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I Onpenenenusa

Definition 1.1

1.1 InddepenunaarprHOe ypaBHEHUE

OOBIKHOBEHHBIM JIM(b(l)epeHLU/IaJIBHLIM YPaBHEHMEM IIEPBOTO ITOPAAKA HA3bIBAIOT

ypaBHeHUe B
F(z,y,y") = 0.

njin

- 19
- 20

(1.1)
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HuddepeHnnanpHEIM ypaBHeHNEM Ha3bIBAETCS ypaBHEHNE, CBI3bIBalOlIlee He3aBUCUMYIO

[epeMeHHYI0 &, UCKOMYI0 pyHKuu y = y(x) u eé mpoussoxausie y', y’"’, ..., y(n).
Definition 1.2

1.2 Pemrenne pudPpepeHnnaaIbHOro ypaBHeHIs, o011iee penieHne

OyHKUMA (p - pellleHue YpaBHEHNS, eCIIU
¢ € C'(a,b);
F(z,p(z), o' (r)) =0 ma (a,b)

IpyrumMu cioBaMy, pelieHyeM YpaBHEHNS Ha3bIBAIOT INIANKYI0 PYHKIMIO (0, OTIpeNeIEéHHYIO

(1.2)

Ha uHTepBase (a, b), HoACcTaHOBKa KOTOPOJI BMECTO y 00pall[aeT ypaBHEHIEe B TOKIECTBO Ha
(a,b).
O61LIMM pelleHIeM ypaBHEHNUS Ha3bIBAIOT MHOKECTBO BCEX €0 PELLIeHMIL.

NI

Oyukuus y = p(x) aBnsercs pereHreM nuddepeHnNanbHOr0 ypaBHEeHIs, eCIIN eé

IIOACTaHOBKA B YPaBHEHIIE o6pamaeT €TI0 B TOXKIECTBO.

Definition 1.3

1.3 3amaua Komn

3amaueit Koy niny HauanbHON 3aaueil AJIsI HOpPMAJIBHOT'O YpaBHEHMS

y = f(z,y) (1.3)
HAa3bIBAIOT 3aaUy HAXOXKIEHUS ero PelIeH s, yIOBIETBOPSIOIIEr0 HAUaJIbHOMY YCIOBUIO
Y(7o) = Yo- (1.4)

Hapa q1cell (LUO, yo) IIpM 3TOM Ha3bIBAE€TCA HaUAJIbHBIMIUI NaHHBIMI.

Definition 1.4

1.4 YpaBHeHUe ¢ pasgeJsIIOIMIMUCS lepeMeHHbIMU

YpaBuenne B quddepennmanax suga
P(z)dz + Q(y)dy =0 (1.5)

Ha3bIBAaIOT YpaBHEHIEM C pa3feIE€HHBIMY II€pEMEHHBIMIL.
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Taxoe Ha3BaHNME MOTVBMPOBAHO TEM, UTO KaXKO€ €ro cjlaraeMoe 3aBYICUT TOJIBKO OT
OIHOII IEPEMEHHOIL.

YpaBHeHUE Buaa
p1(2)qy (y)dz + py(2)4s(y)dy = 0 (1.6)
Ha3bIBAIOT YpaBHEHIEM C Pa3HeITI0IIIMICS ITepeMeHHBIMA.
50051

Ecnu ypasuenue @(z,y,y’) = 0 ¢ moMowipio anreGpanyeckux npeoOpasoBaHMIl YAAeTCs
NPUBECTHU K BUILY

Y =g(z) - h(y) (L.7)
M, (z) My (y)dz + Ny (z)Ny(y)dy = 0, (1.8)

TO OHO HA3bIBAETCA YPABHEHMEM C pa3aeIIIOIINMIUCI IIEPEMEHHBIMIL.

Definition 1.5

1.5 OpHOpOomHass PyHKIMS

Oyukuus F(x,y) HasbiBaeTCs OQHOPOLHON (yHKUMEN CTENEHN (v, €CIIN IIPU BCEX

JOIYCTUMBIX t, T ¥ Y BEPHO PABEHCTBO
F(tz,ty) =t*F(z,y). (1.9)

[Ipumep oMHOPOIHBIX GYHKUMIL: T + Y + z (IIepBOIL CTeNeHN), z? + 3zy + o> (BTOpOIL
Vaty

z2+y?

crenenn), £ cos % (HyJeBoit cTemeHM), (cremenn —%),

Definition 1.6

1.6 OgHopopaHoe /1Y nepBoro nmopsAagka

Hycts P u Q - onHOpoaHble pyHKINU OJMHAKOBOI cTereHn. Torna ypaBHeHMe Buia
P(z,y)dz + Q(z,y)dy =0 (1.10)
HA3BIBAETCA OHOPOJHBIM yPaBHEHUEM.
nimn

HuddepeHnunanpHoe ypaBHEeHNE IIEPBOTO IOPSAKA HA3bIBAETCA OJHOPOIHBIM, €CII €T

MOJKHO IIPMBECTU K BUIOY:

v 1(2) o
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Definition 1.7

1.7 JImnerinoe /1Y mepBoro mopsgka

HuddepennunanpHoe ypaBHeHNe B

Yy =px)y+q(z), (1.12)
HAa3bIBAETCA J'II/IHCI7IHBIM ypaBHeHI/IeM r[epBoro nopa;u(a.

HasBaume nuHeitHOE MOTHUBIIPOBAHO TEM, UTO OHO COCTABJIEHO V13 MHOTOYJIEHOB nepBoﬁ

CTEIleHY 110 OTHOLIIEHNUIO K CUMBOJIAaM y 1 Y.
NI

JIuHeIHBIM ypaBHEHMEM IIEPBOro IIOpAaKa Ha3bIBaeTCd ypaBHeHIE BUA
y +p(x)y = q(x), (1.13)

rae p(x), g(x) — saganHble QYHKUMIL.

Definition 1.8

1.8 YpaBHeHune bepnynnn

YpaBHeHuUeM BepHyIn Ha3bIBalOT ypaBHEHME BUAA
y = p(z)y + q(z)y®, (1.14)
roe o € R\ {0,1}.
PaspgenuB naHHOE ypaBHEHME Ha Y%, HAXOAUM

v

(e

= p(z)y' ™ + q(x). (1.15)

<

Otcrofia BUHO, UTO 3aMeHa z = '~ CBOMUT ypaBHEHNeE K JIMHEHOMY.
NI

YpaBHeHUeM BepHyIN HasbIBaeTcs ypaBHEHNE BIAA

¥ +p(x)y =q(x)y*, rme a=const,a+0,a+#1 (1.16)

Definition 1.9

1.9 YpaBHeHue B TOaHBIX AudPepeHIManax

YpasueHue
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P(z,y)dz + Q(z,y)dy =0 (1.17)
Ha3bIBAIOT ypaBHEHMEM B TIONHBIX AnddepeHImanax, eCm CyIecTByeT Takast QyHKIUS U, 94TO
du = P(z,y)dz + Q(z,y)dy, (1.18)
TO ecTh Uy, = P,u, = Q.
nimn
MuddepenunanpbHoe ypaBHeHNE BUIA
M(z,y)dx + N(z,y)dz =0 (1.19)

Ha3bIBAETCA YPABHEHIIEM B ITOJITHBIX m/[q)q)epeﬂumaﬂax, €CJIN €0 JI€Bad YacCThb IIPENCTABIIAET

c006011 IoTHBLI AuddepeHan HeKoTopoit GyHKumM u (T, y):

Mdz + Ndy = du = @dm + %dy. (1.20)
oz dy

Ycnosue Toro, uro Mdx + Ndy npencrasnsger co6oit moaHbI anuddepenmmat:

%—J\j = %_z;r‘ (1.21)
Definition 1.10
1.10 Oco6oe pemrenne 1Y
Pewrenue y = ¢(z) nuddepeHmanbHOro ypaBHeHUI
®(x,y,y") =0 (1.22)

Ha3BIBAETCA OCOOBIM, €CIIN B KasKIOJl er0 TOUKe HapYIIIAeTCsS CBOMICTBO € JMHCTBEHHOCTH, TO
€CTh eCJIN uepe3 KakKAyIo ero TOUKY (I, Y) KpOMe 3TOTO pelleHNs IIPOXOJUT I APYroe
pelleHe, MMeIoLIee B TOUKe (X, o) Ty JKe KacaTeJbHYI0, YTO U pelleHne i = (&), Ho He
COBIIafalolee C HUM B CKOJIb YTOTHO MaJIOi OKPECTHOCTH (T, Y, )- ['paduk ocoboro perreHms
OynmeM Ha3bIBaTh 0COOOI MHTETPAJILHON KPMBOJI YPABHEHII.

njin

Pemenne ¢ Ha (a,b) ypasHenns y' = f(x,y) HaspiBaeTCs 0COOBIM, €CIIU IS IEOOOTI TOUKM

xy € (a,b) Haitgercs peleHye Y TOTO K€ ypaBHEHsI, TAKOE UTO
p(2o) = ¥(zo) (1.23)

IIPU 3TOM (p = 1) B JII000JI CKOJIb YTOTHO MaJIOJ OKPECTHOCTY TOUKM X).

BoJiee KpaTKO 9TO BBIPAKAIOT CIIOBAMIL: MHTETpaIbHAas KpuBas ypaBHeHus y' = f(z,y)
ABJILETCSI 0CO0OIL, €CNIM B KKIOI eé TOUKe HapyIIaeTcs eUHCTBEHHOCTD PelleHNs 3a8aun
Kormm.
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Definition 1.11

1.11 Y BeIcIIero mopsaagka, 3agauya Komm nia Hero

HuddepeHnnanpHbIM ypaBHeHMEM N-TO IOPSAKa Ha3bIBAIOT ypaBHEHIE BUIA
F(z,y,y,..,y™) =0. (1.24)
OyHKIUSA @ — pelleHNe ypaBHeHUs Ha (a, b), eciu

¢ € C™(a,b);

1.25
F(z,0(z),¢ (2),...,™(2)) =0 na (a,b). Gl

Kanounueckum ypaBHeHUeM OyoeM Ha3bIBaTh ypaBHEHUE
y™ = f(z,9,9, ...,y V), (1.26)

paspeléHHOe OTHOCUTEIBHO CTaplell IPOM3BOTHOI.

Sanaqeﬂ Ko JJIA KaHOHMUYECKOTO YPAaBHEHNS HA3bIBAIOT 3aJauy HAXOXKIAEHUA €Tr0

pemIenmd, yqOBIETBOPAIOIIETO HAYAIbHBIM yCIOBMIAM

¥(20) = Yo,y (%) = ¥y - y" V(zo) = v5" - (1.27)
Ha6op uncen (mo, Yo Yoy - yén71)> IIpY 5TOM Ha3bIBAIOT HAUAIBbHBIMI JAaHHBIMIL.
NI
O6rIKHOBeHHOE AUddepeHnNaNbHOe YPpaBHEHIE N-TO IOPSIAKa VIMEEeT BUL
@(w,y,y’, y”, ...,y(")) =0, (1.28)
VIV B PELLIEHHOM OTHOCUTEJIBHO CTapIIell IPOU3BOLHON y(”), BUL
y™ = f(x, vy Yy y("’l)). (1.29)

Besikast GyHKums y(2), MMeroLas HellpepbIBHbIE IPOM3BOAHbIE BILIOT A0 N-TO IIOPSAKA U
YOOBJIETBOPAIOIAs YPaBHEHIIO, Ha3bIBAETCA PEIIEHIEM STOr0 ypaBHEHN, a caMa 3afada
HaXOKIEeHN pelleHnil AuddepeHINaNIbHOTO ypaBHEHI Ha3bIBACTCA 3aJadert
VMHTeTpUpOBaHUA AUPPepeHIINATBHOTO yPaBHEHNA.

Definition 1.12

1.12 JInuneitnoe 1Y n-ro nopsaaxa. OmHOpOAHOE, HEOGHOPOAHOE

JIuneitapiM nuddepeHuanbHbIM ypaBHEHIEM MIOPSIIKA 7 HA3bIBAETCS ypaBHEHME BUIA
y™ +p, 1)y + o+ p ()Y + po(t)y = q(t), (1.30)

TOE Do, D1y -+ P11, 9 € C(a,b).
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Ecinu ¢ = 0 Ha (a, b), TOo ypaBHEHUE, TO €CTh

y™ +p, By Y + 4 py(8)Y + o (t)y = 0, (1.31)
HAa3bIBAETCA O,T_IHOPOI[HBIM, B HpOTI/IBHOM Cﬂy‘lae — HeOHHOpOHHBIM.
Iy

YpasHenue Buma
y™ + a;(z)y™ Y + .. +a, (@)Y +a,(2)y=0 (1.32)

Has3bIBAETCs JIVHETHBIM OJHOPONHEIM AV depeHIIaTbHbIM YPaBHEHNIEM N-TO IIOPSIOKA.

YpaBHeHUE BUIa
Y™ +ay @)y + a1 (@)Y F a,()y = f(2) (1.33)

Ha3bIBAETCS JIMHEIHBIM HEOMHOPOAHBIM A depeHINaIbHbIM YPaBHEHEM N-TO IOPSAKa.

Definition 1.13

1.13 JInHeliHass HE3aBUMCUMOCTD (PYHKITNIT

Definition 1.14

1.14 Onpepenunrenp BpoHckoro

Ompenenurenem Bporckoro (mmm BpoHCcKuanoM) GyHKIMIL Yy, Yo, .., Y, € C" Y (a, b)
Ha3bIBAIOT

wip=| MO (134

Definition 1.15

1.15 ®yHpamMeHTaIbHAs CUCTEMA pellleHI

dyHITaMeHTaIbHOM CHCTEMOJ PEIIeHNII CICTEMBI yPAaBHEHNI Ha3bIBAETCS COBOKYIIHOCTD
€€ N IMHENHO HEe3aBUCUMBbIX PEIlIeHNIA.

NI
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JIro60it HaGOp M3 N IMHEHO He3aBUCUMBIX pelleHuit Y, (x), Y, (), ..., y,, () ypaBHeHus
y™ + a;(z)y™ Y + ... +a, ;1 (2)y + a,(z)y = 0 HazBIBaeTCS ByHTAMEHTANBHOI CHCTEMO
PpElLIEHNIT 3TOTO YpaBHEHNA.

Definition 1.16

1.16 XapaKTepMCTUUYECKNI MHOTOUJIeH

MHorounen
p(A) = A" +a, A" T+ .. +a A +ag (1.35)

Ha3bIBAETCH XapaKTEPUCTMYECKIM MHOTOUJIEHOM YPaBHEHMS y(") = an_ly(”_l) + ... +ay+

agy = f(t), a ero KOpHM — XapaKTEPUCTUUECKMMI UMCIAMY TOTO K€ YPaBHEHSL.

Definition 1.17

1.17 Cucrema /1Y, pemreHne cucTeMbl

Cucrema nuddepeHIMaNbHBIX YpaBHEHNIT — 9T0 Habop auddepeHUMATbHBIX YPaBHEHNI],
pelaeMbIX COBMeCTHO. PelreHne cucreMsl — 3T0 HaG0p QYHKINIL, KOTOPBII YIOBIETBOPSIET
BCEM YpaBHEHIAM CUCTeMBL Takas ¢popMa 3almcy CUCTeMbl Ha3bIBaeTCs HOPMaIbHOI opMoit

Kormn:
W= fi= )
dx 1\ T Y1,Y25 -5 Y
(1.36)
d "
dy_:L‘ = fn<$, Y1:Y25 -+ yn)
PerrenneMm crctreMbl Ha3bIBA€TCS COBOKYITHOCTD 72 (PYHKIIUAIT
y, = ¥(z), i=1,2,..,n (1.37)

TaKWX, UTO TP IOJCTAHOBKE VX B YPAaBHEHNS CUCTEMBI 3TY YPaBHEHM 00pAIIAIOTCS B
TOKeCTBA OTHOCUTENBHO . [Ipu aToM QyHKIMM ), (Z) IpeaIonaraloTcs HelIpepbIBHO
nuddepeHIIPYEMBIMIU.

N

HopwmansHoit cuctemMoit quddepeHIManbHbIX ypaBHEHNIT IOPSAKA 12 Ha3bIBA€TCH CUCTEMA
YpaBHEHUII BUAA

j:l = fl(t’ $1,...,$n)
(1.38)
z, = f,(t,zq,...,x,)

Ecnu BBecTu B PacCMOTPEHNIE BEKTOPBI
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1 fi(t,r)
r=| .., f(tr)= , (1.39)

TO CHCTEMY MOKHO KOMITAKTHO 3aIICaTh B BUJE OJHOIO N-MEPHOTO YpaBHEHMs
7= f(t,r). (1.40)
Bekrop-dyHKIMS @ - perteHne cucteMsl Ha (a, b), ecan

p € C'((a,b) = R,);

) (1.41)
o(t) = f(t,¢(t)) ma (a,b).
Definition 1.18
1.18 JImHeiiHasA OogHOpPOAHAA M HEOJHOPOAHAA cuctema 1Y
JInuettHOM cucteMoit auddepeHIATHHBIX YPABHEHNUIT HA3bIBAIOT CUCTEMY BIIA
7= P(t)r + q(t), (1.42)
rae P € M,,(C(a,b)), g € C((a,b) — R™).
Ecnu ¢ = 0 Ha (a, b), To cucrema, T0 ecTb
7= P(t)r, (1.43)

Ha3bIBaeTCd OQHOPOOHOM, B IIPOTVMBHOM CJIy4Yae — HEOTHOPOIHOIL.

Definition 1.19

1.19 ®yHKIMA OPUTMHAII

DyHKIUE-OPUTMHATIOM Ha3bIBA€TCSI KOMIUIEKCHO3HauHas QyHKuus f(t) BeliecTBeHHO

IIepeMEHHOI1 ¢, yAOBJIETBOPAIOIIAd CIeAYIOIINM YCIOBIAM:

« f(t)=0,ecmut < 0;
+ f(t) uaTerpupyema Ha JTF060M KOHEUHOM MHTEpPBAJIe OCH t;
« ¢ BospactaHmeM t Moxysb pyHKuu f(t) pacter He GBICTpee HEKOTOPOII MIOKA3ATEIBHO

HKITUI, b CyIIIeCTB YIICIT n Sy > e, uTo VI BCeX ¢ MMeeM:
K TO ecTh cyiecTByioT unciaa M > 0 u sy > 0 taxne, uro cex t uMmee

| ()] < Me®ot. (1.44)

Definition 1.20

1.20 IIpeo6pa3zoBanme Jlamraca

10
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[Ipeo6pasosanuem Jlamnaca L pyukuuu-opurunana f(t), sagansoi Ha [0, 00),
HasbIBaeTCA MpeobpasoBaHue BUMIA:

Lo =Fo) = [ " f(t)ertdr, (1.45)
0

rae o6pas pyukyu f 6ymem o6osHauats 3a F'(p). @ynkumio F(p) HaspiBaoT M300paskeHIEM

¢yukunu-opurnnana f(t).

11
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II Teopemsr

Theorem 2.1

2.1 O cymrectBoBaHMM perueHud 1Y

Ecnu dyukius f(x,y) HenpepbIBHA 1 MIMeeT HEIIPEPBIBHYIO YaCTHYIO IIPOM3BOTHYIO IO Y

B o6nacTu (2, TO yuepes KaXXIyIo TOUKY, IPUHAIJIEKALTYO ), IPOXOANT OJHA U TOJHKO OHA
MHTerpajbHas KpUBas ypaBHeHus iy’ = % = f(z,y). Vnn: 1o mus no6oit Touxu (g, y,) € O

CyILLleCTBYET eAMHCTBEHHOE pellleHue y = y(&) ypaBHEHUS, YHAOBIETBOPSIOLIEE YCIOBIIO:

y’z:wo = Yo-

Theorem 2.2

2.2 Pemrenne ogHOpOomHOTO AU depeHINATBHOTO YpaBHEHISA

CaepneM ypaBHeHMe Ypasuenye (2.11) K ypaBHEHUIO C pas3aesSIOIIIMIICS IIepEMEHHBIMIU.

Il aToro cmenaeM 3aMeHY:

S =usy=uzr. (2.1)

ISEES

CnemoBaTebHO,
Yy =u-z+u, dy=udr+ zdu. (2.2)

[MoxgcraBum y u Yy’ B ypaBHeHMe Ypasrenue (2.11):

u’-:(:+u=f(u)@u’-xzf(u)—u@j—i~x=f(u)—u©
(2.3)
du dx / du [
s ———=—< [ ——— =Inlz| +InC, &z = e’ Fw—=,
fw—u = °J) fw—u G

Kaxk ompenennTs, UTo ypaBHeHMEe OJHOPOOHOE?
C nmoMoIIpI0 MeTOa pPa3MEPHOCTEIA.

[Ipunnirem GyHKIUNM Yy, IepeMeHHOI & U uX AnddepeHIIanaM HeKOTOPbIe Pa3MePHOCTIL.
Hanpumep, MmeTphI:

x~M, Yy~M, dr~wm, dy~M. (2.4)
[Ipoussopnas y' = g—g ~ 1 - Ge3pasmepHas BelMUMHA.

[71s1 TpaHCIleHOeHTHBIX QyHKINI (TO eCTh QyHKIINIT, He ABISIOMINXCS alredpaniecKIIMI:
sin x, cos z, tg x, ctg x, e, a®, In x, arcsin x, arccos x, arctan x, arccot x) B KauecTBe apryMeHTa

Yy
JOJI>)KHa CTOATH 6e3pa3MepHaﬂ BeINMUMHA: €=, tg(ﬂ) JI TaK gajiee.
T

12
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YpaBHeHMe OymeT 0OQHOPOSHBIM, €CIM B HEM CKIIAIBIBAIOTCS BEIMUMHBI OJHOII
pasMepHOCTI.

Hamnpumep:
(2 + zy)y’ = av/a? —y? + zy + ¢,
(M24+m-M)-1=m VM2 —M2+ M- M+ M2

CiieqoBaTenbHO, YpaBHEHNE OJHOPO/IHOE.
Theorem 2.3

2.3 O pemreHNN JIMHENHOTO OJHOPOJHOTO ypaBHEHIISA

Theorem 2.4

2.4 Meropn Jlarpamka (BapManyy IIpON3BOJIBHON IIOCTOSHHOI)

PaCCMOTp]/IM ypaBHeHI/Ie BTOpOTO HOpﬁJIKa:
Y +ay(2)y +ay(z)y = f(x). (2.6)
HYCTB O6H_Iee peLLIEHI/Ie COOTBeTCTByIOH.(eI‘O OJIHOPOIIHOI‘O ypaBHeHI/IH JVIMEET BUO:

7= Ciy; + Cyys, (2.7)

THE Yq,Yy — JIMHEITHO He3aBUICUMbIe pemIeHMa OMHOPOAHOI'O YPAaBHECHNA, Cl? 02 -
IIPOM3BOJIbHBIE ITIOCTOAHHBIE.

Bynem uckars uactHoe pemerne JIHIAY (Vpasuere (2.6)) B ceayonEeM BUIE:
Y = uy (2)y; + uy(2)y,. (2.8)
3nech Uy (), us () — HEKOTOpBIe QYHKIVIN, KOTOPBIE HAM HY>KHO HAIITIL.

Otmerum cxoncTBo popmyn Ypasuenue (2.7) u Ypasaenue (2.8). Mbl Bappupyem
nponsBoisHble mocrosiuable C), Cy, B popmyite Vpasrere (2.7) M IOJIydaeM BMECTO HUX
HEKOTOpbIe QYHKLUMU U, (T ), Uy ().

Haiimem nponssonnsie Y, Y” u nopcraBum ux B ypaBHeHue Ypasrenne (2.6).
Y’ =ujy +ugyy +uys + ugys. (2.9)

Tax Kaxk MBI III[eM YacTHOE pellleHNe ypaBHeHe, HAJT0XUM Ha QYHKIN Uy, Ugy
IOOTIOJHUTEIBHOE OTpaHIUeHNe:

u1yy + ugy; = 0. (2.10)

Torpma Y/ mpumer Bup:

13
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Y’ = uyyi + ugys. (2.11)
COOTBETCTBEHHO,
Y" =iy +uiyi + upys + usys. (2.12)
[oncraBum Y, Y’ Y” B ucxomHoe ypaBHeHue Ypasuenne (2.6):
UYL T Uyl UaYs  Usls + a1 Uiyl + G UaYs + sy Yy + agusy, = f(2) &
x

S Uy Y]+ agy) +agy; Uy Yy +ays + agy, +ury; +usy; = fr) & (2.13)

=0(y, — pewurenne JIONY) =0(yy— pemrenne JONY)
/.7 7,7
< wyy +ugys = f(z).
YuureiBast BBe[leHHbBIE paHee OrpaHMueHus Y pasHenue (2.10), mojyyaeM CUCTEMY YpaBHEHUIA
1ot QYHKLUAI U], Uy
/ / —
ujyy + upyy = 0 (2.14)
! ny ol — *
uiy; +upys = f(w).
Omnpenennurenab BpoHCKOTo He paBeH HYJII0 HU B OJHOM TOUKE B CUITY JIMHENHO

HE3aBUICHMOCTIL PEIIeHNIT Y, Yg.

CregoBaTenbHO, cucteMa YpapHenue (2.14) paspelnMa eIMHCTBEHHBIM 00pa3oM M Ipu
7106011 ITpaBoil yacTu. ITycTh e€ pelreHNs NMeIOT BUL:

ui = ¢y ()
2.15

o ne (249)
Torna pysKuY U, (), Uy () HAXOAATCS MHTETPUPOBAHMEM:

il o

2) PaccmoTpuM ypaBHEHIE N-TO IOPAIKA:
y™ +a; (2)y" Y + .+ a, (2)y = f(2). (2.17)
3mech Bce ITOCTPOEHNISI AaHAIOTIUHEL.
Pemenne JIOY nmeer Bum:
y=Cy; + Cys + ... + C.y,,. (2.18)
YactHoe pemrenne JIHY uitem B BUAe:
Y = uy (2)y (2) + up(2)y2 () + ... + (7)Y, (2). (2.19)

Crenys ommcaHHOII Ipolieype, IoIyyuaeM CIeTyIOLIyI0 CUCTeMy YpaBHeHMIT I (YHKIIIA
/ / /.
WYy Ugy weey Uyt
Uiy + usYs + ... tuny, =0

wiyl +ubyl + ..o+ uwy =0
1Y1 2Y2 nYn (2.20)

wiy" Y +upys Y o+ uyY = f(a).

14
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OHpeIIeJII/ITeJIb 3TOM CUCTEMEI — 3TO OIIPDENEIINTED BpOHCKOI‘O:

Y1 Ya o Yp
/ / /
g B e b # 0 HU B OIXHON TOUKE. (2.21)
—il —il _
T TS

CrnenoBaTenbHo, cucreMa Ypasrene (2.20) paspelnma eqMHCTBEHHBIM 00pasoM U IIpH JIF000it
npaBoii uactu. Pernas eé, HAXOmUM U], U, ..., u, . PyHKUUU U, (T), Us(T), ..., u,, (T) HaXOOATCS

JHTETPMPOBAaHVIEM.

Theorem 2.5

2.5 Metop bepuynan

HamomHuM, uTO ypaBHeHNEeM bepHyIIn HaspIBaeTcs ypaBHEHIE BUAA
v +p(z)y =q(x)y®, rme a=conts, a#0, a+# 1. (2.22)
Ero pemreHne MO>XHO IIOTYYUTh ABYMS CIIOCOOAMIL.
I. CBenenue k MuHENMTHOMY ypaBHEHMUIO.

Pasgenum o6e uactu ypaBHeHuUs Ypasuenue (2.22) Ha y*:

/

Yy —a
g TP@YT =a(a). (2.23)
Cnenaem 3ameny: z = y' =%,
CooTBeTCTBEHHO,
/ N .4
—(1—a) v 2 o/ L = 2.24
Z(a)yyyal_a (2.24)
[logcTaHOBUM 2 U1 2' B MICXOHOE ypaBHEHUE:
Z' +p(x)z = q(x). (2.25)
l1—a
MBI nosTy Yy IMHEITHOe YpaBHEHNeE.
II. (cBemeHMe K ypaBHEHMIO C pa3felITIoIIMIICS IlepeMeHHbBIMI)
Crhenaem 3aMeHy IlepeMEHHOII KaK B JIMHEITHOM ypaBHEHIIL:
y=u-e Jp@ds (2.26)
Torma
y =u e JP@dr gy o= [p@dr (_p(g)), (2.27)

[Mopcrasum y u y' B ypaBHeHue Ypasnenue (2.22):

15
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u/ . effp(z)dm + u - effp(x)dm . (_p(l’)) +p(a’;>u . effp(x)dm —
— q(x)ua . efafp(:v)dx N
S PO = g(g)ut - e P (2.28)
< du = q(z)u® - e(1=a) [p(@)dz . g o

Z—Z g q(l’) . e(lfa)fp(w)dx o dl'

Mur1 IIOJIYyUMJIVI YPAaBHEHME C PA3OACTIAIOIIIMIICA IIEPEMEHHBIMMU.

Theorem 2.6

2.6 O mosHOM nuddepeHnmaie

Ecnn Mdx + Ndy npencrasnser co6oit moaHb1 anddepeHyan, To BOCCTAaHOBUTb

dyHKIMIO U (T, Y) C TOUHOCTBIO MO KOHCTAHTHI 110 €€ N3BeCTHOMY HonHoMy muddepeHmanry
du = M (z,y)dx + N(z,y)dy (2.29)

MO>KHO C IIOMOIIBI0 KPMBOJIMHEIIHOTO MHTeTpaia. A IMEHHO 3apUKCUpyeM HEKOTOPYIO TOUKY

(g, Yp)- Torma KpMBONMHEHBI MHTETPA
u(ey) = [ (M(@,y)ds+N(a,9)dy) (2:30)
L

I10 TIPOU3BOJIBHOM KPUBOIL OT TOUKM (T, Yo) 4O TEKYILEN TOUKM (X, y) OACT 3HAUEHUE
byukuuu u(x, y), mubdeperiuan kKotopoit umeer Bup Ypasuenne (2.29). UsMeHeHMe
HAUaAIBHON TOYKY (X, Y) IPUBOAUT K H0OABIEHIIO IOCTOSHHOM (PyHKUMS U (T, y) HAXOLUTCI
C TOYHOCTBIO IO KOHCTAHTBI).

dopmyna Ypasuenue (2.30) mpuHMMaeT 6oJiee YIOOHBIN BI, eciay KpUBY0 L BhIOpATh B
BUJIe JIOMaHOM, MOoKa3aHHOI Ha Puc. 2.1.
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YN

Puc. 2.1. KpuBas unterpupoBanns L.

ITIpu TakoM BeIOOpe L mmeeM:

u(z,y) = /m M (z,y,)dzx + /y N(z,y)dy. (2.31)

Yo
CoOTBETCTBEHHO, pellIeHe yPaBHEHNA:

u(z,y) =C. (2.32)
Theorem 2.7

2.7 O6 MHTerpuUpyIOIeM MHOKITEJIE

HarmoMHMM B MHTETPUPYIOIIETO MHOMKUTEIS:
du = pMdzx + pNdy. (2.33)

Hannmiem ycoBue Toro, 4To du sIBISeTCs MONTHBIM AuddepeHIaIoM:

17
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0
a—y(MM)—%(MN)®
ou oM  Ou ON
s Vs e _or h
@8 + p By B + B -
T I LU T
Ox oy oy ox (2.34)
1 Ou 1 du OM AN
Muay M u Ty o
Oln p
oy
@N.Glnu_Mlaln,u_a_M_B_N

Oz oy Oy Oz’

Taxum o6pasom, A HaXOXKAEHNS MHETPUPYIOLIero MHOKIUTENISI MBI IIOJIyUIM ypaBHEHIE B
YaCTHBIX [IPOU3BOAHBIX. VIHOrma ynaercs Haiitu ero peutenne. Ecau p = p(x), To g—’; =0mn
ypaBHeHMe YpasHenue (2.34) IpyuMeT BUL:
oM _ ON
dln M Oy Oz
= . (2.35)
dz N

Ecnu npaBast uacTs ypaBHEHUs He 3aBUCUT OT Y, TO In (4 HAXOOUTCSI MHTETPUPOBAHIEM.
Theorem 2.8

2.8 O cymectBoBaHNM perneHusd /Y BpIcHIX NOPATKOB

Theorem 2.9

2.9 3aMeHBI Ui ypaBHEHMNII, JOIIYCKAIOIINX IIOHIDKEHIEe IIOpAXKa

Theorem 2.10

2.10 CsoiicTBa penieHII JMHEITHOTO ogHOpoaHOoro 1Y

Theorem 2.11

2.11 Heo6xogmMoe ycIOBUE TMHETHON 3aBUCUMOCTH PellleHNII
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Theorem 2.12

2.12 JIocTaTOuHOE yCJIOBNE JIMHEITHOM 3aBUCIIMOCTH pellleHUN

Theorem 2.13

2.13 O 6a3suce MpoCTpaHCTBA pelIeHNIT

Theorem 2.14

2.14 OO1uzee penreHNe JMHEITHOTO HeomHOpoaHOTO /1Y

Theorem 2.15

2.15 IIpmHIIII CyIIe pIIO3NIIIII

JloxakuTe, uTO eciu ; — peltenune cucremst i = P(t)r + ¢, (t), ¢, — pelenne cucreMsr
7= P(t)r + qy(t), T0 ¢; + 5 — pewrenue cucremsl - = P(t)r 4+ ¢, (t) + g5 (%).

Theorem 2.16

2.16 MeTop Bapuanuy IpOM3BOJIbHBIX IOCTOAHHBIX

Theorem 2.17

2.17 O ®CP psa pa3IMUHBIX BellleCTBEHHbIX KOPHe
XapaKTepUCTINYECKOT'0 MHOTOUJIEHa

Theorem 2.18
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2.18 O ®CP g1 KpaTHBIX BellleCTBEHHBIX KOpPHeEN
XapaKTepUCTIUYEeCKOr0O MHOTOWIEeHA

Theorem 2.19

2.19 JIuneitHoe ogHOpOoAHOE /1Y BTOpOro mopsAagKa ¢ MOCTOTHHBIMIL
K03 purnmenTaMn

Theorem 2.20

2.20 MeTop HeomnpeneaeHHbIX K03 PUINIeHTOB

Theorem 2.21

2.21 MeTop NCKIIOYEeHNA NI pemieHns cucrembl [{Y

MeTOII JICKIIIOUEHVISI aHAJIOTTYEH COOTBETCTBYIOILIEMY anre6pamquKOMy MeETonay.

Eciu 0HO 13 ypaBHEHMII CYCTEMBI II03BOJISIET BHIPA3UTH OIHY 13 HEV3BECTHBIX (PYHKIIMIT
yepes Jpyrue, TO CAeJIAeM ITO ¥ IIOACTABUM JAaHHOE BBIPAXKEHIE B OCTAIbHbIE YpaBHEHNsI. Mbl
moayuuM cucremy us (n — 1)-ro ypaBuenus ¢ (n — 1)-oit HeusBecTHOI QyHKImein. OxHAKO,
IOPSIOK ypaBHEHMIT BodpacreT. [[oBTOpsieM 3Ty IpoLeaypy A0 TeX IIOop, II0Ka He IPIAEM K
OHOMY ypaBHEHUIO N-TO IOPsifKa. PerraeM 10 ypaBHeHMe U Yepes ero pelleHe BhIpakaeM
OCTaJIbHBIE MICKOMBIE (QYHKIIIL.

[IpommIocTpupyeM 9TOT METOJ Ha IIpUMepe CUCTEMBI JBYX ypaBHEHMIL:

dy,

T+ = ay, + by, + f(x)

dy,

(2.36)
az cyy +dy, + g(x).

3necs a, b, ¢, d — mocrostuuble K0apduuumentsr, a f(z) u g(x) — 3aganuble PyHKUMN. Y, () U

Yo (x) — MckoMBbIe PyHKIUN.

BrIpasuM y, 13 IIepBOTro ypaBHEHMS CUCTeMBI Y pasrere (2.36):

n=j (dw = f(w)) | 230

ITomcTaBUM BO BTOpOE YpaBHEHME CUCTeMBI Y pasienie (2.36) BMECTO Y, IPaByIo 4acThb

Vpagsrenue (2.37), molyuaeM ypaBHEHIE BTOPOTO IOPSIAKA OTHOCUTENBHO Y (T ):
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e d
U BY 4 oy + P(z) =0, (2.38)

A
dz? dx

rae A, B, C' - HeKOTOpBIe IIOCTOSIHHBIE.

Peras ypaBHenue Vpaeuenue (2.38), HaxoguM y; = y; (). [logcraBum HaiineHHOE
BBIpaKEHME I Y U % B Ypasuenue (2.37), HAAEM Yy.

Theorem 2.22

2.22 MeTop Jiiepa AJiA pellleHIsA OGHOPOAHBIX JNMHEIMHBIX cucteM [{Y
IPU IPOCTHIX COOCTBEHHBIX UMCIIAX

MatpuuHbIil MeTO MPUMEHNM TOJIBKO IS JIMHETHBIX OTHOPOJHBIX CHCTEM yPaBHEHMII C
IIOCTOSIHHBIMY K03 duiimeHTaMu:

Y1 = a11Y; +a19Ys + ... + a1, Y,
Yy = G91Y; + Goo¥s + ... + G, Y,,

(2.39)
Yn = Cn1¥1 + QoY + 0y Yy
Ifie a;; — HEKOTOpble IIOCTOSHHbBIE KO3 UIMEHTBI.
Cucrema ypaBHeHuit Y pasHenue (2.39) MoKeT ObITh 3aIliCaHa B MATPUYHOM BUJIE:
Y’ =AY, (2.40)
e BBeJIeHbI Cllefyolue 0003HaUeH s
/
Y — i, P e 2. (2.41)
yn Gpp - Gy Z/;L
Marpura-crouberr
Y = dy, 0y, 6:0y, (2.42)

Ha3BIBAETCSA YACTHBIM pellleHreM MAaTPUYHOTO ypaBHeHMd Y pasrenne (2.40) Ha MHTepBaJe

(a,b), eciut ee moxcTaHOBKA B ypaBHEHIE 00palljaeT ero B TOKAECTBO [isl II00bIX T € (a, b).

Cucrema n 4aCTHBIX pelIeHNI YpaBHeHMs Y pasaene (2.40)

1 n
y§ §<x> y% ;<x>
2 n
Yiz)=|% @] . . Y@=|% @ (2.43)
D (z) Y (z)
HasbIBaeTcs PyHIAMEHTAIBHOI Ha nHTepBaie (a, b), ecnu pyukmuu Y] (z), ...... Y ()

JIMHEITHO HE3aBUICUMEI.
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JInHeitHas HE3aBUCUMOCTD pelteHnit Y, (), ...... , Y, (z) ypaBHeHus Vpasuenne (2.40)

9KBIUBAJIEHTHA TOMY, UTO OIIPENETIUTEIID

Y2 (2) y3 ' (z) o Yy (2) + 0Vx € (a,b) (2.44)

bBe3 nokasarenbcTBa.

3amernm, uro BepxHMe UHAEKCHI (1), (2), ......, (n) — 9T0 HOMep YaCTHOTO peleHUs (a He

MIOPSIAOK ITPOM3BOXHOIN).

Ob1ee perreHne MaTpu4Horo auddepeHIMAIBHOrO ypaBHeHNA Y papuene (2.40) ecTb
JIMHelIHasg KoMOMHanms QyHIaMeHTaIbHOI CHCTeMBbI PELLIeH!IT C IIPOVM3BOJIbHBIMI

koadduimenramu Cj, G, ...... C,:
Y(z) =CY(z) + CY,(x) + ...... +C.Y, (). (2.45)

B 006bIuHOI 3am1ICK 3TO [aeT pellleHre CIcTeMbl YpasHeHue (2.39):

yi(z) = Clygl)(x) + Czyﬁz) () + ... + Cnygn) (z)

Y (@) = CyP (@) + CoyD () + ...... + Coy ()

(2.46)

Proof. [Ins Toro, 4To6GBI IPOBEPUTH, UTO Y pasHenie (2.45) ecTh obliee pelieHne, Hy>KHO

yOenThCS B TOM, UTO [UISl JIFOOBIX HAUANBHBIX YCIOBUI Y1 (L), Yo (X)), -vveery Yy (Tg) MOKHO
Havitu 3Hauenus C, G, ...... , C,, Takume, 4TO pelleHne YpasHenue (2.45) 6ygeT uMm
YIOBJIETBOPSITH:

(2.47)

Cucrema Ypasrenue (2.47) — 3T0 HEOTHOPOHAs JIMHEIHasI CUCTeMa aorebpandecKux
ypaBHeHnuit oTHocuTedasHo Cy, Gy, ... , C,,. E€ onpeennTesp OTIMYEH OT HYJIS IIPY JII060M
x (popmyna Vpasuerne (2.44)), mosromMy cucrema YpasHenue (2.47) OGHO3HAUHO

paspelunma npu J6bIX Y (Tg), -..... » Un (Z(), UTO U mOKa3BIBAET TEOPEMY.

B cooTBeTcTBUN C TEOpEMOIL, I pellIeHNA CUCcTeMbl Y pasrene (2.39) HaM TpebyeTcs
HaiiTu GyHOAaMEHTAIbHYIO CUCTeMY pellleHnii ypaBHeHus Y pasienne (2.40). Bymem uckatb

peLIeHNId B CIIEAYIOIIEM BULE:

&
Y(@)=| 2| e, ¢eR (2.48)

€n

IMopcrasum YpaBuenme (2.48) B Ypasuenue (2.40):
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3! &
Poaer = Al i et (2.49)
én €n
Coxpartas Ha e, PUXOINM K anre6panuecKkoMy MaTPUUHOMY ypaBHEHWIO:
3!
AX=XX, t1me X=| :
£, (2.50)

& (A—INX =0.

Mp1 nostyuniu 3aauy 0 COGCTBEHHBIX BEKTOPAX 1 COOCTBEHHBIX 3HAUEHMSAX MAaTPUIBI A.
YcioBue cyIiecTBOBaHMSI HETPMBIAIBHOTO PELIeHN YpaBHeHN Y pasrene (2.50) TakoBo:

det(A— AI) = 0. (2.51)

Kopun \; aToro anre6pandeckoro ypaBHeHMs Nn-0¥i CTEIIEHN — 3TO COOCTBEHHbIe 3HAUCHNS
MaTpuisl A, a HeTpUBHaNbHBIE pellleHNs ypaBHeHus Y pasierine (2.50), COOTBETCTBYIOIIE A =

A; — 9TO COOCTBEHHBIE BEKTOPBI.

ITomcTaHOBKa COOGCTBEHHOTO BEKTOPA I COOCTBEHHOTO 3HaUEHMS B GOpPMYITy
Vpasuenne (2.48) mact HaM pelneHne Y () MaTpuuHOro ypaBHeHus Ypasnenue (2.40) (min
cucreMsl Ypasrenne (2.39)). Takum o6pasoM, JIMHEITHO He3aBUCUMBbIe COOCTBEHHBIE BEKTOPHI

Matpuubl A mamr HaM BeKTop-GyHKUMY 13 QyHIaMEHTAIBHON CUCTEMBI PELLIEHNI.

[t TOr0, YTOOBI MOTYUUTh BCIO GyHIAMEHTAIBHYIO CICTEMY, TPeOyeTcs HAlTH 7
JIMHEVHO HE3aBVICMBIX PEIIeHNIA.

[Ipn paccmoTpernu Teopuu cructeM auddepeHITaTbHbIX YPaBHEHNIT MbI 0003HAUAII
He3aBUCUMYIO IIepeMEeHHYI0 uepes , a QYHKIN Yepes Y, Y, --.... , Yy, JJISL TOTO, UTOOBI
MIPOAEMOHCTPUPOBATH CXOACTBO C TeOpUelt OTHeNbHbIX AuddepeHIIIanbHBIX YpaBHeHMIL. [Ipu
pelleHny 3afau MbI OyIeM MCII0Ib30BaTh MJIT He3aBUCUMOIL ITIepeMeHHOII 6oiree
TPagUIIOHHOE 0603HaUueHNe ¢, a I QyHKUMIT — 0003HAUEHNS X, Y, Z BO U30EKaHUeE
V3JINIITHEVT MHOEeKCaINI.

Theorem 2.23

2.23 MeTop Jiiepa AJId pellleHIsA OGHOPOAHBIX JINMHEIMHBIX cucteM [{Y
IPU KPATHBIX COOCTBEHHBIX UM CIIAX

Ecnn kopeHb A = )\ MMeeT KPaTHOCTD S, TO €My HOJLKHBI COOTBETCTBOBATD S JIMHEIHO
He3aBUCUMBIX perreHnit. OqHol QyHKIMN erot OymeT HeqOCTATOUHO. B aTOM ciryuae miem
pelieHye B BUAE:

Yietot + Yoteto! + ... + Y ts tetot, (2.52)

g onpeneneHns KOOPAMHAT BEKTOPOB Y7, Y, ...... , Y, mopcrapiageM YpasHeHue (2.52) B
JICXOHYIO CHCTEMY YPaBHEHMII ¥ B KaXK/IOM V3 YpaBHEHMII IIPUpPaBHIBaeM K03 PUIIMEeHTHI
IV TMHENHO He3aBUCUMBIX QYHKITUAX.
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Theorem 2.24

2.24 OO1zee peunreHNe JMHEITHON HEOTHOPOXHOI cucTteMbl Y

Theorem 2.25

2.25 CsoiicTBa mpeodpa3zoBanus Jlamraca

1. L(af + Bg) = aLf + BLg - nuneitHoCTS;
Jloka3aTenbCTBO OUEBUIHO B CYUTY IMHETHOCTY MHTETpaa.

2. L(f(at)) = 2F(2), a >0 - reopema mopo6us;

Proof.

3ameHa: s = at = ds = adt.

3. L(e* f(t)) = F(p — a) — TeopeMa CMeILEeHNs;

Proof.

L(eot £(t)) = / " eptent f(1)dt = / " et f(1)dt = F(p—a).
0 0

4. L(f(t—a)) = e *PF(p), a> 0 - Teopema 3ama3nbIBaHMs;
Proof.
L(f(t—a)) = “PUE(t —a)dt =
(e = [ erse-a

3ameHa: s =t —a = ds = dt.
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f(s)=0mpus <0

== /00 e P f(s)ds = e “PF(p).
0

Theorem 2.26

2.26 O muddepeHTUpPOBaAaHNY N300PAIKEHIS

d

L(tf(t) = —%F(p)

Lt f(t)) = <—1)n§7’;F<p>

2 TeopeMmsl

(2.58)

(2.59)

(2.60)

Proof. Tlpopuddepentupyem no napamerpy p Gopmyiy Ypasuenne (2.45) u3 onpegeneHns

npeobpasoBanus Jlarmaca:

Fo) - [ " f(t)ertt,
0

d o ot B
CoOTBETCTBEHHO,
dm " o —ptyn (_1\nT (4n
g Fw) =01 /0 e P f(t)dt = (=1)"L(t" f(t)).

Theorem 2.27

2.27 O pudPepeHIMPOBAaHNN OPUTHHAIA

L(f'(t)) = pF(p) — f(0).

L(f™(t)) = p"F(p) —p™ ' f(0) —p"2f(0) — ... — fF"71)(0).

Proof.
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L(f'(t)) = - "(t)e Pidt ©
t40) / £ (t)e
u=eP  du=—pePdt, v=f(t), dv=f'(t)dt
& f(t)e ™ 2 +p / f(t)ePtdt = — £(0) + pF(p).
0

dopmyna msa £ (t) mokassIBaeTCA MO MHIYKIIIL.

Basa nposepena (n = 1). Ilepexog n — n + 1:
L)) = [ et
0
u=eP, du=—pePdt, v=fM(t), dv= f"D(t)dt

& fW B [ +p [ fO(t)elPdr =

o~
8

= —f"(0) + p(p"F(p) — p™ Y f(0) —p"2f'(0) — ... — f"71(0)) =

= p" I F(p) — p" £(0) —p™ 1 f/(0) — ... — f)(0).

Theorem 2.28

2.28 OO0 MHTErpMpOBaHUN OPUTIHAJIA

L(/ f(T)dT) = ?

Proof. Beemem QyHxkimo XeBucaitga o CIeqyoIeMy IpaBIy:
1, t>0
o) = {0, t<0

Torma:

L</O f(T)dT)ZL/O 00 —7) - f(r)dr | = L0 f) = LO)L(f) =

N ——
=1 mpu 07t

Theorem 2.29
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2.29 IIpeo6pasoBanus Jlamraca mpocreimmx QyHKINIT

[Ipeo6pasoBanue Jlamraca onpemeneHo TOIBKO A QYHKIINIT, 0OPAIIAOIIIXCsI B HOJb
rpu t < 0. IToaTromy BbInMChIBast TabImIy M300paXKeHNIT, OyeM CUMTATh, UTO QYHKIMN-
OpUTMHAIBI 00PAIAIOTCS B HOJIb HA OTPULATEIHHOI ITOJIYOCH.

27



	1 Определения
	1.1 Дифференциальное уравнение
	1.2 Решение дифференциального уравнения, общее решение
	1.3 Задача Коши
	1.4 Уравнение с разделяющимися переменными
	1.5 Однородная функция
	1.6 Однородное ДУ первого порядка
	1.7 Линейное ДУ первого порядка
	1.8 Уравнение Бернулли
	1.9 Уравнение в полных дифференциалах
	1.10 Особое решение ДУ
	1.11 ДУ высшего порядка, задача Коши для него
	1.12 Линейное ДУ n-го порядка. Однородное, неоднородное
	1.13 Линейная независимость функций
	1.14 Определитель Вронского
	1.15 Фундаментальная система решений
	1.16 Характеристический многочлен
	1.17 Система ДУ, решение системы
	1.18 Линейная однородная и неоднородная система ДУ
	1.19 Функция оригинал
	1.20 Преобразование Лапласа

	2 Теоремы
	2.1 О существовании решения ДУ
	2.2 Решение однородного дифференциального уравнения
	2.3 О решении линейного однородного уравнения
	2.4 Метод Лагранжа (вариации произвольной постоянной)
	2.5 Метод Бернулли
	2.6 О полном дифференциале
	2.7 Об интегрирующем множителе
	2.8 О существовании решения ДУ высших порядков
	2.9 Замены для уравнений, допускающих понижение порядка
	2.10 Свойства решений линейного однородного ДУ
	2.11 Необходимое условие линейной зависимости решений
	2.12 Достаточное условие линейной зависимости решений
	2.13 О базисе пространства решений
	2.14 Общее решение линейного неоднородного ДУ
	2.15 Принцип суперпозиции
	2.16 Метод вариации произвольных постоянных
	2.17 О ФСР для различных вещественных корней характеристического многочлена
	2.18 О ФСР для кратных вещественных корней характеристического многочлена
	2.19 Линейное однородное ДУ второго порядка с постоянными коэффициентами
	2.20 Метод неопределенных коэффициентов
	2.21 Метод исключения для решения системы ДУ
	2.22 Метод Эйлера для решения однородных линейных систем ДУ при простых собственных числах
	2.23 Метод Эйлера для решения однородных линейных систем ДУ при кратных собственных числах
	2.24 Общее решение линейной неоднородной системы ДУ
	2.25 Свойства преобразования Лапласа
	2.26 О дифференцировании изображения
	2.27 О дифференцировании оригинала
	2.28 Об интегрировании оригинала
	2.29 Преобразования Лапласа простейших функций


