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Teopema Kommu ajsa ypaBHeHuit 1-ro mopsaka

Ha mpakTuke gocTaTodHO 9acTo TpedyeTcsi HAXOAUTh He oDIlee perre-
HUE ypaBHEHUS

y' = flz,y), (1)

a JINIIb HEKOTOPOE €ro JaCTHOE PeIlleHne, YIOBIETBOPSIoIee KOHKPETHBIM
YCJIOBUSIM.

Ecnn ypaBHeHne He MHTErpuUpyeTcss B KBaJpaTypaxX, TO JIJjisi PEIIeHUsI
IIOJIO0HBIX 33129 MOXKHO IPUMEHSThH CIIeIIaJIbHBIE METOIbI, He TPeOyIoIe
HaXO0XKJIEHUSI OOIIEero PeIeHus.

Hanpumep, meTomnbl wucaeHHol annpoxcumMayuy, TaCTHBIX PelIeHnit
MOKHO HCIOJIb30BaTh JIjIsl pellleHus: 3ajdaqu Koru, ecsim B Heil mpuMeHN-
Ma Teopema Kormu. [lockosbKy Torma Mbl TOYHO 3HAEM, UTO Ta (DYHKIIUSI,
KOTOPYIO MBI HIIEM, CYIIECTBYeT U €INHCTBEHHA.

Bo3MozkHBI Tak»Ke ciaydan, Koraa perreHue 3agadn Komum cywecmaey-
em, MO He eduHCMBEHH0, ITO WHOTJIA II03BOJISET pelaTh 3ajadu OoJjiee
CJIOKHBIE, YeM 3a7a4a Komu.
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HaHHBI (paKT WILTIOCTPUPYET

3azauda Hnsa ypasaenus y' = 3/1y?

1. pernTh:
a) 3agaay Kommu ¢ ycmoBuem y(1) =1,
6) 3ajaay Komu ¢ yciosuem y(0) =0,

C) KPaeByIO 3a/[a9y C yCJIOBUSIMU

y(=3)=-1 =m y(1)=1.

yA

Puc. 1. aTerpaibabie KpuBble JJid ypaBHeHUSA B 3aja4e 1.

2
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Pemenwue.

Haiinem BHawaJie obIlee peleHne JaHHOIO ypaBHeHUd. Jler-
KO BUJIETh, 9TO Y(x) = 0 ecTh ero 4acTHoe peIleHue.

Ecim xe y(x) # 0, To, paszzeiisis nepeMeHHbIe, OJTyTaeM
dy

33/y2

ITO JIA€T Yy=xz+C U y=(z+ C)3.

dx ,

[Tosromy perenne 3agaan Kommm (1.2.3a) ects dyHKINS

_ .3
y_:l’,)

enuacTBeHHas pu T € (1 — Ay, 14+ A).

Baecr 0 < A7 < 1m0 < Ay < 400, IOCKOJBKY IIpH
A1 > 1 eIMHCTBEHHOCTDL HAPYIIACTCA U, CJICIOBATE/ILHO, UH-
repBas (0, +00) sBISETCS MAKCUMAJIBLHO MIMPOKUM MHOZKE-

CTBOM 00H03Ha%HOTU NPodosdcumocmu perenns 3agaan Ko-
mw (1.2.3a).
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Pemenne
IIOJIY4YEeHO .

Pemrenne 3amgaan Kommu (1.2.3b) me equacrBernOoe. MHOXKE-
cTBO rpacukoB perreHunit 3amaqaun Ko B 3ToM ciiydae co-
CTOUT M3 IVIQJKUX MHTErPAJIBHBIX KPUBBIX, COCTABJIECHHDBIX
U3 <IIOAXOIAINNX KYCKOB» KOHKDPETHBIX YACTHBIX PeEIleHuit
ypasuenus (1.2.3), npu ycoBuu, 910 XOTs OB OJINH U3 TUX
KYCKOB TrpoxouT depe3 Touky (0;0).

Haxomner, nmposepbTe CaMOCTOATEILHO, YTO PelIeHueM Kpae-
Boit 3aaun (1.2.3c) Oyzer HenpepbiBHO juddepeHIupyeMoe
YaCTHOE PelIeHne BUIA,

(r+2)> 1upu z€ (—00,—-2),
y(z) = 0 mpmze[-20],

>  mpu x € (0,+00),

rpaduK KOTOPOTo Ha puc. 1 moKa3aH KPacHBIM IIBETOM.



I[ITHNY cemunapst Jlugg. ypaBH. Yuuos A.E. Tema02 2023/24y4.r. 5)

Takum obpazomMm, obIree pellleHre ypaBHEHNs B 3ajJade 1 eCTb COBOKYII-
HOCTb:
— qacrHoro perenns y(z) = 0,

— cemeiictpa Gynkmmit y = (z + C)3, VO € R n

— BCEBO3MOXKHBIX HEIIPEPBIBHO JuddepeHIupyeMbIx dyHruyul,
COCTaBJIEHHBIX U3 MOJIXO/SIUX (hparMenToB GyHKuuit y(xr) =

Ouy=(x+C)3.

Hanpumep, MHTErpaJibHON KPHUBOil Oyier JIMHUsI, TPOXOJSINasi depe3
toukn A — (0;0) — —(1;0) — K, a yiuausa B — (0;0) — —(2;0) — K unre-
IpaJIbHON KPUBOIl He SIBJISIETCsI, TIOCKOJIbKY OHA He eCThb rpaduk (pyHKImn
(HeT OJIHO3HAYHOCTHU B 3aBUCUMOCTH Y OT ).

Haxkoner orMmeTuM, 9To B 3a1a9¢ 1 MHOXKECTBO () — 9TO0 BCsI KOODIMHAT-
Hasl TIJIOCKOCTD, B JII000I Touke KOTOPOoil pyHKIwms ¢(y) = {/y? HelpepbiB-

dg 2
dy 3y

Ha, B TO BpeMs KaK, JacTHas ITPOU3BOIHAS OyzeT Hempe-

PBIBHO# JTuIb 1ipu Vy 7 0.



I[ITHNY cemunapst Jlugg. ypaBH. Yuuos A.E. Tema02 2023/24y4.r. 6

YpaBHeHUs IIepBOro nopsjaka,
He pa3pelieHHble OTHOCUTEJIbHO IMPOU3BOIHOMN

PaccmoTrpum Terepb MeTOIbI pellieHnst ypaBHEeHUiT 1-T0 TTopsiika, He pa3pe-
IIIEHHBIX OTHOCUTEIBHO ITPOU3BO/IHOM. DTHU yYpaBHEHUS KaK OBLIO OTMEYEHO
paHee 3alliChIBAIOTCA B BUJIC

F(z,y,y)=0, (2)

rne F(x1,79,x3) — u3BecTHast QYHKIMS OT TpeX MEPEMEHHBIX, Helpe-
puiBHAasg B HemycToit obmactu @ C E2, a y(r) — mckomas GyHKIHS OT
re X CR.

Pemenne ypasaenus (2) 6ymeM UCKATH B BHJIe TAPAMETPUICCKH 38,/ 1aH-

HOI (PYHKII { ;: :Zgg: te 0.

YcaoBuMcs IpU 3TOM 0003HAYATH «IITPUXOM» AuddepeHIupoBaHue 1o
IIepEeMEHHON X, a «BepXHell TOUKoy — auddepeHinpoBaHue 1o t.
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Hamanum

OnpeneneHue BekTop-dynKITus

1.
T = (1),
{yzwm, te® (3)

HA3BIBACTCA YACTIHBIM PEUEHUEM 6 MaAPAMEMPUEC-
kot gpopme mudpdepeHmaaIbHOro ypaBHenus (2), ecan
Vte O :
— (t) u ¥(t) menpepbiBHO nuddEPEHITUPYEMBI ;
—pt)e X, o) #0
P(t)

n H p(t) (1) 50

F(wmaw»f@>—o.

‘ eQ;

p(t
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OTrmeTnMm, 9TO 3/1€Ch (IO CPABHEHUIO C ONPEJIEIEHNEM PeITeHNs ypaBHe-
Hust B uddepennmansaoil popme) HepasencTso |H(t)| + [¢(t)] > 0 zame-
HEHO 0oJiee YKECTKUM ycoBueM () # 0, rapaHTUPYIOIIEM CyIIECTBOBAHIE
dbyurmm y(z) Vo € X. Ilpu sT0M HHTErpaabHOM KPUBOU SBJISIETCS IPadUK
JaCTHOrO perenus y(x), 3aJaHHOTO MapaMeTPUIeCKu BEKTOP-(DyHKITHe
Buza (3).

st periennst ypasHenusi (2) B 00IIeM ciydae MOKHO MIPUMEHUTH Me-
mod 66ederus NapamMemMpPa, COCTOAIIErO B 3aMeHe ' = p ¢ IMOCTIeLyIONUM
pemrenneM guddepeHnnaabHO-aIredpaniecKoil CucTeMbl YPaBHEHMIA:

F(Iv ) ):07
{ dy :g;)z:c (4)

Nmeer mecTo

Teopema  Cucrema ypasHenuii (4) m ypaBHeHume (2) paBHO-
1. CUJIbHBI.

Hcnonwp3oBanue cucreMsl (4) MOXKET OKa3aThCsI MTOJIE3HBIM, €CJIH €€ Tep-
BOE ypaBHEHHE JIEIKO PAa3PelInMO OTHOCUTEILHO Y WU I.
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3agaua Kommu ajist ypaBHeHUIA,
He pa3pelieHHbIX OTHOCUTEJIbHO IPOU3BOJIHOI

B npeapiaymniem naparpade ObLIn 00CYKIeHBI METOAbI HAXO0XKIEHMsT 00-
IIEeTO pelleHns ypaBHEHUII MEePBOr0O TMOpsIKa, He Pa3pelieHHBIX OTHOCHU-
TEJILHO IIPOU3BO/IHON, TO €CTh YPaBHEHUI BUJIA

F(z,y,4")=0.

Kak u panbIte, Mbl OyZeM IIpenojiararb, 4TO CKaJspPHbIE (PYyHKIIUN

OF
F(x,y,d) n — BelecTBeHHBI U HENPEPBIBHBI B HEKOTOPO HEIycToil 06-

od
mactu G C E3 .
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Tor dakrt, uTo myis ypaBHeHUit Buga (2) yrnopsIoueHHas apa Iucest
{xo; Yo} MOXKeT BOBCE HE ONPENENATH WU JKE OIPEJIENATH HEOTHOZHATHO
(azke JIOKAJIBHO!) YacTHOE pellleHne TAaKUX YPaBHEHU, IPUBOIUT K HEOO-
XOJIMMOCTH U3MEHEHNs OCTAaHOBKHY 3aa4u Ko jid ypaBHeHHi 1epBoro
HOPAIKA, HEPA3PEIICHHBIX OTHOCUTEILHO TPOU3BOIHOIN.

Ompernenenue Bamaua Komm mist ypasuenus: F(z,y,y’) = 0 dopmy-

2 JUpYyeTCs Tak: HANTH y(x) IpH yCIOBHUSIX:
y(zo) = Yo ,
y'(z0) = po , (7)

F(x07y07p0) =0.

[Ipu sTom Tpoiika uucen || zo yo po ||T € Q@ C E?
HA3bIBACTCS HAAAOHMU YCA08UAMY 3adaywy Kowu.
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Nuave rosops, 3agadueit Komu st ypasHenusi (2) Ha3bIBAeTCS 33J1a-
Ja MowcKa Y™ () — TacTHOTO perrenus ypaBHuenus (2), yI0BICTBOPSIONIErO
ycnosusim (7).

YenoBust ojHO3HAUHON pasperumMocTu 3aaqu Ko (2) —(7) maer

OF
Teopema IIycte dyukuum F(z,y,d) nm 2d HeNnpepbIBHbI B
2 OF 5
obsactu G u 1ycTh 5d # 0, Torma Haui-

(z0, Yo, do)
gerca 0 > 0 Takoe, yro pelnenue s3agaun Kommm

(2) = (7) cymecTByeT M €JUHCTBEHHO HA MHTEPBaJie
(xog — 9, xo + 6).
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Paccmorpum Teneps cirydail, Korja yCJIOBUS T€OPEMbI 2 HE BBITIOJIHS-
TOTCS.

Ompenenenue Touxa || xoyo ||T HasbIBaETCH 0CO060M, eciu cymecT-

3 ByeT ee OKPECTHOCTb TaKasl, 9TO Yepe3 3Ty TOUYKY
B JIAHHOI OKPECTHOCTH IPOXOJUT OOJIbIIE, YeM OJi-
Ha UHTErpajibHasi KpUBasl, sIBJSIONIASICS PEIIEHUEeM
sagaau Komm (2)—(7).

Permrenne 3aaan Ko (2) —(7), Bce TOUKM KOTOPO-
0 0COOBbIe, HA3BIBAETCS 0COOBIM PEULEHUEM.

['eomeTpudecku maHHOE OIpeesieHrne MOXKET ObITh MHTEPIPETUPOBAHO
TaK: B KaxKJI0i TOUKe NHTEeI'PaJIbHOM KPUBOII 0COOOI0 PelleHusl ee KacaeTCsl
UHTErpaJibHasl KPUBasl PYTOro PelleHns ypaBHeHus (2), TO eCTh PeIleHus,
HECOBITQIAIOIIETO C OCOOBIM B HEKOTOPOIl OKPECTHOCTU TOYKH KACAHUS.
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AHaIUTHYIECKU JIJIsI CYIIEeCTBOBAHUSI OCOOBIX PEITeHnl HeoOXOINMO Ha-
pyIlleHne YCJIOBHUI TeopeMbl 2, KOTOPOe MOXKeT ObITh C(OPMYJIMPOBAHO B
BHUJI€ CUCTEMBbI YpaBHEHUIT

F(z,y,d) =0,
OF (8)
%(xvyv d) =0.

Ecnu us 3T0it cucTeMbl UCKJIIOYNATE d, TO IEpeMeHHbIe * U Y OYyIyT, BOOOIIE
rOBOPs, CBSI3aHBI HEKOTOPBIM cooTHOMeHneM Buyga D(z,y) = 0.
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Ompeznenexnue MHOXK€eCTBO TOYEK, KOOPAUHATHI KOTOPBIX YIOBJICT-
4 BOpsitoT ypasHenuto D(x,y) = 0, HasbiBaeTcst duc-
KPUMUHAGHMHOUT Kpueot ypaBHeHus (2).

N3 ckazaHHOrO cJjemyeT, 9TO HHTerpajbHasi KpHBas 0OCOOOTO perre-
HUsI 00s13aHa OBITH JAUCKPUMUHAHTHOI KpuBoit. O0paTHOE, BOOOIIE TOBOPSI,
HEBEPHO.

DTO O3HaAYaeT, UTO HCKATh OCOObIE pEIIeHHsI CJIeAyeT MUMEHHO Cpean
JUCKPUMUHAHTHBIX KPUBBIX.
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B o6riem cirydae jijist BIIeIeHsT 0COOOTO pellieHust ypaBHeHus (2) ciie-
JIyerT:

1° maiiT; ob1iee perenne ypaBHeHUst (2);

2° HalfiTH JUCKPUMUHAHTHBIE KPUBBIE ypaBHeHUs (2), KOTOpbIE siB-
JIAIOTCA YaCTHBIMU PEIMIeHUSAMMI 3TOrO YPABHEHUH;

3° IpOBEPUTH BBIMIOJHEHUE OIPE/IEIEHUST 0COOOTO PEIIeHUST JJIsT JTUC-
KPUMUHAHTHBIX KPUBBIX, SIBJISIIONIMXCSI YACTHBIMU PEIeHUsIMU
ypaBHeHus (2).
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BoJiee KOHKpPETHO, TOCIEI0BATEILHOCTD IIArOB MCCAEIOBAHUA B II. 3°
CJIE Ly TOITIAS.

[Tycts y(x, C) Vx € [a, b] ecTh oHOIAPAMETPIUIECKOE MHOYKECTBO YaCT-
HBIX pereHunit ypasuenus (2), a y*(x) — qacTHOe pereHne 9TOTO ypaBHe-
HUE, KOTOPOe TO/I03PEBAETCsST B TOM, UTO OHO ocoboe. Perenne y*(x) 6ymer
0cobbIM, ecsin YV € [a,b] y nepeonpedenernoti cucTeMbr

y(CU, C) = y" ($> )
oy(z,C)  dy*(z) 9)
Ox B dx

Haiijercss xots 661 oaHO perenne C = C(x).
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[IponnmrocTpupyeM TpUMEHEHUE ONMHMCAHHOM CXeMBbI JIJIsi KOHKPETHO

3a/1a49M.

3amayva

Pemenwue.

Pemuth ypaBuenue

2¢y’ —y =y'Inyy" .

NcxoaHoe ypaBHeHNE MOXKHO MPUBECTU K BULY

u !

/
= —lp—
xu —u 2112

YMHOYXKEHHEM 00enX ero JacTeil Ha Yy ¢ MOCJIeLyIONeil 3amMe-
HO#t U = y?. A mockonbKy y = 0 He ABJIAETCS perIeHreM, TO
HOBO€ ypaBHEHUE PABHOCUIBHO UCXO/HOMY.

[TomyuyenHoe ypaBHEHHE eCTb TaK HA3BIBAEMOE YPAGHEHUE
Kaepo, meTon, pertennss KOTOPOro MOYKHO HAWTH B CITPABOY-
HUKaX.

O1HAKO MBI BOCTIOJIB3YyeMCs He HH(POPMAIIMOHHBIM PECYPCOM,
a U3JIOZKEHHOIl BBIIIE CXEMOIA.

[Ipumenum MeTOsT BBejeHHWsS TlapaMmeTpa. Pa3pemas 3To
ypaBHEHWE OTHOCHUTEJIbHO U W Tojaras v = p, MOJydaem
cucremy (4) B BUIE
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Pemenwne
IIOJIY4YEeHO .

u:xp—]—jlng,
27 2 (10)

du=pdx .

Huddepennnpys 1mepBoe ypaBHEHUE II0 T U HOJACTABJSAA B
Hero v = p, MoJIy4aeM

1. p 1
/
—=ln=-—-=-1]1=0.
D (1: 2112 2) 0

p=0 = p=C VC >0, nwus3 (1.5.6) =

Teneps 160

_C (71 C 2 _ o (71 C
b0
1. p 1
— —ln==— - = :2233—1
T 2112 5 0 = »p e )

4TO, B CBOIO OUepe/ib, IPHU TIOJICTAHOBKE B Nepeoe ypaBHEHUE
cucrembr (10) naer y? = 2271 .
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A
¥
; ?
_ﬁ% X
== - l *
\

Puc. 2. laterpaiibabie KpuBble Jid ypaBHEHUSA B 3ajia4de 2.
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Nurerpanbuble KpUBbIe YaCTHBIX PEIIeHUil ypaBHEHUs B 3ajade 2 I10-
Ka3aHbl Ha puc. 2. ITo moBoay nx Bu/a MOXKHO CJI€JIATh CJIEIYIOIIe 3aMe-
JaHUSI.

Bo-nepBbIX, KpoMme pelneHnii, onpeae/asseMbIX IOy YeHHBIMI (hopMyIa-
MU, KaK y>Ke YKa3bIBaJIOCh paHee, 371eCh UMEIOTCS I «COCTaBHBIE» PEIeHNUs],
obpazyemble 00 beIMHEHEM ITOAXOAANINX PParMeHTOB «POPMYJIbHBIX> Pe-
MIeHUA.

Bo-BTOpPBIX, cpe/in mHTErpaJbHbIX KPUBBIX MOTYT UMEThCS KaK Iepece-
Kalolecsd, TaK U KacaloIluecs ApyT Apyra.

Tak>ke MOXKeT 0Ka3aThCs, 9TO Yepe3 OJHY TOUKY He IPOXOIUT HU OTHA
UHTerpaJibHas KPUBag, & MOXKET OKa3aTbCd — UTO OOJIbIIE, YeM OJIHA.
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Hakowner, uccyeryeM JaHHOE ypaBHEHUE Ha HAJIUIHE OCOOBIX PENIeHMi.
Haiijilem JuCKpUMUHAHTHOE MHOXKECTBO 9TOro ypasHenusi, OHo Gyjer
OIPEIeNISAThCS aaredbpanveckoii cucreMoil ypapaenuii (8)

2ed —y —dlnyd = 0,
2z —lnyd—1=0.

Vckmouns d U3 3THX PABEHCTB, NOAy4IuM y° = €22 ~1. D10 3HaunT, uTo obe
BETBU JIMCKPUMUHAHTHON JUHUU €CTh pPeIlleHns JTAHHOTO ypaBHEHMUSI.
Ybeaumcst Terepb, ITO 3TU pelenusi ocobbie. PaccmoTpum, Hamrpumep,
BeTBb y* (1) = e” 2
[Toxkazkem, aTo mjst 1r000r0 pukcupoparuoro x Haitmercs C' > 0 Takoe,
97O JUII PYHKITIHI

c. C
y (z) = e 2 u y(z,C)=1|Cz — 511&;
UX 3HAYEHUsI, TAKXKE KaK 1 3HAYEHUs] UX [TPOU3BOHBIX, DABHBI JIDYT JAPYTY

B TOYKE T. ITO IIpPUBOAUT K CHUCTEME ypaBHeHI/Iﬁ

c. C
20—1 __ .
e =Cx bl In 5

2 1—10
x =k

Herpynao yoenurbes, aro npu C' = 2e?*~! s1n paBeHCTBa IpeBpamaTcs
_1
B TOXK1ecTBa 10 x. CiieroBaresibHO, perienne y*(x) = e*~2 ocoboe.
_1
Coygait y*(x) = —e® "2 paccMaTpuBaeTCsi aHAJIOTUIHO.
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O MeTOOdaX IIOHM2KEeHUA ITIOPAJdKa
YpPaBHEHUA 1N APYIrux ClielaJIbHBIX aJIlT'OPpUTMaXx

Ba/laun MCCIIe/IOBaHUs CyIEeCTBOBAHUS U €JIMHCTBEHHOCTH PeIIeHUi
BO3HUKAIOT U B CJIydae HEJMHEHHBbIX ypaBHEHUI MOpsijka 0ojiee BBICOKO-
ro, 4eM IepBbIi.

[TosToMy mpesicTaBIIsIeTCsT TTOJIE3HBIM PACCMOTPEHUE CIeInalbHbIX Me-
TOJIOB NOHUNCEHUA NOPAJKA, TTO3BOJIAIONINX YIIPOIATH MOJ00OHBIE ypaBHE-
HUSI U WCIOJb30BATh METOJbl pAaCCMOTpPEeHHble Hamu paHee. Paccmorpum
HEKOTOpbIe U3 HUX.

Iopsimok ypasrernst suna F (z,y,vy,y", ... ,y(”)) = 0 moxker ObITb
MIOHVKEH, €CJIN

1°. JleBassi 9acThb MCXOJHOT'O YpaBHEHHsI HE COJIEPXKUT HEU3BECTHOM

dbyukun u ee nponsBogHbIX 10 (k — 1)-r0 mOpsiiKa BKIIOYATETHHO
1 < k <n. To ecrb ypaBHeHHE UMeEET BU/I

F (:E y) ) ,y(">) =0.

B sTOoM ciydae 3a HOBYIO HEM3BECTHYIO (DYHKIHIO [MPHUHAMAEM
u(x) = y™® (x), Torna

y B (z) =/ (x), ...,y (z) = u" P (2).

ITopsisiok ypaBHEHUs ITOHU3UJICS JI0 1 — k.
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2°. @opMyIUpPOBKa YpaBHEHUS HE COAEPXKUT HE3aBUCUMOM IEpEMEHHOIA.
DTO 3HAYUT, IYTO MBI UMEEM ypaBHEHUE BUIA

F (%y’,y”, . ,y(”)) =0.

[IpuHgB 3a HOBYIO HE3ABUCUMYIO IIEPEMEHHYIO ¥, & 3a HOBYIO MCKO-
myto dyukimio y' (x) = u(y), u yauTsiBasi, 4T0

y/(l') = u, ygx(x) :ua:(x) = Uy y/(.ilj) :ug/u7 SR

IIOHM2KaeM IIOPAJ0OK YpaBHECHUA Ha €AWMHUILY.
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3°.

4°,

Hcxonuoe ypaBHEHHWE SIBJIAETCHA OJTHOPOIHBIM OTHOCUTEHHO HMCKO-
MOM (PYHKITUM U €€ ITPOU3BOIHBIX, TO €CTh HE MEHSETCS, €CJIN KaK-
JIyI0 U3 HUX yMHOXKUTH Ha k > 0. [lops/iok ypaBHEHUS TTOHU3UTCS
Ha €UHUILY IIPU 3aMeHe

! "o ! 2 /

Yy =yu, Yy =yu-+yu =yu +yu,

VcxomHoe ypaBHEHE TAKOBO (MM YK€ TPUBOJIUTCS K TAKOMY BHUJLY ),
4TO €ro JieBasg 4acCTh ABJAAETCA IOJHONW NPOU3BOJJHOI HEKOTOPOT'O
MOPAAKA. DTOT METOJ, IMOSICHUM CJIEYIONIUM ITPUMEPOM.



I[II'HNY cemunapst Jlugpg. ypaBH. Yuuos A.E. Tema02 2023/24yu.r. 25

3amayva
3.

Pemenue.

[Torusurh nopanok ypasaenus y” + y = 0.

YMHOXKUB 06€ 4aCTU 3TOr0 ypaBHEHMs Ha, Y, IOy IUM

/ /
1 1
vy +yy' =0 — (5 y’2> + (5 y2> =0

WJIN (y’2 + yz)/ =0.
OTKy1a IPUXOIUM K YPABHEHUIO IIEPBOIO IMOPSIIKA
y2 42 =C2,

rie C ecTb NpOM3BOJIbHAS KOHCTAHTA. JIerko BUJETDH, UTO Y
Hero uMmerorcst perenns y(x) = C # 0, ABISIIOMIMAECT NOCMO-
POHHUMU JIJIST UCXOIHOTO YPABHECHUSL.
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Pemenwne
IIOJIy4YEHO .

OTmeruM, 9TO AJI PEHIeHUs 3TOH 3aJ1a9¥ MOXKHO HCIIOJIb-
30BaTh n MeTon 2°. JeiicTBUTENBLHO, caenaB 3aMeHy iy’ = u,
IPI KOTOPOH Y = wj, 1, MBI Oy M

uyu+y =0 — udu+ ydy = 0.
OTkyma cieayer, 9T0O

2, .2
u” +
d ——E?y— =0 wm okomuareabno Y2 +y: =C?.
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NHuorga obriee pertenne auddepeHiimaibHOro ypaBHeHIS yIaeTcsl Hali-
TH, €CJIM U3BECTHO KaKOoe-HUOY/Ib YACTHOE peIleHue.

K Takum cirydasiMm OTHOCATCSI METO/IbI, OCHOBAHHbBIE Ha MCIIOJIb30BAHII
dopmyasr JInyBuras—OcTporpaickoro, KOTopble OYIyT pPacCMOTPEHbI Ha-
MU II03/IHEE.

JlpyruMm mmpuMepoM 3TOTO IOJAX0/Ia CIYKUT ypasHenue Pukxkamu:

y = Alx)y® + B(x)y + C(a), (11)

rne A(z), B(z) n C(x) 3amannble GyHKINN, HEIPEPHIBHBIE HA HEKOTOPOM
uuTepsae («, ).
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HeiicTBUTEIBHO, B Cilydae, KOTJa U3BECTHO, 4TO ypaBHeHue (11) mmeer
JacTHOE pereHue Yo (x), ero obIree pereHne ornpeersiercs GopMyIoit

y(z) = u(@) + yo(x),

rie u(z) ecthb obIee perreHne ypaBHenust bepuyim:
o = (QA(:c)yo(x) n B(x))u + A(z)u?.

B cripaBeyimBoCcTH JAHHOTO YTBEPXKAEHUS YOEJIUTECHh CAMOCTOATEIHHO.
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Haxkomner, cjejyeT uMeTrb B BUJY, YTO OITMCAHHBIE BBINIE CJIyYad CYTh
YCJIOBUS, ITPU KOTOPBIX OKA3bIBAETCSI BO3MOXKHBIM ITOHUXKEHHE MOPSIKA,
JIMIIB JIOCTATOYHBbIE, HO HEe HEOOXOIUMBIE.

DTO WILIIOCTPUPYET YpaBHEHUE

y(" +y') — () (xy* 1) =0.

3/1eCh HET OHOPOJSHOCTH U SIBHO IIPUCYTCTBYET X B 3aIlACH yCJI0Bud. Tem He
menee 3amena u(x) = y(z)y'(x) npeobpasyer 910 ypaBHEHHUE B ypaBHEHNE
epBOro Mopsiika (KOHKPETHO, B ypaBHeHue BepHy/un) Buja

u +u=zu?.
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Hcnonp30BaHue METOAa MOHMKEHUS MOpsKa B Oosiee CI0XKHOM CiIydae MPOJEMOHCTPUPYEM Ha
npuMepe peuieHus 3aaauu Kommu.

Sanaua 4. Pewmwuts 3agauy Kommu

Pemenne:

239"=()*3-4y()}),  mpu yenomuax y(4) =1, y'(4)=-1.

Hcnone3yeM MeTO MOHUKEHUS OPsAJIKa, IIOCKOJIBKY YPAaBHEHHUE B CBOCH 3aIMCU
HE COJEPKUT HE3aBUCUMOM MEPEMEHHOM X .

1) BBenem HOBYIO HensBecTHYIO (yHKIUIO u()) = y'(x), cuuTass y HOBOW He3a-
BHCUMOU MEPEMEHHOM.

ul
B arom cayuae y''(x) = (3'(x))', = — '(y) =uu',. Hame ypaBHEHHE MPUHUMAET
X

y
Bun 2yuu'=u’(3—4yu’).
B cuny magansHoro ycnoBus y'(4) = —1 umeem st uckomoi pyHkmmu u # 0 .

[ostomy 2yu'=u(3—4yu’) wm u'= 23u —2u’ . D10 ypasHenue beprymmm.
y
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2) Eciu 06e yacTu ypaBHeHHs BepHYIIN pasieiuTh Ha u°, TO

u' 31
u 2y u
1 . u'
3mece  gmenmaem  HoByo  3ameny z(y)=— ¢ z'=-2— . [Ilony4aem
u u
z' 3 . .3
—5 2—2 = —2 WM JTUHENHOE HEOJHOPOHOE YpaBHEHUE BUja z'+—z =4.
y y

3
3) Pemaem ogHopomHoe z'+—z=0  MeTOAOM pa3zeiieHus nepeMeHHbIX. [1o-
y

nydaem In| z|+31In| y| =InK, K >0 wm z(y) :%, C # 0. D10 — obmIee pelle-
Y

HUE OJIHOPOJIHOTO YPaBHEHHUSI.
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4) MeTtonoM BapHalMi TMOCTOSIHHBIX MILEM YaCTHOE PEUICHUE HEOTHOPOIAHOTO
ypaBHeHus B Buze z (y) =C(y)y~.

[MoxcraBnsis 3Ty hopMyIlly B HEOTHOPOJHOE YpaBHEHUE, TIOTy4aeM

C'(»)=4y’ = CO)=y"

3Ha‘-II/IT,Z(y)=C3+y = :C+y.

5) U3 ycnous 3anaun; u(l) =—1. [loatomy

=41 = c=0 = z=y = 12=y = u(y)=ii-
1 u \/;

1
[Mockoneky u(l)=y'(4)=—-1<0,T0 U(y)=——"F7% = dx =—./y . Otkyna
Jy dy

3
x=—§y2+D. Aum y4)=1 = 4=—§+D = D=1:

2 2 14 3 )3
Haxonen, x=——y? + — = =|7-=x| .
3773 7 ( 2 j



