S@©MR ISSN 1813-3304

CUBNPCKHNE SJIEKTPOHHDBIE
MATEMATUYECKHUE U3BECTUA

Siberian Electronic Mathematical Reports
http://semr.math.nsc.ru

Tom 20, N2, cmp. 981-986 (2023) YK 517.911.5, 517.927
DOI 10.33048 /semi.2023.20.059 MSC 34A36, 34B24

BAPUAIIMMOHHOE HEPABEHCTBO
JISA 3AJAYN IIITYPMA-JINYBUJIJIA
C PA3PBIBHOU HEJIMHEMHOCTBIO

J.K. Ilotanos

ABSTRACT. We study a variational inequality for the Sturm-Liouville
problem with a nonlinearity that is discontinuous in the phase variable.
Previously obtained results for variational inequalities with a spectral
parameter and discontinuous operators are applied to this problem. For
the variational inequality in the Sturm-Liouville problem with disconti-
nuous nonlinearity, we have established theorems on the existence of
semiregular solutions and some bound for the parameter. As an applica-
tion, we consider the variational inequality for a one-dimensional analog
of the Gol’dshtik model for separated flows of an incompressible fluid.

Keywords: variational inequality, Sturm-Liouville’s problem, disconti-
nuous nonlinearity, Gol’dshtik’s model.

BBEJIEHUE

Cymecrsopanue pemennii 3aga4 Irypma—/InyBuinsg ¢ pa3spbIBHBIMU HEJTHHET-
HOCTSIMH PAcCMaTpUBaIoch B paborax [1]-[7]. O upuxIajHOM acmeKTe TaKUX 3344
cM., HampuMep, paborsl [8]-[10]. BapunannonHble HEPABEHCTBA CO CIEKTPAIHLHBIM
MapaMeTpoOM ¥ Pa3phIBHBIMU MTPABBIMHU YaCTSMU M3yYauch B paborax [11], [12].

Jlannas paboTa SBISETCS TPOJOKEHMEM ITHUX HcCaemoBanmii. [1o cpaBHeHUMIO
¢ paboTaMu IPYrHX aBTOPOB B JAHHOH CTAThE OCJAaOIeHbI OIPAHUYCHHS HA TOYKH
pa3pbiBa HEJIMHEHHOCTH, PACCMATPHBAIOTCS MOJIYIPABUILHBIC PELICHH, IOy YCHA
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OIIEHKA MapaMeTpa, n3ydaroTcsa 0000IeHrsT ypaBHEHUH HA BAPUAIMOHHBIE HEPABEH-
crBa. B ornmuume or [11], [12] B nanuoii pabore uccienyorcs BapualuoOHHbIe Hepa-
BEHCTBA /1151 OOBIKHOBEHHBIX Ju(depeHralbHbIX yPABHEHHUI, & HE SJITHITHICCKIE
BAPMAIIMOHHBIE HEPABCHCTRA.

1. TIOCTAHOBKA 3AJAYN. OTMPEAEJIEHNAS 1 OBO3BHAYEHUS

PaccmarpuBaerca 3amada HaXOXKIeHUs QYHKIWH v € K, yIOBIETBOPSAIONMIE
HEPaBEHCTBY

b

b
/p(x)U’(x)(v —u)'dr + /Q(x)U(x)(v — u)(z)dz—

a

(1) b
)\/g(x,u(x))(v —u)(z)de >0 YveK,

rme —o00 < a < b < 400, p € C1.4([a,b]), ¢ € Coalla,b]) (0 < a < 1); X — momo-
JKUTEIbHbI napamerp; Gyukuus ¢ : (a,b) x R — R cynepno3sunuonno usMepumas,
JUls 1o4YTH BeeX T € (a,b) cedenue g(z,-) umeer Ha R paspbiBbl TOJBKO LEPBOIO
poma, g(z,u) € [g—(x,u), g4+ (2, u)] ana moboro u € R, g_(z,u) = lim g(x,n),

n—u

g+(z,u) = @g(x,n) u |g(z,u)| < B(x) mna moboro u € R, B € Ly((a,b)),
n—u

q > 1; K — BBIyKJIOE 3aMKHYTO€ HEMyCTOe MHOYKECTBO B COOOJIEBCKOM TPOCTPAH-
1
cree W5 ((a,b)).
Bapuanuonnomy nepapercrBy (1) mocTaBuM B COOTBETCTBUE SKBUBAJIEHTHYIO 3a-
maay HIrypma—JluyBusmis ¢ pa3pbIBHON HETUHERHOCTHIO

(2) Lu(x) = —(p(x)u(2))" + q(@)u(z) = Ag(@, u(z)), = € (a,b),

(3) u(a) = u(b) = 0.

Bazaga (2), (3) upu npuBeseHHbIX Bblile orpanudenusx na p(x), ¢(z), A u g(z, u)
u3ydasnach B paborax [4], [5].
Ham moTpebyioTcst CileyIomiie ONpeIeIeHus.

Onpenesenne 1. Cuavhoum pewernuem nepasescrBa (1) HaspiBaercs QyHKIms
u € K, ynoenersopsitoras (1).

Onpenenenne 2. Cuavhvim pewenuem 3anauu (2), (3) nasbiBaercs dyHKIMs
u € W2((a,b)), ¢ > 1, ynosnersopsiomas sz nouru seex & € (a,b) ypasuenuio (2)
U 'PAHUYHBIM yCJI0BUAM (3).

OrmMernM, 9TO KasKI0e CHIIbHOE DellleHHe KpaeBoil 3amaun (2), (3) sBisercs
CHJIbHBIM PeIlleHHeM BapUAIMOHHOrO HepaseHcTBa (1).
B nasbHeliimem MCHoIb3yI0TCH TAKIKE CJIEAYIOUME ONPEAEICHNs.

Onpepesienne 3. IToaynpasusoroim pewenuem HepaBeHCTBa (1) Ha3bIBaeTcs Ta-
KO€ CHJIbHOE €ro DeIlleHue u, 3HadeHue Koroporo u(x) s nodru Beex x € (a,b)
SIBJIAETCH TOYKON HerpepbiBHOCTH byHKUMU g(T, -).

Onpegenenne 4. IIpuzarwwum paspoueom dyakmuun [ : R — R maspBaerca Ta-
koe u € R, aro f(u—) < f(u+), rae f(ut) = limif(s).
S—Uu
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ITonoxxum

Jl(u) =

DN | =

/b pla) (' () P + /b a@)(x)dz, Ja(u) = /b dz 7)g<x,s>ds,
a a 0

a

JMNu) = Ji(u) = Ma(u), U={uecK: Jo(u)>0}.

2. TEOPETUYECKUE PE3YJIBTATHI

IIpumenenne OCHOBHOIO pe3ysbraTa u3 paborsr [12] k ucciemxyemoii 3anade naer
HUKECJIEJIYIOILYI0 TEOPEMY O CyIIECTBOBAHUU PEIIEHUA BapUAIMOHHOI'O HEPaBEH-
crea (1).

Teopema 1. ITycmov euinosnenv, cAeOYOULUE YCAOBUA:

1) Ji(u) > 0 daa arwboeo u € K;

2) das nowmu ecex v € (a,b) dynryua g(z,0) = 0 u |g(z,u)| < B(z) dan
aobozo u € R, 2de § € Ly((a,b)), ¢ > 1;

3) natidemca ug € K, daa xomopozo Ja(ug) > 0;

4) ecau npocmpancmeo N (L) pewenuts 3adavwu Lu = 0, u(a) = u(b) = 0 neny-
sesoe (pesonancuolll cayual), mo 0onosHUMEALHO NPEONOAGRAETCA, YMO

lim Ja(u) = —o0;
wEN (L), ||u||]—+o0
5) mmuooicecmeo K C HX((a,b)) u ozpanuueno.
Tozda cywecmsyem

o Ji(u)
0 < Ao < inf
S A0SR Ta(w)
maxoe, 4mo 121f< JMw) < 0 daa a0boz0 X > \g u natidemea uy € K, dasa xomopozo
4) JMuy) = inf J*(v).

veEK

Ecau donoanumenvhno das nowmu ecex x € (a,b) dynkuyus g(z,) umeem moavko
npuzaouue Paspuiesl, Mo awboe uy, ydosaemeopawee ycaosuto (4), A6asEMCH
HEHYAEBLIM NOAYNPAEUALHOM pewenuem Hepasencmea (1).

Hoxasamesvemeso. JlokasarenpCrBo Teopembl 1 CBOAMTCS K IPOBEPKE BBLIOJIHEHHSE
ycaosuit Teopemsr 1.1 u3 padorsr [12]. B pa6ore [13] npoBepeHO BLIMOTHEHNE JAH-
HBIX YCJIOBHUIl B 3a/1a49aX Ha COOCTBEHHbIE 3HAYEHWSI JJisl Y PABHEHHU 3JTHIITHIECKOTO
THUIA ¢ PA3PbIBHBIMYU HesinHeiinocTsaMu. g Bapuarmontoro HepasencTsa (1) (Tod-
Hee 9KBUBAJICHTHOM 3a1a4u (2), (3)) 9TH yCI0BHS IPOBEPAIOTCA aHATIOIHIHO. Takum
06pa30oM, BbLIOIHEHDI yciaoBus 1)—-3) reopemst 1.1 u3 [12]. Yenosue 4) Teopemsr 1.1
u3 [12] He TpebyeT BHIMOJIHEHWS, TOCKOJIBKY COOTBETCTBYOIIEe oToOpaykenne T —
KOMITaKTHOE, a He aHTHUMOHOTOHHOe. ITosroMmy yTBep»K/eHWe TeopeMmbl 1 crpaBej-
JmBo coryacHo teopeme 1.1 u3 [12]. Teopema 1 mokasana. O

Cueacrsue. ITycmv evnoanenv ycaosus 1)—4) meopemwn 1 ¢ K = H((a,b)).
Tozda ymeeporcdenue meopemo, 1 cnpasedauso das 3adavwu (2), (3).

Joxasameavcmeo. Ecim Jy(u) > ~||ul|?> ana moboro v € HL((a,b)), e v — mo-
JIO’KUTENbHAS KOHCTAHTA, HE3aBUCAIIASA OT U (KOPUMTHBHbIN Caydaii), TO J0Ka3bl-
BaeMoe CJIeJICTBUE CHPABEJIMBO B CUJLy TeopeMbl U3 paborsl [4]. B pesonancHom
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cllydae CIpaBe/JInBOCTD CJIEICTBHS BhITEKAaeT n3 TeopeMbl 4 u3 paborsr [13]. Cren-
CTBUE JJOKA3aHO. O

B KO9pUuMTHBHOM Cilydae UMEeT MECTO HUKECTEIyIomas TeopemMa 06 OleHKe Ma-
pamerpa A.

Teopema 2. ITycmv swnoanens ycaosus 2), 3), 5) meopemo, 1 u donoanumenvro
cywecmeyem nocmoannas y > 0, das komopoti J1(u) > y||ul|* daa w0boz0 u € K.
Tozda das mapamempa A Cnpasedsuss caedyrowas OUeHKa:

A>C-inf [[ull,
uelU

2de noaootcumenvras, Koncmanma C = v/d, a nocmosannasn 0 pasna npouseedenuio
Hﬁ||Lq((a7b)) na nopmy onepamopa P enoocenun K 6 L,y((a,b)), p=q/(g—1),q > 1.

JHoxazameavcmso. B cuity ycaosus 2) reopemblt 1 ajist sroboro u € K umeem
b u(x)

b
a(u)] = / da / oz, 5)ds| < / B() Ju()|dz < bl
0 a

a

rae 6 = ||8]|L, ((ap)) - || Pll, P — oneparop snoxenns K 8 Ly((a,b)), p~t +¢7 1 = 1.
ITo ycaosuio 3) Teopemst 1 muoxkecrso U nenycro. s

uelU={ue K: Jy(u) >0}

crpaBeZIuBO HepaBeHCTBO J2(u) < d||ul|, a B cuily HOHONHATENBHOTO YCIOBUS J10-
Ka3bIBAEMOIl TEOPEMbI BBIIOJIHACTCH HepaBeHcTso J1(u) > v||ul|? ¢ monomurenbuoit
KOHCTAQHTOI1 7.

Corulacuo rTeopeme 1 nepasencrso (1) paspewumo upu A > 28) [osromy

A > Hlul| zns u € U. Tonoxmus C = /4, momyamm A > C||ul|. [Tockoabky moces-

Hee HEPABEHCTBO YCTAHOBJICHO JJIsi IPOM3BOJILHOrO 4 € U, TO IOJIydaeM HCKOMYIO

orenky A > C'- inf ||u||. Teopema 2 nokazana. O
uelU

3. TIPNJIOXKEHUSA

B xauecTBe mpumoKeHns yCTAHOBJIEHHBIX TEOPEM IIPUBEIEM OJHOMEPHBIH aHAIOT
Mozesn LonbAmTiKa OTPhIBHBIX T€YeHUH HEeCKUMaEeMOl Kukoctu [8].
Onnomepnast 3aga4ua LosbamTuka nmeer Bu

(5) —u" = wg(x,u(z)), =€ (0,1),

(6) u(0) = u(1) = 0,

e napamMerp w > 0 — 3aBUXPEHHOCTD, & HEJIMHENHOCTD

(,u) = -1, ectm u<x—1,
gur,u) = 0, ecmm u>x—1.

Paccmorpum Bapuaruontoe HepaBeHCTBO 1uis 3agadn (5), (6). Umeem 3amaay
HaxokaeHust PyHKIMA u € K, yaoBIeTBOPAIONIEH HEPABEHCTBY

(7) /u/(ac)(v —u)'dx — w/g(x, uw(@))(v —u)(z)dz >0 Yv € K,
0 0
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rae K — BBIIYKJIOE 3aMKHYTOE HEIyCTOE MHOMKECTBO B COOOJIEBCKOM IPOCTPAH-
cree W1 ((0,1)). Honomautensuo norpebyem, uro K C HL((0,1)) u orpanmdeno.

st nepasencrsa (7) OylyT BbIIOJIHEHbI yCJIOBUs TeopeM 1, 2 naHHOIl crarbu.

Heticreurensro, s moutn Beex ¢ € (0, 1) BuimonHensr coorHomennst g(x,0) =0
u |g(z,u)| <1 gna moboro u € R, 1 € L,((0,1)), ¢ > 1. TeM caMbIM BBIIOIHEHO
ycyioBue 2) reopemsr 1.

Awnanoruuno [14] mokasbiBaercs, uro Haiimerca wg € K, miag KOTOporo
Ja2(ug) > 0, T.e. BBIIOTHAETCH YCIOBHE 3) TEOPEMBI 1.

Yenosre 5) TeopeMbl 1 BBILIOJIHEHO COIVIACHO HOCTAHOBKE 3a/1a4U.

st moboro u € K nMmeem

Jl(u) =

N

1
1
/u’de = llull® > 0.
0

Boiosineno ycsosue 1) Teopembr 1.
Bouiee roro, cymecrsyer koucranra y > 0 (naupumep, v = %), JIJIsl KOTOPOIA

J1(u) > v||ul |2 quisg moboro u € K. Ilociennee o3nagaer, 970 ©MEET MECTO KOIPIIH-
TUBHBIA cay4aii (T.e. yeimosue 4) Teopembl 1 He TpeOyeT BLIMOJHEHNS) U BBHITIOJIHEHO
JIONOJTHATENIFHOE YCJIOBUE TEOPEMBI 2.

Takum obpa3om, st HepaBeHCTBa (7) BBINOJHEHBI KaK YCJIOBHs T€OPEMbI 1, Tak
n ycaoBusi reopeMmbl 2. IloaTomy yTBep:KaeHust TeopeMm 1, 2 crpaBemiMBbI I O-
nomepuoit 3aga4yu lonbamruka. [lonygentbie TeopeMbl TPOUILITIOCTPUPOBAHBI IIPH-
KJIAIHON 3ana4eii.
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