H 43 B 5 6 M B K F R 8RR 2021476 A
Vol. 43 No. 6 Journal of Southwest University (Natural Science Edition) Jun. 2021

DOI:; 10. 13718/j. cnki. xdzk. 2021. 06. 011

— X F A TIFEHIZ KA Neumann o] 28

¥, MHak, F &

SN R B 558 TR BE . 5t 550025

i

WE., 2RE—ET AL TP TN FELNE Neumann DA M, BE TR MR R T S H H 09— %
J, AT IZEFENZRHHBL(POEHFELELALRIUMER, AT FERFTZEPABAETLBG G
e,

X @ 48: Neumann #/APM; TIHRHEK; TF a4 ok
FESES: 0175.25 XEPRER: A NXEHS: 1673 -9868(2021)06 — 0082 — 07

FZean FEL 4 Neumann 7]/ .

J* Au=Q(x) | u " Pu+arf(x, u) xr €N
(D
la—u:O x € a0
v
Hrh o CRY(N = 3) Rl A6 A Fek,
2<p7=min{p(1'):x€(2} p(x) < p'=max{p(x): rEQ)<2" :%

A RESH. Q) B0 LR

J Q) <o mes(Q,) > 0 (2)

o p(x)

E/J 14;/7&1—5‘]}‘%& /\EF‘ 01* X : Q(I) O}, \Qz:{I: Q(l)<o} fﬁXRHR(ﬁEEIy\T%’ﬁ:
U) FHEEH a >0M0<<o <1, B {EEG, s) EQAXR, | fa,s) [<als ]

f(l" S)
N

(f,) lim =co Xt € Q —HURAT.

AR, X BAF Neumann i1 5 A9 B AU 0 0 H BRI BF 51 T F 2% & R, BRI T —85m
BRI SCRk[1-10 D). BEAh, SCERL1] A5 T 00 R o A 22 S A 3% Neumann [A] .

J— Au~+m(x) u=alx)u’ x €0
u

Hor 0 & RY WM AERE, p > 1, ala) 2 Q LS AELSERE, A H AR KA 8T T2 26
P 0 T2 R[] R T i 1) A AR
SCHRL12] A58 T LATR )

Wk H . 2020 - 09 - 03

HETWH. ERERBAIESTH(11861021).

EHRA . 5 B, BEFsEA, RENFIEL SIS,
BAEEE . B KR, B,



%6 ®OW, F, —EWAHTIEE K Neumann Fl A 83

J Au*Q(l)\u\)u)u+/\f(1, w) x €0

\a” + € a0

HhQ CRY MEALH I A Sk, JnQ(I)dl‘ < 0. ARFFFEM. 518 H, Q) z 1 L1 Direchlet

E AR, 78 H' (Q) 250 |, «a;fﬁzj (0 Vaul*+u>)de ‘—ﬁJ | Vu |"de NEEH. Wik, scEk[10] @0

23 (8] 73 fif A0 LB 5 BE A5 I S R B E ] 1 %07 R AR B AEAE e, BEJS . SCHERL13-15] XF 2689 Neumann [A]
PEAT T T B — 2L . 32 FIRBEFERY I &, AR SCRHE e AT 28 18 BOB R Ry TR R (DD #8 al fig d.
[F) R (1) R IOE A2 pR

]A(u)zlJ | Vu \de—J M
2J0

| w |7 da —AJ F(x, wdx
a p(x) Q

Hrhuw e H (),
Fz, u)zj"fu, $)ds

FOSCHRC 100 40, H' (Q) AR B IS i
H' (@) =RDV
Hr

:{v cH' (D). J vdl':O}
n
SNue HQ) . Hu=t+v, Hifv eV,

IZJ. wdp () dp(a) = 2 | 'dx

o

TEH' (@) b s XFENEE | w b=+ | Vol 5. Sl A5 8.
sl i) fﬁfzdf <0, WAEE n = 0, BT Vi € R, v €V, %

1

(L | Vo |2d.r>?<77\t|

mf, A
T Q) . {1J Q) ., . lJ‘ Q) | .,
Jp<>| o |7 de < min T den | S
IE HEAR, WX Ve €N, £, € R, v, €V, fli15Y
(| 190 1rae) <200,
0 n
mf,
J Q) | g, = IJ Q) o)
a p(x) a p(x)
B
J Qex) | ¢, + v, |7 dx >LJ Q) ¢, |” dr (1)
S » ()

1

B w,=t, | v, EE(J | Vo, |* dyﬁ>2 < e, | Hl, Yn—ocolit, fE L (D) L Vw, —0. H#

MERHA, Y0 —>cof, FEL” Q) ML’ (Q) Faw, —0.
WMol (=1, M Y €0, 1|, [P <[, [P 3 XBEHRBERL |, |*, EE

g V4 <o, iy
np(l”)




84 BT HRXFFROA R http://xbbjb. swu. edu. cn B 43 K

J Q)1 4y, 79 da >J V) |y, 179 1, 170 de > 1J Q) y,
a p(x) a p(x) a p(x)

Mo 7ELY ) ML (@) FWET 0%

Q) lj Q(x)
Jn p(r)dx> np(x)d

der <0 7J)5.

], 5

Mol << I, XY €Qy Lo, |2 <, 1P <1 ) RWHFENBRL |, |2, T

|z‘,, ‘ﬁ FJ Q(I) ‘ 1+w,, \pmdx >J Q(I) ‘ 14w ‘pm \t,, ‘pm p dx >
a p(x)

e, |7 J Q) ,
2 o p(x) *
Ell
JQ(I)‘IJr 5 4 >1J Q(I)d
o p(x) a p(x)
Iﬁj)ﬁéa %n»wﬂj‘,ﬁ
Q(x) ij Q(x)
L PYES Y Fee T
H'J?L?J Q(I)d17<0%)§.
ap(x)

i ErR, 511 S5 T,

SIEE 2 RESFMU) () M) X7, MAFFEA " B0 = 0, RFXMERE A € (0, 27), -
(DS lullv=p8, T G =p;

(ii) ‘mf JiCu) <0

el y<p

(i) FEw € H'(Q), it [[o | =p. J, (w) < 0.

iE u>§|u<1w,ﬁ%#mﬁmq>w,%vanﬁ;wfmmm2>ljf.mmﬁlﬂﬂ

T Q(x) o IJ" Q(x) , )
3 - < — # - =— Ak
an(;r)‘f+v| dz an(I)‘Z‘ d A‘f‘
Hrp
_7LJ- Qx)
A= 2(2j)(x)d1>o
A 1
JA(u):iJ | Vu \2dx—J CM | u \/’(‘”dx—/\J Flx, w)de =
2J)a a p(x) o
~ A{0/)7 ~
Al |? */\J F(x, u)dx>7*AJ F(x, wdx (5)
Q p Q
A+ 7
N Voll,=>qglelsd laly=24+ [ Vol 5
L
umv<uvvm@+7) )

Hi Sobolev REEXH, X [[ully =p <18, FAEFEC, >0, fifF
U Q) | u |"dx max{\Q(r)\}J | w |7 de <

max{| Q(x) \}J (Jul” +]| u \”} Ydr <
€N 0



% 64 % %, F. — KT A LTREE K Neumann ] A4 85

Crllullt +lullt)<2C lullt <

2cl|vy|§(1+;)z

WY | wlly=p <18,

1 . 2C T ~
L=l vel ="Vl (1+5) —a] Fa wds
2 7 0
1
P P*Z]
HV'UH2<(O<min\1, 1 /;) >
8C, (14— ) |
b

L = Vo li=a] Faeswdr
0
Mo llully=p e X, H
o'y’ '
=21 . :
Lw>/4ﬂ+ﬁ) dfmruml 7
J | F(x, w) | doe << C(p)
0

Wi, X lully=p. TBHEAT >0, B0<<A <A W, A

. ‘02772 A[O/]7 1 ‘07779 A[Op,
J, (u) = min 4(1+7]2) , | —AC(p) = *mln 4(1+7] )’ | =B
(I+79 (I+7 D
2
t°M
(i) f &) 1, ME—HER M >0, ff7E 1, € (0, Dy B 0<<t <t B, F(ax, 1) = Z.M
Q(x) |t |" rt
< [ Qg <
J. () N () dx 2AM\(2|
e |” ] ¢
— : Q(x)dx — Qlx)der — =M | 2 | <
2, Q, 2

e | t’
———| Qx)dxr — =AM | Q |
p a, 2

HEIP7>25~“‘|], %/lto ﬁﬁ/J\HTJ‘a ],\(t)<0’ Mﬁﬁ ll’lf ]A(H)<O

(i) 2 v, € supp{2,} (v, Z0), B >1 EI]L,

2 ( ) p(x) p(x)

Jﬂnm)——J | Vo, |2de — J Qz)e? ™ | v | d~—AJFCutuJ¢z<
2Ja p(x) Q
t2J J Q( )t/:(z) ‘ ‘/)(1‘) J
L _ _ - <
5 | Vo, |*da () dx —A nF(x tv,)dx
t e ]” o> '
— \ Vo, |"de — - Qx) | v, |”""dxe —A| Flx, tv,)dx
2 p a, o

i mes(2,) >0, N
J Qx) | v, |"dx >0
nl

{E%ﬁ@]p7> 2, %/IIA’OOETJV ]A([vo)»—oo_ E‘Xfl ?Eﬁj(? 'fﬁﬁ%w: t1v, %/@. HCU H 2[0’ mlJJA(CU)<O



86 BT HRXFFROA R http://xbbjb. swu. edu. cn B 43 K

I3 3 (RS, (L) M) RWSr, WMFEEA >0, [Hifh0<<A <<A" B, J, %2 (PS) 4.
iE B{u,) & H Q) PHE—PS B, WAELEc >0, 524 n > oo B},

JiCu,) —c¢ JiCu,) =0 (8)
TiE{w, ) AR RE u, | >0, B0, = H Z R WA o, | =1. 8fFE € H Q). 15
jv”A‘U r € H' ()
v, >V rE LM< g<<2)
v, (x) —=>v(x) a.e. x €0
H (8) K%
e e [ S o e, a1 Bl o, Dde =0 )
2Ja ap(x) 0
J | Vo, \2d<r*J Q) u, I1*7% [ v, 1" de—24 |l u, | IJ fzy o, lu, Dv,de =0(1) (10)
0 0 0

B2 CF)
J“" f(x, s)ds
0

2

F -9 n n F"’ n
j (xs v, [lu H)dx:J (x uo)dI:J
o} 0 - 0

| w, [I? I a, |

dr <

[, |

aJ | s |°ds o1
0 a ‘ U, |
—dae=| —————————dx =
o A, II? aG+D[lu,l
allv, I
lfcdx
2+ D [lu,l

MT o, | =1, WfFEEC =0, ffifg
allw, [
_— < C
jn D =€

dxr —0

J Fa, o, [lu, [
a e, |12

FRhHw] LIE . Y 0 — oo B,

dr —0

J. f(Iv U, H u, H )U,,
0

e, |

FH;[J:K’

%Jﬂ | Vv, \de*JQ Cjii; e, 1072 | v, [**dx =0(1)

J | Vo, |"dx _J Q) [, "% | v, [""da =0(1)
0 9]
e N =

| 1o, e —0 @) lu, 1797 o, [#7de 0
Q [0)

FFIJ | Vo, |*de = 0H, v= 1 NFEED, FFIJ Q) lu, 1*7% | v, |**dx — 041, J Q(x) | L ]* = o.
0 Q Q

B = 0Mo, >0, 5 o, | =1FE, #tlu,) £ H Q) AR BAFE—-DBEFI ABE R (uw, D
Mue H Q) , s n —>conf, H

Junéu xr € H' (D)

w, —u T € LA <g<2)

w,(x)—=>ulx) a.e. x €0




% 6 % W%, F. — kP H T IRHIE K Neumann 19 4 87

BATE® .j € N. 3

| 2 :J (u; —u;)dx +J (Vu, —Vu)der =
0 (9]

H U, —u;

JiCu)d) — T (u,) s u,*uﬂ—l—J (u, —u;)"dx +
0
J Qo) (| u; "7 —] w,; ") (u; —u;)dx +
0
AJ (flxsu)— f(xs u;))(u; —u;)dx
0
NN
JiCu)d) =T, u;)) s u; —u;» —>0 J (u; —u;)'dz —0
0

J Q(I)(‘ u, ‘/)«1-)71 7‘ u, ‘/)«1-)71)(“[ *u]‘)dx <CJ (‘ u, ‘/m-)ﬂ 7‘ u, ‘/)u)fl)(u[ *uj)dxﬁ‘o
Q o)

AJ (flxs u;)— flxs u;))(u, —uj)d1~<aAJ u; "= u; ", —u;)dx —>0
0 0

Y iy —>co i, [lu, —u; | =0, #t{u,) 7 H (Q) NAEFERISUN 751, 513 3 15E.
EI 1 BBEAMUE) () M) XL, MAFEA >0, fif5F0<<a <A™, IBAM) 4 HAE
- FLAE.
iE hgIEE 2 g
;= inf J,(u) <0< inf J,(u)

Il <p [ull=p

TEdu: | ully <p) i Ekeland’s 2843 B, PAFRIBCD) A — N 0w, s B T, (w)) =, < 0. H3]
2%, J, o BAWLBEIUTEH. molF 3, 2" =>0,2 € (0,42 ) B, J, G ilREPS F1MF. 4
I'={g e Cl0o,1], H@): g(0) =0, g(1) =w} ¢, = inf max J, (g ()

g€r.,telo, 1]
LS | A, TR R FRTE S — D wo s W T, (uy) =c; >0, BT
JA(M1)<O:JA(O)<J,1(7/{2)
Wy Ty S TRIRELCL) B PR ASAS ] Y R SF LA

SE K

[1] GASIMSKI L, PAPAGEORGIOU N S. Positive Solutions for the Neumann p-Laplacian with Superdiffusive Reaction
[J]. Bulletin of the Malaysian Mathematical Sciences Society, 2017, 40(4) . 1711-1731.

[2] FARACIF. Multiplicity Results for a Neumann Problem Involving the p-Laplacian [J]. Journal of Mathematical Analy-
sis and Applications, 2003, 277(1). 180-189.

[3] ANELLO G, CORDARO G. An Existence Theorem for the Neumann Problem Involving the p-Laplacian [J]. Journal
of Convex Analysis, 2003, 10(1): 185-198.

[4] BARLETTA G, CHINNI A. Existence of Solutions for a Neumann Problem Involving the p (x)-Laplacian [J]. Elec-
tronic Journal of Differential Equations, 2013, 2013(158): 1-12.

[5] YAO ] H, WANG X Y. On an Open Problem Involving the p (x)-Laplacian ——A Further Study on the Multiplicity of
Weak Solutions to p (x)-Laplacian Equations [J]. Nonlinear Analysis, 2008, 69(4): 1445-1453.

[6] DA SILVA ] P P. On Some Multiple Solutions for a p (x)-Laplacian Equation with Critical Growth [J]. Journal of
Mathematical Analysis and Applications, 2016, 436(2) . 782-795.

[7] SAINTIER N, SILVA A. Local Existence Conditions for an Equations Involving the p (x)-Laplacian with Critical Expo-
nent in RY[J]. Nonlinear Differentia Equations and Applications, 2017, 24(1); 1-36.

[8] FAN X L, HAN X Y. Existence and Multiplicity of Solutions for p (x)-Laplacian Equations in R¥[J]. Nonlinear Analy-
sis, 2004, 59(3): 173-188.

(9] fHplety, PRHaI. —2870 REC M8 Neumann 18 A 8UE MR A AEE [T, V4R DT K22 243 CH AR BEE D 2020,
45(11): 18-27.



88 BT HRXFFROA R http://xbbjb. swu. edu. cn B 43 K

(100w  #, J % — 284 A ar s DAY 3R 5 A8 0 4 07 B2 A i B (7], PO R A4k CAH R B2 D 2020, 42(7) .
124-129.

[11] BERESTYCKI H, CAPUZZO D I, NIRENBERG L. Variational Methods for Indefinite Superlinear Homogeneous Ellip-
tic Problems [J]. Nonlinear Differential Equations and Applications, 1995, 2(4): 553-572.

[12] CHABROWSKI J. The Critical Neumann Problem for Semilinear Elliptic Equations with Concave Perturbations [J].
Ricerche Di Matematica, 2007, 56(2) . 297-319.

[13] CHABROWSKI J. On the Neumann Problem with Singular and Superlinear Nonlinearities [ J]. Communications in Ap-
plied Analysis, 2009, 13(3), 327-340.

[14] CHABROWSKI J, TINTAREV C. An Elliptic Problem with an Indefinite Nonlinearity and a Parameter in the Boundary
Condition [J]. Nonlinear Differential Equations Applications, 2014, 21(4): 519-540.

[15] CHABROWSKI J. On the Neumann Problem with a Nonlinear Boundary Condition [J]. Annals of University of Bucha-
rest, 2011, 2(Lx): 27-51.

[16] EKELAND 1. On the Variational Principle [J]. Journal of Mathematical Analysis and Applications, 1974, 47(2);
324-353.

[17] RABINOWITZ P. Minimax Methods in Critical Point Theory with Applications to Differential Equations [ M]. Provi-
dence, Rhode Island: American Mathematical Society, 1986: 9-21.

A Class of Neumann Problems with Variable Exponential Growth

MENG Lu, CHU Chang-mu, LEI Jun

College of Data Science and Information Engineering s Guizhou Minzu University s Guiyang 550025 , China

Abstract: In this paper, we consider a class of semilinear Neumann boundary value problems with variable
sign potential function and variable exponent. Using the space decomposition technique and some proper-
ties of sign-changing potential function, we prove that the functional of such problems satisfies the (PS)
conditions and has astructure of mountain pass geometry. With the variational method, we obtain the ex-
istence of two nontrivial solutions of these problems.

Key words: Neumann boundary value problem; variable exponential growth; sign-changing potential; vari-

ational method
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