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Abstract

In this paper, we consider the problem of the Navier-Stokes Nernst-Planck-Poisson
Equations on d-dimensional full space. After a suitable randomization, we obtain
the local existence anduniqueness of the solution with the initial data in supercriti-

cal Sobolev space. Furthermore, the probability estimate of global existence is also
established.
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1. 315
[F] i Navier-Stokes Nernst-Planck-Poisson 75 F&:

du—Au+ (u-V)u+ VP = A¢pV,
ov+u-Vo=V-(Vv—0vVe),
ow+u-Vw=V-(Vu—-wVe),

Ap=v—w, z € R%t e R
V-u=0,

(1.1)

(u7 1),’11))|t:0 = (u07 Uo7w0)'

Horpru 2 R PR, RRREREEY, Pt ), ot x), vt x), wt,z) i, 25RniE
WS Ay i R SR RO RF R B AT SR IERRL T A RT3 B . 1Z A48 (1.1) 1 Rubinstein
FESCHR [1] R GIN,  BERE ARt K By 1 AN D1 i 1 4L i 38 50 HUeor 38— iS5 . AN Rl
A\ RETERBURARIIEE) . RTRG(LL)EZMNA, EATEWERFESH [2,3].
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L= (-A)"1v—-—w), P=1+V(-A)"tdiv, v=(v,w), vo= (vo,wp), A=(1,-1)", NI
RE(1.1) AL N

du—Au+PV-(u@u)=Pv-AV(-A)"!(v- A),
v —Av+V-(uv)=—-V-(VV(=A)" (v A4)), (1.2)

(1, V)|t=0 = (ug, vo).

RE(2) AR WE (0, v)(z,t) 2Z(1L.2) BBHYE (uo(z), vo(x)) Wi, WSS =7t
B Au(\2,\), A2v(A2 ) Z(L2) BREVIEAug(\), \2vo(\-)) KIfR. 20 X 2 A ks
X i
(Ao (A), A vo (X)) x = [[(o (@), vo(@))[x-
Deng. Zhao 1 Cui fESCHR [4-7] 53] 7 R4 (1.2)7E Ik F* Lebesgue %[ Besov 7% A F1 Triebel-
Lizorkin =% [i] H1 E A /NI AR B0 ) 42 Rl e Pk
KR, 4% FEYIMEA T Sobolev Z8[H He x HY K,

1o (A), A*vo (A e e
=Alao(A)llzre + A*[[Vo (Al

=X g (0) e + X2 v (0)

FrEL & % (1.2) [l 5 Sobolev Z¥ (]2 HE ' x HE=2, T AFEH I 719 &, Burq
Tavetkov [8] FIN T BEHUALWILE BRI 751 @XM E, N TARRSEF LR, N
EEHFE [9-11], BBIHFE [12,13], Navier-Stokes J5F2 [14,15] LA MHD 772 [16-18]. 4TI,
AT HE R “Wiener BEHUL” Rt RS0 (1.2) % FHMEAEFEIRGF Sobolev 48] H® x Hb(H
Ha<d—1,b< 4 —2) digEetk.

2. T ENR

2.1. 125

BAMER Ff £on f BEEABH, 5% 1 <p < oo, LP RRNIEFHF Lebesgue 2¥[A]. A
& X F5K Sobolev Z¥[H]
WP = {f €S| Iflyper == IF UL FF)lLr < +oo},

Hrh & REWAAZE], FH0 HY = W2, 0T MRS E X, RIMEHSES Xr. X, M
X, AR R X(0,T) X(2) A1 X(RY) o FRATE L—ANEF T AAL = (6] LY 1 HIEHCN:

_ ||4¢
11z, = 16 Fllzro.

4 € Wi Banach 201 X MY, XHA MMM X x Y BBEE HEE | (f,9)|xxy =
||f||X + ||g||Y0 E—FYEP’ C i%ﬂ_‘_\‘—‘/\ﬂzl%iﬁ’ ﬁ;'fg‘j‘ bz:lao LH:&I\, T S Yy %ﬂ*% T < Cyo
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2.2. Wiener 73 fi#

FATIAE A 2R [8,19] FERI ) “Wiener 730 fif” HIOGHIRA . E X — M EAERE ¢

C>(R?Y), H
o= febma)
0, ¢e([-1,1]%e.
/7‘,\
G
A= ey
=X

o(D —n)f = F H(FfE)e(€ —n)).

W (A P) B PMEERT, hy,(w) & FIS bR ESE SR . A, T EERE £,
el T 2 0E LB fo:

fO =" haw)p(D —n)f. (2.1)

nezs

HERH AR, EREEIUCIEARESRTT £ RIIEE, BIXTAER s € R:
fé Hy(RY), WJLT-BRMA f ¢ Hi(RY).

EREBITELLFXET (D —n)f 1) Bernstein BU&iE, SHAE T Brd KoGHE R0 .
5138 2.1 ([19], 513 2.4, LP — L? f&it). & p>2, W TFHEE neZ?

(D — ”)f”L’;(Rd) S (D — n)f”Li(]Rd)-

SRR 2.2, [19] ¥R ET d=3 QEHEIER, FELE, EEAEL d WBRMELX,

2.3. —L R0 5|3

B 2.3 ([8], KRZEM). & (Q,AP) A—ABEEE, (L L—FI%MA, ke, BHE
WIAME S, LA Q ERFMENIF {u e o Bk (e BLELE ¢ >0, REFFHr

A yeER A ke NT
[ it
R

WAL C >0, AN TAETEMLFI] {chrenr € 06, RMA

Z el (w)
k=1

<, (2.1)

< CVrlcklle:-
L’V‘

TERRIZRAT (2.1) X A & A 25 R AL B A R oL
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5138 2.4 ([15,20])). & F #REFE=E (Q,AP) EFMATHHHK. BXAEEFH Co>0, K>0
AR po>1, MEFEE p>py, ¥H

1GllL: < CoVTK.
ML, BEFH C >0 BT Cy F2 py, 125 K LX), 1£F3HEE X >0,

P({w € Q: |Gw)| < A}) > 1— Ce VK,

W, BAVBIANZAGIE, HTIREEE TR
SIFE 2.5 ([21], 51HE 3.1). = Ao HABHET So A

(S f) + (=A)* (57 f) =0,
Sof =1
#1<r<p<oo, v>0H feL"(RY), WA

_ v d1_ 1
I(=2)"287 fllop < Ot~z 2G| £y

BETFXF, &M% S HiTHh S
5132 2.6 ([7], 51 2.5). &k 1<p<d, felLbr, N

V(=) an < [ fllze-
Lz P
SIFE 2.7 ([22], EH 1.7). & K(z) = |z|™¢, ¥ xR, ge LP(RY). WA
[| K * gHL‘I(]Rd) S HgHLP(Rd)

kb l<p<g<oo H&E=d(1l-1+1)

3. EBER

tEARSCrh, RATHRFREN “EAR .
EN 3.1, EKH [0,T] EAFWE (uo, vo) #9(1.2) 4B (u,v) 2 XK AT AR FAL89

{ u=3S8ug+ [, Si—(-PV-(u@u)+Pv-AV(-A) (v A))dr, (3.1)

v=8vo+ [y Sier(=V - (uv) = V- (vV(=A) (v - A)))dr,

AP HF S, 2513 2.5% 2 L #BHETF.
WAE, FRATRIR E 2R R
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EE 3.2. 4% (ug,vo) € o« H'0, fd § =AU EFHH. W FILF A A &9
weN, BET, >0, EFELAMIAME (uf,vy) 8 Navier-Stokes Nernst-Planck-Poisson 77
AZ(1.2) AR X3 1M EXLT AAEE—EAB (u,v), LiHZ

u—Sug € Ly " L™ N O([0, T HYY),
vV — Stv(aj € L;?LF N C([07 Tw]a H;1+26>'

W, AAEC >0 145

P(T,=00)>1-— Cexp(—CH(uo,vo)Hf%lM ~—1+a)'
H,?' xH,

SRR 3.3. FR b, SMTALEE WG (wo,vo) € Hy 20 x H-14, A4

(0= Spus,v— Sv) € LEP LI x LI T LI 0 C(0,T,]; H2min) [+ +min(a)).
HAVRE BEEGVS T B R L AR W, HRGIEN S AP e R A AREA. B,
T XEFWGR SN, HAVE LI
4. Si(ug,vy) BIBUBN AL M T RIS

XFTERIERE S, fe, BATAE LUNBEND GRS, SRABLAIIE B AT 2 WSCHR [19].

R 4.1. Bk f@ AHQ2.1)LH f AL, 22EF 2<pg<oo, 0<v < o0, HHEFE
r > max{p,q}, A

1S f ez ee e < VPIFI -2 (4.1)
VAR
}i% HStwaL:,Li’hTLQ =0. (4.2)

JERH. &1 Minkowski 735 XARK 313 2.3, KAVH
HStwaL;Lj,TLi f, \/;HSthHLj’TLgL;
SVrlle(D - n)Stf”LfY’TLZZ%

S \/;||<P(D —n)Siflle2 e L?

S Vrle(D - n)Stf”é%L‘jﬁTLi
SVrlle ™ o€ = n) f(€)llears , r2

SVIET 06 = n) F(Ollrs
SV T £ ()l
SV -3
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FX(4.2) T hiRpay2estik gt fe Minkowski T~ % XAEFF o O
E X
[fllxz o= IfI] oy 2a + (Sl L e I ay p2ess
Ly Ly L{ 1-25 25 P
lgllys = IIQIIL%%&L;% + ||g||L?5Lﬁ% + gl P TL;%-
BATE LUR R T AR 5 A0 v 1 i
Wl 4.2. AEFHK C 1247
t
/ Se—rBi(f1, f2,91,92)d7|| < C([|fillxz | follxr + [lg1llvrllg2llve) s
0 Xr
£
Bl(f17f2791792> = Bll(fb f2) + B%(ghg?%
Bi(f1, f2) = PV - ({1 ® f2),
Bi(g1,92) == P(g1 - A)V(=A) (g2 - A).
SERR. o LI T LIT A LTTLERT eyt
HF 1<p<2d, BRFEEXL, KMNA
t
[ s o s [15#9-ie ]| @
0 L - g L%fz
A2 R v=a=1,r= %, il
i_il(l_l)__l_g(W)
200 2'r p’ 2 2 2dp
1 25+1
2 4
3425
— T
BT CABA A
t _ 3426 *ok
ORI YACEES [— (%)
BRIE2IPI g= 2 p=125, WE=1— % + % = 3420 & A7 3]
(xx) S If1 @ fol L e a (**%)
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RJE, A= Holder % X
11 11 1 1

sg ptg, — —
LP L2

1fgllesre S NN ps e llgl

s sttt b

_ 2 _ _ 4 _ 2dp o
TR s = 155751 = 52 = 195, 0 = siapsqpr 11 = Dst2 = 1+26 A

() S 1Al

T A .

ATRBTRLL, AZBWIERAF, SMNFELREMGBIROIE, £k, B3|E25, 2.6,
2.7%= Hélder % X, #&AM1F 2

4
1—2
L=y

t
/ So_r B2 (g1, go)ddr
0

|Sir(g1 - A) - V(=) (g2 - A)|| , d7

1—25
|/ - A)-V(=A)"(gs- A
ST e A VA e Az |
T
< . CV(—A)! .
S lllgr- A)-V(=4)" (92 A)I\Lﬁb%
Sllg - Al _;LMHV( A)"Hga- A L
< ||gl||L1 5L1+5 ||92H L2d;$ip.
DA p= 29 Ao S, KAVF

t

/St_TB%(fhfg)dT 4 24 a4 24 SHf1||XTHf2HXT+||g1HYT||92||YT'

0 L%’% LI+ r‘uL%’% 3-25-1

2d
« LT LI'™ thisit,

125T

¥ B, &MA

8 24
T—2 112
LiZ5 Le

/ StfrB%(flv f2)dr
0

t
<o [1spv - tio g ar
0 L, LT
<I I3
s

2a_ dT
L +25

1
x

PV (f1® f2)

(t . 7—) 1—820

111—’

/
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12 _, PV (f1®f2) 24 dT 8
LIt 1—25
B 5|322.5, 2.7% Hélder RF X, HA1F 3
t 5468
B[ -n s
0 1—2
SIAi® fQHL;—%L;ﬁ
< ||f1|| 1 25L1+26||f2||L1 20L1+25
S Allxell fall xe- (4.3)
Kk, 3F 17, &A4F 2]
t 3425 1—26
< /(tT)_4 HTTf1®f2 20 dT||
0 LI+ L%—Zé
SIPF A0 il gt
S leLF%L%HhHLﬁL%
S I fullxr 1 f2ll xe - (4.4)
SEA(4.3)Fa(4.4), BAVA
t
PR AT, IR T PP (4.5)
0 LyT5s Lot
T B, #4152
t
/St'rBlQ(gth)dT s 24
0 L
=< T
1—26 t
sHts | 1rlon- V) e DI g
0 L%—Q&
SL+ 13,
HF
t 1—‘25
e WA (s Rt A (PPRDIV R/ CN R PAREN)) (YR
z L%*Q
I3 = A)-V(=8) Mgz )| g, dr|
- L;f%
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513 2.5, 2.6, 2.7# Holder % X & 9

t
_ 1465 _
B[ -l VAo ) ﬁd\ N
0 L, L 1-25
Slor- ) T2 o A sy e
oAl 1 IVCR) 0 Ay
Shoal et el s, o
< llgallva lgallys
£, T 12, &MA
2 t 1426 1-25 _1
Bs| [ ¢-n e e VA Mo )|y |
0 L L%fza
1-26 _
S (9 - AV(=4) 1(92-A)HL%LH%
1—28
SIF 0 A 19D 0 Dy
S gl - gg ks ||92HL1 spats
-8
< llgllva llgallvs -
R, #KA14F3) .
/ S B2 o) o S ol llgzllvee (5.4)
0 LIy
% 7
4 (4.5)A(5.4), BMA
t
/StTBl(f17f2)gl7g2)dT 8 %5||f1HXT||f2||XT+||91||YTH92||YT' (55)
O 2

e
—s,T
2

Rl 4.3. BEFHK C 12/

t
/ St Ba(f; 91, 92)dr| < Cllfllxzllgrllyr + llgrllvz llg2llyr,
0

Yr

B2<f7gl792) = B21(f7g1) + Bg(gth))
B;(f?gl) ==V (fgl)7
B3(91,92) == =V - (1V(=A) (g2 - 4)).
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2 _d_ 2 __2d
WERR. o LI LiP NLL Ly #94kit.
T 1<p<d, WiE25, 2.6, 2.7 Holder 7~3 X 7T

t
/ St—TB21 (fa gl)dT
0

2
1-5
LI=°L?

t
|S:—+V - (fg1)||zdr

2

0 Ly~
t

< _

q /0@ DU, ],

<

17911 gy, gesttin

SN, s gt Nl e

:

B+, &MA

/ St T (glng)d

Ll (SLp

|Str (1 V(= )( - A))||Lpdr

L~
< —4e 1
~ (t_T) ||g1v( A) (gQA)H d_};d(sdT 2
0 Lg™P 1=
SV 8) oo A o e,
T x
< A1 .
Slhall g2y 4 VAT 0 Ay o
S YR VA
Eh Lk, &RIMNA
t
/ Si—+By(f,91,92)d7||
0 LIy
S R S A e A
IS b= m Fn %, HKA1F 2
t
[ semthoaar| oo Sl + Lol Ll
0 L% L;* I’TLT76 L;i+2—25

o ITT TH mpmit,

126T
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Xk
t
/St7—321<f,91)d7_ _8 _d_
0 L33 TL;,“
t 1—2
S ts V- (fa)ll % dril
0 L3=%
ST+t
L
1 t 1—2
H=|f - Vol g dr]|
0 L3~
t 1— 2(5
| [ 15 g, |
0 L3
T JY, @31322.5. 2.7 Holder N X, &MA
1 ! _ 5468
S| G=7)" 7 W fall e dr
0 Ly an:fw
< ”fng 3 45L3+45
S ||f||L1 i HglllleaLﬁ-
Foh, T JE, HRAFE
JE < t—1)" = Zd‘;dTH .
L;—Qé
1—2§
Sl fg1||L5%{p,5L3%
S ||f||L1 o, g1 o it
1-20 1

Hik, &AFE
8 d S HfHXT”ngYT' (46)
3-25  It5

3=
L1—26 TLT
g

t
/ S, BM(f. q1)dr
0

A, HMEFLE B2 BARKMNA

3826 1d6
L3~ Lit

¢
/St_TBg(fvgth,hth)dT
0

12
t
< / FR S,V (T (~A)gs - A e dr
0 L, qufzé
S Iy + 3,
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£
t 1—2
J§=H/<t—r> V@V A g )| e dr| L
0 L, Lg—za
t
=] [ 75V V-8 o A, o
0 L L’I?:—25
1R 313225, 2.6, 2.7 Holder ¥ X, £MA
1 ¢ 3425 _1
Jy S (t—7) % V(=A)" (g2 A)l| _a_d7|
0 L% 1L3-20
T
SN V(=A)"H(gs - A)IILﬁL%&
Sl\glllL MHV( A) " gs A)“L%%SLT%
S gl erngll Lt s
S laullvellgallye -
Fare, F J2, HAFE
2 ¢ _S41 1-26 1
BE| [ -0 F I a8 o Al e
0 = 73:72
1-25 _
S aV(=A) (g2 A)IILﬁLﬁ
1—28 —
St g o Vv(-4) 1(92'A)||L%%5L§
S gl f ;Hllg IILl 5 1
< H91||YT||92||YT-
B, HRATH .
/ S B2(frgrg)dr|| o S llrllvellgelive. (4.7)
0 Lg Lite

g

LG (4.6)F=(4.7), &A1IFE]

t
H/ St—TBQ(f7g17g2)dT
0

s o S Illxzllgnliye + llgillvellgzllye-
125 ket
128

Ly

Wl 4.4. R (f,9) € Xp x Yp, N

/t Si—-Bi(f, g)dr € C([0,T]; HY),
0
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e

Bi(f.9) = Bi(f) + Bi(9),
Bi(f) = Bi(f, f),
B3 (9) = B3(g,9)-

WERR. BHF S, a9k SN, KRAMRFIEW
t
/ Sy By(f,g)dr € LEHZ.
0

1R 51322.5, 2.7%= Holder ¥ X, HA1A

/ St 7—81

< sup / |Si—+ f®f)||Hza+1dT

te0,T]

sup
te[0,T)

Hyza

t
< sup /(t—T)‘5‘2||f®f|Lng

tel0, 7] Jo

t
g sup / (t_7->—5—%7__1—‘#||7_1_825

tel0,T] Jo

5468

T 8
< ( / (t— 7)- 2 - ;zédT) =
0

S ISl I1£1] 245
LI = L= =34t LT =5 1 T+25

125T"’:

s
3-63 o
Ly Lz

< f 1 (4.8)

51322.5, 2.6, 2.7%= Holder 4 X & A
t
/St_TB%(g)dT
25

< sup / 151 (gV (—A) " (g - A)) | ool

te[0,T

sup
te[0,T

< sup / (t—7) | (gV(~A) (g - A))|p2dr

tel0, 7] Jo

t
< sup /(tT)_T
te[0, 7] Jo

S (gV(=A) g A))||p2dr

T 1#»855
__8 _1-26 1-28 _
S([a-nes d) I (V-8 g A s
0 T x
1—26
U0l 1, 1920 A, s, o
T Ed
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5 ||g||Li:?(TTL;+5 ||g” ﬁLm
< gl

/Fléﬁ;EEE 4.5. &U% (f, g) S XT X YT, 91']

t
/ S Ba(f, g)dr € C([0,T); I 1+20),
0

oo
By(f.9) = By(f.9) + B3(9),
Bi(f,9) = By(f,9,9),
Bi(f,9) = B3(f,9,9)-

JERR. £0AF(4.8), &MA
sup

/ St 7'62 fv
t€[0,T]

< sup / 1S+ (£9)llgusdr

t€[0,T

1+25

< sup / (t—7)" 4| fgll g dr

te[0,T] L+t
¢ 1 1-25  1—
51 -
S s[up]/(t—T) S <l 9T
te(0,T] JO
T 3466
8642 _1-26 8
5 (t—T) 3465 T 3466 (T H’r 8 2d
1,568  d+1
0 T z

1—
Sl

1 26L1+25||g||L1 5Ld 25

S I xrllglly-

BRAE R BI322.5, 2.6, 2.7H= Holder 5 X, &MA

t
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