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Annomayus. B paborte paccmarpuBaeTcs OAMH KJIacC HEMMHEHHBIX auddepeHnnanbHbIX
ypaBHEHMI B OOILEM ciydyae Hepas3pelluMbIX B KBaJpaTypax, TpeOyrollui pelieHus 3ajadu c
HaXO0XJECHUEM AHAIUTUYECKOTO MPUOJIMKEHHOIO PELIEHUS B OKPECTHOCTH IMOABMXHOM 0COOOM
TOYKM. OTa 3ajJada YCIEHNIHO PEIIAeTCsl Ha OCHOBE HOBOIO IOAXOAAa B METOJIE Ma)KOPaHT
JI0Ka3aTeJIbCTBA TEOPEMbI CYILIECTBOBAHMSI M €AMHCTBEHHOCTH PELICHMs. YUeT anocTepHOpHON
OLICHKH IOTPEIIHOCTH MO3BOJISIET YJIYyYUIUTh allPUOPHYIO OLICHKY MOTPEIIHOCTH aHaJIUTHYECKOIO
MPUOIMHKEHHOTO PEeUIeHNs] U ONTUMHU3UPOBATh CTPYKTYPY CaMOTro MPUOIMKEHHOTO PEIIEHUSI.

Abstract. This paper considers one class of nonlinear differential equations in the General case,
unsolvable in closed form, requiring the solution of the problem of finding an analytical approximate
solution in the neighborhood of a movable singular point. This problem is successfully solved based
on the new approach, the majorant method in the proof of a theorem of existence and uniqueness of
the solution. Accounting a posteriori error estimate allows to improve the a priori error estimate for
the approximate analytical solution and optimize the structure of the approximate solution.

Kniouesvie cnosa: nenunHelinple quddepeHaibHble YpaBHEHUs, OABIKHAs oco0ast TOUKa,
METO]T MaKOPAHT, TEOPEMa CYILIECTBOBAHMSI U €IMHCTBEHHOCTH PEILIEHUs, IPUOINKEHHOE pEellIeHHE,
OKPECTHOCTb MOJIBUKHOI 0CO00# TOUKH, HOpMaJlibHas popma.

Keywords: nonlinear differential equations, movable singular point method majorants,
existence and uniqueness of the solution, approximate solution, a mobile vicinity of a singular point,
the normal form.

Beeoenue

OmauM W3 acnekToB audPepeHIMaTbHBIX yYPAaBHEHHUH SBISETCS MaTeMaTHdecKash MOJEIb
pPa3IMYHBIX TMPOLECCOB U SIBICHUH, a MaTeMaTHMYeCKOE MOJIEIUPOBAHUE B TOCIEIHEE BpEMs
MpUBJICKAET OOJIBIIOE BHUMAHKWE B Pa3HBIX 00JaCTAX JEATCILHOCTH YeloBeKa: B MexaHuke [1-4],
B MaTeMaTH4eCKOH (pu3uKe, B HEMUHEIHON onTHKE [5], B TEOPUH IBOIIOMOHHBIX 33]1a4 M TIPOIIECCOB
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[6-10], B Teopuu ynpyroctu [11, 12], B Henuneitnoi nuddysuu [13, 14], B Teopun yCTOHYUBOCTH
AJIEMEHTOB CTPOUTEIILHBIX COOPYKEHUH M aHAIIN3 KUBYUeCTH (’KM3HECTOWKOCTH) 3aanuii [15-17],
B TEXHOJIOTMYECKHUX Mpolieccax celibckoro xo3giicTra [18—-20], B Mequuuue [21, 22], B negaroruke
[23, 24], B ¢yHmaMeHTaIbHBIX HccheaoBaHusAx [25]. YacTto Takue MOJEIM OIMUCHIBAIOTCS
IpU IOMOIIM  HENMMHEHHBIX  auddepenunanbueix  ypaBHeHwid  [26-28].  CymiectByromas
Kiaccuueckas Tteopus [29, 30] mpenHazHaueHa HCKIIOYUTEIBHO I 00JIACTH aHATUTUYHOCTH H
IIPY 3TOM MMEET CYIIECTBEHHBIN HEIOCTATOK, HE TTO3BOJIIOIINN CTPOUTH IPUOIMKEHHOE PEIICHHE.
B pabGorax [31-35] mpenyaraeTcsi HOBasi BEpCHsS METOJa Ma)XOPaHT MPU J0KA3aTeIbCTBE TEOPEM
CYIIECTBOBAHHSI U €IUHCTBEHHOCTH, TO3BOJISIONIAS OCYIIECTBISATh MOCTPOCHUE MPUOIUKEHHOTO
pelieHrs B O0JIaCTH AHAIUTUYHOCTH. OJTa HJAed YCHEIIHO peajln3oBaHa M JJs OKPECTHOCTH
MOJIBIKHBIX OCOOBIX Touek B pabotax [31, 33, 34] ans ompenereHHBIX KJIacCOB YpPaBHEHHI.
B nannoii pabote 3Ta 3aa4a pemnraercs sl HOBOTO Kjlacca ypaBHEHUH.

@OpMyJZMPOGKCl yeau cmanivu

s paccmarpuBaeMoOro Kjacca HEIMHEWHOro Kilacca ypaBHEHHWH, B oOmieM ciydae
HEpa3pelIuMbIX B KBaJpaTypax, MOCTPOUTh aHAIUTHYECKOE MPHUOIMHKEHHOE pelIeHHe C 3aJaHHON
TOYHOCTBIO. [TocTaBieHHAs 11eJTb OCHOBBIBACTCS Ha pe3ysabTartax pabotsl [35].

Hznoorcenue ocnosrnoco mamepuana

B pab6ore [36] ms 3amaun Ko
y" =yt +rx), 1)
y(x0) = Yo, ¥'(x0) = y1, ¥" (X0) = ¥2- @
Oblla JOKa3aHa TeopeMma CYIIECTBOBAHHS W EIUHCTBEHHOCTH PEIICHHUS B OKPECTHOCTH
MOABUKHOM 0COO0N TOUKH.

Teopema 1. I1yCTb BBITIOJHSAIOTCS YCIIOBHUSA:

1) x* — moxBmxHas ocobas Touka 3amaaun (1) u (2);
2)r(x) e C® B |x — x*| < pq, p; = const;
r(n)(x*)

3) | = M,, M, = const.
Torna pemenue 3agaun Komm (1), (2) MOXKHO IpeICTaBUTh B BUE
y() = (x —x) T ETLe Co (x —x)" ©)
B 00JyacTH
x — x| < py,
rne

1

r™ (x*)
= min{ ,—},M = max{lyol,lyll, ly2l, sup |———
p2 .01 V]W—H n

n!

L

[Ipenpinymmii pe3ynbTaT MO3BOJIIET MOCTPOUTH AHATUTUYECKOE MPUOJIMKEHHOE pelIeHue
B OKPECTHOCTH IMOJIBUKHO OCOOOH TOUKH.
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Teopema 2. Ilyctb BBIMOMHAIOTCS ycinoBusi 1-3 Teopemsl 1, Torma uis NpUOIMXKEHHOTO
pemenus 3anaqu (1) u (2)

N
yn() = (=2 Gyl —x )
n=0

B o0JracTu
|x —x*| < p2
CHpaBeI[JII/IBa OIICHKAa HOFpeIHHOCTI/I
(M + 1)N+D/4 |y — x*|N/4=075 1
AW S =] WD =2)
1 1 1

+ (N+ 1NN —-1) * (N+2)(N+ 1N * (N +3)(N +2)(N + 1))’

I

rac

1

™ (x*)
p; = min {p ,—},M = max{lyol, lyal, ly2l, sup
2 ! 4\/M +1 n

n!

Buisoowl

PeamuzoBannbiii B pabote [36] MeTom MaOpaHT TpH  JOKA3aTeIbCTBE TEOPEMBI
CYLIECTBOBAHMSI M €IUHCTBEHHOCTH PEIICHUSI II03BOJIMI HAaM ITOCTPOUTH CTPYKTYPY MPUOINKEHHOTO
pewenus. [IpencraBieHHble pe3ysbTaThl UMEIOT HE TOJIBKO 3HAYEHUE B HUCCIICIOBAHUU PEATBHBIX
HpOIICCCOB n SIBJICHPIfI, HO N HpaKTI/ILIeCKOC HpI/IJ'[O)KeHI/Ie B yT~I66H0M npouecce BBICIIIUX yT~I€6HI:vIX
3aBeIeHUH TMPHU TMOATOTOBKE CHEIHATMCTOB E€CTECTBEHHBIX HamNpaBlieHUH W (yHIaMEHTAIbHBIX
HCCIICIOBAHNM.
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