jq(x) e dx + ¢
NTaK

y=u-v= (Iq(x) efp(t)dtdx Cj - [ p(x)ds



[Mpumep. PewnTtb 3a4a4y Kowu:

y’+§:3x; (=2,

PeweHnune. lenaem 3ameny V =U'V Torpa

uy

' v+u-v+—=3x
X ' Y
Hainpém dyHkumo v(x) nsycnosma v +—=10
X
210 YPII.
v  dv ]

. = lnv=-Inx; = v=—
v X X



Tenepb, NoACTaBNAA V B UCXOAHOE ypaBHEHUE, HAWAEM
byHKUMIO 2(X):

u-—+u-0=3x; => —T—=3x7; = U=X T
X dx
3 ] p) C
UTaK, obliee peleHmne y:(x +¢)._:x~+_;
X X

[Mo HaYyaNbHOMY YC/IOBUIO HANAEM YACTHOE peLlleHune

2=1+c = ¢=1; o
y=Xx +—.
X

OTBerT:



" MeTop JlarpaHa
(MmeToq, BapmaLmm Npomn3BOIbHOM NOCTOAHHOWM)

CHauana pewaertcs ypasHenne V' +p(x)-y=0 - 6e3
npasoun Yactu. 31o YPI:

dy

N =—p(X)dX = Iny = —'[p(x)dx+lnc = y= Ce_le(x)dt

Tenepb byaem BapbupoBaTb NocToAHHYt0 C = C(x),
4TOObI NONYYMTb peLLlEeHNEe MCKOMOTO YpaBHEHMUS.

)= Cly-e 17

y'=Clye 4 0y T (<o)

NoactaBnsaa Y n ' B MCxogHoe ypaBHEHUE, NOAYyYUM



C (- 7 4y 7 (i) +
+p(x)-Clx)ye”  =q(x)
’ - p(I)ﬁﬁ?
YpaBHeHue npumet Bua, (7 (x)-e J — q(x)
OTctoaa
C'(x) zq(x)-ejp(x)dt " C(x):jlq(x)-ejpmdrdx+c
OKOHYaTenbHO

V= [I (q(x) : EJ.P(:E)QBEJCZX (_’:) | E—Ip(x)a{t



Mpumep. PewnTb ypaBHeHne Y 72Xy =2x

'+2xy =0
Pewlaem cHayana ypaBHeHue Y TaXy =
@:_2:{7.6{3{ y:c-e_x
Y

2
X

Nwem peweHue nucxogHoro 1y s snae  y=c(x)-e”

Umeem )'= c'(x)-e_’“: +c(x) e -(—2x)

MoacTtasnAn B ypaBHeHWE, NONYUUM  ¢/(x)-e™ ™ =2x

c(x) = J.Z.Jrf.e?’“2 - dx c(x) = J.Z.xe’“: dx=e" +c

2
X

OTtBeT V= (e‘f +c) e =1l4+ce



HeKoTopble ypaBHEHMA NPUBOAATCA K IMHEMUHbBIM MOC/E

noaxoaaLlen 3aMeHbl. 1
o
:

Hanpumep: (x+y)-»'=1. YunTbiBas, uto y, =
V) <
noayuum X =X+Y - nMHeNHOe OTHOCUTENbHO X.
PeweHne: NOACTAHOBKA X =1/ -V x=u - v+u-v
Nonyyaem u'-v+u(v'—v)=y.
Haxoammv: v —vy =0 V=

n}.-

-V

Haxogmmu: u'=y-e’ u=-y-e’ —e - +c
Monyyaem obuee peweHme:

X=1u- ( y-e — _""+c)-e}':—y—l+c-e}'



*¢* YpaBHeHUe bepHynnu

3To ypasHeHnme snga Y +p(x)-y=q(x)-y" ,
rme neR, n#0, n#1

YpaBHeHMe NPpUBOAMTCA K IMHEMHOMY: pa3aenMm Ha )"

=q(x)
[lenaem 3ameHy: == _y—”“ " 7 = (1 _ n) .y "y

r

Z

—n+1

Nonyunm yv'eyv'+p(x)y

OTcioga Haxogum y -y’ = l
— N
|

YpaBHeHWe NpUMeT BUL, Z'+ p(x)-z=g(x)

l—n

3TO IMHENHOE YPaBHEHME.



*** YpaBHeHuMe B nonHbiX agndpdepeHuymnanax

370 ypasHeHwe suga P(x;y)de+0(x;v)dy =0, ecav
NIEBAA YaCTb €CTb NOAHbIN AnddepeHUnan HEKOTOPOMU
GyHKumMM u(x;y), Te. P(x;y)de+Q(x;p)dy = du(x;y)

B saTom cnyyae peweHue (obLwmMm nHTerpan) umeet sma

z.;(x;_y) =cC.

oP 00
YcnoBue, YTo UMEEeM TaKoe YPaBHEHME: =

oy Ox
PeleHue: u(x;y):jP(x;y)dx+(p(y) (Y - pnKcmMpoBaHo)

a GYHKUUIO (p(_y) nuwem no popmyne

¢(y)= I[Q(x;y) —%(IP(x;y)dx)}dy e



S—2xy

[Tlpnmep. Pewntb ypaBHeHne ' =
3% +x°

3anuwem B anddepeHumanbHon dopme:

(2xy - 5)dx+(3y +x° )afv 0

oP 0O
YcnoBue [prHa BbINOAHEHO: _4g

= =2x
oy Ox

PeweHue:

u(x;y)= j(ny—S)dx =x’y=5x+¢(y)

2; (xjy S.Jr-l—(p(y))

O6WmMit HTErpan ypaBHeHUa: X V—5x+71° =c

"

=x"+¢'(y) = o'(y)=3)

-r'l.



3apayda 3 (4nA camMoCToATENbHOTO peLleHus)

3a 30 agHeun pacnanocb 50% nepBOHAYaNbHOIO
KOnyecTBa paama. Hepes CKOIbKO BpemMeHU
ocTaHeTca 1% oT Ha4ya/IbHOM MaccChbl?

(cKopocTb pacnaaa pagus
NnponopLMoOHasibHa ero KoanyecTsy)



