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AnddepeHymnanbHble ypaBHEHUA BbICLLUUX
NnopAAKOB

* YpaBHeHUsA BTOporo nopaaka (obwmii sna)
F(X,y,y,y)=0 (*)

Buna, pa3pelleHHbI OTHOCUTENBHO CTapLUen NPon3BoaHOM
y'=1(X,y,Y)
O6uwee pewenue - pyHkuma y =¢(X,C;,C,) , rae
C;,C, - NPON3BOJIbHbIE NOCTOAHHDbIE,

obpallatollasn ypaBHEHME B TOXKAECTBO
1 yA0B/EeTBOPAOLLAA Nt0ObIM Ha4YaNbHbIM YC/IOBUAM:

Yoy =Yo: Y’

!
X=X, Yo



3a4a4a HaXxoXaAeHnA YacTHoro pewenua Y,
yAOBAeTBOPAlOLWEero 3agaHHbIM Ha4Yya/IbHbIM YCNIOBUAM,
Ha3biBaeTca 3ada4vel Kowu.

[paduK BcaKoro peweHna 1Y - uHterpanbHasa Kpusas.

Teopema (cywecmsosaHusa U eOUHCMe8eHHoOCMu
peweHus 3a0a4yu Kowu)
Ecav B ypasHenun Y = T (X, ¥, Y') dyHkuma f un eé

/

4
YacTHble npou3BogHble 'y u© fy HenpepbiBHbI B
v /
obnactu D, TO 4nA BCAKOMN TOYKMU (XO, Yo yo) ns D
CyLLLecTByeT eUHCTBEHHOE peweHne Y = @(X) ,
YAOBNETBOPAIOLLLEE STUM Ha4ya/IbHbIM YC/IOBUAM.



YpaBHeHUA, AOoNyCKaloLmMe NOHMKeHne nopaaKa

PacmoTpum 3 4acTHbIX caydaa 1Y 2 nopAaaKa

F(x,»,5,0")=0 (*)

Cnyyai 1. YpasHeHue ("‘) He CoAepXuT y 1y’ .

Nyctb Torga V' = f(x) .
[1ByKpaTHOE MHTErpuMpoBaHue AaéT obLee peLueHue

v=[([ feodx+ ¢ )dx+C,

Mpumep. yrr: 61 y’ :3)(2 _I_Cl LY = x3 +Cl}$+62



Cnyuait 2. YpaBHeHuUe (““1‘) He coaepxuT V .
Nyctb Torga V' = f(x,)).

Coenaem noactaHosky y' = p(x); npuatom " = p'(x);

M ypaBHeHue npumet Bug p = f(x, p)
210 1Y 1 nopagKa.

Mpumep. Pewntb ypaBHeHne  Y"+ y'tgXx =Sin2X
Pewenue: nocne noactaHosku V' = p(x); y" = p'(x);
nonyumm  p'+ ptgx =sin 2x

3T0 IMHEeNHoe ypaBHeHUe 1 nopAagka. Pewnm ero
MmeToaom bepHynnu.



[peacTtaBMm HEN3BECTHYIO PYHKLUMIO P(X) KaK
p(xX)=u-v
Torga nonyunmm V' +v-tgx=0 norcioga V= COSX
Torma U'COSX=sIN2x; U =2sINX;
U=-2C0SX+C;;
CnefoBatenbHo, p(x) =-2C0S" X +C, - COS X
Toectb Y =-200S" X+C, -COSX;

NHTErpupys, NOAy4YnUm

1. .
Yy =—X——=SINn2X+C;SINX+C,
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Cnyyaii 3. YpaBHeHue (*) HE COAEPKUT X:

F(y.y,y")=0
Coenaem noactaHosky Y = P(Y) . Toraa
”_dp(y) _dpdy_ I
Y T dy ax P

YpasHeHue npumet sug, F(Y, p,p’)=0. 3to Y 1 nopaska.

" / 2
Npumep. Y-ty =2(y')".
BbllwenpuseaeHHasa NOACTAaHOBKA NPUBOAUT K BUAY

dp 2
.p-tgy=2p° — = dy
Py-P-QYy=4p b tgy

Inp=2Insiny+Inc, = P =¢,sin”y;




TO ecTb y' — (;1sin2 y
Pelunm nony4yeHHoOe ypaBHEHME.
y'=csin’y; = _dz/ =C,0Xx = —Clgy=CX+C,;
sin“y
OTBeT 3anuwem B Buge Y — arCCtg(Clx + Cz)

3ameuaHue. CokpaTMB Ha p B Ha4ane npeobpasoBaHUN,
Mbl MOI/IN NOTEPATb TaK HasbiBaemoe ocoboe peweHue:

Taknm obpasom, obliee pelleHne ypaBHEHUS

y =arcctg(c,x+c,) n Y=C.



JInHeUHble oaHOpoAaHble aAudPepeHLunanbHbIe
VypaBHeHuA 2 nopAaKa

Obumitaug: Y+ PO)Y +a(x)y=0 {1},
rae P(X) u q(X) - ussectHblie PyHKLMN.
CBOMCTBa pelueHUn ypaBHEHUSA

Teopema 1. Ecamn Y,(X) n Y,(X)- yacTHble peweHus {i},
TO pelleHnem ABNAETCA TaKXKe U

y(x) — Clyl(X) "‘Czyz (X) VC11C2 eR
[lokazaTenbctBo. Moactasum Y(X) B {i}
(CLy;+C,y;)+ p(Cy; +C,y; ) +a(Cy, +C,Y, ) =
C.(yr+py;+ay,)+C,(y; + py; +ay,)=0

. J/ . J/

0 0
YTO U TpE6OBafIOCb AOKa3aTb.



Ase ¢pyHrunm f(X) n g(X) aMHenHo HesaBucMMbI Ha [a;b],
ecnu c,f(x)+¢c,g(x)=0 = ¢, =c¢,=0,

T.e. AnHelHasa kombuHauma C f +C,g nuHelHo
HEe3aBUCUMBbIX GYHKLUUW paBHA HYIHO TOrAa U TONbKO
Torga, Koraa koagpounumeHtbl C;,C, paBHbl HYAIO.

f (X)
g(x)

X v
Hanpumep, €%, 5e* - nuHelHo 3aBucMmbi;

= const

Echn ke f n g AnHeHo 3aBUCKMMBI, TO

X —X v
e, e - JIMHEUHO He3aBUCUMbI;

SiN X, COSX - IMHEMHO HEe3aBUCUMbI;

2 o
X, X - IMHEeMNHO He3aBUCUMBI.



Onpepenutenb BpoHcKoro (BpOHCKUaH) agyx
rnagkux yHkumn - Y, (X) n y,(X) :

i Ys

W(yLY,)(X)=|", 7
(YY) Vi Y

Nmeem
W (X)=Y.Y; = YiYs ;
WI(X) = Y1Ys = V1Yo — V1Yo — Yi¥a = V1Yo — V1Y, =

Y. Y,
A




[MoNbCKMM MaTeEMATUK, PUNOCOP-MUCTUK.
OKOHUYMAN aPTUNNIEPUNCKYIO LLKOAY,
NPUHMManN yyactue B obopoHe Bapluassl,
cny*un B wtabe CyBopoBa.

B 21 rop, sbllen B OTCTABKY, NU3yyar
topuanYeckme Hayku, nctoputo pmnocodum
1 BbICLLYIO MaTEMATUKY.

Ero matematunyeckme paboTbl OTMEYEHbI
LUNPOTOM OXBaTa MaTtepmana n obLHOCTbIO
NoCTaHOBKM 3a4a4. OHM MO NPOU3BECTU
nepeBopoOT B HayKe. Ho ero 6ose3HeHHan

ropAoCTb, CKNOHHOCTb K MUCTULM3MY M, l03ed Mapwus
HaKOHeL,, CI0XKHOCTb UCMOJ/Ib30BaHHbIX 3
0603HauYeHNn1, MomeLlanm 3Tomy. (XEHE

YKe nocne ero cmepTn 06Hapy<eHo ero BpOHbCKVIVI

dBTOPCTBO MHOIM'NMX MeTo40oB N TEOPEM,
OTKPbLITbIX MO3XKe APYTMMAU MaTEMaATUKAMMN. 1776_1853
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Teopema 2. Ecau rnagkue dyHKumm Y. (X) n Y, (X)
JIMHEeNHO 3aBuUcUMbI Ha (a,;b) , To

W(y,Y,)(x)=0 Vxe(ab)

JloKa3aTenbCTBO.

Myctb Y, (X) =Ky, (X), Torna Yi=KY;

ky2 y2 _ k y2 y2

/ ! / f: O
Ky, Y, Yo Y2

W(y11y2) —




Teopema 3. Ecam Y, 1Y, - TMHENHO HE3aBUCMMbIE Ha
(a;b) pelweHns ypaBHeHUA ﬁ} ,

™ W(y,y,)#0 Vxe(ab)

Jl1o0Ka3aTenbCTBO.
Tak KaKk Yy, u 'y, - peleHuns yp-1 {i} , TO
yi+ Py +ay; =0 n ¥+ py, +ay, =0
YMHOXMM NepBoe ypaBHeHne Ha Y, , BTopoe —Ha Y,

N BblYTEM U3 BTOPOro YPaBHEHUS NepPBOE ypaBHEHMUE.
Monyunm (y,Y5 = Y1y, )+ P(YYs — Yiy,) =0, Te.



W'+ pW =0;

pelaem nosayvyeHHoe anddpepeHLumnanibHoe ypaBHEHNE

dw : .
— =—pW dWW:_pdx ’ |nW:—jde—|—|ﬂC

dx
W = Ce JPW¥ (c>0)

Tk. W >0 V¥Xxe(a;b), uteopema nokasana.

- [ p(x)dx
W =W.e * - dopmyna Jinysunns
— Yo
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Teopema 4 (Cmpykmypa obujez2o peweHus

ypasHeHUA {ﬂ ).

Echu Y1 B Y, nBa nMHEMHO He3aBUCUMBIX
YACTHbIX peLleHna ypaBHEeHUA {i} , TO 0bLwee

pewenune umeet sug Y(X) =C Y, (X) +C,Yy,(X),

rae C,,C, - npon3BoabHbIE MOCTOAHHbIE.
Jl10Ka3aTenbCTBO.
1) no Teopeme 1Y (X) ecTb pelieHme ypaBHeHMﬂ{i}

2) fokaxem, uTo 310 ObLLee pelleHue, T.e. ANA
N0BbIX HaYaNbHbIX ycioBuin moskHo Hatn C ,C,
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Myctb HauanbHbie ycaosua Y(Xo) = Yoi Y (X)) = Yo
) X, € (a;b)
< Yo = Clyl(XO) +C2y2 (Xo)

\y(,) = Clyl’(XO) +C2y; (Xo)

3Ta CUCTEMA JIMHENHbIX YPABHEHUM C HEU3BECTHbIMMU
C.,C, nmeeT eanHCTBEHHOE pelleHune, T.K.
onpeaenuTesb CUCTEMbl HE PAaBEH HYJIIO.
A=W (y,,Y,)(%) %0
(Teopema 3 1 Teopema KpoHekepa-Kanennu).
CneposaTtenbHO, 3aga4a Kolwun paspewinma,
my(x)=Cy,(x)+C,y,(x) -obuwee peweHune

yYpaBHEeHUA {ﬂ

Toraa




