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1. OCHOBHBIE ITOHATUSA

JAuddepeHualbHBIM YPABHEHHEM MEPBOr0 MOPHAKA HAa3bIBACTCS
ypaBHEHUE, COJEpXkKallee HEU3BECTHYIO (HMCKOMYI0) GYHKIUIO V(X),
HE3aBUCUMYIO TIEPEMEHHYI0O X M TMEPBYI0 MPOU3BOJHYI0 Y WU
muddepeHImansl nepBoro nopsjaka dx u dy.

Ecoun uckomast QpyHkuus sBiasiercs (QyHKUIUEH OAHOW HE3aBHCUMOM
nepeMeHHo, To  auddepeHImaibHOe — ypaBHEHHWE  Ha3bIBAETCs
O0ObIKHOBEHHBbIM. ECIM HE3aBUCUMBIX TEPEMEHHBIX HECKOJIBKO, TO
muddepeHimaibHoe YpaBHEHUE HA3bIBACTCS YPABHEHMEM B YaCTHBIX
npou3BoaHbIX. Ilopsiakom nuddepeHnanbHOr0 ypaBHEHUsS] HA3bIBACTCS
MOPSAOK HAWBBICIIEN IPOU3BOJIHOM, BXOJSAIIEH B YPDABHEHUE.

OObIkHOBeHHOE IU(P(EepEeHINATBHOE YPaBHEHUE MEPBOrO IMOpsIKa

CHMBOJIMYECKH MOYKHO 3aIMCaTh B 00IIEM BUJIE CJICIYIOIIUM 00pPa3oM:

F(x,,5')=0 wm F(xo%d—yj =0.
dx
HuddepenimanbHoe ypaBHEHHE NEPBOrO MOPsAJIKA, pa3pelIEHHOE
OTHOCHUTEJIBHO IEPBOX MPOU3BOAHOM, UMEET BULL:
y’ = f(x’ y) .
[Ipomiecc HaxoxJeHUs peueHus Iu@PhepeHInaTIbHOIO0 YpaBHEHUS
ABJISIETCS. HHTETPUPOBAHUE.
PemienneM uddepeHInanbHOTO0 ypaBHEHUSI HA3bIBACTCA BCSKas
¢yHKIMSA, KOTOpas oOpaimaer ero B ToxzaecTBO. JuddepeninmanbHoe
ypaBHEHUE MEPBOTO MOPsSJIKA UMEET OECUMCICHHOE MHOKECTBO PEUICHUN,

KOTOpPbIE MOXHO TPEJICTaBUTh B BHUIC (QYHKIUU Y =g0(x, C). Ota

COBOKYITHOCTb PEIICHUI HA3bIBACTCS OOLIAM PelIeHHEeM.
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OyHKIMS, TMOTyYaroIascs W3 OOIIero pemieHus Mpu KOHKPETHOM
3HAYCHUU TOCTOSHHOM C, Ha3bIBaeTCS YACTHBIM pemieHueM. YacTtHoe
pelieHne HaxOAWTCAd TP TIOMOIIM 3aJaHUs HayajdbHBIX YCJIOBHM:
V(x=x9)=Yy, TI€ X(, Yg— KOHKPETHBIC YHCJIA.

3ajadya  OTBICKAHMS YAaCTHOTO PEHICHUS muddepeHImaILHOTO
ypaBHEHHUS, YIOBJICTBOPSIOMIETO HA4YaJbHOMY YCIOBHUIO, Ha3bIBACTCS
3agavyed Kommu. IIpaktmueckm 3amauy Komm pemaror cienyrommm
00pa3oM: HaXoAT O0IIee PelIeHHE, 3aTEM B HETO MOCTaBISAIOT HaYaIbHbIE
YCIIOBHS, OMPEICIAIOT KOHKPETHOE 3HAYCHHE MPOM3BOJIBHOM IMOCTOSHHOU

C 1 TOJCTaBJISIIOT €r0 B 00IlI€e PEIlICHUE.

2. OCHOBHBIE THUIIBI JUPPEPEHIINAJIBHBIX
YPABHEHHMM ITEPBOT'O MOPSIIKA
2.1. [uddepeHuuaibHoe yYpaBHeEHHE C  pa3aejieHHbIMH
nepeMeHHbIMU
HuddepenimansHoe ypaBHEHUE TEPBOTO MOPSIKA C Pa3AeICHHBIMU
NEPEMEHHBIMU UMEET BUJL:
M (x)dx+ N(y)dy =0, (2.1.1)
rne M(x) u N(y) — HEKoTopble (PYHKUMHU OT X M ) COOTBETCTBEHHO.

HNurerpupys ypaBaenue (2.1.1), monyuum ob11ee pelieHue:
[ NGy == M (x)x,

y=o(x,C)
Ilpumep 1. Haiitu yactHOe pemnenne ypaBHeHus Xdx+ ydy =0 mpu
3aJaHHOM HadaJIbHOM yciioBuu y(x=0)=1.

Pemenue. lnTerpupys, noinyvyaeM cHaudaja oOliiee penieHue:
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I ydy =— I xdXx, (2.1.2)

L = WIn y2 :—x2 +C. (213)

Oo011iee penieHre MOXHO MPEJCTABUT B BUJIE:
x> +y*=C. (2.1.4)
O6miee pemenue (2.1.4) — 3To0 ypaBHEHUE OKPY>KHOCTEH € IIEHTPOM B
Havale KOOPAHHAT U pagrycamu R =+/C.
Havinem w4actHoe pemrenue. [l 3TOro I1oJCTaBUM — CHayaja
HayaJbHbIC YCI0BUs B obuiee peuienue (2.1.4) u onpenenum C:
0°+1°=C, C=1.
Torma yactHOE pelnieHne UMeeT BUJL:
x>+ =1. (2.1.5)
YactHoe pemienue (2.1.5) — 3To ypaBHEHUE OKPYKHOCTH € LIEHTPOM B

Hayajie KOOpAUHAT U paguycoM R =1.

2.2. IlnppepenninaibHoe ypaBHEHUE ¢ Pa3AeIsIIOIIMMHUCS
nepeMeHHbIMU
2.2.1. [uddepeHunanbHoe YpaBHEHHE C Pa3aeSIOMIUMHUCH

MNEPEMCHHBIMHUA BH/IA:

. M(x)
Y =N (2.2.1)
wm V' = M)
M(x)-

[IpencraBum cHavana ypaBHenue (2.2.1) B Buje:

dy  M(x)
dx N(y)

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Pazgensisi nepeMeHHbIE U UHTETPUPYS, MTOTYYUM O0IIIEe PEIICHUE:
[Ny = [ M (x)ax,

y= go(x, C).
. Y
IIpumep 2. HaiiTu oO1ee penieHue ypaBHeHust V = o

Pemenue. IIpeacraBum nCXoqHoe YpaBHEHUE B BUJIE:

dy _y

dx x

Pazpgensisi nepeMeHHbIE U UHTETPUPYS, MOIYYUM O0IIEe PEIICHHE:
[
y X

wﬂzmM+mc—

y=Cx.
2.2.2. [IuddepeHunanbHOe YpaBHEHHE C Pa3aeSIIOIUMMCH
nepeMeHHbIMU BH/IA:
M, (x)N,(y)dx+ M,(x)N,(y)dy =0. (2.2.2)
[IpencraBumM cHavasna ypaBHeHue (2.2.2) B BUE:
M, (x)N,(y)dy =—-M,(x)N,(x)dx.
Pazpensisi nepeMeHHbIE U UHTETPUPYS, MOTYYUM O0IIEe PEIICHHE:

2()’) M(x)
J-N(J/) J-M( )

y=0(x,C)

IIpumep 3. Haiiti yacTHOE peieHue ypaBHeHHs ydx+xdy =0mnpu

7

3a/IaHHBIX HaYaJIbHBIX yCIOBUAX y(x=1)=1.

Pemenue. [IpeoOpazyem ncxoaHoe ypaBHEHUE K BUTY:
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xdy = —ydx.
Paznensis nepeMeHHbIE U HUHTETPUPYs, TOJTYyYUM O0IIee pelleHHE:

dy _ rdx
g

mM:—mM+mC:m
X

C
y=—.
X

Havinem w4actHoe pemrenue. [l 3TOro I1oJCTaBUM — CHayaja

HayaJbHbIE YCIOBUSA B o011ee peiieHue u onpeaenum C:

Toma YaCTHOC PCIICHUC ITPH 3a/IaHHbIX HAYAJIbHBIX YCIIOBUAX UMCCT BHU:

1
y=-.
X

2.3. OnHopoanoe nuddepeHuaIbLHOE YPABHEHHE NIEPBOT0 MOPSAKA

2.3.1. OgHopoanoe nuddepeHuuaIbLHOE YPABHEHNE BH/A:

y'=flx) (2.3.1)
HuddepennmanbHoe ypaBHeHue (2.3.1) Ha3bIBaeTCs OXHOPOAHBIM,
ecru  QyHKOuA f(x,y) SBIASETCS OAHOPOJHOM (DYHKIUEH HYJIEBOTO
U3MEPEHUSI.
OyHKIUA f(x,y) Ha3bIBaeTCs OAHOPOAHOM (yHKIMEH HYJIeBOro
U3MepeHNsl, €CJIA BITIOJIHAETCS TOXK/IECTBO:

J0x,2y)= f(x.3),

rae A — KOHCTaHTa.

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)



http://www.novapdf.com

Hns  pemienuss  ogHopoaHoro AuddepeHIranbsHOr0  ypaBHEHUS

IMPUMCHAIOT IIOJACTAHOBKY:

u==; y=xu; y =ux+u, (2.3.2)
X

rie u — ¢yHkiua ot x. IloactaBuB cooTHouieHus (2.3.2) B HCXOJHOE
ypaBHeHue (2.3.1), moayduM = ypaBHEHHE C  pa3JeisarOlIMUCS
EPEMEHHBIMU:
ux+u= f(u). (2.3.3)
Paznensisi nepeMeHHbIE U UHTETPUPYS, TTOTYYHUM OOIIEee PEIlICHUE.

IIpumep 4. Haiitu ob1iee pernieHrue ypaBHEHUS:

(2.3.4)

Pemenune. YpaBHenue (2.3.4) sBiseTcs OJHOPOJAHBIM, TaK Kak

y—x

dynkmus S (x, )= ABJISIETCS OAHOPOAHOW (PYHKUIMEN HYJIEBOIO

U3MEpPECHUS:

A y-x

Fxa iy =22 . = Fn);

X

[IpencraBum ucxoanoe ypasHenue (2.3.4) B Buje:

y’:Z—l.
X

CnenaB  moxactaHoBky  (2.3.2), m0OodyduM  ypaBHEHHE  C
pa3eIONUMUCS TePEMEHHBIMU:
ux+u=u-1.

Pazgensiem nepeMeHHbIE U UHTETPUPYEM:
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dx
Iduz— ;?

u= —ln‘x‘ +InC=In

X

CnenaB 00paTHYIO 3aMEHY, ITOJIy4YUM 00Ilee pellICHUE:

C

Z:ln

X

X

wm YV =xIn

2.3.2. OgHopoanoe nuddepeHuuaIbLHOE YPAaBHEHNE BH/IA:
P(x,y)dx+ Q(x, y)dy =0. (2.3.5)

HudbdepenmansHoe ypaBHeHue (2.3.5) Has3bIBaeTCsd OJHOPOIHBIM, €CIIU
dynkuuu P(x,y) u Q(x,y) ABIAAIOTCS OAHOPOJAHBIMU (PYHKUIHUSIMU OJHOTO 7-
r'O U3MEPEHUHI.

OyHkIua  f(x,y) Ha3bIBaeTCs OJAHOPOAHON (QyHKUUeHd n-r10
U3MepeHMsl, €CIIM BBITIOJHAETCS TOXIECTBO:

JOx.2y)= Af(x.),

rae A — KOHCTaHTa.

Jlns pemenust ogHopoaHoro auddepeHiuanbHoro ypapaenus (2.3.5)

IMPUMCHAIOT IIOJACTAHOBKY:

u==; y=xu; dy=xdu+udx. (2.3.6)
X

IToncraBuB cootHouieHus: (2.3.6) B ucxoaHoe ypaBHeHue (2.3.5),

MOJIYYUM ypaBHEHHUE C Pa3JICISIONIUMUCS TEPEMEHHBIMMU:
P(x,ux)dx + Q(x, ux)(xdu +udx) =0. (2.3.7)

Pazgensisi nepeMeHHbIE U UHTETPUPYS, MOJTYyYHUM OOIIEE pEIICHHE.
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IIpumep 5. Haiitu oO1iiee penieHue ypaBHEHUs
(x> + y*)dx—2x°dy =0. (2.3.8)
Pemenune. YpaBHenue (2.3.8) sBiseTCS OJHOPOIAHBIM, TaK Kak

byakmun  P(x,y)=x"+y" u O(x,y)=-2x" sBusioTcs OJHOPOAHBIMH

(YHKIMSMA BTOPOTO U3MEPECHUSL:
P(Ax,2y) = (Ax)" + (&) =X (x* +y*) = L P(x, ) ;
O(Ax, Ap) = =2(Ax)" = X' (-2x°) = X' O(x, ).

CnenaeM  moacTaHOBKY  (2.3.6), MOAy4yuM  YpaBHEHUE  C

Pa3ICISIOIIMMUCS TIEPEMEHHBIMMU:
(x* + x*u*)dx —2x* (xdu +udx) = 0.
COKpaTHM ypaBHEHHE Ha X H [IPeodpasyeM:
(1+u*)dx —2(xdu +udx) = 0;
(1= 2u+u’)dx—2xdu=0;
(u—1)*dx—2xdu =0;
2xdu = (u—1)"dx.

Pazaensiem nepemMeHHbIe 1 HHTETPUPYEM:

w-17> 29 x

b

P

1

u_

=lmM+mc
12

IToacraBuMm y/x BMECTO u U MipeoOpazyem o0Iiiee pelieHue:

2x = ln‘Cx‘ .
-y

10
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2.4. JIuneitnoe nuddpepeHINATIbLHOE YPABHEHHE NIEPBOT0 MOPSAKA

JIuneitHoe auddepeHnranbHOe ypaBHEHUE MEPBOTO MOPsSJIKAa WMEET
BU/I:

Y+ P(x)y =0(x), (2.4.1)
rae gyHkums ((x) Ha3bIBA€TCS NMPaBOMl YacThIO JIMHEWMHOTO YpaBHEHUS.
Hckomass QyHKIMS y UM €€ MPOU3BOJHAs BXOAST B YpaBHEHHE B BHUJIE
JIMHEMHOW KOMOUWHAITNH.

Ecnmu mnpaBas yacte Q(x)=0, To ypaBHeHue (2.4.1) Ha3bIBaeTcs
JIMHEHHBbIM OAHOPOAHBLIM WJIM JIMHEHHBLIM YpPaBHeHHEeM 0e3 NpaBou
YACTH:

y'+P(x)y=0. (2.4.2)

VYpaBHenue (2.4.2) pemaercst myTeM pa3ieieHs] IEPEMEHHbIX.

Ecnmu mpaBas yacte Q(x)#0, To ypaBHeHue (2.4.1) Ha3bIBaeTcs
JIMHEHBIM HEOJHOPOJAHBIM WJIM JIMHEHHBIM YpaBHEHHEM C NPaBoH
yacThlo. /{7 pemieHuss ypaBHEHHMsSI 3TOTO THUIA CYIIECTBYET HECKOJIBKO
crioco6oB: Meron bepuymim, wMeton Jlarpanmka (MeTon Bapualuu

ITPOU3BOJIBHBIX HOCTOHHHBIX) H ap.

2.4.1. Metoa bepnyJim
Jlns  pelieHuss JIUHEWHOTO HEOJHOPOJHOro auddepeHaibHOro
yYpaBHEHUS MPUMEHSIOT MOJICTAHOBKY:
y=uv; y'=uv+vy, (2.4.3)
re u U v — QyHKIHH OT X.
IToncraBum cooTHonienus (2.4.3) B ucxogHoe ypaBuenue (2.4.1):

u'v+vu+ P(x)uv=Q(x).

11
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BrineceM u 3a CKOOKY:

u'v+u[v'+ P(x)v]=Q0(x). (2.4.4)
BripaxkeHue B CKOOKE pUpaBHIEM K HYJIIO:

v+ P(x)v=0. (2.4.5)
CootHomienne  (2.4.5)  saBisieTcss  JUHEWHBIM  OJHOPOJHBIM

muddepeHInaIbHbIM YPaBHEHUEM, KOTOPOE PEIIAeTCs MyTeM pa3AesICHUs

MIEPEMEHHBIX
dv
——__p ,
o (x)v
L] Pos,
N
Inp=p(x), v=e"™ (mpunnmaem C=0). (2.4.6)
IToncraBum (2.4.6) B (2.4.4):
u'e”™ = Q(x). (2.4.7)

CootHomienue (2.4.7) sBaserca auddepeHnanbHbIM ypaBHEHHEM C
pa3IeNAIOIIMMUCI TIEPEMEHHBIMU. Pa3niensis nmepeMeHHble U UHTErpupys,
HaxXO0JUM (PYHKIIMIO U:

u=y(x)+C.
B utore o01iee pelieHre uMeeT BU/IL;
y=uv=(y(x)+C)p(x).

IIpumep 6. HaiiTu o61iee pernieHre ypaBHEHUS:

y—lzx

X

Pemenue. CaenaB nojicTaHOBKY (2.4.3), Moaydum:

, . uv
uv+vu——=x;
X

12
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, ,uy
Uv+|vu——-\|.=ux;
X

! !
uv+ul v ——|=x.
X (2.4.8)

KBagpaTHyto CKOOKy TMpuUpaBHSIEM K HYIO W pPEUIUM I[OJIYyYEHHOE

YpaBHEHUE C Pa3ACISIIOIIUMUCS IEPEMEHHBIMU:

’ .
Vi=—;

X

Pa3pgensiem nepeMeHHbIE U UHTETPUPYEM:

dv _ dx

vy
Honygaem: In)y|=Injx| wmm v=x. Oysxrmio  v=x  TOACTaBIsEM B
cooTHoIeHue (2.4.8):

u'x = x.

Coxkpariaem Ha x, pa3ieisieM epeMEHHbIC U HHTETPUPYEM:
u'=1 u=x+C.
Haxoaum oOr1iiee perieHue y:
y=uv=(x+C)x.
Ipumep 7. HaiiTu ob1iee perieHre ypaBHEHUS:
V' +2xy= 25l
Pemenue. CrenaB nojicTaHOBKY (2.4.3), Moaydum:
u'v v+ 2xuy=2x% ",
u'v+ [V + 2xuv]=2x%

u'v+uly +2xv]=2x% . (2.4.9)

13
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KBampaTHyto CKOOKY MpHpaBHSEM K HYJI0 H pEHIAM IIOJy4eHHOE
YpaBHEHHE C Pa3IeIAIOIIMMHUCS [TePEMEHHBIMH:

Vi =-2xv;
PazzernsieM mepeMeHHBIC i HHTETPHPYEM:

ﬂ = —2_[ xdx.

v

ITomyyaewm:

2

b _
ln‘v‘z—x wim v=e " .

2
OyHKIUIO V=€ = moxacTaBisgeM B cooTHomenue (2.4.9):
2 7 2
u'e™ =2x‘e".

2

CokpamiaeM Ha € | pa3jieiseM IIEPEMEHHBIE U UHTETPUPYEM:
2
u'=2x°,
jdu = 2jx2dx,

uzgx3+C.
3

Haxoaum oOr1iiee perieHue y:
2 >
y=uv= (gx3 +C)e ™.
Ipumep 8. HaiiTu ob1iee pernieHre ypaBHEHUS:

y’—lzxcosx.
X

Pemenue. CaenaB nojictaHoBKY (2.4.3), moaydum:
, , uv
UV+vu——=xC0Sx;
X

14
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, ,uy
Uv+|vu—— |=xcosx;
X

!/ ! V
uv+ulv —— |=XxXCO0SX.
. (2.4.10)

KBagpaTHyto CKOOKy TMpuUpaBHSIEM K HYIO W pPEUIUM I[OJIYyYEHHOE

YpaBHEHUE C Pa3ACISIIOIIUMUCS IEPEMEHHBIMU:

’ .
Vi=—;

X

Pa3pgensiem nepeMeHHbIE U UHTETPUPYEM:

dv_rdx
14 B X .
osnyqaem: Iny| = In|x| mmm v =x.

DOYHKIMIO V=X MOJICTaBJisieM B cooTHoIeHue (2.4.10):
u'x = X Cos X.
Cokpaiiaem Ha x, pa3jielisieM IIepeMEHHbBIE U HHTETPUPYEM:

u' =cosx;
jduzjcosxdx.
u=sinx+C .

Haxoaum o0r1iiee perieHue y:

y=uv=_(sinx+C )x.

2.4.2. MeToa Bapuauuy NPpOU3BOJIbHBIX MOCTOSHHBIX
(MmeTon Jlarpan:xa)
[IpupaBHsieM mpaByr0 4acThb MCXOAHOro ypaBHeHus (2.4.1) k HyItO,

T.€. COCTaBHM COOTBETCTBYIOIIEE THHCHHOE OJHOPOTHOC YPaBHEHHUE:

15
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y'+P(x)y=0. (2.4.11)

OOmiee pelieHWEe STOTO ypaBHEHUA HAMAEM IyTeM pa3lieleHUs

IIEPEMEHHBIX
dy
“Z__p ,
e (x)y
j Y __ j P(x)dx,
y
y=0(x,C) (2.4.12)

ITycte moctosinHas C=C(x) — Hekotopas (yHKuus ot x. Torma oOriee
peuienue (2.4.12) Oyner uMeTh BU/L:

¥ =o(x,C(x)). (2.4.13)
s nHaxoxnaenus: dynkiuu C(x) HY>XHO noAcTaBuTh (2.4.13) B uUCXOHOE

ypaBHeHue (2.4.1).

Ipumep 9. Haiitu o61iee pernieHre ypaBHEHUS:

y—lzx

X

Pemenue. [IpupaBHsieM npaByro 4acTh ypaBHEHHUS K HYJIIO:

y—lza
X

Penum IMMOJIYYCHHOC YPAaBHCHHUC C PA3AC/IAIOIIUMUCS IICPCMCHHBIMU

y=""
X

Pazpgensiem nepeMeHHbIE U UHTETPUPYEM:

dy _dx
S

16
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ITomyyaewm:
Iny| =In|x| +InC umu y = Cx.
ITycth noctosinHas C=C(x) — HeKoTOpas pyHKuus oT x. Torma:
y=C(x)-x. (2.4.14)
Harinem npousBoiHy1O:
V' =(C(x)x)=C(x)x+C(x)-x'=C"(x)-x+C(x). (2.4.15)
IToncraBum (2.4.14) u (2.4.15) B ucxogHOE ypaBHEHHUE:

C'(x)-x+ Clay— S
X

C'(x)=1, [dC(x)=]dx,

C(x)=x+C. (2.4.16)
IToncraBum (2.4.16) B oO1iee pemienue (2.4.14):
y=C(x)-x=(x+0O)x.
2.5. YpaBuenue bepuyJuiu
YpaBHenue bepHymim — 310 nudpepeHnnaibHOe ypaBHEHHUE TIEPBOTO

nopsijika, UMEIoIee BU:

Y+ P(x)y=0(x)y", (2.5.1)
rae n#0, n#l. g pemeHuss ypaBHEHHs STOrO0 THIIA CYHIECTBYET
HECKOJIBKO CIOCc000B: MeToa bepHysim, MeToq Bapualuu MpOU3BOJIBHBIX
NOCTOSIHHBIX (MeTon Jlarpanka), MeToA MPUBEACHUS K JMHEHHOMY BUAY U

1p.

Ipumep 10. HaiiTu ob1iiiee pelieHue ypaBHEHU:

y’+§ ="
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Pemenue. IlepBriii cnoco0 pemenus MeronoM bepuymaun. Chenas

MOACTAaHOBKY (2.4.3), OJIy4uM:

uy 2 2
uv+vu+—=-uv’;
X
uy 2 5
u'v+|Vu+— |=—uv;
X
v
' ' 2.2
u'vrulV+—|=—uv". 759
. (2.5.2)

KBagpaTHyto CKOOKy MpupaBHSIEM K HYIO W pPEUIUM IOJIYyYEHHOE

YpaBHEHUE C Pa3ACISIIOIIUMUCS IEPEMEHHBIMU:

Pazpgensiem nepeMeHHbIE U UHTETPUPYEM:

dv__rdv

1% X

ITomyyaewm:

1
lnM = —ln‘x‘ wm V=—-
X

1
OynkIuwo V= , TIONICTaBIIAEM B COOTHOIIEHHE (2.5.2):
’ 2 1
u—=-u —.
X X

Coxkpaniaem Ha X, pa3JensieM IEPEMEHHbIE U HUHTETPUPYEM:

du 5 1
—_— =Y —,
dx X
pdu_pds
u’ X
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1 1
- = ln‘x‘ +InC = ln‘Cx, u= ln‘Cx"

Haxoaum o0r1iiee perieHue y:

BTtopoii crioco6 pemienus Mmeroaom Jlarpanska. IlpupaBHsieM npaByro 4acTh

YPaBHEHUS K HYJIIO:
V' + Yoo,
X
Pelmm MotydeHHOe YpaBHEHHE C Pa3IeISIOMIUMUCS [IEPEMEHHBIMHU:

y=—=
X

Pazpgensiem nepeMeHHbIE U UHTETPUPYEM:

dy__ @
[y

ITomyyaewm:

ln‘y‘:—ln‘x‘+lnC 158705 y:;-

ITycth noctosinHas C=C(x) — HeKoTOpas PpyHKuus oT x. Torma:

C
Y= iX)- (2.5.3)
Harinem npousBoiHytO:
(COY (e ) o CE)C)
y —( . j —(C(x) X ) C'(x)-x" —C(x)-x . s (2.5.4)

IToacraBum (2.5.3) u (2.5.4) B UICXO/IHOE YpaBHEHUE:
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Cx_C_ ) 1__Cw

X X2 X X X2

Cz(x) dC(x) __Cz(x)
’ dx x

¥ dC  dx

C'(x)=—

Cl(x) Y x

9

= ln‘x‘ +InC,
C(x)
1

C(x)= .
(x) ln‘Cx‘

(2.5.5)

IToacraBum (2.5.5) B oO1iee pemierue (2.5.3):

_Cx) 1
x _xln‘Cx"

y

2.5.1. MeToa npuBeeHUs K JIUHEHHOMY BUAY
VYpaBuenune bepuymiu (2.5.1) MOXXHO npeoOpa3oBaTh K JUHEHHOMY

Buay (2.4.1). JIis 5TOro Hy»KHO CHadaja pa3/euTh 00€ YacTH ypaBHECHUS
(2.5.1)Ha y":
y’in +P(x)y- L = 0(x),
Y Y
Yy "+ P(x)yT" = 0(x). (2.5.6)
CnenaeM noJCTaHOBKY:

y' =z, (2.5.7)

r7e z — HeKoTopas pyHKuus ot x. HalieM ee mpon3BOIHYIO:

2= ==y Ty =(1-n)y™"y

Y BBIPA3uM
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yy = , (2.5.8)

IToncraBuB (2.5.7) u (2.5.8) B coorHouieHue (2.5.6), moixydyum

JWHEHHOE HEOAHOPOTHOE YPaBHCHHUE:

4

IL+ P(x)z = 0(x) w2 +(1-n)P(x)z =(1-n)0(x).

ITomyyeHHOE ypaBHEHHME 3aTE€M MOXHO PELUIUTh METOAOM bepHymnu
v Jlarpanxa.
Hpumep 11. [IpuBecTu Kk TMHEHHOMY BHY YpPaBHEHUE bEepHYIIM U HAUTH

ero oo1iee pelieHue:

y’+§ ="

2.
Pemenue. Pazienum o0€ 4acTu ypaBHEHHS HA V'~ :

1y
V—at—5=-1
y Xy
_ 1. =2 _l -1 _1
Yy o y =1L (2.5.9)
CnenaeM NoJACTaHOBKY:
y =z, (2.5.10)
HANJEM ITPOU3BOJHYIO:
=" ==y7y. (2.5.11)

IToacraBuB (2.5.10) u (2.5.11) B cootHouienue (2.5.9), noaydum
JUHEWHOE HeOTHOPOIHOE YpaBHEHHE:
P

X
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Pemum ypaBaenue merogom bepuymiu. Caenaem noacTaHOBKY:
z=uv, z=uv+vu;

uy
uv+vu——=1;
X

u'v+u v’—Z =1
~1=t (2.5.12)

KBagpaTHyto CKOOKy TMpuUpaBHSIEM K HYIO W PEUIUM I[OJIYyYEHHOE

ypaBHEHUE C Pa3ACIISIIOIIUMUCS IEPEMEHHBIMU:

4

vV =—;
X
Paznensiem nepeMeHHbIE U HUHTETPUPYEM:

dv_rd
1% X-

Monygaem: In)y|=In|x| wm v=x. OyEKkIMI0O V=X TOACTaBIAEM B
cooTHoieHue (2.5.12):
!
ux=1.

PasnernseM mepeMeHHbIE U HHTETPUPYEM:
du 1 dx
—=— j du=|—
dx x X

U= ln‘x‘ +InC = ln‘Cx‘.
Haxoaum o01iee perieHue z:
Z=uv= xln‘Cx‘.

CnenaB 00paTHYIO MOJICTAHOBKY, HAXOJUM UCKOMOE 00IIee peIIeHUE:

1 1

YT G
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KOHTPOJIBHBIE BOITPOCHI

Jaiite onpenenenue quQQepeHINaNIbLHOI0 YpaBHEHHS EPBOTO TOPSIKA.

JlaiiTe ompeneneHus OOMEr0 M YAacTHOTO pemieHUs AudPepeHIHanTbHOro

YpaBHEHHS EPBOTO TOPSIKA.

Kak Ha3bIBaeTcs 3a/1a4a HAXOKCHHS YaCTHOTO PeleHus?

Kak MOKHO HaliTH 4aCTHOE PELIEHUE U3 OOIIEro?

[epeuncaute TvObl AudepeHIHManbHBIX yPaBHEHHI IEPBOTO IOPSIKA.

KakuM meTtonoM permarorcs auddepeHnyanbHple ypaBHEHUS ¢ Pa3ieleHHbIMU U

pasaeIAIOMUMUCS IEPEMEHHBIMU?

7. KakuM METOIOM pelaeTcs ogHopoaHoe AU PepeHIINaIbHOE YPABHEHUE TIEPBOTO
nopsiaka?

8. Kakum MeTomoM pemiaeTcs IHMHEHHOe OJHOPoAHOE au((epeHIUATBHOE
ypaBHEHHE IEPBOTO MopsiaKa?

9. Kakumu MeTogaMM pelIaeTcs JIMHEHHOE HEOMHOPOAHOE MU PEePEHINATBLHOE
ypaBHEHHE IEPBOTO MopsaKa?

10.Kakumu MeTonamu pemaercs ypapHenue beprymmm?

N =

SN
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FOnus bopucosna Eroposa
Hropr Muxainosny MamoHOB

OBbIKHOBEHHBLIE IN®DOEPEHIIMAJIBHBIE YPABHEHM A
I[TEPBOI'O ITOPAAKA
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