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PA3PEIIINMOCTD HEJIMHEMTHOM KPAEBOW 3AJIAYN
C HETVIAIKMU PEIITEHU IMIU

I1I. B. CaguukoB

Boponeorcerxutl 2ocydapemsernnuiill yrusepcumem

[Tocrymuna B pemaknuio 23.03.2017 1.

AwnnaoTranusi. B pabore mosiydyeHsl J0CTaATOYHBIE YCJIOBHS CYIIECTBOBAHUSI PEIIEHUs] Kpa-
€BOil 3a/a4Yn ¢ HEIVIQJIKUMU PEIeHNsMH U CIJIbHOU HeqmHelHOCThIO. [lpn anannse permennit
KpaeBOH 33JIa9Yl IeTBEPTOrO MOPSAKA, Mbl UCIOIb3yeM MOTOYETHBIN MOIAXO, MPEe/JIOKEHHBII
TO. B. ITokopubIM 1 OKa3aBIIHil CBOIO 3 MHEKTUBHOCTD [IPU U3y I€HUN 33129 BTOPOTO MOPSIIKA.
Ha ocHoBe mosTy4eHHBIX paHee JIPYTUMU aBTOPAMU OIeHOK GpyHKINN ['prHa rpaHu<HON 381281
y/1aJI0Ch TI0Ka3aTh, YTO OIIEPATOP, OOPAIIAIOMNN H3yIaeMyIo HeJIMHENHYIO 3324y, IPeICTaBU-
MBIl B BHUJIE CYIEPIO3UINN BIOJHE HEIIPEPBIBHOI'O W HEIIPEPBIBHOT'O OIEPATOPOB, JEWCTBYET
13 KOHyCa HEOTPHUIATETbHBIX HEIIPEPBIBHBIX (QyHKINN B O0siee y3koe MHO2KecTBO. [locieamee n
II03BOJIFET JJOKa3aTh CYIIeCTBOBAHNE PEIIeHN Y HEJIMHEITHOI KpaeBoil 3a/1a4u ¢ IPUBJICYCHIEM
TEOPUH IIPOCTPAHCTB C KOHYCOM.

KiroueBble ciioBa: KpaeBas 3aJia4a, HEIVIAJKOE PeEIleHre, CUJIbHAas HEJNHEHHOCTh, pa3-
PENIIMOCTb.

SOLVABILITY OF NONLINEAR BOUNDARY VALUE

PROBLEM WITH NONSMOOTH SOLUTIONS
P. V. Sadchikov

Abstract. In this paper we are obtained sufficient conditions for the existence of solution
of boundary value problems with nonsmooth solutions and strong nonlinearity. In the analysis
of solutions of the boundary value problem of fourth order, we use the pointwise approach
proposed by Yu. V. Pokorny and showed its effectiveness in the study of the task of the second
order. Based on previously obtained by other authors estimates of the function’s Green of
boundary value problem were able to show that the operator that rotates the studied nonlinear
problem, can be represented as a superposition of continuous and completely continuous
operators, acting from the cone of nonnegative continuous functions in a more narrow set.
Latest and allows to prove the existence of solutions for nonlinear boundary value problems
involving the theory of spaces with cone.

Keywords: boundary value problem, nonsmooth solution, strong nonlinearity, solvability.

B pabore uzyuaercs: HesmHeliHAS KpaeBas 3a/1a49a

Lu = (puy,)io — (ruy)e = fla,u)  (z € [0;:1],);

(0) =0; (1)

C HEIVIQJKUMU PEIIeHUsIME, IPU 9TOM f (m, u) SABJISIETCS HeJTMHENHON (PYHKIMEH CHILHO PACTYINeit
na Geckoneunocru (f(z,u) = |u|* o > 1). Ypasuenue B (1) 3amano na [0;1], — pacmmpenun
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orpeska [0;1] B KoTopoM Kaxkjas TouKa &, NpUHaJIeXKaIas MHOXKeCTBY S(0) — TOUeK paspbiBa
dbyuximu o(x), 3aMeHeHa Ha TPOIKY COOCTBEHHBIX djieMeHTOB {£_, &, & } ObIBIIME paHee Hpejieib-
HBIMHU.

st rouek & € S(o) ypasuenue B (1) npunumaer sug A(pul,)' (&) — A(rul) (&) = f(& u()),
e Ap(€) = o€+ 0) — p(§ — 0) — nonmblil ckauok GyHknuu ©(x) B TOUKe &.

[Tox permennenm (1) nornmaercst dyukiust u(zx), yaoBieTBopsionias KpaeBbiM yeiaoBusiM u(0) =
= u,,(0) = u(1l) = u,(1) = 0, upeBpamaionas B BeEpHOE PABEHCTBO (MOYTU BCIOJY OTHOCHUTEHHO
Mephbl 0, nopoxkaaeMoil dbyukiweit o(z)) ypasuenue B (1).

Perenne kpaesoii 3ay1a1n (1) Mbl Gy/1eM ncKaTh B KJIacce JIBayK bl HEIPepbIBHO juddepeHupy-
eMbIX by HKIWMIT, KBA3HIPON3BO/IHAS Pu/ly () KOTOphIX abcosmoTHo nenpepbisha ma [0; 1], (pull,)! ()
— o-abcostoTHO HenpepbiBHa Ha [0; 1].

Caenyst pabore [1], onnoponnoe ypasuenne Lu = 0 nazoem Heocnmumpyomum Ha [0; 1], ecom
POU3BOJIBHOE HETPUBUAJBHOE PEIEHNe UMeeT He Gojiee Tpex HyJseil ¢ y9eToM KpaTHOCTE .

BameTnM, 9TO MHTEHCUBHOE M3y4eHne KPAaeBbIX 3a/a4 ¢ pou3BoAHbIME Panona—Hukomuma na-
gajioch mociie Bbixoga paborsl FO. B. Ilokoproro [2]: 6bL1a mocTpoeHa TovYHAsi HapaJuiesb KJIac-
cuveckoii Teopun 0OBIKHOBEHHBIX nuddepeHInalbHbIX ypaBHeHuil Broporo nopsiaka [3]-(8], usy-
YaJIuCh HEJIMHEHHBIX KPaeBbIX 3a/a4 ¢ mpousBoaubivMu Panona—Hukomuma (9], [10], rpanuunbie
3aJia9u YeTBeproro rnopsaka [11], [12].

Beenem obosznavennust: ug(xr) = z(1 — z), ||lullc = I[I(f)laﬁ{ |u(z)| — mopma B mpoctpancrse C[0, 1]
HenpepbiBHBIX Ha [0, 1] dyHKumii.

B pabore pokazan cireiyomuii pe3ysbrar.
Teopema 1. ITycmo vinoanens. cAeOYoOuue Yeao8us:

1) f(z,0)=0;

2

odropodnoe ypasnernue Lu = 0 ne ocyurrupyem na [0;1]

)
3) f(z,u) =0 dan scex x € [0;1] uu>0;
4)

onepamop cynepnosuyuu, noposcoennul dynkyued f(x,u), nenpepweno deticmeyem us
C[0;1] 6 Ly +[0;1]

- npu nexomopom p € (1;+o00];

5) npu wexomopuir 0 < r < R < 0o kpaesas 3adava Lu = \f(x,u), u(0) = u,(0) =0, u(f) =
=ul(£) = 0, npu wmobwx X € (0;1) ne umeem pewenud, Y0oBAEMBOPAIOUUL HEPABEHCTNEAM
uo(x) - Orgaécl\u(x)] < u(x) < r, 2de ug(x) = M - up(x) npu wexomopom M > 0, u dan

\$\

HEKOMOPOT HEOMPUUAMENLHOT Hempusuaavrol dynkyuu h(x) € Ly 5[054], uw dasn awbozo
A > 0 epanuunan 3adaua Lu = Nf (z,u)+Ah, u(0) = u,(0) =0, u(f) = u,(¢£) = 0, ne umeem
pewenut, ydosaemeoparowur nepasercmey u(x) = Rug(x).

Tozda 3adava
Lu = f(z,u),

u(0) = uz(0) = 0,
u(f) = uz(£) =0,

umeem nempusuaivhoe pewerue 6 konyce K neompuyamesvnor nenpepuenvix na [0; 1] dynruud.

; u
/orasameavcmeo. C nomoupio oneparopa A na K \{©} seeagm oneparop Bu = ||ul|% A (—2> .
[ull

u*
Ecin oneparop B uMeeT HENOABUXKHYIO TOUKY u*, TO 3jeMeHT v* = Tl JaéT HELOJBUAKHYIO

u

C

Touky oneparopa A. ITosromy, mocrarouno nokasars Haauune B K y omneparopa B HEHOABUZKHOI

TOYKH.
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Omueparop B nepesomur K\{©} B K (ug), npuuem B BrosiHe HenpepbiBeH B K BHe I1apa J060ro
pajuyca. HerpynHo Buzers, uto jyist oneparopa B Ha MHOkKecTBe 371eMeHTOB K (ig) ¢ 60JibIoit
HOPMO# He MOKeT BBINOJIHATbCA ABu = u npu A € (0, 1), u Ha s1emenTax mMasioit HopMbl u3 K (ug)

l
upu JsioboM A > 0 He MOXKeT BBIIOIHATbCA u = Bu + Ahg, tne ho(z) = /G(:U,s)h(s) do(s).
0

[Tosromy, oneparop B umeer B K (1) HenoasmxkHyo Touky. Teopema jokazana. [l

3ameuanue 1. Jlokazameabcmeo meopemuv, COLPAHAEM, CUAY, ECAU ONEPAMOP A 8noaHe Henpepvi-
geH 6He 100020 WAPA NOAOHCUMEADHO20 PAOUYCA.
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