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Abstract

In this paper, we are concerned with the existence of nontrivial solution for a class of

fractional Schrédinger-Poisson system:

—(A)*u+u+k(z)pu = a(z)|ulP~tu, z€R3,

—(A)¢ = k(z)u?, = eR3,

where 3+ < p < 325 5,1 € (0,1) and 4542t > 3, a(z) € C(R?) is a sign-changing function

with lim,| o0 a(z) = a™ <0, k(z) € C(R*)NL T (R3). By using mountain pass theorem,

we obtain that this system has at least one nontrivial solution.
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1. 5|5
SEAEN, V% SRR B T A SN BE R — IR R

(—AYu+V(z)u+ K(x)pu = f(z,u), =€ R3, O
(—A)¢ = K(x)u?, x € R3,
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AL s,t € (0,1), 53-%Hr Laplacian B+ (—A)* & LR

(—A)*v(x) = CnP.V. /RN Wdy, v € S(RY),

b PV, RRPITEEAE, Cr o bRfELFE, S(RN) A2 F PR I3 5 9ok R Hi4H A0 i L 2% bR B0 18]
& 27> #Br Laplacian 57 (—A)* RAESCHR [1,2]HXGIAN. BEE2HRK (AP ER, HZH 31K
HAMSHE . A0, ARAS (1) KR R ERA R R S BN, 2 MRS
R, 0 [4-15]. Hrr, SCHR [5,6,12,14] 558 T R 4% (1) BESEAL R AR 5 g 1O A7 AR STIR 4, 10)81F 7T
T ARG (1) £l 5 T R Be EM AN, STk (7, 13]3018 7 R4 (1) MERAFENE T 3
Bk [8,9,11,15] %% | RGE (1) FESMMAFAENER 2 AL, ST, 3 FUEAH ST A I &1 BA AR
TR 73 B B E V- T RA RGO A AEVE R R AT SR RN AR R D SO0, RANE R, KRG
FE (161518 1 LA R EEE F-THAR R S

{ —Au+u+ ¢u = a(z)|ulPtu, z € R?,
(2)

—A¢ = k(x)u?, r € R3,

HAF3<p<5,a(z) e OR?ASH ‘ 1|1£>n a(r) = ax < 0, k(z) € C(R?) N L*(R3). FIA L% 5]
7], AR RS TR E - RS (2) 2 AN ARF UMHIAAETES R, 2 L ESCR R K&, A&
SO FEAN T 70 B B E S -TH A R G

—(A)Yu+u+k(z)pu = a(x)up~tu, xeR?
—(A)g = k(x)u?, z € R3,

AP LRI, o 2l < < 342 5 ¢ € (0,1) H 4s + 2t > 3, a(z) M k(z) W2
(A1) a(z) € C(R?, R) H—HB 5 REHH L 0> = lim ;0 a(z) < 0.
(A2) k(z) € C(R3,R), k(z) > 0 H k(z) € L7573 (R?).
AT A EEGE L INT E BE

FEELL. (AL, (A2)AL, W73 e 19T R4t (3) BAEAE — D EEF L.

2 EIE1.189UER

XFFEER v e H3(R3), 8 X DY (R3) _ERIZMEH ¥

Lu(v) = /]R (v,
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| AN

x)u?|v|d

/ 4 T 3d$ = +§t3(/ u3—62>s)332s(/ 1)2:)%
R3 R3

I, s o e ey 10 v

\ A

Kt Riesz 7€ BEAT AN, fAAEME— ) ¢, € DM (R?), {15

<¢u; >Dt 2(R3) = Lu(’U), Vv € Dt72(R3)7
R

/ (=A)2py(—A)zvde = / k(z)uvdz, Vv e DY (R®),
R3 R3

WALV oy & (3)HEE A TTREHISSME. ¥ ¢, N —DTTREAT R

—(A)*u 4 u + k(z)pyu = a(z)|ul’ " u. (4)
DR S SR A 5 F2 (3) S5 TSR AR T2 (4). T 72 (4) FOREXT M. RE =V bR

1
/ [(—A)2uf® + u?dr + 1 k(z)p,u’dx

R3

( YulPTrdz, ue H*(R?)

p + p+1
Il 5 A
EX ®: H*(R?) — DV2(R3) N ®(u) = ¢, WA R 5] HE.
33821
(i) @ HELE

(i) Y47 T AL,
(iii) #7 {u,} £ H*(R®) FHE R H u, — u, BLH
/ k(z) ¢, uZdr — k(z) g u’dx
R3 R3

IE: (i) M we H(R?), i

|Lu| = |ullDr2rey = |P(u)||pr2(rs)
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BAL. BTRA, 9 T IEM] @ #8:, HFE: u— L, RS

Lun(0) = L) < [ K@ollad —v?lda

2 2
S COlEN, rss 5 (®%) ||UHDt72(R3)||Un —u ||L3,%(R3)

BN v BIEEN, % n— oo, A |L,, (v) — L,(v)| = 0.
(i) BA lullpre@s) = [Lul < ClE ey S(Rs)llul\?{s(m- BT LAG ] B A (i) fOT
(iii) ECER[16] M EEUEH T ¢y, — ¢u, FIHIIEH
/ k(x)q&unuidx — k(m)¢uu2dx
R3 R3
HARNESRR BT ¢, — oo, FTELRANTA
/ k(2) (b — du)u2dz — 0. (5)
R3
T IE A
/ k(@) [12 — u?|dz — 0. (6)
R?)

I k(x) € Lrwsms (R3) HiEsk, HIx Ve > 0, 3p = ple)

A5 3
/ k().
|z|>p

x| > pf k(z) <e, T

up — u’|dz < ¢ / Pu, Uy da + / Pu, u’dz]
|z|>p |z|>p

< eCllbu, llprzqes) (lunll* + [[ull®)

< CE.

— U7, i st € (0,1), MERIWIR 45 + 2t > 3, WA 2 < 535 < 5%, Bl A°(R?) —
L7 (R3) . #f:

/ k() pu, 02, — | da

lz|<p

< [l e / bu 2 — u?|d)
|z|<p

342
< el pecets Cll o, | 2y / 2 — 2|7 ] S5

|z|<p

— 0.

XFEBRIE T (6), 255 (5)F1(6)FAIFER] [os k(@) pu, udde — [ k(z)dyu?de. FIFIEE.
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SI382.2. Z PR F i (PS) &1

WE: B u, C HS(R3) W2 |F(u,)| < c M F'(u,) =0, LA

(=A)2u, > +uldr + /

R3

k(@) pu, u;do — / a () [un|"* dz = o(1)[|un|| (7)

R3 ‘ R3

1 . 1 1

= —A)2up|* 4 uld +/k o udde — —— W|Pdr < e
5 RSI( )2 un|” + upda + 5 . (%) pu, upd P RSG(I)IuI r<ec
FUR b 2t — 2513 4

1 1 s 1 1
P —A)z n 2y 2d i + / k u 2 < 1 nil-

B p > 28 B bLA

s+t ?

1 1 s
3= 551 L 1Al + wiide < e+ o(1) fu|

BB QAT w, B I AT DR E w,, — w, FHEES u, — ue AFEH |u, | — ||ul. BITFET)
BATE

/ (A)gun|2+uid:v+/ k($)¢unui+/ a” (z)|u, [Pdx
R3 R3 R3
:t/‘a+(xﬂunﬁ+ldxko(n.

RS

T lim oo a(z) = a™ < 0, B ot (2) AR, IR KRN E B ATE

/ at(z)|u, [P de :/ at(x)|ulPdr + o(1).
R3

R3
Frelf5 21
[(—A)2u,|? +uid:c+/ k(x)qﬁunuid:c+/ a” (z)|u, P dx
R3 R3 R3
= [ |(—A)zul? —|—u2dm—|—/ k:(x)(;Suqua:—l—/ a” (x)|u[Ptdz + o(1). (8)
R3 R3 R3
AW =

/ a” (z)u[PHdz < liminf/ a (2)|un P da.
R3 n—o00

R3
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R3
< @)y [ lonf* =l =, — | da
R3
=o(1)
il
/ a_(x)|unp+1d;c:/ a_(x)|u|p+1dx+/ a= (@) |un — u[P e + o(1),
R3 RS s
R W RO

MRy » u, A (|| < Jull, FEH [os k(@) du, uide =[5 k(x)puide M [on a™ (z)|ulPtde <

liminf, o [os @™ (2)|un [P dz.
[(—A)2u,|? +uidx+/ k(:r:)¢unufldx+/ a” (x)|u, [P dz
R3 R3 R3

>/ [(—A)zul? +u2dx+/ k(x)¢uu2dx+/ a” (z)|u[Pdx + o(1),
RS RS

R3

x5 (8) X dE. Kt u, — u, UEEE.
FEIR1RIERR: B SCIEMIMEAE o, p > 0 1T Fyop, > a > 0. FSL EHZEMAS RN EHA

1 1
O Cllall e llull7s+: gs),

B EsQATAIETE p > 0, 143 Fop, > a > 0.

BAVHUERAEAE n € HS(R3), |In|| > p, 15 F(n) < 0, FLE, IEHRE 0o = 05T p(02) €
H3(R3), 0 € RY, @y # 0, 1545 supppy C suppa™ , LA

it 64s+2t73 ) 94s+2t73 ) 0(p+1)(s+t)73 N i1
FO°"o(02)) < —5—lel* + [klloc—F— | ¢pp dr — ————=— [ a”|p[""da.
R3 P+ 1 R3

B p > 28 Ll (p+1)(s+1) —3>4s+2t —3. 20 — 4oo Itf, F(0°p(0x)) — —oo. KL,

XFIEAS 09 7253 KEF, 20 = @o, = 05 p(0px), FTUA F(n) < 0. EX

I' = {y e C([0,1], H*(R?)) : 7(0) = 0,7(1) = n},

c=inf sup F(v(0)),
7€l pefo,1]

ARSI B ¢ 2 F B — NP LR TR, BB ae e s-ni 24t (3) £GP
JUAR.

DOI: 10.12677/aam.2023.124177 1710 I FH# e


https://doi.org/10.12677/aam.2023.124177

B
iy
=

3 Zhig

ASCEE A L 5 P, 35T B EEE TS - s RGEEDAAAE—ADET LR R
R T (PS) P81, P AL (PS) 261, mitn] LLIEBIAEF ML A AEE.

S22 3Rk

[1] Laskin, N. (2000) Fractional Quantum Mechanics and Lévy Path Integrals. Physics Letters A,
268, 298-305. https://doi.org/10.1016/S0375-9601(00)00201-2

[2] Laskin, N. (2002) Fractional Schrodinger Equations. Physical Review, 66, 56-108.
https://doi.org/10.1103/PhysRevE.66.056108

[3] Molica Bisci, G., Radulescu, V.D. and Servadei, R. (2016) Variational Methods for Nonlocal
Fractional Problems. In: Encyclopedia of Mathematics and Its Applications, 162. Cambridge
University Press, Cambridge. https://doi.org/10.1017/CB09781316282397

[4] Chen, M., Li, Q. and Peng, S.J. (2021) Bound States for Fractional Schrédinger-Poisson System
with Critical Exponent. Discrete and Continuous Dynamical Systems-Series S, 14, 1819-1835.
https://doi.org/10.3934/dcdss.2021038

[5] Guo, L. (2018) Sign-Changing Solutions for Fractional Schrédinger-Poisson System in R3.
Applicable Analysis, 98, 2085-2104.

[6] Tanni, I. (2013) Sign-Changing Radial Solutions for the Schréodinger-Poisson-Slater Problem.
Topological Methods in Nonlinear Analysis, 41, 365-385.

[7] Liu, Z. and Zhang, J. (2017) Multiplicity and Concentration of Positive Solutions for the
Fractional Schrodinger-Poisson Systems with Critical Growth. ESAIM: Control, Optimisation
and Calculus of Variations, 23, 1515-1542. https://doi.org/10.1051/cocv/2016063

[8] Luo, H. and Tang, X. (2018) Ground State and Multiple Solutions for the Fractional
Schrodinger-Poisson System with Critical Sobolev Exponent. Nonlinear Analysis: Real World
Applications, 42, 24-52. https://doi.org/10.1016 /j.nonrwa.2017.12.003

[9] Shen, L. and Yao, X. (2018) Least Energy Solutions for a Class of Fractional Schrodinger-
Poisson Systems. Journal of Mathematical Physics, 59, Article ID: 081501.
https://doi.org/10.1063/1.5047663

[10] Sun, X. and Teng, K.M. (2020) Positive Bound States for Fractional Schrédinger-Poisson
System with Critical Exponent. Communications on Pure and Applied Analysis, 19, 3735-
3768. https://doi.org/10.3934/cpaa.2020165

DOI: 10.12677/aam.2023.124177 1711 I FH# e


https://doi.org/10.1016/S0375-9601(00)00201-2
https://doi.org/10.1103/PhysRevE.66.056108
https://doi.org/10.1017/CBO9781316282397
https://doi.org/10.3934/dcdss.2021038
https://doi.org/10.1051/cocv/2016063
https://doi.org/10.1016/j.nonrwa.2017.12.003
https://doi.org/10.1063/1.5047663
https://doi.org/10.3934/cpaa.2020165
https://doi.org/10.12677/aam.2023.124177

B
i

[11]

[14]

[15]

[16]
[17]

Teng, K.M. (2016) Existence of Ground State Solutions for the Nonlinear Fractional
Schrédinger-Poisson Systems with Critical Sobolev Exponent. Journal of Differential Equa-

tions, 261, 3061-3106. https://doi.org/10.1016/j.jde.2016.05.022

Wang, D.B., Zhang, H., Ma, Y. and Guan, W. (2019) Ground State Sign-Changing Solutions
for a Class of Nonlinear Fractional Schrodinger-Poisson System with Potential Vanishing at
Infinity. Journal of Applied Mathematics and Computing, 61, 611-634.
https://doi.org/10.1007/s12190-019-01265-y

Yu, Y., Zhao, F. and Zhao, L. (2017) The Concentration Behavior of Ground State Solutions
for a Fractional Schrédinger-Poisson System. Calculus of Variations and Partial Differential

Equations, 56, Article No. 116.https://doi.org/10.1007/s00526-017-1199-4

Yu, Y., Zhao, F. and Zhao, L. (2018) Positive and Sign-Changing Least Energy Solutions
for a Fractional Schrédinger-Poisson System with Critical Exponent. Applicable Analysis, 99,
2229-2257.

Zhang, J., do O, J.M. and Squassina, M. (2016) Fractional Schrédinger-Poisson Systems with
a General Subcritical or Critical Nonlinearity. Advanced Nonlinear Studies, 16, 15-30.
https://doi.org/10.1515/ans-2015-5024

RINE. —IHE 15T T MR AEAE L [J]. S EF, 2010, 23(3): 648-652.
Willem, M. (1996) Minimax Theorems. Birkh&user, Bosten.

DOI: 10.12677/aam.2023.124177 1712 I #ey

=


https://doi.org/10.1016/j.jde.2016.05.022
https://doi.org/10.1007/s12190-019-01265-y
https://doi.org/10.1007/s00526-017-1199-4
https://doi.org/10.1515/ans-2015-5024
https://doi.org/10.12677/aam.2023.124177

	1 引言

